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1 Explain the working of RC- phase shift oscillator using OPAMP and derive the [10] CO4 L4
frequency of oscillation.

RC PHASE SHIFT OSCILLATOR: Explanation(5
Ve marks)+Frequency
o +|/- o Vam IR Derivation(5 marks)
+ I}: l’ + 0 - -/
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wRC
=> 60 = tan"'(e°) — tan~! (T) => 0 =90° — tan"'(wRC)

hence when w = 0 then only we can get 8 = 90°

angle 6 will never be equal to 90° for a single RC network
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The RC network connected between the amplifier output and input terminal consists
of three resistors and capacitors. Resistor R;functions as the last resistors in the
phase shift network and as the amplifier input resistance. The phase shift network
is a phase lead network.

The frequency of the oscillator output depends upon the capacitor and resistor
values of the phase shift network.

1
f =
2nRCV6

The phase shift network attenuates the amplifier output by a factor 29 i.e.
1
181 = ||
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Hence the amplifier must have the voltage gain greater than or equal to 29. If the
amplifier gain is less than 29, the circuit will not oscillate. When the gain is
substantially greater than 29, the oscillator output waveform is likely to be
distorted. A gain just slightly greater than 29 gives a reasonably undistorted
sinusoidal waveform.

i

1

LOOPI:

1 1
%=11><jw—c+(11—12)R =>VO=I1><(jw—C+R>—12R ——— ()
LOOP2:
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1
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(_—+2R) — R? +R{—R X (,—+2R>}
jwC jwC
1 1 4R -R
A= (—+R) ——— + 4R? +,——R2} R(——2R2>
JPw?C? jwC +2 JjwC
1 1 4R —-R
A= (— R) {— R? —} —— — 2R3
JjwC + J2w?C? +3 +ja)C + JjwC
Ae 1 N 3R? N 4R N R 3R+ 4R*> R?
T Bw3C3  juC  jPw?C? T j2w?(C? jowC  jwC
1 6R? 5R
A= ———t—+ =
j3w3C3 +ij +j2a)2C2 +

3

: Aq V, x R?
3 = — =
A 1 6R?2 5R
B33 tieC +j72a)2(32 +R
V; = LR = o X R° =>V = L
FoEt T _ 1 6R? SR s 7 1 6R? . 5R_ R
j3w3C3 ij ijZCZ j3w3R3C3 ij3C ijZRBCz R3
oy Vo Vo
T T 6 5 T 6 —5
PR3 Y jore T otz T 0~ arc Yot
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Vo

T )+ (o)

w?R2c2) TI\W3R3C3 T wRC

Let =a h Ve = 2

¢Cwrc T ® T N T A T 5a2) + j(ad — 6a)
. v 1

Loop Gain=F= ==

V, (1-5a2)+j(a’—6a)
Loop gain is real hence imaginary part has to be zero. a® —6a=0 =>a®=6a =>

a=16

As ar=L =>\/€=L=>a)=;=>2nf=L=>f=;
1ch ) wRC RCV6 RCV6 2nRCV6
= "san " T=5x8
=- % negative sign indicates that the phase shift is 180°
1
181 = ||

Hence for loop gain to be greater than unity, the gain of the amplifier must be
A>29

As the amplifier is the inverting amplifier the gain is

f
Ay =—=2=229=>R; = 29R
14 R f 1

Design a Non-inverting amplifier to be capacitor coupled at input and output. The [10] CO2 L3
load resistor is 2.2KQ, lower cut-off frequency is 120Hz. Make necessary
modifications to give highest input impedance and determine capacitor values

forV; = 15mV and A, = 66.

I = 100/ (pary = 100 X 500n4 = 50LA General Design (5
Ves V; 15mV . marks)+ High
R; = f = E = —SO,uA = 300Q =~ 270Q (standard register) impedance circut
V, = AyV; = 66 X 15mV = 990mV Design (5 marks)

A 990mV
= 19.8KQ — R,
=> R, = 19.8KQ — 270Q => R, = 19.53KQ = 18KQ(standard value)

01Vs; 0.1x0.7
= = = 140KQ =~ 120KQ (Standard Value)
IB(max) 500nA
1

max

1
C = m =>( = 120 (120KQ) = 0.11uF =~ 0.1uF (Standard Value)
”{ 10 T 10
C, = 27/R, = 0.6uF =~ 0.68uF (Standard Value)

For High Input Impedance:
0.1Vg; 0.1 0.7

Ipmaxy ~ 500nA

Ry + R3 = Rjpax) = = 140KQ =~ 120KQ (Standard Value)
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As R, ~ 18KQ and R; ~ 270Q
hence Ry = Rmax) — R3 => Ry = 120KQ — 2700 = 119.73KQ

AS Z;, is very high hence C; has to be very small but its capacitance value should be
greater than stray capacitance.

C, = 1000pF
X, =
710 . .
Ci=———=>(y = => C; = 6.028uF
R, 2.2K0
2nf (15) 2 x 120 x (2457)
Xc, = R3
1 1
C, = - = 4.912uF
27 2nfRs  2m x 120 x 270 #
Voo
i T
1000 pF 3
D——‘l l——-O--'-|
V: i
' 6.0284F | o
¥ 2210
119.73K0 {
+

A
go12,F @ 18KQ

Ry
3000

The inverting amplifier designed with V, = 2.5V and A, = 50, is to be capacitor [10] CO2 L2
coupled and to have a signal frequency range of 10Hz to 1KHz. If the load

resistance is 250€Q2. Calculate the required capacitor values
R; and R, resistors can be caluculated from the direct coupled inverting amplifier cir Calculation (5

I; = 100 X Ig(naxy = 100 X 500n4 = 50uA marks)+ diagram (5
v, 25V marks)
V.= 4 =50 - 0.05V
_Yi_ 00 = 1KQ(Standard Val
LS T S0uA (Standard Value)
R _Vo_ 25 = 50KQ ~ 47KQ (Standard Value)
2_11 _SO‘uA_ ~ anaar alue
1 1
R, 1KQ
zmz (%) 1 21 x 10 x (35°)
G = 00fR, ~ Zrx10x 2500 03064
1 1
Cr = 2nfR, ~ Zn X 1KHz X 47K~ 55806:27P
Cr 3386.27pF
43’},__‘—
R; 47KQ
| 4 A A
ti15v
<, R
el L > ¢, 63.66uF
1 1KQ 241 ——4(——-?" 3
10.159uF , b
l 5
v ‘{. 3 Ry
: . 1BV 1 2500
1
1 - -
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4 (a) What output voltage would be produced by a D/A converter whose output range
is 0 to 10V and whose input binary number is
a) 10 (2-bit DAC)
b) 0110 (4-bit DAC)
c) 10111100(8-bit DAC)

ANSWER:
Q) V=10(3x1+1x0)=5V

b) Vo=10(;X0+3x1+:x1+--x0)=375V

c) V0=10(§x1+l><0+2l3><1+zi4x1+zisx1+ziéx1+zi7xo+2i8xo)=

22
7.34V

(b) Explain the working of A to D converter using successive approximation
method.
SUCCESSIVE APPROXIMATION CONVERTER:
1. The successive approximation technique was a very efficient code search

strategy to complete n-bit conversion in just n-clock period.
2. E.g. an eight bit converter requires eight clock pulses to obtain a digital
output.
3. The circuit uses a successive approximation register (SAR) to find the
required value of each bit by trial and error.
SOC  EOC
Comparator L T

Va ——-+- Successive

Analog Input Approximation
Register
+
Vo
dy (MSB)
- ds
— = d{) (LSB)
A L
DAC

4. With the arrival of START command, the SAR sets the MSB d; = 1 with all

other bits to zero, so that the trial code is 10000000.
5. The output V; of the DAC is now compared with analog input V,, if V, is
greater thanV,, then 10000000 is less than the correct digital

representation. The MSB is remains at '1' and the next lower significant bit

is made '1' and further tested.
6. However, if V, is less than the DAC output, then 10000000 is greater than

the current digital representation. So, reset the MSB to 'O’ and go on to the

next lower significant bit.
7. This procedure is repeated for all subsequent bits, one at a time, until all
the bit position has been tested.

8. When DAC output crossesV,, the comparator changes state and this can be

taken as the end of conversion (EOC) command.
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Diagram (3 marks)+
Explanation (2 marks)



Correct Digital Representation Successive Approximation
Register output V 4 at different
stages in the conversion

Comparator Output

11010100{212) 10000000(128)

11000000(192)

11100000(224)

11010000(208)

11011000(216)

11010100(212)

11010110(214)

o|la|lk| ool

11010101(213)

11010100(212)

One conversion cycle

A Load output
register

__— Actual analog
i T e TR signal ¥,

286
1921
128 == === === = T ——

Digital oulput

N N T N N N N N |

123456789

The DfA uut:lnut voltage is seen to become successively closer
to the actual analog input voltage :

9. It isseen that the DAC output voltage is closer to the actual input voltage.

It requires 8 pulses to establish the accurate output regardless the value of

the analog input. One additional clock pulse is required to load the output

register and reinitialize the circuit.

Conversion time for a tracking

AJD is directly proportional to

the relative change in input value
farm one conversion cycle to the next

my = 0
.-—l—r-—|—"h'

— o —=h =

1 L [ W N B I e

Mumber of clock cycles required
B o
- g e s

.
24 610121418 I O ments)
Fracking — Successive approximation—% (Number @

device device faster -

faster

Comparison of conversion times for tracking and successive approximation AfD

10. It is seen that successive approximation technique is more versatile. The

tracking circuit is faster only for small changes in the input.

5

output using OPAMP
INSTRUMENTATION AMPLIFIER:
Instrumentation amplifier is the front end component of every measuring
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Conversion time for a sCUCCESSIvE app_roximatiun
AJD is always the same, regardless of input value

Explain the instrumentation amplifier with differential input/output which
accepts a differential input voltage and amplifies it to produce a differential

[10] CO2 L4

Diagram (5 marks)+
Explanation (5 marks)



instrument which receives the signal from the input electrical signal from the
transducer. It uses the fact the noise is common to the both output terminals of a
transducer across which the output is measured and sent to measuring instrument.

Ra

Differential input differential Output Amplifier:

This circuit accepts a differential input voltage and produces a differential output.
The voltage at the junction of R; and R, is equal to the input voltage. Also, the
voltage at the junction of R, and R3 equals input voltage V,. The voltage across R, is

+Vee

~Vee

VR2=V1_V2:Vi

The circuit current through R, as I, = Z—z

The differential output voltage is
V.
Vo = VRl +VRZ +VR3 = IZ(Rl +R2 +R3) = R—;(Rl +R2 +R3)

The circuit differential voltage gain is
V, Ri+R,+Rs 2R, + R,

v = VL = R—z normally Ry = R; hence Ay, = R—z
(Voltage gain can be altered by adjusting a single resistor R;)
Suppose 2 inputs are connected together and a common mode noise voltage V, is
applied to the two. The junction of R, and R, will be at the same voltage as the non-
inverting input terminal of 4; and the junction of R, and R; will be at the same
potential as the non-inverting input of 4,. That is both resistor junctions will be
at V,. There will be no current flow through R, ,R, or R; and the output of the

amplifier will be V,. This means the common mode gain is
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AV(cm) =1

) 8 Vee X L

1|

a o

[A common mode voltage applied to a differential input and differntial output amplifier]
So common mode signals will be passed through but not amplified by the differential
input differential output amplifier.

1.

The differential input and differential output amplifier is used in
conjunction with the difference amplifier. The input impedance of
differential input differential output amplifier is extremely high because of
the non-inverting amplifier configuration. The input impedance of the
differential amplifier is R; = R; at the inverting terminal and R;=(R; + R,) at
the non-inverting terminal.

The voltage gain of the differential input and differential output stage can
be changed by adjusting only one resistor R,. Changing the gain of the
differential amplifier requires R, and R, to be adjusted together to maintain
equal amplification of both inputs.

The common mode gain of the differential input/output amplifier is 1,
compared to common mode gain of zero for the difference amplifier.

The differential input/output amplifier operates with a floating load, while
the difference amplifier uses a grounded load.

Differential Amplifier:

The instrumentation amplifier is a combination of differential input/output
amplifier (stage 1) and difference amplifier (stage 2). The voltage gain of the
complete circuit is
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1 P
O—AWWW- -
2 .
Ra ~Ver
AV = AVI'AVZ
2R R,
Wehere Ay, = (1 +R_2> and Ay, = R_3

_ 2R, R4)
Ay = (1+ R, )(R3
Instrumentation amplifier is a combination of the differential input/output

amplifier (Stage 1) and difference amplifier (stage 2)
2R\ (R
Ay = (1 + —1) (—4) The overall gain can be controlled by adjustment of R,

Ry J\R3
Draw the circuit of OPAMP Astable Multivibrator and explain its operation. [10] CO3 L2
ASTABLE MULTIVIBRATOR: Diagram (5 marks)+
+VCo Explanation (5 marks)
Ra%
74 8 53— Output
Reg IC 555
6
L 5_-Ll o

Asymmetric
1. When the power supply V. is connected, the external timing capacitor C

charges towards V¢ with a time constant (R, + Rp)C. During this time the
upper comparator produces the output as LOW and the lower comparator
produces the output as HIGH. Hence the output of the S-R flip-flop is
HIGH. i.e. Q =1 (HIGH) and Q = 0 (LOW). At the same time transistor Q; is
OFF.

2. When the capacitor voltage is just greater than %ch, the upper comparator
produces HIGH output and the lower comparator output is LOW. Hence the
output of the S-R flip -flop is LOW. i.e. Q = 0 (LOW) and Q = 1 (HIGH). So
the transistor Q,is ON and the capacitor starts discharging towards ground
through R;.

3. During the discharge of the capacitor C, as it reaches just less than %VCC,
the lower comparator produces the output HIGH and the upper comparator
produces the output as LOW. Hence the output of the S-R flip-flop is HIGH.
.i.e. Q =1 (HIGH) and Q = 0 (LOW). At the same time transistor Q, is OFF,
so the capacitor starts charging.
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4. The capacitor is thus periodically charged and discharged between

2 1 .
SVec and  Vee respectively.

Capacitor voltage at any instant of time can be calculated as
t
Ve(® = Vegrinat) + [Venitiary = Veermay]e ™
1 .t
Vc(t) = VCC + |:§VCC - Vcc] e (RA+RB)C as 1T= (RA + RB)C

2 -t
Ve(®) = Ve + [_§VCC] e (RatRp)C

att=Toy ,Vc(t) = §Vcc

2 2 __Ton 2 2 __Ton
§VCC =Vcc —§Vcce RaFRR)C => §VCC —Vec = —§Vcce (Ra+Rp)C

1 2 ——Ton _ ~_Tov 1 __Tov _
=> —§VCC = —§Vcce (RA+RB)C => 1 = Ze (RA+RB)C => E =e (RA+RB)C
=>ln(l>=— __Tov o peo3=—_—T0" __or = 0.693(R, + Rp)C

2 (Ry + Rp)C ' (R, + Rp)C oN = = 4T
Ik\kt-#
Vref (internal)
Resat - 4
Ra r| sk Q2
Threshold-§
+*
Discharge-7 2/3 Vo > Reset
R
Rb
r| |5k Inverting Output - 3
L3 [+ Power —_—
Amplifier
1/3 Vee >_
Trigger - 2 _
- ¢ r| sk @
- GnD-1 ASTABLE MULTIVIBRATOR
Similarly Tyrr can be derived as Typr = 0.693R5C
T,
Duty Cycle, D = %
T =Ton + Torr
Ton 0.693(R, + Rp)C _ Ry + Rp

Duty Cycle D =

Tow + Torr  0.693(R, + 2R,)C R, + 2R,

i 2/3vee
Ve at pin 6

A

2/3veC \/
1/3Vee

1/3vcC
ov

\ A

Vout 5V
at pin 3 ‘Q"o;ﬁi
ov

v
-

Ton

Page 10 of 13



7 (a) Design a precision voltage source to provide an output of 9V, the available [5] CO2 L3
supply is £12V. Allow for approximately +10% tolerance on the zener voltage.

v, 9 i

g =2=2—451 Dlagr‘ar.n(Z marks)+
2 Calculation (3 marks)

The recommended current for best voltage stability current for zener diode is

I, = 20mA

Ry =V =% 050 ~ 2200(Standard Val

ST T omA T ~ (Standard Value)
For' Rz ,R3 and R4 12 > IB(max)

I, = 100 X Ig(naxy = 100 X 500n4 = 50u4
V; +10% 4.5+ 0.45
A = 504 99KQ
R, =20% of (R3 +Ry) =20% of 99KQ = 19.8KQ = 20KQ (POT)
R; = 99KQO — 20KQ = 79KQ =~ 82KQ(Standard Value)
V, —(Vz;+10%) 9-—(4.5+0.45)

R3+R4=

R, = = 81K
2 L 50uA
2200 81KQ
v R
R1 <Ry 2
+12V
i : +\T\
2050 |, Ry
(POT] e
v: A
2V V,=9v
4,5V Rs e
821{{1.‘

(b) Explain the current amplifier circuit using operational amplifier and do [5] CO2 L4
necessary modification to the circuit to make it independent of load resistance.

Current Amplifier: Diagram(3 marks)+
In this circuit R, has been added to the circuit. The current through R, is Explanation (2
L= V, IRy Marks)
"Ry R

Hence the output current is ﬁ—; times of the input current and this circuit is a
current amplifier if R; > R,

But if R; < R, then, the circuit is a current attenuator.

{a) Current amplifier/attenuator

The disadvantage of the circuit is that the current gain/attenuation is dependent on
the resistance value of R;, which is the load resistance. If the load can be floating
(ungrounded), then the circuit will become
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{b) Current amplifier with gain
ndependent of load

Here load current

L=+ =1 +V” =1 +ISR1—>1 =1 <1+R1>
L S 2 S RZ S RZ L S RZ

Here the load current is independent of R;. Hence the circuit operated as a current
amplifier with a gain, which is independent of load resistance.
Draw the circuit of OPAMP Monostable Multivibrator and explain its [10] CO3 L2
operation.
MONOSTABLE OPERATION: Diagram (5 marks)+
1. Initially as the flip-flop output Q = 0 (LOW) and Q = 1 (HIGH). This makes Explanation (5 marks)

the output LOW and the external timing capacitor C is having zero potential
because the transistor Q; is ON.
2. When trigger is provided, the lower comparator produce the output as

HIGH and at the same time the upper comparator produce the output as
LOW , Hence the S-R flip-flop becomes SET. i.e. Q = 1 (HIGH) and Q =
0 (LOW), this makes the output HIGH and the capacitor starts charging
exponentially through R fowards V.. with a time constant RC.

3. When the capacitor voltage is with in V, < %VCC

Veo +5V
L= = %
BY127 7 Rt 0 5 RA
] - g
g - I 2 TRIGGER THRE SHOLD [
Input ct Ve
i 7
DISCHARGE
o- L__ 555 LR
CRO 2 outpur o o
E
g &
o o

{;

0.01uf

[=]
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‘fVcc»B

Vref {internal)

Reset-4
R R| |5k Q2
Threshold-6
reshold-§ +
Discharge-7 2/3 Vec -
Reset
R
R[]SK Inverting Output - 3
s a Power
VC C 1/3 Vee

Amplifier
>_
1 Tragger Trigger -2
=474 Tapur =
3 CC-- -———
0 - - ——
T u[]sx a1 “

—— GND-1

4. After the time period "T" the capacitor voltage is just greater than %VCC .

The lower comparator produces the output as LOW and the upper
comparator produces the output as HIGH, hence the S-R flip-flop becomes
RESET.ie. Q =0 (LOW) and Q =1 (HIGH), this makes the output LOW and
the capacitor starts discharging the capacitor rapidly to ground potential.
Capacitor voltage at any instant of time can be calculated as

Vo(t) = Ve [1 - e_Rt_C]

2
att = TON ,Vc(t) = gVCC
2 _Ton 2 _Ton 2 _Ton
§VCC =Vec|1—e RC ] => chc = Vec — Vece RC => gVCC —Vee = —Vece RC
_Ton 1 _Ton
=> _§VCC = _VCCe RC => § =e RC

1 Ton Ton
=>In (§> = - E =>-11=— E => TON = 1.1RC

Vi

trigger Vs further trigger
555 pin 2 pulses ignored A
during time period
ov

time

trigger makes output high

output Vs A
555 pin 3
time period, T time period, T Vo
ov— =
Vee I
capacl;or capacitor starts charging (
3Vs : y
oV

output of the differntiator circuit
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