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PART A

1) With a neat circuit diagram of a single stage CG amplifier and using its small signal analysis derive an
expression for (a) an overall voltage gain, (b) input resistance and {c) output resistance (10 M)

2) For the circuit shown below, find Rin, Av, Ay, Gvand Ry, both (a) with rp and (b) without Fo. If

gn=TmAN, r;=100KQ, Rg,=2MQ, R =30KQ and RG=4.7MQ :
Vi (& +4=10M)

3) Starting from fundamentals derive an expression for fr of a typical MOSFET. Also caiculate the same
if the device’s Voy=0.25V, Cye=20fF, Cq=5fF and is operating at Is=100pA. (6+2=8M

4) Draw the (a) circuit diagram of a BJT differential amplifier and (b) its transfer characteristics. Also
explain why the shape for the transfer characteristics. (6M)

5) Design a Butterworth low-pass filter to have: f,=10KHz, Ana=2dB, f.=15kHz, and Ani,=15dB. Estimate
the attenuation it provides at 20kHz. (3+3+4+2=12)
6) Neglecting the effects of finite Veg and Vegsa find: (2+2+2=6M)
a) maximum sine wave output power available
b} average power drawn from each of the power supplies and
c) power conversion efficiency
of a Complementary BJT class B output stage having 10V power supply and a 100Q load

resistance.

7) 1t is required to ensure safe operation at 30W of a power transistor which at Tima=180°C can
dissipate 50V at a case temperature of 50°C. Find the . (3+3+2=8M)
a) necessary heat sink temperature, if the device is connected to a heat sink
using an insulating washer whose thermal resistance of 0.6°C/\WV.
b) required thermal resistance of the heat sink, if ambient temperature is 40°C .
¢) length of the required extruded-aluminum-finned heat sink, whose thermal
resistance in still air is 4.5°C/W per centimeter of its length?




PART B

1) A BJT whose B = 220 is biased to operate in the active mode at a dc collector current of 2.0 mA.
Draw each of following model and compute its parameters: (2.5x4=10M)

a) Simplified hybrid-r VCCS model

b) Simpilified hybrid-r CCCS model

c) VCCS representation of T-model

d) CCCS representation of T-model

2) For the amplifier in the figure below whose component values are: Rg,=5KQ, R=39KQ,
R;=27KQ, Re=3.3KQ, Rc=4.7KQ, R =5.8KQ, Vec=10V, let Ce1=Ceo=2uF, and Cg=25uF. Assume
that device's Be.=100 and ro=300KQ. Find amplifier’s break frequencies: (a)fp1, (b)fez and (c)fps

(resulting from Cc1, Ccz and Ce respectively) and (d) its lower 3-dB frequency f.. {(4x2=8M)
O e e A e A
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3) Forthe current steering circuit shown in figure below, find Io in terms of Irer and device (W/L)
ratios. ()

CIOM)




4) Figure below shows a three stage amplifier in which the stages are directly coupled. Neglecting
early effect and assuming |Vee[=0.6V, findthe (5x2=10M)
' YR

-Hov e

~§oV
a) dc bias current in each of the three transistors and
b) dc voltage at the cutput.
c) input resistance
d) output resistance
e) voltage gain vu/v;

5) a) An amplifier with open-loop voltage gain Ay=1500 + 150 is available. It is necessary to have an
amplifier whose voltage gain more than +0.2%. Find the reverse transmission factor g of the
(4M)

feedback network used and also the gain with feedback.
b) A series-shunt feedback amplifier employs a basic amplifier with input and output resistances of

1.5KQ each and gain of A = 1500 V/V. The feedback factor is 0.2 V/V. Find A;, Ry and R, of the
closed-loop amplifier. (1+1.5+1.5=4M)

6) An amplifier has a dc gain of 10° and poles at 10° Hz, and 3.16x10°Hz and 10° Hz. Find the value
of B and the corresponding closed loop gain for which a phase margin of 45° is obtained.  (6M)

7) lllustrate the structure and special features of the following compound devices (a)Darlington pair
(b)Totem-pole Configuration and (c) Cascode amplifier (3+2+3=8M)
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Note:- 1. ANSWER ALL the Questions with “most appropriate answer(s)”
2. Wherever required, make reasonable assumptions and indicate explicitly the
assumptions made, if any.
3. Use Semi-log Graph sheet, wherever required.

Identify the (a)Feedback topology and (b)the circuit elements that constitute feedback network
in the feedback amplifier circuit shown the figure below. Compute (c) Transfer gain(Ay) of the
feedback amplifier; and the values of (d)Ri, & (e)R,t — as shown in the figure assuming
OPAMP’s internal parameters as: open loop voltage gain (W)=10° V/V; differential input
resistance (Ry) =10KQ; output resistance r,=100Q and given that: R =1KQ, r=100Q, R,=1KQ
and R;=100Q. If R, is made infinite and OPAMP’s 1 drifis o it's a new value = 10* VIV, also
find (FAy, ()R and (h)Rgu.  (0.5+0.5+3x3+2x3=16M)

An NMOS differential amplifier is operated at a bias current of | of 0.5 mA and has W/L ratio of
50, unCox= 250 pANVZ V= 10V and Rp is 4KQ find Vo, gm, T and Ag. (5M)

A dc amplifier has two poles and an open loop gain of 1000. One of the poles is at 1 KHz (the
dominant one) while the other is at a location conirollable by the designer. Find the £ and the
required value of pole if this amplifier is required to be connected in a negative feedback loop
to provide a dc closed loop gain of 100 and a maximally flat response. (5+5=10M)

Sketch the polar plot of the loop gain BA, indicating in each case whether or not the closed
loop amplifier is stable, for a three-pole feedback amplifier with a dc gain (without feedback)
A, = -1000, and open-loop poles at f;=0.5 MHz, f,=1MHz, and f;=2 MHz assuming (a) = -
0.005; (b) B = - 0.02; (c) Also find the maximum value of B for which the amplifier is stable?

(3+3+3=9M)
A three-pole feedback amplifier has a dc gain without feedback of -10*. All the three open-loop
poles are at f=2 MHz. (a) what is the maximum value of 3 for which the amplifier is stable? (b)
If one of the poles is shifted to f;=100 KHz, using the value of 3 found in (a) compute the gain
margin of the modified circuit. (5+5=10M)

For NMOS differential pair with common mode voltage ven applied as shown in the assuming
Vpp=Vss=2.5V k, W/L=3mA/N?. V=0.7V, 1=0.2mA, Rp=5KQ and neglect the channe! length
modulation. Find (a) Find Vo and Vgs for each transistor (b) vs, ip1. Vo1 and vpg if Vew=0 ()
Repeat (b) for veu=+1V, (d) Repeat (b) ven=-1V, (&)What is the highest value of vey for which
Qq and Q, will remain in saturation? (5x2=10M)

== ALL THE BEST ****
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Define any SIX of the following terms with reference to electronic amplifier circuits:
(i} Voltage Gain
(i) Bandwidth
(iiiy Amplifier saturation
(iv) Maximum signal handling capacity
(v) Efficiency
(vi) AC Load Line
(vii) Amplifier Loading
{viiiy Lower 3dB Frequency
(ix) Figure of merit (6.0 M)

List the all the steps to perform low frequency small signal analysis of an amplifier circuit
emplaying BJT or FET, indicating the typical assumptions made during the analysis.

List any six important considerations in choosing the BIAS POINT while designing of a BJT
Amplifier (6.0 M)

4.0 M)

Draw the circuit of BJT Self Bias and Fixed Bias schemes. Justify why are the biasing schemes
named so. (3+3=6M)

Derive an expression for magnitude response of Single Time Constant which do not attenuate low

frequency components of the signal fed fo its input and deduce an expression for its 3-dB cut-off
frequency. (3+3=6.0 M)

Derive expressions for A,, A, A and G, of a Common Emitter amplifier and indicate all

characteristic changes due to inclusion of a small value of un-bypassed emitter resistance
(6+3=9M)

A BJT Common Emitter Amplifier with Rc=10 kQ is connected between a source with R=5 kQ,

and a load of R =5 kQ. Assuming that the parameters of the BJT model are: r,=2.5 KQ,

Im=40mA/V, r,=100 kQ,

a) Derive an expression for overall voltage gain (3M)

b} Find the magnitude of overall voltage gain. (3M)
(3M)

¢} Recalculate the magnitude of overall voitage gain neglecting r,,

(Please Turn Over)




8) Draw the h-parameter model of a BJT used in CE Configuration and define all the four
parameters, and indicate how each of the four model parameters can be obtained from BJT

characteristics. (1+1+4=6 M)

9) Given the following Circuit shown in Fig. 1. below, find Re, Re, Rs, Ve, Vs {1.5x4+2=8M)

kR R AR R R KRR KK
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Q1) Identify the incorrect statements with respect to multistage amplifier  (2M)
a. Output stage is always a differential amplifier.
b. DC level shifting is done in the intermediate stage
c. Input stage is responsible for the bulk gain
d. Output stage is a power amplifier

Q2) Complete the following circuit diagram by drawing the missing circuit

elements in square mark (2M)
+15Vv
j} + A
= < < Ry = 20°k0 &
Ry ZGK-Q:. s R3=3k(}=: R, =23k0
o
O G o
+
F1%) f

28.6 ki '_‘_0 “
2N Q3|J - : Q5|J4X :
7 | 7 Ry=157k0% $R=3k0
-5V Y
Q3)What is the overall 3dB frequency of six non interacting cascading stages of
high pass filters, each having 3dB high frequency of 5KHz (ZM)

Ans:




Q4) Draw a Darlington pair using BJT (TM)

Q5) Find the input voltage required to a three stage cascaded voltage amplifier,
with each stage having 20dB of gain, to get an output voltage of 2.5V (2M)

Ans:
Q6) Define Total Harmonic Distortion (THD) in one sentence. (1M)
Q7) Draw the collector current waveform for the Class B Amplifier (1M)

Q8) The expression for the power conversion efficiency of class A amplifier is
. And under conditions maximum

efficiency of is obtained. (SM)

Q9) For the class B output stage amplifier V=10V, and RL=20Q. If the output
is sinusoid with 6.5 V peak amplitude, Find (1x4=4M)

The output power =

Average power drawn from each supply=
The power efficiency obtained at this output stage=
The peak current supplied by V,, assuming By=100=

o 0o T o




Q10) Fill the required answers in the square boxes shown in the following figure ,
which shows the power dissipation of a class B output stage versus amplitude of
the output sinusoid. (1X4=4)

Zid
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Q11) A BJT is specified to have Tuax=100°C, and to be capable of dissipating
maximum power of 40W at T¢=25°C and 2W at Ta=25°C. Above 25°C, the
maximum power dissipation is to be derated linearly with 8,c=2.12°C, and
©,4=60.5°C. Find
a. The maximum power that can be dissipated safely by this transistor, when
operated in the free air at 45°C.
Ans:

b. The maximum power that can be dissipated safely by this transistor when
operated at an ambient temperature of 50°C, but with a heat sink for which
Bcs=0.4°C/W and Bs4=3°C/W.

Ans:

(1+2=3M)




(112) Draw the circuit diagram for the biasing class AB amplifier using diodes.
(2M)

Q13) In class B ampiifier , there exist a range of input voltage v; centered around
zero where both the transistor are cut off and vp is . This
results in the cross over distortion. (2M)

Q14) Following is a safe operating area of BJT, fill the proper answer for the
region 2 in the square box shown. (1M)

fr;zli
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Q1) For the class B output stage amplifier V=12V, and R =25Q. If the output
is sinusoid with 6.5 V peak amplitude, Find (1x4=4M)

The output power =

Average power drawn from each supply=
The power efficiency obtained at this ocutput stage=
The peak current supplied by V|, assuming Bn=100=

Qo T o

Q2)What is the overall 3dB frequency of four nen interacting cascading stages of

high pass filters, each having 3dB high frequency of 5KHz (2M)
Ans:
Q3) Draw a Darlington pair using FET (1M)

Q4) Find the input voltage required to a three stage cascaded voltage amplifier,
with each stage having 30dB of gain, to get an output voltage of 4.5V (2M)

Ans:

Q5) Define Total Harmonic Distortion (THD) in one sentence. (1M}




Q6) Draw the collector current waveform for the Class C Amplifier (1M)

Q7) Expression for the power conversion efficiency of class A amplifier is
, and under conditions maximum

efficiency of is obtained. (3M)

Q8) Fill required answers in the square boxes shown in the following figure,
which shows the power dissipation of a class B ouiput stage versus amplitude of

the output sinusoid. (1X4=4)
Prk
] P hpas = 7? —
F FALEES atatatii e,
o ! e
e !
e i "t
# ! !
e ! ;
e | E
v | f
_4‘ i :E - i
0 P 7

Q9) In class B amplifier , there exist a range of input voltage v| centered around
zero where both the transistor are cut off and v, is This dead band
results in the : (2M)




Q10) Complete the following circuit diagram by drawing the missing circuit
elements in square mark (2M)

FISV
$ Iy
eR=wKk0 -}
1. _ ‘b
- Ry =3k 3

R5=I5.7k.0% :E_Rém3kn
L -

Q11) A BJT is specified to have TJMAX=1OO°C, and to be capable of dissipating
maximum power of 40W at T¢=25°C and 2W at Ta=25°C. Above 25°C, the
maximum power dissipation is to be derated linearly with 6,c=2.12°C, and
0,4=60.5°C. Find

a. The maximum power that can be dissipated safely by this transistor, when
operated in the free air at 45°C.

Ans:

b. The maximum power that can be dissipated safely by this transistor when
operated at an ambient temperature of 50°C, but with a heat sink for which
Bc5=0.4°C/W and B5a=3°C/W.

Ans:

(1+2=3M)




Q12) Draw the circuit diagram for the biasing class AB amplifier using diodes.
(2M)

Q13) Following is safe operating area plotted on ic-vee characteristics of a BJT,
fill the proper answer for the region 2 in the square box shown. (1M)

iv k.

_j £imad

¢ B, o
Q14) Identify the incorrect statements with respect to multistage amplifier
(2M)
DC level shifting is done in the intermediate stage
Input stage is responsible for the bulk gain
QOutput stage is a power amplifier

o o v oo

QOutput stage is always a differential amplifier.
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. Express the feedback amplifier's transfer gain, A = (1M)
. Match the following feedback topology shown under | with the corresponding term
under 1l .. by indicating the serial no. of linthe braces: ‘[ 1" of H. (2M)
I Il
A. Series Series current mixing and current sampling [ ]
B. Shunt Series current mixing and voltage sampling [ ]
C. Shunt Shunt voltage mixing and current sampling [ ]
D. Series Shunt voltage mixing and voltage sampling ]
. Ina MOSFET , the thickness of the oxide layeris 10nm, and permittivity of the
silicon dioxide is 3.45x10™"" F/m, what is the capacitance per unit area Cox. (2 M)
. Inan FET, expression for ip in the saturation region is: in
which, ip is: | Ky is: s Wis:
; Lois: i Vas IS and V. is:

(1+0.5x6=4M)
. Given below are the distinguishing features of an FET over BJT for its use as an
amplifier. Indicate “True” or “False” in the parenthesis given against each. (3M)
FET occupies lesser space during IC fabrication [
FET is less immune to noise than BJT [
FET consumes more power than BJT [
FET offers a high input resistance over BJT [
FET offers higher voltage gain than BJT [
[
10

aAmoow»

FET do not offer response without a stimulus unlike BJT
. The Voltage gain of a CS amplifier employing a device whose g, = 10 mA/V; rp = 150
KQ with an R1=15 KQ and Rp=1 KQ is (1 M)
. Draw the high frequency Hybrid-r model of a MOSFET in which body effect is

negligible {the source is connected to the subsirate) (3 M)

. An amplifier with open-loop gain Av=1,000+100 is available. It is necessary to have

an amplifier whose voltage gain varies by no more than +0.1 percent. Find 8 and A
(2 M)

(Please Turn Qver)




9. In determining the loop gain AB through an approach in which conceptual feed back

loop is broken and a test signal (as appropriate) is applied, express AR in terms of
Open & Short circuit transfer functions (T.. & Ts. respectively) and also provide

expressions to find T.. and Te.. (0.5x7=3.5 M)
AB = ; Tee = P Toe = where in
is : is ;
is ; is
10.If the two poles of a feedback amplifier are on the imaginary axis and are complex in
nature then they occur as a pair and the ampilifier is said to have
response. {0.5+0.5=1M)

11. ldentify the feedback topology of the circuit given below. Draw the A Circuit in the
space provided below. If gn is 60 mAN, BJT's By =100; Compute A and p for this
feedback amplifier. (1+0.5+0.5=2 M}

A Circuit 1s;

B, = 10 kD o
E AAA _.-. Re

}
151

X A = ; 13 =
12. The Gain Margin is defined as the value of in dB at which the phase
angle of is degrees. (1.5 M)
13. The Phase margin is degrees minus at the
frequency at which is unity. (1.5 M)
14.In determining the stability of a feedback amplifier, if the Nyquist plot of
encircles , the ampilifier will be unstable. (1'M)
15. Draw the root locus diagram of a feedback amplifier having two poles on the
negative real axis and comment on the stability of the amplifier. (1+0.5=1.5 M)
RootLocusDiagram——— A comment on the

Stability of the amplifier:

#* %« ALL THE BEST ** **
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1. Match the following feedback topology shown under | with the corresponding term

under II ...by indicating the serial no. of |in the braces: “[ ] of Il (Z2M)
i I
A. Shunt Series current mixing and voltage sampling I ]
B. Series Series current mixing and current sampling [ ]
C. Series Shunt voltage mixing and voltage sampling [ ]
D. Shunt Shunt voltage mixing and current sampling [ ]
2. Inan FET, expression for ip in the saturation region is: in
which, ip is: | Ky is: ; Wis:
; Lis:  Ves is . and Vi is:

(1+0.5x6=4M)
3. Given below are the distinguishing features of an FET over BJT for its use as an
amplifier. Indicate “True” or “Faise” in the parenthesis given against each. (3M)
FET do not offer response without a stimulus unlike BJT f
FET occupies lesser space during iC fabrication
FET offers a high input resistance over BJT
FET is less immune to noise than BJT
FET consumes more power than BJT
FET offers higher voitage gain than BJT
4 Ina MOSFET the thxckness of the oxide layeris 10nm, and permittivity of the
silicon dioxide is 3.45x10™" F/m, what is the capacitance per unit area Coy, (2 M)

TS0 T o
- = —
L L T ) SRSy S AN - )

5. Express the feedback amplifier's transfer gain, Ar = (1M)

8. The Phase margin is degrees minus at the
frequency at which is unity. (1.5 M)

7. ldentify the feedback topology of the circuit given below. Draw the A Circuit in the
space provided below. If gr, is 60 mA/N; BJT's B4 =100; Compute A and B for this
feedback ampilifier. (1+0.5+0.5=2 M)

1Y

A Circuit is:

(Please Turn Over)




8. Draw the high frequency Hybrid-r model of a MOSFET in which body effect is
negligible (the source is connected to the substrate) (3 M)

9. An amplifier with open-loop gain Av=1,000+100 is available. It is necessary to have
an amplifier whose voltage gain varies by no more than +0.1 percent. Find B and Ay.
(2 M)

10.1n determining the loop gain Af through an approach in which conceptual feed back
loop is broken and a test signal (as appropriate) is applied, express Ap in terms of
Open & Short circuit transfer functions (Toe & Ts. respectively) and also provide

expressions to find T and Ts.. (0.5x 7=3.5 M)
Af = s Teo = ; Too = where in
is ; is ;
is ; is

11. Draw the root locus diagram of a feedback amplifier having two poles on the
negative real axis and comment on the stability of the amplifier. (1+0.5=1.5 M)

Root Locns Diagram A comment on the
Stability of the amplifier:

12.The Gain Margin is defined as the value of in dB at which the phase
angle of is degrees. (1.5 M)
13.1f the two poles of a feedback amplifier are on the imaginary axis and are complex in
nature then they occur as a pair and the amplifier is said to have
response. (0.5+0.5=1M)
14, The Voltage gain of a CS amplifier employing a device whose gm = 10 mA/N: rg = 150
KQ with an R.=15 KQ and Rp=1 KQ2 is : (1 M)
15.In determining the stability of a feedback amplifier, if the Nyquist plot of
encircles , the amplifier will be unstable, (1 M)

**** ALL THE BEST ****




