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problem 1. A transistor hag o — .99,

If il is conmeeted 'f
b f il 4 o COF ey,
the change in collector cyrpent Jor a chan p

il e
e of V0 uA in base currents

Solution : B m 0.99

= — = ()f)

Now g = Ale
Ale = BAI =99 % 10 jA = 0.99 mA.

Problem 2. In o transistor connecte

20 pA to 30 pA at a fired Ve
3.2 mA. Find f3,

din CE mode if the base current 1 changed from
E =15V, the collector current chonges from 2.2 mh to
c. and also By at the mean operating point,

Alc

Solution : = —v
Ba.c. AL,

Ve e=constant
3.2mA — 2.2mA _1ImA
30pA —20pA  10puA

Bye = I_c _(3.2+22)mA +2 _2.7mA
“ Ip (304+20)pA+2 — 25uA

= 108.

Problem 3. The transistor of Fig. 5.P-3 has f = 100. Determine the requon. of
operation and the values of Ig, Ic and Vog for Rp equal to (1) 500 kS and (ii) 120 k<1,
Neglect reverse saturation current.

Solution: Since the emitter is grounded and the base is at some 4ve potential, Vg > 0.
Thus the emitter-base junction is forward-biased. To determine the biasing of collector
junction we are to calculate Vop. To begin with we assume that the transistor is in

the active region.

: Vee — VBE
(i) Now Ig = i I
_10V=07V _ g6 a
500 k¢ ] Bos
Io ~ BIg =100 x 18.6 pA = 1.86 mA 8 Ic} .

Vee = Voo — IcRe | s

= 10V—1.86mA><2kQ 8
6.28V £¢ | le=la+lc
= 0.
- - 0.7V

Vo = Vor -~ Vor = 628V ? Fig. 5.P-3

= 5.58V a
/ i ‘ J;% ‘

Scanned with CamScanner



i Fundamental Principles of ELECTRONICS

——

It ill ." ] I3 . . - ‘3 v 1Q ) QN .r-‘
Thus 11 (l"'dl‘(‘vh‘ t,lmt: the collector junction of the n-p-n transistor is reverse-biased,

8 the transistor is really in the active region.

(i) For the second case

0V —07V
I = — ,5 ,A
A ook~ oH

Ic =~ 100 x 77.5 uA = 7.75mA
Vep = 10V = 7.75 A x 2kQ
= —55V
Vep = Vep — Vg = -55V - 0.7V
= —6.2V

Since for an n-p-n transistor collector is —ve with respect to the base, the collector
Junction is forward biased and the transistor is in the saturation region. So our initial
assumption is not true. In the saturation region Vpgsat = 0.8 V and Veggsa = 0.2 V.

Therefore,
10V -08V
~ Ip = EETT 0.076 mA
= u = = 4. A
and I¢ Re 710 4.9m

Problem 4. Consider the problem 3. with Rp = 500k and calculate the collector
power dissipation.

Solution: As shown in Problem 3

Ic =1.86mA, Vo =6.28V

Therefore, the collector power dissipation is

Po = Veg - Ic = (6.28V)(1.86 mA) = 11.68 mW

Problem 5. A transistor in CE mode is connected with a resistance 5 kQ and a power
supply of 5 V in the collector circuit. If o = 0.998 and the voltage drop across the 5

k) resistor is 5 V, find the base current. (C.U. 2000)
' 5V
Soiution IC-—-m—lmA
' g o _ 098 _ o
l-a 1-0998
I 1mA
Ip = —=—n
B 3 299 2uA.
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Pl'oblc"l B, S“PP”HF the transistor of Fig. 5.P-6 has (3 = hpp = 100, Find (i) whether
the ransistor L operating in the active, saturation or cut-off reqron (i) the value of
output voltage Vo. Assume |Vigp| = 0.7 V and Vorsa| =02 V. (C.U. 1998)

Solution: At first we assume that the transistor is operating in the active region. Now
Ie = plp
Iy =1Ip+1c=(14+p)Iy

Therefore, using KVL to the circuit i -

o

O
n
o
<

Ve —IpRp + Ve — IpREp =0

D
O
AAAAAAA
Yy
n
A
o)

Vs + Vi
Rp+ (1+B)Rg

3V-0.7V
100k + (1 + 100)0.5 k2 Vgg =3V =

= 0.0153mA /71

or, Ip =

—-—

Ic = BIg = 1.53mA

Fig. 5.P-6

Using KVL to the collector circuit,
Voo — IcRe + Veg — IERE =0

Vog = —Vee + Ic(Re+ Rg) [ Ie = I¢]
= —10V + 1.53mA(2kQ + 0.5k?) = —6.175V

the collector of the given p-n-p transistor is forward biased. Since

Therefore,
our assumption is correct, i.e., the transistor is operating in the

IVCEI > VCE sat .
active region. Now output Vj is given by

VCC—ICRC+VO=O

Vo = =Vee +IcRe
— —10V + 1.53mA x 2k

= —6.94V

5.P-7 B = hre = 50, Vapsat = 0.8V and

Pro . For the transistor in Fig. . _
Rlemit.- Gar & the transistor unll be driven

VeEsat = 0.2,V. Find the limiting value of Rp for which

into saturation.
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188 Fundamental Principles of ELECTRONICS

Solution; Assuming that the transistor is operating in the saturation region we cay

write
Vee = Vel
[ sa "—'—“-)‘—‘;‘:“i Ve 945V
Il( y
" [
SV -0.2V 3 ’ C‘ RcsiKﬂ
= —————— = 4.8mA.
| k§
Now e . L s
Now the minimum base current for saturation is Ay
v
I 4.8mA CE
IBamin = —2 = = 0.096 mA — (; \ _
hoeg: 50 v lg "BE_ to
, . 5 Vs -
Ry Vi — Vg 5V =08V I
8. x = — -
Tons = [[}_n)i” 0.0g()lllA mW
Fig. 5.P-7

= 13.75 kQ.
This is the value of Ry at the edge of saturation.
43.75 kQ will increase Ij3 and hence the transistor will be driv

Any value of Ry smaller than
en into saturation.

u transistor operating in C'B mode is

Problem 8. The dynamic emitter resistance of '
of the ammplificr

10 Q. The load resistance in collector circuit is 3 k@ and current gain
is 0.985. Calculate the voltage and the power gain.

R 30000
Solution : Ay = Gue - ’—L = 0.985 X — 73.87
e
R
AP = ai.c. ' —£
rg -

Qg X Ay = 0.985 x 73.87 = 72.70.

Problem 9. In a transistor oferating in CE mode a constant buse current of 20 pA
flows. The collector current changes from 3.0 mA to 3.5 mA when the collector-emutter
voltage changes from 6V to 12 V. Find the value of output resistance and 3 at 12V,

| o AVep 12V -6V
Solution : Output resistance 7o = “A7-" = 35mA — 3.0mA

Ig _ 3.5 mA
Iy 20pA
= 175.

/3

10. Consider the circuit of Fig. 5.P-10.  Find the value of Rp and Re
serate the transistor at T =1 mA and Vop =5 V. Assume dge = 100

7V.
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Solution:
p. = Yec“Ver 10V -5V . O
‘ ic TmA Ok
Ie 1mA
Ip % —— = ——- =001 m/
B 3 100 1 mA
Vg —Vpr S5V --07V
RB = ——————— i
I 0.01 mA
= ARk | | Fig. 5.P-10

Problem 11. The transistor in Fig. 5.P-11 has § = 100 and Icpo = 20 nA.
Calculate I, I, Ve and hence decide in which region the transistor operates. Given
ViEactive = 0.7 Vi Vppsar = 0.8 V; Vopsat =02 V. (C.U. 1997; cf. C.U. 2010)

Solution: At first we assume that the transistor is operating in active region. Now
Ig=Ip+Ic=Ip+Plp=(1+p)3
.. Applying KVL to the base circuit we get
Vs = IpRp + Vpe + IeRE

Ve — VBE
Ry + (l - /3)]?.];

5V —-0.7V

50kQ + 101 x 2kQ

Ip = i
g C 10V

= 17.06 A

Ic = BIp+(1+B)cso
= 100 x 17.06pA -+ 101 x 20 nA
= 1.708 mA

Application of KVL to collector circuit yields
Voo = IcRe + Vep +1ERE

Ver = Vee — Io(Re +Re) [+ 1e =~ Ic]
= 10 — 1.708 mA x 5k

=146V

co : ansistor is operating in the
Since Vep > VoEsa, Our assumption 1s correct i.e., the transistor is operating in !

- active region.

Scanned with CamScanner



