1. Sketch and Explain high Zin capacitor coupled voltage follower with necessary design

steps and show that the input impedance is very high as compared to capacitor coupled
voltage follower.
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~ Figwe  High input impedance capacitor-coupled voltage follower. Feedback
via 3 to the junction of R, and R, gives an input impedance ofZ, = (1 + MR,
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2) Explain the working of R-2R network DAC and derive expression for output voltage.

R-2R LADDER:
1. Wide ranges of resistors are required in binary weighted resistor type DAC. This can be

avoided by using R-2R ladder type DAC, Here only two values of resistors are required.
The typical value of ‘R’ range from 2.5KQ to 10KQ.
2. Consider a 4-bit DAC as shown in figure below, where b5 , b, , b, , b, are the switches
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Hence the output can be represented as
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3) What are the advantages of precision rectifier over ordinary rectifier? Discuss the operation of
full wave rectifier circuit using bipolar op-amp.
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4) Draw the circuit of instrumentation amplifier and explain its operation. Also show how
voltage gain can be varied in instrumentation amplifier.



IHZTEUMENTATION AMPLIFIER.

Instrumentation amalifier is the front and com poment of every mwurinE;ir'e.'m.lment which recerees the
5|'E;|1ul1'n:-'n the imput electrcal siEmIrTurn the transducer. It uses the fact the noise 15 comemon to the

bath output terminals of a transducer across which the |:-ut|:|uti= measured and seant o muaﬁurinE
irstrument.
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Differential input differential Qutput Amplitier:

This crcuit BCCEpES & cifferentisl in|:u1: woltaze and produces 3 differential outaut. The valtaze ot the

Junctionof 8, and R; is equal to the input voltage. Also, the woltage at the junction of B; and R; equals
input voitage 1. The voRaze across R, is



Ve, =Wy —Vp =¥,
The drcuit osvent through B as b =£|-
The ditfersntal output wokage =
i
W = Vp, + Vg, + Vo, = (R, + 8B, + 8y =H'_[R" + Bx + By)
2

The Orcuit differentisl volage gain s

W R +HBEz+HEy I8, + B

A = mormadly R, = R, k& A, =
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{Foltage gain can be altered by adjusting a single resistor Rz]

Suppose 2 inputs are connectad togekher and 8 COMMcn Mooe noise wotbaze Vs applied to bhe two
Thie jurction of Ry ard Ry will b= at the same voRnge & the non-inverting input taminal of A, and the
junction of By and By will o2 at the same potentisl s the ron-inverting input of A;. That is both
resistor jurctions will oe ot ¥, There will De no cunrent flow through By, Rz or By and the cutput of
the= ampiifier will be I, This mesns the commion mode gain is
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S0 Commion mode siEmls willl b= paszad through bart not am |:|I'rﬁ-=-:| by the giffrential in|:-ut differenial
output a"n|:-ﬂ'1'=r.

1. The differential input and cifferential output amplifier is used in conjunction with the difference
amplifier. The input impedance of differential input differential output amplifier is extremety
high because of the non-inverting ampiifier configuration. The input impadance of the
differential umplil‘ier is By = Ry at the inuurl:inE terminal and R=(8y + £ 2t tha nur'rin'ntrtir'E;
terminal

Z. The vokage pain of the differential input and differential output stage can be changed by
adjusting only one resistor By Changing the pain of the difzrential amplifier requires R, and R,
to be adjusted topether to maintsin egual amplification of both inputs.

3. The comman mode min of the differential input/output amplifier i 1, compared bo common
maode gain of zero for the difference ampiifier.

4. The cifferential inp.rt.l'uu’r.uut sm Fli'ﬁ-u" operates with & rI-:ul:inE load, whils the ciffer=nce
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5) A capacitor coupled Non-inverting amplifier is to have a gain, Av=100 and output voltage,
Vo=5V with a load resistor, RL =10k and frequency, F=100Hz. Design a suitable circuit using

741 op-amp.
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6) Explain the operation of Astable multivibrator using 555 timer with relevant functional
diagram, waveforms and derive the expression for duty cycle.

ASTABLE MULTIVIBRATOR:
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Asymmetric Symmetric
When the power supply V. is connected, the external timing capacitor C charges
towards V. with a time constant (R, + Rg)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.
When the capacitor voltage is just greater than chc' 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 Rj.
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.
The capacitor is thus periodically charged and discharged between %VCC and %VCC

respectively.
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Capacitor voltage at any instant of time can be calculated as
t
VC(t) = VC(final) + [VC(initial) - VC(final)]e T
1 -t
Vc(t) = VCC + [§ VCC - Vcc] e (Ra+RB)C as T = (RA + RB)C
2 -t
Ve(t) =Vee + [_§VCC] e (Ra+Rp)C
2
att = TON ,Vc(t) = §VCC
2 2 -__Ton _ 2 2 __Ton _
§VCC = VCC _§VCCe (Ra+RB)C => §VCC —_ VCC = _§VCCe (Rg+Rp)C
1 2 __Tov ~_Tov 1 __Ton__
=> _§VCC — _§VCCe (Ra+RpB)C =>1=2e (Ra+RB)C => E =e (Rgq+RB)C

1 TON TON
=>1 (—)z ———  => 0693 = — —
"2 Ry + Rp)C (R, + Rp)C
Similarly Typr can be derived as Topr = 0.693R5C
TON

Duty Cycle, D = o

T =Ton + Torr
Tov. _ 0693(Ry+Rp)C  Ry+Ry
Ton + Torr 0.693(Ry + 2Rp)C R, + 2Rp

Duty Cycle D =

ASYMMETRIC CIRCUIT
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APPLICATION OF ASTABLE MULTIVIBRATOR:
1. FSK Generator

2. Pulse Position Modulator

7) Design a non-saturation precision half-wave rectifier to produce a 2V peak output from a sine
1 MHz. Use bipolar op-amp with

wave input with a peak value of 0.5V and frequency of
supply voltage of 15V.







