Bipolar Junction Transistor 173
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Fig.6.17 Characteristic curves of d.c. current gain hez (at Vg = — 0.25 V) versus collector current for low, medium and

EXAMPLE 6.2

In a common-base connection, the emitter current I is 6.28 mA and the collector current I is 6.20 mA.
Determine the common-base d.c. current gain.

S Give Ir =628 mA and /- = 6.20 mA
We know that common-base d.c. current gain,
4 . -3
fc 6.20x 107 o
o =—=—"-=0.987

~

6.28 x 1073

is.a2¢"  EXAMPLE 6.3

The common-base d.c. current gain of a transistor is 0.967. If the emitter current is 10 mA, what is the value
of base current?

it > Given o =0.967 and Iy = 10 mA
+ i€ common-base d.c. current gain () is
o :(1.967:%:{%
Therefore. I~ =0.967x 10 = 9.67 mA
The emitger current Ip =Ig+ 1
Le 10 = I+ 9.64
Thf-—fil?f. I, =033 mA
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174 Electronic Devices and Circuits

EXAMPLE 6.4 q

ihe of Ioand /
The transistor has 7, = 10 mA and & = 0.98. Determine the values of /. »

1, =10 mA and o = 0.98
I

Ihe common-base d.c. current gain, o = /
£

Solution Given

I('
KX 0.98 = 10
Theretore I =098 x10= 9.8 mA
The emitter current Iy =1g+ 1
le. 10 =17,+938
Therefore, I =0.2mA
EXAMPLE 6.5
If a transistor has a & of 0.97, find the value of B.1f B =200, find the value of c.
e . 0.97
Solution I =097 g=-%___0U. _
sy @ p [—a 1-097 32.33
If B=200,q=—P__ 200 _
B+17-200+7 - 0995
EXAMPLE 6.6

A transistor has § = 100, |r the collector i
current js 4() mA, find the y i
alue of emitter current,

Solution Given B = 100

/
ﬁ =100 = < - @
Therefore. 1y 1,

/, :40/100:0.4 MA and
{i =
A /B+1C:(o.4+40)><10 :

EXA :
F 3 40.4 mA
A transisgq, ha
SB=150, gy
- 0. Fing the Collectoy and hage
- - currents
Jiven . lrlE ; 10
. )i} 150 and 7, =
e cummun»h- : ™ 1
U5€ currep gain, ¢ o \l
L = 150
Also, B+ | 150 +] - 099}
asle
II
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1, =0993%10=9

0993 =—= I NNERE

b L

emitter current Ip =1g+ 1 » |
10x10 * =1,+993x10 *

I, =(10-9.93)x 10 *=0.07 mA

'f rmine the values of 7 and 7, for the transistor circuit if /.= 80 mA and B = 170. S

Given B =170 and 7, = 80 mA
Ie 80 x10°
Ve know that (J), B=170= i AR
B B
_80x10 7
Iy =170 =047 mA

I, =14+ I = (0.47 + 80) mA = 80.47 mA

EXAMPLE 6.9

Determine the values of /- and I;; for the transistor circuit of = 200 and /5 = 0.125 mA.

olution  Given Iz =0.125 mA and = 200

Ie Ie

Iy 0.125%10°

I =200%0.125% 10 % =25 mA

I = Ig+ Ic=(0.125 +25) % 10 *=25.125mA

B =200=

herefore,

EXAMPLE 6.10
Determine the values of /- and I for the transistor circuit of /; = 12 mA and B = 100.
Olution  Given I, =12mAand f= 100

\ Iy _12x107
*eknow that base current, Iz = | fﬂ TT1+100 Rlippma

4nd collecior current, Io=1g-1g= (12-0.1188) x 10" = 11.8812mA

,XAMPLE 6.11

3 ransistor has 7, = 100 pA and I = 2 pA. Find () p of the transistor, (b) & of the transistor, (c) emitter
ot Iy, (d) if I, changes by + 25 pA and [ changes by + 0.6 mA, find the new value of B.
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176  Electronic Devices and Circuits

Solution

Given

I, =100 A =100x 10"° A and /¢

(a) To find B of the transistor

(b) To find & of the transistor

(c) To find emitter current, I

de_2x107°

= O =20
P Ig 100 x10°°
B 20
= = 30952
CTB+1 1+20

x 103 A.

Ip =I,+I.=100x10 °+2x 107 A
=(0.01 +2)x10°=2.01x10> A =2.0l mA

(d) To find the new value of 8 when A/, = 25 uA and Al-=0.6 mA
Iy = (100 +25) pA = 125 uA

Therefore,

I-=(2+0.6)m

New value of f of the transistor,

EXAMPLE 6.12

For a transistor circuit having o = (.98, I

_fe_26x10?
125x 106

Ip

A =2.6mA

20.8

“fco=SpAand I, = 100 pA,

find 7~ and 1.

Solution Given o =0.098
= U758, ](. =] =5 , _
The collector current ig e WA and =100 MA
o/ 1
=8 “co 0.98 x 100 x 6
o , Catr—= 10° 5x10°¢
F he emitter current jg “ l-a 1-0.98 [—09g ~ >1>mA
| lp=1,+7
B =10 6
k EXAMPLE613 c=100x 10 t515%1073 = 5,95 ma
' germanjyp, transj
a) Fing Stor used jp 4 ¢
eollovt s ch 2 0 plementary Symmetry amp;
urrent, if ¢, transistoyg t ibing hpg does not incllr;ﬁer has I ceo =10 A at 27°C and hFE=50.'

l- =
E ﬁl/f*(l+ﬂ)

= 50X(0.25 X 1

to 50°C,

/

CBO

-3
0 )+(1 +5())

ase with temperature, find the value of 1¢"

X(10x10% A = 13.01 mA

EXAMPL

When the en
0.9 mA. Fing

T

Solution

EXAMPLE

The d.c, curren

50/1(11'017

Th
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Bipolar Junction Transistor 177

b) To find the value of new collector current if temperature rises to 50°C

(

We know that I -0 doubles for every 10°C rise in temperature. Therefore

\ I’ cpo (B=50) = Icpo x 2727 TVM0 = 10 5 5(50-27)/10 A
| =10 x 2> nA = 49.2 uA
e collector current at 50°C is
Ic=B-Ig+(1+P)I'cpo
=50x(0.25%107%) + (1 +50)x49.2 x 10" ° A = 15.01 mA

Therefore, th

EXAMPLE 6.14

A When the emitter current of a transistor is changed by 1 mA, there is a change in collector current by
0.99 mA. Find the current gain of the transistor.

Al _ 0.9 x 1072

The current gain of the transistor is o = =0.99
¢ Alp  1x107°

Solution

EXAMPLE 6.15

The d.c. current gain of a transistor in CE mode is 100. Determine its d.c. current gain in CB mode.

Ba
Solution  The d.c. current gain of the transistor in CB mode is 04 = I+ ﬂc
d.c.
_ 100 _
¥ “T+100
[ and I
EXAMPLE 6.16
\ When I;; of a transistor is changed by 1 mA, its /- changes by 0.995 mA. Find its common base current gain
o, and common-emitter current gain f3.
6 . q&mb . Al -3
« 10 = ‘.\-\5‘ Solution Common-base current gainis o = €= 0995 103 =0.995
308 Alp  1x10°
COmmon—emitter current gain is B= Se fecs =199
A : l-a 1-0.995
20 I XAMPLE 6.17

/ The cur .
Tent gain of a transistor in CE mode is 49. Calculate its common-base current gain. Find the base

ﬂ !
0" current v ;
’ oCH | uf'{ When the emitter current is 3 mA.

t o
0 pA ﬂﬁt\d ¢ Solutig,

* Given =
; ““’t- : ﬁ =49
yerd We know that o= p
herefore th b 'B
| > M€ common-base current gainis o = P _ 0.98
l;we alSQ kn()w lh I 1 + 49
P v . 0 ==
0 i \therefo, Iy
h |- Ie = odp;=098x3x107° =294 mA
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EXAMPLE 6.18

Determine I, I and o for a transistor circuit having /= 15 wA and g = 150.

=15 S -6 =2.25mA
Solution The collector current, [I-=pBlg= 150 x 15x 10 2.20n
S 6=2265mA
The emitter current, Ip=1-+1p= 225% 107> +15x 10
B 150 _q934
Common-base current gain, =Ty B~ IS 0.99:

EXAMPLE 6.19

Determine the base, collector and emitter currents and Vp for a C_E7(C)i(;‘CUif shown in Fig. 6.18. F;
Vee=10V, Vgp =4V, Ry=200KQ, R =2kQ, Vge (om) = 0.7V, p= 20

Vee = 10V
Q
Ve |
% Re =2 kO
Ry =200kQ ¥
Veg =4V oW
T |
- 3 ‘
r ' | |
. | )
ﬁ Fig. 6.18
Solution Referring to Fig. 6.18, the base current is
Vep—Vpelon) 407
IB = — =16.5 LIA
Rp 200 x 10°
The collector current is
Io = Bl;=200x16.5x107% =33 mA
The emitter current is
. 3
I =Ic+13=33x107"+16.5x 10 ®=3.3165mA I
Therefore, Ve = Vee—IcRc=10-33x103%x2x10° =34V Soy
l
EXAMPLE 6.20 1 A
gsllf‘d
Calculate the values of I~ and . for a transistor with Qg = 0.99 and I5, = 5 HA Igis e
20 pA.
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Caven oy 0.9 I‘ o ) | \ /,' '(l“‘\
Soluton
oy Teno 099 % 20% 10 4
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| = O, | = 04, 1 ~().,99 |
y Iyt 1 0% 10 "4 2,48 x 10 2.9 MA
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EXAMPLE 6.21
The reverse leaka
when h
I'he I&'.||\.l;{c current /' - 09 “/\

I( 1)

Solution
8 A

Assume that l, 30 mA

[ [+ 1,
/( /l l/»' /“/ l (l ! /;) lt /i)
/l 110
We know that Lo U o (L + B¢y
(
; Iero |8 Q0
/ b (.2 '

8O (30 10 ")+ (1 +89)(0.2% 10 )
67 A
[ no 02x10°
ae =1 | 0.988
o I8 > 10 B
/; /1 I( 1210
(l\
Iy 1o
267 02x 10 °
i 8()
30 % 10 (8> 10 °
EXAMPLE 6.22
Ifo, =
(I.,““.“ P - -
¢ 99 and Iepo = 50 pA, find emitter current.
Solusi,
" Given -
Assume that e = 099 and 1y = 50 pA,
[, =1 mA
Ie Xy A | lepo 099 (1 x 10 Y .50
I {Y\|\ l (Y\|\ ] ”()() l

#‘ym.‘lk VT
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0.99

ge curvent of the transistor when connected in CIE configuration is 0.2 A and i iy 14 JA

¢ same transistor is connected in CICconfiguration, Caleabate oo cand 3ol the (ransistor
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099 x 107, 50X 107 _ggmA +5mA A §is
N pasncs aRiE. gra®"
= 01 001 “\ W
i A+1mA= 105 mA il 10
IE:1C+IB:104m 30”1:\'
\
\ : X ion
' EXAMPLE 6.23 4 the percentage change in collector current if the trangg. golutl
For the CE amplifier circuit shown in ig- O et b . = 150. Assume Vgr = 0.6. Given
. — 50 is replaced by another transistor with /1
tor with /i, = 50 is replaced b CBC
R, _sx100 _xp=2V Fof
_ 2 s g 3
Solution | R+ R XiVee 5% 107 +25x 10
_ - herefOT®
Vy = V- Vgp=2-06=14V T
Ve 14 _
Here, IE :—R—E:1—06—14mA
Iy 14x107° _
For B =50,Ip= 1+ﬁ: 51 =274.5pA
. For CE co
Therefore, I = Blz=50x 2745 % 10°°= 13,725 mA
< Iy 14x1073
For B :130.13:14'[3: 151 =92.715 mA
Therefore, I, =BI=150%92.715%x 10 %= 13.907 mA ‘ M
Hence, the percentage change in collector current is calculated as There ig a
i lalee g0 L BTX 10213725 10 ) sipation
a 13.725 x 103 <100 = 1.326, able cojec
EXAMPLE 6.24 - Ddlance
Given an NPN transistor for which ¢ = | 6,9.1
is used as shown‘in Fig. 6.20 with Vee= (1]293; Ieo=2p4A and I, =16 W A
order that transistor enter jp¢ Saturaction 8 MR =4xq Wh ;)t ey HA. A common emitter connection hep adig
gion, € minj AT Vo |
Solution  Given o= () gg , A 'Mum base current required i | brhage' Sit
OS2A L < B[eak Owp,
- L “A, V = .
cc= 12V apq Ro=4x re\prO' The
T Ve ¢Sk b b,
Csaty = R\ = 1\2 - reakd lag
C 4xpT3mA b, VD
Qakd
B0 ¢ O ¥
e . Net;
* 1095 =49 T o
.LheQu Catjg
Ili(miu) “UrrehrtrQnt ‘_4
TI’] R "ri,Q\
23 R
=2 400-3 b(.eh?»;

1SN 61200 10-6
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EXAMPLE 6.25 i ~ 0.01 mA . What unun{
: o =3mAand lco™ ™ ase current 0
Q= anexating ia CB coufiguration bas - B o CE configuration with a base €
will flow in the collector circuit of this transistor when connected In
: 30 uA?
it 1fthetran
Solution
Given I =298 mA, I;=3mA, I, = 0.0l mA and I = 30 pA.
For CB configuration, Ic =alg+ 1,
s -3
" Therefore, . Ie—1Ico _ (2.98-0.01) x 10~ .
1 IE 3 X 10_3 - U. 9
__oa _ 099
i P T e -0 =%
2
Q 2 For CE configuration, Ie =Blg+(1+ P 1.,

| :99><30><10‘6+(1+99)><()01><10\3

| =39
Figt” 6.9 BREAKDOWN IN TRANSISTORS A

There is a possibility of voltage breakdown in the transistor g ;
dissipation of the transistor is not exceeded. Therefore there s 4 l1gh Voltages b

1 1 X PR o s : n 3 4 Ve
able collector junction voltage. There are two types of breakdowy, Pper limjy to the hough

a1 73 ‘M- 7 0 9 n(
Avalanche breakdown and reach-through or punch-through, dmely Ave o 3 Xin rata
i ? a
6.9.1 Avalanche Breakdown and Multiplication “y ,(.an.llow~
On or

When a diode is reverse biased, there is a limit on the volta

. . ! ge that .
unltace Similarlv in the transistor. the maximum revase. 1o« = 4N be ap..
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