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Materials. Junctions, 
and Devices 

QEMICONDUCTOR devices are 
L) small but versatile units that can 
perform an amazing variety of con 
trol functions in electronic equipment 
Like other electron devices, they hay 
the ability to control almost instantly 
the movement of charges of elec 
tricity. They are used as rectifiers 
detectors, amplifiers, oscillators 
electronic switches, mixers, and 
modulators. 

In addition, semiconductor device 
have many important advantages 
over other types of electron devices 
They are very small and light in 
weight ( some are less than an inch 
long and weigh just a frac tion of an 
ounce). They have no filaments or 
heaters, and therefore require no 
heating power or warm-up time. 
They consume very little pow er. They 
are solid in construction, extremely 
rugged, free from microphonics, and 
can be made impervious to many se-
vere environmental conditions. The 
circuits required for their opera tion 
are usually simple. 

e 

e 

S 

SEMICONDUCTOR MATERIALS 

Unlike other electron devices, which 
depend for their functioning on the 
flow of electric charges through a 
vacuum or a gas, semiconductor de-
vices make use of the flow of current 
in a solid. In general, all materials 
may be classified in three major 
categories—conductors, semiconduc-
tors, and insulators depending upon 
their ability to conduct an electric 

current. As the name indicates, a 
semiconductor material has poorer 
conductivity than a conductor, but 
better conductivity than an insulator. 
The materials most often used in 

semiconductor devices are germa-
nium and silicon. Germanium has 
higher electrical conductivity ( less 
resistance to current flow) than 
silicon, and is used in devices in-
tended for applications that require 
low voltage drops at high currents 
and in some small-signal transis-
tors. Silicon is more suitable for 
high-power devices than germanium. 
One reason is that it can be used at 
much higher temperatures. In gen-
eral, silicon is preferred over ger-
manium because processing tech-
niques yield more economical devices. 
As a result, today, silicon tends to 
supersede germanium in almost 
every type of application, including 
the small-signal area, unless ;I very 
low device voltage drop is required. 

Resistivity 
The ability of a material to con-

duct current ( conductivity) is di-
rectly proportional to the number of 
free ( loosely held) electrons in the 
material. Good conductors, such as 
silver, copper, and aluminum, have 
large numbers of free electrons; their 
resistivities are of the order of a 
few millionths of an ohm-centimeter. 
Insulators such as glass, rubber, and 
mica, which have very few loosely 
held electrons, have resistivities of 
several million ohm-centimeters. 
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Semiconductor materials lie in the 
range between these two extremes, 
as shown in Fig. 1. Pure germanium 
has a resistivity of 60 ohm-centi-
meters. Pure silicon has a consider-
ably higher resistivity, in the order 
of 60,000 ohm-centimeters. As used 
in semiconductor devices, however, 
these materials contain carefully con-
trolled amounts of certain impurities 

INCREASING RESISTIVITY 

10-6 

OHM- CM F I 
10-3 

t 

10 3 106 

t t 

COPPER GERMANIUM SILICON GLASS 

INCREASING CONDUCTIVITY 

1—Resistivity of typical conductor, 
semiconductors, and insulator. 

which reduce their resistivity to 
about 2 ohm-centimeters at room 
temperature ( this resistivity de-
creases rapidly as temperature rises). 

Impurities 
Carefully prepared semiconductor 

materials have a crystal structure. 
In this type of structure, which is 
called a lattice, the outer or valence 
electrons of individual atoms are 
tightly bound to the electrons of ad-
jacent atoms in electron-pair bonds, 
as shown in Fig. 2. Because such a 

ELECTRON - PAIR BONDS , ,.ATO MS 

Fig. 2- -Crystal lattice structure. 

structure has no loosely held elec-
trons, semiconductor materials are 
poor conductors under normal condi-
tions. In order to separate the elec-
tron-pair bonds and provide free 
electrons for electrical conduction, 

it would be necessary to apply high 
temperatures or strong electric fields. 
Another way to alter the lattice 

structure and thereby obtain free 
electrons, however, is to add small 
amounts of other elements having a 
different atomic structure. By the ad-
dition of almost infinitesimal amounts 
of such other elements, called " im-
purities", the basic electrical proper-
ties of pure semiconductor materials 
can be modified and controlled. The 
ratio of impurity to the semicon-
ductor material is usually extremely 
small, in the order of one part in 
ten million. 
When the impurity elements are 

added to the semiconductor material, 
impurity atoms take the place of 
semiconductor atoms in the lattice 
structure. If the impurity atoms 
added have the same number of va-
lence electrons as the atoms of the 
original semiconductor material, they 
fit neatly into the lattice, forming 
the required number of electron-pair 
bonds with semiconductor atoms. In 
this case, the electrical properties 
of the material are essentially un-

changed. 
When the impurity atom has one 

more valence electron than the semi-
conductor atom, however, this extra 
electron cannot form an electron-
pair bond because no adjacent va-
lence electron is available. The excess 
electron is then held very loosely by 
the atom, as shown in Fig. 3, and 
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ELECTRON 

Fig. 3—Lattice structure n-type 
material. 



Materials, Junctions, and Devices 5 

requires only slight excitation to 
break away. Consequently, the pres-
ence of such excess electrons makes 
the material a better conductor, I.e., 
its resistance to current flow is 
reduced. 

Impurity elements which are added 
to germanium and silicon crystals to 
provide excess electrons include ar-
senic and antimony. When these ele-
ments are introduced, the resulting 
material is called n-type because the 
excess free electrons have a negative 
.charge. ( It should be noted, however, 
that the negative charge of the elec-
trons is balanced by an equivalent 
positive charge in the center of the 
impurity atoms. Therefore, the net 
electrical charge of the semiconduc-
tor material is not changed.) 
A different effect is produced when 

an impurity atom having one less 
valence electron than the semicon-
ductor atom is substituted in the 
lattice structure. Although all the 
valence electrons of the impurity 
atom form electron-pair bonds with 
electrons of neighboring semiconduc-
tor atoms, one of the bonds in the 
lattice structure cannot be completed 
because the impurity atom lacks the 
final valence electron. As a result, a 
vacancy or "hole" exists in the lat-
tice, as shown in Fig. 4. An electron 
from an adjacent electron-pair bond 
may then absorb enough energy to 
break its bond and move through the 
lattice to fill the hole. As in the 

ELECTRON- PAIR SEMICONDUCTOR 
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ATOM 
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(HOLE) 

Fig. 4—Lattice structure of p-type 
material. 

case of excess electrons, the presence 
of "holes" encourages the flow of 
electrons in the semiconductor ma-
terial; consequently, the conductivity 
is increased and the resistivity is 
reduced. 
The vacancy or hole in the crystal 

structure is considered to have a 
positive electrical charge because it 
represents the absence of an electron. 
(Again, however, the net charge of 
the crystal is unchanged.) Semi-
conductor material which contains 
these "holes" or positive charges is 
called p-type material. P-type mate-
rials are formed by the addition of 
aluminum, gallium, or indium. 
Although the difference in the 

chemical composition of n-type and 
p-type materials is slight, the differ-
ences in the electrical characteristics 
of the two types are substantial, and 
are very important in the operation 
of semiconductor devices. 

P-N JUNCTIONS 
When n-type and p-type materials 

are joined together, as shown in Fig. 
5, an unusual but very important 
phenomenon occurs at the interface 
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Fig. 5 Interaction of holes and electrons 
at p-n junction. 

where the two materials meet ( called 
the p-n junction). An interaction 
takes place between the two types 
of material at the junction as a re-
sult of the holes in one material and 
the excess electrons in the other. 
When a p-n junction is formed, 

some of the free electrons from the 
ri-type material diffuse across the 
junction and recombine with holes in 
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the lattice structure of the p-type 
material; similarly, some of the holes 
in the p-type material diffuse across 
the junction and recombine with free 
electrons in the lattice structure of 
the n-type material. This interaction 
or diffusion is brought into equilib-
rium by a small space-charge region 
(sometimes called the transition re-
gion or depletion layer). The p-type 
material thus acquires a slight nega-
tive charge and the n-type material 
acquires a slight positive charge. 
Thermal energy causes charge car-

riers (electrons and holes) to diffuse 
from one side of the p-n junction to 
the other side; this flow of charge 
carriers is called diffusion current. 
As a result of the diffusion process, 
however, a potential gradient builds 
up across the space-charge region. 
This potential gradient can be repre-
sented, as shown in Fig. 6, by an 
imaginary battery connected across 
the p-n junction. ( The battery symbol 

JUNCTION 

-1 IMAGINARY 
SPACE— CHARGE 

EQUIVALENT 
BATTERY 

Fig. 6 Potential gradient across space-
charge region. 

is used merely to illustrate internal 
effects; the potential it represents 
is not directly measurable.) The 
potential gradient causes a flow 

ELECTRON FLOW 

(a) REVERSE BIAS 

of charge carriers, referred to as 
drift current, in the opposite direc-
tion to the diffusion current. Under 
equilibrium conditions, the diffusion 
current is exactly balanced by the 
drift current so that the net current 
across the p-n junction is zero. In 
other words, when no external cur-
rent or voltage is applied to the p-n 
junction, the potential gradient forms 
an energy harrier that prevents fur-
ther diffusion of charge carriers 
across the junction. In effect, elec-
trons from the n-type material that 
tend to diffuse across the junction are 
repelled by the slight negative charge 
induced in the p-type material by the 
potential gradient, and holes from 
the 1)-type material are repelled by 
the slight positive charge induced in 
the n-type material. The potential 
gradient ( or energy barrier, as it is 
sometimes called), therefore, pre-
vents total interaction between the 
two types of materials, and thus 
preserves the differences in their 
characteristics. 

CURRENT FLOW 
When an external battery is con-

nected across a p-n junction, the 
amount of current flow is determined 
by the polarity of the applied voltage 
and its effect on the space-charge 
region. In Fig. 7(a), the positive ter-
minal of the battery is connected to 
the n-type material and the negative 
terminal to the p-type material. In 
this arrangement, the free electrons 
in the n-type material are attracted 
toward the positive terminal of the 
battery and away from the junction. 
At the same time, holes from the 

ELECTRON FLOW 

4111mi 

(b) FORWARD BIAS 

Fig. 7 Electron current flow in biased p-n junctions. 
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p-type material are attracted toward 
the negative terminal of the battery 
and away from the junction. As a 
result, the space-charge region at the 
junction becomes effectively wider, 
and the potential gradient increases 
until it approaches the potential of 
the external battery. Current flow 
is then extremely small because no 
voltage difference ( electric field) ex-
ists across either the p-type or the 
n-type region. Under these condi-
tions, the p-n junction is said to be 
reverse-biased. 

In Fig. 7(b), the positive terminal 
of the external battery is connected 
to the p-type material and the nega-
tive terminal to the n-type material. 
In this arrangement, electrons in the 
p-type material near the positive ter-
minal of the battery break their 
electron-pair bonds and enter the 
battery, creating new holes. At the 
same time, electrons from the nega-
tive terminal of the battery enter the 
n-type material and diffuse toward 
the junction. As a result, the space-
charge region becomes effectively 
narrower, and the energy barrier de-
creases to an insignificant value. Ex-
cess electrons from the n-type mate-
rial can then penetrate the space-
charge region, flow across the junc-
tion, and move by way of the holes 
in the p-type material toward the 
positive terminal of the battery. This 
electron flow continues as long as 
the external voltage is applied. Un-
der these conditions, the junction is 
said to he forward-hiaged. 
The generalized voltage-current 

characteristic for a p-n junction in 
Fig. 8 shows both the reverse-bias 

and forward-bias regions. In the 
forward-bias region, current rises 
rapidly as the voltage is increased 
and is quite high. Current in the 
reverse-bias region is usually much 
lower. Excessive voltage ( bias) in 
either direction should be avoided in 
normal applications because exces-
sive currents and the resulting high 
temperatures may permanently dam-
age the semiconductor device. 

FORWARD t 
CURRENT 

(MILLIAMPERES) 

.«----REVERSE BIAS 

FORWARD BIAS — le 

1REVERSE CURRENT 
(MICROAMPERES) 

Fig. 8 Voltage-current characteristic for 
a p-n junction. 

TYPES OF DEVICES 
The simplest type of semiconduc 

tor device is the diode, which is rep 
resented by the symbol shown in Fig 
9. Structurally, the diode is basically 
a p-n junction similar to those shown 
in Fig. 7. The n-type material which 
serves as the negative electrode is 
referred to as the cathode, and the 
p-type material which serves as the 
positive electrode is referred to as 
the anode. The arrow symbol used 
for the anode represents the direc-
tion of "conventional current flow"; 

n -TYPE P -TYPE 
MATERIAL MATERIAL 

CATHODE ANODE 

Fig. 9—Schematic spnbol for a semicon-
ductor diode. 

electron current flows in a direction 
opposite to the arrow. 

Because the junction diode con-
ducts current more easily in one 
direction than in the other, it is an 
effective rectifying device. If an ac 
signal is applied, as shown in Fig. 
10, electron current flows freely dur-
ing the positive half cycle, but little 
or no current flows during the nega-
tive half cycle. 

One of the most widely used types 
of semiconductor diode is the sili-
con rectifier. These devices are avail-
able in a wide range of current 
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INPUT 
SIGNAL C.\.:9 LOAD 

Fig. 10 Simple diode rectifying circuit. 

capabilities, ranging from tenths of 
an ampere to several hundred am-
peres or more, and are capable of 
operation at voltages as high as 1000 
volts or more. Parallel and series 
arrangements of silicon rectifiers 
permit even further extension of cur-
rent and voltage limits. Characteris-
tics and applications of these devices 
are discussed in detail in the section 
on Silicon Rectifiers. 

Several variations of the basic 
junction diode structure have been 
developed for use in special applica-
tions. One of the most important of 
these developments is the tunnel 
diode, which is used for amplifica-
tion, switching, and pulse generation. 
This special diode is described in the 
section on Other Se ni icon ductor 
Diodes. 
When another layer is added to a 

semiconductor diode to form three 
layers ( two junctions), a device is 
produced which provides power or 
voltage amplification. The resulting 
device is called a bipolar transistor. 
The three regions of the device are 
called the emitter, the base, and the 
collector, as shown in Fig. 11(a). In 
normal operation, the emitter-to-
base junction is biased in the for-
ward direction, and the collector-to-
base junction in the reverse direction. 

Different symbols are used for 
n-p-n and p- n-p transistors to show 
the difference in the direction of cur-
rent flow in the two types of devices. 
In the n-p-n transistor shown in Fig. 
11 ( b), electrons flow from the emit-
ter to the collector. In the p-n-p tran-
sistor shown in Fig. 11(c), electrons 
flow from the collector to the emit-
ter. In other words, the direction of 
de electron current is always oppo-
cite to that of the arrow on the 

emitter lead. ( As in the case of semi-
conductor diodes, the arrow indicates 
the direction of "conventional cur-
rent flow" in the circuit.) 
The first two letters of the n-p-n 

and p-n-p designations indicate the 
respective polarities of the voltages 
applied to the emitter and the 
collector in normal operation. In 

EMITTER BASE COLLECTOR 

(a) FUNCTIONAL DIAGRAM 

EMITTER COLLECTOR 

BASE 

( b) n - p-n TRANSISTOR 

EMITTER COLLECTOR 

BASE 

(c) p - n - p TRANSISTOR 

//---Futictiona/ diagram and sche-
matic symbols for bipolar transistors. 

au ii- p-n transmitter the emitter is 
made negative with respect to both 
the collector and the base, and the 
collector is made positive with re-
spect to both the emitter and the 
base. In a p-n-p transistor, the emit-
ter is made positive with respect to 
both the collector and the base, and 
the collector is made negative with 
respect to both emitter and base. 
The transistor, which is a three-

element device, can be used for a 
wide variety of control functions, in-
cluding amplification, oscillation, and 
frequency conversion. A complete 
description of the fabrication, elec-
trical characteristics, and basic cir-
cuits of bipolar transistors is given 
in the section on Bipolar Transistors. 
A relatively new type of transistor 

is called the MOS field-effect tran-
sistor. The structural diagrams of 
the enhancement type and the de-
pletion type in Fig. 12 show the 
gate, source, and drain electrodes, 
which are equivalent to the base, 
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\-- GATE \--- INSULATION 
\\ (S102) 

7-SOURCE - DRAIN 

SOURCE 

-- SUBSTRATE 

- CHANNEL 
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SiO2 
\--DRAIN 

(b) 

Fig. 12 MOS field-effect transistor struc-
tures: (a) depletion type, (b) enhancement 

type. 

emitter, and collector electrodes, re-
spectively, of a bipolar transistor. 
The signal voltage applied to the 
gate electrode is used to control the 
conductivity of the semiconductor 
layer immediately below the gate 
and between the source and drain 
layers. Because of their very high 
input impedance and square-law 
transfer characteristics, MOS tran-
sistors are especially suitable for 
use as voltage amplifiers. Fig. 13 
shows the schematic symbols which 
indicate whether the transistor is 

n -CHANNEL n- CHANNEL 
DEPLETION TYPE ENHANCEMENT TYPE 

D 

S 

D 

S 

p - CHANNEL p - CHANNEL 
DEPLETION TYPE ENHANCEMENT TYPE 

G 

D 

S G 

D 
B 
S 

Fig. 13 Schematic symbols for MOS 
transistors (G 7= gate, D = drain, B = ac-

tive bulk, S = source). 

n-channel or p-channel, depletion-
type or enhancement-type. A full 
description of these devices is given 
in the section on MOS Field-Effect 
Transistors. 
When alternate layers of p-type 

and n-type semiconductor materials 
are arranged in a series array, vari-
ous types of thyristors can be pro-
duced. The term thyristor is the 
generic name for semiconductor de-
vices that have electrical charac-
teristics similar to those of thyratron 
tubes. The three basic types of thy-
ristors are the bidirectional trigger 
diode called the diac, the reverse 
blocking triode called the silicon 
controlled rectifier or SCR, and the 
bidirectional triode thyristor, called 
the triac. The diac, shown in Fig. 
14, is a two-electrode, three-layer 
device having the same doping level 
at both junctions and a "floating" 
base. The device conducts current in 

n 

, 

p P 

DIAC 

(a) 

(b) 

o 

Fig. 14 function diagram (a) and sche-
matic symbol (b) for a diac. 

either direction after the applied 
voltage exceeds a certain value called 
the "breakover voltage." The SCR 
is a three-electrode, four-layer de-
vice, as shown in Fig. 15. The SCR 
behaves as a conventional rectifier 
to block current flow in the reverse 
direction and as a transistor switch 
in the forward direction to first 
block current and then conduct 
through the device when a current 
pulse of sufficient magnitude is ap-
plied to the gate electrode. The 
triac is a three-electrode, five-layer 
device, as shown in Fig. 16, which 
exhibits the forward-blocking 
forward-conducting voltage-current 
characteristic of the SCR structure 
for either direction of voltage ap-
plied to the main terminals. The 
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schematic symbols for these thyris- tion of these devices is given in the 
tor devices are also shown in Figs. section on Thyristors. 
14, 15, and 16. A complete descrip-

MAIN 

TERMINAL TERMINAL 

TERMINAL 2 ANODE CATHODE ifl t _rnp 

(0) GATE 
TERMINAL 

SCR 

CATHODE 

GATE 

ANODE (CASE) 

TRIAC 

(b) 

(a) 

MAIN 
TERMINAL I 

0 

 1-1-°  TERMINALG    

MAIN TERMINAL I 

GATE 

MAIN TERMINAL 2 
(CASE) 

Fig. 15—Junction diagram (a) and sche-
matic symbol (b) for a silicon controlled Fig. 16—Junction diagram (a) and sche-

rectifier or SCR. matic symbol (b) for a triac. 
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Bipolar Transistors 

p-n junction biased in the re-
verse direction is equivalent to 

a high-resistance element ( low 
current for a given applied volt-
age), while a junction biased in the 
forward direction is equivalent to 
a low-resistance element ( high cur-
rent for a given applied voltage). 
Because the power developed by a 
given current is greater in a high-
resistance eiement than in a low-
resistance element ( P =_ PR), power 
gain can be obtained in a structure 
containing two such resistance ele-
ments if the current flow is not 
materially reduced. A device con-
taining two p-n junctions biased in 
opposite directions is called a junc-
tion or bipolar transistor. 
Such a two-junction device is 

shown in Fig. 17. The thick end layers 
are made of the same type of mate-
rial ( n-type in this case), and are 
separated by a very thin layer of the 
opposite type of material ( p-type in 
the device shown). By means of the 

OUTPUT 

 o 

ELECTRON 11131+ 
FLOW 

I --- —1--

Fig. 17 An n-p-n structure biased for 
power gain. 

external batteries, the left-hand ( n-p) 
junction is biased in the forward 

direction to provide a low-resistance 
input circuit, and the right-hand 
(p-n) junction is biased in the re-
verse direction to provide a high-
resistance output circuit. 

Electrons flow easily from the left-
hand n-type region to the center p-
type region as a result of the forward 
biasing. Most of these electrons dif-
fuse through the thin p-type region, 
however, and are attracted by the 
positive potential of the external bat-
tery across the right-hand junction. 
In practical devices, approximately 
95 to 99.5 per cent of the electron 
current reaches the right-hand n-
type region. This high percentage of 
current penetration provides power 
gain in the high-resistance output 
circuit and is the basis for transistor 
amplification capability. 
The operation of p-n-p devices is 

similar to that shown for the n-p-n 
device, except that the bias-voltage 
polarities are reversed, and electron-
current flow is in the opposite direc-
tion. ( Many discussions of semicon-
ductor theory assume that the "holes" 
in semiconductor material constitute 
the charge carriers in p-n-p devices, 
and discuss "hole currents" for these 
devices and "electron currents" for 
n-p-n devices. Other texts discuss 
neither hole current nor electron cur-
rent, but rather "conventional current 
flow", which is assumed to travel 
through a circuit in a direction from 
the positive terminal of the external 
battery back to its negative terminal. 
For the sake of simplicity, this dis-
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cussion will be restricted to the con-
cept of electron current flow, which 
travels from a negative to a positive 
terminal.) 

DESIGN AND FABRICATION 

The ultimate aim of all tran-
sistor fabrication techniques is the 
construction of two parallel p-n junc-
tions with controlled spacing between 
the junctions and controlled impurity 
levels on both sides of each junction. 
A variety of structures has been 
developed in the course of transistor 
evolution. 
The earliest transistors made were 

of the point-contact type. In this 
type of structure, two pointed wires 
were placed next to each other on an 
n-type block of semiconductor ma-
terial. The p-n junctions were formed 
by electrical pulsing of the wires. 
This type has been superseded by 
junction transistors, which are fab-
ricated by various alloy, diffusion, 
and crystal-growth techniques. 

In grown-junction transistors, the 
impurity content of the semiconduc-
tor material is changed during the 
growth of the original crystal ingot 
to provide the p-n-p or n-p-n regions. 
The grown crystal is then sliced 
into a large number of small-area 
devices, and contacts are made to 
each region of the devices. Fig. 18(a) 
shows a cross-section of a grown-
junction transistor. 

In alloy-junction transistors, two 
small "dots" of a p-type or n-type 
impurity element are placed on op-
posite sides of a thin wafer of n-type 
or p-type semiconductor material, 
respectively, as shown in Fig. 18(b). 
After proper heating, the impurity 
"dots" alloy with the semiconductor 
material to form the regions for the 
emitter and collector junctions. The 
base connection in this structure is 
made to the original semiconductor 
wafer. 
The drift-field transistor is a mod-

ified alloy-junction device in which 
the impurity concentration in the 
base wafer is diffused or graded, as 
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EMITTER 
CONTACT 

BASE CONTACT 

,SOLDER 

COLLECTOR 
---- CONTACT 

BASE 
REGION 

(a) GROWN-JUNCTION TYPE 

ORIGINAL 
SEMICONDUCTOR 
MATERIAL—BASE 

EMITTER DOT REGION 

BASE 
CONTACT 

e 

1 1 

E 

COLLECTOR 
SOLDER   DOT 

(b) ALLOY- JUNCTION TYPE 

BASE 
CONTACT 

Fig. 

EMITTER 
DOT 

E 

SOLDER 

COLLECTOR 
DOT 

tc) DRIFT- FIELD TYPE 

18 Cross-sections of ¡unction tran-
sistors. 
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REGION—ORIGINAL 
SEMICONDUCTOR 

MATERIAL 

shown in Fig. 18(c). Two advantages 
are derived from this structure: 
(a) the resultant built-in voltage or 
"drift field" speeds current flow, and 
(b) the ability to use a heavy im-
purity concentration in the vicinity 
of the emitter and a light concen-
tration in the vicinity of the col-
lector makes it possible to minimize 
capacitive charging times. Both 
these advantages lead to a substan-
tial extension of the frequency per-
formance over the alloy-junction 
device. 
The diffused-junction transistor 

represents a major advance in tran-
sistor technology because increased 
control over junction spacings and 
impurity levels makes possible sig-
nificant improvements in transistor 
performance capabilities. A cross-
section of a single-diffused "home-
taxial" structure is shown in Fig. 
19(a). Hometaxial transistors are 
fabricatéd by simultaneous diffusion 
of impurity from each side of a homo-
geneously doped base wafer. A mesa 
or flat-topped peak is etched on one 
side of the wafer in an intricate de-
sign to define the transistor emitter 
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and expose the base region for con-
nection of metal contacts. Large 
amounts of heat can be dissipated 
from a hometaxial structure through 
the highly conductive solder joint 
between the semiconductor material 
and the device package. This struc-
ture provides a very low collector 
resistance. 
Double-diffused transistors have an 

additional degree of freedom for 
selection of the impurity levels and 
junction spacings of the base, emit-
ter, and collector. This structure pro-
vides high voltage capability through 
a lightly doped collector region with-
out compromise of the junction spac-
ings which determine device fre-
quency response and other important 
characteristics. Fig. 19(b) shows a 
typical double-diffused transistor; 
the emitter and base junctions are 
diffused into the same side of the 
original semiconductor wafer, which 
serves as the collector. A mesa is 
usually etched through the base re-
gion to reduce the collector area at 
the base-to-collector junction and to 
provide a stable semiconductor sur-
face. 
Double-diffused planar transistors 

provide the added advantage of pro-
tection or passivation of the emitter-
to-base and collector-to-base junction 
surfaces. Fig. 19(c) shows a typical 
double-diffused planar transistor. The 
base and emitter regions terminate 
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Fig. 19 Cross-sections 

at the top surface of the semicon-
ductor wafer under the protection of 
an insulating layer. Photolitho-
graphic and masking techniques are 
used to provide for diffusion of both 
base and emitter impurities in selec-
tive areas of the semiconductor 
wafer. 

In triple- diffused transistors, a 
heavily doped region diffused from 
the bottom of the semiconductor 
wafer effectively reduces the thick-
ness of the lightly doped collector 
region to a value dictated only by 
electric-field considerations. Thus, the 
thickness of the lightly doped or 
high-resistivity portion of the col-
lector is minimized to obtain a low 
collector resistance. A section of a 
triple-diffused planar structure is 
shown in Fig. 19(d). 

Epitaxial transistors differ from 
diffused structures in the manner in 
which the various regions are fabri-
cated. Epitaxial structures are grown 
on top of a semiconductor wafer in a 
high-temperature reaction chamber. 
The growth proceeds atom by atom, 
and is a perfect extension of the 
crystal lattice of the wafer on which 
it is grown. In the epitaxial-base 
transistor shown in Fig. 20(a) a 
lightly doped base region is de-
posited by epitaxial techniques on a 
heavily doped collector wafer of 
opposite-type dopant. Photolitho-
graphic and masking techniques and 
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of diffused transistors. 
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Fig. 20—Cross-sections of epitaxial tran-
sistors. 

a single impurity diffusion are used 
to define the emitter region. This 
structure offers the advantages of 
low collector resistance and easy 
control of impurity spacings and 
emitter geometry. A variation of 
this structure uses two epitaxial 
layers. A thin lightly doped epi-
taxial layer used for the collector 
is deposited over the original heavily 
doped semiconductor wafer prior to 
the epitaxial deposition of the base 
region. The collector epitaxial layer 
is of opposite-type dopant to the 
epitaxial base layer. This structure, 
shown in Fig. 20(b), has the added 
advantage of higher voltage ratings 
provided by the epitaxial collector 
layer. 
The overlay transistor is a double-

diffused epitaxial device which em-
ploys a unique emitter structure. A 
large number of separate emitters 
are tied together by diffused and 
metalized regions to increase the 
emitter edge-to-area ratio and reduce 
the charging-time constants of the 
transistor without compromise of 
current- and power-handling capa-
bility. Fig. 20(c) shows a section 

through a typical overlay emitter 
region. 

After fabrication, individual tran-
sistor chips are mechanically sepa-
rated and mounted on individual 
headers. Connector wires are then 
bonded to the metalized regions, and 
each unit is encased in plastic or a 
hermetically sealed enclosure. In 
power transistors, the wafer is us-
ually soldered or alloyed to a solid 
metal header to provide for high 
thermal conductivity and low-resis-
tance collector contacts, and low-
resistance contacts are soldered or 
metal-bonded from the emitter or 
base metalizing contacts to the ap-
propriate package leads. This pack-
aging concept results in a simple 
structure that can be readily attached 
to a variety of circuit heat sinks and 
can safely withstand power dissipa-
tions of hundreds of watts and cur-
rents of tens of amperes. 

BASIC CIRCUITS 

Bipolar transistors aise ideal cur-
rent amplifiers. When a small signal 
current is applied to the input termi-
nals of a bipolar transistor, an am-
plified reproduction of this signal 
appears at the output terminals. 
Although there are six possible ways 
of connecting the input signal, only 
three useful circuit configurations 
exist for current or power amplifi-
cation: common-base, common-emit-
ter, and common-collector. In the 
common-base ( or ground-base) con-
nection shown in Fig. 21, the signal 
is introduced into the emitter-base 
circuit and extracted from the collec-
tor-base circuit. ( Thus the base 
element of the transistor is common 
to both the input and output cir-
cuits). Because the input or emitter-
base circuit has a low impedance 
(resistance plus reactance) in the 
order of 0.5 to 50 ohms, and the 
output or collector-base circuit has 
a high impedance in the order of 
1000 ohms to one megohm, the 
voltage or power gain in this type 
of configuration may be in the order 
of 1500. 
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Fig. 21 Common-base circuit configura-
tion. 

The direction of the arrows in Fig. 
17 indicates electron current flow. 
As stated previously, most of the cur-
rent from the emitter flows to the col-
lector; the remainder flows through 
the base. In practical transistors, 
from 95 to 99.5 per cent of the emit-
ter current reaches the collector. The 
current gain of this configuration, 
therefore, is always less than unity, 
usually in the order of 0.95 to 0.995. 
The waveforms in Fig. 21 repre-

sent the input voltage produced by 
the signal generator e8 and the out-
put voltage developed across the 
load resistor RI,. When the input 
voltage is positive, as shown at AB, 
it opposes the forward bias produced 
by the base-emitter battery, and thus 
reduces current flow through the 
n-p-n transistor. The reduced elec-
tron current flow through RI, then 
causes the top point of the resistor 
to become less negative ( or more 
positive) with respect to the lower 
point, as shown at A'B' on the out-
put waveform. Conversely, when the 
input signal is negative, as at CD, 
the output signal is also negative, 
as at C'D'. Thus, the phase of the 
signal remains unchanged in this 
circuit, i.e., there is no voltage phase 
reversal between the input and the 
output of a common-base amplifier. 

In the common- emitter ( or 
grounded-emitter) connection shown 
in Fig. 22 the signal is introduced 
into the base-emitter circuit and ex-
tracted from the collector-emitter 
circuit. This configuration has more 
moderate input and output imped-
ances than the common-base circuit. 
The input ( base-emitter) impedance 

is in the range of 20 to 5000 ohms, 
and the output ( collector-emitter) 
impedance is about 50 to 60,000 
ohms. Power gains in the order of 
10,000 ( or approximately 40 dB) can 
be realized with this circuit because 
it provides both current gain and 
voltage gain. 
Current gain in the common-

emitter configuration is measured be-
tween the base and the collector, 
rather than between the emitter and 
the collector as in the common-base 
circuit. Because a very small change 
in base current produces a relatively 
large change in collector current, the 
current gain is always greater than 
unity in a common-emitter circuit; 
a typical value is about 50. 
The input signal voltage under-

goes a phase reversal of 180 degrees 
in a common-emitter amplifier, as 
shown by the waveforms in Fig. 22. 

0.981 --> 

M/MII• 

o 

41MIMm, 

Fig. 22 Common-emitter circuit con-
figuration. 

When the input voltage is positive, 
as shown at AB, it increases the 
forward bias across the base-emitter 
junction, and thus increases the total 
current flow through the transistor. 
The increased electron flow through 
RI, then causes the output voltage 
to become negative, as shown at 
A'B'. During the second half-cycle 
of the waveform, the process is re-
versed, i.e., when the input signal is 
negative, the output signal is posi-
tive ( as shown at CD and C'D'.) 
The third type of connection, shown 

in Fig. 23, is the common-collector 
(or grounded-collector) circuit. In 
this configuration, the signal is intro-
duced into the base-collector circuit 
and extracted from the emitter-
collector circuit. Because the input 
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impedance of the transistor is high 
and the output impedance low in 
this connection, the voltage gain is 
less than unity and the power gain 
is usually lower than that obtained 
in either a common-base or a com-
mon-emitter circuit. The common-
collector circuit is used primarily as 

0.981 —> 

Fig. 23—Common-collector circuit coil-
figuration. 

an impedance-matching device. As in 
the case of the common-base circuit, 
there is no phase reversal of the sig-
nal between the input and the output. 
The circuits shown in Figs. 21 

through 23 are biased for n- p-n tran-
sistors. When p-n-p transistors are 
used, the polarities of the batteries 
must be reversed. The voltage phase 
relationships, however, remain the 
same. 

CHARACTERISTICS 

THE term "characteristic" is used 
-I- to identify the distinguishing elec-
trical features and values of a tran-
sistor. These values may be shown 
in curve form or they may be tabu-
lated. When the characteristics values 
are given in curve form, the curves 
may he used for the determination 
of transistor performance and the 
calculation of additional transistor 
parameters. 

Characteristics values are obtained 
from electrical measurements of tran-
sistors in various circuits under cer-
tain definite conditions of current and 
voltage. Static characteristics are ob-
tained with dc potentials applied to 
the transistor electrodes. Dynamic 
characteristics are obtained with an 
ac voltage on one electrode under 
various conditions of de potentials 

on all the electrodes. The dynamic 
characteristics, therefore, are indica-
tive of the performance capabilities 
of the transistor under actual work-
ing conditions. 

Published data for transistors in-
clude both electrode characteristic 
curves and transfer characteristic 
curves. These curves present the 
same information, but in two differ-
ent forms to provide more useful 
data. Because transistors are used 
most often in the common-emitter 
configuration, characteristic curves 
are usually shown for the collector 
or output electrode. The collector-
characteristic curve is obtained by 
varying collector-to-emitter voltage 
and measuring collector current for 
different values of base current. The 
transfer-characteristic curve is ob-
tained by varying the base-to-emitter 
(bias) voltage or current at a speci-
fied or constant collector voltage, 
and measuring collector current. A 
collector-characteristic family of 
curves is shown in Fig. 24. Fig. 25 
shows transfer-characteristic curves 
for the same transistor. 
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Fig. 24 Collector-characteristic curves. 

A measure of the current gain 
uf a transistor is its forward current-
transfer ratio, i.e., the ratio of the 
current in the output electrode to 
the current in the input electrode. 
Because of the different ways in 
which transistors may be connected 
in circuits, the forward current-
transfer ratio is specified for a 
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Fig. 25 Transfer-characteristic curves. 

particular circuit configuration. The 
common-base forward current-trans-
fer ratio is often called alpha 
(or a), and the common-emitter for-
ward current- transfer ratio is often 
called beta ( or 0). 

In the common-base circuit shown 
in Fig. 21 the emitter is the input 
electrode and the collector is the 
output electrode. The de alpha, there-
fore, is the ratio of the steady-state 
collector current Ir to the steady-
state emitter current IE: 

I c 0.98 1  
a =  = 0.98 

In the common-emitter circuit 
shown in Fig. 22, the base is the 
input electrode and the collector is 
the output electrode. The dc beta, 
therefore, is the ratio of the steady-
state collector current Ic to the 
steady-state base current IB: 

0.98 1 
  =49 
0.02 1 

Because the ratios given above are 
based on steady-state currents, they 
are properly called de alpha and 
de beta. It is more common, how-
ever, for the current-transfer ratio 
to be given in terms of the ratio 
of signal currents in the input and 
output electrodes, or the ratio of 
a change in the output current to 
the input signal current which 
causes the change. Fig. 26 shows 

typical electrode currents in a 
common-emitter circuit ( a) under no-
signal conditions and ( h) with a 
one-microampere signal applied to 
the base. The signal current of one 
microampere in the base causes a 
change of 49 microamperes ( 147-98) 
in the collector current. Thus the ac 
beta for the transistor is 49. 
The cutoff frequency of a transis-

tor is defined as the frequency at 

•  
SICNAL 

Ig= 2µA 

lc= 98p.A 

ELECTRON 
FLOW 

(a) 

3m.A 

E ::: 0 0 µA 

lc :--147F A 
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FLOW 

(b) 

Ie=150A 

Erg. 26—Electrode currents under (a) no-
signal and (b) signal conditions. 

which the value of alpha (for a 
common-base circuit) or beta ( for a 
common-emitter circuit) drops to 
0.707 times its 1-kHz value. The 
gain-bandwidth product is the fre-
quency at which the common-
emitter forward current-transfer 
ratio ( beta) is equal to unity. These 
characteristics provide an approxi-
mate indication of the useful fre-
quency range of the device, and 
help to determine the most suitable 
circuit configuration for a particular 
application. Fig. 27 shows typical 
curves of alpha and beta as functions 
of frequency. 

Extrinsic transconduct ance may 
he defined as the quotient of a small 
change in collector current divided 
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Fig. 27 Forward current-transfer ratio as 
a function of frequency. 

by the small change in emitter-to-
base voltage producing it, under the 
condition that other voltages remain 
unchanged. Thus, if an emitter-to-
base voltage change of 0.1 volt causes 
a collector-current change of 3 milli-
amperes ( 0.003 ampere) with other 
voltages constant, the transconduct-
ance is 0.003 divided by 0.1, or 0.03 
mho. ( A "mho" is the unit of con-
ductance, and was named by spelling 
"ohm" backward.) For convenience, 
a millionth of a mho, or a micro-
mho ( p.mho), is used to express trans-
conductance. Thus, in the example, 
0.03 mho is 30,000 micromhos. 

Cutoff currents are small steady-
state reverse currents which flow 
when a transistor is biased into 
non-conduction. They consist of 
leakage currents, which are related 
to the surface characteristics of the 
semiconductor material, and satura-
tion currents, which are related to 
the impurity concentration in the 
material and which increase with in-
creasing temperatures. Collector-
cutoff current is the steady-state 
current which flows in the reverse-
biased collector-to-base circuit when 
the emitter-to-base circuit is open. 
Emitter-cutoff current is the cur-
rent which flows in the reverse-
biased emitter-to-base circuit when 
the collector-to-base circuit is open. 

Transistor breakdown voltages de-
fine the voltage values between two 

specified electrodes at which the crys-
tal structure changes and current 
begins to rise rapidly. The voltage 
then remains relatively constant over 
a wide range of electrode currents. 
Breakdown voltages may be meas-
ured with the third electrode open, 
shorted, or biased in either the for-
ward or the reverse direction. For 
example, Fig. 28 shows a series of 
collector-characteristic curves for 
different base-bias conditions. It can 
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Fig. 28—Typical collector-characteristic 
curves showing location of various break-

down voltages. 

be seen that the collector-to-emitter 
breakdown voltage increases as the 
base-to-emitter bias decreases from 
the normal forward values through 
zero to reverse values. The symbols 
shown on the abscissa are sometimes 
used to designate collector-to-emitter 
breakdown voltages with the base 
open V(BR)cEo, with external base-to-
emitter resistance V(BiucER, with the 
base shorted to the emitter V(Bit/rES, 
and with a reverse base-to-emitter 
voltage Vuut)(iEv• 
As the resistance in the base-to-

emitter circuit decreases, the col-
lector characteristic develops two 
breakdown points, as shown in Fig. 
24. After the initial breakdown, the 
collector-to-emitter voltage decreases 
with increasing collector current 
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until another breakdown occurs at a 
lower voltage. This minimum collec-
tor-to-emitter breakdown voltage is 
called the sustaining voltage. 

In large-area power transistors, 
there is a limiting mechanism 
referred to as "second breakdown". 
This condition is not a voltage break-
down, but rather an electrically and 
thermally regenerative process in 
which current is focused in a very 
small area of the order of the diam-
eter of a human hair. The very 
high current, together with the volt-
age across the transistor, causes a 
localized heating that may melt a 
minute hole from the collector to the 
emitter of the transistor and thus 
cause a short circuit. This règenera-
tive process is not initiated unless 
certain high voltages and currents 
are coincident for certain finite 
lengths of time. 

In conventional transistor struc-
tures, the limiting effects of second 
breakdown vary directly with the am-
plitude of the applied voltage and 
inversely with the width of the base 
region. These effects are most severe 
in power transistors in which nar-
row base structures are used to 
achieve good high-frequency re-
sponse. In RCA "overlay" power 
transistors, a special emitter con-
figuration is used to provide greater 
current-handling capability and mini-
mize the possibility of "hot spots" 
occurring at the emitter-base junc-
tion. This new design extends the 
range of power and frequency over 
which transistors can be operated 
before second breakdown begins to 
limit performance. 
The curves at the left of Fig. 28 

show typical collector characteristics 
under normal forward-bias condi-
tions. For a given base input current, 
the collector- to-emitter saturation 
voltage is the minimum voltage re-
quired to maintain the transistor in 
full conduction ( i.e., in the satura-
tion region). Under saturation con-
ditions, a further increase in forward 
bias produces no corresponding in-
crease in collector current. Saturation 
voltages are very important in switch-

ing applications, and are usually 
specified for several conditions of 
electrode currents and ambient tem-
peratures, 
Reach-through (or punch-through) 

voltage defines the voltage value at 
which the depletion region in the 
collector region passes completely 
through the base region and makes 
contact at some point with the emit-
ter region. This "reach-through" 
phenomenon results in a relatively 
low-resistance path between the 
emitter and the collector, and causes 
a sharp increase in current. Punch-
through voltage does not result in 
permanent damage to a transistor, 
provided there is sufficient impedance 
in the power-supply source to limit 
transistor dissipation to safe values. 

BIASING 

For most non-switching applica-
tions, the operating point for a par-
ticular transistor is established by 
the quiescent ( de, no-signal) values 
of collector voltage and emitter cur-
rent. In general, a transistor may be 
considered as a current-operated de-
vice, i.e., the current flowing in the 
emitter-base circuit controls the 
current flowing in the collector cir-
cuit. The voltage and current values 
selected, as well as the particular 
biasing arrangement used, depend 
upon both the transistor character-
istics and the specific requirements 
of the application. 
As mentioned previously, biasing 

of a transistor for most applications 
consists of forward bias across the 
emitter-base junction and reverse 
bias across the collector-base junc-
tion. In Figs. 21, 22, and 23, two 
batteries were used to establish bias 
of the correct polarity for an n-p-n 
transistor in the common-base, com-
mon-emitter, and common-collector 
circuits, respectively. Many varia-
tions of these basic circuits can also 
be used. (In these simplified de cir-
cuits, inductors and transformers are 
represented only by their series re-
sistance.) 
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A simplified biasing arrangement 
for the common-base circuit is shown 
in Fig. 29. Bias for both the collector-
base junction and the emitter-base 

n- p- n 

(a) 
p- n- p 

(1)) 

Fig. 29 Biasing network for common-base 
circuit for. (a) n-p-n and (b) p-n-p 

transistors. 

junction is obtained from the single 
battery through the voltage-divider 
network consisting of resistors 112 
and R,. ( For the n-p-n transistor 
shown in Fig. 29(a) the emitter-base 
junction is forward-biased because 
the emitter is negative with respect 
to the base, and the collector-base 
junction is reverse-biased because 
the collector is positive with respect 
to the base, as shown. For the p-n-p 
transistor shown in Fig. 29(b), the 
polarity of the battery and of the 
electrolytic bypass capacitor C, is 
reversed.) The electron current I 
from the battery and through the 
voltage divider causes a voltage drop 
across resistor R2 which biases the 
base. The proper amount of current 
then flows through R1 so that the cor-
rect emitter potential is established 
to provide forward bias relative to 
the base. This emitter current estab-
lishes the amount of collector current 
which, in turn, causes a voltage drop 
across R4. Simply stated, the voltage 
divider consisting of R2 and Ra es-
tablishes the base potential; the base 
potential essentially establishes the 
emitter potential; the emitter poten-

tial and resistor R1 establish the 
emitter current; the emitter current 
establishes the collector current; and 
the collector current and R4 establish 
the collector potential. R2 is bypassed 
with capacitor C1 so that the base is 
effectively grounded for ac signals. 
A single battery can also be used 

to bias the common-emitter circuit. 
The simplified arrangement shown 
in Fig. 30 is commonly called "fixed 
bias". In this case, both the base and 
the collector are made positive with 
respect to the emitter by means of 
the battery. The base resistance RB 
is then selected to provide the desired 
base current Ili for the transistor 
(which, in turn, establishes the de-
sired emitter current Ii,), by means 
of the following expression: 

R1t 

VBB 

IB 

where Vint is the battery supply volt-
age and VB1: is the base-to-emitter 
voltage of the transistor. 

In the circuit shown, for example, 
the battery voltage is six volts. The 
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Fig. 30 "Fixed-bias" arrangement for 
common-emitter circuit. 

value of R1t was selected to provide 
a base current of 27 microamperes, 
as follows: 

6- 0.6 
RB 

27 x 10' 
200,000 ohms 

The fixed-bias arrangement shown 
in Fig. 30, however, is not a satis-
factory method of biasing the base 
in a common-emitter circuit. The 
critical base current in this type of 
circuit is very difficult to maintain 
under fixed-bias conditions because 
of variations between transistors 
and the sensitivity of these devices 
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to temperature changes. This prob-
lem is partially overcome in the "self-
bias" arrangement shown in Fig. 31. 

RB 

1. 1 Ec 
3V 

RL 

+7_17 VBB 

- 6V0  

Fig. 31 "Self-bias" arrangement for com-
mon-emitter circuit. 

In this circuit, the base resistor is 
ciad directly to the collector. This 
connection helps to stabilize the oper-
ating point because an increase or 
decrease in collector current pro-
duces a corresponding decrease or 
increase in base bias. The value of 
RIt is then determined as described 
above, except that the collector volt-
age W E is used in place of the sup-
ply voltage VBB: 

RB VCE VBE 

3-0.6 
27 x = 90,000 ohms —  

The arrangement shown in Fig. 31 
overcomes many of the disadvan-
tages of fixed bias, although it re-
duces the effective gain of the circuit. 

In the bias method shown in Fig. 
32 the voltage-divider network com-
posed of R, and R2 provides the 

I-
VBB 

 o 

o 
Fig. 32—Bias network using voltage-

divider arrangement for increased 
stability. 

required forward bias across the 
base-emitter junction. The value of 

the base bias voltage is determined 
by the current through the voltage 
divider. This type of circuit provides 
less gain than the circuit of Fig. 31, 
but is commonly used because of its 
inherent stability. 
The common-emitter circuits shown 

in Figs. 33 and 34 may be used to 
provide stability and yet minimize 
loss of gain. In Fig. 33, a resistor 

o  
Fig. 33 Bias network using 

hilizing resistor. 

RE is added to the emitter circuit, 
and the base resistor R: is returned 
to the positive terminal of the bat-
tery instead of to the collector. The 
emitter resistor RE provides addi-
tional stability. It is bypassed with 
capacitor CE. The value of CE de-
pends on the lowest frequency to be 
amplified. 

In Fig. 34 the R2R3 voltage-divider 
network is split, and all ac feedback 
currents through R3 are shunted to 
ground ( bypassed) by capacitor C1-

R2 R3 

o 

— VBB 
_ 

o 

emitter sta-

— VB B 

0 - 

Fig. 34 Bias network using split voltage-
divider network. 

The value of R3 is usually larger 
than the value of R2. The total re-
sistance of R2 and R3 should equal 
the resistance of R1 in Fig. 32. 

In practical circuit applications. 
any combination of the arrange-
ments shown in Figs. 31, 32, 33, and 
34 may be used. However, the sta-
bility of Figs. 31, 32, and 34 may be 

Rit 
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poor unless the voltage drop across 
the load resistor RI, is at least one-
third the value of the supply volt-
age. The determining factors in the 
selection of the biasing circuit are 
usually gain and bias stability (which 
is discussed later). 

In many cases, the bias network 
may include special elements to com-
pensate for the effects of variations 
in ambient temperature or in sup-
ply voltage. For example, the therm-
istor ( temperature-sensitive resis-
tor) shown in Fig. 35(a) is used to 
compensate for the rapid increase 
of collector current with increasing 

SUPPLY SUPPLY 
VOLTAGE VOLTAGE 

B- I e-

BIAS 
VOLTAGE 

(a) 

THERMISTOR 
••••••• 

.11•». 

(b) 

BIAS 
VOLTAGE 

DIODE 

Fig. 35—Bias networks including (a) a 
thermistor and (b) a voltage-compensating 

diode. 

temperature. Because the thermistor 
resistance decreases as the tempera-
ture increases, the emitter-to-base 
bias voltage is reduced and the col-
lector current tends to remain con-
stant. The addition of the shunt and 
series resistances provides most ef-
fective compensation over a desired 
temperature range. 
The diode biasing network shown 

in Fig. 35(b) stabilizes collector cur-
rent for variations in both tempera-
ture and supply voltage. The for-
ward-biased diode current determines 
a bias voltage which establishes the 
transistor idling current ( collector 

current under no-signal conditions). 
As the temperature increases, this 
bias voltage decreases. Because the 
transistor characteristic also shifts 
in the same direction and magnitude, 
however, the idling current remains 
essentially independent of tempera-
ture. Temperature stabilization with 
a properly designed diode network is 
substantially better than that pro-
vided by most thermistor bias net-
works. Any temperature-stabilizing 
element should be thermally close to 
the transistor being stabilized. 

In addition, the diode bias current 
varies in direct proportion with 
changes in supply voltage. The re-
sultant change in bias voltage is 
small, however, so that the idling 
current also changes in direct pro-
portion to the supply voltage. Sup-
ply-voltage stabilization with a diode 
biasing network reduces current 
variation to about one-fifth that ob-
tained when resistor or thermistor 
bias is used for a germanium tran-
sistor and one-fifteenth for a silicon 
transistor. 
The bias networks of Figs. 30 

through 34 are generally used in 
class A circuits. Class B circuits 
normally employ the bias networks 
shown in Fig. 35. The bias resistor 
values for class B circuits are gen-
erally much lower than those for 

class A circuits. 

BIAS STABILITY 

Because transistor currents tend 
to increase with temperature, it is 
necessary in the design of transistor 
circuits to include a " stability fac-
tor" to keep the collector-current 
variation within tolerable values un-
der the expected high-temperature 
operating conditions. The bias sta-
bility factor SF is expressed as the 
ratio between a change in steady-
state collector current and the cor-
responding change in steady-state 
collector-cutoff current. 
For a given set of operating volt-

ages, the stability factor can be cal-
culated for a maximum permissible 
rise in steady-state collector current 
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from the room-temperature value, 
as follows: 

SF 
 IciIt i,IaA — 

Irlif ICBM 

where Ici and IcBol are measured at 
25°C, Ic.B02 is measured at the maxi-
mum expected ambient ( or junction) 
temperature, and Icnia A is the maxi-
mum permissible collector current 
for the specified collector-to-emitter 
voltage at the maximum expected 
ambient ( or junction) temperature 
(to keep transistor dissipation within 
ratings). 
The calculated values of SF can 

then be used, together with the ap-
propriate values of beta and rhe ( base-
connection resistance), to determine 
suitable resistance values for the 
transistor circuit. Fig. 36 shows 
equations for SF in terms of resist-
ance values for three typical circuit 
configurations. The maximum value 
which SF can assume is the value of 
beta. Although this analysis was 
originally made for germanium tran-
sistors, in which the collector satura-
tion current 'Co is relatively large, 
the same type of analysis may be ap-
plied to interchangeability with beta 
for silicon transistors. 

SF=  + R21) 

R2 , + p Rj 
R2I= R2+ rb' 

COUPLING 

Three basic methods are used to 
couple transistor stages: trans-
former, resistance-capacitance, and 
direct coupling. 
The major advantage of trans. 

former coupling is that it permits 
power to be transferred from one 
impedance level to another. A 
transformer-coupled common-emitter 
n-p-n stage is shown in Fig. 37. The 
voltage step-down transformer T1 
couples the signal from the collector 
of the preceding stage to the base of 
the common-emitter stage. The volt-
age loss inherent in this transformer 
is not significant in transistor cir-
cuits because, as mentioned pre-
viously, the transistor is a current-
operated device. Although the voltage 
is stepped down, the available cur-
rent is stepped up. The change in 
base current resulting from the 
presence of the signal causes an al-
ternating collector current to flow 
in the primary winding of trans-
former n, and a power gain is ob-
tained between Ti and T2. 

This use of a voltage step-down 
transformer is similar to that in the 
output stage of an audio amplifier, 
where a step-down transformer is 

SF a(R14-Req) = 
Req +s RI 

Req= R24  R4 R5  
R4 + R5 

R2 : R2+ rb' 

.1•M«111. 

SF -

Q -Fs P 

Q = R2 I(R3+R4 + R5) -t-R4R5 

P= (R3+R4 + R5)+R3 

R21= R2 + riD1 

Fig. 36 Bias-stability-factor equations for three typical circuit configurations. 
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normally used to drive the loud-
speaker, which is also a current-
operatecl device. 
The voltage-divider network con-

sisting of resistors R1 and R, in Fig. 
37 provides bias for the transistor. 
The voltage divider is bypassed by 
capacitor Ci to avoid signal attenua-
tion. The stabilizing emitter resistor 
RE permits normal variations of the 
transistor and circuit elements to be 
compensated for automatically with-
out adverse effects. This resistor RE 
is bypassed by capacitor C2. The 
voltage supply VIM is also bypassed, 
by capacitor C3, to prevent feedback 
in the event that ac signal voltages 
are developed across the power sup-
ply. Capacitors C1 and C2 may nor-
mally be replaced by a single 
capacitor connected between the emit-
ter and the bottom of the secondary 
winding of transformer T, with little 
change in performance. 
The use of resistance-capacitance 

coupling usually permits some econ-
omy of circuit costs and reduction 
of size, with some accompanying 
sacrifice of gain. This method of 
coupling is particularly desirable in 
low-level, low-noise audio amplifier 
stages to minimize hum pickup from 
stray magnetic fields. Use of resist-
ance-capacitance ( RC) coupling in 
battery-operated equipment is usu-
ally limited to low-power operation. 
The frequency response of an RC-
coupled stage is normally better than 
that of a transformer-coupled stage. 

Fig. 37-Transformer-coupled common-
emitter stage. 

Fig. 38(a) shows a two-stage RC-
coupled circuit using n-p-n transis-
tors in the common-emitter config-
uration. The method of bias is similar 
to that used in the transformer-
coupled circuit of Fig. 37. The major 
additional components are the col-
lector load resistances RI., and R1.2 
and the coupling capacitor C. The 
value of Ci must be made fairly 
large, in the order of 2 to 10 micro-
farads, because of the small input 
and load resistances involved. ( It 
should be noted that electrolytic ca-
pacitors are normally used for cou-
pling in transistor audio circuits. 
Polarity must be observed, therefore, 
to obtain proper circuit operation. 
Occasionally, excessive leakage cur-
rent through an electrolytic coupling 
capacitor may adversely affect tran-
sistor operating currents.) 
Impedance coupling is a modified 

form of resistance-capacitance cou-
pling in which inductances are used 
to replace the load resistors. This 
type of coupling is rarely used ex-
cept in special applications where 
supply voltages are low and cost is 
not a significant factor. 

Direct coupling is used primarily 
when cost is an important factor. 
(It should be noted that direct-
coupled amplifiers are not inherently 
de amplifiers, i.e., that they cannot 
always amplify de signals. Low-
frequency response i.: usually limited 
by other factors than the coupling 
network.) In the direct-coupled am-
plifier shown in Fig. 38(b), resistor 
Ra serves as both the collector load 
resistor for the first stage and the 
bias resistor for the second stage. 
Resistors Ri and R2 provide circuit 
stability similar to that of Fig. 32 
because the emitter voltage of tran-
sistor Q, and the collector voltage of 
transistor Q, are within a few tenths 
of a volt of each other. 
Because so few circuit parts are 

required in the direct-coupled ampli-
fier, maximum economy can be 
achieved. However, the number of 
stages which can be directly coupled 
is limited. Temperature variation of 
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Q2 

Fig. 38—(a) Two-stage 

(b) 

resistance-capacitance-coupled 
coupled 

the bias current in one stage may be 
amplified by all the stages, and 
severe temperature instability may 
result. 

HIGH-FREQUENCY OPERATION 

At frequencies of 100 MHz or 
more, the effects of stray capaci-
tances and inductances, ground 
paths, and feedback coupling have 
a pronounced effect on the gain 
and power-output capabilities of 
transistors. As a result, physical as-
pects such as layout, type of chassis, 
shielding, and heat-sink considera-
tions are important in the design of 
high-frequency amplifiers and os-
cillators. 

In general, high-frequency circuits 
are constructed on material such as 
brass or aluminum which is either 
silver-plated or machined to increase 
conductivity. The input and output 
circuits are "compartmentalized" by 
use of a milling operation. Copper-
clad laminated or printed circuit 
boards facilitate soldering opera-

circuit. 
circuit and (h two-stage direct-

tions, and have been used satisfac-
torily at frequencies up to 400 
MHz when the entire coppersur-
face was kept intact and used for 
the ground plane. 
Because even a short lead pro-

vides a large impedance at high fre-
quencies, it is necessary to keep all 
high-frequency leads as short as Pos-
sible. This precaution is especially 
important for ground connections 
and for all connections to bypass ca-
pacitors and high-frequency filter 
capacitors. It is recommended that 
a common ground return be used for 
each stage, and that short, direct 
connections be made to the common 
ground point. The emitter lead es-
pecially should be kept as short as 
possible. 

In many cases, problems of oscil-
lation and regenerative feedback are 
caused by unwanted ground currents 
(i.e., ground-circuit feedback cur-
rents). An effective solution is to 
isolate the ac signal path from the 
de path so that the signal does not 
pass through the power supply by 
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-way of the power leads. In a multi-
stage amplifier, the power leads 
should enter the circuit at the high-
est power stage to minimize the 
amount of signal on the common 
power path. Lower-frequency oscil-
lations can be minimized by use of 
a large capacitor across the power-
supply terminals. High-quality feed-
through capacitors should also be 
used as the power-lead connections. 

Particular care should be taken 
with the lead dress of the input and 
output circuits of high-frequency 
stages so that the possibility of stray 
coupling is minimized. Unshielded 
leads connected to shielded compo-
nents should be dressed close to the 
chassis. ( In high-gain audio ampli-
fiers, these same precautions should 
be taken to minimize the possibility 
of self-oscillation.) 

Feedback effects may occur in ra-
dio or television receivers as a result 
of coupling between stages through 
common voltage-supply circuits. Fil-
ters find an important use in mini-
mizing such effects. They should be 
placed in voltage-supply leads to 
each transistor to provide isolation 
between stages. 

Capacitors used in transistor rf 
circuits, particularly at high frequen-
cies, should be mica or ceramic. For 
audio bypassing, electrolytic capaci-
tors are require(1. 

In high-frequency stages having 
high gain, undesired feedback may 
occur and produce harmful effects on 
circuit performance unless shielding 
is used. The output circuit of each 
stage is usually shielded from the 
input of the stage, and each high-
frequency stage is usually shielded 
from other high-frequency stages. It 
is also desirable to shield separately 
each unit of the high-frequency 
stages. For example, each if and rf 
coil in a superheterodyne receiver 
may be mounted in a separate shield 
can. Baffle plates may be mounted 
on the ganged tuning, capacitor to 
shield each section of the capacitor 
from the other section. 
The shielding precautions required 

in a circuit depend on the design of 

the circuit and the layout of the 
parts. When the metal case of a 
transistor is grounded at the socket 
terminal, the grounding connection 
should be as short as possible to min-
imize lead inductance. Many transis-
tors have a separate lead connected 
to the case and used as a ground 
lead; where present, these leads are 
indicated in the outline diagrams. 

SWITCHING 

Transistor switching applications 
are generally characterized by large-
signal nonlinear operation of the 
devices. The switching transistor is 
generally required to operate in 
either of two states: on or off. In 
transistor switching circuits, the 
common-emitter configuration is by 
far the most widely used. 

Typical output characteristics for 
an n-p-n transistor in the common-
emitter configuration are shown in 
Fig. 39. These characteristics are 
divided into three regions of opera-
tion, i.e., cutoff region, active region, 
and saturation region. 

IC 

cr 
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co 
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"ACTIVE" REGION 

"CUTOFF" REGION 
VcE 

_39— Typical collector characteristic of 
an n-p-n transistor showing three princi-

pal regions involved in switching. 

In the cutoff region, both the 
emitter-base and collector-base junc-
tions are reverse-biased. Under 
these conditions, the collector cur-
rent is very small, and is comparable 
in magnitude to the leakage current 
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IcEt), IcEv, or Lim), depending on the 
type of base-emitter biasing used. 

Fig, 40 is a sketch of the minority-
carrier concentration in an n-p-n 
transistor. For the cutoff condition, 

(i) 

t CA 
CC 17-

F—aj cci 

o 
o 

Cr 
Occ 
Z Z 

2 (-) 

EMITTER- COLLECTOR-
BASE JUNCTION BASE JUNCTION 

EMITTER I BASE COLLECTOR 
HOLES ELECTRONS HOLES 

2 AND _3) 

DISTANCE 

I AND 2 

Fig. 40—Minority-carrier concentrations 
in an n-p-n transistor: ( 1) in cutofi re-
gion, (2) in active region at edge of satu-

ration region, (3) in saturation region. 

the concentration is zero at both 
junctions because both junctions are 
reverse-biased, as shown by curve 
1 in Fig. 40. 

In the active region, the emitter-
base junction is forward-biased and 
the collector-base junction is reverse-
biased. Switching from the cutoff 
region to the active region is ac-
complished along a load line, as 
indicated in Fig. 39. The speed of 
transition through the active region 
is a function of the frequency-re-
sponse characteristics of the device. 
The minority-carrier concentration 
for the active region is shown by 
curve 2 in Fig. 40. 
The remaining region of opera-

tion is the saturation region. In this 
region, the emitter-base and collec-
tor-base junctions are both forward-
biased. Because the forward voltage 
drop across the emitter-base junction 
under this condition [VBE(sat)] is 
greater than that across the collec-
tor-base junction, there is a net 
collector-to-emitter voltage referred 
to as VrE(sat). It is evident that any 
series-resistance effects of the emit-
ter and collector also enter into de-
termining W E( sat). Because the 
collector is now forward-biased, ad-
ditional carriers are injected into 
the base, and some into the collector. 

This minority-carrier concentration 
is shown by curve 3 in Fig. 40. 
A basic saturated-transistor 

switching circuit is shown in Fig. 
41. The voltage and current wave-
forms for this circuit under typical 

IC 

+Vg 

— 

•••••1" 

«BM, 

Fig. 41 Basic saturated transistor switch-
ing circuit. 

base-drive conditions are shown in 
Fig. 42. Prior to the application of 
the positive-going input pulse, the 
emitter-base junction is reverse-
biased by a voltage ----VBE(Off) 

V. Because the transistor is in the 
cutoff region, the base current IB is 
the reverse leakage current IBEv, 
which is negligible compared with 
IRl y and the collector current Ic is 
the reverse leakage current ICEV, 
which is negligible compared with 
\Tyr /Rc. When the positive-going 
input pulse Vg is applied, the base 
current IR immediately goes positive. 
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CURRENT 
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EMITTER / 
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COLLECTOR 
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EMITTER 
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Fig. 42— Voltage and 
for saturated switching 

Fig. 41. 
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The collector current, however, does the collector current responds ex-
not begin to increase until some ponentially to a step of base current. 
time later. This delay in the flow If a turn-on base current is 
of collector current (t(1) results be- applied to the device, and the product 
cause the emitter and collector IBihri. is less than Vcci Re, the 
capacitances do not allow the emit- collector current rises exponentially 
ter-base junction to become forward- until it reaches the steady-state 
biased instantaneously. These ea- value IB111FE. If IB:1-11-1, is greater than 
pacitances must be charged from Vcc/Rc, the collector current rises 
their original negative potential toward the value FIFE. The tran-
[—VRE(off)] to a forward bias suf- sistor becomes saturated when le 
ficient to cause the transistor to reaches the value Ir› Vcc /Rc). 
conduct appreciably. After the At Ciis point, Ic is effectively 
emitter-base junction is sufficiently clamped at the value VcciRc. 
forward-biased, there is an addi- The rise time, therefore, depends 
tional delay caused by the time re- on an exponential function of the 
quired for minority carriers which ratio L.,/Iin : hFE. Because the values 
are injected into the base to diffuse of luE, fT, and Cr, are not constant, 
across the base and be collected at but vary with collector voltage and 
the collector. This delay is usually current as the transistor is switch-
negligible compared with the delay ing, the rise time as well as the 
introduced by the capacitive delay time is dependent on nonlinear 
ponent. The collector and emitter ca- transistor characteristics. 
pacitances vary with the collector- After the collector current of the 
base and emitter-base junction volt- transistor has reached a steady-state 
ages, and increase as the voltage value Ls, the minority-charge dis-
VBE goes positive. An accurate de- tribution is that shown by curve 3 
termination of total delay time, in Fig. 40. When the transistor is 
therefore, requires knowledge of the turned off by returning the input 
nonlinear characteristics of these pulse to zero, the collector current 
capacitances. does not change immediately. This 
When the collector current lc be- delay is caused by the excess charge 

gins to increase, the transistor has in the base and collector regions, 
made the transition from the cutoff which tends to maintain the collec-
region into the active region. The tor current at the Irs value until 
collector current takes a finite time this charge decays to an amount 
to reach its final value. This time, equal to that in the active region 
called rise time ( tr), is determined at the edge of saturation ( curve 2 
by the gain-bandwidth product (fT), in Fig. 40). The time required for 
the collector-to-emitter capacitance this charge to decay is called the 
(Cc), and the static forward current- storage time ( t,). The rate of charge 
transfer ratio ( hFE) of the transis- decay is determined by the minority-
tor. At high collector currents and/ carrier lifetime in the base and col-
or low collector voltages, the effect lector regions, on the amount of 
of this capacitance on rise time is reverse "turn-off" base current (IB2), 
negligible, and the rise time of col- and on the overdrive "turn-on" cur-
lector current is inversely propor- rent ( IBi) which determined how 
tional to fr. At low currents and/or deeply the transistor was driven 
high voltages, the effect of gain- into saturation. ( In non-saturated 
bandwidth product is negligible, and switching, there is no excess charge 
the rise time of collector current is in the base region, so that storage 
directly proportional to the product time is negligible.) 
RcCe. At intermediate currents and When the stored charge ( Qs) has 
voltages, the rise time is propor- decayed to the point where it is 
tional to the sum ( 1/27f1) ± RC1. equal to that at the edge of satura-
Under any of the above conditions, tion, the transistor again enters the 
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active region and the collector cur-
rent begins to decrease. This fall-
time portion of the collector-current 
characteristic is similar to the rise-
time portion because the transistor 
is again in the active region. The 
fall time, however, depends on 
whereas the rise time was dependent 
on I. Fall time, like rise time, also 
depends on fT and C. 
The approximate values of IB1, 
and Ics for the circuit shown in 

Fig. 41 are given by: 

IBi 

B2 .1•1•MD 

VG vBB VBE ( sat) 

VBB 

W C 

RI{ 

VBE(sat) 

RR 

VcE(sat) 

Switching Characteristics 

The electrical characteristics for 
a switching transistor, in general, 
differ from that for a linear-ampli-
fier type of transistor in several 
respects. The static forward current-
transfer ratio 1-1FE and the saturation 
voltages VrE(sat) and VBE(sat) are 
of fundamental importance in a 
switching transistor. The static for-
ward current-transfer ratio deter-
mines the maximum amount of 
current amplification that can be 
achieved in any given circuit, satu-
rated or non-saturated. The satura-
tion voltages are necessary for the 
proper de design of saturated cir-
cuits. Consequently, FIFE is always 
specified for a switching transistor, 
generally at two or more values of 
collector current. ( sat) and 
VBE(sat) are specified at one or 
more current levels for saturated 
transistor applications. Control of 
these three characteristics deter-
mines the performance of a given 
transistor type over a broad range 
of operating conditions. For non-
saturated applications, VcE(sat) and 
VBE(sat) need not be specified. For 
such applications, it is important to 
specify \TB': at specific values of col-

lector current and collector-to-emit-
ter voltage in the active region. 

Because the collector and emitter 
capacitances and the gain-bandwidth 
product influence switching time, 
these characteristics are specified for 
most switching transistors. The col-
lector-base and emitter-base junction 
capacitances are usually measured 
at some value of reverse bias and 
are designated Cob and C t), respec-
tively. The gain-bandwidth product 
(fT) of the transistor is the fre-
quency at which the small-signal 
forward current-transfer ratio ( hff.) 
is unity. Because this characteristic 
falls off at 6 dB per octave above 
the corner frequency, fr is usually 
controlled by specifying the hfr. at 
a fixed frequency anywhere from 
1/2 to 1/10 fT. Because Cob, C I b 

and fr, vary nonlinearly over the 
operating range, these characteris-
tics are generally more useful as 
figures of merit than as controls for 
determining switching speeds. When 
the switching speeds in a particular 
application are of major importance , 

it is preferable to specify the re-
quired switching speeds in the de-
sired switching circuit rather than 
Cob, Cib, and fi. 
The storage time ( ts) of a tran-

sistor is dependent on the stored 
charge (Qs) and on the driving cur-
rent employed to switch the tran-
sistor between cutoff and saturation. 
Consequently, either the stored 
charge or the storage time under 
heavy overdrive conditions should 
be specified. Most recent transistor 
specifications require that storage 
time be specified. 
Because of the dependence of the 

switching times on current and volt-
age levels, these times are deter-
mined by the voltages and currents 
employed in circuit operation. 

Dissipation, Current, and 
Voltage Ratings 

Up to this point, no mention has 
been made of dissipation, current, 
and voltage ratings for a switching 
transistor. The maximum continuous 
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ratings for dissipation and current 
are determined in the same manner 
as for any other transistor. In a 
switching application, however, the 
peak dissipation and current may be 
permitted to exceed these continuous 
ratings depending on the pulse dura-
tion, on the duty factor, and on the 
thermal time constant of the tran-
sistor. 
Voltage ratings for switching 

transistors are more complicated. 
In the basic switching circuit shown 
in Fig. 41, three breakdown voltages 
must be considered. When the tran-
sistor is turned off, the emitter-base 
junction is reverse-biased by the 
voltage VBE (off), ( i.e., Vim), the 
collector-base junction by Vec 
VBB, and the emitter-to-collector 
junction by \rec. To assure that 
none of the voltage ratings for the 
transistor is exceeded under 4'off" 
conditions, the following require-
ments must be met: 
The minimum emitter-to-base 

breakdown voltage V,B1{,E1t1, must be 
greater than VRE(off). 
The minimum collector-to-base 

breakdown voltage V(BB)cB0 must be 
greater than Vcc VBE(off). 
The minimum collector-to-emitter 

breakdown voltage \: i (Bluci.m. must be 
greater than Vcc. 
V(BB)EB0 and V(BBcm) are always )  

specified for a switching transistor. 
The collector-to-emitter breakdown 
voltage V(BB)cE0 is usually specified 
under open-base conditions. The 
breakdown voltage BWEBI. ( the sub-
script "RL" indicates a resistive 
load in the collector circuit) is gen-
erally higher than \TonneEo. The re-
quirement that VotiocE() be greater 
than Vcc is overly pessimistic. The 
requirement that V, BRCER1, be greater )  

than Vcc should be used wherever 
applicable. 

Coupled with the breakdown volt-
ages are the collector-to-emitter and 
base-to-emitter transistor leakage 
currents. These leakage currents 
(ieEv and 'REV) are particularly im-
portant considerations at high oper-
ating temperatures. The subscript 

"V" in these symbols indicates that 
these leakage currents are specified 
at a given emitter-to-base voltage 
(either forward or reverse). In the 
basic circuit of Fig. 41, these cur-
rents are determined by the follow-
ing conditions: 

kEVI 

IBEVf VHF: = VBE (off) 
VCE = VC(' 

In a switching transistor, these leak-
age currents are usually controlled 
not only at room temperature, but 
also at some higher operating tem-
perature near the upper operational 
limit of the transistor. 

Inductive Switching 

Most inductive switching circuits 
can be represented by the basic 
equivalent circuit shown in Fig. 43. 

OV 

-VBE 
Ikanomamm• 

vCC 

TRANSISTOR 
UNDER TEST 

Fig. 43—Basic equivalent circuit for in-
ductive switching circuit. 

This type of circuit requires a rapid 
transfer of energy from the switched 
inductance to the switching mechan-
ism, which may be a relay, a tran-
sistor, a commutating diode, or 
some other device. Often an accurate 
calculation of the energy to be dis-
sipated in the switching device is 
required, particularly if that device 
is a transistor. If the supply voltage 
is low compared to the sustaining 
breakdown voltage of the transistor 
and if the series resistance of the in-
ductor can be ignored, then the en-
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ergy to be dissipated is 1/2 LP. This 
type of rating for a transistor is 
called "reverse-bias second break-
down." The energy capability of a 
transistor varies with the load in-
ductance and base-emitter reverse 
bias. A typical set of ratings which 
now appear in RCA data sheets is 
shown on Fig. 44. 
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Fig. 44 Typical reverse-bias second-
breakdown (Es/ b) rating curves. 

TRANSIENT EFFECTS 

The generation of static charge in 
dry weather is harmful to all tran-
sistors, and can cause permanent 
damage or catastrophic failure in 
the case of high-speed devices. The 
most obvious precaution against such 
damage is humidity control in stor-
age and operating areas. In addi-
tion, it is desirable that transistors 
be stored and transported in metal 
trays rather than in polystyrene 
foam "snow". During testing and 
installation, both the equipment and 
the operator should be grounded, 
and all power should be turned off 
when the device is inserted into the 

socket. Grounded plates may also 
be used for stockpiling of transis-
tors prior to or after testing, or for 
use in testing ovens or on operating 
life racks. Further protection against 
static charges can be provided by 
use of partially conducting floor 
planes and non-insulating footwear 
for all personnel. 

Environmental temperature also 
affects performance. Variations of as 
little as 5 per cent can cause changes 
of as much as 50 per cent in the 
saturation current of a transistor. 
Some test operators can cause 
marked changes in measurements of 
saturation current because the heat 
of their hands affects the transistors 
they work on. Precautions against 
temperature effects include air-
conditioning systems, use of finger 
cots in handling of transistors ( or 
use of pliers or "plug-in boards" to 
eliminate handling), and accurate 
monitoring and control of tempera-
ture near the devices. Prior to test-
ing, it is also desirable to allow 
sufficient time ( about 5 minutes) for 
a transistor to stabilize if it has been 
subjected to temperature much 
higher or lower than normal room 
temperature ( 25°C). 
Although transient rf fields are 

not usually of sufficient magnitude 
to cause permanent damage to tran-
sistors, they can interfere with ac-
curate measurement of characteris-
tics at very low signal levels or at 
high frequencies. For this reason, 
it is desirable to check for such 
radiation periodically and to elimi-
nate its causes. In addition, sensitive 
measurements should be made in 
shielded screen rooms if possible. 
Care must also be taken to avoid 
the exposure of transistors to other 
ac or magnetic fields. 
Many transistor characteristics are 

sensitive to variations in tempera-
ture, and may change enough at high 
operating temperatures to affect cir-
cuit performance. Fig. 45 illustrates 
the effect of increasing temperature 
on the common-emitter forward cur-
rent-transfer ratio ( beta), the de 
collector-cutoff current, and the in-
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put and output impedances. To avoid 
undesired changes in circuit opera-
tion, it is recommended that tran-
sistors be located away from heat 

20 

Fig. 45 

sources in equipment, and also that 
provisions be made for adequate heat 
dissipation and, if necessary, for 
temperature compensation. 

40 60 80 
TEMPERATURE-°C 

Variation of transistor character-
istics with temperature. 
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MOS Field-Effect 
Transistors 

Field-effect transistors combine 
the inherent advantages of solid-

state devices ( small size, low power 
consumption, and mechanical rug-
gedness) with a very high input 
impedance and a square-law trans-
fer characteristic that is especially 
desirable for low cross-modulation 
-in rf amplifiers. Unlike the other 
transistors described in this Manual, 
which are bipolar devices ( i.e., per-
formance depends on the interaction 
of two types of charge carriers, 
holes and electrons), field-effect 
transistors are unipolar devices ( i.e., 
operation is basically a function of 
only one type of charge carrier, holes 
in p-channel devices and electrons in 
n-channel devices). 

Early models of field-effect tran-
sistors used a reverse-biased semi-
conductor junction for the control 
electrode. In MOS (metal-oxide-
semiconductor) field-effect transis-
tors, a metal control "gate" is sepa-
rated from the semiconductor "chan-
nel" by an insulating oxide layer. 
One of the major features of the 
metal-oxide-semiconductor structure 
is that the ver:yr high input resist 
ance of MOS transistors ( unlike 
that of junction-gate-type field-effect 
transistors) is not affected by the 
polarity of the bias on the control 
(gate) electrode. In addition, the 
leakage currents associated with the 
insulated control electrode are rela-
tively unaffected by changes in am-
bient temperature. Because of their 
unique properties, MOS field-effect 
transistors are particularly well 

suited for use in such applications 
as voltage amplifiers, rf amplifiers, 
and voltage-controlled attenuators. 

THEORY OF OPERATION 

The operation of field-effect de-
vices can be explained in terms of a 
charge-control concept. The metal 
control electrode, which is called a 
gate, acts as a charge-storage or 
control element. A charge placed on 
the gate induces an equal but op-
posite charge in the semiconductor 
layer, or channel, located beneath 
the gate. The charge induced in the 
channel can then be used to control 
the conduction between two ohmic 
contacts, called the source and the 
drain, made to opposite ends of the 
channel. 

In the junction-gate type of field-
effect transistor, a p-n junction is 
used for the gate or control elec-
trode, as shown in Fig. 46. When 
this junction is reverse-biased, it 
functions as a charge-control elec-
trode. Under steady-state condi-

7,- GATE 

7  SOURCE DRAIN 

Fi'. 46—Structure of 1?-1 junction field-
transistor. effect  
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tions, only leakage currents flow in 
the gate circuit and thus the device 
has a high input resistance. When 
the junction gate is forward-biased, 
however, the input resistance drops 
sharply, there is appreciable input 
current, and power gain decreases 
significantly. 
The MOS type of field-effect tran-

sistor uses a metal gate electrode 
separated from the semiconductor 
material by an insulator, as shown 
in Fig. 47. Like the p-n junction, 
this insulated-gate electrode can de-
plete the source-to-drain channel of 
active carriers when suitable bias 
voltages are applied. However, the 
insulated-gate electrode can also in-
crease the conductivity of the chan-
nel without increasing steady-state 
input current or reducing power 
gain. 

SOURCE 

SUBSTRATE 

GATE INSULATION 
(SiO2) 

DRAIN 

CHANNEL 

Fig. 47 Structure of an MOS field-effect 
transistor. 

The two basic types of MOS field-
effect transistors are the depletion 
type and the enhancement type. In 
the depletion type, charge carriers 
are present in the channel and the 
channel is conductive when no bias 
voltage is applied to the gate. A 
reverse gate voltage is one which 
depletes this charge and thereby re-
duces the channel conductivity. A 
forward gate voltage draws more 
charge carriers into the channel and 
thus increases the channel conduc-
tivity. In the enhancement type, the 
gate must be forward-biased to pro-
duce active carriers and permit con-
duction through the channel. No 
useful channel conductivity exists at 
either zero or reverse gate bias. 

Because MOS transistors can be 

made to utilize either electron con-
duction ( n-channel) or hole conduc-
tion ( p-channel), four distinct types 
of MOS field-effect transistors are 
possible. As shown in Fig. 48, the 

n -CHANNEL n - CHANNEL 
DEPLETION TYPE ENHANCEMENT TYPE 

D 

S S 

p -CHANNEL p -CHANNEL 
DEPLETION TYPE ENHANCEMENT TYPE 

D 

S G S 

Fig. 48 Schematic symbols for MOS tran-
sistors (G = gate, D = drain, B = active 

bulk, S = source). 

schematic symbol for an MOS tran-
sistor indicates whether it is n-chan-
nel or p-channel, depletion-type or 
enhancement-type. The direction of 
the arrowhead in the symbol iden-
tifies the n-channel device (arrow 
pointing toward the channel) or the 
p-channel device (arrow pointing 
away from the channel). The chan-
nel line itself is made solid to iden-
tify the "normally ON" depletion-
type, or is interrupted to identify 
the "normally OFF" enhancement 
type. 

Fig. 49 shows a cross-section 
view of an n-channel enhancement-
type MOS transistor ( reversal of 
n-type and p-type regions would pro-
duce a p-channel enhancement-type 
transistor). This type of transistor 
is normally non-conducting until a 
sufficient voltage of the correct 

GATE INSULATION 
(S102) 

DRAIN 

Fig. 49 Structure of n-channel enhance-
ment-type MOS transistor. 



MOS Field-Effect Transistors 35 

polarity is applied to the gate elec-
trode. When a positive bias voltage 
is applied to the gate of an n-channel 
enhancement transistor, electrons 
are drawn into the channel region 
beneath the gate. If sufficient volt-
age is applied, this channel region 
changes from p-type to n-type and 
provides a conduction path between 
the n-type source and the n-type 
drain regions. ( In a p-channel en-
hancement transistor, the applica-
tion of negative bias voltage draws 
holes into the region below the gate 
so that this channel region changes 
from n-type to p-type and again 
provides a source-to-drain conduc-
tion path.) Effectively, the increase 
in gate voltage causes the forward 
transfer characteristic to shift along 
the gate-voltage axis. Because of 
this feature, enhancement-type MOS 
transistors are particularly suitable 
for switching applications. 

In a depletion-type MOS transis-
tor, the channel region between the 
source and the drain is made of 
material of the same conductivity 
type as both the source and drain, 
as was shown in Fig. 47. This 
structure can provide substantial 
drain current even when no gate 
bias voltage is applied. 

In enhancement-type transistors, 
the gate electrode must cover the 
entire region between the source 
and the drain so that the applied 
gate voltage can induce a conduc-
tive channel between them. In de-
pletion-type transistors, however, 
the gate can be "offset" from the 
drain region to achieve a substan-
tial reduction in feedback capaci-
tance and an over-all improvement 
in amplifier circuit stability. 

FABRICATION 

The fabrication techniques used to 
produce MOS transistors are similar 
to those used for modern high-speed 
silicon bipolar transistors. The start-
ing material for an n-channel tran-
sistor is a lightly doped p-type 
silicon wafer. ( Reversal of p-type 
and n-type materials referred to in 

this description produces a p-chan-
nel transistor.) After the wafer is 
polished on one side and oxidized in 
a furnace, photolithographic tech-
niques are used to etch away the 
oxide coating and expose bare sili-
con in the source and drain regions. 
The source and drain regions are 
then formed by diffusion in a furnace 
containing an n-type impurity ( such 
as phosphorus). If the transistor is 
to be an enhancement-type device, 
no channel diffusion is required. If 
a depletion-type transistor is de-
sired, an n-type channel is formed 
to bridge the space between the dif-
fused source and drain. 
The wafer is then oxidized again 

to cover the bare silicon regions, 
and a second photolithographic and 
etching step is performed to remove 
the oxide in the contact regions. 
After metal is evaporated over the 
entire wafer, another photolitho-
graphic and etching step removes all 
metal not needed for the ohmic con-
tacts to the source, drain, and gate. 
The individual transistor chips are 
then mechanically separated and 
mounted on individual headers, con-
nector wires are bonded to the metal-
ized regions, and each unit is her-
metically sealed in its case in an 
inert atmosphere. After testing, the 
external leads of each device are 
physically shorted together to pre-
vent electrostatic damage to the 
gate insulation during branding and 
shipping. 

ELECTRiCAL 
CHARACTERISTICS 

The basic current-voltage rela-
tionship for a depletion-type MOS 
transistor operating in the common-
source configuration is shown in Fig. 
50. At low drain-to-source poten-
tials and with the gate returned to 
the source (VG = 0), the resistance 
of the channel is essentially constant 
and current varies linearly with 
voltage, as illustrated in region 
A-B. As the drain current is in-
creased beyond point B, the voltage 
(IR) drop in the channel produces 
a progressively greater voltage dif-



36 RCA Transistor, Thyristor, & Diode Manual 

ference between the gate and points 
in the channel successively closer to 
the drain. As this potential differ-
ence between gate and channel in-
creases, the channel is depleted of 
carriers (becomes "constricted") 
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Fig. 50 Basic current-voltage relationship 
for a depletion-type MOS transistor. 

and drain current increases much 
more slowly with further increases 
in drain-to-source voltage, as shown 
in region B-C. Further increases in 
drain-to-source voltage beyond point 
C produce no change in drain current 
until point D is reached. This condi-
tion leads to the description of re-
gion B-D as the "pinch-off" region. 
Beyond point D, the transistor en-
ters the "breakdown" region, and 
the drain current may increase ex-
cessively. ( The upper curve in Fig. 
50 also applies to enhancement-
type transistors provided the gate 
voltage VG is large enough to pro-
duce channel conduction.) 
The channel of an MOS transistor 

may achieve self pinch-off as a re-
sult of the intrinsic IR drop alone, 
or it may be pinched off by a com-
bination of intrinsic IR drop and an 
external voltage applied to the gate, 
or by an external gate voltage alone 
which has the same magnitude as 
the self pinch-off IR drop Vv. In 
any case, channel pinch-off occurs 
when the sum of the intrinsic IR 
drop and the extrinsic gate voltage 
reaches Vr. The pinch-off voltage 
VI, is usually defined as the gate 

cc 
o 

cutoff voltage VG (off) that reduces 
the drain current to between 0.1 and 
1 per cent of its zero-gate-voltage 
value at a specified drain-to-source 
voltage ( which must be the "knee" 
voltage, point B in Fig. 50 of the 
zero-gate-voltage output character-
istic). 
The pinch-off region between 

points B and D in Fig. 50 is the 
region in which MOS transistors are 
especially useful as high-impedance 
voltage amplifiers. In the ohmic re-
gion between points A and B, the 
linear variation in channel resist-
ance makes the device useful in 
voltage-controlled resistor applica-
tions such as the chopper unit at 
the input of some de amplifiers. 
Typical output-characteristic curves 

for n-channel MOS transistors are 
shown in Fig. 51 ( For p-channel 
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Fig. 51 Typical output-characteristic 
curves for n-channel MOS transistors. 
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transistors, the polarity of the volt-
ages and current is reversed.) In 
the pinch-off region, the dynamic 
output resistance r.8 of the transis-
tor may be approximated from the 
slope of the output-characteristic 
curve at any given set of conditions. 

Typical transfer characteristics 
for n-channel MOS transistors are 
shown in Fig. 52. ( Again, polarities 
would be reversed for p-channel de-
vices.) The threshold voltage shown 
in Fig. 52 is an important param-
eter for enhancement-type transis-
tors because it provides a desirable 
region of noise immunity for switch-
ing applications. 
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Fig. 52—Typical transfer characteristics 
for n-channel MOS transistors. 

GENERAL CIRCUIT 
CONFIGURATIONS 

There are three basic single-stage 
amplifier configurations for MOS 

transistors: common-source, com-
mon-gate, and common-drain. Each 
of these configurations provides cer-
tain advantages in particular appli-
cations. 
The common-source arrangement 

shown in Fig. 53 is most frequently 
used. This configuration provides a 
high input impedance, medium to 
high output impedance, and voltage 
gain greater than unity. The input 
signal is applied between gate and 
source, and the output signal is 
taken between drain and source. The 
voltage gain without feedback, A, 
for the common-source circuit may 
be determined as follows: 

A — 
g15 ro, 

ro, -{-

where gfs is the gate-to-drain for-
ward transconductance of the tran-
sistor, ros is the common-source 
output resistance, and RL is the ef-
fective load resistance. The addition 
of an unbypassed source resistor to 

RL 

VOUT 

+VDD 

I  

 o 

Fig. 53—Basic common-source circuit for 
MOS field-effect transistors. 

the circuit of Fig. 53 produces nega-
tive voltage feedback proportional 
to the output current. The voltage 
gain with feedback, A', for a com-
mon-source circuit is given by 

A' 
gfs ros Rr 

riis (gf. ro. ± 1)Rs+ RL 

where Rs is the total unbypassed 
source resistance in series with the 
source terminal. The common-source 
output impedance with feedback, Z., 
is increased by the unbypassed 
source resistor as follows: 

Z. = ros (gf. ro. ± 1) Rs 
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The common-drain arrangement, 
shown in Fig. 51, is also fre-
quently referred to as a source-fol-
lower. In this configuration, the in-
put impedance is higher than in the 
common-source configuration, the 
output impedance is low, there is no 
polarity reversal between input and 
output, the voltage gain is always 
less than unity, and distortion is 
low. The source-follower is used in 
applications which require reduced 
input-circuit capacitance, down-
ward impedance transformation, or 
increased input-signal-handling ca-
pability. The input signal is effec-
tively injected between gate and 
drain, and the output is taken be-
tween source and drain. The circuit 
inherently has 100-per-cent negative 
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 o 
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o 

Fig. 54 Basic common-drain (or source-
follower) circuit for MOS transistors. 

voltage feedback; its gain A' is 
given by 

A' 
Rs 

itt ± 1 1 
Rs -1- - 

gf. 

Because the amplification factor ( tk) 
of an MOS transistor is usually much 
greater than unity, the equation for 
gain in the source-follower can be 
simplified as follows: 

/et.' = 
1 ± grs Rs 

g.fs RS 

For example, if it is assumed that 
the gate-to-drain forward transcon-
ductance gf. is 2000 micrornhos 
(2 x 10 mho) and the unbypassed 
source resistance Rs is 500 ohms, 
the stage gain A' is 0.5. If the same 
source resistance is used with a 
transistor having a transconductance 

of 10,000 micromhos ( 1 x 10 -2 mho), 
the stage gain increases to 0.83. 
When the resistor RG is returned 

to ground, as shown in Fig. 54, the 
input resistance RI of the source-
follower is equal to RG. If Ra is re-
turned to the source terminal, how-
ever, the effective input resistance 

it is given by 

Rif 
RG 

1— A' 

where A' is the voltage amplifica-
tion of the stage with feedback. For 
example, if RG is one megohm and 
A' is 0.5, the effective resistance 
R,' is two megohms. 

If the load is resistive, the effec-
tive input capacitance Ci' of the 
source-follower is reduced by the in-
herent voltage feedback and is 
given by 

Ci' — cgd ± (1 A') cgs 

where cgd and c, are the intrinsic 
gate-to-drain and gate-to-source ca-
pacitances, respectively, of the MOS 
transistor. For example, if a typical 
MOS transistor having a cgd of 0.3 
picofarad and a cgs of 5 picofarads 
is used, and if A' is equal to 0.5, 
then Cif is reduced to 2.8 picofarads. 
The effective output resistance 

R„' of the source-follower stage is 
given by 

R.' 
ros RS 

(gfs r.). ± 1) Rs + 

where r.s is the transistor common-
source output resistance in ohms. 
For example, if a unit having a 
gate-to-drain forward transconduc-
tance gfs of 2000 micromhos and a 
common-source output resistance 
rus of 7500 ohms is used in a source-
follower stage with an unbypassed 
source resistance Rs of 500 ohms, the 
effective output resistance R.' of the 
source-follower stage is 241 ohms. 
The source-follower output ca-

pacitance C.' may be expressed as 
follows: 

1—A'  
Co' = cd. Cgs ( A' 
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where cd8 and cgs are the intrinsic 
drain-to-source and gate-to-source 
capacitances, respectively, of the 
MOS transistor. If A' is equal to 
0.5 ( as assumed for the sample 
input-circuit calculations), C.' is re-
duced to the sum of Cis and cgs. 
The common-gate circuit, shown 

in Fig. 55, is used to transform 
from a low input impedance to a 
high output impedance. The input 
impedance of this configuration has 
approximately the same value as the 
output impedance of the source-fol-
lower circuit. The common-gate cir-
cuit is also a desirable configuration 

«MI 

Fig. 55 Basic common-gate circuit for 
MOS transistors. 

for high-frequency applications be-
cause its relatively low voltage gain 
makes neutralization unnecessary in 
most cases. The common-gate volt-
age gain, A, is given by 

A 
(gfs ros 

(grs r(,s 

± 1) RL 

1) RG + RL 

where RG is the resistance of the 
input-signal source. For a typical 

MOS transistor (gets = 2000 mi-
cromhos, r.s = 7500 ohms) and 
with RI, = 2000 ohms and RG = 500 
ohms, the common-gate voltage gain 
is 1.8. If the value of RG is doubled, 
the voltage gain is reduced to 1.25. 

HANDLING 
CONSIDERATIONS 

Performance of MOS transistors 
depends on the relative perfection 
of the insulating layer between 
the control electrode ( gate) and 
the active channel. If this layer 
is punctured by inadvertent appli-
cation of excess voltage to the ex-
ternal gate connection, the damage 
is irreversible. If the damaged area 
is small enough, the additional leak-
age may not be noticed in most 
applications. However, greater dam-
age may degrade the device to the 
leakage levels associated with junc-
tion-gate-type field-effect transis-
tors. It is very important, therefore, 
that appropriate precautions be 
taken to insure that MOS transistor 
gate-voltage ratings are not ex-
ceeded. Special handling considera-
tions for these devices are discussed 
in the section on Testing and 
Mounting. 
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Thyristors 

rp he term thyristor is the generic 
-I- name for semiconductor devices 
that have characteristics similar to 
those of thyratron tubes. Basically, 
this group includes bistable semi-
conductor devices that have two or 
more junctions ( three or more semi-
conductor layers) and that can be 
switched between conducting states 
(from OFF to ON or from ON to 
OFF) within at least one quad-
rant of the principal voltage-cur-
rent characteristic. Reverse-blocking 
triode thyristors, commonly called 
silicon controlled rectifiers ( SCR's), 
and bidirectional triode thyristors, 
usually referred to as triacs, have 
three electrodes and are switched 
between states by a current pulse 
applied to the gate terminal. The 
bidirectional trigger diode, commonly 
called a diac, has only two electrodes. 
This device has no gate electrode but 
may be switched from an OFF state 
to an ON state for either polarity 
of applied voltage. The discussions 
in this section deal primarily with 
the SCR and the triac, their opera-
tion, electrical characteristics, and 
ratings. A brief description is also 
given of the operation of the diac 
and its chief function in triac phase-
control circuits. 

SILICON CONTROLLED 
RECTIFIERS 

A silicon controlled rectifier ( SCR) 
is basically a four-layer p-n-p-n de-
vice that has three electrodes (a 
cathode, an anode, and a control 
electrode called the gate). Fig. 56 
shows the junction diagram, prin-
cipal voltage-current characteristic, 
and schematic symbol for an SCR. 
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Fig. 56—(a) Junction diagram, (b) princi-
pal voltage-current characteristic, and (c) 

schematic symbol for an SCR thyristor. 

Fig. 56(b) shows that under for-
ward-bias conditions ( anode positive 
with respect to cathode) the SCR 
has two states. At low values of 
forward bias, the SCR exhibits a 
very high impedance; in this for-
ward-blocking or OFF state, a small 
forward current, called the forward 
OFF-state current, flows through 
the device. As the forward bias is 
increased, however, a voltage point 
is reached at which the forward cur-
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rent increases rapidly and the SCR 
switches to the ON state. This value 
of voltage is called the breakover 
voltage. When the SCR is in the 
ON state, the forward current is 
limited primarily by the impedance 
of the external circuit. 
Under reverse bias ( anode nega-

tive with respect to cathode), the 
SCR exhibits a very high internal 
impedance, and only a small amount 
of current, called the reverse block-
ing current, flows through the de-
vice. This current remains very 
small and the device remains in 
this OFF state unless the reverse 
voltage exceeds the reverse-break-
down-voltage limitation. At this 
point, the reverse current increases 
rapidly, and the SCR undergoes 
thermal runaway, a condition that 
normally causes irreversible damage 
to the device. The value of reverse 
breakdown voltage differs for in-
dividual SCR types, but is approxi-
mately 100 volts greater than the 
forward breakover voltage for most 
types. Under forward-bias condi-
tions, the breakover voltage of the 
SCR can be controlled or varied by 
application of a current pulse to the 
gate electrode, as shown in Fig. 57. 
As the amplitude of the gate current 
pulse is increased, the breakover 
voltage for the SCR decreases until 
the curve closely resembles that of 
a rectifier. In normal operation, the 
SCR is operated with critical values 
well below the breakover voltage and 
is made to switch on by gate signals 
of sufficient magnitude to assure that 
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Fig. 57—Curves showing the forward-volt-
age characteristics of a thyristor for dif-

ferent values of gate current. 

the device is switched to the ON 
state at the instant desired. 

After the SCR is triggered by 
the gate signal, the current through 
the device is Independent of the gate 
voltage or gate current. The SCR 
remains in the ON state until the 
principal current is reduced to a 
level below that required to sus-
tain conduction. 

Construction details of a typical 
SCR pellet are shown in Fig. 58. 
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EMITTER 
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ANODE 
ELECTRODE 

Fig. 58—Cross-section of a typical SCR 
pellet. 

The shorted-emitter construction used 
in RCA SCR's can be recognized by 
the metallic cathode electrode in 
direct contact with the p-type base 
layer around the periphery of the 
pellet. The gate, at the center of the 
pellet, also makes direct metallic con-
tact to the p-type base so that the 
portion of this layer under the n-type 
emitter acts as an ohmic path for 
current flow between gate and 
cathode. Because this ohmic path is 
in parallel with the n-type emitter 
junction, current preferentially takes 
the ohmic path until the IR drop in 
this path reaches the junction thresh-
old voltage of about 0.8 volt. When 
the gate voltage exceeds this value, 
the junction current increases rapidly, 
and injection of electrons by the n-
type emitter reaches a level high 
enough to turn on the device. 
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In addition to providing a precisely 
controlled gate current, the shorted-
emitter construction also improves 
the high-temperature and dv kit 
(maximum allowable rate of rise of 
OFF-state voltage) capabilities of 
the device. 

The center-gate construction of the 
SCR pellet provides fast turn-on and 
high di/clt capabilities. In an SCR, 
conduction is initiated in the cathode 
region immediately adjacent to the 
gate contact and must then propa-
gate to the more remote regions of 
the cathode. Switching losses are in-
fluenced by the rate of propagation 
of conduction and the distance con-
duction must propagate from the 
gate. With a central gate, all regions 
of the cathode are in close proximity 
to the initially conducting region so 
that propagation distance is signifi-
cantly decreased; as a result, switch-
ing losses are minimized. 

TRIACS 

Fig. 59 shows the junction dia-
gram, voltage-current characteris-
tic, and schematic symbol for a triac. 
The triac, like the SCR, has three 
electrodes; they are designated as 
main terminal No.1, main terminal 
No.2, and the gate. As shown in 
Fig. 59(b), the triac exhibits the 
same forward- blocking, forward-
conducting voltage-current charac-
teristic of the SCR, hut for either 
polarity of voltage applied to the 
main terminals. Under forward bias 
(main terminal No.2 positive with 
respect to main terminal No.1) or 
reverse bias ( main terminal No.2 
negative with respect to main termi-
nal No.1), the triac exhibits first a 
forward-blocking ( OFF) state, then 
a forward-conducting ( ON) state. 
The point at which the device 
switches states is the breakover volt-
age. Again like the SCR, the break-
over voltage of the triac can be 
controlled or varied by application 
of a positive or negative current 
pulse to the gate electrode. As the 
amplitude of the current pulse is 
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Fig. 59—(a) Junction diagram, (b) princi-
pal voltage-current characteristic, and (c) 

schematic symbol for a triac thyristor. 

increased, the breakover point of 
the triac is decreased. The triac can 
therefore be considered as two SCR's 
connected in parallel and oriented 
in opposite directions, as shown in 
Fig. GO. 

MAIN TERMINAL 2 

GATE 
*--

("D MAIN TERMINAL 

Fig. 60—A triac equivalent circuit: two 
SCR's in parallel and oriented in opposite 

directions. 

Construction of a typical RCA 
triac pellet is shown in Fig. 61. In 
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this device, the main-terminal-No. 1 
electrode makes ohmic contact to a 
p-type emitter as well as to an n-type 
emitter. Similarly, the main-terminal-
No. 2 electrode also makes ohmic con-
tact to both types of emitters, but 
the p-type emitter of the main-
terminal-No. 2 side is located opposite 
the n-type emitter of the main-
terminal-No. 1 side, and the main-
terminal-No. 2 n-type emitter is op-
posite the main-terminal-No. 1 p-type 
emitter. The net result is two four-
layer switches in parallel, hut ori-
ented in opposite directions, in one 
silicon pellet. This type of construc-
tion makes it possible for a triac 
either to block or to conduct current 
in either direction between main ter-
minal No. 1 and main terminal No. 2. 
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Fig. 61—Cross-section of a typical triac 
pellet. 

DIACS 

A diac is a two-electrode, three-
layer bidirectional avalanche diode 
which can be switched from the OFF 
state to the ON state for either 
polarity of applied voltage. Fig. 62 
shows the junction diagram, voltage-
current characteristic, and sche-
matic symbol for a diac. 

This three-layer trigger diode is 
similar in construction to a bipolar 
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Fig. 62—(a) Junction diagram, (b) volt-
age-current characteristic, and (c) sche-

matic symbol for a diac. 

transistor. A diac differs from a 
bipolar transistor in that the doping 
concentrations at the two junctions 
are approximately the same and 
there is no contact made to the base 
layer. The equal doping levels re-
sult in a symmetrical bidirectional 
switching characteristic, as shown 
in Fig. 62(b). When an increasing 
positive or negative voltage is ap-
plied across the terminals of the 
diac, a minimum ( leakage) current 
LBO) flows through the device until 
th P volf9g4b reaches the breakover 
point V(B0). The reverse-biased junc-
tion then undergoes avalanche break-
down and, beyond this point, the 
device exhibits a negative-resistance 
characteristic, i.e., current through 
the device increases substantially 
with decreasing voltage. 

Diacs are primarily used as trig-
gering devices in triac phase-control 
circuits used for light dimming, uni-
versal motor-speed control, heat 
control, and similar applications. 
Fig. 63 shows the general circuit 
diagram for a diac / triac phase-
control circuit. The magnitude and 
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Fig. 63 General circuit diagram for a 
diacl triac phase-control circuit. 

duration of the current pulse ap-
plied to the gate of the triac are 
determined by the value of phase-
shift capacitance C, the change in 
voltage across and the dynamic im-
pedance of the diac, and the triac 
gate impedance. The interaction of 
all circuit impedances and the phase-
shift capacitance can best be repre-
sented by the curve of peak current 
as a function of the capacitance 
shown in Fig. 64. 
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Fig. 64 Peak current as a function of 
capacitance in a triac. 

SCR AND TRIAC GATE 
CHARACTERISTICS 

Silicon controlled rectifiers and 
triacs are ideal for switching ap-
plications. When the working volt-
age of the thyristor is below the 
breakover point, the device is essen-
tially an open switch; above the 
breakover voltage, the thyristor 

switches to the ON state and is ef-
fectively a closed switch. The break-
over voltage can be varied or con-
trolled by injections of a signal at 
the gate terminal. 
The manufacturer's specifications 

indicate the magnitude of gate cur-
rent and voltage required to turn 
on these devices. Gate characteris-
tics, however, vary from device to 
device even among devices within 
the same family. For this reason, 
manufacturer's specifications on gat-
ing characteristics provide a range 
of values in the form of characteris-
tic diagrams. A diagram such as that 
shown in Fig. 65 is given to define 
the limits of gate currents and volt-
ages that may be used to trigger any 
given device of a specific family. The 
boundary lines of maximum and 
minimum gate impedance on this 
characteristic diagram represent the 
loci of all possible triggering points 
for thyristors in this family. The 
curve OA represents the gate char-
acteristic of a specific device that is 
triggered within the shaded area. 
The magnitude of gate current and 

voltage required to trigger a thyris-
tor varies inversely with junction 
temperature. As the junction tem-
perature increases, the level of gate 
signal required to trigger the thyris-
tor becomes smaller. Worst-case trig-
gering conditions occur, therefore, at 
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typical RCA SCR. 
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the minimum operating junction tem-
perature. 

The gate nontrigger voltage Vgnt 

is the maximum de gate voltage 
that may be applied between gate 
and cathode of the thyristor for 
which the device can maintain its 
rated blocking voltage. This voltage 
is usually specified at the rated 
operating temperature ( 100°C) of 
the thyristor. Noise signals in the 
gate circuit should be maintained be-
low this level to prevent unwanted 
triggering of the thyristor. 
When very precise triggering of a 

thyristor is desired, the thyristor 
gate must be overdriven by a pulse 
of current much larger than the de 
gate current required to trigger the 
device. The use of a large current 
pulse reduces variations in turn-on 
time, minimizes the effect of temper-
ature variations on triggering char-
acteristics, and makes possible very 
short switching times. 

The coaxial gate structure and the 
"shorted-emitter" construction tech-
niques used in RCA thyristors have 
greatly extended the range of limit-
ing gate characteristics. As a result, 
the gate-dissipation ratings of RCA 
thyristors are compatible with the 
power-handling capabilities of other 
elements of these devices. Advantage 
can be taken of the higher peak-
power capability of the gate to im-
prove dynamic performance, increase 
di / dt capability ( maximum allowable 
rate of rise of ON-state current), 
minimize interpulse jitter, and re-
duce switching losses. This higher 
peak-power capability also allows 
greater interchangeability of thy-
ristors in high-performance appli-
cations. 

The forward gate characteristics 
for thyristors, shown in Fig. 66, in-
dicate the maximum allowable pulse 
widths for various peak values of 
gate input power. The pulse width 
is determined by the relationship 
that exists between gate power input 
and the increase in the temperature 
of the thyristor pellet that results 
from the application of gate power. 

The curves shown in Fig. 66(a) are 
for RCA SCR's that have relatively 
small current ratings ( 2N4101, 
2N4102, and 40379 families), and 
the curves shown in Fig. 66(b) are 
for RCA SCR's that have larger 
current ratings ( 2N4103, 2N3873, 
and 2N3899 families). Because 
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Fig. 66 Forward gate characteristics for 
pulse triggering of RCA SCR's: (a) low-

current types; (b) high-current types. 

the higher-current thyristors have 
larger pellets, they also have greater 
thermal capacities than the smaller-
current devices. Wider gate trigger 
pulses can therefore be used on 
these devices for the same peak value 
of gate input power. 
Because of the resistive nature of 

the "shorted-emitter" construction, 
similar volt-ampere curves can be 
constructed for reverse gate voltages 
and currents, with maximum allow-
able pulse widths for various peak-
power values, as shown in Fig. 67. 
These curves indicate that reverse 
dissipations do not exceed the maxi-
mum allowable power dissipation for 
the device. 
The total average dissipation 

caused by gate-trigger pulses is the 
sum of the average forward and re-
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Fig. 67 Reverse gate characteristics of 
RCA SCR's: (a) low-current types; (b) 

high-current types. 

verse dissipations. This total dissipa-
tion should be less than the Maxi-
mum Gate Power Dissipation 13(;11 
shown in the published data for the 
selected SCR. If the average gate 
dissipation exceeds the maximum 
published value, as the result of 
high forward gate-trigger pulses 
and transient or steady-state re-
verse gate biasing, the maximum al-
lowable forward-conduction-current 
rating of the device must be re-
duced to compensate for the in-
creased rise of junction temperature 
caused by the increased gate power 
dissipation 
The triac can be triggered in any 

of four operating modes, as summa-
rized in Table I. The quadrant des-
ignations refer to the operating 
quadrant on the principal voltage-
current characteristics, shown in Fig. 
59 ( either I or III), and the polarity 

symbol represents the gate-to-main-
terminal-No. 1 voltage. 

Table I—Triac Triggering 
Modes 

Gate-to-Main- Main Terminal No. 2-to- Operating 
Terminal-No. 1 Main Terminal No. 1 Quadrant 

Voltage Voltage 

Positive Positive 

Negative Positive 

Positive Negative 

Negative Negative 

The gate-trigger requirements of 
the triac are different in each operat-
ing mode. The I (+) mode ( gate posi-
tive with respect to main terminal 
No. 1 and main terminal No. 2 posi-
tive with respect to main terminal 
No. 1), which is comparable to equiv-
alent SCR operation, is usually the 
most sensitive. The smallest gate 
current is required to trigger the 
triac in this mode. The other three 
operating modes require larger gate-
trigger currents. For RCA triacs, the 
maximum trigger-current rating in 
the published data is the largest 
value of gate current that is required 
to trigger the selected device in any 
operating mode. 

Gate Trigger Circuits 

The gate signal used to trigger an 
SCR or triac must be of sufficient 
strength to assure sustained for-
ward conduction. Triggering require-
ments are usually stated in terms 
of de voltage and current. Be-
cause it is common practice to 
pulse-fire thyristors, it is also neces-
sary to consider the duration of 
firing pulse required. A trigger pulse 
that has an amplitude just equivalent 
to the de requirements must be ap-
plied for a relatively long period of 
time (approximately 30 microsec-
onds) to ensure that the gate signal 
is provided during the full turn-on 
period of the thyristor. As the am-
plitude of the gate-triggering signal 
is increased, the turn-on time of the 
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thyristor is decreased, and the width 
of the gate pulse may be reduced. 
When highly inductive loads are 
used, the inductance controls the cur-
rent-rise portion of the turn-on time. 
For this type of load, the width of 
the gate pulse must be made long 
enough to assure that the principal 
current rises to a value greater than 
the latching-current level of the de-
vice. The latching current of RCA 
thyristors is always less than twice 
the holding current. 
The application usually determines 

whether a simple or somewhat 
sophisticated triggering circuit 
should be used to trigger a given 
thyristor. Triggering circuits can be 
as numerous and as varied as the 
applications in which they are used; 
this text discusses the basic types 
only. 

Many applications require that a 
thyristor be switched full ON or full 
OFF in a manner similar to the 
operation of a relay. Although higher 
currents are handled by the thyristor, 
only small trigger or gate currents 
are required from the control circuit 
or switch. The simplest method of 
accomplishing this type of trigger-
ing is illustrated in Fig. 68. 
Each circuit shows a variable re-

sistor in the gate circuit to control 
the conduction angle of the thyristor. 
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Fig. 68—Degree of control over conduc-
tion angles when ac resistive network is 

used to trigger SCR's and triacs. 

The waveforms indicating the de-
gree of control exercised by the 
variable resistance are also shown 
in Fig. 68. With maximum resistance 
in either circuit, the thyristor is 

OFF. As the resistance is reduced 
in the SCR circuit, a point is reached 
at which sufficient gate trigger cur-
rent is provided at the positive peak 
of the voltage wave ( 90 degrees) to 
trigger the SCR ON. The SCR con-
ducts from the 90-degree point to 
the 180-degree point for a total con-
duction angle of ( 180-90), or 90 
degrees. In the triac circuit, as the 
resistance is reduced, the gate cur-
rent increases until the triac is 
triggered at both the peak positive 
(90 degrees) and peak negative ( 270 
degrees) points on the voltage wave. 
The triac then conducts between 90 
degrees and 180 degrees, and be-
tween 270 degrees and 360 degrees 
for a total conduction angle of 180 
degrees. The conduction angles of 
both the SCR and the triac can be 
increased by further reduction of 
the resistance in the gate circuits. 
For the SCR, the firing point is 
moved back from 90 degrees toward 
zero for a total conduction angle 
approaching 180 degrees. The triac 
firing points can also be moved 
back from 90 degrees toward zero 
for the positive half-cycle and from 
270 degrees toward 180 degrees for 
the negative half-cycle to obtain a 
total conduction angle approaching 
360 degrees. The resistor in the gate 
circuit assures that the gate cur-
rent decreases to a negligible value 
after the thyristor is fired. 
An easier method of obtaining a 

phase angle greater than 90 degrees 
for half-wave operation is to use 
a resistance-capacitance triggering 
network. Fig. 69 shows the simplest 
form of such networks for use with 
an SCR and a triac. The thyristor 
is in series with the load and in 
parallel with the RC network. At 
the beginning of each half-cycle 
(positive half-cycle only for the 
SCR), the thyristor is in the OFF 
state. As a result, the ac volt-
age appears across the thyristor 
and essentially none appears across 
the load. Because the thyristor is 
in parallel with the potentiometer 
and capacitor, the voltage across the 
thyristor drives current through the 
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Fig. 69 RC triggering networks used for 
phase-control triggering of thyristors. 

potentiometer and charges the ca-
pacitor. When the capacitor voltage 
reaches the breakover voltage of the 
thyristor, the capacitor discharges 
through the gate circuit and turns 
the thyristor on. At this point, the 
ac voltage is transferred from the 
thyristor to the load Rr. for the re-
mainder of the half-cycle. If the 
potentiometer resistance is reduced, 
the capacitor charges more rapidly, 
and the breakover voltage is reached 
earlier in the cycle; as a result, 
the power applied to the load is in-
creased. 
The gate trigger voltage can be 

more closely controlled in simple 
resistance or resistance-capacitance 
circuits by use of a variety of special 
triggering devices. These triggering 
devices, including the diac, have a 
smaller range of characteristics, 
and are less temperature-sensitive. 
Basically, a thyristor triggering 
device exhibits a negative resistance 
after a critical voltage is reached, 
so that the gate-current require-
ment of the thyristor can be ob-
tained as a pulse from the discharge 
of the phase-shift capacitor. Be-
cause the gate pulse need be only 
microseconds in duration, the gate-
pulse energy and the size of the 
triggering components are relatively 
small. Triggering circuits of this 

type employ elements such as 
neon bulbs, diacs, unijunction tran-
sistors, and two-transistor switches. 

Fig. 70 shows a light-dimming 
circuit in which a diac is used to 
trigger a triac. The voltage-current 

LINE 
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Fig. 70—A light-dimmer circuit in which 
a diac is used to trigger a triac. 

characteristic for the diac in this 
circuit is shown in Fig. 71. The 
magnitude and duration of the 
gate-current pulse are determined 

NEGATIVE 
RESISTANCE 

CURRENT / 
Vp+ 

IBL+ 
+ V 

VOLTAGE 

vp-
NEGATIVE 

RESISTANCE 

Fig. 71—Voltage-current characteristic for 
triggering device shown in Fig. 70. 

by the interaction of the capacitor 
C1, the diac characteristics, and the 
impedance of the thyristor gate. 
Fig. 72 shows the typical shape of 
the gate-current pulse that is pro-
duced. 
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Fig. 72—Typical gate-current waveform 
for circuit shown in Fig. 70. 
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SWITCHING 
CHARACTERISTICS 

The ratings of thyristors are based 
primarily upon the amount of heat 
generated within the device pellet 
and the ability of the device package 
to transfer the internal heat to the 
external case. For high-frequency ap-
plications in which the peak-to-aver-
age current ratio is high, or for high-
performance applications that re-
quire large peak values but narrow 
current pulses, the energy lost dur-
ing the turn-on process may be the 
main cause of heat generation within 
the thyristor. The switching proper-
ties of the device must be known, 
therefore, to determine power dis-
sipation which may limit the device 
performance. 
When a thyristor is triggered by 

a gate signal, the turn-on time of 
the device consists of two stages, a 
delay time td and a rise time t„ as 
shown in Fig. 73. The total turn-on 
time tg, is defined as the time inter-
val between the initiation of the gate 
signal and the time when the result-
ing current through the thyristor 
reaches 90 per cent of its maximum 
value with a resistive load. The delay 
time td is defined as the time interval 
between the 10-per-cent point of the 
leading edge of the gate-trigger volt-
age and the 10-per-cent point of the 
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rh,r. 73—Gate-current and voltage turn-on 
waveforms for a thyristor. 

resulting current with a resistive 
load. The rise time tr is the time 
interval required for the principal 
current to rise from 10 to 90 per 
cent of its maximum value. The 
total turn-on time, therefore, is the 

sum of both the delay and rise times 
of the thyristor. 
Although the turn-on time is af-

fected to some extent by the peak 
OFF-state voltage and the peak 01\11-
state current level, it is influenced 
primarily by the magnitude of the 
gate-trigger current pulse. Fig. 74 
shows the variation in turn-on time 
with gate-trigger current for the 
RCA-2N3873 SCR. 
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Fig. 74—Range of turn-on time as a func-
tion of gate current for the 2N3873 SCR. 

To guarantee reliable operation 
and provide guidance for equipment 
designers in applications having 
short conduction periods, the voltage 
drop across RCA thyristors, at a 
given instantaneous forward current 
and at a specified time after turn-on 
from an OFF-state condition, is given 
in the published data. The wave-
shape for the initial ON-state volt-
age for the RCA-2N3873 SCR is 
shown in Fig. 75. This initial volt-
age, together with the time required 
for reduction of the dynamic forward 
voltage drop during the spreading 
time, is an indication of the current-
switching capability of the thyristor. 
When the entire junction area of 

a thyristor is not in conduction, the 
current through that fraction of the 
pellet area in conduction may result 
in large instantaneous power losses. 
These turn-on switching losses are 
proportional to the current and the 
voltage from cathode to anode of the 
device, together with the repetition 
rate of the gate-trigger pulses. The 
instantaneous power dissipated in a 
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Fig. 75 Initial on-state voltage and cur-
rent waveforms for the 2N3873 SCR. 

thyristor under such conditions is 
shown in Fig. 76. The curves shown 
in this figure indicate that the peak 
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Fig. 76—Instantaneous power dissipation 
in a thyristor during turn-on. 

power dissipation occurs in the short 
interval immediately after the device 
starts to conduct, usually in the first 
microsecond. During this time inter-
val, the peak junction temperature 

may exceed the maximum operating 
temperature given in the manufac-
turer's data; in this case, the thy-
ristor should not be required to block 
voltages immediately after the con-
duction interval. If the thyristor 
must block voltages immediately fol-
lowing the conduction interval, the 
junction-temperature rating must not 
be exceeded. 
The turn-off time of an SCR also 

consists of two stages, a reverse-
recovery time and a gate-recovery 
time, as shown in Fig. 77. When the 

di r / dt 

trr 

dv /dt / 

tgr 

tq 

Fig. 77—Circuit-commutated turn-off volt-
age and current waveforms for a thyristor. 

forward current of an SCR is reduced 
to zero at the end of a conduction 
period, application of reverse voltage 
between the anode and cathode termi-
nals causes reverse current to flow in 
the SCR until the reverse-blocking 
junction establishes a depletion re-
gion. The time interval between the 
application of reverse voltage and 
the time that the reverse current 
passes its peak value to a steady-
state level is called the reverse-
recovery time t„. A second recovery 
period, called the gate-recovery time 
tg„ must then elapse for the forward-
blocking junction to establish a for-
ward-depletion region so that for-
ward-blocking voltage can be re-
applied and successfully blocked by 
the SCR. 
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The gate-recovery time of an SCR 
is usually much longer than the re-
verse-recovery time. The total time 
from the instant reverse-recovery 
current begins to flow to the start of 
the re-applied forward-blocking volt. 
age is referred to as the circuit com-
mutated turn-off time tg. The turn-off 
time is dependent upon a number of 
circuit parameters, including the ON-
state current prior to turn-off, the 
rate of change of current during 
the forward-to-reverse transition, the 
reverse-blocking voltage, the rate of 
change of the re-applied forward 
voltage, the gate trigger level, the 
gate bias, and the junction tempera-
ture. The junction temperature and 
the ON-state current, however, have 
a more significant effect on turn-off 
time than any of the other factors. 
Because the turn-off time of an SCR 
depends upon a number of circuit 
parameters, the manufacturer's turn-
off time specification is meaningful 
only if these critical parameters are 
listed and the test circuit used for the 
measurement is indicated. 

Thyristors must be operated within 
the maximum ratings specified by the 
manufacturer to assure best results 
in terms of performance, life, and re-
liability. These ratings define limit-
ing values, determined on the basis 
of extensive tests, that represent the 
best judgment of the manufacturer 
of the safe operating capability of 
the device. 

VOLTAGE RATINGS 

The voltage ratings of thyristors 
are given for both steady-state and 
transient operation and for both 
forward- and reverse-blocking condi-
tions. For SCR's, voltages are con-
sidered to be in the forward or posi-
tive direction when the anode is 
positive with respect to the cathode. 
Negative voltages for SCR's are re-
ferred to as reverse-blocking volt-
ages. For triacs, voltages are con-
sidered to be positive when main 
terminal No. 2 is positive with re-
spect to main terminal No. 1. Alter-

natively, this condition may be re-
ferred to as operation in the first 
quadrant. 

OFF-State Voltages 

The repetitive peak OFF-state 
voltage Vinim is the maximum value 
of OFF-state voltage, either trans-
ient or steady-state, that the thy-
ristor should be required to block 
under the stated conditions of tem-
perature and gate-to-cathode re-
sistance. If this voltage is exceeded, 
the thyristor may switch to the ON 
state. The circuit designer should in-
sure that the \Timm rating is not ex-
ceeded to assure proper operation of 
the thyristor. 
Under relaxed conditions of tem-

perature or gate impedance, or when 
the blocking capability of the thyris-
tor exceeds the specified rating, it 
may be found that a thyristor can 
block voltages far in excess of its 
repetitive OFF-state voltage rating 
VDRII. Because the application of an 
excessive voltage to a thyristor may 
produce irreversible effects, an ab-
solute upper limit should be imposed 
on the amount of voltage that may 
be applied to the main terminals of 
the device. This voltage rating is 
referred to as the peak OFF-state 
voltage VIM. It should be noted that 
the peak OFF-state voltage has a 
single rating irrespective of the volt-
age grade of the thyristor. This rat-
ing is a function of the construction 
of the thyristor and of the surface 
properties of the pellet; it should not 
be exceeded under either continuous 
or transient conditions. 

Reverse Voltages (SCS's only) 

Reverse voltage ratings are given 
for SCR's to provide operating guid-
ance in the third quadrant, or re-
verse-blocking mode. There are two 
voltage ratings for SCR's in the 
reverse-blocking mode: repetitive 
peak reverse voltage (VRRO and 
nonrepetitive peak reverse voltage 
(VItsm). 
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The repetitive peak reverse volt-
age is the maximum allowable value 
of reverse voltage, including all re-
petitive transient voltages, that may 
be applied to the SCR. Because re-
verse power dissipation is small at 
this voltage, the rise in junction tem-
perature because of this reverse dis-
sipation is very slight and is ac-
counted for in the rating of the SCR. 
The nonrepetitive peak reverse 

voltage is the maximum allowable 
value of any nonrepetitive transient 
reverse voltage which may be applied 
to the SCR. These nonrepetitive 
transient voltages are allowed to ex-
ceed the steady-state ratings, even 
though the instantaneous power dis-
sipation can be significant. While the 
transient voltage is applied, the junc-
tion temperature may increase, but 
removal of the transient voltage in 
a specified time allows the junction 
temperature to return to its steady-
state operating temperature before a 
thermal runaway occurs. 

ON-State Voltages 

When a thyristor is in a high-
conduction state, the voltage drop 
across the device is no different in 
nature from the forward-conduction 
voltage drop of a semiconductor 
diode, although the magnitude may 
be slightly higher. As in diodes, the 
ON-state voltage-drop characteris-
tic is the major source of power 
losses in the operation of the thy-
ristor, and the temperatures pro-
duced become a limiting feature in 
the rating of the device. 

CURRENT RATINGS 

The current ratings for SCR's and 
triacs define maximum values for 
normal or repetitive currents and 
for surge or nonrepetitive currents. 
These maximum ratings are de-
termined on the basis of the maxi-
mum junction-temperature rating, 
the junction-to-case thermal re-
sistance, the internal power dissi-
pation that results from the current 

flow through the thyristor, and the 
ambient temperature. The effect of 
these factors in the determination 
of current ratings is illustrated by 
the following example. 

Fig. 78 shows curves of the maxi-
mum average forward power dissipa-
tion for the RCA-2N3873 SCR as a 
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Fig. 78—Power-dissipation ratitw chart for 
the 2N3873 SCR. 

function of average forward current 
for de operation and for various con-
duction angles. For the 2N3873, the 
junction-to-case thermal resistance 
0.1.41 is 0.92°C per watt and the maxi-
mum operating junction temperature 
n is 100°C. If the maximum case 
temperature Te(ma.) is assumed to be 
65°C, the maximum average forward 
power dissipation can be determined 
as follows: 

PAVG(max) — 
TJtmax) — Tconax) 

0.1-o 

(100 — 65)°C 

0.92°C/watt 

38 watts 
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The maximum average forward cur-
rent rating for the specified condi-
tions can then be determined from 
the rating curves shown in Fig. 78. 
For example, if a conduction angle 
of 180 degrees is assumed, the aver-
age forward current rating for a 
maximum dissipation of 38 watts is 
found to be 22 amperes. 
These calculations assume that the 

temperature is uniform throughout 
the pellet and the case. The junction 
temperature, however, increases and 
decreases under conditions of tran-
sient loading or periodic currents, 
depending upon the instantaneous 
power dissipated within the thyristor. 
The current rating takes these varia-
tions into account. 
The ON-state current ratings for 

a thyristor indicate the maximum 
values of average, rms, and peak 
(surge) current that should be al-
lowed to flow through the main 
terminals of the device, under 
stated conditions, when the thy-
ristor is in the ON state. For 
heat-sink-mounted thyristors, these 
maximum ratings are based on the 
case temperature; for lead-mounted 
thyristors, the ratings are based on 
the ambient temperature. 
The maximum average ON-state 

current rating is usually specified 
for a half-sine-wave current at a 
particular frequency. Fig. 79 shows 
curves of the maximum allowable 
average ON-state current ' Tr(a,•o for 
the RCA-2N3873 SCR family as a 
function of case temperature. Be-
cause peak and rms currents may be 
high for small conduction angles, the 
curves in Fig. 79 also show maxi-
mum allowable average currents as 
a function of conduction angle. The 
maximum operating junction tem-
perature for the 2N3873 is 100°C. 
The rating curves indicate, for a 
given case temperature, the maxi-
mum average ON-state current for 
which the average temperature of 
the pellet will not exceed the maxi-
mum allowable value. The rating 
curves may be used for only resistive 
or inductive loads. When capacitive 
loads are used, the currents produced 
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Fig. 79—Current rating chart for the 
2N3873 SCR. 

by the charge or discharge of the 
capacitor through the thyristor may 
be excessively high, and a resistance 
should be used in series with the 
capacitor to limit the current to the 
rating of the thyristor. 
The ON-state current rating for a 

triac is given only in rms values be-
cause these devices normally conduct 
alternating current. Fig. 80 shows 
an rms ON-state current rating curve 

Cf) 

o 
w I 

I 110 
COW 

IOO 

arr 

_Ja 
<La 

90 

80 

Fig. 

70 

CURRENT WAVEFORM=SINUSOIDAL 
LOAD= RESISTIVE OR INDUCTIVE 
RATING APPLIES FOR ALL CONDUCTION 

ANGLES. 

4 0 180° J360° 

 CONDUCT ION 
ANGLE 

=el+ et 

0 1 2 3 4 5 6 7 
RMS CONDUCTION CURRENT—A 

80—Current rating curve for a typi-
cal RCA triac. 



54 RCA Transistor, Thyristor, 8t Diode Manual 

for a typical triac as a function of 
case temperature. As with the SCR, 
the triac curve is derated to zero 
current when the case temperature 
rises to the maximum operating junc-
tion temperature. Triac current rat-
ings are given for full-wave conduc-
tion under resistive or inductive 
loads. Precautions should be taken to 
limit the peak current to tolerable 
levels when capacitive loads are used. 
The surge ON-state current rating 

ITF(nurge) indicates the maximum peak 
value of a short-duration current 
pulse that should be allowed to flow 
through a thyristor during one ON-
state cycle, under stated conditions. 
This rating is applicable for any 
rated load condition. During normal 
operation, the junction temperature 
of a thyristor may rise to the maxi-
mum allowable value; if the surge 
occurs at this time, the maximum 
limit is exceeded. For this reason, a 
thyristor is not rated to block OFF-
state voltage immediately following 
the occurrence of a current surge. 
Sufficient time must be allowed to 
permit the junction temperature to 
return to the normal operating value 
before gate control is restored to the 
thyristor. Fig. 81 shows a surge-
current rating curve for the 2N3873 
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curve for 

SCR. This curve shows peak values 
of half-sine-wave forward ( ON-state) 
current as a function of overload 
duration measured in cycles of the 
60-Hz current. Fig. 82 shows surge-
current rating curves for a typical 
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triac. For triacs, the rating curve 
shows peak values for a full- sine-
wave current as a function of the 
number of cycles of overload dura-
tion. Multicycle surge curves are the 
basis for the selection of circuit 
breakers and fuses that are used to 
prevent damage to the thyristor in 
the event of accidental short-circuit 
of the device. The number of surges 
permitted over the life of the thy-
ristor should be limited to prevent 
device degradation. 

CRITICAL RATE OF RISE OF 
ON-STATE CURRENT (cli/dt) 

In an SCR or triac, the load cur-
rent is initially concentrated in the 
small area of the pellet where load 
current first begins to flow. This 
small area effectively limits the 
amount of current that the device 
can handle and results in a high 
voltage drop across the pellet in the 
first microsecond after the thyris-
tor is triggered. If the rate of rise 
of current is not maintained within 
the rating of the thyristor, local-
ized hot spots may occur within the 
pellet and permanent damage to 
the device may result. The wave-
shape for testing the di / dt cap-
ability of the RCA 2N3873 is 
shown in Fig. 83. The critical rate 
of rise of ON-state current is depen-
dent upon the size of the cathode 
area that begins to conduct initially, 
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and the size of this area is increased 
for larger values of gate trigger cur-
rent. For this reason, the di/dt rat-
ing is specified for a specific value of 
gate trigger current. 
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- 

-0.1 mg-tr.:4s 

Fig. 83 Voltage and current waveforms 
used to determine dildt rating of the 

2N3873 SCR. 

HOLDING AND LATCHING 
CURRENTS 

After an SCR or triac has been 
switched to the ON-state condition, 
a certain minimum value of anode 
current is required to maintain 
the thyristor in this low-impedance 
state. If the anode current is re-
duced below this critical holding-
current value, the thyristor cannot 
maintain regeneration and reverts 
to the OFF or high-impedance 
state. Because the holding cur-
rent (III) is sensitive to changes in 
temperature ( increases as tempera-
ture decreases), this rating is speci-
fied at room temperature with the 
gate open. 
The latching-current rating of a 

thyristor specifies a value of anode 
current, slightly higher than the 
holding current, which is the mini-
mum amount required to sustain con-
duction immediately after the thyris-
tor is switched from the OFF state 
to the ON state and the gate signal 
is removed. Once the latching cur-
rent (IL) is reached, the thyristor 
remains in the ON, or low-impedance, 
state until its anode current is de-
creased below the holding-current 
value. The latching-current rating is 

an important consideration when a 
thyristor is to be used with an induc-
tive load because the inductance 
limits the rate of rise of the anode 
current. Precautións should be taken 
to insure that, under such condi-
tions, the gate signal is present un-
til the anode current rises to the 
latching value so that complete 
turn-on of the thyristor is assured. 

CRITICAL RATE OF RISE OF 
OFF-STATE VOLTAGE (dv/dt) 

Because of the internal capacitance 
of a thyristor, the forward-blocking 
capability of the device is sensitive 
to the rate at which the forward volt-
age is applied. A steep rising voltage 
impressed across the main terminals 
of a thyristor causes a capacitive 
charging current to flow through the 
device. This charging current (i 
Cdv/dt) is a function of the rate of 
rise of the OFF-state voltage. 

If the rate of rise of the forward 
voltage exceeds a critical value, the 
capacitive charging current may be-
come large enough to trigger the 
thyristor. The steeper the wavefront 
of applied forward voltage, the 
smaller the value of the thyristor 
breakover voltage becomes. 
The use of the shorted-emitter con-

struction in SCR's has resulted in a 
substantial increase in the dv/dt 
capability of these devices by provid-
ing a shunt path around the gate-to-
cathode junction. Typical units can 
withstand rates of voltage rise up to 
200 volts per microsecond under 
worst-case conditions. The dv/dt 
capability of a thyristor decreases 
as the temperature rises and is in-
creased by the addition of an external 
resistance from gate to reference 
terminal. The dv/dt rating, therefore, 
is given for the maximum junction 
temperature with the gate open, i.e., 
for worst-case conditions. 

TRANSIENT PROTECTION 

Voltage transients occur in elec-
trical systems when some disturb-
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ante disrupts the normal operation 
of the system. These disturbances 
may be produced by various sources 
(such as lighting surges, energiz-
ing transformers, and load switch-
ing) and may generate voltages 
which exceed the rating of the thy-
ristors. In addition, transients gen-
erally have a fast rate of rise that 
is usually greater than the critical 
value for the rate of rise of the 
thyristor OFF-state voltage ( static 
dv/dt). 

If transient voltages have magni-
tudes far greater than the device 
rating, the thyristor may switch 
from the OFF state to the ON state, 
and energy is then transferred from 
the thyristor to the load. Because 
the internal resistance of the thyris-
tor is high during the OFF state, 
the transients may cause consider-
able energy to be dissipated in the 
thyristor before breakover occurs. 
In such instances, the transient volt-
age exceeds the maximum allow-
able voltage rating, and irreversible 
damage to the thyristor may occur. 
Even if the magnitude of a tran-

sient voltage is within the maximum 
allowable voltage rating of the thy-
ristor, the rate of rise of the tran-
sient may exceed the static dv/dt 
capability of the thyristor and cause 
the device to switch from the OFF 
state to the ON state. This condi-
tion also results in transfer of en-
ergy from the thyristor to the load. 
In this case, thyristor switching 
from the OFF state to the ON state 
does not occur because the maximum 
allowable voltage is exceeded but, 
instead, occurs because of the fast 
rate of rise of OFF-state voltage 
(dv/dt) and the thyristor capaci-
tance, which result in a turn-on 
current i = Cdv/dt. Thyristor 
switching produced in this way is 
free from high-energy dissipation, 
and turn-on is not destructive pro-
vided that the current that results 
from the energy transfer is within 
the device capability. 

In either case, transient suppres-
sion techniques are employed to 
minimize the effects of turn-on be-

cause of overvoltage or because the 
thyristor dv/dt capability is ex-
ceeded. 
One of the obvious solutions to 

insure that transients do not ex-
ceed the maximum allowable volt-
age rating is to provide a thyristor 
with a voltage rating greater than 
the highest transient voltage ex-
pected in a system. This technique, 
however, does not represent an 
economical solution because, in most 
cases, the transient magnitude, 
which is dependent on the source of 
transient generation, is not easily 
defined. Transient voltages as high 
as 2600 volts have resulted from 
lighting disturbances on a 120-volt 
residential power line. Usually, the 
best solution is to specify devices 
that can withstand voltage from 2 
to 3 times the steady-state value. 
This technique provides a reason-
able safety factor. The effects of 
voltage transients can further be 
minimized by use of external circuit 
elements, such as RC snubber net-
works across the thyristor terminals, 
as shown in Fig. 84. The rate at 
which the voltage rises at the thyris-
tor terminal is a function of the load 

o 
POWER 
INPUT 

o 

LOAD 

THYRISTOR 
NET WORK 

1 
Fig. 84—At inimiziag effects of voltage 
transients thyristor circuit by means of 

an RC snubber network. 

impedance and the values of the re-
sistor R and the capacitor C in the 
snubber network. Because the load 
impedance is usually variable, the 
preferred approach is to assume a 
worst-case condition for the load 
and, through actual transient meas-
urement, to select a value of C that 
provides the minimum rate of rise 
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at the thyristor terminals. The snub-
ber resistance should be selected to 
minimize the capacitor discharge 
currents during turn-on. 
For applications in which it is 

necessary to minimize false turn-
on because of transients, the addi-
tion of a coil in series with the 
load, as shown in Fig. 85, is very 
effective for suppression of transient 
rise times at the thyristor termi-
nals. For example, if a transient of 
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Fig. 85—Suppression of transient rise 
tittles at the terminals of a thyristor by 
means of a coil in series with the load. 

infinite rise time is assumed to oc-
cur at the input terminals and if the 
effects of the load impedance are 
neglected, the rise time of the tran-
sient at the thyristor terminals is 

approximately equal to Ek/-\/LC. 
If the value of the added inductor 
L is 100 microhenries and the value 
of the snubber capacitor C is 0.1 
microfarad, the infinite rate of rise 
of the transient at the thyristor 
terminals is reduced by a factor 
of 3. For a filter network consisting 
of L = 100 microhenries, C = 22 
microfarads, and R = 47 ohms, a 
1000-volt-per-microsecond transient 
that appears at the input terminals 
is suppressed by a factor of G at 
the thyristor terminals. 

RADIO-FREQUENCY 
INTERFERENCE 

The fast switching action of triacs 
when they turn on into resistive 
loads causes the current to rise to 

the instantaneous value determined 
by the load in a very short period 
of time. Triacs switch from the 
high to the low impedance state 
within 1 or 2 microseconds; the cur-
rent must rise from essentially zero 
to full-load value during this period. 
This fast switching action produces 
a current step which is largely com-
posed of higher-harmonic frequen-
cies of several megahertz that have 
an amplitude varying inversely as 
the frequency. In phase-control ap-
plications, such as light dimming, 
this current step is produced on each 
half-cycle of the input voltage. Be-
cause the switching occurs many 
times a second, a noise pulse is gen-
erated into frequency-sensitive de-
vices such as AM radios and causes 
annoying interference. The ampli-
tude of the higher frequencies in 
the current step is of such low levels 
that they do not interfere with tele-
vision or FM radio. In general, the 
level of radio-frequency interference 
(RFI) produced by the triac is well 
below that produced by most ac/dc 
brush-type electric motors; how-
ever, some type of RFI suppression 
network is usually added anyway. 
There are two basic types of 

radio-frequency interference ( RFI) 
associated with the switching action 
of triacs. One form, radiated RFI, 
consists of the high-frequency en-
ergy radiated through the air from 
the equipment. In most cases, this 
radiated RFI is insignificant unless 
the radio is located very close to 
the source of the radiation. 
Of more significance is conducted 

RFI which is carried through the 
power lines and affects equipment 
attached to the same power lines. 
Because the composition of the cur-
rent waveshape consists of higher 
frequencies, a simple choke placed 
in series with the load increases 
the current rise time and reduces 
the amplitude of the higher har-
monics. To be effective, however, 
such a choke must be quite large. 
A more effective filter, and one that 
has been found adequate for most 
light-dimming applications is shown 
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in Fig. 86. The LC filter provides 
adequate attenuation of the high-
frequency harmonics and reduces 
the noise interference to a low level. 
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Fig. 86—RFI-suppression networks (C = 
0.1 iLF, 200 V at 120 V ac; 0.1 liF, 400 V 

at 240 V ac). 

The capacitor connected across the 
entire network bypasses high-fre-
quency signals so that they are not 

connected to any external circuits 
through the power lines. 

Fig. 87 shows a triac control cir-
cuit that includes RFI suppression 
for the purpose of minimizing high-
frequency interference. The values 
indicated are typical of those used 
in lamp-dimmer circuits. 

LAMP r 

120 VAC 

60 Hz 

411.«..• •fflM11. 
_ 
1 

LF I 

Fig. 87—Lamp-control circuit incorporat-
ing RFI suppression. 
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Silicon Rectifiers 

SILICON rectifiers are essentially 
cells containing a simple p-n 

junction. As a result, they have low 
resistance to current flow in one 
(forward) direction, but high resist-
ance to current, flow in the opposite 
(reverse) direction. They can be 
operated at ambient temperatures up 
to 200°C and at current levels as 
high as hundreds of amperes, with 
voltage levels greater than 1000 
volts. In addition, they can be used 
in parallel or series arrangements to 
provide higher current or voltage 
capabilities. 

Because of their high forward-to-
reverse current ratios, silicon recti-
fiers can achieve rectification efficien-
cies greater than 99 per cent. When 
properly used, they have excellent 
life characteristics which are not 
affected by aging, moisture, or tem-
perature. They are very small and 
light-weight, and can be made im-
pervious to shock and other severe 
environmental conditions. 

THERMAL CONSIDERATIONS 

Although rectifiers can operate at 
high temperatures, the thermal ca-
pacity of a silicon rectifier is quite 
low, and the junction temperature 
rises rapidly during high-current 
operation. Sudden rises in junction 
temperature caused by either high 
currents or excessive ambient-tem-
perature conditions can cause failure. 
(A silicon rectifier is considered to 
have failed when either the forward 
voltage drop or the reverse current 
has increased to a point where the 
crystal structure or surrounding ma-
terial breaks down.) Consequently, 

temperature effects are very impor-
tant in the consideration of silicon 
rectifier characteristics. 

REVERSE CHARACTERISTICS 

When a reverse-bias voltage is ap-
plied to a silicon rectifier, a limited 
amount of reverse current ( usually 
measured in microamperes, as com-
pared to milliamperes or amperes of 
forward current) begins to flow. As 
shown in Fig. 88, this reverse cur-
rent flow increases slightly as the 
bias voltage increases, but then tends 

VOLTAGE 250cr 

Fig. 88 

TEMPERATURE = - - 1pA AT 25° C 
150 C 

-100pA AT 150° C 

Typical reverse characteristics in 
a silicon rectifier. 

to remain constant even though the 
voltage continues to increase signifi-
cantly. However, an increase in oper-
ating temperature increases the 
reverse current considerably for a 
given reverse bias. 
At a specific reverse voltage ( which 

varies for different types of diodes), 
a very sharp increase in reverse cur-
rent occurs. This voltage is called 
the breakdown or avalanche ( or 
zener) voltage. In many applications, 
rectifiers can operate safely at the 
avalanche point. If the reverse volt-
age is increased beyond this point, 
however, or if the ambient tempera-
ture is raised sufficiently ( for ex-
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ample, a rise from 25 to 150°C in-
creases the current by a factor of 
several hundred), "thermal run-
away" results and the diode may be 
destroyed. 

FORWARD CHARACTERISTICS 

A silicon rectifier usually requires 
a forward voltage of 0.4 to 0.8 volt 
(depending upon the temperature 
and the impurity concentration in 
the p-type and n-type materials) be-
fore significant current flow occurs. 
As shown in Fig. 89, a slight rise 
in voltage beyond this point in-
creases the forward current sharply. 
Because of the small mass of the sili-
con rectifier, the forward voltage 
drop must be carefully controlled so 
that the specified maximum value of 
dissipation for the device is not ex-
ceeded. Otherwise, the diode may be 
seriously damaged or destroyed. 

Fig. 89 shows the effects of an in-
crease in temperature on the forward-
current characteristic of a silicon 

0 0.5 LO 1.5 2.0 2.5 

VOLTS 
Fig. 89 Typical forward characteristics in 

a silicon rectifier. 

rectifier. In certain applications, close 
control of ambient temperature is re-
quired for satisfactory operation. 
Close control is not usually required, 
however, in power circuits. 

RATINGS 

Ratings for silicon rectifiers are 
determined by the manufacturer on 
the basis of extensive reliability test-
ing. One of the most important rat-
ings is the maximum peak reverse 
voltage ( PRV), i.e., the highest 
amount of reverse voltage which can 
be applied to a specific rectifier be-
fore the avalanche breakdown point 

is reached. PRV ratings range from 
about 50 volts to as high as 1000 
volts for some single-junction diodes. 
As will be discussed later, several 
junction diodes can be connected in 
series to obtain the PRV values re-
quired for very-high-voltage power-
supply applications. 
Because the current through a rec-

tifier is normally not dc, current rat-
ings are usually given in terms of 
average, rms, and peak values. The 
waveshapes shown in Figs. 90 and 
91 help to illustrate the relation-
ships among these ratings. For ex-
ample, Fig. 90 shows the current 
variation with time of a sine wave 
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ta 
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e) -5.0 

-7.5 
-10.0 
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Nie 
At. e  

6.37 

TIME 

Fig. 90 Variation of current of a sine 
wave with time. 

• 

that has a peak current 'peak of 10 
amperes. The area under the curve 
can be translated mathematically 
into an equivalent rectangle that in-
dicates the average value I, of the 
sine wave. The relationship between 
the average and peak values of the 
total sine-wave current is then given 
by 

or 
Ipeak 

0.637 'peak 

1.57 Iav 

However, the power P consumed 
by a device ( and thus the heat gen-
erated within it) is equal to the 
square of the current through it 
times its finite electrical resistance 
R ( i.e., P = FR). Therefore, the 
power is proportional to the square 
of the current rather than to the 
peak or average value. Fig. 91 
shows the square of the current for 
the sine wave of Fig. 90. A horizon-
tal line drawn through a point half-
way up the P curve indicates the 
average ( or mean) of the squares, 
and the square root of the I' value 
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Fig. 91—Variation of the square of sine-
wave current with time. 

at this point is the root-mean-square 
(rms) value of the current. The re-
lationship between rms and peak 
current is given by 

Ir.,. = 0.707 'peak 
or 

'peak = 1.414 Irms 

Because a single rectifier cell 
passes current in one direction only, 
it conducts for only half of each 
cycle of an ac sine wave. Therefore, 
the second half of the curves in Figs. 
90 and 91 is eliminated. The aver-
age current I., then becomes half of 
the value determined for full-cycle 
conduction, and the rms current Irms 
is equal to the square root of half the 
mean-square value for full-cycle 
conduction. In terms of half-cycle 
sine-wave conduction (as in a single-
phase half-wave circuit), the rela-
tionships of the rectifier currents 
can be shown as follows: 

Ipeak 

Irma 
'ay 

Ipeak 

Irma 

r X lav 

— ( 1 /7r) 'peak 

— ( 7112) Jay 
— (2/7r) Irma 
— 2 Ir ms 
— 0.5 'peak 

3.14 
— 0.32 'peak 
1.57 I., 
0.64 Irrn, 

For different combinations of recti-
fier cells and different circuit con-

figurations, these relationships are, 
of course, changed again. Current 
(and voltage) relationships have 
been derived for various types of 
rectifier applications and are given 
in the section on DC Power Supplies. 
Published data for silicon rectifiers 

usually include maximum ratings 
for both average and peak forward 
current. As shown in Fig. 92, the 
maximum average forward current 
is the maximum average value of 
current which is allowed to flow in 
the forward direction during a full 
ac cycle at a specified ambient or 
case temperature. Typical average 
current outputs range from 0.5 am-
pere to as high as 100 amperes for 
single silicon diodes. The peak 
recurrent forward current is the 
maximum repetitive instantaneous 
forward current permitted under 
stated conditions. 

- SURGE OR FAULT CURRENT 

PEAK REPETITIVE 
CURRENT 

AVERAGE FORWARD 
CURRENT 

Fig. 92 Representation of rectifier cur-
rents. 

In addition, ratings are usually 
given for non-repetitive surge, or 
fault, current. In rectifier applica-
tions, conditions may develop which 
cause momentary currents that are 
considerably higher than normal 
operating current. These increases 
(current surges) may occur from 
time to time during normal circuit 
operation as a result of normal load 
variations, or they may be caused 
by abnormal conditions or faults in 
the circuit. Although a rectifier can 
usually absorb a limited amount of 
additional heat without any effects 
other than a momentary rise in junc-
tion temperature, a sufficiently high 
surge can drive the junction tem-
perature high enough to destroy the 
rectifier. Surge ratings indicate the 
amount of current overload or surge 
that the rectifier can withstand with-
out detrimental effects. 

Fig. 93 shows universal surge 
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rating charts for families of recti-
fiers having average current ratings 
up to 40 amperes. The rms currents 
shown in these charts are incremen-
tal values which add to the normal 
rms forward current during surge 
periods. The charts indicate maxi-
mum current increments that can be 
safely handled by the rectifiers for 
given lengths of time. These charts 
can be used by designers to de-
termine whether circuit modifica-
tions are necessary to protect the 
rectifiers. If the value and duration 
of expected current surges are 
greater than the ratings for the rec-
tifier, impedance should be added to 
capacitive-load circuits or fuses or 
circuit breakers to variable-load cir-
cuits for surge protection. 
The fusing requirements for a 
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Fig. 93 Universal surge rating -charts for 
RCA rectifiers. 

e 

1 

given circuit can be determined by 
use of a coordination chart such as 
that shown in Fig. 94. Two charac-
teristics are plotted on the coordi-
nation chart initially: ( A) the surge 
rating curve for the rectifier, and 

A 

SURGE 

0.1 

DURATION —SECONDS 

1 

Fig. 94—Typical coordination chart for 
determining fusing requirements (A — 
surge-rating chart for 20-ampere rectifier; 
B = expected surge current in half-wave 
circuit; C = opening characteristics of 
protective device; D = resulting surge cur-

rent in modified circuit). 

(B) the maximum surge ( fault cur-
rent) expected in the circuit. In Fig. 
94, curve A is the surge rating 
curve for a 20-ampere rectifier, and 
curve B is the maximum surge ex-
pected to occur in a single-phase 
half-wave rectifier circuit that has 
an input voltage of 600 volts and is 
subject to overload conditions in 
which the load resistance can de-
crease to 2 ohms. The maximum rms 
current which can flow under these 
conditions is given by 

Ir n1 s — Ein/21id, = 600/4 
= 150 amperes 

The incremental portion of this cur-
rent is determined by subtracting 
the normal rms current of the 20-
ampere rectifier ( Ir., = 1.57 I.. 
1.57 x 20 = 31.4 amperes; Isurge 
150 — 31.4 = 118.6 amperes). The 
straight line of curve B is then 
drawn at an rms value of 118.6 am-
peres in Fig. 94. 
The intersection of curves A and 

B indicates that the 20-ampere rec-
tifier can safely support an incre-
mental rms surge current of 118.6 
amperes for a maximum duration of 
about 40 milliseconds. Therefore, the 
circuit must be modified to include 
a protective element that has an 
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"opening" characteristic that falls 
below the rectifier surge rating 
curve for all times greater than 40 
milliseconds. The opening charac-
teristic of such a protective element 
is shown in Fig. 94 as curve C. 
Surge current in the modified circuit 
is then limited by the circuit re-
sistance for periods up to 40 milli-
seconds and by the protective 
element for surges of longer dura-
tion, as shown by curve D. 
Surge currents generally occur 

when the equipment is first turned 
on, or when unusual voltage tran-
sients are introduced in the ac sup-
ply line. Protection against excessive 
currents of this type can be provided 
in various ways, as will be dis-
cussed later. 

Because these maximum current 
ratings are all affected by thermal 
variations, ambient-temperature con-
ditions must he considered in the 
application of silicon rectifiers. Tem-
perature-rating charts are usually 
provided to show the percentage by 
which maximum currents must be 
decreased for operation at tempera-
tures higher than normal room tem-
perature ( 25°C). 

OVERLOAD PROTECTION 

In the application of silicon recti-
fiers, it is necessary to guard against 
both over-voltage and over-current 
(surge) conditions. A voltage surge 
in a rectifier arrangement can be 
caused by de switching, reverse recov-
ery transients, tiansformer switch-
ing, inductive-load switching, and 
various other causes. The effects of 
such surges can be reduced by the 
use of a capacitor connected across 
the input or the output of thea recti-
fier. In addition, the magnitude of 
the voltage surge can be reduced by 
changes in the switching elements or 
the sequence of switching, or by a 
reduction in the speed of current in-
terruption by the switching elements. 

In all applications, a rectifier hav-
ing a more-than-adequate peak re-
verse voltage rating should be used. 
The safety margin for reverse volt-

age usually depends on the applica-
tion. For a single-phase half-wave 
application using switching of the 
transformer primary and having no 
transient suppression, a rectifier hav-
ing a peak reverse voltage three or 
four times the expected working 
voltage should be used. For a full-
wave bridge using load switching 
and having adequate suppression of 
transients, a margin of 1.5 to 1 is 
generally acceptable. 

Because of the small size of the 
silicon rectifier, excessive surge cur-
rents are particularly harmful to rec-
tifier operation. Current surges may 
be caused by short circuits, capacitor 
inrush, de overload, or failure of a 
single cell in a multiple arrange-
ment. In the case of low-power cells, 
fuses or circuit breakers are often 
placed in the ac input circuit to the 
rectifier to interrupt the fault cur-
rent before it damages the rectifier. 
When circuit requirements are such 
that service must be continued in 
case of failure of an individual diode, 
a number of cells can be used in 
parallel, each with its own fuse. Ad-
ditional fuses should be used in the 
ac line and in series with the load for 
protection against de load faults. In 
high-power cells, an arrangement of 
circuit breakers, fuses, and series re-
sistances is often used to reduce the 
amplitude of the surge current. Fus-
ing requirements can be determined 
by use of coordination charts for 
the particular circuits and rectifiers 
used. 

SERIES AND PARALLEL 
ARRANGEMENTS 

Silicon rectifiers can be arranged 
in series or in parallel to provide 
higher voltage or current capabili-
ties, respectively, as required for 
specific applications. 
A parallel arrangement of recti-

fiers can be used when the maximum 
average forward current required is 
larger than the maximum current 
rating of an individual rectifier cell. 
In such arrangements, however, 
some means must be provided to as-
sure proper division of current 
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through the parallel rectifier cells. 
Parallel rectifier arrangements are 
not in general use. Designers nor-
mally use a polyphase arrangement 
to provide higher currents, or sim-
ply substitute the readily available 
higher-current rectifier types. 

Series arrangements of silicon rec-
tifiers are used when the applied re-
verse voltage is expected to be 
greater than the maximum peak re-
verse voltage rating of a single sili-
con rectifier ( or cell). For example, 
four rectifiers having a maximum 
reverse voltage rating of 200 volts 
each could be connected in series to 
handle an applied reverse voltage of 
800 volts. 

In a series arrangement, the most 
important consideration is that the 
applied voltage be divided equally 
across the individual rectifiers. If the 
instantaneous voltage is not uni-
formly divided, one of the rectifiers 
may be subjected to a voltage greater 
than its specified maximum reverse 
voltage, and, as a result, may be de-
stroyed. Uniform voltage division 
can usually be assured by connection 
of either resistors or capacitors in 
parallel with individual cells. Shunt 

resistors are used in steady-state 
applications, and shunt capacitors in 
applications in which transient volt-
ages are expected. Both resistors and 
capacitors should be used if the cir-
cuit is to be exposed to both de and 
ac components. When only a few 
diodes are in series, multiple trans-
former windings may be used, each 
winding supplying its own assembly 
consisting of one series diode. The 
outputs of the diodes are then con-
nected in series for the desired volt-
age. 
RCA rectifier stacks ( CR101, 

CR201, and CR301 series) are de-
signed to provide equal reverse volt-
age across the individual rectifier 
cells in the assembly under both 
steady-state and transient condi-
tions. The CR101 and CR301 series 
stacks include an integral resjstance-
capacitance network to equalize the 
reverse voltage across the series-
connected rectifier cells. The CR201 
series stacks use precisely matched 
rectifier cells for internal voltage 
equalization. Extended life tests have 
shown that these rectifier stacks are 
capable of operating for many thou-
sands of hours without noticeable 
degradation of performance. 
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Other Semiconductor Diodes 

TUNNEL DIODES 

ATUNNEL diode is a small p-n 
junction device having a very 

high concentration of impurities in 
the p-type and n-type semiconductor 
materials. This high impurity den-
sity makes the junction depletion 
region ( or space-charge region) so 
narrow that electrical charges can 
transfer across the junction by a 
quantum-mechanical action called 
"tunneling". This tunneling effect 
provides a negative-resistance region 
on the characteristic curve of the de-
vice that makes it possible to achieve 
amplification, pulse generation, and 
rf-energy generation. 

Characteristics 

Typical current-voltage character-
istics for a tunnel diode are shown 
in Fig. 95. Conventional diodes do 
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Fig. 95 Typical current voltage character-
istic of a tunnel diode. 

not conduct current under conditions 
of reverse bias until the breakdown 
voltage is reached; under forward 
bias they begin to conduct at ap-

proximately 300 millivolts. In tunnel 
diodes, however, a small reverse bias 
causes the valence electrons of semi-
conductor atoms near the junction to 
"tunnel" across the junction from 
the p-type region into the n-type 
region; as a result, the tunnel diode 
is highly conductive for all reverse 
biases. Similarly, under conditions of 
small forward bias, the electrons in 
the n-type region "tunnel" across 
the junction to the p-type region and 
the tunnel-diode current rises rapidly 
to a sharp maximum peak I. At in-
termediate values of forward bias, 
the tunnel diode exhibits a negative 
resistance characteristic and the cur-
rent drops to a deep minimum valley 
point L. At higher values of forward 
bias, the tunnel diode exhibits the 
diode characteristic associated with 
conventional semiconductor current 
flow. The decreasing current with in-
creasing forward bias in the nega-
tive-resistance region of the charac-
teristic provides the tunnel diode 
with its ability to amplify, oscillate, 
and switch. 

Equivalent Circuit 

In the equivalent circuit for a tun-
nel diode shown in Fig. 96, the n-
type and p-type regions are shown as 

n TRANSITION 
REGION 

p 

• 

0...eYvv\  
ti R(v) r2 

 )F--
c(v) 

Fig. 96 Equivalent circuit for a tunnel 
diode. 
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pure resistances r1 and r:. The tran-
sition region is represented as a 
voltage-sensitive resistance R(v) in 
parallel with a voltage-sensitive ca-
pacitance C(v) because tunneling is 
a function of both voltage and junc-
tion capacitance. This capacitance is 
similar to that of a parallel-plate 
capacitor having plates separated by 
the transition region. 
The dashed portion L in Fig. 96 

represents an inductance which re-
sults from the case and mounting of 
the tunnel diode. This inductance is 
unimportant for low-frequency di-
odes, but becomes increasingly im-
portant at high frequencies ( above 
100 MHz). 

Fig. 97 shows the form of the 
equivalent circuit when the diode is 
biased so that its operating point is 
in the negative-resistance region; 
dynamic characteristics of tunnel di-
odes are defined with respect to this 
circuit. L represents the total series 
inductance, and Rs the total series 
resistance. CD is the capacitance and 
RI) is the negative resistance of 

the diode. For small signal varia-
tions, both the resistance RI, and the 
capacitance (11. are constant. 
The figure of merit F of a tunnel 

diode is equal to the reciprocal of 
27rRC, where R and C are the equiva-
lent values - - R1. and CD, respectively, 
shown in Fig. 97. This expression 
has two very useful interpretations: 

L s 

o  f-,rm 

CD 

Fig. 97—Equivalent circuit for a tt:nnel 
diode biased in the negative-resistance 

region. 

(1) it is the diode gain-bandwidth 
product for circuits operating in the 
linear negative-resistance region of 
the characteristic, and ( 2) its recip-
rocal is the diode switching time 
when the device is used as a logic 
element. 

Operating Point 

When the tunnel diode is used in 
circuits such as amplifiers and oscil-
lators, the operating point must be 
established in the negative-resistance 
region. The dc load line, shown as 
a solid line in Fig. 98, must be very 
steep so that it intersects the static 
characteristic curve at only one point 
A. The ac load line can be either 
steep with only one intersection B, 
as in the case of an amplifier, or 
relatively flat with three intersec-
tions C, D, and E, as in the case of 
an oscillator. The location of the op-

OC LOAD LINE 

AC LOAD LINE .11111»tmelim 

Fig. 98—Typical load lines for tunnel-
diode circuits. 

erating point is determined by the 
anticipated signal swing, the required 
signal-to-noise ratio, and the operat-
ing temperature of the device. Bias-
ing at the center of the linear portion 
of the negative-resistance slope per-
mits the greatest signal swing. For 
high-temperature operation, a higher 
operating current is chosen; for low 
noise, the device is operated at the 
lowest possible bias current. 

Radiation and Thermal 
Considerations 

One of the most important features 
of the tunnel diode is its resistance 
to nuclear radiation. Experimental 
results have shown tunnel diodes to 
be at least ten times more resistant 
to radiat ion than transistors. Because 
the resistivity of tunnel diodes is so 
low initially, it is not critically af-
fected by radiation until large doses 
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have been applied. In addition, tun-
nel diodes are less affected by ioniz-
ing radiation because they are rela-
tively insensitive to surface changes 
produced by such radiation. 

In general, the tunnel-diode volt-
age-current characteristic is rela-
tively independent of temperature. 
Specific tunnel- diode applications 
may be affected, however, by the rel-
ative temperature dependence of the 
various circuit components. In such 
applications, negative feedback or 
direct ( circuit) compensation may be 
required. 

TUNNEL RECTIFIERS 
In addition to its negative-resist-

ance properties, the tunnel diode has 
an efficient rectification character-
istic which can be used in many 
rectifier applications. When a tunnel 
diode is used in a circuit in such a 
way that this rectification property 
is emphasized rather than its nega-
tive-resistance characteristic, it is 
called a tunnel rectifier. In general, 
the peak current for a tunnel rec-
tifier is less than one milliampere. 

The. in2jor differences in the cur-
rent-voltage characteristics of tunnel 
rectifiers and conventional rectifiers 
are shown in Fig. 99. In conven-
tional rectifiers, current flow is sub-
stantial in the forward direction, but 

01.••••1•«»••••• 

CONVENTIONAL 
RECTIF 1ER 
TUNNEL 
RECTIFIER 

Fig. 99 Current-voltage characteristics of 
tunnel rectifier and conventional rectifier. 

extremely small in the reverse direc-
tion ( for signal voltages less than 
the breakdown voltage for the de-
vice). In tunnel rectifiers, however, 

substantial reverse current flows at 
very low voltages, while forward 
current is relatively small. Conse-
quently, tunnel rectifiers can provide 
rectification at smaller signal volt-
ages than conventional rectifiers, 
although their polarity requirements 
are opposite. ( For this reason, tun-
nel rectifiers are sometimes called 
"back diodes.") 

Because of their high-speed capa-
bility and superior rectification char-
acteristics, tunnel rectifiers can be 
used to provide coupling in one di-
rection and isolation in the opposite 
direction. Fig. 100 shows the use of 
tunnel rectifiers to provide direc-
tional coupling in a tunnel-diode 
logic circuit. 

0 -1\AA, 
RFSFT 

uNNEL RECTIFIERS 

fig. 100— Logic circuit using a tunnel 
diode and three tunnel rectifiers. 

VARACTOR DIODES 

varactor or variable-reactance 
diode is a microwave-frequency p-n 
junction semiconductor device in 
which the depletion-layer capacitance 
bears a nonlinear relation to the junc-
tion voltage, as shown in Fig. 101(a). 
When biased in the reverse direction, 
a varactor diode can be represented 
by a voltage-sensitive capacitance 
C(v) in series with a resistance IL, 
as shown in Fig. 101 ( b). This non-
linear capacitance and low series 
resistance, which permit the de-
vice to perform frequency-multi-
plication, oscillation, and switching 
functions, result from a very high 
impurity concentration outside the 
depletion-layer region and a rela-
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Fit'. 101—(a) Capacitance-voltage relation-
and (h) equivalent circuit for a varactor 

diode. 

tively low concentration at the 
junction. Very low noise levels are 
possible in circuits using varactor 
diodes because the dominant current 
across the junction is reactive and 
shot-noise components are absent. 

Reactive nonlinearity, without an 
appreciable series resistance compo-
nent, enables varactor diodes to gen-
erate harmonics with very high ef-
ficiency in circuits such as the shunt-
type frequency multiplier shown in 
Fig. 102. The circuit is driven by a 
sinusoidal voltage source V. having 
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Fig. 102—Varactor-diode frequency multi-
plier 

a fundamental frequency f and an 
internal impedance Z. Because the 
ideal input filter is an open circuit 
for all frequencies except the funda-
mental frequency, only the funda-
mental component of current if can 
flow in the input loop. A second-
harmonic current i2r is generated by 
the varactor diode and flows toward 
the load Z1,; another ideal filter is 
used in the output loop to block the 
fundamental-frequency component of 
the input current. 

Varactor diodes can amplify sig-
nals when their voltage-dependent 
capacitance is modulated by an alter-
nating voltage at a different fre-
quency. This alternating voltage 
supply, which is often referred to as 
the "pump", adds energy to the sig-
nal by changing the diode capaci-
tance in a specific phase relation with 
the stored signal charge so that po-
tential energy is added to this charge. 
An "idler" circuit is generally used 
to provide the proper phase relation-
ship between the signal and the 
"pump" 

VOLTAGE-REFERENCE DIODES 

Voltage-reference or zener diodes 
are silicon rectifiers in which the re-
verse current remains small until 
the breakdown voltage is reached 
and then increases rapidly with little 
further increase in voltage. The 
breakdown voltage is a function of 
the diode material and construction, 
and can be varied from one volt to 
several hundred volts for various 
current and power ratings, depending 
on the junction area and the method 
of cooling. A stabilized supply can 
deliver a constant output (voltage or 
current) unaffected by temperature, 
output load, or input voltage, within 
given limits. The stability provided 
by voltage-reference diodes makes 
them useful as stabilizing devices and 
as reference sources capable of sup-
plying extremely constant current 
loads. 

COMPENSATING DIODES 
Excellent stabilization of collector 

current for variations in both supply 
voltage and temperature can be ob-
tained by the use of a compensating 
diode operating in the forward di-
rection in the bias network of ampli-
fier or oscillator circuits. Fig. 103 
shows the transfer characteristics of 
a transistor; Fig: 104 shows the for-
ward characteristics of a compensat-
ing diode. In a typical circuit, the 
diode is biased in the forward direc-
tion; the operating point is repre-
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Fig. 103 Transfer characteristics of tran-
sistor. 

sented on the diode characteristics 
by the dashed horizontal line. The 
diode current at this point deter-
mines a bias voltage which estab-
lishes the transistor idling current. 
This bias voltage shifts with varying 
temperature in the same direction 
and magnitude as the transistor char-
acteristic, and thus provides an idling 
current that is essentially independ-
ent of temperature. 
The use of a compensating diode 

also reduces the variation in tran-
sistor idling current as a result of 
supply-voltage variations. Because 
the diode current changes in propor-
tion with the supply voltage, the bias 
voltage to the transistor changes in 
the same proportion and idling-cur-
rent changes are minimized. ( The 
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104 Forward characteristics of compen-
sating diode. 

use of diode compensation is dis-
cussed in more detail under "Biasing" 
in the section on Bipolar Transistors. 

PHOTOCONDUCTIVE CELLS 

A photoconductive cell is a diode 
in which the resistance of the photo-
sensitive material decreases as the 
intensity of the light striking the 
material increases. The essential ele-
ments of RCA photoconductive 
cells are shown by the cutaway 
view in Fig. 105. The photosensitive 
material, either cadmium sulfide or 
cadmium-sulfo-selenide, is normally 

ELECTRODE 
GLASS METAL 
WINDOW   CASE 

PHOTOCONDUCTIVE 
CADMIUM 
SULFIDE 

BASE 
PIN 

CERAMIC 
SUBSTRATE 

Fig. 105 Cutaway view of a typical pho-
toconductive cell. 

deposited in a serpentine pattern on 
a ceramic substrate and connected 
at each end by an electrode. After 
the base pins are attached to the 
two electrodes, the photosensitive 
area is protected from moisture by 
use of a glass window and metal 
case. In normal operation, the photo-
conductive cell is connected in series 
with the supply voltage, and an in-
crease in light flux falling on the 
cell increases the current of the 
circuit. 
RCA polycrystalline cadmium-

sulfide and cadmium-sulfo-selenide 
photoconductive cells are designed 
for use in a variety of light-operated 
control applications. Maximum re-
sponse for cadmium-sulfide photo-
cells types occurs at approximately 
5100 angstroms and for cadmium 
sulfo-selenide photocells at approxi-
mately 6150 angstroms. Typical 
spectral response characteristics are 
shown in Fig. 106. 
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Fig. 106 Typical spectral response char-
acteristics of photoconductive cells. 

The 5100-angstrom cadmium-sul-
fide cells are intended for general-
purpose use while the 6150-angstrom 
cadmium-sulfo-selenide cells are de-
signed for applications in which 
faster time-response characteristics 
are required. The 6150-angstrom 
photocells are about three times 
faster than their 5100-angstrom 
counterparts. 

Electrical Characteristics 

One of the most important char-
acteristics of the photocell is its 
resistance as a function of illumina-
tion. Fig. 107 shows this relation-
ship for a number of RCA photocells. 
The slopes of these curves vary 
slowly as a function of illumina-
tion and are nearly constant. The 
dc cell resistance R measured across 
the terminals may be expressed as 
follows: 

R= RiL — 

where R1 is the resistance of the 
cell per unit illumination, L is the 
illumination in footcandles, and y is 

the slope of the characteristic at a 
given operating point. The per-
formance of the photocell at a given 
operating point is defined by spe-
cifying Ri and y. 
For a typical cell, RCA-7163, Ill 

and y are 0.03 x 10" ohms and 0.83, 
respectively, at an illumination of 
1 footcandle. The resistance, or con-
ductance, of the cell is often indi-
rectly expressed in terms of the 
current drawn through the cell at a 
given voltage and given light level. 
When a de voltage is applied across 
the cell, the resistance for a given 
illumination may be computed by 
means of Ohm's Law. The conduc-
tance ( 1/resistance) of the photo-
conductive cell does not change 
rapidly with change in incident il-
lumination, but requires some time 
to reach its steady-state value. 
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sistance of RCA photocells. 

Although the build-up and decay 
of conductance and current upon the 
application or removal of illumina-
tion is only approximately exponen-
tial, the term "time constant" is fre-
quently used to describe the time 
required for conductance or current 
to reach 63.2 per cent ( rise) or 36.8 
per cent ( decay) of its maximum 
value. The rise time constant de-
pends on the previous dark storage 
of the cell and on the intensity of 

rc-
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the applied illumination. In gener::, 
the cell responds more quickly 
high illumination levels than to low 
illumination levels and its rise time 
is usually longer than its decay 
time. Typical photocurrent rise 
curves are shown in Fig. 108. 
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Fig. 108 Typical photocurrent rise char-
acteristics. 

In addition to these time effects, 
there are other time-associated 
phenomena that take place more 
slowly. The phenomena can best be 
described by saying that the cell 
has some memory of previous light 
exposure. Long exposure to high 
light levels tends to make the cell 
slightly less sensitive and somewhat 
faster in response whether or not 
voltage is applied to the cell during 
exposure. These changes are re-
versible, and the cell will return to 
its former condition after a storage 
period in the dark. 

Because of the "memory" of the 
photocell, it is desirable to " light-
precondition" a cell before a mea-
surement of photocurrent is made. 
A commonly used preconditioning 
schedule employed in production 
testing is the exposure of the cell 
for 16 to 24 hours to daylight fluores-
cent light of 500 footcandles. Volt-
age is not applied to the cell during 
the preconditioning schedule. 
Time effects are also related to 

the application of voltage. For ex-

ample, a cell is slightly less sensi-
tive under ac voltage operation 
than under de voltage operation. 

In most photocell applications, it 
is important that the conductance 
of the cell be substantially less when 
the cell is in the dark than when it 
is illuminated. The terms dark cur-
rent and decay current are used to 
describe cell performance under un-
illuminated conditions. Dark current 
is that current which passes 
through the cell under specified con-
ditions of voltage and temperature 
after the cell has been in the dark 
for a long period of time. Dark cur-
rent usually has a very low value. 
Because of the time effects, it is 
more convenient to specify the de-
cay current which is observed at a 
given time interval following the 
removal of a given level of illumi-
nation. For the 7163, at an applied 
voltage of 50 volts, decay current is 
below 40 microamperes 10 seconds 
after the removal of 1 footcandle 
of illumination. Photocurrent decay 
:burves are shown in Fig. 109. 
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Fig. 109 Typical photocurrent decay characte, î.tics 

Peak-to-valley response as a func-
tion of square-wave light input for 
typical cells is shown in Fig. 110. 
As expected, the frequency response 
is higher for higher levels of illumi-
nation. 
The effect of ambient temperature 

on photocell sensitivity is shown in 
Fig. 111 for 5100-angstrom material 
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Fig. 111—Typical temperature character-
istics of 5100-angstrom photocells. 

and in Fig. 112 for 6150-angstrom 
material. 
Power dissipated within the sensi-

tive surface causes a rise in photo-
cell temperature. This rise in 
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Fig. 112—Typical temperature character-
istics of 6150-angstrom photocells. 
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temperature can be reduced by the 
use of heat sinks. Table II lists typi-
cal case-to-ambient thermal resis-
tance values for the different RCA 
photocell packages. 

Table II Photocell Thermal-
Resistance Values 
(Case-to-Ambient) 

Case 

1"-Diameter 
Modified TO —8 
Modified TO —5 
Modified TO 18 

Thermal 
Resistance 
°C/W 

38 
95 

170 
250 

LIGHT-EMITTING DIODES 

Most p-n junction devices emit 
some form of radiation when under 
forward bias; however, the efficiency 
or ratio of light-energy output to 
electrical-energy input is usually 
low, and the radiation is not easily 
detected. A light-emitting diode is 
a p-n junction device which is spe-
cifically designed to emit radiation 
in a particular portion of the spec-
trum when a forward voltage is 
applied across its p-n junction. The 
radiation occurs as a result of hole-
electron recombination at the junc-
tion and within the narrow space-
charge region around the junction. 
Majority carriers combine across the 
junction, and minority carriers com-
bine with majority carriers within 
the space-charge region. The wave-
length of emitted radiation depends 
on the energy gap of the substrate 
material and the energy levels of 
the impurity dopants. 

Fig. 113 shows various crystal 
materials and the portion of the 
spectrum in which they emit radia-
tion. Table III lists these materials 
and indicates those which also pro-
vide laser action. With the exception 
of SiC, the materials fall into three 
groups: the III-V group and the 
II-VI group of the periodic table 
and lead salts. The lead salts emit 
radiation toward the far-infrared 
portion of the spectrum, while the 
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III-V and II-VI groups cover the 
near-infrared and visible portions of 
the spectrum. The latter two groups 
exhibit considerable overlap. Gen-
erally, any one diode emits one 
strong line that has a width in the 
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Fig. 113—Chart showing portion of spec-
trum in which various crystal materials 

emit radiation 

Table III Materials for p-n 

Crystal 
PbSe 
PbTe 
InSb 
PbS 
InAs 
(In x Gai) As 
In ( P. Asi_ ) 
GaSb 
InP 
GaAs 
Ga ( Asi, Px) 
CdTe 
(Zn x Cdix) Te 
CdTe-ZoTe 
BP 
Cu2Se-ZnSe 
Zn (Se. ) 
ZnTe 
Ga P 

Si C 

M aerometers 
8.5 
6.5 
5.2 
4.3 
3.15 

0.85-3.15 
0.91-3.15 

1.6 
0.91 
0.90 

0.55-0.90 
0.855 

0.59-0.83 
0.56-0.66 

0.64 
0.40-0.63 

0.627 
0.62 
0.565 
0.68 
0.456 

order of 300 angstroms. Continuous 
coverage of the spectrum from the 
blue to the near- infrared region can 
be obtained by use of mixed crystals. 
For example, gallium arsenide phos-
phide [Ga ( Asi„ Px) ] emits radia-
tion from the green through infrared 
(5600 to 9000 angstroms) by varia-
tion of the ratio of gallium phos-
phide to gallium arsenide in the 
p- and n-type layers. The higher the 
content of gallium phosphide, the 
shorter the wavelength. With a 45-
per-cent content of gallium phos-
phide, the peak emission occurs in 
the red region at 6400 angstroms. 

Applications for p-n junction light 
emitters range from electrolumines-
cent displays to such electronic func-
tions as card reading, character 
recognition, sensing, electro-optical 
switching, optical ranging, illumina-
tion, metrology, communication, in-
trusion alarms, control circuits, and 
warning devices. The non-laser 
diode appears to have a substantial 
advantage over the laser in present-
day devices for display applica-
tions; however, the laser diode has 
distinct advantages for electronic-
function applications. 

Junction Light-Emitting Diodes 

Laser 
Action 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Remarks 
direct 
direct 
direct 
direct 
direct 
direct 
direct 

direct 
direct 
direct 
homojunction 
homojunction 
heterojunction 
indirect 
heterojunction 
homojunction 
barrier 
indirect-band gap 
indirect-oxygen line 
-SiC homojunction 
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Linear System Applications 

THIS section discusses the use of 
semiconductor devices in linear 

applications, i.e., applications in 
which the output quantity of a cir-
cuit or a portion of a circuit is di-
rectly proportional to an input quan-
tity so that a graph representing 
the relationship of the two quanti-
ties is a straight line. Linear appli-
cations include communications re-
ceivers and transmitters, FM tuners, 
and TV and hi-fi equipment. 
When speech, music, or video in-

formation is transmitted from a radio 
or television station, the station 
radiates a modulated radio-frequency 
(rf) carrier. The function of a radio 
or television receiver is simply to re-
produce the modulating wave from 
the modulated carrier. 
As shown in Fig. 114, a super-

heterodyne radio receiver picks up 
the transmitted modulated rf signal, 
amplifies it and converts it to a 
modulated intermediate-frequency 
(if) signal, amplifies the modulated 
if signal, separates the modulating 
signal from the basic carrier wave, 
and amplifies the resulting audio sig-
nal to a level sufficient to produce the 
desired volume in a speaker. In ad-
dition, the receiver usually includes 
some means of producing automatic 
gain control ( age) of the modulated 
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signal before the audio information 
is separated from the carrier. 
The transmitted rf signal picked 

up by the radio receiver may contain 
either amplitude modulation (AM) 
or frequency modulation ( FM). 
(These modulation techniques are 
described later under the heading 
Detection.) In either case, amplifica-
tion prior to the detector stage is 
performed by tuned amplifier circuits 
designed for the proper frequency 
and bandwidth. Frequency conversion 
is performed by mixer and oscillator 
circuits or by a single converter stage 
which performs both mixer and os-
cillator functions. Separation of the 
modulating signal is normally ac-
complished by one or more diodes in 
a detector or discriminator circuit. 
Amplification of the audio signal is 
then performed by one or more audio 
amplifier stages. 

Audio-amplifier systems for phono-
graph or tape recorders are similar 
to the stages after detection in a 
radio receiver. The input to the am-
plifier is a low-power-level audio 
signal from the phonograph or mag-
netic-tape pickup head. This signal 
is usually amplified through a pre-
amplifier stage, one or more low-level 
(pre-driver or driver) audio stages, 

IF 

AMPLIFIER 

 elE 

HDETECTOR 
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• ). AUDIO POWER 1 ›, 1 

AMPLIFIER I 
SPEAKER 

Fig. 114 Simplified block diagram for a broadcast-band receiver. 
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and an audio power amplifier. The 
system may also include frequency-
selective circuits which act as equal-
ization networks and/or tone con-
trols. Audio amplifiers are discussed 
in greater detail in a later part of 
this section. 
The operation of a television re-

ceiver ( shown in block-diagram 
form in Fig. 115) is more complex 
than that of a radio receiver, as 
shown by a comparison of Figs. 114 
and 115. 
The tuner section of the television 

receiver selects the proper rf sig-
nals for the desired channel fre-
quency, amplifies them, and converts 
them to a lower intermediate fre-
quency. As in a radio receiver, 
these functions arc accomplished 
in rf-amplifier, mixer, and local-
oscillator stages. The if signal is 
then amplified in if-amplifier stages 
which provide the additional gain 
required to bring the signal level 
to an amplitude suitable for detec-
tion. 

After if amplification, the detected 
signal is separated into sound and 
picture information. The sound sig-
nal is amplified and processed to pro-
vide an audio signal which is fed to 
an audio amplifier system similar to 
those described above. The picture 
(video) signal is passed through a 
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video amplifier stage which conveys 
beam-intensity information to the 
television picture tube and thus con-
trols instantaneous "spot" bright-
ness. At the same time, deflection 
circuits cause the electron beam of 
the picture tube to move the "spot" 
across the faceplate horizontally and 
vertically. Special "sync" signals de-
rived from the video signal assure 
that the horizontal and vertical 
scanning are timed so that the pic-
ture produced on the receiver exactly 
duplicates the picture being viewed 
by the camera or pickup tube. 

In a television receiver, the video 
signal contains a dc component, and 
therefore the average carrier level 
varies with signal information. As a 
result, the agc circuit is designed to 
provide a control voltage propor-
tional to the peak modulated carrier 
level rather than the average modu-
lated carrier level. The time constant 
of the age detector circuit is made 
large enough so that the picture con-
tent of the composite video signal 
does not influence the magnitude of 
the age voltage. In addition, an elec-
tronic switch is often included in the 
circuit so that it can be operated only 
during the retrace portion of the 
scanning cycle. This "gated age" 
technique prevents noise peaks from 
affecting age operation. 
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Simplified block diagram for a television receiver. 
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DETECTION 
The circuit of a radio, television, or 

communications receiver in which the 
modulation is separated from the car-
rier is called the demodulator or 
detector stage. Transmitted rf sig-
nals may be modulated in either of 
two ways. If the frequency of the 
carrier remains constant and its am-
plitude is varied, the carrier is called 
an amplitude-modulated (AM) sig-
nal. If the amplitude remains essen-
tially constant and the frequency is 
varied, the carrier is called a fre-
quency-modulated ( FM) signal. 
The effect of amplitude modula-

tion ( AM) on an rf carrier wave 
is shown in Fig. 116. The audio-

UNMODULATED 
RF CARRIER 

1 A 

AMPLITUDE- MODULATED 
RF WAVE 

AF MODULATING 
WAVE 

Fig. 116—Waveforms showing eflect of 
amplitude modulation on an if wave. 

frequency ( af) modulation can be 
extracted from the amplitude-modu-
lated carrier by means of a simple 
diode detector circuit such as that 
shown in Fig. 117. This circuit elimi-
nates alternate half-cycles of the 

 o 
AF 

R OUTPUT 

Fig. 117 Basic diode detector circuit. 

waveform, and detects the peaks of 
the remaining half-cycles to produce 
the output voltage shown in Fig. 118. 
In this figure, the rf voltage applied 
to the circuit is shown in light line; 
the output voltage across the capaci-
tor C is shown in heavy line. 
Between points ( a) and ( b) of 

AMPLITUDE- MODULATED 
RF WAVE 

Fig. 118—Waveform showing modulated 
r! input (light line) and output ioltage 
(heavy line) of diode-detector circuit of 

Fig. 117. 
Fig. 118, capacitor C charges up to 
the peak value of the rf voltage. 
Then, as the applied rf voltage falls 
away from its peak value, the capa-
citor holds the cathode of the diode 
at a potential more positive than the 
voltage applied to the anode. The 
capacitor thus temporarily cuts off 
current through the diode. While the 
diode current is cut off, the capaci-
tor discharges from ( b) to ( c) 
through the diode load resistor R. 
When the rf voltage on the anode 

rises high enough to exceed the po-
tential at which the capacitor holds 
the cathode, current flows again and 
the capacitor charges up to the peak 
value of the second positive half-
cycle at ( d). In this way, the voltage 
across the capacitor follows the peak 
value of the applied rf voltage and 
reproduces the af modulating signal. 
The jaggedness of the curve in Fig. 
118, which represents an rf com-
ponent in the voltage across the 
capacitor, is exaggerated in the 
drawing. In an actual circuit, the 
rf component of the voltage across 
the capacitor is small. When the 
voltage across the capacitor is am-
plified, the output of the amplifier 
reproduces the speech or music that 
originated at the transmitting sta-
tion. 

Another way to describe the action 
of a diode detector is to consider the 
circuit as a half-wave rectifier. When 
the signal on the anode swings posi-
tive, the diode conducts and the rec-
tified current flows. The de voltage 
across the capacitor C varies in ac-
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cordance with the rectified ampli-
tude of the carrier and thus repro-
duces the af signal. Capacitor C 
should be large enough to smooth 
out rf or if variations, but should 
not be so large as to affect the audio 
variations. ( Although two diodes 
can be connected in a circuit similar 
to a full-wave rectifier to produce 
full-wave detection, in practice the 
advantages of this connection gen-
erally do not justify the extra cir-
cuit cost and complication.) 

In the circuit shown in Fig. 117, it 
is often desirable to forward-bias the 
diode almost to the point of conduc-
tion to improve performance for weak 
signal levels. It is also desirable that 
the resistance of the ac load which 
follows the detector be considerably 
larger than the diode load resistor 
to avoid severe distortion of the audio 
waveform at high modulation levels. 
The effect of frequency modulation 

(FM) on the waveform of an rf car-
rier wave is shown in Fig. 119. In 
this type of transmission, the fre-
quency of the rf carrier deviates 
from the mean value at a rate pro-
portional to the audio-frequency 
modulation and by an amount ( de-
termined in the transmitter) propor-
tional to the amplitude of the af 
modulating signal. That is, the num-
ber of times the carrier frequency 
deviates above and below the center 
frequency is a measure of the fre-
quency of the modulating signal; 
the amount of frequency devia-
tion from the center frequency is 
a measure of the loudness ( ampli-
tude) of the modulating signal. For 

Fig. 120 
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Fig. 119—Waveforms showing effect of 
frequency modulation on an rf wave. 

this type of modulation, a detector 
is required to discriminate between 
deviations above and below the center 
frequency and to translate these de-
viations into a voltage having an 
amplitude that varies at audio fre-
quencies. 
The FM detector shown in Fig. 120 

is called a balanced phase-shift dis-
criminator. In this detector, the mu-
tually coupled tuned circuits in the 
primary and secondary windings of 
the transformer T are tuned to the 
center frequency. A characteristic of 
a double-tuned transformer is that 
the voltages in the primary and sec-
ondary windings are 90 degrees out 
of phase at resonance, and that the 
phase shift changes as the frequency 

Es 

 #\./\./\/  
o R2 

AUDIO 
/7UTPUT 

C2 

13+ 

Balanced phase-shift discriminator circuit. 
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changes from resonance. Therefore, 
the signal applied to the diodes and 
the RC combinations for peak de-
tection also changes with frequency. 

Because the secondary winding of 
the transformer T is center-tapped, 
the applied primary voltage E,, is 
added to one-half the secondary volt-
age Es through the capacitor C1. The 
addition of these voltages at reso-
nance can be represented by the dia-
gram in Fig. 121; the resultant volt-
age Ei is the signal applied to one 
peak-detector network consisting of 

ES/2 

Ep 

Fig. 121—Diagram illu.stratipz phase shift 
in double-tuned transformer at resonance. 

one diode and its RC load. When 
the signal frequency decreases 
(from resonance), the phase shift of 
Es/2 becomes greater than 90 de-
grees, as shown at ( a) in Fig. 122, 
and E, becomes smaller. When the 
signal frequency increases ( above 
resonance), the phase shift of Es/2 
is less than 90 degrees, as shown at 
(b), and El becomes larger. The curve 

ES/2 Ej\ ES/2 

>90° <90° 

Ep Ep 

(a) (b) 

í'i''. 122 Diarams illustrating phase shift 
in double-tuned transformer (a) below res-

onance and (b) above resonance. 

of E1 as a function of frequency in 
Fig. 123 is readily identified as the 
response curve of an FM detector. 
Because the discriminator circuit 

shown in Fig. 120 uses a push-pull 
configuration, the diodes conduct on 
alternate half-cycles of the signal 
frequency and produce a plus-and-
minus output with respect to zero 
rather than with respect to El. The 
primary advantage of this arrange-
ment is that there is no output at 
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123 Diagram showing resultant volt-
E, in Fig. 121 as a function of fre-

quency. 

resonance. When an FM signal is 
applied to the input, the audio out-
put voltage varies above and below 
zero as the instantaneous frequency 
varies above and below resonance. 
The frequency of this audio voltage is 
determined by the modulation fre-
quency of the FM signal, and the am-
plitude of the voltage is proportional 
to the frequency excursion from reso-
nance. ( The resistor R2 in the circuit 
provides a de return for the diodes, 
and also maintains a load impedance 
across the primary winding of the 
transformer.) 
One disadvantage of the balanced 

phase-shift discriminator shown in 
Fig. 120 is that it detects amplitude 
modulation ( AM) as well as fre-
quency modulation ( FM) in the if 
signal because the circuit is bal-
anced only at the center frequency. 
At frequencies off resonance, any 
variation in amplitude of the if 
signal is reproduced to some ex-
tent in the audio output. 
The ratio-detector circuit shown in 

Fig. 124 is a discriminator circuit 
which has the advantage of being 
relatively insensitive to amplitude 
variations in the FM signal. In this 
circuit, E,, is added to Eí2 through 
the mutual coupling M2 ( this volt-
age addition may be made by either 
mutual or capacitive coupling). Be-
cause of the phase-shift relationship 
of these voltages, the resultant de-
tected signals vary with frequency 
variations in the same manner as de-
scribed for the phase-discriminator 
circuit shown in Fig. 120. How-
ever, the diodes in the ratio de-
tector are placed "back-to-back" ( in 
series, rather than in push-pull) so 
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Mi 

r. 124—Ratio-detector circuit. 

that both halves of tnc circuit oper-
ate simultaneously during one-half 
of the signal frequency cycle ( and 
are cut off on the other half-cycle). 
As a result, the detected voltages E1 
and E2 are in series, as shown for 
the instantaneous polarities that oc-
cur during the conduction half-cycle. 
When the audio output is taken be-
tween the equal capacitors C1 and 
G, therefore, the output voltage is 
equal to ( E2—E1) / 2 (for equal re-
sistors R, and R2). 
The de circuit of the ratio detector 

consists of a path through the sec-
ondary winding of the transformer, 
both diodes (which are in series), and 
resistors R, and R. The value of the 
electrolytic capacitor C3 is selected 
so that the time constant of R1, R29 
and C3 is very long compared to the 
detected audio signal. As a result, 
the sum of the detected voltages 
(E, E,) is a constant and the AM 
components on the signal frequency 
are suppressed. This feature of the 
ratio detector provides improved AM 
rejection as compared to the phase-
shift discriminator circuit shown in 
Fig. 120. 

AMPLIFICATION 

The amplifying action of a tran-
sistor can be used in various ways 
in electronic circuits, depending on 
the results desired. The four recog-
nized classes of amplifier service can 
be defined for transistor circuits as 
follows: 

E1 E2 

«M. 

A class A amplifier is an amplifier 
in which the base bias and alter-
nating signal are such that collector 
current in a transistor flows con-
tinuously during the complete elec-
trical cycle of the signal, and even 
when no signal is present. 
A class AB amplifier is an ampli-

fier in which the base bias and alter-
nating signal are such that collector 
current in a transistor flows for ap-
preciably more than half but less 
than the entire electrical cycle. 
A class B amplifier is an amplifier 

in which the base is biased to ap. 
proximately collector-current cutoff, 
so that collector current is approxi-
mately zero when no signal is ap-
plied, and so that collector current 
in a transistor flows for approxi-
mately one-half of each cycle when 
an alternating signal is applied. 
A class C amplifier is an amplifier 

in which the base is biased to such 
a degree that the collector current 
in a transistor is zero when no 
signal is applied, and so that col-
lector current in a transistor flows 
for appreciably less than one-half of 
each cycle when an alternating sig-
nal is applied. 
For radio-frequency ( rf) ampli-

fiers which operate into selective 
tuned circuits, or for other ampli-
fiers in which distortion is not a 
prime factor, any of the above classes 
of amplification may be used with 
either a single transistor or a push-
Pull stage. For audio-frequency ( af) 
amplifiers in which distortion is an 
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important factor, single transistors 
can be used only in class A ampli-
fiers. For class AB or class B audio-
amplifier service, a balanced amplifier 
stage using two transistors is re-
quired. A push-pull stage can also 
be used in class A audio amplifiers 
to obtain reduced distortion and 
greater power output. Class C ampli-
fiers cannot be used for audio or AM 
applications. 

Audio Amplifiers 

Audio amplifier circuits are used 
in radio and television receivers, 
public address systems, sound re-
corders and reproducers, and similar 
applications to amplify signals in the 
frequency range from 20 to 20,000 
Hz. Each transistor in an audio am-
plifier can be considered as either a 
current amplifier or a power ampli-
fier. The type of circuit configura-
tion selected is dictated by the re-
quirements of the given application. 
The output power to be supplied, 
the required sensitivity and fre-
quency response, and the maximum 
distortion limits, together with the 
capabilities and limitations of avail-
able devices, are the main criteria 
used to determine the circuit that 
will provide the desired performance 
most efficiently and economically. 

In addition to the consideration 
that must be given to the achieve-
ment of performance objectives and 
the selection of the optimum circuit 
configuration, the circuit designer 
must also take steps to insure re-

liable operation of the audio ampli-
fier under varying conditions of 
signal level, frequency, ambient 
temperature, load impedance, line 
voltage, and other factors which may 
subject the transistors to either 
transient or steady-state high stress 
levels. Low-cost, low-power audio 
systems ( such as those used in 
mobile and TV output stages), in 
which high operating efficiency is 
not an important consideration, 
usually employ a single-ended, class 
A, transformer-coupled output stage 
such as that shown in Fig. 125. 

PREAMPLIFIER 

Fig. 125 Typical low-poner audi()-ampli-
fier circuit. 

Simple class A amplifier circuits 
are normally used in low-level audio 
stages such as preamplifiers and 
drivers. Preamplifiers usually follow 
low-level output transducers such as 
microphones, hearing-aid and phono-
graph pickup devices, and recorder-
reproducer heads. 
One of the important character-

istics of a low-level amplifier circuit 
is its signal-to-noise ratio, or noise 
figure. The input circuit of an am-
plifier inherently contains some 
thermal noise contributed by the re-
sistive elements in the input device. 
All resistors generate a predictable 
quantity of noise power as a result 
of thermal activity. This power is 
about 160 dB below one watt for a 
bandwidth of 10 kHz. 
When an input signal is amplified, 

therefore, the thermal noise gener-
ated in the input circuit is also 
amplified. If the ratio of signal 
power to noise power ( S/N) is the 
same in the output circuit as in the 
input circuit, the amplifier is con-
sidered to be "noiseless" and is said 
to have a noie figure of unity, or 
zero dB. 

In practical circuits, however, the 
ratio of signal power to noise power 
is inevitably impaired during ampli-
fication as a result of the generation 
of additional noise in the circuit ele-
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ments. A measure of the degree of 
impairment is called the noise figure 
(NF) of the amplifier, and is ex-
pressed as the ratio of signal power 
to noise power at the input ( S./N.) 
divided by the ratio of signal power 
to noise power at the output ( Su / N.), 
as follows: 

S  N14 = 

The noise figure in dB is equal to 
ten times the logarithm of this 
power ratio. For example, an ampli-
fier with a one-dB noise figure de-
creases the signal-to-noise ratio by 
a factor of 1.26, a 3-dB noise figure 
by a factor of 2, a 10-dB noise figure 
by a factor of 10, and a 20-dB noise 
figure by a factor of 100. 

In audio amplifiers, it is desirable 
that the noise figure be kept low. In 
general, the lowest value of NF is 
obtained by use of an emitter cur-
rent of less than one milliampere and 
a collector voltage of less than two 
volts for a signal-source resistance 
between 300 and 3000 ohms. If the 
input impedance of the transistor is 
matched to the impedance of the sig-
nal. source, the lowest value of NF 
that can be -attained is 3 dB. Gener-
ally, the best noise figure is obtained 
by use of a transistor input imped-
ance approximately 1.5 times the 
source impedance. However, this con-
dition is often not realizable in prac-
tice because many transducers are 
reactive rather than resistive. In ad-
dition, other requirements such as 
circuit gain, signal-handling capa-
bility, and reliability may not permit 
optimization for noise. 

In the simple low-level amplifier 
stage shown in Fig. 126, resistor R1 
determines the base bias for the tran-
sistor. The output signal is devel-
oped across the load resistor R2. The 
collector voltage and the emitter cur-
rent are kept relatively low to reduce 
the noise figure. If the load imped-
ance across the capacitor C:, is low 
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Fig. 126 Simple low-level class A 
am plifier. 

compared to R2, very little voltage 
swing results on the collector. There-
fore, ac feedback through R1 does not 
cause much reduction in gain. 

In many cases, low-level amplifier 
stages used as preamplifiers include 
some type of frequency-compensa-
tion network to enhance either the 
low-frequency or the high-frequency 
components of the input signal. The 
frequency range and dynamic range"' 
which can be recorded on a phono-
graph record or on magnetic tape 
depend on several factors, including 
the composition, mechanical charac-
teristics, and speed of the . record or 
tape, and the electrical and mechani-
cal characteristics of the recording 
equipment. To achieve wide fre-
quency and dynamic range, manu-
facturers of commercial recordings 
use equipment which introduces a 
nonuniform relationship between am-
plitude and frequency. This rela-
tionship is known as a "recording 
characteristic". To assure proper 
reproduction of a high-fidelity re-
cording, therefore, some part of the 
reproducing system must have a fre-
quency-response characteristic which 
is the inverse of the recording char-
acteristic. Most manufacturers of 
high-fidelity recordings use the RCA 
"New Orthophonie" ( RIAA) char-
acteristic for discs and the NARTB 
characteristic for magnetic tape. 
The simplest type of equalization 

network is shown in Fig. 127. Be-
cause the capacitor C is effectively 
an open circuit at low frequencies, 
the low frequencies must be passed 

* The dynamic range of an amplifier is a measure of its signal-handling capability. The 
dynamic range expresses in dB the ratio of the maximum usable output signal ( generally 
for a distortion of about 10 per cent) to the minimum usable output signal ( generally for 
a signal-to-noise ratio of about 20 dB). A dynamic range of 40 dB is usually acceptable • 
a value of 70 dB is exceptional for any audio system. 
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1 1_7 Simple R( ,trequency-compen-
sation network. 

through the resistor R and are at-
tenuated. The capacitor has a lower 
reactance at high frequencies, how-
ever, and bypasses high-frequency 
components around R so that they 
receive negligible attenuation. Thus 
the network effectively " boosts" the 
high frequencies. This type of equali-
zation is called "attenuative". 
Some typical preamplifier stages 

are shown in the Circuits section. 
The location of the frequency-com-
pensation network or "equalizer" in 
the reproducing system depends on 
the types of recordings which are to 
be reproduced and on the pickup de-
vices used. All commercial pickup 
devices provide very low power levels 
to a transistor preamplifier stage. 
A ceramic high-fidelity phono-

graph pickup is usually designed to 
provide proper compensation for the 
RIAA recording characteristic when 
the pickup is operated into the load 
resistance specified by its manufac-
turer. Usually, a "matching" resis-
tor is inserted in series with the input 
of the preamplifier transistor. How-
ever, this arrangement produces a 
fairly small signal current which 
must then be amplified. If the match-
ing resistor is not used, equalization 
is required, but some improvement 
can he obtained in dynamic range and 
gain. 
A magnetic high-fidelity phono-

graph pickup, on the other hand, 
usually has an essentially flat fre-
quency-response characteristic. Be-
cause a pickup of this type merely 
reproduces the recording charac-
teristic, it must be followed by an 
equalizer network, as well as by a 
preamplifier having sufficient gain to 
satisfy the input requirements of the 
tone-control amplifier and/or power 
amplifier. Many designs include both 
the equalizing and amplifying cir-
cuits in a single unit. 
A high-fidelity magnetic-tape pick-

up head, like a magnetic phonograph 
pickup, reproduces the recording 
characteristic. This type of pickup 
device, therefore, must also be fol-
lowed by an equalizing network and 
preamplifier to provide equalization 
for the NARTB characteristic. 

Feedback networks may also be 
used for frequency compensation and 
for reduction of distortion. Basically, 
a feedback network returns a por-
tion of the output signal to the input 
circuit of an amplifier. The feedback 
signal may be returned in phase with 
the input signal ( positive or re-
generative feedback) or 180 degrees 
3ut of phase with the input signal 
(negative, inverse, or degenerative 
feedback). In either case, the feed-
back can be made proportional to 
either the output voltage or the out-
put current, and can be applied to 
either the input voltage or the input 
current. A negative feedback signal 
proportional to the output current 
raises the output impedance of the 
amplifier; negative feedback propor-
tional to the output voltage reduces 
the output impedance. A negative 
feedback signal applied to the input 
current decreases the input imped-
ance; negative feedback applied to 
the input voltage increases the input 
impedance. Opposite effects are pro-
duced by positive feedback. 
A simple negative or inverse feed-

back network which provides high-
frequency boost is shown in Fig. 128. 

R2 

1 AMPLIFIER 
I STAGE 

eM1. 

IAMPLIFIER 1 STAGE 

Fig. 1 8—Negative-feedback frequency-
compemation network. 

This network provides equalization 
comparable to that obtained with Fig. 
127, but is more suitable for low-level 
amplifier stages because it does not 
require the first amplifier stage to 
provide high-level low frequencies. 
In addition, the inverse feedback im-
proves the distortion characteristics 
of the amplifier. 
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As mentioned previously, it is 
undesirable to use a high-resistance 
signal source for a transistor audio 
amplifier because the extreme im-
pedance mismatch results in high 
noise figure. High source resistance 
cannot be avoided, however, if an 
input device such as a ceramic pickup 
is used. In such cases, the use of nega-
tive feedback to raise the input im-
pedance of the amplifier circuit ( to 
avoid mismatch loss) is no solution 
because feedback cannot improve the 
signal-to-noise ratio of the amplifier. 
A more practical method is to in-
crease the input, impedance some-
what by operating the transistor at 
the lowest practical current level and 
by using a transistor which has a 
high forward current-transfer ratio. 
Some preamplifier or low-level 

audio amplifier circuits include vari-
able resistors or potentiometers which 
function as volume or tone controls. 
Such circuits should be designed to 
minimize the flow of de currents 
through these controls so that little 
or no noise will be developed by the 
movable contact during the life of 
the circuit. Volume controls and their 
associated circuits should permit 
variation of gain from zero to maxi-
mum, and should attenuate all 
frequencies equally for all positions 
of the variable arm of the control. 
Several examples of volume controls 
and tone controls are shown in the 
Circuits section. 
A tone control is a variable filter 

(or one in which at least one element 

BASS 

R3 

CUT 

R2 
C2 

is adjustable) by means of which the 
user may vary the frequency re-
sponse of an amplifier to suit his own 
taste. In radio receivers and home 
amplifiers, the tone control usually 
consists of a resistance-capacitance 
network in which the resistance is the 
variable element. 
The simplest form of tone control 

is a "treble cut" network such as 
that shown in Fig. 129. As R1 is 
made smaller, the capacitor C2 by-
passes more of the high audio fre-
quencies; therefore, the output of 

4-

R2 
CI 

Fig. 129 Simple tone-control network for 
fixed tone compensation or equalization. 

the network is decreased by an 
amount dependent upon the value 
of RI. The resistance of R1 should 
be very large in comparison to the 
reactance of C2 at the highest audio 
frequency. 
The tone-control network shown in 

Fig. 130 has two stages with com-
pletely separate bass and treble con-

02 

TREBLE 

CC 2 
C4 

BOOST 

R6§4« 

CUT 

C51 

R5 

Ru 

Fig. 130—Two-stage tone-control circuit incorporating separate bass and treble controls. 
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trois. Fig. 131 shows simplified 
representations of the bass control 
when the potentiometer is turned to 
its extreme variations ( labeled 
BOOST and CUT). At very high fre-
quencies, C1 and C2 are effectively 
short circuits and the network be-
comes the simple voltage divider R1 
and R2. In the bass-boost position, 
R3 is inserted in series with R2 SO 
that there is less attenuation to very 
low frequencies than to very high 
frequencies. Therefore, the bass is 
said to be "boosted". In the bass-cut 
position, R3 is inserted in series with 
R1 so that there is more attenuation 
to very low frequencies. 

A BASS BOOST B A BASS CUT 

RI RI 

R3 C 

R2 

R3 

CI 
2 

Fig. 131 Simplified representations of 
bass-control circuit at extreme ends of po-

tentiometer. 

Fig. 132 shows extreme positions 
of the treble control. R.; is generally 
much larger than R1 or R5 and may 
be treated as an open circuit in the 
extreme positions. In both the boost 
and cut positions, very low frequen-
cies are controlled by the voltage di-
vider R1 and R5. In the boost position, 

TREBLE BOOST 

R4 

DC 

C4 R 
6 

C5 

5 

TREBLE CUT 

R4 

D 

C 4 R6 

C5 R5 

Fig. 132 Simplified representations of 
treble-control circuit at extreme ends of 

potentiometer. 

R.1 is bypassed by the high frequen-
cies and the voltage-divider point D 
is placed closer to C. In the cut posi-
tion, R5 is bypassed and there is 
greater attenuation of the high fre-
quencies. 

The frequencies at which boost and 
cut occur in the circuit of Fig. 130 
are controlled by the values of C1, C2, 
CI, and C. Both the output im-
pedance of the driving stage ( gen-
erally R1.i) and the loading of the 
driven stage affect the response 
curves and must be considered. This 
tone-control circuit, like the one in 
Fig. 129, is attenuative. Feedback 
tone controls may also be employed. 
The location of a tone-control net-

work is of considerable importance. 
In a typical preamplifier, it may be 
in the collector circuit of the final 
low-level stage or in the input circuit 
of the first stage. If the amplifier in-
corporates negative feedback, the 
tone control must be inserted in a 
part of the amplifier which is external 
to the feedback loop, or must be made 
a part of the feedback network. The 
over-all gain of a well designed tone-
control network should be approxi-
mately unity. The system dynamic 
range should be adequate for all fre-
quencies anticipated with the tone 
controls in any position. The high-
frequency gain should not be ma-
terially affected as the bass control 
is varied, nor should the low-fre-
quency gain be sensitive to the 
treble control. 

Driver stages in audio amplifiers 
are located immediately before the 
pow.-output stage. When a single-
ended class A output stage is used, 
the driver stage is similar to a pre-
amplifier stage. When a push-pull 
output stage in which both transis-
tors are the same type ( n-p-n or 
p-n-p) is used, however, the audio 
driver must provide two output sig-
nals, each 180 degrees out of phase 
with the other. This phase require-
ment can be met by use of a tapped-
secondary transformer between a 
single-ended driver stage and the 
output stage, as shown in Fig. 133. 
The transformer T1 provides the re-
quired out-of-phase input signals 
for the two transistors Q and Q.2 
in the push-pull output stage. 
Transistor audio power amplifiers 

may be class A single-ended stages, 
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Fig. 133 Driver stage for push-pull 011-

put circuit. 

or class A, class AB, or class B 
push-pull stages. A simple class A 
single-ended power amplifier is 
shown in Fig. 134. Component values 
Nvhich will provide the desired power 
output can be calculated from the 

T2 

la» 

TO 
SPEAKER 

Fig. 134 Class A power-amplifier circuit. 

transistor characteristics and the 
supply voltage. For example, an out-
put of four watts may be desired 
from a circuit operating with a sup-
ply voltage of 14.5 volts ( this volt-
age is normally available in auto-
mobiles which have a 12-volt ignition 
system). If losses are assumed to he 
negligible, the power output ( P.) 
is equal to the peak collector volt-
age ( er) times the peak collector 
current ( i,), each divided by the 
square root of two to obtain rms 
values. The peak collector current 
can then be determined as follows: 

e, ic 

P..\/2 

Po (Vi) X ‘/2 
er 

= 4 Vi x .\./7  
14.5 

= 0.55, or approximately 
0.6 ampere. 

In class A service, the de collector 
current and the peak collector swing 
are about the same. Thus, the col-
lector voltage and current are 14.5 
volts and 0.6 ampere, respectively. 

The voltage drop across the re-
sistor RE in Fig. 134 usually ranges 
from 0.3 to 1 volt; a typical value of 
0.6 volt can be assumed. The value 
of RE must equal the 0.6-volt drop 
divided by the 0.6-ampere emitter 
current, or one ohm. (The emitter 
current is assumed to be nearly equal 
to the 0.6-ampere collector current.) 

The current through resistor R2 
should be about 10 to 20 per cent of 
the collector current; a typical value 
is 15 per cent of 0.6, or 90 milli-
amperes. 

The voltage from base to ground 
is equal to the base-to-emitter volt-
age ( determined from the transistor 
transfer-characteristics curves for 
the desired collector or emitter cur-
rent; normally about 0.4 volt for a 
germanium power transistor operat-
ing at an emitter current of 600 milli-
amperes) plus the emitter-to-ground 
voltage ( 0.6 volt as described above), 
or one volt. The voltage across R2> 

therefore, is 14.5 minus 1, or 13.5 
volts. The value of R2 must equal 
13.5 divided by 90, or about 150 ohms. 
Because the voltage drop across 

the secondary winding of the driver 
transformer 1', is negligible, the volt-
age drop across R, is one volt. The 
current through R, equals the cur-
rent through R2 ( 90 milliamperes) 
minus the base current. If the dc 
forward current-transfer ratio ( beta) 
of the transistor selected has a typi-
cal value of 60, the base current 
equals the collector current of 600 
milliamperes divided by 60, or 10 
milliamperes. The current through 
R. is then 90 minus 10, or 80 milli-
amperes, and the value of R, is 1 
divided by 80, or about 12 ohms. 
The transformer requirements are 

determined from the ac voltages and 
currents in the circuit. The peak 
collector voltage swing that can be 
used before distortion occurs as a 
result of clipping of the output volt-
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age is about 13 volts. The peak col-
lector current swing available before 
current cutoff occurs is the de cur-
rent of 600 milliamperes. Therefore‘ 
the collector load impedance should 
be 13 volts divided by 600 milli-
amperes, or about 20 ohms, and the 
output transformer T, should be de-
signed to match a 20-ohm primary 
impedance to the desired speaker im-
pedance. If a 3.2-ohm speaker is 
used, for example, the impedance 
values for T, should be 20 ohms to 
:3.2 ohms. 

The total input power to the circuit 
of Fig. 134 is equal to the voltage 
required across the secondary wind-
ing of the driver transformer T, 
times the current. The driver signal 
current is equal to the base cur-
rent (10 milliamperes peak, or 7 mil-
liamperes rms). The peak ac signal 
\voltage is nearly equal to the sum of 
the base-to-emitter voltage across 
the transistor ( 0.4 volt as determined 
above), plus the voltage across RE 
(0.6 volt), plus the peak ac signal 
voltage across R1 ( 10 milliamperes 
times 12 ohms, or 0.12 volt). The in-
put voltage, therefore, is about one 
volt peak, or 0.7 volt rms. Thus, the 
total ac input power required to pro-
duce an output of 4 watts is 0.7 volt 
times 7 milliamperes, or 5 milliwatts, 
and the input impedance is 0.7 volt 
divided by 7 milliamperes, or 100 
ohms 

Higher power output can be 
achieved with less distortion in class 
A service by the use of a push-pull 
circuit arrangement. One of the dis-
advantages of a transistor class A 
amplifier ( single-ended or push-pull), 
however, is that collector current 
flows at all times. As a result, tran-
sistor dissipation is highest when no 
ac signal is present. This dissipation 
can be greatly reduced by use of 
class B push-pull operation. When 
two transistors are connected in 
class B push-pull, one transistor 
amplifies half of the signal, and the 
other transistor amplifies the other 
half. These half-signals are then 
combined in the output circuit to re-

store the original waveform in an 
amplified state. 

Ideally, transistors used in class B 
push-pull service should be biased 
to collector cutoff so that no power 
is dissipated under zero-signal con-
ditions. At low signal inputs, how-
ever, the resulting signal would be 
distorted, as shown in Fig. 135, be-
cause of the low forward current-
transfer ratio of the transistor at 
very low currents. This type of dis-
tortion, called cross-over distortion, 
can be suppressed by the use of a 
bias voltage which permits a small 
collector current flow at zero signal 
level. Any residual distortion can 
be further reduced by the use of 
negative feedback. 

3 

OUTPUT 
COLLECTOR 
CURRENT 

INPUT 
BASE 
SIGNAL 

4 

CROSS- OVER 
DISTORTION 

Fig. 135 Waveforms showing cause o! 
cross-over distortion. 

A typical class B push-Pull audio 
amplifier is shown in Fig. 136. Re-
sistors Rri and RE, are the emitter 
stabilizing resistors. Resistors R1 
and R, form a voltage-divider net-
work which provides the bias for the 
transistors. The base-emitter circuit 
is biased near collector cutoff so that 
very little collector power is dissi-
pated under no-signal conditions. 
The characteristics of the bias net-
work must be very carefully chosen 
so that the bias voltage will be just 
sufficient to minimize cross-over dis-
tortion at low signal levels. Because 
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Fig. / 36 Class B push-pull audio-ampli-
fier circuit. 

the collector current, collector dissi-
pation, and de operating point of a 
transistor vary with ambient tem-
perature, a temperature-sensitive re-
sistor ( such as a thermistor) or a 
bias-compensating diode may be 
used in the biasing network to mini-
mize the effect of temperature 
variations. 
The advantages of class B push-

pull operation can be obtained with-
out the need for an output trans-
former by use of a circuit such as 
that shown in Fig. 137. In this cir-
cuit, the secondary windings of the 
driver transformer T, are phased so 
that a negative signal from base to 
emitter of one transistor is accom-
panied by a positive signal from 

Fig. 13 7 Single-ended class B circuit. 

base to emitter of the other tran-
sistor. When a negative signal is ap-
plied to the base of transistor 
for example, Qi draws current. This 
current must flow through the 
load because the accompanying posi-
tive signal on the base of tran-
sistor Q2 cuts Q2 off. When the sig-
nal polarity reverses, transistor Q1 
is cut off, while Q2 conducts current. 
The resistive dividers R,R2 and RR; 
provide a de bias which keeps the 
transistors slightly above cutoff un-
der no-signal conditions and thus 
minimizes cross-over distortion. The 
emitter resistors Ru. and RF:2 help to 
compensate for differences between 
transistors and for the effects of 
ambiont-temperature variations. 
The secondary windings of any 

class B driver transformer should be 
bifilar-wound ( i.e., wound together) 
to obtain tighter coupling and 
thereby minimize leakage induct-
ance. Otherwise, "ringing" may oc-
cur in the cross-over region as a 
result of the energy stored in the 
leakage inductance. 

Because junction transistors can 
be made in both p-n-p and n-p-n 
types, they can be used in comple-
mentary-symmetry circuits to obtain 
all the advantages of conventional 
push-pull amplifiers plus direct cou-
pling. The arrows in Fig. 138 indi-
cate the direction of electron current 
flow in the terminal leads of p-n-p 
and n-p-n transistors. When these 

C n P n - p - n 

1B 

í,i. 138—Electron-current flow iii p- ii-p 
and n-p-n transistors. 

two transistors are connected in a 
single stage, as shown in Fig. 139, 
the steady-state electron current 
path in the output circuit is com-
pleted through the collector-emitter 
circuits of the transistors. In the 
circuits of Figs. 137 and 139, essen-
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Fig. 139 Basic complementary-symmetry 
circuit. 

tially no steady-state current flows 
through the load resistor R1.. There-
fore, the voice coil of a loudspeaker 
can be connected directly in place 
of RI, without excessive speaker 
cone distortion. 
The true complementary ampli-

fier, shown in Fig. 140, is the 
simplest of all complementary cir-
cuits. Its features include a single 

Fig. 140 True-complementary amplifier. 

driven stage, a single diode for bias, 
and the application of turn-off drive 
to the output devices. Because it 
requires a class A driver and both 
p-n-p and n-p-n output devices and 
has high standby current, the true-
complementary design is seldom used 
for power-output levels in excess of 
25 watts rms. 

The class A driver stage shown 
in Fig. 140 requires the use of a 
large heat sink. The p-n-p power 
device in the complementary out-
put stage is more expensive and has 
lower safe-area ratings than its 
n-p-n equivalent. Because control of 
base diffusion is more difficult in 
p-n-p. devices, these types are gen-
erally 25-per-cent costlier than com-
parable n-p-n types. 
One way to avoid the high cost 

of power p-n-p transistors is to em-
ploy a quasi-complementary circuit 
such as that shown in Fig. 141. In 
this type of circuit, a low-current 

Fig. 141 Qua.si-complementary amplifier. 

p-n-p transistor is directly coupled 
to a high-current n-p-n transistor 
to simulate a high-current transis-
tor, as shown in Fig. 142. 
The advantages of quasi-comple-

mentary amplifiers include im-
proved safe area for the n-p-n out-
put transistor, lower cost, and the 
use of class B drivers. The major 
disadvantages are the need for two 
driver transistors and two bias 
diodes, and the absence of turn-off 
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Fi. 142 Connection of two transistors to 
imulate a high-current transistor. 

drive to the output transistors. Be-
cause the advantages far outweigh 
the disadvantages for high-power 
amplifiers, quasi-complementary cir-
cuits are generally used at power 
levels above 25 watts rms. The high-
frequency response of such circuits 
can be improved by use of bleeder 
resistors in the base circuits of the 
output transistors. 

In both true-complementary and 
quasi-complementary circuits, the 
output devices do not need to be 
well matched for beta. These circuits 
are essentially voltage amplifiers 
used in an emitter-follower con-
figuration that has a voltage gain 
of nearly unity which varies only 
slightly with transistor beta. In the 
higher-power quasi-complementary 
amplifier, the effect of beta is even 
less important because a Darlington-
connected stage is used. The basic 
requirement is that a minimum cur-
rent gain be maintained from mini-
mum to maximum drive. 

Several high-fidelity amplifiers are 
shown in the Circuits section. The 
performance capabilities of such am-
plifiers are usually given in terms 
of frequency response, total harmonic 
distortion, maximum power output, 
and noise level. To provide high-
fidelity reproduction of audio pro-
gram material, an amplifier should 
have a frequency response which does 
not vary more than 1 dB over the en-
tire audio spectrum. General practice 
is to design the amplifier so that its 
frequency response is flat within 1 
dB from a frequency well below the 
lowest to be reproduced to one well 
above the upper limit of the audible 
region. 

Harmonic distortion and inter-
modulation distortion produce 
changes in program material which 
may have adverse effects on the qual-
ity of the reproduced sound. Har-
monic distortion causes a change in 
the character of an individual tone 
by the introduction of harmonics 
which were not originally present in 
the program material. For high-
fidelity reproduction, total harmonic 
distortion ( expressed as a per(ent-
age of the output power) should not 
be greater Limn about 0.5 per cent at 
the desired listening level. 

Intermodulation distortion is a 
change in the waveform of an indi-
vidual tone as a result of interaction 
with another tone present at the 
same time in the program material. 
This type of distortion not only alters 
the character of the modulated tone, 
but may also result in the generation 
of spurious signals at frequencies 
equal to the sum and difference of the 
interacting frequencies. Intermodu-
lation distortion should be less than 
2 per cent at the desired listening 
level. In general, any amplifier which 
has low intermodulation distortion 
will have very low harmonic distor-
tion. 

The maximum power output which 
a hiirh-fidelity amplifier should de-
liver depends upon a complex rela-
tion of several factors, including the 
size and acoustical characteristics of 
the listening area, the desired listen-
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ing level, and the efficiency of the 
loudspeaker system. 
The noise level and maximum out-

put power determine the range of 
volume the amplifier is able to repro-
duce, i.e., the difference ( usually ex-
pressed in dB) between the loudest 
and softest sounds in program ma-
terial. Because the greatest volume 
range utilized in electrical program 
material at the present time is about 
60 dB, the noise level of a high-
fidelity amplifier should be at least 
60 dB below the signal level at the 
desired listening level. 
The design of audio equipment for 

direct operation from the ac power 
line normally requires the use of 
either a power transformer or a large 
voltage-dropping resistor to reduce 
the 120-volt ac line voltage to a level 
that is appropriate for transistors. 
Both of these techniques have disad-
vantages. The use of a transformer 
adds cost to the system. The use of 
a dropping resistor places restric-
tions on the final packaging of the 
instrument because the resistor must 
dissipate power. In addition, low-
voltage supplies are usually more ex-
pensive to filter than high-voltage 
supplies. 
The use of high-voltage silicon 

transistors eliminates the need for 
either a power transformer or a high-
power voltage-dropping resistor, and 
permits the use of economical cir-
cuits and components in line-operated 
audio equipment. Several ac/dc cir-
cuits using these high-voltage tran-
sistors are shown in the Circuits 
section. The basic class A audio out-
put stage shown in Fig. 143 is essen-
tially of the same design as the class 
A amplifier discussed previously. Be-
cause the supply voltage is much 
higher, however, the currents are 
about one-tenth as high and the im-
pedances about 100 times as high. 
The use of a voltage-dependent 

resistor (VDR) as a damping resis-
tor across the primary winding of the 
output transformer in Fig. 143 pro-
tects the output circuit against the 
destructive effects of transient volt-
ages that can occur under abnormal 

TO 
DRIVER 

120 V 
AC/DC 

C2 

Fig. 143 Basic audio-output stage for line 
operated equipment. 

R2 

conditions. If the VDR were not used 
the peak collector voltage undei 
transient conditions could be as high 
as five to ten times the supply volt-
age, or far in excess of the break-
down-voltage rating for the transis-
tor. Because the resistance of the 
VDR varies directly with voltage, its 
use limits the transient voltage to 
safe levels but does not degrade over-
all circuit performance. 

Fig. 144 shows another effective 
method for protection against tran-
sient voltages. In this arrangement, 

TO 
DRIVER 

AC/DC--..}  RI 
120 V-1- -a 

R2 

T C2 

Fig. 144—Alternate method for protection 
against transient voltages. 

the output transformer is replaced by 
a center-tapped transformer and a 
silicon rectifier that has a peak-
reverse-voltage rating of 300 to 400 
volts. The peak voltage across the 
output is thus limited to a value 
which does not exceed twice the mag-
nitude of the supply voltage. As the 
collector voltage approaches a value 
equal to twice the supply voltage, the 
voltage at the diode end of the trans-
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former becomes sufficiently negative 
to forward-bias the diode and thus 
clamp the collector voltage. The re-
quired transformer primary imped-
ance is generally about 10,000 ohms 
center-tapped; in addition, it is 
recommended that a bifilar winding 
be used to minimize leakage in-
ductance. Because the arrangement 
shown in Fig. 144 provides more re-
liable protection against transients 
than that of Fig. 143, a higher sup-
ply voltage and a higher transformer 
impedance can be used. 

It should be noted that special pre-
cautions are required in the con-
struction of circuits for line-voltage 
operation. Because these circuits 
operate at high ac and de voltages, 
special egre must he exercised to as-
sure that no metallic part of the chas-
sis or output transformer is exposed 
to touch, accidental or otherwise. 
The circuits should be installed in 
non-metallic cabinets, or should be 
properly insulated from metallic 
cabinets. Insulated knobs should be 
used for Potentiometer shafts and 
SW itches. 
A phase inverter is a type of class 

A amplifier used when two out-of-
phase outputs are required. In the 
split-load phase-inverter stage shown 
in Figs. 145, the output current of 
transistor Q, flows through both the 
collector load resistor R, and the 
emitter load resistor 113. When the 
input signal is negative, the de-
creased output current causes the 
collector side of resistor R, to be-
-..ome more Positive and the emitter 
side of resistor R to become more 
negative with respect to ground, 
When the input signal is positive, 
the output current increases and op-
posite voltage polarities are estab-
lished across resistors R and R. 
Thus, two output signals are pro-

o 
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PHASE 
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145 —Split-load phase-inverter stage. 

duced which aise 180 degrees out of 
phase with each other. This circuit 
provides the 180-degree phase rela-
tionship only when each load is re-
sistive and constant throughout the 
entire signal swing. It is not suitable 
as a driver stage for a class B out-
put stage. 

Direct- Coupled Amplifiers 

Direct-coupled amplifiers are 
normally used in transistor circuits 
to amplify small de or very-low-
frequency : le signals; they can am-
plify signals having a frequency 
zero hertz. File upper frequency limit 
of such an amplifier may range 
from a few hundred hertz in gen-
eral-purpose electrometer applica-
tions to several megahertz in other 
applications. In general, de ampli-
fiers are used to amplify the output 
of transducers which Produce quan-
titative information relative to heat, 
vibration, pressure, speed, and dis-
tance. Other applications include the 
output stages of series-type and 
shunt-type regulating circuits, chop-
per- type circuits, differential ampli-
fiers, and pulse amplifiers. 

Direct-coupled amplifiers are also 
used in chopper-type circuits to am-
plify low-level de signals, as illu-
strated by the block diagram in Fig. 
146. The de signal modulates an ac 

0 

 0 

Fig. 146 Blm•A \howilig aciien of "chopper" circuii. 

CHOPPER INTEGRATOR 
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carrier wave, usually a square wave, 
and the modulated wave is then am-
plified to a convenient level. The 
series of amplified pulses can then 
be detected and integrated into the 
desired de output signal. 

Chopper amplifiers consist of three 
basic sections. The first section con-
verts the low-level input signal into 
a modulated ac signal, the second 
section amplifies this ac signal, and 
the third section demodulates the 
amplified signal. 
The first section of a chopper am-

plifier is fundamentally a continu-
ously operated ON-OFF switch. 
Ideally, this switch would have zero 
ON resistance, infinite OFF resist-
ance, zero shunt capacitance, and 
zero switching time. It would also 
require no driving power and have 
infinite life. In actual practice, it is 
possible to achieve satisfactory per-
formance with a switch that does 
not have these ideal characteristics. 
The two basic circuit configura-

tions for chopping are the series 
chopper and the shunt chopper. The 
shunt chopper is the more popular 
of the two because it can be capaci-
tively coupled to an ac amplifier 
without the need for either a choke 
or a transformer. The series chopper 
has the disadvantage that it re-
quires a de return path for the input 
current. This path can be provided 
by an additional resistor at the ex-
pense of over-all circuit efficiency. 
The basic series chopper circuit 

using an MOS transistor is shown 
in Fig. 147. This circuit has the 
characteristics of a simple L-pad 
attenuator in which the transistor 
is the variable series resistor. In the 
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Fig. 147 Basic series chopper circuit 
uww,P an ,VOS tranAismr. 

ON condition, the value of the de 
return resistance R. must be large 
compared to the load resistance RI. 
to minimize resistive losses; 1'4, in 
turn, must be large compared to the 
intrinsic drain resistance rd(ON) so 
that the voltage Vr, across the load 
approaches the value of the de input 
voltage V,;. In the OFF condition, 
the de return resistance R must be 
small compared to rd(OFF). Because 
of these restrictions, the series 
chopper is seldom used except when 
the fixed resistance Rs can be made 
variable by replacing it with a shunt 
chopper arranged to be OFF when 
the series chopper is ON, and vice 
versa. 

Fig. 148 shows. ea shunt chopper. 
circuit using an MOS transistor. In 
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148 Basic shunt copper circuit im.w,r 
using an MOS transistor. 

this circuit, the intrinsic drain re-
sistance rd of the transistor must be 
small compared to the load resist-
ance RI, in the ON condition, but 
must be large compared to the fixed 
series resistance RD in the OFF con-
dition. The requirement for rd ( ON) 
to have a very small value is mini-
mized if RE is the high input im-
pedance of an MOS transistor 
amplifier stage. Because of their 
high ON-to-OFF resistance ratio, 
negligible gate-leakage currents, and 
low feedthrough capacitance, MOS 
transistors considerably improve the 
level of solid-state chopper Per-
formance. 

Differential amplifiers can be used 
to provide voltage regulation, or to 
compensate for fluctuations in cur-
rent due to signal, component, or 
temperature variations. Typical dif-
ferential-amplifier circuits, such as 
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those shown in Fig. 149, may also 
include an output stage which sup-
plies current to the load resistor R, 
and the necessary number of direct-

Fig. 149 Typical difierential-amplifiei-
circuit.s. 

coupled cascaded stages to provide 
the required amount of gain for 
a given condition of line-voltage 
or load-current regulation. The 
reference-voltage source VI, is 
placed in one of the cascaded stages 
in such a manner that an error or 
difference signal between VR and 
some portion of the output voltage 
Vo is developed and amplified. Some 
form of temperature compensation 
is usually included to insure stabil-
ity of the direct-coupled amplifier. 

MOS-transistor de amplifiers may 
take several different forms, includ-
ing single-ended input to single-
ended output, differential input to 
single-ended output, and differential 
input to differential output. Normally 
de amplifiers require direct coupling 
of all stages ( no coupling capacitors). 
In some versions of de amplifiers, 
this requirement is circumvented by 

conversion of the low- or zero-fre-
quency input signal into a modulated 
ac signal, amplification of this sig-
nal by means of capacitor-coupled 
stages, and then dumudulation of 
the amplified signal to restore it 
to the original de form. The 
necessary modulation may he ac-
complished by a number of dif-
ferent techniques, including electri-
cally actuated mechanical switches, 
electronic switches, photo-optical 
switches, magnetic modulators, and 
diode bridge modulators. Input de-
vices which function as switches are 
generally referred to as "choppers" 
because, as described above, they 
divide the input signal into segments 
in the form of square waves or 
pulses having an amplitude propor-
tional to the amplitude of the input 
signal. 

Single-ended de amplifiers which 
do not employ "choppers" have a 
continuous ohmic current path be-
tween the input and the output as 
the result of direct coupling of all 
stages ( i.e., the omission of all ca-
pacitive or inductive forms of cou-
pling). In this configuration, the 
steady-state voltage at the output 
of one stage appears at the input of 
the next stage. In a typical cascade 
arrangement using MOS field-effect 
transistors, the signal progresses 
from the drain of the first unit to 
the gate of the next and so on to the 
last stage, as shown in Fig. 150. 

In general, the ideal MOS tran-
sistor for use in a single-ended de 
amplifier circuit has an optimum 
zero-signal operating point which is 
obtained at a gate voltage having 
the same magnitude as the optimum 
drain voltage and also the same 
polarity. Because enhancement-type 
MOS transistors automatically meet 
the latter requirement and can be 
designed to meet the former require-
ment, they are generally the logical 
choice for most direct-coupled cir-
cuits. If other device considerations 
(such as gain, input impedance, 
temperature coefficient, or noise) re-
quire the use of depletion-type tran-
sistors, such transistors can be 
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0—Typical single-ended dc amplifier using p-channel enhancement-type MOS 
transistors. 

direct-coupled by the use of level 
shifting, as shown in Fig. 151. In 
this circuit configuration, the source 
terminal is generally placed at a 
potential equal to or greater than 
the drain-to-source voltage of the 
preceding stage. In the arrangement 
of Fig. 151, the gate is at a net 
zero voltage or is reverse-biased 
relative to the source. 

Although MOS transistors are not 
optimized for direct-coupled appli-
cations, they can be used in such 
circuits because they have low gate 
leakage current (typically fractions 
of a picoampere), total input capaci-
tance of about 5 picofarads, and 
an appreciable value of forward 
transconductance. In addition, tight 
production control limits the spread 
of drain current between individual 
transistors to a variation of ap-
proximately two to one for a high 
degree of interchangeability. 

o  

VIN 

For a fixed value of supply volt-
age, there are only three ways to 
increase the stage voltage gain A in 
a single-ended amplifier: (1) use of 
a transistor having a higher ratio of 
gate-to-drain forward transconduct-
ance gfs to drain current In; ( 2) use 
of a higher value of load resistance 
RI, (if RI, is less than the common-
source output resistance r.$); and 
(3) use of a transistor having a 
higher value of r. The load re-
sistance RI, can only be increased to 
the point where the product of ID 
and RI, is equal to approximately 
one-half the supply voltage. In gen-
eral, the ratio of transconductance 
to drain current increases as drain 
current is decreased by negative gate 
bias. As a result, the stage voltage 
gain may be increased and power 
consumption decreased at the same 
time. 
The increased voltage gain of an 

MOS transistor at reduced values of 

Rf:)1 §RD2 

+ VDD 
 o 

VOUT 

Fig. 151 DC amplifier circuit in which n-channel depletion-type MOS transistors are 
direct-coupled by use of level .shifling. 
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drain current may be accompanied 
by a relatively large drift in the 
operating point if there are wide ex-
cursions in ambient temperature. 
Many field-effect transistors have a 
point on their forward-transfer 
characteristic which is relatively in-
sensitive to temperature variations. 
If this point does not coincide with 
the operating point which provides 
the desired voltage gain, a design 
compromise is required. As shown 
in Fig. 152, the zero-temperature-
coefficient point may be identified by 
measurement of the forward-trans-
fer characteristic at different am-
bient temperatures. 
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Fig. 152 Forward-transfer characteristics 
of MOS transistor at 25°C and —30°C. 

Voltage-Controlled Attenuators 

Because the drain current-voltage 
characteristic of MOS transistors 
remains linear at low drain-to-source 
voltages, these devices can be used 
as low-distortion voltage-controlled 
attenuators. The principal advan-
tages of MOS transistors in this ap-
plication are negligible gate-power 
requirements and large dynamic 
range. 

Fig. 153 shows drain resistance as 
a function of gate-to-source voltage 
for a typical n-channel depletion-
type insulated-gate transistor. Tran-
sistors having higher pinch-off 
voltages accept correspondingly 
greater peak signal-voltage swings 
before wave-shape distortion occurs. 
However, the higher-pinch-off-volt-
age transistors require higher gate-
voltage excursions to cover the re-
sistance range from minimum to 
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Fig. 153—Drain resistance as a function 
of gate voltage for typical n-channel deple-

tion-type MOS transistor. 

maximum. A typical n-channel MOS 
transistor produces total harmonic 
distortion of less than two per cent 
in a 100-millivolt 400-Hz sine wave. 
Fig. 154 shows an attenuator circuit 
using an MOS transistor and the 
output signal of the circuit as a 
function of gate-to- source voltage. 
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Fig. 154—Output signal as a function of 
gate voltage for MOS transistor in circuit 

shown. 

Figs. 155 to 157 show several pos-
sible attenuator circuit configura-
tions which use MOS transistors as 
voltage-variable resistors. The cir-
cuit in Fig. 155 is desirable for use 
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I55—Attenuator circuit in which MOS 
liai sistor serves as variable-resistive ele-

ment in low side. 
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at high signal levels because at such 
levels the thermal noise of the one-
megohm series resistor does not de-
grade the signal-to-noise ratio of the 
system to an objectionable degree. 
This circuit is a simple L-pad con-
figuration in which the transistor 
serves as the *variable-resistive ele-
ment in the low side of the attenua-
tor. The maximum attenuation 
obtainable is generally between 60 
and 70 dB; minimum attenuation is 
1 to 2 dB. This circuit must be fol-
lowed by a high-impedance load 
such as a common-source amplifier 
stage. 
The circuit shown in Fig. 156 is 

the inverse of that in Fig. 155; i.e., 
the transistor serves as the variable-
resistive element in the high side of 
the attenuator. Maximum attenua-
tion in this circuit is also between 
GO and 70 dB; minimum attenuation 
is between 1 and G dB. This circuit is 

Fig. 156—Attenuator circuit in which MOS 
transistor serves as variable-resistive ele-

ment in high side. 

usually followed by a low-impedance 
load such as a common-emitter bi-
polar transistor amplifier stage. 

Fig. 157 shows a method which 
controls both arms of an L-pad at-
tenuator simultaneously. In this cir-
cuit, a p-channel enhancement-type 
MOS transistor is used in the upper 
arm and an n-channel depletion-type 
MOS transistor is used in the lower 
arm. When negative voltage is ap-
plied to the gates, the resistance of 
the n-channel unit increases at the 
same time that the resistance of the 
p-channel unit decreases. When the 
gate control is at zero volts, the 
drain resistance of Q2 is about 500 

IN 

r--

CONTROL VG 

FiLr. 157 L-pad attenuator circuit using 
two MOS transistors. 

ohms and that of Q is about 10 
megohms. Under these conditions, a 
maximum attenuation of approxi-
mately 86 dB is obtained. When the 
gate control is at —6 volts, the drain 
resistance of Q2 is about 10 meg-
ohms and that of Qi is about 500 
ohms. Under these conditions, the 
attenuation is essentially zero. This 
circuit must work into a high-im-
pedance load. 
The following design considera-

tions are important for effective use 
of MOS field-effect transistors as 
linear attenuators: 

(a) The gate(s) must be ade-
quately decoupled to prevent the in-
troduction of unwanted signals. 

(b) The transistor attenuator must 
be inserted at a point in the system 
where the signal level is as high as 
the transistor can accept without 
excessive distortion. 

(c) In ac systems, the direct-cur-
rent flow through the transistor must 
be minimized by the use of suitable 
blocking capacitors. 

(d) In ac systems, proper layout 
must be used to minimize stray 
shunt capacitance. 

(e) In ac systems, the effects of 
the capacitive elements of the tran-
sistor must he considered. 

Tuned Amplifiers 

In radio-frequency (rf) and 
intermediate-frequency ( if) am pli• 
fiers, the bandwidth of frequencies 
to be amplified is usually only a 
small percentage of the center fre-
quency. Tuned amplifiers are used 
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in these applications to select the 
desired bandwidth of frequencies and 
to suppress unwanted frequencies. 
The selectivity of the amplifier is 
obtained by means of tuned inter-
stage coupling networks. 
The properties of tuned amplifiers 

depend upon the characteristics of 
resonant circuits. A simple parallel 
resonant circuit ( sometimes called a 
"tank" because it stores energy) is 
shown in Fig. 158. For practical pur-
poses, the resonant frequency of such 
a circuit may be considered inde-
pendent of the resistance R, provided 
R is small compared to the inductive 
reactance XL. The resonant fre-
quency fr is then given by 

fr 
1 

27: \/Lc 

For any given resonant frequency, 
the product of L and C is a constant; 
at low frequencies LC is large; at 
high frequencies it is small. 
The Q (selectivity) of a parallel 

resonant circuit alone is the ratio of 

o  

p 
(7: Q2 Rs) 

r  

1 "C 

158—Sinipic parallel resonant Circuit. 

the current in the tank (IL or lc) to 
the current in the line ( I). This un-
loaded Q, or Q.,, may be expressed 
in various ways, for example: 

Ir XL Rp 

Qo Rs 
••••••••Mal• 

Xc 

where X1, is the inductive reactance 
= 27r-fL), X, is the capacitive re-

actance ( =_- 1/[27rfC] ), and R1, is the 
total impedance of the parallel reso-
nant circuit ( tank) at resonance. The 
Q varies inversely with the resistance 
of the inductor R. The lower the re-
sistance, the higher the Q and the 

greater the difference between the 
tank impedance at frequencies off 
resonance compared to the tank im-
pedance at the resonant frequency. 
The Q of a tuned interstage cou-

pling network also depends upon the 
impedances of the preceding and fol-
lowing stages. The output impedance 
of a transistor can be considered as 
consisting of a resistance R. in par-
allel with a capacitance co, as shown 
in Fig. 159. Similarly, the input im-
pedance can be considered as consist-
ing of a resistance R, in parallel 
with a capacitance Ci. Because the 

OUTPUT OF 
PRECEDING 
TRANSISTOR 

COUPLING 
NETWORK 

0 0 -

I 3 
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  0  

INPUT OF 
FOLLOWING 
TRANSISTOR 

Fig. 159 Equivalent output and input cir-
cuits of transistors connected by a cou-

pling network. 

tuned circuit is shunted by both the 
output impedance of the preceding 
transistor and the input impedance 
of the following transistor, the ef-
fective selectivity of the circuit is 
the loaded Q ( or Qi,) based upon 
the total impedance of the coupled 
network, as follows: 

QL 

f total loading on 1 
coil at resonance' 

Xi, 01' X c 

The capacitances C0 and Ci in Fig. 
159 are usually considered as part of 
the coupling network. For example, 
if the required capacitance between 
terminals 1. and 2 of the coupling 
network is calculated to be 500 pico-
farads and the value of Ci, is 10 
picofarads, a capacitor of 490 pico-
farads is used between terminals 1 
and 2 so that the total capacitance is 
500 picofarads. The same method is 
used to allow for the capacitance Ci 
at terminals 3 and 4. 
When a tuned resonant circuit in 

the primary winding of a trans-
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former is coupled to the nonresonant 
secondary winding of the trans-
former, as shown in Fig. 160(a), the 
effect of the input impedance of the 
following stage on the Q of the tuned 
circuit can be determined by con-
sidering the values reflected ( or re-
ferred) to the primary circuit by 
transformer action. The reflected re-
sistance ri is equal to the resistance 
R, in the secondary circuit times the 
square of the effective turns ratio 
between the primary and secondary 
windings of the transformer T: 

r1 = R1 ( 1\1 1/N 2)' 

where NI/N2 represents the electrical 
turns ratio between the primary 
winding and the secondary winding 
of T. If there is capacitance in the 
secondary circuit ( Cs), it is reflected 
to the primary circuit as a capaci-
tance C, and is given by 

= C p : (N1 N2) 2 

The loaded Q, or QL, is then calcu-
lated on the basis of the inductance 
Lp, the total shunt resistance ( R. 
plus r, plus the tuned-circuit im-
pedance Z, 0 X Q,XL), and 
the total capacitance ( C„ C,) in 
the tuned circuit. 

Fig. 160(b) shows a coupling net-
work which consists of a single-
tuned circuit using mutual inductive 
coupling. The capacitance C, in-
cludes the effects of both the output 
capacitance of the preceding tran-
sistor and the input capacitance of 
the following transistor ( referred 
to the primary of transformer T1). 
The bandwidth of a single-tuned 
transformer is determined by the 
half-power points on the resonance 
curve (-3 dB or 0.707 down from 
the maximum). Under these condi-
tions, the band pass pf is equal 
to the ratio of the center or 
resonant frequency fr divided by the 
loaded ( effective) Q of the circuit, as 
follows: 

f = fr/Qr, 

I I 

R 0 t 

> r1 
• • : iz 

i iCsp 
I TCp 

4 4 

OUTPUT OF 
PRECEDING 
TRANSISTOR 

OUTPUT OF 
PRECEDING 
TRANSISTOR 

p L S Cs IT  1R1 

1 

N N 

2 4 

(b) 

INPUT OF 
FOLLOWING 
TRANSISTOR 

INPUT OF 
FOLLOWING 
TRANSISTOR 

(c) 

1()() -Equivalent circuits for trans-
former-coupling networks: (a) having tuned 
priniary winding; (b) using inductive cou-
pling; (c) using tap on primary winding. 

The inherent internal feedback in 
transistors can cause instability and 
oscillation as the gain of an amplifier 
stage is increased ( i.e., as the load 
and source impedances are increased 
from zero to matched conditions). 
At low radio frequencies, therefore, 
where the potential gain of transis-
tors is high, it is often desirable to 
keep the transistor load impedance 
low. Relatively high capacitance 
values in the tuned collector circuit 
can then be avoided by use of a tap 
on the primary winding of the 
coupling transformer, as shown in 
Fig. 160(c). At higher frequencies, 
the gain potential of the transistor 
decreases, and impedance matching 
is permissible. However, lead induct-
ance becomes significant at higher 
frequencies, particularly in the emit-
ter circuit. All lead lengths should he 
kept short, therefore, and especially 
the emitter lead, which not only de-
grades performance but is also a 
mutual coupling to the output circuit. 

External feedback circuits are 
often used in tuned coupling net-
works to counteract the effects of 
the internal transistor feedback and 
thus provide more gain or more 
stable performance. If the external 
feedback circuit cancels the effects 
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of both the resistive and the reac-
tive internal feedback, the amplifier 
is considered to be unilateralized. If 
the external circuit cancels the effect 
of only the reactive internal feed-
back, the amplifier is considered to 
be neutralized. 
A typical tuned amplifier using 

neutralization is shown in Fig. 161. 
The input signal to the transistor 
is an if carrier ( e.g., 455 kHz) am-
plitude-modulated by an audio sig-
nal. Capacitor C1 and the primary 
winding of transformer n form a 
parallel-tuned circuit resonant at 
455 kHz. Transformer T, couples the 
signal power from the previous stage 
to the base of the transistor. Resis-
tors R, and R3 provide forward bias 
to the transistor. Capacitor C3 pro-
vides a low-impedance path for the 
455-kHz signal from the input tuned 
circuit to the emitter. Resistor Ite 
which is bypassed for 455 kHz by 
capacitor CI, is the emitter de sta-
bilizing resistor. The amplified signal 
from the transistor is developed 
across the parallel resonant circuit 
(tuned to 455 kHz) formed by ca-
pacitor G, and the primary winding 
of transformer T2, and is coupled by 
T2 to the crystal-diode second de-
tector CR1. 
Because of the phase reversal in-

herent in the common-emitter con-

figuration, reactive feedback in the 
transistor due to the internal capaci-
tance between the collector and the 
base is 180 degrees out of phase with 
the input. Ti the external feedback 
loop, therefore, current at the inter-
mediate frequency is taken from the 
secondary winding of the single-
tuned output transformer and ap-
plied to the base of the transistor 
through the feedback ( neutralizing) 
capacitor CG. Because this current is 
180 degrees out of phase with the col-
lector current, it cancels the reactive 
feedback in the transistor and thus 
improves the gain of the circuit. 
The rectified output of the crystal 

diode CR1 is filtered by capacitor C7 
and resistor R1 so that the voltage 
across capacitor C7 consists of an 
audio signal and a de voltage ( posi-
tive with respect to ground for the 
arrangement shown in Fig. 161) that 
is directly proportional to the am-
plitude of the if carrier. This dc 
voltage is fed back to the base of 
the transistor through the resistor 
R, to provide automatic gain control. 
Resistor R., and capacitor C2 form 
an audio decoupling network to pre-
vent audio feedback to the base of 
the transistor. 

Neutralization, output selectivity, 
and input and output matching 
are prime considerations in the 

 MA.  

OUTPUT 
TO AUDIO 
AMPLIFIER 

Fig. 161 Neutralized if-amplifier and second-detector circuit. 
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design of MOS rf circuits. The last 
two areas are filter-design problems 
to which there are numerous solu-
tions. The neutralization requirement 
can also be satisfied in many ways. 
Some of the more popular circuit 
techniques are shown in Fig. 162. 

In the circuit of Fig. 162(a), ca-
pacitor Cr represents the internal 
feedback capacitance of the MOS 
transistor amplifier A. An inverted 
output signal from the secondary of 
the transformer is fed back through 
a neutralization capacitance C.. This 
feedback signal cancels the signal 
fed back through the internal path 
Cf. 

The circuits in Fig. 162(b), ( c), 
and ( d) are best explained by bridge-
type circuit models. In Fig. 162(b) 
the additional capacitors C. and C. 
form a capacitance bridge with Ci 
and the output ( drain) capacitance 
C1). Thus, when the bridge is balanced 
so that CC D equals C.Cf, zero sig-
nal appears at the input for any 
value of Eu at the output, i.e., the 
amplifier is neutralized. In Fig. 
162(c), a capacitive bridge can be 
formed by use of the input ( gate) 
capacitance instead of the output 
capacitance; C. and C. are added to 
form a bridge with Cf and CG. In the 
balanced state C.CG equals CfC. and 
the amplifier is neutralized. An in-
ductance-capacitance bridge can be 
formed by inductors L1 and L2 in 
Fig. 162(d). When LiC I, equals L2Cf, 
the amplifier is neutralized. 

E 

Cf Cn 

Fig. 162 

(b) 

(a) 

Cri 

1••••• 
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A typical neutralized rf amplifier 
circuit using an n-channel MOS 
transistor is shown in Fig.. 163. The 
transistor shown is intended for 
operation at frequencies up to 60 
MHz, although it has useful re-
sponse well beyond this value. Typi-
cally, its forward transconductance 

does not drop 3 dB until ap-
proximately 150 MHz. The stage 
shown in Fig. 163 has a typical 
power gain of 10 to 18 dB at 60 
MHz. Cross-modulation typically is 

RF 
INPUT 

NEUTRALIZING 
CAPACITOR 

 vi  <D 
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 -(«D 
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Fig. 163—Typical 60-MHz rf-amplifier 
stage using MOS transistor. 

less than one per cent for interfer-
ing signal voltages up to 200 milli-
volts. 

In the design of low-level tuned 
rf amplifiers, careful consideration 
must be given to the transistor and 

Cf 

Li 

L2 - 

 )1  

A 

(d) 

(c) 
Mu» 

Some snitable neutrcllizing techniques for MOS rf circuits, 
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FREQUENCY 

circuit parameters which control cir-
cuit stability, as well as those which 
maintain adequate power gain. The 
power gain of an rf transistor must 
be sufficient to provide a signal that 
will overcome the noise level 
of succeeding stages. In addition, 
if the signals to be amplified 
are relatively weak, it is important 
that the transistor and its associated 
circuit provide low noise figure at 
the operating frequency. In com-
munication receivers, the noise fig-
ure of the rf stage determines the 
absolute selectivity of the receiver 
and is, therefore, one of the most 
important characteristics of the de-
vice used in the rf stage. 
The relative power-gain capabili-

ties of transistors at high frequencies 
are indicated by their theoretical 
maximum frequency of oscillation 
f„,„,. At this frequency, the unilateral-
ized matched power gain, or maxi-
mum available gain MAG, is zero dB. 
As shown in Fig. 164, the curve of 
MAG as a function of frequency for 
a typical rf transistor rises approxi-
mately G dB per octave below fn.,. 

SLOPE 6dB/OCTAVE 

FREQUENCY --11-

Fig. 164 Maximum available gain MAG, 
maximum usable j,rain MUG, and noise 

figure NF as function.% of frequency. 

Because most practical rf ampli-
fiers are not individually unilateral-
ized, the power gain that can be 
obtained is somewhat less than the 
MAG because of internal feedback in 
the circuit. This feedback is greater 
in unneutralized circuits than in neu-
tralized circuits, and therefore gain 
is lower when neutralization is not 
used. From a practical considera-
tion, the feedback capacitance which 
must be considered is the total feed-
back capacitance between collector 
and base, including both stray and 
socket capacitances. In neutralized 
circuits, stray capacitances, socket 
capacitance, and the typical value of 
device capacitance can generally be 
neutralized. At a given frequency, 
therefore, the maximum usable 
power gain MUG of a neutralized cir-
cuit depends on the transconductance 
gm and the amount of internal feed-
back capacitance C. In unneutralized 
circuits, however, both socket and 
stray capacitances are involved in 
the determination of gain and must 
be included in the value of Cf. The 
ratio of gu, to Cf should be high to 
provide high power gain. Fig. 164 
shows typical curves of MAG and 
MUG (for both the neutralized and 
the unneutralized case) for a low-
level rf transistor used in a common-
emitter circuit. 
The transistor requirements for 

high power gain and low noise figure 
are essentially the same. Published 
data for transistors intended for low-
level rf applications generally indi-
cate a minimum power gain and a 
maximum noise figure in a circuit 
typical of the intended use. A curve 
of noise figure NF as a function of 
frequency is also shown in Fig. 164. 
Circuit design factors for lowest 
noise figure include use of a low-
noise transistor, choice of optimum 
bias current and source resistance, 
and use of low-loss input circuits. 
Optimum low-noise bias current for 
most low-level rf transistors is 
about 1 milliampere, or slightly 
higher in the uhf range. Optimum 
source resistance is a function of 
operating frequency and bias current 
for a given transistor. 
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Although maximum theoretical 
power gain cannot be achived in 
practical circuits, the gain of MOS 
transistors at high frequencies 
closely approximates the theoretical 
limit except for some losses in the 
input and output matching circuits. 
Power gain is essentially inde-

pendent of channel width, which is 
a determining factor in the size of 
MOS transistors. For example, if 
the width of the transistor is re-
duced by one half ( and the steady-
state drain current is similarly 
reduced to maintain a constant cur-
rent density in the device) power 
gain remains the same because the 
transconductance, the input con-
ductance, and the output conductance 
are all reduced by one half. Con-
sequently, the frequency capability 
of MOS transistors can be increased 
by a reduction in their size. 
The input circuit to the first stage 

of the amplifier should have as little 
loss as possible because such loss 
adds directly to the otherwise attain-
able noise figure. In other words, if 
the loss at the input to the first stage 
is 2 dB, the amplifier noise figure will 
be 2 dB higher than could be achieved 
with no loss at the input. To mini-
mize such loss, it is generally desir-
able that the ratio of unloaded Q 
(Q.,) to loaded Q ( Q.) of the input 
circuit be high and that the bias re-
sistors be isolated from the input by 
chokes or tuned circuits. 

In practical rf-amplifier circuits 
using MOS transistors, the best pos-
sible noise figures are obtained when 
the input impedance of the transistor 
is. slightly mismatched to that of 
the source. With this technique, 
noise figures as low as 1.9 dB have 
been obtained. 

Fig. 165 shows the input noise re-
sistance RN of typical MOS transis-
tors as a function of frequency. In 
the region where the curves differ, 
the noise for n-channel MOS units 
closely resembles -shot noise", Le., 
the equivalent noise current I„ in-
creases linearly with direct current, 
rather than with the square root of 
the direct current as in the case of 
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Fig. 165—Input noise resistance Ry of 
N4 OS transistors as a function of frequency. 

thermal noise. Noise figures of 2 to 
4 dB appear practical for MOS tran-
sistors operating in the vhf range. 

In high-frequency tuned ampli-
fiers, where the input impedance is 
typically low, mutual inductive coup-
ling may be impracticable because 
of the small number of turns in the 
secondary winding. It is extremely 
difficult in practice to construct a 
fractional part of a turn. In such 
cases, capacitance coupling may be 
used, as shown in Fig. 166. This ar-
rangement, which is also called 
capacitive division, is similar to 

OUTPUT OF 
PRECEDING 
TRANSISTOR 

INPUT OF 
FOLL0eNG 
TRANSISTOR 

Fig /66 Single-tuned coupling network 
using capacitive division. 

tapping down on a coil at or near 
resonance. Impedance transformation 
in this network is determined by the 
ratio between capacitors C, and C2. 

Capacitor C, is normally much 
smaller than C2; thus the capacitive 
reactance Xds, is normally much larger 
than Xr2. Provided the input resist-
ance of the following transistor is 
much greater than X(.2, the effective 
turns ratio from the top of the coil 
to the input of the following tran-
sistor is ( C1 C2)/CI. The total ca-
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pacitance C. across the inductance L 
is given by 

C1C9 
Ct _  

+ C2 

The resonant frequency fr 
given by 

fr = 
27c VL C t 

Double-tuned interstage coupling 
networks are often used in prefer-
ence to single-tuned networks to 
provide flatter frequency response 
within the pass band, a sharper drop 
in response immediately adjacent to 
the ends of the pass band, or more 
attenuation at frequencies far re-
moved from resonance. In syn-
chronous double-tuned networks, 
both the resonant circuit in the in-
put of the coupling network and the 
resonant circuit in the output are 
tuned to the same resonant fre-
quency. In "stagger-tuned" net-
works, the two resonant circuits are 
tuned to slightly different resonant 
frequencies to provide a more rec-
tangular band pass with sharper se-
lectivity at the ends of the pass band. 
Double-tuned or stagger-tuned net-
works may use capacitive, inductive, 
or mutual inductance coupling, or any 
combination of the three. 

Automatic gain control (age) is 
often used in rf and if amplifiers in 
AM radio and television receivers to 
provide lower gain for strong signals 
and higher gain for weak signals. 
(In radio receivers, this gain-com-
pensation network may also be called 
automatic volume control or ave.) 
When the signal strength at the an-
tenna changes, the age circuit modi-
fies the receiver gain so that the out-
put of the last if-amplifier stage 
remains nearly constant and conse-
quently maintains a nearly constant 
speaker volume or picture contrast. 
The age circuit usually reduces the 

rf and if gain for a strong signal by 
varying the bias on the rf-amplifier 
and if-amplifier stages when the sig-
nal increases. A simple reverse age 
circuit is shown in Fig. 167. On each 
positive half-cycle of the signal volt-

1 

is then 

age, when the diode anode is positive 
with respect to the cathode, the diode 
passes current. Because of the flow 
of diode current through RI, there is 
a voltage drop acrúss rt, which makes 
the upper end of the resistor nega-
tive with respect to ground. This 
voltage drop across R1 is applied, 
through the filter R2 and C, as reverse 
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AGC DIODE 
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OUTPUT 
OF LAST 
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Fig. 167—Simple reverse age 

bias on the preceding stages. When 
the signal strength at the antenna in-
creases, therefore, the signal applied 
to the age diode increases, the volt-
age drop across R. increases, the re-
verse bias applied to the rf and if 
stages increases, and the gain of the 
rf and if stages is decreased. As a 
result, the increase in signal strength 
at the antenna does not produce as 
much increase in the output of the 
last if-amplifier stage as it would 
without age. 
When the signal strength at the 

antenna decreases from a previous 
steady value, the age circuit acts in 
the opposite direction, applying less 
reverse bias and thus permitting the 
if and if gain to increase. 
The filter composed of C and R2 

prevents the age voltage from vary-
ing at an audio frequency. This filter 
is necessary because the voltage 
drop across 11,, varies with the modu-
lation of the carrier being received. 
If age voltage were taken directly 
from R. without filtering, the audio 
variations in age voltage would vary 
the receiver gain so as to smooth 
out the modulation of the carrier. 
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To avoid this effect, the age volt-
age is taken from the capacitor C. 
Because of the resistance R, in series 
with C, the capacitor can charge 
and discharge at only a compara-
tively slow rate. The agc voltage 
therefore cannot vary at frequencies 
as high as the audio range, but can 
vary rapidly at frequencies high 
enough to compensate for most 
changes in signal strength. 
There are two ways in which auto-

matic gain control can be applied 
to a transistor. In the reverse age 
method shown in Fig. 167, age action 
is obtained by decreasing the collec-
tor or emitter current of the tran-
sistor, and thus its transconductance 
and gain. The use of forward age 
provides improved cross-modulation 
characteristics and better signal-
handling capability than reverse age. 
For forward age operation, however, 
the transistor used must be specially 
designed so that transconductance 
decreases with increasing emitter 
current. In such transistors, the 
current-cutoff characteristics are de-
signed to be more remote than the 
typical sharp-cutoff characteristics of 
conventional transistors. ( All tran-
sistors can be used with reverse age, 
but only specially designed types 
with forward age.) 

Reverse age is simpler to use, and 
provides less bandpass shift and tilt 
with signal-strength variations. The 
input and output resistances of a 
transistor increase when reverse age 
is applied, but the input and output 
capacitances are not appreciably 
changed. The change in the loading 
of tuned circuits is minimal, how-
ever, because considerable mismatch 
already exists and the additional mis-
match caused by age has little effect. 

In forward age, however, the input 
and output resistances of the tran-
sistor are reduced when the collector 
or emitter current is increased, and 
thus the tuned circuits are damped. 
In addition, the input and output 
capacitances change drastically, and 
alter the resonant frequency of the 
tuned circuits. In a practical circuit, 
the bandpass shift and tilt caused by 

forward age can be compensated to 
a large extent by the use of passive 
coupling circuits. 

Cross-modulation, an important 
consideration in the evaluation of 
transistorized tuner circuits, is pro-
duced when an undesired signal 
within the pass band of the receiver 
input circuit modulates the carrier 
of the desired signal. Such distor-
tion occurs when third- and higher-
odd-order nonlinearities are present 
in an rf-amplifier stage. In general, 
the severity of cross-modulation is 
independent of both the semiconduc-
tor material and the construction of 
the transistor ( provided gain and 
noise factor are not sacrificed). At 
low frequencies, cross-modulation is 
also independent of the amplitude 
of the desired carrier, but varies as 
the square of the amplitude of the 
interfering. signal. 
To measure cross-modulation dis-

tortion, it is necessary to determine 
the amplitude of the undesired sig-
nal which transfers one per cent 
of its modulation to the desired 
signal. In most cases, a value of 
100 millivolts or more over the com-
plete age range is considered good. 
The cross-modulation characteristics 
of MOS transistors are as good as 
those of bipolar transistors in the 
high-attenuation region, and are as 
much as ten times better in the low-
attenuation region (when the in-
coming signal is weak). This low 
cross-modulation distortion should 
ultimately lead to extensive use of 
MOS transistors in the rf stages of 
all types of communications re-
ceivers. 

In most rf circuits, the undesir-
able effects of cross-modulation can 
be minimized by good selectivity in 
the antenna and rf interstage coils. 
Minimum cross-modulation can best 
be achieved by use of the optimum 
circuit Q with respect to bandwidth 
and tracking considerations, which 
implies minimum loading of the tank 
circuits. 

In rf circuits where selectivity is 
limited by the low unloaded Q's of 
the coils being used, improved cross-
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modulation can be obtained by mis-
matching the antenna circuit ( that 
is, selecting the antenna primary-
to-secondary turns ratio such that 
the reflected antenna impedance at 
the base of the rf amplifier is very 
low compared to the input imped-
ance). This technique is commonly 
used in automobile receivers, and 
causes a slight degradation in noise 
figure. At high frequencies, such 
as in television, where low source im-
pedances are difficult to obtain be-
cause of lead inductance or the 
impracticality of putting a tap on 
a coil having one or two turns, an 
unbypassed emitter resistor having 
a low value of resistance ( e.g., 22 
ohms) may be used to obtain the 
same effect. 

Cross-modulation may occur in 
the mixer or rf amplifier, or both. 
Accordingly, it is important to ana-
lyze the entire tuner as well as the 
individual stages. Cross-modulation 
is also a function of age. At sen-
sitivity conditions where the rf 
stage is operating at maximum gain 
and the interfering signal is far 
removed from the desired signal, 
cross-modulation occurs primarily in 
the rf stage. As the desired signal 
level increases and age is applied 
to the rf stage, the rf transistor gain 
decreases and provides improved 
cross-modulation. If the interfering 
signal is close to the desired signal, it 
is the rf gain at the undesired signal 
frequency which determines whether 
the rf stage or mixer stage is the 
prime contributor of cross-modula-
tion. For example, it is possible that 
the rf stage gain ( including selec-
tivity of tuned circuits) at the un-
desired frequency is greater than 
unity. In this case, the undesired 
signal at the mixer input is larger 
than that at the rf input; thus the 
contribution of the mixer is appre-
ciable. Intermediate and high signal 
conditions may be analyzed similarly 
by considering rf age. 

If adequate limiting is employed, 
cross-modulation does not occur in 
an FM signal. 

Spurious-response characteristics 
are an important consideration in 
the evaluaton of transistorized FM 
tuner circuits. Like cross-modulation, 
spurious response, an effect caused 
by the mixture of unwanted signals 
with the desired carrier, can occur 
in either the rf stage or the mixer. 
MOS field-effect transistors are es-
pecially suitable for use in FM rf-
amplifier and mixer stages because 
of their inherently superior spurious-
response rejection properties and 
signal-handling capabilities. 
When spurious response is cre-

ated in the rf amplifier, it may be 
removed by improved filtering be-
tween the rf amplifier and the mixer. 
When used as an rf amplifier, the 
MOS transistor produces an output 
signal that contains low levels of 
the harmonics of unwanted signals. 
As a result, the need for a double-
tuned rf interstage transformer is 
reduced and acceptable performance 
can usually be achieved with single-
tuned circuits in both the antenna 
and rf interstage sections. 
The dynamic-range capability of 

MOS field-effect transistors is about 
25 times greater than that of bi-
polar transistors. In an actual tuner 
circuit, ths large intrinsic dynamic 
range is reduced by a factor propor-
tional to the square of the circuit 
source impedances. The net result 
is a practical dynamic range for 
MOS tuner circuits about five times 
that for bipolar types. 

With MOS field-effect transistors, 
as contrasted with either bipolar 
transistors or junction-gate field-
effect transistors, there is no load-
ing of the input signal, nor drastic 
change of input capacitance even 
under extreme overdrive conditions. 

In junction-gate field-effect tran-
sistors, a large incoming signal can 
have sufficiently high positive swing 
to drive the gate into conduction by 
a momentary forward bias; power 
is then drawn from the input signal 
just as if a resistance were placed 
across the input circuit. In bipolar 
transistors, there is a gradual change 
of both input impedance and input 
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capacitance as a function of large 
signal excursions. These changes are 
undesirable because they can result 
in detuning of tuned circuits and 
widening of the input selectivity 
curve. 

Fig. 168 shows an FM tuner with 
an MOS-transistor 11-amplifier 
stage; the operation of the tuner 

300 OHM 
ANTENNA 

3 

RF AMPLIFIER 

2 

4 

- 

— - -41> 

OSCILLATOR 
- 

Fig. 168 —Typical FM tuner 

Commie 

loading of the interstage coil and 
cause some degradation in the selec-
tivity of the front end, they can be 
tolerated because the antenna coil 
is not loaded by the gate of the 
MOS transistor. 
The elimination of spurious re-

sponse is the primary goal in the 
circuit design shown in Fig. 168. 

•••••• 

MIXER 

r- - IF 
AMPLIFIER 

using MOS-transistor if-amplifier stage. 

is described in the Circuits section 
of this Manual. Figs. 169 through 
173 show curves that illustrate 
tuner performance. 

Selection of the appropriate 
source and load impedance for the 
rf stage is based on the fact that a 
low spurious response requires the 
gate of the MOS to be tapped as 
far down on the antenna coil as 
gain and noise considerations per-
mit. This arrangement applies the 
smallest possible voltage swing to 
the gate and makes optimum use 
a the available dynamic range. 

In addition, achievement of mini-
mum spurious response requires the 
use of the entire rf interstage coil 
as the load for the MOS transistor. 

This interstage coil, which is se-
lected on the basis of a compro-
mise between gain and bandwidth 
requirements, presents a slight mis-
match to the output impedance of 
the MOS transistor. Although these 
design compromises result in a slight 

Generally, a circuit that has a low 
spurious response is difficult to re-
produce. In some systems, the per-
formance of such a circuit depends 
on the exact operating points of the 
transistors used. When the rf-ampli-
fier transistor in Fig. 168 is changed, 
performance of the tuner remains 
essentially the same. Fig. 169 shows 
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Fig. /69—Half-if rejectiml as a function 
of operating point for Hiner iii Fig. 168. 

the change in the rejection of the 
"half-if" spurious response as a 
function of drain current for a typi-
cal MOS transistor. Fig. 170 shows 
the variation of 20-dB quieting 
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Fig. 173 Sen.sitivily \ for FM re-
ceiver rimer . 11()11.;1 168. 

sensitivity as a function of drain 
current. 

Figs. 174 and 175 show FM tuner 
circuits that use bipolar transistors 
only. The n-p-n silicon transistors 

used are characterized by very low 
feedback capacitance, low noise, and 
high useful power gain, and feature 
a terminal arrangement in which 
the base and emitter terminals are 
interchanged to provide maximum 
isolation between the base and col-
lector terminals. Although this 
basing configuration does not ap-
preciably change the measured 
device-feedback capacitance, it does 
allow reduction of the collector-to-
base capacitance due to external 
circuitry. 

Laboratory results indicate that 
although tuners using three tuned 
circuits ( including the oscillator 
tank) perform extremely well with 
regard to gain, noise, and rejec-
tion of certain higher-order spurious 
responses, the addition of another 
tuned circuit provides truly superior 
performance with regard to the at-
tenuation of all spurious responses 
including image and the trouble-
some "half-if." 

Figs. 174 and 175 each show the 
schematic diagram of a four-coil 
tuner designed around bipolar tran-
sistors. The de conditions of both 
circuits are identical. The rf-stage 
transistor operates in the common-
emitter configuration at an emitter 
current of 1.5 milliamperes. This 
configuration offers the highest 
stable gain at FM frequencies; 
the operating point specified was 
chosen as a compromise between 
noise, gain, and spurious response 
rejection. The mixer transistor oper-
ates in a common-emitter configura-
tion at 1.5 milliamperes. The 
oscillator transistor operates in the 
common-collector configuration at 
approximately 2.5 milliamperes and 
provides approximately 28 millivolts 
of injection voltage to the mixer 
base. The common-collector con-
figuration was chosen because it of-
fer the greatest frequency stability 
with respect to changes in voltage 
and temperature. Also, if recom-
mended wiring practices are adhered 
to, the use of the common-collector 
oscillator minimizes higher-order 
spurious responses. 
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Four-coil VII tuner with double-tuned antenna transformer. 174 

_ 

In Fig. 174 the antenna coil is 
double-tuned, and thus provides 
better selectivity characteristics 
ahead of the rf stage than a single-
tuned transformer under the same 
impedance-matching condition. By 
using coils with unloaded, mounted 
Q's of 100, sufficient selectivity is 
realized so that at signel levels up 
to 200 millivolts there are no spuri-

-12V 

ous responses within the FM fre-
quency band. One disadvantage of 
double-tuned transformers is the 
coupling loss associated with them. 
Noise performance is degraded from 
that obtained when single tuning is 
employed in the antenna coil by 
exactly the coupling loss of the 
double-tuned coil. 

Because the IHF ( Institute of 

1> 

-12 V 

Fig. 175----Tour-coil FM tuner with d(mble-tuned rf transformer. 
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High Fidelity) sensitivity has de-
veloped into an important require-
ment and because a low value of 
IHF sensitivity is determined in 
part by noise performance, a circuit, 
Fig. 175, has been designed that 
improves the noise performance and 
yet maintains a high degree of re-
jection of spurious responses. It is 
felt that although high selectivity 
ahead of the rf stage is desirable, it 
is not essential. Laboratory tests in-
dicate that the mixer is primarily 
responsible for spurious generation 
and that it is more important to 
maintain low drive to the mixer 
base and to have adequate selectivity 
ahead of it. Because the over-all gain 
from antenna to mixer base must 
be kept low enough for spurious im-
munity, and sufficiently high ( 10 to 
15 dB) to mask mixer noise, it is 
clear that all of the available maxi-
mum usable gain is not needed. At 
a sacrifice of some gain, therefore, 
the selectivity characteristics of the 
double-tuned rf transformer can be 
improved by decreasing the cou-
pling. It is assumed that if har-
monics are generated in the rf stage, 
they will be adequately attenuated 
by the rf transformer. With a single-
tuned antenna coil, circuit noise 
performance is improved for the rea-
sons described. 

Neither of the four-coil tuner cir-
cuits shown in Figs. 174 and 175 
uses a 10.7-MHz if trap because the 
need for such a trap is eliminated 
with the use of the inductively 
tapped transformer. 
A choice of first if transformer 

is offered. One version employs a 
capacitance-tapped secondary, as 
shown in Figs. 174 and 175; the 
other has an inductively tapped 
secondary. Electrically, both trans-
formers are identical. 
A limiter circuit is essentially an 

if-amplifier stage designed to pro-
vide clipping at a desired signal level. 
Such circuits are used in FM receiv-
ers to remove AM components from 
the if signal prior to FM detection. 
The limiter stage is normally the last 
stage prior to detection, and is simi-

lar to preceding if stages. At low 
input rf signal levels, it amplifies the 
if signal in the same manner as pre-
ceding stages. As the signal level in-
creases, however, a point is reached 
at which the limiter stage is driven 
into saturation ( i.e., the peak currents 
and voltages are limited by the sup-
ply voltage and load impedances and 
increases in signal produce very little 
increase in collector current). At 
this point, the if signal is "clipped" 
(or flattened) and further increases 
in rf signal level produce no further 
output in if signal to the detector. 

Limiter stages may be designed to 
provide clipping at various input-
signal levels. A high-gain FM tuner 
is usually designed to limit at very 
low rf input signal levels, and pos-
sibly even on noise signals. Addi-
tional AM rejection may be obtained 
by use of a ratio detector for the 
frequency discriminator. 

Wideband (Video) Amplifiers 

In television camera chains as 
well as in ac voltmeters and vertical 
amplifiers for oscilloscopes, it is 
necessary for a transistor circuit to 
amplify signals ranging from very 
low frequencies ( several hertz) to 
high frequencies ( tens of megahertz) 
with a minimum of frequency and 
time-delay distortion. In response to 
these demands, circuit compensation 
techniques have been developed to 
minimize the amplitude and time-
delay variation as the upper or lower 
frequency limits of the amplifier 
are approached. 
The need for such compensation is 

evident when many identical stages 
of amplification are employed. If ten 
cascaded stages are used, a variation 
of 0.3 dB per stage results in a total 
variation of 3 dB. In an uncompen-
sated amplifier, this total variation 
occurs two octaves (a frequency ratio 
of four) prior to the half-power 
point. Because two octaves are lost 
from both the high and low frequen-
cies, the bandwidth of ten cascaded 
uncompensated amplifier stages is 
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Fig. 176 Amplitude response characteristics 
compensated 

only one-sixteenth that of a single 
amplifier stage. Fig. 176 shows the 
amplitude response characteristics 
of various numbers of identical un-
compensated amplifiers. 

In general, the output of an ampli-
fier may be represented by a current 
generator Lit and a load resistance 
R1,, as shown in Fig. 177(a). Because 
the signal current is shunted by vari-
ous capacitances at high frequencies, 
as shown in Fig. 177(b), there is a 
loss in gain at these frequencies. If 
an inductor L is placed in series with 
the load resistor R1,, as shown in 
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Fig. 177(c), a low-Q circuit is formed 
which somewhat suppresses the ca-
pacitive loading. This method of gain 
compensation, called shunt peaking, 
can be very effective for improving 
high-frequency response. Fig. 177 
shows the frequency response for the 
circuits shown in Figs. 177(a), ( b), 
and ( c). If the inductor L shown in 
Fig. 177(c) is made self-resonant 
approximately one octave above the 
3-dB frequency of the circuit of Fig. 
177(b), the amplifier response is ex-
tended by about another 30 per cent. 

If the stray capacitance C shown 
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Fig. 177 Equivalent circuits and frequency response of uncompensated and shunt-
peaked amplifiers. 
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in Fig. 177(b) is broken into two 
parts Ct and C" and an inductor Li 
is placed between them, a heavily 
damped form of series resonance 
may be employed for further im-
provement. This form of compensa-
tion, called series peaking, is shown 
in Fig. 178. If Ct and C" are within 

Fig. 
and 

Li 

CII 1 

L2 —Lc 

L1 

CI CI, 

(a) (ID) 

178—Circuits using (a) series peaking, 
(h) both self-resonant shunt peaking 

and series peaking. 

a factor of two of each other, series 
peaking produces an appreciable im-
provement in frequency response as 
compared to shunt peaking. A more 
complex form of compensation em-
bodying both self-resonant shunt 
peaking and series peaking is shown 
in Fig. 178(b). 
The effects of various high-fre-

quency compensation systems can be 
demonstrated by consideration of an 
amplifier consisting of three identi-
cal stages. If each of the three stages 
is down 3 dB at 1 MHz, and if a 
total gain variation of plus 1 dB and 
minus 3 (1B is allowed, the band-
width of the amplifier is 0.5 MHz 
without compensation. Shunt peak-
ing raises the bandwidth to 1.3 MHz. 
Self- resonant shunt peaking raises it 
to 1.5 MHz. An infinitely complicated 
system could raise it to 2 MHz. If the 
distribution of capacitance permits 
it, series peaking alone can provide 
a bandwidth of about 2 MHz, while a 
combination of shunt and series 
peaking can provide a bandwidth of 
approximately 2.8 MHz. If the ca-
pacitance is perfectly distributed, 
and if an infinitely complex network 
of shunt and series peaking is em-
ployed, the ultimate capability is 
about 4 MHz. 
The frequency response of a wide. 

band amplifier is influenced greatly 

by variations in component values 
due to temperature effects, variation 
of transistor parameters with volt-
age and current ( normal large-signal 
excursions), changes of stray capaci-
tance due to relocated lead wires, or 
other variations. A change of 20 per 
cent in any of the critical parameters 
can cause a change of 0.7 dB in gain 
per stage over the last half-octave 
of the response for the most simple 
case of shunt peaking. As the band-
width is extended by more complex 
peaking, a circuit becomes substan-
tially more critical. ( Measurement 
probes generally alter circuit per-
formance because of their capaci-
tance; this effect should be considered 
during frequency-response measure-
ments.) 

In the design of wideband ampli-
fiers using many stages of amplifica-
tion, it is necessary to consider time. 
delay variations as well as amplitude 
variation. When feedback capaci-
tance is a major contributor to re-
sponse limitation, the more complex 
compensating networks may produce 
severe ringing or even sustained os-
cillation. If feedback capacitance is 
treated as input capacitance pro-
duced by the Miller effect, the added 
input capacitance Cf ° caused by the 
feedback capacitor Cf is given by 

Cf° Cf ( 1 VG) 

where VG is the input-to-output 
voltage gain. The gain VG, however, 
has a phase angle that varies with 
frequency. The phase angle is 180 
degrees at low frequencies, but may 
lead or lag this value at high fre-
quencies; the magnitude of VG then 
also varies. In the design of very 
wideband amplifiers ( 20 MHz or 
more), the phase of the transcon 
ductance gm must be considered. 

Fig. 179(a) shows three stages of 
a multistage wideband amplifier. 
The resistors R:t merely provide a 
high-impedance bias path for the col-
lectors of the transistors. The ac 
collector current of each transistor 
normally flows almost exclusively 
into the relatively low impedance 
offered by the base of the next stage 
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through the coupling capacitor C1. 
The resistive network R, and R2 pro-
vides a stable de bias for the tran-
sistor base. 

The mid-frequency gain of each 
stage is approximately equal to 
the common-emitter current-transfer 
ratio (beta) of the transistor if 
the component values are properly 
chosen. The high-frequency response 
is limited primarily by the transis-
tor gain-bandwidth product fr, the 
transistor feedback capacitance, and 
sometimes the stray capacitance. The 
low-frequency response is limited 
primarily by the value of the 
coupling capacitor C1. 
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Fig. 179(b) illustrates the use of 
high-frequency shunt peaking and 
low-frequency peaking at the ex-
pense of stage gain in the three 
stages of the wideband amplifier to 
extend the high- and low-frequency 
response. The emitter resistors Re 
are made as small as possible, yet 
large enough to mask the variation 
of transconductance, and thus volt-
age gain, as a function of signal-
current variation. For very small 
ratios of peak ac collector current to 
de collector current, this variation is 
not substantial. The resistors RG also 
partially mask the effect of the in-
trinsic base-lead resistance rb'. 

(a) 

.1•••• •Ma«lb 

(b) 

«UMW. 

Fig. 179—(a) Uncompensated and (h) compensated versions of three stages of a multi-
stage wide hand amplifier. 
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The base-bias resistors R, of Fig.. 
179(a) are split into two resistors 
R1 and R5 in Fig. 179 ( b) , with R4 well 
bypassed. The mid-frequency gain is 
then reduced to a value approximat-
ing R5 divided by R6. At this point, 
however, the high-frequency response 
is increased by the same factor. 
Shunt peaking is provided by L1 and 
C2 for additional high-frequency 
improvement. 
When the reactance of the bypass 

capacitor C3 is large compared to R5, 
the low-frequency gain is increased 
because the resistor no longer heavily 
shunts the transistor input. Selec-
tion of the proper value for C3 ex-
actly offsets the loss of low-frequency 
gain caused by C1. When the re-
actance of C3 approaches R4, how-
ever, the low-frequency peaking is 
no longer effective. 

MICROPHONE AUDIO 
AMPLIFIER(S) 

27-MHz 
CRYSTAL-CONTROLLED 

OSCILLATOR 

RF Power Amplifiers 

One of the most common uses of 
high-frequency power amplifiers is 
in radio transmitters. In one sec-
tion of the transmitter, an rf signal 
of the desired frequency is developed 
in an oscillator stage and amplified 
in one or more rf-amplifier stages. 
The audio-frequency ( af) modulat-
ing signal is impressed on the rf 
carrier in the final rf-power-ampli-
fier stage ( high-level modulation), 
in the rf low-level stage ( low-level 
modulation), or in both. Fig. 180 
shows a simplified block diagram of 
the transmitter portion of a citizens-
band transceiver that operates at 
a frequency of 27 MHz. 

Fig. 181 shows the schematic dia-
gram of a linear wideband ampli-
fier designed to operate over the 

AUDIO POWER 
AMPLIFIER 

27- MHz 
DRIVER 

27-MHz 
POWER AMPLIFIER ANTENNA 

Fig. 180—Simplified block diagram for the transmitter portion of a 27-MIL: communi-
cations transceiver. 
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FILf. 181 1-10-30-MHz linear power amplifier. 
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frequency range from 2 to 30 MHz 
in a single-sideband transmitter. The 
main advantages of a single-sideband 
transmitter are reduced power con-
sumption with respect to the effective 
transmission, reduced channel width 
to permit more transmitters to be 
operated within a given frequency 
range, and improved signal-to-noise 
ratio. Most commercially available 
rf power transistors are normally 
designed for class C operation. Tran-
sistors designed for single-sideband 
operation, however, are required to 
operate in the linear mode and, 
therefore, should have a flat beta 
curve. Emitter ballast resistors are 
usually employed with these transis-
tors to assure circuit stability and 
low distortion. 
Most transmitters used in the 30-

to-76-MHz communications band are 
frequency-modulated. Fig. 182 shows 
the schematic diagram of a wide-
band rf amplifier using an overlay 
transistor. With an input drive of 
3 watts, an amplifier of this type 
can provide a minimum power out-
put of 15 watts across the frequency 
band. The collector efficiency of the 
amplifier can be greater than 35 
per cent. 
One of the most obvious applica-

tions for broadband transmitters is 

-4- 24V 

50 
OHMS 

BALUN 
TRANSFORMER 

Fig. 182 Wideband (30-to-76-MHz) 
rf-amplifier circuit. 

in the aircraft-radio frequency band. 
The flight crew must be able to com-
municate with any airport that they 
service and to change rapidly from 
communication to navigational chan-
nels. The necessity for broadband 
performance precludes the use of 
sharply tuned circuits to reduce the 
harmonic power in the output sig-
nal. Instead, harmonic reduction is 
achieved by use of low-pass filters. 

Fig. 183 shows a broadband am-
plifier that uses a push-pull output 
to reduce harmonics. An amplifier 
of this type can develop a peak en-
velope power ( PEP) output of 40 
watts from a 12.5 volt de supply. 
The advent of all-solid-state mo-

bile transmitters is the result mainly 
of advances in rf power transistor 
capability. The development of vhf 
silicon power transistors made pos-
sible the design of all-solid-state 
mobile transmitters for operation in 
the 25-to-50-MHz frequency band. 
Initially, the design of such trans-
mitters operating at frequencies as 
high as 175 MHz required the use 
of varactor frequency multipliers. 
Solid-state uhf transmitters really 
became practical with the intro-
duction of the overlay transistor. 
Low-voltage versions of overlay 
transistors led to the design of 
uhf transmitters that operate di-
rectly from a vehicle 12-volt elec-
trical system. 

Fig. 184(a) shows a 175-MHz am-
plifier chain that operates directly 
from a 12-volt de supply. An ampli-
fier chain of this type can deliver 
12 watts of output power with an 
input of 125 milliwatts and has an 
over-all efficiency of 60 per cent. The 
chain consists of three cascaded 
stages that provide power outputs 

of 1, 4, and 12 watts, respectively. 
For applications such as base sta-
tions in which higher output power 
levels are required, three overlay 
power transistors can be operated 
in parallel as shown in Fig. 184 ( b). 
In this arrangement, the tran-
sistors can supply as much as 
35 watts at 175 MHz when driven 
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from the three-stage amplifier chain 
shown in Fig. 184(a). 
The requirements of rf power 

transistors operated in mobile-radio 
applications are extremely severe. 
The transistors must withstand the 
load-mismatch conditions created by 
objects near the transmitting an-
tenna or by a break in the trans-
mission line anywhere between zero 
and one-half wavelength. Under such 
conditions, the transistors must 
handle not only the increased dissi-
pation, but also sudden energy 
surges that can destroy them in 
just a few microseconds. The de-
velopment of transmitters that are 
immune to these failures is a result 
of a joint effort between semi-
conductor-device and mobile-radio 
manufacturers. To avoid excessive 
junction temperatures, the equip-
ment manufacturer must select 
transistors of sufficiently low thermal 
resistance. If a transistor lacks 
enough dissipation capability, two 
should be used even though one 
could deliver the required rf output 
Power. The use of adequately sized 
heat sinks is essential to protect 
devices operated under high-ambient-
temperature conditions. Current 
limiting should also be employed to 
prevent excessive rise in junction 
temperature under mismatched load 
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Fig. 183-1 18-w- 136-MHz broadband amplifier. 
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Z=50 OHMS 

conditions. As an added precaution, 
a thermostat can be mounted on the 
heat sink to reduce the transmitter 
power in the event that the tempera-
ture becomes excessive. 

The protection of the devices from 
"instantaneous" failure is more dif-
ficult because the time response of 
current or voltage limiters is not 
fast enough. Proper biasing of the 
emitters of transistors operating 
from 24-to-28-volt supplies helps to 
prevent this type of failure. Fig. 
185 shows a circuit which has a 
sufficiently fast response time to 
protect the power transistors from 
"instantaneous" failures that result 
from mismatched-load conditions. 
This circuit operates on the prin-
ciple of reflected power. Under 
matched load conditions, there is no 
output from the VSWR detector. The 
control amplifier is saturated, and 
the gain-controlled rf amplifier 
operates at. maximum gain. The 
power amplifier, therefore, is oper-
ated at maximum power output. If 
a mismatch occurs, a negative volt-
age from the VSWR bridge brings 
the control amplifier out of satura-
tion, which, in turn, reduces the gain 
in the gain-controlled rf amplifier. 
Gain is reduced because the base 
of the rf amplifier becomes more 
negative with respect to the emitter, 
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Fig. 184-175-MHz transistor power amplifier: (a) 3-stage input amplifier; (b) output 
Stage. 
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Fig. 185 Load-mismatch protection circuit. 

and because the unsaturated control 
amplifier has a degenerative effect 
on the rf amplifier. With the reduc-
tion in the gain of the gain-controlled 
rf amplifier, the drive to the power 
amplifier is decreased to safe levels. 
Once the load mismatch is removed, 
the system returns instantaneously 
to normal operating conditions. 

UHF Power Generation 

When a transistor is operated in 
a uhf power amplifier, the objective 
is usually to obtain as much power 
output as possible with good collec-
tor efficiency, a minimum of har-
monic distortion, and reasonable 
bandwidth. The following transistor 
requirements are important to the 
circuit designer: 

(a) maximum collector dissipa-
tion; 

(b) maximum peak collector cur-
rent; 

(c) maximum collector voltage; 
(d) input and output impedance 

or admittance characteristics; 
(e) high-frequency current-gain 

figure of merit fr. 
The most important consideration 

in the design of an rf power ampli-
fier is, of course, the power-dissi-
pation capability of the transistor. 
The maximum power that can be 
dissipated before thermal runaway 
occurs depends to a great extent on 
how well the heat generated within 
the transistor is removed. When 
heat is removed by conduction, the 

amount removed is an inverse func-
tion of the thermal resistance. A 
good rf power transistor, therefore, 
is characterized by a low value of 
thermal resistance. 
An rf transistor must be capable 

of handling high peak collector cur-
rents to provide substantial power 
output. The maximum peak-collector-
current rating is usually limited 
primarily by the practical consider-
ation that the current amplifica-
tion factor varies approximately 
inversely with emitter current at 
high values of emitter-current den-
sity. The maximum peak-collector-
current rating, therefore, may be 
established by the amount of re-
duction in current gain which can 
be tolerated at high frequencies. 
The maximum collector-voltage 

rating of an rf power transistor 
must be sufficiently high to avoid 
breakdown under conditions of 
strong reactive loading. The rf tran-
sistor must be capable of withstand-
ing high VSWR without collector-
junction breakdown. 
Under large-signal conditions, the 

instantaneous values of the input 
and output impedances or admit-
tances vary considerably over the 
range of applied signal level and 
operating frequency. The circuit de-
signer must know the character of 
the input and output impedances or 
admittances as a function of both 
current and frequency if proper 
coupling networks are to be designed. 
The high-frequency current-gain 

figure of merit ( fT) is essential in 
determination of the power-gain 
capability of a particular rf power 
transistor. The fr of an rf transistor 
varies with de emitter current and 
usually decreases at very high levels 
of current. A good rf power tran-
sistor should be characterized by 
a high value of fT at high levels of 
de emitter or collector current. 
One of the main factors that re-

stricts the bandwidth of a uhf tran-
sistor amplifier is the parasitic 
inductances of the package. This re-
striction can be overcome by circuit 
techniques that compensate for the 
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inductance, such as the broadband 
lumped-constant reactive-ladder net-
work used in both input and output 
circuits in Fig. 186. With an ar-
rangement of this type, parasitic 
lead inductances are not restrictive 
provided that the design tradeoff 
between bandwidth and input re-
flective power is acceptable. 

RFC 

TYPE 
2N5016 

Fig. 186—Lumped-constant 225- to-400 
power amplifier. 

Microwave Power Applications 

A significant breakthrough in 
solid-state microwave power genera-
tion was made by introduction of 
the RCA overlay transistor. This 
transistor will deliver 1 watt of 
output rower at 2 GHz in a suit-
able amplifier. The complete circuit 
diagram of such an amplifier is 
shown in Fig. 187, and construction 
details are given in Fig. 188. 
The input section consists of ca-

pacitance C, and a line section. The 
output section consists of a line sec-
tion, capacitance Ca, and a capaci-
tance Ci. 
A cw power output of 1 watt at 

a gain of 5 dB can be obtained in 
this circuit with the grounded-base 
coaxial transistor operated at a col-
lector voltage of 28 volts. The 
collector efficiency measured at a 
power-output level of 1 watt is 
higher than 35 per cent. The 3-dB 
bandwidth measured at the same 
power level is greater than 5 per 
cent. 

••••••• 

2N5470   
TYPE F1  • 

•••••P 

28V 

50 
OHMS 

Fig. 187—Typical circuit for 2GHz, co-
ti\ial-litie power amplifier. 

Because tunnel diodes can operate 
effectively at frequencies above 300 
MHz, they are particularly suit-
able for use in microwave ampli-
fiers and oscillators. In microwave 
amplifier circuits, tunnel diodes offer 
low noise, as well as small size and 
weight, low cost, and low power 
drain. In addition, bandwidths in 
excess of an octave can readily be 
obtained because of the wideband 
negative-resistance characteristic of 
tunnel diodes. However, this wide-
band negative resistance makes sta-
bilization an important problem in 
the design of microwave tunnel-
diode amplifiers. 

In microwave oscillator circuits, 
tunnel diodes can provide useful 
power outputs at frequencies as high 
as 5000 MHz. Compared to vacuum-
tube microwave oscillators, tunnel-
diode oscillators are inexpensive, 
require only a fraction of a volt 
de bias, and are rugged and re-
liable in severe environments. Com-
pared to transistor-driven varactor 
frequency-multiplier circuits, they 
are simple and compact, and afford 
higher dc-to-rf conversion efficien-
cies. ( More detailed information on 
microwave tunnel-diode applications, 
is given in the RCA TUNNEL-
DIODE MANUAL TD-30.) 

OSCILLATION 

Bipolar and field-effect transistor 
oscillator circuits are similar in 
many respects to the amplifiers dis-
cussed previously, except that a 
portion of the output power is re-
turned to the input network in 
phase with the starting power ( re-
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Constructional details of 2-GHz power amplifier in Fig. 186. 

generative or positive feedback) to 
sustain oscillation. DC bias-voltage 
requirements for oscillators are 
similar to those discussed for am-
plifiers. 
The maximum operating frequency 

of an oscillator circuit is limited by 
the frequency capability of the tran-
sistor used. The maximum frequency 
of oscillation of a transistor is de-
fined as the frequency at which the 
power gain is unity. Because some 
power gain is required in an oscilla-
tor circuit to overcome losses in the 
feedback network, the operating 
frequency must be some value below 
the transistor maximum frequency 
of oscillation. 
For sustained oscillation in a tran-

sistor oscillator, the power gain of 
the amplifier network must be equal 
to or greater than unity. When the 
amplifier power gain becomes less 
than unity, oscillations become 
smaller with time ( are " dampe(1") 

FEEDBACK 
NETWORK 

INPUT POWER 

until they cease to exist. In practi-
cal oscillator circuits, power gains 
greater than unity are required be-
cause the power output is divided 
between the load and the feedback 
network, as shown in Fig. 189. The 
feedback power must be equal to the 
input power plus the losses in the 
feedback network to sustain oscilla-
tion. 

LC Resonant Feedback 
Oscillators 

The frequency-determining ele-
ments of an oscillator circuit may 
consist of an inductance-capacitance 
(LC) network, a crystal, or a resist-
ance-capacitance ( RC) network. An 
LC tuned circuit may be placed in 
either the base circuit or the collec-
tor circuit of a common-emitter tran-
sistor oscillator. In the tuned-base 
oscillator shown in Fig. 190, one 
battery is used to provide all the 

FEEDBACK 
POWER 

OUTPUT POWER 

LOAD 
POWER 

189 -Block diagram of transistor 03(.111iii(),- .shoving (fivi.sion ()wpm power. 
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Fig. 190 Tuned-base oscillator. 

de operating voltages for the tran-
sistor. Resistors R1, R3, and Ri pro-
vide the necessary bias conditions. 
Resistor R2 is the emitter stabiliz-
ing resistor. The components within 
the dotted lines comprise the transis-
tor amplifier. The collector shunt-
feed arrangement prevents de cur-
rent flow through the tickler 
(primary) winding of transformer 
T. Feedback is accomplished by the 
mutual inductance between the trans-
former windings. 
The tuned circuit consisting of the 

secondary winding of transformer T 
and variable capacitor Ci is the fre-
quency-determining element of the 
oscillator. Variable capacitor Ci per-
mits tuning through a range of fre-
quencies. Capacitor C2 couples the 
oscillation signal to the base of the 
transistor, and also blocks dc. Ca-
pacitor C4 bypasses the ac signal 
around the emitter resistor R3 and 
prevents degeneration. The output 
signal is coupled from the collector 
through coupling capacitor C:, to the 
load. 
A tuned-collector transistor oscil-

lator is shown in Fig. 191. In this 
circuit, resistors R, and R3 establish 
the base bias. Resistor R2 is the 
emitter stabilizing resistor. Capaci-
tors C, and C2 bypass ac around 
resistors R, and R, respectively. The 
tuned circuit consists of the primary 
winding of transformer T and the 

variable capacitor C3. Regeneration 
is accomplished by coupling the feed-
back signal from transformer wind-
ing 3-4 to the tickler coil winding 
1-2. The secondary winding of the 
transformer couples the signal out-
put to the load. 

3 

an» 

CC 

Fig. 191—Tuned-collector oscillator. 

Another form of LC resonant 
feedback oscillator is the Hartley 
oscillator. This oscillator makes use 
of split inductance to obtain feed-
back and may he either shunt or 
series fed. In the shunt-fed circuit 
of Fig. 192, Ri, R2, and RI are the 
biasing resistors; the frequency-
determining network consists of 
variable capacitor Ci in series with 
the windings of Ti. The frequency 
of the oscillator is varied by C1; C2 

OUT PUT 

19-- Shunt-fed Hartley oscillator. 
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is the de blocking capacitor and C3 
is an ac bypass capacitor. 
The circuit inductance functions 

in the manner of an auto transformer 
and provides the regenerative feed-
back signal obtained from the volt-
age induced in the lower half of 
the transformer winding and coupled 
through Ci to the transistor base. 
No de current flows through the 
primary of T1 because the collector 
is shunt fed through R2. 

In the series-fed Hartley circuit 
shown in Fig. 193, the base-emitter 
circuit is biased through Ri and R2; 

§RI 

C4 

Fig. 193 Series-fed Hartley os c Mal or. 

the collector is biased through the 
upper half of the transformer wind-
ings. Again, as in the shunt-fed 
circuit, C3 provides an ac bypass. 
Feedback in the series-fed Hartley 
circuit is obtained from the lower-
half of the transformer winding and 
is coupled through C1 to the base of 
the transistor. The center-tap of the 
transformer winding is maintained 
at ac ground potential by C2* 

Fig. 194 shows two arrangements 
of a Hartley oscillator circuit using 
MOS field-effect transistors. Circuit 
(a) utilizes a bypassed source re-
sistor to provide proper operating 
conditions; circuit ( b) utilizes a 
gate-leak resistor and biasing diode. 
The amount of feedback in either 
circuit is dependent on the position 
of the tap on the coil. Too little 
feedback results in a feedback sig-
nal voltage at the gate insufficient 

C3 

CC 

CS 

Rs 

-4 

CG 

DGY 

(b) CD 

Fig. 194 Hartley oscillator circuit y using 
MOS transistors. 

to sustain oscillation; too much feed-
back causes the impedance between 
source and drain to become so low 
that the circuit becomes unstable. 
Output from these circuits can be 
obtained through inductive coupling 
to the coil or through capacitive 
coupling to the gate. 
Another form of LC resonant 

feedback oscillator is the transistor 
version of the Colpitts oscillator, 
shown in Fig. 195. Regenerative 
feedback is obtained from the tuned 
circuit consisting of capacitors C2 

Fig. 195 Transistor Colpitts oscillator. 

and C, in parallel with the pri-
mary winding of the transformer, 
and is applied to the emitter of the 
transistor. Base bias is provided by 
resistors R2 and R. Resistor Ri is 
the collector load resistor. Resistor 
Ri develops the emitter input signal 
and also acts as the emitter stabiliz-
ing resistor. Capacitors C2 and Ca 
form a voltage divider; the voltage 
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developed across C3 is the feedback 
voltage. The frequency and the 
amount of feedback voltage can be 
controlled by adjustment of either 
or both capacitors. For minimum 
feedback loss, the ratio of the ca-
pacitive reactance between C, and 
C3 should be approximately equal to 
the ratio between the output imped-
ance and the input impedance of the 
transistor. 

Fig. 196 shows the field-effect 
transistor in use in two forms of 
the Colpitts oscillator circuit. These 
circuits are more commonly used in 
vhf and uhf equipment than the 
Hartley circuits because of the me-
chanical difficulty involved in mak-
ing the tapped coils required at these 
frequencies by the Hartley circuits. 

VD 
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II I RFC 
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C' 
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Til 
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CD 

(1)) 

196- Colpitts oscillator circuits using 
MOS transistors. 

Feedback is controlled in the Col-
pitts oscillator by the ratio of the 
capacitance of C' to C". 

Fig. 197, the gate-tickler-feedback 
oscillator circuit, and Fig. 198, 
the drain-tickler-feedback oscillator 

(a) 

LI 

G'  RG 

CD 

0 VD (b) 

Fig. 197—Gate-tickler-feedback oscillator 
circuits. 

circuit, have no particular advan-
tages over the Hartley and Colpitts 
circuits except that in some designs 
it may be more economical to pro-
vide a tickler winding than the 
tapped coil or capacitive divider re-
quired in the Hartley or Colpitts 
circuits, respectively. 

0 VD OVD 
( a ) (b) 

Fig. 198 Drain- tickler-feedback oscillator 
circuits. 

G 

§RG 

A Clapp oscillator is a modifica-
tion of the Colpitts circuit shown in 
Fig. 195 in which a capacitor is added 
in series with the primary winding 
of the transformer to improve fre-
quency stability. When the added 
capacitance is small compared to 
the series capacitance of C, and C„ 
the oscillator frequency is deter-
mined by the series LC combination 
of the transformer primary and the 
added capacitor. 



Linear System Applications 123 

Crystal Oscillators 

A quartz crystal is often used 
as the frequency-determining ele-
ment in a transistor oscillator circuit 
because of its extremely high Q ( nar-
row bandwidth) and good frequency 
stability over a given temperature 
range. A quartz crystal may be 
operated as either a series or paral-
lel resonant circuit. As shown in Fig. 
199, the electrical equivalent of the 
mechanical vibrating characteristic 
of the crystal can be represented by 
a resistance R, an inductance L, 
and a capacitance C. in series. The 
lowest impedance of the crystal oc-
curs at the series resonant frequency 
of C. and L; the resonant frequency 
of the circuit is then determined 
only by the mechanical vibrating 
characteristics of the crystal. 
The parallel capacitance C„ shown 

in Fig. 199 represents the electro-
static capacitance between the crystal 
electrodes. At frequencies above the 

Fig. 199 Equivalent circuit of quartz 
crystal. 

series resonant frequency, the com-
bination of L and C, has the effect 
of a net inductance because the in-
ductive reactance of L is greater 
than the capacitive reactance of C. 
This net inductance forms a parallel 
resonant circuit with C, and any cir-
cuit capacitance across the crystal. 
The impedance of the crystal is 
highest at the parallel resonant fre-
quency; the resonant frequency of 
the circuit is then determined by 
both the crystal and externally con-
nected circuit elements. 

Increased frequency stability can 
be obtained in the tuned-collector 
and tuned-base oscillators discussed 

previously if a crystal is used in the 
feedback path. The oscillation fre-
quency is then fixed by the crystal. 
At frequencies above and below the 
series resonant frequency of the crys-
tal, the impedance of the crystal in-
creases and the feedback is reduced. 
Thus, oscillation is prevented at fre-
quencies other than the series reso-
nant frequency. 
The parallel mode of crystal reso-

nance is used in the Pierce oscillator 
shown in Fig. 200. ( If the crystal 
were replaced by its equivalent cir-
cuit, the functioning of the oscillator 
would be analogous to that of the 
Colpitts oscillator shown in Fig. 195.) 
The resistances shown in Fig. 200 
provide the proper bias and stabiliz-
ing conditions for the common-emit-
ter circuit. Capacitor C1 is the 

C 4 

Fig. 200 Pierce-type transistor 1 '11 sial 
oscillator. 

emitter bypass capacitor. The re-
quired 180-degree phase inversion of 
the feedback signal is accomplished 
through the arrangement of the volt-
age-divider network C2 and C. The 
connection between the capacitors is 
grounded so that the voltage de-
veloped across C3 is applied between 
base and ground and a 180-degree 
phase reversal is obtained. The oscil-
lating frequency of the circuit is de-
termined by the crystal and the 
capacitors connected in parallel with 

The field-effect transistor also 
operates well in crystal oscillator 
circuits such as the Pierce-type os-
cillator shown in Fig. 201. This os-
cillator is extremely popular because 
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(o) 
Fig. 201—Pierce-type crystal oscillator cir-

cuits using MOS transistors. 
of its simplicity and minimum num-
ber of components. At frequencies 
below 2 MHz, a capacitive voltage 
divider may be required across the 
crystal. The connection between the 
voltage-divider capacitors must be 
grounded so that the voltage de-
veloped across the capacitors is re-
versed in phase by 180 degrees. 

It is frequently desirable to oper-
ate crystals in communications 
equipment at their harmonic or 
overtone frequencies; Fig. 202 shows 
two circuits designed for this pur-
pose. Additional feedback is ob-
tained for the overtone crystal by 
the use of a capacitive divider as 
the tuned-circuit bypass. Most 
third-overtone crystals operate satis-
factorily without this additional 
feedback, but the extra feedback is 
required for the 5th and 7th har-
monics. The tuned circuit in Figs. 
202(a) and 202(b) is not fully by-
passed and produces a voltage that 
aids oscillation. The crystal in both 
circuits is connected to the junction 
of the capacitors C41' and C11"; the 
ratio of these capacitors should be 
approximately 1:3. 
The circuit of Fig. 203 operates 

well with low-frequency quartz bars. 
The crystal is located in the feed-
back circuit between the sources of 
the two field-effect transistors and 
operates in the series mode. Capa-
citor C2 is normally used for precise 
adjustment of the frequency of the 
oscillator; a reduction in the capa-
citance increases the frequency 
slightly. 

ame••1 

••••111 (b) 

(a) 

CD" 
 4 o 

VD 

(b) 

Fig. 202 Crystal oscillator circuits per-
il' ¡ 1!111 operation at overtone or harmonic 

frequencies. 

CI 

Fig. 203 Low-frequency crystal oscillator 
circuit using MOS transistors. 
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RC Feedback Oscillators 

A resistance-capacitance ( RC) net-
work is sometimes used in place of 
an inductance-capacitance network in 
a transistor oscillator. In the phase-
shift oscillator shown in Fig. 204, the 
RC network consists of three sec-
tions ( CiRI, C2R2, and C3R3), each of 
which contributes a phase shift of 60 
degrees at the frequency of oscilla-
tion. Because the capacitive react-
ance of the network increases or 
decreases at other frequencies, the 
180-degree phase shift required for 
the common-emitter oscillator occurs 
only at one frequency; thus, the out-
put frequency of the oscillator is 
fixed. Phase-shift oscillators may be 

IMM 

Fig. 204 Transistor RC phase-shift 
oscillator. 

made variable over particular fre-
quency ranges by the use of ganged 
variable capacitors or resistors in the 
RC networks. Three or more sec-
tions must be used in the phase-
shifting networks to reduce feedback 
losses. The use of more sections con-
tributes to increased stability. 

FREQUENCY CONVERSION 
Transistors can be used in various 

types of circuits to change the fre-
quency of an incoming signal. In 
radio and television receivers, fre-
quency conversion is used to change 
the frequency of the rf signal to an 
intermediate frequency. In communi-
cations transmitters, frequency mul-

tiplication is often used to raise the 
frequency of the developed rf signal. 

In a radio or television receiver, 
the oscillating and mixing functions 
are performed by a nonlinear device 
such as a diode or a transistor. As 
shown in the diagram of Fig. 205, 

FREQUENCY  FREQUENCY 

MIXER 
INPUT 

OSCILLATOR 

INTERMEDIATE-
FREQUENCY  

OUTPUT 

Fig. 205 Block diagram of simple fre-
quency-converter circuit. 

two voltages of different frequencies, 
the rf signal voltage and the voltage 
generated by the oscillator, are ap-
plied to the input of the mixer. These 
voltages "beat," or heterodyne, 
within the mixer transistor to pro-
duce a current having, in addition 
to the frequencies of the input volt-
ages, numerous sum and difference 
frequencies. 
The output circuit of the mixer 

stage is provided with a tuned cir-
cuit which is adjusted to select only 
one beat frequency, i.e., the fre-
quency equal to the difference be-
tween the signal frequency and the 
oscillator frequency. The selected 
output frequency is known as the 
intermediate frequency, or if. The 
output frequency of the mixer tran-
sistor is kept constant for all values 
of signal frequency by tuning of the 
oscillator circuit. 

In AM broadcast-band receivers, 
the oscillator and mixer functions 
are often accomplished by use of a 
single transistor called an "auto-
dyne converter". In FM receivers, 
stable oscillator operation is more 
readily obtained when a separate 
transistor is used for the oscillator 
function. In such a circuit, the os-
cillator voltage is applied to the 
mixer by inductive coupling, capa-
citive coupling, or a combination of 
the two. 
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AUTOMATIC FREQUENCY 
CONTROL 

An automatic frequency control 
(afc) circuit is often used to provide 
automatic correction of the oscilla-
tor frequency of a superheterodyne 
receiver when, for any reason, it 
drifts from the frequency which pro-
duces the proper if center frequency. 
This correction is made by adjust-
ment of the frequency of the oscilla-
tor. Such a circuit automatically 
compensates for slight changes in 
rf carrier or oscillator frequency, as 
well as for inaccurate manual or 
push-button tuning. 
An afc system requires two sec-

tions: a frequency detector and a 
variable reactance. The detector sec-
tion may be essentially the same as 
the FM detector illustrated in Fig. 
120. In the afc system, however, the 
output is a de control voltage, the 
magnitude of which is proportional 
to the amount of frequency shift. 
This de control voltage is used to 
control the bias on a transistor or 
diode which comprises the variable 
reactance. 
Automatic frequency control is 

also used in television receivers to 
keep the horizontal oscillator in step 
with the horizontal-scanning fre-
quency at the transmitter. A widely 
used horizontal ale circuit is shown 
in Fig. 206. This circuit, which is 
often referred to as a balanced-
phase-detector or phase-discrimina-
tor circuit, is usually employed to 
control the frequency of the horizon-
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tal-oscillator circuit. The detector 
diodes supply a de control voltage 
to the horizontal-oscillator circuit 
which counteracts changes in its 
operating frequency. The magnitude 
and polarity of the control voltages 
are determined by phase relation-
ships in the afc circuit. 
The horizontal sync pulses ob-

tained from the sync-separator cir-
cuit are fed through a phase-inverter 
or phase-splitter circuit to the two 
diode detectors. Because of the ac-
tion of the phase-inverter circuit, 
the signals applied to the two diode 
units are equal in amplitude but 180 
degrees out of phase. A reference 
sawtooth voltage obtained from the 
horizontal output circuit is also ap-
plied simultaneously to both units. 
The diodes are biased so that con-
duction takes place only during the 
tips of the sync pulses. Any change 
in the oscillator frequency alters 
the phase relationship betwen the 
reference sawtooth and the incoming 
horizontal sync pulses, and thus 
causes one of the diodes to conduct 
more heavily than the other so that 
a correction signal is produced. The 
system remains unbalanced at all 
times, therefore, because momen-
tary changes in oscillator frequency 
are instantaneously corrected by the 
action of this control voltage. The 
network between the diodes and the 
horizontal-oscillator circuit is essen-
tially a low-pass filter which pre-
vents the horizontal sync pulses 
from affecting the horizontal-oscilla-
tor performance. 

Wv 

DC CORRECTION 
  VOLTAGE TO 
HORIZONTAL 
OSCILLATOR 

Balanced-phase-detector or phase-discriminator circuit for horizontal afc. 
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FREQUENCY MULTIPLICATION 

Frequency multipliers are another 
type of frequency-conversion circuit. 
Because the output-current wave-
form of power transistors can be 
made to contain both fundamental 
and harmonic frequency components, 
power output can be obtained at 
a desired harmonic frequency by use 
of a special type of output circuit 
coupled to the collector of the tran-
sistor. Transistors can be connected 
in either the common-base or the 
common-emitter configuration for 
frequency multiplication. 
The design of transistor fre-

quency-multiplier circuits consists .of 
selection of a suitable transistor and 
design of filtering and matching net-
works for optimum circuit perform-
ance. The transistor must be capable 
of power and gain at the fundamen-
tal frequency and capable of con-
verting power from the fundamental 
to a harmonic frequency. At a given 
input power level, the output power 
at a desired harmonic frequency is 
equal to the product of the power 
gain of the transistor at the drive 
frequency and the conversion effi-
ciency of the frequency-multiplier 
circuit. Conversion gain can be ob-
tained only when the power gain of 
the transistor at the fundamental 
frequency is larger than the con-
version loss of the circuit. 

Various types of instabilities 
can occur in transistor frequency-
multiplier circuits, including low-
frequency resonances, parametric 
oscillations, hysteresis, and high-fre-
quency resonances. Low-frequency 
resonances occur because the gain 
of the transistor is very high at low 
frequency compared to that at the 

operating frequency. "Hysteresis" 
refers to discontinuous mode jumps 
in output power when the input 
power or frequency is increased or 
deéreased. A tuned circuit used in 
the output coupling network has a 
different resonant frequency under 
strong drive than under weaker driv-
ing conditions. It has been found ex-
perimentally that hysteresis effect 
can be minimized, and sometimes 
eliminated, by use of the common-
emitter configuration. 
Perhaps the most troublesome in-

stability in transistor frequency-
multiplier circuits is high-frequency 
resonance. Such instability shows up 
in the form of oscillations at a fre-
quency very close to the output fre-
quency when the input drive power 
is removed. This effect suggests that 
the transistor under this condition 
behaves as a locked oscillator at the 
fundamental frequency. Common-
emitter circuits have been found to 
he less critical for high-frequency 
oscillations than common-base cir-
cuits. High-frequency resonance is 
also strongly related to the input 
drive frequency, and can be elimi-
nated if the input frequency is kept 
below a certain value. The input fre-
quency at which stable operation 
can be obtained depends on the 
method used to ground the emitter 
of the transistor, and can be in-
creased by use of the shortest pos-
sible path from the emitter to 
ground. 

Varactor diodes are also used to 
provide frequency multiplication. 
Fig. 102 and associated text given 
previously in the section on Other 
Semiconductor Diodes define the re-
quirements for this type of applica-
tion. 
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TV Deflection and 
Color Demodulation 

For reproduction of a transmitted 
I picture in a television receiver, the 
face of a cathode-ray tube is scanned 
with an electron beam while the in-
tensity of the beam is varied to con-
trol the emitted light at the phosphor 
screen. The scanning is synchronized 
with a scanned image at the TV trans-
mitter, and the black-through-white 
picture areas of the scanned image 
are converted into an electrical sig-
nal that controls the intensity of the 
electron beam in the picture tube at 
the receiver. 

SCANNING FUNDAMENTALS 

The scanning procedure used in 
the United States employs hori-
zontal linear scanning in an odd-
line interlaced pattern. The standard 
scanning pattern for television sys-
tems includes a total of 525 horizon-
tal scanning lines in a rectangular 
frame having an aspect ratio of 4 to 
3. The frames are repeated at a rate 
of 30 per second, with two fields inter-
laced in each frame. The first field in 
each frame consists of all odd-number 
scanning lines, and the second field 
in each frame consists of all even-

A 

f3 

Fig. 207 

number scanning lines. The field repe-
tition rate is thus 60 per second, and 
the vertical scanning rate is 60 Hz. 
(For color systems, the vertical 
scanning rate is 59.94 Hz.) 
The geometry of the standard odd-

line interlaced scanning pattern is 
illustrated in Fig. 207. The scanning 
beam starts at the upper left corner 
of the frame at point A, and sweeps 
across the frame with uniform ve-
locity to cover all the picture ele-
ments in one horizontal line. At the 
end of each trace, the beam is rapidly 
returned to the left side of the frame, 
as shown by the dashed line, to begin 
the next horizontal line. The horizon-
tal lines slope downward in the di-
rection of scanning because the 
vertical deflecting signal simultane-
ously produces a vertical scanning 
motion, which is very slow compared 
with the horizontal scanning speed. 
The slope of the horizontal line trace 
from left to right is greater than the 
slope of the retrace from right to left 
because the shorter time of the re-
trace does not allow as much time 
for vertical deflection of the beam. 
Thus, the beam is continuously and 
slowly deflected downward as it scans 

-4-
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The odd-line interlaced scanning procedure. 
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the horizontal lines, and its position 
is successively lower as the horizon-
tal scanning proceeds. 

At the bottom of the field, the ver-
tical retrace begins, and the beam is 
brought back to the top of the frame 
to begin the second or even-number 
field. 'I'he vertical "flyback" time is 
very fast compared to the trace, but 
is slow compared to the horizontal 
scanning speed; therefore, some hori-
zontal lines are produced during the 
vertical flyback. 

All odd-number fields begin at 
point A in Fig. 207 and are the same. 
All even-number fields begin at point 
C and are the same. Because the be-
ginning of the even- field scanning at 
C is on the same horizontal level as 
A, with a separation of one-half line, 
and the slope of all lines is the same, 
the even-number lines in the even 
fields fall exactly between the odd-
number lines in the odd field. 

SYNC 

In addition to picture information, 
the composite video signal from the 
video detector of a television receiver 
contains timing pulses to assure that 
the picture is produced on the face-
plate of the picture tube at the right 
instant and in the right location. 
These pulses, which are called sync 
pulses, control the horizontal and 
vertical scanning generators of the 
receiver. 

Fig. 208 shows a portion of the de-
tected video signal. When the picture 
is bright, the amplitude of the signal 
is low. Successively deeper grays are 
represented by higher amplitudes 

SYNC 
PULSE 

75 

50 

BLANKING 
PULSE 

i/V1M/t _ 

until, at the "blanking level" shown 
in the diagram, the amplitude repre-
sents a complete absence of light. 
This "black level" is held constant at 
a value equal to 75 per cent of the 
maximum amplitude of the signal 
during transmission. The remaining 
25 per cent of the signal amplitude 

used for synchronization informa-
tion. Portions of the signal in this 
region ( above the black level) can-
not produce light. 

In the transmission of a television 
picture, the camera becomes inactive 
at the conclusion of each horizontal 
line and no picture information is 
transmitted while the scanning beam 
is retracing to the beginning of the 
next line. The scanning beam of the 
receiver is maintained at the black 
level during this retrace interval by 
means of the blanking pulse shown 
in Fig. 208. Immediately after the 
beginning of the blanking period, the 
signal amplitude rises further above 
the black level to provide a horizon-
tal-synchronization pulse that ini-
tiates the action of the horizontal 
scanning generator. When the bot-
tom line of the picture is reached, a 
similar vertical-synchronization pulse 
initiates the action of the vertical 
scanning generator to move the 
scanning spot back to the top of the 
pattern. 
The sync pulses in the composite 

video signal are separated from the 
picture information in a sync-sepa-
rator stage, as shown in Figs. 209 
and 210. This stage is biased suffi-
ciently beyond cutoff so that current 
flows and an output signal is pro-
duced only at the peak positive 
swing of the input signal. In the 
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INFORMATION 

O  
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Fig. 208 Detected video signal. 
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diode circuit of Fig. 209, nega-
tive bias for the diode is de-
veloped by R and C as a result 
of the flow of diode current on the 
positive extreme of signal input. The 
bias automatically adjusts itself so 

Fig. 209 Diode sync-separator circuit. 

that the peak positive swing of the 
input signal drives the anode of the 
diode positive and allows the flow 
of current only for the sync pulse. 
In the circuit shown in Fig. 210, 
the base-emitter junction of the 
transistor functions in the same 
manner as the diode in Fig. 209, 
but in addition the pulses are am-
plified. 

E¡ 

o 

Fig. 210 Transistor sync-separator circuit. 

After the synchronizing signals 
are separated from the composite 
video signal, it is necessary to filter 
out the horizontal and vertical sync 
signals so that each can be applied 
to its respective deflection generator. 
This filtering is accomplished by RC 
circuits designed to filter out all but 
the desired synchronizing signals. 
Although the horizontal, vertical, and 
equalizing pulses are all rectangular 
pulses of the same amplitude, they 
differ in frequency and pulse width, 
as shown in Fig. 211. The horizontal 

sync pulses have a repetition rate 
of 15,750 per second ( one for each 
horizontal line) and a pulse width 
of 5.1 microseconds. ( For color sys-
tem, the repetition rate of the hori-
zontal sync pulses is 15,734 per 
second.) The equalizing pulses have 
a width approximately half the 
horizontal pulse width, and a repe-
tition rate of 31,500 per second; they 
occur at half-line intervals, with six 
pulses immediately preceding and 
six following the vertical synchro-
nizing pulse. The vertical pulse is 
repeated at a rate of 60 per second 
(one for each field), and has a width 
of approximately 190 microseconds. 
The serrations in the vertical pulse 
occur at half-line intervals, dividing 
the complete pulse into six individual 
pulses that provide horizontal syn-
chronization during the vertical re-
trace. ( Although the picture is 
blanked out during the vertical re-
trace time, it is necessary to keep 
the horizontal scanning generator 
synchronized.) 

All the pulses described above are 
produced at the transmitter by the 
synchronizing-pulse generator; their 
waveshapes and spacings are held 
within very close tolerances to pro-
vide the required synchronization of 
receiver and transmitter scanning. 
The horizontal sync signals are 

separated from the total sync in a 
differentiating circuit that has a 
short time constant compared to the 
width of the horizontal pulses. When 
the total sync signal is applied to 
the differentiating circuit shown in 
Fig. 212, the capacitor charges com-
pletely very soon after the leading 
edge of each pulse, and remains 
charged for a period of time equal 
to practically the entire pulse width. 
When the applied voltage is removed 
at the time corresponding to the 
trailing edge of each pulse, the capa-
citor discharges completely within 
a very short time. As a result, a 
positive peak of voltage is obtained 
for each leading edge and a negative 
peak for the trailing edge of every 
pulse. One polarity is produced by 
the charging current for the leading 
edge of the applied pulse, and the 
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Fig. 211 Waveform 
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of TV synchronizing pulses (H = jorizonial line period of 1/15,750 
seconds, or 63.5 jis). 

opposite polarity is obtained from 
the discharge current corresponding 
to the trailing edge of the pulse. 
As mentioned above, the serrations 

in the vertical pulse are inserted 
to provide the differentiated output 
needed to synchronize the horizontal 
scanning generator during the time 
of vertical synchronization. During 
the vertical blanking period, many 
more voltage peaks are available 
than are necessary for horizontal 
synchronization ( only one pulse is 
used for each horizontal line period). 
The check marks above the differen-
tiated output in Fig. 212 indicate the 
voltage peaks used to synchronize 
the horizontal deflection generator 
for one field. Because the sync sys-
tem is made sensitive only to positive 
pulses occurring at approximately 
the right horizontal timing, the nega-
tive sync pulses and alternate dif-
ferentiated positive pulses produced 
by the equalizing pulses and the ser-
rated vertical information have no 

Fig. 

HORIZ. 
PULSES 

4-11 IL 

1111, 

EQUALIZING 
PULSES 

immatt 4116 ._J L_. 

effect on horizontal timing. It can be 
seen that although the total sync 
signal ( including vertical synchro-
nizing information) is applied to the 
circuit of Fig. 212, only horizontal 
synchronization information appears 
at the output. 
The vertical sync signal is sepa-

rated from the total sync in an inte-
grating circuit which has a time 
constant that is long compared with 
the duration of the 5-microsecond 
horizontal pulses, but short compared 
with the 190-microsecond vertical 
pulse width. Fig. 213 shows the gen-
eral circuit configuration used, to-
gether with the input and output 
signals for both odd and even fields. 
The period between horizontal pulses, 
when no voltage is applied- to the RC 
circuit, is so much longer than the 
horizontal pulse width that the capa-
citor has time to discharge almost 
down to zero. When the vertical pulse 
is applied, however, the integrated 
voltage across the capacitor builds 
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212 Separation of the horizontal sync signals from the total sync 
ating circuit. 
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Fig. 213- -Separation of vertical APIC sig-
nals from the total sync for odd and even 
fields with 110 equalizing pulses. Washed 
line indicates triggering level for vertical 

scantling generator.) 

up to the value required for trigger-
ing the vertical scanning generator. 
This integrated voltage across the 
capacitor reaches its maximum am-
plitude at the end of the vertical 
pulse, and then declines practically 
to zero, producing a pulse of the tri-
angular wave shape shown for 
the complete vertical synchronizing 
pulse. Although the total sync sig-
nal ( including horizontal informa-
tion) is applied to the circuit of Fig. 
213, therefore, only vertical synchro-
nization information appears at the 
output. 
The vertical synchronizing pulses 

are repeated in the total sync signal 
at the field frequency of 60 per sec-
ond ( 59.94 per second in color sys-
tems). Therefore, the integrated out-
put voltage across the capacitor of 
the RC circuit of Fig. 213 can be 
coupled to the vertical scanning 
generator to provide vertical syn-
chronization. The six equalizing 
pulses immediately preceding and 
following the vertical pulse improve 
the accuracy of the vertical synchro-
nization for better interlacing. The 
equalizing pulses that precede the 
vertical pulses make the average 
value of applied voltage more nearly 
the same for even and odd fields, so 
that the integrated voltage across 
the capacitor adjusts to practically 
equal values for the two fields before 

the vertical pulse begins. The equal-
izing pulses that follow the vertical 
pulse minimize any difference in the 
trailing edge of the vertical synchro-
nizing signal for even and odd fields. 

VERTICAL DEFLECTION 

The vertical-deflection circuit in a 
television receiver is essentially a 
class A audio amplifier with a com-
plex load line, severe low-frequency 
requirements ( much lower than 60 
Hz), and a need for controlled line-
arity. The equivalent low-frequency 
response for a 10-per-cent deviation 
from linearity is 1 Hz. A simple 
circuit configuration is shown in Fig. 
214. 
The required performance can be 

obtained in a vertical-deflection cir-
cuit in any of three ways. The am-
plifier may be designed to provide a 
flat response down to 1 Hz. This de-
sign, however, requires an extremely 
large output transformer and im-
mense capacitors. Another arrange-
ment is to design the amplifier for 
fairly good low-frequency response 
and predistort the generated signal. 
The third method is to provide ex-

tra gain so that feedback techniques 
can be used to provide linearity. If 
loop feedback of 20 or 30 dB is used, 
transistor gain variations and non-
linearities become fairly insignifi-
cant. The feedback automatically 
provides the necessary "predistor-
don" to correct low-frequency Erni-

YOKE 

 X 

Fig. 214—Simple vertical-deflection circuit. 

tations. In addition, the coupling of 
miscellaneous signals ( such as power-
supply hum or horizontal-deflection 
signals) in the amplifying loop is 
suppressed. 
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Fig. 215 shows a vertical-deflection 
system that employs bipolar and 
MOS transistors. A positive pulse 
fed back from the output circuit 
triggers the oscillator Q. The high 
input impedance of the MOS tran-
sistor Q2, used as a predriver, per-
mits the use of relatively large 
resistors and small capacitors in the 
gate-No.1 circuit. Negative sync is 
injected at gate No. 2. Only 4 to 5 
volts of sync at the integrator input 
provides exceptionally good inter-
lace. 
The thermal compensating stage, 

Q5, provides thermal tracking dur-
ing warmup and also prevents 
thermal runaway. The peak current 
of the output stage, Q4, is monitored 
by connection of the base of Q5 to 
the emitter side of the emitter re-
sistor of Q. The output voltage de-
veloped at the collector of Q5 is 
proportional to the peak current of 
the vertical output stage and is fed 
back to gate No.1 of the predriver 
Q2 by means of the bias-linearity 
control. If some condition exists 
which causes the peak current of 
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the output stage to increase, the 
thermal-compensating transistor Q5 

conducts more heavily and causes 
a reduction in the average voltage 
at its collector. This decreasing volt-
age changes the bias of the pre-
driver Q. Because the predriver, 
driver, and output stages are all 
direct-coupled, the changes in the 
peak current of the output stage are 
coupled back to the base of the out-
put stage in such a polarity as to 
adjust the de operating conditions 
of the output stage to compensate 
for any change in peak current. 

There are two linearity poten-
tiometers in the circuit. The first is 
a bias potentiometer which sets the 
bias on the predriver and, in turn, 
on the output unit so that the out-
put unit commences scan from cut-
off. The second potentiometer is 
located in the integrating circuit, 
which shapes a sawtooth waveform 
tiken from the output and feeds it 
back to gate No.1 of the predriver 
to provide the required parabolic 
correction for good linearity. 
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Fig. 215 Vertical-deflection circuit for color TV receiver. 
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The parabolic sawtooth voltage re-
quired for convergence is obtained 
from the collector of the output tran-
sistor Q. This sawtooth voltage is 
coupled to the base of the converg-
ence amplifier Q6 and then applied 
to the convergence board. 
For vertical blanking, the nega-

tive retrace pulse from the second-
ary of the vertical output trans-
former is amplified' and inverted by 
a blanking transistor, and is then 
applied to the cathodes of the pic-
ture tube. 

HORIZONTAL DEFLECTION 

In the horizontal-deflection stages 
of a television receiver, a current that 
varies linearly with time and has a 
sufficient peak-to-peak amplitude 
must be passed through the horizon-
tal-deflection-yoke winding to develop 
a magnetic field adequate to deflect 
the electron beam of the television 
picture tube. After the beam is de-
flected completely across the face of 
the picture tube, it must be returned 
very quickly to its starting point. 
(As explained previously, the beam 
is extinguished during this retrace 
by the blanking pulse incorporated 
in the composite video signal, or in 
some cases by additional external 
blanking derived from the hori-
zontal-deflection system.) 
The simplest form of a deflection 

circuit is shown in Fig. 216(a). In 
this circuit, the yoke impedance L is 
assumed to be a perfect inductor. 
When the switch is closed, the yoke 
current starts from zero and in-
creases linearly. At any time t, the 
current i is equal to Et/L, where E 
is the applied voltage. Wien the 
switch is opened at a later time t1, 
the current instantly drops from a 
value of Et' / I, to zero. 
Although the basic circuit of Fig. 

216(a) crudely approaches the re-
quirements for deflection, it presents 
some obvious problems and limita-
tions. The voltage across the switch 
becomes extremely high, theoreti-
cally approaching infinity. In addi-
tion, if very little of the total time 

is spent at zero current, the circuit 
would require a tremondous amount 
of de power. Furthermore, the opera-

(c) SIMPLE DEFLECTION CIRCUIT 

(b) ADDITION OF CAPACITOR 

(c) YOKE CURRENT ( top) AND SWITCH VOLTAGE 
(bottom) FOR CIRCUIT ( b) 
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Fig. 216 Development of horizontal-de-
flection circuit. 
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tion of the switch would be rather 
critical with regard to both its open-
ing and its closing. Finally, because 
the deflection field would be phased 
in only one direction, the beam would 
have to be centered at the extreme 
left of the screen for zero yoke 
current. 

If a capacitor is placed across the 
switch, as shown in Fig. 216 ( b), the 
yoke current still increases linearly 
when the switch is closed at time 
t = O. However, when the switch is 
opened at time t = t1, a tuned circuit 
is formed by the parallel combination 
of L and C. The resulting yoke cur-
rents and switch voltages are then 
as shown in Fig. 216(c). The current 
is at a maximum when the voltage 
equals zero, and the voltage is at a 
maximum when the current equals 
zero. If it is assumed that there are 
no losses, the ringing frequency fose 

is equal to 1 / ( 27rVIJC) 
If the switch is closed again at any 

time the capacitor voltage is not equal 
to zero, an infinite switch current 
flows as a result of the capacitive dis-
charge. However, if the switch is 
closed at the precise moment t2 that 
the capacitor voltage equals zero, the 
capacitor current effortlessly trans-
fers to the switch, and a new transient 
condition results. Fig. 216(d) shows 
the yoke-current and switch-voltage 
waveforms for this new condition. 

FLYBAC 
Tril atnr-nok 
I nk-it Iv I ului 

If the switch is again opened at 
t1, closed at t5, and so on, the desired 
sweep results, the peak switch volt-
age is finite, and the average supply 
current is zero. The deflection system 
is then lossless and efficient and, be-
cause the average yoke current is 
zero, beam decentering is avoided. 
The only fault of the circuit of Fig. 
216(b) is the critical timing of the 
switch, particularly at time t = t2. 
However, if the switch is shunted by 
a damper diode, as shown in Fig. 
216(e), the diode acts as a closed 
switch as soon as the capacitor volt-
age reverses slightly. The switch 
may then be closed at any time be-
tween t2 and t3. 

In horizontal-deflection circuits, 
the switch can be a transistor, as 
shown in Fig. 217. Although the 
transistor is forward-biased prior to 
t3, it is not an effective switch for the 
reverse collector current; therefore, 
the damper diode carries most of this 
current. High voltage is generated 
by use of the step-up transformer 
T, in parallel with the yoke. This 
step-up transformer is designed so 
that its leakage inductance, dis-
tributed capacitance, and output 
stray capacitance complement the 
yoke inductance and retrace tuning 
capacitance in such a manner that the 
peak voltage across the primary 
winding is reduced and the peak volt-
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Fig. 217—Simple transistor horizontal-deflection circuit. 
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age across the secondary winding is 
increased, as compared to the values 
that would be obtained in a perfect 
transformer. This technique, which is 
referred to as "third-harmonic tun-
ing", yields a voltage ratio of second-
ary-to-primary peak voltage of ap-
proximately 1.7 times the value 
expected in a perfect transformer. 
To provide linearity correction for 

wide-angle television picture tubes, 
it is necessary to retard the sweep 
rate at the beginning and end of scan. 
Therefore, a suitable capacitor C2 is 
placed in series with the yoke, as 
shown in Fig. 217, so that the direct 
current required to replenish circuit 
losses is fed through the flyback-
transformer primary. A parabolic 
waveform is then developed across 
C2 (called the S-shaping capacitor) 
so that the trace voltage across the 
yoke is less at the ends of the sweep 
than in the middle of the sweep. ( This 
capacitor actually provides a series 
resonant circuit tuned to approxi-
mately 5 kHz so that an S-shaped 
current portion of a sine wave re-

HORIZONTAL 
MULTIVIBRATOR 

FREQUENCY 

R--
oi 

SYNC. 
15 V 
NEG. 

2 

6 

PHASE 
COMPARATOR 

suits.) It is desirable to place the 
S-shaping capacitor and the yoke be-
tween the collector and the emitter 
of the transistor so that the yoke 
current does not have to flow through 
the power supply. 
The highest anticipated peak volt-

age across the transistor in Fig. 217 
is a function of the de voltage ob-
tained at high ac line voltage and at 
the lowest horizontal-oscillator fre-
quency. ( At these conditions, of 
course, the receiver is out of sync.) 
The tolerance on the inductors and 
capacitors alters the trace time only 
slightly and usually may be ignored 
if a 10-per-cent tolerance is used for 
the tuning capacitor. 

Fig. 218 shows a schematic of 
a transistorized horizontal-deflection 
circuit for a color TV receiver. 
The horizontal output transistor, 
Q5, is a high-voltage silicon tran-
sistor. The normal collector-to-
emitter pulse voltage across Q5 in-
cludes an ample safety factor that 
allows for any increased pulse that 
may result from out-of-sync opera-
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and low-voltage power supplies. Fig. 218 Horizontal-deflection circuit and high-voltage 
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tion, line surges, and other abnormal 
conditions. 
A unique feature of the horizon-

tal-deflection circuit is the low-
voltage supply of approximately 23 
volts that is derived from it. This 
features makes it possible to elimi-
nate the power transformer in the 
power supply. The low-voltage power 
is used to operate all but the high-
voltage receiver stages, such as the 
video-output stage, the audio-output 
stage, and the horizontal oscillator 
and driver. The vertical oscillator 
is supplied from the same point 
which supplies the horizontal output 
in such a way that the actual volt-
age is a function of beam current; 
this connection compensates for the 
tendency for picture height to 
change with brightness settings. 
The transistorized deflection cir-

cuit achieves commercially accept-
able high-voltage regulation without 
the use of the high-voltage shunt 
regulator used with tube-type de-
flection circuits. With a flyback 
transformer of normal design and a 
low-voltage power supply with about 
3-per-cent regulation, high-voltage 
regulation from zero beam to full 
load of 750 microamperes is about 
3 kilovolts and is accompanied by 
a considerable increase in picture 
width. Improvement of this behavior 
with brightness changes is achieved 
by utilizing the accompanying 
changes of direct current to the de-
flection circuit in two ways. First, 
the air gap of the transformer is 
reduced to permit core saturation 
to decrease the system inductance 
as the high-voltage load is in-
creased. When this method is used, 
regulation is improved to about half 
that of the normal transformers 
with no circuit instabilities, but pic-
ture-width change is still greater 
than desired. Second, series resist-
ance is added to the B supply to 
decrease power input at full load 
and thereby reduce the change in 
picture width ( at some sacrifice in 
high-voltage regulation). The net re-
sult of both changes is a regula-
tion of about 2.8 kilovolts for the 

high voltage, with very little varia-
tion in picture size. 
A secondary benefit of the inher-

ently good regulation of the tran-
sistor deflection system is a reduction 
in the size of the flyback trans-
former. The size reduction is accom-
plished by a reduction in the area 
of the "window" in the flyback core. 
A reduction in the size of the high-
voltage cage required to maintain 
adequate isolation of the high-volt-
age winding from ground is possible 
because of the smaller flyback trans-
former. 
The transformer-coupled driver 

stage takes advantage of the high-
voltage capability and switching 
speed of the horizontal driver tran-
sistor which is designed primarily 
for video-output use. A sine-wave 
stabilized multivibrator type of 
horizontal oscillator is used. This 
type of oscillator is especially use-
ful in experimental work with de-
flection systems because it permits 
on-time and off-time periods to be 
easily varied. 
The afc phase detector operates 

on the principle of pulse-width 
variation of combined sync and ref-
erence pulses. In the circuit shown 
in Fig. 218, timing information is 
related to the leading edges of the 
sync pulses, and the retrace process 
is initiated prior to the leading edge 
of the sync pulse; performance of 
the circuit is very satisfactory. 
A highly reliable horizontal-de-

flection system for color-television 
receivers has been using silicon con-
trolled rectifiers. This system illus-
trates a new approach to horizontal-
circuit design that represents a 
complete departure from the ap-
proaches currently used in commer-
cial television receivers. The switch-
ing action required to generate the 
scan current in the horizontal-yoke 
windings and the high-voltage pulse 
used to derive the dc operating volt-
ages for the picture tube is con-
trolled by two SCR's that are used 
in conjunction with associated fast-
recovery diodes to form bipolar 
switches. 
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The SCR's used to control the 
trace current and to provide the 
commutating action to initiate trace-
retrace switching exhibit high volt-
age- and current-handling capabili-
ties together with the excellent 
switching characteristics required 
for reliable operation in deflection-
system applications. The switching 
diodes, ( trace and commutating 
diodes), provide fast recovery times, 
high reverse-voltage blocking cap-
abilities, and low turn-on voltage 
drops. These features and the fact 
that, with the exception of one non-
critical triggering pulse, all control 
voltages, timing, and control polari-
ties are supplied by passive elements 
within the system ( rather than by 
external drive sources) contribute 
substantially to the excellent reli-
ability of the SCR deflection system. 

Fig. 219 shows the circuit con-
figuration of the complete horizon-
tal-deflection system. The system 
operates directly from a conven-
tional, unregulated de power supply 
of + 155 volts, and provides full-
screen deflection at angles up to 90 
degrees at full beam current. The 
current and voltage waveforms re-
quired for horizontal deflection and 
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for generation of the high voltage 
are derived essentially from LC 
resonant circuits. As a result, fast 
and abrupt switching transients 
which would impose strains on the 
solid-state device are advoided. 
A regulator stage is included in 

the SCR horizontal-deflection circuit 
to maintain the scan and the high 
voltage within acceptable limits with 
variations in the ac line voltage or 
picture-tube beam current. The sys-
tem also contains circuits that pro-
vide full protection against the ef-
fects of arcs in the picture tube or 
the high-voltage rectifier, and line-
arity and pincushion correction 
circuits. 
The SCR horizontal-deflection sys-

tem employs two bidirectional 
switches, each of which consists of 
an SCR and a diode in an inverse 
parallel connection. Fig. 220 shows 
a simplified schematic of the basic 
deflection circuit. SCRT and diode 
DT are used to control the current 
in the yoke winding L. during the 
race interval; SCR c and diode Dr 
provide the commutating action re-
quired for retrace. 
At the beginning of the trace in-

terval, the trace-switch diode con-
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Fiz. 219 General circuit confiuration of the over-all SCR horizontal-deflection system. 
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Fig. 220 Basic circuit for generation of 
the deflection-current waveform in he 

horizontal-yoke winding. 

ducts the yoke current established 
during previous circuit action. The 
trace-switch diode conducts a linearly 
decreasing current until the yoke 
current reaches zero to produce the 
first half of the scan current. Be-
fore the zero-yoke-current point is 
reached, the trace-switch SCR is 
made ready to conduct by applica-
tion of a positive pulse to its gate 
electrode. When the yoke current 
crosses the zero point from negative 
to positive, the current transfers 
from the trace-switch diode to the 
trace-switch SCR. Capacitor Cy then 
begins to discharge through the 
trace-switch SCR to supply current 
to yoke winding Ly during the second 
half of the trace interval. The volt-
age across capacitor Cy remains es-
sentially constant throughout the 
trace-retrace cycle. This constant 
voltage results in a linearly rising 
current through the yoke winding 
to complete the trace period. 
Just prior to the end of trace, the 

commutating-switch SCR is gated on 
by the horizontal oscillator. Capaci-
tor CR then discharges a pulse of 
current through inductor LR and the 
trace and commutating SCR's. This 
current pulse, referred to as the com-
mutating pulse, increases until it 
exceeds the yoke current and thereby 
causes the trace diode DT to turn 
on. The conduction of diode DT re-

verse-biases the trace SCR for suffi-
cient time to allow it to turn off. 
When the commutating pulse de 
clines to a value less than the yoke 
current, diode DT opens, and the en-
ergy in the yoke winding produces 
a current that charges the retrace 
capacitors CR and CA during the 
first half of retrace. This current 
then rings back into the yoke wind-
ing during the second half of re-
trace. The circuit for the ringing 
oscillation during the second half of 
retrace is completed through the 
commutating-switch diode and al-
lows sufficient time for the com-
mutating-switch SCR to turn off. 
When the yoke current reaches its 
peak negative value, the trace-
switch diode begins to conduct to 
start the trace interval. 
During the time the commutating 

switch is closed, the input inductor 
Lee is connected across the B+ sup-
ply, and energy is stored in this 
inductor. This stored energy charges 
the retrace capacitors CR and CA 
to replenish the energy loss in the 
circuit. 

Fig. 221 shows the current and 
voltage waveforms applied to the 
trace and commutating switches as 
a result of the circuit actions de-
scribed in the preceding paragraphs. 
The SCR horizontal-defléction 

system offers a number of distinct 
advantages over the conventional 
types of systems currently used in 
commercial television receivers. The 
following list outlines some of the 
more significant circuit features of 
the SCR deflection system and 
points out the advantage derived 
from each of them: 

1. Critical voltage and current 
waveforms, and timing cycles are 
determined by passive components 
in response to the action of two 
SCR-diode switches. The stability of 
the system, therefore, is determined 
primarily by the passive components. 
When the passive components are 
properly adjusted, the system ex-
hibits highly predictable perform-
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Fig. 221—Voltage and current waveforms 
applied to the switching SCR's and diodes 

in the horizontal-deflection system. 

ance characteristics and exceptional 
operational dependability. 

2. The only input drive signal re-
quired for the SCR deflection sys-
tem is a low-power pulse which has 
no stringent accuracy specification 
in relation to either amplitude or 
time duration. The deflection sys-
tem, therefore, can be driven di-
rectly from a pulse developed by the 
horizontal oscillator. 

3. This deflection system is unique 
in that, although it operates from 
a conventional B+ supply of + 155 
volts, the flyback pulse is less than 
500 volts. This level of, voltage 
stress is substantially less than that 

in conventional line-operated sys-
tems, and this factor contributes to 
improved reliability of the switch-
ing devices. 

4. Regulation in the SCR deflec-
tion system is accomplished by con-
trol of the energy stored by a 
reactive element. This technique 
avoids the use of resistive-load regu-
lating elements required by many 
other types of systems and, there-
fore, makes possible higher over-all 
system efficiency and reduces input-
power requirements. 

5. All switching occurs at the 
zero current level through the re-
verse recovery of high-voltage p-n 
junctions in the deflection diodes. 
The diode junctions are not limited 
in volt-ampere switching capabili-
ties for either normal or abnormal 
conditions in the circuit. 

COLOR DEMODULATION 

In the transmission of picture sig-
nals for color-television receivers, all 
the color information is contained in 
three signals, a luminance ( black-
and-white) or monochrome signal 
and two chrominance signals. The 
luminance signal, which is called the 
Y signal, contains brightness infor-
mation only. The voltage response 
of the Y signal is made similar to 
the brightness response of the hu-
man eye by use of a composite sig-
nal that contains definite propor-
tions of the red, green, and blue 
signals from the color-television 
camera ( 30 per cent red, 59 per cent 
green, and 11 per cent blue). This 
Y signal, which includes sync and 
blanking pulses, provides a correct 
monochrome picture in a conven-
tional black-and-white television re-
ceiver. 
For the generation of color-tele-

vision signals, the Y signal is sub-
tracted from the red, green, and 
blue signals to provide a new set of 
color-difference signals, which are 
designated as R-Y, B-Y, and G-Y. 
All of the original picture informa-
tion is contained in the Y signal, the 
R-Y signal, and the B-Y signal. 
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Therefore, the G-Y signal is not 
contained in the transmitted signal, 
but is synthesized in the receiver by 
proper combinations of the R-Y and 
B-Y signals. 

(Color signals transmitted under 
present color-television standards 
are not R-Y and B-Y, but a similar 
pair of signals designated as I and 
Q. In the color-television receiver, 
R-Y and B-Y signals are demodu-
lated directly from the I and Q 
signals with negligible loss of color 
quality. For purposes of simplicity, 
only R-Y and B-Y signals are con-
sidered in this explanation. In ad-
dition, a 90-degree phase-shift 
network is shown; the phase-shift 
angle could be, and often is, some 
other value.) 

Because the luminance signal and 
the two color-difference signals must 
be transmitted with a standard 6-
MHz channel, the two color signals 
are combined into one signal at the 
transmitter and are independently 
recovered at the receiver by proper 
detection techniques. A color sub-
carrier of approximately 3.58 MHz 
is used for transmitting the color 
information within the 6-MHz spec-
trum of the television station. As 
shown in Fig. 222, the 3.58-MHz 
subcarrier and one of the color-
difference signals are applied di-
rectly to a balanced AM modulator. 
The other color-difference signal is 
applied directly to a second bal-
anced AM modulator, and the 3.58-
MHz subcarrier is applied to this 
second modulator through a 90-
degree phase-shifting network. The 

COLOR- DIFFERENCE 

SIGNAL A 

3.58- MHz 
SUBCARRIER 

90° 
PHASE 
SHIFT 

A L A NCED 
MODULATOR! 

balanced modulators effectively can-
cel both the individual color-differ-
ence signals and the subcarrier 
signal, and the output contains only 
the sidebands of the combined 
chrominance signal. 

Recovery of the color information 
at the receiver involves a process 
called synchronous detection. In this 
process, two separate detectors are 
used to recover the separate color 
information, just as two separate 
modulators were used to combine 
the information at the transmitter. 
The 3.58-MHz subcarrier, which was 
suppressed during transmission, 
must be reinserted at the receiver 
for recovery of the color informa-
tion. The basis of synchronous detec-
tion is the phase relationship of 
this reinserted 3.58-MHz subcarrier. 
For example, the original color in-

formation is represented in Fig. 222 
by the color-difference signals A 
and B. At the receiver, the combined 
color signal is fed to two demodu-
lators A and B, as shown in Fig. 
223. At the same time, a 3.58-MHz 
subcarrier is also fed to the two 
demodulators, with the same phase 
relationship that was used in the 
modulators at the transmitter. This 
locally generated subcarrier essen-
tially duplicates or replaces the 
original subcarrier, which was re-
moved at the transmitter. 
The local 3.58-MHz oscillator in 

the color-television receiver is made 
to function at the proper frequency 
and phase by means of a synchro-
nizing signal sent out by the trans-
mitter. This synchronizing signal 
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Fig. 222 Formation of combined color signal for transmission. 
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consists of a short burst of 3.58-
MHz signals transmitted during the 
horizontal blanking interval, im-
mediately after the horizontal sync 
pulse, as shown in Fig. 224. 
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»8 CYCLES MIN) 
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Fig. 224 Waveform for synchronizing 
signal. 

The dual-gate MOS transistor is 
especially adaptable for use in color 
demodulator circuits of color TV re-
ceivers. Transistors of this type 
have the necessary high transcon-
ductance, good inherent limiting, and 
more than adequate output to drive 
the difference amplifiers with their 
associated matrix. Use of a dual-
gate MOS transistor make possible 
the design of a color-demodulation 
circuit that is simple, that pro-
vides gain, and that minimizes prob-
lems in cross-coupling and oscillator 
limiting. The use of bipolar tran-
sistors or diodes causes problems 
in balancing and oscillator limit-
ing as well as loss of gain. Be-
cause the low drain-to-gate capa-

citance of the MOS transistors re-
sults in minimum feedback from 
output to input, there is excellent 
isolation and resulting device sta-
bility. 

Fig. 225 shows the complete sche-
matic diagram for the R-Y and B-Y 
color-demodulator circuits in a re-
ceiver. Except for the lower supply 
voltage and difference in component 
values, this circuit is identical with 
that used in tube-type color receiv-
ers. The chroma signals are applied 
to gate No. 2 of demodulators Qi 
and Q2. The 3.58-MHz local-oscillator 
signal is applied, in the appropriate 
phase, to gate No. 1 of each demodu-
lator. The LR network in the gate-
No. 1 input to modulator Qi shifts 
the phase of the 3.58-MHz local-
oscillator signal applied to this 
stage. The phase of the 3.58-MHz 
continuous-wave signal determines 
the color-difference signal (B-Y or 
R-Y) at the output of each demodu-
lator. For highest efficiency and 
maximum AM rejection of any 
extraneous 3.58-MHz cw signal 
modulation, gate No. 1 is nor-
mally overdriven by the local-oscilla --
tor signal. The low-pass pi filter at 
the output of each demodulator re-
moves the 3.58-MHz carrier signal 
and passes the demodulated video 
information. 
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Power Switching and Control 

Transistors have already estab-
lished themselves in switching ap-

plications in radar, television, tele-
metering, pulse code communications, 
and computing equipment. More re-
cently, triacs, diacs, and SCR's have 
been used in these applications and 
in arc-lamp ballasting circuits, au-
tomobile ignition systems, and heat, 
light, and motor controls. This sec-
tion describes the circuits used in 
these applications and discusses spe-
cial consideration required for their 
operation. 

NONSINUSOIDAL 
OSCILLATORS 

Oscillator circuits which produce 
nonsinusoidal output waveforms use 
a regenerative circuit in conjunc-
tion with resistance-capacitance 
(RC) or resistance-inductance ( RL) 
components to produce a switching 
action. The charge and discharge 
times of the reactive elements 
(which are directly proportional to 
R x C or L/R) are used to pro-
duce sawtooth, square, or pulse out-
put waveforms. 
The switching action in a non-

sinusoidal oscillator occurs when an 
externally applied signal causes an 
instantaneous change in the operat-
ing state of the circuit; when this 
instantaneous change occurs the cir-
cuit is said to be triggered. Trig-
gered circuits may be astable, 
monostable, or bistable. 

Astable triggered circuits have no 
stable state; they operate in the 
active linear region and produce 
relaxation-type oscillations. A mono-
stable circuit has one stable state 

in either of the stable regions (cut-
off or saturation) ; an external pulse 
"triggers" the transistor to the other 
stable region, but the circuit then 
switches back to its original stable 
state after a period of time deter-
mined by the time constants of the 
circuit elements. A bistable ( flip-flop) 
circuit has a stable state in each of 
the two stable regions. The transis-
tor is triggered from one stable state 
to the other by an external pulse, 
and a second trigger pulse is re-
quired to switch the circuit back to 
its original stable state. 
The multivibrator circuit shown in 

Fig. 226 is an example of a mono-
stable circuit. The bias network holds 
transistor Q2 in saturation and tran-
sistor Qi at cutoff during the quies-
cent or steady-state period. When an 
input signal is applied through the 
coupling capacitor C1, however, tran-
sistor Qi begins to conduct. The de-
creasing collector voltage of Qi 
(coupled to the base of Q2 through 
capacitor C:.) causes the base currerft 

0-1 
Ci 

Fig. 226—Monostable ibrator. 

«MD 
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and collector current of Q2 to de-
crease. The increasing collector volt-
age of Q2 ( coupled to the base of Q1 
through resistor R4) then increases 
the forward base current of Q. This 
regeneration rapidly drives transis-
tor Q, into saturation and transistor 
Q2 into cutoff. The base of transistor 
Q2 at this point is at a negative po-
tential almost equal to the magni-
tude of the battery voltage V. 
Capacitor C2 then discharges 

through resistor R2 and the low sat-
uration resistance of transistor Q1. 
As the base potential of Q2 becomes 
glightly positive, transistor Q2 again 
conducts. The decreasing collector 
potential of Q2 is coupled to the base 
of Q. and transistor Q. is driven into 
cutoff, while transistor Q2 becomes 
saturated. This stable condition is 
maintained until another pulse trig-
gers the circuit. The duration of the 
output pulse is primarily determined 
by the time constant of capacitor C2 
and resistor R2 during discharge. In 
other words, the oscillating fre-
quency of the multivibrator is de-
termined by the values of resistance 
and capacitance in the circuit. 
The Eccles-Jordan type multivi-

brator circuit shown in Fig. 227 is an 
example of a bistable circuit. The re-
sistive and bias values of this circuit 
are chosen so that the initial appli-
cation of de power causes one tran-
sistor to be cut off and the other to 
be driven into saturation. Because of 
the feedback arrangement, each tran-
sistor is held in its original state by 
the condition of the other. The appli-
cation of a positive trigger pulse to 
the base of the OFF transistor or a 
negative pulse to the base of the ON 
transistor switches the conducting 
state of the circuit. The new condi-
tioti is then maintained until a sec-
ond pulse triggers the circuit back to 
the original condition. 

In Fig. 227, two separate inputs 
are shown. A trigger pulse at input 
A will change the state of the cir-
cuit. An input of the same polarity at 
input B or an input of opposite polar-
ity at input A will then return the 

Ci 

INPUT A Of 
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C2 

Fig. 227 Eccles-Jordan type bistable 
multivibrator. 

circuit to its original state. ( Collector 
triggering can be accomplished in a 
similar manner.) The capacitors C3 
and C1 are used to speed up the re-
generative switching action. The out-
put of the circuit is a unit step volt-
age when one trigger is applied, or 
a square wave when continuous puls-
ing of the input is used. 
A blocking oscillator is a form of 

nonsinusoidal oscillator which con-
ducts for a short period of time and 
is cut off ( blocked) for a much longer 
period. A basic circuit for this type 
of oscillator is shown in Fig. 228. 
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Ti 
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• 

Fig. 228 Basic circuit of blocking 
oscillator. 
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Regenerative feedback through the 
tickler-coil winding 1-2 of trans-
former Ti and capacitor C causes 
current through the transistor to rise 
rapidly until saturation is reached. 
The transistor is then cut off until C 
discharges through resistor R. The 
output waveform is a pulse, the width 
of which is primarily determined by 
winding 1-2. The time between pulses 
(resting or blocking time) is deter-
mined by the time constant of capac-
itor C and resistor R. 

SWITCHING REGULATORS 

Fig. 229 shows the basic con-
figuration of a switching type of 
transistor voltage regulator. In this 
circuit, the pass transistor is con-
nected in series with the load and 
is pulse-duration modulated by the 
signal supplied from the pulse gen-
erator or multivibrator. The ON 
time of the multivibrator is con-
trolled by a de comparison between 
a reference voltage and the output. 
The pulsed output from the series 
transistor is integrated by the low-
pass filter. When the transistor is 
conducting, current is delivered to 
the load from the input source. In 
the OFF condition, the diode con-
ducts and the energy stored in the 
reactive elements supplies current 
to the load. If the output voltage 
tends to decrease below the refer-
ence voltage, the duration of the 
ON-time pulse increases. The pass 
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VSOURCE 
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Fig. 229 

PULSE 
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transistor then conducts for a longer 
period of time so that the output 
voltage increases to the desired 
level. If the output voltage tends 
to rise above the reference voltage, 
the duration of the ON-time pulse 
decreases. The shorter conduction 
period of the pass transistor then 
results in a compensating decrease 
in output voltage. 
When a step-down regulator is re-

quired ( e.g., 100 volts down to 28 
volts), the efficiency of a switching 
regulator is considerably higher 
than that of a conventional series 
regulator. If very precise regulation 
is required, the switching regulator 
can be used as a pre-regulator fol-
lowed by a conventional regulator 
circuit; this configuration optimizes 
the advantages of both types of 
regulators. Over-all efficiency for 
such a combination circuit is typi-
cally about 80 to 85 per cent, as 
compared to values of 25 to 30 per 
cent for a conventional series-type 
step-down regulator. In addition, 
total power dissipation is reduced 
from several hundreds of watts to 
less than 50 watts. 

Fig. 230 shows a switching regu-
lator included in the design of a 
mercury-arc-lamp ballasting system. 
DC potential is applied to the VIN 
terminals so that the transistor 
switch Q, ( part cf the switching 
regulator) is slightly forward-biased 
by a small current through Riç 
(approximately 3 milliamperes). 
Through positive feedback, Q, is 
immediately saturated by L2, which 
also powers the control circuit. Cur-
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 0 

Basic diagram of switching regulator. 
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Fig. 230—Switching-regulator design for 
solid-state mercury-arc-lamp ballasting. 

rent rises at a linear rate until the 
voltage across R causes the control 
circuit to shunt the base-emitter 
junction of Q. Qi is shut off and 
held off by L2 until the current 
through I, is zero. The inductive 
kickback voltage is clamped by the 
communtating diode and, therefore, 
is the same as the output voltage 
on C. La charges C3 to a voltage 
proportional to VOI'T. During the 
next cycle, the control circuit 
samples a combination of the volt-
age on Ca and the current in R. The 
output waveshapes for the circuit 
are shown in Fig. 231; performance 
data are shown in Fig. 232. 
The unique feature of this circuit 
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Fig. 231 Output waveshapes for circuit 
of Fig. 230. 

is that only the high-current switch-
ing element Qi must meet the break-
down-voltage requirement imposed 
by the high input voltage; with this 
one exception, all of the control-
circuit transistors are of the low-
voltage, low-dissipation type. The 
circuit is able to withstand operation 
under short-circuit conditions. 
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Fig. 232 Performance curves for circuit 
of Fig. 230. 

A 175-watt switching-regulator 
ballast circuit utilizing the approach 
just described is shown in Fig. 233. 
For three-phase operation, no C, 
filter element is necessary provided 
that the de input voltage to the 
switching regulator never drops be-
low 200 volts. An input voltage drop 
below this level would extinguish 
the bulb. 

Switching-regulator techniques are 
also utilized in motor-control sys-
tems. A servo motor control is 
shown in Fig. 234. 

Switching-mode servo controls af-
ford an efficient means for ampli-
fication of directional information. 
As an alternative to the use of cas-
caded linear stages to drive a class 
B push-pull output stage, this 

itching mode of control allows the 
active elements of the amplifier to 
operate in either saturation or cut-
off. Because a relatively small length 
of time is spent in the active region 
of the devices, where power dissipa-
tion is high, the average power 
dissipation is lower. The efficiency 
of the over-all system, therefore, is 
higher. Switching servos are used 
in stable platforms for guidance and 

400 450 
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200-300 V 
60 Hz 

o 

navigational systems, control of 
memory access devices in computer 
and data-processing systems, and 
other applications in which efficiency 
is a prime factor. 
An ever-expanding application for 

switching systems is in the ac 
motor-control field. Sometimes this 
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f:400 Hz 

• 

Fig. 233-175-watt switching-regulator ballast. 

135 V 
175W 

MERCURY 
ARC LAMP 

application is necessary because the 
standby power is de. More gener-
ally, however, high-speed inverters 
or switching circuits are used be-
cause the higher-frequency motors 
are more effiéient and weigh less 
than their lower-frequency counter-
parts. 

48V 
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Fig. 234—Pulse-width-modulated servo-motor-driven output stage. 
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CONVERTERS AND 
INVERTERS 

In many cases, the de voltage re 
quired to operate electronic equip 
ment is different from the available 
de supply. The circuit used to con 
vert direct current from one leve 
to another is called a converter. Fig 
235 shows two simple converter cir-
cuits which can be used in place of 
the conventional vibrator-type con-
verter in automobile radios. The 
switching drive to the two transis-
tors is supplied by a separate, small 
saturable transformer in the circuit 
of Fig. 235(a), and by an additional 
center-tapped drive winding on a 
single saturable transformer in Fig. 
235(b). The characteristic hysteresis 
loop of the auto-transformer used 
in the circuit of Fig. 235(b) is shown 
in Fig. 236. Transformer parameters 
such as frequency, number of turns, 
and size and type of core material 
are determined by the operating re-
quirements for the circuit. Once the 
transformer has been established, a 
change in supply voltage results in 
a change in the operating frequency. 

Switching is accomplished as a re-
sult of the saturation of the trans-

e 

Fig. 236 Characteristic hysteresis loop of 
auto-transformer used in circuit of Fig. 

235(b). 

former. When the slope of the 
hysteresis loop shown in Fig. 236 
is small, the magnetizing inductance 
is small and the magnetizing current 
increases rapidly. This situation ex-
ists as the loop is traversed in a 
counter-clockwise manner from point 
1 to point 2. From point 2 to point 
3, the magnetizing current increases 
very slowly because the magnetiz-
ing inductance is high. At point 3, 
the core is in saturation, and the 

* SATURABLE CORE 

(a) 

* SATURABLE CORE 

(b) 

Fig. 235 Simple converter circuits that can be used in place of vibrator-type converters 
in automobile radios. 
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magnetizing current again increases 
rapidly. As the current continues to 
increase ( between points 3 and 4), 
the ON transistor comes out of satu-
ration. When point 4 has been 
reached, the voltages across the pri-
mary windings of the transformer 
have dropped to zero, and the bat-
tery voltage is applied across the 
collector-to-emitter terminals of 
each transistor. The magnetizing 
current then begins to decay, and 
voltages of opposite polarity are in-
duced across the transformer. At 
point 5, the magnetizing current has 
been reduced to zero, the second 
transistor is in saturation, and the 
first transistor has twice the bat-
tery voltage across its emitter-to-
collector junction. This sequence of 
events is repeated during each half-
cycle of the operation of the circuit, 
except for a reversal of polarity. 
The approximate load line of the 

converter circuit of Fig. 235(b) is 
shown in Fig. 237. Many of the im-
portant transistor ratings can be 

4 SATURATION 
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VCC 2Vcc 

COLLECTOR-TO-EMITTER VOLTAGE 

Fig. 237 Approximate load line for con-
yerter circuit shown in Fig. 235(b). 

determined from this curve. For ex-
ample, the collector-to-emitter sus-
taining voltage under reverse-bias 
conditions, VcEv ( sus), is given by 

VcEv(sus) ≥ 2Vcc AVcc 

where Vcc is the collector-supply 
voltage and AVcc is the magnitude 
of the supply variations or " spikes." 
The second-breakdown voltage limit 
Esht for the transistor is given by 

Es/B > 1/2 (i3IB ) 2L1 

where f3 is the common-emitter for-
ward-current transfer ratio, In is the 
base current, and L, is the total 
series inductance of the transformer 
and the load reflected to the input. 
As mentioned previously, the col-
lector-to-emitter saturation voltage 
VcE(sat) of the transistor should be 
low. 

Fig. 238 shows the basic circuit 
configuration for a ringing-choke 
dc-to-dc converter. In this converter, 

Fig. 238—Basic circuit configuration of a 
ringing-choke dc-to-dc converter. 

a blocking oscillator ( chopper cir-
cuit) is transformed-coupled to a 
half-wave-rectifier type of output 
circuit. The rectifier converts the 
pulsating oscillator output into a 
fixed-value de output voltage. 
When the oscillator transistor Q1 

conducts (as a result of either a 
forward bias or external drive), 
energy is transferred to the collec-
tor inductance presented by the pri-
mary winding of transformer T1. 
The voltage induced across the 
transformer feedback winding con-
nected to the transistor base through 
resistor RB increases the conduction 
of Q, until the transistor is driven 
into saturation. The rectifier diode 
CR, in series with the secondary 
winding of transformer T, is oriented 
so that no power is delivered to 
the load circuit during this portion 
of the oscillator cycle. 
With transistor Q, in saturation, 

the collector current through the pri-
mary inductance of transformer T1 
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rises linearly with time ( di/dt 
E/L) until the base drive supplied 
by the transformer feedback wind-
ing can no longer maintain Q, in 
saturation. As the current through 
Q, decreases from the saturation 
level, the voltage induced into the 
feedpack winding decreases, and 
transistor Q, is rapidly driven be-
yond cutoff. The energy stored in 
the collector inductance ( primary 
of transformer T1) is relased by the 
collapsing magnetic field and coupled 
by the secondary winding of trans-
former TI, through rectifier diode 
CRi, to the load resistance RI, and 
filter capacitor C1. The filter capa-
citor stores the energy it receives 
from the collector inductance. When 
no current is supplied to the load 
circuit from the oscillator ( i.e., dur-
ing conduction of transistor (41), 
capacitor C, supplies current to the 
load resistance RI, to maintain the 
output voltage at a relatively con-
stant value. The switching action 
of rectifier diode CRi prevents any 
decrease of the energy stored by 
capacitor C1 because of the nega-
tive pulse coupled from the oscilla-
tor during the periods that transistor 
Q, conducts. 
The operating efficiency of the 

ringing-choke inverter is low, and 
the circuit, therefore, is used pri-
marily in low-power applications. In 
addition, because power is delivered 
to the output circuit for only a 
small fraction of the oscillator cycle 
(i.e., when Q1 is not conducting), the 
circuit has a relqtivel;/ high ripple 
factor which substantially increases 
output filtering requirements. This 
converter, however, provides defi-
nite advantages to the system de-
signer in terms of design simplicity 
and compactness. 

In a converter the change in fre-
quency of operation with supply volt-
age is not usually important because 
the output voltage is rectified and 
filtered. In an inverter circuit, how-
ever, the frequency may be very 
important and is generally controlled 
by adjustment of the supply volt-
age. Typically, the de supply voltage 

is controlled by means of a voltage 
regulator inserted ahead of the con-
verter to stabilize the input voltage 
and a power amplifier following the 
converter to isolate the converter 
from the effects of a varying load. 

Inverters may be used to drive 
any equipment which requires an ac 
supply, such as motors, ac radios, 
television receivers, or fluorescent 
lighting. In addition, an inverter 
can be used to drive electromechani-
cal transducers in ultrasonic equip-
ment, such as ultrasonic cleaners 
and sonar detection devices. 

High-current tunnel diodes are 
used as low-voltage inverters in cir-
cuits having low-impedance de power 
sources. They can also be used for 
efficient inversion of the output of 
solar cells, thermoelectric generators, 
or thermionic converters, and as 
overload detectors in dc and ac 
power supplies, pulse generators, 
high-speed switches, and oscillators. 

Fig. 239 shows a block diagram 
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Fig. 239—Block diagram of typical 
inverter circuit. 

ammo 

of a typical inverter circuit. The 
output frequency is directly depend-
ent on the induced voltage of the 
converter transformer. The feedback 
shown samples this induced voltage 
and adjusts the output of the voltage 
regulator to maintain a constant in-
duced voltage in the converter and 
thus a constant output frequency. 
If a regulated output voltage is not 
required, the second voltage regula-
tor is omitted. 
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Fig. 240 shows a simple com-
plementary inverter circuit using 
p-channel and n-channel MOS tran-
sistors. When the input voltage to 
the circuit is zero, the n-channel 
unit is cut off and the p-channel unit 
is forward-biased by V volts. The 

IN 

Fig. 240—ComplemenTary inverter circuit 
using MOS transistors. 

p-channel unit is capable of supply-
ing several milliamperes of current. 
The n-channel unit, however, will 
draw only its channel leakage cur-
rent, which is typically a few micro-
amperes. Because the load for the 
circuit is assumed to be other MOS 
gates, which have a high input im-
pedance and require negligible driv-
ing current, there is no de load 
current under these conditions. 
When the input voltage is V volts, 

however, the situation is reversed; 
the p-channel unit is cut off and the 
n-channel unit is forward-biased by 
V volts. The n-channel unit is then 
capable of drawing a current of sev-
eral milliamperes. However, because 
the only source available is the leak-
age current of the p-channel unit, 
the current drawn by the n-channel 
unit is still negligible. In either of 
its stable states, therefore, the in-
verter draws only a leakage current 
from the supply. On any transition, 
however, the circuit can provide a 
current of several milliamperes to 
charge or discharge capacitive loads 
such as those presented by MOS 
gates and wiring. Fig. 241 shows in 
graphical form the operation of the 
inverter circuit in its two de states. 

The push-pull switching inverter 
is probably the most widely used 
type of power-conversion circuit. 
For inverter applications, the circuit 
provides a square-wave ac output. 
When the inverter is used to pro-
vide dc-to-de conversion, the square-
wave voltage is usually applied to 
a full-wave bridge rectifier and filter. 
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CHARACTERISTIC 

"OFF" p- CHANNEL OUTPUT 
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Fig. 241—Characteristics of inverter circuit 
of Fig. 240 in its two stable states. 

Fig. 242 shows the configuration 
of the push-pull switching inverter. 
The single saturable transformer 
controls circuit switching and pro-
vides the desired voltage transfor-
mation for the square-wave output 
delivered to the bridge rectifier. 
The rectifier and filter convert the 
square-wave voltage in a smooth, 
fixed-amplitude de output voltage. 
When the voltage Vec is applied 

to the converter circuit, current 
tends to flow through both switch-
ing transistors Qi and Q2. It is 
very unlikely, however, that a per-
fect balance can be achieved be-
tween corresponding active and 
passive components of the two 
transistor sections; therefore, the 
initial flow of current through one 
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Fig. 242 Basic circuit confiugation of a 
single-transformer push-pull switching con-

verter. 
of the transistors is slightly larger 
than that through the other tran-
sistor. If transistor Q, is assumed 
to conduct more heavily initially, 
the rise in current through its col-
lector inductance causes a voltage 
to be induced in the feedback wind-
ings of transformer T1 which supply 
the base drive to transistors Q, and 
Q. The base-drive voltages are in 
the proper polarity to increase the 
current through Q, and to decrease 
the current thruogh Q. As a result 
of regenerative action, the condi-
tion of Q, is rapidly increased, and 
Q2 is quickly driven to cutoff. 
The increased current through 

Q1 causes the core of the collector 
inductance to saturate. The induc-
tance no longer impedes the rise 
in current, and the transistor cur-
rent increases sharply into the satu-
ration region. For this condition, 
the magnetic field about the collec-
tor inductance is constant, and no 
voltage is induced in the feedback 
windings .of transformer T1. With 
the cutoff base voltage removed, cur-
rent is allowed to flow through 
transistor Q2. The increase in cur-
rent through the collector inductance 
of this transistor causes voltages to 
be induced in the feedback windings 
in the polarity that increases the 
current through Q2 and decreases 
the current through Q. This effect 
is aided by the collapsing magnetic 
field about the collector inductance 
of Q, that results from the decrease 

in current through this transistor. 
The feedback voltages produced by 
this collapsing field quickly drive 
Qi beyond cutoff and further increase 
the conduction of Q  until the core 
of the collector inductance for this 
transistor saturates to initiate a 
new cycle of operation. The square 
wave of voltage produced by the 
switching action of transistors Qi 
and Q., is coupled by transformer 
T, to the bridge rectifier and filter, 
‘vhich develop a smooth, constant-
amplitude de voltage across the load 
resistance RL. The small ripple pro-
duced by the square wave greatly 
simplifies filter requirements. 

Push-pull transformer-coupled con-
verters with full-wave rectification 
provide power to the load continu-
ously and are, therefore, well suited 
for low-impedance, high-power ap-
plications. Although not as eco-
nomical as the ringing-choke design, 
the push-pull configuration provides 
higher efficiency and improved regu-
lation. 

In high-power driven inverters, it 
is not uncommon to use a Darling-
ton connection to increase the cur-
rent gain. However, this configura-
tion increases the W E saturation 
of the output and does not permit 
a fast turn-off. The circuit shown 
in Fig. 243 uses two small addi-
tional windings and eleminates both 
problems. 

Fig. 243 Boosted Darlington inverter with 
turn-off drive. 
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The polarity of N3 and N, is 
shown for Q, ON and Q2 OFF. N:t 
and N4 are wound on core No. 1 
which could be a motor or other 
magnetic structure. The voltage de-
veloped across N:, allows Q, to satu-
rate fully while the voltage across 
N4 allows Q2 to have a reverse bias 
applied, thus helping the device to 
turn off. The diodes provide a path 
for reverse bias when the transistor 
turns off and blocks voltage while 
the transistor is on; thus, they al-
low the driver transistors to control 
the output units. 

Three-phase bridge inverters for 
induction motors are usually used to 
convert dc, 60-Hz, or 400-Hz input 
to a much higher frequency, pos-
sibly as high as 10 kHz. Increasing 
frequency reduces the motor size 
and increases the horsepower-to-
weight ratio, desirable features in 
military, aviation, and portable in-
dustrial power-tool markets. Fig. 
244 shows a typical three-phase 
bridge circuit with gate signals and 
transformer primary currents. 

Fig. 245 shows the schematic dia-
gram of a two-transistor, two-trans-
former inverter circuit. A saturable 
base-drive transformer n controls 
the inverter switching operation. A 
linearly operating output trans-
former T, transfers the output power 
to the load. The output transformer 
T, is not allowed to saturate; there-
fore, the peak collector current 
through the transistor is determined 
principally by the value of the load 
impedance. 

Because no two transistors are 
perfectly matched, one of the tran-
sistors in the inverter circuit con-
ducts more rapidly than the other 
when the power is turned on. This 
transistor, Q2 for example, tends 
toward saturation and causes posi-
tive voltages to appear at the dotted 
ends of the transformers. Thus, 
there is an effective positive feed-
back that causes Q, to switch off 
and Q to switch on. The voltage 
from the collector of Q, to the col-
lector of Q is then positive and 
equal to twice the collector supply 
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Fig. 244 I" hree-pha.se bridge inverter: (a) 
circuit configuration; ( b) gate driving sig-
nals; (c) transfol 1,1c)- primary current 

swit(hing. 

voltage Vcc. The voltage VIM) across 
the feedback resistor Rfl) is essen-
tially the product of the resistance 
Rfl) and the base current referred to 
the primary of L. The voltage 
across n is equal to 2 Vcc — VRfb. 
At the beginning of the next half-
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cycle, the voltage across Rfl) in-
creases very slowly with the 
slowly increasing magnetizing cur-
rent through L. When n reaches 
its saturation flux density, the mag-
netizing current increases very 

12 

VRfb 
- - - 

Rf b 

1.•  
RS 

 AAA'  

245—Two-transistor/two-transformer 
inverter. 

rapidly and causes a rapid increase 
in Vit fh. As a result, the voltage 
across n decerases rapidly and Q2 
comes out of saturation. The collec-
tor voltage of Q2 then rises, and 
regenerative action causes Q1 and 
Q2 to reverse states. As these 
processes are repeated during suc-
ceeding half-cycles, oscillations are 
sustained. 

AUTOMOBILE IGNITION 
SYSTEM 

Fig. 246 shows a simple ignition 
system that uses an n-p-n transistor; 
performance curves for the circuit 

Fig. 246Solid-state automobile ignition 
system. 
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Tif,r. 247 Ignition voltage as a function of 
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are shown in Fig. 247. The advan-
tages of this circuit include less 
maintenance of points and spark 
plugs, better performance at high 
engine speeds, and easier engine 
starting. 

PULSE MODULATORS 

Silicon controlled rectifiers are 
often used in pulse circuits in which 
the ratio of peak to average current 
is large. Typical applications include 
radar pulse modulators, inverters, 
and switching regulators. The limit-
ing parameter in such applications 
often is the time required for for-
ward current to spread over the 
whole area of the junction. Losses 
in the SCR are high, and are con-
centrated in a small region until 
the entire junction area is in con-
duction. This concentraton produces 
undesirable high temperatures. 
A typical SCR pulse modulator 

circuit is shown in Fig. 248; basic 
waveforms for the circuit are 
shown in Fig. 249. The capacitors 
of the energy-storage network are 
charged by the de supply. The SCR 
is triggered by pulses from the gate-
trigger generator No.1, and the 
energy-storage network discharges 
through an inductance and the load 
(transformer). Fig. 249 shows that 
the discharge of the storage net-
work ( t1 — t2) is oscillatory; the 
half-sine-wave shape is characteris-
tic of a single LC-section energy-
storage network. 
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Basic pulse modulator circuit. 

For turn-off, the load is "mis-
matched" to the discharge-circuit 
impedance so that a negative volt-
age is developed on the capacitor 
at the end of the pulse. 
As an example, the rise-time por-

tion of turn-on is defined as the 
time interval between the 10-per-
cent and 90-per-cent points on the 
current wave shape when the SCR 
is triggered on in a circuit that has 
rated forward voltage and sufficient 

O 

O 

V FB 

m..M1 ••••••me 

MUIR«. •Mr• 

11.•••••••• UMW. MP% -••• 

1 
I 
  I r > t z 2ihs I 
1 i 

Fig. 249—Turn-on requirements for a 
pulse-modulator SCR. 

resistance to limit current to rated 
values. For a 600-volt device, the 
end of the turn-on interval occurs 
when the forward voltage drop 
across the SCR is 60 volts. This 
value contrasts with the steady-
state forward voltage of only 1 or 
2 volts under such conditions. An 
interval many times greater than 
the turn-on time may be required 
before the forward voltage drop re-
duces to the steady-state level. 

Thyristors have been widely ac-
cepted in power-control applications 
in industrial systems where high-
performance requirements justify 
the economics of the application. 
Historically, in the commercial 
high-volume market, economic con-
siderations have precluded the use 
of the thyristor. However, with 
the development of several families 
of thyristors by RCA designed spe-
cifically for mass-production econ-
omy and rated for 120- and 240-volt 
line operation, the use of these de-
vices in controls for many types 
of small electric motors has been 
made economically feasible. The 
controls can be designed to provide 
good performance, maximum effi-
ciency, and high reliability in com-
pact packaging arrangements. 
The simplest form of half-wave 

power control is shown in Fig. 
250. This circuit provides a simple, 
non-regulating half-wave power con-
trol that begins at the 90-degree con-
duction ( peak-voltage) point and 
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Fig. 250 Degree of control over conduc-
tion angles when ac resistive network is 
used to trigger (a) SCR's and (h) triacs. 

may be adjusted to within a few 
degrees of full conduction ( 180-
degree half-cycle). 
The half-wave proportional control 

shown in Fig. 251 is a non-regulating 
circuit whose function depends upon 
an RC delay network for gate phase-
lag control. This circuit is better than 
simple resistance firing circuits be-
cause the phase-shifting character-
istics of the RC network permit the 
firing of the SCR beyond the peak of 
the impressed voltage, resulting in 
small conduétion angles. On the posi-
tive half-cycle of the applied voltage, 
capacitor C is charged through the 
network R. and Rb. When the voltage 
across capacitor C exceeds the gate-
firing voltage of the SCR, the SCR is 
turned on; during the remaining por-
tion of the half-cycle, ac power is 
applied to the load. 

Fig. 251—SCR half-wave proportional 
power control circuit. 

The delay in firing the SCR de-
pends upon the time-constant net-
work ( R., Rb, C) which produces a 
gate-firing voltage that is shifted in 
phase with respect to the supply 
voltage. The amount of phase shift 
is adjusted by Rb. With maximum 
resistance in the circuit, the RC time 

constant is longest. This condition 
results in a large phase shift with a 
correspondingly small conduction 
angle. With minimum resistance, the 
phase shift is small, and essentially 
the full line voltage is applied to 
the load. 
The control circuit uses the break-

down voltage of a diac as a 
threshold setting for firing the 
SCR. The diac is specifically de-
signed for handling the high-cur-
rent pulses required to trigger SCR's. 
When the voltage across capacitor C 
reaches the breakdown voltage of the 
diac, it fires and C discharges 
through the diac to its maintaining 
voltage. At this point, the diac 
again reverts to its high-impedance 
state. The discharge of the capaci-
tor from breakdown to maintaining 
voltage of the diac provides a cur-
rent pulse of sufficient magnitude 
to fire the SCR. Once the SCR has 
fired, the voltage across the phase-
shift network reduces to the for-
ward voltage drop of the SCR for 
the remainder of the half-cycle. 
Two SCR's are usually required 

to provide full-wave power control. 
Because of the bidirectional switch-
ing characteristics of triacs, how-
ever, only one of these devices is 
needed to provide the same type of 
control. Fig. 252 shows three full-
wave power controls that employ 
thyristors. 

In circuits of this type, a rapidly 
rising off-state voltage can occur 
across the thyristor when the de-
vice changes from a conducting 
state to a blocking state ( commu-
tates). The influence of this dv/dt 
stress on the operation of the power-
control element is described below. 
Consideration is given only to those 
circuit applications that utilize a 
triac as the main power-control 
element. 
The dv/dt stress in a circuit with 

a resistive load ( such as those just 
described) can be illustrated by con-
sideration of a circuit with a 6-
ampere load, i.e., one with a power 
factor close to unity. The load re-
sistance in this circuit is 20 ohms 
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Fig. 252—Full- wave thyristor motor 
circuits using (a) bridge rectifier 
vingle SCR; (b) inverse parallel 

(c) a triac. 
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for a source voltage of 120 volts. If 
the total circuit inductance is as-
sumed to be 500 microhenries and 
the total triac and stray capacitance 
is 500 picofarads, the circuit factor 
for the conducting state is 0.99996, 
lagging. Thus, the load current lags 
the line voltage by the small phase 
delay of approximately 25 micro-
seconds. At the time that the triac 
commutates current, the line voltage 
is 1.6 volts. At this time, a transient 
damped oscillation occurs as a re-
sult of the interaction of the triac 
junction capacitance and the circuit 
inductance. For the circuit parameter 
values given ( R = 20 ohms, L 
500 microhenries, and C 500 pico-
farads), the frequency of oscillation 
is 3.2 x 10 Hz. Calculation of the 
maximum dv/dt stress across the 
triac yields a value of 1.97 volts per 

microsecond. The voltage at the time 
of commutation is then 1.6 volts, 
and the maximum commutating 
dv/dt becomes 3.15 volts per micro-
second. 

Thus, it can be seen that a definite 
dv/dt stress is imposed on the triac 
even when the load is primarily re-
sistive. Because all resistive circuit 
configurations have some small in-
ductance associated with them, a 
commutating dv/dt stress is pro-
duced in all resistive circuits. Fig. 
253 shows a commutating dv/dt 
waveshape for a resistive load of 6 
amperes in a 120-volt triac control 
circuit. 

COMMUTATING 
dv/dt r--

10 20 30 40 50 60 70 

T1 >44E-frLs 

Fig. 253 Triac principal voltage during 
commutation of a resistive load. 

The use of triacs for full-wave 
ac power control results in either 
fixed or adjustable power to the load. 
Fixed load power is achieved by use 
of the triac as a static on-off switch 
which applies effectively all of the 
available line voltage to the load, or 
by use of the triac in a fixed-phase 
firing mode which applies only the 
desired portion of the line voltage 
to the load. The latter method of 
operation is but one point of an in-
finite number of available points 
which can be attained by variable-
phase firing operation. 

Fig. 254 shows the current and 
voltage waveshapes produced when 
a triac is used to control ac power 
to a highly inductive load for on-off 
triac operation; Fig. 255 illustrates 
the waveshapes for phase-control 
operation. Because the load is highly 
inductive ( w1,>>R), the load cur-
rent lags the line voltage by some 
phase angle 0. When the current 



Power Switching and Control 159 

SOURCE / 
VOLTAGE 

• 

TRIAC 
PRINCIPAL 
CURRENT 

TRIAC 
PRINCIPAL   

VOLTAGE 

COMMUTATING 
dv/dt 

TIME 

it ! 
eel 

Fig. 254—Principal voltage and current for 
static-switch triac operation with an in-

ductive load. 

through the triad ( i.e., the load cur-
rent) goes to zero (commutates), 
the triac turns off. In static control 
operation, the triac is immediately 
turned on by continuous application, 
or re-application, of the gate trigger-
ing signal; thus, this signal causes 
the triac to continue conducting for 
the desired number of successive 
half-cycles. 
As shown in Fig. 254, at time t1, 

the gate is opened and the triac 
continues to conduct for the re-
mainder of that half-cycle of load 
current. At the end of the half-
cycle, commutation occurs and the 
triac is subjected to an off-state 
blocking voltage which has a polarity 
opposite to the conducted current 
and a magnitude equal to the value 
of line voltage at that instant. Be-
cause the triac goes from a conduct-
ing state to a blocking state in a 
very short period of time, the rate 
of rise of off- state voltage is very 
rapid. This rapidly rising off-state 
voltage produces a dv/dt across the 
main power terminals of the triac 
and can result in the triac going into 
conduction if the triac is incapable 
of withstanding the dv/dt. 

Fig. 255 shows the waveshapes 
produced for phase-control opera-
tion with an inductive load. The os-
cillations which are present on the 
peaks of the voltage waveform are 
the result of interaction of the cir-
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Fig. 255 Principal voltage and current for 
phase-control triac operation with an in-

ductive load. 

this type of operation, the stress 
caused by the commutating dv/dt is 
produced each time the current 
crosses the zero-axis and, there-
fore, occurs at a frequency equal to 
twice the line-voltage frequency. If 
the triac is incapable of sustaining 
the dv/dt which is produced, it goes 
into a conducting state and remains 
in continuous conduction, supplying 
current to the load. This malfunc-
tion is illustrated in Fig. 256. 

SOURCE 
VOLTAGE 

TRIAC 
PRINCIPAL 
CURRENT 

TRIAC 
PRINCIPAL 
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Fig. 256—Principal voltage and current 
showing malfunction of triac as a result 
of commutating dv/dt produced by an 

•• 
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Fig. 257(a) shows the circuit dia-
gram of a series connection of volt-
age source, triac, and load. An equiv-
alent circuit for this series connec-
tion is shown in Fig. 257(b). When 
the triac is in conduction, the triac 
junction capacitance is shunted by 
a low-value, nonlinear resistance 
which minimizes the effect of triac 
capacitance. However, when the triac 

 ry-Nr•rN  

INDUCTIVE 
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C(-1*. SOURCE 

POWER 

GATING 

CIRCUIT 
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TRIAC 
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INDUCTIVE 
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AC 
POWER 
SOURCE Rj(N.1 

(b) 
Fig. 257—(a) Series-circuit 
triac, inductive load, and ac 

and (I)) equivalent 

connection of 
power source; 
circuit. 

goes out of conduction, the resistive 
component becomes very large and 
the equivalent triac shunting capa-
citance becomes significant. Because 
the circuit is basically a series RLC 
circuit, the voltage waveshape and 
the rate of rise of voltage across 
the triac at commutation are de-
termined by the magnitude of source 
voltage and the circuit inductance, 
capacitance, and resistance. Thus 
the rising off- state voltage across 
the triac can be an overdamped, 
critically damped, or underdamped 
oscillation. 

Fig. 258 shows a low-current triac 
in use in a simple, common, propor-
tional-control application; the cir-
cuit consists of a single RC time 
constant and a threshold device. 
The trigger diac is used as a 
threshold device to remove the de-
pendence of the trigger circuit on 

120 VAC 

60 Hz 

Fig. 258 Simple control circuit using 
single time constant. 

a 

variations in gate trigger character-
istics. The circuit can provide suffi-
cient control for many applications, 
such as heaters and motor-speed and 
switching controls. Because of its 
simplicity, the circuit can be pack-
aged in confined areas where space 
is at a premium. Electrically, it dis-
plays a hysteresis effect and initially 
turns on for resistive loads with a 
conduction angle which may be too 
large; however, it provides maximum 
power output at the full "on" posi-
tion of the control potentiometer. 
The hysteresis effect produced by 

a single-time-constant circuit can 
be reduced by addition of a resistor 
(Rs) in series with the trigger diac, 
as shown by the dotted lines in Fig. 
258. The series resistor reduces the 
capacitor discharge time and thus 
provides reduced time lag because 
of the diac turn-on-characteristics. 
The circuit shown in Fig. 259 uses 

a double-time-constant control to 
improve on the performance of the 
single-time-constant control circuit. 
This circuit minimizes the hysteresis 
effect and allows the triac to turn 
on at small conduction angles. The 
circuit has the advantages of low 
hysteresis, bidirectional operation at 

a double Fig. 259 Control circuit using 
time constant. 
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small conduction angles, and con-
tinuous control up to the maximum 
conduction angle. In addition, the 
fixed resistor R1 can be replaced by 
a trimmer potentiometer for mini-
mum control at low conduction 
angles. 
The circuit shown in Fig. 260 uses 

a neon bulb as a threshold device 
rather than the solid-state diac. 
This circuit has the advantages of 
low hysteresis, bidirectional opera-
tion at small conduction angles, and 

120 VAC 

60 Hz 

260—Control circuit using a neon-
bulb threshold device. 

continuous control up to the maxi-
mum conduction angle. Because the 
neon-bulb threshold voltage is higher 
than that of a solid-stage diac, how-
ever, full 360 degree control may 
not be achieved. 

Fig. 261 shows a circuit in which 
an SCR controls the triggering and 
operation of a triac in an integral-
cycle control circuit which is radio-
frequency-interference free. A basic 
SCR gate-trigger or gate-control 

o  

120 VAC 

60 Hz 

Fig. 261 Integral-cycle coilt nd circuit. 

circuit can be represented by a volt-
age source and a series resistance, 
as shown in Fig. 262. The series re-
sistance should include both the ex-

CIRCUIT RESISTANCE 

PULSE 
SOURCE 

Rc 

 es\AA/  

Fig. 262 Equivalent gate trigger circuit. 

ternal circuit resistance and the in-
ternal generator resistance. With 
this type of equivalent circuit, the 
conventional load- line approach to 
gate trigger-circuit design can be 
used. With pulse-type triggering, it 
is assumed initially that the time 
required to trigger all SCR's of the 
same type is known, and that the 
maximum allowable gate trigger 
pulse widths for specific peak gate 
power inputs are to be determined. 
The magnitude of gate trigger cur-
rent required to turn on an SCR of 
a given type can be determined 
from the turn-on characteristics 
shown in the section on Thyristors. 
The triac in Fig. 261 is not trig-

gered as long as the SCR is on. When 
the SCR is turned off by removal 
of the gate signal and application of 
a negative anode potential, the triac 
is triggered on at the beginning of 
the next half-cycle. When the triac 
conducts, the capacitor charges up 
to the peak supply voltage and re-
tains its charge to trigger the triac 
on in the next half-cycle. When the 
triac conducts in the reverse direc-
tion, the negative charge on the ca-
pacitor is held to a low value so that 
it does not trigger the triac when 
the supply voltage reverses. If the 
SCR is still off, the triac repeats its 
conduction angle. If the SCR is con-
ducting, the triac does not trigger 
on, but remains off until the SCR is 
again turned off. This circuit pro-
vides the unique function of integral-
cycle switching, i.e., once the triac 
is triggered on, it completes one full 
cycle before turning off. This type 
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of switching eliminates de com-
ponents present with half-wave con-
trol. The circuit also provides syn-
chronous switching, i.e., the triac 
turns on at the beginning of the 
cycle and does not generate RF I. 

LIGHT CONTROLS 

A simple, inexpensive light-
dimmer circuit can be constructed 
with a diac, a triac, and an RC 
charge-control network. It is im-
portant to remember that a triac in 
this type of circuit dissipates power 
at the rate of about one watt per 
ampere. Therefore, some means of 
removing heat must be provided to 
keep the device within its safe oper-
ating-temperature range. On a small 
light-control circuit such as one 
built into a lamp socket, the lead-in 
wire serves as an effective heat sink. 
Attachment of the triac case directly 
to one of the lead-in wires provides 
sufficient heat dissipation for operat-
ing currents up to 2 amperes ( rms). 
On wall-mounted controls operating 
up to 6 amperes, the combination of 
faceplate and wallbox serves as an 
effective heat sink. For higher-power 
controls, however, the ordinary face-
plate and wallbox do not provide 
sufficient heat-sink area. In this 
case, additional area may be ob-
tained by use of a finned face plate 
that has a cover plate which stands 
out from the wall so air can circu-
late freely over the fins. 
On wall-mounted controls, it is 

also important that the triac be elec-
trically isolated from the face plate, 
but at the same time be in good 
thermal contact with it. Although 
the thermal conductivity of most 
electrical insulators is relatively 
low when compared with metals, a 
low-thermal-resistance, electrically 
isolated bond of triac to faceplate 
can be obtained if the thickness of 
the insulator is minimized and the 
area for heat transfer through the 
insulator is maximized. Suitable in-
sulating materials are fiber-glass 
tape, ceramic sheet, mica, and 
polyimide film. Fig. 263 shows two 
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Fig. 263 Examples of isolated mounting 
of triacs. 

examples of isolated mounting for 
triacs in a TO-5 package and the 
new plastic package. Electrical in-
sulating tape is first placed over 
the inside of the faceplate. The triac 
is then mounted to the insulated 
faceplate by use of epoxy-resin 
cement. 

Because the light output of an in-
candescent lamp depends upon the 
voltage impressed upon the lamp 
filament, changes in the lamp volt-
age vary the brightness of the 
lamp. When ac source voltages are 
used, a triac can be used in series 
with an incandescent lamp to vary 
the voltage to the lamp by changing 
its conduction angle; i.e., the por-
tion of each half-cycle of ac line 
voltage in which the triac conducts 
to provide voltage to the lamp fila-
ment. The triac, therefore, is very 
attractive as a switching element in 
light-dimming applications. 
To switch incandescent-lamp loads 

reliably, a triac must be able to with-
stand the inrush current of the lamp 
load. The inrush current is a result 
of the difference between the cold 
and hot resistance of the tungsten 
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filament. The cold resistance of the 
tungsten filament is much lower 
than the hot resistance. The result-
ing inrush current i approximately 
12 times the normal operating cur-
rent of the lamp. 
The simplest circuit that can be 

used for light-dimming applications 
is shown in Fig. 264 and uses a diac 
in series with the gate of a triac to 
minimize the variations in gate 

cl 
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OR 

240V ,Ac 
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Fig. 264 Single-time-con.‘tant light-
dimmer circuit. 

trigger characteristics. In applica-
tions where space is at a premium, 
the RCA-40431 or RCA-40432, which 
combine the functions of both triac 
and diac, may be used. Changes in 
the resistance in series with the ca-
pacitor change the conduction angle 
of the triac. Because of its simpli-
city, this circuit can be packaged 
in confined areas where space is at 
a premium. 
The capacitor in the circuit of Fig. 

264 is charged through the control 
potentiometer and the series re-
sistance. The series resistance is used 
to protect the potentiometer by 
limiting the capacitor charging cur-
rent when the control potentiometer 
is at its minimum resistance setting. 
This resistor may be eliminated if 
the potentiometer can withstand the 
peak charging current until the triac 
turns on. The diac conducts when 
the voltage on the capacitor reaches 
its breakover voltage. The capaci-
tor then discharges through the diac 
to produce a current pulse of suffi-
cient amplitude and width to trigger 
the triac. Because the triac can he 
triggered with either polarity of 
gate signal, the same operation oc-

curs on the opposite half-cycle of the 
applied voltage. The triac, there-
fore, is triggered and conducts on 
each half-cycle of the input supply 
voltage. 
The interaction of the RC network 

and the trigger diode results in a 
hysteresis effect when the triac is 
initially triggered at small conduc-
tion angles. The hysteresis effect is 
characterized by a difference in the 
control potentiometer setting when 
the triac is first triggered and when 
the circuit turns off. Fig. 265 shows 
the interaction between the RC net-
work and the diac to produce the 
hysteresis effect. The capacitor volt-
age and the ac line voltage are 
shown as solid lines. A the resist-
ance in the circuit is decreased 
from its maximum value, the capaci-
tor voltage reaches a value which 
fires the diac. This point is desig-
nated A on the capacitor-voltage 
waveshape. When the diac fires, the 
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Fig. 265 Waveforms showing interaction 
of control twtwork and trigger diode. 

capacitor discharges and triggers 
the triac at an initial conduction 
angle oi. During the forming of the 
gate trigger pulse, the capacitor 
voltage drops suddenly. The charge 
on the capacitor is smaller than 
when the diac did not conduct. As 
a result of the different voltage con-
ditions on the capacitor, the break-
over voltage of the diac is reached 
earlier in the next half-cycle. This 
point is labeled B on the capacitor-
voltage waveform. The conduction 
angle 0, corresponding to point B 
is greater than oi. All succeeding 
conduction angles are equal to 0, 
in magnitude. When the circuit re-
sistance is increased by a change 
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in the potentiometer setting, the 
triac is still triggered, hut at a 
smaller conduction angle. Eventu-
ally, the resistance in series with 
the capacitance becomes so great 
that the voltage on the capacitor 
does not reach the breakover voltage 
of the diac. The circuit then turns 
off and does not turn on until the 
circuit resistance is again reduced 
to allow the diac to be fired. The 
hysteresis effect makes the voltage 
load appear much greater than 
would normally be expected when 
the circuit is initially turned on. 
The double-time-constant circuit 

in Fig. 266 improves on the perform-
ance of the single-time-constant con-
trol circuit. This circuit uses an 

C1=7r"z 
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Fig. 266 Double-time-constant light-
dimmer circuit. 

additional RC network to extend the 
phase angle so that the triac can be 
triggered at small conduction angles. 
The additional RC network also mini-
mizes the hysteresis effect. Fig. 267 
shows the voltage waveforms for 
the ac supply and the trigger capa-
citor of the circuit of Fig. 266. Be-
cause of the voltage drop across 113, 
the input capacitor C2 charges to a 
higher voltage than the trigger ca-
pacitor Ca. When the voltage on 
G reaches the breakover voltage 

LINE VOLTAGE 
TRIGGER-
CAPACITOR 
VOLTAGE 

r--
Fig. 267— Voltage waveforms of double-

time-constant control circuit. 

of the diac, it conducts and causes 
the capacitor to discharge and pro-
duce the gate-current pulse to trig-
ger the triac. After the diac turns 
off, the charge on C3 is partially 
restored by the charge from the in-
put capacitor C. The partial restora-
tion of charge on C3 results in better 
circuit performance with a minimum 
of hysteresis. 

For applications requiring a light-
activated circuit, such as outdoor 
or indoor lights, the circuit shown 
in Fig. 268 can be employed. Al-
though this circuit functions in the 

Fig. 268 Light-controlled turn-off circuit. 

same manner as the light-dimmer 
circuit, the photocell controls its 
operation. When the light impinges 
on the surface of the photocell, the 
resistance of the photocell becomes 
low and prevents the voltage on the 
trigger capacitor from increasing to 
the breakover voltage of the trigger 
diode. The circuit is then inopera-
tive. When the light source is re-
moved, the photocell becomes a high 
resistance. The voltage on the trig-
ger capacitor then increases to the 
breakover voltage of the trigger 
diode and causes the diode to fire. 
The trigger pulse formed by the 
capacitor discharge through the 
trigger diode makes the triac con-
duct and operates the circuit. The 
triac continues to be triggered on 
each half-cycle and supplies power to 
the load as long as the resistance 
of the photocell is high. When light 
again impinges on the surface of 
the photocell and reduces its re-
sistance, the voltage on the capaci-
tor can no longer reach the break-
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over voltage of the trigger diode, 
and the circuit turns off. 
For applications requiring opera-

tion when light impinges on the 
surface of the photocell, the circuit 
of Fig. 269 is recommended. In this 
circuit, low resistance of the photo-
cell allows the triac to be triggered 
on. When light is removed from the 
photocell, the increased resistance 
of the photocell prevents the triac 
from being triggered and renders 
the circuit inoperative. 

120 V AC 
OR 

240 V AC 
60Hz 

Fig. 269—Light-controlled turn-on circuit. 

HEAT CONTROLS 

There are three general categories 
of solid-state control circuits for 
electric heating elements: on-off 
control, phase control, and propor-
tional control using integral-cycle 
synchronous switching. Phase-con-
trol circuits such as those used for 
light dimming are very effective and 
efficient for electric heat control ex-
cept for the problem of radio-fre-
quency interference ( RFI). In 
higher-power applications, the RFI 
is of such magnitude that suppres-
sion circuits to minimize the inter-
ference become quite bulky and 
expensive. 
An on-off circuit for the control 

of resistance-heating elements is 
shown in Fig. 270. The circuit also 
provides synchronous switching close 
to the beginning of the zero-voltage 
crossing of the input voltage to 
minimize RFI. The thermistor con-
trols the operation of the two-tran-
sistor regenerative switch, which, in 
turn, controls the operation of the 
triac. When the temperature being 
controlled is low, the resistance of 

120 V AC 
OR 

240 V AC 
60 Hz 

THERM ISTOR 

Fig. 270 Synchronous switching on-off 
heat controller. 

the thermistor is high and the re-
generative switch is OFF. The triac 
is then triggered directly from the 
line on positive half-cycles of the 
input voltage. When the triac trig-
gers and applies voltage to the load, 
the capacitor is charged to the peak 
value of the input voltage. The ca-
pacitor discharges through the triac 
gate to trigger the triac on the op-
posite half-cycle. The diode-resistor-
capacitor " slaving" network triggers 
the triac on negative half-cycles of 
the ac input voltage after it is trig-
gered on the positive half-cycle to 
provide integral cycles of ac power 
to the load. 
When the temperature being con-

trolled reaches the desired value, as 
determined by the thermistor, the 
transistor regenerative switch con-
ducts at the beginning of the posi-
tive input-voltage cycle to shunt the 
trigger current away from the triac 
gate. The triac does not conduct as 
long as the resistance of the thermis-
tor is low enough to make the tran-
sistor regenerative switch turn on 
before the triac can be triggered. 
On-off controls have only two 

levels of power input to the load. 
The heating coils are either ener-
gized to full power or are at zero 
power. Because of thermal time con-
stants, on-off controls produce a 
cyclic action which alternates be-
tween thermal overshoots and under-
shoots with poor resolution. 
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This disadvantage is overcome and 
RFI is mininlized by use of the con-
cept of integral-cycle proportiond 
control with synchronous switching. 
In this system, a time base is se-
lected and the on-time of the triac 
is varied within the time base. The 
ratio of the on-to-off time of th( 
triac within this time interval de-
pends upon the power required to 
the heating elements to maintain the 
desired temperature. Fig. 271 shows 
the on-off ratio of the triac. Within 
the time period, the on-time varies 
by an integral number of cycles 
from full ON to a single cycle of 
input voltage. 
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Fig 271 Triac duty cycle. 

One method of achieving integral-
cycle proportional control is to use 
a fixed-frequency sawtooth genera-
tor signal which is summed with a 
de control signal. The sawtooth gen-
erator establishes the period or time 
base of the system. The dc control 
signal is obtained from the output 
of the temperature-sensing network. 
The principle is illustrated in Fig. 
272. As the sawtooth voltage in-
creases, a level is reached which 
turns on power to the heating ele-
ments. As the temperature at the 
sensor changes, the de level shifts 
accordingly and changes the length 
of time that the power is applied 
to the heating elements within the 
established time. 
When the demand for heat is high, 

the dc control signal is high and 
high power is supplied continuously 
to the heating elements. When the 
demand for heat is completely satis-
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Fig. 272 Proportional-controller wave-
shapes. 

fled, the de control signal is low and 
low power is supplied to the heating 
elements. Usually a system using 
this principle operates continuously 
somewhere between full ON and full 
OFF to satisfy the demand for heat. 
A proportional integral-cycle heat-

control system is shown in Fig. 273. 
The ramp voltage is generated by 
charging of capacitor C through re-
sistor R. The length of the ramp is 
determined by the voltage magni-
tude required to trigger the regen-
erative switch consisting of Q, and 
Q2. The temperature sensor consist-
ing of Q3 and Qi, together with the 
controlling thermistor Rn, estab-
lishes a voltage level at the base of 
Q3 which depends upon the re-
sistance value of the thermistor. 
Q3 and Q I form a bistable multivi-
brator. The state of the multivibra-
tor depends upon the base bias of 
Q3. When Q, is conducting, Q is 
cut off. The pulse generator is ener-
gized and generates pulses to 
trigger the triac. The output of the 
pulse generator is synchronized to 
the line voltage on the negative 
half-cycle by D2 and R3 and on the 
positive half-cycle by D, and R.,. 
The pulses are, therefore, generated 
at the zero-voltage crossings and 
trigger the triacs into conduction 
at only these points. 

MOTOR CONTROLS 

Thyristors have been widely ac-
cepted in power-control applications 
in industrial systems. The controls 
can be designed to provide good per-



Power Switching and Control 167 

Fig. 273 Proportional integral-cycle heat controller. 

formance, maximum efficiency, and 
high reliability in compact packag-
ing arrangements. 

Triacs as well as SCR's can be 
used very effectively to apply power 
to motors and perform switching, 
or any other desired operating con-
dition that can be obtained by a 
switching action. Because most 
motors are line-operated, the triac 
can be used as a direct replacement 
for electromechanical switches. A 
very simple triac static switch for 
control of ac motors is shown in 
Fig. 274. The low-current switch 

120VAC 
OR 

240 VAC 
60Hz 

  LOAD I  

LOW 
CURRENT 
SWITCH 

Fig. 274 Simple triac static switch. 

controlling the gate trigger current 
can be any type of transducer, such 
as a pressure switch, a thermal 
switch, a photocell, or a magnetic 
reed relay. This simple type of cir-

cuit allows the motor to be switched 
directly from the transducer switch 
without any intermediate power 
switch or relay. 

Triacs can also be used to change 
the operating characteristics of 
motors to obtain many different 
speed and torque curves. 

For de control, the circuit of Fig. 
275 can be used. By use of the de 
triggering modes, the triac can be 
directly triggered from transistor 
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INPUT 
CONTROL 
 o o  

LOADI 

Fig. 275 AC triac switch control from 
dc input. 

circuits by either a pulse or con-
tinuous signal. A transistor series-
switching regulator approach can 
also be used to control the armature 
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current of a de motor, as shown in 
Fig. 276. Usually the transistor is 
full ON or full OFF and the dura-
tion of the pulse ( or the duty cycle) 
determines the motor speed. Its 
typical high-power application is 
in the drive motors of electric ve-
hicles or submarines. 
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OR 

ENERGY 
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Fig. 276 DC motor armature control. 

Many fractional-horsepower motors 
are series-wound "universal" motors, 
so named because of their ability to 
operate directly from either ac 
or de power sources. Fig. 277 is a 
schematic of this type of motor 
operated from an ac supply. Because 
most domestic applications today 
require 60-Hz power, universal 
motors are usually designed to have 

MOTOR TERMINALS 

FIELD WINDING 
ARMATURE 

AC 
SUPPLY 

EXTERNAL 
CONTROL 
CIRCUIT 

Fig. 277—Series-wound universal motor. 

optimum performance characteris-
tics at this frequency. Most universal 
motors run faster at a given de 
voltage than at the same 60-Hz ac 
voltage. 
The field winding of a universal 

motor, whether distributed or lumped 
(salient pole), is in series with the 
armature and external circuit, as 
shown in Fig. 277. The current 

through the field winding produces 
a magnetic field which cuts across 
the armature conductors. The action 
of this field in opposition to the field 
set up by the armature current sub-
jects the individual conductors to 
a lateral thrust which results in 
armature rotation. 
AC operation of a universal motor 

is possible because of the nature of 
its electrical connections. As the ac 
source voltage reverses every half-
cycle, the magnetic field produced 
by the field winding reverses its di-
rection simultaneously. Because the 
armature windings are in series IA- ith 
the field windings through the 
brushes and commutating segments, 
the current through the armature 
winding also reverses. Because both 
the magnetic field and armature cur-
rent are reversed, the direction of 
the lateral thrust on the armature 
windings remains constant. Typical 
performance characteristic curves 
for a universal motor are shown in 
Fig. 278. 
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Fig. 278 Typical performance curves for 
a universal motor. 

One of the simplest and most effi-
cient means of varying the im-
pressed voltage to a load on an ac 
power system is by control of the 
conduction angle of a thyristor 
placed in series with the load. Typi-
cal curves showing the variation of 
motor speed with conduction angle 
for both half-wave and full-wave 
impressed motor voltages are illus-
trated in Fig. 279. 
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Fig. 279 Typical performance curves for 
a universal motor with phase-angle control. 

Half-Wave Control 

There are many good circuits 
available for half-wave control of 
universal motors. The circuits are 
divided into two classes: regulating 
and non-regulating. Regulation in 
this instance implies load sensing 
and compensation of the system to 
prevent changes in motor speed. 
The half-wave proportional con-

trol circuit shown in Fig. 280 is a 
non-regulating circuit that depends 
upon an RC delay network for gate 
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Fig. 280—Half-wave motor control with 
no regulation. 

phase-lag control. This circuit is 
better than simple resistance firing 
circuits because the phase-shifting 
characteristics of the RC network 
permit the firing of the SCR beyond 
the peak of the impressed voltage, 
resulting in small conduction angles 
and very slow speed. 

• 

Fig. 281 shows a fundamental cir-
cuit of direct-coupled SCR control 
with voltage feedback. This circuit 
is highly effective for speed control 
of universal motors. The circuit 
makes use of the counter emf in-
duced in the rotating armature be-
cause of the residual magnetism in 
the motor on the half-cycle when 
the SCR is blocking. 
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VOLTAGE 

MOTOR VOLTAGE 

CEMF 
H LO 

GATE 
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Fig. 281 Half-wave motor control with 
regulation. 

The counter emf is a function of 
speed and, therefore, can be used 
as an indication of speed changes 
as mechanical load varies. The gate-
firing circuit is a resistance network 
consisting of R1 and R2. During the 
positive half-cycle of the source 
voltage, a fraction of the voltage is 
developed at the center-tap of the 
potentiometer and is compared with 
the counter emf developed in the 
rotating armature of the motor. 
When the bias developed at the gate 
of the SCR from the potentiometel 
exceeds the counter emf of the 
motor, the SCR fires. AC power is 
then applied to the motor for the 
remaining portion of the positive 
half-cycle. Speed control is accom-
plished by adjustment of poten-
tiometer R1. If the SCR is fired 
early in the cycle, the motor oper-
ates at high speed because essen-
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tially the full rated line voltage is 
applied to the motor. If the SCR 
is fired later in the cycle, the aver-
age value of voltage applied to the 
motor is reduced, and a correspond-
ing reduction in motor speed occurs. 
On the negative half-cycle, the SCR 
blocks voltage to the motor. The 
voltage applied to the gate of the 
SCR is a sine wave because it is 
derived from the sine-wave line 
voltage. The minimum conduction 
angle occurs at the peak of the sine 
wave and is restricted to 90 de-
grees. Increasing conduction angles 
occur when the gate bias to the 
SCR is increased to allow firing at 
voltage values which are less than 
the peak value. 
When a load is applied to the 

motor, the motor speed decreases and 
thus reduces the counter emf in-
duced in the rotating armature. With 
a reduced counter emf, the SCR fires 
earlier in the cycle and provides in-
creased motor torque to the load. 
Fig. 281 also shows variations of 
conduction angle with changes in 
counter emf. The counter emf ap-
pears as a constant voltage at the 
motor terminals when the SCR is 
blocking. 
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Fig. 282 shows the circuit that 
provides feedback for changing load 
conditions to minimize changes in 
motor speed. The feedback is pro-
vided by R7, which is in series with 
the motor. A voltage proportional to 
the peak current through the motor 
is developed across the resistor. This 
voltage is stored on capacitor C2 

through diode CR2, and is of a polar-
ity that causes the bias on the re-
sistance network of R3 and Rt to 
change in accordance with the load 
on the motor. With an increasing 
motor load, the speed tends to de-
crease. This decrease in motor speed 
causes more current to flow through 
the motor armature and field wind-
ings. When the current flowing 
through R, increases, the voltage 
stored on capacitor C2 increases in 
the postive direction. This increase 
in capacitor voltage causes the tran-
sistors, to conduct earlier in the 
cycle, to fire the SCR, and to provide 
a greater portion of the power cycle 
to the motor. With a decreasing load, 
the motor current decreases and the 
voltage stored by capacitor C2 de-
creases. The transistors and SCR 
then conduct later in the cycle. The 
resultant reduction in the average 

CI 
VOLTAGE 

e/ 

GATE CURRENT 
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motor control using two-transistor regenerative 
regulation. 

triggering with 
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power supplied to the motor causes 
a reduced torque to the smaller load. 
Because motor current is a function 
of the motor itself, resistor 117 has 
to be matched with the motor rating 
to provide optimum feedback for 
load compensation. Resistor R, may 
range from 0.1 ohm for larger-size 
universal motors to 1.0 ohm for 
smaller types. 

Half-Wave Motor Control 
Limitations 

If, a universal motor is operated 
at low speed under a heavy me-
chanical load, it may stall and cause 
heavy current flow through the SCR. 
For this reason, low-speed heavy-
load conditions should be allowed to 
exist for only a few seconds to pre-
vent possible circuit damage. In any 
case, fuse ratings should be care-
fully determined and observed. 
Nameplate data for some universal 

motors are given in developed horse-
power to the load. This mechanical 
designation can be converted into 
its electrical current equivalent 
through the following procedure. 

Internal motor losses are taken 
into consideration by assigning a 
figure of merit. This figure, 0.5, rep-
resents motor operation at 50-per-
cent efficiency, and indicates that 
the péwer input to the motor is 
twice the power delivered to the 
load. With this figure of merit and 
the input voltage Vac, the rms input 
current to the motor can be calcu-
lated as follows: 
rms current 
mechanical horsepower >< 746 

0.5 V. 
For an input voltage of 120 volts, 
the rms input current becomes 

rms current = horsepower >< 12.4 

For an input voltage of 240 volts, 
the rms input current becomes 

rms current = horsepower x 6.2 

The motor-control circuits de-
scribed above should not be used 
with universal motors that have cal-
culated rms current exceeding the 
values given. The circuits will ac-

commodate universal motors with 
ratings up to 'Y4 horsepower at 120 
volts input and up to 11/2 horse-
power at 240 volts input. 

Full-Wave Universal and 
Induction Motor Controls 

Fig. 283 shows a single-time-
constant full-wave triac circuit 
which can be used as a satisfactory 
proportional speed control for uni-
versal motors and with certain types 

120 VAC 
OR 
240 VAC 
60 Hz 

Fig. 283—Induction motor control. 

of induction motors, such as shaded 
pole or permanent split-capacitor 
motors when the load is fixed. No 
regulation is provided with this cir-
cuit. This type of circuit is best 
suited to applications which re-
quire speed control in the medium 
to full-power range. It is specifically 
useful in applications such as fans 
or blower-motor controls, where 
a small change in motor speed 
produces a large change in air 
velocity. Caution must be exercised 
if this type of circuit is used 
with induction motors because the 
motor may stall suddenly if the 
speed of the motor is reduced be-
low the drop-out speed for the 
specific operating condition de-
termined by the conduction angle 
of the triac. Because the single-
time-constant circuit cannot pro-
vide speed control of an induction 
motor load from maximum power 
to full OFF, but only down to some 
fraction of the full-power speed, 
the effects of hysteresis described 
previously are not present. Speed 
ratios as high as 3:1 can be ob-
tained from the single-time-constant 
circuit used with certain types of 
induction motors. Care must be 
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taken to avoid continuous low-speed 
operation of induction motors in 
which sleeve bearings are used as 
improper lubrication will result. 
Because motors are basically in-

ductive loads and because the triac 
turns off when the current reduces 
to zero, the phase difference between 
the applied voltage and the device 
current causes the triac to turn off 
when the source voltage is at a 
value other than zero. When the 
triac turns off, the instantaneous 
value of input voltage is applied di-
rectly to the main terminals of the 
triac. This commutating voltage may 
have a rate of rise which can re-
trigger the triac. The commutating 
dv/dt can be limited to the capabil-
ity of the triac by use of an RC 
network across the device, as shown 
in Fig. 283. The current and voltage 
waveshapes for the circuit are 
shown in Fig. 284 to illustrate the 
principle of commutating dv/dt. 
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Fig. 284—Waveshapes of commutating 
dv/dt characteristics. 

In applications in which the hys-
teresis effect can be tolerated or 
which require speed control primar-
ily in the medium to full-power 
range, a single-time-constant cir-
cuit such as that shown in Fig. 283 

for induction motors can also be used 
for universal motors. However, it 
is usually desirable to extend the 
range of speed control from full-
power ON to very low conduction 
angles. The double-time-constant 
circuit shown in Fig. 285 provides 
the delay necessary to trigger the 
triac at very low conduction angles 
with a minimum of hysteresis, and 
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Fig 285—Double-time-constant motor 

control. 

also provides practically full power 
to the load at the minimum-resist-
ance position of the control poten-
tiometer. When this type of control 
circuit is used, an infinite range of 
motor speeds can be obtained from 
very low to full-power speeds. 

Reversing Motor Control 

In many industrial applications, 
it is necessary to reverse the direc-
tion of a motor, either manually or 
by means of an auxiliary circuit. 
Fig. 286 shows a circuit which uses 
two triacs to provide this type of 
reversing motor control for a split-
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Fig. 286 Reversing motor control. 



Power Switching and Control 173 

phase capacitance motor. The re-
versing switch can be either a man-
ual switch or an electronic switch 
used with some type of sensor to 
reverse the direction of the motor. 
A resistance is added in series with 
the capacitor to limit capacitor dis-
charge current to a safe value when-
ever both triacs are conducting 
simultaneously. If triac No.1 is 
turned on while triac No.2 is on, 
a loop current resulting from capa-
citor discharge will occur and may 
damage the triacs. 
The circuit operates as follows: 

when triac No.1 is in the off state, 
motor direction is controlled by triac 
No.2; when triac No.2 reverts to 
the of state and triac No.1 turns on, 
the motor direction is reversed. 
The triac motor-reversing circuit 

can be extended to electronic garage-. 
door systems which use the prin-
ciple for garage-door direction 
control. The system contains a 
transmitter and a receiver and pro-
vides remote control of door opening 
and closing. The block diagram in 
Fig. 287 shows the functions re-
quired for a complete solid-state 
system. When the garage door is 
closed, the gate drive to the DOWN 
triac is disabled by the lower-limit 
closure and the gate drive to the 
UP triac is inactive because of the 
state of the flip-flop. If the trans-
mitter is momentarily keyed, the 
receiver activates the time-delay 
monostable multivibrator so that it 
then changes the flip-flop state and 
provides continuous gate drive to the 
UP triac. The door then continues 
to travel in the UP direction until 
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Fig. 287—Block diagram for remote-
control solid-state garage-door system. 

the upper-limit switch closure dis-
ables gate drive to the UP triac. A 
second keying of the transmitter 
provides the DOWN triac with gate 
drive and causes the door to travel 
in the DOWN direction until the 
gate drive is disabled by the lower 
limit closure. The time in which the 
monostable multivibrator is active 
should override normal transmitter 
keying for the purpose of eliminat-
ing erroneous firing. A feature of 
this system is that, during travel, 
transmitter keying provides motor 
reversing independent of the upper-
or lower-limit closures. Additional 
features, such as obstacle clearance, 
manual control, or time delay for 
overhead garage lights can be in-
cluded very economically. 
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Computer Circuits 

Basically, a computer system is 
designed to evaluate information 

supplied to it in such a way that a 
predetermined output is obtained 
for prescribed input conditions. This 
evaluation is performed in digital 
computers by switching circuits 
(also called logic circuits or "gates") 
which provide a binary output (" 1" 
or "0"). Various types of logic cir-
cuits can be combined in large quan-
tity to perform complicated analyti-
cal functions at very high speed. 
Most computer circuits make use 

of digital integrated circuits in con-
struction because computer-circuit 
requirements in terms of tolerances, 
voltages, types of components, repe-
titive use of the same circuit, small 
size, and need for high reliability 
are consistent with integrated-circuit 
technology. For this reason, the fol-
lowing section should be considered 
as demonstrating a possible use of 
the semiconductor devices included, 
rather than as describing an appli-
cation in which these devices are 
currently, commercially used. 

LOGIC CIRCUITS 

A switching circuit in which the 
semiconductor device operates as an 
effective open or short circuit is 
called a "gate". Switching circuits 
are used extensively in computer 
applications to provide a variety of 
functions, such as circuit triggering 
at prescribed intervals, and level 
and waveshape control. In computer 
applications, these circuit's are called 
logic circuits. Logic circuits include 
OR, AND, NOR ( NOT-OR), NAND 

(NOT-AND), series ( clamping), and 
shunt or inhibitor circuits. 
An OR gate has more than one in-

put, but only one output. It provides 
a prescribed output condition when 
one or another prescribed input con-
dition exists. When a pulse of the 
proper polarity is applied at one or 
more of the inputs to an OR gate, 
an output pulse of the same polarity 
is obtained. If the circuit provides 
phase inversion of the input signal, 
the OR gate becomes a NOT-OR 
(NOR) gate. Fig. 288 shows a sim-
ple NOR gate that uses diode inputs. 
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Fig. 288 Simple diode NOR gate. 

Fig. 289 shows a transistor NOR 
gate in which bias is provided by the 
battery Vim. The bias value is chosen 
so that the transistor is cut off 
when all inputs are low and is turned 
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Fig. 289 Simple transistor NOR gate. 
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on and saturated when either or both 
of the inputs are high. 
An AND gate also has more than 

one input, but only one output. How-
ever, it provides an output only when 
all the inputs are applied simulta-
neously. As in the case of the OR 
gate, the use of a configuration which 
provides phase inversion provides a 
NOT-AND (NAND) gate. 
The AND-OR gate shown in Fig. 

290 illustrates the use of a direct-
coupled transistor logic circuit to 
trigger a bistable multivibrator. The 
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Fig. 290—AND-OR gate or trigger circuit. 

over-all gating function, which con-
sists of a NAND function and a 
NOR function, is performed by tran-
sistors Qi, Q2, and Q. Transistor Qt 
is part of the bistable multivibrator. 

Transistors C21 and Q2 are series-
connected and form a NAND gate. 
Similarly, transistors Q1 and Q3 are 
series-connected and form a NAND 
gate. Transistors Q2 and Q3 are par-
allel-connected and form a NOR gate. 
Provided all transistors are cut off 
(quiescent condition), triggering of 
the bistable multivibrator is accom-
plished when the prescribed input 
conditions for either of the NAND 
gates are met, i.e., when either tran-
sistors Q1 and Q2 or transistors Qi 
and Q3 are triggered into conduction. 

Gating circuits are also used as 
amplitude discriminators ( limiters), 

clippers, and clamping circuits, and 
as signal-shunting or transmission 
gates. 
Enhancement-type MOS transis-

tors are well suited for digital-type 
logic-circuit applications because di-
rect-coupled signal inversion is pos-
sible without the need for level 
shifting between stages. An im-
portant consideration for MOS logic 
circuits is the relationship between 
the saturation voltage VD(sat) and 
the threshold voltage VTH of the 
transistor. For direct coupling, 
VD(sat) must be smaller than VTli• 

It is relatively easy to design en-
hancement-type MOS transistors 
which meet this requirement. 

Fig. 291 shows a simple NOR 
logic gate consisting of two MOS 
transistors and a single load resis-
tor. The inputs X and Y are consid-
ered to be LOW if the voltage is less 
than Vrii, and HIGH if the voltage 

«1 allr 
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Fig. 291 Simple NOR logic gate using 
MOS transistors. 

is greater than VTIle If both inputs 
are LOW, both MOS transistors are 
cut off and the output voltage is 
HIGH (essentially the supply volt-
age V) because there is negligible 
current in the load resistor RL. If 
either or both inputs are HIGH, the 
current produced causes the output 
voltage to drop to the level of 
VD (sat), and the output is LOW. If 
a binary "1" is assigned to the 
HIGH level and a binary "0" to 
the LOW level, the gate performs 
the NOR function. 
As a two-terminal switch, the tun-

nel diode is particularly suited to 
computer applications because of its 
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high speed, small size, and low power 
consumption. Switching operation is 
obtained by use of a load line 
which intersects the diode charac-
teristic in three points, as shown in 
Fig. 292; however, only points C and 
E are stable operating points. If the 
circuit is operated at point C and a 

I. 

DC LOAD LINE 
AC LOAD LINE 

Fig. 292 T pical load lines for tunnel:-
diode circuits. 

positive current step of sufficient am-
plitude is applied, the operating point 
switches to point E. Correspondingly, 
a negative input signal switches the 
operating point back to point C. 
An advantage of the switching 

mode is its nonsensitivity to the exact 
linearity of the negative-resistance 
region of the tunnel-diode character-
istics. Slight irregularities in the neg-
ative characteristic have negligible 
effect on the switching action. 

In the basic monostable circuit or 
"gate" shown in Fig. 293(a), the 
static load line is determined by the 
resistance R. and the voltage V.. If 
R„ is less than the minimum dynamic 
negative resistance of the diode, only 
a single operating point exists. The 
gate is stable in its low state if vo 
is adjusted so that the operating 
point is at E. The dynamic load line 
is determined by the inductive time 
constant L/Ro. When the inductive 
time constant is long compared to 
the switching time ts, the current in 
the circuit is effectively constant. 

If a small step of current L. is ap-
plied to the diode, the operating point 
switches to the high-voltage point 
F along the constant-current path 

I; 

(a) 

( b ) 

Fig. 293 —Basic tunnel-diode logic circuit. 

shown by the dashed line in Fig. 
293(b). Removal of the input causes 
the operating point to move to Fe. 
At this point, the energy stored in 
the inductor L must be dissipated 
before the circuit can return to its 
original operating point. As the en-
ergy in the inductor decreases, the 
operating point moves along the di-
ode characteristic to the point of 
minimum current at G. When this 
point is reached, switching again 
occurs along a constant-current path 
to point H. The cycle of operation is 
completed by a recovery region in 
which the energy in the inductor 
builds up to its original level; during 
this period the operating point moves 
up the diode characteristic to the 
starting point. 

Fig. 294(a) shows a simple tunnel-
diode logic circuit. If the static op-
erating bias is adjusted so that only 
one input is required to trigger the 
diode, an OR function is performed. 
If all inputs are required to trigger 
the diode, an AND function is per-
formed. Because the coupling imped-
ance is high compared to the diode 
impedance, the inputs can be con-
sidered as current sources during 
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the triggering period. Fig. 294(b) 
shows the biasing for a three-input 
AND gate. If the operating-point 
bias is increased slightly, the circuit 
can b e made to trigger on t-‘-‘o of its 
inputs; the logical function per-
formed would then be that of a 
' majority gate • 

V 

(b) 

Fig. 294 Tunnel-diode "AND" gate. 

Fig. 295 shows a tunnel rectifier 
in use as a tunnel-diode logic circuit. 
Because of its high-speed capability 
and superior rectification character-

RESET 

TUNNEL RECTIFIERS 

Fig. 295—Logic circuit using a tunnel 
diode and three tunnel resistors. 

istics, the tunnel rectifier can be used 
to provide the directional coupling 
required in a logic circuit; it pro-
vides coupling in one direction ( the 
ON state) and isolation is the op-
posite direction ( OFF state). 

LOGIC SYSTEMS 

Propagation delay per stage or 
per pair of stages is the most im-
portant consideration in determining 
the speed capabilities of a logic sys-
tem for computer applications. This 
delay time limits the maximum speed 
with which information can be 
processed in a computer. Typical 
propagation delays ranging from 
several microseconds to less than 1 
nanoseconds can be obtained, de-
pending upon the type of circuit and 
transistor used. As mentioned at the 
beginning of this section, inte-
grated circuits are now in general 
use in computer application. How-
ever, the following description ap-
plies equally to discrete transistor-
ized and integrated logic systems. 
The simplest computer building 

block is the RTL (resistance-tran-
sistor- logic) circuit shown in Fig. 
296. This circuit performs a NOR 
function if positive voltage levels 
are defined as binary " 1" and nega-
tive voltages are defined as binary 
"0". RTL circuits must be designed 
so that de stability is obtained under 
"worst-case" conditions. However, if 
optimum switching performance is 
desired, circuits are designed to pro-
vide maximum reverse base current 
for a given fan-in ( number of in-
puts) and fan-out ( number of out-
puts). This approach decreases 
storage and fall times and thus pro-
vides smaller propagation delays per 
stage, but decreases the fan-out 
capability of the circuit. 
The measurement of propagation 

delay in RTL circuits is made under 
"worst-case" conditions, i.e., alter-
nate stages are subjected in turn to 
maximum and then minimum drive 
conditions. Maximum drive produces 
short delay and rise times but long 
storage and fall times; it occurs 
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Fig. 296 Simple RTL (resistance-transistor-logic) NOR circuit. 

when a given stage is driven by 
three unloaded stages. Minimum 
drive produces short storage and fall 
times but long delay and rise times; 
it occurs when a given stage is 
driven at only one input by a fully 
loaded stage. 
A generalized RCTL (resistance-

capacitance-transistor-logic) circuit 
is shown in Fig. 297. This type of 
logic circuit is characterized by a 
large number of transistors and is 
capable of extremely fast operation. 
The logic function performed by the 
RCTL arrangement of Fig. 297 is the 
same as that described for the RTL 
system shown in Fig. 296. 
The high-speed operation of RCTL 

systems is a result of the use of the 
"speed-up" capacitor CF. This capa-
citor compensates for stored charge 
in the transistor, and also provides 
large forward-base-current over-

RF 

-VBB 
o 

drive on an instantaneous basis. 
Therefore, extremely fast transistor 
switching times can be obtained. 
However, the maximum repetition 
rate of the circuit is limited by the 
value of CF. Therefore, CF must be 
selected just large enough to com-
pensate for the transistor stored 
charge. 

Fig. 298 shows a generalized DTL 
(diode-transistor-logic) circuit which 
performs either a NAND or a NOR 
function depending upon the defini-
tion of voltage levels. The DTL cir-
cuit is characterized by extremely 
high speed, a large number of diodes, 
and relatively few transistors. Such 
circuits may use a collector clamp 
voltage, as shown, or may be de-
signed without collector clamping 
provided all input diodes are reverse-
biased when a transistor is to be 
ON. The latter approach makes pos-

+Vcc +VCI 

o 

Rc 

TO ADDITIONAL INPUTS 

-VBB 

o 

RB§ 

RF 

 /\.^^/  

1(   
CF 

TO ADDITIONAL OUTPUTS 

.MO•MMIM, 

Fig. 29 7—Generalized RCTL (resistance-capacitance-transistor-logic) No circuit. 
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Fig. 298—Generalized DTL (diode-transistor-logic) 

sible larger fan-in and fan-out, but 
is somewhat slower in speed than 
the design shown. The .DTL system 
is more economical than the RCTL 
system because fewer transistors 

n INPUTS 
«01M•IMO 

-VBB 

CF 

RF 

circuit. 

IMM•MIF 

are required to perform a given logic 
function. 

Figs. 299 and 300 show two ap-
proaches to the design of ultra-high-
speed, non-saturating logic circuits. 
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Fig. 299 Generalized current-steeritP,1 system using reference diodes and transistors. 
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Generalized circuit for complementary-symmetry current-steering system using 
only transistors. 

The circuit in Fig. 299 is the gen-
eralized circuit for a current-steer-
ing system using reference diodes 
and transistors; Fig. 300 shows the 
generalized circuit for a complemen-
tary-symmetry current-steering sys-
tem using only transistors. 

Current-steering logic (CSL) cir-
cuits are characterized by a large 
number of transistors, high power 
dissipation, and ultra-high-speed 
operation. The logic function per-
formed by these circuits is somewhat 
different from those discussed pre-
viously. Because of the extra tran-
sistors involved, such circuits can 
perform both a desired function 
and its inverse. For example, both 
NAND and AND or NOR and OR 
functions are directly obtained, the 
combination depending upon the defi-
nition of voltage levels. 

The design of current-steering cir-
cuits must be optimized to use the 
smallest load resistor RL possible be-
cause the ultimate speed of the cir-
cuit is limited by the time constant 
of this load resistance and the load 
capacitance. The complementary-
symmetry approach is superior to 
diode current steering because it is 
equivalent in speed, provides the 
same transistor dissipation ( and is 
thus equally reliable), and may be 
designed with less critical toler-
ances. 
Computer operation requires the 

use of many flip-flop circuits for 
temporary storage of data. "Set-
reset" flip-flops may be formed read-
ily by use of any of the basic logic 
blocks described. A binary-counter-
type flip-flop is shown in Fig. 301. 
The design of the flip-flop circuit 
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is the same as for the RCTL system 
except for the trigger gating circuit 
and the value of CF. The trigger gat-
ing circuit is designed so that a 
negative pulse at the input turns the 
ON transistor off. Therefore, the 
size of the input capacitors must be 
determined by the maximum stored 
charge of the transistor and the size 
of the input voltage swing. The two 
additional diodes connected from 
base to emitter of each transistor 
are used to eliminate time-constant 
problems at high frequencies. These 
diodes may be eliminated if high-
frequency operation is not required. 
The problem of noise control in 

computer systems increases in im-
portance with the use of ultra-high-
speed transistors arid circuits. Nóige 
immunity is defined as the ability of 
a given circuit to be relatively im-
mune to a certain amplitude and 
duration of noise voltage. In com-
puter circuits, there are essentially 
three sources of noise: ( 1) capaci-
tive cross-coupling, ( 2) inductive 
cross-coupling, and ( 3) coupling 
through common impedances. The in-
ductive noise component is generally 

the most significant in transistor 
circuits because relatively low volt-
ages and high currents are present. 
To optimize a switching design for 

noise immunity, it is necessary to 
determine what noise-voltage ampli-
tude at the input is required to 
cause a change at the output. Be-
cause this amplitude is a function 
of the transient response of the 
switching circuit, the pulse width or 
duration of the noise voltage must 
also be considered. In the following 
discussion, it is assumed that the 
noise voltage is of sufficient duration 
that effects of the circuit transient 
response may be neglected ( i.e., that 
the noise-voltage duration is no less 
than the longest turn-on or turn-off 
time of the switching circuit). 
The DTL circuit shown in Fig. 298 

can be used to illustrate the design 
of a logic circuit for noise immunity. 
When all inputs are high, a negative 
noise pulse at any input tends to 
turn the ON transistor off; a posi-
tive noise pulse has no effect. The 
amplitude of noise required to ef-
fect a change is determined by the 
reverse bias VR on the input diodes, 

 eHEy)He 

d)O INPUT 

Fig. 301 Binary-counter-type flip-flop circuit. 
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the amount of forward bias Vie neces-
sary to cause appreciable conduc-
tion of an input diode, and the 
stored charge Qs of the ON transis-
tor. For the ON condition, therefore, 
the negative noise-voltage amplitude 
required to cause a change in the 
output is given by 

Vn = VB + Vie ( QS/ CF) 

When any one of the inputs is low 
and the transistor is OFF, only a 
positive noise pulse at a low input 
has any effect on the transistor out-
put. The amplitude of the positive 
noise voltage required to start the 
transistor turning ON is determined 
by the amount of reverse bias VA 
on the base-to-emitter junction of 
the transistor, the forward bias VBE 
required across the base-to-emitter 
junction to cause appreciable con-
duction of base current, and the 
amount of charge necessary to 
charge the input capacitance C1 at 
the base through the voltage VB 
VBE. For the OFF condition, there-

fore, the positive noise-voltage am-
plitude required is given by 

vn (VB VBE) 
C 

CF 

A per-cent noise-immunity figure 
can be defined for a particular cir-
cuit as the ratio of the noise volt-
ages determined above to the normal 
voltage swing of a true input, which 
is approximately equal to the col-
lector supply voltage. It is desirable 
to have equal noise immunity for 
both the ON and OFF conditions be-
cause the per-cent noise-immunity 
figure for the circuit is no better 
than the lower value. 

Because the values VF, VBE, Qs, CF, 
and C 1 are constants for a specific 
transistor and diode, the values of 
VR and VB may be chosen to obtain 
a desired noise immunity for a given 
circuit design. However, circuit noise 
immunity and fan-out capability are 
interdependent; if noise immunity is 
made too large; fan-out capability 
will suffer. Therefore, a compromise 
between the two must be made. 
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DC Power Supplies 

DC power supplies convert the out-
put of a prime source, such as a 

generator, to a form useful to the 
circuit to be powered. The supply 
of power usually requires rectifica-
tion to change ac to dc, filtering to 
smooth out the ac ripple in the out-
put of the rectifier circuit, and regu-
lation to assure a constant output 
from the power supply in spite of 
variations in the input voltage and 
output load. 

RECTIFICATION 

The most suitable type of rectifier 
circuit for a particular application 
depends on the dc voltage and cur-
rent requirements, the amount of 
rectifier "ripple" ( undesired fluctua-
tion in the de output caused by an 
ac component) that can be tolerated 
in the circuit, and the type of ac 
power available. Figs. 302 through 
308 show seven basic rectifier con-
figurations. These illustrations in-
clude the output-voltage waveforms 
for the various circuits and the cur-
rent waveforms for each individual 
rectifier in the circuits. Filtering of 
the output of the rectifier circuits is 
discussed later in this section. 
Ideally, the voltage waveform 
should be as flat as possible ( i.e., 
approaching almost pure dc). A flat 
curve indicates a peak-to-average 
voltage ratio of one. 
The single-phase half-wave cir-

cuit shown in Fig. 302 delivers 
only one pulse of current for each 
cycle of ac input voltage. As shown 
by the current waveform, the single 
rectifier conducts the entire current 
flow. This type of circuit contains 

OUTPUT 
VOLTAGE 

RECTIFIER 
CURRENT 

2 

Fig. 302—Single-phase half-wave circuit. 

a very high percentage of output 
ripple. 

Fig. 303 shows a single-phase full-
wave circuit that operates from a 

RECTIFIER 
CURRENT 

OUTPUT 
VOLTAGE 

Fig. 303—Single-phase full- wave circuit 
with center-tapped power transformer. 
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RECTIFIER 
CURRENT 

center-tapped high-voltage trans-
former winding. This circuit has a 
lower peak-to-average voltage ratio 
than the circuit of Fig. 302 and about 
65 per cent less ripple. Only 50 per 
cent of the total current flows 
through each rectifier. This type of 
circuit is widely used in television 
receivers and large audio amplifiers. 
The single-phase full-wave bridge 

circuit shown in Fig. 304 uses four 

 o 

ECIV 

a 

OUTPUT 
VOLTAGE 

Fig. 304—Single-phase full-wave circuit 
without center-tapped power transformer 

(i.e., bridge-rectifier circuit). 

rectifiers, and does not require the 
use of a transformer center-tap. It 

N71 

can be used to supply twice as much 
output voltage as the circuit of Fig. 
303 for the same transformer volt-
age, or to expose the individual rec-
tifiers to only half as much peak 
reverse voltage for the same output 
voltage. Only 50 per cent of the 
total current flows through each 
rectifier. This type of circuit is popu-
lar in amateur transmitter use. 
The three-phase circuits shown in 

Figs. 305 through 308 are usually 
found in heavy industrial equipment 
such as high-power transmitters. 
The three-phase Y half-wave circuit 
shown in Fig. 305 uses three recti-
fiers. This circuit has considerably 
less ripple than the circuits dis-
cussed above. In addition, only one-
third of the total output current 
flows through each rectifier. 

Fig. 306 shows a three-phase 
full-wave bridge circuit which uses 
six rectifiers. This circuit delivers 
twice as much voltage output as 
the circuit of Fig. 305 for the same 
transformer conditions. In addition, 
this circuit, as well as those shown 
in Figs. 307 and 308, has an ex-
tremely small percentage of ripple. 

In the six-phase "star" circuit 
shown in Fig. 307, which also uses 
six rectifiers, the least amount of 
the total output current ( one-sixth) 
flows through each output rectifier. 
The three-phase double-Y and inter-
phase transformer circuit shown in 

1+ 
E0V 

OUTPUT 
VOLTAGE 

o  
14-1/Ne--4 

O 

RECTIFIER 
CURRENT 

Fig. 305—Three-phase " Y" half-wave circuit. 
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• 

0 + 

EaV 

Fig. 306—Three-phase " Y" full-wave circuit. 

Fig. 308 uses six half-wave rectifiers 
in parallel. This arrangement deliv-
ers six current pulses per cycle and 
twice as much output current as the 
circuit shown in Fig. 305. 

Table IV lists voltage and current 
ratios for the circuits shown in Figs. 
302 through 308 for resistive or in-
ductive loads. These ratios apply for 
sinusoidal ac input voltages. It is 

OUTPUT 
VOLTAGE 

ry-NrY-NrY 

RECTIFIER 
CURRENT 

generally recommended that induc-
tive loads rather than resistive loads 
be used for filtering of rectifier cur-
rent, except for the circuit of Fig. 
302. Current ratios given for induc-
tive loads apply only when a filter 
choke is used between the output of 
the rectifier and any capacitor in the 
filter circuit. Values shown do not 
take into consideration voltage drops 

0 + 

OUTPUT 
VOLTAGE 

CYYYNev"e‘ 

0  0. A, 
RECTIFIER 
CURRENT 

Fig. 307—Six-phase "star" circuit. 
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Fig. 308—Three-phase "double-Y" and interphase-transformer circuit. 

which occur in the power trans-
former, the silicon rectifiers, or the 
filter components under load condi-
tions. When a particular rectifier 
type has been selected for use in a 
specific circuit, Table IV can be used 
to determine the parameters and 
characteristics of the circuit. 

In Table IV, all ratios are shown 
as functions of either the average 
output voltage Ea,. or the average 
de output current lay, both of which 
are expressed as unity for each cir-
cuit. In practical applications, the 
magnitudes of these average values 
will, of course, vary for the different 
circuit configurations. 

FILTERING 

Filter circuits are used to smooth 
out the ac ripple in the output of a 
rectifier circuit. Filters consist of 
two basic types, inductive "choke" 
input and capacitive input. Combina-
tions and variations of these types 
are often used; some typical filter 
circuits are shown in Fig. 309. 
The simplest of these filtering cir-

cuits is the capacitive input type. 

This type of filtering is most often 
used in low-current circuits in which 
a fairly large amount of ripple can 
be tolerated. Such circuits are usu-
ally single-phase, half-wave or full-
wave. In this type of filter, the 
capacitor charges up to approxi-
mately the peak of the input voltage 
on each half-cycle that a rectifier 
conducts. The current into the load 
is then supplied from the capacitor 
rather than from the power supply 
until the point in the next half-
cycle when the input voltage again 
equals the voltage across the capa-
citor. A rectifier circuit that uses 
a smoothing capacitor and the volt-
ages involved are shown in Fig. 310. 
Higher average de output volt-

ages and currents can be obtained 
from this type of circuit by the use 
of larger capacitors. A larger capaci-
tor also tends to reduce the ripple. 
However, care must be taken that 
the capacitor is not so large that 
excessive peak and rms currents 
cause overheating of the rectifier. 
The next simplest filter is the in-

ductive input filter. This filter per-
forms the same function as a capaci-
tive input filter in that it smooths 
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Table IV Voltage and Current Ratios for Rectifier Circuits Shown 
in Figs. 302 Through 308. Fig. 302 Uses a Resistive Load, and Figs. 

303 Through 308 an Inductive Load 

CIRCUIT RATIOS 

Output Voltage: 
Average   
Peak (x E,)   
RMS (x Eav)   
Ripple (%)   

Input Voltage ( RMS) : 
Phase (x E.,)   
Line-to-Line (x E.,) 

Average Output (Load) 
Current   

RECTIFIER CELL RATIOS 

Forward Current: 
Average (x I.„) . 
RMS (x I.,): 

resistive load 
inductive load . 

Peak (x I..): 
resistive load 
inductive load . 

Ratio peak to average: 
resistive load . 
inductive load . 

Peak Reverse Voltage: 
x 
di\ 141 •••61; has 

• 

• 

• 

• 

• 

• 

• 

e • 

e 

• 

• 

• 

• 

• 

• 

• 

• • • 

• • • 

* to center tap 

Fig. 302 Fig. 303 Fig. 304 Fig. 305 Fig. 306 Fig. 307 Fig. 308 

• to neutral 

E., 
3.14 
1.57 
121 

E., E., E.„ 
1.57 1.57 1.21 
1.11 1.11 1.02 
48 48 18.3 

Ea' 

1.05 
1.00 
4.3 

1.05 
1.00 
4.3 

E., 
1.05 
1.00 
4.3 

2.22 1.11* 1.11 0.855° 0.428e 0.74e 0.855e 
2.22 2.22 1.11 1.48 0.74 1.48t 1.711 

I.„ I., I., I.„ 

1.00 0.5 0.5 0.333 0.333 0.167 0.167 

1.57 0.785 0.785 0.587 0.579 0.409 0.293 
0.707 0.707 0.578 0.578 0.408 0.289 

3.14 1.57 1.57 1.21 1.05 1.05 0.525 
1.00 1.00 1.00 1.00 1.00 0.500 

3.14 3.14 3.14 3.63 3.15 6.30 3.15 
2.00 2.00 3.00 3.00 6.00 3.00 

3.14 3.14 1.57 2.09 1.05 2.42 2.09 
.41 9.89 lAi 9.45 2,45 2.S3 2.45 

t maximum valu e 1: maximum value, no load 

the load current by storing energy 
during one part of the cycle and re-
leasing it to the load during an-
other part of the cycle. However, the 
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inductor acts in a different way by 
extending the time during which 
current is drawn from a rectifier. 
When a smoothing inductor is used 
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Fig. 310 Bridge-rectifier circuit with capacitor input filter. 

in series with a full-wave rectifier 
circuit, the conduction period of 
each rectifier may be extended so 
that conduction does not stop in one 
rectifier until the other rectifier 
starts conducting. As a result of 
this spreading action, any increase 
in inductance to reduce ripple re-
sults in a decrease in the average 
output voltage and current. 
The smoothing capabilities of 

capacitors and inductors can be com-
bined as shown in the other filters 
of Fig. 309 to take advantage of the 
best feature of each. Filters which 
provide maximum output and mini-
mum ripple and use reasonably 
small components can thus be de-
signed. 

REGULATORS 

In the operation of a regulator 
circuit, the difference between a 
reference input ( e.g., the supply 
voltage) and some portion of the 
output voltage ( e.g., a feedback sig-
nal) is used to supply an actuating 
error signal to the control elements. 
The amplified error signal is ap-
plied in a manner that tends to 

reduce this difference to zero. Regu-
lators are designed to provide a 
constant output voltage very nearly 
equal to the desired value in the 
presence of varying input voltage 
and output load. 

In series regulator circuits such as 
that shown in Fig. 311, direct-coupled 
amplifiers are used to amplify an 
error or difference signal obtained 
from a comparison between a por-

o  

Q2 

E 

VR 
R3 

Vo 

Fig. 311 Typical series regulator circuit. 
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tion of the output voltage and a 
reference source. The reference-
voltage source VII is placed in the 
emitter circuit of the amplifier tran-
sistor Qi so that the error or differ-
ence signal between VR and some 
portion of the output voltage Vo is 
developed and amplified. The ampli-
fied error signal forms the input to 
the regulating element consisting of 
transistors Q2 and Q3. 

In many situations, a device for 
a high-voltage power supply is avail-
able with sufficient voltage capabil-
ity but insufficient current dissipa-
tion or second-breakdown capability. 
The series-regulator circuit shown 
in Fig. 312 solves this problem by 
reducing the dissipation and current 
requirements in the high-voltage 
device Qi. 

RI 

/VW 

o 

p 
PQ I max 02 max 

Er--n-ax 'max _  

- EIN (max) 

'OUT (mad 

Fig. 312—Series-regulator 

4 

circuit using 
series matching . 

In the circuit of Fig. 312, the maxi-
mum power dissipated in Qi or Q 
is approximately one-fourth of the 
power that would be dissipated in 
a conventional series-pass stage. The 
balance of the power is dissipated in 
resistor R1. 

In many high-current applications 
including series regulators, a Darl-
ington configuration is utilized to 
improve the current gain, as shown 
in Fig. 313. A serious limitation of 
this method, however, is the high 
power dissipated in the pass ele-
ment because this device cannot 
reach saturation. 

hFE ( TOTAL) 2 hFEI + hFE2 + hFE1 hFE2 

VCE2 a VCE +VBE 2 

Fig. 313—Darlington configuration. 

A typical automobile voltage-
regulator circuit for an auto with a 
12-volt system is shown in Fig. 314. 
Transistor Q2 presents a variable re-
sistance in series with the field. If 
the battery is fully charged and the 
electrical loading is small ( e.g., 
only from the ignition circuit), the 
10-volt zener diode breaks down, 
turning Qi on and Q2 off ( i.e., high 
resistance). The consequent reduc-
tion in field current reduces the 
armature voltage E., so that the 

toy 

• • 
Fig. 314 Typical automobile voltage-

regulator circuit. 

battery supplies the load current. If 
the battery requires charging, or if 
the electrical load is heavy, then 
the lower terminal voltage is not 
sufficient to break down the zener. 
For this condition, Q, is off and Q2 
is on full ( i.e., driven into satura-
tion). As a result, field current is 
high, the armature voltage is high, 
and the alternator supplies current 
to the load and also charges the bat-

ELECTRICAL 
SYSTEM 

«alb 

ARMATURE 

o 
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tery. Under normal operation, the 
transistor may be fully on, fully off, 
or somewhere in between ( i.e., on 
but in the active region rather than 
in saturation). The actual transis-
tor operating conditions depend on 
battery condition and electrical load. 
Shunt regulator circuits are not as 

efficient as series regulator circuits 
for most applications, but they have 
the advantage of greater simplicity. 
In the shunt voltage regulator cir-
cuit shown in Fig. 315, the current 
through the shunt element consisting 
of transistors Q. and Q, varies with 
changes in the load current or the 
input voltage. This current variation 
is reflected across the resistance R1 
in series with the load so that the 

output voltage V() 
nearly constant. 

NAAA  

is maintained 

315 Typical .vlutlit-re,Fulator 

vo 

circuit. 

A third type of regulator, the 
switching regulator, is discussed in 
the section on Power SNN itching and 
Control under the heading of 
"Switching Regulators." 
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Testing and Mounting 

This section covers the testing and 
-I. installation suggestions which are 
generally applicable to all types of 
semiconductor devices. Careful ob-
servance of these suggestions will 
help experimenters and technicians 
to obtain the best results from semi-
conductor devices and circuits. 

TESTING 

The ability to determine the con-
dition of semiconductor devices is an 
important requisite for servicemen, 
experimenters, and others who are 
required to operate and maintain 
electrical equipment that employ 
such devices. Although thorough, 
comprehensive evaluations of semi-
conductor devices are hindered by the 
limited amount of commercially 
available test equipment, simple 
techniques and circuits can be read-
ily devised to provide go/no-go type 
of indications or to measure signifi-
cant characteristics of the devices. 
The following paragraphs outline 
various test methods, indicate some 
of the available test equipment, and 
describe simple test circuits that may 
be constructed for use in the test 
and evaluation of different types of 
semi2onductor devices. 

Bipolar Transistors 

Fig. 316 shows a go/no-go test 
circuit for bipolar transistors. The 
connections shown are for an n-p-n 
transistor. When the base resistor 
is connected to the negative terminal 
of the battery, the lamp should go 
out. For p-n-p transistors, the same 
results should be obtained with the 
battery polarities reversed. 

6 V 

68 OHMS 
 /\.A.A.e  

i680 
OHMS 

No.49 LAMP 
2 V 

60 mA 

n-p-n 
TRANSISTOR 

Fig. 316—"Go/no-go" test circuit for 
bipolar transistors. 

A quick check of bipolar transis-
tors can also be made prior to their 
installation in a circuit by resistance 
measurement with a conventional 
ohmmeter. The resistance between 
any two electrodes should be very 
high ( more than 10,000 ohms) in 
one direction and considerably lower 
in the other direction ( 100 ohms or 
less between emitter and base or 
collector and base; about 1000 ohms 
between emitter and collector). It 
is very important to limit the volt-
age applied by the ohmmeter in such 
tests ( particularly between emitter 
and base) so that the breakdown 
voltages of the transistor will not 
be exceeded; otherwise, the transis-
tor may he damaged by excessive 
currents. 

In addition to the test to de-
termine open or shorted elements 
described above, any comprehensive 
evaluation of bipolar transistors 
must include measurements of the 
two most important transistor char-
acteristics, beta and leakage. Com-
mercial transistor testers are avail-
able to perform these measurements. 
Because there is no efficient substi-
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tute way to evaluate these charac-
teristics, a transistor tester is a 
worthwhile instrument for use in 
the servicing of equipments that em-
ploy bipolar transistors. 
The value of a transistor tester 

for such work, however, depends on 
its design and how it is used. For 
accurate measurements of a wide 
range of transistor types, the tester 
must incorporate several specific de-
sign features. In addition the user 
must know a few facts about in-
circuit and out-of-circuit measure-
ments of transistor characteristics. 

Beta Measurements The beta, or 
common - emitter forward - current 
transfer ratio ( hfe), of a bipolar 
transistor expresses the gain char-
acteristics of the device. This char-
acteristic can be determined by use 
of ac or de test voltages. Some basic 
factors that must be considered for 
transistor beta measurements are as 
follows: 

1. The collector current level has 
a direct effect upon beta, whether 
the transistor is tested in or out of 
circuit. The published data for most 
transistors denotes the de beta for 
specific conditions of dc voltage and 
temperature. The practical signifi-
cance this characteristic has to 
troubleshooting is that a single level 
of collector current will not provide 
an adequate beta measurement for 
all types of transistors. Therefore, 
a transistor tester which provides 
for setting the collector current over 
a wide range of values will be bet-
ter able to test diverse transistor 
types, such as small-signal rf and 
high-power audio transistors. 

2. AC beta is a function of fre-
quency. The gain-bandwidth product 
is the frequency at which the beta 
is equal to unity, and indicates the 
approximate useful frequency range 
of the device. The frequency-cutoff 
point is the frequency at which the 
alpha (common-base forward cur-
rent-tranfer ratio) drops to 0.707 
times its 1-kHz value. These cutoff 
points vary widely with transistor 
types. In many consumer applica-

tions, transistors are now operating 
at frequencies up to 1,000 MHz. Sig-
nificant tests of the frequency char-
acteristics require elaborate rf 
measuring facilities. Consequently, 
it is not practical to include them 
in service-type transistor testers. It 
is apparent that an ac-beta tester 
which uses only a 60- or 1,000-Hz 
test signal cannot provide a signifi-
cant indication of transistor per-
formance at rf, vhf, or uhf fre-
quencies. 

3. The transistor beta specified by 
manufacturers for most transistors 
is a de beta. AC beta figures are 
usually reserved for rf and higher-
frequency types. In many of the 
latter cases, the de beta is also spe-
cified. 

4. If a transistor has insufficient 
current gain, its condition will be 
disclosed by either a dc- or an ac-
beta test. Unlike electron tubes, 
transistors do not exhibit gain slumps 
due to materials depletion. In addi-
tion, beta does not normally change 
as the transistor ages. A defective 
transistor can be readily detected 
because it will have little or no beta, 
will give a shorted or open indication, 
or will have excessive leakage. 

5. In-circuit beta readings will he 
lower than out-of-circuit readings for 
the same transistor. Variations will 
depend on the circuit resistance. In 
most cases, these differences will 
not be substantial. In some in-circuit 
tests, however, meaningful beta read-
ings cannot be obtained because of 
low circuit resistances. The horizon-
tal-deflection output stage of a TV 
receiver is a good example. In such 
situations, it will be necessary to 
test the transistor out of circuit. 

6. In most applications, a refer-
ence beta figure for an in-circuit or 
out-of-circuit transistor may not be 
available for several reasons: 

(a) " Good" transistors of any one 
type may display a very wide spread 
in betas and still be acceptable for 
use in a specific circuit. 

(b) In-circuit beta may be af-
fected by circuit configurations and 
operating parameters. 
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(c) The beta figure published by 
manufacturers is usually the aver-
age, or design center, of a very 
large number of tested devices. 

(d) Equipment service notes do 
not specify reference beta figures 
for in-circuit measurements for the 
reasons given above. In spite of 
these factors, interpretation of beta 
measurements and their significance 
is not a guessing game. A defective 
transistor will have little or no beta, 
will cause the pointer to slam against 
the meter stop of the tester, or will 
make it impossible to calibrate the 
tester prior to beta measurements. 
It would appear, then, that discrete 
beta values have little significance 
in service work. In most applica-
tions, however, a minimum gain 
characteristic is needed, and it is 
often necessary to "pair up" transis-
tors for complementary-symmetry 
circuits in various types of equip-
ment, including audio amplifiers of 
radio and television receivers. 

7. A transistor with a low beta ( or 
excess leakage) may be satisfactory 
for use in noncritical circuits. It is 
necessary, therefore, to consider 
test results in terms of the applica-
tion. For example, a transistor hav-
ing a low beta may be satisfactory 
in some audio-amplifier circuits but 
not usable in a small-signal rf cir-
cuit. A transistor having high leak-
age may be acceptable in an audio 
stage but be useless in a high-
frequency circuit. 

Leakage Measurements Collec-
tor-to-base leakage ( kilo), measured 
with the emitter open, is the critical 
leakage of both germanium and sili-
con transistors. However, these two 
basic transistor types can display 
wide differences in their leakage 
values and in levels of acceptability. 
A transistor tester should measure 

leakage directly in milliamperes or 
microamperes. Some factors to be 
considered when interpreting meas-
urement results and levels of Icito 
acceptability are as follows: 

1. Teno limits for any particular 
transistor type are usually speci-

fied in general data or in equipment 
service notes. 

2. A transistor having a given 
amount of leakage may be usable in 
some applications and not in others. 

3. Silicon transistors generally 
have much lower leakage than 
germanium types. 

4. km) of most small-signal sili-
con transistors will be less than one 
microampere. 

5. Some acceptable silicon power 
transistors may have an IcB0 as high 
as 50 microamperes. 

6. The Icrio of most germanium 
transistors will be less than 100 
microamperes. 

7. Germanium power transistors 
often have an acceptable Tow) of sev-
eral milliamperes. 

8. Leakage measurements can be 
made only with the transistor out 
of the circuit. 

Transistor Tester The beta- and 
leakage-measurement considerations 
discussed above indicate that a 
transistor tester must include sev-
eral specific features to be a re-
liable measurement device. The more 
important considerations are as fol-
lows: 

1. The capability to measure beta 
at the collector-current level best 
suited to the transistor type or its 
application. This capability should 
extend to the handling of devices 
ranging from small-signal rf tran-
sistors that have nominal collector 
currents of a few milliamperes to 
high-power types that have ratings 
up to one ampere. 

2. The facility to provide betà 
readings with an accuracy of -±5% 
both in and out of circuit. ( It should 
be remembered, however, that beta 
is directly affected by the collector 
current.) 

3. An adjustment which permits 
leakage currents to be "bucked out" 
before the beta measurement is 
made; otherwise, the beta reading 
may be upset by the leakage current. 
In the case of high-leakage ger-
manium power transistors, the re-
sultant beta reading may be sig-
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nificantly inaccurate. This rule 
applies to both in-circuit and out-of-
circuit tests. 

4. Means for calibrating the beta 
test for each transistor tested. 

5. A facility for reading leakage 
current directly in values as low as 
one microampere. 
The considerations listed above de-

fine the primary requirements of a 
good transistor tester. Other fea-
tures are desirable, of course, to 
make the tester completely re-
liable and easy to use. 

All of the necessary and desir-
able features have been included in 
the new RCA WT-501A Transistor 
Tester, a measurement instrument 
that combines service speed and sim-
plicity with laboratory-measurement 
qualities. Fig. 317 shows the over-
all schematic and Fig. 318 shows a 
photograph of the WT-501A tran-
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sistor tester. This tester is designed 
to measure transistor collector-to-
base leakage ( Ir8()), collector-to-
emitter leakage ( IrE0), and de beta. 
Collector current ( Ir) is continu-
ously adjustable up to 1 ampere in 
four ranges. The WT-501A can also 
be used for in-circuit beta tests of 
a transistor. 
A 100-microampere meter move-

ment is used in the measuring cir-
cuits for the various test functions. 
Precision resistors are used to in-
sure accurate test results. 
An N-P-N/P-N-P switch provides 

the proper bias polarity to the tran-
sistor. Two dual potentiometers 
provide coarse and fine adjustment 
of collector current ( CAL) and in-
circuit zero. 
The instrument has two internal 

1.5-volt "D"-size batteries. One bat-
tery is used in n-p-n tests and the 

R6A R6B 

FINE -NAr e---6----0).• 
COARSE  

S 

teéi>ET  
o  

E 0  

etE -5  
SOCKET 
o  

S2A 

RANGE 

SWITCH 

SIC 
REAR 

SIC 
FRONT 

R5 

•  

S2B 

3 
 e•An.  

BT1 R2 
t - 

BT2 

evv\eRi 
 vv‘,  
 sv\At  
R4 

SIB 

REAR 

R7A 

E 

 o 

R7B 

'ceo 

— SIB FINE FINE COARSE  
FRONT 

CALIBRATE 

 45- 

SIA 
REAR 

S'A 

FRONT 

Fig. 317 Circuit diagram for RCA WT-501A transistor tester. 
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TRANSISTOR TESTER 
IN • C SIGN 1:0110 • Oi • CIKUI I 

Fig. 318 RCA WT-501A transistor tester. 

other is used in p-n-p tests. The bat-
teries are also used during in-circuit 
tests to provide voltage in reverse 
polarity to cancel the effect of cir-
cuit leakage. 

Beta-measuring circuit: A simpli-
fied diagram of the de-beta test cir-
cuit is shown in Fig. 319. Resistors 
RI, and R. serve both to establish 
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10 mA 

OHMS? 

CAL 

BETA CAL 

o 

n- p-n 
TRANSISTOR 
UNDER TEST 

Rc 

I OHM 

1.5 V 
•••••••• 

•••••• 

Ma» 

Fig. 319 Simplified beta-measuring circuit 
for 0-to- 100-milliampere range. 

the collector current, and to shunt 
the meter to the required sensitivity. 
Values for Rb and Re are as follows: 

Range 
1 mA 

10 mA 
100 mA 
1 A 

Rb 
1000 ohms 
110 ohms 
10 ohms 
1 ohm 

110 ohms 
10 ohms 
1 ohm 

0.1 ohm 

When the range switch is set to 
the CAL function, the meter is in 
the collector circuit. Collector cur-
rent is determined by the value of 
the collector resistor for the particu-
lar range, and by the setting of the 
CAL control. 

In the BETA function, the meter 
is switched to the base circuit. DC 
beta is defined as the ratio of the 
steady-state collector current to the 
base current. Because the collector 
current is established at a known 
value by the CAL adjustment, the 
base-current meter reading can be 
interpreted in terms of de beta for 
the transistor. 

Icito measuring circuit: Icito is 
the current flow, or leakage, from 
the collector to the base with the 
emitter open. As shown in Fig. 320, 
1.5 volts is applied to the collector 
and base of the transistor, and the 
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UNDER TEST 

Fig. 320 Simplified test circuit. 

meter is connected in the collector 
circuit. Collector-to-base leakage is 
indicated directly in microamperes. 

IrE,, measuring circuit: IcEg. rep-
resents the leakage from collector 
to emitter, with the base open. Fig. 
321 shows a simplified diagram of 
the test circuit. A voltage of 
1.5 volts is applied to the transis-
tor, and the meter is connected in 
the collector circuit. The resistor 
shunting the meter reduces the 
meter sensitivity to 10 milliamperes. 
Measurement of IcE() is normally 
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n- p-n 
TRANSISTOR 
UNDER TEST o  

Fig. 321—Simplified /CEO test circuit for 
1-milliampere range. 

made on the CAL position of the 1-
milliampere range. If 'CEO exceeds 
1 milliampere, however, the range 
switch can be set to the 10-milli-
ampere or 100-milliampere range as 
necessary. Collector-to-emitter leak-
age is indicated in milliamperes, de-
pending on the current range that 
is used. 

In-circuit beta test: The test 
circuit used to measure in-circuit 
current gain is similar to that used 
for out-of-circuit beta measure-
ment. As shown in Fig. 322, the IN-
CIRCUIT ZERO ADJUST control 
applies a voltage of reverse polarity 

METER 
100 mA 

'ceo 

•••••••«11 

IN- CIRCUIT 
ZERO ADJ 

IN- CIRCUIT TRANSISTOR 
UNDER TEST 

Fig. 322—Simplified in-circuit beta test 
circuit for 0-to- 100-milliampere range. 

to the collector metering circuit. 
This voltage compensates for the 
collector-to-emitter leakage through 
the components in the circuit under 
test, and permits the meter to be 
set to zero. 
The CAL adjustment and the 

metering circuit are the same as 
for out-of-circuit measurement. 
The resistance of the measuring 

circuit is low in value so that no 
significant loading effect occurs from 
the circuit being tested. 

MOS Transistors 

In the servicing of electrical 
equipment that employs MOS tran-
sistors, it is readily determined that 
the test techniques required to 
measure the characteristics of these 
devices are not the same as those 
used for bipolar transistors. An en-
tirely new set of techniques, aimed 
specifically at the unique properties 
of MOS transistors, is required. 
Simple go/no-go types of test cir-
cuits, however, may still be used 
for detection of open or shorted 
devices. 
The test circuit shown in Fig. 323 

can be used to test n-channel deple-

No.49 LAMP 
2V 

60 mA 
Fig. 323"Go/no-go" test circuit for 

MOS transistors. 

tion or p-channel enhancement MOS 
transistors for opens or shorts. The 
substrate and source of the device 
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being tested should be connected to 
terminal No. 1, the gate should be 
connected to terminal 2, and the 
drain should be connected to terminal 
No. 3. If the MOS transistor is a 
dual-gate type, the gates are tested 
separately. For n-channel deple-
tion types, if the lamp lights when 
the switch is open and does not 
light when the switch is closed, the 
transistor is good. If the lamp 
lights with the switch in either po-
sition, the transistor is shorted. If 
the lamp remains off with the switch 
in either position, the transistor is 
open. For p-channel enhancement 
types, the reverse indications are 
obtained. 
A complete, precise determination 

of the characteristics of MOS tran-
sistors, particularly at high fre-
quencies, is best obtained by the 
combined use of a curve tracer and 
special measurement circuits. For 
normal troubleshooting tests of 
these devices, however, the approxi-
mate value of a number of MOS-
transistor electrical parameters can 
be conveniently obtained from a 
sweep display of the corresponding 
static characteristics on a curve 
tracer. A commercial curve tracer, 
such as the Tektronix 575 or equiva-
lent, is specifically designed to dis-
play a complete family of charac-
teristics. Although designed for use 
with bipolar transistors ( current 
amplifiers), this equipment can be 
used with MOS transistors ( voltage 
amplifiers) if the base-step genera-
tor is modified to provide voltage 
steps instead of current steps. 

This modification involves the con-
nection of a 1000-ohm resistor be-
tween the base and emitter terminals 
of the curve-tracer transistor. Ad-
justment of the base-step generator 
to 1 milliampere per step ( negative 
steps for n-channel devices) results 
in an incremental voltage of 1 volt 
per step being applied to the gate 
of the MOS transistor. 
When a commercial curve tracer 

is not available, any low-frequency 
oscilloscope that has X and Y in-
puts and a vertical sensitivity of at 

least 10 millivolts per division may 
be adapted to curve tracing by use 
of the special adapter circuit shown 
in Fig. 324. Although this method 
does not result in the complete fam-
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Fig. 324—Adapter circuit for tracing MOS-
transistor curves on oscilloscope. 

uy of curves being presented on the 
oscillosscope simultaneously, each 
curve may be displayed sequentially 
by turninng the gate-bias switch, 
SI, on the adapter. This switch pro-
vides 10 different gate voltages from 
zero to — 10 volts in increments of 
1 volt per step. 
The drain-current/drain-voltage 

family of curves and the drain-
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current/gate-voltage curve obtained 
by use of the curve-tracer are shown 
in Fig. 325. Pinch-off voltage V), ( de-
pletion-type MOS transistors) and 
zero-bias drain current IDss are read 
off the curves directly. The drain-
to-source ON-resistance rd, the out-
put resistance rus, and the low-fre-
quency transconductance gr, are cal-
culated from the slope of the 
curves. Although the maximum 
drain-to-source voltage VDs appears 
on the output characteristics, Vis 
should not be measured by this 
method because, in some cases, the 
maximum gate-to-drain voltage rat-
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Fig. 325- MOS-transistor curves obtained 
by use of curve tracer. 

ing may be exceeded. VDs should 
therefore be limited in this method 
to the solid-line portions of the 
curves shown in Fig. 325(a). 

It should be mentioned that per-
sonnel handling MOS transistors 
during testing should ground them-

selves, preferably at the hand or 
wrist. This precaution eliminates 
the possibility of large electrostatic 
voltages being applied to the de-
vice. A simple method of grounding 
oneself is to rest one hand on a 
grounded part of the test chassis 
when the transistor is handled. 

Silicon Rectifiers 
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rig. 326"Go/no-go" test circuit for 
high- voltage silicon rectifiers. 

shorted. If the lamp is out with the 
switch open but lights when the 
switch is closed, the diode is open. 

68 OHMS 

— 6 V 

No.49 
LAMP 

2V, 60 mA 

SILICON 
RECTIFIER 

327—"Go/no-go" test circuit for 
low-voltage silicon rectifiers excluding 

types 134A and 1N270. 

Fig. 327 shows a "go/no-go" tester 
for all silicon rectifiers in this 
Manual that operate at low voltages 
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Fig. 328"Go/no-go" test circuit for 
silicon rectifier types 1N34A and 1N270. 

except the 1N34A and 1N270. The 
test circuit for these two types is 
shown in Fig. 328. 
With a diode connected as shown 

in Fig. 327 and with the polarity of 
the battery as shown, the lamp 
should light; when the polarity of the 
battery is reversed, the lamp should 
not light. If the lamp lights regard-
less of the polarity of the battery, 
the diode is shorted; if the lamp does 
not light with either polarity, the 
diode is open. 
When the anode of a 1N34A or 

1N270 diode is connected to terminal 
No. 1 in Fig. 328, the lamp should 
light if the diode is good; when the 
anode is connected to terminal No. 
3 the light should go off. If the light 
remains lit regardless of the con-
nection, the diode is shorted; if the 
light is off regardless of the connec-
tion, the diode is open. 

SCR's and Triacs 

Similar test procedures and cir-
cuits may be used for testing SCR's 
and triacs. The triac, however, 
should be tested for operation in all 
four operating modes. For conveni-
ence of illustration, the test circuits 
described show only SCR's. Triacs 
tested in these circuits should be 
connected in one direction and then 
reversed for each test. In addition, 
the triacs should be tested for both 
negative and positive gate signals 
for each direction in which they are 
connected. 

Fig. 329 shows a go/no-go type 
of test circuit that can be used to 
test thyristors that operate directly 
from the line voltage. When the 
switch is closed, a current of ap-
proximately 20 milliamperes flows 
through the 25-watt lamp, the 5600-
ohm resistor, and the switch; this 
amount of current is not enough to 
light the lamp. When the switch is 
opened, the light should brighten to 
approximately half maximum bright-
ness. Under these conditions, the 
SCR should be triggered into opera-
tion ( shunting the 5600-ohm resis-
tor) on each positive half-cycle of 
input by the 20-milliampere current 
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120 V 
60 Hz 

Fig. 329—Simple test circuit for SCR's. 

flowing in the gate-cathode circuit. 
If the lamp lights to full brightness, 
the SCR is shorted. If the lamp does 
not brighten regardless of the posi-
tion of the switch, the SCR is open. 

Fig. 330 shows a simple, inex-
pensive test circuit that may be 
used to evaluate the OFF-state 
voltage capabilities of thyristors, 
and for reverse-blocking ( SCR's) and 

Fig. 330 Test circuit used to determine 
dc forward- and reverse-voltage-blocking 
capabilities and leakage current of thy-

ristors. 

leakage tests. Resistor R, and capaci-
tor C1 are included in the test cir-
cuit to limit the rate of rise of 
applied voltage to the thyristor un-
der test. Resistor R2 limits the dis-
charge of capacitor C1 through the 
thyristor in the event that the thy-
ristor is turned on during the test. 
Resistor R3 provides a discharge 
path for capacitor C1. 

Fig. 331 shows a simple test cir-
cuit that may be used to determine 
the holding and latching currents 
of thyristors. For the holding-
current tests, the value of poten-
tiometer R, is adjusted to approxi-
mately 50 ohms, and the spring-
loaded push-button switch Pl3i is 
momentarily depressed to turn on 
the thyristor. The value of R is 

then gradually increased to the point 
at which the thyristor turns off. 
For the latching-current test, the 

value of potentiometer 111 is initially 
adjusted so that the main-terminal 
current is less than the holding 
level. The value of R, is then de-
creased, as push-button switch 
Pl3i is alternately depressed and re-
leased, until the thyristor latches on. 

— 6V 
SCR 120 

OHMS 

Fig. 331 Test circuit used to determine 
holding and latching currents of thyristors. 

Fig. 332(a) shows a simple test 
circuit that may be used to deter-
mine the dv/dt capability of a thy-
ristor. The curves in Fig. 332(b) 
define the critical values for linear 
and exponential rates of increase in 
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Fig. 332 Test circuit and waveforms used 
to determine dr/dt capability of a thy-

ristor. 

reapplied forward OFF-state volt-
age for an SCR. The critical value 
for the exponential rate of rise of 
forward voltage is the rating given 
in the manufacturer's test specifi-
cations. This rating is determined 
from the following equation: 



Testing and Mounting 201 

dv 

dt 

rated value of 
thyristor voltage (VB0) 

X0.632 
RC time constant 

Fig. 333 shows a simple test cir-
cuit used to determine turn-on times 
of thyristors. The value of resistor 
IL is chosen so that the rated value 
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Fig. 333—Test circuit and waveforms used 
to determine turn-on time of thyristors. 

of current flows through the thy-
ristor. Turn-on time is specified by 
the thyristor manufacturer at the 
rated blocking voltage. It is defined 
(for resistive loads) as the time 
interval between 10 per cent of the 
gate voltage and the period re-
quired for the current to rise to 
90 per cent of its maximum value. 

Fig. 334 shows a simple test cir-
cuit used to measure turn-off time. 
The circuit subjects the thyristor to 
current and voltage waveforms simi-
lar to those encountered in most 
typical applications. In the circuit 
diagram, SCR, is the device under 
test. Initially, both SCR's are in the 
OFF-state; push-button switch SWi 
is momentarily closed to start the 
test. This action turns on SCR, and 
load current flows through this SCR 
and resistor R2. Capacitor C1 
charges through resistor R, to the 
voltage developed across R2. If the 
second push-button switch SW 2 is 

then closed, SCR:: is turned on. 
SCR, is then reverse-biased by the 
voltage across capacitor Ci. The dis-
charge of this capacitor causes a 
short pulse of reverse current to 
flow through SCR' until this de-
vice recovers its reverse-blocking 
capability. At some time t1, the 
anode-to-cathode voltage of SCR' 
passes through zero and starts to 
build up in a forward direction at 
a rate dependent upon the time con-
stant of C1 and R2. The peak value 
of the reverse current during the 
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Fig. 334 est circuit and voltage wave-
forms used to determine turn-off times 

of thyristors. 

recovery period can be controlled 
by adjustment of potentiometer R. 
If the turn-off time of SCRi is less 
than the time tl, the device will 
turn off. The turn-off interval ti can 
be measured by observation of the 
anode-to-cathode voltage of SCR1 
with a high-speed oscilloscope. A 
typical waveform is shown in Fig. 
334. 
The gate voltage and current re-

quired to switch a thyristor to its 
low-impedance state at maximum 
rated forward anode current can 
be determined from the circuit 
shown in Fig. 335. The value of 
resistor R2 is chosen so that maxi-
mum anode current, as specified 
in the manufacturer's current rat-
ing, flows when the device latches 
into its low-impedance state. The 
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— 6 V 

• 
Fig. 335—Test circuit used to determine 

gate-trigger-pulse requirenients of 
thyristors. 

value of resistor R1 is gradually 
decreased until the device under 
test is switched from its high-
impedance state to its low-im-
pedance state. The values of gate 
current and gate voltage immedi-
ately prior to switching are the 
gate voltage and current required 
to trigger the thyristor. 

HEAT-SINK REQUIREMENTS 

An semiconductor devices are 
temperature-sensitive, some to a 
greater degree than others. As a 
result, the device temperature or 
power dissipation must be kept be-
low the maximum specified rating 
either by limiting the input power 
requirements to maintain a limited 
power dissipation or by providing 
some external means of removing 
the excess heat generated during 
normal operation. Generally, low-
power semiconductor devices have 
sufficient mass and heat-dissipation 
area to conduct away the detrimen-
tal heat energy formed at their 
semiconductor junctions. For higher-
power devices, such as power tran-
sistors, thyristors, and silicon 
rectifiers, however, a heat sink must 
be used. 
Under steady-state conditions, the 

maximum dissipation capability of 
a semiconductor device that has a 
heat sink attached depends on the 
sum of ( a) the series thermal re-
sistances from the semiconductor 
junction to the ambient, ( b) the 
maximum junction temperature, and 
(e) the ambient temeprature at 
which the device is operated. The 
total thermal resistance of the de-

vice from junction to ambient 0.r 
can be expressed as follows: 

0J-A = Ou-c OC-S eS-A 

where 0.1_c is the thermal resistance 
from the semiconductor junction to 
the case of the device, oc..s is the 
thermal resistance between the de-
vice case and the surface of the 
heat sink, and os_% is the thermal 
resistance of the heat sink ( from 
its surface to the ambient air). 
The maximum dissipation capa-

bility of a semiconductor device 
P1(max) with a heat sink at-
tached is given by 

P1(max) 
T(max) — T(amb) 

OJ-C 0J-S (-4›-

where n(max) is the maximum 
junction temperature obtained from 
the manufacturer's data and T ( amb) 
is the ambient temperature. 

Discrete heat sinks are sold com-
mercially in various size, shapes, 
colors, and materials. It is also com-
mon practice to use the chassis of 
the unit as a heat sink. In any case, 
the heat-dissipation capability of 
the heat sink is based on its thermal 
resistance Hs_ %. The thermal-resist-
ance value of the heat sink should 
be small enough to obtain a power-
dissipation capability, as expressed 
in the above equation, that exceeds 
the power-dissipation rating of the 
semiconductor device. For high-
power devices, the interface thermal 
resistance Oc _s between the semi-
conductor case and the surface of 
the heat sink can be maintained at 
a low value ( 1 to 2°C per watt) by 
use of epoxy glue of silicone grease. 

Fig. 336 shows a useful nomo-
graph for obtaining the physical 
dimensions of a heat sink as a func-
tion of its thermal resistance. The 
data in this nomograph pertain to 
a heat sink that cools by convection 
and radiation and that is of natural 
bright finish of copper or aluminum. 
The heat-sink area is selected from 
the left-hand column and a line is 
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THERMAL RESISTANCE 

Fig. 336 Thermal resistance as a function of heat-sink dimensions (Nomograph re-
printed from ELECTRONIC DESIGN, Aug. 16, 1961). 

drawn horizontally from this point. 
The value of thermal resistance os_A 
is read directly from the graph, de-
pending on the type and thickness 
of the heat-sink material and the 
mounting position of the heat sink, 
either horizontal or vertical, with 
respect to the mounting hoard. 

TRANSISTOR MOUNTING 

The collector, base, and emitter 
terminals of transistors can be con-
nected to associated circuit elements 
by means of sockets, clips, or solder 
connections to the leads or pins. If 
connections are soldered close to the 
lead or pin seals, care must be taken 

to conduct excessive heat away from 
the seals, otherwise the heat of the 
soldering operation may crack the 
glass seals and damage the tran-
sistor. When dip soldering is em-
ployed in the assembly of printed 
circuits using transistors, the tem-
perature of the solder should be 
limited to about 225 to 250°C for 
a maximum immersion period of 
10 seconds. Furthermore, the leads 
should not be dip-soldered too close 
to the transistor case. Under no cir-
cumstances should the mounting 
flange of a transistor be soldered to 
a heat sink because the heat of the 
soldering operation may perma-
nently damage the transistor. 
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In some transistors, the collector 
electrode is connected internally to 
the metal case to improve heat-dis-
sipation capabilities. More efficient 
cooling of the collector junction in 
these transistors can be accomplished 
by connection of the case to a heat 
sink. Direct connection of the case 
to a metal surface is practical only 
when a grounded-collector circuit is 
used. For other configurations, the 
collector is electrically isolated from 
the chassis or heat sink by means of 
an insulator that has good thermal 
conductivity. 

For small general-purpose tran-
sistors, such as the 2N2102, which 
use a JEDEC TO-5 package, a good 
thermal method of isolating the 
collector from a metal chassis or 
printed circuit board is by means of 
a beryllium oxide washer. The use 
of a zinc-oxide-filled silicone com-
pound between the washer and the 
chassis, together with a moderate 
amount of pressure from the top of 
the transistor, helps to improve 
thermal dissipation. An alternate 
method is the use of a fin-type heat 
sink. Fig. 337 illustrates both types 
of mounting. Fin-type heat sinks are 
especially suitable when transistors 
are mounted in Teflon sockets whicli 

SILICONE 
GREASE 

 1-CASE 

Be 0 WASHER 

1 CHASSIS 

FIN-TYPE 
HEAT SINK 

(a) 
Fig. 337 Suggested mounting arrange-
ments for transistors in JEDEC TO-5 

package. 

provide no thermal conduction to the 
chassis or printed circuit board. 
For power transistors which use 

a JEDEC TO-3 package, such as the 
2N3055, it is recommended that a 
0.002-inch mica insulator or an ano-
dized aluminum insulator having 
high thermal conductivity be used 
between the transistor base and the 
heat sink or chassis. The insulator 
should extend beyond the mounting 
clamp, as shown in Fig. 338. It 
should be drilled or punched to pro-
vide both the two mounting holes 

6-32 SCREW 

1 

czzSza 

CEZD 

/ NYLON 
 r INSULATING WASHE'•'. 

. 0 156 
SHOULDER IA ?5t".) 'A A 'A 

• OULDER THICKNESS D5j 

C=D 

`;OLDER JJG 

d1 0-1 

Fig. 338—Suggested mounting arrangement 
for transistors in JEDEC TO-3 package. 

and the clerance holes for the emit-
ter and base pins. Burrs should be 
removed from both the insulator and 
the holes in the chassis so that the 
insulating layer will not be destroyed 
during mounting. It is also recom-
mended that an insulating washer 
be used between the mounting 
screws and the chassis, as shown 
in Fig. 338, to prevent a short cir-
cuit between them. 

For large power transistors, such 
as the 2N2876, which use a double-
ended stud package, connection to 
the chassis or heat sink should be 
made at the flat surface of the tran-
sistor perpendicular to the threaded 
stud. A large iii(L:ing surface should 
be p! vided to avoid hot spots and 
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high thermal drop. The hole for the 
stud should be only as large as neces-
sary for clearance, and should con-
tain no burrs or ridges on its perim-
eter. As mentioned above, the use of 
a silicon grease between the heat 
sink and the transistor improves 
thermal contact. The transistor can 
be screwed directly into the heat 
sink or can be fastened by means of 
a nut. In either case, care must be 
taken to avoid the application of too 
much torque lest the transistor semi-
conductor junction be damaged. Al-
though the studs are made of rela-
tively soft copper to provide high 
thermal conductivity, the threads 
should not be relied upon to provide 
a mating surface. The actual heat 
transfer must take place on the 
underside of the hexagonal part of 
the package. 
RCA transistors are also avail-

able in molded silicone plastic pack-
ages for medium-power and high-
power switching and amplifier 
applications. Fig. 339 shows the 
four package designs for plastic-
package transistors. The packages 
shown in Fig. 339(a) and ( b) are 
designed for printed-circuit boards. 
The packages shown in Fig. 339(c) 
and ( d) are desiged for substitu-
tion in place of equivalent transis-
tors in TO-3 and TO-66 packages, 
respectively. For example, the de-
vice shown in Fig. 339(c) may be 
plugged into a TO-3 socket or ( as 
shown in Fig. 340) secured by means 
of an over-clamp that has mount-
ing. holes identical to those for a 
TO-3 package. 
The use of an external resistance 

in the emitter or collector circuit of 

a transistor is an effective deterrent 
to damage which might be caused 
by thermal runaway. The minimum 
value of this resistance for low-level 
stages may be obtained from the 
following equation: 

Rmin •••••• 

E2 

4 (P, + 25 
J_A 

where E is the de collector supply 
voltage in volts, Po is the product of 
the collector-to-emitter voltage and 
the collector current at the desired 
operating point in watts, and ei_A is 
the thermal resistance of the tran-
sistor and heat sink in degrees cen-
tigrade per watt ( Hi_c ec-s 
u> 

SCREW 

CLAMP 

MICA 
INSULATOR 

T T 

HEAT SINK i 

; , 
 NYLON INSULATING WASHER 

c= METAL WASHER 

 *SOLDER LUG 
crlz) 

Fig. 340—Suggested mounting for plastic 
TO-3 package. 

Fig. 339 Four package designs for plastic-package transistors. 
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THYRISTOR MOUNTING 

For most efficient heat sinks, inti-
mate contact should exist between 
the heat sink and at least one-half 
of the package base. The package 
can be mounted on the heat sink 
mechanically, with glue or epoxy 
adhesive, or by soldering. The 
JEDEC TO-48, TO-66, and stud-
mounted packages are mounted me-
chanically. In these cases, silicone 
grease should be used between the 
device and the heat sink to elimi-
nate surface voids, prevent insula-
tion build-up due to oxidation, and 
help conduct heat across the inter-
face. Although glue or epoxy ad-
hesive provides good bonding, a 
significant amount of resistance may 
exist at the interface. To minimize 
this interface resistance, an adhesive 
material with low thermal resist-
ance, such as Hysol* Epoxy Patch 
Material No. 6C or Wakefield::: Delta 
Bond No. 152, or their equivalent, 
should be used. 

Fig. 3-11 shows the special press-fit 
package used for some SCR's and 
triacs. Press-fit mounting depends 
upon an interference fit between the 

34I—Press-fit package. 

thyristor case and the heat sink. As 
the thyristor is forced into the heat-
sink hole, metal from the heat sink 
flows into the knurl voids of the 
thyristor case. The resulting close 
contact between the heat sink and 
thyristor case assures low' thermal 
resistances. 

800 LB. MAX. 

.4975" 
r4-- +.001 

505" .501" DIA. 

COPPER OR ALUMINUM HEAT SINK 

Fig. 342—Suggested mounting arrangement 
for press-fit types. 

A recommended mounting method, 
shown in Fig. 342, shows press-fit 
knurl and heat-sink hole dimensions. 
If these dimensions are maintained, 
a "worst-case" condition of 0.0085 
inch interference fit will allow press-
fit insertion below the maximum 
allowable insertion force of 800 
pounds. A slight chamfer in the 
heat- sink hole will help center and 
guide the press-fit package properly 
into the heat sink. The insertion tool 
should be a hollow shaft having an 
inner diameter of 0.380 -+- 0.010 
inch and an outer diameter of 0.500 
inch. These dimensions provide suffi-
cient clearance for the leads and as-
sure that no direct force is applied 
to the glass seal of the thyristor. 
The press-fit package is not re-

stricted to a single mounting ar-
rangement; direct soldering and the 
use of epoxy adhesives have been 
successfully employed. The press-fit 
case is tin-plated to facilitate direct 
soldering to the heat sink. A 60-40 
solder should be used, and heat 
should only be applied long enough 
to allow the solder to flow freely. 
For the JEDEC TO-5, TO-8, and 

low-profile packages, shown in Fig. 
343, soldering of the thyristor to 
the heat sink is preferable because 
it is most efficient. Not only is the 
bond permanent, but the thermal re-

* Products of Hyson Corporation, Olean, New York, and Wakefield Engineering, Inc., 
Wakefield, Massachusetts, respectively. 
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Fig. 343 JEDEC TO-5, TO-8, and low-profile packages. 

sistance Or_s from the thyristor case 
to the heat sink is easily kept be-
low 1°C per watt under normal 
soldering conditions. Oven or hot-
plate batch-soldering techniques are 
recommended because of their low 
cost. The use of a self-jigging ar-
rangement of the thyristor and the 
heat sink and a 60-40 solder pre-
form is recommended. If each unit 
is soldered individually with a flame 
or electric soldering iron, the heat 
source should be held on the heat 
sink and the solder on the unit. Heat 
should be applied only long enough 
to permit solder to flow freely. Be-
cause RCA thyristors are tin-plated, 
m9ximum solder wetting is easily 
obtainable without thyristor over-
heating. 
The special high-conductivity 

leads on the two-lead TO-5 pack-
age permit operation of the thyristor 
at current levels that would be con-
sidered excessive for an ordinary 
TO-5 package. The special leads can 
be bent into almost any configura-
tion to fit any monting requirement; 
however, they are not intended to 
take repeated bending and unbend-
ing. In particular, repeated bending 
at the glass should be avoided. The 
leads are not especially brittle at 
this point, but the glass has a sharp 
edge which produces an excessively 
small radius of curvature in a bend 
made at the glass. Repeated bend-
ing with a small radius of curvature 
at a fixed point will cause fatigue 
and breakage in almost any ma-
terial. For this reason, right-angle 
bends should be made at least 0.020 

YIP 

inch from the glass. This practice 
will avoid sharp bends and main-
tain sufficient electrlical isolation be-
tween lead connections and header. 
A safe bend can be assured if the 
lead is gripped with pliers close to 
the glass seal and then bent the 
requisite amount with the fingers, 
as shown in Fig. 344. When the 
leads of a number of devices are to 

 •••• 

( 
Fig. 344 Method of bending leads on 

thyristor package. 
be bent into a particular configura-
tion, it may be advantageous to use 
a lead-bending fixture to assure 
that all leads are bent to the same 
shape and in the correct place the 
first time, so that there is no need 
for repeated bending. 

Typical Heat-Sink 
Configurations 

Fig. 345 shows some typical heat-
sink configurations that can be used 
with RCA thyristors in a TO-5 pack-
age. The thermal-resistance fL for 
each of the easily fabricated sinks 
is given, together with approximate 
dimensions. The thyristors in the 
illustrations are soldered to the heat 
sink; if epoxy is used, an additional 
thermal resistance e(i_, of 1 to 2°C 
per watt must be added to the 
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thermal-resistance values shown. The 
junction-to-case thermal-resistance 
value for the particular thyristor 
being used should be added to the 
values shown to obtain the over-all 
junction-to-air thermal resistance of 
each configuration. In the designs 
shown, electrical insulation of the 
heat sink from the chassis or equip-
ment housing may be required. 

Chassis-Mounted Heat Sinks 

In many applications, it is desir-
able and practical to use the chassis 
or equipment housing as the heat 
sink. In such eases, the thyristor 
must be electrically insulated from 
the heat sink, but must still permit 
heat generated by the device to be 
efficiently transferred to the chassis 
or housing. This heat transfer can 
be achieved by use of the heat-
spreader mounting method. In this 
method, the thyristor is attached 
to a metal bracket ( heat spreader) 
which is attached to, but electrically 
insulated from, the chassis. The 
heat-sink configurations shown in 
Fig. 345 can serve as heat spread-
ers, as well as the special clip shown 
in Fig. 346. ( Triacs soldered to this 
heat spreader are available from 
RCA as type numbers 40638 and 
40639; SCR's on this spreader are 
available as type numbers 40656 
and 40657.) 

Electrical insulation may consist 
of material such as alumina ceramic, 
polyimide film or tape, fiberglass 
tape, or epoxy. The metal bracket 
itself has a low thermal resistance, 
and spreads the heat out over a 
larger area than could the thyristor 
case alone. The larger area in con-
tact with the electrical insulation 
allows heat to transfer from bracket 
to chassis through the insulation 
with relatively low thermal resist-
ance. Typical heat sinks, such as 
those shown in Fig. 345, provide a 
much lower thermal resistance when 
used as heat spreaders than when 
used as heat sinks. 

Heat-spreader dimensions can be 
varied over a wide range to suit 

es_A : 2 TO 6° C/W 

EPDXY OR 
SOLDER 

EPDXY 

ELECTRICAL 
1NSUL ATION 

es_A :18 °C/W 

\\ 
HEAT SINK 
(CHASSIS) 

I/2" 

/ 11 8 “ R 

METAL 
HEAT 

SPREADER 

Fig. 345 Typical heat-sink configuratiou\ 
for use with TO-5 package. 

particular applications. For example, 
area or diameter can be inscreased, 
or shape changed, as long as the 
heat-transfer area in contact with 
the electrical insulation is sufficient. 
An area of 0.2 square inch or more 
is usually desirable. The exact 
thermal resistance of any heat 
spreader depends on the heat-
transfer area, type of metal used, 
type of insulation used, and whether 
the thyristor is fastened to the heat 
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Fig. 346—Self-jigging heat .spreader. 

spreader with solder or epoxy. 
Soldered construction yields a ther-
mal resistance about 1°C per watt 
less than that obtained with epoxy. 
Alumina or polyimide insulation 
provides a thermal resistance about 
1 to 2°C per watt less than that ob-
tained with thermosetting fiberglass-
tape insulation. The heat spreader 
can be made of any material with 
suitable thermal conductivity, such 
as copper, brass, or aluminum. 
Solderable plating for aluminum is 
commercially available. 

DrerTirirn R/Ir111te-v•maie*. 
ete..V 111 1Len viilJUIN I IINU 

The maximum forward-current 
ratings for RCA silicon rectifiers 

RCA 

' 

apply specifically for operation in 
free air ( natural convection cool-
ing). The average ( dc) forward-cur-
rent and the peak recurrent forward-
current capabilities of these recti-
fiers are substantially higher than 
those shown in the maximum ratings 
when the rectifiers are attached to 
heat sinks. 

Rectifiers used for low-power ap-
plications normally do not require 
an external heat sink to dissipate 
the heat generated at their p-n 
junctions. Most rectifiers in this 
category are packaged in the same 
small case used for the JEDEC TO-
1 package. For medium-current 
(1- to 2-ampere) high-voltage ap-
plications, the rectifier is packaged 
in a flange-ease, axial-leal JEDEC 
DO-1 ease. For higher-current ap-
plications, the DO-4 and DO-5 pack-
ages are used. These package con-
figurations are shown in Fig. 347. 

Fig. 348 shows two suggested 
methods for attaching the flange-
case, axial-lead package to a heat 
sink. The flange of the rectifier may 
also be soldered directly to the heat 
sink, provided the flange tempera-

ture during soldering does not ex-
ceed 253°C for a miximum period 
of 10 seconds. Permanent damage 
to the rectifier may result if these 
limits are exceeded. 

"*" 
ri 

fig. 347- - Various package designs for RCA .si/icon rectifiers. 
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OR 

EQUIVALENT 

Fig. 348 Suggested methods for attach-
ing rectifier types 1 N2858A through 

1N2864A to heat sink. 

The flexible leads of some RCA 
rectifiers are usually soldered to the 
circuit elements. It is desirable in 
all installations to provide some 
slack or an expansion elbow in each 
lead to prevent excessive tension 
on the leads. Manual soldering 
should be performed carefully and 
quickly to avoid damage to the rec-
fier by excessive heating. To mini-
mize heating the rectifier junction 
during manual soldering, it is de-
sirable to grip the flexible lead be-
ing soldered between the case and 
the soldering point with a pair of 
pliers. 

When dip soldering is used in the 
assembly of printed circuits, the 
temperature of the solder should not 
exceed 255°C for a maximum im-
mersion period of 10 seconds. The 
leads should not be dip-soldered 
beyond points, "A" and "B" indicated 
in Fig. 349. 

POINT B 
POINTA 

• 

Fig. 349—Diagram showing areas beyond 
which dip-soldering should not extend. 

Fig. 350 shows the suggested 
mounting of the higher-current-type 
DO-4 and DO-5 packages. Mounting 
components of the type shown are 
furnished with each rectifier. With 
these mounting components, the in-
crease in thermal resistance Oc_s 
from the rectifier case to the heat-
sink surface is approximately 3°C 
per watt. 

DO*4 

Fig. 
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 - HEX NUT 

350—Suggested mounting arrange-
ments for DO-4 and DO-5 packages. 
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Symbols 

Although semiconductor-device symbols have not yet been standardized 
throughout the industry, many symbols have become fairly well es-

tablished by common usage. The symbols used in this Manual are listed 
and defined in this section. 

GENERAL SEMICONDUCTOR 
SYMBOLS 

df 
77 ( eta) 
NF 

TA 
Tc 

LIF 

Ts 
TSTG 
o 
eJ-A 

°J-1111' 

td 
td 
t 
tp 

tr 
tq 
ts tf 

T (tau) 
Ts 

Cb'e 

duty factor 
efficiency 
noise figure 
temperature 
ambient temperature 
case temperature 
junction temperature 
mounting-flange temper-
ature 
soldering temperature 
storage temperature 
thermal resistance 
thermal resistance, junc-
tion-to-ambient 
thermal resistance, junc-
tion-to-case 
thermal resistance, junc-
tion-to-heat sink 
thermal resistance, junc-
tion-to-mounting-flange 
time 
delay time 
turn-on time 
fall time 
pulse time 
rise time 
storage time 
turn-off time 
time constant 
saturation stored-charge 
time constant 

TRANSISTOR SYMBOLS 

collector-to-base f ee d-
back capacitance 

cc 

Ceb 

C Ibo 

Cleo 

CM 
Cobo 

Cue° 

ES/ b 
fc 
fhfb 

fbfe 

gine 

GI'B 

Gpb 

collector-to-case capaci-
tance 
collector-to-base f e ed-
back capacitance 
input capacitance, open 
circuit (common base) 
input capacitance, open 
circuit (common emitter) 
cross modulation 
output capacitance, open 
circuit (common base) 
output capacitance, open 
circuit (common emitter) 
second-breakdown energy 
cutoff frequency 
small-signal f orwar d-
curr ent transfer-ratio 
cutoff frequency, short-
circuit (common base) 
small-signal f orw a r d-
current transfer-ratio 
cutoff frequency, short-
circuit (common emitter) 
gain-bandwidth product 
(frequency at which 
small-signal f o r w a r d-
current transfer ratio, 
common emitter, extra-
polates to unity) 
small-signal transcon-
ductance (common emit-
ter) 
large- signal average 
power gain (common 
base) 
s m a 11 - signal average 
power gain (common 
base) 
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GPE 

Gpe 

hFB 

hfb 

hFE 

hfe 

hit) 

hIE 

hie 

hob 

hoe 

h„ 

IB 
IBI 
182 
IC 
iC 

ICB 
ICB0 

'CEO 

10ER 
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large- signal average 
power gain (common 
emitter) 
s m a 11 - signal average 
power gain (common 
emitter) 
static forward-current 
transfer ratio (common 
base) 
small-signal f o r war d-
current transfer ratio, 
short circuit (common 
base) 
static forward-current 
transfer ratio (common 
emitter) 
small-signal forwar d-
current transfer ratio, 
short circuit (common 
emitter) 
small-signal input im-
pedance, short circuit 
(common base) 
static input resistance 
(common emitter) 
small-signal input im-
pedance, short circuit 
(common emitter) 
small-signal output im-
pedance, open circuit 
(common base) 
small-signal output im-
pedance, open circuit 
(common emitter) 
small-signal reverse-
voltage transfer ratio, 
open circuit (common 
base) 
small-signal reverse-
voltage transfer ratio, 
open circuit ( common 
emitter) 
base current 
turn-on current 
turn-off current 
collector current 
collector current, instan-
taneous value 
collector-cutoff current 
collector-cutoff current, 
emitter open 
collector-cutoff current, 
base open 
collector-cutoff current, 
specified resistance be-
tween base and emitter 

ICES 

ICEV 

ICEX 

MAG 

MAG, 

MUG 

PBE 

Put 

PCB 

pcB 

PCE 

PCE 

PEB 

PEB 

PIB 

Plb 

PIE 

Pie 

collector-cutoff current, 
base short-circuited to 
emitter 
collector-cutoff current, 
specified voltage be-
tween base and emitter 
collector-cutoff current, 
specified circuit between 
base and emitter 
switching current (at 
minimum hFE per spe-
cification) 
emitter current 
emitter-cutoff current, 
collector open 
second-breakdown collec-
tor current 
maximum available am-
plifier gain 
maximum available con-
version gain 
maximum usable ampli-
fier gain 
total de or average power 
input to base (common 
emitter) 
total instantaneous power 
input to base (common 
emitter) 
total de or average power 
input to collector (com-
mon base) 
total instantaneous power 
input to collector (com-
mon base) 
total de or average power 
input to collector ( com-
mon emitter) 
total instantaneous power 
input to collector ( com-
mon emitter) 
total de or average power 
input to emitter (com-
mon base) 
total instantaneous power 
input to emitter (com-
mon base) 
large-signal input power 
(common base) 
small-signal input power 
(common base) 
large-signal input power 
(common emitter) 
small-signal input power 
(common emitter) 
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RG 
RI. 

Ri, 

R, 
T (th 
VBB 
VBC 
VBE 
VBE (sat) 

V(B1t)Cito 

V(Illt)CE0 

V(BR)CEIt 

V(BIOCES 

V( BIt)CEV 

Q. 
rb 

Pob 

POE 

large-signal output power 
(common base) 
small-signal output power 
(common base) 
large-signal output power 
(common emitter) 

Poe small-signal output power 
(common emitter) 
stored base charge 
intrinsic base spreading 
resistance 
collector - to - base time 
constant 

rcE ( sat) collector-to-emitter satu-
ration resistance 

Re(hie) real part of small-signal 
input impedance, short 
circuit (common emitter) 
generator resistance 
input resistance (com-
mon emitter) 
load resistance 
output resistance ( com-
mon emitter) 
source resistance 

ermal) thermal time constant 
base-supply voltage 
base-to-collector voltage 
base-to-emitter voltage 
base-to-emitter satura-
tion voltage 
collector-to-base break-
down voltage, emitter 
open 
collector - to - emitter 
breakdown voltage, base 
open 
collector - to - emitter 
breakdown voltage, spe-
cified resistance between 
base and emitter 
collector - to - emitter 
breakdown voltage, base 
short-circuited to emit-
ter 
collector - to - emitter 
breakdown voltage, spe-
cified voltage between 
base and emitter 
emitter-to-base break-
down voltage, collector 
open 
collector-to-base voltage 
de open-circuit voltage 
between collector and 

VcE(f1) 

VCR() 

Vern' 

VCC 
VCE 

V('Et) 

VC E It 

VrEs 

E 

VCE (sat) 

VI:13 
VEB(fl) 

VEIt() 

VEE 
VItT 

VG 
1 /Y.2.2( rya 1) 

Yfe 

Y1 e 
Yoe 
Y„ 

A 

B„, 
ce 

base ( floating potential), 
emitter biased with re-
spect to base 
de open-circuit voltage 
between collector and 
emitter (floating poten-
tial), base biased with 
respect to emitter 
collector-to-base voltage 
(emitter open) 
collector-to-base voltage, 
specified voltage between 
emitter and base 
collector-supply voltage 
collector-to-emitter volt-
age 
collector-to-emitter volt-
age, base open 
collector-to-emitter volt-
age, specified resistance 
between base and emit-
ter 
collector-to-emitter volt-
age, base short-circuited 
to emitter 
collector-to-emitter volt-
age, specified voltage be-
tween base and emitter 
collector-to-emitter satu-
ration voltage 
emitter-to-base voltage 
de open-circuit voltage 
between emitter and base 
(floating potential), col-
lector biased with respect 
to base 
emitter-to-base voltage, 
collector open 
emitter-supply voltage 
reach-through voltage 
voltage gain 
real part of short-circuit 
output impedance 
fo r w a r d transconduct-
ance 
input admittance 
output admittance 
reverse transconductance 

MOS FIELD-EFFECT 
TRANSISTOR SYMBOLS 

voltage 
( Yfs / Yes 

Cds 

intrinsic channel capaci-
tance 

amplification 
+ Y14) 
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Cd. 

Cgd 

Cg. 

C I Ms 

Cos. 

cr„ 

en 

gf 

gfm(e) 

g,(off) 

gi. 
go. 
Gps 
Gps( 

IDs(OFF) 

e) 

IDSS 
IMSS 

IGss 
NF 

re 

rd 
rd 

r1(ON) 

It Ds ( off) 

rgd 

rg. 

drain-to-source capaci-
tance ( includes approxi-
mately 1-pF drain-to-
case and interlead ca-
pacitance) 
gate-to-drain capacitance 
(includes 0.1-pF inter-
lead capacitance) 
gate-to-source interlead 
and case capacitance 
small-signal input ca-
pacitance, short circuit 
small-signal output ca-
pacitance, short circuit 
small-signal reverse 
tr an sf er capacitance, 
short circuit 
equivalent input noise 
voltage 
forward conversion con-
ductance 
forward transconduct-
ance 
forward conversion 
transductance 
cutoff forward transcon-
ductance 
input conductance 
output conductance 
power gain 
conversion power gain 
de drain current 
drain-to-source OFF cur-
rent 
zero-bias drain current 
gate No. 1 leakage cur-
rent 
gate No. 2 leakage cur-
rent 
gate leakage current 
spot noise figure ( gen-
erator resistance RG 
1 megohm) 
effective gate series re-
sistance 
active channel resistance 
unmodulated channel re-
sistance 
drain-to-source ON re-
sistance 
drain-to-source cutoff re-
sistance 
gate-to-drain leakage re-
sistance 
gate-to-source leakage 
resistance 

input resistance 
output resistance 
drain-to-substrate volt-
age 
drain-to-gate voltage 
drain-to-gate No. 1 volt-
age 
drain-to-gate No. 2 volt-
age 
drain-to-source voltage 
gate No. 1-to-source volt-
age 

off) gate N.o 1-to-source cut-
off voltage 
gate No. 2-to-source volt-
age 

off) gate No. 2-to-source cut-
off voltage 
de gate-to-substrate volt-
age 

VGB peak gate-to-substrate 
voltage 
de gate-to-source volt-
age 
peak gate-to-source volt-
age 

V  (OFF) gate-to-source cut of f 
voltage 
offset voltage 

Yf. forward transadmit-
tance gf. 

YO. output admittance 
go. jBos, Bos = wed. 
load admittance _= gr. ± 
j13i, 

L. 0 phase angle of forward 
transadmittance 

r t 89 
rt,98 
VDB 

V DG 
VDM 

VDG2 

VDS 
VG1S 

VMS( 

VG2S 

VG2S 

VG B 

Vds 

VG s 

Yr. 

SCR SYMBOLS 
Critical critical rate of applied 

dv/dt forward voltage 
rate of change of on-
state current 
peak off- state current 
(open gate) 
average trigger current 
instantaneous holding 
current 
repetitive peak reverse 
current (open gate) 
instantaneous on-state 
current 
average on-state ,b.lirrent 
rms on-state current 
surge ( non-reptitive) on-
state current 



Symbols 215 

[ITS(ItMS)1 2t 

PG( m 

PGNI 

R1, 
tgt 

V T 
VIM( ) NI 

VHS( ) N1 

VT 

rms surge ( non-repeti-
tive) on-state current 
average on-state or off-
state gate power dissi-
pation 
peak on-state or off-state 
gate power dissipation 
load resistance 
gate controlled turn-on 
time 
circuit commutated turn-
off time 
repetitive peak off-state 
voltage ( open gate) 
non-repetitive peak for-
ward voltage ( open gate) 
instantaneous forward 
breakover voltage ( open 
gate) 
average trigger voltage 
repetitive peak reverse 
voltage ( open gate) 
non-repetitive peak re-
verse voltage ( open gate) 
instantaneous on-state 
voltage 

TRIAC SYMBOLS 
Commutat- critical rate of applied 

ing dv/dtcommutating voltage 
Critical critical rate-of- rise of 

dvidt off-state voltage 
IDROM 
IGT 
IGTM 

iT 

I Tt s) 

VT 

peak off-state current 
de gate-trigger current 
peak gate-trigger cur-
rent 
de holding current 
instantaneous on-state 
current 
rms on-state current 
peak surge ( non-repeti-
tive) on-state current 
average gate power dis-
sipation 
peak gate power dissi-
pation 
load resistance 
gate-controlled turn-on 
time 
instantaneous off-state 
voltage 
repetitive peak off-state 
voltage 
dc gate-trigger voltage 
instantaneous on-state 
voltage 

Cs 
IFAV 

hem ( rep) 

iFM (surge) 

I 11M 

Nt 

Vi (block) 

Viut 

1 NI (non-rep 

vrtm ( rep) 

VItMs 

Ci 
Cp 
Ct, 

f. 

final 

fr 

V I 

V1 ,1, 

\Tv 
Yt 

RECTIFIER SYMBOLS 

shunt capacitance 
average forward cur-
rent 
peak recurrent for-
ward current 
peak surge forward 
current 
maximum reverse 
current 
maximum de for-
ward voltage drop 
maximum de block-
ing voltage 
peak reverse volt-
age 
non-repetitive (tran-
sient) peak reverse 
voltage 
repetitive peak re-
verse voltage 
rms supply voltage 

TUNNEL-DIODE SYMBOLS 

junction capacitance 
case capacitance 
valley-point termi-
nal capacitance 
characteristic fre-
quency (figure of 
merit) 
maximum frequency 
of oscillation 
resistive cutoff fre-
quency 
junction resistance 
inflection-point cur-
rent 
peak-point current 
speed index 
valley-point current 
series inductance 
excess series in-
ductance 
junction resistance 
series resistance 
characteristic 
switching time 
inflection-point volt-
age 
peak-point voltage 
projected-peak-point 
voltage 
valley-point voltage 
terminal admittance 
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Static ( DC) Parameters 
Inflection point the point on the 
forward current-voltage charac-
teristic at which the slope of the 
characteristic reaches its most 
negative value 

Peak point the point on the for-
ward current-voltage characteris-
tic corresponding to the lowest 
positive (forward) voltage at 
which dI/dV = 

TYPE 

Projected peak point the point on 
the forward current characteristic 
where the current is equal to the 
peak-point current and where the 
voltage is greater than the valley-
point voltage 

Valley point the point on the for-
ward current-voltage characteris-
tic corresponding to the second 
lowest positive ( forward) voltage 
at which dI/dV — 

RCA MILITARY—SPECIFICATION TYPES 

Transistors 
JAN-2N220 
JAN-2N384 
JAN-2N388 
JAN-2N398A 
JAN-2N404 
JAN-2N404A 
JAN-2N918 
JAN-TX2N91S 
JAN-2N1183 
JAN-2N1183A 
JAN-2N1183B 
JAN-2N1184 
JAN-2N1184A 
JAN-2N1184B 
JAN-2N1224 
JAN-2N1225 
JAN-2N1302 
JAN-2N1303 
JAN-2N1304 
JAN-2N1305 
JAN-2N1306 
JAN-2N1307 
JAN-2N1308 
JAN-2N1309 
JAN-2N1479 
JAN-2N1480 
JAN-2N1481 
JAN-2N1482 
JAN-2N1483 
JAN-TX2N14.83 
JAN-2N1484 
JAN-TX2N1484 
JAN-2N1485 

MIL-S-19500/ 

1 
27 
65 

174 
20 
20 

301 
301 
143 
143 
143 
143 
143 
143 
189 
189 
126 
126 
126 
126 
126 
126 
126 
126 
207 
207 
207 
207 
180 
180 
ISO 
180 
180 

TYPE 

JAN-TX2N1485 
JAN-2N1486 
JAN-TX2N1486 
JAN-2N1487 
JAN-2N1488 
JAN-2N1489 
JAN-2N140 
JAN-2N1493 
JAN-2N1853 
JAN-2N1854 
JAN-2N2015 
JAN-2N2016 
JAN-2N2708 
JAN-2N2857 
JAN-TX2N2857 
JAN-2N3375 
JAN-TX2N3375 
JAN-2N3439 
JAN-2N3440 
JAN-2N3441 
JAN-2N3442 
JAN-2N3553 
JAN-TX2N3553 
JAN-2N4440 
JAN-TX2N4440 

Rectifiers 
JAN-1N249B 
JAN-1N250B 
JAN-1N1184 
JAN-1N1186 
JAN-1N1188 
JAN-1N1190 
JAN-1N1198A 
JAN-1N2135A 

M1L-S-19500/ 

180 
180 
180 
208 
208 
208 
208 
2.17 
171 
172 
248 
248 
302 
343 
343 
341 
341 
368 
368 
369 
370 
341 
341 
341 
341 

134 
134 
297 
297 
297 
297 
134 
134 

Copies of specification sheets may be obtained by directing requests to Specifications 
Division, Naval Supply Depot, 5801 Tabor Avenue, Philadelphia 20, Pa., Attn: CDS 
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Selection Charts 

The accompanying charts classify 
RCA semiconductor devices by 

function, by material, and by per-
formance level. These charts are par-
ticularly useful for an initial. selec-
tion of suitable devices for a specific 
application. More complete data on 
these devices, given in the Technical 

Data section, should then be con-
sulted to determine the most suit-
able type. Data charts for rectifiers, 
other semiconductor diodes, and 

photoconductive devices are given 

at the end of the Technical Data 

section. 

TRANSISTORS 

Audio-Frequency Applications 
Linear Operations 

SMALL SIGNAL CLASS A 

Silicon n- p-n 

Dissipations up to 

2N697 
2N699 
2N718A 
2N720A 
2N1613 
2N1711 
2N1893 
2N2102 
2N2270 
2N2405 
2N2895 
2N2896 

2N2897 
2N3053 
2N3241A 
2N3242A 
2N4074 
2N5183 
40084 
40231 
40232 
40233 
40234 
40397 

5 W 

40398 
40399 
40400 
40450 
40451 
40452 
40453 
40454 
40455 
40456 
40458 
40459 

Germanium p- n-p 

Dissipations up to 165 mW 

2N104 
2N109 
2N175 
2N215 
2N217 
2N220 

2N405 
2N406 
2N591 
2N1613 
2N1614 
2N2953 

40329 
40359 
40395 
40490 

Germanium n- p-n 

Dissipations 

2N1010 

up to 20 mW 

POWER—CLASS A. AB, B 
Silicon n- p-n 

Dissipations up to 

2N697 
2N699 
2N14791: 
2N1480t 
2N1481t 
2N14824: 
2N1613 
2N1700t 
2N1711 
2N1893 
2N2102 
2N2270 
2N2405 
2N2895 
2N2896 
2N2897 
2N3053 
2N3241A 
2N3242A 

5 W 

2N4074 40397 
40084 40398 
40309 40399 
40311 40400 
40314 40407 
40315 40408 
40317 40450 
40320 40451 
40321 40452 
40323 40453 
40326 40454 
40327 40455 
40354 40456 
40355 40539 
40360 40611 
40361 40616 
40366° 40625 
40367° 40628 
40385° 40635 

*.t Hometaxial base type. 
• High-reliability type. 
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Dissipations above 

2N1483t 
2N14844 
2N1485t 
2N1486t 
2N1701:1: 
2N3054:1: 
2N3439 
2N3440 
2N3441t 
2N4063 
2N4064 
2N4296 
2N4297 
2N4298 
2N4299 
2N5320 
2N5321 
402504: 

40250V1 
-10310 
40312 
40316 
40324 
40346 
40347:1: 
40347V1*t 
40347 V21 
403481: 
40348V11: 
40348 V21 
403491: 
40349 Vl*t 
40349 V21: 
40368° 
40372* 
40373* 

5 W to 29 W 

40374* 
40375* 
40389* 
40390* 
40392 
40409* 
40412 
40422 
40423* 
40424 
40425* 
40426 
40427* 
40491 
40544 
40546 
40547 
40594 

Dissipations above 29 W to 100 

2N1487j: 
2N14881: 
2N14894: 
2N1490:f 
2N1702:t 
2N3263 
2N3264 
2N3583 
2N3584 
2N3585 
2N3878 
2N3879 
2N4240 
2N4347t 
2N5034:f 
2N5035*t 
2N5036t 
2N5037*$ 
2N52391: 

Dissipation 

2N2015 
2N2016 
2N2338t 
2N3055:f 
2N3265 
2N3266 
2N3442I: 
2N3771t 

2N5240t 
2N5293"1: 
2N5294t 
2N5295*t 
2N5296t 
2N52971: 
2N52984: 
2N549021 
2N5491t 
2N54921: 
2N5493j: 
2N54941: 
2N5495:t 
2N5496:: 1: 
2N5497t 
40313 
40318 
40322 
40328 

above 100 

2N3772t 
2N37711: 
2N4348t 
2N55751: 
2N5576t 
2N5577t 
2N5578t 

40364 
403691:° 
40464 
40466 
40513*:t 
40514:t 
405421: 
40544 
40613 
40618 
40621 
40622 
40624 
40627 
40629 
40630 
40631 
40632 
40633 

W to 150 W 

2N5579t 
2N5580t 
402511: 
40325 
40363 
404111: 
40636 

* For printed-circuit-board applications. 
Hometaxial base type. 

• High-reliability type. 

Silicon p- n-p 

Dissipation to 10 W 

2N4036 2N5322 40410 
2N4037 40319 40537 
2N4314 40362 40538 
2N5323 40391* 40595 
2N5415 40391* 10634 
2N5416 40406 

Germanium n- p-n 

Dissipation to 300 ntW 

2N647 2N649 40396 

Germanium p- n-p 

Dissipation to 30 

2N176 
2N270 
2N351 
2N376 
2N407 
2N408 
2N1183 
2N1183A 
2N1183B 
2N1184 
2N1184A 

HIGH-VOLTAGE 

2N1184B 
2N1905 
2N1906 
2N2147 
2N2148 
2N2869/ 
2N301 

2N2870/ 
2N301 A 

40022 

Germanium p- n-p 

2N3730 2N3732 
2N3731 2N4346 

Silicon n- p-n 

2N2016 
2N2102 
2N2405 
2N3263 
2N3264 
2N3265 
2N3266 
2N3439 
2N3440 
2N3441:f 
2N3442:t 
2N3583 
2N3584 
2N3585 
2N3773 
2N3878 
2N3879 

2N4063 
2N4061 
2N4068 
2N4069 
2N4240 
2N4296 
2N4297 
2N4298 
2N4299 
2N4347:1: 
2N4348t 
2N4390 
2N5184 
2N5185 
2N5239t 
2N5240t 
40346 

'147 

40050 
40051 
40253 
40254 
40396 
40121 
40462 
40612 
40623 
10626 

40439 
40440 

403494: 
40349V1*:1: 
40349V21: 
40354 
40355 
40366° 
40373* 
40374* 
40375* 
40385° 
40390* 
40422 
40423* 
40424 
40425* 
40426 
40427* 
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Radio-Frequency Applications 
Linear and Class C Operation 

SMALL SIGNAL 

MOS FEI Silicon N-Channel-Single 
Insulated Gate 

3N128 3N152 40468A 
3N139 3N154 40559 
3N142 40467A 40559A 
3N143 -10468 

MOS FET Silicon N-Channel-Dual 
Insulated Gate 

3N140 40600 
3N141 40601 
3N159 40602 

Silicon n-p-n 
f to 

2N2102 
2N2270 
2N2405 
2N2895 
2N2896 

fr to 
2N917 
2N918 
2N2708 
2N2857 
2N3478 
2N3600 
2N3839 
2N3932 
2N3933 
2N4259 
2N4934 
2N4935 
2N4936 
2N5109 
2N5179 
2N5180 

700 MHz 

2N2897 
2N3053 
2N5181 
2N5182 
2N5188° 

1200 MHz 

40235 
40236 
40237 
40238 
40239 
40240 
40242 
40243 
40244 
40245 
40246 
402946 
40295° 
-10296° 
40.105 
40413 

40603 
40604 
-10673 

(TYP.) 
2N5189° 
40084 
40354 
40355 
40637 

(Min.) 

40414 
40472 
40473 
40474 
40475 
40476 
40477 
40478 
40479 
40480 
40-181 
40482 
-10517 
40518 
40519 

Germanium p-n-p 
fris to 132 MHz (T 

2N140 2N1178 2N1527 
2N274 2N1179 2N1631 
2N370 2N1180 2N1632 
2N372 2N1224 2N1637 
2N384 2N1225 2N1638 
2N-109 2N1226 2N1639 
2N-110 2N1395 ,10261 
2N411 2N1396 40262 
2N 112 2N1397 -10187 
2N1023 2N152.1 40188 
2N1066 2N1525 10189 
2N1177 2N1526 

POWER—"OVERLAY" CONSTRUCTION 
Silicon n-p-n 

2N1491 2N4933 40290 
2N1492 2N501G 40291 
2N1493 2N5070 40292 
2N2631 2N5071 -103056 
2N2876 2N5090 40306° 
2N3118 2N5102 40307° 
2N3229 2N5108 40340 
2N3375 2N5470 40341 
2N3553 40080 40405 
2N3632 40081 40446 
2N3733 40082 40577° 
2N3866 40279° -40578° 
2N4012 40280 40581 
2N-1427 40281 40582 
2N-1-140 40282 40608 
2N4932 

SWITCHING AND PULSE 
APPLICATIONS 

Computer and Power 

COMPUTER—LOW LEVEL, MEDIUM-SPEED 
LOGIC SWITCHING 

Silicon n- p-n 

fr to 175 111Hz (Min.) 

2N697 2N2897 2N5202 
2N699 2N3053 2N5320 
2N718 A 2N3241A 2N5321 
2N720A 21\I3242A 40084 
2N1613 2N3262 -10375:' 
2N1711 2N3263 40389* 
2N1893 2N3264 40392 
2N2102 2N3265 40-150 
2N2270 2N3266 40-151 
2N2405 2N3878 40458 
2N2895 2N3879 40459 
2N2896 2N5183 

Silicon p-n-p 

to 60 111Hz (Min.) 

2N4036 2N5322 -10391 
2N4037 2N5323 .10391:- 
2N4314 

HIGH-SPEED LOGIC SWITCHING 

Silicon n- p-n 

.teT to 600 MHz (Min.) 
2N706 2N2369A 2N3261 
2N 7061 2N2.175 2N5186 
2N709 2N3011 2N5187 
2N831 2N3119 

* For printed-circuit-board applications. 
• High-reliability type. 
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HIGH-VOLTAGE SWITCHING 

Silicon p-n-p 

to 600 MHz (Min.) 
2N2476 2N3512 2N5189° 
2N2477 2N5188° 2N5262 
2N3261 

Germanium p-n-p 

2N398 2N398A 2N39813 

LOW- AND MEDIUM-SPEED SWITCHING 

Germanium p-n-p 

2N396 
2N404 
2N40-IA 
2N414 
2N581 
2N582 

to 50 MHz 
2N1300 
2N1301 
2N1303 
2N1305 
2N1307 

(Min.) 
2N1309 
2N1384 
2N1683 
2N1853 
2N1854 

Germanium n-p-n 

to 15 MHz (Min.) 

2N388 2N1091 2N1308 
2N388A 2N1302 2N1605 
2N585 2N1304 2N1605A 
2N1090 2N1306 

CHOPPER AND MULTIPLEX 
SERVICE 

MOS FIT Silicon N- Channel-Single 
Insulated Gate 

3N138 3N153 

POWER—LOW SPEED SWITCHING 

Silicon n- p-n 

Dissipations to 8.75 W 
2N697 
2N699 
2N718A 
2N720A 
2N1479:t 
2N14801: 
2N1481:1: 
2N1482t 
2N1613 
2N1700t 
2N1711 
2N1893 
2N2102 
2N2270 
2N2405 
2N2895 
2N2896 
2N2897 

2N3053 
2N3262 
40250V1* 
-10309 
40311 
40314 
40315 
40317 
40320 
40321 
40323 
40326 
40327 
40346V1* 
40347* 
-10347V1*:f 
40348:f 
40348V11: 

403491 
403-19V11: 
40360 
40361 
40366° 
40367° 
40372* 
40374* 
40375* 
40385 
40389* 
40390* 
40392 
40407 
40408 
40409* 
40-112V1* 

Dissipations above 8.75 

2N1-483t 
2N14841: 
2N1485t 
2N1486t 
2N1701t 
2N305-# 
2N3439 
2N3440 
2N3441:t 
2N3583 
2N3584 
2N3585 
2N3878 
2N3879 
2N4063 
2N4064 
2N4240 
2N4296 
2N4297 

2N4298 
2N4299 
2N52931: 
2N5294$ 
2N5295*:f 
2N5296t 
2N5297*t 
2N5298t 
2N5490:1 
2N5491$ 
2N5492*t 
2N5493t 
2N5-194*t 
2N5495t 
2N5496*t 
2N5497t 
402501: 
40310 

Dissipations above 50 

2N1487:f: 
2N1488t_ 
2N1-489t 
2N1490t 
2N1702t 
2N2015 
2N2016 
2N2338:t 
2N3055t 
2N3263 
2N3264 
2N3265 
2N3266 

2N3442t 
2N3771:f 
2N37721: 
2N37731: 
2N4347I: 
2N4348:1: 
2N5034t 
2N50351: 
2N50361: 
2N50371 
2N5039t 
2N5240t 
2N5575t 

W to 50 W 

40312 
40313 
40316 
40318 
40322 
40324 
40328 
40346 
40346V2 
40347 V21: 
40348 V21: 
40349 V21: 
40364 
40368° 
40412 
40412V2 
40464 
40.166 

W to 150 W 

2N55761: 
2N5577:1: 
2N5578t 
2N5579¡ 
2N55801: 
40251$ 
40325 
40363 
403694:° 
404111: 
40513=1: 
4051_4 

Silicon p-n-p 

Dissipations to 7 W 

-10319 40391* 
-10362 40394* 

40406 
40410* 

Germanium p-n-p 

Dissipatiun to 30 W 

2N586 2N1183 2N1184 
2N1905 2N1183A 2N1184A 
2N1906 2N1183B 2N118411 

* For printed-circuit-board applications. 
t Hometaxial base type. 
• High-reliability type. 
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HIGH-VOLTAGE SWITCHING 

Silicon n-p-n 
Collector- to-Emitter Voltage 

350 V (max.) 

2N3439 
2N3440 
2N3441t 
2N3442$ 
2N3583 
2N3584 
2N3585 
2N3773 
2N4063 
2N4064 
2N4068 

TRIACS 
2N5441 
2N5442 
2N5444 
2N5445 
2N5567 
2N5568 
2N5569 
2N5570 
2N5571 
2N5572 
2N5573 
2N5574 
40429 
10130 
40431 
40432 

D1ACS 
1N5411 

2N4069 
2N4240 
2N4347$ 
2N4348t 
2N4390 
2N5239t 
2N5240t 
40346 
40346V1* 
40346V2 
40349t 

40485 
40486 
40502 
40503 
40509 
40510 
40511 
10512 
40525 
40526 
40527 
40528 
40529 
-10530 
40531 
10532 

10583 

Silicon p-n-p 

Collector- to-Emitter Sustaining 
to Voltage to -300 V (max.) 

2N5415 2N5416 

40349171'1: 
40349 V21 
40354 
40373* 
40374* 
40385. 
40390* 
40412 
40412V1* 
40412V2 

TUNNEL DIODES 

40561 40566 
40562 
40563 
40564 
40565 

40567 
40568 
40569 
40570 

* For printed-circuit-board applications. 
Hometaxial base type. 

• High-reliability type. 

THYRISTORS 

40533 
40534 
40535 
40536 
40575 
40576 
40638 
40639 
40660 
40661 
40662 
40663 
40661 
40667 
40668 
40669 

SILICON CONTROLLED RECTIFIERS 

2N681 
2N682 
2N683 
2N684 
2N685 
2N686 
2N6S7 
2N6R8 
2N689 
2N690 
2N1842A 
2N1843A 
2N18-1-1A 
2N1845A 
2N1846A 
2N1847A 
2N1848A 
2N1849A 
2N1850A 

DIODES 

40571 
40572 
40573 
40574 

2N3228 40378 
2N3525 40379 
2N3528 40504 
2N3529 40505 
2N3668 40506 
2N3669 40507 
2N3670 40508 
2N3870 40553 
2N3871 40554 
2N3872 40555 
2N3873 40640 
2N3896 40641 
2N3897 40654 
2N3898 40655 
2N3899 40656 
2N4101 40657 
2N4102 40658 
2N-1103 -10659 
40216 

DAMPER DIODES 

1N4785 10142 

COMPENSATING DIODES 

1N2326 40428 
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SILICON RECTIFIERS—LOW POWER 

1N536 
1N537 
1N538 
1N539 
1N540 
1N547 
1N1095 
1N1763A 
1N1764A 
1N2858A 
1N2859A 
1N2860A 
1N2861A 
1N2862A 
1N2863A 
1N2864A 
1N3193 

RECTIFIERS 

1N3194 1N445B 
1N3195 1N5211 
1N3196 1N5212 
1N3253 1N5213 
1N3254 1N5214 
1N3255 1N5215 
1N3256 1N5216 
1N3563 1N5217 
1N3754 1N5218 
1N3755 40265 
1N3756 40266 
1N440B 40267 
1N44113 40495 
1N442B 40642 
1N443B 40643 
1N44413 40644 

SILICON RECTIFIERS—HIGH POWER 

1N248C 1N1203A 40108 
1N249C 1N1204A 40109 
1N250C 1N1205A 40110 
1N1183A 1N1206A 40111 
1N1184A 1N134113 40112 
1N1186A 1N1342B 40113 
1N1187A 1N1344B 40114 
1N1188A 1N1345B 40115 
1N1189A 1N1346B 40208 
1N1190A 1N1347B 40209 
1N1195A 1N1348B 40210 
1N1196A 1N1612 40211 
1N1197A 1N1613 40212 
1N1198A 1N1614 40213 
1N1199A 1N1615 40214 
1N1200A 1N1616 40259° 
1N1202A 

4403 
4404 
4448 
4453 
7163 

SQ2502 
SQ2503 
SQ2508 
SQ2519 
SQ2520 

SILICON RECTIFIER STACKS 

CR101 CR301 
CR102 CR302 
CR103 
CR104 
CR105 
CR106 
CR107 
CR108 
CR109 
CR110 
CR201 
CR203 
CR204 
CR206 
CR208 
CR210 
CR212 

CR303 
CR304 
CR305 
CR306 
CR307 
CR311 
CR312 
CR313 
CR314 
CR315 
CR316 
CR317 
CR321 
CR322 

SILICON RECTIFIER BRIDGES 

Single-Phase Operation 

CR401 CR404 
CR402 CR405 
CR403 CR406 

Three-Phase Operation 

CR501 CR503 
CR502 CR504 

Plug-In Types 

CR273/ CR274/ 
8008 872A 

PHOTOCELLS 

Broad-Area Cadmium-Sulfide Types (5101M°) 

SQ2521 
SQ2526 
SQ2527 
SQ2529 

SQ2534 
SQ2535 
SQ2536 
SQ2543 

SQ2544 
SQ2544V1 
SQ2545 
SQ2545V1 

CR323 
CR324 
CR325 
CR331 
CR332 
CR333 
CR334 
CR335 
CR341 
CR342 
CR343 
CR344 
CR351 
CR352 
CR353 
CR354 

CR407 
CR408 
CR409 

CR505 
CR506 

CR275/ 
866A/ 
3B28/ 
3B25 

SQ2546 
SQ2554 
SQ2555 
SQ2556 
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Technical Data 

This section contains detailed tech-
' nical data for all current RCA 
transistors, thyristors, and compen-
sating, damper, and emitting diodes. 
Tabular data for RCA discontinued 
transistors and for silicon rectifiers, 
tunnel diodes, and photocells are 
given at the end of the section. 
Outline drawings and information on 
mounting hardware for all RCA 
semiconductor devices are given 
later in the Manual ( see Table of 
Contents). For Key: Basing Dia-
grams, see inside back cover. 

Devices are listed in this section 
according to the numerical-alpha-
betical-numerical sequence of their 
type designations. Unless otherwise 
specified, voltages and currents are 
de values, and values are obtained 
at an ambient temperature of 25°C. 
Maximum device ratings shown 

are based on the Absolute Maxi-
mum system, and are limiting values 
of operating and environmental con-
ditions which should not be exceeded 
by any device of a specified type 
under any conditions of operation. 
Effective use of these ratings re-
quires close control of supply-volt-
age variations, component variations, 

Refer to 

Refer to 

Refer to 

Refer to 

Refer to 

Refer to 

Refer to 

Refer to 

Refer to 

Charts 

Charts 

Charts 

Charts 

Charts 

Charts 

Charts 

Charts 

Charts 

equipment-control adjustment, load 
variations, signal variations, and 
environmental conditions. 

Voltage ratings are established 
with reference to a specified elec-
trode ( e.g., collector-to-emitter volt-
age), and indicate the maximum 
potential which can be placed across 
the two given electrodes before 
crystal breakdown occurs. These rat-
ings may be specified with the third 
electrode open, or with specific bias 
voltages or external resistances. 

Characteristic curves represent the 
characteristics of an average de-
vice. Individual devices may have 
characteristics that range above or 
below the values given in the 
curves. Although some curves are 
extended beyond the maximum rat-
ings of the devices, this extension 
has been made for convenience in 
calculations only, no device should 
be operated outside of its maximum 
ratings. 

In choosing semiconductor devices 
for use in new electronic equipment, 
the designer should refer to the 
Selection Charts in the pages im-
mediately preceding this section. 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

1N248C 

1N249C 

1N250C 

1N440B 

1N441B 

1N442B 

1N443B 

1N444B 

1N445B 
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1N536 

1N537 

1N538 

1N539 

1N540 

1N547 

1N1095 

1N1 183A 

1N1 184A 

1N1 186A 

1N1 187A 

1N1 188A 

1N1 189A 

1N1 190A 

1N1 195A 

1N1196A 

1N1 197A 

1N1 198A 

1N1 199A 

1N1200A 

1N1202A 

1N1203A 

1N1204A 

1N1205A 

1N1206A 

1N1341B 

1N1342B 

1N1344B 

1N1345B 

1N134613 

1N1347B 

1N1348B 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of 

Refer to Charts of 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts of 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts of 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts of 
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Rectifier Data 

of Rectifier Data 
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of Rectifier Data 
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Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 
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Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

MAXIMUM RATINGS 

Reverse Voltage 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

COMPENSATING DIODE 

1N11612 

1N1613 

1N1614 

1N1615 

1N1616 

1N1763A 

1N1764A 

1 N2326 
Ge alloy-junction type used in temperature- and voltage-
compensation applications. Similar to JEDEC TO-1 
(2-lead), Outline No.41. 

VRM 
Peak Recurrent Current   ipm ( rep) 
DC Forward Current   IFM 
Temperature Range: 
Operating (TA) and Storage ( Tsrro)   

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 
DC Forward Voltage Drop: 
IFAV = 2 mA   VFAV 
IFAV = 100 mA   VFAV 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

of Rectifier Data 

—1 
200 
100 

--65 to 85 
255 

min typ max 
120 135 150 
240 260 280 

1N2858A 

1N2859A 

1N2860A 

1N2861A 

1N2862A 

1N2863A 

1N2864A 

1N3193 

1N3194 

1N3195 

1N3196 

1N3253 

1N3254 

1N3255 

1N3256 

1N3563 

V 
mA 
mA 

°C 
°C 

mV 
mV 
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1N3754 

1N3755 

1N3756 

1N4785 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

DAMPER DIODE 

Ge diffused-junction type used in transistorized 114-
degree, 18-kilovolt horizontal-deflection systems in tele-
vision receivers with types 2N3730, 2N3731, and 
2N3732. JEDEC TO-3, Outline No.2. 

MAXIMUM RATINGS 

Peak Reverse Voltage   VRM 
Continuous Reverse Voltage   VRM 
Peak Forward Current   iFM 
Average Forward Current   IFM 
Temperature Range: 
Operating ( T.1) and Storage (TsTG)   —65 to 85 

Pin-Soldering Temperature   TP 230 

CHARACTERISTICS 
Peak Reverse Voltage (IR _7-_- 1 mA)   VRM 
Reverse Current, Static (VR = 10 V)    IR 
Forward Voltage Drop, Static (IF = 7 A)   VF 

320 
60 
10 
7 

1 N5411 DIAC 

Si all-diffused three-layer trigger diode type used for 
triac phase-control circuits for lamp dimming, universal-
motor speed, and heat controls. JEDEC DO-26, Outline 
No.66. 

MAXIMUM RATINGS 

Peak Pulse Current, Forward or Reverse 
(tp = 30 Fs, df = 0.004)   

Device Dissipation ( Tc up to 75°C)   
Temperature Range: 
Operating (Junction)   
Storage   
Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 

Breakover Voltage, Forward or Reverse   
Breakover-Voltage Symmetry   
Breakback Voltage Change, Forward or Reverse 
(IR° (forward or reverse) = 10 mA)   

Peak Breakover Current   

2N1104 TRANSISTOR 

TJ (opr) 
TST(; 
TL 

Ge p-n-p alloy-junction type used in low-power audio-
frequency service. JEDEC TO-40, Outline No.16. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VC110 
Collector Current   Ic 
Transistor Dissipation: 
TA :=1. 25°C   PT 

Temperature Range: 
Operating ( Ambient)   TA (opr) 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ( Ic _ 20 ¡LA, 
IE — 0)   V(13R)CRO 

320 min 
150 max 
0.77 max 

2 
0.5 

—40 to 100 
40 to 150 

255 

29 to 35 
1-V(Bo) I -±-3 

5 min 
50 max 

30 
—50 

150 

—65 to 70 

V 
V 
A 
A 

°C 
°C 

V 
µA 
V 

A 
W 

°C 
°C 
°C 

V 
V 

V 
4A 

V 
mA 

mW 

°C 

—30 min V 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current ( Ws --_-_ —12 V, IE = 0)   
Small-Signal Forward-Current Transfer Ratio 
(VcE —6 V, Ic —1 mA)   

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency   

Output Capacitance   
Power Gain   
Thermal Resistance, Junction-to-Ambient   

ICBO 

hte 

fhrb 
Cobo 
Gpe 
0J-A 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

—10 max ÍLA 

44 min 

0.7 MHz 
40 pF 

32.4 dB 
0.4 °C/mW 

2N105 

2N109 
Ge p-n-p alloy-junction type used in low-power, small-
signal and large-signal audio applications in consumer-
product equipment. JEDEC TO-40, Outline No.16. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA = 25°C   
TA above 25°C   

Temperature Range: 
Operating (Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = —50 ¡LA, 

-= 0)   
Collector-to-Emitter Breakdown Voltage (Ic = —1 mA, 
IB = 0)   

Emitter-to-Base Breakdown Voltage (IN 
IC = 0)   

Collector-to-Emitter Saturation Voltage ( Ic ___ 50 mA, 
In —5 mA)   

Base-to-Emitter Voltage (VcE = 1 V, Ic = 50 mA) 
Collector-Cutoff Current (VcB = —30 V, IE =- 0)   
Emitter-Cutoff Current (VEB = —12 V, Ic = 0)   
Static Forward-Current Transfer Ratio (VcE = —1 V, 

Ic L.= —50 mA)   
Power Gain• (f = 0.001 MHz)   
Total Harmonic Distortion• 

(Poe = 0.16 W)   
Small-Signal Forward-Current Transfer Ratio 
(VcE = —6 V, IE -= —1 mA, f = 1 kHz)   

Small-Signal Input Impedance (VcE 6 V, 
IE = —1 mA, f := 1 kHz)   

Output Capacitance (VcB = —6 V, Ic = —1 mA, 
f = 0.5 MHz)   

• This characteristic does not apply to type 2N217. 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

........7 Ili 

VCBO 
VCEO 
VEBO 
IC 

PT 
PT 

TJ (opr) 
TSTG 
TL 

V(BRWBO 

V(BR)CE0 

V(BR) EBO 

VCE (sat) 
VBE 
ICB0 
IEBO 

hFE 
Gpe 

THD 

hie 

Cobo 

—35 
25 
12 

150 

V 
V 
V 

mA 

165 mW 
See curve page 300 

—65 to 71 
—65 to 85 

255 

—35 min 

25 min 

12 min 

—0.15 max 
0.2 to 0.4 
14 max 
7 max 

75 min 
33 

10 max 

50 to 150 

1000 to 4000 

20 to 60 

2N139 

2N140 

°C 
°C 
°C 

V 

V 

V 

V 
V 

¡LA 
¡LA 

dB 

pF 

Ge p-n-p alloy-junction type used primarily in converter 
and mixer-oscillator service in AM battery-operated 
portable radio receivers and automobile radio receivers 
operating from either a 6-volt or a 12,-volt supply. 
JEDEC TO-40, Outline No.16. 
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MAXIMUM RATINGS 

Collector- to-Base Voltage   VCBO —16 V 
Collector Current   Ic —15 mA 
Transistor Dissipation: 
TA = 25°C   PT 80 mW 

Temperature Range: 
Operating ( Ambient)   TA (opr) 65 to 71 °C 

CHARACTERISTICS 
Collector-Cutoff Current ( VcB = —12 V, IE — 0)   Il-B0 —6 max 
Static Forward-Current Transfer Ratio ( VcE = 9 V, 

Ic _-_- —0.6 mA)   hrE 75 min MHz 
Gain-Bandwidth Product   fT 10 mV 
Oscillator Injection Voltage ( f — 1 MHz)   100 max pF 
Output Capacitance   Cobo 9.5 dB 
Power Gain ( f :=1- 1 MHz)   Gpe 32 eLA 

2N173 Refer to Chart of Discontinued Transistors 

2N 174 Refer to Chart of Discontinued Transistors 

2N175 TRANSISTOR 

Ge p-n-p alloy-junction type used in small-signal af 
amplifier applications in hearing aids, microphone 
preamplifiers, reccrders, and other low-power applica-
tions. JEDEC TO-40, Outline No.16. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCR() 10 V 
Collector Current   Ic —2 mA 
Transistor Dissipation: 
TA = 25°C   PT 50 mW 

Temperature Range: 
Operating ( Ambient)   TA (opr) —65 to 50 °C 

CHARACTERISTICS 
Collector-Cutoff Current ( Vcrt — —25 V, IE = 0)   ICHO 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( Vcn = —4 V, lc — —0.5 mA)   flab 

Power Gain   Gpe 

2N176 POWER TRANSISTOR 

Ge p-n-p alloy-junction type used in large-signal af 
amplifiers in class A power-output stages and class B 
push-pull amplifier stages in automobile radio receivers. 
JEDEC TO-3, Outline No.2. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCR() 
Collector Current   Ic 
Transistor Dissipation: 
Tau' = 80°C   PT 

Temperature Range: 
Operating ( Mounting Flange) TlifF(Opr) 

—12 max µA 

0.85 MHz 
43 dB 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 

Collector-Cutoff Current ( VcB = —30 V, IE = 0)   It-B0 
Static Forward-Current Transfer Ratio 
(VcE = —2 V, Ic = —0.5 A)   hFE 

Power Gain ( f =_ 0.001 MHz)   Gptb 

Total Harmonic Distortion ( Poe — 2 W)   
Thermal Resistance, Junction-to-Ambient   0J-A 

—40 V 
—3 A 

10 Slf 

65 to 90 *C 

—3 max mA 

63 min 
35.5 dB 

2 max 
max ec/W 
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Refer to Chart of Discontinued Transistors 2N206 

E 

E 

TRANSISTOR 2N215 
Ge p-n-p alloy-junction type used in low-power audio-
frequency amplifier applications. JEDEC TO-1, Outline 
No.l. This type is electrically identical with type 2N104. 

TRANSISTOR 2N21 
Ge p-n-p alloy-junction type used in low-power, small-
signal and large-signal audio applications in consumer-
product equipment. JEDEC TO-1, Outline No.l. This 
type is electrically identical with type 2N109 except for 
the following items: 

CHARACTERISTICS 
Collector-Cutoff Current 
(VcB = —30 V, IE = 0)   'CB° 

Static Forward-Current Transfer Ratio 
(V E = —1 V, Ic = —50 mA)   hFE 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

uA 

65 to 120 

2N218 

2N219 

2N220 
Ge p-n-p alloy-junction type used in small-signal af 
amplifier applications in hearing aids, microphone pre-
amplifiers, recorders, and other low-power applications. 
JEDEC TO- 1, Outline No.l. This type is electrically 
identical with type 2N175. 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

(4) 

TRANSISTOR 

2N247 

2N269 

2N27O 
Ge p-n-p alloy-junction type used in large-signal ap-
plications in class A driver stages and af amplifiers, 
and class B push-pull line- and battery-operated af 
amplifiers. Similar to JEDEC TO-7 ( 3-lead type), Out-
line No.9. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO —25 V 
Emitter-to-Base Voltage   VEBO —12 V 
Collector Current   Ic —150 mA 
Emitter Current   IE 150 mA 
Transistor Dissipation: 
TA up to 25°C   PT 250 MW 
TA above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Ambient)   TA ( opr) 71 °C 
Storage   TSTG —65 to 85 °C 

Lead-Soldering Temperature ( 10 s max)   Tr, 230 °C 
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Collector-Cutoff Current (VcB — —30 V, IE 0)   
Emitter-Cutoff Current (VEB 12 V, Ic -- 0)   
Static Forward-Current Transfer Ratio 
(VcE = —1 V, Ic = —150 mA)   hFE 

Gain-Bandwidth Product ( VcE 12 V, Ic —2 mA) fT 
Intrinsic Base-Spreading —Resistance  
(VUE — —12 V, Ic = —2 mA)   rbb' 

Thermal Resistance, Junction-to-Ambient   0J-A 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 
(Ic = —0.016 mA, IE =7- 0)   V(BR)CB0 

Collector-to-Emitter Breakdown Voltage 
(VEB = —5 V, Ic —0.016)   V(BR)CEX 

Emitter-to-Base Breakdown Voltage 
(IE = 0.012 mA, Ic = 0)   V(BR)EBO 

ICB0 
IEBO 

2N274 TRANSISTOR 

Ge p-n-p alloy drift-field type used in rf and if ampli-
fier, oscillator, mixer, and converter circiuts, and in 
low-level video-amplifier circuits in industrial and mili-
tary equipment. JEDEC TO-44, Outline No.17. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage (VBE = 0.5 V)   
Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   
TA = 25°C ( with heat sink)   
TA above 25°C ( with heat sink)   

Temperature Range: 
Operating ( Junction)   
Storage   

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 
(Ic = —50 pA, IE = 0)   

Collector-to-Base Reach-Through Voltage 
(VER = —0.5 V)   

Collector-Cutoff Current (Wit = —12 V, IE 0)   
Emitter-Cutoff Current (VER = —0.5 V, Ic = 0)   
Small-Signal Forward-Current Transfer Ratio 

(f 1 kHz, VCE = —12 V, Ii = 1.5 mA)   
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcB = —12 V, JE = 1.5 mA)   

Output Capacitance (V(B —12 V, IE = 0)   
Input Resistance: 
VUE = —12 V, IE 1.5 mA, f = 12.5 MHz   
VUE = —12 V, IF 1.5 mA, f — 1.5 MHz   

Output Resistance: 
VCE = —12 V, IE 1.5 mA, f = 12.5 MHz  
VUE = —12 V, IE 1.5 mA, f = 1.5 MHz   

Power Gain: 
VUE = —12 V, IE 1.5 m A, f = 12.5 MHz   
VrE = —12 V, IE 1.5 m A, f = 1.5 MHz   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

2N277 

2N278 

2N301 

2N301A 

2N307 

VCBO 
VCEV 
VEBO 
IC 
IE 

PT 
PT 
PT 
PT 

TJ (opr) 
TSTG 

V(BR)CB0 

VRT 
ICBO 
IEBO 

hfe 

fhfb 
Cobo 

Rie 
Rie 

Roe 
Roe 

Gpe 
Gpe 
0J--(1 

0J -A 

Refer to Chart of Discontinued 

Refer to Chart of Discontinued 

Refer to Chart of Discontinued 

Refer to Chart of Discontinued 

Refer to Chart of Discontinued 

—30 min V 

25 min V 

—12 min V 
16 max µA. 
12 max ¡LA 

50 to 140 
1 MHz 

150 max 
0.24 max °CfW 

—40 
—40 
0.5 
—10 
10 

mA 
mA 
mA 

120 mW 
See curve page 300 

240 mW 
See curve page 300 

65 to 100 °C 
65 to 100 °C 

—40 min 

—40 min 
—12 max 
12 max 

20 to 175 

30 
3 max 

150 
1350 

4000 
70000 

17 to 27 
40 to 50 

0.31 max 
0.62 max 

¡LA 
pA 

MHz 
PF 

o 
o 

dB 
dB 

°C,/mW 
°C/mW 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 
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Refer to Chart of Discontinued Transistors 

POWER TRANSISTOR 

2N331 

2N351 
Ge p-n-p alloy-junction type used in large-signal af 
amplifiers in class A power-output stages and class B 
push-pull amplifier stages in automobile radio receivers. 
JEDEC TO-3, Outline No.2. This type is identical with 
type 2N176 except for the following items: 

CHARACTERISTICS 

Static Forward-Current Transfer Ratio 
Ic = —0.7 A)   hFE 

G. 

Total Harmonic Distortion (Poe = 4 W)   THD 

(VUE = —2 V, 

Power Gain ( f = 0.001 MHz)   

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

65 
33.5 

5 max 

2N356 

2N357 

2N358 

2N37O 

dB 
ic, 

Ge p-n-p alloy-junction drift- field type used in rf-ampli-
fier service in AM broadcast-band portable radio receiv-
ers and short-wave receivers. JEDEC TO-7, Outline 
No.9. 

MAXIMUM RATINGS 

Collector- to-Base VoRae:   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA = 25°C   

Temperature Range: 

VCB0 
VEBO 
Ic 10 mA 

PT 80 mW 

Operating ( Ambient)   TA (opr) —65 to 71 'C 

CHARACTERISTICS 
Collector-Cutoff Current   I('B0 20 max µA 
Static Forward-Current Transfer Ratio —12 V, 

Ir = —1 mA)   hFE 60 min 
Gain-Bandwidth Product   fT 30 MHz 
Output Capacitance*   Cobo 1.7 pF 
Power Gain* ( f = 1.5 MHz)   G. 31 dB 

24 V 
—0.5 V 

(VCE •••• 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

2N371 

2N372 
Ge p-n-p alloy-junction drift- field type for use as an 
rf mixer in AM broadcast-band portable radio receivers 
and short-wave receivers. JEDEC TO-7, Outline No.9. 
This type is identical with type 2N370. 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

2N373 

2N374 
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2N376 POWER TRANSISTOR 

Ge p-n-p alloy-junction type used in large-signal af 
amplifiers in class A power-output stages and class B 
push-pull amplifier stages in automobile radio receivers. 
JEDEC TO-3, Outline No.2. This type is identical with 
type 2N176 except for the following items: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio (V E _ —2 V, 
Ic = —0.7 A)   hFE 

Power Gain ( f= 0.001 MHz)   Gpe 
Total Harmonic Distortion (Poe = 4 W)   THD 

2N384 TRANSISTOR 

Ge p-n-p alloy-junction drift- field type used in rf and 
if amplifier, oscillator, mixer, and converter circuits, and 
low-level video-amplifier circuits in industrial and mili-
tary equipment. JEDEC TO-44, Outline No.17. 

MAXIMUM RATINGS 
Collector- to-Base Voltage   VCBO 
Collector- to-Emitter Voltage (VBE — 0.5 V)   VCEV 
Emitter-to-Base Voltage     VEBO 
Collector Current   Ic 
Emitter Current   IE 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   
Tc = 25°C ( with heat sink) 

PT 
PT 
PT 

Tc above 25°C ( with heat sink)   PT 
Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (lc — —50 ILA, 
IE = 0)   

Collector-to-Base Reach-Through (VER — 0.5 V) 
Collector-Cutoff Current ( Ven = —12 V, Ii _ 0)   
Emitter-Cutoff Current (VEB = —0.5 V, Ic = 0)   
Small-Signal Forward-Current Transfer Ratio 
(VcB = —12 V, IE = 1.5 mA, f = 1 kHz)   

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency (Wit — —12 V, IE = 1.5 mA)   

Input Resistance: 
VCE = —12 V, IE = 1.5 mA, f = 50 MHz  
VCE = —12 V, IE 1.5 m A, f — 12.5 M Hz   

Output Resistance: 
VCE = —12 V, Ii = 1.5 m A, f = 50 MHz  
VCE = —12 V, IE = 1.5 m A, f — 12.5 

Output Capacitance (VcB = —12 V, IE 17-- 0)   
Power Gain: 

VcB =_. —12 V, Iii = 1.5 mA, f = 50 MHz  

•••• 

TSTG 

V(BR)CB0 
VRT 
ICBO 
IEBO 

hfe 

fhfb 

Rie 
RiP 

Roe 
Roe 
Cobo 

Gpe 
VCE = —12 V, IE = 1.5 mA, f = 12.5 MHz   Gpe 

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   0J-A 

TYPICAL OPERATION IN VIDEO-AMPLIFIER CIRCUIT 
DC Collector-to-Emitter Voltage   
DC Emitter Current   
Source Impedance   
Capacitive Load   
Frequency Response   
Pulse-Rise Time   
Voltage Gain   
Maximum Peak-to-Peak Output Voilage   

VrE 

IE 

Rs 

tr 

78 min 
35 

5 max 
dB 

40 V 
—40 V 
0.5 V 
—10 mA 
10 mA 

120 mW 
See curve page 300 

240 mW 
See curve page 300 

—65 to 100 °C 
65 to 100 °C 

—40 min 
—40 min 
—12 max 
—12 max 

20 to 175 

V 
/IA 
aA 

100 MHz 

30 o 
250 o 

5000 
16000 
3 max 

15 to 21 
24 to 32 

0.31 max 
0.62 max 

pF 

dB 
dB 

oc/mw 

'C/m\V 

12 V 
5.8 mA 
150 
16 pF 

20 Hz to 10 MHz 
0.035 ,us 

26 dB 
20 V 
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COMPUTER TRANSISTORS 
2N388 
2N388A 

Ge n-p-n alloy-junction types used in switching appli-
cations in data-processing equipment. JEDEC TO-5, 
Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage VCBO 
Collector- to-Emitter Voltage: 
VBE = —0.5 V     VCEV 
RBE = 10000 c)     VCER 

Emitter-to-Base Voltage    VEBO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage TSTG 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 
Base-to-Emitter Voltage: 
IB = 10 mA, Ir =. zu0 mA   VBE 
IB 4 mA, lc = 100 mA    VBE 

Collector-Cutoff Current: 
VCE = 20 V, RBE ------ 10000 0   ICER 
VCE = 40 V, VBE = —0.5 V    ICEV 
VCB = 40 V, IE = O   ICBO 
VCB = 25 V, h = O    ICB0 
VCB = 1 V, IE = 0     ICB0 

Emitter-Cutoff Current: 
VEB = 15 V, Ic =   IEBO 
VEB = 1 V, IC = O   IEBO 

Static Forward-Current Transfer Ratio: 
VeE = 0.75 V, le = 200 mA   hFE 
VCE = 0.5 V, k = 30 mA   hFE 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency ( Ven — 6 V, I‘• — 1 mA) 

Output Capacitance (VCB = 6 V, L• = 1 mA) 
Turn-On Time (Vcc = 20 V, Ini   10 mA, 
182 = —10 M AI IC 0.2 A, Re = 100 0)   td tr 

Storage Time (Vcc =. 20 V, Ill = 10 mA, 
= —10 mA, Ic = 0.2 A, Re = 100 0)   to 

Fall Time ( Ver .= 20 V, lui = 10 mA, 
1112 —10 mA, Ic = 0.2 A, Rc = 100 0)   tr 

•• 

•• 

fhrb 
Cobo 

Refer to Chart of Discontinued Transistors 

COMPUTER TRANSISTOR 

2N388 2N388A 

25 40 V 

40 V 
20 20 V 
15 15 V 

200 200 mA 

150 150 mW 
See curve page 300 

—65 to 100 
65 to 100 

235 235 

2N388 2N388A 

1.5 
0.8 

1.5 max 
0.8 max 

50 50 max 
50 max 
40 max 

10 10 max 
5 5 max 

10 10 max 
5 5 max 

µA 
pA 
pA 
pA 
pA 

pA 

30 3(1 min 
60 to 180 

5 5 inin MHz 
20 20 max pF 

1 1 max jis 

0.7 0.7 max ps 

0.7 0.7 max As 

2N395 

2N396 
Ge p- n-p alloy-junction type used in switching applica-
tions in data-processing equipment. JEDEC TO-5, Out-
line No.5. 

MAXIMUM RATINGS 
Collector- to- Emitter Voltage 
RBE 10000 o    VCER —20 V 

Transistor Dissipation 
TA above 25°C   PT See curve page 300 

CHARACTERISTICS 
Collector- to-Emitter Saturation Voltage 

(In 7= —3.3 mA, Ic =. —50 mA)   VCE ( sat) 0.2 V 
Collector- to-Emitter Reach-Through Voltage   VRT —20 v 
Collector-Cutoff Current 

(V(•B = —20 V, IE 0, TA = 25°C)   ICB0 —6 µA 
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CHARACTERISTICS (cont'd) 
Static Forward-Current Transfer Ratio: 
VCE _-_-_- —1 V, Ic =_ —10 mA, TA = 25°C   hFE 30 to 150 
VCE = —0.35 V, Ic =_ —200 mA, TA = 25°C   15 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency (VcB = —5 V, IE = 1 mA)   fh rb 

2N396A 

2N397 

2N398 
2N398A 
2N398I3 

5 MHz 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTORS 

Ge p-n-p alloy-junction types used for direct "on-off" 
control of high-voltage, low-power devices such as neon 
indicators, relays, incandescent-lamp indicators, indi-
cator counters of electronic computers, and similar ap-
plications in critical industrial and military equipment. 
Designed to meet MIL specifications, including mechani-
cal, environmental, and life tests. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter (RBE = 0)   
Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Ambient)   
Storage   

Lead-Soldering Temperature: 
10 seconds max   
3 seconds max   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 
Ic = —0.025 mA, IE =   
IC = —0.05 m A, IE =   

Emitter-to-Base Breakdown Voltage 
(IE = —0.05 mA, Ic = 0)   

Collector-to-Emitter Reach-Through 
Voltage   

Base-to-Emitter Saturation Voltage 
(Ic = —5 mA, IB = —0.25 mA)   

Collector-to-Emitter Saturation Voltage 
(Ic = —5 mA, In = —0.25 mA)   

Collector-Cutoff Current: 
VCE = —105 V, RBE = 0, TA = 25°C   
VCE = —55 V, RBE = 10 ko, TA = 25°C 
VCB = —2.5 V, IE = 0, TA = 25°C   
VCB = —105 V, IF) = 0, TA = 25°C   
VCB -= —105 V, IE = 0, TA = 71°C   

Emitter-Cutoff Current: 
VER = —2.5 V, Ic 
VEB = —50 V, Ic =- 0   
VER = —75 V, It = 

Static Forward-Current Transfer Ratio: 
VCE = —0.25 V, Ic = —5 mA   
VCE = —0.35 V, Ic = —5 mA  

Small-Signal Forward-Current Transfer 
Ratio ( VcE = —6 V, Ic -= —1 mA, 
f = 1 kHz)   

Small-Signal Forward-Current Transfer-
Ratio Cutoff Frequency (VcB = —6 V, 
IE = 1 mA)   

Thermal Resistance, Junction-to-
Ambient   

VCBO 
VCES 
VEBO 
IC 
IE 

PT 
PT 

TA (opr) 
TsTG 

TL 
TL 

V(BR)CB0 
R) ('RO 

V(BR)EBO 

VRT 

VBE (sat) 

VCE (sat) 

ICES 
ICER 
ICBO 
ICBO 
ICBO 

IEBO 
IEBO 
IEBO 

hFE 
hFE 

hfe 

fhfb 

0J-A 

2N398 
105 
105 
50 

—100 
100 

50 

—65 to 55 
—65 to 85 

230 

105 

—50 

—105 

0.4 

0.35 

—600 

14 
50 

50 

20 

2\B 

2N398A 2N398B 
—105 —105 V 
—105 —105 V 
—50 75 V 
—200 200 mA 
200 200 mA 

150 250 mW 
See curve page 300 

—65 to 100 
65 to 100 

250 

°C 
°C 

250 °C 
°C 

105 min 
105 min 

—50 75 min 

—105 105 min 

0.4 0.3 max 

0.35 0.25 max 

600 300 max 
300 max 

14 6 max 
—50 25 max 

—300 max 

50 
fm•••••mM. 

20 

20 

V 
V 

V 

V 

V 

V 

gA 
gA 
gA 
gA 
gA 

6 max gA 
— max ¡LA 

—50 max gA 

20 min 
min 

40 min 

1 max MHz 

0.5 0.3 max °C/W 



Technical Data 235 

MAXIMUM RATINGS 

COMPUTER TRANSISTORS 
2N404 
21•1404A 

Ge p-n-p alloy-junction types used in switching appli-
cations in data-processing equipment. JEDEC TO-5, 
Outline No.5. 

2N404 2N404A 

Collector-to-Base Voltage   VCBO 25 —40 V 
Collector-to-Emitter Voltage (VBE = 1 V)   VCEV 24 —35 V 

VEBO Emitter-to-Base Voltage   12 —25 V 
Collector Current   Ic 100 —150 mA 
Emitter Current   IE 100 150 mA 
Transistor Dissipation: 
TA up to 25°C   PT 150 150 mW 
TA above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Ambient)   TA (opr) 65 to 85 —65 to 100 °C 
Storage     TSTG 65 to 100 —65 to 100 °C 

Lead-Soldering Temperature ( 10 s max)   TL 255 255 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ic -----_- —0.02 mA, IE -= 0)   V(BR)CB0 —25 —40 min V 
Emitter-to-Base Breakdown Voltage 
(IE = —0.02 mA, Ic = 0)   V(BR) EBO —12 25 min V 

Base-to-Emitter Saturation Voltage: 
IC =-' —12 mA, In = —0.4 mA     VBE (sat) 0.35 0.35 max V 
Ic = —24 mA, In = —1 mA     VBE (sat) —0.4 0.4 max V 

Collector-to-Emitter Saturation Voltage: 
Ic = —12 mA, IB = —0.4 mA   VCE (sat) —0.15 0.15 max V 
Ic :------ —24 mA, IB = —1 mA   VCE (sat) —0.2 0.2 max V 

Collector-Cutoff Current: 
Vcit = —12 V, IE ----= 0, TA = 25°C   ICBO 5 —5 max pA 
Veit = —12 V, In = 0, TA = 80°C   'CB° 90* —90 max pA 

Static Forward-Current Transfer Ratio •. 
VcE = —0.2 V, Ic ::.-_- —24 mA   hFE 24 24 min 
VCE = —0.15 V, Ic -= —12 mA   hFE 30 30 min 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency (VcB = —6 V, Ic =7 1 mA) film 4 d min MHz 

Output CP.pacitance: 
VCB = —6 V, le = 0   Cobo 20 max pF 
VCB = —6 V, IF -= 1 MA, f = 2 MHz   Cobo — 20 max pF 

Stored Base Charge ( Ic = —10 mA, 
In ----:: —1 mA)   Qs 1400 1400 max pC 

• For higher dissipation values in switching applications, see RCA Application Note 
AN-181. 
' This value does not apply to type 2N581. 

TRANSISTOR 2N405 
Ge p-n-p alloy-junction type used in low-power class A 
af-amplifier applications in battery-operated portable 
radio-receivers. JEDEC TO-40, Outline No.16. 

MAXIMUM RATINGS 
Collector- to-Base Voltage   
Collector Current   
Emitter Current 

VcRo —20 V 
I(' —35 mA 
h: 35 mA 

Transistor Dissipation: 
TA :I-- 25°C   PT 150 mW 

Temperature Range: 
Operating ( Ambient)   TA (opr) 65 to 71 •C 

CHARACTERISTICS 

Collector-Cutoff Current   IcHo 
Static Forward-Current Transfer Ratio ( VCE .M•1 —6 V, 

Ii. 1 )    hFE 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( V(n = 6 V, Ir = —1 mA)   fhfb 

14 max µA 

35 min 

650 kHz 
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CHARACTERISTICS (cont'd) 

Output Capacitance   
Power Gain   

214406 TRANSISTOR 

Cobo 

Gpe 

Ge p-n-p alloy-junction type used in low-power class A 
af-amplifier applications in battery-operated portable 
radio receivers. JEDEC TO- 1, Outline No.l. This type 
is electrically identical with type 2N405. 

2N407 TRANSISTOR 

Ge p-n-p alloy-junction type used in class A amplifiers 
and class B push-pull output stages of battery-operated 
radio receivers and af amplifiers. JEDEC TO-40, Out-
line No.16. 

40 pF 
43 dB 

MAXIMUM RATINGS 

Collector- to-Base Voltage     Vuno —20 V 
Collector Current   I(' 70 mA 
Emitter Current   IE 70 mA 
Transistor Dissipation: 
TA = 25°C   PT 150 mW 

Temperature Range: 
Operating ( Ambient)   TA (opr) —65 to 71 °C 

CHARACTERISTICS 

Collector-Cutoff Current ( Wit :-- 12 V, JE — 0)   Irno —14 max µA 
Emitter- Cutoff Current (VER = 2.5 V, L• — 0)   IEBO —14 max /LA 
Static Forward-Current Transfer Ratio ( VcE _ —1 V, 
Ir = —50 mA)   hFE 

Power Gain ( f :1-_- 0.001 MHz)   Gpe 33 dB 
Total Harmonic Distortion 

(Poe 7----- 0.16 W)    THD 10 max % 

214408 TRANSISTOR 

Ge p-n-p alloy-junction type used in class A amplifiers 
and class B push-pull output stages of battery-operated 
radio receivers and af amplifiers. JEDEC TO- 1, Outline 
No.l. This type is electrically identical with type 2N407. 

214409 TRANSISTOR 

Ge p-n-p alloy-junction type used in 455-kHz if-ampli-
fier service in battery operated portable radio receivers 
and automobile radio receivers. JEDEC TO-40, Outline 
No.16. This type is electrically identical with type 
2N410. 

2N410 TRANSISTOR 

Ge p-n-p alloy-junction type used in 455-kHz if-ampli-
fier service in battery-operated portable radio receivers 
and automobile radio receivers. JEDEC TO- 1, Outline 
No.l. 

65 

2B 
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MAXIMUM RATINGS 
Collector- to-Base Voltage   VCBO —13 V 
Collector Current   Ic —15 mA 
Transistor Dissipation: 

PT 80 mW 
Temperature Range: 
Operating ( Ambient)   TA (opr) —65 to 71 *C 

25°C 

CHARACTERISTICS 
Collector- to-Base Breakdown Voltage ( Ic — 10 gA, 
IE = 0)   V(BR)CB0 13 min V 

Collector-Cutoff Current (VcB = —13 V, IE — 0)   ICBO —10 max gA 
Static Forward-Current Transfer Ratio 

(VrE =_ —9 V, Ic =. —1 mA)   hFE 48 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency   fhfb 6.7 MHz 

Output Capacitance   Cobo 9.5 pF 
Power Gain ( f — 0.455 MHz)   Gpe 38.8 dB 

TRANSISTOR 2N411 
Ge p-n-p alloy-junction type intended fur converter and 
mixer-oscillator applications in battery-operated port-
able radio receivers. JEDEC TO-40, Outline No.16. This 
type is electrically identical with type 2N412. 

TRANSISTOR 2N412 
—(2) Ge p-n-p alloy-junction type used in converter and 

mixer-oscillator applications in battery-operated port-
able radio receivers. JEDEC TO- 1, Outline No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .....,,,    edb  V‘ BO 13 V 
Collector Curtent   Ic 15 mA 
Transistor Dissipation: 
TA =-:  25°C   PT 80 mW 

Temperature Range: 
Operating ( Ambient)   TA (opr) —65 to 71 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ( Ic =_-_ 10 gA, 
IE = 0)   V(BRAIBO —13 min V 

Collector-Cutoff Current ( VcB = —13 V, IE = 0)   ICB0 10 max gA 
Static Forward-Current Transfer Ratio (VcE _ —9 V, 
Ic = —0.6 mA)   hFE 75 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (V(B = —9 V, IE = 0.6 mA)   fhfb 10 MHz 

Oscillator Injection Voltage ( f — 1 MHz)   100 mV 
Output Capacitance   Cobo 9.5 pF 
Power Gain ( f = 1 MHz)   G. 32 dB 

2)8 

COMPUTER TRANSISTOR 2N414 
Ge p-n-p alloy-junction type used in switching applica-
tions in data-processing equipment. JEDEC TO-5, Out-
line No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO —30 V 
Collector-to-Emitter Voltage: 
VBE = 1 V   VCEV —20 V 
Base open VCEO 15 V 
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MAXIMUM RATINGS (cont'd) 

Emitter-to-Base Voltage   VEBO 
Peak Collector Current   Ic 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   
TA = 55°C   

Ambient-Temperature Range: 
Operating (TA) and Storage (TsTG)   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-Cutoff Current (VcB = —12 V, IE = 0)   
Emitter-Cutoff Current (VEB = —12 V, Ic = 0)   
Small-Signal Forward-Current Transfer Ratio 
(VcE = —6 V, IE =. 1 mA, f = 1 kHz)   

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( VcR = —6 V, IE = 1 mA)   

Output Capacitance (Ws = —6 V, Ic = —1 mA)   
Small-Signal Short-Circuit Input Impedance 

(VcB = —6 V, IE = 1 MA, f = 1 kHz)   
Small-Signal Open-Circuit Reverse-Voltage 

Transfer Ratio ( 1/cB = —6 V, IE = 0, f — 1 kHz)   
Noise Figure (VcE —6 V, IE = 1 mA, f = 1.5 MHz) 
Power Gain (VcE = —6 V, IE = 1 mA, f = 1.5 MHz) 

2N441 

2N442 

2N443 

2N456 

2N457 

2N497 

2N544 

2N561 

2N578 

2N579 

2N580 

2N581 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

PT 
PT 
PT 

TL 

ICBO 
IEBO 

hf e 

fhfb 
Cobo 

h I b 

h rb 
NF 
G. 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

COMPUTER TRANSISTOR 

Ge p-n-p alloy-junction type used in switching applica-
tions in data-processing equipment. JEDEC TO-5, Out-
line No.5. This type is identical with type 2N404 except 
for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter voltage (vBE 
Emitter-to-Base Voltage   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic — —0.02 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE — —0.02 mA, 
Ic 0)   

Base-to-Emitter Saturation Voltage 
(Ic — 20 mA, In _-_-_. —1 mA)   

1 V) 
VCBO 
VCEV 
VEBO 

V(BR)CB0 

V(BR)EBO 

VBE (sat) 

—20 mA 
400 mA 

—200 mA 

150 mW 
See curve page 300 

75 mW 

—65 to 85 °C 
240 *C 

—5 max 
—5 max 

80 

8 
11 

30 

0.5 x 10 
6 
16 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

—18 
15 

—10 

µA 

MHz 
pF 

dB 
dB 

—18 min V 

—10 min V 

—0.5 max V 
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CHARACTERISTICS (cont'd) 

Collector-to-Emitter Saturation Voltage ( Ic 20 rnA, 
IB = —1 mA)   VcE ( sat) 0.2 min V 

Collector-Cutoff Current 
(VcB _77_ —12 V, IE :-_- 0; TA = 25°C)   sus uvY  ICISO —10 max 

Static Forward-Current Transfer Ratio (VcE — 0.3 V, 
Ic = —20 mA)   FIFE 20 min 

Stored Base Charge (Ic = —20 mA, IB .--= —2 mA)   Qs 2400 max pC 

COMPUTER TRANSISTOR 2N582 
Ge p-n-p alloy-junction type used in switching applica-
tions in data-processing equipment. JEDEC TO-5, Out-
line No.5. This type is identical with type 2N404 except 
for the following items: 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage (VBE — 1 V)   VCEY —14 

CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage: 
Ic --z-- —24 mA, IB =- —0.6 mA   VCE (sat) —0.2 max V 
Ic =_ —100 mA, IB ---= —5 mA  VCE (sat) —0.3 max V 

Base-to-Emitter Saturation Voltage: 
Ic ---= —24 mA, IB -_-7_ —0.6 mA   VBE (sat) —0.4 max V 
Ic _-_-__- —100 mA, IB :_-_- —5 mA  VBE (sat) —0.8 max V 

Static Forward-Current Transfer Ratio: 
VCE = —0.2 V, Ic = —24 mA   LIFE 40 min 
VCE = —0.3 V, Ic =- —100 mA   hFE 20 min 

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency ( VCs :------ —6 V, Ic _-_:_-. —1 mA)   fhfb 14 min MHz 

Stored Base Charge (Ic — —24 mA, IB ---= —1.2 mA)   Qs 1200 max pC 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

COMPUTER TRANSISTOR 

2N583 

2N584 

2N585 

V 

Ge n-p-n alloy-junction type used in switching applica-
tions in data-processing equipment. JEDEC TO-5, Out-
line No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 25 V 
Collector-to-Emitter Voltage: 
VBE = —1 V   VCEV 24 V 
Base open   VCEO 15 V 

Emitter-to-Base Voltage   VEBO 20 V 
Collector Current   Ic 200 mA 
Emitter Current   Ile 200 mA 
Transistor Dissipation: 
TA up to 25°C   PT 120 mW 
TA above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Ambient)   TA ( opr) 71 °C 
Storage   TSTG —65 to 85 °C 

Lead-Soldering Temperature ( 10 s max)   Ti. 255 °C 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ( Ic = 25 ILA, 
IE = 0) V(BR)CB0 25 min 

Collector-to-Emitter Breakdown Voltage ( Ic ___. 600 ¡IA, 
IB = 0)   V(BR)CE0 15 min 

Emitter-to-Base Breakdown Voltage ( IE ____ —25 gA, 
Ic =_ 0)   V(BB)EBo 20 min 

Collector-to-Emitter Saturation Voltage (Ic = 20 mA, 
IB — 1 mA)   VCE ( sat) 0.2 max 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Saturation Voltage 

(Ic -_-_-_-. 20 mA, IB =. 1 MA)   VBE (sat) 0.45 max V 
Collector-Cutoff Current: 

VcB --=--- 0.25 V, IE =--- 0   'CB° 6 max ;LA 
VCB ---= 12 V, IE =--- 0   ICBO 8 max ¡LA 

Emitter-Cutoff Current (VBE = 5 V, Ic =- 0)   IEBO 5 max ¡IA 
Static Forward-Current Transfer Ratio (VcE = 0.2 V, 
Ic = 20 mA)   hFE 20 min 

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency (VcB = 6 V, IE = —1 mA)   hit, 3 min MHz 

Output Capacitance (Ws = 6 V, IE = 0)   Cobo 25 max pF 
Stored Base Charge ( Ic = 20 mA, Ill = 2 mA)   Qs 3000 max pC 

2N586 TRANSISTOR 

Ge p-n-p alloy-junction type used in low-speed switching 
applications in industrial and military equipment. It can 
also be used in large-signal class A and class B push-
pull af amplifiers. Similar to JEDEC TO-7 ( 3-lead 
type), Outline No.9. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   Ii 
Transistor Dissipation: 
TA up to 25°C   PT 
TA = 55°C   PT 
TA ------ 71°C   PT 

Ambient-Temperature Range: 
Operating (TA) and Storage ( TsTG)   

Lead-Soldering Temperature ( 10 s max)   Tr, 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 
Ic = —50 i.LA, VBE = 0   V(BR)CES —45 min V 
Ic = —1 mA, IB -7= 0   V(BR)CE0 25 min V 

Collector-to-Emitter Reach-Through Voltage 
(VBE = —1 V. IE = 0)   VRT 45 min V 

Collector-to-Emitter Saturation Voltage 
(Ic = —250 mA, IB --= —25 mA)   VCE (sat) 0.5 max V 

Base-to-Emitter Voltage (Ic = —250 mA, IB = —7 mA) VBE —1 max V 
Collector-Cutoff Current ( VcB -__= —45 V, IE = 0)   ICBO 16 max itA 
Emitter-Cutoff Current (VBE = —12 V, Ic = 0)   IEBO —12 max ,LA 
Static Forward-Current Transfer Ratio (VcE = —0.5 V, 
Ic — —250 mA)   hFE 35 min 

2N591 TRANSISTOR 

Ge p-n-p alloy-junction type used in large-signal af 
driver applications in class A stages of automobile 
radio receivers. JEDEC TO-1, Outline No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Collector Current   
Transistor Dissipation: 
TA up to 55°C   
Tc up to 55°C   
TA or Tc above 55°C   

Temperature Range: 
Operating ( Ambient)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-Cutoff Current (VcB — 10 V, IE — 0)   ICB0 —7 max 
Emitter-Cutoff Current (VEB = —1 V, Ic = 0)   IEBO —20 max jiA 

45 V 
12 V 

250 mA 
250 mA 

250 mW 
125 mW 
60 mW 

—65 to 85 °C 
255 °C 

Vcso —32 V 
VCEO —32 V 
Ic —40 mA 

PT 85 mW 
PT 200 mW 
PT See curve page 300 

TA ( opr) 71 °C 
TSTG —65 to 85 °C 
TL 255 °C 
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CHARACTERISTICS (cont'd) 
Collector-to-Base Breakdown Voltage 

= —0.05 mA, IE = 0)   V(BR)CB0 
Ço1lector-to-Emitter Breakdown Voltage 
(lc = —0.3 mA, 1B = 0)   V(BR)CEX 

Emitter-to-Base Breakdown Voltage 
(IE = 0.05 mA, Ic = 0)   V(Bn)EBo 

Small-Signal Forward-Current Transfer Ratio 
(V('E = —12 V, Ic — 2 V, f = 1 kHz)   h e 

Thermal Resistance: 
Junction-to-Ambient   ar-A 
Junction-to-Case   

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

C 
No.l. 

TRANSISTOR 

—32 min 

—32 min 

12 min 

40 to 120 

353 max 
150 max 

2N640 

214641 

2N642 

2N643 

2N644 

2N645 

2N647 

V 

V 

°C/W 
°C/W 

Ge n-p-n alloy-junction type used in large-signal af-
amplifier applications in battery-operated portable radio 
receivers and phonograhs. N-P-N construction permits 
complementary push-pull operation with a matching 

type, such as the 2N217. JEDEC TO-1, Outline 

MAXIMUM RATINGS 
Collector-to-Base Voltage   25 V VCBO 

25 V 
VEBO 

Collector-to-Emitter Voltage   VCEO 
Emitter-to-Base Voltage   12 V 
Collector Current   Ic 100 mA 
Emitter Current   IE —100 mA 
Transistor Dissipation: 

FilAA up to 25°C   PT 100 MW 
TA above 25°C   See curve page 300 

Temperature Range: 
Operating ( Ambient)   65 to 71 °C 
Storage   TSTO 65 to 85 °C 

Lead-Soldering Temperature ( 10 s max)   Ti, 255 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

PT 

(opr) 

(lc = 0.05 mA, IE = 0)   25 min V 

(VEB = 5 V, Ir = 0.014 mA)   V(Bn)rEv 25 min V 
Emitter-to-Base Breakdown Voltage 
(IE = 0.014 mA, Ic = 0)   V(nn) EB0 12 min V 

Collector-Cutoff Current ( Vcr, = 95 V, TE — 0) TC1111 14 max pA 
Emitter-Cutoff Current (VEB _ 12 V, Ic _-_7_.. 0)   IEB0 14 max p,A 
Static Forward-Current Transfer Ratio ( VcE = 1 V, 
Ic = 50 mA)   FIFE 50 to 150 

Gain Bandwidth Product (VcE = 6 V, Ic = 2 mA) fT 2 MHz 
Intrinsic Base-Spreading Resistance (VcE _ 6 V, 
Ic = 2 mA)   rbbe 350 max C) 

TYPICAL OPERATION IN CLASS B COMPLEMENTARY-SYMMETRY CIRCUIT 

Collector-to-Emitter Breakdown Voltage 

•IC 

•••• 

DC Collector-Supply Voltage   
DC Collector-to-Emitter Voltage for driver stage   
Zero-Signal DC Base-to-Emitter Voltage for output 
stage   

Peak Collector Current for each transistor in output 
stage   

Zero-Signal DC Collector Current for each transistor 
(driver and output stage)   

Vcc 
VE 

VBE 

iC (peak) 

Ic 

6 V 
2.3 V 

0.14 

70 

1.5 

V 

mA 

mA 

V ( B R ) CB0 
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TYPICAL OPERATION (cont'd) 
Signal Frequency   
Input Resistance   RS 
Load Resistance   RL 
Power Gain   
Total Harmonic Distortion   
Power Output ( input = 20 mV) 

2N649 TRANSISTOR 

Po» 

Ge n-p-n alloy-junction type used in large-signal af-
amplifier applications in battery-operated portable radio 
receivers and phonographs. N-P-N construction permits 
complementary push-pull operation with a matching 
p-n-p type, such as the 2N408. JEDEC TO-1, Outline 
No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage   VCEO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   IE 
Transistor Dissipation: 
TA up to 25°C   PT 100 mW 
TA above 25°C   PT See curve page 300 

TA (opr) 
TSTG 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 
(Ic = 0.05 mA, IE = 0)   V(BR)CB0 

Collector-to-Emitter Breakdown Voltage 
(VER = 2 V, Ic = 0.05 mA)   V(BR)cEv 

Emitter-to-Base Breakdown Voltage 
(IE = 0.014 mA, Ic = 0)   VI c(BBR ) E B 0 

Collector-Cutoff Current ( VcB 12 V, IE 0)   o 
Emitter-Cutoff Current (VEB = 2.5 V, Ic = 0)   IEBO 
Static Forward-Current Transfer Ratio ( VcE =-- 1 V• 
Ic = 50 mA)   hFEI 

Gain-Bandwidth Product ( VcE ---__-_ 6 V, Ic — 2 mA) fT 
Intrinsic Base-Spreading Resistance 
(VcE = 6 V, h' = 2 mA)   /ebb' 

Temperature Range: 
Operating ( Ambient)   
Storage   

1 
1100 

45 
54 
10 

100 

20 
18 
2.5 
100 

—100 

65 to 71 
—65 to 85 

255 

kHz 

dB 

mW 

v 
v 
v 

mA 
mA 

°C 
°C 
°C 

20 min V 

18 min V 

2.5 min V 
14 max j.LA 
14 max µA 

50 to 150 
2 MHz 

350 max 

TYPICAL OPERATION IN CLASS B COMPLEMENTARY-SYMMETRY 
DC Collector Supply Voltage   Vcc 
DC Collector-to-Emitter Voltage for driver stage   VCE 
Zero-Signal DC Base-to-Emitter Voltage for output 
stage   VBE 

Peak Collector Current for each transistor in output 
stage   ic ( peak) 

Zero-Signal DC Collector Current for each transistor 
(driver and output stage)   Ic 

Signal Frequency   
Input Resistance   Rs 
Load Resistance   RL 
Power Gain   
Total Harmonic Distortion (Poe "=- 100 mW)   
Power Output ( input — 20 mV)   POE 

CIRCUIT 
6 

2.3 

0.14 

70 

1.5 
1 

1100 
45 
54 

10 max 
100 

2N656 Refer to Chart of Discontinued Transistors 

2N681 
2N690 

SILICON 
CONTROLLED RECTIFIERS 

Si all-diffused three-junction types for use in power-
control and power-switching applications. JEDEC TO-
48, Outline No.20. See Mounting Hardware for desired 
mounting arrangement. 

(LONG 
TERMINAL) 

V 
V 

V 

mA 

mA 
kHz 

o 
dB 

mW 
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MAXIMUM RATINGS (For sinusoidal ac supply voltage at f — 50 to 400 Hz 
with resistive or inductive load) 

2N681 2N682 2N683 2N684 2N685 2N686 2N687 2N688 

VRSOM   35 76 160 225 300 350 400 500 
VRROM   25 50 100 150 200 250 300 400 
VDROM    600   
IT(AV) 
IT(EMS) 
ITSM   
PGM   
PG(AV)   
IGTM   
VGTM   
Totg   
Tc     —65 to 125 
CHARACTERISTICS (At maximum electrical rating at T = 125°C) 

2N689 

600 
500 

2N690 

720 
600 

  16 (conduction angle — 180°, Tc — 65°C)   
  25   
  150 (1 cycle applied voltage)   

5   
  0.5   

2   
10, 5   

65 to 150   

2N681 2N682 2N683 2N684 2N685 2N686 2N687 2N688 2N689 

VF(B0)0 (min) 25 50 100 150 200 250 300 400 500 
IDOM (max) 6.5 6.5 6.5 6.5 6 5.5 5 4 3 
IRROM (max) 6.5 6.5 6.5 6.5 6 5.5 5 4 3 
VT (max)   0.86 ( on-state current = 25 A, Tc — 65°C)   

25   mA 

d
r
3
'
<
>
>
>
>
c
<
c
 

IGT (max) .. 
W IT (max) 
VGT (min) 
ilIO 

OJ-C 

1-

Dz 
w 

Zce 

F— 0 

2N690 

600 V 
2.5 mA 
2.5 mA 

V 

  3 (-65 to 125°C)   V 
  0.25   V 

FORWARD AND REVERSE LEAKAGE 
CHARACTERISTICS 

TYPES 

CASE 
2N68I 

2N682 GATE 

2N683 

2N684 

2N681 
TEMPERATURE 

OPEN. 

I 

2N685 

2N686 

-2N690 
(Tc)=125•C 

2N687 

2N688 

2N689 

2N690 

et 0 100 200 300 400 500 600 

INSTANTANEOUS APPLIED FORWARD OR 

- REVERSE BLOCKING VOLTAGE (v0 OR V RD )— VOLTS 

92CS-119I5T2 

15   mA 
2  °C/W 

o 

w 
é-- * w o cr 

-JD 

et cr • w 
2 M 
- W X 50 

• tt! 

4o 25 

125 

100 

75 

RATING CHART 

TYPES 2N681-2N690 
CURRENT WAVEFORM=SINUSOIDAL 

LOAD:RESISTIVE OR INDUCTIVE 

opE ICONDUCTION  • ANGLE --

0 5 10 15 20 

AVERAGE ON .-STATE CURRENT [InAkAMPERES 
9 CS-11928T3 

Refer to Chart of Discontinued Transistors 

COMPUTER TRANSISTOR 

2N4596 

2N697 
Si n-p-n planar triple-diffused-base type used in switch-
ing applications in data-processing equipment. JEDEC 
TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 

VCBO 60 V 

RBE -- 10 0   VCER 40 V 
Emitter-to-Base Voltage   VEBO 5 V 
Collector Current   Ic 500 mA 
Transistor Dissipation: 
TA up to 25°C    PT 0.6 W 
Tc up to 25°C   PT 2 W 
TA or Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( TA and Tc)   T(opr) 65 to 175 
Storage   TSTG —65 to 200 

Lead-Soldering Temperature ( 10 s max)   TL 300 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE — 0.1 mA, 
Ic _-__--- 0)   

Collector- to-Emitter Sustaining Voltage ( Ic -= 100 mA, 
tp 5_ 12 ms, df ≤ 2%, RBE = 10 n)   

Collector-to-Emitter Saturation Voltage ( Ic = 150 mA, 
Is = 15 mA)   

Base-to-Emitter Saturation Voltage (Ic = 150 mA, 
IB = 15 mA)   

Collector-Cutoff Current: 
VCR = 30 V, IE = 0, TA = 25°C   
VCR = 30 V, IE = 0, TA _= 150°C   

Pulsed Static Forward-Current Transfer Ratio (VCE = 
10 V, Ic = 150 mA, tp 12 ms, df :5_ 2%)   

Small-Signal Forward-Current Transfer Ratio 
(f = 20 MHz, VcE = 10 V, Ic = 50 mA)   

Gain-Bandwidth Product   
Output Capacitance (W s = 10 V, JE = 0)   

2N699 TRANSISTOR 

V(BR)CB0 

V(BR)EBO 

VCER ( SUS) 

VCE (sat) 

VBE (sat) 

ICBO 
ICBO 

hFE 

hfe 
fT 
Cobo 

Si n- p-n planar triple-diffused-base type used in small-
signal and medium-power applications in rf amplifier, 
mixer, oscillator and converter service and in power 
applications in small-signal af amplifiers and switching 
circuits in industrial and military equipment. JEDEC 
TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector- to-Emitter Voltage (RBE < 10 n)   
Emitter-to-Base Voltage   
Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic ----- 0.1 mA, 
IE — 0)   

Collector-to-Emitter Sustaining Voltage (RBE — 10 0, 
lc = 100 mA, tp < 300 As, df 2%)   

Collector-to-Emitter Saturation Voltage ( Ic = 150 mA, 
IB = 15 mA, tp 75_ 300 jis, df ≤ 2%) 

Base-to-Emitter Saturation Voltage ( Ic — 150 mA, 
TB = 15 mA, tp :5_ 300 gs, df ≤ 2%)   

Collector-Cutoff Current ( VcB = 60 V, JE — 
Emitter-Cutoff Current (VER = 2 V, Ic = 0)   
Static Forward-Current Transfer Ratio (VCE = 10 V, 
Ic = 150 mA, tp 300 gs, df 2%)   

Small-Signal Forward-Current Transfer Ratio: 
VCE = 5 V, Ic = 1 mA, f = 1 kHz   
VCE = 10 V, IC = 5 mA, f = 1 kHz   
VCE = 10 V, IC = 50 mA, f __ 20 MHz   

Gain-Bandwidth Product   
Output Capacitance (VcB = 10 V, IE = 0)   
Small-Signal Short-Circuit Impedance: 
VCE = 5 V, Ic = 1 mA, f = 1 kHz   
VCE = 10 V, IC = 5 mA, f = 1 kHz   

Voltage-Feedback Ratio: 
VCE = 5 V, Iv = 1 mA, f = 1 kHz   
VCE = 10 V, Ic = 5 mA, f = 1 kHz   

Output Conductance: 
VCE = 5 V, Ic = 1 mA, f = 1 kHz   
VCE = 10 V, IC = 5 mA, f = 1 kHz   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

VCBO 
VCER 
VEBO 

PT 
PT 
PT 

TJ ( opr) 
TSTO 
TL 

V(BR)CB0 

VCER ( SUS) 

VCE ( sat) 

VBE ( sat) 
ICBO 
IEBO 

hFE 

fife 
hfe 
ht. 
fT 
Cobo 

h lb 
htb 

hrb 
hrb 

hob 
hob 
Os-C 
03-A 

1 max 
100 max 

40 to 120 

2.5 min 
100zHw 

35 maxel 

120 
80 
5 

60 min V 

5 min V 

40 min V 

1.5 max V 

1.3 max V 

/LA 
/LA 

V 
V 

0.6 
2 

See curve page 300 

—65 to 175 
65 to 200 

255 

120 min 

80 min 

5 max 

1.3 max 
2 max 

100 max 

40 to 120 

35 to 100 
45 min 
2.5 min 
50 min 
20 max 

30 max 
10 max 

2.5 x 10-4 max 
3 x 10-4 max 

0.5 max 
1 max 

75 max 
250 max 

°C 
°C 
'C 

V 

V 

V 

V 
¡LA 

MHz 
pF 

gmho 
gmho 
°C/W 
°C/W 

2N705 Refer to Chart of Discontinued Transistors 



Technical Data 245 

COMPUTER TRANSISTORS 
2N706 
2N706A 

Si n-p-n epitaxial planar types used in 
switching applications in data-processing 
JEDEC TO-18, Outline No.12. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage (RBE — 10   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA up to 25°C   
Tc ( with heat sink) up to 25°C   
TA or Tc ( with heat sink) above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

VCBO 
VCER 
VEBO 
IC 

PT 
PT 
PT 

TJ (opr) 
TsTG 
Tr, 

high-speed 
equipment. 

2N706 2N706A 

25 
20 
3 

1•1».1•1111. 

25 
20 
5 

50 

V 
V 
V 
A 

0.3 0.3 W 
1 1 W 

See curve page 300 

175 175 
65 to 175 

255 

Sc 
IC 
°C 

Collector-to-Emitter Saturation Voltage: 
(Ic ---= 10 mA, IB ------- 1 MA)   VCE ( sat) 0.6 0.6 max V 

Base-to-Emitter Saturation Voltage: 
(Ic = 10 mA, IB = 1 MA)   VBE (sat) 0.9 0.9 max V 

Collector-Cutoff Current: 
VCB = 15 V, IE = 0, TA = 25°C   kilo 0.5 0.5 max AA. 
VCB = 15 V, IE = 0, TA = 150°C   ICBO 30 30 max ii,A 

Static Forward-Current Transfer Ratio: 
VCE = 1 V, IC = 10 MA   hFE 20 to 60 
VCE = 1 V, IC =-» 10 mA, tp «. 12 ms, df 15_ 2% hFE 20 min 

Small-Signal Forward-Current Transfer Ratio: 
VCE = 15 V, Ic z--_- 10 mA, f =. 100 MHz   hre 2 min 
VCE = 10 V, IC = 10 mA, f = 100 MHz   ht. 2 min 

Output Capacitance (VcB = 10 V, IE •----- 0)   (-1-„obo 6 — max pF 
Turn-On Time (Vcc = 3 V, Ic — 10 mA, 
hi = 3 mA, IB2 = —1 MA, RL = 270 0)   td + tr 40 max ns 

Turn-Off Time (Vcc :_—_. 3 V, Ic = 10 mA, 
IBi 3 mA, In_ '1.1 rliA 9 MA - 270 C2)   to - I- tr 75 TY1Rx nq 

Storage Time (Vcc = 10 V, hi 10 mA, 
IB2 = —10 mA, Rr, z_-. 1000 CI)   t. 60 25 max ns 

Refer to Chart oi Discontinued Transistors 

COMPUTER TRANSISTOR 

2N708 

2N7C19 
Si n-p-n epitaxial planar type used in switching appli-
cations in data-processing equipment. JEDEC TO-18, 
Outline No.12. This type is identical with type 2N2475 
except for the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage ( Ic = 3 mA, 
In = 0.15 mA)   VcE ( sat) 

Base-to-Emitter Saturation Voltage ( lc _ 3 mA, 
IB = 0.15 mA)   VBE ( sat) 

Static Forward-Current Transfer Ratio: 
Ic = 10 mA, VCE = 0.5 V, TA = 25°C   hFE 
Ir = 30 mA, VCE = 1 V, TA = 25°C   hFE 
Ic = 10 mA, VCE = 0.5 V, TA = —55°C   

Small-Signal Forward-Current Transfer Ratio 
(Ic = 5 mA, VCE = 4 V, f =: 100 MHz)   hr. 

Input Capacitance ( VER = 0.5 V, Ic = 0, f = 140 kHz) Clbo 
Output Capacitance (VcB = 5 V, IF = 0, f = 140 kHz) Coho 
Turn-On Time ( Ic = 10 mA, IB1 = 2 mA, IB2 = 1 mA, 
Vcc = 1 V)   td tr 

Turn-Off Time ( Ic = 10 mA, IB1 = 2 mA, IB2 = 1 mA, 
Vcc 1 V)   tag tt 

0.3 max 

0.7 to 0.85 

20 to 120 
15 min 
10 min 

6 min 
2 max 
3 max 

15 max 

15 max 

V 

V 

PF 
pF 

ns 

ns 

Refer to Chart of Discontinued Transistors 2N710 
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2N711 

2N718A 

RCA Transistor, Thyristor, & Diode Manual 

Refer to Chart of Discontinued Transistors 

COMPUTER TRANSISTOR 
Si n-p-n planar triple-diffused-junction type used pri-
marily for small-signal and switching applications in 
data-processing equipment. JEDEC TO-18, Outline 
No.12. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
Base open   VCEO 
RBE 10 û   VCER 

Emitter-to-Base Voltage   VEBO 
Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE = 0.1 mA, 
Ic 0)   

Collector-to-Emitter Sustaining Voltage ( Ic = 100 mA, 
IB = 0, RBE -= 10 U, tp 300 gs, df ≤ 2%)   

Collector-to-Emitter Saturation Voltage (Ic = 150 mA, 
IB = 15 mA, tp 5_ 300 /Ls, df _•_ç_ 2%)   

Base-to-Emitter Saturation Voltage ( Ic — 150 mA, 
Is = 15 mA, tp 5_ 300 ¡Ls, df 5_ 2%)   

Collector-Cutoff Current: 
VCB = 60 V, IE = 0, TA = 25°C   
VCB = 60 V, IE = 0, TA = 150°C   

Emitter-Cutoff Current (VEB = 5 V, Ic = 0)   
Pulsed Static Forward-Current Transfer Ratio: 
VUE = 10 V, IC = 150 mA, t ≤ 300 As, df 5_ 2%   
VCE = 10 V, IC = 10 MA, t ≤ 300 gs, df 2%   
VCE = 10 V, IC = 10 mA, 55°C, tp ":‹. 300 
df 5_ 2%   

Static Forward-Current Transfer Ratio 
(V E = 10 V, k = 0.1 mA)   

Small-Signal Forward-Current Transfer Ratio: 
VCE = 5 V, Ir = 1 mA, f = 1 kHz   
VcE = 10 V, Ic = 5 mA, f =. 1 kHz   
VCE = 10 V, I(7 = 50 mA, f =-. 20 MHz   

Input Capacitance (VEB =. 0.5 V, Ic = 0)   
Output Capacitance (VcB = 10 V, IE = 0)   

500 

cr 
w 400 a_ 

4 

300 -J 

0 200 
L.) 
LAJ 
_1 100 
o 
o 

o 
0.5 0.7 0.9 1.1 1.3 1.5 1.7 

BASE-TO-EMITTER VOLTS 
92CS-11185T 

e 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N7I8A 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT T§MPERA- Poe,   
TURE 25 C er)40e1c, 

Id 500 cr 
Q. 
.1 400 
7.1 

300 

0 

200 
-1 
-J 
0 100 

PT 
PT 
PT 

TJ (opr) 
TSTG 
TIA 

V(BR)CB0 

V(BR)EBO 

VCER (SUS) 

VCE (sat) 

VBE (sat) 

ICB0 
ICB0 
IEBO 

hFE ( pulsed) 
hFE ( pulsed) 

hFE ( pulsed) 

h FE 

hr. 
hfe 
hr. 
Cibo 
Cobo 

75 V 

32 V 
50 V 

V 

0.5 
1.8 

See curve page 300 

—65 to 200 
—65 to 200 

300 

75 min 

7 min 

50 min 

1.5 max 

1.3 max 

0.01 max 
10 max 

0.01 max 

40 to 120 
35 min 

20 min 

20 min 

°C 
°C 
°C 

V 

V 
V 

V 

V 

µA 

µA 

30 to 100 
35 to 150 
3 min 

80 max PF 
25 max pF 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 
COMMON 
AMBIENT 

2N7I8A 
-EMITTER 
TEMPERATURE 

et- 

CIRCUIT, 

\A 

BASE 
(TA) 

e 

INPUT. 
: 25°C 

8 

, 

, 

, 

1 1 9 

BASE 
i 

MILLIAMPERES 
è 

4 

s 

• 

(4=0 

0 2 4 6 8 10 12 
COLLECTOR-TO- EMITTER VOLTS ( Vc E) 

92CS- 111891 
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CHARACTERISTICS (cont'd) 

Input Resistance: 
VCE = 5 V, Ic = 1 mA, f 
VCE = 10 V, IC = 5 mA, f = 1 kHz   

Voltage-Feedback Ratio: 
VCE 5 V, lc =_ 1 mA, f = 1 kHz  
VCE 10 V, IC = 5 mA, f = 1 kHz   

Output Conductance: 
VCE = 5 V, Ic -__-_: 1 mA, f = 1 kHz   
VCE =7= 10 V, IC -= 5 mA, f _= 1 kHz   

Noise Figure (VcE = 10 V, Ic = 0.3 mA, f = 1 kHz) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

hib 
hit) 

hrb 
hrb 

hob 
hob 
NF 
Os-C 
0J-A 

24 to 34 
4 to 8 

3 x 10-4 max 
3 x 10-4 max 

0.5 max 
1 max 

12 max 
97 max 
350 max 

¡mhos 
/mhos 

dB 
°C/W 
°C/W 

COMPUTER TRANSISTOR 2N720A 
Si n-p-n planar triple-diffused-junction type used pri-
marily in small-signal and switching applications in 
data-processing equipment. JEDEC TO-18, Outline 
No.12. For collector and transfer curves, refer to type 
2N718A. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
RBE -- 10 0   VCER 
Base —open   VCEO 

Emitter-to-Base Voltage    VEBO 
Transistor Dissipation: 
TA up to 25°C   PT 
Tc up to 25°C   PT 
TA or Tc above 25°C   PT 

Temperature Range: 
Operating (Junction)   TJ (opr) 
Storage   TsTo 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ( Ic — 0.1 mA, 
= 0)   

Emitter-to-Base Breakdown Voltage (IE = 0.1 mA, 
Ic 0)   

Collector-to-Emitter Sustaining Voltage: 
Ic = 100 mA, In = 0, tp ≤ 300 as, df ≤ 2%   
Ic = 100 mA, In = 0, RBE = 10 a tp ≤ 300 /is, 
df ≤ 2%   

Collector-to-Emitter Saturation Voltage: 
Ic = 150 mA, In = 15 mA, tp < 300 p.s, df < 2%  
Ir -= 50 mA, IB = 5 mA  

Base-to-Emitter Saturation Voltage: 
Ic = 150 mA, IB = 15 mA, tp ≤ 300 jis, df < 2%   
Ic = 50 mA, Is =. 15 mA   

Collector-Cutoff Current: 
VCB = 90 V, IE = 0, TA = 25°C   
VCB = 90 V, Ii =. 0, TA = 150°C   

Emitter-Cutoff Current (Vim == 5 V, Ic = 0)   
Pulsed Static Forward-Current Transfer Ratio: 
VCE = 10 V, IC = 150 mA, tp ≤ 300 p.s, df ≤ 2%   
V E 10 V, Ic = 10 mA, tp «_5 300 p,s, df :5. 2%   
VrE = 10 V, Ic = 10 MA, TA — 55°C, t-p-≤ 300 gs, 
df ≤ 2%   

Static Forward-Current Transfer Ratio 
(VeE = 10 V, Ic =_ 0.1 mA)   

Small-Signal Forward-Current Transfer Ratio: 
VCE = 5 V, Ir = 1 mA, f = 1 kHz   
VCE = 10 V, Ic = 5 mA, f 1 kHz   
VCE = 10 V, IC = 50 mA, f = 20 MHz   

Input Capacitance (VER = 0.5 V, Ic = 0)   
Output Capacitance (Vcrio = 10 V, IE — 0)   
Input Resistance: 
VCE =: 5 V, Ic = 1 mA, f = 1 kHz   
VCE = 10 V, IC = 5 mA, f 1 kHz   

Voltage-Feedback Ratio: 
VCE = 5 V, Ir = 1 mA, f = 1 kHz   
Ven = 10 V, Ic = 5 mA, f = 1 kHz   

V(BR)CB0 

V(BR)EBO 

VCEO ( SUS) 

VCER (SUS) 

VCE ( sat) 
VCE ( sat) 

VBE ( sat) 
VBE ( sat) 

ICBO 
ICBO 
IEBO 

hFE ( pulsed) 
hFE ( pulsed ) 

hFE ( pulsed) 

hFE 

hfe 
hf e 
hie 
Cibo 
Cobo 

h lb 
hit) 

120 

100 
80 
7 

0.5 
1.8 

See curve page 300 

65 to 200 
65 to 200 °C 

300 °C 

120 min 

7 min 

80 min 

100 min 

5 max 
1.2 max 

1.3 max 
0.9 max 

0.01 max 
15 max 

0.01 max 

40 to 120 
35 min 

20 min 

20 min 

30 to 100 
45 min 
2.5 min 
85 max 
15 max 

20 to 30 
4 to 8 

hrb 1.25 x 10-4 max 
hrb 1.5 x 10-4 max 

OC 

¡LA 
gA 
/LA 

pF 
pF 
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CHARACTERISTICS (cont'd) 

Output Conductance: 
VCE = 5 V, Ic = 1 mA, f = 1 kHz   hob 0.5 max /mhos 
VCE = 10 V, L. = 5 mA, f 1_ 1 kHz   hob 0.5 max janhos 

Thermal Resistance, Junction-to-Case   Os-C 97 max °C/W 
Thermal Resistance, Junction-to-Ambient   0J-A 350 max °C/W 

2N794 

2N795 

2N796 

2N828 

2N834 

Refer to Chart 

Refer to Chart 

Refer to Chart 

Refer to Chart 

of 

of 

of 

of 

Discontinued 

Discontinued 

Discontinued 

Discontinued 

COMPUTER TRANSISTOR 

Si n-p-n epitaxial planar type used in high-speed switch-
ing applications in equipment requiring high reliablity 
and hgh packing densities. JEDEC TO-18, Outline 
No.12. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   VCBO 
Collector-to-Emitter Voltage (RBE ----- 0)   VCES 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C     PT 
Tc up to 25°C     PT 
TA or Tc above 25°C     PT 

Temperature Range: 
Operating (Junction)   TJ (opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 

Collector- to-Base Breakdown Voltage ( Ic = 0.1 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE = 0.1 mA, 
Ic = 0)   

Collector-to-Emitter Saturation Voltage: 
Ic = 10 mA, IB = 1 mA   
lc = 50 mA, IB =- 5 mA   

Base-to-Emitter Saturation Voltage ( Ic — 10 mA, 
IB = 1 mA)   

Collector-Cutoff Current: 
VCB = 20 V, IE = 0, TA = 25°C   
VCR = 20 V, IE = 0, TA = 150°C   
VCE = 30 V, RBE = 0, TA = 25°C   

Static Forward-Current Transfer Ratio (VCE = 1 V, 
Ic = 10 mA)   

Small-Signal Forward-Current Transfer Ratio 
(V F = 15 V, Ic = 10 mA, f = 100 MHz)   

Output Capacitance (Wit = 10 V, Ir = 0, 
f 100 kHz)   

Gain-Bandwidth Product (VCE = 15 V, lc 10 mA, 
f 100 MHz)   

Storage Time (Vcr = 10 V, IB1 10 mA, 
IB2 = —10 mA, Ic — 10 mA)   

Turn-On Time (Vec = 0 to 3.5 V, lc ____ 10 mA)   ta tr 
Turn-off Time (V'í' = 0 to 3.5 V, lc 10 mA)   tr 

2N914 

2N91 

V(BR)CB0 

V(BR)EBO 

VCE (sat) 
VCE (sat) 

VBE (sat) 

Ica() 
ICB0 
L'ES 

hFE 

hie 

Cobo 

fT 

Transistors 

Transistors 

Transistors 

Transistors 

40 
30 
5 

200 

V 
V 
V 

mA 

0.3 
1 

See curve page 300 

175 
65 to 175 

240 

40 min 

5 min 

0.25 max 
0.4 max 

0.9 max 

0.5 max 
30 max 
10 max 

25 min 

3.5 min 

4 max 

350 min 

25 max 
35 max 
75 max 

Refer to Chart of Discontinued Transistors 

CDs 
TRANSISTOR 

Si n-p-n epitaxial planar type used in low-noise ampli-
fier, oscillator, and converter applications at vhf fre-
quencies. JEDEC TO-72, Outline No.28. 

V 

v 

V 

¡IA 
duA 
aA 

PF 

MHz 

ns 
ns 
ns 

®CASE 
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MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage 
Collector Current   

Transistor Dissipation: 
TA up to 25°C   
Tc. up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 60 s 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic — 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE 

max)   

0.001 mA, 

0.01 mA, 

Collector-to-Emitter Sustaining Voltage 
In = 0, tp = 300 es, df = 1%)   

Collector-to-Emitter Saturation Voltage 
In = 0.15 mA)   

Base-to-Emitter Saturation Voltage ( lc 

= 3 mA, 

3 mA, 

3 mA, 

(V E = 1 V, 

Small-Signal Power Gain, Unneutralized 
Circuit* 
(VcE = 10 V, L. 5 mA, f 200 MHz) 

Power Output in Oscillator Circuitt (VcB = 
Ic 8 mA, f = 500 MHz)   

Noise Figuret ( VcE = 6 V, Ic = 1 mA, RG = 
f 60 MHz)   

Amplifier 

* Fourth lead ( case) grounded. 
t Fourth lead ( case) floating. 

15 

10 

5 

15 V, 

iltrórh, 

VCBO 
VCEO 
VEBO 
IC 

PT 
PT 
PT 

TJ 
TSTG 
TL 

V(BR)C80 

V(BR)EBO 

VCEO ( SUS) 

VCE (sat) 

'VBE (sat) 

ICB0 
ICB0 

hFE 

hie 

C Ibo 

Cobo 

rb'Ce 

Gpe 

Pine 

NF 

TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER- RATIO CHARACTERISTICS 

TYPE 
COMMON 
- OUTPUT 
FREQUENCY 
COLLECTOR 
FREE 

2N9I7 
-EMITTER 

-AIR 

T 

SHORT-CIRCUITED. 
(f)=100 
-TO 

TEMPERATURE 

1 

CIRCUIT, 

-EMITTER 
MHz 

r 

BASE 

VOLTS 
(TFA) 

r 

INPUT; 

(VCE)=4 
=25 

r T 

°C 

_ 

, 

. ._ 

, 

o 10 20 30 

COLLECTOR MILLIAMPERES (lc) 

92CS- I2846T 

30 V 
15 
3 V 
Limited by 

power dissipation 

200 mW 
300 mW 

See curve page 300 

65 to 200 
—65 to 200 

300 

30 min 

3 min 

15 min 

0.5 max 

0.87 max 

0.001 max 
0.1 max 

20 to 200 

5 min 

1.6 max 

1.7 max 

75 max 

9 min 

10 min 

6 max 

V 

V 

V 

V 

V 

¡LA 

pF 

pF 

ps 

dB 

mW 

dB 
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2N918 TRANSISTOR 

Si n-p-n epitaxial planar type used in low-noise ampli-
fier, oscillator, and converter applications at vhf fre-
quencies. JEDEC TO-72, Outline No.28. This type is 
identical with type 2N3600 except for the following 
items: 

MAXIMUM RATINGS 

Collector Current   Ic 

CHARACTERISTICS 
Small- Signal Forward-Current Transfer Ratio* 

(f = 100 MHz, VCE = 10 V, Ic = 4 mA)   ht. 
Input Capacitance ( f = 0.1 to 1 MHz, Wit 0.5 V, 

Clbo IC 0)   
Output Capacitance :1 
Vcri = 10 V, IE = 0, f = 0.1 to 1 MHz   Cobo 
VcB = 0, Ii: = 0, f = 0.1 to 1 MHz   Cobo 

Collector-to-Base Time Constant* ( f 40 MHz, 
Vi = 6 V, Ir. = 2 mA)   rbiCe 

Small-Signal Power Gain:* 
Unneutralized Amplifier Circuit ( VcE = 10 V, 
Ic = 5 mA, f = 200 MHz)   

Neutralized Amplifier Circuit ( Vci: — 12 V, 
Ic = 6 mA, f = 200 MHz)   

Power Output, Oscillator Circuitt (Wit 10 V, 
IE = 12 mA, f = 500 MHz)   13.e 

Noise Figure* (V E = 6 V, Ic ____ 1 mA, 
Re, = 400 0, f = 60 MHz)   NF 

* Fourth lead ( case) grounded. 
• Three-terminal measurement of the collector-to-base capacitance with the 
emitter leads connected to the guard terminal. 

t Fourth lead ( case) floating. 

2N955 

2N955A 

2N96O 

2N961 

2N962 

2N963 

2N964 

2N9455 

2N9645 

2N9i57 

2N1010 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Gpe 

Gpe 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

of Discontinued 

TRANSISTOR 

Ge n- p-n alloy-junction type used in small-signal low-
noise af amplifier applications such as high-fidelity 
amplifiers, tape-recorder amplifiers, microphone pre-
amplifiers, and hearing aids. JEDEC TO- 1, Outline 
No.l. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector Current   Ic 

2,E3 

50 mA 

6 min 

2 max 

1.7 max 
3 max 

15 

13 

15 min 
18 typ 
30 min 

6 max 

pF 

pF 
pF 

ps 

dB 

dB 
dB 

dB 

case and 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

Transistors 

10 V 
mA 2 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 
TA — 25°C    PT 20 mW 

Temperature Range: 
Operating ( Ambient)   TA (opr) 65 to 55 °C 

CHARACTERISTICS 
Collector-Cutoff Current ( VcB = 10 V, JE = 0)   ICBO 10 max gA 
Small-Signal Forward-Current Transfer Ratio 

(VrE = 3.5 V, IE = —0.3 mA, f = 1 kHz)   hre 35 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (V(B = 3.5 V, Ic = 0.3 mA)   flan) 

Refer to Chart of Discontinued Transistors 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage (VBE = 0.5 V)   
Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   
Tc up to 25°C ( with heat sink)   
Tc above 25°C ( with heat sink)   

Temperature Range: 
Operating (TA) and Storage ( TsTG)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( 1(• 
Ii = 0)   

Collector-to-Base Reach-Through Voltage 
(VEB = —0.5)   

Collector-Cutoff Current (VcB = —12 V, IE — 0)   
Emitter-Cutoff Current (VEB =.-- —0.5 V, k = 0)   
Small-Signal Forward-Current Transfer Ratio 
(VcE = 12 V, JE 1.5 rnA, f = 1 kHz)   

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency ( VcB = —12 V, Ii = 1.5 mA)   

Output Capacitance ( VcB = —12 V, Ii.: = 0)   
Input Resistance ( ac output circuit shorted) : 
VCR = —12 V, IE = 1.5 mA, f == 50 MHz  
V E = —12 V, IE = 1.5 mA, f = 30 MHz  

Output Resistance ( ac input circuit shorted): 
VcB = —12 V, IE = 1.5 mA, f = 50 MHz  

= —12 V, IF = 1.5 mA, f = 30 MHz  
Power Gain, Single-Tuned Unilateral Circuit): 
VCR = —12 V, I E = 1.5 m A, f = 50 MHz  
VrE = —12 V, JE = 1.5 mA, f 30 MHz  

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

—50 gA, 

TRANSISTOR 

2 MHz 

2N1014 

2N1023 
Ge p-n-p alloy-junction drift-field type used in rf and 
if amplifier, oscillator, mixer, and converter circuits, 
military equipment. JEDEC TO-44, Outline No.17. 

VCBO 
VCEV 
VEBO 
IC 
1E 

PT 
PT 
PT 
PT 

V (BR)CB0 

VRT 
ICB0 
IEBO 

hie 

fh ib 

Cobo 

Rie 
Rie 

Roe 

Roe 

Gpe 

Gpe 

0.1—C 

0J—A 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
DC Collector-to-Emitter Voltage   Vi 
DC Emitter Current   JE 

Source Impedance   Rs 
Capacitive Load   
Frequency Response   
Pulse Rise Time     t r 

Voltage Gain   
Maximum Peak-to-Peak Output Voltage   

IS 

TRANSISTOR 

—40 
—40 
—0.5 
—10 
10 

V 
V 
V 

mA 
mA 

120 mW 
See curve page 300 

240 mW 
See curve page 300 

—65 to 100 °C 

—40 min 

40 min 
—12 max 
—12 max 

20 to 175 

120 
3 max 

25 
100 

8000 
8000 

18 to 24 
20 to 26 

0.31 max 
0.62 max 

7n H 7  toll 

—12 
5.8 
150 
16 

0.032 
26 
20 

V 

V 
'LA 
/LA 

MHz 
pF 

dB 
dB 

°C/mW 
°C/mW 

2N1066 

V 
mA 

C) 
PF 

/LS 

dB 

Ge p-n-p alloy-junction drift-field type used in rf and 
if amplifier, oscillator, mixer, and converter circuits, 
and low-level video-amplifier circuits in industrial and 
military equipment. JEDEC TO-33, Outline No.13. This 
type is electrically identical with type 2N1023. 



252 RCA Transistor, Thyristor, & Diode Manual 

2N1067 

2N1068 

2N1069 

2N1070 

2N1090 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

COMPUTER TRANSISTOR 

Ge n-p-n alloy-junction type used 
medium-speed switching circuits in 
puters. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
VBE ----- —1 V   VCEV 
Base open    VCEO 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   IE 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating ( Ambient)   TA (opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10s max)   TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( lc ___. 25 p,A, 
In = 0)   V(BR)CB0 25 min V 

Collector-to-Emitter Breakdown Voltage (Ic = 600 µA, 
IB = 0)   V(BR)CE0 15 min V 

Emitter-to-Base Breakdown Voltage (IE = 25 µA, 
Ic = 0)   V(BR)EB0 20 min V 

Base-to-Emitter Saturation Voltage: 
Ic :1= 20 mA, IB = 0.67 mA    VBE (sat) 0.4 max V 
Ic _-_-_. 200 mA, IB = 10 mA   VBE (sat) 1.5 max V 

Collector-to-Emitter Saturation Voltage: 
Ic = 20 mA, IB = 0.67 mA   VCE (sat) 0.2 max V 
Ic =_. 200 mA, IB = 10 mA   VCE (sat) 0.3 max V 

Collector-Cutoff Current (V('B — 12 V, IF = 0 )   ICBO 8 max AA 
Emitter-Cutoff Current (VBE = 5 V, le II-- 0)   IEBO 5 max µA 
Static Forward-Current Transfer Ratio: 

in high-current 
electronic corn-

25 

18 
15 
20 

400 
—400 

V 

V 
V 
V 

mA 
mA 

120 mW 
See curve page 300 

85 
65 to 85 

255 

VCE 0.2 V, Ic 20 mA    hFE 30 min 
VCE -= 0.3 V, Ic = 200 mA   hFE 20 min 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency ( Ws =. 6 V, IE = —1 MA)   fhn 5 min MHz 

Output Capacitance ( VcB = 6 V, IE =- 0)   Cobo 25 max pF 
Stored Base Charge ( Ic = 20 mA, IB .= 1.33 m A)   Qs 1600 max pC 

°C 
°C 
°C 

2N1091 COMPUTER TRANSISTOR 

Ge n-p-n alloy-junction type used in high-current 
medium-speed switching circuits in electronic com-
puters. JEDEC TO-5, Outline No.5. This type is iden-
tical with type 2N1090 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 
VBE = ---1 V     VCEV 
Base open   VCEO 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage ( Ic = 600 "LA, 
IB = 0)   V(BR)CE0 

15 V 
12 V 

12 min V 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Saturation Voltage: 

Ic -= 20 mA, IB = 0.5 mA   VBE (sat) 
Ic = 200 mA, IB = 6.7 mA   VBE (sat) 

Collector-to-Emitter Saturation Voltage: 
Ic = 20 mA, TB -= 0.5 mA     SI VCE (sat) 
Ic = 200 mA, IB = 6.7 mA   VCE (sat) 

Static Forward-Current Transfer Ratio: 
VCE = 0.2 V, Ic = 20 mA   hFE 
VCE = 0.3 V, Ic = 200 mA   hFE 

Small-Signal Forward-Current Transfer Ratio 
Cutoff Frequency ( VcB = 6 V, IE = mA)   fhfb 

Stored Base Charge ( Ic = 20 mA, IR = 1 mA)   Qs 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

0.35 max 
1.1 max 

0.2 max 
0.3 max 

40 min 
30 min 

10 min 
1000 max 

2N1092 

2N1099 

2N1100 

2N1169 

2N1170 

2N1177 

MHz 
pC 

Ge p-n-p alloy-junction drift-field type used in radio-

frequency amplifier applications in FM and AM/FM 
radio receivers. JEDEC TO-45, Outline No.18. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector Current   Ic 
Transistor Dissipation: 
TA = 25°C   PT 

Temperature Range: 

—30 V 
10 mA 

80 mW 

Operating ( Ambient)   TA (opr) —65 to 71 °C 

CHARACTERISTICS 
Collector- to-Base Breakdown Voltage (VBE = 0.5 V, 
Ic :::_--. —50 p.A) V(BB)cso —30 min V 

Collector-Cutoff Current ( VcB = —12 V, IE — 0)   ICBO 12 max i.LA 
Small-Signal Forward-Current Transfer Ratio 
(VcE = —12 V, Ic =_ —1 mA, f =_ 1 kHz)   hre 100 min 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency   fhfb 140 MH7 

Output Capacitance   Cobo 2 pF 
Power Gain ( f = 100 MHz)   Gpe 14 dB 

TRANSISTOR 2N1178 
Ge p-n-p alloy-junction drift-field type used in radio-

frequency oscillator applications in FM and AM/FM 

radio receivers. JEDEC TO-45, Outline No.18. This 

type is identical with type 2N1177 except for the fol-

lowing item: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 
( VcE = —12 V, Ic = —1 mA, f = 1 kHz)   

TRANSISTOR 

hfe 40 min 

2N1179 
Ge p-n-p alloy-junction drift-field type used in radio-

frequency mixer applications in FM and AM/FM radio 

receivers. JEDEC TO-45, Outline No.18. This type is 

identical with type 2N1177 except for the following 

items: 
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CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 
(W E = —12 V, Ic 1= —1 mA, f =_ 1 kHz)   

Oscillator Injection Voltage ( f=-  100 MHz)   
Power Gain ( f = 100 MHz)   

2N1180 TRANSISTOR 

ht. 

Gpe 

Ge p-n-p alloy-junction drift-field type used in inter-
mediate-frequency amplifier applications in FM and 
AM/FM radio receivers. JEDEC TO-45, Outline No.18. 
This type is identical with type 2N1177 except for the 
following items: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 
(W E = —12 V, Ic —1 mA, f = 1 kHz)   hfe 

Small-Signal Forward-Current Transfer Ratio 
Cutoff Frequency ( Wit = —12 V, IC = —1 mA)   fhfb 

Power Gain ( f = 10.7 MHz)   Gpe 

2N1183 
2N1183A 
2N1183B 

POWER TRANSISTORS 

Ge p-n-p alloy-junction types intended for use in inter-
mediate-power switching and low-frequency amplifier 
applications in industrial and military equipment. 
JEDEC TO-8, Outline No.10. See Mounting Hardware 
for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   Vcso 
Collector-to-Emitter Voltage: 
VBE = 1.2 V   VCEV 
RBE = O   VCES 
Base open   VCEO 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   IE 
Base Current   IB 
Transistor Dissipation: 
TA up to 25°C    PT 
TA above 25°C   PT 

PT 
Tc up to 25°C 

(with heat sink)   
Tc above 25°C 

(with heat sink)   
Temperature Range: 
Operating ( Ambient)   
Storage   

PT 

TA (opr) 
TSTG 

CHARACTERISTI CS (At mounting-flange 
Collector-to-Emitter Voltage: 

Ic =_ —50 mA, RBE 0   
VBE = 1.2 V, Ic = —250 mA 
IC = —50 mA, IB = 

Emitter-to-Base Voltage: 
( VcE = —2 V, k = —400 mA) VEB 

Collector-Cutoff Current: 
VCR = —1.5 V, IE =   
V B = —45 V, IE = 0   
VCR = —60 V, IE 
VCR = —80 V, IE = 0   

Emitter-Cutoff Current 
(VEB = —20 V, Ic = 0) 

Static Forward-Current 
Transfer Ratio ( VcE = —2 V, 
Ic = —400 mA)   hFE 

VCES 
VCEV 
VCEO 

ICBO 
ICBO 
ICBO 
ICBO 

IEBO 

2N1183 

45 

—45 
35 
20 

—20 
3 

3.5 
0.5 

1 
See 

7.5 

2N1183A 

—60 

—60 
50 
30 
20 
—3 
3.5 

—0.5 

80 min 
125 max mV 

17 dB 

80 min 

100 MHz 
35 dB 

2N118313 

—80 

—80 
—60 
—40 
20 
3 

3.5 
0.5 

1 1 
curve page 300 

7.5 7.5 

See curve page 300 

—65 to 100 
—65 to 100 

temperature — 25°C.) 

—35 min 
—45 min 
20 min 

1.5 max 

30 max 
250 max 

—100 max 

20 to 60 

50 min 
—60 min 
30 min 

1.5 max 

—30 max 
11111•••• 

—250 max 

60 min 
—80 min 
40 min 

1.5 max 

30 max 
«MMMI 

250 max 

100 max —100 max 

20 lo 60 20 to 60 

V 

›
•
>
;
*
>
»
C
C
C
‹
 

°C 
•C 

V 
V 
V 

V 

/LA 
¡LA 
¡LA 
;IA 
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refer to type 2N274. 

CHARACTERISTICS (cont'd) 

2N1183 2N1183A 2N1183B 
Small-Signal Forward-Current 
Transfer-Ratio Cutoff 
Frequency ( VcB — 6 V, 

= 1 mA)   
Collector Saturation 
Resistance (Ic — 400 mA, 
IB = —40 mA)   

Thermal Resistance, 
Junction-to-Case   

Thermal Resistance, 
Junction-to-Ambient   

respectively, 

Os-C 

0J -A 

0.5 min 0.5 min 0.5 min MHz 

1.25 max 

10 max 

75 max 

1.25 max 

10 max 

75 max 

POWER TRANSISTORS 

1.25 max 

10 max 

75 max 

ociw 

oc/w 

2N1184 
2N1184A 
2N118413 

Ge p-n-p alloy-junction type intended for use in inter-
mediate-power switching and low-frequency amplifier 
applications in industrial and military equipment. 
JEDEC TO-8, Outline No.10. See Mounting Hardware 
for desired mounting arrangement. These types are 
identical with types 2N1183, 2N1183A and 2N1183B, 

except for the following item: 

CHARACTERISTICS (At mounting-flange temperature ____ 25°C) 

2N1184 2N1184A 2N1184B 
Static Forward-Current Transfer Ratio 
(V(E =_ —2 V, Ic =_ —400 mA)   hFE 40 to 120 40 to 120 40 to 120 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

2N1213 

2N1214 

2N1215 

2N1216 

2N1224 
Ge p-n-p alloy-junction drift-field type used in rf and 
if amplifier, oscillator, mixer, and converter circuits, 
and low-level video-amplifier circuits in industrial and 
military equipment. JEDEC TO-33, Outline No.13. This 
type is electrically identical with type 2N274. 

TRANSISTOR 2N1225 
Ge p-n-p alloy-juncton drift-field type used in rf and 
if amplifier, oscillator, mixer, and converter circuits, 
and low-level video-amplifier circuits in industrial and 
military equipment. JEDEC TO-33, Outline No.13. This 
type is electrically identical with type 2N384. For col-
ilector-characteristics curves and video-amplifier circuit, 
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2N1226 TRANSISTOR 

Ge p-n-p alloy-junction drift-field type used in rf and 
if amplifier, oscillator, mixer, and converter circuits, 
and low-level video-amplifier circuits in industrial and 
military equipment. JEDEC TO-33, Outline No.13. This 
type is identical with type 2N274 except for the follow-
ing items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter voltage (VBE =_- 0.5 V)   VCEV 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic 50 gA, 
IE = 0)   V(BMCB0 

Collector-to-Emitter Reach-Through voltage 
(VER =_- —0.5 V)   VRT 

21N1300 COMPUTER TRANSISTOR 
Ge p-n-p diffused-junction type used in computer appli-
cations in commercial and military data-processing 
equipment. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage   VCEO 
Emitter-to-Base Voltage*   VERO 
Collector Current   Ic 
Emitter Current   IE 
Transistor Dissipation: 
TA = 25°C    PT 
TA = 55°C   PT 
TA = 71°C   PT 

Ambient-Temperature Range: 
Operating (TA) and Storage ( TsTG)   

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic — —0.02 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE = 0.1 mA, 
Ic _= 0)   

Collector-to-Emitter Breakdown Voltage   
Base-to-Emitter Voltage ( Ic — —10 mA, 
IR - 0.33 mA)   

V(BR)('BO 

60 
—60 

60 min 

—60 min 

—13 
—12 
—1 
100 
100 

150 
75 
35 

—65 to 85 
225 

13 min 

V(BR)EBo —1 min 
V(BR)CERL 12 

VBE 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N1300 
COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (TA)=25°C 

0.1 0.2 0.3 0.4 0.5 05 
BASE-TO-EMITTER VOLTS (VBE) 

92CM-10229T 

—0.4 max 

V 
V 

V 

V 
V 
V 

mA 
mA 

mW 
mW 
mW 

°C 
°C 

V 

v 

V 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current ( VcB = —6 V, IE — 0)   
Static Forward-Current Transfer Ratio 
(VcE = —0.3 V, Ic = —10 mA)   

Gain-Bandwidth Product (VcE = —3 V, Ic — 10 mA) 
Output Capacitance ( VcB = —6 V, Ii — 0) 
Thermal Time Constant   
Total Stored Charge ( Ic 10 mA, IB _=. —1 mA) 
Thermal Resistance, Junction-to-Ambient   

Ise 

'CB() 

hFE 
fT 
Cohn 
7 ( thermal) 
Qs 
0J-A 

3 max /IA 

30 min 
25 min MHz 
12 max PF 

10 ms 
400 max pC 
400 max °C/W 

* This rating may be exceeded and the emitter-to-base junction operated in the 
breakdown condition provided the emitter dissipation is limited to 30 milliwatts 
at 25°C. For ambient temperatures above 25°C, the dissipation must be reduced 
by 0.5 milliwatts per °C. 

E 

COMPUTER TRANSISTOR 2N1301 
Ge p-n-p diffused-junction type used in computer appli-
cations in data-processing equipment. JEDEC TO-5, 
Outline No.5. This type is identical with type 2N1300 
except for the following items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage*   VEBO —4 V 

CHARACTERISTICS 
Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, Ir = 0)   V(BR)EBO 4 min V 

Base-to-Emitter Voltage ( Ic L---- —40 mA, In = 1 mA) VBE 0.6 max V 
Static Forward-Current Transfer Ratio: 

VcE -__-= —0.3 V, Ic = —10 mA    hFE 30 min 
VcE = —0.5 V, Ic = —40 mA     hFE 40 min 

Gain-Bandwidth Product (VcE = 3 V, Ic =- 10 mA) frr 35 min MHz 
Total Stored Charge: 

Ic _=__ —10 mA, IR r----- —1 MA    Qs 325 max pC 
Ic =_ —40 mA, In = —2 mA   Qs 800 max pC 

* This rating may be exceeded and the emitter-to-base junction operated in the break-
down condition provided the emitter dissipation is limited to 30 millivolts at 25°C. For 
ambient temperatures above 25°C, reduce the dissipation by 0.5 millivolts per °C. 

COMPUTER TRANSISTOR 2N1302 
Ge n-p-n alloy-junction type used in medium-speed 
switching applicatons in commercial and military data-
processing equipment. The n-p-n construction permits 
complementary operation with a matching p-n-p type, 
such as the 2N1303. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage 
Emitter-to-Base Voltage 
Collector Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Ranee: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage ( In -- 0.5 mA, 
Ic = 10 mA)   VcE (sat) 

Base-to-Emitter Voltage ( In = 0.5 mA, Ir = 10 mA ) •• VBE 
Collector-to-Emitter Reach-Through Voltage   VRT 
Collector-Cutoff Current (VcR = 25 V, IE = 0)   ICB0 
Emitter-Cutoff Current (VEB = 25 V, Ic = 0)   IEBO 
Static Forward-Current Transfer Ratio: 
VcE = 1 V, Ic = 10 mA   hFE 
VcE = 0.35 V, Ic = 200 mA   hFE 

VCB0 
VEBO 
IC 

PT 
PT 

TJ (opr) 
TSTG 
TL 

25 V 
25 V 
0.3 A 

150 mW 
See curve page 300 

65 to 85 
—65 to 100 

230 

0.2 max 
0.15 to 0.4 

25 min 
6 max 
6 max 

20 min 
10 min 

°C 
°C 
°C 

V 
V 
V 
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CHARACTERISTICS (cont'd) 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( VcB = 5 V, IE = —1 mA)   

Output Capacitance (W TI = 5 V, IE = 0)   
fhfb 
Cobo 

2N1303 COMPUTER TRANSISTOR 

Ge p-n-p alloy-junction type used in medium-speed 
switching applications in data-processing equipment. 
The 2N1303 is the p-n-p complement of the n-p-n type 
2N1302. JEDEC TO- 5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA Ll to 25°C 
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector- to-Emitter Saturation Voltage 

(In = — 0.5 mA, Ic = —10 mA)   
Base- to-Emitter Voltage ( In = 0.5 mA, 
Ic = —10 mA)   

Collector- to-Emitter Reach-Through Voltage   
Collector-Cutoff Current ( Vcn = —25 V, JE = 0)   
Emitter- Cutoff Current (VEB = —25 V, Ic — 0)   
Static Forward-Current Transfer Ratio: 
VCE = —1 V, Ir = —10 mA   
VCE = —0.35 V, Ic = —200 mA   

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( VcB = —5 V, IE = 1 mA)   

Output Capacitance (V('n = —5 V, h, — 0)   

VCBO 
VEBO 
IC 

PT 
PT 

TJ (opr) 
TSTG 
TL 

Vcr, ( sat) 

VBE 
VRT 
ICBO 
1E110 

hrE 
hFE 

fhfb 
Cobo 

2N1304 COMPUTER TRANSISTOR 
Ge n-p-n alloy-junction type used in medium-speed 
switching applications in data-processing equipment. 
The n-p-n construction permits complementary opera-
tion with a matching p-n-p type, such as the 2N1305. 
JEDEC TO-5, Outline No.5. This type is identical with 
type 2N1302 except for the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (In = 0.25 mA, 

lc =. 10 mA)   
Base-to-Emitter Voltage ( In =. 0.5 mA, Ir• = 10 mA 
Collector-to-Emitter Reach-Through Voltage   
Static Forward-Current Transfer Ratio: 
VCE = 1 V, IC = 10 MA   
VCE = 0.35 V, Ir = 200 mA   

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( V('r — 5 V, IE —1 mA)   

VCE ( sat) 
VBE 
VRT 

hFE 
hFE 

fhfb 

2N1305 COMPUTER TRANSISTOR 
Ge p-n-p alloy-junction type used in medium-speed 
switching applications in data-processing equipment. 
The 2N1305 is the p-n-p complement of the n-p-n type 
2N1304. JEDEC TO-5, Outline No.5. This type is iden-
tical with type 2N1303 except for the following items: 

3 min MHz 
20 max PF 

30 V 
25 V 
0.3 A 

150 mW 
See curve page 300 

—65 to 85 
65 to 100 

230 

—0.2 max 

—0.15 to —0.4 
25 min 
6 max 

--6 max 

20 min 
10 min 

°C 
°C 
°C 

V 

V 
V 

,uA 
'LA 

3 min MHz 
20 max PF 

0.2 max 
0.15 to 0.35 

20 min 

40 to 200 
15 min 

5 min 

v 
V 

MHz 
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CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (IB = —25 mA, 
Ic = —10 mA)   

Base-to-Emitter Voltage (h — 0.5 mA, 
Ic = —10 mA)   

Collector-to-Emitter Reach-Through Voltage   
Static Forward-Current Transfer Ratio: 
VcE = —1 V, IC = —10 mA   
VcE = —0.35 V, Ic = —200 mA  

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcB = 5 V, IE = 1 mA)   

VcE (sat) 0.2 max V 

VBE 
VRT 

hFE 
hFE 

fhfb 

—0.15 to —0.35 V 
—20 min 

40 to 200 
15 min 

5 min MHz 

COMPUTER TRANSISTOR 2N1306 
Ge n-p-n alloy-junction type used in medium-speed 
switching applications in data processing equipment. 
The 2N1306 is the n-p-n complement of the p-n-p type 
2N1307. JEDEC TO-5, Outline No.5. This type is iden-
tical with type 2N1302 except for the following items: 

NICE (sat) 
Base--to-Emitter Voltage (IB = 0.5 mA, Ic _ 10 mA) VBE 
Collector-to-Emitter Reach-Through Voltage   VRT 
Static Forward-Current Transfer Ratio: 
VcE = 1 V, Ic = 10 mA   hFE 
V E = 0.35 V, Ic = 200 mA   hFE 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VCR .-_-_ 5 V, IE = —1 mA)   fhfh 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (IB = 0.17 mA—,  

Ic  10 mA) 

T-2 

E 

0.2 max 
0.15 to 0.35 

15 min 

60 to 300 
20 min 

10 min 

COMPUTER TRANSISTOR 2N1307 

V 
V 

MHz 

Ge p-n-p alloy-junction type used in medium-speed 
switching applications in data-processing equipment. 
The 2N1307 is the p-n-p complement of the n-p-n type 
2N1306. JEDEC TO-5, Outline No.5. This type is iden-
tical with type 2N1303 except for the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(In = —0.17 mA, Ic = —10 mA)   VcE (sat) —02 max V 
Base-to-Emitter Voltage (IB — —0.5 mA, 
Ic = —10 mA)   

Collector-to-Emitter Reach-Through Voltage   
Static Forward-Current Transfer Ratio: 
VcE = —1 V, Ic = —10 mA   hieu 
VcE = —0.35 V, Ic = —200 mA   hFE 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcB _ 5 V, Ia = 1 mA)   flan 

VBE 
VRT 

—0.15 to — 0.35 V 
—15 min V 

60 to 300 
20 min 

10 min MHz 

COMPUTER TRANSISTOR 2N1308 
Ge n-p-n alloy-junction type used in medium-speed 
switching applications in data processing equipment. 
The 2N1308 is the n-p-n complement of the p-n-p type 
2N1309. JEDEC TO-5, Outline No.5. This type is iden-
tical with type 2N1302 except for the following items: 

CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage ( In = 0.13 mA, 
Ic = 10 mA)   

Base-to-Emitter Voltage ( In _ 0.5 mA, Ic — 10 mA) 
Collector-to-Emitter Reach-Through Voltage   
Static Forward-Current Transfer Ratio: 
VCE = 1 V, IC = 10 mA   
VcE = 0.35 V, Ic = 200 mA   

VcE (sat) 
VBE 
VRT 

hFE 
hFE 

0.2 max 
0.15 to 0.35 

15 min 

80 min 
20 min 
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CHARACTERISTICS (cont'd) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( Ven 5 V, Ii — —1 mA)   fhfh 

2N1309 COMPUTER TRANSISTOR 

Ge p-n-p alloy-junction type used in medium-speed 
switching applicatons in data-processing equipment. 
The 2N1309 is the p-n-p complement of the n- p-n type 
2N1308. JEDEC TO-5, Outline No.5. This type is iden-
tical with type 2N1303 except for the following items: 

CHARACTER ISTICS 
Collector-to-Emitter Saturation Voltage 
(In —0.13 mA, —10 mA)   

Base-to-Emitter Voltage ( In = —0.5 mA, 
—10 mA)   

Collector- to-Emitter Reach-Through Voltage   
Static Forward-Current Transfer Ratio: 
VCE = V, lc 117 —10 mA   
VrE = —0.35 V, Ir _1 —200 m A   

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( V('n = —5 V, IE = 1 mA)   

2N1319 

2N1358 

2N1384 

2N1395 

VCE (sat) 

VBE 
VRT 

hFE 
hFE 

fhfh 

Refer to Chart of Discontinued 

Refer to Chart of Discontinued 

Refer to Chart of Discontinued 

TRANSISTOR 

Ge p-n-p alloy-junction drift-field type used in rf and 
if amplifier, oscillator, mixer, and converter circuits, 
and low-level video-amplifier circuits in industrial and 
military equipment. JEDEC TO-33, Outline No.13. This 
type is identical with type 2N274 except for the fol-
lowing item: 

CHARACTER ISTICS 
Small-Signal Forward-Current Transfer Ratio 
(V( E - 12 V, IE 1.5 mA, f — 1 kHz)   ht. 

2N1396 TRANSISTOR 

Ge p-n-p alloy-junction drift-field type used in rf and 
if amplifier, oscillator, mixer, and converter circuits, 
and low-level video-amplifier circuits in industrial and 
military equipment. JEDEC TO-33, Outline No.13. This 
type is identical with type 2N384 except for the fol-
lowing item: 

CHARACTER : STICS 
Small-Signal Forward-Current Transfer Ratio 
(Vi 1_ —12 V, JE 1.5 mA, f 1 kHz)   ht. 

2N1397 TRANSISTOR 

Ge p-n-p alloy-junction drift-field type used in rf and 
if amplifier, oscillator, mixer, and converter circuits, 
and low-level video-amplifier circuits in industrial and 
military equipment. JEDEC TO-33, Outline No.13. This 
type is identical with type 2N1023 except for the fol-
lowing item: 

15 MHz 

—0.2 max 

0.15 to —0.35 
—15 min 

80 min 
20 min 

V 

15 min MHz 

Transistors 

Transistors 

Transistors 

50 to 175 

50 to 175 

IS 
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Static Forward-Current Transfer Ratio ( VcE 
Ic = 200 mA)   

Small-Signal Forward-Current Transfer Ratio 
(W E = 4 V, Ic =. 5 mA, f = 1 kHz)   

Small-Signal Forward-Current Transfer-Ratio 
Frequency ( VcB = 28 V, I(' = 5 mA)   

Gain-Bandwidth Product   
Output Capacitance ( Vcn I___- 40 V, L. = 0, f 
Thermal Time Constant   
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(VcE =_ —12 V, JE = 1.5 mA, f = 1 kHz)   hfe 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

2 - 

POWER TRANSISTOR 

50 to 175 

2N1412 

2N1425 

2N1426 

2N1450 

2N1479 
Si n- p-n diffused-junction type used in power switching 
circuits such as dc-to-dc converters, inverters, choppers, 
solenoid and relay controls; in oscillators, regulators, 
and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and 
military equipment. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector- to-Base Voltage 
Collector-to-Emitter Voltage: 
\IRE = —1.5 V   
Base open ( sustaining voltage)   

Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Tc) and Storage (TsTG)   —65 to 200 

Lead-Soldering Temperature ( 10 s max)   TL 255 

Vcno 

CHARACTERISTICS (At case temperature __ 25°C) 
Collector-to-Emitter Sustaining Voltage ( Ic = 50 mA, 
IR — O) I 

Collector-to-Emitter Voltage (VBE = —1.5, 
Ic = 0.25 mA)   

Base-to-Emitter Voltage (V('E = 4 V, L. = 200 mA) 
Collector-Cutoff Current: 
VCR =- 30 V, IE = 0, Tc =_ 25°C   
VcB = 30 V, IE = 0, Tc _= 150°C   

Emitter-Cutoff Current (VER = 12 V, k = 0)   
Collector-to-Emitter Saturation Resistance 

(Ic = 200 mA, IB = 20 mA)   
____ 4 V, 

Cutoff 

1 kHz) 

VCEV 
VCE0 ( SUS) 
VERO 
IC 
lE 
In 

PT 
PT 

VCF,0 (sus) 40 min 

VcEv 60 min 
VHF: 3 max 

L.Bo 10 max 
ICRO 500 max 
IEB0 10 max 

rcE ( sat) 

FIFE 

hfe 

fhirifT  

Cobo 
7- ( thermal) 

0J-A 

7 max 

20 to 60 

50 

50 max 
1.5 
150 
10 

35 max 
200 max 

60 v 

60 
40 v 
12 
1.5 A 

—1.75 A 
1 A 

5 
See curve page 300 

°C 
°C 

p.A 
¡LA 

ci 

kHz 
MHz 
pF 
ms 

°C/W 
°C/W 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
(At case temperature 25°C) 

DC Supply Voltage   Vcc 12 V 
DC Base-Bias Voltage   —8.5 V 
Generator Resistance   50 
"On" DC Collector Current   200 mA 
"Turn-On" Base Current   20 mA 
"Turn-Off" Base Current   —8.5 mA 
Delay Time   0.2 gs 
Rise Time   1 
Storage Time   0.6 ps 
Fall Time   1 

In' 
182 
td 
tr 

tr 
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2N1480 POWER TRANSISTOR 

Si n-p-n diffused-junction type used in power switching 
circuits such as dc-to-dc converters, inverters, choppers, 
solenoid and relay controls; in oscillators, regulators, 
and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and 
military equipment. JEDEC TO-5, Outline No.5. This 
type is identical with type 2N1479 except for the following 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open (sustaining voltage) 

CHARACTERISTICS (At case temperature __ 25°C) 

Collector-to-Emitter Sustaining Voltage ( lc 50 mA, 
IB = 0)   

Collector-to-Emitter Voltage (VBE = —1.5 V, 
Ir = 0.25 mA)   

2N1481 

VCBO 

VCEV 
VCE0 ( SUS) 

VCE0 ( SUS) 

VcEV 

POWER TRANSISTOR 

Si n-p-n diffused-junction type used in power switching 
circuits such as dc-to-dc converters, inverters, choppers, 
solenoid and relay controls; in oscillators, regulators, 
and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and 
military equipment. JEDEC TO-5, Outline No.5. This 
type is identical with type 2N1479 except for the following 

CHARACTERISTICS (At case temperature = 25°C) 
Static Forward-Current Transfer Ratio ( VcE = 4 V, 

Ir ==. 200 mA)   FIFE 
Collector-to-Emitter Saturation Resistance 

(L. ___. 200 mA, IB = 10 mA)   rcE ( sat) 

items: 

2N1482 POWER TRANSISTOR 

Si n- p-n diffused-junction type used in power switching 
circuits such as dc-to-dc converters, inverters, choppers, 
solenoid and relay controls; in oscillators, regulators, 
and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and 
military equipment. JEDEC TO-5, Outline No.5. This 
type is identical with type 2N1479 except for the following 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open (sustaining voltage)   

CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Sustaining Voltage ( Ic — 50 mA, 
IB = 0)   

Collector-to-Emitter Voltage (VHF, = —1.5 V, 
lc = 0.25 mA)   

Static Forward-Current Transfer Ratio (W E = 4 V, 
Ic =. 200 mA)   

Collector-to-Emitter Saturation Resistance 
(Ic = 200 mA, IB = 10 mA)   

items: 

VCR() 

VCEV 

VCEO ( SUS) 

VCEO (sus) 

VCEV 

hFE 

rcE ( sat) 

100 

100 
55 

55 min 

100 min 

35 to 100 

7 max 

items: 

100 

100 
55 

55 min 

100 min 

35 to 100 

7 max 

V 

V 
V 

V 

V 

C) 

V 

V 

V 

V 
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POWER TRANSISTOR 2N11483 

253 

Si n-p-n diffused-junction type used in de-to-de con-
verters, inverters, choppers, de and servo amplifiers, 
relay- and solenoid-actuating circuits in industrial and 
military equipment. JEDEC TO-8, Outline No.10. See 
Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open (sustaining voltage)   

Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Tc) and Storage ( TsTG)   65 to 200 °C 

Pin-Soldering Temperature ( 10 s max)   TP 235 °C 

CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Sustaining Voltage ( Ic = 100 mA, 
IB 0)   

Collector-to-Emitter Voltage (VBE 1.5 V, 
Ic _--_- 0.25 mA)   

Base-to-Emitter Voltage (VUE = 4 V, Ic = 750 mA) 
Collector-Cutoff Current: 
VCB = 30 V, IE =_- 0, TA = 25°C   
Wit 1_ 30 V, IE = 0, TA = 150°C   

Emitter-Cutoff Current (VEB = 12 V, Ic __ 0)   
Collector-to-Emitter Saturation Resistance 

(Ic = 750 mA, IB = 75 mA)   
Static Forward-Current Transfer Ratio (VcE = 4 V, 
Ic = 750 mA)   

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcB = 28 V, Ic = 5 mA)   

Output Capacitance ( VcB = 40 V, IE = 0) 
Thermal Time CoriCant   
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient 

following items: 

MAXIMUM RATINGS 

II 

VCBO 

VCEV 
VCEO ( SUS) 
VEBO 
IC 
IE 
In 

PT 
PT 

VCEO ( SUS) 

VCEV 
VBE 

ICB0 
ICB0 
IEBO 

rcE ( sat) 

h FE 

fhfb 

Cohn 

T (therrnal) 
0.1—C 

0.1—A 

POWER TRANSISTOR 

60 V 

60 V 
40 V 
12 V 
3 A 

3.5 A 
1.5 A 

25 
See curve page 300 

40 min 

60 min 
3.5 max 

15 max 
750 max 
15 max 

2.67 max 

20 to 60 

1.25 
175 
10 

7 max 
100 max 

V 

V 
V 

/LA 

C) 

MHz 
PF 
MS 

°C/W 

°C/W 

2N1484 
Si n-p-n diffused-junction type used in dc-to-dc con-
verters, inverters, choppers, dc and servo amplifiers, 
relay- and solenoid-actuating circuits in industrial and 
military equipment. JEDEC TO-8, Outline No.10. See 
Mounting Hardware for desired mounting arrangement. 
This type is identical with type 2N1483 except for the 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open ( sustaining voltage)   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Sustaining Voltage 
(Ic = 100 mA, In = 0)   VCEO ( sus) 55 min V 

Collector-to-Emitter Voltage (VBE — —1.5 V, 
Ic = 0.25 mA)   

VCBO 

VCEV 

VCEO ( SUS) 

VCEV 

100 

100 
55 

V 

V 

100 min V 
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2N1485 POWER TRANSISTOR 

Si n- p-n diffused-junction type used in de-to-de con-
verters, inverters, choppers, dc and servo amplifiers, 
relay- and solenoid-actuating circuits in industrial and 
military equipment. JEDEC TO-8, Outline No.10. See 
Mounting Hardware for desired mounting arrangement. 
This type is identical with type 2N1483 except for the 
following items: 

CHARACTERISTICS (At case temperature 25°C) 
Base-to-Emitter Voltage (VcE = 4 V, Ic = 750 mA) 
Static Forward-Current Transfer Ratio (Vcr, — 4 V, 
Ic = 750 mA)   

Collector-to-Emitter Saturation Resistance 
(Ic — 750 mA, IB - 40 mA)   

2N1486 

VBE 

hFE 

rcE ( sat) 

POWER TRANSISTOR 

Si n- p-n diffused-junction type used in de-to-dc con-
verters, inverters, choppers, de and servo amplifiers, 
relay- and solenoid-actuating circuits in industrial and 
military equipment. JEDEC TO-8, Outline No.10. See 
Mounting Hardware for desired mounting arrangement. 
This type is identical with type 2N1483 except for the 
following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open ( sustaining voltage) 

CHARACTERISTICS (At case temperature   25°C) 
Collector- to-Emitter Sustaining Voltage (Ic — 100 mA, 
In = 0)   

Collector-to-Emitter Voltage (VBE =7_ —1.5 V, 
Ic = 0.25 mA)   

Base-to-Emitter Voltage ( VcE = 4 V, Ic = 750 mA) 
Static Forward-Current Transfer Ratio (VcE = 4 V, 

lc .7.= 750 m A)   
Collector-to-Emitter Saturation Resistance 

(Ic = 750 mA, III = 40 mA)   

2141487 

VCBO 

VCEV 
VCEO ( SUS) 

VCEO (sus) 

VCEV 
VBE 

hFE 

rcE ( sat) 

POWER TRANSISTOR 

Si n- p-n diffused-junction type used in dc-to-dc con-
verters, inverters, choppers, voltage and current regu-
lators, de and servo amplifiers, relay- and solenoid-
actuating circuits. JEDEC TO-3, Outline No.2. See 
Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open ( sustaining voltage) 

Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Base Current   
Transistor Dissipation: 
TMF at 25°C   
TmF above 25°C   

Temperature Range: 
Operating ( TmF) and Storage ( TsTG) 

VCBO 

VCEV 

VCEO ( SUS ) 

VEBO 

IC 

IE 

In 

PT 

PT 

2.5 max 

35 to 100 

1 max 

100 

100 
55 

55 min 

100 min 
2.5 max 

35 to 100 

1 max 

CF 

V 

V 

v 
v 

60 V 

60 V 
40 V 
10 V 
6 A 

—8 A 
3 A 

75 
See curve page 300 

65 to 200 °C 
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CHARACTERISTICS (At mounting-flange temperature 
Collector-to-Emitter Sustaining Voltage ( lc 
IB 0) 

100 mA, 

Collector-to-Emitter Voltage (VBE 1.5 V, 
Ic = 0.5 mA)   

Base-to-Emitter Saturation Voltage (VcE 4 V, 
Ic = 1.5 A)   

Collector-Cutoff Current: 
VcB = 30 V, IE = 0, TA = 25°C   
VCB = 30 V, Ii = 0, TA = 150°C   

Emitter-Cutoff Current (VEB = 10 V, Ic = 0)   
Collector-to-Emitter Saturation Resistance 
(Ic = 1.5 A, IB = 300 mA)   

Static Forward-Current Transfer Ratio (VcE — 4 V, 
Ic 1.5 A)   

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( Wit = 12 V, Ic = 100 mA)   

Output Capacitance (Wit — 40 V, IE = 0)   
Thermal Time Constant   
Thermal Resistance, Junction-to-Mounting Flange   

C,F 

E 

following items: 

25°C) 

VCEO (sus) 

VBE 

ICBO 
ICBO 
IEBO 

rcE ( sat) 

hieE 

fhfb 

Cobo 

T (thermal) 
OJ-MF 

POWER TRANSISTOR 

40 min 

60 min 

3.5 max 

25 max 
1000 max 

25 max 

2 max 

15 to 45 

1 
200 
12 

2.33 max 

V 

V 

V 

µA 

o 

MHz 
pF 
ms 

°C/W 

2N1488 
Si n-p-n diffused-junction type used in de-to-de conver-
ters, inverters. choppers, voltage and current regulators, 
de and servo amplifiers, relay- and solenoid-actuating 
circuits. JEDEC TO-3, Outline No.2. See Mounting 
Hardware for desired mounting arrangement. This 
type is identical with type 2N1487 except for the 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE 1.5 V   
Base open ( sustaining voltage)   

VCBO 

VCEV 
VCEO ( SUS) 

CHARACTERISTI CS (At mounting-flange temperature 
Collector-to-Emitter Sustaining Voltage ( Ic _= 100 mA, 
IB = 0)   

Collector-to-Emitter Voltage Mtn = 
Ic = 0.5 mA)   

,5, 

25°C) 

Vci.:() (SUS) 

VCEV 

POWER TRANSISTOR 

100 

100 
55 

55 min 

100 min 

2N1489 
Si n- p-n diffused-junction type used in de-to-de conver-
ters, inverters, choppers, voltage and current regulators, 
dc and servo amplifiers, relay- and solenoid-actuating 
circuits. JEDEC TO-3, Outline No.2. See Mounting 
'larch% are for desired mounting arrangement. This type 
is identical with type 2N1487 except for the following 

items: 

CHARACTERISTICS (At mounting-flange temperature 
Base-to-Emitter Voltage ( VcE = 4 V, lc = 1.5 A)   
Static Forward-Current Transfer Ratio (VcE = 4 V, 

Ir = 1.5 A)   
Collectot -to-Emitter 

(Ir 1.5 A, In = 

items: 

Saturation Resistance 
100 mA)   

25°C) 
VBE 

hFld. 

reE ( sat) 

POWER TRANSISTOR 

2.5 max 

25 to 75 

0.67 max 

2N1490 

V 

C) 

Si n- p-n diffused-junction type used in dc-to-dc conver-
ters, inverters, choppers, voltage and current regulators, 
de and servo amplifiers, relay- and solenoid-actuating 
circuits. JEDEC TO-3, Outline No.2. See Mounting 
Hardware for desired mounting arrangement. This type 
is identical with type 2N1487 except for the following 
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MAXIMUM RATINGS 
Collector-to-Base Voltage   VCR° 
Collector-to-Emitter Voltage: 
VBE —1.5 V     VCEV 
Base open ( sustaining voltage)   VCEO ( SUS) 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector- to-Emitter Sustaining Voltage 
(Vu = 100 mA, Ii = 0)   

Collector- to-Emitter Voltage 
(VBE = —1.5 V, Ic = 0.5 mA)   

Base-to-Emitter Voltage (VcE = 4 V, Ic = 1.5 A)   
Static Forward-Current Transfer Ratio (Vcu 4 V, 

= 1.5 A)   
Collector-to-Emitter Saturation Resistance 

(Ir = 1.5 A, In = 100 mA)   

2N1491 TRANSISTOR 

VCEO ( SUS) 

VCEV 
VBE 

hFE 

rcE ( sat) 

Si n- p-n triple-diffused type used in vhf applications 
for rf-amplifier, video-amplifier, oscillator, and mixer 
circuits in industrial and military equipment. JEDEC 
TO-39, Outline No.15. 

MAXIMUM RATINGS 
Collector-to-Base Voltage    VCR° 
Collector-to-Emitter Voltage (VBE = — 0.5 V)   VCEV 
Emitter-to-Base Voltage    VERO 
Collector Current   Ic 
Base Current   IB 
Emitter Current   IE 
Transistor Dissipation: 
Tc u to 25°C   

100 

100 
55 

55 min 

100 min 
2.5 max 

25 to 75 

0.67 max 

30 
30 
1 

100 
20 
100 

PT 3 

v 

V 

V 
V 
V 

mA 
mA 
mA 

Tc above 25°C   PT See curve page 300 
Temperature Range: 
Operating ( Tc) and Storage (TsTG)   -65 to 175 °C 

Lead-Soldering Temperature (10 s max)   Ti., 255 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic = 0.1 mA, 
IE = 0)   V(BR)CB0 

Emitter-to-Base Floating Potential (VCs — 30 V, 
IE = 0)   VEll(fl) 

Collector-Cutoff Current ( VcB = 12 V, IE 0)   ICBO 
Emitter-Cutoff Current (VEB = 1 V, Ic = IERO 
Small-Signal Forward-Current Transfer Ratio 

(VcE = 20 V, Ic =_ 15 mA, f = 1 kHz)   hfe 
Gain-Bandwidth Product (VcB = 30 V, Ic = 15 mA) fT 
Output Capacitance ( VcB = 30 V, IF: — 0, 
f = 0.15 MHz)   Cobo 

Small-Signal Power Gain (VcB — 15 V, IF, =- —15 mA, 
Poe = 10 MW, f == 70 MHz)   Gpe 

Thermal Resistance, Junction-to-Case   al-C 

2N1492 TRANSISTOR 

Si n- p-n triple-diffused type used in vhf applications 
for rf-amplifier, video-amplifier, oscillator, and mixer 
circuits in industrial and military equipment. JEDEC 
TO-39, Outline No.15. This type is identical with type 
2N1491 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage   Vilee 
Collector-to-Emitter Voltage ( VBE — —0.5 V)   VCEV 
Emitter-to-Base Voltage   VERO 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic =_-. 0.1 mA, 
IE = 0)   V(RR)CB0 

Emitter-to-Base Floating Potential (Vcr. = 60 V, 
IE = 0)   VER ( fl) 0.5 max V 

30 min V 

0.5 max V 
10 max gA 

100 max tiA 

15 to 200 
300 MHz 

5 max PF 

13 min dB 
50 °C/W 

60 
60 
2 

60 min V 
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CHARACTERISTICS (cont'd) 
Emitter-Cutoff Current (VEB = 2 V, lc = 0)   IEBO 
Small-Signal Power Gain (VcB = 30 V, IE = —15 mA, 

Poe 100 mW, f = 70 MHz)   

TRANSISTOR 

Gpe 

267 

100 max 

13 min dB 

2N1493 
Si n- p-n triple-diffused type used in vhf applications 
for rf-amplifier, video-amplifier, oscillator, and mixer 
circuits in industrial and military equipment. JEDEC 
TO-39, Outline No.15. This type is identical with type 
2N1491 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage     VCBO 
Collector-to-Emitter Voltage (vBE =_- —0.5 V)   VCEV 
Emitter-to-Base Voltage    VEBO 

CHARACTERISTICS 
Collector-to-Base Breakdown voltage (lc = 0.1 mA. 
IE = 0)   

Emitter-to-Base Floating Potential (Veil = 100 V, 
— 0)   

Emitter-Cutoff Current (VER = 4.5 V, Ir = 0)   
Small-Signal Power Gain (Ws = 50 V, Ii: 25 mA, 
POP = 500 mW, f = 70 MHz)   

V(BR)C130 

VEB (fl) 
IERO 

Gpe 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

100 
100 
4.5 

V 
V 

100 min V 

0.5 max V 
100 max 

10 min dB 

2N1511 

2N1512 

2N1513 

2N1514 

2N1524 
Ge p-n-p drift-field type used in 455-kHz if-amplifier 
service in battery-operated portable radio receivers and 
automobile radio receivers operating from either a 
6-volt or a 12-volt supply. JEDEC TO-1, Outline No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Transistor Dissipation: 
TA = 25°C   
TA = 55°C   
TA = 71°C   

Temperature Range: 
Operating ( Ambient)   
Storage   

Lead-Soldering Temperature (10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( VEn 
Ic = —50 ¡LA)   

Collector-Cutoff Current (VcB = 12 V, IE 
Emitter-Cutoff Current (VEB = 0.5 V, Ic 
Small-Signal Forward-Current Transfer Ratio 

(VUE = —12 V, JE —1 mA, f =_ 1 kHz)   
Collector-to-Base Feedback Capacitance 
(VcE = —8.5 V, IE = 1 mA)   

Maximum Available Amplifier GainA 
(VcE —8.5 V, JE = 1 mA, f =_ 455 kHz)   

Maximum Usable Amplifier Gain, Unneutralized•   
(VcE = —8.5 V, IE = 1 mA, f = 455 kHz)   

Thermal Resistance, Junction-to-Ambient   

—0.5 V, 

0)   
0)   

VCBO 
VERO 
IC 
IE 

PT 

PT 

PT 

TA (opr) 
TSTG 

Ti, 

V(BR)CRY 
ICBO 
IEBO 

hte 

Cch 

MAG* 

MUG 
0J-A 

—24 
0.5 
10 
10 

80 
50 
35 

—65 to 71 
—65 to 85 

255 

—24 min 
—16 max 
16 max 

60 

2.1 

52.4 

30 
0.4 

V 
V 

mA 
mA 

mW 
mW 
mW 

°C 
°C 
°C 

V 
¡LA 
¡LA 

PF 

dB 

dB 
°C/mW 
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2N1605A 

TYPICAL TRANSFER CHARACTERISTIC 
6 1 

TYPE 2NI524 
COLLECTOR -TO-EMITTER 
VOLTS = -6 

AMBIENT TEMPERATURE=25°C 

50 100 150 200 250 

BASE-TO-EMITTER MILLIVOLTS 
920s-: 0679T 

• This characteristic does not apply to type 2N1526. 
* Measured in a single-tuned unilateralized circuit matched to the generator and load 
impedances for maximum transfer of power ( transformer insertion losses not included). 

2N1525 TRANSISTOR 

Ge p-n-p drift- field type used in 455-kHz if-amplifier 
service in battery-operated portable radio receivers 
and automobile radio receivers operating from either a 
6-volt or a 12-volt supply. JEDEC TO-40, Outline No.16. 
This type is electrically identical with type 2N1524. 

2N1526 TRANSISTOR 

Ge p-n-p drift-field type used in mixer and oscillator 
applications in battery-operated portable radio receiv-
ers and automobile radio receivers operating from 
either a 6-volt or a 12-volt supply. JEDEC TO-1, Out-
line No.l. This type is identical with type 2N1524 ex-
cept for the following items: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 
(VcE = —12 V, IE = 1 mA, f = 1 kHz)   

Maximum Available Conversion Power Gain 
(V(E = —8 V, IF: 27-- 0.65 mA, f = 1.5 MHz)   MAGc 

Maximum Usable Conversion Power Gain 
(Vs E = —8 V, Ii. = 0.65 mA, f = 1.5 MHz)   MUGc 

Base-to-Emitter Oscillator-Injection Voltage 
(VrE _ —8 V, Ii.; 0.65 mA)   

2N1527 TRANSISTOR 

Ge p-n-p drift- field type used in mixer and oscillator 
applications in battery-operated portable radio receivers 
and automobile radio receivers operating from either 
a 6-volt or a 12-volt supply. JEDEC TO-40, Outline 
No.16. This type is electrically identical with type 
2N1526. 

2N1605 
COMPUTER TRANSISTORS 

Ge n- p-n alloy-junction types used in medium-speed 
switching applications in data-processing equipment. 

E 

® B 

130 

46.1 dB 

34.5 dB 

100 mV(rms) 
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The n-p-n construction permits complementary operation with a matching 
p-n-p type such as the 2N404. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage  Wei VOBO 
Collector-to-Emitter Voltage (VBE 1 V) •••• VCEV 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ir 
Emitter Current   IE 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 

PT 
PT 

Operating ( Junction)   T ( opr) 
Storage TSTG 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 
Ic = 0.02 mA, IE = 0   V(Br)cno 25 — min 
Ic = 0.01 mA, IE ----- 0  V(BR)CB0 — 40 min 

Emitter-to-Base Breakdown Voltage 
(JE _7--_. 0.02 mA, Ic = 0)   V(BB)EBo 12 12 min 

Collector-to-Emitter Saturation Voltage: 
Ic = 12 mA, IB = 0.4 mA   VCE (sat) 0.15 0.15 max 
Ic = 24 mA, IB = 1 MA   VCE (sat) 0.2 0.2 max 

Base-to-Emitter Voltage: 
Ic = 12 mA, IB = 0.4 mA   VBE 0.35 0.35 max 
Ic =_ 24 mA, In = 1 mA   VBE 0.4 0.4 max 

Emitter Floating Potential (11-Mû min volt-
meter between emitter and base) : 
VCB -=- 24 V   VER (fl) 1 max V 
VCB = 40 V   VEB (fl) 1 max V 

Collector-Cutoff Current: 
VCB = 12 V, IE = 0, TA = 25°C   ICBO 5 — max ¿LA 
VCB = 12 V, IE =_ 0, TA =_ 80°C   ICBO 125 125 max /LA 
VCB = 40 V, IE = 0, TA = 25°C   ICBO 10 max /LA 

Emitter-Cutoff Current (VER = 2.5 V, Ic — 0) IEBO 2.5 2.5 max /IA 
Static Forward-Current Transfer Ratio: 
VCE = 0.15 V, Ic = 12 mA   hFE 30 30 min 
V E = 0.2 V, Ir = 24 mA   hFE 24 24 min 
V E = 0.25 V, Ic = 20 mA   hFE 40 40 min 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency (Ws -_-L: G V, IF, = 1 mA) flit), 4 4 min MHz 

Total Stored Charge (Vcc — 5.25 V, 
Ic = 10 mA, IB = 1 MA)   Qs 1400 1400 max pC 

Output Capacitance (VCB = 6 V, IE = 1 mA, 
f = 2 MHz)   Cob() 20 20 max pF 

2N1605 

25 
24 
12 

100 
100 

2N1605A 

40 V 
40 V 
12 V 

100 mA 
—100 mA 

150 200 mW 
See curve page 300 

TRANSISTOR 

100 100 °C 
—65 to 100 °C 

235 235 °C 

2N1613 
Si n- p-n planar type used in small-signal and medium-
power applications in industrial and military equipment. 
JEDEC TO-5, Outline No.5. This type is identical with 
type 2N2102 except for the following items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage (RBE .< 10 cl)   VCER 
Transistor Dissipation: 
TA up to 25-C   PT 
Tc up to 25°C PT 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS (At case temperature = 25°C) 
Collector- to-Base Breakdown Voltage ( Ic =_ 0.1 mA, 

IE 0)   
Collector- to-Emitter Sustaining Voltage ( Ic = 100 mA, 
RBE =_ 10 0, tp = 300 gs, df = 1.8%)   

Collector-to-Emitter Saturation Voltage ( Ic =_ 150 mA, 
In = 15 mA, tp = 300 sus, df =_ 1.8%)   

Base-to-Emitter Saturation Voltage ( Ic = 150 mA, 
In --- 15 mA, tp = 300 jis, df = 1.8%)   

V (B R)C BO 

VCER ( SUS) 

VCE ( sat) 

VBE ( sat) 

75 v 
50 

0.8 
3 
265 °C 

75 min 

50 min 

1.5 max 

1.3 max 
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CHARACTERISTICS (cont'd) 

Collector-Cutoff Current: 
VCB = 60 V, IE = 0, TA = 25°C   
VCB = 60 V, IE = 0, TA = 150°C   

Emitter-Cutoff Current (Vim = 5 V, Ic — 0)   
Static Forward-Current Transfer Ratio: 
VcE = 10 V, Ic 0.1 mA, TA = 25°C   
VcE = 10 V, Ic 150 mA, TA — 25°C, tp = 300 /is, 
df = 1.8%   

VrE = 10 V, IC = 10 mA, TA — —55°C, tp =. 300 As, 
df = 1.8%   

Small-Signal Forward-Current Transfer Ratio: 
VCE = 5 V, Ic = 1 mA, f = 1 kHz  
VCE = 10 V, IC = 50 mA, f = 20 MHz   

Output Capacitance ( VcB = 10 V, IE = 0)   
Noise Figure (VcE = 10 V, Ic =_ 0.3 mA, f 1 kHz, 
RG 1=1 510 CI, circuit bandwidth = 1 Hz)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient 

2N1631 TRANSISTOR 

ICB0 
ICB0 
IEBO 

hFE 

hFE 

hFE 

ht. 
hie 
Cobo 

NF 
0.1-C 
0J-A 

Ge p-n-p drift- field type used in rf-amplifier applica-
tions in battery-operated AM radio receivers. JEDEC 
TO-40, Outline No.16. 

MAXIMUM RATINGS 
Collector- to-Base Voltage    VrBo 
Collector Current   I(' 
Transistor Dissipation: 
TA = 25°C   PT 

Temperature Range: 
Operating ( Ambient)   TA (opr) 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic 50 gA, 
IE 0) V(Bmcno 

Collector-Cutoff Current ( VcB = —12 V, In ____ 0)   IC130 
Small-Signal Forward-Current Transfer Ratio 
(VI —12 V, lc —1 mA, f = 1 kHz)   lIfe 

Small- Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcB = —12 V, IE = 1 mA)   

Output Capacitance   
Power Gain ( f = 1.5 MHz)   
Thermal Resistance, Junction- to-Ambient   

2N1632 TRANSISTOR 

flifb 
Cobo 
Gpe 
()J-A 

Ge p-n-p drift- field type used in if-amplifier applica-
tions in battery-operated AM radio receivers. JEDEC 
TO- 1, Outline No.l. 

MAXIMUM RATINGS 
Collector- to-Base Voltage     VCBO 
Emitter-to-Base Voltage     VEBO 
Collector Current   Ic 
Emitter Current   IE 
Transistor Dissipation: 
TA = 25°C   PT 
TA = 55°C     PT 
TA = 71°C   PT 

TA ( opr) 
TSTG 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 
Collector- to-Base Breakdown Voltage 

—0.05 mA, IE = 0)   

Temperature Range: 
Operating ( Ambient) 
Storage 

V(BB)cBo 
Collector-Cutoff Current (VcB = —12 V, IF = 0)   Icso 
Emitter-Cutoff Current (VEB = —0.5 V, Ic _1 0.05 mA) IEBO 

65 to 71 

34 min 
16 max 

80 min 

45 
2 

47.7 
0.4 max 

—34 
—0.5 
—10 
10 

80 
50 
35 

—65 to 71 
—65 to 85 

255 

—34 min 
—16 max 
—16 max 

0.01 max 
10 max 

0.01 max 

20 min 

40 to 120 

20 min 

30 to 100 
3 min 

25 max 

12 max 
58.3 max 
219 max 

µA 

PF 

dB 
°C/W 
°C/W 

—34 V 
10 mA 

80 mW 

°C 

V 

MHz 
PF 
dB 

°C/W 

V 
V 

mA 
mA 

mW 
mW 
mW 

°C 
°C 
°C 

/IA 
'LA 
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CHARACTERISTICS (cont'd) 

Small-Signal Forward-Current Transfer Ratio 
(VcE =_ —12V, IE = 1 mA, f = 1 kHz)   hre 

Collector-to-Base Feedback Capacitance 
(VcE = —8.5 V, IE = 1 MA) ..  

Maximum Available Amplifier Gain* 
(VcE .7.= —8.5 V, IE = 1 mA, f = 1 kHz)   MAG 

Maximum Usable Amplifier Gain, Unneutralized 
(VcE = —8.5 V, IE = 1 mA, f 1.5 kHz)   MUG 

40 to 170 

2.1 

44.3 

25.5 

pF 

dB 

dB 

* Measured in a single-tuned unilateralized circuit matched to the generator and load 
impedances for maximum transfer of power ( transformer insertion losses not included). 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

2N11633 

2N1634 

2N1635 

2N1636 

2N1637 
Ge P--I drift-field type used in rf-amplifier applica-
tions in AM automobile radio receivers. JEDEC TO-1, 
Outline No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   JE 
Transistor Dissipation: 
TA =_- 25°C   PT 
TA = 55°C   PT 
TA = 71°C   PT 

Temperature Range: 
Operating ( Ambient)   
Storage   

TA (opr) 
TSTG 

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (Ic _ —50 gA, 
IE 0)   V(BmcBo 

Collector-Cutoff Current (VcB = —12 V, JE == 0)   ICB0 
Emitter-Cutoff Current (VEB = —1.5 V, Ic = 0)   IEBO 
Small-Signal Forward-Current Transfer Ratio 
(VcE = —12 V, Ic = —1 mA, f = 1 kHz)   hfe 

Collector-to-Base Feedback Capacitance 
(VcE = —12 V, Ic =_ —1 mA)   

Maximum Available Amplifier Gain* 
(VcE = 11 V, IE = 1 mA, f = 1.5 MHz)   MAG 

Cc b 

TYPICAL TRANSFER CHARACTERISTIC 
6 I 

TYPE 
COLLECTOR 

'-- VOLTS 
AMBIENT 

I 
2NI637 

= - 12 
TEMPERATURE 

I 

-TO-EMITTER 

I 

= 

I 

I 

25°C 

... • I , 

- , 

I J 

I 

, ., 

—34 
—1.5 
—10 
10 

80 
50 
35 

65 to 71 
—65 to 85 

255 

34 min 
12 max 

—15 max 

V 
V 

mA 
mA 

mW 
mW 
mW 

°C 
°C 
°C 

V 
/LA 
gA 

80 

2 pF 

47.7 dB 

0 50 100 150 200 250 
BASE-TO-EMITTER MILLIVOLTS 

92CS-10556T1 
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CHARACTERISTICS (cont'd) 
Maximum Usable Amplifier Gain, Unneutralized 

(VcE = —11 V, IE = 1 mA, f = 1.5 MHz)   MUG 25.6 dB 
Thermal Resistance, Junction-to-Ambient   () J-A 0.4 max °C/mW 

* Measured in a single-tuned unilateralized circuit matched to the generator and load 
impedances for maximum transfer of power ( transformer insertion losses not included). 

2N1638 TRANSISTOR 

Maximum Usable Amplifier Gain, Unneutralized• 
(VcE = —11 V, IE = 2 mA, f _T__= 262.5 kHz)   

Thermal Resistance, Junction-to-Ambient   
• This characteristic does not apply to type 2N1639. 

* Measured in a single-tuned unilateralized circuit matched to the generator and load 
impedances for maximum transfer of power ( transformer insertion losses not included). 

12 max 
—12 max 

75 

61.5 

Ge p-n-p drift-field type used in if-amplifier applica-
tions in AM automobile radio receivers. JEDEC TO-1, 
Outline No.l. This type is identical with type 2N1637 
except for the following items: 

CHARACTERISTICS 
Collector- Cutoff Current ( VcB = —12 V, Ic =. 0)   ICBO 
Emitter-Cutoff Current (VEB = —0.5 V, Ic = 0)   IEBO 
Small-Signal Forward-Current Transfer Ratio 
(VUE = —12 V, Ic = —1 mA, f = 1 kHz)   ille 

Maximum Available Amplifier Gain•* 
(VcE = —11 V, IE = 2 mA, f = 262.5 kHz)   MAG 

MUG 

2N1639 TRANSISTOR 

Ge P- -I drift-field type used in converter, mixer, and 
oscillator applications in AM automobile radio receivers. 
JEDEC TO- 1, Outline No.l. This type is identical with 
type 2N1637 except for the following items: 

CHARACTERIST!CS 
Small-Signal Forward-Current Transfer Ratio 
(VUE = —12 V, Ic - 1 mA, f = 1 kHz)   hfe 

Maximum Usable Conversion Power Gain 
(VcE = —11 V, JE = 0.25 mA, f 71 1.5 MHz)   MUGc 

Base- to-Emitter Oscillator-Injection Voltage (RMS) 
(Vi .E = —11 V, IE = 0.25 mA)   

2N1683 COMPUTER TRANSISTOR 
Ge p-n-p diffused-junction type used in computer appli-
cations in data-processing equipment. JEDEC TO-5, 
Outline No.5. This type is identical with type 2N1300 
except for the following items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage*   VEBO 

CHARACTERISTICS 
Emitter- to-Base Breakdown Voltage ( In 0.1 mA, 

0)   
Base-to-Emitter Voltage ( Ic = —40 mA, IB 
Static Forward- Current Transfer Ratio: 
VUE = —0.3 V, Ic = —10 mA   
VcE = —0.5 V, Ic = —40 mA   

Gain-Bandwidth Product (VcE —3 V, Ic — 
Total Stored Charge: 
Ic = —10 mA, IB = —0.4 mA   
Ic — 40 mA, IB = —1.6 mA   

V(BR)EBO 
1 MA) VBE 

hFE 
hFE 

10 mA) fr 

Qs 
Qs 

36.6 
0.4 max 

75 

37 

dB 

dB 
cC/mW 

dB 

100 mV(rms) 

4 

—4 min 
- 0.6 max 

50 min; 75 typ 
50 min; 85 typ 

50 min 

160 max 
410 max 

V 

V 
V 

MHz 

pC 
pC 
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* This rating may be exceeded and the emitter-to-base junction operated in the 
breakdown condition provided the emitter dissipation is limited to 30 milliwatts 
at 25°C. For ambient temperatures above 25°C, reduce the dissipation by 0.5 
milliwatts per °C. 

typical operation 

POWER TRANSISTOR 2141700 
Si n-p-n diffused-junction type used in power-switching 
circuits such as dc-to-dc converters, inverters, choppers, 
solenoid and relay controls; in oscillators, regulators, 
and pulse-amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and 
military equipment. JEDEC TO-5, Outline No.5. For 

in a power-switching circuit, refer to type 2N1479. 

MAXIMUM RATIN GS 
Collector- to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open ( sustaining voltage)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERI STICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage ( Ic -_- 50 mA, 
IB = 0)   

Collector-to-Emitter Voltage (VBE — —1 5 V, 
Ic = 0.5 mA)   

Base-to-Emitter Voltage (VcE = 4 V, Ic 100 mA) 
Collector- Cutoff Current: 
VCB = 30 V, IE = 0, Tc =_- 25°C   
VCB = 30 V, IE = 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = 6 V, Ic -----= 0)   
Collector-to-Emitter Saturation Resistance 

(Ic = 100 mA, In = 10 mA)   
Static Forward-Current Transfer Ratio 
(VcE = 4 V, Ic = 100 mA)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

No.10. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open ( sustaining voltage)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   

VCBO 

VCEV 
VCEO ( SUS) 
VEBO 
IC 
IR 

PT 
PT 

TJ (opr) 
TSTG 
TL 

VCEO ( SUS) 

VCEV 
VBE 

ICBO 
ICSO 
IEBO 

60 

60 
40 
6 
1 

0.75 

V 

V 
V 
V 
A 
A 

5 
See curve page 300 

—65 to 200 
—65 to 200 

255 

°C 
°C 
°C 

40 min V 

60 min V 
mly V 

75 max gA. 
1000 max /LA 

25 max 

rcE ( sat) 10 max 0 

hFE 20 to 80 
0J-c 35 max °C/W 
0J-A 200 max °C/W 

POWER TRANSISTOR 2N1701 
Si n-p-n diffused-junction type used in power-switching 
applications such as dc-to-dc converter, inverter, chop-
per, solenoid and relay control circuits; in oscillator, 
regulator, and pulse-amplifier circuits; and as class A 
and class B push-pull audio and servo amplifiers in in-
dustrial and military equipment. JEDEC TO-8, Outline 

See Mounting Hardware for desired mounting arrangement. 

VCBO 

VCEV 
VCEO ( SUS) 
VEBO 
IC 
IB 

60 V 

60 V 
40 V 
6 V 

2.5 A 
1 A 
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MAXIMUM RATINGS (cont'd) 

Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage ( Ic = 100 mA, 
IB — 0)   

Collector-to-Emitter Voltage (VBE = —1.5, 
Ic = 0.75 mA)   

Collector-to-Emitter Saturation Voltage: 
(Ic = 2.5 A, IB = 1 A)   

Base-to-Emitter Voltage ( VcE = 4 V, Ic = 300 mA) 
Collector-Cutoff Current: 
Ven = 30 V, IE = 0, Te = 25°C   
Ven = 30 V, Ii.: = 0, Te = 150°C   

Emitter-Cutoff Current (VER = —6 V, Ic = 0)   
Collector-to-Emitter Saturation Resistance 

(Ic -_-_-_- 300 mA, IR = 30 mA)   
Static Forward-Current Transfer Ratio: 
VUE = 4 V, Ic = 300 mA   
VUE = 20 V, lc = 2.5 A   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

2N1702 

PT 
PT 

TJ (opr ) 
TsTG 

VcEo (sus) 

VCEV 

W E (sat) 
VBE 

kW) 
ICBO 
IEBO 

rcli ( sat) 

hFia 
hFF] 

0.1-A 

POWER TRANSISTOR 

Si n- p-n diffused-junction type used in power-switching 
applications such as dc-to-de converter, inverter, chop-
per, and relay control circuits; in voltage and current 
regulator circuits; and in de and servo amplifier circuits. 
Similar to JEDEC TO-3, Outline No.3. See Mounting 
Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VHF: = —1.5 V   
Base open ( sustaining voltage)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Te above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage ( lc = 100 mA, 
IB = 0)   

Collector-to-Emitter Voltage (VBE = —1.5 V, 
Ic = 1 mA)   

Base-to-Emitter Voltage (V('E ___ 4 V, Ic — 800 mA) 
Collector-Cutoff Current: 
Vert = 30 V, IE := 0, Te =-- 25°C   
Veit 30 V, IF = 0, Te = 150°C   

Emitter-Cutoff Current ( VEB = 6 V, Ic = 0)   
Collector- to-Emitter Saturation Resistance 

(Ic = 800 mA, In = 80 mA)   
Static Forward-Current Transfer Ratio ( VUE — 4 V, 
Ic = 800 mA)   

Thermal Resistance, Junction-to-Case   

VeBo 

WE V 
WE() ( sus) 
VE BO 
IC 
In 

PT 
PT 

(opr) 
TsTG 

VrEo ( SUS) 

VCE 
VBE 

ICB0 
ICBO 
EBO 

rrE ( sat) 

h FE 
0.1-C 

25 
See curve page 300 

65 to 200 
—65 to 200 

235 

°C 
°C 
°C 

40 min V 

60 min V 

12.5 max V 
3 max V 

100 max /IA 
1500 max AA 

50 max 

5 max 

20 to 80 
5 min 
7 max °C/W 

100 max °C/W 

60 

60 
40 
6 
5 

2.5 

V 
V 
V 
A 
A 

75 
See curve page 300 

65 to 200 
65 to 200 

°C 
°C 

40 min V 

60 min V 
4 max V 

200 pA 
2000 pA 
100 

4 max o 

15 to 60 
2.33 max °C/W 

2N1708 Refer to Chart of Discontinued Transistors 
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TRANSISTOR 2141711 
Si n-p-n triple-diffused planar type used in a wide 
variety of small-signal and medium-power applications 
in military and industrial equipment. It features ex-
ceptionally low noise characteristics. JEDEC TO-5, 
Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 75 V 
Collector-to-Emitter Voltage (RBE < 10 n)   ...._. VCER 50 V 
Emitter-to-Base Voltage   VE130 7 V 
Collector Current   Ic 1 A 
Transistor Dissipation: 
TA up to 25°C   PT 0.8 W  
Tc up to 25°C   PT 3 W 
TA or Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   TJ (opr) °C 
Storage   TSTG °C 

Lead-Soldering Temperature ( 10 s max)   Tr, 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage ( Ic =. 0.1 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE — 0.1 
Ic .-_--_- 0)   

Collector-to-Emitter Reach-Through Voltage 
(VBE ( 11) = —1.5 V, k = 0.1 mA)   

Collector-to-Emitter Sustaining Voltage 
(RBE = 10 c), = 100 mA, tp = 300 ps, df 

Collector- to-Emitter Saturation Voltage 
(Ir = 150 mA, IR = 15 mA)   

Base-to-Emitter Voltage Saturation Voltage 
(lc = 150 mA, IR = 15 mA)   

Collector-Cutoff Current: 
VrB = 60 V, IE .= 0, TA = 25°C   
V('B = 60 V, In = 0, TA = 150°C   

Emitter-Cutoff Current (VER =----: 5 V, LI = 0)   
Pulsed Static Forward-Current Transfer Ratio: 
VcE = 10 V, Ic = 10 mA, tp = 300 its, df 1.8%) .... 
VCE = 10 V lc 150 InA, tp = 300 jis, df = 1.8% .... 
VcE = 10 V Ic = 500 mA, tp = 300 ,as, df = 1.8%) .. 

Static Forward-Current Transfer Ratio: 
VrE = 10 V, Ir = 0.01 mA, Tc = 25°C   

= 10 V lc = 0.1 mA, Tc :7-- 25°C   
VcE = 10 V. Ic = 10 mA, Tc = —55°C   

Small-Signal Forward-Current Transfer Ratio: 
VrE = 5 V, Ir = 1 mA, f 1 kHz   
VrE = 10 V, = 5 mA, f 1 kHz   
V i = 10 V, Ic =. 50 mA, f 20 MHz 

Input Capacitance (VER = 0.5 V, Ic — 
Output Capacitance ( Wit = 10 V, IE 

mA, 

mA, 

1.8%) 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPET 2N17Il 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE:25°C 

BASE MICROAMPERES:0 

i0 20 30 40 50 60 
COLLECTOR- TO- EMITTER VOLTS 

92CS-116301 

70 

0)   
0)   

O 

V(BR)CB0 

V(13R)Eli0 

VRT 

VCER ( SUS) 

VCE (sat) 

VBE ( sat) 

IcHO 
IC130 
IEBO 

hFE ( pulsed) 
hFE ( pulsed) 
hFE ( pulsed) 

hFE 
hFE 
hFE 

hte 
h f e 
hre 
C lbo 
Cobu 

—65 to 200 
65 to 200 

300 

75 min 

7 min 

75 min 

50 min 

1.5 max 

1.3 max 

0.01 max 
10 max 

0.005 max 

75min 
100 to 300 

40 min 

20 min 
35 min 
35 min 

50 to 200 
70 to 300 
3.5 min 
80 max 
25 max 

TYPICAL TRANSFER CHARACTERISTICS 

OC 

V 

V 

V 

V 

V 

V 

/IA 
gA 

PF 
pF 

TYPE 2NI711 
FREE- AIR TEMPERATUR 

0.7 
BASE- TO EM 

It 
IT TER 

05 0.9 1.3 

(TFA)• 25'C 

1.5 
VOLTS (VBE) 
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CHARACTERISTICS (cont'd) 
Noise Figure (VcE = 10 V, lc = 0.3 mA, Ro — son, 
f = 1 kHz, circuit bandwidth = 1 Hz)   

Input Resistance ( Veil = 10 V, Ic = 5 mA, f = 1 kHz) 
Voltage-Feedback Ratio (Ws = 10 V, Ic = 5 mA, 
f = 1 kHz)   

Output Conductance (VcB = 10 V, Ic — 5 mA, 
f = 1 kHz)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

2N1768 

2N1769 

NF 
hib 

hrb 

hob 

0J—C 

0J —A 

8 max dB 
4 to 8 

5 x 10-4 max 

0.1 to 1 
58.3 max 
219 max 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

2N1842A SILICON 
Tkkk 

2N1850A CONTROLLED RECTIFIERS 

Si all-diffused three-junction types for use in power-
control and power-switching applications. JEDEC TO-
48, Outline No.20. See Mounting Hardware for desired 
mounting arrangement. 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f = 50 to 400 Hz 
with resistive or inductive load) 

2N1842A 2N1843A 2N1844A 2N1845A 2N1846A 2N1847A 2N1848A 2N1849A 2N1850A 

Vitsom   35 75 150 225 300 350 400 500 600 
VRRom   25 50 100 150 200 250 300 400 500 
VDRom    600   
IT(AV)     10 (conduction angle = 180°, Tc — 80°C)   
IT(RMS)     16   
ITSM     125 ( 1 cycle of voltage)   
PGM   5   
  0.5   

2   
  10, 5   

Tiltg   65 to 125   
Tc   65 to 125   

gmho 
°C/W 
°C/W 

PG(AV)   
IGTM   
VGTM   

CHARACTERISTICS (At maximum electrical rating at Tc = 125°C) 
2N1842A 2N1843A 2N1844A 2N1845A 2N1846A 2N1847A 2N1848A 2N1849A 2N1850A 

vF(Bwo ( min) 25 
IDOM (max) 22.5 
IRROM ( max) 22.5 
VT   
IGT   
VGT (max) 
VGT (max) 
VGT (min) 
VOT (min) 

50 100 150 200 250 300 400 
19 12.5 6.5 6 5.5 5 4 
19 12.5 6.5 6 5.5 5 4 

  1.2 (Tc — 80°C)   
  45 

  3.5 (Tc --=- —40°C)   
  3.7 (Tc ::--- —65°C)   
  0.25   
  0.3 (Tc = 100°C)   

GATE TRIGGER CURRENT CHARACTERISTICS 

50 

O 

TYPES 2NI842A-2N1850A 

I 
, 

/ 

l• fr 

e 
iff 

-50 0 50 100 
CASE TEMPERATURE (T) —•C 

92CS-11906T2 

150 

;,-) 150 
La I 
œo 
I--

3 
ow 

ce 100 

CL 

LAi 
< 
w 

o 

50 

RATING CHART 

d
r
`
i
<
>
>
>
>
«
<
<
 

500 V 
3 mA 
3 mA 

V 
mA 
V 
V 
V 
V 

TYPES 2N1842A-2N1850A 
CURRENT WAVEFORM:SINUSOIDAL 
LOAD:RES1STIVE OR INDUCTIVE 

PERA  

0 180' 

CONDUCTION 
ANGLE e 

cei 
o o 

••  'rc). 
o  
CD 

• 

z o 
z 

r 
C 
0 

5 10 15 20 
AVERAGE ON-STATE CURRENT [I/IAA -AMPERES 

92CS-I190513 
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CHARACTERISTICS (cont'd) 

211 

¡HO 
(4J -C 

2N1842A 2N1843A 2N1844A 2N1845A 2N1846A 2N1847A 2N1848A 2N1849A 2N1850A 
  8   mA 

  2   °C/W 

COMPUTER TRANSISTOR 2N1853 
Ge p-n-p diffused-junction type used in switching appli-
cations in military and commercial data-processing 
equipment. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage   VCEO 
Emitter-to-Base Voltage*   VEBO 
Collector Current   Ic 
Transistor Dissipation : t 
TA up to 25°C   
TA above 25°C   

Emitter-to-Base Dissipation ( Under breakdown con-
ditions with reverse bias)   PT 

Ambient-Temperature Range: 
Operating (TA) and Storage (TsTO   —55 to 85 

Lead-Soldering Temperature ( 10 s max)   TL 235 

PT 
PT 

—18 V 
6 v 
2 V 

100 mA 

150 mW 
See curve page 300 

25 mW 

*C 
°C 

CHARACTERISTICS 

Collector- to-Base Breakdown Voltage 
(Ic = —0.025 mA, IE =0)   V(BR)CB0 —18 min V 

Collector-to-Emitter Breakdown Voltage 
(VBE = 0.15 V, Ic = —0.025 mA)   V(BR)CEV 18 min v 

Emitter-to-Base Breakdown Voltage (JE = —0.1 mA, 
Ir — 0)   V(BR)EBO 2 min V 

Collector-to-Emitter Saturation Voltage 
(Ir =_-- —6 mA, In = —0.2 mA)   VCE (sat) 0.2 max v 

Base-to-Emitter Voltage ( Ic = —6 mA, In = —0.2 mA) VBE —0.4 max V 
Collector-Cutoff Current: 

VrB -= —15 V, IE = 0, TA = 25°C   him 
IrBoll —4.2 max ,LA Vrn = —18 V, IE = 0, TA = 60°C   p. —35 max A 

Emitter-Cutoff Current (VEB = —2 V, Ic IEBO 0)   100 max ii,A 
Static Forward-Current Transfer Ratio; 

VrE -_-:: —i V, In = —0.2 mA   hFE 30 to 400 
VCE = —0.4 V, Ic = —6 mA   hFE 30 min 

Storage Time' (Vcc = —15 V, RG = 100 0)   ts 0.8 max As 
Turn-On Times! ( Vre =2 —15 V, RG = 100 0)   td + tr 0.8 max As 
Turn-Off Time' (Vcc = 15 V, RG = 100 0)   t. + tf 0.9 max As 

* This rating may be exceeded and the emitter-to-base junction operated in the 
breakdown condition provided the emitter-to-base dissipation is limited to 25 milli-
watts at 25°C. For ambient temperatures above 25°C, reduce the dissipation. 

t For higher dissipation values in switching applications under transient operating 
conditions, the maximum dissipation can be computed by utilization of the method 
described in RCA Application Note "Transistor Dissipation Ratings for Pulse and 
Switching Service" ( AN-181) . 
• This characteristic applies only to type 2N1853. 

COMPUTER TRANSISTOR 2N1854 
Ge p-n-p diffused-junction type used in switching appli-
cations in military and commercial data-processing 
equipment. JEDEC TO-5, Outline No.5. This type is 
identical with type 2N1853 except for the following 
items: 

CHARACTERISTICS 

Collector- to-Emitter Breakdown Voltage 
(VBE = 0.2 V, k = —0.025 mA)   V(BB)rEv 18 min V 

Collector-to-Emitter Saturation Voltage: 
Ir = —20 mA, IB = —0.66 mA   VrE ( sat) 0.25 max V 
Ir = —20 mA, In :_-_-: —0.5 mA   VrE (sat) —0.3 v 
le L-_- —80 mA, In ---= —2.7 mA   VcE ( sat) —0.7 max V 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Voltage ( Ic — —20 mA, 
IB = —0.5 mA)   VBE 

Collector-to-Emitter Latching Voltage 
(Vcc _= —18 V, RB1 = 1 kO, RL = 178 0)   VCERL 

Collector-Cutoff Current: 
VcB = —15 V, n = 0, TA = 65°C   ICBO 

Static Forward-Current Transfer Ratio: 
VUE = V, Ic = —50 mA   hFE 
VcE = —0.5 V, Ic = —20 mA   hFE 
VCE = —0.75 V, Ic = —100 mA   hFE 

Gain-Bandwidth Product (VcE — 1 V, Ic = —10 mA, 
hre = 5)   fT 

Output Capacitance (VcB = —10 V, IE = 0, 
f = 140 kHz)   Cobo 

Charge Storage Time: 
Ic = —20 mA, lin 7L--- 1.5 mA, Vcc — 15 V, 

= 750 cl   tQ. 
Ir = —80 M A, IB1 = —4.5 mA, Vcc — —15 V, 
RI, = 750 0   tQe 

2N1893 TRANSISTOR 

Si n-p-n triple-diffused planar type used in small-signal 
and medium-power applications in industrial and mili-
tary equipment. JEDEC TO-5, Outline No.5. This type 
is identical with type 2N2405 except for the following 
items: 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 
RBE lo o   
Base open   

Collector Current   
Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage: 
lc = 30 MA, IB = 0, tp = 300 ps, df 1.8%   
Ir = 100 MA, RBI = 10 0, tp a-- 300 gs, df = 1.8%   

Collector-to-Emitter Saturation Voltage: 
Ic = 150 mA, IB = 15 mA   
Ic = 50 mA, In = 5 mA   

Base-to-Emitter Saturation Voltage ( Ic — 150 mA, 
IB — 15 mA)   

Collector-Cutoff Current ( VcB = 90 V, IE =-: 0, 
Tc — 150°C)   

Small--Signal Forward-Current Transfer Ratio: 
VCE 5 V, lc = 1 mA, f = 1 kHz   
VUE 10 V, IC = 50 mA, f = 20 MHz  

Static Forward-Current Transfer Ratio 
(VcE = 10 V, Ic = 0.1 mA)   

Pulsed Static Forward-Current Transfer Ratio 
(Vcr, _= 10 V, lc =-. 150 mA, tp = 300 as, df = 1.8%) 

Gain-Bandwidth Product   
Input Capacitance ( VEB -= 0.5 V, Ic = 0)   
Input Resistance ( Vg.B = 5 V, Ic = 1 mA, f = 1 kHz) 
Voltage-Feedback Ratio: 

5 V, Ic =_- 1 mA, f = 1 kHz  
VCB = 10 V, IC = 5 mA, f = 1 kHz   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

✓ ER 
WE() 
Ic 

PT 
PT 
PT 

TJ ( opr) 
TsTo 

VCE0 ( SUS) 
✓ ER ( SUS) 

Vu: ( sat) 
✓ E ( sat) 

VBE ( sat) 

ICBO 

hte 
hfe 

hieE 

hieE 
fT 
C Ibo 
h 1 b 

hrb 
hrb 
0J-C 
0J-A 

—0.8 max 

—17 min 

—40 max 

400 max 
40 min 
25 min 

40 min 

12 max 

60 max 

80 max 

V 

V 

MHz 

pF 

ns 

ns 

100 V 
80 V 
0.5 A 

0.8 
3 

See curve page 300 

—65 to 200 °C 
65 to 200 °C 

80 min 
100 min 

5 max 
1.2 max 

1.3 max 

15 max 

30 to 100 
2.5 min 

20 min 

(pulsed) 40 to 120 
50 min 
85 max 
20 to 30 

V 
V 

V 
V 

V 

gA 

MHz 
pF 

1.25 x 10 -4 max 
1.5 x 10-4 max 

58.3 max °C/W 
219 max °C/W 
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C,F POWER TRANSISTOR 2N1905 
Ge p-n-p drift-field type intended for use in power-
switching circuits, dc-to-dc converters, inverters, ultra-
sonic oscillators, and large-signal wide-band linear 
amplifiers. Similar to JEDEC TO-3, Outline No.4. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   Ws() 
Collector-to-Emitter Voltage   VCEO 100 V —50 V 
Emitter-to-Base Voltage   VEDO —1.5* V 
Collector Current   Ic —6 A 
Emitter Current   IE 6 A 
Base Current   IB 1 A 
Transistor Dissipation: 
TmF up to 55°C   PT 30 W 
TmF above 55°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   
Storage   PTrjST(C)Pr) °C °C Pin-Soldering Temperature ( 10 s max)   Tp °C 

CHARACTERISTICS (At mounting-flange 
Collector-to-Base Breakdown Voltage 

(Ic = —10 mA, IE =----- 0)   
Collector-to-Emitter Breakdown Voltage 

(Ic = —100 mA, IR = 0)   
Emitter-to-Base Breakdown Voltage 
(JE = 5 mA, Ic = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = —5 A, IR = 0.25 A)   

Base-to-Emitter Voltage (W E = —2 V, Ic = —1 A) 
Collector-Cutoff Current ( VcB = 40 V, IE = 0)   
Emitter-Cutoff Current (VEB = —0.5 V, Ic =7-_ 0)   
Static Forward-Current Transfer Ratio: 
VCE = —2 V, lc = —5 A   
V E = —2 V, lc = —1 A   

Collector-Cutoff Saturation Current 
(W TI = —0.5 V, IF =: 0)   

Gain-Bandwidth Product (W E ___ 5 V, Ic = —0.5 A) 
Thermal Resistance, Junction-to-Case   
* This value may be exceeded provided that the power 
breakdown conditions is limited to 5 watts. 

temperature =_. 25°C) 

MAXIMUM RATINGS 

V(BR)CB0 

V(BR)CEO 

V(BR)EBO 

—65 to 100 
65 to 100 

255 

—100 min 

50 min 

—1.5 min 

W E (sat) —1 max 
VBE — 0.38 typ; —0.5 max 
ICBO —1 max 
IEBO —1 max 

hFE 

hFE 
30 min 

50 to 150 

V 

V 

V 

V 
V 

mA 
mA 

ICB0 (sat) —100 pA 
fT 2 min MHz 

1.5 max °C/W 
dissipated in the emitter under 

POWER TRANSISTOR 2N11906 
Ge p-n-p drift-field type used in power-switching cir-
cuits, dc-to-dc converters, inverters, ultrasonic oscilla-
tors, and large-signal wide-band linear amplifiers. Simi-
lar to JEDEC TO-3, Outline No.4. This type is identical 
with type 2N1905 except for the following items. 

Collector- to-Base Voltage   VCB0 
Collector-to-Emitter Voltage   VcE0 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Emitter Saturation Voltage 

(Ic = —5 A, IR = —0.25 A)   VCE ( sat) 0.5 max V 
Base-to-Emitter Voltage: 
VCE = —2 V, lc = —1 A  VBE 0.5 max V 
VCE ---= —2 V, Ic = —5 A  VBE 0.9 max V 

Static Forward-Current Transfer Ratio: 
VE = —2 V, Ic = —5 A   hFE 75 max 
VCE = —2 V, lc =_ —1 A   hFE 75 to 250 

Gain Bandwidth Product ( VcE =_-__ —5 V, Ic — —0.5 A) fr 3 min MHz 

—130 V 
60 V 
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2N2015 POWER TRANSISTOR 

Si n-p-n diffused-junction type used in dc-to-dc conver-
ter, inverter, chopper, relay-control, oscillator, regula-
tor, pulse-amplifier circuits; and class A and class B 
push-pull amplifiers for af and servo amplifier appli-
cations. JEDEC TO-36, Outline No.14. See Mounting 
Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   Vcso 
Collector-to-Emitter Voltage   VCEO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   IE 
Base Current   In 
Transistor Dissipation: 
Tc up to 25°C   PT 
Tc above 25°C   PT 

Temperature Range: 
Operating ( Tc) and Storage ( TsTG)   

Lug-Soldering Temperature ( 10 s max)   T ( lug) 

CHARACTERISTICS (At case temperature 

Collector-to-Emitter Voltage (VBE = —1.5 V, 
Ic = 2 mA)   

Collector-to-Emitter Sustaining Voltage (Ic — 200 mA, 
IB 0)   

Collector-to-Emitter Voltage (Ic = 5 A, In = 0.5 A) 
Base-to-Emitter Voltage (VCE = 4 V, lc = 5 A)   
Collector-Cutoff Current: 
VCE = 40 V, IB = 0   
VCE = 100 V, VBE = —1.5 V   
VCE = 30 V, VBE = —1.5 V, Tc 150°C   

Emitter-Cutoff Current (VEB 10 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
VcE = 4 V, Ic = 5 A   
VcE = 4 V, Ic =_ 10 A   

Small-Signal Forward-Current Transfer Ratio 
(V E 1-=-_ 4 V, Ic _= 1 A, f = 1 kHz)   

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (V E = 4 V, Ic = 5 A)   

Collector-to-Emitter Saturation Resistance 
(Ic =- 5 A, IB = 0.5 A)   

Output Capacitance (VcB 40 V, Ic_ 50 yA, 
f 1 MHz)   

Thermal Resistance, Junction-to-Case   

25°C) 

2N2016 

VCEV 

VCEO ( SUS) 
VCE (sat) 
VBE 

IcE0 
ICEV 
ICEV 
IEBO 

hieE 

hleE 

hfe 

fe 

rcE ( sat) 

Cobo 
Os—C 

POWER TRANSISTOR 

Si n- p-n diffused-junction type used in dc-to-dc conver-
ter, inverter, chopper, relay-control, oscillator, regula-
tor, and pulse-amplifier circuits; and class A and class B 
push-pull amplifiers for af and servo amplifier appli-
cations. JEDEC TO-36, Outline No.14. See Mounting 
Hardware for desired mounting arrangement. This type 
is identical with type 2N2015 except for the following items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage     VCBO 
Collector- to-Emitter Voltage   VCEO 

ST 

100 
50 
10 
10 
13 
6 

V 
V 
V 
A 
A 
A 

150 
See curve page 300 

—65 to 200 °C 
235 °C 

100 min 

50 min 
1.25 max 
2.2 max 

0.2 max 
2 max 
2 max 

0.05 max 

15 to 50 
7.5 min 

12 to 60 

12 min 

0.25 max 

400 max 
1.17 max 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Voltage (VBE = —1.5 V, 
L• 2 mA)   

Collector-to-Emitter Sustaining Voltage ( Ic =-- 200 mA, 
IB = 0)   

VCEV 

VCEO ( sus) 

ST 

130 
65 

130 min 

V 

V 
V 
V 

mA 
mA 
mA 
mA 

kHz 

pF 
°C/W 

V 
V 

V 

65 min V 
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CHARACTERISTICS (cont'd) 

Collector-Cutoff Current (W E — 130 V, 
VBE —1.5 V)   ICEV 2 max mA 

TRANSISTOR 2N2102 
Si n- p-n triple-diffused planar type used in small-signal 
and medium-power applications in industrial and mili-
tary equipment. This type features exceptionally low-
noise low-leakage characteristics, high switching speed, 
and high pulse hFE. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector- to-Base Voltage   VCB0 
Collector-to-Emitter Voltage: 
RBE TT 10 
Base open 

VCER 
VCEO 

Emitter-to-Base Voltage   VERO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 259C   
Tc up to 25°C   
TA or Te above 25°C   

PT 
PT 
PT 

Temperature Range: 
Operating ( Junction)   T. (opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   Tr, 

CHARACTERISTICS (At case temperature _____. 25°C) 

Collector-to-Base Breakdown Voltage ( lc = 0.1 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE — 0.1 mA, 
lc = 0)   

Collector-to-Emitter Sustaining Voltage: 
Ir .= 100 mA, RBI = 10 0, tp = 300 as, df = 1.8% .... 
= 100 mA, IR = 0, tp = 300 us, df = 1.8%   

Collector-to-Emitter Saturation Voltage ( Ic = 150 mA, 
In = 15 mA, tp = 300 pS, df = 1.8%)   

Base-to-Emitter Saturation Voltage ( Ic = 150 mA, 
In = 15 mA, tp = 300 ps, df = 1.8%)   

Collector-Cutoff Current: 
VcB = 60 V, IE -_-_- 0, TA = 25°C   
Ven 7 60 V, IE = 0, TA = 150°C   

Emitter- Cutoff Current (VEB = 5 V, k — 0)   
Static Forward-Current Transfer Ratio (VcE = 10 V, 
Ic = 0.01 mA, Tc = 25°C)   

Pulsed Static Forward-Current Transfer Ratio 
V E = 10 V, Ic = 150 m A, Tr = 25°C, 
tp = 300 us, df = 1.8%   

VrE = 10 V, Ic =_- 1 A, Tr 25°C, tp — 300 jis, 
df = 1.8%   

VcE = 10 V, lc = 10 mA, Te — - 55°C, 
tp = 300 jis, df = 1.8%   

Small-Signal Forward-Current Transfer Ratio: 
VcE = 5 V, Ic = 1 mA, f = 1 kHz   
V('E = 10 V, Ic = 5 mA, f = 1 kHz   
VcE = 10 V, Ic = 50 mA, f = 20 MHz   

Input Capacitance (VER = 0.5 V, Ic = 0) 
Output Capacitance (VcB = 10 V, Ic — 
Input Resistance: 
Ven 1_1 5 V. Ir = 1 mA, f = 1 kHz   
Ven = 10 V, Ir = 5 mA, f 1 kHz   

Small-Signal Reverse-Voltage (Feedback) 
Transfer Ratio: 
VCB = 5 V, Ir = 1 mA, f = 1 kHz   
Ven = 10 V, Ic = 5 mA, f = 1 kHz   

Output Conductance: 
Vert = 5 V, Ic = 1 mA, f = 1 kHz   
Vert = 10 V, Ic = 5 mA, f = 1 kHz   

Noise Figure ( VcE — 10 V, Ic = 0.3 mA, f 1 kHz, 
RG = 510 0, circuit bandwidth 1 Hz)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

* This value applies only to type 2N2102. 

V(BR)C110 

V(BR)EBO 

VCER ( SUS) 
VCEO (SUS) 

VCE (sat) 

VBE (sat) 

ICB0 
ICB0 
IEBO 

%.hFF] 

FIFE ( pulsed) 

hFE ( pulsed) 

hFE ( pulsed) 

hfe 
hfe 
hie 
Cibo 
Cobo 

hib 
h lb 

hrb 
hrb 

hob 
hob 

NF 
0J-r 
0J-A 

120 

80 v 
65* v 
7 V 
1 A 

1 
5 

See curve page 300 

—65 to 200 
—65 to 300 

300 

120 min 

7 min 

80 min 
65* min 

0.5 max 

1.1 max 

0.002 max 
2 max 

0.005 max 

10* min 

40 to 120 

10* min 

20 min 

40 to 125 
45 to 190 
6 min 

80 max 
15 max 

24 to 34 
4 to 8 

3 x 10 -4 max 
3 x 10-4 max 

0.1 to 0.5 
0.1 to 1 

6 max 
35 max 
175 max 

°C 
°C 
°C 

V 

V 

V 
V 

V 

V 

,aA 
p.A 

pF 
pF 

o 

"mho 
gmho 

dB 
°C/W 
°C/W 
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TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N2IO2 
COMMON- EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE 325°C 

BASE  MICROAMPERES = 0  

0 20 40 60 80 100 
COLLECTOR- TO- EMITTER VOLTS 

92cs-iit75T 

300 

I 00 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N2IO2 
FREE-AIR TEMPERATURE (TFA)=25eC 

5 
45 
'4 
35 

3 ! 
2.5 

2 

1.5 

BASE MILLIAMPERES (IB) 0.5 

I  
0 5 10 15 20 
COLLECTOR-TO- EMITTER VOLTS (VcE) 

92CS-I2667T 

C,F 

2N2147 POWER TRANSISTOR 

Ge p-n-p drift-field type used in high-fidelity amplifiers 
where wide frequency range and low distortion are 
required. JEDEC TO-3, Outline No.2. 

MAXIMUM RATINGS 
Collector- to-Base Voltage   VcBo 
Collector-to-Emitter Voltage   VeE0 
Emitter-to-Base Voltage*    VEBO 
Collector Current   Ic 
Emitter Current   
Base Current   Iit 
Transistor Dissipation: 
TNIF up to 81°C   PT 
?nil.' above 81°C     PT 

Temperature Range: 
Operating (Junction)   °C 
Storage   °C 

Pin-Soldering Temperature (10 s max)   °C 

* This rating may be exceeded provided the combined dissipation in the emitter and 
collector does not exceed the maximum dissipation rating for the device. 

CHARACTERISTICS (At mounting-flange temperature ____ 25°C) 

Collector- to-Base Breakdown Voltage ( Ic 10 mA, 
Ii - - 0, tp = 300 p,s, df = 0.01%)   

Collector-to-Emitter Sustaining Voltage 
= —100 mA, In = 0)   

Collector-to-Emitter Saturation Voltage 
(In = —250 mA, = —5 A)   

Base-to-Emitter Voltage: 
VrE 1: —10 V, k =_ —50 mA  
V E = —2 V, I(' = 1 A   

Collector-Cutoff Current ( VcB = 40 V, Ii 0)   
Collector-Cutoff Saturation Current (VcB = —0.5 V, 
IE = 0)   

Emitter-Cutoff Current (VEB = —1.5 V, I(' = 0)   
Static Forward-Current Transfer Ratio 
VcE = —2 V, Ic —1 A  
VeE = —2 V, Iv = —4 A  

Gain-Bandwidth Product (VcE — —5 V, 
= —500 mA)   

Thermal Resistance, Junction-to-Case   

Derate 

TJ ( opr) 
TSTG 
Ti 

V(BR)CB0 

VCEO ( SUS) 

VCE (sat) 

VBE 
VBE 
ICBO 

IcBo ( sat) 
IEBO 

hFlE 
fueE 

fT 
8J-C 

—75 V 
50 V 

—1.5 V 
5 A 
5 A 

—1 A 

12.5 
linearly 0.66 W/°C 

—65 to 100 
—65 to 100 

255 

75 min 

—50 min 

0.6 max 

—0.2 to —0.27 
—0.5 max 
—1 max 

—70 max 
—2.5 max 

100 to 300 
75 min 

V 

V 

V 

V 
V 

mA 

mA 

3 min; 4 typ MHz 
°C/W 1.5 max 

TYPICAL OPERATION IN "SINGLE-ENDED PUSH-PULL" CLASS B 
AF-AMPLIFIER CIRCUIT (At mounting-flange temperature = 

DC Collector Supply Voltage   Vcc 
Zero-Signal DC Collector Current   L. 
Zero-Signal Base-Bias Voltage   
Peak Collector Current   
Maximum-Signal DC Collector Current 
Input Impedance of Stage ( per base) 

ic ( peak) 
Ic ( max) 

o 

—22 
—0.035 

0.24 
3.5 
1.1 
75 o

>
>
<
>
>
C
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TYPICAL OPERATION (cont'd) 

Load Impedance ( speaker voice-coil)   Ri, 4 n 
Maximum Collector Dissipation ( per transistor) 
under worst-case conditions   12.5 W 

EIA Music Power Output Rating   45 W 
Power Gain   33 dB 
Maximum-Signal Power Output   POE 25 W 
Total Harmonic Distortion at Maximum-Signal 
Power Output   5 % 

E 8 

MAXIMUM RATIN GS 

POWER TRANSISTOR 2N2148 
Ge p-n-p drift-field type used in high-fidelity amplifiers 
where wide frequency range and low distortion are 
required. JEDEC TO-3, Outline No.2. This type is iden-
tical with type 2N2147 except for the following items: 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage   

VCBO 
VcE0 

CHARACTERISTICS (At mounting-flange temperature 

Collector-to-Base Breakdown Voltage ( lc = 10 mA, 
IE = 0)   

Collector-to-Emitter Sustaining Voltage 
(Ic = —100 mA, lit = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = —5 mA, Ii — —250 mA)   

Base-to-Emitter Voltage ( V('r: —10 V, 
Ic = —50 mA)   

Collector-Cutoff Saturation Current (VcB — —0.5 V, 
IE = 0)   

Emitter-Cutoff Current ( VEn = —1.5 V, Ic = 0)   
Static Forward-Current Transfer Ratio (VcE = —2 V, 
1(1 = —1 A)   

Gain-Bandwidth Product (VcE = —5 V, 
Ic = —500 mA)   

25°C) 

V(BR)CB0 

60 
—40 V 

—60 min V 

VCEO (SUS) —40 min 

VCE (sat) —0.75 max 

VBE —0.21 to —0.28 

IcBo ( sat) —100 max 
IEBO —10 max 

hFE 

fT 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

60 min 

V 

V 

V 

/LA 
mA 

3 min; 4 typ MHz 

2N2205 

2N2206 

2N2270 
Si n- p-n triple-diffused planar type used in rf-amplifiers, 
mixers, oscillators, and converters, and in af small-
signal and power amplifiers. JEDEC TO-5, Outline 
No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 60 V 
Collector-to-Emitter Voltage: 
RBE -f------ 10 0   VcEB. 60 V 
Base open   VcEo 45 V 

Emitter-to-Base Voltage   VEBO 7 V 
Collector Current   Ic 1 A 
Transistor Dissipation: 
TA up to 25°C     PT 1 W 
Tc up to 25°C     PT 5 W 
TA or Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   T.r (opr) —65 to 200 
Storage   TSTG 65 to 200 

Lead-Soldering Temperature (10 s max)   TL 255 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage ( Ic = 0.1 mA, 
Ii: = 0)   

Emitter-to-Base Breakdown Voltage ( IE _____ 0.1 mA, 
Ic 0)   

V(BR)CB0 

V(BR)EBO 

OC 

°C 
°C 

60 min V 

7 min V 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Sustaining Voltage: 
Ic = 100 mA, tp = 300 eus, df = 1.8%   
Ic = 100 mA, RBE = 10 n, tp =_ 300 as, df 

Collector-to-Emitter Saturation Voltage ( Ic 
In = 15 mA)   

Base-to-Emitter Saturation Voltage ( Ic 
Ii t 15 mA)   

Collector-Cutoff Current: 
VcB=60V,IE=0,Tc=25°C   
Ven = 60 V, IE =. 0, Tc = 150°C   

Emitter-Cutoff Current (VEn = 5 V, Ic — 0)   
Pulsed Static Forward-Current Transfer Ratio: 

(Ven = 10 V, Ic = 150 mA, tp = 300 gs, df — 1.8%) 
Static Forward-Current Transfer Ratio 
(V(E = 10 V, Ic 1 mA)   

Small-Signal Forward-Current Transfer Ratio: 
VCE = 10 V, IC = 5 mA, f = 1 kHz   
VCE 10 V, IC = 50 mA, f = 20 MHz   

Input Capacitance (VEn = 0.5 V, le = 0)   
Output Capacitance ( Vcn :7_7 10 V, In = 0)   
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

1.87c .... 
150 mA, 

150 mA, 

tr 

200 cr 

z w 160 
w u-
m 

120 

• ex 
o cr 

cr 
o 

o 
o 

2N2273 

2N2338 

VCEO (sus) 
VCER ( SUS) 

VCE (sat) 

VBE (sat) 

ICBO 
ICBO 
IEBO 

hFE ( pulsed) 

FIFE 

hfp 
hfo 

Clbo 
Cobo 

9J-A 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 2N2270 
COLLECTOR-TO- EMITTER VOLTS ( VcE)=10 

80 — 

40 

01111  
0.01 2 4 60i 10 100 1000 
COLLECTOR CURRENT(Ic) —MILLIAMPERES 

92cs-11181T2 

45 min 
60 min 

0.9 max 

1.2 max 

0.1 max 
50 max 
0.1 max 

50 to 200 

35 min 

30 to 180 
3 min 

80 max 
15 max 
35 max 

175 max 

Refer to Chart of Discontinued Transistors 

POWER TRANSISTOR 

Si n-p-n diffused-junction type used in dc-to-de conver-
ters, inverters, choppers, and relay-control circuits; in 
oscillators and voltage- and current-regulator circuits; 
and in de and servo-amplifier circuits. JEDEC TO-36, 
Outline No.14. See Mounting Hardware for desired 
mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 

Collector-to-Emitter Voltage: 
VIF -= —1.5 V    VcEv 
Base open   VcEo 

Emitter-to-Base Voltage    Vim) 
Collector Current   Je 
Base Current   IB 
Transistor Dissipation: 
Tc up to 25°C   PT 
Tc above 25°C   PT 

Temperature Range: 
Operating ( Junction)   Ti (opr) 
Storage    TsTG 

Lug-Soldering Temperature ( 10 s max)   T(lug) 

CHARACTERISTICS 
Collector-to-Emitter Voltage ( VnE =-- 1.5 V, 

Ir = 2 mA)   Venv 

ST 

60 

60 
40 
6 

7.5 
5 

150 

V 
V 

V 

V 

AA 
gA 
jai 

pF 
pF 

°C/W 
°C/W 

V 

V 
V 
V 
A 
A 

W 
See curve page 300 

65 to 200 
—65 to 200 

235 

°C 
°c 
°C 

60 min V 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Sustaining Voltage 

(Ic = 200 mA, IB = 0)   
Collector-to-Emitter Saturation Voltage: 

Ic rmi 6 A, Ih 1 A   
If 3 A, fit — 0 3 A   

Base-to-Emitter Saturation Voltage (VcE — 4 V, 
Ic = 3 A)   

Collector-Cutoff Current: 
VCB = 30 V, IE = 0, Te =. 25°C   
VcB = 30 V, IE = 0, Tc = 150°C   
VCE 30 V, In =   
VCE = 60 V, VBE 1.5 V, Tc — 25°C   
VCE = 30 V, VBE =- —1.5 V, Tc = 200°C   

Emitter-Cutoff Current (VEB = 6 V, Ic = 0)   
Static Forward-Current Transfer Ratio ( VcE = 4 V, 
Ic = 3 A)   

Small-Signal Forward-Current Transfer Ratio 
(V E = 4 V, Ic = 0.5 A, f = 1 kHz)   

Output Capacitance (Ws = 40 V, IE = 0, f = 0.1 MHz) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency ( VcE = 4 V, Ic _= 5 A)   

Collector-to-Emitter Saturation Resistance 
(Ic = 3 A, IB = 0.3 A)   

Thermal Time Constant   
Thermal Resistance, Junction-to-Case   

VrE0 ( SUS) 

Vet (sat) 
VcE ( sat) 

VBE 

Itno 
ICE() 
ICEV 
ICES' 
IEBO 

hFE 

fh f e 

40 min 

3.5 max 
1.5 max 

3 max 

0.2 max 
3 max 
5 max 
2 max 

50 max 
0.1 max 

15 to 60 

12 to 72 
600 max 

0.015 min 

rcE ( sat) 0.5 max 
T (thermal) 30 
0.i-c 1.17 max 

V 

V 
V 

V 

mA 
mA 
mA 
mA 
mA 
mA 

pF 

MHz 

ms 
°c/w 

TYPICAL OPERATION IN PULSE-RESPONSE TEST CIRCUIT 
DC Collector Supply Voltage   Vue 24 V 
DC Base-Bias Voltage   —6 V 
On DC Collector Current   Ic 10 A 
Turn-On DC Base Current   IB1 2 A 
Base-Circuit Resistance   RB1, RB2 10 o 
Collector-Circuit Resistance   Rc 2 o 
Turn-On Time   ta + tr 4 'Ls 
Turn-Off Time   to + tt 7 gs 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2 N 2338 
COMMON-EMITTER CIRCUIT, BASE INPUT 
CASE TEMPERATURE a25 .0 

700  
600 I  

 ime500  
— 400 

3d0 

 200 

BASE MILLIAMPERES = 100 

el 

O 10 20 30 40 50 60 

COLLECTOR — TO—EMITTER VOLTS 

92CM-1155671 

Refer to Chart of Discontinued Transistors 2N2339 

COMPUTER TRANSISTOR 2N2369A 
Si n- p-n planar epitaxial type used for high-speed 
saturated switching in logic applications. JEDEC TO-
18, Outline No.12. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VcBo 40 V 
Collector- to-Emitter Voltage   VcE0 15 V 
Emitter-to-Base Voltage   VERO 4.5 V 
Collector Current   lc 0.2 A 
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MAXIMUM RATINGS (cont'd) 

Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating (Junction)   
Storage   

Lead-Soldering Temperature ( 60 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( L. 0.01 mA, 
Ii = 0)   

Collector- to-Emitter Breakdown Voltage 
(lc 0.01 mA, VEB .11: 0)   

Emitter-to-Base Breakdown Voltage (IE = 0.01 m A, 
Ic = 0)   

Collector- to-Emitter Sustaining Voltage 
(b. = 10 mA, Ii __ 0, tp — 300 jis, df = 2%)   

Collector- to-Emitter Saturation Voltage: 
Ic = 10 mA, III = 1 mA, TA = 25uC   
Ic = 10 mA, Ii 1 MA, TA — 125°C   
Ic = 30 mA, Ii 3 mA   
Ic = 100 mA, Ii = 10 mA, TA = 25`C   

Base-to-Emitter Saturation Voltage: 
Ic = 10 MA, Ii = 1 mA, TA = 25°C   
Ic = 10 mA, IB = 1 mA, TA — 125°C   
Ic = 10 mA, Ii = 1 mA, TA = 55°C   
Ic 30 mA, IB = 3 mA   
Ic = 100 mA, IB L— 10 mA, T.. = 25°C   

Collector- Cutoff Current (V('B 20 V, IE = 0, 
TA ------ 150°C)   

Collector-Cutoff Current ( VcE _ 20 V, VEB = 0)   
Pulsed Static Forward-Current Transfer Ratio: 
VCE = 1 V, L. _ 10 mA, TA = 25°C, tp _ 300 jis, 
df 1-1 

VrE ---- 0.35 V, L' _I 10 mA, tp — 300 ¡LS, 
df 2%   

VrE .-_-_- 0.4 V, It =_ 30 mA, t = 300 ps, 
df 2%   

0.35 V, Ic --1 10 mA, TA = —55°C, tp _ 300 
df = 2%   

VcE = 1 V, L• 100 m A, TA = 25°C, tp = 300 ¡Is, 
df = 2e;   

Small-Signal Forward-Current Transfer Ratio 
(VcE = 10 V, L• = 10 mA, f -- 100 MHz)   

Output Capacitance (Wit = 5 V, Ii.: = 0, f = 0.14 MHz) 
Storage Time ( V(.(. = 10 V, L.   10 mA, 

lin. _ 10 mA, Iiu= —10 m A)   
Turn-On Time ( Vcc = 3 V, L. 10 mA, 

IBi = 3 mA, VBE (off) = —3 V)   
Turn- Off Time (Vcc -= 3 V, L. 10 mA, 

lin 3 mA, 1.5 mA)   

2N2405 

PT 
PT 
PT 

TJ (opr) 
TSTG 
Ti. 

V( BIOCB0 

V(BR)('ES 

V tit It) EBO 

VcEo(SUS) 

VCE (sat) 
VCE ( sat) 
VCE (sat) 
VcE(sat) 

VBE (sat) 
VBE (sat) 
VBE (sat) 
VBE (sat) 
VBE (sat) 

Icito 
IcEs 

0.36 
1.2 

See curve page 300 

hFE ( pulsed) 

FIFE ( pulsed) 

hFE ( pulsed) 

hFE ( pulsed) 

FIFE ( pulsed) 

f e 

Cobo 

te 

td tr 

ts tr 

POWER TRANSISTOR 

Si n- p-n triple-diffused planar type used in small-signal 
and medium power applications in industrial and mili-
tary equipment. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector- to-Base Voltage: 
VBE — 1.5 V   
Emitter open   

Collector- to-Emitter Voltage: 
RBE < 500   
RBE 10   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA Up to 25°C   
Tc up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating ( T.!) and Storage ( TsTG)   

Lead-Soldering Temperature ( 10 s max) 

VCBV * 

VCBO 

VCER * 

VCER 

VrE0 

VEBO 

Ir 

PT 

PT 

PT 

Ti. 

65 to 200 
—65 to 200 

300 

40 min 

40 min 

4.5 min 

15 min 

0.2 max 
0.3 max 

0.25 max 
0.5 max 

0.7 to 0.85 
0.59 min 
1.02 max 
1.15 max 
1.6 max 

30 max 
0.4 max 

120 max 

40 min 

30 min 

20 min 

20 min 

5 min 
4 max 

13 max 

12 max 

18 max 

120 
120 

120 
140 
90 
7 
1 

°C 
°C 
°C 

V 

v 

v 

V 

V 
V 
V 
V 

V 
V 
V 
V 
V 

¡LA 

PF 

ns 

ns 

ns 

V 
V 

V 
V 
V 
V 
A 

1 
5 

See curve page 300 

65 to 200 °C 
255 °C 
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CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage (Ic — 0.1 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE = 0.01 mA, 
1( — 0)   

Collector-to-Emitter Sustaining Voltage: 
1(7 = 100 MA, Ii = 0, tp = 300 jis, df = 1.8%   
Ic =. 30 mA, lu = 0, tp = 300 Its, df = 1.8%   
Ic 100 mA, RBE tp .= = 10 0, t 300 gs, df = 1.8% 
Ic = 100 mA, RBE = 500 0, tp = 300 p.s, df — 1.8%   

Collector-to-Emitter Saturation Voltage: 
Ic = 150 mA, lu = 15 mA   
lc = 50 mA, IB = 5 mA   

Base-to-Emitter Saturation Voltage: 
Ic = 150 mA, IB = 15 mA   
L c = 50 mA, In = 5 mA   

Collector-Cutoff Current: 
VcB = 90 V, Ii = 0, Tc = 25°C   
VCB = 90 V, III: = 0, Te = 150°C   

Emitter-Cutoff Current (VEB = 5 V, Ic = 0)   
Small-Signal Forward-Current Transfer Ratio: 
VcE = 5 V, I(' = 5 mA, f = 1 kHz   
VcE = 10 V, L. = 50 mA, f = 20 MHz   

Pulsed Static Forward-Current Transfer Ratio: 
VCE = 10 V, lc = 500 mA, TA — 25°C, tp = 300 jis, 
df = 1.8%   

Vt = 10 V, k = 150 mA, TA = 23°C, tp = 300 /is, 
df = 1.8%   

500 

LU 

w 400 

300 

o 200 
O 

-1 100 
o 

O 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 2N2405 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT T§MPERA- 00 „   

TURE = 25 C te)‘oesp 

0  

• 

a 

0.5 0.7 0.9 1.1 1.3 L5 
BASE-TO-EMITTER VOLTS 

1.7 

92CS-11185T1 

 1 40 

120 

V(B R) C 11 0 

V(BR)EBQ 

VCEO ( SUS) 
VCEO ( SUS) 
VCER (Ms) 
VCER ( SUS) 

VCE (sat) 
VCE (sat) 

VBE (sat) 
VBE (sat) 

ICBO 
ICB0 
IEBO 

hfe 
hfe 

120 min 

7 rnin 

90 min 
90 min 
140 min 
120 min 

0.5 max 
0.2 max 

1.1 max 
0.9 max 

0.01 max 
10 max 

0.01 max 

50 to 275 
6 min 

hFE ( pulsed) 25 min 

hFE ( pulsed) 60 to 200 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

V 

V 
V 
V 
V 

V 
V 

V 
V 

/LA 
¡LA 
/IA 

TYPE 2N2405 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO- EMITTER VOLTS (VcE)=10 

fab 

e t% 

I 1 1 1 1 1 1 

o 2 468 10 100 1000 

Static Forward-Current Transfer Ratio: 
VCE = 10 V, 1(7 = 10 MA, TA = 25°C   
VCE = 10 V, It = 10 MA, TA = —55°C   

Input Capacitance ( VEB = 0.5 V, Ic = 0)   
Output Capacitance ( VcB = 10 V, IE = 0)   
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   
* This value does not apply to type 2N1893. 

COLLECTOR MILLIAMPERES ac) 
92CS-11648T 

hFE 

hFE 

C Ibo 

Cobo 

Os—c 

0J—A 

35 min 
20 min 
80 max 
15 max 
35 max 

175 max 

pF 
pF 

°C/W 
°C/W 

COMPUTER TRANSISTOR 2N2475 
Si n- p-n epitaxial planar type used in very-high-speed 
switching applications in logic circuits in military and 
commercial data-processing equipment. Similar to 
JEDEC TO-18, Outline No.12, except has minimum 
case height of 0.100 inch. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   

Transistor Dissipation: 
TA up to 25°C   
Tc up to 100°C   
TA above 25°C or Tc above 100°C   

VCBO 
VCEO 
VEBO 

PT 
PT 
PT 

15 
6 
4 V 

Limited by power 
dissipation 

0.3 
0.5 

See curve page 300 
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MAXIMUM RATINGS (cont'd) 
Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ir -- 10 itA, 
IE 0)   

Emitter-to-Base Breakdown Voltage (IE — 10 p.A, 
= 0)   

Collector-to-Emitter Sustaining Voltage (Ir — 10 mA, 
IB -= 0, tp 300 ns, df 5_ 2%)   

Collector-to-Emitter Saturation Voltage 
(Ic = 20 mA, IB = 0.66 mA)   

Base-to-Emitter Saturation Voltage 
(Ir = 20 mA, IB = 0.66 mA)   

Collector-Cutoff Current: 
VCB = 5 V, IE = 0, TA = 25°C   
VcB = 5 V, IE = 0, TA = 150°C   

Static Forward-Current Transfer Ratio: 
VeE = 0.5 V, Ic = 50 mA, TA =_ 25°C   
VrE = 0.4 V, Ic = 20 mA, TA = —55°C   
VeE = 0.4 V, Ic = 20 mA, TA = 25°C   
VeE = 0.3 V, Ic = 1 mA, TA = 25°C   

Small-Signal Forward-Current Transfer Ratio 
(V(E = 2 V, Ir = 20 mA, f = 100 MHz)   

Input Capacitance (VER =_-._- 0.5 V, Ic = 0, 
f = 0.14 MHz)   

Output Capacitance ( Vcit 5 V, Ii 0, 
f = 0.14 MHz)   

Storage Time ( Ir = 
Ver = 3 V)   

Turn-On Time (Ir 
182 = —1 MA, Ver = 1.8 V)   td tr 

Turn-Off Time ( Ir = 20 mA, IB1 = 1 mA, 
182 = 1 MA, VC(' = 1.8 V)   ts tr 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

5 mA, IP)1 = 5 mA, 182 = 5 mA, 

TJ (opr) 
TSTG 
TL 

20 mA, I81 — 1 mA, 

cr 

< 60 
F-

50 
Lutà-CC= 
cr'd 40 

cox 
cr 

cre 20 
o 
u 10 
o 

30 

O 

V(BR)CB0 

V(Bit)EBO 

VCEO ( SUS) 

VCE (sat) 

VBE (sat) 

ICB0 
ICB0 

FIFE 
hFE 
hFE 
hFE 

hre 

C I bo 

Cobo 

tg 

TYPE 2N2475 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS ( VcE)e- I 
FREE-AIR TEMPERATURE (TFA ) =25°C 

2 4 6 810 2 4 6 8 100 

COLLECTOR MILLIAMPERES ( Ic) 
92CS-1173IT 

2N2476 COMPUTER TRANSISTOR 
Si n-p-n double-diffused epitaxial planar type used in 
core-driving and line-driving applications where high 
switching speeds at high current are primary design 
requirements. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   

Transistor Dissipation: 
TA up to 25°C   
Te up to 25°C   
TA or Tr above 25°C   

VCBO 

VCEO 

VEBO 

ICI 

PT 

PT 

PT 

—65 to 200 
65 to 200 

300 

°C 
°C 
°C 

15 min V 

4 min V 

6 min V 

0.4 max V 

0.8 to 1 V 

0.05 max p.A 
5 max itA 

20 min 
15 min 

30 to 150 
20 min 

6 min 

3 max pF 

2.5 max pF 

6 max ns 

20 max ns 

15 max ns 

60 V 
20 V 
5 V 

Limited by power 
dissipation 

0.6 
2 

See curve page 300 
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MAXIMUM RATINGS (cont'd) 
Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

TJ (opr) 
TSTG 
TL 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ( lc =_-- 10 itA, 
IE = 0)   V(BiocBo 

Collector-to-Emitter Breakdown Voltage 
(lc = 50 mA, IB .-= 0, tp 15: 400 eus, df = 3%)   Vol It) CEO 

Emitter-to-Base Breakdown Voltage ( Iii =_- 0.1 mA, 
Ic --__-_ 0)   V(BB)EBo 

Collector-to-Emitter Saturation Voltage 
Ic _-7-_ 150 mA, IB = 7.5 mA   VCE (sat) 0.4 max 
Ic = 500 MA, IB ----- 50 mA   VCE (sat) 0.75 max 

Base-to-Emitter Voltage ( Ic = 150 MA, In = 7.5 mA) VBE 1 max 
Collector-Cutoff Current: 
V C B = 30 V, I E :----- 0, TA = 25°C   ICB0 0.2 max 
VcB = 30 V, 1i:= 0, TA = 150°C   ICB0 200 

1E80 ma: Emitter-Cutoff Current (VER = 5 V, lc — 0)   100 rria ‘-
Static Forward-Current Transfer Ratio 

(*W E -_:= 0.4 V, Ic = 150 mA)   hFE 
Small-Signal Forward-Current Transfer Ratio 

(VrE = 10 V, Ic = 50 mA, f = 100 MHz)   hre 
Output Capacitance ( V('11 --:--- 10 «V, It; t_'-- 0, 
f = 0.14 MHz)   C01)0 

Storage Time ( Vcc = 6.4 V, Rc -_-_-= 40 0, 
IBi = 15 mA, 1112 = —15 mA, Ic = 150 mA)   ts 

Turn-On lime (Vcc = 6.4 V, IBi :_-_-_ 15 mA, 
1112 = —15 mA, Ic = 150 mA)   td + tr 

Turn-Off Time (Vcc = 6.4 V, Ini = 15 mA, 
IB2 :=2 —15 mA, Ic — 150 mA)   ts + tr 

—65 to 200 
—65 to 200 

200 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 2N2476 
COMMON - EMITTER CIRCUIT BASE INPUT. 
FREE -AIR TEMPERATURE ( TFA) 1 25 ° C 1 

-EMITTER VOLT 
• 

f 

2 4 6 8 100 2 4 6 8 1000 
COLLECTOR MILLIAMPERES (lc) 

92CS-11761T 

TYPICAL DELAY-TIME AND RISE-TIME 
CHARACTERISTICS 

1 TYPE 2N2476 
g COMMON- EMITTER CIRCUIT, BASE INPUT. 

COLLECTOR MILLIAMPERES (Ic)=150 

I ;:-•:  LOAD RESISTANCE ( Rijn 40 OHMS ta 
FREE-AIR TEMPERATURE (TFA)*25°C 

6 8 10 12 14 16 18 
TURN-ON BASE MILLIAMPERES % I) 

92CS-117621 

U) 

030 
o 

o 

¶20 

10 

5 10 15 20 O 

60 min 

20 min 

5 min 

20 mi:1 

2.5 min 

10 max 

25 max 

25 max 

45 max 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 2N2476 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
FREE -AIR TEMPERATURE (TFA)a 25°C 
BASE MILLIAMPERES:11B 

°C 
OC 
°C 

V 

V 

V 

V 
V 
V 

pA 
/LA 

µA 

ns 

ns 

ns 

100 200 300 400 500 600 700 800 900 

COLLECTOR MILLIAMPERES ( lc) 
92CS - 11767T 

TYPICAL STORAGE-TIME CHARACTERISTICS 
TYPE 2N2476 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR MILLIAMPERES (IC)=150 
FREE-AIR TEMPERATURE ( TFA)=- 25° C 

TURN-OFF BASE MILLIAMPERES ( IB2) 
92CS-11769T 



290 RCA Transistor, Thyristor, & Diode Manual 

2N2477 COMPUTER TRANSISTOR 

Si n-p-n double-diffused epitaxial planar type used in 
core-driving and line-driving applications where high 
switching speeds at high current are primary design 
requirements. JEDEC TO-5, Outline No.5. This type is 
identical with type 2N2476 except for its switching 
characteristics and the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage: 

= 150 mA, In = 3.75 mA   VCE (sat) 0.4 max V 
Ir = 500 MA, In = 50 mA   VCE (sat) 0.65 max V 

Base-to-Emitter Voltage ( Ir = 150 mA, In = 3.75 m A) VBE 0.95 max V 
Static Forward-Current Transfer Ratio 

(VrE = 0.4 V, Ir = 150 mA)   hFE 40 min 

TYPICAL DC FORWARD-CURRENT 
TRANSFER- RATIO CHARACTERISTICS 

TYPE 2N2477 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (TFA)B25• 

#1°R-To. co‘›e e. 

o 

2 4 6 8 100 2 4 
COLLECTOR MILLIAMPERES (Ie 

92CS-117561 

6 8160b 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N2477 
COMMON-EMITTER CIRCUIT BASE INPUT. 
FREE-AIR TEMPERATURE ( TFA) z 25 eC 
BASE MILLIAMPERES = IB 

200 400 600 800 
COLLECTOR MILLIAMPERES ( lc) 

92CS-I1759T 

2N2482 Refer to Chart of Discontinued Transistors 

2N2613 TRANSISTOR 

Ge p-n-p alloy-junction type used in small-signal and 
low-power audio frequency applications. It is a low-
noise type for use in input and low-level stages. JEDEC 
TO- 1, Outline No.l. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   \Tun° 
Collector-to-Emitter Voltage (RBE = 10 km   vCEIt 
Emitter-to-Base Voltage   VEB0 
Collector Current   Ir 
Emitter Current   IE 
Transistor Dissipation: 
TA up to 55°C   PT 120 mW 
TA above 55°C   PT See curve page 300 

Temperature Range:* 
Operating ( Junction)   TJ (opr) 100 cC 
Storage   TSTG —65 to 100 °C 

Lead-Soldering Temperature ( 10 s max)   
* This type should not be connected into or disconnected from circuits with the power on 
because high transient current may cause permanent damage to the transistor. 

CHARACTERISTICS 
Collector- to-Base Breakdown Voltage 

(VBE = 2 V, L = —0.05 mA)   V(BIOCBV —30 min V 
Collector- to-Emitter Breakdown Voltage 
(RBE = 10000 0, = —1 MA)   V(BIOCER —25 min V 

Emitter-to-Base Breakdown Voltage 
(IE = —0.05 mA, Ir = 0)   V(B1t)EBO —25 min V 

30 
—25 
25 
50 
50 

V 
mA 
mA 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current (VcB = —20 V, IE — 0) 
Emitter-Cutoff Current (VEB = —20 V, Ic = 0) 
Intrinsic Base-Spreading Resistance 
(Ws —4 V, Ic = —0.5 mA, f 20 MHz)   

Collector-to-Base Feedback Canacitance 
(W E = —4.5 V, Ic = —0.5 mA)   eb'c 

hfe 

ICB0 
IEBO 

rhh e 

Small-Signal Forward-Current Transfer Ratio 
(W E = —4 V, Ic = —0.5 mA, f = 1 kHz)   

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcE = —6 V, Ic = —1 mA)   

RMS Noise Input Current (Equivalent) 
(VIE = —4.5 V, Ic — —0.5 mA, RBE = 50000 0, 
f = 20 to 20000 Hz)   

Noise Figure ( Circuit bandwidth — 1.1 kHz, 
VcE = —4.5 V, Ic 0.5 mA, RG = 1000 0, 
f 1 kHz)   

TRANSISTOR 

fhfb 

NF 

291 

—5 max gA 
—7.5 max iLA 

300 

10 pF 

120 to 300 

4 min MHz 

0.001 max /LA 

4 max dB 

2N2614 
Ge p-n-p alloy-junction type used in small-signal and 
low-power audio frequency applications. JEDEC TO-1, 
Outline No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO —40 V 
Collector-to-Emitter Voltage (RBE _=. 10 la))   VCER 35 V 
Emitter-to-Base Voltage   VEBO 25 v 
Collector Current   Ic 50 mA 
Emitter Current   IE 50 mA 
Transistor Dissipation: 
TA up to 55°C   PT 120 mW 
Tc up to 55°C   PT 300 mW 
TA or Tc above 55°C   PT See curve page 300 

Temperature Range: 
Operating (Junction)   TJ (opr) —65 to 100 °C 
Storage   TSTG —65 to 100 °C 

Lead-Soldering Temperature ( 10 s max)   TL 255 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ic = —0.05 mA, VBE = 2 V)   V(BmcBv 40 min V 
Cóliector-to-Ernitter Meaktloviii Voltage 

(Ic = —1 mA, RBE = 10 k0)   V(BR)CER 35 min V 
Emitter-to-Base Breakdown Voltage 

(IE = --0.05 mA, Ic -=-. 0)   V(BR)EBO 25 min v 
Collector-Cutoff Current (VcB = —20 V, IE = 0) •••• ICBO 5 max µA 
Emitter-Cutoff Current (VEB = —20 V, Ic z-__-- 0)   IEBO —7.5 max gA 
Small-Signal Forward-Current Transfer Ratio 
(WE =. —6 V, Ic = —1 mA, f = 1 kHz)   hfe 100 to 250 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcE = —6 V, Ic = —1 mA)   fhfe 4 min MHz 

Collector-to-Base Feedback Capacitance 
(VcE = —6 V, Ic = —1 mA)   ch'e 12 max PF 

Intrinsic Base-Spreading Resistance 
(VIE = —6 V, Ic = —1 mA, f = 20 MHz)   rbb' 300 r) 

POWER TRANSISTOR 2N2631 
Si n-p-n triple-diffused planar type used in large-signal 
vhf applications such as AM, FM, and cw service at 
frequencies up to 150 MHz in industrial and military 
equipment. JEDEC TO-39, Outline No.15. This type is 
identical with type 2N2876 except for the following 
items: 

MAXIMUM RATINGS 
Collector Current   Ic 
Transistor Dissipation: 
Ti up to 25°C   PT 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Saturation Voltage 

(Ic = 1.5 A, IB = 0.3 A)   VCE ( sat) 

1.5 A 

8.75 
230 °C 

1 max V 
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CHARACTERISTICS (cont'd) 
RF Power Output, Unneutralized 

(VcE = 28 V, Ir = 0.375 A, PIE — 1 W, 
f 50 MHz)   

0.6 

cr 0.5 
a. 

et 0.4 

F- 0.3 

-J 
0.2 o 

0.1 

SAFE OPERATING REGION 

TYPE 2N263I 
BIAS POINT MUST BE IN REGION "A" TO AVOID 
SECOND BREAKDOWN DURING CLASS A 
OPERATION. 

10 20 30 40 50 60 
COLLECTOR-TO-EMITTER VOLTS 

92CS - 12039T 

2N2708 

POE 7.5 min 

TYPICAL OPERATION CHARACTERISTICS 
TYPE 2N263I 
COMMON - EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO- EMITTER VOLTS ( VcE)340 
CASE TEMPERATURE ( Tc)z 25°C 

50 60 70 80 90100 30 40 

TRANSISTOR 

FREQUENCY— MHz 

Si n-p-n double-diffused epitaxial planar type used in 
rf amplifiers, mixers, and oscillator circuits for vhf and 
uhf applications ( 200 to 500 MHz). JEDEC TO-72, 
Outline No.28. 
MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector- to-Emitter Voltage   
Emitter- to-Base Voltage   
Collector Current   

Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature (10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(L• = 1 4A, Ii: 0)   
Collector- to-Emitter Breakdown Voltage 

(Ic = 3 mA, = 0, tp == 300 p.s, df 1%)   
Emitter-to-Base Breakdown Voltage ( IE = 10 pA, 
I( = 0)   

Collector-Cutoff Current: 
VcB = 15 V, IE 0, TA 25°C   
VCB = 15 V, In = 0, TA = 150°C   

Static Forward-Current Transfer Ratio ( VcE = 2 V, 
Ic = 2 mA)   

Small-Signal Forward-Current Transfer Ratio: 
VE = 15 V, Ic -_-. 2 mA, f = 1 kHz   
VCE I---: 15 V, Ic 2 mA, f = 100 MHz   

Input Capacitance ( VER = 0.5 V, L. — 0, 
f = 0.14 MHz)   

Output Capacitance ( VcB = 15 V, IE :71 0, 
f = 0.14 MHz)   

Collector- to-Base Time Constant (Wit = 1.5 V, 
Ic 2 mA, f 31.9 MHz)   

Small- Signal Common-Emitter Power Gain: 
(In neutralized amplifier) 
VcF, = 15 V, Ir = 2 mA, f = 200 MHz   
In unneutralized amplifier) 

E = 15 V, L. 2 m A , f = 200 MHz   
Small- Signal Transconductance (VcE = 15 V, 

- 2 mA, f = 200 MHz)   

VCBO 
VCE0 
VEBO 
I(' 

PT 
PT 
PT 

TJ (opr) 
TSTG 

150 200 

92CSI2047T1 

35 V 
20 V 
3 V 

Limited by power 
dissipation 

0.2 
0.3 

See curve page 300 

—65 to 200 
—65 to 200 

265 

V(BR)CB0 

V(BR)C'EO ( sus) 

V(BR)EBO 

ICB0 
ICB0 

hFE 

h te 

h re 

Cibo 

Cob° 

rb'Cv 

Gpe 

Gpe 

gill e 

35 min 

20 min 

3 min 

0.01 max 
1 max 

30 to 200 

30 to 180 
7 to 12 

1.4 

1.5 max 

9 to 33 

15 to 22 

12 

25 mmhos 

V 

V 

V 

p.A 

pF 

pF 

ps 

dB 

dB 



Technical Data 293 

CHARACTERISTICS (cont'd) 
Noise Figure: 

VcE =_ 15 V, Ic 2 mA, Rs = 50 a 
f =_ 200 MHz   

VcE = 6 V, k = 1 mA, Rs =. 400 0, 
f = 60 MHz   

TYPICAL SMALL- SIGNAL FORWARD- CURRENT 
TRANSFER- RATIO CHARACTERISTIC 

16 

2 

8 

6 

TYPE 
COMMON 

SHORT-CIRCUITED 
FREQUENCY= 
- COLLECTOR 

(VCE)= 
FREE 

2N 2 i08 
-EMITTER 

4 
-AIR TEMPERATURE 

I00 
-TO- 

CIRCUIT, 
OUTPUT. 

MHz 
EMITTER 

BASE 

VOLTS 

(TFA) 

INPUT; 

= 25° 

r 

_ 

C 
, .-

. , 

I i 

• , , 

, i 

, 

O 5 10 15 20 25 30 
COLLECTOR MILLIAMPERES (IC) 

92CS-11940T 

O 

NF 7.5 max dB 

NF 3.5 dB 

TYPICAL SMALL- SIGNAL FORWARD 
TRANSFER CONDUCTANCE AND 
SUSCEPTANCE CHARACTERISTICS 
1 T T I JIM r I y rr iv - 

TYPE 2N2708 
-COMMON-EMITTER CIRCUIT, BASE INPUT; 

SHORT-CIRCUITED OUTPUT. 
-COLLECTOR-TO-EMITTER VOLTS ( VcE) = 15 
-COLLECTOR MILLIAMPERES (lc )= 2 
FREE-AIR TEMPERATURE ( TFA)= 25* C 

--4 

, 

.à... 

9 

. - . , , b fl I 

_ . 

• • I 

r jaa/O - - 

r 

i 

/ 

r..... 

,I 

, 

7 1 

I e I 

• 1 • 

./ 

- ° 

De 

'e 
2 10 2 4 6 8100 

FREQUENCY MHz 

UHF TRANSISTOR 

4 6 81000 

92CS-I1938T 

2N2857 
Si n- p-n double-diffused epitaxial planar type used in 
low-noise amplifier, oscillator, and converter applica-
tions at frequencies up to 500 MHz in a common-
emitter circuit, and up to 1200 MHz in a common-base 
circuit. JEDEC TO-72, Outline No.28. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 30 V 
Collector-to-Emitter Voltage   VCEO 15 V 
Emitter-to-Base Voltage   VEBO 2.5 V 
Collector Current   Ic 40 mA 
Transistor Dissipation: 
TA up to 25°C   PT 200 mW 
Tc up to 25°C   PT 300 mW 
TA or Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating (Junction)   TJ ( opr) 65 to 200 °C 
Storage   TSTG 65 to 200 °C 

Lead-Soldering Temperature ( 10 s max)   TL 265 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic = 0.001 mA, 

IE 7-= 0)   30 min V 
Collector-to-Emitter Breakdown Voltage ( Ic 
IB = 0)   

3 mA, 
V(BR)CB0 

VomocEo 15 min V 
Emitter-to-Base Breakdown Voltage ( JE =- 0.01 mA, 
Ic = 0)   V(BR)Erto 2.5 min v 

Collector-Cutoff Current ( VcB ____ 15 V, IE = 0)   ICBO 0.01 max /IA 
Static Forward-Current Transfer Ratio ( VcE = 1 V, 
Ic = 3 mA)   hFE 30 to 150 

Small-Signal Forward-Current Transfer Ratio :t 
VCB = 6 V, Ic = 5 mA, f =_ 100 MHz   h f e 10 to 19 
VCE = 6 V, lc = 2 mA, f = 1 kHz   h f e 50 to 220 

Collector-to-Base Feedback Capacitances 
(VcB = 10 V, IE = 0, f = 0.1 to 1 MHz)   Ceb 1 max pF 

Input Capacitance* ( VER = 0.5 V, lc = 0, 
f = 0.1 to 1 MHz)   Clbo 1.4 pF 
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CHARACTERISTICS (cont'd) 
Output Capacitance: 
VCB = 10 V, IE = 0, f = 0.14 MHz   Cobo 
VCB = 10 V, IE = 0, f = 0.14 MHz   Cobo 

Collector-to-Base Time Constantt 
(VcB = 6 V, Ic = 2, f = 31.9 MHz)   rb'Cr 

Small-Signal Power Gain, Neutralized Arnplifiert 
(VUE = 6 V, Ic = 1.5 mA, f = 450 MHz)   Gpe 

Power Output, Oscillator Circuit* 
(VcB = 10 V, IE = —12 mA, f = 500 MHz)   Poe 

Noise Figure : t 
VUE — 6 V, Ic = 1.5 mA, Ro = 50 0, f =_ 450 MHz 
VUE 6 V, Ic = 1 mA, RG = 400 a f = 60 MHz   

* Fourth lead ( case) not connected tFourth lead 
• Three-terminal measurement: Lead No. 1 ( emitter) 
to guard terminal. 

TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

16 

10 

6 

4 

TYPE 2N2é57 
COMMON - EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 
-FREQUENCY (f) : 100 MHz 
COLLECTOR -TO - EMITTER VOLTS (VcE)* 6 
FREE - AIR TEMPERATURE ( TFA) = 25°C 

5 10 15 20 25 30 35 
COLLECTOR MILLIAMPERES ( IC) 

92CS- 12153T 

2N2869 / 
2N301 

75 

5 

NF 
NF 

(case) grounded 
and lead No. 4 ( case) connected 

1.3t max 
1.8* max 

4 to 15 

12.5 to 19 

30 min 

pF 
pF 

Ps 

dB 

mW 

4.5 max 
2.2 

TYPICAL SMALL-SIGNAL FORWARD 
TRANSFER CONDUCTANCE AND 
SUSCEPTANCE CHARACTERISTICS 

dB 
dB 

TYPE 2N2857 
COMMON - EMITTER CIRCUIT, BASE INPUT ; 

OUTPUT SHORT-CIRCUITED. 
'COLLECTOR -TO- EMITTER VOLTS ( VcE) =6 
COLLECTOR MILLIAMPERES ( Ic)=1.5 
FREE - AIR TEMPERATURE (TFA)= 25°C 

- bfe 

-250 100 200 

POWER TRANSISTOR 

300 400 500 600 
FREQUENCY - MHz 

Ge p-n-p alloy-junction type used in class A and class B 
af output-amplifier stages of automobile radio receivers 
and mobile communications equipment. JEDEC TO-3, 
Outline No.2. 

MAXIMUM RATINGS 
Collector-to-Base Voltage    VCBO 
Collector-to-Emitter Voltage   VCE0 
Emitter-to-Base Voltage    VEBO 
Collector Current   Ic 
Emitter Current   IE 
Base Current   IB 
Transistor Dissipation: 
TM F up to 55°C   PT 
TNIF above 55'C   PT 

Temperature Range: 
Operating ( Junction)   Ti (opr) 
Storage   TSTG 

Pin-Soldering Temperature ( 10 s max)   Ti' 

CHARACTERISTICS (At mounting-flange 

700 800 900 

92CS- 12t2 

—60 
—50 
—10 

10 
10 
—3 

30 
See curve page 

V 
V 
A 
A 
A 

300 

65 to 100 °C 
—65 to 100 °C 

255 °C 

temperature = 25°C) 

Collector- to-Base Breakdown Voltage ( 0.005 A, 
IE 0)   

Collector- to-Emitter Breakdown Voltage ( Ic -- 0.6 A, 
In = 0)   

Emitter-to-Base Breakdown Voltage ( h ___. —2 mA, 
Ic = 0)   

V(BR)CB0 

V(B R) CEO 

V(BR)EBO 

—60 min V 

—50 min V 

—10 min V 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Saturation Voltage Ur 
In —0.5 A) 

—5 A, 

Base-to-Emitter Voltage (VUE — 
Collector-Cutoff Current: 
V( =. - 30 V, Ir; = 0 
Vrit = —0.5 V, 1E = 

Static Forward-Current Transfer Ratio 
(Vi..: = —2 V, L• = —1 A)   

Gain-Bandwidth Product (V F —2 V, lc = —1 A)   

—2 V, 14' = —1 A) .... 
VCE (sat) —0.75 max 
VBE —0.5 max 

Icno —0.5 max 
lc- Bo ( sat) 0.1 max 

hFE 
fT 

50 to 165 
200 min 

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
DC Collector-Supply Voltage   Vcc 
DC Collector-to-Emitter Voltage   VUE 
DC Base-to-Emitter Voltage   VBE 
Zero-Signal Collector Current   Ic 
Load Impedance   RL 
Signal Frequency   
Signal-Source Impedance   Rs 
Power Gain   
Total Harmonic Distortion ( at a power output of 5 W) 
Zero-Signal Collector Dissipation   
Maximum-Signal Power Output   POE 
Circuit Efficiency ( at a power output of 5 W)   

TYPICAL OPERATION IN "SINGLE-ENDED PUSH-PULL" 
AF-AMPLIFIER CIRCUIT 

DC Collector Supply Voltage   Vcc 
Zero-Signal DC Collector Current ( per transistor)   L• 
Zero-Signal Base-Bias Voltage   
Peak Collector Current ( per transistor)   ic ( peak) 
Maximum-Signal DC Collector Current ( per transistor) Ic ( max) 
Signal Frequency   
Input Impedance of Stage ( per base)   Rs 
Load Impedance per collector)   RL 
Power Gain   
Circuit Efficiency ( at a power output of 12 W)   
Maximum-Signal Power Output   POE 
Total Harmonic Distortion ( at maximum-signal 
power output of 12 W)   

Maximum Collector Dissipation ( per transistor 
at a power output of 12 W)   

POWER TRANSISTOR 

CLASS 13 

—14.4 
12.2 

—0.35 
0.9 
15 

400 
10 
38 
5 

11 
5 

45 

—14.4 
—0.05 
0.13 
—2 

—0.64 
400 
10 
6 

30 
67 
12 

5 

3 

V 
V 

mA 
mA 

kHz 

2N2870/ 
2N301 A 

e
A

ci'di
i:

Dt
•D

>c
< 

%t
Do
e›
›;
.‹
›.
‹ 

Ge p-n-p alloy-junction type used in class A and class 
B af output-amplifier stages of automobile radio re-
ceivers and mobile communications equipment. JEDEC 
TO-3, Outsine No.2. This type is identical with type 
2N2869/2N301 except for the following items: 

MAXIMUM RATINGS 
Collector- to-Base Voltage   VCBO 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 
(Ic = —0.005 A, = 0)   V(BR)CB0 80 min V 

Collector-to-Emitter Saturation Voltage 
(Ic = —5 A, IB -1:: —0.5 A)   VCE (sat) —0.5 max V 

Refer to Chart of Discontinued Transistors 

POWER TRANSISTOR 

—80 V 

2N2873 

2N2876 
Si n-p-n triple-diffused planer type used in large-signal 
vhf applications such as AM, FM, and cw service at 
frequencies up to 150 MHz in industrial and military 
equipment. JEDEC TO-60, Outline No.23. See Mounting 
Hardware for desired mounting arrangement. 
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MAXIMUM RATINGS 

Collector-to-Base Voltage 
Collector- to-Emitter Voltage: 
VBE = —1.5 V   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 

Collector- to-Base Breakdown Voltage (lc = 0.5 
JE -= 0)   

Collector-to-Emitter Breakdown Voltage: 
= 0.5 A, Ii = 0, tp 5 /is, df < 1%   

VBE = —1.5 V, L• = 0.1 mA   
Emitter-to-Base Breakdown Voltage (JE = 0.1 mA, 
lc = 

— 25°C) 

mA, 

Collector-to-Emitter Saturation Voltage 
(lc = 2.5 A, In _= 0.5 A)   

Collector-Cutoff Current ( VcB 30 V, IE = 0)   
Intrinsic Base-Spreading Resistance (VcE = 28 V, 
L• = 0.25 A, f = 400 MHz)   

RF Power Output, Unneutralized: 
VcE = 28 V, L. = 0.5 A, PIE = 2 W, f = 50 MHz   
VrE = 28 V, It = 0.275 A, PIE = 1 W , f — 150 MHz 

Gain-Bandwidth Product (V E = 28 V, lc = 250 mA) 
Collector-to-Case Capacitance   
Output Capacitance ( VcB — 30 V, IE = 0, 
f = 0.14 MHz)   

* This value applies only to type 2N2876. 

SAFE OPERATING REGION 

TYPE 2N2876 
BIAS POINT MUST BE IN REGION "A" TO AVOID 
SECOND BREAKDOWN DURING CLASS A 
OPERATION. 

10 20 30 40 50 60 
COLLECTOR-TO-EMITTER VOLTS 

92C5-12038T 

2N2895 

R
F
 
P
O
W
E
R
 
O
U
T
P
U
T
 
(
P
o
)
 
—
W
A
T
T
S
 

VCBO 

VCEV 
VUE0 
VEI10 

PT 
PT 

Ti (opr) 
TsTu 
TL 

V(BR)CB0 

80 

80 
60 
4 

2.5 

V 

V 
A 

17.5 
See curve page 300 

V(BR)CE0 ( SUS) 
V(BR)CEV 

V(BR)EBO 

VCE (sat) 
ICB0 

rbb' 

POE 
POE 
fT 
Ce 

Cobo 

65 to 200 
65 to 200 

230 

80 min 

60 min 
80 min 

4 min 

1 max 
0.1 max 

6 

10 min 
3 min 

200 
6 max 

20 max* 

oc 
°c 
°c 

V 

V 
V 

V 

V 
,uA 

MHz 
pF 

pF 

TYPICAL OPERATION CHARACTERISTICS 

TYPEY 2N2876 
rl 

-COMMON-EMITTER CIRCUIT BASE INPUT. 
COLLECTOR -TO-EMITTER VOLTS 

16 _  

CASE TEMPERATURE ( Tc) = 25° 
14 

12 

10 

8  

6 

4   

2 

O.  
30 40 50 60 70 eo 90100 

TRANSISTOR 

FREQUENCY—MHz 

Si n- p-n triple-diffused planar type used in a wide va-
riety of small-signal and low-to-medium-power appli-
cations in military and industrial equipment. JEDEC 
TO-18, Outline No.12. For transfer-characteristics 
curves, refer to type 2N2102. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   VCBO 
Collector- to-Emitter Voltage: 
RBE 10 û   VCER 
Base open   VCEO 

150 20C 

92CS- 12060T 

120 

80 
65 

V 
V 
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MAXIMUM RATINGS (coned) 

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA tip to 25°C   
Tc up to 25uC   
TA or Te above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25cC) 
Collector-to-Base Breakdown Voltage ( Ic 0.1 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage ( Ii: = 0.1 mA, 
Je = 0)   

Collector-to-Emitter Sustaining Voltage: 
Ir • 100 MA, IB = 0, tp = 300 As, df = 1.8%   
Ir • 100 mA, In = 0, RBI: — 10 0, tp = 300 gs, 
df = 1.8 (7c   

Collector- to-Emitter Saturation Voltage 
(Je = 150 mA, IB = 15 mA, tp — 300 ils, df — 1.8%) 

Base-to-Emitter Saturation Voltage 
= 150 mA, lit = 15 mA, tp = 300 /is, df = 1.8%) 

Collector-Cutoff Current: 
Veit =. 60 V, IE = 0, Te -= 25°C   
Ven = 60 V, IE =_ 0, Te = 150°C   

Emitter- Cutoff Current (VER = 5 V, Ic _ 0)   
Pulsed Static Forward-Current Transfer Ratio: 

10 V, IC = 150 n-1A, tp = 300 ,us, df — 1.8% 
VcE, = 10 V, lc = 500 mA, tp = 300 /Is, df 1.8% 

Static Forward-Current Transfer Ratio: 
VcE 10 V, Ic =_- 0.01 mA   
VUE = 10 V, lc _-_---- 10 mA   
VCE =- 10 V, IC = 10 mA, Te = 55°C   

Small-Signal Forward-Current Transfer Ratio: 
Vce, =- 5 V, Ic = 5 mA, f = 1 kHz   
VUE = 10 V, lc = 50 mA, f 20 MHz   

Input Capacitance (VER = 0.5 V, lc =. 0, f = 0.14 MHz) 
Output Capacitance ( Ven — 10 V, Ii = 0, 
f = 0.14 MHz)   

Noise Figure (V(E = 10 V, Ir === 0.3 mA, f 1 kHz, 
RG = 510 C), circuit bandwidth .= 1 Hz)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

demob  

TRANSISTOR 

VEBO 
Ic 

Pr 
Pr 
PT 

Ti ( opr) 
TsTG 

TL 

V(BR)CB0 

V(BR)EBO 

W E() ( SUS) 

VuEit ( SUS) 

VCE (sat) 

VRE (sat) 

hieE ( pulsed) 
hie}, ( pulsed) 

hFE 
hieE 
hFE 

life 
hre 
Clbo 

Cobo 

NF 
0.1-C 
0J-A 

V 
1 A 

0.5 
1.8 

See curve page 300 

—65 to 200 °C 
—65 to 200 °C 

255 °C 

120 min 

7 min 

65 min 

80 min 

0.6 max 

1.2 max 

0.002 max 
2 max 

0.002 max 

40 to 120 
25 min 

20 min 
35 min 
20 min 

50 to 200 
6 min 

80 max 

15 max 

8 max 
97 max 

350 max 

V 

V 

V 

V 

V 

V 

iiA 
/LA 
'LA 

pF 

pF 

dB 
°C/W 
°C/W 

2N2896 
Si n-p-n triple-diffused planar type used in a wide va-
riety of small-signal and low-to-medium-power appli-
cations in military and industrial equipment. JEDEC 
TO-18, Outline No. 12. For transfer-characteristics 
curves, refer to type 2N2102. 

MAXIMUM RATINGS 
Collector- to-Base Voltage   VCR° 

Collector- to-Emitter Voltage: 
RnE 10 c)   VCER 
Base open   VcE0 

VEBO 

Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   PT 

Tic up to 25°C   • PT 

TA or T4. above 25°C   PT 

Temperature Range: 
Operating (Junction)   TJ (opr) 
Storage    TSTG 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS (At case temperature 25cC) 

Collector- to-Base Breakdown Voltage (Ir 0.1 mA, 

Emitter-to-Base Voltage 

IE 0) 

140 

140 
90 
7 
1 

V 

V 
V 
V 
A 

0.5 
1.8 

See curve page 300 

—65 to 200 
65 to 200 

255 

V(BR)CB0 140 min 

0 C 

°C 
°C 

V 
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MAXIMUM RATINGS (cont'd) 

Emitter-to-Base Breakdown Voltage (IF: — 0.1 mA, 
Ic 0)   

Collector- to-Emitter Sustaining Voltage: 
L. 100 mA, Ii 0, tp = 300 µS, df 1.8%   

= 100 mA, = 0, Ria:=-_-_- 10 0, tp = 300 jis, 
df 1.8%   

Collector-to-Emitter Saturation Voltage ( Ic = 150 mA, 
IB _ 15 mA, tp 300 ps, df = 1.8%   

Base-to-Emitter Saturation Voltage (Ic = 150 mA, 
IB 15 mA, tp =. 300 'us, df = 1.8%   

Collector-Cutoff Current: 
Vcie = 90 V, IE = 0, Tc = 25°C   
Vit = 90 V, IE --=" 0, TIC 150°C   

Emitter-Cutoff Current (VEB = 5 V, Ic = 0)   
Pulsed Static Forward-Current Transfer Ratio 
(W E = 10 V, L. = 150 mA, tp = 300 us, df 1.8'; ) 

Static Forward-Current Transfer Ratio: 
VcE 10 V, L. = 1 mA   
VrE = 10 V, L. -_-_-=. 10 mA, 55°C   

Small-Signal Forward-Current Transfer Ratio 
(V(..: = 10 V, Ic = 50 mA, f = 20 MHz)   

Output Capacitance (V(-B = 10 V, Ii: == 0, 
f _ 0.14 MHz)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

2N2897 TRANSISTOR 

Vout)}:ii() 

VcE0 ( SUS) 

VcER (sus) 

VcE ( sat) 

VBE (sat) 

FIFE (pulsed) 

hFE 
hFE 

hie 

Cobo 
0J-c 
0J-A 

Si n- p-n triple-diffused planar type used in a wide va-
riety of small-signal and low-to-medium-power applica-
tions in military and industrial equipment. JEDEC 
TO- 18, Outline No.12. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   Vcno 
Collector-to-Emitter Voltage: 
RBE = 10 Q   W E It 
Base open   VcE0 

Emitter-to-Base Voltage   VEr.o 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   PT 
Te up to 25°C   PT 
TA or Tr above 25°C   PT 

Temperature Range: 
Operating ( Junction)   Ti(opr) 
Storage   Tsv; 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS (At case temperature 25°C) 

Collector- to-Base Breakdown Voltage ( L. = 0.1 mA, 
IE === 0)   

Emitter- to- Base Breakdown Voltage ( Ii 0.1 mA, 
L. = 0) 

Collector- to-Emitter Sustaining Voltage: 
= 100 mA, In = 0, tp 300 its, df 1.8%   

Ic = 100 mA, IR --"=" 0, RBE = 10 0, tp 300 ps, 
df 1.8%   

Collector-to-Emitter Saturation Voltage ( lc = 150 mA, 
Ill = 15 mA, tp 300 us, df 1.8%   

Base-to- Emitter Saturation Voltage ( Ic _ 150 mA, 
Ill = 15 mA, tp 300 ,us, df = 1.8%   

Collector-Cutoff Current: 
Wit 7- 60 V, IE = 0, TA = 25°C   
Vcre :7-- 60 V, IE = 0, TA = 150°C   

Emitter-Cutoff Current ( VEB = 5 V, L. _ 0)   
Pulsed Static Forward-Current Transfer Ratio 
(WE 10 V, Ic = 150 mA, tp 300 jis, df = 1.8r; ) 

Static Forward-Current Transfer Ratio ( VcE _ 10 V, 
L• = 0.1 mA)   

Small-Signal Forward-Current Transfer Ratio 
= 10 V, L. = 50 mA, f 20 MHz)   

Output Capacitance ( VrB = 10 V, IE = 0, 
f = 0.14 MHz)   

17(BR)CB0 

V(RR)ERO 

VCEO ( SUS ) 

VCER (SUS) 

VCE (sat) 

VRE ( sat) 

LSO 
It'BO 
IEBO 

hFE ( pulsed) 

hFI: 

h fe 

Cobo 

7 min 

90 min 

140 min 

0.6 max 

1.2 max 

0.01 max 
10 max 

0.01 max 

60 to 200 

35 min 
20 min 

6 min 

15 max 
97 max 

350 max 

V 

V 

V 

V 

V 

µA 

pA 

pF 
°C,'"W 
°C/W 

60 V 

60 V 
45 V 
7 V 
1 A 

0.5 
1.8 

See curve page 300 

65 to 200 
— 65 to 200 

255 

OC 
oc 
°C 

60 min V 

7 min V 

45 min V 

60 min V 

1 max V 

1.3 max V 

0.05 max pA 
50 max /IA 

0.05 max µA 

50 to 200 

35 min 

5 min 

15 max pF 
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CHARACTERISTICS (cont'd) 
Thermal Resistance, Junction-to-Case   0.1-C 

Thermal Resistance, Junction-to-Ambient   0.1-A 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

97 max °C/W 
350 max °C/W 

2N2898 

2N2899 

2N2900 

2N2938 

2N2953 
Ge p-n-p alloy-junction type used in af-driver amplifier 
applications in consumer and industrial equipment. 
JEDEC TO- 1, Outline No.l. 

MAXIMUM RATINGS 
Collector- to-Base Voltage   Vo 
Collector-to-Emitter Voltage (RBF: =_. 10 ko)   VCER 
Emitter-to-Base Voltage   VEso 
Collector Current   1(1 
Emitter Current   IF 
Transistor Dissipation: 
TA up to 55°C   PT 
Tc up to 55°C tin an infinite heat sink)   PT 
T(' up to 55°C ( with practical heat sink, 
f) = 50°C/ W )   PT 

TA or Tc ( with practical heat sink) above 55°C •••• PT 
Temperature Range: 
Operating ( Junction)   T. ( opr) 
Storage    TSTG 

Lead-Soldering Temperature ( 10 s max)   Tr, 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( le 0.05 A, 
VEB = —2 V)   V(BiorBv 

Collector-to-Emitter Breakdown Voltage ( Ic 1 mA, 
RBE = 10 K.))   V(BlocER 

Emitter-to-Base Breakdown Voltage ( Ii: = —0.05 mA, 
V(BR)ERO 

Collector-Cutoff Current ( VcB = —20 V, Ii: = 0)   Icito 
Emitter-Cutoff Current (VEB =. — 20 V, L. = 0)   IEBO 
Small-Signal Forward-Current Transfer Ratio 
(V E = —10 V, le = —10 mA, f = 1 kHz)   h f e 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcE = —12 V, Ic =_ —1 mA)   

Intrinsic Base-Spreading Resistance 
(VcE = —10 V, lc —10 mA, f _=. 20 MHz)   

Collector-to-Base Feedback Capacitance 
(VcE = —12 V, Ie = —1 mA)   

®a 

—30 
25 
25 

—0.15 
0.15 

V 
V 
A 
A 

120 mW 
300 mW 

225 mW 
See curve page 300 

—65 to 100 
65 to 100 

255 

°C 
°C 
°C 

—30 min v 

—25 min v 

—25 min 
—5 max aA 

--7.5 max J.LA 

200 min 

10 MHz 

300 

6.5 pF 

COMPUTER TRANSISTOR 2N3011 
Si epitaxial planar type used for high-speed batu-
rated switching in logic applications. JEDEC TO-18, 
Outline No.12. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 

Collector-to-Emitter Voltage   VCEO 

Emitter-to-Base Voltage   VEBO 

I(' 

Transistor Dissipation: 
TA up to 25°C   PT 

Te up to 25°C   PT 

TA or Te above 25°C   PT 

Collector Current   

30 
12 v 
5 

0.2 A 

0.36 
1.2 

See curve page 300 
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TRANSISTOR DISSIPATION 

DERATI NG CHART 

TEMPERATURE— °C 

For many transistors, the maxi-
mum value of dissipation is speci-
fied for ambient, case, or mounting-
flange temperatures up to 25°C, 
and must be reduced linearly for 
higher temperatures. For such 
types, the chart above can be used 
to determine maximum permissible 
dissipation values at particular 
temperature conditions above 25°C. 
(This chart cannot be assumed to 
apply to types other than those 
for which it is specified in the 
data section.) The curves show the 
permissible percentage of the maxi-
mum dissipation ratings as a 
function of ambient or case tem-
perature. Individual curves are 
plotted for maximum operating 
temperatures of 50, 55, 71, 80, 
85, 100, 125, 150, 175, and 200°C. 
If the maximum operating tem-
perature of a transistor is some 
other value, a new curve can be 

drawn from point A in the figure 
to the desired temperature value 
on the abscissa. 

To use the chart, it is necessary 
to know the maximum dissipation 
rating and the maximum operating 
temperature for a given transistor. 

175 200 

The calculation involves only two 
steps: 

1. A vertical line is drawn at 
the desired operating temperature 
value on the abscissa to intersect 
the curve representing the maxi-
mum operating temperature for 
the transistor. 

2. A horizontal line drawn from 
this intersection point to the ordi-
nate establishes the permissible 
percentage of the maximum dissi-
pation at the given temperature. 
The following example illustrates 

the calculation of the maximum 
permissible dissipation for transis-
tor type 2N1487 at a case tempera-
ture of 100°C. This type has a 
maximum dissipation rating of 75 
watts at a case temperature of 
25°C, and a maximum permissible 
case-temperature rating of 200°C. 

1. A perpendicular line is drawn 
from the 100-degree point on the 
abscissa to the 200-degree curve. 

2. Projection of this point to the 
ordinate shows a percentage of 57.5. 

Therefore, the maximum permis-
sible dissipation for the 2N1487 
at a case temperature of 100°C is 
0.575 times 75, or approximately 
43 watts. 
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MAXIMUM RATINGS (cont'd) 

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 60 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic = 0.01 mA, 
IE = 0)   

Collector-to-Emitter Breakdown Voltage 
(Ic _--___- 0.01 mA, VEB = 0)   

Emitter-to-Base Breakdown Voltage (IE = 0.1 mA, 
Ic = 0)   

Collector- to-Emitter Sustaining Voltage 
(Ic =__-.- 10 mA, IB = 0, tp = 300 ps, df = 2%)   

Collector-to-Emitter Saturation Voltage: 
Ic = 10 mA, IB = 1 mA, TA =Z. 25°C   
Ic = 10 mA, IB = 1 mA, TA = 85°C   
Ic = 100 mA, IB = 10 mA, TA = 25°C   
Ic 30 mA, IB = 3 mA, tp :=.= 300 /is, 
df = 2%, TA = 25°C   

Base-to-Emitter Saturation Voltage: 
Ic -= 10 mA, IB = 1 mA  
Ic = 30 mA, Ir.= 3 mA, TA = 25°C   
= 100 mA, IB = 10 mA   

Collector-Cutoff Current: 
VCE = 20 V, VEB = 0, TA = 85°C   
VCE = 20 V, VEB = 0, TA = 25°C   

Pulsed Static Forward-Current Transfer Ratio: 
VCE = 0.35 V, Ic = 10 mA, tp = 300 jis, 

df 
0.4 V, L• 30 mA, tp — 300 eus, 

df 2%   
VCE — 1 V, IC = 100 MA, tp = 300 jis, 
df — 2cY   

Small-Signal Forward-Current Transfer Ratio 
(V('E = 10 V, Ic 20 mA, f = 100 MHz)   

Output Capacitance ( VcB =-- 5 V, IE = 0, 
f = 0.14 MHz)   

Storage Time ( Vcc = 10 V, lc = 10 mA, 
lai = 10 mA, 11:2 .-z-z —10 mA)   

Turn-On Time (Vcc = 2 V, Ic = 10 mA, 

VCE 

Turn-Off Time ( Vcc = 2 V, Ir — 30 mA, 

TJ (opr) 
TSTG 
Ti, 

V(BR)CB0 

V(BR)CES 

V(BR)EBO 

VCEO ( SUS) 

—65 to 200 
65 to 200 

300 

30 min 

30 min 

5 min 

12 min 

°C 
°C 
°C 

VCE (sat) 0.2 max V 
VCE (sat) 0.3 max V 
VCE (sat) 0.5 max V 

VCE (sat) pulsed 0.25 max V 

VBE (sat) 
VBE (sat) 
VBE (sat) 

ICES 
ICES 

hFE ( pulsed) 

hFE ( pulsed) 

hFE ( pulsed) 

hre 

Cobo 

ts 

Ii = 3 mA, VBE (Off) = O V)   td ti. 

= 3 mA, In = —3 mA)   ts -4- tr 

0.72 to 0.87 
1.15 max 
1.6 max 

v 

V 

10 max p,A 
0.4 max 

30 to 120 

25 min 

12 min 

4 min 

4 max 

13 max 

15 max 

20 max 

pF 

ns 

ns 

ns 

POWER TRANSISTOR 2N3053 
Si n- p-n triple-diffused planar type used in a wide va-
riety of small signal, medium-power applications ( up 
to 20 MHz) in commercial and industrial equipment. 
JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE =1- —1.5 V   
RPF, io 
Base open   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating ( TA-Tc) and Storage ( TsTG)   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature ___ 25°C) 

Collector-to-Base Breakdown Voltage ( Ic = 0.1 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage ( IE — 0.1 mA, 
lc = 0)   

VCBO 

VCEV ( SUS) 
VCER ( SUS) 
VCEO ( SUS) 
VEI30 

PT 

PT 

PT 

V(BR)CB0 

V(BR)EBO 

See 

60 

60 
50 
40 
5 

0.7 

1 
5 

curve page 

—65 to 200 
255 

60 min 

5 min 

V 

V 
V 
V 
V 
A 

300 

°C 
°C 

V 

V 
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CHARACTERISTICS (cont'd) 

Collector-to-Emitter Sustaining Voltage: 
= 100 mA, RBE -"-=" 10 0, tp = 300 is, df = 1.8% 
= 100 mA, IB = 0, tp = 300 ps, df =_ 1.8%   

Base-to-Emitter Saturation Voltage ( Ic = 150 mA, 
IR = 15 mA)   

Collector-to-Emitter Saturation Voltage ( Ic = 150 mA, 
= 15 mA)   

Collector-Cutoff Current (V('B = 30 V, IE = 0)   
Emitter-Cutoff Current (VER = 4 V, k = 0)   
Pulsed Static Forward-Current Transfer Ratio 

(VcE = 10 V, Ic = 150 mA, tp = 300 As, df = 1.8%) 
Small-Signal Forward-Current Transfer Ratio 
(V(E = 10 V, lo = 50 mA, f = 20 MHz)   

Input Capacitance (VEB 0.5 V, Ic = 0)   
Output Capacitance ( VcB =_ 10 V, IE = 0)   
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

* This value does not apply to type 40389. 
• This value does not apply to type 40392. 

2N3054 

• • 

VCR(sus) 50 min 
VCEO ( SUS) 40 min 

VBE (sat) 1.7 max 

VcE ( sat ) 1.4 max 
LSO 0.25 max 
IEBO 0.25 max 

hFE ( pulsed) 50 to 250 

POWER TRANSISTOR 
Si n- p-n diffused-junction type used in power-switching 
circuits, series- and shunt-regulator driver and output 
stages, and high-fidelity amplifiers in commercial and 
industrial equipment. JEDEC TO-66, Outline No.25. See 
Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V   
RBE = loo 
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Te up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Tc) and Storage ( TsTo)   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 
Emitter-to-Base Breakdown Voltage (IF: = 1 mA, 

= 0)   
Collector-to-Emitter Sustaining Voltage: 
Ic = 100 mA, RBI: = loo 

loo M A, IB = 
Collector-to-Emitter Saturation Voltage ( Ic — 500 mA, 

Ill =. 50 mA)   

TYPICAL TRANSFER CHARACTERISTICS 
ÍTYPE 2N3054 1 
COLLECTOR-TO- EMITTER VOLTS (VBE)=4 

100 
cc 
H 

cn 
LAJ 80   
cr 11-
a. 
‹c • 60  

40 

20 

lou 

05 1.0 15 20 25 
BASE-TO-EMITTER VOLTS (VBE) 

92CS-1230511 

VCBO 

VCEV ( SUS) 

VCER ( SUS) 

VCEO ( SUS ) 

VEBO 

IB 

PT 

PT 

TP 

V(BR)ERO 

VCER ( SUS ) 
VCE0 ( SUS) 

5 min 
80 max 
15 max 

35* max 
1750 max 

90 

90 
60 
55 

4 
2 

29 

p A 
pA 

PF 
pF 

°C/W 
°C/W 

V 
v 
v 
V 
A 
A 

See curve page 300 

—65 to 200 
235 

7 min 

60 min 
55 min 

VCE (sat) 1 max 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N3054 
CASE TEMPERATURE ( Te) = 25°C 

-7  100 
90 so 

7060 
50 
40 

30 
BASE MILLIAMPERES(' ) 320115 10 

5 

10 20 30 40 50 60 70 
COLLECTOR-TO-EMITTER VOLTS ( VCE) 

92CS-123031 

°C 
°C 
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CHARACTERISTICS (cont'd) 

303 

Base-to-Emitter Voltage ( VcE = 4 V, Ic =-.-- 500 mA)  VBE 1.7 max V 
Collector-Cutoff Current: 
W E ____ 90 V, VBE =. —1.5 V   ICEV 1 max rnA 
V.11 — 30 V, VHF] = —1.5 V, Tr — 150°C   km- 5 max mA 

Emitter-Cutoff Current (VER = 7 V, Ic = 0)   IEBO 1 max mA 
Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ic = 500 mA)   hFE 25 to 100 
Thermal Resistance, Junction-to-Case   al-C 6* max °C/W 

* This value applies only to type 2N3054. 

POWER TRANSISTOR 2N3055 
Si n-p-n diffused-junction type used in power-switching 
circuits, series- and shunt-regulator driver and output 
stages, and high-fidelity amplifiers in commercial and 
industrial equipment. JEDEC TO-3, Outline No.2. See 
Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V   
RBE = loo 
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Tc) and Storage ( TsTG)   65 to 200 

Pin-Soldering Temperature ( 10 s max)   TP 235 

CHARACTERISTICS (At case temperature 

Emitter-to-Base Breakdown Voltage (IF, = 5 mA. 
h. 0 

2°C) 

Collector-to-Emitter Sustaining Voltage: 
I(' = 200 mA, RBI = 100 c)   
Ir = 200 mA, Tu = 

Collector-to-Emitter Saturation Voltage ( Ic = 4 A, 
Tu = 400 mA)   

Base-to-Emitter Voltage ( VcE = 4 V, Ic = 4 A, 
tp = 300 ¡Ls, df = 1.8%)   

Collector-Cutoff Current: 
VcE = 100 V, VBE = —1.5 V   
VrE = 60 V, V P, E = —1.5 V, Tr = 150°C   

Emitter-Cutoff Current ( VER = 7 V, Ir =2. 0)   
Pulsed Static Forward-Current Transfer Ratio 

(VcE — 4 V, Ic = 4 A, tp = 300 df 1.8%)   

15.0 

cn12.5 
cr 
a. 10.0 

o 
cr 

o 

-J 

(.) 2.5   
o 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N3055 
CASE TEMPERATURE (Tc)=25•C 

700 
600 
500 

75 fr 400  
300 

0   

 --200   5.[BASE MI LIAMPERES(IBI 
4 

0 I 0 20 30 40 50 60 70 80 
COLLECTOR-TO-EMITTER VOLTS (VcE) 

92CS-12306T 

LO 

H 
— 0.8 
cn 
cr 

titi 0.6 

gi 0.4 
co 

0.2 

V(BR)EBO 7 min 

VcE it ( sus) 70 min 
VcE0 ( sus) 60 min 

V('E (sat) 1.1 max 

VBE 1.8 max 

5 
10 

5 max 

IIFE ( pulsed) 20 to 70 

ICEV 

ICEV 

IEBO 

VcRo 

VCEV ( SUS) 

VCER ( SUS) 

VCE0 ( SUS) 

VEBO 

Ir 
lu 

PT 

PT See 

100 V 

100 V 
70 V 
60 V 
7 V 

15 A 
7 A 

115 \g/ 
curve page 300 

°C 
°C 

V 

V 
V 

V 

V 

mA 
mA 
mA 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N3055 
COLLECTOR-TO-EMITTER VOLTS (VBE)=4 

A. 

se  -e 

1  
0.5 1.0 1.5 2.0 2.5 3.0 
BASE-TO-EMITTER VOLTS (VBE) 

92CS-12307T1 
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L. = 10 mA, IB = 0, tp = 300 gs, df = 1.8 
Emitter-to-Base Breakdown Voltage (IF 

= 0)   
Collector-Cutoff Current: 
V(‘B = 30 V, Ii.; = 0, Tt = 25°C   
Vrit = 30 V, IE = 0, TA = 150°C   

Small-Signal Short-Circuit Input Impedance, 
Real Part ( VcE = 28 V, lc = 25 mA, f = 50 

Small-Signal Shot-, - Circuit Output Impedance, 
Real Part ( V, 28 V, Ir = 25 mA, f = 50 

Pulsed Static Foiwai d-Current Transfer Ratio 
(VrE = 28 V, Ir 25 mA, tp = 300 gs, df 

Small-Signal Forward-Current Transfer Ratio 
(VrE = 28 V, Ir = 25 mA, f = 50 MHz)   

rbh cb'r Product ( VrB = 28 V, L. = 25 mA, 
f 50 MHz)   

Power Gain, Class A Service ( with heat sink) 
(VrE = 28 V, Ir = 25 mA, 13(..‘ = 0.2 W, f = 50 MHz) 

Collector-to-Base Feedback Capacitance 
(Vi = 28 V, Ir = 0, f = 1 MHz)   

CHARACTERISTICS (coed) 

Power Rating Test 
(VcE = 39 V, L. = 3 A, t = 1 s)   

Thermal Resistance, Junction-to-Case   

2N3118 TRANSISTOR 

Si n- p-n triple-diffused planar type for large-signal vhf 
class C and small-signal vhf class A amplifier applica-
tions in industrial and military communications equip-
ment JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 
Vi E = —1.5 V   W EN-
Base open   VCEO 

Emitter-to-Base Voltage   VERO 
Collector Current   
Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA cr Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

PT 
PT 

115 
1.5 cC,'W 

85 
60 
4 V 

0.5 A 

1 
4 

See curve page 300 

Ti ( opr) —65 to 200 
Tsn; —65 to 200 
TL 255 

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Breakdown Voltage: 
VISE = —1.5 V, Ir = 0.1 mA   V(BiorEv 

VannrEo ( sus) 
.1 mA, 

MHz) 

MHz) 

1.8%) 

I.-

1 0.75 

0 0.5 
cr 
La 
e 
0 0.25 
o. 
u. 
cr 

TYPICAL LARGE-SIGNAL CLASS C RF 
POWER- OUTPUT CHARACTERISTICS 

TYPE 2N3I18 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
.CLASS C SERVICE, 150 MHz 
CASE TEMPERATURE (Tc):25°C 

MMEMMORMIII. < IC/  

o`e 

28 

- 1 

email 

 41 

25 50 75 100 125 150 

RF POWER INPUT (P10—MILLIWATTS 
92CS-12273T 

V ( t)E Ito 

IcRO 

IcIto 

85 min 
60 min 

4 min 

0.1 max 
100 max 

Re(hie) 25 to 75 

1 (real) 500 to 1000 
122 
hFE, ( pulsed) 50 to 275 

hte 5 min 

60 max 

18 min 

6 max 

TYPICAL CLASS A RF POWER-OUTPUT 
CHARACTERISTIC 

°C 
°C 
°C 

V 
V 

V 

pA 
PA 

ps 

dB 

pF 

TYPE 
COMMON 
CLASS 
COLLECTOR 
-COLLECTOR 
CASE 

2N3118 
-EMITTER 
A 

TEMPERATURE 

r I 

SERVICE, 
-TO- EMITTER 
MILLIAMPERES 

CIRCUIT, 
50MHz 

(Tc) 

BASE 

VOLTS 
(lc)= 

= 25* 

INPUT. 

( 

C 

VcE) 
25 

_ 

= 28 - 

I 

2 3 4 
RF POWER INPUT ( PIN)—MILLIWATTS 

92CS-122781 
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CHARACTERISTICS (cont'd) 

Power Output, Class C Oscillator Service 
(with heat sink) : 

28 V, Pie = 0.1 W, f = 50 MHz   
Vii, __ 28 V, Pie 0.1 W, f — 150 MHz   

MAXIMUM RATINGS 

TRANSISTOR 

i)ue 

Poe 
1 min 

0.4 min 

2N3119 

\V 
W 

Si n- p-n triple-diffused planar type used in high-voltage, 
high-frequency pulse-amplifier and high-voltage satu-
rated-switching applications in industrial and military 
equipment. JEDEC TO-5, Outline No.5. 

• 

Collector- to-Base Voltage   VC110 100 V  
Collector- to-Emitter Voltage: 
VBE = —1.5 V   VC'E:V 100 V 
Base open   VCEO 80 V 

Emitter-to-Base Voltage   VERO 4 V 
Collector Current   lc 0.5 A 
Transistor Dissipation: 
TA up to 25 1C   W 
Tc up to 25°C   W 
TA or Tc above 25°C   See 300 

Temperature Range: 
Operating (Junction)   °C 
Storage   °C 

Lead-Soldering Temperature ( 10 s max)   °C 

CHARACTERISTICS (At case temperature 25°C) 

Collector- to-Base Breakdown Voltage (Ic = 0.1 mA, 
IF: = 0)   

Collector-to-Emitter Breakdown Voltage: 
VUE = —1.5 V, Ic = 0.1 mA   
L• = 10 mA, Ii = 0, tp = 300 ps, df = 1.8%   

Emitter-to-Base Breakdown Voltage (IE = 0.1 mA, 
I(' ___ 0)   

Base-to-Emitter Saturation Voltage ( lc = 100 mA, 
IR = 10 mA)   

Collector-to-Emitter Saturation Voltage ( Ic = 100 mA, 
= 10 mA)   

Collector-Cutoff Current: 
VCR --- 60 V, Ii. = 0, T. = 25°C   
Vt•B =_ 60 V, IF: = 0, T. = 150°C   

Emitter-Cutoff Current (VnE = —3 V, I(' = 0, 
TA = 25°C)   

Static Forward-Current Transfer Ratio 
(W E = 10 V, Ic = 10 mA)   

Pulsed Static Forward-Current Transfer Ratio: 
Vrii ___ 10 V, L• = 100 mA, tp = 300 ps, df = 1.8% 
Vi: = 10 V, Ic = 250 mA, tp 300 ps, df = 1.8€77c 

TYPICAL DC FORWARD— CURRENT 
TRANSFER—RATIO CHARACTERISTICS 

T 

TYPE 
COLLECTOR 
-FREE-AIR 

  I I T TT 

2N3I19 
T TTT1 

-TO 
TEMPERATURE 

-EMITTER 

- 

T 

1 

T T TT T 

VOLTS 
(TFA) 

I TT! 

=25' 
(VcE)=I0 

r i 

C 

1 

' 

___4 • 

' e ' i • I 

fe le 'el.• e' 4  a • • • , •- e 

0.01 0.1 1.0 10 100 • 10 00 
COLLECTOR MILLIAMPERES ( Id 

92CS-122807 

• • 

.• 

PT 
PT 
PT 

T.! ( opr) 
TSTG 
Tr, 

✓ B It) ( 130 

1 
4 

curve page 

—65 to 200 
—65 to 200 

255 

• BRWEV 
VUilt)(1.20 ( sus) 

V( Rit) Eno 

VitE(sat) 

VcE(sat) 

hFE 

I:FE (pulsed) 
hFE ( pulsed) 

100 min 

100 min 
80 min 

4 min 

1.1 max 

0.5 max 

50 max 
50 max 

100 max 

40 min 

50 to 200 
20 min 

TYPICAL COLLECTOR —CURRENT 
CHARACTERISTICS 

5 10 
COLLECTOR 

15 

V 

V 
V 

V 

V 

V 

nA 
/IA 

nA 

20 25 30 35 40 45 50 
-TO - EMITTER VOLTS (VcE) 

92CS-12286T 
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CHARACTERISTICS (cont'd) 

Gain-Bandwidth Product (V E =2 28 V, Ic =- 25 mA, 
f = 50 MHz)   

Collector-to-Base Feedback Capacitance 
(Veit = 28 V, lc 0, f = 1 MHz)   Cbte 

Pulsed-Amplifier Rise Time (Vcc = 80 V, 
——  10 mA)   

Saturated Switch Turn-On Time (Vcc = 28 V, 
= 100 mA, IB1 rzz. 10 mA)   ta tr 

Saturated Switch Turn- Off Time (Vec = 28 V, 
L = 100 mA, Iii ., — 10 mA)   ts tr 

2N3228 CONTROSLLILEIDCORNECTIFIER 
Si all-diffused three-junction types for use in power-
control and power-switching applications. JEDEC TO-
66, Outline No.25. See Mounting Hardware for desired 
mounting arrangement. 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f 
with resistive or inductive load) 

250 min 

6 max 

20 max 

40 max 

700 max 

MHz 

pF 

ns 

ns 

ns 

50 to 400 Hz 

VRSONI   330 V 
Vituom   200 V 
VDROM   600 V 
IT(AV) (conduction angle -_L-: 180°, Tc = 75°C)   3.2 A 
IT(HMS)   5 A 
ITsm ( 1 cycle of principal voltage)   60 A 
[ITstitms›1 2 t ( 1 to 8.3 ms)   15 As 
diT/dt ( Vi) --7.: vi..(it())4), LiT _-_-_- 200 mA, tr = 0.5 ps)   200 Ahls 
PG(Av)   0.5 W 
134;NI ( peak, forward, or reverse for 10 ¡Ls)   13 W 
TsT“   —40 to 125 °C 
Tr -   —40 to 125 °C 

CHARACTERISTICS (At maximum electrical 

viecliwg) ( Tc 100°C)   
IDom ( Vix, = vF(B())0 min value, Tc 100°C)   
IHRom ( Vim = Vrtsom, T 100°C)   
VT ( on-state current = 30 A)   

ratings at Ti. 25`'C) 
200 min V 

0.1 typ; 1.5 max mA 
0.05 typ; 0.75 max mA 
2.15 typ; 2.8 max V 

8 typ; 15 max mA ( dc ) 
1.2 typ; 2 max V ( dc) 
10 typ; 20 max mA 

V IT 
ill() 
Critical dv/dt (V I) -- v(eito,t) min value, exponential rise, 

= 100°C)   
tgt ( VI) = vF(t())0 min value, i = 4.5, — 200 mA, 
tr = 0.1 jis)   

L1 = 2 A, pulse width — 50 gs, dvi)/dt .=. 20 V/ps, 
diT/dt 30 A/gs, I _ 200 mA, Tc. — 75°C)   

* This characteristic does not apply to types 2N3528, 2N3529, 

RATING CHART ( CASE TEMPERATURE) 
TYPES 2N3228, 2N3525, I 

2N410I 
CURRENT WAVEFORM =SINUSOIDAL 
LOAD = RESISTIVE OR INDUCTIVE oi Imo* 

I I,. I CONDoCTIO 
ANGLE 

10 min; 200 typ 

0.75 min; 1.5 typ 

15 typ; 50 max 
4 max 

and 2N4102. 

600 2 3 4 5 

AVERAGE ON-STATE CURRENT [IT( Aq-AMPERES 

92CS - 12748T I 

N 

Vhis 

Ps 
°C/W 



Technical Data 307 

FORWARD GATE CHARACTERISTICS 

TYPES 2N3228,2N3525,2N3528, 
2N3529,2N4I01,2N4102 

SHADED AREA INDICATES LOCUS 
OF POSSIBLE TRIGGERING POINTS 

100-
8, FOR VARIOUS TEMPERATURES. 

cre 
é- 6- 

MAXIMUM GATE TRIGGER 
4 VOLTAGE FOR INDICATED 

JUNCTION TEMPERATURE (TJ) 
W 2  Tjz - 40 ° C 

t--
-1 10  MAXIMUM GATE---o 8  

RESISTANCE 
6 

4 
0 

(.) 

1 è- e 
LLJ 6 

4 

cup «Me «RI. 

2---- 
ea _ :72-5° C. 

•170-e-c-

11 1H 
 'PERMITTED PULSE WIDTHS 

FOR INDICATED PEAK 
FORWARD GATE POWER 

AVERAGE GATE 
DISSIPATION LIMIT 

 Mill  
MAXIMUM GATE TRIGGER 

2 +25°C I I I CURRENT FOR INDICATED 

MAXIMUM VOLTAGE AT WHICH NO  UNIT JUNCTION TEMPERATURE ( TJ) 
0 I  WILL TRIGGER FOR. Tj_z+1001° IC Tj I I Ill I I 

=I-- 40' C 

0001 2 4 • 68001 " i 2 di 6 80.1 2 4 68 I 2 4 68 i0 

GATE -10- CATHODE CURRENT - AMPERES 

TRANSISTOR 

-•-•d 

4 6 6100 

92S5-2998T 

2N3229 
Si n- p-n triple-diffused planar type used in large-
signal, high-power AM, FM, and cw applications at 
vhf frequencies in industrial and military, communica-
tions equipment. JEDEC TO-60, Outline No.23. See 
Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATIKGS 
Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 
VISE = — 1.5 V   
Be open   

OOOOOO dleees 

VcBo 105 V 

Vl EV 105 V 
VCE0 60 V 

Emitter-to-Base Voltage   4 V VEBO 

Collector Current   Ir 2.5 A 
Transistor Dissipation: 
Te up to 25°C   PT 17.5 W 
Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   Ti (opr) °C   TSTG —65 to 200 
Storage   65 to 200 °C 

Lead-Soldering Temperature ( 10 s max)   Ti. 230 °C 

CHARACTERISTICS (At case temperature ____ 25°C) 
Collector-to-Base Breakdown Voltage ( le = 0.5 mA, 

Ii 0) 
SAFE OPERATING REGION 

TYPE 2N3229 
TO AVOID SECOND BREAKDOWN THE BIAS 

POINT FOR CLASS A OPERATION MUST BE 
LOCATED IN REGION A 

0 10 20 30 40 50 60 
COLLECTOR - TO- EMITTER VOLTS ( VcE) 

92CS- I2038T 

03Q 40 50 60 70 80 90100 150 200 

V ( 11 locilo 105 min V 

TYPICAL OPERATION CHARACTERISTICS 

TYPE 2N3229 
COLLECTOR—TO— EMITTER VOLTS ( VcE)= 50 
CASE TEMPERATURE (Tc)=25•C 

FREQUENCY —MHz 
92CS-I 24271 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Breakdown Voltage: 
VliE = —1.5 V, Ic = 0.1 mA   
Ic = 500 mA, IR = 0, tp 5 us, df 1%   

Emitter-to-Base Breakdown Voltage (JE — 0.1 mA, 
Ic = 0)   

Collector-to-Emitter Saturation Voltage ( Ic = 2.5 A, 
= 500 mA)   

Collector-Cutoff Current ( VcB = 30 V, IE = 0)   
Intrinsic Base-Spreading «Resistance (VcE — 28 V, 
Ic = 250 mA, f = 400 MHz)   

Gain-Bandwidth Product íVcE = 28 V, Ic — 250 mA) 
Collector-to-Base Feedback Capacitance 

(VcB = 30 V, IF: = 0, f = 140 kHz)   
Collector-to-Case eapacitance   
RF Power Output, Unneutralized: 
Vcc = 50 V, lc = 500 mA, PIE = 2 W , f = 50 MHz 
Vre = 50 V, Ic = 250 mA, PIE = 1 W , f = 150 MHz 

2N3230 

2N3231 

2N3241 

2N3241 A 

V(BR)CEV 
V(BR)CE0 ( SUS) 

V(BR)EBO 

VCE (sat) 
IcEo 

rbb' 
fT 

Cobo 
Cc 

POE 
Pon 

105 min 
60 min 

4 min 

1 max 
0.1 max 

6 
200 

20 max 
6 max 

15 min 
5 min 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

Si n- p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier and switching 
service in commercial, industrial, and computer equip-
ment. JEDEC TO- 104, Outline No.a2. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE =-. —1 V   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 75°C   
Tc above 75°C   
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic — 0.05 mA, 
IE 0)   

Collector-to-Emitter Breakdown Voltage: 
Ir  = 10 mA, Ii =   
VFW = V, I(' = 0.01 mA.  

Emitter-to-Base Breakdown Voltage (IE = 0.05 mA, 
Ir = 0)   

Collector- to-Emitter Saturation Voltage 
(Ic = 200 mA, IB = 10 mA )   

Base-to-Emitter Saturation Voltage (Ir = 200 mA, 
= 10 mA)   

Collector-Cutoff Current: 
VcIt 25 V, IE =   
Veit = 25 V, IE = 0, TA = 150°C   

Emitter-Cutoff Current (VBE = 2.5 V, Ir = 0)   
Static Forward-Current Transfer Ratio (V( E — 10 V, 

I(' = 10 mA)   
Small-Signal Forward-Current Transfer Ratio 

(VcE = 12 V, Ir = 10 mA, f = 1 kHz)   
Magnitude of Small-Signal Forward-Current Transfer 

Ratio ( Vc}: = 12 V, Ic = 1 mA, f = 100 MHz)   
Gain-Bandwidth Product ( VcE = 10 V, Ic = 10 mA, 
f = 50 MHz)   

VCBO 

VCEV 
VCEO 
VEBO 

PT 
PT 
PT 
PT 

Ti ( opr) 
TsTG 

V(BR)CB0 

V(BR)CB0 

V(BR)CEV 

V(BR)EBO 

V 
V 

V 

V 
gA. 

MHz 

pF 
pF 

30 V 

25 V 
25 V 
7.5 V 

Limited by dissipation 

2 
See curve page 300 

0.5 
See curve page 300 

65 to 175 °C 
—65 to 175 

265 °C 

VCE ( sat) 0.22 

VBE ( sat) 0.88 

ICB0 
ICB0 
IEBO 

hFE 

hre 

¡life! 

Pr 

OC 

30 min V 

25 min V 
25 min V 

7.5 min V 

typ; 0.25 max V 

typ; 1.25 max V 

100 max nA 
10 max 4A. 

100 max nA 

100 to 200 

100 to 250 

0.5 min; 1 typ 

175 MHz 
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CHARACTERISTICS (cont'd) 

Collector-to-Base Feedback Capacitance*   
(Vr8 = 6 V, In = 0, f = 1 MHz)   

Intrinsic Base-Spreading Resistance (Vcn — 6 V, 
Ir = 1 mA, f = 100 MHz)   

Noise Figure: 
V4E ---- 6 V, I 0.1 niA, f ____ 10 kHz, 
RG = 1000 Q, circuit bandwidth =. 1 Hz   

Vi: = 6 V, Ir = 0.5 mA, f = 1 kHz, 
RG = 1000 f), circuit bandwidth = 1 Hz   

Small-Signal Input Impedance (VrE = 12 V, 
It'= 10 mA, f = 1 kHz)   

Small-Signal Output Admittance ( Vrn = 12 V, 
Ir — 10 mA, f = 1 kHz)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

* Emitter terminal guarded. 

175 

DI50 

cc 125 

4100 

75 

o 
oe- 50 

c,--J 25o 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 

, COMMON 
AMBIENT 

2N324IA 
-EMITTER 
TEMPERATURE 

CIRCUIT, 

1 i 

BASE 
(TA): 

1 

INPUT 
25°C 

1 
800 

600 

400 

300 

200 

BASE MICROAMPERES (1 )- 100 6---- 

0 

0 5 1G 15 20 
COLLECTOR-TO- EMITTER VOLTS ( VCE) 

92CS-12397TI 

4 

Cc') 

rbb ° 

20 max 

20 

NF 2.5 

pF 

o 

dB 

NF 8 typ: 10 max dB 

hie 200 to 1000 

30 to 350 itmhos 
50 max °C/W 

300 max °C/W 

TYPICAL TRANSFER CHARACTERISTIC 

TYPE 2N324 IA 
COMMON - EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE ( TA) = 25°C 
COLLECTOR - TO-EMITTER VOLTS 

• 

- 

••••••.•M. 

0.4 045 0.5 0.55 0.6 0.65 0.7 

BASE- TO- EMITTER VOLTS ( VBE) 
92CS-12389T1 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

2N3242 

2N3242A 
Si n- p-n egitaxial planar type used in high-voltage, 
high-current audio and video amplifier and switching 
service in commercial, industrial, and computer equip-
ment. JEDEC TO- 104, Outline No.32. For collector-
characteristics and transfer-characteristics curves, re-
fer to type 2N3241A. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1 V   
Base open   

Emitter-to-Base Voltage   
Cr ! lector Current   
Tr..nsistor Dissipation: 
Tc up to 75°C   
Tr above 75°C   
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (Ir = 0.1 mA, 
= 0)   

Collector-to-Emitter Breakdown Voltage: 
Ir = 10 mA, Ii = 
Viti:= —1 V, Ir = 0.01 mA   

Emitter-to-Base Breakdown Voltage ( IE = 0.05 mA, 
= 0)   

Vrno 

VrEv 
Vcno 
Vnito 
Ir 

PT 
PT 
PT 
PT 

TJ (opr) 
TSTI; 

Vutincito 

V(BRWE() 
VaIRWEV 

V(FIR)E144) 

40 V 

40 V 
40 V 
8 V 

Limited by dissipation 

2 
See curve page 300 

0.5 
See curve page 300 

65 to 175 
65 to 175 

265 

°C 
°C 
°C 

40 min V 

40 min V 
40 min V 

8 min V 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Saturation Voltage ( Ic :_—_ 300 mA, 
IB ---= 15 mA)   VCE ( sat) 0.24 typ; 0.3 max V 

Base-to-Emitter Saturation Voltage (Ic _ 300 mA, 
IB =7 15 mA)   VBE (sat) 0.93 typ; 1.5 max V 

Collector-Cutoff Current: 
VCB =- 25 V, IE = 0   ICBO 10 max nA 
VCB = 25 V, IE = 0, TA -Z---• 150 °C   ICB0 1 max j.LA 

Emitter-Cutoff Current (VBE = 2.5 V, Ic = 0)   IEBO 10 max nA 
Static Forward-Current Transfer Ratio (VcE = 10 V, 
Ic = 10 mA)   hFE 125 to 300 

Small-Signal Forward-Current Transfer Ratio 
(VcE = 12 V, Ic = 10 mA, f = 1 kHz)   hie 125 to 375 

Magnitude of Small-Signal Forward-Current Transfer 
Ratio ( VcE = 6 V, Ic = 1 mA, f = 100 MHz)   ¡fuel 0.5 min; 1 typ 

Gain-Bandwidth Product (VcE = 10 V, Ic — 10 mA, 
f :_-_- 50 MHz)   ft 175 MHz 

Collector-to-Base Feedback Capacitance* 
(VcB = 6 V, IE = 0, f = 1 MHz)   Ccb 20 max pF 

Intrinsic Base-Spreading Resistance (VcE — 6 V, 
Ic .= 1 mA, f = 100 MHz)   rbb' 20 0 

Noise Figure: 
VCE = 6 V, Ic = 0.1 mA, f _ 10 kHz, 
RG = 1000 0, circuit bandwidth = 1 Hz  NF 2 dB 

\Ten = 6 V, lc = 0.5 mA, f = 1 kHz, 
RG = 1000 0, circuit bandwidth = 1 Hz  NF 4 typ; 6 max dB 

Small-Signal Input Impedance (VcE = 12 V, 
Ic = 10 mA, f = 1 kHz)   hie 250 to 1500 0 

Small-Signal Output Admittance (VcE = 12 V, 
Ic = 10 mA, f = 1 kHz)   hoe 30 to 350 //mhos 

Thermal Resistance, Junction-to-Case   E4j...c 50 max °C/W 
Thermal Resistance, Junction-to-Ambient   (--) J-A 300 max °C/W 

* Emitter terminal guarded. 

2N3261 COMPUTER TRANSISTOR 

Si n- p-n epitaxial planar type used in high-speed switch-
ing applications in military and commercial data-
processing equipment such as digital-logic circuits, 
terminated-line-driver service, and as a high-speed-
memory driver. JEDEC TO-52, Outline No.21. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   VCBO 
Collector-to-Emitter Voltage   VCEO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   PT 0.3 
Tc up to 25°C    PT 1 
TA or Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( TA-T()   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ( L. — 0.01 mA, 
IE = 0)   V(BR)CRO 

Collector-to-Emitter Breakdown Voltage ( Ic ____ 10 mA, 
IB = 0, tp = 100 us, df < 2%)   VatiorE0 

Emitter-to-Base Breakdown Voltage ( IE = 0.01 mA, 
Ic = 0)   Vont)EBo 

Base-to-Emitter Saturation Voltage ( Ir = 100 n-IA, 
IB ==. 10 mA)   VBE(sat) 

Collector-to-Emitter Saturation Voltage ( Ir 100 mA, 
In = 10 mA, tp = 100 ps, df < 2%)   VCE ( sat) 

Base-Cutoff Current (VcE = 15- V, Vru = 0)   'BEV 
Collector-Cutoff Current: 
VcE = 15 V. VEB = 0, TA = 15°C   ICEV 
VCE = 15 V. VEB = 0, TA = 150°C   LEV 

Static Forward-Current Transfer Ratio: 
VCE = 1 V, 10 MA, TA = 25°C   hFE 
VcE = 1 V, Ic — 10 mA, TA — 55°C   hFE 

TSTG 
TL 

40 
15 
6 

500 

65 to 175 
65 to 200 

230 

40 min 

15 min 

6 min 

0.8 to 1.1 

0.35 max 
—25 max 

25 max 
25 max 

40 to 150 
20 min 

V 
V 
V 

in A 

°C 
°C 
°C 

V 

V 

V 

V 

V 
nA 

nA 
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CHARACTERISTICS (cont'd) 

311 

Pulsed Static Forward-Current Transfer Ratio: 
VCE = 1 V, IC = 100 mA, tp == 300 /Ls, df E 2% hFE(puLsed) 
VCE -- 1 V, Ic = 200 mA, tp = 300 /Ls, df < 2%  hFE(pulsed) 

Small-Signal Forward-Current Transfer Ratio: 
VCE =- 1 V, = 100 mA, f = 100 Ivrriz   hf e 

VCE = 10 V, IC r= 10 mA, f :72 100 MHz   hfe 
Input Capacitance (VEB = 0.5 V, Ic = 0, f = 1 MHz) Cibo 
Output Capacitance (VcB = 5 V, IE = 0, f 1 MHz) Cobo 
Delay Time ( Vcc = 6 V, VBE(off) _= —4 V, 
In, = 10 mA, Ics == 100 mA, In., = —10 mA)   

Rise Time ( Vcc = 6 V, VBE (off) — 4 V, lin. = 10 mA, 
Ics _—_ 100 mA, 1B2 = —10 mA)   

Fall Time (Vcc =-- 6 V, IBi =_- 10 mA, 
Ics = 100 mA, IB2 = —10 mA)   

Storage Time (Vcc = 6 V, IB1 = 10 mA, 
Ics = 100 mA, IB2 = —10 mA)   

80 

Z 
cr 
ct 60 
D0 

0 cr 
cr 
< cr 40 e w cc u-ocn 
°cc 20 

k-

2 

2 

e 

4 

TYPICAL DC FORWARD- CURRENT 
TRANSFER -RATIO CHARACTERISTICS 

T 

- TYPE 2 N 3261 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE- AIR TEMPERATURE (TFA)= 25° C 

I-  TO.. t  1   1-  e 

2 4 6 810 2 4 6 8100 2 

COLLECTOR MILLIAMPERES (IC) 
92CS-12538T 

TYPICAL RISE-TIME CHARACTERISTICS 

4 

TYPE T2N32é1 I 
COMMON - EMITTER CIRCUIT, BASE INPUT. 
-FREE - AIR TEMPERATURE (TFA)= 25°C 

COLLECTOR SUPPLY VOLTS (VW= 3 
'OFF" BASE -TO-EMITTER VOLTS [VBE(of 0]=-4 

04,   
41 

20 41 °0‹ 
F.p 

Q 04)   

e/0 
200 

2 4 

50 

1 
100 

0.01 
2 4 6 8i 6 8 

RATIO OF " TURN - ON" BASE CURRENT 
TO"ON" COLLECTOR CURRENT (I Bi / lc) 

92C5-12553TI 

0 8 
1.4 6 
(f) 4 

a_ 2 

04 100 
Cr 8 
— 6 

cr 
o 

(.) 
_1 
0-I 10 

2 

8 
6 
4 
O 

V) 2 
o 

(..) 100 
LL.J 8 
ci) 
0 6 

4 

4-• 

thj I 0 
8 

R- 6 
LUi 
o 4 

o 
é- 2 

2 

td 

tr 

tf 

30 min 
20 min 

3 min 
6 min 
4 max 

3.5 max 

6 max 

7 max 

6 max 

pF 
pF 

ns 

ns 

ns 

t. 10 max ns 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N326I 
COMMON-EMITTER CIRCUIT, BASE INPUT. — 
FREE-AIR TEMPERATURE ( TFA)=150 •C — 
COLLECTOR-TO- EMITTER VOLTS ( VcE)=15 — 

_____ 

4. 

_ , 
0.1 0.2 0.3 0.4. 

BASE- TO- EMITTER VOLTS ( VBE) 
q2cs-125soTi 

TYPICAL STORAGE- TIME CHARACTERISTICS 

TYPE 2N326I 
COMMON-EMITTER CIRCUIT, BASE INPUT 
FREE- AIR TEMPERATURE ( TFA) = 25* C 
COLLECTOR-SUPPLY VOLTS ( Vcc)= 3 
"ON"COLLECTOR MILLIAMPERES ( 1c ) 3= 200 

4 

To 
oe UFN-

CO4 
tr 4eCto S 

i • 5 
I j. 

0.01 2 4 6 8 al 2 4 

RATIO OF 'TURN-OFF" BASE CURRENT 
TO "ON" COLLECTOR CURRENT ( IB 2/Ic) 

92CS-I2559T 

TRANSISTOR 2N3262 

6 8 

Si n-p-n triple-diffused planar type used in high-voltage, 
high-frequency pulse-amplifier and high-voltage satu-
rated-switching applications in industrial and military 
equipment. JEDEC TO-39, Outline No.15. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   Wit() 100 V 
Collector-to-Emitter Voltage: 
VBE = —1.5 V   VcEV 100 V 
Base open ( sustaining voltage)   VcEo ( sus) 80 V 
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MAXIMUM RATINGS (cont'd) 

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA up to 253C   
Tc up to 25°C   
TA or Tc above 253C   

Temperature Range: 
Operating ( TA-Tc) and Storage (TsTO   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector- to-Emitter Breakdown Voltage 
(VBE = —1.5 V, Ic = 0.25 mA)   

Emitter-to-Base Breakdown Voltage (IE =_ 0.1 mA, 
lc =_ 

Collector-to-Emitter Sustaining Voltage: 
Ic = 500 mA, Rn} = 10 0, tp = 15 gs, df = 1.5% 
Ic= 500 mA, Ii 0, tp = 15 jis, df _= 1.5%   

Collector-to-Emitter Saturation Voltage ( Ic = 1 A, 
lit = 100 mA)   

Base-to-Emitter Saturation Voltage ( Ic = 1 A, 
In = 100 mA)   

Collector-Cutoff Current (VcB = 30 V, In __ 0, 
TA = 25°C)   

Emitter-Cutoff Current (VER = 3 V, lc = 0)   
Static Forward-Current Transfer Ratio 
(W E = 4 V, Ic = 500 mA)   

Small-Signal Forward-Current Transfer Ratio 
(VcE = 28 V, Ic 100 mA, f ..-_-_-_ 50 MHz)   

Collector-to-Base Feedback Capacitance 
(VcB = 28 V, Ic 0, f = 1 MHz)   

Pulse-Amplifier Rise Time ( Vcc =_ 80 V, 
lc = 25 mA)   

Turn-On Time, Saturated Switch (VcE = 28 V, 
lc = 1 A, Int = 100 mA, In _—_-. —100 mA)   

Turn-On Time, Saturated Swith ( VcE = 28 V, 
Ic = 1 A, III' = 100 mA, IB2 = 100 MA)   

2N3263 

•••• 

VEBO 
IC 

PT 
PT 
PT 

TL 

V(BR)(l'EV 

V(RR)E110 

VCER (SUS) 
VCEO (SUS) 

VCE (sat) 

VHF, (sat) 

Icno 
IEno 

hre 

r' 
_,)) P  

tr 

td tr 

ts tt 

POWER TRANSISTOR 

Si n-p-n epitaxial type used in high-power, high-speed, 
and high-current applications such as switching circuits, 
amplifiers, and power oscillators in aerospace, military, 
and industrial applications. Outline No.29. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   
Collector- to-Emitter Voltage: 
VHF: = —1.5 V   
RIE 50 0   
Base open ( sustaining voltage)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation   
Temperature Range: 
Operating ( Junction)   
Storage   

CHARACTERISTICS (At case temperature - - 25°C) 
Collector- to-Emitter Sustaining Voltage: 

Ic =. 0.2 A, In =0   
Ic 0.2 A, RBE 50 n   

Collector- to-Emitter Saturation Voltage 
(Ic = 15 A, II; =7: 1.2 A, tp 350 jis, df 2%)   

Base-to-Emitter Saturation Voltage 
(Ic = 15 A, In = 1.5 A. tp 350 ps, df 2%)   

Emitter-to-Base Voltage ( IE = 0.02 A, lc = 0)   
Collector-Cutoff Current: 
VcE = 150 V, Vitf: = — 1.5 V, Tc -= 25°C   
Vcn = 80 V, Itc = 0, Tc = 25°C   
Vm = 80 V, IE = 0, Tc = 125°C   

Emitter-Cutoff Current: 
VER 5 V, Ic = 0, Ti' = 25°C   
VER :-i 5 V, lc - 0, Tr 125°C   

Vcno 

VCEV 
VCER ( SUS) 
Vcno ( sus) 
Vi.: R(.) 
Ir 

PT 

1.5 
V 
A 

1 W 
8.75 

See curve page 300 

O rr 

65 to 200 
230 

100 min 

4 min 

90 min 
80 min 

0.6 max 

1.4 max 

0.1 max 
100 max 

40 min 

3 min 

20 max 

20 max 

40 max 

750 max 

150 

150 
no 
90 

25 
10 

) C 

O C 

V 

V 
V 

V 

V 

/./A 
µA 

PF 

ns 

n3 

ns 

V 

V 
V 
V 
V 
A 
A 

See Rating Chart 

T.I(opr) —65 to 200 
TSTG —65 to 200 

VCE0 ( SUS) 
VER ( SUS) 

VCE ( sat) 

WE ( sat) 
VEBo 

IEno 
1E110 

90 min 
110 min 

0.75 max 

1.6 max 
7 min 

20 max 
4 max 
4 max 

5 max 
5 max 

V 
V 

V 

V 
V 

mA 
mA 
mA 

mA 
mA 
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CHARACTERISTICS (cont'd) 

Pulsed Static Forward-Current Transfer Ratio: 
(V E L---_ 3 V, Ir =_ 5 A, tp --- 350 As, df--- e--:- 2%   hFE ( pulsed) 40 min 
(VcE = 3 V, le = 15 A, tp --- 350 µ s, df --- 2%   hie}, ( pulsed) 25 to 75 
(VcE = 4 V, I • -=-__- 20 A, tp -=--- 350 gs, df 2%)   FIFE (pulsed) 20 min 

Collector- to-Base Feedback Capacitance 
(Ver = 10 V, IE = 0, f =. 1 MHz)   Ch'e 900 max pF 

Turn-On Time, Saturated Switch (Vcc = 30 V, 
Ir _--_-: 15 A, In1 .-_-_-_-. 1.2 A, IB„ = —1.2 A)   tit -}- tr 0.5 max ps 

Fall Time, Saturated Switch (Vcc = 30 V, 
Ic = 15 A, IR., =-.. 1.2 A, IB2 = —1.2 A)   tr 0.5 max ii5 

Storage Time, Saturated Switch ( V( c — 30 V, 
L• = 15 A, In = 1.2 A, h., = —1.2 A)   tm 1.5 max its 1 

Gain-Bandwidth Product (VcE = 10 V, 
Ir=_-_-_  3 A, f = 5 MHz)   fT 20 min MHz 

Second-Breakdown Current, Safe Operating 
Region ( VcE = 75 V)   Is/i' 350 min mA 

Second-Breakdown Energy, Safe Operating 
Region (Vii —6 V, Ir — 10 A, RBI. = 20 0, 
L = 40 ,l/H)   Es/b 2 min mJ 

Thermal Resistance, Junction-to-Case   0.1-c 1.5 max °C/IN 

TYPICAL DC FORWARD—CURRENT 
TRANSFER— RATIO CHARACTERISTICS 
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TYPE 2N3263 
COLLECTOR -TO-EY!TTER VOLTS (VcE)=3 

2 4 6 8 2 4 6 8 2 4 6 8 2 
0.01 0.1 1 10 

COLLECTOR AMPERES (1c) 

SAFE OPERATING REGION 

TYPE 2N3263 
PULSE DURATION CURVES APPLY TO EACH TYPE. 
DC CURVES APPLY TO INDICATED TYPES. 

6, 2N3266 MAX. VcE0 :: 

DC 

2N3264 MAX. VcE0 c 60V-

2 2N3263 MAX vuu 9CV 
2 3 4 5 6 7 8 9 

10 10C 
COLLECTOR- TO- EMITTER VOLTS ( VcE) 

1 

2N3265 r  , 
MAX. Vuo 

r 90 V _ 

o-,Nrc ' OUT 
M., M.. •••• • • ••.. •••• • 

gl'rq...1/ 44 3-1 

RATING CHART 

TYPE 2N3263 
FOR MAXIMUM CASE TEMPERATURES ABOVE 

75°C, OERATE LINEARLY AT 0.66 1411/• C 

100 
75 

100 

50 

MMM. 

125_ 

1  

2N 3264   

MAX. VCEO Ca V 

150 
«IN». «NM 

25 '-CASE TEMPERATURE   

F  
o 

(7-c) : T7-0-E 

2N3263 

MAX•VCE0 9°V 
•••••• MOM, MN» «1111.• 

10 20 30 40 50 60 70 80 90 
COLLECTOR-TO- EMITTER VOLTS (\icE) 

92CS-124331 

POWER TRANSISTOR 2N3264 
Si n-p-n epitaxial type used in high- power, high-speed, 
and high-current applications, such as switching cir-
cuits, amplifiers, and power oscillators in aerospace, 
military, and industrial applications. Outline No.29. 
For curves of safe operating region, transfer charac-
teristics, and static forward-current transfer ratio, refer 

to type 2N3263. 
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MAXIMUM RATINGS 

Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
RBE 50 o 
Base open ( sustaining voltage)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation    See 
Temperature Range: 
Operating ( Junction)   
Storage   

CHARACTERISTICS (At case temperature 25°C) 

Collector- to-Emitter Sustaining Voltage: 
Ic = 0.2 A, IB =   
IC = 0.2 A, RBE 50 

Collector- to-Emitter Saturation Voltage 
IB = 1.2 A, tp 350 eus, df 2%)   

Base-to-Emitter Saturation Voltage ( Ic 
IB =. 1.5 A, tp 350 its, df 2%)   

Emitter-to-Base Voltage (IF: = 0.02 A, Ir = 0)   
Collector-Cutoff Current: 
VcE = 120 V, VBE = —1.5 V, Tr = 25°C   
VcB 60 V, IE = 0, Tc — 25°C   
VcB   60 V, IE = 0, Tc 125°C   

Emitter-Cutoff Current: 
VEB 5 V, lc = 0, Tc = 25°C   
VEB = 5 V, Ir = 0, Tc = 125°C   

Pulsed Static Forward-Current Transfer Ratio: 
VCE = 3 V, Ic = 5 A, tp 350 gs, df 2%   
VcE = 3 V, Ic = 15 A, tp 350 gs, df 2%   
VCE = 4 V, Ic _= 20 A, tp 350 1uS, df 2%   

Collector- to-Base Feedback Capacitance 
(Vcs =71 10 V, IE =II 0, f = 1 MHz)   

Turn-On Time, Saturated Switch ( Vcc 30 V, 
Ic = 15 A, IN = 1.2 A, IB2 = —1.2 A)   

Fall Time, Saturated Switch (Vcc = 30 V, 
Ic = 15 A, IN = 1.2 A, IB2 = —1.2 A)   

Storage Time, Saturated Switch (Vcc = 30 V, 
lc = 15 A, IN = 1.2 A, IB2 = 1.2 A)   

Gain-Bandwidth Product ( VcE = 10 V, 
Ic = 3 A, f = 5 MHz)   

Second-Breakdown Current, Safe Operating 
Region ( VcE = 75 V)   

Second-Breakdown Energy, Safe Operating 
Region (VBE = 6 V, Ic = 10 A, RBE = 20 0, 
L = 40 iLli)   

Thermal Resistance, Junction-to-Case   

15 A, 

15 A, 

2N3265 

VCBO 120 

VCEV 
VCER ( SUS) 
VCEO ( SUS) 
VEBO 
IC 
In 
Rating Chart 

(opr) 
TSTG 

VCE0 ( SUS) 
VCER ( SUS) 

120 
80 
60 
7 

25 A 
10 A 

for type 2N3263 

—65 to 200 
—65 to 200 

60 min 
80 min 

VcE ( sat) 1.2 max 

VBE (sat) 1.8 max 
VEBO 7 min 

ICEV 
ICBO 
ICBO 

IEBO 
1E130 

hFE ( pulsed) 
hFE ( pulsed) 
hFE ( pulsed) 

Ch'c 

20 max 
10 max 
10 max 

15 max 
15 max 

35 min 
20 to 80 
15 min 

900 max 

t(1+ tr 0.5 max 

t f 0.5 max 

to 1.5 max 

fT 20 min 

Is/b 700 min 

Es/i) 

0.1—C 

POWER TRANSISTOR 

Si n- p-n epitaxial type used in high-power, high-speed, 
and high-current applications such as switching cir-
cuits, amplifiers, and power oscillators in aerospace, 
military, and industrial applications. JEDEC TO-63, 
Outline No.24. See Mounting Hardware for desired 
mounting arrangement. This type is identical with type 
2N3263 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation 

CHARACTERISTICS (At case temperature = 25°C) 
Thermal Resistance, Junction-to-Case   

PT 

°C 
°C 

V 
V 

V 

V 
V 

mA 
mA 
mA 

mA 
niA 

pF 

MHz 

mA 

2 min mJ 
1.5 max °C/W 

5 

See Rating Chart 

1 max °C/W 



Technical Data 315 

RATING CHART 

TYPE 
FOR 

DEBATE 

2N3265 
MAXIMUM CASE 

LINEARLY 
TEMPERATURE 
AT I WCC 

ABOVE 75°q 

75 

100 

.-125 
2N3266 

MAX. VCEO 60V 

1 

150 

1.......e.... 
CASE TEMPERATURE 

LILIL 

(Te) 175°C 2.N3265 
MAX •VCE0a 90V 

30 20 30 40 50 60 70 80 90 
COLLECTOR—TO—EMITTER VOLTS (VcE) 

92CS-12430T 

POWER TRANSISTOR 2N3266 
Si n- p-n epitaxial type used in high-power, high-speed, 
and high-current applications such as switching cir-
cuits, amplifiers, and power oscillators in aerospace, 
military, and industrial applications. JEDEC TO-63, 
Outline No.24. See Mounting Hardware for desired 

8 mounting arrangement. For curves of safe operating 
region, transfer characteristics, and static forward-current transfer ratio, 
refer to type 2N3263. This type is identical with type 2N3264 except for 
the following items: 

MAXIMUM RATINGS 
Transistor Dissipation   See Rating Chart for Type 2N3265 

CHARACTERISTICS (At case temperature — 25°C) 
Thermal Resistance, Junction-to-Case   

MAXIMUM RATING 

TRANSISTOR 

1 max °C/W 

2N3r5 
Si n-p-n "overlay" epitaxial planar type used in large-
signal, high-power vhf-uhf applications for industrial 
and military communications equipment in class A, B, 
or C amplifier, frequency-multiplier, or oscillator opera-
tion. JEDEC TO-60, Outline No.23. See Mounting 
Hardware for desired mounting arrangement. 

Collector- to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE =:- —1.5 V   VCEV 65 V 
Base open   VCE0 40 V 

Emitter-to-Base Voltage   VEBO 4 V 
Collector Current   Ic 1.5 A 
Base Current   IB 0.2 A 
Transistor Dissipation: 
Tr up to 25°C   PT 11.6 W 
Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)    Ti —65 to 200 CC 
Storage    TSTG —65 to 200 °C 

Lead-Soldering Temperature ( 10 s max)   Ti, 230 °C 

CHARACTERISTICS (At case temperature - 25°C) 
Collector-to-Base Breakdown Voltage 

L• = 0.1 mA, Ii: = 0)   V(Bmcno 65 min V 
Collector-to-Emitter Breakdown Voltage: 

It' =_- 0 to 0.2 A, IB 1=- 0, pulsed through an inductor 
L = 25 mH, df = 50%   VotiocEo 40Á min V 

Ic = 0 to 0.2 A, VBE = —1.5 V, pulsed through an 
inductor L = 25 mH, df — 50%   V(BR)cEv 65Á min V 

Wm) 65 V 
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CHARACTERISTICS (cont'd) 

Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, Ic = 0)   V(BR)EBo 4 min V 

Collector-to-Emitter Saturation Voltage 
(Ic = 500 mA, III = no mA)   VCE (sat) 1 max V 

Collector-Cutoff Current 
(VCE .-_-_. 30 V, I = 0)   'CEO 0.1 max mA 

RF Power Output: 
Unneutralized Amplifier 

VuE = 28 V, PIE = 1 W , f = 100 MHz   POE 7.50 min 
VCE r-_-__- 28 V, PIE = 1 W, f ___ 400 MHz   POE 3* min 

Oscillator 
VCE :::--- 28 V, f = 500 MHz  POE 

Collector-to-Case Capacitance   Ce 
Collector-to-Base Feedback Capacitance 
(W TI = 30 V, IE = 0, f = 1 MHz)   

Gain-Bandwidth Product (VCE = 28 V, Ic ---= 150 mA) 
Intrinsic Base-Spreading Resistance 
(VcE = 28 V, Ic = 250 mA, f = 400 MHz)   rbb° 

Ccb 
fT 

• Measured at a current where the breakdown voltage is a minimum. 
• For conditions given, minimum efficiency 65 per cent. 
* For conditions given, minimum efficiency = 40 per cent. 
• For conditions given, typical efficiency = 40 per cent. 

TYPICAL OPERATION CHARACTERISTICS 

TYPE 2N3375 
COLLECTOR-TO-EMITTER VOLTS ( VcE) = 28 
CASE TEMPERATURE (Tc):25° C 

2.0 
p 

1.0 

0.75 

100 200 
FREQUENCY-MHz 

2N3435 

2N3439 

300 400 

92CS-1257IT 

pl 

7-

1-0 600 

o 500 
cr 

F- 400 
o 

o 

co 
zi 

o 

300 

2.5• 
6 max pF 

10 max PF 
500 MHz 

10 

TYPICAL SMALL- SIGNAL OPERATION 
CHARACTERISTIC 

TYPE 2N3375 
COLLECTOR-TO- EMITTER VOLTS (VCE ): 28 
CASE TEMPERATURE ( Tc): 25°C 

200  
o 50 100 150 200 250 

COLLECTOR MILLIAMPERES (IC) 

92C S-125691 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

Si n- p-n triple-diffused type used in high-speed-
switching and linear-amplifier applications, such as 
high-voltage differential and operational amplifiers, 
high-voltage inverters, and series regulators for in-
dustrial and military applications. JEDEC TO-5, Out-
line No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 50°C   
To up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

VCR() 
VCEO ( SUS) 
VERO 
IC 
IR 

PT 
PT 
PT 

TJ ( opr) 
TSTG 
TL 

450 
350 
7 
1 

0.5 

360 

V 
V 
V 
A 
A 

1.• 
10 

See curve page 300 

—65 to 200 
65 to 200 

255 

°C 
°C 
°C 
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CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Sustaining Voltage 
(Ic 50 mA, IB 0)   

Collector-to-Emitter Saturation Voltage 
(Ic =_ 50 mA, IB = 4 mA)   

Base-to-Emitter Saturation Voltage 
(Ic = 50 mA, IB = 4 mA)   

Collector-Cutoff Current: 
VcE 300 V, IB 0   
VCE = 450 V, VBE = 1.5 V   

Emitter-Cutoff Current (VEB = 6 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
VCE = 1 0 V, IC = 20 mA   
VCE = 1 0 V, IC =- 2 mA   

Small-Signal Forward-Current Transfer Ratio 
(VcE = 10 V, Ic = 10 mA, f = 5 MHz)   

Second-Breakdown Current, Safe Operating 
Region ( VcE .-.:-__- 200 V)   

Output Capacitance (VcR = 10 V, IE — 0, 
f = 1 MHz)   

Thermal Resistance, Junction-to-Case   
* This value does not apply to type 2N3440. 
• This value does not apply to types 2N4063 and 2N4064. 

TYPICAL COLLECTOR CHARACTERISTICS 
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TYPICAL I HANSF- ER LHAHAC íEMS IICS 

TYPE 2N3439 
COLLECTOR- TO- EMITTER VOLTS ( VcE)210 

o 
o 
sr) 
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BASE- TO- EMITTER VOLTS ( VBE) 
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60 

O 

350 min 

0.5 max 

1.3 max 

20 max 
500 max 
20 max 

40 to 160 
30* min 

3 min 

50 min 

10 max 
17.5 max 

TYPICAL DC FORWARD—CURRENT 
TRANSFER—RATIO CHARACTERISTICS 
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TRANSISTOR 

4 6 81000 

2N3440 
Si n-p-n triple-diffused type used in high-speed-
switching and linear-amplifier applications such as 
high-voltage differential and operational amplifiers, 
high-voltage inverters, and series regulators for in-
dustrial and military applications. JEDEC TO-5, Out-
line No.5. This type is identical with type 2N3439 

except for the following items: 
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MAXIMUM RATINGS 
Collector- to-Base Voltage   
Collector- to-Emitter Voltage: 
VBE = — 1.5 V   
Base open ( sustaining voltage)   

CHARACTERISTICS (At case temperature   25°C) 
Collector- to-Emitter Sustaining Voltage 

(Ic = 50 mA, I _= 0)   
Collector-Cutoff Current: 
VcE = 200 V, In ____ O   ICE() 
VCE = 300 V, VBE = — 1.5 V   ICEV 

VCBO 

VCEV 
VCEO ( SUS) 

2N3441 

VCEO ( SUS) 

POWER TRANSISTOR 

Si n-p-n diffused type for high-voltage applications in 
power-switching circuits, series- and shunt-regulator 
driver and output stages, and in de-to-de converters 
in military, industrial, and commercial equipment. This 
type features a base comprised of a homogeneous-
resistivity silicon material. JEDEC TO-66, Outline 
No.25. See Mounting Hardware for desired mounting 

MAXIMUM RATINGS 
Collector- to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE -= —1.5 V   
Base open ( sustaining voltage)   

Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
TA up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 
Collector- to-Emitter Sustaining Voltage: 
Ic 0.1 to 2 A, In 
IC = 0.1 to 1 A, VRE = —1.5 V   
Ic 0.1 to 1 A, RBE 100 c")   

Collector- to-Emitter Saturation Voltage 
(Ir = 0.5 A, = 50 mA)   

Base-to-Emitter Voltage ( VcE = 4 V, Ic = 0.5 A)   
Collector-Cutoff Current: 
VCE = 140 V, VBE = —1.5 V, Tc = 25°C   
VCE = 140 V, VBE = —1.5 V, T4' = 150°C   

Emitter-Cutoff Current (VER = 7 V, Ir = 0)   

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N3441 
CASE TEMPERATURE ( To) --":: 25°C 

\00   
4 • 

4 

 ,t0 
5 

BASE MILLIA 

o 
4 

50 100 150 200 

COLLECTOR- TO-EMITTER VOLTS ( VCE) 
92cs-126421 

VCRO 

300 

300 
250 

250 

50 max 
500 max 

arrangement. 

VCEV 
VCEO ( SUS) 
VEBO 
IC 
iC 
IB 

PT 
PT 
PT 

TJ (opr) 
TSTG 
Tie 

VCEO ( SUS) 
VCEV ( SUS) 
VCER ( SUS) 

VCE (sat) 
VBE 

ICEV 
ICEV 
IEBO 

V 
V 

160 V 

160 V 
140 V 
7 V 
3 A 
4 A 
2 A 

25 
5.8 

See curve page 300 

65 to 200 
—65 to 200 

255 

140 min 
160 min 

150* min 

1 max 
1.7 max 

1 max 
5 max 
1 max 

mA 
mA 
mA 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N344I 
COLLECTOR -TO -EMITTER VOLTS ( VcE) = 4 

0.5 1.0 1.5 2.0 2.5 
BASE-TO- EMITTER VOLTS ( VBE) 

92CS-126431 
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CHARACTERISTICS (cont'd) 
Static Forward-Current Transfer Ratio 

(VcE =2. 4 V, Ir =_. 0.5 A)   11FE 20 to 80 
Power Rating Test; 

Vi ii: =1 32.5 V, lc 7- --. - 0.9 A. t -- = X $   29 W 
W E _-=-: 120 V, I =-_- 0.24 A, t _ 1 s   29 W 

Thermal Resistance, Junction-to-Case   ei-c 7• max °C/W 

* This value does not apply to type 2N3442. 
• This value does not apply to type 40373. 

C F 

POWER TRANSISTOR 2N3442 
Si n- p-n diffused type for high-voltage applications in 
power-switching circuits, series- and shunt-regulator 
driver and output stages, and in dc-to-dc converters in 
military, industrial, and commercial equipment. This 
type features a base comprised of a homogeneous-
resistivity silicon material. JEDEC TO-3, Outline 

No.2. See Mounting Hardware for desired mounting arrangement. This type 
is identical with type 2N3441 except for the following items: 
MAXIMUM RATINGS 
Collector Current   Ir 
Base Current   IB 
Transistor Dissipation: 
Tc up to 25°C   
Tr up to 25°C   

CHARACTERISTICS (At case temperature 
Collector-to-Emitter Sustaining Voltage: 

Ir = 0.2 to 3 A, In -= 
Ir = 0.1 to 1.5 A, Vi E = —1.5 V   

Collector- to-Emitter Saturation Voltage 
(Ic 3 A, ht = 300 mA)   

Base-to-Emitter Voltage (V E = 4 V, Ir 3 A)   
Collector-Cutoff Current: 
VCE = 140 V, VitF, = — 1.5 V, Tr = 150°C   
Vcit _ 140 V, IE = 

Emitter-Cutoff Current (VER = 7 V, Ic = 0) 
Static Forward-Current Transfer Ratio 

(VcE 7_ 4 V, ir tit.- 3 A)   
Power Rating Test 

(VrE = 78 V, lc -= 1.5 A, t = 1 s)   
Thermal Resistance, Junction-to-Case   

TYPICAL COLLECTOR CHARACTERISTICS 
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TYPE 2N3442 
CASE TEMPERATURE ( Tc)= 25' C 

, 
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r-------
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1.4ILLIAMPLRES (lie 10 I 1 
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COLLECTOR -TO -EMITTER VOLTS (VcE) 
92CS I2638T 

12 

PT 
PT 

25cC) 

VcEo ( Sus) 
VcEv ( Sus) 

10 A 
7 A 

117 
See curve page 300 

140 min V 
160 min V 

VCE (sat) 1 max V 
VBE 1.7 max V 

ICEV 
ICEV 
IEBO 

10 max 
1 

5 max 

h r. 20 to 70 

mA 
mA 
mA 

117 
0J-C 1.5 max °C/W 

TYPICAL TRANSFER CHARACTERISTICS 

2 

TYPE 2N3442 
COLLECTOR—TO —EMITTER VOLTS ( Vc E)=4 

(.) 
47) 

1». 

0 2 3 4 5 

BASE - TO- EMITTER VOLTS ( VBE) 
92CS-126391 

TRANSISTOR 2N3478 
Si n- p-n epitaxial planar type for vhf-uhf applications 
at frequencies up to 470 MHz in industrial and com-
mercial equipment. JEDEC TO- 104, Outline No.31. 
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MAXIMUM RATINGS 

Collector-to-Base Voltage 
Collector-to-Emitter Voltage 
Emitter- to-Base Voltage   
Collector Current   

Transistor Dissipation: 
TA up to 25°C   
TA above 25`C   

Temperature Range: 
Operating ( Junction)   T ( opr) 
Storage   TsTG 

Lead-Soldering Temperature ( 10 s max)   TI, 

CHARACTERISTICS 
Collector- to-Base Breakdown Voltage 

(Ic 0.001 mA, IE = 0)   
Collector-to-Emitter Breakdown Voltage 

(I( = 0.001 mA, Ii = 0)   
Emitter-to-Base Breakdown Voltage (IF. = 0.001 mA, 

I(' = 0)   
Collector-Cutoff Current (Ven — 1 V, IE -= 0)   
Static Forward-Current Transfer Ratio 

(VcE = 8 V, Ic = 2 mA)   
Small-Signal Forward-Current Transfer Ratio* 
(VuE = 8 V, lc :71: 2 mA, f = 100 MHz)   

Collector-to-Base Feedback Capacitance 
(Veit = 8 V, IE = 0, f =. 0.1 to 1 MHz)   

Small-Signal Power Gain: 
Unneutralized Amplifier Circuit* 

VrE — 8 V, lc = 2 mA, f — 200 MHz   
Neutralized Amplifier Circuit 

Rs 50 0, li• = 1.5 mA, Vri: — 6 V, 
f = 470 MHz   

Noise Figure* 
UHF— Rs = 50 0, VCE = 6 V, Ic --_-_ 1.5 mA, 
f 470 MHz   

VHF--VcE 8 V, Ic 2 mA, f — 200 MHz   
* Lead 4 ( case) grounded. 

TYPICAL SMALL -SIGNAL FORWARD-CURRENT 
TRANSFER- RATIO CHARACTERISTICS 

2 
O 

TYPE 2N3478 
COMMON- EMITTER CIRCUIT, BASE 1NPUT.,-

OUTPUT SHORT-CiRCUITED 

FREQUENCY ( f ) = 100 MHz 

FREE- AIR TEMPERATURE ( TFA) = 25 °C 

2 4 6 8 10 12 

COLLECTOR MILLIAMPERES ( lc) 
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V(BRW130 

V(BR)CE0 

V(BR)EBO 

ICB0 

hFE 

he 

Ceb 

Gpe 

G. 

NF 
NF 

VCBO 

VCEO 

VEBO 

IC 

30 V 
15 V 
2 V 

Limited by power 
dissipation 

PT 200 mW 
PT See curve page 300 

--65 to 200 
65 to 200 

265 

30 min 

15 min 

2 min 
0.02 max 

25 to 150 

7.5 to 16 

0.7 max 

11.5 to 17 

12 

5 
4.5 max 

CC 

°C 
°C 

pF 

dB 

dB 

dB 
dB 

TYPICAL FORWARD TRANSFER CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

TYPE 2N3478 
70 COMMON- EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 

60 FREQUENCY ( f) = 200 MHz 4 

FREE-AIR TEMPERATURE ( TFA) = 25°C 

5 10 15 20 
COLLECTOR MILLIAMPERES ( lc) 

92CS - ir 

2N3512 COMPUTER TRANSISTOR 
Si n- p-n double-diffused epitaxial planar type used for 
core-driver and line-driver service in high-performance 
computers and in other critical applications requiring 
considerable output power. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector- to-Base Voltage   Vcno 
Collector-to-Emitter Voltage   VcEo 
Emitter-to-Base Voltage   VEDO 

60 
35 
5 
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MAXIMUM RATINGS (cont'd) 
Collector Current   

Transistor Dissipation: 
TA up to 25°C ..... 
Tc up to 25°C ( with heat sink)   
T.4 or Tr ( with heat sink) above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ic — 0.01 mA, IE = 0)   
Collect—or-to-Emitter Breakdown Voltage 

(Ir = 50 mA, IB — 0)   
Emitter-to-Base Breakdown Voltage (IE — 0.1 mA, 
Ic — 0)   

Collector-to-Emitter Saturation Voltage: 
Ic = 150 mA, In = 7.5 mA   
Ir — 500 m A, In = 50 mA, tp = 400 jis, df 

Base-to-Emitter Voltage ( Ir = 150 mA, 
IB — 7.5 mA)   

Base-Cutoff Current (VIE = 30 V, VBE = 0.3 V) 
Collector-Cutoff Current: 
VrE = 30 V, VHF: -= —0.3 V, TA = 25°C   
VrE — 30 V, VBE — —0.3 V, TA = 100°C   

Pulsed Static Forward-Current Transfer Ratio 
(VrE = 1 V, lc = 0.5 A, tp — 400 jis, df 3%)   

Small-Signal Forward-Current—  Transfer Ratio 
(VcE — 10 V, Iv, = 50 mA, f — 100 MHz)   

Output Capacitance (VrB= 10 V, IE _—_- 0, 
f = 0.14 MHz)   

Storage Time ( Vey = 6.4 V, VBR = 15.9 V, 
Ir — 150 mA, In = 15 mA)   

Turn--On Time (Vrc = 6.4 V, lc = 150 mA, 
IBI = 15 mA, IB2 = —15 mA)   

Turn-Off Time ( Ver = 6.4 V, VBR = 15.9 V, 
Ir _ 150 mA, 182 = —15 mA, In = 15 rnA)   

370 

40 

TYPICAL DC FORWARD- CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

7 

TYPE 2N 35 12 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
FREE- AIR TEMPERATURE ( TFA)=25°C 

i ; 

loft- 10- E. - A.4, /i> 
ç_ 

C•C)\).' 
e   

o  
4 6 8 10 2 4 6 8100 2 4 6 81000 

COLLECTOR MILLIAMPERES ( Ic) 
92CS - I 2698T 

Ic 

PT 
PT 
PT 

Ti (opr) 
TSTG 
TI, 

V(BRWHO 

V(Bit)eE0 

V ( II EBO 

Limited by power 
dissipation 

0.8 
4 

See curve page 300 

65 to 200 
65 to 200 

230 

60 min 

35 min 

5 min 

VCE (sat) 0.4 max 
VCE (sat) ( pulsed)1 max 

VRE 
IBEV 

ICEV 
IrEV 

hFE ( pulsed) 

hfe 

Cobo 

te 

ta tr 

ta tr 

1 max 
0.5 max 

0.5 max 
100 max 

10 min 

2.5 min 

10 max 

30 max 

30 max 

45 max 

0 C 

°C 
0 C 

V 

V 

V 

V 
V 

V 
ÍzA 

aA 
µA 

pF 

ns 

ns 

ns 

TYPICAL SATURATION CHARACTERISTICS 

TYPE 2N35I 2 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
FREE- AIR TEMPERATURE ( TFA)=25•C 

200 400 600 800 1000 
COLLECTOR MILLIAMPERES 11c) 

92CS- I2699T 

SILICON 
CONTROLLED RECTIFIER 2N3525 

Si all-diffused three-junction type for use in power-
control and power-switching applications. See Mount-
ing Hardware for desired mounting arrangement. 
JEDEC TO-66, Outline No.25. This type is identical 
with type 2N3228 except for the following items: 
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MAXIMUM RATINGS (For sinusoidal ac supply voltage at f = 50 to 400 Hz 
with resistive or inductive load) 

VRSOM   
VRROM   
VDROM   

CHARACTERISTICS (At maximum electrical ratings at T = 25°C) 
VF(B0)0 (TC = 100°C)   
IDOM (Vim =-7 VF(B0)0)   
IRROM (VRO = VRROM, rn' = 100°C)   

2N3528 
2N3529 

SILICON 
CONTROLLED RECTIFIERS 

Si all-diffused three-junction types for use in power-
control and power-switching applications. JEDEC TO-8, 
Outline No.10. These types are identical with type 
2N3228 except for the following items: 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f 50 to 400 Hz 
with resistive or inductive load) 

2N3528 

660 
400 
600 

400 min 
0.2 typ; 3 max 

0.1 typ; 1.5 max 

v 
v 
V 

V 
m A 
m A 

VRSOM   
VRROM   
VDROM   
IT(AV) (conduction angle = 180°, TA = 25°C)   1.3   
IT(Rms) (TA = 25°C)     2   

CHARACTERISTICS (At maximum 

2N3529 
660 
400 
600 

electrical ratings at Tr 25 ° C) 

VF(B0)0 (Tr -II= 100 °C)   

'DOM ( Vi)) VF(B0)g), rrc 

IRROM (VR0 = VP.S0M, rrc 

(-)J-A   

2N3553 

0 0.5 1 1.5 2 

V 
V 
V 
A 
A 

400 min V 
_7-_- 100°C)   0.2 typ; 3 max mA 
=-_-_ 100°C)   0.1 typ; 1.5 max mA 

40 max   °C/W 

RATING CHART ( AMBIENT TEMPERATURE) 

TYPES 2N3528,2N3529,2N4IO2 
CURRENT WAVEFORM:SINUSOIDAL 
>LOAD= RESISTIVE OR INDUCTIVE 

010_74180' 

CONDUCTION - 
ANGLE 

_lo 

AVERAGE ON-STATE CURRENT [Inqq—AMPERES 
92CS-1274911 

TRANSISTOR 
Si n-p-n "overlay" epitaxial planar type used in class 
A, B, and C amplifiers, frequency multipliers, or oscilla-
tors in vhf-uhf applications for industrial and military 
communications. JEDEC TO-39, Outline No.15. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VcBo 
Collector-to-Emitter Voltage: 
VBE = — 1.5 V   VEv 
Base open   VcEo 

65 

65 
40 

V 
V 



Technical Data 323 

MAXIMUM RATINGS (cont'd) 

Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Transistor Dissipation: 

're up to 25°C   
Te abóve 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

PA4111811111,1 

CHARACTERISTICS (At case temperature 

Collector-to-Base Breakdown Voltage ( Ic = 0.3 
Ii = 0)   V(BR)(110 

Collector-to-Emitter Breakdown Voltage: 
Ie. = 0 to 0.2 A, IB = 0, pulsed through an inductor 

L = 25 mH, df = 50%   V(BR)CEO 
Ir = 0 to 0.2 A, VBE = —1.5 V, pulsed through an 

inductor L = 25 mH, df = 50%   V(BR)CEV 
Emitter- to-Base Breakdown Voltage ( Ii 0.1 mA, 

Ir = 0)   V(BR)EBO 
Collector-to-Emitter Saturation Voltage 
(Ir = 250 mA, In = 50 MA)   VCE (sat) 

Collector-Cutoff Current (VcE = 30 V, Is = 0)   'CEO 
Intrinsic Base-Spreading Resistance (VcE = 28 V, 
It = 100 mA, f = 100 MHz)   rbb 

Gain-Bandwidth Product (VrE = 28 V, lc = 100 mA) fT 

Output Capacitance ( VcB = 30 V, IE = 0, 
f = 1 MHz)   Cobo 

RF Power Output: 
Unneutralized Amplifier—Vcr = 28 V, 

PIE = 0.25 W , RG and RL = 50 f 175 MHz POE 
Oscillator—V('' 28 V, f = 500 MHz   POE 

* For conditions given, minimum efficiency = 50 per cent. 
t For conditions given, typical efficiency = 30 per cent. 

VEBO 
IC 
ir 

PT 
PT 

TJ (opr) 
TsTG 
Ti. 

Do 8 
a-

R
F
 
P
O
W
E
R
 
O
U
T
P
U
T
 

6 

4 

2 

E 

See 

TYPICAL OPERATION CHARACTERISTICS 

TYPE 2N3553 
COLLECTOR - TO - EMITTER VOLTS (VW= 28 

CASE TEMPERATURE (Tc)s 25°C 

50 

4>A 
Ok, 
-ee - r 

CF 

75 100 150 200 
FREQUENCY - MHz 

• 

•:1 

300 400 

92CS-i27i7T 

25 °C) 

mA, 

7- 600 

500 

ca 400 

300 

el 200 

z 

4 
0.33 
1 

V 
A 
A 

7 
See curve page 300 

—65 to 200 
65 to 200 

230 

°C 
°C 
°C 

65 min V 

40 min V 

65 min V 

4 min V 

1 max V 
0.1 max mA 

12 
500 MHz 

10 max pF 

2.5* min 
1.51" 

TYPICAL SMALL-SIGNAL 
OPERATION CHARACTERISTIC 

100 
20 40 60 80100 200 400 

COLLECTOR CURRENT ( lc) - MILLIAMPERES 
92CS-127311 

TYPE 2N3553 
COLLECTOR - TO - EMITTER VOLTS ( VcE)= 28 
CASE TEMPERATURE (Tc)=25•C 

 • 

••••1 

1 

TRANSISTOR 2N3583 
Si n- p-n triple-diffused type used in high-speed-
switching and linear-amplifier applications such as high-
voltage operational amplifiers, high-voltage switches, 
switching regulators, converters, inverters, deflection 
and high-fidelity amplifiers in military, industrial and 
commercial equipment. JEDEC TO-66, Outline No.25. 

Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage   
Emitter- to-Base Voltage   
Collector Current   

VCBO 
VCEO ( SUS) 
VEBO 
IC 

250 
175 
6 
2 

V 
V 
V 
A 
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MAXIMUM RATINGS (cont'd) 

Peak Collector Current   
Base Current   
Transistor Dissipation   

Operating Temperature Range   
Pin-Soldering Temperature ( 10 s max) 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage: 
Ic = 200 mA, IB -=   
RBE = 50 a lc = 200 mA   

Base-to-Emitter Voltage (Ic = 1 A, VCE = 10 V)   
Collector-Cutoff Current: 
VCE =7- 150 V, IB -= 0, Tc = 25°C   
VBE = —1.5 V, VCE -= 225 V, Tc = 25°C   
VBE = —1.5 V, VCE = 225 V, Tc = 150°C   

Emitter-Cutoff Current (VEB = 6 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
VCE = 10 V, Ic = 100 M A   
VCE 10 V, IC = 1 A   

Small-Signal Forward-Current Transfer Ratio 
(VcE = 10 V, Ic =_ 200 mA, f = 5 MHz)   

Second-Breakdown Collector Current ( Base forward-
biased from zero up, VCE = 100 V)   

Second-Breakdown Energy ( Base reverse-biased, 
RBE = 20 n, L = 100 11,H, VBE = —4 V)   

Output Capacitance (VcB — 10 V, IE = 0, 
f = 1 MHz)   

Thermal Resistance, Junction-to-Case ( Ic ____ 500 mA) 
Thermal Resistance, Junction-to-Ambient   
* This values does not apply to type 40374. 

1000 

H 

win 800 
cr 

_1 

400 

o 

LI%) 200 

-▪ 1 
o 
o 

600 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N3583 
'CASE TEMPERATURE (Tc) z 25°C 

e• 
o 

6 

4 
5 WATTS 

2_ 
n.5 

BASE MILLIAMPERES MILLIAMPERES ( I:.--• ---0.511-----"- 

• 

25 50 75 100 125 150 175 
COLLECTOR- TO- EMITTER VOLTS ( VcE) 

92CS-12879T 

C
O
L
L
E
C
T
O
R
 
A
M
P
E
R
E
S
 
(
I
c
)
 

6 
4 

2 

I e 
6 
4 

2 

0.18 
6 
4 

0.01 

2 

200 

z w150 
w 
cc.c 

1 a 100 
cox 
cc 
<cr 
ew 
cru-
ou) z 
o 

F-

50 

iC 
IB 
PT 

Tc(opr) 
Tr 

VCEO (SUS) 
VCER ( SUS ) 
VBE 

'CEO 
ICEV 
ICEV 
IEBO 

hFE 
hFE 

hre 

Is/b 

Es/b 

Cobo 

ej-e 

13J-A 

5 A 
1 A 

See Chart, Maximum 
DC Operating Areas 

65 to 200 °C 
255 °C 

175 min 
250 min 
1.4 max 

10 max 
1 max 
3 max 
5 max 

40 min 
10 min 

v 
v 
v 

mA 
mA 
mA 
mA 

3 min 

350 min mA 

50 min lU 

120 max PF 
5* max °C/W 
70 max °C/W 

TYPICAL DC FORWARD—CURRENT 
TRANSFER—RATIO CHARACTERISTICS 

TYPE 

. 

=10 

, 

2N3583 
-TO 

VOLTS 
--. 

0 ° 

COLLECTOR 
EMITTER 

o 

(VCE) 

IUREC(C14:25ct 

, 
-1 r 

 —  

-55 

— 

C 

, 

- 

, 

- 
2 4 6 810 2 4 6 8,02 2 4 6 103 2 4 4 

COLLECTOR MILLIAMPERES ( 1c) 

MAXIMUM DC OPERATING AREAS 

TYPE 2N3583 

Ic MAX. (CONT I NUOUS ) 

III 

- 25°C (35W) 
50°C (30W) 
- 75°C(25W) 
100°C(20W) 
- 125°C(I5W) 
• 150°C(10W) 

DISSIPATION LIMITED 
(SLOPE= - I) 1 

IsaLIMITED 
(SLOPE:- 2.5) 

VCEO MAX.:175V 
(2N3583) 

I 1 
VCE O MAX. 

:250V 
(2N3_584) 

VcE0 MAX.: 300V 
(2N3585 & 2N4240) 
e I It 1  

2 468 2 4 6 8 2 4 6 8 
10 100 1000 

COLLECTOR -TO-EMITTER VOLTS (VCE) 

92SS - 2790T 

92SS-3120T 
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CF 

E 

TRANSISTOR 2N3584 
Si n-p-n triple-diffused type used in high-speed-
switching and linear-amplifier applications such as high-
voltage operational amplifiers, high-voltage switches, 
switching regulators, converters, inverters, deflection 
and high-fidelity amplifiers in military, industrial and 
commercial equipment. JEDEC TO-66, Outline No.25. 

See Mounting Hardware for desired mounting arrangement. For Maximum 
DC Operating Areas Chart, refer to type 2N3583. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation   

Operating Temperature   
Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage: 
Ic =. 200 mA, IB = 0   
RBE = 50 n, 200 mA   

Base-to-Emitter Voltage 
(Ic -_-_-_- 1 A, VcE = 10 V)   

Collector-to-Emitter Saturation Voltage ( Ic = 1 A 
IB = 125 mA)   

Collector-Cutoff Current: 
VcE = 150 V, IB = 0, Tc — 25°C   
VBE = — 1.5 V, VCE = 300 V, Ti' = 25°C   
VBE = —1.5 V, VCE = 300 V, Ti' 150°C   

Emitter-Cutoff Current (VEB = 6 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
VcE = 10 V, Ic = 1 A  
VCE =_ 10 V, Ic = 100 mA   

Small-Signal Forward-Current Transfer Ratio 
(VCE =_ 10 V, Ic = 200 mA, f = 5 MHz)   

Second-Breakdown Collector Current ( Base forward-
biased from zero up, VCE = 100 V)   

Second-Breakdown Energy ( Base reverse-biased, 
RnE = 20 0, L = 100 gH, VBE := —4 V)   

Output Capacitance 
(VcB = 10 V, IE = 0, f = 1 MHz)   

Turn-On Time, Saturated Switch (Vcc = 30 V, 
Ic = 1 A, IB = 100 mA)   

Storage Time (Vcc = 30 V, Ic = 1 A, IB — 100 mA) 

"fime 

250 

O 

150 

TYPICAL DC FORWARD-CURRENT 
TRANSFER- RATIO CHARACTERISTICS 

TYTPE 
COLLECTOR 

2N3584 
-TO -EMITTER 

' 

VOLTS 

• 

(VcE):10 

, 4 , , 

- 

. 

1 
I25°C 

...... 

i 

‘ , 

CASE 
(Tc)=25° 
TEMPERATURE 

C 

\ 
1, 

, , . 

-55°C 

. 

I > •••9 

e  

, 
«00. 

1-k 4..'...,*. 
r r 

2 4 681 2 468 2 4 681 2 468 
10 10 2 103 104 

COLLECTOR MILLIAMPERES ( lc) 
92SS-3130T 0.2 

VCBO 
VCE0 ( SUS) 
VEBO 
IC 
lc 
IB 
PT 

Tc (opr) 
Tp 

VCEO ( SUS) 

VCER ( SUS) 

VBE 

VCE (sat) 

'CEO 

ICEV 

ICEV 

IEBO 

hFE 

hFE 

hie 

IS/b 

ES/h 

Cobo 

375 
250 
6 
2 
5 
1 

V 
V 
V 
A 
A 
A 

See Chart, Maximum 
DC Operating Areas 
—65 to 200 °C 

255 °C 

250 min 
300 min v 
1.4 max v 

V 
0.75 max v 
5 max 
1 max 
3 max 

0.5 max 

25 to 100 
40 min 

mA 
mA 
mA 
mA 

3 min 

350 min mA 

200 min 

120 max 

ta tr 3 max 
ts 4 max 

pF 

ILLS 

"Ls 

TYPICAL TURN-ON TIME AND FALL-TIME 
CHARACTERISTICS 

1.4 

12 

0.8 

TYPE' 2N3Ñ34 
PULSE WIDTH • 20As 
REPETITION RATE 21000 PULSES/SECOND 
CASE TEMPERATURE ( Tc) 25°C 

,e 
_ io1/4 

200 400 600 800 1000 
COLLECTOR MILLIAMPERES (Ic) 

cors -12R72T 
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CHARACTERISTICS (cont'd) 

Fall Time (Vcc = 30 V, Ic = 1 A, IB = 100 mA) ti 
Thermal Resistance, Junction-to-Case 

(Ic = 500 mA)   E3J-c 
Thermal Resistance, Junction-to-Ambient 

(Ic = 500 mA)   Eb-A 

2N3585 TRANSISTOR 

Si n-p-n triple-diffused type used in high-speed-
switching and linear-amplifier applications such as high-
voltage operational amplifiers, high-voltage switches, 
switching regulators, converters, iiiverLeis, deflection 

and high-fidelity amplifiers in military, industrial and 
commercial equipment. JEDEC TO-66, Outline No.25. 
See Mounting Hardware for desired mounting arrangement. 
identical with type 2N3584 except for the following items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Sustaining Voltage   VCEO ( SUS) 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage: 
Ic = 200 mA, IB =   
RBE = 50 0, lc = 200 mA   

Collector-Cutoff Current: 
(VBE = —1.5 V, VcE = 400 V, Tc = 25°C)   

Turn-On Time, Saturated Switch ( Vcc — 30 V, 
Ic = 1 A, IB 100 MA)   

* This value does not apply to type 2N4240. 

2N3600 TRANSISTOR 

VCEO ( SUS) 
VCER ( SUS) 

ICEV 

ta tr 

Si n-p-n epitaxial planar type used in low-noise ampli-
fier, oscillator, and converter applications at vhf fre-
quencies in military, communications, and industrial 
equipment. JEDEC TO-72, Outline No.28. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   

Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C ( with heat sink)   
TA or 're ( with heat sink) above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 60 s max)   

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ( Ic = 0.001 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage (IE = 0.01 mA, 
Ic = 0)   

Collector-to-Emitter Sustaining Voltage ( Ic = 3 mA, 
IB = 0)   

Collector- to-Emitter Saturation Voltage (Ic = 10 mA, 
IB = 1 mA)   

Base-to-Emitter Saturation Voltage ( Ic = 10 mA, 
In = 1 mA)   

Collecl or-Cutoff Current: 
V B = 15 V, IE = 0. TA = 25°C   
VCB =- 15 V, IE = 0, TA = 150°C   

VCBO 
VCEO' 
VEBO 
IC 

PT 
PT 
PT 

TJ ( opr) 
TSTG 
Ti. 

3 max 

5 max 

70 max 

CIF 

is 

500 v 
300 

300 min 
400 min 

1 max 

2* max 

v 

mA 

As 

30 v 
15 
3 

Limited by power 
dissipation 

200 mW 
300 mW 

See curve page 300 

V(BR)CB0 

V(BR)EBO 

V(BR)CE0 ( SUS) 

VCE ( sat) 

VBE ( sat) 

ICB0 
ICBO 

65 to 200 
65 to 200 

300 

30 min 

3 min 

15 min 

0.4 max 

1 max 

0.01 max 
1 max 

°C 
°C 
°C 

V 

V 

V 

V 

V 

/LA 
"LA 
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CHARACTERISTICS (cont'd) 
Static Forward-Current Transfer Ratio 

(VcE = 1 V, Ic = 3 mA)   
Sn-iall=Signal Forward-Current Tran3fcr Ratio:* 

= 6 V, Id = mA, f = 100 MHz   
Vi•E 6 V, lc = 2 mA, f = 1 kHz   

Input Capacitancet (VER = 0.5 V, lc — 0, 
f = 0.1 to 1 MHz)   

Output Capacitancet (Wit = 10 V, IE .= 0, 
f = 0.1 to 1 MHz)   

Col1Pctor-to-Base Feedback Capacitance's 
(VcR = 10 V, IE = 0, f = 0.1 to 1 MHz)   

Collector-to-Base Time Constant* (VcR — 6 V, 
Ic 5 mA, f = 31.9 MHz)   

Small-Signal Power Gain, Amplifier Circuit, 
Neutralized* ( VcE = 6 V, Ic .= 5 mA, f = 200 MHz) 

Power Output, Oscillator Circuitt (VcR = 10 V, 
I E == 12 mA, f = 500 MHz)   

Noise Figure:* 
VrE = 6 V, lc = 1.5 mA, f 200 MHz   
V(•E = 6 V, Ic = 1 mA, f 60 MHz   

* Lead 4 ( case) grounded. 
t Lead 4 ( case) floating. 
• This value does not apply to type 2N918. 
• Three-terminal measurement of the collector-to-base capacitance with the case and 
emitter leads connected to the guard terminal. 

17.5 

15 

12.5 

10 

7.5 

5 

2.5 

TYPICAL SMALL—SIGNAL FORWARD—CURRENT 
TRANSFER—RATIO CHARACTERISTIC 

•••••• 

TYPE 2N3600 
COMMON- EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT-CIRCUITED 

FREQUENCY ( f )= 100 MHz 
COLLECTOR -TO-EMITTER VOLTS ( VcE)= 6 
FREE-AIR TEMPERATURE (TFA):i 25*C 

5 10 15 20 25 30 
COLLECTOR MILLIAMPERES (IC) 

92CS-128451 

hFE 

ht. 
ht. 

C Ibo 

Cobo 

Ccb 

rb'ec 

Gpe 

Poe 

NF 
NF 

20 to 150A 

8.5 to 15A 
40 to 200A 

1.4 

1.7 max 

1 max• 

4 to 15 

17 to 24A 

20 min 

4.5 max• 
3 

PF 

pF 

pF 

ps 

dB 

mW 

dB 
dB 

TYPICAL FORWARD TRANSFER CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

TYPE T2 N 3 60 0 T 

COMMON- EMITTER CIRCUIT, BASE INPUT; 

= 
OUTPUT SHORT-CIRCUITED.   

FREQUENCY ( f) 200 MHz  
FREE-AIR TEMPERATURE (TFA ) 25.0 

1  

0 2 4 6 8 10 12 
COLLECTOR MILLIAMPERES ( 1c) 

TRANSISTOR 

92CS - 1275911 

2N3632 

I 4 

Si n-p-n "overlay" epitaxial planar type used in class 
A, B, and C amplifiers, frequency multipliers, or oscilla-
tors in vhf-uhf applications for industrial and military 
communications. JEDEC TO-60, Outline No.23. See 
Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCR° 
Collector-to-Emitter Voltage: 
VRE = —1.5 V   VcEv 
Base open   V(1E0 

Emitter- to-Base Voltage   VERO 
Collector Current   I(' 
Peak Collector Current   ic 
Transistor Dissipation: 
Tc up to 25°C   PT 

Tc above 25°C   PT 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage   TsTG 

Lead-Soldering Temperature ( 10 s max)   T1, 

CHARACTERISTICS (At case temperature 
Collector-to-Base Breakdown Voltage ( Ic ____ 0.5 mA, 
IE = 0)   

25°C) 

V B R CB 0 

65 V 

65 V 
40 V 
4 V 
3 A 
1 A 

23 
See curve page 300 

—65 to 200 
—65 to 200 

230 

°C 
°C 
°C 

65 min V 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Breakdown Voltage: 

0 to 0.2 A, Ii = 0, pulsed through an inductor 
L = 25 mH, df = 50%   
0 to 0.2 A, VBE =. —1.5 V, pulsed 
through an inductor L = 25 mH, df 50%   

Emitter-to-Base Breakdown Voltage 
(IF = 0.25 mA, L .= 0)   

Collector- to-Emitter Saturation Voltage 
(Ir = 0.5 A, IB = 0.1 A)   

Collector-Cutoff Current (V('E = 30 V, Ii 0)   
Collector- to-Case   
Gain-Bandwidth Product ( VcE = 28 V, Ir = 150 mA) 
Output Capacitance ( V( B = 30 V, IE = 0, 
f 1 MHz)   

RF Power Output, Unneutralized: 
Vrr 28 V, PIE = 3.5 W , RG and RI. 50 0, 

f = 175 MHz   
Vrr = 28 V, PIE 3 W , RG and RI. 50 0, 

f = 260 MHz   

* For conditions given, minimum efficiency 
t For conditions given, minimum efficiency 

TYPICAL OPERATION CHARACTERISTICS 

TYPE 2N3632 
COLLECTOR -TO-EMITTER VOLTS (VCE)z28 
CASE TEMPERATURE (Tc):25°C 

10 
8 
6 

4 

1 
50 60 

  /. POWE'R INPUT (pliv),11,A /.° 

80 100 200 300 
FREQUENCY- MHz 

92CS-12829T 

2N3668 
2N3670 

V(BIO('E0 

V(Itlt)l'EV 

V(ItIt)E110 

Vi: ( sat) 
IrE0 
Cr 
fT 

Cob° 

PoE 

PoE 

70 per cent. 
60 per cent. 

7- 700 

e- 600 

o 
0 500 
cc 
Q-

' 400 

o 

z 300 

(.9 

40 min V 

65 min V 

4 min V 

1 max V 
0.25 max mA 
6 max PF 

400 MHz 

20 max pF 

13.5* min 

lot 

TYPICAL SMALL- SIGNAL 
OPERATION CHARACTERISTIC 

TYPE iN3632 
COLLECTOR - TO - EMITTER VOLTS ( Vc0= 28 
CASE TEMPERATURE ( Ticd=25°C 

• 

• 

50 100 150 200 250 300 
COLLECTOR MILLIAMPERES ( lc) 

92CS - 12830T 

SILICON 
CONTROLLED RECTIFIERS 

Si all-diffused three-junction types for use in power-
control and power-switching applications. JEDEC TO-
3, Outline No.2. See Mounting Hardware for desired 
mounting arrangemeht. 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f 
with resistive or inductive load) 

VRsom   150 330 
VRRONI   100 200 
VDRom   600 600 
IT(AV) (conduction angle = 180°, 
Tc _-__-: 80°C)     8   

IT(RMS     12.5   
ITSM ( 1 cycle of principle voltage)     200   
Critical di/dt     200   
[ITs(Bms)] 2t ( 1 to 8.3 ms)     165   
PGm ( peak, forward, or reverse for 10 gs)   40   
PG(AV)   0.5   

50 to 400 Hz 

2N3668 2N3669 2N3670 

660 
400 
600 

V 
V 
V 

A 
A 
A 

ALus 
A2s 
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6 

0.001 0.01 0.1 1.0 
GATE-TO- CATHODE CURRENT—AMPERES 

MAXIMUM RATINGS (cont'd) 

Tstg 

Tc 

2N3668 2N3669 2N3670 

  —40 to 125   °C 

—40 to 100   oc 

CHARACTERISTICS (At maximum electrical rating at Tc = 25°C) 
vF(Bo") ( al(' =_ 1013°C)   100 min 200 min 400 min 

0.2 typ 0.25 typ 0.3 typ 

4 

o loo 

o 

LLJ cc 
F- 80 

Li 

60 

u 

CO 

0 40 

.rz 20 

RATING CHART ( CASE TEMPERATURE) 

TYPES 2N3668 - 2N3670, 2N4I03 

CURRENT WAVEFORM:SINUSOIDAL 
LOAD:RESISTIVE OR INDUCTIVE 

)(CONDOC770N A 

(>1 1.0 
0 00 
o o o o 

Le_ r_aj180° 

CONDUCTION 
ANGLE 

  DC 
OPERATION 

CONDUCTION 
ANGLE: I80  

0 2 4 6 8 10 12 

AVERAGE ON-STATE CURRENT [IT(Av)1-AMPERES 
92CM-13805T 

FORWARD GATE CHARACTERISTICS 

TYPES 2N3668 -2N3670, 2N4103 

SHADED AREA INDICATES LOCUS 
OF POSSIBLE TRIGGERING POINTS 
FOR VARIOUS TEMPERATURES. 

MAXIMUM GATE TRIGGER 
2 VOLTAGE FOR INDICATED 

JUNCTION TEMPERATURE (TJ) 
T  3-40°C 

«am We» 41Imme «MOM 
+25 C 

MAXIMUM GATE 
  RESISTANCE 

 ,.._j____1,2°Ct s  

+100'0 r7 ‘4•1 MAXIMUM GATE TRIGGER 

..- [ I 1  CURRENT FOR INDICATED 
2  JUNCTION TEMPERATURE (TJ) 

MAXIMUM VOLTAGE AT WHICH NO UNIT 
WILL TRIGGER FOR Te+100° C Tjz-40•C 1 

01  f  1 I i 1  
2 4 68 2 4 6 8 2 68 2 4 6 8 2 

10 

PERMITTED PULSE WIDTHS 
FOR INDICATED PEAK 
FORWARD GATE POWER 

V 

mA 

92CM-13280T 
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CHARACTERISTICS (cont'd) 

'Dom (T(• = 100°C, VD0 vF(n(»0 min value 

I It Ito:11 (VIM = V It Ho 
VT ( on-state current = 25 A)   
IGT   
VGT   
ill() 
Critical dv/dt (VI) = vi.-( B())() min value, 
exponential rise, Tt• = 100°C)   

tgt (VD = vF(ito,t) min value, iT = 8 A, 
= 200 mA, tr = 0.1 jis)   Ps 

t(1 ( ir = 8 A, 50 jis pulse width, 
dvD/dt = 20 V/gs, diR/dt = 30 Aiihs, 
IGT = 200 mA, Tc — 80°C)     20 typ; 50 max   /Ls 

0.1-c     1.7 max   °C/W 

2N3668 2N3669 2N3670 

2 max 2.5 max 3 max 
0.05 typ 0.1 typ 0.2 typ 
1 max 1.25 max 1.5 max 

  1.5 typ; 1.8 max  
  1 

mA 
mA 
mA 
V 

min, 20 typ, 40 max mA(dc) 
  1.5 typ; 2 max   V(dc) 
  0.5 to 50   mA 

2N3730 

  10 min; 100 typ   V/iis 

2N3668 2N3669 2N3670 

  0.75 min; 1.25 typ   

POWER TRANSISTOR 

Ge p-n-p diffused-collector graded-base type used in 
114-degree 18-kV TV deflection systems as a vertical-
deflection output amplifier. This type, together with 
types 2N3731 ( horizontal output), 2N3732 ( horizontal 
driver), and 1N4785 ( damper) make up a complete 
transistor/damper-diode complement. JEDEC TO-3, 
Outline No.2. 

MAXIMUM RATINGS 

Collector- to-Base Voltage: 
Peak   vcBo 
Continuous   Vcno 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ir 
Base Current   In 
Transistor Dissipation: 
TNIF up to 55°C   PT 
14111e above 55°C   PT 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage   TSUI 

Pin-Soldering Temperature ( 10 s max)   Tp 

CHARACTERISTICS 
Collector- to-Emitter Breakdown Voltage 

(Ir ==: 5 mA, VER = 0)   
Emitter-to-Base Breakdown Voltage 

—100 mA, Ir 0)   
Collector- to-Emitter Saturation Voltage: 

Ir = —0.7 A, In = —0.02 A   
Ic = —0.05 A, In = —0.005 A   

Base-to-Emitter Voltage ( Ic — 0.7 A, 
In —0.02 A)   

Collector-Cutoff Current (Vcn = —10 V, IF = 0)   
Thermal Resistance, Junction-to-Case   

2N3731 

V(BR)CES 

V(Bit)EB() 

VCE (sat) 
VCE (sat) 

VBE 

ICBO 

0.1 — C 

POWER TRANSISTOR 

Ge p-n-p diffused-collector graded-base type used in 
114-degree 18-kV TV deflection systems as a horizontal 
output amplifier. This type, together with types 2N3730 
(vertical output), 2N3732 ( horizontal driver), and 
1N4785 ( damper) make up a complete transistor/ 
damper-diode complement. JEDEC TO-3, Outline No.2. 

CF 

—200 
60 

—0.5 
3 

V 
V 
V 
A 
A 

10 
See curve page 300 

65 to 85 
—65 to 85 

230 

200 min 

0.5 min 

2 max 
—1 max 

0.5 typ 
—200 max 

1.5 max 
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MAXIMUM RATINGS 

Collector-to-Base Voltage: 
Peak   vullo 
Continuous   VCBO 

Emitter-to-Base Voltage   VE130 
Collector Current ..   lc 
Base Current   IB 
Transistor Dissipation: 
TMF up to 55°C   PT 
TMF above 55°C   PT 

Temperature Range: 
Operating ( Junction)   Ti ( opr) 
Storage TsTG 

Pin-Soldering Temperature ( 10 s max)   Ti 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage 
(Ic = —0.025 A, VEB = 0)   

Emitter-to-Base Breakdown Voltage (IE 100 mA, 
= 0)   

Collector-to-Emitter Saturation Voltage: 
I('= —6 A, In = —0.4 A   
1(1 = —3 A, IB = —0.2 A   

Base-to-Emitter Voltage ( I(' = 6 A, 
TB = —0.4 A)   

Collector-Cutoff Current (Vcn _ 10 V, TE — 0)   
Turn-off Time   
Thermal Resistance, Junction-to-Case   

• This value does not apply to type 40439. 

cr 

V(BR)CES 

V(BR)EBO 

VCE (sat) 
VcE ( sat) 

VBE 
ICBO 
ts tf 
0J-C 

320 v 
60 v 
—2 V 
—10 A 

+4, —1 A 

5 
See curve page 300 

—65 to 85 
—65 to 85 

230 

—320 min 

2 min 

1.5 max 
—1.5A max 

—0.8 
—200 max 

1.2 max 
1.5 max 

°C 
°C 
°C 

V 

V 

V 
V 
V 

/LA 

/Ls 
°C/W 

POWER TRANSISTOR 2N3732 
Ge p-n-p diffused-collector graded-base type used in 
114-degree 18-kV TV deflection systems as a horizontal 
driver. This type, together with types 2N3730 ( vertical 
output), 2N3731 ( horizontal output), and 1N4785 
(damper) make up a complete transistor/damper-diode 
complement. JEDEC TO-3, Outline No.2. 

MAXIMUM RATINGS 

Collector-to-Base Voltage: 
Peak 
Continuous 

VCBO 
VCR() 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Base Current   IB 
Transistor Dissipation: 
TMF up to 55°C   PT 
'limp above 55°C   PT 

Temperature Range: 
Operating ( Junction) 
Storage   

TJ (opr) 
TSTG 

Pin-Soldering Temperature ( 10 s max)   TP 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage 
(L. = 5 A, VER = 0)   

Emitter-to-Base Breakdown Voltage 
(lE= —100 mA, Ic = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = —0.7 A, In = —0.02 A)   

Base-to-Emitter Voltage ( Ir — 0.7 A, 
In = —0.02 A)   

Collector-Cutoff Current (Wit — —10 V, IE — 0)   
Thermal Resistance, Junction-to-Case   

V(BR)CES 

V(BR)EBO 

VCE (sat) 

VBE 
ICB0 

100 
—60 
—0.5 
—3 

'2=0.5 

V 
V 
A 
A 

3 
See curve page 300 

—65 to 85 
—65 to 85 

230 

100 min 

—0.5 min 

2 max 

0.5 
—200 max 

1.5 max 

°C 
°C 
°C 

V 

V 

V 

V 
/LA 

°C/W 
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TYPICAL OPERATION IN HORIZONTAL-DEFLECTION AND 
HIGH-VOLTAGE CIRCUIT 

DC Supply Voltage   
Average Supply Current   
Input Power: 

Oscillator and driver circuits   
Output Circuit: 
At beam current =   
At beam current = 200 ¡LA   

DC High-Voltage Output: 
At beam current =   
At beam current = 200 'LA.   

Yoke Current ( peak-to-peak)   
Peak Yoke Energy   
Retrace Time   

2N3733 TRANSISTOR 

Si n-p-n "overlay" epitaxial planar type used in large-
signal, high-power vhf-uhf applications in military and 
industrial communications equipment. Intended for 
class A, B, C amplifier, frequency-multiplier, or oscilla-
tor service. JEDEC TO-60, Outline No.23. See Mounting 
Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open   

Emitter-to-Base Voltage   
Peak Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Ti above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Base Breakdown Voltage ( Ic = 0.5 mA, 
=. 0)   

Collector-to-Emitter Breakdown Voltage: 
Ic = 0 to 200 mA, VBE = —1.5 V, pulsed through 

an inductor L = 25 mH, df = 50%   
I( = 0 to 200 mA, Ii = 0, pulsed through 

an inductor L = 25 mH, df = 50%   
Emitter-to-Base Breakdown Voltage ( In = 0.25 mA, 
Ic = 0)   

Collector-to-Emitter Saturation Voltage 
(Ir = 0.5 A, Ii = 100 mA)   

Collector-Cutoff Current (VcE = 30 V, In -= 0)   
Intrinsic Base-Spreading Resistance (VcE = 28 V, 
Ic = 250 mA, f = 200 MHz)   

Gain-Bandwidth Product (VcE _ 28 V, Ic = 150 mA) 
Collector- to-Case Capacitance   
Output Capacitance ( Wit = 30 V, IE = 0, 
f 1 MHz)   

RF Power Output Amplifier, Unneutralized: 
VcE = 28 V, PIE = 4 W , RG and RI, = 50 a 
f = 260 MHz)   

VCE = 28 V, PIE — 4 W , RG and RL _ 50 0, 
f = 400 MHz)   

VCBO 

VCEV 
VCEO 
VEBO 
iC 

PT 
PT 

TJ (opr) 
TsTG 
Tp 

V(BR)CB0 

V(BR)CEV 

V(BR)CE0 

V(BR)EBO 

VCE (sat) 
'CEO 

rbb' 
fT 

Ce 

Cobo 

POE 

POE 

* For conditions given, minimum efficiency = 60 per cent. 
t For conditions given, minimum efficiency _ 45 per cent. 

E 

45 
0.55 

1.5 

18 
22 

18 
17 
10 
2.5 

11.5 

C 

V 
A 

kV 
kV 
A 
mJ 

65 V 

65 v 
40 v 
4 v 
3 A 

23 
See curve page 300 

—65 to 200 
—65 to 200 

230 

°C 
°C 
°C 

65 min V 

65 min V 

40 min V 

4 min V 

1 max V 
0.25 max mA 

6.5 
400 MHz 

6 max pF 

20 max pF 

14.5* 

10t min 
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TYPICAL OPERATION CHARACTERISTICS TYPICAL SMALL- SIGNAL 

9 

8 

6 

TYPE 2N3733 
COLLECTOR 

CASE TEMPERATURE 

-TO -EMITTER 

(Tc) 

VOLTS 

= 25°C 
(VcE) = 28 

_ 

1 4 , 

.5 04, 

f,o 

47, ). s 
200 250 300 400 500 600 700 800 

FREQUENCY - MHz 
92CS-13134T 

C, 

700 

I- 600 

o 
4500 00 

o 

z 300 

co 

«.:TE 

OPERATION CHARACTERISTIC 

TYPE 2N3733 
COLLECTOR - TO-EMITTER VOLTS ( VcE)= 28 

CASE TEMPERATURE (1-c)= 25°C 

200  
o 50 100 150 200 250 300 

COLLECTOR MILLIAMPERES ( lc) 
92CS - 12830T 

POWER TRANSISTOR 2N3771 
Si n- p-n type with high collector-current rating ( 30 A 
max) for intermediate- and high-power applications 
such as public-address amplifiers, power supplies, and 
low-speed switching regulators and inverters. This type 
features a base comprised of a homogeneous-resistivity 

E e silicon material. JEDEC TO-3, Outline No.2. See 
Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCR() 
Collector-to-Emitter Voltage: 
VISE = —1.5 V, RBE loo   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage: 
RISE = 100 0, Ic = 0.2 A   
VER = —1.5 V, Ic = 0.2 A   
VBE = —1.5 V, Ic = 0.3 A, RBE = loo   

= 0.2 A, IR = 0   
Collector-to-Emitter Saturation Voltage 
(IR =_ 1.5 A, Ic — 15 A, tp = 300 

f = 60 Hz)   
Base-to-Emitter Voltage ( VcE = 4 V, Ic = 15 A, 
tr = 300 jis, f =_ 60 Hz)   

Collector-Cutoff Current: 
VCR =- 50 V, IE =- Tc = 25°C   
VCR = 30 V, IE = 0, Tc = 150°C   
VCE = 50 V, VBE = —1.5 V, Tc = 25°C   
VcE =- 30 V, VBE = —1.5 V, Tc = 150°C   
VrE = 30 V, IR = 0, Te = 25°C   

Emitter-Cutoff Current (VEB = 5 V, Ic = 0)   
Pulsed Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ic = 15 A, tp = 300 As, 
f = 60 Hz)   

Gain-Bandwidth Product (WE = 4 V, Ic — 1 A)   
Power Rating Test (VcE = 33.5 V, Ic = 4.5 A, t = 1 s) 
Thermal Resistance, Junction-to-Case   

VCEV 
VCEO 
VEBO 
IC 
je 
IR 

PT 
PT 

T.1 ( opr) 
TSTG 
TP 

VCER ( SUS) 
VCEV ( SUS) 
VCEV ( SUS) 
VCEO ( SUS) 

VCE ( sat) 

VISE 

ICB0 
ICB0 
ICEV 
ICEV 
ICEO 
IERO 

hFE ( pulsed) 
fT 

0.1-C 

50 

50 
40 
5 

30 
30 
7.5 

V 

C
<
>
<
<
<
 

150 
See curve page 300 

65 to 200 
—65 to 200 

230 

45 
50 

50 min 
40 min 

2 max 

2.7 max 

2 max 
10 max 
2 max 

10 max 
10 max 
5 max 

15 to 60 
800 
150 

1.17 max 

V 

V 

mA 
mA 
mA 
mA 
mA 
mA 

kHz 

°C/W 
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15.0 

120 0 

.5 

cr 
LAJ i .  
a. 

4 7.5 
o 

5.0 

o 25 
c.) 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N377I 
CASE TEMPERATURE (T ) 25 °C 

BASE MILLIAMPERES (I:50 

1 I 1  

400 

300 

200 

0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 45 

COLLECTOR-TO-EMITTER VOLTS (VcE) 
92CS-131851 

2N3772 

15 
o 

12.5 

cr 

w  10 a. 

cr 7 5 

o 
O 5 lL1 

_J 8 2.5 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 2N377I 
COLLECTOR-TO - EMITTER VOLTS ( VcE)• 4 

et- 

25 

CASE tEMPERATURE (Tc)*150.0 

05 10 1.5 2.0 2.5 3.0 

BASE-TO -EMITTER VOLTS (VBE) 

92CS-I3194T 

POWER TRANSISTOR 

Si n- p-n type with high collector-current rating ( 30 A 
max) for intermediate- and high-power applications 
such as.public-address amplifiers, power supplies, and 
low-speed switching regulators and inverters. This type 
features a base comprised of a homogeneous-resistivity 
silicon material. JEDEC TO-3, Outline No.2. See Mount-
ing Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCR° 
Collector-to-Emitter Voltage: 
VBE = -1.5 V   VeEv 
Base open   W E° 

Emitter-to-Base Voltage   VEBO 
Collector Current   L. 
Peak Collector Current   ie 
Base Current   IB 
Transistor Dissipation: 
Tc up to 25°C   PT 
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   T., ( opr) 
Storage   TSTG 

Pin-Soldering TemperAutttre ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage: 
VBE = -1.5 V, le = 0.3 A, RBI.: = 100 CI   
vER = -1.5 V, L• - 0.2 A   

- RBE - 100 0, Ir = 0.2 A   
L• - 0.2 A, IB = 

Collector-to-Emitter Saturation Voltage 
(IB = 1 A, Ic - 10 A, tp 300 ILS,f = 60 Hz-)   

Base-to-Emitter Voltage (VcE = 4 V, Ic = 10 A, 
tp - 300 gs, f -_ 60 Hz)   

Collector-Cutoff Current: 
Veit = 100 V, IE = 0, Tc _= 25°C   
Veit = 30 V, IF = 0, Tc --  150°C   
VcE = 100 V, VBE = -1.5V, Tc - 25°C   
VeE = 30 V, VBE = -1.5 V, Tc .= 150°C   
VrE - 50 V, In = 0, Te = 25°C   

Emitter-Cutoff Current (Vim - 7 V, Ir _ 0)   
Pulsed Static Forward-Current Transfer Ratio 

(VeE - 4 V, Ir - 10 A, tp 300 gs, 
-f 60 Hz)   

Gain-Bandwidth Product (VcE - 4 V, Ir 1 A)   
Power Rating Test (VeE - 33.5 V, L• = 4.5 A, t 1 s) 
Thermal Resistance, Junction-to-Case   

VrEV (sus) 
VCEV ( SUS) 
WEB ( SUS) 
VCE0 ( SUS) 

VeE ( sat) 

VBE 

ICRO 
ICBO 
IrEV 
ICEV 
ICE° 
IERO 

100 

90 
60 
7 

20 
30 
5 

V 

V 
V 
V 
A 
A 
A 

150 
See curve page 300 

hFE ( pulsed) 
fT 

65 to 200 
-65 to 200 

230 

90 min 
80 
45 

60 min 

1.4 max 

2.2 max 

5 max 
10 max 
5 max 
10 max 
10 max 
5 max 

15 to 60 
800 
150 

1.17 max 

°C 
°C 
°C 

V 

V 

mA 
mA 
mA 
mA 
mA 
mA 

kHz 

°C/W 
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TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N3772 
CASE TEMPERATURE (Tc)I125°C 

BASE MILLIAMPERES (I :600 

506 -  
 400 
300  

4 
200 

I 00 

50 

 , 
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

COLLECTOR-TO- EMITTER VOLTS (VŒ) 
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TYPICAL TRANSFER CHARACTERISTICS 
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COLLECTOR-TO- EMITTER VOLTS ( VcE)a 4V 
, . _ _ , a - , • 

4 41/ 

4Z-

/ le I • 

,_.4..,4,c) 
ge7ick‘..rive) 

C) eQ • 
/ 

4 -‘ 
q>" 

o0 • . 

, 

, 
/ 

" 

0.5 1.0 1.5 2.0 2.5 3.0 
BASE-TO- EMITTER VOLTS ( VBE) 

92C S-131881 

POWER TRANSISTOR 2N3773 
Si n-p-n type with high collector-current rating ( 30 A 
max) for intermediate- and high-power applications 
such as public-address amplifiers, power supplies, and 
low-speed switching regulators and inverters. This type 
features a base comprised of a homogeneous-resistivity 

E B silicon material. JEDEC TO-3, Outline No.2. See Mount-
ing Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
VBE = -1.5 V   VCEV 160 
Base open   VCE0 140 

Emitter-to-Base Voltage   VEBO 7 
Collector Current  r.. Tc 1R 
Peak Collector Current   
Base Current   In 
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C 

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature ____ 25°C) 
Emitter-to-Base Breakdown Voltage ( In = 5 mA, 
I('= 0)   

Collector-to-Emitter Sustaining Voltage: 
VBE = - 1.5 V, L• = 0.1 to 1.5 A   

0.2 to 3 A, Ix =_   

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 2N3773 
CASE TEMPERATURE ( Tc)=25°C 

BASE MILLIAMPERES CIE3 = 50C) 

 •400 -
 300H 
 20(> 

100 

1 
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50fflu• 
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COLLECTOR-TO- EMITTER VOLTS (VcE 
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PT 
PT 

(opr) 
TSTG 
TP 

V(BR)EBO 

160 V 

V 
V 
V 
A 

30 A 
4 A 

150 
See curve page 300 

65 to 200 
-65 to 200 

230 

°C 
°C 
°C 

7 max V 

VCEV ( SUS) 160 min V 
VCEO ( sus) 140 min V 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N3773 
COLLECTOR-TO- EMITTER VOLTS ( VcE)= 4V 
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CHARACTERISTICS (cont'd) 
Collector- to-Emitter Saturation Voltage 
(IB = 0.8 A, Ic = 8 A, tp = 300 ,as, 

f -=-= 60 Hz)   
Base-to-Emitter Voltage (\Ten = 4 V, Ic — 8 A, 
ti, iT 300 'is, f = 60 Hz)   

Collector-Cutoff Current: 
140 V VitE = —1.5 V, Tc = 25°C   

Ven = 140 V In 0, T' = 150°C   
Ven = 120 V In 0, Tc = 25°C   

Emitter-Cutoff Current (VER = 7 V, Ic = 0)   
Pulsed Static Forward-Current Transfer Ratio 
(W E = 4 V, lc 8 A, tp = 300 

f = 60 Hz)   
Power Rating Test ( Ven 100 V, Ic 1.5 A, t = 1 s) 
Thermal Resistance, Junction-to-Case   

2N3839 UHF TRANSISTOR 

W E (sat) 

VBE 

ICEV 
ICEV 
'CEO 
IEBO 

1.4 max 

2.2 max 

2 max 
10 max 
2 max 
5 max 

hFE ( pulsed) 15 to 60 
150 

0J-C 1.17 max 

Si n-p-n double-diffused epitaxial planar type used in 
low-noise amplifier, oscillator, and converter applica-
tions at frequencies up to 500 MHz in a common-emitter 
circuit and 1200 MHz in a common-base circuit. JEDEC 
TO-72, Outline No.28. For maximum ratings, refer to 
type 2N2857. 

CHARACTERISTICS 
Collector- to-Base Breakdown Voltage ( Ic = 0.001 mA, 

= 0)   
Collector- to-Emitter Breakdown Voltage ( Ic = 3 mA, 

0) 
Emitter-to-Base Breakdown Voltage ( In 0.01 mA, 
Ic = 0)   

Collector-Cutoff Current: 
VCB = 15 V, IE --71 0   ICB0 
VCB 15 V, IE = 0, TA --7-• 150°C   ICBO 

Static Forward-Current Transfer Ratio (V E =_- 1 V, 
Ic = 3 mA)   

Small-Signal Forward-Current Transfer Ratio*: 
VCE = 6 V, Ic = 2 mA, f = 0.001 MHz   
\Ten 6 V, Ir = 5 mA, f = 100 MHz   

Feedback Capacitance• ( VcB = 10 V, JE = 0, 
f = 0.1 to 1 MHz)   

Input Capacitance N EB = 0.5 V, Ic = 0, 
f = 0.1 to 1 MHz)   

Collector-to-Base Time Constante ( VcB 6 V, 
In = —2 mA, f = 31.9 MHz)   

Small-Signal Power Gain• ( Ven = 6 V, Ic = 1.5 mA, 
f = 450 MHz)   

Power Output* ( Veit = 10 V, JE 
f 500 MHz)   

TYPICAL SMALL—SIGNAL FORWARD— CURRENT 
TRANSFER— RATIO CHARACTERISTIC 

12 mA, 

TYPE 2N3839 
COMMON - EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED 
FREQUENCY ( f ) = 100 MHz 
AMBIENT TEMPERATURE (TA): 25°C 
COLLECTOR - TO - EMITTER VOLTS ( VCE) = 12 

10 15 20 25 30 35 
COLLECTOR MILLIAMPERES (k) 

92CS - i4169T 

cr 
o 

V(BR)CB0 

V(BIO CEO 

V(B10 EBO 

hFla 

he 
h e 

Cc b 

C i ho 

rb iCe 

G. 

Poe 

30 min 

15 min 

2.5 min 

10 max 
1 max 

V 

V 

mA 
mA 
mA 
mA 

°C/W 

V 

V 

V 

/LA 

30 to 150 

50 to 220 
10 to 20 

0.6 typ; 1 max pF 

1.4 pF 

1 to 15 ps 

12.5 to 19 dB 

30 min mW 

TYPICAL FORWARD TRANSFER CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

25 

TYPE 2N3839 
COMMON - EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED 
FREQUENCY ( f ) = 450 MHz 
AMBIENT TEMPERATURE ( TA): 25°C 
COLLECTOR - TO-EMITTER VOLTS ( VcE)=6T015 

gfe 

bfe 

LL 0 2 4 6 8 10 12 14 

COLLECTOR MILLIAMPERES (IC) 
92CS - 1214911 
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CHARACTERISTICS (cont'd) 
Noise Figure•: 
UHF Measured ( VcE =---- 6 V, Ic _=. 1.5 mA, 

f :7- 450 MHz, RG = 50 0)   NF 3.9 max dB 
UHF Deviçe ( VcE -- 6 V, Ic :_-._- 1.5 mA, 
f = 450 MtIZ, RG = 50 ii)   NI 3.4 max dB 

VHF Measured (VUE = 6 V, Ic =. 1 mA, f 60 MHz, 
RG 400 o)  = NF 2 dB 

* Lead No. 4 ( case) not connected. 
• Three-terminal measurement with emitter and case connected to guard terminal. 
II Lead No. 4 ( case) grounded. 

TRANSISTOR 2N3866 
Si n- p-n "overlay" epitaxial planar type for vhf-uhf 
applications in class A, B, and C amplifiers, frequency 
multipliers, and oscillators in military and industrial 3 
communications equipment. J EDEC TO-39, Outline 
No.15. 

MAXIMUM RATINGS 
Collector to-,12ase Voltage   
Collector-to-Emitter Voltage: 
RBE = 10 û   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temp eratui e Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector- to-Base Breakdown Voltage ( I42 = 0.1 mA, 

ri 0 ) 

VCR() 

VCE 
VCE0 
VEBO 
IC 

PT 
PT 

TJ (opr) 
TSTG 
Tr, 

V(BR)C130 

55 V 

55 V 
30 V 
3.5 V 
0.4 A 

5 
See curve page 300 

65 to 200 
---65 to 200 °C 

230 °C 

55 min 
Emitter-to-Base Breakdown Voltage (IE = 0.1 mA, 

It -__:_ 0) .    .  V(BIDTCB0 3.5 min 
Collector- to-Emitter Sustaining Voltage: 

Ic -_-__- 5 mA, RBE 1".---- 10 0   VCEI% (SUS) 
IC = 5 mA, III = 0   VCEO ( sus) 

Collector-to-Emitter Saturation Voltage 
(lo = 100 mA, In _--._-- 20 mA)   VeE ( sat) 1 max 

Collector-Cutoff Current ( VcE :_--.-- 28 V, lit :_-_- 0)   ICE() 20 max 
Gain-Bandwidth Product (VcE r_-_-. 15 V, lc -_=.- 25 mA) fT 800 
Output Capacitance ( VrB = 30 V, IE = 0, 
f.= 1 MHz)   

RF Power-Output Class C Amplifier, Unneutralized: 
Wu :-=-_ 28 V, PIE = 0.05 W, f = 100 MI-1.?   POE 
VC(' =. 28 V, PIE ----I 0.1 W, f = 250 MHz   POE 
VC(' :------ 28 V, PIE =. 0.1 W, f --_-_ 400 MHz   POE 
* For conditions given, minimum efficiency n:- - 60 per cent. 
• For conditions given, minimum efficiency =_L- 50 per cent. 
-t- For conditions given, minimum efficiency : 1 45 per cent. 

TYPICAL OPERATION CHARACTERISTICS 

F- TYPE 2N3866 — 1 cn   
COLLECTOR SUPPLY VOLTS ( Vcc): 2e v 

e 3.0 CASE TEMPERATURE ( Tc)--:25° 
1 

02.0 

o 
F--

LI% 1.0 

0• 08 

tà. 
cr 0.6 

100 200 400 600 800 
FREQUENCY— MHz 

92CS-I3146T 

Cob° 

55 min 
30 min 

0 C 

V 

V 

V 
V 

V 

MHz 

3 max PF 

1.8e 
1.50 

it min 

TYPICAL SMALL-SIGNAL 
OPERATION CHARACTERiSTICS 

TYPE 2N3866 
CASE TEMPERATURE (Te) = 25•C 

I 

  '28 1 

-TO-E,441 77-4  

1 

20 40 60 80 100 
COLLECTOR MILLIAMPERES (Ic) 

92CS-13158T 



338 RCA Transistor, Thyristor, & Diode Manual 

2N3870 
2N387,3 

SILICON 
CONTROLLED RECTIFIERS 

Si all-diffused three-junction types for use 1 n power-
control and power-switching applications. Outline 
No.36. For curve of forward gate characteristics, refer 
to type 2N3668. 

(LONG 
TERMINAL) 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f 
with resistive or inductive load) 

2N3870 

VRsom   150 
VitRom   100 
VDRom   
IT(AV) (conduction angle = 180°, 
Tc = 65°C)   

IT(Rms)   
ITSM (1 cycle of principle voltage)   
Critical di/dt   
PGm ( peak, forward, or reverse for 10 /Is) 
PG(A VI   
Ts t g   

Tc 

2N3871 2N3872 

G 
(SHORT 
TERMINAL) 

50 to 400 Hz 

2N3873 

330 660 700 V 
200 400 600 V 

  700   V 

 22  A 
  35  A 
  350   A 
  200   A/4s 
 40   
  0.5   

40 to 125   °C 
  —40 to 100   °C 

CHARACTERISTICS (At maximum electrical rating at Tc = 25°C) 

vientwo (Tr = 100°C)   
ID4)M (VI) = vr(It())0 min value, 
Tr -= 100°C)   

In n( ) N1 ( Vitl) = VF( )t4 »0 min value, 
'11‘• = 100°C)   

v.r (on-state current = 100 A)   
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60 

2N3870 2N3871 2N3872 

100 min 200 min 400 min 
0.2 typ 0.25 typ 0.3 typ 
2 max 2.5 max 3 max 

2N3873 

600 min V 
0.35 typ mA 
4 max mA 

  3 max   mA 
  1.7 typ; 2.1 max  V 

RATING CHART (CASE TEMPERATURE) 

TYPES 2N3870-2N3873 
CURRENT WAVEFORM: SINUSOIDAL 
LOAD = RESISTIVE OR INDUCTIVE 

• 
• 

• 
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o 
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AVERAGE ON- STATE CURRENT [IT(AV)]-AMPERES 
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CHARACTERISTICS (cont'd) 

NTT (initial) ( iT 300 A, t = 2 As, 
VD = vF(B())0 min value, 'GI. ---_-_ 200 m A ) 

1GT 
VGT 

Critical dv/dt (VI) vF(B))() min value, 
exponential rise, Tc = 100°C)   

to (VD = vie(Bo)o min value, = 30 A, 
IGT -------- 200 m A, tr = 0.1 

tq ( iT = 18 A, 50 ,us pulse width, 
dvD/dt — 20 Vhis, diR/dt = 30 Ahis, 
IGT = 200 m A, — 80°C)   

C,F 

2N3870 2N3871 2N3872 2N3873 

  15 typ; 25 max   V 
  1 min, 25 typ, 40 max mA(dc) 
  1.1 typ; 2 max   V(dr) 
  0.5 to 70   mA 

  10 min; 100 typ   V(dc) 

  0.75 to 2 ms 

  15 to 40   us 

POWER TRANSISTOR 2N3878 
Si n-p-n epitaxial type used in af, rf, and ultrasonic 
applications such as low-distortion power amplifiers, 
oscillators, switching regulators, series regulators, con-
verters, and inverters. JEDEC TO-66, Outline No.25. 
See Mounting Hardware for desired mounting arrange-
ment. 

MAXIMUM RATINGS 
Collector- to-Base Voltage   
Collector-to- Emitter Voltage: 
RIE= 50 Q   
Base open ( sustaining voltage)   

Emitter- to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation: 

T‘• up to 25°C   
Te above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering lemperatute ( 10 s max) _ ell 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage: 

lc = 0.2 A, IB = 0   
lc = 0.2 A, RBI: = 50 CI   

Collector- to-Emitter Saturation Voltage 
(lc = 4 A, IB L-1 0.5 A)   

Base-to-Emitter Voltage ( V( E — 2 V, L. = 4 A)   
Collector-Cutoff Current: 

Vck: = 40 V, Iii = 0, Te 25°C   
VCE = 100 V, VBE = -1.5 V, T = 25°C   
VcE = 100 V, VBE = — 1.5 V, Tv =_ 150°C   

Emitter-Cutoff Current (VEB =4 4 V, Ir = 0)   

(C
) 

5
 

o
lb
 
CD
 

MAXIMUM PULSE OPERATING AREAS 

TYPE 2N3878 
-CASE TEMPERATURE (Tc)=25•C  

• .-- PULSE OPERATION—I - 

-- Ic MAX. t \\••\•\Ike 
4 (ÇUSJTINUOUS)_ •14.•4.‘_, - 
› — e-- N/0 o 

-'1*)44 4/° 
eo 
— 

6 

4 

-t 

10.3ms 

0.1mi s 

Is/b LIMITED 

VCEO 
MAX. 

2- 2 4 68 2 4 
10 100 

COLLECTOR-TO- EMITTER VOLTS (VCE) 
92SS-2794T 
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35 
See curve page 300 

65 to 200 
65 to 200 

255 

VCE0 ( SUS ) 50 min 
VCER ( SUS) 65 min 

VCE (sat) 2 max 
VBE 2.5 max 

IcEo 5 max 
IcEV 4 max 
IcEv 4 max 
IEBO 4 max 

MAXIMUM DC OPERATING AREAS 

—IC MAX.  
— 1 

TYPE 2N3878 

14*). 
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›o <s % < / 
/0 e É 
.3-.CI .A• 400#.11 
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CHARACTERISTICS (cont'd) 
Static Forward-Current Transfer Ratio: 
VCE = 5 V, Ic 0.5 A   
VCE = 5 V, Ic = 4 A   
VCE = 2 V, lc = 4 A   

Small-Signal Forward-Current Transfer Ratio 
_= 10 V, Ic = 0.5 A, f = 10 MHz)   

Second-Breakdown Collector Current ( VcE = 40 V, 
base forward-biased)   

Second-Breakdown Energy (RBE = 50 0, L 125 Ícli, 
VBE = —4 V, base reverse-biased)   

Output Capacitance (VcB = 10 V, IE — 0, 
f = 1 MHz)   

Thermal Resistance, Junction-to-Case   

TYPICAL COLLECTOR CHARACTERISTICS 

I TYPE 2N3878 
CASE TEMPERATURE 
(T)25C  

35W 

2 4 6 8 10 12 14 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

92SS 2197T 

2N3879 

(r) 5 
cr 
LÀ.1 
4 

cr 
o -) 

O 
F-

w 2 _J 

o 

hFE 

hFE 

hFE 

hfe 

Is/b 

ES/b 

Coho 

OJ-C 

50 to 200 
20 min 
8 min 

6 min 

750 min 

1 min 

175 max 
5 max 

mA 

mJ 

pF 
°C,'W 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N3878 
COLLECTOR-TO- EMITTER 

VOLTS ( VcE)r--2T 

e:rY• 

0.5 1.0 1.5 2.0 
BASE-TO- EMITTER VOLTS (VBE) 

92CS 13228T 

POWER TRANSISTOR 

Si n- p-n epitaxial type used in af, rf, and ultrasonic 
applications such as low-distortion power amplifiers, 
oscillators, switching regulators, series regulators, con-
verters and inverters. JEDEC TO-66, Outline No.25. 
See Mounting Hardware for desired mounting arrange-
ment. This type is identical with type 2N3878 except 
for collector-to-emitter voltages of WER(sus) = 90 V and VcEo(sus) 
and the following items: 
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MAXIMUM DC OPERATING AREAS 

1 2 4 6 8 10 2 4 6 8100 
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C,F 

MAXIMUM PULSE OPERATING AREAS 

75 V, 

TYPE 2N3879 
>CASE TEMPERATURE (I)* 25°C 

PULSE OPERATION —41 

/* 
IC MAX. 

4F(CONTINUOUS) /-0 

‹S' (r) 
2 

(e• )*. e.,40 
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6 

4 

0.1 
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6 

\*\/  0.3ms 
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2 4 6 810 2 4 6 8100 

COLLECTOR-TO- EMITTER VOLTS (VCE) 
92SS 27931 
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CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Saturation Voltage 

(lc _-_- 4 A, IB ——  0.4 A)   VCE (sat) 
Base-to-Emitter Voltage (VcE ——  2 V, Ic — 4 A)   VBE 
Emitter-Cutoff Current (VEB _- 4 V, Ic =7 0)   IEBU 
Static Forward-Current Transfer Ratio: 
VCE = 5 V, Ic = 0.5 A   hFE 
VCE = 5 V, Ic = 4 A   hFE 
VCE --- 2 V, Ic = 4 A   hFE 

Second-Breakdown Collector Current (VcE _ 40 V, 
base forward-biased)   Is/b 

Delay Time ( Vcc = 30 V, Ic = 4 A, 
= 0.4 A, IB2 = —0.4 A)   ta 

Rise Time (Vcc = 30 V, Ic = 4 A, 
Isi = 0.4 A, IB2 = —0.4 A)   tr 

Storage Time (Vcc — 30 V, Ic — 4 A, 
Iii = 0.4 A, IB2 — —0.4 A)   

Fall Time (Vcc _ 30 V, Ic = 4 A, 
IBi = 0.4 A, IB2 — 0.4 A)   tf 

TERMINAL)e4  
G 

( SHORT 
TERMINAL) 

t. 

SILICON 
CONTROLLED RECTIFIERS 

1.2 max 
1.8 max 
2 max 

40 min 
20 to 80 
12 min 

500 min 

40 max 

400 max 

800 max 

400 max 

2N3896 
2N3899 

V 
V 

mA 

mA 

ns 

ns 

ns 

ns 

Si all-diffused three-junction types for use in power-
control and power-switching applications. Outline 
No.32. Types 2N3896, 2N3897, 2N3898, and 2N3899 are 
electrically identical with types 2N3870, 2N3871, 
2N3872, and 2N3873, respectively. 

TRANSISTOR 2N3932 
Si n-p-n epitaxial planar type for general purpose vhf-
uhf applications in rf amplifiers. JEDEC TO-104, Out-
line No.31. 

MAXIMUM RATINGS 
Collector-to-Base Voltage._   
Collector-to-Emitter Voltage 
Emitter-to-Base Voltage   
Collector Current   

Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic — 0.001 mA, 
IE 0 

Collector-to-Emitter Breakdown Voltage ( Ic _ 1 mA, 
IB = 0)   

Emitter-to-Base Breakdown Voltage (IE = 0.001 mA, 

(10 s max) 

Ic — 0 
Collector-Cutoff Current (Ws = 15 V, IE = 0)   
Small-Signal Forward-Current Transfer Ratio 

(VcE =_ 8 V, Ic = 2 mA, f = 100 MHz, 
lead No. 4 grounded)   

Gain-Bandwidth Product   
Collector-to-Base Time Constant (VcB — 8 V, 

IE =-: 2 mA, f 31.9 MHz)   
Collector-to-Base Feedback Capacitance (VcB — 8 V, 
IE = 0, f = 0.1 to 1 MHz, lead Nos. I and 4 
connected to guard terminal)   

VCB0 
VCE0 
VEBO 
IC 

PT 
PT 

TJ ( opr) 
TSTG 
TL 

V(BR)CB0 

V(BR)CE0 

V(BR)EBO 
ICB0 

hfe 
fT 

rbtCe 

Ccb 

30 V 
20 V 
2.5 V 

Limited by power 
dissipation 

200 mW 
See curve page 300 

65 to 200 
—65 to 200 

265 

°C 
°C 
°C 

30 min V 

20 min V 

2.5 min V 
0.01 max aA 

7.5 to 16 
750 min MHz 

1 to 8 ps 

0.55 max pF 
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CHARACTERISTICS (cont'cl) 

Static Forward-Current Transfer Ratio 
= 8 V, k 2 mA)   hFre 

Gpe 
Noise Figure: 

- 8 V, L. 2 mA, Rs 200 0, f _ 200 MHz .... NF 
Vi 6 V, L. — 1.5 mA, Rs 200 f), f = 450 MHz NF 

Small-Signal Power Gain, Unneutralized 
(W I; _ 8 V, L. n 2 mA, f . 200 MHz, 
lead No. 4 grounded)   

Amplifier 

TYPICAL SMALL- SIGNAL FORWARD-CURRENT 
TRANSFER- RATIO CHARACTERISTICS 

4 

2  

TYPE 2N 3932 
COMMON- EMITTER CIRCUIT, BASE INPUT, I 

OUTPUT SHORT-CIRCUITED 

FREQUENCY ( f ) z 100 MHz 
F REE-AIR TEMPERATURE ( TFe) 25°C 

, _ 

2 4 6 8 10 12 14 
COLLECTOR MILLIAMPERES ( lc) 

92CS-12756T1 

2N3933 

40 to 150 

11.5 to 17 dB 

4.5 max dB 
5 dB 

TYPICAL FORWARD TRANSFER CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

TYPE 2N3932 T 
70 -COMMON-EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT- CIRCUITED. 

60 FREQUENCY ( f) 200 MHz 

FREE-AIR TEMPERATURE ( TEA) 25°C 

• 

40 

30 

20 

-0 • 

4 

-r--

VCE 6 

/5 -bfe 

COLLECTOR -ro-E-44,7-7-ER 
VOLTS ( VcE /5 

6% 

- 

0 5 10 15 20 
COLLECTOR MILLIAMPERES ( lc) 

9?CS -12759 T 

TRANSISTOR 

Si n- p-n epitaxial planar type for general purpose vhf 
and uhf applications in rf amplifiers. JEDEC TO-104, 
Outline No.31. This type is identical with type 2N3932 
except for the following items: 

MAXIMUM RATINGS 
Collector- to-Base Voltage   VCBO 
Collector- to-Emitter Voltage  eq VCEO 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ( It. 0.001 mA, 
0)   Votiouno 

Collector- to- Emitter Breakdown Voltage ( L — 1 mA, 
II; = 0)   VonocEo 

Static Forward-Current Transfer Ratio 
(V4 = 8 V, It. = 2 mA)   hie>: 

Small-Signal Power Gain, Unneutralized Amplifier 
8 V, L. 2 mA, f = 200 MHz, 

lead No. 4 grounded)   Gpe 
Collector- to-Base Time Constant (Ven =-- 8 V, 

IE I T 2 mA, f 1_ 31.9 MHz)   rb'ce 
Noise Figure ( V(.1; 8 V. L• -77- 2 mA, 
Rs = 200 0, f 200 MHz)    NF 

2N4012 TRANSISTOR 

Si n- p-n "overlay" epitaxial planar type designed to 
provide high power as a frequency multiplier into the 
uhf or L-band frequency region in military and indus-
trial communications equipment. JEDEC TO-60, Out-
line No.23. See Mounting Hardware for desired mount-
ing arrangement. 

40 V 
30 V 

40 min V 

30 min V 

60 to 200 

14 to 18 

1 to 6 

4 max dB 

ps 
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MAXIMUM RATINGS 
Collector- to-Base Voltage   VCBO 65 V 
Collector- to-Emitter Voltage: 
Vii: -= -- 1.5 V „,  W EV 65 V 
Base open   VuEo 40 V 

Emitter-to-Base Voltage   VEBO 4 V 
Collector Current   Ic 1.5 A 
Transistor Dissipation: 

Tr • up to 25°C   PT 11.6 W 
T(• above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   TJ (opr) 65 to 200 °C 
Storage   TSTG 65 to 200 °C 

Lead-Soldering Temperature ( 10 s max)   Ti. 230 °C 

CHARACTERISTICS 
Collector- to-Base Breakdown Voltage (L = 0.1 mA, 
IE = 0)   V(BMCB0 65 min 

Collector-to-Emitter Breakdown Voltage: 
L. = 0 to 200 mA, pulsed through an inductor 

L -= 25 mH, df = 50%   V(BR)CE0 40 min V 

VBE 17- —1.5 V, L• = 0 to 200 mA, pulsed through 
an inductor L = 25 mH, df = 50%   VeruncEv 65 min V 

Emitter-to-Base Breakdown Voltage (JE = 0.1 mA, 
L• = 0)  le  Vermeil() 4 min V 

Collector- to-Emitter Saturation Voltage 
(Ic = 500 mA, In 7_1: 100 MA)   VCE (sat) 1 max V 

Collector-Cutoff Current ( Vri = 30 V, IB = 0)   ICE() 0.1 max mA 
Gain-Bandwidth Product ( VcE = 28 V, lc = 150 mA) fT 500 MHz 
Output Capacitance (V(-B = 30 V, IF — 0, 
f 1-_- 1 MHz)   Cobo 10 max pF 

Collector- to-Base Cutoff Frequency* 
(\Tr}, ::_- 28 V, lc = 0)   fr 25 GHz 

RF Power Output, Multiplier: 
Tripler-WE = 28 V, f = 1002 MHz, 
PIE = 1 W at 334 MHz   POE 2.5t min W 

Doubler-WE = 28 V, f = 800 MHz, 
PIE =----- 1 W at 400 MHz  POE 3111 W 

V 

* Cutoff frequency is determined from Q measurement at 210 MHz. The cutoff frequency 
of the collector-to-base junction of the transistor, fe Q x 210 MHz. 

t For conditions given, minimum efficiency z_ 25 per cent. 
• For ennditions given, minimum efficiency = 35 per cent. 

TYPICAL OPERATION CHARACTERISTICS 
F- 35 
é-

E 

TYPE 2N4012 
CASE TEMPERATURE ( Te)3 25 C 

 CURVE A: DOUBLER 
CURVE B: TRIPLER 
CURVE C: QUADRUPLER 

A 

0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 
OUTPUT FREQUENCY (fouT)- GHz 

92CS - 13465T 

5, Outline No.5. 

600 

500 

400 

300 

200 

TYPICAL SMALL- SIGNAL OPERATION 
CHARACTERISTIC 

TYPE 2N4012 T 7 7 7 

COLLECTOR-TO- EMITTER VOLTS (VcE) z 28 
CASE TEMPERATURE (Tc)z 25°C 

_.....-..±' 

_ 

pi.--

0 50 100 I50 200 250 300 
COLLECTOR MILLIAMPERES (Ic) 

92CS-12569T 

POWER TRANSISTOR 2N14036 
Si p-n-p double-diffused epitaxial planar type used in a 
wide variety of small-signal, medium-power, and high-
speed saturated switching applications in military, 
industrial, and commercial equipment. The p-n-p con-
struction permits complementary operation with a 
matching n-p-n type such as the 2N2102. JEDEC TO-
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mAximum RATINGS 
Collector- to-Base Voltage   
Collector- to-Emitter Sustaining Voltage: 
VBE 1.5 V   
RUE ≤ 200 n   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation :* 
TA up to 25°C   
Te up to 25°C   
TA or Tc above 25°C   

Temperature Range: 
Operating (Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   
* See curve for maximum pulse operating areas. 

CHARACTERISTICS (At case temperature _____ 25°C) 
Collector- to-Base Breakdown Voltage Ic 0.1 mA, 

— 0)   
Emitter- to-Base Breakdown Voltage (IE = —0.1 mA, 
Ie = 0)   

Collector-to-Emitter Sustaining Volage: 
VUE = 1.5 V, Iv = —100 mA   
RISE 200 0, lc = —100 mA   
Ie = —100 mA, In -77-- 0   

Collector-to-Emitter Saturation Voltage 
(IC = —150 MA, IB -= —15 mA)   

Base-to-Emitter Voltage (V E -= —10 V, Ic = —150 mA 
Collector-Cutoff Current: 
VcB = —60 V, IE -= 
VCE ------ —30 V, In = 0   

Emitter-Cutoff Current (VEB — —5 V, Ic = 0)   
Static Forward-Current Transfer Ratio 
(VcE = —10 V, Ic = —0.1 mA)   

Pulsed Static Forward-Current Transfer Ratio: 
VeE = —10 V, Ic = —150 mA, tp .7= 300 jis, df < 2% 
VUE .------ —10 V, IC -= —500 mA, tp = 300 µs, df ≤ 2% 

Small-Signal Forward- Current Transfer Ratio 
(W E = —10 V, Ir 1_= —50 mA, f 20 MHz)   

Input Capacitance (VEB = —0.5 V, I(' .-_-_ 0)   
Output Capacitance (VcB = —10 V, IE -= 0)   
Saturated Switching Turn-On Time (VcE =: -- -30 V, 

Ir =. — 150 mA, In -15 mA, Vert 4 V)   

Saturated Switching Turn- Off Time (VcE= —30 V, 
lc = —150 MA, IB., = 15 MA, VIIB 4 V)   

Thermal Resistance, Junction- to-Case   
Thermal Resistance, Junction- to- Ambient   

* This value does not apply to type 2N4314. 

MAXIMUM OPERATING AREAS 

r-T-YPE 2N4036 CASE TEMPERATURE ( T0)=25° 

r- PULSE OPERATION-I 
:11(:) 1000 1------' -----\.-----\--‘ç--tk--a --4 'c MAX. _\ - ,, 
w 6_. 
C._ (CONT1NUOUS)___. CC _ \ 
ili t OA- /eb\ 4e,"\e"Sef4 c7- (-71 cr 

4 - . _ Li 

0 1 A ui /1/ 1 \JLC — 
2 -  (>- l‘-----

a 

C
O
L
L
E
C
T
O
R
 

VcEo MAX = - 40V 
(2N4037) 

VcE0 MAX.=- 65V 
(2N4036) - 

2 4 6 e 4 6 

- 

8100 
COLLECTOR- TO- EMITTER VOLTS ( VcE) 

92LS-1290T 

VCB0 

VCEV ( SUS) 
VCER ( SUS) 
VCEO ( SUS) 
VERO 
Ir 
In 

PT 
PT 
PT 

TJ( opr) 
TSTG 
TL 

V(BIDCB0 

V(BR)EBO 

VcEv (sus) 
VcEB ( sus) 
VcE0 ( sus) 

VUE ( sat) 
VUE 

L110 
ICE() 
IEBO 

11FE 

hien ( pulsed) 
hieE ( pulsed) 

hie 

Cibo 

Cobo 

td tr 

ts tf 

0.1-C 
0J-A 

See 

—90 

—85 
—85 
—65 

1 
—0.5 

1 
7 

curve page 

—65 to 200 
-- 65 to 200 

230 

90 nun 

—7 min 

—85 min 
85 min 

—65 min 

—0.65 max 
—1.1 

0.02 max 
—0.5 max 
0.02 max 

20 min 

40 to 140 
20 min 

3 min 
90 max 
30 max 

110* max 

700* max 

25 max 
165 max 

v 

V 

A 
A 

\V 
300 

V 

V 

V 
V 
V 

V 
V 

/IA 
4A. 

PF 
PF 

ns 

ns 

°C/W 
"Cf\V 

TYPICAL DC FORWARD- CURRENT 
TRANSFER- RATiO CHARACTERISTICS 

TYPE 2N4036 
COLLEC1 OR-TO- EMITTER VOLTAGE ( VcE) 

= - 12 
80. AMBIENT TEMPERATURE ( TA)= 25°C 

L.L7 

D2 60r---*--- • 

acr 
cr cr 

eu_ I 
crV) 
oz 
LL. < 

e- 201-- cn 

•- • 1 

--••••••-- - • - • - - • e 

J  _ _ 
4 68 2 4 6i1f 2 4 68 2 46 

- al _ HO -100 
COLLECTOR MILLIAMPERES ( Is) 

92LS-1265T1 

11-••• 
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® 

POWER TRANSISTOR 2N4037 
Si p- n-p double-diffused epitaxial planar type used in a 
vidé variety of small-signal, medium,power applications 
in military, industrial, and commercial equipment. The 
p-n-p construction permits complementary operation 
with a matching n-p-n type such as the 2N3053. JEDEC 
TO-5, Outline No.5. For maximum operating and trans-

fer-ratio characteristics curves, refer to type 2N4036. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = 1.5 V   

200 
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation:* 
TA up lo 25`1C   1 

Tc up to 25°C   
TA or Te above 25'C 

Temperature Range: 
Operating ( Junction) 
Storage   

Lead-Soldering Temperature ( 10 s max)   

a 

* See curve for maximum pulse operating areas. 

CHARACTERISTICS (At case temperature   25°C) 
Collector-to-Base Breakdown Voltage (Ic —0.1 mA, 
IE 0)   

Emitter-to-Base Breakdown Voltage (JE = --0.1 mA, 
= 0)   

Collector- to-Emitter Sustaining Voltage: 
VBE = 1.5 V, Ic = —100 mA   
RBE 5- 200 0, lc = mA   
IC —100 mA, IB = 0   

Collector-to-Emitter Saturation Voltage 
(Ic = —150 mA, IB = —15 mA)   

Collector-Cutoff Current: 
VuB = —60 V, IE := 
Vcr: =r- —30 V, IB = 

Emitter-Cutoff Current (VER = —5 V, lc = 0)   
Static Forward-Current Transfer Ratio 
(VcE = —10 V, Ic = —1 mA)   

Pulsed Static Forward-Current Transfer Ratio 
(VcE =_- —10 V, Ir 150 mA, tp = 300 ps, 
df 5_ 2%)   

Small-Signal Forward-Current Transfer Ratio 
(VcE = —10 V, Ic -_ —50 mA, f 20 MHz)   

Input Capacitance (VEB = —0.5 V, Ir =- 0)   
Output Capacitance (Vm = —10 V, IE = 0)   
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to- Ambient   
* This value does not apply to type 40391. 

sired mounting 
2N3439. 

TRANSISTOR 

VCBO 

VCEV ( SUS) 
VCER ( SUS) 
VCEO ( SUS) 
VEBO 
IC 
IB 

PT 
PT 
PT 

TJ (opr) 
TSTG 

V(BR)CB0 

V(BR)EBO 

VCEV ( SUS) 
V('ER ( SUS) 
VCEO ( SUS) 

VCI: (sat) 

Trim 
ICEO 
IEBO 

hFE 

hFE (pulsed) 

hfe 
Cibo 
Cob° 
ar-r 
0J-A 

See 

—60 

—60 
—60 
—40 
—7 
1 

—0.5 

1 

curve page 

65 to 200 
—65 to 200 

230 

—60 min 

—7 min 

—60 min 
—60 min 
—40 min 

--1.4 max 

—0.25 max 
5 max 

—1 max 

15 min 

50 to 250 

3 min 
90 max 
30 max 
25 max 
165 max 

V 

V 
V 
V 
V 
A 
A 

300 

°C 
°C 
°C 

V 

V 
V 

V 
V 

V 

/IA 
pA 

pF 
pF 

°C/W 
°C/W 

2N4063 
Si n- p-n triple-diffused type used in high-speed-
switching and linear-amplifier applications, such as 
high-voltage differential and operational amplifiers, 
high-voltage inverters, and series regulators for indus-
trial and military applications. JEDEC TO-5 (with 
flange), Outline No.6. See Mounting Hardware for de-

arrangement. This type is electrically identical with type 
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2N4064 TRANSISTOR 

Si n-p-n triple diffused type used in high-speed-
switching and linear-amplifier applications, such as 
high-voltage differential and operational amplifiers, 
high-voltage inverters, and series regulators for indus-
trial and military applications. JEDEC TO-5 ( with 
flange), Outline No.6. See Mounting Hardware for de-
sired mounting arrangement. This type is electrically identical 
2N3440. 

2N4068 TRANSISTOR 

Si n-p-n type used in wide-band-amplifier and relay-
driver applications in critical industrial equipment such 
as video amplifiers, television cameras, camera chains, 
monitors, oscilloscopes, and neon-indicator drivers. 
JEDEC TO-104, Outline No.32. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector-Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage ( lc 
IB -- 0)   

Emitter-to-Base Breakdown Voltage (IF - - —10 
Ic = 0)   V(BR)EnO 

Collector-to-Emitter Saturation Voltage 
(lc = 30 MA, In = 1 MA)   

Base-to-Emitter Saturation Voltage ( Ic = 30 mA, 
In := 1 mA)   VBE (sat) 

Collector-Cutoff Current (VcB = 120 V, IF -== 0)   ICBO 5 typ; 
Static Forward-Current Transfer Ratio (VcE 10 V, 
Ic = 30 mA)   hFE 30 min; 70 typ 

Small-Signal Forward-Current Transfer Ratio 
(VcE = 10 V, Ic 30 mA, f 1 kHz)   he 80 

Gain-Bandwidth Product: 
VCE = 10 V, IC = 30 mA, f 100 MHz   fT 50 min; 100 typ MHz 

140 V, L. = 2 mA, f = 100 MHz   fT 50 min; 100 typ MHz 

1 mA, 

CF 

with type 

TYPICAL TRANSFER CHARACTERISTIC 

2 

TYPE 2N4068 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE ( TA )= 25°C 
COLLECTOR-TO-EMITTER VOLTS (VcL) = 10 

L- 
6 
4, 

2 

: 
• 

- • ' .. 

I « I 

G- 
4- 

• , - , - , , 

• - 
0.5 0.6 0.7 0.8 

BASE-TO-EMITTER VOLTS ( VBE) 

92CS-I3828T 

0.9 

80 

20 

VCE0 
VEBO 
IC 

PT 
PT 

TJ (opr) 
TSTG 
Tr, 

VatIOCE0 

E 

150 
5 

200 

V 
V 

mA 

0.5 
See curve page 300 

65 to 175 
—65 to 175 

255 

150 min; 180 typ 

5 min; 7 typ 

VCE (sat) 1 typ; 3 max. 

0.68 
50 max 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N4068 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE ( TA ): 25°C 
‘ossi COLLECTOR -TO-EMITTER VOLTS 

‘NcE): 10 
---1---

ce; COLLECTOR 
e\ DISSIPATION 

0.   2 5 w 
05 

BASE MILLIAMPERES('  

Me oar «In «ni 

50 100 150 
COLLECTOR-TO- EMITTER VOLTS ( VcE) 

92CS-13830T 

oc 
oc 
oc 

V 

V 

V 

V 
nA 
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CHARACTERISTICS (cont'd) 

Output Capacitance * (VUE = 10 V, Ic, = 0, f = 1 MHz) Cobo 2.8 typ; 3.5 max pF 
Thermal Resistance, Junction-to-Case   0J-C 45 typ; 60 max °C/W 
Thermal Resistancc, Junction-to-Ambient   0J-A 300 max °C/W 

* Three-terminal measurement with lead No. 1 ( emitter) and lead No. 3 ( case) connected 
to guard terminal. 

TRANSISTOR 2N4069 
Si n-p-n type used in wide-band-amplifier and relay-
driver applications in critical industrial equipment such 
as video amplifiers, television cameras, camera chains, 
monitors, oscilloscopes, and neon-indicator drivers. 
JEDEC TO-104 ( with heat radiator), Outline No.33. 
This type is electrically identical with type 2N4068 

except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 

CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient   0J-A 

2, 
TRANSISTOR 

1 
See curve page 300 

150 max °C/W 

2N4074 
Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in corn-
mercal and industrial equipment. JEDEC TO-104, Out-
line No.32. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 
VBE = —1 V    VCEV 
Base open   VCEO 

Emitter-to-Base Voltage    VERO 
Collector Current   Ic 
Emitter Current   
Transistor Dissipation: 
Tc up to 75°C    PT 
Tc above 75°C   PT 
TA up to 25°C     PT 
TA above 25°C   PT 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage    TSTG 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown Voltage 
(Ic = 10 mA, IB = 0)   

Emitter-to-Base Breakdown Voltage (JE = 0.05 mA, 

Collector-to-Emitter Saturation Voltage (Ic — 300 mA, 
IR = 15 mA)   

Base-to-Emitter Saturation Voltage ( Ic = 300 mA, 
IB = 15 mA)   

Collector-Cutoff Current: 
VcB = 25 V, IE= O   ICB0 
VCB = 25 V, IF: = 0, Tc ___ 85°C   ICB0 
VCE = 40 V, VBE = 1 V   ICEV 

Emitter-Cutoff Current (VBE = —2.5 V, lc = 0)   IEBO 
Static Forward-Current Transfer Ratio: 
VCE = 6 V, Ic = 0.5 mA   hFE 
VCE = 10 V, IC = 10 mA   hFE 
VCE = 1 V, lc = 100 mA   hFE 

Small-Signal Forward-Current Transfer Ratio 
(VCE = 12 V, Ic — 10 mA, f 1 kHz)   hfe 

40 
40 
8 

300 
—300 

V 
V 
V 

mA 
mA 

2 
See curve page 300 

0.5 
See curve page 300 

—65 to 175 
—65 to 175 °C 

255 °C 

V(BR)CE0 40 min 

V(BB)EBo 8 min 

VUE (sat) 

VBE ( sat) 

0.22 typ; 0.3 max 

1 typ; 1.5 max 

10 max 
1 max 

10 max 
10 max 

35 min: 75 typ 
75 to 300 

50 min; 140 typ 

75 min; 175 typ 

OC 

V 

V 

V 

V 

nA 
pA 
,aA 
nA 
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CHARACTERISTICS (cont'd) 
Gain-Bandwidth Product ( VcE = 6 V, Ic = 1 mA, 
f = 100 MHz)   fT 

Intrinsic Base-Spreading Resistance (VcE = 6 V, 
Ic = 1 mA, f = 100 MHz)   

Output Capacitance ( Wit = 6 V, IE — 0, f = 1 MHz) 
Small-Signal Input Impedance (VcE = 12 V, 
Ic = 10 mA, f = 1 kHz)   hie 

Small-Signal Output Admittance (VcE = 12 V, 
I(' IL- 10 mA, f =. 1 kHz)   

Small-Signal Reverse-Voltage Transfer Ratio 
(VcE = 12 V, Ic = 10 mA, f = 1 kHz)   hre 

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   13.1-A 

45 

5 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N4074 
COMMON- EMITTER CIRCUIT, 

BASE INPUT. 
CASE TEMPERATURE ( Tc)=25C 
SWEEP MEASUREMENTS 
SWEEP FREQUENCY:60 Hz 

- SWEEP WAVEFORM:HALF SINE WAVE — 

BASIE MÎCRO IAMPEIRES 140 
(IB):160 

•I••••4 

0 10 20 30 40 
COLLECTOR-TO- EMITTER VOLT (VcE) 

92CS-1382IT 

2N4081 

2N4101 
21\14102 

10 
6 
4 
2 

500 

rbb' 
Cobs) 

hoe 

50 min; 80 typ MHz 

20 typ; 40 max 
12 typ; 20 max 

600 

o 
pF 

75 4mhos 

125 x 10 -6 
50 max °C/W 

300 max °C/W 

TYPICAL TRANSFER CHARACTERISTIC' 
_.1 I I i I ....-, 
- TYPE 2N4074I T 
-COMMON-EMITTER  CIRCUIT, BASE INPUT. - 
-CASE TEMPERATURE (Tc):25°C 
:COLLECTOR-TO- EMITTER VOLTS (\lc& e. I : 
:SWEEP MEASUREMENT: - 

SWEEP FREQUENCY: 60 HZ 
- SWEEP WAVEFORM : HALF SINE WAVE - 1 - T -F, -  

4 e 
i 
a • co 1 

4  

4 

4  " 1 

II I I 

I I : . a 
1 . 

I 

•«, 

4I I I I 

Ur a 4 i 

I It 

I I I 

: e I , 

-40-.-- 4 

4 

* 

• 4 . 

-4 

600 700 800 
BASE-TO-EMITTER MILLIVOLTS (VBE) 

92CS-13816TI 

Refer to Chart of Discontinued Transistors 

SILICON 
CONTROLLED RECTIFIERS 

Si all-diffused three-junction types for use in power-
control and power-switching applications. 2N4101: 
JEDEC TO-66, Outline No.25. 2N4102: JEDEC TO-8, 
Outline No.10. For type 2N4101, see Mounting Hard-
ware for desired mounting arrangement. For rating 

A 

2N4101 

900 

chart for type 2N4102, refer to type 2N3528. These 2N4102 
types are identical with type 2N3228 except for the following items: 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f — 50 to 400 Hz 
with resistive or inductive load) 

2N4101 2N4102 
Vitsom   700 
Vititom     600   
VDium   700 
IT(AV) (conduction angle .= 180°, Tc 75°C)   
IT(AV) (conduction angle = 180°, TA 
Pr(Itms) ( TA = 25°C)   
h(1ofs) ( Tc =_ 75°C)   

25°C) .... 
3.2 

5 

1.3 
2 

CHARACTERISTICS (At maximum electrical ratings at T = 25°C) 

V 
V 
V 
A 
A 
A 
A 

VF(BO) () ( Tc =_. 100°C)     600 min v 
'Dom ( vDo =.: vF(10)(), Tr = 100°C)   0.4 typ; 4 max   mA 
IltROM ( Vito =•-• VRSOM, Tu — 100°C)     0,2 typ; 2 max   mA 
0J-A   40 max °C/W 
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is identical with type 2N3585 except for the following 

CHARACTERISTICS (At case temperature = 25°C) 

MAXIMUM 

VBsom 
V It It () m 

Vimom 

SILICON 
CONTROLLED RECTIFIER 2N4103 

Si all-diffused three-junction type for use in power-
control and power-switching applications. See Mount-
ing Hardware for desired mounting arrangement. 
JEDEC TO-3, Outline No.2. This type is identical with 
type 2N3668 except for the following items: 

RATINGS (For sinusoidal ac supply voltage at f = 50 to 400 Hz 
with resistive or inductive load) 

CHARACTERISTICS (At maximum electrical ratings at Tv 
vientwo (T( 100C   
IDoL ( Vim) = vie(B0)) min value, Tr 
Lows! ( Vito = \Timm)   

— 100°C)   

TRANSISTOR 

700 
600 
700 

V 
v 
V 

25°C) 
600 min v 

0.35 typ; 4 max mA 
0.3 typ; 3 max mA 

2N4240 
Si n- p-n triple-diffused type used in high voltage, high-
speed-switching and linear-amplifier applications such 
as operational amplifiers, switching regulators, con-
verters, inverters, deflection and high-fidelity ampli-
fiers. JEDEC TO-66, Outline No.25. See Mounting 
Hardware for desired mounting arrangement. This type 

items: 

Collector-to-Emitter Saturation Voltage 
(Ic = 750 mA., In = 75 mA)   VRE (sat) 1 max V 

Collector-Cutoff Current: 
150 V, IB rr--_ 0   'CEO 5 max mA 

VuE = 400 V, Vi E = —1.5 V  .. ic,mr 2 max mA 
VcE -=-1-_ 300 V, VRE = —1.5 V, Ti = 150°C   icEv 5 max mA 

Static Forward-Current Transfer Ratio ( V -E = 10 V, 
Ic = 750 mA)   hFio 30 to 150 

Second Breakdown Energy ( RBE 1--_- 20 0, L — 100 pn, 
VBF, = —4 V)   Es/b 50 min gJ 

TRANSISTOR 2N4259 
Si n-p-n epitaxial planar type used in vhf and uhf ap-
plications in industrial and military equipment. JEDEC 
TO-104, Outline No.31. See Mounting Hardware for de-

CASE sired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C  

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ii = 0.001 MA, IE = 0)   
Collector-to-Emitter Breakdown Voltage ( Ic = 1 mA) 
Emitter-to-Base Breakdown Voltage 

(IE z—._ 0.001 mA, Ic = 0)   

VCBO 
VCEO 
VERO 
IC 

PT 
PT 

Ts ( opr) 
TSUI 
TL 

V(BR)CB0 
V(BR)CE0 

V(BR)EBO 

40 V 
30 V 
2.5 V 

Limited by dissipation 

175 mW 
See curve page 300 

65 to 175 
—65 to 175 

265 

40 min 
30 min 

2.5 min 

°C 
°C 
°C 

V 
v 

V 
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CHARACTERISTICS (cont'd) 
Collector- Cutoff Current (VcB = 15 V, h _ 0)   Icno 
Static Forward-Current Transfer Ratio ( VcE 

lc 2 mA)   
8 V, 

hFE 
Small-Signal Forward-Current Transfer Ratio:• 
Wu: —_ 8 V, Ic = 2 mA, f — 0.001 MHz   hfe 

= 8 V, Ic = 2 mA, f = 100 MHz   hte 
Collector- to-Base Feedback Capacitance* (VcB = 8 V, 
IE =. 0, f -__ 0.1 to 1 MHz)   

Collector- to-Base Time Constant• (Vi — 8 V, 
IE = 2 mA, f 1_ 31.9 MHz)   

Small-Signal Power Gain• ( VcE = 8 V, Ic = 1.5 mA, 
f = 450 MHz)   

Noise Figure• ( VcE 8 V, Ic ____ 1.5 mA, 
RG and Rr, = 50 0, f = 450 MHz)   

Ccb 

rb'Cc 

Gpe 

NF 

0.01 max 

60 to 250 

70 to 280 
7.5 to 16 

0.35 typ; 0.55 max pF 

1 to 8 ps 

11.5 to 16.5 dB 

5 max dB 

A Lead 4 ( case) grounded. 
* Three-terminal capacitance measurement with lead No. 1 ( emitter) 
(case) connected to guard terminal. 

TYPICAL SMALL- SIGNAL FORWARD-CURRENT 
TRANSFER- RATIO CHARACTERISTICS 

16  

2 
0 2 4 6 8 10 12 14 

COLLECTOR MILLIAMPERES ( Ic) 
92CS-12756T2 

TYPE 2N4259 
COMMON-EMITTER CIRCUIT, BASE 

INPUT; OUTPUT SHORT- CIRCUITED. -
FREQUENCY ( f) = 100 MHz 
AMBIENT TEMPERATURE ( TA) = 25°C - 

«,c) 
el'ét-TO-EM¡r t  7.4 

4)47:st 

2N4296 

70 

20 

and lead No. 4 

TYPICAL FORWARD TRANSFER CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

oil 100 

2 0 

LLJ 80 0> 
z = 
_j 
- 

1 60 
z 
o 
(.).;;" 50 

u_Ilj ow 40 
(nz 
z 

30 
cc ao 

CD (f) 
CC 

CL 
o 

3 10 

0 u.. 

T T ITTITTI T 1; 1 ITT'l 

TYPE 2N4259 
-COMMON-EMITTER CIRCUIT; OUTPUT -; 

SHORT-CIRCUITED. 
'COLLECTOR-TO -EMITTER VOLTS - 

(VCE ) = 8 
-COLLECTOR MILLIAMPERES ( Ic) = 1.5 --' 
AMBIENT TEMPERATURE ( TA) = 25°C 

1 

9e f 

e # › r I -•• 

1 4 
# 

• 

I #I I 

, 
. _ _ I 

10 
2 4 6 8 100 2 4 6 81000 

POWER TRANSISTOR 

FREQUENCY MHz 
92CS-13973T 

Si n- p-n triple diffused type used in critical amplifier 
and switching applications in military, industrial and 
commercial equipment. This type is useful as a power 
amplifier in line-operated equipment. JEDEC TO-66, 
Outline No.25. See Mounting Hardware for desired 
mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TMF up to 25°C   
TMF above 25°C   
TA up to 55°C   
TA above 55°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Storage Temperature ( 10 s max)   

VCBO 
VCEO 
VEBO 
IC 
IB 

PT 
PT 
PT 
PT 

Ti (opr) 
TSTG 
TL 

CHARACTERISTICS (At mounting-flange temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ic = 50 mA, IB =_. 0)   VCEO ( SUS) 
Collector-to-Emitter Saturation Voltage 

(IB = 5 mA, Ir = 50 MA)   VCE (sat) 

350 V 
250 V 
4 V 
1 A 

0.25 A 

20 
See curve page 300 

2 
See curve page 300 

65 to 175 oC 
—65 to 175 

265 °C 

250 min 

0.9 max 

OC 

V 

V 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Saturation Voltage (IB — 5 mA, 
lc = 50 mA)   

Base-to-Emitter Voltage (VcE = 10 V, 
100 mA   

Collector-Cutoff Current: 
VcB 350 V   
VcE = 150 V, VIE = —1.5 V, T 1F = 135°C   

Emitter-Cutoff Current (VBE =- —4 V, lc = 0)   
Static Forward-Current Transfer Ratio: 
VrE = 10 V, Ic =. 5 mA   
VcE = 10 V, L• = 50 mA   
VcE = 10 V, In = 100 mA   

Small-Signal Forward-Current Transfer Ratio 
(VcE _ 10 V, lc 20 mA, f = 5 MHz)   

Second-Breakdown Collector Current ( VcE = 200 V) 
Collector-to-Base Feedback Capacitance* 
(V(B = 100 V, L• = 0, f = 0.1 to 1 MHz)   

Turn-On Time ( Vin =_-- 10 V, Vcc = 100 V, 
Ij :III 10 mA, I. —10 mA)   

Turn-Off Time (VII = 10 V, Vcc — 100 V, 
Lu .= 10 mA, In — 10 MA, Ir = 100 mA)   

Intrinsic Base-Spreading Resistance (V('E — 50 V, 
Ic = 20 mA)   

Thermal Resistance, Junction-to-Case   
Therm9.1 Resistance, Junction-to-Ambient   

a 

VIE (sat) 

VBE 

hFE 

hFE 

hFE 

hre 
Is/b 

C( b 

td tr 

te tf 

1.5 max 

0.9 max 

100 max 
600 max 
100 max 

35 min 
50 to 150 
35 min 

4 min; 6 typ 
75 min 

3.8 typ; 6 max 

5 typ; 7 max 

typ; 10 max 

15 typ; 25 max 
7.5 max 
60 max 

V 

V 

J.LA 
µA 
µA 

mA 

pF 

pS 

* Three-terminal measurement of the collector-to-base capacitance with lead 1 (emitter) 
connected to the guard terminal. 

4 

TYPICAL TRANSFER CHARACTERISTIC 

TYPE 2N4296 
COMMON 
-MOUNTING-FLANGE 

(TmF):25°C 
-COLLECTOR-TO-EMITTER 
— VOLTS 

-EMITTER 

(Vcz):10 

CIRCUIT,BASE 
TEMPERATURE 

INPUT. 

; I 
-t--

7 4 s 

_. 
, 

_ 

6 

0.50 0.55 0.60 0.65 0.70 0.75 
BASE-TO-EMITTER VOLTS (VBE) 

92CS-I3997T 

C F 

0.80 

E mounting arrangement. This type is 

2N4296 except for the following items: 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Emitter Saturation Voltage ( In = 5 mA, 

Ic 50 mA)   VCE (sat) 0.75 max V 
Static Forward-Current Transfer Ratio: 

250 
o 

1-1 
tcrj 200 
cr 
a_ 
2 150 

-J 

100 

o 
CC 

r-
50 

-J 
o 
o 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N4296 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING FLANGE TEMPERATUFE(TmF)=25°C 

1915 9 
6 
3  

1  
NOTE: CURVES FOR VCE 

- >250VAPPLY FOR TYPES - 
2N4298 AND 2N4299 

ONLY 
16 

1.2 

0.8_ 

BASE MILLIAMPERES ( 18)=0.4 

0 50 100 150 200 250 300 350 

COLLECTOR-TO- EMITTER VOLTS ( VCE) 
92CS- 1398971 

POWER TRANSISTOR 2N4297 
Si n- p-n triple diffused type used in critical amplifier 

and switching applications in military, industrial, and 

commercial equipment. Ths type is useful as a power 

amplifier in line-operated equipment. JEDEC TO-66, 

Outline No.25. See Mounting Hardware for desired 

identical to type 

VcE =. 10 V, Ic = 5 mA   hFE 50 min 
VCE = 10 V, IC = 50 mA   hFn 75 to 300 
VCE = 10 V, IC = 100 mA   hFE 50 min 
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2N4298 POWER TRANSISTOR 

Si n-p-n triple-diffused type used in critical amplifier 
and switching applications in military, industrial, and 
commercial equipment. This type is useful as a power 
amplifier in line-operated equipment. JEDEC TO-66, 
Outline No.25. See Mounting lIardware for desired 
mounting arrangement. This type is identical to type 
2N4296 except for the following items: 

MAXIMUM RATINGS 

Collector- to-Base Voltage   VCTIO 
Collector- to-Emitter Voltage   VcEo 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 

Collector- to-Emitter Sustaining Voltage ( L. = 50 mA, 
= 0)   VCE0 ( SUS) 

Collector-Cutoff Current ( Vcn = 500 V)   IcBo 
Static Forward-Current Transfer Ratio: 

Wu: =_. 10 V, Ii • = 5 mA  hFE 
VrE = 10 V, Ie = 50 mA     hFE 

VUE= 10 V, IC = 100 mA   hFià 

2N4299 POWER TRANSISTOR 

Si n- p-n triple-diffused type used in critical amplifier 
and switching applications in military, industrial and 
commercial equipment. This type is useful as a power 
amplifier in line-operated equipment. JEDEC TO-6(;, 
Outline No. 25. See Mounting Hardware for desired 
mounting arrangement. This type is identical to type 
21\14298 except for the following items: 

CHARACTERISTICS (At mounting-flange temperature — 25°C) 
Collector- to-Emitter Saturation Voltage ( In = 5 mA, 

= 50 mA)   VuE(sat) 
Static Forward-Current Transfer Ratio: 
VrE 17- 10 V, In = 5 mA  hFE 
VcE 10 V, lc = 50 mA     h FE 
VUE 10 V, Ic = 100 mA   hnia 

2N4314 POWER TRANSISTOR 

Si p- n- p double-diffused epitaxial planar type used in 
\\ ide variety of small- signal, medium-power applica-

tions in industrial and commercial applications. JEDEC 
TO-5, Outline No.5. This type is identical to type 
2N4036 except for the following items: 

CHARACTERISTICS (At case temperature 25 -C) 

Collector- to- Emitter Saturation Voltage 
(h. = — 150 mA, In = 15 mA)   Vt.E(sat) 

Base-to-Emitter Voltage 
(Vt .E = — 10 V, Ir = —150 mA)   

Collector-Cutoff Current: 
V( = —60 V. IF; = 0   
Vcr: = —30 V, In = O   LT() 

Emitter-Cutoff Current (VE1: _-7:7„ —5 V. Ir = 0)   IEitt, 
Static Forward-Current Transfer Ratio 

(VcE := — 10 V, It. = —1 mA)   lner: 
Pulsed Forward-Current Transfer Ratio 

(Vt•E =_ — 10 V, lc = — 150 mA, ti. =-- 300s, df 9 , ( pulsed ) 

C,F 

500 
350 

V 
V 

350 min V 
100 max ;IA 

20 min 
25 to 75 
20 min 

C,F 
1  

0.75 max 

35 min 
50 to 150 
35 min 

—1.4 max 

1.5 max 

0.25 max 
—5 max 
—1 max 

15 min 

50 to 250 

V 

V 

V 

pA 
/IA 
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C,F 
POWER TRANSISTOR 2N4346 

Ge p-n-p diffused-collector graded-base typu used as a 
horizontal-output amplifier in conjunction with types 
2N3730 ( vertical output). 2N3732 ( horizontal driver), 
and 1N4785 ( damper) to provide a complete transistor/ 
damper-diode complement. JEDEC TO-3 Outline No.2. 

MAXIMUM RATINGS 

Collector- to-Base Voltage: 
Peak 
Continuous 

Collector Current   
Base Current   

\repo 
VCBO 
IC 
IB 

Transistor Dissipation: 
T IF' up to 55°C    PT 
TMF above 55°C   

Temperature Range: 
Operating ( Junction)   
Storage   T.siT(Gopr) T 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 

Collector- to Eniittcr Breakdown Voltage 
(L. = —0.025 A, Vlirt = 0)   

Emitter- to-Base Breakdown Voltage (IF 
L• 0 )   

Collector- to- Emitter Saturation Voltage ( L. — 6 A, 
In =. —0.4 A)   

Base-to-Emitter Voltage ( 14. =1 6 A, In = —0.4 A) •••• 
Collector-Cutoff Current ( Wit = —10 V, II: = 0)   
Turn-Off Time   
Thermal Resistance, Junction- to- Case   

—100 mA, 

—320 
—60 
—10 

+4, —1 

V 

A 
A 

5 
See curve page 300 

—65 to 85 
65 to 85 

230 

VutincEs —320 min 

VatR)ERO —2 min 

VCE (sat) —0.75 max 
VRE 0.8 
IC130 200 max 
ts tf 0.75 max 
0J-C 1.5 max 

POWER TRANSISTOR 2N4347 
Si n- p- ii type featuring a base comprised of a homo-
geneous-resistivity silicon material. This type is used 
in high-voltage applications in power-switching cir-
cuits, audio amplifiers, series and shunt regulators, 
drivers, and output stages, dc- to-dc converters, 

E 8 verters, and solenoid ( hammer)/relay driver 
in military, industrial, and commercial equipment. JEDEC TO-3, 
No.. See Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCB0 140 
Collector-to-Emitter Voltage: 
VRE ..i--.-_ —1.5 V   V,E 140 V Base open   .‘,(c:E0v  

120 V 
Emitter-to-Base Voltage     VERO  7 V 
Collector Current   Ic 5 A 
Peak Collector Current   ir 10 A 
Base Current   IR 3 A 
Transistor Dissipation: 
Tv up to 25°C   PT 100 W 
Tr above 25°C    PT See curve page 300 

Temperature Range: 
Operating (Junction)   —65 to 200 °C 
Storage   —65 to 200 °C 

Pin-Soldering Temperature ( 10 s max) 255 °C 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage: 
=. 0.2 A to 3 A, = 0   
=- —1.5 V, L• = 0.1 A to 1.5 A   

Collector-to-Emitter Saturation Voltage ( Ic = 2 A, 
In = 0.2 A)   

Base-to-Emitter Voltage (Ve,.: = 4 V, L. 2 A)   

Ti ( opr) 
TSTG 
TP 

VcEo(sus) 
VrEv ( sus) 

(sat) 
VBE 

i20 min 
140 min 

1 max 
2 max 

in-
service 
Outline 

V 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current: 
VcE = 120 V, VBE = —1.5 V   ICEV 

= 120 V, VBE = —1.5 V, Tc = 150°C   ICEV 
Emitter-Cutoff Current (VEB = 7 V, Ic = 0)   IEBO 
Static Forward-Current Transfer Ratio (V('E 4 V, 
Ic = 2 A)   

Power Rating Test (W E = 67 V, Ic 1.5 A, t — 1 s) 
Thermal Resistance, Junction-to-Case   ar-c 

TYPICAL TRANSFER CHARACTRISTICS 

O 
0.2 0.4 0.6 0.8 1 1.2 1.4 

BASE- TO-EMITTER VOLTS ( VBE) 
92SS-3228T 

TYPE 
COLLECTOR 
- VOLTS 

2N4347 

(VcE)= 
-TO-EMITTER 

4 

ài• 

. 

S V  A 

4- 0 

eV 4r) 
4 nai 

i 

 / 

. 
4.1 

éç 

44i /e/  

çie 

• 

! ' 

• 

/ 
, 

, 

e  

p I 

• 

21\14348 

O 

h FE 

2 max 
10 max 
5 max 

mA 
mA 
mA 

20 to 70 
100 

1.75 max °C/W 

TYPICAL DC FORWARD- CURRENT 
TRANSFER- RATIO CHARACTERISTICS 
i 

TYPE 
-COLLECTOR 

, 
2N4347 

TI, 

-TO-EMITTER 

1 

, , III , , 

VOLTS ( VCE)= 4 

1 1 1 1 1 1 I_ 4  

t 

- 

"0---- -.4•• ' CASE 
% 

TEMPERATURE 
(Tc):25°C 

r g 

M/  

.  
r r 4 .4 , . , 

, 

125 • . , . . . 

\\-* 
. e , * , , , ,_ 

\ • £ - , 

, , „- , , 
N 
.. N....,,,...., 

i 

, • , 

0.01 
2 4 6 8 1 2 4 6 8 1 2 468 

0.1 1 10 
COLLECTOR AMPERES ( IC) 

92SS-3226T 

POWER TRANSISTOR 

Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material. This type is used 
in high-voltage applications in power-switching cir-
cuits, audio amplifiers, series and shunt regulators, 
drivers, and output stages, dc-to-dc converters, in-
verters, and solenoid ( hammer) / relay driver service 
in military, industrial, and commercial equipment. JEDEC TO-3, Outline 
No.2. See Mounting Hardware for 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 140 V 
Collector-to-Emitter Voltage: 
VBE = —1.5 V   VCEV 140 
Base open    VCEO 120 

Emitter-to-Base Voltage   VEBO 7 
Collector Current   Ic 10 
Peak Collector Current   Ic 30 
Base Current   IB 4 
Transistor Dissipation: 
Tc up to 25°C   PT 120 
Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating (Junction)   —65 to 200 
Storage   —65 to 200 

Pin-Soldering Temperature ( 10 s max)   230 

desired mounting arrangement. 

CHARACTERISTICS (At case temperature = 25°C) 
Emitter-to-Base Breakdown Voltage ( IE — 5 mA, 

0)   
Collector-to-Emitter Sustaining Voltage: 
VBE 1.5 V, L• = 0.1 A to 1.5 A   
= 0.2 A to 3 A, IB = 0   

Collector- to-Emitter Saturation Voltage ( lc = 5 A, 
IR = 0.5 A)   

Base-to-Emitter Voltage ( VcE -_=_-_- 4 V, I = 5 A)   
Collector-Cutoff Current: 

= 120 V, VBE = —1.5 V   
VcE = 120 V, Ii = 0, Tc = 150°C   

TJ (opr) 
TSTG 
TP 

CF 

V(BR)EBO 7 min 

VCEV ( SUS) 140 min 
VrEo ( sus) 120 min 

VCE (sat) 1 max 
VBE 2 max 

ICES' 2 max 
ICES' 10 max 

V 
V 
V 
A 
A 
A 

°C 
°C 
°C 

V 

V 
V 

V 
V 

mA 
mA 
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CHARACTERISTICS (cont'd) 
Emitter-Cutoff Current (VEB = 7 V, In = 0)   IEBt) 5 max mA 
Pulsed Static Forward-Current Transfer Ratio 

(VnE = 4 V, lc _-=. 5 A, tp = 300 iis, f = 60 Hz)   hFE ( pulsed) 15 to 60 
Power Rating Test ( Vt.E = 80 V, In = 1.5 A, t — 1 s) 120 W 
Thermal Resistance, Junction-to-Case   0j-c 1.46 max 

o 

TYPICAL COLLECTOR CHARACYÉRISTICS 

TYPÉ 2N4348 
CASE TEMPERATURE ( Tc)=25°C 

700 
 ›g 00 $30 

400 
 300  

200 

100 

 700  
 ›g 00 $30 

400 
 300  

200 

100 

 ›g 00 $30 
400 

 300  
200 

100 

 300  
200 

100 

mA BASE 
I 

CURRENT 
1 1 

(IB)=50 
1 

2 3 4 
COLLECTOR-TO- EMITTER VOLT ( VcE) 

92SS-3290T 

TYPICAL TRANSFER CHARACTERISTICS 

2 

O 
0.2 0.4 0.6 0.8 1.2 1.4 

BASE- TO- EMITTER VOLTS ( VBE) 
92SS-32951 

TYPE 
COLLECTOR 
. (VCE )"."4 

2N43T4 
i 

8 
-TO- EMITTER 

 r 1 
VOLTS 

eV e 

, 

# 

CASE 
(Tc)=I25°C 

TEMPERATURE 
# 

e 

e 

C 

' # 

TRANSISTOR 2N4390 

1.6 

Si n- p-n type used for direct "on-off" control of high-
voltage, low-power devices such as numerical display 
tubes and relays, and for other control applications 
in industrial equipment. JEDEC TO-104, Outline No.32. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Emitter-to-Base Voltage    VEBO 
Collector-to-Emitter Voltage   VCEO 
Collector Current   In 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating ( TA) and Storage ( TsT(;)   

Lead-Soldering Temperature ( 10 s max)   Tr, 

CHARACTERISTICS 
Collector- to-Base Breakdown Voltage 

(In = 0.1 mA, IE = 0)   V(BIDCB0 
Collector-to-Emitter Breakdown Voltage 

(In = 1 mA, TB _ 0)   V(BrucEo 
Emitter-to-Base Breakdown Voltage 

(IF: = 0.1 mA, In = 0)   V(BR)EBO 
Collector-to-Emitter Saturation Voltage: 

It = 20 mA, Ii = 2 mA  VCE (sat) 
= 2 mA, lit = 0.2 mA   VCE (sat) 

Base-to-Emitter Voltage: 
In = 20 mA, In = 2 mA    VBE 
It _1: 2 mA, In = 0.2 mA   VBE 

Collector-Cutoff Current ( VcE = 70 V, VEB = 1 V)   LEV 
Base-Cutoff Current ( VrE = 70 V, VER — 1 V)   IBEV 
Static Forward-Current Transfer Ratio: 
VuE = 1 V, Ir = 2 mA  hFE 
VrF = 1 V, In = 20 mA   hFE 

Small-Signal Forward-Current Transfer Ratio 
(VvE = 10 V, Iv = 20 mA, f = 4 MHz)   hfe 

Feedback Capacitance (VcB = 10 V, JE = 0, f = 1 MHz) Ccb 
Input Capacitance ( VEB = 0.5 V, IE = 0, f = 1 MHz) Clbo 
Delay Time (Ver = 3.4 V, VBE ( Off) = 1.5 V, 

IRl = 2 mA, Ins = 20 mA)   ta 
Rise Time (We. = 3.4 V, VBE(off) = 1.5 V, 

IBi = 2 mA, Ics = 20 mA)   tr 

120 V 
6 V 

120 V 
Limited by dissipation 

500 mW 
See curve page 300 

--65 to 175 °C 
265 °C 

120 min 

120 min 

6 min 

V 

V 
V 

0.3 max V 
0.2 max V 

0.85 max V 
0.75 max V 
1 max gA 
1 max ihts. 

20 min 
20 min 

12.5 min 
6 max 

40 max 
pF 
pF 

150 max ns 

500 max ns 
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CHARACTERISTICS (cont'd) 

Storage Time ( V(.(•= 3.4 V, Ini 2 mA, I's = 20 mA, 
Ii = —2 mA)   t. 800 max 

Fall Time (Vrc 3.4 V, hi — 2 mA, 20 mA, 
1132 2 mA)   tt 500 max 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

60 
›--
z 
w 
LL-

cr 
D 50 
(-) 

0 ÇL-
cr< 
œ 

*ci 40 
cr w 
O LA-
UU) 

Z 
- < 

cr 30 
k_ 

Cr) 

20 
4 

TYPE 2N4390 
COMMON - EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE ( TA) -25`)C 
COLLECTOR - TO - EMITTER VOLTS ( VcE): I 

6 8 2 4 6 8 2 
10 

COLLECTOR MILLIAMPERES ( lc) 
92CS-14159T 

2N4395 

2N4396 

2N4397 

2N4427 

4 

ns 

ns 

TYPICAL COLLECTOR CHARACTERISTICS 

F- r-,a5 
w g 
0 w0.4 

> 
cr 
o (r) G3 

0.2 
-J 

0.10 

TYPE 2N4390 
COMMON—EMITTER CIRCUIT,BASE INPUT. 
AMBIENT TEMPERATURE ( TA) : 25°C 

4 

-4-

to 

10 20 30 40 
COLLECTOR MILLIAMPERES ( 1c ) 

92CS-14147T 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

Si n- p-n "overlay" epitaxial planar type used in class 
A, B, or C amplifier, frequency-multiplier, or oscillator 
circuits; it is used in output, driver, or pre-driver 
stages in vhf and uhf equipment. jEDEC TO-39, Out-
line No.15. 

MAXIMUM RATINGS 

Collector-to-Base Voltage     VCBO 
Collector- to-Emitter Voltage     VCEO 
Emitter-to-Base Voltage    VEBO 
Collector Current   Ic 
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   TJ (opr) —65 to 200 
Storage    TSTG —65 to 200 

Lead-Soldering Temperature ( 10 s max)   TL 230 

PT 

2). 

40 v 
20 v 
2 v 

0.4 A 

3.5 
PT See curve page 300 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage 
(lc = 0.1 mA, IE = 0)   

Emitter-to-Base Breakdown Voltage 
(Ii: = 0.1 mA, lc = 0)   

Collector- to-Emitter Saturation Voltage 
(I(' 100 mA, In = 20 mA)   

Collector- to-Emitter Sustaining Voltage: 
- 5 mA, Rni 10 
- 5 mA, In = 

Collector-Cutoff Current (VcE = 12 V, In = 0)   
Output Capacitance ( VcB = 12 V, IE = 0, f = 1 MHz) 
RF Power Output, Amplifier, Unneutralized 

(Vcc = 12 V, Pur 0.1 W, f = 175 MHz, 
RG and Rr, = 50 c))   

• For conditions given, minimum efficiency = 70 per cent. 

V(BR)CB0 

V(BR)EBO 

VCE (sat) 

VCER ( SUS) 
VCEO ( SUS) 
'CEO 
Cobo 

POE 

40 min 

2 min 

0.5 max 

40 min 
20 min 
20 max 
4 max 

1* min 

°C 
°C 
°C 
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N 

1 800 
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o 
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co 
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E 

TYPICAL GAIN-BANDWIDTH PRODUCT 

TYPE 2N4427 
CASE TEMPERATURE ( Tc)=25°C 

15 

20 40 60 80 100 
COLLECTOR MILLIAMPERES (IC) 

92LS-1801T 

TYPICAL RF POWER-OUTPUT CHARACTERISTICS 

cn 

I 1.4 
7-
n 1.2 o 
a_ 

0.8 

o 
0.6 

cc 
j̀ 0.4 
o 
a. 0.2 
LL. 

cr 0 

TYPE 2N4427 
COLLECTOR SUPPLY VOLTS (Vcc)=I2 
CASE TEMPERATURE (Tc)=25•C 
RF INPUT M1LLIWATTS : PIN 

........_ . 

.0 

, 

, 1 

75 
40 50 . , 

50 100 200 300 400 
FREQUENCY- MHz 

500 600 

92LS-1757T 

TRANSISTOR 2N4440 
Si n-p-n "overlay" epitaxial planar type used in class 
A, B, and C amplifiers, frequency multipliers, or oscilla-
tors, for military and industrial communications. 
JEDEC TO-60, Outline No.23. See Mounting Hardware 
for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 
VB E = —1.5 V   VCEV 
Base open   VCEO 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
Tc up to 25°C   PT 
Tr above 25°C   PT 

Temperature Range: 
Operating ( Junction)   T ( opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   Tr. 

CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Base Breakdown Voltage 
(Ir = 0.1 mA, IE ----- 0)   V(BR)CB0 

Collector-to-Emitter Breakdown Voltage: 
IR = 0, k 0 to 200 mA, pulsed through 
inductor L = 25 mH, df = 50%   V(BR)CE0 

VB E = —1.5 V, Ir = 0 to 200 mA, pulsed through 
inductor L = 25 mH, df = 50%   V(BR) CENT 

Emitter-to-Base Breakdown Voltage 
(IF; = 0.1 mA, Ic = 0)   V(BR)EBO 

Collector-to-Emitter Saturation Voltage 
(Ir = 500 mA, Is = 100 mA)   

TYPICAL RF POWER-OUTPUT CHARACTERISTICS 

11 
TYPE 2N4440 
COLLECTOR- TO-EMITTER VOLTS (VcE)328 
CASE TEMPERATURE ( Tc)325°C 
RF POWER INPUT WATTS=PIN 

 I 4 

e 

100 2 4 6 8 1000 
OUTPUT FREQUENCY (foUT)—MHz 

92LS-157111 

65 V 
40 V 
4 V 

1.5 A 

11.6 
See curve page 300 

—65 to 200 
—65 to 200 

230 °C 

65 min 

40 min 

65 min 

4 min 

VCE (sat) 1 max 

TYPICAL GAIN—BANDWIDTH PRODUCT 

or 

N 

1:600  

500  c.) 
z 

o 
cr 40Q. 0.  

I 

300  

co 

200o 

TYPE 2N4440 
COLLECTOR-TO-EMITTER VOLTS (VcE)=28 
CASE TEMPERATURE ( Tc)=25°C 

/ 

50 100 150 200 250 3C 

COLLECTOR MILLIAMPERES (IC) 

V 

v 
v 

V 

92CS-125691 
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CHARACTERISTICS (cont'd) 

Collector-Cutoff Current (VcE = 30 V, IB = 0)   
Gain-Bandwidth Product (VcE = 28 V, Ir = 150 mA.) 
Output Capacitance (VcB = 30 V, IE = 0, f = 1 MHz) 
Collector-to-Case Capacitance   
Intrinsic Base-Spreading Resistance 

(VcE = 28 V, Ir = 250 mA)   
RF Power Output, Amplifier, Unneutralized: 
VcE = 28 V, PIE = 1.7 W, R(; and RI, = 50 0, 
f = 225 MHz   

Vn:= 28 V, PIE 1.7 W, Rg; and Ri, = 50 0, 
f = 400 MHz  

* For conditions given, minimum efficiency = 55 per cent. 
• For conditions given, minimum efficiency = 45 per cent. 

2N4932 TRANSISTOR 

ICE0 
fT 

Cobo 

Cc 

rbb' 

POE 

POE 

Si n- p-n "overlay" epitaxial planar type used in high-
power class C rf amplifiers for international vhf mo-
bile and portable communications service. J E DEC 
TO-60, Outline No.23. See Mounting Hardware for de-
sired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCB0 
Collector-to-Emitter Voltage: 
VBE = —1.5 V   VcEv 
Base open   VcEo 

Emitter-to-Base Voltage    VEBO 
Collector Current   lc 
Peak Collector Current   ic 
Transistor Dissipation: 
Te up to 25°C   PT 
Te above 25°C    PT 

RF Input Power: 
At 88 MHz   
Below 88 MHz   

Temperature Range: 
Operating ( Junction)   
Storage  

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Breakdown Voltage: 
Ir = 200 mA, pulsed through an inductor L = 25 mH, 
df = 50%, IB =   

lc = 200 mA, pulsed through an inductor L = 25 mH, 
df = 50%, VIF: = —1.5 V   

Emitter-to-Base Breakdown Voltage (IE = 10 mA, 
Ir = 0)   

Collector-Cutoff Current: 
VcE = 15 V, In =   
VCR = 40 V, IE =   

PIE 
PIE 

Ts ( opr) 
TSTG 

0.1 max 
500 

10 max 
6 max 

10 

V 
MHz 
pF 
pF 

0 

6.5* 

5 min• 

50 

50 
25 
4 

3.3 
10 

V 

V 
V 
V 
A 
A 

70 
See curve page 300 

3.5 
Derate linearly by 

0.022 W/MHz to 3 W 

65 to 200 °C 
—65 to 200 °C 

V(BR)CE0 (sus) 

V(BR)CEV ( SUS) 

V(BR)EBO 

'CEO 
I('BO 

TYPICAL RF POWER—OUTPUT CHARACTERISTICS 
s 
TYPE 
COLLECTOR 
CASE 
OPERATING 
OPERATING 

2N4932 

TEMPERATURE 
-SUPPLY 

FREOUENCY=66 
FREQUENCY:88 

(Tc) 
VOLTS(Vcc)313.5 

=25°C 
MHz 
MHz 
i 

-- 

_ , 

--

• 

ee 

dOelli 

4...... 

w 1 ..°<..: 

e l. 

Mee  

006. 

0.. 00. 

I 4 ee.87 

- • 

05 1.5 2 2.5 3 3.5 
RF POWER INPUT (PIN ) WATTS 

92LS-1317T 

1 max 
10 max 

25 min V 

50 min V 

4 min V 

mA 
mA 
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CHARACTERISTICS (cont'd) 

Output Capacitance (V(13 = 15 V, IF — 0)   Cobo 120 max pF 
RF Power Output (Vcc = 13.5 V, PIE 3.5 W , 
f = 88 MHz, R(; and RI, =. 50 ())   Po» 12 • min W 

• For conditions given, minimum efficiency nt 70 per cent. 

TRANSISTOR 2N4933 
Si n-p-n "overlay" epitaxial planar type used in high-
power class C rf amplifiers for international vhf mo-
bile and portable communications service. JEDEC 
TO-60, Outline No.23. See Mounting Hardware for de-
sired mounting arrangement. This type is identical with 
type 2N4932 except for the following items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open   

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

= 200 mA, pulsed through inductor L = 25 mA, 
df = 50%, = 

It' = 200 mA, pulsed through inductor L =. 25 mA, 
df = 50%, VBE = —1.5 V   

Collector-Cutoff Current: 
VrE = 30 V, IR =   
VcR = 50 V, Ii =   

Output Capacitance ( Vcn = 30 V, IF = 0)   
RF Power Output ( Vcc -= 24 V, PIE = 3.5 W , 
f = 88 MHz, Ra and RI, = 50 n)   

• For conditions given, minimum efficency = 70 per cent. 

VCEV 
VCEO 

V(BR)CE0 (MS) 

V(BR)CEV (SUS) 

ICE0 
ICBO 
Cobo 

Po» 

TYPICAL RF POWER-OUTPUT CHARACTERISTICS 

r--
ei 25 

20 
0 
a. 

a. 
15 

p---

10 

5 

CC 

TYPE 2N4933 
COLLECTOR - SUPPLY VOLTS ( Vcc): 
CASE TEMPERATURE ( Tc)=25 °C 

OPERATING FREQUENCY = 66 MHz 
OPERATING FREQUENCY = 88 MHz 

24 

— — , 

, . 

de 

, 

• 
• 

P• " 

/ 
/ 

.. .--

/ 
/ 

0.5 1.5 2 2.5 3 3.5 

RF POWER INPUT ( PIN) WATTS 
92LS-1318T 

TRANSISTOR 

70 

70 
35 

35 min 

70 min 

1 max 
10 max 
85 max 

20 • min 

2N4934 

V 

v 
V 

V 

mA 
mA 
pF 

Si n- p-n epitaxial planar type used in vhf-uhf applica-
tions at frequencies up to 500 MHz. The terminal ar-
rangement permits shielding between input and output 
terminals for superior high-frequency performance and 
greater circuit stability, particularly on printed-circuit 
boards. JEDEC TO-104, Outline No.31. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage 
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic — 0.001 mA, 

Ii: = 0)   
Collector-to-Emitter Breakdown Voltage ( Ic 1 mA, 

Iit = 0)   
Emitter-to-Base Breakdown Voltage (IE = —0.001 mA, 
lc = 0)   

Collector-Cutoff Current ( Vcii 7_7_ 15 V, Ii = 0)   
Static Forward-Current Transfer Ratio 

= 8 V, Ir = 2 mA)   
Magnitude of Small-Signal Forward-Current Transfer 
Ratio:* 

8 V, Ir _-_: 2 mA, f = 1 kHz   
Vn 8 V, lc _7_1_ 2 mA, f = 100 MHz  

Collector-to-Base Feedback Capacitance • ( Wit = 8 
IE 0, = 0.1 to 1 MHz)   

Collector-to- Base Time Constant* ( VcR ___ 8 V, 
= —2 mA, f = 31.9 MHz)   

Small-Signal Power Gain, Amplifier, Unneutralized* 
(VrE = 8 V, Ir = 2 mA, RG and R. _-_-_ 50 C.), 
f = 200 MHz)   

Noise Figure* ( VrE = 8 V, Ir = 2 mA, Rs 200 0, 
RG and RE. = 50 0, f _-_-_- 200 MHz)   

V, 

* Lead 4 ( case) grounded. 
• Three-terminal measurement with lead No. 
to guard terminal 

TYPICAL SMALL-SIGNAL FORWARD-
CURRENT TRANSFER-RATIO CHARACTERISTIC 

16 

12 

10 

TYPE 2Nal. 934 
COMMON- EMITTER CIRCUIT, BASE 
r- INPUT; OUTPUT SHORT-CIRCUITED. 
FREQUENCY ( f ) = 100 MHz. 
AMBIENT TEMPERATURE ( TA) : 25°C 
COLLECTOR-TO- EMITTER VOLTS 

(VcE)=8 
••-•1 

• 

2 4 6 8 i0 12 

COLLECTOR MiLLIAMPERES (lc) 
92C S- I4459T 

2N4935 

VCR() 

VCEO 

VEBO 

PT 

PT 

TJ (opr) 
Tsio 
TL 

V(Bit)('BO 

V(BR)CE0 

V(Bit)EBO 

Ido 

hFE 

hte 

Ca) 

11)'Ce 

Gpe 

NF 

40 
30 V 
3 V 

Limited by dissipation 

200 rnW 
See curve page 300 

—65 to 200 °C 
—65 to 200 °C 

265 °C 

40 min 

30 min 

3 min 
10 max 

40 to 170 

45 to 195 
7 to 16 

0.2 typ; 0.25 max 

I to 8 

V 

v 
nA 

pF 

ps 

18 to 26 dB 

3.5 max dB 

1 ( emitter) and lead No. 4 ( case) connected 

TYPICAL INPUT CONDUCTANCE AND 

SUSCEPTANCE CHARACTERISTICS 

32 - TYPE 2N4934 
- COMMON- EMITTER CIRCUIT, BASE _ 

INPUT; OUTPUT SHORT-CIRCUITED. 
28 AMBIENT TEMPERATURE ( TA) = 25°C 

COLLECTOR MILLIAMPERES ( 1c)= 2 

24 COLLECTOR -TO -EMITTER VOLTS 

(VCE ) = 8 
20 

16 

12 

8 

4 

o 
20 

TRANSISTOR 

• e-

t 

• 

' bie 

i I, I  

ie 

 -1 

40 60 100 200 300 500 

FREQUENCY ( f ) — MHz 
92C5-145721 

Si n- p-n epitaxial planar type used in vhf-uhf applica-
tions at frequencies up to 500 MHz. The terminal ar-
rangement permits shielding between input and output 
terminals for superior high-frequency performance and 
greater circuit stability, particularly on printed-circuit 
boards. JEDEC TO-104, Outline No.31. This type is 
identical with type 2N4934 except -for the following items: 
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4 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 50 V 
Collector • to-Emitter Voltage   VCEO 40 V 

CHARACTERISTICS 
Collector- to-Base Breakdown Voltage ( Ic = 0.001 mA, 

It: = 0)   V(BR)cBo 50 V 
Collector- to-Emitter Breakdown Voltage ( lc = 1 mA, 
IR --L-- 0)   V(BIDCE0 40 V 

Static Forward-Current Transfer Ratio ( VcE :-_-= 8 V, 
Ic = 2 mA)   hFE 60 to 200 

Magnitude of Small-Signal Forward-Current Transfer 
Ratio* ( Vet: = 8 V, Ir = 2 mA, f = 1 kHz)   'hid 70 to 225 

Collector-to-Base Time Constant* (\kit = 8 V, 
Ii = —2 mA, f -= 31.9 MHz)   rb'Ce 1 to 6 Ps 

Small-Signal Power Gain, Amplifier, Unneutralized* 
(W E = 8 V, lc z:.- 2 mA, Rn and RI, =-. 50 0, 
f = 200 MHz)   Gpe 21 to 28 dB 

Noise Figure* ( Vet: .= 8 V, lc = 2 mA, 
Rs = 200 0, RG and RI. = 50 0, f = 200 MHz)   NF 3 max dB 

* Lead 4 (case) grounded. 

TRANSISTOR 2N14936 
Si n-p-n epitaxial planar type used in vhf-uhf applica-
tici?is at frequencies up to 500 MHz. The terminal ar---;-• 

.-_•) rangement permits shielding between input and output 
terminals for superior high-frequency performance and 
greater circuit stability, particularly on printed-cicuit 
boards. JEDEC TO-104, Outline No.31. This type is 

identical with type 2N4935 except for the following items: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio 
(V E = 8 V, Ie = 2 mA)   

Magnitude of Small-Signal Forward-Current Transfer 
Ratio* (V E = 8 V, Ir = 2 mA, f = 1 kHz)   

Small-Signal Power Gain, Amplifier, unneutraUzeci* 
tvrt.: = 8 V, lc = 2 mA, RG and = 50 
f = 450 MHz)   

Small-Signal Power Gain, Amplifier, Neutralized* 
(VrE = 8 V. Ir = 2 mA, Ri; and RI, = 50 0, 
f = 450 MHz)   

Noise Figure* ( V(E = 8 V, Ir 2 mA, 
R‘; = 100 0, Rn and RI, ___ 500 a f -- 450 MHz)   

* Lead 4 ( case) grounded. 

TRANSISTOR 

hF 

¡Fuel 

G. 

Gpe 

NF 

60 to 250 

70 to 280 

13 to 18 dB 

20 dB 

4.5 max dB 

2N50-16 
Si n- p-n "overlay" epitaxial planar type used in large-
signal high-power class B and C rf amplifiers for mili-
tary and industrial communications service ( 200 to 
700 MHz). JEDEC TO-60, Outline No.23. See Mount-
ing Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector- to-Emitter Voltage: 
VBE = —1.5 V   
RBE 1=- 30 û   

VCEV 65 V 
VCER 40 V 

Emitter-to-Base Voltage   VEBO 4 V 
Collector Current   Ic 4.5 A 
Transistor Dissipation: 
Te up to 50°C   PT 30 W 
Tr above 50°C    PT See curve page 300 

Temperature Range: 
Operating (Junction)   T.1 ( opr) —65 to 200 °C 
Storage   TSUI —65 to 200 °C 

Case-Soldering Temperature ( 10 s max)   Tc 230 °C 
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CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Emitter Breakdown Voltage: 
RBE = 30 0, IB = 0, Ic = 200 mA, 
pulsed through an inductor L = 25 mH, df _= 50% 

VBE = —1.5 V, Ic = 200 mA, 
pulsed through an inductor L = 25 mH, df = 50% 

Emitter-to-Base Breakdown Voltage (IE — 5 mA, 
lc = 0)   

Collector-to-Emitter Saturation Voltage 
(IB = 40 mA, If = 2000 mA)   

Collector-Cutoff Current (VcE = 30 V, In = 0)   
Collector-to-Base Capacitance (W s = 30 V, IE — 0, 
f = 1 MHz)   

Gain-Bandwidth Product (VcE = 15 V, Ic = 500 mA 
RF Power Output, Unneutralized: 

= 28 V, PIE = 5 W , RG and RI. = 50 0, 
f = 225 MHz   

VcE = 28 V, PIE = 5 W , RG and Rr. = 50 0, 
f = 400 MHz   

Dynamic Input Impedance ( VcE ____ 28 V, PIE = 5 W, 
Ri; and RI. = 50 0, f 400 MHz)   

* For conditions given, minimum efficiency = 60 per cent. 
• For conditions given, minimum efficiency = 50 per cent. 

2N017 

2N5034 

V(BR)CER 

V(BR)CEV ( SUS) 

V(BR)EBO 

VCE (sat) 
'CEO 

Ccb 

fT 

Pon 

Pon 

TYPICAL POWER-OUTPUT CHARACTERISTICS 

TYPE 2N5016 
CASE TEMPERATURE (Tc) : 25°C 
COLLECTOR-TO-EMITTER VOLTS (VCE) 28 

  INPUT WATTS: PIN 

7W 
5W 

3W 

IN zi WATT 

O  
100 200 300 400 500 600 

OUTPUT FREQUENCY (foul-) — MHz 
92LS-2042T 

700 

40 min V 

65 min V 

4 min V 

1 max V 
10 max mA 

25 DF 
600 MHz 

23 * 

15 • 

2.5 -Ej 5 • 

Refer to Chart of Discontinued Transistors 

POWER TRANSISTOR 

Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic pacgage with vertical leads. This type fits a 
standard TO-3 socket. It is used in a wide variety of 
high-power switching and amplifier applications such 
as series and shunt regulators, drivers, and output a 
stages for high-fidelity amplifiers. Outline No.50. See Mounting Hardware 
for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V   
RBI: = 100 
Base open   

Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

VCBO 

VCEV (sus) 
VER ( SUS) 

VCEO ( SUS) 

VEBO 

IC 

it, 

IB 

PT 

PT 

CF 

55 

55 
45 
40 
5 
6 

12 
6 

V 

>
>
>
>
>
>
<
<
C
C
 

83 
See curve page 300 
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MAXIMUM RATINGS (cont'd) 
Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature .8- 25°C) 
Emitter-to-Base Breakdown Voltage (IE = 5 mA, 

lc 0)   
Collector-to-Emitter Sustaining Voltage: 

0.2 A, Ii = 0, tp -_-_-_ 300 /Ls, df = 1.8%   
VBE 1_1 —1.5 V, lc 0.1 A, tp z= 300 jis, df = 1.8%   
RBE -2_7 100 C), Ir 0.2 A, tp = 300 gs, df = 1.8%   

Base-to-Emitter Voltage (VUE _= 4 V, k = 2.5 A, 
tp = 300 pS, df = 1.8%)   

Collector- to-Emitter Saturation Voltage ( Ir _ 2.5 A, 
IB = 0.25 A, tp 300 gs, df — 1.8%)   

Collector-Cutoff Current: 
✓  ' i: 35 V, RBF: 100 o   
✓ F: 35 V, RBE = 100 0, Tc = 150°C   
VrE = 50 V, VBE = —1.5 V   
✓ F: = 50 V, VBE = —1.5 V, T(• = 150°C   

Emitter-Cutoff Current (VER = 5 V, Ir _-_-_-_ 0)   
Pulsed Static Forward-Current Transfer Ratio 

(VcE = 4 V, L• 2.5 A, tp 71 300 /IS, df = 1.8%)   
Gain-Bandwidth Product (VcE = 4 V, Ic ___ 0.5 A)   
Thermal Resistance, Junction-to-Case   

TYPICAL COLLECTOR CHARACTERISTICS 
8 

TYPE 2N5034 
7 CASE TEMPERATURE ( Tc) = 25°C 

500 

I •• 

400 

300 

200 

BASE CUARENT (I =100 mA 

.50  

10 

10 20 30 40 
COLLECTOR-TO-EMITTER VOLTS (VcE) 

92SS- 36021 

C F 

TJ (opr) 
TsTG 

TL 

V(BR)EBO 

WE° ( SUS) 

VCEv ( SUS) 

VCER ( SUS) 

VBE 

VCE (sat) 

10ER 

L'ER 

L'EV 

IcEV 

IEBO 

hFE ( pulsed) 
fT 

—65 to 150 
—65 to 150 

235 

5 min 

40 min 
55 min 
45 min 

1.7 max 

°C 
°C 
°C 

V 

1 max V 

1 max 
5 max 
1 max 
5 max 
5 max 

mA 
mA 
mA 
mA 
mA 

20 to 70 
0.8 to 2.8 MHz 
1.5 max °C/W 

TYPICAL TRANSFER CHARACTERISTICS 
' 

TYPE 
_COLLECTOR 

I 1 

2N5034 
-TO 

I 

IIII 

-EMITTER VOLTS 

T 
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- •• 
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BASE-TO- EMITTER VOLTS ( VBE) 
92SS- 36031 

POWER TRANSISTOR 2N5035 
Si n- p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting 
on printed-circuit boards. It is used in a wide variety 
of high-power switching and amplifier applications 

E e such as series and shunt regulators, drivers, and output 
stages for high-fidelity amplifiers. Outline No.51. See Mounting Hardware 
for desired mounting arrangement. This type is electrically identical to 
type 2N5034. 

C F 

POWER TRANSISTOR 2N5036 
Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-3 socket. It is used in a wide variety of 
high-power switching and amplifier applications such 

13 as series and shunt regulators, drivers, and output 
stages for high-fidelity amplifiers. Outline No.50. See Mounting Hardware 
for desired mounting arrangement. 
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MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector- to-Emitter Sustaining Voltage: 
VBE 1-1 —1.5 V   
RBE 
Base open   

Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature — 25°C) 

Emitter-to-Base Breakdown Voltage (IE 5 mA, 
Ic = 0)   

Collector-to-Emitter Sustaining Voltage: 
Ir _ 0.2 A, In 0, tp = 300 ,us, df 1.8%   
VBE -1 —1.5 V, lc = 0.1 A, tp = 300 ps, df 1.8% 
RBE _ 100 c), Ir == 0.2 A, tp .= 300 jis, df 1.8% 

Base-to-Emitter Voltage (VcE = 4 V, Ir — 3 A, 
tp = 300 jis, df 1.8%)   

Collector-to-Emitter Saturation Voltage (lc = 3 A, 
tp = 300 As, df = 1.8%, IB = 0.3 A)   

Collector-Cutoff Current: 
VcE = 50 V, RBE 100   
VCE 50 V, RBE = 100 C.), Tc 150°C   
V('E = 65 V, VBE = —1.5 V   
VcE = 65 V, VBE —1.5 V, Tc = 150°C   

Emitter-Cutoff Current ( Vim = 5 V, lc = 0)   
Pulsed Static Forward-Current Transfer Ratio 

(VrE = 4 V, Ir. LI 3 A, tp = 300 ps, df 1.8%)   
Gain-Bandwidth Product (V F: 4 V, Ir 0.5 A)   
Thermal Resistance, Junction-to-Case   

C
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TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N5036 
CASE TEMPERATURE (Tc)=25°C 

600 

-E—:-1;-12 
300 

200 

BASE CURRENT 1B 100 mA 

50 

10 

0 10 20 30 40 50 60 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

92SS-3590T 

2N5037 

VCBO 

VCEV ( SUS) 
VCER ( SUS) 
VCEO ( SUS) 
VEBO 
IC 
iC 

IB 

PT 
PT 

TJ ( opr) 
TSTG 

TL 

V(BR)EBO 

See 

70 

70 
60 
50 
5 
8 

12 
6 

V 
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<
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83 
curve page 300 

—65 to 150 
65 to 150 

235 

5 min 

VcE0 ( sus) 50 min 
VCEV (sus) 70 min 
VCER (sus) 60 min 

VBE 1.7 max 

VCE (sat) 

ICER 

ICER 

ICEV 
IcEV 

hFE ( pulsed) 
fT 

eJ-C 

°C 
°C 
°C 

V 
v 
V 
V 

1 max V 

1 max 
5 max 
1 max 
5 max 
5 max 

mA 
mA 
mA 
mA 
mA 

20 to 70 
0.8 to 2.8 MHz 
1.5 max °C/W 

TYPICAL TRANSFER CHARACTERISTICS 
1 

TYPE 
COLLECTOR 

I T 

2N5036 
-TO- EMITTER 
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T I 

VOLTS 
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BASE-TO- EMITTER VOLTS (VBE) 

92SS-3596T 

POWER TRANSISTOR 

Si n- p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting 
on printed-circuit boards. It is used in a wide variety 
of high-power switching and amplifier applications such 
as series and shunt regulators', drivers, and output E 

stages for high-fidelity amplifiers. Outline No.51. See Mounting Hardware 
for desired mounting arrangement. This type is electrically identical to 

type 2N5036. 

C,F 
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POWER TRANSISTOR 2N5038 
Si n- p-n epitaxial type used for high-current, high-
power, high-speed applications in switching and ampli-
fier circuits in industrial and commercial equipment. 
JEDEC TO-3, Outlne No.2. See Mounting Hardware for 
desired mounting arrangement. 

MAXIMUM RATINGS 

Collector- to- Base Voltage   
Collector- to-Emitter Sustaining Voltage: 
VBE = — 1.5 V, RBE = loo c)   

RBE 50 
Base open   

Emitter-to-Base Voltage   
Peak Collector Current   
Collector Current   
Base Current   
Transistor Dissipation: 
Tr up to 25°C, VrE up to 28 V   
Tk up to 25 C, V E above 28 V   
Ti' above 25cC, VrE above 28 V   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature — 25°C) 

Collector- to-Emitter Sustaining Voltage: 
Ii' = 0.2 A, IB = 0, base open   
VnE = —1.5 V, II. = 0.2 A, In= 0, Rn: 
base-emitter junction reverse biased   
= 0.2 A, In 7:1-. 0, RBE 50 Q   

Emitter-to-Base Voltage (I(' = 0. 1E = 0.05 A) 
Collector-to-Emitter Saturation Voltage: 
Ic = 12 A, In 1.2 A, tr 350 Ais, df 
Ic = 20 A, In = 5 A   

Base-to-Emitter Saturation 
20 A, In = 5 A)   

Base-to-Emitter Voltage 
tr 350 /as, df = 2%) 

Collector-Cutoff Current: 
VrE = 70 V, IB = 0   
VCE = 140 V, VBE = —1.5 V 
VrE .= 100 V, VBE =_ — 1.5 V   
VCE = 100 V, VBE = — 1.5 V, 

Emitter-Cutoff Current: 
VER = 5 V, Ir = 0   
VE ¡4 = 7 V, L. 

Pulsed Static Forward-Current Transfer Ratio: 
VcE = 5 V, Ic rr_ 2 A, tr 350 Rs, df = 2';   
VCE = 5 V, Ir = 12 A, tp 350 ps, = 2%   

Magnitude of Small-Signal Forward-Current Transfer 
Ratio ( VrE -__-:_- 10 V, lc = 2 A, f = 5 MHz)   

Output Ca'.acitance ( Wit = 10 V, IF: = 0, f = 1 
Second- Breakdown Collector Current: 
VCE = 28 V, base forward-biased, 
non-repetitive pulse = 1 s   

VCE = 45 V, base forward-biased, 
non-repetitivc pulse = 1 s   

Second-Breakdown Energy (VBE = —4 V, L• = 
Rn = 20 a L = 180 pH, base reverse biased) 

Gain-Bandwidth Product ( VcE = 10 V, Ii' = 
f = 5 MHz)   

Turn-On-Time ( Vcc = 30 V, lc 
IBi= lit^ =- 1.2 A)   

Storage Time (Vcc = 30 V, Ic = 12 A, 
IB1 = IB2= 1.2 A)   

Fall Time (Vcc = 30 V, Ir — 12 A, 
IBi = IR2 = 1.2 A)   

Thermal Resistance, Junction-to-Case (VCE = 40 V, 
Ir = 0.5 A)   

5 V, Ii' Volt age ( VrE 

------ 5 V, .1•••••• 12 A, 

Ti' = 150°C   

MHz) 

12 A, 

2 A, 

12 A, 

Vrng) 

VCEX ( SUS) 

VCER ( SUS ) 

VCEO ( SUS) 

VE RI) 

IB 

PT 

T.r ( opr ) 
ri TG 

Ti 

VrE() ( Sus ) 

VrEx (sus) 
VrE R ( sus ) 
VEitt) 

VrE ( sat) 
Vi•E ( sat) 

VBE (sat) 

VBE 

I( ' E() 

'EV 

y 

ICE y 

hieE ( pulsed) 
fin: ( pulsed) 

!hfe! 

Cohn 

Is/h 

Is/i, 

Es/h 

fT 

td tr 

ts 

tt 

f9.1_(• 
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140 
curve page ()0 
curve page 300 

—65 to 200 
—65 to 200 

230 

90 min V 

150 min V 
110 min V 
7 min V 

1 max V 
2.5 max V 

3.3 max V 

1.8 max V 

20 max mA 
50 max mA 
10 max mA 
10 max mA 

5 max mA 
50 max mA 

50 to 200 
20 to 100 

12 min 
500 max PF 

5 min 

0.9 min 

13 min 

60 min 

0.5 max 

A 

A 

mJ 

MHz 

1.5 max ps 

0.5 max /is 

1.25 max °C/W 
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2N5039 POWER TRANSISTOR 

Si n- p-n epitaxial type used for high-current, high-
power, high-speed applications in switching and ampli-
fier circuits in industrial and commercial equipment. 
JEDEC TO-3, Outline No.2. See Mounting Hardware for 
desired mounting arrangement. This type is identical 
with type 2N5038 except for the following items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V, Rio.: loo wt.:, (sus) 

50 c)   vcER ( sus) vek:o (sus) Base open 

CHARACTERISTICS (At case temperature 
Collector-to-Emitter Sustaining Voltage: 
L• = 0.2 A, Ii = 0, base open   
Vii =. —1.5 V, Ir = 0.2 A, Ill = 0, RBE = 100 0, 

base-emitter junction reverse biased   VrEx ( sus) 
= 0.2 A, lit = 0, RBE 50 f)   VrE it ( sus ) 

Collector-to-Emitter Saturation Voltage: 
= 10 A, Ill = 1 A, tr --• • 350 ps, df = 2%   
= 20 A, lit = 5 A   

Base-to-Emitter Voltage ( Vri: 5 V, L• = 10 A, 
tr 350 gs, df = 2%)   

Collector-Cutoff Current: 
= 55 V, In =   

VIE = 110 V, VBE = 1.5 V   
VrE = 85 V, Viti  = — 1.5 V   

= 85 V, VRE = — 1.5 V   
Emitter-Cutoff Current: 
VER = 5 V, L• = 
VEit = 7 V, Ir = 

Pulsed Static Forward-Current Transfer Ratio 
VrE = 5 V, Ir = 2 A, 350 As, df = 2%   
VrE = 5 V, Ir -_-_-_ 10 A, ti, 350 /is, df = 2c7(   

Turn-On-Time ( Ver — 30 V, Ir = 10 A, 
Ii = IB2 = 1 A)   

Storage Time ( Vrc ____ 30 V, lc =. 10 A, 
In. =- 1A)   

Fall Time (Vrr 30 V, L• 10 A, 

25°C) 

Vito 

IRi =IR21A)   

/1 
2N5076 TRANSISTOR 

VrEo ( SUS) 

VIE (sat) 
VrE ( sat) 

VBE 

ICE0 
IrEV 
L'EV 
IrEV 

IEHO 
IEBO 

120 

hFE ( pulsed) 
liFE ( pulsed) 

tr 

ts 

t r 

Si n- p-n "overlay" epitaxial planar type used in high-
power class A or B service in a 2-to-30-MHz single-
sideband power amplifier operating from a 28-volt 
power supply. JEDEC TO-60, Outline No.23. See Mount-
ing Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 
Viti: = —1.5 V    WES' 
RBI: = 5 û     VcER 

Emitter-to-Base Voltage    VERO 
Collector Current   Ic 
Peak Collector Current   ir 
Transistor Dissipation: 
Tr up to 25°C     PT 
Tr above 25°C     PT 

Temperature Range: 
Operating ( Junction)   T ( opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS (At case temperature = 25°C) 
Emitter-to-Base Breakdown Voltage ( IE = 10 mA, 

= 0)   V(1110 E110 

120 
95 
75 

V 
v 
V 

75 min V 

120 min V 
95 min V 

1 max V 
2.5 max V 

1.8 max V 

20 max mA 
50 max mA 
10 max mA 
10 max mA 

15 max mA 
50 max mA 

30 to 150 
20 to 100 

0.5 max ,us 

1.5 max ,us 

0.5 max JAs 

65 V 
40 V 
4 V 

3.3 A 
10 A 

70 
See curve page 300 

—65 to 200 
—65 to 200 

230 

4 min V 
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CHARACTERISTICS (cont'd) 

Collector- to-Emitter Sustaining Voltage: 
Vit: = —1.5 V, 14. 200 mA  

= 5 n, 200 mA   
Collector-Cutoff Current: 

_ 30 V, In _ 
30 V, li, 0   

Output Capacitance ( Vrn — 1 V, IF: 0, f 1 MHz) 
Thermal Resistance, Junction-to-Case   

TYPICAL OPERATION IN RF-AMPLIFIER CIRCUIT 
Collector Supply Voltage   28 V 
Collector Base Current   20 mA 
RF Power Output: 
Average   12.5 min 
Peak Envelope   25 min 

Intermodulation Distortion   30 max dB 
Collector Efficiency   40 min 

m TYPICAL RF POWER-OUTPUT CHARACTERISTICS 

VCEV ( SUS) 

VrER ( SUS) 

'CEO 

Cobo 

TYPE 2N5070 
COLLECTOR SUPPLY VOLTS (\a/cc): 28 
FREQUENCIES ( TWO -TONE) : 30 MHz, 30.001 MHz 
COLLECTOR QUIESCENT CURRENT ( IcQ)=20 mA 
_CASE TEMPERATURE ( Te) = 25°C OR UP TO 75°C 

73 RD 
ORDER 
'5 TH 
ORDER 

7 TH   
ORDER 

0 5 10 15 20 25 30 35 40 

RF POWER OUTPUT ( POuT) — W(PEP) 
92LS-1877TI 

TRANSISTOR 

65 min 
40 min 

5 max 
10 max 
85 max 
2.5 max 

2N5071 

V 
V 

mA 
mA 
pF 

°C/W 

Si n- p-n "overlay" epitaxial planar type used in high-
power class A and C rf amplifiers for FM communica-
tions with a 24-volt power supply. It is used for narrow-
band and wideband applications in the 30-to-76-MHz 
frequency range. JEDEC TO-60, Outline No.23. See 
Mounting Hardware for desired mounting arrangement. 

For maximum ratings, refer to type 2N5070. 

CHARACTERISTICS (At case temperature = 25°C) 
Emitter-to-Base Breakdown Voltage (IE — 10 mA, 

Ie - - 0)   
Collector-to-Emitter Sustaining Voltage: 
\TB': ___ —1.5 V, lc = 200 mA   
Riu = 5 0, Ic — 200 mA  

V(BR)EBO 

VCEV (sus) 65 min 
VCER 40 min 

TYPICAL RF POWER-OUTPUT CHARACTERISTICS 
(r) 

<le 35— 

i 
30 

7:- 

0 25 

20 

15 
cr 

13' 
o I 

TYPE 2N5071 CASE TEMPERATURE ( Tc)=25°C 
COLLECXR SUPPLY VOLTS ( VCC) L. 24 

4 min V 

V 
V 

O 20 40 60 
FREQUENCY MHz 

80 

92LS-183511 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Cutoff Current ( VcE -- 30 V, 
IB = 0)   

Collector-to-Base Cutoff Current ( VcE = 60 V, IE = 0) 
Output Capacitance ( VcB 30 V, IE = 0, f = 1 MHz) 
Power Output: 
Narrowband Amplifier (VcE = 24 V, PIE = 3 W , 
RG and RI, = 50 0, f = 76 MHz)   

Wideband Amplifier ( VcE = 24 V, PIE := 3 W , 
RG and Rr, = 50 0, f = 30 to 76 MHz)   

Thermal Resistance, Junction-to-Case   

• For conditions given, minimum efficiency = 60 per cent. 
* For conditions given, minimum efficiency = 35 per cent. 

2N5090 

ICE° 
ICB0 
Cobo 

POE 

POE 
0J-10 

tr Iteo 
POWER TRANSISTOR 

Si n- p-n "overlay" epitaxial planar type used in class 
A, B, or C amplifier frequency-multiplier, or oscillator 
circuits; it is used in output, driver, or pre-driver, 
stages in vhf and uhf equipment. JEDEC TO-60, Out-
line No.23. See Mounting Hardware for desired mount-
ing arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
RBE --I 10 
Base open   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 75°C   
Tr above 75°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Base Breakdown Voltage 
0.1 mA, IF: =2: 0)   

Emitter-to-Base Breakdown Voltage 
(IL = 0.1 mA, Ic 0)   

Collector-to-Emitter Sustaining Voltage: 
Ic = 5 mA, RBE ILI 10 0, pulsed through inductor 
L = 25 mH, df 50',"c   
Lz 5 mA, Ill = 

Collector-to-Emitter Saturation Voltage 
100 mA, IB = 20 mA)   

Collector-Cutoff Current ( VcE = 28 V, IB = 0)   
Gain-Bandwidth Product (VcE = 15 V, Ic = 50 mA) 
Collector-to-Base Capacitance 

(Veit = 30 V, IF; = 0, f = 1 MHz)   

•• 

Wasp 

VCER 
VCEO 
VEBO 
IC 

E 

5 max 
10 max 
85 max 

24• min 

15* min 
2.5 

mA 
mA 
pF 

°C/W 

55 V 

57) V 
30 
3.5 v 
0.4 A 

PT a 
PT Derate linearly at 0.04 W/°C 

Ti ( opr) —65 to 200 
TSTG 65 to 200 
TL 230 

V(DR)CB0 

V(BR) EBO 

VCEI 
VCEO (SUS) 

VCE ( sat) 
IcE0 
fT 

COLO 

TYPICAL RF POWER-OUTPUT CHARACTERISTICS 

••••••• 

O 
100 

TYPE 2N5090 
CASE TEMPERATURE 
'COLLECTOR-TO- EMITTER 

(VcE)=28 V 

( Tc):: 25° 
VOLTAGE 

C 

300 

100 

200 

RF D . 0 wEn 
' INPUT 

IN * 

200 300 400 
FREQUENCY- MHz 

600 

oc 
oc 

3C: 

55 min V 

3.5 min V 

55 min V 
30 min V 

1 max 
20 max 
500 min 

V 

MHz 

3.5 max pF 

925S- 3618T 
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CHARACTERISTICS (cont'd) 
RF Power Output, Amplifier, Unneutralized 

(VcE 28 V, PIE = 0.2 W , f = 400 MHz, 
114; and RL = 50 CI)   PoE 1.2* min 

* For conditions given, minimum efficiency 45 per cent. 

TRANSISTOR 2N5102 
Si n-p-n "overlay" epitaxial planar type designed to 
provide high power as a class C rf amplifier for vhf 
aircraft communications service ( 108 to 150 MHz) with 
amplitude modulation and 24-volt power supply. JEDEC 
TO-60, Outline No.23. See Mounting Hardware for de-
sired mounting arrangement. 

VCEV no 
VcER, 50 

Emitter-to-Base Voltage   VEBO 4 
Collector Current: 
Peak  ,  lc 10 A 
Continuous Ic 3.3 A 

Transistor Dissipation: 
Tc up to 25°C   PT 70 W 
Tc above 25°C    PT See curve page 300 

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
RBE — - 5 1-1 

CHARACTER ISTICS (At case temperature 25°C) 
Emitter-to-Base Breakdown Voltage 
(IE = 10 V, Ic 0)   

Collector-to-Emitter Sustaining Voltage: 
VBE —1.5 V, Ic _-_---- 600 mA, pulsed through 
an inductor L -___-_- 9 mH, df = 50%   

RBE --I- 5 0, Ic = 200 mA, pulsed through 
an inductor L = 9 mH, df = 50%   

Collector-Cutoff Current (VcE = 50 V, RBE 5 0)   
Collector-to-Base Capacitance ( VcB _1. 30 V, Ic = 0)   
RF Power Output (Vcc = 24 V, PiJ = 6 W, 

R4; and RL --__- 50 0, f = 136 MHz)   
Modulation• (VcE = 24 V, f 118 MHz)   
Load Mismatch' ( VcE =_-7_ 24 V, f = 118 MHz)   

Dynamic Input Impedance (VcE — 24 V, Ic _z--__ 1100 mA, 
POE = 6 W , f = 150 MHz)   

* Unmodulated carrier. 
• Carrier Power, PCAR = 15 W; Vcc modulation = 100%; M =  (PAM Pcmt) X 

PCAR 
• Under conditions of footnote (•), the transistor is subjected to all conditions of load 
mismatch from short circuit to open circuit. 

TJ (opr) 
TSTG 
TL 

V(BR)EBO 

VCEV ( sus) 

VCER ( SUS) 
ICER 
Cch 

POE 

—65 to 200 
65 to 200 

230 

4 min 

100 min 

50 min 
10 max 
85 max 

15* min 
80 min 

will not be 
damaged 

1.7 j2.6 

V 
v 
V 

°C 
°C 
0 C 

V 

V 

V 
mA 
PF 

TYPICAL RF POWER-OUTPUT CHARACTERISTIC 
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TYPE' 2N51T02 
CASE TEMPERATURE ( Tc) a 25° C 
-COLLECTOR-TO-EMITTER VOLTS 

(VcE)=24 
RF POWER INPUT (PIN)6W 
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TYPICAL COLLECTOR CHARACTERISTIC 

TYPE 
CASE 
_COLLECTOR 

(VCE)224 
RF POWER 

. . 
2N5(02 
TEMPERATURE ( Tc): 

-TO-EMITTER 

INPUT (PIN) =6 

r 

25° 
VOLTS 

W 

. 

C 

T 

, 

, ., , ................. 

90 100 110 120 130 140 150 
FREQUENCY- MHz 

92SS-3666T 
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2N5108 TRANSISTOR 

Si n-p-n "overlay" epitaxial planar type used as a high-
power amplifiers, fundamental-frequency oscillator, and 
frequency multiplier. It may be used in final, driver, 
and pre-driver amplifier stages in uhf equipment and 
as a fundamental-frequency oscillator at 1.68 GHz. 
JEDEC TO-39, Outline No.15. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
RBE = 10 n   VCER 
Base open   VCEO 

Emitter-to-Base Voltage   VEB0 
Collector Current   Ic 
Transistor Dissipation: 
Tc up to 25°C   
're above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage 
(Ic = 0.1 mA, IE = 0)   

Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, Ic = 0)   

Collector-to-Emitter Sustaining Voltage 
(RBE = 10 0, Ic 5 mA, pulsed through an 
inductor L = 2.5 mH, df = 50%)   

Collector-to-Emitter Saturation Voltage 
(Ic 100 mA, IB 10 mA)   

Collector-Cutoff Current: 
VCE = 15 V, IB = 0   
VCE = 50 V   

Collector-to-Base Capacitance (Ws = 30 V, IE = 0, 
f = 1 MHz)   

Magnitude of Small-Signal Forward-Current Transfer 
Ratio (VCE = 15 V, k 50 mA, f = 200 MHz)   

RF Power Output, Common Emitter Amplifier 
(VcE = 28 V, PIE 0.316 W , f = 1 GHz)   

RF Power Output, Fundamental Frequency Oscillator 
(VUE 20 V, VEB = 1.5 V, f = 1.68 GHz) 

* For conditions given, minimum efficiency 
t For conditions given, minimum efficiency 

P
O
W
E
R
 
O
U
T
P
U
T
 
(
P
O
U
T
)
 

PT 
PT 

TJ (opr) 
TSTG 
Tr, 

V(BR)C110 

V(BR)EB() 

VCER ( SUS) 

VCE (sat) 

ICEO 
ICES 

Cobo 

POE 

POE 

35 per cent. 
15 per cent. 

TYPICAL RF POWER-OUTPUT CHARACTERISTICS 

2 

o 

TYPE 
CASE 
-COLLECTOR-TO-EMITTER 

2N5I08 
TEMPERATURE 

'III' 

(Tc)325°C 
VOLTS (VCE)=28 - 

, 

i 

ille-%--.%-..77.1%..... --........„„  • i-0.3 w 

0.2 

_ I , 
0.4 0.6 0.8 1 

FREQUENCY—GHz 

1.2 

92LS-184ITI 

55 V 

55 V 
30 V 
3 V 

0.4 A 

3.5 
See curve page 300 

65 to 200 
—65 to 200 

230 

55 min 

3 min 

55 min 

0.5 max 

20 max 
1 max 

3 max 

6 min 

1* min 

0.3t 

°C 
°C 
°C 

V 

V 

V 

V 

¡IA 
p,A 

pF 
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TRANSISTOR 2N5109 
Si n-p-n "overlay" epitaxial planar type designed to 
provide large dynamic range, low distortion, and low 
noise as a wide-band amplifier into the vhf range. 
JEDEC TO-39, Outline No.15. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage (RBE — 10 n)   VCER 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
Tc up to 25° 
Tc above 25°C 

40 V 
40 V 
3 V 

0.4 A 

PT 3.5 
PT See curve page 300 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage   TSTO 

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 
Collector-to-Base Breakdown Voltage 

(Ic = 0.1 mA, IE = 0)   
Emitter-to-Base Breakdown Voltage 
(JE 01 rnA, Ic 0)   V(BE)EB0 3 min 

Collector-to-Emitter Sustaining Voltage: 
RBE = 10 0, lc = 5 mA, pulsed through an 
inductor L = 2.5 mH, df = 50%   

Ic = 5 mA, IB = 0   
Collector-to-Emitter Saturation Voltage 
(Ic = 100 mA, IB = 10 mA)   

25°C) 

65 to 200 
65 to 200 

230 

Collector-Cutoff Current (Ic — 0.1 mA, IE 
Collector-to-Base Capacitance (VcB — 15 V, 
f = 1 MHz) 

0) 
lE o, 

Static Forward-Current Transfer Ratio 
(VcB = 15 V, Ic = 50 mA)   

Small-Signal Forward-Current Transfer Ratio: 
VcB = 15 V, Ic = 25 mA   4.8 min 
VcB = 15 V, Ic = 50 mA   6 min 
VcB = 15 V, Ic =_ 100 mA   4.8 min 

Voltage Gain, Wideband (VcB — 15 V, Ic — 50 mA, 
f = 50 to 216 MHz)   

Cross Modulation at 54 dBmV• Output 
(VrB — 15 V, lc = 50 mA)   

Power Gain, Narrowband (VCs = 15 V, 
PIE = —10 dB, f 200 MHz)   

f 200 MHz) NF 

V(BR)CB0 

VCER ( SUS) 40 min 
VCEO ( SUS) 20 min 

VCE (sat) 0.5 max 
'CEO 20 max 

Cobo 

40 min 

3.5 max 

Noise Figure (VcB = 15 V, Ic = 10 mA, 

• 0 dBmV = 1 millivolt. 

Ic = 10 mA, 

TRANSISTOR 

hFE 70 min; 210 typ 

hre 
hf e 

ht. 

V 

V 

V 
V 

V 
aA 

pF 

11 min dB 

—57 dB 

11 min dB 
3 dB 

2N5179 
Si n- p-n double-diffused epitaxial planar type used in 
low-noise tuned-amplifier and converter applications at 
vhf frequencies, and as an oscillator up to 500 MHz. 
JEDEC TO-72, Outline No.28. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating (Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

VcBo 
VCEo 

VEno 

PT 

PT 

PT 

PT 

TJ (opr) 
TSTG 

Ti. 

20 
12 
2.5 
50 

V 
V 

mA 

300 mW 
Derate at 2 mW/°C 

200 mW 
Derate at 1.33 mW/°C 

—65 to 175 
—65 to 175 

265 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 
(Ic = 0.001 m A, IF = 0)   

Emitter-to-Base Breakdown Voltage 
(IE =_ —0.01 mA, lc = 0)   

Collector-to-Emitter Sustaining Voltage 
(Ic =_ 3 mA, In = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic .-_-_- 10 mA, IB = 1 MA)   

Base-to-Emitter Saturation Voltage 
(Ic = 10 mA, In = 1 mA)   

Collector-Cutoff Current: 
Ic 15 mA, IE = 
IC = 15 mA, IE = 0, TA — 150°C   

Static Forward-Current Tranrer Ratio 
(VcE = 1 V, lc =. 3 mA)   

Magnitude of Small-Signal Forward 
Current-Transfer Ratio*: 
V E =_ 6 V, I( = 5 mA, f = 100 MHz   
V E = 6 V, lc = 2 mA, f = 1 kHz   

Collector-to-Base Feedback Capacitance 
(Wit = 10 V, IF: = 0, f =_ 0.1 to 1 MHz)   

Common-Base Input Capacitancee 
(VER = 0.5 V, lc = 0, f — 0.1 to 1 MHz)   

TYPICAL INPUT CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

TYPE 2N5I79 
COMMON-EMITTER CIRCUITBASE INPUT; 

OUTPUT SHORT-CIRCUITED. 
FREQUENCY (f ): 200 MHz 
AMBIENT TEMPERATURE ( TA)* 25°C 
COLLECTOR-TO- EMITTER VOLTS (VCE)=6 

\IC 
I 

4\6 
• 

VCE=6 
- bie 

io Is 2i 
COLLECTOR MILLIAMPERES (Ic) 

92CS - 14732T 

TYPICAL FORWARD TRANSFER CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

%Imo 

75 

50 

25 

O 

-25 

TYPE 2N5I79 
COMMON-EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 
FREQUENCY ( f) a 200MHz 
AMBIENT TEMPERATURE (TA) z 25 °C 
-COLLECTOR-TO-EMITTER VOLTS (VcE)z 6 - 

V ' 

gfe 

, 

, 

l/ 
Ceze6 

bfe . 
5 10 15 20 

COLLECTOR MILLIAMPERES (lc) 
92CS -147351 

V(BR g' It 0 

V(ITIOEBO 

WE° (SUS) 

VE ( sat) 

VBE ( sat) 

20 min 

2.5 min 

12 min 

0.4 max 

1 max 

0.02 max 
1 max 

hFE 25 to 250 

Ce ) 

Ciho 

9 to 20 
25 to 300 

V 

v 

V 

0.7 typ; 1 max pF 

2 max pF 

TYPICAL REVERSE TRANSFER 
SUSCEPTANCE CHARACTERISTICS  

NOTE —qt.(' IS NEGLIGIBLE AT THIS FREQUENCY-

! i(200'MHz) 

iii   
TYPE 2N5I79 
COMMON-EMITTER CIRCUIT; 

INPUT SHORT-CIRCUITED. 
FREQUENCY ( f) = 200 MHz 
AMBIENT TEMPERATURE ( TA) = 25°C 
COLLECTOR-TO-EMITTER VOLTS WC& 6  

(VcE)*6 bre 
-4 

5 10 15 - 20 
COLLECTOR MILLIAMPERES (IC) 

92CS-14734T 

TYPICAL OUTPUT CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

TYPE 2N5I79 
COMMON—EMITTER CIRCUIT; 

INPUT SHORT—CIRCUITED. 
FREQUENCY (f) = 200 MHz 
AMBIENT TEMPERATURE (TA) = 25°C 
COLLECTOR-TO-EMITTER VOLTS (VcE)=6 

(VcE) = 6 

4 

boe 

(V E):6 
goe 

0 5 10 15 
COLLECTOR MILLIAMPERES (Ic) 

92CS- I 47331 

 20 
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CHARACTERISTICS (cont'd) 
Collector-to-Base Time Constant* 

(VcB = 6 V, Ic = 2 mA, f = 31.9 MHz)   
Small-Signal Power Gain, Neutralized Amplifier* 

(VrE = 12 V, Ix 5 rnA, Rc :7... . 125 a f 200 MHz) 
Power Output, Oscillator Circuit@ 

(VcB -= 10 V, I E = —12 mA, f > 500 MHz)   
Noise Figure* 

(VcE = 6 V, Ic =_ 1.5 mA, f =. 200 MHz)   
* Lead No. 4 ( case) grounded. 
I: Three-terminal measurement of the collector-to-base capacitance: 
ter) and lead No. 4 ( case) connected to guard terminal. 
• Lead No. 4 ( case) floating. 

TRANSISTOR 

rb' C, 

Gpe 

Po 

NF 

3 to 14 ps 

15 min; 21 typ dB 

20 min mW 

3 typ; 4.5 max dB 

Lead No. 1 ( emit-

2N5180 
Si n-p-n epitaxial planar type used as a general-purpose 
amplifier at vhf frequencies. JEDEC TO-72, Outline 
No.28. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Basc.--, Breakdown Voltage 

(Ic ----- 0.001 mA, h = 0)   
Collector-to-Emitter Breakdown Voltage 

(Ic _-_-- 0.001 mA)   
Emitter-to-Base Breakdown Voltage 
(IE = —0.001 mA, Ic = 0)   V(BB)EBo 

Collector-Cutoff Current (V(R =- 1 V, I E = 0)   IC130 
Static Forward-Current Transfer Ratio 

(VcE = 8 V, Ic = 2 mA)   h F: 

Vi'E(> 
VEBO 
I(' 

PT 
PT 

T.I (opr) 
TsTG 
Ti. 

8 

6 

4 

TYPICAL SMALL-SIGNAL, SHORT-CIRCUIT 
FORWARD-CURRENT TRANSFER- RATIO 

CHARACTERISTIC 
s TYPE 2N5I80 
COMMON- EMITTER 

OUTPUT SHORT-CIRCUITED. 
FREQUENCY ( 1) 
AMBIENT TEMPERATURE 
COLLECTOR -TO-EMITTER 

it 100 

CIRCUIT, 

MHz 

BASE INPUT. 

(TA) a 25•C 
VOLTS (VcE)a 10 

Ce'f. * 
-__ 

i 
2 4 6 8 10 
COLLECTOR MILLIAMPERES ( IC) 

92CS-14785 T 

5 

V(RRBo 

V ( RR) rE0 

30 V 
15 V 
2 V 

Limited by dissipation 

180 mW 
See curve page 300 

—65 to 175 
—65 to 175 

265 

30 min 

15 min 

2 min 
0.025 max 

20 to 200 

°C 
°C 
°C 

V 
V 

//A 

RATING CHART 

TYPE 2N5I80 

-100 -50 0 50 101 150 200 
AMBIENT TEMPERATURE (TA) -°C 

92CS — 14777T 
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CHARACTERISTICS (cont'd) 
Magnitude of Small-Signal Forward-Current 
Transfer Ratio* 

(VcE 8 V, lc = 2 mA, f = 100 MHz)   
Collector-to-Base Feedback Capacitance 

(VcB = 8 V, IE = 0, f = 0.1 to 1 MHz)   
Maxim= Usable Amplifier Gain, Neutralized* 

(Vcr: = 8 V, IC = 2 mA, f = 200 MHz)   
Noise Figure*: 
VCE = 8 V, Ic = 2 mA, f = 200 MHz   
VCE = 8 V, Ic = 1 mA, Rs = 400 Q f _ 60 MHz 

* Fourth lead ( case) grounded. 
_1: Three-terminal measurement of the collector- to-base capacitance: 
ter and lead No. 4 ( case) connected to guard terminal. 

2N5181 VHF TRANSISTOR 

6.5 to 16 

Cish 1 max 

MUG 12 to 19 

NF 4.5 max 
NF 2.5 

Si n- p-n type used in rf and if amplifier circuits at 
frequencies up to 250 MHz. The terminal arrangement 
permits shielding between input and output terminals 
for superior high-frequency performance and greater 
circuit stability, particularly on printed-circuit boards. 
JEDEC TO- 104, Outline No.31. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   Venu 
Emitter-to-Base Voltage    VE80 
Collector- Current   Ií 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 

PT 
PT 

Operating ( Junction)   TJ (opr) —65 to 175 
Storage     TSTG —65 to 175 

Lead-Soldering Temperature (10 s max)   Tr, 255 

CHARACTERISTICS 

Lead No. 

45 
3 

50 

PF 

dB 

dB 
dB 

1 (emit-

V 
V 

mA 

180 mW 
Derate at 1.2 mW/°C 

Collector-Cutoff Current: 
VCB = 1 V, IE = 0   I('13() 0.02 max 
VCB = 45 Vs IE = 0   I(130 1 max 

Emitter-Cutoff Current (VEB — 3 V, lc = 0)   IE81) 1 max 
Static Forward-Current Transfer Ratio 
(V E =-- 6 V, IE = —1 mA)   hFE 27 to 275 

Gain Bandwidth Product 
(VcE = 6 V, IE = —2 mA, f = 100 MHz)   fT 700 MHz 

Collector-to-Base Feedback Capacitance 
(VCE = 10 V, IE = —3 mA, f — 0.1 to 1 MHz)   Crb 0.22 typ; 0.34 max pF 

oc 

oc 

TYPICAL COLLECTOR CHARACTERISTICS 

4 

TYPE 2N5I81 
COMMON-EMITTER CIRCUIT,BASE INPUT. 
AMBIENT TEMPERATURE (TA)* 25 °C 

16-o-
90 

80 

70 

60 

10 
BASE MICROAMPERES CI &' 

O 10 20 30 40 50 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

92CS - 14705T 

TYPICAL FORWARD 
TRANSADMITTANCE CHARACTERISTICS 

TYPE 51 
COMMON-EMITTER CIRCUIT BASE INP 
AMBIENT TEMPERATURE (TM= 25°C 
COLLECTOR-TO-EMITTER VOLTSO•CO= 

-j" EMITTER MILLIAMPERES (LE): - 5 
0 cr 4:z — 

125,-
o — 
LL 
LL. ;lop 

ww 
oo 
z z 75 
e-ee_ 

50 

z 25 

50 75 100 125 150 
FREQUENCY (1) — MHz 

¡LA 
µA 
¡LA 

ocr 
cro 
w 

ea 

ow 

wo 

LA.1 
(n o 

-25 4 ‹ 
m g,) 

-50CL 

-75 

92CS-14701T 
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CHARACTERISTICS (cont'd) 

Maximum Available Amplifier Gain 
(VcE = 10 V, IE = —2 mA, f = 200 MHz)   

Maximum Usable Amplifier Gain, Unneutralized 
(Vc = 10 V, IE = —2 mA, f 200 MHz) 

Maximum Usable Amplifier Gain, Neutralized 
(VcE LT-- 10 V, IE — 2 mA, f = 200 MHz)   

VHF TRANSISTOR 

MAG 

MUG 

MUG 

29.9 

20.4 

24.2 

2N5182 

dB 

dl) 

dB 

Si n-p-n type used in rf and if amplifier circuits at 
frequencies up to 250 MHz. The terminal arrangement 
permits shielding between input and output terminals 
for superior high-frequency performance and greater 
circuit stability, particularly on printed-circuit boards. 
JEDEC TO-104, Outline No.31. Type 2N5182 is iden-

tical to type 2N5181 except for the following items: 

MAXIMUM RATINGS 

Collector Current   

CHARACTERISTICS 
Collector-Cutoff Current: 
VCB =- 1 V, IE = 

Ir 4 mA 

Lilo 0.03 max 
VCB = 35 V, IE = 0   'rim 1 

Maximum Available Amplifier Gain 
(VcE = 10 V, IE = —2 mA, f = 200 MHz)   MAG 29.5 dB 

(2)B 

TRANSISTOR 2N5183 

gA 

Si n-p-n double-diffused epitaxial planar type used for 
general-purpose applications in amplifier and computer 
equipment. JEDEC TO-104, Outline No.32. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage   VrEo 
Collector-to-Base Voltage   VCR° 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 
Tc up to 75°C   PT 
Tc above 75°C   PT 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   Ti, 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 
(Ic = 0.1 mA)   

Emitter-to-Base Breakdown Votlage 
(IE =- 0.05 mA, Ic =_ 0)   

Collector-to-Emitter Sustaining Voltage 
(Ic = 10 mA, = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = 300 mA, IR = 15 mA)   

Base-to-Emitter Saturation Voltage 
(Ic = 300 mA, In = 15 MA)   

Collector-Cutoff Current (V(R = 12 V, Ii: =- 0) 
Emitter-Cutoff Current ( VER = 2.5 V, Ic = 0) 
Static Forward-Current Transfer Ratio: 
VcE =. 10 V, Ic = 10 mA   
VCE =- 10 V, IC = 150 mA   
VCE = 1 V, IC = 300 mA   

V(BR)rim 

V(BR)EBO 

WE() ( SUS) 

VE ( sat) 

VBE ( sat) 
ICB0 
IEBO 

hFE 
hFE 
hFE 

18 
18 
7 
1 

0.5 
Derate at 3.3 

2 
Derate at 20 

65 to 175 
—65 to 175 

265 

18 min 

7 min 

18 min 

0.35 typ; 0.5 max 

0.05 typ; 1.5 max 
500 max 
500 max 

75 to 400 
120 

40 min; 75 typ 

V 
V 
V 
A 

mW/°C 

mW/°C 

°C 
°C 
°C 

V 

V 

V 

V 

V 
nA 
nA 
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CHARACTERISTICS (cont'd) 
Magnitude of Small-Signal Forward-Current 
Transfer Ratio (VcE = 12 V, Ic = 10 mA, 
f=l kHz)   

Small-Signal Input Impedance 
(VcE -= 12 V, lc = 10 mA, f = 1 kHz)   

Small-Signal Output Admittance 
(VcE 12 V, Ic = 10 mA, f = 1 kHz)   

Small-Signal Reverse-Voltage Transfer Ratio 
(VcE = 12 V, Ir =_ 10 mA, f = 1 kHz)   

Collector-to-Base Feedback Capacitance* 
(VcB 6 V, IE = 0, f = 1 MHz)   

Gain-Bandwidth Product 
(Vci = 1 V, Ic = 50 MHz, f = 50 MHz)   

Intrinsic Base-Spreading Resistance 
(VcE = 6 V, Ic = 1 mA, f = 100 MHz)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   
* Three-terminal measurement: Lead No. 1 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N5I83 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE (V: 25°C 

Ig =0 

0 5 10 15 20 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

2N5184 

92CS —14736T 

!hre 

hie 

hoe 

hre 

Ceb 

fT 

rbb' 
8J—(' 

(emitter) 

crre 

> 

lo 
WFJ 

2-

car Z 
0 ° 0.1 p 0 < Wcr 
D 
1.._ 

0 < 

70 min; 175 typ 

600 

75 

125 >< 10 e 

20 max 

125 min; 200 typ 

20 
50 max 

300 max 

rnmho 

pF 

MHz 

o 
oc/w 
oc/w 

connected to guard terminal. 

TYPICAL SATURATION CHARACTERISTICS 

TYPE 2N5I83 
COMMON- EMITTER CIRCUIT BASE INPUT. 
AMBIENT TEMPERATURE (TA): 25°C 8 

6 

4 

6 

4 

2 

0.01 

10 

TRANSISTOR 

••••••111.-

4 6 é 2 468 2 4 6 
10 100 

COLLECTOR MILLIAMPERES(Ic) 
92CS- :404U 

Si n- p-n type used in video-output-amplifier applica-
tions in black-and-white television receivers, and control 
applications in industrial equipment. JEDEC TO-104, 
Outline No.32. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage    VcE0 
Emitter-to-Base Voltage   VERO 

Collector Current   IC 
Transistor Dissipation: 
TA up to 25°C    PT 

TA above 25°C   PT 
Temperature Range: 
Operating ( Junction)   T.1( opr) 
Storage   TsTG 

Lead-Soldering Temperature ( 10 s max)   Ti, 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(Ic = 1 mA, IB 0)   
Emitter-to-Base Breakdown Voltage 

(IE = —10 AA, Ic =-- 0)   
Collector-to-Emitter Saturation Voltage 

(Ic = 30 mA, IB = 1 mA)   
Collector-Cutoff Current (VcB — 120 V, II: := 0) 

V(BR)CE0 

V(1311)EB0 5 min; 7 typ 

VcE (sat) 
ICRO 

120 
5 

50 

V 

mA 

0.5 
See curve page 300 

-- 65 to 175 
—65 to 175 

255 

CC, 
`C 
cc 

120 min 

typ; 5 max V 
100 max nA 
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O 

CHARACTERISTICS (cont'd) 
Static Forward-Current Transfer Ratio 
(VUE = 10 V, Ic = 50 mA)   

Collector-to-Base Feedback Capacitance 
(VcE = 10 V, Ic = 30 mA, f = 1 MHz)   

Gain-Bandwidth Product: 
VcE = 10 V, Ic = 45 mA   
VcE = 120 V, Ic = 2 mA   

Thermal Resistance, Junction-to-Case   

TYPICAL SATURATION CHARACTERISTICS 
TYPE 2N5I84 
COMMON -EMITTER CIRCUIT BASE INPUT. 
AMBIENT TEMPERATURE (TA) = 25°C 

10 20 30 71-0 
COLLECTOR MILLIAMPERES ( Id 

9 2CS - 14798T 

hFE 10 min; 55 max 

Ceb 

fT 30 min; 100 typ 
fT 50 min; 100 typ 
al-c 45 typ, 60 max 

2.8 typ; 3.5 max PF 

MHz 
MHz 
°C/W 

TYPICAL DC FORWARD CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

1.z 6 
z u-
LLJ 

â 50 

2:1 1Z 
ccrc 
ict 
e w 40 

Lc:3.s k) 

& tic: 
30 

20 

TYPE 2N5184 
COMMON-EMITTER CIRCUIT, BASE INPUT 
-AMBIENT TEMPERATURE (TA) = 25° C 
COLLECECTOR- TO-EMITTER VOLTS [VcE(sat] = I 

_ 
4 6 8 1 2 4 6 8 10 2 4 

COLLECTOR MILLIAMPERES (lc) 

92S-14159T 

TRANSISTOR 2N5185 
Si n- p-n type used in video-output-amplifier applications 
in black-and-white television receivers, and control ap-

plications in industrial equipment. JEDEC TO-104 ( with 

C.HR radiator), Outline No.33. This type is identical with 

type 2N5184 except for the following item: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C   

,2)B 

PT 

COMPUTER TRANSISTOR 2N5186 
Si n- p-n epitaxial planar type used for switching ap-
plications in data-processing equipment and other criti-

cal military and industrial equipment. JEDEC TO-52, 

Outline No.21. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VcRo 
Emitter-to-Base Voltage   VEn4) 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 
Tc up to 100°C   PT 
Tc above 100°C   PT 

Temperature Range: 
Operating ( Junction)   T.r (opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   Tr, 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 
(Ic = 0.01 mA, IE = 0)   V ( RR ) ( • 144 

10 
3 

300 

V 
V 

mA 

300 mW 
See curve page 300 

500 mW 
See curve page 300 

--65 to 200 °C 
—65 to 200 °C 

265 °C 

10 min V 
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CHARACTERISTICS (cont'd) 

Emitter-to-Base Breakdown Voltage 
(JE = —0.01 mA, lc = 0)   

Collector-to-Emitter Sustaining Voltage 
(Ic _-_-_- 10 mA, Iii = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = 10 mA, Ii = 1 mA)   

Base-to-Emitter Saturation Voltage 
(Ic = 10 mA, Ii = 1 mA)   

Collector-Cutoff Current: 
VcB = 5 V, IE = 0   
VCB = 5 V, I = 0, TA = 150°C   

Static Forward-Current Transfer Ratio 
(VcE =_ 1 V, Ic = 10 mA)   

Magnitude of Small-Signal Forward-Current 
Transfer Ratio ( VcE = 4 V, Ic = 10 mA, 
f = 100 MHz)   

Output Capacitance (Vci = 5 V, IE 0, 
f =. 0.140 MHz)   

Input Capacitance (VEB — 0.5 V, Ic = 0, 
f = 0.140 MHz)   

Storage Time ( Ic = 5 mA, Iii —IB2 = 5 mA) 
Turn-On Time ( lc =_ 10 mA, Ini_-1=. —1132 = 1 mA) 
Turn-Off Time ( lc = 10 mA, IBI = —IB2 — 1 mA) 

TYPICAL SATURATION CHARACTERISTICS 

1.3 0.7 
[Li 

r;.)0.6 
›cn 
L.L4_ 
Ij 
00 1- > 
cc 
I z 0.4 
o 

W 

0< 
0v) 

$0.5 

0.3-

0.2 

0.1 

TYPE 2N5I86 
COMMON— EMITTER CIRCUIT, BASE INPUT. 
BASE MILLIAMPERES = IB 
AMBIENT TEMPERATURE ( TA): 25°C 

/18 30 

10 20 

2 4 6 8 10 2 4 68 100 
COLLECTOR MILLIAMPERES (Ic) «f• 92Ca-11732T 

VCEO (sus) 

V(BB)EB0 3 min 

6 min; 10 typ 

VCE (sat) 0.3 max 

VBE (sat) 1 max 

ICBO 0.002 typ; 0.05 max 
ICBO 0.9 typ; 5 max 

hFF: 25 min 

Ihrel 4 min; 6 typ 

Cobo 3 max 

Cibo 3 max 
ts 10 max 
td tr 25 max 
ts tr 25 max 

TYPICAL DC FORWARD—CURRENT 
TRANSFER— RATIO CHARACTERISTIC 

V 

V 

V 

V 

µA 
jaA 

pF 

pF 
ns 
ns 
ns 

TYPE 2N5I86 
cr COMMON— EMITTER CIRCUIT, BASE INPUT. 
w 60-AMBIENT TEMPERATURE ( TA) = 25°C 

cr 50 
I—.--
 -w 
z u-40 w.c 
Cr o 
BR. 30 i -
< 

Fzie 20 
e 
cr 

10 LL. 

2 4 6 8 2 4 6 8 
10 100 

COLLECTOR MILLIAMPERES%) 
92CS-14727T 

2N5187 COMPUTER TRANSISTOR 
Si n-p-n epitaxial planar type used for switching ap-
plications in data-processing equipment and other criti-
cal applications in military and industrial equipment. 
JEDEC TO-52, Outline No.21. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VcB0 
Collector-to-Emitter Voltage   VCEO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
Tc up to 25°C   PT 
Tc above 25°C   PT 
TA up to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating   T ( opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 
(Ic = 0.01 MA, IE =- 0)   V(BincB0 

Collector-to-Emitter Breakdown Voltage 
(Ic =_ 10 mA, lit =- 0, tr 100 µs, df 0.02) V(BR)cE4) 

25 
10 
5 

500 

V 
V 
V 

mA 

1 
Derate at 5.72 mW/°C 

0.3 
Derate at 1.71 mW/°C 

—65 to 200 
—65 to 200 

265 

OC 
°C 
°C 

25 min V 

10 min V 
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CHARACTERISTICS (cont'd) 
Emitter-to-Base Breakdown Voltage 
(IE = —0.01 mA, Ic = 0)   V(BR)Eao 

Collector-to-Emitter Saturation Voltage: 
k — 100 mA, TR — 10 mA, tp 100 
df 0.02   

Ic = 10 mA, Is = 1 mA   
Base-to-Emitter Saturation Voltage: 

L' = 100 mA, IB = 10 MA, ti' 100 µs, 
df 0.02   

Ic = 10 mA, In = 1 mA   
Collector-Cutoff Current ( VcE = 20 V, VEB = 0) 
Static Forward-Current Transfer Ratio: 
VCE = 1 V, I(7 = 10 MA   
VCE =7- 0.4 V, Ic = 30 mA   

Magnitude of Small-Signal Forward-Current 
Transfer Ratio (VCE = 10 V, L = 10 mA, 
f = 100 MHz)   

Output Capacitance ( V('it = 5 V, Ii — 0, 
f = 0.140 MHz)   

Input Capacitance (VEB = 0.5 V, Ic — 0, 
f = 0.140 MHz)   

Delay Time (Vcc :-_-_ 6 V, VBE(off) =. —4 V, 
Tin = 10 mA, Ics = 100 mA, IB2 = — 10 mA) td 

Rise Time ( Vcc = 6 V, VBE (off) = —4 V, 
—10 mA) tr 

Storage Time: 
Vcc = 6 V, lin = 10 V, Ls = 100 MA, 
IB2 = —10 mA   t, 

Vcc = 10 V, Ii = 10 mA, lus = 10 MA, 
IB2 = — 10 MA    t, 

Fall Time (Vcc = 6 V, IRE — 10 mA, 
Ics 100 mA, 10 mA)   t f 

IBi = 10 MA, ICS = 100 MA, Ii2 

cr 

80 

cr 

1- 60 z----
w w 
cc la-
D 

%.=/- 40 

X cr 
4 3 
oce 20 

O 

TYPICAL DC FORWARD- CURRENT 
TRANSFER- RATIO CHARACTERISTICS 

TYPE 2N5I87 
.COMMON- EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (TA): 25°C 

2 468 2 4 6 8 2 
10 100 

COLLECTOR MILLIAMPERES (lc) 92C5_14792T 

VCE (sat) 
VCE (sat) 

VBE (sat) 
VBE (sat) 
ICBO 

hFE 
hFE 

hf e 

Cobo 

C  i bo 

5 min 

0.3 typ; 0.5 max 
0.2 typ; 0.25 max 

0.98 typ; 1.2 max 
0.8 typ; 0.85 max 

450 max 

30 min 
25 min 

4 min; 6 typ 

2.8 typ; 3.5 max 

3 typ; 4 max 

6 typ; 8 max 

6 typ; 10 max 

9 typ; 13 max 

9 typ; 13 max 

5 typ; 8 max 

TYPICAL SATURATION CHARACTERISTICS 

V 

V 

V 
nA 

PF 

pF 

ns 

ns 

1.0 
cr 

0.8 

w 

0> 0.6 

-J F- o OA 
0> 

_J 
o 0.2 
o 

O 

TYPE 2N5187 
_COMMON- EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE ( TA) = 25°C 

a 

ATIO OF COLLECTOR CURRENT TO 
BASE CURRENT ( Ic/IB) = 10 
 1  1 III   
2 4 6 8 2 4 6 8 

10 100 
COLLECTOR MILLIAMPERES ( lc) 

92CS-I4689T 

ns 

ns 

ns 

COMPUTER TRANSISTOR 2N5188 
Si n-p-n double-diffused epitaxial planar type used for 
core-driver and line-driver service in data-processing 
equipment and other critical applications in military 
and industrial equipment. JEDEC TO-39, Outline No.15. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   
TA up to 25°C   
TA above 25°C   

VCBO 

VCEO 

VEBO 

IC 

PT 

PT 

PT 

PT 

60 V 
25 V 
5 V 

Limited by dissipation 

4 
Derate at 22.8 mW/°C 

0.8 
Derate at 4.6 mW/°C 
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MAXIMUM RATINGS (cont'd) 
Temperature Range: 
Operating (Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 
(Ic 30 MA, IE = 0)   

Collector-to-Base Breakdown Voltage 
(Ic = 0.01 mA, IE = 0)   

Emitter-to-Base Breakdown Voltage 
(JE -= —0.01 M A, Ir = 0)   

Collector-to-Emitter Saturation Voltage: 
Ic = 150 mA, I = 7.5 mA   
Ic = 500 mA, IB =- 50 mA, tp < 400 ps, df < 0.03   

Base-to-Emitter Voltage: 
Ic = 150 mA, IB =- 7.5 m A   
Ic = 500 mA, IB =- 50 mA, tp < 400 /is, df < 0.03   

Collector-Cutoff Current (V(D = 30 V, IF = 0)   
Static Forward-Current Transfer Ratio: 
VCE :=-- 1 V, IC = 500 mA, tp < 400 jis, df < 0.03   
VCE = 0.5 V, Ic = 150 mA   

Magnitude of Small-Signal Forward-Current Transfer 
Ratio ( VcE = 10 V, lc = 50 mA, f = 100 MHz)   

Output Capacitance (Wit = 10 V, IE = 0, f = 140 kHz) 
Storage Time (Vcc = 6.4 V, Ic ___ 150 mA, 
IB1 = 1132 = 15 mA   

Turn-On Time ( Vcc _-_-_- 6.4 V, Ic = 150 mA, 
1131 = 1132 = 15 mA   

Turn-Off Time ( Vcc = 6.4 V, Ic — 150 mA, 
ID1 = IB2 — 15 mA   

o 

60 

TYPICAL DC FORWARD- CURRENT 
TRANSFER- RATIO CHARACTERISTIC 

'TYPE 2N5I88 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE ( TA) = 25°C 

1 
_.,., 
- 

trio 

i II 

.. 

r • r II O. I «.., -a, 1 I k i 

5 
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1 
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2 4 6 8 2 4 6 8 2 4 68 
i0 100 

COLLECTOR MILLIAMPERES (lc) 
92CS- I4739T 

1000 

e"-••• 

cr — 
wt 1.0 

o 
w> 0.8 
I co 

1 Q10.6 
cr 
o2 
1-0 
o— 
wl— 0.4 

OD 
C»— 
< 0.2 cn 

TJ (opr) 
TSTG 
TI, 

V(I3R) CEO 

V(13R)(130 

V(Blil EBO 

VcE(sat) 
VcE ( sat) 

VBE 

VBE 

'CB() 

FIFE ( pulsed) 
hFE 

'hf e I 
Coto 

ts 

ton 

to f f 

65 to 200 
—65 to 200 

265 

25 min 

60 min 

5 min 

0.5 max 
1 max 

1.1 max 
1.5 max 
0.5 max 

20 min 
25 min 

2.5 min 
8 typ; 10 max 

35 max 

35 max 

50 max 

V 

V 

V 

V 
V 

PF 

ns 

ns 

ns 

TYPICAL SATURATION CHARACTERISTIC 

TYPE 2N5I88 
COMMON-EMITTER 
AMBIENT TEMPERATURE 

r 

1 

CIRCUIT, BASE INPUT. 
(TA) z 25°C 

1 
0 

\\e. .c.) 

„. 

_.._____._ , 

1 . 
200 400 600 800 1000 

COLLECTOR MILLIAMPERES (Ic) 
92M- 14742T 

2N5189 COMPUTER TRANSISTOR 
Si n-p-n double-diffused epitaxial planar type used for 
core-driver and line-driver service in data-processing 
equipment and other critical applications in military 
and industrial equipment. Outline No.58. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tr above 25°C   
TA up to 25°C   
TA above 25°C   

VrBo 
V(*Eo 
VEBo 

PT 
PT 
PT 
PT 

2 

E 

60 V 
35 V 
5 V 

Limited by dissipation 

5 
Derate at 28.5 mW/°C 

1 
Derate at 5.7 mW/°C 
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MAXIMUM RATINGS (cont'd) 
Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ic = 0.1 mA)   
Collector- to -Emitter Breakdown Voltage 

(Ic = 10 mA)   
Emitter-to-Base Breakdown Voltage 
(JE = —0.1 mA)   

Collector-to-Emitter Saturation Voltage 
(Ic = 1000 mA, In = 100 mA)   

Base-to-Emitter Saturation Voltage 
(Ic = 1000 mA, In = 100 mA)   

Collector-Cutoff Current (\Tr}, .= 30 V)   
Static Forward-Current Transfer Ratio: 
VCE = 1 V, IC = 100 mA   
VcE = 1 V, Ic = 500 mA   
VCE = 1 V, k = 500 mA, tp 400 ps, df 0.03   

Small-Signal Forward-Current Transfer Ratio 
(VrE = 10 V, lc = 50 mA, f = 100 MHz)   

Output Capacitance ( Wit = 10 V, IL = 0, f = 0.1 MHz) 
Pi urn-On Time ( lc = 1000 MA, IBi = 100 mA)   
Turn-Off Time ( lc = 1000 mA, Ii --2-= 100 mA, 
In. = —100 MA)   

TYPICAL SATURATION CHARACTERISTIC 

TYPE 2N5189 
COMMON-EMITTER CIRCUIT BASE INPUT. 
AMBIENT TEMPERATURE ( TA)=25 °C. 
COLLECTOR MILLIAMPERES(Ic)21000 

7 

- 

1 

O 10 20 30 
RATIO OF KON"COLLECTOR CURRENT TO 

"TURN ON"BASE CURRENT (Ic/I81) 
92CS-I4755T 

w 60 

50 
D 

00 
cri= 
‘Lex 400  
ecr 

h ei 

8230 

cc 
t-

20,  
4 

TJ ( opr) 
TSTG 
Ti. 

V(BR)CB0 

V(BRiCEO 

V(BR)EBO 

VCE (sat) 

VBE (sat) 
km) 

h FE 
fiFE 
FIFE ( pulsed) 

hre 
Cobo 

td tr 

tq tr 

65 to 200 
65 to 200 

265 

60 min 

35 min 

5 max 

1 max 

1.5 max 
0.5 max 

30 max 
35 max 
15 max 

2.5 min 
12 max 
40 max 

70 max 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 2N5I89 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (V ) * 

5 6 '7 8 100 3 4 5 7 8 9 
1000 

COLLECTOR MILLIAMPERES ( 1c) 

92CS-14748T 

POWER TRANSISTOR 

V 

V 

V 

V 

V 
pA 

pF 
ns 

ns 

2N5202 
Si n- p-n epitaxial type used in high-current, high-speed 
switching circuits. JEDEC TO-66, Outline No.25. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
RBE = 50   

Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

Vcit4) 120 

VcER ( sus) 
VEB0 
L' 
ic 
In 

PT 

TJ (opr) 
TsTG 
Tr 

75 
7 
4 
5 
2 

V 

V 
V 
A 
A 
A 

35 
See curve page 300 

—65 to 200 
—65 to 200 

255 
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CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Sustaining Voltage: 
(Ic = 0.2 A, RBE = 50 0)   vi.ER ( sus) 75 min V 

Base-to-Emitter Voltage 
(VcE = 1.2 V, Ic = 4 V)   VBE 1.9 max V 

Collector-to-Emitter Saturation Voltage 
(Ic :_-_ 4 A, In =_- 0.4 A)   VrE ( sat) 1.2 max V 

Collector-Cutoff Current: 
VcE = 100 V, VBE = —1.5 V   lcEv 10 max mA 
W E = 100 V, VBE = —1.5 V, Tc .=.._ 150°C   IcEv 10 max mA 

Emitter-Cutoff Current (VE;  = 6 V, Ic = 0)   IEB4› 10 max mA 
Output Capacitance (VcB = 10 V, IE ..-7-_- 0, f _ 1 MHz) Cob° 175 max pF 
Second-Breakdown Collector Current (VcE = 40 V, 
non-repetitive pulse = 1 s, base forward-biased)   Is/b 400 min mA 

Second-Breakdown Energy (VBB = 4 V, Ri = 50 a 
L =. 50 µH)   Es/b 0.4 min mJ 

Static Forward-Current Transfer Ratio 
(VcE =--- 1.2 V, Ic = 4 A)   hFE 10 to 100 ns 

Small-Signal, Forward-Current Transfer Ratio 
(VcE = 10 V, Ic =---- 0.5 A, f = 10 MHz)   hfP 6 min 

Delay Time ( Vcc =- 30 V, Ic = 4 A, IBi = 0.4 A)   td 40 max ns 
Rise Time (Vcc =-- 30 V, lc = 4 A, IB1 :----- 0.4 A)   tr 400 max ns 
Storage Time (Vcc = 30 V, k = 4 A, IB2 = —0.4 A)   ts 800 max ns 
Fall Time ( Vcc = 30 V, Ic = 4 A, IB2 = —0.4 A)   tr 400 max ns 
Thermal Resistance, Junction-to-Case   (-)J-c 5 max °C/W 

MAXIMUM OPERATING AREAS 
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TYPE 2N5202 
CASE TEMPERATURE ( Tc) y 25° C 

Ic MAX.(PULSED) 
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NONREPETITIVE 

OPERATION 
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POWER TRANSISTOR 2N5239 
Si n- p-n multiple epitaxial type used for high-voltage, 
high-power in linear applications in industrial and com-
mercial service. JEDEC TO-3, Outline No.2. See Mount-
ing Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
RBE 500   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C and VcE up to 150 V   
Tc and TA up to 25°C and VcE above 150 V   
Tc and TA above 25°C and VcE above 150 V   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Sustaining Voltage: 
Ic = 0.1 A, IB = 0   
IC = 0.1 A, IB =- 0, RBE = 50   

Emitter-to-Base Voltage (IB = 0.02 A)   
Base-to-Emitter Voltage 

(VcE = 10 V, Ic = 2 A, tp 350 ,us, df 2%)   
Collector-to-Emitter Saturation Voltage 

(Ic = 2 A, IR = 0.25 A, ti' 350 ms, df — 2%)   
Collector-Cutoff Current: 

VcE ---- 200 V, IB = 0   
VCE = 300 V, VBE = —1.5 V   
VCE = 300 V, VBE = —1.5 V, Tc 150°C   

Emitter-Cutoff Current (VER = 5 V, lc 0)   

I0 • 
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0.01 
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MAXIMUM OPERATING AREAS 

TYPE 2N5239 
CASE TEMPERATURE ( Tc): 25°C 
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COLLECTOR-TO- EMITTER VOLTS ( VCE) 

92LS - 1959T1 

Vc8o 

VCER ( SUS) 
VCE0 ( SUS) 
VEBO 
IC 

PT 

PT 

TJ (opr) 
TSTI; 

Ti. 

VrEo ( SUS) 

VcEit ( SUS) 
VEBo 

VrE(sat) 

L E 

L ' EV 

L E 

IElt0 

330 v 

250 V 
225 v 
6 
5 A 

100 
See curve page 300 
See Rating Chart 

—65 to 200 
—65 to 200 

230 

225 min 
250 min 
6 min 

°C 
°C 
°C 

V 
v 
V 

3 max V 

2.5 max V 

5 max 
4 max 
5 max 
5 max 

mA 
mA 
mA 
mA 

TYPICAL DC FORWARD CURRENT 

Wu. TRANSFER— RATIO CHARACTERISTICS 

TYPE 2N5239 
COLLECTOR-TO- EMITTER VOLTS(V )210 

0.01 

(c,(TC)= 

4 6 801 2 4 6 81.0 2 4 6 8i0 

COLLECTOR AMPERES (lc) 
92LS-1962T 
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CHARACTERISTICS (cont'd) 

Pulsed Static Forward-Current Transfer Ratio: 
VcE = 10 V, Ic = 0.4 A, tp --1"; 350 'is, df = 2%   hFE ( pulsed) 20 to 80 
VCE z----- 10 V, IC = 2 A, tp ---. 350 its, df = 2%   hFE (pulsed) 20 min 

Output Capacitance (VrB = 10 V, lc = 0, f = 1 MHz) Cob° 150 max pF 
Second-Breakdown Collector Current (VrE = 150 V, 
non-repetitive pulse = 1 s, base forward-biased)   Is/b 0.67 min A 

Second-Breakdown Energy (VEB --z---- 4 V, Ir = 4 A, 
RB :---- 50 CI, L z.--- 0.5 mH, base reverse-biased)   Es/b 4 min mJ 

Gain-Bandwidth Product ( VcE ----= 10 V, I(' _--_- 0.2 A, 
f = 1 MHz)   fir 5 min MHz 

Thermal Resistance, Junction-to-Case   0.1-(1 1.75 max °C/W 

2N5240 POWER TRANSISTOR 

Si n- p-n multiple epitaxial type used for high-voltage, 
high-power in linear applications in industrial and com-
mercial service. JEDEC TO-3, Outline No.2. See Mount-
ing Hardware for desired mounting arrangement. This 
type is identical with type 2N5239 except for the fol-
lowing items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage    VCBO 
Collector- to-Emitter Sustaining Voltage: 
RBE 50 o   
Base open   

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage: 
It = 0.1 A, II: 
Ic 0.1 A, IB = 0, RBE = 50 C.)   

Collector-Cutoff Current: 
VcE = 200 V, IB = O   ICE() 
VCE = 375 V, VBE = 1.5 V   ICEV 
VCE = 300 V, VRE —1.5 V, Tr = 150°C   IrEv 

Emitter-Cutoff Current (VER = 5 V, Ir =. 0)   IEBO 

2N5262 COMPUTER TRANSISTOR 
Si n- p-n epitaxial planar type used for high-speed, high-
voltage, high-current switching applications for memory 
driver service in data-processing equpiment and other 
critical industrial applications. Outline No.58. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VcB0 
Collector-to-Emitter Voltage   VrEo 
Emitter-to-Base Voltage    VEB0 
Collector Current   Ic 
Peak Collector Current   ir 
Transistor Dissipation: 
Tr up to 25°C   PT 
Tc  above 25°C   PT 
TA up to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   Tr, 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage 
(Ic = 0.1 mA)   V(RR)CRO 

Collector-to-Emitter Breakdown Voltage 
(Ic = 10 mA)   V(BR)rEo 

VrER (sus) 
VrEo ( sus) 

VCEO ( sus) 
VCER ( SUS) 

Derate 

Derate 

375 

350 
300 

300 
350 

2 max 
2 max 
3 max 
1 max 

75 
50 
5 
2 
3 

5 
at 28.5 

1 
at 5.7 

65 to 200 
65 to 200 

265 

V 

V 

V 
V 

mA 
mA 
mA 
mA 

A 
A 

mW/°C 

mW/°C 

°C 
°C 
°C 

75 min; 110 typ V 

50 min; 56 typ V 
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CHARACTERISTICS (cont'd) 
Emitter-to-Base Breakdown Voltage 
(IE = —0.1 mA)   V(BIDEBo 

Collector-to-Emitter Saturation Voltage 
(Ic = 1000 mA, Ii = 100 mA)   VCE (sat) 

Base-to-Emitter Saturation Voltage 
(lc = 1000 mA, Ii =_ 100 mA)   VBE (sat) 

Collector-Cutoff Current: 
VCE = 60 V   ICES 
VCE = 30 V   ICES 
VCE -7-- 30 V, TA = 100°C   IcES 

Static Forward Current Transfer Ratio: 
VCE = 1 V, IC — 100 mA   hFE 

VCE =- 1 V, k = 500 mA   FIFE 
VcE = 1 V, lc — 1000 mA, ti' 400 jis, 

df 0.03   
Small-Signal Forward Current Transfer Ratio 
(VCE = 10 V, k =_ 50 mA, f = 100 MHz)   fife 

Output Capacitance ( VcB — 10 V, IE = 0, 
f = 0.1 to 1 MHz)   Coho 

Turn-On Time ( Ic =_- 1000 mA, IBi = 100 mA) td -F tr 
Turn-Off Time ( lc = 1000 mA, IRl = 100 mA, 

1B2 -7-7 —100 MA)   ts tf 

D
C
 
F
O
R
W
A
R
D
 
-
 C
U
R
R
E
N
T
 

TYPE 2N5262 
COMMON-EMITTER CIRCUIT, BASE INPUT 
COLLECTOR-TO-EMITTER VOLTS (VcE)g2 

- - 

TYPICAL DC FORWARD CURRENT 

TRANSFER- RATIO CHARACTERISTICS 

"60 

a. 

7050 

dc 

o 
40 - 

u. 30 
cn 

L I  
I- 20 4 6 

Pee 

e 
100 

COLLECTOR 

C,F 

4 6 
1000 

MILLIAMPERES (lc) 

92CS-13902T 

2 

6 
4 

2 

8 

4 

2 

5 min; 8 typ 

0.5 typ; 0.8 rnax 

1 typ; 1.4 max 

10 max 
0.4 typ; 1 max 

100 max 

35 min; 55 typ 
40 min; 65 typ 

hFE ( pulsed) 25 min; 45 typ 

2.5 min; 3.5 typ 

9 typ; 12 max 
18 min; 30 max 

35 typ; 60 max 

MAXIMUM OPERATING AREAS 

TYPE 2N5262 
CASE TEMPERATURE (T)= 25•C, 

V 

V 

V 

jiA 
/IA 
/IA 

PF 
ns 

ns 

PULSE OPERATION SINGLE 

C MAX  (PULSED)- NONREPETITIVE PULSE 
, - 

IC AX. (CON TIN UOUS 

DC OPERATION/ I 
THE RMALLY Levi TED 

SLOPE2-

CL°1 — 2 4- 6' 81 2 0.1 
COLLE CTOR -TO- EMITTER- VOLTS (VCE) 

92CS-14870T 

- .111e•-••.•••••.r. 

POWER TRANSISTOR 

LIMITE 

I I' CFO MAX 
4 6 810 2 4 

2N5293 

6 

Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-66 socket. It is used in a wide variety of 
medium-power switching and amplifier applications 

E a such as series and shunt regulators, and in driver and 
output stages of high-fidelity amplifiers. Outline No.52. See Mounting Hard-
ware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V   
RBE loo o   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   

Vcno 

VCEV ( sus) 

VCER ( SUS) 
VCEO ( Ms) 
VEBO 
IC 

IB 

80 

80 
75 
70 
7 
4 
2 

V 

V 
V 
V 
V 
A 
A 
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MAXIMUM RATINGS (cont'd) 

Transistor Dissipation: 
Tc up to 25°C   
TA up to 25°C   
Tc above 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

PT 36 w 
PT 1.8 W 
PT Derate linearly at 0.288 W/°C 
PT Derate linearly at 0.0144 W/°C 

TJ (opr) 
TSTG 
TI. 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage: 
Ic ------ 0.1 A, IB = 0, tP = 300 jis, df — 0.018   
Ic -7_7 0.1 A, ti' = 300 jis, df = 0.018   
VBE = —1.5 V, Ic =- 0.1 A, tp = 300 jis, df = 0.018 

Base-to-Emitter Voltage (W E = 4 V, Ic = 0.5 A, 
ti' --_-_ 300 its, df = 0.018)   

Collector-to-Emitter Saturation Voltage 
= 0.5 A, IB = 0.05 A, fp = 300 /is, df =. 0.018) 

Collector-Cutoff Current: 
VUE = 65 V, VBE = —1.5 V   
VUE = 65 V, VBE = —1.5 V, Tc — 150°C   
VUE = 50 V, RBE = 100 û   
VUE = 50 V, RBE = no 0, Tc = 150°C   

Emitter-Cutoff Current (VEB =_- 7 V)   
Pulsed Static Forward-Current Transfer Ratio 

(VcE = 4 V, lc = 0.5 A, ti' = 300 gs, df = 0.018) 
Gain-Bandwidth Product (VUE = 4 V, Ir — 0.2 A) 
Turn-On Time ( Vcc = 30 V, lc =_ 0.5 A, 

= 0.05 A)   
Turn-Off Time (Vcc — 30 V, Ic = 0.5 A, 

Iii = 0.05 A)   
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

2N5294 

W E() ( SUS) 
W EB ( SUS) 
VCEV ( SUS) 

VBE 

W E (sat) 

ICEV 
ICEV 
ICEB 
ICER 
IEBO 

hii-E ( pulsed) 
fT 

—65 to 150 
—65 to 150 

235 

70 min V 
75 min V 
80 min V 

1.1 max V 

1 max V 

0.5 max mA 
3 max mA 

0.5 max mA 
2 max mA 
1 max mA 

30 to 120 
0.8 min MHz 

td tr 5 max jis 

ts tr 15 max jis 
3.5 max °C/W 

Hj _A 70 max °C/W 

POWER TRANSISTOR 

Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting 
on printed-circuit boards. It is used in a wide variety 
of medium-power switching and amplifier applications 
such as series and shunt regulators, and in driver and E C 

output stages of high-fidelity amplifiers. Outline No.53. See Mounting Hard-
ware for desired mounting arrangement. This type is electrically identical 
to type 2N5293. 

2N5295 POWER TRANSISTOR 

Si n- p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-66 socket. It is used in a wide variety 
of medium-power switching and amplifier applications 
such as series and shunt regulators, and in driver and 
output stages of high-fidelity amplifiers. Outline No.52. See 
ware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V   
RBE = 100 
Base open   

Emitter-to-Base Voltage   
Collector Current   

VCEV ( SUS) 
W EI{ ( SUS ) 
W E() ( SUS ) 
VEBO 
IC 

C,F r-

C F 

E a 

Mounting Hard-

60 

60 
50 
40 
5 
4 

V 

V 
V 
V 
V 
A 
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CHARACTERISTICS (cont'd) 
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
TA up to 26°C   
Tt above 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

IB 2 A 

PT 36 
PT 1.8 
PT Derate linearly at 0.288 W/°C 
PT Derate linearly at 0.0144 W/°C 

TJ (opr) 
T T; 
Ti. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage: 
Ic = 0.1 A, Ii = 0, ti' = 300 jis, df =_ 0.018   
It = 0.1 A, ti' = 300 jis, df = 0.018   
VBE :7= —1.5 V, IC = 0.1 A, fp = 300 jis, df =_ 0.018 

Base-to-Emitter Voltage (VCE = 4 V, It — 1 A, 
tp = 300 jis, df = 0.018)   

Collector-to-Emitter Saturation Voltage 
(Ic = 1 A, In = 0.1 A, t = 300 jis, df = 0.018) •••• 

Collector-Cutoff Current: 
VCE = 35 V, VBE = —1.5 V   
VCE = 35 V, VBE = —1.5 V, Tr =. 150°C   

Emitter-Cutoff Current (VEB = 5 V)   
Pulsed Static Forward-Current Transfer Ratio 
(VCE = 4 V, k = 1 A, tp = 300 jis, df -_-.-_- 0.018)   

Gain-Bandwidth Product (VCE = 4 V, It = 0. 2A) 
Turn-On Time (Vet = 30 V, Ic =. 1 A, IBi = 0.1 A) 
Turn-Off Time ( Vcc = 30 V, Ic = 1 A, IB2 = —0.1 A) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

TYPICAL DC FORWARD CURRENT 
tà. TRANSFER- RATIO CHARACTERISTICS 

O 

TYPE 2N5295 
COLLECTOR-TO- EMITTER VOLTS ( VCE ) 4 

PIG,' 
\ 

/ .1 

t 
 Ce ‘ 

/ 4. 

/ 

.. 
e4) 

\ 

/ 

/ 4 

/ 

4 

. • , 

CI' 

•-- 

• • • 

\ 

. 

. ... 

2 4 

C F 

68 

0.01 

2 4 6 8 

01 
2 468 

1.0 

COLLECTOR AMPERES ( lc) 

C
O
L
L
E
C
T
O
R
 
A
M
P
E
R
E
S
 

2 4 6 8 0.1 
lo 

92SS-3732T 

6 

4 

2 

VCE0 ( sus) 
WEB ( SUS) 
VCEV ( SUS) 

VBE 

65 to 150 
65 to 150 

235 

40 min 
50 min 
60 min 

1.3 max 

VtE ( sat) 1 max 

IrEv 
IcEv 
IEBO 

hFE ( pulsed) 
fT 
td tr 
ts tr 
0.1-C 

2 max 
5 max 
1 max 

30 to 120 
0.8 max 
5 max 

15 max 
3.5 max 
70 max 

MAXIMUM OPERATING AREAS 

V 

v 

v 
v 

mA 
mA 
mA 

MHz 
jis 
jis 

°C/W 
°C/W 

TYPE 2N5295 
CASE TEMPERATURE (T)= 25•C 

NORMALIZED POWER— 
MULTIPLIER 300s 

FOR SINGLE 500µs 
PULSE OPERATION 1 

NONREPETITIVE PULSE S\ 750e 

c MAX.(CONT1NUOUS)1 

8 
6 

4 

2 •  

1ms 
2 ms 
100 mi 
500 ms 

  DC OPERATION  
e_j____NticE eiAX-2 460 V 0 1 ‘& 
  (2N5295,2N5296)1 I 

VcE0MAX.360 V  1 04 
(2N5297,2N5298) 1 

VCEO MAX-z 70 V 1 
(2PM93,2N5?94)  

2 4 6 8 t 2 4 
10 

COLLECTOR- TO- EMITTER VOLTS (VCE) 

92SS-3617T 

POWER TRANSISTOR 

68 
100 

2N5296 
Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting on 
printed-circuit boards. It is used in a wide variety of 
medium-power switching and amplifier applications 

E C 8 such as series and shunt regulators, and in driver and 
output stages of high-fidelity amplifiers. Outline No.53. See Mounting Hard-
ware for desired mounting arrangement. This type is electrically identical 
to type 2N5295. 
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2N5297 POWER TRANSISTOR 

Si n- p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-66 socket. It is used in a wide variety 
of medium-power switching and amplifier applications 
such as series and shunt regulators, and in driver and 
output stages of high-fidelity amplifiers. Outline No.52. See 
ware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector- to-Emitter Sustaining Voltage: 
VBE = —1.5 V   
RBE =- loo 
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
TA up to 25°C   
Tc above 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

VCBO 

VCEV ( SUS) 
VCER ( SUS) 
W E() ( SUS) 
VEBO 

IB 

PT 
PT 
PT Derate 
PT Derate 

Ti ( opr) 
T T(; 
Ti. 

CHARACTERISTICS (At case temperature 25°C) 
Collector- to-Emitter Sustaining Voltage: 
It = 0.1 A, Ii = 0, tr = 300 jis, df = 0.018   

=. 0.1 A, t = 300 ,as, df = 0.018   
VBE = —1.5 V, Ic = 0.1 A, tp = 300 ps, df = 0.018 

Base-to-Emitter Voltage (VcE — 4 V, Ic -= 1.5 A, 
t = 300 ps, df = 0.018)   

Collector- to-Emitter Saturation Voltage 
(Ic =. 1.5 A, IR = 0.15 A, tp = 300 /is, df = 0.018) 

Collector-Cutoff Current: 
VCE = 65 V, VBE = —1.5 V   
VCE = 65 V, VBE = —1.5 V, Tr =. 150°C   
VCE -= 50 V, RBE =- 100 1)   
VCE = 50 V, RBE = 100 n, Tr = 150°C   

Emitter-Cutoff Current (VER = 5 V)   
Pulsed-Cutoff Current Transfer Ratio 
(W E =. 4 V, Iu _=. 1.5 A, tp = 300 ps, df = 0.018) 

Gain-Bandwidth Product (VUE = 4 V, lu = 0.2 A) 
Turn-On Time ( Vcc = 30 V, lu = 1.5 A, 
IB1 = 0.15 A)   

Turn-Off Time ( Vcc ----- 30 V, Ic = 1.5 A, 
IB.! = —0.15 A)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

2N5298 

VCEO ( SUS) 
W EB ( SUS) 
VCEV ( SUS) 

VBE 

VuE ( sat) 

ICEV 
ICEV 
ICER 
ICER 
IEBO 

E 

Mounting Hard-

80 

80 V 
70 
60 v 
5 v 
4 A 
2 A 

36 
1.8 

linearly at 0.228 WPC 
linearly at 0.0144 WPC 

—65 to 150 °C 
—65 to 150 °C 

235 °C 

60 min V 
70 min V 
80 min V 

1.5 max V 

1 max V 

0.5 max mA 
3 max mA 

0.5 max mA 
2 max mA 
1 max mA 

hFE ( pulsed) 20 to 80 
fT 0.8 min MHz 

td tr 5 max ¡Ls 

tm tf 15 max jis 
3.5 max °C/W 
70 max °C/W 

POWER TRANSISTOR 

Si n- p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting 
on printed-circuit boards. It is used in a wide variety 
of medium-power switching and amplifier applications 
such as series and shunt regulators, and in driver and 
output stages of high-fidelity amplifiers. Outline No.53. See Mounting Hard-
ware for desired mounting arrangement. This type is electrically identical 
to type 2N5297. 

C,F 

E 8 
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ri)e 
POWER TRANSISTOR 2N5320 

Si n- p-n triple-diffused planar type used for small-
signal medium-power applications in military, indus-
trial, and commercial equipment. JEDEC TO-5, Outline 
No.5. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE =- 1.5 V   
RBE = 100 V   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 
Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, Ic = 0)   

Collector-to-Emitter Breakdown Voltage 
(VBE = —1.5 V, Ic = 0.1 mA, Base-emitter 
reverse biased)   

Collector-to-Emitter Sustaining Voltage: 
L' = 100 V, RBE = 100   
Ic = no V, IB = 0, base open   

Collector-to-Emitter Saturation Voltage 
(Ic = 500 mA, In = 50 mA)   

Base-to-Emitter Voltage (W E = 4 V, Ic =_- 500 mA) 
Collector-Cutoff Current ( VcB = 80 V, IE -= 0)   
Emitter-Cutoff Current (VEB =- 5 V, Ic = 0)   
Pulsed Static Forward-Current Transfer Ratio: 
VUE = 4 V, Ic =. 500 mA, fp 300 µs, df 0.02   
VUE = 2 V, Ic = 1000 mA, tp 300 jis, df 0.02 

Gain-Bandwidth Product (VcE = 4 V, Ic = 50 mA) 
Second-Breakdown Collector Current 
(V E = 50 V, base forward-biased, non-repetitive 

pulse .----- 1 s)   
Turn-On Time (VUE = 30 V, Ic = 500 mA, IB = 50 mA) 
Turn-Off Time (V E = 30 V, Ic = 500 mA, IB = 50 mA) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

10 MAXIMUM OPERATING AREAS 

8 

6 

4 

TYPE 2N5320 
CASE TEMPERATURE (Tc)=25•C 

1 1— 

PULSE OPEATION 
IC MAX. 

(CONTINUOUS 

8 

6 

4 

V,CE0 MAX 
 1=50 V 

FOR I SINGLE 2N532I 
NONREPETITIVEI PULSE  

0.1, " 
2 4 68 o 

o 50kti 

VCEO MAX 
• I = 75 V 
1-2N5320 

6 8 100 

COLLECTOR-TO-EMITTER VOLTS ( VCE) 
92CS-15009T 

VuEV ( SUS) 
VCER (SUS) 
VCEo ( SUS) 
VEBO 
Ic 
IB 

PT 
PT 

T.1 ( opr ) 
Ts IR. 

100 

100 
90 
75 
7 
2 
1 

V 
v 
v 
V 
A 
A 

io 
Derate linearly 
at 0.057 W/°C 

65 to 200 
63 to 200 

230 

V(BB)EB() 7 min 

RWEV 

VCER ( SUS) 
WE() ( SUS) 

WE ( sat) 
VBE 

IEBO 

100 min 

90 min 
75 min 

0.5 max 
1.1 max 
0.5 max 
0.5 max 

°C 
Sc 
°c 

V 

v 
v 
v 

ècLA 
/IA 

hFE ( pulsed) 30 to 130 
FIFE ( pulsed) 10 min 
fT 50 min MHz 

Is/b 
td tr 
ts tr 

al -A 

200 min 
80 max 

800 max 
17.5 max 
150 max 

mA 
ns 
ns 

°C/W 
°C/W 

TYPICAL DC FORWARD- CURRENT 

TRANSFER- RATIO CHARACTERISTICS 
, 

TYPE 2N5320 
COLLECTOR-TO- EMITTER VOLTS (VçE)=4 
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, 

. , , 

e el 
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2N5321 POWER TRANSISTOR 

Si n-p-n triple-diffused planar type used for small-
signal medium-power applications in military, indus-' 
trial, and commercial equipment. JEDEC TO-5, Outline 
No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = 1.5 V   
RBE = 100 V   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 

Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, Ic -7-= 0)   

Collector-to-Emitter Breakdown Voltage 
(VBE = —1.5 V, Ic = 0.1 mA, Base-emitter 
reverse biased)   

Collector-to-Emitter Sustaining Voltage: 
Ic = 100 mA, RBE = 100   
Ic =. 100 mA, base open   

Collector-to-Emitter Saturation Voltage 
(Ic = 500 mA, IB = 50 mA)   

Base-to-Emitter Voltage (VcE = 4 V, Ic = 500 mA) 
Collector-Cutoff Current ( VcB =-- 60 Vo IE = 0)   
Emitter-Cutoff Current (VEB = 4 V, lc = 0)   
Pulsed Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ic = 500 mA, tp 300 jis, df 0.02) 
Gain-Bandwidth Product (VcE = 4 V, Ic =_ 50 mA) 
Second-Breakdown Collector Current 

(VcE = 50 V, base forward-biased, non-repetitive 
pulse = 1 s)   

Turn-On Time (VcE = 30 V, Ic = 500 mA, IB = 50 mA) 
Turn-Off Time ( VcE = 30 V, Ic --= 500 mA, IB — 50 mA) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

•••• 

2N5322 

VCBO 

W EN' ( SUS) 
W EB ( SUS) 
VCEO ( SUS) 
VEBO 

I(Irt 

PT 
PT 

TJ (opr) 
TSTG 
TIA 

V(BB)EBO 

V(BR)CEV 

75 

VCER ( SUS) 
VCEO ( SUS) 

VcE ( sat) 
VBE 
ICBO 
IEBO 

hFE ( pulsed) 
fT 

Is/b 
ta tr 
ts 
0J-C 
eJ-A 

POWER TRANSISTOR 

Si p-n-p double-diffused epitaxial-planar type used for 
small-signal medium-power applications in military, 
industrial, and commercial equipment. The p-n-p con-
struction permits complementary operation with a 
matching n-p-n type such as the 2N5320. JEDEC TO-5, 
Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = 1.5 V   
RBE = 100 V   
Base open   

Emitter-to-Base Voltage   
Collector Current   

VCBO 100 

VCEV ( SUS) 
VCER ( SUS) 
VCEO ( SUS) 
VEBO 
IC 

75 
65 
50 
5 
2 
1 

V 

V 
V 
V 
V 
A 
A 

10 
Derate linearly 
at 0.057 W/°C 

—65 to 200 
—65 to 200 

230 

5 min V 

75 min V 

65 min V 
50 min V 

0.8 max V 
1.4 max V 
5 max gA 

0.5 max gA 

40 to 250 
50 min MHz 

200 min 
80 max 

800 max 
17.5 max 
150 max 

100 
90 
75 
—7 
—2 

mA 
ns 
ns 

°C/W 
°C/W 

V 
V 
V 
A 
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MAXIMUM RATINGS (cont'd) 

Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tu above 25°C a 

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 

Emitter-to-Base Breakdown Voltage 
(IE —0.1 mA, Ic = 0)   

Collector-to-Emitter Breakdown Voltage 
(VBE = 1.5 V, Ic = 0.1 mA, Base-emitter 
reversed biased)   

Collector-to-Emitter Sustaining Voltage: 
Ic = —100 mA, RBE = 100   
Ic = —100 mA, IB = 0, base open   

Collector-to-Emitter Saturation Voltage 
(Ic = —500 mA, IB = —50 mA)   

Base-to-Emitter Voltage (VCE = —4 V, It = —500 mA) 
Collector-Cutoff Current (VcB = —80 V, IE = 0)   
Emitter-Cutoff Current (VEB = —5 V, Ic = 0)   
Pulsed Static Forward-Current Transfer Ratio: 
VUE = —4 V, Ic = —500 mA, tp 300 /is, df 0.02 
VCE = —2 V, lc = —1000 mA, ti' 300 As, df 0.02 

Gain-Bandwidth Product (VcE = —4 V, Ic — —50 mA) 
Second-Breakdown Collector Current 
(VUE =- —35 V, base forward-biased)   

Turn-On Time (V(E = —30 V, Ic = —500 mA, 
In = —50 mA)   

Turn-Off Time (W E — 30 V, VBE = —500 mA, 
IE =---- —50 mA)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

IB 

PT 
PT 

TJ (opr) 
TsTG 
Tr, 

V(BR)EBO 

V(BR)CEV 

VCER (SUS) 
VCEO ( SUS) 

VCE (sat) 
VBE 
ICB0 
IEBO 

hFE ( pulsed) 
hFE ( pulsed) 
fT 

Is/b 

td tr 

ts tr 
eJ-C 
eJ-A 

POWER TRANSISTOR 

1 A 

10 
Derate linearly 
at 0.057 W/°C 

65 to 200 
65 to 200 

230 

7 min 

100 min 

90 min 
75 min 

0.7 min 
1.1 max 
0.5 max 
0.1 max 

30 to 130 
10 min 

50 

285 

100 max 

1000 max 
17.5 max 
150 max 

°C 
°C 
°C 

V 

V 

V 
V 

V 
V 

Pit 

MHz 

mA 

ns 

ns 
°C/W 
°C/W 

2N5323 
Si p-n-p double-diffused epitaxial-planar type used for 
small-signal medium-power applications in military, 
industrial, and commereial equipment. The p-n-p con-
struction permits complementary operation with a 
matching n-p-n type such as the 2N5321. JEDEC TO-5, 
Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage 
Vi = 1.5 V   
RISE .= 100 V   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Te above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature (10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 

Emitter-to-Base Breakdown Voltage 
(JE = —0.1 mA, Ic = 0)   

Collector-to-Emitter Breakdown Voltage 
(VBE = 1.5 V, lc — —0.1 mA, Base-emitter 
reverse biased)   

Collector-to-Emitter Sustaining Voltage 
Ir 100 mA, RBE = 100   

Ir — 100 mA, base open   

VcB0 

VrEv ( sus) 
VrER ( sus) 
VcEsa (SUS) 
VEBO 

Ir 

IB 
PT 
PT 

TJ ( opr) 
TSTG 

TI. 

V(BR)EBO 

V (BR)CEV 

VCER (SUS) 

VCEO ( SUS) 

75 

—75 
—65 
—50 
5 

—2 

V 

V 
V 
V 
V 
A 

1 A 
10 

Derate linearly 
at 0.057 W/°C 

65 to 200 
65 to 200 

230 

—5 min 

—75 min 

65 min 
—50 min 

°C 
°C 
°C 
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CHARACTERISTICS (cont'd) 

Collector-to-Emitter Saturation Voltage 
(Ic 2= —500 mA, In = —50 mA)   VcE ( sat) 

Base-to-Emitter Voltage ( Vin = —4 V, k :I-- 500 m A) VBE 
Collector-Cutoff Current (V(B = —60 V, IE .= 0)   Icito 
Emitter-Cutoff Current (VEB .= —4 V, It. = 0)   IEB() 
Pulsed Static Forward-Current Transfer Ratio 
(W E = —4 V, lc = —500 mA)   hieE ( pulsed) 

Gain-Bandwidth Product (V('E = —4 V, lc = —50 mA) fT 
Second-Breakdown Collector Current 
(VcE = —35 V, base forward-biased, non-repetitive 
pulse z.z. 1 s)   

Turn-On Time (V('E 30 V, lc — —500 mA, 
IB = —50 mA)   tr 

Turn-Off Time (W E 30 V, L. — —500 m A, 
IB = —50 mA)   ts tr 

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   e.r-A 

2N5415 POWER TRANSISTOR 

Si p-n-p triple-diffused type used for high-speed switch-
ing and linear-amplifier applications in military, indus-
trial, and commercial equipment. P-N-P structure 
permits complementary operation with a matching 
n-p-n type such as the 2N3440. JEDEC TO-5, Outline 
No.5. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage   VcE0 ( sus) 
Emitter-to-Base Voltage   VE130 
Collector Current   Ic 
Base Current   In 
Transistor Dissipation: 
Te up to 25°C   PT 
Tc above 25°C   
TA up to 50°C   
TA above 50°C   

Temperature Range: 
Operating (Junction) 
Storage 

PT 
PT 

FII.1(opr) 
TsTG 

Lead-Soldering Temperature ( 10 s max)   Ti. 

CHARACTERISTICS (At case temperature ____ 25°C) 

Collector- to-Emitter Sustaining Voltage 
(Ic = —50 mA, In = 0)   

Base-to-Emitter Saturation Voltage 
(Vcn = —10 V, lc = --50 V)   

1L2100 

90 o 
80 

< 
(=I ce 70 
<cr et! 60 
cry) 
oz 50 L. 4 
ucc 40 

30 

w 20 cr 
ce 10 

o 

VuEo (sus) 

VitE (sat) 

TYPICAL DC FORWARD- CURRENT 
TRANSFER- RATIO CHARACTERISTIC 
TYPE 2N5415 
COLLECTOR  To EMITTER VOLTS V 

4 6 8 2 4 6 8 2 4 6 8 
- 01 -1 -10 - 00 

COLLECTOR MILLIAMPERES (Ic) 

468 
-1000 

1.2 max 
1.4 max 
5 max 

—0.5 max 

40 to 250 
50 min 

285 min 

100 max 

1000 max 
17.5 max 
150 max 

V 
V 

/IA 

MHz 

mA 

ns 

ns 
°C/W 
°C/W 

—200 V 
4 V 
1 A 

—0.5 A 

10 
See curve page 300 

1 
Derate linearly 
at 6.7 mW/°C 

—65 to 200 
65 to 200 

255 

200 min 

1.5 max 

°C 
°C 
°C 

V 

92SS-3719T1 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Saturation Voltage 
(lc — —50 mA, IB 5 mA)   

Collect—or-Cutoff Current: 
VCE =- —150 V, IB 0   
VCE = —200 V, Vi E =- 1.5 V   

Emitter-Cutoff Current (VEB — —4 V, lc _ 0)   
Static Forward-Current Transfer Ratio 
(VcE = —10 V, Ic _-_-_- — 50 mA)   

Small-Signal, Forward-Current Transfer Ratio 
(VcE ——  —10 V, Ic -- —10 mA, f z-_- MHz)   

Output Capacitance ( Ws ——  —10 V, JE = 0, f = 1 MHz) 
Second-Breakdown Collector Current 
(VcE — —100 V, base forward-biased)   

Thermal Resistance, Junction-to-Case   

-1000 
e 

°T) 6 
.14.00 

M
I
L
L
I
A
M
P
E
R
E
S
 

C
O
L
L
E
C
T
O
R
 

4 

2 

4 

2 

-10 
8 

6 

4 

2 

e 

VcE ( sat) 2.5 max 

leg0 
ICEV 
IEBO 

50 max 
50 max 
20 max 

FIFE 30 to 150 

hre 
Cob() 

Is/b 
0.1-c 

MAXIMUM OPERATING AREAS 

3 min 
15 max pF 

100 min mA 
17.5 max °C/W 

TYPE 2N54I5 
CASE TEMPERATURE (Tc )=25•C 

OPERATION 
NONREPTITIVE 

les 

4 

IC MAX(CONTINUOUS 

PULSE 
SINGLE 
PULSE,• 

/ • 
‘ 

Gee% 
dà 

<,404, 
--e/, 
" o I 

liik _ 

er 

VCEO MAX.It 
2N5415 

-200T? 

. 
VC E 0 MAX= 

2N5416 
—300V-

1- I 
2 4 6 8-10 2 4 8 2 

-100 
COLLECTER- TO-EMITTER VOLTS (vcEi 

92 SM— 3718T 

POWER TRANSISTOR 

4 

2N5416 
Si p-n-p triple-diffused type used for high-speed switch-
ing linear-amplifier applications in military, industrial, 
and commercial equipment. P-N-P structure permits 
complementary operation with a matching n-p-n type 
such as the 2N3439. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
Base open   
RBE = 50 fl  

VCBO 

VCEO ( SUS) 
VCER ( SUS) 

—350 V 

300 V 
350 V 
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MAXIMUM RATINGS (cont'd) 

Emitter-to-Base Voltage   
Collector Current 
Base Current   
Transistor Dissipation: 
Te up to 25°C   
'Ile above 25°C   
TA up to 50°C   
TA above 50°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max) 

CHARACTERISTICS (At case temperature 

Collector-to-Emitter Sustaining Voltage: 
Base open   
RBE 50 o 

25°C) 

VEBO 
IC 
IR 

PT 
PT 
PT 
PT 

TJ (opr) 
TSTG 
Tr. 

VCEO ( SUS) 
VCER ( SUS) 

Base-to-Emitter Saturation Voltage 
(VCE --=_-. 10 V, Ic ------ 50 mA)   VBE (sat) 

Collector-to-Emitter Saturation Voltage 
(Ic _= —50 mA, Is = 5 mA)   VCE (sat) 

Collector-Cutoff Current: 
VCE :7= —250 V, IB = O   ICE() 
VCE a-- —300 V, VBE = 1.5 V   ICEV 

Emitter-Cutoff Current (VER -= —6 V, Ic — 0)   IEBO 
Static Forward-Current Transfer Ratio 
(VCE = —10 V, Ic = 50 mA)   hFE 

Small-Signal, Forward-Current Transfer Ratio 
(VcE =. —10 V, Ic =_ —10 mA, f = 5 MHz)   hte 

MHz) Cabo 

Is/b 
eJ-c 

Output Capacitance ( VcR = —10 V, IE = 0, f = 1 
Second-Breakdown Collector Current 
(V E =_ —100 V, base forward-biased)   

Thermal Resistance, Junction-to-Case   

2N5441 
2N5442 

TRIACS 

Si gate-controlled full-wave types used for the control 
of ac loads in applications such as heating controls, 
motor controls, arc welding equipment, light dimmers, 
and power switching systems. See Mounting Hardware 
for desired mounting arrangement. Outline No.36. 

MAXIMUM RATINGS (For sinusoidal supply voltage at 50/60 
resistive or inductive load) 

6 A 
—1 A 
0.5 .W 

10 
See curve page 300 

1 °C 
Derate linearly 
at 6.7 mW/°C 

—65 to 200 °C 
—65 to 200 °C 

255 °C 

—300 min 
350 min 

—1.5 max 

—2 max 

—50 max 
—50 max 
—20 max 

30 to 120 

3 min 
15 max 

100 min 
17.5 

MT2 

2N5441 
VDROM* ( TJ ----= — 65°C to 110°C)   200 
IT(Rms) ( Tc = 70°C, conduction angle = 360°)   40 
ITsm ( 1 cycle of principal voltage)     300 
IGTM1 ( 1 µS max)     12 
PGMt ( 10 As max, IGTM --- 4 A peak)     40 
PG(AV)     0.75   
TSTG     —65 to 150   
Tc ( opr)     65 to 110   

MT; 

2N5442 
400 

V 
V 

V 

V 

;LA 
;LA 

pF 

mA 
°C/W 

Hz with 

CHARACTERISTICS (At maximum electrical 

IDROM* ( TJ = 110°C, VDRoM = max. rated 
value)   

VTM * ( iT = 100 A peak)   
IFIO* ( initial principal current = 150 mA dc) 
Commutating dv/dt* ( vp = VDROM, IT(RMS) 
= 40 A, commutating di/dt =_ 22 A/ms, 
gate unenergized at Te = 70°C)   

Critical dv/dt* ( VI) = VDRi)m, exponential 
voltage rise, Te = 110°C)   

IGT*t ( vi) =- 12 Vdc, Ri. = 12 0) : 
1+ mode, VMT2 positive, VG positive   
I- mode, VMT2 positive, VG negative   

III + mode, VMT2 negative, VG positive   
III- mode, VMT2 negative, VG negative   

ratings at Tc 25°C) 

0.2 typ; 4 max   
1 7 typ; 2 max   
25 typ; 60 max   

  5 min; 30 typ   

50 min; 200 typ 30 min; 150 typ 

15 typ; 50 max   
  30 typ; 80 max   
  40 typ; 80 max   
  20 typ; 50 max   

(
3
(
-
3
>
»
c
 

mA 
v 

mA 

V/gs 

V/ps 

mA 
mA 
mA 
mA 
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CHARACTERISTICS (cont'd) 

VGT*t (VD = 12 Vdc, Ri. = 12 C))   
VGT*$ (vD = VDROM, RI, -7= 125 0, Te = 110°C) 
tgt ( VD =- VDRQ>1 %, IGT :z 120 m A, tr 0.1 4,S, 

iT 60 A peak)   
al-C   

2N5441 2N5442 
1.35 typ; 2.5 max 

0.2 min   

3 
0.8 max 

V 

V 

°C/W 

* For either polarity of main terminal 2 voltage (VmT2) with reference to main terminal 1. 
1: For either polarity of gate voltage (VG) with reference to main. terminal 1. 

GATE CHARACTERISTICS 

1008_ TYPES 2N544I, 2N5442 
6. 
4  

2 

0.1 

2 

2 
0.1 

POS. OR 

MTa 

PERMISSIBLE 
PULSE WIDTHS 

FOR INDICATED  
ell, _PEAK FORWARD 

6 ts9ATE POWERS 

A _  
4 68 2 4 6 81'0 2 4 6 8 

100 
NEG. DC GATE—TRIGGER AMPERES ( TGT) 

92 CS- 151 98 T2 

TRIACS 

90 

70 

CONDUCTION RATING CHART 
CASE TEMPERATURE 

TYPES 2N5441,2N5442 
CURRENT WAVEFORM = SINUSOIDAL 
LOAD= RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE: 360 .. TEMP 
MEASURED AT REFERENCE P T. 

2N5444 
2N5445 
2N5446   

0 180 
CONDUCTION 
ANGLE 
"31 em 

I I 
2N544I 
2N5442 
2N5443 

60 0 10 2C 30 40 

RMS ON- STATE CURRENT [I T ( RMS)]— AMPERES 

 • 

92LS-225511 

2N5444 
2N5445 

Si gate-controlled full-wave types used for the control 
of ac loads in applications such as heating controls, 
motor controls, arc welding equipment, light dimmers, 
and power switching systems. See Mounting Hardware 
for desired mounting arrangement. Outline No.37. 

MIL Types 2N5444 and 2N5445 are identical with types 
2N5441 and 2N5442, respectively, except for the following items: 

MAXIMUM RATINGS (For sinusoidal supply voltage at 50/60 Hz with 
resistive or inductive load) 

2N5444 2N5445 
IT(RMS)(Te 65°C, conduction angle 360')   40   A 

CHARACTERISTICS (At maximum electrical ratings at T = 25°C) 
Commutating dv/dt* ( VD = VDROM, IT(RMS) 
= 40 A, commutating di/dt = 22 A/ms, 
gate unenergized at Te = 65°C)     5 min; 30 typ   

0.1-e     0.9 max   °C/W 

* For either polarity of main terminal 2 voltage ( VmT2) with reference to main 

EJr 

SHORT 
TERMINAI. 

C 

LONG 
TERMINAL 

terminal 1. 

RF POWER TRANSISTORS 2N5470 
Si n-p-n "overlay" epitaxial planar type used for vhf/ 
microwave power amplifiers, microwave fundamental-
frequency oscillators, and frequency multipliers. Out-
line No.54. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage (Rine — 10 n)   VCER 

55 
55 

V 
V 
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MAXIMUM RATINGS (cont'd) 
Emitter-to-Base Voltage   
Peak Collector Current   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Base Breakdown Voltage 

(Ic = 0.1 mA, IE = 0)   V(BR)CB0 

(I(' =- 5 mA, RBE 10 0)   Vin (SUS) 

IE = 0.1 MA, IC = 0)   V(BR)EB(1 
Collector-to-Emitter Saturation Voltage 
(IR =_ 10 mA, Ic = 100 mA)   VCE (sat) 

ICES 

Collector-to-Emitter Sustaining Voltage 

Emitter-to-Base Breakdown Voltage 

Collector-Cutoff Current ( VcE =- 50 V, In =- 0)   
Collector-to-Base Capacitance 

(Vrn = 30 V, IE = 0, f — 1 MHz)   
RF Power Output: 
Common-Base Amplifier: 
VcB = 28 V, PIB =- 0.316 W , f = 2 GHz   PoB* 
VrB = 28 V, Pii = 0.2 W, f = 1 GHz   P013. 

Common-Base Oscillator 
(VcB — 24 V, lc — 80 mA)   PUB 

* For conditions given, minimum efficiency = 30 per cent. 
• For conditions given, typical efficiency =_ 50 per cent. 

VEBO 
iC 
IC 

PT 
PT 

TJ (opr) 
TSTG 

TYPICAL POWER-GAIN CHARACTERISTICS 

14 

12 

o 

TYPE 2N5470 
COLLECTOR-TO- BASE VOLTS (VcE3) 215 

FREQUENCY ( f)z 2GHz 
ITT I 

CLASS-B a AB OPERATION 

•  

2 4 6 8 

10 

2 4 6 

f 

046e, 

Ar4v 
P44,1 • 

8 2 4 

106 

RF INPUT POWER (1310—MILLI WATTS 

2N5490 

92SS-3795T 

, 

C e b 

3.5 
0.4 A 
0.2 A 

3.5 
See curve page 300 

65 to 200 °C 
—65 to 200 °C 

55 min 

55 min 

3.5 min 

1 max 
1 max 

3 max 

1 min 
2 

0.3 

V 

V 

V 

V 
mA 

pF 

TYPICAL RF POWER OUTPUT CHARACTERISTICS 
TYPE 2N5470 

COLLECTOR SUPPLY VOLTS ( Vcc)=28 

CASE TEMPERATURE (T)25C 

  I 

2.5 1.0 1.5 2.0 

POWER TRANSISTOR 

FREQUENCY (f)-'GHz 

Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting 
on printed-circuit boards. It is used in a wide variety 
of medium-power switching and amplifier applications 
in military, industrial, and commercial equipment. 
Outline No.53. See Mounting Hardware for desired mounting 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCB0 

92SS-3790T 

E 

arrangement. 

60 V 



Technical Data 397 

MAXIMUM RATINGS (cont'd) 
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V   
RHE 100 1 

Base open   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tr up to 25'C   
Tr above 25°C   
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 
Collector-to-Emitter Sustaining Voltage: 
Ic = 0.1 A, In = 0, base open_ ti' = 300 µS, 

df = 0.018   
Ir = 0.1 A, Rni = 100 0, ti' = 300 ps, df = 0 018 
VBE =- — 1.5 V, Tr = 0.1 A, base-emitter junction 
reverse biased, ti' = 300 jis, cif = 0.018   

Collector-to-Emitter Saturation Voltage 
(Ir :== 2 A, In = 0.2 A, ti' .= 300 jis, df = 0.018)   

Base-to-Emitter Voltage (VrE = 4 V, Ir _= 2 A, 
300 ps, df = 0.018)   

Collector-Cutoff Current: 
VrE = 40 V, RBF, 100 cl   
vrE = 40 V, RBE = 100 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = 5 V)   
Pulsed Static Forward-Current Transfer Ratio 

(VrE = 4 V, Ir = 2 A, tp = 300 df = 0.018) 
Gain-Bandwidth Product ( VrE = 4 V, L. = 0.5 A ) 
Turn-On Time (Vrr = 30 V, Ir = 2 A, In = 0.2 A) 
Turn-Off Time (Vrr = 30 V, Ir = 2 A, In = 0.2 A) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

VCEV ( SUS) 
WEB ( SUS) 
VCE0 ( SUS) 
VERO 

IR 

60 
50 
40 
5 
7 
3 

V 

V 
A 
A 

PT 50 
PT Derate linearly at 0.4 WPC 
PT 1.8 
PT Derate linearly at 0.0144 W/°C 

TJ (opr) —65 to 150 
TsTG —65 to 150 
Ti. 235 

2 5 ° C) 

108 
U 6 

6-4 
••••• 

a. 

C
O
L
L
E
C
T
O
R
 

0.1 

4 

2 

8 
6 

2 

MAXIMUM OPERATING AREAS 
TYPE 2N5490 
CASE TEMPERATURE (Tc)=25•C 

1 

NORMALIZED POWER MULTIPLIER-
200,4s 
250,41 I 

PULSE OPERATION FOR 
SINGLE NONREPETITIVE PULSE 

VCEO MAX*40 V 

(2N5490,2N549I, 
 2N5494 2N5495) 1  

VCEO MAX' 55 V I 
(2N5492,2N5493  -•14 
VCEO MAX• 70 V I 
(2N5496.05497) 

6 8 I 2 

10 

4 

% 4 4.8 

2.3 
*4,4 1.8 

1.2-1 

COLLECTOR-TO-EMITTER VOLTS (VcE) 

92CS-I5379T 

F
O
R
W
A
R
D
 
C
U
R
R
E
N
T
 

o 

0.001 

VrE0 ( SUS) 
WEB ( SUS) 

Vl 'EV 

VrE ( sat) 

VBE 

Li: U 
I('Elt 
IEBto 

40 min 
50 min 

60 min 

1 max 

1.1 max 

2 max 
5 max 
1 max 

hFE ( pulsed ) 20 to 100 
fT 0.8 min 
td tr 5 max 
ts tr 15 max 
0.1-r 2.5 max 
0.1-A 70 max 

°C 
°C 
°C 

V 
v 
v 
v 
v 

mA 
mA 
mA 

MHz 
jis 
ps 

°C/W 
°C/W 

TYPICAL DC FORWARD-CURRENT 

TRANSFER— RATIO CHARACTERISTICS 
, 

TYPE 2N5490 
COLLECTOR-TO- EMITTER VOLTS (V 

, 

E)e4 
• 

1. • e . - . . 

I ,-  
• 

<104).4 

. 

' 

. , 

• 

. 

. 

‘ 
• 

% 
1/4 

_ 

- i 

,- 

l 

I 

I 

eciee 

• 
• 
• 

, 

M 

4Ç 

1 •Ir P •. 

\ % 

‘ 

468 2 468 2 468 2 

0.01 0.1 

COLLECTOR AMPERES (I c) 

POWER TRANSISTOR 

4 6 8 

10 

92CS - 1498IT 

2N5491 
Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-66 socket. It is used in a wide variety 
of medium-power switching and amplifier applications 
in military, industrial, and commercial equipment. 
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Outline No.52. See Mounting Hardware for desired mounting arrangement. 
This type is electrically identical to type 2N5490. 

2N5492 POWER TRANSISTOR 

Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting 
on printed-circuit boards. It is used in a wide variety 
of medium-power switching and amplifier applications 
in military, industrial, and commercial equipment. 
Outline No.53. See Mounting Hardware for desired mounting 
For maximum operating area curves, refer to type 2N5490. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V   
RBE = 100û   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

VCEV ( SUS) 
VCER ( SUS) 
VCE0 ( SUS) 
VEBO 
It  
IR 

C,F 

E C 

arrangement. 

75 

75 
65 
55 
5 
7 
3 

V 

V 
V 
V 
V 
A 
A 

PT 50 W 
PT Derate linearly at 0.4 WrC 
PT 1.8 W 
PT Derate linearly at 0.0144 W/°C 

T.1 ( opr) 
Tsv; 
Ti, 

CHARACTERISTICS (At case temperature _____ 25°C) 
Collector-to-Emitter Sustaining Voltage: 

Ic =_ 0.1 A, IB = 0, base open, tp =_ 300 jis, 
df = 0 018   

lc =_ 0.1 A, RBE = 100 0, ti' = 300 jis, df = 0.018   
VBE = —1.5 V, k = 0.1 A, base-emitter junction 

reverse biased, tp = 300 jis, df a= 0.018   
Collector-to-Emitter Saturation Voltage 
(Ic = 2.5 A, IB = 0.25 A, ti' _—_- 300 its, df = 0.018) 

Base-to-Emitter Voltage (W E = 4 V, Ic = 2.5 A, 
ti' =_ 300 gs, df = 0.018)   

Collector-Cutoff Current: 
VCE = 70 V, VBE = —1.5 V, base-emitter 
reverse biased   

Vcif, = 70 V, VBE = —1.5 V, Te = 150°C, 
base-emitter reverse biased   

V E =_ 55 V, RBI., = 100 C)   
VCE = 55 V, RBI: = 100 C), Te = 150°C   

Emitter-Cutoff Current (VER -= 5 V)   
Pulsed Static Forward-Current Transfer Ratio 
(VcE = 4 V, lc =_ 2.5 A, ti' = 300 jiS, df = 0.018) FIFE (pulsed) 

Gain-Bandwidth Product (V E = 4 V, lc = 0.5 A) Pr 
Turn-On Time (Vcc =- 30 V, Ic = 2.5 A, 
181 = 0.25 A)   td tr 

Turn-Off Time ( Vcc = 30 V, k = 2.5 A, 
IB2 = 0.25 A)   ts tr 

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

W E° ( SUS) 
VCER ( SUS) 

VCEV ( SUS) 

VCE (sat) 

VBF 

IcEv 

2N5493 

ICEV 
ICER 
ICER 
IEBO 

POWER TRANSISTOR 

Si n- p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-66 socket. It is used in a wide variety 
of medium-power switching and amplifier applications 
in military, industrial, and commercial equipment. 

65 to 150 °C 
—65 to 150 

235 °C 

55 min 
65 min 

75 min 

1 max 

1.3 max 

1 max 

5 max 
0.5 max 
3.5 max 
1 max 

20 to 100 
0.8 min 

5 max 

15 max 
2.5 max 
70 max 

mA 

mA 
mA 
mA 
mA 

MHz 

/is 

jiS 

°C/W 
°C/W 
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Outline No.52. See Mounting Hardware for desired mounting arrangement. 
This type is electrically identical to type 2N5492. 

C! 

POWER TRANSISTOR 2N5494 
Si n- p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting 
on printed-circuit boards. It is used in a wide variety 
of medium-power switching and amplifier applications 

E C B in military, industrial, and commercial equipment. 
Outline No.53. See Mounting Hardware for desired mounting arrangement. 
For maximum ratings and maximum operating area curves, refer to 
type 2N5490. 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage: 
Ir = 0.1 A, Ii =_ 0, base open, ti' = 300 As, df ___ 0.018 
L' = 0.1 A, RBE = 100 Op = 300 eus, df = 0.018 
VBE -7-= — 1.5 V, Ic = 0.1 A, base-emitter junction 
reverse biased   

Collector-to-Emitter Saturation Voltage 
(Ic 7= 3 A, IB = 0.3 A, ti' = 300 gs, df = 0.018)   

Base-to-Emitter Voltage ( VcE = 4 V, lc = 3A, 
ti' = 300 jis, df = 0.018)   

Collector-Cutoff Current: 
VcE = 55 V, VBE = —1.5 V   
VcE = 55 V, VBE -= —1.5 V, Tc = 150°C   
VcE =- 40 V, RBI: -= 100 o   
V E = 40 V, RBE =- 100 c), Ti' = 150°C   

Emitter-Cutoff Current (VEB = 5 V)   
Pulsed Static Forward-Current Transfer Ratio 

(VcE 2-.= 4 V, Ir = 3 A, ti' = 300 jis, df = 0.018)   
Gain-Bandwidth Product ( VcE = 4 V, Ic = 0.5 A)   
Turn-On Time ( Vcc = 30 V, L• = 3 A, Iii = 0.3 A) 
Turn-Off Time ( V( = 30 V, lc .= 3 A, Ii 2 = 0.3 A) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

C,F 

W E() ( SUS) 
VcEit ( SUS) 

W EN- (sus) 

VcE ( sat) 

VBE 

L'EV 
L EV 
L'ER 
L'ER 
IEBO 

hFE ( pulsed) 
fT 
td -1-- tr 
ts tr 

POWER TRANSISTOR 

40 min 
50 min 

60 min 

1 max 

1.5 max 

1 max 
5 max 

0.5 max 
3.5 max 
1 max 

20 to 100 
0.8 min 
5 max 

15 max 
2.5 max 
70 max 

V 
V 

V 

V 

V 

mA 
mA 
mA 
mA 
mA 

MHz 

/is 
°C/W 
°C/W 

2N5495 
Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-66 socket. It is used in a wide variety 
of medium-power switching and amplifier applications 

E e in military, industrial, and commercial equipment. 
Outline No.52. See Mounting Hardware for desired mounting arrangement. 
This type is electrically identical to type 2N5494. 

E C 

Outline No.53. 
For maximum 

POWER TRANSISTOR 2N5496 
Si n- p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting 
on printed-circuit boards. It is used in a wide variety 
of medium-power switching and amplifier applications 
in military, industrial, and commercial equipment. 

See Mounting Hardware for desired mounting arrangement. 
operating area curves, refer to type 2N5490. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V   
RBE = loo 
Base open   

Emitter-to-Base Voltage   
Colector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 
Collector-to-Emitter Sustaining Voltage: 
Ic = 0.1 A, IB = 0, base open, t = 300 /Is, 
df = 0.018   

Iu= 0.1 A, RISE :7-- 100 Q, tP = 300 !Ls, df = 0.018 
VBE = —1.5 V, Ic = 0.1 A, base-emitter junction 
reverse biased   

Collector-to-Emitter Saturation Voltage 
(lc = 3.5 A, Ii = 0.35 A, tv =. 300 gs, df — 0.018) 

Base-to-Emitter Voltage ( VcE _ 4 V, k — 3.5 A, 
ti' =. 300 "is, df = 0.018)   

Collector-Cutoff Current: 
VUE = 85 V, VBE = — 1.5 V   
VUE = 85 V, VBE = — 1.5 V, Tc = 150°C   
VUE =- 70 V, RBE = 100 n   
VCE =7- 70 V, RBF: = loo Q, Tu =7-- 150°C   

Emitter-Cutoff Current (VEB = 5 V)   
Pulsed Static Forward-Current Transfer Ratio 
(Vi = 4 V, lu =. 3.5 A, tp .= 300 ms, df = 0.018) 

Gain-Bandwidth Product (VUE :7-- 4 V, lu =_ 0.5 A) 
Turn-On Time (Vuu = 30 V, lu = 3.5 A, 
IB1 = 0.35 A)   

Turn-Off Time ( Vcc = 30 V, Ir = 3.5 A, 
182 =_ 0.35 A)   

Thermal Resistance, 
Thermal Resistance, 

2N5497 

•••• 

VCBO 

VCEV ( SUS) 
VCER ( SUS) 
VCEO ( SUS) 
VEno 
I(' 
In 

PT 
PT 
PT 
PT 

90 

90 
80 
70 
5 
7 
3 

V 
V 

A 
A 

50 
Derate linearly at 0.4 W/°C 

1.8 
Derate linearly at 0.0144 W/°C 

TJ ( opr) 65 to 150 
TsT(; ---65 to 150 
Ti. 235 

25°C) 

VrE0 ( SUS) 
VCER (SUS) 

Vf'EV ( SUS) 

W E (sat) 

VBE 

L'EV 
ICEV 
ICER 
ICER 
I1r,B0 

(pulsed) 
fT 

tii tr 

ts tt 
Junction-to-Case   
Junction-to-Ambient   

POWER TRANSISTOR 

Si n- p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-66 socket. It is used in a wide variety 
of medium-power switching and amplifier applications 
in military, industrial, and commercial equipment. 
Outline No.52. See Mounting Hardware for desired mounting 
This type is electrically identical to type 2N5496. 

2N5567 
2N5568 

TRIACS 

Si gate-controlled full-wave types used for control of 
ac loads in applications such as heating controls, motor 
controls, arc-welding equipment, light dimmers, and 
power switching systems. See Mounting Hardware for 
desired mounting arrangement. Outline No.36. 

70 min V 
80 min V 

90 min V 

1 max V 

1 7 max V 

1 max mA 
5 max mA 

0.5 max mA 
3.5 max mA 
1 max mA 

20 to 100 
0.8 min MHz 

5 max Ps 

15 max ps 
2.5 max °C/W 
70 max °C/W 

arrangement. 

MT2 

MT! 
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MAXIMUM RATINGS (For sinusoidal supply voltage 
resistive or inductive load) 

VDROM* (TJ = —65°C to 100°C)   
IT(RMS) ( Te = 85°C, conduction angle = 360°) 
ITSM: 
1 cycle of principal voltage at 60 Hz   
1 cycle of principal voltage at 50 Hz   

IGTM ( 1 jis max)   
PG341 ( 1 As max, IGTM 4 A peak)   
PG(Av)   
TsTG   
Tc ( opr)   

CHARACTERISTICS 

Imium* ( T.1 = 100°C, VDROM = max rated 
value   

VTM* ( iT = 14 A peak, Tc == 25°C)   
In ( initial principal current ==_-_ 500 mAdc): 
Tc = 25°C   
Tc = —65°C   

Commutating dv/dt* ( vp — VDROM, IT(RMS) 
= 10 A, commutating di/dt =-- 5.4 A/ms, 
gate unenergized at Tc = 85°C)   

Critical dv/dt* ( vi) = VDROM, exponential 
voltage rise, T = 100°C) 

i(vr*T. (VD = 12 Vdc, RI. = 12 0, Te = 25uC): 
I+ mode, VMT2 positive, VG positive   
I - mode, VMT2 positive, VG negative   

III' mode, VMT2 negative, VG positive   
III- mode, VMT2 negative, VG negative   

IGT*t ( VD = 12 Vdc, 12 0, Ti, _-_- 65°C) 
1+ mode, VMT2 positive, VG positive   
I- mode, VMT2 positive, VG negative   

III+ mode, VMT2 negative, VG positive   
III - mode, VMT2 negative, VG negative   

VGT*1-. (vi) = 12 Vdc, Ri4 = 12 0): 
Te = 25°C   
Te =-- —65°C   

VGT*I ( VD = VDROM, RI. = 125 0, 
Te =_- 100°C)   

tgt ( VD = VDROM., IGT =- 80 mA, 0.1 p. s tr, 
= 16 A peak, Te = 25°C)   

e - ( steady -st a te )   

401 

at 50/60 Hz with 

2N5567 2N5568 
200 400 V 
  10   A 

  100   A 
  84   A 
  4   A 
  16   

  0.565 to 150   °C 

  65 to 100   °C 

  0 1 typ; 2 max  mA 
  1.35 typ; 1.65 max  v 

  15 typ; 30 max 
  75 typ; 200 max 

mA 
mA 

  2 min; 5 typ   V/its 

30 min; 150 typ; 20 min; 100 typ V/us 

10 typ; 
20 typ; 
20 typ; 
10 typ; 

25 max 
40 max 
40 max 
25 max 

mA 
mA 
mA 
mA 

  45 typ; 100 max   mA 
  80 typ; 150 max   mA 
  80 typ; 150 max   mA 
  45 typ; 100 max   mA 

  1 typ; 2.5 max  
  2 typ; 4 max   

0.2 min 

V 

V 

  2.2   jis 
  1 max   °C/W 

* For either polarity of main terminal 2 voltage ( V11-2) with reference to main 
For either polarity of gate voltage ( V(;) with reference to main terminal 

CONDUCTION RATING CHART 
(CASE TEMPERATURE) 

TYPE 2N5567, 2N5568 
CURRENT WAVEFORM: 
SINUSOIDAL; LOAD= RESISTIVE 
OR INDUCTIV ; CONDUCTION 
ANGLE= 360.;TEMPERATURE IS 
MEASURED AT REFERENCE 
POINT BETWEEN LEADS 

80 

60 
0 5 10 15 

RMS ON STATE CURRENT CIT(RMS)]— 
AMPERES 

92SS - 3822 

e 
I. 

A 

180\i 

CONDUCTION 
1,13 ANGLE 

«eg  

4 

2 

8 
6 
4 

terminal 1. 
1. 

GATE CHARACTERISTICS 

TYPE 2N5567, 2N5568 
ENCLOSED AREA INDICATES 
PERMISSIBLE TRIGGERING POINTS 

6 8 0.01 2 4 6 80.1 Z ;# 6 81.0 2 

POSITIVE OR NEGATIVE DC GATE TRIGGER 
AMPERES ( 161) 

92SS-3827T 
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2N5569 
2N5570 

TRIACS 

Si gate-controlled full-wave types used for control of 
ac loads in applications such as heating controls, motor 
controls, arc-welding equipment, light dimmers, and 
power switching systems. See Mounting Hardware for 
desired mounting arrangement. Outline No.37. Types 
2N5569 and 2N5570 are identical with types 2N5567 
and 2N5568, respectively. 

2N5571 
2N5572 

TRIACS 

Si gate-controlled full-wave types used for control of 
ac loads in applications such as heating controls, motor 
controls, arc-welding equipment, light dimmers, and 
power switching systems. See Mounting Hardware for 
desired mounting arrangement. Outline No.36. For gate 
characteristics curves, refer to types 2N5567 and 
2N5568. 

MAXIMUM RATINGS (For sinusoidal supply voltage at 
resistive or inductive load) 

2N5571 
200 v 

15 A 

MTt 

MT, 

  100 A 
  86   A 
  4   A 

16 
  0.5   
  —65 to 150   °C 
  —65 to 150   °C 

0.2 typ; 2 max 
1.4 typ; 1.8 max 

20 typ; 75 max 
75 typ; 300 max 

2 n-iin ; 10 typ   

30 min; 150 typ 20 min; 100 typ 

  20 typ; 50 max 
  35 typ; 80 max 
  35 typ; 80 max 
  20 typ; 50 max 

75 typ, 150 max 
  100 typ; 200 max   
  100 typ; 200 max   
  75 typ; 150 max   

  1 typ; 2.5 max   
  2 typ; 4 max   

  0.2 min   

3 

VDROM* (T.1 = -65°C to 100°C)   
IT(RMS) = 80°C, conduction angle 360°) 
ITSM: 

1 cycle of principal voltage at 60 Hz   
1 cycle of principal voltage at 50 Hz   

IGTM1 (1 max)   
PGml. (1 bts max, IGTM 4 A peak)   
PG(AV)   
TSTG   
TC (opr)   

CHARACTERISTICS 

IDROM* (TJ = 100°C, VDROM = max. rated value) 
VTM * ( iT = 21 A peak, Tc = 25°C)   
II-10* (initial principal current =. 500 rnAdc) : 

T(' = 25°C   
Tu = —65°C   

Commutating dv/dt* (VI) = VDROM, IT (Rms) 
15 A, commutating di/dt = 8 A/ms, 
gate unenergized at T(• = 80°C)   

Critical dv/dt* ( vD = VDROM, exponential 
voltage, gate open, Tu -= 100°C)   

IGT*1.« (vD =. 12 Vdc, Ri. = 12 0, Tu = 25°C) : 
I+ mode, VMT2 positive, VG positive   
I- mode, VMT2 positive, VG negative   

III+ mode, VMT2 negative, VG positive   
III- mode, VMT2 negative, VG negative   

(vr) = 12 Vdc, RI, = 12 0, Tu = —65°C) : 
I+ mode, VMT2 positive, VG positive   
I- mode, VMT2 positive, VG negative   

III+ mode, VMT2 negative, VG positive   
III- mode, VMT2 negative, VG negative   

VGT*1:: 
vr• =. 12 Vdc, RL = 12 o, Tr = 25°C   
VD = 12 Vdc, RL = 12 0, Tc = —65°C   
VD = VDROM, RL = 125 0, Tc = 100°C   

tgt ( VD = VDROM, ITG = 160 mA, tr = 0.1 RS, 

iT = 25 A peak, Tc = 25°C)   
131.1-C (steady-state)     1 max   

MT2 

1.1T2 

50/60 Hz 

2N5572 
400 

with 

mA 
V 

mA 
mA 

V/iis 

V/iLs 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

V 
V 
V 

Ps 
°C/W 

* For either polarity of main terminal 2 voltage ( Vii') with reference to main terminal 1. 
For either polarity of gate voltage (VG) with reference to main terminal 1. 
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CONDUCTION RATING CHART 
(CASE TEMPERATURE) 

so 

TYPE 2N5571,2N5572 
CURRENT 
SINUSOIDAL; 
OR INDUCTIV, 
ANGLE= 360.;TEMPERATURE 
MEASURED 
POINT BETWEEN 

WAVEFORM= 
LOADS 
CONDUCTION 

AT REFERENCE 
LEADS 

RESISTIVE 

IS 

ez 

8 

0 
CONDUCTION 
„ AN8LE Buz 4 a  4 

% 

0 5 10 15 
RMS ON STATE CURRENT th(Fthis))— 

AMPERES 
92SS -3822 

TRIACS 
2N5573 
2N5574 

Si gate-controlled full-wave types used for control of 
ac loads in applications such as heating controls, motor 
controls, arc-welding equipment, light dimmers, and 
power switching systems. See Mounting Hardware for 
desired mounting arrangement. Outline No.37. Types 

14Ti 2N5573 and 2N5574 are identical with types 2N5571 
and 2N5572, respectively. 

C,F POWER TRANSISTOR 2N5575 
Si n- p-n type features a base comprised of a homo-
geneous-resistivity silicon material. It is used in high-
power linear and switching applications in military, 
industrial, and commercial equipment. Outline No.55. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
RBE =_ 10 0, VBE — 1.5 V   
Base open   

0 
0.01 2 4 680.1 2 4 68. 2 4 6 8 

VEX ( sus) 

VEO ( sus) 

TYPICAL DC FORWARD CURRENT 
TKANSFER-RATIO CHARACTERISTICS 

TYPE 2N5575 
COLLECTOR-TO- EMITTER VOLTS (VcE)=4 

1.07 1%•.' 
. 

T---1...  - 

1 

f 
teetc• 

/t 5 - , 

_ _ 
68 

10 100 
COLLECTOR AMPERES (lc) 

2 4 

70 

70 
50 

V 
v 
V 

92CS-15073T1 
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MAXIMUM RATINGS (cont'd) 

Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C, VCE up to 25 V   
Tc up to 25°C, VCE above 25 V   
Tc above 25°C, V E above 25 V   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 
Collector- to-Emitter Sustaining Voltage: 

0.2 A   
VnE = —1.5 V, lc _ 0.2 A, RBE = 10 0, base-emitter 
junction reverse biased   

Collector-to-Emitter Saturation Voltage ( Ic = 60 A, 
Is = 6 A, tr 350 gs, df = 0.02)   

Base-to-Emitter Saturation Voltage (Ic = 60 A, In =-
6 A, tp 350 its, df = 0.02)   

Base-to-Emitter Voltage (VCE = 4 V, Ic = 60 A, 
tp 350 gs, df =. 0.02)   

Collector-Cutoff Current: 
VCE = 60 V, VBE — —1.5 V, base-emitter junction 

reverse biased   
VCE -= 50 V, RBE = io o   
VCE = 60 V, VBE = —1.5 V, T - — 150 2C, base-emitter 
junction reverse biased   

Emitter-Cutoff Current (VEB _ 8 V)   
Pulsed Static Forward-Current Transfer Ratio 
(VCE = 4 V, Ic =_ 60 A, tp 350 ,us, df = 0.02)   

Output Capacitance (V('B = 10 V, IE = 0)   
Input Capacitance (VER = 0.5 V, lc = 0)   
Gain-Bandwidth Product (VCE = 4 V, Ir -=_-- 10 A ) •••• 
Second-Breakdown Collector Current (VCE = 25 V, 
non-repetitive pulse = 1 s, base forward biased) •••• 

Second Breakdown Energy (VBE =: —1.5 V, Ic = 7 A, 
RBE =. 10 0, L = 33 mH, base reverse biased)   

Thermal Resistance, Junction-to-Case   

100 

A
M
P
E
R
E
S
 
(
I
c
l
 

8 

4 

2 

MAXIMUM OPERATING AREAS 
TYPE 2N5575 
CASE TEMPERATURE ( Tc) • 25•C 

VEno 8 V 
Ir 80 A 
ic 100 A 
Ii t 20 A 

PT 300 W 
PT See curve page 300 
PT See curve page 300 

TJ (opr) —65 to 175 °C 
TSTG —65 to 200 °C 
Tr 230 °C 

VCEO ( SUS ) 50 min V 

VCEX ( SUS ) 70 min V 

VCE (sat) 2 max V 

VBE (sat) 3 max V 

VBE 3 max V 

IcEv 10 max mA 
IcErt 5 max mA 

ICEV 20 max mA 
IEBO 10 max mA 

hFE ( pulsed) 10 to 40 
Cobo 2000 max pF 
Cibo 4000 max pF 
fT 400 to 2000 kHz 

Is/b 12 min A 

Es/b 0.8 min 
A.r-c 0.5 max `C/W 

30ka 
40jis 

lc PULSED 0 
(2N5575)A <Pm 

lc PULSED e'0‘.*:# 
(2N5578)• 

lc CONTINUOUS 
(2N5575)A 47). 

/04/ 
%CONTINUOUS 

- (2N5578)•   

23 

18.2 

8.4 

6.3 

• 2.7 • 

2 
• I 

VCEO MAX.• 50 V 
2 (2N5575) 
e ALSO 2N5576 2N5577 1 

VCEO MAX.• 7 0 V 

• ALSO 2N 5579 2N5580 (2N 5578) 

e ‘N1.2 

4 6 2 4 6 8 

10 100 

COLLECTOR-TO- EMIT TER VOLTS (VCE) 

92CS-15085T1 
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C,F 

POWER TRANSISTOR 2N5576 
Si n-p-n type features a base comprised of a homo-
geneous silicon material. It is used in high-power linear 
and switching applications in military, industrial, and 
commercial equipment. Outline No.56. This type is 
electrically identical with type 2N5575. 

POWER TRANSISTOR 2N5577 
Si n- p-n type features a base comprised of a homo-
geneous silicon material. It is used in high-power linear 
and switching applications in military, industrial, and 
commercial equipment. Outline No.57. This type is 
electrically identical with type 2N5575. 

POWER TRANSISTOR 2N5578 
Si n-p-n type features a base comprised of a homo-
geneous-resistivity silicon material. It is used in high-
power linear and switching applications in military, 
industrial, and commercial equipment. Outline No.55. 
For maximum operating area curves, refer to type 
2N5575. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Sustaining Voltage: 
RBE = 10 0, VBE 1.5 V   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C, VCE up to 25 V   
Tc up to 25°C, VCE above 25 V   
Tc above 25°C, VCE above 25 V   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

tr 
u_ 

100 
›- — 
z w 
w LL-
cr 8 
cc 

I 
occ 

40 3 
cc 
o 
tà_ 20 
L) 

120 

60 

O 

0.01 2 

VCBO 

VCEX ( SUS) 
VCEO ( SUS ) 
VEBO 
I(' 

In 

PT 
PT 
PT 

TJ (opr) 
TSTG 
Ti' 

TYPICAL DC FORWARD CURRENT 

TRANSFER- RATIO CHARACTERISTICS 
, 

TYPE 2N5578 
COLLECTOR-TO- EMITTER VOLTS (VcE)= 4 
, 

r d e 

'e 

»le - - - k 

4.— 4" 
0/ 

S ei 

L , 
a  '4ç oeç 

. 

en r 

1  *ÇÇ) 

, 
Xcd  , > \ % , 

' ' ' a 

• 

\ • 

I0  

L 

I • ,/ 
‘ • ' 

, 
re 

- , - A - 1 _ - . a 

**41 

68 2 4 6 8 2 4 6 810 2 
0.1 1 

COLLECTOR AMPERES ( IC) 
92C5-1507471 

4 6 8 
100 

See 
See 

90 v 

90 
70 V 
8 v 

60 A 
80 A 
15 A 

300 
curve page 300 
curve page 300 

65 to 175 
—65 to 200 

230 

°C 
°C 
°C 
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CHARACTERISTICS (At case temperature ____ 25°C) 

Collector-to-Emitter Sustaining Voltage: 
Ic = 0.2 A   
VBE = —1.5 V, Ic = 0.2 A, RBE = 10 0, base-emitter 
junction reverse biased   

Collector- to-Emitter Saturation Voltage (Ic= 40 A, 
IB = 4 V, ti' 350 ps, df = 0.02)   

Base-to-Emitter Saturation Voltage (Ic _=. 40 A, In = 
4 V, tp 350 As, df 0.02)   

Base-to-Emitter Voltage (V('E =. 4 V, It: =. 40 V, 
tp 350 gs, df = 0.02)   

Collector-Cutoff Current: 
VCE = 80 V, VBE = —1.5 V, base-emitter junction 
reverse biased   

VrE = 70 V, RBE 10 c/   ICE it 
VCE = 80 V, VBE =- —1.5 V, Tc = 150°C, base-emitter 
junction reverse biased   IcEv 

Emitter-Cutoff Current (VER = 8 V)   IEBo 
Pulsed Static Forward-Current Transfer Ratio 
(VcE = 4 V, Ic =_ 40 A, tp 350 gs, df — 0.02) 

Output Capacitance ( Vii =__ 10 V, IF = 0)   
Input Capacitance (VEB =_ 0.5 V, Ic = 0)   
Gain-Bandwidth Product (V(E = 4 V, Ir = 10 A ) .... fT 
Second-Breakdown Collector Current (V('E = 25 V, 
non-repetitive pulse = 1 s, base forward biased) .... Is/b 

Second Breakdown Energy (VBE = —1.5 V, Ic = 7 A, 
RBE = 10 n, L = 33 mH, base reverse biased)   Es/b 

Thermal Resistance, Junction-to-Case   eJ-c 

2N5579 

VCE0 ( SUS) 

VCEX ( SUS) 

VCE (sat) 

VBE (sat) 

VBE 

hFE ( pulsed) 
Cobo 

C1110 

POWER TRANSISTOR 

Si n- p-n type features a base comprised of a homo-
geneous-resistivity silicon material. It is used in high-
power linear and switching applications in military, 
industrial, and commercial equipment. Outline No.56. 
This type is electrically identical to type 2N5578. 

2N5580 POWER TRANSISTOR 

Si n-p-n type features a base comprised of a homo-
geneous-resistivity silicon material. It is used in high-
power linear and switching applications in military, 
industrial, and commercial equipment. Outline No.57. 
This type is electrically identical to type 2N5578. 

3N98 

3N99 

70 min 

90 min 

1.5 max 

2.5 max 

2.5 max 

10 max 
5 max 

20 max 
10 max 

10 to 40 
2000max 
4000 max 

400 to 2000 

12 min 

0.8 min 
0.5 max 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

3N128 FIELD-EFFECT TRANSISTOR 
Si insulated-gate field-effect ( MOS) n-channel deple-
tion type used in vhf amplifier service in military and 
industrial applications. JEDEC TO-72, Outline No.28. 

MAXIMUM RATINGS 

Drain-to-Source Voltage   
Gate-to-Source Voltage: 
Continuous ( dc)   
Peak ( ac)   

Drain Current ( ti' 20 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

ms, df 0.15)   

Vis 

Vos 

Vos 

ID ( pulsed) 

PT 
PT 

20 

8 to 1 
-±15 
50 

V 

V 

V 

V 

V 

mA 
mA 

mA 
mA 

pF 
pF 

kHz 

A 

°C/W 

V 

V 
V 

mA 

400 mW 
Derate at 2.67 mW/°C 
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MAXIMUM RATINGS (cont'd) 

Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Gate Leakage Current: 
VGs = —8 V, VDs =- 0   IGss 0.1 typ; 50 max pA 
VGS = —8 V, Vis = 0, TA = 125°C   IGss 5 max nA 

Zero-Bias Drain Current ( VDs =_ 15 V, VGS =- 0, 
ti' ------- 20 ms ( max), df -- 0.15)   IDss ( pulsed) 5 to 25 mA 

Drain-to-Source Cutoff 
(VDs =- 20 V, V(;.s ----= —8 V)   ID (off) 50 max AA 

Small-Signal Input Capacitance 
(VDs = 15 V, ID =- 5 mA, f = 0.1 to 1 MHz)   Cis s 5.5 typ; 7 max pF 

Small-Signal Reverse Transfer Capacitancel: 
(VDs = 15 V, ID =. 5 mA, f = 0.1 to 1 MHz)   Crss 0.12 typ; 0.20 max pF 

Small-Signal Output Capacitance 
(Vis = 15 V, ID = 5 mA, f = 0.1 to 1 MHz)   Coss 1.4 pF 

Gate Leakage Resistance ( Vis --=--- 0, VGs = —8 V) RGs 10" n 
Drain-to-Source Channel Resistance 

(VDs = 0, V(;s = 0, f = 1 kHz)   rDs ( on) 200 n 
Gate-to-Source Cutoff Voltage 

(Vis = 15 V, ID =_ 50 // A)   VGs ( off) 2 to —8 v 
Forward Transconductance: 

VDv :-: 15 V, Vtis --.=_- 0, f =_ 1 kHz   gf s 10000A iiinhOS 

VDS = 15 V, ID = 5 mA, f = 1 kH z  gis 5000 to 12000 pmhos 
Magnitude of Forward Transadmittance 

(Vis = 15 V, ID = 5 mA, f = 200 MHz)   lYfs I 5000 min; 7500 typ pmhos 
Maximum Available Power Gain 

(Vus = 15 V, ID = 5 mA, f = 200 MHz)   MAG 15 min; 20 typA dB 
Maximum Usable Power Gain, Neutralized 
(VDs = 15 V, ID = 5 mA, f = 200 MHz)   MUG 13.5 min; 16 typ• dB 

Noise Figure ( Vus = 15 V, ID = 5 mA, 
f —___-_ 200 MHz)   NF 3.5 typ; 5 max' dB 

1: Three terminal measurement with source returned to guard terminal. 
• This characteristic does not apply to type 3N143. 

TYPICAL FORWARD 
TRANSCONDUCTANCE CHARACTERISTIC 

qé— 

\ma. 

o 
ex 10000 
p-
o  

zi 8000 

t..)0 
cncr 
z° 6000 
cr 
t-

o 4000 cc 

3 
cr 
o 2000 
u. 

, 

TYPE 
COMMON 
-SOURCE 
AMBIENT 
FREQUENCY 
-DRAIN-TO-SOURCE 

T 

3NI28 
-SOURCE 
AND 
TEMPERATURE 

r 

SUBSTRATE 

(f ).7 I 

1 

CIRCUIT. 

kHz 
VOLTS 

GROUNDED. 
( Vs 

( VDs)= 

25° C 

+15 

- 

-, r..,.„....i • , , . i .. , .. .„ , 
0 2 4 6 8 10 

DRAIN MILLIAMPERES ( ID) 
92CS-14092T 

0 Sue 

T(opr) 
TSTG 
Ti. 

—65 to 175 °C 
65 to 175 °C 

265 °C 

TYPICAL DRAIN CHARACTERISTICS 
TIT! 

TYPE 3NI28 
.1n SOURCE AND SUBSTRATE GROUNDED.   
' AMBIENT TEMPERATURE ( TA) it 25* C 

4e. 

20 

&Cf.. VOLIS (VGs)*0 

5 10 15 
DRAIN-TO-SOURCE VOLTS ( Vps) 

92CS-14091T 

• 

e 

FIELD-EFFECT TRANSISTOR 3N138 
Si insulated-gate field-effect (MOS) n-channel deple-
tion type used in critical chopper applications and multi-
plex service up to 60 MHz. The terminal arrangement 
permits shielding between input and output terminals 
for superior high-frequency performance and greater 
circuit stability, particularly on printed-circuit boards. 

JEDEC TO-72, Outline No.28. 
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MAXIMUM RATINGS 
Drain-to-Source Voltage   
Drain-to-Substrate Voltage   
Source-to-Substrate Voltage   
Gate-to-Source Voltage: 
Continuous   
Peak   

Peak Voltage, Gate-to-All Other Terminals, 
VGS, VGD, VGB, non-repetitive   

Drain Current ( ti' 20 ms, df 0.10)   
Transistor Dissipation (TA from —65 to 125°C) 
Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Gate-Leakage Current: 
VGS = 2110 V, VDS =   
VGS = ±10 V, VDS =. 0, TA ___ 125°C   

Drain-to-Source "ON" Resistance: 
VGS 2=a- 0, VDS = 0, f = 1 kHz   
VGs = 10 V, VDs = 0, f = 1 kHz   
Vas = 0, Vps = 0, f rz. 1 kHz, TA 

Drain-to-Source "OFF" Resistance 
(VGS = —10 V, VDS = 1 V)   

Drain-to-Source Cutoff Current: 
VGS = —10 V, VDS =- 1 V   
VGS = —10 V, VDS = 1 V, TA = 125°C   

Small-Signal, Reverse Transfer Capacitance 
(Vas = —10 V, VDS = 0, f =_ 1 MHz)   

Small-Signal Input Capacitance 
(Vos = —10 V, VDS = 0, f = 1 MHz)   

Zero-Gate Bias Forward Transconductance 
(Vas = 0, Vns = 12 V)   gfs 

Offset Voltage (VGS = -±-10 V, Ws = 0)   Vo 

125°C •••• 

Vris 
VDB 
VsB 

VGS 
VOS 

II) (pulsed) 
PT 

T(opr) 
TsTo 
Tr, 

rDs ( on) 
rDs(on) 
rDs(on) 

RDS (Off) 

II) (Off) 
II) (Off) 

Crss 

Ciss 

35 
—0.3 to 35 
—0.3 to 35 

-±:10 
71:14 

-.±45 
50 

150 

65 to 125 
—65 to 150 

265 

0.1 typ; 10 max 
20 typ; 200 max 

240 typ; 300 max 
135 
350 

10`' min; 1010 typ 

0.01 typ; 0.5 max 
0.01 typ; 0.5 max 

0.18 typ; 0.25 max 

3 typ; 5 max 

v 
v 
V 

V 
mA 
mW 

pA 
pA 

o 

o 

nA 

pF 

pF 

6000 gmhos 
0¡ V 

1: In measurements of offset voltage, thermocouple effects and contact potentials 
measurement setup may cause erroneous readings of 1 microvolt or more. These 
may be minimized by the use of solder having a low thermal e.m.f., such as 
tér Northrup No. 107-1.0.1, or equivalent. 

TYPICAL DRAIN CHARACTERISTICS 

TYPE 3NI38 
SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE (TA)325°C   

tIO 

+5 
+3 
+2 

+1 
GATE-TO-SOURCE VOLTS 
 (VGs) =0 

DISSIPATION 
..../ = 150 3mVi 

...._ 
h 

-4-5 

10 20 30 40 
DRAIN-TO- SOURCE VOLTS ( VDS) 

92CS-14654T1 

TYPICAL LOW-LEVEL 
DRAIN CHARACTERISTICS 

250 
.9 
c.n 
w 150 

a. 

«ex 50 

0 

-50 

o -150 

-250 
-120 -80 -40 0 40 80 120 

DRAIN-TO-SOURCE VOLTS (VDS) 
92CS-I4653Ti 

in the 
errors 
Leeds 

TYPE 3NI38 
SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE TA = 25°C 

+10 0 -2 3 

i 
___VA5- , 

0 
1 

10 1 

3N139 FIELD-EFFECT TRANSISTOR 

Si insulated-gate field-effect (MOS) n-channel deple-
tion type used in audio, video, and rf amplifier applica-
tions. The terminal arrangement permits shielding 
between input and output terminals for superior high-
frequency performance and greater circuit stability, 
particularly on printed-circuit boards. JEDEC TO-72, 
Outline No.28. 
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MAXIMUM RATINGS 
Drain-to-Source Voltage   
Drain-to-Substrate Voltage   
Source-to-Substrate Voltage   
Gate-to-Source Voltage: 
Continuous 
Peak   

Peak Voltage, Gate-to-All Other Terminals; 
VGS, VGD, VGB, non-repetitive   

Drain Current ( tp 20 ms, df 0.10)   
Transistor Dissipation (TA from --65 to 125°C) 
Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

114 , 

CHARACTERISTICS 
Gate Leakage Current: 
Vcs = -±-10 V, VDs =   
Vcs = -1=10 V, VDS — 0, TA =. 125°C   

Forward Transconduc—tance: 
VDS = 15 V, Rs = 0, f — 1 kHz   
VDD = 15 V, Rs = 360 —0, f — 1 kHz   
VDD = 15 V, Rs = 360 0, f = 1 kHz, TA = 125°C 

Zero-Bias Drain Current (VDS = 15 V, Rs — 0, 
tp = 300 jis, df 0.10)   

Drain Current: 
VDD = 15 V, Rs = 360 a   
vDD — 15 V, Rs = 360 0, TA = 125°C 

Output Resistance: 
VDs = 15 V, Rs = 0, f — 1 kHz   
VDD = 15 V, Rs = 360 —0, f — 1 kHz 
— — VDD 15 V, Rs 360 0, f =-1 kHz, T. = 125°C 

Drain-to-Source Cu— toff Current: 
VDS =_- 15 V, Vos = —6 V   
VDS = 15 V, VGs = —6 V, TA = 125°C   
VDs — 35 V, Vas —6 V   

Equivalent Input Noise Voltage: 
VDs 15 V, Rs -= 0, Rg — 0, f — 1 kHz   
VDD -- 15 V, Rs -- 360 0,-Rg = 0—, f — 1 kHz  

Audio Spot Noise Figurel (V— DD — 15 V, 
Rs — 360 a, Rg 1 mn, f = 1— kHz)   

Small--Signal Input Capacitance: 
Vu's = 15 V, Rs = 0, f ——  1 MHz   
VDD —_ 15 V, Rs = 3600, f — 1 MHz   

Small-Signal Reverse Transfer Capacitance: 
VDs = 15 V, Rs = 0, f = 1 MHz  
VDD — 15 V, Rs ——  360 C), f — 1 MHz   

Power —Gain ( Vin) :.-_- 15 V, Rs ---360 a, f — 200 MHz) 
Noise Figure (VDD = 15 V, Rs — 360 —0, 
f = 200 MHz)   

en2  
I* Noise Figure 10 log io [ 1 f• 

4 KT BW Rg 

where: K = 1.38 x 10-23, T =. Temperature in 
Rg Generator Resistance 

TYPICAL DRAIN CHARACTERISTICS 

TYPE 3NI39 
SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE ( TA) : 25°C _ 

GATE-TO-SOURCE VOLTS 
(VGs) = 0 

DISSIPATION 
=150 mW 

  3 

 -a-51 

10 20 30 40 
DRAIN - TO - SOURCE VOLTS (VDS) 

92CS-14678T 

VDS 

VDB 

VSB 

VC'S 

VGS 

ID (pulsed) 
PT 

T(opr) 
TsTG 
Tr, 

IGSS 
IGSS 

gfs 
gfs 
gfs 

35 
0.3 to 35 
0.3 to 35 

mt_-10 
-±14 

±42 
50 

150 

65 to 125 
—65 to 150 

265 

0.1 typ; 1 max 
4 max 

3000 min; 6000 typ 
3000 to 7500 

3300 

Inss pulseci to 25 

rd 
rd 
rd 

IDS (off) 
Ins(off) 
IDs ( off ) 

en 
en 

NF 

Ciss 
C i s 

Crss 
Crss 
Gps 

NF 

3 to 7 
3.3 

5 
20 
23 

1 typ; 50 max 
2 

75 max 

0.06 
0.06 

0.86 

V 
v 

mA 
mW 

°C 
°C 
°C 

nA 
nA 

µmhos 
//mhos 
ji mhos 

mA 

mA 
mA 

ka 
kO 
ka 

pA 
µA 

ANN/Hz 
AVN/Hz 

dB 

3.3 pF 
3 typ; 7 max PF 

0.21 
0.19 typ; 0.30 max 

15 min; 17 typ 

pF 
pF 
dB 

4 typ; 6 max dB 

°Kelvin, BW — Bandwidth in Hz, 

TYPICAL FORWARD 
TRANSCONDUCTANCE CHARACTERISTICS 

6000 

(t) 
0 

D 
0 
z 0 
0 cc 4000 
CA 
Z 

e 

F
O
R
 W
A
 R
D
 

2000 

TYPE 3NI39 
COMMON - SOURCE CIRCUIT. 
SOURCE AND SUBSTRATE GROUNDED. 
AMBIENT TEMPERATURE ( TA ): 25°C 
FREQUENCY ( Or I kHz 
DRAIN-TO- SOURCE VOLTS ( VDs)= + 15 

5 10 15 

DRAIN MILLIAMPERES (ID) 

92CS- 146801 
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GI 

3N1140 FIELD-EFFECT TRANSISTOR 
Si dual insulated-gate field-effect (MOS) n-channel de-
pletion type used in rf amplifier applications at fre-
quencies up to 300 MHz. JEDEC TO-72, Outline No.28. 

MAXIMUM RATINGS 

Drain-to-Source Voltage   Vis 0 to 20 V 
Gate-No.1-to-Source Voltage: 
Continuous ( dc)   VG1S —8 to 1 V 
Peak ( ac)   vGis 8 to 20 V 

Gate-No.2-to-Source Voltage: 
Continuous ( dc)   VG2S —8 to ( 0.4 of VDS) V 
Peak (ac)   VG2S 8 to 20 V 

Drain-to-Gate-No.1 Voltage    VDG1 20 V 
Drain-to-Gate-No.2 Voltage   VDG2 20 V 
Drain Current ( tp -- 20 ms, df -. 0.15)   II) (pulsed) 50 mA 
Transistor Dissipation: 
TA up to 25°C   PT 400 M W 
TA above 25°C   PT Derate linearly at 2.67 mW/°C 

Temperature Range: 
Operating   T(opr) —65 to 175 °C 
Storage   TSTG —65 to 175 °C 

Lead-Soldering Temperature ( 10 s max)   Tr, 265 °C 

CHARACTERISTICS 

Gate-No.1-to-Source Cutoff Voltage 
(Vi s = 16 V, VG2 s = 4 V, ID = 200 p.A)   Vins ( off) —2 typ, —4 max V 

Gate-No.2-to-Source Cutoff Voltage 
(Vi s = 16 V, VG'S = 0, ID :--- 200 j.LA )   VG2s ( off) —2 typ; —4 max V 

Gate-No.1 Leakage Current: 
VG1S = —20 V, VG2S -= 0, VDS = 0   nA IGiss 1 max 
VG1S = 1 V, VG2S -= 0, VDS -= 0   nA IGiss 1 max 
VG1S -= —20 V, VG2S = 0, VDS = 0, T.‘ = 125°C   IG1SS 0.2 max pA 

Gate-No.2 Leakage Current: 
VG2S -= —20 V, VG1S = 0, VDS — 0   iG2ss 1 max 

G2SS nA :----- VG2S 1 V, VG1S -= 0, VDS -= 0   I 1 max nA 
VG2S = — 20 VF Veis := 0, VDS = 0, TA z---- 125° C •••• IG2SS 0.2 max ,uA 

Zero-Bias Drain Current (VDD = 14 V, 
VG1S -= 0, VG2S -= 4 V, tp -- 20 ms, df -- . 0.15)   IDss(pulsed) 5 to 30 mA 

Forward Transconductance, Gate-No.1 to Drain 
(VDD = 14 V, VG2S — 4 V, Ir) = 10 mA, 
f = 1 kHz)   gfs 6000 to 18000 jimllos 

Cutoff Forward Transconductance, 
Gate-No.1 to Drain ( VDD = 14 V, Was = 0.5 V, 
VG2S = —2 V, f =-- 1 kHz)   grs(off):!: 

Small-Signal Input Capacitancee 
(VDs = 13 V, VG2S = 4 V, ID = 10 mA, f = 1 MHz) Ciss 

S SUB 

TYPICAL DRAIN CHARACTERISTICS 

TYPE 3N140 
AMBIENT TEMPERATURE (TAP 25°C 

DRAIN-TO-SOURCE VOLTS ( Vos)r 15 

4 3 2 

GATE No-2- SOURCE 
VOLTS ( VG2S ): 

2 

GATE Nog-TO-SOURCE VOLTS ( VGis) 

92CS-14790T2 

100 max ,umhos 

3 to 7 pF 

TYPICAL FORWARD 
TRANSCONDUCTANCE CHARACTERISTICS 

TYPE 3NI40 
COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA):25°C 
FREQUENCY (f):! kHz 
INPUT-SIGNAL LEVEL (APPLIED TO 
GATE No.1) r• I mV 

DRAIN-TO-SOURCE VOLTS (Vps)::+15 

2 

o 
-2 -1.5 -I -0.5 0 0.5 

GATE No.1-TO-SOURCE VOLTS (VIS) 
92CS-1472IT 
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CHARACTERISTICS (cont'd) 

Small-Signal Reverse Transfer Capacitance, 
Drain to Gate-No.1A (Vis = 13 V, Vs = 4 V, 
In = 10 mA, f = 1 MHz)   

Small-Signal Output Capacitance 
(VD. = 13 V, VG.:.= 4 V, ID 10 mA, f = 1 MHz) 

Power Gain (VD!) = 15 V, Rs = 270 0, 
RG = 50 0, f = 200 MHz)   

Noise Figure (W I) = 15 V, Rs = 270 0, 
_-_-_ 50 0, f = 200 MHz)   

Crss 

Coss 

GpS1: 

NFT. 

0.01 to 0.03 

2.2 

16 min; 18 typ 

3.5 typ; 4.5 max 

• Capacitance between gate No.1 and all other terminals. 
• Three-terminal measurement with gate No.2 and source returned 
*- This value does not apply to type 3N141. 

GI 

SAWS 

PF 

pF 

dB 

dB 

to guard terminal. 

FIELD-EFFECT TRANSISTOR 3N141 
Si dual insulated-gate field-effect ( MOS) n-channel de-
pletion type used in mixer applications at frequencies 
up to 300 MHz. JEDEC TO-72, Outline No.28. This 
type is identical with type 3N140 except for the fol-
lowing item: 

CHARACTERISTICS 

Conversion Power Gain ( Vi)!) — 15 V, Rs = 120 0, 
f in = 200 MHz, fout = 30 MHz, oscillator injection 
voltage from gate No.2 to source = 2.5 V ( rms) ) 

IG 

SuB 

Gps C 13 min; 17 typ dB 

FIELD-EFFECT TRANSISTOR 3N142 
Si insulated-gate field-effect (MOS) n-channel de-
pletion type used in rf-amplifier applications in FM 
receivers covering the 88-to- 108-MHz band, and in gen-
eral amplifier applications at frequencies up to 175 
MHz. JEDEC TO-72, Outline No.28. For typical drain 
characteristics curve, refer to type 3N128. 

MAXIMUM RATINGS 

Drain-to-Source Voltage   
Gate-to-Source Voltage: 
Continuous   
Peak   

Drain-to-Gate Voltage   
Drain Current ( ti' = 20 ms, df 0.1)   
Transistor Dissipation: 
TA up to 85°C   
TA above 85°C   

VI)s 

VG. 
vGs 
VDG 
II) (pulsed) 

20 V 

0 to —8 v 
-11_5 V 
20 v 
50 mA 

PT 100 mW 
Derate at 6.67 mW/°C 

TYPICAL FORWARD 
TRANSCONDUCTANCE CHARACTERISTICS 

10 

7.5 

5 

2.5 

TYPE 3NI42 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE ( TA ) = 25°C 

FREQUENCY ( f): 100 MHz 
DRAIN-TO-SOURCE VOLTS ( VD s)= + 15  

le-

bfs 

5 10 15 20 

DRAIN MILLIAMPERES %I 

92CS-i415411 



412 RCA Transistor, Thyristor, & Diode Manual 

MAXIMUM RATINGS (cont'd) 
Temperature Range: 
Operating   T(opr) —65 to 100 °C 
Storage    TSTG —65 to 100 °C 

Lead-Soldering Temperature   TL 265 cc 

CHARACTERISTICS 
Drain-to-Source Cutoff Current 

(VDs -_-:-__ 20 V, VGS = —8 V)   ID(off) 100 /IA 
Zero-Bias Drain Current ( Vis =. 15 V, VOS -7= 0, 

tP -= 20 ms ( max), df ---'- 0.15)   IDSS ( pulsed) 5 to 50 m A 
Gate Reverse Current: 
VOS = —8 V, VDS = 0   IGss 1 max nA 
VGS ----z: —8 V, Vis = 0, TA = 100°C   IGss 100 max nA 

Gate-to-Source Cutoff Voltage 
(VDS zr. 20 V, ID = 0.05 mA)   VGS (Off) --2 to —8 V 

Small-Signal Reverse Transfer Capacitance, 
Drain to Gate (VDS =---- 15 V, ID = 5 mA, 
f = 1 MHz)   CTS9 0.12 typ; 0.2 max pF 

Input Resistance ( Vis =. 15 V, ID 1_-_ 5 mA, 
f = 100 MHz)   riss 2 min; 4.5 typ ko 

Output Resistance (VDS 15 V, ID = 5 mA, 
f = 100 MHz)   ro,..4 2.25 min; 4.2 typ ko 

Input Capacitance (VDS =_ 15 V, ID = 5 mA, 
f = 1 MHz)   Ciss 5.5 typ; 10 max pF 

Output Capacitance ( VDs = 15 V, ID -7--- 5 mA, 
f =. 100 MHz)   Coss 1.4 pF 

Forward Transconductance (VDS = 15 V, 
ID = 5 mA, f = 100 MHz)   gfs 4 min; 7.5 typ mmllos 

Maximum Available Power Gain ( Vis = 15 V, 
ID = 5 m A, f = 100 MHz)   MAG 24 dB 

Maximum Usable Power Gain, Unneutralized 
(VDS .= 15 V, ID =. 5 mA, f = 100 MHz)   MUG 14 dB 

Maximum Usable Power Gain, Neutralized 
(VDS = 15 V, ID = 5 mA, f — 100 MHz)   MUG 15 min; 17 typ dB 

Noise Figure ( VDS = 15 V, ID = 5 mA, 
f = 100 MHz)   NF 4 typ; 5 max dB 

3N143 FIELD-EFFECT TRANSISTOR 
Si insulated-gate field-effect (MOS) n-channel de-
pletion type used in vhf mixer and oscillator applica-
tions. JEDEC TO-72, Outline No.28. This type is 
identical with type 3N128 except for the following 
items: 

IG 

SuB 

CHARACTERISTICS 
Gate Leakage Current: 
VGS = —8 V, VDS = O   IGSS 0.1 typ; 1000 max pA 
VGS =------ —8 V, VDS = 0, TA = 125°C   IGss 100 max nA 

Zero-Bias Drain Current (VDS = 15 V, Vas = 0, 
ti) = 20 ms (max), df 0.15)   IDSS 10 tO 50 mA 

Input Conductance ( VDS = 15 V, Ii) = 5 mA, 
f = 1 kHz)   gis 10 max //mhos 

Output Conductance ( VDS = 15 V, II) = 5 mA, 
f = 1 kHz)   g08 1000 max iimhos 

Conversion Power Gain ( VDs = 15 V, ID = 1 mA, 
fin = 200 MHz, fout = 30 MHz)   Gps(c) 10 min; 13.5 typ dB 

3N152 FIELD-EFFECT TRANSISTOR 

Si insulated-gate field-effect ( MOS) n-channel de-
pletion type used in low-noise rf applications in military 
and industrial vhf communications equipment up to 250 
MHz. JEDEC TO-72, Outline No.28. For typical forward 
transconductance curve, refer to type 3N128. 

MAXIMUM RATINGS 
Drain-to-Source Voltage    VDS 
Gate-to-Source Voltage: 
Continuous ( dc)   VGS 
Peak ( ac)   VGS 

20 

8 to 1 
-±-15 

V 

v 
V 
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MAXIMUM RATINGS (cont'd) 
Drain Current ( tp 20 ms, df 0.15)   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Drain-to-Source Cutoff Current 
(VDS --=.• 20 V, VGs = 8 V)   

Gate Leakage Current: 
VDS = 0, VGS = —8 V  
VDS = 0, VGS = —8 V, TA = 85°C   

Zero-Bias Drain Current (VDS = 15 V, VGS = 0, 
tp 20 ms, df 0.15)   

Drain-to-Source Channel Resistance 
(VDS = 0, VGS = 0, f = 1 kHz )  

Maximum Available Power Gain 
(VDS =. 15 V, ID := 5 mA, f = 200 MHz)   

Maximum Usable Gain, Neutralized 
(VDS = 15 V, ID = 5 mA, f = 200 MHz)   

Small-Signal Input Capacitance 
(VDS = 15 V, II) = 5 mA, f = 0.1 to 1 MHz) 

Small-Signal Reverse Transfer Capacitances 
(VDs = 15 V, ID = 5 mA, f = 0.1 to 1 MHz) 

Small-Signal Output Capacitance 
(VDS = 15 V, ID = 5 mA, f = 0.1 to 1 MHz) 

Forward Transconductance 
(VDs = 15 V, ID = 5 mA, f = 1 kHz)   

Magnitude of Forward Transadmittance 
(VDS = 15 V, ID = 5 mA, f = 200 MHz)   

Input Conductance (VDS — 15 V, ID = 5 mA, 
f = 200 MHz)   

Output Conductance (VDS =_. 15 V, ID = 5 mA, 
f = 200 MHz)   

Noise Figure (VDS = 15 V, ID = 5 mA, 
f =_ 200 MHz)   

•••• 

•••• 

•••• 

Three-terminal measurement with source returned to 

10 

ID (pulsed) 

PT 
PT 

T(opr) 
TSTG 
Tr, 

ID (off) 

IGSS 
IGSS 

50 mA 

400 mW 
Derate at 2.67 mW/°C 

IDSS (pulsed) 

rDs ( on) 

MAG 

MUG 

C188 

Ct8 

Coati 

gts 

IYfs 

gis 

gns 

65 to 175 
65 to 175 

265 

50 max 

0.0001 to 1 
10 max 

10 to 50 

200 

16 min; 20 typ 

14.5 min; 16 typ 

5.5 typ; 7 max 

0.12 typ; 0.2 max 

1.4 

5000 to 12000 

5000 min 

450 

300 

°C 
°C 
°C 

/IA 

nA 
nA 

mA 

dB 

dB 

pF 

pF 

pF 

,umhos 

iumhos 

gmhos 

iimhos 

NF 2.5 typ; 3.5 min dB 

guard terminal. 

TYPICAL DRAIN CHARACTERISTICS 

TYPE 3NI52 
SOURCE AND SUBSTRATE GROUNDED 
AMBIENT TEMPERATURE ( TA) 25°C 

..- SOU 
OCTS(VGs):: 

2.5 5 7.5 10 12.5 15 

DRAIN-TO- SOURCE VOLTS (VDS) 
92C$- 49251 

FIELD-EFFECT TRANSISTOR 3N153 
Si dual-insulated gate field-effect (MOS) n-channel de-
pletion type used in critical chopper and multiplex 
applications up to 60 MHz. The terminal arrangement 
permits shielding between input and output terminals 
for superior high-frequency performance and greater 

SuB circuit stability, particularly on printed-circuit boards. 
JEDEC TO-72, Outline No.28. 
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MAXIMUM RATINGS 

Drain-to-Source Voltage   
Drain-to-Substrate Voltage   
Source-to-Substrate Voltage   
DC Gate-to-Source Voltage   
Peak Gate-to-Source Voltage   
Drain Current ( tp = 20 ms, df 0.10)   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Drain-to-Source Cutoff Current: 
VGS = —8 V, VDS 1 V   
VGS = —8 V, VDS = 1 V, TA = 125°C   

Gate-Leakage Current: 
VGs -= —8 to 6 V, VDS = 0   
VGS = —8 to 6 V, VDS = 0, TA =- 125°C   

Static Drain-to-Source "ON" Resistance 
(VGS = 0, VDS = 0)   

Drain-to-Source "OFF" Resistance 
(VGS = —8 V, VDS := 1 V)   

Small-Signal Reverse Transfer Capacitance: 
VGs = —8 V, VDs = 0, f = 1 MHZ   
VDS = 15 V, ID =7- 5 mA, f = 1 MHz  

Small-Signal Input Capacitance 
(VGS = —8 V, VDS = 0, f = 1 MHz)   

Small-Signal, Drain-to-Source Capacitance 
(VGS -= —8 V, VDS = 0, f =_ 1 MHz)   

Zero-Gate-Bias Forward Transconductance 
(VGS =7- 0, VDS = 15 V)   

Offset Voltage (VGS = —8 to 6 V, VDS = 0)   
In measurements of Offset Voltage, thermocouple 
measurement setup may cause erroneous readings 
may be minimized by the use of solder having a 
Northrup No. 107-1.0.1., or equivalent. 

D
R
A
I
N
 
M
I
L
L
I
A
M
P
E
R
E
S
 

25 

20 

15 

10 

5 

TYPICAL DRAIN CHARACTERISTICS 

TYPE 3NI53 
SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE ( TA) z 25°C 

5 
3 
2 

VGS :O 

M
I
C
R
O
A
M
P
E
R
E
S
 

VDS 
VDB 
VSB 
VGS 
VGS 
ID (pulsed) 

PT 
PT 

20 
0.3 to 20 
0.3 to 20 
8 to 6 
±14 
50 

400 
Derate linearly at 2.67 

T(opr) 
TsTo 
T1, 

ID (off) 
ID (off) 

Icss 
loss 

rDs (on) 

RDs ( off) 

Crss 

Crss 

Ciss 

Cds 

grs 
Vo 

—65 to 175 
65 to 175 

265 

0.1 typ; 1 max 
0.1 typ; 1 max 

0.1 typ; 50 max 
1 max 

200 typ; 300 max 

10° mm; 101° typ 

0.34 typ; 0.5 max 
0.12 typ; 0.2 max 

6 typ; 8 max 

3 max 

10000 
0$ 

V 
V 
V 
V 
V 

mA 

mW 
mW/°C 

nA 
/IA 

pA 
nA 

pF 
pF 

pF 

gmhos 

pF 
V 

effects and contact potentials in the 
of 1 microvolt or more. These errors 
low thermal e.m.f., such as Leeds & 

250 

150 

50 

TYPICAL LOW-LEVEL 
DRAIN CHARACTERISTICS 

5 10 15 20 
DRAIN- TO- SOURCE VOLTS (VDS) 

92CS - I4943T -250-

IG 

Sue 

TYPE 3N153 
SUBSTRATE CONNECTED TO SOURCE 
AMBIENT TEMPERATURE (TA)=25°C 

-125 -75 -25 0 25 75 125 

DRAIN-TO-SOURCE MILLIVOLTS (VDS) 

92CS- I4944T 

FIELD-EFFECT TRANSISTOR 3N154 
Si insulated-gate field-effect (MOS) n-channel de-
pletion type used in vhf amplifier service in military 
and industrial applications. JEDEC TO-72, Outline 
No.28. For typical drain characteristics and typical 
forward transconductance curves, refer to type 3N128. 
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MAXIMUM RATINGS 

Drain-to-Source Voltage   
Gate-to-Source Voltage: 
Continuous ( dc)   
Peak ( ac)   

Drain-to-Gate Voltage   
Drain Current ( tp 20 rnS, df .`-=1 0.15)   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Gate-to-Source Cutoff Voltage 
(VDS = 15 V, ID = 50 gA)   

Drain-to-Source Cutoff Current 
(VDS = 20 V, VOS =- —8 V)   

Zero-Bias Drain Current (VDS = 15 V, VGS = 0, 
20 ms, df 0.15)   

Gate Leakage Current: 
VGS =- —8 V, VDS -77 0   
VGS = —8 V, VDS 0, TA -= 
VGS 1 V VDS 0   
VOS = I V VDS 0, T = 125°C   

Magnitude of Forward Transadrnittance 
(VDS = 15 V, ID = 5 mA, f = 200 MHz)   

Forward Transconductance 
(VDS = 15 V, ID = 5 mA, f = 1 kHz)   

Small-Signal Input Capacitance 
(VI= 15 V, ID = 5 mA, f = 0.1 to 1 MHz) 

Small-Signal Reverse Transfer Capacitancet 
(VDs = 15 V, ID = 5 mA, f = 0.1 to 1 MHz) 

Small-Signal Output Capacitance 
(VDS = 15 V, ID =_ 5 mA, f = 0.1 to 1 MHz) 

Gate Leakage Current Resistance 
(VDS = 0, VGS =- —8 V)   

Drain-to-Source Channel Resistance 
(VDS =- 0, VGS = 0, f = 1 kHz)   

Input Conductance 
(VDS = 15 V, ID =-- 5 mA, f = 200 MHz)   

Output Conductance 
(Ws = 15 V, ID = 5 mA, f = 200 MHz)   

Maximum Available Power Gain 
(VDS =- 15 V, ID = 5 mA, f = 200 MHz)   

Maximum Usable Power Gain, Neutralized 
(VDS =_- 15 V, ID =- 5 mA, f = 200 MHz)   

Noise Figure ( VDs =_- 15 V, ID = 5 mA, 
f = 200 MHz)   

t Three-terminal measurement with source returned 

125°C   

•••• 

•••• 

•••• 

G2 

VDS 

VGS 
VGS 
VPG 
ID (pulsed) 

PT 
PT 

T ( opr) 
TSTG 
Tr, 

20 

—8 to 1 
±.15 
20 
50 

400 
Derate at 2.67 

VGS (Off) 

ID (off) 

IDSS (pulsed) 

loss 
IGSS 
icss 
Idss 

65 to 175 
65 to 175 

265 

•2 to 8 

50 max 

10 to 25 

0.0001 typ; 0.05 max 
5 max 

0.0001 typ; 0.05 max 
5 max 

I Yfs I 

gf s 

Ciss 

Cr S8 

COSS 

RGS 

rDS ( on) 

gts 

gos 

5000 min; 7500 typ 

5000 to 12000 

5.5 typ; 7 max 

0.03 to 0.2 

1.4 

MAG 

MUG 

NF 
to guard 

V 

V 
V 
V 

mA 

mW 
mW/°C 

°C 
°C 
°C 

V 

mA 

nA 
nA 
nA 
nA 

µmhos 

g mhos 

pF 

pF 

pF 

1014 

200 

500 gmhos 

275 gmhos 

20 dB 

13.5 min; 16 typ dB 

3.5 typ; 5 max dB 
terminal. 

FIELD-EFFECT TRANSISTOR 3N159 
Si insulated-gate field-effect (MOS) n-channel de-
pletion type used in rf amplifier applications at fre-

'S" guencies up to 300 MHz. JEDEC TO-72, Outline No.28. 

MAXIMUM RATINGS 

Drain-to-Source Voltage   
Gate-No.1-to-Source Voltage: 
Continuous ( dc)   
Peak ( ac)   

Gate-No.2-to-Source Voltage: 
Continuous ( dc)   
Peak ( ac)   

Drain-to-Gate-No.1 Voltage   
Drain-to-Gate-No.2 Voltage   
Drain Current ( tp 20 ms, df 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

0.15)   

Vis 

Veis 
VG1S 

VG2S 
VG2S 
VDG1 
VDG2 
ID ( pulsed) 

0 to 20 V 

8 to 1 V 
8 to 20 V 

8 to ( 0.4 VDs) 
8 to 20 

20 
20 
50 

V 
V 
V 
V 

mA 

PT 400 mW 
PT Derate linearly at 2.67 mW/°C 
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MAXIMUM RATINGS (cont'd) 

Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max) 

CHARACTERISTICS 

Gate-No.1-to-Source Cutoff Voltage 
(VDs = 16 V, VG2S _-=--- 4 V, ID -= 200 4A)   VG1S (off) —2 typ; —4 max 

Gate-No.2-to-Source Cutoff Voltage 
(VDs = 16 V, VG1S = 0, ID = 200 ¡IA)   VG2S (Off) —2 typ; —4 max 

Gate-No.1-Leakage Current: 
Vcis = —20 V, VG2S = 0, Vs = O   IG1SS 
VG1S = 1 V, VG2S = 0, VDS =   IG1SS 
VG1S -= —20 V, VG2S = 0, Vs = 0, TA — 125°C .••• IG1SS 

Gate-No.2-Leakage Current: 
VG2S Z=. —20 V, VG1S = 0, Vis = O   IG2SS 
VG2S = 1 V, VG1S 0, VDS = 0   IG2SS 
VG2S = —20 V, VG1S = 0, Vis = 0, TA ____ 125cC IG2SS 

Zero-Bias Drain Current (VDD = 14 V, VG1S 0, 
VG2S ------- 4 V, tr 20 ms, df 0.15)   Ime ( pulsed ) 

Forward Transconductance, Gate-No.1 to Drain 
(VDD = 14 V, VG2S = 4 V, ID = 10 mA, 
f = I kHz)   gfs 

Cutoff Forward Transconductance, Gate-No.1 to 

gts (of ) 

T(opr) 
TsTG 

Drain (VDD = 14 V, VG1S = —0.5 V, VG2s —2 V, 
f 1 kHz)   

Small-Signal Input Capacitance. 
(VDs = 13 V, VG2S = 4 V, ID = 10 mA, 
f 1 MHz)   

Small-Signal Reverse Transfer Capacitance, 
Drain to Gate-No.1' ( VDs = 13 V, VG2S — 4 V, 
II) =- 10 mA, f = 1 MHz)   

Small-Signal Output Capacitance 
(VDs = 13 V, VG2S = 4 V, ID = 10 mA, 
f = 1 MHz)   

Maximum Usable Power Gain 
(VDD = 15 V, Rs = 270 f), Re1 50 c), 
f = 200 MHz)   

Noise Figure (VDD = 15 V, Rs = 270 a Re, = 50 C), 
f = 200 MHz)   

Cie. 

Cr.. 

Cols 

MUG 

NF 

—65 to 175 
--65 to 175 

265 

1 max 
1 max 

0.2 max 

1 max 
1 max 

0.2 max 

5 to 30 

°C 
°C 
°C 

V 

V 

nA 
nA 

nA 
nA 
ittA 

mA 

7000 to 18000 pmhos 

100 max 

3 to 7 

0.01 to 0.03 

2.2 

16 to 22 

2.5 typ; 3.5 max 

//mhos 

pF 

PF 

PF 

dB 

dB 

Capacitance between gate No.1 and all ocher terminals. 
A Three-terminal measurement with gate No.2 and source returned to guard terminal. 

3746 

3907/ 2N404 

4403 

TYPICAL FORWARD 
TRANSCONDUCTANCE CHARACTERISTICS 

2 

TYPE 3NI59 
COMMON-SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TA)=25°C 
FREQUENCY (f)xl kHz 
INPUT -SIGNAL LEVEL (APPLIED TO 
GATE No.1) I rnV 

DRAIN-TO-SOURCE VOLTS (VDs) a + 15 

-1 -0.5 0 0.5 

GATE No.1-TO-SOURCE VOLTS (Vis) 
92CS-147211 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Photocells 
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Refer to Chart of Photocells 

Refer to Chart of Photocells 

Refer to Chart of Photocells 

POWER TRANSISTOR 

4448 

4453 

7163 

40022 

417 

Ge p-n-p alloy type used in class A and push-pull class 
B service in high-fidelity af power-amplifier applica-
tions. JEDEC TO-3, Outline No.2. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 

VCER 32 V Collector-to-Emitter Voltage (RBE = 30 n)   32 V 
VEBO Emitter-to-Base Voltage   5 V 

Collector Current   Ic _5 A 
Base Current   In —1 A 
Transistor Dissipation: 
TmF up to 81°C   
TILF above 81°C   

PT 
PT Derate 

12.5 
linearly 0.66 WPC 

Temperature Range: 
Operating (Junction)   °C 
Storage   °C 

Pin-Soldering Temperature ( 10 s max)   °C 

TJ (opr) 
TSTG 
TP 

CHARACTERISTICS (At mounting-flange temperature 
Collector-to-Base Breakdown Voltage (Ic — —0.005 A, 
IE 0)   

Collector-to-Emitter Breakdown Voltage 
(Ic = —0.2 A, RBE =- 33 n)   

Emitter-to-Base Breakdown Voltage 
(IE = —0.002 A, Ic = 0)   

Base-to-Emitter Voltage* (VcB — 10 V, 
Ic = —0.05 A)   

Collector-Cutoff Current (VcB = —30, IE = 0)   
Collector-Cutoff Saturation Current 
(VcB = —0.5 V, IE = 0)   

Static Forward-Current Transfer Ratio 
(VcE = —2 V, Ic = —1 A)   

Gain-Bandwidth Product (VcE 5 V, Ic — —0.5 A) 
Thermal Resistance, Junction-to-Case   

25°C) 

V(BR)CB0 

V(BR)CER 

V(BR)EBO 

VBE 
ICBO 

'CEO (sat) 

hFE 

fT 
9J-c 

65 to 100 
—65 to 100 

255 

—32 min 

32 min v 

5 min 

—0.18 
—1 max mA 

0.1 max mA 

38 min; 70 typ 
300 kHz 

1.5 max °C/W 

TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 
Unless otherwise specified, values are for 2 transistors. 

DC Collector-Supply Voltage   Vcc 
Zero-Signal Base-Bias Voltage   
Zero-Signal DC Collector Current   
Maximum-Signal DC Collector Current   
Peak Collector Current   
Input Impedance of Stage (Per base)   
Load Impedance ( Speaker voice-coil)   
Maximum Collector Dissipation (Per transistor 
under worst-case conditions)   

Music Power Output   
Power Gain   Grim 
Total Harmonic Distortion   
Maximum-Signal Power Output   POE 

Ic 
Ic 
ic ( peak) 
Rs 
RL 

—14 
—0.18 
—0.05 
—0.716 
—2.25 

43 
4 

5 
18 
24 
5 

10 

É'c'di
 

n
o
>
»
c
 

* This characteristic does not apply to type 40254. 
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40050 POWER TRANSISTOR 

Ge p-n-p alloy type for high-fidelity amplifiers and 
other commercial af amplifier applications. JEDEC 
TO-3, Outline No.2. 
MAXIMUM RATINGS 
Collector- to-Base Voltage   VCBO 
Collector-to-Emitter Voltage   VcEo 
Emitter- to-Base Voltage   VERO —5 V 
Collector Current   Ic 5 A 
Base Current   In —1 A 
Transistor Dissipation: 

rr NI le up to 81°C   PT 12.5 W 
TM le above 81°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   TJ (opr) --65 to 100 °C 
Storage   TsTG —65 to 100 °C 

Pin-Soldering Temperature ( 10 s max)   Ti' 255 °C 

CHARACTERISTICS (At mounting-flange temperature   25°C) 
Collector-to-Base Breakdown Voltage ( lc — —5 mA, 
IF: -----1 0)   V(BlocHo 

Collector-to-Emitter Breakdown Voltage ( Ic — —0.6 A, 
RBE = 68 Q)   VonocEit 

Emitter-to-Base Breakdown Voltage (IE = 2 mA, 
Ic = 0)   V(Itit)E110 

Base-to-Emitter Voltage ( VcE = 10 V, 
lc = — 0.5 A)   VBF: 

Collector-Cutoff Current ( Veit = —30 V, IF — 0)   IcBo 

TYPICAL COLLECTOR CHARACTERISTICS 

.-4 

cr -100 
a_ 

a —75 
=J 

-5O 
cr 
o 
et"; -25 

—J 

o 

—40 V 
—40 V 

—40 min V 

—40 min V 

—5 min V 

—0.17 V 
—0.5 max mA 

TYPE 40050 
COMMON- EMITTER CIRCUIT, BASE INPUT. 

-FLANGE TEMPERATURE ( TmF)•25°C _MOUNTING 

-80 

-70 

_50 

is. 

i   

-40 
, 

-30 

e 
-I0 

BASE 

--5 

MILLIAMPERES (I o 

O -5 -10 -15 -20 -25 -30 -35 -40 -45 - 
COLLECTOR- TO- EMITTER VOLTS (\ice 

TYPICAL TRANSFER CHARACTERISTIC 

TYPÉ 400'50 
COMMON—EMITTER CIRCUIT, BASE INPUT. 
MOUNTING—FLANGE TEMPERATURE (TmF)= 25° C 
COLLECTOR—TO—EMITTER VOLTS (VCE) e —2 

0 —0.05 —0.1 —0.15 —0.2 
BASE—TO—EMITTER VOLTS (VBE) 

92CS-124681 

92CM-12466T 

TYPICAL INPUT CHARACTERISTIC 
TYPE 40050 T  
COMMON—EMITTER CIRCUIT, BASE INPUT. 
MOUNTING—FLANGE TEMPERATURE OW e 25° C 
COLLECTOR—TO—EMITTER VOLTS (VcE) s —2 

..--_ 

i 

• • ...._ qi 

•--- --. 

—0.2 —0.4 —0.6 —0.8 

BASE—TO—EMITTER VOLTS (VBE) 
92CS-124701 
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CHARACTERISTICS (cont'd) 

Collector-Cutoff Saturation Current ( VcB =-- —0.5 V, 
IE = 0)   

Static Forward-Current Transfer Ratio 
(VUE = —2 V, Ic =-J. —1 A)   hrn 50 min 

Gain-Bandwidth Product (Ws= 5 V,  
Ic = —0.5 A)   fT 500 kHz 

Thermal Resistance, Junction-to-Case   0.1-C 1.5 max °C/W 

TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 

Unless otherwise specified, values are for 2 transistors. 

DC Collector-Supply Voltage   Vcc —18 
Zero-Signal Base-Bias Voltage   0.17 
Zero-Signal DC Collector Current   Ic —0.05 
Maximum-Signal DC Collector Current   Ic —0.8 
Peak Collector Current   ic (peak) —2.8 
Input Impedance of Stage (Per base)   Rs 32 
Load Impedance ( Speaker voice-coil)   RL 4 
Maximum Collector Dissipation ( Per transistor 
under worst-case conditions)   7.5 

Power Gain   GPD 28 
Total Harmonic Distortion   5 
Music Power Output   25 
Maximum-Signal Power Output   Po» 15 

ICBO (sat) 

POWER TRANSISTOR 

0.1 max mA 

40051 

A
â
 

D
:
D
>
>
>
>
>
«
 

Ge p-n-p alloy type for high-fidelity amplifiers and 
other commercial af amplifier applications. JEDEC 
TO-3, Outline No.2. This type is identical with type 
40050 except for the following items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage   VCEO 

—50 V 
—50 V 

CHARACTERISTICS (At mounting-flange temperature 25°C) 

Collector- to-Base Breakdown Voltage ( Ir ____ 5 mA, 
IE = 0)   V(BR)CB0 —50 min V 

Collector-to-Emitter Breakdown Voltage 
= —0.6 A, RBE = 68 0)   vutmcmt —50 min V 

TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 

Unless otherwise specified, values are for 2 transistors 
DC Collector-Supply Voltage   Vcc —22 
Zero-Signal Base-Bias Voltage   —0.17 
Zero-Signal DC Collector Current   Ic 0.05 
Maximum-Signal DC Collector Current   Ic 1.1 
Peak Collector Current   ic ( peak) 3.5 
Input Impedance of Stage ( Per base)   Rs 31 
Load Impedance ( Speaker voice-coil)   RL 4 
Maximum Collector Dissipation ( Per transistor 
under worst-case conditions)   12.5 

Power Gain   Gpz 28 
Total Harmonic Distortion   5 
Music Power Output   45 
Maximum-Signal Power Output   Po» 25 

,
ce'Ld
 
n
o
>
»
«
 

TRANSISTOR 40080 
Si n-p-n triple-diffused planar type designed for oscilla-
tor applications, in conjunction with transistor types 
40081 ( driver) and 40082 ( power amplifier) in a 5-
watt input, 27-MHz citizens-band transmitter. JEDEC 
TO-39, Outline No.15. 
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MAXIMUM RATINGS 
Collector-to-Emitter Voltage   
Peak Collector Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

VCE0 
iC 

PT 
PT 

TJ (opr) 
TSTO 
Ti. 

CHARACTERISTICS 
Collector-to-Emitter Voltage (Ic -= 10 mA, In — 0) •••• V Eo 
Collector-Cutoff Current (V(13 =. 15 V, IE = 0)   ICB0 
RF Power Output (Vcc = 12 V, Ic -= 32 mA, 
f = 27 MHz)   

Collector-to-Base Capacitance (VcE = 30 V, 
f = 1 MHz)   

Thermal Resistance, Junction-to-Ambient   

Poe 

Cobo 
0J-A 

TYPICAL OPERATION IN A CITIZENS-BAND TRANSMITTER 
DC Collector-Supply Voltage   Vcc 
DC Collector Current: 
No modulation   Ic 
100% modulation   Ic 

40081 TRANSISTOR 
Si n-p-n triple-diffused planar type designed for driver 
applications, in conjunction with transistor types 40080 
(oscillator) and 40082 ( power amplifier), in a 5-watt 
input, 27-MHz citizens-band transmitter, JEDEC TO-5, 
Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage (VBE 0.5 V)   
Emitter-to-Base Voltage   
Peak Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Emitter Voltage 
(VBE = —0.5 V, Ic -= 100 i/A)   VCEV 

Emitter-to-Base Voltage (IE = 500 µA, lc — 0)   VEBO 
Collector-Cutoff Current ( VcB = 15 V, IE = 0)   ICBO 
RF Power Output (Vcc = 12 V, Ic =. 85 mA max, 
Pte = 75 mW, f= 27 MHz)   Poe 

Collector-to-Base Capacitance (V('E = 30 V, 
f = 1 MHz)   Cobo 

Thermal Resistance, Junction-to-Case   (4J-A 

VCEV 
VEBO 
iC 

PT 
PT 

TJ (opr) 
TSTO 
TI. 

TYPICAL OPERATION IN A CITIZENS-BAND TRANSMITTER 
DC Collector-Supply Voltage   Vcc 
DC Collector Current: 
No modulation   Ic 
100% modulation   Ic 

40082 POWER TRANSISTOR 
Si n-p-n triple-diffused planar type designed for power-
amplifier applications, in conjunction with transistor 
types 40080 ( oscillator) and 40081 ( driver), in a 5-watt, 
27-MHz citizens-band transmitter. JEDEC TO-39, Out-
line No.15. 

30 V 
0.25 A 

0.5 
See curve page 300 

—65 to 200 
65 to 200 

230 

30 min 
10 max 

100 min 

IC 
IC 
OC 

V 
µA 

mW 

6 max pF 
350 °C/W 

13.8 

15 
15 

V 

mA 
mA 

60 V 
2 V 

0.25 A 

2 
See curve page 300 

65 to 200 
—65 to 200 

230 

60 min 
2 min 

10 max 

400 min 

6 max 
87.5 

13.8 

55 
50 

°C 
OC 

°C 

V 
V 

ÍLA 

mW 

pF 
°C/W 

V 

mA 
mA 
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MAXIMUM RATINGS 
Collector-to-Emitter Voltage (VBE = —0.5 V)   
Emitter-to-Base Voltage   
Peak Collector Current   
Transistor Dissipation: 
Tr up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Emitter Voltage 
(VBE = —0.5 V, Ic = 500 pA)   VCEV 

Emitter-to-Base Voltage (IE = 500 jiA, Ic ___ 0) 
Ic =_ 0)   

VCEV 
VEBO 
iC 

PT 
PT 

TJ (opr) 
TSTG 
Tr. 

VEBO 
Collector-Cutoff Current (VcB = 15 V, IE = 0)   ICBO 
RF Power Output (Vcr = 12 V, lc = 415 mA max, 
PIE = 350 mW, f =_ 27 MHz)   POE 

Collector-to-Base Capacitance (VcE = 30 V, 
f = 1 MHz)   

Thermal Resistance, Junction-to-Case   
Cobo 
eJ-C 

60 V 
2.5 V 
1.5 A 

5 
See curve page 300 

65 to 200 °C 
—65 to 200 

230 °C 

60 min 

2.5 min 
10 max 

3 min 

20 max 
35 

OC 

V 

V 
pA 

pF 
°C/W 

TYPICAL OPERATION IN A CITIZENS-BAND TRANSMITTER 
DC Collector-Supply Voltage   Vcc 13.8 V 
DC Collector Current: 
No modulation   Ic 330 mA 
100% modulation   Ic 330 mA 

Power Output: 
No modulation ( adjusted for legal maximum-
power output)   POE 

100% modulation   Pon 
3.5 
4.8 

TRANSISTOR 40084 
Si n-p-n triple-diffused planar type used in a wide 
variety of small and medium-power applications ( up 
to 20 MHz) in industrial equipment. JEDEC TO-18, 
Outline No.12. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 60 V 
Collector- to-Emitter Voltage: 
RBE = 10 n   VCER 50 V 
Base open   VCEO 40 V 

Emitter-to-Base Voltage   VERO 5 V 
Collector Current   Ic 1 A 
Transistor Dissipation: 

Tc up to 25°C   PT 1.8 W 
TA up to 25°C   PT 0.5 W 
TA or Te above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   Ti ( opr) 65 to 200 °C 
Storage   TSTG —65 to 200 °C 

Lead-Soldering Temperature ( 10 s max)   TL 225 °C 

CHARACTERISTICS (At case temperature = 25°C) 
Collector- to-Base Breakdown Voltage ( Ic = 0.1 mA, 
IE = 0)   

Emitter-to-Base Breakdown Voltage ( IF — 0.1 mA, 
= 0)   

Collector-to-Emitter Sustaining Voltage: 
Ic = 100 mA, RBE = 10 0, tp = 300 ,us, df = 1.8%   
Ic = 100 mA, In = 0, tp = 300 ps, df = 1.8%   

Base-to-Emitter Saturation Voltage ( Ic = 150 mA, 
In = 15 mA)   

Collector-to-Emitter Saturation Voltage ( Ic = 150 mA, 
In =_ 15 mA)   

Collector-Cutoff Current ( VCR _ 30 V, IE — 0)   
Emitter-Cutoff Current (VER = 4 V, Ic = 0)   
Input Capacitance ( VER = 0.5 V, Ic = 0) 
Output Capacitance (VcR = 10 V, IE 

V(BR)CB0 

V(BR)EBO 

VCER (SUS) 
VCEO ( SUS) 

VBE ( sat) 

VCE ( sat) 
ICBO 
IEBO 
Cibo 
Cobo 

60 min 

5 min 

50 min 
40 min 

1.7 max 

1.4 max 
0.25 max 
0.25 max 
80 max 
15 max 

V 

V 

V 
V 

V 

V 
"LA 
J.LA 
pF 
pF 
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CHARACTERISTICS (cont'd) 
Pulsed Static Forward-Current Transfer Ratio 
(VUE = 10 V, Ir _-:_-_- 150 mA, tp ---_-- 300 je, 
df = 1.8%)   hieE 50 to 250 

Small-Signal Forward-Current Transfer Ratio 
(VcE = 10 V, lc = 50 mA, f _-_-_-- 20 MHz)   hr. 5 min 

Noise Figure ( Ra = 500 0, circuit bandwidth = 15 kHz, 
VUE = 10 V, IC = 0.3 mA, f = 1 kHz)   NF 8 max dB 

Thermal Resistance: 
Junction-to-Case   0.1-C 97 max °C/W 
Junction-to-Ambient   0J—à 350 max °C/W 

40108 

40109 

40110 

40111 

40112 

40113 

40114 

40115 

40208 

40209 

40210 

40211 

40212 

40213 

40214 

40216 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Datn 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

SILICON 
CONTROLLED RECTIFIER 

Si all-diffused three-junction type for use in radar pulse 
modulators, inverters, switching regulators, and other 
applications requiring a large ratio of peak to average 
current. JEDEC TO-48, Outline No.20. See Mounting 
Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
VRSOM   
VRROM   
VDROM   
IT(RMS) (Tc = 65°C)   
ITRM   
Pm (Tc — 65°C)   
PGU (peak, forward or reverse, for 10 gs)   
PG(AV)   
Tong   

TWpAwrieAL) G 
(SHORT. 
TERMINAL) 

720 
600 
600 
35 

900 
30 
40 
0.5 

—65 to 150 
—65 to 125 d

c
;
>
•
>
«
c
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CHARACTERISTICS (At maximum electrical rating at Tc = 25°C) 

vF(Ro)(2) (Ty = 125°C)   
IDom (Tr = 125°C)   
I RROM (Tc ---_-_- 125°C)   

IGT 
VGT   
ill()   
Critical dv/dt (VI) — vF(110)() min value, exponential rise, 
Te = 125°C)   

to (VD = vF(1t())4) min value, iT = 30 A, IGT = 200 mA, 
tr = 0.1 iis)   

t(1 ( iT = 18 A, 50 As pulse width, dvD/dt = 20 Vigs, 
din/dt = 30 Ahis, IGT -7-- 200 mA, Tc = 80°C)   

9.1-c   

100 
8 
6 

4 

Id 

1000 

cr 900 

(l 800 
11700 

3 600 
CC 500 

• 400 

• 300 

• 200 

100 

o 

0.1 

M A XIMUMUM CURRENT AS A FUNCTION OF TIME 

TYPE 40216   
Tc z 65 •C 

• 4111. 

41.4111. • 

e • 

•  

44 

e 

s. 

10 100 
TIME —µS 

1000 10000 
92CS- 1896T 

FORWARD GATE CHARACTERISTICS 

600 min V 
10 max mA 
10 max mA 

1 min, 25 typ, 
80 max mA ( dc) 

1.1 typ; 2 max V ( dc) 
0.5 to 70 mA 

20 min; 50 typ 

1.25 

15 to 40 
2 max 

TYPE 40216 
SHADED AREA INDICATES LOCUS 
OF POSSIBLE TRIGGERING POINTS 
FOR VARIOUS TEMPERATURES. 

MAXIMUM GATE TRIGGER 
2 VOLTAGE FOR INDICATED 

JUNCTION TEMPERATURE (Tj) 
Tja-65 .  C 

MAXIMUM GATE 
RESISTANCE 

1.0 

6 

2 

eum aim amim 

+25 C 

+125 

OM» 

am» •••• 

+256 

MAXIMUM VOLTAGE AT WHICH NO UNIT 
WILL TRIGGER FOR Tjz+ 125 C 

1 i il l it i t  
2 4 68 2 4 6 

0.001 0.01 0.1 

1 

PERMITTED PULSE WIDTHS 
FOR INDICATED PEAK 
FORWARD GATE POWER 

MAXIMUM GATE TRIGGER 
CURRENT FOR INDICATED 
JUNCTION TEMPERATURE ( TJ) 

Tj3-65 . C 

68 I 2 
1.0 

GATE-TO- CATHODE CURRENT—AMPERES 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

68 2 
10 

92LM-1911T 

40217 

40218 

40219 

40220 

¡Ls 

AS 
°C/W 
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40221 

40222 

40231 

RCA Transistor, Thyristor, & Diode Manual 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

Si n- p-n planar type used in low-to-intermediate-signal-
level af amplifier circuits, such as preamplifiers, "volt-
age amplifiers", and driver stages in consumer and 
industrial equipment. JEDEC TO- 104, Outline No.32. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   
Tc up to 125°C   
Te above 125°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max) 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic — 50 AA, 
I E = 

Collector-to-Emitter Breakdown Voltage (Iv = 10 mA, 
In — 0)   

Emitter-to-Base Breakdown Voltage (IE = 50 pA, 
lc = 0)   

Collector-Cutoff Current: 
VcR = 12 V, IE =_-- 0, TA = 25°C   
VcR = 12 V, IE = 0, TA = 85°C   

Emitter-Cutoff Current (VEB =I: 2.5 V, Ic = 0)   
Small-Signal Forward-Current Transfer Ratio 

(Ic = 2 mA, = 10 V, f 1 kHz)   
Gain-Bandwidth Product ( VcE = 6 V, Ic = 1 mA) 
Intrinsic Base-Spreading Resistance (V E = 6 V, 
lc = 1 mA, f = 100 MHz)   

Output Capacitance (V('B = 6 V, Ii — 0, 
f = 1 MHz)   

Noise Figure (RG = 1000 0, VVE — 6 V, Ic = 0.1 mA, 
circuit bandwidth = 1 Hz, f = 10 kHz)   

Thermal Resistance, Junction-to-Case 
(Ti = 175°C)   

Thermal Resistance, Junction-to-Ambient 
(Ti = 175°C)   

40232 TRANSISTOR 

VCBO 
VCEO 
VEBO 
IC 
II 
Ilt 

PT 
PT 
PT 
PT 

Ti ( opr) 
TSTG 
TL 

V(BMCB0 

VtBR)CE0 

V(BR)EBO 

ICB0 
ICBO 
IEBO 

he 
fT 

rbb' 

Cobo 

NF 

Oi-r 

0J-A 

Si n-p-n planar type used in low-to-intermediate-signal-
level af amplifier circuits, such as preamplifiers, "volt-
age amplifiers", and driver stages in consumer and 
industrial equipment. JEDEC TO-104, Outline No.32. 
This type is identical with type 40231 except for the 
following item: 

CHARACTERISTICS 

Small-Signal Forward-Current Transfer Ratio 
(Ic = 2 mA, V('E =_- 10 V, f = 1 kHz)   ht. 

18 
18 
5 

100 
—100 

25 

V 
V 
V 

mA 
mA 
mA 

0.5 
See curve page 300 

1 
See curve page 300 

65 to 175 
—65 to 175 °C 

255 °C 

18 min 

18 min 

5 min 

0.5 max 
10 max 
0.5 max 

55 to 180 
60 

20 

22 

2.8 

50 max 

300 max 

90 to 300 

OC 

V 

V 

V 

/LA 
"LA 

MHz 

o 
pF 

dB 

°C/W 

°C/W 
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TRANSISTOR 40233 
Si n- p-n planar type used in low-to-intermediate-signal-
level af amplifier circuits, such as preamplifiers, "volt-
age amplifiers", and driver stages in consumer and 
industrial equipment. JEDEC TO-104, Outline No.32. 
This type is identical with type 40231 except for the 
following items: 

CHARACTERISTICS 

Collector-Cutoff Current (V(B = 12 V, IE = 0, 
TA = 25°C)   IrBo 

Emitter-Cutoff Current (VER = 2.5 V, k — 0)   Iruto 
Small-Signal Forward-Current Transfer Ratio 

(Ic 5_1 2 mA, VCE ----- 10 V, f 1 kHz)   h f e 
Noise Figure: 
Ro 1000 0, vcE = 6 V, Ic = 0.1 mA, 

circuit bandwidth = 1 Hz, f = 10 kHz   NF 
-- 1000 0, Vci = 6 V, Ic = 0.5 mA, 

circuit bandwidth — 1 Hz, f 1 kHz  NF 

TRANSISTOR 

0.25 max 
0.25 max 

90 to 300 

2 

6 max 

40234 

/IA 
ILA 

dB 

dB 

Si n- p-n planar type used in low-to-intermediate-signal-
level af amplifier circuits, such as preamplifiers, "volt-
age amplifiers"; and driver stages in consumer and 
industrial equipment. JEDEC TO-104, Outline No.32. 
This type is identical with type 40231 except for the 
following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 55°C   
TA above 55cC   
TA up to 125°C   
Tc above 125°C   

PT 
PT 
PT 
PT 

CHARACTERISTICS 

Collector-to-Emitter Saturation Voltage 
(le _ 50 mA, Ii 7= 5 mA)   (sat) 

Small-Signal Forward-Current Transfer Ratio 
(Ic 2 mA, VCE -1 10 V, f = 1 kHz)   he 

TRANSISTOR 

0.4 
See curve page 300 

1 
See curve page 300 

0.2 V 

35 to 180 

40235 
Si n- p-n type used as rf amplifier in television tuners 
covering channels 
line No.31. 

2 through 13. JEDEC TO- 104, Out-

MAXIMUM RATINGS 

Collector-to-Base Voltage: 
VEB 1 V   Witt) 
Emitter open   Vcito 

Emitter-to-Base Voltage   VEit(b 
Collector Current   IC 
Transistor Dissipation: 
TA pp to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating ( TA) and Storage ( TsTG)   

Lead Soldering Temperature ( 10 s max)   TL 

45 
45 
4.5 
50 

V 
V 
V 

mA 

180 mW 
See curve page 300 

65 to 175 °C 
255 
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CHARACTERISTICS 

Collector-Cutoff Current: 
VcR = 1 V, IL =: O   ICBO 
VrB = 35 V, IL = O   IcBo 

Emitter-Cutoff Current (VER = 4.5 V, Ic = 0)   IEBO 

TYPICAL EXTRINSIC TRANSCONDUCTANCE 
AT 216 MHz 

E
X
T
R
I
N
S
I
C
 
T
R
A
N
S
C
O
N
D
U
C
T
A
N
C
E
 

50 

25 

-TYPE 
COMMON 
FREE 
FREQUENCY 
-EMITTER 

40235 
-EMITTER 

-AIR 

T 

TEMPERATURE 
(f 

MILLIAMPERES 
)= 216 

, 

T 

CIRCUIT, 

MHz 

BASE 
(TFA)=25°C 

(I E)= 

1 

INPUT. 

-2 

. 

. 

. 
, 

, 
p 

I 

a - - 

0 

5 10 15 20 
COLLECTOR - TO - EMITTER VOLTS ( Vc E) 

92CS-13164T 

0.02 max /IA 
1 max JIA 
1 max 

TYPICAL EXTRINSIC TRANSCONDUCTANCE 
AT 216 MHz o 

>100 

75 

›-
50 

o 
o 
o 

a 25 
cr 

E
X
T
R
I
N
S
I
C
 

O 

-TYPEI 40235 I 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE- AIR TEMPERATURE (TFA): 25° 
FREQUENCY ( f )= 216 MHz 
-COLLECTOR -TO - EMITTER VOLTS (VCE)2I0 

 -oT~I 

-1 -2 -3 -4 -5 -6 -7 
EMITTER MILLIAMPERES (IE) 

92CS-131651 
Static Forward-Current Transfer Ratio 

(VcE = 6 V, Ii = —1 mA)   hFE 
Gain-Bandwidth Product (V E = 6 V, JE = —2 mA, 
f = 100 MHz)   fT 

Collector-to-Base Feedback Capacitance 
(V('E = 10 V, Ii: = —2 mA, f = 216 MHz)   Ccb 0.65 max pF 

Input Resistance ( WE = 10 V, IE _-7_-. 2 mA, 
f = 216 MHz)   Rie 190 i") 

Output Resistance ( Vii = 10 V, Ii.: = —2 mA, 
f = 216 MHz)   Roe 8.9 ko 

Extrinsic Transconductance ( VcE = 10 V, Ir = —2 mA, 
f __-= 216 MHz)   gni 43.7 mmhos 

Noise Figure ( VrE = 10 V, IE = —2 mA, 
Ri and Ri. -- -_ 50 a f = 216 MHz)   NF 3.3 dB 

Maximum Available Amplifier Gain 
(VcE = 10 V, Ii = —2 mA, f = 216 MHz)   MAG 29.1 dB 

Maximum Usable Amplifier Gain, Neutralized 
(VcE = 10 V, Ii: = —2 mA, Re, and Rt. — 50 0, 
f = 216 MHz)   MUG 

40236 TRANSISTOR 

Si n- p-n type used as rf mixer in television tuners 
covering channels 2 through 13. JEDEC TO -104, Out-
line No.31. The maximum ratings for this type are 
identical with type 40235. 

CHARACTERISTICS 

Collector-Cutoff Current: 
VcB _-_.7. 1 V, IL = 0   ICBO 0.02 max ¡LA 
Vcii =. 35 V, Ii = 0   ICBO 1 max izA 

Emitter-Cutoff Current ( VER = 1 V, Ic — 0)   ICBO 1 max AA 
Static Forward-Current Transfer Ratio 

(VcE = 6 V, IE = —1 mA)   hFE 40 to 275 
Gain-Bandwidth Product (VE = 6 V, JE — —1 mA, 
f = 100 MHz)   fT 1000 MHz 

Collector- to-Base Feedback Capacitance 
(VcE =_ 12 V, IE = 1.5 mA, f =_ 216 MHz)   Ccb 0.65 max pF 

Input Resistance (VE = 12 V, JE = — 1.5 mA, 
f _-_-_ 216 MHz)   Rie 230 c) 

Output Resistance ( VcE = 12 V, JE =.---- — 1.5 mA, 
f = 45 MHz)   Roe 65 kc) 

Maximum Available Conversion Gain 
(VcE = 12 V, IE = —1.5 mA, f ._-7_ 216 to 45 MHz)   MAGO 19 dB 

40 to 170 

1000 MHz 

18.1 dB 
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TRANSISTOR 40237 
Si n-p-n type used as rf local oscillator in television 
tuners covering channels 2 through 13. JEDEC TO-104, 
Outline No.31. The maximum ratings for this type are 
identical with type 40235. 

CHARACTERISTICS 
Collector-Cutoff Current: 

VcB .-_-_- 1 V, JE -= O   ICBO 
VCB = 35 V, IE = O   ICBO 

Emitter-Cutoff Current (VEB = 1 V, Ic = 0)   IEBO 
Collector-to-Base Feedback Capacitance 

(VcE == 12 V, IE 1.5 mA, f = 216 MHz)   Ccb 
Output Capacitance ( VcB _-_-_- 12 V, Ic = —2.5 mA, 
f = 257 MHz)   Cobo 

Static Forward-Current Transfer Ratio 
(VcE = 6 V, IF = MA)   hFE 

Gain-Bandwidth Product (VcE = 6 V, IE 1 mA, 
f = 100 MHz)   fT 

TRANSISTOR 

0.02 max 
1 max 
1 max 

0.8 max pF 

0.6 max pF 

27 to 275 

1000 MHz 

40238 
Si n-p-n type used as 45-MHz if amplifier in television 
receivers. JEDEC TO-104, Outline No.31. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 
VBE —1 V   
Emitter open   

Emitter-to-Base Voltage   VEBO 4.5 v 
Collector Current   Ic 50 mA 
Transistor Dissipation: 
TA up to 25°C   PT 180 mW 
TA above 25°C   PT See curve page 300 

Temperature Range: 
Operating (TA) and Storage (TsTG)   —65 to 175 °C 

Lead-Soldering Temperature ( 10 s max)   TL 255 °C 

CHARACTERISTICS 
Collector-Cutoff Current: 
VCB = 1 V, IE --:---- 0   ICB0 ICB0 0.02 max 
VcB L---_ 35 V, 1E ------- 0   1 max i.LA 

IEBO Emitter-Cutoff Current (VEB = 1 V, Ic — 0)   1 max gA. 
Static Forward-Current Transfer Ratio 

(VcE = 6 V, h, = —1 mA)  ' hFE 40 to 170 
Gain-Bandwidth Product (VcE = 6 V, IE — —2 mA, 

f -=_--_ 100 MHz)   fir 800 MHz 
Collector-to-Base Feedback Capacitance 

(VcE = 12 V, IE = —3 mA, f = 216 MHz)   Ccb 0.65 max pF 
Input Resistance (VcE = 12 V, IE = 3 mA,  

f _-:_- 45 MHz)   Rie 480 0 
Output Resistance (VcE = 12 V, IE — —3 mA, 

f _-=_-_ 45 MHz)   Roe 35 kn 
Extrinsic Transconductance (VcE = 12 V, IE = —3 mA, 

f _7-__- 45 MHz)   gm 90 mmhos 
Maximum Available Amplifier Gain For 1, 2, or 
3 Stages ( VcE = 12 V, IE = —3 mA, f :_-.-_- 45 MHz)   MAG 45.3 dB 

Maximum Usable Amplifier Gain, Unneutralized 
(VcE = 12 V, IE = —3 mA, f = 45 MHz) : 
For 1 stage   MUG 22.9 dB 
For 2 stages   MUG 20.7 dB 
For 3 stages   MUG 19 dB 

Maximum Usable Amplifier Gain, Neutralized 
(VcE = 12 V, IE = —3 mA, f = 45 MHz) : 
For 1 stage   MUG 28 dB 
For 2 stages   MUG 25.8 dB 
For 3 stages   MUG 24.1 dB 

VCBV 45 V 
VCBO 45 v 
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TYPICAL EXTRINSIC TRANSCONDUCTANCE 
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FREE —AIR TEMPERATURE (TFA)2 25°C 
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EMITTER MILLIAMPERES (1E) 

92CS-13171T 

TRANSISTOR 

Si n-p-n type used as 45-MHz if amplifier in television 
receivers. JEDEC TO- 104, Outline No.31. This type is 
identical with type 40238 except for the following item: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio 

(VcE = 6 V, IE = M A)   FIFE 

40240 TRANSISTOR 

Si n-p-n type used as 45-MHz if amplifier in television 
receivers. JEDEC TO-104, Outline No.31. This type is 
identical uith type 40238 except for the following item: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio 

(VcE = 6 V, IE — 1 mA)   hieE 

40242 TRANSISTOR 
Si n-p-n planar type used in rf-amplifier applications 
in conjunction with types 40243 ( mixer), 40244 ( rf os-
cillator), and 40245 and 40246 (if amplifiers) to make 
up a "front-end" and if complement for FM and AM/ 
FM receivers. JEDEC TO-104, Outline No.31. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 
Emitter open   VcE0 
VEE =. —1 V   VCEO 

Collector-to-Emitter Voltage   VCBV 
Emitter-to-Base Voltage   VERO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   PT 180 mW 
TA above 25°C   PT See curve page 300 

27 to 100 

27 to 275 

45 V 
45 V 
45 V 
4.5 V 
50 mA 
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MAXIMUM RATINGS (cont'd) 

Temperature Range: 
Operating (TA) and Storage (TsTG)   

Lead-Soldering Temperature ( 10 s max)   TL 
—65 to 175 °C 

255 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 
L‘ z_- 0.001 m A, Ir = 0   V(BR)CB0 45 min V 
VEB =_-_-- —1 V, Li = 0.001 M A  V(BR)CBV 45 min V 

Collector-to-Emitter Breakdown Voltage (IE _ 0,5 mA, 
In = 0)   V(BlocE0 45 min V 

Emitter-to-Base Breakdown Voltage 
(IE = —0.001 mA, Ic = 0)   V(BR)Eno 4.5 min V 

Collector-Cutoff Current (VcE — 1 V, IE -= 0)   ICB0 0.02 max gA 
Emitter-Cutoff Current ( VcE = 1.5 V, Ic = 0)   IEBO 1 max AA 
Static Forward-Current Transfer Ratio 

(Vi; = 6 V, In = —1 MA)   hFE 40 to 170 
Extrinsic Transconductance ( VcE = 7.5 V, 
Ii = —1.5 mA, f = 100 MHz)   gm 45 mmhos 

Maximum Available Amplifier Gain* 
(W E =. 7.5 V, In -- —1.5 mA, f 100 MHz)   MAG 38.3 dB 

Maximum Usable Amplifier Gain*: 
Neutralized—WE = 7.5 V, Ii —1.5 mA, 

f -.1_ 100 MHz  MUG 21.5 dB 
Unneutralized—Vcc — 15 V, f = 100 MHz  MUG 16.4 dB 

Input Capacitance (W E = 7.5 V, In — --1.5 mA, 
f = 100 MHz)   Cie 5.2 PF 

Feedback Capacitance (VcE = 8 V, In — 0, 
f = 1 MHz)   C(.1) 0.65 max pF 

Input Resistance ( VcE = 7.5 V, In = 1.5 mA, 
f = 100 MHz)   450 0 

Output Resistance ( VcE = 7.5 V, In =- — 1.5 mA, 
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CHARACTERISTICS (cont'd) 
Output Capacitance (VUE _= 7.5 V, IE = —1.5 mA, 
f _= 100 MHz)   

Noise Figure* (Vcc = 15 V, RG = 50 0, f _ 100 MHz) 

* This characteristic applies only to type 40242. 

40243 TRANSISTOR 

Coe 
NF 

Si n-p-n planar type used in mixer applications in 
conjunction with types 40242 (rf amplifier), 40244 ( rf 
oscillator), and 40245 and 40246 ( if amplifiers) to 
make up a "front-end" and if complement for FM and 
AM/FM receivers. JEDEC TO-104, Outline No.31. This 
type is identical with type 40242 except for the fol-
lowing items: 

CHARACTERISTICS 
Emitter-Cutoff Current (VEE = 3 V, Ic = 0)   
Static Forward-Current Transfer Ratio 

(VcE =_ 6 V, IE = —1 mA)   
Extrinsic Transconductance (VcE = 7.5 V, 
IE = —1 mA, f _77_ 100 MHz)   

Maximum Available Conversion Gain 
(VcE = 7.5 V, IE = —1 mA, f = 10.7 to 100 MHz)   

Input Capacitance (VcE = 7.5 V, IE 1 mA, 
f = 100 MHz)   

Input Resistance (VcE — 7.5 V, IE — 1 mA, 
f ==. 100 MHz)   

Output Resistance (VcE — 7.5 V, JE 1 mA, 
f 100 MHz)   

Output Capacitance (VcE -= 7.5 V, IE _ 1 mA, 
f 100 MHz)   

40244 TRANSISTOR 

IEBO 

hFE 

gm 

MAGe 

Cie 

Rie 

Roe 

co. 

Si n-p-n planar type used in rf-oscillator applications 
in conjunction with types 40242 ( rf amplifier), 40243 
(mixer), and 40245 and 40246 ( if amplifiers) to make 
up a "front-end" and if complement for FM and AM/ 
FM receivers. JEDEC TO-104, Outline No.31. 

MAXIMUM RATINGS 

Collector-to-Base Voltage: 
Emitter open   
VEB = —1 V   

Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating (TA) and Storage ( TsTG)   

Lead-Soldering Temperature ( 10 s max)   

W HO 
VCBV 
VCEO 
VEBO 
IC 

PT 
PT 

TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 
Ic = 0.001 mA, IE = O   V(BR)CB0 
VBE = —1 V, IC = 0.001 mA   V(BR)CBV 

Emitter-to-Base Breakdown Voltage 
(IE = —0.001 mA, Ic = 0)   V(BR)EBO 

Collector-Cutoff Current (VcE = 1 V, JE = 0)   ICB0 
Emitter-Cutoff Current (VEE = 3 V, Ic = 0)   IEBO 
Static Forward-Current Transfer Ratio 
(VcE = 6 V, IE = MA)   hFE 

Oscillator Output Voltage, Common Base Circuit 
(Vcc = 6 V, RL = 50 0, f =. 120 MHz)   Vob 

Feedback Capacitance (VcE = 8 V, IE = 0, 
f ---_-- 1 MHz)   Ccb 

1.35 pF 
2.5 dB 

1 max j.LA 

40 to 170 

32 mmhos 

37.64 dB 

4.5 pF 

650 

30 ko 

1.35 pF 

45 V 
45 V 
45 V 
4.5 V 
50 mA 

180 mW 
See curve page 300 

—65 to 175 oC 
255 °C 

45 min 
45 min 

3 min 
0.02 max 
1 max 

27 to 170 

55 

0.8 max 

V 
V 

V 
¡zit 
pA 

mV 

pF 
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TRANSISTOR 40245 
Si n- p-n planar type used in if-amplifier applications 
in conjunction with types 40242 ( rf amplifier), 40243 
(mixer), 40244 ( rf oscillator), and 40246 ( if amplifier) 
to make up a "front-end" and if complement for FM 
and AM/FM receivers. JEDEC TO-104, Outline No.31. 

MAXIMUM RATINGS 

Collector- to-Base Voltage: 
Emitter open   
VEB = —1 V  

Collector-Cutoff Current (VcE = 1 V, JE — 0)   
Emitter-Cutoff Current (VEB — 3 V, Ic — 0)   
Static Forward-Current Transfer Ratio 

(VcE = 6 V, IE =- mA)   
Feedback Capacitance (VcE = 8 V, IE = 0, 
f = 1 MHz)   

Extrinsic Transconductance (VcE — 7.5 V, 
IE —2 mA, f = 10.7 MHz)   

Maximum Available Amplifier Gain 
(VcE = 7.5 V, Ii = —2 mA, f = 10.7 MHz)   MAG 

Maximum Usable Amplifier Gain: 
Neutralized—V( c = 12 V, f = 10.7 MHz  MUG 
Unneutralized—Vei = 7.5 V, JE = 2 mA, 

f = 10.7 MHz   MUG 
Input Capacitance (VcE = 7.5 V, IE 
f = 10.7 MHz)   Cie 

Input Resistance ( VcE = 7.5 V, IE — —2 mA, 
f = 10.7 MHz)   The 

Output Resistance (VcE — 7.5 V, IE — 2 mA, 
f = 10.7 MHz)   Roe 

Output Capacitance (VcE = 7.5 V, IE 2 mA, 
f = 10.7 MHz)   

VCBO 
VCBV 

Collector-to-Emitter Voltage   VCEO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating (TA) and Storage ( TsT(;)   

Lead-Soldering Temperature ( 10 s max)   Tr, 

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage: 
Ic 0.001 mA, IE = O   V(BR)CRO 
VBE -7= —1 V, IC = 0.001 MA   V(BR)CBV 

Emitter-to-Base Breakdown Voltage 
(JE = —0.001 mA, lc = 0)   V(BR)ERO 

'CB° 
IERO 

PT 
PT 

—2 mA, 

h FE 

Ccb 

gm 

Coe 
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40246 TRANSISTOR 

Si n-p-n planar type used in if-amplifier applications in 
conjunction with types 40242 ( rf amplifier), 40243 
(mixer), 40244 ( if oscillator), and 40245 ( if amplifier) 
to make up a "front-end" and if complement for FM 
and AM/FM receivers. JEDEC TO-104, Outline No.31. 
This type is identical with type 40245 except for the 
following items: 

CHARACTERISTICS 

Static Forward-Current Transfer Ratio 
(VcE =. 6 V, IE = —1 mA)   

Maximum Available Amplifier Gain 
(VcE = 7.5 V, h = 2 mA, f = 10.7 MHz)   

Input Resistance (VUE = 7.5 V, IE 2 mA, 
f = 10.7 MHz)   

Output Resistance (VcE = 7.5 V, h = 2 mA, 
f = 10.7 MHz)   

40250 

hFE 

MAG 

Rie 

Roe 

POWER TRANSISTOR 

Si n-p-n diffused-junction type used in audio and in-
verter circuits in 12-volt mobile radio and portable 
communications equipment and in a wide variety of 
intermediate- and high-power applications. JEDEC 
TO-66, Outline No.25. See Mounting Hardware for de-
sired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open   

VCEV 
VCEO 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Base Current   IB 
Transistor Dissipation: 
Tc up to 25°C   PT 
Tc above 25°C   PT 

Temperature Range: 
Operating ( Junction)   Ti ( opr) 
Storage   TSTG 

Pin-Soldering Temperature ( 10 s max)   Tp 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage 
(Ic = 0.05 A, IE = 0)   

Collector-to-Emitter Breakdown Voltage 
(Ir = 0.05 A, VBE = —1.5 V)   

Collector-to-Emitter Sustaining Voltage 
(Ic = 0.1 A)   

Emitter-to-Base Breakdown Voltage 
(IE = 0.005 A, Ir = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = 1.5 A, IB = 0.15 A)   

Base-to-Emitter Voltage ( VcE =_ 4 V, Ic = 1.5 A)   
Collector-Cutoff Current: 
VCB = 30 V, IE = 0, Tc = 25°C   
Ven = 30 V, In = 0, Tc = 150°C   

Emitter-Cutoff Current (VEB =-- 5 V, Ic — 0)   
Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ic = 1.5 A)   
Thermal Resistance, Junction-to-Case   

V(BR)CB0 

V(BR)CEV 

VCEO ( SUS) 

V(BR)EBO 

VCE (sat) 
VBE 

ICBO 
ICBO 
IEBO 

hFE 
0.1-e 

27 to 90 

51.2 

1200 

90 

dB 

kn 

50 V 

50 V 
40 V 
5 V 
4 A 
2 A 

29* 
See curve page 300 

—65 to 200 
—65 to 200 

235 

°C 
°C 
°C 

50 min V 

50 min V 

40 min V 

5 min V 

1.5 max V 
2.2 max V 

1 max mA 
5 max mA 
5 max mA 

25 to 100 
6* max °C/W 

* This value does not apply to type 40250V1 
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TRANSISTOR 40250V1 
Si n-p-n diffused-junction type used in audio and in-

C HR 
verter circuits in 12-volt mobile radio and portable 
communications equipment and in a wide variety of 
intermediate- and high-power applications. This type 
has an attached heat radiator for mounting on printed-

f3 circuit-board applications. JEDEC TO-66 ( with heat 
radiator), Outline No.26. This type is identical with type 40250 except for 
the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C   PT 5.8 

CHARACTERISTICS (At case temperature = 25°C) 

Thermal Resistance, Junction-to-Ambient   0J-A 30 max °C/W 

TRANSISTOR 40251 
Si n-p-n diffused-junction type used in audio and in-
verter circuits in 12-volt mobile radio and portable 
communications equipment and in a wide variety of 
intermediate- and high-power applications. JEDEC 
TO-3, Outline No.2. See Mounting Hardware for desired 
mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCR° 50 V 
Collector-to-Emitter Voltage: 
VBE =- —1.5 V   VCEV 50 V 
Base open   VCE0 40 V 

Emitter-to-Base Voltage   VERO 5 V 
Collector Current   Ic 15 A 
Base Current   III 7 A 
Transistor Dissipation: 
Tc up to 25°C   PT 117 W 
Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   TJ (opr) —65 to 200 °C 
Storage   TSTG —65 to 200 °C 

Pin-Soldering Temperature ( 10 s max)   TP 235 oc 
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CHARACTERISTICS (At case temperature 25rC) 
Collector- to-Base Breakdown Voltage ( I( ____ 0.1 A, 
IE 0 

Collector-to-Emitter Breakdown Voltage ( Ic ---
VBE = —1.5 V)   

Emitter-to-Base Breakdown Voltage (IE = 0.01 A, 
Ic = 0)   

Collector-to-Emitter Sustaining Voltage 
(lc = 0.2 A)   

Collector-to-Emitter Saturation Voltage 
(L = 8 A, IB = 0.8 A)   

Base-to-Emitter Voltage (VcE = 4 V, I° = 8 A)   
Collector-Cutoff Current: 
VCE = 40 V, VBE -- 1.5 V, T = 25°C   
VCE = 40 V, VBE = —1.5 V, Tc = 150°C   

Emitter-Cutoff Current (VEB = 5 V, Ic = 0)   
Static Forward-Current Transfer Ratio 

(VcE = 4 V, lc 8 A)   
Power Rating Test ( VcE = 39 V, Ic = 3 mA)   
Thermal Resistance, Junction- to-Case   

0.1 A, 

40253 

V ( BR) ('BO 

V ( B CE 

V(BR)EBO 

VCEO ( SUS) 

VCE (sat) 
VBE 

ICEV 
ICEV 
IEBO 

hFE 

TRANSISTOR 

Ge p-n-p alloy-junction type used in class B audio am-
plifier applications in consumer product and industrial 
equipment. JEDEC TO-1, Outline No.l. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Base Current   
Transistor Dissipation: 
TA up to 55°C   
TA above 55°C   
Tc up to 64°C   
Tc above 64°C   

Temperature Range: 
Operating (Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Base Breakdown Voltage 
(Ic = —0.05 mA, IE = 0)   V(BR)C110 

Collector-to-Emitter Breakdown Voltage 
(Ic = —2 mA, IB = 0)   V(BR) CEO 

Emitter-to-Base Breakdown Voltage 
(Ii = —0.014 mA, Ic = 0)   V(BmEno 

Collector-to-Emitter Saturation Voltage 
(Ic = —400 mA, In = —20 mA)   VCE (sat) 

Base-to-Emitter Voltage: 
VCE = —10 V, IC -= —5 mA  VBE 
VCE = —1 V, IC = —400 mA   VBE 

Collector-Cutoff Current (VcB = —12 V, IF; = 0)   'CB° 
Emitter-Cutoff Current (VER = 2.5 V, Ic ____ 0)   IEBo 
Static Forward-Current Transfer Ratio 
(VcE = —1 V, Ic = —400 mA)   hFE 

Gain-Bandwidth Product (VcE -= —6 V, Ie   —1 mA) fT 

Thermal Resistance, Junction-to-Case 
(Te = 64°C)   OJ-C 

40254 

VCB0 
VCEO 
VERO 
IC 
IE 
In 

PT 

PT 

PT 

PT 

TJ (opr) 
TSTG 
Tr, 

POWER TRANSISTOR 

Ge p-n-p alloy type for class A af power-amplifier 
service in driver- and output-stage applications. JEDEC 
TO-3, Outline No.2. See Mounting Hardware for desired 
mounting arrangement. This type is identical with type 
40022 except for the following items: 

50 min 

50 min V 

5 min V 

40 min V 

1.5 max V 
2.2 max V 

2 max mA 
10 max mA 
10 max mA 

15 to 60 
1 

1.5 max °C/W 

®13 

—25 
—25 
2.5 
500 
500 
100 

V 
V 
V 

mA 
mA 
mA 

125 mW 
See curve page 300 

650 mW 
See curve page 300 

—65 to 90 
—65 to 90 

255 

°C 
°C 
°C 

—25 min V 

25 min V 

--2.5 min V 

0.5 V 

—0.15 V 
0.45 V 

—14 max 
14 max uA 

°C/W 
50 min 

1 
MHz 

40 max 
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CHARACTERISTICS (At mounting-flange temperature = 25°C) 

Collector-Cutoff Current (VcB = —30 V, IE = 0)   ICB0 —3 max mA 
Collector-Cutoff Saturation Current 
(VcB = —0.5 V, IE = 0)   ICBO (sat) —0.16 max mA 

TYPICAL OPERATION IN CLASS A AF-AMPLIFIER CIRCU IT 

DC Collector-Supply Voltage   Vcc 16 
DC Collector-to-Emitter Voltage   VCE —13.2 
DC Collector Current   Ic —0.9 
Peak Collector Current   ic (peak) —1.8 
Input Impedance   Rs 15 
Collector Load Impedance   RL 15 
Maximum Collector Dissipation   12 
Power Gain   GPE 36 
Total Harmonic Distortion (Polo = 5 W)   5 
Maximum-Signal Power Output   POE 5 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Charts of Rectifier Data 

Outline No.l. 

40255 

40256 

40259 

e
g
Lid

:
O
:
D
>
>
>
b
«
 

TRANSISTOR 40261 
Ge p-n-p drift-field type used in converter service in 
conjunction with types 40262 ( if amplifier), 40263 ( af 
amplifier and driver), 40424 ( power output), and 40265 
(line rectifier) to provide a complement for line-
operated AM broadcast-band receivers and phono-
graphs in entertainment equipment. JEDEC TO-1, 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 
Emitter open   VCBO —50 V 
VBE =---- 0.5 V, Ic — 50 AA   VCBV —34 V 

Emitter-to-Base Voltage   VEBO 0.5 V 
Collector Current   Ic 10 mA 
Emitter Current   IE 10 mA 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating (TA) and Storage ( TsTG)   

Lead-Soldering Temperature ( 10 s max)   Ti. 255 °C 

TYPICAL TRANSFER CHARACTERISTIC 

RATING CHART 

b- I50 
e o - 

< I 100 
cr 

75 

2 50 <1 /-
2 ele. e, 25 

o 
-75 -50 -25 0 25 50 75 100 

FREE-AIR TEMPERATURE (TFA)—•C 
92CS- Itiler 

TYPE 40261 

ilr  

7 

80 mW 
See Rating Chart 

—65 to 85 °C 

• i r r I 1 

TYPE 40261 
-COLLECTOR-TO-EMITTER VOLTS 

FREE-AIR TEMPERATURE ( TFA)=25•C 

y 

I 

fr 

1 j 

/ - 

-50 -100 -.150 -200 -250 
BASE-TO- EMITTER MILLIVOLTS (VBE) 

92CS-10671T1 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 
lc = —0.05 mA, IE ---7-: 0   V(BR)CB0 50 V 
VBE = 0.5 V, Ic = —0.05 mA   V(BB)cBv —34 V 

Emitter-to-Base Breakdown Voltage 
(IF =-- —0.012 mA, Ir = 0)   V(BR)Eno —1.5 min V 

Collector-Cutoff Current ( VcB = 12 V, IE = 0)   ICB0 12 max ¡LA 
Emitter-Cutoff Current (VEB = 0.5 V, Ic = 0)   1E130 —12 max ¡LA 
Intrinsic Base-Spreading Resistance 

(VcE_--= — 12 V, Ic = —1 mA, f = 100 MHz)   rbb' 25 0 
Small-Signal Forward-Current Transfer Ratio 
(V F = —6 V, Ir = —1 mA, f = 1 kHz)   ht. 27 to 170 

Gain-Bandwidth Product (V E = —12 V, Ic = 1 mA) fT 40 MHz 
Collector-to-Base Feedback Capacitance 
(VcB = —12 V, IE = 0)   Ccb 3.7 max pF 

40262 TRANSISTOR 

Ge p-n-p drift-field type used in if-amplifier service in 
conjunction with types 40261 ( converter), 40263 ( af 
amplifier and driver), 40424 ( power output), and 40265 
(line rectifier) to provide a complement for line-
operated AM broadcast-band receivers and phonographs 
in entertainment equipment. JEDEC TO-1, Outline 
No.l. This type is identical with type 40261 except for the following items: 

CHARACTERISTICS 
Emitter-to-Base Breakdown Voltage 
(IE = —0.012 mA, le = 0)   V(BR)EBo 0.5 min V 

Small-Signal Forward-Current Transfer Ratio 
(V('E = —6 V, lc =_ —1 mA, f = 1 kHz)   hf. 82 to 350 

Gain-Bandwidth Product (WE = —12 V, Ic =. —1 mA) fT 30 MHz 
Collector-to-Base Capacitance (VcB = —12 V, 
IE — 0)   Ccb 

40263 TRANSISTOR 
Ge p-n-p alloy-junction type used in low-level af-
amplifier and driver service in conjunction with types 
40261 ( converter), 40262 ( if amplifier), 40424 (power 
output), and 40265 ( line rectifier) to provide a com-
plement for line-operated AM broadcast-band receivers 
and phonographs in entertainment equipment. JEDEC 
TO-1, Outline No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage (RBE — 10 la))   VCER 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   IE 
Transistor Dissipation: 
TA up to 55°C   PT 120 MW 
TA above 55°C   PT See curve page 300 

Temperature Range: 
Operating (TA— Te) and Storage ( TsTG)   65 to 100 °C 

Leaa-Soldering Temperature ( 10 s max)   TL 255 °C 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(Ir = —5 mA, RBE = 10 km   V(BR)CER 18 min V 
Emitter-to-Base Breakdown Voltage 

(IE =_ —0.05 mA, Ic = O)   V(BR)EBO —2.5 min V 
Collector-Cutoff Current (Ven = —20 V, IE -= 0)   ICB0 12 max ¡LA 
Emitter-Cutoff Current ( VEB --=-- 2.5 V, Ic = 0)   IEBo —12 max iLA 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcE = —6 V, Ir = —1 mA)   fbfb 10 MHz 

Small-Signal Forward-Current Transfer Ratio 
(VE = —6 V, Ic = —1 mA, f = 1 kHz)   hr. 100 to 325 

Intrinsic Base-Spreading Resistance (VcE z.----. —6 V, 
lc — 1 mA, f = 100 MHz)   rbb' 200 CI 

3.4 max pF 

—20 V 
—18 V 
—2.5 V 

50 mA 
50 mA 
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Refer to Chart of Discontinued Transistors 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Chart of Discontinued Ti t.i ; istors 

TRANSISTOR 

40264 

40265 

40266 

40267 

40269 

40279 
Si n-p-n "overlay" epitaxial planar type used in ultra-
high-reliability vhf-uhf applications in space, military, 
and industrial communications equipment. Used in class 
A, B, and C amplifiers, frequency multipliers, or oscilla-
tors. This device is subjected to special preconditioning 
tests for selection in high-reliability, large-signal, and 

high-power applications. JEDEC TO-60, Outline No.23. See Mounting Hard-
ware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 65 V 
Collector-to-Emitter Voltage: 
VBE =-' —1.5 V   VCEV 65 V 
Base open   VCEO 40 V 

Emitter-to-Base Voltage   VEBO 4 V 
Collector Current   Ic 1.5 A 
Transistor Dissipation: 
Tc up to 25°C   PT 11.6 W 
Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating (Junction)   T.r(opr) —65 to 200 
Storage   TSTG —65 to 200 °C 

Lead-Soldering Temperature ( 10 s max)   TL 230 °C 

CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage 

(Ic = 0.1 mA, IE = 0)   V(BR)CB0 65 min V 
Collector-to-Emitter Breakdown Voltage: 
Ic = 0 to 200 mA, IB = 0, pulsed through inductor 

L = 25 mH, df = 50%   V(BB)cEo 40 min V 
VBE =---' —1.5 V, Ic = 0 to 200 mA, pulsed 

through inductor L = 25 mH, df = 50%   V(BB)cEv 65 min V 
Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, Ic = 0)   V(BR)EB0 4 min V 

Collector-to-Emitter Saturation Voltage 
(Ic = 0.5 A, IB =_ 0.1 A)   VcE ( sat) 1 max V 

Collector-Cutoff Current ( VcE ---= 30 V, IB =-- 0)   'CEO 0.1 max 
Static Forward-Current Transfer Ratio 
(W E =. 5 V, Ic = 150 mA)   FIFE 10 min 

Output Capacitance (VcB = 30 V, IE = 0)   Cobo 10 max pF 
RF Power Output, Unneutralized Amplifier: 
W E = 28 V, PIE = 1 W , RG and RL = 50 a 
f = 100 MHz   POE 7.5* min W 

VcE = 28 V, PIE = 1 W, Ro and RL = 50 c), 
f = 400 MHz  POE 3t min W 

* For conditions given, minimum efficiency = 65 per cent 
t For conditions given, minimum efficiency — 40 per cent. 

TRANSISTOR 40280 

OC 

Si n-p-n "overlay" epitaxial planar type used in vhf 
class C amplifier service requiring low supply voltages 
and high power output in industrial and military com-
munications equipment. JEDEC TO-39, Outline No.15. 
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MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
Vii = —1.5 V   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage 
(Ic = 0.25 mA, IE = 0)   

Collector-to-Emitter Breakdown Voltage 
(Ir = 200 mA, IB = 0, pulsed through 

inductor L = 25 mH, df = 50%)   
Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, Ic = 0)   

Collector-to-Emitter Sustaining Voltage 
(Ir =. 200 mA, IB = 0, pulsed through 

inductor L = 25 mH, df = 50%)   
Collector-Cutoff Current ( VcE = 15 V, In = 0)   
Gain-Bandwidth Product ( VcE = 13.5 V, Ic = 100 mA) 
Output Capacitance (VcB = 13.5 V, IE = 0, 
f 1 MHz)   

Input Resistance, Real Part 
(VcE 13.5 V, Ic = 100 mA, f = 175 MHz)   

Power Output, Class C Amplifier, Unneutralized 
(VrE 77_ 13.5 V, PIE = 0.125 W, f — 175 MHz, 
Ro and RI, = 50 0)   

Thermal Resistance, Junction-to-Case   

* For types 40281 and 40282 this value is maximum 
t For conditions given, minimum efficiency = 60 per 

TYPICAL RF POWER- OUTPUT CHARACTERISTIC 

TYPE 40280 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR- TO- EMITTER VOLTS 

(VCE) = 13.5 
CASE TEMPERATURE ( Tc ) = 25° C 
FREQUENCY ( f) = 175 MHz 

05  
0.1 0.2 0.3 0.4 0.5 0.6 

RF POWER INPUT ( PIN)-WATTS 
92CS-128931 

40281 

7_700 

600 
o 

o 500 
o 

a. 
z 400 
e-
o 

300 

03 

z 

t.9 
200 

O 

TRANSISTOR 

VCBO 

VCEV 
VCICO 
VEBO 
IC 

PT 
PT 

Ti ( opr) 

TSTG 
TL 

V(BIOCB0 

V(BR)CEV 

V(BR)EBO 

VCEO ( SUS) 
ICE() 
fT 

Cobo 

Re(hte) 

POE 
eJ--C 

36 V 

36 V 
18 V 
4 V 

0.5 A 

See curve page 300 

65 to 200 
65 to 200 

230* 

36 min V 

36 min V 

4 min V 

18 min V 
100 max "LA 

550 MHz 

15 max pF 

10 

lt min 
25 max °C/W 

Pin-Soldering Temperature, 
cent. 

TYPICAL GAIN- BANDWIDTH PRODUCT 

TYPE 
COLLECTOR 
CASE YEMPERÁTURE 

40280 
-TO -EMITTER 

(tc) 
VOLTS 

=-• 25i.* 
(VCE)=--I 
C ! 

3.5 

H 

25 50 75 100 125 
COLLECTOR MILLIAMPERES (Ic) 

92CS-I2895T 

Si n-p-n "overlay" epitaxial planar type used in vhf 
class C amplifier service requiring low supply voltages 
and high power output in industrial and military com-
munications equipment. JEDEC TO-60, Outline No.23. 
See Mounting Hardware for desired mounting arrange-
ment. This type is identical with type 40280 except for 
the following items: 

150 
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MAXIMUM RATINGS 
Collector Current   Ic 1 
Transistor Dissipation: 
Tc up to 25°C   PT 11.6 

CHARACTERISTI CS (At case temperature 25°C) 

439 

A 

Gain-Bandwidth Product (VcE = 13.5 V, Ic .-..= 400 mA) fT 400 MHz 
Output Capacitance ( VcR = 13.5 V, IE = 0, 
f = 1 MHz)   Cubo 22 max pF 

Collector-to-Case Capacitance   Cc 5 max pF 
Input Resistance, Real Part (VcE = 13.5 V, 

It. z-__- 400 mA, f = 175 MHz)   Re ( hie) 7 0 
Power Output, Class C Amplifier, Unneutralized 

(VcE _--= 13.5 V, PIE = 1 W , f =-__-_ 175 MHz, 
RG and RL = 50 o)   POE 4t min W 

Thermal Resistance, Junction-to-Case   0.1-C 15 max °C/W 

t For conditions given, minimum efficiency = 70 per cent. 
TYPICAL RF POWER- OUTPUT 

30 

›-
F— 

e< 25 

D20 

D 15 a_ 

o 

cro 
I 0 

3 

5 

cr 

TYPICAL RF POWER-OUTPUT 
CHARACTERISTICS 

TYPE 40281 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO- EMITTER VOLTS — 

(VcE) = 13.5 
CASE TEMPERATURE ( Tc)= 25° C 

FREQUENCY ( f)--7-175 MH Ii 4 • 

- 

1 
2 3 4 5 6 

RF POWER INPUT ( PIN)--- WATTS 
92(..:S-128881 

the following items: 

(r) 
35   

P-,r1 TYPE 40281 
e COMMON- EMITTER CIRCUIT, BASE INPUT. 
1-L. COLLECTOR-TO- EMITTER VOLTS ( VcE)=I3.5 

CASE TEMPERATURE :, Tc)= 25° C 0 
o_ 25 -FREQUENCY (f):: 50 MHz 

CHARACTERISTICS 

40282 

0 0.5 1.5 
RF POWER INPUT (PIN ) - WATTS 

92CS-12889T 

TRANSISTOR 40282 
Si n- p-n "overlay" epitaxial planar type used in vhf 
class C amplifier service requiring low supply voltages 
and high power output in industrial and military corn-
municatiohs equipment. JEDEC TO-60, Outline No.23. 
See Mounting Hardware for desired mounting arrange-
ment. This type is identical with type 40280 except for 

MAXIMUM RATINGS 

Collector Current   L. 2 A 
Transistor Dissipation: 

T(• up to 25°C   PT 23.2 W 

CHARACTERISTICS (At case temperature 25°C) 

Collector- to-Base Breakdown Voltage 
(Ic = 0.5 mA, Ii, -:-. 0)   Vamcso 36 min V 

Emitter-to-Base Breakdown Voltage 
(IE :7z 0.25 mA, Ic •_--= 0)   V(BR)EBO 4 min V 

Collector-Cutoff Current (VcE = 15 V, IB = 0)   'CEO 250 max /IA 
Gain-Bandwidth Product (VcE = 13.5 V, Ic = 800 mA) fT 350 MHz 
Output Capacitance ( Vcit = 13.5 V, II: — 0, 
f = 1 MHz)   Cobo 45 max pF 

Collector-to-Case Capacitance   Ce 5 max pF 
Input Resistance, Real Part (VcE 13.5 V, 

Ic =_=_- 800 mA, f = 175 MHz)   Re(hie) 5 0 
Power Output, Class C Amplifier, Unneutralized 

(VcE = 13.5 V, PIE = 4 W, f — 175 MHz, 
Rn and RI. = 50 0)   POE 12t min W 

Thermal Resistance, Junction-to-Case   al-C 7.5 max °C/W 

t For conditions given, minimum efficiency 7 80 per cent. 
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40283 Refer to Chart of Discontinued Transistors 

40290 TRANSISTOR 

Si n-p-n "overlay" epitaxial planar type used in vhf 
class C amplifier service requiring low supply voltages 
and high power output in aircraft, military, and indus-
trial communications equipment. JEDEC TO-39, Out-
line No.15. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 
VBE = —1.5 V   
f = 100 MHz   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tv above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature -- 25°C) 

Collector- to-Emitter Breakdown Voltage: 
= 200 mA, VBE = —1.5 V, RBE — 39 o, 

pulsed through inductor L = 25 mH, 
df = 50%   

Ic = 50 mA, VBE = —2 V, f 5_ 100 MHz   
Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, Ic = 0)   

Collector-Cutoff Current (VcE = 15 V, In = 0)   
Gain-Bandwidth Product (VcE = 12.5 V, Ie = 100 mA) 
Output Capacitance (V('R = 12.5 V, IE = 0, 
f = 1 MHz)   

Input Resistance, Real Part 
(VcE = 12.5 V, Ic = 100 mA, f = 135 MHz)   

Power Output, Class C Amplifier, Unneutralized 
(VcE I__ 12.5 V, PIE = 0.5 W , f = 135 MHz, 

RG and RI, = 50 0)   
Thermal Resistance, Junction-to-Case   

VCEV 
VCES ( RF) 
VE130 
IC 

PT 
PT 

TJ(opr) 
Ts '1G 
TI, 

50 
90 
4 

0.5 

V 
V 
V 
A 

7 
See curve page 300 

VlBR)CEV 
VtlIR)CES (RF) 

V(BR)EBO 
'CEO 
fT 

Cobo 

Re ( hie) 

POE 
0.1-C 

—65 to 200 
65 to 200 

230* 

* For type 40291 this value is maximum Pin-Soldering Temperature. 
t For conditions given, minimum efficiency = 70 per cent. 

40291 TRANSISTOR 

Si n-p-n "overlay" epitaxial planar type used in vhf 
class C amplifier service requiring low supply voltages 
and high power output in aircraft, military, and indus-
trial communications equipment. JEDEC TO-60, Out-
line No.23. See Mounting Hardware for desired 
mounting arrangement. This type is identical with type 
40290 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation ( Tc up to 25°C)   PT 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Case Capacitance   Ce 
Thermal Resistance, Junction-to-Case   0.1-C 

50 min 
90 min 

°C 
°C 

V 
V 

4 min V 
100 max 

500 MHz 

17 max pF 

12 o 

21- min 
25 max °C/W 

11.6 

6 max PF 
15 max °C/W 
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TRANSISTOR 40292 
Si n- p-n "overlay" epitaxial planar type used in vhf 
class C amplifier service requiring low supply voltages 
and high power output in aircraft, military, and indus-
trial communications equipment. JEDEC TO-60, Out-
line No.23. See Mounting Hardware for desired 
mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 
VBE = —1.5 V   
f = 100 MHz   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25eC) 
Collector-to-Emitter Voltage: 
Ic = 200 mA, VBE = —1.5 V, RBE = 39 0, 

pulsed through inductor L ___. 25 mH, 
df = 50%   

Ic = 50 mA, VRE = 0, f 4_ç_ 100 MHz  
Emitter-to-Base Breakdown Voltage 
(JE = 0.25 mA, Ic = 0)   

Collector-Cutoff Current (VcE = 15 V, Ii = 0)   
Gain-Bandwidth Product ( VcE = 12.5 V, I • = 400 mA) 
Collector-to-Case Capacitance   
Output Capacitance ( VcB = 12.5 V, IE = 0, 
f 1 MHz)   Cobo 

Input Resistance, Real Part (VUE = 12.5 V, 
lc = 400 mA, f = 135 MHz)   Re(hte) 

Power Output, Class C Amplifier, Unneutralized 
(VcE = 12.5 V, PIE = 2 W , f = 135 MHz, 

R(; and Rr. = 50 C))   POF2 6t min 
Thermal Resistance, Junction-to-Case   0J-C 7.5 max °C/W 

t For conditions given, minimum efficiency = 70 per cent. 

TRANSISTOR 

VUES' 
VCES ( RF) 
VEBO 
IC 

PT 
PT 

TJ (opr) 
TsTG 
Ti  

50 V 
90 V 
4 V 

1.25 A 

23.2 
See curve page 300 

V(BR)CEV 
V(BRWES ( RF) 

V(BR)EBO 
IcEo 
fT 
CC 

—65 to 200 
—65 to 200 

230 

50 min 
90 min 

4 min 
250 max 

300 
6 max 

30 max 

6.5 

40294 

V 
V 

V 
!LA 

MHz 
pF 

pF 

o 

Si n- p-n double-diffused epitaxial planar type used in 
uhf amplifier, mixer, and oscillator applications. This 
type is electrically and mechanically identical with type 
2N2857, but is specially controlled, processed, and tested 
for critical aerospace and military applications. JEDEC 
TO-72, Outline No.28. 

TRANSISTOR 40295 
Si n- p-n double-diffused epitaxial planar type used in 
uhf amplifier, mixer, and oscillator applications. This 
type is specially controlled, processed, and tested for 
critical aerospace and military applications. JEDEC 
TO-72, Outline No.28. This type is identical to type 
2N2708 except for the following item: 

MAXIMUM RATINGS 

Collector Current   Ic 40 mA 
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40296 TRANSISTOR 

Si n- p-n double-diffused epitaxial planar type used in 
uhf amplifier, mixer, and oscillator applications. This 
type is electrically and mechanically identical with type 
2N2857, but is specially controlled, processed, and tested 
for critical aerospace and military applications. JEDEC 
TO-72, Outline No.28. 

40305 TRANSISTOR 

Si n- p-n "overlay" epitaxial planar type subjected to 
special preconditioning tests for high-reliability, large-
signal, high-power vhf-uhf applications in class A, B, 
and C amplifier, frequency-multiplier, and oscillator 
circuits in aerospace, industrial and military equipment. 
JEDEC TO-39, Outline No.15. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   Vuno 65 V 
Collector-to-Emitter Voltage: 
VBE = —1.5 V   VcEv 65 V 
Base open   W E() 40 V 

Emitter-to-Base Voltage   VERO 4 V 
Collector Current   lc 1 A 
Transistor Dissipation: 
Tc up to 25°C   PT 7 W 
Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   T.I(opr) —65 to 200 °C 
Storage   TsTG —65 to 200 °C 

Lead-Soldering Temperature ( 10 s max)   Ti. 230* °C 

CHARACTERISTI CS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage 
(Ic = 0.3 mA, IE = 0)   V(BIUCHO 65 min V 

Collector-to-Emitter Breakdown Voltage: 
L. = 0 to 200 mA, In = 0, pulsed through 

inductor L = 25 mH, df = 50%   V(nn)I.Eo 40 min V 
Ic = 0 to 200 mA, VBE = —1.5 V, pulsed 

through inductor L = 25 mH, df _-_- 50%   Vdin)(.liv 65 min V 
Emitter-to-Base Breakdown Voltage 

(Ii: = 0.1 mA, L. = 0)   Voin)Eno 4 min V 
Collector-to-Emitter Saturation Voltage 
(L‘ = 250 mA, In = 50 m A)   W E (sat) 1 max V 

Collector-Cutoff Current (V(‘E = 30 V, In = 0)   'CEO 0.1 max ¡LA 
Static Forward-Current Transfer Ratio 
(V('E = 5 V, I(' =_--- 150 mA)   h FE 10 min 

Output Capacitance ( V('n _= 30 V, IF = 0, 
f -_=_-: 1 MHz)   Coho 10 max pF 

RF Power Output, Amplifier, Unneutralized: 
(VcE = 28 V, PIE = 0.25 W , f = 175 MHz, 

Rí and Ri, = 50 o)   Poi 2.5t min W 

* For type 40306 this value is maximum Pin-Soldering Temperature. 
t For conditions given, minimum efficiency = 50 per cent. 

40306 TRANSISTOR 

Si n- p-n "overlay" epitaxial planar type subjected to 
special preconditioning tests for high-reliability, large-
signal, high-power vhf-uhf applications in class A, B, 
and C amplifier, frequency-multiplier, and oscillator 
circuits in aerospace, industrial and military equipment. 
JEDEC TO-60, Outline No.23. See Mounting Hardware 
for desired mounting arrangement. This type is identical with type 40305 
except for the following items: 
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MAXIMUM RATINGS 

Collector Current   Ic 1.5 A 
Transistor Dissipation: 
Te up to 25°C   PT 11.6 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage 
(le = 0.1 mA, IE =- 0)   V(BIOCHO 

Collector-to-Emitter Saturation Voltage 
(Iv = 500 mA, Ii t = 100 mA)   Vu E ( sat) 

RF Power Output, Amplifier, Unneutralized: 
Vei = 28 V, PIE = 1 W , f 100 MHz, 

RG and RI, 50 CI   Pon 
vcit: = 28 V, PIE = 1 W , f = 400 MHz, 

RG and Ri, = 50 û  POE 

* For conditions given, minimum efficiency = 65 per cent. 
t For conditions given, minimum efficiency ___ 40 per cent. 

TRANSISTOR 

65 min 

1 max 

7.5* min 

3# min 

40307 
Si n-p-n "overlay" epitaxial planar type subjected to 
special preconditioning tests for high-reliability, large-
signal, high-power vhf-uhf applications in class A, B, 
and C amplifier, frequency-multiplier, and oscillator 
circuits in aerospace, industrial and military equipment. 
JEDEC TO-60, Outline No.23. See Mounting Hardware 

for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 65 V 
Collector-to-Emitter Voltage: 
VIII: = —1.5 V   VCEV 65 V 
Base open   VCEO 40 V 

Emitter-to-Base Voltage   VEBO 4 V 
Collector Current   IC 3 A 
Transistor Dissipation: 
Te up to 25°C   PT 23 W 
Te above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   Ti (opr) 65 to 200 °C 
Storage   TSTG —65 to 200 °C 

Pin-Soldering Temperature ( 10 s max)   Ti, 230 °C 

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Base Breakdown Voltage 
(Ii. = 0.5 mA, IE _-__- 0)   V(Biorito 65 min V 

Collector- to-Emitter Breakdown Voltage: 
L. = 0 to 200 mA, III = 0, pulsed through 

inductor L = 25 mH, df =_- 50%   V(Bit)(.1.0 40 min V 
L. ___ 0 to 200 mA, VHF: = —1.5 V, pulsed 

through inductor L = 25 mH, df — 50%   Vo-tiorEv 65 min V 
Emitter-to-Base Breakdown Voltage 
(IF: = 0.25 mA, L. = 0)   V(ItioEito 4 min V 

Collector-to-Emitter Saturation Voltage 
(le = 500 mA, Iii _-.-_-_- 100 mA)   VrE ( sat) 1 max V 

Collector-Cutoff Current ( V('ic = 30 V, Iit = 0)   IcEo 0.25 max gA 
Static Forward-Current Transfer Ratio 
(VeE = 5 V, Iv = 300 mA)   hini. 10 min 

Output Capacitance ( V(.8 = 30 V, IE — 0, 
f = 1 MHz)   Cob° 20 max pF 

RF Power Output, Amplifier, Unneutralized: 
(Vcie = 28 V, PIE = 3.5 W, f = 175 MHz, 

RG and RI. --7-- 50 0)   POE 13.5t min W 

t For conditions given, minimum efficiency — 70 per cent. 
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40309 POWER TRANSISTOR 

Si n- p-n type used in audio-amplifier driver stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector- to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
Te up to 25°C   
TA and Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

TYPICAL COLLECTOR CHARACTERISTICS 
600,  

TYPE 40309 
FREE-AIR TEMPERATURE (TFA) a 25  

— 500 1. PP 

\O 

B w 400 a. 

4 

MILLIAMPERES (113)=2 

2 4 6 8 10 12 14 
COLLECTOR-TO-EMMITER VOLTS (VcE) 

92CS-12327T 

T) 500 

(r) 
400 cc 

4:x 300 

o 
cc 

o 
100 

—1 

o 
o 

200 

VCEO ( SUS) 
VEBO 
I(' 
IB 

E 

18 
2.5 
0.7 
0.2 

V 
V 
A 
A 

PT 1 W 
PT 5 W 
PT See curve page 300 

TJ (opr) —65 to 200 °C 

TYPICAL TRANSFER CHARACTERISTICS 

-TYPE 40309 
COLLECTOR- TO- EMITTER VOLTS ( VcE)=I0 

I  od 

FEtt`í 

- 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
BASE-TO- EMITTER VOLTS (VBE) 

92CS-12328T 

CHARACTERISTICS (At case temperature -- 25°C) 
Collector- to-Emitter Breakdown Voltage 

(Ic =_ 100 mA, IB = 0, tp = 300 /Is, df .____ 2%)   V(nR)cEo 
Base-to-Emitter Voltage ( VcE _-_-_ 4 V, Ic — 50 mA) •••• VBE 
Collector-Cutoff Current: 
VCB = 15 V, IE = 0, Tc = 25°C   ICBO 
VCB = 15 V, IE = 0, Te = 150°C   ICBO 

Emitter-Cutoff Current ( VEB .= 2.5 V, Ic = 0)   IEBO 
Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ie = 50 mA)   hFE 
Gain-Bandwidth Product (VcE = 10 V, Ir — 50 mA) fT 
Thermal Resistance, Junction-to-Case   0J — C 

Thermal Resistance, Junction-to-Ambient   0.1-A 

40310 POWER TRANSISTOR 
Si n- p-n type used in audio-amplifier driver stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-66, Outline No.25. See Mounting 

Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage     .. 
Collector Current   
Base Current   

VCEO ( SUS) 
VEBO 
IC 

IB 

18 min 
1 max 

0.25 max 
1 max 
1 max 

70 to 350 
100 

35 max 
175 max 

35 
2.5 
4 
2 

V 
V 

mA 
mA 

MHz 
°C/W 
°C/W 

V 
V 
A 
A 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage 
(Ic =_ 100 mA, IB = 0)   

Base-to-Emitter Voltage (VcE = 2 V, Ic .= 1 A)   
Collector-Cutoff Current: 
VcB = 15 V, In = 0, Tc = 25°C   
VcB = 15 V, In = 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = 2.5 V, Ic = 0)   
Static Forward-Current Transfer Ratio 

(VcE = 2 V, Ic = 1 A)   
Gain-Bandwidth Product ( VcE = 4 V, Ic = 500 mA) 
Thermal Resistance, Junction-to-Case   

3.0 

—(52.5 

tnw 2.0 
cc 

15 4 . 

o 
10 

wo 

°() 0.5 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40310 
CASE TEMPERATURE (T) 25°C 

50 
45 
40 

35 30 
- 25 

e 20 
e 15 
e• 

BASE MILLIAMPERES (I0=10 
re' 
r 51.7.5 
PL 

2.5 
0.5 
1 

10 20 30 40 50 60 70 
COLLECTOR-TO- EMITTER VOLTS (VcE) 

92CS-13004T 

PT 
PT 

29 
See curve page 300 

TJ ( opr) s5 to 200 °C 

V(BB)cEo 35 min 
VBE 1.4 max 

ICBO 
ICBO 
IEBO 

hFE 

fT 

Os-c 

10 max 
5 max 
5 max 

20 to 120 
750 

6 max 

V 
V 

ILA 
mA 
mA 

kHz ociw 

TYPICAL TRANSFER CHARACTERISTICS 
3 

TYPÉ 40310 
COLLECTOR-EMITTER VOLTS (VcE)in 4 

V 
 • 

• 

 •  

•  

0 0.5 I 1.5 2 2.5 
BASE-TO- EMITTER VOLTS ( VBE) 

92CS-12325T 

POWER TRANSISTOR 40311 
Si n-p-n type used in audio-amplifier driver stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
Te up to 25°C   
TA and Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature — 25°C) 
Collector- to-Emitter Sustaining Voltage 

100 mA, In = 0, tp = 300 its, df :5_ 2%)   
Base-to-Emitter Voltage (VrE = 4 V, Ic = 50 mA 
Collector-Cutoff Current: 
VcB = 15 V, IE = 0, Te =_ 25°C   
VcB = 15 V, IF: = 0, Tr 7= 150°C   

Emitter-Cutoff Current (VER = 2.5 V, Ic = 0)   
Static Forward-Current Transfer Ratio 
(VcE = 4 V, Iv = 50 mA)   

Gain-Bandwidth Product (VcE = 10 V, Ic = 50 mA) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

VCEO ( SUS) 

VEBO 

IC 

In 

PT 

PT 

PT 

30 
2.5 
0.7 
0.2 

V 
V 
A 
A 

1 
5 

See curve page 300 

T.1(opr) —65 to 200 °C 

VCEO ( sus) 30 min 
VBE 1 max 

ICI«) 
ICB0 
IEBO 

hFE 
fT 
0.1-C 
0J-A 

0.25 max 
1 max 
1 max 

70 to 350 
100 

35 max 
175 max 

V 
V 

iLA 
mA 
mA 

MHz 
°C/W 
°C/W 
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40312 POWER TRANSISTOR 

Si n-p-n type used in audio-amplifier output stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-66, Outline No.25 See Mounting 
Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 
(RBE = 500 n)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

3.0 

Z2.5 
H • 

2.0 

a_ 
2 
a 1.5 

o 
cc 

1.0 

o 
0.5 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 
CASE 

40312 
TEMPERATURE (Tc) a 25C 

451 

• 40 
q 

3:5 30 
25 

20 
15 

BASE MILLIAMPERES (I12)2.9 7.5 

6....5e .,_ 

.S..Y. 
.. 
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COLLICTOR-TO-EMITTER VOLTS ( icE) 
92CS-1309IT 

3 

VCER ( SUS) 
VCBO 
IC 
IB 

PT 
PT 

C,F 

60 
2.5 
4 
2 

V 
V 
A 
A 

29 
See curve page 300 

TJ (opr) —65 to 200 

TYPICAL TRANSFER CHARACTERISTICS 

°C 

TYPE 40312 
COLLECTOR - EMITTER VOLTS ( VcE)ng 4 

• 

CHARACTERISTICS (At case temperature = 25°C) 

Collector- to-Emitter Sustaining Voltage 
(Ic = 100 MA, RBE =-7 500 0, tp = 300 "Ls, df = 2%) 

Base-to-Emitter Voltage ( VcE = 2 V, lc = 1 A)   
Collector-Cutoff Current: 
VCB = 15 V, IE = 0, Tc = 25°C   
VCB = 15 V, IE = 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = 2.5 V, Ic = 0)   
Static Forward-Current Transfer Ratio 
(VcE = 2 V, Ic = 1 A)   

Gain-Bandwidth Product ( VcE ____ 4 V, Ic = 500 mA) 
Thermal Resistance, Junction-to-Case   

40313 

0.5 I 1.5 2 2.5 
BASE - TO- EMITTER VOLTS (VBE) 

92CS-1 2325T 

VCER ( SUS) 60 min 
VBE 1.4 max 

hFE 
fT 
A.1-4 

POWER TRANSISTOR 

Si n- p-n high-voltage type for direct 117-volt line opera-
tion in audio-amplifier output stages for economical 
high-quality performance. Designed to assure freedom 
from second breakdown in the operating region. JEDEC 
TO-66, Outline No.25. See Mounting Hardware for de-
sired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
(RBE = 500 C))   

Emitter-to-Base Voltage   
Collector Current   
Base Current   

VCER ( SUS ) 
VEBO 
IC 
IB 

10 max 
5 max 
5 max 

V 
V 

gA 
mA 
mA 

20 to 120 
750 kHz 

6 max °C/W 

300 
2.5 
2 
1 

V 
V 
A 
A 
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MAXIMUM RATINGS (cont'd) 

Transistor Dissipation: 
Te up to 25°C   
Tc above 25°C   
Tc =. 175°C   

Temperature Range: 
Operating ( Junction)   Ti (opr) —65 to 200 oc 

CHARACTERISTICS (At case temperature 25°C) 
Collector- to-Emitter Sustaining Voltage 

(lc — 200 mA, RBE — 500 0)   
Base-to-Emitter Voltage (VCE = 10 V, I = 0.1 A)   
Collector-Cutoff Current: 
VCE = 150 V, IB -=   
VCE = 300 V, VBE = —1.5 V, Tc = 25°C   
VCE -7-- 300 V, VBE = — 1.5 V, Te = 150°C   

Emitter-Cutoff Current (VEB = 2.5 V, Ic — 0)   
Static Forward-Current Transfer Ratio: 
VCE = 10 V, Ic = 100 mA   
VCE = 10 V, IC = 500 mA   

Second-Breakdown Collector Current (VcE _ 
Thermal Resistance, Junction-to-Case   

PT 
PT 
PT 

VCER (sus) 
VBE 

ICE() 
ICEV 
ICEV 
1E80 

  hFE 
hFE 

150 V) Is/b 

RATING CHART 

25 

50 

TYPE 40315 

5 

100 

125 

150 

CASE TEMPERATURE (Tc) =175•C 

I 
100 200 300 400 

COLLECTOR-TO- EMITTER VOLTS (VCE) 

TL I744T 

800 

0.1-c 

35 
See Rating Chart 

5 IN 

300 min V 
1.5 max V 

5 max 
10 max 
10 max 
5 max 

mA 
mA 
mA 
mA 

40 to 250 
40 min 

150 min mA 
5 max °C/W 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40313 
CASE TEMPERATURE ( Tc) 25°C 

35 WATTS (STEADY-STATE 
MAX.- DISSIPATION LOCUS) 

f 
DC MAX.-
DISSIPATION LOCUS 

BASE MILLIAMPERES ( IB): 
0.5 
O! 

50 75 100 125 150 175 
COLLECTOR- TO- EMITTER VOLTS ( VCE) 

TLI745T 

POWER TRANSISTOR 40314 
Si n-p-n type used in audio-amplifier driver stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector- to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA and Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 

Collector- to-Emitter Sustaining Voltage 
(Ic .=. 100 mA, IR = 0, tp = 300 ¡is, df 2%)   

Collector-to-Emitter Saturation Voltage 
(Ir = 150 mA, IB = 15 mA)   

Base-to-Emitter Voltage (VE — 4 V, Ic = 50 mA) 

VCEO ( sus) 
VERO 
Ir 
IB 

PT 
PT 
PT 

40 
2.5 
0.7 
0.2 

V 
V 
A 
A 

1 
5 

See curve page 300 

T.' (opr) —65 to 200 °C 

VCEO ( SUS) 40 min V 

VCE (sat) 1.4 max V 
VBE 1 max V 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current: 
VcB = 15 V, IE = 0, Te 25°C   IcB0 

= 15 V, Ii: = 0, Tc = 150°C   ICBO 
Emitter-Cutoff Current (VEB =-- 2.5 V, Ic = 0)   IEBO 
Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ie = 50 mA)   FIFE 
Gain-Bandwidth Product ( VcE = 4 V, L• = 50 mA) fT 

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   (-)J-A 

40315 POWER TRANSISTOR 

Si n- p-n type used in audio-amplifier inverter and driver 
stages for economical high-quality performance. De-
signed to assure freedom from second breakdown in 
the operating region. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
're up to 25°C   
TA and Te above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Breakdown Voltage 

(lc = 100 mA, IB = 0, tp = 300 'as, df 2%)   
Base-to-Emitter Voltage (VcE = 4 V, Ic = 50 mA) 
Collector-Cutoff Current: 
VcB = 15 V, IE = 0, 're = 25°C   
Veil = 15 V, In = 0, 're = 150°C   

Emitter-Cutoff Current (VEB = 2.5 V, Ic — 0)   
Static Forward-Current Transfer Ratio 

(VcE _—_- 4 V, lc = 50 mA)   
Gain-Bandwidth Product (VcE = 10 V, Ic — 50 mA) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

40316 

VcE0 ( SUS) 

VEBO 
Ii 
In 

PT 
PT 
PT 

T.1 ( opr) 

V(BR)CEO 
VBE 

ICBO 
ICB0 
IEBO 

hFE 
fT 

0J-A 

POWER TRANSISTOR 

Si n-p-n type used in audio-amplifier output stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-66, Outline No.25. See Mounting 
Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 
(RBE = 500 0)   VCER (sus) 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Base Current   IB 
Transistor Dissipation: 
Tc up to 25°C   PT 
Tc above 25°C   PT 

Temperature Range: 
Operating (Junction)   TJ (opr) —65 to 200 °C 

CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ic = 100 MA, RBE = 500 0)   
Base-to-Emitter Voltage (VcE — 2 V, Ic = 1 A)   

0.25 max 
1 max 
1 max 

35 to 150 
100 

35 max 
175 max 

µA 
mA 
mA 

MHz 
°C/W 
°C/W 

35 V 
2.5 V 
0.7 A 
0.2 A 

1 
5 

See curve page 300 

—65 to 200 oc 

35 min 
1 max 

0.25 max 
1 max 
1 max 

70 to 350 
100 

35 max 
175 max 

V 
V 

mA 
mA 

MHz 
°C/W 
°C/W 

C,F 

40 
5 
4 
2 

V 
V 
A 
A 

29 
See curve page 300 

VCER ( SUS) 40 min 
VBE 1.4 max 

V 
V 
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CHARACTERISTICS (cont'd) 

Collector-Cutoff Current: 
VcB = 15 V, IE = 0, Tc .= 25°C   ICBO 10 max 'LA 
VCB = 15 V, IE .7_-_- 0, Te = 150°C   ICBO 5 max mA 

Emitter-Cutoff Current (VEB = 5 V, Ic — 0)   IEBO 5 max mA 
Static Forward-Current Tranefer Ratio 
(VcE = 2 V, Ic =_ 1 A)   hFE 20 to 120 

Gain-Bandwidth Product (VcE = 4 V, Ic = 500 mA) Pr 750 kHz 
Thermal Resistance, Junction-to-Case   OJ-C 6 max °C/W 

POWER TRANSISTOR 40317 
Si n- p-n type used in audio-amplifier inverter and driver 
stages for economical high-quality performance. De-
signed to assure freedom from second breakdown in 
the operating region. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Ciirrent II I It It 

Transistor Dissipation: 
TA up to 25°C   
're up to 25°C   
TA and Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage 
(Ic = 100 mA, IR = 0, tp = 300 gs, df 5._ 2%)   

Base-to-Emitter Voltage (VcE =. 4 V, Ic = 10 mA) 
Collector-Cutoff Current: 
Vcrt = 15 V, IE = 0, Tc = 25°C   
VCB = 15 V, IE = 0, Tc =_ 150°C   

Emitter-Cutoff Current (VEB = 2.5 V, Ic — 0)   
Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ic = 10 mA)   
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

W E° (sus) 
VERo 
Ic 
1B 

PT 
PT 
PT 

40 V 
2.5 v 
07 A 
0.2 A 

1 
5 

See curve page 300 

TJ (opr) —65 to 200 oc 

VCEO ( sus) 40 min 
VBE 1 max 

ICB0 0.25 max 
ICB0 1 max 
IEBO 1 max 

hFE 40 to 200 
Os-C 35 max 

175 max 

POWER TRANSISTOR 40318 

V 

/IA 
mA 
mA 

Si n- p-n high-voltage type for direct 117-volt line opera-
tion in audio-amplifier output stages for economical 
high-quality performance. Designed to assure freedom 
from second breakdown in the operating region. JEDEC 
TO-66, Outline No.25. See Mounting Hardware for de-
sired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
(RBE = 500 n)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Te above 25°C   
Te = 175°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage 
(Ic -= 200 mA, RBE = 500 n)   

Base-to-Emitter Voltage (VcE = 10 V, Ic = 0.5 A)   

VCER ( SUS) 
VEBO 
IC 
IR 

PT 
PT 
PT 

TJ ( opr) 

VCER ( SUS) 
VBE 

300 
6 
2 
1 

V 
V 
A 
A 

35 
See Rating Chart 

5 

65 to 200 °C 

300 min V 
1.5 max V 
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CHARACTERISTICS (cont'd) 

Collector-Cutoff Current: 
VCE = 150 V, IB = 0   
VCE = 150 V, Vii: = — 1.5 V, Tc = 25°C   
VCE = 150 V, VILE = —1.5 V, Tc = 150°C   

Emitter-Cutoff Current (VEB = 6 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
VcE.= 10 V, Ic = 20 mA   

--- in V. Ir -.7- 500 mA   
Second-Breakdown Collector Current (Vez — 150 V) 
Secona-bleaKciown Energy (VEB = 4 V, RBE = 20 0, 
L = 100 JAI)   

Thermal Resistance, Junction-to-Case   

M
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RATING CHART 

25 TYP! 40318 

50 

75 

100 _._ 

125 

150 

CASE TEMPERATURE ( Tc)=175° 

I 

0 100 200 300 400 
COLLECTOR-TO-EMITTER VOLTS (VcE) 

TL156IT 

40319 

1000 
o 

800 

600 

400 

200 

'CEO 
ICEV 
ICEV 
IEBO 

hFE 

hFE 

Is/b 

Es/b 
0J-c 

5 max 
5 max 

10 max 
5 max 

mA 
mA 
mA 
mA 

40 min 
50 min 
100 min mA 

50 min 
5 max °C/W 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40318 
CASE TEMPERATURE (T 25°C 

\. 

3 

MILLIAMPERES (I 

35 WATTS (STEADY-STATE 
MAX.- DISSIPATION LOCUS) 

DC MAX.-
DISSIPATION LOCUS 

25 50 75 100 125 150 175 - 
COLLECTOR-TO-EMITTER VOLTS ( VcE) 

IL 15621 

POWER TRANSISTOR 

Si p-n-p type used in audio-amplifier driver stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. P-N-P construction permits complementary 
driver operating with a matching n-p-n type, such as 
40314. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA and Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Emitter Sustaining Voltage 
(lc = —100 m A, IB = 0, tp = 300 gs, df a< 2%)   

Collector-to-Emitter Saturation Voltage 
(Ic =_ —150 mA, Is = —15 mA)   

Base-to-Emitter Voltage (VcE = —4 V, L. 50 mA) 
Collector-Cutoff Current: 
VcB = —15 V, Ii = 0, Tc = 25°C   
VcB = —15 V, IF = 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = —2.5 V, Ic 
Static Forward-Current Transfer Ratio 

(VcE = —4 V, Ic = —50 mA)   
Gain-Bandwidth Product ( VcE = —4 V, Ic — —50 mA) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

VCEO ( SUS) 
VEBO 
IC 
IB 

PT 
PT 
PT 

(opr) 

W E() ( SUS) 

VCE (sat) 
VBE 

ICBO 
ICBO 
IEBO 

hFE 
fT 

0.1-A 

—40 
—2.5 
—0.7 
—0.2 

V 
V 
A 
A 

1 
5 

See curve page 300 

65 to 200 °C 

--40 min 

1.4 max 
1 max 

0.25 max 
1 max 
1 max 

35 to 200 
100 

35 max 
175 max 

vsr 

jiA 
mA 
mA 

MHz 
°C/W 
°C/W 
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TYPICAL COLLECTOR CHARACTERISTICS 

451 
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TYPICAL INPUT CHARACTERISTIC 

TYPE 
COLLECTOR 

vOLTS 

40319 

(Vces-10 
-AIR TEmlbERATURE 

e 25•C 

-Tu -EMITTER 
1 1 

FREE 
(TFA) 

e • 4 

, - log 

I 

4 

I 4, *emit 

— 4 

• 

. 

e 

- 

I 

- 

II I 

-0.2 -0.4 -0.8 '--Q8 -1 -1.2 
BASE-TO-EMITTER VOLTS (VBE) 

POWER TRANSISTOR 

TLI7727 

40320 
Si n-p-n type used in audio-amplifier and driver stages 
for economical high-quality performance. Designed to 
assure freedom from second breakdown in the operat-
ing region. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
Te up to 25°C   
TA and Te above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ic = 100 mA, IB = 0, tp = 300 is, df < 2%)   
Base-to-Emitter Voltage (VcE = 4 V, Ic = 10 mA) 
Collector-Cutoff Current: 
Vcs = 15 V, IE = 0, Tc 25°C   

= 15 V, IE = 0, Tc = 150°C   
Emitter-Cutoff Current ( VES = 2.5 V, Ic = 0)   
Static Forward-Current Transfer Ratio 
( VcE = 4 V, Ir = 10 mA)   

Thermal Resistance, Junction-to-Case   

VCE0 (SUS) 
VEBO 

IC 

IB 

PT 

PT 

PT 

TJ (opr) 

40 V 
2.5 V 
0.7 A 
0.2 A 

1 
5 

See curve page 300 

—65 to 200 °C 

VCEO ( SUS) 40 min 
VBE 1 max 

ICBO 

ICB0 

IEBO 

0.25 max 
1 max 
1 max 

V 
V 

gA. 
mA 
mA 

hFE 40 to 200 
0.1-C 35 max °C/W 

POWER TRANSISTOR 40321 
Si n- p-n high-voltage type for direct 117-volt line opera-
tion in audio-amplifier driver stages for economical 
high-quality performance. Designed to assure freedom 
from second breakdown in the operating region. JEDEC 
TO-5, Outline No.5. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE =_ 1000 0)   
Emitter-to-Base Voltage   
Collector Current   
Base Current   

VCBR (SUS) 

VEBO 

IC 

IB 

300 
5 
1 

0.5 

V 
V 
A 
A 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 
TA up to 50°C   
Te up to 50°C   
TA and Tt• above 50°C   

Temperature Range: 
Operating ( Junction)   

200 

80 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40321 
CASE TEMPERATURE (IC): 25 °C 

4.0 

2.0 

1.00 

0.75 
B 

ASE MILLIAMPERES (IB) 

0.4 

= 0 5 

, 

T 
0.3 

0.2 

— 1 

40 80 120 160 200 
COLLECTOR-TO- EMITTER VOLTS ( VcE) 

TL I682T 

240 

PT 
PT 
PT 

1 
5 

See curve page 300 

( opr ) -65 to 300 °C 

TYPICAL INPUT CHARACTERISTICS 

TYPE 40321 
4 COLLECTOR-TO-EMITTER VOLTS (V,ÇE) = 10 

10 8: 
6   
4, 

2'  

0, 
4....••••••••••••• 

I.  

2   
1.0 

0.2 0.3 0.4 0.5 0.6 
BASE-TO- EMITTER VOLTS 

CHARACTERISTICS (At case temperature 25°C) 
Collector- to-Emitter Sustaining Voltage 

= 50 mA, RBI: = 1000 0)   
Base-to-Emitter Voltage ( VcE = 10 V, Ic — 50 mA) 
Collector-Cutoff Current: 
VCB = 150 V, IE ---- 0, Tc = 150°C   
VE = 150 V, RBE = moo   

Emitter-Cutoff Current (VEB = 5 V, Ic _ 0)   
Static Forward-Current Transfer Ratio 

(V('E = 10 V, Ie = 20 mA)   
Thermal Resistance, Junction-to-Case   

40322 

VCER ( sus) 
VBE 

ICB0 
ICER 
IEBO 

hFE 
i3J-C 

POWER TRANSISTOR 

Si n- p-n high-voltage type for direct 117-volt line opera-
tion in audio-amplifier output stages for economical 
high-quality performance. Designed to assure freedom 
from second breakdown in the operating region. JEDEC 
TO-66, Outline No.25. See Mounting Hardware for de-
sired mounting arrangement. For rating chart and 
collector-characteristics curves, refer to type 40318. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

= 500 0)   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Te up to 25°C   
Tc above 25°C   
Tc = 175°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector- to-Emitter Sustaining Voltage 

(Ic = 200 mA, RBE = 200 0, L = 5 mH)   
Collector-Cutoff Current: 
VcE = 150 V, Ii 17:- 0, Te =. 25°C   
Vcn = 150 V, VBE = —1.5 V, Tc — 25°C   

= 150 V, VBE = —1.5 V, Tc = 150°C   

VCER ( SUS) 
VEBO 
IC 
IB 

PT 
PT 
PT 

-4> 

0.7 6.8 

VBE ) 
92C5- 12618T 

300 min 
2 max 

100 max 
5 max 

100 max 

25 to 200 
30 max °C/W 

300 v 
6 v 
2 A 
1 A 

35 
See Rating Chart 

5 

T. ( opr) —65 to 200 °C 

VCER (sus) 300 min 

ICEO 
ICEV 
ICEV 

5 max 
10 max 
10 max 

V 

mA 
mA 
mA 
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CHARACTERISTICS (cont'd) 

Emitter-Cutoff Current (VED --7---- 6 V, Ic --=-- 0)   IEBO 5 max mA 
Static Forward-Current Transfer Ratio: 
VCE =- 10 V, IC =- 20 mA   hFE 40 min 
VCE --- 10 V, I(' z----- 500 mA   

 I I III hFE 75 min 
Second-Breakdown Collector Current ( Vci = 150 V) Is/b 100 min mA 
Second-Breakdown Energy (VER = 4 V, RBE — 20 0, 
L = 100 AH)   Es/b 50 min iiil 

Thermal Resistance, Junction-to-Case   0.1--c 5 max °C/W 

POWER TRANSISTOR 40323 
Si n-p-n type used in audio-amplifier inverter and driver 
stages for economical high-quality performance. De-
signed to assure freedom from second breakdown in the 
operating region. JEDEC TO-5, Outline No.5. For 
collector-characteristics and transfer-characteristics 
curves, refer to type 40309. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA and Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

VCEO ( SUS) 
VEBO 
IC 
IB 

PT 
PT 
PT 

18 V 
2.5 V 
0.7 A 
0.2 A 

1 
5 

See curve page 300 

T.i(opr) 65 to 200 °C 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage 

(Ic .=. 100 mA, IR = 0, tp =- 300 /is, df  2%)   V(BR)CEO 18 min V 
Base-to-Emitter Voltage (VCE = 4 V, Ic = 50 mA) VBE 1 max V 
Collector-Cutoff Current: 
VCB = 15 V' Ii = 0, Tc = 25°C   ICB0 0.25 max AA 
VCB = 15 V, IF; = 0, Tc = 150°C   ICBO 1 max mA 

Emitter-Cutoff Current (VED =_ 2.5 V, Ic = 0)   IEBO 1 max mA 
Static Forward-Current Transfer Ratio 
(VE = 4 V, Ic = 50 mA)   hFE 70 to 350 

Gain-Bandwidth Product ( VcE = 10 V, L. ___ 50 mA) Pr 100 MHz 
Thermal Resistance, Junction-to-Case   0.1--c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient   0J-A 175 max °C/W 

Cf 

•••• 

POWER TRANSISTOR 40324 
Si n- p-n type used in audio-amplifier inverter and driver 
stages for economical high-quality performance. De-
signed to assure freedom from second breakdown in the 
operating region. JEDEC TO-66, Outline No.25. See 
Mounting Hardware for desired mounting arrangement. 
For collector-characteristics and transfer-characteristics 

curves, refer to type 40310. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage 

(Ic zz 100 mA, Riu = 500 n)   
Base-to-Emitter Voltage ( VrE = 2 V, Ic = 1 A)   

VCEO ( SLIS 
VEBO 
I'. 

PT 
PT 

35 V 
2.5 v 
4 A 
2 A 

29 
See curve page 300 

T.1(opr) —65 to 200 °C 

V(BR)CE0 
VBE 

35 min V 
1.4 max V 
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CHARACTERISTICS (cont'd) 

Collector-Cutoff Current: 
VCB =- 15 V, IE = 0, Te =-- 25°C   ICBO 
VCR = 15 V, IE = 0, Tc =-- 150°C   ICBO 

Emitter-Cutoff Current (VEB = 2.5 V, Ic — 0)   IEBO 
Static Forward-Current Transfer Ratio 

(VcE = 2 V, lc = 1 A)   hFE 
Gain-Bandwidth Product (VcE = 4 V, Ic = 500 mA) frr 
Thermal Resistance, Junction-to-Case   es-C 

40325 POWER TRANSISTOR 

Si n-p-n type used in audio-amplifier output stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-3, Outline No.2. See Mounting Hard-
ware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open ( sustaining voltage)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 

're up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Breakdown Voltage 
(Ic = 200 mA, IB = 0)   

Collector-to-Base Breakdown voltage 
(Ic = 100 mA, IE = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = 8 A, IB = 0.8 A)   

Base-to-Emitter Voltage (VcE = 4 V, Ic = 8 A)   
Collector-Cutoff Current: 
VCB 30 V, IF, = 0, Tc = 25°C   
VCB :=7- 30 V, IE = 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = 5 V, lc — 0)   
Static Forward-Current Transfer Ratio 
(W E = 4 V, Ic = 8 A)   

Thermal Resistance, Junction-to-Case   

7)12.5 

10 cr 

7.5 

cr 
o 5.0 
L) 
Lai 

DJ 2.5o 

TYPICAL COLLECTOR CHARACTERISTICS 
1 I j I I I 

TYPE 40325 
CASE TEMPERATURE 

I 
700 

(TO z 25°C 

600 m 
f r • 500 4%000 

. 

-r - ---t-- 

BASE 
• 

MILLIAMPERES (Iaye i m 

e.) 
0 10 20 30 40 50 60 70 80 90 

COLLECTOR-ID-EMITTER VOLTS yc E 
92CS-12306T 

12 

2 

VCBO 

VCEV 
VCEO ( SUS) 
VEBO 
IC 
In 

PT 
PT 

TJ ( opr) 

10 max 
5 max 
5 max 

/I A 
mA 
mA 

20 to 120 
750 kHz 

6 max °C/W 

See 

V(BR)CE0 (SUS) 

V(BR)CB0 

VCE ( sat) 
VBE 

ICBO 
ICBO 
IEBO 

h F E 

0 J 

CIF 

35 V 

35 V 
35 V 
5 V 

15 A 
A 

117 
curve page 300 

65 to 200 °C 

35 min 

35 min 

1.5 max 
2 max 

5 max 
10 max 
10 max 

12 to 60 
1.5 max 

°C/W 
mA 
mA 
mA 

TYPICAL TRANSFER CHARACTERISTIC 

TYPE T 403i5 
COLLECTOR-TO-EMITTER VOLTS (VcE ) 4 ---

1-7 ;) 

_  

0.5 I 1.5 2 2.5 3 3.5 
BASE-TO-EMITTER VOLTS (VBE) 

92CS-12326T 
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POWER TRANSISTOR 40326 
Si n-p-n type used in audio-amplifier inverter and driver 
stages for economical high-quality performance. De-
signed to assure freedom from second breakdown in the 
operating region. JEDEC TO-5, Outline No.5. For col-
lector-characteristics curves, refer to type 40309. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
TC up to 25°C   
TA and Tc above 25°C   

Temperature Range: 
Operating (Junction)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector- to-Emitter Sustaining Voltage 

(lc = 100 mA, IB = 0, tp = 300 /is, df 15_ 2%)   
Base-to-Emitter Voltage (VrE = 4 V, Ic = 10 mA) 
Collector-Cutoff Current: 
VcB =_ 15 V, IE = 0, Tc = 25°C   
VCB = 15 V, IE = 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = 2.5 V, Ic — 0)   
Static Forward-Current Transfer Ratio 
(V(E = 4 V, Ic = 10 mA)   

Thermal Resistance, Junction-to-Case   

•••• 

type 40321. 

VCEO ( SUS ) 
VEBO 
IC 
IB 

PT 
PT 
PT 

40 
2.5 
0.7 
0.2 

S" 
V 
A 
A 

1 
5 

See curve page 300 

TJ (opr) —65 to 200 °C 

VCEO ( SUS) 40 min V 
VBE 1 max V 

ICBO 0.25 max aA 
ICBO 1 max mA 
IEBO 1 max mA 

hFE 40 to 200 
0J-C 30 max °C/W 

POWER TRANSISTOR 

695D2,7( 

40327 
Si n- p-n high-voltage type used for direct operation 
from a line source in audio-amplifier driver stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-5, Outline No.5. For collector-char-
acteristics and input-characteristics curves, refer to 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 
(RB1 = 1000 n)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 50°C   
Tc up to 50°C   
TA and Tc above 50°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Sustaining Voltage 

50 mA, RBE = 1000 n)   
Base-to-Emitter Voltage (VcE = 10 V, Ic 
Collector-Cutoff Current: 
VCB = 150 V, Tc = 150°C, IE = 
VCE = 150 V, RBE = 1000 o   

Emitter-Cutoff Current (VEB = 5 V, Ic — 0)   
Static Forward-Current Transfer Ratio 
(VcE = 10 V, lc = 20 mA)   

Thermal Resistance, Junction-to-Case   

VCER (sus) 
VEBO 
I(' 
IR 

PT 
PT 
PT 

300 V 
5 V 
1 A 

0.5 A 

1 
5 

See curve page 300 

TJ (opr) 65 to 200 °C 

VCER (SUS) 

50 mA) VBE 

O   ICBO 

ICER 

IEBO 

hFE 

0.1-C 

300 min 
2 max 

100 max 
5 max 

100 max 

40 to 250 
30 max 

V 
V 

pA 

•C/W 
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40328 POWER TRANSISTOR 

Si n-p-n high-voltage type used for direct operation 
from a line source in audio-amplifier output stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-66, Outline No.25. See Mounting 
Hardware for desired mounting arrangement. For rat- E 

ing chart and collector-characteristics curves, refer to to type 40318. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 
(RBE — 500 )   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
To above 25°C   
Tu -= 175°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ic = 200 mA, RBE = 500 0)   
Base-to-Emitter Voltage ( VuE --- 10 V, Ic -- 1 A)   
Collector-Cutoff Current: 
VcE = 150 V, Is 
VCE -= 150 V, VBE = 1.5 V, Tc = 25°C   
VCE = 150 V, VBE zr 1.5 V, Tc = 150°C   

Emitter-Cutoff Current (VEs = 6 V, Ic — 0)   
Static Forward-Current Transfer Ratio: 
VUE = 10 V, Ie = 1 A   
VUE = 10 V, Ie = 20 mA   

Second-Breakdown Collector Current (VUE --1-1 150 V) 
Thermal Resistance, Junction-to-Case   

40329 TRANSISTOR 

VCER ( SUS) 
VEBO 
Ic 

IR 

PT 
PT 
PT 

CF 

300 
6 
2 
1 

V 
V 
A 
A 

35 
See Rating Chart 

5 

Ti(opr) —65 to 200 

VCER ( sus) 300 min 
VBE 1.5 max 

IcE0 5 max 
ICES' 10 max 
IcEv 10 max 
IF:Bo 5 max 

°C 

V 
V 

mA 
mA 
mA 
mA 

hieE 20 min 
hFE 40 min 
Is/b 100 min mA 
0.1 -C 5 max °C/W 

Ge p-n-p alloy type for low-level, intermediate-level, and 
class A driver stages in consumer and industrial af-
amplifier equipment such as preamplifiers, tone-control 
stages, and phonograph amplifiers using crystal pickups. 
JEDEC TO- 1, Outline No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage ( RBE 4700 0)   
Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Base Current   
Transistor Dissipation: 
TA up to 55°C ( With infinite heat sink)   
TA up to 55°C ( With practical heat sink, 

50°C/W)   
TA up to 55°C ( Without heat sink)   
TA with and without heat sink above 55uC   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 

VCBO 

VCER 

VEBO 

IC 

1E 

1B 

PT 

PT 

PT 

PT 

T.1 ( opr) 
TsTG 

TL 

25 
25 

—2.5 
—100 
100 
—20 

375 

V 
V 
V 

mA 
mA 
mA 

mW 

265 mW 
125 mW 

See curve page 300 

—65 to 100 
—65 to 100 

255 

Collector-to-Base Breakdown Voltage 
(Ic = —0.05 mA, IE = 0)   V(BRWBO —25 min 'V 

Collector-to-Emitter Breakdown Voltage 
(RBE = 4700 0, L. = —1 mA)   V(BR)CER —25 min V 

Emitter-to-Base Breakdown Voltage 
(JE =.. — 0.05 MA)   V(BR)EBO —2.5 min V 
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CHARACTERISTICS (cont'd) 

457 

Collector-Cutoff Current ( VcB =_ —12 V, IE = 0)   ICBO — 14 max µA 
Emitter-Cutoff Current (VEB = —2 V, Ic = 0)   IEBO —14 max µA 
Static Forward-Current Transfer Ratio 
(W E :-._-- —1 V, le = —25 mA)   hFE 

Small-Signal Forward-Current Transfer Ratior 
VcE = —10 V, Ic = —10 mA, f = 1 kHz   hte 
VCE = — V, IC = —1 mA, f =-_- 1 kHz   hfe 

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency ( VcB = —6 V, Ic = 1 mA)   fhfb 

Output Capacitance ( VcB = —6 V, f = 1 kHz)   Cobo 
Small-Signal Input Impedance 
(VcE = —10 V, Ic = —10 mA, f = 1 kHz)   hie 

Small-Signal Output Admittance 
(W E = —10 V, Ic -_-_-= —10 mA, f = 1 kHz)   hoe 

Small-Signal Reverse Voltage-Transfer Ratio 
(VrE = —10 V, Ic = —10 mA, f = 1 kHz)   hre 

Equivalent RMS Noise Input Current 
(V('E = —6 V, Ic = —0.5 mA, f = 20 Hz to 20 kHz) 

Intrinsic Base-Spreading Resistance 
(VUE = —6 V, Ir — 1 mA, f = 20 MHz)   

H 
co -100 

-80 

7.1 
_J 

-60 
cr 
o 

-40 

—J 
o 
o -20 

rbb' 

50 to 200 

75 to 300 
50 to 200 

1.5 MHz 
35 pF 

400 

175 gmhos 

300 x 10-6 

0.02 max gA 

100 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTIC 

TYPE 40329 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE (IC) = 25°C 
-12   

-0.5 

0.3 

0.2 

BASE MILLIAMPERES ( IB) =- 0.I 

I 
0 -5 -10 -15 -20 -25 

COLLECTOR-TO-EMITTER VOLTS (VCE) 
92CS-I3142T 

O 
BASE MILLIAMPERES (IB) 

9 2CS -13143T 

'TYPE 40329 
COMMON-EMITTER CIRCUIT, BASE 
, CASE TEMPERATURE (Tc). 25°C, 
COLLECTOR TO EMITTER 

VOLTS (VcE)=-I 

1 

INPUT. 
_ 

r-

. 

TRANSISTOR 40340 
Si n-p-n "overlay" epitaxial planar type used in high-
power class C amplifier applications at frequencies to 
100 MHz. JEDEC TO-60, Outline No.23. See Mounting 
Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   VCBO 60 
Collector-to-Emitter Voltage: 
VIE 1---- —1.5 V   VCEV 60 v 
Base open   VCE0 25 V 

Emitter-to-Base Voltage   VEBO 4 V 
Peak Collector Current   ic ( peak) 10 A 
Continuous Collector Current   Ic 3.3 A 
Transistor Dissipation (T = 25°C)   PT 70 w 
Temperature Range: 
Operating ( Junction)   Ti ( opr) 200 °C 

CHARACTERISTICS (At case temperature = 25°C) 

Collector- to-Emitter Breakdown Voltage: 
lc = 200 mA, VBE --I- —1.5 V, pulsed through 

an inductor L = 25 mH, df = 50%   V(BIOCENT 60 min v 
Li = 200 mA, In = 0, pulsed through an 

inductor L = 25 mH, df =_ 50%   V(BIOCE0 25 min v 
Emitter-to-Base Breakdown Voltage 

(IE = 10 mA, lc = 0)   V(BR)EBo 4 min v 
Collector-Cutoff Current: 
VcE = 15 V, In = 0   LT° 1 max mA 
Ws = 40 V, 1E — 0   ICB0 10 max mA 

V 
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MAXIMUM RATINGS (cont'd) 

Output Capacitance (V('B = 15 V, IE — 0)   Cobo 120 max pF 
RF Power Output ( VcE = 13.5 V, PIE = 5 W , 
f = 50 MHz, RG and Rr, -:-_--- 50 C2)   POE 25* min W 

Thermal Resistance, Junction-to-Case   Os-C 2.5 max °C/W 

* For conditions given, minimum efficiency = 65 per cent. 

40341 

TYPICAL OPERATION CHARACTERISTIC 

TYPE 
COLLECTOR 
FREQUENCY 
CASE TEMPERATURE 

40340, 
-SUPPLY 
(f) 

VOLTS 
a 50 MHz 

(Te). 

I 
(Vcc) 

25°C 

I 
.13.5 

I 

1 

4 1 4 • 

4 

• • 

O 1 2 3 4 5 6 

RF POWER INPUT (PIN)—WATTS 
TL1839CT 

TRANSISTOR 

Si n- p-n "overlay" epitaxial planar type used in high-
power class C amplifier applications at frequencies to 
100 MHz. JEDEC TO-60, Outline No.23. See Mounting 
Hardware for desired mounting arrangement. This type 
is identical with type 40340 except for the following 
items: 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
VBE =- —1.5 V   VCEV 
Base open   VCE0 35 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Breakdown Voltage: 
Ic = 200 mA, VBE = —1.5 V, pulsed through 

an inductor L = 25 mH, df = 50%   V(BR)CEV 70 min V 
Ic =_-_- 200 mA, IB =--- 0, pulsed through an 

inductor L = 25 mH, df = 50%   V(BR)CE0 35 min V 
Collector-Cutoff Current: 
VCE = 30 V, IB = 0   'CEO 1 max mA 
Ws = 50 V, IE =---- 0   ICB0 10 max mA 

70 V 

70 

TYPICAL OPERATION CHARACTERISTIC 

TYPE 
COLLECTOR 
-FREQUENCY 
CASE TEMPERATURE 

40341 
-SUPPLY 
Ma 

VOLTS 

50 MHz 
(Te). 

(Vcc)*24 

25•C 

, 

, 

, y7 

, 

, 
1 2 3 4 5 6 

RF POWER INPUT (PIN)—WATTS 
TL1840CT 

V 
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Base Current   
Transistor Dissipation: 
TA up to 50°C   
Tc up to 25°C   
TA and Tc above 50°C   See curve page 300 

Temperature Range: 
Operating ( TA-Tc)   —65 to 200 *C 

CHARACTERISTICS (cont'd) 

Output Capacitance (Vcs = 30 V, IE — 0)   
RF Power Output (VcE = 24 V, PIE = 3 W, 

f =- 50 MHz, RG and Rr, = 50 0)   PoE 

*For conditions given, minimum efficiency 7-- 60 per cent. 

MAXIMUM RATINGS 

Cobo 

POWER TRANSISTOR 

85 max PF 

30* min 

40346 
Si n-p-n triple-diffused planar type used in low-power, 
high-voltage, general-purpose applications in military, 
industrial, and commercial equipment. This type is par-
ticularly useful in neon-indicator driver circuits and in 
high-voltage differential and high-voltage operational 
amplifiers. JEDEC TO-5, Outline No.5. 

Collector-to-Emitter Voltage (RBE = l000 0)   VCER (sus) 
Collector Current   IC 

IB 

PT 
PT 
PT 

175 
1 

0.5 

V 
A 
A 

CHARACTERISTICS (At case temperature =_- 25°C) 
Collector-to-Emitter Sustaining Voltage 
(RBE =-_- 1000 a ic — — 50 mA)   

Collector-to-Emitter Saturation Voltage 
(IR = 1 mA, Ic _— 10 mA)   

Base-to-Emitter Voltage (VcE _ 10 V, Ic 
Collector-Cutoff Current: 
VcE = 100 V, IR =   
VrE = 200 V, VBE = —1.5 V, Tc _ 25°C   
VeE = 200 V, VBE — —1.5 V, Ti' — 150°C   

Emitter-Cutoff Current (VER = 4 V,Ic — 0)   
Static Forward-Current Transfer Ratio 

(VcE = 10 V, Ic = 10 mA)   
Small-Signal, Forward-Current Transfer Ratio 
(VcE — 10 V, Ic = 10 mA, f — 5 MHz)   

Thermal Resistance, Junction-to-Case   

* This value does not apply to type 40346V1. 

175 
o 
1-4 150 

ta 
1125 
a. 
<100 
3 

75 

o 
50 o 

tai 
_J 
-J 25 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40346 
CASE TEMPERATURE (Tc) z 25•C 

25 50 75 100 125 150 175 200 
COLLECTOR-TO-EMITTER VOLTS (VcE) 

92C5-13210T 

10 

4 

2 

I 02 

VCER ( SUS) 175 min 

V('E ( sat) 0.5 max 
mA) VBE 1 max 

'CEO 

ICEV 

ICEV 

IEBO 

5 max 
10 max 
1 max 
5 max 

hFE 25 min 

h te 
eJ-C 

V 
V 

fizA 
µA 
mA 

2 min 
15* max °C/W 

TYPICAL TRANSFER CHARACTERISTICS 

-TYPE 
' = COLLECTOR 
- EMITTER 

-(VCE)z 

y T T 

40346 
-TO- 

VOLTS 

I° 

1 

‘2.".aulli 
IPIIMMII 

411111111 4 
Ill A 

INIBIZOIMII À 
à a 

Al 
AMI 

AIE 
MUR 

Mglail 
IINIIIIIIIIIIMI aman 
MM 

UMM 

11•1111 .  , 
I I I I 

, 
I 

4 

_ _ _ 

e 

I 1 

I e I 

- 

1 

• 

0.3 0.4 0.5 0.6 0.7 
BASE-TO-EMITTER VOLTS (VBE) 

IMCS-12a9T 

0.8 
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40346V1 TRANSISTOR 

Si n- p-n triple-diffused type used in high-voltage switch-
ing and linear-amplifier applications in military and 
commercial applications. This type is particularly use-
ful in neon-indicator driver circuits and in differential 
and operational amplifiers. JEDEC TO-5 ( with heat 
radiator), Outline No.8. This type is identical to type 
40346 except for the following items: 

MAXIMUM RATIN GS 

Transistor Dissipation: 
TA up to 25°C   

CHARACTERISTICS 
Thermal Resistance, Junction 

40346V2 

PT 

-to-Ambient   RI-A 

TRANSISTOR 

Si n- p-n triple-diffused type used in high-voltage switch-
ing and linear-amplifier applications in military and 
commercial applications. This type is particularly use-
ful in neon-indicator driver circuits and in differential 
and operational amplifiers. JEDEC TO-5 ( with flange), 
Outline No.6. See Mounting Hardware for desired 
mounting arrangement. This type is electrically identical 

40347 POWER TRANSISTOR 

Si n- p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
is used in a wide variety of low- and medium-power 
applications where medium- and high-voltage power 
transistors are required, such as switching regulators, 
converters, inverters, relay controls, oscillators, and 
pulse and audio amplifiers. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
Vi E —1.5 V     VCEV 
Base open     VCEO 

Emitter-to-Base Voltage     VEBO 
Collector Current   Ic 
Peak Collector Current   ic 
Base Current   In 
Transistor Dissipation: 
TA up to 25°C     PT 
Tc up to 25°C    PT 
TA and Tc above 25°C    PT 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage     TSTG 

Lead-Soldering Temperature (10 s max)    TL 

CHARACTERISTI CS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V, lc = 50 mA   
Ic = 50 mA, IB = 0   

Collector-to-Emitter Saturation Voltage 
(Ic = 450 mA, In = 45 mA)   

Base-to-Emitter Voltage (VcE — 4 V, Ic = 450 mA) 

VCEV ( SUS) 
VCEO ( SUS) 

VCE (sat) 
VBE 

4 W 

45 max °C/W 

with type 40346. 

60 

60 
40 
7 

1.5 
3 

0.5 

V 

V 
V 
V 
A 
A 
A 

1 
8.75 

See curve page 300 

—65 to 200 
—65 to 200 

230 

60 min 
40 min 

1 max 
1.5 max 

°C 
°C 
°C 

V 
v 

V 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current: 
VCE = 30 V, RBE :=--- 1 ko, Tc =_ 25°C   ICER 1 max p.A. 
VCE = 30 V, RBE ----= 1 ko, Tc = 150°C   ICER 1 max mA 

Emitter-Cutoff Current (VEB = 7 V, Ic — 0)   •••• TERM 10 max AA. 
Static. Forward-Curient Transfer Ratio 

(V(r. = 4 V, lc = 450 mA)   tun.: 25 to 100 
Thermal Resistance, Junction-to-Case   Os-' 20 max °C/W 

C
O
L
L
E
C
T
O
R
 M
I
L
L
I
A
M
P
E
R
E
S
 
(
Ic
) 

TYPICAL COLLECTOR CHARACTERISTICS 

500 

400 

300 

200 

100 

0 
1.0 2.0 30 4.0 5.0 6.0 

TYPE 40347 
CASE TEMPERATURE ( Tc)=25 °C 

1 1 1 1 

.__ 

BASE MILLIAMPERES (IB)=11 

9 —1 

7 

.. , 

COLLECTOR-TO- EMITTER VOLTS ( VCE) 

92SS-2322CT 

HR 

relay controls, oscillators, and pulse and audio amplifiers. JEDEC TO-5 
(with heat radiator), Outline No.8. This type is identical with type 40347 
except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 
TA up to 25°C   PT 4.4 
TA above 25°C   PT See curve page 300 

CHARACTERI STICS (At case temperature — 25°C) 
Thermal Resistance, Junction-to-Ambient   40 max °C/W 

TYPICAL DC FORWARD-CURRENT TRANSFER-
RATIO CHARACTERISTICS 

O 468 2 468 2 468 2 468 
0.1 1.0 10 100 100'0 

COLLECTOR MILLIAMPERES (IC) 
92S;e328er 

_ 
TYPE 40347 _ _ 

- - 

_ _ _ 
, 

_ - .. , •Çca?\les , 

e; 

\\ , 

VcE IV' 

N 
NJ>‘. 
*1/4 s 
\ _ 

POWER TRANSISTOR 40347V 
Si n-p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
rias an attached heat radiator for printed-circuit-board 
use in a wide variety of low- and medium-power appli-
cations requiring medium- and high-voltage power tran-
sistors for switching regulators, converters, inverters, 

POWER TRANSISTOR 40347V2 
Si n-p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
is used in a wide variety of low- and medium-power 
applications requiring medium- and high-voltage power 

c, transistors for switching regulators, converters, in-
verters, relay controls, oscillators, and pulse and audio 

amplifiers. JEDEC TO-5 ( with flange), Outline No.6. See Mounting Hard-
ware for desired mounting arrangement. This type is identical with type 
40347 except for the following items: 
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MAXIMUM RATINGS 

Transistor Dissipation: 
Tc up to 25°C   PT 
Tc above 25°C   PT 

CHARACTERISTICS (At case temperature = 25°C) 

Thermal Resistance, Junction-to-Case   OJ-0 

" 'Y"?Ii)348 POWER TRANSISTOR 

Si n-p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
is used in a wide variety of low- and medium-power 
applications where medium- and high-voltage power 
transistors are required, such as switching regulators, 
converters, inverters, relay controls, oscillators, and 
pulse and audio amplifiers. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage: 
VBE = —1.5 V   VCEV 
Base open   VCEO 

Emitter-to-Base Voltage     VEBO 
Peak Collector Current   ic 
Collector Current   Ic 
Base Current   IB 
Transistor Dissipation: 
TA up to 25°C   PT 
Te up to 25°C   PT 
TA and Tc above 25°C   PT 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage   TsTo 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V, lc = 50 mA   
Ic = 50 mA, ID = 

Collector-to-Emitter Saturation Voltage 
(Ic = 300 mA, 113 = 30 mA)   

Base-to-Emitter Voltage (V E = 4 V, Ir — 300 mA) 
Collector-Cutoff Current: 
VCE =- 60 V, RBE = 1 kû, Te 25°C   
VCE =- 60 V, RDE -___I 1 MI Tc = 150°C   

Emitter-Cutoff Current (VED = 7 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
Vi = 4 V, L. = 300 mA   
V(E = 4 V, L = 1 A   

Thermal Resistance, Junction-to-Case   

114.) 

e".4 500 
Cf) 

cc 
w 400 

:3 300 

z 

cr 200 

o 

0 0 -J 
o 
o 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 40348 
CASE TEMPERATURE (Tc)*25eC 
  1  

e 
7 
6 
5 
4 

3 

2 

BASE MILLIAMPERES (I )= 

3 4 5 6 
COLLECTOR- TO- EMITTER VOLTS (VCE) 

9?SS2323T 

O 

VCEV ( SUS) 
VCE0 ( SUS) 

VCE ( sat) 
VBE 

ICER 
ICER 
IEBO 

hFE 
hFE 
0.1—c 

11.7 
See curve page 300 

15 max °C/W 

so 

90 
65 

3 
1.5 
0.5 

V 

V 
V 
V 
A 
A 
A 

1 
8.75 

See curve page 300 

65 to 200 
—65 to 200 

230 

°C 
°C 
°C 

90 min V 
65 min V 

0.75 max V 
1.3 max V 

1 max µA 
1 max mA 

10 max itA 

30 to 100 
10 min 
20 max °C/W 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 40348 

liii 
_-r 

•Nee 

ccc 

I I te*4 

Coe e  Ci 

"TIT_ 

1 
• 

- 4-

0.1 

‘1•‘ 

• -1" -̀e' 
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6è à 4166 4 éél 2 4 .ètil 
1.0 10 100 1000 

COLLECTOR MILLIAMPERES (lc) 
92SS2329T 

1 .4-
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POWER TRANSISTOR 40348V1 
Si n- p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
has an attached heat radiator for printed-ricuit-board 
use in a wide variety of low- and medium-power appli-
cations requiring medium- and high-voltage power tran-

HR sistors for switching regulators, converters, inverters, 
relay controls, oscillators, and pulse and audio amplifiers. JEDEC TO-5 
(with heat radiator), Outline No.8. This type is identical with type 40348 
except for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C   PT 4.4 
TA above 25°C   PT See curve page 300 

CHARACTERISTICS (At case temperature = 25°C) 

Thermal Resistance, Junction-to-Ambient   () 

POWER TRANSISTOR 

-A 40 max °C/W 

40348V2 
Si n- p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
is used in a wide variety of low -and medium-power 
applications requiring medium- and high-voltage power 

E c.F transistors for switching regulators, converters, in-
verters, relay controls, oscillators, and pulse and audio 

amplifiers. JEDEC TO-5 ( with flange), Outline No.6. See Mounting Hard-
ware for desired mounting arrangement. This type is identical with type 
40348 except for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
Tc up to 25°C   PT 11.7 
Tr above 25°C   Pi See curve page 300 

CHARACTERISTICS (At mounting-flange temperature 25°C) 

Thermal Resistance, Junction- to- Case 

POWER TRANSISTOR 

15 max 

40349 

OC/W 

Si n- p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
is used in a wide variety of low- and medium-power 
applications where medium- and high-voltage power 
transistors are required, such as switching regulators, 
converters, inverters, relay controls, oscillators, and 

pulse and audio amplifiers. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCR° 
Collector-to-Emitter Voltage: 
VBE = — 1.5 V   VCEV 
Base open    VCEO 

Emitter-to-Base Voltage    VEBO 
Collector Current   Ic 
Peak Collector Current   ic 
Base Current   Is 

160 V 

160 V 
140 V 
7 V 

1.5 A 
3 A 

0.5 A 
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MAXIMUM RATINGS (cont'd) 

Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA and Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage: 
VBE = —1.5 V, Ic = 50 mA, tp = 300 /Ls, df — 1.8% 
Ic = 50 m A, IR = 0, tp _-_-_- 300 jis, df = 1.8%   

Collector-to-Emitter Saturation Voltage 
(I(' 150 mA, IB = 15 mA)   

Base-to-Emitter Voltage (VCE — 4 V, Ic _ 150 mA 
Collector-Cutoff Current: 
VCE = 90 V, RBE = 1 ko, Tc — 25°C   
VCE = 90 V, RBE = 1 Id), Tc _ 150°C   

Emitter-Cutoff Current (VEB = 7 V, Ic — 0)   
Static Forward-Current Transfer Ratio: 
VcE _= 4 V, Ic = 150 mA   
VCE = 4 V, Ic = 450 mA   

Thermal Resistance, Junction-to-Case   

4 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40349 
CASE TEMPERATURE 

1 
(Tc) 

(IB) s4 
a 25°C 

BASE MILLIAMPERE,S 
3 5 
3.0 

2 5 

2 0 

1.5 

1.0 

0.5 
omm.—___./________2___ 

Ii 
1.0 2.0 3.0 4.0 5.0 

COLLECTOR-TO-EMITTER VOLTS (VCE) 
92SS-2324CT 

40349V1 

PT 
PT 
PT 

TJ (opr) 
TSTG 
Ti, 

VCEV (sus) 
VCEO ( SUS) 

VCE (sat) 
VBE 

ICER 
ICE° 
IEBO 

hFE 

hFE 

0.1-c 

1 
8.75 

See curve page 300 

—65 to 200 
65 to 200 

230 

160 min 
140 min 

0.5 max 
1.1 max 

1 max 
1 max 

10 max 

25 to 100 
10 min 
20 max 

V 

V 
V 

mA 
µA 

°C/W 

TYPICAL DC FORWARD-CURRENT TRANSFER-
RATIO CHARACTERISTICS 

O 

TYPÉ 461349 l ilt T ill 1 

COLLECTOR-TO EMITTER VOLTS ( Vu2st 4 

1' _R__Ar£44p_ 1 

/1 

et). 
\\-•,,t0.0 
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, __. 

/ 
1 

N 
• 
• 

•.. 

2 4 68 2 468 1 2 468 2 4 6 8 
0.1 1.0 10 100 1 

COLLECTOR MILLIAMPERES (lc) 
92SS-2330CT 

POWER TRANSISTOR 

Si n-p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
has an attached heat radiator for printed-circuit-board 
use in a wide variety of low- and medium-power appli-
cations requiring medium- and high-voltage power tran-
sistors for switching regulators, converters, inverters, 
relay controls, oscillators, and pulse and audio amplifiers. JEDEC TO-5 
(with heat radiator), Outline No.8. This type is identical with type 40439 
except for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C   PT 4.4 
TA above 25°C   PT See curve page 300 

HR 

CHARACTERISTICS (At case temperature — 25°C) 
Thermal Resistance, Junction-to-Ambient   0J-A 40 max °C/W 
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POWER TRANSISTOR 40349V2 
Si n- p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
is used in a wide variety of low- and medium-power 
applications requiring medium- and high-voltage power 
transistors for switching regulators, converters, in-
verters, relay controls, oscillators, and pulse and audio 

amplifiers. JEDEC TO-5 ( with flange), Outline No.6. See Mounting Hard-
ware for desired mounting arrangement. This type is identical with type 
40349 except for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

CHARACTERISTICS (At case temperature — 25°C) 

Thermal Resistance, Junction-to- Case 

PT 
PT 

11.7 
See curve page 300 

0.1-c 15 max °C/W 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

40350 

40351 

40352 

40354 
Si n- p-n type used in video-output amplifier stages of 
black-and-white television receivers. JEDEC TO-I04, 
Outline No.32. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(Ic = 1 mA, In 0)   
Emitter-to-Base Breakdown Voltage 

VCE0 
VEBO 
IC 

PT 
PT 

TJ (opr) 
TSTG 
TL 

V(BR)CE0 

—10 I.LA, Ic = 0)   V(BR)EBO 
Collector-to-Emitter Saturation Voltage 
(Ic = 30 mA, IB = 1 MA)   VCE (sat) 

Collector-Cutoff Current (VcB .= 120 V, IF 0)   'CB° 
Static Forward-Current Transfer Ratio 

(VcE = 10 V, Ic = 10 mA)   hFE 
Collector-to-Base Feedback Capacitance 
(V E = 10 V, Ir =_ 30 MA)   Ccb 

Gain-Bandwidth Product: 
VCE = 10 V, IC = 30 mA    fT 
VCE --= 140 V, lc =. 2 mA    fT 

Thermal Resistance, Junction-to-Case   0.1-C 

150 
5 

50 

V 
V 

mA 

0.5 
See curve page 300 

65 to 175 
—65 to 175 

255 

150 min 

5 min 

5 max 
100 max 

55 

3.5 max 

50 min 
50 min 
60 max 

°C 
OC 
OC 

PF 

MHz 
MHz 
°C/W 
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40355 TRANSISTOR 
Si n- p-n type used in video-output amplifier stages of 
black-and-white television receivers. JEDEC TO-104 
(with heat radiator), Outline No.33. This type is iden-
tical with type 40354 except for the following item: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C   PT 

40359 TRANSISTOR 
Ge p-n-p alloy-junction type used in af-amplifier appli-
cations in consumer product and industrial equipment. 
JEDEC TO- 1, Outline No.l. 

MAXIMUM RATINGS 

Collector-to-Base Voltage  VCBO 
Collector-to-Emitter Voltage (RUE ---- 10000 0)   VCER 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   IE 
Transistor Dissipation: 
TA up to 55°C   PT 
TA above 55°C   PT 

Temperature Range: 
Operating   TA 
Storage   TSUI 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage (RUE — 10 ko, 
lc = —1 mA)   V(BR)CER 

Emitter-to-Base Breakdown Voltage (IE — —0.05 mA, 
I(' =_ 0)   V(BmErto 

Collector-Cutoff Current (V('R =-___ —15 V, IE = 0)   ICBO 
Emitter-Cutoff Current (VER = 2.5 V, lc = 0)   IEBO 
Small-Signal Forward-Current Transfer Ratio 
(VrE = —6 V, Ic = —1 mA, f = 1 kHz)   tiro 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcE = —6 V, Ic = —1 mA)   fhfb 

Intrinsic Base-Spreading Resistance ( VcE _____ 6 V, 
Ic :_-_-_ 1 mA, f :__: 100 MHz)   

•-• - 50 

C
O
L
L
E
C
T
O
R
 
M
I
L
L
I
A
M
P
E
R
E
S
 

-40 

-30 

-20 

-10 

TYPICAL TRANSFER CHARACTERISTIC 

TYPE 
COMMON 
-AMBIENT 
COLLECTOR 

40359 
-EMITTER 
TEMPERATURE 

CIRCUIT, 

-TO-EMITTER 

I 

BASE 
(TA) 3 
VOLTS 

INPUT. 
25•C 
(VcE) g - 6 

i 

. 

0 -0.05 - 0.1 -0.15 - 0.2 -0.25 -0.3 

BASE-TO- EMITTER VOLTS (VBE) 

92CS-11843T3 

t! -50 

cr 

a-40 

d-30 

cr 

u 

-J 
0 HO 

rbb° 

—20 
—18 
—2.5 
—50 
50 

V 
v 

mA 
mA 

120 mW 
See curve page 300 

—65 to 100 °C 
—65 to 100 

255 °C 

18 min 

2.5 min 
12 max 

—12 max 

40 to 165 

10 

200 

OC 

V 

V 
uA 
µA 

MHz 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 4,535b 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE ( TA) 25 'C  

0 -5 -10 -15 -20 -25 -30 -35 

COLLECTOR - TO - EMITTER VOLTS ( VcE) 
92CM-I4026T 
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POWER TRANSISTOR 40360 
Si n-p-n type used in audio-amplifier inverter and driver 
stages for economical high-quality performance. De-
signed to assure freedom from second breakdown in the 
operating region. JEDEC TO-5, Outline No.5. For 
collector-characteristics and transfer-characteristics 
curves, refer to type 40309. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
Tr up to 25°C   
TA and Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

V EO(sus) 70 V 
VEBO 4 V 
le 0.7 A 
in 0.2 A 

PT 1 W 
PT 5 W 
PT See curve page 300 

TJ (opr) 65 to 200 °C 

CHARACTERISTICS (At case temperature 25°C) 

Collector- to-Emitter Sustaining Voltage 
(Ic = 100 mA, In = 0)   VCE0 ( SUS) 

Collector-to-Emitter Saturation Voltage 
(In = 15 mA, = 150 mA)   

Base-to-Emitter Voltage (W E = 4 V, Ic = 10 mA) 
Collector-Cutoff Current: 
VcE = 60 V, In = 0, Ti. = 25°C   
VeE = 60 V, In = 0, Te = 150°C   

Emitter-Cutoff Current (VER = 4 V, Ic = 0)   
Static Forward-Current Transfer Ratio 
(W E = 4 V, Ic = 10 mA)   

Gain-Bandwidth Product (V('E = 4 V, lc = 50 mA) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

VCE (sat) 
VBE 

ICEO 
'CEO 
IEBO 

hFE 
fT 
OJ-C 
0J-A 

POWER TRANSISTOR 

70 min 

1.4 max 
1 max 

1 max 
250 max 
1 max 

40 to 200 
100 

35 max 
175 max 

40361 

V 

V 
V 

/LA 

mA 

MHz 
°C/W 
°C/W 

Si n-p-n type used in audio-amplifier inverter and driver 
stages for economical high-quality performance. De-
signed to assure freedom from second breakdown in the 
operating region. JEDEC TO-5, Outline No.5. For 
collector-characteristics and transfer-characteristics 
curves, refer to type 40309. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
(RBE = 200 0)   VCER (sus) 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Base Current   In 
Transistor Dissipation: 
TA up to 25°C   PT 
Te up to 25°C   PT 
TA and Tc above 25°C   PT 

Temperature Range: 
Operating ( Junction) (opr) 

70 
4 

0.7 
0.2 

V 
V 
A 
A 

1 
5 

See curve page 300 

65 to 200 °C 

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Sustaining Voltage 
(RBE = 200 0, Ic = 100 mA)   WEB ( sus) 70 min 

Collector-to-Emitter Saturation Voltage 
(In =-__--_ 15 mA, Ic = 150 mA)   VcE ( sat) 1.4 max 

Base-to-Emitter Voltage (WE _ 4 V, Ic = 50 mA) •••• VBE 1 max 
Collector-Cutoff Current: 
WE = 60 V, RBE = 200 0, Tc 25°C   ICE It 1 max 
VcE = 60 V, RBE =- 200 0, Te --:-..-- 150°C   ICER 100 max 

Emitter-Cutoff Current (VER — 4 V, Ic = 0)   IEBO 1 max 

V 

V 
V 

"LA 
MA 
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CHARACTERISTICS (cont'd) 

Static Forward-Current Transfer Ratio 
(V E = 4 V, Ic =. 50 mA)   hFE 

Gain-Bandwidth Product ( VcE = 4 V, Ic — 50 mA) fT 

Thermal Resistance, Junction-to-Case   OJ-C 
Thermal Resistance, Junction-to-Ambient   0J-A 

40362 POWER TRANSISTOR 

Si p-n-p used in audio-amplifier drive stages for eco-
nomical high-quality performance. Designed to assure 
freedom from second breakdown in the operating re-
gion. P-N-P structure permits complementary driver 
operation with a matching n-p-n type such as 40361. 
JEDEC TO-5, Outline No.5. For collector-characteristics 
and input-characteristics curves, refer to type 40319. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage 
(RBE = 200 0)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
Tc up to 25°C   
TA and 're above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature 

Collector- to-Emitter Sustaining Voltage 
(RISE = 200 0, Ic = Imo mA) 

25°C) 

Collector-to-Emitter Saturation Voltage 
(IB 15 mA, Ic —150 mA)   

Base-to-Emitter Voltage (V E = —4 V, Ic 
Collector-Cutoff Current: 
VCE = —60 V, RBE = 200 0, Tc =_ 25°C   
VCE = —60 V, RBE =- 200 0, Tc = 150°C   

Emitter-Cutoff Current (VEB -= —4 V, Ic = 0)   
Static Forward-Current Transfer Ratio 
(VrE = —4 V, Ic = —50 mA)   

Gain-Bandwidth Product (VcE = —4 V, Ic = —50 mA) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

40363 

VCER ( SUS) 
VERO 
IC 
IB 

PT 
PT 
PT 

70 to 350 
100 

35 max 
175 max 

—70 
—4 

—0.7 
—0.2 

MHz 
°C/W 
°C/W 

V 
V 
A 
A 

1 
5 

See curve page 300 

TJ (opr) —65 to 200 °C 

VCER ( SUS) 

VCE (sat) 
50 mA) VBE 

ICER 
ICER 
IEBO 

hFE 
fT 
0J-C 
0J-A 

POWER TRANSISTOR 

Si n-p-n type used in audio-amplifier output stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-3, Outline No.2. See Mounting Hard-
ware for desired mounting arrangement. For collector-
characteristics and transfer-characteristics cuves, refer 
to type 40325. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
(RBE = 200 0)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Te up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

VCER ( SUS) 
VEBO 
IC 
IB 

PT 
PT 

70 min 

—1.4 max 
—1 max 

1 max 
100 max 
—1 max 

35 to 200 
100 

35 max 
175 max 

V 

V 
V 

/LA 
itA 
mA 

MHz 
°C/W 
°C/W 

70 V 
4 V 

15 A 
7 A 

115 
See curve page 300 

TJ ( opr) 65 to 200 °C 
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CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 
(RBE = 200 n, lc = 200 mA)   

Collector-to-Emitter Saturation Voltage 
(Ic -= 4 A, IB = 0.4 A)   

Base-to-Emitter Voltage (VcE = 4 V, Ic = 4 A)   
Collector-Cutoff Current: 
VcE = 60 V, RBE = 200 0, Tc = 25°C   
VCE = 60 V, RBE .-.-.:: 200 c), Tc = 150°C   

Emitter-Cutoff Current (VEB --=-- 4 V, Ic — 0 
Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ic = 4 A)   
Gain-Bandwidth Product (VcE — 4 V, Ic = 3 A)   
Thermal Resistance, Junction-to-Case   

) 

VCER ( SUS) 70 min V 

VcE (sat) 1.1 max V 
VBE 1.8 max V 

ICER 0.5 max mA 
ICER 2 max mA 
IEBO 5 max mA 

hFE 
fT 
es-C 

POWER TRANSISTOR 

20 to 70 
700 kHz 

1.5 max °C/W 

40364 
Si n-p-n type used in audio-amplifier output stages for 
economical high-quality performance. Designed to as-
sure freedom from second breakdown in the operating 
region. JEDEC TO-66, Outline No.25. See Mounting 
Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 
(RBE = 150 0) 

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating (Junction)   

CHARACTERISTICS (At case temperature _ 25°C) 
Collector-to-Emitter Sustaining Voltage 
(RBE = 150 CI, lc = 200 mA)   

Collector-to-Emitter Saturation Voltage 
(Ic = 2.5 A, IB = 0.25 A)   

Base-to-Emitter Voltage (VcE -= 5 V, Ic — 2.5 A)   
Collector-Cutoff Current: 

VcE :_-_- 50 V, RBE = 150 0, Tc = 25°C   
VCE = 50 V, RBE =. 150 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = 4 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
VCE -----: 5 V, Ic = 0.5 A   
VcE = 5 V, Ic = 2.5 A   

Gain-Bandwidth Product (VcE = 10 V, Ic -= 2.5 A) 
Second-Breakdown Collector Current (VcE = 40 V) .... 
Thermal Resistance, Junction-to-Case   

C
O
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L
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C
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E
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S
 
(
lc
) 

5 

4 

3 

2 

I 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 
- CASE 

40364 
TEMPERATURE 

240 
(Tc)=25•C 

200 

160 
120 

80 

f 
40 

20 

MILLIAMPERES (1B) 10 BASE 

1 1 
0 2 4 6 8 10 12 14 

COLLECTOR-TO-EMITTER VOLTS (VCE) 
92SS-2227C1 

VCER ( SUS) 
VEBO 
IC 
IB 

PT 
PT 

TJ (opr) 

VCER (SUS) 

VCE (sat) 
VBE 

ICER 
ICER 
IEBO 

hne 
hne 
fT 
IS/b 
()J-0 

60 V 
4 V 
7 A 
5 A 

35 W 
See curve page 300 

—65 to 200 °C 

60 min V 

2 max 
1.8 max 

0.5 max 
2 max 
5 max 

35 to 175 
20 min 

15 
750 min 
5 max 

V 
V 

mA 
mA 
mA 

MHz 
mA 

°C/W 

TYPICAL TRANSFER CHARACTERISTICS 
, 

54 

TYPE 
COLLECTOR 

40364 
-TO-EMITTER 

1 1 

VOLTS (VW= 

. 

2 , 

ef-e /49 
5' 

2 

I 

• p I 
%. 

p 1 

r r 

/ 

1 

p 

1 

/ 

. 

0 0.5 LO L5 2.0 2.5 3.0 35 
BASE-TO-EMITTER VOLTS (VBE) 

112113-2202CT 
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40366 POWER TRANSISTOR 

Si n-p-n triple-diffused planar type subjected to special 
preconditioning tests for high-reliability operation in 
medium- and high-power switching and amplifier appli-
cations in military and industrial equipment. JEDEC 
TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 
RBE io o   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
TA above 25°C   
To and TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Base Breakdown Voltage 
(VER 1.5 V, Ic 0.1 mA)   

Emitter-to-Base Breakdown Voltage (JE = 0.1 mA) 
Collector-to-Emitter Sustaining Voltage: 
RBE = 10 0, Io 100 mA, tp _-_-_ 300 sus, df 1.8% 
Io = 100 mA, IB = 0, tp = 300 /Ls, df 1.8%   

Collector-to-Emitter Saturation Voltage 
(I0 150 mA, IB = 15 mA, tp 300 ,us, df = 1.8%) 

Base-to-Emitter Saturation Voltage 
(I0 = 150 mA, IB 15 mA, tp 300 pS, df = 1.8%) 

Collector-Cutoff Current (VcB = 60 V, IE = 0)   
Emitter-Cutoff Current (VEB = 5 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
VCE = 10 V, IC = 0.01 MA   
VUE = 10 V, IC = 0.1 mA   

Pulsed Forward-Current Transfer Ratio: 
VrE = 10 V, Ic = 150 mA, tp = 300 eus, df = 1.8%   
VcE 11-_ 10 V, Ic = 500 mA, tp = 300 jis, df 1.8%   
VrE 10 V, Ic = 1000 mA, tp = 300 jis, df _= 1.8% 

40367 

VCER 
VCEO 
VEBO 
IC 

PT 
PT 
PT 

TJ (opr) 
TSTG 
Tr 

V(BR)CRV 
V(BR)EBO 

VCER (sus) 
VCEO (sus) 

VUE (sat) 

VBE (sat) 
ICRO 
IEBO 

hFE 

hFE 

hFE ( pulsed ) 
hFE ( pulsed) 
hFE ( pulsed) 

POWER TRANSISTOR 

Si n-p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
is subjected to special preconditioning tests for high-
reliability operation in medium- and high-power switch-
ing and amplifier applications in military and industrial 
equipment. JEDEC TO-5, Outline No.5. This type is 
a high-reliability version of type 2N1482. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCR° 
Collector-to-Emitter Voltage: 
VBE = -1.5 V   VCEV 
Base open   VCEO 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Base Current   In 
Transistor Dissipation: 
TA up to 25°C   PT 
To up to 25°C   PT 
TA or Tc above 25°C   PT 

Temperature Range: 
Operating ( Junction)   TJ ( opr) 
Storage   TSTG 

Pin-Soldering Temperature ( 10 • max)   TP 

80 
65 
7 
1 

V 
V 
V 
A 

5 A 
1 A 

See curve page 300 

-65 to 200 
-65 to 200 

255 

120 min 
7 min 

80 min 
65 min 

0.5 max 

1.1 max 
2 max 
5 max 

10 min 
20 min 

40 to 120 
25 min 
10 min 

100 

100 
55 
12 
1.5 
1 

°C 
°C 
°C 

V 
V 

V 
V 

V 

V 
nA 
nA 

V 

V 
V 
V 
A 
A 

1 
5 

See curve page 300 

65 to 200 
65 to 200 

255 

°C 
°C 
°C 
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Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Breakdown Voltage 
(VBE = —1.5 V, Ic = 0.25 mA)   

Collector-to-Emitter Sustaining Voltage 
(Ir = 100 mA, In = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = 750 mA, In = 10 mA)   

Base-to-Emitter Voltage (VCE = 4 V, Ic = 750 mA) 
Collector-Cutoff Current (VcB = 30 V, IE = 0)   
Emitter-Cutoff Current (VEB = 12 V, Ic = 0)   
Static Forward-Current Transfer Ratio 

(VcE = 4 V, lc = 750 mA)   

CF 

•••• 

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Breakdown Voltage 
(VBE = —1.5 V, Ic = 0.25 mA)   

Collector-to-Emitter Sustaining Voltage 
(Ic = 50 mA, IB = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = 200 mA, In = 10 mA)   

Base-to-Emitter Voltage (VCE — 4 V, Ic = 200 mA) 
Collector-Cutoff Current (Ws = 30 V, IE = 0)   
Emitter-Cutoff Current (VEB = 12 V, Ic _ 0)   
Static Forward-Current Transfer Ratio 
(W E = 4 V, Ic = 200 mA)   

V(BR)CEV 

VCEO (sus) 

VCE (sat) 
VBE 
ICBO 
IEBO 

hFE 

POWER TRANSISTOR 

100 min 

55 min 

1.4 max 
3 max 
4 max 
2 max 

35 to 100 

40368 
Si n-p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
is subjected to special preconditioning tests for high-
reliability operation in medium- and high-power switch-
ing and amplifier applications in military and industrial 
equipment. JEDEC TO-8, Outline No.10. See Mounting 

Hardware for desired mounting arrangement. This type is a high-reliability 
version of type 2N1486. 

MAXIMUM RATINGS 

Collector- to-Base Voltage   
Collector-to-Emitter Voltage: 

VCBO 

VBE = —1.5 V   VCEV 
Base open   VCEO 

VEBO 
IC 
In 

PT 
PT 

TJ (opr) 
TSTG 
frp 

V(BR)CEV 

VCEO ( SUS) 

VCE (sat) 
VBE 
ICB0 
IEBO 

hFE 

POWER TRANSISTOR 

100 V 

100 V 
55 V 
12 V 
3 A 

1.5 A 

25 
See curve page 300 

—65 to 200 
—65 to 200 

235 

100 min 

55 min 

0.75 max 
2.5 max 
9 max 
5 max 

35 to 100 

40369 

°C 
°C 
°C 

V 

V 

V 
V 

/LA 
itA 

Si n- p-n single-diffused type featuring a base comprised 
of a homogeneous-resistivity silicon material. This type 
is subjected to special preconditioning tests for high-
reliabilitiy operation in medium- and high-power switch-
ing and amplifier applications in military and industrial 

E equipment. JEDEC TO-3, Outline No.2. See Mounting 
Hardware for desired mounting arrangement. This type is a high-reliability 
version of type 2N1490. 



472 RCA Transistor, Thyristor, & Diode Manual 

MAXIMUM RATINGS 
Collector-to-Base Voltage   
Collector-to-Emitter Voltage: 
VBE = —1.5 V   
Base open   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Breakdown Voltage 
(VBE = —1.5 V, Ic = 0.25 mA)   

Collector-to-Emitter Sustaining Voltage 
(Ic = 100 mA, In = 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = 1300 mA, In = 100 mA)   

Base-to-Emitter Voltage (VcE = 4 V, Ic = 1500 mA) 
Collector-Cutoff Current ( VcB =. 30 V, IE = 0)   
Emitter-Cutoff Current (VER = 10 V, Ic = 0)   
Static Forward-Current Transfer Ratio 

(Ven = 4 V, lc = 1500 mA)   

40372 

VCBO 

VCEV 
VCEO 
VEBO 
IC 
IB 

PT 
PT 

TJ (opr) 
TSTG 
Tp 

V(BR)CEV 

VCEO ( SUS) 

VCE (sat) 
VBE 
ICB0 
IEBO 

hFE 

POWER TRANSISTOR 
Si n-p-n diffused-junction type featuring a base com-
prised of a homogeneous-resistivity silicon material. 
This type has an attached heat radiator for printed-
circuit-board use in power-switching circuits, series-
and shunt-regulator driver and output stages, and 
high-fidelity amplifiers in commercial and industrial 

100 V 

100 V 
55 V 
10 V 
6 A 
3 A 

75 
See curve page 300 

—65 to 200 
—65 to 200 

235 

100 min 

55 min 

1 max 
2.5 max 
10 max 
6 max 

25 to 75 

CHR 

equipment. JEDEC TO-66 ( with heat radiators), Outline No.26. 
is identical with type 2N3054 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 
TA up to 25°C   PT 5.8 
TA above 25°C   PT See curve page 300 

CHARACTERISTICS (At case temperature   25°C) 

Thermal Resistance, Junction-to-Ambient   0J-A 30 max °C/W 

°C 
°C 
°C 

V 

V 

V 
V 

¡LA 

40373 POWER TRANSISTOR 

Si n- p-n diffused type features a base comprised of a 
homogeneous-resistivity silicon material. This type has 
an attached radiator for printed-circuit-board used in 
high-voltage applications in power-switching circuits, 
series- and shunt-regulator driver and output stages, 
and dc-to-dc converters in military, commercial, and E 

industrial equipment. JEDEC TO-66 (with heat radiator), Outline No.26. 
This type is identical with type 2N3441 except for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

CHARACTERISTICS (At case temperature = 25°C) 

Thermal Resistance, Junction-to-Ambient   0J-A 30 max °C/W 

E 

This type 

PT 
PT 

CHR 

5.8 
See curve page 300 
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TRANSISTOR 40374 
CHR Si n-p-n triple-diffused type with an attached radiator 

for printed-circuit-board use in high-speed switching 
and linear amplifier applications such as high-voltage 
operational amplifiers, high-voltage switches, switching 
regulators, converters, inverters, deflection and high-
fidelity amplifiers in military, industrial, and commer-

cial equipment. JEDEC TO-66 ( with heat radiator), Outline No.26. This type 
is identical with type 2N3583 except for the following item: 

CHARACTERISTICS (At case temperature = 25°C) 

Thermal Resistance, Junction-to-Ambient   0J-A 30 max °C/W 

POWER TRANSISTOR 40375 
Si n- p-n epitaxial type with an attached heat radiator 

CHR foi' printed-circuit-board use in audio, ultrasonic, and 
rf circuits and in low-distortion power amplifiers, os-
cillators, switching regulators, series regulators, con-
verters, and inverters. JEDEC TO-66 (with heat 

E radiator), Outline No.26. This type is identical with type 
2N3878 except for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 

CHARACTERISTICS (At case temperature ___ 25°C) 

Thermal Resistance, Junction-to-Ambient   03-A 

SILICON 
CONTROLLED RECTIFIERS 

5.8 
See curve page 300 

30 max °C/W 

40378 
40379 

Si all-diffused three-junction types for use in power-
control and power-switching applications. Outline 
No.35: 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f — 50 to 400 Hz 
with resistive or inductive load) 

40378 40379 

Vasom   330 660 
VRROM   200 400 
VDROM 600   
IT(ANT) (conduction angle = 180% Tc — 60°C) ....   4.5   

7   
ITSM ( 1 cycle of principle voltage)     80   
Pcm (peak, forward or reverse, for 10 'as)     13   
PG(AV)     0.2   
Tstg     —40 to 150   
Tc     40 to 100   

IT(RMS) 

r
3
(
î
l
>
>
>
«
<
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CHARACTERISTICS (At maximum electrical rating at Tc = 25°C) 

Vir (BOW (Tc = 100°C)   

IDOM (Tc = 100°C, VD — VF(B0)0 min 

IRRO?d (Tc = 100°C, VRO = VRROlf) 
VT (on-state current = 30 A)   
IGT   
VGT   
IHO   
Critical dv/dt (VD _-_—_. VF(B0)0 min value, 
exponential rise, Tc = 100°C)   

9j-c   

value) 

40378 40379 

200 min 400 min V 
0.1 typ 0.2 typ mA 
1 max 2 max mA 
0.05 typ 0.1 typ mA 
0.5 max 1 max mA 

V 
 mA(dc) 
  V(dc) 

mA 
20 min V/gs 
200 typ V/gs 

  5 max  °C/W 

1.9 typ; 2.5 max 
  8 typ; 15 max 
 1.2 typ; 2 max 
  12   

10 min 
200 typ 

FORWARD GATE CHARACTERISTICS 

TYPES 40378 • 40379 
SHADED AREA INDICATES LOCUS 
OF POSSIBLE TRIGGERING POINTS 
FOR VARIOUS TEMPERATURES. 

t I 
PERMITTED PULSE WIDTHS 

FOR INDICATED PEAK 
FORWARD GATE POWER 

MAXIMUM GATE TRIGGER 
2 'VOLTAGE FOR INDICATED 
JUNCTION TEMPERATURE (lej) 

10   Tj z- 40° C 
8  
6  

4 

MAXIMUM GATE 
RESISTANCE 

+25°C 
+100°.Ç 'STEADY 

STATE 

 1 +25°C 
I I 

I  4+100• C 
2  MAXIMUM VOLTAGEAIT WHICH NO UNIT 

WILL TRIGGER FOR Tjx+100° 0.1  ¡ li lt. li e 
0.001 2 4 6 80.01 2 4 6 8 2 4 0.1 

GATE-TO- CATHODE CURRENT—AMPERES 

o • 

AVERAGE GATE 
DISS PATION LIMIT 
0.2 WATT 

MAXIMUM GATE TRIGGER 
CURRENT FOR INDICATED 
JUNCTION TEMPERATURE (TJ) 

I TJ::-40°C I 1 II I 

68 2 4 6 8 
1.0 10 

RATING CHART (CASE TEMPERATURE) 

TYPES 40378, 40379 
CURRENT WAVEFORM = SINUSOIDAL 
LOAD = RESISTIVE OR INDUCTIVE 

O 
o 

O 
o 

to 

o 

0 Le_ r_ep80* 

 CONDUCTION 
ANGLE 

24/   
:14/ 4> 1. 

  04, 
• ,e 

• 
• 
• 

30..  
0 2 3 4 5 6 7 

AVERAGE ON-STATE CURRENT [IT(Aq-AMPE RES 
92LM-115IT 

2 

•  

4  

4 6 8100 

92LIA-11481 
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HR 

POWER TRANSISTOR 40385 
Si n-p-n triple-diffused type subjected to special pre-
conditioning and reliability tests for high-reliability 
operation in high-power switching and amplifier appli-
cations in military and industrial equipment. JEDEC 
TO-5, Outline No.5. This type is a high-reliability 
version of type 2N3439. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 450 V 
Collector-to-Emitter Voltage   VCEO 350 V 
Emitter-to-Base Voltage   VEBO 7 V 
Collector Current   Ic 1 A 
Transistor Dissipation: 
TA up to 25°C   PT 1 W 
Tc up to 25°C   PT 5 W 
TA or Tc above 25°C   PT See curve page 300 

Temperature Range: 
Operating ( Junction)   TJ(opr) —65 to 200 °C 
Storage   TSTO —65 to 200 °C 

Lead-Soldering Temperature ( 10 s max)   TL 255 °C 

CHARACTERISTICS (At case temperature — 25 bC) 

Collector-to-Emitter Sustaining Voltage ( Ic = 50 mA, 
IR = 0)   

Collector-to-Emitter Saturation Voltage ( Ic = 50 mA, 
IB = 4 mA)   

Base-to-Emitter Saturation Voltage ( Ic ____ 50 mA, 
IR = 4 mA)   

Collector-Cutoff Current: 
VCE = 300 V, IB = 0   
VCE = 450 V, VBE = 1.5 V   

Emitter-Cutoff Current (VER = 6 V, Ic =7- 0)   
Static Forward-Current Transfer Ratio: 
VCE = 10 V, IC = 20 mA  
VCE =- 10 V, IC = 2 mA  

HR 

following items: 

VCEO ( SUS) 

VCE (sat) 

VBE (sat) 

ICEO 
ICEV 
IEBO 

hFE 
hFE 

POWER TRANSISTOR 

350 min 

0.5 max 

1.3 max 

20 max 
500 max 
20 max 

40 to 160 
30 min 

40389 

V 

V 

V 

µA 
µA 
µA 

Si n-p-n triple-diffused planar type with an attached 
heat radiator for printed-circuit-board use in a wide 
variety of small-signal, medium-power applications 
(up to 20 MHz) in commercial and industrial equip-
ment. JEDEC TO-5 ( with heat radiator), Outline No.8. 
This type is identical with type 2N3053 except for the 

MAXIMUM RATINGS 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

CHARACTERISTI CS (At case temperature 
Thermal Resistance, Junction-to-Ambient   

TRANSISTOR 

PT 
PT 

25°C) 
0J-A 

3.5 
See curve page 300 

50 max °C/W 

40390 
Si n-p-n triple-diffused type with an attached heat 
radiator for printed-circuit-board use in high-speed 
switching and linear amplifier applications such as 
high-voltage differential and operational amplifiers, 
high-voltage inverters, and series regulators for indus-
trial and military applications. JEDEC TO-5 (with 
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heat radiator), Outline No.8. This type is identical with type 2N3440 except 
for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

40391 

PT 
PT 

POWER TRANSISTOR 

Si p-n-p double-diffused epitaxial planar type with an 
attached heat radiator for printed-circuit-board use in 
a wide variety of small-signal, medium-power applica-
tions in military, industrial, and commercial equipment. 
JEDEC TO-5 ( with heat radiator), Outline No.8. This 
type is identical with type 2N4037 except for the fol-
lowing items: 

MAXIMUM RATINGS 
Transistor Dissipation: 
TA up to 25°C   PT 3.5 
TA above 25°C   PT See curve page 300 

3.5 
See curve page 300 

CHARACTERISTICS (At case temperature ____ 25°C) 

Thermal Resistance, Junction-to-Ambient   0J-A 

40392 POWER TRANSISTOR 

Si n-p-n triple-diffused planar type features a base 
comprised of a homogeneous-resistivity silicon material. 
This type is used in a wide variety of small-signal, 
medium-power applications at frequencies up to 20 
MHz. JEDEC TO-5 ( with flange), Outline No.6. See 
Mounting Hardware for desired mounting arrangement. 
This type is identical with type 2N3053 except for the following 

MAXIMUM RATINGS 
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

50 max °C/W 

PT 
PT 

CHARACTERISTICS (At case temperature = 25°C) 
Thermal Resistance, Junction-to-Case   eJ-C 

40394 POWER TRANSISTOR 

Si p-n-p double-diffused epitaxial planar type used in a 
wide variety of small-signal, medium-power applica-
tions in military, industrial, and commercial equipment. 
JEDEC TO-5 ( with flange), Outline No.6. See Mount-
ing Hardware for desired mounting arrangement. This 
type is identical with type 2N4037 except for the fol-
lowing items: 

MAXIMUM RATINGS 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 

items: 

See curve page 300 

25 max °C/W 

1 
See curve page 300 
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100 

TRANSISTOR 40395 
Ge p-n-p alloy-junction type used in high-gain low-level 
audio stages. JEDEC TO-1, Outline No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO —20 V 
Collector-to-Emitter Voltage (RBE < 4.7 ko)   VCER —18 V 
Emitter-to-Base Voltage   VEBO —20 V 
Collector Current   Ic —50 mA 
Transistor Dissipation: 
TA up to 55°C   PT 120 MW 
TA above 55°C   PT See curve page 300 

Temperature Range: 
Operating (Junction)   TJ (opr) 65 to 100 °C 
Storage   TSTG —65 to 100 °C 

Lead-Soldering Temperature ( 10 s max)   Tia 255 °C 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage ( Ic ____ —1 mA, 
In = 0, Rnw — 10 ko.)   WOW  11711R)twfili —18 mln V 

Collector-Cutoff—Current (VcB = —20 V, JE --= 0)   ICB0 12 max 'LA 
Emitter-Cutoff Current (VEB = 20 V, Ic = 0)   IEBO —12 max µA 
Noise Current (VcE = —6 V, Ic = —1 mA, 
f = 0.05 to 15 kHz)   10 max nA 

Small-Signal Forward-Current Transfer Ratio 
(VcE = —6 V, Ic = —1 mA)   hr. 170 min 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VcE = —6 V, Ic = —1 mA)   fhfb 

TYPICAL SMALL—SIGNAL FORWARD—CURRENT 
TRANSFER—RATIO CHARACTERISTIC 
, 
_TYPE 40395 I 
COMMON- EMITTER 
AMBIENT TEMPERATURE 
REFERENCE FREQUENCY* 

1 1 
CIRCUIT, 
1 1 

(TA)25C 
!kHz 

1 
BASE 
III 

INPUT.-' 

' - - 1 
(V 

1 1 1 
)g —6 VOLTS 

1 - - 
• 

, . 

.. , e , • 

• 

-.e , • 

COLLECTOR MILLIAMPERES (IC) 
92CS-137691 

POWER TRANSISTORS 
(Matched Pair) 

10 MHz 

40396 
Ge p-n-p and Ge n-p-n types, in separate packages, with 
matched characteristics for use in complementary sym-
metry af output-amplifier stages. JEDEC TO-1, Outline 
No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage (RBE 5_ 4.7 ILO)   VCER 
Emitter-to-Base Voltage   VE130 

P-n-P n-P-n 

—18 18 V 
—18 18 V 
—2.5 2.5 V 
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MAXIMUM RATINGS (cont'd) 

Collector Current   
Transistor Dissipation: 
Tc up to 55°C   
Tc above 55°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature   

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage: 
Ir = —1 mA, RBE = 4.7 Id)   
Ir = 1 mA, RBI; = 4.7 Id)   

Collector-to-Emitter Saturation Voltage: 
Ic = —250 mA, Is = —25 mA   
Ic =_ 250 mA, In = 25 mA   

Collector-Cutoff Current: 
VCB = —12 V, IE = 0   
VCB = 12 V, IE =-

Emitter-Cutoff Current: 
VER —2.5 V, Ic = 
VEB = 2.5 V, Ic = 0   

Static Forward-Current Transfer Ratio: 
VcE —1 V, Ic = —50 mA  
V E 1=1 1 V, Ic = 50 mA  
VCE = —1 V, IC =- —250 MA   
VCE = 1 V, IC = 250 mA   

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency: 
VcE = —6 V, Ic = —1 mA   flifb 
VCE = 6 V, lc = 1 mA   fhfb 

o 

w - 500 
cr 

a. 
M -400 

-300 

cr 
o -200 

o 
-100 

_J 
o 
o 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40396 ( p- n- p) 
COMMON-EMITTER CIRCUIT, BASE INPUT 
CASE TEMPERATURE ( Tc ) = 25' C 

PULSE TEST: PULSE DURATION k 10ms 

DUTY FACTOR = O. I 

-87 
- 6 
- 5mA 4 

2 

-0.5 
BASE MILLIAMPERES (1B)=-0.1 

I 10 
-2 -4 -6 -8 -10 -12 -14 -16 

COLLECTOR-TO-EMITTER VOLTS ( VcE ) 

40397 

92CS-137717 

o 

Cr) 

cr 500 

< 400 

-J 

300 

g 200 
o 

o 
100 

o 

TRANSISTOR 

p-n-p n-p-n 
Ic 500 500 mA 

PT 
PT 

TJ ( opr) 65 to 85 
TSTO —65 to 85 
TL 255 255 

V(BR)CER 
V(BR)CER 

VCE (sat ) 
VCE (sat) 

ICB0 
ICBO 

IEBO 
IEBO 

hFE 
hFE 
hFE 
hFE 

18 min 

—0.5 max 

14 max 

—14 max 

50 min 50 min 

30 min 
30 min 

1.5 

18 min 

0.5 max 

14 max 

14 max 

300 300 mW 
See curve page 300 

V 
V 

V 
V 

ILA 
pA 

"LA 
¡IA 

MHz 
2 MHz 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40396 (n- p-n) 
COMMON-EMITTER CIRCUIT, BASE INPUT 
CASE TEMPERATURE (Tc)=256 C 
PULSE TEST: PULSE DURATION 110 ms 

DUTY FACTOR = 0.1   

4 
  3 

 0.5 

BASE MILLIAMPERES (I B)=0.I o 
2 4 6 8 10 12 14 16 

COLLECTOR - TO - EMITTER VOLTS (Vc E) 
92CS-13770T 

Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in com-
mercial and industrial equipment. JEDEC TO-104, 
Outline No.32. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 
Base open   VCEO 
VBE —1 V   VCEV 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   I» 

25 
25 
7.5 
200 

—200 

V 
V 
V 

mA 
mA 
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MAXIMUM RATINGS (cont'd) 

Base Current   IB 
Transistor Dissipation: 
TA up to 25°C   PT 
Tc up to 75°C   PT 
TA or Tc above 25°C   PT 

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Breakdown Voltage ( Ic _ 10 mA, 
IB ------- 0)   

Emitter-to-Base Breakdown Voltage (IF — 0.05 mA, 
Ic = 0)   

Collector-to-Emitter Saturation Voltage ( Ic _ 200 mA, 
Is = 10 mA)   

Base-to-Emitter Saturation Voltage ( Ic = 200 mA, 
IB = 10 mA)   

Collector-Cutoff Current: 
VCR 25 V, IE =   
VCR = 25 V, IE = 0, Tc = 85°C   
Vcr, = 25 V, VBE —1 V  

Emitter-Cutoff Current (VBE = —2.5 V, Ic 
Static Forward-Current Transfer Ratio: 
VuE = 6 V, I( _ 0.5 mA   hFE 

VCE = 10 V, IC = 10 MA  hFE 

VCE = 1 V, IC =-- 100 MA  hFE 

Small-Signal Forward-Current Transfer Ratio 
(VcE = 12 V, Ic = 10 mA, f = 1 kHz)   

Gain-Bandwidth Product (VcE = 6 V, Ic = 1 mA, 
f = 100 MHz)   

Intrinsic Base-Spreading Resistance (VcE 6 V, 
Ic = 1 mA, f = 100 MHz)   

Output Capacitance ( VcB = 6 V, I E = 0, f = 1 MHz) 
Small-Signal Input Impedance (VcE = 12 V, 
Ic _ 10 mA, f = 1 kHz)   hie 

Small-Signal Output Admittance (VcE — 12 V, 
Ic = 10 mA, f = 1 kHz)   

Small-Signal Reverse-Voltage Transfer Ratio 
(VcE = 12 V, Ic = 10 mA, f = 1 kHz)   hre 

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   fb-A 

40 

t.; 35 
(i) 

130 
Q-
2 25 
-J 
-J 

20 
cr 
o 
e-o 15 
là) 
-J 

▪ 10 
0 

5 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40397 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE ( Tc): 25°C 

100 
90 

80 

70 

60 

50 

40 

30 

20 

BASE MICROAMPERES (IB)I0 

I 1 O 

0 5 10 15 20 
COLLECTOR-TO-EMITTER VOLTS ( VCE) 

9ZCS-14164 T 

8 
6 

108 
6 

4 

2 

hoe 

TJ (opr) 
TSTG 

TL 

V(BR)CE0 

V(BR)EBO 

VCE (sat) 

VBE (sat) 

ICB0 

ICB0 

ICEV 

1E80 

25 mA 

0.5 
2 

See curve page 300 

—65 to 175 
—65 to 175 

255 

25 min 

7.5 min 

0.15 typ; 0.25 max 

0.8 typ; 1.3 max 

100 max 
5 max 

10 max 
100 max 

20 min; 175 typ 
165 to 600 

100 min; 245 typ 

he 165 min; 375 typ 

fT 50 min; 80 typ 

rbb' 20 typ; 40 max 
Cobo 12 typ; 20 max 

1200 

120 

250 X 10 -6 
50 max 

300 max 

OC 
°C 
°C 

V 

V 

V 

V 

nA 

JLA 
nA 

MHz 

pF 

1-1 

//mhos 

°C/W 
°C/W 

TYPICAL TRANSFER CHARACTERISTICS 
1 I I I 

:TYPE 40397 
_ COMMON-EMITTER CIRCUIT, BASE 
CASE TEMPERATURE (Tc)E25•C 
_COLLECTOR-TO-EMITTER VOLTS 

1 I 1 

I 

INPUT. 

(VCE)*1 

- 
_ 

, . 
40397, 40399, 
40453, 40455, 

, 
"---- RCA ,_.  

, , 

• 

40398, 
40454, 

40400, 
40456, 

1 

RCA 

500 600 700 
BASE-TO- EMITTER MILLIVOLTS (VBE) 

9ZCS-141Z 4 T 

TRANSISTOR 40398 

800 

Si n- p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in com-
mercial and industrial equipment. JEDEC TO-104, 
Outline No.32. This type is identical with type 40397 
except for the following items: 



480 RCA Transistor, Thyristor, & Diode Manual 

CHARACTERISTICS (At case temperature = 25°C) 
Static Forward-Current Transfer Ratio: 
VCE 1= 6 V, Ic - 0.5 mA     hFE 
VCE — 10 V, L' -II_ 10 mA     hFE 
VCE 1 V, lc - 100 mA   hFE 

Small-Signal Forward-Current Transfer Ratio 
(VUE = 12 V, Ic 10 mA, f = 1 kHz)   hre 

Small-Signal Input Impedance ( VcE 12 V, 
If. 10 mA, f 1 kHz)   h t e 

Small-Signal Output Admittance (VCE — 12 V, 
= 10 mA, f 1 kHz)   

Small-Signal Reverse-Voltage Transfer Ratio 
(VUE = 12 V, Ir - - 10 mA, f 1 kHz)   

TYPICAL COLLECTOR CHARACTERISTICS 

HYPE 40398 _COMMON- EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE (Tc)=25° C 

 :180 

5 

0 5 10 15 20 COLLECTOR-TO- EMITTER VOLTS ( VCE) 
92CS-139181> 

40399 

C
O
L
L
E
C
T
O
R
 
M
I
L
L
I
A
M
P
E
R
E
S
 

8 
6 
4 

2 

hoe 

hre 

20 min; 75 typ 
75 to 300 

50 min; 140 typ 

75 min; 200 typ 

600 

75 btmhos 

125 y, 10 6 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 40398 COMMON- EMITTER CIRCUIT, BASE INPUT. CASE TEMPERATURE (Tc):25° C 
COLLECTOR- TO- EMITTER VOLTS ( VCE)=I 

6 
4 

2 

10 
8 
6 
4 

2 

_ 
RCA 40397, 40399, 

40453, 40455, 

RCA 40398, 40400, 
40454, 40456, 

500 600 700 BASE-TO- EMITTER MILLIVOLTS (VBE) 
92CS-14124T 

TRANSISTOR 

Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in com-
mercial and industrial equipment. JEDEC TO- 104, 
Outline No.32. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 
Base open   
VBE = —1 V   

Emitter-to-Base Voltage   
Collector Current   
Emitter Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
Tc up to 75°C   
TA or Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage ( Ic — 10 mA, 

Emitter-to-Base Breakdown Voltage ( IE = 0.05 mA, 
lc = 0)   

Collector-to-Emitter Saturation Voltage ( I(' = 100 mA, 
= 5 mA)   

Base-to-Emitter Saturation Voltage ( Ir   100 mA, 
= 5 mA)   

Collector-Cutoff Current: 
VcB = 12 V, IE 7= 0   
Vcrt — 12 V, IE = 0, Tc = 85°C   

VCEO 

VCEV 

VEBO 

IC 

IE 

In 

PT 

PT 

PT 

TJ (opr) 
TSTG 

Tr, 

18 
18 
7 

200 
—200 

25 

800 

V 
V 
V 

mA 
mA 
mA 

0.5 
2 

See curve page 300 

—65 to 175 
—65 to 175 

255 

°C 
°C 
°C 

V(FtR)CE0 18 min V 

V(BR)EBO 7 min V 

VUE ( sat) 0.1 typ; 0.2 max V 

VBE (sat) 0.75 typ; 1.3 max V 

TUB() 500 max nA 
ICBO 10 max 
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CHARACTERISTICS (coed) 

Emitter-Cutoff Current (VBE = —2.5 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
✓ E = 6 V, Ic 0.5 mA  
✓ E = 10 V, Li = 10 mA   

1 V, IC = 100 mA 
Small-Signal Forward-Current Transfer Ratio 

(VrE 12 V, Ic 10 mA, f = 1 kHz)   
Gain-Bandwidth Product ( VcE 6V, 

= 1 mA, f = 100 MHz)   
Intrinsic Base-Spreading Resistance ( VcE 6 V, 

Ir = 1 mA, f = 100 MHz)   
Output Capacitance ( Wit = 6 V, IE = 0, f = 1 MHz) 
Small-Signal Input Impedance (V(E = 12 V, 

Ir 10 mA, f = 1 kHz)   
Small-Signal Output Admittance (VcE = 12 V, 

= 10 mA, f 1 kHz)   
Small-Signal Reverse-Voltage Transfer Ratio 
(V('E 12 V, Li = 10 mA, f = 1 kHz)   

Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

C
O
L
L
E
C
T
O
R
 

45 

40 

e 
6 

2 

108 

‘-ù 35 

tcà2 30 

.rt • 25 
3 

¡"-- 20 

cc 
o ›- 15 
(.) 
-J 
-J 

4 

2 

TYPICAL TRANSFER CHARACTERISTICS 
- i 1 i 
_ TYPE 40399 
.COMMON- EMITTER CIRCUIT, 
CASE TEMPERATURE ( Tc) = 25° 
_COLLECTOR-TO-EMITTER VOLTS 

.. I 1 1 

1 

BASE INPUT. 
C 

(VcE) -I 

 i _ 
_ 
_ 

—  40397, 40399, 
40453, 40455, 

RCA , 

. 

, 

, 
, 

40398, 
40454, 

40400, 
40456, , 

RCA 

500 600 700 
BASE-TO- EMITTER MILLIVOLTS (VBE) 

800 

92CS-I4124T 

TRANSISTOR 

IEBo 500 max 

hFE 175 
hFE 165 to 600 
tint 100 min; 243 typ 

hfe 165 min; 375 typ 

50 typ; 80 max 

rbb' 20 typ; 40 max 
Cobo 12 typ; 20 max 

hie 1200 

120 

fT 

hoe 

hre 
ejc 
CJ -A 

nA 

MHz 

pF 

iumhos 

250 x l0-
50 max °C/W 

300 max °C/W 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40399 
_COMMON - EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE ( Tc) g 25° C 

 —100 

90 

80 

70 

60 

50 

40 

3 O 

BASE MiCROAMPERES (I 
s!t_   

1=20 

10 

O 

5 10 15 20 
COLLECTOR-TO-EMITTER VOLTS ( VcE) 

92CS-1391IT 

40400 
Si n- p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in com-
mercial and industrial equipment. JEDEC TO-104, 
Outline No.32. This type is identical with type 40399 
except for the following items: 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40400 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE ( Tc) 25°C 

 .180  

80 

10    60 

BASE MICROAMPERES 1B'(40 

5  1 1 IL   20 

o 5 10 15 20 

COLLECTOR-TO- EMITTER VOLTS (VcE) 

92CS - 13912T 

e 
6 

U 4 

2 
Cr 
w100 8 

6 
4 

-▪ 1 

CC 
o 
I- 10 

8 
Lii 6 

4 o 

2 

2 

TYPICAL TRANSFER CHARACTERISTICS 
I T  - T 

_ 40400 
_COMMON-EMITTER CIRCUIT, BASE 
CASE TEMPERATURE ( Tc):25° 
_COLLECTOR-TO-EMITTER VOLTS 

I I I 

T 

INPUT. 
C 

(VcE)=1 

T 

...TYPE .... 
_ 

. 
40397, 40399, 
40453, 40455, 

RCA 
, 

, , 

. 

4:400, 
40456, 

. , 
, 

" 
, 

40398, 
40454, , 

RCA 

I , 
500 600 700 

BASE-TO- EMITTER MILLIVOLTS ( VBE) 
800 

92CS-I4124T 
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CHARACTERISTICS (At case temperature — 25 °C) 

Static Forward-Current Transfer Ratio: 
VCE = 6 V, Ic_-_=  0.5 mA   hFE 75 
VCE --Z-- 10 V, IC ---7-- 10 mA     hFE 75 to 300 
VCE = 1 V, IC = 100 mA   hFE 50 min; 140 typ 

Small-Signal Forward-Current Transfer Ratio 
(VrE = 12 V, Ic = 10 mA, f = 1 kHz)   he 75 min; 200 typ 

Small-Signal Input Impedance (VCE = 12 V, 
Ic = 10 mA, f = 1 kHz)   hie 600 0 

Small- Signal Output Admittance ( VcE ::-__ 12 V, 
Ic 10 mA, f= 1 kHz)   hoe 75 //mhos 

Small-Signal Reverse-Voltage Transfer Ratio 
(VcE =. 12 V, Ic — 10 mA, f = 1 kHz)   hre 125 X 10-6 

40403 

40404 

40405 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 

Si n- p-n epitaxial planar type used in class C rf power 
amplifiers, drivers, and frequency multipliers at fre-
quencies to 400 MHz in battery-operated communica-
tions equipment. JEDEC TO-52, Outline No.21. 

MAXIMUM RATINGS 

Collector- to-Emitter Voltage: 
Base open VCEO 
VBE -= O   VCES 

Emitter-to-Base Voltage   VEBO 
Collector Current   
Transistor Dissipation: 
TA up to 25°C   PT 
Tc up to 25°C   PT 
TA and Tc above 25°C   PT 

Tempel ature Range: 
Operating ( TA-Tc)   
Storage   

Lead-Soldering Temperature ( 10 s max) 
TSTG 

CHARACTERISTICS 
Collector- to-Emitter Breakdown Voltage: 

Ic _= 10 mA, Ii = 0, tp — 100 JUS, df 25   VunocEo 
I(' = 5 mA, RBE = O   V(BR)CES 

Emitter-to-Base Breakdown Voltage 
(Ii .= 0.01 mA, Ic = 0)   V(BR)Eno 

Collector-Cutoff Current (VCE = 15 V, RBE = 0) •••• ICES 
Static Forward-Current Transfer Ratio 
(W E = 1 V, lc = 100 mA)   hFE 

Small-Signal Forward-Current Transfer Ratio 
(VcE = 1 V, I(' = 100 mA, f = 100 MHz)   

TYPICAL OPERATION CHARACTERISTICS 

TYPE 40405 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (TA )= 25°C 

DC COLLECTOR SUPPLY VOLTS (Vcc) = 12 

fIN n TOUT 

800-

600  

1 
/4e 

30 40 go 80 100 200 300 
FREQUENCY (f)— MHz 

92CS-13733T 

o 
D 
o 
o 800 

II 

600 

o F. 
z 400 
co 
zi 

200 
0 

O 

hie 

16 
40 
6 

0.5 

0.3 
1 

V 
V 
V 
A 

See curve page 300 

65 to 175 °C 
—65 to 200 °C 

300 °C 

16 min 
40 min 

6 min 
0.4 max 

20 min 

3 min 

TYPICAL OPERATION CHARACTERISTICS 

TYPE 40405 
1000 COMMON-EMITTER CIRCUIT, BASE INPUT.-

AMBIENT TEMPERATURE (TA ) = 25° C  
- 7 I 

e 0),  o o <,,Ap  
‘>, 

fi 0, 0   V.4 

-T T TTTTYT 

• 
IN  

2 4 6 8 2 4 6 8 2 4 
10 100 

COLLECTOR MILLIAMPERES (IC) 
92CS-I3734T 

V 
V 

V 
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CHARACTERISTICS (cont'd) 
Gain Bandwidth Product ( Ic = 100 mA, VcE = 1 V) fT 
Output Capacitance ( VcR 5 V, Ii _____ 0, 
f = 0.1 to 1 MHz)   Cobo 

RF Power Output, Frequency-Doubler 
(Vcc 15 V, Pie - 30 tnW, f ( in) = 86 MHz, 

f ( out) 172 MHz   Poe 

* For conditions given, minimum efficiency -=-= 35 per cent. 

TRANSISTOR 

300 min 

3.5 max 

200* min 

40406 

483 

MHz 

PF 

mW 

Si p-n-p type used in the input stages in af-amplifier 
applications in industrial and commercial equipment. 
JEDEC TO-5, Outline No.5. For collector-characteris-
tics and input-characteristics curves, refer to type 
40319. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ic = —100 mA, In = 0)   
Base-to-Emitter Voltage ( Ic = —0.1 mA)   
Collector-Cutoff Current: 
VcE = —40 V, In = 0, T = 25°C   
VcE = —40 V, In = 0, Tc = 150°C   

Emitter-Cutoff Current (VER = —4 V, Ic = 0)   
Static Forward-Current Transfer Ratio 

(VcE = —10 V, L7 = —0.1 mA)   
Gain-Bandwidth Product (VcE = —4 V, Ic = 50 mA) 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

TRANSISTOR 

VCEO (SUS) 
VEBO 

Ift 
IC 

PT 
PT 

—50 V 
4 V 

—0.7 A 
—0.2 A 

1 
See curve page 300 

TJ (opr) 65 to 200 °C 

VCEO (sus) —50 min 
VBE 0.8 max 

LEO —1 max 
IcEo —10 max 
IEBO 1 max 

FIFE 30 to 200 
fT 100 
0.p-c 35 max 
0J-A 175 max 

40407 

V 
V 

/IA 
/LA 
mA 

MHz 
°C/W 
°C/W 

Si n-p-n type used in predriver stages in af-amplifier 
applications in industrial and commercial equipment. 
This type is recommended for use in a Darlington cir-
cuit with a type such as the 40408. JEDEC TO-5, Out-
line No.5. For collector-characteristics and transfer-
characteristics curves, refer to type 40309. This type 

is identicai with type 40496 except for reversal of all polarity signs and the 
following items: 

CHARACTERISTICS (At case temperature ____ 25°C) 
Base-to-Emitter Voltage ( VcE = 10 V, Ic = 1 mA) \THE 0.8 max V 
Static Forward-Current Transfer Ratio 

(VcE   10 V, lc = 1 mA)   FIFE 40 to 200 

TRANSISTOR 40408 
Si n-p-n type used in predriver stages in af-amplifier 
applications in industrial and commercial equipment. 
This type is recommended for use in a Darlington cir-
cuit with a type such as the 40407. JEDEC TO-5, 
Outline No.5. For collector-characteristics and transfer-
characteristics curves, refer to type 40309. 
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MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Tranistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ic = 100 mA, IB = 0)   
Collector-to-Emitter Saturation Voltage 
(Ic =. 150 mA, IB = 15 mA)   

Base-to-Emitter Voltage (W E = 4 V, Ic — 10 mA) 
Collector-Cutoff Current: 
VUE .= 80 V, IB = 0, Tc = 25°C   

=. 80 V, IB =- 0, Tc = 150°C   
Emitter-Cutoff Current (VEB = 4 V, Ic = 0)   
Static Forward-Current Transfer Ratio 
(VUE = 4 V, Ic = 10 mA)   

Gain-Bandwidth Product (W E = 4 V, Ic 
Thermal Resistance, Junction-to-Case   
Thermal Resistance, Junction-to-Ambient   

40409 

VCEO ( SUS) 
VEBO 
IC 
IB 

PT 
PT 

90 
4 

0.7 
0.2 

V 
V 
A 
A 

1 
See curve page 300 

11.1(opr) —65 to 200 °C 

VCEO ( SUS) 

VCE (sat) 
VBE 

'CEO 
'CEO 
IEBO 

hFE 
50 mA) fT 

al-C 
03-A 

POWER TRANSISTOR 

Si n-p-n type used in driver stages in af-amplifier ap-
plications in industrial and commercial equipment. This 
type and type 40410 together form a complementary 
pair of drivers. In a typical class AB circuit a comple-
mentary pair can drive two series-connected 40411 
transistors to provide an audio output of 70 watts with HR 

a total harmonic distortion of less than 0.25 per cent at 1000 Hz. JEDEC 
TO-5 ( with heat radiator), Outline No.8. For collector-characteristics and 
transfer-characteristics curves, refer to type 40309. 

90 min 

1.4 max 
1 max 

1 max 
250 max 
1 max 

40 to 200 
100 

35 max 
175 max 

V 

V 
V 

gA 
gA 
gA 

MHz 
°C/W 
°C/W 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 
(RBE < 10 n)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TA up to 50°C   
TA above 50°C   

Temperature Range: 
Operating (Junction)   

CHARACTERISTICS 
Collector- to-Emitter Sustaining Voltage 
(RBE = 100 c), lc = 100 mA)   

Collector-to-Emitter Saturation Voltage 
=_ 150 mA, In = 15 mA)   

Base-to-Emitter Voltage (VUE = 4 V, Ic _ 150 mA) 
Collector-Cutoff Current: 
VUE = 80 V, RBE = 100 0, Tc = 25°C   
VUE = 80 V, RBE = 100 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = 4 V, lc = 0)   
Static Forward-Current Transfer Ratio 

(V(E = 4 V, Ir = 150 mA)   
Gain-Bandwidth Product (VcE = 4 V, Ic = 50 mA) 
Thermal Resistance, Junction-to-Ambient   

•• 

VCER ( SUS) 
VEBO 
IC 
IB 

PT 
PT 

90 V 
4 V 

0.7 A 
0.2 A 

3 
See curve page 300 

Ti (opr) —65 to 200 °C 

VCER ( sus) 90 min V 

VCE ( sat) 1.4 max V 
VBE 1 max V 

ICER 1 max i.LA 
ICER 100 max /IA 
IEBO 1 max p,A 

hFE 50 to 250 
fT 100 MHz 
03-A 50 max °C/W 



Technical Data 485 

C,HR 

POWER TRANSISTOR 40410 
Si p-n-p type used in driver stages in af-amplifier ap-
plications in industrial and commercial equipment. This 
type and type 40409 form a complementary pair of 
drivers. In a typical class AB circuit a complementary 
pair can drive two series-connected 40411 transistors 
to provide an audio output of 70 watts with a total 

harmonic distortion of less than 0.25 per cent at 1000 Hz. JEDEC TO-5 ( with 
heat radiator), Outline No.8. This type is electrically identical with type 
40409 except for the reversal of all polarity signs. For collector-characteris-
tics and input-characteristics curves, refer to type 40319. 

POWER TRANSISTOR 40411 
Si n- p-n type features a base comprised of a homo-
geneous-resistivity silicon material_ This type is used 
in output stages in af-amplifier applications in indus-
trial and commercial equipment. In a typical class AB 
circuit, two series-connected 40411 transistors driven 
by a complementary pair of transistors ( 40409 and 

40410) can provide an audio output of 70 watts with a total hormonic dis-
tortion of less than 0.25 per cent at 1000 Hz. JEDEC TO-3, Outline No.2. 
See Mounting Hardware for desired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
(Rp.i.: 5_ 100 c))   

Emitter-to-Base Voltage   
Colleclor Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 
(RBI: = loo n, lc = 200 mA)   

Collector-to-Emitter Saturation Voltage 
(lc = 4 A, IB = 400 MA)   

Base-to-Emitter Voltage (VcE = 4 V, Ic — 4 A)   

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40411 
CASE TEMPERATURE (Tc) e 25•C 

BASE MILLIAMPERESCre600 

200 

0 0.5 LO L.5 2.0 2.5 3.0 3.5 404. 
COLLECTOR-TO-EMITTER VOLTS (Va) 

92GS-13184T 
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S
 
(
Ic
) 

VCER ( SUS) 
VEBO 
IC 
IB 

PT 
PT 

90 V 
4 V 

30 A 
15 A 

150 
See curve page 300 

TJ (opr) —65 to 200 °C 

VCER ( SUS) 

VCE (sat) 
VBE 

90 min 

0.8 max 
1.2 max 

TYPICAL TRANSFER CHARACTERISTICS 

12.5 

10.0 

7.5 

5.0 

2.5 

, . . . 
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COLLECTOR-TO-EMITTER VOLTS (\teed; 
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CHARACTERISTICS (cont'd) 

Collector-Cutoff Current: 
= 80 V, Rii = loo 0, Tc = 25°C   ICER 

VCE = 80 V, RBE = loo 1.), Tc = 150°C   ICER 
Emitter-Cutoff Current (VEB = 4 V, Ic — 0)   IEBO 
Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ic = 4 A)   hFE 
Gain-Bandwidth Product (VcE = 4 V, Ic = 4 A)   fT 
Power-Rating Test ( 40 V at 5 A for 1 s max)   
Thermal Resistance, Junction-to-Case   

40412 TRANSISTOR 
Si n- p-n triple-diffused type used in high-voltage switch-
ing and linear-amplifier applications in military and 
commercial applications. This type is particularly use-
ful in neon-indicator driver circuits and in differential 
and operational amplifiers. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
(Rim = 10000 0)   

Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
TA up to 50°C   

Temperature Range: 
Operating (Junction)   

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage 
(RBE = 10000 0, Ic = 50 mA)   

Collector-Cutoff Current: 
RBE = moo a vcic = loo 
vcic = 150 V, VEB = 1.5 V, Tc = 150°C   

Emitter-Cutoff Current (VEB = 3 V, Ic = 0)   
Static Forward-Current Transfer Ratio (VcE = 20 V, 
Ic = 30 mA)   

Small-Signal Forward-Current Transfer Ratio 
(VcE = 10 V, Ic = 10 mA, f = 5 MHz)   

Output Capacitance (VcB 10 V, 
II = 0, f = 1 MHz)   

Second-Breakdown Collector Current (VcE = 200 V) 
Thermal Resistance, Junction-to-Case   
• This value does not apply to type 40412V1. 
• This value applies only for type 40412. 

175 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40412 
CASE TEMPERATURE (IC): 25°C 

25 50 75 100 125 150 175 200 225 

COLLECTOR-TO-EMITTER VOLTS (VcE)—V 
92CS-132101 

VCER (SUS) 
IC 
IB 

PT 
PT 

0.5 max 
2 max 
5 max 

35 to 100 
800 
200 

1.17 max 

250 
1 

0.5 

mA 
mA 
mA 

kHz 

°C/W 

10* 
1 • 

V 
A 
A 

TJ (opr) —65 to 200 °C 

VCER (SUS) 

ICER 
ICEV 
IEBO 

hFE 

hr. 

Cobo 
IS/b 
ej-e 

250 min V 

1 max 
2 max 

100 max 

40 min 

2 min 

10 max 
50 min 

15* max 

mA 
mA 

pF 
mA 

°C/W 

TYPICAL TRANSFER CHARACTERISTICS 

— TYPE 
:COLLECTOR 
—EMITTER 

—(VCE)R 

40412 
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TRANSISTOR 40412V1 
Si n- p-n triple-diffused type used in high-voltage switch-
ing and linear-amplifier applications in military and 
commercial applications. This type is particularly use-
ful in neon-indicator driver circuits and in differential 
and operational amplifiers. JEDEC TO-5 ( with heat 
radiator), Outline No.8. This type is electrically iden-

tical with type 40412 except for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation (TA up to 25°C)   PT 4 

CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient   45 max °C/W 

TRANSISTOR 40412V2 
Si n- p-n triple-diffused type used in high-voltage switch-
ing and linear-amplifier applications in military and 
commercial applcations. This type is particularly use-
ful in neon-indicator driver circuits and in differential 
and operational amplifiers. JEDEC TO-5 ( with flange), 
Outline No.6. See Mounting Hardware for desired 

mounting arrangement. This type is electrically identical with type 40412. 

TRANSISTOR 40413 
Si n- p-n double-diffused epitaxial planar type used in 
rf amplifier and mixer applications up to 200 MHz, 
and in oscillator applications up to 500 MHz. JEDEC 
TO-72, Outline No.28. This type is electrically and 
mechanically similar to type 2N2708, but each ship-
ment of type 40413 is accompanied by a certified sum-

mary of electrical and environmental tests. For typical characteristics 
curves, refer to type 2N2857. 

UHF TRANSISTOR 40414 
Si n- p-n double-diffused epitaxial planar type used in 
low-noise amplifier, oscillator, and converter applica-
tions at frequencies up to 500 MHz in a common-emitter 
circuit and 1200 MHz in a common-base circuit. JEDEC 
TO-72, Outline No.28. This type is electrically and 
mechanically similar to type 2N2857, but each shipment 

of type 40414 is accompanied by a certified summary of electrical and en-
vironmental tests. For typical characteristics curves, refer to type 2N2857. 

POWER TRANSISTOR 40421 
Ge p-n- p* drift-field type used in high-fidelity af ampli-
fier applications. JEDEC TO-3, Outline No.2. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage   VCEO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Base Current   IB 
Emitter Current   IE 
Transistor Dissipation: 
TmF up to 81°C   PT 
fliMP above 81°C   PT 

Temperature Range: 
Operating ( Junction)   T ( opr) 
Storage   TSTG 

Pin-Soldering Temperature ( 10 s max)   TP 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 

Collector-to-Base Breakdown Voltage (Ic = —10 mA, 
IE = 0, tp 300 jis, df = 0.01%)   

Collector-to-Emitter Sustaining Voltage 
(Ic = —100 mA, IB = 0)   

Base-to-Emitter Voltage: 
VCE = —10 V, IC = —50 mA   VBE 
VCE = —2 V, Ic = —1 mA  VBE 

Collector-Cutoff Current (VcB 40 V, IE — 0)   ICBO 
Collector-Cutoff Saturation Current (VcB 0.5 V, 
IE 0)   km) ( sat) 

Emitter-Cutoff Current (VBE = 1.5 V, Ic = 0)   IEBO 
Static Forward-Current Transfer Ratio: 
VCE = —2 V, Ic = —1000 V   hFE 
VCE = —2 V, Ir = —4000 V   hFE 

Gain-Bandwidth Product (VCE — —5 V, 
Ic = —500 mA)   fT 

Thermal Resistance, Junction-to-Mounting Flange   AJ-MF 

V(BIOCB0 

VCEO ( SUS ) 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40421 
COMMON - EMITTER CIRCUIT, BASE INPUT. 

17) MOUNTING - FLANGE TEMPERATURE(TMF):25° C 
P-4 
— -50 
w 
o .5 O.» ••• .1111. 

-•41: -1 
 .---N-35 

\-30 
 • 25 
• 
  20 • 

• 
.144. I 
- 10 

BASE MILLIAMPERES ( I8)=-
••• 

1 1 1 I 
-5 -10 •15 -20 -25 -30 35 40 1 50 

COLLECTOR - TO- EMITTER VOLTS ( VCE) 
92CM-1393IT 

TYPICAL INPUT CHARACTERISTIC . . 
TYPE 40421 
COMMON-EMITTER CIRCU1TeBASE INPUT. 
MOUNTING-FLANGE TEMPERATURE 

(TmF)=25•C 
COLLECTOR-TO-EMITTER VOLTS (VCE) e- -2 

I .6 

. " 

0 -0.2 -0.4 -0.6 
BASE-TO-EMITTER VOLTS (VCE) 

92CS-11329T2 

-0.8 

See 

—75 
—50 
—1.5 
—5 
—1 
5 

V 
V 
V 
A 
A 
A 

12.5 
curve page 300 

—65 to 100 
—65 to 100 

255 

—75 

—50 

0.21 to 0.28 
0.5 max 
—1 max 

°C 
°C 
°C 

V 

V 

V 
V 

mA 

70 max p A 
2.5 max mA 

62 to 175 
40 min 

2 min; 4 typ MHz 
°C/W 1.5 max 

TYPICAL TRANSFER CHARACTERISTIC 
, 
TYPE 
COMMON 
MOUNTING 
COLLECTOR 

40421 
-EMITTER 
-FLANGE 
-TO 

CIRCUIT,BASE 

-EMITTER 
TEMPERATURE 

VOLTS 

INPUT. 

(VCE) -2 
, 

(Th4F):25°C 

, 

4 

-9 9 I 

I 1 I j 

• 1 

• . 

• 

. 

' • 

0 -0.2 - 0.4 -0.6 -0.8 
BASE-TO-EMITTER VOLTS (VBE) 

92CS-11324T2 
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Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

COMPENSATING DIODE 

40422 

40423 

40424 

40425 

40426 

40427 

40428 
Ge alloy-junction type used in temperature- and volt-
age-compensation applications. Similar to JEDEC TO-1 
(2-lead), Outline No.41. 

MAXIMUM RATINGS 

Reverse Voltage    VRM —0.5 V 
'FM 100 mA 

Peak Forward Current   he ( max) 200 mA 
Temperature Range: 
Operating (TA) and Storage (TsTG)   65 to 85 °C 

Lead-Soldering Temperature ( 10 s max)   TI, 255 °C 

CHARACTERISTICS 

DC Forward Current   

DC Forward Voltage Drop: min typ max 
Tc = 25'C   Vieev 235 260 285 mV 
TA = 25°C     VFAV 225 250 275 mV 

NIT2.`" 

TRIACS 
40429 
40430 

Si gate-controlled full-wave types used for the control 
of ac loads in applications such as heating controls, 
motor controls, light dimmers, and power switching 
systems. JEDEC TO-66, Outline No.25. See Mounting 
Hardware for desired mounting arrangement. 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f 50/60 Hz with 
resistive or inductive load) 

40429 
VDROM* ( TJ = —65°C to 100°C)   200 
IT(RMS) (Tc = 75°C, conduction angle = 360°) 
IT(RMS) ( TA up to 100°C, conduction angle 

360')   
ITsm ( 1 cycle of principal voltage)   
IGTM (1 /is max)     4   A 
PGM ( 1 jis max, IGTM 4 A peaky   16   

PG(Av)   0.2TSTG     —65 to 150   °C 

Tc     —65 to 100   °C 

6 

40430 
400 V 

A 

See Rating Chart ( Ambient Temperature) 
100   A 

CHARACTERISTICS (At maximum electrical ratings at Tc 25°C) 

IDRom* (T.T = 100°C, Vpitom = max rated 
value)   0.1 typ; 4 max 0.2 typ; 4 max mA 

VTM * ( ii' = 30 A peak)     1.8 typ; 2.25   V 
IHO* (initial principal = 150 mA dc)   15 typ; 30 max   mA 
Commutating dv/dt* (VI) =--- VDROM, IT(RNIS) 
= 6 A, commutating di/dt = 3.2 A/ms, 
gate unenergized at Tc = 75°C)   3 min; 10 typ   V/iLs 

Critical dv,/dt* (VI) = VDROM, exponential 
voltage rise, Tu = 100°C)   30 min; 150 typ 20 min; 100 max Vhis 
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CHARACTERISTICS (cont'd) 

IGT*$ (VD = 12 Vdc, Ri4 = 12 n): 
1+ mode, VM T2 positive, VG positive   
I- mode', VmT2 positive, VG negative   

III+ mode, V M T2 negative, VG positive   
III- mode, VM T2 negative, VG negative   

VGT*/ (VI) = 12 Vdc, RI, = 12 0)   
VG 'r (VD -= VDRom, I = 125 C), 
Tc = 100°C)   

tgt (VD = VDROM, IGT = 80 mA, tr 
1T= 10 A)   

es- c ( steady-state)   
eJ-A   

0.1 gs, 

15 typ; 25 max   
25 typ; 40 max   
25 typ; 40 max   
15 typ; 40 max   
1 typ; 2.2 max   

0.2 min 

mA 
mA 
mA 
mA 
V 

V 

  2.2   us 
  4 max   °C/W 
See Rating Chart ( Ambient Temperature) 

* For either polarity of main terminal 2 voltage ( VmT2) with reference to main terminal 1. 
For either polarity of gate voltage (VG) with reference to main terminal 1. 

• This characteristic does not apply to types 40502 and 40503. 

0.1 

2 

108 
6 
4 

18 
6 

80 

70 
o 

CONDUCTION RATING CHART 
(CASE TEMPERATURE) 

TYPES 40429,40430 
CURRENT WAVEFORM : SINUSOIDAL 
LOAD:RESISTANCE OR INDUCTIVE 
TEMPERATURE IS MEASURED ON BASE AT 

POINT MIDWAY BETWEEN LEADS. 

360' 

CONDUCTION ANGLE 

eI + eM 

2 3 4 5 6 7 

RMS ON-STATE CURRENT 

GATE CHARACTERISTICS 

TYPE 40429,40430 
, 

- I , 

- , , 

i mu 0 
si 

e  
1,Ae.M sIslece , 

beE 1:ttes‘est-1 
PE-,ze‘toce'G 
Oeeede f 

1 . 
8 
0.01 

2 4 68 2 4 68 
0.1 1.0 

POSITIVE OR NEGATIVE DC 
GATE-TRIGGER AMPERES (IGT) 

40431 
40432 

2 

92SS-3785T 

TRIACS 

—AMPERES T(RMq 
92LS- 1337 TI 

CONDUCTION RATING CHART 
(AMBIENT TEMPERATURE) 

TYPE 40429,40430 ÎFORCED-AIR COOLED WITH HEAT RAD. 
CONVECTION COOLED WITH HT RAD. 
CONVECTION COOLED W/OUT HEAT RAD. 

Se 
60 

ej_ez 40' CAV 
25 -- — 
20 
0 1 2 3 4 

RMS ON- STATE CURRENT [IT 

Mal 

I® 1 
  Cej...e9.5•CAV 

4f 40502 
40503 

Si gate-controlled full-wave types used for phase con-
trol of ac loads in applications such as light dimming, 
universal and induction motor control, and heater con-
trol. These devices have integral triggers. JEDEC 
TO-5 ( modified), Outline No.7. See Mounting Hardware 
for desired mounting arrangement. 

5 6 7 

(RMS)I- AMPERES 

92LS-2049T1 
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MAXIMUM RATINGS (For sinusoidal ac supply voltage at f 
with resistive or inductive load) 

40431 

VDROM (gate open, T.' = 40°C to 100°C)   200 
IT(RMS) (Tc = 75uC, conduction angle = 3600)   
ITSM (1 cycle of principal voltage)   
IGTM (2 As max) 
PGm (2 As max, IGTM 1 A peak)   
PG (AV)   
Ts tg * A   

Tc*•   

50 and 60 Hz 

40432 

400 
  6   
  100   
  1 
  20   
  0.2   
  40 to 150   
  40 to 100   

CHARACTERISTICS (At maximum electrical rating at Tc = 25°C) 

IDRom• ( gate open, TJ — 100°C, 
VDROM = max rated value)   

VT* (ir = 30 A)   
Illo ( initial principal current = 150 mAdc)   
Commutating dvidt• ( vD = VDROM 
IT(RMS) ==- 6 A, commutating di/dt — 4 A/ms, 
gate open) : 
Tc = 75°C   
Tc = 50°C   

Critical dv/dt• (vD = VpRom, exponential 
voltage rise, gate open, Tc = 100'C)   

VGTM   
IVGM+1 
IGTM1   
Gate Trigger Capacitance (VD = 6 Vdc, 

= 12 , Tc = 100°C)   
tgt (VD =- VDROM, IGT =- 80 mA, tr = 0.1 As, 
iT= 10 A peak)     2.2   As 

• For either polarity of main-terminal 2 voltage (VmTz) with reference to main ter-
minal 1. 
• For either polarity of gate voltage (VG) with reference to main terminal 1. 
* For information on the reference point of temperature measurement, see section on 
Outlines. 
• When these devices are soldered directly to the heat sink, a 60-90 solder should be 
used. Exposure time should be just sufficient to cause the solder to flow freely. 

r
3
c
î
>
»
<
 

40431 40432 

0.1 typ 0.2 typ mA 
2 max 4 max mA 
  1.6 typ; 2.25 max V ( peak) 
  10 typ; 30 max  mA(dc) 

5 
8 

LUJ 

C.) 0 

CD 

boo < cr . 

>w 90 
5R1-
2 80 

CONDUCTION RATING CHART 
(CASE TEMPERATURE ) 

TYPES 40431, 40432 
CURRENT WAVEFORM =SINUSOIDAL 
LOAD=RESISTANCE OR INDUCTIVE 
TEMPERATURE IS MEASURED ON BASE AT 

POINT MIDWAY BETWEEN LEADS. 

CONDUCTION ANGLE 
e er+eni 

70  

0 I 2 3 4 5 6 7 
RMS ON-STATE CURRENT [IERmq —9IeAsP_ 7TEi3R3ESI 

C,F 

G
A
T
E
-
T
O
-
M
A
I
N
 T
E
R
M
I
N
A
L
 I
 V
O
L
T
A
G
E
-
V
O
L
T
S
 

V/As 
V/As 

30 20 Wits 
20 min, 35 typ, 40 max V 

  -4-1 typ; -±-3 max   V 
  40 typ; 200 max   AA 

  0.1 to 2  AF 

PEAK GATE FIRING VOLTAGE CHARACTERISTICS 

50 

40 

30 

20 

10 

O 
-40 -20 0 20 40 60 

CASE TEMPERATURE ( Tc)—°C 
92LS-2044T 

'TYPES 40431, 40432 

1 

1 1 

MAXIMUtd 

, TYPICAL 
i , 

- -.........,„ 
I 

> 

• 

POWER TRANSISTOR 

o 

40439 

100 

Ge p-n-p diffused-collector, graded-base type used in 
114-degree 18-kV TV deflection systems as a horizontal-
output amplifier. This type, together with types 2N3730 
(vertical output), 2N3731 and 40440 ( horizontal out-
put), 2N3732 ( horizontal driver), and 1N4785 and 40442 
(damper), make up a complete transistor/damper-diode 
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complement. JEDEC TO-3, Outline No.2. This type is identical with type 
2N3731 except for the following item: 

CHARACTERISTICS 

Turn-Off Time   te -1- tic 0.75 max gs 

40440 POWER TRANSISTOR 

Ge p-n-p diffused-collector, graded-base type used in 
114-degree 18kV TV deflection systems as a horizontal-
output amplifier. This type, together with types 2N3730 
(vertical output), 2N3731 and 40439 ( horizontal out-
put), 2N3732 ( horizonal driver), and 1N4785 and 40442 
(damper), make up a complete transistor/damper-diode 
complement. JEDEC TO-3, Outline No.2. This type is 
2N3731 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 
Peak   

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage 
(Ic =_ —0.025 mA, VEB --"1": 0)   

Collector-to-Emitter Saturation Voltage: 
Ic =_-. —6 A, IB = —0.4 A   
Ic =_ —3 A, IB = —0.2 A   

Base-to-Emitter Voltage (Ic — —6 A, IB =-- —0.4 A)   

40442 DAMPER DIODE 

VCBO 

E a 
identical with type 

V(BR)CES 

VCE (sat) 
VCE (sat) 
VBE 

Ge diffused-junction type used in transistorized 114-
degree, 18-kilovolt horizontal-deflection systems in tele-
vision receivers with types 2N3730, 2N3731, 2N3732, 
40439, and 40440 to make up a complete transistor/ 
damper-diode complement. JEDEC TO-3, Outline No.2. 
This type is identical to type 1N4785 except for the 
following items: 

MAXIMUM RATINGS 

Peak Reverse Voltage   VRM 
Continuous Reverse Voltage   VRM 

CHARACTERISTICS 

Peak Reverse Voltage (IR = 1 mA)   VIM 

200 

—200 

—0.75 max 
—0.75 max 

—1 

V 

V 

v 
V 
V 

200 V 
40 V 

200 min V 

40444 Refer to Chart of Discontinued Transistors 

40446 TRANSISTOR 
Si n-p-n triple diffused planar type used in power-ampli-
fier applications, in conjunction with types 40080 ( oscili-
lator), 40081 ( driver), and 40082 (power amplifier), in 
a 5-watt-input, 27 - MHz citizens-band transmitter. 
JEDEC TO-5 ( with flange), Outline No.6. See Mount-
ing Hardware for desired mounting arrangement. This 
type is identical with type 40082 except for the following items: 

CI 
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MAXIMUM RATINGS 
Transistor Dissipation: 
Tc up to 25°C   PT 

CHARACTERISTICS (At case temperature 25°C) 
Thermal Resistance, Junction-to-Case   

TRANSISTOR 

10 

17.5 °C/W 

40450 
Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifiers and switching 
service in commercial, industrial, and computer equip-
ment. JEDEC TO-104, Outline No.33. This type is iden-
tical with type 2N3241A except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 
TA up to 25°C   PT 1 
TA above 25°C   PT See curve page 300 

CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient   8J-A 150 max °C/W 

TRANSISTOR 40451 
Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier and switching 
service in commercial, industrial, and computer equip-
ment. JEDEC TO-104 ( with heat radiator), Outline 
No.33. This type is identical with type 2N3242A except 
for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 
TA up to 25°C  PT 1 
TA above 25°C   PT See curve page 300 

CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient   9J-A 150 max °C/W 

TRANSISTOR 40452 
Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in com-
mercial and industrial equipment. JEDEC TO-104 ( with 

CeiR heat radiator), Outline No.33. This type is identical 
with type 2N4074 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 
TA up to 25°C  
TA above 25°C   

CHARACTERISTICS (At case temperature = 25°C) 
Thermal Resistance, Junction-to-Ambient   8J-A 150 max °C/W 

7-T 
PT 

1 
See curve page 300 

TRANSISTOR 40453 
Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in com-
mercial and industrial equipment. JEDEC TO-104 ( with 
heat radiator), Outline No.33. This type is identical 
with type 40397 except for the following items: 
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MAXIMUM RATI NGS 

Transistor Dissipation: 
TA up to 25°C    PT 
TA above 25°C   Pry 

CHARACTERISTI CS (At case temperature = 25°C) 

Thermal Resistance, Junction-to- Ambient   

40454 TRANSISTOR 

0 .r - A 

Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in com-
mercial and industrial equipment. JEDEC TO- 104 ( with 
heat radiator), Outline No.33  This type is identical 
with type 40398 except for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C  
TA above 25°C   

PT 

1 
See curve page 300 

150 max °C/W 

1 
See curve page 300 

CHARACTERISTICS (At case temperature = 25°C) 
Thermal Resistance, Junction-to-Ambient   (-)j-A 150 max °C/W 

40455 TRANSISTOR 
Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in com-
mercial and industrial equipment. JEDEC TO-104 ( with 
heat radiator), Outline No.33. This type is identical 
with type 40399 except for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C  PT 1 
TA above 25°C   PT See curve page 200 

CHARACTERISTICS (At case temperature — 25°C) 

Thermal Resistance, Junction- to-Ambient   150 max °C/W 

40456 TRANSISTOR 
Si n-p-n epitaxial planar type used in high-voltage, 
high-current audio and video amplifier service in com-
mercial and industrial equipment. JEDEC TO-104 ( with 
heat radiator), Outline No.33. This type is identical E C 
with type 40400 except for the following items 

MAX IMUM RATIN GS 

Transistor Dissipation: 
TA up to 25°C   PT 1 
TA above 25°C   PT See curve page 300 

CHARACTERISTI CS (At case temperature — 25°C) 

Thermal Resistance, Junction-to-Ambient   PJ - A 150 max °C/W 

40457 Refer to Chart of Discontinued Transistors 
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TRANSISTOR 40458 
Si n- p-n double-diffused epitaxial planar type used in 
high-peak-current audio and video amplifier applica-
tions in commercial and industrial equipment and high-
current switching and driver service in computer equip-
ment. JEDEC TO-104, Outline No.32. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VC:BO 60 
Collector-to-Emitter Voltage   VCEO 40 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   
Ile up to 75°C   
Tc above 75°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead ,-Soldering Temperature ( 10 s max)   I • • • " • • • • 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ( Ic = 0.1 mA, 
IE -- 0)   

Emitter-to-Base Breakdown Voltage (IE — 0.05 mA, 
lc = 0)   

Collector-to-Emitter Breakdown Voltage (Ic — 100 mA, 
IB = 0, tp = 300 gs, df 0.018%)   

Collector-to-Emitter Saturation Voltage ( Ic = 300 mA, 
IB -_-_- 15 mA)   

Base-to-Emitter Saturation Voltage ( Ic — 300 mA, 
IR = 15 mA)   

Collector-Cutoff Current: 
VcB = 25 V, IE = 0   

25 V, IE = 0, TA = 85°C   
Emitter-Cutoff Current (VEB = 2.5 V, Ic = 0)   
Static Forward-Current Transfer Ratio: 
V('E = 10 V, L• = 10 mA  
VeE = 10 V, le =1 150 mA   
Vc'E = 1 V, It. = 300 m A   

Small-Signal Forward-Current Transfer Ratio 
VCE = 12 V, L• = 10 mA, f = 1 kHz)   

Gain-Bandwidth Product (VcE = 1 V, Ic = 50 mA, 
f = 50 MHz)   

Feedback Capacitance* (V(B = 6 V, IE = 0, 
f = 1 MHz)   

Small-Signal Input Impedance (V E = 12 V, 
Ie = 10 mA, f = 1 kHz)   

Small-Signal Output Impedance ( VcE = 12 V, 
Ic = 10 mA, f 1 kHz)   

TYPICAL COLLECTOR CHARACTERISTICS 

TYPTE 40458 
_COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE (Tc):25°C 
SWEEP MEASUREMENT : 
SWEEP FREQUENCY :60 HZ 
SWEEP WAVEFORM : HALF SINE WAVE 

s 
pces 

‘40 

OO 

so 

60 

4 O 

20( 

O 

O 10 20 30 40 

COLLECTOR-TO- EMITTER VOLTS (VCE) 
92CS-138211 

V 
V 

8 V 
1 A 

PT 0.5 
PT Derate linearly 3.3 MW/°C 
PT 2 
PT Derate linearly 20 mW/°C 

(opr) 
TsTG 
Tr. 

—65 to 175 °C 
65 to 175 °c 

265 °C 

V(BR)CB0 

V(BR)EBO 

V(BR)CE0 ( sus) 

60 min 

8 min 

40 min 

VCE (sat) 0.24 typ; 0.3 max 

VBE (sat) 0.93 typ; 1.5 max 

ICBO 

'CB° 

IEBO 

hFE 
hFE 
hFE 

hfe 

fT 

Ccb 

hie 

hOP 

10 max 
1 max 

10 max 

nA 
µA 
nA 

100 to 300 
150 

50 min; 75 typ 

75 min; 175 typ 

150 min; 200 typ MHz 

20 max pF 

600 

75 mmhos 

TYPICAL TRANSFER CHARACTERISTIC 

8 6 
4 
2 

TYPE 40 458 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE ( TA) a 25•C 
COLLECTOR - TO-EMITTER VOLTS 

(VCE) 112 

1 

6 
4 

2 ...---

e 
6 
4 

2 
, o 

0.4 0.45 0.5 0.55 0.6 0.65 

BASE-TO- EMITTER VOLTS (VBE) 
92C3- 12309T1 

0.7 
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CHARACTERISTICS (cont'd) 

Small-Signal Reverse-Voltage Transfer Ratio 
(VcE = 12 V, Ic = 10 mA, f = 1 kHz)   

Intrinsic Base-Spreading Resistance (VcE = 6 V, 
Ic = 1 mA, f = 100 MHz)   rbb' 

Thermal Resistance, Junction-to-Case   es-C 
Thermal Resistance, Junction-to-Ambient   

hr. 

* Three-terminal measurement with lead No. 1 ( emitter) guarded. 

40459 TRANSISTOR 
Si n- p-n double-diffused epitaxial planar type used in 
high-peak-current audio and video amplifier applica-
tions in commercial and industrial equipment and high-
current switching and driver service in computer 
equipment. JEDEC TO-104 ( with heat radiator), Out-
line No.33. This type is identical with type 40458 ex-
cept for the following items: 

MAXIMUM RATINGS 

Transistor Dissipation: 
TA up to 25°C   PT 1 
TA above 25°C   PT Derate linearly 6.6 mW°C 

CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient   43J-A 

125 X 10-6 

20 
50 max 

300 max 
oc/w 
oc/w 

150 max 

40460 Refer to Chart of Discontinued Transistors 

40461 Refer to Chart of Discontinued Transistors 

40462 POWER TRANSISTOR 

Ge p-n-p alloy-junction type used in high-fidelity class 
B af amplifier service in push-pull and "single-ended 
push-pull" circuits. JEDEC TO-3, Outline No.2. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   
Collector-to-Emitter Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TM's` up to 81°C   
TM F above 81°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Pin-Soldering Temperature ( 10 s max)   

Vcno 
VCEO 
VEBO 
IC 
IB 

PT 
PT 

TJ (opr) 
TSTG 
TP 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Base Breakdown voltage 
(Ic= —0.005 A, IF =- 0)   V(B R) CB0 

Collector-to-Emitter Breakdown Voltage ( Ic = —0.6 A, 
RBE = 68 c))   V(B R) CER 

Emitter-to-Base Breakdown Voltage (IE 2 mA, 
0)   Vo3B)EBo 

Collector-to-Emitter Saturation Voltage ( Ic _ 5 A, 
IR = —0.5 A)   VCE (sat) 

Base-to-Emitter Voltage (VcE = —10 V, 
Ic = —0.05 A)   VBE 

40 
—40 
5 

—5 
1 

V 
V 

A 
A 

12.5 
See curve page 300 

—65 to 100 
65 to 100 

255 

—40 min 

—40 min 

5 min 

1 max 

—0.19 

°C 
°C 
°C 
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CHARACTERISTICS (cont'd) 

Collector-Cutoff Current: 
VCB = —30 V, IE = 
VCB = —0.5 V, IE 

Static Forward-Current Transfer Ratio 
(VuE = —2 V, Ic = —1 A)   

Gain-Bandwidth Product (Vex 5 V, lc 0.5 A)   
Thermal Resistance, Junction-to-Case   

ICB0 
ICBO (sat) 

h F E 
fT 
f4j_c 

—0.5 max 
—0.1 max 

50 min; 90 typ 
600 

1.5 max 

TYPICAL OPERATION IN "SINGLE-ENDED PUSH-PULL" CLASS B 
AF-AMPLIFIER CIRCUIT (At mounting-flange temperature = 25°C) 

DC Collector Supply Voltage   
Zero-Signal DC Collector Current   
Zero-Signal Base-Bias Voltage   
Peak Collector Current   
Maximum-Signal DC Collector Current   
Input Impedance of Stage ( per base)   
Load Impedance ( speaker voice-coil)   
Maximum Collector Dissipation ( per transistor) 
under worst-case conditions   

EIA Music Power-Output Rating   
Power Gain   
Maximum-Signal Power Output   
Total Harmonic Distortion at Maximum-Signal 
Power Output   

3 

C
O
L
L
E
C
T
O
R
 

2 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 40462 
COMMON-EMITTER CIRCUIT,BASE INPUT. 
-MOUNTING-FLANGE TEMPERATURE (Th4F ):25°C 

-1001 
-90 —  
-80 
-70 
-60 
-50 

40 

30 

-20 

-10 
-5 

SE MILLIAMPERES(Ie -1 

-5 -10 - 5 -20 -25 -30 -35 -40 
COLLECTOR -TO-EMITTER VOLTS (VcE) 

92CS-13984T 

V c c 
Ic 

GPE 
POE 

18 
—12 

—0.15 
—2.8 
—1 
32 
4 

7.5 
25 
25 
15 

5 

mA 
mA 

kHz 
°C/VV. 

TYPICAL TRANSFER CHARACTERISTIC 

V 
mA 
V 
A 
A 

'TYPE 
COMMON 
MOUNTING 
'COLLECTOR 
—VOLTS 

40462 
-EMITTER 

(VcE) 

-FLANGE 
-TO 

a -2 

CIRCUIT,BASE INPUT. 
TEMPERATURE (Th,F)*25•C 

-EMITTER '' 

I I • , . . 
o .. e . 

r . . 

o e 

-• r • • 

g g .— r r o 

e • 

ti„tr 

o r 

ego g • g 
o • r r o 

r 

0 -0.2 -0.4 -(16 -0.8 - 
BASE-TO-EMITTER VOLTS (VBE) 

92CS-13982T 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

1G 

Sue 

40464 

40465 

40466 

40467 

dB 

07 
/0 

FIELD-EFFECT TRANSISTOR 40467A 
Si insulated-gate field-effect (MOS) n-channel depletion 
type used in vhf tuners and other vhf amplifier appli-
cations in industrial and commercial electronic equip-
ment. JEDEC TO-72, Outline No.28. 

MAXIMUM RATINGS 

Drain-to-Source Voltage 
Gate-to-Source Voltage: 
Continuous ( dc)   
Peak (ac)   

Drain-to-Gate Voltage   
Drain Current ( tp 20 ms, df 0.15)   

VDS 

VGS 
VGS 
VDG 
ID (pulsed) 

20 V 

—8 to 1 
-1=15 
20 
50 

V 
V 
V 

mA 
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MAXIMUM RATINGS (cont'd) 

Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating   Topr) 
Storage   TsTG 

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Gate-to-Source Cutoff Voltage 
(VDS =. 12 V, ID z-.-_ 0.1 mA)   VGS (off) 

Gate Leakage Current: 
VGS =- 1 V, VDS = O   IGSS 
VGS = —8 V, VDS = O   IGSS 

Zero-Bias Drain Current 
(VDS = 15 V, VGs = 0, tr 20 ms, df 0.15) •••• IDSS (pulsed) 

Small-Signal, Forward Transconductance 
(VDs = 15 V, ID = 5 mA, f 1 kHz)   grs 

Drain-to-Source Channel Resistance 
(Vis -= 0, ID = 0, f = 1 kHz)   rDs ( on) 

Input Resistance (VDS = 15 V, ID = 5 mA, 
f = 200 MHz)   

Output Resistance (VDS =_ 15 V, ID = 5 mA, 
f = 200 MHz)   

Small-Signal Reverse Transfer Capacitance 
(VDS -= 15 V, ID = 5 mA, f = 1 MHz)   

Maximum Available Power Gain 
(VDS = 15 V, ID = 5 mA, f =. 200 MHz)   MAG 

Maximum Usable Power Gain, Unneutralized 
(VcE = 15 V, ID = 5 mA, f = 200 MHz)   MUG 

Maximum Usable Power Gain, Neutralized 
(VDs = 15 V, ID = 5 mA, f = 200 MHz)   MUG 

Noise Figure (VDS =. 15 V, ID = 5 mA, 
f = 200 MHz)   NF 

40468 

ris 

ros 

Crss 

400 mW 
Derate at 2.67 mW/°C 

—65 to 175 
—65 to 175 

265 

°C 
°C 
°C 

5 typ; —8 max V 

1 max 
1 max 

nA 
nA 

10 to 50 mA 

4000 min; 7500 typ 4mhos 

200 

2 

3.6 

0.05 to 0.2 

20 

12 

12 min; 16 typ 

3.5 typ; 5 max 

TYPICAL FORWARD 
TRANSCONDUCTANCE CHARACTERISTICS 

cr 

igu 
c.) 10 

«, 

Z 

o 5 

z z 

a_ 
w 

co 
cn 

< D 

3 -2.5 

o 
tà.. 

7.5 

2.5 

O 

-5 

TYPE 40467A 
SOURCE AND SUBSTRATE 
AMBIENT TEMPERATURE 
FREQUENCY ( f)E 200MHz 
DRAIN-TO-SOURCE VOLTS 

GROUNDED 
(TA)3 

(Vos)z 

i 

25°C 

+15 

9fs 

bfs 

0 5 10 15 
DRAIN MILLIAMPERES (ID) 

MS-14131T 

FIELD-EFFECT TRANSISTOR 

Si insulated-gate field-effect(MOS) n-channel depletion 
type used as an rf amplifier in receivers covering the 
88-to- 108-MHz band and for general amplifier applica-
tions at frequencies up to 125 MHz. JEDEC TO-104, 
Outline No.31. For typical forward transconductance 
curves, refer to type 3N142. 

MAXIMUM RATINGS 

Drain-to-Source Voltage   
Gate-to-Source Voltage: 
Continuous   
Peak   

VDS 

VGS 

VGS 

o 

kO 

ko 

pF 

dB 

dB 

dB 

dB 

20 V 

—8 to 0 V 
-2=15 V 
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Drain Current   II) 

PT 
PT 

T(opr) 

Transistor Dissipation •. 
TA up to 100°C   
TA above 100°C   

Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Gate-to-Source Cutoff Voltage 
(VDS = 20 V, ID = 0.05 mA)   VGs ( off) —4 typ; 6 max 

Gate Reverse Current (VGS •••• —GSS 8 V, VDS — 0) I V 0.2 max nA 
Zero-Gate-Voltage Drain Current 
(VDS = 15 V, VGS =_ 0)   IDss 5 to 50 mA 

Small-Signal Reverse-Transfer Capacitance, 
Drain-to-Gate (VDS = 15 V, ID = 5 mA, 
f=1 MHz)   

Input Resistance (VDS = 15 V, 
f = 100 MHz)   

Output Resistance (VDS — 
f = 100 MHz)   

Input Capacitance (VDS — 
f = 100 MHz)   

Output Capacitance (VDS = 
f = 100 MHz)   

Magnitude of Forward Transadmittance 
(Vps = 15 V, ID 5 mA, f 100 MHz)   

Maximum Available Power Gain 
(VDS = 15 V, ID = 5 mA, f = 100 MHz)   

Maximum Usable Power Gain, Unneutralized 
(VDS = 15 V, ID = 5 mA, f = 100 MHz)   

Maximum Usable Power Gain, Neutralized 
(VDS = 15 V, ID = 5 mA, f = 100 MHz)   

Noise Figure (VDS = 15 V, ID = 5 mA, 
f = 100 MHz)   

20 mA 

ID — 5 mA, 

15 V, ID = 5 mA, 

15 V, ID = 5 mA, 

15 V, II) = 5 mA, 

1G 

Crels 

riss 

ross 

Ciss 

CoNS 

1Yred 

MAG 

MUG 

MUG 

NF 

100 mW 
Derate at 4 mW/°C 

—65 to 125 
- 65 to 125 

265 

0.1 to 0.2 

2 min; 4.5 typ 

2.25 min; 4.2 typ 

5.5 typ; 10 max 

1.4 

7.5 

24 

14 

14 min; 17 typ 

4 typ; 5 max 

OC 

°C 

pF 

k0 

ko 

pF 

pF 

mmhos 

dB 

dB 

dB 

dB 

FIELD-EFFECT TRANSISTOR 40468A 
Si insulated-gate field-effect (MOS) n-channel depletion 
type used in rf-amplifier applications in FM receivers 
covering the 88-to-108-MHz band, and in general ampli-
fier applications at frequencies up to 125 MHz. JEDEC 

Sua TO-72, Outline No.28. 

MAXIMUM RATINGS 

Drain-to-Source Voltage   
Gate-to-Source Voltage: 
Continuous   
Peak   

Drain-to-Gate Voltage   
Drain Current ( tp 20 ms, df 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

0.15)   

VDS 

VGS 
v(;s 
VDG 
II) ( pulsed ) 

PT 
PT 

T(opr) 
TSTG 
Tr, 

20 

—8 to 1 
±15 
20 
25 

V 

V 
V 
V 

mA 

375 mW 
Derate at 2.5 mW/°C 

65 to 175 
—65 to 175 

265 

°C 
°C 
°C 

Drain-to-Source Cutoff Current 
(VDS =_ 12 V, VGS 8 V)   ID ( off) 100 max ¡LA 

Gate Leakage Current: 
VGS = —8 V, VDS = 0   
VGS = 1 V, VDS =-

Zero-Bias Drain Current (VDS = 15 V, VGS = 0, 
ti' 20 ms, df 0.15)   

Small-Signal Forward Transconductance 
(VDS =. 15 V, ID = 5 mA, f = 1 kHz)   

Small-Signal Reverse-Transfer Capacitance, 
Drain-to-Gate (VDS = 15 V, ID = 5 mA, 
f = 1 MHz)   

lass 
IGss 

IDSS (pulsed) 

gf 

Cria 

1 max nA 
1 max nA 

5 to 25 mA 

7500 µmhos 

0.12 typ; 0.2 max PF 
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CHARACTERISTICS (cont'd) 

Input Capacitance (VDs — 15 V, ID = 5 mA, 
f = 1 MHz)   

Output Capacitance ( VDs = 15 V, ID 11_-_ 5 mA, 
f = 1 MHz)   

Input Resistance (VDs = 15 V, II) = 5 mA, 
f = 100 MHz)   

Output Resistance (VDs = 15 V, Ii = 5 mA, 
f = 100 MHz)   

Maximum Available Power Gain 

Ciss 

Coss 

riss 

ross 

(VDs 15 V, ID = 5 mA, f = 100 MHz)   MAG 
Maximum Usable Power Gain, Unneutralized 

(VDs = 15 V, ID = 5 mA, f = 100 MHz)    MUG 
Maximum Usable Power Gain, Neutralized 

(VDs = 15 V, ID = 5 mA, f = 100 MHz)   MUG 
Noise Figure ( VDs = 15 V, Ii) = 5 mA, 
f = 100 MHz),  NF 

40469 

40470 

40471 

40472 

5.5 typ; 10 max 

1.4 

2 min; 4.5 typ 

2.25 min; 4.2 typ 

24 

14 

14 min; 17 typ 

3.5 typ; 5 max 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRANSISTOR 
Si n- p-n type used as rf amplifier in television tuners 
covering channels 2 through 13. The terminal arrange-
ment permits shielding between input and output termi-
nals for superior high-frequency performance and 
greater circuit stability, particularly on printed-circuit 
boards. JEDEC TO-104, Outline No.31. 

MAXIMUM RATINGS 

Collector-to-Base Voltage     VCBO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C    PT 
TA above 25°C   PT 

Temperature Range: 
Operating     TA 
Storage   TSUI 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 

Collector-Cutoff Current: 
Vcit = 1 V, IE ------- 0   
W TI = 45 V, IE =   

Emitter-Cutoff Current ( VEn = 3 V, Ic = 0)   
Static Forward-Current Transfer Ratio ( VcE = 6 V, 
In = —1 mA)   

Gain-Bandwidth Product (V('E = 6 V, IE 2 mA, 
f -_-_- 100 MHz)   

Feedback Capacitance ( VcE 10 V, In 2 mA, 
f 200 MHz)   

Input Resistance (VcE = 10 V, II: 2 mA, 
f = 200 MHz)   

Output Resistance (VcE — 10 V, IE —2 mA, 
f = 200 MHz)   

Magnitude of Forward Transadmittance (VrE 10 V, 
IE = —2 mA, f = 200 MHz)   

Noise Figure (V('E = 10 V, In — 2 mA, Rs 90 0, 
f 200 MHz)   

Maximum Available Amplifier Gain (VcE — 10 V, 
In = —2 mA, f = 200 MHz)   

Maximum Usable Amplifier Gain, Unneutralized 
VcE = 10 V, IE = —2 mA, f = 200 MHz)   

Maximum Usable Amplifier Gain: Neutralized 
(VcE 10 V, JE — 2 mA, f = 200 MHz)   

ICBO 

ICB0 

IEBO 

hFE 

IT 

Ccb 

Rte 

Roe 

Yfe 

NF 

MAG 

MUG 

MUG 

45 
3 

50 

PF 

PF 

kO 

la) 

dB 

dB 

dB 

dB 

v 

mA 

180 mW 
See curve page 300 

65 to 175 °C 
65 to 175 °c 

255 °C 

0.02 max 
1 max 
1 max 

40 to 170 

900 

0.19 

180 

5.5 

61 

3.3 

29.6 

21.8 

26.9 

/IA 
itA 

MHz 

pF 

ko 

mmhos 

dB 

dB 

dB 

dB 
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5 

O 
2 4 6 

COLLECTOR-

TYPICAL INPUT CONDUCTANCE AND 
SUSCEPTANCE CHARACTERISTICS 

. T T T I T I . 

TYPE 40472 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
-AMBIENT TEMPERATURE (TA): 25°Ç _ 
FREQUENCY ( f ) r. 200 Mt-iz 
EMITTER MILLIAMPERES ( IE)=-2 , 

be   

_. gie  

, 
8 10 12 14 16 

TO-EMITTER VOLTS ( VcE) 
92CS-I4549T 

w TYPICAL FORWARD TRANSADMITTANCE 
CHARACTERISTICS 

e-
e-

z 
< o 
cc z 

o 3 

e 
cr 
0 
Là_ 

F6070 60 

2 

T T T 

TYPE 40472 
_COMMON EMITTER CIRCUIT, 

BASE !NUT. 
AMBIENT TEMPERATURE 

(TA)= 25°C 
FREQUENCY (f): 200 MHz 
_EMITTER MILLIAMPERES 

(IE)=-2 

.1M•11 

«Mg 

o 

lYfel 

-o 

-10 

-30 

50  A  ..-....• -50 
0 5 10 15 

COLLECTOR-TO-EMITTER VOLTS (VcE) 
92CS-I455iT 

TRANSISTOR 40473 
Si n- p-n type used as rf mixer in television tuners cov-
ering channels 2 through 13. The terminal arrangement 
permits shielding between input and output terminals 
for superior high-frequency performance and greater 
circuit stability, particularly on printed-circuit boards. 
JEDEC TO-104, Outline No.31. For maximum ratings, 

refer to type 40472. 

CHARACTERISTICS 

Collector-Cutoff Current: 
VCB =" 1 V, JE = O   ICB0 0.02 max 
VCB = 45 V, IE = O   ICB0 1 max 

Emitter-Cutoff Current ( VEB = 3 V, Ic = 0)   IEBO 1 max 
Static Forward-Current Transfer Ratio (VcE = 6 V, 
h = —1 mA)   hFE 

Gain-Bandwidth Product (VcE = 6 V, IE = —2 mA, 
f = 100 MHz)   

Feedback Capacitance ( VcE = 12 V, JE = —1.5 mA, 
f = 200 MHz)   

Input Resistance (VcE — 12 V, IE — 1.5 mA, 
f = 44 MHz)   

Output Resistance (VcE — 12 V, JE = —1.5 mA, 
f = 44 MHz)   

Maximum Available Conversion Gain (VCE 
IE — —1.5 mA, f = 200 to 44 MHz)   

35 

o 
a = 30 
• • 3 
CO _J 

w 25 

(2 I 
< afflOa 

•e2 20 u 
W 

Z oz 
t) 

w 
(..) 

Z tr) 

ct) 

15 

10 

5 

TYPICAL INPUT CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

TYPÉ 
COMMON 
-AMBIENT 
FREQUENCY 
COLLECTOR 

40473 , T i I 

-EMITTER CIRCUIT, BASE INPUT. 
TEMPERATURE (TA) g25°C - 

(f)z 200 MHz 
-TO-EMITTER VOLTS (VcE)810 

. . 

gis 

, 
the 

- 
...................... 

. . , 

. . 

. 
0 -2 -4 -6 -8 -10 -12 

EMITTER MILLIAMPERES (IE) 
92Cs-14552T 

=_ 12 V, 

fT 

Ccb 

Rie 

Roe 

MAGO 

40 to 275 

900 

0.19 

270 

4.6 

22.7 

TYPICAL FORWARD TRANSADMITTANCE 
CHARACTERISTICS 

75 

1111TE' 

TYPE 40473 
_COMMON-EMITTER CIRCUIT, BASE _ 

INPUT. 
AMBIENT TEMPERATURE (T4)=25°C 
-FREQUENCY (f):200 MHz 
COLLECTOR-TO-EMITTER VOLTS 

._ (VCE )31° - 

Nei 
, 

. 

. I _ • I 

(8)r 

e •r• 0 

0 -5 -10 -15 
EMITTER MILLIAMPERES ( IE) 

92CS-I4554T 

MHz 

-25 

-50 

-75 

pF 

la) 

dB 
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40474 TRANSISTOR 

Si n-p-n type used as rf oscillator in television tuners 
covering channels 2 through 13. The terminal arrange-
ment permits shielding between input and output termi-
nals for superior high-frequency performance and 
greater stability, particularly on printed-circuit boards. 
JEDEC TO- 104, Outline No.31. For maximum ratings 
refer to type 40472. 

CHARACTERISTICS 
Collector-Cutoff Current: 
VCB = 1 V, ICBO 
VCR = 45 V, I E - I O   ICB0 

Emitter-Cutoff Current (VEB 3 V, Ic _ 0)   IEBO 
Static Forward-Current Transfer Ratio ( VcE — 6 V, 
JE - mA)    hFE 

Gain-Bandwidth Product ( V( 6 V, IE _--_-_ —2 mA, 
f   100 MHz)   fT 

40475 TRANSISTOR 
Si n- p-n type used as 45-MHz if amplifier in television 
receivers. The terminal arrangement permits shielding 
between input and output terminals for superior high-
frequency performance and greater circuit stability, 
particularly on printed-circuit boards. JEDEC TO-j04, 
Outline No.31. 

MAXIMUM RATINGS 
Collector-to-Base Voltage     VCBO 
Emitter-to-Base Voltage     VEBO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C    PT 

Temperature Range: 
Operating    TA 
Storage     TSTO 

Lead-Soldering Temperature ( 10 s max)    TL 

CHARACTERISTICS 
Collector-Cutoff Current: 
VCB -7---- 1 V, IE = 0   ICBO 
VCB = 45 V, IE =- 0   ICBO 

Emitter-Cutoff Current (VEB = 3 V, I(' = 0)   IEBO 
Static Forward-Current Transfer Ratio (W I,: 6 V, 
IE = 1 mA)   hFE 

Gain-Bandwidth Product ( VcE -  6 V, IF 7------ —2 mA, 
f = 100 MHz)   fr 

Feedback Capacitance ( VcE -- 12 V, IE = 3 mA, 
f = 44 MHz)   Ceb 

Input Resistance ( VcE = 12 V, JE 1----- 3 mA, 
f = 44 MHz)   Ri e 

Output Resistance (V E _ 12 V, IE = 3 mA, 
f = 44 MHz)   Ro e 

Magnitude of Forward Transadmittance (VcE = 12 V, 
h: = —3 mA, f = 44 MHz)   lYfe! 

Maximum Available Amplifier Gain (VcE = 12 V, 
JE = —3 mA, f — 44 MHz)   MAG 

Maximum Usable Amplifier Gain Per Stage, Un-
neutralized ( VcE .-.:_-- 12 V, Ii.: — —3 mA, f = 44 MHz) : 
For 1 stage   MUG 
For 2 stages   MUG 
For 3 stages    MUG 

Maximum Usable Amplifier Gain Per Stage, Neutralized 
(VcE = 12 V, IE = 3 mA, f _ 44 MHz) : 
For 1 stage    MUG 
For 2 stages     MUG 
For 3 stages     MUG 

0.02 max p.A 
1 max 
1 max J.LA 

27 to 275 

900 MHz 

45 
3 

50 

V 
V 

mA 

180 mW 
See curve page 300 

—65 to 175 °C 
—65 to 175 °C 

255 °C 

0.02 max /LA 
1 max /LA 
1 max ji A 

40 to 170 

800 MHz 

0.18 PF 

575 o 

25 ko 

loo mmhos 

45.6 dB 

28.5 
26.2 
24.8 

33.5 
31.3 
29.5 

dB 
dB 
dB 

dB 
dB 
dB 
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TYPICAL 

o 
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• T T T iri 
TYPE 40475 
COMMON-EMITTER CIRCUIT, BASE .., 
- INPUT. 
AMBIENT TEMPERATURE (TA):25°C 
-FREQUENCY (f)=44 MHz . 
COLLECTOR-TO-EMITTER VOLTS 

(VCE):12_  
i 

_ 

lYfel 

• I , . • , 

(e) •. . 

• .1 S. / 

l , • « • 

0 -5 -10 -15 
EMITTER MILLIAMPERES ( IE) 

92CS-14560T 

FORWARD TRANSADMITTANCE 
CHARACTERISTICS co 

cr 
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TYPICAL INPUT CONDUCTANCE 
AND SUSCEPTANCE CHARACTERISTICS 

TYPE 40475 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (TA)=25°C 
FREQUENCY (f)=44MIli 
EMITTER MILLIAMPERES ( IE)*-3 

TRANSISTOR 

gie 

4 6 8 10 12 14 
COLLECTOR-TO-EMITTER VOLTS ( VcE) 

92CS-14555T 

40476 
Si n- p-n type used as 45-MHz if amplifier in television 
receivers. The terminal arrangement permits shielding 
between input and output terminals for superior high-
frequency performance and greater circuit stability, 
particularly on printed-circuit boards. JEDEC TO-104, 
Outline No.31. This type is identical with 40475 except 

for the following item: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio (VcE ___ 6 V, 
IE = —1 MA)   hFE 

TRANSISTOR 

27 to 100 

40477 
Si n-p-n type used as 45-MHz if amplifier in television 
receivers. The terminal arrangement permits shielding 
between input and output terminals for superior high-
frequency performance and greater circuit stability, 
particularly on printed-circuit boards. JEDEC TO-104, 
Outline No.31. This type is identical with 40475 except 

for the following item: 

CHARACTERISTICS 

Static Forward-Current Transfer Ratio (VcE = 6 V, 
IE — —1 mA)   InrE 27 to 275 

TRANSISTOR 40478 
Si n- p-n type used in rf - amplifier applications in con-
junction with types 40479 ( mixer), 40480 (rf oscilla-
tor), and 40481 and 40482 ( if amplifiers) to make up 
a "front-end" and if complement for FM and AM/FM 
receivers. The terminal arrangement permits shielding 
between input and output terminals for superior high-

frequency performance and greater circuit stability, particularly on printed-
circuit boards. JEDEC TO-104, Outline No.31. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage: 
Emitter open   VCBO 
VER = -1 V   VCBV 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
TA up to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating   TA 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 
Ic"= 0.001 mA   V(BR)CB0 
VER = -1 V   V(BR)CBV 

Collector-to-Emitter Breakdown Voltage 
(IF, -0.5 MA, IB = 0)   V(BR)CEO 

Emitter-to-Base Breakdown Voltage (IE 0.001 mA, 
Ic _ 0)   VonnEBo 

Collector-Cutoff Current ( VcE = 1 V, IE = 0)   Icso 
Emitter-Cutoff Current ( VrE = 3 V, k = 0)   IEBO 
Static Forward-Current Transfer Ratio (V E = 6 V, 
IF -1 mA)   hFE 

Gain-Bandwidth Product ( VrE 
f = 100 MHz)   

Feedback Capacitance (VrE - 7.5 V, JE -1.5 mA, 
f 100 MHz)   Ccb 

Input Resistance (V('E = 7.5 V, IE = -1.5 mA, 
f =_ 100 MHz)   Rie 

Output Resistance (VcE = 7.5 V, IF = 1.5 mA, 
f 100 MHz)   Roe 

Input Capacitance ( VrE 7.5 V, IE 1.5 mA, 
f 100 MHz)   Cle 

Output Capacitance ( VcE _ 7.5 V, IF = -1.5 mA, 
f = 100 MHz)   

Magnitude of Forward Transadmittance* (VcE - 7.5 V, 
IF = -1.5 mA, f 100 MHz)   

Noise Figure* ( VrE = 7.5 V, IE = 1.5 mA, 
f = 100 MHz)   

Maximum Available Amplifier Gain* (V('E 

= 7.5 V, Ii: = -1.5 mA, 

7.5 V, 
= -1.5 m A, f = 100 MHz)   

Maximum Usable Gain*: 
Unneutralized-VF: _ 7.5 V, I. = -1.5 mA, 
f = 100 MHz  MUG 

Neutralized-WE = 7.5 V, Ii 1.5 mA, 
f -7 100 MHz  MUG 

* This characteristic applies only to type 40478. 
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TYPE 
-COMMON-EMITTER 
- INPUT. 
AMBIENT 
- FREQUENCY 
-COLLECTOR-TO-EMITTER 
_ (VcE) 

40478 

TEMPERATURE 

= 7.5 

y 

(f) = 100 

I 

CIRCUIT, 

MHz 

i 

BASE 

(TA):25°C 

VOLTS 

CIN 

T 

- 
. 

, 

- 

•• I 

. 

I I 

I I 

, 

• • 

RIN  

0 -2 -4 -6 -8 -10 
EMITTER MILLIAMPERES (1E) 

92CS-14032T1 

TYPICAL INPUT CHARACTERISTICS cn 

o 

u_ 
o 

rirfe 

NF 

MAG 

45 V 
45 V 
3 V 

50 mA 

180 mW 
See curve page 300 

-65 to 175 
-65 to 175 

255 

°C 
°C 
°C 

45 min V 
45 min V 

45 min 

3 min 
0.02 max 
1 max 

V 
V 

,u‘A 
,uA 

40 to 170 

800 MHz 

0.2 pF 

550 o 

24 ko 

8.5 pF 

1.4 pF 

38 mmhos 

2.5 dB 

37 dB 

20 dB 

25 dB 

TYPICAL FORWARD TRANSADMITTANCE 

CHARACTERISTICS 

60 

40 

TYPE 
-COMMON-EMITTER 
BASE 
AMBIENT 
FREQUENCY 
-COLLECTOR-TO-EMITTER 

( VCE ): 

40478 

INPUT. 
TEMPERATURE(TA)=25°C 

7.5 

(f )= 100 

CIRCUIT, 

MHz 
VOLTS 

_ 

- 

- 

- 

het I 

0 -2 -4 -6 -8 - 0 
EMITTER MILLIAMPERES (lc) 

92CS-I4036T1 
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TRANSISTOR 40479 
Si n-p-n type used in mixer applications in conjunction 
with types 40478 ( rf amplifier), 40480 ( rf oscillator), 
and 40481 and 40482 ( if amplifiers) to make up a 
"front-end" and if complement for FM and AM/FM 
receivers. The terminal arrangement permits shielding 
between input and output terminals for superior high-

frequency performance and greater circuit stability, particularly on printed-
circuit boards. JEDEC TO-104, Outline No.31. This type is identical with 
type 40478 except for the following item: 

CHARACTERISTICS 
Maximum Available Conversion Gain (VcE — 7.5 V, 
IE = —1.5 mA, f = 100 MHz)   MAGO 35 dB 

TRANSISTOR 40480 
Si n- p-n type used in rf-oscillator applications in con-
junction with types 40478 ( rf amplifier), 40479 ( mixer), 
and 40481 and 40482 ( if amplifiers) to make up a 
"front-end" and if complement for FM and AM/FM 
receivers. The terminal arrangement permits shielding 
between input and output terminals for superior high-

frequency performance and greater circuit stability, particularly on printed-
circuit boards. JEDEC TO-104, Outline No.31. For maximum ratings, refer 
to type 40478. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 

_ 0.001 mA, IE = O   V(BR)CB0 45 min V 
V E B —1 V   V(BR)CBV 45 min V 

Collector-to-Emitter Breakdown Voltage 
(IE = —0.5 mA, IF 0)   V(BR)CEO 45 min V 

Emitter-to-Base Breakdown Voltage (IE 0.001 mA, 
= 0)   V(BR)EBO 3 min V 

Collector-Cutoff Current (V =-  (V E = 1 V, IE 0)   0.02 max ICBO 
Emitter-Cutoff Current (V('E = 3 V, Ic = 0)   IEBO 1 max "LA 
Static Forward-Current Transfer Ratio (VcE _ 6 V, 
IE = —1 mA)   hn3 27 to 275 

TRANSISTOR 40481 
Si n- p-n type used in if-amplifier applications in con-
junction with types 40478 ( rf amplifier), 40479 mixer, 
40480 ( rf oscillator), and 40482 ( if amplifier) to make 
up a "front-end" and if complement for FM and AM/ 
FM receivers. The terminal arrangement permits shield-
ing between input and output terminals for superior 

high-frequency performance, and greater circuit stability, particularly on 
printed-circuit boards. JEDEC TO-104, Outline No.31. For maximum rat-
ings, refer to type 40478. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 
Ic = 0.001 mA, IE = O   V(BR)CB0 45 Min V 
VEB = —1 V   V(BR)CBV 45 min V 

Collector-to-Emitter Breakdown Voltage 
(IE = —0.5 mA, IB = 0)   V(BR)cEo 45 min V 

Emitter-to-Base Breakdown Voltage (IE — 0.001 mA, 
= 0)   V(BR)EBO 3 min V 

Collector-Cutoff Current (VcE — —1 V, IE = 0)   ICBO 0.02 max "LA 
Emitter-Cutoff Current (VcE = 3 V, Ic = 0)   IEBO 1 max !IA 
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CHARACTERISTICS (cont'd) 
Static Forward-Current Transfer Ratio (VcE = 6 V, 
IE ---== -1 mA)   hFE 70 to 275 

Gain-Bandwidth Product (VcE - 7.5 V, h - -2 mA, 
f = 10.7 MHz)   fr 860 MHz 

Feedback Capacitance (VcE = 7.5 V, h = -2 mA, 
f = 10.7 MHz)   Cc b 0.2 pF 

Input Resistance ( VcE = 7.5 V, h = 2 mA, 
f = 10.7 MHz)   Rie 1500 0 

Output Resistance (VcE = 7.5 V, h = -2 mA, 
f ._-L--_ 10.7 MHz)   Roe 85 k.1) 

Input Capacitance (VcE =7 7.5 V, h 2 mA, 
f = 10.7 MHz)   C t e 11 pF 

Output Capacitance (VcE = 7.5 V, I = -2 mA, 
f = 10.7 MHz)   Coe 1.35 pF 

Magnitude of Forward Transadmittance (VcE - 7.5 V, 
IE = -2 mA, f = 10.7 MHz)   iYf el 64 mmhos 

Maximum Available Amplifier Gain (VcE = 7.5 V, 
IE = -2 mA, f = 10.7 MHz)   MAG 51 dB 

Maximum Usable Gain Per Stage, Unneutralized 
(VcE = 7.5 V, IE ------- -2 mA, f 10.7 MHz) : 
For 1 stage  MUG 32 dB 
For 2 stages   MUG 28 dB 
For 3 stages   MUG 27.5 dB 
For 4 stages   MUG 26 dB 

Maximum Usable Gain Per Stage, Neutralized 
(VcE = 7.5 V, h = 2 mA, f 10.7 MHz) : 
For 1 stage  MUG 
For 2 stages   MUG 
For 3 stages   MUG 
For 4 stages   MUG 

TYPICAL INPUT CHARACTERISTICS 

TYPE 
°COMMON 
- BASE 
_AMBIENT 
FREQUENCY 
-COLLECTOR-TO-EMITTER 
- ( VCE)s.t5 

40481 
-EMITTER 

INPUT. 
TEMPERATURE 

(f) 2 10.7 

CIRCUIT, 

MHz 
(TA) 2 

VOLTS 

_. 

- 
25°C_ 

- 

. , • . 

,. . 

. . 

CeJ 

._ 
RIN 

0 -2 -4 -6 -8 -10 
EMITTER MILLIAMPERES (rE) 
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32 dB 

TYPICAL FORWARD TRANSADMITTANCE w` ) 
w CHARACTERISTICS Lki cc 
uz 300 t(fi 
a cz. 
r-- I 
I-
-' 250 cb 
.r3 w 
a o o 
z x 
cn o 
a > 200 i--
bC 3 F--
0 - 0 
C,ey 150 < e 1 (r) o ez cr ......_-o 0 LL. ;f_- 10 -20,- 
u_  
0- 300 
w w o 5 ._, 
m (.9 
I-- z 
2 a 
CD W 
< u) 
> 0 -2 -4 -6 -8 -10 a I 

EMITTER MILLIAMPERES IIE) a. 
92CS-14031TI 
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40482 TRANSISTOR 
Si n- p-n type used in if-amplifier applications in con-
junction with types 40478 ( rf amplifier), 40479 ( mixer), 
40480 ( rf oscillator), and 40481 ( if amplifier) to make 
up a "front-end" and if complement for FM and AM/ 
FM receivers. The terminal arrangement permits shield-
ing between input and output terminals for superior 
high-frequency performance and greater circuit stability, particularly on 
printed-circuit boards. JEDEC TO-104, Outline No.31. This type is identical 
to type 40481 except for the following items: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio (VcE - 6 V, 
IE = -1 mA)   hFE 27 to 90 

Input Resistance ( VcE _ 7.5 V, IE = 2 mA, 
f El: 10.7 MHz)   Ri e 1300 

Output Resistance ( VcE 7.5 V, IE -2 mA, 
f = 10.7 MHz)   Roe 100 k0 
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TR1ACS 
40485 
40486 

Si gate-controlled full-wave types used for the control 
of ac loads in applications such as heating controls, 
motor controls, light dimmers, and power switching 
systems. Outline No.7. 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at 50/60 Hz with 
resistive or inductive load) 

40485 
VDROM* (TJ —65°C to 100°C)   200 
IT(RNfs)A (Tc = 75°C, conduction angle 
= 360°)   6 

IT(Rms)* (TA up to 100°C, conduction angle 
=- 360°)   See Rating Chart ( Ambient Temperature ) 

ITSM ( 1 cycle of principal voltage)     100 A 
IGTM (1 ps max)     4 A 
PGm ( 1 ps max, IGTM =:--- 4 A peak)     16 W 
PG(Av)     0 2   W 

Tc ( opr) 
TSTG.     —65 to 150   _ or 

a   —65 to 100   °C 
Tr, ( soldering) •   225   °C 

40486 
400 V 

A 

CHARACTERISTICS (At maximum electrical ratings at TI' 
IDRom (TJ = 100°C, VDRom = max rated 

value )   
VTM ( iT =- 30 A peak)   
'Ho (initial principal current = 150 mAdc ) 
Commutating dv/dt (VD .= VDRom, IT(Rms) 
= 6 A, commutating di/dt = 3.2 A/ms, 
gate unenergized at Tc = 75°C)   

Critical dv/dt (VD = VDRom, exponential 
voltage rise, Tc = 100°C)   

IGT*.-1: ( VI) = 12 Vdc, RL = 12 0): 
I+ mode, VMT2 positive, VG positive   
I- mode, VMT2 positive, VG negative   

III+ mode, VMT2 negative, VG positive   
III- mode, VMT2 negative, VG negative   

VGT*t (VD = 12 Vdc, RL = 12 0)   
vGioitt (VD = VDROMe RT, = 125 0, 
Tr = 100°C)   

tgt (VD =- VDROM, 80 mA, tr = 0.1 RS, 

25°C) 

0.1 typ; 4 max 0.2 typ; 4 
  1.6 typ; 2.25 max 
  15 typ; 30 max 

3 min; 10 typ   

max mA 
V 
A 

30 min; 150 typ 20 min; 100 typ 

  15 typ; 25 max   
  25 typ; 40 max   
  25 typ; 40 max 
  15 typ; 25 max   

1 typ; 2.2 max   

0.2 min 

iT := 10 A)     2.2   
8J-c•• ( steady-state)     4 max   

V/ps 

V/ps 

mA 
mA 
mA 
mA 
V 

V 

/IS 

° C/W 

* For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
t For either polarity of gate voltage ( VG) with reference to main terminal 1. 
A This characteristic does not apply to types 40509 and 40510. 
• This characteristic does not apply to types 40638 and 40639. 
• When soldered directly to heat sink, a 60/40 solder should be used. Case heating time 
should be a minimum . . . sufficient to allow the solder to flow freely. 

CONDUCTION RATING CHART 
(AMBIENT TEMPERATURE) 

TYPES 40485,40486 
FORCED-AIR COOLED WITH HEAT RAD. 
CONVECTION COOLED WITH HEAT RAD. 
CONVECTION COOLED W/OUT HEAT RAD. 

te' 

80 

O 

EJ_A=14.5°CiW 

RIAS ON- STATE CURRENT [IT(RMS)] -AMPERES 

112LS-2052T1 
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40487 TRANSISTOR 
Ge p-n-p drift-field type used in mixer applications in 
conjunction with types 40488 ( oscillator), 40489 ( if 
amplifier), 40490 ( af amplifier), 40491 ( power ampli-
fier), and 40495 ( line rectifier) to provide a complement 
for AM broadcast-band radio receivers. JEDEC TO-
1, Outline No.l. 

MAXIMUM RATINGS 

Collector- to-Base Voltage: 
Emitter open     VCBO 
VEB --=-= —0.5 V, Ir 50 jiA     VCBV 

Emitter-to-Base Voltage    VEBO 
Collector Current   Ic 
Emitter Current   IE 
Transistor Dissipation: 
TA up to 25°C   PT 80 mW 
TA above 25°C   See curve page 300 

Temperature Range: 
Operating   TA 65 to 85 °C 
Storage   TSTG 65 to 85 °C 

Lead-Soldering Temperature ( 10 s max)   Tr, 255 °C 

CHARACTERISTICS 

Collector- to-Base Breakdown Voltage: 
Ic =. —0.05 mA, IE O   V(BR)CB0 —50 min 
VEB = —0.5 V, lc I": 0.05 mA   V(Br)cBv 34* min V 

Emitter-to-Base Breakdown Voltage (IE = 0.016 mA, 
Ic — 0)   

VI  c(nBo R ) EB° —1.5 min V Collector-Cutoff Current (VcB — 12 V, IE 0)   12 max LIA 

Emitter-Cutoff Current (VEB = —1.5 V, Ic 2_ 0)   IEBO 16 max iASmall-Signal Forward-Current Transfer Ratio 

(VcE —6 V, I(' —1 mA, f 1 kHz)   hf e 40 to 275 
Gain-Bandwidth Product (VcE = —12 V, L. 1 mA) fT 40 MHz 
Intrinsic Base-Spreading Resistance (Vcic —12 V, 
Ic —1 mA, f = 100 MHz)   rbb° 25 

Feedback Capacitance N CB _ 12 V, II: = 0)   Cc b 3.7 max pF 
Thermal Resistance, Junction-to-Ambient   390 max °C/W 

• This value does not apply to type 40488. 

TYPICAL COLLECTOR CHARACTERISTIC 
6 
TYPE 
COMMON 
BASE 

-AMBIENT 
(TA) 

COLLECTOR 
_ VOLTS 

40487 
-EMITTER 

INPUT. 

=25•C 

(VcE) 

TEMPERATURE 

-TO -EMITTER 
z -6 

CIRCUIT, 

- 

14 

, 

, 

, 
0 -50 -100 - 150 -200 -250 -300 

BASE-TO-EMITTER MILLIVOLTS (VBE) 
92CS-1067972 

40488 TRANSISTOR 
Ge p- n-p drift-field type used in oscillator applications 
in conjunction with types 40487 ( mixer), 40489 ( if am-
plifier), 40490 ( af amplifier), 40491 ( power amplifier), 
and 40495 ( line rectifier) to provide a complement for 
AM broadcast-band radio receivers. JEDEC TO- 1, Out-
line No.l. This type identical with type 40487 except 
for the following items: 

50 V 
—34 V 
—1.5 V 

10 mA 
10 mA 
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MAXIMUM RATINGS 
Collector-to-Base Voltage: 
Emitter open   VCBO 12 V 
VEB------- — 0.5 V, Ic = 50 /IA   VCBV —12 v 

Emitter-to-Base Voltage   VEBO —0.5 V 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic — —0.05 mA, 

lc 0)   V(BincBo —12 min v 
Emitter-to-Base Breakdown Voltage (IE = 0.016 mA, 
Ic = 0)   V(BR)EBo —0.5 min V 

Emitter-Cutoff Current (VEB = 0.5 V, Ir = 0)   IEBO —16 max 
Small-Signal Forward-Current Transfer Ratio 
(VcE = —6 V, Ic = —1 mA, f = 1 kHz)   hfe 27 to 275 

Gain-Bandwidth Product ( VcE = —12 V, Ir — 1 mA) fT 30 MHz 

TRANSISTOR 40489 
Ge p-n-p drift-field type used in if-amplifier applica-
tions in conjunction with types 40487 ( mixer), 40488 
(oscillator), 40490 ( af amplifier), 40491 ( power ampli-
fier), and 40495 ( line rectifier) to provide a complement 
for AM broadcast-band radio receivers. JEDEC TO- 1, 
Outline No.l. This type is identical with type 40487 

except for the following items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage   VEBO —0.5 V 

CHARACTERISTICS 
Emitter-to-Base Breakdown Voltage (IE -= 0.016 mA. 

—0.5 min V 
IEBO 

Ir — 0)   V(BR)EBo 
Emitter-Cutoff Current (VER —0.5 V, Ir — 0)   —16 max uA 
Small-Signal Forward-Current Transfer Ratio 

(VcE = — 6 V, lc —1 mA, f = 1 kHz)   hte 40 to 350 
Gain-Bandwidth Product ( VcE = —12 V, Ir — 1 mA) fT 30 MHz 
Feedback Capacitance (VcR = —12 V, IE = 0)   Ccb 3.4 max pF 

TRANSISTOR 40490 
Ge p-n-p alloy-junction type used in af-amplifier and 
driver stages in conjunction with types 40487 ( mixer), 
40488 ( oscillator), 40489 ( if amplifier), 40491 ( power 
amplifier), and 40495 ( line rectifier) to provide a com-
plement for AM broadcast-band radio receivers. JEDEC 
TO- 1, Outline No.l. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   VCBO —20 V 
Collector-to-Emitter Voltage (RBE---  10000 0)   VCER 18 V 
Emitter-to-Base Voltage   VEBO —2.5 V 
Collector Current   Ic —20 mA 
Emitter Current   In 20 mA 
Transistor Dissipation: 
TA up to 55°C   PT 0.12 W 
TA above 55°C   PT See curve page 300 

Temperature Range: 
Operating   TA —65 to 100 °C 
Storage   TSTG —65 to 100 °C 

Lead-Soldering Temperature ( 10 s max)   Tr, 255 °C 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage (RBE = 10 ka, 

Ir = —1 mA)   V(Bi)cErt —18 min v 
Emitter-to-Base Breakdown Voltage ( IE _ 0.05 mA, 
Ic = 0)   V(BR)Eno —2.5 min v 

Collector-Cutoff Current (VcB — —20 V, IE = 0)   ICB0 12 max gA 
Emitter-Cutoff Current (VEB = —2.5 V, Ic = 0)   IEBO 12 max gA 
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CHARACTERISTICS (cont'd) 

Small-Signal Forward-Current Transfer Ratio 
(VrE = —6 V, Li -= —1 mA, f = 1 kHz)   hfe 

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency (VcE = —6 V, Li = —1 mA)   fhfb 

Intrinsic Base-Spreading Resistance (VcE = —6 V, 
Ic = —1 mA, f = 100 MHz)   rim' 

Thermal Resistance, Junction-to-Ambient   0J-A 

C
O
L
L
E
C
T
O
R
 

TYPICAL CURRENT —TRANSFER 
CHARACTERISTICS 

TYPE 40490 
COMMON-EMITTER CIRCUIT,BASE INPUT. 
AMBIENT TEMPERATURE ( TA )= 25°C 
COLLECTOR-TO-EMITTER VOLTS (VcE):=-6 

, • 1 . . 

' _ 

,,› 

b . 

- e - - 
e • II 

e • I -« 4 • • 

• I • 1 I .4.1 
• I 

.1 , ,. e a .., , 2 

2 4 6 _10 
BASE MILLIAMPERES ( 1B) 

92CS-I 4536T 

H 
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T
O
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 4 

2 

8 
-6 
-4 
-125 

170 to 425 

10 MHz 

200 
390 max °C/W 

TYPICAL TRANSFER CHARACTERISTIC 

TYPE 
COMMON 
AMBIENT 
COLLECTOR 

40490 
-EMITTER 
TEMPERATURE 
-TO -EMITTER 

CIRCUIT,BASE 
(TA ) 
VOLTS 

INPUT. 
= 25''C 

(VcE) = -6 

• 1 

I 

r 1 1 

• 
e 

h 

I 

a 

1 

„ 

• e 1 

I I 

-175 -225 -275 -325 -375 
BASE-TO- EMITTER MILLIVOLTS ( VBE) 

92CS-1453IT 

40491 POWER TRANSISTOR 
Si n- p-n type used in class A af output-amplifier service 
in conjunction with types 40487 ( mixer), 40488 ( oscilla-
tor) 40489 ( if amplifier), 40490 ( af amplifier), and 
40495 ( line rectifier) to provide a complement for AM 
broadcast-band radio receivers. JEDEC TO-66 ( with 
heat radiator), Outline No.27. 

MAXIMUM RATINGS 

Collector-to-Base Voltage   VCBO 
Collector-to-Emitter Voltage ( Li = 5 mA, IB --- 0)   VCEO 
Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Emitter Current   IF: 
Transistor Dissipation: 
TA up to 55°C   
TA above 55°C   

Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 

Collector-to-Base Breakdown Voltage ( Ic = 0.1 mA, 
E 0) 

Collector-to-Emitter Breakdown Voltage ( Ic 
= 0)   

Emitter-to-Base Breakdown Voltage ( JE 0.1 mA, 
Ic = 0)   

Collector-Cutoff Current: 
Vr =. 300 V, IE = 
V(•E = 300 V, IR = 

Static Forward-Current Transfer Ratio (VcE = 10 V, 
Ic = 50 mA)   

Gain-Bandwidth Product ( VcE 50 V, Ic = 20 mA) 
Intrinsic-Base-Spreading Resistance (VcE = 50 V, 
Ic = 20 mA, f = 100 MHz)   

Feedback Capacitance (Veil = 50 V, IE = 0)   
Thermal Resistance, Junction-to-Mounting Flange   
Thermal Resistance, Junction-to-Ambient   

5 mA, 

PT 
PT 

TA 
TSTG 

V(BR)CRO 

V(BR) CEO 

V (B R) EBO 

ICRO 
'CEO 

hFE 

fT 

'ebb' 
Ccb 

eJ_Fàf 
eJ_A 

300 
300 
2 

150 
150 

V 
v 

mA 
mA 

3.8 
See curve page 300 

65 to 150 
65 to 150 

255 

300 min 

300 min 

2 min 

100 max 
5 max 

30 to 250 
25 

20 
5 

8 typ; 10 max 
25 max 

V 

¡LA 
mA 

MHz 

pF 
°C/W 
°C/W 
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TYPICAL TRANSFER CHARACTERISTIC TYPICAL COLLECTOR CHARACTERISTICS 

. TYPE 
COMMON 
MOUNTING 
COLLECTOR 

40491 
-EMITTER CIRCUIT, 
-FLANGE TEMPERATURE 
-TO- EMITTER 

VOLTS ( VcE) : 10 

BASE INPUT. 
(TmF)=25°C 

*- 
, — _ \ 1 ._ 

• I  4 I 

• 4 4 r 4 
, Y 4 

4 

• 4 

I 

.— . - o I s 

0 0.2 0.4 0.6 0.8 1 
BASE-TO - EMITTER VOLTS (VBE) 

92CS - 13924 T 

1.2 

TYPE 40491 
COMMON-EMITTER CIRCUIT_IBASE INPUT. 
AMBIENT TEMPERATURE (1A) '55C 

T)100i 1.2  1.1   I   TRANSISTOR 
P-4 1.4 DISSIPATION 

a ea 0.8 (PT)e3-8W 

0.7 

  0.6 

0.5 

0.35 

0.2 

BASE MILLIAMPERES (18)z0.1  4148•41 MUM 

0 50 100 150 200 250 300 
COLLECTOR-TO— EMITTER VOLTS (VcE) 

92CS-14530T 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

TRIACS 

40500 

40501 

40502 
40503 

Si gate-controlled full-wave types for the control of 
ac loads in applications such as heating controls, motor 
controls, light dimmers, and power switching systems. 
JEDEC TO-66 ( with heat radiator), Outline No.26. 
Types 40502 and 40503 are identical with types 40429 
and 40430, respectively, exeept for the following items: 

CHARACTERISTICS (At maximum electrical ratings at T = 25°C) 
40502 40503 

IDRom* ( T.1 = 100°C, Vroium =_ max rated 
value)   0.1 typ; 1.2 max 0.2 typ; 1.2 max mA 

Commutating dv.idt* ( VD = Vi)Rom, com-
mutating di/dt =- 3.2 A/ms, Tc. = 75°C) : 
Pr(ms) and TA specified by curve A in 
Rating Chart ( Ambient Temperature)   3 min; 10 typ   Wits 

IT(RMS) and TA specified by curve B in 
Rating Chart ( Ambient Temperature)   4 min; 12 typ   V/ps 

* For either polarity of main terminal 2 voltage ( VmT2) with reference to main terminal 1. 

SILICON 
CONTROLLED RECTIFIERS 

40504-
40506 

Si all-diffused three-junction types used in power-
control and power-switching applications. JEDEC TO-
66 ( with heat radiator), Outline No.26. Types 40504, 
40505, and 40506 are electrically identical with types 
2N3228, 2N3525, and 2N4101, respectively. 

SILICON 
CONTROLLED RECTIFIERS 

40507 
40508 

Si all-diffused three-junction types used in power-
control and power-switching applications. Outline 
No.8. Types 40507 and 40508 are electrically identical 
with types 40378 and 40379, respectively. 
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40509 
40510 

TRIACS 

Si gate-controlled full-wave types used for the control 
of ac loads in applications such as heating controls, 
motor controls, light dimmers, and power switching 
systems. Outline No.8. Types 40509 and 40510 are 
identical with types 40485 and 40486, respectively, ex-
cept for the following items: 

MAXIMUM RATINGS (For sinusoidal supply voltage at 50/60 Hz with 
resistive or inductive load) 

40509 40510 
IT(RMS) ( TA up to 100°C, conduction angle 

------- 360°)   See Rating Chart ( Ambient Temperature) 

CHARACTERISTICS (At maximum electrical ratings at Tc 25°C) 
omrnutating dv/dt* (VD VDRom, com-
mutating di/dt = 3.2 A/ms): 
IT(RMS) and TA specified by curve A in 
Rating Chart ( Ambient Temperature)   3 min; 10 typ   V,/,uS 

IT(RMS) and TA specified by curve B in 
Rating Chart ( Ambient Temperature)   4 min; 12 typ   V/ps 

  See Rating Chart ( Ambient Temperature) 

For either polarity of main terminal 2 voltage (Vm!) with reference to main terminal 1. 

40511 
40512 

TRIACS 

Si gated bidirectional integral-trigger types used for 
power-control and power-switching applications. Out-
line No.8. Types 40511 and 40512 are electrically iden-
tical with types 40431 and 40432, respectively. 

40513 POWER TRANSISTOR 
Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package having horizontal leads for mounting 
on printed-circuit boards. It is used in a wide variety 
of high-power switching and amplifier applications such 
as series and shunt regulators, drivers, and output E e 
stages for high-fidelity amplifiers. Outline No.51. See Mounting Hardware 
for desired mounting arrangement. This type is electrically identical with 
type 40514. 

40514 POWER TRANSISTOR 

C F 

CF 
Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-3 socket. It is used in a wide variety of 
high-power switching and amplifier applications such 
as series and shunt regulators, drivers, and output E e 
stages for high-fidelity amplifiers. Outline No.50. See Mounting Hardware 
for desired mounting arrangement. For collector-characteristics and transfer-
characteristics curves, refer to type 2N5034. 
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MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage (RBE _ loo n) 
Emitter-to-Base Voltage   
Collector Current   
Peak Collector Current   
Base Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERI STICS (At case temperature = 25°C) 

Emitter-to-Base Breakdown Voltage (IE = 5 mA)   
Collector-to-Emitter Sustaining Voltage (RBE = 100 c), 

lc =_ 0.2 A, tp = 300 ps, df = 1.8%)   
Base-to-Emitter Voltage (VBE _= 4 V, Ic _ 2.5 A, 
tp = 300 gs, df = 1.8%)   

Collector-to-Emitter-to-Saturation Voltage ( Ic 2.5 A, 
tp = 300 gs, df = 1.8%, IB = 0.25 A)   

Collector-Cutoff Current: 
VCE = 20 V, RRE = 100 r2   
VCE = 20 V, RBE = 100 0, Tc = 150°C   

Emitter-Cutoff Current (VEB = 5 V, Ic = 0)   
Pulsed Static Forward-Current Transfer Ratio 

(VcE 4 V, Ic = 2.5 A, tp = 300 gs, df = 1.8%) •••• 
Gain-Bandwidth Product (VCE = 4 V, Ic = 0.5 A)   
Thermal Resistance, Junction-to-Case   

TRANSISTOR 

VCER ( SUS) 
VEBO 
IC 
iC 
IB 

PT 
PT 

TJ (opr) 
TSTG 
TL 

V(BR)EBO 

VCER ( SUS) 

VBE 

VCE (sat) 

ICER 
ICER 
IEBO 

hFE ( pulsed) 
fT 
es-C 

45 V 
5 V 
6 A 
12 A 
6 A 

83 
See curve page 300 

65 to 150 
65 to 150 

235 

5 min 

45 min 

1.7 max 

1 max 

2.5 max 
5 max 
5 max 

20 to 70 
0.8 to 2.8 
1.5 max 

40517 

V 

V 

V 

V 

mA 
mA 
mA 

MHz 
°C/W 

Si n- p-n double-diffused epitaxial planar type used for 
low-noise amplifier, mixer, and oscillator applications. 
This type is for use in military applications. It is simi-
lar to type 2N3839. JEDEC TO-72, Outline No.28. 

UHF TRANSISTOR 40518 
Si n-p-n double-diffused epitaxial planar type used for 
low-noise amplifier, mixer, and oscillator applications. 
This type is specially preconditioned and tested for 
high-reliability aerospace and military applications. It 
is a high-reliability version of type 2N3839. JEDEC 
TO-72, Outline No.28. 

RF TRANSISTOR 40519 
Si n-p-n epitaxial planar type used for class C rf-
amplifier, driver, and frequency-multiplier service in 
battery-operated communications equipment. JEDEC 
TO-52, Outline No.21. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 
RBE = 0   VCES 40 V 
Base open   VCEO 16 v 

Emitter-to-Base Voltage   VEBO 5 v 
Collector Current   Ic 500 mA 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 

Ti• up to 25°C   PT 
above 25°C   PT 

TA Up to 25°C     PT 
TA above 25°C     PT 

Temperature Range: 
Operating   T(opr) 
Storage   TSUI 

Lead-Soldering Temperature ( 10 s max)   TL 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

= 10 mA, IB = 0, tp = 100 gs, df 
Ic = 5 mA, VBE =   

Emitter-to-Base Breakdown Voltage 
(IE = —0.01 mA, = 0)   

Collector-Cutoff Current ( VcB = 20 V, VBE = 
IE = 0)   

Static Forward-Current Transfer Ratio 
(Ic 50 mA, VCE = 1 V)   

Magnitude of Small-Signal Forward-Current Transfer 
Ratio ( lc = 50 mA, VCE = 1 V, f = 100 MHz)   

Output Capacitance ( VcB =- 5 V, IE = 0, 
f= 0.1 to 1 MHz)   

Power Output, Frequency Doubler 
(Pie = 15 mW, f(in) -= 86 MHz, f ( out) = 172 MHz) 

Efficiency, Frequency Doubler 
(f(in) = 86 MHz, f(out) = 172 MHz)   

0, 

40525-
40530 

TRIACS 

0.02   V(BR)CE0 
V(BR)CES 

V(BR)EBO 

ICB0 

hFE 

Ihfel 

Cobo 

Poe 

Si gate-controlled full-wave types used for switching 
from a blocking state to a conducting state for either 
polarity of applied voltage with positive or negative 
gate triggering. These types can be controlled with 
economical transistor circuits for use in low-power 
phase-control and load-switching applications. JEDEC 
TO-5 (modified), Outline No.7. 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f 
with resistive or inductive load) 

40525 40526 40527 40528 
VDRom• ( gate open) •   
Ti = —40 to 90°C   100 200 400 
Ti = —40 to 100°C   100 

ITtrtms) ( conduction angle = 360°)   
= 60°C     2.5   
=. 70°C     2.5   

TA = 25°C     0.35   0.4   
ITSM (1 cycle of principal voltage)   25   
IGTMI (1 max)   0.5   
PGmlil ( 1 /..ts max)   10   
PG(Av): 
TA 25rC   0.05   
114. 60 C     0.15   

  —40 to 150   
Tc•     —40 to 100   

1 
See curve page 300 

0.3 
See curve page 30C 

—65 to 200 
—65 to 175 

265 

°C 
°C 
°C 

16 min V 
40 min V 

5 min V 

25 max nA 

20 min 

3 min 

3.5 max pF 

70 min 

20 min 

mW 

50 and 60 Hz 

Tstge 

«MMIIMMe. 

40529 40530 

200 400 

CHARACTERISTICS (At maximum electrical ratings at Tc -= 25°C) 

40525 40526 40527 40528 40529 

IDROM (gate open, VDRom = max 
rated value): 

T.r .7= 100°C   
= 90°C   0.2 typ; 0.75 max 

vT• ( Fr = 10 A peak)     1.7 typ; 2.2 max  
lip)* ( initial principal current 

= 150 mAdc)   typ; 5 max___ 6.5 typ; 15 max 

40530 

V 
V 

A 
A 
A 
A 
A 

°C 
°C 

0.2 typ; 0.75 max mA 
41••••MMIMMI mA 

V ( peak) 

mA(dc) 
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CHARACTERISTICS (cont'd) 
Critical dv/dt• ( vi = Vpitom, 

exponential voltage rise, 
gate open) : 

Tc = 100°C   
Tu •1---= 90°C   

IGT•I ( vii = 6 Vdc, RL = 39 0): 
I+ mode, VN1T2 positive, 

VG positive   
I- mode, Vwr.: positive, 

VG negative   
IIIe mode, VNIT2 negative, 

VG positive   
III- mode, VNIT2 negative, 

VG negative   
VGT• 13 : 
vr) = 6 Vdc, Ri, 
vi) = Vpit()m, RI, 

Tc = 100°C   
VI) = Viatom, RI, 

Tc = 90°C   

39 
125 0, 
125 0, 

40525 40526 40527 

1 typ; 

typ; 

_2 typ; 

 1 typ; 

5   

3 max__ 

3 max__ 

3 max 

3 max_ 

  1 typ• 

0.15 min_ 

40528 40529 40530 

  10 Vigs 
Vhés •MM.1 alb • ••••• 

_3.5 typ ; 10 max__ mA ( dc ) 

 7 typ; 10 max_ mA ( dc) 

7 typ; 10 max_ mA(dc) 

 3.5 typ; 10 max_ mA ( dc ) 

2.2 max   

Main•l• 

0.15 min_ 

• For either polarity of main-terminal 2 voltage ( VmT2) with reference to main terminal 
I For either polarity of gate voltage (VG) with reference to main terminal 1. 

LAJ 
(f) 

0 0 
w  

03.b.100 <to 
ti 

&—ezt 90 
<I x 

80 
LLJ 

70 

60 

CONDUCTION RATING CHART 
(CASE TEMPERATURE) 

TYPES 
CURRENT 
LOAD:RESISTANCE 
RATING 
TEMPERATURE 

, 
40525-40530 

WAVEFORM = SINUSOIDAL 
OR INDUCTIVE 

APPLIES FOR CONDUCTION ANGLES. 
IS MEASURED ON BASE AT 

INT MIDWAY BETWEEN LEADS. 

l e.e. 

i 

I 

'IC 

ANGLE 
ex 

, 

40528 
'  40529 
4,530 

e ' 

ieo•U36o-

CONDUCTION 
g er + 

40525 * , 
40526 
40527 
I - 

0 0.5 1 1.5 2 2.5 3 

RMS ON-STATE CURRENT [ITS - AM 

CONDUCTION RATING CHART (AMBIENT TEMPERATURE) 

LLJ 
0 

M • 

4 100 
_1•—• 
w 
cr 
e D 80 
O p-
-icI 
_1 ct 
< w 

a_ 60 
D w 

7( 40 
ict 

20 

TYPES 40525,40526,40527 
CURRENT WAVEFORM :SINUSOIDAL 
LOAD:RESISTIVE OR INDUCTIVE 
RATINGS APPLY FOR ALL 
CONDUCTION ANGLES. 

eHEAT SINK 
AKEF1ELD TYPE 

NF-205 MOUNTED 
WITH TYPE 160 
INSERTION TOOL 

SOLDERED 
LEADS 
PRINTED.-
CIRCUIT BOARD 

SOLDERED 
LEADS 
PRINTED-
CIRCUIT BOARD 

AMBIENT 
OPERATION 

(NO HEAT SINK) 
LEAD LENGTH•le 

0 0.2 0.4 06 0.8 I 
RMS ON- STATE CURRENT T T (RMS)] — AMPERES 

92L S-198611 

V 
V 

1. 

CONDUCTION RATING CHART (AMBIENT TEMPERATURE 

TRIACS 

TYPES 40528, 40529, 40530 
CURRENT WAVEFORM =SINUSOIDAL 
LOAD:RESISTIVE OR INDUCTIVE 
RATINGS APPLY FOR ALL 
CONDUCTION ANGLES 

 4 

200 

RMS 

1:1 

 •  e. 

tHEAT SINK 
AKEF1ELD TYPE 

NF-205 MOUNTED 
WITH TYPE 160 
INSERTION TOOL 

SOLDERED 
LEADS 
PRINTED." 
CIRCUIT BOARD 

SOLDERED 
LEADS 
PRINTED— 
CIRCUIT BOARD 
M AMBIENT 
'7' OPERATION 
(NO HEAT SINK) 
LEAD LENGTH'. I" 

 • 

0.2 0.4 0.6 0.8 I 
ON CURRENT T ( RMS)] -- AMPERES 

92LS - 198711 

40531-
40536 

Si gated bidirectional types used for power-control and 
power-switching applications. JEDEC TO-5 ( with heat 
radiator), Outline No.8. Types 40531, 40532, 40533, 
40531, 40535, and 40536 are electrically identical with 
types 40525, 40526, 40527, 40528, 40529, and 40530, 
respectively. 
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60 

40 

20 

40537 POWER TRANSISTOR 

Si p-n-p double-diffused epitaxial planar type used as 
a driver in audio-amplifier circuits. JEDEC TO-5, Out-
line No.5. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage (RBE = 500 C)) VcE It ( SUS ) 
Emitter-to-Base Voltage   VF:Bo 
Collector Current   
Base Current   IF 
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Sustaining Voltage 
(Ic = —100 mA, Rn i: = 500 0)   

Collector-to-Emitter Saturation Voltage 
(I(' = —50 mA, IB = —5 mA)   

Base-to-Emitter Voltage 
(V(E = —4 V, lc = —50 mA)   

Collector-Cutoff Current (VETE = —45 V, Ria: = 500 0) 
Emitter-Cutoff Current (VEB = —5 V, It' = 0)   
Static Forward-Current Transfer Ratio 
(VILE = —4 V, Ic = —50 mA)   

Gain-Bandwidth Product ( VcE = —4 V, lc —50 mA) 
Thermal Resistance, Junction-to-Ambient   

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TLi 
LL. 

p° I20 

1%100 
LL. 
cr) 

< 80 
cr 
e-

cE 

.11?( 

o o.  

TYPE 40537 
COLLECTOR-TO- EMITTER VOLTS ( VcE)::HO 

-41 

2 4 6 8 2468 2468 2468 
- 1.0 -10 - 00 -1000 

COLLECTOR MILLIAMPERES (lc) 
92LS-1292T 

40538 

PT 
PT 

PT 
PT 

TJ (opr) 
TsTG 
Tr. 

VcER ( sus) 

V(:E ( sat) 

V B E 
ICER 
IEB() 

hFE 
fT 
H - A 

—55 
5 

—0.7 
—0.2 

V 
V 
A 
A 

5 
Derate linearly 

to 0 W at 200 °C 
1 

Derate linearly 
to 0 W at 200 °C 

—65 to 200 
65 to 200 

230 

—55 min V 

—1.1 max V 

—1.8 V 
—10 max /IA 
1 max mA 

50 to 300 
100 MHz 
175 °C/W 

TYPICAL TRANSFER CHARACTERISTICS 

64 - 500 

EiT -400.  

-I - 300  

cE 

(3 -200  
o 

— 100 o 
O 

TYPE 40537 
COLLECTOR-TO-EMITTER VOLTS (Vc )= -10 

e*  
cr 

•f luIP,tur-i„c" 
mg, joi- e/y 

ItI-4— et l'l' c7i  
o ›, 0/ 
/ 

%.1 an/ _e  

-0.4 - 0.6 -0.8 - 1.0 - 1.2 -1.4 - 1.6 - 1.8 
BASE-TO-EMITTER VOLTS ( VBE)- V 

92LS-1295T 

«4 
E 
o 

eim 

POWER TRANSISTOR 

Si p-n-p double-diffused epitaxial planar type used in 
complementry-symmetry output stages. P-N-P struc-
ture permits complementary operation with a matching 
n-p-n type such as the 40539. JEDEC TO-5, Outline 
No.5. This type is identical to type 40537 except for 
the following items: 
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CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Saturation Voltage 

(lc = —500 mA, IB = —50 mA)   VcE (sat) —2 max 
Base-to-Emitter Voltage 

(VcE ==_- —4 V, Ic = —500 MA)   VBE —2.7 max 
Pulsed Forward-Current Transfer Ratio 

(VcE = —4 V, lc = 500 mA, ti. = 300 /Is, df 11FE ( pulsed) 15 to 90 

POWER TRANSISTOR 40539 

V 

V 

Si n-p-n triple-diffused planar type used in comple-
mentary-symmetry output stages. N-P-N structure 
permits complementary operation with a matching 
p-n-p type such as the 40538. JEDEC TO-5, Outline 
No.5. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 
RBE = 500 û   

Emitter-to-Base Voltage   
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tc above 25°C   

TA up to 25°C   
Tc above 25°C   

Temperature Range: 
Operating ( Junction) 
Storage 

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature ___ 25°C) 
Collector-to-Emitter Sustaining Voltage 
(Ic = 100 mA, RBE = 500 m   

Collector-to-Emitter Saturation Voltage 
(Ic = 500 mA, IB = 50 mA)   

Base-to-Emitter Voltage ( VcE = 4 V, Ic = 500 mA) 
Collector-Cutoff Current (VcE = 45 V, RBE = 500 c)) 
Emitter-Cutoff Current (VER = 5 V, lc = 0)   
Static Forward-Current Transfer Ratio 
(VEB = 4 V, Ic = 500 mA)   

Gain-Bandwidth Product ( VcE = 4 V, lc — 50 mA) 
Thermal Resistance, Junction-to-Case   

a. 400 

300 

0 200 
o LAJ 

0-io 100 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 40539 
COLLECTOR—TO— EMITTER VOLTS (VcE)310 

•(-) 

A 
4 

.../ 

0 eed 
N> qz•ie. 
A/ 

•4>" 
\-

e 

‘tQ,í 

P 

•Çe/ 
• 

, 
0 0.2 0.4 0.6 0.8 1.0 1.2 

BASE—TO— EMITTER VOLTS (VBE 
92CS -12328T 

1— 175 

w Lià 
t‘I50 cr5 

u2-125 

CC 100 <cc 
eLAJ 

75 C4' 
Li- et 

cr 50 
o ' 

25 

O 

0.1 

WEB ( SUS) 

VEBO 

Ic 

PT 
PT 

PT 
PT 

TJ ( opr) 
TsTG 

VCER ( SUS) 

VCE (sat) 
VBE 
ICER 
IEBO 

hFE 
fT 
09J -C 

55 
5 

0.7 

V 
V 
A 

5 
Derate linearly 

to 0 W at 200 °C 
1 

Derate linearly 
to 0 W at 200 °C 

—65 to 200 
—65 to 200 

255 

55 min V 

2 max V 
2.7 max V 
10 max 
1 max mA 

15 to 90 
100 MHz 
35 °C/W 

TYPICAL DC FORWARD-CURRENT 
TRANSFER RATIO CHARACTERISTIC 

TYPE 40539 
COLLECTOR —TO-EMITTER VOLTS ( VcE)I0 
AMBIENT TEMPERATURE (TA)z25•C  

11- • 

p. 

2 46 

COL 

ti 
2 4 6 8 2 4 6 8 2 4 6 8 

10 10 10 
LECTOR MILLIAMPERES ) 

92- 3678T 
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40542 POWER TRANSISTOR 

Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicon 
plastic package with vertical leads. This type fits a 
standard TO-3 socket. It is used in complementary-
symmetry output stages of audio-amplifier circuits. 
It permits complementary operation with a matching 
p-n-p type such as 40051. Outline No.50. See Mounting 
sired mounting arrangement. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage (RBE = 100 c)) VcER ( sus) 
Emitter-to-Base Voltage   VERO 
Collector Current   Ir 
Transistor Dissipation: 
Tc up to 25°C   PT 
Tr above 25°C   PT 

Teinperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Sustaining Voltage 
(Ic = 0.2 A, RBE = 100 n, tr = 300 gs, df = 1.8 (7c) 

Collector-to-Emitter Saturation Voltage 
(Ic = 2.5 A, In = 0.25 A, tp = 300 its, df = 1.8%) 

Base-to-Emitter Voltage ( VcE = 4 V, Ir = 2.5 A, 
tp = 300 ,us, df = 1.8%)   

Collector-Cutoff Current (VcE = 40 V, RH}, = 100 CI ) 
Emitter-Cutoff Current (VER = 5 V, Ir = 0)   
Pulsed Static Forward-Current Transfer Ratio 

(VrE = 4 V, lc = 2.5 A, tp = 300 gs, df = 1.8 ("( ) 
Gain-Bandwidth Product (VcE = 4 V, Ir = 0.5 A)   
Thermal Resistance, Junction-to-Case   

er) 6 
b•-• 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 40542 
COLLECTOR-TO-EMITTER VOLTS (VcE)3 4 

de 
e it  • 

0 0.5 P.O 1.5 2.0 

BASE-TO-EMITTER VOLTS ( VBE) 

MS- 3603T 

POWER TRANSISTOR 40543 

10 

TJ (opr) 
TSTG 

Ti. 

VcER ( SUS) 

VrE ( sat) 

VBE 

ICER 

IEB4) 

Ci. 

E 

Hardware for de-

hFE ( pulsed) 
fT 
(--)j-(• 

50 v 
5 v 
6 A 

83 
Derate linearly 
0 W at 150 't 

—65 to 150 
—65 to 150 

235 

°C 
°C 
°C 

50 min V 

1 max V 

1.7 max 
1 max 
5 max 

V 
mA 
mA 

20 to 70 
0.8 to 2.8 MHz 
1.5 rTIPX °C/W 

TYPICAL DC FORWARD- CURRENT 
TRANSFER—RATIO CHARACTERISTIC 

TYPE 40542 
COLLECTOR-TO-EMITTER VOLTS (VcE)e4 
CASE TEMPERATURE (Tc ). 25°C 

- I • I , • 

I 

r • • 4 I 

i I me I I 

i I .• b I 1 

e — 

1 

— 

islet 

— — — — 

8, 

— — — — — • 

2 
0.01 

4 6 8 2 4 6 8 2 
0.1 

COLLECTOR AMPERES ( 1c) 

Si n-p-n type featuring a base comprised of a homo-
geneous-resistivity silicon material and molded silicone 
plastic package with vertical leads. This type fits a 
standard TO-3 socket. It is designed specifically for 
amplifier applications. Outline No.50. See Mounting 
Hardware for desired mounting arrangement. This type 
is identical with type 40542 except for the following items: 

C,F 

4 6 8 10 

92SS-3686T 
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MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage (RBE = 100 O) VcER(sus) 60 V 
Collector Current   lc 8 A 

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Sustaining Voltage 
(Ic = 0.2 A, RBE 100 C2, tp 300 gs, df = 1.8%) 

Collector-to-Emitter Saturation Voltage 
(le = 3 A, IB = 0.3 A, tp = 300 gs, df = 1.8%) 

Base-to-Emitter Voltage (VcE = 4 V, Ic ___. 3 A, 
tp .-__-_ 300 µs, df = 1.8%)   

Collector-Cutoff Current ( VcE = 50 V, RBE — 100 0) 
Pulsed Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ic = 3 A, tp = 300 gs, df = 1.8%)   

VCER (sus) 60 

VCE (sat) 1 

VBE 1.7 
ICER 1 

hFE ( pulsed) 20 to 70 

POWER TRANSISTOR 40544 

V 

V 

V 
mA 

Si n-p-n triple-diffused planar type used specifically 
as a driver in audio-amplifier circuits. JEDEC TO-5, 
Outline No.6. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
RBE = 100 CI   VCER ( SUS) 

Emitter-to-Base Voltage   VEBO 
Collector Current   Ic 
Transistor Dissipation: 
Tc up to 25°C   
TA above 25°C   

Temperature Range: 
Operating (Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 

Collector-to-Emitter Sustaining Voltage 
(Ic = 100 mA, RBE = 100 0)   

Collector-to-Emitter Saturation Voltage 
(ir = 150 mA, IR = 15 mA)   

Base-to-Emitter Voltage ( VrE = 4 V, Ir = 50 mA) 
Collector-Cutoff Current (VcE = 40 V, RBE = 100 0) 
Emitter-Cutoff Current (VER = 5 V, lc = 0)   
Static Forward-Current Transfer Ratio 
(VER = 4 V, Ir ------ 50 mA)   

Gain-Bandwidth Product ( VrE = 4 V, Ir = 50 mA) 
Thermal Resistance, Junction-to-Case   

PT 
PT 

TJ (opr) 
TSTG 
Ti. 

VCER ( SUS) 

VCE (sat) 
VBE 
ICER 
IEBO 

hFE 

fT 

_ c 

Refer to Chart of Discontinued Transistors 

Refer to Chart of Discontinued Transistors 

SILICON 
CONTROLLED RECTIFIERS 

50 
5 

0.7 

V 
V 
A 

7 
Derate linearly 

to 0 W at 200 

65 to 200 
65 to 200 

255 

50 min 

1 max 
1.7 max 
10 max 
1 max 

35 to 200 
100 

25 max 

40546 

40547 

40553-
40555 

°C 
°C 
°C 

V 

V 
V 

itA 
mA 

MHz 
°C/W 

Si all-diffused three-junction types for use in inverter 
applications such as ultrasonics and fluorescent light-
ing. See Mounting Hardware for desired mounting ar-
rangement. JEDEC TO-66, Outline No.25. 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at low to ultrasonic 
frequencies with resistive or inductive load) 

VRSOM   
VRROM   
VDROM 

40553 40554 40555 
330 660 700 V 
200 400 600 V 
  700   V 
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MAXIMUM RATINGS (cont'd) 
IT(AV) (Tc = 60°C, 60 Hz at conduction 
angle = 180°)     3.2   A 

IT(Rms)     5   A 
ITSM ( 1 cycle of voltage)     80   A 
I Iis(Rms)1 2 t ( at 8.3 ms)     25   A2s 
Critical di/dt (VD .7.---- Vie(li())0, IGT = 50 mA, 
tr = 0.1 /Ls)     200   A/gs 

PGm ( 10 gs )     13   W 
PO(AV)     0.5   W 
TsTo     40 to 150   °C 
Tu ( opr)     40 to 100   °C 

CONDUCTION RATING CHART 
CASE TEMPERATURE 

G
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E
-
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H
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G
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-
V
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< 
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40 

TYPE 40553-40555 
CURRENT WAVE FORM2SINUSOIDAL 
LOAD= RESISTIVE OR INDUCTIVE 

TEMPERATURE IS MF_ASURED ATREFIRENCE 
POINT BET WEEN_LEADS  • 

'0 1 mo 
CONDUCTION 

ANGLE 

2 3 4 5 
[T(AVi—AMPERES AVERAGE ON- STATE CURRENT I 

92LS-2342T 

GATE CHARACTERISTICS 

- TYPES 40553-40555 

— I I I 1 
PERMITTED PULSE WIDTHS 

FOR INDICATED PEAK 
FORWARD GATE POWER 

MAX MUM GATE 
1 I 

TRIGGER MAXIMUM GATE 
I» 

Tj it — 40° C 10» s __VOLTAGE -e..e_MTANCE 
100kts • 

i........ . aim ma» am» amp 
Irns > ........ .... .... ..... 4. 

+25* 
«MI. 

C 

1 

MOM limilme ORMIll 

I 
g 
I 

, 

+1004,c 
mob «mi 

1 
I 
I 

AVERAGE 
DISSIPATION 

GATE 
LIMIT imp air am eli 

---f—b• 
MAXIMUM GATE 

0.5 WATT 
TRIGGER 

I CURRENT 

+ 100°C 25•Cl 
I 
*fir.- 
i 

40 C 

MAXIMUM VOLTAGE AT 
WHICH NO UNIT WILL 
i TRIGGER FOR Tj g;t- 100°C  

1 1 
1 
1 

4 6 0.01 2 4 6 0.1 2 4 6 1.0 2 4 6 10 2 4 6 

GATE-TO-CATHODE CURRENT-AMPERES 92LM-23411 
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CHARACTERISTICS (At maximum electrical 
Vieuto)0 =. 100°C)   
'Dom (VDo = Viecito)o)   
hutom (Vito = Viutom)   
VTM ( iT = 30 A)   
IGT   
VGT   
III°   
Critical dv/dt (VD() = Vie(to)o, 
hrt (VI) = VF(80)0, ITM = 2 A, IGT = 300 mA, 
tr = 0.1)   

tit (VI) = Vie(Ii0)(), iT 2 A, tp = 50 ps, 
Vit = 80 V min, tr =_ 0.1 gs, dv/dt = 
100 V/As, diit/dt = 10 A/gs, I(T =_ 100 m A 
at ton, V'i' = OV at tuf f, Tr = 80°C)   

Tu = 80°C) .... 

ratings at Te — 25°C) 
200 min 400 min 600 min 
  0 5 typ; 3 max   
  0.3 typ; 1.5 max   
  2 2 typ; 3 max   
  15 typ; 40 max   
  1.8 typ; 3.5 max   
  20 typ; 50 max   
  100 min; 250 typ   

0.7   

V 
mA 
mA 
V 

mA(dc) 
V(dc) 
mA 

V/gs 

As 

4 typ; 6 max   'us 

FIELD-EFFECT TRANSISTOR 40559 
Si insulated-gate field-effect (MOS) n-channel depletion 
type used as a mixer in receivers covering the 88-to-
108-MHz band and for general amplfiier applications at 
frequencies up to 125 MHz. JEDEC TO-104, Outline 
No.31. For maximum ratings refer to type 40468. For 

Sul) typical forward transconductance characteristics curves, 
refer to type %N1.10. 
CHARACTERISTICS 
Gate-to-Source Cutoff Voltage 

(VDs = 20 V, ID = 0.05 mA)   
Gate Reverse Current ( VGs = —8 V, Vi s 0) 
Zero-Gate-Voltage Drain Current 

(Vi» 15 V, V(;s = 0)   
Small-Signal Reverse Transfer Capacitance, 
Drain-to-Gate ( Vis — 15 V, ID = 5 mA, 
f = 1 MHz)   

Input Resistance: 
VDs = 15 V, ID = 5 mA, f = 100 MHz   riss 
VDS = 15 V, ID = 2 mA, f = 100 MHz   rim. 

Output Resistance: 
VDs = 15 V, ID = 5 mA, f 100 MHz   
VDr = 15 V, ID = 5 mA, f = 10.7 MHz   

Input Capacitance ( VDs 15 V, Ii) = 5 mA, 
f =_ 100 MHz)   

Output Capacitance ( VDs = 15 V, ID 2 mA, 
f = 10.7 MHz)   

Forward Conversion Conductance ( VDs = 15 V, 
= 2 mA, f = 100 MHz)   

Maximum Available Conversion Gain 
(Vps = 15 V, ID =- 2 mA, fin = 100 MHz, 

ft ut = 10.7 MHz)   

Sue 

ross 
rosm 

Ch.'s 

COSS 

g e 

MAGI 

5 to 50 mA 

0.1 to 0.2 pF 

4.5 

4.2 
18 max 

ko 
kc) 

ko 
k0 

5.5 pF 

1.4 pF 

1.3 mmhos 

25.8 dB 

FIELD-EFFECT TRANSISTOR 40559A 
Si insulated-gate field-effect (MOS) n-channel depletion 
type used in mixer applications in FM receivers cover-
ing the 88-to- 108-MHz band, and in general amplifier 
applications at frequencies up to 125 MHz. JEDEC TO-
72, Outline No.28. For maximum ratings, refer to type 
40468A. For typical forward transconductance charac-

teristics refer to type 3N140. 
CHARACTERISTICS 
Drain-to-Source Cutoff Current 
(Vos = 12 V, Vs = —8 V)   

Gate Leakage Current: 
Vtis = --8 V, VDS 
VGS = 1 V, VI)S = 

Zero-Bias Drain Current ( VDs 
20 ins, df 0.15)   

Small-Signal Reverse-Transfer 
Drain-to-Gate ( VDs = 15 V, 
f = 1 MHz)   

Input Capacitance ( VDs = 15 V, 5 
f =- 1 MHz)   

curves, 

• ••••,. 15 V, VG8 = 0, 

Capacitance, 
II) = 5 mA, 

ID rnA, 

Vt:s ( off) 4 typ; - 6 max V 
IGss 1 max nA 

Crtis 

ID (off) 

loss 

500 max 

1 max 
1 max 

5 to 25 

pA 

nA 
nA 

mA 

Crmm 0.15 typ; 0.3 max pF 

Clow 5.5 pF 
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Tc(opr) 

CHARACTERISTICS (cont'd) 

Output Capacitance ( VDs =- 15 V, ID = 5 mA, 
f = 1 MHz)   

Input Resistance ( Vi s = 15 V, ID = 3 mA, 
VBS =7- —3 V, f = 100 MHz)   

Output Resistance ( Vis = 15 V, ID = 3 mA, 
—3 V, f = 10.7 MHz)   

Forward Conversion Transconductance 
(Vis = 15 V, ID = 3 mA, VBS = 3 Ir, 
f = 1 kHz)   

Maximum Available Conversion Gain 
(Vis = 15 V, ID = 3 M A, fin = 100 MHz, 
fout = 10.7 M Hz)   

40561 

40562 

40563 

40564 

40565 

40566 

40567 

40568 

40569 

40570 

40571 

40572 

40573 

40574 

40575 
40576 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

Refer 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

Chart 

TRIACS 

CO S% 

ris 

gf 9 (c) 

MAGc 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Tunnel 

Si gate-controlled full-wave types used for the control 
of ac loads in applications such as space heater, oven, 
and furnace controls. See Mounting Hardware for de-
sired mounting arrangement. JEDEC TO-66, Outline 
No.25. 

Diode 

Diode 

Diode 

Diode 

Diode 

Diode 

Diode 

Diode 

Diode 

Diode 

Diode 

Diode 

I)iode 

Diode 

1.4 PF 

6 kr) 

12 'cc) 

2800 pmhos 

21 dB 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

MAXIMUM RATINGS (For sinusoidal supply voltage at 50/60 Hz with 
resistive or inductive load) 

40575 
VDRom* (TJ = —40°C to 10(1°C)   200 
IT(RMS) (Tc = 70°C, conduction angle of 360°)   15   
ITSM (1 cycle sinusoidal principal voltage)     100 
IGTM ( 2 4s max.)     1   
PGm ( 2 p.s max, IGTM 1 A peak)     20 
PG(Av)     0.45   
TsTG     —40 to 150 

—40 to 100   

40576 
400 

r
'
r
>
•
»
<
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CHARACTERISTICS (At maximum electrical 
IDROM* (T.r = 100°C, Viiitom = max rated value) 
VTM * ( iT = 30 A peak)   

(initial principal current = 150 mAdc) 
Commutating dv/dt* (vI = Vpitom, 

___ 15 A, commutating ciijdt — 8A/ms, 
gate unenergized at Te = 70°C)   

Critical dv/dt* ( vD = Vi)Itom, exponential 
voltage rise, Te = 100°C)   

Ityr*:!: ( VD = 6 Vdc, Ri, = 12 0) : 
I+ mode, VmT2 positive, VG positive   
I mode, VmT2 positive, VG negative   

III- mode, Vm1-2 negative, VG positive   
III mode, VmT..! negative, VG negative   

VGT*: (vi) = 6 Vdc, Ri, = 12 C))   
VGT*;: (vi) = Vii i, Ri.= 125 Q, Te. = 100°C) 
Let VI) = VDrium, =. 160 mA, tr I= 0.1 ps, 
iT = 25 A peak)   

ratings at T = 25°C) 
0.2 typ; 4 max   

  1.6 typ; 2 max   
15 typ; 60 max   

10 

40 

15 typ; 30 max 
  35 typ; 80 max   
  35 typ; 80 max   

15 typ; 30 max   
1 typ; 2.5 max 
_ 0.2 min 

3 

mA 
V(peak) 
mA(dc) 

1.3 max 

V/ps 

V/iis 

mA(dc) 
mA(dc) 
mA(dc) 
mA(dc) 
V(dc) 
V(dc) 

°C/W 

* For either polarity of main terminal 2 voltage ( VmT2) with reference to main terminal 1. 
For either polarity of gate voltage (VG) with reference to main terminal 1. 

G
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E
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3 

2 

GATE CHARACTERISTICS 

(l'AND ill') 

TYPES 40575 40576 

MAXIMUM GATE TRIGGER 
VOLTAGE1 
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0°C 
+25°C 
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MOM OM, emma amm 
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CONDUCTION RATING CHART 
(CASE TEMPERATURE) 

TYPES 40575,40576 
CURRENT WAVEFORM: SINUSOIDAL 
LOAD=RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE = 360' 
TEMPERATURE IS MEASURED ON BASE 
AT POINT MIDWAY BETWEEN LEADS  

e  

o tedjj368% 
CONDUCTION 

ANGLE 
sex -f Gi 

2 4 6 8 10 12 14 16 

RMS ON- STATE CURRENT 

ri (FiMq - AMPERES 
92LS -2151T 

GATE CHARACTERISTICS 

(I.AND III- ) 

TYPES 40575.40576 

MAXIMUM GATE TRIGGER 
VOLTAGE 

iTj• - 40° C 

immele ann. 

OM» 

gm, 

«up cum Om 

MAXIMUM-VOLTAGE-AT 
WHICH NO UNIT WILL 
TRIGGER FOR Tj B-100* C 

1 

'MAXIMUM GATE 

L25CL0C Te- 40•SI TRIGGER I 
• ÇURRENT 

0 10 20 30 40 50 60 70 80 

GATE CURRENT — MILLIAMPERES 

• 

9201-1549T I 
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40577 POWER TRANSISTOR 
Si n-p-n "overlay" triple-diffused type is subjected to 
special preconditioning tests for high-reliability opera-
tion in high-power vhf applications in military and 
industrial equipment. JEDEC TO-5, Outline No.5. This 
type is a high-reliability version of type 2N3118. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage: 
VBE = —1.5 V   VCEV 
Base open   VCEO 

Emitter-to-Base Voltage   VERO 
Collector Current   Ic 
Transistor Dissipation: 
Tc up to 25°C    PT 
TA up to 25°C   PT 
Tc above 25°C   

Temperature Range: 
Operating ( Junction)   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS (At case temperature 25°C) 
Emitter-to-Base Breakdown Voltage 
(JE =_- 0.1 mA, Ic = 0)   

Collector-to-Emitter Breakdown Sustaining Voltage 
(Ic =_ 10 mA, IB = 0, tP = 300 gs, df < 1.8r-lc)   

Reverse Collector-to-Emitter Breakdown Voltage 
(VISE = 1.5 V, lc r---- 0.1 mA)   

Collector-Cutoff Current: 
VCR = 30 V, IE = 0, TA = 25°C   
VCB = 30 V, IE = 0, TA = 150°C   

Output Capacitance 
(VcB -= 28 V, Ic 0, f 1 MHz)   

rbb' Cb'e Product (VcE = 28 V, Ic = 25 mA, 
f = 50 MHz)   

Pulsed Static Forward-Current Transfer Ratio: 
(V E = 5 V, Ic = 100 mA, tp = 300 4s, df < 1.8%) 

Small-Signal Forward-Current Transfer Ratio 
(V E = 28 V, Ic = 25 mA, f =7- 50 MHz)   

Small-Signal Short-Circuit Input Impedance 
Real Part (V E .-_-_- 28 V, Ic = 25 mA, f = 50 MHz) 

Small-Signal Short-Circuit Output Impedance 
Real Part (V(E :7-- 28 V, lc =_ 25 mA, f = 50 MHz) 

Power Output, Class C Service ( with heat sink) : 
V E = 28 V, Pin = 0.1 W , f = 50 MHz   
VCE = 28 V, Pi = 0.1 W , f = 150 MHz   

Power Gain, Class A Service ( with heat sink) 
(V('E = 28 V, Ic =_ 25 mA, Pout = 0.2 W, f =_- 50 MHz) 

tr) 
t--

1 

o 

6- 0.75 

z 
0 0.5 
cc 

t3i 
o 0.25 a. 
u.. 

TYPICAL LARGE-SIGNAL CLASS C RF 
POWER— OUTPUT CHARACTERISTICS 

TYPE 40577 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
,CLASS C SERVICE, 150 MHz 
CASE TEMPERATURE (Tc)=25°C 

0 

28 

25 50 75 100 125 150 

RF POWER INPUT ( PIN)—MILLIWATTS 
92CS-I2273T 

r-
r---

3 

8 0.5 
a. 

a. 
z 0.3 
o 

ow 
0.2 

3 

a- 0.1 

cc 

T.1 ( opr) 
TsTo 
Ti. 

See 

85 
60 
4 

0.5 

V 
V 
V 
A 

3 
5 

curve page 300 

—65 to 200 
—65 to 200 

230 

V omEBO 

V(BR)CE0 ( SUS) 

V(BR)CEX 

ICRO 
ICRO 

Cobo 

rim' Cb'e 

hFE ( pulsed) 

hfe 

Re (hie) 
1 

Y2*2 

Poe 
Poe 

Gpe 

4 min 

60 min 

85 min 

10 max 
5 max 

6 max 

60 max 

50 to 275 

5 min 

25 to 75 

(real) 500 to 1000 

V 

V 

V 

nA 
µA 

PF 

ps 

o 

1 min 
0.4 min 

18 xi-1in dB 

TYPICAL OPERATION CHARACTERISTICS 
TYPE 40577 
COMMON-EMITTER CIRCUIT, 
CLASS-A SERVICE, 50 MHz 
COLLECTOR-TO- EMITTER 
COLLECTOR MILLIAMPERES 
CASE TEMPERATURE (Tc)225•C 

BASE INPUT 

VOLTS ( VcE)3,28 

(IC)i 25 

1 

• 

--.1 , 

N 

••• .• 

O 1 2 3 4 

RE POWER INPUT (PIN)-MILLI WATTS 
92LS-17921 
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UHF TRANSISTOR 40578 
(2 E3 Si n-p-n "overlay" epitaxial planar type subjected to 

special preconditioning tests for high-reliability, class 
A, B, and C amplifier, frequency multiplier, or oscilla-
tor operation, driver or pre-driver stages, vhf-uhf 
applications in space, military, and industrial communi-
cations equipment. JEDEC TO-39, Outline No.15. This 

type is identical to type 2N3866 except for the following item: 

CHARACTERISTICS (At case temperature 25°C) 

Collector-Cutoff Current (V E = 28 V, Iit = 0)   1:1) 100 max nA 

POWER TRANSISTOR 40581 
Si n- p-n triple-diffused planar type used for power-
amplifier applications in conjunction with transistor 
types 40080 ( oscillator), and 44081 ( driver), in a 5-
watt, 27-MHz citizens-band transmitter. JEDEC TO-39, 
Outline No.15. This type is identical to type 40082 ex-
cept for the following item: 

CHARACTERISTICS (At case temperature 25C) 

RF Power Output ( Vcr = 12 V, Ic = 415 mA, 
PIE 350 mW , f = 27 MHz)   P40. 3.5 min 

for the cept 

POWER TRANSISTOR 40582 
Si n- p-n triple-diffused planar type used for power-
amplifier applications in conjunction with transistor 
types 40080 ( oscillator), and 40081 ( driver), in a 5-
watt, 27-MHz citizens-band transmitter. JEDEC TO-39, 
Outline No.6. See Mounting Hardware for desired ar-
rangement. This type is identical with type 40082 ex-

following items: 

MAXIMUM RATINGS 

Transistor Dissipation 
Tc up to 25°C   PT 10 W 

CHARACTERISTICS (At case temperature — 25°C) 

RF Power Output (Vcc =_ 12 V, lc = 415 mA, 
f = 27 MHz, PIE = 350 mW)   P E 3.5 min W 

ThermzIl Resistance, Junction-to-Case   (-)j-c 17.5 °C,/W 

•••ID 

DIAC 40583 
Si all-diffused three-layer trigger diode type used for 
triac phase-control circuits for lamp dimming, universal-
motor speed, and heat controls.. JEDEC DO-26, Outline 
No.66. This type is identical with type 1N5411 except 
for the following item: 

CHARACTERISTICS (At case temperature = 25°C) 

Breakover Voltage, Forward or Reverse   V(B0) 27 to 37 A 
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40594 POWER TRANSISTOR 

Si n-p-n type used for driver applications in high-
fidelity amplifier circuits. This type and type 40495 
form a complementary pair of driver transistors suit-
able for quasi-complementary-symmetry circuits. 
JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
RBE = 100 

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc -= 25°C   
TA = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage 
(Ic :7-- 100 mA, RBE = 100 0)   

Collector-to-Emitter Saturation Voltage 
(Ic =-- 300 mA, IR = 30 mA)   

Base-to-Emitter Voltage 
(W E = 4 V, lc = 300 mA)   VBE 

Collector-Cutoff Current ( VcE — 85 V, RBE =_ 100 0) IcER 
Emitter-Cutoff Current (VEB = 4 V)   IEB0 
Static Forward Current Transfer Ratio 

(VcE = 4 V, Ic = 300 mA)   hFE 

40595 

VCER (sus) 
VERO 

IR 

PT 
PT 

95 
4 
2 
1 

10 
1.2 

T(opr) —65 to 200 
TSTG 65 to 200 

VcER (sus) 

VcE ( sat) 

POWER TRANSISTOR 

Si p-n-p type used for driver applications in high-
fidelity amplifier circuits. This type and type 40495 
form a complementary pair of driver transistors suit-
able for quasi-complementary-symmetry circuits. 
JEDEC TO-5, Outline No.5. This type is electrically 
identical with type 40594 except for the reversal of 
all polarity signs. 

40598A EMITTING DIODE 

GaAs high-frequency type used for continuous or pulse 
applications in military, industrial, and commercial 
equipment. Outline No.67. 

MAXIMUM RATINGS 

Peak Forward Current   
Average Forward Current: 
Te from —73 to 50°C   
Tc from 50 to 75°C   

Peak Reverse Voltage   
Tr from —73 to 50°C   
Tc from 50 to 75°C   

Temperature: 
Operating   
Storage   
During Soldering (5 s)   

CHARACTERISTICS (At case temperature = 27°C) 

DC Forward Voltage Drop (IF =_ 10 mA)   VP 
DC Forward Voltage Drop (IF = 50 mA)   VF 

IF(AV) 
IF(AV) 
IT.' Nf 

95 min 

0.8 max 

1.4 max 
10 max 
0.1 max 

70 to 350 

1 

CASE 

V 
V 
A 
A 

°C 
°C 

V 

V 

V 
J.LA 

A 

50 mA 
See Rating Chart 

9 V 
PIN(AV) 90 
Pl.% (AV) See Rating Chart 

rC 

TSTG 
73 to 75 °C 

72 to 100 °C 
130 °C 

1.2 typ; 1.5 max 
1.4 typ; 1.8 max 

V 
V 
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CHARACTERISTICS (cont'd) 

Peak Reverse Current (VR = 2 V)   
Continuous Service (IF = 50 mA) : 
DC Forward Voltage   
Radiant Power Output*   
Radiant Power Output per Ampere   
Power Efficiency (Peo/VFIF)   

Pulse Service: 
Peak Radiant Power Output 
(IF = 1 A, tp = 2 As, df — 1%, pulse rep. 
rate = 500 p/s)   

Radiation Characteristics, Continuous or 
Pulse Service: 
Wavelength at Peak of Emitted Spectrum 
Line Width at Half-Power Points   
Half-Angle Beam Spread: At Half-Power Point 
At 20% Power Point   

•••• 

IRM 

VF 
Po 
Po/A 
77 

Pom 

10 max 

1.4 
1 min; 1.6 typ 
20 min; 32 typ 

1.1 min; 2.3 typ 

mW 
TnW/A 

24 mW 

9100 to 9500 °A 
500 °A 
15 degrees 
30 degrees 

* Radiant Power Output is derived by measuring the short-circuit current in a cali-
brated silicon photovoltaic cell positioned close to the emitter to collect the total infra-
red emission. 

GI FIELD-EFFECT TRANSISTOR 40600 
Si dual insulated-gate field-effect (MOS) n-channel de-
pletion type used in rf-amplifier applications in vhf 
television receivers and other types of commercial equip-
ment operating at frequencies up to approximately 250 
MHz. JEDEC TO-72, Outline No.28. For typical drain 
characteristics and typical forward transconductance 
curves, refer to type 3N140. 

MU(' 

MAXIMUM RATINGS 

Drain-to-Source Voltage 
Gate No.1-to-Source Voltage: 
Continuous ( dc)   
Peak ( ac)   

Gate No.2-to-Source Voltage: 
Continuous ( dc)   
Peak ( ac) 

Drain-to-Gate bo. 1 Voltage   
Drain-to-Gate No. 2 Voltage   
Drain Current ( ti) 20 ms, df 0.15)   
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Operating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Gate-No.1-to-Source Voltage 

(VDs = 15 V, VG2S :==. 4 V, ID — 200 pA)   
Gate-No.2-to-Source Cutoff Voltage 

(VDs = 15 V, VG1S = 0, ID = 200 p,A)   
Gate-No.1 Leakage Current 

(VG's = —20 V, VG2s =- 0, VDs 
Gate-No.2 Leakage Current 

(V(;25 = —20 V, VG1S = 0, VDS = 0)   
Drain Current ( VDs =. 13 V, VG2s = 4 V, 
VG1S =- 0)   

Forward Transconductance ( VDs ___ 13 V, 
V(;25 = 4 V, II) = 10 mA, f 1 kHz)   

Small-Signal Reverse Transfer Capacitance. 
Drain to Gate No.1 ( VDs = 13 V, VG2S = 4 
ID = 10 mA, f= 1 MHz)   

Output Capacitance ( VDs = 13 V, VG2S — 4 V, 
ID = 10 mA, f = 200 MHz)   

Input Capacitance (VDs = 13 V, V(;2s — 4 V, 
ID = 10 mA, f = 200 MHz)   

Input Resistance ( VDs = 13 V, V(;2S = 4 V, 
ID = 10 mA, f = 200 MHz)   

Output Resistance ( VDs = 13 V, 
ID = 10 mA, f = 200 MHz)   

v, 

= 0) 

VG2S — 4 V, 

VDS 

VG1S 
V(;15 

VG2S 
V(;2S 
VI)G1 
VI)G2 
Iii ( pulsed) 

0 to 20 

—8 to 1 
—8 to 20 

—8 to ( 0.4 VDs) 
—8 to 20 

20 
20 
50 

PT 
PT Derate linearly 

T(opr) 
TSTG 

Ti. 

VGis(off) 

VG2s ( off) 

IGiss 

IG2ss 

IDss 

gfs 

Crss 

CONS 

CiSS 

riSS 

roils 

400 
at 2.67 

65 to 175 
—65 to 175 

265 

2 

2 

1 max 

1 max 

18 

10000 

0.02 typ; 0.03 max 

2.2 

5.5 

1.2 

2.8 

V 

V 
V 

V 
V 
V 
V 

mA 

mW 
mW/°C 

°C 
°C 
°C 

V 

nA 

nA 

mA 

pmhos 

pF 

pF 

pF 

ko 

1(0 
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CHARACTERISTICS (cont'd) 
Magnitude of Forward Transadmittance 
(VDs = 13 V, VG2S = 4 V, ID = 10 mA, 
f = 200 MHz)   

Phase Angle of Forward Transadmittance 
(VDs = 13 V, VG2S = 4 V, ID = 10 MA, 
f = 200 M Hz)   

Maximum Available Power Gain ( VDs = 13 V, 
VG2S = 4 V, II) = 10 mA, f = 200 MHz)   

Maximum Usable Power Gain, Unneutralized 
(VDs = 13 V, VG2S = 4 V, ID = 10 mA, 
f = 200 MHz)   

Power Gain ( VDs = 13 V, VG2S = 4 V, ID = 10 mA, 
f = 200 MHz)   

Noise Figure ( VDs = 13 V, VG2S = 4 V, ID = 10 mA, 
f = 200 MHz)   

Limited by practical design considerations. 
t This characteristic does not apply to ty 40602. 

40601 

1Yrsi 

e 

MAG 

MUG 

GPS 

NF 

FIELD-EFFECT TRANSISTOR 

Si dual insulated-gate field-effect (MOS) n-channel de-
pletion type used in mixer applications in vhf television 
receivers and other types of commercial equipment 
operating at frequencies up to approximately 250 MHz. 
JEDEC TO-72, Outline No.28. The maximum ratings 
for this type are identical with type 40600. 

CHARACTERISTICS 

Gate-No.1-to-Source Cutoff Voltage 
(VDs = 15 V, VG2S = 4 V, ID = 200 pA)   VGis(off) 

Gate-No.2-to-Source Cutoff Voltage 
(VDs =. 15 V, VG2S = 4 V, ID == 200 ¡LA)   VG2s (off) 

Gate-No.1 Leakage Current 
(VGis = —20 V, V(;2s = 0, VDs = 0)   IGiss 

Gate-No.2 Leakage Current 
(VG2s =_ —20 V, VG1S = 0, VDS = 0)   IG2SS 

Drain Current ( VDs = 13 V, Vs = 4 V, VGis = 0) mss 
Forward Transconductance ( VDs = 13 V, 
VG2S = 4 V, ID =_ 10 mA, f = 1 kHz)   gis 

The following test conditions apply to all remain-
ing characteristics, unless otherwise specified: 

Local-oscillator injection voltage on gate 
No.2 = 750 mV, VDS = 15 V, Vs = 0.6 V, 
VGis r= 0.75 V, f r= 200 MHz. 

Small-Signal Reverse Transfer Capacitance, 
Drain-to-Gate No.1 ( f = 1 MHz)   

Output Capacitance ( f = 44 MHz)   
Input Capacitance   
Input Resistance   
Output Resistance ( f = 44 MHz)   
Magnitude of Forward Conversion Transadmittance 
Maximum Available Conversion Gain   

Crss 

Coss 

Ciss 

rims 

ross 
ilr fs(e) 

MAGe 

11000 pmhos 

46 degrees 

20 dB 

20' 

17.51 

5$ max 

dB 

dB 

dB 

at 

S,SUB 

—2 V 

2 V 

1 max nA 

1 max nA 
18 mA 

10000 pmhos 

0.02 typ; 0.03 max 
2.2 
5.5 
1.2 
12 

2700 
14 

40602 FIELD-EFFECT TRANSISTOR 

Si dual insulated-gate field-effect (MOS) n-channel de-
pletion type used in first-if amplifier applications in 
vhf television receivers and other types of commercial 
equipment operating at frequencies up to approximately 
250 MHz. JEDEC TO-72, Outline No.28. This type is 
identical with type 40600 except for the following items: 

CHARACTERISTICS 

Input Resistance   riss 
Output Resistance   ross 
Phase Angle of Forward Transadmittance   / 
Maximum Available Power Gain   MAG 
Maximum Usable Power Gain, Unneutralized: 
For 1 stage   MUG 
For 2 stages   MUG 
For 3 stages   MUG 

PF 
pF 
pF 
ko 
k0 

pmhos 
dB 

S,SUB 

10 lc() 
12 k0 

—11 degrees 
35 dB 

28 
26 
24 

dB 
dB 
dB 
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VG2S = 0, VDS = 0)   
Gate-No.2 Leakage Current (V(;2s —20 V, 
VG1S = 0, VDS -7----- 0)   IG2SS 1 max nA 

Zero-Bias-Voltage Drain Current 
(VG2S =- 4 V, Was z--- 0, VDS = 13 V)   IDSS 

Small-Signal Reverse Transfer Capacitance, 
Drain-to-Gate-No.1 (VDS = 13 V, II) = 10 mA, 
VG2S -.= 4 V, f = 1 MHz)   CTSS 0.02 typ; 0.03 max pF 

Input Capacitance ( VDs = 13 V, VG2S = 4 V, 
ID = 10 mA, f = 1 MHz)   Ciss 55 pF 

Output Capacitance (VDS :---- 13 V, Vs ---= 4 V, 
ID --_-_- 10 mA, f Ir_. 100 MHz)   Cuss 21 pF 

Input Resistance (VDs = 13 V, Vs — 4 V, 
In = 10 mA, f = 100 MHz)   riss 3.5 kû 

Output Resistance ( VDs = 13 V, VG2S = 4 V, 
ID =2 10 MA, f -__-_-_ 100 MHz)   ross 4 ko 

Forward Transconductance (VDS = 13 V, 
VG2S = 4 V, ID =_-- 10 mA, f --= 1 kHz)   gf s 10000e pmhos 

Maximum Available Power Gain (Vns = 13 
VG2s =-_-_- 4 V, ID :-_-_- 10 mA, f = 100 MHz)   MAG 26 dB 

Maximum Usable Power Gain, Unneutralized 
(VDs = 13 V, VG2S — 4 V, ID = 10 mA, 
f = 100 MHz)   

Noise Figure ( VDS = 13 V, VG2S -- 4 V, ID = 10 mA, 
f = 100 MHz)   

Á Limited by practical design considerations. 
• This characteristic does not apply to type 40604. 

S,SUR 

FIELD-EFFECT TRANSISTOR 40603 
Si dual insulated- gate field-effect ( MOS) n-channel de-
pletion type used in rf amplifier applications in FM 
tuners and other commercial equipment operating at 
frequencies up to approximately 150 MHz. JEDEC TO-
72, Outline No.28. For typical forward transconductance 

curves, refer to type 3N140. 
MAXIMUM RATINGS 

Drain-to-Source Voltage   Vis 
Gate-No.1-to-Source Voltage: 
Continuous ( dc)   
Peak ( ac)   

Gate-No.2-to-Source Voltage: 
Continuous ( dc)   VG2S 
Peak (ac)   ‘,?G2s 

Drain-to-Gate-No 1 Voltage    VGis 
Drain-to-Gate-No.2 Voltage   VG25 
Drain Current ( tip 20 ms, df = 0.15)   ID ( pulsed) 
Transistor Dissipation: 
TA up to 25°C 
TA above 25°C   

Temperature Range: 
Operating   Ti opt ; 
Storage   TsTG 

Lead-Soldering Temperature ( 10 s max)   Tr, 

CHARACTERISTICS 

Gate-No.1-to-Source Cutoff Voltage 
(VDS = 15 V, VG2S = 4 V, ID — 200 ¡LA)   VG1S ( off) 

Gate-No.2-to-Source Cutoff Voltage 
(VDS = 15 V, VG1S = 0, = 200 4A)   VG2S ( off) 

Gate-No.1 Leakage Current (VGis = —20 V, 
IG1SS 

VG1S 
VG1S 

PT 
PT 

0 to 20 v 

—8 to 1 v 
8 to 20 v 

8 to ( 0.4V1)s) 
8 to 20 

20 
20 
50 mA 

400 mW 
Derate linearly at 2.67 mW,/°C 

--65 to 175 °C 
—65 to 175 °C 

265 OC 

2 V 

9 V 

MUG 

NF 

1 max nA 

18 mA 

25A* dB 

2.5* dB 

FIELD-EFFECT TRANSISTOR 40604 
Si dual insulated- gate field-effect (MOS) n-channel de-
pletion type used in mixer applications in FM tuners 
and other commercial equipment operating at frequen-
cies up to approximately 150 MHz. JEDEC TO-72, 
Outline No.28. This type is identical with type 40603 
except for the following items: 
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CHARACTERISTICS 
Output Capacitance (VDs = 13 V, VG2S = 4 V, 
II) = 10 mA, f = 100 MHz)   

Output Resistance (Vas = 13 V, VG2S = 4 V, 
co ss 

ID = 10 M A, f = 10.7 MHz)   ross 
Conversion Transconductance ( VDs = 13 V, 

VG2s = 4 V, ID = 10 mA, f = 1 kHz)   gfs(c) 
Maximum Available Power Gain ( Vis = 13 V, 
Vs = 4 V, ID = 10 mA, f = 100 MHz, 
fout = 10.7 MHz)   MAG 

40608 POWER TRANSISTOR 

Si n- p-n "overlay" epitaxial type used for operation as 

a class A wide-band power amplifier in vhf circuits. 

JEDEC TO-39, Outline No.15. 

MAXIMUM RATINGS 
Collector-to-Base Voltage   Vcno 
Collector-to-Emitter Voltage ( Vi: =_- 100 C))   VEER 
Emitter-to-Base Voltage   Witt) 
Collector Current   
Transistor Dissipation: 
Tc up to 25°C   
Tv above 25°C   

PT 
PT 

Temperature Range: 
Operating ( Junction)   TJ (opr) 
Storage   TSTG 

Lead-Soldering Temperature ( 10 s max)   Ti  

CHARACTERISTICS (At case temperature =. 25°C) 
Collector-to-Base Breakdown Voltage 

(lc = 0.1 mA, IE = 0)   
Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, I(' = 0)   

Collector-to-Emitter Sustaining Voltage 
(L. = 50 mA, RBE = 100 Q pulsed through inductor 
L = 20 mH, df = 50%)   

Collector-to-Emitter Saturation Voltage 
(IB = 10 mA, Ic = 50 mA)   

R
E
V
E
R
S
E
 
T
R
A
N
S
F
E
R
 
C
O
N
D
U
C
T
A
N
C
E
 

O
R
 
S
U
S
C
E
 P
T
A
N
C
E
-
m
 M
H
O
S
 

21) 

1.5 

1.0 

TYPICAL REVERSE-TRANSFER 
CONDUCTANCE CHARACTERISTICS 
TYPE 40608 
COLLECTOR-TO- EMITTER VOLTS (VcE»20 

AMBIENT TEMPERATURE (TA ) = 25•C 
•••-•-. CONDUCTANCE 

SU SCEPTANCE 

50 

25 

tea. 

a 25,501 OR 75 

4 6 8 
100 

FREQUENCY (f)—MHz 

92L5-1238T2 

4 

400 

300 

200 

100 

O 

•- 50 

V(Bn)cRo 

V(Bit)EBO 

VER ( SUS) 

VCE ( sat) 

2.3 pF 

20 ko 

2800 jimhos 

21 dB 

40 v 
40 
2 v 

0.4 A 

3.5 
See curve page 300 

—65 to 200 
65 to 200 

230 

40 min 

2 min 

40 min 

1 max 

TYPICAL FORWARD—TRANSFER 
CONDUCTANCE CHARACTERISTICS 

°C 
°C 
°C 

TYPE 40608 
COLLECTOR—TO- EMITTER VOLTS ( VcE)s 20 

AMBIENT TEMPERATURE ( TA)*25•C 
CONDUCTANCE 

-- SUSCEPTANCE 

75 

• 
% 

-4,•••  25 

Ye\  

<e"à • 50 ‘‘ 

Ç4% \•\\\ 

 25  
• 

go*  

6 
100 

FREQUENCY (f)— MHz 

92LS-123412 

4 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current ( VcE :7-- 20 V, In = 0)   L EO 
Collector-to-Base Capacitance (V(B = 30 V, 
IE =- 0, f = 1 MHz)   Coho 

Gain-Bandwidth Product (VcE = 15 V, Ic = 50 mA) fT 

Static Forward-Current Transfer Ratio 
(VcE = 15 V, le = 50 mA)   hFE 

Voltage Gain (W E = 15 V, Ic = 50 mA)   VG 
Cross Modulation at 46 dB mV 

(VcE = 15 V, L. = 50 mA, RG and Ri. = 75 n)   cm 

POWER TRANSISTOR 

100 max 

3 max 
700 min 

35 to 120 
11 min 

57 

40611 

/IA 

pF 
MHz 

dB 

dB 

Si n-p-n type used for driver applications in high-
fidelity amplifier circuits suitable for complementary-
symmetry circuits. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc = 25°C   
TA = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 
(Ic = 100 mA)   

Collector-Cutoff Current (VcB = 15 V)   
Collector-Cutoff Current (VEB = 2.5 V)   
Static Forward-Current Transfer Ratio 
(VcE = 4 V, Ic = 59 mA)   

VrE0 (sus) 25 
W HO 2.5 
Ic 0.7 
In 0.2 

PT 5 
PT 1 

T(opr) —65 to 200 
TsTG 65 to 200 

V 
V 
A 
A 

°C 
°C 

VCEO ( SUS) 25 min V 
kilo 0.5 max i.LA 
IEBO 1 max mA 

hFE 70 to 500 

POWER TRANSISTOR 40612 
Ge p-n-p type used for output stages in high-fidelity 
amplifier circuits suitable for complementary-symmetry 
circuits. JEDEC TO-3, Outline No.2. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 
RBI.; = 68 

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation 
Ty = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

(Ic = —200 mA, RBE = 68 n)   
Collector-Cutoff Current (VcB = —30 V)   
Emitter-Cutoff Current (VEB = —5 V)   
Static Forward-Current Transfer Ratio 
(VcE = —2 V, Ic = —1000 mA)   

VIER ( SUS) 

VEno 

L. 

PT 

T(opr) 
TSTG 

VCER ( SUS) 

ICBO 

IEBO 

hFE 

—25 v 
5 v 

—5 A 
—1 A 

12.5 

65 to 100 °C 
—65 to 100 °C 

25 min 
3 max 
2 max 

30 to 150 

p.A 
mA 
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40613 POWER TRANSISTOR 

Si n- p-n type used for output stages in high-fidelity 
amplifier circuits suitable for complementary-symmetry 
circuits. This type features a base comprised of a 
homegeneous-resistivity and molded silicone plastic 
package with vertical leads. This type fits 'a standard 
TO-66 socket. Outline No.52. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc = 25°C   
TA -= 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage 
(L. =_ 100 mA)   

Base-to-Emitter Voltage (VcE = 4 V, L. = 1000 mA 
Collector-Cutoff Current (V('R = 25 V)   
Emitter-Cutoff Current (VER = 5 V)   
Static Forward-Current Transfer Ratio 

(VeE = 4 V, lc = 1000 mA)   

40616 

VCEO ( SUS ) 
VEBO 
IC 
IB 

PT 
PT 

T(opr) 
TSTG 

CF 

25 
5 
4 
2 

36 
1.8 

65 to 150 
—65 to 150 

VcE0 (sus ) 25 min 
VBE 1.3 max 
IcHo 2 max 
IEito 1 max 

hFE 30 to 120 

POWER TRANSISTOR 

Si n-p-n type used for driver applications in high-
fidelity amplifier circuits suitable for complementary-
symmetry circuits. JEDEC TO-5, Outline No.5. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc =_ 25°C   
TA = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector- to-Emitter Sustaining Voltage 
(Ic = 100 mA)   

Collector-Cutoff Current (VcB = 15 V)   
Static Forward-Current Transfer Ratio 
(V E 4 V, I4. = 50 mA)   

40618 

VCEO (SUS; 
VERO 
IC 
IB 

PT 
PT 

T(opr) 
TsTG 

VeE0 (sus) 
kw) 

hFE 

POWER TRANSISTOR 

Si n-p-n type used for output stages in high-fidelity 
amplifier circuits suitable for complementary-symmetry 
circuits. This type features a base comprised of a home-
geneous-resistivity and molded silicone plastic pack-
age with vertical leads. This type fits a standard TO-66 
socket. Outline No.52. 

32 
2.5 
0.7 
0.2 

5 
1 

—65 to 200 
65 to 200 

V 
V 
A 
A 

°C 
°C 

V 
V 

/IA 
mA 

V 
V 
A 
A 

°C 
°C 

32 min V 
0.5 max 

70 to 500 
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MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc = 25°C   
TA = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage 
(Ir = 100 mA)   

Collector-Cutoff Current ( Vi = 30 V)   
Emitter-Cutoff Current (VEB = 5 V)   
Static Forward-Current Transfer Ratio 

(VrE = 4 V, Ir = 1000 mA)   

VrE0 ( sus) 
VEB() 

113 

PT 
PT 

30 
5 
4 
2 

36 
1.8 

V 
V 
A 
A 

T(opr) 65 to 150 °C 
—65 to 150 °C 

VrE0 ( SUS) 

14() 

IEitu 

h FE 

POWER TRANSISTOR 

30 min 
2 max 
1 max 

30 to 120 

40621 

V 
µA 
mA 

Si n-p-n type used for output stages in high-fidelity 
circuits suitable for complementary-symmetry circuits. 
This type features a base comprised of a homegeneous-
resistivity and molded silicone plastic package with 
vertical leads. This type fits a standard TO-66 socket. 
Outline No.52. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage   V4*E() ( SUS ) 32 
Emitter-to-Base Voltage   VE() 5 
Collector Current   Ir 4 
Base Current   lit 2 
Transistor Dissipation: 
Te = 25°C   
TA = 25°C   

PT 
PT 

36 
1.8 

Temperature Range: 
Operating   T(opr) 65 to 150 
Storage   TsTc 65 to 150 

CHARACTERISTICS 

Collector- to-Emitter Sustaining Voltage 
= 100 mA)   

Collector-to-Emitter Saturation Voltage 
1500 mA, IB = 150 mA)   

Base-to-Emitter Voltage 
(VrE = 4 V, Ir = 1500 mA)   

Collector-Cutoff Current ( Vcit = 30 V)   
Emitter-Cutoff Current (VEB = 5 V)   
Static Forward-Current Transfer Ratio 

(VcE = 4 V, Ic = 1500 mA)   

C,F 

VrEo ( sus) 32 min 

VuE ( sat) 1 max 

VBE 1.5 max 
IrB0 0.5 max 
IEB0) 1 max 

1-1FE 25 to 100 

POWER TRANSISTOR 40622 

V 
V 
A 
A 

V 

V 

V 
pA 
mA 

Si n- p-n type used for output stages in high-fidelity 
amplifier circuits suitable for complementary-symmetry 
circuits. This type features a base comprised of a home-
geneous-resistivity and molded silicone plastic pack-
age with vertical leads. This type fits a standard TO-66 
socket. Outline No.52. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage   VrEq) ( sus) 40 V 
Emitter-to-Base Voltage   VEB() 5 V 
Collector Current   Ir 4 A 
Base Current   Ill 2 A 
Transistor Dissipation: 
Te = 25°C   PT 36 W 
TA 1---- 25°C   PT 1.8 W 
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Storage   

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

(Ic = 100 mA)   VCEo ( SUS) 

Collector-to-Emitter Saturation Voltage 
(Ic = 1500 mA, In ---- 150 mA)   Ven(sat) 

Base-to-Emitter Voltage 
(V('E = 4 V, Ic = 1500 mA)   VHF; 

Collector-Cutoff Current IcER 
(VUE =. 40 V, RBE = loo 

Emitter-Cutoff Current (VER = 5 V)   IEB0 
Static Forward-Current Transfer Ratio 
(VUE = 4 V, Ic .= 1500 mA)   

MAXIMUM RATINGS (cont'd) 

Temperature Range: 
Operating   T(opr) 

TsTO 

40623 POWER TRANSISTOR 

Ge p-n-p type used for output stages in high-fidelity 
amplifier circuits suitable for complementary-symmetry 
circuits. JEDEC TO-3, Outline No.3. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
RBE= 68 0   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation ( Tc = 25°C)   
Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 
(Ic = —200 mA, RBE = 68 0)   

Collector-Cutoff Current (V(B = —30 V)   
Emitter-Cutoff Current (VER = —5 V)   
Static Forward-Current Transfer Ratio 

(VcE -- 2 V, Ic — 1000 mA)   

40624 

VcER (sus) 

VEBlu 

PT 

T(opr) 
TsTo 

VIER ( sus) 
I(Ito 
IE Bo 

hie>: 

POWER TRANSISTOR 

Si n- p-n type used for output stages in high-fidelity 
amplifier circuits suitable for complementary-symmetry 
circuits. This type features a base comprised of a home-
geneous-resistivity and molded silicone plastic pack-
age with vertical leads. This type fits a standard TO-66 
socekt. Outline No.52. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc = 25°C   
TA = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector- to-Emitter Sustaining Voltage 
(Ic = 100 mA)   

Collector-to-Emitter Saturation Voltage 
(lc =. 2500 mA, IR = 250 mA)   

VcE0 ( SUS) 

VE110 

lU 
IB 

PT 

PT 

T(opr) 
TsTa 

VEO ( SUS) 

VUE (sat) 

1.8 

65 to 150 
65 to 150 

45 min 

1 max 

—65 to 150 °C 
—65 to 150 °C 

40 min 

1 max 

1.5 max 
500 max 

1 max 

25 to 100 

45 
5 
5 
1 

12.5 

65 to 100 
65 to 100 

45 min 
—500 max 
—2 max 

50 to 170 

45 
5 
6 
3 

V 

V 

V 
"LA 

mA 

V 
V 
A 
A 

°C 
°C 

V 
aA 
mA 

V 
V 
A 
A 

50 

°C 
°C 

V 
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CHARACTERISTICS (cont'd) 

535 

Base-to-Emitter Voltage 
(VcE = 4 V, Ic = 2500 m A)   VRE 1.7 max V 

Collector-Cutoff Current ( VcE = 45 V, RBE = 100 c)) icER 500 max iLA 
Emitter-Cutoff Current (VEB = 5 V)   IEB4) 1 max mA 
Static Forward-Current Transfer Ratio 

4 V, L• = 2500 mA)   1-IFE 20 to 100 

E 

itR 

POWER TRANSISTOR 40625 
Si n- p-n type used for driver applications in high-
fidelity amplifier circuits suitable for complementary-
symmetry circuits. JEDEC TO-5 ( with heat-radiator), 
Outline No.8. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage   VCEO (SUS ) 45 V 
Emitter- to-Base Voltage   VERO 7 V 
Collector Current   IC 1 A 
Transistor Dissipation (TA = 25°C)   PT 3.5 W 
Temperature Range: 
Operating   —65 to 200 °C 
Storage   —65 to 200 °C 

CHARACTERISTICS 

Collector- to-Emitter Sustaining Voltage 
(b. = 100 mA)   

Collector- to-Emitter Saturation Voltage 
(L• = 150 m A, IB = 15 m A)   

Base-to-Emitter Voltage ( L• = 150 mA, VrE = 4 V)   
Collector-Cutoff Current (V(•B 60 V)   
Emitter-Cutoff Current (VEB = 5 V)   
Static Forward-Current Transfer Ratio 
(VI E = 10 V, L' = 150 mA)   

C,F 

2 

T(opr) 
TSTi 

V ) (SUS) 

VcE ( sat) 
VBE 
LT.1) 
IEB() 

hFF: 

POWER TRANSISTOR 

45 min 

0.5 max 
1 max 

0.25 max 
1 max 

100 to 300 

40626 

V 

V 
V 

/LA 

Ge p-n-p type used for output stages in high-fidelity 
amplifier circuits suitable for complementary-symmetry 
circuits. JEDEC TO-3, Outline No.2. 

MAXIMUM RATINGS 

Collector- to-Emitter Sustaining Voltage 
(RBE = 68 0)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation ( Tr = 25°C)   
Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

= —200 mA, RBE = 68 0)   
Collector-Cutoff Current ( Vcit = —30 V)   
Emitter-Cutoff Current ( VEI: = ---5 V)   
Static Forward-Current Transfer Ratio 

(VVE = —2 V, lc =_ — 1000 mA)   

T( opr) 
Ts•rc 

V1 F; It ( SUS ) 
ICI", 
IEItt 

11Ft: 

—55 
—5 
—5 
—1 
12.5 

---65 to 100 
—65 to 100 

—55 min 
—500 max 

2 max 

50 to 170 

V 
V 
A 
A 

oc 

°C 

V 
µ A 
niA 
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40627 POWER TRANSISTOR 

Si n- p-n type used for output stages in high-fidelity 
amplifier circuits suitable for complementary-symmetry 
circuits. This type features a base comprised of a home-
geneous-resistivity and molded silicone plastic pack-
age with vertical leads. This type fits a standard TO-66 
socket. Outline No.52. 

MAXIMUM RATINGS 
• 

Collector- to-Emitter Sustaining Voltage   
Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 

Ti• = 25°C   
TA = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 
Collector- to-Emitter Sustaining Voltage 

(Ic = 100 mA)   
Collector-to-Emitter Saturation Voltage 

(L. = 2500 mA, Ij = 250 mA)   
Base-to-Emitter Voltage 

(VcE = 4 V, L' =_ 2500 mA)   
Collector-Cutoff Current 

évc E = 55 V, RBI] = 100 0)   ICE It 
Emitter-Cutoff Current (VER 5 V)   IEB() 
Static Forward-Current Transfer Ratio 

(VcE = 4 V, L' = 2500 mA)   

40628 

VCEO ( SUS ) 
VERO 
IC 
IR 

PT 
PT 

CF 

55 
5 
6 
3 

50 
1.8 

T(opr) —65 to 150 
Tsv; --65 to 150 

NrcEo ( sus) 

Vci.: ( sat) 

VBE 

POWER TRANSISTOR 

Si n- p-n type used for driver applications in high-
fidelity amplifier circuits suitable in complementary-
symmetry circuits. JEDEC TO-5 ( with heat-radiator), 
Outline No.8. R 

MAXIMUM RATINGS 
Collector- to-Emitter Sustaining Voltage   Vi 7E0 (sus) 

Emitter-to-Base Voltage   VEito 
Collector Current   Ic 
Transistor Dissipation (TA = 25°C)   PT 
Temperature Range: 
Operating 
Storage   

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

= 100 mA)   
Collector- to-Emitter Saturation Voltage 

(L‘ .= 150 mA, TB =. 15 mA)   
Base-to-Emitter Voltage ( VcE .-=--- 4 V, lc _7 150 mA) 
Collector-Cutoff Current ( Veil = 60 V)   
Emitter-Cutoff Current (VER = 5 V)   
Static Forward-Current Transfer Ratio 

(Ic = 150 mA, VcE = 10 V)   

40629 

T ( opr) 
TsT“ 

VeEo ( sus) 

Vi: ( sat) 
VBE 
Lso 
Imno 

h FE 

POWER TRANSISTOR 

Si n-p-n type used for output stages in high-fidelity 
amplifier circuits. This type features a base comprised 
of a homegeneous-resistivity and molded silicone plas-
tic package with vertical leads. This type fits a standard 
TO-66 socket. Outline No.52. 

55 min 

1 max 

1.7 max 

500 max 
1 max 

20 to 100 

55 
7 
1 

3.5 

--65 to 200 
—65 to 200 

55 min 

0.5 max 
1 max 

0.25 max 
1 max 

100 to 300 

3 

V 
V 
A 
A 

°C 
CC 

V 

V 

V. 

/LA 
mA 

V 
V 
A 

cpc 
°c 

V 

V 
V 

pA 
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MAXIMUM RATINGS 
Collector- to-Emitter Sustaining Voltage 
RBE = 100 0   

Emitter-to-Base Voltage 
Collector Current   
Base Current   
Transistor Dissipation: 
Tc = 25°C   
TA = 25°C   

Temperature Range: 
Operating   
Storage 

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

(Ic =__- 100 mA, Rini; -= loo n)   35 min v 
Collector-to-Emitter Saturation Voltage 

(Ic =--_-_- 1000 mA, Ili = 100 MA)   1 max V 
Base-to-Emitter Voltage 

(VeE = 4 V, le 1-_z 1000 mA)   1.3 max V 
Collector-Cutoff Current 
(W E = 30 V, RBI. :---- 100 CI)   km{ 0.5 max mA 

Emitter-Cutoff Current (VEB --= 5 V)   Ir:Bo 1 max mA 
Static Forward-Current Transfer Ratio 

(VeE =--- 4 V, Ic — 1000 mA)   hie>. 20 to 70 

VCER ( SUS) 
VERO 
IC 

35 
5 
4 
2 

PT 36 
PT 1.8 

T(opr) —65 to 150 
Tsv; — 65 to 150 

V 
V 
A 
A 

°C 
°C 

VcER ( SUS) 

VeE ( sat) 

VRE 

POWER TRANSISTOR 40630 
Si n- p-n type used for output stages in high-fidelity 
amplifier circuits. This type features a base comprised 
of a homegeneous-resistivity and molded silicone pack-
age with vertical leads. This type fits a standard TO-
66 socket. Outline No.52. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
Rex = 100 

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Tc -=_ 25°C   
TA = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage 
(Ic = 100 mA, Riu =-- 100 0)   

Collector-to-Emitter Saturation Voltage 
(Ic -= 1500 mA, IR = 150 mA)   

Base-to-Emitter Voltage 
(VeE -= 4 V, Iv .= 1500 mA)   

Collector-Cutoff Current 
(VcE = 35 V, RBE = loo 0)   1( EH 0.5 max 

Emitter-Cutoff Current ( VEB =_ 5 V)   hug) 1 max 
Static Forward-Current Transfer Ratio 

(Vex =-- 4 V, I(' — 1500 mA)     h FE 20 to 70 

C,F 

VCER (SUS) 
VERO 
IC 
In 

PT 
PT 

40 
5 
4 
2 

36 
1.8 

T(opr) —65 to 150 
TsTi; — 65 to 150 

VeER ( sus ) 40 min 

VE (sat) 1 max 

VBE 1.4 max 

POWER TRANSISTOR 40631 

V 
V 
A 
A 

°C 
°C 

V 

V 

V 

mA 
mA 

Si n- p-n type used for output stages in high-fidelity 
amplifier circuits suitable for quasi-complementary-
symmetry circuits. This type features a base comprised 
of a homegeneous-resistivity and molded silicone plas-
tic package with vertical leads. This type fits a standard 
TO-66 socket. Outline No.52. 
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MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage   
RBE = 100 

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Te = 25°C   
TA =- 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage 
(lc = 100 mA, RBE =- 100 0)   

Collector-to-Emitter Saturation Voltage 
(Ic =_ 2000 mA, IB = 200 mA)   

Base-to-Emitter Voltage 
(VcE =_ 4 V, I(' = 2000 mA)   

Collector-Cutoff Current 
(VcE = 40 V, RBE =- 100 0)   

Emitter-Cutoff Current (VEB =_ 5 V)   
Static Forward-Current Transfer Ratio 

(VcE = 4 V, lc = 2000 mA)   

40632 

VCER ( SUS) 
VERO 
IC 
IB 

PT 
PT 

T(opr) 
TSTG 

VCER ( SUS) 

VCE (sat) 

VBE 

IcEit 
IEBo 

hFE 

POWER TRANSISTOR 

Si n-p-n type used for output stages in high-fidelity 
amplifier circuits suitable for quasi-complementary-
symmetry circuits. This type features a base comprised 
of a homegeneous-resistivity and molded silicone plastic 
package with vertical leads. This type fits a standard 
TO-66 socket. Outline No.52. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
RBE 100 0   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
Te -= 25°C   
TA = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage 
(Ic = 100 mA, RBE = 100 0)   

Collector-to-Emitter Saturation Voltage 
(Ic = 3000 mA, IB = 300 mA)   

Base-to-Emitter Voltage 
(VcE =_- 4 V, Ic = 3000 mA)   

Collector-Cutoff Current 
(VcE = 50 V, RBE = 100 0)   

Emitter-Cutoff Current (VEB = 5 V)   
Static Forward-Current Transfer Ratio 

(VcE — 4 V, k = 3000 mA)   

40633 

VCER (SUS) 
VEBO 
IC 
lit 

PT 
PT 

T(opr) 
TsTG 

VCER ( SUS) 

VCE (sat) 

VBE 

ICER 
IEBO 

hFE 

POWER TRANSISTOR 

Si n-p-n type used for output stages in high-fidelity 
amplifier circuits suitable for quasi-complementary-
symmetry circuits. This type features a base comprised 
of a homegeneous-resistivity and molded silicone plastic 
package with vertical leads. This type fits a standard 
TO-3 socket. Outline No.50. 

45 V 
5 V 
4 A 
2 A 

36 
1.8 

65 to 150 °C 
65 to 150 °C 

45 min V 

1 max V 

1.5 max V 

0.5 max mA 
1 max mA 

20 to 70 

60 V 
5 V 
6 A 
3 A 

50 
1.8 

65 to 150 °C 
—65 to 150 °C 

Ce 

60 min 

1 max 

1.4 max 

0.5 max 
1 max 

20 to 70 

Ce 

V 

V 

V 

mA 
mA 
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MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
RBF: = loo 

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 
TI' = 
TA = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector- to-Emitter Sustaining Voltage 
(L• = 200 mA, RItE= 100 0)   

Collector- to-Emitter Saturation Voltage 
(Ir = 4000 mA, In = 400 mA)   

Base-to-Emitter Voltage 
(Vci: =. 4 V, L• = 4000 mA)   

Collector-Cutoff Current 
(Vt•F: = 65 V, RBE = 100 n)   L'Elt 0.5 max mA 

Emitter-Cutoff Current (VEB _ 5 V)   IEB0 1 max mA 
Static Forward-Current Transfer Ratio 
(W E = 4 V, L• = 4000 m A)   hie» 20 to 70 

VCER ( SUS) 
VERO 
II 
In 

PT 
PT 

T(opr) 
TsT(; 

V(.1.:it ( sus) 

V(.F: (sat) 

VitE 

POWER TRANSISTOR 

75 
5 
8 
6 

83 
2 

--65 to 150 
65 to 150 °C 

75 min 

1 max 

1.4 max 

40634 

V 
V 
A 
A 

OC 

V 

V 

V 

Si p-n-p type used for driver applications in high-
fidelity amplifier circuits. This type and type 40635 
form a complementary pair of driver transistors 
suitable for quasi-complementary-symmetry circuits. 
JEDEC TO-5, Out lin e No.5. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
RBE = 100 c)   

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation: 

= 25°C   
Tt• = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector- to-Emitter Sustaining Voltage 
(L• = —100 triA, RitE = 100 o)   

Collector-to-Emitter Saturation Voltage 
= —150 mA, In = —15 mA)   

Base-to-Emitter Voltage 
(VIF: =. —4 V, Ir = —150 mA)   

Collector-Cutoff Current 
(VI i: —65 V, Riu.: = loo 0)   ICElt 

Emitter-Cutoff Current ( VEit _ —4 V)   Um) 
Static Forward-Current Transfer Ratio 
(WE = —4 V, Ir = —150 mA)   FIFE 

VcEit ( SUS ) 
VE 110 
1(• 

PT 
PT 

T(opr) 
TtiTl; 

VuER ( sus) 

VcE ( sat) 

VBE 

POWER TRANSISTOR 

—75 
7 

0.7 
—0.2 

5 
1 

V 
V 
A 
A 

65 to 200 °C 
65 to 200 `C 

—75 min 

—0.8 min 

—1.4 max 

—10 max 
—0.1 max 

50 to 250 

40635 

V 

V 

V 

tiA 
mA 

Si n-p-n type used for driver applications in high-
fidelity amplifier circuits. This type and type 40634 
form a complementary pair of driver transistors 
suitable for quasi-complementary-symmetry circuits. 
JEDEC TO-5, Outline No.5. This type is electrically 
identical with type 40634 except for the reversal of 

all polarity signs. 



540 RCA Transistor, Thyristor, & Diode Manual 

40636 POWER TRANSISTOR 

Si n-p-n type used for output stages in high-fidelity 
amplifier circuits suitable for quasi-complementary-
symmetry circuits. JEDEC TO-3, Outline No.2. 

MAXIMUM RATINGS 

Collector-to-Emitter Sustaining Voltage 
RBE = 

Emitter-to-Base Voltage   
Collector Current   
Base Current   
Transistor Dissipation 
Tc = 25°C   

Temperature Range: 
Operating   
Storage   

CHARACTERISTICS 

Collector-to-Emitter Sustaining Voltage 
(Ic = 200 mA, RBE = loo O)   

Collector-to-Emitter Saturation Voltage 
(Ic =_ 4000 mA, IR == 400 mA)   

Base-to-Emitter Voltage 
(VcE = 4 V, lc = 4000 mA)   Viti; 

Collector-Cutoff Current (VcE = 85 V, RBE — 100 0) IcEit 
Emitter-Cutoff Current (VER — 4 V)   Ilin() 
Static Forward-Current Transfer Ratio 

(VcE =7 4 V, Ic = 4000 mA)   hieE 

40637 RF TRANSISTOR 

VCER (SUS) 
VEBO 
I» 
I» 

PT 

T ( opr) 
TsTa 

WI-At ( sus) 

VcE ( sat) 

Si n- p-n epitaxial planar type used for frequency mul-
tiplier service to 175 MHz for low-level stages in mo-
bile, marine and sonobouy vhf transmitters. JEDEC 
TO-52, Outline No.21. 

MAXIMUM RATINGS 

Collector-to-Emitter Voltage   vcEs 
Emitter-to-Base Voltage   
Collector Current   VElt() Ic 
Transistor Dissipation: 
Tc up to 25°C   PT 
Tc above 25°C   PT 
TA up to 25°C   PT 
TA above 25°C   PT 

Temperature Range: 
Operating   T(opr) 
Storage   TSTi: 

Lead-Soldering Temperature ( 10 s max)   Tr. 

CHARACTERISTICS 

Collector-to-Emitter Breakdown Voltage 
(Ic = 0.01 mA, VRE = 0)   V(BR)CES 

Emitter-to-Base Breakdown Voltage 
(IE = —0.01 mA, Ic = 0)   VatinEito 

Collector-to-Emitter Saturation Voltage 
(Is = 1 mA, Ic = 10 mA)    WE ( sat) 

Magnitude of Small-Signal Forward-Current Transfer 
Ratio (VcE = 1 V, Ic = 50 mA, f = 100 MHz)   

Collector-to-Base Capacitance (VcR -= 12 V, 
h = 0, f 0.1 to 1 MHz)   Cobo 

Power Output, Frequency Doubler (Pie — 37 m W, 
fin 78 MHz, fo -= ut 156 MHz)   Poree  

Efficiency, Frequency Doubler ( fin — 78 MHz, lhl 

fout = 156 MHz)   
Thermal Resistance, Junction-to-Case   

95 
7 
15 

115 

—65 to 200 
65 to 200 

95 min 

1 max 

1.4 max 
0.5 max 
1 max 

20 to 70 

30 
5 

100 

V 
V 
A 
A 

°C oc 

V 

V 

V 
mA 
mA 

V 
V 

mA 

1 
See curve page 300 

0.3 
See curve page 300 

65 to 200 
65 to 175 

265 

30 min V 

5 min V 

0.6 max V 

3 

3 pF 

100 min mW 

18 min 
0.15 max °C/mW 
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TYPICAL RESISTANCE CHARACTERISTICS 

TYPE 40637 
COMMON-EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 
AMBIENT TEMPERA-TURF ( TA) w?.5° C 
COLLECTOR-TO-EM ITTER VOLTS ( VcE) z 10 

O 
50 100 150 200 250 300 350 

FREQUENCY (f )- MHz 
92CS-I3736T 

TPYICAL INPUT REACTANCE 
CHARACTERISTICS 

TYPE 40637 
cn COMMON-EMITTER CIRCUIT, BASE INPUT; 

40 OUTPUT SHORT-CIRCUITED. 
AMBIENT TEMPERATURE ( TA) e ?5°C 

20 COLLECTOR -TO- EMITTER VOLTS ( VcE) = 10 

cr (r) 
w 
à  -100 

-120 

-140 

-160 

TRIACS 

O 

-20 

-40 

60 

-80 

50 60 7080 100 200 300 400 
FREQUENCY (f) — MHz 92CS-I3735T 

40638 
40639 

Si gate-controlled full-wave types used for the control 
of ac loads in applications such as heating controls, 
motor controls, light dimmers, and power switching 
systems. These types have integral heat spreaders. 
Outline No.59. Types 40638 and 40639 are identical 

MT1 with types 40485 and 40486, respectively, except for 
the following items: 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at 50/60 Hz with 
resistive or inductive load) 

40638 40639 
Frotms) ( Ti • = 75°C, conduction angle -- 360°) .... 4   A 

CHARACTERISTICS (At maximum electrical ratings at T = 25°C) 

IDRum* ( rn = loozc, viotum = max rated value)   0.2 typ; 4 max mA 
Commutating dv dt* ( VI) = Vintum, commutat-

ing dv/dt = 3.2 A/ms, ITotms) and Tils speci-
fied in Rating Chart ( Heat Sink Temperature)   3 min; 10 typ   V/gs 

  7 max   °C/W 

*,For either polarity of main terminal 2 voltage ( Vmr2) with reference to main terminal 1. 

SILICON 
CONTROLLED RECTIFIER 40640 

Si type used for horizontal deflection circuits of large-
screen color-TV receivers. This type and type 40642 
(silicon rectifier), are the trace circuit components. 
They provide bipolar switching action for controlling 
the horizontal yoke current during the picture tube 
beam-trace interval, JEDEC TO-66, Outline No.25. 

MAXIMUM RATINGS 

VDROM   

VRROM   

IT(Av) (60 Hz de at conduction angle = 180, To, = 60°C) 
IT (R MS)   

ITSM   

Critical dildt ( VI) = VF(Ru)4, rated value, 
IGT = 50 mA, tr = 0.1 lis)   

PGM (peak ( forward or reservse) 10 s max)   

600 
5 

3.2 
5 

80 

200 
25 

V 

A 
A 
A 

A/ps 
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MAXIMUM RATINGS (cont'd) 

TSTG   
Tc  

CHARACTERISTICS (At maximum electrical ratings 
VF(B0)0 (Tc = 80°C)   
'Dom (Tc = 80°C)   
VT (on-state = 30 A)   

IGT   
VGT   
eJ-C   

tq (ITM = 6 A Ur = 25 jzs, di/dt = 2.5 AhLS), 

VD = O V (prior to turn on), 
VD = 400 V ( reapplied at 175 Wits), 
VR = 0.8 V (min), IGT = 100 MA, 
VGII (bias) = —30 V (68 fl source), 

f = 15.75 kHz, Tc = 70°C   

40 to 150 °C 

—40 to 100 °C 

at 1.(7 — 25 °C) 

550 min V 

0.5 typ; 1.5 max- mA 

2.2 typ; 3 max V 

15 typ; 30 max mA ( dc) 

1.8 typ; 4 max V ( dc) 

4 max °C/W 

SILICON 40641 CONTROLLED RECTIFIER 
Si type used for horizontal deflection circuits of large-
screen color-TV receivers. This type and type 40643 
(silicon rectifier), are the commutating ( retrace) cir-
cuit components. They control the yoke current during 
the retrace interval. JEDEC TO-66, Outline No.25. This 
type is identical with type 40640 except for the follow-
ing items: 

CHARACTERISTICS (At maximum electrical ratings at Te 
VF(B0)0 (Tc = 100°C)   
IDOM (Tc = 100°C)   
tc, ( Ind = 13 A, ( 11, sine wave, 7 its base, 

initial di/dt = 20 A//Ls to 3 A), 
VD = 350 V (prior to turn on), 

dV/dt = 400 V//Ls (to 100 V), 
VR = 0.8 V (min), 
IGT = 100 mA (tp =- 3 sas, ti = 0.2 11S), 
VGIL (bias) = —2.5 V ( 47 0 source during 

turn off), 

f = 15.75 kHz, Te = 70°C   

40642 

40643 

40644 

40654 
40655 

2.5 JhS 

— 25°C) 
400 min 

0.5 typ; 1.5 max 

4.5 max 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

Refer to Charts of Rectifier Data 

SILICON 
CONTROLLED RECTIFIERS 

Si all-diffused three-junction types for use in capacitor-
discharge ignition systems, high-voltage generators, 
and power-switching and control applications. Outline 
No.60. 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f 
with resistive or inductive load) 

40654 
VRSOMt   200 

VDSOMI   250 

VRROMt   200 

VDROM$   200 

ITSM ( 1 cycle of principal voltage at 

60 Hz)   

V 

mA 

its 

50 to 400 Hz 

40655 

400 

500 

400 

400 

  80   

V 

A 



ecnrucal uata 

MAXIMUM RATINGS (cont'd) 

543 

ITRM 
df = 0.1%, T(' = 75°C, ti. = 2.5 gs min 
tp = 5 gs min   

IT(RMS): 
= 60°C, conduction angle = 180° 

TA up to 100°C, conduction angle = 180° * 
131;m•   
1)(;(Av)•   
TsTGIN 
T('(opr)• 
Tsz ( 10 s max)   

100 
100 

7   
See Conduction Rating 

Chart ( Ambient Temperature) 
  40   

  0.5   
65 to 150   

  65 to 100   
  225   

CHARACTERISTICS (At maximum electrical ratings at Tv — 25°C) 

dvildi —20 Vhis, dIT/dt = —3 
200 mA at ton, T(' =_ 75°C)     15 typ; 50 max 

ftr-c.     5 max   
MI - A*     75 max   

• • • • A 
A 

A 

250 min 500 min V 
0.1 typ; 0.5 max 0.2 typ; 0.5 max mA 

0.05 typ; 0.5 max 0.1 typ; 0.5 max mA 
  1 9 typ; 2 6 max   V 

6 typ; 15 max   mA 
  0.65 typ; 1.5 max   V 

9 typ; 20 max   mA 
  20 min; 200 typ   V/gs 

  1.5   us 

vie(itom ( Tc = 100°C)   
"'Dom ( Vim = Vpitom, T= 100°C)   
howls ( Vito = VRitom, Tr = 100°C)   
VT ( iT = 30 A)   
IGT ( VI) = 12 Vdc, Ri. = 30 0)   
W I' ( VI) =. 12 Vdc, 30 0)   
¡Ho  , 
Critical dv/dt (VD0 = Vientmo)   
tgt (VI) = VF(140)(), iT = 4.5 A, 
IGT =- 200 mA, tr =_ 0.1 As)   

tg (VD = VF(Ii())0, iT =- 2 Ap tp = 50 gs, 
0 A/gs, 

t This value does not apply if there is a positive gate signal. Gate must be open, 
nated, or have negative bias. 

• Any values of peak gate current or peak gate voltage to give the maximum gate 
power are permissible. 
• When this device is soldered directly to the heat sink, a 60/40 solder should be used. 
Case heating time should be minimum . . . sufficient to allow the solder to flow freely. 
• This characteristic does not apply to types 40658 and 40659. 
* This characteristic does not apply to types 40656 and 40657. 
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FORWARD GATE CHARACTERISTPCS 

TYPE 40654, 40655 

 Pft0eNSOS‘‘r,A1 ‘3P-E":"S - 

- - e T 

I vce,ste GeE- Pee- 
Al E 

%Wee CE 
RESISI 

POSITIVE GA4TE6-T80i- CA2THO4DE6 

01 III t I I 
TRIGGER 

AMPERES ( I GT) qeSs - 3e e 

6 

80 

20 

°C/W 
°C/W 

termi-

CONDUCTION RATING CHART 
(CASE TEMPERATURE) 

TYPES 40654, 40655 
CURRENT WAVE FORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE 3180* 

0 I 

I- HEAT SINK MOUNTING 
ARRANGEMENT 8 j_clieCIW 

SOLDER OR HEAT 
EPDXY ADHESIVE   SINK 

'POINT OF TEMP. 
MEASUREMENT 

2 3 4 5 6 7 

RMS ON- STATE CURRENT [I Tuiptisi— AMPERES 

SILICON 
CONTROLLED RECTIFIERS 

92SS-3882T1 

40656 
40657 

Si all-diffused three-junction types for use in capacitor-
discharge ignition systems, high-voltage generators, 
and power-switching and control applications. See 
Mounting Hardware for desired mounting arrangement. 
Outline No.59. Types 40656 and 40657 are identical with 
types 40654 and 40655, respectively, except for the 

following items: 
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MAXIMUM RATINGS (For sinusoidal ac supply voltage at f = 50 to 400 Hz 
with resistive or inductive load) 

40656 40657 
See Conduction Rating 

IT(itms) ( Te = 60 3C, conduction angle = 180°) Chart ( Heat-Spreader Temperature) 

CHARACTERISTICS (At maximum electrical ratings at Tc = 25°C) 
B ONI ( VDO VDRoM )   

¡HEW' 
(Vito = VRROM)   

40658 
40659 

25 

0.1 typ; 1.5 max 0.2 typ; 1.5 max 

0.05 typ; 1.5 max 0.1 typ; 1.5 max 
  7 max   

CONDUCTION RATING CHART 
(HEAT— SPREADER TEMPERATURE) 

TYPE 40656,40657 
CURRENT WAVE FORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE HEAT 
CONDUCTION ANGLE = I8O  SPREADER 

HEAT SPREADER MOUNTED ON .--
HEAT SINK(THERMAL 
RESISTANCE,JUNCTION -TO-

HEAT SPREADER=7.0 ° C/W) 
It EPDXY OR,/ 

(A'ilis SOLIDER 

POINT OF TEMPERATURE 
ME ASUREMENT 

2 3 4 5 7 

RMS ON- STATE CURRENT I T(RMS) 
—AMPERES 

92SS-38851I 

SILICON 
CONTROLLED RECTIFIERS 

Si all-diffused three-junction types for use in capacitor-
discharge igniton systems, high-voltage generators, and 

power-switching and control applications. Outline No.8. 

Types 40658 and 40659 are identical with types 40654 

and 40655, respectively, except for the following items: 

25 

CONDUCTION RATING CHART 
(AMBIENT TEMPERATURE) 

[TYPES 40658, 40659 CURRENT WAVE FORM SINUSOIDAL 
LOAD RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE  = 180° 

O 

t----ITHYRISTOR WITH 
INTEGRAL HEAT 
RADIATOR MOUNTED 
ON A CIRCUIT BOARD 
ej_ A : 35 C/W 

• • 

C: 

2 3 4 

RMS ON-STATE CURRENT IT(Rms) — AMPERES 

92SS- 388671 

A,HR 

mA 

mA 
°C/W 
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MAXIMUM RATINGS (For sinusoidal ac supply voltage at f = 50 to 400 Hz 
with resistive or inductive load) 

40658 40659 
(TA up to 100°C, conduction angle See Conduction Rating 

Chart ( Ambient Temperature) = 180') 

CHARACTERISTICS (At maximum electrical ratings at Te = 25°C) 
'Doll (VI)) 
I It It M 

VRO \Tit lit bm 

hi72 

MTi 

0.1 typ; 1.5 max 0.2 typ; 1.5 max mA 

0.05 typ; 1.5 max 0.1 typ; 1.5 max mA 
 35 max  °C/W 

TR1ACS 
40660 
40661 

Si gate-controlled full-wave types used for the control 
of ac loads in applications such as heating controls, 
motor controls, arc welding equipment, light dimmers, 
and power switching systems. See Mounting Hardware 
fur desired mounting arrangement. Outline No.36. 

MAXIMUM RATINGS ( For sinusoidal supply voltage at 50/60 Hz with 
resistive or inductive load) 

40660 40661 
VDRom* (T.1 =-- —65 -C to 100°C)   200 400 V 
IT(Itms) ( Tr =-_-. 65°C, conduction angle = 360° ) 30   ____ A 
ITSM: 
1 cycle of principal voltage at 60 Hz     300 A 
1 cycle of principal voltage at 50 Hz   265   A 

Itrrm:i: ( 1 ps max)     12   A 
Pe;m:!: ( 10 As max, I(TM ----. 4 A peak)     40   W 
134;(.‘v)   0.75 W 
r.r'rg.   —65 to 150   °C 
r. i.onr )   - 65 to 100   °C 

CHARACTERISTICS (At maximum electrical ratings at Tr = 25°C) 

IDRom* ( T1 = 100 °C. VDRi)m --_ max rated 
value)   0.2 typ; 4 max mA 

VT M * UT = 100 A peak)   2.1 typ; 2.5 max   V 
Iip)* ( initial principal current = 150 mAdc ) 25 typ; 60 max   mA 
Commutating dv,/dt* ( vi' :-- VibRum, ITiRms) 

----= 30 A, commutating di,'dt = 16 A/ms, 
gate unenergized at Tr = 60°C)     3 min; 20 typ   V/ps 

Critical dv/dt* ( Vi' -- Vluilim, exponential 
voltage rise, Tc =. 100°C)   40 min; 200 typ 25 min; 150 typ V/ps 

-J 

T
E
 M
P
E
 

CONDUCTION RATING CHART 
(CASE TEMPERATURE) 

TYPES 40660 140661 
CURRENT WAVE FORM = SINUSOIDAL' re71 
LOAD= RESISTIVE OR INDUCTIVE s 1 
CONDUCTION ANGLE:360° o 180 360' 

70 

60 
O 

  40662 
I 40663 

40672 
A  

10 20 

CONDUCTION 
ANGLE s 

: e,-' e 

40660 
-- 40661 
40671 

30 

RMS ON- STATE CURRENT T(R MS)]--- AMPERES 

92 SS- 381271 

40 
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CHARACTERISTICS (cont'd) 

(vD = 12 Vdc, RI. = 12 Q. 
I- mode, VMT2 positive, VG positive   
I- mode, VMT2 positive, VG negative   

III+ mode, V NIT:2 negative, VG positive   
III - mode, VmT2 negative, VG positive   

VGT*:¡: (vD -= 12 Vdc, RI. = 12 0) 
V(iT*:: (VI) = VDROM, RI. = 125 0, 

Tt. = 100cC)   
tgt (VI) = VDRoM, II;T = 120 M A, tr 

0.1 pS, iT = 43 A peak)   
( steady-state)   

••••11. 

• 

40660 40661 

  15 typ; 50 max  mA 
30 typ; 80 max  mA 

  40 typ; 80 max  mA 
20 typ; 50 max  mA 

0.2 min   

3 
0.8 max 

Ps 
°C/W 

* , For either polarity of main terminal 2 voltage ( VMT2 ) with reference to main terminal 1. 
; For either polarity of gate voltage (VG) with reference to main terminal 1. 

40662 
40663 

TRIACS 

Si gate-controlled full wave types used for the control 
of ac loads in applications such as heating controls, 
motor controls, arc-welding equipment, light dimmers, 
and power switching system. See Mounting Hardware 
for desired mounting arrangement. Outline No.37. Types 
40662 and 40663 are identical with types 40660 and 
40661 respectively, except for the following items: 

MAXIMUM RATINGS (For sinusoidal supply voltage at 50/60 Hz with 
resistive or inductive load) 

40662 
IT(Rms) ( Tc — 60°C, conduction angle = 360') 30 

CHARACTERISTICS (At maximum electrical ratings at Tc = 25°C) 
Commutating dv/dt* (VD = VDROM, IT(ItMs) 
= 30 A, commutating di/dt = 16 A/ms, gate 
unenergized at T(• = 65°C)   

(-).1-(' ( steady-state)   

MT2 

MT! 

40663 
A 

3 min; 20 typ   V/us 
°C/W 0.9 max 

* For either polarity of main terminal 2 voltage ( VmT2) with reference to main terminal 1. 

40664 TRIAC 

Si gate-controlled full wave type used for 240-volt line 
light-dimmer and resistive load-control applications. 
Outline No.7. 

MAXIMUM RATINGS (For sinusoidal supply voltage 
resistive or inductive load) 

vDRom* ( T = 65°C to 100°C)   
IT(RMS) ( T(' = 75cC, conduction angle _—_- 360°C)   
ITSM : 
1 cycle of principal voltage at 60 Hz   
1 cycle of principal voltage at 50 Hz   

( 1 ,Ls max)   
PGmt. ( 1 i.is max, IGTm 4 A peak)   
PG(.1V)   
TSTGA   
Tuà ( opr 
T'A ( soldering )   

100 
84 
4 

16 
0.2 

—65 to 150 
--65 to 100 

225 

CHARACTERISTICS (At maximum electrical ratings at Tt, 25°C) 

at 50/60 Hz with 

450 V 
6 A 

A 
A 
A 

OC 
oc 
OC 

IDRom* (Ti = 100°C, VD114)m = max. rated value)   0.2 typ; 4 max mA 
VTM* ( iT = 10 A peak)   1.1 typ; 2.25 V 
Critical dv/dt* ( VD = VDROM, exponential voltage 

rise, gate open, Tr = 100°C)   10 min; 100 typ V,/ps 
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CHARACTERISTICS (cont'd) 
IGT* ( VI) = 12 Vdc, Rz = 30 0): 

I+ mode, VMT2 positive ,VG positive   
III- mode, VMT2 negative, VG negative   

VGT* ( VD = 12 Vdc, Ri4 = 30 0)   
Hj-tie ( steady-state)   

15 typ; 50 max 
15 typ; 50 max 
1 typ; 4 max 

4 max 

mA 
mA 
V 

"C/W 

* For either polarity of main terminal 2 voltage ( VmT2) with reference to main terminal 1. 
:¡: For either polarity of gate voltage (VG) with reference to main terminal 1. 
• This characteristic does not apply to type 40667. 
• When soldered directly to the heat sink, a 60/40 solder should be used. Case heating 
time should be a minimum . . . sufficient to allow the solder to flow freely. 

CONDUCTION RATING CHART 
(CASE TEMPERATURE) 

for the following 

CHARACTERISTICS 

TYPE 40664 
CURRENT WAVEFORM. SINUSOIDAL 
LOAD= RESISTIVE HEAT SINK 
CONDUCTION ANGLE a 360 • MOUNTING 
TEMPERATURE IS MEASURED AT ARRANGEM ENT 
REFERENCE POINT  
BETWEEN LEADS SOLDER OR r--  

HEAT   EPDXY 
ADHESIVE SINK 

 •  

.P01 NT OF 
TEMPERATURE 
MEASUREMENT 
(si-c 4•C/W) 

Si 

018 360• 

COTNUOON 

sOx +em 
0 2 4 5 6 

RMS ON- STATE CURREN11T(RMsFAMPERES 

92SS-3920T 

TRIAC 40667 
Si gate-controlled full wave type used for 240-volt line 

light-dimmer and resistive load-control applications. 

It employs an integral heat spreader to provide efficient 

heat transfer to an external heat sink. See Mounting 

Hardware for desired mounting arrangement. Outline 

No.59. This type is identical with type 40664 except 

item: 

H.r-ii, Steady-State   

TRIACS 

5.5 max °C/W 

40668 
40669 

Si gate-controlled full-wave types used for the control 

of ac loads in such applications as motor controls, light 

dimmers, heating controls, and power-switching sys-

tems. See Mounting Hardware for desired mounting 

arrangement. Outline No.53. 

MAXIMUM RATINGS (For sinusoidal ac supply voltage at f 
resistive or inductive load) 

50/60 Hz with 

40668 40669 
VDROM* ( Ti — —65°C to 100°C)   200 400 V 
IT(RMS) (Tc = 80°C, conduction angle = 360°)   8   A 
ITSM 
1 cycle of principal voltage at 60 Hz     100   A 
1 cycle of principal voltage at 50 Hz     85   A 

IGTM ( 10 us max)     4   A 
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MAXIMUM RATINGS (cont'd) 

PG10: (10 gs max. I;TM 4 A peak)   
PG(A V   
TSTI;   
Tc ( opr) 

  16   
  0.2   
  —65 to 150   
  —65 to 100   

CHARACTERISTICS (At maximum electrical ratings at Tc 
(Tr 100°C, VDRom = max rated 

value)   
VTM * ( iT = 30 A)   
Iii4,* ( initial principal current = 150 mA dc ) 
Commutating dv ,' dt* ( vi p = Vi)Rom, IT(Rms) 

_-_-_- 8 A, commutating di/dt = 4.3 A ' ms, 
gate unenergized at Tc = 80°C)   

Critical dv/dt* ( vn = Vpitom, exponential 
voltage rise, gate open, Tc .-_-_- 100cC)   

IGT*1 (vp = 12 V, RI, =- 12 0) : 
I + mode, V MT2 positive, VG positive   
I- mode, V M T2 positive, VG negative   

III + mode, VmT2 negative, VG positive   
III- mode, V MT2 negative, VG negative   

VGT* -:f. ( VD = 12 V, RI, 12 0)   
VGT*1: (VD = «ViiRom, RI. = 125 0, T(• = 100cC 
tgt (VD = VDRoM , IGT = 80 mA, tr = 0.1 pS, 
iT = 10 A peak)   

(-4j _ A   
• 

0 1 typ; 2 max 
1 7 typ; 2 max 
15 typ; 30 max 

  4 min; 10 typ 

25°C) 

mA 
V 

mA 

V 
100 min; 300 typ 75 min; 250 typ V 

  10 typ; 25 max 
  20 typ; 60 max 
  30 typ; 60 max 
  15 typ; 25 max 

  1.25 typ; 2 5 max   
  0.2 min   

2.2 max 
60 max 

mA 
mA 
mA 
mA 
V 
V 

2.2gs 
°C/W 
°C/W 

* For either polarity of main terminal 2 voltage ( VmT..) with reference to main terminal 1. 
For either polarity of gate voltage ( V(1) with reference to main terminal 1. 

GATE CHARACTERISTICS 

TYPES 40668, 40669 

POSITIVE OR NEGATIVE DC ATE-
TRIGGER VOLTS ( I GT) 

I ISS-3711ST 

CONDUCTION RATING CHART 
CASE TEMPERATURE 

' TYPES 40668.40669 
CURRENT WAVEFORM•SINUSOOAL 
LOAD•RESISTrVE OR INOUÇTIVE 
CONDUCTION ANGLE • 360 

i-e -
i 

Le- 
o leo •,i  16CM i 
CONDUCTION 
ANGLE 
•e / + e m 

- 
2 4 6 8 10 12 

RMS ON- STATE CURRENT [IT ( RMS—AMPERES 

92CS - 15017 

40673 FIELD-EFFECT TRANSISTOR 

Si dual-insulated gate field-effect ( VIOS) n-channel 
depletion type with integrated gate-protection circuits 
for rf-amplifier applications up to 400 MHz. JEDEC 
TO-72, Outline No.28. 

MAXIMUM RATINGS 

Drain- to-Source Voltage   Vis 
Gate-No. 1-to-Source Voltage: 
Continuous ( dc )   
Peak ( ac )   

Gate-No. 2- to-Source Voltage: 
Continuous   VG2S 
Peak ( ac )   VG2S 

Drain-to-Gate-No. 1 Voltage   VDI:1 
Drain-to-Gate-No. 2 Voltage   Vr)(;..! 
Drain Current   II) 

V;1 S 

V4 ;1s 

G 

—0.2 to 20 V 
—6 to 1 V 
—6 to 6 V 

—6 to ( 0.3 Vi») 
—6 to 6 

20 
20 
50 

V 
V 
V 
V 

mA 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 
TA up to 25°C   
TA above 25°C   

Temperature Range: 
Opei-ating   
Storage   

Lead-Soldering Temperature ( 10 s max)   

CHARACTERISTICS 
Gate-No. 1-to-Source Cutoff Voltage 

(Vi )x = 15 V, Vs _-_-_ 4 V, Ii =. 200 4A)   
Gate-No. 2-to-Source Cutoff Voltage 

(Vi ) s _=. 15 V, V(;is = 0, lu = 200 mA)   
Gate-No. 1 Leakage Current 

(V(;is = 1 or —6 V, VG2S =- 0, Vus = 0)   
Gate-No. 2 Leakage Current 
(Vs = ±6 V, VGis = 0, Vus = 0)   

Zero-Bias Drain Current 
(Vus =_ 15 V, VG1S = 0, Vs = 4 V)   

Forward Transconductance, Gate No. 1-to-Drain 
(Vus = 15 V, Vs = 4 V, ID =_ 10 mA, f = 1 kHz) 

Small-Signal Input Capacitances 
(VD:: =- 15 V, Vs = 4 V, II, = 10 mA, f = 1 MHz) 

Small-Signal Reverse Transfer Capacitance, 
Drain-to-Gate No. (Vps = 15 V, V s = 4 V. 
II) = 10 YnA, f = 1 MHz)   

Small-Signal Output Capacitance 
(Vus = 15 V, Vs = 4 V, IL) = 10 mA, f = 1 MHz) 

Power Gain ( Vus = 15 V, Vi;:fs =_. 4 V, 
II) = 10 mA, f = 200 MHz)   

Maximum Available Power Gain ( Vus = 15 V, 
Vs = 4 V, II) = 10 mA, f = 200 MHz)   

Maximum Usable Power Gain ( Unneutralized 
(Vus = 15 V, Vc2s = 4 V, II) = 10 mA, 
f = 200 MHz)   

Noise Figure ( Vus =_ 15 V, VG.2. =. 4 V, In = 10 mA, 
f = 200 MHz)   

Magnitude of Forward Transadmittance 
(Vus = 15 V, V s = 4 V, In = 10 mA, 
f =. 200 MHz)   

Phase Angle of Forward Transadmittance 
(Vi)s =. 15 V, VG2S = 4 V, ID = 10 mA, 
f = 200 MHz)   

Input Resistance ( Vus = 15 V, V(;2. = 4 
Ii) = 10 mA, f = 200 MHz)   

Output Resistance ( VDs = 15 V, Vs = 4 V, 
Ii) = 10 mA, f = 200 MHz)   

Protective Diode Knee Voltage 
(ID1()DE(REvERsE) = ±-100 µA)   

V, 

PT 330 mW 
PT Derate linearly at 2.2 mW/°C 

T(opr) 
TSTG 
Ti. 

VC1S ( Off ) 

VG2S ( Off) 

IGISS 

IG2SS 

IDS5 

gr• 

C 

Co.. 

vs 

MAG 

MUG 

NF 

Yf. 

riss 

rot.% 

Vk n e e 

-65 to 175 
65 to 175 

265 

—2 typ; —4 max 

—2 typ; —4 max 

20 max 

20 max 

5 to 35 

12000 

6 

V 

V 

nA 

nA 

mA 

enhos 

pF 

0.01 to 0.03 pF 

2 pF 

14 min; 18 typ dB 

20 dB 

90Z dB 

3.5 typ; 6 max dB 

* Capacitance between gate No. 1 and all other terminals. 
Three-terminal measurement with gate No. 2 and all other terminals. 
• Limited only by practical design considerations. 

Toli5 

TYPICAL DRAIN CHARACTERISTICS 

TYPE 40673 
AMBIENT TEMPERATURE ( TAP 25° C 

DRAIN-TO- SOURCE VOLTS ( VDs)r- 15 

4 3 2 

GATE No-2- SOURCE 
VOLTS (VG2S) «". 1 

2 

GATE No-I-TO-SOURCE VOLTS ( VG'S) 

92CS-14790T2 

7.5 

5.0 

12000 iimho 

—35 degrees 

1 k) 

2.8 K .) 

-±10 V 

TYPICAL FORWARD 
TRANSCONDUCTANCE CHARACTERISTICS 

TYPE 40673 
COMMON SOURCE CIRCUIT 
AMBIENT TEMPERATURE (TAP 25* C 
FREQUENCY ( f)x 1 KHz 
DRAIN-TO- SOURCE VOLTS ( VDs)z 15 

 GATE No.2-TO-SOURCE VOLTS ( VG2s).2 +4. 

-2 0 +1 
GATE No 1 -TO-SOURCE VOLTS ( VG1s) 

92SS- 409e 
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CR101 Refer to Charts of Rectifier Data 

CR102 Refer to Charts of Rectifier Data 

CR103 Refer to Charts of Rectifier Data 

CR104 Refer to Charts of Rectifier Data 

CR105 Refer to Charts of Rectifier Data 

CR106 Refer to Charts of Rectifier Data 

CR107 Refer to Charts of Rectifier Data 

CR108 Refer to Charts of Rectifier Data 

CR109 Refer to Charts of Rectifier Data 

CR110 Refer to Charts of Rectifier Data 

CR201 Refer to Charts of Rectifier Data 

CR203 Refer to Charts of Rectifier Data 

CR204 Refer to Charts of Rectifier Data 

CR206 Refer to Charts of Rectifier Data 

CR208 Refer to Charts of Rectifier Data 

CR210 Refer to Charts of Rectifier Data 

CR212 Refer to Charts of Rectifier Data 

CR273/8008 Refer to Charts of Rectifier Data 

CR274/872A Refer to Charts of Rectifier Data 

CR275/866A/3B28 Refer to Charts of Rectifier Data 

CR301 Refer to Charts of Rectifier Data 

CR302 Refer to Charts of Rectifier Data 

CR303 Refer to Charts of Rectifier Data 

CR304 Refer to Charts of Rectifier Data 

CR305 Refer to Charts of Rectifier Data 

CR306 Refer to Charts of Rectifier Data 

CR307 Refer to Charts of Rectifier Data 

CR311 Refer to Charts of Rectifier Data 

CR312 Refer to Charts of Rectifier Data 

CR313 Refer to Charts of Rectifier Data 

CR314 Refer to Charts of Rectifier Data 

CR315 Refer to Charts of Rectifier Data 
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Refer to Charts of Rectifier Data CR316 

Refer to Charts of Rectifier Data CR317 

Refer to Charts of Rectifier Data CR321 

Refer to Charts of Rectifier Data CR322 

Refer to Charts of Rectifier Data CR323 

Refer to Charts of Rectifier Data CR324 

Refer to Charts of Rectifier Data CR325 

Refer to Charts of Rectifier Data CR331 

Refer to Charts of Rectifier Data CR332 

Refer to Charts of Rectifier Data CR333 

Refer to Charts of Rectifier Data CR334 

Refer to Charts of Rectifier Data CR335 

Refer to Charts of Rectifier Data CR341 

Refer to Charts of Rectifier Data CR342 

Refer to Charts of Rectifier Data CR343 

Refer to Charts of Rectifier Data CR344 

Refer to Charts of Rectifier Data CR351 

Refer to Charts of Rectifier Data CR352 

Refer to Charts of Rectifier Data CR353 

Refer to Charts of Rectifier Data CR354 

Refer to Charts of Rectifier Data CR401 

Refer to Charts of Rectifier Data CR402 

Refer to Charts of Rectifier Data CR403 

Refer to Charts of Rectifier Data CR404 

Refer to Charts of Rectifier Data CR405 

Refer to Charts of Rectifier Data CR406 

Refer to Charts of Rectifier Data CR407 

Refer to Charts of Rectifier Data CR408 

Refer to Charts of Rectifier Data CR409 

Refer to Charts of Rectifier Data CR501 

Refer to Charts of Rectifier Data CR502 

Refer to Charts of Rectifier Data CR503 
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CR504 

CR505 

CR506 

SQ2502 

SQ2503 

SQ2508 

SQ2519 

SQ2520 

SQ2521 

SQ2526 

SQ2527 

SQ2529 

SQ2534 

SQ2535 

SQ2536 

S02543 

SQ2544 

SQ2544V1 

SQ2545 

SQ2545V1 

502546 

SQ2554 

SQ2555 

SQ2556 

SQ2557 

SQ2558 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 

Refer to Charts 
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CHART OF D1SCONTINUED TRANSISTORS 
(Shown for reference only; see page 211 for symbol identification.) 

BIPOLAR TYPES 

RCA Bas-t Mate- Out-
Type ing rial line 

2N105 1 Ge 
2N139 12 Ge 16 
2N173 2 Ge 14 
2N174 2 Ge 14 
2N206 1 Ge 1 

2N218 1 Ge 1 
2N219 1 Ge 1 
2N247 3 Ge 9 
2N269 1 Ge 1 
2N271 2 Ge 14 

2N218 2 
2N301 
2,1301 A 
21i387 
2N331 

2N356 
2N351 
2N358 
2N311 
2N3-13 

2N374 
2N395 
2N396A 
2N391 
2N441 
2N442 

2N443 
2N456 
2N457 
2N497 
2N544 

2N561 
2N518 
2N519 
2N580 
2N583 

2N584 
2N640 
2N641 
2N642 
2N643 

4 
4 
4 
1 

Ge 
Ge 
Ge 
Ge 
Ge 

5 Ge 
5 Ge 
5 Ge 
3 Ge 9 

Ge 9 

3 Ge 9 
17 Ge 5 
17 Ge 5 
17 Ge 5 
2 Ge 14 
2 Ge 14 

2 Ge 14 
4 Ge 25 
4 Ge 25 
6 Si 5 
3 Ge 9 

4 Ge 25 
1 Ge 11 
1 Ge 11 
1 Ge 11 
1 Ge 1 

MAXIMUM RATINGS 

Vcit VEr. 
(volts) (volts) 

25 
- 16 
--60 --40 
-80 60 
-30 

--16 
16 
35 
25 12 
40 20 

14 50 -30 
2 -40 -10 
2 60 -10 
2 35 

11 30 12 

1 Ge 1 
3 Ge 9 
3 Ge 9 
3 Ge 9 
1 Ge 11 

20 20 
20 20 
20 20 

- 24 0.5 
25 0.5 

25 0.5 
- 30 20 

30 20 
30 - 20 

-40 20 
-50 30 

60 -40 
-40 -20 
60 20 
60 8 
18 1 

80 -60 
20 12 
20 12 

-20 12 

25 -12 
34 -1 
34 -1 
34 -1 

--30 -2 

I(' PT 
amperes) (watts) 

0.015 0.035 
0.015 0.035 

15 150 
15 150 
0.050 0.075 

0.015 0.035 
- 0.015 0.08 
0.010 0.080 
0.100 0.120 

15 150 

15 150 
11 

3 11 
-1 10 
-0.200 0.200 

0.5 0.100 
0.5 0.100 
0.5 0.100 

-0.010 0.08 
-0.010 0.080 

-0.010 0.080 
-0.2 0.15 
-0.2 0.20 
-0.2 0.20 
-15 150 
-15 150 

15 150 
-5 50 
5 50 
- 4 
0.010 0.080 

10 50 
-0.400 0.120 

0.400 0.120 
0.400 0.120 
0.100 0.120 

0.100 0.120 
0.010 0.080 
0.010 0.080 
0.010 0.080 
0.100 0.120 

CHARACTER-
ISTICS 

Min. kit 
bru.: (pA) 

55 
48 
35 
25 
33 

Maximum 
Operating 
Tempera-

ture 
(°C) 

Can be replaced 
by RCA type 

5 55 2N408 
6 70 

100 100 
100 100 

-10 85 2N408 

48 -6 70 
75 -6 71 
60 10 71 2N1180 

85 2N404 
35 -4000 100 

35-15000 100 
70 - 100 91 2N2869/2N301 
70 - 100 91 2N2870/2N301A 
20 - 1500 75 2N2869 
50 16 71 2N1638 

30 5 
30 5 
30 5 
80 20 
60 -8 

60 -8 
10 -6 
15 -6 
20 -6 
20 -4000 
20 -4000 

20 -4000 
52 - 
52 - 
12 10 
60 -4 

75 
10 
20 5 
30 5 
20 10 

40 
50 
50 
50 
20 

5 

5 
5 
7 
7 
10 

85 2N647 
85 2N647 
85 2N641 
71 
71 2N1638 

71 2N1631 
85 
85 
85 
100 
100 

100-  
95 2N2869 
95 2N2869 

200 
71 2N217 

100 2N2869 
71 2N412 
71 2N412 
71 2N412 
85 2N412 

85 
71 
71 
71 
71 

2N408 
2N1637 
2N1638 
2N1639 

' 1 - emitter, 2 - base, 3 - collector. 
For terminal connections diagrams, see page 557. 
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CHART OF DISCONTINUED TRANSISTORS (cont'd) 

BIPOLAR TYPES (cont'd) 

RCA Bas- 1 Mate- Out-
Type ing rial line 

2N644 1 
2N645 1 
2N656 6 
2N696 6 
2N705 7 

2N108 
2N710 
2N711 
2N794 
2N195 

2N196 
2N828 
2N914 
2N955 
2N955A 

2N960 
2N961 
2N962 
2N963 
2N964 

2N965 
2N966 
2N967 
2N1014 
2N1061 

6 
7 
7 
7 

7 
6 
6 
6 

7 
7 
7 
7 
7 

7 

4 
8 

2N1068 8 
7111069 9 
2N1010 9 
2N1092 6 
2N1099 2 

2N1100 2 
2N116 2 
2N1170 10 
2N1213 
2N1214 10 

2N1215 10 
2N1216 10 
2N1319 10 
2N1358 2 
2N1384 10 

Ge 
Ge 
Si 
Si 
Ge 

Si 
Ge 
Ge 
Ge 
Ge 

Ge 
Ge 
Si 
Ge 
Ge 

Ge 
Ge 
Ge 
Ge 
Ge 

Ge 
Ge 
Ge 
Ge 
Si 

Si 
Si 
Si 
Si 
Ge 

Ge 
Ge 
Ge 
Ge 
Ge 

Ge 
Ge 
Ge 
Ge 
14 

11 
11 
5 
5 
12 

MAXIMUM RATINGS 

Vt VI H IC PT 
(volts) ( volts) (amperes) (watts) 

30 
30 
60 
60 
15 

2 
2 
8 
5 
3.5 

•0.100 
0.100 

•0.500 
0.05 

12 40 
12 15 2 0.05 
12 12 1 -0.1 
12 13 -1 -0.100 
12 13 -4 0.100 

12 13 -4 0.100 
12 15 2.5 0.2 
12 40 
12 12 2 0.1 
12 12 2 0.15 

12 15 -2.5 -0.1 
12 12 2 -0.1 
12 12 1.25 0.1 
12 12 1.25 0.1 
12 15 2.5 0.1 

12 
12 
12 
25 
10 

10 
2 
2 
5 

14 

14 
5 
5 
5 
5 

5 
5 
5 

14 
Ge 

12 
12 

-12 
100 
60 

60 
60 
60 
60 
80 

100 
25 
40 
25 
25 

25 
25 

-20 
80 
30 

0.100 
0.120 
4 
2 
0.15 

0.36 
0.15 
0.15 
0.150 
0.150 

0.150 
0.3 
0.36 
0.15 
0.15 

0.3 
0.3 
0.3 
0.3 
0.3 

2 0.1 0.3 
1.25 0.1 0.3 
1.25 0.1 0.3 

60 10 50 
12 0.5 5 

CHARACTER-
ISTICS 

Min. leB 
h F E (pl) 

20 
30 
20 
25 

15 
25 
20 
30 
30 

50 
25 
10 
30 
30 

20 
20 
20 
20 
40 

40 
40 
40 
75 
35 

Maximum 
Operating 
Tempera-

ture Can be replaced 
(°C) I  by RCA type 

-10 71 
10 200 
1 175 

-3 100 

0.025 
3 
3 

-3 
3 

3 
3 

0.025 
5 
5 

3 
3 
3 
5 
3 

200 
100 
100 
85 
85 

85 
100 
200 
100 
100 

100 
100 
100 
100 
100 

-3 100 
-3 100 
5 100 

- 100 
15 175 

12 1.5 10 38 15 175 
1.7 4 50 20 25 175 
9 4 50 20 25 175 
12 0.5 2 35 15 175 

-40 15 150 35 -4000 100 

80 15 150 25 -4000 100 
25 0.4 0.12 20 10 71 
40 0.4 0.12 20 8 71 
1 0.100 0.075 3 85 
1 0.100 0.075 3 85 

-1 -0.100 0.075 
1 0.100 0.075 

20 0.4 0.12 
60 15 150 
1 0.5 0.24 

15 
25 
20 

3 85 
3 85 
6 71 

200 100 
-8 85 

•••• 

2N1300 
2N1301 

2N1683 

.1•••»• • I 

2N2869 
2N3053 

2N3262 
2N1489 
2N1702 

M••••«•• 

••••••••• 

:I: For terminal connections diagrams, see page 557. 
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CHART OF DISCONTINUED TRANSISTORS (cont'd) 

BIPOLAR TYPES (cont'd) 

RCA Bas-t Mate- Out-
Type ing rial line 

MAXIMUM RATINGS 

VI it I( PT 
(volts) (volts) (amperes) (watts) 

2N1412 2 Ge 14 100 -80 
2N1425 3 Ge 9 24 -0.5 
2N1426 3 Ge 9 -24 -0.5 
2N1450 1 Ge 11 -30 -1 
2N1511 11 Si 14 60 60 

2N1512 11 Si 14 100 100 
2N1513 11 Si 14 60 60 
2N1514 11 Si 14 100 100 
2N1633 12 Ge 16 34 -0.5 
2N1634 1 

2N1635 12 Ge 16 34 0.5 
2N1636 1 Ge 1 34 0.5 
2N1108 6 Si 12 25 3 
2N1168 23 Si 22 60 12 
2N1769 23 Si 22 100 12 

2N2205 6 Si 12 25 
n12206 6 Si 19 25 3 
2N2213 7 Ge 12 25 1 
2N2339 23 Si 22 60 40 
2N2482 6 Ge 12 20 3 

2N2813 13 Ge 1 35 -0.1 
2N2898 6 Si 19 120 7 
2N2899 6 Si 19 140 7 
2N2900 6 Si 19 60 7 
2N2938 6 Si 21 25 

2N3230 25 Si 30 80 10 
2N3231 25 Si 30 100 10 
2N3241 8 Si 32 30 5 
2N3242 8 Si 32 30 5 
2N3435 6 Si 5 80 4 

2N4081 18 Si 31 40 3 
2N4395 9 Si 2 60 4 
2N4396 9 Si 2 80 4 
2N4397 18 Si 31 40 3 
2N5011 Si 49 4 

3746 Ge 17 34 0.5 
3901/ 
2N404 10 Ge 5 25 12 

40211 6 Si 21 25 3 
40218 6 Si 21 25 5 
40219 6 Si 21 40 

40220 6 Si 21 40 5 
40221 6 Si 21 40 
40222 6 Si 21 25 

Ge 1 34 0.5 

--15 150 
0 010 0.080 
0.010 0.080 

-0.100 0.120 
6 75 

6 
-0.010 

0.010 

0.010 
0.010 
0.2 
3 
3 

0.2 
0.2 
0.1 
2.5 
0.1 

-0.010 
1 
1 
1 
0.5 

7 
7 
0.1 
0.2 
0.25 

5 
5 

4.5 

0.20 

0.2 

50 

0.2 

0.2 

75 
75 
75 
0.080 
0.080 

0.080 
0.080 
0.3 

40 
40 

0.3 
1 
0.1 

40 
0.15 

0.115 
1.8 
1.8 
1.8 
0.3 

25 
25 
2 
2 
1 

0.2 
62.5 
62.5 
0.2 

30 

0.080 

0.15 
0.3 
0.3 
0.36 

0.3 
0.36 
0.3 

CHARACTER-
ISTICS Maximum 

Operating 
Tempera-

Min. I ture 
'IFE (11A) ( C) 

Can be replaced 
by RCA type 

25 -4000 100 
50 - 12 71 2N1638 

130 12 71 2N1638 
20 -10 85 2N217 
15 25 200 2N1487 

15 25 200 2N1488 
15 25 200 2N1189 
15 25 200 2N1490 
75 -16 85 2N1638 
75 -16 85 2N1638 

75 - 16 85 2N1638 
75 - 16 85 2N1638 
20 0.025 175-  
35 15 200 2N1485 
35 15 200 2N1486 

20 0.025 175 
40 0.025 175 
20 -10 100 2N1179 
20 3000 200 2N1701 
25 5 100 

40 12 100 
40 0.002 200 
60 0.01 200 
50 0.05 200 
25 0.025 175 

1000 - ?00 
1000 - 200 

50 0.1 175 2N3241A 
75 0.01 175 2N3242A 
50 0.05 200 

40 0.02 200 
20 
20 
40 

.1•••••••» 

30 
20 
20 
15 

25 
10 
20 

100 150 
100 150 
0.02 200 

200 

16 85 

-5 85 
0.5 175 
0.5 175 
0.025 200 

0.5 175 
0.025 200 
0.025 175 

1•11...11M• 

«OMM» 

41/••• 

.11•1 

••««•-• 

••••••• 

t. For terminal connections diagrams, see page 557. 



556 RCA Transistor, Thyristor, ik Diode Manual 

CHART OF DISCONTINUED TRANSISTORS (cont'd) 

BIPOLAR TYPES (cont'd) 

RCA Bas-t Mate-
Type ing rial 

40255 14 Si 
40256 14 Si 
40264 24 Si 
40269 10 Ge 
40283 6 Si 

Out-
line 

MAXIMUM RATINGS 

, Vi VElt It' PT 
(volts) (volts) (amperes) (watts) 

5 450 7 1 10 
5 300 7 1 10 

34 300 3 0.1 4 
5 25 12 0.1 0.15 
19 60 5 0.4 

40350 15 Si 31 
40351 15 Si 31 
40352 15 Si 31 
40403 19 Ge 5 
40404 6 Si 21 

40422 9 Si 25 
40423 9 Si 27 
40424 9 Si 25 
40425 9 Si 27 
40426 9 Si 25 

40427 9 Si 27 
40444 9 Si 2 
40451 6 Si 32 
40464 9 Si 2 
40465 9 Si 2 

40466 9 Si 2 
40469 18 Si 31 
40470 18 Si 31 
40471 18 Si 31 
40500 6 Si 31 

40501 20 Si 33 
40546 9 Si 25 
40547 9 Si 25 

RCA Bas-t Mate- Out-
Type ing rial line 

3N98 16 Si 28 
3N99 16 Si 28 
40460 21 Si 28 
40461 21 Si 28 
40467 21 Si 31 

35 0.025 
35 0.025 
35 0.025 
30 20 - 0.2 
40 5 0.5 

300 
300 
300 
300 
300 

300 
120 

35 
40 

2 0.15 
2 0.15 
2 0.15 
2 0.15 
2 0.15 

2 0.15 
7 20 

1 
4 5 
4 5 

50 4 
45 3 
45 3 
45 3 
7.5 7.5 

5 
0.05 
0.05 
0.05 
0.2 

0.18 
0.18 
0.18 
0.2 
1 

8 
3.8 
8 
3.8 
8 

3.8 
140 

0.5 
40 
40 

40 
0.18 
0.18 
0.18 
2 

7.5 7.5 0.2 1 
0.15 8 
0.15 8 dIMmimMaffl 

CHARACTER-
ISTICS 

Min. 
hFr A) 

30 
30 
30 
50 
10 

Maximum 
Operating 
Tempera-

('C) 

200 
- 200 
100 150 
5 85 

200 

40 1 
40 1 
27 1 
15 -6 
25 0.025 

50 100 
50 100 
30 100 
30 100 
20 100 

20 100 
20 
30 0.5 
30 250 
70 0.1 

50 
40 
40 
27 
50 

100 
0.02 
0.02 
0.02 
0.1 

175 
175 
175 
85 
175 

150 
150 
150 
150 
150 

150 
200 
175 
150 
150 

150 
175 
175 
175 
175 

Can be replaced 
by RCA type 

ŒIMMI•M/Bo 

e•MmiMlo 

••••11.11. 

., ••••m•• 

•,11111 

50 0.1 175 
50 100 150 
20 100 150 - 

MOS FIELD-EFFECT TYPES 

MAXIMUM RATINGS CHARACTERISTI CS 

mA) 

15 
15 

VDS PT Yf s IDS(Off) 
(volts) (watts) (// mhos (pA)  

0.15 1500 50 
0.15 2000 50 
0.15 3500 
0.15 3500 
0.1 7400 

32 
32 

'25 
25 

0-20 

For terminal connections diagrams, see page 557. 

rDs(on) 
(ohms) 

Maximum 
Operating 
Tempera- Can be 

ture I replaced 
(°C) by RCA type 

900 
800 
90 

85 
85 
125 
125 
125 
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2 8 

E 

6 

ST 

1 

11 

3 

16 

21 

12 13 

E 

TERMINAL DIAGRAMS FOR 
DISCONTINUED TYPES 

ST 

2 

7 8 

17 18 

22 

IG 

SuB 

2 

STD 

3; 

C 

23 

C,F 

4 

C,F 

9 

14 

19 

FIR 

24 

15 

20 

2 

10 

'OE 

25 
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Silicon Diffused-Junction Rectifiers 

RCA OUTLINE 
TYPE JEDEC NO. 

FAV 

at Tc 
A °C 

1 N248C" DO-5 43 20 
1N249C° DO-5 43 20 
1 N250C° DO-5 43 20 
1N440B DO-1 38 0.75 
1N441B DO-1 38 0.75 

1 N44213 DO-1 38 0.75 
1N443B DO-1 38 0.75 
1N444B DO-1 38 0.65 
1N445B DO-1 38 0.65 
1 N536 DO-1 38 0.75 

1N531 DO-1 38 0.75 
1 N538 DO-1 38 0.75 
1N539 DO-1 38 0.75 
1N540 DO-1 38 0.75 
1N541 DO-1 38 0.75 

1 N1095 DO-1 38 0.75 
1 N1183M DO-5 43 40 
1N1184M DO-5 43 40 
1N1186M DO-5 43 40 
1N1181A" DO-5 43 40 

1N118811" DO-5 43 40 
1N118910 DO-5 43 40 
1N119010 DO-5 43 40 
1N119511° DO-5 43 20 
1 N1196A° DO-5 43 20 

1N1191A° DO-5 43 20 
1N1198A" DO-5 43 20 
1N1199A" DO-4 42 12 
1N1200A" DO-4 42 12 
1 N1202A" DO-4 42 12 

1 N1203M DO-4 42 12 
1N12040 DO-4 42 12 
1N1205A" DO-4 42 12 
1N1206A" DO-4 42 12 
1N134113" DO-4 42 6 

1 N134213' DO-4 42 6 
1N134413' DO-4 42 6 
1 N1345P DO-4 42 6 
1N1346131 DO-4 42 6 
1N134113° DO-4 42 6 

1 N1348131 DO-4 42 6 
1N1612' DO-4 42 5 
1N1613° DO-4 42 5 
1N16141' DO-4 42 5 
1N1615" DO-4 42 5 

Reverse-polarity version available. 
A  Vm (block) is 10% less. 
• Static value in yA. 

150 
150 
150 
50 
50 

50 
50 
50 
50 
50 

50 
50 
50 
50 
50 

50 
150 
150 
150 
150 

MAXIMUM RATINGS 

iFM VRM and 
(rep) (surge) Vitms VII (block) 
A A 

90 
90 
90 
3.5 
3.5 

3.5 
3.5 
3.5 
3.5 

1-9-5 
195 
195 
195 

CHARAC-
TERISTICS 

IRM 
Vi (dynamic) 
V mA 

350 39 55A 0.6 
350 77 110A 0.6 
350 154 220A 0.6 
15 70 100 1.5 
15 140 200 1.5 

15 210 300 1.5 
15 280 400 1.5 
15 350 500 1.5 
15 420 600 1.5 
15 35 50 1.1 

3.8 
3.6 
3.4 
0.3• 
0.75° 

l• 
1.5° 
1.75° 
2° 
5° 

15 70 100 1.1 5* 
15 140 200 1.1 5° 
15 210 300 1.1 5° 
15 280 400 1.1 5° 
15 420 600 1.2 56 

15 350 500 1.2 56 
800 35 50 0.65 2.5 
800 70 100 0.65 2.5 
800 140 200 0.65 2.5 
800 212 300 0.65 2.5 

150 195 800 284 400 0.65 2.2 
150 195 800 355 500 0.65 2 
150 195 800 424 600 0.65 1.8 
150 90 350 212 300 0.6 3.2 
150 90 350 284 400 0.6 2.5 

150 90 350 355 500 0.6 2.2 
150 90 350 424 600 0.6 1.5 
150 50 240 35 50 0.55 3 
150 50 240 70 100 0.55 2.5 
150 50 240 140 200 0.55 2 

150 50 240 212 300 0.55 1.75 
150 50 240 284 400 0.55 1.5 
150 50 240 355 500 0.55 1.25 
150 50 240 424 600 0.55 1 
150 25 160 35 50 0.65 0.45 

150 25 160 70 100 0.65 0.45 
150 25 160 140 200 0.65 0.45 
150 25 160 212 300 0.65 0.45 
150 25 160 284 400 0.65 0.45 
150 25 160 355 500 0.65 0.45 

150 25 160 424 600 0.65 0.45 
135 15 35 50 1.5 1 
135 15 70 100 1.5 1 
135 15 140 200 1.5 1 
135 15 280 400 1.5 1 
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Silicon Diffused-Junction Rectifiers (coned) 

RCA 
TYPE 

1N1616' 
1N1163A 
1N1764A 
1N2858A 
1N2859A 

1N2860A 
1N2861A 
1N2862A 
1N2863A 
1 N2864A 

1N3193 
1N3104 
1N3195 
1N3196 
1N3253 

1N3254 
1N3255 
1N3256 
1N3563 
1N3754 

1N3755 
1N3756 
40108' 
40109' 
40110' 

40111' 
40112' 
40113" 
40114' 
40115" 

40208' 
40209' 
40210' 
40211' 

40212' 
40213' 
40214w 
40259 
40265 

40266 
40267 
40642 
40643 
40644 

OUTLINE 
JEOEC NO . 

DO-4 
DO-1 
DO-1 
DO-1 
DO-1 

DO-1 
DO-1 
DO-1 
DO-1 
DO 1 

TO- 1$ 
TO- 1t 
TO- 1t 
TO- 1$ 
TO- 1° 

TO- 1° 
TO- 1° 
TO- 1° 
TO- 1° 
TO- 1** 

TO- 1** 
TO- 1** 
DO-4 
DO-4 
DO-4 

DO-4 
DO-4 
DO-4 
DO-4 
DO-4 

DO-5 
DO-5 
DO-5 
DO-5 

DO-5 
DO-5 
DO-5 
DO-4 
TO- 1** 

DO-1 
DO-1 
DO-26 
DO-26 
DO-26 

42 
38 
38 
38 
38 

38 
38 
38 
38 
38 

MAXIMUM RATINGS 

li'‘v 
at T( (rep) (surge) 
A °C A A 

1 

1 

1 

1 

1 
1 
1 
1 
1 

135 15 
75 5 
75 5 
75 5 
75 5 

VitNIS 

V 

CHARA C-
TERISTICS 

VI;N1 and 
(block) VFm (dynamic) 
V V mA 

420 600 1.5 1 
35 280 400 1.2 0.1 
35 350 500 1.2 0.1 
35 35 50 1.2 0.1 
35 70 100 1.2 0.1 

75 5 35 140 200 1.2 0.1 
75 5 35 210 300 1.2 0.1 
75 5 35 280 400 1.2 0.1 
75 5 35 350 500 1.2 0.1 
75 5 35 420 600 1.2 0.1 

39 0.5* 75 6* 35* 
39 0.5* 75 6* 35* 
39 0.5* 75 6* 35* 
39 0.4* 75 5* 35* 
40 Insulated version of 1N3193 

40 Insulated version of 1N3194 
40 Insulated version of 1N3195 
41 Insulated version of 1N3196 
40 0.3* 75 4* 35* 
41 0.125 65 1.3 30 

41 
41 
42 
42 
42 

42 
42 
42 
42 
42 

0.125 
0.125 

10 
10 
10 

10 
10 
10 
10 
10 

65 
65 
150 
150 
150 

150 
150 
150 
150 
150 

1.3 
1.3 

40 
40 
40 

40 
40 
40 
40 
40 

140 200 1.2 0.2 
280 400 1.2 0.2 
420 600 1.2 0.2 
560 800 1.2 0.2 

700 1000 1.2 0.2 
35 100 1 0.3 

30 70 200 1 0.3 
30 140 400 1 0.3 
140 50 0.6 2 
140 100 0.6 2 
140 200 0.6 1.5 

140 
140 
140 
140 
140 

43 18 150 72 250 
43 18 150 72 250 
43 18 150 72 250 
43 18 150 72 250 

«11.1••••• 

300 0.6 1.5 
400 0.6 1 
500 0.6 0.85 
600 0.6 0.75 
800 0.6 0.65 

50 0.65 3 
100 0.65 3 
200 0.65 2.5 
300 0.65 2.5 

43 18 150 72 250 400 0.65 2 
43 18 150 72 250 500 0.65 1.75 
43 18 150 72 250 600 0.65 1.5 
42 12 150 50 250 424 600 0.55 0.6 
41 0.125 65 1.3 30 140 400 1 0.4 

38 2* 105 10 
38 2* 105 10 
40 1 6.5 
40 1 6 
40 1 0.3 

35 35 
35 70 
70 
10 
20 •.•••«. 

100 3 10t 
200 3 10t 
700A 2 10(' 
800° 1.3 10n 
700' 1.3 lr 

" Reverse-polarity version available. Value in A. • V,.1(block) 550V. 
t Similar to TO-1 package with axial leads. • Vum(block) = 450V. Static condition. 
° Similar to TO-1 package with axial leads and insulated plastic sleeve over metal case. 
** Similar to TO-1 package with lead 3 omitted. * With capacitive load. 
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Silicon Diffused-Junction Stack Rectifiers 

RCA 
TYPE 

CR101 
CR102 
CR103 
CR104 
CR105 

CR106 
CR101 
CR108 
CR109 
CR110 

CR201 
CR203 
CR204 
CR206 
CR208 

CR210 
CR212 
CR301 
CR302 
CR303 

CR304 
CR305 
CR306 
CR307 
CR311 

CR312 
CR313 
CR314 
CR315 
CR316 

CR317 
CR321 
CR322 
CR323 
CR324 

CR325 
CR331 
CR332 
CR333 
CR334 

CR335 
CR341 
CR342 
CR343 
CR344 

CR351 
CR352 
CR353 
CR354 

OUTLINE 
NO. 

MAXIMUM RATINGS 

IF.‘v ¡FM V 
at 100 3C (rep) (surge) V1{1N 

A A A 

Vit11 (rep) 
and 

V11 (block) 
V 

44a 0.385 5 20 895 1265 
44b 0.355 5 20 1790 2530 
44c 0.315 5 20 2240 3165 
44d 0.270 5 20 3130 4430 
44e 0.270 5 20 3580 5065 

44f 0.250 5 20 4475 6330 
44g 0.230 5 20 5370 7595 
44h 0.230 5 20 5820 8230 
44i 0.230 5 20 6710 9495 
44j 0.230 5 20 7160 10130 

45a 0.155 3 10 1345 1900 
45b 0.155 3 10 2240 3165 
45c 0.155 3 10 3395 4800 
45d 0.155 3 10 4475 6330 
45e 0.155 3 10 5655 8000 

45f 0.155 3 10 7070 10000 
45g 0.155 3 10 8485 12000 
46a 2.5 250 1695 2400 
46b 2.5 250 2545 3600 
46c 2.5 250 3395 4800 

46d 2.5 250 4240 6000 
46e 2.5 250 5090 7200 
46f 2.5 250 5935 8400 
46g 2.5 250 6785 9600 
46h 4.5 250 1695 2400 

461 4.5 250 2545 3600 
46j 4.5 250 3395 4800 
46k 4.5 250 4240 6000 
461 4.5 250 5090 7200 
46m 4.5 250 5935 8400 

46n 4.5 250 6785 9600 
46o 6 400 1695 2400 
46p 6 400 2545 3600 
46q 6 400 3395 4800 
46r 6 400 4240 6000 
46s 6 400 5090 7200 
46t 8.5 400 1695 2400 
46u 8.5 400 2545 3600 
46v 8.5 400 3395 4800 
46w 8.5 400 4240 6000 

46x 8.5 400 5090 7200 
46y 11.5 850 1695 2400 
46z 11.5 850 2545 3600 
46aa 11.5 850 3395 4800 
46bb 11.5 850 4240 6000 

46cc 17.5 850 1695 2400 
46dd 17.5 850 2545 3600 
46ee 17.5 850 3395 4800 
46ff 17.5 850 4240 6000 

YHM I. 
(non- VFmll 
rep) 
V 

1520 
3035 
3800 
5315 
6080 

7600 
9115 
9875 
11395 
12155 

2280 
3800 
5760 
7600 
9600 

12000 
14400 
2880 
4320 
5760 

7200 
8640 
10080 
11520 
2880 

4320 
5760 
7200 
8640 
10080 

11520 
2880 
4320 
5760 
7200 

8640 
2880 
4320 
5760 
7200 

8640 
2880 
4320 
5760 
7200 

2880 
4320 
5760 
7200 

CHARACTERISTICS 
Irtm• Cs 

(dynamic) (max) 

V A 

1.2 
2.4 
3 
4.2 
4.8 

6 
7.2 
7.8 
9 
9.6 

1.8 
3 
3.6 
6 
6 

7.2 
9 

M..•••••••• 

t For duration of 5 ms max; Tc = 60 to 125°C. 
At maximum rated operating conditions. ** C, typically 0.01 yF per cell. 

0.3 
0.3 
0.3 
0.3 
0.3 

0.3 
0.3 
0.3 
0.3 
0.3 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 

pF 

600 
320 
250 
175 
160 

125 
105 
100 
90 
80 

11•1••••••IMP 

•••••• 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 

** 
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Silicon Plug-in 
Rectifiers 

RCA OUTLINE 
TYPE NO. 

CR4Olt 
CR402t 
CR403t 
CR404t 
CR405t 
CR406t 
CR401t 
CR408t 
CR409t 
CR5Olt 
CR502t 
CR503t 
CP504 
CR505t 
CR506t 

46a 
46a 
46c 
46o 
46o 
46v 
46y 
46y 
46aa 
46b 
46b 
46p 
46p 
46z 
46z 

AVERAGE DC 
OUTPUT 
A V 

18 
18 
18 
34 
34 
31 
70 
70 
70 
24 
24 
46 
46 
92 
92 

200 
400 
800 
200 
400 
800 
200 
400 
800 
300 
600 
300 
600 
300 
600 

+ Single-phase, full-wave types. 
t Three phase, full-wave types 

RCA 
Type 

SQ2503 
7163 
4448 
4404 

SQ2502-' 
4453 
4403 

SQ2546 

RCA 
Type.' 

SQ2508 
S02519 
SQ2520 
SQ2521 

Wave-
length 

of 
Out- I peak 
hne Response 

(ang-
stroms) 

61 
61 
61 
61 
61 
61 
61 
61 

Out-
line 

63 
63 
62 
62 

5100 
5100 
5100 
5100 
5100 
5100 
5100 
6150 

age 
Between 
Termi-
nals 
DC or 

Peak AC 
(volts) 

Wave-
length 

of 
Peak 

Response 
(ang-

stroms) 

5100 
5100 
5100 
510ü 

600 
600 
600 
600 
600 
600 
350 
200 

RMS SUPPLY 
V 

222 
444 
888 
222 
444 
888 
222 
444 
888 
222 
444 
222 
444 
2'22 
441 

Silicon Bridge 
Rectifiers 

These high-voltage diffused-
junction types are direct re-
placements for the mercury-
vapor and gas rectifier tubes 
indicated. Data for the tube-
type rectifiers are given in the 
RCA Transmitting Tube Manual 
TT-5. 

RCA 
TYPE 

CR273/8008 
CR274/872A 

CR215/866A/3828 

Photocells 
MAXIMUM RATINGS 

Volt- Power Dissipation" 
(watts) 

Continu- Demand 
ous Service' 

Service 

0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 

1 

1 
1 
1 
1 

MAXIMUM RATINGS 

Volt-
age 

Between 
Termi-
nals 
DC or 

Peak AC 
(volts) 

300 
300 
200 
250 

Power Photo-
Dissi- current 
pation" 
(watts) (mA) 

0.075 
0.075 
0.35 
0.35 

10 
20 
75 
50 

Photo-
current 
(mA) 

75 
75 
75 
75 
75 
75 
100 
100 

REPLACES 
TYPE(S) 

8008 
872, 872A 

866, 866A, 3828 

CHARACTERISTICS AT 25''C 

Volt-
age 

Between 
Termi-
nals 

(ac volts) 

50 
50 
50 
50 
50 
50 
50 

12 (dc) 

Illumi-
nation.' 
(foot-

candles) 

1 
1 
1 

1 
1 
1 
1" 

Photocurrent., Max. 
(mA) 1 Decay 

I Current , 

Min. Max. (a) 

0.8 1.7 
1 3 

1.5 4 
2.5 5 
2.5 5 
3 7 
8 16 
5 15 

CHARACTERISTICS AT 25't 

Volt-
age Illumi 

Between nation" 
Termi- (foot-
nais candles) 

dc volts) 

12 
12 
12 

50 (ac) 

Photocurrenti 
(mA) 

Min. Max. 

40 
40 
40 
40 
40 
40 
78 
5 

Max. 
Decay 

Currenti • 
(itA) 

I 0.065e 0.275e 1 
10 1.6' ' e 12 
1 3.6 14.5 80 

1.5 4 40 
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Photocells (cont'd) 

RCA 
Typed 

Out-
line 

Wave-
length 

of 
Peak 

Response 
(ang-

stroms) 

MAXIMUM RATINGS 

Volt-
age 

Between 
Termi-
nals 
DC or 

Peak AC 
(volts) 

Power 
Dissi-
pation!, 
(watts) 

SQ2526 62 5100 200 0.35 
SQ2527 62 5100 200 0.35 
SQ2529 63 5100 300 0.075 
SQ2534 63 5100 300 0.075 
SQ2535 64 5100 200 0.03 
SQ2536 63 5100 150 0.075 
SQ2543 64 6150 100 0.03 
SQ2544 63 6150 100 0.075 
SQ2544V1 63 6150 150 0.075 
SQ2545 62 6150 125 0.35 
SQ2545V1 62 6150 200 0.35 
SQ2554 63 5100 150 0.075 
SQ2555 63 5100 200 0.075 
SQ2556 62 5100 200 0.35 
SQ2557 65 5100 100 0.075 
SQ2558 65 5100 100 0.075 

Photo-
current 
(mA) 

CHARACTERISTICS AT 25°C 

Volt-
age 

Between 
Termi-
nals 

(dc volts) 

Illumi-
nation's 
(foot-

candles) 

Photocurrent 
(mA) 

Min. Max. 

Max. 
Decay 

Current!. 
(ALA) 

75 12 1 1 3 
75 12 1 2 6 
3 12 1 0.004e 0.012e 
1 90 30 0.057e 0.65e 
10 12 10 0.8 2.5 
25 12 1 le 3e 
15 12 1 0.45 1.35 
25 12 1 1.5e 4.5e 
25 12 1 0.6e 1.8" 
75 12 1 4 12 
75 12 1 2.5 7.5 
25 12 1 1.6e 4.8" 
15 12 10 1.4e 2.75" 
75 12 1 2 
5"1 12 1 0.0331" 0.13m 
10m 12 1 0.3m 1.2m 

RCA 
Type 

40561 

40562 

40563 

40564 
40565 

40566 

40567 

40568 

40569 

40570 

40571 

40572 

40573 

40574 

80 
80 
0.1 
0.1 

12 
15 
0.5 
2 
2 
15 
7.5 
15 
12 
80 
5m 
20m 

Tunnel Diodes 

Electrical Characteristics (At TA 
Min 

Peak Max Peak-to-
Forward Valley Valley- Peak 
Current Current Current Voltage 
(mA) (mA) Ratio (mV) 

4.5-5.5 0.75 6:1 

9-11 1.5 6:1 

18-22 3 6:1 

45-55 7.5 6:1 

90-110 15 6:1 

4.75-5.25 0.6 8:1 50-90 

9.5-10.5 1.2 8:1 55-95 

19-21 2.4 

47.5-52.5 6 
95-105 12 

4.75-5.25 0.6 

9.5-10.5 1.2 

•••••••••• 

8:1 65-105 

8:1 80-130 

8:1 90-140 

8:1 50-90 

8:1 55-95 

19-21 2.4 8:1 65-105 

47.5-52.5 6 8:1 80-130 

* Includes typical case 

Min 
Valley Forward 
Voltage Voltage 
(mV) (mV) 

430-590 

440-600 

460-620 

530-640 
540-650 

305 490-560 
325 510-580 

340 530-600 

355 550-620 

365 550-630 

305 490-560 

325 510-580 

340 530-600 

355 550-620 

capacitance of 0.8 pF. 

41MMMIMIF 

25 °C) 

Max 
Max Series 

Capad- Resis-
tance* tance 
(pF) (ohms) 

25 3 

25 2.5 

30 2 

40 1.5 

40 

15 3 

15 2.5 

1 

20 2 

25 1.5 

25 

8 3 
8 2.5 

1 

Rise Time 
(Ps) 
typ. 

1800 

900 

600 
350 

150 

1200 

600 

400 

200 

100 

600 

300 

10 2 200 

12 1.5 100 
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The maximum ambient operating tem-
perature range of the sensitive surface 
of these cells is --40°C to ± 75°C. 

h With sensitive surface of cell fully il-
luminated. These dissipation ratings ap-
ply up to a case temperature of -1-40C 
from which point the cells are derated 
linearly to 0 watts at +75°C. 
r The demand rating is a dissipation rat-
ing to which the cell may be exposed in 
outdoor applications. The rating may be 
utilized twice every 24 hours for a 
period of 20 minutes each time provided 
the interval between demand period is 
not less than 4 hours. 

d For conditions where light flux from a 
tungsten-filament lamp operated at a 
color temperature of 2854° K is trans-
mitted through a filter ( Corning C.S. 
No. 1-62 which an effective transmission 
of luminous flux of 13.3%) onto the 
sensitive surface. The value of illumina-
tion incident on the sensitive surface is 
7.5 footcandles measured before position-
ing the filter between the lamp and the 

cell. The sensitive surface of the cell 
is fully illuminated. 

is This characteristic is determined after 
the cell has been exposed for a period 
of 16 to 24 hours to 500 footcandle il-
lumination ( daylight fluorescent light). 
I Measured 10 seconds after removal of 
incident-illumination level. 
g Type SQ2502 is not recommended for new 
equipment design. It is identical with 
type 4404 except it is supplied with at-
tached Intermediate-Shell Octal 5-pin 
base ( JEDEC No.B5-10) 

II For conditions where the light source is 
a tungsten-filament lamp operated at a 
color etmperature of 2854° K. 
This characteristic is determined after 
the cell has been exposed for a period 
of 16 to 24 hours to 50 to 100 footcandle 
illumination ( daylight fluorescent light). 

k The value shown is the total dissipation 
for both elements of the photocell. 

in The value shown applies for each ele-
ment of the photocell. 

Tunnel Diodes 
Maximum Ratings (At TA = 25 ° C) 

DC Current 
(mA) 

Forward Reverse 

Ambient-
Temperature (° C) 

Dissipation t. Range 
(mW) Operating Storage 

10 15 5 35 to 100 

18 25 15 — 35 to 100 

35 50 20 —35 to 100 

85 125 50 — 35 to 100 

170 250 100 35 to 100 

10 15 35 to 100 

18 25 1;) —35 to 100 

35 50 20 —35 to 100 

85 125 50 —35 to 100 

170 250 100 35 to 100 

10 15 5 — 35 to 100 

18 25 10 —35 to 100 

35 50 20 — 35 to 100 

85 125 50 —35 to 100 

Lead 
Temperature (° C) Out- RCA 

(3 seconds maximum) Material line Type 

175 

175 

115 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

Ge 

Ge 

Ge 

Ge 

Ge 

Ge 

Ge 

Ge 

Ge 

Ge 

Ge 

Ge 

Ge 

Ge 

48 40561 

48 40562 

-18 40563 

48 40564 

48 40565 

48 40566 

48 40567 

48 40568 

48 40569 

48 40570 

48 40511 

48 40572 

48 40573 

48 40574 

t Above 25°C, derate linearly to O mW at T, 100C. 
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Outlines 

1.550 

.410 
MAX. 

.240 MAX.r_ 
DIA. 

1.5 II.. 4., 
MIN. e, 

LAD-
3 LEADS 

:001196 DIA. 

.381 DIA. .061 

.440f MAX. 

.400 

.360 

r-.875 
DIA. 

.450 

.250 

4-1 
.312 MIN. 

 1.197 
1.177 

.225 .440 .675  1-.205 .420 147.655 

.135 MAX. 

2 MOUNTING HOLES 
15611 DIA. 

r-.790 MAXI 
DIA. 

2 PINS 
.042 De 
.038 • 

BASE 

U331 
.969 

1 
9 .15 febi A 

J53 "" 

2 HOLES/ 

.072 
t.010 

2 

PIN-
INSULATING 
EYELETS 

1.19?   

EMITTER1 

IJ82 
  1562   

omr-n DIA7-11.1 

.335 r.305 DIA 

.009 
.125 fl 

3 LEADS, 
.019 01A 
.016 • 

0 0 

1.500 

4 

1.188 R. MAX. BOTH ENDS 

.525 R. MAX. 
2 PINS 
.043 D1A 
.038 • 

MAX. 

1 .,eis.L.T220 

.440 

.420 

dlai••••••••••.•••••••••11tIli 

--MOUNTING 
FLANGE 

(COLLECTOR) 

r 200 
OUTSIDE I-"Ito° 
CORNER 
RADII 

.007 MAX. 

.260 

.240 45 

.034 .045 
1.5 .028 .029 
MIN. 

INDEX TAB 

e 

.390 

.330 

.475 

.425 

1.515 

14-:778555 DIA1 

PIN- 1.195 
INSULATING ter- 1.180 
EYELETS 

.225 

.205 

440 
.420 - 

.328 .125 
MAX. 1 í'0°9 
I   

t .068 
.062 

3 LEADS 22 DIA. 

.156 R 
BOTH ENDS 

LEAD .100 
INSULATING 
EYELETS 

INDEX 

.100 
.200 

TAB 

.125 
1 -.105 

2 PINS T 
.043 NA I 
.039 - • 

3 

.675 
.655 

A 
.335 

.335 DIA 

.305 

I.  .691   .685 

• e .22 Eî 1.41- 
• 

.042 

1.005 
.995 

048 

1.015 

..211650H2OrU,4991° 

.260 

.240 1 SEATING 
PLANE 

1.43 
MIN. 

LEAD 
INSULATING 
EYELETS 

I 
.132 . 505 
.128 .495 

1 
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Outlines ( cont'd) 

.100 
MIN. 

• .370 DIA 
335 ' 

+4 . 335 DIA 
.305 

/ 
.009 
.125 

DETAILS OF OUT-
LINE IN THIS 

ZONE OPTIONAL 

REFERENCE POINT 
FOR CASE • 

TEMPERATURE 
MEASUREMENT 

.035 

.028 

457 

.375 
MAX. 

7 

.360 MAX. 
DIA. 

70-7 

ir 
.260 
.240 

.970 
1.080 

-\ SEAT1NG 
- PLANE 

gg DIA. 

.100 

.100 -f-
r_ .200 

.045 

.029 

11111111 MN. -7)-- MAX. f. 80  

.055 
.055 0.:411- 1:04i 
.041'1 

.199 

.185 

1225 
1.205 

755 _ . 
-. .745 

o 

"o 

880 
.860 

TO-5 PACKAGE 2 HOLES 
WELDED TO 

AT-MAIXATOR 

"4 

7:14 .062 .8 0t4 

052 
.048 

.112 

.103-elm 

V 
.630 .317 
.620 .307 

.440 

.430 

.067-
.204 '057 
.194 

NOTE I: RECOMMENDED HOLE SIZE FOR 
PRINTED-CIRCUIT BOARD IS 0.070 DIA. 

MODIFIED TO-5 TYPE IS A 2 LEAD PACKAGE HAVING 
LEAD LENGTHS OF 0.9 me. LENGTH. 

_ . 590 
MAX. 

.040 

.055 -1 

.612 

.602 

.256 

.271: 

1.002 _ 
.998 

.330 

.270 

Li  

.650 

.550 DIA.- 81 

.524 n,A I 

r- .444 

TO-8 MAX 
.115 

3 PINS - 
.033 Ditt 
.027 • 

.440 

.360 

.146 .146 

.136 .136 

.146 

.136 

.817 

.807 

1.4104 
_ MIN._ 

LtNGTI:)! 
(LEAD 

MOUNTING TAB 
(LEAD NO.2 BEHIND 
MOUNTING TAB) 

4 DIMPLED 
STANDOFFS 

-AM 

370 

29033  DI& 

DIA. 

3 LEADS - 1711 0 

.°19 DIA. 

.016 

.125 

.120 
2 

MOUNTING 
TABS 
(NOTE I) 

.260 

.200 

9 lo 11 
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Outlines ( cont'd) 

0 .. 230M4X1. 
209 MIN. 

.195 MAX. DIA 
178 MIN 

DIA. 

500 MIN. Li 

100 

INSULATION 

45-

INDEX--\iv 

046 MAX. 
.036 MIN. 

DETAILS OF OUT-
LINE IN THIS 

ZONE OPTIONAL 

100 MIN 

.210 MAX. 

.170 

SEATING PLANE 

-.030 MAX. 

3 LEADS 
002 017 + DIA 

-.001 

12 
me- 370 D A 

I • 

335 DIA 
305 

T- 260 240 
I SEATING 

PLANE  

- - II 5 
009 MIN 
.125 

3 LEADS ) 
0--------- it--

019 DIA 
016 

200 
DI A -41 

90° 

45° 

034 -- 045 
.028 .029 

INDEX TAB 

15 

LEAD 
INSULATING 
EYELETS 

.360 MAX 
DIA. 

I r  

375 1 10-45 
MAX. . 

I 

.202 
72 
t _ 

055 d--,  
.041 

055 -•-
.041 

- 199 
.185 

370 DIA 
335 

335 D1A 
305 

125 
009 e 

4 LEADS he- fe 

" DIA 016 

INDEX TAB 

1 \ 

45° 

034  41\ 
028 

  4 P NS 
.019 DIA . 
Oft.. 

-4.1 100i*-

e 045 
- 029 

OUTSIDE CORNER 
RADII .007 MAX 

120 
MAX 

13 
.240 MAX. 

DIA. 

TO- 40 

- 

1 
.495 
MAX. 

202 
.172 

*I 260 MAX re---
DIA 

16 

3 PINS 

-C19 DIA 
cie 

040 MAX. 

.500 
MIN. 

INDEX TAB 

.4, 1.250 MAX. 
DIA 

TO-36 
-`‘ 

.520 
MAX. 

500 
710 . 375 
.610 $ 

405 
MAX 

5 
MIN. 

230 
20-9 DIA 

le' 195 DIA ;78 

n fl 

loo s_ 
050 

I .312 MAX. 

ç. INSULATED 
- INDEX PIN 
.140 MAX PIA. 

10-32 NF- 2A THREAD 

-190 MAX 

240 MAX 
DIA - 

 N 

TO-44 

o 

17 

_ 
.080 
.060 

- 3 LEADS 
.019 DIA 
012 

.050 1 
e- .10o 

.345 R. 

4 LEADS 

•019 DIA 
.016 

CENTER 
LEAD 

DIA. 
.064 

18 19 
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Outlines ( cont'd) 

..32?c?  
_1 

.200 
.113 

.453 

.422 

20 

.1101 
.090 1 

INSULATION-

3 PINS .A°46 DIA 
30 

.320 
.215 

1t35 .090  

10-32 UNF 2A 
THREAD 

TO-48 

.562 

.544 

.140 

J  h-

.115 

.075 

.060 
DIA. 

1.13 

.875 
MAX. 

SEATING 
PLANE 

.360 
14- .320 

DIA. 

.215 LL___ 

.185 

MAX. 

23 

.110 
.090 .43? 

.424 

480 
.355 

.455 

.375 

DIA. 
.209 
, 
. DIA 178 

--.:50 . 115 

x SEATING 
4I I - 4- PLANE 

.5Ó0 .030 MAX. 
PAIN.  

t 11  
.11 11 Ile .019 DIA. 

- - 3 LEADS 

.016 

.100 

- sno 

.060 

INDEX 
TAB 

"-à 

4s• 4›, 

N /4 ;\le 

.01,16 
.028 

21 

SEATING  . 
PLANE 

T 
MIN. .490 i 

.460 .167 
5 7)-24 UNF-24 .127 

Fie-- .455 MAX.-

s- 420 MAX • 

.103 MAX. 

4 

.410 
MAX. / 

PEDESTAL 

.215 MAX. 

.027 
MAX. 

IM5g. 

_1 

.MOUNTING STUD 
-6-32NC-2A THD. 

3 LEADS 
.017 t.002 INA 

- .00 1 ' 

.105 

.085 MAX.--4 

1 

.230 
MAX. 
DIA. 

'ee_.510 
.490 

22 

INSULATION 

I .875 
.252 .855 
.248 

NOTE 3 I 

I. 

LUG 
INESvUELLAiel 

.105 
MAX. 

 .100 
.775 .060 
.745 / DIA 

1 DIA. 

.300J. 
MAX. 

24 

1.007 
.937 

.510 
.480 

.105 
MAX. 

r 
.210 

T MAX. 
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Outlines (cont'd) 

.500 MAXT4-. 
- I DIA. 

340 1 TO-66 1 .  
.250   

 11. 360 MIN. 

962 
.958 

.107  .590 

.093 .570 

.210 

.190 

25 

4-- 1.75 MAX.  

1.1 MAX. 

t_.080 
MAX. 

.034 

.030 

N./ 

.130 j 

.12011 I 

1 0 MAX.  

4 DIMPLES 
.275 DIA. MAX. 

2.0 
MAX. 

.150 
MIN. 

27 

SEATING PLANE 

L.100 MAX. 

.145R. MAX. 
BOTH ENDS 

2 MOUNTING HOLES 
.152 
.142 

.350 R. MAX. 

2 PINS 
.034 DIA 
.028 

4 CORNERS .032 R 

.070 MAX. 

aft.320 .250 

.425 
.415 .230 

.209 --
DIA. 

.980 

.940 

.290 
MAX. 

TT 

.595 
MAX. 

760 
380 750 

• -el 
.375 

.065 

.052 -
4-

.048 

 :11n 
DIA. 

.920 

.820 

**4- MEASURED 
I AT BOTTOM 
1 

,1 

1327 
1.297 

To- 66 PACKAGE 
-RIVETED TO 
HEAT- RADIATOR 

.210 

.170 
SEATING 
PLANE 

t--.030 MAX. 

.500 MIN. 4 LEADS 

 11 11 11 DIA. 

.100 -1 

INSULATION I 

45" 

TAB 

.046 Ne" 

.036 

28 

050 

A 

.100 DIA. 

1210 
.175 

.1)3 

.09971 

e».1 

.452 

.448 

.055 

.040 

2 PINS 
.034 
.028 
DIA. 

26 

.270 le. 
MIN. 

1.102 

1.098 

  \4 DIMPLED 
STANDOFFS 

HEAT 
RADIATOR 
4--- -

,  .561 
.551 

I 1 

.755 

.745 

-. 
.1291001 

MOUNTING 
340_el -TABS 

L .330 675 
ar 

r .665 

COLLECTOR 
(CONNECTED TO CASE) 

90 90.±.2° 

3 ---r 
BASE EMITTER I 

......_..705 to 

-1.510 MAX.r-

.017 ---1 1 1 
±.002 1 .........==-1...t. -  .- .......  

.t. •NO • «II t .200 
1 MAX. • ' -:" ..:.______, . t•-• 

L.015 14- ' 1 .690 --- i-. 
.615 
OLA. 

.710 
MAX, 
DIA. 

29 
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Outlines (cont'd) 

160 
MAX. 

.003 
MIN. 

.555 MAX.-
DIA. 

.500 MAX.-
DIA. 

30 

'342 DIA 
.322 

Pe-

HEAT 
SINK 

.210 

.170 

LEAD WILL NOT EXTEND 
BELOW BOTTOM SURFACE 
OF CERAMIC 

CERAMIC 

.165 
.135 

.085 R 
-HEAT SINK AREA 
.630 MAX. DIA. 

1:2220 MA. 14---
.210 70-104 
.170 

IJ 

INDEX NOTCH 

45 

.040t.003 
(4 LEADS) 

• 

 00[14--

.366 D1A 

.355 * 

-335 DIA 
.323 

.180 
160 

-If- -1-
.035 

/eri 

.015 

2 LEADS 
021 DIA 
.017 • 

CATHODE 

.641 

.609 

.030 
MAX. 

3 LEADS 
-019 DIA 
.016 • 

45 

.046 

.036 

33 

1.015 
.985 

CASE TEMPERATURE 
REFERENCE ZONE 

GATE 

.210 

.190 
48°. 
42-

ANODE (CASE) 
P4// \\\ 
.035 .045 
.028 .029 

35 

1  

90e 

00Pr-

--4-
.030 
MAX. 

4 LEADS 

-019 DIA 
.016 

1.240 DIA. 
.220 

-f--
.210 (TO-104 1 
.170 

'11  ti .030 
.5 MAX. 

MIN. 

90e 

3 LEADS 
-019 DIA 
.016 • 

45e 45e -INSULATION 

•?/ \--.100 DIA. DIA. 

.046  ease .21t- -- .048 

.036 - .028 - .02e 

31 

.1 
MAX. 

90° 

INSULATION TT-
-.100 DIA. I 50 

MIN. 

.048 

.028 

CATHODE - 

.660 

.720 

  1.212 
1.272 

32 

.500 MAX. r_ DIA. 

.072 nut 

.094 
LEAD CIRCLE 

085 DIA. 

063 CIA 

eoo 
MAX 

.350 GATE 
MAX. 

380 
MAX 

.475 

.465 - sd 

 OUTER --
• DA KNURL • 

510 
440 

ANODE (CASE) 

36 

ft4 3 LEADS 

•°18 DIA 
.022 • 

.955 

.965 

.475 

.4 5 

- 

INSULATING 
MATERIAL 

1.41 R. ± .007 
BOTH ENDS 

2 MOUNTING 
HOLES 

.149 pm 

.157 « 
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.562 .510 

.552 .440 
1 

_t  

.950 
MAX. 

, 

CATHODE 
.350 
MAX. 

.505 
MAX. 

11 Ill 11 1 11 

Outlines ( cont'd) 

.025 
INSULATING immx. 
MATERIAL 

.085 DIA. 

.063 DIA. 

37 

ANODE 

TERMINAL-ei 4 
CATHODE 

MIN. 

POLARITY 
SYMBOL 

!SEE NOTE) 

METAL CASE 
WITH 

INSULATING 
SLEEVE 

ANODE 
TERMINAL 

GLASS 
INSULATION 
.135-.139 DIA. 

.140 MIN. 
.175 MAX. 

DIA 
HOLE 

ANODE 

40 

.667 
MAX. 
DI& 

II! MIN. 
.200 MAX. 

POLARITY SYMBOL 
(SEE NOTE) 

1/4 - 28 uNF-2A 

43 

.405 
MAX. 

1.4 
MIN. 

.240 
MAX. MA. 

-.027-.036 
DIA. 

2 LEADS 

.452 

.422 

A. 

.02? ee 

.035 
DIA. 

.360 

.400 
DIA. 

.725 
MAX. 

.245 

.280 

.060 

.063 
DIA. 

.5 

.5 
.027 
.035 --bo 
DIA. 

1.• 

4-0 

CATHODE .055 
MAX. 1100 1..0205g 

.200 
MAX. 
DIA.  

4- .220 
.260 

1*--- POLARITY 
ANODE SYMBOL 

L.125 
r- MAX. 

(SEE NOTE) 

.A1 .240 MAX. DIA. 
 _  

.667 MIN. 

.687 MAX. 

MAX. 

.156 MIN. FLAT 
1.000 
MAX. 

.450 
MAX. 

.422 MIN. 
.453 MAX. 

CATHODE 

38 

COLOR DOT 
ADJACENT TO 
CATHODE LEAD 

SEATING PLANE  

2 LEADS 
  019 MAX. niA 

.016 MIN. 
(SEE NOTE) 

INSULATION 

mi.._.081 MAX. D1A 
.061 MIN. • 

41 

44 

L 
CATHODE  
TERMINA 1.4 

MIN. 

POLARITY 
SYMBOL 
(SEE NOTE) 

METAL 
CASE 

.405 
MAX. 

1.4 
ANODE MIN. 

TERMINAL- 1 

GLASS 
INSULATION 

 " .135-.139 DIA. 

INSULATION 

39 

.240 
MAX. DIA. 

.027-.035 
DIA. 

Z LEADS 

t-7  

.437 45-411 

.424 

.250 
MAX. 

.060 

POLARITY SYMBOL 
(SEE NOTE) 

.175 

.075 %* 
DO-4 

ANODE 

.453 

.422 

1 I 
1 I 
1 1 
I I 

42 
Outline 
No.  

44a 
44b 

44d 
44e 
44f 
44g 
44h 
44i 
•14j 

1 
.405 
MAX, 

-1.060 
MIN. 

CATHODE 

ie----10-32-UNF 2A 

800 
MAX. 

44A911 

(Inches) 

23/1.4 
234.4 
314 
3% 
41A 
41/2  
41A, 
51/2  

NOTE; ARROw INDICATES DIRECTION 
OF FORWARD CURRENT AS 
INDICATED BY DC AMMETER 
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Outlines ( cont'd) 

A 

A 

.130—.115 
TOTAL WIDTH 

a 
ASIGN ME N T 
TOL E RANCE 

45 

46 

.270-.230 

CATNODE 

CERAMIC 
CYLINDER 

so: 

.007 -.003 

ANODE * 
• -.007 -.003 

.095-.085 
PIA. ›. 

POLARITY 
SYMBOL ( SEE NO7E 

47 

NOTE: ARROW INDICATES DIRECTtON 
OF FORWARD CURRENT AS 
INDICATED BY DC AMMETER 

Outline 

No. 

45a 

45b 

45c 

45d 

45e 

45f 

45g 

Outline 

No. 

46a 

46h 

16e 

46d 

46e 

46f 

46g 

46h 
46i 

46j 

46k 
461 

16m 

46n 

460 

46p 

à 

(Inches 

41 4 A le 

130-.115 
TAL WIDTH 
a 

GNME, NT 
ToLERANCE 

(Inches) 

2 VI 5% 
21/I 7 
2% 8% 
2% 101/, 
2% 12 1/4  

2% 14 
2% 15% 
2% 5% 
2% 7 
2% 8% 

1O','., 
2% 12 1A 
2% 14 
2% 15% 
3 '7 1A4 
3 

41/2  

"C" Outline 
No. 

2 41q 
9 41r 
2 41s 

41t 
2 41u 
2 41v 

2 41w 
2 41x 

2 41y 

2 41z 

2 41aa 

2 41bh 

2 41cc 

2 41dd 

4lee 

3:!/4 41ff 

.2 7C, 23 

' ruNDER 
CATHODE I 

•`A" 
(Inches) 

3 11 7/s 
3 14 1/4  
3 16.1S4 
3 71/s 
3 
3 11 7A4 
3 14 1/4  
3 16Ys 
5/2 711/16 

51/. 101/4 

51,4, 121% 
5“, 15% 
51 71 1/16 

51/2 10 1/4 

51/2 12 13/16 

51,4 15% 

3 

ZO.ODE .s 
.095- .085 

DIA 
PCLARITY 

SYMBOL ,r:Ft.- NOTE) 

48 

,(i et 

'fDe r • 

Or_ •r, 
ir 

V. 

3:s4 

3:ys 

3:ys 

3% 
3:144 

3:S4 
3:ys 

5:s4 

a is 
rr.a/ 

5344 
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Outlines ( cont'd) 

.045 DIA. BY 
008 DEEP IDENTIFICA-
TION MARK 

 .490 
.469 

.045 

.100 
.094 

.724 

.655 

I 390 

.145 Le" 

.055 

r -. I _ 345 

.100 .337 
.094 I 

.151 .151 
.145 .145 .022 ± .001 DIA. 

(4 PINS) 

PIN 
PAD 

49 

.015 .085 
MAX. I .0721 

.234 
.218 

I0-32UNF-2A 
THREAD , 

.910  
.890 -515 

.480 

.120 PLASTIC 

.100 
.020 
MIN. 

- .760 - 
.740 

• .520__. _ 
.500 

LEAD No I 

.910 
-.890 

020 
MIN. 

11110 

.520 ______. 

.500 
«MI» 

.515 
80 -.31 

PLASTIC 

/ LEAD No. 2 

LEAD No.I 
•760 
.740 

.515 

41 ç .480  

  - 

1-1- . 200 
- MAX. 

SEATING 
PLANE 

51 

.150 

.128 

. 060 
MAX 

.050 
MAX 

"045 1- t 1 

.060X i...0 1360 MIN .020 
MAX. 

.200 
MAX. 

• SEATING 
PLANE . 312 

MIN. 

50 

MAX. M  E mil° 

MAX. 

SECTION A-A 

• 
.010 

SECTION A-A 

.050 MAX 
.395 085 \...1 
410_1 ..115L 

fl 

45° 

.190 

.020 210 

.245\ 

f 

/.40 -71.1M 

SECTION X-X 

.580-.610 

P 1.._600 

MAX-4.m 

.055 

SEATING 
?LANE _ 

*14/ DIA 7.145 • 

3-010 
.320..., (365 

1-.85 
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Outlines ( cont'd) 

EMITTER 

.235 

.265 

r X •-• 

SEATING .16°   
PLANE_ 19° X 

TT FACTORY ATTACHED NYLON 

.055 (DF I37A) (NOTE. SHOULDER 
WASHER IS REMOVABLE) SEC 

It- 1 
.395 .365.300 
410.385 .3go 

t__ 

.416 
450 

.595 

.625 

.020 INSULATING SHOULDER WASHER 

141 
:14501A.115 »  r. .500 me, 

/ .250 I•ne .105 
.121 .095 

MAX i He 

.040 
b«._.060 

.120 L .575   
.600 

.750 inn.- .755 
53 

.205 

.225 

.420 

.440 

280 01A 
.285 • 

.750 
.755 
DIA. 

150 
160 
DIA. 

125 
3.75 

3.75 
4.25 

1.177 
1 • 197 

.655 

.675 

:856?D1A. .525Med 

55 

020 
.o451 t 

^ 015 
1.030 

T1ON X -X 

i».190 
7.17 1210 

--f-
45. L.- :0 55 

045 

1 
.416 

SEATING .450 
PLANE 

.100 

.114 

-147 DIA. 
- .153 

700 
MAX. 

.205 

.225 

I88MAX. 
420 
.440 

•151 DIA. 
.16 i 

.100 

.114 

I , SEATING 
PLANE 

T .195 MAX. 

.280 
.290 
DIA. 

.375 
.500 

280 
285 
DIA. 

57 

•28°D1A 
.025 
.030 

1.177 
1.197 

_ .655 
.675 

BOTTOM VIEW 

.525 
MAX. 

.055 

.065 

BASE 

.009 
.011 

COLLECTOR 

.750 - .755 a-el 
  1 

.395 
.405 

1177 
1.197 

.655 
.675 - I'll 

.525 
MAX. 

.090 

.094 
DIA. 

.118 

.122 
DIA. r,-.N. , _ 

.099 
.103 

.2,1%Jel 

.162 
DIA. 

.497 
.503 
DIA • 

54 

.100 
.114 

SEATING 
 -- ¿PLANE  t  
F .147 

188 MAX. 

6511 DIA. 

56 

.100 MIN 

.125 

.009 

DETAILS OF OUTLINE 
IN THIS ZONE 
OPTIONAL 

LEAD 
INSULATING 
EYELETS 

OUTSIDE -t 
CORNER N. 
RADII ‘ 
.007 MAX. 

..%a: --\/, Î .o> 

.045 
.029 

.153 0IA. 

.220 0 

.23-?1 

.06!9".21701«. *11 

1.11:594 --j255 L.10:5. 15L  

.370 
- .3357 

DIA. 

.335 
.305 ----
D 1 A. 

0 
.200 
DIA. 

INDEX TAB 

58 

.195 
75 

SEATING PLANE" 

CERAMIC 

.179 

.191 

.05901A 

.061 

0 t :In 

020 
-030 
57 

063 

0 5 MIN. 

«-.100 

• Ole 

3 LEADS 
.019 
.016 
DIA. 

.100 



574 RCA Transistor, Thyristor, 84 Diode Manual 

Outlines ( cont'd) 

.22 

.072 R 

.406 
.188 

1.090 014. 
1.110 

GLASS WINDOW -N, 

.15MAX. 

r   

.270 
.300 

•19Q MAX: 

1 
H. .71 .950 M;N.LENC,TP 

LEADS) 

-.I I 

.075 .55 

59 

.02 

2 HOLES 
094 D,A. 

.t6 

.156 

SOLDER 

.40 

  1.220 D iA, 
1.260 

•••.. 

2 PINS-
.036 A. 

2 

61 

GLASS WINDOW 

.115 

.195 

63 

\\- --- SENStrvE 
SURFACE 

.80 MIN. DIA. 

f.035 MAX. R. 

SENSITIVE 
SURFACE 

METAL CASE 

- BASE 
..1EDEC No.E2-47 

.030 

.160 
180 .985 100 

1.015 

.323 

.335 
.3 DZ DIA. 
.366 
DIA 

100 
MIN. 

i4  SEATING PLANE 

- 
i 1-
 ; 
 e .1901 
 i .210 

\ -- T 

.015 0 
Oa21 D1A .100 

.035 .029 
.045 

.480 NA. 

.500 

GLASS WINDOW 

.230 

1.450 
•1.550 

2 FLEXIBLE LEADS 

.150 MAX, 

60 

.013 () IA. 
.019 

• e 

REFERENCE 
POINT FOR CASE 
TEMPERATURE 
MEASUREMENT 

454 

  • 53501A. 
.565 

62 

11 

GLASS WINDOW -\ 

1  
.250 MAX .175 

225 

.010 

.040 
1.450 
7.550 

f 

/.] 
.050 2 FLEXIBLE LEAS -4 

.012 DIA .088 .112 A' EGRESS 

.018 • 

.007 MAX. 

028 
.035 

-- . 375 MIN DiA• 

L.030 .060 

METAL CASE 

SENSMVE SURFACE 

.288 AT EGRESS 

.205 01A 

.235 • 

170 ñ t A 

.200 

-.150 MAX. 

SENSITIVE 
SURFACE 

METAL 
CASE 

64 
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Outlines ( cont'd) 

GLASS WINDOW - 

165 
.195 

1.550 

.315 

.335 

.100 MAX. 

3 FLEXIBLE LEADS • 
.014 
.020 

--
456 

.020 

.040 

65 

.350 .380 DIA. 

.225 MIN. DIA. 

.030 

.050 

\..\- SENSITIVE SURFACE METAL CASE 

030 
.050 

.070 
MAX= 

POSITIVE TERMINAL 
(METALLIC- SHELL) 

NEGATIVE 
TERMINAL 

.019 

.014 
DIA. 

:?4)ig 
DIA. 

.070 
MAX. 

67 

.125 
.100 

GLASS 
INSULATION 

-135 DIA. 
.139 

METAL 
CASE 

2 LEADS 
.027 
.036 DIA. 

SEATING PLAN 

1 1 

.090 I 
MAX. 

.100 

.225 

.195 

.090 

a 

344 MAX 
.410 

220 DiA. 
1 .260 

66 
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Mounting Hardware 

CHASSIS MOUNTING ( T0-60 SOCKET) 
(V...„..........„...o' SCREW, 6-32 

NOT SUPPLIED WITH DEVICE 

rA L * ASHER 

LOCK WASHER 

I.EX NUT 

SOLDER ... UG 

HEX, NUT 

NR231A 
RECTANGULAR METAL 
WASHER 

DF103A 
MICA INSULATOR 

HEAT SINK 

eree,„0//e/eNYLON INSULATING BUSHING 

I.D. = 0.156 ( 4.00) 

SHOULDER DIA. = 
0.250 6.40) MAX. 

SHOULDER THICKNESS = 

0.050 ( 1.27) MAX. 

TO- 104 

495334-7 

NOT SUPPLED WITH DECE 

FOR MOUNTING HARDWARE 
:NSTRUCTIONS SEE TO.1 

TO-66 

2 METAL WASHERS 

2 LOCK WASHERS 

2 HEX. NUTS 

2 SOLDER LUGS 

2 HEX. NUTS 

TO- 1 

p. 
Z: 

2 SCREWS, 6-32 

NOT SUPPLIED WITH DEVICE 

DF31A 
MICA INSULATOR 

HEAT SINK 

495334-7 

o 

ereeeee,/e.#4. 2 NYLON INSULATING BUSHINGS 
I.D. -- 0.156 ( 4.00; 

SHOULDER DIA. '-

0.250 (6.40) M AX. 

SHOULDER THICKNESS : 
0.050 ( 1.27) MAX. 

NOT SUPPLIED WITH DEVICE 

SA2100 
HEAT-SINK 

ATTACHMENT CLIP ° 

°Port Is not supplied with device bu , is 
°Val loble from RCA or on authorized 
RCA dastrilutor. 
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Mounting Hardware ( cont'd) 

PRINTED-CIRCUIT BOARD MOUNTING 
(ALTERNATE ARRANGEMENT) 

SCREW, 4-40 

NOT SUPPLIED WITH DEVICE 

METAL WASHER 

LOCK WASHER 

HEX. NUT 

SOLDER LUG 

HEX. NUT 

NR231A 

INTEGRAL NYLON 
INSULATING WASHER 

DF103A 
MICA INSULATOR 

HEAT SINK 

NOT SUPPLIED WITH DEVICE 

SOCKET MOUNTING 
Although supplied, th• insulating bushing is not 

required when th• transistor is sockeit rnount•d. 

2 SELF•TAPP!NG SCREWS, No. 4 

NOT SUPPLIED WITH DEVICE 

DF1148 
MICA INSULATOR 

HEAT SINK 

THICKNESS • 0.130 ( 3.30) MAX. 

SOCKETb 

NOT SUPPLIED WITH DEVICE 

bSocke No. XA1521 ( Industrial 
Hardware Corp., 

109 Princ• St., N.Y., N.Y. 
or • quivalent) 

PRINTED-CIRCUIT 
BOARD MOUNTING 

V ........................ SCREW, 6-32 

NOT SUPPLIED WITH DEVICE 

METAL WASHER 

LOCK WASHER 18 

HEX. NUT 

SOLDER LUG 

HEX. NUT 

NR231A 
RECTANGULAR METAL 
WASHER 

DF10341 
MICA INSULATOR 

HEAT SINK 

495334-7 
NYLON INSULATING BUSHING 

I.D. = 0.156 ( 4.00) 

SHOULDER DIA. - 

0.250 ( 6.40) MAX. 

SHOULDER THICKNESS 
0,050 ( 1.27) MAX. 

NOT SUPPLIED WITH DEViCE 
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Mounting Hardware ( cont'd) 

CHASSIS MOUNTING WITH TOP CLAMP 
(ALTERNATE ARRANGEMENT) 

iÎN 

1 

2 SCREWS, 6-32 
NOT SUPPLIED WITH DEVICE 

NR1938 
CLAMP 

495320 
MICA INSULATOR 

HEAT SINK 

495334.7 •V 2 NYLON INSULATING BUSHINGS 
I.D. . 0.156 ( 4.00) 
SHOULDER DIA. 
0.250 (6.40) MAX. 
SHOULDER THICKNESS si 

0.050 ( 1.27) MAX. 

1 METAL WASHERS 

2 LOCK WASHERS la 

2 HEX. NUTS lee Y NOT SUPPLIED WITH DEVICE 

2 SOLDER LUGS 

2 HEX. NUTS OD 

TO-60 

.., 

10-32 THREAD 

HEAT SINK 

NR66 8 
METAL WASHER 

NA38C 
HEX. NUT 

CHASSIS MOUNTING 

2 METAL WASHERS 

2 LOCK WASHERS 

2 HEX. NUTS 

2 SOLDER LUGS 

2 HEX. NUTS 

HEAT SINK 

2 SCREWS, 4-40 
NOT SUPPLIED WITH DEVICE 

DF 1148 
MICA INSULATOR 

HEAT SINK 
THICKNESS . 0.130 ( 3.30) MAX. 

495334-8 ea/ 2 NYLON INSULATING BUSHINGS 
I.D. il 0.130 ( 3.30) 

SHOULDER DIA. . 0.218 ( 5.54) 
SHOULDER THICKNESS it 
0.050 ( 1.27) MAX. 

NOT SUPPLIED WITH DEVICE 

NR166 8 d 
MOUNTING CLAMP 

EPDXY. 

C Part is not supplied with device but is available from RCA ( Part No. NR184A) 

and from Kester Solder Co.. Newark, N.J. 07105. ( Part No. KSFD-375005) or 

equivalent. 

dPart is not supplied with device but is available from RCA ( Part No. NR16613' 
and from General Stamping Co.. Inc., Denvi lie, NJ. 07834 ( Part No. 14-110)., 
or equivalent. 

•An epoxy such as Mysol-Epoxy Patch Kit 6C. Hysol Corp.. Olean, N.Y. 14761 
or equivalent. 
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Mounting Hardware ( cont'd) 

PRINTED-CIRCUIT BOARD MOUNTING 

2 METAL WASHERS 

2 LOCK WASHERS 

2 HEX. NUTS 

2 SOLDER LUGS 

2 HEX. NUTS 

2 METAL WASHERS 

2 LOCK WASHERS e 
2 HEX. NUTS OD 

2 SCREWS, 4-40 
NOT SUPPLIED WITH DEVICE 

DF1148 
MICA INSULATOR 

HC A T !INV 

495334-8 
eis(oi ee 2 NYLON INSULATING BUSHINGS 

I.D. 0.130 (In) 
SHOULDER DIA. 0.218 ( 5.54) 

THICKNESS = 0.050 ( 1.27) MAX. 

> NOT SUPPLIED WITH DEVICE 

2 SCREWS, 4-40 
NOT SUPPLIED WITH DEVICE 

DF63A 
MICA INSULATOR 

HEAT SINK 

495334-8 lye" 2 NYLON INSULATING BUSHINGS 
1.0. it 0.130 ( 3.30) 

SHOULDER DIA. a 0.218 ( 5.54) 

SHOULDER THICKNESS = 
0.050 ( 1.27) MAX. 

INOT SUPPLIED WITH DEVICE 

2 METAL WASHERS 

2 LOCK WASHERS 

2 HEX. NUTS 

TO-8 

2 SCREWS, 6-32 
NOT SUPPLIED WITH DEVICE 

DF138 
CLAMP 

DF14A 
MICA INSULATOR 

HEAT SINK 

495334-7 
eiree/ e.e. 2 NYLON INSULATING BUSHINGS 

1.D. = 0.156 ( 4.00), 

SHOULDER DIA. = 

0.250 (6.35) MAX. 
SHOULDER THICKNESS - 
0,050 ( 1.27) MAX. 

INOT SUPPLIED wiTH DEVICE 
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Mounting Hardware (cont'd) 

DO-4 

10-32 THREAD 

DF6C 
MICA INSULATOR 

HEAT SINK 

DF30 
cri TEFLON* INSULATING BUSHING 

O.D. e 0.275 (6.19) MAX., 

THICKNESS e 0.055 
(1.40) MAX. 

DPW 
MICA INSULATOR 

Nine 
CONNECTOR 

NR109A 
STARLOCK WASHER 

P4A36C 
10-32 MEX. NUT 

•REGISTERED TRADEMARK OF E.I. DUPONT 

DE NEMOURS & CO. 

TO-48 
1 4-28 THREAD 

DF6B 
MICA INSULATOR 

HEAT SINK 

OF3H 
TEFLON • INSULATING BUSHING 
O.D. = 0.315 ( 8.00) MAX. 
THICKNESS 0.062 ( 1.53) MAX. 

DF6B 
MICA INSULATOR 

N R68A 
CONNECTOR 

NR 110A 
LOCK WASHER 

NA3811 NR110A 
LOCK WASHER 

HEX. NUT 

METAL WASHER 

LOCK WASHER elb 

HEX. NUT 

.1 

TO-63 

5 16-24 THREAD 

DF6D 
MICA INSULATOR 

495334-6 
TEFLON • INSULATING BUSHING 

I.D. = 0.325 (8.36) 

SHOULDER DIA. 

0.415 ( 10.54) MAX. 
SHOULDER THICKNESS = 
0.055 ( 1.27) MAX. 

NOT SUPPLIED WITH DEVICE 

•REGJSTERED TRADEMARK OF E.I. DUPONT 

DE NEMOURS & CO. 

DO-5 

1 4.28 THREAD 

DF6B 
MICA INSULATOR 

HEAT SINK 

DF3H 
TEFLON INSULATING BUSHING 
0.0. = 0.315 ( 8.00) MAX 
THICKNESS - 0 042 ( 1 53)MAX. 

DF6II 
MICA INSULATOR 

•REGISTERED TRADEMARK OF E.I. DUPONT 

DE NEMOURS & CO. 

NR6 SA 
CONNECTOR 

NA3118 
HEX. NUT 

• REGISTERED TRADEMARK OF E.I. DUPONT 

DE NEMOURS & CO. 
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Mounting Hardware ( cont'd) 

TO-36 

49 4e) 49 

0 

'REGISTERED TRADEMARK 

OF E.I. DUPONT 

DE NEMOURS & CO. 

10.32 THREAD 

DF7A 
MICA INSULATOR 

HEAT SINK 

495334-5 
DELRIN• INSULATING BUSHING 

I.D. = 0.240 (6.09) 

SHOULDER DIA. = 

0.235 ( 5.97) MAX. 

SHOULDER THICKNESS = 

0.057 ( 1.45) MAX. 

N R668 
METAL WASHER 

NA48A 
CONNECTOR LOCK WASHER 

NA38 C 
HEX. NUT 

2 METAL WASHERS 

2 LOCK WASHERS 

2 HEX. NUTS 

2 SOLDER LUGS 

2 HEX. NUTS 

10-3 

2 SCREWS, 6-32 
NOT SUPPLIED WITH DEVICE 

495320 
MICA INSULATOR 

HEAT SINK 

495334-7 
eile7 e 2 NYLON INSULATING 

BUSHINGS 

I.D. . 0.156 ( 4.00) 

SHOULDER DIA. = 0.250 
(6.40) MAX., 

SHOULDER THICKNESS 

= 0.050 ( 1.27) MAX. 

.'N 

NOT SUPPLIED WITH DEVICE 

FOR MOUNTING HARDWARE INSTRUCTIONS SEE DO-5 
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Circuits 

rp HE CIRCUITS in this section illus-
trate some of the more important 

applications of RCA semiconductor 
devices; they are not necessarily ex-
amples of commercial practice. These 
circuits have been conservatively de-
signed and are capable of excellent 
performance. The brief description 
provided with each circuit explains 
the functional relationships of the 
various stages and points out the 
intended applications, the major per-
formance characteristics, and signifi-
cant design features of the over-all 
circuit. Detailed descriptive informa-
tion on individual circuit stages 
(such as detectors, amplifiers, or 
oscillators) is given earlier in this 
Manual, as well as in many text-
books on semiconductor circuits. 

Electrical specifications are given 
for circuit components to assist 
those interested in home construc-
tion. Layouts and mechanical details 
are omitted because they vary widely 
with the requirements of individual 
set builders and with the sizes and 
shapes of the components employed. 
Performance of these circuits de-

pends as much on the quality of the 
components selected and the care em-
ployed in layout and construction as 
on the circuits themselves. Good sig-
nal reproduction from receivers and 
amplifiers requires the use of good-
quality speakers, transformers, chokes 
and input sources (microphones, pho-
nograph pickups, etc.). 

Coils for the receiver circuits may 
be purchased at local parts dealers 
by specifying the characteristics re-
quired: for rf coils, the circuit posi-

tion (antenna or interstage), tuning 
range desired, and tuning capaci-
tances employed; for if coils or trans-
formers, the intermediate frequency, 
circuit position ( 1st if, 2nd if, etc.), 
and, in some cases, the associated 
transistor types: for oscillator coils, 
the receiver tuning range, intermedi-
ate frequency, type of converter tran-
sistor, and type of winding ( tapped 
or transformer-coupled). 
The voltage ratings specified for 

capacitors are the minimum de work-
ing voltages required. Paper, mica, 
or ceramic capacitors having higher 
voltage ratings than those specified 
may be used except insofar as the 
physical sizes of such capacitors may 
affect equipment layout. However, if 
electrolytic capacitors having substan-
tially higher voltage ratings than 
those specified are used, they may 
not "form" completely at the operat-
ing voltage, with the result that the 
effective capacitances of such units 
may be below their rated value. The 
wattage ratings specified for resistors 
assume methods of construction that 
provide adequate ventilation; com-
pact installations having poor ventila-
tion may require resistors of higher 
wattage ratings. 

Circuits which work at very high 
frequencies or which are required to 
handle ' very wide bandwidths de-
mand more than ordinary skill and 
experience in construction. Place-
ment of component parts is quite 
critical and may require consider-
able experimentation. All rf leads 
to components including bypass ca-
pacitors must be kept short and 
must be properly dressed to mini-
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mize undesirable coupling and ca-
pacitance effects. Correct circuit 
alignment and oscillator tracking 
may require the use of a cathode-
ray oscilloscope, a high-impedance 
vacuum-tube voltmeter, and a signal 
generator capable of supplying a 

properly modulated signal at the ap-
propriate frequencies. Unless the 
builder has had considerable ex-
perience with broad-band, high-
f requency circuits, he should not 
undertake the construction of such 
circuits. 

List of Circuits 
14-1 12-Volt Automobile Radio Receiver   
14-2 All-American-Five AC/DC Radio Receiver   
14-3 High-Quality FM Tuner For Multiplex Receiver   
14-4 FM Tuner Using An MOS-Transistor RF Amplifier   
14-5 FM Tuner Using An MOS-Transistor RF Amplifier and Mixer 
14-6 FM Stereo Multiplex Demodulator   
14-7 Preamplifier for 6-, 10-, or 15-Meter Amateur-Band Receiver 
14-8 Two-Meter Converter   
14-9 Stable Variable-Frequency Oscillator   
14-10 Microphone Preamplifier With High Dynamic Range   
14-11 High-Fidelity Preamplifier for Phono, FM, or Tape Pickup 
14-12 High-Quality Preamplifier for Phono, FM, or Tape Pickup 
14-13 1-Watt AC/DC Audio Power Amplifier   
14-14 9.5-Watt Complementary-Symmetry Audio Power Amplifier 
14-15 High Quality 10-Watt Quasi-Complementary-Symmetry 

Audio Power Amplifier   
14-16 25-Watt AC/DC Audio Power Amplifier   
14-17 High-Fidelity 25-Watt Quasi-Complementary-Symmetry 

Audio Power Amplifier   
14-18 High-Fidelity 40-Watt Quasi-Complementary-Symmetry 

Audio Power Amplifier   
14-19 High-Fidelity 70-Watt Quasi-Complementary-Symmetry 

Audio Power Amplifier   
14-20 Servo Amplifier   
14-21 27-MHz, 5-Watt Citizens-Band Transmitter   
14-22 50-MHz, 40-Watt CW Transmitter   
14-23 175-MHz, 35-Watt Amplifier   
14-24 "Grid-Dip" Meter   
14-25 Code-Practice Oscillator   
14-26 Audio Oscillator   
14-27 Electronic Keyer   
14-28 Power Supply for Amateur Transmitter   
14-29 Voltage Regulator, Series Type   
14-30 Voltage Regulator, Shunt Type   
14-31 Light Minder for Automobiles   
14-32 Battery Chargers   
14-33 ON-OFF Heater Control with Synchronous Switching   
14-34 Proportional Integral-Cycle Heat Control   
14-35 Shift Register or Ring Counter   
14-36 Astable Multivibrator   
14-37 Light Flasher   
14-38 Light Dimmers   

• 

• 

• 

• 

• • 

585 
587 
590 
593 
595 
598 
600 
602 
604 
607 
608 
610 
612 
613 

615 
616 

618 

621 

623 
624 
625 
627 
629 
631 
632 
632 
633 
635 
637 
638 
639 
640 
642 
644 
645 
647 
648 
649 
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MANUFACTURERS OF SPECIAL COMPONENTS AND MATERIALS 
REFERRED TO IN PARTS LISTS 

AirDux, trade name of 
Icore Electro-Plastics, Inc. 
Subsidiary of Icore Industries 
1050 Kifer Road 
Sunnyvale, Calif. 

Alpha Wire Corporation 
180 Varick Street 
New York, N. Y. 

A mphenol Connector Division 
Amphenol-Borg Electronics Corp. 
1830 South 54th Street 
Chicago, Ill. 

Arco Electronics, Inc. 
Community Drive 
Great Neck, N. Y. 

Automatic Winding Division 
General Instrument Co. 
65 Governeur Street 
Newark, N. J. 

B and W, Inc. 
Canal and Beaver Dam Road 
Bristol, Pa. 

Bud Radio, Inc. 
4605 E. 355th Street 
Willoughby, Ohio 

Cambridge Thermionic Corp. (CTC) 
445 Concord Avenue 
Cambridge, Mass. 

Centralab 
Division of Globe Union, Inc. 
P.O. Box 591 
Milwaukee, Wisc. 

Cutler-Hammer, Inc. 
4201 North 27th Street 
Milwaukee, Wise. 

Erie Technological Products, Inc. 
644 West 12th Street 
Erie, Pa. 

Ferroxcube Corp. of America 
Old Kings Highway 
Saugerties, N. Y. 

Freed Transformer Co. 
1718 Weirfield Street 
Brooklyn, N. Y. 

General Ceramics Corp. 
Crows Mill Road 
Keasby, N. J. 

Hammarlund Manufacturing Co. 
Hammarlund Drive 
Mars Hill, N. C. 

Litz, trade name of 
Alpha Wire Corp. 
180 Varick Street 
New York, N. Y. 

Magnetic Metals Corp. 
Hayes Avenue at 21st Street 
Camden, N. J. 

P. R. Mallory and Co., Inc. 
3029 E. Washington Street 
Indianapolis, Ind. 

Mallory Controls Co. 
Div. P. R. Mallory and Co., Inc. 
Box 231 
Frankfort, Ind 

Micro Switch 
Division of Honeywell, Inc. 
Freeport, Ill. 

Microtran Co., Inc. 
145 East Mineola Avenue 
Valley Stream, N. Y. 

Mid-West Coil and Transformer Co. 
1642 North Halstead 
Chicago, Ill. 

James Millen Manufacturing Co. 
150 Exchange Street 
Malden, Mass. 

J. W. Miller Co. 
5917 South Main Street 
Los Angeles, Calif. 

Potter and Brumfield 
Division of American Machine 
and Foundry Co. 
1200 East Broadway 
Princeton, Ind. 

Radio Condenser Corp. 
Division of TRW, Inc. 
Davin and Copewood Street 
Camden, N. J. 

Simpson Electric Co. 
5200 West Kinzie Street 
Chicago, Ill. 
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MANUFACTURERS (cont'd) 

F. W. Sickles Division 
General Instrument Corp, 
165 Front Street 
Chicopee, Mass. 

Sprague Electric Co. 
481 Marshall St. 
North Adams, Mass. 

Stancor ( Chicago-Stancor) 
3501 West Addison Street 
Chicago, Ill. 

Thordarson-Meissner 
7th and Bellmont 
Mt. Carmel, Ill. 

Triad 
305 North Briant Street 
Huntington, Ind. 

Triwec Transformer Co. 
3261 Milwaukee Avenue 
Chicago, Ill. 

Vibroplex Co., Inc. 
833 Broadway 
New York, N. Y. 

Vitramon, Inc. 
Box 544 
Bridgeport, Conn. 

Wakefield Engineering, Inc. 
139 Foundry Street 
Wakefield, Mass. 

NOTES: Components and materials identified by RCA stock numbers may be obtained 
through authorized RCA distributors. In general, all components specified in the circuit 
parts lists can be purchased from local radio and electronic supply stores or mail-order 
houses. If the parts are not available from these sources, they may be obtained from the 
pertinent manufacturers listed above. 

74-7 12-VOLT AUTOMOBILE RADIO RECEIVER 

Circuit Description 

This 5-transistor superheterodyne 
radio receiver operates from the 
storage battery in automobiles that 
employ a 12-volt ignition system. The 
ri amplifier uses a high-gain 2N1637 
transistor to provide the increased 
sensitivity and higher signal-to-noise 
ratio required in automobile radio 
receivers. The tuned rf amplifier se-
lects and amplifies the amplitude-
modulated rf signals from the de-
sired broadcast station picked up by 
the automobile whip antenna. In the 
2N1639 converter stage, the ampli-
tude-modulated rf signal from the 
rf amplifier is mixed with a local-
oscillator signal developed by the 
tuned circuit consisting of oscillator 
coil Lk and capacitors C11 and C1, to 
provide a signal at the receiver in-
termediate frequency of 262.5 kHz 
(this value, rather than 455 kHz, is 
used in auto radios because the if 
amplifier provides greater gain and 
selectivity at the lower frequency). 
The antenna circuit, rf amplifier, 

and converter are tuned together by 
means of mechanically ganged vari-
able inductors 1,, L3, and Li so that 
the local-oscillator frequency is al-
ways 262.5 kHz above the frequency 

to which the other circuits are tuned. 
Trimmer capacitors C1, C5, and C'2 

are adjusted to provide the proper 
tracking relationship. 

The 262.5-kHz signal from the con-
verter stage is amplified by a single 
2N1638 if amplifier and is then de-
modulated in the 1N295 second-de-
tector circuit. The audio signal from 
the detector, which is developed 
across the volume-control potenti-
ometer R12, is coupled through the 
tone-control potentiometer Ri3 to the 
audio-amplifier section of the re-
ceiver. In this section, the audio 
signal is amplified by two 2N408 
voltage amplifiers ( audio predriver 
and driver stages) and applied to 
the base circuit of the 40022 power 
amplifier stage which drives the 
speaker. 
A portion of the audio-frequency 

signal from the detector is coupled 
from the wiper arm of the tone con-
trol through a frequency-selective 
network to the audio amplifiers. The 
tone-control network by de-emphasis 
of low frequencies tends to equalize 
the amplitudes of low- and high-fre-
quency audio signals. 
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14-1 

ANTENNA 

R1 

1111»ealiall 

12-VOLT AUTOMOBILE RADIO RECEIVER (cont'd) 

RF AMPLIFIER 

C2 

cio 
EL4 

C3 /*  

14.4 VO  

C8 

C5 

«a» 116 

R3 

/ TYPE R4 
2NI637 

AUDIO OUTPUT 
AMPLIFIER 

RCA 
40022 

OH4MS!)13 

TYPE 
2NI639 

,C9 
• • 

•••••••••mini• 

II 

R7 

R6 
 «AA  

CONVERTER IF AMPLIFIER 12 

1 TYPE 
IN295 CONT. 
TYPE VOL. 

P1312N1638  

›fi  

AUDIO AUDIO 
DRIVER PREDRIVER 

R20 

N4 
.11111••••• 

7=C16 

1 \AA.  
R21 

R11 
 Wv  

IN295 
TYPE 

MM. 

R23 R24 

TONE 
CONT. 

C19 -°-

R13 

NOTE: This circuit uses coils and transformers that are not available as stock items 
from any manufacturer. Home construction of this circuit should not be attempted unless 
the builder has had considerable experience in the winding of inductive components and 
has access to the special equipment required. The builder should also refer to the general 
considerations for construction of high-frequency and broadband circuits given on page 582. 

Parts List 

CI = trimmer capacitor, 5 
to 80 pF, Arco No. 462 
or equiv. 
= 2 pF, silver mica 

C3 = 2.2 pF, electrolytic, 
3 V 

Ct = 25 ,uF, electrolytic, 
6 V 

C5, C12 = trimmer capaci-
tor, 110 to 580 pF, Arco 
No. 467 or equiv. 

CG, Co, C13, C14, C15, C19 
0.05 /IF ceramic disc 

Ci = 200 pF. silver mica 
Cs = 0.005 /IF, ceramic disc 

Cio 
disc 

Cu = 330 pF, silver mica 
180 pF, silver mica 

Ci =- 0.02 /IF, ceramic disc 
Cis = 100 ,uF, electrolytic, 

15 V 
C20 = 500 µF, electrolytic, 
3 V 

C21 = 50 ,uF, electrolytic, 
6 V 

C22 = 100 ,uF, electrolytic, 
3 V 

Li = rf choke, 5,uH 
L2, Lri, L1 = ganged tuning-

0.0075 p F, ceramic coil assembly; manufac-
tured by F. W. Sickles 
Co. and Radio Condenser 
Corp. 

L2= antenna coil; primary 
-- variable inductor, 
tunes with 110-pF capaci-
tance from 535 to 1610 
kHz, Q = 65 at 1610 kHz; 
secondary = 31,'2 turns 

143 = rf coil, variable in-
ductor, tunes with 600-pF 
capacitance from 535 to 
1610 kHz, Q = 65 at 1610 
kHz 
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14-1 12-VOLT AUTOMOBILE 

Parts List (cont'd) 

L oscillator coil; pri-
y variable Induc-

tor, tunes with 470-pF 
capacitance from 797.5 to 
1872.5 kHz, Q --  65 at 
1872.5 kHz; secondary 
30 turns 

Ri ---- 82000 ohms, 0.5 watt 
112 560 ohms, 0.5 watt 
R3 - 180 ohms, 0.5 watt 
R = 56000 ohms, 0.5 watt 
R5= 5700 ohms, 0.5 watt 

= 8200 ohms, 0.5 watt 
R7 1500 ohms, 0.5 watt 
R9 = 5600 ohms, 0.5 watt 
RA ------- 0.1 megohm, 0.5 watt 
Rio = 470 ohms, 0.5 watt 
Ru = 100 ohms, 0.5 watt 
R12 -7-1: volume control, po-

tentiometer, 2500 ohms, 
0.5 watt, audio taper 

R13 -= tone control, poten-

7 4-2 

RADIO RECEIVER 

tiometer, 1000 ohms, 0.5 
watt, audio taper 

R14 = 3.3 ohms, 1 watt 
R15 = 82 ohms, 0.5 watt 
R16 =. 68 ohms, 0.5 watt 
R17 = 120 ohms, 0.5 watt 
Ris = 220 ohms, 0.5 watt 
Rio = 1200 ohms, 0.5 watt 
R20 _ 4700 ohms, 0.5 watt 
R21 = 680 ohms, 0.5 watt 
R22, R21 = 3300 ohms, 0.5 
watt 

R23 = 33000 ohms, 0.5 watt 
first if ( 262.5-

kHz) transformer ( in-
cludes 220-pF capacitor 
across each winding); 
primary unloaded Q 
47, primary loaded Q 
40.56; secondary unloaded 
Q = 47; secondary loaded 
Q _ 39.4; input imped-

(coned) 

ance 68200 ohms; turns 
ratio of tapped secondary, 
N3/N1 =_ 18.25 

T = second if ( 262.5-
kHz) transformer ( in-
cludes 110-pF capacitor 
across each winding); 
primary unloaded Q - 
47, primary loaded Q 

33.8; secondary un-
loaded Q = 47, secondary 
loaded Q = 23.5; turns 
ratio of tapped primary, 

4.28; turns 
ratio of tapped secondary 
/41/Ni 10.2; input im-
coupling = 0.85 

T.: =. output transformer; 
transforms 22 ohms at 425 
mA de to 3.5 ohms; 
'Thordarson-Meissner No. 
TR-168, or equiv. 

ALL-AMERICAN-FIVE AC/DC RADIO RECEIVER 

Circuit Description 

This five-transistor radio receiver 
operates directly from either an ac 
power line or a de supply of 117 
volts. AC power inputs are converted 
to de power by the 40495 half-wave 
rectifier circuit. This receiver is com-
parable in both performance and cost 
with a typical five-tube broadcast re-
ceiver of the type commonly referred 
to as the "All America Five." Pre-
vious five-transistor receivers have 
matched the performance of five-tube 
receivers except with respect to over-
load capability. Limitations on the 
allowable voltage swing at the base 
of transistors impose a restriction 
not normally encountered with vac-
uum tubes and have usually required 
the use of an overload diode. 
The receiver uses separate mixer 

and oscillator stages with one if-
amplifier stage, rather than the more 
conventional complement of a con-
verter stage with two if-amplifier 
stages, to permit application of age 
voltage at a point where signal volt-
ages are low, i.e., at the base of the 
mixer stage. This technique results 
in good overload performance with-
out need for an overload diode. The 
use of a separate grounded-collector 

oscillator stage also provides excel-
lent frequency stability throughout 
the age range. 
The mixer stage uses a 40487 

germanium transistor that has a 
collector idling current of 1.4 milli-
amperes. The oscillator signal is in-
jected to the base of the mixer tran-
sistor by the local oscillator stage 
which uses a 40488 transistor. The 
secondary winding of the antenna 
coil L1 is designed to keep signal 
voltages as low as possible on the 
base of the mixer. Under maximum 
age conditions, the operating current 
of the mixer transistor is reduced to 
approximately 20 microamperes. Op-
timum mixer gain is obtained when 
the oscillator signal is injected at a 
level of 120 millivolts. The mixer-
oscillator approach also provides low 
noise and excellent oscillator stabil-
ity ( 0.018 kHz per volt per meter of 
input signal and 0.085 kHz per voh 
of supply-voltage variation). 
The if-amplifier stage employs a 

neutralized 40489 transistor that 
provides power gain of 41 dB within 
the limits of unconditional stability. 
The operating point of this stage is 
set at 18 volts and 2.5 milliamperes 
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14-2 ALL-AMERICAN-FIVE AC/DC RADIO RECEIVER (contici) 
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NOTE: This circuit uses coils and transformers that are not available as stock items 
from any manufacturer. Home construction of this circuit should not be attempted unless 
the builder has had considerable experience in the winding of inductive components and 
has access to the special equipment required. The builder should also refer to the general 
considerations for construction of high-frequency and broadband circuits given on page 582. 

Parts List 

Cl, C2, C10, C11 = ganged 
tuning capacitor; antenna 
section ( Ci -4- CI:), 10 to 
228 pF; oscillator section 
(Cie• Cu), 9 to 118 pF 

C3 = 0.005 pF, ceramic disc 
CI, C1;, C7, C12, C17 0.05 

pF, ceramic disc 
C5 10 pF, electrolytic, 
3 V 

Cs =2:-. 6.8 pF, NPO ceramic 
Cu = 0.02 pF, ceramic disc 

= 0.001 pF, ceramic disc 
Cts_= 200 pF, ceramic disc 
C15 = 100 pF, electrolytic, 

25 V 
Cie; =-1-_ 10 pF, electrolytic, 

12 V 
Ci' = 100 /IF, electrolytic, 

10 V 
C19 = 0.047 pF, ceramic disc 
C20 = 10 pF, electrolytic, 

10 V 
C21, C. = 0.01 4F, ceramic 

disc, 300 V 
C22 = 100 /IF, electrolytic, 

150 V 

Lt antenna coil; core 
material, Ferramic Q or 
equiv.; primary, 120 turns 
of No. 32 wire wound 43 
turns per inch; second-
ary, 5 turns of No. 34 
wire; output impedance, 
260 ohms at 1500 kHz; 
primary inductance, 0.413 
pH at 790 kHz; unloaded 
Q, 125 at 600 kHz and 
130 at 1400 kHz 

Ri 0.27 megohm, 0.5 watt 
1000 ohms, 0.5 watt 

R.: = 0.82 megohm, 0.5 watt 
Re = 2200 ohms, 0.5 watt 
R5 = 82000 ohms, 0.5 watt 
Ri; = 18000 ohms, 0.5 watt 
R7 = 680 ohms, 0.5 watt 

= Volume control, po-
tentiometer, 2500 ohms, 
0.5 watt, audio taper 

Rit __- 6800 ohms, 0.5 
watt 

22000 ohms, 0.5 
watt 

Ri3 = 4700 ohms, 0.5 watt 

R11 
R15 
RD; 
R17 
RP. 
R19 

R20 

560 ohms, 0.5 watt 
1500 ohms, 0.5 watt 
180 ohms, 0.5 watt 

____ 270 ohms, 0.5 watt 
5600 ohms, 0.5 watt 
10000 ohms, 0.5 watt 
250 ohms, 0.5 watt 

__ first if ( 455-
kHz) transformer ( in-
cludes 110-pF capacitors 
across primary and sec-
ondary windings); turns 
ratio of tapped primary, 
Ne = 3.16; turns ratio 
of tapped secondary, N:e/ 
Ne = 33.4; primary un-
loaded Q =_-= 80, primary 
loaded Q = 75.68; sec-
ondary unloaded Q = 80; 
secondary loaded Q 
64; input impedance = 
14550 ohms; coefficient of 
coupling = 0.85 

T2 "IT: second if ( 455-
kHz) transformer ( in-
cludes 110-pF capacitor 
across primary winding); 
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14-2 ALL-AMERICAN-FIVE AC/DC RADIO RECEIVER 

Parts List (cont'd) 

turns ratio of tapped 
primary, Ni/N2 = 2.57; 
turns ratio of lower 
section of primary to 
secondary, N2/N3 = 3.36; 
unloaded Q 80; 
loaded Q = 35.2; in-
put impedance = 18000 

ohms 
T3 -7= oscillator coil; turns 

ratio of full primary to 
section of primary below 
tap, Ni/N2 = 26; ratio of 
full primary to second-
ary, Ni/N:: = 9.6; full 
primary tunes with 100-

Circuit Description (coned) 

for optimum dynamic range and im-
proved large-signal-handling capa-
bility. The oscillator transistor also 
receives partial gain control under 
very strong signal conditions. Se-
lectivity i5 determined by the double-
tuned input transformer T, and the 
single-tuned output transformer L. 
The if transformers have equal un-
loaded Q and equal tuning capaci-
tance for economy and ease of pro-
duction. The receiver is designed for 
transistor interchangeability, and 
over-all gain variations are minimal. 
The 40490 driver transistor and 

2N3585 output transistor used in the 
two-stage audio amplifier section de-
velop a power gain of 75 dB and 
deliver an output of one watt to a 
3-ohm load with distortion of less 
than 10 per cent. The 2N3585 output 

Performance Characteristics 

Frequency 
50-mW Sensitivity 
(S N)/N at Sensitivity 
AGC Figure of Merit 

(50,000 iiV/m reference) 
Image Rejection 
IF Rejection 
Adjacent-Channel Attenuation 

(1000 tiV/m level) 
6-dB Bandwidth 
20-dB Bandwidth 
60-dB Bandwidth 
RF Overload: 

at 30% Modulation 
at 80(4 Modulation 

(contid) 

pF capacitance at 990 
kHz 

Tt .-_-_- audio output trans-
former; primary imped-
ance, 2500 ohms; second-
ary impedance, 3.2 ohms; 
Triad No. S- 12X, or 
equiv. 

transistor is designed to operate 
from the ac power line with no pro-
tective devices. High-voltage transi-
ents may be developed when the 
output transistor is overdriven to 
high values of collector current and 
is then abruptly cut off. Protection 
from such transients is provided by 
use of an unbypassed 270-ohm resis-
tor in the emitter circuit of the out-
put stage to limit the base current of 
the output unit to a safe maximum 
value. The voltage developed across 
the resistor ( R17) at the maximum 
safe value of collector current is de-
signed to equal the maximum voltage 
on the base. As a result, the output 
current is clamped to a value equal 

to this voltage divided by the emit-
ter resistance. 

600 
175 
21 

27.4 

1000 
130 
21 

29.4 

40 
32 24 

5.1 8.3 
13.8 16.5 
52 62 

01111, 2 
0.9 

1400 
100 
20 
30 

48 

23 

8.5 
20.2 
70 

kHz 
tiV/m 

dB 
dB 

dB 
dB 
dB 

kHz 
kHz 
kHz 

V/m 
V/m 
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14-3 HIGH-QUALITY FM TUNER FOR MULTIPLEX RECEIVER 
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NOTE: This circuit uses coils and transformers that are not available as stock items 
from any manufacturer. Home construction of this circuit should not be attempted unless 
the builder has had considerable experience in the winding of inductive components and 
has access to the special equipment required. The builder should also refer to the general 
considerations for construction of high-frequency and broadband circuits given on page 582. 

Parts List for RF Section 

CI, C7, C17 = ganged tuning 
capacitors, Ci, C7 = 7.25 
to 19 pF; C17 = 6 to 21 pF 

C2, CS = trimmer capacitor 
(part of ganged tuning 
capacitor assembly), ap-
proximately 17 pF mai-
mum. 

C::, Cu = 5.6 pF, miniature 
ceramic 

CI = 27 pF, ceramic disc 
C5, Ce, Cil, C11, Ci = feed-
through capacitor, 1000 
pF 

2000 pF, ceramic disc, 
1000 V 
= 0.01 p,F, ceramic disc 

Ci:, Cif; 1000 pF, ceramic 
disc, 1000 V 

C15 ------ 3.3 pF, NPO ceramic 
Ci. = 0.22 pF to 3.3 pF 

(value determines oscil-
lator injection voltage 
and is dependent upon 
factors such as circuit 
layout and placement of 
components) 

_ tubular trimmer ca-
pacitor, 1.5 to 10 pF 

C21 = 12 pF, ceramic disc 
RI, R1 3300 ohms, 0.5 
watt 

R2, R. .71.- 18000 ohms, 0.5 
watt 

Ri; = 330 ohms, 0.5 watt 
R7 100 ohms, 0.5 watt 
Rs 7- --- 8200 ohms, 0.5 watt 
119 .7== 4700 ohms, 0.5 watt 
Ri = 1500 ohms, 0.5 watt 
Ti = FM antenna trans-
former; slug-tuned; slug, 
0.250 inch long, 0.181 inch 
in diameter, Arnold Type 
1RN9 or equiv.; second-
ary, 4 turns of No. 22 
bare-tinned copper wire 
wound with 1 wire-diam-
eter spacing between ad-
jacent turns or 7/32-inch 
outer-diameter coil form, 
resonates with 27-pF ca-
pacitance at 100 MHz, im-
pedance = 6100 ohms; 
primary, 2 turns of No. 

30 Gripeze wire close 
wound below cold end of 
secondary and in same 
direction, impedance ( in-
cludes shunting effect of 
rf amplifier biasing net-
work) = 460 ohms. 

T2 = rf interstage coil; 4 
turns of No. 18 bare-
tinned copper wire wound 
with approximately U-
inch spacing between 
turns on 5/16-inch diam-
eter coil form ( coil form 
is removed after coil is 
wound) ; resonates with 
27-pF capacitance at 100 
MHz; impedance of full 
winding, 6100 ohms; in-
put tap located so that 
impedance at tap =. 590 
ohms; output tap located 
so that impedance at in-
put tap is 540 ohms with 
the transformer properly 
loaded. 
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14-3 HIGH-QUALITY FM TUNER (cont'd) 
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Parts List for RF Section 

T:: ---- oscillator coil; 31/2 
turns of No. 18 bare-
tinned copper wire wound 
with 3/32-inch spacing 
between turns on 7/32-
inch-diameter coil fox m 
(coil form is removed 
after coil is wound), cen-
ter tapped. 

Ti -_-_ first if ( 10.7-MHz; 
transformer, primary un-
loaded Q = 60, primary 
loaded Q r= 60, ratio of 

R13 

N3 TYPE 
13 / 1 IN542 

I J  

I RADIO 
DETECTOR 

SECOND 
IF 

AMPLIFIER 

RCA 
40245 OR 
40246 

 W  e, TO ./ MULTIPLEX RI4 TCRIIRGCGUEIRT 

I.C13 

RI6 

12 

TYPE 
IN542 

R15 

 Wv  

IF SECTION 

(cont'd) 

R17 

18 

R19 

C14 I. 

full secondary to section 
below tap ( Ni/N2) = 7.27, 
secondary unloaded Q --
62.3, secondary loaded Q 
= 60, ratio of 'full second-
ary to section that corre-
sponds to lower tuning 
capacitor ( N:/Ni, as de-
termined by tapped ca-
pacitors) = 26.65, output 
impedance = 6070 ohms, 
per cent of critical cou-
pling = 90 

AUDIO 
OUTPUT 
o 

NOTE: Type 1N542 diodes 
are a matched pair. 

Parts List for IF Section 

Ci, Ci 4.7 pF, ceramic 
disc 

C2, C, C = 0.01 'J.', ce-
ramic disc 

C:4 Ci = 1000 pF, ceramic 
disc, 1000 V 

C7 5 pF, ceramic disc 
C9 = 1.0 pF, ceramic disc 
Cifè, C11, C12 7--r- 330 pF, ce 

ran ic 
Ci:: 0.05 pF, ceramic disc 
Ci = 0.02 ,uF, ceramic disc 
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RCA Transistor, Thyristor, & 

HIGH-QUALITY FM TUNER (coned) 

Parts List for IF Section 

5 AF, electrolytic, 10 
V. 
 R5, R9 — 12000 ohms, 
0.5 watt 

R2, Rd, Rio 2700 ohms, 
0.5 watt 

R.:, Rs, R7, Rs, Rn   220 
ohms, 0.5 watt 

R12 = 470 ohms, 0.5 watt 
Ri:  = 68 ohms, 0.5 watt 
Rit =_ 22000 ohms, 0.5 watt 
R15 =_ 3900 ohms, 0.5 watt 
Rio =_ 1000 ohms, 0.5 watt 
R17 = 1500 ohms, 0.5 watt 
Ris, R19 =- 6800 ohms, 0.5 
watt 

Ti =. second if ( 10.7-MHz) 
transformer, primary un-
loaded Q .= 72.4, primary 
loaded Q = 60, ratio of 
full primary to section 
below tap ( 1‘11/142) 

(cont'd) 

7.27, secondary unloaded 
= 62.3, secondary 

loaded Q = 60, ratio of 
full secondary to section 
that corresponds to lower 
tuning capacitor ( N3/114, 
as determined by tapped 
capacitors) = 26.65, out-
put impedance = 6070 
ohms, per cent of critical 
coupling = 90 

T2 = third if ( 10.7-MHz) 
transformer, primary un-
loaded Q = 49.7, primary 
loaded Q = 41.2, ratio of 
full primary to section 
below tap ( Ni/b1.2) = 
7.27, secondary unloaded 
Q = 64.2, secondary 
loaded Q = 61.85, ratio 
of full secondary to sec-
tion that cor ersponds to 

Circuit Description 

This high-quality FM tuner uses 
silicon n-p-n transistors that pro-
vide good receiver quieting and limit-
ing performance because of their 
high usable gains and low noise 
levels ( typical device noise is 3 dB 
at 100 MHz for a 300-ohm source 
impedance). These transistors pro-
vide excellent amplification in the 
FM band and are capable of sus-
tained oscillation at frequencies up 
to 1100 MHz. 
RF section The rf-amplifier stage 

uses a 40242 transistor in a common-
emitter circuit configuration to ob-
tain the highest stable gain over the 
entire FM broadcast frequency 
range. This stage can provide an un-
neutralized gain of 15.4 dB. The 
operating point of the stage is chosen 
so that age can be applied effectively. 
The 40243 mixer transistor is also 

operated in a common-emitter con-
figuration. An oscillator-signal in-
jection voltage of approximately 90 
millivolts is coupled across capacitor 
C, to the base of the mixer transis-
tor from the oscillator resonant cir-
cuit C17, C20, C21 and n. The 40244 
oscillator stage is adjusted to pro-
vide a uniform injection voltage to 
the base of the mixer transistor over 
the entire FM oscillator-frequency 
range. 

Diode Manual 

lower tuning capacitor 
IN:/Ni, as determined 
by tapped capacitors) = 
27.5 output impedance 

6070 ohms, per cent 
of critical coupling = 90 

T3 = ratio-detector trans-
former, primary unloaded 
Q ( with tertiary winding 
N2 returned to ground 
through a 68-ohm re-
sistance) = 65, primary 
loaded Q = 28.5, primary-
to- tertiary turns ratio 
Ni/N2) = 2.5, secondary 

unloaded Q = 65, second-
ary loaded Q = 24.75, 
output impedance .= 6070 
ohms. per cent of criti-
cal coupling = 90 

IF section The three stage if-
amplifier strip uses three 40245 or 
40246 transistors in a common-emit-
ter circuit configuration to provide 
23.4 dB of stablu gain per stage. 
The three double-tuned if transfor-
mers T„ T2, and provide a 6-dB 
bandwidth of 300 kHz, which is 
adequate for reproduction of stereo 
signals. 
The 1N295 diode and associated 

components in the collector circuit 
of the third if amplifier develops a 
negative voltage proportional to the 
rf input signal. This voltage is used 
to drive a schmitt trigger stage asso-
ciated with the noise immunity cir-
cuit of the FM stereo demodulator 
(refer to discussion of the demodu-
lator, circuit 13-5). If desired, the 
negative voltage may also be applied 
to the base of the 40242 transistor in 
the rf amplifier as agc bias. As a 
result, the final 40246 if-amplifier 
transistor can go into full limiting 
before appreciable age is developed. 
This arrangement provides a rela-
tively wide age bandwidth which is 
helpful in tuning to strong signals. 
FM detection is accomplished by 

the ratio-detector circuit, which in-
cludes a matched pair of IN542 di-
odes and associated components. The 
detector transformer T3 is designed 
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1 4-3 HIGH-QUALITY FM TUNER (coned) 

Circuit Description (cont'd) 

to provide the wide peak-to-peak 
separation ( 450 kHz) required for 
good stereo multiplex operation. R15 

and C14 in the output circuit of the 

ratio detector form a standard FM 
de-emphasis network for high audio 
frequencies. 

74-4 FM TUNER USING AN MOS-TRANSISTOR RF AMPLIFIER 

Circuit Description 

This FM tuner uses a 40468 MOS 
transistor in the rf-amplifier stage 
and 40479 and 40244 bipolar tran-
sistors in the mixer and local-oscilla-
tor stages, respectively, to achieve 
an over-all front-end-section gain of 
34.5 dB. The if section and the 
ratio detector are identical to those 
used in the High Quality FM Tuner 
shown as circuit 14-3. The tuner 
operates from a de supply of 15 
volts. 
The rf amplifier in the tuner is 

designed to minimize the spurious 
responses normally found in FM re-
ceivers as a result of mixing of the 
harmonics of unwanted incoming sig-
nals with harmonics of the local-
oscillator signal to produce difference 
frequencies within the if pass band. 
This objective necessitated some 
compromise between optimum re-
ceiver sensitivity and spurious-
response rejection in the selection of 
the source and load impedance for 
the rf amplifier. 
Achievement of minimum spurious 

responses requires that the gate in-
put to the 40468 rf-amplifier be ob-
tained from a tap as far down on 
the antenna coil ( Li) as gain and 
noise considerations permit. This ar-
rangement assures the smallest prac-
tical input voltage swing to the gate 
and, therefore, makes possible opti-
mum use of the available dynamic 
range of the MOS transistor. In ad-
dition, the low spurious-response ob-
jective requires that the entire rf 
interstage coil ( La) be used as the 
load for the 40468 MOS transistor. 

This coil, selected on the basis of 
the optimum comrompise between 
gain and bandwidth requirements, 
provides a load impedance to the 
rf amplifier of 3800 ohms, which pre-
sents a slight mismatch to the 4200-
ohm output impedance of the 40468 
MOS transistor. Although the com-
promises in the input and output 
circuits of the rf amplifier result 
in a slight loading of the interstage 
coil L and cause some degradation 
in the selectivity of the front end, 
these undesirable effects can be tol-
erated because the antenna coil is 
not loaded by the gate of the MOS 
transistor. The effectiveness of these 
compromises is demonstrated by the 
excellent spurious-response rejec-
tion ( more than 100 dB) provided 
by the FM tuner. 
The 40648 MOS transistor used in 

the rf amlifier has a maximum avail-
able gain of 24 dB. The compromises 
in circuit design between optimum 
receiver sensitivity and spurious-
response rejection, however, result 
in a total mismatch and insertion 
loss of 11.3 dB. The actual net gain 
of the rf amplifier, therefore, is 12.7 
dB. This stage amplifies the fre-
quency-modulated rf signal coupled 
from a 300-ohm FM antenna by the 
antenna coil Li and applies this am-
plified signal to the base of the mixer 
transistor. 
The 40479 bipolar transistor used 

in the mixer stage is operated in a 
common-emitter circuit configuration 
that provides a conversion power 
gain of 21.8 dB. Both the frequency-
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14-4 FM TUNER USING AN MOS-TRANSISTOR 

RF AMPLIFIER (coned) 
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NOTE: This circuit uses coils and transformers that are not available as stock items 
from any manufacturer. Home construction of this circuit should not be attempted unless 
the builder has had considerable experience in the winding of inductive components and 
has access to the special equipment required. The builder should also refer to the general 
considerations for construction of high-frequency and broadband circuits given on page 582. 

Parts List 

Cs, C16 = 16 pF, ceramic 
C2, C7 = trimmer capacitor, 
2 to 12 pF, Arco No. 420 
or equiv. 

C3, Cf; = 0.002 4F, tubular 
film 

C1, C5, CIS = ganged tuning 
capacitors; each section 
= 5.5 to 22.5 pF 

C9 = 5000 pF, ceramic 
Cio = 2.7 pF, ceramic 
Cii = 0.01 gF, ceramic disc 
C12, C14, C15 = 1000 pF, 
ceramic disc 

Ci3 = feedthrough capaci-
tor, 1000 pF 

C17 = trimmer capacitor, 2 
to 17 pF, Arco No. 402 
or equiv. 

Li = tapped antenna coil 
(with antenna link) ; 4 
turns of No. 18 bare cop-
per wire, 1/4-inch diam-
eter, 7/16 -inch winding 
length, unloaded Q at 
100 MHz = 130, tunes 
with 34-pF capacitance at 

100 MHz; antenna link 
located approximately 1 
turn from ground end of 
coil; gate tap ( N3) lo-
cated approximately 11,12 
turns from ground end. 

L2 = rf interstage coil, 4 
turns of No. 18 bare cop-
per wire, 1'4-inch inner 
diameter, 7A6-inch wind-
ing length; unloaded Q 
at 100 MHz = 120; base 
tap ( N2) located ap-
proximately 3//4 turn from 
ground end. 

L3 = oscillator coil, 4 turns 
of No. 18 bare copper 
wire, 7/32-inch inner di-
ameter, 7/16 -inch winding 
length, unloaded Q at 
100 MHz = 120, tunes 
with 34-pF capacitance at 
100 MHz, emitter tap 
(N3) located approxi-
mately 112 turns from 
ground end, base tap 
(Na) located approxi-

Circuit Description (cont'd) 

modulated rf input signal and the 
continuous-wave local-oscillator sig-
nal are applied to the base terminal 
of this transistor. The two signals 
are heterodyned in the mixer stage 
to produce the 10.7-MHz difference 

mately 2 turns from 
ground end. 

Ri = 0.1 megohm, 0.5 watt 
R2 = 0.22 megohm, 0.5 watt 
R3, R4 = 47000 ohms, 0.5 
watt 

R5 = 4700 ohms, 0.5 watt 
RtI= 8200 ohms, 0.5 watt 
R7 = 0.12 megohm, 0.5 watt 

= 22000 ohms, 0.5 watt 
Ti = first if ( 10.7-MHz) 
transformer; double-tuned 
with 90 per cent of 
critical coupling; pri-
mary unloaded uncoupled 
Q = 76 with 47-pF tun-
ing capacitance; primary: 
15 turns of No. 32 enamel 
wire, space wound at 60 
turns per inch on 0.25-
by-0.5- inch slug; second-
ary: 18 turns of No. 36 
enamel wire, close wound 
on 0.25 - by - 0.25-inch 
slug; both coils wound 
on 9/32 -inch coil form. 

frequency used as the intermediate 
frequency in FM receivers. 
The 40244 bipolar oscillator tran-

sistor is operated in a common-col-
lector circuit that generates an ex-
tremely clean oscillator waveform. 
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74-4 FM TUNER USING AN MOS-TRANSISTOR 

RF AMPLIFIER (cont'd) 

Circuit Description (cont'd) 

In addition, the low injection level 
at the base of the mixer transistor, 
25 to 30 millivolts, together with 
the conservative design of the rf 
amplifier, limits the maximum pos-
sible signal at the input to the mixer. 
These factors further minimize the 
generation of spurious responses in 
the FM tuner. 
The performance of this tuner with 

respect to sensitivity limiting, if re-
jection, image rejection, and other 
factors compares favorably with 
that of tuners using all high-per-
formance bipolar transistor, as in-
dicated by the chart of tuner per-
formance characteristics. Tuner 
performance, however, particularly 
in relation to spurious-response re-
jection is highly dependent on fac-
tors such as physical layout, care 

14-5 

in construction, and power-supply 
decoupling. The use of a negative 
supply voltage facilitates the 
grounding of tuned circuits and de-
coupling of the supply. 

Performance Characteristics 

Carrier Frequency   100 MHz 
Modulation   400 Hz, 22.5 kHz deviation 
Sensitivity:* 
For 20-db signal-to-noise 

ratio   
For 30-db signal-to-noise 

ratio   
For —3-db limiting point 

(with 94-db if strip)   
Image Rejection*   
IF Rejection*   
Half-IF Rejection*   
Rejection of Other Spurious 
Responses* ( with 0.2 volt 

at antenna terminals) .... 

1.4 

2.2 

1.6 
72 
91 
96 

>100 

µV 

/IV 
dB 
dB 
dB 

dB 
* Measured at antenna terminals ( 300-ohm 
nominal impedance). 
• Relative to 2 µV. 

FM TUNER USING AN MOS TRANSISTOR 

RF AMPLIFIER AND MIXER 

Circuit Description 

This FM tuner uses single-gate 
MOS field-effect transistors in the 
rf-amplifier and mixer stages and a 
bipolar transistor in the local oscil-
lator to provide an over-all front-
end-section gain of 30.2 dB. The 
40468 rf-amplifier transistor oper-
ates in the common-source configu-
ration with a stage gain of 12.7 dB. 
This stage is essentially identical 
to the rf amplifier of the FM tuner 
illustrated by circuit 14-4. The 
40559 mixer transistor also operates 
in the common-source configuration, 
with both the rf and local-oscillator 
signals applied to the gate terminal. 
The 40244 bipolar oscillator tran-
sistor operates in the common-col-
lector mode. The conversion power 
gain from the mixer stage is 17.5 dB. 

The mixer circuit is designed for 
operation into an 8000-ohm-load. 
A load up to 12,000 ohms is per-
missible and provides a gain in-
crease of about 1 dB from the mixer. 
The input circuit is tapped down by 
a 2.7-picofarad capacitor in series 
with the device input capacitance to 
improve dynamic range. These mis-
match losses result in a stage gain 
of 17.5 dB, as compared to the maxi-
mum available gain of 21.5 dB 
shown in the published data for the 
40559 transistor. The trap consist-
ing of a 1-microhenry inductor ( L1) 
and 270-picofarad capacitor ( Ci) is 
designed to bypass any 10.7-MHz 
component that may appear at the 
input to the mixer. 
The biasing arrangement for the 
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FM TUNER USING AN MOS-TRANSISTOR 
RF AMPLIFIER AND MIXER (cont'd) 

RF AMP. 

Q2 MIXER 
RCA 

CIO 40559 

r8 

_ «mob «me «am «MS OMIleM«.......••••••••••••• _1 --1--
i 
i 
1 

Parts List 

C1, C7, C9 -= trimmer ca-
pacitor, 10 pF maximum, 
Arco No. 402 or equiv. 

C2, CG, C = 3-gang tuning 
capacitor, TRW 5-plate 
model V2133 ( with trim-
mers stripped off) or 
equiv. 

C3, C17 =- 0.002 /IF, tubular 
film 

Ci, C10, C19, C25, C29, C34 = 
0.01F, ceramic disc 

C5, C13, C15, C27, C32, C36 = 
0.001 pF, ceramic disc 

Cio --= 2.7 pF, ceramic 
Cii = 1.5 pF, ceramic disc 
C12 = 270 pF, ceramic 
C14 = 0.005 /IF, ceramic disc 
Ci = 68 pF, ceramic 
Cu, C23, C20, C30, C31, C37, = 

0.02 pF, ceramic disc 
C21 =- 50 pF, ceramic 
Cu = 1200 pF, ceramic 
Cal, C2s --72 4.7 pF, silver 
mica 

Cna = 1 pF, silver mica 
C37, = 330 pF, miniature 
ceramic 

C39 = 10 /IF, electrolytic, 
6 V 

Li = antenna coil; 5 turns 
of No. 18 bare copper 
wire wound on 19/6i-inch 
coil form; 12 inch in 
length; slug-tuned with 
Arnold type IRN 0.25-
by-0.25-inch slug ( or 
equiv.) ; unloaded Q = 
164; antenna tap at 0.8 
turn and output tap at 
1.4 turns from ground 
end. 

L2 = rf interstage coil; 5 

R3 

3 

C13 

CI4 

RCA 
40244 
03 

turns of No. 18 bare cop-
per wire wound on 1%4_ 
inch coil form; 1/2 inch in 
length; slug-tuned with 
Arnold 0.181-by-0.375-
inch coil form; 1/2 inch in 
loaded Q -=. 104 

L3 =_ oscillator coil; 5 turns 
of No. 18 bare copper 
wire, air core type with 
outer diameter of 
inch; 1/2 inch in length; 
emitter tap at 11/2 turns 
and feedback tap at 2 
turns from ground end; 
Q = 164. 

• = 200 ohms, 0.5 watt 
R2, R10 =: 430 ohms, 0.5 watt 
• =. 8200 ohms, 0.5 watt 
Ht =_ 0.1 megohm, 0.5 watt 
R3 = 15000 ohms, 0. 5watt 
R6 = 4700 ohms, 0.5 watt 
R7, R2()= 330 ohms, 0.5 watt 
• = 680 ohms, 0.5 watt 
R9, Rut, Ris = 12000 ohms, 

0.5 watt 
Rn, R1:;, R19 = 2700 ohms, 

0.5 watt 
R12, Rin, Rin, R171 R21 - 

220 ohms, 0.5 watt 
R22 7= 68 ohms, 0.5 watt 
R. = 1000 ohms, 0.5 watt 
R24 = 1500 ohms, 0.5 watt 
R25, R. = 6800 ohms, 0.5 
watt 

Ti =_ first if ( 10.7-MHz) 
transformer; double-tuned 
with 90 per cent of criti-
cal coupling; primary un-
loaded uncoupled Q = 
76 with 47-pF tuning ca-
pacitance; primary: 15 

2 TI 

• 0+18V 

LOCAL 
OSC. 

R6 

turns of No. 32 enamel 
wire, space wound at 60 
turns per inch on 0.25-
by-0.5-inch slug; second-
ary: 18 turns of No. 36 
enamel wire, close wound 
on 0.25-by-0.25-inch slug; 
both coils wound on 9/32-
inch coil form. 

T2, T3 = if ( 10.7-MHz) 
transformer, double-tuned 
with 90 per cent of criti-
cal coupling, primary un-
loaded Q = 72.4, primary 
loaded Q = 60, ratio of 
full primary to section 
below tap (NI/NI!) — 
7.27, secondary unloaded 

=_• 62.3, secondary 
loaded Q = 60, ratio of 
full secodary to section 
that corresponds to lower 
tuning capacitor ( N3/Nt, 
as determined by tapped 
capacitors) = 26.65, out-
put impedance = 6070 
ohms 

Ti -=-7 ratio-detector trans-
former, double-tuned with 
90 per cent of critical 
coupling, primary un-
loaded Q ( with tertiary 
winding N2 returned to 
ground through a 68-ohm 
resistance) = 65, primary 
loaded Q =_ 28.5, primary-
to-tertiary turns ratio 
(NI/N2) 2.5, secondary 
unloaded Q = 65, second-
ary loaded Q = 24.75, 
output impedance = 6070 
ohms 
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14-5 FM TUNER USING AN MOS-TRANSISTOR 

RF AMPLIFIER AND MIXER (coned) 

C28 

RCA 
40245 

o  et, 
10.7 MHz 

IN 

RCA 
40246 

8 

C32 

R20 

6 

R19 

R2I 

C33 

Li. 

C34 

c35.1 

The type 1N542 diodes 
are a matched pair. 

TYPE 
1N542 R23 

1N542 R24 
TYPE 

1R22 

I C36 

L6 

o 
AUDIO OUT 

NOTE: This circuit uses coils and transformers that are not available as stock items 
from any manufacturer. Home construction of this circuit should not be attempted unless 
the builder has had considerable experience in the winding of inductive components and 
has access to the special equipment required. The builder should also refer to the general 
considerations for construction of high-frequency and broadband circuits given on page 582. 

Circuit Description (cont'd) 

mixer stage is particularly im-
portant; substrate bias is used to 
provide the optimum combination of 
mixing and spurious-response rejec-
tion. On the basis of this require-
ment, the optimum operating condi-
tions for the mixer circuit were 
empirically established at an effec-
tive gate bias of —1 volt and an 
effective substrate bias of —3 volts 
to provide a typical drain current 
of 3 milliamperes. 
The 40244 common-collector local-

oscillator circuit generates an ex-
tremely clean output waveform. The 
absence of harmonics in the oscilla-
tor signal is an important factor in 
good tuner design. The oscillator 
signal is coupled to the mixer gate 
by means of 1.5-picofarad capacitor 
C11, which isolates the tuned circuit 
of the oscillator from the input cir-
cuit of the mixer and thus mini-
mizes the possibility of oscillator 

instabilities as a result of "pull-
ing." The injection level at the gate 
of the mixer transistor is 700 milli-
volts. 
The 10.7-MHz if output from the 

mixer is coupled to the first if-
amplifier stage by means of a 
double-tuned transformer T1. The if 
amplifier employs two 40245 and one 
40246 bipolar transistors, each op-
erating in a neutralized common-
emitter configuration at a collector 
current of 3.5 milliamperes. The 
over-all gain if the if amplifier is 
88 dB. The frequency-modulated 
output of the if strip is demodu-
lated by a ratio-detector circuit that 
uses a matched pair of 1N542 diodes. 
The operation of this if strip and 
ratio-detector circuit is very simi-
lar to the corresponding section of 
the High-Quality FM Tuner shown 
in circuit 14-3. 
The performance of the single-
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RF AMPLIFIER AND MIXER (coned) 

Circuit Description (cont'd) 

gate MOS tuner with respect to sen-
sitivity, limiting, and particularly 
spurious response exceeds that ob-
tained with the best bipolar transis-
tors. The chart on tuner performance 
characteristics summarizes typical 
tuner capabilities. In general, spuri-
ous-response performance can be de-
graded by inadequate circuit layout 
and wiring practices. For this rea-
son, care should be exercised in 
arranging the physical layout of 
the tuner, and power-supply de-
coupling should be used. The circuit 

74-6 

operates from a dc supply of 15 
volts. 

Performance Characteristics 

Carrier Frequency   100 MHz 
Modulation Frequency   400 Hz 
Deviation ( except IHFM ) •••• 22.5 kHz 
Sensitivity: 
IHt M     1.75 
20-dB Quieting   1.5 jiV 
30-dB Quieting   1.75 
3-dB Limiting   2.5 »V 

Image Rejection   62 dB 
IF Rejection   96 dB 
Half- IF Rejection   92 dB 
Spurious Response across 
VHF band with eo .ii• = 
0.35 volt   None 

FM STEREO MULTIPLEX DEMODULATOR 

Circuit Description 

This FM stereo multiplex demodu-
lator separates complex signals sup-
plied by an FM tuner into right- and 
left-channel inputs for stereo audio 
output stages. The demodulator fea-
tures a high input impedance, a noise 
immunity circuit, and automatic 
switching for stereophonic or mon-
aural reception. 

Operation of an FM tuner in the 
stereo mode may be unsatisfactory 
under weak-signal conditions because 
the signal-to-noise ratio is poorer for 
stereo reception than for monaural 
reception. In addition, if switching is 
permitted on weak signals the 19-
kHz component of noise which is 
present between stations may cause 
undesired operation. 
The demodulator incorporates cir-

cuits that sense the presence of ade-
quately strong FM signals and pro-
vide automatic switching in the 
presence of 19-kHz pilot signal. It 
has a separation at 1 kHz of 36.5 
dB, S.C.A. rejection of 59.4 dB, re-
sidual 38-kHz subcarrier rejection of 
GO dB, insertion loss at 1 kHz of 2.5 
dB, and total harmonic distortion at 
1 kHz of 0.4 per cent. Six RCA-
40359 transistors and one 2N408 

transistor are used to provide the 
automatic switching and noise im-
munity. The demodulator is designed 
tuners, such as circuits 14-3, 14-4, 
and 14-5, which provide an audio out-
put of approximately 400 millivolts 
with 75-kHz deviation under strong 
signal conditions. If a tuner that 
provides less audio output is used, 
the gain in the sub-carrier amplifier 
can be increased by bypassigng R. 
If a tuner of higher output is used, 
it may be necessary to use a volt-
age divider at the input. 
The composite multiplex signal 

from the ratio detector of the FM 
tuner is applied to the base of tran-
sistor Q. Transistor Qi is an isola-
tion stage which provides a high-
impedance load for the ratio detector 
and a low-impedance source for the 
S.C.A. filter. The parallel resonant 
circuit LiG is tuned to 72 kHz to 
provide maximum S.C.A. rejection at 
low beat frequencies. 

Transistor Q is a 19-kHz amplifier 
which also serves to separate the 
pilot from the composite signal. 
La, and C5 constitute a top-coupled 
double-tuned circuit which resonates 
at 19 kHz and thus passes only the 
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14-6 FM STEREO MULTIPLEX DEMODULATOR (cont'd) 

COMPOSITE RCA 
INPUT 40359 

QI 
Ci 

o 
- I2 V 

R2 

RCA 
40359 

MULTIPLEX 
TRIGGER 

RCA 
40359 
Q5 

Ris 

IIMM•1111•Mi. 
••••mm• 

R22 

RCA 
40359 
03 

R23 

R20 
 i\AA/  

Di RCA 
TYPE 40359 

N IN295 Q4 

RCA 
40359 
06 

._L 

R24 CHANNEL 
OUTPUT 

\ etee 

J.. c15 
R13 — 

07 

TYPE 
2N408 

R14 

RIGHT-
CHANNEL 
OUTPUT 

R16 CI7 
• ) We• 

R17 

C14 

25 

Cie 

NOTE: This circuit uses coils and transformers that are not available as stock items 
from any manufacturer. Home construction of this circuit should not be attempted unless 
the builder has had considerable experience in the winding of inductive components and 
has access to the special equipment required. The builder should also refer to the general 
considerations for construction of high-frequency and broadband circuits given on page 582. 

Parts List 

ci 0.33 
C2 = 560 pF 
C:: 300 pF ( adjust for 
optimum separation) 

Ci 1000 pF, part of L2 
C5 = 10 pF 
Cf: = 1000 pF, part of L:1 
CT, C9, 0.47 /IF 

1000 pF, part of Le 
Cegt = 390 pF, part of 1.47. 
C11, C12, Cn, CH_-_-_- 7500 pF, 

-.- 5( 

Cr, C17 = 1.0 F 
C1,4 _ 0.02 /IF 
Ii = stereo lamp, 14 mA at 

10 V 
Le -- 10 mH, Q = 46 at 67 

kHz 
L2 -7= 69 mH, Q — 93 at 19 
kHz; N2 5.66; 
( includes Ci ) 

L:: 69 mH, Q 93 at 
19 kHz, NI N2 7---1 40.2; 
( includes 

Lt 69 mH, Q = 88 at 19 
kHz, Ne/N2 5.24, Ne/N:: 
7=7 5.21, N::/N& — 2; 
includes C) 

L7. 41 mH, Q 108 at 
38 kHz, Ne/N2 = 11.62, 
Ni/N:: 19.8, N::/Ni 
2; ( includes Ceo) 

Re 91,000 ohms, 0.5 watt 
R2 120,000 ohms, 0.5 watt 

Ci:cuit Description (cont'd) 

19-kHz portion of the composite sig-
nal to transistor Qa. The remainder 
of the signal is taken from the emit-

___I 6800 ohms, 0.5 watt 
Re 1000 ohms, 0.5 watt 
R:-, - _ 18,000 ohms, 0.5 watt 
Ri;, RE:, R111, R21 :7= 3300 
ohms, 0.5 watt 

R., Ri40 Ris, R15, R2:11 R21, R25 
= 10,000 ohms, 0.5 watt 
= 510 ohms, 0.5 watt 

Rio = 220 ohms, 0.5 watt 
Ru i _ 1500 ohms, 0.5 watt 
R12, RIT = potentiometer, 

5000 ohms, 0.5 watt 
— potentiometer, 10,000 

ohms, 0.5 watt 
R19T 8200 ohms, 0.5 watt 
R. ------- 15,000 ohms, 0.5 watt 
R22 ------ 820 ohms, 0.5 watt 

ter resistor R, and fed into the bal-
anced demodulator at the secondary 
winding of I, Capacitor C3 compen-
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Circuit Description (conticl) 

sates for the degradation of the com-
posite signal as it passes through the 
S.C.A. filter. 

Transistors Q5 and Qr, comprise a 
Schmitt trigger used as a noise-im-
munity circuit. A negative age volt-
age obtained from the if amplifier 
of the tuner is applied to the base 
of Q. When no age voltage is pres-
ent, Q5 is turned off, and Q., is turned 
on. In this state, which occurs under 
weak signal conditions, resistor R3 is 
returned to a low-voltage point, and, 
therefore, transistor Q3 is turned off. 
When a preset age voltage is reached, 
Ql; is turned off, R5 is returned to 
the supply voltage through R23, and 
Q3 is turned on. 
The multiplex output from the FM 

tuner drives the Schmitt trigger. 
The "on" trigger level can be ad-
justed by variation of R,,,. The " off" 
trigger level is then determined by 
the hysteresis of the Schmitt-trigger 
circuit. Hysteresis is desirable be-
cause it prevents intermittent 
switching caused by slight signal 
variations in the vicinity of the 
trigger point. The hysteresis can he 
changed by adjustment of R.,. 

Transistor Q3 serves as a 19-kHz 
pilot amplifier and limiter when it is 
turned on by Q. When Q3 is turned 
off, it acts as an open switch which 
stops the pilot signal. The emitter of 
Q3 is reverse-biased by the current 
through R7. Because this reverse bias 
exceeds the 19-kHz level at the base 
of Q3, it prevents the 19-kHz pilot 
signal of a weak station from turn-
ing on Q3 and thereby over-riding 
the noise-immunity circuit. 
The output of the pilot amplifier 

74-7 

Q; is fed to a balanced full-wave 
rectifier which consists of D1, D2, and 
the secondary winding of L. The 
output of the rectifier is unfiltered 
and develops both a de component 
and a 38-kHz component. The de 
component is used to bias transistor 
Qt on. The 38-kHz component is am-
plified by Q (which also acts as a 
limiter), and appears at the second-
ary winding of L5. In the absence of 
a pilot signal, Qi is turned off be-
cause there is no 19-kHz output 
from Q3 to be rectified. 
The composite signal taken from 

the emitter resistor R4 is added to 
the 38-kHz subearrier in the second-
ary winding of L5. When the sub-
carrier has the proper phase with 
respect to the composite signal, a 38-
kHz amplitude-modulated signal is 
formed in which one side of the en-
velope contains right-channel infor-
mation and the other side contains 
left-channel information. 

Diodes D:t and DI form a balanced 
detector which permits one side of 
the envelope to pass. Resistor R12 is 
adjusted for minimum 38-kHz resid-
ual signal at the output. When Qi 
is off and no subcarrier is present in 
the secondary winding of L5, the 
left-plus-right portion of the com-
posite signal is passed by the detec-
tor circuit, and the left-minus-right 
portion is filtered out. Diodes a-, 
and D.; form the balanced detector 
for the other channel. R,3, C Rps,, 
and Cy: form de-emphasis networks. 
Q7 acts as a switch which lights a 
stereo indicator lamp when Q4 is 
turned on. 

PREAMPLIFIER FOR 6-, 10-, OR 15-METER 

AMATEUR-BAND RECEIVER 
Circuit Description 

This inexpensive, easily con- ahead of a receiver operated in the 
structed preamplifier circuit uses an 6-, 10-, or 15-meter amateur band. 
3N140 dual-gate MOS transistor to This additional gain, together with 
provide more than 26 dB of gain the low noise figure of the pre-
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JI 1 
50-OHM 

ANTENNA 
INPUT 

PREAMPLIFIER FOR 6-, 10-, OR 15-METER 

AMATEUR-BAND REC EIVER (coned) 

Mann. UMW. an«. 

IMP 

1111»..m. 

11111mile 

110« fp.im////à 1111«.111. 

gimmee 

SHIELD 

OMNI» Siam. Orimene 

18 V 

50- OHM 
OUTPUT 

NOTE: See general considerations for construction of high-frequency and broadband cir-
cuits on page 582. 

Parts List 

B = Two RCA type VS323 
batteries for transistor 
service; and one case, 
Bud-CU2103A or equiva-
lent. 
CI = 8 pF, mica or ceramic 
tubular 

C2, C3, C4, C5, C7 = 0.01 
4F, ceramic 

Cd = 10 pF, mica or ceramic 
tubular 

Ji, J2 = Coaxial receptacle, 
Amphenol BNC type UG-
1094 or equiv. 

Li, L2 = 1.6 to 3.1 uff, ad-
justable, Miller 4404 or 
equiv. 

L3 = 22 pH, Miller 74F-
225A1 or equiv. 

Ri = 27,000 ohms, 0.25 watt, 
10% 

R2 = 150,000 ohms, 0.25 

Tuned-Circuit Components for 
21 and 50 MHz 

Component 
21 MHz 

CI 22 pF 

C2, C3, C I, C5 No Change 
C7 

C; 

L2 

L, 

22 pF 

No Change 

No Change 

No Change 

watt, 10(7r, carbon 
R3 -= 1,800 ohms, 0.25 watt, 

10'4, carbon 
Ri =_. 100,000 ohms, 0.25 

watt, 105-, carbon 
R3 = 33,000 ohms, 0.25 

watt, 10%, carbon 
270 ohms, 0.25 watt, 

10%, carbon 
Si _-_-_ toggle switch, single-

pole, single-throw 

Value 

50 MHz 

8 pF 

1,000 pF, 
ceramic 

10 pF 

8 turns, No. 30 
E wire on 1/4-
Sinch - diameter 
core ( Miller 
4500 or equiv.) 
Link: 2 turns, 
No. 30 E wire 
on ground end. 

Same as Li 

6.8 uH ( Miller 
74F686AP or 
equiv.) 
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AMATEUR-BAND RECEIVER (contici) 

Circuit Description (cont'd) 

amplifier ( less than 2.5 dB), sub-
stantially increaes both the sensi-
tivity and signal-to-noise ratio of 
the receiver. The circuit as shown 
is intended for use in the 10-meter 
(28-MHz) frequency band; the 
3N140 MOS transistor, however, has 
excellent performance characteris-
tics at frequencies well below the 
10-meter band and up to 200 MHz. 
The preamplifier, therefore, can be 
readily adapted for use in other 
frequency bands with only a few 
changes in tuned-circuit components. 
A chart is provided to show the 
changes in tuned-circuit components 
required for operation in the 15-
meter ( 21-MHz) and 6-meter ( 50-
MHz) bands. The de operating volt-
age for the preamplifier may be ob-
tained from a battery supply, as 
shown in the circuit diagram, or 
from any other reasonably well-
filtered de supply voltage of 15 to 
18 volts. 
The dual-gate MOS transistor in 

the preamplifier is operated so that 
essentially it is electrically equiva-
lent to two single-gate MOS transis-
tors connected in cascode and en-
closed in the same package. The 
advantage of the dual gate transis-
tor is that it provides an inexpensive 
cascode circuit that offers maximum 
resistance to cross-modulation from 
nearby transmitters. 
The rf input is link coupled from 
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the antenna to the input tuned cir-
cuit formed by Li and Ci and applied 
to gate No. 1 ( pin 3) of the 3N140 
transistor. This gate, which is 
equivalent to the gate ( or base) of 
the grounded-source ( or -emitter) 
section of a two-transistor cascode 
circuit, is forward-biased by the de 
voltage at the junction of the volt-
age-divider resistors R, and R. The 
source resistor R2 is large enough 
to assure that gate No. 1 is always 
negative with respect to the source. 
Gate No. 2 ( pin 2), in accordance 
with cascode-circuit requirements, is 
returned to ac ground through ca-
pacitor G. The de bias level for this 
gate, established by the voltage di-
vider Ri and R5, represents a compro-
mise between optimum gain and op-
timum cross-modulation resistance. 
The amplified rf signals developed in 
the drain circuit of the 3N140 tran-
sistor are link coupled from the 
tuned-circuit drain load impedance 
formed by I., and C.;, through co-
axial connector J2 to the input of 
the receiver. 
Tuning of the preamplifier is sim-

plified because no special neutrali-
zation is required, even at frequen-
cies as high as 155 MHz. Rough 
adjustments of coils L1 and L2 can 
be made by use of a grid-dip oscil-
lator. The finishing adjustments are 
then made while listening to a weak 
station. 

TWO-METER CONVERTER 

Circuit Description 

This converter circuit can be used 
ahead of a 10-meter amateur-band 
radio receiver to provide amplifica-
tion and the frequency conversion 
required to enable reception of sig-
nals in the 2-meter ( 144-to-148-
MHz) amateur band. With minor 

circuit modification, the converter 
can also be used to adapt a 20-
meter amateur-band receiver to re-
ceive 2-meter signals. The converter 
uses RCA 40235, 40236, and 40237 
vhf transistors in common-emitter 
circuit configurations to provide to 
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14-8 

144 TO 148 
MHz 

•IMMO 

C2 

TWO-METER CONVERTER (coned) 

RF AMPLIFIER 

C4 

dim» 

o 
+12.6 V 

MIXER 

2 6 TO 32 
MHz 

RCA   
40236 

§R9 

C11 

OSC-MULT ( X3) R12 C12 

e Wr-b 118MiizT 

dammummo 

«MM. 

«MU 

NOTES: ( 1) See general considerations for the construction of high-frequency and broad-
band circuits on page 582. ( 2) This circuit uses coils that are not standard commercial 
items; such coils must be wound by the circuit builder. 

Parts List 

CI = 0.5 to 5 pF, tubular 
trimmer, Erie 532-3R or 
equiv. 

C2 = 10 pF, ceramic tubu-
lar, Centralab TCZ-10 or 
equiv. 

Ca, Co, Cil = 500 pF, silver 
button, Erie 662-003-501K 
or equiv. 

Ci =- 4.7 pF, ceramic tubu-
lar, Centralab TCZ-4R7 
or equiv. 

C:b, C12, C11 = 3.3 F, 
ceramic tubular Centralab 
TCZ-3R3 or equiv. 
= 2.2 pF, ceramic tubu-

lar, Centralab TCZ-2R2 
or equiv. 

C7 = 25 pF silver button, 
Erie 662-003-250 or equiv. 

C•s, CI:. = 500 pF, ceramic 
disc, Centralab DD-501 
or equiv. 

Citp, Cut =. 30 pF, ceramic 
tubular, Centralab TCZ-30 
or equiv. 

J1, J2 = BNC-type coaxial 
jack 

LI = 5 turns of No. 16 
bare wire, 1/4 -inch di-
ameter ( spaced wire di-
ameter), tap one turn up 
from bottom 

L2, L:t = 4 turns of No. 26 
enamelled wire, close 
wound on 1.1-inch diam-
eter ceramic slug-tuned 
form, Miller 4500 or 
equiv. 

Li =. 11 turns of No. 26 
enamelled wire, close 
wound on 3,18-inch diam-
eter phenolic slug-tuned 
form, Miller 21A00ORBI 
or equiv. 

L = 3 turns of insulated 
wire, close-wound link 

Circuit Description (coned) 

required amplification and frequency-
conversion functions with a noise 
figure ( at 144 MHz) of less than 

Le -= 5 turns of No. 26 
enamelled wire, close 
wound on l'8-inch diam-
eter phenolic slug-tuned 
form, Miller 21A00ORBI 
or equiv. 

L7 = 7 turns of No. 26 
enamelled wire, close 
wound on 1,/4-inch diam-
eter ceramic slug-tuned 
form, Miller 4500 or 
equiv. 

RI = 27,000 ohms, 0.5 watt 
R = 3,900 ohms, 0.5 watt 
R::, Ri = 470 ohms, 0.5 watt 
RI, 1119 = 820 ohms, 0.5 watt 

= 18,000 ohms, 0.5 watt 
= 2,700 ohms, 0.5 watt 
= 5,100 ohms, 0.5 watt 

0.1 megolim, 0.5 watt 
= 8,200 ohms, 0.5 watt 

R12 = 1,000 ohms, 0.5 watt 
XTAL = 39.33 MHz, over-

tone crystal 

3 dB. The circuit operates from a 
12.6-volt, 10-milliampere de supply 
and, therefore, is ideally suited for 
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74-8 TWO-METER CONVERTER (coned) 

Circuit Description (cont'd) 

mobile, as well as fixed- station, 
operations. 
The 40235 transistor is used in a 

neutralized low-noise rf-amplifier 
stage. Capacitor Cs couples the neu-
tralizing feedback from collector 
circuit to base circuit required to 
ensure stable operation of this stage. 
Signals in the two-meter band are 
coupled from the antenna through 
the coaxial connector J1 and the 
tuned input circuit formed by Ll, 
Cs and C, to the base of the 40235 
transistor. The variable capacitor 
C1 is adjusted to tune the input cir-
cuit to select any desired signal in 
the 144-to- 148-MHz frequency band. 
The selected signals are amplified 
by the 40235 transistor and coupled 
from the collector circuit of this 
transistor by tuning coils L, and 1,3 
and capacitor C. to the base of the 
40236 transistor used in the mixer 
stage. 
The 40237 transistor is operated 

in an overtone-crystal oscillator-
multiplier stage to develop the local-
oscillator signal for the converter. 
The crystal used in the base-to-
emitter circuit of the oscillator-
multiplier has a fundamental fre-
quency of 39.33 MHz; the collector 
load circuit, formed by oscillator 
tuning coil L7 and capacitor Cs., how-
ever, is tuned to select the third 
harmonic of the crystal fundamen-
tal. The oscillator-multiplier stage, 
therefore, develops a fixed-frequency 
118-MHz local- oscillator signal that 
is coupled by capacitor Cs, to the 

74-9 

emitter circuit of the 40236 mixer 
transistor. 

In the mixer stage, the rf input 
signal from the antenna and the 
local-oscillator signal are hetero-
dyned to derive the difference fre-
quency used as the input to the 
10-meter-band receiver. Output tun-
ing coil Lt, capacitor Cp., and re-
sistor R. forms a collector load 
circuit that is broadly tuned to se-
lect the difference-frequency signal 
developed in the mixer stage. This 
signal is transferred by the coupling 
link Ln and the coaxial connector 
J, to the input of the 10-meter-band 
receiver. 
The 118-MHz local-oscillator fre-

quency was selected so that the 
heterodyning action in the mixer 
provides a converter output of 26 
to 32 MHz, depending upon the fre-
quency of the selected rf input sig-
nal from the antenna. For example, 
a 144-MHz rf input signal results 
in a difference-frequency output of 
144 MHz- 118 MHz ( or 26 MHz; a 
148-MHz input frequency results in 
an output frequency of 148 MHz 
118 MHz, or 32 MHz. The converter 
circuit, however, can be readily 
modified to provide a lower-fre-
quency output. If it is desired to 
adapt a 20-meter-band receiver to 
receive 2-meter-band signals, it is 
necessary merely to use a crystal 
that has a fundamental frequency 
of 43.33 MHz and to double the num-
ber of turns in the output tuning 
coil L. No other changes are re-
quired. 

STABLE VARIABLE-FREQUENCY OSCILLATOR 

Circuit Description 

This VFO circuit uses a 40468 or 
3N128 MOS transistor in a highly 
stable variable-frequency oscillator 
stage and 40245 and 2N3241A bi-
polar transistors in a two-stage 

isolation ( output) amplifier to 
achieve exceptional frequency sta-
bility at low de operating poten-
tials. The MUS-transistor oscillator 
circuit is useful at any frequency up 
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74-9 STABLE VARIABLE-FREQUENCY OSCILLATOR (coned) 

Circuit Description (cont'd) 

to and including the 144-MHz band. 
Tuned-circuit data are provided for 
the standard 3.5-to-4-MHz band, for 
the 5-to- 5.5-MHz band for single-
sideband transmitters, and for the 
8-to-9-MHz band for 50- and 144-
MHz transmitters. ( See chart on 
page 607.) 
The oscillator stage is a Colpitts 

type. The variable capacitor C, is 
the tuning control for the circuit. 
With a Millen 10037 ( or equivalent) 
"no sting" dial coupled to the shaft 
of this capacitor, the oscillator tun-
ing range encompasses essentially 
the full dial area. Capacitor C2 is 
the trimmer adjustment for the cir-
cuit. The effect of changes in tran-
sistor-element capacitances is re-
duced to a minimum by use of a 
three-capacitor (C4, C5, and C.) volt-
age divider. The relatively large 
values of the capacitors C5 and Cii, 
which are connected across the gate-
to-source circuit of the MOS tran-
sistor, almost completely obviate the 
effect of the transistor capacitances. 
The rf choke Li provides the re-
quired low voltage (IR) drop for 
the source current of the MOS 
transistor. 
The 1N914 silicon rectifier in the 

gate circuit of the oscillator stage 
is used to provide the rectified gate 
current for the MOS transistor. This 
rectifier makes possible a degree of 
automatic bias comparable to that 
obtainable with an electron tube and, 
in this way, contributes substantially 
to the frequency stability of the VFO 
circuit. The use of silver-mica types 
for all fixed-value capacitors in the 
oscillator stage assures a stable fre-
quency-temperature characteristic. 
The output of the oscillator stage 

is coupled from the source of the 
MOS transistor, through capacitor 
C7 and resistor R1, to the base of 
the 40245 bipolar transistor used 
in the input stage of the isolation 
amplifier. The output of the 40245 
transistor, in turn, drives the 
2N3241A emitter-follower output 
stage. The isolation amplifier is es-

605 

sentially a two-stage, direct-coupled, 
negative-feedback output circuit 
that greatly reduces the effect of 
a change in output conditions on 
oscillator performances and pro-
vides a convenient means ( by a 
change in the value of resistor R1) 
to vary the output voltage of the 
VFO circuit. 
The de operating potentials for 

the VFO circuit can be obtained di-
rectly from a 12-volt source. For 
operation from a 117-volt, 60-Hz ac 
source, a low-voltage dc supply, such 
as that shown in the circuit dia-
gram, may be used to supply the re-
quired voltage. The 117-volt ac 
source voltage is stepped down to 
6.3 volts ac by the power trans-
former Ti and then converted to a 
dc voltage of 12 volts by the volt-
age-doubler circuit formed by the 
1N3193 rectifier diodes and filter 
capacitors C13 and CH. The two 
2N3241A bipolar transistors and the 
Zener diodes CR1 and CR 2 connected 
between points A and B of the volt-
age-doubler circuit form an elec-
tronic voltage regulator that main-
tains constant de output voltages 
with changes in the input ac voltage. 
The voltage-regulator circuit is 

also used when the VFO is operated 
in a mobile system. For this type of 
operation, the power transformer T, 
and the voltage doubler are discon-
nected from the remainder of the 
circuit, and points A and B are con-
nected to the positive and negative 
tertminals, respectively, of a 12-volt 
battery. 
The VFO circuit is characterized 

by its exceptional frequency stabil-
ity. A unit designed to operate in 
the 3.5-to-4-MHz frequency range 
exhibits a frequency drift of less 
than 30 Hz in 2 hours after a 30-
second warm-up. A 5-to-5.5-MHz 
unit has a frequency drift of less 
than 50 Hz for the same period, and 
a 8-to-9-Mz unit has a frequency 
drift of only slightly more than 200 
Hz. 
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14-9 STABLE VARIABLE-FREQUENCY OSCILLATOR (cont'd) 

Ti 1  

3 

TYPE 
1N914 

C4 

+6.8 V 

Ido 

RCA 
40468 
OR 
TYPE T 8 
3NI28 RCA 

D. 40245 

OUTPUT'Ji "  

TYPE 
1N3193 

A 

'4" TYPE 1N3193 1 -1-• 

- 

dimb 

«0«P*•• 

R2 

TYPE 
2N324IA 

•  

Cl2 

.025µF 

50V 

TYPE 
2N324IA 

 11›-f-10 V. 

 0.4-6.8V 

CR2 

NOTE: See general considerations for the construction of high-frequency and broadband 
circuits on page 582. 

Parts List 

CI = Double-bearing vari-
able capacitor, Millen 
23100 or 23050 ( or equiv.) 
depending upon fre-
quency range ( see Tuned-
Circuit Data) 

C2 = Air-type trimmer ca-
pacitor, 25 pF maximum, 
Hammarlund APC-25 or 
equiv. 

C:t, Cs, Cn, C = silver-mica 
capacitors ( see Tuned-
Circuit Data for values) 

C7 = 2200 pF, silver mica 
Cs = 0.05 pF, ceramic disc, 

50 V. 
C9 = 0.1 pF, ceramic disc, 

50 V. 

Ci = 1500 pF, feed-
through 

C12 = 0.025 /IF, ceramic 
disc, 50 V. 

CI:: = 500 pF, electrolytic, 
12 V. 

Cis = 500 AF, electrolytic, 
12 V. 
= 50 4F, electrolytic, 

12 V. 
CR1 = Zener diode, 12-volt, 

1-watt 
CR 2 = ener diode, 6.8 volt, 

1 -watt 
Ji = Coaxial connector 
Li = Variable inductor ( see 
Tuned-Circuit Data for 
details) 

1,2 =_ Miniature 1-f choke, 
2.5 mH, iron core 

RI =. 22000 ohms, 0.5 watt 
R2 = 12000 to 47000 ohms, 

0.5 watt: select value for 
2- volt peak output level 
at input to transmitter 
= 12000 ohms, 0.5 watt 

R1 =_. 820 ohms, 0.5 watt 
= 47000 ohms, 0.5 watt 

Ri; = 240 ohms, 0.5 watt 
R7 = 2200 ohms, 0.5 watt 
Rs = 220 ohms, 0.5 watt 
R9 = 180 ohms, 0.5 watt 
Ti -= 6.3-volt, 1.2-ampere 

filament transformer 
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14-9 STABLE VARIABLE-FREQUENCY OSCILLATOR (contid) 

Tuned-Circuit Data 

14-10 

MHz 
Li 

No. of turns 
Wire size 
Turns/inch 
Diam., inches 
CI, p. 
C2, pf. 
C3, pf. 
CI, pf. 
C5, pf. 

pf. C4;, 

3.5-4.0 
MHz 

17* 
20 
16 
1 

100 
25 
100 
390 
680 
680 

5.0-5.5 8.0-9.0 
MHz 

1434* 11 12** 
20 18 
16 8 
1 1 

50 50 
25 25 

None None 
390 270 
680 560 
680 560 

* B & W 3015, AirDux 816T, 
** B & W 3014, AirDux 808T, 

or equiv. 
or equiv. 

MICROPHONE PREAMPLIFIER 

W ith High Dynamic Range 

Parts List 

CI. C.; = 15 µF, electrolytic, 
6 V 

C2', C7 = 300 µF, electrolytic, 
6 V 
= 10 4F, electrolytic, 

15 V 
Cs, = 0.05 pF, paper 
C5 = 250 4F, electrolytic, 

25 V 
Ct = 50 /IF, electrolytic, 

15 V 

GROUND BUSS 

Ri = value required to 
match microphone line 
impedance ( up to 10000 
ohms), 10';, 0.5 watt 

112, 119 = 0.1 megohm, 10e;, 
0.5 watt 

= 6200 ohms, 10e., 
0.5 watt 

RI, Rit = 10000 ohms, 10';, 
0.5 watt 

TYPE 
2N3242A 

TYPE 
2N3242A 

bUI 

= 68 ohms, 10%, 
0.5 watt 

111;, = 470 ohms, 10%, 
0.5 watt 

R7= 820 ohms, 10 70, 0.5 
watt 
= potentiometer, 10000 

ohms, 0.5 watt, audio 
taper 

RI = 1000 ohms, 0.5 watt 
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14-70 MICROPHONE PREAMPLIFIER (cont'd) 

Circuit Description 

This three-stage preamplifier is 
designed for use with high-level mi-
crophones. It has an over-all voltage 
gain of 1500 to 2000 and can provide 
a maximum undistorted output volt-
age of 5.• volts rms to a load im-
pedance of 500 ohms or greater for 
a maximum undistorted input of 0.4 
volt rms. The frequency response 
of the preamplifier is flat from 20 
Hz to 30 kHz. The de power re-
quirements of the circuit are 20 
volts at 30 milliamperes. 

74-7 7 

The preamplifier uses a low-noise 
40233 in a class A input stage and 
two 2N3242A transistors in direct-
coupled class A driver and emitter-
follower output stages. The circuit 
operates equally well with either 
low-impedance or high-impedance 
microphones provided that the value 
of the input resistor R, is selected 
to match the microphone line im-
pedance up to a maximum of 10,000 
ohms. 

HIGH-FIDELITY PREAMPLIFIER 

FOR PHONO, FM, OR TAPE PICKUP 

Circuit Description 

This phonograph preamplifier can 
be used with an audio power ampli-
fier, such as circuits 14-15 through 
14-19, to provide an excellent high-
fidelity system. The circuit is de-
signed for use with a magnetic 
pickup that can supply an input 
signal of at least 5 millivolts. 
Provisions are also included in the 
preamplifier for tape and tuner 
inputs. For a 5-millivolt input 
signal, the preamplifier delivers an 
output of at least 1 volt. An input 
of 300 millivolts from a tuner or 
tape recorder is required to pro-
duce an output of 1 volt. The pre-
amplifier requires a de supply of 
20 volts at 7.5 milliamperes. 
The preamplifier uses a low-noise 

40233 transistor Q, and a 2N3242A 
transistor Q in a two-stage direct-
coupled input circuit. A frequency-
shaping network in the feedback 
circuit of transistor Q provides fre-
quency compensation when the pre-
amplifier is used with a magnetic 
phonograph pickup. The output cir-
cuit of transistor Q., contains a level 
control R1,1 that feeds the loudness 
control R1, through the selector 

switch SI. The loudness control, in 
turn, drives the tone-control cir-
cuits of the preamplifier. Tape, 
tuner, or phono inputs can be se-
lected by means of the selector 
switch; an output connector in the 
arm of the selector switch permits 
tape recordings to be made without 
affecting volume or loudness and vice 
versa. 
The treble and bass tone controls 

provide boost of 10 dB and cut of 
15 dB for deep bass and high treble 
frequencies. Each control operates 
independently so that precise tone 
shaping is possible. When both con-
trols are in the center position, the 
response is flat; the bass and treble 
frequencies are equally mixed. 

Output distortion is low at all fre-
quencies for any setting of either 
the bass or the treble tone control. 
The collector- to-base feedback in the 
2N3242A transistors Q3 and Q works 
with the tone controls to provide the 
over-all tonal response of the pre-
amplifier. 

Included in the preamplifier is a 
loudness/volume control switch S. 
With the loudness control in, lower 
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74-71 HIGH-FIDELITY PREAMPLIFIER (confit:1) 

MAGNETIC 
PHONO 
INPUT 

«MM». 

1111.11 

TAPE 
INPUT 

«I» 

TUNER 
INPUT 

TAPE 
OUTPUT 

R5 

Q2 

 e\AAi  
R31 

R 6 R7 

 «A«,-• > 

4 

C(7 R12 
INçhgp,o  

OUT S2 

Parts List 

Ci = 2 pF, electrolytic, 
6 V 

C2, C17, C1 = 25 pF, elec-
trolytic, 25 V 

0.0027 /IF, paper, 200 V 
Ci = 0.01 /IF, paper, 200 V 
C5 = 100 p.F, electrolytic, 
3 V 

Co =_- 1 /IF, electrolytic, 
25 V 

C7 =- 180 pF, mica, 500 V 
Cs =_ 0.033 pF, paper, 200 V 
Co = 1 F, electrolytic, 

12 V 
C10, C 16 = 10 4F, electro-

lytic, 10 V 
C11 =. 10 F, electrolytic, 

25 V 

R11 

OMO 

R25§ 

RI3 

C9 

? +20V 

R16 

Q 3 

1111.rormnee 
aniMm«. 
«MD 

R18 

TREBLE 

R3 

7 

SCRATCH CI4 
FILTER • )f---1 

A TT CI5 

S3 IN 

R22 

;R27 *30 

C19 

R28 

111111, 

«BD 

411•••• 

R26 

Cia, Ci = 0.022 pF, paper, 
200 V 

Ci I =-- 0.0039 pF, paper, 
200 V 

C15 = 0.0047 pF, paper, 
200 V 

C19 = 100 12F, electrolytic, 
6 V 

R1, R3 = 6800 ohms, 10%, 
0.5 watt 

R2 -= 0.18 megohm, 10%, 
0.5 watt 

R4 = 470 ohms, 10(7( , 0.5 
watt 

R5 = 27000 ohms, 10%, 0.5 
watt 

=_ 0.47 megohm, 10'e, 
0.5 watt 

1 

OUTPUT 

BASS 

R19 

R20 

C12 C13 

 )1-• 

R21 

R7, Rio, R21, R21 = 10000 
ohms, 10("c, 0.5 watt 

Rs = 82 ohms, 10c,.; , 0.5 watt 
R9 — 1800 ohms, 10(7c, 0.5 
watt 

Rio = potentiometer, 0.1 
megohm, 0.5 watt, audio 
taper 

Rn ——  8200 ohms, 10%, 0.5 
watt 

R12 = potentiometer, 0.25 
megohm, 0.5 watt, audio 
taper with tap, Centralab 
F11-250K or equiv. 

R13 = 33000 ohms, 10%, 0.5 
watt 
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14-11 HIGH-FIDELITY PREAMPLIFIER (cont'd) 

Parts List (coned) 

RI4, R2S = 18000 ohms, 10%, 
0.5 watt 

R:ti = 4700 ohms, 10, 
0.5 watt 

R141 = 6800 ohms, 10, 0.5 
watt 

R17 = 68 ohms, 10'7; , 0.5 
watt 

R22, R25, R29 -= 1000 

ohms, 10%, 0.5 watt 
R20, R21 = potentiometer, 

0.1 megohm, 0.5 watt, 
linear taper 

R241 = 47000 ohms, 107c, 0.5 
watt 

R27 = 56000 ohms, 10%, 0.5 
watt 

Circuit Description (cont'd) 

tones are enhanced at low output 
levels and a more pleasing sound is 
produced; when the loudness control 
is switched out, the volume control 
attenuates all tones equally. 

74-72 

R30 — 2700 ohms, 10%, 0.5 
watt 

Si = switch, single-pole, 
3-position, wafer 

S2 = switch, single-pole, 
double-throw, toggle 

S3 = switch, single-pole, 
single-throw, toggle 

The scratch filter attenuates 
somewhat the frequencies at which 
scratch noise from scratched records 
is most prevalent. 

HIGH-QUALITY PREAMPLIFIER 

FOR PHONO, FM, OR TAPE PICKUP 

Circuit Description 

This preamplifier has equalized 
input circuits for FM stereo ( flat), 
ceramic and magnetic phonograph 
pickups, and tape-recorder heads. 
Level controls are provided for FM 
and ceramic and magnetic phono-
graph inputs. High input impedance 
and input equalization are provided 
in each operating mode by a directly 
coupled two-stage input section that 
uses frequency-sensitive negative 
feedback to provide the desired in-
put characteristics. The 2N2613 
transistor used in the first stage has 
low noise, low saturation current, 
wide frequency response, and high 
gain. The 2N591 transistor used in 
the second stage has excellent linear-
ity and better-than-average noise 
characteristics. The operating points 
selected for these stages provide 
both low noise performance and an 
adequate dynamic range. 
Both tone controls in the pre-

amplifier provide full-range boost 
and cut functions; interaction is neg-
ligible. Distortion is low for any 
tone-control setting. The collector-
to-base feedback in the third and 
fourth stages works with the tone 
controls to provide the over-all 
tonal response of the preamplifier. 
The 2N408 stages amplify the sig-
nal to the input level required by 
most transistor audio power ampli-
fiers. For a given input level, the 
output response of the preamplifier 
(with controls flat) is constant with-
in +1 dB from 10 to 20,000 Hz. 
The de power for the preamplifier 

may be obtained from the power 
supply for the audio amplifier. If 
necessary, a voltage-dropping re-
sistor should be used to reduce the 
supply voltage to the —18 to —22 
volts required for the preamplifier 
stages. 

Performance Characteristics 

Sensitivity ( at full volume) : 
Tape input = 1-mV rms input for 42-mV output at 1000 Hz 
FM ( flat) input = 100-mV rms input for 42-mV output at 1000 Hz 
Magnetic-phono input = 2-mV rms input for 42-mV output at 1000 Hz 
Ceramic-phono input = 100-mV rms input fed in through 1000 pF 

(equivalent capacitance of crystal cartridge) for 42-mV output at 
1000 Hz 
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74-72 

APE 

MAG 
PHONO 

LEVEL 

CERAMIC 
PHONO 

R4 

HIGH-QUALITY PREAMPLIFIER (coned) 

R7 

TYPE 
2N2613 

CI 

''eqk LEVEL 
C6 

 eVV\P  
R14 

elMifflMMIO 

Parts List 

CI -LT: 25 4F, electrolytic, 3 V 
= 0.06 ,uF :_t 5(:( , ceramic, 
50 V 
=_ 0.2 /IF It 

25 V 
C; = 50 fiF, electrolytic, 3 V 
C5 = 270 pF, ceramic, 600 V 
C.;, Cié; = 0.05 ¡IF ± 5(:; , 
ceramic, 50 V 

C7 = 0.25 pr, ceramic, 50 V 
= 25 /2F, electrolytic, 15 V 

C9 = 2 4F, electrolytic, 3 V 
CI.), Cis = 2 4F, electrolytic, 

10 V 
Cii = 0.15 RF 

ceramic, 50 V 
Cu = 0.12 RE' 
ceramic, 50 V 

Ci:: 7-7 10 pF, electrolytic, 
10 V 

Ci 5 = 0.003 jiF -_-±- _ 
ceramic, 500 V 

5r7c, ceramic, 

r, (-7 • 

C7 

RI 7-7. level control, poten-
tiometer, 50000 ohms, 0.5 
watt 
= 51000 ohms, 0.5 watt 

R:: = level control, poten-
tiometer, 1000 ohms, 0.5 
watt 

Ri = level control, poten-
tiometer, 5000 ohms, 0.5 
watt 

R:; 1 megohm, 0.5 watt 
R.; = 15000 ohms, 0.5 watt 
R7 I_ 47000 ohms, 0.5 watt 
Rs = 100 ohms. 0.5 watt 
R9 :=7: 0.1 megohm ± 5, 0.5 
watt 

R1,, = 0.18 megohm, 0.5 watt 
Ru --- 820 ohms ± 5, 0.5 
watt 

RI2 -77 27000 ohms IL- , 0.5 
watt 

RI:: 1500 ohms ± 5r,; , 0.5 
watt 

.11••M• 

RI 
Ri5 
RI.; 
RIT 

611 

R27 

TO 
3300- OHM 

LOAD 

= 1000 ohms, 0.5 watt 
=_1 1800 ohms, 0.5 watt 
- 330 ohms, 0.5 watt 
= volume control, po-

tentiometer, 10000 ohms, 
0.5 watt 

Ris = 56000 ohms, 0.5 watt 
Rite = 6800 ohms, 0.5 watt 
R241, R2:I = 2700 ohms, 0.5 
watt 

R. = 180 ohms, 0.5 watt 
= bass control, poten 

tiometer, 50000 ohms, 0.5 
watt 

R2I 27--- 0.1 megohm, 0.5 watt 
R27, = 3300 ohms, 0.5 watt 
112é; = treble control, poten-

tiometer, 0.1 megohm. 0.5 
watt 

R27 27000 ohms, 0.5 watt 
Si selector switch; rotary 

type; 2-pole, 3-position 

Performance Characteristics (cont'd) 

Overload more than 30 dB above full-volume input 
Output response ( tone controls t +1 dB from 10 Hz to 22 kHz 
Tone-control range: 

Treble ( at 20 kHz) 21 dB cut to + 17 dB boost 
Bass ( at 20 Hz) 25 dB cut to +18 dB boost 
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1-WATT AC/DC PHONOGRAPH AMPLIFIER 

IHFM Music Power Rating, 2.5 W 

LOUDNESS 
R4 CONTROL 
 NN.A.. • 

TREBLE 
CONT. 

MM. 

NOTE: The 2N3584 transistor 
scription for details). 

Parts List 

Cl, C2 = 1200 pF, ceramic 
disc 

C3 = 0.005 /iF, ceramic disc 
C4 =7- 80 AF, electrolytic, 25 
V 

C5 = 0.1 I.LF, ceramic disc 
C(1, Cs 25 ,uF, electrolytic, 
6 V 

C7 = 0.01 4F, ceramic disc 
C9 = 80 g F, electrolytic, 150 
V 
= 56000 ohms, 0.5 watt 

R2 = base control, potenti-
ometer, 3 megohms, 0.5 
watt, audio taper 

13 V 
Ri4 

must be mounted on an 

RCA 
40265 

117 V 
AC/DC 

adequate heat sink (see circuit de-

113 — 68000 ohms, 0.5 watt 
R4 — 0.33 megohm, 0.5 watt 
R5 — treble control, poten-

tiometer, 1 megohm, 0.5 
watt, audio taper 
= 10000 ohms, 0.5 watt 

R7--------  loudness control, po-
tentiometer, 2 megohms, 
tapped at 1 megohm, 0.5 
watt, linear taper 

Rs, Rit = 18000 ohms, 0.5 
watt 

RA = 33000 ohms, 0.5 watt 
Rio, R15 1000 ohms, 0.5 
watt 

Circuit Description 

This two-transistor amplifier de-
livers an rms power output of more 
than 1 watt to a 4-ohm speaker; its 
IHFM music power rating is 2.5 
watts. The input to the amplifier is 
obtained from a conventional 0.5-
volt, 1000-picofarad ceramic phono-
graph cartridge; full power output 
is attained at average record levels 
for the maximum volume setting. 
The amplifier incorporates bass and 
treble tone controls, as well as a 
tapped loudness control for bass 
boosting at low volume settings. It 
has high gain, operates at low noise 
levels, and provides stable operation 
at temperatures up to 55°C. The cir-
cuit operates directly from either an 

Rn = 68 ohms, 0.5 watt 
R12 = 470 ohms, 0.5 watt 
Ri:  = 820 ohms, 0.5 watt. 
R16 = 120 ohms, 0.5 watt 
R17 = 250 ohms. 4 watts 
Ti = audio output trans-
former; matches collector 
load impedance of 2500 
ohms to speaker voice-
coil impedance of 3.2 
ohms; Freed No. RCA-8, 
Triad No. S-12X, or 
equiv. 

ac power line or a de power supply 
of 117 volts. AC inputs are converted 
to de power by the 40265 half-wave 
rectifier circuit. 
The input stage of the phonograph 

amplifier consists of a 40263 n-p-n 
transistor operated in essentially a 
collector-follower circuit configura-
tion. The signal developed at the 
collector of the 40263 directly drives 
the 2N3584 p-n-p transistor used 
in the output stage. The output 
stage is basically a common-emitter 
class A power amplifier that is 
transformer coupled to the speaker. 
Output transformer T1 matches the 
collector impedance of the output 
transistor to the speaker. 
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74-13 1-WATT AC/DC PHONOGRAPH AMPLIFIER (cont'd) 

Circuit Description (coned) 

The phonograph amplifier provides 
an over-all power gain of 72 dB. The 
input impedance of the circuit is 
typically 3000 ohms. An rms input 
of 3 millivolts, therefore, results in 
an rms output of 50 milliwatts. An 
rms input of 16 millivolts is required 
to obtain the rated output of 1 watt. 
The stability of the amplifier is ex-
cellent, and the sensitivity remains 
essentially constant at temperatures 
up to 55°C. The total harmonic dis-
tortion is less than 1 per cent for 
outputs below 50 milliwatts and is 
approximately 10 per cent for out-
puts at the 1-watt level. The hum 

14-14 

and noise level is 70 dB below the 
rated output of 1 watt at the zero 
volume setting and 58 dB below the 
rated output at the maximum volume 
setting. The frequency response of 
the amplifier is flat within 3 dB from 
120 Hz to 7.6 kHz. 
The 2N3584 transistor used in 

the output stage of the phonograph 
amplifier should be mounted on a 
suitable heat sink. A vertical heat 
sink made of 1/16-inch-thick alumi-
num that provides a total effective 
cooling-surface area of 28 square 
inches will provide adequate heat-
sink protection. 

9.5-WATT COMPLEMENTARY-SYMMETRY 

AUDIO POWER AMPLIFIER 

IHFM Music Power Rating, 19 W 

Circuit Description 

This 4-stage audio power amplifier 
delivers 9.5 watts of rms power out-
put to a 8-ohm load impedance with 
less than 100 millivolts of input sig-
nal. Two of these amplifiers can be 
used in a dual-channel ( stereo) sys-
tem to provide 19 watts of IHFM 
music power per channel or 38 watts 
total. The amplifier uses a direct-cou-
pled complementary-symmetry out-
put stage with conventional "boot-
strap" drive to provide excellent 
frequency response. The large 
amounts of negative feedback em-
ployed assure low distortion. The 
amplifier operates from a de power 
supply of 28 volts. 
The amplifier employs a 2N3242A 

transistor in the input stage, a 
2N3241A transistor in the predriver 
stage, a 40501 transistor in the 
driver stage and a 40022 p-n-p tran-

sistor and a 40250 n-p-n transistor 
in the complementary-symmetry out-
put stage. The direct-coupled input 
and predriver stages provide good 
de stability and local feedback. The 
40501 driver transistor has an in-
tegral heat radiator to provide the 
high dissipation capability that is re-
quired. The 1N2326 compensating 
diode is used to provide thermal sta-
bility. This diode, which is thermally 
connected to the heat sink of the 
output transistors, must be used if 
the output stage is to operate re-
liably at an ambient temperature of 
55°C. 
The 0.0056-microfarad capacitor CC 

from collector to base of the 40250 
transistor reduces the high-frequen-
cy response of this n-p-n silicon 
transistor to approximately that of 
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14-14 9.5-WATT COMPLEMENTARY-SYMMETRY 

AUDIO POWER AMPLIFIER (cont'd) 

Ri 

(e 1±-1\AA' 
CI 

R3 

TYPE 
2N3241A 

TYPE 
2N3242A 

3 

R7 

 Wv  

R5 R11 

C4 

9-711-7«. 

R4 

 eV\A"--• 

R11 

TYPE W 
1N2326 

C6 

RCA 
40250 

R1 3 

§R8 
R12 

RCA 
40022 

14 

RCA 
40501 

+28 V 
o 

15 

16 

8 
OHMS 

NOTE: The 40022 and 40250 output transistors and the 1N2326 compensating diode should 
be mounted on a common heat sink that has a thermal resistance of 1.8°C per watt or less. 
Diode may be attached to heat sink by use of small metal cable clamps. 

Parts List 

Ci   50 /IF, electrolytic, 15 
V 

C2, C. 1000 ,uF, electro-
lytic, 25 V 

C:: = 18 pF, ceramic 
C5 ----- 100 ,uF, electrolytic, 

12 V 
Ct 0.0056 RF, NPO ce-
ramic disc 

C7 - 500 /IF, electrolytic, 
30 V 

Ri = 3300 ohms, 0.5 watt 
R2, R1 = 0.1 megohm, 0.5 

watt 
_____ 33000 ohms, 0.5 watt 

R:-, 771 680 ohms, 0.5 watt 
Rt:, R10, Ru = 120 ohms, 0.5 

Circuit Description (contici) 

the 40022 p-n-p germanium transis-
tor. Both halves of the output stage 
thus have substantially the same 
frequency response characteristics 
a feature which simplifies the addi-
tion of negative feedback. 
The resistor voltage divider across 

watt 
R7 = 560 ohms, 0.5 watt 
Rs = 1800 ohms, 0.5 watt 
Ro = 82 ohms, 0.5 watt 
R12 = 5.6 ohms, 0.5 watt 
R13, R11 = 0.68 ohm, 1 watt 
R1:-, = 820 ohms, 0.5 watt 
Rio = 180 ohms, 0.5 watt 

the speaker terminals provides the 
proper amount of voltage for the 
loop feedback network ( 0.1 megohm 
and 18 picofarads) and acts as a 
load impedance, both when the 
speaker is removed and at high fre-
quencies. 
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14-15 HIGH-QUALITY 10-W ATT QUASI-COMPLEMENTARY-

SYMMETRY AUDIO POWER AMPLIFIER 

IHFM Music Power Rating, 20 W 

AF 
INPUT 

UM•ol• 

stage are thermally connected (by use 
the 40310 output transistors. For heat 

NOTE: The 1N3754 diodes in the driver 
metal cable clamps) to the heat sink of 
Wakefield No. 400 series or equivalent. 

Parts List 

ct — 50 ,u,F, electrolytic, 6 
V 

C2 = 180 pF, ceramic 
Cn = 50 ,uF, electrolytic, 25 
V 

Ci = 68 pF, ceramic 
C5 = 100 /IF, electrolytic, 6 

V 

Cu 1000 /IF, electrolytic, 
50 V 

CT = 1000 ,uF, electrolytic, 
25 V 

Fi = fuse, 1 ampere 

_ volume control, po-
tentiometer, 10000 ohms, 
0.5 watt ( part of assem-
bly with ON-OFF switch 
Si ) 

R2 = 3300 ohms, 0.5 watt 
113 = 47000 ohms, 0.5 watt 
RI = 5600 ohms, 0.5 watt 
R5 = 4700 ohms, 0.5 watt 
R12 = 4.7 ohms, 0.5 watt 
Ri, Rii = 220 ohms, 0.5 
watt 

Ri = 270 ohms, 0.5 watt 

Circuit Description 

This high-quality audio power am-
plifier can supply 10 watts of rms 
power or 20 watts of IHFM music 
power to an 8-ohm speaker for an 
input of 1 volt rms. The amplifier 

C6 

TYPE 
— IN3193 

of small 
sink, use 

____ 1000 ohms, 0.5 watt 
R9 = 0.1 megohm, 0.5 watt 
R13, R14 = 1 ohm, 1 watt 
Si = ON-OFF switch ( part 

of assembly with volume-
control potentiometer Ri) 
= power transformer; 

primary, 117 volts rms; 
secondary, center-tapped, 
28 volts rms from center 
tap to each end at 500 mA 
dc; Triwec Transformer 
Co. No. RCA-111, or 
equiv. 

employs a 40314 n-p-n silicon tran-
sistor and a 40319 p-n-p silicon tran-
sistor as complementary drivers for 
the pair of series-connected 40310 
n-p-n silicon transistors used in the 
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74-15 HIGH-QUALITY 10-WATT QUASI-COMPLEMENTARY-

SYMMETRY AUDIO POWER AMPLIFIER (coned) 

Circuit Description (cont'd) 

output stage. The absence of both 
driver and output transformers 
helps to provide exceptional fre-
quency response at low cost without 
the hum Pick up and feedback prob-
lems -'often encountered in the de-
sign of audio power amplifiers. 

The use of direct coupling between 
stages and local de feedback for 
each stage makes possible very stable 
quescent operation at all tempera-
tures up to 71°C. The use of an 
over-all negative feedback of G dB 
helps to provide a frequency response 
that is flat within 3 dB from 15 Hz 
to 100 kHz. For operation at the 
rated output, the amplifier provides 
a total harmonic distortion of less 
than 0.7 per cent at 1000 Hz. The 
amplifier provides more than 48 dB 
of power gain and has a quiescent 
dissipation of less than 1 watt. 
The input stage of the amplifier 

employs a 40317 n-p-n transistor con-
nected in a class A common-emitter 
circuit configuration. Negative feed-
back from collector to base of the 
transistor stabilizes operation of the 
input stage. 
The amplified signal developed at 

the collector of the 40317 is directly 
coupled to the base of the 40319 
driver transistor, and the signal at 
the junction of the collector load re-
sistors and R.3 is directly coupled 
to the base of the 40314. Because 
these driver transistors are con-
nected in complementary symmetry, 
the outputs developed across resistor 

74-76 

R1f, and R11 are 180 degrees out of 
phase. The IN3754 diodes connected 
between the bases of the driver tran-
sistors are used to compensate for 
the effect of temperature variations 
on the performance of the output 
transistors. 
The 40310 series-connected output 

transistors are operated in class AB 
rather than class B to prevent cross-
over distortion. The drive input from 
the 40314 driver transistor is ap-
plied between the emitter and base 
terminals of its output transistor so 
that this output transistor is effec-
tively operated in a common-emitter 
configuration. As a result, both out-
put transistors provide equal voltage 
gain. The small amount of degenera-
tive feedback developed across re-
sistors R13 and R11 helps to stabilize 
the output stage. The limiting action 
of the 1N3193 diodes connected in 
shunt with these resistors prevents 
excessive power losses across them 
when the amplifier is operated to 
Provide the full rated output of 10 
watts. 

This audio power amplifier oper-
ates from a 117-volt, ac power 
input. The input is coupled by power 
transformer T, to a conventional 
full-wave rectifier using two 1N3193 
diodes. The rectifier provides a 36-
volt de output for use as the collector 
supply voltage for the amplifier. This 
rectifier circuit can provide the de 
power requirements for both chan-
nels of a stereo system that uses the 
10-watt amplifier. 

25-WATT AC/DC AUDIO POWER AMPLIFIER 

Circuit Description 

This amplifier s is intended pri-
marily for use in public-address 
systems and other audio applications 
in which flexibility with respect to 

load impedance is important. The 
amplifier Provides more than 60 
dB of power gain and has a flat fre-
quency response from 35 to 15,000 
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14-16 25-WATT AC/DC AUDIO POWER AMPLIFIER (conticl) 

AF 
INPUT 

o  

HT V 

AC OR DC 

o  

Parts List 

= 1 ILF, electrolytic, 3 V 
C2 =- 0.02 ,uF, ceramic disc 
C3 = 250 p.F, electrolytic, 

25 V 
C4 = 0.002 µF, ceramic disc 
C5, CG = 2 /IF, electrolytic, 

25 V 
C7 =-- 250 4F, electrolytic, 

150 V 
Cs = 0.1 itlF, ceramic (-lise 
Fi = fuse, 1.5-ampere 

= 15000 ohms, 0.5 watt 
R2 = 3000 ohms, 0.5 watt 
R3 = 2200 ohms, 0.5 watt 
111 = 51 ohms, 0.5 watt 
R5 = 5100 ohms, 0.5 watt 
RC, R7 = 300 ohms, 0.5 watt 
Rs = 4000 ohms, 5 watts 
Ro, R10 = 0.18 megohm, 0.5 
watt 

Rn, R12, Ria, R14 = 510 ohms, 

Circuit Description (cont'd) 

Hz. Total harmonie distortion at the 
rated output is less than 1 per cent, 
and the hum and noise level is 63 dB 
below the output for operation at the 

0.5 watt 
R15, R16 = 5 ohms, 5 watts 
R17 = 10 ohms, 20 watts 
Ris = 0.22 megohm, 0.5 watt 
Si = ON-OFF switch, 
double-pole, single-throw 

Ti = audio output trans-
former; primary, 600 
ohms, center tapped; 
secondary, 8 ohms 

rated power level. The high break-
down voltage of the silicon transis-
tors used in the output and driver 
stages permits the amplifier to be 
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14-16 25-WATT AC/DC AUDIO POWER AMPLIFIER (cont'd) 

Circuit Description (coned) 

operated directly from either an ac 
power line or a de supply of 117 
volts. AC inputs are converted to 
a smooth de supply voltage by four 
1N3194 diodes in a full-wave bridge 
rectifier, together with a simple RC 
filter network R17 and C7. This power 
supply circuit is common to both 
channels of a stereo system that uses 
the 25-watt amplifier. 
The input stage of the amplifier 

uses a 40231 transistor in a class A 
common-emitter configuration. This 
configuration, together with nega-
tive feedback of approximately 10 
dB from the output ( speaker termi-
nal) to the emitter of the 40231, 
results in an amplifier input im-
pedance of 2500 ohms. The amplified 
signal at the collector of the input 
transistor is directly coupled to the 
base of a 40320 transistor used in 
a simple phase-splitter circuit to 
develop the out-of-phase signals re-
quired to drive the push-pull output 
stage. Because the collector and 
emitter load resistors in the phase-
splitter stage are of equal value, 
the signals developed at the emitter 
and collector of the 40320 are equal 

in amplitude but 180 degrees out of 
phase. These signals are capacitively 
coupled to the bases of the 40321 
driver transistors. 
The driver transistors are con-

nected to the 40322 high-voltage 
output transistors in a Darlington 
configuration which provides the 
high power gain required to develop 
the desired power output from the 
signals supplied from the phase-
splitter. Resistors R, R10, R11, and 
R., and the 1N3754 diode bias the 
driver and output stages for class 
AB operation. These stages are 
operated in class AB rather than 
class B to minimize cross-over dis-
tortion. The 1N3754 diode also pro-
vides the temperature compensation 
required to maintain a relatively 
constant quiescent current with 
small changes in temperature or line 
voltage. At the rated output, the 
dissipation in each output transis-
tor is less than 15 watts at room 
temperature; therefore, the ampli-
fier can be operated at temperatures 
up to 70°C without transistor 
derating. 

14-77 HIGH-FIDELITY 25-WATT QUASI-COMPLEMENTARY-

SYMMETRY AUDIO POWER AMPLIFIER 

IHFM Music Power Rating, 38 W 

Circuit Description 

This high-fidelity amplifier pro-
vides 25 watts of rms power output 
(38 watts of IHFM music power out-
put) for an input of 0.6 volt rms. 
The amplifier has a frequency re-
sponse that it flat within 1 dB from 
10 to 50,000 Hz. Total harmonic dis-
tortion at the full rated output of 
25 watts is less than 1 per cent at 
1000 Hz. The amplifier requires no 
driver or output transformer and 
has built-in safe-area limiting pro-
tection that prevents damage to the 
driver and output stages from high 
currents and excessive power dissi-
pation. 

The input stage uses two 2N4037 
p-n-p transistors (QI and Q2) in a 
differential amplifier circuit. These 
transistors are matched for VBE char-
acteristics to give a minimum offset 
voltage between their bases and, 
therefore, between input and output. 
The action of the feedback loop is 
to amplify negatively ( i.e., in op-
posite phase) any voltage difference 
that develops between input and 
output, and, in this way, to cause 
the output voltage to follow the in-
put voltage. 
The predriver stage employs a 

40408 n-p-n transistor (Q3) in a 
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14-77 HIGH-FIDELITY 25-WATT QUASI-COMPLEMENTARY-

SYMMETRY AUDIO POWER AMPLIFIER (cont'd) 

TYPE 1N3754 

INPUT 
VI R1 01 

C3 

TYPE 
2N4037 

Q2 

RCA 
40408 

TYPE 
IN3754 

D2 
TYPE 
IN3754 

TYPE 
I N375 

Q4 
RCA 

40409 

D4 jD5Y 
RCA 
40611 

15 

TYPE 2 C10 
2N4037 

R16 

V TYPE 
1N3754 

05 

40634 
RCA 

R13 

CII 
TYPE 
1N3754 

TYPE 
1N3754 

12 

R18 

TYPE IN-3-7 5 4 

•  

L1 

R24 

TYPE 
1N3193 

RCA 
40632 

3 

r+26V 

CI4_L 

TYPE 
101 IN3193 

R22 

Di! 

Q 

3 

117 V 
60 Hz F 

4—cre‘p—o 
I. 5 -A SLOW-BLOW 

TYPE 

37 V 

.L. at 
- I.5A dc 

; 

8 

R25 

Ci5 

  -26V 

IC16 

/ ow + 26 V(NO LOAD) 

-1±C17 

,r_CI8 

  -26 V (NO LOAD) 

NOTES: ( 1) Output transistors Ql; and Q7 and diodes D2 through Dt should be mounted on 
a common heat sink ( Wakefield Type NC-403K or equiv.). Diodes should be attached to 
under side of heat sink by use of small metal cable clamps. ( 2) Transisotrs gi and Q 
should be matched for base-to-emitter voltage within 0.04 volt and should be selected for 
a beta between 100 and 300 at 1 milliampere and 5 volts. 

Parts List 

CI 5 pF, electrolytic, 
12 V 

C2 = 180 pF, ceramic, 50 V 
= 39 pF, ceramic, 50 V 

CI, C7 = 50 ,uF, electrolytic, 
50 V 

C7, = 50 pF, electrolytic, 
12 V 

Cf; = 50 ,uF, ceramic, 50 V 
Cs, Co, Ci  = 0.02 /IF, 

ceramic, 50 V 
C10, c11, Ci2, C1::, CII, Clfi =-

0.5 uF, ceramic, 50 V 
C17, CIS = 2100 iLF, electro-

lytic, 35 V 

Fi = fuse, 1.5-ampere, 
slow-blow 

10 pH, Miller 4622 
or equiv. 

Ri, R 1800 ohms, 0.5 watt 
R2, R.; = 18000 ohms, 

0.5 watt 
R.. = 12000 ohms, 0.5 watt 
111, R7 = 680 ohms, 0.5 watt 

= 180 ohms, 0.5 watt 
R9, Ru = 270 ohms, 

0.5 watt 
R1,1 = 2200 ohms, 0.5 watt 
Ru i = 47 ohms, 0.5 watt 
R13, Rlo, R20, Rn = 100 
ohms, 0.5 watt 

RI 1, = 1000 ohms, 
0.5 watt 

R15 = 4700 ohms, 0.5 watt 
RIT, = 68 ohms, 

0.5 watt 
R22, R ------ 0.43 ohms, 5 watts 
R21, R 22 ohms, 

0.5 watt 
SI = ON-OFF switch, 

single- pole, single-throw 
= power transformer; 

primary 117 volts; sec-
ondary, center-tapped, 
37 volts at 1.5 amperes; 
Triwec Transformer Co. 
No. RCA-120 or equiv. 
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14-77 HIGH-FIDELITY 25-WATT QUASI-COMPLEMENTARY-

SYMMETRY AUDIO POWER AMPLIFIER (contid) 

Circuit Description (cont'd) 

common-emitter circuit. This circuit 
has a minimum loading effect on the 
input stage and provides the neces-
sary voltage amplification for the 
entire amplifier. The subsequent 
stages provide the required current 
gain. 
The driver stage uses a 40409 

n-p-n transistor (QI) and a 40634 
p-n-p transistor (Q5) connected in 
complementary symmetry to de-
velop push-pull drive for the output 
stage. Two 40632 silicon power tran-
sistors ( Q.. and Q7) used in the out-
put stage are connected in series 
with separate positive and negative 
supply voltages. The output is di-
rectly coupled to an 8-ohm speaker 
from the common point between the 
two transistors. Negative feedback 
of 35 dB is provided by R.., R7 and 
C. Feedback stabilization and 
proper frequency response are pro-
vided by the reactive elements Cr., 
C, and L. 

Bias voltage for the complemen-
tary driver stages is provided by the 
forward voltage drop across the 
three 1N3754 diodes ( 1),, D3, and Ds) 
and resistor 1/11. This voltage is 
necessary to maintain the output 
stages in class AB operation to avoid 
cross-over distortion. The 1N3754 
diodes are connected thermally to 
the heat sink of the output transis-
tors to provide the necessary thermal 
feedback to stabilize the quiescent 
current at its preset value at all 
case temperatures up to 100°C. Be-
cause of the high-temperature com-
pensation provided by this thermal 
feedback network, the required sta-
bility in the output stages can he 
provided by small emitter resistors 
(R,-2 and LI) and losses are held to 
a minimum. ( The Q5-Q7 pair operates 
like a large p-n-p transistor whose 
"emitter" is the collector of Q. Re-
sistor R,2, therefore, is in the "effec-
tive emitter" of the pair.) 

Safe-area limiting is provided by 
a current- limiting circuit whose prin-

cipal components are the emitter re-
sistors Rc) and IL3 and the 2N4037 
p-n-p transistor Q, and 40611 n-p-n 
transistor Qs connected to them, re-
spectively. If any condition exists 
which causes an excessive current to 
flow through either resistor, the re-
sultant voltage developed across the 
resistor will turn on its correspond-
ing protection transistor, removing 
the excessive base drive current 
from the appropriate driver transis-
tor ( Qt or Q5). The value of current 
that is " excessive" depends on the 
output voltage. At an output volt-
age near ground ( such as would be 
encountered with a short circuit) 
essentially the full voltage across 
the emitter resistor is applied across 
the base-emitter terminals of the 
protection transistor, which then 
turns on at a particular value of out-
put current. When the output voltage 
is well above from ground, however, 
(as in the peaks in a normal operat-
ing situation) the emitter-to-ground 
voltage is applied to the network in 
the protection circuit and a voltage 
drop is developed across resistor R I 7 
or R.. As a result, the full voltage 
across the emitter resistor is not ap-
plied to the protection transistor, and 
a larger output current that pro-
duces a larger voltage drop must 
occur before limiting takes place. 
Because the power dissipation of a 
transistor is the product of the volt-
age across it and the current through 
it, high currents may be tolerated 
at low values of voltage across the 
transistor ( i.e., high values of out-
put voltage, because the sum of out-
put voltage and transistor voltage 
is equal to the supply voltage). Both 
the driver and output transistors, 
therefore, are protected from any 
excessive power dissipation, whether 
by a short circuit or with a normal 
loed. 

Further safe-area limiting is pro-
vided by the 1N3193 diodes 110 and 
D. placed across the output transis-
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SYMMETRY AUDIO POWER AMPLIFIER (coned) 

Circuit Description (cont'd) 

tors. These diodes guard against 
damage due to a highly inductive 
load by providing a path to return 
the energy from the inductor to the 
power supply when the load voltage 
and load current differ in sign. This 
energy must find a return path in 
any case. If the diodes are not pres-
ent, the energy will flow through 
the output transistor in the reverse 
direction from normal current flow, 
and possibly cause breakdown. 
The amplifier operates from a 

full-wave bridge power gupply which 
provides symmetrical positive and 
negative de outputs of 26 volts. This 
power supply may be used for both 
channels of a stereo system. 

Performance Characteristics 

(Measured at a line voltage of 120V, 
an ambient temperature of 25°C, 
and a frequency of 1 kHz, unless 
otherwise specified.) 

Power Output ( 8-ohm load) 
Music ( at 5(4 THD, regu-
lated supply) 
Dynamic ( at 15 THD, 
regulated supply) 
Continuous ( at 1% THD, 
unregulated supply) 

Sensitivity ( For continuous 
power output rating) : 
Hum and Noise ( below con-
tinuous power output) : 
Input shorted 
Input open 

Input Resistnnce 
Intermodulation Distortion 
110 dB below continuous 
power output at 60 Hz and 
7 kHz ( 4:1)] 

14-18 HIGH-FIDELITY 40-WATT QUASI-COMPLEMENTARY-

SYMMETRY AUDIO POWER AMPLIFIER 

IHFM Music Power Rating, 55 W 

Circuit Description 

This high-fidelity audio power am-
plifier can deliver 40 watts of rms 
power output ( 55 watts of IHFM 
music power output) for an input 
of 0.6 volt rms. The frequency re-
sponse of the amplifier is flat within 
1 dB from 10 to 50,000 Hz. Total 
harmonic distortion at the full rated 
output of 40 watts is less than 1 
per cent at 1000 Hz. Although com-
ponent values, the transistor com-
plement, and supply voltages dif-
fer, the circuit configuration of this 
amplifier is the same as that of the 
25-watt amplifier in circuit 14-17,4 
and the operation of the two ampli-
fiers is identical. 

38W 

33W 

25W 

600 mV 

80 dB 
75 dB 

20,000 ohms 

0.1% 

Performance Characteristics 

(Measured at a line voltage of 120V, 
an ambient temperature of 25°C, 
and a frequency of 1 kHz, unless 
otherwise specified.) 

Power Output ( 8-ohm load ) 
Music ( at THD, regu-
lated supply) 
Dynamic ( at 1(1; THD, 
regulated supply) 
Continuous ( at 15 THD, 
unregulated supply) 

Sensitivity for continuous 
power output rating 
Hum and Noise: 
Below continuous power 
output: 
Input shorted 
Input open 

Input Resistance 
Intermodulation Distortion 
110 dB below continuous 
power output at 60 Hz 
and 7 kHz 4 : 1 ) j 

55W 

50W 

40W 

600 mV 

80 dB 
75 dB 

20,000 ohms 

0.1% 
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14-18 HIGH-FIDELITY 40-WATT QUASI-COMPLEMENTARY-

SYMMETRY AUDIO POWER AMPLIFIER (cont'd) 

TYPE IN3754 

INPUT 
VI TYPE 2N4036 02 

RCA 40408 
C3 

117 V 60 Hz F1 
2-A SLOW-BLOW 

TYPE 

TYPE 
IN375 

D4 

TYPE IN3754 D3 

Q4 RCA 
40635 

PROTECTION CIRCVIT TYPE pi7 
I 1N3754 D5V RCA C11 08 40611 Ri TYPE IN3754 

D2 lOg TYPE IN3754 
TYPE ,C10 2N4037 R16 

40634 RCA R13  We  

TYPE IN3754 12 

RCA 40633 

R2I R23 

RCA 40633 

I±C17 

 "P -32 V (NO LOAD) 

:f32V 

C14.1: 

TYPE D Ift; 1N3193 

§R22 

3 

Dii 

R24 

TYPE IN3193 

3 

8 

r- 32V 

1516 

+ 32 V(NO LOAD) 

NOTE: ( 1) Output transistors Qii and Q7 and diodes D2 through Di should be mounted on a 
common heat sink ( Wakefield Type N(1403K or equiv.). Diodes should be attached to 
under side of heat sink by use of small metal cable clamps. ( 2) Transistors QI and Q.2 
should be matched for base-to-emitter voltage within 0.04 volt and should be selected for 
a beta between 100 and 300 at 1 millampere and 5 volts. 

Parts List 

ci = 5 ?IF, electrolytic, 
12 V 

C2 = 180 pF, ceramic, 50 V 
C3 = 39 pF, ceramic, 50 V 
C1, C7 = 50 ,uF, electrolytic, 

50 V 
50 ,uF, electrolytic, 

12 V 
= 50 4F, ceramic, 50 V 

C., C11, C15 = 0.02 µF, 
ceramic, 50 V 

Cts, C11, C12, C1:1, C1 I, fist = 

0.05 ELF, ceramic, 50 V 
C17, Cls = 3500 tiF, electro-

lytic, 50 V 
Fi = fuse, 2-ampere, 
slow-blow 

L1 = 10 ,uH, Miller 4622 
or equiv. 

Ri = 1800 ohms, 0.5 watt 
R2, Ré; = 18000 ohms, 

0.5 watt 
R:: 
Ri 

R7 

= 15000 ohms, 0.5 watt 
= 680 ohms, 0.5 watt 
= 180 ohms, 0.5 watt 

560 ohms, 0.5 watt 
= 2200 ohms, 0.5 watt 
= 270 ohms, 0.5 watt 

Riss = 2700 ohms, 0.5 watt 
= 47 ohms, 0.5 watt 

Ftr2 -= 390 ohms, 0.5 watt 
Rn, Rio, R20, R21 = 100 ohms, 

0.5 watt 

Ri 1,Ri =- 1000 ohms, 
0.5 watt 

R13 = 4700 ohms, 0.5 watt 
R17, Rls = 68 ohms, 0.5 watt 
R.22, R2:1 = 0.39 ohm, 5 watts 
R21, R25 = 22 ohms, 

0.5 watt 
Si = ON-OFF switch, 

single-pole, single-
throw 
= power transformer; 

primary 117 volts; sec-
ondary, center-tapped, 46 
volts at 2 amperes; 
Triwec Transformer Co. 
No. RCA-119 or equiv. 
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14-19 

F1 

117 V 
AC 

HIGH-FIDELITY 70-WATT QUASI-COMPLEMENTARY-

SYMMETRY AUDIO POWER AMPLIFIER (cont'd) 
IHFM Music Power Rating, 100 W 

R12 

RCA 
40408 

R13 
RCA 
0406 

Q5 

RIO 
PROTECTION 
CIRCUIT 

t TYPE, 
INI614R 

30 V 

30V 

+42 V (NO LOAD) 

-TYPE 
INI614 

Cg 

—42 V ( NO LOAD) 

.41•1E. 

NOTES: ( 1) Output transistors (1 and Qt* and diodes D2 through Di should be mounted on a 
common heat sink (Wakefield Type NC-403K or equiv.). Diodes should be attached to under 
side of heat sink by use of small metal cable clamps. ( 2) Transistors Q and Q2 should be 
matched for base-to-emitter voltage within 0.4 volt and should be selected for a beta be-
tween 100 and 300 at 1 milliampere and 5 volts. 

Parts List 
Ci = 10 4F, electrolytic, 
6 V 

C2, Cr = 100 uF, electro-
lytic, 50 V 

C3 = 100 4F, electrolytic, 
12 V 

C4 = 47 pF, ceramic 
Ctl, C7 = 0.05 pF, ceramic 
Cs = 0.1 /IF, ceramic 
C9, C10 = 3000 ,tiF, electro-

lytic, 75 V 
Li = 10 4H, J. W. Miller 

No. 4622 or equiv. 
Ri, R12, Ru = 1000 

ohms, 0.5 watt 
R2, = 10000 ohms, 0.5 
watt 
= 18000 ohms, 0.5 watt 

Ri = 680 ohms, 0.5 watt 
R:-., Rie, R114 R17 = 1000 
ohms, 0.5 watt 

R7 = 330 ohms, 0.5 watt 
114 = 3900 ohms, 0.5 watt 
RI) = 5600 ohms, 0.5 watt 
Ris, R15 = 68 ohms, 0.5 
watt 

Ris, R10, 1120 = 0.33 ohm, 
5 watts 

R2.1 = 22 ohms, 2 watts 
R22 = 22 ohms, 0.5 watt 
Si — ON-OFF switch, 

sing—le-pole, single throw 
Ti = power transformer; 

primary, 117 volts rms; 
secondary, center-tapped, 
30 volts rms from center 
tap to each end ( with no 
external load on power 
supply) '-  Triwec Trans-
former Co. No. RCA-113 
or equiv. 
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74-19 HIGH-FIDELITY 70-WATT QUASI-COMPLEMENTARY-

SYMMETRY AUDIO POWER AMPLIFIER (conticl) 

IHFM Musk Power Rating, 100 W 

Circuit Description 

This high-fidelity audio power am-
plifier provides 70 watts of rms 
power output ( 100 watts of IHFM 
music power output) for an input 
of 1 volt rms. The frequency re-
sponse of the amplifier is flat within 
1 dB from 5 to 25000 Hz. Total 
harmonie distortion at the full rated 
power output of 70 watts is less 
than 0.25 per cent at 1000 Hz. Al-
though component values, the tran-
sistor complement, and supply volt-
ages differ, the basic configuration 
and the operation of this amplifier 
are essentially identical to the 25-
watt amplifier in circuit 14-17. 

74-20 

CI 

INPUT 
400 Hz 

o 

TYPE 
2NI481 

•  

R4 

Performance Characteristics 

(Measured at a line voltge of 120V, 
ambient temperature of 25°C, and a 
frequency of 1 kHz, unless otherwise 
specified) 

Power Output : 
Music ( at 5% THD, regu-
lated supply, 8-ohm load ) 
Dynamic ( at THD, 
regulated supply, 8-ohm 
load ) 

Continuous ( at THD, 
unregulated supply, 8-
ohm load) 

Sensitivity for continuous 
power output rating 
Hum and Noise lbelow con-
tinuous power output): 
Input shorted 
Input open 

Input Resistance 
Intermodulation Distortion 
[10 dB below continuous 
power output at 60 Hz 
and 7 kHz ( 4:1) 1 

SERVO AMPLIFIER 

Output, 6 W 
R5 

9 AM  
rrc3 

itsreis314 

Parts List 

Ci =_ 10 AF, 
15 V 

C2 = 47 iuF, 
15 V 

C3 = 20 pF, 
50 V 

C4 = 500 iLF, 
50 V 

electrolytic, 

electrolytic, 

electrolytic, 

electrolytic, 

R6 

R8 

R10 

C4 

§R7 

100W 

88W 

70W 

700 mV 

85 dB 
80 dB 

20,000 ohms 

+56V 
-0 

TYPE 
2N3054 

OUTPUT 
TO 

CONTROL 
PHASE 
OF 

MOTOR 

R1 = 68000 ohms, 0.5 watt 
=. 5600 ohms, 0.5 watt 

R: = 56 ohms, 0.5 watt 
R4 = 560 ohms, 0.5 watt 
R5 ------ 3300 ohms, 0.5 watt 
R8, R7 = 18000 ohms, 0.5 watt 
R8, R9 =- 400 ohms, 0.5 watt 
Rio Rn = 4 ohms, 1 watt 

= driver transformer; 
core material 0.014-inch 
Magnetic Metals Corp. 
"Crystalligned" or equiv.; 
primary 1500 turns; sec-
ondary 450 turns, bifilar 
wound ( each section 225 
turns) 
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4-20 SERVO AMPLIFIER (coned) 

Circuit Description 

This servo amplifier can supply up 
to C) watts of power to the drive 
motor of a servo system. The ampli-
fier is driven by a 400-Hz ac signal 
and is operated from a de supply 
voltage of 56 volts. A pair of 2N3054 
silicon power transistors are used 
in a class AB, push-pull, single-
ended output stage to develop the 
required output power. 

2N1481 common-emitter input 
stage amplifies the 400-Hz input to 
the level required to drive the 
2N3054 output transistors. The am-
plified 400-11z signal at the collec-
tor of the 2N1481 transistor is 
coupled to the base of each 2N3054 
output transistor by the transformer 
T. The secondary of T, is split to 
form two identical windings which 
are oriented so that the inputs to 
the output transistors are equal in 
amplitude and 180 degrees out of 
phase, as required for push-pull 
drive. 

14-21 

If the input to the upper output 
transistor were applied between the 
base and ground, this transistor 
would be operated as an emitter 
follower and could not provide volt-
age gain. The input, however, is ap-
plied between the base and the 
emitter so that, in effect, the upper 
transistor is operated as a common-
emitter amplifier except that there 
is no phase reversal between input 
and output. Its gain, therefore, is 
equal to that of the lower output 
transistor, which is operated in a 
conventional common-emitter am-
plifier configuration. The positive 
half-cycle of the output signal de-
veloped by the upper transistor and 
the negative half-cycle developed by 
the lower transistor then have equal 
voltage swings. This output is 
coupled to the control-phase wind-
ing of the drive motor by the series 
output capacitor C. 

27-MHz, 5-WATT CITIZENS-BAND TRANSMITTER 

t- a"___ 
LJewt.upt son 

This transmitter operates directly 
from a 12-volt supply without the 
need for dc-to-de converters, and is 
thus adaptable to mobile operations 
employing 12-volt systems. Its low 
power drain also makes it adaptable 
to portable use with small storage 
batteries. 
The rf section of the transmitter, 

which consists of a 40080 crystal-
controlled oscillator, a 40081 driver, 
and a 40082 power amplifier, de-
velops 3.5 watts of rf power output 
at 27 MHz. Both the driver and 
the power amplifier are modulated 
to achieve 100-per-cent amplitude 
modulation. 
The 40080 crystal-controlled os-

cillator stage is a Colpitts type of 
circuit that provides excellent fre-
quency stability with respect to 
collector supply voltage and tem-
perature ( well within the 0.005-per-

cent tolerance permitted by F.C.C. 
regulations) and delivers a minimum 
rf power of 100 milliwatts to the 
input of the driver stage. 
The 40081 driver stage uses a 

class C common-emitter configura-
tion. The modulation input is applied 
to the collector circuit. This stage 
delivers a minimum of 400 milli-
watts of modulated if power to the 
power amplifier. A heat dissipator 
should be mounted on the case of 
the 40081. The 40082 power-amplifier 
stage also uses a class C common-
emitter configuration and is modu-
lated through the collector circuit. 
The double- 7r network used as the 
output resonant circuit provides har-
monic rejection of 50 dB, as required 
by F.C.C. regulations. The minimum 
rf power output supplied to the an-
tenna from the power amplifier is 
3 watts. 



626 RCA Transistor, Thyristor, & Diode Manual 

74-21 27-MHz, 5-WATT CITIZENS-BAND TRANSMITTER (cont'd) 

RF OSC. 

RCA 
40080 

27 IA. Hz XTAL 
ri R2 § 

TO 
MIC 

r.)1 

R3 R4 C4 

RF DRIVER RF POWER 
AMPLIFIER 

RCA t•  
40082 

Cio 

Cl2 

+II TO I5V 
AUDIO 
INPUT AUDIO 

AMPLIFIER DRIVER 

TYPE   TYPE 
2N59I 2N59I   

R9 

•••••••••11.11• 

dmin• 

C16 

II 

Rlo 

§R12 

C 

R1 3 

CI8 

9 

13 

11E  

RI4 

15 

MODULATOR 

RI6 

TYPE 
2N2869/ 

TYPE 2N301 

IN2326 

R1 7 

C19 

TYPE 
2N2869/ 
2N301 

+ 11 TO 15 V 

NOTES: ( 1) See general considerations for construction 
circuits on page 582. ( 2) The 40082 transistor used in 
mounted on a good heat sink. ( 3) This circuit uses coils 
items; such coils must be wound by the circuit builder. 

Parts List 

Ci = 75 pF, ceramic 
C2 = 30 pF, ceramic 
Ca, C7 = 0.01 F, ceramic 
C4   0.001 µF, ceramic 
C5 — 47 pF, ceramic 
C6 — 51 pF, mica 
CS — 24 pF, mica 
C9 — 0.01 4F, ceramic 
Cio — variable capacitor, 90 

to 400 pF ( ARCO 429, or 
equiv.) 

Cii = 100 pF, ceramic 
C12 = 220 pF, ceramic 
C13 = 5 pF, ceramic 
C14, C17 = 50 /IF, electro-

lytic, 25 V 
C15 = 10 µF, electrolytic, 

15 V 
Cs, Cis = 10 'LI', ceramic 
C19, C20 = 0.2 pF, ceramic 
C21 = 0.1 /IF, ceramic 

C20 

OUTPUT 
(50 OHMS) 

 o 

C21 

1 
«MU 

31 

C22 
—_L 

of high-frequency and broadband 
the rf power amplifier should be 
that are not standard commercial 

C22 = 500 4F, electrolytic, 
15 V 

Li, L2 = rf choke, 15 /IF, 
Miller 4624, or equiv. 

La = variable inductor ( 0.75 
to 1.2 gH); 11 turns No. 22 
wire wound on U-inch 
CTC coil form having a 
"green dot" core; Q = 120 

L4 = variable inductor ( 0.5 
to 0.9 pH); 7 turns No. 22 
wire wound on 1,14-inch 
CTC coil form having a 
"green dot" core; Q =. 140 

Ri = 510 ohms, 0.5 watt 
R2, R12 = 5100 ohms, 

0.5 watt 
Ra = 51 ohms, 0.5 watt 
R4 = 120 ohms, 0.5 watt 
R5 = 47 ohms, 0.5 watt 
Ro = 0.1 megohm, 0.5 watt 
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14-21 27-MHz, 5-WATT CITIZENS-BAND TRANSMITTER (coned) 

Parts List (cont'd) 

turns of No. 22 wire 
wound on U-inch CTC 
coil form having a "green 
dot" core; slug-tuned 
(0.75 to 1.2 gli); Q --- 100 

Circuit Description (cont'd) 

In the audio (modulator) section 
of the transmitter, two 2N591 class 
A amplifier stages are used to drive 
a class AB push-pull output stage 
using two 2N2869/2N301 transis-
tors. This design provides maximum 
efficiency with low distortion. A 
1N2326 compensating diode is used 

14-22 

T3 = transformer; primary: 
2500 ohms; secondary 200 
ohms center-tapped: /111i-
crotran SMT 17-SB or 
equiv. 

T4 = transformer; primary: 
100 ohms center-tapped; 
secondary: 30 ohms 

XTAL = 27-MHz trans-
mitting crystal 

in the biasing network to provide 
thermal stability. The modulation 
transformer T, is designed to match 
the collector-to-collector load im-
pedance of the modulator to the 
impedance of the rf driver and 
power-amplifier stages. 

50-MHz, 40-WATT CW TRANSMITTER 

With Load-Mismatch Protection 

Circuit Description 

This cw transmitter uses a VSWR 
bridge circuit to maintain a steady-
state dissipation in the output stage 
under all conditions of antenna mis-
match. This technique makes it pos-
sible to realize the full power poten-
tial of the 40341 overlay transistor 
used in the output stage. 
The 50-MHz crystal-controlled 

2N3118 oscillator stage develops the 
low-level excitation signal for the 
transmitter. The 50-MHz output sig-
nal from the collector of the oscilla-
tor transistor is coupled by L3 to 
the base of a second 2N3118 used 
in a predriver stage ( low-level am-
plifier). This step-down transformer 
matches the collector impedance of 
the oscillator transistor to the low-
impedance base circuit of the pre-
driver transistor. The collector cir-
cuit of the predriver is tuned to 
provide maximum signal output at 
50 MHz. This signal is coupled from 
a tap on inductor Ls to the input 
(base) circuit of the driver stage, 
which uses a 2N3375 silicon power 
transistor to develop the power re-
quired to drive the output stage. 
The 40341 overlay transistor used 

in the output stage develops 40 watts 
of power output at the transmitting 
frequency of 50 MHz. The driving 
power for the output stage is 

coupled from the collector of the 
driver transistor through a bandpass 
filter to the base of the output tran-
sistor. The filter networks in the 
collector circuit of the 40341 pro-
vide the required harmonic and 
spurious-frequency rejection. The 
50-MHz output from these filter 
sections is coupled through a length 
of 50-ohm coaxial line to the an-
tenna. Capacitors C.1, G., and G.t 
are adjusted to provide optimum 
impedance match between the trans-
mitter and the antenna. 
The output of the transmitter is 

sampled by a current transformer 
(toroid) T1 loosely coupled about the 
output transmission line. This trans-
former is the sensor for a VSWR 
bridge detector used to prevent ex-
cessive dissipation in the output 
stage under conditions of antenna 
mismatch. If the antenna is dis-
connected or poorly matched to the 
transmitter, large standing waves of 
voltage and current occur on the 
output transmission line. A portion 
of this standing-wave energy is ap-
plied by T1 to the 1N3067 diode in 
the bridge circuit. The rectified cur-
rent from this diode charges capaci-
tor C. to a de voltage proportional 
to the amplitude of the standing 
waves. This voltage, which is essen-
tially an age bias, is applied to the 
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XTAL 
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50-MHz, 40-WATT CW TRANSMITTER (conticl) 

OSCILLATOR 

TYPE 

LOW-LEVEL AMPLIFIER 

2N3118 Qi 

R2 

TYPE 
2N3I18 

+12 V 

DRIVER 

TYPE   
2N3375 

AGO STAGFI 

TYPE 
2N3053 

+28 V   

L7 

C15 

C14 

9 

5 rC21 

§R10 

O 

• • • 

AGC LINE 
(SHIELDED WIRE) 

10 

C22 

POWER AMPLIFIER 

L4 

L5 

+28 V 

NOTE: See general considerations 
on page 582. 

Parts List 

variable capacitor, 90 
to 400 pF, Arco No. 429 
or equiv. 

C2 = 51 pF, mica 
C3 = 30 pF, ceramic 
C4, C5, Cu, C14, C19, C20 = 

feedthrough capacitor, 
1000 pF 

Ct3 = variable capacitor, 1.5 
to 20 pF, Arco No. 402 
or equiv. 

C7 = 36 pF, mica 

VSWR BRIDGE 

T1 

L6 

for construction 

Ci 3 

§R7 

C17 

TYPE 
1N3067 

ci8 

endYRe9\e-«* 

of high-frequency 

CS, C18, C = 0.02 /iF, 
ceramic 

C9, C10 = variable capacitor, 
8 to 60 pF, Arco No. 404 
or equiv. 

C12 = 91 pF, mica 
C13 = variable capacitor, 

0.9 to 7 pF, Vitramon No. 
400 or equiv. 

Cis = variable capacitor, 
14 to 150 pF, Arco No. 
426 or equiv. 

lipomalimmaMmuilp 

L11 

OUTPUT 
(50 OHMS) 

and broadband circuits 

C17 = 1000 pF, ceramic 
Cis =. 0.01 p,F, ceramic 
C21 = variable capacitor, 

32 to 250 pF, Vitramon 
No. 464 or equiv. 

Li = 1 turn of No. 16 wire; 
inner diameter, 73iG inch; 
length, 1:8 inch 

L2 = rf choke, 1 4H 
L3 = oscillator coil; pri-
mary, 7 turns; secondary, 
1- 3/4 turns; wound from 
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14-22 50-MHz, 40-WATT CW TRANSMITTER 

Parts List (cont'd) 
No. 22 wire on CTC coil 
form having "white dot" 
core 

L4 = 5 turns of No. 16 wire; 
inner diameter, 5/16 inch: 
length, 1,/2 inch 

L5, L7, L9, L10, L11 = rf 
choke, 7 gH 

Le = 4 turns of B 8z W No. 
3006 coil stock 

6 turns of No. 16 wire; 
inner diameter, inch; 
length, 34 inch 

R1, Re = 510 ohms. 0.5 watt 
R2 = 3900 ohms, 0.5 watt 
R3, R8 = 2.2 ohms, wire-
wound, 0.5 watt 
= 51 ohms, 0.5 watt 

R5 = 24000 ohms, 0.5 watt 

Circuit Description (cont'd) 

base of the 2N3053 age amplifier 
stage. The output of the age stage 
biases the 2N3118 predriver stage 
so that its gain changes in inverse 
proportion to the amplitude of the 
standing wave on the output trans-
mission line. Therefore, as the am-
plitude of the standing waves in-
creases (tending to cause higher 

14-23 

Circuit Description 

This four-stage rf power amplifier 
operates from a de supply of 13.5 
volts and delivers 35 watts of power 
output at 175 MHz for an input of 
125 milliwatts. The silicon overlay 
transistors used in the amplifier 
supply maximum output power at 
this level of de voltage for use in 
mobile systems. 
The low-level portion of the am-

plifier consists of three unneutral-
ized, class C, common-emitter rf 
amplifier stages interconnected by 
band-pass filters tuned to provide 
maximum transfer of energy at 175 
MHz. The 40280 input stage develops 
1 watt of power output when a.-125-
milliwatt 175-MHz signal is applied 
to the amplifier input terminal. This 
output is increased to 4 watts by 
the 40281 transistor used in the sec-
ond stage. The 40282 driver transis-
tor then develops 12 watts of driv-
ing power for the output stage. 

(cont'd) 

R7 = 240 ohms, 0.5 watt 
R9 = age control, poten-

tiometer, 50000 ohms 
Rio = 5.6 ohms, 1 watt 
Ti = current transformer 

(toroid), Arnold No. A4-
437-125-SF, or equiv. 

XTAL = 50-MHz trans-
mitting crystal 

heat dissipation in the output tran-
sistor), the input drive to the out-
put stage is reduced. This compen-
sating effect maintains a steady-state 
dissipation in the output transistor 
regardless of mismatch conditions 
between the transmitter output cir-
cuit and the antenna. 

175-MHz, 35-WATT AMPLIFIER 

When the low-level stages and the 
output stage are mounted on sepa-
rate chassis, the output from the 
driver stage is coupled to the output 
stage through a low-loss coaxial 
line. The line is terminated by vari-
able capacitors C15 and C16 and in-
ductor L11. The capacitors are ad-
justed to assure a good impedance 
match between the output of the 
driver and the input of the output 
stage at 175 MHz. The driving sig-
nal developed across inductor L11 is 
applied to the tuned input networks 
of three parallel-connected 40282 
transistors in the single-ended out-
put stage. For an input of 12 watts, 
the three 40282 transistors deliver 
35 watts of 175-MHz power to the 
output terminal of the amplifier. 
Capacitors C26 and C2, are adjusted 
to match the amplifier output to the 
load impedance at the operating 
frequency. 
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175-MHz, 35-WATT AMPLIFIER (cont'd) 

RCA 
40280 

Parts List 

LOW-LEVEL AMPLIFIERS 

L4 

L3 

C4 

RCA 
40281 

DRIVER 

CIO/ 

L6 L8 

Ci = variable capacitor, 3 
to 35 pF, Arco No. 403, 
or equiv. 

C2, C6, C16, C17, C18, C19, C27 
variable capacitor, 8 to 

60 pF, Arco No. 404, or 
equiv. 

C3, C7, C11 = 0.1 /IF, ceramic 
disc 

C4, C8, C12, C21, C23, C25 
feedthrough capacitor, 
1500 pF 

C5, C10, C13, C14, C26 = vari-
able capacitor, 7 to 100 
pF, Arco No. 423, or 
equiv. 

C9 = variable capacitor, 14 
to 150 pF, Arco No. 424 
or equiv. 

C15 = variable capacitor, 1.5 
to 20 pF, Arco No. 402 
or equiv. 

C20, C22, C24 = 0.2 p.F, 
ceramic disc 

Li = 2 turns of No. 16 wire; 
inner diameter, Yi6 inch; 
length, 1/4 inch 

L2, L5, LS = 450-ohm ferrite 
rf choke 

La, L6, Lii = rf choke, 1.0 
aH 

LI, Li= 3 turns of No. 16 
wire; inner diameter, Yi6 
inch; length, 1/4 inch 

LO = 1- 1/2 turns of No. 16 
wire; inner diameter, 1/4 
inch; length, 3/à inch 

Lw = 2 turns of No. 16 wire; 
inner diameter, Ua inch; 
length, 5,16 inch 

L12, L13, L11 = 5 turns of No. 
16 wire; inner diameter, 
1,14 inch; length, 1/2 inch 

L15, Lin, L17 = 2 turns of No. 
18 wire; inner diameter, 
1/8 inch; length, 1/8 inch 

Lis, L19, L20 = 2 turns of No. 
16 wire; inner diameter. 
1,:4 inch; length, inch 

13.5 V 

C7 II 

13.5 V 13.5 V 

12 W 

CI3 

,ilimm» «alb mi•••• 

Imam, .1e mum, •••• «mml 

eimmolimmie 

«Mall 

/C16 

••••••1111. 

Me•» «BIM», 

II 

• • 

POWER AMPLIFIER 

RCA 
40282 

LI2 

L13 

1-14 

Cig 

C17 

RCA 
40282 

-C18 

RCA 
40282 

L18 

L15 

oiMIMMM 

013.5 V 

•••••• 

2 

11•1. 

40M••• 

1.11111• 

C24-4 

Lig 

L16 

13.5 V 

L20 

«Mal• 

Po 
35 W 

C26 

C27 

IMM 

NOTE: See general considerations for construction of high-frequency and broadband circuits 
on page 582. 
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14-24 "GRID-DIP" METER 
For Measuring Resonant Frequencies from 3.5 to 1000 MHz 

Parts List 

B = 13.5 volts, RCA VS304 
Ci = 33 pF, mica, 50 V 
C2 = 0.01 /IF, paper, 50 V 
C3 = 5 pF, mica, 50 V 
C4 =- 0.01 /IF, paper, 50 V 
C5 = variable capacitor, 50 
pF, Hammarlund type 
HF-50 or equivalent 

TYPE 
2N1178 

C4 

J _ phone jack, normally 
closed 

L = plug-in coil 
M = microammeter, 0 to 50 
µA, Simpson model 1227 
or equivalent 

Ri =. variable resistor, 0-0.25 

Coil-Winding Data 

Coil Freq. Range Wire Size 
1 3.4-6.9 MHz #28, enamel 
2 6.7-13.5 MHz #24, enamel 
3 13-27 MHz #24, enamel 
4 25-47 MHz #24, enamel 
5 46-78 MHz #24, enamel 
6 74-97 MHz #16, tinned 
Coil forms are Amphenol 
type 24-5H or equivalent. 

Circuit Description 

This circuit, which is essentially 
a transistor version of the electron-
tube grip-dip meter, determines 
the frequency of resonant circuits 
quickly and accurately. Basically, it 
consists of a 2N1178 common-base 
rf oscillator stage that can be tuned 
over a wide frequency range. A 
1N34A diode and a de microammeter 
are used to show when rf power is 
being absorbed from the oscillator 
tuned circuit. The de power for the 
oscillator is obtained from a 13.5-
volt miniature battery such as the 
RCA VS304. 
Inductor L and capacitor C5 form 

the oscillator resonant circuit. Feed-
back to sustain oscillations in the 
resonant circuit is coupled by ca-
pacitor C3 from the collector to the 
emitter of the 2N1178. RF voltage 
in the emitter-to-base circuit is 
coupled by C1 to the 1N34A diode, 
and the rectified output appears on 
the de microammeter. When power 

  u1}-100- 1 
S 

megohm, 0.5 watt 
R2 = 220 ohms, 0.5 watt 
R3 = 3,000 ohms, 0.5 watt 
Ri = 3,900 ohms, 0.5 watt 
R5 = 39,000 ohms, 0.5 watt 
X = jumper, omit for meas-
urements below 45 MHz 

No. of Turns 
48 1/4 , close wound 
22, close wound 
91/8, close wound 
41/8, close wound 
11/2, close wound 
hairpin formed, 13'8 inches 
long including pins, and 1,:4 
inch wide 

is absorbed from the oscillator 
resonant circuit, rf feedback is re-
duced and the reading on the micro-
ammeter decreases. 
The coil used for inductor L is 

selected for the operating frequency 
desired. A frequency-tuning dial 
mounted on the same shaft with the 
variable capacitor C5 indicates the 
operating frequency of the meter. 
For measurement of the frequency 
of a resonant circuit, a coil having 
a suitable frequency range is in-
serted in the grid-dip meter, and 
the meter control knob is adjusted 
for a reading of about half-scale. 
The grid-dip meter is then tightly 
coupled to the unknown tuned cir-
cuit, and the tuning dial is rotated 
until a dip in the meter reading oc-
curs. When transmitter tank circuits 
are measured, the transmitter plate 
supply must be turned off to elimi-
nate danger of shock. 
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CODE-PRACTICE OSCILLATOR 

Parts List 

B = 1.5-4.5 V ( One to three 
series- connected RCA 
VS036 dry cells may be 
used, depending upon the 
volume level desired.) 

Cl, C2 0.1 AF, paper, 
150 V 

H = Headphone, 2000-ohm, 
magnetic 

Ri = 2200 ohms, 0.5 watt 

Circuit Description 

This simple audio oscillator oper-
ates from a de supply of 1.5 to 4.5 
volts, depending on the amount of 
output desired. Magnetic headphones 
provide an audible indication of key-
ing. When the key is closed, the 
2N408 transistor supplies energy to 
the resonant circuit formed by ca-
pacitors C, and C2 and the inductance 

14-26 

R2 = 27000 ohms, 0.5 watt 
R3 = 3000 ohms. 0.5 watt 
R4 = volume control poten-

tiometer, 50000 ohms, 0.5 
watt 

of the headphones, and this circuit 
resonates to produce an audio tone 
in the headphones. Positive feedback 
to sustain oscillation is coupled 
from the resonant circuit through 
C, and C2 to the emitter of the 
2N408. R4 is adjusted to obtain the 
desired level of sound from the 
headphones. 

AUDIO OSCILLATOR 

Circuit Description 

This basic audio-oscillator circuit 
may be used to provide a single-tone 
sine-wave output at any frequency 
from 2 Hz to 175 kHz. ( A chart of 
capacitance values is shown for dif-
ferent frequencies of operation.) The 
circuit is excellently suited for use 
in the testing of high-fidelity audio 
equipment and amateur radio trans-
mitters; it can also be adapted for 
use as a code-practice oscillator. The 
oscillator operates from a dc sup-
ply of 12 volts and supplies a rela-
tively distortion-free output wave-
form to any circuit that has an input 
impedance of 3000 ohms or more. 
The 2N3241A amplifier transistor 
capacitors C1, C2, C3, and Ci, and 

resistors R1, R2, and R3 form a basic 
twin-T oscillator circuit. A portion 
of the signal developed at the collec-
tor of transistor Q1 is applied to 
the twin-T network formed by C1, 
C2, C3, R1, R2, and R3. The output 
of this network is then coupled to 
the base of transistor Q, through 
capacitor C4 to supply the positive 
feedback required to sustain oscilla-
tion. The oscillator-stage output 
from the collector of transistor Qi 
is applied to the base of the 2N3241A 
output transistor Q2, which is oper-
ated in an emitter-follower circuit 
configuration. This stage amplifies 
the oscillator output to provide the 
sine-wave output signal. 
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14-26 AUDIO OSCILLATOR (cont'd) 

Parts List 

C1, C = see chart for value, 
mica or paper 

C.. twice the value of 
Ci, mica or paper 

C -- 1 ,uF, electrolytic, 
12 V 

C:-. 300 RF for frequen-

14-27 

cies below 2000 Hz or 
5 pF for frequencies 
above 2000 Hz, electro-
lytic, 6 V 

Ce; = 20 pF, electrolytic, 
6 V 

R1 — 2700 ohms, 0.5 watt 

TYPE 
2N3242A 

R2, R:1 — 27000 ohms, 0.5 
watt 

R1 =. 0.1 megohm, 0.5 watt 
R5 = 22000 ohms, 0.5 watt 
R6 = 6800 ohms, 0.5 watt 
R7 = 2200 ohms, 0.5 watt 
Rs = 820 ohms, 0.5 watt 

Capacitor Selection Chart for Different 
Operating Frequencies 

Approx. Freq. (Hz) 

175000 
95000 
10000 
2000 
200 
100 
20 
10 
2 

Value of CI and Cl.) 

50 pF 
100 pF 
500 pF 
1000 pF 
0.01 p,F 
0.05 ,uF 
0.1 iLF 
0.5 /IF 
5 /IF* 

* 6-volt electrolytic capacitors 
used for this value. 

ELECTRONIC KEYER 

Circuit Description 

This compact electronic keyer can 
be used for automatic keying of a 
cw transmitter at speeds up to 60 
words per minute. Two multivibra-
tor trigger circuits using 2N404 
transistors automatically control the 
dot and dash transmissions. A 
"Vibro-Keyer", which is spring-
loaded to the OFF position, selects 
the type of transmission desired. 
Unless the "Vibro-Keyer" is moved 
to either the DOT or the DASH po-
sition, both multivibrators are held 

may be 

inoperative by the biasing action of 
2N1302 clamping circuits. 
When the "Vibro-Keyer" S1 is de-

flected to the DOT position, the first 
2N1302 clamp transistor becomes in-
operative, and the dot multivibrator 
is allowed to operate as a free-
running circuit. Feedback circuits in 
the multivibrator assure continued 
operation, regardless of whether Si 
remains in the DOT position, long 
enough to develop the square-wave 
output that controls both the dura-
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DOT 
MULTIVIBRATOR 

MM. 

TYPES 
2N404 

Rg TYPE 
2NI302 

R34 R37 

C12 

RIO 
6 

TYPE 
IN2858 

RCA Transistor, Thyristor, & Diode Manual 

ELECTRONIC KEYER (cont'd) 

 WI  
R38 

R36 

0 DASH AUTO' 
0-0---•0  

DOT Si S2 
(VIBRO- KEYER) 

SEMI AUTO î 40 

HAND KEY 

DASH 
FLIP-FLOP 

R39 

Parts List 

Cl, C3 = 1 4F, paper ( or 
Mylar), 200 V 

C2 = 0.47 itF, ceramic, 25 V 
C4. C8 = 560 pF, ceramic, 

600 V 
C5, C9 = 330 pF, ceramic, 

600 V 
CG, C7 = 0.01 ILF, ceramic, 

50 V 
Cii = 0.02 µF, ceramic, 

50 V 
C12 = 0.1 /IF, ceramic, 50 V 
C13, C14 = 2000 electro-

lytic, 15 V 
C15 = 16 ,uF, electrolytic, 

150 V 
F = fuse, 1 ampere 
I = indicator lamp No. 47 
K = de relay; coil resistance 
=1350 ohms: Potter & 
Brumfield RS5D-V or 
equiv. 
= 39000 ohms, 0.5 watt 

R2, 119, R12, R20 = 3900 ohms, 

R24 

R25 
20 TYPE 

2N647 

TYPE 
IN34A 

TYPE 
2NI302 

  C9 

-8 V 

+8 V 

TYPE 
2N404 

TYPE 
IN2858 

TYPE 
IN2858 

TYPE 
IN2858 

_4-OR 
GATE 

TO TRANSMITTER 

RELAY R29 
AMPLIFIER 

R27 

-60 V 

TYPE 
1N2861 

0.5 watt 
R::, Rio = 18000 ohms, 

0.5 watt 
R4, Ro = 51000 ohms, 

0.5 watt 
Firi, R29 = potentiometer, 

10000 ohms 
R7, R10 = 22000 ohms, 

0.5 watt 
Rs, R22 = 180 ohms, 0.5 watt 
R11, R21 = 15000 ohms, 

0.5 watt 
R13, R19 = 33000 ohms, 

0.5 watt 
R14, Ris, Rao, R32 = 27000 
ohms, 0.5 watt 

R15. R2:1 = 270 ohms, 0.5 watt 
R17 = 68000 ohms, 0.5 watt 
R2t = 100000 ohms, 0.5 watt 
R25 = 68 ohms, 0.5 watt 
R26 = 560 ohms, 0.5 watt 
R27 = 620 ohms, 0.5 watt 
R28 = volume-control 

Circuit Description (cont'd) 

tion of the dot and the space that 
follows it. When S1 is set to the 
DASH position, both clamp transis-
tors become inoperative. The dot 
multivibrator and the dash flip-flop 
then operate simultaneously. The 

R4I 

ON» 

TONE 
OSC. 

R30 R32§ 

SP 

potentiometer, 50000 ohms 
R::1, R33 = 10000 ohms, 

0.5 watt 
R34 = 6800 ohms, 0.5 watt 
R35 = 8200 ohms, 0.5 watt 
R341, Ra9, R1q) _—_- 15000 ohms, 

0.5 watt 
R37, R38 = 47000 ohms, 

0.5 watt 
Re = 10000 ohms, 1 watt 
Si = Vibroplex keyer, 

or equiv. 
S2 = toggle switch, double-

pole, double-throw 
S3 = toggle switch; single-

pole, single-throw 
= push-pull output trans-
former ( 14000 ohm to 
V.C.), Stancor No. A3496, 
or equiv. 

T2 = power transformer, 
Stancor PS8415, PS8421, 
or equiv. 

dash flip-flop is triggered by the 
positive pulses from the dot muni-
vibrator. The 1N34A steering diodes 
prevent triggering of the flip-flop by 
negative pulses. Because two posi-
tive pulses are required to produce 
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14-27 ELECTRONIC KEYER (cont'd) 

Circuit Description (contid) 

one complete cycle of output from 
the flip-flop, the frequency of this 
circuit is one-half that of the dot 
multivibrator. 
The square-wave outputs from the 

dot multivibrator and the dash flip-
flop are coupled to two more 2N404 
transistors used in an OR gate cir-
cuit. During the positive half-cycle 
of the square-wave inputs, the OR 
gate conducts to remove the cutoff 
bias from the 2N647 relay ampli-
fier, which controls the operation of 
keying relay Ki. The relay is then 
energized, and its contacts close for 
the period required to key the trans-
mitter for the selected type of trans-
mission. One section of K1 may be 
used to mute the receiver during 
key-down periods. Because the OR 
gate circuit is keyed successively by 
signals from the dot multivibrator 
and the dash flip-flop in the forma-
tion of a dash, the duration of a 
dash is three times that of a dot. 
The keying speed of this electronic 

keyer is determined by the fre-
quency of the dot multivibrator. 
This frequency is adjustable by 
means of potentiometer R 21), which 
varies the amplitude of the negative 
de voltage. As the negative voltage 
at the armature of potentiometer 
R:, is increased to a maximum value 
of 60 volts, the keying speed is in-
creased to a maximum of 60 words 
per minute. Potentiometer R5 con-
trols the ratio of "on time" to "off 
time" of the dot multivibrator tran-
sistors, and thus determines the 

duration of both dot and dash trans-
missions and the minimum spacing 
between successive transmissions. 
The over-all keying speed is not af-
fected by this adjustment. 
The electronic keyer may also be 

operated as a semiautomatic key 
("bug") when selecter switch S2 is 
placed in the SEMIAUTO position. 
Dots are still produced automati-
cally, but the automatic keying cir-
cuits are bypassed when S, is moved 
to the DASH position. The forma-
tion of dashes is then controlled 
manually. When S2 is in the MAN 
position, a hand key ( connected 
across the terminals marked HAND 
KEY) may be used for manual con-
trol of the keyer; the automatic key-
ing circuits are then bypassed dur-
ing the formation of both dots and 
clashes. 
The keyer operates from a 117-

volt, 60-Hz ac power input applied 
through a step-down power trans-
former T2. The ac input voltage is 
converted to the negative de volt-
age used to control keying speed by 
a 1N2861 half-wave rectifier circuit. 
Two other 2N2861 diodes are used 
in a voltage-doubler circuit that op-
erates from the 6.3-volt secondary 
winding of transformer T2 to pro-
duce the de supply voltage for the 
various circuits in the keyer. A 
2N404 tone oscillator, which is gated 
on by the relay-amplifier circuit, 
provides an audible indication of 
keying. 

14-28 POWER SUPPLY FOR AMATEUR TRANSMITTER 

600 Volts; 300 Volts; Total Current 330 Milliamperes 

(Intermittent Duty) 
Circuit Description 

This power supply uses eight 
1N2864 silicon diodes in series-con-
nected pairs in a bridge-rectifier 
circuit to supply a 600-volt de out-
put from a 117-volt ac input. The 
second set of diode pairs ( CR5 
through C11) is also used in a con-
ventional full-wave rectifier circuit 

to supply a 300-volt de output. 
Series-connected pairs of diodes are 
used to provide the rectification in 
this circuit because the peak-inverse-
voltage rating of such combinations 
is twice that of a single diode. 
The operation of the power sup-

ply is controlled by two switches. 
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14-28 

TI 

117 V 
60 r\..) 

Parts List 

POWER SUPPLY FOR AMATEUR TRANSMITTER (contid) 

o•••• 

Cl C2 C3 Ci C5 CG C7 CM = 
0.001 ,uF, ceramic disc, 
1000 V 

C9, C10, Cu, C12 = 40 iLF, 
electrolytic, 450 V 

CRi CR2 CR3 CR4 CR5 Ca; 
CR7 CR .s = RCA-1N2864 

F = fuse, 5 amperes 
I= indicator lamp 

••••• 

Ki = relay; Potter and 
Brumfield KAllAY or 
equiv. 

Li = 2.8 henries, 300 mA; 
Stancor C-2334 or equiv. 

L2 = 4 henries, 175 mA; 
Stancor C-1410 or equiv. 

RI R2 R8 R4 Rn R6 R7 R — 
0.47 megohm, 0.5 watt 

Circuit Description (cont'd) 

When the ON-OFF switch S1 is 
closed, the 117-volt GO-cis ac input 
power is applied across the primary 
of the step-up power transformer 
T1. The power supply does not be-
come operative, however, until 
switch S, is also closed. Relay K1 is 
then energized, and the closed con-
tacts of the relay complete the 
ground return paths for the power-
supply circuits. Switch S, can be 
used as a STANDBY switch for the 
transmitter, or another switch may 
be connected in parallel with S2 so 
that the standby-to-on function can 
be controlled from a remote location. 
During the half-cycle of ac input 

for which the voltage across the 

 G + 
Approx 
600\i 

R10 

Approx. 
R12 300V 

R9 = 47 ohms, 1 watt 
Rio Ru i = 15000 ohms, 10 
watts 

Ric = 47000 ohms, 2 watts 
Si S2 --7-1 toggle switch, single-

pole single-throw 
T = power transformer; 

Stancor P-8166 or equiv. 

secondary winding of T1 is positive 
at the top end and negative at the 
bottom end, current flows from the 
bottom of the secondary through 
diodes CRT and CR, (which are 
oriented in the proper direction), 
out the L.% section of the relay con-
tacts to ground, and then up through 
bleeder resistors RH, and 1111 and the 
external load connected in shunt 
with the resistors to develop the 600-
volt output. The return flow is com-
pleted through filter choke L1, diodes 
CRi and CR,, and the entire second-
ary winding. During the next half-
cycle of the ac input, the polarity 
of the voltage across the secondary 
reverses, and the current flows 
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74-28 POWER SUPPLY FOR AMATEUR TRANSMITTER (cont'd) 

through diodes CR 5 and CR0, through 
the bleeder resistors and the external 
load circuit in the same direction 
as before, and then through diodes 
CR 3 and CRi. Capacitors C, and C10 
and choke L1 provide the filtering to 
smooth out the pulsations in the 
600-volt dc output. 
For the 300-volt de output, only 

one-half the voltage across the sec-
ondary winding of T, is required. 
The CIL-CR.; and CR7-CRs diode 
pairs are operated in a full-wave 
rectifier configuration to provide this 

output ( diodes CRi through CRI are 
not included in the 300-volt circuit.) 
The current flow through the diode 
pairs is the same as described be-
fore, but the current is directed from 
the relay contacts up through bleeder 
resistor RI, and the external load 
circuit to develop the 300-volt out-
put. The return flow is through 
choke L2 and the transformer center 
tap. Capacitors Cii and C12 and choke 
L2 provide the filtering for the 300-
volt de output. 

14-29 VOLTAGE REGULATOR, SERIES TYPE 

With Adjustable Output 

Line Regulation within 1.0% Load Regulation within 0.5% 

+0 

INPUT 
40 - 50V 
DC 

-0 

Q2 

TYPE 
2N3055 

Q1 

TYPE 
2NI 479 

TYPE 
2N3055 

TYPE 
2N3055 

TYPE 
2N3055 

CR 

04 
TYPE 
2N3053 

TYPE 
2N3053 

CI 

Parts List 

Ci = / p.F, paper, 25 V 
C2 = loo 4F, electrolytic, 

50 V 
CR ---- reference diode, 12 

V, 1 watt 

.1.1••• 

Ri = 1200 ohms, 0.5 watt 
R2 RI R6 = 0.1 ohm, 0.5 watt 
R3 _= 2000 ohms, 0.5 watt 
R3 = 570 ohms, 0.5 watt 

R9 

§ R10 

OUTPUT 
22-30V 
0-10A 
DC 

 o 

R7 270 ohms, 0.5 watt 
11,, Rio = 1000 ohms, 0.5 watt 
R9 = potentiometer, 1000 
ohms, 0.5 watt 
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14-29 VOLTAGE REGULATOR, SERIES TYPE (coned) 

Circuit Description 

In this series-type voltage regu-
lator, regulation is accomplished by 
varying the current through three 
paralleled 2N3055 transistors con-
nected in series with the load circuit. 
A reverse-bias-connected Zener diode 
provides the reference voltage for 
the circuit. The voltage drop across 
this diode remains constant at the 
reference potential of 12 volts over 
a wide range of current through 
the diode. 

If the output voltage tends to rise 
for any reason, the total increase 
in voltage is distributed across 
bleeder resistors Rs, R., and R10. If 
potentiometer It, the output-voltage 
adjustment, is set to the mid-point 
of its range, one-half the increase in 
output voltage is applied to the base 
of the 2N3053 transistor Q. This in-
creased voltage is coupled (through 
the emitter-to-base junction of tran-
sistor Q6) to the base of the 2N3053 
transistor Q I by R5, the common 
emitter resistor for the two tran-
sistors. The reference diode CR 
and its series resistor Rt are con-
nected in parallel with the bleeder 
resistors, and the increase in out-
put voltage is also reflected across 
the diode-resistor network. However, 
because the voltage drop across CR 
remains constant, the full increase 
in voltage is developed across R3 

7 4-30 

and thus is applied directly to the 
base of Q. Because the increase in 
voltage at the base is higher than 
that at the emitter, the collector cur-
rent of the transistor Qs increases. 
As the 2N3053 collector current of 

Q4 increases, the base voltage of the 
2N1479 transistor (41 decreases by the 
amount of the increased drop across 
R.. The resultant decrease in current 
through the 2N1479 transistor Q1 
causes a decrease in the emitter 
voltage of this transistor. The re-
sultant decrease in current through 
transistor Q1 causes a decrease in the 
emitter voltage and thus in the base 
voltage of the 2N3055 transistor Q2. 
Similar action by Q2 results in a 
negative-going voltage at the base 
of each of the three 2N3055 tran-
sistors Q, Q5, and Q. As a result, 
the current through these transis-
tors, and through the load impedance 
in series with them, decreases. The 
decrease in load current tends to 
reduce the voltage developed across 
the load circuit to cancel the original 
tendency for an increase in the out-
put voltage. Similarly, if the output 
voltage tends to decrease, the cur-
rent through the three paralleled 
2N3055 transistors and through the 
load circuit increases, so that the 
output voltage remains constant. 

VOLTAGE REGULATOR, SHUNT TYPE 

Regulation 0.5°0 

INPUT 
45 TO 55V 

DC 

o  
Parts List 

CR _ reference diode, 27 
V, 0.5 watt 

R1 _-_- 28 ohms, 50 watts (in-

TYPE 
2N1485 

61•1 

TYPE 
2NI481 

eludes source resistance 
of transformers, rectifiers, 

OUTPUT 
28V, 0 TO 0.5A 

DC 

o 

etc.) 
R2= 1000 ohms, 0.5 watt 
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14-30 VOLTAGE REGULATOR, SHUNT TYPE (coned) 

Circuit Description 

This simple two-transistor shunt-
type voltage regulator can provide 
a constant (within 0.5 per cent) de 
output of 28 volts for load currents 
up to 0.5 ampere and de inputs from 
45 to 55 volts. The two transistors 
operate as variable resistors to pro-
vide the output regulation. A 27-volt 
Zener reference diode is used as the 
control, or sensing, element for the 
circuit. 
With a 28-volt output, the reverse-

bias-connected reference diode, CR, 
operates in the breakdown-voltage 
region. In this region, the voltage 
drop across the diode remains con-
stant ( at the reference potential of 
27 volts) over a wide range of re-
verse currents through the diode. 
The output voltage tends to rise 

with an increase in either the ap-
plied voltage or the load-circuit im-
pedance. The current through re-
sistor R2 and reference diode CR 
then increases. However, the voltage 
drop across CR remains constant 
at 27 volts, and the full increase in 
the output voltage is developed 
across R2. This increased voltage 
across R2 is directly coupled to the 
base of the 2N1481 transistor and 
increases the forward bias so that 
the 2N1481 conducts more heavily. 
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The rise in the emitter current of 
the 2N1481 increases the forward 
bias on the 2N1485, and the current 
through this transistor also in-
creases 
As the increased currents of the 

transistors flow through resistor R1, 
which is in series with the load im-
pedance, the voltage drop across R1 
becomes a larger proportion of the 
total applied voltage. In this way, 
any tendency for an increase in the 
output voltage is immediately re-
flected as an increased voltage drop 
across R so that the output volt-
age delivered to the load circuit re-
mains constant. 

If the output voltage tends to de-
crease slightly, the voltage drop 
across reference diode CR still re-
mains constant, and the full decrease 
occurs across R2. As a result, the 
forward bias of both transistors de-
creases so that less current flows 
through R1. The resultant decrease 
in the proportional amount of the 
applied voltage dropped across this 
resistor immediately cancels any 
tendency for a decrease in the out-
put voltage, and the voltage, applied 
to the load circuit again remains 
constant. 

LIGHT MINDER FOR AUTOMOBILES 

Circuit Description 

This light-minder circuit sounds 
an alarm if the lights of a car are 
left on when the ignition is turned 
off. The alarm stops when the lights 
are turned off. When the lights are 
intentionally left on for a period of 
time, the alarm can be defeated so 
that no warning sounds. The alarm 
then sounds when the ignition 
switch is turned on as a reminder 
that the system has been defeated 
and the switch should be returned 
to its "normal" position. 
The circuit is essentially an os-

cillator that obtains its supply volt-

age from two possible sources, the 
ignition system or the light system 
of the car. In the "normal" mode of 
operation, the ignition system is con-
nected to the collector circuit of 
the 2N217 ( or 2N647) transistor, 
and the light system is connected 
through the 1N34 diode to the 2N217 
(or 2N647) emitter. When the igni-
tion switch is on, the collector of the 
transistor is at the supply voltage. 
If, at the same time, the lights are 
on, the emitter of the transistor is 
also at the supply voltage. Because 
both the emitter and the collector 
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LIGHT MINDER FOR AUTOMOBILES (cont'd) 

Ti 
TO IGNITION 

DEFEAT 

TI 
TO IGNITION 
-4-  

SI 
DEFEAT NORMAL 

o. IO 11 

CI 
0 

TO LIGHT 

Parts List 

CI = 30 p.F, electrolytic, 
25 volts 

C2 =-: 0.22 /IF, 15 volts 
Ri = 15000 ohms, 0.5 watt 
R2 - 680 ohms, 0.5 watt 

T÷ 
•••••• 

TYPE 
IN34 

R2 

SPEAKER 

FOR NEGATIVE-. 
GROUND IGNITION 

SYSTEMS 

TYPE C2 
2N647 

F:\:\A/ 

R2 

Si = switch, double-pole, 
double-throw 

Speaker = 1 V2-inch perma-
nent-magnet type; voice-
coil impedance, 3.2 ohms 

Circuit Description (coned) 

are at the same voltage, the circuit 
does not oscillate and no alarm 
sounds. When the ignition is turned 
off, the collector is returned to 
ground through Ri and C1, but the 
emitter remains at the supply volt-
age and provides the necessary bias 
for the circuit to oscillate. Turning 
the lights out removes the supply 
voltage and stops the oscillation. 
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SPEAKER 

FOR POSITIVE— 
GROUND IGNITION 

SYSTEMS 

Ti = audio-output trans-
former; 400-ohm pri-
mary, 3.2-ohm secondary; 
Stancor No. TA-42 or 
equiv. 

In the "defeat" mode of opera-
tion, the ignition system is con-
nected through the 1N34 diode to 
the emitter of the transistor, and 
the light system is completely dis-
connected. The lights can then be 
turned on without the alarm sound-
ing. When the ignition is turned on, 
it supplies the necessary voltage to 
the emitter of the transistor to 
cause the alarm to sound. 

BATTERY CHARGERS 

For 6- and 12-Volt 

Circuit Description 

These battery chargers can be 
used to recharge run-down batteries 
in automobiles and other vehicles 
without removing them from their 
original mounting and without the 
need for constant attention. When 

Automobile Batteries 

the battery is fully charged, the 
charger circuits automatically switch 
from charging current to "trickle" 
charge, and an indicator lamp lights 
to provide a visual indication of this 
condition. 
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14-32 BATTERY CHARGERS (cont'd) 

SI 

Fi 

117 V 
60 C/S 

3 

T118 

FOR 6-CELL ) 12 V 
AUTOMOBILE 
BATTERIES 

SI 

117 V 
60 Hz 

9 
20.9 V 

II 

TYPES 
IN2860 

4. 

TYPES 
IN2860 

V' A 

2 

5 

6 

FOR 3-CELL, 6 V 
AUTOMOBILE 
BATTERIES 

TYPE 
2N3228 

TRANSISTOR 

TYPE 
IN3754 

SWITCH 

R4 

R6 

CUTOUT 
ADJUST. 

1 4__ 

o1iIi1i1iIi1io-
BATTTTEERRYY UNDER 

CHARGE 

TYPES 
IN2860 

TYPES 
IN2860 

TYPE 
2N3228 

NOTE: Heat sinks are required for the 1N2860 
to mount the rectifiers in fuse clips. 

Parts List 

Ci = 50 ¡LE, electrolytic, 
15 V 

Fi =. fuse, 1-ampere, 3 AG 
Ii = pilot lamp, No. 1488 

(14 V, 150 mA) for 12-
volt system or No. 47 ( 6.3 
V, 150 mA) for 6-volt 
system 

Ri = 5 ohms, 20 watts for 

TYPE 
IN3754 

rectifiers. 

12-volt system or 2 ohms, 
25 watts for 6-volt sys-
tem 

R2 = 33 ohms, 0.5 watt 
R3 = 470 ohms, 0.5 watt 
R4 = 150 ohms, 0.5 watt 
R5 = 1800 ohms, 0.5 watt 
Re — potentiometer, cutoff 

TRANSISTOR 
SWITCH 

TYPE 
2N26I4 

TYPE 
2N324I 

4 

CUTOUT 
ADJUST 

 111111=-40—• 
BATTERY UNDER CHARGE 

A simple, effective method is 

adjustment, 10000 ohms, 
2 watts 

Si = toggle switch, single-
pole, single-throw, 3-am-
pere, 125-volt 
= power transformer, 

Stancor No. RT-202, or 
equiv. 
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Circuit Description (cont'd) 

12-Volt Battery Charger This 
circuit can be used to charge 6-cell, 
12-volt lead storage batteries at a 
maximum charging rate of 2 am-
peres. When switch Si is closed, the 
rectified current produced by the 
four 1N2860 silicon diodes in the 
full-wave bridge rectifier charges 
capacitor Ci through resistors R1 
and R, and the No. 1488 indicator 
lamp, L. As Ci charges, the anode 
of the 1N3754 diode is rapidly raised 
to a positive voltage high enough so 
that the diode is allowed to conduct. 
Gate current is then supplied to the 
2N3228 SCR to trigger it into con-
duction. The SCR and the battery 
under charge then form essentially 
the full load on the bridge rectifier, 
and a charging current flows through 
the battery that is proportional to 
the difference in potential between 
the battery voltage and the rectifier 
output. Resistor R1 limits the cur-
rent to a safe value to protect the 
1N2860 rectifier diodes in the event 
that the load is a "dead" battery. 
The energy stored in C, assures that 
the SCR conducts and, thereby, that 
the charging current flows for prac-
tically the full 180 degrees of each 
successive half-cycle of input until 
the battery is fully charged. ( The 
SCR is actually cut off near the 
end of each half-cycle but is re-
triggered shortly after the beginning 
of each succeeding half-cycle by the 
gate current applied through the 
1N3754 diode as a result of the 
steady potential on Ci.) 
When the battery is fully charged, 

t h e two-transistor regenerative 
switch is triggered into conduction 
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(the triggering point is preset by 
means of potentiometer Rc). As a 
result of the regenerative action, the 
2N2614 and 2N3241 transistors in 
the switch are rapidly driven to 
saturation and, thus provide a low-
impedance discharge path for Ci. 
The capacitor then discharges 
through these transistors and resis-
to/. R, to about 1 volt ( the voltage 
drop across the transistors). This 
value is too low to sustain conduc-
tion of the 1N3754 diode, and the 
2N3228 SCR is not triggered on the 
succeeding half-cycle of the input. 
The saturated transistor switch also 
provides a low-resistance path for 
the current to the No. 1488 indicator 
lamp, which glows to signal the 
fully charged condition of the bat-
tery. The current in the lamp cir-
cuit ( Ri, lamp, and transistor 
switch) provides a "trickle" charge 
of approximately 150 milliamperes 
to the battery. 

6-Volt Battery Charger This cir-
cuit can be used to charge 3-cell, 6-
volt lead storage batteries at a 
maximum charging rate of 3.2 am-
peres. It is very similar to the 12-
volt battery charger except for the 
rectifier configuration. In the 6-volt 
circuit, the four 1N2860 diodes are 
connected in a full-wave center-
tapped rectifier circuit that provides 
the higher charging current of 3.2 
amperes to the 6-volt battery. With 
the exception of the rectifier cir-
cuit, the indicator lamp, and the 
value used for Ri, the 6-volt charger 
is identical to the 12-volt charger 
and operates in the same way. 

ON-OFF HEAT CONTROL WITH 

SYNCHRONOUS SWITCHING 

Circuit Description 

This triac heat control is useful 
for the control of resistance-heating 
elements. It provides synchronous 

switching near the beginning of the 
zero-voltage crossing of the input 
voltage to minimize rfi interference. 
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74-33 ON-OFF HEAT CONTROL WITH 

SYNCHRONOUS SWITCHING (cont'd) 

R2 

— V\Ar  

TYPE 

1N3194 
TYPE IN3194 

HEATER 1 

120 VAC 
OR 

240 VAC 
6u Hz 

iK 
I/2 W 

R3 

ITN3YIP9E4 1K,1/2 W 
1.4 J\AA, 

RCA 
40406 

470 
1/2 W 

TYPE 
_1N3194 5 

RCA 
40407 

R6 
4 

Parts List 

CI = 0.5 j/F, 200 V for 
120-volt operation; or 
0.5 4F, 400 volts for 240 
volt operation 

R, R3 = 1000 ohms, 0.5 
watt 

Circuit Description (cont'd) 

= 2200 ohms, 5 watts for 
120-volt operation; or 
3900 ohms, 5 watts for 
240-volt operation 

Rs = 470 ohm, 0.5 watt 

With just a few change in circuit 
components this heat control can he 
adapted for operation from either 
a 120-volt or 240-volt 60-Hz ac 
source. For 120-volt operation, a 
40575 triac is used; for 240-opera-
tion, a 40576 triac is used. 
A thermistor R.. controls the op-

eration of a two-transistor regenera-
tive switch that employs a 40406 
p- n-p transistor and a 40607 n-p-n 
transistor. The two-transistor switch, 
in turn, controls the operation of 
the triac. When the temperature be-
ing controlled is low, the resistance 
of the thermistor is high, and the 
regenerative switch is OFF. The 
triac is then triggered directly from 
the ac line on positive half cycles of 
the input voltage. When the triac 
is triggered, essentially the full ac 
input voltage is applied across the 
heater load, and capacitor C1 

charges to approximately the peak 
value of the input ac voltage. Dur-
ing the negative half cycle of the 

THERMISTOR 
30001.1 AT 
OPERATING 

TEMP. 

R71 = 250 ohms, 0.5 watt 
Re; = Thermistor, negative-
temperature coefficient, 
3000 ohms at the operat-
ing temperature 

input ac voltage this capacitor dis-
charges through resistor RI, the 
1N3194 diode Di, and the triac gate 
to trigger the triac into conduction. 
The slaving network formed by 
capacitor CI, resistor RI, and diode 
D, assures that the triac is trig-
gered on negative half cycles of 
the input ac voltage after it has 
been trigfered on the positive half 
cycles to provide integral cycles of 
ac power to the heater load. 
When the temperature being con-

trolled rises to the desired value, 
as sensed by the thermistor. R.;, the 
two-transistor regenerative switch 
conducts at the beginning of the 
positive alternation of the input-
voltage cycle to shunt the trigger 
current away from the gate of the 
triac. The triac does not conduct as 
long as the resistance of the thermis-
tor is small enoungh so that the 
regenerative switch is turned on be-
fore the triac can be triggered. 
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PROPORTIONAL INTEGRAL-CYCLE HEAT CONTROL 

12 V 
ZENE 

iR2 

R 

R5 

3 

TYPE 
2N4037 

R,§ 

«MID 

TYPE 
2N3053 

2 

6 

TYPE 
1N2861 

R7 

•••11. 

 VV\.• I. 4\A",  

R13 C R18 

TYPE 
2N3053 

Parts List 

CI _--_.-__- 100 AF, electrolytic, 
10 V 

C2 = 10 /IF, electrolytic, 
15 V 

C: = 50 pr, electrolytic, 
25 V 

CI = 0.1 ,LLF, 50 V 
C5 = 1 'IF, electrolytic, 3 V 

= 0.01 /IF 
C7 = 0.03 /IF 
Ri = 0.15 megohm, 0.5 watt, 

10(-7c 
R2, Ro, R19, R21, R23 = 33000 
ohms, 0.5 watt, 10(7i. 

R:i = 47 ohms, 0.5 watt, 
10(:;-

Ri = 6800 ohms, 0.5 watt, 
10(:; 

RH 

«MD 

16 

4 

D4 

TYPE 
1N2861 

R21 

R20 

TYPE 
1N2861 

R22 
TYPE 
2N3053 

•  TYPE 
2N4037 

R23 

R5 = 0.1 megohm, 0.5 watt, 

R7 =- 0.12 megohm, 0.5 watt, 
10(7c 

Rs = temperature control, 
potentiometer, 10000 ohms, 
0.5 watt 

RA = 1800 ohms, 0.5 watt, 
10% 

R10, 1127 =- 3300 ohms, 0.5 
watt, 10% 

Ru i = thermistor, negative 
temperature coefficient, 
3000 ohms at operating 
temperature 

R12, R:20 = 15000 ohms, 0.5 
watt, 10% 

R13 =. 1200 ohms, 0.5 watt, 
10 (7C 

R14, R15 = 22000 ohms, 0.5 

Circuit Description 

In this circuit, a fixed-frequency 
sawtooth ( ramp) voltage is summed 
with a de control voltage to con-
trol the switching of a 2N5441 or 
2N5444 triac connected in series 
with the heater load and 117-volt 
ac source voltage. The ramp gen-
erator establishes the period, or time 
base, for the system. The de control 
voltage is supplied by a temperature-
sensing network. As the ramp volt-

TYPE 
1N2861 

5 

AC 117 V 

0  
H 
E 
A 

TYPE T 
2N5441 E 
OR R 

2N5444 

R28 

TRIGGER 
PULSE 

TYPE 
2N3053 

watt, 10% 
Rut; = 120 ohms, 0.5 watt, 
10% 

R17 — 2700 ohms, 0.5 watt, 
10% 

Ris 
10% 

R22 = 
10% 

R2i = 
10% 

R25 — 
10% 

R2f1 = 
10% 

R2s = 1000 ohms, 0.5 watt, 
10 Cl 

Si = ON-OFF switch, 
single-pole, single-throw, 
toggle 

2700 ohms, 2 watts, 

8200 ohms, 

4700 ohms, 

1500 ohms, 

2200 ohms, 

0.5 

0.5 

0.5 

0.5 

watt, 

watt, 

watt, 

watt, 

age rises, a level is reached which 
causes the triac to be triggered, and 
ac power is applied to the heating 
elements. As the temperature at the 
sensor changes, the level of the de 
control voltage shifts accordingly, 
and changes the length of time that 
power is applied to the heating ele-
ments within the established period. 
When the demand for heat is high, 

the de control signal is high and a 
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14-34 PROPORTIONAL INTEGRAL-CYCLE HEAT CONTROL (cont'd) 

Circuit Description (cont'd) 

relatively large amount of power is 
applied to the heating elements. 
When the demand is completely sat-
isfied, the de control signal is low, 
and only a small amount of power 
is supplied to the heating elements. 
Usually, this proportional integral-
cycle heat control operates continu-
ously somewhere between full ON 
and full OFF to satisfy the demand 
for heat. 
The ramp voltage is generated by 

charging of capacitor C1 through re-
sistor R2 for approximately 2 sec-
onds for the values given for this 
circuit. The length of the ramp is 
determined by the voltage magnitude 
required to trigger the regenerative 
switch consisting of the 2N3053 
n-p-n and 2N4037 p-n-p transistors 
Qi and Q. The temperature sensor 
consisting of the 2N3053 transistors 
Qt and Qt, together with the con-
trolling thermistor R11, establishes a 
voltage level at the base of transis-
tor Q3 which depends upon the re-
sistance value of the thermistor. 

74-35 

Transistors Q3 and Qt form a bi-
stable multivibrator. The state of 
the multivibrator depends upon the 
base bias of Q3. When Q3 is conduct-
ing, Qt is cut off. The pulse genera-
tor is energized and generates pulses 
to trigger the triac. The pulse gen-
erator is essentially another two-
transistor regenerative switch which 
also uses a 2N4037 transistor Q5 and 
a 2N3053 transistor Qn. The output of 
the pulse generator is synchronized 
to the line voltage on the negative 
half-cycle by the 1N2861 diode D5 

and resistor 'Zit and on the positive 
half-cycle by the 1N2861 diode DI 
and resistor R11. The pulses are, 
therefore, generated at the zero-
voltage crossings and trigger the 
triacs into conduction at only these 
points. This synchronous switching 
minimizes the generation of high-
frequency transients that could in-
terfere with the rf circuits of nearby 
equipment. As a result, no rfi sup-
pression artworks are required. 

SHIFT REGISTER OR RING COUNTER 

Circuit Description 

In this basic shift register, the 
successive outputs from the various 
stages are delayed ( or shifted) from 
those of the preceding stages by a 
controlled time interval ( i.e., the 
duration between input trigger 
pulses). These outputs are coupled 
through OR gates ( not shown on 
circuit schematic) and may be used 
to program the timing sequence for 
various digital switching operations. 
If point A' on the circuit is con-
nected to point A, the register be-
comes regenerative and may be used 
as a ring counter. 
The de supply voltages E, and E, 

are obtained from separate taps on 
a resistive voltage divider. With 
these voltages applied, the 2N1302 
switching transistor is immediately 
triggered into conduction by the 

positive voltage applied to its base 
through R3. One of the register 
stages must be triggered simul-
taneously to provide a complete path 
for the current through the switch-
ing transistor. 
Each register stage is basically a 

two-transistor regenerative switch 
that employs an n-p-n triggering 
transistor and a p-n-p output tran-
sistor. For the Ei and E2 voltages 
used ( see notes below circuit sche-
matic), the n-p-n transistor is a 
2N1302, and the p-n-p transistor is 
a 2N404 or a 2N2869/2N301 depend-
ing upon the level of output current 
desired. If either of the transistors 
in a register stage starts to conduct, 
both of them are quickly driven into 
saturation by the regenerative ac-
tion of the stage. The relatively high 
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El 

SHIFT REGISTER OR RING COUNTER (contid) 

E2 SWITCHING 
TRANSISTOR 

§Ri 

TRIG 

o  

OUTPUT A 

NOTES: 
The shift register may use as many stages 
as desired and may be made regenerative 
by connecting points A and Ae. In addi-
tion, the basic circuit can be adapted for 
operation at many different output-current 
levels. The circuit as shown is designed for 
an output-current level of 40 mA ( Ei =. 12 

Parts List 

Ci =: 100 µF, electrolytic, 6 V 
C2, C4, C5, CN -= 0.05 p,F ( or 

0.1 µF), ceramic, 50 V 
C3 = 1 gF, (or 25 gF), elec-

trolytic, 25 V 
CRi, CR2, CRN =_ crystal 
diode 1N270 or equiv. 

Ii, 12, IN = indicator lamp 

REGISTER 
No. 2 

TYPE 
2N404 

(2N2869/ 
2N301) 

CRN 

RN' 

OUTPUT 8 

REGISTER 
No. N 

TYPE 
2N404 

(2N2869/ 
2N301) 

OUTPUT N 

V; E2 = 9 V). Transistor types and com-
ponent values shown in parentheses indi-
cate the changes necessary for operation 
at an output-current level of 3 amperes 
(Et = 27 V; E2 = 24 V). The voltages Ei 
and E2 should be obtained from a well-
regulated dc power supply. 

No. 49; 2-volt, 60-mA (or 
No. 1488; 14-volt, 150-mA) 

Ri =- 1000 ohms, 0.5 watt 
(or 680 ohms, 1 watt) 

R2 = 27 ohms, 0.5 watt ( or 
12 ohms, 1 watt) 

R3 = 1000 ohms, 0.5 watt 
R4 = 1000 ohms, 0.5 watt ( or 

Circuit Description (cont'd) 

current from the p-n-p transistor in 
the stage flows through the resist-
ance that exists between the E1 and 
E, taps on the power-supply voltage 
divider. The increased voltage drop 
across this resistance reduces the 
E2 voltage to a value less than that 
required to trigger the other regis-
ter stages, and these stages are held 
inoperative. 
When power is initially applied to 

the circuit, C3 and R4 assure that the 
first register stage is triggered into 

330 ohms, 0.5 watt) 
Rs, Rs, RN = 2200 ohms, 

0.5 watt ( or 680 ohms, 
0.5 watt) 

Ro, Ro, RNf = 560 ohms, 0.5 
watt ( or 180 ohms, 1 watt) 

117, Rio, RN" -= 150 ohms, 1 
watt ( or 82 ohms, 2 watts) 

conduction before current flows 
through any of the other register 
stages. When the power is first ap-
plied, the initial surge of current 
through C3 and R4 immediately trig-
gers the 2N1302 transistor in the 
first stage into conduction. This 
transistor and the p-n-p output tran-
sistor are then quickly driven into 
saturation by the regenerative ac-
tion of the stage. No other register 
stage is then allowed to conduct, and 
the lamp Il in the collector of the 
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14-35 SHIFT REGISTER OR RING COUNTER (contid) 

Circuit Description (cont'd) 

p-n-p transistor in the first stage 
lights to indicate that the output is 
being supplied by this stage. This 
condition is maintained until an in-
put trigger pulse is applied. During 
this period, C4 charges through 
diode CRi, the 2N1302 transistor, and 
resistors R4 and R5 to the E1 voltage 
less the sum of the voltages dropped 
across the other components in the 
charging path. 
A negative trigger pulse is ap-

plied to the base of the 2N1302 
switching transistor to initiate a 
register shift. A sufficiently large 
negative pulse will drive the switch-
ing transistor to cut off. All the reg-
ister stages are then held inopera-
tive for the duration of the trigger 
pulse. When the trigger pulse is re-
moved, the switching transistor 
again conducts through one of the 
register stages. This time, however, 
no quick surge of current can flow 
through C3 and R4 to trigger the 
first register stage, because C3 has 
fully charged to the E1 voltage. 

14-36 

1 

Moreover, the charge on C4 tends to 
reverse-bias diode CRi, and thus im-
pedes the flow of current through 
the first register stage. The charge 
on Ci, however, is series-aiding with 
the de supply voltage in the second 
register stage. This series-aiding ef-
fect causes the second stage to be 
triggered into conduction before cur-
rent can flow through any of the 
other stages. The biasing action of 
this stage then holds the other stages 
inoperative. The lamp L then lights 
to indicate that the output is being 
supplied by the second stage. 
When the next register shift is 

initiated by a negative trigger pulse, 
the charge on C5 assures that the 
third register stage will be triggered 
to supply the output. In this way, the 
operation of the register is shifted 
from one stage to the next each time 
a negative trigger pulse is applied. 
The register can be reset so that the 
operation starts with the first stage 
at any time by discharging capaci-
tor C3. 

ASTABLE MULTIVIBRATOR 

(Frequency 

(0.7C1R2) ( 0.7C2R3) 

Parts List 
Ci, C2 = 0.1 ¡IF, paper, 25 V 
R1, R4 = 60 ohms, 5 watts 
R2, R3 = 1000 ohms, 0.5 watt 

Circuit Description 

This astable (free-running) multi-
vibrator develops a square-wave out-
put that has a peak value equal to 
the de supply voltage (Vcc =_. 12 
volts) and a minimum value equal 
to the collector saturation voltage of 
the transistors. The circuit is basic-

7000 Hz) 

• 
.41 

ally a two-stage nonsinusoidal os-
cillator in which one stage conducts 
at saturation while the other is cut 
off until a point is reached at which 
the stages reverse their conditions. 
The circuit employs two 2N1481 
transistors operated in identical 



648 

7 4-36 

RCA Transistor, Thyristor, & Diode Manual 

ASTABLE MULTIVIBRATOR (conticf) 

Circuit Description (cont'd) 

common-emitter amplifier stages 
with regenerative feedback resist-
ance-capacitance coupled from the 
collector of each transistor to the 
base of the other transistor. 
When power is initially applied to 

the circuit, the same amount of cur-
rent tends to flow through each tran-
sistor. It is unlikely, however, that 
a perfect balance will be maintained, 
and if the current through transis-
tor Qi, for example, should increase 
slightly without an attendant in-
crease in that through transistor 
Q2, the multivibrator will oscillate 
to generate a square-wave output. 
As the current through transistor 

Qi increases, the resultant decrease 
in collector voltage is immediately 
coupled to the base of transistor Q2 
by the discharge of capacitor C1 
through resistor R2. This negative 
voltage at the base reduces the cur-
rent through transistor Q2, and its 
collector voltage rises. The charge 
of capacitor C2 through resistor R3 
couples the increase in voltage at 
the collector of transistor Q2 to the 
base of transistor Qi, and further 
increases the flow of current through 
Q. The collector voltage of Qi de-
creases even more, and the base of 
Q2 is driven more negative. As a re-
sult of this regenerative action, 
transistor Q1 is driven to saturation 
almost instantaneously, and, just as 
quickly, transistor Q2 is cut off. This 
condition is maintained as long as 
the discharge current of C1 develops 
sufficient voltage across R2 to hold 
Q cut off. The time constant of C1 

14-37 

and R2, therefore, determines the 
time that Q2 remains cut off ( i.e., 
the duration of the positive half-
cycle of the square-wave output). 
During this period, the voltage at 
the output terminal is the de sup-
ply voltage ( 12 volts). 
The discharge current from C1 

decreases exponentially, as de-
termined by the time constant of 
the discharge path, and eventually 
becomes so small that the voltage 
developed across R2 is insufficient to 
hold Q2 cut off. The decrease in col-
lector voltage that results when Q2 
conducts is coupled by C2 and R3 
to the base of Qi. The current 
through Qi then decreases, and the 
collector voltage of this transistor 
rises. The positive swing of the volt-
age at the collector of Q, is coupled 
by C1 and R2 to the base of Q2 to 
increase further the conduction of 
Q2. The regenerative action of the 
multivibrator then quickly drives Q2 
to saturation and Qi to cutoff. The 
length of time that this condition 
is maintained is determined by the 
time constant of C2 and Ra. During 
this period, which represents the 
negative half-cycle of the square-
wave output, the voltage at the out-
put terminal is the collector satura-
tion potential of Q2. 

If desired, a square-wave output 
may also be obtained from the col-
lector of transistor Q. This output 
will be equal in magnitude to that 
at the collector of transistor Q2, but 
will be opposite in phase. 

LIGHT FLASHER 
100 Flashes Per Minute 

Circuit Description 

In this circuit, a free-running, 
asymmetrical multivibrator is used 
to gate the operation of a two-stage 
amplifier. An incandescent lamp or 
other load may be connected in series 
with the collector of the output tran-
sistor, and each time the transistor 

conducts, voltage is applied across 
the bulb or alternate load. The in-
put power may be any de voltage 
from 6 to 24 volts. 
The multivibrator uses a pair of 

2N3053 transistors. The rectangular 
wave output developed at the col-
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TYPE 
2N3053 

LIGHT FLASHER (cont'd) 

100 Flashes Per Minute 

TYPE 
2N3053 

TYPE 
2N4036 

R5 

 o 
6 T024 
VOLTS 

LAMP 
(SEE 
NOTE 2) 

TYPE 
2N5034 

NOTES: 1. Values of capacitors Ci and C2 may be changed to alter the flashing rate. 
2. Bulbs and resistive loads up to 2.0 amperes may be used; however, if the flasher circuit 
is used to switch loads that have inductive components, diode protection must be pro-
vided for the 2N5034 output transistor. 

Parts List 

Ci = 25 iiFf 
25 V 

C2 = 1 liF, 

25 V 

electrolytic, 

electrolytic, 

Ri = 2000 ohms, 0.5 watt 
R2 = 0.1 megohm, 0.5 watt 
R3 = 24000 ohms, 0.5 watt 

Circuit Description (cont'd) 

lector of the second transistor is 
resistively coupled to the base of 
the 2N4036 p-n-p transistor oper-
ated in a common-emitter amplifier 
stage. 
The 2N4036 transistor is gated on 

and off by the rectangular-wave sig-
nal from the multivibrator. This 
stage in turn gates the operation of 
the 2N5034 n-p-n transistor used in 
the output stage. A lamp bulb or 
alternate load is connected from the 
positive side of the power supply 
to the collector of the output-stage 
transistor. The lamp, therefore, 
flashes at the frequency of the multi-
vibrator. The frequency of operation, 
calculated by use of the equation 
given for circuit 14-36, is approxi-
mately 100 flashes per minute. 

14-38 

Ri — 510 ohms, 2 watts 
R5 = 50 ohms, 10 watts 
R6 = 100 ohms, 0.5 watt 

The repetition rate may be 
changed by altering the values of 
capacitors C1 and C2. The ON time 
changes proportionally with the 
value of C2, and the OFF time 
changes proportionally with the 
value of C1. 

For operaton at dc supply volt-
ages less than 24 volts, capacitor 
working voltages and resistor dissi-
pation ratings may be reduced. Ca-
pacitor ratings may be reduced to 
the maximum supply voltage. The 
dissipation requirements of the re-
sistors are proportional to the square 
of the supply voltage, e.g., for 12-
volt operation, the dissipation rating 
for R5 is required to be only 2.5 

watts. 

LIGHT DIMMERS 

Circuit Description 

These triac light-dimmer circuits 
are designed to provide full-wave 
control of the light intensity of in-
candescent lamps. Component values 

and triac types are shown for opera-
tion of the circuits from a 60-Hz ac 
source of 120 or 240 volts. For 120-
volt operation, the 40485 triac is 
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14-38 LIGHT DIMMERS (coned) 

120 VAC 
OR 

240 VAC 
60 Hz 

LAMP 

RCA 
40583 

Si 

 cV 

(a) Single-time-constant light-dimmer circuit. 

Parts List 

120- Volt, 60-Hz Operation 
Cl, C2 = 0.05 /IF, 100 V 
L1 7.-_- 100 ji.H 
RI = 3300 ohms, 0.5 watt 
R2 = light control, poten-

120 VAC 
OR 

240 V AC 
60 Hz 

tiometer, 0.25 megohm, 
0.5 watt 

240- Volt, 60-Hz Operation 
CI, C2 = 0.1 pF, 100 V 

C — C 2 --d— 

c>i LI 1 

LAMP 

Li = 200 pH 
Rt = 4700 ohms, 0.5 watt 
112 =- light control, poten-

tiometer, 0.25 megohm, 
1 watt 

RCA 
40583 

(b) Double-time-constant light-dimmer 

Parts List 

120-Volt, 60-Hz Operation 
CI, C2, C3 = 0.1, 200 V 
Li = 100 pH 
RI = 2200 ohms; 0.5 watt 
R2 = light control, poten-

tiometer, 0.1 megohm, 

0.5 watt 

240-Volt, 60-Hz Operation 
R3 =. 15000 ohms, 0.5 watt 
CI, C2, C:i = 0.1 ,uF, 400 V 

Circuit Description (cont'd) 

recommended; for 240-volt opera-
tion, the higher-power 40486 triac 
should be used. A 40583 trigger 
diode ( diac), together with asso-
ciated resistance-capacitance time-
constant networks; is used to develop 
the gate current pulses that trigger 
the selected triac into coduction. In 
applications where space is premium, 

circuit. 

Li = 200 pH 
RI = 3300 ohms, 0.5 watt 
R2 :---- light control, poten-

tiometer, 0.2 megohm, 
1 watt 

11:: = 15000 ohms, 0.5 watt 

the triac and associated trigger diode 
may be replaced by the 40431 for 
120-volt operation or the 40432 for 
240-volt operation, because these de-
vices combine the functions of both 
the triac and the diac in the same 
package. 

In each light-dimmer circuit, the 
triac is connected in series with the 
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7 4-38 LIGHT DIMMERS (contid) 

Circuit Description (cont'd) 

lamp load. During the beginning of 
each half cycle of the input ac volt-
age, the triac is in the OFF state. 
As a result, the entire line voltage 
appears across the triac, and the 
lamp is not lighted. The entire line 
voltage, however, is also impressed 
across the resistance capacitance 
network connected in parallel with 
the triac, and this voltage charges 
the capacitor ( s) in this network. 
When the voltage across the trigger 
capacitor, C2 in circuit ( a) or C, in 
circiit (b), rises to the breakover 
voltage V11() of the diac, and the 
diac conducts. The capacitor then 
discharges through the diac and the 
triac gate to trigger the triac. At 
this point, the line voltage is trans-
ferred from the triac to the lamp 
load for the remainder of that half 
cycle of the input ac power. This 
sequence of events is repeated for 
each half cycle of either polarity. 
The potentiometer R2 is adjusted 

to control the brightness of the in-
candescent lamp. If the resistance 
of the potentiometer is decreased, 
the trigger capacitor charges more 
rapidly, and the breakover voltage 
of the diac is reached earlier in the 
cycle so that the power applied to 
the lamp and thus the intensity of 
the light is increased. Conversely, 
if the resistance of the potentiometer 
is increased, triggering occurs later 
in the cycle, and the light intensity 
is decreased. The resistor RI in series 
with the potentiometer protects the 
potentiometer by limiting the cur-
rent when he potentiometer is at 
the low-resistancè end of its range. 

Capacitor C, and inductor 1,1 form 
an rfi suppression network. This net-
work suppresses the high-frequency 
transients generated by the rapid 
ON-and-OFF switching of the triac 
so that these transients do not pro-
duce noise interference in nearby 
electrical equipment. 
The two lamp-dimmer circuits dif-

fer in that circuit ( a) employs a 

single-time-constant trigger network 
and circuit ( b) uses a double-time-
constant trigger circuit. As pointed 
out earlier in the section on Power 
Switching and Control, the use of the 
second time constant network re-
duces hysteresis effects and thereby 
extends the effective range of the 
light-control potentiometer. As ap-
plied to light dimmers, the term 
hysteresis refers to a difference in 
the control-potentiometer setting at 
which the lamp turns on and the 
setting at which the light is ex-
tinguished. The additional capacitor 
C2 in circuit ( b) reduces hysteresis 
by charging to a higher voltage than 
capacitor During gate triggering, 
C:t discharges to form the gate cur-
rent pulse. Capacitor C2, however, 
has a longer discharge time constant 
and this capacitor restores some of 
the charge removed from Ci by the 
gate current pulse. 

It is important to realize that a 
triac in these circuits dissipates 
power at the rate of about one watt 
per ampere. Therefore, some means 
of heat removal must be provided 
to keep the device within its safe 
operating-temperature range. On a 
small light-control circuit such as 
one built into a lamp socket, the 
lead-in wire serves as an effective 
heat sink. Attachment of the triac 
case directly to one of the lead-in 
wires provides sufficient heat dissi-
pation for operating currents up to 
2 amperes ( rms). On wall mounted 
controls operating up to G amperes, 
the combination of face plate and 
wall box serves as an effective heat 
sink. For higher-power controls, 
however, the ordinary face plate and 
wallbox do not provide sufficient 
heat-sink area. In this case, addi-
tional area may be obtained by use 
of a finned face plate that has a 
cover plate which stands out from 
the wall so air can circulate freely 
over the fins. 
On wall-mounted controls, it is 
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1 4-38 LIGHT DIMMERS (cont'd) 

Circuit Description (cont'd) 

also important that the triac be elec-
trically isolated from the face plate, 
but at the same time be in good 
thermal contact with it. Although 
the termal conductivity of most elec-
trical insulators is relatively low 
when compared with metals, a low-
thermal-resistance, electrically iso-

lated bond of triac to face plate can 
be obtained if the thickness of the 
insulator is minimized, and the area 
for heat transfer through the insu-
lator is maximized. Suitable insulat-
ing materials are fiber-glass tape, 
ceramic sheet, mica, and polyimide 
film. 
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41 
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Types: 
8 Alloy-Junction 12 
8 Diffused     12 

Drift-Field .. . ... . • • 12 
Epitaxial   13 
Grown-Junction . .   12 
Hometaxial . . • •   12 
Mesa   /2 

214 Overlay 14 
211 Planar   13 
129 Point-Contact V   . 12 
141 Transition Region   6 
129 Triacs     9, 42,215 

Triggered Circuits 144 
Tuned Amplifiers   96 
Tuned-Base Oscillator     119 
Tuned-Collector Oscillator   119 
Tunnel Diodes     62, 215 

Radiation and Thermal 
Considerations   

Turn-Off Time . .. . 
Turn-On Time   
Types of Devices 

. .......... . 

U HF Power Generation 
Unilateralized Amplifier 

Variable-Frequency 
(Circuit) 

Vertical Deflection 
VHF Power Amplifiet 
Video Amplifiers .. 
Voltage: 

Avalanche   
Breakdown   
Forward Breakover   
OFF-State 
ON-State   
Peak Reverse 
Punch-Through 
Reach-Through 
Reverse, SCR 
Saturation   
Sustaining   
Zener . 

66 
50, 51 

49 
7 

Oscillator 

• ¡ Circuit ) 

117 
99 

604 
▪ • • • 132 
• • • • 629 
  109 

59 
18, 59 

41 
• 51 

52 
60 
19 
19 
51 

• 19 
19 
59 

Voltage-Controlled Attenuators • • 95 
Voltage-Reference Diodes ...  68 
Voltage Regulators ( Circuits) .... 637, 638 
Volume Controls .   83, 103 

Wideband ( Video) Amplifiers 109 

Z ener Voltage   59 
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KEY: TERMINAL-CONNECTION DIAGRAMS 
(Bottom Views) 

RIGID TERMINAL 

ORIENTATION INDICATOR 
(INDEX TAB) 

Anode 

Base 

Collector 

Drain 

Emitter 

Mounting Flange 

CASE 

G 

HR 

HS 

IG 

IS 

SHORT LEAD 
OR PIN 

CONNECTION TO CASE 

FLEXIBLE LONG LEAD 

Gate 

Heat Radiator 

Heat Sink 

Insulated Gate 

Interlead Shield 

K Cathode 

L Lug 

S Source 

ST Stud 

SUB Substrate 

MT Main Terminal 

OTHER RCA TECHNICAL MANUALS 

RCA Power Circuits (SP-51)   $2.00 

RCA Linear Integrated Circuits (IC-41)   $2.00 

RCA Solid-State Hobby Circuits Manual (HM-90)   $1.75 

RCA Silicon Controlled Rectifier Experimenter's Manual (KM-71)   $ 0.95 

RCA Tunnel Diode Manual (TD-30)  $1.50 

RCA Receiving-Tube Manual (RC-26)   $1.75 

RCA Phototubes and Photocells (PT-60)   $1.50 

RCA Transmitting Tube Manual (TT-5)   $1.00 

RCA Transistor Servicing Guide (1A1673)   $3.50 

Copies of these publications may be obtained from your RCA distributor or from 

Commercial Engineering, RCA Electronic Components, Harrison, N.J. 07029. 
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