Sec. B: Choose an Y Y questions, choosin g { question { rom each unit. Each
question carries a marh wei ght of 15,

[ (A) State and establish the marimum power cfiaaipation theorem, Obtain
the Pr‘oo{' { or masimuim power and find the mavimum ef (iciency of’
such a circuit, | (8] State Norton's theor Y for circuit anal ysis and prove
it,

2 (A} State and prove the r‘eciPr‘ooft Yy theorermn, U hat is the internal

irm Pea’ ance?

(B Determine the DC Uoftage app[fea’ to any A Juna'(;f'on when Js = 30
microA/cmé and J = @ Alcml are the normal values of the si 3naf 3.

3 (A} Describe the input and out put characteristics for a PNP transistor.
Describe the eHPePEmenta{ method {or these characteristics. (n a PNP
transistor, define input. output. conductin g base. current ratio, inPut
imped ance, and reverse volta ge ratio {or this circuit confi guration, (RU
3 (B8] For atransistor. the reverse saturation current is 015 mu A in the
cormmon base confi gquration and 20 mu A in the cormmon emitter
conf'i guration, £ the base current ([ _§)] is 10 mA, find the current gain
|laf Pha and lbeta,

Y (Al What do you understand 63 operating point Q and its 3ta6ifity?
Define various stabilit Yy coef {icients, What do you understand b Y

—



thermal breakd own? How is an ampff'f ier cireuit Pr‘otected from —
thermal breakdown? H (B] [f the current gain of a transistor in the OO
conf'iguration is 0.98, find the current gainin the CE confi gquration and
the CC confi guration,

(Al How is an OP AMP used as an adder and a subtractor? £ prain with a
cireuit diagr‘am. 5(8) The CNRR of adifferential amp/ff'ier‘ is 55
decibels, If its dif ferential mode gain is 1200, calculate the cornmon
mode gain,

6 (Al Prove that ne gative 3Paa’atfon volta ge increases the input
fmpea’ ance and deacreases the output impedance of the faad=~in
ampfff‘ ier. 6 (B] Find the value of gain, Also calculate the input
fmpea’ance of the ampfif ier, [ he input and feed~in resistance of an
inverting ampfif' ier are 3 and 12 k() r‘eapeotiue[ Y. If avolta ge of 500
ml/ is appfiea’ to it, the output volta ge and input volta ge will be'

(A 5prain the worhr’ng of alole strip oscillator with the hefp of a
suitable circuit, Recall the input {requency and the necessar Y conditions

for self-eucited and self~sustained oscillations,

! (B] Prove that for fed oscillations in an RC Phaae"’ahif‘ ted oscillator,
h_{fetl ge 56, where the s ymbof s have their usual meanin g.

8 (A 18 (6] Write circuit s Hmbo/a and verification tables for NAND and
HOR gates,
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V) A 4L A d
For a P-N Junctlon etermine the dl)plled

ard voltage when when J; =30 HA/ em? and Yo

forw 2 (elkT = 40/V) The notations have their

7A/cm

ysual meaning. [R.U. 2006, 2010]
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BIAS STABILITY :

Bias stabilization: While designing the biasing circuit, care should be taken so that the operating
point will not shift into an undesirable region (i.e into cut-off or saturation region)

Factors to be considered while designing the basing circuit:

> Ico
> Vee
d Beta

Factors to be considered while designing the basing circuit:

— Temperature dependent factors (I, Vgg)
— P|hfe - Transistor current gain

’cp:

The flow of current in the circuit produces heat at the junctions. This heal increases the
temperature at the junctions.
Since the minority carriers are temperature dependent (/o gets doubled for energy 10°C

raise in temperature), they increase with the temperature.
This in turn increase the I and hence Q — point gets shifted

V,.:

— Vg changes with temperature at the rate of 2.5mv°/c
“* lgdepends on Vge

e =
Since e g

I = plg, increase in Ig

Increase I This in turn changes the operation point.

Transistor current gain 3:

The transistor parameters among different units of same type, same number changes.
le. If we take two transistor units of same type (le. Same number, construction, parameter
specified etc.) and we them in the circuit, there is change in the £ value in actual practice.

The biasing circuit is designed according to the required g value.

Since £ changes, the operating point also shifts.




> The emitter-base junction must be forward biased and
collector-base junction must be reversed biased. i.e. The
transistors should be operated in the active region.

» The circuit design should provide a degree of
temperature stability.

> The operating point should be made independent of
transistor parameters (like transistor current gain)

Techniques used to keep Q point stable:

STABILIZATION TECHNIQUE:

This refers to the use of resistive biasing circuits which allow IB to vary so as to

keep Ic Relatively constant with variations in [co and VBE current gain(beta)

COMPENSATION TECHNIQUE:

This refers to the use of temperature sensitive devices such as diodes,
transistors, thermistors, etc, which provide compensating voltages and current
to maintain the operating point stable.



STABILITY FACTORS:

—+» The stability lactor is a measure of stability provided by the biasing circuit.

—» Stability factor indicates the degree ol change in operating point due to variation in
temperature.
—+ Since there are 3 temperature dependent variables, there are 3 stability factors.

‘f: ﬂ.l:
5= 2ico IVee 8 consrane (or) S5 = eo IVee.g consrane
' 8l "
5" = Vgr |rc°.l constant (or) s AVgy “Im-’ consrant

“ ale " A1
5% = ;’_[V-l!.lcgmnxtnnr (or) 5" = I:IVJ!chmucul

MNote:
— ldeally, stability factor should be perfectly zero to keep the operating point stable.
— Practically stability tactor should have the value as minimum as possible.

EXPRESSION FOR STABILITY FACTOR S:

For a common amittar configuration collector currant is given by
Ic = Ic(majorieyy + Iczo(majorier)

WKT

I — _teno
cro o=

leeo = (1 + ) lcpo

Ie = Blg + (1 + B) Icpo
When

Icpochanges by Alcpo

lg changes by Alg

I changes by Al¢

dlc = Bdlg + (1 + )2 Icpo
+ by di.

al, o s
1= B * Q1+,

O lepo

al.

aiy
1- ﬂaTc-(1+ﬂ)

arl
alcgo . (1 — ﬂ)a-ff-
oI a+m

ar.
IS = dicso

al
x (1—p5)
5=




If current gain in CB modc of a transistor jg

0.98 then find current gain in CE mdoc an " CCmode,
[Ajmer 2016)

got: faem gon # o0=0.98
. 0.98  0.98
g9 W & = |

, L e = 49
T1-098  0.02
CC fa=ma o gy any
¥ =1+B=1+49=50

amm
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ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

Adder:
Op-amp may be used to design a circuit whose output is the sum of

several input signals.Such a circuit is called a summing amplifier or a summer
or adder.An inverting summer or a non-inverting summer may be discussed
now.

Inverting Summing Amplifier:

v
e =
Vi 0—AAA = .
Ry | Ve
1% +
%m..,. Rull Rzl[Rs|[Re

Fig 1.Inverting summer(source: https -//www.brainkart.com/subject/Linear-Integrated-
Circuits_220/)

A typical summing amplifier with three input voltages Vi,-V2 and V3 three

input resistors' Ry, Rz, Rzand a feedback resistor Rris’ shown in figl.The
following analysis is carried out assuming that the op-amp is an ideal one, AOL=
w.Since the input bias current is assumed to be zero, there is no voltage drop
across the resistor Reomp and hence the non-inverting input terminal is at ground
potential.

I= VI/RI+V/R2....+Vn/Rn;

Vo=-Rg

I=Rf/R( Vi+ V... Vy).
To find Reomp, make all inputs V; =V, =V3;=0.
So the effective input resistance R; =R, || Rz || Rs.
Therefore, Recomp =R; || Rr=Ri || Rz2 || R3 || R,f.

EC8453 LINEAR INTEGRATED CIRCUITS



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

Non-Inverting Summing Amplifier:

Ry
R
r‘ VW .::. ‘,.
V31 o—ANMN +
R
Va O—M’\zﬂl—b

Fig 2.non-inverting summer (source: https://www.brainkart.com/subject/Linear-
Integrated-Circuits_22()/)
A summer that gives ‘a non-inverted sum'is 'the non-inverting summing

amplifier of fig 2. Let the voltage at the (-) input terminal be Va. which is a non-
inverting weighted sum of inputs.
Let Ry =R>=R3=R =R¢/2, then Vo= V+V2+V3
Subtractor using Operational Amplifier

If all resistors are equal in value, then'the output voltage can be derived
by using superposition principle.

Subtractor:

Fie d

Fig 3.Subtractor (source: https://www.brainkart.com/subject/Linear-Integrated-
Circuits_220/)

A basic differential amplifier can be used as a subtractor-as shown in the
above fig 3. If all resistors are equal in value, then the output voltage can be
derived by using superposition principle.

To find the output Vy; due to V, alone, make V, =0.

EC8453 LINEAR INTEGRATED CIRCUITS
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Then the circuit of figure as shown in the above becomes a non-inverting
amplifier having input voltage V,/2 at the non-inverting input terminal and the
output becomes

Vo1 = Vi”2(14R/R) = V, when all resistances are R in the circuit.

Similarly the output Vg, due to V; alone (with V; grounded) can be
written simply for an inverting amplifier as
Vo2 =-V2

Thus the output voltage Vo due to both the inputs can be written as
Vo=Vo1 -V =V -V;

Adder/Subtractor:

Vie—— AN ——4 "
Yi—vp—rt !>-—'V»'twﬂ-m°m

Fig 4 a) Adder-Subtractor(source: https://www.brainkart.com/subject/Linear-Integrated-
Circuits_220/)

' V, R n2 v, "
g mg on
% ’:/ v, — Vo = ¥,y
RS RS R ~3
S S O
Fig4 b)Equivalent circuit for V2=V3=V4=0(source:
https://www.brainkart.com/subject/Linear-Inte grated-Circuits_220/)

Yo _

R WV, b

Vs —AM.—FI' D_‘ v
L -}.-N

Llj

<)

Fig 4 c) Equivalent circuit for V1=Y2=V4=0(source:
https:ﬁwww.brainkan.comfsubjecthinear—Inte grated-Circuits_220/)

EC8453 LINEAR INTEGRATED CIRCUITS
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It is possible to perform addition and subtraction simultaneously with a
single op-amp using the circuit shown in fig 4 a) The output voltage Vo can be
obtained by using superposition theorem. To find output voltage Vq, due
to V, alone, make all other input voltages V», V3 and V, equal to zero.

The simplified circuit is shown in fig 4 b). This is the circuit of an inverting
amplifier and its output voltage is, Voi= -R/(R/2) * V|/2=- V| by Thevenin‘s
equivalent circuit at inverting input terminal).Similarly, the output voltage
Vo2 due to V; alone is,
Voo=- V2
Now, the output voltage Vg3 due to the input voltage signal V3 alone applied at
the (+) input terminal can be found by setting Vi, V, and V, equal to zero.
Voi=V3
The circuit now becomes a non-inverting amplifier as shown in fig.4(c).

So, the output voltage Vg3 due to V3 alone is

Vo3 =V3
Similarly, it can be shown that the output voltage Voy due to Vs alone is
Vos = Vs

Thus, the output voltage Vo due to all four input voltages is given by
Vo = Voi = Voa = Vs = Vo
Vo=-V,-V,+V3+ V,
Vo = (V3 +Va) = (V1 +V2)

So, the circuit is-an adder-subtractor.

EC8453 LINEAR INTEGRATED CIRCUITS
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The CMRR of a dlfferentlal amphﬁel 1§ 55 dB
If its differential mode oam is 1200 dete1 mine the

common-mode gain. - &
-y geR f

A4=1200
SRER| |
' Ad | 55
Ay 1200

ey 562.3 5623
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