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1. Design a non-inverting Schmitt trigger to have UTP= +3 V and LTP=-5 V. Use
op-amp 741 with supply voltage of 15V.

Explain the working of non-inverting Zero Crossing Detector (ZCD)

Solution:
Solution : The circuit is shown in D, R, 5
the Fig. 5.6.7. hﬁl AN ——
23.8kQ

UTP=3V,LTP =5V

The current I, through R, |—|<]—'ww—«

must be much higher than D,

R
IB(max)' Vin 2 . h +15V
I, = 500 pA 5.6 kQ ”
B —0
| Vurl /{ 0
A -15V

O
1}

. L
500x1076 i Fig. 5.6.7 -
= 6 kQ (Use 5.6 kQ)
For Ve = £15 V, output swings between + 13,5V
Vol-V 5-
UTP = |—°L_Fx R, ie. 3= L 0'7><5.6><103
R R,

R; = 23.89 kQ (Use 22 kQ and 1.8 kQ in series)

For LTP design, R, = 5.6 kQ remains same.
[Virl _ 5
Ry 56x103

I = Current through Ry = = 0.8928 mA

|V |—V1: 13.5-0.7
- 1Yo = = 14.33 kQ (Use 15 kQ) PIV of diodes > 15 A

R -
¥ I 0.8928x10~3




Mon-inverting Zero Crossing Detector (ZCD):

Vee

In a Non-inverting zero Crossing detector,
Inverting terminal of the op-amp 5
grounded and input is applied to the  yageis zero
non-inverting terminal. The circuit is
shown in the Fig. 5.3.1.

During the positive half cycle, the
input voltage is positive ie. above the Vin :
n

|

reference  voltage. Hence the output Q Vi
voliage is +V,,. During negative half
cycle, the input voltage Vj, is negative,

ie. below the reference voltage. The
outpui voltage is then -V,. Thus the
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(a) Input Is sinusoidal (b) Input s triangular
Fig. 5.3.2 Waveforms of non-inverting zero crossing detector

output voltage switches between + Vg, and -V, whenever the input signal crosses the
zero level. This is illustrated in Fig. 5.3.2.

P From the waveforms of non-inverting zero crossing detector it can be seen that the
civcuit can be used as a square wave generator.



2. With a neat circuit diagram and waveforms, explain the operation of inverting
Schmitt trigger with different UTP and LTP. Draw its transfer characteristics and
hysteresis curve.

Solution:

Diode

Fig. 5.6.1 Modified Inverting St;hmltt trigger

When the output is negative saturation voltage (-V,,,), the diode D, is reverse biased
and current I is almost zero. Thus the drop across R, which decides Viet is zero. This
gives,

VLT=LIP= OV

’ W:en the output is positive saturation voltage (+ V), the diode D; is forward
1ased.

Then the drop across R, due to I, decides the V¢ i.e. UTP level of the circuit.

Let Ve = The drop across forward biased diode = 0.7 V.
L o 205 VE |

R] +R2

- UTP = =|V0"VF
: VUT R1+R2 XRZ Where VD =+V

sat

The diode D; must have peak inverse voltage rating more than the supply voltage.

PIV of D; > Supply voltage

The maximum reverse recovery time (t,) of

i s the di
than the minimum pulse width of the input signal, SR Ve mgch smaller

|y, ¢ Minimum pulse widh |
0




By using two diodes, in series with two different resistances, two different UTP and
(TP levels can be achieved. This is shown in the Fig, 5.6.2.

Vin o \*}’Q
ey

0

—o V
\ D, for controlling UTP

D, for controlling LTP

D, D,

Ry Ry
\

V,of = Drop across R,

—

Fig. 5.6.2 Achieving different UTP and LTP levels In an inverting Schmitt trigger
When the output is positive , Dy is forward biased and drop across R, decides UTP
levels.

_ |VJ‘VF
- Rl +R2

When the output is negative , D, is forward biased and drop across R, decides LTP

levels,

A ¢ R, and Ry , any desired UTP and LTP levels can be
By varying the values of Ky

achieved.



3. Write short notes on the following:
Voltage to frequency converter.
Voltage to current (V/I) converter with grounded load.

Solution:
Voltage to frequency converter.

*« A voltage-to-frequency converter produces a
periodic signal with frequency proportional to
an analogue control voltage.

* The waveform produced may be a square wave, a
pulse train, a triangqular wave or a sine wave.

V-F Converter accepts an analog input Vin and
generates a pulse train with frequency f

Mathematically expressed as:
=kVin
Where k= sensitivity of V-F Converter 1s Hz/V

Op-amp A1 =2 Comparator

A2 = Integrator

STEF 1: When V, is negative.
diode D1 is forward biased
and C starts charging

STEP 2: Charging current for Cis -\ /R,
and as R <<R ., C charges very rapidly

STEP 3:When V_, is positive. diode
D1 is reverse hiased,

STEP 4: Vin provides current for
the integrator and V,, ramps down
at a rate decided by Vin.




Time period t, is less than t,

Output frequency is decided by
t, 1.e Vin

Hence it acts like a frequency to
Voltage converter.

The frequency of oscillation is
given by:

=kV,

n

Ry
52—V

- Wide SweepMultivibrator

* V-F CONVERTERS

- Charge Balancing

Voltage to current (V/I) converter with grounded load
When one of end of the load - "
is grounded, it is no longer MW -—
possible to place the load within J: ;IE=0

feedback loop of the op-amp. E

Fig. 5.7.2 shows a voltage to
corent converter in which one
end of load resistor Ry is
grounded. It is also known as
‘Howland Current Converter T'B““
from the name of its inventor.

The analysis of the circuit is . A y
accomplished by first determining
the woltage V; at the >
noninverting input terminal and T pg 572y

to current rt
then estzblishing the relationship with nmllng:d lmdcm' i

between V; and the load current.

Applying KCL at node V; we get,
Vi=V, . V-V,
+ =
R R

L=l =1 ie

\-"; +11.I'rn—l]_ R

Vi*V,-2¥; = L R ie V= ; e (573)




~ The gain of op-amp in noninverting mode is given as A = 1 + R /R,. For this circuit
151~ R/R = 2. Hence, output voltage can be written as

Vu = EV] = Vt +‘||'n-IL R s Eﬁl?'l]
_ 0 = 'l-".-_ILR i.e Vi=I R
V.
l[.: -RL e {5.?5]

From the above equation we can sa

'I.hnt I-.'hg ir.FI.ﬂ
voltage V; and resistor R. y the load current depends on

If R is constant, then Iy =<V;. If R is a precision

resistor, then the output current will be precisely
fixed.

4. With circuit and relevant waveform, explain the working of RC phase shift
oscillator. Design a RC phase shift Oscillator using Op-amp. Assume C=0.1 pF,
frequency of oscillation=200 Hz. Use the supply voltage as 15V.

Solution:

Op-amp as

inveting
amplifisr \

Vi
i Feedback

A\ -
VA -

Fig. 46.3 R-C Phase shift osclllator using op-amp

Ve

R—;pfrnuﬂﬁﬂwﬂhmuﬂ:ngup-ampumapm in inverting amplifier mode
Thus it introduces the phase shift of 180° between input and output. The feedback

setwork consists of 3 RC sections each producing 60° phase shit. Such a RC phase shift
pscillator using op-amp is shown in the Fig. 4.63.



The output of amplifier is given to feedback network. The output of feedback
network drives the amplifier. The total phase shift around a loop is 180° of amplifier and
180° due to 3 RC section, thus 360°. This satisfies the required condition for positive

feedback and circuit works as an oscillator.

The frequency of sustained oscillations generated depends on the values of R and C

- 1 _ ... The frequency is measured in Hz.
26 RC |

At this frequency the gain of the op-amp must be atleast 29 to satisfy Ap = 1.
Now gain of the op-amp inverting amplifier is given by,

R :
|A| 2 R—: 2 29 for oscillations ie. Ry 2 29R;

Thus circuit will work as an oscillator which will produce a sinusoidal waveform if
gain is 29 and total phase shift around a loop is 360°. This satisfies the Barkhausen
ariterion for the oscillator. These oscillators are used over the audio frequency range i.e.

&bout 20 Hz upto 100 kHz.

Let € = 0.1 wF. Then, from Equation (7-22a),

0.065

= W =325k}

(UsaR=33K). _
To prevent the loading of the amplifier because of RC networks, it is necessar)
izt R, = 10 R. Therefore, let R, = 10R =33 k(). Then, from Equation (7-22b)

Ry = 29(33 k(1) = 957 k)

(Use By = 1-MQ potentiometer.)
When choosing an op-amp, type 7

(<1 kHz); however, at higher frequencies,

LF35] is recommended because of its increa

e 741 can be used at lower frequencies
an op-amp such as the LM318 o
sed slew rate.

0.1 uF 0.1 uF 0.1 uF

R R A
33kn A3 kn 33 k0

e ——— o ———

& OV,



5. Draw and explain triangular wave generator using square wave generator and
integrator method. Draw the required waveform.

Answer: It consists of a Schmitt trigger (A) and an integrator (B). The output of Schmitt
trigger is a square wave of amplitude * V., and is applied to the inverting (-) input terminal
of the integrator. The output of integrator is a triangular wave and it is feedback as input to
the Schmitt trigger, through a voltage divider R, and R; The circuit acts as free running
waveform generator producing triangular and rectangular output waveforms simultaneously.

gili}

Schmitt Integrator
Trigger | Circuit /\/\/\/\

v

= @ op-amp-1i acts like compavater | so
Vei = Veat o¥ ~Vsakt
ITf VA >0 “hea Vid = O . Yoi :‘\!5.,_1_-
TE VA <O -H\an__\!\'cl 2.0 el e e

G op-amp 2 —> TncegrateT
“If Voi = Vsat -then Vi = —Ve going vamp
\lsdi'T ‘\

= =

TF Vod = —Vsat -then YViri = tVe Jeing Yame
o~ 5

Vs =z
/

— Vsat ——

Case 1: To understand circuit operation, assume that the output of Schmitt trigger A (i.e
V1) is at +Vg. This forces a constant current (+Vsat/ Ry) through C to give a negative going
ramp at the output of the integrator.

Case 2: Assume that the output of Schmitt trigger A (i.e Vq1) is at -V This forces a
reverse constant current (right to left) through C. Therefore, C discharges and recharges in
the opposite direction. This produces a positive going ramp at the output of the integrator,
as shown in the following Fig. The sequence then repeats to give triangular wave at the
output of integrator B. The output waveform is shown below:

Vo

o t

Vﬁ
2"
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Fig: Output waveform



Peak-to-peak amplitude of triangular wave:
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6. Explain the working of precision full wave rectifier with necessary circuit
diagram and write the difference between ordinary rectifier and precision rectifier.

Solution:
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7. Explain the working of R-2R ladder DAC. Assume that binary input is 001.

In this type, reference voltage is applied to one of the switch positions, ang other
switch position is connected to ground, as shown in the Fig. 7.3.4.

w g Tt g

— ASWI N SW2  \ SW3 ) SW
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§2R §2R 2R §2R AMA
—— \MAM—-AMWN
2R R R R
+
= Vo
0 o 0

Fig. 7.3.4 R/2R ladder D/A converter

Let us consider 3-bit R/2R ladder DAC with binary input 001, as shown in the
Fig. 7.3.5.

SW3 =

2R

TS S

= 07‘ b,

T N
e - A O
P A

 Fig. 7.35 350 R2R ladder DAC
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Reducing above network to the left by Thevenin's theorem we get,

R
\':E“l " Ve oo __VL _VLL |
2R ] R | )
32R 2R ,

d!
1]

Flg. 7.3.6 (a)

— AWV

2R Vy l_
7 = Vg o— AWV
T

Flg. 7.3.6 (b)

+
VO
s

Fig. 7.3.6 (c)
Therefore, the output voltage is Vg /8 which is equivalent to binary input 001.
For binary input 100 the network can be reduced as follows :

1l

+
) VQ
£

'l

Fig. 7.3.7 (a)
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Therefore, the output voltage is Vp/2, o
which is equivalent to binary input 100.

In general, the voltage is given by VR/2 = V)

Vo ==Vg (0,277 41,272 41323+ 4b, 270

P

Advantages of R/2R ladder DACs

1. Easier to build accurately as only two Flg. 7.3.7 (b)

precision metal film resistors are
required.
2. Number of bits can be expanded by adding more sections of same R/2R values,

3. In inverted R/2R ladder DAC, node voltages remain constant with changing inpyt
binary words. This avoids any slowdown effects by stray capacitances.
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