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1la. Draw a double ended clipper circuit and explain its working principle with transfer

characteristics.
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1b. Draw and explain the working of clamper circuit which clamps the positive peak of a signal to
zero.



A A
1 ! _ L !
e i a Q& which addy \t T 1
A -ve da.mp - |
% '\lu-linﬂp_‘b—ﬁ\o. Tp S _L 3
-\ e ]
Shy 4! . Condutlmﬂ(o@ |
- : when the diody ¥ ‘ . e
FM"*“L@PMW:?: diode D' 3 Fluschd hioged
: -+w;imlqr ;

oy QWUUe g U,
Wihemn © | & -
Find ~the olp voies divde 'y’ 3y Sonee hgnp,a open
* ™ -llfm’ln- Ct 4§ S}\ﬁmiﬁ *B@)
Vs N QCU t
w&

£, w
g ek "‘* .
P ;'v 7’(1— | VL-VC-VD:G
f—‘vﬂi Q . gP.L Vo | vo - Vi -VC -'-q__}@
[+ I
} o

. @’U&Hﬂ:
Subthihuding eqy @ 41 o

\{I:VL-V‘I'I'\
olp voldogs




Vi 1‘0 Nmm%%mx;
Pa vy (V= VeV
Vo Fe-s .
Q \,=-Vm
V-m \‘,,'-‘-‘0 -t
v

“Nopn, o = -m‘m ) 0 . \/ input
-Vrn -ﬁ.._____--:_,,_,__ i

1c. With suitable graph, explain the significance of operating point.

WKT the load line is constructed on the output characteristics.

+ Effect of IB -

If the value of I is changed by varying the value of Rg,the

Q-point moves up or down the load-line as shown in figurel.
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+ Effect of Vee -

If Rc is fixed and Vcc varied, the load line shifts as shown-in
figure2. Now the Q-point varies horizontally on the Igg line.
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<+ Effect of Rc :-

If Vee is kept constant and Rc is chénged, keeping base

current Ip fixed, the Q-point moves to the left into saturation as’
shown in figure3.

Ig, mA

2a. Derive the expression for stability factor for fixed bias circuit, with respect I, Vee and B.
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3a. State and prove Miller’s theorem.

Inga\eral, the Miller theorem is used for converting any circuit having configuration
ofFig. 448 (a) to another configuration shown in Fig. 4.48 (b).
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Fig. 4.48 (a) and (b)
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and nodeg 48 shows that, if Z is the im

: edance
2, it can Be replaced it P connected between two nodes, node 1

between Separate impedances Z, and Z,; where Z, i
Sdei : yand Z,; where Z, is
oW and s and ground and Z, is connected between node 2 and grouml:l.
1and 7 0 e volt

o can be T e &Zﬁes at the node 1 and node 2 respectively. The values of

0 know the values Efratio of V, and Vi (V,/ V,;), denoted as K. Thus it is
Of Vi and V; to calculate the values of Z, and Z,.

The values of impedances Z, and Z, are given as

Z
Z‘ e
|- K
Z K
and Z, = ——
: 2 K=l
4.5.2 Proof of Miller's Theorem
7 Miller's theorem states that, the effect of resistance Z o
the input circuit is a ratio of input voltage V; to the current |
— I

which flows from the input to the output.
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3b. Starting from fundamentals define h-parameters and obtain h-parameter equivalent circuit of
common emitter configuration.

Let us consider transistor amplifier as a black box as shown in the Fig. 4.9.
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Fig. 4.9 Transistor amplifier

Here, [, : is the input current to the amplifier
V, : is the input voltage to the amplifier
I, : is the output current of the amplifier and

V, : is the output voltage of the amplifier

As we know transistor is a current operated device, input current is an independent
variable. The input current, I; and output voltage V, devices the input voltage V; as well
as the output current I,. Hence input voltage V; and output current I, are the dependent
variables, whereas input current I, and output voltage V, are independent variables. Thus
we can write

Vi = f'l (Il ’V()) )

Iy HI0L e e (2)



This can be written in the equation form as follows

I N = h 21 Ii + h 22 VO
The above equations can also be written using alphabetic notations,
Vi = hi ' Ii + h r - VO

IO —_ hf'Ii+h0'v0

Definitions of h-parameter
The parameters in the above equation are defined as follows

s Y—l = Input resistance with output short-circuited, in ohms.
1 1Vo=0
\!l | r <bt . a
= Fraction of output voltage at inp i i
. ‘ ‘ ut w : :
his \,"!IM I ith input open circuited.
This parameter is ratio of siy
S T similar qQuantities, | :
¢ S, hence unitless
I . .
_ 1 = Forward current transfer i
Npt® ( : ratio or curre 1 i
8" Tl ent gain with output

short circuited.
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4.4.1 CE Configuration

Let us consider the common emitter amplifier and it's h-parameter equivalent Circy

for the amplifier, as shown in the Fig. 4.34.
*Vee

(a) CE Configuration (b) Equivalent Circuit
Fig. 4.34



Since 1/h,, is in parallel with Ry and R. if 1/h, >>R; || R¢, then h, may be

neglected. If we neglect h ., the collector current I, is given by I_ = hy I,. Under these
. e Ly .
conditions the magrutude of the voltage of the generator in the emitter circuit is

m I ceI rc lc (RL ” RC)=hn:hfc b(RL " RC)

= 0.01, this voltage may be neglected in comparison with the h.l, drop
across h;,, provided that R, || R. is not
too large. We therefore conclude that if
the load resistance R, || R is small, it
is possible to neglect the parameters

h. and h, in the h-parameter
equivalent circuit. Fig. 4.35 shows the

Since h hg

approximate h-parameter equivalen'
circuit.
3c. Compare the characteristics of CB,CE and CC configurations.
.
4.7 Comparison of Transistor Configurations =3
Sr.No. Characteristic Common Base Common Emitter m
: €cCtor
b Input resistance Very low (20 Q) Low (1 k) High (500 k)
2. Output resistance Very high (1MQ) High (40 kQ) Low (50 g
3. Input current I Iy I
B
4, Output current I3 I I
E
S Input voltage applied Emitter and Base Base and Emitt
e mitter Base and Collector
6. |Output voltage taken| Coll i itter and Cotec
betwege % n ollector and Base | Collector and Emitter Emitter angd Collecty
7. Current amplification =1 I o
factor i ﬁ B= T% = ILE
B
8. Current gain Less than unity High High
(20 to few hundreds) (20 to few hundreds)
9. Voltage gain Medium Medium F
10. Applications As a input sta i0 si i
ge of | For audio signal am- | For i
multistage amplifier pliﬁcatgm e b

4a. Derive an expression for input impedance, voltage gain, current gain and output impedance of
emitter follower circuit using h-parameter model for transistor.




Solution : For CE configuration :

Current gain A, = ehe o e
1+h Ry 1+20%x107¢x1x10°
= —98
Input resistance R; = h,+heA Ry = 1000 + 2x10~* x -98x1000
= 980.4 Q
Voltage gain e ARy _ —98x1000
g R; 1000

- -98
100x2x10~*

hfeh -6_
Y= hoe-m{;=20"1° 1000 +1000

19x107°

1
Output resistance e
tp Yo 19x105 - 26 ikg
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5a. Draw the circuit of Darlington emitter follower. Derive the expression for current gain using its ac
equivalent circuit.
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Fig. 6.19 Darlington emitter follower circuit
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Assume that the load resistance R
such that R; h,, < 0.1, therefore we can use
approximate analysis method for analysing

second stage.

Fig. 6.20 shows approximate h-parameter

configuration.
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in Fig. 6.21.

(AC) equivalent circuit for common emitter

The same circuit can be redrawn by
making  collector common to  have
approximate h-parameter equivalent circuit
for common collector configuration as shown

5 Ib +hfe Ib 8 Ib(1+hfe)

- (I + 1)
heelpt + Noe Veer = Delb1 + hoe (= Iy Ry )

heelb1 * hoe le1 Ri

I,
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e of I; equation 4 we get,

(ituting valu
o= o help1 + hoe Iz Rpp) = =Ty = hely; — hooly Ry,
A+ hoeRuler =~ Iy (1 + hye)
e e
By @ 1 h Ry,
jeknow that, Ry = (1+he) Re
A ——I-ei: 1+hf@ A (5)
i1~ "L, 1+h,(1+h)Rg
1+h;
= —————— he>>1
1+h0€’ hfc RE fe

5b. What are the advantages of negative feedback amplifiers. Explain briefly.

5c. For voltage series feedback amplifier, derive an expression for output impedance.

7.3.1.7 Output resistance

=

O
‘ T i
Mixer ‘
@ A Amplifier § RL jV_O
RO’ <Ro
B
Fig. 7.17

regardless of how this output signal is returned to the input, tends to inc
resistance, as shown in the Fig. 7.18.

O

Mixer
network

The negative
which samples  the
Vo'ltage, regardless Utpy,
this output signa iq 1.etul’to“,
to the input, tends to dec::

the output resistance
shown in the Fig. 7.1 -

On the other hand
negative  feedback v:]the
samples the output Cun}:n

tl

feedback

rease the oy,

Amplifier

Fig. 7.18



Now, we see the effect of negative feedback on output resistance in different

topologies (ways) of introducing negative feedback and obtain R quantitatively.

Voltage series feedback

atput side W€ get
the © -0
0 A v+ lRo 'V
lying vi v = A Vvl
afF Lo o
5 jven as -
tqolfagelsg1 Ve =PV SN0
e ation (33) in equation (32) we get,
ey o™ - V+A, BV
ptituti6 Lt
Su
V({+ B A,)
— T—
\% R,
ROf = T & (l + B Av)

s (53)

.. (34)



.« the open loop voltage gain without taking K; in account,
is

ere Av »

" Rof Rof ” RL

Note‘
R,
R, xR, _(1+BA‘,JXRL
R, +R, _ R,
T+BA,) TR
RoRL RoRL

R,+R (1+BA,) = R,+R_ +BA R,

Dividing numerator and denominator by (R, + R, )we get
RoRL
R = R, +Ry
(e ﬁA VRL
===
R, +Ry

Ko, TIS

B e BR L, o AR
Rof-m_v 'RO_R0+RL and v R0+RL

Note ; :
4 Here A, is the open loop voltage gain taking R; into account.

6a. Explain the need of cascading amplifier. Draw and explain the block diagram of two stage

cascade amplifier.
T Tesstt or multistage amplifiers

6.1.1 Need for Cascading



77 v swwwitas multistage amplifier.

52 Cascade Connections

021 1
gV6V° Stage Cascadeq Amplifier
01 shows the block diagram of

Such that the output of the ﬁrstwo stage cascaded amplifier. These stages are

t stage is connected to the input of the second

Ry

vy | Stage1|Voy Vip| Stage2] Vg, R

Fig. 6.1 Block diagram of two stage cascade amplifier

As shown in the Fig. 61 V, is the input of the first stage and V,, is the ¢
second stage. Therefore V,,/V, is the overall voltage gain of two stage amplif
be given as,

Ay =

v Y

1

We know that, Vo = %
Yo Y
Vi, V,

= Ay Ay

So that, we can say the voltage gain of multistage amplifier is the p
gains of the individual stages.

In the block diagram of two-stage amplifier we have not c
arrangements for simplicity. Now, with primary understanding we A
amplifier with biasing arrangements and we will analyse its performance
h-parameters.
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7a. Derive an expression for frequency of oscillations of Wien Bridge oscillator.



9.6 Wien Bridge Oscillator

Generally in an oscillator, amplifier stage introduces 180° phase shift and feedback
network introduces additional 180° phase shift, to obtain a phase shift of 360° (2 radiang)
around a loop. This is required condition for any oscillator. But Wien bridge oscillator e
a noninverting amplifier and hence does not provide any phase shift during amplifier
stage. As total phase shift required is 0° or 2 nm radians, in Wien bridge type no phase
shift is necessary through feedback. Thus the total phase shift around a loop is 0° Let
study the basic version of the Wien bridge oscillator and its analysis.

Amplifier

e

HE
Vm }
32 T

-l

Fig. 9.13 Feedback network of Wien bridge oscillator

A basic Wien bridge yseq
in this oscillator and g,
amplifier stage is shown in the
Fig. 9.12.

The output of the
amplifier is applied between
the terminals 1 and 3, which
is the input to the feedback
network. While the amplifier
input is supplied from the
diagonal terminals 2 and 4,
which is the output from the
feedback network.  Thus
amplifier supplied its own
input through the Wien bridge
as a feedback network.

The two arms of the
bridge, namely R;, C; in series
and R,, C, in parallel are
called frequency sensitive
arms. This is because the
components of these two arms
decide the frequency of the
oscillator. Let us find out the
gain of the feedback network.
As seen earlier input Vi, to
the feedback network Is

between is 1 and 3 while output V¢ of the feedback network is between 2 and 4. This is
shown in the Fig. 9.13. Such a feedback network is called lead-lag network. This is because
at very low frequencies it acts like a lead while at very high frequencies it acts like lag

network.



9.6.1 Derivation for Frequency of Oscillations
Now from the Fig. 9.13, as shown,

1+joR
Zy = R1+-1C 2 +.](D1C1
joC, e
1
R, x
1 27 joC
Z; =Rl s e
R
TRYoR
.
1+jwR, C,
Replacing jo = s,
Zi = _‘*_szén G
1
and - R,
e 1+sR, C,
6
Z4
Vln —————T
! Z; Vi

P

Fig. 9.14 Simplified circuit

“1mn

R T o

Ve = 12,
Vinzl
Ye = Z, +2Z,

o (1)



Substituting the values of Z; and Z,,

RZ
1+sR,C,

B = meR,G, i E
sC, 1+sR,C,
sC, R
B = [t
" (1+sR, C,)(1+sR, C,)+sC, R,
sC, R,
I+s(R, C, +R, C,)+s* R, R, C, C, +sC| R,
sC, R,
1+s(R, C, +R, C, +C,R, )+s* R /R, C,C,

Replacing s by jo, = - of
JjoC, R,
- (3)

(1-0’ R, R, C, C; )+ jo(R, C, +R, C, +C,R,)

Rationalising the expression,
B - j(!fl R2 [(1 "(.l)zR] RZCI Cz) _jw(R] C] + R2C2 + C] Rz)]

(1-0’R,R,C,C, )* +02(R,C; +R,C, + G R, )

o’ C, R, (R,C, +R,C, +C,R, )+joC R, (1-0 R,R,C,C,) @
(1-0?R;R,C,C, ) +? (R, C, +R,C, +CR,)’

B=

To have zero phase shift of the feedback network, its imaginary part must be zero.
®(1-0of RR,C,C,) = 0

o 1 .
of = m neglecting zero value.

0= —
\} RIRZCICZ

1

f =
I RRCC, 48

This is the ‘ffequency of the oscillator and it shows that the components of the
juency sensitive arms are the deciding factors, for the frequency.

In practice, R; = R, = R and C1 = G, = C are selected.

= 1

2n,/ R? C2

7b. Explain the operation of class B push pull amplifier. Prove that the maximum efficiency of class B

configuration is 78.5%.



/Byﬁh Pull Class B Amplifier
The push pull circui i
P pull circuit requires two transformers, one as input transformer called driver A

transformer and
s 2 theﬂ‘; :;h:r tt: ;otr;\ned fhe load calleé_’éi’t'ﬁﬁf transformer> The input signal
tapped transformers ’I‘hery h e driver transformer. Both the transformers_are, cen
o .th pus gull class B amplifier circuit is shown in the Fig. 8.25.
Wi 7 ty;é . ﬂ?-(]-;ﬁna;-;‘zl transistors are o '/n‘—P'n t;i{e. it conuse both )
< case, the only ge 1s the supply voltage must be

T g~
% nsformer drives the circuit. The input signal is applied to the primary ot
Thed,-ivef former- The centre ‘tap on the secondary of the driver transformer is
p on the primary of the output transformer is connected to the

PR
$% e centre 12

Ay VO ’
Y

I eoIes™
u}’?ly 7
T Vee

—ip2 ‘5

Driver
transformer T
push-pull circuit

Qutput
transformer




;11.5
The

Fig. 8.25 push pull class B amplifier

half cycle of input signal, the point A
While the point B will
f the driver transformer

With respect 1O the centre tap, for a positive
shown on the secondary of the driver transformer will | be positive.
be negative. Thus the voltages in the two halves of the secondary ©
will be equal but with opposite polarity: Hence the input signals applied to the base of the
wransistors Q; and Q2 will be 180° out of phase.

The transistor Qi conducts for the positive half cycle of the input producing positive
conducts for the negative half cycle of

half cycle across the load. While the transistor Q2
d. Thus across the load, we get a full

the input producing negative half cycle across the loa
ull operation is shown in the Fig. 8.26.

cycle for a full input cycle. The basic push P
When point A is positive, the

region while

cut-off region:

negative, the point B is positiver hence
the transistor Q, gets driven into an
active region while the transistor Qi 15

in cut-off region-

Fig. 8.26 Basic push pull operation

Efﬁciency

of the class B amplifier can be calculated using the basic equation

)
P
= <100 = 27 oo

PDC
?{v CClm

efficiency
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116 M
From the equation (7), it is
ncreases, the efficiency increases.

down in the Fig. 8:30-
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o) T VCC
+. % M max = ZX—\—/;X 100

clear that as the peak Vv
The maximum value ©

=785 %

Key Point: Thus  the maximun possible
in case of push pull class B
h higher than

theoretical efficiency in .
amplifier is 785 % which is MUC
er coupled class A amplifier.

e | o Maximum ¢
5 yoltagée swing the transform
For practical circuits it is upto 65 to 70 %.
is neglected as small. But

|

: Fig. 8.30
Key Point Practically the collector-emitter voltage ©
: . um collecto” voltage Vm
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8a. Explain the operation of class A transformer coupled power amplifier and prove that the

maximum efficiency of is 50%.

8.8 Transformer Coupled Class A Amplifier

As stated earlier, for maximum Power transfer to the load, the impedance matching i
.11ec¢.ess'ary. For loads like loudspeaker, having low impedance ,values impedance matchin{
is difficult using directly coupled amplifier circuit. This is because 101;dspeaker resistance ¥
in the range of 3 to 4 ohms to 16 ohms while the output impedance (;f series fed direct]
coupled class A amplifier is very much high. This problem can be elim{nate d by using

transformer to deliver power to the load.

Pz v point: The transformer is cqy,, N Outpy Power Amplifiers
ansformer <O led class A amplifiey, ansformer g the

amplifier ;s called

Be‘:;nel" Us revj
lr‘“éo pts Tegarding (he

38.7 Efficiency

The general expression for the efficienc remai i
L y INS same as that given by equations (24)
% M= 100 = (Vmax = Vmin )(Imax =1

iad)
min
. 8Vcc T x 100

88.8 Maximum Efficiency

Assume maximum swin
: o gs of both the output voltage and output current, t
naximum efﬁmency, as shown in the Fig. 8.20. P » fo caleulate

=——D.C. load line

A.C. load line

P 2Vee

/ Vmax= 2VCC

Fig. 8.20 Maximum voltage and current swings



---nuer‘
From the Fig. 820, assuming that the Q point is exactly at the centre of

f - : : e loag
Or maximum swing we can write, llne,
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8c. Explain the principle of operation of oscillator and the effect of loop gain on the output of
oscillator.

9.3 Barkhausen Criterion

Consi ;
- 'o‘ns1de'r a  basic inVerﬁn
180° Phase shift amplifier with an open ] 8

The feedback network afteiam~A'

¥ Amplifi factor B is less than unity. Asu:,ho.n
m;}\ ifier _—-"—4 amplifier is inverting, it asic

Vo= AV| ’ pTOduCeS 3

"y phase shift of 180° between input
output as shown in the Fig. 92 e

Pphed to the

—_—

Fig. 9.2 Inverting amplifier
8 - . Now the input V, a

amplifier is to be derived from its output V,, using feedback network.

But the feedback must be positive i.e. the voltage derived from output using feedbyy
network must be in phase with V,. Thus the feedback network must introduce , phase
shift of 180° while feeding back the voltage from output to input. This ensures positive
feedback.

The arrangement is shown in the Fig. 9.3.
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Fig. 9.3 Basic block diagram of oscillator circuit

Consider a fictitious voltage V; applied at the input of the amplifier. Hence we gel

V=AYV,

The feedback factor f decides the feedback to be given to input,

Ne=pV,
gubstituting (1) into (2) we get, w
Vi=ABV,

For the oscillator, we want that feedb
act as V. From equation (3) we can writ

| AB| =1 l

And the phase of V¢ is same as V; ie. -

chift in addition to 180° phase shift introd

feedback. So total phase shift aroung a loop i
In this condition, V¢ drives the circuit i

i without external Input circuit works as an

two conditions dj i
The o scussed above, required to work the circuit i
called Barkhausen Criterion for oscillation, o e

..(3)

Plifier and hence Vi must
act as V; when,

ack shoylqg driy

e the
e that, v o

f 18 sufficient ¢,

s 360°.

9a. With the help of neat diagram, explain the working and characteristics of N- channel JFET.

10.1:1 Characteristics Parameters of JFET
The important characteristics parameters of JFET are as follows :
* Transconductance (g,
* Input resistance and capacitance
® Drain to source resistance (r)

* Amplification factor (u)

® Power Dissipation (Pp)

10.1.1.1 Transconductance

The transconductance, g, is the change in the drain current for given change in gate
to source voltage with the drain to source voltage constant as shown in Fig. 10.3.

Looking at Fig. 10.3, we can say that it is the slope of the transfer characteristic. Since
the slope varies, g,, also varies. g, has a greater value near the top of the curve than it
/ o - .
does near the bottom. The transconductance g, is defined as
Alp
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Fig. 10.3 Transconductance g, varies depending on the bias point (V)

The transconductance g, is also called mutual conductance. The practical unit for g,
is mS (millisiemen) or mA/V. For given g,,, we can calculate an approximate value for g,
at any point on the transfer characteristic curve using the following equation

V;
= [l e (2)
Em Emo I: \{‘.S(ofﬂ ]
where g, . is the value of g, for V4 = 0, and is given by,
-21
Sy S = .3}

p
This can be proved as given below. We know that,

2
v,
Ip = IDSS{I_VL:] ...(3a)

Differentiating this equation with respect to Vs we get,

Al =7)l| Ve
&n = DI _ DSS l:]_&]

AV v, v,
Vs -21
- - whe == IS
gmo[ Ve ] S Ve

9b. Determine Zi, Zo and Av for JFET common source amplifier with fixed bias configuration using AC
equivalent circuit.



10.7 Common Source (CS) Configuration

[n common source ampliﬁer circuit input is a

: pplied between gate and source and
atput i5 taken from drain and source. In the follo

/ ken ! wing sections we see the low frequency
oqui¥ alent circuits for common source configuration with different biasing techniques.

10.7.1 JFET with Fixed Bias

Fig. 10.48 shows common source amplifier with fixed bi
and C, which are used to isolate the dc biasin
circuits for the ac analysis.

as. The coupling capacitor C,
g from the applied ac signal act as short

*Vop
%RD Fig. 10.48 shows the low frequency
o equivalent del f th n
) quivalent model for e commo
5 ‘ oo source amplifier circuit with fixed bias.
v }‘ G It is drawn by replacing :
R * All capacitors and dc supply
S 4—\ voltages with short circuits and
7 Ves
Z I Z * JFET with its low frequency
= 7 ; 4 equivalent circuit.
Fig. 10.48 Common source JFET amplifier with
fixed bias
Vo *5; ol Vo
? %RGE Vgs gmvgs %rd : RD VDf Z
s e - { 2

Fig. 10.49 AC equivalent model for the common source amplifier circuit with fixed
bias

Now, we see the input impedance output impedance and voltage gain of the above
model.
Input impedance Z; :

Looking into Fig. 10.48 we can say that,

Z. =Ry a6

Output Impedance Z, :

The output impedance Z, is the impedance measured looking from the output side
Wwith input voltage (V,) equal to 0. As V, =0,



Wi = (0 and hence En VRt
gs
The gmVes = 0 allows current source to pe
replaced by an open circuit, as shown in the

Fig. 10.49. Therefore the output impedance i

Z, = Ry |1y 5

Fig. 10.50

we say that the outp
er, IS sufficiently large compared to R, then ut
If istance Ty y
the reslis

edance is approximately equal to Rp.
imp

-1y >> Rp - (3)
Itage Gain A, -
T 5 Vds = Y_O_
The voltage gain Av = V.~ V;
Looking at Fig. 10.48 we can write .
V= 1=8m Vgs (ry “RD)
o
it
As we know Vi = Vg W€ can wilte ]
V, = —8m \Y (rg HRD)
.. (6)

e (D)

3 e
s a:--1an thove is a phase shif

9c. Write down the differences between BJT and JFET.



6 Input resistance Less compare to JFET.

High compare to BJT.

7 Size Bigger than JFET.

Smaller in construction than BJT,
thus making them useful in
integrated - circuits (IC).

Higher sensitivity to changes
in the applied signals.

8 Sensitivity

Less sensitivity to changes in
the applied voltage.

9 Thermal stability Less

More

10 Exists in BJT, because of
cumulative effect of increase in
| with temperature, resulting

increase in temperature in the

Thermal runaway

Does not exist in JFET, because
drain resistance 1, increases with
temperature, which reduces |,
reducing the |, and hence the

Gain bandwidth product | High

device. temperature of the device.
1 Relation between input | Linear Non-linear
and output
12 Ratio of o/p to ilp Ale _ B Alp
Al AVgs  Im
13 i i
Thermal noise Morg in BJT as more charge | Much lower in JFET as very
carriers cross junctions. few charge carriers cross the
junction.
14

Low

10a. With the help of neat diagram, explain the construction, working and characteristics of N-

channel depletion type MOSFET.

10.3.1 Depletion MOSFET (D-MOSFET)

10.3.1.1 Construction of n-channel MOSFET

The Fig. 10.22 shows the basic construction 0
highly doped n regions are diffused into a lightly dope
highly doped n regions represent source
connected to the source terminal.

The source and drain terminals are
regions linked by an n-channel as shown
metal contact surface but remains insulate:
dielectric material, silicon dioxide (SiO,). Thus,
between the gate terminal and the channel of a MOSFET,

of the device.

f n-channel depletion type MOSFET. Two
d p type substrate. These two

and drain. In some cases substrate is internally

connected through metallic contacts to n-doped
in the Fig. 10.22. The gate is also connected to a

d from the n-channel by a very thin layer of
there is no direct electrical connection
increasing the input impedance




(Drain)
D SiOz / n - channel

Metal contacts

Substrate
SS

=N

p
G Substrate

(Gate)

S \ n - doped regions

(Source)

Fig. 10.22 n-channel depletion-type MOSFET

10.3.1.2 Operation, Characteristics and Parameters of n-channel MOSFET

On the application of drain to source voltage, Vs and keeping gate to source voltage
to zero by directly connecting gate terminal to the source terminal, free electrons from the
n-channel are attracted towards positive potential of drain terminal. This establishes
current through the channel to be denoted as I, at Vis = 0 V, as shown in the Fig. 10.23.



FET Amplifiers
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Fig. 10.23 n-channe

voltage (V
SiO, layer ( DD)

n - channel
A
s
+
/ Recombination
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Fig. 10.24 Reduction in free electrons in the
n-channel due to negative potential at the gate
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Fig. 10.25 Transfer characteristics for an n-channel
depletion type MOSFET

| depletion-type MOSFET with v

s =0V and an applied

If we apply negative gate
voltage, the negative charges on
the gate repel conduction electrons
from the channel, and attract holes
from the p type substrate. This
initiates recombination of repelled
electrons and attracted holes as
shown in the Fig. 10.24.

The level of recombination
between electrons and holes
depends on the magnitude of the
negative voltage applied at the
gate. This recombination reduces
the number of free electrons in the
n-channel for the conduction,
reducing the drain current.

In other words we can say
that, due to recombinations,
n-channel is depleted of some of
its electrons, thus decreasing the
channel conductivity. The greater
the negative voltage applied at the
gate, the greater the depletion of
n-channel electrons. The level of
drain current will reduce with
increasing negative bias for V.. as



shown in the transfer characteristics of depletion type MOSFET (as shown in Fig. 1
o -~ 1g. 10.25).
For positive values of Vg the positive gate will draw additional electrons fr )
s from the

to reverse leakage current and establish new carriers through
lerating particles. Because of this, as gate to source voltage ing the
in current also increases as shown in the Fig. 10.25 e

The application of a positive gate o

p-type substrate due
collisions between acce
in positive direction, the dra

o]
Ohmic regi
mic region 4 | source voltage has “enhanced” the level
12 1<—- Saturation region -——IV " free carriers in the channel compared ?f
) gs=* 5 0
10 that encountered with Vg5 = 0 V. For this
b Vgs=0 V reason the region of positive gate voltages
d T on the drain or transfer characteristics is
Gs=~ i

o f Vea- 2V refe?rred to as enhancement region and the
3 _f\?: Yo - _3v region between cut-off and the saturation
X Vi levels of Ins referred to as depletion
) vaos(V) region. Fig.10.26 shows drain characteristics
GSE"p for an n-channel depletion type MOSFE \
Fig. 10.26 Drain characteristics for an is similar to that of J;ylf:)T Th 2
O channel depletion type MOSFET e 1o vt i
s that it has positive part of V5
s -

9b. Wri .
b. Write down the differences between MOSFET and JFET

10.3.24 Comparison
Comparison of JFET and MOSFET
Sr. Parameter JFET MOSFET
No.
| e ——— [ — |
1k Types a) n-channel A) n-channel depletion type
b) p-channel MOSFET
B) p-channel depletion type
MOSFET
C) n-channel enhancement type
MOSFET
D) p-channel enhancement type
MOSFET




€ @

D D
G n-channel p-channel
Depletion type
D D
S S G
n-channel p-channel s S
n-channel p-channel
Enhancement type
S‘Z:r:tion mrated in depletion Operated in depletion and
e. enhancement mode.
Input High (> 10 MQ i
s ) Very high (> 10,000 MQ )
Gate Gate is not insulated from Gate is insulated from channel
channel by a layer of SiO,.
Channel Channel exists Channel exists permanently in

permanently.

depletion type MOSFET, but not
in enhancement type MOSFET.
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RpZ 51k
2 9, =2mS

JPD—IC(Z—o—- rg=50kQ
c1
o—jf—— =
-f 1MQ Vo
Vi Z _RG s
—LG 1:1.sv | i
Fig. 10.51
solution : i) We have
Z, = Rg=1MQ
ii) We have
Z, = 1, [IRp =50K]|| 51 K = 4628 Q
iii) Voltage Gain A, : We have
A, = —8m (r, IRy ) =-2mS (50 K[| 51 K) = — 2 mS (4628)

— 9.256



