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INTRODUCTION
W hen a third doped element is added to a crystal diode in such a way that two pn junctions

are formed, the resulting device is known as a transistor. The transistor—an entirely new
type of electronic device—is capable of achieving amplification of weak signals in a

fashion comparable and often superior to that realised by vacuum tubes. Transistors are far smaller
than vacuum tubes, have no filament and hence need no heating power and may be operated in any
position. They are mechanically strong, have practically unlimited life and can do some jobs better
than vacuum tubes.
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Invented in 1948 by J. Bardeen and W.H. Brattain of Bell Telephone Laboratories, U.S.A.; tran-
sistor has now become the heart of most electronic applications. Though transistor is only slightly
more than 58 years old, yet it is fast replacing vacuum tubes in almost all applications. In this chapter,
we shall focus our attention on the various aspects of transistors and their increasing applications in
the fast developing electronics industry.

8.1 Transistor
Atransistor consists of two pn junctions formed by * sandwiching either p-type or n-type semicon-
ductor between a pair of opposite types. Accordingly ; there are two types of transistors, namely;
(i) n-p-n transistor (il) p-n-p transistor
An n-p-n transistor is composed of two nN-type semiconductors separated by a thin section of p-
type as shown in Fig. 8.1 (i). However, a p-n-p transistor is formed by two p-sections separated by a
thin section of n-type as shown in Fig. 8.1 (ii).

oO———] n p n [————— o—— p n p [——————
0) (#)
Fig. 8.1

In each type of transistor, the following points may be noted :

(i) These are two pnjunctions. Therefore, a transistor may be regarded as a combination of two
diodes connected back to back.

(if) There are three terminals, one taken from each type of semiconductor.

(iii) The middle section is a very thin layer. This is the most important factor in the function of a
transistor.

Originof thename“Transistor”. When new
devices are invented, scientists often try to de-
vise a name that will appropriately describe the
device. A transistor has two pn junctions. As
discussed later, one junction is forward biased
and the other is reverse biased. The forward
biased junction has a low resistance path whereas
a reverse biased junction has a high resistance
path. The weak signal is introduced in the low
resistance circuit and output is taken from the
high resistance circuit. Therefore, a transistor
transfersa signal from a low resistance to high
resistance. The prefix ‘trans’ means the signal
transfer property of the device while “istor’ classifies it as a solid element in the same general family
with resistors.

3 Collector

1 Emitter

*  In practice, these three blocks p, n, p are grown out of the same crystal by adding corresponding impurities
in turn.
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8.2 Naming the Transistor Terminals

A transistor (pnp or npn) has three sections of doped semiconductors. The section on one side is the
emitter and the section on the opposite side is the collector. The middle section is called the baseand
forms two junctions between the emitter and collector.

(i) Emitter. The section on one side that supplies charge carriers (electrons or holes) is
called the emitter. The emitter is always forward biased w.r.t. base so that it can supply a
large number of *majority carriers. In Fig. 8.2 (i), the emitter (p-type) of pnp transistor is forward
biased and supplies hole charges to its junction with the base. Similarly, in Fig. 8.2 (ii), the
emitter (N-type) of npn transistor has a forward bias and supplies free electrons to its junction with the
base.

(i) Collector. The section on the other side that collects the charges is called the collector. The
collector is always reverse biased. Its function is to remove charges from its junction with the base.
In Fig. 8.2 (i), the collector (p-type) of pnp transistor has a reverse bias and receives hole charges that
flow in the output circuit. Similarly, in Fig. 8.2 (ii), the collector (n-type) of npn transistor has reverse
bias and receives electrons.

BASE BASE
EMITTER | COLLECTOR EMITTER | COLLECTOR

o
=
o
=
o
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FORWARD | REVERSE  — FORWARD | REVERSE

-" BIAS BIAS —T BIAS BIAS T

0) (i)
Fig. 8.2

(ilf) Base. The middle section which forms two pn-junctions between the emitter and collector
is called the base. The base-emitter junction is forward biased, allowing low resistance for the emit-
ter circuit. The base-collector junction is reverse biased and provides high resistance in the collector
circuit.

8.3 Some Facts about the Transistor

Before discussing transistor action, it is important that the reader may keep in mind the following
facts about the transistor :

(i) The transistor has three regions, namely ; emitter, base and collector. The base is much
thinner than the emitter while **collector is wider than both as shown in Fig. 8.3. However, for the
sake of convenience, it is customary to show emitter and collector to be of equal size.

(if) The emitter is heavily doped so that it can inject a large number of charge carriers (electrons

or holes) into the base. The base is lightly doped and very thin ; it passes most of the emitter injected
charge carriers to the collector. The collector is moderately doped.

*  Holes if emitter is p-type and electrons if the emitter is n-type.

**  During transistor operation, much heat is produced at the collector junction. The collector is made larger
to dissipate the heat.
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BASE BASE
EMITTER | COLLECTOR EMITTER | COLLECTOR
o— p n p ——o0 o—— n p n o
) (1)
Fig. 8.3

(i) The transistor has two pn junctions i.e. it is like two diodes. The junction between emitter
and base may be called emitter-base diode or simply the emitter diode. The junction between the
base and collector may be called collector-base diode or simply collector diode.

(iv) The emitter diode is always forward biased whereas collector diode is always reverse bi-
ased.

(V) The resistance of emitter diode (forward biased) is very small as compared to collector
diode (reverse biased). Therefore, forward bias applied to the emitter diode is generally very small
whereas reverse bias on the collector diode is much higher.

8.4 Transistor Action

The emitter-base junction of a transistor is forward biased whereas collector-base junction is reverse
biased. If for a moment, we ignore the presence of emitter-base junction, then practically* no current
would flow in the collector circuit because of the reverse bias. However, if the emitter-base junction
is also present, then forward bias on it causes the emitter current to flow. It is seen that this emitter
current almost entirely flows in the collector circuit. Therefore, the current in the collector circuit
depends upon the emitter current. If the emitter current is zero, then collector current is nearly zero.
However, if the emitter current is 1mA, then collector current is also about 1mA. This is precisely
what happens in a transistor. We shall now discuss this transistor action for npn and pnp transistors.

(i) Workingof npn transistor. Fig. 8.4 shows the npn transistor with forward bias to emitter-
base junction and reverse bias to collector-base junction. The forward bias causes the electrons in the
n-type emitter to flow towards the base. This constitutes the emitter current I.. As these electrons
flow through the p-type base, they tend to combine with holes. As the base is lightly doped and very
thin, therefore, only a few electrons (less than 5%) combine with holes to constitute base** current | .
The remainder (***more than 95%) cross over into the collector region to constitute collector current
| In this way, almost the entire emitter current flows in the collector circuit. It is clear that emitter
current is the sum of collector and base currents i.e.

e = Ig

* In actual practice, a very little current (a few pA) would flow in the collector circuit. This is called
collector cut off current and is due to minority carriers.

**  The electrons which combine with holes become valence electrons. Then as valence electrons, they flow
down through holes and into the external base lead. This constitutes base current |g.

*** The reasons that most of the electrons from emitter continue their journey through the base to collector to
form collector current are : (i) The base is lightly doped and very thin. Therefore, there are a few holes
which find enough time to combine with electrons. (ii) The reverse bias on collector is quite high and
exerts attractive forces on these electrons.



Transistors W 145

n p n

—Pp | —p *—Pp
I o—Pp — —Pp I

/E—o—b — —Pp —C\
—Ph | o—Pp —Pp j
—)p \ —p

! 1, |

N— o 1 /
VEp Vep

Basic connection of npn transistor

Fig. 8.4

(if) Working of pnp transistor. Fig. 8.5 shows the basic connection of a pnp transistor. The
forward bias causes the holes in the p-type emitter to flow towards the base. This constitutes the
emitter current I. As these holes cross into n-type base, they tend to combine with the electrons. As
the base is lightly doped and very thin, therefore, only a few holes (less than 5%) combine with the
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Basic connection of pnp transistor
Fig. 85

electrons. The remainder (more than 95%)
cross into the collector region to constitute
collector current | ~. In this way, almost the emitter base  collector
entire emitter current flows in the collector
circuit. It may be noted that current con-
duction within pnp transistor is by holes.
However, in the external connecting wires,
the current is still by electrons.

Importanceof transistor action. The
input circuit (i.€. emitter-base junction) has
low resistance because of forward bias
whereas output circuit (i.e. collector-base
junction) has high resistance due to reverse Conventional currents
bias. As we have seen, the input emitter
current almost entirely flows in the collector circuit. Therefore, a transistor transfers the input signal
current from a low-resistance circuit to a high-resistance circuit. This is the key factor responsible for

VCB
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the amplifying capability of the transistor. We shall discuss the amplifying property of transistor later
in this chapter.

Note. There are two basic transistor types : the bipolar junction transistor (BJT) and field-
effect transistor (FET). As we shall see, these two transistor types differ in both their operating
characteristics and their internal construction. Notethat when weusetheterm transistor, it means
bipolar junction transistor (BJT). The term comes from the fact that in a bipolar transistor, there are
two types of charge carriers (viz. electrons and holes) that play part in conductions. Note that bi
means two and polar refers to polarities. The field-effect transistor is simply referred to as FET.

8.5 Transistor Symbols

In the earlier diagrams, the transistors have been shown in diagrammatic form. However, for the sake
of convenience, the transistors are represented by schematic diagrams. The symbols used for npnand
pnp transistors are shown in Fig. 8.6.

Tp «— «— Ic Iy —» —> I
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1| | | 1 | 1
1 | 1 | I I I I
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I I Iy Ig
EMITTER o o EMITTER
(E) COLLECTOR (C) (E) COLLECTOR (C)
I
ph Vi,
BASE (B) BASE (B)
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(i)

Fig. 8.6

Note that emitter is shown by an arrow which indicates the direction of conventional current flow
with forward bias. For npn connection, it is clear that conventional current flows out of the emitter as
indicated by the outgoing arrow in Fig. 8.6 (i). Similarly, for pnp connection, the conventional current
flows into the emitter as indicated by inward arrow in Fig. 8.6 (ii).

8.6 Transistor Circuit as an
Amplifier
A transistor raises the strength of a weak signal
and thus acts as an amplifier. Fig. 8.7 shows
the basic circuit of a transistor amplifier. The
weak signal is applied between emitter-base
Jjunction and output is taken across the load R-
connected in the collector circuit. In order to
achieve faithful amplification, the
input circuit should always remain forward
biased. To do so, a d.c. voltage V¢ is applied
in the input circuit in addition to the signal as

g

| T

SIGNAL Re 25k OUTPUT

L .

Fig. 8.7

i
Ves

~
8
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shown. This d.c. voltage is known as bias voltage and its magnitude is such that it always keeps the
input circuit forward biased regardless of the polarity of the signal.

As the input circuit has low resistance, therefore, a small change in signal voltage causes an
appreciable change in emitter current. This causes almost the *same change in collector current due
to transistor action. The collector current flowing through a high load resistance R produces a large
voltage across it. Thus, a weak signal applied in the input circuit appears in the amplified form in the
collector circuit. It is in this way that a transistor acts as an amplifier.

[llustration. The action of
. a transistor as an amplifier
How Amplifiers Work can be made more illustrative

if we consider typical circuit

circuit carrying values. Suppose collector
L ] —;]]— load resistance R = 5 kQ.
current Let us further assume that a
change of 0.1V in signal volt-
age produces a change of 1

r mA in emitter current.
r—J'—‘ £ Obviously, the change in col-
lector current would also be

approximately 1 mA. This
collector current flowing

circuit

carrying amplifier through collector load R
small modifies larger | would produce a voltage =
electrical _..ﬁ current based S5kQx1mA=5V. Thus,a
current o/ on smaller . )

current change of 0.1 V in the signal
has caused a change of 5 V
in the output circuit. In other words, the transistor has been able to raise the voltage level of the signal
from 0.1 V to 5V i.e. voltage amplification is 50.

Example 8.1. A common base transistor amplifier has an input resistance of 20 £2 and output
resistance of 100 k2. Thecollector loadis1kQ. If asignal of 500 mV isapplied between emitter and
base, find the voltage amplification. Assume o, to be nearly one.

Solution. **Fig. 8.8 shows the conditions of the problem. Note that output resistance is very
high as compared to input resistance. This is not surprising because input junction (base to emitter)
of the transistor is forward biased while the output junction (base to collector) is reverse biased.

p n p
I I,
> E|B|cC T
500mv &) R,=200 I Ry =100kQ  Zp —1x0 7,
Fig. 8.8

* The reason is as follows. The collector-base junction is reverse biased and has a very high resistance of the
order of mega ohms. Thus collector-base voltage has little effect on the collector current. This means that
a large resistance R can be inserted in series with collector without disturbing the collector current relation
to the emitter current Viz. | = olg + | .go. Therefore, collector current variations caused by a small base-
emitter voltage fluctuations result in voltage changes in R that are quite high—often hundreds of times
larger than the emitter-base voltage.

**  The d.c. biasing is omitted in the figure because our interest is limited to amplification.
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Signal _ 500 mV

Input current, |- =
put current, e = —p- 200

25mA.

=25 mA. Since o, is nearly 1, output current, I = I =

Output voltage, V,;, = IcR. = 25mA X 1kQ = 25V
Vou . 25V
signal 500 mV

Comments. The reader may note that basic amplifying action is produced by transferring a
current from a low-resistanceto a high-resistance circuit. Consequently, the name transistor is given
to the device by combining the two terms given in magenta letters below :

= 50

Voltage amplification, A, =

Transfer + Resistor —— Transistor
8.7 Transistor Connections

There are three leads in a transistor Viz., emitter, base and collector terminals. However, when a
transistor is to be connected in a circuit, we require four terminals; two for the input and two for the
output. This difficulty is overcome by making one terminal of the transistor common to both input
and output terminals. The input is fed between this common terminal and one of the other two
terminals. The output is obtained between the common terminal and the remaining terminal. Accord-
ingly; a transistor can be connected in a circuit in the following three ways :

(i) common base connection (if) common emitter connection
(iii) common collector connection

Each circuit connection has specific advantages and disadvantages. It may be noted here that
regardless of circuit connection, the emitter is always biased in the forward direction, while the col-
lector always has a reverse bias.

8.8 Common Base Connection

In this circuit arrangement, input is applied between emitter and base and output is taken from collec-
tor and base. Here, base of the transistor is common to both input and output circuits and hence the
name common base connection. In Fig. 8.9 (i), acommon base npn transistor circuit is shown whereas
Fig. 8.9 (ii) shows the common base pnp transistor circuit.

Ig Ic Ig Us

SIGNAL OUTPUT SIGNAL OUTPUT

(@) (i0)
Fig. 8.9
1. Current amplification factor (o). It is the ratio of output current to input current. In a

common base connection, the input current is the emitter current |- and output current is the collector
current | .

The ratio of change in collector current to the change in emitter current at constant collector-
base voltage Vg is known as current amplification factor i.e.
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OPEN

Al
xq = .C
o = at constant Vg Fo—o

E C
It is clear that current amplification factor is less than **unity. @0
This value can be increased (but not more than unity) by decreasing
the base current. This is achieved by making the base thin and
doping it lightly. Practical values of o in commercial transistors
range from 0.9 to 0.99.

2. Expression for collector current. The whole of emitter Fig. 8.10
current does not reach the collector. It is because a small percent-
age of it, as a result of electron-hole combinations occurring in base area, gives rise to base current.
Moreover, as the collector-base junction is reverse biased, therefore, some leakage current flows due
to minority carriers. It follows, therefore, that total collector current consists of :

B

(i) That part of emitter current which reaches the collector terminal i.e. ***o I .

(if) The leakage current l\akage: This current is due to the movement of minority carriers across
base-collector junction on account of it being reverse biased. This is generally much smaller than
olg.

Total collector current, Ic = olg + liggage

It is clear that if | = 0 (i.€., emitter circuit is open), a small leakage current still flows in the
collector circuit. This | g.0e is abbreviated as |go, meaning collector-base current with emitter
open. The g4 is indicated in Fig. 8.10.

lc = alg+tlegg ()
Now lg = lctlg
lc = a(ct+lp) +lcgo
or lc(I-0) = olg+leg
o I eeo "
or lc = —— g+ == (i
¢ l-a B 1-a (ay

Relation (i) or (ii) can be used to find | . It is further clear from these relations that the collector
current of a transistor can be controlled by either the emitter or base current.

Fig. 8.11 shows the concept of | 5. In CB configuration, a small collector current flows even
when the emitter current is zero. This is the leakage collector current (i.€. the collector current when
emitter is open) and is denoted by |54 When the emitter voltage Vi is also applied, the various
currents are as shown in Fig. 8.11 (ii).

Note. Owing to improved construction techniques, the magnitude of | -5 for general-purpose and low-powered
transistors (especially silicon transistors) is usually very small and may be neglected in calculations. However,
for high power applications, it will appear in microampere range. Further, |5 is very much temperature
dependent; it increases rapidly with the increase in temperature. Therefore, at higher temperatures, | 5, plays
an important role and must be taken care of in calculations.

*  If only d.c. values are considered, then oo = I -/l .

At first sight, it might seem that since there is no current gain, no voltage or power amplification could be
possible with this arrangement. However, it may be recalled that output circuit resistance is much higher
than the input circuit resistance. Therefore, it does give rise to voltage and power gain.

|
3k — C _
ok o lc = alg

In other words, o | part of emitter current reaches the collector terminal.
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/\ $
%fc
EMITTER OPEN
Ieo s —
—I cc =
@ (i)
Fig. 8.11
Example8.2. Inacommon base connection, I = 1mA, I = 0.95mA. Calculatethevalueof | .
Solution. Using the relation, le = Ig+l;
or 1 = 15+0.95

I 1-0.95 = 0.05mA

Example 8.3. In a common base connection, current amplification factor is 0.9. If the emitter
current is ImA, determine the value of base current.

w

Solution. Here, a0 = 09, Ig = 1mA
lc
Now o = 7
E
or lc = alg=09x1 =09mA
Also g = Igtl¢
Base current, Iz = Ig—1o=1-09 = 0.1 mA
Example 8.4. In a common base connection, |- = 0.95 mA and I; = 0.05 mA. Find the value
of a.
Solution. Weknow I = Ig+l. = 0.05+095 = 1mA
B _le _ 095 _
Current amplification factor, o0 = =7 = 0.95
E

Example8.5. Inacommon base connection, the emitter currentis1mA. If the emitter circuitis
open, the collector current is50 HA. Find the total collector current. Given that or = 0.92.

ImA,o = 092, Iy = 50 A
Total collector current, I = o lg+lgy = 092X 1+50x% 107
0.92+0.05 = 0.97 mA

Example8.6. Inacommon base connection, o= 0.95. The voltage drop across 2 k(2 resistance
which is connected in the collector is 2V. Find the base current.

Solution. Here, I

Solution. Fig. 8.12 shows the required common base connection. The voltage drop across R (=
2kQ)is 2V.

: lc = 2V2kQ = 1 mA
Now o =l/lg
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le = %=m=1.05mA
Using the relation, Iz = Ig+ 1
lg = lg—lg = 1.05-1
= 0.06mA

Example8.7. For the common base circuit shownin
Fig. 8.13, determine | . and V5. Assumethetransistor to
be of silicon.

Solution. Since the transistor is of silicon, Vg =0.7V.
Applying Kirchhoff’s voltage law to the emitter-side loop,
we get,

Vee = lg Re+ Ve

or - Vee —Vee e i
E- R ) )
=0V g7 mA Ry=15k Re=12ke
15kQ
lo=lg = 487mA I,

Applying Kirchhoff’s voltage law
to the collector-side loop, we have,

Vee = lIc R+ Vg

Veg = Vee—IcRe
=18V-487TmAx12kQ = 1216V

Fig. 8.13

8.9 Characteristics of Common Base Connection

The complete electrical behaviour of a transistor can be described by stating the interrelation of the
various currents and voltages. These relationships can be conveniently displayed graphically and the
curves thus obtained are known as the characteristics of transistor. The most important characteristics
of common base connection are input characteristics and output characteristics.

1. Input characteristic. It is the curve between emitter current | and emitter-base voltage
Vg at constant collector-base voltage V5. The
emitter current is generally taken along y-axis
and emitter-base voltage along X-axis. Fig. 8.14
shows the input characteristics of a typical tran- 3.07
sistor in CB arrangement . The following points
may be noted from these characteristics :

I; (mA)

A

0
W
1

(i) The emitter current I increases rapidly
with small increase in emitter-base voltage V.
It means that input resistance is very small.

(i) The emitter current is almost

EMITTER CURRENT
o
1

1.0-
independent of collector-base voltage V5. This
leads to the conclusion that emitter current (and 0.5
hence collector current) is almost independent
1 1 1 1 1 ; V (mv)
of collector voltage. 0 10 20 30 40 50 B
Input resistance. 1t is the ratio of change EMITTER-BASE VOLTAGE

in emitter-base voltage (AVgg) to the resulting Fig. 8.14
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change in emitter current (Al ) at constant collector-base voltage (Vg) i.€.

AVge
Al
In fact, input resistance is the opposition offered to the signal current. As a very small Vg is
sufficient to produce a large flow of emitter current | ., therefore, input resistance is quite small, of the
order of a few ohms.

2. Output characteristic. It is the curve between collector current | -and collector-base volt-
age Vg at *constant emitter current I .. Generally, collector current is taken along y-axis and collec-
tor-base voltage along X-axis. Fig. 8.15 shows the output characteristics of a typical transistor in CB
arrangement.

Input resistance, I; = at constant Vg

The following points may be noted

from the characteristics : I (mA)
(i) The collector current | varies 1
with Vg only at very low voltages (<1V). ST [p=5mA
The transistor is never operated in this re- &
. o 4 I,=4 mA
gion. c E
)
(i) When the value of Vg is raised ::) 3 [p=3mA
above 1 — 2V, the collector current be- o
o . 5 21 I,=2mA
comes constant as indicated by straight & " E
. . -
horizontal curves. It means thatnow Iois 3 14 I,=1mA
; o
independent of V5 and depends upon I I=0mA

only. This is consistent with the theory that
the emitter current flows almost entirely to
the collector terminal. The transistor is
always operated in this region.

0 » Vp (VOLTS)
COLLECTOR-BASE VOLTAGE

Fig. 8.15

(iif) A very large change in collector-base voltage produces only a tiny change in collector cur-
rent. This means that output resistance is very high.

Output resistance. It is the ratio of change in collector-base voltage (AVg) to the resulting
change in collector current (Al o) at constant emitter current i.€.

AVeg
Al

The output resistance of CB circuit is very high, of the order of several tens of kilo-ohms. This is
not surprising because the collector current changes very slightly with the change in V.

Output resistance, r, = at constant |

8.10 Common Emitter Connection

In this circuit arrangement, input is applied between base and emitter and output is taken from the
collector and emitter. Here, emitter of the transistor is common to both input and output circuits and
hence the name common emitter connection. Fig. 8.16 (i) shows common emitter npn transistor
circuit whereas Fig. 8.16 (ii) shows common emitter pnp transistor circuit.

* I has to be kept constant because any change in | will produce corresponding change in | .. Here, we are
interested to see how Vg influences I ..
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OUTPUT

SIGNAL

Il
Vi Vee Ve Vee
0) (i)
Fig. 8.16

1. Basecurrent amplification factor (). In common emitter connection, input current is | g
and output current is | ..

The ratio of change in collector current (Al ) to the change in base current (Alg) is known as
base current amplification factor i.e.

g - Al
Alg

In almost any transistor, less than 5% of emitter current flows as the base current. Therefore, the
value of B is generally greater than 20. Usually, its value ranges from 20 to 500. This type of
connection is frequently used as it gives appreciable current gain as well as voltage gain.

Relation between B and a.. A simple relation exists between 3 and o.. This can be derived as
follows :

vl (i
b= 3 )
Al "
=—= (i
a -3 (il
Now g =lg + 1¢
or Alg = Alg+ Al
or Alg = Alg - Al
Substituting the value of A I in exp. (i), we get,
Al
= — (i
B Alg — Al (i
Dividing the numerator and denominator of R.H.S. of exp. (iii) by Al, we get,
g - Mc/Me _ [Q a=Alc]
Al _Alg " T-a Nle
Alg Al
o
B = 1-o

It is clear that as o approaches unity, B approaches infinity. In other words, the current gain in
common emitter connection is very high. It is due to this reason that this circuit arrangement is used
in about 90 to 95 percent of all transistor applications.

* If d.c. values are considered, B =1./lg.
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2. Expression for collector current. In common emitter circuit, I is the input current and |
is the output current.

Weknow I = Ig+I¢ (1)
and lc = olgtlego ()
From exp. (ii), we get, lc = olgtlegy = allg+lo) +legg
or lc(I-0) = alg+leg
- o 1
or IC = mIB + mICBO ...(|||)

From exp. (iii), it is apparent that if | ;= 0 (i.€. base circuit is open), the collector current will be
the current to the emitter. This is abbreviated as | -5, meaning collector-emitter current with base open.

SR B
CEO 1—ao CBO

Substituting the value of ﬁ lcgo = lego in exp. (iii), we get,

o

lc —a lg + lceo

__o
or le = Blg * lego (Qﬁ—m]

Concept of | .co. In CE configuration, a small collector current flows even when the base
current is zero [See Fig. 8.17 (i)]. This is the collector cut off current (i.e. the collector current that
flows when base is open) and is denoted by | -z, The value of | - is much larger than | g,

lepo Blg+Icgo

<

Re

— Vee
B+ Dig+1Irgo I

BASE OPEN (¢

—= Ve
Iego I

1"

©) (i)

u|||—.

Fig. 8.17
When the base voltage is applied as shown in Fig. 8.17 (ii), then the various currents are :
Base current = Iy
Collector current = Blg + lgo
Emitter current = Collector current + Base current

= Blgtleee) tlg = B+ Ig+Ileo
It may be noted here that :

1 L
lceo = T—a lcgo = B+ 1) lgo [Q1_a - B+1:|

8.11. Measurement of Leakage Current

A very small leakage current flows in all transistor circuits. However, in most cases, it is quite small
and can be neglected.

(i) Circuit for | o test. Fig. 8.18 shows the circuit for measuring | . Since base is open
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(Ig=0), the transistor is in cut off. Ideally, | - = 0 but actually there is a small current from collector to
emitter due to minority carriers. It is called | g5 (collector-to-emitter current with base open). This
current is usually in the nA range for silicon. A faulty transistor will often have excessive leakage
current.

R- Rc

Icgo Iepo

B Vee EVCC
7
Icpo Iepo
Fig. 8.18 Fig. 8.19

(if) Circuit for | 5 test. Fig. 8.19 shows the circuit for measuring | 5. Since the emitter is
open (I = 0), there is a small current from collector to base. This is called | 55 (collector-to-base
current with emitter open). This current is due to the movement of minority carriers across base-
collector junction. The value of | .54 is also small. If in measurement, | -5 is excessive, then there is
a possibility that collector-base is shorted.

Example 8.8. Find the value of Bif (i) oo = 0.9 (ii) ov= 0.98 (iii) or = 0.99.

: : 0.9
lution. = 9« _ Y _g
Solution. (i) B - 1090
. o 0.98
= — = = 49
(i) B - 1-0.98
(iii) p = % = 99 _ g

-« 1-0.99
Example 8.9. Calculate I in atransistor for which 3 = 50 and I = 20 pA.

Solution. Here B = 50, Ig = 20pA = 0.02mA
I
Now B = <
lg
lc = Blg =50x0.02 = 1mA
Using the relation, Iz = Ig+Il, = 0.02+1 = 1.02mA

Example 8.10. Find the o rating of the transistor shown in
Fig. 8.20. Hence determine the value of | using both o and S
rating of the transistor.

Solution. Fig. 8.20 shows the conditions of the problem. Iy =240 A

- B _ 49 _ o
1+ 1+49

The value of | can be found by using either o or B rating as
under :

p=49

I;=12mA

lc = olg = 0.98(12mA) = 11.76 mA
Also g = Blg = 49 (240 pA) = 11.76 mA Fig. 8.20
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Example 8.11. For atransistor, B = 45 and voltage
drop across 1kQ which is connected in the collector circuit
is1volt. Find the base current for common emitter connec-
tion.

Solution. Fig. 8.21 shows the required common emit-
ter connection. The voltage drop across R (= 1 kQ) is 1volt.

le = —oe =1mA

Now B ==

_ e 1 _
lg B 0.022 mA
Example 8.12. A transistor is connected in com-
mon emitter (CE) configuration inwhich collector sup-
ply is 8V and the voltage drop across resistance R-
connected in the collector circuit is 0.5V. The value of
Rc =800 Q. If oo = 0.96, determine :

(i) collector-emitter voltage
(i) base current

Solution. Fig. 8.22 shows the required common
emitter connection with various values.

~
AAQ

R=800Q

O,
n
<

CE

—

i
Vee=8V

(i) Collector-emitter voltage,
Veg = V=05 =8-05 =75V
(ii) The voltage drop across R-(=800Q)is 0.5 V. Fig. 8.22
05V 5

le = -2 =2 mA=0.625mA
800Q ~ 8

Now p= & - 096 _ oy

Base current, Ig = le 0625 _ 0.026 mA

Example8.13. Ann-p-ntransistor at roomtemperature hasitsemitter disconnected. A voltage
of 5V isapplied between collector and base. With collector positive, a current of 0.2 pA flows. When
the baseis disconnected and the same voltageis applied between collector and emitter, thecurrentis
found to be 20 pA. Find o, I and I ; when collector current is ImA.

E B C E B C
n P n n P n
4 [CBO A 4 4+ ICEO
\ 4 OPEN
1 1|
OPEN sV
Q) (ii)

Fig. 8.23
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Solution. When the emitter circuit is open [See Fig. 8.23 (i)], the collector-base junction is
reverse biased. A small leakage current | .54 flows due to minority carriers.

lcgo = 0.2 pA ...given
When base is open [See Fig. 8.23 (ii)], a small leakage current | . flows due to minority carriers.
lcego = 20 pA ...given
lceo
We know lceo = T—o
or 20 = 92
I-o
o = 099
Now lc = algtlegg
Here lc = ImA = 1000 pA; o0 = 0.99;15p = 0.2 pA
: 1000 = 0.99x1.+0.2
or I = 1000=02 _ 4910n
0.99
and lg = lg=1c = 1010-1000 = 10 pA

Example8.14. The collector leakage currentinatransistor is300 A in CE arrangement. If now
the transistor is connected in CB arrangement, what will be the leakage current? Given that 8 = 120.

Solution. lceo = 300 uA

B =12 ; o= = =0.992

| ceo
1-o

. lego = (1 —0) lggg = (1-0.992) x 300 = 2.4 pA

Note that leakage current in CE arrangement (i.€. | ) is much more than in CB arrangement
(i.elego)-

Example 8.15. For acertain transistor, I = 20 uA; 1. = 2mA and = 80. Calculate | g

Solution.

Now, lepo =

lc = Blg+lceo
or 2 = 80%0.02+ e
logo = 280 x 0.02 = 0.4 mA

_ B __8 _
Now o = B+1 80 +1 =0.988

lego = (1— ) Iggo = (1—0.988) x 0.4 = 0.0048 MA

Example 8.16. Using diagrams, explain the correctness of the relation | .. = (8 + 1) | go-
Solution. The leakage current | .4 is the current that flows through the base-collector junction
when emitter is open as shown is Fig. 8.24. When the transistor is in CE arrangement, the *base
current (i.€. | ogo) is multiplied by B in the collector as shown in Fig. 8.25.
’ lceo = logo T Bleso=(B+ 1) Iego

*  The current | o5 is amplified because it is forced to flow across the base-emitter junction.
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VR

EMITTER G\q R
OPEN o e

Vee
Fig. 8.24 Fig. 8.25

Example8.17 Determine Vg inthetransistor * circuit shownin Fig. 8.26 (i). Thetransistor is
of silicon and has 8 = 150.

— Vpp=5V
= BB IE

(i)
Fig. 8.26
Solution. Fig. 8.26 (i) shows the transistor circuit while Fig. 8.26 (ii) shows the various currents
and voltages along with polarities.
Applying Kirchhoff’s voltage law to base-emitter loop, we have,
Veg —lg Rg = Vge =0
Vgg ~Vege 5V -0.7V

- le = Blg= (150)(430 HA) = 64.5 mA
Now Vee = Ve IcRe

10V —(64.5 mA) (100Q2) = 10V — 6.45V =3.55V
We know that: Vg = Vg+ Vge
. Veg = Veg— Vge =3.55-0.7=2.85V
Example8.18. Inatransistor, I; = 68 uA, I = 30 mA and 8 = 440. Determine the o rating of
the transistor. Then determine the value of | - using both the o rating and f3 rating of the transistor.
Solution.

B __440
B+1 440+1

* The resistor Ry controls the base current |5 and hence collector current | ( = Blg). If Ry is increased, the
base current (I5) decreases and hence collector current (I ) will decrease and vice-versa.

=0.9977

o =
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lc = alz=(0.9977) (30 mA) = 29.93 mA
Also lc = Blg=(440) (68 uA) = 29.93 mA
Example 8.19. A transistor has the following ratings : I sy = 500 mA and ., = 300.
Determine the maximum allowable value of | for the device.
Solution.

| - lc (max) _ 500 mA
B (max) B rex 300
For this transistor, if the base current is allowed to exceed 1.67 mA, the collector current will
exceed its maximum rating of 500 mA and the transistor will probably be destroyed.

Example 8.20. Fig. 8.27 showsthe open circuit failuresin a transistor. What will be the circuit
behaviour in each case ?

=167 mA

+12V +12V +12V
+12V T +12V T
T N [ N
R, R,
VC VC
() . (i) . (iii)
Fig. 8.27

Solution. *Fig 8.27 shows the open circuit failures in a transistor. We shall discuss the circuit
behaviour in each case.

(i) Openemitter. Fig. 8.27 (i) shows an open emitter failure in a transistor. Since the collector
diode is not forward biased, it is OFF and there can be neither collector current nor base current.
Therefore, there will be no voltage drops across either resistor and the voltage at the base and at the
collector leads of the transistor will be 12V.

(if) Open-base. Fig. 8.27 (ii) shows an open base failure in a transistor. Since the base is open,
there can be no base current so that the transistor is in cut-off. Therefore, all the transistor currents are
0A. In this case, the base and collector voltages will both be at 12V.

Note. It may be noted that an open failure at either the base or emitter will produce similar
results.

(i) Open collector. Fig. 8.27 (iii) shows an open collector failure in a transistor. In this case,
the emitter diode is still ON, so we expect to see 0.7V at the base. However, we will see 12V at the
collector because there is no collector current.

Example 8.21. Fig. 8.28 showsthe short circuit failuresin a transistor. What will be the circuit
behaviour in each case ?

The collector resistor R controls the collector voltage V- (= Vo — | cR:). When R increases, V decreases
and vice-versa.
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+12V +12V +12V
+12V +12V +12V

Rp Rp

o

Solution. Fig. 8.28 shows the short circuit failures in a transistor. We shall discuss the circuit
behaviour in each case.

(i) Collector-emitter short. Fig. 8.28 (i) shows a short between collector and emitter. The
emitter diode is still forward biased, so we expect to see 0.7V at the base. Since the collector is
shorted to the emitter, V. = V= 0V.

(i) Base-emitter short. Fig 8.28 (ii) shows a short between base and emitter. Since the base is
now directly connected to ground, Vg = 0. Therefore, the current through Ry will be diverted to
ground and there is no current to forward bias the emitter diode. As a result, the transistor will be cut-
off and there is no collector current. So we will expect the collector voltage to be 12V.

(i) Collector-base short. Fig. 8.28 (iii) shows a short between the collector and the base. In
this case, the emitter diode is still forward biased so V3= 0.7V. Now, however, because the collector
is shorted to the base, Vo= Vg =0.7V.

Note. The collector-emitter short is probably the most common type of fault in a transistor. It is
because the collector current (I ) and collector-emitter voltage (V) are responsible for the major
part of the power dissipation in the transistor. As we shall see (See Art. 8.23), the power dissipation in
a transistor is mainly due to |- and Vg (i.e. Py = V¢ | o). Therefore, the transistor chip between the
collector and the emitter is most likely to melt first.

(ii) (iii)
Fig. 8.28

8.12 Characteristics of Common Emitter Connection

The important characteristics of this circuit arrangement are the input characteristics and output
characteristics.
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1. Input characteristic. Itisthe curve between base current |; and base-emitter voltage Vg
at constant collector-emitter voltage V.

The input characteristics of a CE connection can be determined by the circuit shown in Fig. 8.29.
Keeping V¢ constant (say at 10 V), note the base current I for various values of Vge. Then plot the
readings obtained on the graph, taking |5 along y-
axis and V¢ along x-axis. This gives the input char- g (HA)
acteristic at Vo = 10V as shown in Fig. 8.30. Fol- 4
lowing a similar procedure, a family of input charac- 4]
teristics can be drawn. The following points may be
noted from the characteristics : 3

(i) The characteristic resembles that of a for-
ward biased diode curve. This is expected since the
base-emitter section of transistor is a diode and it is
forward biased.

(i) As compared to CB arrangement, Ig
increases less rapidly with V. Therefore, input
resistance of a CE circuit is higher than that of CB
circuit. 0

Input resistance. It is the ratio of change in
base-emitter voltage (AVpp) to the change in base Fig. 8.30
current (Alg) at constant Vg i.e.

» Vi (VOLTS)

. AV
Input resistance, I; = TB at constant V¢
The value of input resistance for a CE circuit is of the order of a few hundred ohms.

2. Output characteristic. It isthe curve between collector current |- and collector-emitter
voltage V¢ at constant base current | 5.

The output characteristics of a CE circuit can be drawn with the help of the circuit shown in Fig.
8.29. Keeping the base current | fixed at some value say, 5 nA, note the collector current | for
various values of Vz. Then plot the readings on a graph, taking | - along y-axis and V¢ along X-axis.
This gives the output characteristic at ;=5 pA as shown in Fig. 8.31 (i). The test can be repeated for
Ig = 10 pA to obtain the new output characteristic as shown in Fig. 8.31 (ii). Following similar
procedure, a family of output characteristics can be drawn as shown in Fig. 8.31 (iii).

Ic Ic Ic
A A A
4mA- Ip =20 pA
3mA- Ig=15pA
anee
Vinee pea L - Iy = 10uA 2mA-] Iy=10 pA
ImaA | ¥ fB=HA . ImA- [;=5pA
1 |
| | B B
0 1V > Ver 0 1v > Ver 0 e
(i) (i7) (iii)
Fig. 8.31

The following points may be noted from the characteristics:

(i) The collector current | - varies with V- for Vo between 0 and 1V only. After this, collector
current becomes almost constant and independent of V. This value of V¢ upto which collector
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current | - changes with V¢ is called the knee voltage (,..). Thetransistorsarealwaysoperatedin
the region above knee voltage.

(i) Above knee voltage, |- is almost constant. However, a small increase in | o with increasing
Vg is caused by the collector depletion layer getting wider and capturing a few more majority carri-
ers before electron-hole combinations occur in the base area.

(iif) For any value of V¢ above knee voltage, the collector current |- is approximately equal to
Bxlg.
Output resistance. Itis the ratio of change in collector-emitter voltage (AVp) to the change in
collector current (Al ) at constant | 5 i.e.
AV
Al
It may be noted that whereas the output characteristics of CB circuit are horizontal, they have

noticeable slope for the CE circuit. Therefore, the output resistance of a CE circuit is less than that of
CB circuit. Its value is of the order of 50 kQ.

Output resistance, r, = at constant |

8.13 Common Collector Connection

In this circuit arrangement, input is applied between base and collector while output is taken between
the emitter and collector. Here, collector of the transistor is common to both input and output circuits
and hence the name common collector connection. Fig. 8.32 (i) shows common collector hpn transis-
tor circuit whereas Fig. 8.32 (ii) shows common collector pnp circuit.

OUTPUT OUTPUT

SIGNAL ! SIGNAL

(@) (1)
Fig. 8.32
(i) Current amplification factor y. In common collector circuit, input current is the base
current | g and output current is the emitter current | . Therefore, current amplification in this circuit
arrangement can be defined as under :
The ratio of change in emitter current (Alg) to the change in base current (Alg) is known as
current amplification factor in common collector (CC) arrangement i.e.
_ Al
YT Al
This circuit provides about the same current gain as the common emitter circuit as Alg = Al ..
However, its voltage gain is always less than 1.
Relation between yand o
_ Mg |
V= 0)
Al "
o Al ..(ih)
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Substituting the value of Alg in exp. (i), we get,

(i) Expression for collector current
We know

Also

or

e = Igt+le
Alg = Alg+Alg
Alg = Alg—-Alg
Al
V= e
Alg — Al
Dividing the numerator and denominator of R.H.S. by Al, we get,
Al
Al 1
Y = E— =
Al Al " 1-a
Alg  Alg
v I-o
lc = alg+leo
lg = lgFlec = lg + (alg+lcpo)
le(l-0) = lg+leo
| = ls lcBo
E l-o  1-o
lc ; lg = *B+DIg+PB+1) 1o

or

® 163

Al
Qa =&
oo 5]

(See Art. 8.8)

(iii) Applications. The common collector circuit has very high input resistance (about 750 k)
and very low output resistance (about 25 Q). Due to this reason, the voltage gain provided by this
circuit is always less than 1. Therefore, this circuit arrangement is seldom used for amplification.
However, due to relatively high input resistance and low output resistance, this circuit is primarily
used for impedance matching i.e. for driving a low impedance load from a high impedance source.

8.14 Comparison of Transistor Connections

The comparison of various characteristics of the three connections is given below in the tabular

form.
S. No. | Characteristic Common base Common emitter ~ [Common collector
1. Input resistance Low (about 100 Q) | Low (about 750 Q) |Very high (about
750 kQ)

2. Output resistance | Very high (about High (about 45 kQ) |Low (about 50 Q)
450 kQ)

3. Voltage gain about 150 about 500 less than 1

4. Applications For high frequency For audio frequency |For impedance
applications applications matching

5. Current gain No (less than 1) High (B) Appreciable

The following points are worth noting about transistor arrangements :

B+1

I—o -
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(i) CB Circuit. The input resistance (r;) of CB circuit is low because I is high. The output
resistance (I ) is high because of reverse voltage at the collector. It has no current gain (o < 1) but
voltage gain can be high. The CB circuit is seldom used. The only advantage of CB circuit is that it
provides good stability against increase in temperature.

(i) CE Circuit. The input resistance (r;) of a CE circuit is high because of small | ;. Therefore,
r; for a CE circuit is much higher than that of CB circuit. The output resistance (r,) of CE circuit is
smaller than that of CB circuit. The current gain of CE circuit is large because | is much larger than
Ig. The voltage gain of CE circuit is larger than that of CB circuit. The CE circuit is generally used
because it has the best combination of voltage gain and current gain. The disadvantage of CE circuit
is that the leakage current is amplified in the circuit, but bias stabilisation methods can be used.

(iif) CC Circuit. The input resistance (r;) and output resistance (r,) of CC circuit are respec-
tively high and low as compared to other circuits. There is no voltage gain (A, < 1) in a CC circuit.
This circuit is often used for impedance matching.

8.15 Commonly Used Transistor Connection

Out of the three transistor connections, the common emitter circuit is the most efficient. It is used in
about 90 to 95 per cent of all transistor applications. The main reasons for the widespread use of this
circuit arrangement are :

(i) Highcurrent gain. In a common emitter connection, | is the output current and I is the

input current. In this circuit arrangement, collector current is given by :
lc = Blgtleeo

As the value of B is very large, therefore, the output current |- is much more than the input
current |5. Hence, the current gain in CE arrangement is very high. It may range from 20 to 500.

(if) Highvoltageand power gain. Due to high current gain, the common emitter circuit has the
highest voltage and power gain of three transistor connections. This is the major reason for using the
transistor in this circuit arrangement.

(i) Moderate output to input impedance ratio. In a common emitter circuit, the ratio of
output impedance to input impedance is small (about 50). This makes this circuit arrangement an
ideal one for coupling between various transistor stages. However, in other connections, the ratio of
output impedance to input impedance is very large and hence coupling becomes highly inefficient
due to gross mismatching.

8.16 Transistor as an Amplifier in CE Arrangement

Fig. 8.33 shows the common emitter npn amplifier circuit. Note that a battery Vg is connected in the
input circuit in addition to the signal voltage. This d.c. voltage is known as bias voltage and its
magnitude is such that it always keeps the emitter-base junction forward *biased regardless of the
polarity of the signal source.

Operation. During the positive half-cycle of the **signal, the forward bias across the emitter-base
junction is increased. Therefore, more electrons flow from the emitter to the collector via the base.
This causes an increase in collector current. The increased collector current produces a greater
voltage drop across the collector load resistance R.. However, during the negative half-cycle of the

If d.c. bias voltage is not provided, then during negative half-cycle of the signal, the emitter-base junction
will be reverse biased. This will upset the transistor action.

** Throughout the book, we shall use sine wave signals because these are convenient for testing amplifiers.
But it must be realised that signals (e.9. speech, music etc.) with which we work are generally complex
having little resemblance to a sine wave. However, fourier series analysis tells us that such complex
signals may be expressed as a sum of sine waves of various frequencies.
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signal, the forward bias across emitter-base junction is decreased. Therefore, collector current de-
creases. This results in the decreased output voltage (in the opposite direction). Hence, an amplified
output is obtained across the load.

Ic

i,  SIGNAL
R ZOUTPUT

i
VBB VCC

Fig. 8.33 Fig. 8.34

Analysis of collector currents. When no signal is applied, the input circuit is forward biased
by the battery Vgg. Therefore, a d.c. collector current | - flows in the collector circuit. This is called
zero signal collector current. When the signal voltage is applied, the forward bias on the emitter-
base junction increases or decreases depending upon whether the signal is positive or negative.
During the positive half-cycle of the signal, the forward bias on emitter-base junction is increased,
causing total collector current i to increase. Reverse will happen for the negative half-cycle of the
signal.

Fig. 8.34 shows the graph of total collector current i - versus time. From the graph, it is clear that
total collector current consists of two components, namely ;

(i) The d.c. collector current |- (zero signal collector current) due to bias battery Vgg. This is
the current that flows in the collector in the absence of signal.

(ii) The a.c. collector current i due to signal.

Total collector current, ic = i + I

The useful output is the voltage drop across collector load R due to the a.c. component i, The
purpose of zero signal collector current is to ensure that the emitter-base junction is forward biased at
all times. The table below gives the symbols usually employed for currents and voltages in transistor
applications.

S.No. | Particular I nstantaneous a.c. d.c. Total
L. Emitter current ie I= i
2. Collector current i I ic
3. Base current iy Ig ig
4. Collector-emitter voltage Vee Vee Vee
5. Emitter-base voltage Vep Veg Veg

8.17 Transistor Load Line Analysis

In the transistor circuit analysis, it is generally required to determine the collector current for various
collector-emitter voltages. One of the methods can be used to plot the output characteristics and
determine the collector current at any desired collector-emitter voltage. However, a more convenient
method, known as load line method can be used to solve such problems. As explained later in this
section, this method is quite easy and is frequently used in the analysis of transistor applications.
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d.c.load line. Consider a common emitter npn transistor circuit shown in Fig. 8.35 (i) where no
signal is applied. Therefore, d.c. conditions prevail in the circuit. The output characteristics of this
circuit are shown in Fig. 8.35 (ii).

The value of collector-emitter voltage V¢ at any time is given by ;

Vee = Vo IcRe (1)
I
c I, (mA)
h A
Vee LA
R
C
RC
NO J Ip=15pA
SIGNAL E I;=10pA
[ Ig=5pA
L - 1ull L > Vep (VOLTS)
VBB VCC VCC
(@) (i)

Fig. 8.35
As Vi and R are fixed values, therefore, it is a first degree equation and can be represented by
a straight line on the output characteristics. This is known as d.c. |load line and determines the locus
of Vg — | points for any given value of R.. To add load line, we need two end points of the straight
line. These two points can be located as under :
(i) When the collector current | - =0, then collector-emitter voltage is maximum and is equal to

Vecie
Max. Vg = Ve — IR
= Ve (- 1c=0)
This gives the first point B (OB = V) on the collector-emitter voltage axis as shown in
Fig. 8.35 (ii).
(ii) When collector-emitter voltage V¢ = 0, the collector current is maximum and is equal to
Vec/Reie
Vee = Vec—IcRe
or 0 = Vee—IcR: Le(mA)
Max. |c = Veo/Re

This gives the second point A(OA=V/R.) on
the collector current axis as shown in Fig. 8.35 (ii).
By joining these two points, d.c. *load line AB is
constructed.

Importance. The current (I ;) and voltage (V)
conditions in the transistor circuit are represented by
some point on the output characteristics. The same
information can be obtained from the load line. Thus
when | is maximum (= V- /Ry), then Ve = 0 as
shown in Fig. 8.36. If | =0, then V¢ is maximum

*  Why load line? The resistance R connected to the device is called load or load resistance for the circuit
and, therefore, the line we have just constructed is called the load line.
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and is equal to V.. For any other value of collector current say OC, the collector-emitter voltage V¢
= OD. It follows, therefore, that load line gives a far more convenient and direct solution to the
problem.

Note. If we plot the load line on the output characteristic of the transistor, we can investigate the behaviour
of'the transistor amplifier. It is because we have the transistor output current and voltage specified in the form of
load line equation and the transistor behaviour itself specified implicitly by the output characteristics.

8.18 Operating Point

The zero signal values of | - and V¢ are known as the oper ating point.

It is called operating point because the variations of |
and V. take place abogt this po.int when signal is applifeq. Itis ‘{ c
also called quiescent (silent) point or Q-point because it is the
point on | - — V¢ characteristic when the transistor is silent i.e.
in the absence of the signal.

Suppose in the absence of signal, the base current is 5
pA. Then I and V¢ conditions in the circuit must be repre-
sented by some point on Iz =5 uA characteristic. Butl.and pe¢-——--
Ve conditions in the circuit should also be represented by |
some point on the d.c. load line AB. The point Q where the [
load line and the characteristic intersect is the only point which o é 3 > Veg
satisfies both these conditions. Therefore, the point Q de-
scribes the actual state of affairs in the circuit in the zero
signal conditions and is called the operating point. Referring
to Fig. 8.37, for Ig =5 pA, the zero signal values are :

Vg = OC volts
lc = OD mA

It follows, therefore, that the zero signal values of |- and V¢ (i.e. operating point) are deter-
mined by the point where d.c. load line intersects the proper base current curve.

Example 8.22. For the circuit shown in Fig. 8.38 (i), draw the d.c. load line.

Solution. The collector-emitter voltage Vg is given by ;
Vee = Vee—IcRe ()
When |, = 0, then,
Veg = Ve = 125V
This locates the point B of the load line on the collector-emitter voltage axis.

Ie

5 mA &4

R

1

[ — E 1

>V
10} 125v ¢
Ve Vee=12.5V

U] (i)
Fig. 8.38
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When Vo = 0, then,
lc = Vo/Re = 125V/25kQ = 5mA

This locates the point A of the load line on the collector current axis. By joining these two points,
we get the d.c. load line AB as shown in Fig. 8.38 (ii).

Example8.23. Inthecircuit diagramshownin Fig. 8.39 (i), if V. = 12V and R, = 6 k€2, draw
thed.c. load line. What will be the Q point if zero signal base current is 20pA and = 50 ?

Solution. The collector-emitter voltage Vg is given by :

Vee = Vec—IeRe
When | =0, Vg = Ve = 12 V. This locates the point B of the load line. When V. =0,
lc=Vee/R.=12 V/6 kQ =2 mA. This locates the point A of the load line. By joining these two
points, load line AB is constructed as shown in Fig. 8.39 (ii).

Zero signal base current, |5 = 20 pA = 0.02 mA
Current amplification factor, B = 50
Zero signal collector current, I = Blg = 50x0.02 = 1 mA

R-=6kQ
NO SIGNAL 1 mA

|| l L
il
Vb Vee=12V 0

@)

»
. VCE

Fig. 8.39
Zero signal collector-emitter voltage is
Vg = Ve lcRe = 12-1mAXx6kQ =6V
Operating point is 6 V, L mA.
Fig. 8.39 (ii) shows the Q point. Its co-ordinates are | =1 mA and V=6 V.
Example 8.24. In a transistor circuit, collector load is 4 k2 whereas quiescent current (zero
signal collector current) is ImA.
(i) What isthe operating pointif V.= 10V ?
(ii) What will be the operating point if R. = 5 kQ ?

Solution. Vee = 10V, 1o = 1mA
0] When collector load R. = 4kQ, then,
Veg = Vee— IR = 10-1mAx4kQ =10-4 =6V
Operating point is 6 V, L mA.
(i) When collector load R. = 5kQ, then,
Vg = Ve lIcRe = 10-1mAx5kQ =10-5 =5V

Operating point is 5V, 1 mA.

Example8.25. Determinethe Q point of thetransistor circuit shownin Fig. 8.40. Also draw the
d.c. load line. Given 8= 200 and Vg = 0.7V.
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VCC
20V 39.6 mARF ——— =

||||
Q

i >V,
6.93V 20v @ CE

Fig 8.40 Fig. 8.41

Solution. The presence of resistor Ry in the base circuit should not disturb you because we can
apply Kirchhoff’s voltage law to find the value of I and hence | (= Blg). Referring to Fig. 8.40 and
applying Kirchhoff’s voltage law to base-emitter loop, we have,

Veg —lg Rg = Vge =0

Now le = Blg=(200)(198 PA) = 39.6 mA
Also Ver = Ve~ lcRe = 20V~ (39.6mA) (330 ©) = 20V — 13.07V = 6.93V

Therefore, the Q-point is |, = 39.6 MA and V¢ = 6.93V.
D.C.load line. In order to draw the d.c. load line, we need two end points.
Vee = Vee—IcRe
When | -=0, Vg =V = 20V. This locates the point B of the load line on the collector-emitter
voltage axis as shown in Fig. 8.41. When V£ =0, | = V/R-=20V/330€ = 60.6 mA. This locates

the point A of the load line on the collector current axis. By joining these two points, d.c. load line AB
is constructed as shown in Fig. 8.41.

Example 8.26. Determine the Q point of the transistor circuit shown in *Fig. 8.42. Also draw
thed.c. load line. Given = 100 and Vg = 0.7V.

+Vee + 10V

1.80 mA

Vg & - 10V
Fig. 8.42
The presence of two power supplies has an effect on the baisc equations for |- and V¢ used for single

power supply (i.€. Vc). Normally, the two supply voltages will be equal. For example, if Voo =+ 10V
(d.c.), then Vg =— 10V (d.c.).
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Solution. The transistor circuit shown in Fig. 8.42 may look complex but we can easily apply
Kirchhoff’s voltage law to find the various voltages and currents in the * circuit.

Applying Kirchhoff’s voltage law to the base-emitter loop, we have,
—lgRg—Vee—lgRe * Ve =0 or Vge=IgRg+1gRe+ Vge

Now Io=Blgand Io~Ic. .. Ig=Ig/p. Putting |5 = I/B in the above equation, we have,
le
Vee = (F] Rg Tl Re+ Vge
Re Vee —Vee
or le (?+ RE)—VEE—VBE or le = RyR,/B
. o VEE_VBE . 10V — 0.7V _ 93V —
Since le > e, le = Ro+Ry/B ~ 47kQ + 47 k100  5.17kQ  18MA

Applying Kirchhoff’s voltage law to the collector side, we have,
Vec—lcRe=Vee—lg Re+ Ve =0
or Vee = Veet Vee— e (Re+ Re) Q@ le=lo)
= 10V + 10V - 1.8 mA (1 kQ + 4.7 kQ)=9.74V
Therefore, the operating point of the circuit is | = 1.8 mMA and V¢ = 9.74V.
D.C.load line. The d.c. load line can be constructed as under :
Vee = Vet Vee—lc Re+ Re)
When | .=0; Ve = Ve + Ve = 10V + 10V = 20V. This locates the first point B (OB =20V) of
the load line on the collector-emitter voltage axis. When V=0,

Vec +Vee _ 1V +I0V 20V
Re+R:  1kQ+47kQ  57kQ

This locates the second point A (OA=3.51 mA) of the load line on the collector current axis. By
joining points A and B, d.c. load line AB is constructed as shown in Fig. 8.43.

Example8.27. Inthe above example, find (i) emitter voltagew.r.t. ground (ii) base voltage w.r.t.
ground (iii) collector voltage w.r.t. ground.

=351 mA

lc =

+ Vee

"|||4_Q<

* The emitter resistor R provides stabilisation of Q-point (See Art. 9.12).
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Solution. Refer to Fig. 8.44.
(i) The emitter voltage w.r.t. ground is
Ve=—VgtIeRe=—10V+ 1.8 mA x4.7kQ =—-154V
(if) The base voltage w.r.t. ground is
Vg =Vg+ Vge =10V +0.7V =10.7V
(iii) The collector voltage w.r.t. ground is
Ve=Vee—lIcRe=10V - 1.8 mA x 1 kQ =8.2V

8.19 Practical Way of Drawing CE Circuit

The common emitter circuits drawn so far can be shown in another convenient way. Fig. 8.45 shows
the practical way of drawing CE circuit. In Fig. 8.45 (i), the practical way of drawing common
emitter Npn circuit is shown. Similarly, Fig. 8.45 (ii) shows the practical way of drawing common
emitter pnp circuit. In our further discussion, we shall often use this scheme of presentation.

+Vec -Vee

©)

Fig. 8.45
8.20 Output from Transistor Amplifier

A transistor raises the strength of a weak signal and thus acts as
an amplifier. Fig. 8.46 shows the common emitter amplifier.
There are two ways of taking output from this transistor con-
nection. The output can be taken either across R or across
terminals 1 and 2. In either case, the magnitude of output is the
same. This is clear from the following discussion :

(i) First method. We can take the output directly by
putting a load resistance R in the collector circuit i.e.

Output = voltage across R = i. R: () g1GNAL )
1
This method of taking output from collector load is used T E
only in single stage of amplification. 3
(if) Second method. The output can also be taken across Fig. 8.46
terminals 1 and 2 i.e. from collector and emitter end of supply.
Output = Voltage across terminals 1 and 2
= Vec—icRe

As Vi is a direct voltage and cannot pass through capacitor C, therefore, only varying voltage
i, Re will appear across terminals 1 and 2.

Output = —i R; ()
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From exps. (i) and (ii), it is clear that magnitude of output is the same whether we take output
across collector load or terminals 1 and 2. The minus sign in exp. (ii) simply indicates the phase
reversal. The second method of taking output is used in multistages of amplification.

8.21 Performance of Transistor Amplifier

The performance of a transistor amplifier depends upon input resistance, output resistance, effective
collector load, current gain, voltage gain and power gain. As common emitter connection is univer-
sally adopted, therefore, we shall explain these terms with reference to this mode of connection.

(i) Input resistance. It is the ratio of small change in base-emitter voltage (AVgg) to the
resulting change in base current (Al ) at constant collector-emitter voltagei.e.
AVge
Alg

The value of input resistance is quite small because the input circuit is always forward biased. It
ranges from 500 Q for small low powered transistors to as low as 5 Q for high powered transistors. In
fact, input resistance is the opposition offered by the base-emitter junction to the signal flow. Fig.
8.47 shows the general form of an amplifier. The input voltage Vg causes an input current .

AVee _ Vee
Alg Ig
Thus if the input resistance of an amplifier is 500 Q and the sig-
nal voltage at any instant is 1 V, then,

Input resistance, R =

Input resistance, R =

1V
500 Q

(il) Output resistance. It isthe ratio of change in collector- Var R.
emitter voltage (AVg) to the resulting change in collector current & "

(Alo) at constant base current i.e.

Base current, iy, = = 2mA

g
I
|

Avi AMPLIFIER
Al

The output characteristics reveal that collector current changes
very slightly with the change in collector-emitter voltage. Therefore,
output resistance of a transistor amplifier is very high— of the order of several hundred kilo-ohms.
The physical explanation of high output resistance is that collector-base junction is reverse biased.

(i) Effectivecollector load. Itisthetotal load as seen by the a.c. collector current.

In case of single stage amplifiers, the effective collector load is a parallel combination of R~ and
Ry as shown in Fig. 8.48 (i).

Effective collector load, Ry

Output resistance, Ry =
Fig. 8.47

Re I Ro
RxRy _ .
RAR C

It follows, therefore, that for a single stage amplifier, effective load is equal to collector load R...

However, in a multistage amplifier (i.e. having more than one amplification stage), the input
resistance R, of the next stage also comes into picture as shown in Fig. 8.48 (ii). Therefore, effective
collector load becomes parallel combination of R, Ryand R, i.e.

Effective collector load, Ry = R [| Ry || R

* As output resistance Ry is several times R, therefore, R can be neglected as compared to Ry,

_ RexRo _
RAC RO RC
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- RIR = £
Re+R
As input resistance R, is quite small (25 Q to 500 Q), therefore, effective load is reduced.
(iv) Current gain. It isthe ratio of change in collector current (Al.) to the change in base
current (Alg) i.e.
Alg
Alg
The value of 3 ranges from 20 to 500. The current gain indicates that input current becomes 3
times in the collector circuit.

Current gain, § =

+Vee +Vee

RC % RC :
i H | i
; o
: P
1 H : 1
|
Ry Ry : R;
|
i N
H [
H |
T

SINGLE STAGE le—— FIRST STAGE—»}«SECOND STAGE

TWO STAGE
@ (i)
Fig. 8.48

(v) Voltage gain. It is the ratio of change in output voltage (AV) to the change in input
voltage (AVgp) i.e.
AV

AVge

Change in output current X effective load
Change in input current X input resistance

MlcxRye _ Ale R _ g Rac

Voltage gain, A,

= —= % = = X
Alg xR Alg R b R
. _ . _ RexR . .
For single stage, R, = R.. However, for multistage, Ry RO+ R where R is the input

resistance of the next stage.
(vi) Power gain. Itistheratio of output signal power to the input signal power i.e.

(Al xRy (Al Ao xRy
(Alg)* xR Alg | AlgxR

Current gain X Voltage gain

Power gain, A,

Example 8.28. A change of 200 mV in base-emitter voltage causes a change of 100 pA in the
base current. Find the input resistance of the transistor.

Solution. Change in base-emitter voltage is

*  R:||Ry = R asalready explained.
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AVge = 200mV
Change in base current, Al; = 100 pA
AV,
Input resistance, R, = AIBBE = fg(()) :TX = 2kQ

Example 8.29. If the collector current changes from 2 mA to 3mA in a transistor when collec-
tor-emitter voltage isincreased from 2V to 10V, what is the output resistance ?
Solution. Change in collector-emitter voltage is
AVgg = 10-2 =8V
Change in collector currentis Al = 3-2 = 1mA
AVe 8V
—== = —— = 8kQ
Al 1 mA
Example 8.30. For asingle stage transistor amplifier, the collector load is R = 2k2 and the
input resistance R = 1k<. If the current gain is 50, calculate the voltage gain of the amplifier.
Solution.  Collector load, R, = 2kQ

Input resistance, R = 1 kQ

Output resistance, Ry =

Current gain, § = 50
R
Voltage gain, A, = PX % = Bx% [ For single stage, Ry, = R]
= 50x(2/1)=100

8.22 Cut off and Saturation Points
Fig. 8.49 (i) shows CE transistor circuit while Fig. 8.49 (ii) shows the output characteristcs along with

the d.c. load line.

(i) Cut off. The point where the load line intersects the |z =0 curve is known as cut off. At this
point, | ;=0 and only small collector current (i.€. collector leakage current | ) exists. At cut off, the
base-emitter junction no longer remains forward biased and normal transistor action is lost. The
collector-emitter voltage is nearly equal to V. i.e.

Vee (cutoffy — Vee

IB = IB (sat)

l
/ | \/ CUT OFF
: \ 1;=0
|
. » Vg (VOLTS)

VCE (san) = anee

(i)

Fig. 8.49

(if) Saturation. The point where the load line intersects the |5 = g o) curve is called saturation.
At this point, the base current is maximum and so is the collector current. At saturation, collector-
base junction no longer remains reverse biased and normal transistor action is lost.
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V,
le () = % 5 Vee = Ve = Viee

If base current is greater than | g o), then collector current cannot increase because collector-base
junction is no longer reverse-biased.

(i) Activeregion. The region between cut off and saturation is known as activeregion. In the
active region, collector-base junction remains reverse biased while base-emitter junction remains
forward biased. Consequgpntly, the transistor will function normally in this region.

Note. We provide biasing to the transistor to ensure that it operates in the active region. The reader may
find the detailed discussion on transistor biasing in the next chapter.

Summary. A transistor has two pnjunctions i.e, it is like two diodes. The junction between base
and emitter may be called emitter diode. The junction between base and collector may be called
collector diode. We have seen above that transistor can act in one of the three states : cut-off,
saturated and active. The state of a transistor is entirely determined by the states of the emitter diode
and collector diode [See Fig. 8.50]. The relations between the diode states and the C
transistor states are :

CUT-OFF :  Emitter diode and collector diode are OFF.

ACTIVE: Emitter diode is ON and collector diode is OFF. B

SATURATED : Emitter diode and collector diode are ON.

In the active state, collector current [See Fig 8.51 (i)] is B times the base cur-
rent (i.e. | o= Blg). If the transistor is cut-off, there is no base current, so there is no - E
collector or emitter current. That is collector emitter pathway is open [See Fig. 8.51 Fig. 8.50
(iD)]. In saturation, the collector and emitter are, in effect, shorted together. That is the transistor
behaves as though a switch has been closed between the collector and emitter [See Fig. 8.51 (iii)].

C C C
o o
1.=BI l 1.=0 l I-=I
I, l c=Plp I,=0 c~E
— — Open between Short (approximate)
B B o—— collector and Bo between collector
emitter and emitter
l 1,=0
o o
E E E
(i) ACTIVE (if) CUT-OFF (iii) SATURATED
Fig. 8.51

Note. When the transistor is in the active state, | = Blg. Therefore, a transistor acts as an
amplifier when operating in the active state. Amplification means linear amplification. In fact, small
signal amplifiers are the most common linear devices.

Example 8.31. Find | gy and Vg g o fOr the circuit shownin Fig. 8.52 (i).

Solution. As we decrease Rg, base current and hence collector current increases. The increased
collector current causes a greater voltage drop across Ry ; this decreases the collector-emitter voltage.
Eventually at some value of Ry, V¢ decreases to V.. At this point, collector-base junction is no
longer reverse biased and transistor action is lost. Consequently, further increase in collector current is
not possible. The transistor conducts maximum collector current ; we say the transistor is saturated.

— VCC_ anee — \@ — 20V
G Re R.  1kQ

Vinee 18 about 0.5 V for Ge transistor and about 1V for Si transistor. Consequently, V, . can be neglected
as compared to V. (= 20 V in this case).

= 20mA
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As we increase Rg, base current and hence collector current decreases. This decreases the volt-
age drop across R.. This increases the collector-emitter voltage. Eventually, when |5 =0, the emitter-

base junction is no longer forward biased and transistor action is lost. Consequently, further increase
in V¢ is not possible. In fact, Ve now equals to V.
Vee@io = Voo = 20V

+20V

20 mA

>V
20V cE
(@)
Fig. 8.52
d.c. load line.

Figure 8.52 (ii) shows the saturation and cut off points. Incidentally, they are end points of the

Note. The exact value of Vg g0ty = Voo — loeo Re- Since the collector leakage current | ogq is very small,
we can neglect | -z R as compared to V.

Example 8.32. Determine the values of Ve ) and | o for the circuit shown in Fig. 8.53.

Vee=+ 12V

.||||—o

Vigg=-12V
Fig. 8.53
Solution. Applying Kirchhoff’s voltage law to the collector side of the circuit in Fig. 8.53, we
have,

Vee—lc Re—Vee = Flc Re + Ve =0

Vee = Veet Vee—lc (Re+Rp)
Voltage across Rz = Iz Re. Since I = |, voltage across Re = I R
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We have Ve (o) When | = 0. Therefore, putting | =0 in eq. (i), we have,
Veeofy = Voot Vee=12+12=24V
We have | ¢ g When Ve =0.
Vee +Vee . (12+12)V
lcsan = R+ R (7150+1500)Q ~ 10-67MA

Example 8.33. Determine whether or not the transistor in Fig. 8.54 is in stauration. Assume
Vinee = 0.2V.

A 4

A

Fig. 8.54

Solution.

| B Vee = Vinee _ 10v-02v _ 9.8V 98 mA

C(at) — Re 1kQ TkQ —9-8m
Now we shall see if 5 is large enough to produce ¢ o).

VBB _VBE _ 3\/ - 07\/ _ 23V
Now IB = RB - 10 kQ - 10 kQ =0.23 mA
R lc = Blg=50%x023=11.5mA
This shows that with specified B, this base current (= 0.23 mA) is capable of producing | - greater
than | (sat)- Therefore, the transistor is saturated. In fact, the collector current value of 11. 5 mA is

never reached. If the base current value corresponding to | & is increased, the collector current
remains at the saturated value (= 9.8 mA).

Example 8.34. Isthetransistor in Fig. 8.55 operating in saturated state ?

Ic
R-=970Q
Ry I —
VWA > B =100 — Vee=10V
100 pA
Vap —- Ig

A
A 4

Fig. 8.55
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Solution.
lc = Blg=(100)(100 uA) = 10 mA
Vee = Ve IcRe
= 10V — (10 mA)(970Q2) = 0.3V
Let us relate the values found to the transistor shown in Fig. 8.56. @ -
As you can see, the value of Vg is 0.95V and the value of V. =0.3V. +

This leaves Vg of 0.65V (Note that Vi = Vg + Ve). In this case,

:
collector — base junction (i.e., collector diode) is forward biased as is 4(
the emitter-base junction (i.e., emitter diode). Therefore, the transistor 7 —

is operating in the saturation region. +
Note. When the transistor is in the saturated state, the base cur- @
rent and collector current are independent of each other. The base cur- B

rent is still (and always is) found only from the base circuit. The col-
lector current is found apporximately by closing the imaginary switch Fig. 8.56
between the collector and the emitter in the collector circuit.

Example8.35. For thecircuitin Fig. 8.57, find the base supply voltage (Vgg) that just putsthe
transistor into saturation. Assume 3 = 200.

Solution. When transistor first goes into saturation, we
can assume that the collector shorts to the emitter (i.€. V= 0)
but the collector current is still 3 times the base current.

| _ Vee =Vee _ Vee —0

+10V (Vee)

Vas

e Re Re
10V -0
The base current | g corresponding to | ) (=5 mA) is
| 5mA
Iy = C[(fa" =00 =0.025 mA

Applying Kirchhoff’s voltage law to the base circuit, we

have,
Veg—lgRg = Vge=0

or Ves = VeetlgRs
= 0.7V +0.025 mA x 50 kQ=0.7 +1.25=1.95V

Therefore, for Vg = 1.95, the transistor will be in saturation.

Example. 8.36. Determine the state of the transistor in Fig. 8.58 for the following values of
collector resistor :

(i) R-.=2kQ (ii) R, = 4k (iii) R, = 8kQ

Solution. Since | does not depend on the value of the collector resistor R, the emitter current
(Ip) is the same for all three parts.

Emitter voltage,Vg = Vg—Vge = Vgg — Vae
= 27V-0.7V=2V
Also I :V—E:A:2mA
E" R 1kQ
(i) When R. =2kQ. Suppose the transistor is active.
: lc = lg=2mA
lg = 1I/B=2mA/100=0.02 mA
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Collector voltage, Ve = Ve — e Re Vee=+10V
= 10V-2mAx2kQ =10V -4V =6V i
Since V.. (= 6V) is greater than V¢ (= 2V), the transistor is Vpp=+2.7V R
C

active. Therefore, our assumption that transistor is active is cor-
rect.

(i) When R =4KkQQ. Suppose the transistor is active.

o lc = 2mA and I;=0.02 mA ... as found above
Collector voltage,Vo = Voo — 1o R
10V -2mA x4kQ=10V -8V =2V

Since V., = Vg, the transistor is just at the edge of saturation.
We know that at the edge of saturation, the relation between the

transistor currents is the same as in the active state. Both answers
are correct.

(iif) When R = 8 k. Suppose the transistor is active.
o lc = 2mA;I5=0.02mA ... as found earlier. Fig. 8.58
Collector voltage, Vo= Ve — I R:

= 10V-2mA x 8kQ=10V-16V=-6V
Since V, < Vg, the transistor is saturated and our assumption is not correct.
Example 8.37. In the circuit shown in Fig. 8.59, Vg is set equal to the following values :
(1) Vgg = 0.5V (ii) Vgg = 1.5V (iii) Vgg = 3V
Determine the state of the transistor for each value of the base supply voltage Vgg.
Solution. The state of the transistor also depends on the base

supply voltage V.
. > Vee
(i) For Vgg =05V + 15V
Because the base voltage Vg (= Vgg = 0.5V) is less than 0.7V,
the transistor is cut-off. +
(i) For Vgg = 1.5V Vas Re S10kQ llc

The base voltage V controls the emitter voltage Vg which
controls the emitter current | ..

Now Ve = Vg 0.7V =15V 0.7V = 0.8V
Ve 08V

If the transistor is active, we have,

lc=1g=0.8mA and I;=1/B =0.8/100 = 0.008 mA

Collector voltage, Vo= Ve — I R

=15V-0.8mA x 10 kQ =15V -8V =7V
Since V. > Vg, the transistor is active and our assumption is correct.
(iii) For Vgg =3V
Ve = Vg—-07V=3V-0.7V =23V
Ve 23V

R “TkQ =23 mA

lg =
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Assuming the transistor is active, we have,
lc=1g=23mA ; Ig=I1/B=2.3/100=0.023 mA
Collector voltage, Vo = V- IcR:
15V-23mA x 10 kQ =15V -23V=-8V
Since V. < Vg, the transistor is saturated and our assumption is not correct.

8.23 Power Rating of Transistor
The maximum power that a transistor can handle without destruction is known as power rating of
thetransistor.
When a transistor is in operation, almost all the power is dissipated at the reverse biased
*collector-base junction. The power rating (or maximum power dissipation) is given by :
P (maxy = Collector current X Collector-base voltage
= lcxVes

Po maxy = lc*Vee
[ Veg=Veg T Vge Since Ve is very small, Vg = V]

While connecting transistor in a circuit, it should be ensured that its power rating is not exceeded
otherwise the transistor may be destroyed due to excessive heat. For example, suppose the power
rating (or maximum power dissipation) of a transistor is 300 mW. If the collector current is 30 mA,
then maximum V¢ allowed is given by ;

Pomay = 1o * Vee (max
or 300 mW = 30 mA x VCE(max)
300 mW
or Veemay = 30mA ~ 1OV

This means that for | . =30 mA, the maximum Vg allowed is 10V. If V. exceeds this value, the
transistor will be destroyed due to excessive heat.

Maximum power dissipation curve. For **power transistors, it is sometimes necessary to
draw maximum power dissipation curve on the output characteristics. To draw this curve, we should
know the power rating (i.e. maximum power dissipation) of the transistor. Suppose the power rating
of a transistor is 30 mW.

Pomay = Vee*lc
or 30mW =V x|
Using convenient V¢ values, the corresponding collector currents are calculated for the maxi-
mum power dissipation. For example, for Vg = 10V,

Po(ray _ 30 mW
Ve 10V

This locates the point A (10V, 3 mA) on the output characteristics. Similarly, many points such as
B, C, D etc. can be located on the output characteristics. Now draw a curve through the above points
to obtain the maximum power dissipation curve as shown in Fig. 8.60.

In order that transistor may not be destroyed, the transistor voltage and current (i.€. Vg and | )
conditions must at all times be maintained in the portion of the characteristics below the maximum
power dissipation curve.

=3mA

Ic (max) =

*  The base-emitter junction conducts about the same current as the collector-base junction (i.e. Ig = I¢).
However, Vg is very small (0.3 V for Ge transistor and 0.7 V for S transistor). For this reason, power
dissipated at the base-emitter junction is negligible.

** A transistor that is suitable for large power amplification is called a power transistor. It differs from other
transistors mostly in size ; it is considerably larger to provide for handling the great amount of power.
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IC
A
6mA [ [/ ":‘ D
L ¢
SmA [T- / &
4mA |- ol
\ T MAXIMUM POWER
/ LA DISSIPATION CURVE
3mA |- -
/ P Py =30 mW
2mA |- / LN
ImA / :
: : ' —
0 sV 10V 15V 20V ¢
Fig. 8.60

Example 8.38. The maximum power dissipation of a transistor is 100mW. If V. = 20V, what is
the maximum collector current that can be allowed without destruction of the transistor?

Solution. Pomay = Vee X e max
or 100 mW =20V Xlg
100 mW
I =_——" —5mA
cm a0V
Thus for Vg =20V, the maximum collector current allowed

is 5 mA. If collector current exceeds this value, the transistor
may be burnt due to excessive heat.

Note. Suppose the collector current becomes 7mA. The power
produced will be 20 V x 7 mA = 140 mW. The transistor can only
dissipate 100 mW. The remaining 40 mW will raise the temperature of
the transistor and eventually it will be burnt due to excessive heat.

Example8.39. For thecircuit shownin Fig. 8.61, find the
transistor power dissipation. Assume that = 200.

Solution.

Vag ~Vee _ (5-0.7)V _

lg = R, ko~ ~43mA
o lc = Blg =200 x 4.3 =860 mA
Now Veg = Ve IcRe=5-1cx0=5V

Power dissipation, Py = Vg x|~
= 5V x 860 mA =4300 mW = 4.3W

Example8.40. For thecircuit showninFig. 8.62, find the
power dissipated in the transistor. Assume 3= 100.

Solution. The transistor is usually used with a resistor R
connected between the collector and its power supply V- as
shown is Fig. 8.62. The collector resistor R serves two purposes.
Firstly, it allows us to control the voltage V, at the collector.
Secondly, it protects the transistor from excessive collector
current |- and, therefore, from excessive power dissipation.
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Referring to Fig. 8.62 and applying Kirchhoft’s voltage law to the base side, we have,
Veg—lgRg— Ve =0
| _ Veg—Vee _1V-0.7V _ 0.3V
B Rg 10kQ ~ 10kQ
Now lc = Blg=100x%0.03 =3 mA
: Ve = Vee—lIcRe=5V-3mA x 1 kQ =5V -3V =2V
Power dissipated in the transistor is
Po = Ve X 1c=2Vx3mA=6mW
Example 8.41. Thetransistor in Fig. 8.63 has the following maximumratings :
Pomay = 800 MW Vg (g = 15V I (a9 = 100 MA
Determine the maximum value to which V. can be adjusted without exceeding any rating.
Which rating would be exceeded first ?

=0.03 mA

Fig. 8.63

Solution.
Vegg ~Vee = V-0V 43V

s = T R, 2kQ | 22kq ~193uA
o lc = Blg=100x% 195 uA =19.5 mA
Note that | is much less than | ., and will not change with V.. It is determined only by |z and
B. Therefore, current rating is not exceeded.
Now Vee = VeetIcRe
We can find the value of V.o when Vg (0 = 15V.
’ Vecmay = Veemay T lc Re
= 15V+19.5mA x 1 kQ=15V+19.5V =345V
Therefore, we can increase Vi to 34.5V before Vg () is reached.
Po = Veemay lc = (15V) (19.5 mA) =293 mW
Since Py (max) — 300 mW, it isnot exceeded when V- = 34.5V.

If base current is removed causing the transistor to turn off, Vg i, Will e exceeded because
the entire supply voltage V- will be dropped across the transistor.

8.24. Determination of Transistor Configuration

In practical circuits, you must be able to tell whether a given transistor is connected as a common
emitter, common base or common collector. There is an easy way to ascertain it. Just locate the
terminals where the input a.c. singal is applied to the transistor and where the a.c output is taken from
the transistor. The remaining third terminal is the common terminal. For instance, if the a.c input is
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applied to the base and the a.c output is taken from the collector, then common terminal is the emitter.
Hence the transistor is connected in common emitter configuration. Ifthe a.c. input is applied to the
base and a.c output is taken from the emitter, then common terminal is the collector. Therefore, the
transistor is connected in common collector configuration.

8.25 Semiconductor Devices Numbering System

From the time semiconductor engineering came to existence, several numbering systems were adopted
by different countries. However, the accepted numbering system is that announced by Proelectron
Standardisation Authority in Belgium. According to this system of numbering semiconductor de-
vices :

(i) Every semiconductor device is numbered by five alpha-numeric symbols, comprising either
two letters and three numbers (e.g. BF194) or three letters and two numbers (€.g. BFX63). When two
numbers are included in the symbol (e.g. BFX63), the device is intended for industrial and profes-
sional equipment. When the symbol contains three numbers (e.g. BF194) , the device is intended for
entertainment or consumer equipment.

(if) The first letter indicates the nature of semiconductor material. For example :
A = germanium, B =silicon, C = gallium arsenide, R = compound material (¢.g. cadmium sulphide)
Thus AC125 is a germanium transistor whereas BC149 is a silicon transistor.
(iii) The second letter indicates the device and circuit function.
= diode B = Variable capacitance diode
= A.F. low powered transistor D = A.F. power transistor
= Tunnel diode = H.F. low power transistor
= Multiple device = Magnetic sensitive diode
= Hall-effect device = H.F. power transistor
Hall-effect modulator = Radiation sensitive diode
= Radiation generating diode Thyristor (SCR or triac)
= Low power switching transistor = Thyristor (power)
= Power switching transistor = diode, multiplier
Power device = Zener diode

8.26 Transistor Lead ldentification

There are three leads in a transistor Viz. collector, emitter and base. When a transistor is to be connected
in a circuit, it is necessary to know which terminal is which. The identification of the leads of transistor
varies with manufacturer. However, there are three systems in general use as shown in Fig. 8.64.

<CpHpOZIXOMmO >
I
NX-HXODUTr Im
I

(i) When the leads of a transistor are in the same plane and unevenly spaced [See Fig. 8.64 (i)],
they are identified by the positions and spacings of leads. The central lead is the base lead. The
collector lead is identified by the larger spacing existing between it and the base lead. The remaining
lead is the emitter.

E [ TRANSISTOR \C

TRANSISTOR TRANSISTOR
Dot—pe
E B ‘C C‘ B E Gap
(@) (@) (i)

Fig. 8.64
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(if) When the leads of a transistor are in the same plane but evenly spaced [See Fig. 8.64 (ii)],
the central lead is the base, the lead identified by dot is the collector and the remaining lead is the
emitter.

(i) When the leads of a transistor are spaced around the circumference of a circle [See Fig. 8.64
(iii)], the three leads are generally in E-B-C order clockwise from a gap.

8.27 Transistor Testing

An ohmmeter can be used to check the state of a transistor i.€., whether the transistor is good or not.
We know that base-emitter junction of a transistor is forward biased while collector-base junction is
reverse biased. Therefore, forward biased base-emitter junction should have low resistance and
reverse biased collector-base junction should register a much higher resistance. Fig. 8.65 shows the
process of testing an Npn transistor with an ohmmeter.

(i) The forward biased base-emitter junction (biased by internal supply) should read a low
resistance, typically 100 Q to 1 kQ as shown in Fig. 8.65 (i). If that is so, the transistor is good.
However, if it fails this check, the transistor is faulty and it must be replaced.

C TC

Ohmmeter Ohmmeter
LN .
- -+
E
0] (i)

Fig. 8.65

(if) The reverse biased collector-base junction (again reverse biased by internal supply) should
be checked as shown in Fig. 8.65 (ii). If the reading of the ohmmeter is 100 kQ or higher, the
transistor is good. If the ohmmeter registers a small resistance, the transistor is faulty and requires
replacement.

Note. When testing a pnp transistor, the ohmmeter leads must be reversed. The results of the tests, how-
ever, will be the same.

8.28 Applications of Common Base Amplifiers

Common base amplifiers are not used as frequently as the CE amplifiers. The two important
applications of CB amplifiers are : (i) to provide voltage gain without current gain and (ii) for imped-
ance matching in high frequency applications. Out of the two, the high frequency applications are far
more common.

(i) Toprovidevoltage gain without current gain. We know that a CB amplifier has a high
voltage gain while the current gain is nearly 1 (i.e. A; =~ 1). Therefore, this circuit can be used to
provide high voltage gain without increasing the value of circuit current. For instance, consider the
case where the output current from an amplifier has sufficient value for the required application but
the voltage gain needs to be increased. In that case, CB amplifier will serve the purpose because it
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would increase the voltage without increasing the current. This is illustrated in Fig. 8.66. The CB
amplifier will provide voltage gain without any current gain.

LOW 4, HIGH 4,
INPUT—>——|  AMPLIFIER > o > OUTPUT
AMPLIFIER
SUFFICIENT 4, A, =1
Fig. 8.66
SOURCE
r __________ 1
I
I I
1 I
|
! | Zu =250
| i
e __ J
Fig. 8.67

(if) For impedance matching in high frequency applications. Most high-frequency voltage
sources have a very low output impedance. When such a low-impedance source is to be connected
to a high-impedance load, you need a circuit to match the source impedance to the load impedance.
Since a common-base amplifier has low input impedance and high output impedance, the com-
mon-base circuit will serve well in this situation. Let us illustrate this point with a numerical ex-
ample. Suppose a high-frequency source with internal resistance 25 € is to be connected to a load
of 8 kQ as shown in Fig. 8.67. If the source is directly connected to the load, small source power
will be transferred to the load due to mismatching. However, it is possible to design a CB amplifier
that has an input impedance of nearly 25 Q and output impedance of nearly 8 kQ. If such a CB
circuit is placed between the source and the load, the source will be matched to the load as shown
in Fig. 8.68.

SOURCE BUFFER LOAD
[-=======——--- 1 r————--- 7 Fomsmosmomoos 1
| | 1 1 X |
! ! ! ! ! l
iz _250 | ! ! : '
 Cou™ : 2 | Zus8k0 Zn= B
! l 1250 ! g !
1 | 1 1 ) 1
b o i L ___ i [ d

CB CIRCUIT
Fig. 8.68

Note that source impedance very closely matches the input impedance of CB amplifier. There-
fore, there is a maximum power transfer from the source to input of CB amplifier. The high output
impedance of the amplifier very nearly matches the load resistance. As a result, there is a maximum
power transfer from the amplifier to the load. The net result is that maximum power has been trans-
ferred from the original source to the original load. A common-base amplifier that is used for this
purpose is called a buffer amplifier.
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8.29 Transistors Versus Vacuum Tubes

Advantages of transistors

A transistor is a solid-state device that performs the same functions as the grid-controlled vacuum
tube. However, due to the following advantages, the transistors have upstaged the vacuum tubes in
most areas of electronics :

(i) Highvoltagegain. We can get much more voltage gain with a transistor than with a vacuum
tube. Triode amplifiers normally have voltage gain of less than 75. On the other hand, transistor
amplifiers can provide a voltage gain of 300 or more. This is a distinct advantage of transistors over
the tubes.

(if) Lower supply voltage. Vacuum tubes require much higher d.c. voltages than transistors.
Vacuum tubes generally run at d.c. voltages ranging from 200V to 400V whereas transistors require
much smaller d.c. voltages for their operation. The low voltage requirement permits us to build por-
table, light-weight transistor equipment instead of heavier vacuum-tube equipment.

(iif) No heating. A transistor does not require a heater whereas the vacuum tube can only oper-
ate with a heater. The heater requirement in vacuum tubes poses many problems. First, it makes the
power supply bulky. Secondly, there is a problem of getting rid of heat. The heater limits the tube’s
useful life to a few thousand hours. Transistors, on the other hand, last for many years. This is the
reason that transistors are permanently soldered into a circuit whereas tubes are plugged into sockets.

(iv) Miscellaneous. Apart from the above salient advantages, the transistors have superior edge
over the tubes in the following respects :

(a) transistors are much smaller than vacuum tubes. This means that transistor circuits can be
more compact and light-weight.

(b) transistors are mechanically strong due to solid-state.

(c) transistors can be integrated along with resistors and diodes to produce 1Cs which are
extremely small in size.

Disadvantages of transistors

Although transistors are constantly maintaining superiority over the vacuum tubes, yet they suffer
from the following drawbacks :

(i) Lower power dissipation. Most power transistors have power dissipation below 300W
while vacuum tubes can easily have power dissipation in kW. For this reason, transistors cannot be
used in high power applications e.g. transmitters, industrial control systems, microwave systems etc.
In such areas, vacuum tubes find wide applications.

(if) Lower input impedance. A transistors has low input impedance. A vacuum tube, on the
other hand, has very high input impedance (of the order of MQ) because the control grid draws
negligible current. There are many electronic applications where we required high input impedance
e.0. electronic voltmeter, oscilloscope etc. Such areas of application need vacuum tubes. It may be
noted here that field-effect transistor (FET) has a very high input impedance and can replace a vacuum
tube in almost all applications.

(iif) Temperature dependence. Solid-state devices are very much temperature dependent. A
slight change in temperature can cause a significant change in the characteristics of such devices. On
the other hand, small variations in temperature hardly affect the performance of tubes. It is a distinct
disadvantage of transistors.

(iv) Inherent variation of parameters. The manufacture of solid-state devices is indeed a very
difficult process. Inspite of best efforts, the parameters of transistors (€.g. B, Vg €tC.) are not the same
even for the transistors of the same batch. For example, B for BC 148 transistors may vary between
100 and 600.
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MULTIPLE-CHOICE QUESTIONS

1. Atransistor has ........
(i) one pnjunction
(if) two pnjunctions
(iii) three pn junctions
(iv) four pnjunctions
2. The number of depletion layers in a transis-

tor is ........
(i) four (ii) three
(iif) one (iv) two
3. The base of a transistor is ....... doped.
(i) heavily (ii) moderately
(iii) lightly (iv) none of the above

4. The element that has the biggest size in a
transistor is ........

(i) collector
(iif) emitter
(iv) collector-base junction

(ii) base

5. Ina pnp transistor, the current carriers are

(i) acceptorions (i) donor ions

(iii) free electrons (iv) holes

6. The collector of a transistor is ........ doped.
(i) heavily (ii) moderately
(i) lightly (iv) none of the above
7. A transistoris a......... operated device.
(i) current (ii) voltage

(iii) both voltage and current
(iv) none of the above

8. In an npn transistor, ....... are the minority
carriers.

(ii) holes
(iv) acceptor ions

(i) free electrons
(iif) donor ions
9. The emitter of a transistor is ........ doped.
(i) lightly (i) heavily
(iii) moderately  (iv) none of the above

10. In atransistor, the base current is about........
of emitter current.

(i) 25% (i) 20%
(i) 35% (iv) 5%
11. At the base-emitter junction of a transistor,
one finds ........

(i) reverse bias
(ii) a wide depletion layer
(iii) low resistance
(iv) none of the above
12. The input impedance of a transistor is ......

(i) high (i) low
(iif) very high (iv) almost zero
13. Most of the majority carriers from the emit-
ter .........

(i) recombine in the base
(ii) recombine in the emitter

(iii) pass through the base region to the col-
lector

(iv) none of the above

14. The current lgis ........
(i) electron current
(ii) hole current
(iif) donor ion current
(iv) acceptor ion current
15. In a transistor, ........
() lc=lg+lg (i) Ig=lc+1g
(i) lg=lg=1lg (v) lg=lc+lg
16. The value of o of a transistor is ........
(i) morethan1  (ii) lessthan 1

(i) 1 (iv) none of the above
17 lg=alg+ ...
() Ig (i) lego
(i) lego (iv) Blg
18. The output impedance of a transistor is ........
(i) high (i) zero
(iii) low (iv) very low

19. In a transistor, I = 100 mA and I =
100.5 mA. The value of Bis ........
(i) 100 (ii) 50
(iif) about 1 (iv) 200
20. In a transistor if B = 100 and collector cur-
rentis 10 mA, then I is ........

(i) 100 mA (i) 100.1 mA
(iii) 110 mA (iv) none of the above
21. The relation between B and ot is ........
. 1 ao l-o
i) p=1o () p=—2
o . _ o
(i) p= % (v B= L
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22. The value of B for a transistor is generally
(i 1 (ii) less than 1
(iii) between 20 and 500
(iv) above 500
23. The most commonly used transistor arrange-
mentis ........ arrangement.
(i) common emitter
(i) common base
(iii) common collector
(iv) none of the above
24. The input impedance of a transistor con-
nected in .......... arrangement is the highest.
(i) common emitter
(i) common collector
(iii) common base
(iv) none of the above
25. The output impedance of a transistor con-
nected in ......... arrangement is the highest.
(i) common emitter
(i) common collector
(iii) common base
(iv) none of the above
26. The phase difference between the input and
output voltages in a common base arrange-

mentis .........
(i) 180° (i) 90°
(iiiy 270° (iv) 0°

27. The power gain of a transistor connected in
........ arrangement is the highest.
(i) common emitter
(i) common base
(iii) common collector
(iv) none of the above
28. The phase difference between the input and
output voltages of a transistor connected in
common emitter arrangement is ........
@i o0° (i) 180°
(i) 90° (iv) 270°
29. The voltage gain of a transistor connected
in..... arrangement is the highest.
(i) common base (ii) common collector
(iii) common emitter
(iv) none of the above
30. As the temperature of a transistor goes up,
the base-emitter resistance ........
(i) decreases (i) increases
(iii) remains the same
(iv) none of the above

31. The voltage gain of a transistor connected
in common collector arrangement is .......
(i) equaltol (ii) more than 10
(iii) more than 100 (iv) less than 1
32. The phase difference between the input and
output voltages of a transistor connected in
common collector arrangement is ........

(i) 180° (i) 0°

(i) 90° (iv) 270°
33 1o=Blg+

() lego (i) e

(i) lego (iv) olg
34 1= % lg+ oo

() leeo (i) Tcgo

(i) 1 (iv) (1-a)lg
35. I= - Ig+ m

() leso (1) Teeo

(i) 1 (iv) I

36. BC 147 transistor indicates that it is made

(i) germanium (ii) silicon

(iii) carbon (iv) none of the above
37 lego = (e ) lcso
i B (i) 1+o
@i 1+p (iv) none of the above

38. A transistor is connected in CB mode. If it
is now connected in CE mode with same bias
voltages, the values of I, Iz and |- will ...

(i) remain the same
(ii) increase
(iii) decrease (iv) none of the above
39. Ifthe value of ot is 0.9, then value of B is ........

i 9 (i) 0.9
(iii)y 900 (iv) 90
40. In a transistor, signal is transferred from a
........ circuit.

(i) high resistance to low resistance
(ii) low resistance to high resistance
(iil) high resistance to high resistance
(iv) low resistance to low resistance
41. The arrow in the symbol of a transistor indi-
cates the direction of .........
(i) electron current in the emitter
(ii) electron current in the collector
(iii) hole current in the emitter
(iv) donor ion current
42. The leakage current in CE arrangement is



Transistors W 189

....... that in CB arrangement. the manufacture of a transistor is ........
(i) more than (ii) less than (i) germanium (ii) silicon
(iii) thesameas  (iv) none of the above (iii) carbon (iv) none of the above
43. A heat sink is generally used with a transis- | 45. The collector-base junction in a transistor
tor to ........ has ........
(i) increase the forward current (i) forward bias at all times
(ii) decrease the forward current (ii) reverse bias at all times
(iif) compensate for excessive doping (iii) low resistance
(iv) prevent excessive temperature rise (iv) none of the above

44. The most commonly used semiconductor in

Answers to Multiple-Choice Questions
1. (i) 2. (iv) 3. (iii) 4. (i) 5. (iv)
6. (ii) 7. (i) 8. (ii) 9. (ii) 10. (iv)
11, (iii) 12. (i) 13, (iii) 14. (i) 15. (iv)
16. (ii) 17. (iii) 18. (i) 19. (iv) 20. (ii)
21, (iii) 22. (iii) 23. (i) 24. (ii) 25. (iii)
26. (iv) 27. (i) 28. (ii) 29. (i) 30. (i)
31. (iv) 32. (ii) 33. (i) 34. (i) 35. (i)
36. (ii) 37. (iii) 38. (i) 39. (iv) 40. (i)
41, (iii) 42. (i) 43, (iv) 44. (ii) 45, (ii)
Chapter Review Topics
1. What is a transistor ? Why is it so called ?
2. Draw the symbol of npn and pnp transistor and specify the leads.
3. Show by means of a diagram how you normally connect external batteries in (i) pnp transistor (ii) npn
transistor.
4. Describe the transistor action in detail.
5. Explain the operation of transistor as an amplifier.
6. Name the three possible transistor connections.
7. Define o.. Show that it is always less than unity.
8. Draw the input and output characteristics of CB connection. What do you infer from these character-
istics ?
9. Define B. Show that: 3= %.
10. How will you determine the input and output characteristics of CE connection experimentally ?
11. Establish the following relations :
. _ .. _ o 1
) le=oalgtlepg (i) le = m'na‘*m'wo
. 1
(i) Ig=PBlg+lcgo vy v= 1«
W g =@+ Dlg+ B+l
12. How will you draw d.c. load line on the output characteristics of a transistor ? What is its importance?
13. Explain the following terms : (i) voltage gain (ii) power gain (iii) effective collector load.
14. Write short notes on the following : (i) advantages of transistors (ii) operating point (iii) d.c. load line.
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Ao

8.

10.

11.

Problems
In a transistor if | - = 4.9mA and I = SmA, what is the value of o ? [0.98]
In a transistor circuit, | = ImA and | = 0.9mA. What is the value of |5 ? [0.1 mA]
Find the value of B if oo = 0.99. [100]
In a transistor, = 45, the voltage across SkQ resistance which is connected in the collector circuit is
5 volts. Find the base current. [0.022 mA]
In a transistor, |g=68 uA, I.=30mA and B =440. Find the value of o.. Hence determine the value
of le. [0.99; 29.92 mA]
The maximum collector current that a transistor can carry is 500 mA. If f = 300, what is the maxi-
mum allowable base current for the device ? [1.67 mA]

For the circuit shown in Fig. 8.69, draw the d.c. load line.

Ie

Re= 5kQ

Fig. 8.69

Draw the d.c. load line for Fig. 8.70.
[The end points of load line are 6.06 mA and 20 V]

+20V T +5 VT
33kQ 2R, 470Q 2 R,
+10V +5Vo—
1 MQ 680 kQ
Fig. 8.70 Fig. 8.71

If the collector resistance R in Fig. 8.70 is reduced to 1 k€2, what happens to the d.c. load
line ?
[The end points of d.c. load line are now 20 mA and 20 V]
Draw the d.c. load line for Fig. 8.71.
[The end points of d.c. load line are 10.6 mA and 5V
If the collector resistance R in Fig. 8.71 is increased to 1 k€2, what happens to the d.c. load
line ?
[The end points of d.c. load line are now 5 mA and 5 V]
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12. Determine the intercept points of the d.c. load line on the vertical and horizontal axes of the
collector curves in Fig. 8.72. [2mA ; 20V]

13. For the circuit shown in Fig. 8.73, find (i) the state of the transistor and (ii) transistor power.
[(i) active (ii) 4.52 mW]

Vee
+ 15V

0.7V $y,
Ry %2 kQ lIE I
Fig. 8.73 Fig. 8.74
14. A base current of 50 WA is applied to the transistor in Fig. 8.74 and a voltage of 5V is
dropped across R . Calculate o, for the transistor. [0.99]
15. A certain transistor is to be operated at a collector current of 50 mA. How high can V¢ go without
exceeding Pp () 0f 1.2 W ? [24 V]

Discussion Questions
Why is a transistor low powered device ?
What is the significance of arrow in the transistor symbol ?
Why is collector wider than emitter and base ?
Why is collector current slightly less than emitter current ?

ag s wbdpE

Why is base made thin ?
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