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1. Linear Wave Shaping

Aim

i) To design a low pass RC circuit for the given cutoff frequency and obtain its frequency
response.

ii) To observe the response of the designed low pass RC circuit for the given square
waveform for T<<RC,T=RC and T>>RC.

iii) To design a high  pass RC circuit for the given cutoff frequency and obtain its
frequency response.

iv) To observe the response of the designed high pass RC circuit for the given square

waveform for T<<RC, T=RC and T>>RC.

Apparatus Required:

Name of the Specifications Quantity
Component/Equipment
1KQ 1
Resistors
2.2KQ,16 KQ 1
Capacitors 0.01uF 1
CRO 20MHz 1
Function generator 1IMHz 1
Theory:

The process whereby the form of a non sinusoidal signal is altered by transmission
through a linear network is called “linear wave shaping”. An ideal low pass circuit is one
that allows all the input frequencies below a frequency called cutoff frequency f. and
attenuates all those above this frequency. For practical low pass circuit (Fig.1) cutoff is set
to occur at a frequency where the gain of the circuit falls by 3 dB from its maximum at very
high frequencies the capacitive reactance is very small, so the output is almost equal to
the input and hence the gain is equal to 1. Since circuit attenuates low frequency signals
and allows high frequency signals with little or no attenuation, it is called a high pass

circuit.

Circuit Diagram:



Low Pass RC Circuit :

R
Input —— ¢ Output
e
Fig.1 L
High Pass RC Circuit_.
C
[
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Fig.2 A

Procedure:

A) Frequency response characteristics:

1 .Connect the circuit as shown in Fig.1 and apply a sinusoidal signal of amplitude of 2V

p-p as input.

2. Vary the frequency of input signal in suitable steps 100 Hz to 1 MHz and note down the

p-p amplitude of output signal.

3. Obtain frequency response characteristics of the circuit by finding gain at each

frequency and plotting gain in dB vs frequency.

4. Find the cutoff frequency f. by noting the value of f at 3 dB down from the maximum

gain

B) Response of the circuit for different time const ants:

Time constant of the circuit RC= 0.0198 ms

1. Apply a square wave of 2v p-p amplitude as input.

2. Adjust the time period of the waveform so that T>>RC, T=RC,T<<RC and observe the
output in each case.

3. Draw the input and output wave forms for different cases.

Sample readings

Low Pass RC Circuit Input Voltage: Vi=2 Vp.p



Frequency O/P Voltage, V, Gain = 20log(Vo/Vi)
(Hz) V) (dB)

S.No

High Pass RC Circuit:

Frequency O/P Voltage, V, Gain = 20log(Vo/Vi)
(H2) V) (dB)

S.No

Model Graphs and wave forms
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High Pass RC circuit frequency response:
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High Pass RC Circuit
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Precautions:

1. Connections should be made carefully.

2. Verify the circuit connections before giving supply.

3. Take readings without any parallax error.
Result: RC low pass and high pass circuits are designed, frequency response and response at
different time constants is observed.
Inference: At low frequencies the capacitor C behaves almost like a open circuit and output is

equal to input voltage. As the frequency increases the reactance of the capacitor increases and C
functions almost like a short circuit and output voltage is equal to zero. So the low pass RC allows
low frequency signals and stops high frequency signals. When the time constant of the circuit is
less than the time period of a input signal, the capacitor charges and discharges quickly. So the
shape of the output is same as the input signal. But as the time constant of circuit is increases the
capacitor charges and discharges very slowly so when the time constant of the low pass RC circuit

is very much greater than the time period of a input signal it acts as a integrator.



2(a). Non Linear Wave Shaping-Clippers
Aim: To obtain the output and transfer characteristics of various diode clipper circuits.

Apparatus required:

Name of the o ]
) Specifications Quantity

Component/Equipment

Resistors 1KQ 1

Diode 1N4007 1

Cathode Ray Oscilloscope 20MHz 1

Function generator 1MHz 1

Regulated power supply 0-30V,1A 1

Theory:

The basic action of a clipper circuit is to remove certain portions of the
waveform, above or below certain levels as per the requirements. Thus the circuits which are
used to clip off unwanted portion of the waveform, without distorting the remaining part of the
waveform are called clipper circuits or Clippers. The half wave rectifier is the best and simplest
type of clipper circuit which clips off the positive/negative portion of the input signal. The clipper

circuits are also called limiters or slicers.

Circuit diagrams:

Positive peak clipper with reference voltage, V=2V
R
4 7kohm

o
114001

Input 8Y p-p Output

|l

Fig.1

Positive Base Clipper with Reference Voltage, V=2V



R

4. 7kahm
D
1h4001
Input 8% p-p Output
— =2V
Fig.2
Negative Base Clipper with Reference Voltage,V=-2V
R
4 7kohm
]
1MA007
Input 8 p-p Dutput
— =2V J
Fig.3
Negative peak clipper with reference voltage, V=-2v
R
4 7 Kaohm
D
14001
Input 8V p-p 1 Output
— ¥=-2Y

Fig4



Slicer Circuit:

4 ?Knhm
D2
1N4UD1 &8 114001
Input 8% p-p 1 Output

— =Dy T VE-2Y

T

1

Procedure:

1. Connect the circuit as per circuit diagram shown in Fig.1
2. Obtain a sine wave of constant amplitude 8 V p-p from function generator and apply as
input to the circuit.
3. Observe the output waveform and note down the amplitude at which clipping
occurs.
Draw the observed output waveforms.
5. To obtain the transfer characteristics apply dc voltage at input terminals and
vary the voltage insteps of 1V up to the voltage level more than the reference

voltage and note down the corresponding voltages at the output.

»

Plot the transfer characteristics between output and input voltages.

~

Repeat the steps 1 to 5 for all other circuits.

Sample Readings:

Positive peak clipper: Reference voltage, V=2V

S.No I/p voltage O/p voltage
(v) (v)

10



Positive base clipper: Reference voltage V=2V

S.No | I/p voltage(v) O/p voltage(v)

Negative base clipper: Reference voltage= 2V

S.No | I/p voltage(v) O/p voltage(v)

Negative peak clipper: Reference voltage=2 V

S.No | I/p voltage(v) O/p voltage(v)

Slicer Circuit;

S.No I/p voltage(v) O/p voltage(v)

Theoretical calculations:

Positive peak clipper :

V,=2v, Vy=0.6v

When the diode is forward biased V, =V,+ Vy
=2v+0.6v
=2.6v

When the diode is reverse biased the V,=V;

Positive base clipper:

V=2v, Vy=0.6v

When the diode is forward biased Vo=Vr—-Vy
= 2v-0.6v
=1.4v

When the diode is reverse biased V,=V; .

Negative base clipper :

11



Model wave forms and Transfer characteristics

V=2v, Vy=0.6v

When the diode is forward biased V,=-V,+ Vy
=-2v+0.6v
=-1.4v

When the diode is reverse biased V,=V; .

Negative peak clipper:

V,=2v, Vy=0.6v
When the diode is forward biased V,= -(V,+ Vy)
=-(2+0.6)v
=-2.6v

When the diode is reverse biased V,=V; .

Slicer:

When the diode D1 is forward biased and D2 is reverse biased V,= V,+ Vy

=2.6v

When the diode D2 is forward biased and D2 is reverse biased V,=-(V,+ Vy)

When the diodes D1 &D2 are reverse biasgdW .

Positive peak clipper: Reference voltage= 2V
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Positive base clipper: Reference voltage= 2V
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Negative base clipper: Reference voltage= 2v
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Slicer Circuit:

Wolv)
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Precautions:

1. Connections should be made carefully.

2. Verify the circuit before giving supply.

3. Take readings without any parallax error.

Result:

Performance of different clipping circuits is observed and their transfer characteristics are

obtained.

Inference:

The clipper circuits clips off the some part of the waveform depend on the applied reference
voltage. Clipping circuits do not require energy storage elements these circuits can also used

as sine to square wave converter at low amplitude signals.

14



2(b). Non Linear Wave Shaping-Clampers

Aim: To verify the output of different diode clamping circuits.

Apparatus Required:

Name of the Specifications Quantity

Component/Equipment

Resistors 10KQ 1

Capacitor 100uF, 100pF 1

Diode 1N4007 1

Cathode Ray Oscilloscope 20MHz 1

Function generator 1MHz 1

Regulated power supply 0-30V, 1A 1

Theory :

The circuits which are used to add a d.c level as per the requirement to the a.c signals are called

clamper circuits. Capacitor, diode, resistor are the three basic elements of a clamper circuit. The

clamper circuits are also called d.c restorer or d.c inserter circuits. The clampers are classified as
1. Negative clampers

2. Positive clampers

Circuit Diagrams

Positive peak clamping to OV:

Signal o D
generamr@‘) Ko R ! QUT PUT

1N4007

Positive peak clamping to V,=2v

15



100uF

+1T-
¢ D
R
. 1Ko 1N4007
Signal {) OUT PUT
generators.-
——2v
Fig.2 L
Negative peak clamping to V,=0v
C
|
100 pF
Signal p P
igna ’D OUTPUT
generatur? Ko R x
1N400)7

Negative peak clamping to V,= -2v

Signal
generator

100uF
11
+11-
¢ D
I Kol R 1N4007
“—“) OUTPUT
_l__

=2y
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Procedure :

1. Connect the circuit as per circuit diagram Fig 1.

2. Obtain a constant amplitude sine wave from function generator of 6 Vp-p, frequency of
1KHz and give the signal as input to the circuit.

3. Observe and draw the output waveform and note down the amplitude at which
clamping occurs.

4. Repeat the steps 1 to 3 for all circuits shown in Fig 2-4.

Model waveforms:

Positive peak clamping to OV:

Positive peak clamping to V=2V

v Input
+3v—

+2vf;

=3y
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Negative peak clamping to OV

+HG5v

+3w

= 3w

Negative peak clamping to Vr= -2V

+3v

-2v -

=3y
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Precautions:

1. Connections should be made carefully.

2. Verify the circuit before giving supply.

3. Take readings without any parallax error.

Result:

Different clamping circuits are constructed and their performance is observed.

Inference:

In positive peak clamping, Positive peak of the sinusoidal waveform is clamped
to Ov when reference voltage is Ov, and clamped to 2v when reference voltage is 2v.That
is the waveform is shifted to negative side. So we called this clamper as negative
clamper. In negative peak clamping, negative peak of the sinusoidal waveform is clamped
to Ov when reference voltage is Ov, and clamped to -2v when reference voltage is -2v.That

is the waveform is shifted to positive side. So we called this clamper as positive clamper.
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3. Astable Multivibrator using Transistors
Aim: To Observe the ON & OFF states of transistor in an Astable Multivibrator.

Apparatus required:

Name of the Specifications Quantity
Component/Equipment

Transistor (BC 107) BC 107 2

Resistors 3.9KQ, 100KQ 2

Diode 0A79 1

Capacitor 0.01uF 2

Regulated Power Supply 0-30V, 1A 1

Cathode Ray Oscilloscope 20MHz 1

Function generator (.1 - 1MHz), 20V ,, 1

Theory :

Astable multivibrator : An Astable Multivibrator has two quasi stable states and it

keeps on switching between these two states by itself . No external triggering signal is
needed. The astable multivibrator cannot remain indefinitely in any one of the two states
.The two amplifier stages of an astable multivibrator are regenerative across coupled by
capacitors. The astable multivibrator may be to generate a square wave of period, 1.38RC.
Circuit Diagram :

WOC 12

R.
E E
c; 3.9kohrm ng 100kohim 2; 100kahm é 3.9kahm

1 c2

Vel 11 11
© il i Vel

0.01uF 0.01uF

21
BC1D‘52 Thi Vil ) BEC107

Fig 1 : Astable Multivibrator
Procedure

1. Calculate the theoretical frequency of oscillations of the circuit.

2. Connect the circuit as per the circuit diagram shown in Fig 1.
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Observe the voltage wave forms at both collectors of two transistors
Observe the voltage wave forms at each base simultaneously with
corresponding collector voltage as shown in Fig 3.
5. Note down the values of wave forms carefully.
6. Compare the theoratical and practical values.
Calculations:
Theoretical Values:
RC=R;C;+ R,C,
Time Period, T = 1.368RC
= 1.368x100x10°x0.01x10°®
=93 u sec
=0.093 m sec
Frequency, f = 1/T = 10.75 kHz

Model waveforms :

et () y
[o]s

12v /ﬁf
O -03_\"‘__ "‘v"’c:e(sa‘t) J—‘
o

o I{\l"]l

0.3v4 SN betem

0

S —
vcim

12v I
0 _ogv—glv‘*‘ﬂ‘) E—

simultaneously.

“Whz )

0 By o Whetmty E)H H‘

vl
Precautions:

1. Connections should be made carefully.

2. Readings should be noted without parallax error.

Result : The wave forms of astable multivibrator has been verified.
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4. Monostable Multivibrator using Transistors
Aim:

To observe the stable state and quasi stable state voltages in monostable multivibrator.

Apparatus required:

Name of the Specifications Quantity
Component/Equipment

Transistor (BC 107) BC 107 2
Resistors 22K ?

1.5KQ, 68KQ, 1KQ Each one
Diode 0A79 1
Capacitor 1uF 2
Regulated Power Supply 0-30V, 1A 1
Cathode Ray Oscilloscope 20MHz 1
Function generator (.1 -1MHz), 20V ,, 1

Theory :

Monostable multivibrator : A monostable multivibrator on the other hand compared to
astable, bistable has only one stable state, the other state being quasi stable state. Normally the
multivibrator is in stable state and when an externally triggering pulse is applied, it switches from
the stable to the quasi stable state. It remains in the quasi stable state for a short duration, but
automatically reverse switches back to its original stable state without any triggering pulse. The
monostable multivibrator is also referred as ‘one shot’ or ‘uni vibrator’ since only one triggering
signal is required to reverse the original stable state. The duration of quasi stable state is termed

as delay time (or) pulse width (or) gate time. It is denoted as't’.
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Circuit Diagram :

ole
Imv
R R, R 2 ;
2 2koh
§1.5kuhm gzjkuhm gaekuhm ; o
Trigger  C1 o1 © R
signal ~]| g | Py
1UF DATD 1UF Tkahm
Q2
=) |Bcio7
acior (1 \—E
ﬂ/f Fa,

Monostable Multivibrator
Procedure :

Connect the circuit as per the circuit diagram shown in Fig 2

Verify the stable states (Q;and Q,)

Apply the square wave of 2Vp-p, 1KHz signal to the trigger circuit.
Observe the wave forms at base of each transistor simultaneously.
Observe the wave forms at collectors of each transistors simultaneously.
Note down the parameters carefully.

Note down the time period and compare it with theoretical values.

© N o 0k~ 0w NP

Plot wave forms of Vy1, V2, Ve & V2 With respect to time as shown in Fig 4 .

Calculations:

Theoretical Values:
Time Period, T = 0.693RC
= 0.693x68x10°x0.01x10°
=47 sec
=0.047 m sec
Frequency, f = 1/T = 21 kHz
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Model waveforms :

VoV -
cC

124 —‘
0.02V ¥ sty
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0.3
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120
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[
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0 [N et=t gﬂ;

8wl

Monostable Multivibrator

Precautions:

1. Connections should be made carefully.

2. Readings should be noted without parallax error.
Result :
Stable state and quasi stable state voltages in Monostable multivibrator are observed.

Inference:

The output of the monostable multivibrator while it remains in the quasi stable state is a
pulse of duration t1 whose value depends up on the circuit components. Hence monostable

multivibrator is called as a pulse generator.
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5(a). Schmitt Trigger using Transistors
Aim: To generate a square wave from a given sine wave using Schmitt Trigger

Apparatus required:

Name of the Values/Specifications Quantity

Component/Equipment

Transistor BC 107 2

6.8KQ,3.9KQ,2.7KQ,100Q 1

Resisistors 12KQ 2

2.2KQ 3

Capacitor 0.01pF 1

CRO 20MHz 1

Regulated Power Supply 30V 1

Function generator 1IMHz 1

Theory:
Schmitt trigger

Schmitt trigger is a Bistable circuit and the existence of only two stable states results form
the fact that positive feedback is incorporated into the circuit and from the further fact that the
loop gain of the circuit is greater than unity. There are several ways to adjust the loop gain.
One way of adjusting the loop gain is by varying Rc1. Under quiescent conditions Q1 is OFF
and Q2 is ON because it gets the required base drive from Vcc through Rcl and R1. So the
output voltage is Vo=Vcc-Ic2Rc2 is at its lower level. Until then the output remains at its lower

level.
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Circuit Diagram:

RS

WOC oy

&3]

R2
B.Bkohmm

3.9kohm

2. 2kahm
1

0uF

G2
BC107

@

My
100ahm

¢

Signal +>
Qenerator-—

BC107

N

R4
3.3kohm 3
2.2kohm

ou

tput

Procedure:

!

Schmitt trigger

1 Connect the circuit as per circuit diagram shown in Fig 2.

2 Apply a sine wave of peak to peak amplitude 12V, 1 KHz frequency wave as input to the circuit.

3 Observe input and output waveforms simultaneously in channel 1 and channel 2 of CRO.

4 Note down the input voltage levels at which output changes the voltage level as shown in Fig 3.

5 Draw the graph between voltage versus time of input and output signals.

Sample Readings:

Schmitt Trigger:

Parameter

Input

Output

Voltage( Vp.p),V

Time period(ms)
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Model Graph

Wi
+54

tisec)

-6y

Wo

12%

Ry
0 t{sec)

Schmitt trigger

Precautions:
1. Connections should be made carefully.
2. Note down the parameters carefully.
3. The supplied voltage levels should not exceed the maximum rating of the transistor.
Result:
Schmitt trigger circuit is constructed and its performance is observed.
Inference
Schmitt trigger circuit is a emitter coupled bistable circuit, and existence of only two stable
states results from the fact that positive feedback is incorporated into the circuit, and from the

further fact that the loop gain of the circuit is greater than unity.
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5(b). Schmitt Trigger Circuits- using IC 741

Aim : To design the Schmitt trigger circuit using IC 741 .
Apparatus required:

S.No Equipment/Component Specifications/Value | Quantity
name
1 IC 741 Refer 1
2 Cathode Ray Oscilloscope (0 — 20MHz) 1
3 Multimeter 1
4 Resistors 100 Q 2
56 KQ 1
5 Capacitors 0.1 uf, 0.01 pf Each one
6 Regulated power supply (0 -30V),1A 1
Theory :

The circuit shows an inverting comparator with positive feed back. This circuit converts
arbitrary wave forms to a square wave or pulse. The circuit is known as the Schmitt trigger (or)
squaring circuit. The input voltage Vi, changes the state of the output V, every time it exceeds
certain voltage levels called the upper threshold voltage V and lower threshold voltage V.

When V.= - Vg, the voltage across R; is referred to as lower threshold voltage, V.
When V,=+V4q, the voltage across R; is referred to as upper threshold voltage V.

The comparator with positive feed back is said to exhibit hysterisis, a dead band

condition.

Circuit Diagrams:

oo =+18Y
AW 5|~ Dutput
+ 7H z o)
* 4
T,"_-'. 3 4
m
- e 215y
= R,=1000
M M
1 R1=5EKD

Schmitt trigger circuit using IC 741
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Design:
Vup = [R1/(R1+R2 )] (+Vsa)
Vip = [Ri/(R1*+R2 )](-Vsa)
Vhy = Vutp - Vltp
=[R1/(R1+R2)] [+Vsat — (-Vsar)]

Procedure:

1. Connect the circuit as shown in fig.

2. Apply an arbitrary waveform (sine/triangular) of peak voltage greater than UTP to the input
of a Schmitt trigger.

3. Observe the output at pin6 of the IC 741 Schmitt trigger circuit by varying the input and
note down the readings as shown in Table 1 and Table 2

4. Find the upper and lower threshold voltages (Vi Vip) from the output wave form.

Wave forms:
v T
+1.8Y
EAvANNANYANYANYANVA
0
VAR YA A VAR WAL N
1.8 fems
—T— (@
v, ,|\
+v:=a!_
+12 4
0 —= 1 (ms3)
_V:sa:__
A12.4v e T .
0.72ms ()

Schmitt trigger input wave form

29



Sample readings:
Table 1:

Parameter Input Output

741 741

Voltage( Vp.p)

Time period(ms)

Table 2:

Parameter 741

Vutp

Vltp

Precautions:

Check the connections before giving the power supply.

Readings should be taken carefully.

Results:
UTP and LTP of the Schmitt trigger are obtained by using IC 741 as shown in Table 2.

Inferences: Schmitt trigger produces square waveform from a given signal.




Experiment no: 6 Measurement of op-Amp parameters

AiIm: To measure the op-Amp parameters such as

(@) Input Bias Current

(b) Input Offset current

(c) Input offset voltage of given op-Amp
(d) SlewRate

Apparatus:

e 741 Op-Amps

» Sine wave Signal generator
» Resistors, capacitors

« 10KQ, 102, 1MQ, 0.01uF

Procedure:

A WD

o

© © N o

Set up the circuit shown in fig 1.1 to measgire
Set up the circuit shown in fig 1.2 to measiire

Select the large resistor (irfyland measure the out put voltage.
V, V,

Calculatel, =—2,1," =2
R, R

+
B

+|B

Calculatd ; =

Set up the circuit Ckt shown in fig 1.3 to swa offset current losg £ VO/Rf.
Set up the circuit shown in fig 1.4~ (1+R/R) Vost1osRs = (1+ R/R) Vs
Set up the ckt shown in fig 1.5

Adjust the input sine-wave signal generatdghabthe outputis 1V peak sine wave at | KHz.

10. Slowly increase the input signal frequencyl thmi output gets just distorted.

11. Calculate slew rate, SR/ ,/10° viuswhere \,=peak output amplitude in volts and f=

frequency in Hz.
12. Now give a square-wave input and repeat steygt@ase the i/p frequency slowly until the

output is just barely a triangular wave. The SR=0AAt Vl/jis where \4 is the change in the

output voltage amplitude in volts, At = time receparfor AVo in j.is.
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Precautios:
1. Don't disturb the set up while performing expent.

2. Take the readings with out parallax error

| 10:01 uF
! (|
i o
e AN
= IB_
Virtual =
¥ O e ¥
(e il \ _Ej-?’ ~ ?
] 7
oV { 741 z <
s 4 Vo=1(lg") R¢
-} =
v
il

Measurement of inverting input bias current

. Mcasurement of non-inverting input bias current



] E()‘OT,&.JF

I

X7
: \T?

3
NI

R

O ffset current measurement

ER]:IOOJL

Offset voltage measurcement

A Lol vuul = 1I|"'Irl'l

I~
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7. Applications of Op-Amp

Aim: To design adder for the given signals by using operational amplifier and to design

integrator and differentiator for a given input (square/sine)

Apparatus required:

S.No | Equipment/Component name | Specifications/Value Quantity
1 IC 741 Refer Appendix A 1

2 Capacitors 0.1uf, 0.01puf Each one
3 Resistors 159Q), 1.5kQ Each one
4 Resistor 1kQ 4

5 Diode 0A79 2

6 Regulated Power Supply (0-30V),1A 2

7 Function Generator (.1 - 1MHz), 20V ., 1

8 Cathode Ray Oscilloscope (0 — 20MHz) 1

9 Multimeter 3 * digit display 1

Theory

Adder : A two input summing amplifier may be constructed using the inverting mode. The

adder can be obtained by using either non-inverting mode or differential amplifier. Here the
inverting mode is used. So the inputs are applied through resistors to the inverting terminal
and non-inverting terminal is grounded. This is called “virtual ground”, i.e. the voltage at that
terminal is zero. The gain of this summing amplifier is 1, any scale factor can be used for the

inputs by selecting proper external resistors.

Integrator : In an integrator circuit, the output voltage is the integration of the input voltage.
t

The output voltage of an integrator is given by V, = -1/R;C¢ '[ Vidt
o

At low frequencies the gain becomes infinite, so the capacitor is fully charged and behaves like
an open circuit. The gain of an integrator at low frequency can be limited by connecting a
resistor in shunt with capacitor
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Differentiator : In the differentiator circuit the output voltage is the differentiation of the

input voltage. The output voltage of a differentiator is given by V, = -RfC; dfm .The input

impedance of this circuit decreases with increase in frequency, thereby making the circuit
sensitive to high frequency noise. At high frequencies circuit may become unstable.

For pin configuration and specifications of opamp (IC 741), refer Appendix-B

Circuit Diagrams:

Ry =1K0
Wy o A
Clutput
Vo 0 "Wy - ¢
R,=TKO P
=  tVoo=+18Y
Figl: Adder
Ff=1.48K0
M
Cf =0.1pf
|1
i
N =—18Y
Inputo My - 4 Output
Ry=1550 S = 3
+

3 4 7
Voo =418y

Fig 2: Integrator
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Cf =”III.III1Hf
1

Rf =1.8K0
oy
SV =—15Y
Ri=1590
Input o VW 1l Output
Cq= 0.1 uf S

=  +Vpoo=+18Y

Fig 3: Differentiator

Design equations:
Adder:
Output voltage, Vo= - (V1+V5)

Integrator:

Choose T = 21TR:C;

Where T= Time period of the input signal
Assume C; and find R;

Select R = 10R;

T/2
-1

Differentiator
Select given frequency f, = 1/(2mR(C,), Assume C; and find Ry
Selectf, =10 f, = 1/2mR;C,;and find R,
From R;C; = R¢C;, find C;

Procedure:



Adder:

1. Connect the circuit as per the diagram shown in fig 1.

Apply the supply voltages of +15V to pin7 and pin4 of IC741 respectively.
Apply the inputs V; and V, as shown in fig 1.

Apply two different signals (DC/AC ) to the inputs

S A

Vary the input voltages and note down the corresponding output at pin 6 of the IC 741
adder circuit.

6. Notice that the output is equal to the sum of the two inputs.

Integrator

1 Connect the circuit as per the diagram shown in fig 2
2 Apply a square wave/sine input of 4V(p-p) of 1KHz

3 Observe the o/p at pin 6.
4

Draw input and output waveforms as shown in fig: 4

Differentiator

1. Connect the circuit as per the diagram shown in fig 3
2. Apply a square wave/sine input of 4V(p-p) of 1KHz
3. Observe the output at pin 6

4. Draw the input and output waveforms as shown in fig: 5

Wave Forms:

Integrator
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+4
0 —=f(ms)
_4_

T =

TmSec

(8] Square YWawe input

v,
NANANA NN/
“ \/ VARVARVAREE
_54 Tm3ec

b) Output for (a)

Y IVER
v m
T {c) sinusodial input
0
—=1 (ms)

-V, 1

. 1ms

\I/ —_— T —_—

Differentiator

{d) Output for (c)

Fig 4: Input and output waves forms of integrator

38



+ 4%

- Ay

"V’

+14 4

—= [ (ms)

LHT ﬁ-|

Tms
{a) Sguare wave input

[\K[\IXI\

N V 7 =

(b} Output for (a

+4% ﬂ
| v \/ v o
A 1ms
—T— J Sinusaidal input
\;T
+0.9% -
. /\ \ /\ /\ /\ \ /\ p \
| —= 1 (ms)
-0.8v |
Tms
=T = (d) Output for {c)

Fig 5 :Input and output waveforms of Differentiator

Sample readings:

Adder:



Integrator

i/pa(V) i/p2(V) Vo(V)
Input —Square wave Output - Triangular
Amplitude(Vp.p) | Time period | Amplitude (Vpp) | Time period
(V) (ms) V) (ms)

Input —sine wave

Output - cosine

Amplitude(Vp.p)
(V)

Time period

(ms)

Amplitude (Vp.p)
V)

Time period

(ms)

Differentiator

Input —square wave

Output - Spikes

Amplitude (Vp.p)
V)

Time period

(ms)

Amplitude (Vp.p)
V)

Time period

(ms)

Input —sine wave

Output - cosine

Amplitude (Vp.p)
V)

Time period

(ms)

Amplitude (Vp.p)
V)

Time period

(ms)

Model Calculations:

Adder

Vo = - (ilp1 +i/p2)
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If i/lp; = 2.5V and i/p, = 2.5V, then

V, = - (2.5+2.5) = -5V.
Integrator:

For T=1 msec

fa= 1T =1KHz
f, = 1 KHz = 1/(21TR(Cy)
Assuming Cf= 0.1uf, Ry is found from R=1/(21f,Cs)
R~=1.59 KQ
Ri=10R;
R;=159Q

Differentiator

For T =1 msec

f=1/T =1KHz
f, = 1 KHz = 1/(21TR(C,)
Assuming C,= 0.1pf, R¢is found from R=1/(21f,C;)
R~=1.59 KQ
f, =10 f, = 1/2mR,C;
for C,;=0.1yf;
R; =159Q

Precautions:

Check the connections before giving the power supply.

Readings should be taken carefully.

Result : For a given square wave and sine wave, output waveforms for integrator and

differentiator are observed and the adder circuit is designed.

Inferences:  Spikes and triangular waveforms can be obtained from a given square

waveform by using differentiator and integrator respectively and the given signals can be

added by using the adder circuit.
Experiment no: 8 Instrumentation Amplifier using op-Amp
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AIM: To study the operation of instrumentation Amplifier
Apparatus:

e W.AT741 op-Amps
* Resistors of 18, 4.7KQ, 10KQ

— A

Rgain b—a Vout

Vo s Ra Ry |

Procedure:
1. Set up the circuit shown in fig 2-
Calculate the output voltage o\

3. Calculate the Mwhere \b= (V2V1) (1+2R/Rgin) (RIR2)
4. Compare it with practical output voltage.

7. Important features of Instrumentation amplifier:
» High gain accuracy
High CMRR

High gain stability with low-temperature Cifieent

Low dc-offset

Low output impedance

Applications:



Measurement & control of temperature, humiditytlighensity, waler flow .. .etc.

Precautions:
1. Loose connections should he avoided
2. Positive and Negative supplies should be gis@mectly to IC 741

3. Waveforms should be taken in accordance wi¢tscale.

9. WAVEFORM GENERATION USING OP-AMP (SQUARE & TRIAN GULAR)

Aim : To generate square wave and Triangular wave form by using OPAMPs.

Apparatus required:
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S.No | Equipment/Component name | Specifications/Value Quantity

1 741 1C Refer Appendix A 2

2 Capacitors 0.01pf,0.001uf Each one

3 Resistors 86kQ ,68kQ ,680kQ Each one
Resistors 100kQ 2

4 Regulated Power supply (0-30V),1A 1
Cathode Ray Oscilloscope (0 -20MH2z) 1

Theory: Function generator generates waveforms such as sine, triangular, square waves
and so on of different frequencies and amplitudes. The circuit shown in Figl is a simple circuit
which generates square waves and triangular waves simultaneously. Here the first section is a
square wave generator and second section is an integrator. When square wave is given as

input to integrator it produces triangular wave.

Circuit Diagram:

R, =680KQ
Rf =100KQ
Cy=0.01Hf
11
I
Mg =18y
EE
C=0.001pf Ve =—18v
i I} A Vo, Ry=EBKO
Moo =+5yY
Ry=100KQ

jR2= 86K0

Figl Function Generator

Design:

Square wave Generator:
T=2RC In (2R, +Ry/ Ry)
Assume R; =1.16 R,

Then T=2R,C
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Assume C and find R¢

Assume R; and find R,
Integrator:
Take R; C;>>T

R; C¢= 10T
Assume C; find R3

Take R3C; = 10T
Assume C; = 0.01pf
R; =10T/C
= 20KQ
Procedure:

1. Connect the circuit as per the circuit diagram shown in Fig 1.
2. Obtain square wave at A and Triangular wave at V, as shown in fig (a) and (b).

3. Draw the output waveforms as shown in fig (a) and (b).
Model Calculations:

For T=2 m sec
T=2RC

Assuming C= 0.1pf
Rf=2.10°/2.01.10°
=10 KQ

Assuming R; =100 K
R, =86 KQ
Sample readings:
Square Wave:

Vpp =26 V(p-p)
T=1.8 msec
Triangular Wave:
Vop=13V

T=1.8 msec

Wave Forms:



+¥
st
+13%
0 —=1
- Sat
-13¥ 1.8m3
«—T — a) Output at \
F 1
\OzT

+V,

S \NANVANVANVANANI A
NAVAAVARVARVAR VARV

- 0.BaY

T

=]

‘(— T = ‘ {b) output at T,

Fig (a): Output at ‘A’
Fig (b): Output

Precautions: Check the connections before giving the power supply.

Readings should be taken carefully.

Result: Square wave and triangular wave are generated and the output waveforms are

observed.

Inferences: Various waveforms can be generated.

10. Design Of Active Filters — Lpf, Hpf (First Orde 1)
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Aim: To design and obtain the frequency response of

i) First order Low Pass Filter (LPF)
ii) First order High Pass Filter (HPF)

Apparatus required:

S.No | Equipment/Component name | Specifications/Value Quantity

1 IC 741 Refer Appendix A 1

2 Resistors 10k ohm 3
Variable Resistor 20kQ pot 1

3 capacitors 0.01pf 1

4 Cathode Ray Oscilloscope (0 — 20MHz) 1

5 RPS (0-30V),1A 1

6 Function Generator (1Hz - 1MHz) 1

Theory:

a) LPF:

A LPF allows frequencies from 0 to higher cut of frequency, fy. At f, the gain is
0.707 Amax, and after fy; gain decreases at a constant rate with an increase in frequency. The
gain decreases 20dB each time the frequency is increased by 10. Hence the rate at which the
gain rolls off after fyis 20dB/decade or 6 dB/ octave, where octave signifies a two fold increase
in frequency. The frequency f=f, is called the cut off frequency because the gain of the filter at
this frequency is down by 3 dB from 0 Hz. Other equivalent terms for cut-off frequency are -

3dB frequency, break frequency, or corner frequency.
b) HPF:

The frequency at which the magnitude of the gain is 0.707 times the maximum value of
gain is called “low cut off frequency”. Obviously, all frequencies higher than f_ are pass band
frequencies with the highest frequency determined by the closed —loop band width all of the

op-amp.

Circuit diagrams
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Design:

J_ MM AN
~Vee =—15Y
EXL Cutput
R =39Kn 741 3 o
vy +
+ 3 /l 7
o 0EYpp — oo =418y
Vi ¢ = 0.01uf

Fig 1: Low pass filter

Ry =10K0 Rf =10K0
i ATV ATV
Ve =—15Y
N 4 Chatpuot
CI=IEI.EI1Hf 7H = o
+
1
+ 3 7
i T
v 0.5Vp-p R=3g9Kkg  CCotIRY

Fig 2: High pass filter

First Order LPF : To design a Low Pass Filter for higher cut off frequency fy = 4 KHz and pass

band gain of 2
fy=1/(2mRC)
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Assuming C=0.01 pF,the value of R is found from
R= 1/(2mf,C) Q =3.97KQ
The pass band gain of LPF is given by Ag = 1+ (Re/Ry)=2
Assuming R;=10 KQ, the value of R is found from
Re=( Ar-1) R;=10KQ
First Order HPF: To design a High Pass Filter for lower cut off frequency
KHz and pass band gain of 2
fL=1/(21RC)

Assuming C=0.01 pF,the value of R is found from

R= 1/(2mf.C) Q =3.97KQ
The pass band gain of HPF is given by A =1+ (Re/Ry)=2
Assuming R;=10 KQ, the value of R is found from

Re=( Ar-1) R;=10KQ

Procedure:

First Order LPF
1. Connections are made as per the circuit diagram shown in fig 1.

2. Apply sinusoidal wave of constant amplitude as the input such that op-amp does not go into

saturation.

3. Vary the input frequency and note down the output amplitude at each step as shown in

Table (a).
4. Plot the frequency response as shown in fig 3 .

First Order HPF
1. Connections are made as per the circuit diagrams shown in fig 2.

2. Apply sinusoidal wave of constant amplitude as the input such that op-amp does not go

into saturation.

3. Vary the input frequency and note down the output amplitude at each step as shown in

Table (b).

4. Plot the frequency response as shown in fig 4.

Tabular Form and Sampled Values

a)LPF b) HPF

Input voltage Vi, = 0.5V
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o/P Voltage | Gain Frequency | O/P Voltage | Gain
Frequency | Voltage(V) | Gain indB Voltage(V) | Gain indB
Vo/Vi Vo/Vi
Model graphs :
gm'nT gﬂmT
Amax
I 3dB
Q707 Ay T-— =" — == mm s e Tl A T
| | i =y
£ —=f &
Fig (3) Fig(4)
Frequency response characteristics Frequency response characteristics
of LPF of HPF
Precautions:

Check the connections before giving the power supply.

Readings should be taken carefully.

Precautions : V¢ and Vge must be given to the corresponding pins.

Result : First order low-pass filter and high-pass filter are designed and frequency response

characteristics are obtained.

Inferences : By interchanging R and C in a low-pass filter, a high-pass filter can be

obtained.

11. APPLICATIONS OF IC 555 TIMERS

( Monostable &Astable multivibr — ators)
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Aim : To generate a pulse using monostable multivibrator and to generate

unsymmetrical square and symmetrical square waveforms using IC555

Apparatus required:

S.No Equipment/Component name | Specifications/Value Quantity
1 IC 555 Refer Appendix B 1

2 Resistors 3.6kQ,7.2kQ Each one
3 Resistors 10kQ 2

4 Capacitors 0.1pf,0.01pf Each one
5 Diode OA79 1

6 Regulated Power supply (0-30V),1A 1

7 Cathode Ray Oscilloscope (0 — 20MHz) 1
Theory :

Monostable operation:

A Monostable Multivibrator, often called a one-shot Multivibrator, is a pulse-generating circuit in
which the duration of the pulse is determined by the RC network connected externally to the
555 timer. In a stable or stand by mode the output of the circuit is approximately Zero or at
logic-low level. When an external trigger pulse is obtained, the output is forced to go high
(CVee). The time the output remains high is determined by the external RC network
connected to the timer. At the end of the timing interval, the output automatically reverts back
to its logic-low stable state. The output stays low until the trigger pulse is again applied. Then
the cycle repeats. The Monostable circuit has only one stable state (output low), hence the
name monostable. Normally the output of the Monostable Multivibrator is low.

When the power supply Vcc is connected, the external timing capacitor ‘C” charges towards

Ve with a time constant (Ra+Rg) C. During this time, pin 3 is high (=Vcc) as Reset R=0, Set
S=1 and this combination makes 6:0 which has unclamped the timing capacitor ‘C’. For pin

configuration and specifications, see Appendix-C

Astable operation:
When the capacitor voltage equals 2/3 V¢, the UC triggers the control flip flop on that 6:1. It

makes Q1 ON and capacitor ‘C’ starts discharging towards ground through Rg and transistor
Q1 with a time constant RgC. Current also flows into Q1 through Ra. Resistors Ry and Rg
must be large enough to limit this current and prevent damage to the discharge transistor Q1.
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The minimum value of R, is approximately equal to Vcc/0.2 where 0.2A is the maximum
current through the ON transistor Q1.

During the discharge of the timing capacitor C, as it reaches Vcc/3, the LC is triggered
and at this stage S=1, R=0 which turns C_):O. Now C_):O unclamps the external timing

capacitor C. The capacitor C is thus periodically charged and discharged between 2/3 Vcc and
1/3 Vcc respectively. The length of time that the output remains HIGH is the time for the
capacitor to charge from 1/3 V¢c to 2/3 V.

The capacitor voltage for a low pass RC circuit subjected to a step input of V¢ volts is

given by V¢ = Vec (1- e-"F%)

Total time period T = 0.69 (Ry + 2 Rg) C

f= 1T = 1.44/ (R + 2Rg) C
Circuit Diagrams:

;'H]KO

Trigger 2
d98, Clutput

Input
2vpp _ “Me
1kKHz 3D p;

= pf

tn
th

2 Output

1
—

0.01Hf 5

Fig 1: Monostable operation
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+y =V
o a8

E
4
8
7.2K0 é 4
Output
—_—
___________ - b
R
5 535
3BKO
0A79 §
____________ ﬁ
n1pf =—= 2 1
—o.01uf

Fig 2: Astable operation

Design:
Monostable operation:
Consider Vcc = 5V, for given t,
Output pulse width t, =1.1 R, C

Assume C in the order of microfarads & Find Ru

Astable operation:
Formulae: f= 1/T = 1.44/ (Ra+2Rg) C

Duty cycle, D=tJ/T = Ra + Rp/(Ra+2R5)
Model calculations:
Monostable operation:
If C=0.1 pF , Ra= 10k then t, = 1.1 mSec
Trigger Voltage =4 V
Astable operation:
Given f=1 KHz and ¢=0.1pF, D=0.25

01 KHz = 1.44/ (RA+2Rg) x 0.1x10°® and 0.25 = Ry+Ra/ Ra+2Rg

Solving both the above equations, we obtain R, & R as
R,=7.2KQ
RB =3.6KQ

Procedure:



Monostable operation:

Connect the circuit as shown in the circuit diagram as shown in Fig 1.
Apply Negative triggering pulses at pin 2 of frequency 1 KHz as shown in Fig 3(a).
Observe the output waveform and capacitor voltage as shown in Fig 3 (b)and (c) and
measure the pulse duration

4. Theoretically calculate the pulse duration as Thigh=1.1. R,C

Compare it with experimental values.

Astable operation:

I) Unsymmetrical Square wave

1. Connect the circuit as per the circuit diagram shown in Fig 2 without connecting the diode
OA 79.

2. Observe and note down the output waveform at pin 3 and across timing capacitor as shown
in Fig 4(a) and (b).

3. Measure the frequency of oscillations and duty cycle and then compare with the given
values.

4. Sketch both the waveforms to the same time scale.

II) Symmetrical square waveform generator:

Connect the diode OA79 as shown in fig (ii) to get D=0.5 or 50%.
2. Choose R,=R;, = 10KQ and C=0.1uF
Observe the o/p waveform as shown in Fig 4(c), measure frequency of oscillations and the

duty cycle and then sketch the o/p waveform.

Waveforms:

Monostable operation:
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0 4
|& T — | (a) —= T (ms)
Tms
V.
T | 1.1ms|
iz
+5% T
0+
‘_.s (b — = f(ms)
T
3.3
— = f(ms=)
(e
Fig 3 (a): Trigger signal (b): Output Vol tage (c): Capacitor Voltage
Astable operation:
v
Tyt
2
0 L
‘ T ‘ —= f(ms)
‘_v “— _—
o Tms (&)
T
2V 34 ‘q:— T ——s ‘
3]
V3T _
18V l&_ b 8me td =02ms
0 — = F(ms)
v 0]
T
Vo
0
%l T, |e ——=1f(ms)

()
Fig 4 (a): Unsymmetrical square wave output
(b): Capacitor voltage of Unsymmetrical square wav e output

(c): Symmetrical square wave output

Sample Readings:

Monostable operation:
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Trigger Output wave Capacitor output
0 to 5V range 0 to 5V range 0to 3.33 Vrange
1)1V,0.09msec 4.6V, 0.5msec | 3V, 0.88 msec
Astable operation:
Unsymmetrical Symmetrical
Voltage Vep =5V =5V
0.1ms as 0.1ms as
Tc=0.08ms Tc=0.05ms
Time Period Tp=0.02ms Tp=0.05ms
Duty cycle 80% 50%

Precautions
Check the connections before giving the power supply.
Readings should be taken carefully.
Result:
The input and output waveforms of 555 timer monostable multivibrator are observed as
shown in Fig 3(a), (b), (c).
Both unsymmetrical and symmetrical square waveforms are obtained and time period

at the output is calculated in astable mode.

Inferences:

Output pulse width depends only on external components R, and C connected to
IC555.

Unsymmetrical square wave of required duty cycle and symmetrical square waveform

can be generated.

Experiment No: 12

Title: PLL Using 1C 565

Aim: To study the operation of PLL using NE/SE 565.
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Apparatus:
* 1C chip NE/SE 565.
+ CRO.
» Signal generator
0.001 U.F, 1 u,F capacitors.

* 6.8KQ resistor

Procedure:

1. Make connections of the PLL as shown in fig

2. Measure the free running frequency of" VC@iat 4.wilh the i/p signal 4, set
equal to zero. Compare it with the calculated val@e25/RCt

3. Now apply the i/p signal of 1p¥ square wave at a 1 KHz to pin 2.connect one
channel of the scope to pin2 and display this $igm#he scope.

4. Gradually increase the i/p frequency till #Ple_ is locked to the input frequency. This
frequency { gives the lower end of the capture range.Go oreasing the i/p
frequency, till PLL tracks the i/p signal, sayatérequency . This frequency
"f," gives the upper end of the lock range. if figguency is increased further, the
loop will get unlocked.

5. Now gradually decrease the i/p frequency tHé PLL is again locked. This is the
frequency (&) the upper end of the capture range. Keep on dsiog the i/p
frequency until the loop is unlocked. This frequetfig gives lower end of lock range.

6. The lock rangaf =f,-f,,. Compare it with the calculated value of + /1.

Also the capture rangeA$= (f3-f1). Compare itwith the calculated value of

capture range.

Result:
Theoretical values of lock range, capture rangs funning frequency are compared with

the practical values.

PLL applications:
1. Frequency multiplication /division
2. Frequency translation.
3. AM detection.
4. FM demodulation
5. FSK demodulator.
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13. IC723 Voltage Regulator

Aim : To design a low voltage variable regulator of 2 to 7V using IC 723.

Apparatus required:



S.No Equipment/Component name | Specifications/Value | Quantity
1 IC 723 Refer appendix A 1
2 Resistors 3.3K0,4.7KQ, Each one
100 Q
Variable Resistors 1KQ, 5.6KQ Each one
4 Regulated Power supply 0-30 V,1A 1
Theory:

A voltage regulator is a circuit that supplies a constant voltage regardless of changes in
load current and input voltage variations. Using IC 723, we can design both low voltage and
high voltage regulators with adjustable voltages.

For a low voltage regulator, the output Vo can be varied in the range of voltages V, <
Ve, Where as for high voltage regulator, it is Vo > Ver. The voltage Vs is generally about 7.5V.
Although voltage regulators can be designed using Op-amps, it is quicker and easier to use IC
voltage Regulators.

IC 723 is a general purpose regulator and is a 14-pin IC with internal short circuit
current limiting, thermal shutdown, current/voltage boosting etc. Furthermore it is an adjustable
voltage regulator which can be varied over both positive and negative voltage ranges. By
simply varying the connections made externally, we can operate the IC in the required mode of
operation. Typical performance parameters are line and load regulations which determine the
precise characteristics of a regulator. The pin configuration and specifications are shown in the

Appendix-A.

Circuit Diagram :
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Figl: Voltage Regulator

Design of Low voltage Regulator:

Assume l,= 1mA,Vg=7.5V

Rg = 3.3KQ

For given V,

Ri=(Vr=Vo )/l

R>=Vo/ o

Procedure:

a) Line Regulation :
1. Connect the circuit as shown in fig 1.
2. Obtain R; and R, for V,=5V

3. By varying V,, from 2 to 10V, measure the output voltage V,.

R =1000

(0-50mA)

RL=1Kapot

4. Draw the graph between V, and V, as shown in model graph (a)

5. Repeat the above steps for V,=3V

b) Load Regulation : For V,=5V
1. SetVsuchthatVo=5V

2. Byvarying R, measure I, and V,

3. Plot the graph between I and V, as shown in model graph (b)
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4. Repeat above steps 1 to 3 for Vpo=3V.

Sample Readings

a) Line Regulation:
V, set to 5V

Vi(V) | Vo(V)

b) Load Regulation
Vo set to 5V

IL (MA) Vo(V)

Model graphs:

Vo set to 3V

Vi(V)

Vo(V)

Vo set to 3V

IL (MA)

Vo(V)
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a) Line Regulation b) Load Regulation

v, T v, T
vo set fo 5V ideal
practizal
Vo set to 5¥
0
‘m ﬂ
Precautions:
Check the connections before giving the power supply.
Readings should be taken carefully.
Results:

Low voltage variable Regulator of 2V to 7V using IC 723 is designed. The line and load

regulation characteristics are plotted.
Inferences:

Variable voltage regulators can be designed by using IC 723.

Output varies linearly with input voltage up to some value(o/p voltage+ dropout voltage)

and remains constant.

14.DESIGN OF VCO USING IC 566

Aim : i) To observe the applications of VCO-IC 566
i) To generate the frequency modulated wave by using IC 566

Apparatus required:

S.No | Equipment/Component Name | Specifications/Value | Quantity

1 IC 566 Refer page no 10 1

62



2 Resistors 10KQ 2

1.5KQ 1
3 Capacitors 0.1 yF 1

100 pF 1
4 Regulated power supply 0-30 V,1A 1
5 Cathode Ray Oscilloscope 0-20 MHz 1
6 Function Generator 0.1-1 MHz 1

Theory: The VCO is a free running Multivibrator and operates at a set frequency f, called

free running frequency. This frequency is determined by an external timing capacitor and an
external resistor. It can also be shifted to either side by applying a d.c control voltage v, to an
appropriate terminal of the IC. The frequency deviation is directly proportional to the dc control
voltage and hence it is called a “voltage controlled oscillator” or, in short, VCO.

The output frequency of the VCO can be changed either by R;, C; or the voltage V¢ at
the modulating input terminal (pin 5). The voltage V¢ can be varied by connecting a R;R»
circuit. The components R; and C; are first selected so that VCO output frequency lies in the
centre of the operating frequency range. Now the modulating input voltage is usually varied

from 0.75 Vcc which can produce a frequency variation of about 10 to 1.
Circuit Diagram:

e = 1 2N

R1=1DK0%

s L3 Triangular wave
_ of — Cutput
Ro=1.5K0OX
Co=0.1Hf
11
hodulating LA ¥ I 566 A o Square wave
Signal + Catput
2 -
N TEHz g
@2
- R =10k
- r

e
J_l— C=100pf
i

Figl: Voltage Controlled Oscillator
Design:
1. Maximum deviation time period =T.
2. foin = UT.
where f,,;, can be obtained from the FM wave
3. Maximum deviation, Af=f; - fmi
4. Modulation index B = Af/f,
5. Band width BW = 2(B+1) f,, = 2 (Af+f,)
6. Free running frequency,f, = 2(Vcc -Ve) / R1C1Vee
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Procedure:

1. The circuit is connected as per the circuit diagram shown in Figl.

2. Observe the modulating signal on CRO and measure the amplitude and frequency of
the signal.
Without giving modulating signal, take output at pin 4, we get the carrier wave.

Measure the maximum frequency deviation of each step and evaluate the modulating

Index.
m; = B = Af/f,
Waveforms:
V"”T
+1%
.1: z /\\' i\\//\\//\\//\\//\\ e
\;T T - {a)

T 100 ul |
" L I L] m— T

|"r Tmax — | 9|Tmin |l1— 0.06ms b)
0.12ms

”Z/\/\/\/\/\/\/\A/\/\ _
) (VY YTy

*—'|Tm|n Ie 0.0Gms | Tmax-=|
0.12ms
(c)

Fig 2 (a): Input wave of VCO
(b): Output of VCO at pin3
(c): Output of VCO at pin4
Sample readings:
Vee=+12V; R1=R3=10KQ; R,=1.5KQ; f,=1KHz
Free running frequency, f, = 26.1KHz
fmin = 8.33KHz
Af=17.77 KHz
B = Afff, =17.77
Band width BW = 36 KHz

Precautions:
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Check the connections before giving the power supply.

Readings should be taken carefully.
Result:

Frequency modulated waveforms are observed and modulation Index, B.W required for

FM is calculated for different amplitudes of the message signal.

Inferences:

During positive half-cycle of the sine wave input, the control voltage will increase, the
frequency of the output waveform will decrease and time period will increase. Exactly opposite

action will take place during the negative half-cycle of the input as shown in Fig (b).

15. 4 bit DAC using OP AMP

Aim: To design 1) weighted resistor DAC
2) R-2R ladder Network DAC

Apparatus required:

S.No | Equipment/Component Specifications/Value | Quantity

name
1 741 1C Refer page no 2 1
2 Resistors 1KQ,2K0,4KQ, 8KQ | Each one
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Regulated Power supply | 0-30V, 1A 1

Multimeter(DMM) 1

connecting wires

o O M| W

Digital trainer Board 1

Theory: Digital systems are used in ever more applications, because of their increasingly

efficient, reliable, and economical operation with the development of the microprocessor, data
processing has become an integral part of various systems Data processing involves transfer
of data to and from the micro computer via input/output devices. Since digital systems such as
micro computers use a binary system of ones and zeros, the data to be put into the micro
computer must be converted from analog to digital form. On the other hand, a digital-to-analog
converter is used when a binary output from a digital system must be converted to some
equivalent analog voltage or current. The function of DAC is exactly opposite to that of an
ADC.

A DAC in its simplest form uses an op-amp and either binary weighted resistors or R-
2R ladder resistors. In binary-weighted resistor op-amp is connected in the inverting mode, it
can also be connected in the non inverting mode. Since the number of inputs used is four, the

converter is called a 4-bit binary digital converter.

Circuit Diagrams:

Ff =1k
A
(LZE)
Ao Ay
gR=gKQo
—VEE=—15V
B BTATAY
AR =4K0 4
4|~ Chutput
C o LY T4 3 o
TR=2KD %
3
D 7
e
(MSE) 1?31K0 = oo =418y

Fig 1: Binary weighted resistor DAC
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IR=1KO 1R=1k0 IR=1KQ 2R=2K0

“W\,é S
QR—QK('J% 2R= < 2R=
l ﬁzzKOI zKol 2K0 Fap=2K0
B C D
= (L3E) (MEE)

Fig 2: R - 2R Ladder DAC
Design:
1. Weighted Resistor DAC
_bA b b + by ]

+_B 4 "¢

Vo=-Ri |2 e
8R 4R 2R R

For input 1111, Rf= R = 4.7KQ

i R
V, = - 1+1+1+1]—fx5

8 4 2 'R
Vo =-9.375V

2.R-2R Ladder Network:
b, + by + b, + b,

8 4+ = +D ]x5
16R 8R 4R 2R

Vo = 'Rf |:

Forinput 1111, Rf=R=1KQ
Procedure:

1. Connect the circuit as shown in Fig 1.

Dutput

=  Vpoo=+1sv

2. Vary the inputs A, B, C, D from the digital trainer board and note down the output at pin 6.

For logic ‘1’, 5 V is applied and for logic ‘0’, 0 V is applied.

3. Repeat the above two steps for R — 2R ladder DAC shown in Fig 2.

Observations:
Weighted resistor DAC

S.No D | C B | A

Theoretical Voltage(V)

Practical Voltage(V)

R-2R Ladder Network:

S.No D | C B | A

Theoretical Voltage(V)

Practical Voltage(V)
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Model Graph:

Decimal Equivalent of Binary inputs
—>

1 2 3 4 3 & 7 2 2 10 1 12 13 14 15
¢ ' i L ' | i L ¢ L
t t

Vil16
2V/16
3V,i16
AV 16
SVi16
SVLil6
TVgi16
BV, /16
IVyi16

o 10 VR/15]

g‘l UV, f16

& 12Va/16

T VRie T

,E. L4V, /16 1

la 15v /16

Precautions:

Check the connections before giving the power supply.

Readings should be taken carefully.

Results:

Outputs of binary weighted resistor DAC and R-2R ladder DAC are observed.

APPENDIX — A
BC107

Specifications:

1. Type : Si— NPN

2. operating point temp : 65°to 200°C

3. lc(max) - 100mA

4. hg (min) =110 - 100

5. hg (max) 1450

6. Vce (Max) 145V

7. Pyi(max) 1 300mwW

8. Category(typical use) : Audio, low power
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9. Possible substitutes

:BC182, BC547

Diode
Type No 1N4007
Max. Peak Inverse Volts 50
Max RMS Supply Volts 35

Maximum Forward Voltage
@ 1Ampere, DC @ 75C

1.1 Volts,Peak

Maximum Reverse DC Current 10uA
@PIV@ 28C
Maximum Dynamic Reverse Current| 30uA,Average
@PIV @758C
APPENDIX - B
IC 741
Pin Configuration:
Ry
- Offretnull [ |1 g | NC
Inverting [_|2 T [J+Vee
Input
Non Inverting [ |3 741 6 | Ouwiput
Input
Yee[ 4 51 +Offzet null

Specifications:

1. Voltage gain A = a typically 2,00,000

2. /P resistance R = a Q, practically 2MQ
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

O/P resistance R; =0, practically 75Q

Bandwidth = a Hz. It can be operated at any frequency
Common mode rejection ratio = a

(Ability of op amp to reject noise voltage)

Slew rate + a V/usec

(Rate of change of O/P voltage)

When V; =V,, Vp=0

Input offset voltage (Rs < 10KQ) max 6 mv

Input offset current = max 200nA

Input bias current : 500nA

Input capacitance : type value 1.4PF

Offset voltage adjustment range : + 15mV

Input voltage range : £ 13V

Supply voltage rejection ratio : 150 ur/V

Output voltage swing: + 13V and — 13V for R > 2KQ
Output short-circuit current: 25mA

supply current: 28mA

Power consumption: 85MW

Transient response: rise time= 0.3 ys

Overshoot= 5%

APPENDIX -C

|IC 555

Pin Configuration

ground [ |1 8 +V,,

irigger [ |2 7 discharge
555

owiput [ |3 6 thresheld

Lo o o

reset [ |4 5 conirol voltage
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Specifications:
1. Operating temperature
Supply voltage

Timing

Sink current

o~ 0N

Temperature stability

SE 555 -55°C to 125°C
NE 555 0° to 70°C
+5V to +18V

puSec to Hours

200mA
50 PPM/°C change in temp or 0-005% /°C.

APPENDIX - D
IC723
Pin Configuration:
—

Ne [ 4 ne
Eﬂ“ﬁ::; 13 [ | NC
5:.?.,’.2 L] iz [ v

e [ 723 n [ ]gone

b [ 10 v

vr [ o [ |NC
cnp [ | g | | NC

Specifications of 723:
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Power dissipation : 1w

Input Voltage : 9.5 to 40V
Output Voltage : 21to 37V
Output Current : 150mA for Vin-Vo = 3V
10mA for Vin-Vo = 38V
Load regulation : 0.6% Vo
Line regulation : 0.5% Vo
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