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(Regulat ion 2023) 

Max.Marks: 100 

C G I Ability to design negat ive feedback ampli f iers and ana l yze stabil ization techn iques 
C 0 2 Ability to apply and des ign l inear and Non-L inear analog circuits using Op Amp. 
C 0 3 Ability to ana l yze and real ize s ignal conditioning circuits, power ampl i f iers and conver ters. 
C 0 4 Ability to se lec t I C s and design circuits for real t ime appl icat ions 
C O S Ability to ana l yze R C , L C osci l lators and tuned ampli f iers 

B L - B l o o m ' s T a x o n o m y L e v e l s 
( L l - R e m e m b e r i n g , L2-Understanding, L3-Applying, L4-Ana lys ing , L5-Eva lua t ing , L6-Creat ing) 

P A R T - A ( 1 0 x 2 = 2 0 M a r k s ) 
(Answer all Questions) 

Q.No Q u e s t i o n s Marks C O B L 
1 Compu te the voltage gain V o / V s , for the circuit shown in F i g u r e - 1 . G i v e n 

V c c = 10 V, hfe = 100 , hie = 1.1 kQ. 
2 1 L3 

2 Ca l cu la te the percent change in the c losed- loop gain Af, Le t A = 10®, Af 
=85, a n d p = 0 .01999 . A s s u m e that the change in the open-loop gain is 
dA=10^ ( a 10 percent change ) . 

2 1 L2 

3 Cons ide r a n op-amp used in a vol tage fol lower (buffer) configuration. T h e 
input s igna l is a h igh-f requency s ine w a v e with ampli tude of 10V peak-to-
peak a n d a f requency of 1 MHz. Ca lcu la te the required s l ew rate. 

2 2 L3 

4 Compu te the input b ias current and output vo lage for an inverting 
ampli f ier s h o w n in F igure-2 . Let the feedback resistor Rf=1MQ, b ias 
current lB"'=500nA, I B " =650nA. W h a t is the effect of input b ias cur rent? 
How it c a n be c o m p e n s a t e d ? 

2 2 L3 

5 Wri te the condition for oscil lation in a W i e n Br idge osci l lator in terms of 
the gain of the amplif ier and the attenuation of the feedback network. 

2 3,5 L2 

6 A ring osci l lator (F igure-3) with three inverting M O S F E T ampli f iers 
g e n e r a t e s the s inusoidal s ignal at 5kHz . Compu te the capac i tance 
a n d 3 d B Bandwid th of individual s tage a s s u m i n g g ^ of every M O S F E T is 
2 m A A / . 

2 3,5 L4 

7 In a 4-bit weighted resistor D A C , the digital input is D = 10112. T h e 
re fe rence vol tage Vref is 5 V and sca l ing factor K = 1 . W h a t is the output 
vol tage of the D A C for the g iven input? If the re fe rence voltage is 
i nc reased to 10V, wha t will be the new output vo l tage? 

2 4 L2 

8 List any four appl icat ions of P L L 2 4 L I 
9 A tank circuit is constructed using 100 p F Capac i to r and 100 pH inductor. 

If the coil h a s a loss res is tance of 5 0 , determine the resonant f requency 
and circuit impedance at r esonance . 

2 5 L2 

10 Cons ide r the des ign of an IF amplif ier for F M radio rece iver using s ix 
synchronous ly tuned amplif ier s t a g e s . T h e 3 d B bandwidth of e a c h s tage 
is 8 7 0 k H z . Determine the overal l bandwidth of the synchronous ly tuned 
amplif ier. 

2 5 L3 



P A R T - B ( 5 x 1 3 = 6 5 M a r k s ) 

Q.No Q u e s t i o n s Marks C O B L 

11 (a ) Identify ttie feedback topology for the circuit d iagram shown in 
F igu re -4 . D raw the circuit schemat i c of the open loop amplif ier 
( feedforward) amplifier. F ind p, A , Af = Iq/Is, Avt = Vq/Vs, R i , Rif, Ro 
and Rof. Le t Rci=3kQ, Rc2=500O, Rs=1kQ, R = 1 . 2 k Q , Re2=50Q, 
hie=1.1kQ and hfe=50. 

13 1 L4 

O R 
11(b) De te rm ine the t ransres is tance gain, input and output impedances 

of a single-transistor shun t -shun t feedback circuit. Cons ide r the 
circuit in F igure-5 . T h e transistor parameters a re : hps - 100 , VsEfon; 
= 0 .7 V , and =~. Let Vcc=10V,Rs=10kQ, R i=51kQ, R2=5.5kQ, 
RF=82kQ, Rc=10kQ and Re^O.SkQ 

13 1 L4 

1 2 ( a ) (i) G i v e n that the input voltage range is from 0.1 V to 1 V , and the 
op -amp is ideal, draw the circuit d iagram of a log amplif ier using an 
op -amp and a diode. Der ive the express ion for the output voltage 
(Vout) of the log amplif ier in terms of the input vol tage (Vjn) and the 

. re levan t component va lues . U s e the der ived formula to ca lcu late 
j t he output voltage for input vol tages of 0.1 V , 0.5 V , and 1 V . 
' A s s u m e diode saturation current ls=1 pA. S ta te any assumpt ions 

m a d e during the derivation. Briefly expla in one pract ical limitation 
of the des igned log amplif ier and sugges t a possible modification to 
mit igate this limitation. 

(ii) A n input voltage Vin(t)=5sin(1000t) V is appl ied to an op-amp 
differentiator circuiL T h e differentiator u s e s a capac i tor of 0.1 p F 
a n d a resistor of 10 kO. Ca lcu la te the output vol tage Vout(t). 

13 
[8+5] 

2 L4 

O R 
12(b) (i) F i nd Vq for the O P - A M P circuit shown in F igure-6 . 

(ii) E v a l u a t e i,, I I , io and Vq for the amplif ier circuit shown in F igure-
7. L e t R i=10kQ, Rf=100kQ and RL=25kQ A lso a n a l y z e the 
charac te r is t i cs of 1 to V converter. 

13 
[6+7] 

2 L4 

1 3 ( a ) T h e L C osci l lator circuits, Colpitt osci l lator is des igned to produce 
a n osci l lat ion f requency of 1 MHz. D r a w their circuit d iagram, 
equiva lent circuit and der ive the exp ress ion for the f requency of 
osci l lat ion. A n a l y z e the impact on oscil lat ion f requenc ies if a smal l 
paras i t i c capac i tance present in paral lel with the inductor(s) of both 
the osci l la tors. Wil l the oscil lat ion f requency i nc rease or d e c r e a s e 
in e a c h c a s e ? Just i fy your a n s w e r using the der ived f requency 
e x p r e s s i o n s . 

13 3 L 2 

O R 
13(b) (i) A n a l y z e the C l a s s A power amplif ier in te rms of load line 

charac ter is t i cs , power dissipat ion and power convers ion eff ic iency. 

(ii) Determine the required biasing in a M O S F E T c l a s s - A B output 
s tage s h o w n in F igure -8 . T h e parameters are VDD = 10 V and R L = 
20Q. T h e t ransistors a re matched , and the parameters are K = 0.20 
AA/^ a n d | V T | = I V . T h e qu iescent drain current is to be 20 percent 
of the load current when Vo =5V. 

13 
[8+5] 

3 L 2 

2 



1 4 ( a ) 

# 

(i) A secur i ty sys tem requires a pulsed output of 5 s e c o n d s duration 
w h e n e v e r a momentary swi tch is p r e s s e d . Des ign a monostable 
mult ivibrator circuit using an I C 555 timer to fulfill this requirement. 
Ca l cu la te the required va lue of the external resistor ( R ) if a 
capac i to r ( C ) of 10 pF is u s e d to ach ieve the des i red output pulse 
durat ion. Descr ibe the behavior of the output pulse duration of a 
5 5 5 monostab le multivibrator w h e n the trigger input is held low for 
a n ex tended period that is longer than the programmed pulse 
width. 

(ii) D r a w a bas i c block d iagram of a 3 op-amp instrumentation 
ampli f ier. A s s u m i n g ideal op -amps and der ive the express ion for 
the output vol tage. 

13 
[7+6] 

4 L 3 

O R 
1 4 ( b ) (i) E luc ida te 3-bit R - 2 R D A C with the swi tch position cor responds to 

the binary word 100 and 0 0 1 . Draw its equivalent circuit and 
a n a l y z e the output voltage for e a c h c a s e . Let the re ference voltage 
be 5 V . A lso compare between weighted resistor D A C and R - 2 R 
D A C . 

(ii) D r a w the functional d iagram of the s u c c e s s i v e approximat ion 
A D C . E x a m i n e how the correct digital representat ion is identified 
using trail and error approach. 

13 
[7+6] 

4 L 3 

1 5 ( a ) D r a w the circuit d iagram of a common-emit ter t ransistor s ingle-
tuned amplif ier and derive the exp ress ion for the vol tage gain and 
bandwidth. E x a m i n e how the magnitude of the vol tage gain var ies 
a s the input s ignal f requency dev ia tes signif icantly from the 
resonan t f requency 

13 5 L 3 

O R 
1 5 ( b ) 

1 

(i) Des ign and eva luate the resul ts a F E T b a s e d single tuned 
ampli f ier with gni=5mAA/, ro=10kQ, fo=1MHz, center f requency 
ga in=-10VA/ and 3 d B bandwid th=10kHz .Assume CQ is negligible. 
A l so eva lua te the Q factor. D o e s the ca lcu la ted Q factor is sui table 
for communicat ion appl icat ions? Just i fy your answer . 
(ii) A n a l y z e and compare the Synchronous ly tuned and s tagger 
tuned ampl i f iers. Sugges t any one real t ime application of tuned 
ampl i f iers 

13 
[7+6] 

5 L 3 

% A - / P A R T - C ( 1 x 1 5 = 1 5 M a r k s ) 
z:':.y ( Q . N o . 16 is c o m p u l s o r y ) 
" Q.No Q u e s t i o n s Marks C O B L 

16. (i) G i v e n the M O S F E T paramete rs gmi=gm2=4mA/V, and circuit 
r e s i s t a n c e s RDi=RD2=10kQ, R i = 1 k Q , and R2=9kQ for the circuit 
s h o w n in F igure -9 . Assum ing the circuit is intended to function a s a 
se r i es -shun t feedback amplif ier, determine the required b ias 
condit ions ( D C gate-source vo l tages V Q S I and VGS2 and drain 
currents Ipi and ID2) for both M O S F E T s to ach ieve the g iven gm 
v a l u e s . A s s u m e the threshold vol tage Vt = I V for both t ransis tors. 
Spec i f y appropriate D C supply vo l tages (VDD) to ensu re operation 
in the saturat ion region. Der ive exp ress ions for the following 
paramete rs of the feedback amplif ier; open-loop vol tage gain (Av ) , 
feedback factor (P=Vf /Vo) and c losed- loop voltage gain (Avf=Vo/Vs). 

7 1 L 5 



( i i ) (x ) Cons ide r a t l i ree-pole feedbacl< amplif ier with a loop gain 

2000 
n f ) = 

( 1 + 7 ^ ) 0 + 7 - ^ ) 0 + 7 - 4 ) 
10^ 10 ' 10^ 

Insert a dominant pole, assuming the original poles do not change , 
s u c h that the p h a s e margin is at least 4 5 deg rees . Eva lua te the 
dominant pole required to stabi l ize the feedback s y s t e m . 

(y ) Determine the required feedback t ransfer function p to yield a 
spec i f i c p h a s e margin of 4 5 deg rees and determine the result ing 
c losed- loop low-frequency gain. Cons ider a three-pole feedback 
ampl i f ier with a loop gain function g iven by 

/ 7 ( 1 0 0 0 ) 

3-)0 + 7 
5X\Q 10" 

8 
[4+4] 

L 5 

F igure-1 F igure-2 

F igure-3 F igure-4 
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