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1 Derive an expression for input impedance, output impedance, voltage gainand [10] CO1 L2
current gain of transistor amplifier using complete hybrid-Model.
2 Calculate the following for the network shown in (Fig 1) with and without C; [10] CO1 L3
and compare the voltage gain.
(@r, (b) Z; ()Zy (DAy ()4,
3 For the network shown in (Fig 2). Determine 1,,Z;,Zy, Ay , A; [10] CO1 L3
4 (a) Calculate the DC bias voltages and Currents for the given circuit (Fig 3). [05] CO1 L3
(b) Draw and explain the hybrid- = model of transistor in CE configuration [05] CO2 L5
mentioning significance of each component in Model.
S Calculate the input impedance, output impedance, voltage gain and current [10] CO1 L3
gain for the given circuit (Fig 4).
6 (@) Determine the input impedance, output impedance, voltage gain and current [05] CO1 L3
gain for the circuit shown below (Fig 5).
(b)  Analyze the r, parameter model for emitter follower circuit and derive Z,, [05] CO1 L4
Zo ’ AV rAi
7(a) Describe the h-parameter model for emitter bias circuit and derive Z;, Z,, [05] CO1 L2
Ay , A; using approximate hybrid model.
(b)  For the network shown below(Fig 6), determine V. for a voltage gain of [05] CO1 L3
Ay = —180
022V
1%'*" 5.6k
l_. gmm l
{—a
gz.zm I Ce
—
§9Ek§1 ot E 52
It o Ce
s
Ve 1, + I B =210,r,=30k0 FAl
7 N ? — 12k0

Z §lilk§l o—_|
0.68 k1 ——g g
% = 0.47 kL) CEI

(Fig 1) (Fig 2)

Page 1 of 2



¢ Ver =16V

;«"

—
II

—
£

ll.'
Rg=24MQ0 T
B
|

g
Bp =6000

0, Vgr = 1.6V

E
RL—='51'Dﬂ

(Fig3)

—o8V
I,.-
gl?kﬂ
330 k0
——
he=120 7

ky, = 1.175k0
k.= 20 pAV

(Figs)

—4—|
e
47K0
470K0
[}
I L, ¢ '
W = b,
Q@
Rgglf{ﬂ VD
+ V o —
_— _ Z
Vs Ay z'; ! % ‘ ’
-1 = . | .
-
h 110 h 1.6KQ h 2 —* ua
fEl= ie = L. re — )(1[] hoﬂ:zﬂ?

(Fig 4)

ALL THE BEST

Page 2 of 2



SOLUTION AND SCHEME OF EVALUATION

IAT-1: AEC

1. Derive an expression for input impedance, output impedance, voltage gain and current gain of

transistor amplifier using complete hybrid-Model. [10 Marks]
COMPLETE HYBRID EQUIVALENT MODEL: [2 Marks]
I
—_—
——AAN— LT °
+ JJ_. j lf
R.’i +
+ K KV, N\ ‘ A gl."&.:. gﬁ,_
¥, nU _
- | ; o
Current Gain: [2 Marks]

Applying Kirchhoff’s current law to the output circuit

v,
I, = hely +1 = hel; + —— = hel; + h,V, as V, =—I,R, hence I, =hgl; —h,I,R,

1
/n.
I, hs
IU + hOIoRL = hfIL => 10(1 + hoRL) = hfIL =>A; = —l = ThoRL
Voltage Gain: [2 Marks]
1+ h,Rp)I -V —(1+ hyRp)h,
V, = Lh; + Voh, as I LD L - I,=—2 =>V, _ T+ RoRIN L+ Voh,
hg R; h¢Ry,
V= Vohrhe Ry — (1 + hoRp)RY, ey = VohrheR, — iV, — iV, ho Ry,
‘o heR, Tt heR,
—V,[hi + (hihy — hyhy )R, ]
h¢R;,
V —h¢R
AV = _0 => AV = f L
Vi h; + (hihy — hyhe )R,
Input Impedance: [2 Marks]
Vi = Iihi + hTVO and VO = _IORL hence Vl = Iih'i - IORLhT‘ as IO = AiIi
Vi = [ihi - RLhrAiIi and Zi = Z = hi - RLhrAi as Ai = ThORL hence Zi = hi —ThORL



output Impedance: The output impedance od an amplifier is defined to be the ratio of the output

voltage to the output current with the signal Vs set to zero. [2 Marks]

Vs —I;Rs — I;h; — h,.V, =0 for calculating Z,; Vs has to be set to zero => I;(Rg + h;) = —h,.V,

I = _hrV:)
" Rg+h
—h,.hfV,
Iy = hel; + hoV, => 1, = Rsr+fhl" + RV,
v, 1
Z=1= Ry
LRy + 1)
2. Calculate the following for the network shown in (Fig 1) with and without Cr and compare the voltage
gain.(a)r, (b) Z; (c)Zy, (d)Ay (e)A; [10 Marks]
16V
gj.z kil
§9|3 K
I o
it °
':.'\.
Ve ) 4 d B =210,r, =50k
L G Fa -—
Z glﬂ k0
0.68 k:l% =g
(Fig 1)
ANSWER: (Without Cf ) [5 Marks]

BRg = 10R, =>210x% 0.68KQ > 10 x 10KQ => 142.8KQ > 100KQ(Satisfied)

yoo VeeRe _ 16x10KQ
BT R +R, 90KQ+10KQ

Ry

# .
[~

VE = VB - VBE = 16 - 07 = 09V

— 11 Vg 0.9
I = = 1.32m4
.3 S PRy 0.68KQ ™
sorn] | O 12210 _26mv_ 26mV 10,600
=T T132ma




Z, = fr, + (B + DRy = 210 x 19.69Q + (210 + 1)0.68KQ = 147.6KQ

7

o — iRz _ 90KQ x 10K0

= = = 9KQ
R, +R, 90KQ+ 10KQ

Z, = R'||Z, = 9KQ||147.6KQ = 8.48KQ

Z, = R, = 2.2KQ

bR —2.2KQ _ aa
7T (Rp +1,) (19.690+ 0.68KQ)
I R R SRV PP T
L= — — = 3. X = .
‘ YR, 2.2KQ
(With C) [5 Marks]
—!“' b I €
¥ ’ . | 1 +
v HEL 2 1910 B, * BL 27, 230
-—
. : | S I
I —— ' s
B
_ _RiRy _90KQOX10KQ _ 4R _—22k0 )
"Ry +R, 90KQ+10KQ YT T 19.690 '
Z; = R'||pr, = 9KQ||4.135KQ = 2.83KQ i -83KQ
A = —Ay——=11173 x = 143.72
! YR, 2.2KQ
Z, = R; = 2.2KQ
3. For the network shown in (Fig 2). Determine 1,,Z;,Zg, Ay, 4; [10 Marks]
022V
36kQ
II
‘o — B c
. & & I & &
C{—o 7, 7 5 °
c
L >
¥, R”? ' ?Ru‘ L
12k0 330k
F6 k0O
z=-01,
5D S
0.4?-1;;1%- CEI 1.2k

(Fig2)

o Vee=Ver  _ 22— 0.7
BT Ry +(B+ 1Ry 330x103+ (80 + 1)(1.2 + 0.47) x 103

3

= 45.77uA



Iy = (B + DI = (80 + 1)45.77uA = 3.708mA
_26mv _ 26mV

- - = 7,010 2 Mark
e = T T 3708ma [2 Marks]

Z, = Br, + (B + DRy = (80 X 7.01Q) + (80 + 1)1.2KQ = 97.76KQ

Z; = Rp||1Z, = 330KQ||97.76KQ = 75.41KQ [2 Marks]
Z, =R; =5.6KQ [2 Marks]
P . L9 2 Mark
VTR +1)  (12KQ+701Q) ¢ [2 Marks]
A A Zi 4.639 7541KQ 62.469 2 Mark
. = — — . X _— = .
‘ " Re 5.6KQ) [2 Marks]
4. (a)Calculate the DC bias voltages and Currents for the given circuit (Fig 3). [5 Marks]
— V- =16V
g€
Rg=24M0
4
- @,

- Bp =6000
L q Ve = 16V
E
%Rz_—: 51011
ez

(Fig3)
Vee = Vae
Iz = 2 Marks
P Ry +(Bp + DRg [ |
Iy = 16— 16 = 2.637uA
B=24% 106+ (6000 + 1)510 2K
I = (Bp + D)Ig = (6000 + 1)2.637uA = 15.82mA [2 Marks]
Ve = IRz = 15.82 x 1073 x 510 = 8.0709V [1 Mark]
(b) Draw and explain the hybrid- T model of transistor in CE configuration mentioning significance of
each component in Model. [5 Marks]
T"..L
" A
rfb i3 ‘ a—— I:.'
+ | I
Ve = e =, C % T GmVe
E. - . o |
[1 Mark]



HYBRID 1= MODEL: It is the more accurate model for High frequency effects. For low frequency

approximations, the model can be made with the r, model. [4 Marks]

The capacitors appear in the hybrid m model are stray capacitors. The capacitive effect only come into
play at high frequencies. For low and mid frequencies their reactance is very large, and they can be
considered open circuit. The capacitance value is in few pico farad(pf) to few tens of pico farad (pf).

1., Ty & 1, are the resistance between the indicated terminals of the device, when the device is in the
active region.

u provides the union, it provides between collector and base terminals.
13, is usually very small it can be replaced by a short-circuit equivalent.
1,, is usually so large it can be ignored for most applications.

1 o

i h &
e =P, Gn =—" T, =7 = = —
T e m T, 0 hoe re .+, 7

CE amplifier is most widely used becauseCE transistor have high gain than any other configuration.

5. Calculate the input impedance, output impedance, voltage gain and current gain for the given

circuit (Fig 4). [10 Marks]
T8V
I L
§ % 47K
470K
. ; —
=t
ngif{ﬂ 0 v
* Vi E.'; ‘Eo

Vs A\, E |

_ pA
hre =110 hy=16KQ h,e=2X107* h, =207

(Fig4)



I

A °
L6 L0

§4?om Ny 2%10°%7, ; 1104, §snm 4.?k!l§

Thevenin [2 marks]

- 1
N A, b b ek T =2 ke ir-m
2x107*F, 1101, : S

n A, h b, =208 p
- | - -
[2 marks]
Ryhyehye (4.7KQ)(2 x 1074110
7 =hyp ———L => 7", = 1.6KQ — = 1.505K0
i = e =T g, =2 =16 1+ (2045 x 4.7KQ) 505
Z; = 470KQ||Z; => Z; = 1.5KQ [2 marks]
o —hgeR, g = —110( 4.7KQ)
" hie + (Richoe — hre hte )Ry V7 1.6KQ + (1.6KQ x 20uS — (2 x 10~%) x 110)( 4.7KQ)
Ay =-313.9 [1 mark]
I, hye 110
A =—= = = 100.54 1 mark
"L 1+ heR, 1+ (20uS x 4.7KQ) [ ]
Z, = ! = ! = 86.67KQ
o~ heehre 1 ~ [ 4 110 -
foe = [(RS ¥ hie)] 20u8 = |2 X107 X Fra 160
Zy = R¢||Z, => Zy = 4.7KQ||86.67KQ => Z, = 4.45KQ [2 marks]

6. (a) Determine the input impedance, output impedance, voltage gain and current gain for the
circuit shown below (Fig 5). [5 Marks]



- (a) Zi = Ra|hz = 330 k€1.175 k)

}z == 1171 KQ  [1mark]
gl?kil {b} 1 1 50 k)
330 k2 rp=—"=7—"—=350k
. fi 20 pAN
! IE o ;re ks
IGT 1" | |/ hg =120 ~z Z,= F_LRC = 50 k(2.7 K€} = 2.56 k) = R~ [l mark]
- 1 h,= 1175 k0 Toe | (120(2.7 K50 k)
: b= 20 pAY R Vg D)2 S0 KLY
. {C} Av = _—;!!E— = — 1.171 k02 = —262.34
Z ) [1 mark]
(Figs)
A =—A Zi —26234><1'171KQ—11377 1 Mark
i T AR, T 27K [1 Mark]
(b) Analyze the 1, parameter model for emitter follower circuit and derive
Z;,Z,, Ay ,A; [5 Marks]

EMITTER FOLLOWER CIRCUIT/COMMON COLLECTOR CONFIGURATION:

IT’T‘ — b I ¢
S 3 ’—o—
+

Br, " BI,

w [1 Mark]

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

Vi =11 + I.Rp =>V; = I, B, + (B + DI, R

V.
Zy =7 =>Zy = B+ (B+ DRy .,
b ;

=>7Zy = B(r. + Rg)

Zi = RB”Zb [1 Mal‘k]
Output impedance is calculated by setting V; to zero hence Z, = Rg||r, [1 Mark]
ViRe o gy =to K Rp+7,~Ry =>4y ~1 1 Mark
—_—_— = —_— —_— = I~ = =~ ar
TRy +1, 14 V., Rp+1, as Kg T E 14 [ ]

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



LRg  (Rp+Zpl

I, = =>I dil,=—-1,=—(+1)]
b RB + Zb i RB an 0 e (ﬁ ) b
I —(B+1)I R —(B+ 1R —BR
Aiz—":Mz—(ﬁ+l)be B _ZBH+DRy  —fRs as B+1~p
i [(Rp +Zy)1, (Rg + Zp)I,, Rp + Z) Rp + Z)
Rp
The current gain can also be calculated as
Z;
A =—A, =L [1 Mark]
Rg

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:

(=]

[}
L=l

Zb == hie + (hfe + 1)RE

Z; = Rg||Z,
Zo = R¢
V, —hsRcl —hs. R —R
Ay=2=—L 00 5y, = TEC sy, = C
Vi Zply h¢e Rg Rg
LI;Rp (Rg + Z)I,
I, = hyol, and d =g =>l =
o felp AN an b RB +Zb i RB
L [RetZpL) TP T Re+2)1, Zy +Rg
Rp
. Zi
The current gain can also be calculated as A; = —Ay R
c



(b) For the network shown below (Fig 6), determine V- for a voltage gain of Ay = —180

. =80
r.'o—'l_gli il{-:‘=m£2

. 2
(Fig 6)
I Iy I

—_— ﬁ' ——
=3 $ i &
+ & o

= Bat

; 1 MO Br, + BI,

_i_ | - J—' 4_?1;11--c__—i

Asr1, =2 10R; (Satisfied)

— R
c C

Hence Ay = —% = —180 =>1, = — =>r, = 26.11Q

ence Ay " T =180 7,

_26mv o 26mV oo
=T T ET 10 T
Iy = — _ — 109444

NS R

Vee =V,
Iy = % => Voo = IgRp + Vg => Vo = 11.64V
B

[5 Marks]

[1 Mark]

[1 Mark]
[1 Mark]
[1 Mark]

[1 Mark]
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