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The Second Edition of the General Electric Transistor Manual
has been greatly expanded. Seventeen General Electric Transistor
Specifications have been added, including Silicon Transistors,
and the Registered JETEC Transistor Type Tables have been
brought up to date. The greatest increase in material will be
found in the Transistor Applications Chapter and in the Circuit
Diagrams. A complete new chapter on Power Supplies has been
added along with several power supply diagrams.

This manual has been prepared to assist the service technician,
hobbyist, experimenter, and ham in working with transistors. We
have attempted to assemble the information necessary for an
understandable working knowledge of the fundamentals and
applications of transistors.

The information included covers such topics as Basic Theory,
Construction Techniques used to obtain the various types of
transistors available, Principles of Circuit Design, and
Specifications, with outline drawings, of all transistors registered
with JETEC. Complete explanations of the parameter symbols
used are also given. Several Circuit Diagrams, varying from
simple amplifiers to high fidelity amplifiers and radios have
been included. .

GENERAL ELECTRIC CO.
SEMICONDUCTOR PRODUCTS
1224 W. GENESEE ST.
SYRACUSE, N. Y.



BASIC SEMICONDUCTOR THEORY

The outer orbit of a germanium atom contains four electrons and a crystal of pure
germanium takes the form of a diamond structure as shown in Figure 1.
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- The four electrons of each atom form covalent bonds with the adjacent atoms and
there are no free electrons. Absolutely pure germanium is therefore a poor conductor.
If a voltage is applied to a piece of pure germanium, of the size used in transistors,
only a few microamps of current will flow. This current is due to electrons which are
broken away from their bonds by thermal agitation and this minute current increases
exponentially with temperature.

FIGURE 1

If an atom with five electrons in the outer orbit such as Antimony or Arsenic is
introduced into the crystal, a structure is formed as shown in Figure 2. The extra
electrons are free to move and under the influence of an electrical field will move
toward the positive voltage source. This atom of material other than germanium is
called a doping agent and if it results in free electrons in the crystal, the crystal is
known as “N” type germanium.
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FIGURE 2

If a doping agent is used that only contains three electrons in the outer orbit such
as Indium, Gallium or Aluminum, the crystal takes the form of Figure 3 where there
is a deficiency of one electron and this deficiency is called a hole.
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BASIC SEMICONDUCTOR THEORY
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Under the influence of an electrical field, electrons will jump into this hole and the
hole will appear to proceed towards the negative terminal. This crystal containing a
deficiency of electrons is known as “P” type germanium. As far as the external circuit
is concerned, it is impossible to differentiate between electron current and hole current.
These two modes of conduction are quite distinct however, and are basic to transistor
and rectifier theory. With an electrical field of 1 volt/cm in germanium, an electron
will move at the tate of 3600 cm/sec whereas a hole will only move at 1700 cm/sec.

If a single crystal of germanium is so doped that it changes abruptly from “N”
type to “P” type material and a positive voltage applied to the “P” region and a
negative voltage to the “N” region, the situation is as shown in Figure 4a.
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The holes will move to the right across the junction and the electrons will move to
the left with the resultant V-1 curve shown in Figure 4b. If the voltage is applied
in the reverse direction, the holes and electrons will both move away from the
junction as shown in Figure 5a until the electrical field produced by their displace-
ment counteracts the applied electrical field. Under these conditions almost no current
will flow in the external circuit and any current that does flow is caused by thermally
generated electron hole pairs. The V-I characteristics of a reversed bias junction are
shown in Figure 5b and it will be noted that the reverse leakage current is essentially
independent of voltage up to the point where the junction actually breaks down.
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BASIC SEMICONDYCTOR THEORY
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An NPN transistor is formed by a crystal of germanium that is changed from “N”
type to “P” type and back to “N” type as indicated in Figure 6.
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FIGURE 6

With the voltage applied as shown, one N-P junction is forward biased and this is
called the emitter junction. The other junction is back biased and this is called the
collector junction. The “P” type base region is relatively lightly doped in comparison
with the “N” type emitter so that the majority of the current flowing from the emitter
to base is electron current and very little of it is hole current. The majority of the
electrons that are emitted into the base region diffuse across to the collector junction
and pass on to the collector circuit. The ratio of the collector current to the emitter
current is called alpha. It is desirable to have alpha as high as possible and this
is done by light doping of the base region, using a thin base region on the
order of 1 mil, and minimizing the unwanted impurities in germanium that might
cause recombination of electrons before they traverse the base region. Alphas of
0.95 to 0.99 are common in commercial transistors. No current ( except a small leakage
current ) will flow in the collector circuit unless current is introduced into the emitter.
Since very little voltage (.1 to .5) is needed to cause appreciable current to flow into
the emitter, the input power is very low. Almost all the emitter current will flow in
the collector circuit where the voltage can be as high as 45 volts. Therefore, a rela-
tively large amount of power can be controlled in an external load and the power
gain of a transistor ( power out/power in) in the circuit shown is over 1000.
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BASIC SEMICONDUCTOR THEORY

The unijunction transistor’s thyratron-like action depends on different principles.
The silicon unijunction transistor was originally known as a double base diode. It is
similar to the germanium version of the unijunction transistor but differs quantita-
tively in its characteristics.

The transistor shown in Figure 7 consists of an N type silicon bar with ohmic
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FIGURE 7

end connections. A p-n junction is formed along the bar, near the base 2 end. If the
emitter is open or back-biased in the circuit of Figure 7, the bar behaves as a resist-
ance and has a nearly uniform voltage gradient along its length. Because the junction
is near base 2, the voltage opposite the emitter will be greater than half the supply
voltage. Once the junction is forward biased, the emitter current flows lowering the
resistivity of the bar between the emitter and base. Inherent regeneration results in a
negative emitter to base 1 impedance. As the emitter current increases the conditions
for regeneration eventually cease to exist and the emitter to base diode behaves in a
conventional manner. The emitter characteristics in Figure 8 show the peak point
(beginning of the negative resistance region) in the first quadrant indicating that a
minimum of two or three microamperes of emitter current must flow before regenera-
tion occurs. The valley point (end of negative resistance region) lies between five and
twenty milliamperes.
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TRANSISTOR CONSTRUCTION TECHNIQUES

The most common type of junction transistor is the PNP diffused alloyed type.
This transistor is made by taking a wafer of “N” type germanium, mounting it on a
holder and pressing indium dots into each side. The assembly is then heated in a
furnace until the indium melts and alloys with the germanium forming a “P” layer
within the “N” type germanium. The complete assembly is shown by Figure 9.

FIGURE 9

This type of transistor has good gain at audio frequencies and is suitable for medium
power audio amplifiers since it is possible to pass currents of up to one-half ampere
through the transistor. This structure is not as well suited for high frequency am-
plifiers since the large indium dots produce a high capacitance between collector and
base making the unit inherently unstable at high frequencies.

The rate grown transistor is produced by an entirely different technique. A bar
of germanium is grown from a bath of molten germanium so doped that the material
will change from “P” type to “N” type depending on the temperature and rate of
pulling. By suitable growing techniques, 10 to 15 thin “P” type layers are formed in
a bar about the size of a cigar. This bar is then sawed up into pieces about 10 mils
by 10 mils by 100 mils with the thin “P” layer in the center and long “N” regions
on each side. About 7 to 10 thousand transistor bars can be cut from each ingot of
germanium. The internal appearance of one of these transistors is shown in Figure 10. °
This transistor has a low collector capacitance and has excellent gain up to several
megacycles. It is stable at high frequencies and is ideally suited for the radio fre-
quency section of broadcast receivers. A rate grown transistor also makes an excellent
unit for high speed gates and counting circuits.
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TRANSISTOR CONSTRUCTION TECHNIQUES
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FIGURE 10

The meltback method of transistor construction starts off with a bar of germanium
about 10 x 10 x 100 mils. The end of the bar is melted and allowed to refreeze very
quickly. By suitable doping of the original material, the junction between the melted
portion and the unmelted portion becomes a thin layer of “P” type material and the
melted and unmelted portion of “N” type material remains “N” type material. This
transistor is essentially a rate grown transistor, but the rate growing is done on an
individual small bar rather than on the large germanium ingot. The appearance of a
complete meltback triode is shown by Figure 11. This fabrication technique has the
advantage of obtaining very close control over the base thickness and it is possible to
obtain good performance at very high frequencies.

FIGURE 11

By the addition of an extra base connection to a triode, a tetrode is formed. If a
current is passed through the base region from one base lead to the other, the active
portion of the base region is electrically narrowed and high gain is possible up
to 200 me.



TRANSIVSTOR CONSTRUCTION TECHNIQUES

The diffused-meltback silicon transistor adds a step to the meltback process. As in
the meltback process, a suitably doped silicon crystal is sawed into 4000 to 5000 bars.
The end of each bar is then melted and refrozen causing a region of very low impurity
concentration. The base region is then made by diffusing the internal impurities by
subjecting the bar to high temperature for several hours. This technique of solid-state
diffusion allows very fine control over the formation of the base region, and yields base
regions as thin as 2 microns with relative ease. After leads have been attached and
the device hermetically sealed, each unit is aged at high temperature for over 150
lhours. This process makes excellent use of expensive silicon crystals and is capable of
mass producing low cost silicon transistors with extreme reliability and stability. These
transistors have alpha-cutoffs as high as 200 mc, high base to emitter breakdown volt-
age, low saturation resistance, and good Beta holdup.

RECTIFIER CONSTRUCTION

Germanium and Silicon rectifiers are two-element semiconductor devices con-
structed around the single P-N junction described in Figures 4A, 4B, 5A and 5B.
Because of their inherently low forward resistance and high reverse resistance, these
devices are widely used for converting alternating current to direct current, to block
reverse currents in control circuits, and to increase the power gain of magnetic ampli-
fiers through the effects of self-saturation.

Rectifiers are generally designed to handle power rather than small signals, and
sizeable currents in addition to high voltages. These capabilities are attained through
use of large cross-sectional area junctions and efficient means for dissipating heat
losses, such as fins, heat sinks, etc.

GLASS

21/32"

INDIUM

SECTIONAL VIEW OF
IN9I SERIES OF GERMANIUM RECTIFIER

FIGURE 12

A section through a typical low power germanium rectifier is shown in Figure 12.
The germanium pellet, which is soldered to the base disc, is approximately 1/16 inch
square. Yet the junction of this germanium pellet with the indium alloy can rectify
over 1/4 ampere at room temperature and block voltages in the reverse direction up
to 300 volts peak. This latter rating is called the “Peak Inverse Voltage” of the cell.
When this same cell is mounted on a 1-1/2 inch square fin as shown in Figure 13, its
current carrying capabilities are increased to over 3/4 ampere at room temperature.
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TRANSISTOR CONSTRUCTION TECHNIQUES

FIGURE 13
Germanium rectifiers of this type offer outstanding advantages over other types of
rectifiers:

1. Low forward drop, unexcelled by any other type of rectifier with the same
inverse voltage rating.

2. Reverse resistance so high as to be negligible for most applications.

3. No aging, and therefore indefinitely long life. Also, no filament to burn out.

4. No junction forming required . . . it is always ready to function after prolonged
idleness.

5. Withstands corrosive atmospheres and fluids . . . the junction is protected by a
welded hermetic seal.

6. Wide temperature range, from —65°C to as high as 4-85°C.

7. Ability to withstand shock and vibration . . . no moving parts, flimsy supports,

or sensitive filament,

SECTIONAL VEW OF
IN9! SERIES GERMANIUM RECTIFIER

FIGURE 14

When ambient temperatures exceed 85°C, or when extremely low reverse currents
are required, the silicon rectifier shown in cross-section in Figure 14 can be used. In
outward appearance, the silicon rectifier looks identical to the germanium rectifier.
However, instead of a germanium-indium junction inside, this cell employs the junction
of a piece of aluminum wire alloyed into a wafer of the metal silicon, This device can
operate in ambients up to 165°C and can handle currents up to 3/4 ampere at room
temperature. Whereas its forward resistance is approximately 40% higher than a
germanium device of the same rating, its reverse leakage current may be several
hundred times less than a comparable germanium cell. It too can be mounted on a fin
for higher current rating.

10



TRANSISTOR C(ONSTRU CTION TECHNIQUES

TRANSISTOR SPECIFICATIONS:

There are many properties of a transistor which can be specified, but this section
will only deal with the more important specifications. A fundamental limitation to the
use of transistors in circuits is BVcez, the breakdown voltage in the grounded emitter
connection. The grounded emitter breakdown voltage is a function of the resistance
from the base to the emitter and it is necessary to specify this resistance shown as
R in Figure 15.

+FOR NPN
Q ~FOR PNP

VCER

FIGURE 15

Since the breakdown voltage is not sharp, it is also necessary to specify a value of
collector current at which breakdown will be considered to have taken place. For
example, in PNP audio transistors the collector current is specified to be less than
600 pa with 25 volts applied and the resistance R equal to 10,000 ohms. With NPN
transistors, the collector current should be less than 300 ua with 15 volts applied, and
the base open-circuited.

The small signal parameters of transistors are usually specified in terms of the “h”
or hybrid parameters. These parameters are defined for any network by the following
equations:

i IN— <« lout

o— ——o0
€N I Ieour
o——1 —o0

€in = hiiin 4 hr €oue
lout = hl’ itn -+ ho €out

where hy = input impedance (ohms)
h, = feedback voltage ratio (dimensionless)
h: = forward current transfer ratio (dimensionless)

h. = output conductance (mhos)

For transistors, a second subscript is added to designate which terminal of the
transistor is grounded. For example, h¢. is the grounded emitter forward current trans-
fer ratio.

The current transfer ratio is equal to the ratio of an a-c variation in collector
current to an a-c variation in base current. This current gain can be specified either

11



TRANSISTQR CONSTRUCTION TECHNIQUES
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for small a-c values of base current or for large values of base current in which case
it would be known as hrg, the d-c current gain, The current gain is the most important
property of a transistor in determining the gain of audio amplifiers.

The small signal “h” parameters of a transistor are a function of frequency and
bias conditions. For a P-N-P alloy audio transistor, typical h parameters at 270 cps,
and bias conditions of 5 volts (collector to emitter) and 1 ma collector current are:

Grounded Base Grounded Emitter
his 30 ohms hie 1500 ohms
heo 4 x 10 h're 2% 1072
he —0.98 hee 50
hes 1 X 107 mhos hee 50 x 10°°

The h parameters at other bias conditions are shown by Figure 17.
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FIGURE 17

With transistors used as radio frequency amplifiers, it is necessary to specify a
transformer coupled power gain as indicated in Figure 18. The power gain is the ratio
of output power to input power under conditions where the input and output im-
pedances are matched by means of the transformers. The input and output impedances
must also be specified to select the proper transformer.

12
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FIGURE 18

Another common transistor specification is the alpha cut-off frequency. This is the
frequency at which the grounded base current gain has decreased to 0.7 of its low
frequency value. For audio transistors, the alpha cut-off frequency is in the region of
1 mec. For transistors used in the rf section of radios, the alpha cut-off frequency
should be 3 to 15 mes. Other examples of transistor specifications are shown on the
specification sheets starting on page 50.
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TRANSISTOR APPLICATIONS

BIASING:

The best method of biasing a transistor is shown in Figure 19.

—outn,

ER,
Ic A
€™ Re(R,#+R;)

FIGURE 19

A voltage divider consisting of resistors R; and R. is connected to the base and the
resistance R, is placed in the emitter. Since the emitter junction is forward biased,
the current that flows in the emitter circuit is essentially equal to the voltage at the
base divided by R.. To prevent degeneration of the a-c signal to be amplified, the
emitter resistance is by-passed with a large capacitance. Good design practice is to
make R. no larger than 5 to 10 times R.. A typical value of R, is 500-1000 ohms.

When the supply voltage is fairly high and wide variations in ambient temperature
do not occur, it is possible to use the method of biasing as shown in Figure 20. In this
circuit, the biasing is done with a resistance R, connected from the collector to base.
The approximate formula for the collector to emitter voltage is shown in Figure 20,
and is seen to depend on ht., the grounded emitter current gain.

FIGURE 20

This method of biasing requires fairly tight production control over the current gain
of the transistors to achieve interchangeability.
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TRANSISTOR APPLICATIONS

A method of biasing which is sometimes used is shown by Figure 21. The base is
simply connected to the supply voltage through a large resistance which, in essence,
supplies a fixed value of base current to the transistor. This method of biasing is

) 4 e E
R, RL
(_— Te=h¢e %
1
-

FIGURE 21

extremely dependent upon heo of the transistor and is not recommended except in
circuits where the biasing resistance can be individually adjusted for optimum results

SINGLE STAGE AUDIO AMPLIFIER

Figure 22 shows a typical single stage audio amplifier using a 2N190 PNP
transistor.

-12
I00K 5K
5H.fd
I
] m Ly eout
g
em 2NI90
i J_ Cy
I 50.fd

FIGURE 22

With the resistance values shown, the bias conditions on the transistor are 1 ma :
of collector current and six volts from collector to emitter. At frequencies at
which C: provides good by-passing, the input resistance is given by the formula:
Ria = (1 4 hee) hiu. At 1 ma for a design center 2N190, the input resistance would
be 37 X 30 or about 1100 ohms.

tis approximately equal toR— For the circuit shown this

his

The a-c voltage gam o

would be

ggo or approximately 167.
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TRANSISTOR APPLICATIONS

The frequency at which the voltage gain is down 3 db from the 1 Kc value
depends on 1. This frequency is given approximately by the formula:

low f ¥ hte
3db ™ §.28(rg C)

TWO STAGE R-C COUPLED AMPLIFIER

The circuit of a two stage R-C coupled amplifier is shown by Figure 23. The
input impedance is the same as the single stage amplifier and would be ap-
proximately 1100 ohms.

- 12
RL

100K SK 100K SK
S ufd Sufd

5 ufd - (—

IL

1K 2N190 —¢ 2N 190
IOK IK 10K 1K = 50
50 pfd
T+
FIGURE 23

The load resistance for the first stage is now the input impedance of the second
stage. The voltage gain is given approximately by the formula:

AV: hfe _R_L
hib

More exact formulas for the performance of audio amplifiers may be found in
the Reading List at the end of this manual.

CLASS B PUSH-PULL OUTPUT STAGES

In the majority of applications, the output power is specified so a design will
usually begin at this point. The circuit of a typical push-pull Class B output stage is
shown in Figure 24.
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TRANSISTOR APPLICATIONS

8.24Q

2NI87

2ng?
T T2
FROM 820
DRIVER —AAA VOKE COIL
STAGE l 470 =
R

FIGURE 24

The voltage divider consisting of resistor, R and the 47 ohm resistor gives a slight
forward bias on the transistors to prevent cross-over distortion. Usually about 1/10 of
a volt is sufficient to prevent cross-over distortion and under these conditions, the
no-signal total collector current is about 1.5 ma. The 8.2 ohm resistors in the emitter
leads stabilize the transistors so they will not go into thermal runaway when the junc-
tion temperature rises to 60°C. Typical collector characteristics with a load line are
shown below:

I MAX.

COLLECTOR LOAD LINE
CURRENT

/

\/ NO SIGNAL OPERATING

\EEaﬁ::;’ POINT

AN
COLLECTOR VOLTAGE Ec
FIGURE 25

It can be shown that the maximum a-c output power without clipping using a push-
pull stage is given by the formula:

I max EC
Poue = 2
Since the load resistance is equal to
E.
T

and the collector to collector impedance is four times the load resistance per collector,
the output power is given by the formula:

2 Ecz
Po="R._. (1)

17



TRANSISTOR APPLICATIONS

Thus, for a specified output power and supply voltage the collector to collector load
resistance can be determined. For output powers in the order of 50 mw to 750 mw,
the load impedance is so low that it is essentially a short circuit compared to the out-
put impedance of the transistors. Thus, unlike small signal amplifiers, no attempt is
made to match the output impedance of transistors in power output stages.

The power gain is given by the formula:
Pout p— Io2 RL_

Power Gain = P.. L R

Since I, is equal to the current gain, Beta, for small load resistance, the power gain

Iln
formula can be written as:
Re-e
P.G.=¢g Roos 2)

where R... = collector to collector load resistance.
Rs-» = base to base input resistance.
B = grounded emitter current gain.

Since the load resistance is determined by the required maximum undistorted output
power, the power gain can be written in terms of the maximum output power by com-
bining equations (1) and (2) to give:

_ _28°E%c (3)
- Rb-b Pout

CLASS A OUTPUT STAGES

A Class A output stage is biased as shown on the collector characteristics below:

I MAX. |\
COLLECTOR
CURRENT DC OPERATING POINT
L¢ ‘4/
|
| .
|
: <~
COLLECTOR VOLTAGE
FIGURE 26

The operating point is chosen so that the output signal can swing equally in the posi-
tive and negative direction. The maximum output power without clipping is equal to:

E. I
Pont = 92
The load resistance is then given by the formula:
E.
Ru= -E

18



TRANSISTOR APPLICATIONS

Combining these two equations, the load resistance can be expressed in terms of the
supply voltage and power output by the formula below:
2
RL = 2E§° (4)

For output powers of 10 mw and above, the load resistance is very small compared to
the transistor output impedance and the current gain of the transistor is essentially the
short circuit current gain Beta. Thus for a Class A output stage the power gain is given
by the formula:

P.G =

ﬁzRL _— ﬁzEc2
Rln - 2RlnPo (5)

CLASS A DRIVER STAGES

For a required output power of 250 mw, the typical gain for a push-pull output
stage would be in the order of 23 db. Thus the input power to the output stage would
be about 1 to 2 mw. The load resistance of a Class A driver stage is then determined
by the power that must be furnished to the output stage and this load resistance is
given by equation (4). For output powers in the order of a few milliwatts, the load
resistance is not negligible in comparison to the output impedance of the transistors,
therefore, more exact equations must be used to determine the power gain of a Class A
driver stage. From four terminal network theory, after making appropriate approxima-
tions, it can be shown that the voltage gain is given by the formula:

R
— =, 6
Ay = his ( )

where his = grounded base input impedance.
The current gain is given by the formula:
a
AI:l—-a-{—RLhoh )
where how = grounded base output conductance.

The power gain is the product of the current gain and the voltage gain, thus unlike
the formula for high power output stages, there is no simple relationship between
required output power and power gain for a Class A driver amplifier.

DESIGN CHARTS

Figures 27 through 35 are design charts for determination of transformer imped-
ances and typical power gains for Class A driver stages, Class A output stages, and
Class B push-pull stages. Their use can be best understood by working through a
typical example. It will be assumed that it is desired to design a driver and push-pull
amplifier capable of delivering a 250 mw with a 9 volt supply. Using Figure 27, for
250 mw of undistorted output power, the required collector to collector load resistance
is 450 ohms. From Figure 29 using a typical 2N187, the power gain is 22.5 db. In
numerical terms, a power gain of 22.5 db is 178. Therefore, the required input power
to the driver stage would be:

250

P =178
or 1.4 mw. Assuming about 70% efficiency in the transformers, the required output
power of the driver stage will be 2 mw. From Figure 31, for 2 mw of undistorted out-
put power, the load resistance is slightly over 10,000 ohms so a 10,000 ohm trans-
former could be used. From Figure 34 assuming a 2N191 driver transistor, the power
gain is 41 db. The typical power gain of the two stages using a 2N191 driver and
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2N187’s in the output would be 63.5 db. The secondary impedance of the driving
transformer should be 2,000 ohms center tapped as shown on the specification sheet
for the 2N 186, 2N187 and 2N188. The secondary impedance of the output transformer
should be selected to match the impedance of the load.
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**HI-F1"" CIRCUITS

Transistors are ideally suited for Hi-Fi amplifiers since there is no problem with
hum pick-up from filaments as there-is with tubes. Transistors are inherently low
impedance devices, therefore matching the characteristics of magnetic pick-ups and
loudspeakers.

To obtain the wide frequency response and low distortion needed in hi-fi equip-
ment, negative feedback must be used around conventional transistor amplifiers.

PRE-AMPLIFIERS

By using an un-bypassed resistance in the emitter of the second stage of a two
stage amplifier, a voltage is obtained which is proportional to the output current of
the amplifier. If a resistance and a capacitor are connected to this resistor as shown in
Figure 36, a signal is fed back to the input which is proportional to the output current.

If the feedback capacitor is made very large, the frequency response is essentially
flat and the gain is determined only by the ratio of R, to Re. If the capacitor is made
small, the feedback current will depend upon the frequency being amplified and it is
possible to obtain a boost of the low frequencies. With the values shown, the two

-25v
15K

150K 5

5 2Nl9(a

22K Q15
3.9K AM—]
R,
PICKUP
FIGURE 36

stage amplifier provides compensation for a General Electric Variable Reluctance
Pick-up reproducing from records recorded to the RIAA Standards.

In vacuum tube pre-amplifiers, feedback voltage is usually obtained from the plate
of the second stage and applied to a resistor in the cathode of the first stage. This
method of feedback is not well suited for an all-transistor amplifier since voltage feed-
back tends to control the voltage applied to the next stage whereas it would be more
desirable in transistor amplifiers to control the current into the next stage by feedback.
If a transistor pre-amplifier is to be used with a vacuum tube amplifier, however,
voltage feedback can be used successfully.

A very simple one transistor pre-amplifier for the General Electric Reluctance
Pick-up is shown by Figure 37.
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FIGURE 37

In this circuit, voltage feedback is used from collector to base to give the desired
bass boost and the input resistor R: in combination with the inductance of the mag-
netic cartridge gives the proper high frequency roll-off. By using different values of
R,, correct compensation can be obtained for other pick-ups. The 50 volt supply can
be obtained from a voltage divider across the B* supply of the tube amplifier.

TONE CONTROLS

Tone control circuits for transistor amplifiers are somewhat different than con-
ventional vacuum tube tone controls since the impedance levels in transistor circuits
are lower. A satisfactory bass and treble tone control for use between transistor stages
is shown by Figure 38.*

10K 5
AN—e——{—OUTPUT
L
008
FROM 5 T% } TREBLE
PRE -AMPLIFIER+] e 50K
VOLUME .2 I
I00K .08
IK I
X
e
FIGURE 38

The action of the tone controls is easily understood if they are considered as
current transfer networks rather than voltage transfer networks as in vacuum tube
amplifiers. The output current from the preceding stage goes to the volume control
where part of it is shunted to ground and the rest goes to the junction of the 0.02 nfd
and 0.2 ufd capacitors and the center arms of the potentiometers. At 1000 cycles, the
equivalent circuit of the tone controls is very simple, as shown in Figure 39(A). At this
frequency, the current is divided so that 10/11ths of the current is shunted to ground

* “Transistor Electronics”, Lo, Endres et al.
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and 1/11th goes on to the next transistor. The low-frequency equivalent circuit for the
“bass boost” condition is shown in Figure 39(B). With the movable arm of the potenti-
ometer near the top, the 0.02 ufd capacitor is bypassed and more of, the current is
shunted into the 10,000 ohm resistor as the impedance of the 0.2 pfd capacitor rises
at low frequencies.

The high-frequency equivalent circuit of the tone control is shown in Figure 39(C)
for the “treble cut” condition. Depending on the potentiometer setting, most of the
higher frequencies will be shunted to ground as compared to a 1000 cycle signal.
With the potentiometer arm at the top, the higher frequency current would bypass
the 10,000 ohm resistor and a treble boost would be achieved.

The performance of the tone controls is shown by Figure 40.

10K I0K 10K
-J_—‘\/V\'—OOUT ouT ouT
02 2K IN .008
48K
IN 48K .2
2 IN 2K
%l K IK IK I'OB
(A) (B) (C)

(A) A | KC EQUIVALENT CIRCUIT. (B) LOW - FREQUENCY EQUIVALENT
CIRCUIT, AND (C) THE EQUIVALENT CIRCUIT AT HIGH FREQUENCIES.

FIGURE 39
+15 —
= t—tl MAX l
\
+0 ~800s, =
\\ 3% ot ’
+5 D = @08
Si w2
0 2
- i ) 1
. 2 s \4“7|_~
5 N U}
o oy e~ M
_|5 ﬂTIﬁ

20 100 IKC. IOKC.
FREQUENCY - CPS

FIGURE 40

26



TRANSISTOR APPLICATIONS

POWER OUTPUT STAGES

A great deal of effort has gone into developing transformerless push-pull amplifiers
using vacuum tubes. Practical circuits, however, use many power tubes in parallel to
provide the high currents necessary for direct driving of low impedance loudspeakers.

The advent of power transistors has given new impetus to the development of
transformerless circuits since transistors are basically low voltage, high current devices.
The emitter follower stage, in particular, offers the most interesting possibilities since
it has low inherent distortion and low output impedance.

A very simple emitter follower output stage is shown in Figure 41, The loudspeaker
is capacitively connected to a large enough emitter resistance so that essentially all
the AC current flows into the load. It is obvious that with bias currents of one ampere,

INPUT J¢

§ 1008

8§ SPEAKER

FIGURE 41

an emitter resistance of any practical value will be extremely wasteful of power. The
resistor could be replaced by a choke, but a 1 henry choke capable of carrying one
ampere of current is impractical in size.

By using another transistor to replace the 100 ohm resistor in Figure 41 it is possi-
ble to make a transformerless, self-phase inverting, push-pull amplifier. This basic
circuit, called the followed emitter follower, is shown in Figure 42. By inserting a small
resistor, on the order of one ohm, in the collector of Ti, a signal is generated propor-

y . -£

AA
VWA

INPUT "y —f %

Vv

FIGURE 42
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tional to the current flowing in T1. If a one ohm resistor is placed in the emitter of T2
and capacitor C1 connected as shown in Figure 42, the same voltage will appear across
resistor R2 as appeared across R1. This means that the current flowing in T2 is an
exact replica of the current flowing in T1 except it is 180° out-of-phase. These two
currents add together and flow into the load so that each transistor only has to carry
half of the required AC current. The current in T2 follows the current in T1 (hence
the named followed emitter follower) and will change in accordance with the varia-
tions of input impedance with frequency that are experienced in loudspeakers.

The circuit Figure 42 has two disadvantages. The first disadvantage is that for
adequate thermal stability, resistor R2 and hence R1 must be several ochms and there-
fore dissipate considerable power and needlessly increase the required supply voltage.
A second disadvantage is that any hum appearing on the supply voltage is coupled
almost without attenuation through capacitor C1 to the base of T2 and hence appears
across the load. These difficulties can be overcome by using the circuit of Figure 43.

—-E

INPUT it

R2 R4

FIGURE 43

In this circuit, transistor T3 is in the common base configuration and acts to couple
the A.C. signal across R1 to the base of T2 without change in phase. Any A.C. ripple
will be applied both to the base and emitter of T3 and hence will not cause any net
change in emitter current that would be coupled to T2. A major advantage of this
additional transistor is that any change in DC voltage at the collector of T1 is ampli-
fied and appears at the base of T2 in such a manner as to return the current in the
power transistors to the original value. The loop gain for DC voltage changes is
unity and hence the stability of the entire circuit is equal to that of a grounded base
transistor even though the transistors are in the grounded emitter configuration.

A practical version of this circuit is shown in Figure 44. Additional transistors are
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connected to the power transistors in the Darlington connection to increase the current
gain. Resistors R1 and R2 are used to increase the bias current flowing in T4 and T5.
This allows the power transistors to be driven to full output at high audio frequencies
where the current gain of power transistors begins to decrease. Overall feedback is
taken from the loudspeaker to the driver stage to further decrease the distortion. This
amplifier is capable of 7 watt output power into an 8 ohm load at 1/2 percent distortion
and the distortion at 1/2 power is .25 percent. The maximum output power is limited
by the supply voltage which in this case was 30 volts. The AC impedance looking
back from the load into the amplifier is only three-tenths of an ohm providing a
damping factor of.25 for an 8 ohm speaker.

The frequency response is flat within 0.1 db from 20 cps to 20 Kc. The complete
schematic diagram of a transistor Hi-Fi amplifier is on pages 97 and 98.

IF AMPLIFIERS:
A typical circuit for a transistor IF amplifier is shown by Figure 45.
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The collector current is determined by a voltage divider on the base and a large
resistance in the emitter. The input and output are coupled by means of tuned IF
transformers. The .05 capacitors are used to prevent degeneration by the resistance
in the emitter. The collector of the transistor is connected to a tap on the output
transformer to provide proper matching for the transistor and also to make the per-
formance of the stage relatively independent of variations between transistors of the
same type. With a rate-grown NPN transistor such as the 2N293, it is unnecessary
to use neutralization to obtain a stable IF amplifier. With PNP alloy transistors, it
is necessary to use neutralization to obtain a stable amplifier and the neutralization
capacitor depends on the collector capacitance of the transistor. The gain of a tran-
sistor IF amplifier will decrease if the emitter current is decreased. This property
of the transistor can be used to control the gain of the IF amplifier so that weak
stations and strong stations will produce the same audio output from a radio. Typical
circuits for changing the gain of an IF amplifier in accordance with the strength
of the received signal are shown in the circuit section of the manual.

AUTODYNE CONVERTER CIRCUITS

The converter stage of a transistor radio is a combination of a local oscillator,
mixer and IF amplifier. A typical circuit for this stage is shown by Figure 46.

TYPICAL AUTODYNE I5K.5000
CONVERTER 2NI6BA AUTOMATIC 725

AC=190.6 (k=

1
3

L=435 é 1& O T
|| 4 3. 13
7 TURNS _ 99— _ - 8

ANTENNA-DELTA COIL*1-105A OR EQUIVALENT

6$C|LLATOR COIL — E. STANWYCK c0¥|129 (MODIFIED) OR EQUIVALENT
CAPACITOR-RADIO CONDENSER¥242 OR EQUIVALENT

I.F. TRANSFORMER~ AUTOMATIC 725 (EX0-3926) OR EQUIVALENT

FIGURE 46

Transformer T: feeds back a signal from the collector to the emitter causing
oscillations. Capacitor C; tunes the circuit so that it oscillates at a frequency 455 Kc
higher than the incoming radio signal. This local oscillator signal is.injected into the
emitter of the transistor. The incoming signal is tuned by means of capacitor C; and
after passing through an auto transformer to match the input impedance of the
transistor, it is injected into the base. The two signals are mixed by the amplifier and
the resultant beat frequency of 455 Kc is selected by the IF transformer and -fed
into the next stage. For optimum performance the collector current should be 0.6 to
0.8 ma and the local oscillator injection voltage at the emitter 0.15 to 0.25 volts.

30



TRANSISTOR APPLICATIONS

REFLEX CIRCUITS
“A reflex amplifier is one which is used to amplify at two frequencies — usually
intermediate and audio frequencies.”*

The system consists of using an LF., amplifier stage and after detection to return
the audio portion to the same stage where it is then amplified again. Since in Figure 47,

AUXILIARY
AvC.
IN646 AUDIO
|
AUTODYNE FIRST LE 2nd LE + DIODE AUDIO
CONVERTER AMPLIFIER AUDIO DRIVER DET;CIT:.R + :&'_"P?T {:ﬂ
2MI68A 2N292 2NI69 IN64G 2NI88A

L AuDIO

FIGURE 47

two signals of widely different frequencies are amplified, this does not constitute a
“regenerative effect” and the input and output loads of these stages can be split audio
—LF. loads. In Figure 48, the LF. signal (455 Kc/s) is fed through T2 to the detector
circuit CR1, C3 and R5. The detected audio appears across the volume control R5
and is returned through C4 to the cold side of the secondary of T1.
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FIGURE 48
* F. Langford-Smith, Radiotron Designers Handbook, Australia, 1953, p. 1140
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Since the secondary only consists of a few turns of wire, it is essentially a short
circuit at audio frequencies. C1 bypasses the LF, signal otherwise appearing across
the parallel combination of R1 and R2. The emitter resistor R3 is bypassed for both
audio and LF. by the electrolytic condenser C2. After amplification, the audio signal
appears across R4 from where it is then fed to the audio output stage. C5 bypasses R4
for LF. frequencies and the primary of T2 is essentially a short circuit for the
audio signal.

The advantage of “reflex” circuits is that one stage produces gain otherwise
requiring two stages with the resulting savings in cost, space, and battery drain. The
disadvantages of such circuits are that the design is considerably more difficult,
although once a satisfactory receiver has been designed, no outstanding production
difficulties should be encountered. Other disadvantages are a somewhat higher amount
of playthrough (i.e. signal output with volume control at zero setting), and a minimum
volume effect. The latter is the occurrence of minimum volume at a volume control
setting slightly higher than zero. At this point, the signal is distorted due to the
balancing out of the fundamentals from the normal signal and the out-of-phase play-
through component. Schematics of complete radios using “reflex” LF. stages are on
pages 99 through 102,

TRANSISTOR SWITCHES

A switch is characterized by a high resistance when it is open and a low resistance
when it is closed. Transistors can be used as switches. They offer the advantages of no
moving or wearing parts and are easily actuated from various electrical inputs. Transis-
tor collector characteristics as applied to a switching application is shown in Figure 49.

The operating point A indicates the transistor’s high resistance when Is = O. I¢ =leo
—a

+E
R
. Ic
Ic¢ IB 1
T NPN

COLLECTOR CHARACTERISTICS

FIGURE 49

when Iz = O. Since I—a is a small number, 1¢ may be many times greater than Ico.
Shorting the base to the emitter results in a smaller Ic. If the base to emitter junction
is reversed biased by more than .2v, Ic will approach Ico. Reverse biasing achieves
the highest resistance across an open transistor switch.

‘When the transistor switch is turned on, the voltage across it should be a minimum.
At operating point B of Figure 49, the transistor is a low resistance. Alloy transistors.
such as the 2N188A have about one ohm resistance when switched on. Grown junc-
tion transistors, such as the 2N167 have approximately 80 ohms resistance which
makes them less suitable for high power switching although they are well suited for
high speed computer applications. In order that a low resistance be achieved, it is
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necessary that point B lie beyond the knee of the characteristic curves. The region
beyond the knee is referred to as the saturation region. Enough base current must
be supplied to ensure that this point is reached. It is also important that both the on
and off operating points lie in the region below the maximum rated dissipation to
avoid transistor destruction. It is permissible, however, to pass through the high dissi-
pation region very rapidly since peak dissipations of about one watt can be tolerated
for a few microseconds with a transistor rated at 150 mw. In calculating the Is neces-
sary to reach point B, it is necessary to know how hrg varies with Ic. Curves such as
Figure 50 are provided for switching transistors. Knowing hre from the curve gives
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to allow for variations in hrr with temperature or aging. The maximum rated collector
voltage should never be exceeded since destructive heating can occur once a transistor
breaks down. Inductive loads can generate injurious voltage transients. These can be
avoided by connecting a diode across the inductance to absorb the transient as shown
in Figure 51.
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~ IN34 FOR SMALL INDUCTANCE
IN9I FOR LARGE INDUCTANCE

INDUCTANCE

DIODE USED TO PROTECT TRANSISTOR FROM INDUCTIVE
VOLTAGE TRANSIENTS.

FIGURE 51

Lighted incandescent lamps have about 10 times their off resistance. Consequently,
Iz must be increased appreciably to avoid overheating the switching transistor when
lighting a lamp.

A typical switching circuit is shown in Figure 52. The requirement is to switch a
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-25v TYPICAL VALUES
1258 I. = 80p A SWITCH OPEN
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Ic = 0.2A SWITCH CLOSED

I = 10mA = CURRENT THROUGH SWITCH
SWITCH 1000

[—‘ 2NIBBA Vee = A9V SWITCH CLOSED

1.5V Vpe = 48V SWITCH CLOSED
1K
:[ INPUT POWER = I5 MILLIWATTS
= = = LOAD POWER = 5 WATTS
FIGURE 52

200 ma current in a 25 volts circuit, delivering 5 watts to the load resistor. The
mechanical switch contacts are to carry a low current and be operated at a low voltage
to minimize arcing. The circuit shown uses a 2N188A, The 1K resistor from the base
to ground reduces the leakage current when the switch is open. Typical values are
indicated in Figuré 52.

PULSE CIRCUITS

Feedback makes circuits independent of variations within the feedback loop. Nega-
tive feedback is used to ensure undistorted output. Positive feedback stabilizes cir-
cuitry in a different manner. In positive feedback circuits the output has precise levels
which are largely independent of component variations or input waveforms. Thus the
output can be accurately predicted in spite of distortion of the input. It is this charac-
teristic of positive feedback amplifiers that has made electronic computers feasible.
Counters, flip-flops and multivibrators in computer and radar circuits are stabilized by
the positive feedback inherent in their design.

By applying positive feedback in switching applications, it is possible to ensure
that the transistor passes through the high dissipation region quickly even though the
triggering input may be applied very slowly. A number of positive feedback circuits
are possible. Figure 53 shows a conventional stabilized two stage amplifier with the

v
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{ FREQUENCY 6CPS)
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EMITTER WAVEFORM " e e

FIGURE 53

output connected to the input giving positive feedback. This circuit will oscillate pro-
ducing essentially square waves at the collectors and sawteeth at the bases. A varia-
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COLLECTOR WAVEFORM l \ l l
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FIGURE 54

tion of this circuit is shown in Figure 54. The stabilizing components of Figure 53 are
omitted here since they are not necessary unless transistor interchangeability and
operation over a wide temperature range are necessary. To ensure that this circuit
starts readily, the base resistors should limit I to a value such that the collector voltage
does not drop below one volt since transistors have low gain in the saturation region.
If positive feedback is applied to a D.C. amplifier, a bistable circuit results.

FIGURE 55

In Figure 55, only one transistor conducts at a time. If the transistor which is off
has a resistor connected momentarily from its base to the collector supply to make it
conduct the other transistor will immediately turn off. A variation of this circuit is
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1K 1K
4JD4A3 4JD4A3
FIGURE 56

shown in Figure 56. Certain transistors, such as the G.E. germanium 4JD1A68 or the
G.E. silicon 4JD4A3, are specially selected to work in this very simple circuit. Circuit
operation can be easily understood if one transistor is assumed to be non-conducting.
The other transistor will be at the operating point B of Figure 49 because both resistors
in the circuit are equal. With typical values of collector current (about 2 ma), the
collector voltage will be less than 100 millivolts. When this voltage is applied to the
base of the non-conducting transistor as shown in the circuit, it is insufficient to
cause an appreciable Is, consequently, this transistor is truly non-conducting as was
initially assumed. The base voltage on the conducting transistor is about .3 volts using
germanium transistors, and .7 volts using silicon transistors. The few components used
in the circuit are equal. With typical values of collector current (about 2 ma), the
germanium circuits are stable up to about 40°C, silicon circuits are stable at 125°C,

In a transistor amplifier, the collector and emitter voltages are in phase so that
collector to emitter feedback is positive. Figure 57 illustrates this form of feedback

INPUT

FIGURE 57

applied to transistor T1. It is impossible to connect the collector and emitter directly
together without impedance matching. Transistor T2 can be considered an emitter
follower which reduces the feedback impedance making it suitable to drive the
emitter of the first transistor. This is the transistor analogue of the tube cathode-
coupled flip-flop. Note that the collector of the second transistor doesn’t contribute
to circuit operation and consequently a load can be introduced there if desired. It
turns out that this circuit lends itself to simple design and can be used in a number
of applications.
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SIMPLIFIED FLIP-FLOP DESIGN

The following is a simplified design procedure, which will quickly yield a working
circuit that can be optimized by more complicated techniques if required. Referring
to Figure 57, it is assumed that it is required to connect a load Rw across a voltage E.
The design procedure makes 0.9E appear across R. which is generally satisfactory,
however, it is only necessary to increase the supply voltage by about 10% to get E
volts across Ry.

1.
2.

3.

10.

11.
12.

. Select R, =

. Calculate I, the base current of T, Ip. =

Choose R and E.

Calculate Ice Ie. = &b

Re.

Select a transistor rated for E volts and Ic: ma. If Ic: < 10 ma any good NPN
or PNP transistor will do. For Ic. > 10 ma, the alloy junction transistors are
best.

Ry
10

..Select R: > Ry typically R. = 2R,

If the input to the base of T1 is applied very slowly, it may be possible to ex-
2

ceed the dissipation ratings of T1 unless 4—};—doe5 not exceed the maximum
3

permissible dissipation of T1.

The dissipation considerations may limit the minimum value of R: that can be
used. In calculating Ras and Rs, Ico will be neglected since it is generally small
compared to the current being switched. This design will assure stable opera-
tion, but the switching characteristics will not be precisely determined. It is
assumed that a transistor in saturation has approximately .5v from base to
emitter and .2v from collector to emitter. The measured values-given in Figure
52 justify this assumption.

. Calculate Vps, the base voltage on T2. Vg is approximately the emitter voltage

plus .5v. V2 — R.Ic. therefore Vi: — Rilc: + .5.

. Determine hrr at Ic. for T. using published data. Use the minimum value

quoted. Call this hpg.. .
C2

h FE2

. Allow a current equal to Is. through R, for good temperature stability; therefore,

R, — Vi — (Rilc: 4 .5) heez
Lis Ice

R,
10
While T, is off, R: and Rs in series must supply the current through Rs plus the
base current of T., i.e., 2 Is.. Neglecting the .5 volt base to emitter voltage:

Rz + Rs _— RL;FBE

Since R. has been chosen earlier, Rs can be determined. R = R[‘Thnz — R

or

R, = (hrr2) if .5 is negligible compared to Rilc..

Check that R; = R, in order to assure stability when T: is off. If this condition
is not met, decrease R. and repeat the calculations.

If a variable high impedance current source is used to drive the base of T, a
curve showing base voltage vs. base current can be drawn resembling that of
Figure 58. The shape of this curve and the impedance connected to the base
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PEAK POINT
Vg 8

VALLEY POINT

Ig

FIGURE 58

of T: determine whether the circuit is free-running, monstable or bistable. It
is therefore important to determine the coordinates of the peak point and the
valley point in order to obtain the desired mode of operation.

13. The peak point current (I,) may be very small if T: has exactly the hrg. used
in the design. However, since the design used the minimum value of hrge,
generally, the actual hrg: will be greater. Calculate I's: as in 7 and 8 using the
maximum hrge. This permits calculating

I — I'ge (Ra + Rs)
“=T1iR. R.
where I, is the maximum T collector current possible at the peak point. This
gives I, max. = Lo, where hrgm is hre for T: at a current Ici.. Therefore the
FE1
actual I, will lie between O and Lo b
hFEl

14. The peak point voltage (V,) is reached when Ic begins to decrease. If T: has
the hie: used in the calculations, Ic: decreases as soon as T, starts to conduct.
Since the emitter voltage of T: is known (Vg = V), the peak point voltage

is approximately V, = —

If hrg: is actually greater than the value used in the calculations, T; must con-
duct appreciably before Ic. drops. The upper limit for V, is given by assuming
that both Ie: and Ie: (from 13) flow through R; simultaneously. Then V,
max. = Ri (Io + Icz) ¢+ .5 where .5 volts is the base to emitter voltage.

Therefore the actual V, will lie between%and R: (lox + Iee) 4+ .5.

15. The valley point voltage (Vv) is reached when T: just stops conducting, i.e.
when Ic: = O. Igo is neglected. An upper limit on Vv is the voltage across R;
when T, saturates plus its emitter to base voltage.

VV=R1101+.5=%+.5

Since R: was chosen much smaller than Ry, V; and Vv are simply related.
Vs Rs
Ve R~ I
16. The valley point current (I.) is I+ ::Tm,— where hrr is the current gain of
FEL

E
T; for a collector current Ic; = oy
Now that the coordinates of the peak and valley points are known, in order to
get oscillations the input characteristics must be intersected in the negative resistance
region only, by a load line such as A in Figure 58. A typical circuit is shown in Figure
59. R; and C determine the frequency of oscillation.
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FREQUENCY = 300 CPS

4)v
Ve

1.9V

||
[

dufd
3300 22k /]

= = — INPUT CHARACTERISTICS
FIGURE 59

Load line B gives only one stable operating point with T; conducting continuously.
A negative pulse to the base of T, will turn it off for an interval dependent on R.C
after which T, will again conduct. A typical circuit is shown in Figure 60.

+ 30V

3.3K

2NI67

_I

10+ SEC
2 VOLT PULSE

Ry << R; MONOSTABLE STATE
OCCUPIED FOR 9 MILLISECONDS

3300 22K

FIGURE 60

If R: is made so large that the peak point current cannot be reached, as indicated
by load line C of Figure 58, only one stable position will exist with T, essentially off.
A positive trigger will cause T, to conduct for a short interval. The same triggering
scheme as shown for load line B applies. Finally, if R, is returned to a voltage be-
tween the peak point and valley point potentials, one of two conditions will apply. If
R, is large, load line D will result giving similar performance to load line C. If R, is
small as in load line E, two stable operating points will be obtained. In the latter case,
a positive trigger will cause T: to conduct until a negative trigger arrives turning it
off. The flip-flop will stay in either state indefinitely. The bistable circuit is as shown
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+30v

33K

TURN ON TIME = .5 u SEC
TURNOFF TIME = 1.2 a SEC

FIGURE 61

Ri Re
R, 4+ R.

R.

in Figure 61. Here, Ry = m .

and the voltage it is returned to is E

Since R =10 Rg, then R.=—10R,, therefore Ri =R, and

1 — g

S S ey
This circuit can also be triggered by DC. The capacitor would be replaced by a
resistor which would inject current into the base of T1. For precise triggering with
small trigger signals, it is necessary to adjust Ri and its’ return voltage until the load
line lies very nearly along the negative resistance part of the input characteristic. A
potentiometer in the emitter of T. permits adjustment of the sensitivity. This is shown

in Figure 62.

@—SENSITIVITY
ADJUSTMENT

FIGURE 62

The Unijunction transistor (formerly known as the double base diode) has input
characteristics similar to those of the circuit just described. This makes it possible with
a single transistor to make free-running, monostable and bistable circuits. Its opera-
tion is described in the Semiconductor Theory portion of this manual.

A simple oscillator is shown in Figure 63. For typical transistors, if R lies between
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R2

"h BASE 2

O.lpfd

TYPICAL VALUES
BASE 2 FREQUENCY = 1300 CPS
V ¥ ¥ BASE | 6VOLTS PEAK TO PEAK
51 SEC RISE TIME.
5 A A A 30, SEC PULSE WIDTH.
G55 BASE 2 6VOLTS PEAK TO PEAK
10, SEC RISE TIME.
emtTER <L —"] —~ 30 1 SEC PULSE WIDTH.
EMITTER 10 VOLTS PEAK TO PEAK
SAWTOOTH

008

FIGURE 63

2,000 ohms and 1 megohm, oscillations are obtained as shown. For R < 2K, the tran-
sistor will stay on continuously. For R > 1 megohm, the transistor stays off con-
tinuously. The frequency is readily changed by varying R or C. This circuit can be
readily adapted to a number of applications.

The oscillator can be synchronized to generate sub-harmonics with circuit wave-
forms resembling those of a blocking oscillator. Figure 64 shows such a circuit.

WAVEFORMS
TRIGGER | y I '
EMITTER
M M
N
BASEN ___A A A
. = . +
24 VOLTS
200K
! 100K
< L
! OUTPUT
v S ST S G,
3300puut
e K 1.6 KCS
TRIGGER
3300 puf
AANn 33000
8OKCS

rrgnd
FIGURE 64

A moderate output audio oscillator is constructed by placing a 3 ohm loudspeaker
in the base 1 circuit.
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9 TO 30 VOLTS

UNIJUNCTION TRANSISTOR

3 OHM
SPEAKER

FIGURE 65

By increasing the value of R, the circuit can be used as a highly stable metronome.

+ 9To+30vVoOLTS

1K

CALIBRATING
RESISTOR

/’T-\ 3 OHM SPEAKER

20, td

TAPER

FIGURE 66

A temperature sensitive circuit useful as a thermostat or a fire alarm is achieved by
using a thermistor as shown in Figure 67.
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GE DiO1
10K * 10%@25°C
GRADE |

UNIJUNCTION , TRANSISTOR

Re 3 OHM SPEAKER

TYPICAL VALUES

Rc jALARM TEMPERATURE

15K 100°F
10K 120°F
6.8K 150°F
4.7K 220°F
FIGURE 67 °*

A variable time delay generator up to 3 or 4 minutes is easily achieved. The circuit
of Figure 68 offers high accuracy and a short recovery time.

o—
DELAY SENSITIVE RELAY
INITIATING I.5K TO 5K .5 MA
SWITCH

SPDT

BASE 2 CONNECTED
TO GROUND WHEN
RELAY ENERGIZED.

UNIJUNCTION

DELAY APP.ROX | SECOND FOR IK OF
VARIABLE RESISTOR

FIGURE 68

A precise timer can be made by adapting the delay circuit. A variation of the
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TIMING
SENSITIVE RELAY
LRI 5K 1.5ma SPDT
®
APPROX
1o v - 30 VOLTS
AC
LOAD 220K
'S
009
500fd
o ]

LOAD CONNECTED ACROSS LINE
WHEN RELAY DE-ENERGIZED

FIGURE 69

oscillator circuit generates rectangular waveforms. For oscillation R, should lie be-

-0 +30V
Ry R3 33K 1K
IN34
15 L
c R2 0. Iufd (oK
Ra

TYPICAL CIRCUIT
BASE 2 | I | l I

FREQUENCY = | KC
EMITTER | /I / |
CAPACITOR/\/\_/\

FIGURE 70

tween 2K and 1 megohm for typical transistors. R. must satisfy the equation
> stand-off ratio.

Another positive feedback configuration is made possible by using NPN and PNP
transistors. Figure 71 shows a direct coupled NPN-PNP amplifier with positive feed-

_ R
R: + R
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PNP

NPN

FIGURE 71

back. This circuit generates a sawtooth at the base of the NPN transistor.

A variation of this circuit has the amplifier input at the emitter of the NPN tran-
sistor and feedback is applied to its base. It is found that the collectors and bases
of the transistors are interconnected. This is the well-known hook connection. Figure
72 shows the circuit and the input characteristics. This curve can be used as with the

+E
Re RE
T O
P2 :
]
PNP :
]
Vg :
]
NPN !
1
1
A
r — I
Ry INPUT o ( E ) ! e
NEAR ORIGIN " R+ Ra/ hFE (PNP)

EMITTER INPUT

CHARACTERISTICS
"= "HOOK" CONNECTION

NPN-PNP “HOOK" CONNECTION

FIGURE 72
Unijunction Transistor and emitter coupled flipflop to get free-running, monstable

and bistable operation. One of the features of this circuit is that both transistors are
on or off together minimizing the amount of standby power required.
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Both silicon and germanium cells can be used in the types of power supplies illus-
trated in Figures 73, 74, 75, and 76. All four of these power supplies are designed for
low ripple output and high reliability at minimum expense. However, they are limited
to Class A types of load in which the average load current does not vary with the
amplitude of the impressed signal. Class B loads require a stiffer” voltage source than

PRE-AMP POWER SUPPLY

OUTPUT OUTPUT
VOLTAGE | CURRENT Rl ¢ R2¥ | APPROX.
v RIPPLE
250 ut
12 VOLTS I MA 43K, 1/2W 15 VOLT 180K | 0.%
ELECTROLYTIC | 1/2W
250t
12 VOLTS 2 MA. 22K, 1/2W 15 VOLT 100K | ©0.1%
ELECTROLYTIC | 1/2W
250t
25 VOLTS 2 MA. 18K,1/2W 15 VOLT 180K | 0%
ELECTROLYTIC | I/2W

%70 ADJUST VOLTAGE OUTPUT FOR OTHER OUTPUT CURRENTS,
ADJUST R2.

FIGURE 73

GENERAL PURPOSE TRANSISTOR POWER SUPPLY

G.E
¢t RI INSi R2
o— AN -
HTV AC G.E. o=c2 €3==  SR3 vV ouTPuT
iNol A +
[+ +
QUTPUT | QUTPUT 1
VOLTAGE|CURRENT | RI | Rz | R3* |meTALLizen| c2 c3  |approx.
v PAPER RIPPLE
THREE 250uf | 2504t
vours| looma | 28 |I00G 122000 7.5 v IBVOLT | IBVOLT | 0.5%
PARALLEL |ELECTROLYTIC| ELECTROLYTIC
200V
FOUR 250ut 2504t
20 |i00a |22000 | 2-pt IN 1svot | 15 voLT
12 VOLTS| 150MA |, yirr | low | iw | PARALLEL [ELECTROLYTIC|LEcTROLYTIE O3 %
200V
o ™0 100pt 250
: 20 (2500 l6,0000] 2-ut IN | SOVOLT | 25 voLT
25VOTS | SOMA |\t 2w | 1w | PARALLEL [rLecTRotvTic [erecTrowmic | ©5%
200V

- * T0 ADJUST VOLTAGE OUTPUT FOR OTHER OUTPUT CURRENTS,
ADJUST R3.

FIGURE 74

46



POWER SUPPLIES

POWER SUPPLY FOR HIGH POWER CLASS A TRANSISTOR AMPLIFIERS

o+
OUTPUT| OUTPUT RECT. | APPROX.
VOLTAGE| CURReNT | R R2 Cl e I | RIPPLE
v
aovots| 1aMR | 32 | 204 300t 1000t 3 1%
10 WATTS|20 WaTTS| 150 voLT | sovoLT S
ELECTROLYTIC | ELECTROLYTIC | o $
EIE
i
]
['4
33
eg
Tl - U.TC' R-43 AUTOTRANSFORMER OR EQUAL
2| WINDING RATIO
FIGURE 7S
POWER SUPPLY FOR HIGH - POWER CLASS A TRANSISTOR AMPLIFIER
3
R v ouTPuT
2
QUTPUT | OUTPUT
VOLTAGE | CURRENT| RI | R2 cl c2 R3* | RECT | APPROX.
v I | riPPLE
(14
oo
sovoLTs| 1 aMP | 50 | 750 100t 3004|1000 |m & [ 1%
20w [ioow | 150 voLTS | sovouTs | 2w |82
ELECTROLYTIC |ELECTROLYTIC z%
w5
et 4
€5
2e

* TO ADJUST VOLTAGE OUTPUT FOR OTHER OUTPUT CURRENTS,
ADJUST R3.

FIGURE 76
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the resistance-capacity combinations of the illustrated power supplies can provide. For
Class B and other loads that require good voltage regulation, it is recommended that
the line voltage be reduced through transformers rather than series resistance or
capacitance, and that chokes be substituted for the series resistance in the filter
elements. Alternately, a regulated power supply such as shown on page 95 can be used.

This circuit uses a step-down transformer and full-wave rectifier as a source of
unregulated DC. A power transistor acts as a series regulator and mercury batteries
are used for the voltage reference. The battery drain is very small so their life is essen-
tially equal to the shelf life.

When a semiconductor rectifier feeds a capacity-input filter such as in Figures 73
through 786, it is necessary to limit the high charging current that flows into the input
capacitor when the circuit is energized. Otherwise this surge of current may destroy
the rectifier. Resistor R1 is used in Figures 73 through 76 to limit this charging current
to safe values.

As shown, the four power supplies do not isolate the load circuit from the 117 volt
AC line. In Figures 73 and 74, the load circuit may be grounded provided a polarized
plug is used on the AC line cord to ensure that the grounded side of the AC line is
always connected to the grounded side of the load. Figures 75 and 76 utilize what is
called a single phase bridge rectifier circuit to achieve full wave rectification, and
hence, lower ripple. Since ground cannot be carried through on a common line to the
load in this type of circuit, it is necessary to insulate the load “ground” from accidental
contact with true ground, or to insert an isolation transformer ahead of the power
supply to isolate the two systems. Careful. attention to these factors is of particular
importance when supplying DC to high gain amplifiers to eliminate hum.

As illustrated, Figures 73 and 74 develop a negative output voltage with respect to
ground as required when supplying P-N-P transistors with grounded emitters. To
develop a positive voltage with respect to ground, it is only necessary to reverse the
rectifiers and electrolytic capacitors in the circuit.

The power supply of Figure 75 uses an autotransformer to reduce the line voltage
to one-half normal value before applying to the rectifiers. Provided the additional heat
dissipation is not objectionable, Figure 76 provides a cheaper means of achieving the
same objective by using resistor R2 to reduce the voltage to the desired value.
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EXPLANATION OF PARAMETER SYMBOLS

SMALL SIGNAL & HIGH FREQUENCY PARAMETERS (at specified bias)

Symbols Abbrevioted Definitions
hob Com. base — output admittance, input AC open-circuited

_hmp Com. base — input impedance, output AC short-circuited
hrp Com. base — reverse voltage transfer ratio, input AC open-circuited
heo Com. hase \ forward a— .

s orwa; curren! ansIer ratio,

_hee Com. emitter ; output AC short-circuited
hte Com. collector
hoe, hie Examples of other corresponding com. emitter symbols -
fab Com. base the frequency at which the magnitude of the small-

- —-} signal short-circuit forward current transfer ratio is
fae Com. emitter 7 0.707 of its low frequency value.

_ Cob Collector to base } Capacitance measured across the output terminals
Coe Collector to emitter with the input AC open-circuited

_ T Base spreading resistance R

_ Ge Com. emitter Power Gain (use Gb for com. base)

CGe Conversion gain
NF Noise Figure

SWITCHING CHARACTERISTICS (at specified bias)
ta Ohmic delay time

_tr Rise time \ These depend on both transistor
ts Storage time and circuit parameters
te Fall time
Ver (SAT.) Saturation voltage at specified Ic and Ip. This is defined only with the collector

= ° saturation region.

. L . I
hre Com. emitter — static value of short-circuit forward current transfer ratio, hre =—I:
hre (INV) Inverted hre (emitter and collector leads switched )

DC MEASUREMENTS
Ic, I, In DC currents into collector, emitter, or base terminal
Ve¢s, VEB Voltage collector to base, or emitter to base
Ver Voltage collector to emitter
Ven Voltage base to emitter
BVc Breakdown voltage, collector to base junction reverse biased, emitter open-circuited

_ ©veso (value of Ic should be specified )

Vero Voltage collector to emitter, at zero base current, with the collector junction
reverse biased. Specify Ic. )
Breakdown voltage, collector to emitter, with base open-circuited. This may be a
BVceo function of both “m” (the charge carrier multiplication factor) and the hb of the
transistor. Specify Ic. -
VCcER Similar to Vceo except a resistor of value “R” between base and emitter.
Vces Similar to Vceo but base shorted to emitter.
Punch-through voltage, collector to base voltage at which the collector sgace
Ver charge layer has widened until it contacts the emitter junction. At voltages above
punch-through, Ver = Ve — Ves -
Vces Supply voltage collector to base NOTE - third subscript
Vcen Supply voltage collector to emitter may be omitted if no
VasE Supply voltage base to emitter _confusion results.
Ico, Ic Collector current when collector junction is reverse biased and emitter is DC
b LT open-circuited. B
Txo, Ien Emitter current when emitter junction is reverse biased and collector is DC
v o open-circuited.

_ Icko Collector current with collector junction reverse biased and base open-circuited.
Ices Collector current with collector junction reverse biased and base shorted to emitter.
Iecs Emitter current with emitter junction reverse biased and base shorted to collector.

OTHER SYMBOLS USED
Pey Peak collector power dissipation  for a specified time limit
Pcav Average maximum collector power dissipation
Po Power output
Zy Input impedance
Zo Output impedance
Ta Operating Temperature B
T ]unction_’l‘em_peEture
_ Tsre Storage Temperature .

NOTE: In devices with several electrodes of the same type, indicate electrode by number. Example:
IBz. In multiple unit devices, indicate device by number preceding electrode subscript. Example: Izc.
Where ambiguity might arise, separate complete electrode designations by hthens or commas. Exam-~

ple: Vicieci (Voltage between collector #1 of device #1 and collector #1 of

device #2.)

NOTE: Reverse biased junction means biased for current flow in the high resistance direction.
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GENERAL ELECTRIC

2N43

Qutline Drawing No. 8

The General Electric Type 2N43 Germanium Alloy Junc-
tion Transistor Triode is a PNP unit particularly recom-
mended for high gain, low power applications. A hermetic
enclosure is provided by use of glass-to-metal seals and
welded seams.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltages
Collector to Base Ve —45 volts
Collector to Emitter VcE —30 volts
Emitter to Base VEB —5 volts
Collector Current Ie —300 ma
Power
Total Transistor Dissipation Py 155 mw
Temperature
Storage or Junction Temperature Tsra-Tr Max. 4100 °C Min. —65 °C
ELECTRICAL CHARACTERISTICS: (25°C) DESIGN
Small Signal Characteristics MIN. MAX. CENTER

(Ver or Veg = —5 volts, I = 1 ma;

£ = 270 cps unless otherwise specified)
Common base output admittance

(input A-C open circuited ) hob 1 1.5 .8 umhos
Forward current transfer ratio

(output A-C short circuited) hte 30 66 42
Common base input impedance

(output A-C short circuited) hin 25 35 29 ohms

Common base reverse voltage transfer
ratio (input A-C open circuited) hro 1 15 5 X 104
Common base output capacity (input

A-C open circuited; f =1 mc) Cob 20 60 40 uuf
Noise Figure (f =1 Kc¢; BW =1 cycle) NF 20 6 db
Frequency cutoff (Common Base) fab 5 3.5 1.3 me
D-C Characteristics
Collector cutoff current (Veso = —45v) Ico 16 8 pamps
Emitter cutoff current (VEBo = —5v) 1o 10 4  pamps
Common emitter static forward current

transfer ratio (Vce = —1 volt,

Ic =20 ma) hre 34 53
Common emitter static forward current

transfer ratio (Ve = —1 volt,

Ic = 100 ma) hre 30 48
Collector to emitter voltage (10 K ohins

resistor base to emitter, Ic = 0.6 ma) VCER —25 volts
Punch-through voltage Vrr —30 volts
Thermal Characteristics
Junction temperature rise/unit collector

or emitter dissipation (in free air) 0.33 °C/mw
Junction temperature rise/unit collector

or emitter dissipation (infinite heat sink) 0.2 °C/mw

2N43A

Qutline Drawing No. 8

4JD1A17

Qutline Drawing No. 8

The 2N43A is a commercial version of the military type
2N43A per MIL-T-19500, and is tested to the same elec-
trical, mechanical and degradation tests.

The General Electric Type 4JD1A17 Germanium Alloy
Junction Transistor Triode is a PNP unit particularly rec-
ommended for high gain, low power applications. A her-
metic enclosure is provided by use of glass-to-metal seals
and welded seams.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Valtages
Collector to Base VcB —45 volts
Collector to Emitter Vce —30 volts
Emitter to Base VEB —35 volts
Collector Current Ic —300 ma
Total Transistor Dissipation P 155 mw
Storage or Junction Temperature Tste-Ts Max. 100 °C Min. —65 °C
ELECTRICAL CHARACTERISTICS: (25 °C) DESIGN
Small Signal Characteristics MIN, MAX. CENTER

(Vcr or Veg = —5 volts, I = 1 ma;

f = 270 cps unless otherwise specified)
Common base output admittance

(input A-C open circuited) hob 0.1 1.5 0.8 umhos
Forward current transfer ratio

(output A-C short circuited ) hte 20 66 39
Common base input impedance

( output A-C short circuited ) hib 25 38 30 ohms
Common base reverse voltage transfer

ratio (input A-C open circuited) hrp 1.0 15 5x 10+
Common base output capacity (input

A-C open circuited; f = 1 mc) Cob 20 60 40 nuf
Noise Figure (f =1 Xc; BW =1 cycle) NF 15 db
Frequency cutoff (Common Base) fab 0.5 3.5 1.1 mc
D-C Characteristics
Collector cutoff current { Vcso = —45v) Tco 16 8  pamps
Emitter cutoff current (Vepo = —5v) IEo 10 4  pamps
Common emitter static forward current

transfer ratio (Vece = —1 volt,

Ic =20 ma) hrE 25 43
Common emitter static forward current

transfer ratio (Vce =—1 volt,

Ic =100 ma) hre 23 37
Collector to emitter voltage (10 K ohms

resistor base to emitter, Ic = 0.6 ma) VCER —25 volts
Punch-through voltage Vet —30 volts

Thermal Characteristics
Junction temperature rise/unit collector

or emitter dissipation (in free air) 0.33 °C/mw
Junction temperature rise/unit collector

or emitter gjssipation (infinite heat sink) 0.2 °C/mw
The General Electric Type 2N44 Germanium Alloy Junc-
tion Transistor Triode is a PNP unit particularly recom- 2.N44

mended for medium gain, low power applications. A her- -
metic enclosure is provided by use of glass-to-metal seals Outline Drawing No. 8
and welded seams.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltages
Collector to Base Ve —45 volts
Collector to Emitter Vce —30 volts
Emitter to Base Ves —35 volts
Collector Current Ic 300 ma
Total Transistor Dissipation Pu 155 mw
Storage or Junction Temperature Tst6-T1 Max. 4100 °C Min. —65 °C
ELECTRICAL CHARACTERISTICS: (25°C) DESIGN
Small Signal Characteristics MIN. MAX. CENTER

(VcB or Veg = —5 volts, I = 1 mo;

f = 270 cps unless otherwise specified)
Common base output admittance

(input A-C open circuited ) hob 0.1 1.5 0.9 umhos
Forward current transfer ratio

( output A-C short circuited) hee 25
Common base input impedance

(output A-C sﬁort circuited ) hib 27 38 31 ohms
Common base reverse voltage transfer

ratio (input A-C open circuited ) hrb 1.0 13 4 X104
Common base output capacity (input

A-C open circuited; f =1 mc) Cob 20 60 40 nuf
Noise Figure (f==1 Kc; BW =1 cycle) NF 15 6 db
Frequency cutoff ( Common Base) fai 0.5 3.0 1.0 mc
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D-C Characteristics
Collector cutoff current ( Vcro = —45v)

Ico

16

8
Emitter cutoff current (VEBo = —5v) Izo 10 4 fl:::g:
Common emitter static forward current
transfer ratio (Vce = —1 volt,
Ic =20 ma) hre 18 43 31
Common emitter static forward current
transfer ratio (Vce = —1 volt,
Ic =100 ma) hre 13 25
Collector to emitter voltage (10 K chms
resistor base to emitter, Ic = 0.6 ma) VcERr —25 volts
Punch-through voltage Vet —30 volts
Thermal Characteristics
Junction temgerature rise/unit collector
or emitter dissipation (in free air) 0.33 °C/mw
Junction temperature rise/unit collector
or emitter dissipation (infinite heat sink) 0.2 °C/mw
The General Electric Type 2N45 Germanium Alloy Junc-
2 N 45 tion Transistor Triode is a PNP unit particularly recom-

QOutline Drawing No. 8

welded seams.

mended for low gain, low power applications. A hermetic
enclosure is provided by use of glass-to-metal seals and

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Valtages
Collector to Base Ve —45 volts
Collector to Emitter VcE —30 volts
Emitter to Base Ves —5 volts
Callectar Current Ic 300 ma
Total Transistor Dissipation Py 155 mw
Storage or Junction Temperature Tsre-Ts Max. 4100 °C Min. —65 °C
ELECTRICAL CHARACTERISTICS: (25 °C) DESIGN
Small Signal Characteristics MIN, MAX. CENTER
(VcB ar Yog = —S5 valts, I = 1 ma;
f = 270 cps unless atherwise specified)
Common base output admittance
(input A-C open circuited ) hob 0.1 1.6 1.1 umhos
Forward current transfer ratio
(output A-C short circuited) hte 15
Common base input impedance
(output A-C short circuited) hip 27 38 31 ohms
Common base reverse voltage transfer
ratio (input A-C open circuited) hrb 1 10 4% 10+
Common base output capacity (input
A-C open circuited; f = 1 mc) Cob 20 60 40 uf
Noise Figure (f =1 Kc; BW =1 cycle) NF 15 6 db
Frequency cutoff (Common Base) fan 0.5 2.5 0.9 me
D-C Characteristics
Collector cutoff Current (Vcso = —45v) Ico 16 8  pamps
Emitter cutoff current (Vero = —5v) IEo 10 4 pamps
Common emitter static forward current
transfer ratio (Vce = —1 volt,
Ic =20 ma hre 11 31 20
Common emitter static forward current
transfer ratio (Vce = —1 volt,
I¢ =100 ma) hre 15
Collector to emitter voltage (10 K ohms
resistor base to emitter, Ic = 0.6 ma) VCER —25 volts
Punch-through voltage Ver —30 ~ volts
Thermal Characteristics
Junction temperature rise/unit collector
or emitter dissipation (in free air) 0.33 °C/mw
Junction temgerature rise/unit collector
or emitter dissipation (infinite heat sink) 0.2 °C/mw
The General Electric 2N78 is a_grown junction NPN high
2 N 7 8 frequency transistor intended for high gain RF and IF

Outline Drwg. No. 14

amplifier service and general purpose applications. The

G.E. rate-growing process used in the manufacture of the

2N78 provides the uniform and stable characteristics re-
quired for mobile and industrial service,

52



GE TRANSISTOR SPECIFICATIONS

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:
Collector to Emitter Voltage (base open;, VCEO. .. oot 15 volts
Collector to Base Voltage (emitter open), VeBo. .. ........... ... ... ... ........ 15 volts
Collector Current, IC. . . .. . ... ..o 20 ma
Emitter Current, 1. .. .. .. ... . ... ... .. —20ma
Collector Dissipation (25°C)*, Pom. . ... ... . ... .. . .. 65 mw
Storage Temperature, TSTG. . ... ... ...ttt e 85 °C
ELECTRICAL CHARACTERISTICS: (25°C)

Low Frequens(y Characteristics (Common Base) DESIGN LIMITS

(Vee =5V, lg = —1 ma, f =270 cps) CENTER MAX. MIN.

Input Impedance (output short circuit), hiv 5. 35 75 ohms
Voltage Feedback Ratio (input short circuit), hrv 2% 104 .8 104 10 X 104
Current Amplification (output short circuit), hew 8 g(S)S 8 3(5)2
Qutput Admittance (input open circuit), hov - % - { .7 umhos
Noise Figure (Ve = 1.5 V, Ig = —0.5 ma, f =1 KC 12 20 db

High Frequency Characteristics (Common Base)

(Ve =5V, 1l =—1 ma

Alpha Cutoff Frequency, fab 6 3.7 me
Output Capacity (f = 2 mc), Cob 4 1 6 puf

Cutoff Characteristics
Collector Cutoff Current éVcB =15V), Ico 1 6 pa
Collector Cutoff Current (Ves = 5 V), Ico 2 pa

*Derate 1.1 mw/°C increase in ambient temperature.

The General Electric type 2N107 is a diffused junction
PNP transistor particularly suggested for students, ex- 2N 1 07
erimenters, hobbyists, and hams. It is available only from
ranchised General Electric distributors. The 2N107 is
hermetically sealed and will dissipate 50 milliwatts in

Qutline Drwg. No. 8

25°C free air.
SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:
Collector Voltage (referred to base), VeB. ... ... ... ... ... ... ... ... . —12 volts
Collector Current, Ic................................... . —10ma
Emitter Current, Ie. .. ........................ ... ...... . 10 ma
Junction Temperature, Ty 60 °C
ELECTRICAL CHARACTERISTICS: (25°C)

(Comman Base, Ty = 30°C, f = 270 ¢ps

Ve = —5v, I = 1 ma)

Collector Voltage, VEB . .. .. ..ottt et e e e e —5.0 volts
Emitter Current, IE. . . .. .. ... ...ttt e 1.0 ma
Qutput Admittance (input open circuit), hob. .. .. ... ... ... ... ... L 1.0 umhos
Current Amplification (output short circuit), hew. . ... ... ... ... . ... ... ... —.95
In;iut Impedance (output short circuit), huv. ... ............... .. ..., 32 ohms
Voltage Feedback Ratio (input open circuit), hrb. . ........ ... ... . ... ..... 3 X 10+
Collector Cutoff Current, Ico. ... ....................................... 10 pa
QOutput Capacitance, Cob. . . ... ... ... ... ... .. 40 puf
Frequency Cutoff, fab. . . .. ... .. ... .. ... 0.6 me¢
Common Emitter, (Vce = —Iv, I = 1 ma)
Base Current Gain, hte. ... ........... ... .. ... .. ... ... .. ... ... 20

The General Electric type 2N123 is a PNP alloy junction

high frequency switching transistor intended for military, 2N 1 2.3

industrial and data processing applications where high re-

liability at the maximum ratings is of prime importance. Outline Drwg. No. 8

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:
Collector to Emitter Voltage (base open), Vego. . .. ......................... —15 volts
Collector to Base Voltage (emitter open), VCBO. . . . ... ... ..o, —20 volts
Emitter to Base Voltage (collector open), VEBO. . ... .................oou.o... —10 volts

Collector Current, IC. .. . ... ... e
Peak Collector Current (10 gs max.), Iex. . ......... ... ... ..............
Emitter Current, IE. . . . . .. . .. ... e
Collector Dissipation (25°C)*, PCAV. . . . ... .. ...ttt
Peak Collector Dissipation (10 us max.; 25°C)**, Pex .
Total Transistor Dissipation (25°C)%%* Pav........................ ..
Storage Temperaturc, TSTG . .. .. ... ... ..uutorumn et

ELECTRICAL CHARACTERISTICS: (25°C) DESIGN LIMITS
Switching Characteristics (Common Emitter) CENTER MIN, MAX,
D.C. Base Current Gain (Vee — 1 v; Ic = 10 ma) Ic/Ip 50 30 150
Saturation Voltage (Iz = .5 ma; Ic = 10 ma), Vce 15 0.2  volts
Pulse Response Time (1l¢ = 10 ma)
Delay & Rise Time, tr .9 usec
Storage Time, ts 5 usec
Fall Time, tr 5 . usec
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Cutoff Characteristics

Collector Cutoff Current (Ves = —20v), Ico 2 6 ua
Emitter Cutoff Current (Ves = —10v), Iro 2 6 na
Collector to Emitter (Base open, lc = —0.6 ma), Vce 25 15 volts
High Frequency Characteristics (Common Base)

Ve = —5v; le =1 ma
Alpha Cutoff Frequency, fab 8 5 mc
Collector Capacitance (f = 1 mc), Cob 15 nuf
Voltage Feedback Ratio (f = 1 mc), hrs 8 x 10—
Base Spreading Resistance, r's 80 ohms
Low Frequency Characteristics (Common Base)

ce = —5v; I = 1 ma; f = 270 ¢ps)

Input Impedance, hib 28 ohms
Voltage Feedback Ratio, hrn 8 X 10~
Current Amplification, hen .980 970
Output Admittance, hob 9 umbos

Derate for increase in ambient temperature:
*1.67 mw/°C, **8 mw/°C, ***2 5 mw/°C

The General Electric types 2N135,. 2N136 and
2N135,2N136, 2N137 are PNP alloy junction germanium tran-
sistors intended for RF and IF service in broadcast
2N137 receivers. Special control of manufacturing proc-
esses provides a narrow spread of characteristics, -
Outline Drwg. No. 8 resulting in uniformly high power gain at radio

frequencies. These types are obsolete and avail-
able for replacement only.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C) 2N135 2N136 2N137
Collector Voltage:

Common Base (emitter open ), Vceo —20 —20 —~10 volts

Common Emitter (Rve = 100 ohms), Vcer* —20 —20 —10 volts

Common Emitter (Rbe = 1 megohm ), Vcer* —12 —12 — 6 volts
Collector Current, Ic . —50 —50 —50 ma
Emitter Current, Ie 50 50 50 ma
Collector Dissipation**, Pcx 100 100 100 mw

Storage Temperature, TsTc 85 85 85 °C

ELECTRICAL CHARACTERISTICS: Design Center Values
(Common Base, 25°C, VcB = 5v, 1 = 1 ma)

Voltage Feed back Ratio (input open circuit,

f=1mc), hrn TX 102 7X10% 7X10-3
Output Capacitance (f = 1 mc), Cob 14 14 14 puf
The 2N164A is a rate grown NPN germanium transistor
2N1 64A intended for mixer/oscillator and IF amplifier applications

in radio receivers. Special manufacturing techniques pro-
Outline Drawing No. 31 vide a low value and a narrow spread in collector capacity
so that neutralization in many circuits is not required. The
9N164A has a frequency cutoff control to insure proper operation as an oscillator- or
autodyne mixer. For IF amplifier service the range in power gain is controlled to 3 db.
The 2N164A is housed in a glass and metal enc%osure which has been designed to be
the optimum size in both height and diameter for use in printed circuit boards. The
lead arrangement is on a 100 mil grid with .141 in. between leads, which allows direct
insertion in the printed circuit boards. An indexing tab is provided on the header for
easy location and automatic insertion purposes. The 2N164A may be dip soldered on
printed circuit boards if normal precautions are made for solder bridging and provided
the boards are not immersed in the solder bath for more than 15 seconds.

CONVERTER TRANSISTOR SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:

Voltages

Collector to Emitter (Base Open) VcEo 15 volts
Collector to Base ( Emitter Open) VcBo 4 15 volts
Collector Current Ic —20 ma
Power

Collector Dissipation at 25°C* Peu 65 mw
Temperature Range

Operating and Storage Ta-Tsre —55to 85 °C
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ELECTRICAL CHARACTERISTICS: (25°C) %%
Converter Service
Maximum Ratings

Collector Supply Voltage Vce 12 volts
Design Center Characteristics
Input Impedance (Ie = 1 ma; Vce = 5v; £ = 455 KC) -Zy 350 ohms
OQutput Impedance (1Ie = 1 ma; Vce = 5v; f = 455 KC) Zo 15 K ohms
Voltage Feedback Ratio (Ie = 1 ma; Vcs = 5v; f =1 me) hr 5X10-2
Collector to Base Capacitance (I = 1 ma; Vca = 5v; f = 1mc) Cob 2.4 puf
Frequency Cutoff (Ie = 1 ma; Vcs = 5v fab 8 me
Minimum Freéuency Cutoff (Ie = 1 ma; Vcs = 5v) fab 5 mc min
Base Current Gain (Is = 20 ua; Vce = 1v) hrg 40
Minimum Base Current Gain hre 23
Maximum Base Current Gain hre 135
Conversion Gain CGe 25 db
IF Amplifier Performance (See Circuits Pages 68, 69)
Collector Supply Voltage Vee 5 volts
Collector Current Ic 1 ma
Input Frequency f 455 KC
Available Power Gain Ge 39db
Minimum Power Gain in typical IF test circuit
(see circuits Pages 68, 69) Ge 28 db min
Power Gain Range of Variation in typical IF Circuit 3db

Cutoff Characteristics o
Collector Cutoff Current (Vca = 5v) Ico 5 ua
Collector Cutoff Current ( Vcs = 15v) Ico 5 ua max

*Derate 1.1 mw/°C increase in ambient temperature over 25°C.
¥#%All values are typical unless indicated as a min. or max.

The General Electric Type 2N165 is a rate-grown NPN

transistor intended for IF amplifier applications in broadcast 2 N 1 6 5
radio receivers. The collector capacity is controlled to a
uniformly low value so that neutralization in most circuits Outline Drawing No. 31
is not required. Power gain at 455 KC in a typical receiver

circuit is restricted to a 3 db spread. The uniformity provided by the controls of col-
lector capacity and power gain allows easy and economical incorporation of this type
into receiver circuits. The 2N165 is housed in a glass and metal enclosure which has
been designed to be the optimum size in both height and diameter for use in printed
circuit boards. The lead arrangement is on a 100 mil grid with .141 in. between leads,
which allows direct insertion in the printed circuit boards.

IF TRANSISTOR SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:

Voltages

Collector to Emitter (Base Open) VcEo 15 volts
Collector to Base ( Emitter Open) Vceo 15 volts
Collector Current Ic —20 ma
Power

Collector Dissipation at 25°C* Pcu 65 mw
Temperature Range

Operating and Storage Ta-Tste —55to0 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)#*

IF Amplifier Service

Maximum Ratings

Collector Supply Voltage Vce 12 volts
Design Center Characteristics

(It = 1 ma; Vce = 5v; f = 455 KC except as noted)

Input Impedance Z1 500 ohms

Qutput Impedance Zo 15 K ohms

Voltage Feedback Ratio (Ve = 5v; f = 1 me) hry 10 X 10-2

Collector to Base Capacitance (Vcs = 5v; £ = 1 me) Cob 2.4 uuf

Frequency Cutoff (Vcs = 5v fab 5 me

Base Current Gain (Is = 20 ua; Vce = 1v) hre 72
Minimum Base Current Gain hrE 36
Maximum Base Current Gain hre 220

IF Amplifier Performance (See Circuits Pages 68, 69)

Collector Supply Voltage Vee 5 volts

Collector Current Ic 1 ma

Input Frequency f 455 KC

Available Power Gain Ge 36 db

Minimum Power Gain in typical IF circuit Ge 25 db min
(see circuits Pages 68, 69)

Power Gain Range of Variation in Typical IF Circuit Ge 3db

Cutoff Characteristics

Collector Cutoff Current ( Ves = 5v) Ico 5 pa

Collector Cutoff Current (Vce = 15v) Ico 5 pa max

*Derate 1.1 mw/°C increase in ambient temperature.’
**All values are typical unless indicated as a min. or max.
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The 2N166 is a rate grown NPN germanijum transistor

ZN 1 66 intended for use in high frequency circuits by amateurs,

hobbyists, and experimenters. The 2N166 can be used in

Outline Drawing No. 31 any of the many published circuits where a low voltage,

high frequency transistor is necessary, such as for regen-

erative receivers, high frequency oscillators, etc. If you desire to use the 2N166

NPN transistor in a circuit showing a PNP type transistor, it is only necessary to change
the connections to the power supply.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:
Yoltages
Collector to Emitter Vce 6 volts
Collector Current Ic 20 ma
Power
Collector Dissipation @ 25°C#* Pcu 25 mw
Temperature Range
Operating and Storage Ta-Tste —55 to 50 °C

ELECTRICAL CHARACTERISTICS: (25°C)**
High Frequency Characteristics
(I = 1 ma; Vce = 5v; f — 455 KC except as noted)

Input Impedance (Common Emitter) Z 800 ohms
Qutput Impedance (Common Emitter) Zo 15 K chms
Collector to Base Capacitance (f =1 mc) Cob 3u
Frequency Cutoff (Vcs = 5V) fav 5 mc
Power Gain (Common Emitter) Ge 24 db
Low F y Characteristics

(le =1 ma; Vce = 5v; f = 270 cps)
Input Impedance hiv 55 ohms
Voltage Feedback Ratio hry 4 x 10—+
Current Gain heo .97
Qutput Admittance hob .3 x 10-8 umhos
Common Emitter Base Current Gain hte 32
Cutoff Characteristics
Collector Cutoff Current (Vcs = 5v) Ico 5 pa max

*Derate 1 mw/°C increase in ambient temperature.
**All values are typical unless indicated as a min. or max.

The General Electric type 2N167 is an NPN high fre-

ZN 1 67 quency, high speed switching transistor intended for in-
- dustrial and military applications where reliability is of
Outline Drwg. No. 14 prime importance. -
SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:

Collector to Emitter Voltage (base open), Vcro 30 volts
Collector to Base Voltage (emitter open;, Vceo. 30 volts
Emitter to Base Voltage (collector open), VEBO. . ..o 5 volts
Collector Current, Ic................0. e 75 ma
Emitter Current, Ig....... ..., ... ~75 ma
Collector Dissipation (25°C)%, Pcu. . .. 65 mw
Transistor Dissipation (25°C)*¥, Px. ... ... ... 75 mw
Storage Temperature, TSTG. .. ... ................... .. 85 °C
ELECTRICAL CHARACTERISTICS: (25°C) DESIGN LIMITS

Switching Characteristics (Common Emitter) CENTER MIN. MAX,
D-C Base Current Gain (Ver = 1 v; Ic = 8 ma), Ic/Ie 25 17
Saturation Voltage (Is = .8 ma; Ic = 8 ma), Vcr 0.35 volts
Pulse Response Time (Ic = 8 ma)

Delay & Rise Time, tr 6 usec

Storage Time, ts .6 usec

Fall Time, tt 4 usec
Cutoff Characteristics
Collector Cutoff Current (Vcs = 15 vg, Ico 8 15 pa
Emitter Cutoff Current (VEs = 5 v), Igo 1.0 15  pa
Collector to Emitter Voltage (Base open,

Ic = 0.3 ma), Vce 30 volts
High Frequency Characteristics (Common Base)

cB =5v; Ig =

Alpha Cutoff Frequency, fav 8 5 me
Collector Capacity (f =1 mc), Cob 4 8 upf
Low Freq y Ch istics (C Base)

(VYo = 5v; Ig = —1 ma; f = 270 cps)
Input Impedance, hiv 40 ohms
Voltage Feedback Ratio, hrb 1.5 X 10+
Base Current Amplification, heb 975 952
Outpyt Admittance, hob 2 pumho

*Derate 1.1 mw/°C increase in ambient temperature.
**Derate 1.25 mw/°C increase in ambient temperature.
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The 2N168A is a rate grown NPN germanium transistor

intended for mixer/oscillator and IF amplifier applications 2N168A
in radio receivers. Special manufacturing techniques pro- -
vide a low value and a narrow spread in collector capacity Outline Drwg. No. 14
so that neutralization in many circuits is not required. The

2N168A has a frequency cutoff control to provide proper operation as an oscillator or
autodyne mixer. For IF amplifier service the range in power gain in controlled to 3 db.

CONVERTER TRANSISTOR SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:
Voltage

Collector to Emitter (base openg, VcEo 15 volts
Collector to Base (emitter open), Vcso 15 volts
Current

Collector, IC . .. .. ..ttt e e e —20 ma
Power

Collector Dissipation at 25°C*, PoM. . ... ......0ui ittt aaaeanen 65 mw
Temperature Range

Operating and Storage, Ta, TSTG. . . . . oo v i it it e ittt e e e aeaeae s —55 to 85 °C
TYPICAL ELECTRICAL CHARACTERISTICS:

Converter Service

Maximum Ratings

Collector Supply Voltage, VCC. . ... .. oot e 12 volts
Design Center Choracteristics

Input Impedance (Ie =1 ma; Vce =5v; f=455KC),Z1.................. 350 ohms
Output Impedance (Ie =1 ma; Vece = 5v; f =455 KC), Zo. .. ............. 15 K ohms
Voltage Feedback Ratio (Ie = 1 ma; Ves =5v; f=1me), hep. .. .......... 5 X 10-2
Collector to Base Capacitance (I = 1 ma; Vcs = 5v; f = i me), Cob. ... ... 2.4 uuf
Frequency Cutoff (Ie =1 ma; Ve =5v), fab. . .. ... ... ... .. 8 me
Min. Frequency Cutoff (In =1 ma; Ves = 5v), fab. .. ... . 5 mc min
Base Current Gain (I = 20ma; Vee = 1v), bhrm. .. .. ... . ... ... 0. ..... 40
Minimum Base Current Gain, hFreE. . ... ... ... .. ... ... ... ... 23
Maximum Base Current Gain, hre. ... ... ... ... ... ... .. . .. ... . .. 135
Conversion Goin, CGe. .. ... ... ... . e 25 db

IF Amplifier Performonce

Collector Supply Voltage, VCC. . ... oo oot et et e e et 5 volts
Collector Current, IE. . ... ... ... ... e e 1 ma
Input Frequency, f. ... ... ...ttt 455 KC
Available Power Gain, Ge. . . ..ottt e 39 db
Minimum Power Gain in typical IF circuit, Ge. . ... ....................... 28 db min
Power Gain Range of Variation in typical IF circuit, Ge. .. ................. 3 db
Cutoff Charocteristics

Collector Cutoff Current s NV cal=15V) ICO T I L I 5 ua
Collector Cutoff Current (Ves = 15v), Ico. .. ... .o 5 pa max

*Derate 1.1 mw/°C increase in ambient temperature over 25°C.

The 2N169A and 2N169 are rate grown NPN
germanium transistors intended for use as IF 2N169A, 2N169
amplifiers in broadcast radio receivers. The col-
lector capacity is controlled to a low value so Outline Drwg. No. 14
that neutralization in most circuits is not required.
The power gain at 455 KC is maintained at a 3 db spread for the 2N169A. The 2N169A
is a special high voltage unit intended for second IF amplifier service where large
voltage signals are encountered. The 2N169 is also intended for low gain IF amplifier
and power detector applications.

IF TRANSISTOR SPECIFICATIONS

eBISOLUTE MAXIMUM RATINGS: 2N169A 2N169

oltage

Collector to Emitter (base open), Vceo 25 15  volts
Collector to Base (emitter open), Vceo 25 15 volts
Current

Collector, Ic —20 —20 ma
Power

Collector Dissipation at 25°C*, Pcu 55 55 mw
Temperoture Range

Operating and Storage, Ta, Tste —55t075 —55t0 75 °C

TYPICAL ELECTRICAL CHARACTERISTICS:
IF Amplifier Service

Maximum Ratings
Collector Supply Voltage, Vcc 12 12 volts
Design Center Characteristics

= 1 ma; Vce = 5v; f = 455 KC except as noted)

Input Impedance, Z1 500 500 ohms
QOutput Impedance, Zo 15 15 K ohms
Voltage Feedback Ratio (Vce = 5v; f = 1 me), hm 10 X 10-8 10 X 10-8

Collector to Base Capacitance (Vcs =5v; f=1 mc), Cob 2.4 2.4 uuf
Frequency Cutoff (Ves = 5v), fab 5 5 me
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Base Current Gain (1B = 20ma; Vee = 1 v), hre 72 72

Minimum Base Current Gain, hee 36 36

Maximum Base Current Gain, hen . 220 220

IF Amplifier Performance

Collcctor Supply Voltage, Vce S 5 volts
Collector Current, Ie 1 1 ma
Input Frequency, f 455 455 KC
Available Power Gain, Ge 36 36 db
Minimum Power Gain in typical IF circuit, Ge 25 25 db min
Power Gain Range of Variation in typical IF circuit, Ge 3 3 db
Cutoff Characteristics

Collector Cutoff Current { VeB = 5v), Ico S5 S5 na
Collector Cutoff Current (Vcp = 15v), Ico 5 5 ja max

*Derate 1.1 mw/°C increase in ambient temperature.

The 2N170 is a rate grown NPN germanium transistor in-
2N 1 70 tended for use in high frequency circuits by amateurs,
hobbyists, and experimenters. The 2N170 can be used in

Outline Drwg. No. 14 any of the many published circuits where a low voltage,

high frequency transistor is necessary such as for re-

generative receivers, high frequency oscillators, etc. If you desire to use the 2N170

NPN transistor in a circuit showing a PNP type transistor, it is only necessary to
change the connections to the power supply.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:
Voltage -
Collector to Emitter, VCE. . ........... ... ... .. ... .. ... .. ... . ... . . 6 volts
Current
Collector, I¢ ... ...t 20 ma
Power
Collector Dissipation @ 25°C*, PoM. . ................... ... ... .. .. .. ... 25 mw
Temperature Range
Operating and Storage, Ta, TsT6. .. ................ ... ... ... .. . . . . . . .. —55 to 50 °C
TYPICAL ELECTRICAL CHARACTERISTICS:
High Frequency Characteristics =

Iz =1 ma; Vce = 5v; f = 455 KC except as noted)
Input Impedance (Common Emitter), Zi. .. ................. ..o ... 800 ohms
Qutput Impedance (Common Emitter), Zo. .. .................. .. = 15 K ochms
Collector to Base Capacitance (f =1 me), Cov. ... ... ... . . .. ;;...° 2.4 puf
Frequency Cutoff (VeB = 5V), fab. . ........... ... .t 4 me
Power Gain (Common Emitter), Ge.................... ... o2 22 db
Low Frequency Characteristics

It =1 ma; Vece = 5v; f = 270 cps)
Input Impedance, hiv. .. ... ... .. . .. ... 55 ohms
Voltage Feedback Ratio, hrb. . ... .................... .. ettt 4 %X 10—+
Current Gain, hew .. ... .. ... . . ... oLl .95
Qutput Admittance, hob. . ............_... ... ...l it .5 X 10-% ymhos
Common Emitter Base Current Gain, hre............................" 20

Cutoff Characteristics
Collector Cutoff Current (VCB = 5V), 1CO. . . v o oo e e 5 ua max

*Derate 1 mw/°C increase in ambient temperature.

The 2N186, 2N187, and 2N188 are medium

2N186, 2N187, power PNP transistors, intended for use as audio
2N188 output amplifiers in radio receivers and quality
sound systems. By unique process controls the

current gain is maintained at an essentially con-
stant value for collector currents from 1 ma to
200 ma. This linearity of current gain provides
low distortion in Class B circuits, and permits use of any two transistors from a par-
ticular type without matching.

Qutline Drwg. No. 8

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:
Voltages
Collector to Base (emitter open), VCBO. .. ............c.. ..o —25 volts
Collector to Emitter (Rep = 1 K ohm), VCER. . . . ... .....0oooo —25 volts
Emitter to Base (collector open), VEBO. .. ............... ... il — 5 volts
Collector Current, Ic ........................ ... .. . 200 ma
Power
Collector Dissipation (25°C)¥, PCM. . ... .........oouiiun 75 mw
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Temperature
Operating Range, Ta. .. ... ... . . e oo —5510 60 °C
Storage Range, TsTa. ..................... bOORBOobbAREDRGEARG0ARA0a0ana —55 to 85 °C
TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
Class B Audio Amplifier Operation 2N186 2N187  2N188

(Values for twa transistors. Note that matching

is not required to hold distortion ta less than

59, for any two transistors from a type)
Maximum Class B Ratings (Common Emitter)
Collector Supply Voltage, Vcc —12 —12 -~12 volts
Power Output (Distortion less than 5%), Po 300 300 . 300 mw
Design Center Characteristics -
Input Impedance large signal base to base

(Alx = 150 ma), hie 1200 2000 2600 ohms
Base Current Gain (Vce = —1 v; Ic = 150 ma), hre 24 36 54 .
Collector Capacity (Ve = —5 v; Ie = 1 ma;

f =1 mc), Con 35 35 35 puf
Frequency Cutoff (Vce = —5 v; Ie = 1 ma), fan .8 1.0 1.2 mc
Class B Circuit Performance (Comman Emitter)

Collector Voltage, Vcc —12 —12 —12 volts
Minimum Power Gain at 100 mw power output, Ge 28 30 32 min db
Cutoff Characteristics

Maximum Collector Cutoff Current (Ves = —25 v), Ico 16 16 16 maxua
Maximum Emitter Cutoff Current (VEs = —5 v), leo 10 10 10 max pa

*Derate 1.25 mw/°C increase in ambient temperature within range 25°C to 60°C.

The 2N186A, 2N187A, and 2N188A are medium

power PNP 1t;‘iansistors ici'xtended for usedas auldio 2N186A, 2N187A
output amplifiers in radio receivers an uality

sound systems. By unique process contr&s the 2N188A

current gain is maintained at an essentially con-
stant value for collector currents from 1 ma to
200 ma. This linearity of current gain provides
low distortion in both Class A and Class B circuits, and permits the use of any two
transistors from a particular type without matching in Class B Circuits.

Qutline Drwg. No. 8

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:
Yoltages
Collector to Base (emitter open), VCBO. .. ..o oottt ittt e —25 volts
Collector to Emitter (Res =1 Kohm), VeER. .. .. ... ... ... —25 volts
Emitter to Base (collector open), VEBO. . .. ... ... ..t — 5 volts
Collector Current, Ic . .......... ... i e 200 ma
Power
Collector Dissipation (25°C)¥, PoM. .. ...... ..t i 180 mw
Temperature a
Operating Range, Ta. . ... ...t e e e e e —55 to 60 °C
Storage Range, Tsta. .. .......... .. ...t .. e —55 to 85 °C
TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
Class B Audia Amplifier Operatian 2N186A 2NI18T7TA 2N18BA

(Values far two transistars. Nate that matching

is not required ta hald distartian ta less than

59 far any twa transistars fram a type)
Maximum Class B Ratings (Camman Emitter)
Collector Supply Voltage, Vce —12 —12 —12  wvolts
Power Output (Distortion less than 5%), Po 750 750 750 mw
Design Center Characteristics
Input Impedance large signal base to base

(Ale = 150 ma), hte 2000 2600 ohms
Base Current Gain §Vca = —1 v; Ic = 150 ma), hre 24 36 54
Collector Capacity (Ve = 5 v; Ie = 1 ma;

f=1mc), Cob 35 35 35 uuf
Frequency Cutoff (Ve = —5 v; Ie = 1 ma), fa» .8 1.0 1.2 mc
Class B Circuit Perfarmance (Cammon Emitter)
Collector Voltage, Vcc —~12 —12 -—12 volts
Minimum Power Gain at 100 mw power output, Ge 28 30 32 min db

Class A Audio Amplifier Operatian (Camman Emitter)
(Vee = 12v; I = 10 ma)

Power Gain at 50 mw power output, Ge 30 32 34 db
Cutoff Characteristics

Maximum Collector Cutoff Current (Vcs = —25 v), Ico 16 16 16 max pa
Maximum Emitter Cutoff Current (VEs = —5 v), Iro 10 10 10 max pa

*Derate 3 mw/°C increase in ambient temperature within range 25°C to 60°C.
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GE TRANSISTOR SPECIFICATIONS

The 2N189, 2N190, 2N191, and 2N192 are alloy

2N189, 2N190, junction PNP transistors intended for driver
service in transistorized audio amplifiers. By con-

2N191, 2N192 trol of transistor characteristics during manufac-
ture, a specific power gain is provided for each

Outline Drwg. No. 8 type. Special processing techniques and the use

of hermetic seals provides stability of these char-
acteristics throughout life.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:
Voltages
Collector to Emitter (Rep = 1 Kohm), Veer. .. ... ... ... . ... ... —25 volts
Collector Current, L . .. ... ... 50 ma
Power
Collector Dissipation (25°C)*, PesM. .. ..o 75 mw
Temperature
Operating Range, TA ... .. ... .. e e —55 to 60 °C
Storage Range, TsTa. .. ... .. ... .. .. . .. —55t0 85 °C
TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
Audio Driver Class A Operation 2N189 2N190 2N191 2N192

{Values for one tronsistor driving a transformer
coupled output stage)
Maximum Class A Ratings (Cammon Emitter)

Collector Supply Voltage, Vee 12 12 12 12  wvolts
Design Center Characteristics
Input Impedance base to emitter (Ie = 1 ma), hie 1000 1400 1800 2200 ohms
Base Current Gain (Vee = —5 v; Im = 1 ma), hte 24 36 54 75
Collector Capacity (Ve = —5 v; Ie = 1 ma), Con 35 35 35 35 uuf
Frequency Cutoff (Vee = —5 v; Ig = 1 ma), fan .8 1.0 1.2 1.5 me
Noise Figure (Ve = —5 v; Is = 1 ma;

f =1KC; BW =1 cycdle), NF 15 15 15 15 db
Audio Circuit Performance (Common Emitter)
Collector Supply Voltage, Vcc 12 12 12 12 volts
Emitter Current, Ig 1 1 1 1 ma
Minimum Power Gain at 1 mw power output, Ge 37 39 41 43 min db

Small Signal Choracteristics (Common Base)
(Ver = 5v; Ie = 1 ma; f = 270 ¢ps)

Input Impedance, hiu 29 29 29 29 ohms
Voltage Feedback Ratio, hrb 4 X 1044 %1044 X 10* 4 x 10+

Current Amplification, heu .96 .973 .98 .987

Output Admittance, hou 1.0 .6 .5 umhos
Cutoff Characteristics

Maximum Collector Cutoff Current (Vce = 25 v), Ico 16 16 16 16 max pa

*Derate 1.25 mw/°C increase in ambient temperature within range 25°C to 60°C.

The 2N241, and 31\1124%A are medium power PNP

transistors intended for use as audio output
2N241, 2N141A amplifiers in radio receivers and quality sotfnd
systems. By special process controls the current
gain is maintained at an essentially constant value
or collector currents from 1 ma to 200 ma. This
linearity of current gain insures low distortion in
both Class A and Class B circuits, and permits the use of any two transistors from
a particular type without matching in Class B Circuits.

Outline Drwg. No. 8

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:
VYoltages
Collector to Base (emitter open), VCBO. ................ .. —25 volts
Collector to Emitter (Res = 1 Kohm), Veer. .. ............ ... ... .. ... ....... —25 volts
Emitter to Base (collector open), VEBO. .. ... ... ... vt — 5 volts
Collector Qurrent, Ic . . ... ... ... .. e 200 ma
Power 2N241 2N241A
Collector Dissipation (25°C)*, Pea. .. .................. 100 180 mw
Temperature
Operating Range, Ta. .. ........ ... ... ... —55t0 60 °C —55 to 60 °C
Storage Range, Tsr6. ... ..o —55t085°C —55t085°C

TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
Class B Audio Amplifier Operation
(Values for two transistors. Note that matching
is not required to hold distortion to less than
5% for any two transistors from a type)
Moximum Class B Ratings (Common Emitter)
Collector Supply Voltage, Vcc —12 —12 volts
Power Output (Distortion less than 5% ), Poe 300 750 mw




GE TRANSISTOR SPECIFICATIONS

Design Center Characteristics

Input Impedance large signal base to base (AIe = 150 ma), hie 4000 4000 ohms
Base Current Gain (Vce = —1 v; Ie¢ = 150 ma) hre 73 73

Collector Capaci Vee =—5v; Ie =1 ma; f =1 mc), Cob 35 35 puf
Frequency Cut off (Vce = —5 v; Is = 1 ma), fab 1.3 1.3 me
Class B Circuit Perfarmance (Common Emitter)

Collector Voltage, Vce —12 —12 volts
Minimum Power Gain at 100 mw power output, Ge 34 34 min db

Class A Audia Amplifier Operation (Common Emitter)
(Vee = —12v; I = 10 ma)

Power Gain at 50 mw power output, Ge 35 db
Cutaff Characteristics

Maximum Collector Cutoff Current (Vcs = —25 v), Ico 16 16 max ga
Maximum Emitter Cutoff Current (Vs = —5 v), Izxo 10 10 max ga

*Derate 3 mw/°C increase in ambient temperature within range 25°C to 60°C.

The 2N265 is an alloy junction PNP transistor intended

for driver service in_transistorized audio amplifiers. By 2N265
control of transistor characteristics during manufacture, a
specific power gain is provided for each type. Special Outline Drwg. No. 8
processing techniques and the use of hermetic seals pro-

vides stability of these characteristics throughout life.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:
Yoltages
Collector to Emitter (Res = 1 K ohm), VeBR. . ... ............ ... ... ... . —25 volts
Collector Current, Ic .. ... .............. ... .. ... 50 ma
Power
Collector Dissipation (25°C)*, PoM. ... ......... ... 75 mw
Temperature
Operating Range, Ta. . .................. . .. .. ... .. .. —55 to 60 °C
Storage Range, TSTG. .. .. ..o o —55 to 85 °C

TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
Audio Driver Class A Operation

(Values far one transistor driving a transformer coupled output stage)
Maximum Class A Ratings (Cammon Emitter)

Collector Supply Voltage, VCC. . . ............ oo . 12 volts
Design Center Characteristics

Input Impedance base to emitter (Ie = 1 ma), hie................. .. .. .. 4000 ohms
Base Current Gain (Vee = —5v; I = 1ma), hee. ......... ... .. .. 110
Collector Capacity (Vece = —5v; Ie=1ma), Cob. ... .......... ... .. .77 35 puf
Frequency Cutoff (Ve =—5v; le =1 ma), fab. ... .. ... . 1.5 me
Noise Figure (Vce = —5 v; Ie = I ma; f = 1 KC; BW = 1 cycle), NF.. ... . .. 15 db
Audia Circuit Performance (Cammon Emitter)

Collector Supply Voltage, VoC. . ... ..., 12 volts
Emitter Current, IB. . .. ... .. ... ... ... .. ., ma
Minimum Power Gain at 1 mw power output, Ge. ... ..................... 45 min db

Small Signal Characteristics (Common Base)
(Ve = —5v; lg = 1 ma; f = 270 cps)

Inlilﬂ Impedance, hub. ... ........ . ... .. ... 29 ohms
Voltage Feedback Ratio, heb. ... ... ... ... 4 % 10+
Current Amplification, heb. ... ............... ... ... 991
Output Admittance, hob. .. .. ..............oiuiiinn .5 pmhos
Cutoff Characteristics

Maximum Collector Cutoff Current (Ve =25 v), Ico. . ................... 16 max ga

*Derate 1.25 mw/°C increase in ambient temperature within range 25°C to 60°C.

Types 2N292 and 2N293 are rate grown NPN

germanium transistors intended for amplifier ap- 2N292, 2N293
plications in radio receivers. Special manufactur-

ing techniques provide a low value and a narrow Outline Drwg. No. 14

spread in collector capacity so that neutralization
in many circuits is not required. The type 2N293 is intended for receiver circuits
whex;iebhigh gain is needed. In IF amplifier service the range in power gain is controlled
to 3 db.
IF TRANSISTOR SPECIFICATIONS

eB'StOLUTE MAXIMUM RATINGS 2N292 2N293

oltage

Collector to Emitter (base open), VCEO. . ... .............. ... 15 15 volts
Collector to-Base (emitter open), VCBO. .. .................... 15 15  wvolts
Current

Collector, Ic .. ... ... —20 —20 ma
Pawer

Collector Dissipation at 25°C*, PoM. .. ...................... 65 65 mw



‘GE TRANSISTOR SPECIFICATIONS

Temperature Range

Operating and Storage, Ta, TST6. .. ..........o oo, —55t0 85 —55to 85 °C
ELECTRICAL CHARACTERISTICS** '

IF Amplifier Service

Maximum Ratings

Collector Supply Voltage, Vec. ..... ... ... . 12 12 volts
Design Center Characteristics

Input Impedance (Ig = 1 ma; Voe = 5v; f =455 KC), Zi... ... 500 350 ohms
Qutput Impedance (Ie = 1 ma; Vcg = 5v; f = 455 KC), Zo. . . .. 15 15 X ohms
Voltage Feedback Ratio (Ig =1 ma; Ves = Sv; f = mc), hrv... 10 X 10-3 5 X 10-3

Collector to Base Capacitance (Ie = 1 ma;

Ve =5v; f=1me), Cob................ 2.4 2.4 nuf
Frequency Cutoff (Ie = 1 ma; Ve = 5v), fab. .. 5 8 me
Base Current Gain (Is = 20 ma; Vce = 1v), hrs 25 25
Min. Base Current Gain, hrE. .. .. ............. . 6 6
Max. Base Current Gain, hep. . ... ........ ... .. ... ... ...... 44 55
IF Ampilifier Perfarmance
Collector Supply Voltage, Vec. .. .......... ... 5 5 wvolts
Collector Current, IB. . . ... ... .. ... . i 1 1 ma
Input Frequency, f.......... ... ... .. .. ... . ... ... .. 455 455 XC
Available Power Gain, Ge. ... ..............0ovuiiunoon.... 36 30 db
Min. Power Gain in Typical IF Test Circuit, Ge............... 25 28 db min
Power Gain Range of Variation in Typical IF Circuit. ... ........ 3 3 db
Cutaff Characteristics
Collector Cutoff Current (Ve = 5v), Ico..................... .5 S5 pa
Collector Cutoff Current (Ve = 15v), Ico................... 5 5  pamax

*Derate 1.1 mw/°C increase in ambient temperature over 25°C.
**All values are typical unless indicated as 2 min or max.

The General Electric Types 2N313 and 2N314

2N313, 2N314 transistors are rate grown NPN germanium de-
vices intended for IF amplifier applications in

Outline Drawing No. 31 radio receivers. Special manufacturing techniques

provide a low value and a narrow spread in col-
lector capacity so that neutralization in many circuits is not required. The Type 2N314
is intended for receiver circuits where hi% gain is needed in IF amplifier service, the
range in power gain is controlled to 3 db. The Types 2N313 and 2N314 are housed
in a glass and metal enclosure which has been designed to be the optimum size in both
heigﬁt and diameter for use in printed circuit boards. The lead arrangement is on a
100 mil grid with .141 in. between leads, which allows direct insertion in the printed
circuit boards. An indexin%ltab is provided on the header for easy location and auto-
matic insertion purposes. The 2N313 and 2N314 may be dip soldered on printed circuit
boards if normal precautions are made for solder bridging and provided the boards are
not immersed in the solder bath for more than 15 Seconﬁs.

IF TRANSISTOR SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:

Valtages
Collector to Emitter (Base Open) Vceo 15 volts
Collector to Base (Emitter Open) Vceso 15 volts
Callectar Current Ic ~20 ma
Pawer
Collector Dissipation at 25°C* Pey 65 mw
Temperature Range
Operating and Storage Ta-Tste —55 to 85°C
ELECTRICAL CHARACTERISTICS: (25°C)#*%
IF Amplifier Service 2N313 2N314
Maximum Ratings
Coliector Supply%’oltage Vee 12 12 volts
Design Center Characteristics
Input Impedance

(Ie =1 ma; Vcg = 5v; f =455 KC) Zy 500 350 ohms
OQutput Impedance

(I =1 ma; Vece = 5v; f =455 KC) Zo 15K 15K ohms
Voltage Feedback Ratio

(Ie=1ma; Ve = 5v; f =1 me) hep 10 X 10-3 5 X 10-2
Collector to Base Capacitance

(Ie=1ma, Ve =5v; f =1 me) Con 2.4 2.4 nuf
Frequency Cutoff (I = i ma; Vcp = 5v) fav 5 8 me
Base Current Gain (Is = 20 ua; Ve = 1v) hre 25 25

Minimum Base Current Gain hrE 6 6

Maximum Base Current Gain hre 44 55
1F Amplifier Perfarmance
Collector Supply Voltage Vee 5 5 volts
Collector Current Ic 1 1 ma
Input Frequency f 455 455 KC

Available Power Gain Ge 36 39 db
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GE TRANSISTOR SPECIFICATIONS

Minimum Power Gain in Tygical IF Test Circuit
)

(See Circuits Pages 68, 6 Ge 25 28 db min
Power Gain Range of Variation in Typical IF Circuit Ge 3 3 db
Cutoff Characteristics
Collector Cutoff Current fVcn = 5v) Ico S5 5 pa
Collector Cutoff Current (Vcr = 15v) Ico 5 5 (a max

*Derate 1.1 mw/°C increase in ambient temperature over 25°C.
**Al] values are typical unless indicated as a min. or max.
The 2N319, 2N320, and 2N321 are miniaturized
versions of the 2N186A series of G-E transistors. 2N319, 2N320,

Like the prototype versions, the 2N319, 2N320,

and 2N321 are medium power PNP transistors 2N321
intended for use as audio output amplifiers in
radio receivers and ?uality sound systems. By
unique process controls the current gain is main-
tained at an essentially constant value for collector currents from 1 ma to 200 ma.
This linearity of current gain provides low distortion in both Class A and Class B cir-
cuits, and permits the use of any two transistors from a particular type without match-
ing in Class B Circuits.

Outline Drawing No. 29

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:
Yoltages
Collector to Emitter Ver 20 volts
Collector to Base Ves 30 volts
Emitter to Base VEB 3 volts
Collector Current Ic 200 ma
Power
Collector Dissipation Pcu 200 mw
Temperature
Operating and Storage Range Ta-Tsta —65 to 100 °C
TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
D.C. Characteristics 2N319 2N320 2N321
Base Current Gain (Ic = 20 ma;

Ve = —1v) hrE 33 48 80
Base Current Gain (Ic = 100 ma;

Veg = —1v) hre 30 44 70
Collector to Emitter Voltage (Rgs = 10 K)

{Ic =.6ma Veer 20 20 20  volts
Collector Cutoff Current ( Ven? —25v) Ico 8 8 8 na
Maximum Collector Cutoff Current Ico 16 16 16 pa

(Ves = —25v)

Emitter Cutoff Current (Vgs = 3v) Ieo 2 2 2 na
Small Signal Characteristics (Common Base)

(Ve = —5v; Ie = 1ma; 3 =270)

Frequency Cutoff fan 2.5 2.9 3.3 mc
Collector Capacity (f =1 mc) Cob 24 24 24 wuf
Noise Figure NF 6 6 6 db
Input Impedance hiv 30 30 30 ohms
Thermal Characteristics

Thermal Resistance .

Without Heat Sink (Junction to Air 33 .33 .33 °C/mw
With Heat Sink (Junction to Case) 2 2 2 °C/mw
Perfarmance Data (Camman Emitter)

Class A Power Gain (Vcc = —9v) Ge 30 31 32 db
Power Output Po 50 50 50 mw
Class B Power Gain (Vcc = —9v) Ge 27 29 31 db
Power Qutput Po 100 100 100 mw
The 2N322, 2N323, 2N324 are alloy junction

PI\glP transistors intended for driver service in 2N322, 2N323,
audio amplifiers. They are miniaturized versions .

of the 2N190 series of G.E. transistors. By con- 2N324

trol of transistor characteristics during manu-
facture, a specific power gain is provided for
each type. Special processing techniques and the -
use of hermetic seals provides stability of these characteristics throughout life.

OQutline Drawing No. 29

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:
Yaltages
Collector to Emitter Ver —16 volts
Collector to Base Vcs —16 volts
Callectar Current Ic 50 ma
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GE TRANSISTOR SPECIFICATIONS

Pawer.

Collector Dissipation
Temperature

Operating and Storage Range

Pcm

Ta-Tsrte

TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)

D.C. Characteristics

Base Current Gain (Ic = 20°'ma; Vce = 1v) hre

Collector to Emitter Voltage
{IREB =10X, Ic=.6 ma)

Collector Cutoff Current

Max. Collector Cutoff Current

Small Signal Characteristics

Frequency Cutoff (Ve = —5v; I=1ma)
Collector Capacity (Ves = —5v; I =1 ma)

Noise Figure (Vcs = —5v; 1 =1 ma)

Input Impedance (Vce = —5v; Ie = 1 ma)

Current Gain (Vce = —5v; Ie =1 ma)
Thermal Characteristics .
ermal Resistance Junction to Air

Performance Data Common Emitter

Power Gain Driver (Vce = 9v)
Power Output

2N430

Qutline Drawing No. 30

Vce
Ico
Ico

fau
Cob
NF
hie
hte

Ge
Po

2N322
48

16
10
16

29
24
10
2200
70

2N323
80
16

10
16

33
24

10
2600
84

.33

75 mw
—65 to 485 °C
2N324
95
16 volts
10 pa
16 na
5
s
10 db
3300 ohms
112
.33 °*C/mw
43 db
1 mw

The General Electric Type 2N430 transistor is a silicon
triode intended for low level switching applications. This
unit is characterized by low collector saturation resistance
and fast transient response. The 2N430 is a diffused junc-

tion device manufactured by the General Electric diffused
meltback process. The transistors are hermetically sealed in a welded case. The case
dimensions and lead configuration are suitable for insertion in printed boards by auto-

matic assembly equipment.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

VYoltages

Collector to Base ( Emitter Open;
Collector to Emitter (Base Open
Emitter to Base (Collector Open)

Collector Current

Power
Collector Dissipation (25°C)*
Collector Dissipation (150°C)

Temperature Range
Operating
Storage

ELECTRICAL CHARACTERISTICS: (25°C)

Design Center Characteristics

Collector to Base Capacitance
(Ves=5v,Ie=—1 ma,f=1mec)

Input Impedance
(Ves=5v,Ir=—1ma,f=1000cps)

Frequency Cutoff (Ves =5v,Ie=—2ma)

Switching Circuit Application®#

Collector Saturation Voltage
Is=0.2ma,Ic=2.5ma)

Base to Emitter Voltage
Is=0.2ma,lc=2.5ma)

Emitter Floating Potential
chs =4.5v, Resistance Emitter to base

0-% ohms )

Collector Current
(T=75°C,Vse=.35voltsforward, Vca
= 1.5 volts)

Collector Current
(T=25°C,1e=0,Vcs =5 volts)

Transient Response* %%

Rise Time
Storage Time
Fall Time

BVceo
BVceo
BVEeBo

Ic

Pou
Peu

Ta
Tsre

hiv
tab

Vce(Sat.)
VBE

VBE

144
Ic
Ico

tr
ta

MIN.

0.673

*Derate 1 mw/°C increase in ambient temperature.
**See Typical “On”’-“Off”” Circuit.
***As measured in the following circuit:
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NOM.

14

55
25

0.693

10 volts
10 volts
3 volts

30 ma

150 mw

25 mw

—65 to 150 °C
200 °C

MAX,

0.175
0.713
0.2

100
0.25
1.3

upf

ohms
mc

volts

volts
volts

pamps
pamps
usec

usec
usec



GE TRANSISTOR SPECIFICATIONS

The General Electric Types 2N431 and 2N432

2N431,2N432 transistors are silicon triodes intended for ampli-
fier application in the audio and radio frequency

Outline Drawing No. 30 range. The 2N431 and 2N432 are diffused junc-

tion devices manufactured by the General Elec-
tric diffused meltback process. The transistors are hermetically sealed in a welded
case. The case dimensions and lead configuration are suitable for insertion in printed
boards by automatic assembly equipment.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Yaltages
Collector to Base

( Emitter Open ) BVcso 30 volts
Collector to Emitter

(Base Open) BVcEo 15 volts
Emitter to Base

( Collector Open) BVsso 5 volts
Callectar Current Ic 30 ma
Pawer
Collector Dissipation (25°C)* Pcu 150 mw
Collector Dissipation (150°C) Pcu 25 mw
Temperature Range
Operating Ta —65 to 150 °C
Storage Tste 200 °C
ELECTRICAL CHARACTERISTICS: (25°C)
Smaoll Signal Hybrid Parameters (C Base)

(le = —1 ma, VcB = Sv, f = 1000~}

2N431 2N432
MIN.  NOM. MAX. MIN. NOM. MAX.

Input Impedance hib 58 55 ohms
Reverse Voltage Transfer Ratio hrb 3 X 10+ 3.3 X 10+
Current Transfer Ratio hev 0.940 0.970
Qutput Impedance hob .55 45 pmho
Current Transfer Ratio—

Common Emitter

(Ir —2 ma, VcB = 5v) hte 9 15 30 20 35 55
High Frequency Parameters
Collector to base Capacitance

B = —1 ma, Vcs = 5v,
=1me Cob 16 14 puf

Frequency Cutoff —

Common Base

(IE = —2 ma, VcB == 5v) fab 23 25 me
DC Characteristics
Collector Current

(It =0, Ve =5v, T=25°C) Ico 2 2 pamps.
Collector Current

(Ie =0, VcB = 5v, T =150 °C) Ico 50 50 pamps.
Saturation Voltage

(Is=1ma,lc =5ma) Vce(Sat.) 0.25 0.25 volts

*Derate 1 mw/°C increase in ambient temperature.
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The General Electric Types 2N433 and 2N434

2N433, 2N434 transistors are silicon triodes intended for ampli-
fier application in the audio and radio frequency

Outline Drawing No. 30 range, The 2N433 and 2N434 are diffused junc-

tion devices manufactured by the General Elec-
tric diffused meltback process. The transistors are hermetically sealed in a welded
case. The case dimensions and lead configuration are suitable for insertion in printed
boards by automatic assembly equipment.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
VYoltages
Collector to Base

( Emitter Open) BVceo 30 volts
Collector to Emitter

(Base Open) BVceo 15 volts
Emitter to Base

( Collector Open) BVEso 5 volts
Collector Current Ic 30 ma
Power
Collector Dissipation (25°C)* Pcum 150 mw
Collector Dissipation (150°C) Pcx 25 mw
Temperature Range
Operating Ta —65 to 150 °C
Storage Tsrta 200 °C

ELECTRICAL CHARACTERISTICS: (25°C)
Small Signal Hybrid Parometers (Common Base)
(lg = —1 ma, YcB = S5v, f = 1000}

2N433 2N434
_ MIN.  NOM. MAX. MIN. NOM. MAX.
Input Impedance hie 52 52 ohms
Reverse Voltage Transfer Ratio hrb 3 X 104 4.7 X 10—+
Current Transfer Ratio heo 0.983 0.991
Qutput Impedance hsb .35 .25 pmho
Current Transfer Ratio—
Common Emitter
(Ie —2 ma, Ve = 5v) hte 45 60 100 80 110
High Frequency Parameters
Collector to base Capacitance
Ig = ~1 ma, Ve = 5v,
f=1mc Cob 13 12, puf

Frequency Cutoff —
Common Base
(I = —2 ma, Vc = 5v) fab 28 30 mce

DC Characteristics
Collector Current

(Ie=0,Vee=5v, T=25°C) Ico 2 2 pamps.
Collector Current

(Ie=0,Ver = 5v, T=150°C) Ico 50 50 pamps.
Saturation Voltage -

(Ie =1 ma, 1c =5 ma) Vce(Sat.) 0.25 0.25 volts

*Derate 1 mw/°C increase in ambient temperature.
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GE TRANSISTOR SPECIFICATIONS

These General Electric symmetrical switchin
transistors are alloy junction PNP types designeg 4JD1B3, 4JD1B4
for computer circuits where high current gain is

required at collector currents up to 500 ma. The Outline Drawing No. 8

are unique in that the current gain is symmetrical,

i.e., the current gain in the inverse direction is controlled to the same minimum level
as the current gain in the forward direction. They use the time proven General Electric
all-welded metal case, with the internal structure capable of sustaining severe shock
and vibration.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Valtages
Collector to Base Ves —45  volts
Collector to Emitter Ver —30  volts
Emitter to Base Vs —45 volts
Callectar Current Ic 1000 ma
Emitter Current Ie 1000 ma
Base Current Is —1000 ma
Pawer .
Total Transistor Power Dissipation 25°C Py 200 mw
Temperature Range
Storage or Junction | Tsre or Ty —55 to 85 °C
ELECTRICAL CHARACTERISTICS: (25°C)
Switching Characteristics 4JD1IB3 4JD1B4
Base Current Gain* (Ic = —200 ma; Vce = —.3v) hre 15 20 min
Base Input Voltage* (Ic = —200 ma; Vcg = —.3v) VgE -—.5 -5 max

Pulse Response Time#¥
(Ie = —200 ma) (Note 1)
4JD1B3 (Is1 = 13.3 ma; Is2 = 13.3 ma)
4JD1B4 (Is1 = 10 ma; Is2 = 10 ma)

Delay Time ta 0.6 0.6  ustyp.
Rise Time tr 6.0 8.0  ustyp.
Storage Time ts 2.0 2.0 ustyp.
Fall Time te 2.5 3.5 ustyp.
Small Signal Characteristics
(Ve = —5v; Ig =1 ma)
Frequency Cutoff fab .8 .8 mectyp.
Output Capacity Cob 45 45  ufd typ.
Cutaff Characteristics
Collector Cutoff Current (Vcs = —30v; Ig = 0) Ico 20 20 f#a max
Emitter Cutoff Current (Vs = —30v; Ic = 0) Ieo 20 20 #a max
Voltage Collector to Emitter (10k ohm i
resistance, base to emitter, Ic = 0.6 ma.) BVcer —30 —30 volts min
Collector to Emitter Punchthru Voltage X
(Ve = Iv; Ic = 20 ua) Ver —30 —30 volts min
Collector to Base Voltage (Ic = 50 ua; Iz = 0) BVcso —45 —45  voltsmin
Emitter to Base Voltage (Ig = 50 ua; Ic= 0) BVEso. —45 —45  voltsmin
Thermal Characteristics
Long Term Storage or Junction
Temperature (Note 2) Ts 65 65 °C
Junction to Free Air Thermal
Resistance typical 2 2 °C/mw
Tunction to Free Air Thermal
Resistance max. .3 3 °C/mw

v

*This is a symmetrical parameter controlled for switching service. Control means that
the max. or min. limit specified will be met when the emitter and collector leads are
reversed in the test circuit. Control does not necessarily mean that the inverse character-
istic is equal to the forward characteristic.

ADDITIONAL TYPES
UNDJUNCTION TRANSISTOR GERMANIUM TETRODES

Specifications on these types are available by request.
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GE TRANSISTOR SPECIFICATIONS

TYPICAL IST f. F AMPL.

AUTOMATIC 725
AUTOMATIC 725 (EXO - 3926)
(EXO 3926) l

12K 500
MEASURMENTS
65-B
OR EQUIV.
@ AV.C.
TYPICAL 28D | E AMPL.
EXO 3015
OR
AUTOMATIC 726
AUTOMATIC 725 r -T = -1|
(EXO -3926) ICq= Ima I |
5008
MEASUREMENTS !
65 -8B ==
OR EQUIV.

—— +9V
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GE TRANSISTOR SPECIFICATIONS

TYPICAL IF TEST CIRCUIT

AUTOMATIC
725

AUTOMATIC O8N
24.4MV E HP 400D
@ 455KC/S 725 ¢ s000 ° OR EQUIV.
M)
B.2K 1
*% =
2 o
B sl Ic 55VOLTS
I [} [} B~
NOTE #1 MAKE ALLOWANCE OF 4db IN MEASUREMENT L Y
FOR TRANSFORMER AND CIRCUIT LOSSES.

NOTE #2 WHEN APPLYING 244 MILLIVOLTS AT 455KC/S (NO
MODUL ATION) AT INPUT (JI) AND WHEN TRANSISTOR
GAIN 1S 30db, QUTPUT VOLTAGE WILL BE 077 VOLTS.
THIS COINCIDES WITH THE Odb POINT ON THE .IV
ALE OF THE H.P VTVM  GAIN CAN THUS
MEASURED DIRECTLY IN db'S

0-5006“' {Ri=300Q)
VOLTMETER READING 20 VOLTS FULL SCALE
AMMETER READING 2Ma FULL SCALE

TYPICAL AUTODYNE CONVERTER
2NI64A

AUTOMATIC 725
aC =190.6 R 1

L =435
mh

+9

ANTENNA - DELTA COIL #| - [0SA OR EQUIVALENT

OSCILLATOR COIL - E. STANWYCK CO. #1129 (MODIFIED) OR EQUIVALENT
CAPACITOR - RADIO CONDENSER #1242 OR EQUIVALENT

L F TRANSFORMER - AUTOMATIC 725(EXO-3926) OR EQUIVALENT
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JULY 1

REGISTERED JETEC TRANSISTOR TYPES 1957
For explanation of symbols, ratings and mfg. symbols see page 75.
MAX. RATINGS TYPICAL VALUES
RETMA Dwg. Pc mw Po mw — Class
No. Type Mér. Use No. @ 25°C BVcE lc ma Ti°C hte fab mc Ge db A B Closest GE
2N22 Pt WE SW 1 120 —100 —20 55 | 1.9
2N23 Pt WE sSwW 2 80 —50 —40 55 1.9«
2N24 Pt WE AF: 1] 120 —30 —25 50 | 2.2«
2N25 Pt WE AF 1 200 —50 —30 60 2.
2N26 Pt WE sw 2 90 —30 —40 55
_2N27 NPN WE = AF 1 ) 50 35 100 85 | 100 1 R S
2N28 NPN WE AF 1 50 30 100 85 | 100 5
2N29 NPN WE AF 1 50 35 30 85 | 100 1
_2N30 Pt GE Obsolete 3 100 30 7 40 | 22« 2 17 ) old G11
aN31 Pt GE Obsolete 3 100 30 7 40 2.9 2 old G11A
2N32 Pt RCA 5 50 —40 -8 40 2.2« 2.7 21
_2N33 Pt RCA ~ RF 5 | 3 = -85 =1 40 | S0Me  Ose. -
2N34 PNP  RCA AF 6 50 —25 —8 50 40 6 40 2N190
-1 2N35 NPN RCA IF 6 50 25 8 50 40 8 40 125 2N169A
S 2N36  PNP  CBS  AF 4 | 50  —20 -8 50 | 45 40 | 2N191 -
2N37 PNP CBS AF 4 50 —20 -8 50 30 36 2N190
2N38 PNP CBS AF 4 50 —20 -8 50 15 32 2N189
_2N38A  PNP CBS  AF 4 s -2 -8 50 | 18 3 - 2N189
2N41 PNP RCA 7 50 —325 =15 50 40 40 2N190
2N43 PNP GE AF 8 155 —45%  —300 100 42 1.3 40 40 2N43
2N43A PNP  GE _AF 8 155 —45%  —300 100 | 42 1.3 10 40 | 2N43A
2N44 PNP  GE AF 8 155 —45%  —300 100 25 1 39 40 2N44
2N45 PNP GE AF 3 155 —45%  —300 100 15 9 38 40 2N45
_2N46 PNP  RCA 7 | ———— see2N4l ———— | - B | =2N190
2N47 PNP  Phil AF 13 50 —35 —20 65 38 8 40 2N190 25V
2N48 PNP  Phil AF 13 50 —35 —20 65 32 8 40 2N189 25V
2N49  PNP__ Phil  AF 13 | 50  —35  —20 65 | 38 8 40 B | 2N190 25V
2N50 Pt Cle 1 50 —15 -1 50 % 3 20
2N51 Pt Cle sW 1 100 —50 -8 50 20
2Ns2 Pt Cle RF 1 120 -5 -8 s0 } 20 o 1 -
2N53 Pt Cle RF 1 100 —50 -8 50 S 5 20
2N54 PNP W AF 9 200 —45 -10 60 32 5 40 2N190 25V
_2Ns5 PNP W  AF 9 | 200  —45 —10 60 | 20 5 39 - | 2N190 25V
2N56 PNP W AF 9 200 —45 —10 60 12 5 38 2N189 25V
2N57 PNP W PWR 12 20W —60 —.8A 60 14 5W
_2N62 PNP  Phil Obsolete | 50 -3  —20 | 40. ] S ] - B
2N63 PNP  Ray AF 10 100 —22 -10 85 22 6 39 40 2N107
2N64 PNP  Ray AF 10 100 ~-15 —10 85 45 8 41 40 2N191
_2N65 PNP Ray  AF 10 | 100 o —-12  —-10 8 | 90 12 42 40 O




2N68 PNP Syl PWR 11 2W/4W —25 —1.5A 70 40 4 23 600 SW

2N71 PNP W PWR 21 1w —50 —250 60 .25 25 400

2N72 Pt RCA Obsolete 50 —40 —-20 55 2.5

2N73 PNP W AF SW 9 200 —50 low level

2N74 PNP W AF SW 9 200 -50 high level

2N75 PNP W AF SW 9 200 —50 very low level

2N76 PNP GE AF 8 50 -20 -10 60 20 1 38 2N190

2N77 PNP  RCA AF 19 35 —25 -15 50 55 a 44 50 2N191

2N78 NPN GE RF 14 75 15 20 85 50 4 22 2N169 or 2N168A
2N79 PNP RCA AF 20 35 —30 —50 46 T 44 50 2N191

2N80 PNP CBS AF 4 50 —25 -3 Hi 80 2N192

2N81 PNP GE AF 8 50 -20 -15 100 30 use 2N189
2N82 PNP CBS AF 15 35 -20 -15 Hi 30

2N94 NPN Syl RF Sw 10 30 20 50 75 30 3 38 2N169A (and
2N94A NPN Syl RF Sw 10 30 20 50 75 40 6 38 2N123 PNP)
2N95 NPN Syl Pwr 11 2.5W/4W 25 1.5A 70 40 4 23 600 SW

2N97 NPN GP IF 10 50 30 10 75 13 1 20 2N169 15V
2N97A NPN GP IF 10 50 40 10 85 13 1 20 2N169A 25V
2N98 NPN GP IF 10 50 40 10 75 38 2.5 22 2N169A 25V
2N98A NPN GP IF 10 50 40 10 85 38 25 22 2N169A 25V
2N99 NPN GP IF 10 50 40 10 75 38 3.5 22 2N169A 25V
2N100 NPN GP IF 10 25 25 5 50 100 5 23 2N170 6V
2N101 PNP Syl Pwr 28 1w -25 —1.5A 70 23 600

2N102 NPN Syl Pwr 28 1w 25 1.5A 70 23 600 SW

2N103 NPN GP Genl IF 10 S0 35 10 75 5 .75 15 2N170 6V
2N104 PNP RCA AF 20 70 —30 —50 70 44 N¢ 41 2N190 25V
2N105 PNP RCA AF 23 35 —25 —15 50 | 55 75 42 2N191
2N106 PNP  Ray AF 10 100 -6 -10 85 45 8 36 40 2N189
2N107 PNP GE AF 8 50 -6 -10 60 20 1 38 2N107
2N108 PNP CBS AF Out 16 50 —-20 -15 - 35

2N109  PNP RCA AF Out 20 50 -1z —-35 50 70 33 75 150 2N188-2N192
2N111 PNP  Ray IF 10 100 -6 -5 85 40 3 30 2N135
2N112  PNP Ray RF 10 100 -6 -5 85 40 5 32 2N136-2N135
2N113 PNP  Ray RF 10 100 —6 -5 85 45 10 33 2N137
2N114 PNP  Ray RF Sw 10 100 -6 -5 85 65 20 2N137 or 2N123
2N117 NPN TI Si (=903) 10 150 30 15 150 12 4 2N431-15V
2N118 NPN TI Si (=904) 10 150 30 25 150 24 5 2N432-15V
2N123 PNP GE RF Sw 8 100 —20 —125 85 50 8 2N123
2N124 NPN TI RF Sw 10 50 10 8 75 18 3 2N168
2N125 NPN TI RF Sw 10 50 10 8 75 32 5 2N167
2N126 NPN TI RF Sw 10 50 10 8 75 60 5 2N167
2N127 NPN TI RF Sw 10 50 10 8 75 130 5 2N167
2N128 PNP  Phil SB Osc 13 30 —4.5 -5 85 35 60

2N129 PNP  Phil SB Osc 13 .30 —4.5 -5 85 20 40"

2N135 PNP GE IF 8 100 -12 - 50 85 20 4.5 29 2N135
2N136 PNP GE RF 8 100 -12 -50 85 40 6.5 31 2N136
2N137 PNP GE RF 8 100 -6 —-50 85 60 10 33 2N137
2N138  PNP  Ray AF Out 50 —-12 —-20 40 | 140 30 50 2N192
2N138A PNP Ray AF Out 50 —45 -100 85 10 29 25 100 2N187 25V
2N139 PNP RCA 1¥F 20 35 —16 —15 70 48 4.7 29 2N136-2N135
2N140 PNP RCA Osc 20 35 - 16 —15 70 45 7 28 2N136
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MAX. RATINGS TYPICAL VALUES
RETMA Dwg. Pc mw Po mw — Class
No. Type Mfr. Use No. @ 25°C BVYce lc ma Ti°C hte fab mc G. db A B Closest GE
2N141 PNP Syl Pwr 26 1.5W/4W —30 —.8A 65 40 4 26 600 SW
2N142 NPN Syl Pwr 26 1.5W/4W 30 8A 65 40 4 26 600 5W
_2N143 PNP Syl Pwr 26 _1w/aw —30 —.8A 65 40 4 26 600 S5W -
2N144 NPN Syl Pwr 26 1W/4W 30 .8 65 40 4 26 600 5W
2N 145 NPN TI 1K 10 65 20 5 5 33 max 2N169 or 2N292
. 2NE6_ __NPETIi_“_"__ 10 65 20 5 (N 36 max 21\{169 or 2N292 -
2N147 NPN TI Osc 10 65 20 5 75 39 max 2N168A or 2N293
2N148 NPN TI lo IF 10 65 16 5 75 35 max 2N169 or 2N292
’2N_14-§A_ l\ll’g B Tl_ o !o IF_ R LU 65 32 5 75 35 max i _2Nl69A—
2N149 NPN T1 IoIF 10 65 16 5 75 38 max 2N169 or 2N292
2N149A NPN TI lo IF 10 65 32 5 5 38 max 2N169A
_2Nl_50 o M_Il_ ) _ loIF 1o | 65 16 5 B o 41 max o 1 2N169 or gN292
2N150A NPN TI lo IF 10 65 32 5 5 41 max 2N169A
2N155 PNP CBS Pwr 27 1.5W/5W =30 —3A 85 48 3 33 2w 9W
2N156 PNP CRBS Pwr 22 . l.SW/SVV’ -30 —_3A 85 | 40 3 36 2w _O_W
2N158 PNP CBS Pwr 22 1.5W/5W —60 —3A 85 40 3 40 2w 17TW
2N159 Pt Sprague Sw 80 —50 -10 2
iNlﬁﬂA ‘NPN - QP §i lF_ 1o 150 40 25 1§2 | 14 4 34 | 2N431-15_\£
2N160A NPN G Si IF 10 150 40 25 150 14 4 34 | 2N431-15V
2N161 NPN GP Si RF 10 150 40 25 150 28 5 37 2N432-15V
2NI6IA NPN GP  SiRF 10 | 150 40 25 150 | 28 5 37 , - 2N432-15V
2N162 NPN GP Si RF 10 150 40 25 150 38 8 38 2N432-15V
2N162A NPN GP Si RF 10 150 40 25 150 38 8 38 2N432-15V
_2N163 NPN GP Si RF 10 | 150 40 25 150 | 50 6 40 | 2N433-15V
2N163A NPN GP Si RF 10 150 40 25 150 50 6 40 2N433-15V
2N164A NPN GE Osc 65 15 20 85 40 8 39 max 2N168A
_2N165  NPN_ GE IF ] 65 15 20 85| 12 5 36 max _ | 2N169 )
2N166 NPN  GE Tlobb 25 6 20 50 32 5 24 aN170 o
2N167 NPN GE Sw 14 65 30 75 85 36 8 2N167
2N168 NPN GE  RF 14 | 55 15 20 75| 20 6  39max | use2N203
2N168A NPN GE Qsc 14 65 15 20 85 40 8 39 max 2N168A
2N169 NPN GE 1F 14 55 15 20 75 40 4 35 max 2N169
_2N169A NPN GE  1IF 14 55 25 20 75| 30 5 35 max | 2N1eoA )
2N170 NPN GE RF 14 55 6 20 50 20 4 27 2N170
2N172 NPN TI IF 10 65 16 5 5 28 2N168A
2N173  PNP_ Dle Pwr 18 | 40W -60  —7A 90| 100 .6 8 20W | -
2N174  PNP Dic Pwr 18 40W —80 —7A 90 15 .2 20 80W
2N175  PNP RCA AF 20 20 —-10 -2 50 65 .8 43 2N192
. 2Nl7£__ _I?NP_Motor - ]_’wr» 2 | . —-12 @ —-600 80| o 25 'iw -
2N178 PNP Motor Pwr 27 10W —12 —600 80 30 29 3W 1
2N179 PNP Motor Pwr —20 —60 88 32 300
_2N180 PNP CBS  AF Out 4 | 150 -3  -25 75| 60 7 37 3W 300 | 2N188 -
2N181 PNP CBS AF Out 25 250 —-30 -38 75 60 a 34 110 600 2N188A 25V
2N182 NPN CBS IF 4 100 25 10 5 25 3.5 2N167
_2NI183 NPN CBS  Sw 4 | 100 25 10 75| 40 75 | oN1er o -



2N184 NPN CBS Sw 4 100 25 10 75 | 00 12 2N1067
2N185  PNP  TI AF 10 150 -20  -150 50 | 55 40.5 2 250 2N188A
_2NI86  PNP _ GE AF Out 8 | 75 -25 —200 60 | 24 8 28 300 2N186
2N186A PNP  GI AF Out 8 180 —25 —200 60 | 24 38 28 750 2N186A
2N187  PNP  GE AF Out 8 75 -25 ~200 60 | 36 1 30 300 2N187
2NI87TA  PNP  GE  AFOut 8 180 —25  —200 60 | 36 1 30 750 2N187A
2N188  PNP G AF Out 8 75 —25  —200 60 | 54 12 32 300 2N188
2N188A PNP  GE AF Out 8 180 —25  —200 60 | 54 1.2 32 750 2N188A
2N189  PNP GE AF 8 | 75 -2 -50 60 | 24 8 37 1 | 2N18Y
2N190  PNP  GE AF 8 75 —25 —50 60 | 36 1 39 1 2N190
2NI191  PNP  GE AF 8 75 -25 -50 60 | 54 1.2 41 1 2N191
_2N192  PNP GE Al 8 75 -3 —50 60 | 75 1.5 43 1 2N192
2N193  NPN Syl Ose 50 15 75 6 3 2N167
2N194  NPN Syl Osc 10 50 15 50 75 | 75 3.5 15 2N169
2N206  PNP_ RCA  AF 19 75 —30 —50 8 | 47 8 46 2N191
2N207  PNP  Phil AF 50 —12 —20 65 | 100 2
2Nzl  NPN Syl Osc 50 10 50 75 | 30 3.5 2N203
_2N212  NPN Syl Osc 10 50 10 50 5 | 15 6 22 2N293
2N213  NPN Syl AF 50 25 100 75 | 150 42 2NI169A
2N214  NPN Syl AFOut 10 125 25 75 70 | 70 8 29 200 2N188 (PNP)
2N215  PNP RCA  AF 19 | 50 -30 —50 70 | 44 a 4 2N191
2N216  NPN Syl IF 10 50 15 50 75 | 15 3 26 2N169
2N217  PNP  RCA AF 19 50 ] -70 50 | 70 33 160 2N192
2N218  PNP__ RCA IF 19 35 -16  —15 0 | 48 47 30 2N135
2N219  PNP  RCA Osc 19 35 —16 -15 70 | 45 7 27 2N136
2N220  PNP  RCA AF 19 20 -10 -2 50 | 65 8 43 2N192
2N223  PNP_ Phil AF N 100 -18  —60 65| 50 6 37 1 - 2N192
2N224  PNP  Phil AF Out 100 —25 —150 65 | 71 5 36 300 2N241A
2N225  PNP  Phil AF Qut 100 —-25  —150 65 | 715 5 36 300 2N241A
2N226  PNP_ Phil AF Out 100 -25  —150 65 | 55 A 30 300 2N188A
2N227  PNP  Phil AF Out 100 —25  —150 65 | 55 4 30 300 2N188A
2N228  NPN Syl AFOut 10 50 25 75 | 70 8 26 100 2N169
_2N229  NPN Syl AF 10 50 12 40 75 | 25 1.6 2N169
2N230 PNP  Mall Pwr 27 15W  —30 —2A 85 | 83  .014(
2N235  PNP  Bendix  Pwr 25W  —40 -3A 90 33 2W
_2N235A  PNP  Bendix  Pwr 25W  —40 -3A 90 | 33 2W
2N237  PNP  NAC AF 150 — 45 —20 55 | 70 1 44 2N192 25V
2N238  PNP  TI AF 10 50 —20 60 42m 2N191
2N240  PNP__ Phil SBSw 10 -6 —15 16 .
2N241  PNP  GE AF Qut 3 100 —25  —200 60 | 60 1.2 34 300 2N241
2N24l1A PNP GE AF Out 8 180 —-25  —200 60 | 60 12 34 750 2N241A
_2N242 PNP Syl Pwr 27 —15 —2A 100 | 40 5Kc (8) 30 2.5W
2N247  PNP  RCA Drift RF 24 35 —35 ~10 85 | 60 30 (37 @ LSMo)
2N240  PNP TI AF Out 17 350 -25  —200 60 | 45 31 : 500 2N188A
2N250  PNP  TI Pwr 27 12W 30 —2A 80 | 50 6 Ke 34 6W
2N251  PNP I Pwr 27 12W  —60 —2A 80 | 50 6 Ke 31 6W
2N253  NPN TI IF 10 65 12 5 75 30 2N293
2N254 NPN TI IF 10 65 20 5 75 34 2N293
2N255 PNP  CBS Pwr 27 | 15W/6.25W  —15 —3A 85 | 40 2 23 1w SW
2N256  PNP  CBS Pwr 27 | 15W/6.25W  —30 -3A 85 | 40 2 26 2W 10W
_2N257  PNP__ Cle Pwr 27 2W/25W  —20 85 | 50 TKe(®) 30 1w
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MAX, RATINGS TYPICAL VALUES
RETMA Dwg. Pc mw Po mw — Class
No. Type Mfr. Use No. @ 25°C BVce Ic ma T:°C hte fab mc Ge db A B Closest GE
2N 260 PNP Cle Si ’ 4 200 -10 —50 150 16 1.8 38 2N431 (NPN)
2N260A PNP Cle Si 4 200 -30 —50 150 16 1.8 38 2N431-15V (NPN)
2N261 PNP Cle Si 4 | 200 =75 =50 150 10 1.8 36 N B
2N262 PNP Cle Si RF 4 200 -10 —50 150 20 6 40 | 2N432-(NPN)
2N262A PNP Cle Si RF 4 200 —-30 —50 150 20 6 40 2N432-15V (NPN)
2N265 PNP GE  AF 8 | 13 —25  —50 60 | 110 15 45 2N265 -
2N267 PNP RCA RF Drift Same as 2N247 except for flex. leads
2N268 PNP  Cle Pwr 2W/25W - 7 6 Kc (8) 28
2N269 PNP RCA Sw 35 —20  —100 70 35 4 - - 2N123
2N270 PNP RCA AF Out 150 -25 —150 50 70 32 50 2N320
2N277 PNP  Dlco Pwr 55W —40 —12A 95 60 5 34 16W 30W
2N278 PNP  Dlco Pwr _55W —50 —12A 95 60 5 34 16W 30W
2N290 PNP  Dico Pwr 55W —-70 —12A 95 50 4 25 20W 85W
2N292 NPN GE IF 14 55 15 20 75 80 6 35 max 2N292
_2N293 NPN GE RF _ 14 | 85 15 20 75 | 35 4 39 max 2N293
2N297 PNP Cle Pwr 15W —60 —5A 85 | 35 6Kc
2N301 PNP RCA Pwr 12W —40 —2A 85 70 30 2IW
2N301A PNP RCA Pwr 12w —-60  —2A 8 | 70 - 30 2.7W I
2N306 NPN Syl AF 50 —12 75 30 .75 2N292
2N307 PNP Syl AF Out -35 —1A 75 25 4
2N311 PNP  Motor 8w 75 _-15 85 50 - 2N123 ~
2N312 NPN  Motor Sw 75 +15 85 50 2N167
2N313 NPN GE IF 31 65 15 20 85 25 5 36 max 2N292
_2N314 NPN GE IF 3| 65 15 20 85 | 25 8 39 max - | 2N293 -
2N315 PNP GT Sw 100 —15 —200 85 20 5 2N186 T
2N316 PNP GT Sw 100 -10 —200 85 30 12 2N187A
_2N317  PNP__ GT Sw i 100 —6 —200 85 | 30 20 | enN188A
2N318 PNP GT Photo 50 —-12 —20 100 .75
2N319 PNP GE AF Out 29 200 —20 —200 85 36 3 30 750 2N187A
_2N320 PNP  GE AF Out 29 | 200 —20 —200 85 | 54 3 32 - 750 | 2N188A B
2N321 PNP GE AF Out 29 200 —20 —200 85 73 3 35 750 2N241A
2N322 PNP GE AF 29 75 —16 —50 85 36 3 39 2N190
_2N323  PNP  GE AF 29 7S -6  -50 8 | 5¢ = 3 a1 _ | 2N191 B
2N324 PNP GE AF 29 75 -16 —50 85 75 3 43 2N192
2N325 PNP Syl Pwr 12W ~35 —2A 85 10 2
_2N326 NPN Syl Pwr 7 435 42A 85 40 2 - - 1
2N344 PNP  Phil RF (= SB101) 20 -5 -5 85 22 50
2N 345 PNP  Phil RF (= SB102) 20 -5 -5 85 60 50
_2N346 PNP Phil ~ RF(=SB103) | = 20 = -5 =5 8 |15 1 I B
2N378 PNP TS Sw 15W —20 —3A 85 35 7Ke (8)
2N379 PNP TS Sw 15W —40 —3A 85 30 7Ke (8)
2N380 PNP TS Sw 15W -30 —3A 85 60 7Kc (8) L I
2N430 NPN GE Si Sw 30 150 10 30 150 25 2N430
2N431 NPN GE Si Sw 30 150 15 30 150 15 23 2N431
_2N432  NPN  GE Si RF 30 150 15 30 150 | 35 25 2N432 )
2N433 NPN GE Si RF 30 150 15 30 150 60 28 2N433
2N43¢ NPN GE_ Si RF 30 | 150 15 30 150 110 30 - 2N434 - .
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EXPLANATION

OF SYMBOS |

TYPES AND USES:

Si—Silicon High Temperature Transistors (all others germanium)
Pt—Point contact types

AF—Audio Frequency Amplifier—Driver

AF Out—High current AF Output
Pwr—Power output 1 watt or more
RF—Radio Frequency Amplifier

Osc—High gain High frequency RF oscillator
IF—Intermediate Frequency Amplifier

lo IF—Low IF (262 Kc) Amplifier

Sw—High current High frequency switch

AF Sw—Low frequency switch

RATINGS:

P.=Maximum collector dissipation at 25°C (76°F) ambient room
temperature. Secondary designations are ratings with connec-
tion to an appropriate heat sink.

BVcee=Minimum collector-to-emitter breakdown voltage. GE tran-
sistors measured with Base-to-emitter resistance as follows:

10K for AF and AF Out PNP
1 Meg for RF, IF, and Osc PNP
Open circuit for NPN

*BVen=45 Minimum collector-to-base breakdown voltage (for
grounded base applications).

Ic:l\ll{lci;cim;zm collector current. (Negative for PNP, Positive for

N.

T;=Maximum centigrade junction temperature. Pc must be derated
linearily to O mw dissipation at this temperature.

hr.=Small signal base to collector current-gain, or Beta (except
for Pt Contact types where emitter to collector gain, alpha a,
is given).

faw=Alpha cut-off-frequency. Frequency at which_the emitter to
collector current gain, or alpha, is down to 1V 2 or .707 of its
low frequency audio value. For some power transistors, the
Beta or base-to-collector current-gain cutoffi—frequency is
given as noted.

G.=Grounded-emitter Power Gain.

AF, AF Out, and Pwr Gain measured at 1 Kc.
RF, IF, and Osc Gains at 455 Kc.

(Sw Gain is dependent on circuit and wave-shape. )
( All measured at typical power output level for given tran-
sistor type.)

P,—=Maximum Power Output at 5% harmonic distortion, in mw
except where noted as watts. Class A single-ended, Class B
Push Pull. ’

MANUFACTURERS: ¢
CBS—CBS-Hytron.

Cle—Clevite Transistor Products.
Dlc—Delco Radio Div., General Motors Corp.
GE—General Electric Company.
GP—Germanium Products Corp.

Mall—P. R. Mallory and Company, Inc.
Mar—Marvelco, National Aircraft Corp.
Motor—Motorola, Inc.

Phil—Philco.

Ray—Raytheon Manufacturing Company.
RCA—RCA.

Sprague—Sprague Electronics Company.
Syl—Sylvania Electric Products Company.
TI—Texas Instruments, Inc.
TS—Tung-Sol.

W—Westinghouse Electric Corp.
WE—Western Electric Company.

NOTE:

Closest GE types are given only as a general guide and are based
on available publisheg electrical specifications. However, General
Electric Company makes no representation as to the accuracy and
completeness of such information.

Where the maximum voltage rating of the GE unit is not equal to
or greater than the given transistor, the GE rating is also given.
Note that physical dimensions vary considerably among manu-
facturers and may be the limiting factor in some rep%acement
applications.

Since manufacturing techniques are not identical, the General
Electric Company makes no claim, nor does it warrant, that its
transistors are exact equivalents or replacements for the types
referred to.
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CIRCUIT DIAGRAMS

These circuit diagrams are included for illustration of typical tran-
sistor applications and are not intended as constructional informa-
tion. For this reason, wattage ratings of resistors and voltage ratings
of capacitors are not necessarily given. Similarly, shielding tech-
niques and alignment methods wﬁlich may be necessary in some
circuit layouts are not indicated.

The description and illustration of the circuits contained herein
does not convey to the purchaser of transistors any license under
patent rights of General Electric Company. Although reasonable
care has been taken in_their preparation to insure their technical
correctness, no responsibility is assumed by General Electric Com-
pany for any consequences of their use.

FERRITE CORE
ANTENNA

3 5K
365 f EARPHONE
uufd 7

I .

DIRECT COUPLED VEST POCKET RADIO

infd . 2NI07
It Yanio 2K
INPUT PHONE
I0K
22N
" 330K L
AN .
R +3

R SHOULD BE ADJUSTED FOR OPTIMUM RESULTS

DIRECT COUPLED “BATTERY SAVER"” AMPLIFIER

22K

CODE PRACTICE OSCILLATOR
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CIRCUIT DIAGRAMS

22~

4 +6V
10K 33K
R, Suf Ri Intd 0 HIG
HIGH
wo s ] o | T
NI
2NI70 AMPLIFIER
VARIABLE
RELUCTANCE
c

_T_PICK -UP

Rz

1500

0.3ufd

RI (IOOK - 500K) SHOULD BE CHOSEN TO
MAKE COLLECTOR VOLTAGE 2.5 TO 3.5 VOLTS

CHANGING C2 AND R2 WILL VARY COMPENSATION
CURVE. VALUES SHOWN GIVE APPROXIMATE

COMPENSATION FOR R. l.A. A. RECORDING CHARACTERISTICS

VARIABLE RELUCTANCE
COMPENSATED PRE-AMPLIFIER

O5uf
J, 2000
o I G.E. 2NI107 HEAD
AUDIO PHONES
INPUT
27K —
IV TF

SIMPLE AUDIO AMPLIFIER

G.E.
DIODE
IN64
GE 12000 -
Mll_lél()%R oni1o7 © HEAD
STICK 024t QPHONES
3,
6300
OF 365uuf 3y
EQUIV. +|,l—
L
220K

SIMPLE RADIO RECEIVER
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n CIRCUIT DIAGRAMS

Ouf T2
2NI07
AUDIO V.C,
INPUT
K r—y
- TI=TRIAD A-8IX
OR EQUIV.
S T2=TRIAD S-5IX
22 K 2.2K OR EQUIV.
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30HM
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METRONOME
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CIRCUIT DIAGRAMS

TYPICAL PERFORMANCE

-60 FLASHES PER MINUTE
—LAMP ON 20% OF PERIOD

2N169 1IN SOCKET

+3V

2NI187 —PERFORMANCE SIMILAR TO

FOR SMALLER LAMP

#49 LAMP
2.5 VOLTS
60 MA

47K
& & +12v
IN34 2.2K sSeENSITIVE
100K RELAY

2.2M

4.7k

/‘C\/\/‘ 2NI67 ¢
SUN
CELL 68K
B2M

470K

THE RELAY IS ENERGIZED WHEN A 100 WATT LAMP IS
PLACED 5" FROM THE SUN CELL. THE VOLTAGE
NEEDED AT THE SUN CELL TO OPERATE THE RELAY
VARIES WITH TEMPERATURE AS FOLLOWS!

TEMPERATURE VOLTAGE AT INPUT TO FLIP-FLOP
RELAY ENERGIZES RELAY OPENS

23°C 0.14 017
40°C 0.09 0.13
60°C 0.04 0.09

SUN CELL TRIGGERED RELAY

90

—FLASH RATE VARIED WITHR)
~LAMP ON TIME VARIED WITH Rp
—IF LAMP STAYS ON REVERSE

ABOVE EXCEPT THAT DESIGNED



CIRCUIT DIAGRAMS
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C ED C ED
INPUT o0&
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L—-A Bl | A B l——A B —o—
No—c¢ £ ploTNodc E D C E Do
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INTERCONNECTION AS SHIFT REGISTER
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iNPUT
Ry
Rz
1
1
|
1
1
|
-
i
Lo =
Ry, 220,000 OHM C 6ufd, 12V
Ray VOLUME CONTROL 10000 OHM Co 100ufd, 3V
1/2W AUDIO TAPER €3, Cq,—50pfd, 12V
R3’ 68,000 OHM Cg, ———.02ufd
Rgy 10,000 OHM TR},——GE. 2NI92 OR 2N265
R5’ 470 OHM TR2,TR3,-GE. 2N241A
Re 220 OHM * Ty 6K/S5KQCT
¥
Rg» 33 OHM
R9’RIO’— 8.2 OHM
R"‘ 47K OHM

THREE TRANSISTOR PHONO AMPLIFIER

MAXIMUM POWER OUTPUT . .35 WATTS
MAXIMUM POWER OUT AT 10%
HARMONIC DISTORTION :.25 WATTS
SENSITIVITY FOR 50 MILLIWATTS
REFERENCE POWER OUTPUT . .2 VOLTS
FOR USE WITH MAGNETIC CARTRIDGE
OMIT RI, IN THIS CONDITION SENSITIVITY .
5 MILLIVOLTS

% FOR FURTHER INFORMATION SEE PAGES 109,10
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G.E.RELUCTANCE

R3

LAAA—
HI LEVEL CARTRIDGE

———o
E TO SPEAKER

R|
9 VOLTS
- +
e
FREQUENCY RESPONSE R}.—5000 OHM VOLUMN CONTROL MAXIMUM POWER OUTPUT : ,75 WATTS
OF FOUR TRANSISTOR AMPLIFIER 1/2 W AUDIO TAPER R|3,————47 OHM MAXIMUM POWER OUT AT 10% HARMONIC
MAXIMUM BASS POSITION Rp,——I150,000 OHM R}4, Ri5, —— 8.2 OHM DISTORTION ._+45 WATTS
MAXIMUM TREBLE POSITION =e=~=aase-s R3 470,000 OHM €1,€3,C7,Cg,—50ufd, 12V DISTORTION AT I00 MILLIWATTS
- L 2 2H v Tv8y AIC AT 100C/S | 5%
] R4.—"|0.000 OHM Cz.Cs. m[.l.fd, 3v ATI000C/S . 2%
i U Re,R9,—4700 OHM €4, ————I5ufd, 12V AT 5000C/S . 5%
=R T o e MBS L s e
. A Rg,——33,000 OHM TRy, TR2,—GE. 2NI9I OR 2N323 POWER OUTPUT 2 3
db /i 1] i) i ’ .
/ Ryl,——25,000 OHM TR3,TR4,—G.E. 2NIBBA OR 2N320 MAGNE(ICRRICKIUEGER2IMVE
-10 /,' i Rig,——220 OHM *T), 4K/26K CT.
- 3 R5,RIO._47O OHM %* T2, ————2008 CT./VC.
"o 102 10° 10%

AMPLIFIER LOADED WITH 3.2 0 VOICE

% FOR FURTHER INFORMATION SEE PAGES 109,110

COIL SPEAKER RESONANCE @ 130 CPS

FOUR TRANSISTOR PHONO AMPLIFIER
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»--12 VOLTS
Rz Rl3 Cil
c —— ouTPUT
I -~
A E
REBLE
=c

Ry

VARIABLE

RELUCTANCE|

_T_PICK-UP VOLUME
R|, —— 3900 OHM, |/2 W.RES., €1,€2,C5,C}1:C13— Sufd., 12V. ELEC. CAPACITOR
Rp,Rg,Rjg—— 220,000 OHM, I/2W. RES. C3,Cg,Cig,——— SOnfd.,25V. ELEC. CAPACITOR
R3,Rg.Rjg — 18,000 OHM, 1/2 W. RES. Cq 05ufd., CAPACITOR
Rg4,——— 4700 OHM, Cr: 02%d.. CAPACITOR
Ry,——————— 220,0HM, I/2 W, RES, Cg; .2ufd., CAPACITOR
Rg———— 100,000 OHM, 2W. POT. Co; ,0lufd., CAPACITOR
Rg.R|0:R|2, R7 1000 OHM, I/2W. RES, Cjo——— .lufd., CAPACITOR
Rij.R '4—5%3950 OPHOM y2W LINEAR TRI TR2 TR3 ——"P-N-P" JUNCTION TRANSISTOR
G.E. 2NI90

Rj3 — 10,000 OHM, |/2W. RES. { !

TRANSISTORIZED HI-FI PREAMPLIFIER
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f Dy
o Je- *— -2V TO
© PRE-AMPLIFIER
oV D2 T < Si
A.C. J_——/J TR
D3
— B|
~ & g o -2V TO
E :]: Co _t s, _?_POWER AMP.
TR| - POWER TRANSISTOR (MOUNT ON HEAT SINK) C.B.S. 2N256, 2NI56 OR EQUIVALENT.

S - D.PS.T

T; - STANCOR P-6469 II7TVAC TO 25.2 OR EQUIVALENT

D, ,D D3,04 - GENERAL ELECTRIC INSI GERMANIUM RECTIFIERS

Cy,C2- 50 utd , 50 VOLT

B, -3, 4VOLT MERCURY CELLS IN SERIES, MALLORY TR-233R OR EQUIVALENT

HI-FI AMPLIFIER REGULATED POWER SUPPLY
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R3 Rg
WN—9- AN
+
-12
Rz C2 Ri3 Co
. —AMA——] - —
|
7<C7 C
' I g 0 T2
Riq -% E 8-
Ra *cg TREBLE
R
>
VARIABLE R R
RELUCTANCE o 2 Cu
PICK - UP
o ] R
18 Licia
— AN

Rj—————3900 OHMS R;1,R14—50,000 §OHMS R24R2s; 8.20HMS €0~ 008y

Rz, Rs Rjs—— 220,000 OHMS Rj3— (0,000  OHMS €),C2,C5,CoC |3-5p 1 Cjj— 08y

R3 Re RigRig—18000 OHMS Rjg— 5000,000 OHMS €3,C6,C12—— 50u t Cl4—— 0047, 1

Ra,R22: 4700 OHMS R20,— 160,000 OHMS Cq————05uf TR|, TR2TR3TR4 TRs - P-N-P

Ry ————— 220 OHMS Rz|——500 OHMS Cy, .02pt JUNCTION TRANSISTOR

RgRg, Rj2R|7—1000 OHMS R22 — 4700 OHMS Cg——— -2ut GE.2NIS0 OR 2N322

Rjg——— 100,000 OHMS R23— 30 OHMS TRg, TR7, 2N1BBA OR 2N320

T NEW ENGLAND *2130 T, NEW ENGLAND %213
OR ARGONNE #AR500 OR ARGONNE ARS0I
5K:3K C.T. 125¢T: 8

TRANSISTORIZED HI-FI AMPLIFIER
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Rq Riz
_T_ AN * _T_ VWV
I C3 I Ci2
Rig
R3 Ris
Rz | €2 Rig Cn Rig | Ci3
(_'1 (—’ 8
¢ Rj2 o
16 uly - r'w»s_—i(—< TRy TRy
Ca Rs ~Ce
R It. A A
I 118 o Ry3 \é\/\,
GE 16 R20
RELUCTANCE Co
9 PIcKUP T c
VOLUME  BASS TREBLE
R|———————2700 OHM Rig 6800 OHM
2] "
Ry, Rg,RiaRig,— 150,000 OHM Rz, 1800 OHM
R3, Rs; 15,000 OHM R20, 100 OHM
R4 —————— 2200 OHM €|, C2,C5 Ci0Cy1,C13— Sk td
Rs‘—ZZ.OOO OHM C3,Ci2; 50u fd
Ry —————— 8200 OHM Ca; O15u1d
Rg 220 OHM Ce, 024 td
Al
Rg————— VOLUME CONTROL 7, 2ptd
IOO 000 OHM 1/2 W AUDIO TAPER CB. Ol fd
Rio, Rz, 50,000 OHM, LINEAR TAPER POT Ge A ptd
M (]
Rjj————— 1000 OHM TR, TR TR3 TRy GE 2NISO
Ri2,R)o; 10,000 OHM

PRE-AMP AND DRIVER

POWER AMPLIFIER

TO
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B «—4

POWER AMPLIFIER
R3

A ¢—>-30V
I
= Rio
R
Ra Rg v |
TR3 '
R)
TRs o IN537's
117:25.2
p—>» =30V
c
TR, bt 200k
ol 10 a-c =l |og%,‘vu
p
STANCOR P-6469 =
POWER SUPPLY
80 LOUD SPEAKER
)
o

R},
Rp,
Rz,
Ra,
Rs,
Regy
R7,Rp2,
RgiRi3»
Rg,
Ri0sRy1s

180,000 OHM
4300 OHM
680 OHM
470 OHM
15,000 OHM
5600 OHM
1000 OHM
220 OHM
10,000 OHM

1 OHM

POWER AMPLIFIER

i}

Cjp—50ufd
Cp,—.00Iufd
Cz,——1000ufd
TR|,———G.E. 2NI86A
TRp,——G.E. 2NI69A

TR3,TRq,— G.E. 2NI18BA
TRs,TRg,—— DELCO 2NI74
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Lt

R——————100 OHMS

#FOR FURTHER INFORMATION SEE PAGES

#Z 2
£
™ TR}
—dh cz *T3
J 450.~./V.C.
R2
R3
M.
el
e
e
%m ov
—ifi]
R| 47,000 OHMS ¢, 02uf TR ———2NIEBA =
Rz 10,000 OHMS  C2 Ol pf TR;———2NI69
R3 1500 OHMS c3 .01 pt TR3————— 2N24IA
R4 270 OHMS Ca .0l uf Ti,Te, ——— AUTOMATK 725
Rs 33,000 oHMS 25 '°°f"f NOMINAL SENSITIVITY: 2.0 MILLIVOLTS /METER
Re 2,000 OHMS c‘ :’s . (MEASURED WITH 5MILLIWATTS REFERENCE POWER OUTPUT)
R7 15,000 OHMS 7 M MAXIMUM POWER OUTPUT: 75 MILLIWATTS
Re 1000 OHMS Ce -OSuF SELECTIVITY AT -6db : 10 KC/S
Ro 4700 OHMS SELECTIVITY AT -60db: I20KC/S

TOTAL BATTERY DRAIN: I9 MILLIAMPS

109,110

THREE TRANSISTOR REFLEX RECEIV
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T2

Ul AUTOMATIC
AUTOMATIC 85-6146
BS-7256 T .
e ————=——n ———|———=—7 DETECTOR 3 4
f 20K/1KQ 4508/VC.
« T 5E
L L 1
CR 2 o TR, g L
AR =
E —b<" CONVERTER 12
N2 7] 7]
S| TR3
— ¢ e >xumo
e A _! Cio ) _ i R/ouTRur
T 7
I R t {4 cy
|| Re y T = Rg Ry
| C3
! |
- - 9 VOLTS
p— +
R3 Rq §R5 + T Co Rio Ri2
- SW
T
R, 1500 OHM €y, C4.Cg,——.02utd Ly, —————435uh210%
R2,Rs, Rg,—— 10,000 OHM C2,Ca, Olptd La,————— 250uht10%
R3, ———— 47,000 OHM Cs. Cy1s 50utd, 3V CR), CRp,——IN646
R4, 270 OHM Cg,——— ISutd, 12V AC) ——190.6
Rg. 330 OHM Cq, ———— 6p1d, 6V ACy—89.3 R/C MODEL 242
R 330,000 OHM Cg, — 50td, 12V
R" VOL'UME CONTROL 09' oog & NOMINAL SENSITIVITY; 600 MICROVOLTS/METER
9;0 000 OHM I/2W AUOIO TAPER c'°' i "; ' (MEASURED WITH 5 MILLIWAT TS REFERENCE POWER OUTPUT)
! 12 s MAXIMUM POWER OUTPUT: 75 MILLIWATTS
Ri0: 1000 OHM TR|, ———— G.E. 2NI6BA OR 2Ni§4A CONVERTER SELECTIVITY AT -6db - 10 KC/S
Ry 4700 OHM TRp,—G.E, 2NI6BA OR 2NI64A REFLEX SELECTIVITY AT -60db ° 120 KC/S
Ri2 100 OHM TR3, G.E.2N241A OR 2N32I AUDIO TOTAL BATTERY DRAIN : I7.5 MILLIAMPS

% FOR FURTHER INFORMATION SEE PAGES 109,110

HREE ANSISTOR REFLEX RECEIVE
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T IN64G T2 T3
AUTOMATIC ¢ A AUTOMATIC AUTOMATIC
85-7256 BS-7256 B85-6146

OETECTOR

) *Tq
A 200 A/VE
|

| CRz
2 Riz

]
Y

[
Tcs

R3 Rg Rs Rg Rio Rig Ri3
I Cs Ry
AN
Ry , —— 1500 OHM €y, Cjj——— .02 utd Lj,———— 435uh210%
Rz, Rg,—— 10,000 OHM €2.€3.C7, 01 utd Lp, ———— 250 uh*10%
Ry, ——— 15,000 OHM €4.,Cg.C9,—— 05 ufd CA'::"C_R_Z;SOS 646
Rg, —————270 OHM cs. 151,12V Ao “"3} R/C MODEL 242
Ry, — 56,000 OHM Cg.——————50ufd, 3V
Rg, ———— 330 OHM Clo.———————6utd, 12V
Ry, ——————3300 OHM Cjg ——————50u1d, 12 V
Rg, — 1800 .OHM P —
Rip, ——————68.,000 OHM Cl4———————— 10019, 12V NOMINAL SENSITIVITY: 150 MICROVOLTS/METER
Rj),——————— 470 OHM TR| ————— 2NIGBA OR 2NI64A CONVERTER (MEASUREO WITH S MILLIWATTS REFERENCE POWER OUTPUT)
i ———vouME RO TRy ———— 2wese on 2N IST L o
10,000 OHM Y, W AUOIO TAPER TR3 —————— 2NI69 OR 2N165 REFLEX SELECTIVITY AT -60db  © 65.0 KC/S
Ry3, —————— 39 OHM TRy —— 2N24iA OR 2N321 AUOIO TOTAL BATTERY ORAIN | 25.0 MILLIAMPS
Rig———— 1000 OHM

% FOR FURTHER INFORMATION SEE PAGES 109,10

6 VOLT FOUR TRANSISTOR REFLEX RECEIVER
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L

(TOPUBOTHY)
N\
N
N

|

AUTOMATIC
B8S-7256

T2

AUTOMATIC
8S-7256

T3
AUTOMATIC
85-6146

DETECTOR

7 IN64G *Tq

¢ A 450 A./VC
: cR2
J . Rz

Ay Cg

1] ¢ I

| LY -

[ R ==

I : Too| o]

L _

R3 Rq %Rs Rg Rio Riq
L cs SW
T X
< A VAYAY;
R|. Rigs 1500 OHM cp Cin 02 utd Lj,—————4354n210%
R, Ry, 10,000 OHM €2, C3, C7. — .Olufd Lp,—————— 250uht10%
R3, 27,000 OHM €4:C6:C9:Ci3— 05 ufd CR},CRy5 IN64G
Rags Ry1s 470 OHM Cg, ——— I5ufd, 2V AC|—=I190.6
Rs, 120,000 OHM [ 80utd, 3V ACp;—89.3 R/CIMCOEE[2S2
R, 330 OHM Clo 6utd, 12V
RR"' ?s?:o?::am 2'2' ;%M:é l?:v NOMINAL SENSITIVITY: 200 MICROVOLTS/METER
6 14, ptd, (MEASURED WITH 5 MILLIWATTS REFERENCE POWER OUTPUT)

R0y 91,000 OHM TRy, 2NI6BA OR 2NI64A CONVERTER MAXIMUM POWER OUTPUT: 75 MILLIWATTS
Rjg, = VOLUME CONTROL TRz, 2N292 OR 2N313 IST. LLF. SELECTIVITY AT -6db 8.0 KC/S

10,000 OHM AUDIO TAPER TR3, 2NI69 OR 2NI65 REFLEX SELECTIVITY AT -60db : 60.0 KC/S
Ri3, 100 OHM TRa, 2NIBBA OR 2N320 AUDIO TOTAL BATTERY ORAIN : 17.0 MILLIAMPS

3% FOR FURTHER INFORMATION SEE PAGES 109,110

9 VOLT FOUR TRANSISTOR REFLEX RECEIVER
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AUTOMATIC AUTOMATIC
05168 725

NOMINAL SENSITIVITY . 300 MICROVOLTS / METER
(MEASURED WITH 5 MILLIWATTS REFERENCE POWER OUTPUT)

. 75 MILLIWATTS

. 8.0 KC/S

65.0 KC/S

L
o
|
o=d
—d
=
/
/
/
/
/
,/
- e
RsS , o1
R7
+ AMNN—
R|, Ry,—10,000 OHM Ci; C4,Ce,—.05utd
5 27,000 OHM C2,C3, ——.Olufd
R3, 1500 OHM C5,~———— I5ufd, 12V MAXIMUM POWER OUTPUT
R4, Rg,——470 OHM €7, Cyj, ——.02ufd, SELECTIVITY AT -6 db
Rs, 120,000 OHM Cg, 6utd, 12V SELECTIVITYAT -60db :
Rg, 330 OHM CB'CIO-CIZ'_"’O““- I2v TOTAL BATTERY DRAIN :18.0 MILLIAMPS
R7. 12,000 OHM CR|,————DRil7,IN64G, OR CK706A
RiOw 47,000 OHM TR|———G.E. 2NI6BA OR 2NI64A CONVERTER
Ri2, Ri3,——I000 OHM TRz——6.E. 2N293 OR 2N3I4 LF
Riq, 5600 OHM TR3———G.E. 2NI92 OR 2N324 DRIVER
RIS, 66 OHM TRq ———G.E. 2N241A OR 2N32| AUDIO
Rg, VOLUME CONTROL 10,000~ * T ————20K0/6000
i/2W AUDIO TAPER * T ———500 n/V.C.
x Lh———435 4 Lo % AC; 19081, ¢ MopEL 242
La, 250 ph 210% * ACp—893

UR TRANSISTOR SUPERHETERODYNE BROADCAST R EIVER

% FOR FURTHER INFORMATION SEE PAGES 109,10-
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AUTOMATIC  CRy AUTOMATIC
25 @ L AUTOMATIC

Ly AC
71" 7
It
p 1A}
/ ¢
/
’ R
/ 1
/
! _ ___ ===
R} R7:Rg,— 1G000 OHM NOMINAL SENSITIVITY 4 500 MICROVOLTS / METER
A=l G, R e o L S e e (e Gl
= I/2W AUDIO TAPER S 02ud SELECTIVITY AT -6db  : 8.0 KC/S
2—— 27,000 OHM C2, C3,—.0lufd _ 2
e S Y o — oBpte SELECTIVITY AT -60db : 650KC/S
R R crnd SRR TOTAL BATTERY DRAIN : 200 MILL IAMPS.
Rg.— 39,000 OHM Clo,—— 6ufd, 12V
Rgi— 330 OHM Cjp . 1ufd
Rg,— 1800 OHM Cigi—— 100,fd, 12V
Rio,— 68,000 OHM Cj3.—— 50ufd, 12V
Ri3,—1000 OHM TR|,—— GE. 2N168A OR 2NIG4A CONVERTER
% Ryq—5600 OHM TR, TR3, ~G.E.2N293 OR 2N314 IST & 24D LF.
* Rig—68 OHM TR4,— G.E. 2N24IA OR 2N321 AUDIO
X Tjy——5000/V.C. * Lj——— 435uh, *10%
% AC,—I90.6 % Lo 250uh, £10%
% AC,—89.3 f R/ MODEL 242 CR,,CRo~ DRIIT, IN64G,0R CKTO6A

3% FOR FURTHER INFORMATION SEE PAGES 108,I10

FOUR TRANSISTOR SUPERHETERODYNE BROADCAST RECEIVER
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AUTOMATIC CR|  AUTOMATIC
725 P 725 AUTOMATIC
< EX0-30I5
S E— S
ﬂ:‘: 2 -“ Q_L -! Re .
l5 . s »* m
L AC) c - ]
3 g 1 :
% 71 Co 3 it fe
o ™~ =)
= —c Crs
o | Vi
S TRI - cgr ‘ %
S '
4
c2 c c
/ g 2 s @1 It i
p s lmamly 1t o ] A
[+
p R R3 ! 4 ¢— Rs Ry Qs I Rig <
/ : . i%
[ A 1) ¢ < ==
> _;- ! Ci2 J'-
] Ris S=LR R R =
Rz Rq %k% Rg < R t SRis BZo= Re i9 =9v
L / +
- Lo et TN O —i W
e
Ton
AN
Ry, Ry, 10,000 OHM . 02utd AC|,—190.6
Ro, 27,000 OHM C91C3—————Oiutd AC,— 893 [ R/CMODEL 242
Rz, 1600 OHM €4,C6:C7,C8:Cgy Cig,—-050td
Rg, Ry 1 Ris,— 470 OHM 5, ———————————I5ptd, 12V
Rg,— 68,000 OHM €10.C3. 6utd
Res 330 OHM Ci1:Cis» 1004, (2V
R7, 2700 OHM Cizs 50utd, 12V
Rg.Rjg:—— 3300 OHM TR}, G.E. 2NIGBA OR 2NI64A CONVERTER
R{g)——— 82,000 OHM TRz, G.E. 2N293 OR 2N314 IST. LF.
Rj2,——— VOLUME CONTROL  TRs, G.E. 2NI69 OR 2NIE5 2ND.T.F.
10,000 OHM 1/2W AUDIO TAPER TR, G.E. 2N265 DRIVER NOMINAL SENSITIVITY © 150 MICROVOLTS/ METER
EL S7O0LOHM TRs. G.E. 2NIBBA OR 2N320 OUTPUT (MEASURED WITH 5 MILLIWATTS REFERENCE POWER OUTPUT)
Rigs 56,000 OHM * T, 5008/vC MAXIMUM POWER OUTPUT : 75 MILLIWATTS.
Ry7s 5600 OHM Ly, 435uh210% SELECTIVITY AT —6db . 8.0 KC/S.
Ryg. 1000 OHM La, 250 4h£10% SELECTIVITYAT —60db. 65.0KC/ S.
Rig; 68 OHM CRy, CRy, DRII7, IN64G OR CK706A TOTAL BATTERY DRAIN: 18.0 MILLIAMPS.

FIVE TRANSISTOR

%FOR FURTHER INFORMATION SEE PAGES 109,Hi10

TERODYNE BROADCAST R
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AUTOMATIC CR, AUTOMATIC AUTOMATIC T
725 v, 725 EXO0~-3015 3

— 1

901

i_?. rCR -
V7 2 ~Cis
Is
L
AC) | 3
AR
1
T
i[5 TR3
T ce
141t
: U3
7
| il i
i
by e = ;:
Rio Cia -f: = Vv
Riz %
=RCs Rg : SW.
AN\ - -
Ry, Rg s 10,000 OHM ), ————02ufd NOMINAL SENSITIVITY: 250 MICROVOLTS / METER
Rp, 33,000 OHM €2,C3,—— Olpufd (MEASUREO WITH 5 MW REFERENCE POWER OUTPUT)
R3, Rjj, ——470 OHM €2:C6+C7.C8,C9,— O5utd MAXIMUM POWER OUTPUT: 00 MILLIWATTS.
Ri' pl— cg"cfo',lﬂi.:,& ov SELECTIVITY AT -6db . 8.0 KC/S
R5: 12,000 OHM c||,c|3.c|4,—-50,.'5 &V SELECTIVITY AT ~60db . 65.0 KC/S
Re ,———330 OHM o ZERO SIGNAL BATTERY ORAIN : 7.0 MILLIAMPS.
R7,——I500 OHM TR|——GE. 2NIEBA’ OR 2NI64A CONVERTER
Rg,—————2700 OHM TRg————G.E. 2N293 OR 2N3i4 IsT I.F.
Rio,————18,000 OHM TR3——GE. 2NI69 . OR 2N165 2M0 LF.
Ri3,————4700 OHM TR4————G.E. 2NI92 OR 2N324 ORIVER
Ri4——15,000 OHM TR5.TRs.—GE 2N188  AUOIO
RI§,————390 OHM | ————2600/2600.n. CT.
RiG, 100 OHM 300 2CT/VC.
Ri7,—39 OHM 435»?1 IO'/
RI8:RI19,——50 OHM L2 yom— 10%
Ry, — VOLUME: CONTROL 10,000 CRl CRg, —DRI|7 ING4G.ORCK7OGA
OHM I/2 W AUOIO TAPER % AC)p—— 190.§]

R DEL 242
* ACy,——— 89.3} SO

¥% FOR FURTHER INFORMATION SEE PAGES 109,110

THREE VOLT BROADCAST RECEIVER

CAN BE POWERED BY SUN OR FLASHLIGHT BATTERIES
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AUTOMATIC
725 Gl

AUTOMATIC AUTOMATIC
725 726

i) 1 Ta

I 2| I:: 2

! 5 L

I i ! 3

[ 31 [L=F

TR2 TR

11
7
ey
2
A

TRy * T2

TRg

e
Rq ng c5+’R7§R9

| Ci3
Rie

Ra
Ry, Rg, 10,000 OHM
Rp, ——— 27,000 OHM
Rz, —— 1500 OHM
R4.R|0:Ri5.—~ 470 OHM
Ry, ———— 68,000 OHM
Rg, — 330 OHM
Ry, ——— 3300 OHM
Rg, —— 82,000 OHM
R“. ———— 2700 OHM
VOLUME CONTROL
O 000 OHM [/2W AUDIO TAPER
Rz, — 4700 OHM
Rjq, — 56,000 OHM
Rjgy ——— 220 OHM
Rj7,——— 33 OHM

Rig. Rig, —— 8.2 OHM
c, ——— 0.2 ufd
C2,C3, —— Olufd
C4.C6:CCq,=O5ufd
€5, Cj0, —— 6afd, 12V
Cg. ———— O5utd
003 pufd

Cis
C|2.C|3,C|4.— S0oufd, 12V

Rj, — G.E. 2NI68A OR 2NI64A CONVERTER
TRg. G.E 2N293 OR 2N3I4 IST LF
TRz, — G.E. 2N169 OR 2NI65 2ND. LF.

TRg4, G.E. 2N192 OR 2N324 DRIVER
TR5,TRe,— G.E. 2NI88A OR 2N320 AuDIO
* T, — 5,000/ 26008 CT
* Ty, —— 2508 CT/V.C.

* L 4350 £10%
* Lz ——— 2504h £10%
CR|,CR2, — DRII7,IN64G, OR CK706A
* AC|,—190.6
8 Acz—89.3} R/C MODEL 242

NOMINAL SENSITIVITY = 200 MICROVOLTS / METER
({MEASURED WITH 50 MILLIWATTS REFERENCE POWER OUTPUT)
MAXIMUM POWER OUTPUT .6 WATTS.

SELECTIVITY AT -6db . 8.0 KC/S

SELECTIVITY AT -60db. 60.0KC/S

ZERO SIGNAL BATTERY DRAIN 7.0 MILLIAMPS.

% FOR FURTHER INFORMATION SEE PAGES 108,10

SIX TRANSISTOR SUPERHETERODYNE BROADCAST RECEIVER
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80T

EX0-30I15

AUTOMATIC CR, AUTOMATIC AUTOMATIC
_'14 EXO0 5460

T gl
: L4 ®T,
L ACy | E:
o i Ri2
7 - 2
1 | JT<C0
|
| TR
g T ce3 ] TR4
! ! Ri4
{ (S co4 I
| | +
i i z
! s T | ’Fu
€ - = : 5 e
| <R3 R =1<C13 Ci4 == = 12v
s =
| R 6, " 4/ +
g o]
=t | ARN e
5 8 g e By
Rp Ryps 6800 OHM Cl———.02 utd Ljy———4354h%10%
Rp,—————33,000 OHM €2.C3, Olutd Lp,————250uh 0%
Rz,———I500 OHM C4,C6.C7,Cgi—.1utd AC},—190.6
R4, Rj0:R|5,—470 OHM C5,—————6ptd, 2V ACp,—89.3 | R/CMODEL
R, ———— 100,000 OHM Cgy———.05ufd .
Rg,————— 330 OHM Clor—————6pfd, 6V
R7, R|3,~———4700 OHM ¢yj,————.003td
Rg,————2200 OHM C12,C13:C14:— 50014, 12V
Rg,—————27,000 OHM TR|,————G.E. 2NI68A OR 2NI64A
Rizs VOLUNE CONTROL TSy NOMINAL SENSITIVITY : [50 MICROVOLTS/METER
10,000 OHM I/2W AUDIO TAPER TRy, ———GE. 2NI68 IST. LF 5
Rj4,————15,000 OHM TR3, ———G.E. 2NI9 OR 2NI65 2ND. LE %ﬁfg"gﬁf’rmx 50 MILLIWATTS REFERENCE
R(g,———220 OHM TRg, ———G.E 2N92 OR 2N324 DRVE AXIMUME ST TEE T
Rj7,————2700 OHM TR5,TRg,——G.E. 2NIBBA OR 2N320 AUDIO 182 gL EGTIVITY AT ~645 - ° 6.0 KCrS
Rig,Rj9,—10 OHM % T),—————2000/2600 CT. SELECTIVITY AT-60db  : 38.0 KC/S
Rp0»————33 OHM % Tp,—————2008 CT/VC ZERO SIGNAL BATTERY DRAIN: 10 MILLIAMPS

% FOR FURTHER INFORMATION SEE PAGES 109, 110

SIX TRANSISTOR, | WATT RECEIVER
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[ FERRITE ROD ANTENNA

g |

7 3/8"

60T

MOUNTING BRACKET

SPECIFICATIONS:

S

Core Material To Be Ferramic Q or Approved Equivalent
Winding Direction Clockwise When Viewed From Start Of Prim.
Secondary 6 Turns bifilar wound

Distributed Capacity To Be 5 mmfd Maximum

Primary Inductance 435 phenries approximately

Unloaded Q of Primary 200 Min. When Measured At 790 KC/S
Ferrite Rod, Winding And Assembly Shall Be Wax Impregnated
Assembly Shall Be Flash Dipped

Tereiniei ] "
i gpeens 3/8
tainte | )
O | e !
2
o
F (ACTUAL SIZE)

PRIMARY



OSCILLATOR COIL

ED STANWYCK COIL COMPANY #1265 OR EQUIVALENT

" " "
—'I'M I'_ 3 Z'f TN SPECIFICATIONS:
o "/g I/I6"3/32.. -f— 'EE---— 36 ':URNS 1. Wire To Be #5/44 Heavy Easysol Bonded
614 L __i J LUG DETAIL 2. Inductance of Primary To Be 250 xh Nom.
%::\' v ’:":4 i 3. Core Adjustment Range +10%
L_ 5/8" __I - 4. Distributed Capacity To Be 7 mmfd Maximum
3 FIN I T 5. Q at 790 KC/S To Be 100 +10%
24 \4 6. Primary To Be Tapped At 6 Turns
@ TAP 3 250 7. Secondary Winding To Be 36 Turns = 1 Tumn
IN 75 —*_ AR 8. Coil To Be Wax Impregnated & Flash Dipped
6 TURNS 9. Coil Form To Be Cosmolite Or Appr. Equiv.
10. Collar To Be Cemented Securely To Form
COIL DIMENSIONS 2 START 11. All Materials To Be Acid Free
INDEX DETAIL
VARIABLE CONDENSER TRANSFORMERS
RADIO CONDENSER COMPANY. MODEL 242 OR EQUIVALENT 'vrvl;inaci“})lg f:;%;fgg:lfsrso?sfg}smg;lef%dei:ggsqwlzg
stack size, and having an electrical efficiency of
about 80%. Smaller or less efficient transformers
A CRrr = 190.6 Cmin.= 76 will degrade the electrical fidelity of the circuits.

A Cogc: 89.3 Cmin.= 6.8



TTT

TRANSISTOR RADIOS

WITH ORIGINAL TRANSISTOR COMPLEMENTS*

(Closest GE Replacement Transistors Shown on second line of each listing)

MANUFACTURER
& MODEL V BATT 0sC CONVERTER 113 IF DET AF AF POWER
Bulova 260 v | — | _2Ni7z_ | 2N146 | 2N146 310 ZN185 (2)
Bulova 270C 9V CK766 2N112A 1N295 2N132 2N138A
GE 2N136 2N135 IN64 2N192 2N241A
Bulova 270/277 9V 2N112 2N112 CK706A 2N132 2N138 (2)
o GE 2N136 2N135 LN64 2N192 2N192 (2)
CBS TR 250 21V/12V GE2N136  [2N135 | 2N135 | 4JD1A26 2Nad
CBS TR 260 9V 2N172 2N146 2N146 1N60 310 2N189 (2) or 352 | Note 2
- GE2N169  |2N169 | 2N169 | IN64 |  2N192 2N189 (2) or 352 | Note 1
Dewald K 701 & 702 9V 2N112 2N112 2N112 1N295 2N109 2N109 (2)
e ‘GE 2N136 | 2N135 2N135 1N64 2N192 2N188 (2)
Dumont 1210 9V 2N168A [2N168 2N168 Diode CK3382 CK338 (2)
GE 2N168A 2N293 2N293 IN64 2N192 2N188 (2) Note 3
Emerson 842 4V 830 2N 146 2N146 Diode 310 353 (2) Note 2
GE 2N169  |2N169 | 2N169 | IN64 2N192 | 2N188 (2) Notel
Emerson 844 9V 2N172 2N146 2N146 1N195 2N109 2N185 (2)
and 847 | GE2N169  [2N169 | 2N169 | IN64 |  2N192 | | 2N18sA'(2)
Emerson 855 9V 2N172 2N146 2N146 1N195 2N109 2N109 (2) Note 2
GE 2N169 2N169 2N169 1N64 ) ) 2N192_ | | 2N188 (2)
Firestone 4-C-34 9V 2N211 2N212 2N9%4 2N9%4 IN64 2N35 2N214 (NPN) (2)
GE 2N135 2N293 2N169 2N169 B 1IN64 | 2N169 | 2N188 (PNP) (2)
GE 675 Ebony, 676 Ivory 13145V Eal'llg\rI l’rgd 2N137 2N135 2N78 | 2N44 Note 4
2N13
677 Red, 678 Aqua 1314V LateNPx';%d 2N135 2N135 1N64 2N169 2N44 Note 5
. 2N1:
GE 710 i 6V B - GE 2N168A 2N292 2N169 1N64 Reflex 2N188A
GE P715, Beige, P716 Black |3V - GE 2N168A | 2N169 2N169 | 1N64 2N192 2N241 (2)
GE P720 Ginger, P721 Champagne 6V GE 2N168A | 2N293 | 2N169 | 1N64 2N191 2N188A (2)
GE 725 6V | GE2N168A  [2N293 | 2N169 | 1N64 2N192 2N188A (2)
Hallicrafters TR 88 El Diablo 6V 2N112 2N112 2N139 None 2N109 or 310 2N109 (2) or 352 (2)
or
| GE2N136  |2N135 | 2N135 | None 2N192 2N188 (2)
Motorola 76T1 9V 2N140 2N139 2N139 1N60 2N109 2N109 2N109 (2)
N GE 2N136 2N135 2N135 1N64 2N192 2N192 ,_2Nl_88 (2)
Motorola 56 T1 9V 2N172 2N146 2N146 R35 354 Note 2
GE 2N169 2N169 2N169 2N191 B o _2N_188___ ~ {Notel
Motorola 6X31 1 6v | | GE2N168A |2N293 | 2N292 | Diode 2N189 or 2N190; 2N186 or 2N187
Motorola 6X32 1 6V | ) GE 2N168A 2N293 | 2N169 Diode 2N191 or 2N192; 2N188 or 2N241




oll

(Closest GE Replacement Transistors Shown on second line of each listing)

MANUFACTURER
& MODEL VvV BATT 0sC CONVERTER IF IF DET AF AF POWER
RCA 7BT-9J 9V 235 234 234 1N295 2N109 2N109 (2)
GE 2N168A | 2N169 2N169 1N64 ~2N192 | 2N188 (2)
RCA 7BT-10K 9V 235 234 234 1N60 2N109 2N109 2N109 (2) B
GE 2N168A 2N169 2N169 1N64 __2N192 2N192 2N188 (2)
Raytheon T-100 9V 2N112/B | 2N112 1IN60 2N132 2N138
- GE 2N136 2N135 1N64 - 2N192
Raytheon T-150 9V 2N112 2N112 2N112 1N295 2N132 2N138 (2)
1 GE 2N136 2N135 2N135 1N64 2N192 1 2N192 (2)
Raytheon T-2500 6V CK760 CK760 CK760 1N60 2N133 2N130 2N138 (2)
GE 2N135 1 2N136 __2N135 1N64 2N192 2N191 2N192 (2)_
Raytheon 8 TP 1 CK760 CK759 CK760 CK760 CK721 CK721 CK721 (2)
GE 2N136 - 2N135 B 2N135 2N135 2N191 2N191 2N1838 (_2)_ )
Raytheon FM101A 6V 2N113/14 2N112/13 | 2N112 2N112 2N112 CK721/22 CK721/22 (2)
GE 2N136 2N135  [2N135 | 2N135 | 2N135 2N191 2N188
Regency TRL 2214V 223 222 222 1N69 210
GE 2N169 2N1769 2N169 11161 2N188 Note 1
Regency TR-5 9V 2N172 2N145 | 2N145 1N60 353 (2)
GE 2N169 2N169 2N169 1N64 2N1388 (2)
Sentinel 369P and CR 729AA 4V 2N172 2N 146 2N146 1N295 310 2N185 (2)
and BA GE 2N169 2N169 2N169 1N64 2N191 or 353 (2)
2N188A (2)
" Sonic TR 600 Capri v | GE 2N168A | 2N292 | 2N169 | 1N64 2N190 | 1 2N187 (@
—_ Traveler 135V [GE2N136  [2N135 | 2N135 | 4JD1A26 2N187A [ -
Westinghouse 7 9V 2N172 2N 146 2N146 880 310 2N185 (2) | Note 2
- GE 2N169 | 2N169 | 2N169 | 2N169 CeN192 | 2N18BA (2)
Westinghouse 1H610PS, H611PS, and 9V 2N252 2N253 2N254 1N295 2N238 351
H612PS GE2N165 [2N293 | 2N293 | IN64 2N191 2N188
Westinghouse H602P7 9V 2N172 2N146 2N146 1N87 2N217 2N217 2N217 (2)
GE 2N169 2N169 2N169 1N64 2Nl_92_ 2N192 2N188 (2)_ |
Zenith 500 6V 2N9%4 2N94 2N9%4 1N295 2N35 2N35 (2) |
GE 2N169 2N169A | 2N169A | 1N64 2N169A 2N169A Notel
Zenith 800 12V ] GE 2N168vA __2N163 2N169A | 1N295 2Nl90 . 2N188A (2, Note 3
*This list includes transistor production radios for which information is currently NOTES:
available. It is primarily for information and is intended only as a general guide 1. Remove any neutralization loops around IF circuits before operating with GE
for replacements. NPN transistors.
2. In some radios where the 2N146 is shown in both IF stages, one 2N145 and
The radio battery should be replaced with a fresh unit before checking tran- one 2N147 may be found instead in these stages.
sistors. If necessary to replace transistors, some selection may be necessary in 3. The 2N293 may be used to replace the 2N168 in IF stages.
order to obtain optimum performance since transistors of various manufacturers 4. The 2N169 may be used lo replace the 2N78 in AF stages.

are made by slightly different processes and are not precisely interchangeable.

5.

The 2N186A may be used to replace the 2N44 in AF output stages.
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