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IAT:1; AEC
. Derive an expression for input impedance, output impedance, voltage galn and current gain of
transistor amplifier using complete hybrid-Model, (10 Marks)
CQMPLCTE 1 BRI EQUIVALENT MODE (2 Marks)
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Current Gain: [2 Marks]
Applying Kirchhoff's current law to the output circuit
\
L=hely =Rl —=helithVy as V= =l,R, hence 1y = help = holoR,,
) l, hy
R, = heli = WY=hel, =2 A, =—=
Io+ RIGRy = Rely => 1,(1+ hoR,) = Iyl " TR,
Volt ain: [2 Marks]
. . (1+ h‘ R;.”.u = Vo _ _ -(1+ h:?“l.)h[
Vi=Lhy+Voh, as = —T;-—-—— and 1, = —h;-—— =>V; = ——-——~——-h’_RL Vo + Voh,
l‘@hrhr‘Rz -1+ ’L,R;Jhﬂ':, _ _ "',‘}h,-h"Rl. . hl-V,, - hil}l,h‘,R,_
£ th;_ o hr'Rl.
b o Volhit (hiko = hyhy )Ry
=> =
= heR,
V. =hyR
.'!\‘ = _:' => °'!|' = — Dy
ll;' hi + (hl'h“ - hph!‘)ht
Input Impedance: [2 Marks]
Vo= 1Ry + RV, and V, = —I,R, hence Vi=lihi=I1,RN as I, = A
5 I',i . !f L Rl.hr'hf
]: - ‘,ihi — Rf,hr-‘gili and Zi = r = hl' - R,.h,u“,- as f'l( = m{ hence !ff = h[ - m



outeutimpedance; The output impedance od an amplifier is defined to be the ratio of the output
voltage to the output current with the signal Vg set to zero. [2 Marks]

Vo iR b = bV, =0 forcaleulating 7,,; Vg has to be set to zero => I;(Rg + hy) = —h.V,

hyV,
l;
R_\' | h‘
=h.hV.
y = heli + RV, m> 1, = L0
I,| 'f ! " { ".S ' h' + h“V“

o [
l, 1 'fa,.f};' 1
ho - I‘(n,\;'f; M)
2. Calculate the following for the network shown In (Fig 1) with and without C; and compare the voltage
gain.(a)r, (b) Z; (0)Z, (d)Ay (e)A; [10 Marks]
e\

L0

g 90k
o= —+
LG
o ;10 kQ I
0.68 k(2 = ¢,
(Fig 1)
ANSWER: (Without C}; ) ' [5 Marks]

BRe 2 10R, =>210x 0.68KQ = 10 X 10KQ => 142.8K0 > 100KQ(Satisfied)

: VecR: 16 X 10KQ)
f B= = = 1.6V
- ¢ Ri+R,  90KQ+ 10KQ
Ve = Vg = Vgg = 1.6 — 0.7 = 0.9V
. t = E= =22 3o
.3 $ ' R Oeska M
! <
S0k | e 26my 2emy
e =T T 132ma 1%
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Zy =Pre + (B + DRe =210 x 19.690 + (210 + 1)0.68K0 = 147.6K1)

g = e 90KQ x 10kq
- _ 20K x 10k
Ri+R; ~ 90KQ + 10kq = 2KQ

Zi = Rz, = 9kQ||147.6K0 = 8.48KQ)

Z, = R; = 2.2K0

A4 = _Re _ —2.2KQ)
" Re+1) (196901 0.68Km) = 314
Z; 8.48K 1)
A =—-A,— =314 x =
(With Cg ) [5 Marks]
A_:P 4 jfh <
_ | f -
F ) 20kQ 10 kQ Br, 4 Bl r, 27k0
L S
— 4 | e Z -
-?L — " ) - _‘[__ -
i =
,__RiR, _90KQ X 10KQ - 4 - ~Re _—22Ka _ 11173
"Ry +R, 90KQ + 10KO Y, T 19690 '
Zi = R'||Br, = 9KQ||4.135KQ = 2.83KQ A= —ay Pt o 11173 283KQ
i 'R 111.73 x oxg = 14372
Z, = R, = 2.2KQ
3. For the network shown in (Fig 2). Determine re,2,Zg, Ay, A; [10 Marks]

nv

5.6 k0

—p b
(-—o I :‘
1, Cp
—_—
f',o—) ﬁ=80 .
Cp "y -
— 2,
- 4 Rhg
1.2kQ 330kQ
047k0Q ¢ i
T
(Fig2)
Vee — Vae 22—-0.7 .
-— — — . “A
s Rg+ (B +1)Ry 330x 103+ (80+1)(1.2+0.47) x 103
3
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le =B+ Dy = (80 4 1)45.77,4

- 26mv. 26my =3.708m4
e Toag = 7010 R

Zy = + -
b= Pret (B + DRg = (80 x 7.010) + (80 + 1)1.2K0 = 97.76K0

Z; = R Z =
1= RallZy = 330k0197.76K0, = 75,4140, [2 Marks]
Zu = RC = 5.6K0 {2 M kS]
ar
Ay = “Re _ -56Ka
(Re +7) ~ (1.2kn+7.01n) ~ 4639 [2 Marks]
Zi 75.41K0
Aj=—-A,— =4, ; -
i v Re 4.639 x Sk = 62.469 [2 Marks)
4. (a)Calculate the DC bias voltages and Currents for the given circuit (Fig 3). [5 Marks]
t Vee =16V
? c
Rg=24M0 |
—
8 |
: " Bp =6000
»Qp Vee = 1.6V
vE
-+
(Fig3)
Vee =V,
Iy = 8% [2 Marks]
Rg + (Bp + DRg
Ig = o = 2.637
7724 %106+ (6000 + 1)510 HA
Ig = (Bp + DIy = (6000 + 1)2.637uA = 15.82mA [2 Marks]
Vg = IgR = 15.82 X 1073 x 510 = 8.0709V [1 Mark]

(b) g//%f? Qe supslomt iam J'\Md biow 5 Manks]

4 Ve
Re
R_g & °
Ce =
- o
. +
\Z e
T L
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LMPUL g aeun W E% an]

withow! Ry

Z = Rg Il Bnet+ CHBIRE) )
The ‘W\?uif iwfcdouvx& fan Cruodyeh 3\*19'&7‘“"1’“&]7 v
A COd 10 AN RF ye 1S dpun L |

i

VolT o (ﬂodM [2 Monks |
-—;% Av= Vo
A
w,ﬂmovﬁf RE (01 A RE
- = ke Av= -Re
e RF 1 5k

The aaim %wﬂ«'mMMdeﬂﬂ( bd Tt
g?alml}fﬂ jan Quesed < 570/«@0%'
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Thevenin

by

" 1.6L0
R2lk) ‘ .

A, Y,
2x10°°F,

Ryhyeh
refe —5 7' = 1.6KQ —

[2 marks]

}

g Iy
105

(4.7KQ)(2 x 107)110

R T

Z, = 470KQ||Z; => Z; = 1.5KQ

_hfeRL

1+ (20uS x4.7KQ)

[2 marks]

= 1.505KQ

[2 marks]

~110( 4.7KQ)

> A

A, = =
g hie + (hiehoe - hreh-fe)RL :

V= 16KO + (L.6KQ X 2048 — (2 x 10-) x 110)( 4.7K9Q)
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Ay =-=3139

I
A, =!—°=r"_f_e__ 110 e
e a0
i + hOeRL 1 + (20#8 X 4. 7K.0.) = 100. 54 [1 mark]
1
h eh
yehy, = B6.67KQ
20;45 [ 2x10-4)x — 110
R FhY (2x1074) x (1KQ + 1.6K0)
Zy = =

0 =Rc|IZ,=>2, = 4.7KQ||86.67KQ => 7, = 4.45K0Q [2 marks]

(a) Determine the input impedance,

o output impedance, voltage gain and current gai
circuit shown below (Fig 5). e R

[5 Marks]
—o8V (@)  Zi = Rallhse = 330 kQj1.175 k()
N =M, =1171kQ [l mark]
27kQ 1 1
®) ro=7—=557—5 =50k
It - hi,,, 20 AV
J: =120 7 Z, = —Rc = 50 k2.7 k) = 2.56 k() = R, [1 mark]
S 1175k hoe :
hn =20 pAV he(RAILR _ (120)(2.7 kY50 kL))
(C) Av = —“"@!“'L}:j_'l;i 1.171 k) = =262.34
L [1 mark]
(Figs)
A =-A d 262.34 x L171KG 11377. | 1 Mark
0= VRC_ 27K [2 Mark]
(b) Analyze the r, parameter model for emitter follower circuit and derive
Z;,ZG, AV:Al! [5 Marks]
EMITTER FOLLOWER CIRCUIT/COMMON COLLECTOR CONFIGURATION:
[1 Mark]

For emitter follower circuit the output is taken from the emitter terminal. The output is slightly less than
the input signal hence 4y =~ 1

V, = 181, + IR => Vi = Ipfre + (B + DIpRg
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Vi
Zb—E_'>Zb:BT9+(B+1)RE r

=>2Zp = B(r, + Ry)

. :
AV Ry «—

Zi = Rgl|Z, s

(1 Mark] ‘.l_ -

Output impedance is calculated by setting V; to zero hence Zy, = Rg||r. [1 Mark]

ViR v
V - ["'E =>A =_o'._‘ RE
0 Re +1, v V,-—R5+re asRg+1, =R =>4, ~1 [1 Mark]

the + ve sign indicates there is no phase shift between V, & V,

_ l[‘RB (RB + Zb)lb
PRtz T R, b= le=—G 4Dl

I _ _(ﬁ+1)lb __(ﬁ'l‘l)RB_ _ﬁRH

0 Rg

= E e = (B + 1), X - = ~

‘ .Iri [(RB;Zb)[b:I (B )b (RB +Zb)1b RB +Zb RB +Zb as ﬁ+1 ﬂ
B

The current gain can also be calculated as

Z
A =—-A,— [1 Mark]
Re
7. (a) Describe the h-parameter model for emitter bias circuit and derive Z;, Z,, Ay, A; using

approximate hybrid model.

[5 Marks]
EMITTER BIAS CONFIGURATION:
VCC
} —
R
§sn
1]
" - hfﬂ
I,°—~)T — WL
/ + z
" R
. Vo

Zp = hie + (hpe + 1)Rg

Z; = Rgl|Zyp
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v,
Ay = 7‘1 =
lo=QQ+he)l, and  and I, = _liRs =>1; = M
Rg + 2, ! Rg
A[(—[_TLMI(—T re
The current gain can also be calculated as A= —Avﬁz;'
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