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Transistor:

A junction transistor is obtained by growing a thin layer of one type semiconductor in between two
thick layers of other similar type semiconductor. Thus, a junction transistor is a semiconductor device having
two junctions and three terminals.

There are two types of transistors, namely;

(i) n-p-n transistor (i) p-n-p transistor

An n-p-n transistor is composed of two n-type semiconductors separated by a thin section of p-type as
shown in fig. 1(a). However, a p-n-p transistor is formed by two p-sections separated by a thin section of n-
type as shown in fig. 1(b).
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Fig. 1(a) Fig. 1(b)

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

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

(i) 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.

Transistor Symbols:
. The symbols used for n-p-n and p-n-p transistors are shown in figure.

NPN PNP
E C E C

Cr L

Naming the Transistor Terminals:

A transistor (p-n-p or n-p-n) 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 base and 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 heavily doped and it is always forward biased w.r.t. base so that it can supply a large number of
majority carriers. In fig 2(a), the emitter (p-type) of p-n-p transistor is forward biased and supplies hole
charges to its junction with the base. Similarly, in fig. 2(b), the emitter (n-type) of n-p-n transistor has a
forward bias and supplies free electrons to its junction with the base.
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(if) Collector. The section on the other side that collects the charges is called the collector. The collector is
always reverse biased. In fig 2(a), the collector (p-type) of p-n-p transistor has a reverse bias and receives hole
charges that flow in the output circuit. Similarly, in fig 2(b), the collector (n-type) of n-p-n transistor has
reverse bias and receives electrons.

(iii) Base. The middle section which forms two p-n-junctions between the emitter and collector is called the
base. The base is lightly doped and very thin. The base-emitter junction is forward biased, allowing low
resistance for the emitter circuit. The base-collector junction is reverse biased and provides high resistance in
the collector circuit.

BASE BASE
EMITTER | COLLECTOR EMITTER | COLLECTOR
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BIAS BIAS T
Fig. 2(a) Fig. 2(b)

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.

Transistor Action:
Working of n-p-n transistor:

Fig. 3(a) shows the n-p-n 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 Ig. 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 Ig. The remainder (more than 95%) cross over into the collector region to
constitute collector current Ic. 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.
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Working of p-n-p transistor:

Fig. 3(b) shows the basic connection of a p-n-p transistor. The forward bias causes the holes in the p-
type emitter to flow towards the base. This constitutes the emitter current Ige. 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 electrons. The remainder (more than 95%) cross into the collector
region to constitute collector current Ic. In this way, almost the entire emitter current flows in the collector
circuit. It may be noted that current conduction within p-n-p transistor is by holes. However, in the external
connecting wires, the current is still by electrons.
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6.4 OPERATION OF PNP TRANSISTOR

Fig. (4) sh(?ws a PNP transistor with emitter-base junction as forward biased and
collector-base junction as reverse-biased. The operation of PNP transistor is as

follows : The holes of P region (emitter) are repelled by the positive terminal of battery
Emitter Base Collector
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Fig. (4) Operation of P-N-P transistor _

towards the base. The potential barrier at emitter junction is reduced as it is
s ward bias and hence the holes cross this junction and penetrate into N region. This
ConstitUte the emitter current L. The width of base region is very thin and it is lightly
Joped and hence only two to five per cent of the holes recombine with the free electrons

of N region. This constitute the base current 7, which, of course, is very small. The
remaining holes (95% to 98%) are able to drift across the base and enter the collector
recion. They are swept up by the negative collector voltage V... This constitutes the
COUIICC“J" current /.
As each hole reaches the collector clectrode, an electron is emitted from the
negative terminal of battery and neutralizes the hole. Now a covalent bond near the
emitter electrode breaks down. The liberated clectron enters the positive terminal of
pattery Ve while the hole immediately moves towards the emitter junction. This
process is repeated again and again. Here it should be remembered that -
(i) Current conduction within PNP transistor takes place by hole conduction from
emitter to collector, i.e., majority charge carriers in a PNP transistor are holes.
The conduction in the external circuit is carried out by electrons.

(i) The collector current is slightly less than the emitter current. This is due to the
fact that 2 to 5% of the holes are lost in recombination with electrons in base
region. Thus, the collector current is slightly less than emitter current.

(iii) The collector current is a function of emitter current, i.e., with the increase or decrease
in the emitter current, a corresponding change in collector current is observed.

Beside hole current, there is electron current which flows from base region to

emitter region. This current depends upon emitter-base potential. As the width of the
base region is very small, the ratio of hole current to electron current is very small. So
for all practical purposes, the electron current may be neglected. Thus, only the hole
current plays the important role in the operation of P-N-P transistor.

By normal convention, the flow of current into transistor is taken as positive while
the current flowing out is taken as negative. Therefore, I ; will be positive while / ; and

I  ara mamativra
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6.5 OPERATION OF NPN TRANSISTOR

The schematic energy level diagram of an isolated N-P-N transistor 1s shown In
fig. (5) while for a biased N-P-N transistor it is shown in fig. (6).
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Fig. (5) Schematic energy-level of an isolated N-P-N transistor
Fig. (6) Schematic energy-level diagram of a biased N-P-N transistor
(arrows indicate the directions of electron flow).

The biasing of a NPN transistor is shown in fig. (7). The emitter junction is
forward-biased because electrons are repelled from the negative emitter battery
- towards the junction. The collector junction is reverse-biased because

terminal Vi,
electrons are flowing away from the collector junction towards the positive collector

battery terminal V..
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Fig. (7) Operation of NPN transistor

The operation of NPN transistor is as follows : The electron in the emitter region

:1}11': rzﬁ:llsdlflr)om'the negat-ive tgrmi.nal of battery towards the emitter junction. Since
ve r}P thirrll ;E:ld ﬁrrlll:lr 5111(:1 the junction is reduced due to forward bias and base region is
combine with thge h}; qped, ele_ctrons cross the P-type base region. A few electrons
-region (collec’ror(i'e(:3 Sim' >-region E.md are lost as charge carrier. Now the electrons in
For every electron fl gion) are readily swept up by the positive collector voltage Vec -
ry on flowing out of the collector and entering the positive terminal of

batT;eTY Vees an electron from the negative emitter battery terminal enters the emitter
region. In this way electron conduction takes place continuously so long as the two
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junctions are properly biased. So the current conduction in N-p-N transistor is carried
‘( it by electrons. _

N-P-N contiguration is prefgl?:ed‘because in it majority carriers are electrons which
pave greater mobility 'tmd dlth}smn constant than holes. Current flow when
pase-emitter junction is forward biased and base-collector junction is reverse biased
1 be understood as follows :

(i) Under forward bias, electrons in emitter move towards base. Majority of
electrons (about 99%) cross over to collector, while very few of them combine
with holes in the base.

cal

(ii) As soon as electron combines with a hole in base, an electron leaves the
negative pole of the battery V/;; and enters through terminal E. At the same
time positive pole of V. receives an electron from the base. This creates a
hole in the base which compensates for the hole lost by combination. That is
how a current flows in the base emitter circuit. ,

(iif) The electrons entering the collector are favoured by reverse bias and they
reach the terminal C. For each electron leaving the terminal, C and entering the
positive pole of the battery ¥, an electron leaves the negative pole of V.
and enters the emitter. That is how the current entering terminal, C, called
collector current, flows.

6.6 CURRENT COMPONENTS IN A TRANSISTOR

Fig. (8) shows the various current components which flow across the forward-
biased emitter junction and reverse-biased collector junction in PNP transistor.
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Fig. (8) Current components in a transistor with forward-biased emitter and
reverse-biased collector

The emitter current consists of the following two parts :
(i) Hole current / pE constituted by holes (holes crossing from emitter into base),
(ii) Electron current /. consituted by electrons (electrons crossing from base into
the emitter).
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Total emitter current, I = T+ TuE, ...(1)
Majority Minority
In commercial transistors the doping of emitter 1.‘c;:,ion ?spmclc much heavier t.han
base and hence the electron current con!]’tmm'“ /,,f)-; ‘-‘*’ ”(-3’5_%1"?;2“‘["3_/ -“'!'"f,:?-)‘“)'lzﬁfilflr)'arlson
with hole current /- Thus. in a commercial PNP transistor, the emiller current
consists almost entirelv of holes. -

A fow of holes crossing the junction ./ combine with the electrons in N type bz.13c
and rest of them cross the collector junction /.. This reduces the number of holes which
ultimately reach the collector. To reduce the number of holes so I(?st through
rccombin'ntion with electrons in N-region, the width of the .base region 1s kept
extremely small. Let / - is the hole current at junction .J,-. The dlff?retlce ([[?E 1 ,0)

is the recombination current 7, which leaves the base as shown in fig. (). In fa_ct,
electrons enter the base region through the basc Iead to replenish those electrons which
have been lost by recombination with the holes injected into the base across /. The
holes on reachil‘lg the collector junction cross this junction readily and enter the
P-region of the collector.

If the emitter were open-circuited, then ; =0, i.e., I , would be zero. Under this
condition. the base and collector together act as a reversed diode and the collector
current /~ equals the reverse saturation current /¢, which consists of the following
two parts :

I .o caused by electrons moving across J from P-region to N-region.
/ ,co caused by holes moving across J¢ from N-region to P-region.

]CO :[nCO +IpC’O (2)
Y Majority ~ Minority

Thus, for a PNP transistor; | Ip =1 + 1,

(4
In a good transistor, the base current / ; should be very small (about 1% of / ) and

[ should be almost equal to /. However, there is always some base current due to the
following reasons :

(i) Some recombination of injected holes with electrons takes place in the base
region even when base width is very small. The electrons lost due to
recombinations have to be supplied by the base current.

(ii) Some electrons are injected from base to emitter in the forward biased emitter
~ junction even when emitter is heavily doped as compared to base. Base current
supplies these electrons.

(ifi) Some electrons are swept in the base at the reverse biased collector junction
due to thermal generation in the collector. Hence, a small part of the total
base-current is compensated by these electrons from the collector.

Note that in case of NPN transistor the three current directions are reversed.

Electrons flow from emitter to collector and holes must be supplied to the base. The

mechanism for operation in the NPN transistor is the same as in case of PNP transistor
Only the role of electrons and holés are reversed.
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Transistor Connections:
A transistor can be connected in a circuit in the following three ways:
(i) Common base connection (i) Common emitter connection
(i) Common collector connection.
(i) Common base connection:
In C.B. connection base of the transistor is common to both input and output circuits. In this circuit arrangement, input

is applied between emitter and base and output is taken from collector and base. In fig. 4(a), a common base n-p-n transistor circuit
is shown whereas fig. 4(b), shows the common base p-n-p transistor circuit.

Ig Ic

SIGNAL , Rr <& OUTPUT OUTPUT
| B ] ]
—— |l i
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Current amplification factor (o):
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.

o= iﬁ at constant Vg
E

It is clear that current amplification factor is less than unity. This value can be increased (but not more
than unity) by decreasing the base current. Practical values of a in commercial transistors range from 0.9 to
0.99.

(i) Common emitter connection:
In C.E. connection, emitter of the transistor is common to both input and output circuits. In this circuit arrangement,

input is applied between emitter and base and output is taken from collector and emitter. In fig. 5(a), a common base n-p-n transistor
circuit is shown whereas fig. 5(b), shows the common base p-n-p transistor circuit.
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Base current amplification factor (B):
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The ratio of change in collector current (Alc) to the change in base current (Alg) is known as base

current amplification factor i.e.
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_Ale
F=A 5
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.

(iii) Common collector connection:

In C.C. connection, collector of the transistor is common to both input and output circuits. In this circuit arrangement,
input is applied between base and collector while output is taken between the emitter and collector. In fig. 6(a), a common base n-p-
n transistor circuit is shown whereas fig.65(b), shows the common base p-n-p transistor circuit.

ST AT
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Current amplification factor (y):
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.
_Ale
Al

Relation between a and p:
IfAlg, Alg, and Al are the change of emitter current, base current and collector current then

Alg
=S¢ - (1
= 1)

Alg
and B= Al ----(2)
Again for a transistor,
lg=lg+1c
= Alg =Alg + Al
= Alg =Alg —Al¢ ----(3)
Substituting the value of Al in equation (2), we get
Alg
NI
Al
Al
Alg Al

p=— OR ,B(l—a)=a:>,8—,8a=a:>a(1+ﬂ):ﬂ:>a=(1+—ﬁ)

=p
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Relation between o and v:
IfAlg, Alg, and Al are the change of emitter current, base current and collector current then

_Alg
o= I 1)
_ IE J—
And y= AI - ()

Again for a transistor,

= Alg =Alg — Al ----(3)
Substituting the value of Al in equation (2), we get
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6.7-1 COMMON-BASE (CB) CONFIGURATION

In this configuration, the input signal is appl-ied between eplitter and base wl?i le %he
output is taken from collector and base. As base is common to input and output Circuits,
hence the name common-base configuration. Fig. (10) shows the common-base pyp

ransistor circuit. This configuration is usually used in amplifier applications.
P N P

oalg Ic

I
Ig E/P'\—'P\C Ic = ;,E 5

> ;? ¥ |
| ' i
AL < output \_ fcso

Ig=lg(1—-a) y ‘e 2~

Signal B
oy ' -
NNV F-AN
i A EE Vee

Fig. (11) Showing leakage current

Fig. (10) Common-base PNP transistor amplifier
Total collector current: The total collector current consists of the following

two parts :
(1) The current produced by normal transistor action, i.e., component controlled
by emitter current. This is due to the majority carrier and its value is o / £
(i) The leakage current /), .. This current is due to the motion of minority
carriers across base-collector junction on account of it being reverse-biased.
This is much smaller than o / ;. The leakage current is abreviated as /-5, i.e.,
collector-base current with emitter open. This is shown in fig. (11).

Total collector current

]C: OtIE + ]CBO ...].
Majority ~ Minority ' @

Itis clear from eq. ( 1)thatif 7, =0 (emitter circuit is open), even there will be small

leakage current in. the collector circuit. The current /g, is usually small and may be
neglected in transistor circuit calculations.

(i) The collector current can also be expressed as
Ic =a (I +1y) +1cpo

" le (l—a)=a]B +1cpo
| o 1 'lei
‘[C =| — IB +| — ICBO -
- I-a
ST )
The relation between o and f3 is given by
B . 1 P SN SO S
0(:1+B or 1—-(1———]+B l-« B ﬂ(1+,3)
. "\ :5(’|—n/\=L
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6.7-2 COMMON-EMITTER (CE) CONFIGURATION

In this configuration, the input signal is applied between base and emitter and the
output is taken from collector and emitter. As emitter is common to input and output
circuits, hence the name common emitter configuration. Fig. (12) shows the common-

emitter PNP transistor circuit. Ic=BIg
s 'I_“' N
I |
P CEO :
Ig - i
B g
< N | Vec
i R
L I I
VBB —— - P 'Iceo)
]E A s._‘_ -
: E
Fig. (12) Common-emitter PNP transistor amplifier Fig. (13) Showing leakage current

This configuration is frequently used when appreciable current gain as well as
voltage gain is required. This configuration is commonly used as a switch or pulse
transistor amplifier. This is because the transistor is open in the cut-off mode and closed
in the saturation mode.

Total collector current : The leakage current for this configuration is shown in
fig. (13). '
Total collector current .
Ic =Blp +1cpo (1)
where /., is the leakage current. It is obvious from eq. (3) that despite /5 =0, thereisa

: i bscript CEO sta
leakage current from collector to emitter. It is called / -, the su p nds for

collector to emitter with base open.
We know that Ip=1p +1¢
[C = [E +]CBO

and
Io =a (Ip +1c)+1cpo
o 1
or le =——1p +1*:;1030 .(2)
Comparing Egs. (1) and (2), we get
o
B_1—0t
1 .
and Iego =——Icpo ...(3)
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6.7-3 COMMON-COLLECTOR (CC) CONFIGURATION

In this configuration, the input signal is applied between base and collector and
the output is taken from the emitter. As collector is common to input and output
circuits, hence the name common collector configuration. Fig. (14) shows the
common collector PNP transistor circuit. When the transistor is cut-off, no current
flows in the emitter terminal at the load. When the transistor is operating in a
saturation mode, the load current reaches its maximum. Therefore; the transistor in
CC configuration can also be used as a switch or pulse-amplifier. However, in CC
amplifiers there is no voltage gain. '

HH

VBs Vee

Fig. (14) Common collector PNP transistor amplifier

Total emittey current: We know that J e=Ig +1,

Also
1E=IB +(OL1E +]CBO)='[B +O(.]E +[CBO
Ip-a)=1, +1cpo )
Iy = Iy Lepo
(I-ao) (I-a)
o T =0+pB) Ip +(1+PB) Iepo (1)
1
=( 4+
oy =GP

Application :  This configuration has very high input resistance (= 750 k) and

very low output resjsl‘anwe (=25Q) s0 the voltage gain is always less than one Hence
this conﬁguratlon' 1s seldom used for amplification. The most important us:e is fo;
impedance matching, i.e., for driving a low impedance load from a high impedance
source. ’

The comparison of different char

o i e b acteristic in different configuration is shown
below " Tm

I\?(;- Characteristic Common base Common emitter (c:(?lrlt:agzoo:
(1) | Input resistance low low very high
(about 100 Q) (about 700 Q)
(2) | Output resistance very high high low
(about 400 k) (about 50 k) (about 50 )
(3) | Voltage gain. about 150 about 500 less than 1
(4) | Applications At high frequencies At audio Imnedanca
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Characteristics of Transistors:
1. Characteristics of Common Base Connection:
The fig.15 shows the circuit arrangement to draw the characteristics of a PNP transistor connected in
common bas configuration.

mA  PNP MA
E

+
Vee — Ry

HH -

*

Fig. (15) PNP transistor connected in common base configuration

The most important characteristics of common base connection are input characteristics and output
characteristics.

(@) Input characteristic:
It is the curve between emitter current Iz and emitter-base voltage Veg at constant collector-base
voltage Vcg. The emitter current is generally taken along y-axis and emitter-base voltage along x-axis. Fig. 1
shows the input characteristics of a typical transistor in CB arrangement.

I (mA) 1o (mA)
& A
3.0
51 I.=5mA
— 3
E 2.54 E
[T [ 41 Ig=4mA
€20 <
3 © 34 I=3mA
15 v E= -
5 o
3 S
L 7
E 1.04 8 2 s Ip=2 mA
= =l
W o 14 I.=1mA
0.5 g 1 p=1m
Ip=0mA

1 I 1 Ly Vo (mV P
0 10 20 30 40 so > es(™mV) Ve (VOLTS)

EMITTER-BASE VOLTAGE

0 COLLECTOR-BASE VOLTAGE

Input resistance:
It is the ratio of change in emitter-base voltage (AVegg) to the resulting change in emitter current (Alg)
at constant collector-base voltage (Vcg) i.e.

\%
EB at constant Vg

Input resistance, R, =
E
As a very small Vgg is sufficient to produce a large flow of emitter current lg, therefore, input
resistance is quite small, of the order of a few ohmes.
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(b) Output characteristic:

It is the curve between collector current I¢ and collector-base voltage Vg at constant emitter current Ig.
Generally, collector current is taken along y-axis and collector- base voltage along x-axis. Fig. 2 shows the
output characteristics of a typical transistor in CB arrangement.

Output resistance:

It is the ratio of change in collector-base voltage (AVcg) to the resulting change in collector current
(Alc) at constant emitter current i.e.

AVCB

Output resistance, R, = , at constant Ig

Cc
The output resistance of CB circuit is very high, of the order of several tens of kilo-ohms.

2. Characteristics of Common Emitter Connection:
The fig.18 shows the circuit arrangement to draw the characteristics of a PNP transistor connected in
common emitter configuration. The most important characteristics of common emitter connection are input

characteristics and output characteristics. . mA
C N
pA @
| ; )

Aq —

-

E V.
Vgg T %’-?' #vBE VCEC? Ro — Ve
[ T

=

Fig. (18) PNP transistor connected in common emitter configuration
(@) Input characteristic:
It is the curve between base current Ig and base-emitter voltage Vge at constant collector-emitter
voltage Vce.
By keeping Vce constant (say at 10 V), note the base current Ig for various values of Vge. Then plot the
readings obtained on the graph, taking Ig along y-axis and Vge along x-axis. This gives the input characteristic
at Vceg = 10V as shown in fig. 2. Following a similar procedure, a family of input characteristics can be drawn.

Input resistance:
It is the ratio of change in base-emitter voltage (AVgg) to the change in base current (Alg) at constant
Vce i.e.

. AV
Input resistance, R, = TEB , at constant Vce
B
The value of input resistance for a CE circuit is of the order of a few hundred ohms.

I

A
AmA- Iy =20pA
3mA Ig=15 pA
2mA- I =10 pA
ImA- fy=5pA
0 > Vo

> Vyp (VOLTS)

0 07 14 2.1

Fig. 3 (Output ch teristi
Fig. 2 (Input characteristics) ig- 3 (Output characteris |cs)
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(b) Output characteristic:

It is the curve between collector current Ic and collector-emitter voltage Vce at constant base current
Ig.

Keeping the base current Ig fixed at some value say, 5 pA, note the collector current Ic for various
values of Vce. Then plot the readings on a graph, taking Ic along y-axis and Vce along x-axis. This gives the
output characteristic at Is = 5 pA as shown in fig. 3. Following similar procedure, a family of output
characteristics can be drawn as shown in fig. 3.

Output resistance:
It is the ratio of change in collector-emitter voltage (AVcg) to the change in collector current (Alc) at
constant Ig i.e.
AV

Output resistance, R, = , at constant g
C

The output resistance of a CE circuit is less than that of CB circuit. Its value is of the order of 50 kQ.
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6.10 D.C. LOAD LINE

currents for various col] Y818, sometimes it is required to know the collector
Collector-emitter voltages. The one way is to draw the output

characteristics
COHECtOI‘-emitteraI:i lt;hcn to determine the collector current at any desired
ge. The other Way, a more convenient method, is load line

method Here we
. sh i Th p
all consider 4 common emitter PNP transistor. e output

characteristicg are in f In
: ShOWn m 1ng. (2 I
Tequire only its cutoff ang sat g ( 0). For draw g D.C. load line of a transistor, We

rati i e .. et
known as D.C. Joad line. This i 0N points. Then the line Joining these two points 18

The voltage equation of the collector emitter circuit is :
Vee =Veg +1c Ry
R;,” Ry
Here Ve and R; are ﬁxed. values and hence it is a first degree equation which
can be represented by a straight line. We now consider the cutoff and saturation points.
(i) When collector current /-~ =0, then collector-emitter voltage is maximum and
isequal to V., i.e,
Vee =Vee =Ic Ry =Vee (v e =0)

This gives the cutoff point B as shown in fig. (21).

Voo LA Saturation point
R Load line
T (Operating point)
lee |- —— =
Cut off
B
0 Vee

Vce —
" Fig. (21) D.C. load line

(i) When collector-emitter voltage V-5 =0, then the collector current is maximum

and is equal to V- /R , i.e,
" Veg =Vee —1c Ry
O=VCC —IC RL
or IC =VCC/RL

This eives the saturation point 4 as shown in fig. (21). .
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6.10-1 OPERATING POINT

This is a point on D.C. load line which represents the values of I and Vg that
exist in a transistor circuit when no signal is applied. This is also known as operating

point or working point. o
Suppose in the absence of the signal, the base current is —1'0 ;u.\ (output
characteristic is shown in fig. (20)). Then I and V¢ conditions in the circuit must be

represented by some point on this characteristic. But /. and V¢ conditions should also
load line. The intersection of the output

load line represents the actual state of
This is shown in fig. (21). The

be represented by some point on D.C.
characteristic for —10 tA base current, and D.C

affairs in the circuit and is called the operating point 0.
this point is midway between cut off and saturation points. The

best position for . .
ating point is done according to the use to which the device is put.

selection of the oper . .
For small signal amplifier. in which power 1s conserved, operating point should be

selected as to give lowest quicscent value of collector current, while for an amplifier
required to deliver sufficient amount of power, operating point is chosen so as to give
quiescent current about one half of the maximum permissible collector current of the

transistor.
SCVIDER Y For the circuit shown infig. (22a). draw the D.C. load line and locate its

e - 3 .
“swAcscent or D.Coworking point.
The load line and quiescent point are shown in fig. (22b). The cut off point

Solution
Y
. { 4 A
e 2 NPN e 5
? mA 4
| Qt (T - | Load line
.€5§10m B Ff,_%st lc 2+ :
! G 14 :
| ) i B
| — ;1 sl T ] T T T
1] ] 10| 0 5 10 15 20 25
Veg=30V = Vgg=25V Veg —
(a) (b)

Fig. (22)

lies on X-axis where Vi =V =25 V (shown by point B). The saturation point lies on
Y-axis where the saturation value of collector current is given by

o, o) 25
}(]C Ve =Vee IR, |=25/5kQ = —25 54107 =5 ma.
e 5x10°

This is shown by a point A4.
'Ijhe line joining the points 4 and B represents the load line. Now we shall find the
working or operating point.

- 30
L[L = VEE /RQ: I—‘OK—Q =3 mA (neglectlng VBE)

NOW, I A, P R oy B
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For the circuit shown in fig. (23a), draw the D.C. load line and locaie
the quiescent or D.C. working point. Assume B =50 and neglect Vg .

R
E L%GKQ

Rg Ie
VCC [ B___
HH 0 6V 12V
10V = 12V VCE (Volts) —
(a) : (b)
Fig. (23)

Solution The load line and quiescent point are shown in fig. (23b).

The cutoff point B is located where
The saturation point 4 lies, where '
V, 12V
Vep =0 and  (Ip)g =SS =—=" =2mA.
| € TR,6kQ -
The line joining the points 4 and B is the load line. For locating the quiescent point
0O, let us calculate the base current /5.

10V
Ip=—"" _=20pA
B o0sMa
Now, Ir =PIz =50x20pA=1mA
Further, Veg =Vee —Ic Ry =12 volt — (1 mA) (6 kQ)

=12 volt — 6 volt =6 volt.
Hence Q point is (6 V, 1 mA).

FONZERY 7 common base connection I, =0.96 mA and I, =0.05 mA. What is

the value of o.? L

Solution We know that, and lIE =Ig +1, ’

j
a:kf%
0.96x107° 096
T 0.96x107 +0.05x107  1.01
=0.95

BIXVINAS 7 common base connection, the emitter current is 1 mA. If the emitter
side is open, the collector current is 60 pA. Calculate the total current if . =0.93.

Salutinn  Wea v flat ( T =t T =T
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m The reverse saturation current in NPN transistor in conmon base
configuration is15.5 WA. For an emitter current of 4 mA, collector current is 2.47 mA.

Find the value of current gain and base current.
Solution We know that Ic =a Ig +1Icpo
or aly=Ic —Icpo
[C.' - ]('B()
]E
2.47x107% —15.5%107°
4%x107°

-3
_(247-00155)x107" _
4x107°

oL =

Now, Ip =1, —1¢c
=4-247
=1.53 mA

The emifter current I g in a transistor is 4 mA. If the leakage current
Iepo s 6 mA and o =0.98, find the collector and base currents.
Solution We know that, Ie =alp +10po
Ic =0.98x (4x107%) +0.006 107>
=3.926x107°
=3.926 mA
Now, Iy =1I, I =(4x107)—(3.926x107)

=0.074x107
=0.074 mA

LGV In a transistor czrcuzr o = =5 mA, Ic =4.95 mA, Icpo =200 HA.

Calculate } and leakage current I 5.

Solution = ]_C = e
Ig Ip—1Ic
_ 4.95%1073 _ 495
5%107° —4.95%x10" 5-4.95
=395 _ g9
0.05 -
Further, Iepo = (L+B) I
. 1
7. —dcro
cBo = 148

_200p A
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