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PART A 2
1) | Av=1+RfRi)
2) It is defined as the rate of change of o/p voltage with respect to
time. 2x1 2

S=dVo/dt Unit is volt per microseconds

3) e — +Vs;n
: : H :
o) KUL b , il
v

— (any
4) It operates from a wide range of power supplies ranging {rom + 5 boxa)
Volts to + 18 Volts . okl
Sinking or sourcing 200 mA of load current. 3
It has a high current output; the output can drive TTL.,
It has a temperature stability.
) | O/p V of 7905 is -Sv and 7812 is +12v B PR 410
PART B
II
1) 1. Infinite voltage gain
2. Infinite input impedance
3. Zero output impedance
4. Infinite bandwidth 6X1 6
5. Zero input offset voltage (i.e., exactly zero out if zero in).
6. Infinite bandwidth
7. Infinite CMRR
8. Infinite slew rate
9. Zero input noise
2) For opamps the gain will be very high such that we can consider

it as infinite for calculation purposes.
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3)

Gain = Vo/Vin

As gain is infinite, Vin = ()

e Vin=V2-V]

Vout

In the above circuit V1 is connected to ground. so V1 = 0,

Thus V2 also will be at ground potential.

 V2=0. This is the virtual ground concept.

Vv,

j5

i
il

assume the switch is open and if

Wou <Vin the op amp output V’ is positive so that the diode
conducts and the capacitor charges to the input value at that instant
as it forms a voltage follower circuit.

When V> Vin, op amp output V' is negative and the diode
becomes reverse biased.r Thus the capacitor charges to the most

positive value of input.

Dia(3

Exp(3
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4)

» Here the input voltages V1. V2, V3 are given in to adder
circuit.
This is an inverting summing amplifier because output is the sum of

inputs with a sign change

R

h—‘}\',l\';\.L
\"1 o— /A — A
", \\"’ tVee
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Ny g t
R » Ve YV

To construct a non inverting adder, you can cascade one inverting
amplifier with unity gain along with this circuit.

For that consider R1=R2=R3=R{=R

Then the Output of this adder circuit is given by — (VI+V2+V3),
+ Consider the current flowing through the input resistors are

v,
I‘l ;-_1J

v,
I =-2
R
hs
3R

e Then by Kirchof’s current law, the current flowi ng through
feedback resistor Rf is given by the sum of these 3 currents.

Iy =1 +1, + 1,

1

= (G +1; +1)

¢ This current will flows through the feedback resistor Rf.
because the point "K” acts as virtnal ground point. So the

voltage drop at Rf is given by
Vo=—1IgR

1.
=—EUE%Q+%)R

=—(h+1 + 1)
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5)

6)

o -vesign is due to the op amp connected in inverting mode.

» This circuit is called a summing “amplifier” because it can
provide gain. By adjusting the value of Rf the gain can be
changed.

o Then the output becomes

Vo= =2E(Vy +Vy + V)

PLL Block Diagram
Forward path.
y Phase Vo /| LlowPass I : Veltage b Outout
hput o "l Detector e Filter(LPF) —te Comoled Ly 7
Signal - feh | N : Oscillator(VCO) Signal
A
Feedback Path

www Circurts Today.com

he phase locked loop consists of a phase detector, a voltage
control oscillator and. in between them, a low pass filter is fixed.

The input signal “Vi™ with an input frequency “Fi’ is conceded by a

compares the input frequency fi through the feedback frequency fo.
The output of the phase detector is (fi+fo) which is a DC voltage.
The out of the phase detector, i.e.. DC voltage is input to the low
pass filter (LPF); it removes the high frequency noise and produces

a steady DC level,

&
v
.
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) R |
* &
Inpt Fror  LOOGF . 10uF mm Outpt to 38
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7)

Explanation

An optocoupler is an optical link and it connects two circuits via

this link.
Optocoupler

) o=

44
&
v
A

Fig a : LED to Photodiode Fig b : LED to Photetransistor
The optical link is contained within a chip. A Light Emitting Diode
inside the chip shines on a photo-diode. photo-transistor or other
photo device. When the photo device sees illumination, the
resistance between its terminals reduces. This reduced resistance

can activate another circuit.

[11

PART C

Non-inverting input

\ 4

Inverting mpul

O ARE g

[hual-input Dual-input Emitter follower Complementary
balanced-output unbalanced-output with constant symmetry push-pull
Differential amplifier differential amplifier current source amplifier

Figure I: Block Diagram ol a Typical Op-amp

Input Stage:

|. Increases the CMRR.

l‘npul Intermedi- N ‘.L.c:el > (zmpul
o Stage B ] ate Stage Shifting Stage 1 Quipu
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b)

2. High gain requirement is adjusted.
5. Most of the gain is adjusted.

#. Provides the input impedance very high.
Intermediate Stage:

1. Driven by output of 1™

T~J

Adjust the half gain of 1™

jore )

Error voltage is cancelled in this stage.
Level Shifting:

I. Suppress the de level downward to zero volt with respect to
ground

T

Consisting of current amplifiers as emitter followers.
3. Also minimizes the error by suppressing dc level to ground.
Output Stage:

I. This stage increases the output voltage swing and the current in
supplying capability of the amplifiers.

2. Provides low output impedance

Inverting Amplifier
Ry
—AMAM—

Current through Ri is [i and current throughRf is If. Due to virtual
ground concept ,li = If

[i=Vin/Ri and If= -Vout/Rf

So Av = Vout/Vin = -Rf/Ri

15

v

Differential output- With two inputs and two outputs, this forms a
differential amplifier stage. The two bases are inputs which are
differentially amplified by the transistor pair; they can be fed with
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b)

a differential (balanced) input signal

Single-ended output- If the differential output is not desired, then

only one output can be used (taken from just one of the collectors .

disregarding the other output; this configuration is referred to as
single-ended output. The gain is half that of the stage with
differential output

Vine—{ @1 Q2 F—-a v

Single-ended input- The differential pair can be used as an

amplifier with a single-ended input if one of the inputs is grounded

or fixed to a reference voltage (usually, the other collector is used

as a single-ended output)

Fig. 2.20 Naninverting amplifier

The op amp has two input terminals (pins). One is inverting
denoted with minus sign (-), and other is non-inverting denoted
with a positive sign (+). When we apply any signal to the non —
inverting input of, it does not change its polarity when it gets
amplified at the output terminal. So, in that case, the gain of the
amplifier is always positive.

R
A=(1+=1
(1)

15
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Astable multivibrator is capable of producing square wave for a
given frequency. Amplitude and Duty cycle.
The output of OP AMPis forced to swing between positive
saturation. +Vsat and negative saturation, -Vsat repeatedly.
Which will results in Square wave output. This circuit is also called
as Free Running Oscillator. Because, it doesn't requires any trigger
pulse to get active.
The output of an operational amplifier will be in positive saturation
Vsat. il the differential input voltage is negative and vice versa.
The differential voltage. Vd=Ve-fVsat,
Where B is the feedback factor and BVsat is the potential at non-

inverting terminal of the op amp.

Consider the instant at which Ve=+Vsat. Now the capacitor charges
exponentially towards +Vsat through R. Automatically, Vd
increases and crosses zero. This happens when Ve=t+fVsat. At the
moment Vd becomes positive due to further charging of the
capacitor. Output changes to -Vsat. Now capacitor starts
discharging to zero and recharges towards -Vsat. Now Vd decreases
and crosses zero. This happens when Ve=-fVsat. At the moment
Vd becames negative again. output changes to +Vsat. This
completes one cycle ol output.

Astable multivibrator is uvseful for generating audio frequency

R1
% R2
i %’ R3

signals.
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b)

The circuit operates by passing a current that charges or discharges
the capacitor Cg during the time under consideration, which strives
to retain the virtual ground condition at the input by off-setting the
effect of the input current. Referring to the above diagram, if the
op-amp is assumed to be ideal, nodes v; and v; are held equal, and

s0 vy is a virtual ground.

'y
: i) v
! 2
- VVN— +1
lizy o'

Vo

———o
: ]% 2
IR — V7. s
—— _

The input voltage passes a current through

the resistor producing a compensating current flow through the
series capacitor to maintain the virtual ground. This charges or
discharges the capacitor over time. Because the resistor and
capacitor are connected to a virtual ground, the input current does
not vary with capacitor charge and a linear integration of output is
achieved

LRl ) pen
Vo= —Rmeovm‘dt

15

VI

A phase-shift oscillator is a linear electronic oscillator circuit
that produces a sine wave output. It consists of an inverting
amplifier element such as a transistor or op amp with its output fed
back to its input through a phase-shift network consisting of
resistors and capacitors in a ladder network. The feedback network

'shifts' the phase of the amplifier output by 180 degrees at the
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b)

oscillation frequency to give positive feedback. Phase-shift

oscillators are often used at audio frequency as audio oscillators

th:
N
Dutput
5
Cdl
R1
cl c2 C3
11 1L H

+
1T 1T
RZ‘% R3

F=1/2RCV6

For normal silicon diode to be on the minimum positive bias should
be greater than the cut in voltage. Hence the diodes when used in
rectification will have a dead time in which they will not conduct
currents even when the voltages are positive (0< V< Vi in voltage)-
An ideal diode should have zero cut in voltage. A simple half wave

rectifier is shown in the figure

V.

n

y -
\uui
|

When Vo < Vo diode will be on and the circuit reduces to
voltage follower in which V,y = Vin. Because of high gain of op

amps the input cut in voltage will be reduced to V,/A,,.

15
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where Ay, is the open loop gain of opamp. Thus for even for very
small input positive voltages the output will be high, the
combination of op amp and diode acts as diode with zero cut in

voltage hence it is named as precision diode.

VII

+Vee
5K discharge
comparatorl
threshold O h N It
control O A = B I
vallage RS
5k§ Flin T
Fiop
'2 ir=) Q culpu
tnigger -
camparatorn?
Sk
¥  Jrounnd resel

As shown in the above figure there are only two important
components in timer, theyv are comparator and [lip-tlop. comparator
is simply a device that compares the voltages at the input terminals
(inverting (- VE) and non-inverting {(+VE) terminals). So depending
on the difference in the positive terminal and negative terminal at
input port, the output of the comparator is determined. The flip-
flop is a memory cell, it can store one bit of data. One another thing
i comparator one output is connected to reset pin of flip-tlop. so it
the comparator one output goes high from low then the flip-flop
will reset. And on the other hand the second comparator output is
coinected to set pin of flip-flop. so if the second comparator output

goes high from low the flip-flop sets and stores ONL.

diagram -5 marks, explanation — 3 marks
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b)

i T o 1

input ! Fhase | [ Errar t
iy F eomparator | LPF amplifier | .
1] [
""""""""""""" ; !

1M : .:

‘] N b [veo :

natwork r i

1 1

_______________

Ein 2 4178 Alnrk diaaram of frannency multiofiar

Fig. Shows the block diagram for a frequency multiplier using
PLL 565.Here a divide by N network is inserted b/w the VCO o/p
and the phase comparator i/p. Since the o/p of the divider is locked
to the i/p frequency fi,the VCO is actually running at a multiple of
the i/p frequency.So in the locked state, the VCO o/p frequency fo

15

is given by
fo = NI ()
By selecting proper divider by N network,we can obtain desired
multiplication.
VIII
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When the power is turned ON consider the flip flop is cleared
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b)

initially, then the o/p of the inverter will be high. The charging of
the capacitor will be done using two resistors RA& RB. When the

voltage of the capacitor goes above 2/3 Vee, then the output of the

higher comparator will be High, it changes the control flip flop.So
the control flip-flop’s Q o/p will be a LOW & Q’ will be High. So
the final o/p of the Inverter is LOW. At the same time the Q1

transistor switches ON and the C capacitor starts discharging
through resistor R2.

When the voltage of the capacitor is < 1/3Vec, then the o/p of the
lower comparator will be high and control flip flop gets is setto 1.
When the discharge transistor Q1 gets off, then the capacitor gets

charged and continues this process.

Time High (Scconds) tec = (L6933 * (R \+Ry) * C

Time Low (Seconds) td = 0.693 * Rg * C

f————o Vs
R!
8 8
MODULATICN - 3
P 5 CURRENT SCHMITT BUFFER
_‘i SOURCES |" TRIGGER AMP e UL
INPUT, Vo f

BUFFER —0 ANAN
AMP

I

(a) Block Diagram

Voltage controlled oscillator is a type of oscillator where the
frequency of the output oscillations can be varied by varying the
amplitude of an input voltage signal. Resistor R1 and capacitor C1
form the timing components A LM366 is a voltage controlled
oscillator IC unit which is built with internal circuitry to generate
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both triangular and square wave signals whose frequency is set or
adjusted by external capacitor and resistor followed with an
application of DC voltage.

The figure below shows the block diagram of 1LM366 1C in which
current sources charge and discharge the external capacitor at 1ts
rate set by the resistor R1 and also controls the DC input voltage.
For switching the capacitor between charging and discharging. a
Schmitt trigger circuit is used as shown in fipure.

[he square wave voltage developed from Schmitt rigger and the
triangular voltage across capacitor are provided as outputs through
bufter amplitiers.

The output frequency of the VCO can be obtained using the
following equation:

Fout = 2.4(V'-V5) ARI1CIV") . Where Fout is the output frequency,
R1 and C1 are the timing components and V" is the supply voltage.

15
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A constant current Source:- A zener diode and a reference amplifier
producing a constant voltage of about 7 volts at Vref end. The zener

diode is being compelled to operate at fixed point (so that zener
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b)

output voltage is a fixed voltage) by a constant current Source.

i i L
" ./ 7 %
| iR
Mor-lnverting.. 19+ LA e
i g hense
Errors
Amp. Section 2
Irversira Iy [requency

-

Compersation

The second section of 1C 723 comprises of an error amplifier, a
series pass transistor Q1 and a current limiting transistor. The error
amplifier compares a sample of output voltage applied at Inverting
input terminal to the reference voltage Vret applied at the Non-
Inverting input terminal.

The conduction of the transistor Q1 is controlled by the error signal.

Advantages

1. The switch mode power supply has a smaller in size.

2. The SMPS has light weight.

3. It has a better power efficiency typically 60 to 70 percent.
4. It has a strong anti interference.

5. SMPS has wide output range.

6. Low heat generation in SMPS.

Disadvantages
1. The switch mode power supply (SMPS) is more complex.
2. The SMPS has higher output ripple and its regulation is worse.
3. It can be used only as a step down regulator.

4. 1t has only one output voltage.
5. 1t has high frequency electrical noise.
6. SMPS also cause harmonic distortion.

15
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LM 317

VN 28V _T— Vin

P L

—— 0 1LF

« It is capable of providing excess current of 1.5A, hence it is

conceptually considered as operational amplifier with an output
voltage ranging from 1.2V to 37V.

o« The LM317 voltage regulator circuit internally consists

of thermal overload protection and short circuit current limiting
constant with temperature.

The LM317 regulator can provide excess output current and hence
with this capacity, it is conceptually considered as an operational
amplifier. The adjustment pin is the inverting input of the amplifier
and to produce a stable reference voltage of 1.25V, an internal
bandeap reference voltage is used to set the non-inverting input.

The output pin voltage can be continuously adjusted to a fixed
amount using a resistive-voltage divider between the output and
ground, which will configure the operational amplifier as a non-

inverting amplifier.

A bandgap reference voltage is used to produce constant output
voltage irrespective of the changes in supply power. It is also called
as temperature independent reference voltage frequently used in

integrated circuits.

The output voltage (ideally) of the LM317 voltage regulator circuit
Vout = Vref * (1+ (R2/R1))
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b)

FighVoltaze

AC Iy

~

Switched mode power supplies or SMPS act as DC to DC
converters.here we directly convert 230v ac to 12v unregulated dc
by using rectifier ic the we use a capacitor filter then we use flyback
converter(high frequency transformer is there) which switch(mosfet
) is controlled by the pwm ic where reference is compared with the
actual output and switching is done for regulated output and then
filter it

15

Page 17 of 17



