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Example 4.1 Objective: Calculate the small-signal voltage gain of the bipolar
transistor circuit shown in Figure 4.3.

Assume the transistor and circuit parameters are: =100, Ve = 12V, Vpp =
0.7V, Rc = 6k, Rg = 50k, and Vg =1.2V.

DC Solution: We first do the dc analysis to find the Q-point values. We obtain
_ VBB — VBE(OH) - 1.2-0.7

Igo R, 5 = 10pA
so that

Icg = Blpg = (100)(10pA) = 1 mA
Then,

VCEQ = VCC e ICQR(‘ = 12 ot (l)(é) - 6V

Therefore, the transistor is biased in the forward-active mode.

AC Solution: The small-signal hybrid-m parameters are
o BVr _ (100)(0.026) 26k
and _
Ip 1 '
m —"p‘;—m— 385mA/V _L_

The small-signal voltage gain is determined using the small-signal equivalent circuit
shown in Figure 4.11. From Equation (4.23), we find

V, r
A, = —=- mR ) Bt !
V.\' (g () ("n " RB)

or

2.6
= —(38.5)(6)(m) =114
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Example 4.4 Objective: Determine the small-signal voltage gain of the circuit Voe=12V
shown in Figure 4.25. 7
Assume the transistor parameters are: 8 = 100, Vzg(on) =0.7V,and ¥, =100V,
A. DC analysis B. AC analysis
, ) R:=05K2
= o3 x12=0.756V r= B 100 x ] x10° =2.736K
93.7+6.3 I 95 (@)
R, =93.7K//6.3K =59K e = S e i
oo 075607 o Igg .
T T O pte L 63T oo
leq =1 =1001, =0.95mA T 630937/ +05

v, =—Bi, x(r, I/ R.)=—-100x0.288, x5.67=-163.23,

12V
| K—Ro
6K —4 {o Vs
Ts Re

Figure 4.26  The small-signal ecuivalent circuit, assuming the coupling capacitor is a
short dreuit



Exam

emitter circuit with an emitter resistor.
For the circuit in Figure 4.28, the transistor parameters are: § = 100, Vgg{on) =

SEEF RS/ N RBRIBUR BB R 3 [4]

ple 4.5 Objective: Determine the small-signal voltage gain of a common-

0.7V, and ¥V = .
A. DC analysis B. AC analysis S
s 2 v, (1) i
=122 =177 r =BV 100x 2%k ])
56+122 =, 2
N T Ty
=L 0.0216mA ('-* '(lgﬁ’x 4)+0.
10+(1+100)x0.4 i, = xi. =0.1938 ,mA
1,=1001, =2.16mA 10+(z +(1+§)x04)
101 v, ==Bi, xR. =-100x0.1938x0.1168v, x2=—4.527,
Ay By o
2K | | |
T i
R, W= e
A ’\An w3V {48
VW e 4
V= 16 Ve SR 1a, | $hc=20
| =maen 1
J 04K _ $he=oan

Figure 4.28 The small-signal equivalen cirout wili an emiter
= resisior

The input resistance to the amplifier is now
| R=RIRIR, | (4.48)

We can again relate V;, to V, through a voltage-divider equation as

V-—( i )r 4.49
| B R,+Rs y (-)

Combining Equations (4.45), (4.47), and (4.49), we find the small-signal voltage
gain 1§

_Vo _BWRc _ _ ('_3 : _')
A, =3 = 5P = —pRe Rih) (V‘ (4.50())

. ] .

or

gk _”R( _ R,‘
= re+ (14 ARy (R, + Rs) (4.50(b))

From this equation, we see that if R, 3 R and if (1 + B)Rg > ry, then the
small-signal voltage gain is approximately

PR o =Ne
(1+BRr  Rg

A,

..... independent of [} (4.51)
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Common Emitter Circuit with Emitter Bypass Capacitor

| We can use an emitter bypass capacitor to effectively short out a portion or all of the
emitter resistance to enhance the small-signal voltage gain.

Design Example 4.6 Objective: An amplifier with the configuration in Figure
4.32 is to be designed such that a 12mV sinusoidal signal from a microphone is ampli-
fied to a 0.4V sinusoidal output signal. Standard resistor values are to be used in the
final design.

Initial Design Approach: The magnitude of the voltage gain of the amplifier needs

to be
04V
|Av| — -lm = 33.3

From Equation (4.51), the approximate voltage eain of the amvlifier is

, V*t=45V
4, = Re
Rp
Re
Ry =0.5kQ f’c vo
v 143 t
v, Rp =
100 kQ

Noting from the last example that this value of gain produces an optimistically high
value, we can set Ro/Ry =40 or Re = 40Ry,.

The dc base-emitter loop equation is

5= IgRg+ Vpg(on) + (R + Rg)
Assuming B = 100 and Vgg(on) = 0.7V, we can design the circuit to produce a quies-
cent emitter current of, for example, 0.20 mA. We then have

0.20

5 %1—0—17)(100) +0.70 + (0.20)(Rey + Ria)
which yields

R + Ry =205k



Assuming Iy = I and designing the circuit such that V¢zp = 4V, the collector-emitter
loop equation produces

545 =1IcRc+ Vepp + Ie(Rey + Rpz) = (0.2)Re + 4 + (0.2)(20.5)
or

Rc =9.5kQ
Then

Re 9.5
Ry =75 = 75 = 0238k

and Rg, = 20.3kQ.

From Appendix D, we can pick standard resistor values of Rg; = 2409, Ry, =
20k, and R = 10kQ.
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1)

2)

3)

4)

5)

6)

Ib =IBQ+ ib, IC=ICQ+ ic, Ie =IEQ+ ie,

I *
e =s B = CQ / _ ImVpe _
NG B IBQ . Im * T

B AV, o, l)EUREEE (s, oo lpe) MANHREIM

(6.1)

(6.2)

BE [H1Z&MEEH r, =1, = ﬁVT/ICQ » Vr=0.026 > lcq=Q-pointlc (6.3)

Rpp = Rp1 //Ry2
MATEIL = Rin = 7= Rop//(r + (14 P)Rer)

= 1 +(1+ PRy = Ry
$§EH:IIEI§KH => Rout = RC

BENAK => A, = 2=lslio o

Rin

*
Vs Vi Vs ip*(rg +(1+P)Re1) Rin+Rs

R

—B*R R;
B*R¢ * in

T +(1+f)Re1  Rin+*Rs - Re1  RintRs

10
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HEmETEWT:
1) EHAE => B == 20517/186 = 110.3 (F[E 6-6-4 341)
BQ
2) BE ZEimEE[H

_ .. _PVr _110.3 ¥ 0.026 _
T, =1, = leo = /205_17 . 10-6 = 13.98KQ

3) R,, = 100KQ
MATENL = Rin = 7= Rpp// (e + (14 P)Re)
=100 // (13.98 + (1 + 110.3) * 0.24)
=100 // 40.69 = 28.92 KQ

4) #HEIH => Ry = Re = 10KQ

R o= = Yo = Yo Vi = —ic*Rc Rin
5) %E:.)j&j(—f— > Av v 7, * 7. e A PReD) * iR,
— _ﬁ * RC % Rin
T +(1+ ARey Rin + R
~110.3 * 10 28.92

_ = —26.64
13.98 + (1 + 110.3) * 0.24 2892+ 05
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