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Preface

I

am glad to present this book, especially designed to serve the needs of the students.

The book has been written keeping in mind the general weakness in understanding the
fundamental concepts of the topics. The book is self-explanatory and adopts the “Teach
Yourself” style. It is based on question-answer pattern. The language of book is quite easy and
understandable based on scientific approach.
Any further improvement in the contents of the book by making corrections, omission and
inclusion is keen to be achieved based on suggestions from the readers for which the author
shall be obliged.
I acknowledge special thanks to Mr. Rajeev Biyani, Chairman & Dr. Sanjay Biyani, Director
(Acad.) Biyani Group of Colleges, who are the backbones and main concept provider and also
have been constant source of motivation throughout this Endeavour. They played an active role
in coordinating the various stages of this Endeavour and spearheaded the publishing work.
I look forward to receiving valuable suggestions from professors of various educational
institutions, other faculty members and students for improvement of the quality of the book. The
reader may feel free to send in their comments and suggestions to the under mentioned
address.

Note:

A feedback form is enclosed along with think tank. Kindly fill the feedback form
and submit it at the time of submitting to books of library, else NOC from
Library will not be given.

Author
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Syllabus
4EX5 LINEAR INTEGRATED CIRCUITS
Unit-1 OPERATIONAL AMPLIFIERS: Basic differential amplifier analysis, Single ended and
double ended configurations, Op-amp configurations with feedback, Op-amp parameters,
Inverting and Non-Inverting configuration, Comparators, Adder.
Unit-2 OPERATIONAL AMPLIFIER APPLICATIONS: Integrator, Differentiator, Voltage
to frequency & Frequency to voltage converters. Oscillators: Phase shift, Wien bridge,
Quadrature, square wave, triangular wave, saw tooth oscillators. Voltage controlled oscillators.
Unit-3 ACTIVE FILTERS: Low pass, high pass, band pass and band reject filters, All pass
filter, Switched capacitor filter, Butterworth filter design, Chebyshev Filter design.
Unit-4 PHASE-LOCKED LOOPS: Operating Principles of PLL, Linear Model of PLL, Lock
range, Capture range, Applications of PLL as FM detector, FSK demodulator, AM detector,
Frequency translator, phase shifter, tracking filter, signal synchronizer and frequency
synthesizer, Building blocks of PLL, LM565 PLL.
Unit-5 LINEAR IC’s: Four quadrant multiplier & its applications, Basic blocks of linear IC
voltage regulators, Three terminal voltage regulators, Positive and negative voltage regulators.
The 555 timer as astable and monostable multivibrators. Zero crossing detector, Schmitt trigger.
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Unit 1

Operational Amplifiers
Q.1

Determine the DC analysis and AC analysis of the Dual-Input, Balanced O/P
differential amplifier?

Ans. If we use two input signal and output measured between two collectors then this
type of configuration is called dual I/P balanced O/P differential amplifier.

DC Analysis
To determine the operating point (ICQ and VCEQ) for the differential amplifier we
need to equivalent circuit. To determine the dc equivalent circuit simply reducing
the I/P signal Vin1 and Vin2 to zero.
Appling KCL to the base emitter loop of the transistor Q1
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-Rin IB – VBE – RE (2IE) + VEE = 0

(1)

For the common emitter configuration we know that

IB = IE/βdc
From the eqn (1)
IE =
Generally Rin/
IE =

since Ic
-

IE
(2)

<<< 2RE

So IC =

-

(3)

-

(4)

Now we determine the collector to emitter voltage VCE
VC = VCC - RCIC
So the collector to emitter voltage
VCE = VC - VE
= (VCC - RCIC) – (-VBE)
VCE = VCC + VBE – RC IC

AC Analysis
To find out the voltage gain, input resistance, O/P Resistance, CMMR we
use the ac analysis.
To determine the AC analysis
 Set the dc voltage + VCC and – VEE at zero
 Substitute the small – signal T-equivalent models for the transistor.
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(a) Voltage gain
So using the KVL in loop I or II
Vin1 – Rin1 2b1 – re ie1 - RE (ie1 + ie2) = 0

-

(1)

Vin2 – Rin2 ib2 – re ie2 – RE (ie1 + ie2) = 0

-

(2)

Substituting current relation ib1 = ie1/ ac
2b2 = ie2/ ac
Vin1 – Rin1/ ac ie1 – re ie1 – RE (ie1 + ie2) = 0 (3)
Vin2 - Rin2/ ac ie2 – re ie2 – RE (ie1 + ie2) = 0 (4)
Generally Rin1/ ac and Rin2/ ac values are very small so we
neglect these term
(re + RE) ie1 + RE ie2 = Vin1
(5)
RE ie1 + (re+RE) ie2 = Vin2
(6)
Using the gamers rule find out the value of ie1 or ie2
Vin1
RE
Vin2
re+RE
Ie1 =
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re+ RE
RE

RE
re + RE

=
re + RE
re + RE

Vin1
RE

re + RE
RE

RE
re + RE

-

(7)

-

(8)

ie2

=
Vo = VC2 - VC1
= - RC ie2 – (-RC ie1)
= RC (ie1 – ie2)
= RC (ie1 – ie2)
Vo = RC

since ie

ie

–

= RC
=

1

= RC
=

(Vin1-Vin2)

Ad =
=
(b)Differential input resistance:Differential input resistance is defined as the equivalent resistance
that would be measured at either input terminal with the other
terminal grounded.
Ri1

=
=

Vin2 = 0
Vin2 = 0
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Substituting the value of ie1
Ri1 =
=
Ri1 =
RE >>>re so (re+2RE)

2RE, re+RE

RE

Ri1 =
Ri1 = 2 ac re
Similarly I/P resistance Riz
RiZ =

Vin1 = 0
Vin1 = 0

Ri2 =
Ri2 =
re + 2RE

2 RE, re + RE = RE if RE >> ie

Ri2 =
Ri2 = 2 ac re
(C)

Output resistance:Output resistance is defined as the equivalent resistance that would
be measured at either O/P terminal with respect to ground.
Ro1 = Ro2 = RC

Q.2

Explain the basic parameter of the OP-Amp.
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Ans. Block diagram of a OP-Amp.

Noninverting I/P

I/P

Intermediate

Level Shifting

O/P

Inverting I/P

Stage

Stage

Stage

Stage

Dual –I/P
Dual-I/P,
Balanced-Op Unbalanced,
Differential
O/P differential
Amplifier
amplifier

Emiter,
follower
using consent
current source

O/P

Push-Pull
Amplifier

(1) Input offset voltage:-

Input offset voltage is the voltage that must be applied between the two input terminals
of an op-amp to the null the output. The max value of vio is 6 mv .
(2) Input offset current
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The algebraic difference between the current into the inverting and non inverting
terminals is referred to as input offset current I10. The maximum value of i/p
offset current is 200 nA.
(3) Input Bias current:- Input bias current IB is the average of the current that flow
into the inverting and non inverting I/P terminals of the O/P amp.
IB =
Maximum value = 500 nA
(4) Differential I/P resistance: - Differential I/P resistance Ri is the equivalent
resistance that can be measured at either the inverting or non inverting input
units the other terminal connected to ground.
(5) Input Capacitance: - Input capacitance ei is the equivalent capacitance that
can be measured at either the inverting or non inverting terminal with the other
terminal connected to ground.
(6) Offset Voltage Adjustment Range:- The offset voltage adjustment is the range
through which the input offset voltage can be adjusted by varying the 10 kr
potentiometer.
(7) Input Voltage Range: - the input voltage range is the range of common mode
voltage over which the offset specification apply.
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(8) Supply Voltage Rejection: - The change in an op amp’s input offset voltage
vio caused bjy variation in supply voltage is called the supply rejection ratio.
Large Signal Voltage Gain: - When the output signal amplitude is much larger
than the input signal the voltage gain is commonly called large signal voltage
gain.
(9)Output voltage Swing: - The O/P voltage swing indicates the values of _ ue
and –ue satiation voltage of the OP-amp.
(10)Output resistance: - Output resistance Ro is the equivalent resistance that can
be measured between the output terminal of the OP-amp and the ground.
(11) Supply Current: - Supply currents Is is the current drawn by the OP amp
from the power supply.
(12)Power consumption: - Power consumption PC is the amount of quiescent
power that must be consumed by the OP-amp in order to operate properly.
(13)Slew Rate: - Slew rate is defined as the maximum rate of change of O/P
voltage per unit of time and is expressed in volts per micro seconds.
Inverting and Noninverting inputs:Uo =

(Vin1 – Vin2)
Vin1 is called the noninverting I/P because a positive voltage Vin1
acting alone produce a + uc O/P voltage. Similarly the + ve voltage
vin2 acting alone produce a – ve O/P voltage hence vin2 is called the
inverting I/P.

(14)Common-Mode Rejection Ratio
CmmR =
Acm =

Q.3.

Explain the comparators operation.
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A comparator compares a signal voltage on one input of an OP-amp with a
known voltage called the reference voltage on other input. In its simplest
form it is nothing more than an open loop. The output may be +ve or –ve
saturation voltage depending on which input is large. Comparators are used
in circuit such as digital interface Schmitt triggers discrimination voltage
level detector and oscillator.

When Vin is less than Vref the output voltage V0 is at –Vsat ( VEE) because the
voltage out the –ve input is higher than that at the input.
On the other hand when Vin is greater than Vief the +ve input becomes +ve
with respect to the –ve input the V0 goes to +Vsat (
VCE). Thus Vo changes
from one saturation level to another when ever Vin or Vref. The comparator is
a type of analog to digital convertor any given time the wave form shows
whether Vin is greater or less then Vref. The comparator is same timed also
called voltage level detector because for a desired value of Vref the voltage
level of the input Vin can be detected. The divide D1 and D2 protect OP-amp
from damage to excessive input voltage Vin. Because of the diode the
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difference input Vi of the OP-amp is clamped to either 0.7V to .7V hence the
diodes are called clamp diodes. There are same OP-amp with built in input
protection in such OP-amp the inputs diode D1 and D2 are unnecessary. The
resistance R in series with Vin is used to limit the current through D1 and D2.
To reduce offset problem a resistance Ram R is connected between the –ue
input and Vref. If the reference voltage Vref is –ve with respect to ground with
a sinusoidal signal applied to the +ve input.
Q.4.

Explain the adder application of OPAMP.

Ans.

The adder is a device which add two or more than two inputs
(i)
(ii)

Inverting adder
Non inverting adder

Inverting adder: - In the inverting adder the output Vo equals the sum of the
input voltage with reversed polarity. The summing point and the –ue input at
ground potential. Current I, is set by V1 and R I2 is set by V2 and R and I3 are
set by V3 and R.

I1 =
I2 =
I3 =
Current I1, I2, and I3 all flow through R+, that is the sum of the input current
flows through R+ and set up a voltage drop across R+ equal to Vo
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V0 = - (I1 + I2 + I3) R+
V0 = -

R+

V0 = - (I1 + I2 + I3)
Non inverting Adder: - The three input non inverting adder is constructed
with a passive average and non inverting amplifier. The passive average
circuit consists of three equal resistors RA and the three voltages to be added.
The output of passive average is Vin where Vin is the average of V1, V2, and V3

Vin =
Output voltage V0 result from amplifying Vin by a gain equal to the number
of input n.
So Rf = R (n-1)

Q5

Determine the voltage gain for the dual input unbalanced output differential
amplifier with gain specification.

Ans
RC= 5.7KΩ +VCC=10V
RE= 7.2KΩ – VCC= -10V
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Rin1 = Rin2=50KΩ
βac=βdc=100
VBE= 0.7V
Also determine the output voltage if Vin1= 3.5 mV
Peak to peak at 1KHz and Vin2 = 25 mv Peak to peak at 1KHz.
Ans. IE= ICQ= VEE-VBE/2RE+ Rin/βdc
=10- 0.7/2(7.2*103)+0.5
=0.646 mA
The ac emitter resistance is defined as
Re = 25/IE
= 25*10-3 /.646*10-3
= 38.7Ω
The voltage gain can be calculated as
Ad = RC/2re
= 5.7 *103/2*38.7
=73.64 Ω
Ad =Vo/Vid
= Vo/Vin1-Vin2
Output voltage
Vo= Ad (Vin1 – Vin2)
= 73.64(35* 10-3 – 25 * 10-3)
= .74V
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Unit-2

Operational Amplifier Applications
Q.1.

Draw the circuit of ideal integrator and explain its working.

Ans. A circuit in which the output voltage wave form is the time integral of the input
voltage wave form is called integrator or integrating amplifier. Integrator
produces a summing action over a required time interval and the circuit is based
on the general parallel inverting voltage feedback model. Such a circuit is
obtained by using a basic inverting amplifier configuration if the feedbacks
register is replaced by capacitor Cf.
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The expression for the output voltage V0(t) can be obtained by writing KCL at
node a
I1 = Ib+ If
Since it is negligibly small
i1 = if
The current through the capacitor
IC (t) = C
Therefore
= Cf

(Va(t) – V0 (t)

Integrating both sides with respect to time we get the output voltage
dt=

(-V0(t)dt

= - Cf V0 (t) + V0 (0)
V0 (t) = -

Vi (t) dt- Vi (t) dt – V0 (0)

V0 (0) = initial output voltage

So the output voltage is directly proportional to the negative integral of the input
voltage and inversely proportional to the time consent ReCf.
V0 (S) = -

V1 (S)

Let S = jw in steady state
V0 (jw) = -

V1 (jw)
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Hence the magnitude of the transfer function of the integrator is:
|A| =

=

=

Fb =
At =0 the gain of integrator is infinite. Also the capacitor acts as an open circuit
and hence there is no negative feedback. Thus the OP-amp operation in open loop
and hence the gain becomes infinite.

Q.2

Draw the circuit of ideal differentiator and explain its working.

Ans. The differentiator or differentiation amplifier is the circuit that performs the
mathematical operation of differentiation that is output waveform is a derivative
of the input signal.The ideal differentiator may be constructed from a basic
inverting amplifier if the input resistor R1 is replaced by a capacitor C1.

The expression for output voltage can be obtained from Kirchhoff’s current law
written at node a
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lC = Ib + l+
Ib

0

lC = l+

C1

(Vi – Va) =

but Va= Vb = OV since A is very large
Therefore

C1

=-

V0 = - RfC1
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Thus the output V0 is equal to the Rfc, times the negative instantaneous rate of
change of the input voltage Vi with time and differentiator performs the revense
of the integrators function. The upper cut off frequency is given by

a=

Q.3

Explain the working of voltage to frequency converter?

Ans. Voltage to frequency convertor is a circuit which converts the voltage into the
form of frequency. The equivalent circuit of V/F consist of an integrator,
comparator a delay network a divide by 2 network and open collector output
resistor. The input current Iin = Vin/Rin is converted to a change by the integrating
capacitor Cint and shows up as a line only decreasing voltage VA at the output of
the OP-amp integrator.
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VA = -

t

Iin = I/P current
Cint = integrating capacitor
t = time
The output VA of the integrator is sensed by the comparator. The output of the
comparator is then applied via the delay network to the output transistor Q 1 the
divide by 2 network and the Crif change 1 discharge control circuit.
The output of the divide by 2 networks drives the output transistor Q 2. When the
output VA. When the output VA of the OP-amp is +ve the output VC of the non
inverting comparator is high and the output VB1 of the delay network is low or
OV. Since VB1, is low the transistor Q1, is off and the output Fo is high or + SV.
The divide by 2 network is a negative edge triggered flip-flop whose output
voltage VB2 is a complement of VB1 low hence the transistor Q2 will be on end

For free study notes log on: www.gurukpo.com

LIC

23

output FO/2 will be low. Finally with VB, low and CRef charge/discharge control
circuit is disabled and capacitor Cref remains discharged. So when VA
goes slightly below OV, the output VC of the comparator suit low to OV. Three
microseconds after VC goes low VB1 switches from low to high. This forces output
Fo low and enables the Cref change/discharge control circuit which connects Cref
to the reference voltage Cref of SV. At this instant the negative voltage at the input
causes the output of the OP-amp to step up to a finite amount. The reference
capacitor Cref connected to Vref for a time period long enough to virtually charge it
to Vref. The charging path for Cref is through the output terminal of the OP-amp
through Cint through Cref and finally through the negative reference voltage. Now
since the output of the OP-amp Va is positive the output of the comparator
switches from low to high and 3 us later VB, goes low. This disables the Cref
charge/discharge control circuit and Cref is shorted out dissipating the stored
reference charge. When VB, goes low the output Fo goes high. The integrating
capacitor Cint again begins converting the input current Iin to a charge and in turn
the output of the OP-amp stout decreasing linearly, when the output of the OPamp goes slightly below OV, the output of comparator goes from high to low and
hence the cycle repeats.

Q.4.

Explain the phase shift oscillator and prove that F0 =

and RF = 29R1

Ans. the phase shift oscillator consists of an OP-amp as the amplifier stage and three
RC cascaded networks as the feedback circuit. The feedback circuit provides
feedback voltage from the output back to the input of the amplifier. The OP-amp
is used in the inverting mode, therefore any signal that appears at the inverting
terminal is shifted by 180 at the output. An additional 180 phase shift required for
oscillation is provided by7 the case added RC networks. Thus the total phase shift
around the loop is 360.
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At some specific frequency when the phase shift of the case added RC network is exactly
180’ and the gain of the amplifier is sufficiently large the circuit oscillate at that
frequency. This frequency is called the frequency of oscillation to and is given by to =

and at this frequency the gain AV must be at least 2a
= 2a
Proof: - First consider the feedback circuit consisting of RC combinations of the
phase shift oscillator for simplicity we use the Laplace transform again let us
determine Vr (s)/V0 (s) for the circuit

Using KCL at node V1 (s)
I1 (s) = I2 (s) + I3 (s)
=

+
V1 (s) =

(1)

Writing KCL at node V2(s)
I3 (s) = I4 (s) + I5 (s)
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=

+

Solving for V1 (s)
V1(s) =
If R1 > > R1 then I7 (s)
divider rule.
Vf (s) =

V+ (s)

-

(2)

OA this means that Is(s) = I6 (s), so using the the voltage

V2 (s)

V2 (s) =

-

(3)

Substituting the value of V2 (s) in eqn (1)
V1 (s) =

+

-

(4)

Also substituting the value of V2 (s) in eq (2)
V1 (s) =

- Vf

-

(5)

From eqn (4) and (5) simplifying for Vf(s)/V0 (s)
=
=B
Next consider the OP-amp of the phase shift oscillator.
AV =
=B=1
=1
Substituting S= j

and equating real and imaginary pants
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(-jR³ C³ ² + 1 = 0
=
(-jR³C³ ³) = (jR³C³ ³) + (j5RC )
= 1Substituting the value of

in the preceding equation

= 29

Q.5.

Explain the triangular wave and saw and saw tooth wave generator?

Ans. Triangular Wave Generator: - The output wave form of the integrator is
triangular if its input is a square wave. This means that a triangular wave
generator can be formed by simply connecting an integrator to the square wave
generator.

The circuit of the triangular wave generator requires a dual OP-amp, two capacitor and
at least five resistors. The frequencies of the square wave and triangular wave are the
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same for fixed R1, R2 and C values the frequency of the square wave as well as the
triangular wave depends on the resistor R. As R is increased or decreased the frequency
of the triangular wave will be decreased or increase respectively. Although the
amplitude of the square wave is consent and the amplitude of the triangular wave
decrease with an increase in its frequency and vice versa. The input of integrator A 2 is a
square wave, while its output is a triangular wave. So for the output of A2 to be a
triangular wave requires that 5R3C2 > T/2, where T is the period of the square wave
input. In general rule R3C2 should be equal to T. to obtain a stable triangular wave, it
may also be necessary to shunt the capacitor C2 with resistance R4 = 10 R3 and connect an
offset voltage compensating network at the non inverting terminal of A 2 . As with any
other oscillator, the frequency of the triangular wave generator is limited by the slow
rate of the op-amp. therefore, high- slow rate op-amp such as LM301 should be used for
the generation of relatively higher frequency. The generator consists of a comparator A1
and an integrator A2. The comparator A1 compares the voltage at point P continuously
with the inverting input that is at OV. When the voltage at P goes slightly below or
above OV, the output of A is at the negative or positive saturation level, respectively.
To illustrate the circuit’s operation, let us set the output of A 1 at positive saturation. +V
sat ( +VCC). This +V sat is an input of the integrator A2.The output of A2. Therefore will
be a negative-going ramp. Thus one end of the voltage divider R2 – R3 is the positive
saturation voltage +V sat of A1 and the other is the negative going ramp of A2. When the
negative going ramp attains a certain value – V Ramp, point P is slightly below OV,
hence the output of A1 will switch from positive saturation to negative saturation - V sat
( -VEE). This means that the output of A2 will now stop going negatively and will begin
to go positively. The output of A2 will continue to increase until it reaches +Vramp At this
time the point P is slightly above OV; therefore, the output of A1 is switched back to the
positive saturation level +V sat. The sequence then repeats. The output wave-form is as
shown in fig. The frequencies of the square wave and the triangular wave are3 the same.
The amplitude of the square wave is a function of the dc supply voltage. However, a
desired amplitude can be obtained by using appropriate generate the output of A1.
The amplitude and the frequency of the triangular wave can be determined as follows.
When the output of the comparator A1 is +V sat, the output of the integrator A2
steadying decreases until it reaches –VRamp. At this time the output of A1 switches from
+V sat to -V sat. Just before this switching occurs, the voltage at point P (+input) is OV.
This means that the-VRamp must be developed across R2, and +V sat must be developed
across R3. That is –
=-
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Or
- VRamp =

(+ VSat)

- (1)

Similarly + VRamp, the output voltage of A2 the which the output of A1 switches
from – Vsat to + Vsat, is given by –
+ VRamp =

(-Vsat)

- (2)

Thus, from equations (1) and (2), the peak-to-peak (PP) output amplitude of the
triangular wave is
. (PP) = +VRamp – ( - VRamp)
. (PP) = (2)

- (3)

(Vsat)

Where Vsat = |+Vsat |= |- Vsat | Equation (3) indicates that the amplitude of the
triangular wave decrease with an increase in R3.
The time, it takes for the output wave form to swing from- Vramp to + Vramp(or
from + Vramp to – Vramp) is equal to half the time period T/2. This time can be
calculated from the integrator output equation (.7-23) by substituting Vi = Vsat
νo = νo (pp) and C = O
νo (pp) =
=

- (.7-23)

Hence,
=

(R₁C₁)

T = (2 R₁ C₁)

-

4 (a)

Where Vsat = | + Vsat | = |-Vsat). Substituting the value of Vo (pp) from equation
(3), the time period of the triangular wave is T=

-

4 (b)

The frequency of oscillation then is-
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fo =

-

4 (c)

Equation 5 (c), shows the frequency of oscillation fo increases with an increase in
R₃.
The triangular wave generator is designed for a desired amplitude and frequency
fo by using equation (3) and 4 (c).
Saw tooth Wave Generator:- The difference b/w the triangular and saw tooth
wave form is that the rise time of the triangular wave is always equal to its fall
time. That is the same amount of time is required for the triangular wave to from
Vramp to Vramp as form Vramp to- Vramp while the saw tooth wave form has equal
rise and fall time, means it may rise positively many times faster than it falls
negatively or uice versa. The triangular wave generator can be converted into a
saw tooth wave generator by injecting a variable de voltage into the non inverting
terminal of the integrator A2. This can be accomplished by using the
potentiometer and connecting it. + Vcc end – VEE. Depending on the R4 setting a
certain de level is inserted in the output of A2.

The output of A1 is square wave and the potentiometer R4 is adjusted for a certain de
level. This means that the output of A2 will be a triangular wave riding on same de level
that is a function of the R4 setting. The duty cycle that is
of the square wave will
be determined by the polarity and amplitude of this level. A duty cycle less than 50%
will then cause the O/P of A2 to be saw tooth with the wiper at the centre of R 4 the
output of A2 is a triangular wave for other position of R4 wiper the output is saw tooth
wave form. When wiper is moved towards –VEE the rise time of the saw tooth wave
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becomes tog longer than the fall time. On the other hand as wiper is moved towards
+Vcc the fall time becomes longer than the rise time.
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Unit-3

Active Filters
Q.1

Draw and explain with suitable diagram first order low pass butter worth filter.

Ans

The OP-amp is used in the non inverting configuration. The gain of the filter is
determined by the resistor R1, and RF
According to the voltage divider rule the voltage at the non inverting terminal isV1 =

Vin
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j=
-jxc =
V1 =
and the output voltage
Vo =

V₁

Vo =
=
=
=
= gain of the filter
AF = 1 +

= pass bend gain of filter.

ƒ = frequency of input signal
ƒH =

= high cut off frequency of the filter.
=

= - ton4
Where

is the phase in degrees

1. At very low frequencies, that is ƒ <ƒH
= AF
2. At ƒ = ƒH
=

= 0.707 AF

3. At + > ƒH
< AF
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Thus the low pass filter has a constant gain AF from OH3 to high cut off
frequency ƒH. At ƒH the gain is 0.707 Aƒ and after that it decreases at a constant rate
with an increase in frequency. That means, when the frequency is increased one
decode the voltage gain is divided by 10. The gain decreases 20 dB each time the
frequency is increased by 10. Hence the frequency after which the gain of filter is
down by 3dB is called cutoff frequency ƒ = ƒri. It is also called-3dB frequency
break frequency or corner frequency.
Filter Design: - A low pass filter can be designed by following steps:
1. Choose a value of high cut off frequency ƒH
2. Select a value of C less than or equal to 1 ƒ
3. Calculate the value of R using.
R=
4. Finally select value of R1 and RF dependent on the desired pass bend gain AF
usingAF = 1 + .
Q.2.

Write short note on switched capacities filter.

Ans. The switched capacitor filters have become popular because they require no
external reactive components, capacitor or inductor. The operation of these filters
is beside on the ability of on chip capacitor and metal oxide semiconductor switch
to simulate resistors. The values of these on chip simulating capacitor can be
closely matched to other capacitor on the IC, which results in integrated filters
whose cutoff frequencies are proportional to and determined by the external clock
frequency. The switched capacitor filter offers the following advantage.
1.
2.
3.
4.

Low system cost.
Low external component
High accuracy
Excellent temperature stability.

The only drawback of switched capacitor filters is that they generate more noise
than standard active filter circuit.
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Operation: - In switched capacitor filters a capacitor and a few switches can very
closely approximately the behavior of a resistor. The value of this simulated
resistor is inversely proportional to the rate

Current info and out of the switched capacitor filter as a function of time
Q.5

Draw the circuit diagram of Twin-T notch narrow bend reject filter and derive
the expression for cutoff frequencies.
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Ans. The narrow bend reject filter often called the notch filter is commonly used for the
rejection of single frequency such as the 60 HZ power at which the switches are
opened and closed. If a voltage vin is applied to the resistor a current
I=
The current flow through the resistor. The switch S1 and S2 are actually MOS
transistor that are alternately opened and closed. When S1 is closed and S2 is open,
Vin is applied to the capacitor C. so the total charge on capacitor.
Q = (Vin) C
However when S1 is open and S2 is closed the change Q flows to ground. If the
switches are ideal that is they open and close instantaneously and have zero
resistance when closed, C will charge and discharge instantaneously. If switches
are opened and closed at faster rate, the bursts of current will have the same
amplitude but occur more often. This means that the average current will be
greater for high switching rate. Thus the average current flowing through the
capacitor
Iav =
=
= Vin C ƒclk
The equivalent resistance is –
R=

=

R=
Line frequency sum. The most commonly used notch filter is the twin-T network.
One T network is made up of two resistors and a capacitor while the other uses
two capacitors and a resistor. The notch out frequency is the frequency at which
maximum alternation occurs.
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Z1 = Z 3 =
Z2 =
=
By substituting S=jw the above equation becomes
=
By equating real pant to be zero we get the notch out frequency to at which the
maximum alternation as given byo=
applying KVL at node Va we get
(Vi – Va) SC + (Vo – Va) SC + (KVo – Va) 2G=o
Sc

+ (SC + 2KG) o = 2 (SC+G) Vo
K=
G=
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Applying KVL at node νb we get
(νi – νo) G + (Vo –Vb) G + 2 (KV0-V0) SC = 0
Gνi + (G + 2 KSC) V0 = 2 (G + SC) νb
At node Vp
(Va-ν0) SC +(Vb – V0) G = 0
SCVa + GVa = (G + SC) νo
From above three node voltage equation the transfer function can be written asH (S) =

=

=
In the steady state that its S = -j
H (j

=

= =
ƒo =
by soluing above equation we obtain the upper & lower half power frequency asƒH = ƒo
ƒL = ƒo
The 3dB bandwidth is
B = ƒH – ƒ L
= 4 (1-K) ƒo
=
The most common use of notch filter is in communications and biomedical
instruments for elimination of undesired frequencies.

For free study notes log on: www.gurukpo.com

38

Q.5

Draw and explain with suitable diagram second order high pass Butter worth
filter.

Ans.

A first order high pass filter can be converted into a second under high pass filter
by using an additional RC network.
The voltage gain magnitude equation of the second order high pass filter is as
following=
ƒL = low cut off frequency
f = frequency of input signal
AF = pass bend gain for the second order filter
The value of cut off frequency for second order high pass filter is given asƒL =
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Filter design: - Design steps
1. Choose a value for the low cut off frequency ƒL
2. To simplify the design calculations set R₂ = R₃ = R and C₂ = C₃ = C. Then
choose a value of C 1
3. Calculating the value of R using. R =
4. Finally calculating the gain of filter using AF =
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Unit-4

Phase-locked loops
Q.1

Explain the operation of PLL with the help of block diagram.

Ans. The PLL is a circuit which cause a particular system to track with another one PLL
synchronizes an output with an output with an input signal in frequency as well
as in phase. In the synchronized state or locked state the phase error between the
oscillators output and the input signal is zero or very small. If the phase error
builds up a central mechanism on the oscillator in such a way that the phase error
is again reduced to a minimum in such a central system the phase of the output
signal is actually locked to the phase of the input signals. That is why; it is
referred to as a phase locked loop.

The phase detector generates an output signal that is a function of the difference
between the phases of the two input signals. The detector output is filtered and
the due component of the error signal is applied to the voltage controlled
oscillator. The signal feedback to the phase detector is the VCO output frequency.
The VCO control voltage Vƒ(t) forces the VCO to change frequency in the
direction that reduces the difference between the input frequency and the output
frequency. If the two frequencies are sufficiently close, the PLL feedback
mechanism force the two phase detector input frequencies to be equal and the
VCO is locked with the incoming frequency. That is fi=ƒo
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Once the loop is in lock there will be a small phase difference between two phase
detector input signals. This phase difference results in a dc voltage at the phase
detector output which is required to shift the VCO from its free running
frequency and keeps the loop in lock. The range of input signal frequencies over
which the loop can maintain luck is called lock range. This is always larger than
the band of frequencies over which the PLL can acquire look with on incoming
signal. This latter range of frequencies is known as the capture range of the PLL.

Q.2

Briefly describe the role of PLL in the following application.
(i)
(ii)

AM detector
Tracking filter

Ans. PLL used in AM detector:- In order to achieve demodulated AM signals PLL can
be used as coherent detector. So let the AM signal beS (t) = V [1+m(+)] sin t
This can be demodulated by multiplying the signal by a local oscillator signal of
the same earlier frequency.

Fig- A multiplier formed by a low pass filter.
The multiplier output isV (t) = V [1+m (t)] sin

ct

A sin (

c

+ + Q)

V (+) = AV [1+m (+)
The multiplier output consists of the low frequency modulating signal
V [1+m(+)] coso
and the modulating signal centered about twice the carrier frequency
V [1+m(+)] cos (2

ct+Q)

The high frequency team can be removed by the low pass filter, so the filter
output will be
Vo(t) = V [1+m(+)] coso
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(b) PLL as Tracing filter:- The tracking filter is a bend pass filter whose center
frequency is automatically tuned to the frequency of reference carrier. PLL does
nothing more than reproducing a given input signal, where the duplicate signal is
out of phase by go with respect to the input signal. The input signal undergoes an
affect such as fading which means that the signal is lost temporarily from time to
time. PLL behaves like a fly wheel. The VCO continues to oscillate at the correct
frequency even if the reference signal is lost temporarily a tracking filter is able to
continue to oscillate if the reference signal disappears. It is also able to remain
locked if the input signal is buried in noise. A tracking filter is used in an AM
receiver. In tracking filter the VCO is turnable over the frequency band of the
receiver. The PLL circuit is now tuned to a frequency where it is locked on to one
of the carriers in this bend.
Q3.

Explain the application of PLL as(i)

FM detector

(ii) FSK demodulator

(iii)

Frequency translator

(iv) Phase shifter.

Ans. (i) PLL as FSK demodulator:- FSK is a type of frequency modulation in which the
frequency of FM signal is varied between two fixed level. There are two levels one
frequency level f1 that represent 0 and other frequency level t2 represents 1
between which signals varies. Thus frequency deviation will be
= ƒ2 – ƒ1
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If the PLL remains locked into FSK signal at both ƒ1 andƒ2 the VCO control
voltage applied to comparator will be given byVƒ1 =
and
Vƒ2 =
The difference between the two control voltage levels will beVƒ =
The comparator receives its reference voltage from the VCO control voltage
which is passed through another low pass filter the LPF-2 has a very long time
constant compared to the FSK pulse period such that an essentially de voltage is
obtained. This dc voltage will have a level that is midway b/w Vƒ1 and Vƒ2 and
therefore, is at the optimum value to produce a minimum bit error rate.
When there is stop charge in frequency input from ƒ1 to ƒ2 which is designed as
ƒ thenƒ2 = ƒ1 + ƒ
since both ƒ1 and ƒ2 fall within the PLL capture range so for the VCO frequency to
change from ƒ1 to ƒ2 the required change in the VCO control voltage will be Vƒ =
Vƒ/KO. The VCO control voltage is obtained from across the capacitor of the RC
low pass filter. The time required for the voltage across capacitor to change by
amount Vc will be given approximately by

Vƒ =

=

Vƒ =
t=
=
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Since Ko Kd (

= ƒL

and RC = Z is the RC time constant of the low pass network thus
t=
The break frequency of the low pass filter is related to the time constant

by

ƒ1 =
t=
=
t =
2.

PLL as FM detector:PLL can be used as FM detector by having following configuration of PLL. If the
PLL is locked on input frequency then the VCO frequency ƒc + KOVƒ will be equal
to the instantaneous frequency of the Fm signal ƒi so that
ƒi = ƒC + KO Vƒ
and thus the VCO control voltage Vƒ will be given by
Vƒ =
If the instantaneous frequency of FM signal is ƒi (t) = ƒcarr + ƒsin mt
When Carr is un modulated earlier frequency
deviation.

ƒ is the peak frequency

m is the angular frequency modulation signal.
We will have that
Vƒ (ƒ) =
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DC component will be blocked by capacitor so the ac component of Vƒ(t)
V (t) =
This represents a true reproduction of the modulating voltage that is applied to
the Fm earlier at the transmitter.
The PLL can be used for detecting either narrow bend or wide bend Fm signals
with a high degree of linearity that can be obtained by other Fm detection
methods.

For VCo maximum control voltage available to drive the VCO will beVƒ(max) =

k d(

A/|F(

Where F ( m) is the low pass filter transfer function at pass modulation
frequency ƒm. For value of m>3ƒ, the filter transfer function can be written asF(ƒm) = ƒ1/ƒm
When the PLL is locked in on the Fm signal, the VCO control voltage will vary
with time
Vƒ (t) =
This voltage when applied to the VCO input from the low pass filter in case of ƒm
> 3ƒ, the value Vƒ (max) = kd (
) A (ƒ1/ƒm)
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If ƒC = ƒCarr, the limiting combination of FM frequency deviation and modulation
frequency, the PLL can remain locked into will be given byVƒ (max) =
= kd (

A (ƒ1/ƒm)

(ƒm ƒ) max = ko kd ( /2) Aƒ1
= ƒLƒ1
= ( ƒCarr)²
When the product of ƒm and t exceeds this value the VC O will not be able to
follow the frequency variation of FM signal. This causes distortion in tracing the
FM signal.
1.

2.

Q4.

PLL as frequency Translator:- The PLL can also be used to translate the
frequency of a highly stable fixed frequency reference oscillator by a small
amount in frequency. This can be achieved by adding a multiplier and low pass
filter stage to the PLL. The reference input frequency ƒR and the VCO output to
are applied to the input of the multiplier stage. The multiplier produces ( ƒo ƒR)
components. The ( ƒo ƒR) component is filtered by LPF. The translation of offset
frequency ƒ1 is applied to the phase compensator circuit of PLL along with the (
ƒo ƒR) compo9nent of the multiplier output. When the system is in lock, the two
input of the phase comparator are at identical frequency.
ƒ1 = ƒ0 – ƒR
ƒ0 = ƒ1 + ƒR
which is the desired frequency translation.
PLL as Phase Shifter:- There are many method of modulation and demodulation
that require 90° phase shift of local oscillator signal. The PLL doubles the
reference frequency ƒR. the flip flop output frequency is the same as the reference
frequency and differs by 90° in phase.

Explain linear model of second order PLL.

Ans. The most common configuration for PLL in monolithic form is the second order
loop. Here loop filter F (S) is simply a single pole, low pass filter, usually realized
with a single resistor and capacitor.
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On introducing the loop filter in the first order PLL.
There are two types of transfer that are frequently used for the PLL.
(i)
(ii)

Phase transfer function
Error transfer function

The phase transfer function is
H (S) =
=
Error transfer function is
HC (S) =
H(S) =
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=
=
Where KV = A Kokd is the loop bandwidth on normalizing the denominator in
the form S²+2
+ n²
Where

n is the natural frequency

²n = k

is damping factor

1

2 =
=

½
=

The magnitude of the steady state frequency response is=
And the phase shift is
Arg.
Q5

(j

=

Define the lock range and derive the expression.

Ans. the lock range of the PLL is the range of input frequency about the centre
frequency for which the loop maintains the lock. In order to maintain lock, the
phase error between the VCO output and incoming signal must be kept b/w zero
and .
In order to obtain an expression of lock range for a PLL, let us assume that the
output voltage of the detector is
Vd = kd (QeThe output voltage of the phase detector is filtered by the low pass filter to
remove the high frequency components. The output of the filter is amplified by a
gain A and then applied as the control voltage Vƒ to the VCO as given by-
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Vƒ = Kd A (QeWhere A is the voltage gain of the amplifiers. This control voltage will result in a
shift in the VCO frequency from its centre frequency ƒc ƒo a frequency to (+)
given by
ƒo (ƒ) = ƒC + Ko Vƒ
When the PLL is locked in to the input signal frequency ƒi, we have that
ƒo (ƒ) = ƒi = ƒC + koVƒ
Vƒ = (ƒi-ƒc)/ko
= Kd A (Qe –
Qe- /2 =
Thus when the PLL is locked into the signal, there will be a phase difference Qe
established between the signal voltage and the VCO output given by
Qe = /2 +
And the two frequencies will be in exact synchronization. The maximum output
voltage magnitude available from the phase detector occurs for = and 0
So Va (max) = I ( /2) Kd
The corresponding value of the maximum control voltage available to drive the
VCO will be
Vƒ (max) =

( /2) Kd A

Where loop filter gain is assumed to be unity. The maximum VCO frequency
swing that can be obtained will be
[ o(ƒ) – ƒc] max = Ko Vƒ (max)
=

KoKd ( /2)A

Therefore the maximum range of signal frequencies over which the PLL can
remained locked in will be
ƒi = ƒc KoKd (

A
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=
Where 2

ƒL

C

L will

be lock in frequency range by

Lock range = 2
Q.6

L

= KoKd A

Explain the capture range.

Ans. The capture range is the range of input frequencies for which the initially
unlocked loop will lock on an input signal. This is always less than the lock range.
The capture process actually represents the transition of a PLL system from
unlock to lock condition. When PLL is not initially locked the frequency of the
VCO will be the centre frequency ƒC. at this moment, phase difference between
the input signal and the VCO will be.
Qe= ( it + Qi) – ( ct + Qe)
Qe = ( i- c) t + Q
Q = Qi – Qc
Differentiating the equation w.r.t. time
=

i= c

Hence the output of phase detector will have an AC voltage with a peak
amplitude
and the fundamental frequency of ( i- c). The output of phase
detector may be written asVd (t) =
Where

KdA/F(j c)cos (

= i- c

And Q = <f (s

)

The output from the loop amplifier thus consists of a sinusoid at the difference
frequency whose amplitude is reduced by loop filter. In order capture to occur,
the magnitude of the voltage that must be applied to VCO input is
|VO| =
The capture process itself is complex, but the capture range can be estimated by
setting the magnitude of
Vƒ (+) = /2 Kd A/F cos (
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|Vƒ (+)| =
|

<

| ƒ (j

This equation gives an estimation of capture range for the first order loop where
F(S) is unity it predicts that the lock range is significantly less than the lock range
|F(j
is then unity. The fundamental input frequency supplied to the low
pass filter by the phase detector will be at the difference frequency.
= ƒi – ƒc
If ƒ >, 3ƒ1 the transfer function of LPF will be approximately given by
F ( ƒ) = Fi/ ƒ =
The voltage available to drive the VCO will be given by
Vƒ = Vd F (

A

And thus the maximum value of Vƒ will be
Vƒ (max) =

Kd ( /2)

A

The corresponding value of the maximum frequency shift will be given by
[ƒ (+) – ƒc] max = Ko Vƒ (max)
=

Ko Kd ( /2) A

For the signal frequency ƒi, it is must that ƒ = ƒi so that the maximum signal
frequency range can be acquired by the PLL will be
(ƒi-ƒc) max =

Ko Kd A

=
ƒcap
(ƒi-ƒc) max =

ƒcap

= (ƒi-ƒc) max
KoKd

ƒ²cap = KoKd (

A ƒ1
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ƒL = KoKd (

A

ƒcap = I
This gives the range of frequencies that can be captured by the PLL. The capture
range is given by
Total capture range = 2 ƒcap
ƒcap =

2

\
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Unit-5

Linear IC’s
Q.1

Explain the four quadrant multiplier.

Ans. A four quadrant multiplier can accept input voltage of either polarity and can
produce output voltage of both the and the polarity. This multiplier accepts two
inputs, multiplies them and produces output with appropriate polarity. This is
based on the emitter coupled transistor pair technique of multiplier.
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In this emitter current of Q1 or Q2 is true only where Vx <<V1 under the large
signal condition the voltage transfer characteristics of the differential poil Q1 and
Q2 are no longer line. Under this condition. Collector currents IC1 and IC2 are
related to the applied voltage Vx by given relation.
= e

-

(1)

In the fig. the input voltage Vx is applied to the differential pail thus the actual
differential voltage Vx, appearing at the bases of two transistor Q1 and Q2 would
be logarithmically related to the currents.
Vx = VTln

-

(2)

= eln

-

(3)

=

-

(4)

From equation (1)

Now the four quadrant multiplier is
by equation (4)
=
Or I9 I4 = I3 I10

-

(5)

Or I9 I6 = I5 I10

-

(6)

Form given fig.
I1 = I3 + I4
I2 = I5 + I6
I4 = I3 + I5
I12 = I4 + I6
IXX = I9 + I10
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The transfer characteristics of voltage to current converter is given by
I9 – I10 =
I1 – I2 =

-

(7)

And the transfer characteristics of the single ended current to voltage converter is
given by
V0 = K0 (I12 – I11)
Where K0, K1, K2 are constants. Substituting value of I11 and I12
Vo = K0 [(I4 + I6) – (I3 + I5)]
From equation (5) or (6)
V0 = K0

-

-

(8)

-

(9)

V0 = K0
V0 =

[ I9 (I4 – I5) + I10 (I5 – I4)]

V0 =

[(I9 – I10) (I4 – I5)]

From the fig.
I1 – I2 = (I3 + I4) – (I5 + I6)
=

–

By equation (9)
V0 = K0

(I1 – I2)

V0 =
= Km = V₁V₂
Km =

For free study notes log on: www.gurukpo.com

56

Q.2

Write short note on mono stable multivibrator.

Ans. Monostable multivibrator has one stable state and one quasistable state. It is also
known as mono shot or one shot multivibrator or univibrator. It remains in its
stable state for time duration determined by on RC timing circuit. The output
returns to its original stable state automatically at the end of the time and stays
there until the next tigger pulse is applied. Therefore, a monostable multivibrator
cannot generate square wave on its own like a astable multivibrator.

In the standby mode the control flip-flop FF holds Q₁,ON, thus clamping the
external timing capacitor C to ground. The output during this time is at ground
potential or low. The three Skr internal resistors act as voltage divider providing
bias voltage of (213) VCC, respectively since there two voltage fix the necessary
comparator threshold voltage they aid in determining the time internal. The
lower comparator is biased at (Y₃) VCC and it remains in the standby state as long
as the trigger input is held above (Y3) VCC. when triggered by a negative
going pulse, the output of the lower comparator goes high setting the flip-flop FF
with Q=1 and Q=1 and Q=0. This turns the transistor, Q₁ Off, and output
unclamped the voltage across it now rises exponentially through R towards V CC
with a time constant RC. After a period of time, the capacitor voltage will equal
(213) VCC and the upper comparator resets the flip-flop. This makes Q=1 and the
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transistor Q1 is ON. This in turn discharges. This in turn discharges the capacitor
rapidly to ground potential. As a consequence, the output row returns to the
stand by state or ground The circuit triggers only on negative going pulses, when
the level is less than (Y3)VCC. Once triggered, the output will remain high until the
set time has elapsed even if it is triggered again during this interval which is
indicated in ifg. Since the external capacitor voltage charges exponentially from 0
to (213) VCC, the voltage across the capacitor VC is
VC = VCC (1-e-t/RC)
At time t= T
VC = (213) VCC
So 2/3 VCC = VCC(1-e-T/RC)
T = - RC ln (1/3)
= 1.0986 RC
So for proper monostable operation with the 555 timer, the negative going trigger
pulse width should be kept shorter compared to the desired output pulse width.

Q.3

Explain Schmitt trigger with required circuit and waveforms.

Ans. The timer IC 555 can be used to function as a Schmitt trigger with variable
threshold voltage level.
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The two interval comparator input are connected together and externally biased
with a voltage VCC/2 through RA and RB potential divider network since the
voltage at will trigger the upper comparator at (2/3). The bias provided R₁ and R₂
is centered within these two threshold levels. So when a sine wave input of
sufficient amplitude (V ), where V is greater than

is applied

to circuit, it causes the internal flip-flop to alternatively set and reset generating a
square wave output. Unlike a conventional multivibrator type of square wave
generator that divides the input frequency by 2, the main advantage of Schmitt
trigger it that it simply converts the sine wave signal into square wave signal of
the same frequency. So this circuit can be used as a wave shaper.
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Given Vx = 4.47 sin2
component for
(a)

Q = I 30

(b)

Q = I 45

(c)

Q = I 60

1000t and Vy = 4.47sin (2 (1000)t +Q),

find the de

Ans. Given that –
Vx = 4.47 sin2 10000t
Vy = 4.47 (sin sin2 10000t + Q)
Vo(dc) =

cosQ

Vxp = 4.47 V
Vyp = 4.47 V
V0(dc) =

coso

V0(dc) = .999 coso
V0 (dc) = coso
(a) For Q = 30°
V0 (dc) = cos (30
=

= 0.866 V

(b) For Q = 45
V0 (dc) = Cos (45)
=

= 0.707V

(c) For Q =
°
V0 (dc) = cos (60°)
= = 0.5 V
Q.5

Design a 555 a stable multivibrator to generate an output pulse with a
frequency ƒ0 = 5 KH3 and a duty cycle of 60% given VCC = 15V and IC min = 1
mA.
Ans. The ON period TON = .693 (RA + RB) G
Similarly the OFF period TOFF = .693 RBG
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Total period T is given by
T = TON + TOFF
= .693 (RA + 2RB)G
The duty cycle D is given by
D=
=
=
=
Given D = 0.6 we have
D=
=
10 RA + 10 RB = 6 RA + 12 RB
4 RA = 2RB
R A = RB
R A = RB
The period of oscillation
T =
RB =
=
Q.6

In the Schmitt trigger R1 = 100 r, R2 = 56 kr Vin = 2V peark to peak sine wave
and the power supply voltage =
15V. Determine the upper and lower
threshold voltage Vut and Vit. The maximum output voltage swing is 14V.
Ans. For 741 the maximum output voltage swiing 14V, I,e + Vsat = 14 V and –Vsat =
-14V
Vit =
( -Vsat)
Vut =

( Vsat)

Vut =
14
= 25 mV
Vit =
(-14)
V
= 25 m
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