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DHANALAKSHMI SRINIVASAN ENGINEERING COLLEGE -621 212
ELECTRONICS AND COMMUNICATION ENGINEERING
EC6304/LINEAR INTEGRATED CIRCUITS
QUESTION BANK
UNIT 1(2 MARKS)

1. What is an integrated circuit? APRIL/MAY 2010
An integrated circuit (IC) is a miniature, low cost electronic circuit consisting of
active and Passive components fabricated together on a single crystal of silicon. The
active components are Transistors and diodes and passive components are resistors
and capacitors.

2. What is current mirror? APRIL/MAY 2010
A constant current source (current mirror) makes use of the fact that for a
transistor in the active mode of operation, the collector current is relatively
independent of the collector voltage

3. What are two requirements to be met for a good current source? MAY/JUNE

2012

a. Superior insensitivity of circuit performance to power supply variations and
temperature.

b. More economical than resistors in terms of die area required providing bias
currents of small value.

c. When used as load element, the high incremental resistance of current source
results in high voltage gains at low supply voltages.

4. What are all the important characteristics of ideal op-amp? APRIL/MAY 2015
Ideal characteristics of OPAMP
1. Open loop gain infinite
2. Input impedance infinite
3. Output impedance low
4. Bandwidth infinite
5. Zero offset, ie, Vo=0 when V1=V2=0

5. Define CMRR of OP-AMP APRIL/MAY 2011

The relative sensitivity of an op-amp to a difference signal as compared to a
common - mode signal is called the common -mode rejection ratio. It is expressed in
decibels.

CMRR= Ad/Ac
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6. Define slew rate APRIL/MAY 2014

The slew rate is defined as the maximum rate of change of output Voltage caused
by a step input voltage. An ideal slew rate is infinite which means that op-amp's
output voltage should change instantaneously in response to input step voltage.

7. Mention the advantages of integrated circuits over discrete components.
APRIL/MAY 2014

*Miniaturisation and hence increased equipment density.

*Cost reduction due to batch processing.

*Increased system reliability due to the elimination of soldered joints.
*Improved functional performance.

*Matched devices.

*Increased operating speeds.

*Reduction in power consumption.

8. Define offset voltage of an Operational Amplifier. NOV/DEC 2013

A small voltage applied to the input terminals to make the output voltage
as zero when the two input terminals are grounded is called input offset voltage.

9. Draw the circuit diagram of differentiator and give its output equation.

APRIL/MAY 2010
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10. List the various methods of realizing high input resistance in a differential
amplifier. MAY/ JUNE 2012

(1) Use of Darlington pair, (ii) Use of FET, (ii1) Use of swamping resistance
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UNIT-1 (16 MARKYS)
1. What is current Mirror? Discuss in detail a Widlar current source (16)
APRIL/MAY 2008 ,NOV/DEC 2011(8), NOV/DEC2016(6)

Constant current source (Current Mirror): (4)

A constant current source makes use of the fact that for a transistor in the active mode of
operation, the collector current is relatively independent of the collector voltage
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FIG:1 Current mirror circuit FIG:2 Current source output current

characteristics

Widlar current source: (12)

L

Widlar current source which is particularly suitable for low value of currents

Iref=IC1+IB1+IB2
Iref =1C1 + IC1/B + IC2/B
NeglectinglC2/B, Iref = ICI(1 +)
Iref= Vcc-VBE/R1

When >> 1, IC1 = Iref
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2. (i) Define CMRR. Draw the circuit of an Op-amp differential amplifier and give
theexpression for CMRR. (8) APRIL/MAY 2010

CMRR (2)
The relative sensitivity of an op-amp to a difference signal as compared to a

common - mode signal is called the common -mode rejection ratio. It is expressed in
decibels.

CMRR= Ad/Ac

Circuit of an Op-amp differential amplifier (6)
+Vee
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Improved differential coreuit
Irx using active load

-VEE

CMRR=20 log 10|Adm/Acm|dB

Balanced case

CMRR=20 log;o [Rsthie2RE(1+hg)/(Rsth;e)|Db
UnBalanced case

CMRR=20 log;o |Rsthic+2Rg(1+hs)/2(Rs+hie)|dB
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(ii) Define Slew Rate. Explain the cause of slew rate and derive an expression for Slew rate
for an op-amp voltage follower. (8) APRIL/MAY 2010 , APR/MAY2017(8)

Slew Rate (2)
Slew rate is the maximum rate of change of output voltage with respect to time. Specified in

V/us.

Reason for Slew rate: (6)

> NI,

—+

B Sl

Voltage Follower Circuit
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Input and output waveforms of a voltage follower

The max rate of change of output across when coswt =1
(i.e) SR =dV0/dt jmax = wVm.
SR =2 fVm V/s =2 fVm v/ms.

Thus the maximum frequency fmax at which undistorted output volt of peak value Vm is
given by fmax (Hz) = Slew rate/6.28 * Vm called the full power response. It is maximum
frequency of a large amplitude sine wave with which op-amp can have without distortion.




DSEC/ECE/EC6304-LIC/QB

Non-ideal DC characteristics:
JInput bias current
"IInput offset current

Input offset voltage

[JThermal drift
Input bias current:

3. (i)List and Explain the non-ideal DC characteristics of an operational amplifier (8)
MAY/JUNE 2012, APR/MAY2017(8)
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(ii)Explain the ideal AC characteristics of an operational amplifier (8)
MAY/JUNE 2012 , APR/MAY 2017(16)

Frequency Response:

The variation in operating frequency will cause variations in gain
magnitude and its phase angle. The manner in which the gain of the op-amp
responds to different frequencies is called the frequency response
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Circuit Stability:
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Feedback loop system

The closed loop gain Af is given by AF = V0 /Vin
= AOL / (1+(AOL ) (B) ----(2)
B = gain of feedback circuit.

1. Method 1:
Determine the phase angle when the magnitude of (AOL) (B) is 0dB (or) 1.

If phase angle is >-180 , the system is stable. However, the some systems the magnitude may

never be 0, in that cases method 2, must be used.
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2. Method 2:

Determine the phase angle when the magnitude of (AOL) (B) is 0dB (or) 1.
If phase angle is > - 180 , If the magnitude is —ve decibels then the system is stable. However,

the some systems the phase angle of a system may reach -1800, under such conditions method 1

must be used to determine the system stability.

4. Explain the Integral circuit diagram of IC741.Discuss its AC and DC performance
characteristics NOV/DEC 2010 , MAY/JUNE 2014 ,NOV/DEC2015(16)
Integral circuit diagram of 1C741 (8)
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An operational amplifier generally consists of three stages, namely

1. A differential amplifier

2. Additional amplifier stages to provide the required voltage gain and dc level shifting.

3. An emitter-follower or source follower output stage to provide current gain and low
output resistance.

IC 741 Bipolar operational amplifier (8)
AC Characteristics:

For small signal sinusoidal (AC) application one has to know the ac
characteristics such as

Frequency response

The variation in operating frequency will cause variations in gain magnitude and
its phase angle.
The manner in which the gain of the op-amp responds to different frequencies is called
the Frequency response

slew-rate.
Slew rate is the maximum rate of change of output voltage with respect to time.
Specified in V/ps.
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DC Characteristics of op-amp:
Current is taken from the source into the op-amp inputs respond differently to
current and voltage due to mismatch in transistor.
DC output voltages are,
"IInput bias current
" JInput offset current
"IInput offset voltage
[JThermal drift

5. Draw the circuit of a differential amplifier with current Mirror load. Draw its
equivalent circuit and derive an expression for its gain MAY/JUNE 2007
+Vco
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IC4 =1C3 =IC1 = gmVid/2 where IC4 = IC3 due to current mirror action.
IC2 =-gmVid/2.
We know that the load current IL entering the next stage is
IL=IC2-1C4 = - gmVid/2 - gmVid/2 = - gmVid

Analysis of BJT differential amplifier with active load:

The collector currents of all the transistors are equal.
IC1 =IC2=1IC3 =IC4 =1EE/2.
The Collector -emitter voltages of Q1 and Q2 are given by
VCE1-VCE2 =VC-VE=V CC - VEB-(-VEB)= VCC

Eqn. shows that, the offset is higher than that of a resistive loaded differential
amplifier A. This can be reduced by the use of emitter resistors for Q 3and Q4 ,and a
transistor Q5 in the current mirror load
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6. (i) With neat Block Diagram ,explain the general stages of an OP-AMP IC
Basic information about operational amplifiers NOV/DEC 2011 (8)

An operational amplifier is a direct coupled high gain amplifier consisting of one
or more differential amplifiers, followed by a level translator and an output stage.

It is a versatile device that can be used to amplify ac as well as dc input signals &
designed for computing mathematical functions such as addition, subtraction
,;multiplication, integration & differentiation
Ideal operational Amplifiers

Op-amp symbol

Nen-mnvertmg mpult I

mverting imput

| s

General Operational Amplifier stages and internal circuit diagrams of IC
741
An operational amplifier generally consists of three stages, namely

1. A differential amplifier

2. Additional amplifier stages to provide the required voltage gain and dc level
shifting.

3. An emitter-follower or source follower output stage to provide current gain and
low output resistance.
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(ii)Explain the circuit diagram , the working of BJT Emitter coupled differential
amplifier. Also explain the concept of active load and sketch the relevant circuit
Diagram NOV/DEC 2011 (8) .
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BJT Differential Amplifier using active loads:

A simple active load circuit for a differential amplifier is the current mirror active
load as shown in figure. The active load comprises of transistors Q3 and Q4 with the
transistor Q3 connected as a Diode with its base and collector shorted. The circuit is
shown to drive a load RL. When an ac input voltage is applied to the differential
amplifier, the various currents of the circuit are given by

IC4=1C3 =IC1 =gmVid/2
Where IC4 = IC3 due to current mirror action.

IC2 =-gmVid/2 .

We know that the load current IL entering the next stage is

IL=1IC2-IC4 = - gmVid/2 - gmVid/2 = - gmVid
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Analysis of BJT differential amplifier with active load:
The collector currents of all the transistors are equal.
IC1 =IC2=1IC3 =IC4 =1EE/2.
The Collector -emitter voltages of Q1 and Q2 are given by
VCE1-VCE2 =VC-VE=V CC - VEB-(-VEB) = VCC
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7. (i) With neat circuit Diagrams , explain the operations of (i) voltage reference
circuit using temperature compensation (ii) voltage reference circuit using
avalanche diode reference (12) MAY/JUNE 2012

The circuit that is primarily designed for providing a constant voltage independent of
changes in temperature is called a voltage reference. The most important characteristic of a
voltage reference is the temperature coefficient of the output reference voltage TCR

Voltage Reference circuit using temperature compensation scheme(6)

= =T
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Voltage Reference circuit using Avalanche Diode Reference: (6)
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(11) Current Mirror problem (4 )
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UNIT 2 (2 MARKS)

1. Whatis a VCO? APRIL/MAY 2010
Voltage controlled oscillator is a free running multivibrator operating at a set frequency
called the free running frequency. This frequency can be shifted to either side by applying a dc
control voltage and the frequency deviation is proportional to the dc control voltage.
2. What is comparator? MAY/JUNE 2012
A comparator is a circuit which compares a signal voltage applied at one input of an op-
amp with a known reference voltage at the other input. It is an open loop op - amp with
output + Vsat .
3. Why active guard drive is necessary for an instrumentation amplifier? MAY/ JUNE
2012
(1) Due to ground loop interference additional voltage drop gets inserted which
may cause error in low level measurements.
(i1) Due to distributed cable capacitances there is degradation of CMRR.
The active guard drive eliminates all these problems and necessary for an instrumentation
amplifier.
4. What is a voltage follower? APRIL/MAY 2014

A circuit in which output follows the input is called voltage follower.
5. Draw the circuit diagram of peak detector. APRIL/MAY 2014

6. Draw and write equation of an integrator using an op-amp. NOV/DEC 2010

Rw
Wv )
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Vin +V,
- e . .
= .- —Q = — |V, d+C
vV 1 n o E C m
| /l n
Nrm
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7. Why active guard drive is necessary for an instrumentation amplifier? MAY/ JUNE
2012

(1) Due to ground loop interference additional voltage drop gets inserted which
may cause error in low level measurements.

(i1) Due to distributed cable capacitances there is degradation of CMRR.
The active guard drive eliminates all these problems and necessary for an instrumentation

amplifier.
8. Give the schematic of op-amp based current to voltage converter. APRIL/MAY
2010
W
i
o Tma I
Ii:n@ I]u:ﬂl
__ "‘._Z" B A Q
= - + Ve—-In Rx
IB]_=|:|T - EE

Atnode V,, Vi=V,=0
Iin = -Vo /R
Vo=-InR, Vo <l
9. Compare the performance of inverting and non inverting operational amplifier
configurations. NOV/DEC 2010

Inverting amplifier Non inverting Amplifier
1. Gain =-Rf/RI 1. Gain= I+(Rf/R1)
2. Input impedance is R1 2. Input impedance very large
3. Gain adjusted as greater | 3. Gain is always greater than
than, less than or equal to one.
one. 4. No phase shift between input
4. Output is inverted w.r.to and output.
input

10. What are the applications of comparator? APRIL/MAY 2008

1.Zero crossing detector
2.Window detector
3.Time marker generator
4.Phase detector
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UNIYV 2 (16 MARKYS)

1. (i) construct a logarithmic amplifier with OP-AMP and derive the Expression for

the output voltage (§)APRIL/MAY 2015, APRIL/MAY 2008
Log Amplifier:

V,=Vin (1,/1,)

iy

0 In{ie/ 1)

(a) (b)
Uses:

Direct dB display on a digital Voltmeter and Spectrum analyzer.
Log-amp can also be used to compress the dynamic range of a signal.

Va=-kTh:[ ¥y ]=—£fn[£)
q Ryl q Ve

Logarithmic amplifier with compensation of emitter saturation current
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(i1) Explain the Instrumentation Amplifier circuit and obtain Expression for gain
.What are its applications (8) NOV/DEC 2013 MAY/JUNE 2013

Vye—rp
ov
1 Ry

Vv, Ry
o= VY i
| ‘ﬁﬂ R L4l Az
Vs AV ——e— + ¥o
R’ V2 R,

Current flowing in resistor R is I= (V1-V2)/R and it flow through R’ in the
direction shown, Voltage at non-inverting terminal op-amp A3 is R2V1’/(R1+R2). By
superposition theorem,

Vo= (R2/R1)V1+(1+R2/R1)(R2V2/(R1+R2)=R2/R1(V1’-V2’);
VI'=R’[+V1=R’/R(V1-V2)+V1

V2’=R’[+V1=R’/R(V1-V2)+V2;V0= (R2/R1)[(2R’/R(V2-V 1)+ (V2-V1)]=
(R2/R1)[(1+2R’/R)(V2-V1)

Important features of an instrumentation amplifier are
1. High gain accuracy
2. High CMRR
3. High gain stability with low temperature coefficient
4. Low output impedance

Fesistive transducer

Rr £+ AR

|
i+
&

3 op-amp :
R instrument- Indicator
H ation or
amplifier display
1 of Fig. 4.18 device

o}

Vi

Applications of instrumentation amplifier with the transducer bridge,
o temperature indicator,
o temperature controller and
o light intensity meter .
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2. Discuss the following applications of OP-AMP APRIL/MAY 2015

(i) Current to voltage Converter(8)
Hy
AN
R'i
; A s b ~
- Vi= 4R S——0 V= T+ =L IR
J;I = '-L- _:;__'__..-"'"r'r [ H. }
=R
3

Sensitivity of the I — V converter:

1. The output voltage VO = -RF Iin.

2. Hence the gain of this converter is equal to -RF. The magnitude of the gain
(i.e.) is called as sensitivity of [ to V converter.

3. The amount of change in output volt AVO for a given change in the input
current Alin is decide by the sensitivity of [-V converter.

4. By keeping RF variable, it is possible to vary the sensitivity as per the

requirements.

(i1) Schmitt Trigger: [Square Circuit] (8) APRIL/MAY 2015, APRIL/MAY 2008
(16) MAY/JUNE 2012 (8) NOV/DEC2013 (8)

This circuit converts an irregular shaped waveform to a square wave or pulse. The
circuit is known as Schmitt Trigger or squaring circuit. The input voltage Vin triggers
(changes the state of) the o/p VO every time it exceeds certain voltage levels called the
upper threshold and lower threshold voltage.

0 (b} r Vi
+ v, o ' ¥ 'l"lu o
7 Vans T - ' —Veae
Vi ' .
E’\: AW o T i
v R, Ry (c) L T Vi
B 9 T r——
1
1 1 0 Wirl Yemr | Ve =
= (i)

Visae | ] e

(el

Schmitt Trigger as squarer
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3.

(i) Design a First order LPF filter(8) APRIL/MAY 2010
First order LPF Butterworth filter:

First order LPF that uses an RC for filtering op-amp is used in the non inverting
configuration. Resistor R1 & Rf determine the gain of the filter. According to the voltage

—divider rule, the voltage at the non-inverting terminal (across capacitor) C is,
R1

Ry
AANA B AAAA
J_ 10K 10K

Lk

20K FOT

-®

: [0.010F

= 10K
Voltage zaiu
&
Af
P, -10dE e ade
0,707 Af
— T8 fs —

Frequency
1. At very low frequency, f < fH

H (jo)| =A
2. At f=fH

H (jo)| =A/N2=0.707A

3. Atf>fH

H (jo)| <<A =0
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(ii) Explain the positive clipper circuit using an OP-AMP and a diode with neat
diagram(8)
APRIL/MAY 2010

A circuit that removes positive parts of the input signal can be formed by using an
op-amp with a rectifier diode. T he clipping level is determined by the reference voltage
Vref, which should less than the i/p range of the op-amp (Vref < Vin). The Output
voltage has the portions of the positive half cycles above Vref clipped off.

Tans

(me)

=
H

[
&
A

Dloff

¢ i

/! X :
I
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¢t

Yrefl¥

(ms) Vref-I¥ -
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4. With neat diagram explain logarithmic amplifier and anti logarithmic amplifier

APRIL/MAY 2014

Logarithmic Amplifier
Antilog computation may require functions such as In x, log x or sin hx

V,=Win (I./1,)
Vo

por o
I’r, . _l_ " Ve —,'.:
=y .
‘m ow o +in
B e
o o ] T il d )
L)

Uses:
Direct dB display on a digital Voltmeter and Spectrum analyzer.

Log-amp can also be used to compress the dynamic range of a signal

'l-"ra=—kaJ'I )———f [FJ
a RIIS

Logarithmic amplifier with compensation of emitter saturation current
—— A ——

v Ry

Ay
L

R

Antilog Amplifier
A circuit to convert logarithmically encoded signal to real signals. Transistor in

inverting input converts input voltage into logarithmically varying currents

ﬂfj‘r o S J;,.,

-+, ‘—Ih‘":_::.
e L
w e
=§ P
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5. With neat diagram explain the application of OP-AMP as precision Rectifier,
clipper, clamper APRIL/MAY 2014

Precision Rectifier: (6)

21

The ordinary diodes cannot rectify voltages below the cut-in-voltage of the diode.
A circuit which can act as an ideal diode or precision signal — processing rectifier circuit
for rectifying voltages which are below the level of cut-in voltage of the diode can be
designed by placing the diode in the feedback loop of an op-amp.

Clipper: Positive Clipper: (5)

1 |
‘% Yﬂ
D
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Frecision diode
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Negative Clipper:

WinCV) 44

Rl . ¥
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6. (i)Sketch the basic circuit using op-amp to perform the mathematical operation of
differentiation and explain. What are the limitations of an ordinary OP-AMP

differentiator? MAY/JUNE 2012

The circuit performs the mathematical operation of differentiation (i.e.) the output

waveform is the derivative of the input waveform

Gain({B) —»

Closed loom resnonse of
practcal differentiator

0 Closed leop response of
- e 2 = practical differentator

—
Frequency (HHZ)

Frequency response of differentiator

TN N N N NN/
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(i1)) Draw and Explain the circuit of voltage to current converter if the load is (i)
Floating (ii) Grounded MAY/JUNE 2012
Voltage to Current Converter with floating loads (V/I):(4)

+ Vg

]

= A MMM

G| lWmo

ip=Owutput cumrent

B

Applications:

Voltage —

1. Low voltage ac and dc voltmeters
2. Diode match finders
3. LED and Zener diode testers.

to current converter with Grounded load:(4)

174 Va 74

—
V=2,
j
L AT,
Ii— I —1I,
-
Cyoamed ed
Lo

Analysis of the circuit:

The analysis of the circuit can be done by following 2 steps.
1. To determine the voltage V1 at the non-inverting (+) terminals and
2. To establish relationship between V1 and the load current IL
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2013

7. Explain the working of (i) precision full wave Rectifier (ii) integrator NOV/DEC
(1) precision full wave Rectifier (8)

25
part of the circuit is an inverting amplifier.

The first part of the Full wave circuit is a half wave rectifier circuit. The second
R R
MW MWW
E; Re
V1
% R

\
A

-
; Yo
y —! R
/ Voa

Active Non - saturating Full - wave Rectifier circuit

A

vancesT

Ly T

oy T4

-
T ilxrne
&
U -'L-— /\
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o)
Invpenat mwwel 4 davdgpeuat W amwvetormmms
To summarize the operation of the circuit,
V0 = Viwhen Vi <0V and

V0 = Vi for Vi> 0V, and hence
V0 =|Vi|
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(ii)Integrator MAY/JUNE 2013

A circuit in which the output voltage waveform is the integral of the input voltage
waveform is the integrator or Integration Amplifier.
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UNIT 3 (2 MAKS)
1. Define resolution of a data converter. APRIL/MAY 2010
The resolution of a converter is the smallest change in voltage which may be produced at
the output or input of the converter.
Resolution (in volts)= Vors/2"-1
The resolution of an ADC is defined as the smallest change in analog input for a one bit
change at the output.
2. Whatis lock range and capture range of PLL? NOV/DEC 2010
Lock range
The range of frequencies over which the PLL can maintain lock with the incoming
signal is called the lock-in range or tracking range.
Capture range
The range of frequencies over which the PLL can acquire lock with an input signal is
called the capture range.
3. What are the advantages of variable transconductance technique? MAY/ JUNE
2012
(1) Simple to integrate into monolithic IC
(i1) Provide very good accuracy, four quadrant operation.
(ii1) Reduce error at least by 10 times.
4. VCOis also called as V-f converter. Why? MAY/ JUNE 2012
Voltage controlled oscillator is a free running multivibrator operating at a set
frequency called the free running frequency. This frequency can be shifted to either side
by applying a dc control voltage and the frequency deviation is proportional to the dc
control voltage.
Input voltage is converted into output frequency so it is also called V-f converter.
5. Define capture range of PLL. NOV/DEC 2011

The range of frequencies over which the PLL can acquire lock with an input signal is

6. Guigddbakapisaeyange. It is expressed as a percentage of the VCO free
7. What is meant by frequency synthesizing NOV/DEC 2013

A frequency synthesizer is an electronic system for generating any of a range of
frequencies from a single fixed time base or oscillator. They are found in many modern
devices, including radio receivers, mobile telephones, radiotelephones, walkie-talkies,
CB radios, satellite receivers, GPS systems, etc. A frequency synthesizer can combine
frequency multiplication, frequency division, and frequency mixing (the frequency
mixing process generates sum and difference frequencies) operations to produce the
desired output signal.

8. Define lock range of PLL NOV/DEC 2013

The range of frequencies over which the PLL can maintain lock with the
incoming signal is called the lock-in range or tracking range. It is expressed as a
percentage of the VCO free running frequency.
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9. What is FSK technique APRIL/MAY 2008
In computer peripheral & radio (wireless) communication the binary data or code
is transmitted by means of a carrier frequency that is shifted between two preset
frequencies. Since a carrier frequency is shifted between two preset frequencies, the data
transmission is said to use a FSK. The frequency corresponding to logic 1 & logic 0
states are commonly called the mark & space frequency.
10. Mention any two applications of PLL MAY/ JUNE 2013

e Frequency multiplication/division

e Frequency translation c. AM detection
e FM demodulation

¢ FSK demodulation.




DSEC/ECE/EC6304-LIC/QB 29

UNIT III (16 MARKS)

16 MARKS

1. Explain the applications of Phase Locked Loop (16) NOV/DEC 2015,
MAY/JUNE2012 (16) , MAY/JUNE2014(16),APR/MAY2017 (7),
MAY/JUNE2013(8), NOV/DEC2013 (6)

(i)Frequency synthesizer (ii) AM demodulator (iii) FM Demodulator

Frequency synthesizer

A frequency synthesizer is an electronic system for generating any of a range of
frequencies from a single fixed time base or oscillator. They are found in many modern
devices, including

radio receivers, mobile telephones, radiotelephones,
walkie-talkies, CB radios, satellite receivers, GPS systems, etc.

A frequency synthesizer can combine frequency multiplication, frequency
division, and frequency mixing (the frequency mixing process generates sum and
difference frequencies) operations to produce the desired output signal.
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AM demodulator

The PLL is locked to the carrier frequency of the incoming AM signal. The output
of VCO which hasthe same frequency as the carrier, but unmodulated is fed to the

multiplier
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FM Demodulator \

If PLL is locked to a FM signal, the VCO tracks the instantaneous frequency of
the input signal. The filtered error voltage which controls the VCO and maintains lock
with the input signal is the demodulated FM output.

The VCO transfer characteristics determine the linearity of the demodulated
output. Since, VCO used in IC PLL is highly linear, it is possible to realize highly linear
FM
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2. Explain the working of Analog multiplier using Emitter coupled Transistor Pair.
Discuss the Analog Multiplier IC(16)APR/MAY2015 ,(16) MAY/JUNE 2014
A multiple produces an output VO which is proportional to the product of two
inputs Vx and Vy. VO = KVxVy where K is the scaling factor = (1/10) V-1.

I I_L llcg
+ > ":_-.;_:"1 QI

. .

Multiplier circuit using an emitter coupled pair

F 3 .Ill_l'l.fl:_'

DC Transfer characteristics of emitter coupled pair
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3. Explain the operation of Variable Transconductance Multiplier(16)NOV/DEC2016
MAY/JUNE 2013 (8) MAY/JUNE 2013

T N e

1"’?}" RE l IEE

The variable transconductance technique makes use of the dependence
characteristic of the transistor transconductance parameter on the emitter current
bias applied. A simple differential circuit arrangement depicting the principle is
shown in figure.

" IThe relationship between V0O and Vx . is given by VO = gm RL VX

where gm = IEE /VT is the transconductance of the stage.

" JApplication of a second input Vy to the reference current source of the

differential amplifier can vary gm.
IThus, if RE IEE >>VBE, the bias voltage Vy is related to IEE by the

relation Vy = IEE RE.
[ IThen, the overall voltage transfer expression is given by
Vo=gm RLVx = (Vy/VTRE)VxRL = VxVy RL/ VTRE
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4. (i) Explain working principle of PLL IC NE 565(12) NOV/DEC2016,
APR/MAY2017(6) ,NOV/DEC2013 (10)

The output from a PLL system can be obtained either as the voltage signal vc(t)
corresponding to the error voltage in the feedback loop, or as a frequency signal at VCO
output terminal. The voltage output is used in frequency discriminator applications
whereas the frequency output is used in signal conditioning, frequency synthesis or clock
recovery applications.

-v [ 14 | NC
npuT [2] 13| NC
INPUT |3 12| NC
NE/SE
e ses 7] ne
PHASE COMPARATOR |5 10|+ Vv
VCO INTPUT
REFERENCE | ' EXTERMAL CAPACITOR
SUTEUT 5 [ s] ES5RNES
DEMODULATED | | ] EXTERMNAL RESISTOR
OUTPUT z 2] Forveo
14-Pin DIP Package
| .
Rz
15k> oo1,F > M1
Co G Byl—O AN

R3
1DH% i c4
P

The important electrical characteristics of the 565 PLL are,
"1Operating frequency range: 0.001Hz to 500 Khz.
" JOperating voltage range: £6 to +12v
"IInput level required for tracking: 10mv rms min to 3 Vpp max
JInput impedance: 10 K ohms typically.
"1Output sink current: I1mA
[JOutput source current: 10 mA
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External connections of VCO

LOWY-PASS
FILTER-~,

hp
3.0 Wi tr DEMODULATED
b, OUTEUT
1 - REFEREN-CE

s CUTPUT

NE/SE 565 PLL Block Diagrom

The center frequency of the PLL is determined by the free running frequency of
the VCO, which is given by

FOUT =1.2/ 4R1C1
(ii)Brief the application of PLL IC for Frequency Multiplication NOV/DEC2016 (4),
APR/MAY2017 (6)

The block diagram shown below shows a frequency multiplier/divider using PLL.
A divide by N network is inserter between the VCO output and the phase comparator
input. In the locked state, the VCO output frequency fo is given by fo = Nfs. The
multiplication factor can be obtained by selecting a proper scaling factor N of the
counter. Frequency multiplication can also be obtained by using PLL in its harmonic
locking mode.

If the input signal is rich in harmonics e.g. square wave, pulse train etc., then the
VCO can be directly locked to the n-th harmonic of the input signal without connecting
any frequency divider in between. However, as the amplitude of the higher order
harmonics becomes less, effective locking may not take place for high values of n.
typically n is kept less than 10.

LOwW PASS
CMR&TOR FILTER AMPLIFIER

12 HEE H D
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5. Draw the block diagram and explain principle of working, characteristics and
applications of (i) Frequency Synthesizer(8) MAY/JUNE 2013, APR/MAY2017 (8)
(ii) FSK demodulator (8) MAY/JUNE 2013

Frequency Shift Keying (FSK) demodulator

In computer peripheral & radio (wireless) communication the binary data or code
is transmitted by means of a carrier frequency that is shifted between two preset
frequencies. Since a carrier frequency is shifted between two preset frequencies, the data
transmission is said to use a FSK. The frequency corresponding to logic 1 & logic 0
states are commonly called the mark & space frequency.

For example, when transmitting teletype writer information using a modulator-
demodulator (modem) a 1070-1270 (mark-space) pair represents the originate signal,
while a 2025-2225 Hz (mark-space) pair represents the answer signal.

+5V
- LF-DD-ER FILTER

Ry< 5k J_ J_
0.

EpF DOi*uF'
8 10
01pF 0kQ mn
o I I 2 7
NPUT R R
1,070 Hz
OR
PLL
1,270 Hz 585 &
3 ]
800 1
d
% 1
800 1 J_
G|_|_ 005 pF
=
o-5V
565 As An FSK Demodulator
FSK Demodulator:

"1The output of 555 FSK generators is applied to the 565 FSK demodulator.

" JCapacitive coupling is used at the input to remove dc line.

1At the input of 565, the loop locks to the input frequency & tracks it between the 2
frequencies.

"JR1 & C1 determine the free running frequency of the VCO, 3 stages RC ladder filter is
used to remove the carrier component from the output.
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6. Explain Gilbert multiplier cell for four quadrant multiplication(7) APR/MAY2017,
NOV/DEC2013(11)

The Gilbert multiplier cell is a modification of the emitter coupled cell and this
allows four — quadrant multiplication

I = Tea | l

lIc:; ch.l J..-Il:ﬁ I'UﬁJ,
+ C—y a2 a ———{::E%s e
"y
- >

+ o ;1 Q;—

2
-o
+ ) Iex
=N
The collector current 0ofQ3 and Q4 are given by
Igy I
ICB 1+e-VUIVT ﬂnd IC‘I- N 1+eV1,.'VT

Similarly, the collector current 0ofQ5 and Qg are given by

Ica Ica
The I¢s = —v v and Igg = —=v5
c5 i+e|.r"1||,'/1r e i+e V:;VT I
collector current [c] and 1) oftransistors Q1 and Q2 canbe expressed as
- leE IEE
T T 1+ 2/'T
SllelilUli]lg the above equation in I(:3 and I(J4’ we get

1gE IEF

3 =T and [y =
les V% ¥y lca V2| vr
1+e Vrll14e VT 1+e VT ||14eVT

Similarly substituting [ .o inI.5 and [¢g , we get,

and [, =

IEE Igg
o == n =
les V.2 v ® d Ice V.3 2%
1+e VT ||1+eYT 1+e VT ||1+e VT

The differential output current I is given by
I[=IL1-1L2
=IC3 +IC5) - (1C4+IC6)
=IC3 - IC6)-(IC4 - ICS)
AI=1 EE tanh(V1/2VT) tanh(V2/2VT)
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7. Explain operation of VCO (6) APR/MAY2017, (10) NOV/DEC 2012,

In PLL applications, the VCO is treated as a linear, time-invariant system.
Excess phase of the VCO is the system output.

l—ﬂ— '|‘I'|-
S ®
+ & 4
E‘ o CURREMNT| _?E::;g'g BUFFER -
e ~| sOURCES AMPLIFIER | 3 b
MODULATION | 5 3 ] M
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BUFFER |4
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FAVAN

Cq

|||—H 5

The VCO oscillates at an angular frequency, wout. Its frequency is set to a
nominal ®0 when the control voltage is zero. Frequency is assumed to be linearly
proportional to the control voltage with a gain coefficient KO or KVCO (rad/s/v).

oout = 0 +KOVcont

36
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The output frequency of the VCO can be given as follows:

2 [V +) = (Ve
0 R, G, V+
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8. (i) List and define the various performance parameters of a Multiplier IC. (6)
[JAccuracy:
This specifies the derivation of the actual output from the ideal output, for any
combination of X and Y inputs falling within the permissible operating range of the
multiplier.
[JLinearity:
This defines the accuracy of the multiplier. The Linearity Error can be defined as the
maximum absolute derivation of the error surface. This linearity error imposes a lower
limit on the multiplier accuracy.
v' Square law accuracy:

The Square — law curve is obtained with the X and Y inputs connected together
and applied with the same input signal. The maximum derivation of the output voltage
from an ideal square —law curve expresses the squaring mode accuracy.

[IBandwidth:

The Bandwidth indicates the operating capability of an analog multiplier at higher
frequency values.
v" Quadrant:

The quadrant defines the applicability of the circuit for bipolar signals at its
inputs. First — quadrant device accepts only positive input signals, the two quadrant
device accepts one bipolar signal and one unipolar signal and the four quadrant device
accepts two bipolar signals.

v Logarithmic summing Technique:
This technique uses the relationship InVx + InVy =In(VxVy)

(ii) How the multiplier is used as voltage divider? (5)
In voltage divider circuit the division is achieved by connecting the multiplier in
the feedback loop of an op-amp.

W e
o

L
i—// "o

R

i1+i2 = Vnum /R + Vom /R =0
KV OA V den = - V num or
voA=- vaum/Kvden
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(iii) How the multiplier is used as frequency doubler? (5) MAY/JUNE2012

The principle of application of analog multiplier as rectifier of ac signals.

A sine-wave signal Vi has a peak amplitude of Av and frequency of f Hz. Then,
the output voltage of the doublers circuit is given by

Apsin2nft+ Aysin2nft _AF . - .. A% :
= =—sin — (1 — cos4
Vo — — 2 ft 2ﬂ( Tft)
+15V

3
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= -15V =
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(a) circuit diagram
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(b) input —output waveform of frequency doubler
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9. Explain the basic blocks of PLL and determine expression for lock- in range and

capture range APR/MAY2015(16), NOV/DEC 2015(16)
Definition

A PLL is a feedback system that includes a VCO, phase detector, and low pass
filter within its loop. Its purpose is to force the VCO to replicate and track the frequency
and phase at the input when in lock. The PLL is a control system allowing one oscillator
to track with another. It is possible to have a phase offset between input and output, but
when locked, the frequencies must exactly track.
Applications: There are many applications for the PLL, but we will study:

a. Clock generation

b. Frequency synthesizer

c. Clock recovery in a serial data link
Lock Range

Range of input signal frequencies over which the loop remains locked once it has
captured the input signal. This can be limited either by the phase detector or the VCO
frequency range.

Kpm2 =T~

Thus the frequency would change in the opposite direction to that required to
maintain the locked condition.
Ve-max =+ KD /2
When the phase detector output voltage is applied through the loop filter to the
VCO,
Awout — max ==+ KV 7/2 = oL (lock range)

Where KV = KO KD, the product of the phase detector and VCO gains.
Capture range:

Range of input frequencies around the VCO center frequency onto which the
loop will lock when starting from an unlocked condition. Sometimes a frequency detecto
is added to the phase detector to assist in initial acquisition of lock. You will see later that
the loop filter bandwidth has an effect on the capture range.

Ve(s)/Ap = KD
eout(s)/Vcont(s) = KO /s
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UNIT 4 (2 MARKS)
1. Give the advantages of integrating type ADC. APRIL/MAY 2010
e The integrating type of ADC’s does not need a sample/Hold circuit at the input.

e [t is possible to transmit frequency even in noisy environment or in an isolated form.
2. Compare and contrast binary ladder and R-2R ladder DAC? NOV/DEC 2010

Binary ladder R-2R ladder
1. Requirement of wide range of | 1. Easier to build accurately as
resister values. only two precision metal films
2. As the length of the binary are required.

2. Number of bits can be
expanded by adding more
sections of same R/2R values.

word is increased .the range of
resister values needed also
Increases.

3. Define resolution and conversion time of DAC. NOV/DEC 2010
Conversion Time
It is defined as the total time required to convert digital signal into its analog
output.
Resolution
The resolution of a converter is the smallest change in voltage which may be
produced at the output or input of the converter.
Resolution (in volts)= Vops/2"-1
4. Define settling time of D/A converter. MAY/ JUNE 2012
It represents the time it takes for the output to settle within a specified band
+2L.SB of its final value following a code change at the input (usually a full scale
change).
5. What is the main drawback of dual slope ADC? MAY/ JUNE 2012
The dual slope ADC has long conversion time. This is the main drawback of dual
slope ADC.
6. What is a sample/hold circuit? APRIL/MAY 2014

A sample and hold circuit is one which samples an input signal and holds on to its
last sampled value until the input is sampled again. This circuit is mainly used in digital
interfacing, analog to digital systems, and pulse code modulation systems.
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7. Define settling time of D/A converter? MAY/ JUNE 2012
It represents the time it takes for the output to settle within a specified band
LSB of its final value following a code change at the input (usually a full scale change).
It depends upon the switching time of the logic circuitry due to internal parasitic
capacitance & inductances. Settling time ranges from 100ns. 10p s depending on word
length & type circuit used.
8. Define accuracy of D/A converter. APRIL/MAY 2011

Absolute accuracy:
It is the maximum deviation between the actual converter output & the ideal

converter output.

Relative accuracy:

It is the maximum deviation after gain & offset errors have been removed.

The accuracy of a converter is also specified in form of LSB increments or % of
full scale voltage.

9. What is the main drawback of a dual-slop ADC? MAY/ JUNE 2012
The dual slope ADC has long conversion time. This is the main drawback
of dual slope ADC.
10. Which is the fastest ADC and why? MAY/ JUNE 2010
Simultaneous type A/D converter (flash type A/D converter) is the fastest
because A/D conversion is performed simultaneously through a set of
comparators
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UNIT -1V (16 MARKS)
1. (i)How are A/D converters categorized (6) APRIL/MAY2017
Classified based on their operational Features
Type-1: the A/D converters can be classified into two Groups as
(a) Programmed A/D converters
(b) Non Programmed A/D converters
Type-2: the A/D converters can be classified into two Groups as
(c) Closed loop or feedback type A/D converters
(d) Open —loop type A/D converters
Type-3: the A/D converters can be classified into two Groups as
(e) Capacitor-charging type A/D converters
(f) Discrete Voltage comparison type A/D converters
Type-4: the A/D converters can be classified into two Groups based on their conversion
techniques as
(g) Direct type A/D converters
(h) Integrating type A/D converters

(ii)Discuss on successive approximation type DAC (7) APRIL/MAY2017,
NOV/DEC2015 (16), and NOV/DEC2013 (10) , NOV/DEC2012 (8), APR/MAY
2011(8), APR/MAY2010 (8), NOV/DEC 2010 (8)

Successive-approximation ADC is a conversion technique based on a successive-
approximation register (SAR). This is also called bit-weighing conversion that employs a
comparator to weigh the applied input voltage against the output of an N-bit digital-to-

analog converter (DAC).
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2. ()What is meant by resolution , offset Error in DAC(6) APRIL/MAY2017

Resolution
Resolution is defined as the number of different analog output voltage levels that
can be provided by a DAC. Or alternatively resolution is defined as the ratio of a change
in output voltage resulting for a change of 1 LSB at the digital input. Simply, resolution is
the value of LSB.
Resolution (Volts) = VoFS /(2 n - 1) = 1 LSB increment
Where
‘n’ is the number of input bits
‘VoFS’ is the full scale output voltage.
Example:
Resolution for an 8 — bit DAC for example is said to have
: 8 — bit resolution
: A resolution of 0.392 of full-Scale (1/255)
: A resolution of 1 part in 255.
Thus resolution can be defined in many different ways.
Offset Error
The simplest Kind of static Errors are Offset Error and Gain error.
Ideally, the output of a D/A converter is Ov when all the bits of binary input word are 0’s.
in practice ,however there is a very small output voltage called offset voltage or offset
error

(ii)Discuss on the dual slope type ADC (7) APRIL/MAY2017, APR/MAY2014 (16),
NOV/DEC2013 (10), MAY/JUNE 2012(10) ,NOV/DEC 2010 (8), APR/MAY 2008
(8), APR/MAY 2006 (8)

In an integrating ADC, a current, proportional to the input voltage, charges a
capacitor for a fixed time interval T charge. At the end of this interval, the device resets
its counter and applies an opposite-polarity negative reference voltage to the integrator
input. Because of this, the capacitor is discharged by a constant current until the
integrator output voltage zero again.

The T discharge interval is proportional to the input voltage level and the resultant
final count provides the digital output, corresponding to the input signal. This type of
ADC:s is extremely slow devices with low input bandwidths. Their advantage, however,
is their ability to reject high-frequency noise and AC line noise such as S0Hz or 60Hz.
This makes them useful in noisy industrial environments and typical application is in
multi-meters.

An integrating ADC (also dual-slope or multi-slope ADC) applies the unknown
input voltage to the input of an integrator and allows the voltage to ramp for a fixed time
period (the run-up period). Then a known reference voltage of opposite polarity is applied
to the integrator and is allowed to ramp until the integrator output returns to zero (the run-
down period).
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The input voltage is computed as a function of the reference voltage, the constant
run-up time period, and the measured run-down time period.

The run-down time measurement is usually made in units of the converter's clock,
so longer integration times allow for higher resolutions. Likewise, the speed of the
converter can be improved by sacrificing resolution.

Use: Converters of this type (or variations on the concept) are used in most digital
voltmeters for their linearity and flexibility.
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3. With functional block diagram Explain voltage to time converter with input and
output waveform (16) NOV/DEC2016
The Block diagram shows the basic voltage to time conversion type of A to D
converter. Here the cycles of variable frequency source are counted for a fixed period. It
is possible to make an A/D converter by counting the cycles of a fixed-frequency source

for a variable period. For this, the analog voltage required to be converted to a
proportional time period

Analog 0
i, ;
il Clock pulse

Conversion process

Voltage “F__---,i;;;r”f

W

=]
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4. (i)Explain the Flash type ADC. what are its merits and demerits(10)
APRIL/MAY2017 ,NOV/DEC2016(10), NOV/DEC2015(16), APR/MAY2014(10),
NOV/DEC2011(8), MAY/JUNE 2007 (8)

This process is extremely fast with a sampling rate of up to 1 GHz. The resolution
is however, limited because of the large number of comparators and reference voltages
required. The input signal is fed simultaneously to all comparators. A priority encoder
then generates a digital output that corresponds with the highest activated comparator
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Merits
Fastest ADC because performed simultaneously through a set of comparators
Construction is simple and easier to design

Demerits
Not suitable for more than 3 or 4 digital output bits

(ii) Write a note on high speed sample and hold circuits (6) APR/MAY2017,
NOV/DEC2011 (8), APR/MAY 2010 (8), NOV/DEC 2010 (8)

During sample mode, the SOP behaves just like a regular op-amp, in which the
value of the output follows the value of the input. During hold mode, the MOS transistors
at the output node of the SOP are turned off while they are still operating in saturation,
thus preventing any channel charge from flowing into the output of the SOP.

Analog input o—

Control voltage o

Three S/H circuits to reduce error:
o series sampling,
o SOP based S/H circuit,
o bottom plate S/H circuit with bootstrapped switch




DSEC/ECE/EC6304-LIC/QB 47

S. Explain weighted resistor type and R-2R Ladder type DAC APR/MAY2014
Binary-Weighted Resistor DAC NOV/DEC2013 (6), NOV/DEC2012 (6), APR/MAY
2011(8), APR/MAY 2008 (8), APR/MAY 2006 (8)

e T LS

L L.
= = A = = = =
== o =1
U skl R
4 oz
~ orr
A=
= — —|— i S
I: = 2R Ta® 153)]
. W rer B al + = o+ = + =
F =} = 1=
ey B = = = =
= — —+ —+ —+
E =t == == =

R-2R Ladder DAC APR/MAY2014, NOV/DEC2013 (6), NOV/DEC2012 (5),
APR/MAY 2011(8) , APR/MAY2010(8), NOV/DEC 2010 (8),MAY/JUNE 2007 (8)

An enhancement of the binary-weighted resistor DAC is the R-2R ladder network.
This type of DAC utilizes Thevenin’s theorem in arriving at the desired output voltages.

L {:_‘:_:

b b R R s, 8
[T R e ——= : ::! |
== e I =

operation of a R-2R ladder DAC

| Binary | Output voltage |

1000 0.00 V |

1001 [-1.25 V|

1010]-2.50 V|

1011]-3.75 V|

1100 -5.00 V |

1101 [-6.25 V|

| 110 |-7.50 V |

| 111|-8.75 V.
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6. Explain Flash type, Single type and Dual slope type ADC. APR/MAY2014

Single type

The main circuit of this converter is a ramp generator, which on receiving a
RESET from the control circuit increases linearly with time from Ov to a maximum

voltage Vi,
é CURRENT SOURCE

NTEGRATION — 5\
CAPACITOR "™

.
ANALOG [N -0 ’ = '-\EE_T]JE{ NG
SAMPLE :
CAPACITOR "™
REFERENCE
CLOCK

7. (i) With circuit explain current mode type of DACs. Compare with voltage mode

type (10) APR/MAY 2015
Current mode DACs operates based on the ladder currents. The ladder is formed

by resistance R in the series path and resistance 2R in the shunt path. Thus the current is
divided into il , i2, i3 ............ in. in each arm. The currents are either diverted to the

ground bus (io) or to the Virtual-ground bus ('io ).

f-ﬂ'| b.ﬂ bi_ h,._] !_"n

VO = - (Rf/R) VREF (b12-1+b22-2+ ........... + bn2-n)
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Compare with voltage mode type
1. The major advantage of current mode D/A converter is that the voltage change
across each switch is minimal. So the charge injection is virtually eliminated and
the switch driver design is made simpler.
2. In Current mode or inverted ladder type DACs, the stray capacitance do not
affect the
Speed of response of the circuit due to constant ladder node voltages. So
improved speed performance.
3. The major advantage of this technique is that it allows us to interpolate between
any two voltages, neither of which need not be a zero.
4. More accurate selection and design of resistors R and 2R are possible and
simple construction.
5. The binary word length can be easily increased by adding the required number
or R-2R sections.
(ii) What are oversampling Data Converters?(6) APR/MAY2015,
NOV/DEC2012(8), APR/MAY 2011(8)

It consists of 2 main parts - modulator and digital filter. The modulator includes
an integrator and a comparator with a feedback loop that contains a  1-bit DAC. The
modulator oversamples the input signal, converting it to a serial bit stream with a
frequency much higher than the required sampling rate. This is then transformed by the
output filter to a sequence of parallel digital words at the sampling rate. The
characteristics of sigma-delta converters are high resolution, high accuracy, Low noise

and low cost. Typical applications are for speech and audio.
RESET

Iy

—

(M PARATCR

G0

IMTEGRATCR

N
GOAITRAA
L — I (OTER i)EITS
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8.

P
‘_J

{oaky +\‘\ (-

"“F"(_ / W, SW, SWs ___r/':
if g o

Explain the following types of DAC with suitable diagrams NOV/DEC2012,
NOV/DEC2011

(i)Binary-Weighted Resistor DAC (6)

(ii)R-2R Ladder DAC(5)

(iii) inverted R-2R ladder DAC(5)

Current mode DACs operates based on the ladder currents. The ladder is formed
by resistance R in the series path and resistance 2R in the shunt path. Thus the current is
divided into i1 ,42,i3 ............ in. in each arm. The currents are either diverted to the

ground bus (io) or to the Virtual-ground bus (io ).
R R n 2R

W -Tﬁl\/\—f \N‘—L

L ke W
]

9

2R

.;.'I_'i 2R :"}ju—l 2R "éfrr

SW, _\Nﬁ
— c |

vh 2R Z g 2R
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UNIT S (2 MARKS)

1. Draw the internal circuit for audio power amplifier APRIL/MAY 2010

Wy 14|

BYPAS
i

(LE LN, 1ID
[ 1}

W GND

2. What are the three different wave forms generated by ICL8038? APRIL/MAY 2010

Sine-wave generators, square wave generator, Triangular wave generator and saw-tooth

wave generator.
3. Sketch the monostable multivibrator circuit diagram using 1C555. NOV/DEC 2010

+Vee

8 4| Reset

+U Trigger
———

2
0 Input 2

% )
555 ; C
I J
Cutput 3 1
5
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4. What is meant by thermal shutdown applied to voltage regulators? NOV/DEC 2010
Thermal Shutdown means that the chip will automatically itself OFF if the
internal temperature exceeds typically 175°C.

5. What is an opto-coupler? APRIL/MAY 2014
An opto-isolator, also called an optocoupler, photocoupler, or optical isolator
Opto-coupler IC is a combined package of a photo-emitting device and a photosensing
device.
Examples for opto-coupler circuit :
LED and a photo diode, LED and photo transistor, LED and Darlington,
Examples for opto-coupler IC :
MCT 2F , MCT 2E.

6. List the two type of multivibrators. APRIL/MAY 2014
Astable Multivibrators
Monostable Multivibrators

7. Define the duty cucle in Astable multivibrator IC555 APRIL/MAY 2011
It is defined as the ratio of on time to the total time of one cycle.
D=W/T
W — time for output is high = TON
T — total time of one cycle.
8. Give the formula for period of oscillation in an OP-AMP astable circuit MAY/JUNE
2013
T=0.693 (RA +2 RB) C seconds
9. State the applications of 555 Timer IC NOV/DEC 2013

Oscillator
Pulse generator

Ramp and square wave generator

Mono-shot multivibrator

Burglar alarm

Traffic light control.

10. What are the three different wave forms generated by ICL8038? APRIL/MAY 2010

e Triangular wave
e Sine wave
e Square Wave
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UNIT 5 (16 MARKS)

1. Answer any two of the following APR/MAY 2017(6+7)
@) Switched capacitor Filter APR/MAY2011(8), NOV/DEC2011(8)
(ii) Audio power Amplifier
(iii) Opto coupler APR/MAY 2017(6+7) , NOV/DEC2013(2),
MAY/JUNE2012(8)

(i)Switched Capacitor Filter

The switched capacitor filter allows for very sophisticated, accurate, and tunable
analog circuits to be manufactured without using resistors.
Advantages: resistors are hard to build on integrated circuits (they take up a lot of room),
and the circuits can be made to depend on ratios of capacitor values (which can be set
accurately), and not absolute values (which vary between manufacturing runs).

Ly=Clv, v)

Switched Capacitor Filter ICs:
Some of the Switched capacitor filter ICs is MF 5, MF10 and MF100

(ii)Audio power Amplifier

L“ "j 0 W, 114)
v i“‘-'Z.EEI
L 210
i
m
o TR
EYPAsS L&)
1 w
1M
161
o2

i (L& 5 1,1
) GhiDe GHO
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By-pzsss - \‘-‘/ 14 | ¥V
Non inverting input |2 13 | NC
3 12 1
GND 4 LM 380 1 GND
5 10
Inverting input 6 e NC
GND | 7 & | Vo
LM380 circuit description:
It is connected of 4 stages,
(i) PNP emitter follower
(i) Different amplifier
(iii) Common emitter
(iv)Emitter follower
(iii) Opto coupler
Optocoupler
E— Photo —7—
diode
Pt ;‘: Duiput
LED
inpui pulse -— —
LED current |_|—|_|—|_

Opto couplers or Opt isolators is a combination of light source & light detector in the

same package.

They are used to couple signal from one point to other optically, by providing a complete
electric isolation between them. This kind of isolation is provided between a low power control
circuit & high power output circuit, to protect the control circuit.

Characteristics of opto coupler:

Current Transfer Ratio

(i)

(ii)
(iii)
(iv)

Isolation voltage between input & output

Response Time

Common mode Rejection
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2. (i) How is 723 IC configured as a high voltage regulator circuit? Draw the schematic
and explain (8) APR/MAY2015, (16) APR/MAY2014, MAY/JUNE2012(8)

FREQUENCY
v COMPENSATION
7
Bl 9 .
INVERTING
TEMPERATURE /4~ \ INPUT
COMPENSATED ot
ZENER v
REEEL@EEE : Vo ERROR SERIES PASS
AMPLIFIER AMPLIFIER TRANSISTOR
3
NON-INVERTING Vour
INPUT
CURRENT
LIMITER
v
5 10 1 -
V- CURRENT  CURRENT
LIMIT SENSE

1C723 as a HIGH voltage LOW Current:
"] This circuit is capable of supplying a regulated output voltage between the ranges of 7
to 37 volts with a maximum load current of 150 mA.
] The Non — inverting terminal is now connected to Vref through resistance R3.
1 The value of R1 & R2 is adjusted in order to get a voltage of Vref at the inverting
terminal at the desired output.
Vin = Vref =R2 /(R1+R2) VO
Vo =[1+R1/R2] Vin
1 Rsc is connected between CL & Cs terminals as before & it provides the short Circuit
current limiting Rsc =0.6/Ilimit
1 The value of resistors R3 is given by ,
R3=RI111 R2 =R1R2/(R1+R2)

IC723 as a HIGH voltage HIGH Current:
1 An external transistor Q is added in the circuit for high voltage low current regulator to
improve its current sourcing capacity.

For this circuit the output voltage varies between 7 & 37V.

"] Transistor Q increase the current sourcing capacity thus IL (MAX) is greater than
150mA.

] The output voltage Vo is given by,
V0= Vo =[1+R1/R2] Vin
Rsc =0.6/Ilimit
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(ii) Explain the monostable mode operation of IC 555 timer (8) APR/MAY2015, NOV/DEC
2015 (16) , NOV/DEC2013(10)

EF=R3

R A3 n
3 / 4
e — . 2 iRl

—3
g
Design:

1. Calculating p firom expresszion

) B R1

" R1+R2
2. The value of R. & C from the pulse width time expression.

i;l + {2 )

T=FRC In -
-+ _.":
T=RC In A+V, V)
0.5
T =0.69R.C.

3. Triggering pulse width Tymust be much smaller then T. Tp<T.
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3. (i) Draw the schematic of ICL 8038 function generator and discuss its features(10)
APR/MAY2015, NOV/DEC2011(8)

o V+
CURRENT &
SOURGE
=1 COMPARATOR
J NN
10
L
l COMPARATOR
T 2

‘2"—‘
I FLIP-FLOP

CURRENT
SOURGE
#2

o V- OR GND

11

2]
c

BUFFER -— ] BUFFER —[b GDNS"-EEETEH

$ JLI b AN, lm

Triangular wave \ \\

Sine wave

Sguare wave

I [ [ [

Pin 1 & Pin 12: Sine wave adjusts

Pin 2 Sine Wave Output

Pin 3 Triangular Wave output

Pin 4 & Pin 5 Duty cycle / Frequency adjust
Pin 6 + Vcc

Pin 7 : FM Bias

Pin9 : Square Wave Output

Pin 10 : Timing Capacitors

Pin 11 : -VEE or Ground

Pin 13 & Pin 14: NC
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(ii) Find the expression for Frequency of Triangular waveform generator and
explain the circuit (6) APR/MAY2015, APR/MAY2012 (8), APR/MAY2011 (8)
Frequency of oscillation

f0= 1/T=R3/4R1C 1R2

The triangle peaks and period may not accurately meet +/-10V swing at 100 us.
The main reason is that current source and thresholds are derived from Zener diodes - not
exactly the most accurate reference.

VP
! 5 2 ill ° . e g RLIM 1 E;q
1| |
VREF<0Y @' /
e o 0f
X0 P1
3 A1 4 R2 7
= i A o2
0~
Yo
VTR
10V
I I
i 1
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| I i
i 1 1
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vsQ | ! :
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4. with a neat functional diagram ,explain the working of 555 timer as monostable
mutivibrator and derive an expression for the frequency of oscillation with relevant

waveforms NOV/DEC 2015 (16)

¥CE
Ra
8 4| meset
+ Trgser i |
0 Lput 2 |
555 - e
CIE 3
Output 3 1
3
[ )
lils
0.0 pF
Irigger Input } ‘ ‘ ‘ +ee
* + 0V
- ] > '
Output waveform ' ' T~ ~Wee
1: tI" =1 i ' 1 ' 0%
. N T
Capacitor voltage : . . : : /, ------- E__"‘.TCC
4/ _./ Y oV

Ve =Vcc (1-e-t/RC)....... (1)
Therefore Att=T, Vc =2/3 Vcc
2/3 Vce = Vee(1-e-T/RC)

or
T=RC In (1/3)

or
T=1.1RC seconds ................
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5. With neat circuit Diagram explain the working of linear voltage regulator using
operational amplifier NOV/DEC 2015 (16),NOV/DEC2013(12)

All electronic circuits need a dc power supply for their operation. To obtain this
dc voltage from 230 V ac mains supply, we need to use rectifier. Therefore the filters are
used to obtain a “steady” dc voltage from the pulsating one.

Factors affecting the output voltage:

1) IL (Load Current)
i1) VIN (Input Voltage)
ii1) T (Temperature)
\RE
e |
e R FLTaT
£

1'm
i

el s

Unrzgulated 1,__ l—’ v
= Load

supply Vin-~~ s

The output voltage

Vo is, Vo=R1I1+(I1+ladj)R2 ------------- (1)
Where

I1= Vref/R1

Vo = (Vref/R1) R1 + Vref/R1 + ladj R2

= Vref + (Vref/R1) R2 + Iadj R2

Vo = Vref[1 +R2/R1] + ladj R2 ------------- 2)

R1 = Current (I1) set resistor

R2 = output (Vo) set resistor.

Vref = 1.25v which is a constant voltage between output and
Thus the final expression for the output voltage is given by

Vo= 1.25v[1 + R2/R1]

They are basically series regulators.
"Important features of IC Regulators:
1. Programmable output
2. Facility to boost the voltage/current
3. Internally provided short circuit current limiting
4. Thermal shutdown
5. Floating operation to facilitate higher voltage output
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6. Explain in detail voltage to frequency APR/MAY2014, NOV/DEC2013 and
frequency to voltage converters. APR/MAY2014 (16) , APR/MAY2011(8)
Frequency to Voltage (F-V) and voltage to frequency convertors (V-F)

F-V convertors applications:
Tachometer in motor speed control
Rotational speed measurement.

1 Two types of it:
Pulse integrating

Phase locked loop

T
Output ¥

} frequency Qutput
deviation vollage

!
| —
Input voltage, V; Input frequency deviation

F-V convertor produces an output voltage whose amplitude is a function
of input signal

r

R
16V A o
5 T I S
Siska ¢ [l H H : £
saotpl,l Tor H '
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Voltage-Frequency convertor using VF32 and its input output characteristics
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7. Sketch the functional block diagram of the following and explain their working

principle:

(i) IC 555 Timer. (8)

(ii) General purpose voltage regulator IC 723. (§)MAY/JUNE2012
@) IC 555 Timer NOV/DEC2011(8)

The 555 is a monolithic timing circuit that can produce accurate & highly stable
time delays or oscillation. The timer basically operates in one of two modes: either
(1) Monostable (one - shot) multivibrator or

(i1) Astable (free running) multivibrator

The important features of the 555 timer are these:
(1) It operates on +5v to +18 v supply voltages

(i1) It has an adjustable duty cycle

(ii1) Timing is from microseconds to hours
(iv) It has a current o/p

e OControi
voltage
3 b
Ver
2
Ry = Ve
; C - /.3. 'q_OReset
Threshold Oip—  —CTRRmERr 1
= Vee
3 Comparator 2 0 Trigger

Discharge Ol

Pin 1: Ground
Pin 2: Trigger
Pin 3: Output

Pin 4: Reset

Output
stage
3 1&
O
Output Ground

Pin 5: Control voltage
Pin 6: Threshold
Pin 7: Discharge

Pin 8: +Vce

Groad

Trigzer

Gt

Beset

Rk

+1ur(;c

Discharge

Threchiold

Coteol v lbage
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8. (i) Draw the circuit using op-amp to generate triangular wave explain its
operation(8§)NOV/DEC2012
(ii)with neat diagram explain the working of step down switching regulator(8)
NOV/DEC2012, APR/MAY2011(8)
The switching regulator offers the advantages
"] higher power conversion efficiency
"1 Increased design flexibility (multiple output voltages of different polarities can be
generated from a single input voltage).
1 alot less heat and
) Smaller size.

Switching Reguiator Switching Regulator

To understand the action of D1 and L1, let’s look at what happens when S1 is closed
as indicated below

Inituztar Aetinh Inductor Action
§1 Chosed ¢ | & U §1 Open o
out — —
4 +
Vi = Yn = S

= 3

A basic switching regulator consists of 4 major components,
1. Voltage source Vin
2. Switch S1
3. Pulse generator Vpulse
4. Filter F1
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9. With suitable circuit diagram explain the working of the following

(i)  video amplifier (8) NOV/DEC2012

64

The video or wideband amplifiers are designed to provide relatively flat gain
versus frequency response characteristics for the range of frequencies required to

transmit video information
Salient features:
e Wide bandwidth

e External frequency compensation not required

e Provide high common mode rejection ratio

T-r'i";:c

Rig Rig
B84 Ry Rs 11k >1.1k0
2.4 k2 2.4 kit 10 kil . ":‘5
I"":r M“oﬁ
. O Q
.-
Ry Qutput
TATAYAY o1
Tk
Output
TRTATAY, 02
Rz
T kil
Qs . s - Qo - Q1
Ry T Ryg Rya Ry
ooa 1.4 KQ 30041 4000 L4000

—e

Vg

(ii) voltage to frequency converter(8) NOV/DEC2012
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10. (i)with neat functional diagram explain the operation of LM380 power amplifier (8)
NOV/DEC2011

When the switch is in Talk mode position, the master speaker acts as microphone.
When the switch is in Listen position, the remote speaker acts as a microphone.
In either phone the overall gain of the circuit is the same depends on the turns of

transformer T.

LESTEN
SiA

REMOTE

"

Talk mode

o
g b ISTEN

518

LISTEN

REMOTE

Listen mode




