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Part B of the Base Manual (of which 114 is a small 

section) is titled "Underpinning Knowledge" and covers: 
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The maximum permissible value for RDs is thus 
0.5212. To ensure reliable operation and to avoid the 
risk of over-dissipation, we should obtain a device 
which has an 'on' resistance somewhat less than this 
value (e.g., 0.211 or less). An 1RF530 would be 
eminently suitable. 

Power MOSFETs should be de-rated at high operat-
ing temperatures (particularly when heal sinking ar-
rangements do not meet the manufacturer's recom-
mendations). The normal requirement is to de-rate 

power disAipalion linearly to zero at 100°C whenever the junc-
tion temperalare exceeds 40°C. 

FET packages 

As with their bipolar counterparts, a wide variety of 
packaging styles are used for field effect transistors. 
Small-signal FETs normally use plastic packages (e.g., 
TO92), however, devices may also be supplied in mini-
ature metal cases (e.g., TO18). Power FETs often make 
use of plastic cases with integral metal heat-sinking tabs 
(e.g., TO126, TO218 or T0220) although some devices 
are supplied in metal cases (e.g., TO3). 

Care should be taken when handling and soldering 
MOSFET devices as they can be easily damaged by 
stray static charges. fF ET devices are more robust in 
this respect and are thus less easily damaged by care-

les.s handling. In extreme cases, a shorting ring can be placed 
around the connecting leads of a MOSFET and then removed 
(using a pair of long nosed pliers) when the device has been 
safely soldered into place. 
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Signal and rectifier diodes 

Semiconductor diodes generally comprise a single p-n 
junction of either silicon (Si) or germanium (Ge) material. 
In order to obtain conduction, the p-type material must 
be made positive with respect to the n-type material (the 
p-type connection constitutes the anode whilst the n-type 
connection constitutes the cathode). The direction of cur-
rent flow is from anode to cathode when the diode is 
conducting, as shown in Fig. 1. Very little current (negli-
gible in the case of most silicon devices) flows in the 
reverse direction (Fig. 2). 

anode w  cathode 

Current flows in 
this direction 

1 

Fig.l. Forward biased diode 

cathode  anode 

No current flows 

 +1r  
Fig.2. Reverse biased diode 

gate-source bias of — 1 V. If the device has a gis of 0.25S, 
determine the change in drain current if the bias voltage 
increases to — 1.1V. 
The change in gate-source voltage (V) is —0.1V and 

the resulting change in drain current can be determined 
from: 

Id =gfs x Vgs = 0.25S x —0.1V 

= —0.025A = — 25tnA 

The new value of drain current will thus be (100mA 
— 25mA) or 75mA. 

Example 

A MOSFET is to be used in a static switching applica-
tion in which a maximum current of 12A is to be con-
trolled. If the device is rated at 75W, determine the maxi-
mum permissible value of RDS(on)-

The maximum dissipation can be determined from: 

PD max =  x RDs 

Thus the maximum value of RDs will be given by: 

R D — PDinax  — 75W  — 75  — 52f/ S M ATT 144 ' 

Table 1 

Device  Type  Construct ID man  
2SK135 MOSFET N-chan.  7A 
2N4351  JFET  N-than. 
2N5457  JFET  N-than.  10mA 
BF244A JFET  N-than  100mA 
VN66AF MOSFET N-chan.  1.8A 

VDSmax 
160V 
30V 
25V 
30V 
60V 

PDmax.  %min.  Application 
100W  0.7S  AF power 
300mW  Switching 
310mW  I mS  General purpose 
360mW  3mS  RF ampttifier 
15W  0.2S  LF/RF power 

1 4 1 45 1 



necessitate the application of bias. The method of 
applying bias will differ according to the mode of 
operation (depletion or enhancement) but, in either case, 
it will involve the application of a gate-source bias voltage 
and a standing (quiescent) value of drain current will 
result (see Fig. 5). Typical values of gate-source bias 
voltage vary between — 2V and + 2V, according to mode 
of operation. 

Field effect transistor data 

The data in Table 1 refers to popular field effect 
transistors. 

Example 

A FET operates with a drain current of 100mA and a 

Fig.5 Bias voltages for a JFET transistor 

1 44 1 

Diodes exhibit a low resistance to current flow in one 
direction and a high resistance to current flow in the 
other. The direction in which current flows is referred to 
as the forward direction whilst that in which negligible 
current flows is known as the reverse direction. When a 
diode is conducting, a diode is said to be forward biased 
and a small voltage (ideally zero) is dropped across it. This 
voltage is known as the forward voltage drop. The maxi-
mum reverse voltage that a diode can tolerate is usually 
specified in terms of its reverse repetitive maxium voltage 
(VRR m) or peak inverse voltage (Ply). 

Typical values of forward current and forward voltage 
for commonly available silicon and germanium diodes are 
given in Table 1 below: 

Table 1 

Forward current Forward voltage drop 

Silicon  Silicon  Germanium 
(1 N4148 ) (1 N5401)  (0A91) 

10µA  0.43V  0.12V 
100µA  0.58V  0.55V  0.26V 

lmA  0.65V  0.60V  0.32V 
10mA  0 75V  0.65V  0.43V 
100mA  0.72V 

1A  0.85V 

Germanium diodes conduct at lower forward voltages 
than their silicon counterparts (typically 100mV as com-
pared with 600mV) but they tend to exhibit considerably 
more reverse leakage current (1µ.A as compared with 
10nA for an applied reverse voltage of 50V). Further-
more, the forward resistance of a conducting silicon diode 
is much lower than that of a comparable germanium type. 
Hence germanium diodes are used primarily for signal 
detection purposes whereas silicon devices are used for 
rectification and for general purpose applications. Typical 

[ 5 



forward and reverse characteristics for comparable ger-
manium and silicon diodes are shown in Fig. 3. 

Diodes are often divided into signal and rectifier types 
according to their principal field of application. Signal 
diodes require consistent forward characteristics with low 
forward voltage drop. Rectifier diodes need to be able to 
cope with high values of reverse voltage and large values 
of forward current, consistency of characteristics is of 
secondary importance in such applications. Various diode 
packages are illustrated in Fig. 4. 

Diode coding 

The European system for classifying semiconductor 
diodes involves an alphanumeric code which employs 

Fig.3. Typical diode characteristics 

6 J 

The common source forward transfer conductance is 
given by: 

gs = Id/Vg, 

where Id is the change in drain current resulting from a 
corresponding change in gate-source voltage (Vg5). The 
units of forward transfer conductance are Siemens (S). 

Forward transfer conductance (gf,) varies with drain 
current. For most small-signal devices, gf, is quoted 
for values of drain current between 1mA and 10mA. 
It is also worth noting that most FET parameters 

(particularly forward transfer conductance) are liable to wide 
variation from one device to the next. Circuits are, therefore, 
designed on the basis of minimum gf, values in order to ensure 
successful operation with a variety of different devices. 

Other important FET parameters quoted by manufac-
turers and suppliers are: 

• 'D max. — the maximum drain current. 

• VDS  — the maximum drain-source voltage. max.  

•  VG  . — the maximum gate-source voltage. - s max 

•  PD max.  — the maximum drain power dissipation. 

• tr typ.  the typical output rise-time in response to a 
perfect rectangular pulse input. 

• tf ". — the typical output fall-time in response to a 
perfect rectangular pulse input. 

•  R --DS(on)max. — the maximum value of resistance be-
tween drain and source when the transistor is in the 
conducting (on) state. 

Bias for field effect transistors 

As with bipolar devices, linear FET applications 

[ 43 ] 



Fig.4 Typical in-channel JFET characteristics 

devices generally offer improved switching characteristics 
as they combine low drain-source resistance in the on-state 
with very high drain-source resistance in the off-state. 
IGFETs may be designed for either depletion mode 

or enhancement mode operation. In the former case, 
conduction occurs within the channel even when the 
gate-source voltage (Vc,$) is zero. In the latter case, a 
gate-source bias voltage must be applied in order to obtain 
conduction within the channel. Symbols and connections 
for various types of JFET and IGFET are depicted in 
Fig. 3. 

A typical set of characteristics for a general purpose 
n-channel JFET are shown in Fig. 4. 

FET parameters 

The gain offered by a field effect transistor is normally 
expressed in terms of its forward transfer conductance 
(gs or Yfs) in common source mode. In this mode, the 
input voltage is applied to the gate and the output current 
appears in the drain (the source is effectively common to 
both the input and output circuits). 

[ 42 1 
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Fig.4 Common diode encapsulations 

either two letters and three figures (general purpose 
diodes) or three letters and two figures (special pur-
pose diodes). The first two letters have the following 
significance: 

• First letter - semiconductor material: 
A  Germanium 
B  Silicon 
C  Gallium arsenide etc 
D  Photodiodes etc 

• Second letter - application: 
A  General purpose diode 
B  Tuning (varicap) diode 
E  Tunnel diode 
P  Photovoltaic diode 
Q  Light emitting diode 

[ 7 ] 



.I  . Controlled rectifier 
X  Varactor diode 
V  Power rectifier 
Z  Zener diode 

In the case of diodes for specialised applications, the 
third letter does not generally have any particular sig-
nificance. Zener diodes have an additional letter (which 
appears after the numbers) which denotes the tolerance of 
the Zener voltage. The following letters are used: 

A ± 1% 

B ± 2% 
C ± 5% 

D ± 10% 

Zener diodes also have additional characters which in-
dicate the Zener voltage (e.g., 9V1 denotes 9.1V). 

Example 

Identify each of the following diodes: 

i)  AA113 
ii)  BB105 
iii)  BZY88C4V7 

Diode i) is a general purpose germanium diode. 

Diode ii) is a silicon diode for tuning applications 
(sometimes referred to as a varicap). 

Diode iii) is a silicon Zener diode having ± 
tolerance and 4.7V Zener voltage. 

Prior to the introduction of the European coding sys-
tem, several manufacturers used the prefix 'OA' to denote 
a diode followed by a serial number. 

capacitively coupled to the channel. IGFETs use either 
metal on silicon (MOS) or silicon on sapphire (SOS) tech-
nology. Fig. I and Fig. 2 show the basic construction of 
N-channel JFET and IGFET devices. 

J HT devices are less noisy and more stable than com-
parable IGFET devices. JFET devices offer source input 
impedances of around 100MiZ compared with 10,000M0 
for comparable IGFETs. Note, however, that FET devices 
offer very much higher input impedances (at the gate) 
than bipolar transistors (at the base). IGFET 

N-CHANNEL O FT  A-CHANNEL JFET 

NCHANNEL DEPLETION MODE  F.-CHANNEL DEPLETION MODE 

IGFET  IGFET 

NCHANNEL ENHANCEMENT P-CHANNEL ENHANCEMENT 

MODE IGFET  MODE IGFET 

II-CHANNEL DUAL GATE PLHANNEL DUAL GATE 

MOSFET  1001IFET 

Fig.3 Symbols and connections for various types of JFET 
and IGFET 

[ 8 Il I 



Field effect transistors 

Field effect transistors (FET) comprise a channel of P- or 
N-type material surrounded by material of the opposite 
polarity. The ends of the channel (in which conduction 
takes place) form electrodes known as the source and 
drain. The effective width of the channel (in which con-
duction takes place) is controlled by a charge placed on 
the third (gate) electrode. The effective resistance between 
the source and drain is thus determined by the voltage 
present at the gate. 

Field effect transistors are available in two basic forms; 
junction gate and insulated gate. The gate-source junction 
of a junction gate field effect transistor UFET) is effec-
tively a reverse-biased P-N junction. The gate connection 
of an insulated gate field effect transistor (IGFET), on the 
other hand, is insulated from the channel and charge is 

0•01if LAyer 
lis molMsen) 

GATE, 9 

N' 

N channel 

P substrate 

ORANI.d 

Fig.1 N-channel JFET construction 

Fig.2 N-channel IGFET construction 

I 40 

I he American numbering system used for semiconduc-
tors involves a code that begins with 'IN' for diodes. The 
IN prefix is then followed by a serial number. Section GI 
contains a comprehensive listing of diodes, specifications 
and case styles. 

Diode data 

The table below summarises the characteristics of some 
of the more popular semiconductor diodes. 

When carrying out in-circuit measurements on diodes 
that are in the forward biased (conducting) state it is 
important to remember that the diode will not behave 
like a perfect switch. Instead, there will be a small 

voltage drop (typically in the range 0.6V to 0.8V for silicon 
diodes) which will increase as the forward current increases. 

Table 2 

General purpose, signal and RF diodes 

Device  Material PIV  If 

1N4148 

1N914 

AA113 

AA119 

0A200 

0A47 

0A90 

0A91 

1N4001 

1N4004 

1N5400 

1N5404 

BY126 

BY127 

Si 

Si 

Ge 

Ge 

Si 

Ge 

Ge 

Ge 

Si 

Si 

Si 

Si 

Si 

Si 

100V 

100V 

60V 

45V 

50V 

25V 

30V 

115V 

50V 

400V 

50V 

400V 

650V 

1250V 

75mA 

75mA 

10mA 

35mA 

80mA 

110mA 

10mA 

50mA 

I A 

IA 

3A 

3A 

1A 

1A 

irmax. 

25nA 

25nA 

200µA 

3501.LA 

100nA 

1001.LA 

1.1mA 

275µA 

10µA 

10µA 

10µA 

10µA 

10µA 

10µA 

Application 

General purpose 

General purpose 

RF detector 

Signal detector 

General purpose 

Signal detector 

General purpose 

General purpose 

Low voltage rectifier 

High voltage rectifier 

Low voltage rectifier 

High voltage rectifier 

Low voltage rectifier 

High voltage rectifier 
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In the reverse biased (non-conducting) state, on the 
other hand, a high voltage may be present. Al the same 
time, a small reverse leakage current may flow. This cur-
rent increases markedly as the junction temperature in-
creases. 

Operating a diode at, or beymd, the stated limits for 
VRRm or PIV will result in a high risk of break-
down. Since rectifier failure can have disasterous con-
sequences, it is always advisable to operate diodes well 

within the stated limits (to ensure safety, a 100% margin should be 
allowed). 

Schottky diodes 

Schottky diodes exhibit a forward voltage drop which 
is approximately half that of conventional silicon diodes 
coupled with very fast reverse recovery. Schottky diodes 
are thus preferred in switching applications (e.g., switched 
mode power supplies) where very low forward voltage 
drop and fast switching is a prime consideration. 

transistors are supplied in metal cases (either T066 or 
T03). Some popular transistor case styles are shown in 
Fig. 9. 

TO5 TO92  TO18 

Fig.9 Some common transistor packages 

[ 10 ]  [ 39 ] 



Current gain (hie) varies with collector current. For 
most small-signal transistors, hie is a maximum at a collec-
tor current in the range 1mA to 10mA. Current gain hie 
falls to very low values for power transistors (other than 
Darlington devices) when operating at very high values of 
collector current. 

Most transistor parameters (particularly common-emit-
ter current gain, hie) are liable to wide variation from one 
device to the next. It is, therefore, important to design 
circuits on the basis of the minimum value for hie in order 
to ensure successful operation with a variety of different 
devices. 

Transistors will usually operate reliably as amplifiers 
using conventional circuits in common-emitter mode at 
frequencies which are not in excess of one tenth of 
the quoted value for ft. Special techniques (including 
neutralisation or the use of common-base mode) are 
required when it is necessary to operate at frequencies in 
excess of this value. 

Power transistors should be de-rated at high operat-
ing temperatures (particularly when heat sinking arrange-
ments do not meet the manufacturer's recommendations). 
The normal requirement is to de-rate power dissipation 
linearly to zero at 100°C whenever the junction tempera-
ture exceeds 40°C. 

Transistor packages 

A wide variety of packaging styles are used for 
bipolar transistors. Small-signal transistors tend to have 
either plastic packages (e.g., TO92) or miniature metal 
cases (e.g, TO5 or TO18). Medium and high-power 
devices may also be supplied in plastic cases but these 
are normally fitted with integral metal heat-sinking tabs 
(e.g., TO126, TO218 or TO220) in order to con-
duct heat away from the junction. Some older power 

[ 38 ] 

Zener diodes 

Zener diodes are silicon diodes which are specially 
designed to exhibit consistent reverse breakdown charac-
teristics. Zener diodes are available in various families 
(according to their general characteristics, encapsulation 
and power ratings) with reverse breakdown (Zener) 
voltages in the E12 and E24 series (ranging from 2.4V to 
91V). A typical characteristic for a 5.1V Zener diode is 

ima m( curellell ( A) 

10 

5 IV 
(re m, voltage) 

4  I  -4  -2 
1 1  I I 

RIPVIKIN voltage (V) 

6 

2 

• 10 

20 

-30 

 e 

Forward voltage (V) 

-40 

Reveres canard (rnA) 

Fig.1 Typical Zener diode characteristic 
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shown in Fig. 1. The following series of Zener diodes are 
used in a wide range of electronic equipment: 

• BZX55 series — low-power diodes rated at 500mW and 
offering Zener voltages in the range 2.4V to 91V. 

• BZX61 series — encapsulated alloy junction rated at 
1.3W (25°C ambient). Zener voltages range from 7.5V 
to 72V. 

• BZX85 series — medium-power glass-encapsulated 
diodes rated at 1.3W and offering Zener voltages in the 
range 5.1V to 62V. 

• BZY88 series — miniature glass encapsulated diodes 
rated at 500mW (at 25°C). Zener voltages range from 
2.7V to 15V (voltages are quoted for 5mA reverse cur-
rent at 25°C). 

• BZY93 series — high power diodes in stud mounting 
encapsulation. Rated at 20W for ambient temperatures 
up to 75°C. Zener voltages range from 9.1V to 75V. 

• BZY97 series — medium power wire-ended diodes 
rated at 1.5W and offering Zener voltages in the range 
9.1V to 37V. 

• 1N5333 series — plastic encapsulated diodes rated at 
5W. Zener voltages range from 3.3V to 24V. 

Zener diodes use plastic or glass packages just like con-
ventional silicon diodes. As in the case of conventional 
silicon diodes, the cathode connection is marked with a 
stripe (see Fig. 2). 

Slope resistance and temperature coefficient 

The slope resistance of a Zener diode is the rate of 
change of reverse voltage (Zener voltage) with diode 
current. Slope resistance is measured in the breakdown 
region and expressed in IL An ideal Zener diode would 
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and an emitter current of 98mA. Determine the value of 
base current and common-emitter current gain. 

Since lE=IB+ Ic, the base current will be given by: 

IB = Ili — lc = 98tnA — 97mA = 1mA 

The common-emitter current gain will be given by: 

hFE= = 97mA/1111A= 97 

Example 

A transistor is to be used in a regulator circuit in which 
a collector current of 1.5A is to be controlled by a base 
current of 30mA. What value of hEE  will be required? 

The required current gain can be found from: 

hFE =  = 1.5A/30mA 

= 1500mA/30mA = 50 

Example 

A transistor is used in a linear amplifier arrangement. 
The transistor has large and small signal current gains of 
200 and 175 respectively and bias is arranged so that the 
static value of collector current is 10mA. Determine the 
value of base bias current and the change of output (col-
lector) current that would result from a 10µA change in 
input (base) current. 

The value of base bias current can be determined from: 

IB = Ic/hEE = 10mA/200 = 50µA. 

The change of collector current resulting from a 10RA 
change in input current will be given by: 

lc= hfe x Ib = 175 x 10µA= 1.75mA 
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The voltage developed across a forward biased base-
emitter junction of a silicon transistor will be about 0.6V 
(0.1V for a germanium device). In the case of an NPN 
device, the base and collector will be positive with respect 
to the emitter whilst for a PNP device the base and collec-
tor will be negative with respect to the emitter (see Fig. 8). 

Bipolar transistor data 

The data in Table I refers to some of the most popular 
types of transistor. 

Example 

A transistor operates with a collector current of 97tnA 

Fig.8 Base-emitter voltages for NPN and PNP transistors 
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D041 
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Fig.2 Zener diode encapsulation 

have zero slope resistance (i.e., the diode would conduct 
perfectly at its rated Zener voltage). In practice, values of 
20fl, or less, can be achieved. 

The temperature coefficient of Zener voltage is the 
change of Zener voltage (from its rated value) which 
results from a temperature change of 1°C. Temperature 
coefficient (which should ideally be zero) is expressed in 
mVPC. In many voltage reference applications, it is essen-
tial for the reference diode to exhibit a Zener voltage 
which does not vary with temperature. The data shown in 
Table 1 (for the BZX55 series) is typical of most low-power 
Zener diodes. 



Example 

A Zener diode is to be used as a voltage reference. The 
diode has the following specifications: 

Zener voltage (at 20°C): 9.1V 

Temperature coefficient: +4mVPC 

If the equipment is designed to operate over the 
range- 10°C to +40°C, determine the extreme values of 
reference voltage and the percentage change in reference 
voltage over the working range. 

The temperature coefficient is positive and thus the 
Zener voltage will increase with temperature. At 40°C the 
Zener voltage will be given by: 

Vz = 9.1V + ((40 -20) x 4mV) 

= 9.1V+ 80mV = 9.18V 

At - 10°C the Zener voltage will be given by: 

Vz =9.1V - ((20- -10)x 4mV) 

=9.1V -120mV = 8.98V 

Table 1 
Zener  Slope  Temperature 
voltage  resistance  coefficient 
(V)  (0)  (mV! C) 
2.7  100  —3.5 

5.1  60  —2.7 
5.6  40  —2.0 
6.2  10  +0.4 
6.8  12  + 1.2 

7.5  14  +2.5 

8.2  16  +3.2 
9.1  18  +3.8 

Table 1 

Device Type  lc \ice°  Vcbo Pt  Fite at lc  ti  Application 
max.  max.  max.  max. 

2N2926 NPN  100mA 18V  18V  200mW 200  2mA  200MHz General purpose 
2N3053 NPN  700mA 40V  60V  800mW 150  50mA  ..er 
2N3055 NPN  15A  60y  100V  115W  50  500mA  ..ower 

2N3866 NPN  400mA 30V  30V  3W  105  50mA  rr power 
2N3903 NPN  200mA 40V  60V  350mW 100  50mA  250MHz Switching 

2N3904 NPN  200mA 40V  60V  310mW 150  50mA  300MHz Switching 
2N4427 NPN  500mA 20V  200  25W  100  100mA 500MHz RF power 

BC107 NPN  100mA 45V  500  360mW 200  20mA  250MHz Dover 

BC108 NPN  100mA 20V  30V  300mW 125  2mA  250MHz General purpose 

BC109 NPN  100mA 20V  30V  360mW 250  2mA  250MHz Low noise amp. 
BCA78 PNP  50mA  40V  40V  360mW 175  2mA  150MHz General purpose 

BCY70 PNP  200mA 40V  50V  360mW 150  2mA  200MHz General purpose 
BD131 NPN  3A  45V  70V  15W  50  250mA 60MHz AF power 
BD132 PNP  3A  45V  45V  15W  50  250mA 60MHz AF power 

BF180 NPN  20mA  20V  20V  150mW 100  10mA  650MHz RF amplifier 
W2501 PNP  10A  80V  80V  150W  1000  IA  1MHz  Power Darlington 

W3001 NPN  10A  BOV  BOV  150W  1000  1A  IMHz  Power Darlington 

operation), a static bias current must be applied to the 
transistor in order to obtain satisfactory operation. This 
bias is usually applied in the form of a small current to the 
base terminal (see Fig. 7). This current sets up a standing 
(quiescent) current of larger magnitude in the collector 
circuit. The signal current is added to the bias current, 
effectively increasing and decreasing the standing current 
above and below its quiescent (no signal) value. 

+v 

Ra 

Bias current 

Signal current 

Fig.7 Bias current for an NPN transistor 

Bias plus signal 
current 
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NPN 

PNP 

Fig.6 Darlington transistor 

•  hie the small-signal common-emitter current gain. 

•  hfemax — the maximum value of small-signal com-
mon-emitter current gain. 

•  hie min — the minimum value of small-signal com-
mon-emitter current gain. 

•  ft typ  — the transition frequency (i.e., the frequency at 
which the small signal common-emitter current gain 
falls to unity. 

Bias for bipolar transistors 

In most circuits (particularly those designed for linear 
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The total change in temperature will be 50°C and the 
corresponding change in Zener voltage will be 50 x 4mV 
or 200mV. The percentage change will thus be given by: 

200mV x 100  
% change — 9.1V — 2.2% 

Zener diodes may be connected in series to obtain 
higher voltages. As an example, a 15.9V reference can be 
produced by connecting a 6.8V Zener diode in series with 
a 9.1V Zener diode. D Zener diodes generally perform best when rated at 
EW  voltages of between 5V and 61! Hence, in order to 
INW  obtain optimum performance (in terms of both slope 

resistance and temperature coefficient) reference volt-
age sources based upon Zener diodes often utilise components 
which have Zener voltages between 5.1V and 6.2V 

] It is worth noting that a Zener diode requires a mini- 
-  mum forward current in order to provide satisfactory 
i.g. voltage regulation. If this current is not available, the 

voltage developed across the Zener will not reach the 
Zener voltage. 
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Variable capacitance diodes 

The capacitance of a reverse-biased diode junction will 
depend on the width of the depletion layer which, in turn, 
varies with the reverse voltage applied to the diode. This 
allows a diode to be used as a voltage controlled capacitor. 
Diodes that are specially manufactured to make use of this 
effect (and which produce comparatively large changes 
in capacitance for a small change in reverse voltage) are 
known as variable capacitance diodes (or v̀aricaps'). Such 
diodes are used (often in pairs) to provide tuning in radio 
and TV receivers. A typical characteristic for a variable 
capacitance diode is shown in Fig. 1. 

Variable capacitance diode data 

The following table summarises the characteristics of a 
variety of common varicap diodes: 

Fig.1 Typical characteristics for a variable capacitance diode 
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commonly quoted parameter is that which relates to 
common emitter mode. In this mode, the input current is 
applied to the base and the output current appears in the 
collector (the emitter is effectively common to both the 
input and output circuits). 

The common emitter current gain is given by: 

hFE= '(JIB 

where hFE  is the hybrid parameter which represents large 
signal (DC) forward current gain, It:  is the collector cur-
rent, and Ig is the base current. When small (rather than 
large) signal operation is considered, the values of Ic and 
Ig are incremental (i.e., small changes rather than static 
values). The current gain is then given by: 

hfe =Idib 

where hk is the hybrid parameter which represents small 
signal (AC) forward current gain, Ic is the change in col-
lector current which results from a corresponding change 
in base current, Ib. 

Darlington transistors (see Fig. 6) are a special form of 
compound bipolar transistor in which a very high value of 
forward current gain can be achieved (typically several 
thousand). 

Other important parameters to note are: 

•  Ic max — the maximum value of collector current. 

• Vow  max  — the maximum value of collector-emitter 
voltage with the base terminal left open-circuit. 

•  Vcbo max — the maximum value of collector-base volt-
age with the base terminal left open-circuit. 

•  Pt „„,„ — the maximum total power dissipation. 
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flows in the base. "[he current flowing in the emitter cir-
cuit is typically 100 times greater than that flowing in the 
base. The direction of current flow is from emitter to 
collector in the case of a PNP transistor, and collector to 
emitter in the case of an NPN device. 

The equation which relates current flow in the collec-
tor, base, and emitter currents (see Fig. 4) is: 

IE IB I(; 

where II.: is the emitter current, l s is the base current, 
and Ic is the collector current (all expressed in the same 
units). 

A typical set of transistor characteristics for a small-
signal general purpose NPN transistor is shown in Fig. 5. 

Bipolar transistor para meters 

The current gain offered by a transistor is a measure 
of its effectiveness as an amplifying device. The most 

Fig.5 Typical NPN transistor characteristics 
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Table 1 

Type  Capacitance  Capacitance ratio  0-factor 

1N5450  33pF at 4V  2.6 for 4V to 60V  350 

MV1404  50pF at 4V  , 10 for 2V to 10V change  200 

MV2103  10pF at 4V  2 for 4V to 60V  400 

MV2110  39pF at 4V  2.5 for 4V to 60V  150 

MV2115  100pF at 4V  2.6 for 4V to 60V  100 
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Thyristors 

Thyristors (or silicon controlled rectifiers) are three-ter-
minal devices which can be used for switching and AC 
power control. 

Thyristors can switch very rapidly from a conducting to 
a non-conducting state. In the off state, the thyristor ex-
hibits negligible leakage current whilst, in the on state the 
device exhibits very low resistance. This results in very 
little power loss within the thyristor even when appreci-
able power levels are being controlled. Once switched into 
the conducting state, the thyristor will remain conducting 
(i.e., it is latched in the on state) until the forward current 
is removed from the device. In DC applications this neces-
sitates the interruption (or disconnection) of the supply 
before the device can be reset into its non-conducting 
state. Where the device is used with an alternating supply, 
the device will automatically become reset whenever the 
main supply reverses. The device can then be triggered 
on the next half-cycle having correct polarity to permit 
conduction. 

Like their conventional silicon diode counterparts, 
thyristors have anode and cathode connections; control is 

Cathode (k) 

Anode (a) 

Fig.1 Thyristor connections 
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NPN  PNP 

Fig.3 NPN and PNP transistor symbols 

afft-tft Silicon transistors offer vastly superior performance 
when compared with their germanium counterparts 
in almost all applications. Germanium devkes are 
particularly prone to temperature induced 'thermal 

runaway' and they are thus not used in modern equipment. 

Current flow in a transistor 

Each junction within the transistor, whether it be collec-
tor-base or base-emitter, constitutes a P-N junction diode. 
The base region is, however, made very narrow so that 
carriers are swept across and a relatively small current 

IB 

IE 

Fig.4 Current flow in an NPN transistor 
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Transistor iii) is a general purpose high-power, low-
frequency silicon transistor. 

"fransistor iv) is a special purpose low-power, high-
frequency silicon transistor. 

Transistor operation 

Bipolar transistors generally comprise PNP or NPN 
junctions of either silicon (Si) or germanium (Ge) material. 
Fig. 1 and Fig. 2 respectively show the construction of 
NPN and PNP transistors, both of which are based on a 
small slice of silicon. In either case the terminals are 
labelled collector (c), base (b), and emitter (e), as shown in 
Fig. 3. 

• —••-•-• MMITTEll • 

in i enu m 

Meta Ces• 
-  COLLECTOR. g 

Fig.1 NPN transistor construction 

Fig.2 PNP transistor construction 

Fig.2 Common thyristor packages and pin connections 

applied by means of a gate terminal (see Fig. 1). The 
device is triggered into the conducting (on state) by means 
of the application of a current pulse to this terminal. 

Thyristor data 

The following table summarises the characteristics of a 
variety of popular thyristors: 

Table 1 

Type  !Nay)  VRRm  VGT  kir 
2N4444  5.1A  600V  1.5V  30mA 
BT106  1A  700V  3.5V  50mA 
BT152  13A  600V  1V  32mA 
BTY79-400R 6.4A  400V  3V  30mA 
TIC106D  3.2A  400V  1.2V  200pA 
TIC116D  5A  400V  2.5V  20mA 
TIC126D  7.5A  400V  2.5V  20mA 
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The effective triggering of a &Oslo,- requires a gale 
trigger pulse having a fast rise lime derived from a 
brw-impedanre source. Triggering can become erratic 
when insufficient gale current is available or when 

the gate current changes sbrwly. 

Common thyristor packages and pin connections are 
shown in Fig. 2. Readers are advised to consult Section G4 
of the Electronics Service Manual for specifications, packages 
and pin connections for individual thyristor types. 

•  Driver — transistors that operate at medium power 
and voltage levels and which are often used to 
precede a final (power) stage which operates at an 
appreciable power level. 

Transistor coding 

The European system for classifying transistors in-
volves an alphanumeric code which employs either two 
letters and three figures (general purpose transistors) or 
three letters and two figures (special purpose transis-
tors). The first two letters have the following significance: 

•  First letter — semiconductor material: 
A  Germanium 
B  Silicon 

•  Second letter — application: 
C  Low-power, low-frequency 
D  High-power, low-frequency 
F  Low-power, high-frequency 
L  High-power, high-frequency 

In the case of transistors for specialised applications, 
the third letter does not generally have any particular 
significance. 

Example 

Identify each of the following transistors: 

i) 
ii) 
iii) 
iv) 

AF115 
BC108 
BDI35 
BFY50 

Transistor i) is a general purpose low-power, high-
frequency germanium transistor. 

Transistor ii) is a general purpose low-power, low-
frequency silicon transistor. 
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Bipolar transistors 

Transistor is short for transfer resistor, a term which 
provides something of a clue as to how the device 
operates; the current flowing in the output circuit is 
determined by the current flowing in the input cir-
cuit. Since transistors are three-terminal devices, one 
electrode must remain common to both the input and 
the output. 

Transistors fall into two main categories (bipolar and 
field-effect) and are also classified according to the semi-
conductor material employed (silicon or germanium) 
and to their field of application (e.g., general purpose, 
switching, high-frequency, etc.). The following termi-
nology is often used: 

•  Low-frequency — transistor designed specifically for 
AF applications (below 100kHz) 

•  High-frequency — transistors designed specifically 
for RF applications (100kHz and above) 

•  Power — transistors that operate at significant 
power levels (such devices are often sub-divided 
into audio frequency and radio frequency power 
types) 

•  Switching — transistors designed for switching ap-
plications 

•  Low-noise — transistors that have low-noise charac-
teristics and which are intended primarily for the 
amplification of low-amplitude signals 

•  High-voltage — transistors designed specifically to 
handle high voltages 
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Macs 

Triacs are a refinement of the thyristor which, when trig-
gered, conduct on both positive and negative half-cycles of 
the applied voltage. Triacs have three terminals known 
as main-terminal one (MT1), main terminal two (MT2) 
and gate (G), as shown in Fig. 1. Triacs can be triggered 
by both positive and negative voltages applied between 
(; and MT1 with positive and negative voltages present 
at MT2 respectively. Triacs thus provide full-wave con-
trol and offer superior performance in AC power control 
applications when compared with thyristors which only 
provide half-wave control. 

In order to simplify the design of triggering circuits, 
triacs are often used in conjunction with diacs (equivalent 
to a bi-directional Zener diode). A typical diac conducts 
heavily when the applied voltage exceeds approximately 
32V in either direction. Once in the conducting state, 
the resistance of the diac falls to a very low value and 
thus a relatively large value of current will flow. The 
characteristics of a typical diac are shown in Fig. 2. 

Triac data 

Table 1 overleaf summarises the characteristics of a variety 
of popular triacs. 

II* WN W 2 

lAam *mina' 1 

(int1) 

Fig.1 Triac connections 
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Table 1 

Type  IT(RMS)  VRRM  VGT 

BT139  15A  600V  1.5V 
TIC206M  4A  600V  2V 
TIC216M  6A  600V  3V 
TIC226M  8A  600V  2V 

IGT(TYP) 

5mA 
5mA 
5mA 
50mA 

Common triac packages and pin connections are shown 
in Fig. 3. 

Readers are advised to consult Section 65 for specifica-
tions, packages and pin connections for individual triac 
types. 

Power-line filters 

Thyristors and triacs switch on and off very rapidly. In 
AC power control applications, this rapid switching can 
result in transients which may be conveyed some distance 

Fig.2 Diac characteristics 
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Yellow and green LEDs generally give less light out-
put (for a given forward (anent) than their standard 
red counterparts. To maintain an equal light oulpul 
when several LEDs of different colours are used to-

gether; different values of series resistor may be employed. As a rule 
of thumb, series resistors for yellow and green LEDs are chosen so 
that they are 10% to 15% lower in value than those used with red 
LEDs (care should, however; be taken to ensure that operating 
currents are still within the manufacturer's specified maximum 
upper limit). 
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Example 

An LED is to be used to indicate the presence of a 21V DC supply 
rail. lithe LED has a nominal forward voltage of 2.2V, and is rated 
at a current of 15mA, determine the value of series resistor required. 

Here we can use the fOrmula: 

V -   21V -2.2V I8.8V  
R-  -  - 1.25kfl 

1  15mA  15mA 
The nearest preferred value is 1.2kii. The power dis-

sipated in the resistor will be given by: 

P=IxV= 15mA x 18.8V = 280mW 

Hence the resistor should be rated at 0.33W, or greater. 

Zener 
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\ix  

a 

U199 
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diode 

9 

Disc  Thyristor 

Variable 
capacitance  Bridge rectifier 
diode 

m +mie 9 

Trim 

Fig.3 Diode symbols 
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via the AC mains wiring. To minimise such effects and 
prevent radiation of noise, L-C filters are usually fitted in 
close proximity to the power control device, as shown in 
Fig. 4. 

Fig.3 Common triac packages and pin connections 

Fig.4 LC filters used to remove noise produced by a thyristor 
or triac 
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Light emitting diodes 

Light emitting diodes (LEDs) can be used as general pur-
pose indicators and, compared with conventional filament 
lamps, operate from significantly smaller voltages and cur-
rents. LEDs are also very much more reliable than fila-
ment lamps. Most LEDs will provide a reasonable level of 
light output when a fin-ward current of between 5mA and 
20mA is applied. 

Light emitting diodes are available in various for-
mats with the round types being most popular. Round 
LEDs are commonly available in the 3mm and 5mm (0.2 
inch) diameter plastic packages (see Fig. I) and also in 
5mm x 2mm rectangular format. The viewing angle for 
round LEDs tends to be in the region of 20° to 40° 
whereas, fbr rectangular types this is increased to around 
100°. Typical characteristics for commonly available red 
LEDs are given below: 

Table 1 
Type of LEDs 

Parameter  standard  standard  high  high 
efficiency  intensity 

Diameter (mm)  3  55  5 
Max. tonvard  ao  30  30  30 
current (mA) 

Typical fonvard  12  10  7  10 
current (mA) 

Typical forward  2.1  2.0  1.8  2.2 
voltage drop (V) 

Max. reverse  5  3  5  5 
voltage (V) 

Max. power  150  100  27  135 
dissipation (mW) 

Peak wavelength  690  635  635  635 
(tri) 
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! Cathode (k) 
Anode (a) 

Fig.1 LED encapsulation 

Current limiting 

In order to limit the forward current to an appropriate value, it is 
usually necessary to include a fixed resistor in series with an LED 
indicator, as shown in Fig. 2. The value of the resistor may be calcu-
lated from: 

R -  V - VF 

where VF is the forward voltage drop produced by the LED and V is 
the applied voltage. Note that it is usually safe to assume that VF will 
be 2V and choose the nearest preferred value for R. 

Fig.2 LED current limiting resistor 
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