Engineering Notebook
VOLUME 1

EE1308 Analog integrated circuits and
Its applications

A.V.Gokhale
Dr.Y.A.Gaidhani

DEPARTMENT OF ELECTRONICS ENGINEERING
YESHWANTRAO CHAVANCOLLEGE OFENGINEERING,

(AnautonomousinstitutionaffiliatedtoRashtrasantTukadojiMaharajNagpurUniversity, Nagpur)

NAGPUR- 441110



Copyright © 2012 Author/ s Name
All rights reserved.

ISBN:



MESSAGE / MESSAGES

Insert message text here. Insert message textlhsegt message text here. Insert message text here
Insert message text here. Insert message textlheegt message text here. Insert message text here
Insert message text here. Insert message text here



CONTENTS

UN Content Page
no

1 Differential Amplifier configurations 1
2 Operational amplifier fundamentals 21
3 Linear Applications of Operational Amplifier 43
4 | Active Filters of Operational Amplifier 63
5 Nonlinear Circuits And Waveform Generators 79
6 Monolithic timer IC555 and D-A AND A-D CONVERTERS 108




ACKNOWLEDGMENTS

Insert acknowledgments text here. Insert acknowtens text here. Insert acknowledgments text here.

Insert acknowledgments text here. Insert acknowtens text here. Insert acknowledgments text here.

Insert acknowledgments text here. Insert acknowtemys text here. Insert acknowledgments text here.
Insert acknowledgments text her






BOOK TITLE

UNIT-1

Differential Amplifier configurations

Q.1. Explain how the differential amplifier is developmad its different configurations?

Answer:

The operational amplifier is a direct-coupled hgghin amplifier usable from 0 to over 1IMH Z to
which feedback is added to control its overall cese characteristic i.e. gain and bandwidth. The
op-amp exhibits the gain down to zero frequency.

Such direct coupled (dc) amplifiers do not use kilog (coupling and by pass) capacitors since these
would reduce the amplification to zero at zero fienacy. Large by pass capacitors may be used but it
is not possible to fabricate large capacitors ¢@ aehip. The capacitors fabricated are usually less
than 20 pf. Transistor, diodes and resistors a fabricated on the same chip.

Differential amplifier is a basic building block ah op-amp. The function of a differential amplifie

is to amplify the difference between two input silgnLet us consider two emitter-biased circuits as
shown infig. 1.1

+Vce +Vee +Vee

VEE Vee = VEE -

Figure 1.1 Differential Amplifier

The two transistors fand Q have identical characteristics. The resistanceéseo€ircuits are equal,
l.e. Re1 = Rez, Re1 = Rz and the magnitude of ®¢ is equal to the magnitude of =&/ These
voltages are measured with respect to ground.

To make a differential amplifier, the two circuége connected as shownfig. 1.1 The two +\&c
and —\ke supply terminals are made common because thesaane. The two emitters are also
connected and the parallel combination ef &d R, is replaced by a resistance. Rhe two input
signals v& v, are applied at the base of §hd at the base of.QThe output voltage is taken
between two collectors. The collector resistancesgual and therefore denoted hy-RRc1 = Rea.
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Ideally, the output voltage is zero when the twouits are equal. When is greater thenxthe
output voltage with the polarity shown appears. Wheis less thany the output voltage has the
opposite polarity.

The differential amplifiers are of different confiigations.

The four differential amplifier configurations dialowing:

Dual input, balanced output differential amplifier.
Dual input, unbalanced output differential amplifie

Single input balanced output differential amplifier
Single input unbalanced output differential amplifi

PwonNpE

+Vero +Vee

-Vee -Vee
Figure 1.2 Dual input Balanced output and Dual tnpabalanced output Differential Amplifier

+Vece +Vee

=VEE =VEE

Figure 1.3 Single input Balanced output and Singbeit Unbalanced output Differential Amplifier

These configurations are showrfig. 1.2 and 1.3 and are defined by number of input signals used
and the way an output voltage is measured. Ifwsdriput signals, the configuration is said to be

2
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dual input, otherwise it is a single input configtion. On the other hand, if the output voltage is
measured between two collectors, it is referregista balanced output because both the collectors
are at the same dc potential w.r.t. ground. Ifdbgut is measured at one of the collectors w.r.t.
ground, the configuration is called an unbalanaggput.

A multistage amplifier with a desired gain can béaed using direct connection between
successive stages of differential amplifiers. Ttheamtage of direct coupling is that it removes the
lower cut off frequency imposed by the couplinga@jors, and they are therefore, capable of
amplifying dc as well as ac input signals.

Q.2. Derive the expressions for DC analysis of Dual ln@alanced Output Differential
Amplifier.

Answer:
The circuit of Dual Input, Balanced Output Diffetieh Amplifieris shown infig. 1.4,v; and v are

the two inputs, applied to the bases @fa@d Q transistors. The output voltage is measured betwee
the two collectors Cand G , which are at same dc potentials.

+Vce

Figure 1.4 Dual input Balanced output Differential Amplifier
D.C. Analysis:

To obtain the operating pointd and \teg) for differential amplifier dc equivalent circug drawn
by reducing the input voltages and s to zero as shown ifig. 1.5.
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? +Vee

Q2

Rzz

“Vee
Figure 1.5DC equivalent circuit of Dual input Balanced outputferential Amplifiet

The internal resistances of the input signals areted by Is because R= Rs,. Since both emitte
biased sections of the different amplifier are syairical in all respects, therefore, the opera
point for only one section need to be determindw Jame values ccq and \eec can be used for
second transistor Q

Applying KVL to the base emitter loop of the traster ;.

Rg |B +"'-.-"IBE +2 IE RE =\"."'IEE

|
But |y = £ andl. =g

dc

=|. = YEE - Vie
& % IRg +Rg /By,
Yop = 0.BY for 5 and 02%for G,

o (E-1)

R . _ . . .
Generally —= << 2R hecause Rgisthe internalresistance of input signal.

de
] | .= ""'"'IEE """"'IBE

The value of R sets uphie emitter current in transistory and Q for a given value of ge. The
emitter current in Qand Q are independent of collector resistanic.

The voltage at the emitter of, approximately equal i-Vge if the voltage drop across R
negligible. Knowing the value ot kthe voltage at the collectordié given by

Ve =Vee— Ic Re
and Ve = Ve — Ve
=Vc—lc Rc+ Vge
Vece=Vec+ Vee—IcRc  (E2)

From the two equationsc¢q and kg can be determined. This dc analysis applicablalfc
configurationsof differential amplifier
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Q.3. Derive the expressions for AC analysis of Dual thBalanced Output Differential
Amplifier.

Answer:
The circuit is shown ifig. 1.6 v; and ¢ are the two inputs, applied to the bases caQ Q

transistors. The output voltage is measured betweetwo collectors Cand G, which are at same
dc potentials.

+Vce

Figure 1.6 Dual input Balanced output Differential Amplifier
A.C. Analysis:Differential Voltage GainAqg
After performing the dc analysis we obtain the agiag point of the two transistors.
To find the voltage gain fand the input resistance &t the differential amplifier, the ac equivalent

circuit is drawn using r-parameters as showfignl.7. The dc voltages are reduced to zero and the
ac equivalent of CE configuration is used.
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+ Vot + Ve2

B1

Rs=1 Rs:

fe2
E

z
Vi I vz
i | Re (?/
— v v e

Figure 1.7 AC equivalent circuit of Dual input Balanced outfitferential Amplifier

Since the two dc emitter currents are equal. Theeefesistances; and ri; are also equal ar
designated byd" This voltage across each collector resistansbasvn 180‘0ut of phase witl
respect to the input voltagesand \,. This is same as in CE configuration. The polasityhe
output voltage is shown in Figure. The collectr, is assumed to be more positive with respe:
collector G even though both are negie with respect to to ground.

Applying KVL in two loops 1 & 2.

Wy =Ry by gy Mo Ty i ) Re

Wy TRgg lg Figg re +llgy g JRE

Substituting current relations,

ip= 2L, ipy = =

£ £

R . o . .
""'"II1_ BS1 leq +re leq +RE I:Ile1+ Iezj

R o . .
Wy = |352 ey tre ey *RE (ig) +iez)

Again, assuming R / b and R,/ b are very small in comparison witte and g and therefor:
neglecting these terms,

(e +Re)iar + REles =y
Feig +Fe+Rel iy =¥,

Solving these two equations; and ¢, can be calculated.
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o (re +Re) vy - Ry,

I =
T+ R - AL
]

|:rlE +RE:|"."2 - RE Wy

[r'E +Rg) - RE

laz =

The output voltage ¥is given b
Vo=Vc2- Ve
=-Ricz2- (-Rcicy)
=R (ic1 - ic2)
=R (le1 - lez)

Substituting d;, & ie2in the above expressi

v =R (fe +Re)Vi-ReMg  (r +RE)YE -ReWy
’ (rs +Re) -RE (re +Re) -Re
_Rplvy-vy)ir, -2Rg)
i, +2Rg)

Therefnre,xrn:?_':(wruzj (E-1)

-}

Thus a differentiaamplifier amplifies the difference between two ihpignals. Defining th
difference of input signals ag ¥ vi — \» the voltage gain of the dual input balanced ou
differential amplifier can be given t

we _ Re

@ e (E-2)

Differential Input Resistance: RijandR,

Differential input resistance is defined as theiegjent resistance that would be measured at €
input terminal with the other terminal groundedisTimeans that the input resistang; seen from
the input signal source s determined with thsignal source wyset at zero. Similarly, the inp
signal \ is set at zero to determine the input resistar;; seen from the input signal sourc.
Resistance ] and R, are ignored because they are very sr

Y
Ry=-1
b1

v, =0

= “1L
LBl =
e1ﬁ 2_|:|

Substituting da,



BOOK TITLE

_Brair, +2RE)
Hi1 I ey —
. +Rg
Dince Hg == 1,
ry +2Rg >> 2R
ar . +Rg==Re
SRy =2B (E-3)

Similarly,
K
Ry = —EL
bz by =0
1
="
iE2 ! B "."1 =0
Riz =21, (E-4)

The factor of 2 arises because tfi®f each transistor is in seri

Output Resistance: RandRo;

Output resistance is defined as the equivalenstaesie that would be measured at output tern
with respect to ground. Therefore, the output tasie Fo; measured between collecto; and
ground is equal to that of the collector resistaRc. Similarly the output resistanceo, measured at
C, with respect to ground is equal to that of theestithr resistor c.

Ro1=Ro2=Rc (E-5)

The current gain of the differential amplifier isdefined. Like CE amplifier the differenti
amplifier is a small signal amplifier. It is genklyaused as a voltage amplifier and not as curoe!
power amplifier.

Q.4. The following specifications are €n for the dual input, balancealitput differentia
amplifier offig.1.8:
Re=22k2, Re=4.7k2, Rh1=Rin2=5002, +Vcc = 10V, -Me = -10 V, 4. =100 and e =
0.715V.
Determine the operating pointcg and \eeg) of the two transistors.
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+Vece

Figure 1.8 Dual input Balanced output Differential Amplif
Solution:
The value of dg can be obtained from equatior-1).

""'"IIEE B VEE
R.
2R+ Ming

|I3I] _lE -

di:

_10-0715
- 50
9 4k + /1E|E|

The voltage Veq can be obtained from equatior-2).

= 0.538mA,

Yeea™ Yoo * Vee “Rdle
=10 +0.715 - (2.2kQ0{0 983mA)
=8 ad4v

The values ofdg and \teq are same for both the transist

Q.5. The following specifications are given for the dumdut, balance-output differentia
amplifier: RC = 2.2 R, RE =4.7 I, Rin 1 = Rin 2 = 5@, +VCC= 10V,-VEE = -10 V dc
=100 and VBE = 0.715V.

a. Determine the voltage gai
b. Determine the input resistan
c. Determine the output resistant

Solution:

(a). The parameters of the amplifiers are samesasigssed in examg-1 of lectur-1. The operating
point of the two transistors are given bel

ICQ = 0.988 mA
VCEQ=8.54V
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The ac emitter resistance

,_25mY _ 25mv

- = 2530
o T lmA  0.988mA

Therefore, substituting the known values in voltgga equation (-2), we obtair

b). The input resistance seen from each input gasrgiven by (-3) and (E4):

R, =R, =281, = (2)(100)(25.3) = 5.06k0

ac'e

(c) The output resistance seenkimg back into the circuit from each of the two uitterminals it
given by (E-5)

Rol=Ro02=2.2K
Q.6. For the dual input, balanced output differential gifier of Q.5 above

a. Determine the output voltage (vo) if vin 1 = 50mdakto peak (pp) at 1 kH:nd vin
2=20mV pp at 1 kH:
b. What is the maximum peal to peak output voltagleowttclipping’

Solution:

(@) In Q.5, we have determined the voltage gain ofin input, balanced output different
amplifier. Substituting this voltage gain (Ad = 86) and given values of input voltages in equalt
we get

v, = Rr—':[vim W) = 8696 (50my - 20mv)

L]

=261 %pp

(b) Note that in case of dual input, baled output difference amplifier, the output voltages
measured across the collector. Therefore, to cledthe maximum peak to peak output voltage
need to determine the voltage drop across eacbctotlresistor

Wr, = Rele

Substituting IC = ICQ = 0.988 mA, we ¢

Yk, = (2.2KEQ)(0.988mA) = 217V < Vog =B.54Y

This means that the maximum change in voltage a@ash collector resistor is £ 2.17 (ideally’
4.34 \pp. In other words, the maximum peak to peak outpltage with out clipping is (2) (4.34)
8.68 Vpp.

Q.7. Explain the concept dfverting & Non—inverting Inputs and Common mode gaindual
input, balanced output difference ampli

10
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Answer:

A dual input, balanced output difference amplifigcuit is shown irfig. 1.9.

+Vce

Figure 1.9 Dual input Balanced output Differential Amplifier
Inverting & Non — inverting Inputs:
In differential amplifier the output voltage Vs given by

\b=Aq (Vi — W)
When ¥=0,w%w=AqV1
&when y=0,w=-AqV>

Therefore the input voltage is called the non inventing input because a pasitbltage y acting
alone produces a positive output voltage Similarly, the positive voltage,\acting alone produces
a negative output voltage hengeiscalled inverting input. Consequently B called non-inverting
input terminal and Bis called inverting input terminal.

Common mode Gain:

A common mode signal is one that drives both inptits differential amplifier equally. The
common mode signal is interference, static andrdtimels of undesirable pickup etc.

The connecting wires on the input bases act likallsamtennas. If a differential amplifier is

operating in an environment with lot of electrometyninterference, each base picks up an
unwanted interference voltage. If both the transsstvere matched in all respects then the balanced
output would be theoretically zero. This is the artpnt characteristic of a differential amplifidr.
discriminates against common mode input signalsther words, it refuses to amplify the common
mode signals.

The practical effectiveness of rejecting the comrsignal depends on the degree of matching
between the two CE stages forming the differemtmplifier. In other words, more closely are the
currents in the input transistors, the better essabmmon mode signal rejection e.g.qlfand v are
the two input signals, then the output of a prattop-amp cannot be described by simply

Vo=Aq(Vi—V2)

11
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In practical differential amplifier, the output deqls not only on derence signal but also upon 1
common mode signal (average).

= (Vi—Vva)
ande =% (w + V)
The output voltage, therefore can be express:
Vo=A1Vvi+ AV

Where A& A, are the voltage amplification from input 1(2) tatut under the condition that ing
2 (1) is grounded.

SMpE ove b ooy, MaSveo ooV
1 C 5" 1TVe o5V
substituting %) &%, in output woltage equation

1 1
W= Ay (\“c+§“d]‘ + Ay ("l::'j“d]'
1
:j (A - Agd vy + (A - Ayl v
= Agvg + Agvg

The voltage gain for the difference signal iy and for the common mode signal ic.

The ability of a differential amplifier to reject@mmor mode signal is expressed by its comr
mode rejection ratio (CMRR). It is the ratio offdifential gain /4 to the common mode gairc.

CMRR = 2= g

C

A
g = A, [H%Tf_j

Datasheet always specify CMRR in decibels CM(dB) = 20 log CMRR.

Q.8. Derive the expressions for AC analysis of Duiput, UnBalanced Output Differenti
Amplifier.

Answer:
For Dual Input, UnbalancdeOutput Differential Amplifie, two input signals are given however
output is measured at only one of the-collector w.r.t. ground as shownfig. 1.10 The output is

referred to as an unbalanced output because tleetoolat which the output voltage is measure
at some finite dc potential with respect to grot

12
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Figure 1.10 Dual input Unbalanced output Differential Ampgifi
A.C. Analysis:Differential Voltage Gain Aqg
After performing the dc analysis we obtain the apiag point of the two transistors.
To find the voltage gain Aand the input resistance & the differential amplifier, the ac equivalent

circuit is drawn using r-parameters as showfignl.11 The dc voltages are reduced to zero and the
ac equivalent of CE configuration is used.

+ Vot + Ve2

B1

Rs1 Rs:

Vi Va

Figure 1.11AC equivalent circuit of Dual input Unbalanced puit Differential Amplifier

Since the two dc emitter currents are equal. Theeefesistancegi'and rg, are also equal and
designated byd" This voltage across each collector resistansbasvn 180° out of phase with
respect to the input voltagesand . This is same as in CE configuration. The polasityhe

output voltage is shown in Figure. The collectgriassumed to be more positive with respect to
collector G even though both are negative with respect todargl.

Applying KVL in two loops 1 & 2.

13
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Wy =Ry by gy Mo Ty i ) Re

Wy TRgg lg Figg re +llgy g JRE

e

Substituting current relations,

1= %1 ipz = 'er

""'"II1: |e1 +re |e1 +RE I:Ile1+ Iezj

R . . .
Wi= —Lig 1, g +RE (igq *+lez)

P

Again, assuming R / b and R,/ b are very small in comparison witte and ¢ and therefor:
neglecting these terms,

(e +Re)iar + REles =y
Feig +Fe+Rel iy =¥,

Solving these two equations; and ¢, can be calculated.

ir +Rglwy- Rgv,
1= —=
T r R - A2
-]

|:rlE +RE:|"."2 - RE Wy

(V'E + RE:F - RE

lez =

The output voltage ¥is given by

Vo=V

=-Rie

Substituting d; in the above expressi

Vo= _R {(Te + Rp)V, — REV1}
° “| (r. +Rp)? — Ry

RgVy — (1, + RE)VZ}

V, =R
° C{ 7,(r, + 2Rg)

SinceRg>>1,, (1, + Rg) = Ry and(r, + 2Rg) = 2Rg

Re (V1 —V3)
V, = Ro—t %
© ¢ 2rRg
R¢
Vo= 2_re(V1 -13)

14
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po_ Y R
T -V 2,

Thus a differential amplifier amplifies the differee between two input signals. Defining
difference of input signals ag ¥ vi — \» the voltage gain of the dual input balanced ou
differential amplifier can be given t

V R
Adz_cz_c
Vd Zre

Differential Input Resistance: RijandRj,

Differential input resistance is defined as theiegjent resistance that would be measured at €
input terminal with the other terminal groundedisTimeans that the input reiance R seen from
the input signal source s determined with the signal sourc, set at zero. Similarly, the inp
signal \ is set at zero to determine the input resistar;; seen from the input signal sourc.

Resistance § and R, are ignorebecause they are very small.

Substituting da,

_Rrir, +2Rg)
Ri1 I e E—
r', +Rg
Since Rg==r,
r, +2Rg=>2R
or  r, +Rp==Rg
SRy =26 (E-3)

Similarly,

The factor of 2 arises because t¢' of each transistor is in series.

Output Resistance: R1andRo2

Output resistance is defined as the equivalenstaesie that would be measurewoutput terminal

with respect to ground. Therefore, the output taste Fo measured between collecto, and
ground is equal to that of the collector resistaRc.

Ro=Rc

15
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The current gain of the differential amplifier isdefined. Like CE amplifier the differential
amplifier is a small signal amplifier. It is genkyaused as a voltage amplifier and not as curoent
power amplifier.

Q.9. Derive the expressions for AC analysis of Dual th@alanced Output Differential Amplifier
with swamping resistors

Answer:

The gain of the differential amplifier is inversgyoportional to re which is temperature dependent
and hence gain becomes dependent on the tempeByunsing external resistorgRn series with
each emitter, the dependence of voltage gain datiars of £ can be reduced. It also increases the
linearity range of the differential amplifi&ig. 1.12 shows the differential amplifier with swamping
resistor R'. The value of R is usually large
enough to swamp the effect otr

T +Vee

Vour

Re

“Vee
Figure 1.12 Dual input Balanced output Differential Amplifiaith Swamping
Resistor
DC Analysis:

To obtain the operating poinid and \teq) for differential amplifier dc equivalent circug drawn
by reducing the input voltages and s to zero as shown ifig. 1.13

The internal resistances of the input signals areted by B because R= Rs,. Since both emitter
biased sections of the different amplifier are syetroal in all respects, therefore, the operating
point for only one section need to be determindee $ame values o¢d and e can be used for
second transistor Q

16
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In DC equivalent circuit there is addition of R¢’ in emitter path of both the transisitors, therefore the I and
Ve equations will have the term Rerepacled by Rg +R¢'.

? +Vee

Q2

“Vee

Figure 1.13DC equivalent circuit of Dual input Balanced outpifferential Amplifier with
Swamping Resistor

I. =1 =VEE_VBE
ET ¢ 2R + R,

Vee = Vee + Veg — IcR¢

AC analysis:

To find the voltage gain fand the input resistance & the differential amplifier, the ac equivalent

circuit is drawn using r-parameters as showfignl.14 The dc voltages are reduced to zero and the
ac equivalent of CE configuration is used.

In the AC equivalent circuit the ac emitter regis&g is in series with swamping resistog R
therefore the equations will be changed witteplaced bydt+Rg'.

17
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+ vﬂi

B1

Rs1

Vi

Figure 1.14AC equivalent circuit of Dual input Balanced outifferential Amplifier with
Swamping Resistor

Differential gain A4

Vo R
V1 =V,) 1. +Rg

Adz

Input resistance Ri; and Rj;
Ris =Ry =2 (re+ Ry
Output resistance Ry; and R,;
Ry1 = Roz = R¢

Q.10. The following specifications are given for the dungdut, balanced-output differential

amplifier with swamping resistor:dR= 2.2 k2, Re = 4.7 k2, RZ’ = 1002, Rn1 = Rinz = 500,

+Vee= 10V, -Mee = -10 V, B4 =100 and \ée = 0.715V.

a. Determine the voltage gain.

b. Determine the input resistance
c. Determine the output resistance.

Solution:

The operating point of the transistors is given by

18
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. Vegg—TVpg
=l =———
2Ry + Ry

10 - 0.715

I. = = 0.977mA
¢ T 2X4.7kQ + 100 m

Vee = Vee + Ve — IcR¢
Veg =104 0.715 — 0.977mA X 2.2 kQ2 = 8.565V

The ac emitter resistance re is given by

Y 25V g sgs0
e = T 0977ma " “”
The voltage gain is given by
R. 2.2kQ
Ay = =17.476

T +R, 25888+100
Input resistance Rand R
Ry = Ry = 2B(r, + Rg) = 2 X 100 x (25.888 + 100) = 25.176kQ
Output resistancedrand R

ROl = ROZ = RC =2.2 kQ

19
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UNIT No 2
Operational amplifier fundamente

Q1. Draw the block diagram of operational amplifier amabrking of each block itbrief.
Comment on the parameters contributed by each :

Answer:
Inverting
Input
£ Input > Intermidiate Level Shifting Output Output
> > — >
. Stage s Stage Stage Stage
Non Inverting

Input
Dual input Dual input Emitter follower Complementary
balanced output ~ unbalanced output with constant symmetry push pull
differential differential current source amplifier
Amplifier Amplifier

Figure 2.1 Block diagram of Operational amplif

OPAMP is basically a differential amp i.e., it wdmplify dc as well as ac i/p signals ¢
was originally designed for computiisuch mathematical functions as addition, subtrag
multiplication and integration. Thus the name operal amplifier stems from its origin
use for these mathematical operation and is aldiesl to opamp. Since opamp is
multistage amplifier it cabe represented by the block diagram as showhaweafigure

Input stage: The input stage is a dual input, balanced outpiferéntial amplifier. The tw«
inputs are inverting and n- inverting i/p terminals. This stage provides mdsthe voltage
gain of the OPAMP and also establishes the value of i/p resi€ Ri.

Intermediate stage:This is usually another differential amp. The ifpge drives the stag
The stage is a dual/p unbalanced o/p differentiated amp. Due to diceupling dc voltae
at the output of intermediate stage is well abéneground potentic

21



BOOK TITLE

Level- shifting stage:Due to direct coupling used between the 1st 2estathe i/p of level
shifting stage is an amplified signal with some romero dc level. Level shifting stage is
used to bring dc level to zero volts with respeagnd.

Output stage: This stage is normally a push pull complementdpystage. It increases the
magnitude of voltage swing and raises the currepplying capability of OP-AMP. It also
ensures that the o/p resistance of OPAMP is low.

Q2. Draw the circuit of voltage shunt feedback amplifissing opamp and derive the
expression for closed loop gain , input resistamdgéh feedback, output resistance with
feedback and banwidth with feedback.

Answer:

|
Y% Feedback
circuit

Figure 2.2: Voltage shunt feedback amplifier using opamp

Figure 2 shows the voltage shunt feedback amplifsng op-amp. The input voltage drives the
inverting terminal, and the amplified as well asdried output signal is also applied to the
inverting input via feedback resistor RF.This agament forms a negative feedback because
any increase in the output signal results in abiael signal into the inverting input, causing a
decrease in the output signal.

22
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The noninverting terminal is grounded, and the li@e#t circuit has only one resistor RF.
However, an extra resistor R1 is connected in sexi¢gh the input signal. The different closed
loop parameters for inverting op-amp are:

1. Voltage gain

2. Input and output resistances

3. Bandwidth

4. Total output offset voltage.

Voltage Gain :

Apply KCL at the input node V2,

lin =ltlg

Since input impedance is very large IB = 0,
lin = g

ViN—V2R1=Vo-VoRr

For non saturated output we can write,

Vo=AViq

Open loop gain of op-amp is large Vid =0,
V]_:Vz

V1=0, W is also virtually at zero potential.
i.e V2 = 0,

Vin Vo
Rp

Ry

23
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Input Resistance :

The input resistance is found using millerizing feedback resistor RF, that is , split RF into
two miller component as shown in Figure 2.

+\.f“_

The input resistance with feedback Rp = R; + —
Since Ri and A are very large,
RF _
Hence,
Rir=Ry

Output Resistance :

The output resistance with feedback RoFROF isé¢kestance measured at the output terminal of
the feedback amplifier. The output resistance @f mloninverting amplifier was obtained by
using Thevenin’s theorem. Thevenin’s equivalentwtrfor ROFROF of the inverting amplifier
is shown in Figure 3. The RoFRoF of the invertimgpéfier is identical because the output
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connections in both amplifiers are the same.
Ro

1+Ap

Ror =

Where,

Ro= output resistance of the op-amp
A= open loop voltage gain of the op-amp

B= gain of the feedback circuit.

Figure 2.4Thevenin’s equivalent circuit for Ro of invertiagnplifier

Bandwidth with Feedback :

The gain-bandwidth product of a single break fremyeop-amp is always constant. The gain of
the amplifier with feedback is always less than gan without feedback. Therefore, the
bandwidth of the amplifier with feedback fFfF mibst larger than that without feedback.

fr=fo(1+A4B)

where

fo = break frequency of the op-amp= unity gain baidth / open loop voltage gain
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Total Output Offset Voltage with FeedbOack :

When temperature and power supply voltages ard fitkee output offset voltage is a function of
the gain of an op-amp. The output offset voltagéhvieedback VooTVooT must always be
smaller than that without feedback. Specially,

Total output offset voltage with feedback = totatmut offset voltage without feedback / 1+AB
That is,

Where

tVsat = saturation voltages
A = open-loop voltage gain of the op-amp

B = Gain of the feedback circuit
B=R{/R;+Re

Q3. Draw the circuit of voltage series feedback amglifising opamp and derive the expression
for closed loop gain , input resistance with feedbaoutput resistance with feedback and
bandwidth with feedback

Answer:

In a negative feedback amplifier, a small portidrih@ output voltage is fed back to the input.
When the feedback voltage is applied in series i signal voltage, the arrangement is
Voltage Series Negative Feedback Amplifier.
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X1
LM741N

RF “ RL
10k ’

R1

- 1k
s 1 :

Figure 2.5: voltage seriefeedback amplifier using opat

the amplifier has a voltage gain,), and its output voltage {vis applied to a feedback netwc
that reduces by a factor (B) to produce a feedback voltags). The feedback network may
as simple as the resistiveltage divider shown in Fi

Negative feedback:

referring to the figure of voltage series feedbaniplifier, Kirchoff's voltage equation for inp
loop is

Via = Vin = Vs
whereV/;,is input voltage
V is feedback voltage

V4 is difference inputs volta

From the above equation difference voltage is etiudhe input voltage i, minus feedback
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voltage Vf .In other word feedback voltage always opposesniheat voltage(or it is out of phase
by 180 with respect to input voltage), hence f eetths said to be negative.

Close loop Voltage gain :

Af =
Vin
V0 =AV1-V2)
referring to figure
V1="Vin

R1V0
R1+Rf

V2 =Vf=

Therefore

R1Vo

VO =A(Vin -2

)

A(R1+Rf)Vin

Rearraging we geVo = RLSRF +ARL

Vo _ A(R1+Rf)
Vin ~ R1+Rf+AR1

ThusAf =
generally A is very large(fptherefore
AR1 >» (R1+ Rf)and R1+ Rf + AR1 = AR1

A —V0—1+Rf
f_vm_ R1

Gain of the feedback circuitis the rat of Vf and VO
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_Vf Rl
" VO R1+Rf

therefore we conclude that
1
Af ==
f B

Block diagram representation of non inverting afigriwith feedback

close loop voltage gain Af can be expressed ingesfropen loop gain and feedback ciruit gain
as follows

A(R1+Rf)
Af _ R1+Rf)
~ R1+Rf AR1
R1+Rf  R1+4Rf

aAf =2
1+ AB
Af= Closed loop gain
A= open loop gain
B= gain of the feedback circuit
A B=loop gain
Difference Input voltage Ideally zero:
Vid = 2
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Since A is very large (ideally infinite)

From the figureV; =V;,
Vz = Vf

_ R,
" Ry +Rf

Substituting values of Vand \4 in equation (2)

RV
Vi — 1Yo
R, + Rf
that is
Ap =2 =142
Vin Rq

Input Resistance with Feedback:

30
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Figure 2.6input resistance of with feedback

Figure shows voltage series feedback amplifier with opamp equivalent circuit.In this circuit
Ri is the input resistance of the opamp, and iR the input resistance of the amplifier with
feedback. The input resistance with feedback isddfas

R, =2
iF — Iin
V.
Rip = #

id
R;

1%
However V;; = 7"

A
And V, = mVin
Therefore R;r = Ri‘;—i;‘
a
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— Vin
- ARl AVin

(1+AB)

=R;,(1+ Ap)

This means that input resistance of the opamp vaddback is(1+ AB) times without
feedback.

Output resistance with Feedback:

Output resistance is the resistance determine igokiack into the feedback amplifier from
output terminal as shown in figure.This resistanaa be obtained by Thevenin’'s theorem for
dependent source.To find output resistance witbdlfaek Rr ,reduce independent sourcg
zero, apply an external voltage,\&nd then calculate the resulting currgnt i

Figure 2.7:0Output resistance of with feedback

In short Rrisdefined as follows:
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Vo
Rop = —
lo

(3)

Writing Kirchoff's current equation at output noble we get
lp =15 +1ip
Since[(Rr + Ry) | R;] » Ryand i, > i, therefore,

~ 7

lo la

The curreni, can be found by writing Kirchoff's voltage equatitor the output loop
v, — Ryi, —AViy = 0

. v, — AV

iy R—o

HoweverV;; =V, =V,

lﬁﬂ&.z._ﬁv
Ri+Ry 0

. +A
Therefore i, = Zet46%

0
Substituting values of io in equation 3,we get

Vo
vo+ABY,
Ro

Rop =
R

R, = _Ro_

oF ™ 14ap

This result shows that output resistance of voltsgges feedback amplifier is 1/(1fAtimes
output resistance Jof the opamp.
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Bandwidth with feedback:

The bandwidth of an amplifier is defined as thedahfrequencies for which the gain remains
constant. Manufacturer generally specify eitherghim bandwidth product or supply open loop
gain versus frequency curve for the opamp as shovigure below..For 741 opamp , 5hz is the
break ,the frequency at which the gain A is 3 d&drom its value at 0 Hz.

Figure 2.80pen loop gain versus frequency curve of the 741C

This is denoted by,f.On the other hand the frequency at which gairalsgto 1 is known as
unity gain bandwidth (UGB).The relationship betweareak frequency,f,open loop gain
A,bandwidth with feedback-fand closed loop gaingAcan be established as follows.

UGB = (A)(fo)
Where A= Open loop voltage gain
fo=Break frequency of opamp

or only for a single break frequency opamp
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UGB = (Ap)(Fp)
WhereAr is the close loop gain
Fr is bandwidth with feedback

Therefore
(A)(f,) = (Ap) (Fp)

(A)(fo)
fr = 2o )
F

For the non inverting amplifier with feedback

P
P71+ 48

Therefore substituting values in equation (4),we ge

A)(f,
o = )

1+AB

fr=fo(1+A4p)

This shows that bandwidth of non inverting amptifiath feedbaclf; is equal to its bandwidth
without feedbaclf, times(1 + Ap).

Total output offset voltage with Feedback:

Total output offset voltage without feedback
1+ Ap

Total output offset voltage with feedback =

i\/Sat

Voor = 1+ AB

Where 1/1+A4 is less than 1 ant Vg, is saturation voltages, maximum voltages the dubpu
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an opamp can reach.

Q 4. Draw the circuit of voltage follower using opampdaderive the expression for closed loop
gain , input resistance with feedback, output tesise with feedback and banwidth with

feedback.

Answer:

VINO—\

BOOK TITLE

O Vour

/

Figure 2.9: Voltage follower

When noninverting | is configured for unity gaim,is called voltage follower because output
voltage is equal to input and in phase with influe. Voltage Follower, also called a buffer does
not amplify or invert the input signal but instepbvides isolation between two circuits. The
input impedance is very high while the output imgreck is low avoiding any loading effects
within the circuit. As the output is connected ballectly to one of the inputs, the overall gain

of the bufferisl .

Af =1
Rif = ARi
R
Rof = 70
fr = 4fo
_ XVsar
oor = T
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Q 5. For the non inverting amplifier using opamp=R KQ ,R=10KQ and the opamp used has
A=2*10", R= 2M Q, R=75Q ,UGB=1MHz, H\, =+13v . Determine closed loop gain , input
and output resistance with feedback, bandwidth ie#tdback and total output offset voltage
with feedback.

Answer:

g = R1 1k 1
" R1+Rf  1k+10k 11

1
1+Ap = 1+20000XH: 18182 .8

A 200000
F = = = 0 99
1+AB 18182.8

Rir = R;(1+AB) = 2M(1 + 18182.8) = 36.4GQ

R,p = 4.12mQ

~18.182.8
fo =5 x 18182.8 = 90.9 kHz

= —— = 40.
Voor = Tg1gyg = 0715 mV

Q 6. For the inverting amplifier using opampR470Q R = 4.7K2 and the opamp used has
A=2*10°, R= 2M Q, R=75Q ,UGB=1MHz, :\,; =+13v . Determine closed loop gain , input
and output resistance with feedback, bandwidth viegdback and total output offset voltage
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with feedback.

Answer:

R; 4700 1

k = = =
Ry +R; 470 +4700 1.

—_

Ry 470
Ry +Rf 470 +4700

B

—_
b—\lH

1+A,8=1+20000><ﬁ=18182.8

N Rr 4700
F= R, 7 470 —
R = R+ | R, = 470 + 4700 I 2M = 470Q
L 1+ 20000 -
R, = Ro __75 = 4.12mQ
oF =114 181828 M

5x 18182.8
fr = ———"—" =100 kHz

11
+V. +13
=—S4T _ _— = +0.715mV

V. .. = =
°oT ™14+ AR~ 18182.8

Q.7 For the voltage follower using opampR KQ R =10KQ and the opamp used has
A=2*10°, R= 2M Q, R=75Q ,UGB=1MHz, £\, =+13v . Determine closed loop gain , input
and output resistance with feedback, bandwidth ie#tdback and total output offset voltage
with feedback.
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Answer:
Af =1
Rir = ARi = 20000 X 2M = 400GQ

R _R_ 75 = 0.375mQ
of = 2 = 30000 = 0:37°m

fr = Afy = 20000 X 5 = 1MHz

S +Voar _ 13
oot A 20000

= +65uV

Q 8For the inverting amplifier R1= 4.7 k and Rf = 4&7Determine maximum possible output
offset voltage due to i) The input offset voltageily The input bias current IB iii) What value of
ROM is needed to reduce the effect of input biaeotIB? Use opamp 741 type.

Answer:

Inverting Amplifier with R= 4.7 k and R= 470Kk, [,=200nA,k= 500nA
Voo = Rel, = 470k X 200n4 = 94mV

Vo = Relg = 470k X 500nA = 235mV

Rom = Ry | Ry = 4.7k || 470k = 4.653kQ

Q. 9.The op—amp used as non inverting amplifier witheR7 kQ R= = 470 k2 The opamp has
input offset voltage of 10 mv. Calculate the maxmuautput offset voltage caused hy.\Also
design the compensation network fgs.V

Answer: Noninverting Amplifier with R = 47 K2, R =470 K2 , V\0= 10mVv.
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Figure 2.10: non inverting amplifier with Compensation
Voo = (1+2L)V
00 — ( R 1) 10

470k

=(1 + H) 10mv = 0.11v

Compensation network

Vio ===
10 R
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R, = 6KQ
Therefore
R, = 6KQ,
R. =100

Q.10.The OP-amp used as inverting amplifier has following@apcation AVi,/AT = 25uV/°C,
Alio/AT = 15 nA/°C. The amplifier uses R 1002 and R = 8.2k, +Vs =+ 15v and is nulled at
25°C. A sine wave of I0mv peak amplitude at 10@sHpplied as input to the circuit. Draw the
output voltage waveform at 25°C and 45°C.

Answer: inverting amplifierAVi /AT = 25uV/°C, Alio/AT = 15 nA/°C, R = 1002 and R =
8.2kQ, +Vgs=% 15v

AT =45-25=20

Rf AVIO AIIO
MVoor,, = (1+75) (Fo2) % AT + Ry (a2 x AT
1

= (1 + %) (25uv) x 20 + 8.2k X (15n4) X 20

= 0.0415 + 0.00246

= 43.95mv
R ]
Voys = _R_1 X Vin,

8.2k
=———Xx10mv
100

= —0.8v
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Vous = —0.8v £ 43.95mv

= —.84395v or — 0.75065v
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Unit-3
Linear Applications of Operational Amplifi

Q.1. Draw the circuit of Inverting summer amplifier addrive the expression for outf
voltage.

Answer:

The configuration ishown in figure. With three input voltages va & vc. Depending upon tr
value of Rf and the input resistors Ra, Rb, Racthauit can be used as a summing amplif
scaling amplifier, or averaging amplifi

Ra it it Rt
W |_>ﬁMM,_

Rb iz
=W -

Re s Vo
AW ——o

V1
+

Figure 3.1 Inverting Summing Amplifier

Again, for an ideal OPAMP, V= V.. The current drawn by OPAMP is zero. Thus, apg
KCL at V> node

l1+l2+l3=lf
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If in the circuit shown BER,=R.=R

Ry
Vo= =LtV + 10

This means that the output voltage is equal tondgative sum of all the inputs times the gain of
the circuit R/ R; hence the circuit is called a summing amplifi®hen R= R then the output
voltage is equal to the negative sum of all inputs.

Vo= +Vp + 1)

If each input voltage is amplified by a differeatfor in other words weighted differently at the
output, the circuit is called then scaling ampilifie

R R R
f f f
0 R, * Ry b R, ¢

The circuit can be used as an averaging circuighith the output voltage is equal to the
average of all the input voltages.

In this case, B R.= R.= R and R/ R = 1/ n where n is the number of inputs. H&reR =1/
3.

Vo +Vy + Vo)
o 3
In all these applications input could be eithepadc.
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Q.2. Draw the circuit of No-Inverting summer amplifier and derive the expres$ar output
voltage.

If the input voltages are connected to -inverting input through resistoren the circuit ca
be used as a summing or averaging amplifier thrqugper selection of 5, Ry, Rand R. as
shown in fig. 3.

Figure 3.2 Non-Inverting Summing Amplifier

To find the output voltage expression, V; is required. Applying superposition theorem, the voltage V; at
the non-inverting terminal is given by

Rb”Rc Ra”Rc Ra”Rb
Vo= ( (Foe) Vo (Fe ) o + (<2 )
1 ( Ra a Rb b Rc c

(R R/, R/,
e (R+R/2>V“+(R+R/2>V”+<R+R/2>VC

45
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Ve +Vp + V)
1=f

Hence the output voltage is

R R VL, +Vy,+ 1)

f f a b c
v.=(1+2L\yv, =(1+L)(+>——2>2 <
0 ( Rl) 1 ( R1)< 3 )

This shows that the output is equal to the average of all input voltages times the gain of the circuit
(1+ Rf / R1), hence the name averaging amplifier.

If (1+Rf/ R1) is made equal to 3 then the output voltage becomes sum of all three input voltages.
Vo=Va+Vp+1;

Hence, the circuit works as non-inverting summing amplifier.

Q.3. Determine the gainy/ V; of the circuit of figur 3.3

Vi

Figure 3.3 Circuit for Q.3.
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Solution:

Applying KCL at inverting node of OP-AMP

V-0 0-V,
R R
Vi -1
R R
Vl = _Vl

Applying KCL to node V,

Applying KCL to node V,

Vo 3V, 1y
R R R
Vo 9V V;
R R R
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Q.4. Find the relationship betweerp and \{ through \4 in the circuit offigure 3.4

R
v, O WW—
R R
V2 O—WW WWy
R
VZ O_W - Vo
R —0
Vi o~ MW— -
R
Vs o—MW—

R R

Voo WW—L—wWw

Figure 3.4 Circuit for Q.4

Solution:

Let's consider of V1 (singly) by shorting the othee. the circuit then looks like as showrfig.
3.5.
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R

Figure 3. 5Circuit with superposition theorem-1
The circuit behaves as simple inverting amplified &5, is given by

Vo1 = RV— V-
o1 = TR TN

The circuit considering ¥and \4 is also same and outpug)and Vpz is given by
Vo2 = —sz = —V,and/,5 = —%V's =V

Let as now consider the case aofWith other inputs shorted, circuit looks like &®wn in
figure 3.6
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—0 Vo

R
—WA—
+*
R R

Figure 3. 6 Circuit with superposition theorem-2

The non-inverting potential is now given by

R/3

Ve = ——V.

The output voltage Vodue to V4 if of non-inverting given by

R
V04 = (1 + V) VN4—
3

R
R /3
V4=<1+ )X V4
’ R/3 R+R/3

Voa = V4

The circuit considering ¥and \4 is also same and outpuga@nd Vye is given by

V05 = V5 and V06 = V6
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The total output voltage is given by

Vo = Vo1 + Vg + Vs + Vou + Vs + Ve

I/Oz_Vl_VZ_V3+V4_+V5+V6

Q.5. Show that the circuit digure3.7has A=\6/V,=- K (R/R)wWithK=1+R /R +
R,/ Rs, and R = R1.Also specify resistance not larger than 100 Kc¢bhiave A = -200
V/V and R= 100 K.

Vo

Figure 3. 7 Circuit for Q.5

Solution:

Applying KCL at inverting node,
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Applying KCL at feedback nodeyy

R, R,  Rs
-V, V=V, V,
R, R, R;

Rz _ _yRe

ﬁ_‘”i %+ Vi

R, R, R;

Vi ViR, —=V,Ry  —ViR,
R, R.R, RiR;

ViRsRy = —=ViR;R3—V,R1R3 — ViR,R,

Vi(R3R4 + RyR; + R2R4) = —VoR1R3

V, (1!231!24 + R,R; + R2R4>
v, RyRs

V, R,(R, R
_o=__2(_4+_4+1)
Vi Ri\R; Rs

v, R R, + R

2=_2 1+R4( 2 3)

i R, RyR3
Yo_ _ R
Vi Ry

where
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R, + R;
k= 1+R4(R2R3 )

The circuit is inverting configuration thereforg=R;=100KQ

Given R=100K and R= R;= R;=100K

Wl Ry R, + R3
2l =2(14+R ( ) = 200
AR ( TR TRR
1+ 100K (100K * R3) = 200
100KR; /
R; = 505Q

Q.6. Find Vyytand py: for the circuit shown in figure 3.8 . The inputtage is sinusoidal with
amplitude of 0.5 V.

Figure 3. 8Circuit for Q.6
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Solution:
We begin by writing the KCL equations at both thantl — terminals of the op-amp.
Apply KVL at the inverting terminal,

V.=Vyye V.—0

+ =0
9.8 x10* = 7000
Therefore,
15V_ = Vout
For the positive terminal,
V+ - Vm V+ - O 0

+ =
104 2 X 104

This yields two equations in three unknowng,,W. and \.. The third equation is the
relationship between.Mand V. for the ideal OPAMP,

V=W
Solving these equations, we find
Vout = 10V;, = 5sinwt V
Since 2 K2 resistor forms the load of the op-amp, then threetul i,y IS given by

Vour 5Ssinwt

lout = R, 2KQ = 2.5sinwt mA

. . . . 2R\ R
Q.7. For the different amplifier shown fingure3.9 verify thatV, = — (1 + R—;) R—': (Ve—Vy)
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Figure 3. 9Circuit for Q.7

Solution:
Since the differential input voltage of OPAMP ighgible, therefore,

V1= VX
and \, =V,

The input impedance of OPAMP is very large andiefuee, the input current of OPAMP is
negligible.

Thus

Vo—=Vi V1 =1,
R,  R;
Va_V;c_Vx_Vy
R, R,
R,

Vo= (h—W)+%
3
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And

The OPAMP3 is working as differential amplifiergtiefore,

Rf
Vo = R_l(Vb - Va)

R R
o= b v 2 -y}
2R\ R
Vo =—<1+R—;>R—1(Kc—‘€v)

Q.8. Prove that the network shown in figure is a norentimg integrator with.

2
Vo = R[ Vs(t)dt
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R R
[WWT— W
= A
Vo
—0
B +
Ve(t) R
EE‘ C

Figure 3. 10Circuit for Q.8
Solution:

The voltage at point A is Y/ 2 and it is also the voltage at point B becauerdnce inpuf
voltage is negligible.

VB:VOIZ

Therefore, applying Node current equation at pBir

v, 2V,
dt RC
2

v, = ﬁ] V.(t)dt
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Q.9. For the circuit shown in figure 3.11 prove that
R3
_ ﬁ _ 1+ /R4_
Vo=(1+3) (Vz .

Also verify that if R/ Ry = Ry / Ry, the circuit is an instrumentation amplifier wiglain
A=1+R/R.

Ra Vo R1 Rz

WWy WW—T— MWW

R4

= —0Va

U«: o Vz

Figure 3. 11Circuit for Q.9

Solution:

Here
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So in this condition circuits as an instrument afigslwith gain (1 + —)
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R R R
V0=——2<1+—3>V1+<1+—2)V2

R, R, R,
Ra (1 4 Fs

w,=(1+§—i) Vz—%m
Ry
1+3

V0=(1+};—j) VZ—%W
R

R,
Vo= (1+22) 2 =)
R,

Ry
Ry
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Q.10. Obtain an expression of the type= Vi / R - \6 / Ry for the circuit shown in fig. 6.
Hence verify that if R/ Rs = R,/ R, the circuit is a V-I converter withqRo and R = RRs /

R>.

Figure 3. 12Circuit for Q.10
Solution:

Here

WS+ \";'vﬂ_m
Rz + Ry

VRs VR

Y im4 _ Vohy4

"R, +R, R,+R,
o MRy MRy

R3+R4 R3+R4

Vg =[1+ P2y = Re fqa Bl s Re [ Raly
R1 * R3+R4 R1 IR3+R4
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Yo~ Vo
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_W Yo
R Rg
Where
So when
then,
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H5[1+R—3
o- Re) ReRy
&1+R—2 R1
R Ry
- Rs _ Rs
Ro = TR, IR
T+ R, /R,
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UNIT No 4

ACTIVE FILTERS Of Operational Amplifier

Q1. Draw the circuit of First order low pass filter artkrive the expression for cut-off frequency
Answer:

First order low pass filter uses an RC networkfilbering. Resistor Rand R determine gain of
the filter.

According to the voltage divider rule , voltagets noninverting terminal is

_ch

(1

1

Wherej =v—-1 and—jX, = T2mrC

Simplifying equation (1) we get
Vin

Y1 = 1+ j2nfRC

And output voltagey, = (1 + ?) (2
1

i — &)L
Thatis vy = (1 + R, ) Trj2nsrC

1% A
Vin 1+](E)
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Where:—'o = gain of the filter

R2

Figure 4.1: First order low pass butterworth filter circuit

The gain angd phase angle equation of low pass Gén be obtained as

Vo | Ap
Vin B f 2
1+ (E)
f
= —tan~! <—>
Y fa

Whereg is phase angle in degrees.

The operation of low pass filter can be verifieahfrthe gain magnitude equation as

1. Atvery low frequencies ,that fs<fy,
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—|=A
vm F
2. Atf :fH s
Vo Af
—|=—=0.7074
vm \/E F
3. f>fy,
Vo
—(>A
vm F

Thus low pass filter has a constant gainfrom 0 Hz to high cut off frequency f At fy the
gain is 0.707A and afterf it decreses at a constant rate with an increaseqodreyThe
frequencyf =fy is called cut off frequency because the gain effilker at high frequency is
down by 3 db from 0 Hz.

Q.2 Design a low cut off frequency of 1 kHz with essphand gain of 2.
Answer:

Select f; =1 kHz.

Let C=0.01uF

1 1

R = = = 15.9kQ
2nfyC  2m(1k)(1078)

Since passband gain is 2, &d R must be equal .

Let R=Rs=10 kK2
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A
10k
Rl
- W + Vc}ut
; C
Vin R ==
15.9k

Figure 4.2 Design of First order low pass butterworth filbacuit

Q.3 Draw the circuit of second order high pass filied derive the expression for cut-off
requency show that the gain roll off rate in stapdbis 40db/decade.

Answer:
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L = i
Gain = V.,

1.0 Slope = —40 db/decade

(a) (b)

Figure 4.3: (a) second order low pass butterworth filtecwit (b) second order low pass
butterworth filter frequency responce

A first order low pass filter can be converted iateecond order type simply by using an
additional RC network.Second order filter are imipot because higher order filters can be
designed using them.the gain of second order fadteet by Rand R while high cutoff
frequency f is determined by RC,,R;3,Cs as follows

1

" 21 JR,R5C,Cs

In the circuit all the components and the cirpaitameters are expressed in the S domain where
S =jw.

fu
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Writing Kirchoff's current law at node M(S),
Il = 12 + 13
Or
Vi, =V, Vi—V Vy—=V
in A A - 0 + A 0 (1)
R, = R;

SC,

For simplicity in this equation omit S ,Applying Kage divider rule

1

vV, = LlVA
SinceR;r =, Iz = 04
v, = — 4
17 RCS+ 1

Or
VA = (R3C3S + 1)V1
Substituting value of, in equation (1) and solving for;We get

(R3) (Vi) + (R3R,C35) (V)

V. =
17 (R3C3S + 1)(R, + Rs + R,R5C,S) — R,

However V, = (Ap)V;
Wheredr, =1+ (%)
1
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Therefore
_ (Ap)(R3)(Vin) + (R3RyCy5) (Vo)
N (R3C3S + 1)(R2 + R3 + RzR3CzS) - Rz

Vo

Solving this equation fof'l we have

Vo Ap
T R3C3+R;C3+R,Co—ApR2C3)S 1
Vin SZ+(33 2C3+R2C2—AFR2C7)

R2R3C3C3 R2R3C2C3

For frequencies abovg the gain of the second order low pass filter roffsat the rate of -40
dB per decade.This means that

(wy)? = ——
YH T RyRyC,Cs
Or
1
Wy = ————
JRoRC,C
1
fu

" 21 JR,R5C,Cs

For the second order low pass butterworth respooisgge gain magnitude equation is

Where A =1 + (?): pass band gain of the filter
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f= frequency of input signal(Hz)

1

fu = PPy = high cutoff frequency

Q. 4 Design a second order low pass filter at a highofiurequency of 1 kHz.
Answer:

fu=1kHz

Let G= Cs= 0.047pF

1
37 (2m)(103)(47)(10-19)

R, =R = 33.86k(}

Rr must be 0.586 Rlet R=27kQ ,therefore

Ry = (0.586)(27k) = 15.82kQ

70



BOOK TITLE

Figure 4.4Design of second order low pass filter
Que.5. Design second order High-pass filter with cut-offiduency 5 KHz
Ans. f .= 5kHz

Let C= Cs= 0.01uF

= 3.183k()

1 1
R2=1R3 = 2nf,C  2m(5k)(10-8)

Gain component Rand R-,
Damping coefficient. = 3-A- = 1.414

A|: =1.586

Let Ri= 10kQ, therefordRr=5.86K2
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M 86k
10k Ry
R *WVee
i
W N\
= op-amp o
C c V
e I + _T_ °
. 0.bauF 0.01uF Vee L
V. 3.183k L
" R, < 3.183k R
Figure 4.5Design of second order high pass filter
capacitors of 1000 nf.
Answer:
fu=20 kHz
Let C=1000nF,

For fourth order equation {$2 + 0.765S + 1)(S? + 1.848S + 1)
R
For gain

1
Stage 1a; =0.765

Q.6. Design a fourth order Butter worth low-pass fikdrose band width is 20 KHz. Use all
a1 = 3- Am= 0.765

1
" 2nfy,C _ 2m(20k)(1000)(10-9)

= 7.590Q
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Agi= 2.235
Ar=1+ (f;—'l”) = 2.235
Let R =10k2 , Re = 12.35/0
Stage 2a; = 1.848
1= 3- Ap= 1.848
A= 1.152

Ar=1+ (f;—'”) =1.152

1

Let R, =10k2 , R-=1.522

Ry 1.52k RF
AMA- ANy
: J_ 10k +15V
| & R 741

+
: 7.59 7.59 V
; : l c i RrAE

Second Order 4 Second Order —

l|p—

Figure 4.6 Design of fourth order Butter worth low-passeiit

Q.7 Design first order wide-band pass filter with=f400Hz & {, = 2 KHz
Answer:
fL =400Hz & f; = 2 KHz
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Ap* AR =4

First order low pass filter frequency component:

fu =2 kHz.
Let C=0.01uF
R = ! = = 7.957k()
2nfyC  2m(1k)(1078)
Since passband gain is 2, &d R must be equal .
Let R=R:-=10 kK2
First order high pass filter frequency component:
F_. =400 Hz.
Let C=0.01uF
R’ ! ! = 39.788k)

" 2nf,C  2m(400)(10-8)
Since passband gain is 2, &d R must be equal .

Let R'=R¢ =10 kQ
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[ i ; J
1 : A
[ 3ok Mk '

s e - Ly
i f?}—r“

=
5 i!!!ﬂ'i ;J" T '] . o B Ry Wy
.%;. Vi % R 39,78k a.aay. " _i_

- — .ﬁ'r'F."r

First Ordser High Fasa Filtas First Cevior Low Pass SiEar
Figure 4.7: Design of first order wide-band pass filter
Q.8 Design Second order wide-band reject filter witke 4 KHz & fy = 1 KHz.

Answer: Second order low pass filter:

fu=1KHz
Let C=0.01uF
R = ! = ! = 15.915kQ
2nfyC  2m(1k)(1078)
C1,C, =0.01uF
R2,R; = 15.915K)
Second order High pass filter:
FL = 4 kHz.
Let C=0.01uF
R' = ! = ! = 3.9788k()
2nf,C~ 2m(4k)(10-8)
Cy,C2 = 0.01uF
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Ry, R3 = 3.978 K2 ,Gain component of second order low pass and high figer
S22 +1.414S+1

a=1414 =3 — A,
Ap = 1.586

Let Ri= R/'=10kQ , R- = R ‘= 5.86kQ

For adder all resistance of 1Qleach.
Re

Figure 4.8 Design of Second order wide-band reject filter
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Q 9.Design narrow band pass filter shown in figure Isat fc= 1 kHz,Q=3, and =10.
Answer: Let G, = G, =C = 0.01uF

R1: Q
2nf.CAp

3
K= enamaroao

) Q
Re = ot 22 — A

= 4.77kQ

3
R = ) 0o 2G)E - 10]

= 5.97kQ

741/351 L

+ ERL
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3

Ry = s om o = 05ok0

Use R =4.7K) R, = 6.2k2 and R = 100K.
Q.10Design a 60 Hz active notch filter.

Answer:

Let C= 0.068uF

1 1
R = nfC = 2m)(60)(68)(10-%)

= 30.01kQ

For R/2 parallel two 39Q resistors for the 2C component parallel two O0.Fc8apacitors.

QLD&EuF

L,\( R - R l
A A
3901 kJ_ 3901k [ —

ke

Figure 4.10: Design of active notch filter
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Nonlinear Circuits And Waveform Generators

Q.1. Draw the circuit of Active Clipper and explain w®rking with waveforms.

Answer:

By slightly modifying the circuit, an active dioddeal clipper circuit is obtained Figure 5.1,
shows an active clipper which clips the input vipétdoelow \4.

Vin

When Vin <\k, then V' is positive and D conducts. Under theselitions, the OPAMP works
as a buffer and the output voltage equals the gel& non-inverting terminal

Vout = Vg.

If Vin> Vg, then v' is negative and D is OFF and¥Vin R. / (R. + R) » Vi if R << R Thus,

Vv

BOOK TITLE

Unit-5

Vo

=

79

R

Figure 5. 1 Active Clipper using OP-AMP
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output follows input for Vin > ¥ and \ is clamped to ¥if vin < Vg by about 60 mVFigure
5.2, shows the output waveform of clipper circuit. il is reverse biased a large differential
voltage may appear between inputs and the OPAMR Ineusapable to withstand this voltage.

+ Vour

I

AwAwa=r
NAVAY

Figure 5. 2The output waveform of Clipper circuit

Q.2. Draw the circuit of Active Clamper and explainwsrking with waveforms.
Answer:

Figure 5.3shows an active positive clamper circuit.

Figure 5. 3Active Positive Clamper Circuit

The first negative half cycle produces a positiAMP output, which turns ON the diode. This
capacitor charges to the peak of the input withpiblarity shown irFigure 5.3. Just beyond the
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negative peak the diode turns off, the feedback lmmens, and the virtual ground is lost.
Therefore,

Vout= Vin + Vp

Since b is being added to a sinusoidal voltage, the fdput waveform is shifted positively
through 6 volts. The output wave form swing from 0 to2& shows ifrigure 5.4.Again the
reduction of the diode-offset voltage allows clangpwith low-level inputs.

During most of the cycle, the OPAMP operates inatieg saturation. Right at the negative input

peak, the OPAMP produces a sharp positive goingepthiat replaces any change lost by the
clamping capacitor between negative input peaks.

vl ]

f
Veat | | | | |I |

NAVAVAVE

Figure 5. 4Output Waveforms of Active Positive Clamper

Q.3. Draw the circuit of Comparator and explain its wimy with related waveforms

Answer:

An analog comparator has two inputs one is usaatlgnstant reference voltage &nd other is
a time varying signal Mand one output . The basic circuit of a comparator is showifrigure
5.5.
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When the noninverting voltage is larger than theeiting voltage the comparator produces a
high output voltage (+3). When the non-inverting output is less than theerting input the
output is low (-\4ay). Figure 5.5, also shows the output of a comparator for a siickas.

a Vo
Vi

Vr Vr
'U:al [ea=

|

/{
\/

#\Vzat |- L

v

Mgatl L— L !

e
e
e

=

Figure 5. 5Basic Comparator and its output waveform
Vo= -Vsaif Vi> Vg
=+ Vsaif Vi< VR
If Vs = 0, then slightest input voltage (in mV) is enbug saturate the OPAMP and the circuit
acts as zero crossing detector as showsgare 5.6. If the supply voltages are £15V, then the
output compliance is from approximate — 13V to +13¥%e more the open loop gain of

OPAMP, the smaller the voltage required to satutaeoutput. If yrequired is very small then
the characteristic is a vertical line as showFigure 5.6,
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Vout

+Vsat
u'in \
f-
/ Vo Vi

—_— Msat

Figure 5. 6Zero crossing detector

If we want to limit the output voltage of the comgtar two voltages (one positive and other
negative) then a resistor R and two zener diodeadded to clamp the output of the comparator.
The circuit of such comparator is showrFigure 5.7, The transfer characteristics of the circuit
is also shown ifrigure 5.7.

& Vout
Vi
. I R (Vz+Vo)
—=\a

"JR EZ.\ >
] VR Vi
Py

A(Vz+Vo) |- - -

Figure 5. 7Comparator with limiting output using zener diode
The resistance is chosen so that the zener opénateser breakdown region. Wher¥/0 then

the output changes rapidly from one state to otbey rapidly every time that the input passes
through zero as shown kigure 5.8
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Vif\ /’

Vout

Figure 5. 8Zero crossing detector

Such a configuration is called zero crossing detett we want pulses at zero crossing then a
differentiator and a series diode is connecteti@butput. It produces single pulses at the zero
crossing point in every cycle.

Q.4. Draw the circuit of Inverting Schmitt Trigger angpain its working. Also explain how
the hysteresis curve can be shifted on x-axis.

Answer:

If the input to a comparator contains noise, thipoiumay be erractive when,vs near a trip
point. For instance, with a zero crossing, the ouigplow when y; is positive and high when,v
is negative. If the input contains a noise voltagi a peak of 1ImV or more, then the
comparator will detect the zero crossing producethb noiseFigure 5.9shows the output of
zero crossing detection if the input contains noise
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Vin

Voo ]
I L

Figure 5. 9Zero crossing detector output with Figure 5.T108chmitt trigger
noise

This can be avoided by using a Schmitt triggecutrwhich is basically a comparator with
positive feedbacligure 5.1Q shows an inverting Schmitt trigger circuit usl§AMP.

Because of the voltage divider circuit, there oaitive feedback voltage. When OPAMP is
positively saturated, a positive voltage is feeétttacthe non-inverting input, this positive
voltage holds the output in high stage;,€¥;). When the output voltage is negatively saturated,
a negative voltage feedback to the inverting inpatding the output in low state.

When the output is +¥:then reference voltage.is given by

R,
Vref = (Rl n R2> X (+Vsae) = +BVsar

If Vi, is less than ¥ output will remain +\

When input \, exceeds Y = +Vsatthe output switches from €} to —Vsa: Then the reference
voltage is given by

R,
Vref = (m> X (_Vsat) = —BVsar

The output will remain —¥;as long as¥>Viet.
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Unut Uih ] ;
|
I - R i
|
|
| !

Vin

W

—[Wsa T BV aae

Naat T Sy

Vouw

Figure 5. 11Transfer Characteristics of
Schmitt trigger

Figure 5. 120utput Waveforms of Schmitt
trigger

If Vin<Viet i.€. Vinh becomes more negative thansmthen again output switches to sMand so
on. The transfer characteristic of Schmitt triggiecuit is shown irFigure 5.11 The output is
also shown irFigure 5.12for a sinusoidal wave. If the input is differeh&h sine even then the
output will be determined in a same way.

Positive feedback has an unusual effect on thaitint forces the reference voltage to have the
same polarity as the output voltage, The referevaéage is positive when the output voltage is
high (+Vsat) and negative when the output is loWgat).

In a Schmitt trigger, the voltages at which thepotiswitches from +vsat to —vsat or vice versa
are called upper trigger point (UTP) and lowergegpoint (LTP). the difference between the
two trip points is called hysteresis.

R,

UTP = <R1 n R2> X (+Vsat) = +LVsar
R,

LTP = (Rl n R2> X (_Vsat) = _ﬁVsat
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Viys = UTP — LTP

R, R,
= —_— )( —_ —— X —
Vhys (Rl + R2> (+Vsar) (Rl + Rz) (=Vsar)

Ry
Vs = 2 (g 7 Vo

Vhys = 2BVsar

The hysteresis loop can be shifted to either sid®i point by connecting a voltage source as
shown inFigure 5.13

1\"Iin

— » +Weat

b Vin

W

W
i

Vi “Weat

Figure 5. 13Schmitt trigger with shifted Hysterisis curve

When b= +Vsat , the reference. Voltage (UTP) is given by

Ry (+Vsyt =V,
UTP=( 2( sat R)>+VR

R{ + R,

R,
UTP = BV, (—V )

When b= -Vsat , the reference. Voltage (UTP) is given by
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R,(—Vou =V,
LTP=( 2( sat R)>+VR

R{ +R,

R,
LTP = -V +( V)
lgsat R1+R2R

If VR is positive the loop is shifted to right sideVik is negative, the loop is shifted to left side.
The hysteresis voltagen){ remains the same.

Q.5. Draw the circuit of Non-inverting Schmitt Triggem@explain its working.
Answer:
In this circuit the feedback is given at non-inuegtterminal. The inverting terminal is grounded

and the input voltage is connected to non-inveriipgit. Figure 5.14 shows an non-inverting
schmitt trigger circuit.

Veout

M
W
F

Vout

Vin —FVsat 1 PVsat .

W
W

Figure 5. 14Non-Inverting Schmitt trigger & its Traansfer Cheteristics

To analyze the circuit behaviour, let us assumetliput is negatively saturated. Then the
feedback voltage is also negative (-Vsat). Therfébdback voltage is also negative. This
feedback voltage will hold the output in negatia¢usation until the input voltage becomes
positive enough to make voltage positive.
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Ry(~Viae =V
VNI — < 2( sat ln)) + Vm

R{ + R,
Vi, = -V, Rz +V Ry
NI — sat R1 + RZ in R1 +R2
Ry
Vni = m(—RzVsat + Ry Vin)
vy = — ( R e 4V, )

When Vin becomes positive and its magnitude istgrahan (R2 / R1) Vsat, then the output
switches to +Vsat. Therefore, the UTP at whichdbput switches to +Vsat, is given by

R,
UTP = p-Vsau

Simillarly, when the output is in positive satucatj feedback voltage is positive. To switch
output states, the input voltage has to becometiveganough to make. When this input
transition takes place, the output changes to ¢dgative state from positive saturation to
negative saturation voltage.

RZ (+Vsat - Vin)
Vv = V-
NI < R, +R, Vi

Vo) = Vo2 yy _fa
NI — sal:Rl_I_R2 inR1+R2

Ry
Vi = m (R2Vsar + R Vi)

v, = — (RZV +V>
NI_R1+R2 Rl sat in
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When Vin becomes negative and its magnitude istgrélaan R2 / R1 Vsat, then the output
switches to -Vsat. Therefore,

R,
LTP = — R Vear

The difference of UTP and LTP gives the hysterekithe Schmitt trigger.

Viys = UTP — LTP

R,
Vhys =2 <R_1> Vsat

Vhys = 2BVsqr
In non inverting Schmitt trigger circuit, tifeis defined as

ﬁ—&

Q.6. Draw the circuit of Astablemultivibrator using ORV® and explain its working with
neat waveforms and derive necessary expressions.

Answer:
The Schmitt trigger circuit with negative feedbdatp of RC can be used as Astable

multivibrator as shown ifigure 5.15 The circuit produces a square wave at the owtpose
frequency depends on the timing RC combination used
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R

—— W

Ve

bl Vd

L

_‘-‘% YWWWA
Ry

Rz

Figure 5. 15Astable multivibrator Circuit and output waveforms

In this circuit a fraction R (R; +Rz) =3 of the output is feedback to the non-invertinguinp

terminal. The operation of the circuit can be expd as follows:

Assume that the output voltage isssVThe capacitor will charge exponentially towards#V

The feedback voltage i< When capacitor voltage exceeds Wk, the output switches

from +Vgato -Vsa: The feedback voltage becomesg@nd the output will remain <% Now

the capacitor charges in the reverse direction.M\dapacitor voltage decreases bel@W=y;
(more negative thanB-Vs,;) the output again switches to &\WThis process continues and it
produces a square wave. Under steady state camglitize output voltage and capacitor voltage

are shown irFigure 5.15 The frequency of the output can be obtained k®As:

The capacitor charges fromf Vsa:to 8 Vo during time period T/2. The capacitor charging

voltage expression is given by
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V() = Ve + (V; = Vp)e /rc
V(1) is the voltage across the capacitor at time t.
Vs is final voltage to which capacitor is expectedharge

Vi is the initial voltage across the capacitor froimah it starts charging or discharging
At t= T/z Ve () = +BVsar Vi=4Vsar Vi=—PVsar
-T
+BVsar = Vsar + (=BVsar — Vsar)e /2rc
— el
ﬂVsat - Vsat - (1 + ﬂ)Vsate 2RC
_T/
1+ .B)Vsate 2RC = (1 — .B)Vsat

e_T/ZRC _ (1 - ﬁ)

- a+m
T _(1+p)
2RC ™~ (1-P)
(1+8)
T = 2RCln<(1 _g)>
The frequency of square wave is given by
_1_ 1
T 2rcIn ()
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This square wave generator is useful in the frequeange of 10Hz to 10KHz. At higher
frequencies, the slew rate of the OPAMP limitsglope of the output square wave.

Q.7. Draw the circuit of RC phase shift oscillator aneride the expression for frequency of
oscillation and condition on gain for sustainedifations.

Answer:

The circuit consists of inverting amplifier as difigr block and three R-C network as feedback
network. The amplifier produces 180 phase shiftr@meaining 180 required for 360 phase shift
is provided by R-C network 60 each.

The frequency at which the phase shift is 360 @diel by R-C network. To determine
frequency of operation solving R-C network usingliage transform. The R-C network in
Laplace domain is as shownfigure 5.16
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Figure 5. 16 R-C phase shift oscillator

To derive the expression of frequency solving #texiback network first as shownfigure
5.17

C1 c2 C3 R1
| . . L
|

3

R3 R4 RS

Figure 5. 17Feedback network of-C phase shift oscillator
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Applying KCL at node \{(s),

Rl

V, (s)(% + ZSCj = (V,(s)+V,(s))sC

Vi(s) , 2%4(s) _ V,(s)+ Vs (s)

vl(s,)(1+ ZRRSCj = (v.(s)+V, (s))sC

v, (6)= Qa8 Vo (s)RsC
1+ 2RsC
Applying KCL at node ¥(s)

|3(S) = |4(S) + IS(S)
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V,(s)sC =V, (s)(% + st -V, (s)sC

V,(s)=V, (s)( 1 +F§SF::SCJ LV, (8)=rmrmmm e

If Ry is very greater than R then current drawn hysRhegligibly small.

I(s)=0

15(s) = 14(s)

Applying voltage divider rule to find §5)

Vi(s)= T Vi (s)
sC
_(1+RsC
V)= T v,

Substitute Yin equation 1 & 2

v, (s) = R3¢ [vo(s)+£@).\/f(s)j

1+ 2RsC s RsC

Vl(s)z( RsC jvo(s)+( 1+ RsC j.vf (s) oo

1+ 2RsC 1+ 2RsC
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and

v,(s) = (l+ 2RSC)(1+ Rs.CjVf ()-V, (8) -m- o

RsC RsC

Equating equations 3 & 4

(LCjVO(S)JF(ﬁj-Vf (5)= (1+ 2RSCJ(1+ RstVf (s)-V, (s)

1+ 2RsC 1+ 2RsC RsC RsC

1+ 2RsC RsC RsC 1+ 2RsC

( RsC jVo(S) _ (1*' ZRSCJ(“' Rscjvf (s)-Vv; (s)—[ Lt RSC j-Vf (s)

(1520 Jale)=v, (o) Lr2meclimsc) , [1ere )

1+ 2RsC (RsCy 1+ 2RsC

RsC _ (1+ 2RsC)?(1+ RsC)- (RsC)?(1+ 2RsC) - (RsC)*(1+ RsC)
(1+ 2RsC ]V" (5)=v; (S){ (RsC)?(1+ 2RsC) }

2~2.2 _ ap3~3.3 2~2.2
( RsC jvo(s):vf(s) (1+ 4RsC + 4R?C?s )(1+ RsC)-3R%C?%® - 2R?C?s
1+ 2RsC R?C2s%(1+ 2RsC)

RsC 1+ 4RsC + R°C?s? + RsC + 4R?C?s? + 4R3C3s® - 3R3C 3s® - 2R?C?s?
VO(S):Vf (S) 22 2
1+ 2RsC R?C?s%(1+2RsC)

( RsC jv (s)=V, (s) 1+ 5RsC + 6R?C?s? + R3C3s®
1+2RsC ) ° f R2C?s?(]+ 2RsC)
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Vi (s) _ R2C2s?(1+ 2RsC) ( RsC j
V,(s) ~ | 1+ 5RsC + 6R?C2s? + R°C3s® [\ 1+ 2RsC
RSC 383

ﬂ =
1+5RsC + 6R*C?%s? + R3C3s?
The amplifier used is inverting amplifier with tHgack, its gain is given by,

A = Acxf=1

_Re
Ry
For sustained oscillations

R, ( R3C3s®

=1
R, )l 1+ 5RsC + 6R*C?s® + R3C3S3J

Re
Rl

R3C3s® =1+ 5RsC + 6R?C?s? + R3C3s3

Substitue s=p

—[F;—FJ(— jR3C3a)3): 1+5jRCw-6R?*C%w? - jR3C3w?
1
Equating real parts we get

0 =1-6R?*C?w?
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2 1 W= 1

~ 6R2C2 RC+/6

Equating imaginary parts we get,

w

(R—F (R3C3a)3): 5RCw - R°C°w®

R, - R2C 202

Substitutew in above expression

(RF 5 .,

~ 27RCA/6

(—} =5(6)-1=29 R = 29R,
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Q.8. For the Schmitt trigger circuit shown figure 5.18 determine UTP, LTP, hysteresis
voltage and center of hysteresis {EFROKQ and R=5KQ, use H\{;;= £15 V and \k=+5V.

1IlIF‘Iin

vnut

$n "
Rz
il

Figure 5. 18Circuit for Q.8
Solution:
The feedback factdt is given by,

" R, +R,

B

5KQ

= TORQ + 5Ka 03333

B

The upper threshold voltage UTP is given by,

R,
UTP = BV, (—V )

10KQ )

UTP = 0.3333 x 15 + (m X5
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UTP = 5.6667V

The lower threshold voltage LTP is given by,

Ry
LTP = —BVyy, + ( VR>

R,
()

10KQ )

LTP = —0.3333 x 15 + (m X5

LTP = —-1.6667V
The hysteresis voltage is given by

Viys = UTP — LTP

Viys = 5.6667 — (—1.6667)
Viys = 7.3334 V

The center of hysteresis is given by,

UTP + LTP
Ve=—"F—

5.6667 — 1.6667
VC == 2

VC:4V
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The hysteresis curve is as showrfigure 5.19,

-"P'Jw:?'3334 v
M
V=4V
out
> +

= Vsat
i Uin >

T

i -'—"""'-Fﬂf K
LTP=-1.6667 V UTP=5.6667
-Vsat - i

Figure 5. 19The hysteresis curve of Schmitt Trigger

Q.9. Design the circuit of square wave generator usifiyAMP for frequency of operation
1KHz.

Solution:

The square wave generator using op-amp is nothuhgdiable multivibrator, so using the
equations of astable multivibrator for design foe tircuit as shown ifigure 5.20
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R
Ve Vout
Vd —
c =
L
Vref
R4
Rz

Figure 5. 20Astable Multivibrator
The frequency of operation is 1 KHz, therefore tpeeiod is T=1ms.

The equation for time period is given by,

T = 2RCIn <(1 * '8)>

(1-p)
where the feedback factprs given by,

" R, +R,

B
For design simplification let RR,=10KQ, therefore the feedback facfbbecomes,
B =05
The equation for time period is modified as givgn b

T = 2RCIn <(1 * 0'5)>

(1-0.5)
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T = 2RC In(3)
T = 2.197RC

We have time period T=1ms.
Assume standard value of capacitor less than 1uF.
Let C=0.1pF
Substituting T and C in equation of time period yeg,
R=4.551K)
The designed values of components are
R1=R,=10KQ
C=0.1 uF
R=4.551K)

Q.10. Draw the circuit of Wien Bridge oscillator and degithe expression for frequency of
oscillation and condition on gain for sustainedifiations.

Answer:

Wien bridge oscillator is the most commonly usediadrequency oscillator due to its inherent
simplicity and stabilityFigure 5.21shows the wien bridge oscillator using op-ampc8itne
op-amp is connected to operate in non-invertingenddgroduces no phase-shift at the output.
The wien bridge circuit is connected between tipaiirand output terminals of the amplifier. The
bridge consists of a series RC network showngs rming one arm of the bridge circuit, a
parallel RC network shown ag(g) forming the second arm, input resistangeaRd feedback
resistance Rreforming the third and fourth arms of the briggeuit respectively.
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1]
1l
0

1,

Figure 5. 21Wien Bridge Oscillator

.||_._

The feedback circuit of the wien bridge oscillatoshown infigure 5.22

V(=) L Vo(s)

Figure 5. 22The feedback circuit of the Wien BridgeOscillator
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It is known that the total phase-shift around tineuit must be 0° for oscillations to occur. It is
achieved when the bridge is balanced, i.e. at sssmn Thus the frequency of oscillation is the
resonant frequency of the balanced wien bridge.

The feedback voltages{8) is given by voltage divider rule,

Vi(s) = —2— 1 (s)
=z vz, o

where the impedance of series and parallel arnvedy

1
R X — R
Z = SC —
()= T TRt
sC
Z.(s) =R+ 1 _RCs+1
s\S) = sC  sC
Therefore the feedback factis given by
B Ve(s) B Zy(s) RCs

PV "7+ Z,(s) (RCs+ 1)? + RCs

_ RCs
b= R2(C?s?2 4+ 3RCs + 1

The voltage gain of the non-inverting amplifiegisen by,

A —(1+Rf)
f — Rl

For satisfying Barkhausen'’s criteria
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Af X ﬂ =1

(1 + f) y RCs _q
R,/ " R2C%s2+3RCs+1

Substitute s = jw

Re\ .
(1 +R—) X joRC = —w?R?*C? + 3jwRC + 1
1
Equating real parts, we get
w?R?C? =1
Therefore

1
f_ZnRC

Equating imaginary parts, we get
Re\ .
<1 + —) X JoRC = 3jwRC
R,

which gives
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Unit 6
Monolithic timer IC555 and D-A AND A-D CONVERTERS

Q.1 Explain in detail explanation of binary weightessistor type D/A converter

Answer: Figure showsbinary weighted resistor type D/A converter usipguomp as a summing
amplifier.It employes binary weighted resistor engrate the terms bizvhere i= 1,2,3.....n.The
circuit also uses n electronic switches controlbgdthe binary input wordibby,.....b, and a
reference voltage MThe switches are of single pole double throw tiypainary input to a
switch is 1,then switch connects the resistoragdt- \k. When the input to the switch is 0,it
connects the resistor to ground.

Considering an ideal opamp A, output currgns lgiven by
IO 211+12+"'+In

Vi Vr Vr
IO = ﬁbl +ﬁb2 + -+

Zann

Vi
I, = F“[blz-1 +by272 + -+ b, 270
Thus the output voltage

— — Vr -1 -2 -n
VO — IoRf—E[blz +b22 ++b1’12
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VR
. 2in
- AN
= —u Ry
[MSB] Bl — — — — — 22p
-— AN
|||—- - —-12 I
B2 — = — — 33
L W -
|||—. M —_— 1.
+
Bs:— — —+ — —
I + V.
| I
: ! 2R = -
| =
I I||—¢ - —_—
[L5SB] Bhn— — — — — _

Figure 6.1:Circuit diagram of n bit weighted resistor D/A c@nter

The n bit D/A conveter circuit uses negative refee voltage , thus producing positive staircase
voltage.The analog output voltage waveform for t3waighted resistor D/A converter is shown
in transfer charecteristics.
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Analog oip | S
mBY
6BV
BV
BY T
RV
28Y }

18Y -.[

000 001 o0 011 100 101 110 111 Digital ifp

Figure 6.2: Transfer charectristics of n bit weighted resifdh converter

Q.2 A 4 bit R-2R ladder type /A converter having resistalues of R=10 R ,uses ¥ of 10v.
Find a.The resolution of D/A converter ,dfor a digital input of 1101.

Answer: Given n =4, R=10R, Vg = 10v.

a. Resolution of 1 LSB = — x & = % X % =L x 1mA = 62.5uA
2n 7R T 2+ 7 10x10%3 16

b. o for a digital input of 1101
[, = 62.5uA X 13 = 0.8125mA

Q.3 Discuss in detail R-2R ladder D/A converter

Answer:

R-2R ladder D/A converter: In R-2R ladder D/A cotereesistor of only two values i.e. R and
2R are used.The principle of operation of laddpetgetwork for 4 bit D/A conversion is shown
in figure.

110



BOOK TITLE

Figure 6.3: 4 bit R-2R ladder D/A converter

In ladder circuit the output voltage is also weaghsum of the corresponding digital input. Let
take an example to understand how it works? Asavesee the above network is a 4-bit ladder
network so we take an example to convert analagasicprrespond af000digital bit. For1000

bit we can see only MSB got 1 and rest all bits@dbee the bellow picture to understand how it

work if it got 100Q

Figure 6.4 Equivant circuit for binary input 1000
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Now see at nodel (N1) resistor 2R connecting irpaeallel with resistor 2R. And those 2R
parallel 2R resistors make equivalent register shBwn in bellow diagram.

b3 b2 b1

Figure 6.5Equivant circuit of I stage

Now for N2 same thing happen B3 series with 2R aaucllel with R + R resistors. It will also
make equivalent resistor R at N3. g the bellow diay

b2 b1
22 +Wr 7 o3

2R %2F{

|||
Wy

Figure 6.6Equivant circuit of 2 Stage

Repeating the same process we got equivalent e§iRtor at N4
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Figure 6.7-Equivant circuit of 3 stage

Vg X2R Vi

V T r——
ATR+R+2R 2

Thus for digital input k,bsb, =1000 when MSB =1 , output isgk2, when second MSB is 1
output is \k/4,for bibobsb, =0010, output is W/8,and for kbbsb, =0001, output is W/16. For n
bit D/A converter

Ve Ve V& Vr
o=+ttt
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2R 1186

i (Analogéround) A=A

AW
2R
! Out-1 =
i
I —id
| Out-2
7  d A
I {
v
(Digital Ground)
b1 b2 b3 b4
MSB LSB

Figure 6.8 Equivant circuit for4 bit R-2R ladder D/A convarte

Figure:Four bit R-2R ladder D/A converter
Figure shows 4 bit D/A converter using opamp. Theerting input terminal of the opamp acts
as summing junction for the ladder for the ladaguis. The output voltages, 16 expressed as

Ry (ﬁ b, by b4>

21 "2 " 237" )4

VO = _VRF

R
_fz4(b123 + b222 + b321 + b420)

Vo= ~Vrpx

More generally for an n bit input signal assuming=R

%
Vo = —Z—j‘;(blzn-1 + by2" 2 4 oo 45, 20)
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The resolution of R/2R ladder type D/A convertethwiurrent output is given as

Resolution | = — x X
esolution _Zn R

The resolution of R/2R ladder type D/A convertethwioltage output is given as

v
X

Resolution V = FR X R¢

2n

Q.4 Consider R-2R 4 bit converter and assume that fsadlesistor Rf of the opamp is variable
, the resistance R= 1@kand \k = 10V.Determine the value of Rf that should beneated to
achieve the following output condition.a) The vabfid LSB at the output is 0.5V. b)An analog
output of 6V for a binary input of 1000. c) Thd fdale output voltage of 12 V. d)The actual
maximum output voltage of 10 V.

Answer: R= 102 and \k = 10V, n=4
a) The value of 1 LSB at the output is 0.5V

Rgx 10
104 x 24

= 107 x 27 0.5 = 8kQ
S T
b) for a binary input of 1000,,61 and b=bs=b,=0
o _ Rrx10x 27t
B 104
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10*

Rf=WX6=12kQ

C) For Ves =12V
Ry x 10 _
104

10*
Ry = —x 12 = 12kQ

10
d) bi=b,=bs=b,=1,Thus for getting a full scale voltage 10v,
Rr % 10
2714272423427 =10
T (@712 A2 27
R 10° 10 = 10.66kQ
=X = .
7710 x 0.9375

Q.5 Explain the working of Counter type analog to tificonverter with advantages and
disadvantages.

Answer: Counter type A/D converter is constructed usinty @ame comparator with variable
reference voltage.The variable reference voltagebeaobtained by a sequence counter and D/A
converter. The block diagram for an n bit counggetA/D converter is shown in figure.
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CLK

™, Binary =~ [«—— RESET
-

Counter

MsB

} Digital output

Comparator Vo | | LSB
i ) DAC
+ ‘—‘
Va

Analog Input

Figure 6.9 Counter type analog to digital converter
The n-bit binary counter is initially set to O bging reset command. Therefore the digital output

IS zero and the equivalent voltage VD is also oVv.
When the reset command is removed, the clock palsesallowed to go through AND gate and
are counted by the binary counter.

The D to A converter (DAC) converts the digital jpuit to an analog voltage and applied as the
inverting input to the comparator. The output @& tomparator enables the AND gate to pass the
clock. The number of clock pulses increases with time tredanalog input voltage VD is a
rising staircase waveform as shown in figure below.
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RESET Inactive RESET

RESET _| | |—|

CLK

Vo
DAC

output Counter Stops

/ Counter RESET

Figure 6.1Q output wavwform ofCounter type analog to digital converter

The counting will continue until the DAC output VBguals and just rises more than unknown
analog input voltage VA. Then the comparator outpetomes low and this disables the AND
gate from passing theclock. The counting stopf@tristance VA< VD, and at that instant the
counter stops its progress and the conversioridsg@de complete.

Advantages:

1. The counter type A/D converter is very simple ardds less hardware compared to the
simultaneous type A/D conveter.
2. This is suitable for digitizing application withdh resolution.

Disadvantages:

In counter type A/D converter conversion time ey long , variable and proportional to
amplitude of analog input voltages.
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Q.6 An 8 bit A/D converter accepts an input voltagenalg of range 0 to 10V.a) What is the
minimum value of input voltage required to geneiatehange of 1 LSB? b)What input voltage
will generate all 1's at A/D converter output? d¢)&Yis the digital output for an input voltage of
4.8V.

Answer:

a) AV, for LSB = -5

10V
= 7 = 39.1mV

b) Vigs = Vgs — 1LSB
Vs = 10V — 39.1V = 9.961V

c) digital output for an input voltage of 4.8V is givas

D= 18 _ 122.76 = 123
" 39.1mV T

Q.7 Design an astable multivibrator using 555 timer éofrequency of 1 kHz and a duty cycle of
70%. Assume C=0.1uF.

Answer: The ON periodToy = 0.693(Rs + Rg)Cy
The OFF periodTorr = 0.693(Rg)C,
The total time period T is given &s= Toy + Torr = 0.693(R + 2Rp)C;

Therefore Duty cycle D is given by

T ~ Rp+2Rg

Duty cycle D =
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_ Ra+Rg 7
Ry +2Rg 10
Therefore
RA = _RB

The period of oscillation
10
T =0.693 x ?RB x 1077

1x10*

5 0693 x 2

= 4.7kQ

Therefore

4
Ry =3 X 4700 = 6.8kQ
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Q.8 For the astable multivibrator shown in figure o,R2.2KQ, Rs = 3.9 KQ, and C= 0.1uF.
Determine the positive pulse widthriegative pulse widtly and free running frequency f

Answer:

R1

Output

0.1 pF

-

A

Figure 6.11 Astable multivibrator using IC 555
t. = 0.69(R, + Rp)C

t. = (0.69)(2.2k + 3.9k)(0.1)(1076) = 0.421ms
tq = 0.69(Rg)C

tq = (0.69)(3.9k)(0.1)(107°) = 0.269ms
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Therefore

1 1.45
fo == ==

" T ((Rs+ 2Rp)C)

1
f = — 1.45kH
0 = 0421 + 0.269)(10-3) z

Q.9 Draw the block diagram of PLL and explain the vorking of each block in brief.

Phase Locked LoofPLL) is one of the vital blocks in linear systems. ¢t wseful in
communication systems such as radars, satelliMds, €tc.

A Phase Locked Loop (PLL) mainly consists of thikofwing three blocks—
« Phase Detector

« Active Low Pass Filter
- Voltage Controlled Oscillator (VCO)

Forward path
Phase Low-pass Voitage- f
f“ — s 0 o controlled ouTt
detector filter il
Input oscillator Output
frequency _f frequency

Feedback p-llh/

Figure 6.12 Block diagram of PLL
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1. Phase Detectttis comparator circuit compares the input frequency and the VCO output frequency
and produces a dc voltage that is proportional to the phase difference between the two frequencies.
The phase detector used in PLL may be of analog or digital type. Even though most of the monolithic PLL
integrated circuits use analog phase detectors, the majority of discrete phase detectors are of the digital
type. One of the most commonly used analog phase detector is the double balanced mixer circuit. Some
of the common digital type phase detectors are

1.1 Exclusive OR Phas®etector
An exclusive OR phase detector is shown in therédpelow

DC putput voltage
Whe—————===-=
'|.
Signal ,//| \
input s I//' : .
Output 2 e A | .
o I e
Reference - : I N ;
if']['_lLIt mi2 m Phase difference @
Figure 6.13 a)Exclusive©OR Phase Deteci b) Exclusive-OR PhaBetector-Waveform

It is obtained as a CMOS I@f type 4070. Both the frequencies @revidec as an input to the
EX OR phase detectoRbeyin¢ the EX-OR concept the output beconii&H only if either of

the inputs fi or fo becomedIGH. All other conditions will produce aOW output. Let us
consider a waveform whetbe input frequency leads the output frequebgy degrees. That is,
fi and fo has a phassifference of 6 degrees. The dc output voltage of twenparator will be a
function of the phase d#fenc: between its two inputs.

The figure shows the graph BfC output voltage as a function of the phd#terence between fi
and fo. The output D®oltage is maximum when the phase detectoi88°.This type of phase
detector is used when bothafic fo are square waves.

Exclusive-OR Phase Detectdfaveforn
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1.2 Edge Triggered Phase Detector

Edge triggered phase detector is used when fi aratd pulse waveforms with less than 50%
duty cycles. The figure of such a phase detectmguan R-S Flip Flop is shown below. Two
NOR Gate (CD4001) are cross-coupled to form an RiS Flop. The output of the phase
detector changes it's logic state by triggeringtted R-S Flip Flop. That is, the output of the
phase detector changes its logic state on thelymsitige of the input fi and fo. The advantage of
such a detector can be understood from the graplwbt is clear that the DC output voltage is
linear over 360°.

1.3Monolithic Phase Detectors

The monolithic type phase detector uses a CMOS 494 IC ,Which is highly advantages as

the harmonic sensitivity and duty cycle problems aeglected and the circuit will be respond

only to the transition in the input signals. Thsshe most preferred phase detector in the critical
applications as the phase error and the output ealtage are independent of variations in the
amplitude and duty cycles of the input waveforms.

2. Low Pass Filter (LPF)

A Low Pass Filter (LPF) is used in Phase LockedpsofPLL) to get rid of the high frequency
components in the output of the phase detectalsti removes the high frequency noise. All
these features make the LPF a critical part in Bht helps control the dynamic characteristics
of the whole circuit. The dynamic characteristioslude capture and lock ranges, bandwidth,
and transient response. The lock range is theitrgekinge where the range of frequencies of the
PLL system follows the changes in the input frequyeThe capture range is the range in which
the Phase Locker Loops attains the Phase Lock.

When the filter bandwidth is reduced, the respdimae increases .But this reduces the capture
range. But it also helps in reducing noise and antaining the locked loop through momentary
losses of signal. Two types of passive filter agecufor the LPF circuit in a PLL. An amplifier is
used also with LPF to obtain gain. The activeffiltsed in PLL is shown below.
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3. Voltage Controlled Oscillator (VCO)

The main function of the VCO is to generate an oufpequency that is directly proportional to
the input voltage. The connection diagram of a 3EB66 VCO is shown in the figure below.
The macimum frequency of the VCO is 500 KHz.

This VCO provides simultaneous square wave anddtkar wave outputs as a function of the
input voltage. The frequency of oscillation is detmed by the resistor R and capacitor C along
with the voltage Vc applied to the control terminal

A. Monolithic Phase Locked Loop

PLL is now readily available as IC’s which were dped in the SE/NE 560 series. Some of the
commonly used ones are the SE/NE 560,561,562,564866 567.The difference between each
one of them is in the different parameters like raprg frequency range, power supply
requirements, and frequency and bandwidth ranges.oQall the series the SE/NE 565 is the
most famous. It is available as a 14-pin DIP arso als a 10-pin metal can package. The 14-pin
DIP and its characteristics are given below.

Q.10 Design a circuit to initiate the signal to operdbéinking of traffic alert signal On for
0.25ms and OFF for 0.75 ms using IC 555 timer.

Answer:

Astable multivibrator design

Ton=0.25ms ,E=0.75 ms
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£

4 8
;s —0
Crutput
§R: 555
SZDI Fil 5
2 1
__{u}lpE
nm—l
Figure 6.14 555 Timer
%D = — x 100 = 25%

Ton + Torr

Duty cycle is less than 50% therefore using astafile diode across iR
TON == 069(RA)C

TOFF - O69(RB)C
Assume C=0.1uF

Ton

= 0693 xC_ 3.607kQ

Ra
Torr

= ————=10.822k
0.693 x C

Rg
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