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Testing of BJT in Different
Operating Regions

Detailed Explanation
of

Try Yourself Questions

"

LN Al (0.902) T2. {9
In active region
+5V
-5-07-431-=-10
4.8 kQ L= 10_5'7:£:1mA
12 kQ 4.3 4.3
2V Io=1=T+05mA =1mA
= I’=05mA
5V
= 0.5 mA
_ Ve 1
Iy = 2 O'7=O.10833mA |
12 iy 0.7 V sat J_
_ 5 uF
02 B
Osat) 4.8 0.7V
Active = =
[B 2 IB(min)
_ IC(sat) -1V
B In saturation region =
V,-07-43x1=-10
f,> A V= -5V
§ g= CV.=-5x10%x5V
’ = -25x 10
and B, =9.23 =
p= 0.10833 Bmm and g =it
I'(0O-t)= -25x10°
Bmin -6
Oy = T o—=0.902 25x10
1 . t= —= =50msec
+ P 05x107
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BJT Biasing

Detailed Explanation
of

Try Yourself Questions

"

LA BN Sol.
I 12V
6kQ= 3.5kQ
9 I
I 0A
<
QS I
I 0A s
s
2kQS Q 3kQ
B

. 12
T 6+4+2
I, =1mA
Applying KVL in loop L
I, x2KQ-Ix3kQ = Vg
2-Ix3k=05
—Ix3k=-15

I= i(fmo*3 =0.5mA

mA
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BJT Current Mirrors

Detailed Explanation
of

Try Yourself Questions

"

T2. K@)

(a)
VCC

- ﬂ =0.277 mA
0.25 mA
1=0.25 mA

"t 30x10°

atnode‘a I = 1I,+ 3l
(155 is assumed negligible)

3
= IC (1 + Ej
A - :
c = fref 34 B Usmg current mirror COﬂCGpT,
For large ‘B’,
= O.277x10‘3(%) I'= I
SO,
I, = 0.27 mA I,=(0.25 +0.25 + 0.25) mA
I = (0.25 +0.25) mA
I.+1,=(0.25)5mA
- 1.25mA
HEEN
MBDE ERSY @Copyrig@
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Small Signal Analysis
of BJT Amplifiers

of

Detailed Explanation

Try Yourself Questions

LA (d) T2. NG
________________ 12V
3 270 Q :
|
' / | 3.9kQ
| | 220 kQ .
>3 —WW o
v (’9 2R c ' I) C,
' | 1
| | |
! | V,
l | ’
______ Coy T
g,=2mS;r, =250 kQ
100 L
ro= re=£=—=50k§2 =
9m 2mS DC circuit
,o 12V
V"AVAV
_<.>_ S 3.9 le(1 + Bl
o™ + 220 kQ
I Va T
\1TH RL
- Ig + Vg —
.
= —V X T
Ve o, +270 1
-50 k -
= ——Vv. =-0.994 v. _
50Kk + 270 i - 12-0.7
(1+B)3.9k+220k
Vi + 1,9V, — V=0
Vin = ~1o9mVe = Va = 0.0163MA
=—(1+ g,/,) (-0.994v)) I.=(1+B);=197mA
=—(1 + 2mS x 250 kQ)XO.994\/I. VT 26 mvV 13150
V,, = 497.9 v, ° Ie 197 mA '
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LEN (b)

Instrumentation Engineering

220 kAV

> P,
% 1.578 kQ +> Flg
- 220k

V. = —(220k |13.9k) Bl
A - he |R, _ -3.83k
v r, ~ 13.15
= -291.41
z,= Y 220K e
I 1-A,
=0.752k |11.578 k
= 0.509 kQ = 509.4 Q
-h -50
A1= fe _
Thef 4y 1o
0
4 - 750
1~ 125
A-Z AR
A, = Iz. = ;}L
-50 10
A 125 1
A = -400

e Analog Electronics

T4. (9]
Re = 0.5 kQ B =100
Ro =5 kQ
The voltage gain
=A = Imfc Re 5>
1+ 9m RE 9m
R 5
Th Al >~ = ~
us, |A,l R = ~10
T5. K]
I 100 pA
= —c— =4 mA/N
I V. 25x107°V
Input resistance
B 100
r,=—= 3
gm 4x10
= R.=r =25kQ
T6. N(9] ‘
h,ex R, <0.1
= Approximate analysis can be used
AI = _hfe =7
A, = —he R _-80x25 _ 75
hie 1
Ap=A,xA =2250
EEEE
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Testing of MOSFET in
Different Operating Regions

) Detailed Explanation
of

Try Yourself Questions

"

(d)

Given: V=04V
Vog= Vg—Vg=05-15
=-1V
If Vg < Vo, in PMOS, M, will be ON
Vog= Vp—Vg=0-15=-15V

Veg— V,=-1-0.4
=-14V
If Vps< Vigg— V,, M, is in current saturation.
T2. {2
Given: V=04V
Vas = Vo — Vs
=0-09=-09V

If Vg < V4, PMOS M, will be ON.
Vog= Vp=Vg=09-09=0
If Vpg =0V ormV, M, will be in ohmic.
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MOSFET Biasing

"

Detailed Explanation

of

Try Yourself Questions

(a)

If V=V . we conclude that each MOSFET is

in saturation.
o 10v

—L

—[

1

MOSFET M,
Ip = Koy (Vggy = VP
Vg = 10-5=5v

1 (W
0.5 mA = 36u x E(Tj x (5-1)°
w
(Tl =173
MOSFET M,

Ip= Ky (Vg = V)

1 (W
0.5mA = 36ux = (—j ,(3-1)?

2 L

MOSFET M,
In = kg (Vggy = V)

1 (W
05mMA =36ux — | — | ,(2-1)?
MXZ(LJS( )
(ﬂ) =278
L3

To calculate the value of V4, we require the
voltage of both drain and source terminal.
Now, assuming the transistor to be in saturation
region, the value of V34 can be calculated as

1P (a)

In= an—OZW(VGS_VT)Z
1x108 =05 x 103 x (Vgg— Vp)?
\/§+1.2 = VGS
Vog = 1414 +1.2
Vo = 2614V
Now, Vs = Vo= Vs
. Ve=0
Thus Vg=-2614V
And Vp=5V
Thus, Vog = Vp—Vs=5-(-2.614)
Vog = 7614V

Vos > Vigs — V4 SO our assumption is correct.
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Small Signal Analysis
of MOSFET Amplifiers

) Detailed Explanation
of

Try Yourself Questions

"

(b) and Vo = (F’)D ” RL) : Vsig
It is common drain ampilifier. I B
9ImFs 9m 4 KQ 0.95 In
VA4 g, Ry 149, 4kQ ~ gm(F\’D"RL)‘ |
9, = 4.75 MU out {4 Im F’)sig %

G =2k (Vaae V)
m ntuas cor 20x1073(2x 10°

\2><1o3)><1><10*3

Ip oV =
=2kn( k—+VT—VT] o 1+20x10° x50
n
V. . =10mV
Qm - ID kn out
o (b)
9 2\/ID>< uan[Lj C, W
9 = 2[“'72 :l(VGS_VTN)
Y &
L § u
or - 2 n OX X[DQ
B
-3 -3
0. = ofk T - 2\/1><1o x0.5x10
Q "o _ _ = 1.414mA/V
= 2\/1OX1O x10x10 Thus, considering small signal model, we get,
g, = 20mAN
now, drawing the T equivalent model, we have D
Rsig 1/gm ! +
VO
- Vin R‘ﬂ:ﬂRZ Vgs gm gs
Vsig _
i= _ Vsig
1
7+Rsig
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10 Instrumentation Engineering e Analog Electronics MRDE ERSY
Thus, Yo = =9 Vs Fp the above circuit can be redrawn as
Vin = Vgs+ (gm Vgs) RS
Vin = Vgs(1 + gm RS)
A = E=M in
Y V| 1+gm RS
A - —(1.414)(7) __580 =

V7 1+(1.414)(0.5)

L (b)

By drawing the small signal equivalent circuit
by deactivating all the D.C. supplies, we get,
Rin_>:
i nggs
Si : S D

-V
Rin - TQS
and I ==9,Vys
_VQS 1
Rin = V. -
Om gs 9m

LEAN (a)

By drawing the small signal equivalent circuit,
we get

Substituting V= —Vgs2

now, Vi = VgS1 +V (1)
and Im, Vgs1 E gmz-v

(. from KCL at node S,) (i
thus Vo = = i Vo] (i)

Vout - _gm1R(Vi - V) (from (i))
_gm1'L?Vin + gm1 VR

gV
now, V= T (from equation (ii))
my
gm. RV,
Vout = _grmF”Vm +M‘gm1
mp
now from (3), we get
g
out = _grmRV/n_ = Vout
mp
Imy
[l =
-9
Vou = ,;1 Vin
14 2
gm2
Vou B -R
Vo = 1 1
—+
Im  9m,

Hence, option (a) is correct.
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Multistage Amplifiers

) Detailed Explanation

S s
(b)

Try Yourself Questions
The input resistance will be

R =r +(B,+ 1)AR:

=1k + (101)(1k) = 102 kQ
R,=r+@ +1)A

= 1k + (51) (102k) = 5.203 MQ
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Differential Amplifiers &
Operational Amplifiers

"

of

) Detailed Explanation

Try Yourself Questions

(b)

Output of op-amp 1

R

V,— N R
Vin R —o
vyt + Vo1 =Va— Vs
=—y.
R 1

It is connected to schmitt trigger (inverting
mode) — clockwise.

But inverting amplifier + inverting schmitt trigger
— anticlockwise.

Vo
12
6 v,
-6
—-12
P3N (b)
R R
Rff_ 1+/AB_A_B AB>>1
+ Vi —
MWW
7 ;=10kQ

2kQ

<
B

|||||—{ :}—%
AA

[ VVVv
b
o
5

1
L_AA

voltage shunt

T3. J(2]

vi
=L =1
T
L1
=7 = 1ok
0
’
P = 5o
R 10k
R.:—’:—
f
TOAB qoex
10k
~10x10x10°
- 10°
R,=1kQ

Applying the concept of virtual ground, we get,

R
Vo= _?f‘\/in

[ non-inverting ampilifier]
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : GATE 2025 13

1kQ -
O=—31WX1V VC—VD:i3X1OkQ:%
V,=-31V<-15V g VR 10Kk < Vi
which is not possible an AT VBT X T2
Hence, the output voltage of the op-amp is equal . V=V,
to-15 V. = Vp=Ve =Y,
kQ
MM i = —Vin
o Rf
+1

+I%MM1 . LEM (b)
V,=-15V From the given figure

1V
_ l -15V _T_ — \{m_<z<—o v,
Now applying KCL of node ‘A’, we get, = Multiplier
Va=(18) Va=1_ s
3tk Tk Ve a2
VA " VA _ —15 + 1 ——e V)
31k  1kQ  31kQ  1kQ +
1 1 15
A !
31 1 31 v o— V%V,
V,=05V
R
iy 10K Thus, -V, =V, xV,
yvvy
Vv, -15
.. 10kQ V= -1 =_—_= =_5Volts
li_AvAvAvAv \ D 0 Vs 3
Vin( * + L
B /1/ SR, T6. [
2490kQ  10kQ 1
E| .
b llo
Rﬂ
From the circuit,
Ve=1i, R, i
V. = V,(Virtual short concept) LS
R : 1kQ
W= =13 Vi g ——A NW——’\MN—_'
If we apply KVL between node Band C, . 1kQ =
V= V,(Virtual short concept) Node A: ’
R Vo=V, Va4 -V V4=V, %
Iy =1y, =1I3= A 1+A 3+ lllll A N—1+_A=O
Dka K 1K K TIK
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14 Instrumentation Engineering e Analog Electronics

N
VA(E+1J = Vi+Vi+ .+ V
Vg =V, -+ Virtual short
Node B:
Va-Vo Va-Vy Va-W_ Va-W%

10K TT1oK Ttk Tk °

= N+1 ~(V1+V3+"'+VN*1)—(\@+\Q+...+VN)
© G
—+1
2
Vi—Vo+ Vo=V, + ..
11 1

T+—+—+— ..
2 3 4

N

= Output of op-amp goes to saturation
Vo = Vg =Vee=15V

sat —

Vg exceeds V, (-1 V) so that V;, changes
from-10Vto 10V
= V,charges from-5Vto5V
Vg = Vi+ (V.- V)el
= 10 + [10 - (- 10)] & ¥AC

At t=T, Vg=-1
-1V = —10+20 g TVAC
20

= 10x 108 x100x 10°® x 0.798
= 0.798 sec

(44.4)

* |nthe given circuit,

Feedback factor, = L
R,+R, 80
Gain
/ Without feedback
Ay =10°

ivAl (0.798) :
! With feedback
Initially switch is closed and V; =10V Ay; 80 :
= Vy; = —10V |
- V, = -V, =-5V A . |
V5 r £ 15k N f
= = x1k=-1V e e
AT 4k+1k
A
° = 0 ~ 80
1+ AB
100 pF R 10°
N v o f=f(1+AB)=8 1+— [Hz=10,008Hz
01 v, 80
10kQ > 470 Q * Gain at f= 15 kHz = 15000 Hz is,
vV, -
A 10V MW - L
-0V = 4kQ . 2
=1kQ f
> 1+| -
i ! o
At t=0; _ 80 _~444
The switch is opened and as t — o, Vj 1+(15OOOJ
approaches—-10V. 10008
Letatt=T,,
vaw.madeeasypublications.org MRDE ERSH ©Copyrigha




MRBDE ERSY Detailed Explanations of Try Yourself Questions : GATE 2025 15

T9. K(9]
For t> 0,
1kQ
1V o AvAvAvA

1V
-V i
T

The capacitor charges with constant current |
and both V, and V, will increase till V, reaches
2.5 V. Thereafter, V, = 2.5V and V, increases
with time.
When v, (1) =-10V,
V=75V
So,

1 t
JE—— =75V
T £ (1mA)att

108t =75
t=7.5msec

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ




16 Instrumentation Engineering e Analog Electronics MRDE ERSY

Negative Feedback
Amplifiers & Oscillators

) Detailed Explanation
of

Try Yourself Questions

"

(a) So, V=6V

The overall forward gain is 1000 and close loop when outputis ~12 V then

gainis 100. Thus, p = 0.009. R

Now, when gain of each stage increase by 10% R
then overall forward gain will be 1331 and using c _|: y o—
the previous value of B the close loop will be I
102.55. = :I> v
= Close loop Voltage gain increase by 2.55%. > ko ’
—WW—o0—0—
P3N (b) P 10k
The feedback element is A, it samples voltage —MWW—o o
and mix current so shunt-shunt feedback. %10 kQ
@
The output can be £12 V only, when output is So, V/U =10V
12 Vthen T4. §C)
R Since their are 3 capacitors the maximum phase
—M,;W—° o shift that can be provided will be 270° but due
c 1 —Istm—o—o— to the presence of the RC circuit the phase shift
I is equal to 60° for the individual RC circuit,
N :I> v, making the phase shift of the feedback network
> kO equal to 180°. Thus the amplifier should be an
—AMW—o o inverting amplifier so that it can be a positive
P 10 kQ feedback circuit and because the amplifier is a
%mkg —WW—o—o- practical amplifier thus |AB| > 1 for the circuit
to work.
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Detailed Explanations of Try Yourself Questions : GATE 2025 17

Bipolar Junction Transistor

"

) Detailed Explanation

of

Try Yourself Questions

LN (c)
-3
(B+ 1) _ [CEO _ O6X196 - 200
Icgp  3x10
f =199
T2. [C)]
Iz=0

then only emitter to collector current will flow
Ioeo = (B+ Nlggo
=101 x15x 10°®
= 1515 uA = 1.5615 mA

()

] :
(RB) ? (FB)
6V 9V
-0 t + t
ar +
1V 1V
(FB) (FB)
o -—
(Active) (Saturation)

* °
(RB) ? (RB)
oV 9V
:o—' _ °—|
1V 6V
(F.B) RB) 4
_ +
(Active) (Cut off)

T4. @)
If base length > length of diffusion then the
carriers will not enter the collector.

LM Sol.
In=Blo+ B+ 1)
ICEO _ O.6X1O_3
Icgo  3x107°
B =199
s Io=199(10 nA) + (1 +199) x 3x 1076
= 259 x 1073 Amp

=200

Now, B+1=

[@ Copyright
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