Electrical Science: 2021-22
Tutorial 11

BJT Circuits

By Dr. Sanjay Vidhyadharan
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Example 1

Find the operating conditions of the circuit given below
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Example 2

Determine the Q-point values of I and V¢ for the circuit in Figure. Vs =8V, =100
Rg =360 k2 and R =2 k.

+Vee - _
1 1p = Voe ~Vap 8V =0TV _ 20.281A
R 360KQ

5

I =Bpoly =100*20.281:4 = 2.028mA

Vg = Voo — IR, =8V —(2.028mA) (2KQ) = 3.94V
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Example 3

Calculate the Q-point values.

Vee
+10V f o VeerVe  _ 10-07 -838 A
® Rp+ (B +1)R:. 100+ (100+1)
Re
] 10 kQ
B
M\ ’GDC( )—10{}><838;1A 0.838 mA
100 kQ +(ﬁm+1)
T ﬁ'Dl::IUU
07V

Vep = Ve — (I + I JR; =10 — (0.838 + 0.00838 )10
= =1.536 V
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Example 4

Determine V¢ and I in the voltage-divider biased transistor circuit.
Assume B,- =100 and Ig = 1
R 5.6
2V = x10 =3.59 V
R, +R, 10+5.6

R, = R /R =5.6/10 = 3.59 kQ

Vog =

I — VTH _VEE — 3.59_ DT
® Ry +(Bo-+1R;  3.59kQ+(100+1)560 Q
" Re =48.046 uA

5.6 k() 560 ()

i IC — ﬁDC(VTH _VEE) =100x48.046 zzA
- - Ry +(Bpe +1)Rg
=4.805 mA

Vegg # Voo — (Rc +Rg )ICQ
~ 10— (1kQ+560 Q)% 4.805mA
=2.504V

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Example 5

Find emitter bypass capacitor in Figure if the amplifier is to operate over a frequency
range from 2 kHz to 10 kHz.

Vee :
+;:§ \Y - X — RE

10
In the given problem. f, . = 2kHz : Ry = 56042,

Hin

_ "
10 X = 560
Cn of Xe, = 560/10 = 56Q
| .
1 —_—
or 2T fmm CE‘ = 56
1 1

_ = _ -6
Ce = 2% fom 56 2mx (2% 107 x 56 = 142 % 10 F=142F
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Example 6

In a CE amplifier, if R. = 10 kQ, R = 10 kQ, R,;= 2.5 kQ, B =100, find the output
voltage for an input voltage of 1ImV r.m.s

R.xR 10 %10
- . - — Q = = S kﬂ
Effective load. R R.+R, 10210

. R 5 kQ
Voltage gain = Px—2€ = 100x = 200
=T B D 2.5kQ
v
out, L 200
Z

H

7y = 200x ¥, = 200x1mV = 200 mV

Feifin
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Example 7

In a transistor amplifier, when the signal changes by 0.02V, the base current changes by
10 pA and collector current by ImA. If collector load R, = 5 kQ and R, = 10 kQ, find: (i)
current gain (ii) input impedance (iii) a.c. load (iv) voltage gain (v) power gain

Al =10 pA, Al = 1mA, AVp=0.02 V., Rg=5kQ. R, =10 kQ

AVgz 0027
Input impedance, R, = MBE =10 v = 2 ki
B
1 , AT~ 1mA
Current gain. f = A, ~T0md 100

"R.XR 5 %
a.c. load, R, = RC+RL = ;_I_llgl =.3.3 k2
C L -

Voltage gain. 4, = Px—=%= =

Power gain, 4, = current gain X voltage gain = 100 x 165 = 16500
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Example 8

Determine the ac emitter resistance for the transistor circuit shown in Figure

#Vee=20V

H]%liﬂkﬁ % R-=12k0Q

i

In order to find D.C. I, we shall proceed as under :

-||||—o o

Vec 20 r
L . across R+. V, = ———XR, = = ®20 = 2,35V
- D.C. voltage across R,. 5 R+R, 27 150+ 20
D.C.voltageacross R, ¥V = V,— V. = 2.35-0.7 = 1.65V
. | 1.65FV
D.C. emitter current. IE = R‘Z = 33 k0 = 0.75mA
. . | 25 mV 25 mV
AC tter tance, 1. = = = 3330
enutter resistance. r, I, 075 mA
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Example 9

For the amplifier circuit shown in Figure, find the voltage gain of the amplifier with (i)
Ce connected in the circuit (i) C¢ removed from the circuit.
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Example 9

In order to find D.C. I, we shall proceed asunder :

Vec 20 :

; acr . = XR, = ——x20 = 235V

D.C. voltage across R,. 'V, R+FR 27 150420

o I D.C. voltage across RV = Vy—Vgp=235-07 =165V

. V 1.65V

l D.C. enuiter current, [, = Ri = k0 = 0.75mA

25 mV 25 mV

AC enufter resistance, r, = "";;ﬂ = {__}T_;;;LL = 3330

: Without C¢. :

With C¢ connected : =

| Re _12kQ : o B nre
Voltage gain, 4, = —; = = 360 Voltage gain. 4, = 7 p-=333g+20kq 08
=T v 33.3Q e K

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Example 10

For the follower shown in Figure, determine the input impedance, output impedance and load voltage.
Assume =100 and Vin=100 mV.

+ +20V
22k§
1k _
amn—]| v,
Vv —I
30 22k 3
L \ mkg 500

Assuming an unloaded divider, VB will equal half of the DC supply, or 10 volts. We lose 0.7 volts

across the base-emitter junction leaving 9.3 volts across the 10 kQ. This results in a collector current
of 930 1A and an r'e of 28 Q.

12

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Example 10

For the follower shown in Figure, determine the input impedance, output impedance and load
voltage. Assume =100 and Vin=100 mV.

s +20V Zin{buse} = rg[ﬁﬂ + TE}

Zsivase) = 100(289 + 10k02[5000)

22 k g
Zin(sase) = 504k

Il -
www—|| L Zin = B || R || Zin(pase)

v, (™) 23 — Zin = 22K0)||2200250.4kQ2
< 10k § 500 Lin = 9.03kS2

78|17 sen
Zmzﬂgu(m B'LF )

r'e=28 Q. 22kﬂ||22kﬂ||1kﬂ)

Ziz = 10k | (239 + —

Zaut = 3702
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Example 10

For the follower shown in Figure, determine the input impedance, output impedance and load
voltage. Assume =100 and Vin=100 mV.

§ +20V Tg Z‘i
Aﬂ' = T =
T‘L + Tg Adlmdﬂr Zin + ZSOHTCE
5009|108 9.03k(}
22 k § A, — | Asger —
. 280 + 5008|100 .03k + 1kQ
11l b
YW L A, —0.9444 Agivider = 0.9
Hn 29 k _I A—u{system] — A‘u X -A'dil?iliﬂf
= 10 ’E 700 Ap(aystem) = 0.9444 % 0.9
i i > Ay(system) = 0.85
r'e =28 Q.

Hﬂﬂd — Av{system] bS Eﬂ.
Vivad = 0.85 x 100mV

Vicaa = 85mV
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Thankyou
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