4.8 BIPOLAR JUNCTION TRANSISTORS- ~

4.8.1 Introduction . t

A bipolar junction transistor is a three layer, tv:;o Junctl;on. and thre,
terminal semiconductor device. Its operation qepen sdon bie lilteracﬁ%
of majority and minority carriers. Therefore, it is name ag po gr de‘fiCe.
The word transistor was derived from the _tWO worcd com mathn,
(TRANsfer + reSISTOR = TRANSISTOR]. Transistor means, signals g,
transferred from low resistance circuit (input) into high resistance (outpyy

circuit. :
k PN junction joined togethe,

Transistor consists of two back to bac ” . .
The two junctions gives threq

to form single piece of semiconductor device.
base and collector. There are two types of

region named as emitter, :
transistors such as PNP and NPN. The arrow on the emitter .Spe.cifies
whether the transistor is NPN type or PNP type. This a.rrow .also. indicates
the direction of current flow, when the emitter base junction is forwarg
biased. Figure 4.12 shows the circuit representation and symbols of NPy

and PNP transistor.

—P|N ——o — ——e
e P . - N N e E C
l ! :
b) NPN transistor and its symbol

a) PNP transistor and its symbol
Figure4.12

Emitter
It is more heavily doped than any of other regions because, its main

function is to supply majority charge carriers (either electrons or holes) to
the base. The current through the emitter is emitter current. It is noted as Ig.

Base
Base is the middle section of the transistor. It separates the emitter

and collector. It is very lightly doped. It is very thin as compared to either
emitter or collector. The current flows through the base section is base current.

It is denoted as Ig.

Collector

It forms the right hand side section of the transistor. It is shown in
figure 4.12. The main function of the collector is to collect the majority
charge carriers coming from the emitter and passing through the base
Generally, collector region is made physically larger than the emitter region
because it has to dissipate much greater power. Collector is moderately doped-
The current flows through the collector section is collector current. It is

denoted as Ic.
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pNP and NPN transistors

To understand .the basic operation of transistor, the following points
e need to be kept in mind:

1) Emitter section is meant to provide charge carriers, therefore, it is
always forward biased.

9) First lettc?r of transistor type indicates the polarity of the emitter
voltage with respect to base.

3) The main function of collector is to collect or attract those carriers
through the base, hence it is always reverse biased.

4) Second letter of transistor type indicates the polarity of collector
voltage with respect to the base.

4.8.2 Operation of PNP Transistor

. Base (B
Emitter (E) (B) Collector (C)
x P Nl P
E o—p O0—p | 0—p | O0—p o—>
o—> o0—b| o |o—> o—> ¢ I Ic
>~
Ie o—> o—»|o0—> |o—» o—> Ic  Emitter Collector
A= , = _® (©)
Ve = Hole flow B \ . Holefow =y
EB — cB
T _ Collectorbase | * 2"
Emitter base Y Ig junction
junction Base (B)
Figure4.13

Figure 4.13 shows the connection diagram of PNP transistor. In this
circuit diagram, the emitter base junction is forward biased (i.e., positive
polarity of the battery is connected with ‘P’ type semiconductor and negative
polarity of the battery is connected with ‘N’ type semiconductor and collector
base junction is reverse biased.

The holes in the emiter are repelled by the positive battery terminal-
towards the PN or emitter junction. Then, the potential barrier at emitter
junction is reduced. As a result of this, depletion region disappears and
hence holes cross the junction and enter into N-region (base).

This constitutes the emitter current Ig. Because, the base region is
thin and lightly doped, majority of the holes (about 97.5%) are able to drift
across the base without meeting electrons. Only 2.5% of the holes recombine
With the free electrons or N-region. This constitutes the base current Ig,
Which is very small. The holes which after crossing the N-P collector junction,
enter the collector region. They are swept out by the negative collector
Voltage Vcg. This constitutes the collector current Ic.

V.
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The following points about transistor circuits are:
1) In a PNP transistor, majority charge carriers &

2) Emitter arrow shows the direction of ﬂ?w qf corl
But electrons flows will be in the opposite direction.

3) Emitter base junction is always forward biased and collector bagse
junction is always reverse biased.

4) The collector current is always less than the

re holes.

nventional current

emitter current because

same recombination of holes and electrons takes place.
Ic = IE - IB
g = Ig+Ic
4.8.3 Operation of NPN Transistor
Emitter (E) Base®)  (opector (C)
N Pl N \
£ *—> o—> oi—b —) o—p c
. o—p o—Pp | 06— | o—p o—> IE ‘IE
<+
Ig —> o—>| o |o—> —> Ie Emitter Collector
Ves = B = Ves
+ . Collector base |~ 4 I
Erputter_base Ig junction
junction Base (B)
Figure 4.14

Figure 4.14 shows the connection diagram of NPN transistor. In this
circuit diagram, the emitter base junction is forward biased (i.e., negative
polarity of the battery is connected with ‘N’ type semiconductor and positive
polarity of the battery is connected to with P type semiconductor) and

collector base junction is reverse biased.

The electrons in the emitter region are repelled by the negative battery
terminal towards the emitter junction. The electrons crossover into the
P-type base region because potential barrier is reduced due to forward
bias and base region is very thin and lightly doped, most of the electrons
(about 97.5%) cross over to the collector junction and enter the collector
region where they are readily swept up by the positive collector voltage
Vcg. Only 2.5% of the emitter electrons combine with the holes in the

base and are lost as charge carriers,
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The following points about transistor circuits are:

N : .
1) In a NPN transistor, majority charge carriers are electrons.

2) Emitter arrow shows the direction of flow of conventional current.

3) Collector current I is less than emitter current Ig.

ThZairrl:)el:: :rfeN?N transistor is made more often because majority
charge electrons whose mobility is much more than that of

poles-

4.8.4 Transistor Circuit Configurations

ere are
Ttlclar Howe:rlg-ee t;:rmlnals in a transistor such as emltter, base and
collec when a transistor is to be connected in a circuit, we

,equlre four terminals.

ng t1':erm1r1:als are useq for input connection and other two terminals
gre used orlou put connectlor}. This difficulty can be overcome by making
one terminal common to both input and output circuits. Accordingly, there

are three types of circuit configurations.
i) Common Base (CB) configuration

ii) Common Emitter (CE) configuration

iii)Common Collector (CC) configuration

Input

E

(a) CB Configuration

—
C
B
Output
input
o— E —O0
(b) CE Configuration

(c) CC Configuration
Figure4.15 .
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The term ‘common’ is used to denote the electrode that 'is commgy,
to the input and output circuits, because the common electrode is generally
grounded. Figure 4.15 shows the different configurations of NPN transisto

Each circuit configuration has specific advantages and disadvantageq
It may be noted here that, regardless of circuit conﬁgur.atlon: th? €mitter
base junction is always forward biased and collector base junction is alwayg
reverse biased.

4.8.4.1 Common Base Configuration

In this configuration, input is applied between emitter and base whijle
output is taken from collector and base. Here, base of the transistor ig
common to both input and output circuits and hence, named as common
base configuration. It is shown in figure 4.16.

L
IR vy oy B

Ve, ’T L Ves
»
2 B ¥
Figure 4.16 CB configuration

The two important characteristics of common base connection are:
i) Input characteristics:
ii) Output characteristics

Input Characteristics

Figure 4.17 shows the circuit diagram for obtaining characteristics
of CB configuration. It shows how the ‘input current Ig varies with input
voltage Vgg when output voltage Vcp is held constant. To determine the
input characteristics initially, the output voltage Vcp is set at zero, then
the input voltage Vgg is increased.

E_C -
®_€\ D
L& |
] \ B _ J

Vee — R'§‘_

— C\D:VEB C\D Ves | Ve

*

Figure 4.17 Circuit for obtaining the characteristics of CB configuration
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The input characteristics is 4
raw
r-base voltage Vgp. The emitter le:rbetween emitter current Ig and

itte - .
;ﬂl is ;ﬂd eltmrt:t?: basfe voltage Vgp alon;e;t (IF:‘) is generally taken along
aracteristics o -axis. Fi
te & common base COnfiguratior:.g1’;‘;1ee m&:trizirﬁi

apU
lﬂp ra ‘dl .
increases pidly with small i :
IEI. s the input i .lncreaSe In emitte ;
indlca;te is almoslt) indi?;:?nce 1s very small. Anotlﬁe?aszevotll'tng;n’irt?;
rre ent of collector-base voltage. This leads to the

cu : i
jusion that emitter cu
onc rrent Ig and hence collector current is almost

i ndependent of collector-base voltage Vcg

is characteristi
;::or. It is tlilc‘alsrtal\:iso m? y be use.d to find the input resistance of the
alnlting change in emitt of change in emitter-base voltage (AVga) to the
rest itter current (Alg) at constant collector-base (Vcn)-

{.€+»

Input resistance R;, = _AAXI@_ at constant V¢
a ,

output Characteristics

To determine the output characteristics, the emitter current Ig
is kept constant, at a suitable value by adjusting the emitter-base
voltage Vg and varying R, and the output current (collector current) is
measured.

The collector-base voltage (Vcp) is increas
of steps and the corresponding collector current Ic is noted. This output
characteristics is drawn between collector current I¢c and collector-base
voltage Vcp at constant emitter current Ig. Generally, collector current I¢
is taken along Y-axis and collector-base voltage (Vcp) along X-axis.
Figure 4.19 shows the output characteristics of CB configuration.

ed from zero in a number

Saturation region Breakdown
 1(mA) Vo =1V M Adve_y; 1
8 186 BV =0V 1 R
e "
: (MA), N T
= |
: .
| L= constalti/"'
| 1L=0 S

Cut-off region \l/ca(v)

Figure 4.18 Input characteristics Figure4.1 9 Output characteristics
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i important po;
The output characteristics gives us the following imp Poingg

, t very low v !
i) The collector current I¢ varies with Vcs only at very Oltages ;
(< 1V).

ii) When the value of V¢g is raised abve 1-2 v, ;};:ifggfajtocr Currep,
becomes constant as indicated by straight base vol}:rVes. It
means that, now I¢ is independent of °°11el:.t oris consisteage V.CB
and depends upon emitter current only. T 1:. 1v to the ni‘ With
the theory that emitter current flows almost entirely Collectq,

terminal. |

i1ii)A very large change in collector-base Vpltage produces °}'11y a tiny
change in collector current. Due to this, the, output resistance jq
very high.

1v) Output resistance is the ratio of change in collector-base voltage

(AVcp) to the resulting change in collector current (Alc) at constapt
emitter current (Ig) i.e.,

\ o AV g
Output resistanceR,,; = Al at constant Ig
(&

v) This characteristic may be used to find current amplification factor
(a). It is defined as the ratio of change in output current (Alg) to
the change in input curent (Alg) at constant collector-base voltage.

A]:C
@ = —=— at constant Vgg

Al
vi) The output characteristics curve may be divided into three regions. -
They are saturation region, active region and cut-off region.

Saturation Region: It is the region left to the vertical line. In
this region, collector-base voltage Vcg is negative, i.e. the collector
base junction is also forward biased and a small change in Vcp
results in larger variation in collector current.
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8 ‘r‘cteristics of CB Configurati on

1) The input impedance of this configuration is low (about 100 Q)
9) The output impedance is very high (about 1MQ)
3) The voltage gain is medium (about 150)

4) The current gain is less than unity.

5) This configuration is mainly used for high frequency applications.

4.8-4-2 Common Emitter Configuration

In CE configuration, input is applied between base and emitter and
output is taken from the collector and emitter. Here, the emitter terminal
;s common to both input and output circuits and hence named as common-
emitter configuration. The most important characteristics of this circuit
configuration are input characteristics and output characteristics.

jnput Characteristics

Figure 4.20 shows the circuit diagram for common-emitter configuration.
it shows how the input current Ig varies with change in input voltage VB
while output voltage Vcg is held constant at a particular value. To begin
with, collector-emitter voltage Vcg is maintained constant at a convenient
value and then Vpgg is increased in steps. The corresponding values of
pase current Ig are noted at each step. This procedure is repeated for

different constant values of V¢g.

|+

]

&
1

Figure 4.20 Circuit for CE configuration
ics is drawn between base current Ig and

t constant collector-emitter voltage VcE.
and base-emitter voltage

t characteristics of CE

This input characterist

base-emitter voltage Vpg 2 .
Here, the base current Ig is taken along Y-a?:ls
Vag along X-axis. Figure 4.21 shows the inpu

Configuration.
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Figure 4.21 Input characteristic Figure 4.22 Output characterisics

The input characteristics gives us the following points.

i) If the input voltage (Vgg) is less than threshold or knee voltage, below
which the base current is very small. The value of knee voltage is
0.7 V for silicon and 0.3 V for germanium transistor. The knee voltage

means the voltage at which conduction starts. i.e., input current
(base current) increases. This characteristics is similar to the forward

biased diode curve.

ii) As compared to CB arrangement, Ig increases less rapidly with Vgg.
Therefore input resistance of a CE configuration is higher than that

of CB configuration.

iii) The input resistance of this configuration is the ratio of change in
base-emitter voltage (AVgg) to the resulting change in base current
(Alg) at constant V¢g.

AVgg
Al

The value of input resistance for this configuration is of the order
of a few hunderd ohms.

- Rjp = at constant Vg

Output Characteristics

It is the curve between collector current I and collector-emitter voltage
Vce at constant base current Ig. For obtaining this curve, first base current
Ig is set to a convenient value and maintained constant, Then, collector-
emitter voltage Vcg is increased from zero in steps, collector current Ic
being noted at each step. Next, V¢ is reduced to zero, and I is increased
to another convenient value and maintained constant and then Vcg 18
increased from zero in steps, I¢c being noted at each step. In this way 2
family of curves is obtained.
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7 ollowi
e fol owing points m
Th ay be noted from the characteristics:

1) FrOIf;r'iltnIS iur‘{‘c?l, VgE increases from zero to contain volta llector
Ictu:: o v?rn a;lr:;l filgullr-leczeases. This region is called satura%?c;rf c;'eZion-
almost constant and i 2(12  After this, collector current fe PeoClil
Bt ollector independent of Vcg. This value of Vcg upto

current Ic changes is called the knee voltage.

enlg=0 .

2) :ZSCrseBsatu’r :tfillall amount of collector current flows. It is called

:s zero, the t : Currfa nt (Icgo). Since, the main collector current
is , the transistor is said to be in cut-off region.

3) IEI?:Z :ane gBOt.ed thgt, if V_CE is increased continuously then depletion
fhgl : . Jupctlon is increased, so that I¢ increases and operates
the transistor in active region. It is shown in figure 4.41.

4) Further increase ?n Vg causes avalanche breakdown in CB junction.
,'t\s a result of this, gnormous Ic will flow and the transistor enter
into breakdown region. It is shown in figure 4.22.

. It is defined

5) This characteristics can be used to find current gain
hange in

as the ratio of change in output current (Alc) to the ¢
input current (Alg).

6) Output resistance is also found from this characteristics. It is
defined as the ratio of change in collector-emitter voltage (AVcE)

to resulting change in collector current (Alc) at constant Ig.

AV,
LZYcE at constant Ip

Output resistanceRout = "]
C

Characteristics of CE Configuration

1) The input jmpedance is low (about 750 Q).

2) The output impedance is high (about 45 kQ).

3) The voltage gain is high (about 500).

4) The current gain is high.

tion is mainly used for audio frequency applications.

5) This configura

4.8.4.3 Common Collector Configuration
collector terminal is common to both input .and
is applied petween base and collector terminal

In this configuration,
from emitter-collector terminal.

Output. Here, input signal
and output signal is taken out

Se ’
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Characteristics of CC Configuration

—

Figure 4.28 Circuit for CC configuration

Figure 4.23 shows the circuit arrangement for common collector
configuration. To determine the output characteristics, the base current Ig
is kept constant, at a suitable value by adjusting the base collector voltage
and varying R, and the output current (emitter current (Ig)) is measureq.
We know that the CE output characteristics are plotted as Ic Vs Vcg.

o Since ¢ is approximately equal to Iz, common collector characteristics
is identical to CE configuration. Figure 4.25 shows the output characteristics
of CC configuration. From this characteristics, we can find the output resistance

(Rout) .

Ip (kA) le (mA) 4
100 +--=-f----- -=--
80 - Vec=2V/\Vec=4V -
I I
60 — : I
: B2
40 : Ig4 = Constant
20 |:
0 L T 1 l L I # nd
0 1 2 3 4 5 vy VeV)
. EC
Figure 4.24 Input characteristics Figure 4.25 Output characteristics

It is defined as the ratio of change in collector-emitter voltage (AVgc) to
the resulting change in emitter current (Alg) at constant base current (Ig)-

AV,
Rout = Al, At constant Ip

T‘hig characteristics may be used to find current amplification factor
.('y) 3 It is defined as the ratio of change in output current (Alg) to the changeé
in input eurrent (Alg) at constant V. .

Al
Yy = AIB at constant VCE
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1oP

at Characteristics

rhe common collector input characteristics are different from CB

s

CE configu;ation_.’rhe difference is due to the fact the input voltage
;s largely determined by the level of emitter-collector voltage VEc-

VeC °. .

this i bccrfllt:lse when _the transistor is biased on, Vg remains around
7V, for Silicon transistor (and 0.3 V for Ge transistor) and Vgc may be

p uch larger than 0.7 V. From the circuit diagram 4.23,

Suppose Vec =2V atlg = 100 pA and Vg
Then VEC 18 maintained constant at
increased to 1.5 V then Vgg reduced to 0.5

Vic
VEE

also reduced from 100 pA to zero.

Figure 4.24 shows the input chara
curve, Vgc is maintained constant. At
value is noted. Then increasing Vgc,
reaches to zero. From this curve, we can

Vac

Al

Rin

Characteristics of CC Configuration

= Vpc + VBE

= Vec-Vac

P

at constant Vgc

1) The input impedance is high (about 750 kQ).

2) The output impedance is low (about 50 Q).

3) The voltage gain is less than 1.

4) The current gain is high.

5) This configuration is m

4.8.4.4 Comparison of Transistor Configurations

=07V, then VBC =1.3V.

2 volts while the input voltage Vec is
V. Since Vgg is reduced, Ig is

cteristics of CC configuration. In this
articular value of Vpc, base current
the base current Ig reduces out and
find the input resistance Rin,

ainly used for impedance matching.

Characteristics

CB

CE

CcC

Input Impedance

Low (about 100 Q)

Low (about 750 Q)

High(about 750 k()

Very high (about 1 MQ)

High (about 45 kQ)

Low (about 50 Q)
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gutput Impedance

_‘Eltage Gain About 150 (Medium) About 500 (Medium)| Less than 1
Surrent Gain Less than unity High High
Application For high frequency | For audio frequency| For impedance
L application application matching




