ESE | GATE | PSUs

ELECTRONICS &
TELECOMMUNICATION ENGINEERING

ANALOG CIRCUITS

Volume - 1 : Study Material with Classroom Practice Questions

1 kL2 | kLl




|7 1 Diode Circuits

(Solutions for Vol-1_Classroom Practice Questions)

Chapter
01. Ans: (d)
Sol: g SV
. |\|D1 5K
3 -~ v *Vo=1V
D 0=
2V, m 2 3 2V (1-2)
3V, NDs 3ye—/
(1-3)
l 5k0 = D, & Dj are reverse biased and ‘D;’ is
Ly forward biased.
=7 i.e., D; only conduct
5-1
(1-3) Sl = )\ =0.8mA
1V
S Vo=3V 03. Ans: (d)
Sol: Let diodes D; & D, are forward biased.
3V = V=0 volt
5KQ 10-0
IO*f L= ? =2mA
N = 2"C0 s
. ) 10K
= D,,D, are reverse biased and D; is Apply KVL at nodes Vo’
forward biased. Li+t-L=0
. =1 = —(12—13) =—-1mA
i.e., D3 only conducts. .
+10V
oo Ip=3/5K = 0.6mA J
= 5kQ
oy,
02. Ans: (b) 1]
o 1 [ Iz
Sol: _h,
+5V =
L ) I 10kQ
RED RE
D ° 10V
IVC |/I ! o Vo
So, D; 1is reverse biased & D, is forward
D 9
2Vo i<l| ? biased
3V, mm = ‘D’ act as an open circuit & D, is act as

short circuit.
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Then circuit becomes Transfer characteristics:
o +10V 4 Vo
§ 5K
[= & ! Vo
15k .
210K + Vi
_Tov
05. Ans: (b)
:»v0=10kx(ﬂj—1o Sol:
15k R
- Vo=333V G | °
Vin @ Vo
04. Ans: (¢) - =2V B
L 0
Sol: =
+|2 N ) For V;< - 2Volt, Diode ON
I+ L +
+ = Vy=- 2Volt
Vm D VX R V°
L .
- — | o For V;> - 2Volt, Diode OFF
- = Vo=V;
Apply KVL to the loop:
\/in_z_\/x:0 “VO
= V,=V;p2 ----- (1)
Given, Vi, range = -5V to 5V 5V
= Vyrange =-7Vto 3V ["." fromeq (1)]
Diode ON for V, > 0V 2V
= Vo = VX -5V
Diode OFF for V, <0V
=Vo=0V 06. Ans: (¢)

. Vporange =0to 3V

Output wave form:

,2 __Q__"V"' ""'\bt
TV mmepeeees -

Sol: For positive half cycle diode Forward
biased and Capacitor start charging towards
peak value.

= Ve=V,=5V

Vinrange =— 5V to +5V
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.. Vorange =— 10V to OV Vin range: —12 to +12V
N Vj range: 9V to 33V
Vo
0 t \{0
-5V --1
~10V -
07. Ans: (d)
Sol: For +ve cycle, diode ‘ON’, then capacitor
starts charging
=>Ve=Vn-7=10-7=3V
Now diode OFF for rest of cycle 09. Ans: (b)
= Vo =-V¢ +Vi Sol: During positive cycle,
=V, 3 D, forward biased & D, Reverse biased.
Vin range : —10V to +10V Ve
.. Vorange: —13V to 7V 1
AV, V. + 4
in(~) '
7Volts
-3Voltsf---=-1--=-"----"-"71-—""-"1--= =5, Vcl = Vin = 6volt
During negative cycle,
-13Volts D, reverse biased & D, forward biased.
g
08. Ans: (a) = 1t
Sol: Always start the analysis of clamping 6\16 T Ve

circuit with that part of the cycle that will
forward bias the diodes this diode is
forward bias during negative cycle.

For negative cycle diode ON, then capacitor
starts charging
=Vc=Vp+9

=12+9

=21V

Now diode OFF for rest of cycle.
= Vo=Vc+Vj
=21+ Vi,

Veo=—6-6=-12V
Capacitor C, will charge to negative voltage
of magnitude 12V
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Chapter

Bipolar Amplifiers

(Solutions for Vol-1_Classroom Practice Questions)

01. Ans: (¢)
Sol: LoV

4.7K

4V

B =100

3K

Given,

Vg =4V

Vge=0.7

Vg—Vg=0.7

Vg =Vp-7=3.3V

= 33
3.3KQ

Let transisotr in active region

= lc=p/(B+1) . Ig=0.99mA

Ig = Ic/B=9.9uA

Ve =10-4.7x10°x0.99x107 = 5.347V

= Ve>V3

.. Transistor in the active region.

= 1lmA

02. Ans: (b)

Sol:
0 110V

6-0.7=5.3V

03.
Sol:

VE:VB—VBE: 6-0.7=53V
Ig= i: 1.6mA
3.3K

Let transistor is active region

__B
=lc (] N B) Ig
I[c =1.59mA
V=255V
=Ve< Vs
.. Transistor in saturation region
= Vcg(sat) = 0.2V

Vc—-Veg=0.2
Ve=5.3+0.2
= Vc=5.5V
V=55V
_|_
Vp=6Ve—— 02V=V
V=53V
10-5.5

=lIc= =0.957mA
4. 7K

I =1.6-0.957=0.643mA
B= Ic :M:1,483
I, 0.643mA

Bforced < Bactive

Ans: (¢)
+10V
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Veg=-0.7V Let transistor in active region
Transistor in cut off region Vi =07V [ Vg =0V]
Ie=Ip=1g=0A 10-0.7
VCE =10V IE = 1k =9.3mA
VE =0V
Ve=10V I. = L.IE =9.2mA
Vg =0V p+1
) = Vec=-10+5K x 9.2m
g4i- Ans: 9 +10V Ve =36V
ok VEec< Vs
Transistor in saturation region
= VEc = 0.2
Ve—Vc = 02 = Ve = 0.5V
=201 A

IB =3 IE— IC =7.2mA

I
Ve =0.7V [ Vg = 0V] forced = °I(””
B
= 10707 eema 1OV _ 21
7,
=0.29

Let transistor in active region. ) ) )
Brorced < Pactive 1.€., saturation region

=lc= LIE = 1.84mA
(B " 1) 06. Ans: (¢)

= Ve=-10+ 1K x 1.84m Soi: )

Ve =-8.16V

Vec = VEg— Ve =8.86V

VEec> Vis

.. Transistor in active region

Vi = (Vs+0.7)

05. Ans: (d)

Sol: +10V
VC = (VB+05)

Ie=Ic+15
:>5—(VB+0.7) _ (VB+O.5)+5+ Vi
1k 10k 10k
-10V 10(5-V—-0.7)=Vg+0.5+5+Vp
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€<
-
o

E)

43-10Vp =2Vp+5.5 08. Ans: (a)
_43-55 Sol:

Vs =3.125V

Ig = 3125 _ 0.3125mA

10K
Ve=Vg+0.5=3.625V
Vi =3.825V
S Ig=1.175mA
2o Ie=0.862mA

07. Ans: (b) 23V
Sol: Here the lower transistor (PNP) is in cut off I, =1, = 23k

T, V, =12V -4x10°x1x107 =8V
V, =8+0.7V =87V
_12V-V,, 12V-87

2T 33k 3.3k
Ve, =4kx1mA =4V

V,, =4V-0.7=33V
V., =33-07=2.6V
V(): 26V

=1lmAmp

Apply KVL to the base emitter loop:
5-10K.Ig - 0.7 - 1K. (1+B)Ig =0

43

Slp=—"
(101K +10K

=38.73pA
Ic = 3.87mA
It = 3.91mA
= Vg=Vo=1Ip(1k) =3.91 V

Ve=5V
Vp=5-10k (Iz) =4.61 V
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MOSFET Amplifiers

(Solutions for Vol-1_Classroom Practice Questions)

Chapter
01. Ans: (¢)
Sol: The circuit given is the MOS cascode

amplifier, Transistor M; is connected in
common source configuration and provides
its output to the input terminals (i.e.,
source) of transistor M,. Transistor M, has
a constant dc voltage , Vyias applied at its
gate. Thus the signal voltage at the gate of
M, is zero and M, is operating as a CG
amplifier. Which is current Buffer.

Vp W D

M,

VBias _{
vig

I M

Vi = Vgs$

Overall transconductance

) _{a_} Lo

" Vi [ 9Vas Vi,
=g,

The overall (approximate) transconductance
of the cascode amplifier is equal to the
transconductance of common  source
amplifier g

AC model of MOSFET

@ ® 0
T T W

Ve Quven

Thevenin equivalent

. v
Let us find the output resistance R, =—

I

X

+ =0V

T, =
NW ‘_‘
y ¢ Sm1 Vs Tol Ry

By KVL Vg + Lyrg; = 0
Vgs2 = —Iro1
By KVL
—1+Ixro2 — gmro2 Vg2 + Ixto1 = 0
=1 +Iiroz + gmaroz Ixro1 + Ix 11 = 0

1o 1 N 1
" Loy + T + 8malpaTo EmaTo1to2
1
R, = I_ = Em2loilo2
02. Ans: (d)
SO]: —33V
T le L
Vgs2 _ Vv,
4’ M |1
i 1 l 1
Vgsi —

At

V= 1V for both M; and M,
For M, to be in saturation:
Vp>Vs— V1
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33>2-1

33>1

So M, will be in saturation if it is ON.

For M; to be in saturation:

Vp>Vs— Vi

Vx >2-1

Vx >1V but if Vx is more than 1V, Vgs2
becomes less than 1V, Which means M,

will be off so M; can not be in
saturation.

Now, We can conclude that M; is in triode
and M, is in saturation

Vgsi=2V

Vpsi1= Vx

Vgs2 =2 - Vx

NOW, I] = Iz

W 1

1, Co (fjl |:(VGSI —Viu )VDSI - EVDSIZ:|

1 W%
= E 1, Co (fl (VGS2 — Vi )2

V- VE=(1-V,)

3V -6V, +2=0

V=042V, —1.58V

Vi cannot be more than 1V, since M, will

become off
So, Vy=042V

Ans: (a)

Vo = nggsRD Vo
= _ngD
Vin = Vgs Vin

04. Ans: (b)

Sol:

05.
Sol:

V.

mn

_ —Drainresistance

Sourceresistance
RS

Ans: (¢)

_{

I <# ‘
' > 0
' T+ Zm Vs
.Y |—> Ygs,\
]

= —gm(1/gm)
=—1
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06. Ans: (b) Common source
SO]: ng = _Vin
@ @ Vo= Zm ng Rp
i = gm(_Vin)RD
° V,
+ l gmvgs = _0 —__ R
Vi: Vgs Vin gm D
-1 -
= 08. Ans: (a)
Vo .
i Sol:
gmVyg Rs
= ngin
Vo= Zm Vgs Rs R +
Vm = Vgs + Zm Vgs RS D
Vo ngS _ RS = -
\/m 1+ ngS Rs > lg =
Vgs = _Vin
07. Ans: (¢) Vo=gm Vin XRp
Sol: In volume-I book, the diagram is wrong. ol R
The correct circuit diagram is v Enp
N\ 09. Ans: (d)
Sol:
- —ov,
Vin
_ RD
= Vin
9 — Vgt 5
_l’_
e 20 Vs
- D
VO + \]in/2 B + Vin/Z
Rp =
= ()
A\~
= Vin
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10. Ans: (¢)
Sol:

r\ Tol Rout

v
W l/gm2

Rout =101 + (1+gmi 101)

=To1 + y + To1
gm2

=219

gm2
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Chapter 1

Cascode Amplifiers, Current Mirrors
& Differential Amplifiers

(Solutions for Vol-1_Classroom Practice Questions)

01. Ans:(d)
Sol: For the given differential amplifier,
IE = 1mA
I, = Vr =25Q
IE
vV, —-R_, -3000
Aj=—t=—== or) —gm
A 25 (o0 Bk
Ag=-120
02.
Sol:

Vg = -3V

VB — VE =0.7
VE = VB —-0.7
Vg =-3.7 Volt

I = -3.7+12 CmA
8.3k
I, =0.5mA
r = 25mV _
° 0.5mA
_—R. -2000
50

A, =-40

50Q2

Ay

03.
Sol:

04.
Sol:

Ans: (a)
Since,
Vp = Vg, + 1R, =V +LR,

Since in current mirror,
Transistor default must be perfectly
matched

& IBE1 = VBEZ

11R1 — Isz
Sler R = Icopy R

Aoy =Ly

**“copy  ref R
2

Ans: (¢)

—L=—g RC
=~ 8m (3k)
j— IC
gll‘l VT
I, = 12-0.7+12 _ 233 =9 33mA
10k 10k
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I, 233 _ 07. Ans: (b)
IC(DC) _3 =——mA=1.16mA Sol:
Ado_LIOMA o0y L1654 “|
25uV 25 o
=-139.5
05.  Ans: (d) |
Sol: |+12V s
To2
3k Lo 3k
Vo
+ = 1
Vin ]
— 1 Rout = To1 + (+&miro1)
= 3mA = (roz//rng)
T =TIo1 T I'n2+ Emi To1 T2
512 =ro1 + B ro1
3mA = (B+D) ros
L o) =—2 =1.5mA ~ Broi
_ Ic(Dc) _1-_5
En = \2 25 08. Ans: (a)
Ad=—gnR. Sol: Q; — I(V o1 gain)
—-R
:_1;5X3k Qz - s :_ngRc
25 re,
=—180 LAy =1x (— gmch)= —2.,R,
IAVT = _gmch
09. Ans: (d)
Sol: Q; > Actas CC [Ac circuit »>I—open]
Q) — ActasCB Vi
VO = ic RC
e _
Y
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Since for CC —»VO0l.gain=1 11. Ans: (d)
R Sol:
For CB — V0I.gain=—¢ G D
T, Vi —— I
1; _\
V, S Iq
'AV = 1 Rc = RC = & = —ngC r \§ nggS
re & ZYe 2 Ri g S
I
2 : ) .
R, =¥, where 1, =gV, +£
i T
SAv= LAY v ‘
2 ii ~ gm\/i +_l
Iy
10.  Ans: (b) RVt 0w _ 1
Sol: Cd 8l tl g+l g,
Ty
B W\
| l gmrd +1 gm
1 12. Ans: (b)
5 Sol:
Io
C
-V

For M1—>V01.gain= —8m, % i Em, %V]

For M|-M, —Vy.gain=+1x +—gm2R°

=4 ngD
2
:>VD — ngD Vl
: 2
R R
VO = \/D1 D, = |:— gm1 TD — gm2 TD}V‘
V
37(: = _ngD
. Vor.gain =—gn Rp ~R, =t s

Em
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Operational Amplifiers

(Solutions for Vol-1_Classroom Practice Questions)

Chapter
01. Ans:(a) _20-10
Sol: s
13000 (10+100)mA
WW °+ R, =90.9Q
- 3 30-10
VS@ 10V lK VO zmax = 0'22A|}" ILmin = OA]
z — 90.9
; ° P, =V, Limax
} P,=10x0.22
I, = ImA to 60mA 3
P,=22W
I= Vs — Vz
- 03. Ans:(d
300 sil- ns: (d) SH18V
vV, . —10 ’
I . — Smin I
mn 300 —( )
L =10 <
300 Vo
Imin = Izmin + I [ IL + ;LZ = lOmA} 1k
Vg = 10volt = =
Tnin = ImA + 10mA = 1TmA Rl - 9-5volt
I =9.3mA
= + = .
Lnax = 60mA + 10mA = 70mA = 1IE _ 9 f(r)riA _92.07uA
From equation (1) and (2) required range of B
Vsis 13.3 to 31 volt. I :18_10=26.67mA
' 300
02.  Ans: (a) I =1, ~1I, =26.57mA
Sol:
0 R I (0-100mA) 04. Ans: (b)
S
MW Sol:
+ 30Volt e
Vs:20 to 30v01t@ 10V gRL ° \_/ ll °V,
- 3000 L
= | 3o Zoo
The current in the diode is minimum when + -
the load current is maximum and v 1S 1(_)V
minimum. = Vp
— Vs min__ Vz Ill 5kQ
Tl

zmin L max
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05.
Sol:
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V, = 10volt 06. Ans: (b)
Sol:
10 AR
[ =— =2mA
7 5k 1kQ
=Vo=(6k) [;=12V = Vg, — -
Ve = 30volt quq
= Vce = Ve - Ve =18 volt. using millers effect,
=T, +1 _ kg
BT “ 14100
12 o
Ig=2m+—=122mA
E 100 ImH
=I.= i I 'B
1+ ’_ieq
= Ic = 0.120Amp
_ R R
= Pr=1Icx Vcg “ 141000
SoPr=217TW
07. Ans: (b)
Sol:
Ans: (¢) 1
1uF
e
C., = IuF(1+10°)~1F
08. Ans:(d)
Sol: V, = (1 + &)Vi
Rl
_20-5 15 2k
T 10k 10 VO_(1+3_1<)2
Vp = 10kx I = 15volt
| 20-V, 20015
1k 1k
B large = Iz = 0A
o Ie=1p=5mA
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Vv, 10 Apply KCL at V,:
 =—=—mA &
lk 3 Va — Vb Va — Vb
Im= +
10_, 2k 3K
V, -2 — _
oYem2 3 T2 1 3Va =3V, 2V, -2V,
2k 2k 3 6k
I, =1 +1, =4mA 6=5Va—56Vb
Va - V = —
*s
09. Ans: (cl){ V, -V, =12Volt
Sol: V,= V., Il:Va—\/b :£:0.6mA
! 2k 2k
I, = & 0.4mA
10. Ans: (¢) 3k
Sol: Vp=0.4m x 1k =0.4 Volt
Y Vb B Vo
' 0.5k
0.6m — 04-V,
0.5k
0.3=04-V,
. Vo=0.1 Volt
V() Iinx 1K
XK T 12. Ans: (¢)
X .
_ _ Jin ) —10x107°
L Sol: V.=—1t = —————x0.5x10"
2K 2 C C 10—6
Io + Iin+ IL =0 VC =_5Volt
Iin
Ly #1, +--=0 13. Ans: (d)
Sol: Given open loop gain = 10
2[,+21, +I, =0 R
1+
2I0 73Im & — 1
I_O:__3:_1_5 v 1+(1+Rf}< !
L2 R, ) A
v, (1+3)
11. Ans: (a) V. 1 4
1 +7
Sol: 0.5k 10
V, =V, x 4
4
I+—
10
v, =24 _ 5 715Volt
4
1+ —
10

| ACE Engg. Publications Hyderabad | Delhi | Bhopal |Pune |Bhubaneswar | Bengaluru | Lucknow | Patma | Chennai | Vijayawada | Vizag | Tirupati |Kukatpally | Kolkata




sz ACE o
‘.a EEngneelmgPubhmtmns :18: Analog Circuits
14. Ans: (¢) 17. Ans: (b)
- / Sol:
Sol: L (1+RR/1R )
V., 1+ Af 1 v 1 v,
i O—>— -
o 2200
V, -9 7
v -"T10 MW ——— V,
S P i 10kQ
10 LZs5k0
Vo =9 e
Vi 2 Appl
Vo=-4.5Volt pply KCL at Vi
V.
ﬁ =L +1
15. Ans: (¢) s
Sol: SR = 27finax Vomax Ve V=V V-V,
10° 5k 10k 20k
v, = SR __ 10 _505volr - 9a ¥
" opf o 2mx20x10 x _3Viz3V,
Y, 5 20
V,=AxV, =V =—2=79.5mV 3
A V=2V,
7
16. Ans: (d) - V.-V,
Sol: i 10k
R, v _EVI
+ Ii= !
V. 10k
< Vi _17.5k0
1 R, '
2=Rof|— =
sC  sCR, +1
18. Ans: (d)
zZ = R1 +sL Sol:
RZ
Vo|_ sCR, +1
V.| R, +sL
VO R2
YN Rg | Y
V.| (sCR,+1)(R,+sL)
It represent low pass filter with 1_ -
D.C gain = R Ro = 1T
R, x
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" R,+R_{ RR,
1 R_+R
Roz—: S 2 1
I |R,+R,

19. Ans: (b)
Sol: At Low frequency capacitor is open

MW
R>
1
R
VO =——%x \/in
Rl
Vol _ R,y
\/in Rl
R,
Rl
frequency
LF HF .

Low pass filter

At high frequency capacitor is short

ov
oV — <
‘/in_/v\/\/}v—J
Y% —V()ZOV
1
IISC
R R,
Vin _VO
szl R
SC 2 .
L= =l (1)
R2 e SCk,
SC
V4
W= Nl . Y| 2
0 Zl in ( )
— R2
Vo= 1o, Voo ®
Rl

Vo Ry b @
V.| R, 1+sCR,

R,
Voo R _1_ 1
Val Jl+0’CRZ V2 A1+1
O)CRZZI
1
CR,
Vo1
Vin 1+L
M348
o = 1
3dB R,C
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20. Ans: (¢) Due to virtual short Two R, resistors are
Sol: R, looking as in parallel
MWW R,
R MWW
1
Vao—awn >
R F + Vo -
id v
Vl R1 Rz n 0
= /2
To find input resistance Rjq (differential
input resistance) look from input port.
Connect a voltage source Vp &indicate Writing KVL; V;, :I_Tle JFI_TxR2
current Iy from positive terminal of Vr as 2
h I
shown R ow,)
R
'WV%/ & 4 R, +R,
I .
N v,
Vr YR 22.  Ans: ()
Rl R2 SOl: Vin +Vsat
= =8 sint Vo
_Vsat
Op amp in negative feedback virtual short 4V;
valid )
Writing KVL =V = I R; +I1R; Vin>4 = Vo= +Vu
n 100p =2ItRy Vin<4 =Vo= Vg
A Vin=4 =4 = 8 sint
I_:2R1 sint=1/2  |v,
T =
Ryy= 2R, t=230 1
21.  Ans: (d) N N
Sol: To find common input resistance (Rem) mmmen E i E
connect a know voltage source Vr as i i ! L i
shown. Vo! oo i i i :
R +Vsat | | X 'V '
2 ! |
MWV I_ . : >
j 130180 4
Ve
—Vo Tox
Virtual short Ton=120°, T =360
Tow 120 1
Duty cycle =~ =—=—
T 360 3
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:21: Postal Coaching Solutions
Case(i) Vo=t4
v Yo
3
V+=4X1+1X2=§=
1+2 1+2 3
(super position)
Vi>V_
2> &
1 3
Case (i) Vo=+10 N Vin<6
V_=V, +10 .
3 — > Case (i1) Vo= 4
V+ =10x— Y V.
10 V7 — __In
=3 1 3 3
V.>V_ 3 . - V+:_4X1+1X2:_—2
Vi<3 -10 1+2 1+2 3
Upper trip point V>V, — +4
Vin — 2 14
Case (ii) Vo=—10 3 73 — z
V-=Vi Via> -2 .
V.= 10x > - T
Hysteresis width =UTP-LTP
=-3 =6—-(—2)=8V
V_>V,
Vi>-3 25. Ans: (d)
Lower Trip point Sol: V=10 sin(2nx60t) — 0.1 sin(2wx1000t)
V,=10 sin(2nx60t) + 0.1 sin(2rtx1000t)
Hysterias is width = UTP — LTP
=3-(-3)=6V

24. Ans: (d)
Sol:

v _Yuxl_V,

—m  —_m

142 3

10k
A
R,=1k R,
ViAW
V = Vo
R2:10k

Given circuit is a difference amplifier

R
Vy = R_z(Vz _Vl)

1
= 10(V2 *Vl)
=10 x[2x0.1sin(21t x1000t]

Vo= 2 sin(2nx1000t)
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Chapter

01.
Sol:

02.
Sol:

03.
Sol:

(Solutions for Vol-1_Classroom Practice Questions)

6 Feedback Amplifiers & Oscillators

Ans: (b)
. 1
Given 3 = —
P 6
A= 1+&
1
AB =1 for sustained oscillations

=5

R,

Rl

R2 = 5 R1
Ans:

(c)
+9V
R1:3kQ VCCV
_ Threshold
R, =2kQ Output
| trigger oS
Discharge
T 3kQ
Ve
2
Vo= 3 Vee = 5x9=6V
9-6
Vin — Ve = 2x10°x1 ( =3—k]
Vth — VC =2V

Ve=Vn-2=4V

1
Vtrigger = 5 Vee=3V

Ve=3Vto4V

AB =1 for sustained oscillations
0.5k
x10=1

R, +0.5k
5 Ry =45k

04. Ans: (a)
Sol:

For sustained oscillations

Loop Gain =1 SN ANV |

Xy z

sCR+1 ( -1 1
X X =1
sCR sCR / 1+sCR
S’CR?=-1
jz ?CR2=_1
o’CR* =1
1

0=—"

RC
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