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Amplifiers

CHAPTER HIGHLIGHTS

\
v The r, Transistor Model w  Multi Stage Amplifiers
w  BJT AC Analysis = Cascode Connection (CE-CB)
w  FET as Amplifier w  Darlington Connection
w  The Hybrid Equivalent Model ww  High Frequency Response of an Amplifier
1= Frequency Response Analysis of Amplifiers (n model)
w High Frequency Response of an R.C Coupled = Transconductance
\_ CE Amplifier w  A.C Equivalent Model of MOS FET Y.

INTRODUCTION

The transistors can be employed as an amplifying device,
that is, the output AC power is greater than the input power.
There is an exchange of DC power to AC domain that power
permits by establishing a high output AC power.

The superposition theorem is applicable for the analysis
and design of the DC and AC components of a BJT net-
work, permitting the separation of the analysis of the DC
and AC responses of the system.

There are three models commonly used in the small sig-
nal AC analysis of transistor network:

1. r, model,

2. hybrid 7 model
3. hybrid equivalent model
The AC equivalent of a network is obtained by:

1. setting all DC sources to zero, and replacing them by
a short circuit equivalent.

2. replacing all capacitors by a short circuit equivalent.

3. removing all elements bypassed by short circuit
equivalents, introduced in steps 1 and 2.

4. redrawing the network in more convenient and logical
form.

r, TRANSISTOR MODEL
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For common collector configuration, the equivalent is same
as common emitter configuration.

For p—n—p transistor, the direction of currents are
reversed:

. . . . 26mV
where r, is the dynamic emitter resistance = ;
E

o is the current gain of CB; and S is the current gain of CE
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BJT AC ANALYSIS For example, ®1 = R _ g | &,
Common Emitter Fixed Bias e
Configuration Z; input Impedance = R' || fr,

Z  output Impedance = R_|| 7,

VCC
A = Q — —R, ||ro
Rs :< Re Co Y Vl Te
Vo
Vio— | \1 if 7, > 10R, then 4, =
re

Negative sign reveals a 180° phase shift between ¥ and V..

(1) Common Emitter fixed bias configuration. Com.rnon E.mltter’ Emitter Bias
o Configuration

VCC
Re

. Vo
Z lo R.

Rs

1- ] ,‘ —ev.
Z.= Ry || Br, Q input resistance % 0—¢
Z = Pr ifR,>10pr, G
Output Impedance Z =R || 7, Re
Ifr, > 10R Z, =R,

Vo==Bl, (R || r,), I, =

<—>¢
&
u(—’
o
=
T
-

M

L CE, emitter bias configuration

Te

Therefore, V, =8 (iJ (R, 7)
re
Vo _(Rc ||7"0) _RC .
sz 7=r—=—,}"02 IORc’Ai=ﬁ

e re

The negative sign in the equation 4, reveals that a 180°
phase shift occurs between the input and output signals.

ac equivalent circuit

Voltage Divider Bias
Applying Kirchhoff’s voltage law to the input,

Vi=Iy Br,+ I R.=I1;B8r,+(B+1) I3 R,
Vi

Z,= T =Br.+(B+ 1Ry
B

= fr.+ PR, = B(r.+Ry)
=R as R, >>r,

<

Cy ) F— Ve
Vie—H

AAA

Z. is the input Impedance (Z) =Z, || Rp=Z, || Ry

With V; set to zero, I, = 0, and f3, can be replaced by an
open circuit equivalent.

Output impedance Z =R,

‘ Io lo Gain A4

o . o v
0o +
V.
Vv 2m 3m e YPER 3R W L=k
— Zb

- < — —
}| \—Y—J 2 ° Vo - _IoRc - _ﬁIbRc

in On

R' ac equivalent circuit



Z,
Z, = B(r, + Ry) gives

A _&_ _Rc N_Rc
"V, n+R;T Ry

Effect of
Z,=Pr,+(B+ DR, ~ B(r,+ Ry)
r, 2 10(R, + Rp)

R
J BB

Zy
If R, is bypassed by a capacitor, the AC circuit will be same
as of fixed bias configuration.

ro2 lORc

Z;=2, Ry, Z,=R,

Emitter Follower Configuration
VCC

G
Vie—

AC equivalent circuit

Zi=Ry | Z,
Z,=PBr.,+(B+1) R,

Z, = BRy (R >>r,)
Z,=Rg I,

Z =r, (R>>r,)
Ve R Re _,

"V, Rg+r, " Rp

¥V, and V; are in phase for emitter—follower configuration.
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Common Base Configuration

The common base configuration is characterized as having
relatively low input and a high output impedance and a cur-
rent gain less than 1. The voltage gain can be quite large.

T Vee
T

Z
Common base configuration (pnp)
lc
I+
1
oe Ro Vo
éi >
Zo
Z =Ry,
Z =R
o C
g Vo _OR R
Vo 7 7
1 e e

AA: [—0 :—O{:—l
1

The fact that 4, is a positive number shows that V_ and V;
are in phase for the common base configuration.

Collector Feedback Configuration

+Vee

R
o B Av'vi* ¢ A
Vi \1, Iy le Vo
ﬁ A ﬂlb Rc
Z| Zu
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Substituting 7, equivalent circuit into the AC network,

”
Z. = ¢
1 l+Rc
B Re
Z():RCHRF
V, -R R
4,=-2=—= A4 ==L
Vi n R.

The negative sign in 4, equation shows 180° phase shift
between input V; and output V_.

+Vee
R
R {3
A |—o Vo
C
Vi o—|
C
Re
Collector feedback with Ry
_ Rg
‘ [1 s R+R}
B Re
Zo = Rc H RF
-R
A,= <
Rg

Determining the Current Gain
V4

i

A —
vL RL

=4

Effect of R, and Ry

The loaded voltage gain of an amplifier is always less than
the no-load gain. The gain obtained with a source resistance
in place will always be less than that obtained under loaded
or unloaded conditions.

For the same configuration,

A > A >A

vnoload vload v Load and Source

For a particular design, the larger the level of R| the greater
is the level of AC gain.

For a particular amplifier, the smaller the internal resist-
ance of the signal source, the greater is the overall gain.

FET as Amplifier

In most of the MOSFET amplifier circuit application, we
use common source configuration.

Vbp

Ro

T4
- VSS

}

where C .and C., are cogpling capacitors
and Cy is bypass capacitor

Rin = RG’ Rout = (ro//RD)
Voltage gain 4, =—g,, (r,//Rp)
r, is the resistance between the drain and the source
and g _ is transconductance.

Common source amplifier has moderately high voltage
gain and high input and output impedance.

Common Gate Amplifier

In this configuration, gate is grounded, and input is applied
to the source and output is taken at drain.

Vbp

Vs I
—Vss
Common-gate amplifier

Input resistance R, = %gm

Output voltage R, = R

Voltage gain 4, =g (Rp//R|)

Input resistance of common gate amplifier is low, while
compared with that of the common source amplifier.

Common Drain or Source-Follower
Amplifier

Vo
RL

Cet
A E I: Cez
VSI As Rs
/

—Vss



Input is applied to gate terminal and output is taken at drain
terminal.

Input Impedance R, =R
. R //
Voltage gain 4, = L' ]
(R 1)+ —
&

m

Output impedance R, = (L // rOJ
m
1. Source follower amplifier has less than but nearly
equal to unity voltage gain and it has very high input
resistance and low resistance.
2. This configuration is used as a load in multistage
amplifier.

m-MODEL

Cris the forward-biased diffusion capacitance and Cﬂ is the
reverse-biased diffusion capacitance.

rr=Pr,
En=

1
T,

HYBRID EQUIVALENT MODEL

1 t—o0 o— 2
+ +
Vi T Vo
lo———1—---F-- =o o
Vishyli+hyV,
1= hy L+ hy, Vg
. . . V;
h,, is the input resistance and &, = — ohm
i V,=0

. , [
h,, is the reverse transfer voltage ratio and 7 = —

i

Vo=0
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. . 1
h21 is the forward transfer current ratio and 4 = c

i V,=0
. 1, .
h,, is the output conductance and h = —| Siemens
4 Ii = 0
I 1

hi o
o M\ < o
+ +
0 y )
Vi hVo  ~ J > hi st v
J - Tl
O O

For common emitter circuit ho=Pr.,h,=pB,
For common base circuit 4, =7, hg =—0~—1

Io
5 ,
Preh 1
hie ﬂ& A Pos
Ec

Approximate common emitter hybrid equivalent circuit

°C

=

Eo L

oC

| > hle 1

hip

>
Q
T

B

o B
Approximate common base hybrid equivalent circuit

h Parameter Model with Rs and RL

LN h Iy <L>|
+
Vo L
"ogp T 2
. I h
Current gain 4, = 2= —/
YL 1+hR,
. v, —h/R
Voltage gain 4 = —>= Sk
Vi hi+(hh, —heh )R,
heh R, B 1

Z.=h.—

1 1

V+h,R,™ 7 By —[heh /(b + Ry)]
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Hybrid h Parameter Model for Common
Emitter

hfe /b
V1 hre Vo

|
i

E —

Typical values of & parameters for CE configuration are as
follows:

h,=3.5kQ
h,=13x10"
he, =120
h,,=8.5us

= L =0.12 mQ

c

Simplified ‘4’ parameters model: (CE n—p—n configuration)

Ib
Bo—>— koo

hie ly

e

For p—n—p transistor, the direction of current is reversed in
the equivalent circuit.

R.C-coupled CE Amplifier

% i
C
//2 oVp

Rs

F 3 Re
Ve Ce

Small signal analysis using simplified 4 parameter model:

1. Make all the DC sources to zero.
2. Replace the coupling capacitors with short

h

)

(Equivalent circuit without considering R,)

Without R
W) Z,=h,
(i) Z,=he 1R 1R,

Considering R
() Z,=h+ (1 +h) Re
i z,=2z, lIR, |IR,
oo 1 o (1
(iii) Z, = (iii) Zc_(h )

oe

) zoz(hi] ) Zo=[,%] IR, IR,
0 4, = TP wa, < FellF)
hie e

Voltage gain and current gain by taking source into
consideration:

Rs Z
Vi a
Vs~ Is Zl
Iy I, I
AVS=E=EXE JESELREERVEE
Vi h Is I I
_ AyZ; _ A Rs
VS Re+Zi 5 Ri+2Z

Solved Examples

Example 1
Determine 4, 4;, Ayg A Zis Z, for the following amplifier
circuit

C,=10uF R,=40kQ R =22kQ

C,=20uF R,=10kQ =100

Co=1uF R, =2kQ C..=20v

R,=1kQ R, =4kQ

Voo




Solution

_ (R || Ry)

e

(i) 4,

determining ‘r,’”:

26mv
o=
€ [E
Therefore, DC equivalent circuit is needed to calculate
I..
E

DC Equivalent Circuit
1. Make AC sources short
2. Replace coupling capacitors with open

VCC
2 4,
Ve
VBe
IE
Rz R
By applying KVL at input side gives
V= Vge —1gR; =0
I = Ve —Vee
Ry
4-0.
Vg = 07 _ 1.65 mA
2kQ
r = 22V _ 1576 ohms
Iy
R
A,=— (Re 1 R) =-90
re
(i) 4,=p=100
Ay Z,
iil) 4y = :
(i) Avs Rs +Z;
Z,=Z,| R R,
Z,=h, = pr.,=1576 kQ
Z,=1.32kQ
. —90.(1.32kQ) 5191
(2.32kQ)
. AR 100 x 1kQ
(iv) 4= ——— =
Ry + Z; 2.32kQ
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Ajg =43.103
(V) Zyx R.=4kQ

Two-PORT SYSTEMS APPROACH
I

R -~
/T\\-;. l—é Avn <—| T/:T\
v. 4 %y

If we take a Thevenin look at the output terminals, we find
V. set to zero:

Zth:ZO :Ro

E, is the open circuit voltage between the output terminals
identified as V.

Zi

Zo
Substituting the internal elements for two-port network.

Applying a Load to the Two-port Network
System

A\N\ lo °
+
Avn Vi V°

R,
o RL +R VNL Vl
_Y R
VL Vz RL +R VNL
7.
Ag=—A, . 2L
iL VL RL

Effects of Source Resistance R
I Rs
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The parameters Z; and 4, of a two-port system are unaf-
fected by the internal resistance of the applied source, and
the output impedance may be affected by the magnitude of
R

s
R.
V= : Vs
R+ Rg
Vo VNL'Vi
R
=4 —L 7.
VNL R 4R S
VR
VS VS Ri+RS. VNL
Effects of Rs and R
Is Rs : R, o
S I' Avlv\v éo
+ 4 T/
Vs r R Avn Vi R °
Z = Z
R, R,
V.= —0— ¥, =
" R4+Ry S ° R, +R, VNI
4 _E_RL‘AVNL
VL
Vi R, +R,
g VeVl R R
VS ys V.'Vs  R+Rg R +R, VN
R. V;
L =—A4 Lasl =
il VL RL i Rl
Vs
S R¢+R
R¢+ R
=—A S
iS VS RL

FREQUENCY RESPONSE ANALYSIS OF
AMPLIFIERS

Frequency range Coupling and ) Parasi.tic
bypass capacitor capacitance
Low Consider Open
Mid Short Open
High Short Consider
Av(mi 0= mid-band gain of the amplifier

Bandwidth = f;; — f{

Low frequency Response of an
R.C-coupled CE Amplifier

Rs

Rzé j

] -8
[l

Low frequency response depends on C,, C,, and Cy,
Due to C|, we get

Ri V0
AC Equivalent Network

O yomemmapeee- .
1y 5 :
Rs | |
'SRIR !
: ! hie=:
Ri I
Vs : Bl’e :
| |
1 1

Frequency Response due to C,

VDLIt
Vmax

Vinax

V2
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f= 1
' 27(R, + R)C R Ce
where R. = R, || R2|| Br,
Due to C,, we get
C .
i AC Equivalent Network
R R: i i
i ! 1
wrE LE Lo
: ___________ : |/CZ : i
: RIR| 1 I PR .
: | Re
: Rel R 1
Ro, | 1 =

| : 27R.C

where R =R || (r +E)
Frequency Response due to C, e el et )

Vou B
™ Vimax RSI_RSHRIHRZ
Vow ____/
2 ! Frequency Response
| Vo
!
1
!
A > f
1
M= s
2n(R, + R,)C,
where R)=r, R
Due to Cp, we get

Miller’s Theorem

c
IC
N\
o 0
Vin A VOIJ(
o— }(——————o0
AC equivalent network:
R,
IV\S/\’ B Zb lc . c

. 25, T b O) 20 TR TR =L

Vs
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I IC(A—1)
C(1- ): s : T
C,, and C_ is the wiring (stray) capacitance; C,_ is the

miller capacitance; and C,, C,, are the junction capacitance
or parasitic capacitance.

C,, (miller) = C(1 - A)
C(4-1)

C, . (miller) =

High Frequency Response of an
RC-coupled CE Amplifier

Thevenin’s Circuit

Input Side
Rini
]
£ Ci
1
7= 2wk,
Ry =Rs | R | R, || Br
Ci=Cpit Ce t(1 -4 C,,
Output Side
Rino
M

Co

End?V)

1
Fo = —
Zn.RthuCO
Rpo=1o IR I Ry,

¢ -c (-

wireo

+ CCe + Cbc

Example 2

Determine the lower cut-off frequency for the circuit given
B=100and r,= o Q

® 20 volts
40K § §4K 1uF
||
I~ Vo
10uF >/
I
R
1K § K‘ § -
2.2kQ
10K §
O K S 20UF
(A) 6.86 Hz (B) 25.68Hz (C) 327Hz (D) 350 Hz
Solution
Determining ‘r,’
26mv
r,=
Ig
R,=15.76 Q (refer GE04557)
pr.=1.576 kQ
Mid-band gain 4, = R lRy)
Te
Ay =-90
R=R,||R,| Br,=132kQ
R'=R,|| R, || R,=0.889 kQ
1
R =R, (R—swe) =2435Q
B
1
2n(R, + R;)C,
1
fil= ————— =2586Hz
2n(R- + R;)C,
fo=—1  —37m
2nR;Cy

.. Dominant lower — cut-off frequency
=327 Hz (Highest).



Example 3

Determine the higher cut off frequency for the given circuit
given f=100,r = QV_=20v, C,,=36pF, C, . =4pF
C.=1pFE C,,=6pF C, =8pF

20 volts
40K § 4K quF
| o
II Vo
10uF
|_
2
2.2kQ
1k 10K §
2K 20uF
(A) 738.24 kHz (B) 8.6 MHz
(C) 10 MHz (D) 800 kHz
Solution

Ry =R R || Ry | Bre,
r.=132kQ

R, =0.531kQ
Ci=Chii + G + (1 =4) G,

A =-90 (refer GE04557)

C. =406 pF
Ry =R || R =1419kQ
(4-1)

Cy=C,+C.+C, - 13.04 pF
fi= _ =738.24 kHz

2nR,;,; RC;

1

Jo= ——- =8.6MHz

27tRy, o RCy

Higher cut-off frequency is 738.24 kHz (lowest).

MULTISTAGE AMPLIFIERS
Cascaded Systems

Vor = Vi

Vi[> Avi IéAVZ <—|——- Avn
LI
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The two-port systems approach is partially useful for cas-
caded systems such as that appearing in the figure, where
Ay Ay oevenns A, are voltage gains of each stage, under
loaded conditions, that is, 4, is determined with the input
impedance to 4, acting as load on 4_,.

The total gain of the system is the product of individual
gains.

A4, = A

A . A and total current gain is

v2 o Ayy e

A =—-A4

A, .
vl
Z;
1 v RL

Effect of cascading on frequency response:

1. Gain is multiplied.
2. Bandwidth is reduced.

If n> amplifiers having lower cut-off frequency of /; and the
highest cut-off frequency of f};, then the frequency response
is given in the following figure.

|Av|

fi fL(overaH) fH(overaII) i

f; (overall) = { L
\2n -1
1
Jy (overall) = f,; V27 -1

where f; and f;; are the lower and higher cut-off frequencies
of the individual amplifier stages.

RC-coupled BJT Amplifier

The name is derived from the capacitive coupling (capaci-
tor (C,.)) and the fact that the load on first stage is on RC
combination. The coupling capacitor isolates the two stages
from a DC point of view, but acts as short circuit equivalent
for the AC response. The input impedance of second stage
acts as load for the first stage.

Cascode connection (CE-CB)

If the collector of the loading transistor is connected
to the emitter of the following transistor, it is called as
cascode—connection.
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The possible configurations are as follows:

Ve Vee
2 :;; Q Vo b= |—oV°
Vi Q1 AR, _L_| |_>
i b
i

Advantages

1. Larger output impedance
2. Wider bandwidth

Example 4

For the connection shown in the following figure, find the
overall transconductance of the circuit given g , is the
transconductance of CE amplifier and g,_, is the transcon-
ductance of CB amplifier.

VR
Vi
(A) &2 (2) &mi || &2
©) g, (D) &1 +8m2
Solution
Ie2 [02
c, lct E Cc
VR
Ib1 B
vV,
B
E
ICZ
Overall transconductance = 7
i
Iy =1y =1,

I
. g, (overall) = VLl =g

1

Darlington Connection

The main feature of the Darlington connection is that the
composite transistor acts as a single unit with a current
gain that is product of the current gains of the individual
transistors.

ﬂDzﬁl'ﬁz

A Darlington transistor connection provides a transistor
having a very large current gain typically a few thousand
and high input resistance.

DC bias
_ Vee=Vee
5 Ry +PpRg
IEz(ﬂD+ 1) I
AC analysis
BoRg
Z =R R, A=—FTP"E
i BHﬁlﬁZ E i RB+ﬁDRE
- _ T
AV: 1, ZO_ E'i‘rez

where R is bypassed and output taken at collector.

Z=R Ry By (rey + By 7ep)

S = Bp(R || Ry)
"R (R+Z]
where Z! = B(r,, + B,r.,)
Zo = RC H Y
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4 = V, BpRc AC analysis
v 71 - Z—zl
Zi1 = ﬁl /32 Rc’ Zj :RB H Zil
Example 5 / B.B,R
. . . o “P1F2'\B
Given the transconductance of Q,isg_, and 0, is g .. A=—=—"—
L N N 1 r;: N 2l 11)12 ! I,  Rg+pBBR.
ind the overall transconductance —= (f is large
£ A= PR =1, Zz,=2
Vee el + ﬁZRc ﬁ2
Ix
HiGH FREQUENCY RESPONSE OF AN
fe AMPLIFIER (7 MODEL)
r C
Vi
Ve
Cx
) AC equivalent Circuit:
A) g, (B 05g, (©05g, Mg, 1
Solution B I} cu ¢ -
L=1,4+1, *
Ly~ Ipy =(B+1) Iy § L T
_— Vv
Loy ~(B+1) L TS R gnln
Lo ~(B+ 1) Iy l/
as ‘Pislarge 1., >> I, — T
S [X ~ ICZ E
v, =2V,, (KVL at input) =
Frequency Response:
Ix 162
=22 —05g ,
VX 2Vb€ IL P
B
Feedback pair

fadb

J7 is the unity gain frequency.
DC analysis

J34p = 3-dB frequency

_ Ve =Vier
[BI_ 1
Ry + BpRc frp =
I =1

271 (Cr +C)
c c2
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_ 8m
h 21(C, +Cy)
Jr
f:%dB _gmrn:_hfe

Example 6

An amplifier has a gain of 60 dB with a bandwidth of
10 MHz. Find the unity gain frequency.

(A) 10 GHz (B) 100 GHz
(C) 10 MHz (D) 100 MHz
Solution

Gain= 4, dB = 60
20 log 4 = 60

= A4=103=1,000
= (1,000) (10 x 10°)
J7=10GHz

FET AMPLIFIER STAGES

n — channel
JFET ‘—E
P — channel
Enhancement —lz n-MOoS
MOSFET p—-MOS
Depletion _E; n-MOS
p — MOS

For JFET and depletion mode MOSFET analysis, Shockley’s
equation holds good

2
. V,
Le., Iy = I [l — VLPS] =Source Current

where [, is the drain current = /g; /| is the drain saturation
current; and V7, is the pinch-off voltage where I, =0 A.

J-FET Transfer characteristics

Output characteristics:

ipss

Enhancement Mode MOSFET Analysis
in=K(Vgs = Vy)?

ip, is the instantaneous drain current;

Vs s the instantaneous gate—source voltage;

and V. is the threshold voltage.

Symbols used to represent DC, AC, and instantaneous
values:

1. I,=AC drain current
2. I,=DC drain current

3. i, = instantaneous drain current = I + i,

D
Region of Operation

Case (i):
Case (ii):

Vs < Vpi cut-off region

Vas > Vo and Vg <(V—V7): linear and triode
region

Case (iii): Vi;g> Vyand Vg > (V T): saturation region

Case (iv): Vg > V and Vg 2 2( — V;): breakdown
reg1on

Transfer Characteristics
ip

Ip

> Ves

g, is the transconductance.
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Output Characteristics Small Signal Equivalent Circuits
ir I
b 1V ¢ b, G, d b
F ,Locus of (Vas —V4) + .
/I\ nggs E; Iy /I\ 1t Ves
Vis Vee
. ! I
S .;.
7v
H=g. Ty
3V 2
gm= o IDQ IDSS for JFETS
V|
Vos —2 k1, for MOSFET
&n= ALY or S

- LV

. }’d
Slope =rp= (ddlD
VDs

where " is the drain resistance.

-1
) Vos = Vaso

The values of both g and 7, are bias dependent. The output
resistance 7, is usually not sufficiently large, and so it may
not be neglected (as 7, is often neglected in the BJT model).

Transconductance
(gm) The quantity u is called amplification factor u = g_r,.

. . — 2
(W) ip=k (Vs =77 The open circuit between gate and source in the model
ip=Ip+iy makes /, = 0, and so we consider A R only (4; and R, are
Vas = Vas T Vs very high)
=2k (Voo— Vo) atV, .
=2k Vs = V1) atVesq Equations for FET Stages
where k =u, C_ (%) represents MOSFET Common source stage
fabricati tant __ MRy, _ —guRp
abrication constant. VI ARy 1+ Ry
gm:2kn A % R0=rd,Rol=RDHrd
n Common source stage with source resistance
gmzleanD 4 = URp _ _"8m (ro ” Rp)

Voo 4R +(I+u) Ry 1+ g, Re R, /Rp
R=ry+R;(1+w=r,;(1+g, Ry
RolzRoHRD

Common Drain configuration

AC Equivalent Model of MOSFET
id = f(Vgs’ Vds)

by superposition theorem

iznger@ 4 = M Rg _ 8l R =_d _
£ VR (1+p)  l4g,Rg T ° l+u g,
where g_ is the transconductance and R'=R_||R,
74 1s the drain resistance.

G+ b . Enhancement Mode MOSFET Drain
——— . Feedback Configuration

v - Vbp
gm gs § A
r. D
Vs <l/ Y

ds

Cc
—I |—° Vo
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AC Equivalent Model: Approximations:
(i) IfRy>> (r | Rp,)
G I Re
PN AN 4'D AVN_gm(rd”RD)
(i) if Rp>> (ryl| Ry) and 7, > 10R,,
Ay, ~-g R
_ av grd §R v v mf*D
\/I mVYgs D ()
% I
(i) g, >> R—,t endy,=-g. (ryl Rpll Rp)
F
- s - Summary
ry = ra = drain reSTstance Without approximation With approximation
i) A, =-g,, (rIRy) i A, =-9,Rp
In Im n
put Impedance )7 = Re iz P
R +(ry IRy 1+ g (sl 1Ro) 1+9nRo
z. = —[1+ (rd | | Rog )] (i) zy=ry Il Ry (i) zy = Ry
m
if Rp>> (ry Il Rp) Example 7
12v
R
=z= - F
1+g,, (ral IRy ) 2kQ
it R, >> (ry || Rp) and 10MQ
R
= Zi = _F '\/v\’ Ce O/p
1+ ngD _| —e
ry= 10R, D 1wF
LI '
Output Impedance 1':”: G |
1. Make input voltage =0 S
14
2. Connect a voltage source at the output and find 7 —
AC Equivalent Circuit Find g, g 7, 25 4,
Rr D K=0.2x1073A/V?
G / Vo Ve=3v
- Y =20us
r
v gd § b VGSQ=6.4V
Lo =275 mA
Solution
zo=R 1l r,IR, (i) g, =2k(Vg50— V2
if R, >> (r, 11 Ry) and r, > 10R,, = 1.632mA/V
g, =1.632ms
“0~ Rp y 1
(ii) ry= — =50kQ
Voltage Gain Ya
R
1 (iii) z,= F =242 mQ
E —8m 1+gm(rd||RD)
(iv) zy=Rg!l r,l| R =1.923kQ

A =
v 1 1
- +7
( ) ( W) A,=—g (ry || BRI R)=-3.14



Common Source Amplifier
(Voltage Divider Bias)

Voo

Vi Il

i G D
Vi — + Vo
Ry § H2§ l\s § I §RD
OmYgs
é h
7 - 2
(i) z =R, IR,

(ii) zy=14ll Ry
(i) 4, =-g (r4 I Rp)

Ifry>>10Rp, then 4, = —g R,

Direction for questions 8 to 14: Select the correct alterna-
tive from the given choices.

Example 8

The amplifier circuit with Ry =500 Q; R = 1.5 kQ operates
at .= 1 mA, and the parameters are 3, = 125, /. =300 MHz,
and C/l = 0.5 pF. The mid-band voltage gain is

R C Vo

Rs
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(A) -51.72 (B) -32.42
(C) —28.34 (D) -13.50
Solution
_ Lema _ 1
" 25 25
B, 125
=g, TS =l =" =3125Q
ﬁO Em Tz "z 2, 1/25
wp =—5" = 27%300x109
C,+Cu
Em 1
Cp+C, =21 = 21pF

o;  25%27x300x10°

The AC equivalent circuit using unilateral hybrid .

+
R
s I'n Clv jggm\/,.E Rc W
“ T" :

Vo _

7 =gnRc
C=C,+C,(1+g,Rc)
=C, +Cu +CungC
Vsr

1
V, = U where @y, = —
Ry+rn 1, S RC
Oy
R=Rg||rm
Yo _—PoRe _ 1
Vs Retr S
Oy

Mid-band gain 4, = “PoRe _ 125x1.5

= =-51.72
Ry+r, 05+3.125

Example 9

The value of ;= 27f,;, which is the upper cut-off frequency
in the abovementioned question?
(A) 75.7M rad/s
(C) 39.2M rad/s

(B) 54.6M rad/s
(D) 32.9M rad/s

Solution
C=(C_ + Cﬂ) + Cu Re
:21+0.5><2L5><1500 =21+4+30=51pF
1 1
Wy =——=———— =392 Mrad/s
RC  500x51pF
Example 10

For the common source amplifier with Rg, find the values

Ve .
of V—O and R, (output Impedance), given Ry = 16 kQ, Ry =
s

1 kQ, FET parameters are r; = 32 kQ and = 60.
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D

G +
S Vo
R
G Ae Ro
Vs
(A) 8.8,93kQ (B) -8.8,93 kQ
(C) —4.2,56 kQ (D) +4.2,56 kQ
Solution

The equivalent current in the loop equation from KVL

IR+ Ry, 1) :,qus

Vgs = Vs - Rs Id
Vo=—14Rp
D
G AN °+
4
WWaes
D Ib Ve
Vs Rs Ro
S _
_Vo _ —URp

By solving 4, =
Y & Vg rd+RS(1+,u)+RD

RO:rd+RS(1+;1)
Ry=1kQ, Ry=16kQ, r,=32kQ, u=60

A,=-88

Ry=32+1x61=93kQ

Example 11

The given figure shows a composite transistor consisting of

a MOSFET and a bipolar transistor in cascade.

The MOSFET has transconductance g of 3mA/V and
bipolar transistor has 8 of 99. The overall transconductance

of the composite transistor is? (If C is very large)
?—Vee

il

(B) 19.8 mA/V
(D) 2.97 mA/V

(A) 1.98 mA/V
(C) 29.7 mA/V
Solution

g. .V, =1, (BIT), a= i = (BJT)

g, (overall) = =g «

Lo
Vin
=3x 102 x 0.99 = 2.97 X 10 Mho

Direction for questions 12 to 14:

Example 12

The source follower amplifier circuit shown in the following
figure. Transistor parameters are V, = 1.2V, k, =4 mA/V 2,
and A =0.01 V! small signal transconductance and I are

+12V

(B) 6.47 mA, 14.8 mA/V
(D) 8.47 mA, 11.6 mA/V

(A) 8.47 mA, 14.8 mA/V
(C) 6.47mA, 11.6 mA/V

Solution
DC analysis of the circuit
~12 -
Yo=12 V=0 _4 Ly —op
162 486
VG - VGS 2
I == kn V - V
P (0.75kQ) Vos =V
+12V
162kQ
486kQ 0.75kQ

(9-Vss) = (0.75)(4)(Vgs —1.2)°
(9—Vss) =3Vgs —1.2)
9 - VGS = 3VGS2 - 7'2VGS + 432
SVGsz - 6'2VGS - 468 = O
Vgs = 2.65 or — 0.58 (by solving)
Vs should be positive Vo =2.65V
_ Ve —Vss VGS 6.35
P 075k T 0.75

Small signal transconductance is

dlp
. =2k, (Vos =V,
Em = dVGS (Vs th)

=2x4x(2.65-12)=11.6 mA/V

——=847mA
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Example 13 8nRsllr,) R

. ) v Voltage gain Ay =
Small signal voltage gain A4, = 7 is 1+ g,(Rs [|1,) Ri+R,
(A) 1.2 (B) 1.13 _ 11.6(0.75|11.8) y 121.5 _
(C) 0.98 (D) 0.86 1+11.6(0.75|11.8) " 121.5+4
Solution Example 14
The small signal equivalent circuit of the given amplifier is = The output resistance of the amplifier circuit is
(A) 87.8Q (B) 823 Q
Vo (C) 7193 Q (D) 76.6 Q
Rs 1o Solution

By small signal equivalent circuit, output independence is

1
Ry =— 1R I 1o
Em

R,=4kQ, R =162kQ, R, =486 kQ, R =0.75 kQ
r, =[Ap]" =1/0.01x8.47 = 11.8kQ =0.0861/0.75 || 11.8 kQ
R =R, || R,=121.5kQ 0.076 kQ = 76.6 Q

Practice Problems |
Direction for questions 1 to 30: Select the correct alterna- | 5. The transistor shown in the following figure has
tive from the given choices.

Direction for questions 1 and 2:
A BIT has h, =220, g =40 x 1020, C, = 10 pF and
C,.=50pF

1. What is unity gain frequency f;?

(A) 80.6 MHz (B) 106.6 MHz
(C) 20 MHz (D) 100 kHz

2. What is 3 cut-off frequency Jg?
(A) 4.84 kHz (B) 0.359 MHz
(C) 3.59 kHz (D) 0.484 MHz

Direction for questions 3 and 4: ) _3.50 ®) ,_177A © =202 (D). R
A CE amplifier is shown in the following figure with the =~ 6. A multistage amplifier is to be constructed using four

following specifications. identical stages, each of which has a lower cut-off fre-
R, =40kQ, R, =4.7kQ quency 60 Hz and upper cut-off frequency 1 MHz. The
R.=4kQ, R, =12%kQ, =100 bandwidth of multistage amplifier is
Further, V=26 mv and V=16V, V5, = 0.7 V. (A) 0.39 MHz (B) 4 MHz
e (C) 0.435 MHz (D) 0.51 MHz

7. A multistage amplifier has three stages. The voltage
gain of three stages are 30, 50, and 60, respectively.
The overall gain in dB is
(A) 60dB (B) 105.2dB
(C) 140dB (D) 99.06 dB

8. A multistage amplifier have two identical stages. If
each stage has R, =2 kQ, =280 and R = 3.5 kQ. The
overall voltage gain is

. . . (A) 2,090 (B) 19,600
3. What is the voltage gain 4, of the amplifier? (C) 280 (D) 70
(A) 1323 (B) -10 (C) -121.5 (D) -30.6 . ,
4. If the bypass capacitor C. is removed, the voltage gain 9. The following parameters were measures on transistor
. E M = .
s biased at /. =2 mA: By
— he,=80h, =0.5%x10

(A) -100  (B) -333 (C) 273 (D) -121.5
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h,=14x100A/NV

Calculate g and .

(A) g,=0.769 O, r,=10.4 kQ

(B) g,=7690,r,=1.04kQ

(€) g,=769x1070,r, =1.04kQ
(D) g,=769x1070,r =10kQ

Direction for question 10:
A JFET common source amplifier is given in the following
figure. The specifications are

ry=100kQ, g =3x10738

Vi
= |
Z = Z
10. The input impedance Z, is
(A) 827kQ (B) 82.7MQ
(C) 1MQ (D) 5MQ
11. The output impedance Z is
(A) 220 Q (B) 3.2kQ
(C) 2.2kQ (D) 2.152kQ
12. The voltage gain 4, is—
(A) —6.6 B) -3 (C) 300 (D) —6.456

13. In a single-stage amplifier,
R.=10kQ, R, =2kQ, B=50,and R, =10 kQ. A
small signal voltage V,(¢) = 0.5 sinw¢ mV is applied, the
output voltage V is
(A) —62.5 sinowt mV (B) —125 sinow¢, mV
(C) -31.5 sinwt, mV (D) 62.5 sinwt, v

14. Inthe cascode amplifier shown in the figure, if the com-
mon emitter stage O, hasr,; = 26 Q2 and common base
Q,has r,, =12Q , thenthe output currenti_ for /;=0.2V
is

(A) 16 mA
(C) 6.2mA

15. A CE amplifier has a unity gain frequency of 305 MHz
with a gain of 92 dB. The 3 dB bandwidth is
(A) 16.2 MHz (B) 305 MHz
(C) 4 MHz (D) 7.66 kHz

(B) 7.7mA
(D) None

Direction for questions 16 and 17:
An FET amplifier is shown with the following specifications.

R, =1MQ, R, =200 kQ, Rg=1kQ, R, =2kQ, R =18
kQ, Rsignal =5kQ, C,=C,=0.1 uF and v, =20 volts. The
other parameters of FET are r; = 100 k€2, Cgs =4pF C; =
0.5pF, Cy=12pFEandg, =4Xx 1030

Rsignal

Vi

16. The approximate lower cut-off frequency is

(A) 935Hz (B) 60.5Hz
(C) 21.5Hz (D) 425.5Hz
17. The approximate upper cut-off frequency is
(A) 84.6 MHz (B) 10 MHz
(C) 5.7MHz (D) 210 MHz

18. An amplifier circuit with R = 2 kQ operating at /. =
1.2 mA. If the gain bandwidth product of the amplifier
is 125 kHz, then the bandwidth of the same amplifier,
assuming V=26 mv, is
(A) 2.7kHz (B) 62.5kHz
(C) 1.35kHz (D) None of these

19. An RC-coupled CE amplifier is shown in the following
figure with following specifications. R,//R, =4 kQ, =
50, h,,=1kQ, R =2k, and R, = 0.5 kQ. What is the
loss in gain, if the bypass capacitor Cy is removed?

Vi

(A) 4% (B) 0% (C) 04% (D) 96%

Direction for questions 20 to 22:
AFET amplifier is given in the following figure with follow-
ing specifications.

Ihgs=5mA, V,=-2.5V and ry =80 kQ

[l

Z



20.

21.

22.

23.

24.

25.

26.

The input impedance Z; is

(A) 100 MQ (B) 9.09 MQ
(C) 110 MQ (D) 10 MQ

The output impedance Z is

(A) 1.95kQ (B) 80kQ

(C) 10kQ (D) 2.5kQ

The output V_ for ;=30 mV is

(A) -095V (B) -150 mV
(C) -40.5mV (D) -81.432 mV

The emitter follower using a p—n—p transistor with §; =
150 is biased at /.= 0.25 mA, the voltage signal source
has Ry = 3 k€. In order to make the overall R, =110 €,
the value of R is

(A) 1.42Q (B) 2.04 Q
(C) 0.71 kQ (D) 1.42kQ
For the abovementioned value of R, the values of 4,

and R, (input resistance) are
(A) 1,230kQ (B) 2.8,330kQ
(C) 0.92,230kQ (D) 0.92,330 kQ

In the circuit shown in the following figure, the transis-
tor has ) = 125, and operated /. = 0.3 mA. The ele-
ment values are Rg=2 kQ, R;=5kQ, and R; =100 £,
and the value of V,/V is?

+
RC Vo
Rs
Re
Vs _
(A) 1835 (B) 20.46
(C) —24.98 (D) 32.46

Both the transistors have f, = 120, and operated at
I =1 mA, Rg = 0.5 kQ, R, = 1.5 kQ. Find overall
gain.

2R
RS ch
Vs
(A) 914 (B) 1,028
(C) 2,056 (D) 3,084

Practice Problems 2

Direction for questions 1 to 22: Seclect the correct alterna-
tive from the given choices.

27.

28.

29.

30.
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Voo
R Ao
Ca
Rs R.
Vs Cs — Rs

An FET Amplifier shown in the abovementioned figure
has parameters g, = 2m Mho, r, = 20 k€, what is the
value of load R, for mid-band gain of —20? Assume that
Rg, Cg bias is short Ry =300 €, R, =160 k€, R, =40 kQ.
(A) 20kQ (B) 30kQ (C) 40kQ (D) 0Q
The value of input coupling capacitor Cj for lower cut-off
frequency f; =300 Hz in the abovementioned circuit is
(A) 0.025 pF (B) 0.052 uF
(C) 0.016 uF (D) 0.043 uF
An amplifier circuit is shown in the figure; assume that
the transistor works in active region. The low frequency
small signal parameters for the BJT are g = 20 ms,
Ve i
B=50,r =c,and r, = 0; V_O of the amplifier is

mn

Vec

2kQ

(A) 0.967 (B) 0.976
(C) 0.983 (D) 0.998

The Darlington pair stage is shown in the following fig-
ure. If the transconductance of Q, is 8 x 107 U and
0, is 6 x 107 U, the overall transconductance g_ is

+Vcc
ic1 J/icz
Ve —
Vbe
+Vbe
(A) 14x1030 (B) 2x 1030
(C) 3x1030 (D) 6x1030

Direction for questions 1 to 3:

The h parameters of the transistor are A,, = 400 € and
hg, = 80 and the transistor amplifier is given in the following
figure.
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100K
10uF

N

Vi

i — Zo
1. What is the input impedance Z; as seen from source?
(A) 400 Q (B) 100 kQ
(C) 500 kQ (D) 398 Q
2. What is the output Impedance Z ?
(A) 2.2kQ (B) 10kQ
(C) 6.2kQ (D) 6 kQ
3. What is the voltage gain of the amplifier?
(A) —80 (B) —440
(C) —612 (D) 1

Direction for questions 4 and 5:

The typical parameters of the hybrid 7-model of transistor
at room temperature and for /= 1.8 mA are C_= 100 pF

and f; = 80 MHz
4. The value of g in mA/V is
(A) 6.9 (B) 0.69
5. The capacitance C is
(A) 38pF
(C) 3.8pF

6. The transconductance g of the transistor shown is 8
mS. The value of input resistance R, seen from source

1S

16V

2.2KQ

——e\s

10uF

é‘

(C) 0.069

(B) 2pF
(D) 0.38 pF

(D) 69

(A) 1.54kQ
(C) 1.764 kQ

7. A RC-coupled CE amplifier is shown in the following
figure. The lower cut-off frequency f, due to coupling

capacitor C, is

(B) 12.5kQ
(D) 2.5kQ

(A) 29 Hz
(C) 50 HZ

(B) 145 Hz
(D) 32 Hz

Direction for questions 8 and 9:
A CE transistor amplifier is shown in the following figure
with

h,=212kQ, h =0,h;,=50,and h ,=02x1030

| '

ZU
8. The input impedance Z! is
(A) 7.15kQ (B) 8.78 kQ
(C) 2.12kQ (D) 1.63 kQ
9. The output impedance Z_ is
(A) 7.77 kQ (B) 9.2kQ
(C) 432kQ (D) 50kQ

Direction for questions 10 to 12:
A RC-coupled CE amplifier is shown in the following
figure.

R signal

w—I
<—-O<——>

The specifications are
Rona = 1 K, R =20 kKQ, R, =5kQ, R. = 1kQ, R, =1kQ,

R, =1kQ, C, =0.5uF, C,=1uF and C; =100 uF.
10. The lower cut-off frequency due to C| is

(A) 23.4Hz (B) 64 Hz
(C) 32Hz (D) 128 Hz
11. The lower cut-off frequency due to C, is
(A) O0Hz (B) 100 Hz
(C) 64 Hz (D) 80 Hz

12. What is the value of C, required to have a lower cut-off
frequency of 100 Hz?
(A) 80 uF (B) 8 pF
(C) 0.8 uF (D) 8 uF

13. A cascode amplifier is given in the following figure.

. v,
The voltage gain 4, = 7"is

Q, 10mA
: : !
‘/i — Q1 2 k\l,o
O.éi\)E = L
(A) —67 (B) -333 (C) -166 (D) -1
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14. The three amplifier stages are cascoded to provide (A) 59 dB (B) 31dB
overall gain of 12,000. The first two stages have a gain 62
of 45 dB and 25.12, respectively, then the gain of third © Edb (D) 65dB
stageindBis 19. A cascode amplifier is shown in the following figure.
(A) 3dB (B) 28 dB The transistor
(C) 80dB (D) 8.58 dB O, has g, =5mA/V and

15. The rise time of the amplifier to the input is 70 ns. The
bandwidth of the amplifier is

0O, hasg_,=1.25mA/V.
The overall transconductance g of the Cascode ampli-

(A) 1 MHz (B) 5 MHz fier is
(C) 10 MHz (D) 0.5 MHz
16. The mid-frequency gain of RC-coupled CE amplifier is @
200. The lower and upper cut-off frequencies are 50 Hz
and 80 kHz. The frequencies at which gain falls to 150
are and
(A) 50 Hz, 80 kHz (B) 56.69 Hz, 70.55 kHz
(C) 25Hz, 40 kHz (D) 10 Hz, 90 kHz
17. A CE transistor amplifier shown in the following figure (A) 5mA/V (B) 1.25mA/V
specified with A, =50, 2, =2 kQ, and R| =10 kQ. The (C) 6.25mA/V D) 4mA/V

value of R required to maintain a mid-band gain 4,, =
kQ

~120 is Direction for questions 20 to 22:
A multistage amplifier has four identical stages. Each stage
is specified with gain 4 = 60 with lower cut-off f; = 30 Hz

and upper cut-off £, = 90 kHz.

20. The overall gain A' in dB is
(A) 47.6dB (B) 32.55dB
(C) 14225 dB (D) 60 dB

21. The overall lower cut-off frequency ' is
(A) 120 Hz (B) 69 Hz
(C) 7.5Hz (D) 21.2Hz

22. The overall upper cut-off frequency £,' is
(A) 22.5kHz (B) 45kHz
(C) 39.13kHz (D) 360 kHz

R. Vo

(A) 10 ®B) 5 (©) 275

18. The mid-band gain of the amplifier is 62 dB. The gain
at lower (or) upper 3 dB is

(D) 9.23

PREvVIOUS YEARS’ QUESTIONS

5V

o

|

Yo

1. A bipolar transistor is operating in the active region
with a collector current of 1 mA. Assuming that the
BB of the transistor is 100 and the thermal voltage (V)
is 25 mV, the transconductance (g, ), and the input
resistance (7 ) of the transistor in the common emitter
configuration are [2004]
(A) g,=25mA/V andr =15.625kQ L lrsz
(B) g,=40mA/V and r_= 4.0 kQ
(©) g,=25mA/Vandr_=2.5kQ =
(D) g, =40 mA/V and r_= 2.5 kQ (A Iv. (B 2V

3

©) 3V (D) 4V

The cascade amplifier is a multistage configuration of
[2005]
(A) CC-CB (B) CE-CB
(C) CB-CC (D) CE-CC
. Both transistors 7, and T, in the figure have a thresh-
old voltage of 1 v. The device parameters &, and k, of
T, and T, are, respectively, 36 HA/V? and 9 pA/VZ.

1
The output voltage V| is [2005]

An n-channel depletion MOSFET has following two
points on its /,—V 4 curve:

(i) Vgg=0atl;=12mA and

(i) Vgg=—6vatl;=0

Which of the following O points will give the highest

transconductance gain for small signals? [2006]
(A) Vigg=-6v (B) Vgs=-3v
(C) Vys=0v (D) Vgg=3v
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Direction for questions 5 to 7:
In the transistor amplifier circuit shown in the figure, the
transistor has the following parameters:

Boc=60, Ve =0.7V, by, — 0 hy —> o0

The capacitance C, can be assumed to be infinite.

12V
1KQ
53K §
MA
+
5.3K I
Wv | | VC
C
V, ¢ _

In the figure, the ground has been shown by the symbol N.

5. Under the DC conditions, the collector-to-emitter
voltage drop is: [2006]
(A) 48v  (B) 53v  (C) 60v (D) 6.6v

6. If B, is increased by 10% the collector-to-emitter
voltage drop [2006]
(A) increased by less than or equal to 10%

(B) decreases by less than or equal to 10%
(C) increase by more than 10%
(D) decreases by more than 10%

7. The small signal gain of the amplifier v /v is: [2006]
(A) -10 (B) -5.3 () 53 (D) 10

8. In the CMOS inverter circuit shown, if the transcon-

ductance parameters of the NMOS and PMOS tran-
sistors are k=

W
ko= 11,Co xFn _ UpCy X —L = 40uA/ V2
L, L,
and their threshold voltages are

Vi = ‘VTH,, ‘ =1, the current / is [2007]
5V
PMOS
I
2.5V
NMOS
(A) 0A (B) 25 pA
(C) 45pA (D) 90 pA

9. The drain current of an MOSFET in saturation is
given by I = K(Vq — VT)z, where K is a constant.
The magnitude of the transconductance g is [2008]

K(Vee =V7)?
(a) ~les=trk (B) 2K(V oy~ V)
DS
i K(Vgs =Vr)?
) —2 oy XVes =Vr)”
( ) VGS _VDS ( ) VGS

10. For the circuit shown in the following figure, transistors
M1 and M2 are identical NMOS transistors. Assume
that M2 is in saturation and the output is unloaded.

Voo

lbias

I

Va
M1 4‘ M2
Is
—L—
The current /_is related to /,;, as [2008]
(A) ]x = Ibias + [s (B) Ix = Ibias
Vou
(C) ]x=1bias_[s (D) Ix =Ibias_(VDD_ I; t]
E

11. The measured transconductance g of an NMOS tran-
sistor operating in the linear region is plotted against
the gate voltage V; at constant drain voltage V.
Which of the following figures represent the expected

dependence of g, on V;? [2008]
(A) (B)
Im 9m /

VG VG
(©) (D)

Im
Im \J
%
G Ve

12. Two identical NMOS transistors M1 and M2 are con-

nected as shown in the following figure. V,  is chosen
so that both transistors are in saturation. The equiva-
lent g of the pair is defined to be aaI—OV‘“ at constant
1
Vout'
The equivalent g of the pair is [2008]
,out
—
VOUt



13.

(A) The sum of individual g_s of the transistors

(B) The product of individual g_s of the transistors

(C) Nearly equal to the g of m1

(D) Nearly equal to g, /g, of m2

An astable multivibrator circuit using IC 555 timer is

shown in the following figure. Assume that the circuit

is oscillating steadily [2008]
l oV

(Rgset) (Sugply)
6 (Threshold)
(Output) 3 o
2 (Trigger’
(Trigg )(Gn g
(Discharge) 1

30kQ

10kQ2

The voltage ¥, across the capacitor varies between
(A) 3Vto5V (B) 3Vto6V
(C) 3.66Vto6V (D) 3.6Vto5V

Direction for questions 14 and 15:
In the following transistor circuit, V', =0.7V, 7,=25mV/
I, B and all the capacitances are very large.

14.

15.

16.

17.

The value of DC current I is [2008]
(A) 1mA (B) 2 mA

(C) SmA (D) 10 mA

The mid-band voltage gain of the amplifier is approx-
imately [2008]
(A) —-180  (B) -120  (C) -90 (D) —60

Consider the following two statements about the
internal conditions in an n-channel MOSFET operat-
ing in the active region

S,: The inversion charge decreases from source to drain.
S,: The channel potential increases from source to drain.
Which of the following is correct? [2009]
(A) Only S, is true

(B) Both S, and S, are false.

(C) BothS, and S, are true, but S, is not a reason for S,.
(D) Both S, and S, are true, and S, is a reason for S,

A small signal source V(f) = Acos20¢ + Bsin10°
is applied to a transistor amplifier as shown in the

18.

19.

20.
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following figure. The transistor has = 150 and %,
= 3 kQ. Which expression best approximates V ()?
[2009]

12V

(4) V,(1)=-1,500 (Acos20¢ + Bsin107)

(B) V, (t)=-150 (4cos20t + Bsin10°7)

(C) V, (1)=-1,500 Bsin10%

(D) V, (#)=-150 Bsin10°

For small increase in V; beyond 1V, which of the fol-

lowing gives the correct description of the region of

operation of each MOSFET? [2009]

(A) Both the MOSFETs are in saturation region.

(B) Both the MOSFETs are in triode region.

(C) n-MOSFET is in triode and p-MOSFET is in
saturation region.

(D) n-MOSFET is in saturation and p-MOSFET is in

triode region.

Estimate the output voltage V|, for V; = 1.5 V. [Hint:
use the appropriate current voltage equation for each
MOSFET, based on the answer to Q.57] [2009]

A) 4-—v (B) 4+—=V

7 7
B B

C) 4——V D) 4+—V
©) 2 (D) >
The amplifier circuit shown in the following figure

uses a silicon transistor. The capacitors C. and C, can
be assumed to be short at signal frequency and the
effect of output resistance 7, can be ignored. If C is
disconnected from the circuit, which one of the fol-
lowing statements is true? [2010]
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(A) The input resistance R, increases and the magni-
tude of voltage gain A,, decreases.

(B) The input resistance R, decreases and the magni-
tude of voltage gain A,, decreases.

(C) Both input resistance R, and the magnitude of
voltage gain 4,, decreases.

(D) Both input resistance R, and the magnitude of
voltage gain 4, increases.

Direction for questions 21 and 22:

Consider the common emitter amplifier shown in the fol-
lowing figure with the following circuit parameters:

B =100, g = 0.3861 A/V, r;= oo, r,=259 Q Ry=1
kQ, Ry =93 kQ, R, =250 Q, R, = 1 kQ, C,| = o, and
C,=4.7mFE.

+10V
Rc
RB | E—
G
Rs C,
+ >
V‘; Vo ;RI
L
21. The resistance seen by the source V is [2010]
(A) 258Q (B) 1,258 Q
(C) 93kQ (D) oo
22. The lower cut-off frequency due to C, is [2010]
(A) 339Hz (B) 27.1 Hz
(C) 13.6Hz (D) 16.9 Hz

23. In the following circuit, capacitors C, and C, are very
large and are shorts at the input frequency. V| is a

small signal input. The gain magnitude [V /V| at 10

Mrad/s is [2011]
5V
100H  22kQ L qp
| L
1T
Q1 C
2.7V (£
2kQ ¢ Vo z2KQ
Vi (-

T

(B) minimum
(D) zero

(A) Maximum
(C) unity

24. In the following circuit, for the MOS transistors,
u,C.. =100 pA/V? and the threshold voltage V. = 1

V. The voltage ¥, at the source of the upper transistor
is [2011]

25.

26.

27.

(A) 1V B) 2V
©) 3V D) 3.67V
The current i, through the base of a silicon npn tran-
sistor is 1 +0.1co0s(10,000t¢) mA. At 300 K, the rmin
the small model of the transistor is [2012]

b g c

ro
I §
° E
(A) 250 Q (B) 27.5Q
(©) 25Q (D) 22.5Q
The voltage gain A4 of the following circuit is [2012]
13.7 Volts
12kQ
c vV
100kQ2 __”_."
(o)
10kQ g= 10
Vi

(A) |4y]=200 (B) |4y =100
(€) |4y|=20 (D) |4|=10

In the CMOS circuit shown, electron and hole mobili-
ties are equal, and M, and M, are equally sized. The

device M, is in the linear region if [2012]
5V
M
[Vrpl =1V
Vin
Mz V=1V

(A) ¥, <1875V
(B) 1875V <V, <3125V
(C) ¥, >3.125V

(D) 0<V, <5V



28. For the amplifier shown in the figure, the BJT param-
eters are V. =0.7V, B=200, and thermal voltage Ve
= 25 mV. The voltage gain (v /v,) of the amplifier is

. [2014]

VCC= +12V

29. A cascade connection of two voltage amplifiers A1
and 42 is shown in the figure. The open-loop gain 4,
input resistance R , and output resistance R for A1
and A2 are as follows:

Al: 4,,=10,R, =10kQ, R =1kQ
A2:A4,,=5,R, =5kQ, R =200Q
The approximate overall voltage gain v_ /v. is

out "1n

[2014]

+

Vi, A1 A2 Aoy,
1kQ

30. For the n-channel MOS transistor shown in the fig-
ure, the threshold voltage V7, is 0.8 V. Neglect chan-
nel length modulation effects. When the drain voltage
Vp = 1.6 V, the drain current I; was found to be
0.5 mA. If V} is adjusted to be 2 V by changing the

values of R and V,,, the new value of I, (in mA) is

[2014]
Vob
R
D
G S
(A) 0625 (B) 0.75  (C) 1125 (D) 15

31. For the MOSFETSs shown in the figure, the threshold
1
voltage |[V]=2V and K = EuCOX (%) =0.1mA/V?

The value of I, (in mA) is [2014]
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VDD =+12V
Ry
10 kQ
B
=y
2 Vi
10 kQ
—
VSS =EV

32. For the MOSFET M, shown in the figure, assume W/L
=2,V =2.0V, 1 C. =100 uA/V? and V;,;=0.5V.
The transistor M, switches from saturation region to
linear region when V;_(in Volts) is

[2014]

VDD

R = 10kQ

Vout
Vin O—| M1

33. Consider the common-collector amplifier in the fig-
ure (bias circuitry ensures that the transistor operates
in forward active region, but has been omitted for
simplicity). Let /. be the collector current, V' be the
base-emitter voltage, and V. be the thermal voltage.
Further, g and r are the small-signal transconduct-
ance and output resistance of the transistor, respec-
tively. Which one of the following conditions ensures
a nearly constant small signal voltage gain for a wide
range of values of R.? [2014]
(A) g, Rp<<1 B) I R> TV,
©) g,r,>>1 (D) Vg >>V;

34. A MOSFET in saturation has a drain current of 1 mA
for Vg =0.5 V. If the channel length modulation coef-
ficient is 0.05 V!, the output resistance (in kQ) of the
MOSFET is . [2015]

35. Which one of the following statements is correct
about an ac coupled common emitter amplifier oper-
ating in the mid band region? [2016]
(A) The device parasitic capacitances behave like
open circuits, whereas coupling and bypass ca-
pacitances behave like short circuits.

(B) The device parasitic capacitances, coupling ca-
pacitances and bypass capacitances behave like
open circuits.
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(C) The device parasitic capacitances, coupling ca-
pacitances and bypass capacitances behave like

short circuits.

(D) The device parasitic capacitances behave like
short circuits, whereas coupling and bypass

capacitances behave like open circuits.

36. In the circuit shown in the figure, the channel length
modulation of all transistors is non zero (1 # 0). Also,
all transistors operate in saturation and have negligi-
ble body effect. The ac small signal voltage gain (V/

37.

©) —gn (”01 ||(
D) —g (”01 ||(

In the circuit shown in the figure, transistor M1 is in
saturation and has transconductance g_ = 0.01 sie-
mens. Ignoring internal parastitic capacitances and
assuming the channel length modulation 1 to be zero,

2

3

1
— 72 {1703
gm

1
— 1703 |l 702
gm

V) of the circuit is: [2016] the small input pole frequency (in kHz) is
Vo, [2016]
ﬁ M3 \_{ M2
vGT 1kQ
VO
—._
vin4| M1
Ii —— 50pF
(A) ity ) VW E i
5kQ
1
B) -g,, (”01 ||_||’”03J
m3
ANsSWER KEYs
EXERCISES
Practice Problems |
1. B 2. D 3. C 4. B 5. A 6. C 7. D 8. B 9. C 10. A
11. D 12. D 13. A 14. B 15. D 16. D 17. C 18. C 19. D 20. B
21. A 22. D 23. D 24. C 25. C 26. C 27. A 28. C 29. A 30. C
Practice Problems 2
1. D 2. A 3.B 4. C 5. A 6. A 7. B 8. D 9. A 10. B
11. D 12. C 13. B 14. D 15. B 16. B 17. D 18. A 19. A 20. C
21. B 22. C
Previous Years’ Questions
1. D 2. B 3. C 4. D 5. C 6. B 7. A 8. D 9. B 10. B
11. A 12. C 13. B 14. A 15. D 16. D 17. B 18. D 19. D 20. A
21. B 22. B 23. A 24. C 25. C 26. D 27. A 28. —240 to —230
29. 34t035.3 30. C 31. 0.88t00.92 32. 1. 33. B 34. 19to 21
35. A 36. C 37. 57.88 kKHZ
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