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Marks

1.a Explain the working of transistor as Voltage amplifier [6]
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1 (b) The transistor in CE Configuration is shown in figure. With Rc = 10 KQ, fpc =200, Vcc=10V, [4] | CO1
Vckgan Is neglected. Determine when Vi, =5V (i) Ig min (i) Rpmax
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(@) When Vin = O V, the transistor is in cutoff (acts 1i
ike :
Veg =Vec =10V an open switch) Therefore,

l (b)) Since Vcesay is neglected , assume Veggeay =0 V

|
V. 10V
Io =—5= =8
s TR LOKQ lmA
logy  1@mA

I

B =T8T T 900
This is the value of Iz necessary to drive the transistor to the point of g
Any further increase in Is will ensure the transistor remains the Samrationb 1
there cannot be any further increase in Ic #

(c) When the transistor is on, Veg~ 0.7 V. The voltage across Rg is
Ve =V~ Ve =5V-07V=43V

aturaﬁ()n

Calculate the maximum value of Rg needed to allow a minimum Iy of 50 up
using Ohm’s law as follows:

Vi 43V
R - =—n "  —R6kQ 260 S
B0 i SOHA K

5uur
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2 List the types of feedback system. Derive the gain with feedback expression for Voltage series [10]
feedback amplifier.
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Explain Barkhausen’s criteria. Explain the working of Wien Bridge oscillator with the
help of circuit and derive the frequency of oscillation.
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4  Explain the construction and working of JFET with drain characteristics and transfer [10]
characteristics.
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FABRICATION OF N-CHANNEL JFET: (Construction)

1. A narrow bar of N-type semiconductor material is taken. At its middle part, two havily doped p-

type regions are formed by diffusion.

oW AW

end to the other end in N-type material.

o~

This current consists of majority carriers i.e. electrons.
Following notations for FET should be remembered.

The junction form two P-N diodes or gates. The area between the gates is called a channel.
One end of the N-type bar is called as source terminal 'S".

The other end of the N-type bar is called as drain terminal 'D’".

The souce and drain terminal may be interchanged.
When a potential difference is established between source and drain, a current flows from one

a) SOURCE: The source ‘S’ is the terminal through which majority carrier enter the bar.
b) DRAIN: The drain ‘D’ is the terminal through which the majority carrier leave the bar.
c) GATE: These are heavily doped regions which forms two P-N junctions.

d) CHAMNNEL: The space between two gates through which majority carriers pass.

OPERATION OF N-CHAMNNEL FET:

Chmic 1 Drain
Contacts N-channel
Gate 1 \
: .lp
Depletion e Depletion
Region Region

® Source
N-Channel JFET

4. The path of charge flow clearly define that I, = /5
5. The depletion region is wider near the top of both the P-type material.

?-’g Voo
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When no volatges are applied, the
depletion regions were uniformly
distributed.

As a positive voltage is applied across
the channel and the gate is connected
directly to the source to establish the
condition Vg = OV. Then the width of
the depletion region starts increasing.
As Vpp is applied , the electrons are
drawn to the drain terminal, hence a
current will flow in a defined direction.




10.

11.
12.

-
Assume a uniform resistance in the N-channel, we can break down the resistance into some
division.

The upper region of the P-type material will be reverse biased by 1.5V comparision with the
lower region.

We know from the diode operation, the greater the applied reverse bias, the wider is the
depletion region. Hence the depletion region is shown like this.

As Vs increases and approaches a level referred as Vp, the depletion region will widen, causing
a reduction in channel width. The reduced path of conduction causes the resistance to increase.
When two depletion region touch the condition is referred to as pinch-off.

The level of V¢ that establishes this condition is known as pinch-off voltage and denoted as Vp
In actuallity pinch-off suggests, the current I, is pinched off and drop to 0V, but in reality a very

small channel still exists, with a very high current density. Hence the I, doesn’t drop at pinch-off
but maintains the saturation level.

L [
Saturation Level
VGS = UV
Increasing resistance due to
narrowing channel

D pinch-off

ks =y

Vps=Vp

n-channel resistance

A

. Vo Vne

b Ip vs Vps Graph / Drain Characteristics

13. Ipgs is the maximum drain current for a JFET and is defined by the condition Vge = 0V and

Vps = |Vl

14. The voltage from gate to source Vgg is the controlling voltage of IFET. The reason to apply —ve

bias V¢ is to establish depletion region similar to those obtained with V;; = OV but at lower
level of V5. Hence saturation level can be achieved at lower V;.

p I, (=mf) Locus of pmch-off values
— S ——
Ohouc | Saturation Remon
8 i T 1| T T ] I Far=0V
A
f T T — —t—" — 1
5 st - :
sk bl | ! Fag=-1V
4 ¥ ] :
It i | | l ] ! I |
T [ 11 ! ' ov
24 L):’J_I' et : Fas=-2V
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o] 5 10 15 20 2 Vos O
V,(for V. =0V) [ Drain characteristics ] -
TRANSFER CHARACTERISTICS:

Page 12 of 26




(]
-l =5 =l =3 =2 -0 10

Ves
[ Transfer Characteristics ]

5 (a)Explain the working of CMOS Inverter with relevant circuit. [5]
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5 (b) Explain SCR as two transistor model.
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Explain the construction and working of n channel enhancement type MOSFET with relevant drain

characteristics and transfer characteristics.

Construction of N-channel Enhancement type MOSFET:

The construction of n-channel enhancement
type MOSFET is similar to the construction of
depletion type MOSFET. Here the channel
between the two n-doped regions is absent.
This is the primary difference between the
construction of depletion type and
enhancement type MOSFET.

OPERATION:

Electrons attracted to positive gate
(mnduced m-channal)
/ Remon depleted of p-type
f{ camners (holes)

=
Insulanng layer Holes 1epelled
- by positive gate

Metallic
contacts

G &

[10]

SH -
N-doped
region

ol =

no channel

f;'a ,"f‘

ffl = -

- : g

“ Prype Substrate
substrate © 55

N-doped
5 region

N- Channel Enhancement Type MOSFET

Although some positive Vps is applied,
as the V¢ = 0V, no channel exists
hence the current through the device is
DAie.lp =1s =04

As some positive voltage Vi is applied
to the gate terminal, the positive
potential at the gate will pressure the
holes in the p-substrate. Electron in the
p substrate will be attracted to the
positive gate and accumulated in the
region near to the surface of §i0; layer.
As V5 increases in magnitude, the
concentration of electron near
SiO,surface increases.

Vi has to be increased until the
induced N-type region can support the
flow of current.

5. The level of V¢ that results in the significant increase in drain current is called the threshold

voltage and represented as Vr or Vgs(rn)
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Sihy

I, mA) Locus of Fpyg
Fs=+8V
Foe=+1V
Fog=+6V
Fas=+5V
Far=+V
t i L e Yay=3V
1wV 15V 0V »V Vo= Vy=2V Fos

Applying KVL to the terminal
Voe = Vps — Vgs

6. The current is nonexistent with V¢ =
OV and enhanced by the application of
positive gate to source voltage, this
type of MOSFET is called as
enhancement type MOSFET.

7. Both depletion and enhancement type
MOSFET have enhancement type
region.

8. Ifwe keep V5 as constant and increase
the Vpsthen the drain current will
increase and reach the saturation level.

Let Vgs =8V and Vpe = 2to 5V (i.e.increasing from 2 to 5V)

Vpg drops from — 6V to — 3V

This reduction in gate to drain voltage will reduce the attractive force for free carriers, causes

reduction in channel width.

Pinch-off (Beginning)

Depletion region

55 '

Iy L
-

10.

11.

12.

13.

14.

The channel will be reduced to the
point of pinch off and saturation
condition will be established.

But any further increase in Vps at the
fixed value of Vg5 will not affect the
saturation level of I, until breakdown
condition occurs.

VDSESat) = Vgs— Vr

For fixed V¢ Jhigher the level of V< the
greater will be the saturation level of
Vbs

For V5 less than the threshold voltage,
the drain current of an enhancement
type MOSFET is OmA.

As Vi increases from Vy, the resulting
saturation level for I, also increases.

15. For Vgs = V¢, the drain current is related to the applied gate to source voltage by the following

relationship.
Ip = k(Ves — Vr)?
Where k = constant and it is a function of the construction of the device
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7(a) For a N-channel JFET if Ipss = 8mA & Vp = Vigsom= -3V, calculate Ip at Vs =-3 Vand Vgsat I =3 [5]
mA.

7(b) Explain the working of 555 Timer as astable oscillator with necessary equations.
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8(a) Explain the working of Integrator using op-amp and derive the output expression. [5]
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Also Draw wave forms
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8.b)Design the circuit using opamp’s for Vo= - (2V1+3V2+6V3) for Rf=10KQ. [5]
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