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Bipolar Junction Transistor

"

Detailed Explanation

()

In active region
-5-07-431-=-10
10-57 43

Ir= =—=1mA
4.3 4.3
Io=1=T+05mA=1mA
= I’=05mA
5V
a 0.5 mA

Active

10V
In saturation region =
Vo=07-43x1=-10

Vo=-5V
g=CV.=-5x10%x5V
= -25x10°
and g =it
I'(0-t)=-25x10°
25x107°
t= ———— =50msec
0.5x10

of
Try Yourself Questions
LV Sol.
I 12V
6kQ= 3.5kQ
< I
1 0A
4kQ§E I
2 0A ,
2k Q )
]1 = LmA
6+4+2
L =1mA

|
Applying KVL in loop L
I, x 2KQ - Ix3KkQ = Vg
2-Ix3k=05
-Ix3k=-15

I= i:fxm*3 =0.5mA
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Detailed Explanations of Try Yourself Questions : GATE 2026

MRDE ERSY
LA (a) T4. @)
9-0.7 v
of = 0% 10° =0.277 mA cc
0.25 mA
1=0.25mA
Using current mirror concept,

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

Ic ref (\?:BTBJ

=1
= 0.277x107% 125
128

I, = 0.27 mA

I= Iref

I,=(0.25+0.25 +0.25) mA
I = (0.25 + 0.25) mA

I +1,=(0.255mA
= 1.25mA

Forlarge ‘B,

SO,
EEEN
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MOSFET

"

Detailed Explanation

of

Try Yourself Questions

(a)

If V=V .. we conclude that each MOSFET is

in saturation.
o 10v

—L

—[

—[]

MOSFET M,
Ip = Ky (Vgg = VP
Vggy = 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 (Vogy = V)

1 (W
05mA =36ux — | — | ,(2-1)?
uxg(ng( )
(W) =278
LS

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= anioZW(VGS_VT)Z
1% 108 =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 — V5 SO our assumption is correct.
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Detailed Explanations of Try Yourself Questions : GATE 2026
(c) Thus, Vo = =9 Vs
Vi, =V s+ (9, V) Ag
g, = 2 /k I in gs m *gs
" mo Vin = Vgs(1 + gm RS)
= 2J10x10° x10x 107 a Yo ~GuRy
gy, = 20 mAN YV, 1+9,Rs
now, drawing the T equivalent model, we have
; —(1.414)(7)
Rsig 1/gm A = :—5.80
v, Y 1+(1.414)(0.5)
Vaig LA (b)
= = = By drawing the small signal equivalent circuit
\/Sig by deactivating all the D.C. supplies, we get
1 =
Rin_>:
+ Ry : ImVgs
m = R i S ’ D
(Rp|RL)- Vs '
and Vour = — =9 v R,
_+Rsig
Im
_ 9nFolR) " Now, from the figure,
M 4gnRyg R - Vs
in= 7
20><10*3(2><103\2><103)x1><10*3 Y
vV .= and IL.=-gV
ou 1+ 20102 x50 ’ gmvgs
v, = 10mV R e _ 1
in _ V
Om gs 9m
®
c.d L8 (a)
w
I = 2[ nzzx }(VGS ~ Vi) By drawing the small signal equivalent circuit
we get
or On= 2 “”2°XW X Ipg

= 2(1x10° x0.5x 107
= 1.414mA/V
Thus, considering small signal model, we get

D
in R1|R2 Vgs gm gs %
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Instrumentation Engineering e Analog Electronics

the above circuit can be redrawn as RV
ImVgs,
V = _grm R \///7 + : gm1

out my

now from (3), we get

in g
Vout = _gm1RVm _Avout
mp
- O
v g
Gm,V = =M _
- 2 £1+ng ]Vout = =G, AV,
Substituting V= —Vgs2 . v, - ~9m, :
now, Vip = Vgs, +V (1) ! 1+ Im,
and Q,m VQS1 - sz-V gm2
(. from KCL at node S,) -.(ii)
Vout » -R
thus Vour = _[gm1 Vgsﬂc’)} -..(iif) Vi — i+i
Vot = =G, RVp= V) (from (i) 9m Im,
_ Hence, option (a) is correct.
- gm1'qvin + gm1 VR
gV
now, V= 8 (from equation (ii)) EEEE
mz
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Multistage Amplifiers

) Detailed Explanation

S s
(b)

Try Yourself Questions
The input resistance will be

VC C

B, =100

’—» ——© Vout
R’

1kQ

\J

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

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

= 1k + (51) (102k) = 5.203 MQ
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Application of Op-amp

) Detailed Explanation
of

Try Yourself Questions

"

(b) voltage shunt

Output of op-amp 1

R

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

It is connected to schmitt trigger (inverting

mode) — clockwise. B = Vi _ -1
Butinverting amplifier + inverting schmitt trigger Yo
— anticlockwise. I 1
v, ) S —
12 b= = 1ok
6 1
-6 Vi |B| = 10K
y: n_ R 10k
= 20 . 1
AB 1O5><1OLk
T2. ()]
R R ~10x10x10°
Rff: 1+/AB:A_B AB>>1 - 105
+Vp— R.=1kQ
MWW
— ;=10kQ
2kQ
T
n L Eé 20kQ
= 1
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LA (b)

10 kQ2

AAAA
\AAA/

i3

S
i

A

240k 10kQ "

From the circuit,
Ve=1i, R,
Ve = V, (Virtual short concept)
iy =iy =g

If we apply KVL between node Band C,

g Vg = V,(Virtual short concept)

Vi

%—%=%XKWQ=%1
. v,
and VA—VB=l1x10kQ=§
Vg=V,
= Vp=Ve= -V,
—Vin
1 —
(0] Rf
I8N (44.4)
e |nthe given circuit,
Feedback factor, f = o1
R+R, 80

Detailed Explanations of Try Yourself Questions : GATE 2026

Gain

/ Without feedback

Ay =10°

)
. f(;=,;(1+Aoﬁ)=8[1+%]Hz=1o,oo8Hz

e Gainatf=15kHz = 15000 Hz is,

Aof
2
1+ (ij
"l
80
. ( 1 5000j2
10008

A= —2L

~ 44.4

(0.6)

V, = 0 (By virtual ground)

o 4 =0
45 ' 555 5
. A%5-0)
45
V, = —45i
-45i  (-45i)-V, (-45) _
45 55.5 5
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10 Instrumentation Engineering e Analog Electronics MRDE ERSY
. T7. NG
L 8BiV, o g
55.5 R
AVAVAVAV
o 451V,
‘T 855
600i = V,
Vin
%

Yo = 600 kQ = 0.6 MQ

l
(-2.5)

'"R =0+1,
Yio _ pdVe _ Ci(O— V) = applying KCL at node X—
R at at l+1_V01+1‘O_0
VY, dVy 2 R R
RC at Vo; =3mV
-1 and Voo =
Vou = %.“V’” at =)
IX| —|=-1mV
Vout R
1 __(vd
103X2X1O_6'[ in t 15.39
-10° P 1
Vo = — [ Vindlt VOt 2nRC~ 2% 22x10° < 0.47x 10°
O<t<1ms: = 1539 Hz
V., = 5 volt
1A 8.109
p .
Vi = —7><5(l‘) V=5V, UTP=3YV, LTP=/2V
att=1ms Vc(t) = Vfinal + (Vimtial + Vfinal) e’
) Vo= —108%x25x1x 10 UTP =V, + (LTP - V) e N/AC
Vi —UTP
z _ -nRC — |Ysat “X 1T
= -2.5 volt e {\/Sai—LTP}
1ms<t<2ms:
Vin = 0 volt . Total, T= 2T, = ZRCln{E}
V. . = 2.5 volt 5-3
att=2ms, V , =-2.5volt T=8.109m-sec.
EEEN
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Negative Feedback Amplifiers

) Detailed Explanation
of

Try Yourself Questions

(a) vl (b)

"

The overall forward gain is 1000 and close loop The feedback element is R, it samples voltage
gainis 100. Thus, p = 0.009. and mix current so shunt-shunt feedback.
Now, when gain of each stage increase by 10%

then overall forward gain will be 1331 and using EEEE
the previous value of B the close loop will be

102.55.

= Close loop Voltage gain increase by 2.55%.
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Oscillators

) Detailed Explanation
of

Try Yourself Questions

"

(a) (d)

The output can be £12V only, when output is Since their are 3 capacitors the maximum phase
12 Vthen shift that can be provided will be 270° but due
Ry to the presence of the RC circuit the phase shift
VRVW ° o is equal to 60° for the individual RC circuit,
c 1 —W\ZA,—o—o— making the phase shift of the feedback network
I equal to 180°. Thus the amplifier should be an
= :D v, inverting amplifier so that it can be a positive
> . feedback circuit and because the amplifier is a
— MMW—o o practical amplifier thus [AB| > 1 for the circuit
P 10k to work.
—MWW—o——0o-
10 kQ
EEEE
So, V/o =6V
when output is —12 V then
R1
—WW—o—o—
L "
c I —WW—o o
+
2kQ
—WW—o—o—
P 10 kQ
10 kQ
So, V,=-10V
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