B.Sc. 1
SECTION —1II (Active circuit Elements)
UNIT:6 BJT (Bipolar Junction Transistor): - 9

The Junction Transistor, Types, Construction of PNP and NPN Transistor configurations: - CB, CE and CC
configuration, I-V characteristics of CB and CE and hence definition of and . Relation between and , Leakage
current in CB and CE (i.e. ICB0 & ICEO) Relation between ICB0 & ICEO

The Bipolar junction transistor was developed in 1948 by John Bardeen, Walter Brattain & William
Shockley at Bell Laboratory in America and awarded with Nobel prize. The BJT is a main building block of all
modern electronic systems. It is a three terminal device whose output
current, voltage, and/or power are controlled by its input current. It can
LI LS A raise the strength of a weak signal. A BJT consists of two PN junctions
formed by sandwiching either P type or N-type semiconductors layers
between a pair of opposite types as shown in fig. If P type material is
sandwiched between two N regions then it is called as NPN transistor & if N type material is sandwiched between
two P regions then it is called as PNP transistor. The structure is as shown in fig. It has three separate regions
namely emitter, base & collector. Emitter: Emits majority charge carriers
in the middle region & it is heavily doped.
Base: Middle region, its function is to pass charge carriers to

collector. It is thin region & it is lightly doped
Collector: last region, its function is to collect charge carriers. It is

larger in size than E & B. Doping is moderate between E & B.
Fig. also shows symbols of PNP & NPN transistors. An arrow is placed in
emitter branch. It indicates the direction of conventional current when the
junction is forward biased.
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L Unbiased PN Junction: Because there is no biasing, we observe depletion
e regions near the two junctions. The emitter base depletion layer width is
smaller than that of collector base depletion width.
BJT Biasing: Application of a suitable DC voltage across the transistor terminals is
called biasing. Each junction may be forward biased or reverse biased independently.
There are three ways of biasing.
1) Both junctions are reversed biased: Transistor has practically zero current.
Only reverse saturation current flows. Under this condition transistor is said to be under
cut off state. It acts as a open switch.
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2) Both junctions are forward biased: Both junctions are forward biased. Therefore large
NP N 1 NPN- current flows through both junctions. Both

NPN E .
currents are independent.

No controlling action. Under this condition
L, T T transistor is said to be in saturation & said
Ee Ty “®  to be in ON condition, it acts as a closed
: switch.
2 Cut off 6) Saturation ) #etive operstion 3) Emitter junction is forward biased &
collector junction is reverse biased.
(Transistor action active operation): The forward bias Vgg causes the free electrons in the N type emitter to flow to
the base. This constitutes the Ig. The base width is very small & it is lightly doped. Very few
electrons combine with the holes, they constitute base current. Most of the electrons (98%) diffuse in collector &
constitute Ic. Due to thermally generated carriers there is another component of Ic called reverse saturation current
which is very small.
The current directions are as shown in the diagram.
From diagram Ig=Ig+Ic ; Ig~Ic since I is small
Transistor works as an amplifier. Here the signal current is transferred from a low resistance circuit to the high
resistance circuit i.e. transfer of resistor hence
TRAN sfer +reSISTOR : 75$16,6725
The input circuit (i.e. emitter-base junction) has low resistance because of forward bias whereas output
circuit ( i.e. collector-base junction) has high resistance due to reverse 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




law-resistance circuit to a high-resistance circuit. This is the key factor responsible for the amplifying capability of
the transistor.
Transistor configurations: For the circuit connection of a transistor we require four terminals two for input & two
for output. Difficulty is overcome by using one of the three terminals as a common terminal to both input & output.
Depending upon the terminal used as a common terminal there are three configurations.
1) Common Base configuration: Base is connected as common terminal. Input is applied between emitter &
base. Output is taken

c E
£ c between collector &
B
Input Output & baS?. )
Input Output Input autput 2) Emitter is common
8 5 . terminal.  Input is
E E 0
C C

applied between base &
emitter. Output is taken between collector & emitter. Most commonly used configuration
3) Collector is common terminal. Input is applied between base & collector. Output is taken between emitter
& collector.

Regardless of configuration, the input junction is forward biased & output junction is reverse biased.
Transistor characteristics: More details can be studied with the help of curves that relates the transistor
currents & voltages. Graphs between applied voltage & currents are known as static characteristic curves.
Input & output characteristics are important.
1) Common Base configuration.
Input characteristics The graph between input voltage (VEB) and input current (IE) at constant output
Voltage (VCB) is called as linput characteristics. From the circuit diagram, it is seen that the emitter base junction is

e £ c o+ I forward  biased, hence the input
v . O E @— characteristic is similar to that of forward
EE o _ v biased PN junction As collector voltages
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— = increases the curve shift to the left side i.e.

more Iz flows for the same value of Vgg.
ri= 0 Vgg/ Ol at constant Vg Is

input dynamic resistance.

Output characteristics :  The graph

between output voltage (VCB) and output current (IC) at

+

Fig: Circuit for determining static charecteristics in CB configuration
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constant input current (IE) is called as output characteristics
. / ma F from the graph it is. seen that the curves are divided into 3
” te | [ " regions Three regions
f— 1) Active region : In active region emitter junction
‘ [~ cuwor 15 forward biased and collector junction is reverse biased thus
Ves

the transistor operates in normal mode the collector current is
nearly equal to emitter current (IC=IE) if IE is kept constant
then IC also remains constant i.e. IC is independent of collector voltage (VCB) but depends only on IE hence the
curves are almost flat

ro= V¢p/ Uc at constant I called output dynamic resistance

2) Cutoff regionThe region below the curve IE=0 is known as cut-off region In this both the junctions are
reverse biased and only the reverse saturation current flows through the circuit as shown tin graph the transistor is
in cut-off state and acts as an open switch.
3) Saturation regionin this both the junctions are forward biased, therefore current increases exponentially as
shown in graph. Large current flows through transistor & it acts as a closed switch.
2) Common emitter configuration:
Input characteristicsThe graph between input voltage (VBE) and input current (IB) at constant output Voltage
(VCE) is called as input characteristics from the circuit diagram, it is seen that the emitter base junction is forward
biased . hence current IE increases exponentially with input voltage VBE as shown in graph.
As collector voltage increases the curve shift towards the right side this is because less base current flows for the
same value of VBE.
The dynamic input resistance is given by

| Yep



ri= 0 Vpg/ OIz at constant Ve : Is input dynamic
.= resistance.

Fig: Circuit for determining static charecteristics in CE configuration

lc

(mA)
! = Saturation ‘ )
(MDA) Vee ﬁ:g: region +————  Active region ————\
- 80 /+mv Ig=+ B0 pA
+70 O\ Ig=+50 uA
+ 80 Aﬁﬂ +5 lg =+ 40 WA

P
»sof 3 #4.k lg=+30pA
o +3 lg=+20 uA
+30
I +2 K
+ 20
w1or e AL f—— R
o Tos RV w1 +2 +3 +4 +5/+s +7 +8 +9 vy ) a) Output

Cut - off reqion characteri
stics:- The graph between output voltage (VCE) and output current (IC) at constant input current (IB) is called as
output characteristics from the graph it is seen that the curves are divided into 3 regions namely i) active region ii)
Cut-off region iii) saturation region
Active region : In active region emitter junction is forward biased and collector junction is reverse biased thus the
transistor operates in normal mode. As collector voltage increases, the width of depletion layer increases this
decrease the effective base width because of this the recombination’s in the base region and hence the base current
decreases slightly this will increase the collector current thus for given base current as collector voltage increases
collector current also increases thus the output curves are inclined as shown in graph

The dynamic output resistance is given by
ro= 09F/( O,FWhen Iz= constant
Cut-off region: The region below the curve IB=0 is known as cut-off region In this both the junctions are reverse
biased and only the leakage current flows through the transistor the transistor is in cut-off state and acts as an open
switch
Saturation region: In this both the junctions are forward biased large current flows through the transistor &
transistor acts as a close switch
Current gain of transistor:-
1)In CB configuration:- a) D.C current gain:-_ The ratio of collector current (Ic) to emitter current (Ig) is called as
GF FXUUHQW JDLQ hg HQRIMWHG E\
7KH YD QXshed®y equal to 1 but it is always less than 1 it never becomes greater than or equal to 1.
b) A.C current gain:- The ratio of change in collector current to change in emitter current at constant VcB is called
DV DF FXUUHQW JDLQ GHQRWHG E\ .DF RU KIE
.DF ¢ @, when Vcg= constant
The valueol .DF LV QHDUO\ HTXDO WR
2)In CE configuration:-
a)D.C current gain:- The ratio of collector current (I¢) to base current (Ig) is called as dc current gain, denoted by
dec Or hfe de = IC/IB
b)A.C current gain:- The ratio of change in collector current to change in base current at constant Vg is called as
DF FXUUHQW JDLQ@hy GHQRWHG E\
DF G¢/ 0O when V= constant

3) In CC configuration:

a) D.C current gain:- The ratio of emitter current (IE) to base current (IB) is called as dc current gain, denoted by 4
IE IB+Ic Ic

- —1+Z
IE g IB

dc

Relation between .GF DOG: GF
Since IE=IB+IC
Dividing both sides by IC , we get
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Collector cut-off currents: -
1) In CB-configuration — (ICBO)
If emitter terminal is open (IE=0) then only reverse saturation current ICO flows through the collector circuit. This

current is called as

(ac =

//f;;;:zicn _J_
||[—Enuﬂeropen
Collector and

base

Collector cut-off current, denoted by ICBO or ICO. This current is very very small, because it is due to
minority charge carriers. This current is temperature dependent. As temp. increases ICBO increases. It doubles for
every 10°c rise in temperature.

Thus the total collector current is given by, Ie= . ,( ,&%2
2) In CE-configuration: -(ICBO)
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Collector and
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If base terminal is open (IB=0), then some leakage current flows through collector circuit. This current is called as
collector cut-off current denoted by ICEO.

Thus the total collector current is given by,

IC =

IB + ICEQ|

Relation between ICBO and ICEQO: -

Since I[E=1C + 1B
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Comparing eqns.(3) & (4) we get

I Iceo
CEO = ——
1«
[ceo
[Lsu 11 B Icso(1+ B)
[Cpo = ——— = 21B B
1= 1+ 4 1+]i- 8
1+03

,& (2 ,&% 2 BBBBBBBB
Thus the total collector current can also be represented as,

IC= ,% (1+ ICBO (6)
ICEOisalsR WHPSHUDWXUH GHSHQGHQW 7KH FKDQJH LQ ,&(2 ZLWK WHP!
Comparison between CB,CE& CC configurations: -

Parameter CB- CE- CC-
Configuration Configuration Configuration
Current gain Very low (0.98) High (about 100) High (about 100)

Voltage gain High (about 150) High (about 150) Low (nearly 1)

Input dynamic Very low Low Very high

Resistance (r1) (about 20- Y (about 1K Y (about 750 K Y

Output dynamic | Very high High Low

resistance (ro) (about IM Y (about 10K Y (about 50 Y

Leakage current 9HU\ VPDOO 9HU\ ODUJH 9HU\ ODUJ for Ge

$ IRU VL $ IRU VL $ IRU VL

Application For high freqn. | For audio freqn. | For impedance matching

application application (Buffer)




Ex:(1) If the base current in a transistor is 20mA, 60RQ *LYHQ . , &% 2

when the emitter current is 6.4mA, what are the 10x10°A IE=2mA=x 10°A
YDOXHV RI . " &ROOHFWRU FXUUHQW ,&
Sol: - IB $ [ "mA and IE=6.4mA =0.98x2x107+10x10°°
Since IE =B + IC =1.96x107 +10x10°x10~
6.4=20x 10" +1IC =107(1.96+10x107)
(6.4-20 x 10° ) mA=IC =107(1.96+0.01)
(6.4 -0.02) mA =IC =107(1.97)
IC=6.38mA =1.97x10°A
le 638 IC =1.97mA
Then grac = n T o, 0997 Again  IE = IB+IC
Iz 2mA =1B + 1.97mA

Bdc = 7= 638mA =319 IB = (2- 1.97) mA $

20 x 10°mA Ex: (7) In CB amplifier IC = 10mA & IE
([ $ FHUWDLQ WUDQVLVWRU KDV pP$ :KDW EFWRGXKHF WROXH R
OHDNDJH FXUUHQW ,&%?2 $ &RIFXODWH WKH WRWDO
collector current ( Given IE = 1 mA ) Soln: -Given: IC = 10mA, IE =11mA
Soln:- . ,& (2 $ P$ ,( P$ IC 10
Since total collector currents is, = 1E = 11 = 0.9

, & o ( , & %2 Ig = I - I¢

=0.92 x ImA + 0.05mA IC 10
IC = 0.97mA =z=7=10

Ex: - (3) When the emitter current of a transistor is
changed by 1mA, it’s collector current changes by
0.995 mA calculate

Ex: (8) The D.C. current gain of a transistor in CB
configuration is 0.98. Find the D.C. current gain in
CE configuration. What will be the base current?
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1) its common base short circuit current gain 6ROQ *LYHQ ) 0,% °A
. ] 0.92
ii) its common emitter short circuit current gain 6LQFH 1-z - 1-0.52 =
0.5 G2
6ROQ *LYHQ a,C=0M$ q, omn = o =49
= 0,& = 0995 = 0.995 e ©AlC
a,( 6LQFH ) 0, & 7, %
. = 0.995 =0.995 = % = 199 =49 x 200 x 10-6A
&SE).FX-(O)QID%/\(I).&OS, iQ D WUDQVLVWRU IRU ZKAF:9800X10_6A
P$
ol % $ 0 Ex: (9) In common base connection, the emitter
LYHQ , % 0 $ current is ImA. If the emitter is open, the collector
6LQH o & , % current is 50 x 10°A. Find the total current through
& % FROOHFWRU LI
o Hg N IC$ $ P 3 Soln: Given: IE= ImA= 1x 10°A, ICBO =50 x 10°
gain IE = °g .
$ $ 6LQFH ,& .,( ,&%2
200 A$ =0.93 x 1x10° + 50 x 10°A
=202m =107(0.93 + 50 x 10™)
F('[dICBO$ WUDQVLVWRU KDV ,&%?2 Q% - —10°0.93 +0.05)=0.98 mA
énROQ.*LYHQ &%ZQAQ$ g &DOFXODWH ,( LQ D WUDQVLVWRI
. ' G ,%
Since, ICEO = ICBO/1-. 6F?OQ ()\,LQFE'5 oo
= 50x10” = 50x10® =10,000x10" F L% $

1-0.925 0.005 Since IE = IB+IC
=10x10"$ $
(] 7KH FXUUHQW JDLQ . RI 131 WUDQVL:VIY)\I%QU$LV
It is connected in CB mode. If its reveres current ICO
$ )LQG WKH EDivVddrrent FR@®OHF W
emitter of 2mA
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