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LIST OF EXPERIMENTS

NAME OF THE EXPERIMENT

Part - A: Hardware

DETERMINATION OF fr OF GIVEN TRANSISTOR
VOLTAGE SERIES FEEDBACK AMPLIFIER
CURRENT SERIES FEEDBACK AMPLIFIER
WIEN BRIDGE OSCILLATOR

RC-PHASE SHIFT OSCILLATOR
COLPITTSOSCILLATOR

HARTLEY OSCILLATOR

TWO STAGE RC-COUPLED AMPLIFIER

SINGLE TUNED VOLTAGE AMPLIFIER
DARLINGTON PAIR AMPLIFIER

Part — B: Simulation

DETERMINATION OF fr OF GIVEN TRANSISTOR
VOLTAGE SERIES FEEDBACK AMPLIFHER
CURRENT SERIES FEEDBACK AMPLIFER
WIEN BRIDGE OSCILLATOR

RC-PHASE SHIFT OSCILLATOR
COLPITTSOSCILLATOR

HARTLEY OSCILLATOR

TWO STAGE RC-COUPLED AMPLIFIER

SINGLE TUNED VOLTAGE AMPLIFIER
DARLINGTON PAIR AMPLIFIER

Additional Experiments
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SERIES FED CLASS-A POWER AMPLIFIER

CLASS-B PUSH PULL AMPLIFIER
COMPLEMENTARY-SYMMETRY CLASS-B POWER AMPLIFIER
BOOTSTRAP EMITTER FOLLOWER
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ELECTRONIC CIRCUIT ANALYSISLAB
Note: The students are required to design the circuit and perform the simulation using Multisim/
Equivalent Industrial Standard Licensed simulation software tool. Further they are required to
verify the result using necessary hardware equipment.

List of Experiments:( Minimum of Ten Experiments hasto be performed)
Determination of fr of agiven transistor.
Voltage-Series Feedback Amplifier
Current-Shunt Feedback Amplifier
RC Phase Shift/Wien Bridge Oscillator
Hartley/Colpitt’s Oscillator
Two Stage RC Coupled Amplifier
Darlington Pair Amplifier
Bootstrapped Emitter Follower
Class A Series-fed Power Amplifier
. Transformer-coupled Class A Power Amplifier
. Class B Push-Pull Power Amplifier
. Complementary Symmetry Class B Push-Pull Power Amplifier
. Single Tuned Voltage Amplifier
. Double Tuned Voltage Amplifier

1.
2.
3.
4.
5.
6.
7.
8.
9.

Equipment required:
Softwar e
i. Multisim/ Equivalent Industrial Standard Licensed simulation software tool.
il. Computer Systems with required specifications
Hardware:
10. Regulated Power supplies
11. Analog/Digital Storage Oscilloscopes
12. Analog/Digital Function Generators
13. Digital Multimeters
14. Decade Résistance Boxes/Rheostats
15. Decade Capacitance Boxes
16. Ammeters (Analog or Digital)
17. Voltmeters (Analog or Digital)

18. Active & Passive Electronic Components
*k*
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la. DETERMINATION OF fr OF GIVEN TRANSISTOR
Exp. No: Date:

AIM: To determine the f of a given transistor.

APPARATUS REQUIRED:

o

Name Range/ Vaue Quantity

Regulated D.C Power supply 0-30 Volts

Transistor BC107

Resistors 1KQ

Resistors 100kQ2,10KQ, 4.7KQ.
Capacitors 10uf

Potentio Meter --

Signal Generator (0-1MH2z)

Dual Trace CRO 20MHz

Bread Board and connecting wires --

oloNolglA~wWINRF >

CIRCUIT DIAGRAM:

Ivcc=+1zv

Common Emitter Transistor Amplifier
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MODEL GRAPH:

-
fy Frequency (Hz)

THEORY:

Common Emitter amplifier has the emitter terminal as the common terminal between
input and output. The emitter base junction is forward biased and collector base junction is
reverse biased, so that transistor remains in active region throughout the operation. When a
sinusoidal AC signal is applied at input terminals of circuit during positive half cycle the
forward bias of base emitter junction VBE is increased resulting in an increase in 1B, The

collector current IC is increased by B times the increase in IB, VCE is correspondingly

decreased. i.e., output voltage gets decreased. Thus in a CE amplifier a positive going signal is

converted into a negative going output signal i.e., 1800 phase shift is introduced between

output and input signal and it is an amplified version of input signal.

Characteristics of CE amplifier:
1. Largecurrent gain (Al)
2. Largevoltage gain (AV)
3. Large power gain (AP=AIl.AV)
4
5

Phase shift of 1800
Moderate input & output impedances.
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TABULAR FORM:

Input Voltage Vin=10 mV

Frequency Output Gain GainindB

(H2) Voltage (V) AV=VolVi 201og (Av)
100
200
300
400
500
600
700
800
900
1k
2k
3k
4k
5k
6 k
7k
8k
9k
10 k
20 k
30k
40 k
50 k
100 k
200 k
300 k
400 k
500 k
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OBSERVATIONS:
1. Maximum gain (Av)
2. Lower cut-off frequency (FI)
3. Upper cut-off frequency (FH)
4. Band width (B.W) = (FH — FL)
5. Gain bandwidth product fT= Av (B.W)

The voltage gain of the amplifier is given calculate the gain in by Gain = 20 log Av Where,
Vo isthe output voltage. VS is input voltage of applied AC signal.
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PROCEDURE:

Connect the circuit as shown in the circuit diagram.
Connect the signal generator output to input terminals of the circuit and CH-I of dual
trace CRO.
Connect the output terminal of the circuit CH-11 of the dual trace CRO.
Set the power supply voltage to 9V and connect to the circuit.
Set the signal generator output sine wave of 100 Hz at 10 mV constant.
. Vary the function generator frequency from 100 Hz to 500 kHz (as per in the given
tabular form) and note the corresponding output voltage.
Calculation the gain AV =Vo/Vi .
PSet the graph frequency verses gain (dB) on a semi log sheet.

RESULT:

VIVA QUESTIONS:

. What are the advantages and disadvantages of single-stage amplifiers?
. Why gain fallsat HF and LF?
. Why the gain remains constant at MF?

. Explain the function of emitter bypass capacitor, Ce?

. How the band width will effect as more number of stages are cascaded?

. Define frequency response?

. What is the phase difference between input and output waveforms of a CE amplifier?
. What is Early effect?

. Define fT and give the expression for it?

© 00 N O 0o B~ WDN PP

10. What is meant by Bandwidth of an amplifier?
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1b. DETERMINATION OF fr OF GIVEN TRANSISTOR (Using Simulation)

Exp. No:

AIM: To determine the fT of agiven transistor using simulation

APPARATUS REQUIRED:

Name

o

Range/ Vaue

Quantity

Regulated D.C Power supply

0-30 Volts

Transistor

BC107

Resistors

1KQ

Resistors

100kQ,10KQ2, 4.7KQ.

Capacitors

10uf

Potentio Meter

Signal Generator

iO—lMHa

o|No|ug|A~ WMk >

Dual Trace CRO

20MHz

SIMULATION TOOL:

=  Multism

CIRCUIT DIAGRAM:

Ivcc=+1zv

100K 2R

Red 47K

10KQ SR,

|

IKQZRp

——

Common Emitter Transistor Amplifier
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TABULAR FORM:

Input Voltage Vin=10 mV

Input Output Gain GanindB
Frequency

(H2) Voltage (V) | AV=Vo/Vi 20 log Av
100
300
500
700
900
1k
3k
5k
6 k
7k
9k
10k
30k
50 k
100 k
300 k
500 k
700 k
M

OO (N[OOI [WIN]|F-

OBSERVATIONS:
Maximum gain (Av)

Lower cut-off frequency (FI)

Upper cut-off frequency (FH)
Band width (B.W) = (FH — FL)
Gain bandwidth product fT= Av (B.W)

RESULT:
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2a. VOLTAGE SERIESFEEDBACK AMPLIFIER
Exp. No: Date:

AIM: To find the gain of the Voltage Series feedback amplifier with & without feedback.

COMPONENTS REQUIRED:

1. Transistor (NPN, Si) BC 107 : 1 No.
2. Electrolytic Capacitor 10 uF/ 25V : 2 Nos.
3. Carbon film Resistors 220 kQ, 33 kQ,100 kQ, 1 kQ : 1 No. each

MEASURING INSTRUMENTS:
1. 20 MHz Dual trace CRO

MISCELLANEOUS:

1. Trainer Module

2. 1 MHz Function Generator

3. 0-30V 1A D.C power supply
4. Connecting wires

CIRCUIT DIAGRAM:

BC 107 10 uF

-
CE\

R?
100 kO

MODEL GRAPH:
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THEORY:

The other name of voltage series feedback amplifier is shunt derived series fed feedback
amplifier. The fraction of output voltage is applied in series with input voltage through feedback
circuit. Feedback circuit shunt the output but in series with input. So the output impedance is
decreased while input impedance is increased. The input & output impedance of an ideal voltage

series feedback amplifier is infinite & zero respectively. The resistor RE is used to provide

necessary biasing for the amplifier with voltage series feedback gain of the amplifier decreases.
PROCEDURE:

Connect the Circuit as per the circuit diagram.

. Apply asine wave of 100 mV peak to peak amplitude at 1 kHz from signal generator to
the input of amplifier circuit.
Measure the output amplitude VO (p-p) and Calculate the gain of amplifier without
feedback by using A =VO/VS.

. Calculate the feedback factor B using AF = A / 1+Ap.
Calculate theoretically B value from f = RE / (RE+R).

Dept. of ECE., Sir C.R. Reddy College of Engg., Eluru. 1I/IV (B.Tech) ECE, II-SEM :: ECA-Lab




TABULAR FORM:

Input ac voltage VS= 100mVp-p Vi= mVv

Input Output Gai GainindB
frequency | voltage an

(H2) (Volts) 20 log (4y)

A = BV,
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RESULT:
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VIVA QUESTIONS:
1. Define feedback?
2. Define positive feedback?
3. Define negative feedback?
4. Define sensitivity?
5. What is transfer gain?
6. List out the characteristics of feedback amplifier?
7. What is the effect of input resistance due to series mixing?

8. What happens to output resistance due to voltage sampling?

9. Write the expression for input and output resistance of voltage series feedback
amplifier?

10. Give the properties of negative feedback?

Dept. of ECE., Sir C.R. Reddy College of Engg., Eluru. 1I/IV (B.Tech) ECE, II-SEM :: ECA-Lab




2b. VOLTAGE SERIES FEEDBACK AMPLIFIER (Using Simulation)

Exp. No: Date:

AIM: To find the gain of the Voltage Series feedback amplifier with & without feedback using
Simulation.

COMPONENTS REQUIRED:

4. Transistor (NPN, Si) BC 107 : 1 No.
5. Electrolytic Capacitor 10 uF/ 25V : 2 Nos.
6. Carbon film Resistors 220 kQ, 33 k2,100 kQ, 1 kQ : 1 No. each

MEASURING INSTRUMENTS:
1. 20 MHz Dual trace CRO

MISCELLANEOUS:

5. Trainer Module
6. 1 MHz Function Generator
7. 0-30V 1A D.C power supply

SIMULATION TOOL:

=  Multism

CIRCUIT DIAGRAM:

R)
100 ko
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TABULAR FORM:
Input ac voltage VS= 100mVp-p Vi= mVv

Input frequency | Output 4. = /it GainindB
(H2) voltage(V) | 201log (4)

50
100
150
200
500
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3k
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PROCEDURE:
1. Connect the Circuit as per the circuit diagram.

2. Apply asine wave of 100 mV peak to peak amplitude at 1 kHz from signal generator to

the input of amplifier circuit.

Measure the output amplitude VO (p-p) and Calculate the gain of amplifier without
feedback by using A =VO/VS,

Calculate the feedback factor B using AF = A / 1+Ap.

Calculate theoretically B value from p = RE / (RE+R).

RESULT:

Dept. of ECE., Sir C.R. Reddy College of Engg., Eluru. 1I/IV (B.Tech) ECE, II-SEM :: ECA-Lab




3a. CURRENT SERIES FEEDBACK AMPLIFIER

Exp. No: Date:

AlM:
1. To study the current shunt feedback amplifier
2. To measure the voltage gain of the amplifier at 1 KHz.
3. To obtain the frequency response characteristic and the band width of the
amplifier.

APPARATUS:

Name Range/ Value Quantity

Regulated Power Supply (0-30V) 1

Transistor BC 107 1
Resistors 100KQ,4.7KQ,10KQ
Resistors 1KQ - 2

Capacitors 10uF -3

Function generator --

CRO --

CIRCUIT DIAGRAM:

WITHOUT FEEDBACK:

Without feedhack Amplifier
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WITH FEEDBACK:

With feedback Amplifier

MODEL GRAPH:

fg fy Frequency

THEORY:
Feedback plays a very important role in electronic circuits and the basic parameters,

such as input impedance, output impedance, current and voltage gain and bandwidth, may be

altered considerably by the use of feedback for a given amplifier. A portion of the output signal

is taken from the output of the amplifier and is combined with the normal input signal and
thereby the feedback is accomplished.

There are two types of feedbacks. They are i) Positive feedback and ii) Negative
feedback. Negative feedback helps to increase the bandwidth, decrease gain, distortion, and
noise, modify input and output resistances as desired. A current shunt feedback amplifier
circuit is illustrated in the figure. It is called a series-derived, shunt-fed feedback. The shunt
connection at the input reduces the input resistance and the series connection at the output

increases the output resistance. This is a true current amplifier.
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PROCEDURE:

AMPLIFIER WITHOUT FEED BACK:

1.
2.

3.
4.
5.

6.
7. Draw a graph between the frequency and the gain in decibels and determine the

Connect the circuit as shown in the figure — 1.

Apply a20 mV sinusoidal signal at a frequency of 100 Hz and observethel / P
signal inthe C.R.O.

Determine the O / P voltage Vo using the C.R.O.

Determine the gain of the amplifier Av = Vo/V,.

Now vary the frequency in convenient steps upto 1IMHz keeping the | / P constant
and for each frequency note down the O/ P voltage.

Tabulate the readings.

band width.

AMPLIFIER WITH FEEDBACK:

. Connect the circuit as shown in the figure — 2.
. Apply a20 mV sinusoidal signal at afrequency of 100 Hz and observethel / P

signal inthe C.R.O.

. Determine the O / P voltage Vo using the C.R.O.
. Determine the gain of the amplifier with feedback Avi= Vo/V,.Comparethis

gain with the gain of the Amplifier without feedback.

. Now vary the frequency in convenient steps up to IMHz keeping the | / P constant

and for each frequency note down the O/ P voltage.

. Tabulate the readings.

. Draw a graph between the frequency and the gain in decibels and determine the
band width. Compare the band width with the band width of the Amplifier without
feedback.
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TABULAR FORM:
Vi =20mV

Without Feedback With Feedback
Frequency

(H2) Vo Gain Gainin db
(Volts) | Av=Vo/Vi | (20logAv)

Gain
Avt
=VolV,

Gainindb
(20l0gAv)

50

M

RESULT:

Gain of the Amplifier without feedback at 1 kHzis Av
Gain of the Amplifier with feedback at 1 kHzis  Avs
Band width of the Amplifier without feedback

Band width of the Amplifier with feedback

VIVA QUESTIONS:

1. What are the different types of feedback techniques?

2. What is the type of feedback incorporated in oscillators?

3. What are the advantages of negative feedback?

4. Why positive feedback is not used in amplifiers?

5. What is the expression for the desensitivity factor in case of negative feedback?

6. What happens to the band width of an amplifier if we incorporate negative
Feedback?

* k%
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3b. CURRENT SERIES FEEDBACK AMPLIFIER (Using Simulation)

Exp. No: Date:
AIM: To Set the frequency response curve of an amplifier with and without feedback.

APPARATUS:

S. No Name Range/ Value Quantity

Regulated Power Supply (0-30V) 1
Transistor BC 107 1
Resistors 100KQ2, 10KQ2
Resistors 1KQ
Capacitors 10uF

Function generator --

CRO --

SIMULATION TOOL:
= Multisim
THEORY:

When any increase in the output signal results into the input in such a way as to cause the
decrease in the output signal, the amplifier is said to have negative feedback. The advantages of
providing negative feedback are that the transfer gain of the amplifier with feedback can be stabilized
against variations in the hybrid parameters the transistor or the parameters of the other active devices
used in the circuit. The most advantage of the negative feedback is that by proper use of this, there is
significant improvement in the frequency response and in the linearity of the operation of the amplifier.

The main disadvantage of the negative feedback is that the voltage gain is decreased. In
Current-Series feedback, the input impedance of the amplifier is increased and the output impedance is
also increased. Noise and distortions are reduced considerably.

PROCEDURE:

AMPLIFIER WITHOUT FEEDBACK:
1. Connect the circuit as shown in figure — 1.

2. Apply a20mV sinusoidal signal at a frequency of 100Hz and observe the |/P waveform

in the CRO.

. Determine the O/P Voltage Vo using the CRO.

. Determine the gain of the amplifier Av = Vo/Vi.

. Now vary the frequency in convenient seps up to IMHz keeping the I/P constant and for
each frequency note down the O/P voltage.

. Tabulate the readings.

. Draw the graph between the frequency and the gain in decibels and determine the band

width.
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CIRCUIT DIAGRAM:

WITHOUT FEEDBACK:

VCC

12V

R2
100kQ §

R1
A

V1

1k

. 10mirms
'\,)1 kHz
- nl'!t

R4
§4.?m

a1

BC107BP

§1m

1

Amplifier without feedback

Input and Output waveforms:

<

Time
E i [ 1.749 =
bl d 1,750 =

T2-T1 1.042 ms

Timebase
Scale: | 1ms/Div

¥ pos. (Div): [0
[v/T]/add | [B/a | AB

Channel_A Channel_B
-941.416 mV 13,985 mv
-794. 145 mV 13,200 mv
147,271 mV -785.011uv
Channel A Channel B
Scale: | 1 V/Div Scale: | 20 mV/Div
¥ pos. (Div): | -1.2 ¥ pos.(Div): | 1.4

ac| o |[pc] ac | o [bpc]| -
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Reverse

Sawve

Ext. trigger

Trigger

Edge: '+_ El

Level: | a

v

Single | Mormal || Auto

MNone
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AMPLIFIER WITH FEEDBACK:

1. Connect the circuit as shown in figure — 2.
2. Apply a20mV sinusoidal signal at a frequency of 100Hz and observe the I/P
Waveform in the CRO.

3. Determine the O/P Voltage Vo using the CRO.

4. Determine the gain of the amplifier Avf = Vo/Vi. Compare this gain with the gain
of the Amplifier without feedback.

5. Now vary the frequency in convenient steps up to 1IMHz keeping the I/P constant
and for each frequency note down the O/P voltage.

6. Tabulate the readings.

7. Draw the graph between the frequency and the gain in decibels and determine the
band width. Compare the band width with the band width of the Amplifier without
feedback.

RESULT & DISCUSSION:
Gain of the Amplifier without feed back at Av =
Gain of the Amplifier with feedback at Avf =
Band width of the Amplifier without feedback

Band width of the Amplifier with feedback

WITH FEEDBACK:

R2

100k g

R1

My
1kQ2
V1 BC107BP

20myrms
1kHz R5
0 §1m

1

Amplifier with feedback
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Input and Output waveforms:

£

Ti [+ [+ Time Channel_A Channel_B
— 2.911s 55.770 mV -14,042 mv Reverse
* |+ 29125 55,625 my -14,008 my

- - Sawve
T2-T1 1.004 ms 144,771 uv 35.993 uv i

Timebase Channel A Channel B Trigger
Scale: | 1 ms/Div Scale: | 50 mV/Div Scale: | 20 mV {Div Edge: S El B | Ext

¥ pos. (Div): | O Y pos. (Div): | -1.2 ¥ pos.(Div): | 1.4 Level: ||:|
[v/T]/add|[B/a |am | |ac| o ac| o - Single || Normal || Auto

MODEL GRAPH:

. =
fg fyg Frequency
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Frequency Response:

cuTTENE BarEe tand back amplides
AC Anmiyem

E= 188
] P P [, [ -
curmEnt ssnes feecd Dack srmpihar
WG Armisbrele

Frequency r&ponwith feed back

A Arimlymin] beagpecd 1]
Al funglya i

B wencham B 1 B oy b et st hma e

BT ¥

Comparison between Without and With feedbacksin termsof gain and bandwidth
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TABULAR FORM:

Without Feedback With Feedback

Frequency

(H2) Vo Gain Gainin db Gain Gainindb
(Volts) Av=VolVi (20l0gAv) Avi=VolVi (20logAv)

50

1K
3K
5K
7K
10K
30K
50K
70K
100K
300K
500K
700K
1IMHz
10 MHz
100 MHz

Gain and Bandwidth of Current seriesfeedback amplifier
Max Gain: 3dB Gain: B.W. Without feedback:

M ax Gain: 3dB Gain: B.W. With Feedback:

VIVA QUESTIONS:

. What are the different types of feedback topologies?

. Which type of feed back incorporated in oscillators?

. What are the advantages of negative feedback?

. Why positive feedback is not used in Amplifiers?

. What isthe expression for the de-sensitivity factor in case of negative feed back?
. What is the effect of negative feed back on band width of an Amplifier?

*k*
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4a. WIEN BRIDGE OSCILLATOR
Exp. No: Date:

AIM: To determine the frequency of oscillations of a given Wien Bridge oscillator and compare
it with the theoretical value.

APPARATUS:

%)
z
o

Name Range/ Value Quantity

Regulated Power Supply | [- 15V — 0V — +15V] 1
OPAMP uA741C 1
Potentiometer 47K Q 1
Resistors 3.3K Q, 220Q
Resistors 12 KQ
Capacitors 0.047u F, 0.33u F
CRO. -

N OO WNIEF

CIRCUIT DIAGRAM:

R1 47%
I_ 12K L2 15V
4

e

+ 15%

Wien Bridge Oscillator

OUT PUT WAVE FORM:

AWAWAWAWA
Y AVAVAVA
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TABULAR FORM:

Theoretical Practical
Frequency = 1/(2r RC) Frequency=1/T
(H2) (H2)

Capacitance | Resistance
C(pnF) R (Q)

0.047 3.3K

0.33 220

THEORY

The circuit diagram of Wien bridge oscillator is given in figure .The circuit consists of a
two stage RC coupled amplifier which provides a phase shift of 360 © or 0°. A balanced bridged is
used as the feedback network which has no need to provide any additional phase shift. The
feedback network consists of lead-lag network (R:-C: and R2-C2) and a voltage divider. The
lead—-lag network provides positive feedback to the input of first stage and the voltage divider
provides a negative feedback to the emitter of Q1. If the bridge is balanced,

where Xc1 and Xc2 are the reactance of the capacitors.

By simplifying and equating the real and imaginary parts on both sides, we get the
frequency of oscillation as, the ratio of Rz to R4 being greater than 2 will provide a sufficient gain
for the circuit to oscillate at the desired frequency. This oscillator is used in commercial audio
signal generator.

PROCEDURE:

1. Connect the circuit as shown in the figure.

2. Connect 0.047 u F, and 3.3 K Q inplace of C and R.

3. Connect the O/P to the C.R.O and observe the sinusoidal signal and measure
its frequency.

4. Connect 0.33 u F, and 220 Q in places of C and R.

5. Observe the sinusoidal signal and measure its frequency.

6. Tabulate the readings and Compare it with theoretical values

FORMULAS:
Practical Frequency

Theoretical Frequency

RESULT:
Theoretical frequency
Practical frequency
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VIVA QUESTIONS:

1. What are the different techniques for the stabilization of an oscillator?

2. What isthe principle of operation of Wein Bridge oscillator?

3. What is the condition imposed on Rrand Ry to get oscillations in case of
Wien Bridge oscillator?

4. State barkhausen criterion?

5. What is the condition imposed on A and [3 to get sustained oscillations?

. Classify oscillators depending on discrete components used

1
2. What are the differences between oscillators and amplifiers?

3. What did you understand by the term stability of an Oscillator?
4. Which type of feedback used in wein-bridge oscillator?

5. What are the essential parts of an Oscillator?

6. Name two low frequency Oscillators?

7. Name two high frequency Oscillators?

8. What is Barkhausen criterion?

9. What is sustained Oscillation?

CIRCUIT DIAGRAM - 2.

pot
e | R
<EL (0410000

-

RS

L
sEkO o=
=
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4b. WIEN BRIDGE OSCILLATOR (Using Simulation)

Exp. No: Date:

AIM: Design and generate a sine wave for different RC values (Wien Bridge oscillator) by
using Simulation software.

APPARATUS:

S. No Name Range/ Value

Regulated Power Supply | [- 15V — 0V — +15V]
OPAMP uA741C
Potentiometer 47K Q

Resistors 3.3KQ, 2200
Resistors 12 KQ

Capacitors 0.047u F, 0.33u F

7 CRO. --

SIMULATION TOOL:
=  Multisim

CIRCUIT DIAGRAM:

R1 4-?%
1 12KQ _15v
K&
pATAIC 0
T

+ 15%

Wien Bridge Oscillator
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OUT PUT WAVE FORM:

Aty [

AWAWAWAWA
VAVAVAVEA

PROCEDURE:

Connect the circuit as shown in the circuit diagram.
Connect the output terminal of the circuit to Channel — 1 of the dual trace CRO.

Simulate, adjust the potentiometer (i.e., 12 k€ variable resistance) to get the correct sine
wave form. Place the both cursers in the CRO observe the T2—- T1 asT.

PSet the graph for the obtained frequency

OBSERVATIONS:

Frequency of oscillations:
GRAPH:
PSet the observed output on a graph sheet.

RESULT:

CIRCUIT DIAGRAM - 2.

ot

o~ F

"?_g;? (0-1 000k
- - ]

et

Cl =
0.0

.
Rl =
15;«1:]}
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5a. RC-PHASE SHIFT OSCILLATOR
Exp. No: Date:
AIM : To determine the frequency of oscillations of a given RC phase shift Oscillator.

APPARATUS:

S. No Name Range/ Value Quantity
DC Regulated power supply | (0—30V) 1
Transistor BC 107 1
Resistors 1KQ, 47KQ3, 56002
Resistors 4.7KQ
Capacitors 0.1uF, 0.01uF, 0.001uF
Capacitors 0.047u F
100 uF

20v

Capacitors

CIRCUIT DIAGRAM:

T Yoo=9%

4TE 0 % 4.TKEL) %
0.047 LF

e
s

47KQ % Sﬁl]ﬂ% —

RC-Phase shift Oscillator
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PROCEDURE:
1. Connect the circuit diagram as shown in the figure.
2. Switch on the power supply.
3. Connect the O/P terminalsto C.R.O.
4. Observe the sinusoidal wave form on C.R.O.
5. Determine the time period (T) of the wave form and frequency (1/T).
6. Repeat the above procedure for different sets of Capacitors.
7. Tabulate the readings and compare with theoretical values.

TABULAR FORM:

Resistance Capacitance Practical Theoretical
(KQ) (uF) Frequency (H2) Frequency (H2)

4.7 0.1

4.7 0.01

4.7 0.001

CALCULATIONS:

f (practical) = 1T Hz.

f=

1
° 27RC\6+4K

(Theoretical) WhereK =Rc/ R=1.

Ri=R:=R3=R.
Ci1=C,=Cs3=C.

RESULT:

VIVA QUESTIONS:

. Which type of feedback is incorporated in RC phase shift oscillator ?

. Can we built up an RC phase shift oscillator using two stages of RC network of
each 90° phase shift ?

. State Barkhausen criterian?

. What is the condition imposed on A and 3 to get sustained oscillations ?

* k%
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5b. RC-PHASE SHIFT OSCILLATOR (Using Simulation)

Exp. No: Date:

PRELAB:
1. Study the different types of oscillator and their necessary conditions.
2. Identify all the formulas required to calculate frequency.
OBJECTIVE:
1. To simulate RC phase shift oscillator in Multisim and study the transient response.
2. To determine the phase shift of RC network in the circuit.
SOFTWARE TOOL:
e Multisim.

APPARATUS:

S. No Name Range/ Value

DC Regulated power (0—30V)
supply

Transistor BC 107
Resistors 1KQ, 47KQ, 560Q
Resistors 4.7KQ
Capacitors 0.1uF, 0.01uF, 0.001uF
Capacitors 0.047u F
100 uF

20v

Capacitors

THEORY:

The basic RC Oscillator which is also known as a Phase-shift Oscillator, produces a sine
wave output signal using regenerative feedback obtained from the resistor-capacitor combination.
This regenerative feedback from the RC network is due to the ability of the capacitor to Sore an
electric charge, (similar to the LC tank circuit).

This resistor-capacitor feedback network can be connected as shown above to produce a
leading phase shift (phase advance network) or interchanged to produce a lagging phase shift
(phase retard network) the outcome is still the same as the sine wave oscillations only occur a the
frequency at which the overall phase-shift is 360-.

By varying one or more of the resistors or capacitors in the phase-shift network, the
frequency can be varied and generally this is done by keeping the resistors the same and using a 3-
ganged variable capacitor.

If all the resistors, R and the capacitors, C in the phase shift network are equal in value,
then the frequency of oscillations produced by the RC oscillator is given as:

_ 1
4 2nRC 2N
Where:
f+ isthe Output Frequency in Hertz
R isthe Resistancein Ohms

C isthe Capacitance in Farads
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N isthe number of RC stages. (N = 3)

CIRCUIT DIAGRAM:

RC PHASESHIFT OSCILLATOR

OBSERVATIONS/GRAPHS:
C1=C2=C3=0.001p

AN

AAALAANAAAA AR

VUV VY

VUV YUY

<

Time
151.212 ms
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T1 [ [
T2 [ [+
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Scale: | 200 us/Div
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Channel A
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Scale: | 2 V/Div

Scale: |5 W Div

¥ pos.(Div): | O
ac[ o

Y pos.(Div): | O
ac|[o =

Reverse
Sawve .
Ext. trigger
Trigger
Edge:

Level:
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TO0.044 KH=Z |

Measurement

Pulse
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Since the resistor-capacitor combination in the RC Oscillator circuit also acts as an attenuator
producing an attenuation of -1/29th ( Vo/Vi = B) per stage, the gain of the amplifier must be
sufficient to overcome the circuit losses. Therefore, in our three stage RC network above the
amplifier gain must be greater than 29.

The loading effect of the amplifier on the feedback network has an effect on the frequency
of oscillations and can cause the oscillator frequency to be up to 25% higher than calculated. Then
the feedback network should be driven from a high impedance output source and fed into a low
impedance load such as a common emitter transistor amplifier but better ill is to use
an Operational Amplifier asit satisfies these conditions perfectly.

PROCEDURE:

1. Open Multisim Software to design RC Phase shift oscillator

2. Select on New editor window and place the required component on the circuit
window.

3. Make the connections using wire and check the connections of oscillator.

4. Go for simulation and using Run Key observe the output waveforms on CRO

5. Observe the Transient Response and Calculate the Frequency of the oscillator

Theoretical calculations:

f(practical) = UT Hz

f =

1
°  27RC\6+4K

(Theoretical) WhereK =Rc/R=1.

Rl = Rz = R3 =R.
C1 = Cz = C3 =C.
Results and Discussions:

Practical Theoretical
frequency Frequency
(H2) (H2)
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C1=C2=C3=0.01p

AAAAAAARAARAARAARAN
AR AR

I ——

<

Time Channel_aA Channel_B
2 * = 576,426 ms 3.281V
+ =+ 677910 ms 3.145V
T2T1 984.848 us -135. 448 mV Save T

Reverse

Timebase Channel A Channel B Trigger

Scale: Scale: |—2 “-".I"DIV | Scale: |—5 \".I'DIV | Edge: B3 EI B | Ext
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add | | Bfa || aE AC [a] acll o Single || Mormal || Aubo

1.096 kHz |

Measurement Sensitivity (RMS)

Period E [v_|

| - Trigger level
Pulse Rise/Fa
r [o [v ]

Coupling Slow change signal

Compression rate:

2

C1=C2=C3=0.1y, ...

REVIEW QUESTIONS:

. What are the conditions of oscillations?

. Give the formula for frequency of oscillations?

. What is the total phase shift produced by RC ladder network?
. What are the types of oscillators?

. What is the gain of RC phase shift oscillator?

EXERCISE:

1. Design RC Phase shift oscillator using FET and different design values

2. Design a PCB layout for RC Phase shift oscillator.

* k%
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Exp. No:

6a. COLPITTSOSCILLATOR

Date:

AIM: To determine the frequency of oscillations of a given Colpitts Oscillator.

APPARATUS:

S.No

Name

Range/ Value Quantity

DC Regulated Power Supply

(0-30V)

Resistors

5600-1, 47 KQ-1

Resistors

4.7 KQ-2

Capacitors

100uF-1, 0.047pF-1

Decade Inductance Box

Decade Capacitance Box

CRO

CIRCUIT DIAGRAM:

T Yeoo=9V

1TE O % 4TKQ %
0.047 LF
| |

o Yo

£

ke swaZ o

Colpitis Oscillator

OUTPUT WAVEFORM:

A [
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TABULAR FORM:

Practical Theoretical

L (mH) frequency Frequency
(H2) (H2)

1

2
3

THEORY:

In the Colpitts oscillator shown in figure, Z1, and Z2 are capacitors and Z3 is an inductor.
The resistors R and R2 and RE provide the necessary DC bias to the transistor. CE is a bypass
capacitor CC1 and CC2 are coupling capacitors. The feedback network consisting of capacitors
C1 and C2, inductor L determine the frequency of the oscillator.

When the supply voltage +VCC is switched ON, a transient current is produced in the

tank circuit, and consequently damped harmonic oscillations are setup in the circuit. The current
in tank circuit produces AC voltages across C1 and C2. Asterminal 3 is earthed, it will be at zero

potential.

If terminal is at positive potential with respect to 3 at any instant, then terminal 2 will be
at negative potential with respect to 3 at the same instant. Thus the phase difference between the

terminals 1 and 2 is always 1800. In the CE mode, the transistor provides the phase difference of

1800 between the input and output. Therefore the total phase shift is 3600. The frequency of
oscillationsis

PROCEDURE:

. Connect the circuit diagram as shown in the figure.

. Switch on the power supply.

. Connect the out put terminalsto CRO.

. Adjust the capacitances until a sinusoidal wave form is observed on the CRO.

. Measure the time period of the sinusoidal wave form (T) and determine the
Frequency (1/T).

. Repeat the above steps for different valuesof L, C1 & Co.

. Tabulate the readings and compare with theoretical values

CALCULATIONS:
fo (practical) =1UT Hz
1 CC,

fo (theoretical [P — WhereC_, =
o (theoreied) - homor e, M T

RESULT:
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VIVA QUESTIONS:

Why RC network oscillator cannot be used at Radio frequencies?
Why LC network oscillators are preferred at high frequencies?

Why a buffer amplifier isrequired in between an oscillator and aload?
What is meant by ringing in an amplifier?

Why the crystal oscillator is highly stable?

Draw the electrical equivalent circuit of acrystal oscillator?

oA wWNE

Define oscillator.

Which type of Feedback is employed in oscillator?

What are the applications of Colpitts oscillator?

What is meant by resonant Circuit Oscillators?

Define gain and phase Margin?

What is a beat frequency oscillator?

What is damped Oscillation?

Write the expression for frequency of oscillations for colpitts and hartley oscillators?
. Classify the different types of Oscillators?

10. What are the factors that determine the stability of an oscillator?

0 0N o W=

*k*
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6b. COLPITTSOSCILLATOR (Using Simulation)

Exp. No: Date:

PRELAB:

Study the operation and working principle Hartley oscillator.
OBJECTIVE:

To design Colpitts oscillator using Multisim software and calculate the
frequencyfor different LC Values

SOFTWARE TOOL:
=  Multism

APPARATUS:

S. No Name Range/ Value Quantity

DC Regulated Power Supply (0-30V)
Resistors 560Q2, 47 KQ
Resistors 4.7 KQ
Capacitors 100uF, 0.047uF
Inductor(Variable Type) --

Capacitors --

CRO --

THEORY:

A Colpitts oscillator is the electrical dual of a Hartley oscillator, where the feedback signal is
taken from inductive voltage divider consisting of two coils in series (Tapped inductor) below figure
shows the Colpitts circuit. L and the series combination of C1 and C2 form the parallel resonant tank
circuit which determines the frequency of the oscillator. The voltage across Cz is applied to the base-

emitter junction of the transistor, as feedback to create oscillations. Here the voltage across Ci1 provides

feedback. The frequency of oscillation is approximately the resonant frequency of the LC circuit,

which is the series combination of the two capacitors in parallel with the inductor

43

P -- .'”'r.'.' .
2m /L (%)
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CIRCUIT DIAGRAM:
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Colpitts Oscillator
Output waveform:

C1=C2=10u, L = 1u
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2
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PROCEDURE:

Connect the circuit diagram as shown in the figure.

. Switch on the power supply.
Connect the output terminals to CRO.
. Adjust the capacitances until a sinusoidal wave form is observed on the

CRO.
. Measure the time period of the sinusoidal wave form (T) and determine the
Frequency (1/T).
6. Repeat the above steps for different valuesof L, C1& Co.
. Tabulate the readings and compare with theoretical values

RESULTS & DISCUSSIONS:

C1=C2=10u; L=3u

e T

i rlh' AARRLLY 'U'I”: L \J"llm

.Il.||,‘|.I|

] e | |mmpm

39 153 kHz |

Measurement Sensitivity (RMS)
E [mv |

| Freq | Period

Trigger lewvel
Pulse= Ris=/Fall
| o v |

Coupling Slowe change signal

Compression rate:

2
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C1=C2=10u; L =5u

_nl N " Mt ! g I |'II 1
I'.|l W Il_.l||I II II : ! II._r Wl

30028 KH=

Measurement Sensibwity (RMS])
I Freg FPeriod | 1

Trigger lewel

Puls= Rise ffFall | o

Coupling Slow change signal

Compression rate:

2

VIVA QUESTIONS:

1. Why RC network oscillator cannot be used at Radio frequencies?

2. Why L C network oscillators are preferred at high frequencies?

3. Why abuffer amplifier is required in between an oscillator and a load?
4. What is meant by ringing in an amplifier?

5. Why the crystal oscillator is highly stable?

6. Draw the electrical equivalent circuit of a crystal oscillator?

Formulae:
fo (practical) =UT Hz
CGC,

fo (theoretical) =———. [WhereC, = m]
1 2

TABULAR FORM:

Practical Theoretical
S.NO. L (mH) frequency Frequency
(H2) (H2)

Theoretical calculations:

* k%
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7a. HARTLEY OSCILLATOR
Exp. No: Date:
AIM: To Determine the frequency of oscillations of a Hartley Oscillator and

compare it with the theoretical values.

APPARATUS:

S. No Name Range/ Value

D.C Regulated Power Supply (0—30V)

Resistors 1KQ, 10kQ, 47KQ
Capacitors 0.22pF -2

Decade Capacitance Box
Decade Inductance Box
CRO

CIRCUIT DIAGRAM:

Hariley Oscillator

THEORY:

In the Colpitts oscillator shown in figure, Z1, and Z2 are inductor and Z3 is an capacitors.
The resistors R and R2 and RE provide the necessary DC bias to the transistor. CE is a bypass
capacitor CC1 and CC2 are coupling capacitors. The feedback network consisting of capacitors
C, inductor L1 and L2 determine the frequency of the oscillator.

When the supply voltage +VCC is switched ON, a transient current is produced in the

tank circuit, and consequently damped harmonic oscillations are setup in the circuit. The current
in tank circuit produces AC voltages across L1 and L2. As terminal 3 is earthed, it will be at zero
potential.
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If terminal is at positive potential with respect to 3 a any instant, then terminal 2 will be
at negative potential with respect to 3 at the same instant. Thus the phase difference between the

terminals 1 and 2 is always 1800. In the CE mode, the transistor provides the phase difference of

1800 between the input and output. Therefore the total phase shift is 3600. The frequency of
1

27 JLC

oscillationsis f, =

PROCEDURE:

1. Connect the circuit as shown in the figure.

2. Connect the O / P of the oscillator to the C.R.O.

3. Adjust the Capacitance and Inductance Boxes until a sinusoidal signal is observed
Inthe CRO.

4. Determine the frequency of the wave form.

5. Vary the Capacitance in convenient steps and determine the frequency each time

6. Tabulate the readings and compare the readings with the theoretical values.

FORMULAS:
1

27 JLC

Theoretical Frequency f,=

Practical Frequency

1
=

CALCULATIONS:

TABULAR FORM:

Inductance
Capacitance (mH) Practical Theoretical

C(uF) L, L, Frequency (H2) Frequency (H2)

RESULT:
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VIVA QUESTIONS:

. Why RC network oscillator cannot be used at Radio frequencies?
. Why LC network oscillators are preferred at high frequencies?
. Why a buffer amplifier is required in between an oscillator and a load?

. What is meant by ringing in an amplifier?

. Why the crystal oscillator is highly stable?
. Draw the electrical equivalent circuit of acrystal oscillator?
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7b. HARTLEY OSCILLATOR (Using Simulation)
Exp. No: Date:

PRELAB:
Study the operation and working principle Hartley oscillator.

OBJECTIVE:

To design Hartley oscillator using Multisim software and calculate the frequency

SOFTWARE TOOL:
= Multisim 13.0
APPARATUS:

S. No Name Range/ Value

D.C Regulated Power Supply (0-30V)

Resistors 1KQ, 10kQ, 47KQ
Capacitors 0.22uF

Decade Capacitance Box
Decade Inductance Box
CRO

THEORY:

The Hartley oscillator is an electronic oscillator circuit in which the oscillation frequency is
determined by a tuned circuit consisting of capacitors and inductors, that is, an LC oscillator. The
Hartley oscillator is distinguished by atank circuit consisting of two series-connected coils (or, often, a
tapped coil) in parallel with a capacitor, with an amplifier between the relatively high impedance
across the entire LC tank and the relatively low voltage/high current point between the coils. The
Hartley oscillator is the dual of the Colpitts oscillator which uses a voltage divider made of two
capacitors rather than two inductors. Although there is no requirement for there to be mutual coupling
between the two coil segments, the circuit is usually implemented using a tapped coil, with the
feedback taken from the tap, as shown here. The optimal tapping point (or ratio of coil inductances)
depends on the amplifying device used, which may be a bipolar junction transistor.
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CIRCUIT DIAGRAM:
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BC107BP

Hartley Oscillator
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NN
TRTRTRTATAY

VAL AAAAARANARAN
VYNV VYV VYV VVVY

<

Time
150.514 ms
150.632 ms
17.992 us

Channel_A
11.722 W
11.258 W

-45<4. 237 my

T1 [ [ Channel_B
T2 [4= [

T2-T1

Rewverse

Sawve .
Ext. trigger
Timebase

scale: | 50 us/Div
{ pos.{Div): | O

[*sT][add | [Bsa || A

Channel A
Scale: | 10 V/Div

Y pos.{Div): | O
o |[oe

Channel B
Scale: | 5 WDiv

Y pos.{Div): | O
ac|l o =

Trigger
Edge:

Lewel:

x| [a]lE
[o
Mormal || Auto

Single

54 156 kHz |

Measurement

Sensitwity (RMS)

Pulse

Couplimg

Dept. of ECE.,

FPericod

Ri==/Fall

Sir C.R. Reddy College of Engg., Eluru.

[

[ |

Trigger lewel

[o

v |

[ slowe chanae signal

1s

I/1V (B.Tech) ECE, II-SEM

.t ECA-Lab



PROCEDURE:

1. Connect the circuit as shown in the figure.
2. Connect the O / P of the oscillator to the C.R.O.

3. Adjust the Capacitance and Inductance Boxes until a sinusoidal signal is observed
in the CRO.

4. Determine the frequency of the wave form.
5. Vary the Capacitance in convenient steps and determine the frequency each time
6. Tabulate the readings and compare the readings with the theoretical values.

FORMULAS:
1

27 JL.C

Theoretical Frequency f, =

Practical Frequency f:

1
=

RESULT & DISCUSSIONS:

L1=L2= 200u; C = 40nf
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L1=L2= 200u; C = 80nf
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Coupling [ slow chanae sianal
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Tabular form:

Inductance
Capacitance (mH)
ClnF) L1 Lo

Practical Theoretical
Frequency (Hz) | Frequency (Hz)

Theoretical calculations:

REVIEW QUESTIONS:

1. Define an oscillator?
2. Define Barkhausen criteria
3. Which type of feedback is employed in oscillators

* k%
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8a. TWO STAGE RC-COUPLED AMPLIFIER
Exp. No: Date:

AIM: To pSet the frequency response of Two stage RC — Coupled Amplifier and to obtain its
band width.

APPARATUS:

S. No Name Range/ Value

1 D.C Regulated power supply | (0— 30V)

2 Transistors BC 107

10KQ, 150KQ, 47KQ,
Resistors 22KQ, 33KQ,
2.2KQ,1KQ, 56002, 220Q
Resistors 4.7KQ

Capacitors 10pF

Function Generator --

CRO --

CIRCUIT DIAGRAM:
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=A50K0 ot 1117 4] 5 4, TR
7 T T

SATHD
e ] Ccl
-
L =
| i
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W "II'I: » I-\.R"I i i.-lHI |
T = R2hi | ek )
i IRex | ©a1
SATRD == 10y

i

MODEL GRAPH:

-
Frequency
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THEORY

Asthe gain provided by a single stage amplifier is usually not sufficient to drive the load,
S0 to achieve extra gain multi-stage amplifier are used. In multi-stage amplifiers output of one-
stage is coupled to the input of the next stage. The coupling of one stage to another is done with
the help of some coupling devices. If it is coupled by RC then the amplifier is called RC-coupled
amplifier.

Frequency response of an amplifier is defined as the variation of gain with respective
frequency. The gain of the amplifier increases as the frequency increases from zero till it becomes
maximum at lower cut-off frequency and remains constant till higher cut-off frequency and then
it falls again as the frequency increases.

At low frequencies the reactance of coupling capacitor CC is quite high and hence very
small part of signal will pass through from one stage to the next stage. At high frequencies the
reactance of inter electrode capacitance is very small and behaves as a short circuit. This
increases the loading effect on next stage and service to reduce the voltage gain due to these
reasons the voltage gain drops at high frequencies.

At mid frequencies the effect of coupling capacitors is negligible and acts like short circuit,
where as inter electrode capacitors acts like open circuit. So, the circuit becomes resistive at mid
frequencies and the voltage gain remains constant during this range.

PROCEDURE:
. Connect the circuit as shown in the figure.
. Switch on the power supply and the Function generator.
. Apply a5mV sinusoidal signal at the I/P.
. Vary the frequency in convenient steps and note down the O/P voltage.
. Tabulate the readings and calculate the gain in dB.
. PSet agraph between gain and frequency.
. Determine the band width.

TABULAR FORM:
Vi =20mV

Frequency Voltage Gain GainindB
(H2) Av=(VolVi) (20logAv)

n
Z
o

50
100
300
500
700
1K
3K
5K
7K
10K
30K
50K
70K

100K
300K
500K
700K
1IMHz

=N
RlB|o|lo/N|o|u|swiN(e-

[ERY
N

=Y
w

H
>

[
(03]

=
(o)}

H
\'

[
(00}
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RESULT:

Upper cut-off frequency
Lower cut-off frequency
Bandwidth

VIVA QUESTIONS:

Nou,rwWNE

1.
2.
3.
4.
5.
6.
7.

10.

What is the need for Two stage Amplifier?

Differentiate between interacting and non- interacting stages?

Give the expression for the overall upper cut-off frequency of a multistage amplifier?
What is the effect of multistage amplifier on band width?

What is the choice of transistor configuration in multistage amplifier?

What is cascade amplifier?

What is the advantage of cascade amplifier?

What are the advantages and disadvantages of multi-stage amplifiers?

Why gain fallsat HF and LF?

Why the gain remains constant at MF?

Explain the function of emitter bypass capacitor, CE?

How the band width will effect as more number of stages are cascaded?
Define frequency response?

Give the formula for effective lower cut-off frequency, when N-number of stagesis
cascaded?

Explain the effect of coupling capacitors and inter-electrode capacitances on
overall gain?

By how many times effective upper cut-off frequency will be reduced, if three
identical stages are cascaded?

Mention the applications of two-stage RC-coupled amplifiers?
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8b. TWO STAGE RC-COUPLED AMPLIFIER (Using Simulation)

Exp. No: Date:

PRELAB:

1. Study the purpose of multistage amplifiers.

2. Learn the different types of coupling methods.

3. Study the effect of cascading on Bandwidth.

4. |dentify all the formulae you will need in this Lab.

5. Study the procedure of using Multisim tool (Schematic & Circuit File)

OBJECTIVE:

1. To smulate the Two Stage RC Coupled Amplifier in Multisim and study the transient
and frequency response.

2. To determine the phase relationship between the input and output voltages by
performing the transient analysis.

3. To determine the maximum gain, 3dB gain, lower and upper cutoff frequencies and
bandwidth of Two Stage RC Coupled Amplifier by performing the AC analysis.

4. To determine the effect of cascading on gain and bandwidth.

SOFTWARE TOOL:
= Multisim

APPARATUS:

S. No Name Range/ Value

D.C Regulated power supply

(0— 30V)

Transistors

BC 107

Resistors

10KQ, 150K, 47KQ,
22KQ, 33KQ, 2.2KQ

Resistors

1KQ, 5602, 220Q

Capacitors

10pF

Function Generator

CRO

THEORY:

An amplifier is the basic building block of most eectronic systems. Just as one brick does

not make a house, a single-stage amplifier is not sufficient to build a practical electronic system.

The gain of the single stage is not sufficient for practical applications. The voltage level of asignal

can be raised to the desired level if we use more than one stage. When a number of amplifier

stages are used in succession (one after the other) it is called a multistage amplifier or a cascade

amplifier. Much higher gains can be obtained from the multi-stage amplifiers.
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CIRCUIT DIAGRAM:
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TWO STAGE RC COUPLED AMPLIFIER

OBSERVATIONS/GRAPHS:
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In a multi-stage amplifier, the output of one stage makes the input of the next sage. We
must use a suitable coupling network between two stages so that a minimum loss of voltage occurs
when the signal passes through this network to the next stage. Also, the dc voltage at the output of
one stage should not be permitted to go to the input of the next. If it does, the biasing conditions of
the next stage are disturbed. Figure shows how to couple two stages of amplifiers using RC

coupling scheme.
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This is the most widely used method. In this scheme, the signal developed across the

collector resistor RC (R2)of the first stage is coupled to the base of the second stage through the

capacitor CC.(C2) The coupling capacitor blocks the dc voltage of the first stage from reaching the
base of the second stage. In thisway, the dc biasing of the next stage is not interfered with. For this
reason, the capacitor CC (C2)is also called a blocking capacitor. As the number of stages
increases, the gain increases and the bandwidth decreases.

RC coupling scheme finds applications in almost all audio small-signal amplifiers used in

record players, tape recorders, public-address systems, radio receivers, television receivers, etc.

PROCEDURE:

1. Open Multisim Software to design two stage RC coupled amplifier circuit

2. Select on New editor window and place the required components of amplifier on the circuit
window.

3. Make the connections using wire and check the connections of oscillator.

4. Go for simulation and using Run Key observe the output waveforms on CRO

5. Indicate the node names and go for AC Analysis with the output node

6. Observe the Transient response and Ac Analysis for the first stage and second stage
separately and draw the magnitude response curve

7. Calculate the bandwidth of the amplifier

INFERENCE:

1. From the transient analysis, it is observed that,

2. From the frequency response curve the results observed are tabulated in table 1.

3. From the AC responsg, it is observed that,
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RE COURLED AMPLIFER
AL Snakgdiy

Observation points:

5. No. Paraimetes

1 Max. Gain in dB

3dB Gain

Lower Curoff Frequency

Upper Caroff Frequency

Bandwadth of [ stage

Bandwnudth of 2 stage

REVIEW QUESTIONS:

Why do you need more than one stage of amplifiers in practical circuits?

What is the effect of cascading on gain and bandwidth?

What happens to the 3dB frequencies if the number of stages of amplifiers increases?
Why we use a logarithmic scale to denote voltage or power gains, instead of using the

Simpler linear scale?
What is loading effect in multistage amplifiers?

EXCERSICE:

1. Design two stage amplifier using different FET transistors.
2. Design a PCB layout for the two stages RC coupled Amplifier.

*k*
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9a. TUNED VOLTAGE AMPLIFIER
Exp. No:

AIM: To obtain the frequency response of atuned voltage amplifier.
And to obtain the band width.

APPARATUS:

S. No Name Range/ Value

Transistor SL100

Resistors 1IKQ, 22KQ, 1.8KQ, 470Q
Capacitors 10F, 33F

IF Transformer | --

CIRCUIT DIAGRAM: MODEL GRAPH:

i Vee=12V
+
—c g
mm«:n% SnF

|

|

10K Q |
:

= L

fu Frequency

o=

Tuned Voltage Amplifier

THEORY

The amplifier is said to be class C amplifier, if the Q point and the input signal are
selected such that the output signal is obtained for less than a half cycle, for a full input cycle.
Due to such a selection of the Q point, transistor remains active, for less than a half cycle. Hence
only that much part is reproduced a the output. For remaining cycle of the input cycle, the
transistor remains cut-off and no signal is produced at the output. Here a parallel resonant circuit
acts as aload impedance. As collector current flows for less than half cycle, the collector current
consists of a series of pulses with the harmonics of the input signal.

A parallel tuned circuit acting as a load impedance is tuned the input freguency.
Therefore, it filters the harmonic frequencies and produce a sine wave output voltage consisting
of fundamental component of the input signal. A class C tuned amplifier can be used as a
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frequency multiplier if the resonant circuit is tuned to a harmonic of the input signal. Here class-C
amplifier is used with parallel tuned circuit. Therefore the output voltage is a maximum at the

resonant frequency. The resonant frequency for parallel tuned circuit is given as
1

2 '\,‘T

Resonant frequency= Fr =

PROCEDURE:

1. Connect the circuit as shown in the figure.

2. Apply a4 mV sinusoidal signal at afrequency of 1 KHz and note down the O/P.

3. Now vary the frequency of the input signal upto 1IMHz in suitable steps by keeping
the input voltage constant.

4. Note down the O/P voltage Vo.

5. Tabulate the readings.

6. Draw gain Vs frequency graph on semilog sheet and determine the band width.

RESULT:

TABULAR FORM:
Vi =5mV

Frequency | Output Voltage ( Vo) Gainin dB
(H2) (mV) =20log (Vo/ Vi)

n
Z
o

50

100
300
500
700
1K
3K
5K
7K
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VIVA QUESTIONS:

What is atuned amplifier?

Distinguish between a single tuned and a double tuned amplifier?
What is meant by stagger tuned amplifier?

Isthe tuned amplifier a narrow band or awide band amplifier?
Define selectivity?

What parameters shall be selected for a highly tuned amplifier?
Where the tuned amplifiers are used?

What type of tuning is used in the | F stage of a Radio receiver ?
What is the relation between the band width of a double tuned and a stagger
tuned amplifier?

10. How to improve the band width of a tuned amplifier?

11. What is meant by critical tuning?

WoNU~WNE
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9b. TUNED VOLTAGE AMPLIFIER

Exp. No:
PREAMBLE:
Study the operation and working principle Tuned amplifier.

OBJECTIVE:

To obtain the frequency response of atuned voltage amplifier using Multisim and to obtain
the band width.

SOFTWARE TOOL:
= Multisim

APPARATUS:

S. No Name Range/ Value Quantity

Transistor SL100/BC 107 1
Resistors 1KQ ,100KQ,10k2 2,11
Capacitors 10uF,5nf,0.047uf 21,1
Inductor 50mH 1
RPS 12v 1
CRO 30MHz 1

THEORY:

Most of the audio amplifiers we have discussed in the earlier chapters will also work at
radio frequencies i.e. above 50 kHz. However, they suffer from two major drawbacks. First, they
become less efficient at radio frequency. Secondly, such amplifiers have mostly resistive loads and
consequently their gain is independent of signal frequency over a large bandwidth. In other words,
an audio amplifier amplifies a wide band of frequencies equally well and does not permit the
selection of a particular desired frequency while rejecting all other frequencies. However,
sometimes it is desired that an amplifier should be selective i.e. it should select a desired frequency
or narrow band of frequencies for amplification.

For instance, radio and television transmission are carried on a specific radio frequency
assigned to the broadcasting station. The radio receiver isrequired to pick up and amplify the radio
frequency desired while discriminating all others. To achieve this, the simple resistive load is
replaced by a parallel tuned circuit whose impedance strongly depends upon frequency. Such a
tuned circuit becomes very selective and amplifies very strongly signals of resonant frequency and
narrow band on either side. Therefore, the use of tuned circuits in conjunction with a transistor
makes possible the selection and efficient amplification of a particular desired radio frequency.
Such an amplifier is called a tuned amplifier. In this chapter, we shall focus our atention on
transistor tuned amplifiers and their increasing applications in high frequency electronic circuits.
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CIRCUIT DIAGRAM:
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OBSERVATIONS/GRAPHS:
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Amplifiers which amplify a specific frequency or narrow band of frequencies are called
tuned amplifiers. Tuned amplifiers are mostly used for the amplification of high or radio
frequencies. It is because radio frequencies are generally single and the tuned circuit permits their
selection and efficient amplification. However, such amplifiers are not suitable for the
amplification of audio frequencies as they are mixture of frequencies from 20 Hz to 20 kHz and
not single. Tuned amplifiers are widely used in radio and television circuits where they are called
upon to handle radio frequencies. Below figure shows the circuit of a smple transistor tuned
amplifier. Here, instead of load resistor, we have a parallel tuned circuit in the collector. The
impedance of this tuned circuit strongly depends upon frequency. It offers a very high impedance
at resonant frequency and very small impedance at all other frequencies. If the signal has the same
frequency as the resonant frequency of LC circuit, large amplification will result due to high
impedance of LC circuit at this frequency. When signals of many frequencies are present at the
input of tuned amplifier, it will select and strongly amplify the signals of resonant frequency while
rejecting all others. Therefore, such amplifiers are very useful in radio receivers to select the signal
from one particular broadcasting station when signals of many other frequencies are present at the
receiving aerial.

PROCEDURE:

1. Open Multisim Software to design circuit

2. Select on New editor window and place the required component on the circuit
window.

3. Make the connections using wire and check the connections and oscillator.

. Go for simulation and using Run Key observe the output waveforms on CRO

. Indicate the node names and go for AC Analysis with the output node

. Observe the Ac Analysis and draw the magnitude response curve

. Calculate the bandwidth of the amplifier

RESULT & DISCUSSION:

1. Frequency response of single tuned Amplifier is pSetted.

2. Gain = dB (maximum).

3. Bandwidth= (fH—fL) =
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Frequency Response:
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Theoretical calculations:;

REVIEW QUESTIONS:

1. What is a tuned amplifier?
2. Define Q-factor?
3. What is selectivity?

4. Is tuned amplifier a hallow band or wide band amplifier?

5. Give the applications for tuned amplifier.

kK%K
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10a. DARLINGTON PAIR AMPLIFIER
Exp. No: Date:

AIM: Perform the frequency response of a Darlington amplifier. Calculate gain. Calculate
bandwidth.

COMPONENTS REQUIRED:
1. Transistor (NPN, Si) BC 547 : 2 Nos.
2. Electrolytic Capacitor 10 pF : 2Nos.

3. Carbon film Resistors 82 kQ, 22 kQ, 2.2 kQ, 390 Q, 1 kQ : 1 No. each
MEASURING INSTRUMENTS:

1. 20 MHz Dual trace CRO : 1 No.

2. 1 MHz Function Generator : 1 No.
MISCELLANEOUS.

1. Trainer Module : 1 No.

2. 0-30V, 1A DC Power Supply : 1 No.

3. Connecting wires 11 Set.

CIRCUIT DIAGRAM:

B o oL
.10pr .

ar

o
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THEORY:

In Darlington connection of transistors, emitter of the first transistor is directly connected
to the base of the second transistor. Because of direct coupling dc output current of the first stage
is (1+hfe)lbl. If Darlington connection for n transistor is considered, then due to direct coupling

the dc output current for last sage is (1+hfe)N times Ib1. Due to very large amplification factor
even two stage Darlington connection has large output current and output stage may have to be a
power sage. As the power amplifiers are not used in the amplifier circuits it is not possible to
use more than two transistors in the Darlington connection.

In Darlington transistor connection, the leakage current of the first transistor and overall
leakage current may be high, which is not desired.
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Tabular Form:

Vi=20mV
S.No | Frequency (Hz) | Output Voltage Voltage Gain GainindB
(Vo) (Av)=VolVi. Av=20log(Vo/Vi)

50

1K
3K
5K
7K
10K
30K
50K
70K
100K
300K
500K
700K
1IMHz

OO N|O|O|R|WIN|F

PROCEDURE:

. Connect the circuit as shown in figure.

. Apply supply voltage Vcc=12 V
Keep Vi=20 mV by keeping frequency of function generator a 1kHz.

. Keep input constant throughout the experiment.

. Vary the input frequency 50 Hz to 1 MHz and note down the output voltage.
Calculate the gain of the amplifier in decibels using the formula gain in

dB=20log(Vo/Vi).
7. PSet the graph between frequencies Vs Gain.

RESULT:
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VIVA-VOCE QUESTIONS:

. Why do you need more than one stage of amplifiersin practical circuits?
. What isthe effect of cascading on gain and bandwidth?
. What happensto the 3dB frequencies if the number of stages of amplifiers increases?
. Why we use alogarithmic scale to denote voltage or power gains, instead of using
the simpler linear scale?
. What isloading effect in multistage amplifiers?
. How aDarlington pair works?
. The cascode amplifier is a multistage configuration of ?
. The output impedance of a Darlington pair Amplifier is?
. The current gain of a Darlington pair amplifier is approximately?
The CE amplifier configuration is preferred over others. why?
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10b. DARLINGTON PAIR AMPLIFIER (Using Simulation)

Exp. No:

Date:

AIM: Perform the frequency response of a Darlington amplifier. Calculate gain. Calculate

bandwidth using Simulation.

CIRCUIT DIAGRAM:
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Tabular Form:

Vi=20mV
S.No | Frequency (Hz) Output Voltage Voltage Gain GainindB
(Vo) (Av)=VolVi. Av=20log(Vo/Vi)

50

1K
3K
5K
7K
10K
30K
50K
70K
100K
300K
500K
700K
1IMHz

OO (N|O ||| WIN|F

PROCEDURE:

. Connect the circuit as shown in figure.

. Apply supply voltage Vcc=12V
Keep Vi=20mV by keeping frequency of function generator at 1kHz.

. Keep input constant throughout the experiment.

. Vary the input frequency 50 Hz to 1MHz and note down the output voltage.
Calculate the gain of the amplifier in decibels using the formula gain in

dB=20log(Vo/Vi).
7. PSet the graph between frequencies Vs Gain.

RESULT:
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11a. SERIESFED CLASS-A POWER AMPLIFIER

Exp. No: Date:

AIM: To design a series fed class-A power amplifier in order to achieve max output ac power and
efficiency using hardware.

COMPONENTS REQUIRED:
1. Transistor (NPN, Si) BC 107 : 1 Nos.
2. Electrolytic Capacitor 100 nF : 2 Nos.
3. Carbon film Resistors 1 kQ, 33 Q and 20 kQ: 1 No. each
MEASURING INSTRUMENTS:
1. 20 MHz Dual trace CRO : 1 No.
2. Multimeter : 2 Nos.
MISCELLANEOUS:
1. Power Supply 0-30V DC : 1 No.
2. Bread Board : 1 No.
3. Connecting Wires 11 Set

CIRCUIT DIAGRAM:

Vi\ 100 mvVv

TABULAR FORM:
Vin=100 mV

Applied frequency Output voltage(V0) Gain in dB=20log(V0/Vi)

1kHz
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THEORY:
The circuit is called “series fed” because the load RL is connected in series with transistor

output. It is also called as direct coupled amplifier. ICQ=Zero signal collector current
VCEQ=Zero signal collector to emitter voltage power amplifiers are mainly used to deliver more
power to the load. To deliver more power it requires large input signals, so generally power
amplifiers are proceeded by a series of voltage amplifiers. In class-A power amplifiers, Q-point
is located in the middle of DC- load line. So output current flows from complete cycle of input
signal. Under zero signal condition, maximum power dissipation occurs across the transistor. As
the input signal amplitude increases power dissipation reduces. The maximum theoretical
efficiency is 25%.

CALCULATIONS:
Take RL=RC=220 Q

2. AC output power Pyc= 22 B;L

3. Efficiency n {ﬁ N 1)) [

PROCEDURE

1. Connect the circuit diagram and supply the required DC supply.

2. Apply the Ac signal at the input and keep the frequency at 1 kHz and connect the
power output meter at the output. Change the load resistance in steps for each value of
impedance and not down the output power.

PSet the graph between o/p power and load impedance. From this graph find the
impedance for which the o/p power is maximum. This is the value of optimum load.
Select load impedance which is equal to 0 V or near about the optimum load. See the
waveform of the o/p of the CRO.

Calculate the power sensitivity at a maximum power o/p using the relation.

The maximum input signal amplitude which produces undistorted output signal is

The practical efficiency of the circuit is

RESULT:
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VIVA -VOCE QUESTIONS:

Differentiate between voltage amplifier and power amplifier?

Why power amplifiers are considered as large signal amplifier?

When does maximum power dissipation happen in thiscircuit?

What is the maximum theoretical efficiency?

Sketch waveform of output current with respective input signal?

What are the different types of class-A power amplifiers available?

What is the theoretical efficiency of the transformer coupled class-A power amplifier?
What is the difference in AC and DC load line?

How do you locate the Q-point?

1.
2.
3.
4.
5.
6.
7.
8.
9.

10. What are the applications of class-A power amplifier?

Dept. of ECE., Sir C.R. Reddy College of Engg., Eluru. 1I/IV (B.Tech) ECE, II-SEM :: ECA-Lab




Dept. of ECE., Sir C.R. Reddy College of Engg., Eluru. 1I/IV (B.Tech) ECE, II-SEM :: ECA-Lab




11b. SERIESFED CLASS-A POWER AMPLIFIER (Using Simulation)

Exp. No: Date:
PRELAB:

Study the classification and operation of Small signal and large signal amplifier.

OBJECTIVE:
To observe input and output power of class A Power amplifier, and also calculate

Bandwidth.

SIMULATION TOOL:
=  Multisim

APPARATUS:

S. No Name Range/ Value Quantity

D.C Regulated Power Supply (0-30V)

Resistors 100K, 56002, 470Q
Capacitors 2.2uF ,100uF
Inductor 1mH

CRO --

Watt meters --

THEORY:

The amplifier is said to be class A power amplifier if the g point and the input signal are
selected such that the output signal is obtained for a full input cycle. For this class the position of q
point is approximately at the mid-point of the load line. For all the values of input signal the

transistor remains in the active region and never entire into the cutoff or saturation region. The

collector current flows for 360° (life cycle) of the input signal in other words the angle of the

collector current flow is 360° the class a amplifiers or furthers classified as directly coupled and
transformer coupled and transformer coupled amplifiers in directly coupled type .The load is
directly connected in the collector circuit while in the transformer coupled type, the load is coupled
to the collector using the transformer.

Advantages:

1. Digtortion analysis is very important
2. It amplifies audio frequency signals faithfully hence they are called as audio
amplifiers
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CIRCUIT DIAGRAM:

r2 L1
,‘31 Nkl ?1"'!'1
|

‘l L
* 1 i

_rlln.l"l_ —:!{— + -{'
r:'rakI[H}rn'l.frrns BCA0TE
{ “-.-IIJTI'H:II.I'
'H._—I_

Observations and Graphs:

Input and Output waveforms

Disadvantages.

1. H parameter analysis is not applicable
2. Due to large power handling the transistor is used power transistor which is large in size
and having large power rating

Dept. of ECE., Sir C.R. Reddy College of Engg., Eluru. 1I/IV (B.Tech) ECE, II-SEM :: ECA-Lab




PROCEDURE:

. Enter in to the Multisim 2013 software.
. Customize the screen and then draw the circuit on the screen with the help of  mouse.

. Connect the WATTMETERS on both input and output side.
. Theinput terminal is connected to one terminal of CRO and output to other  terminal.

. Start the simulation and observe the input and output waveforms.
. Note down the values of input and output powers from Watt meters.

CALCULATIONS:

Efficiency (Pac/ PDC) =

Pac=Vcclc ;Ppoc =VM/2R. = V?pp/8RL
% = Pac/ Poc X 100

RESULT & DISCUSSION:

Frequency and Phase response:

class A power amplifier
AC Analysis

10k ™ '
Frequency (Hz)

Magnitude

10k ™
Frequency (Hz)

Review Questions:
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1. Explain the operation of Class A power amplifier?

2. What are the advantages of Class A Power amplifier?
3. What is the efficiency of Class A power amplifier?

4. What is the difference between Small and Large signal Amplifiers?

*k*
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12a. CLASS-B PUSH PULL AMPLIFIER
Exp. No: Date:

AIM: To PSet the Graph between Load and Power of a Class B Push pull Power
Amplifier.

APPARATUS:

Push pull power amplifier module
D.C Regulated Power supply (0-30V).

Function generator
CRO

CIRCUIT DIAGRAM:

Ougat Transbirmes

WEOQ S QS T 100uF

"—l'mc-ur

Clasee B Pusk Pull Anglifior

4
—_
v

MODEL GRAPH:

Output 4
Power
indBm

=l A
/N

Load Resistance, RL
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TABULAR FORM:

Output Power Power in db
Po (mW) (10 log PO)

PROCEDURE:

Connect the circuit diagram as shown in the figure.

Determine the maximum signal handling capacity of the push pull amplifier.
Apply sinusoidal signal of 4mV peak to peak voltage at afrequency of 1 kHz.
Connect Power meter at the O/P terminals.

By changing the load at the O/P terminals measure the power in the Power
meter.

Tabulate the readings.

pSet the graph between Power vs load

RESULT:

VIVA QUESTIONS:

1. What is meant by conversion efficiency? Which type of power amplifier has
the maximum conversion efficiency? Why?

2. Towhich class does the push-pull amplifier belongs and what are the
advantages of it?
What is meant by crossover distortion? In which power amplifier it is
maximum?
Why class-A amplifier is used in transmitter modulators?
What is the maximum theoretical efficiency of aclass-A amplifier?
Which harmonics are eliminated in the class —B push-pull amplifier?
What is meant by complementary symmetry push-pull amplifier? State its
advantages.
Why the load isto be coupled through atransformer in a class-A amplifier?
Discuss the stability techniques of power amplifier?
Draw the thermal equivalent circuit of a power amplifier?
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12b. CLASS-B POWER AMPLIFIER
Exp. No:

PRELAB:
Study the operation of Class B Power amplifier
Identify various distortions occurred in Class B
Identify the different ways to avoid Distortions in class B power amplifier

OBJECTIVE:
To observe input and output power of class B Power amplifier, and also calculate

Bandwidth.

SIMULATION TOOL:
=  Multism

APPARATUS:

S. No Name Range/ Value Quantity

D.C Regulated Power Supply (0-30V) 1
Resistors 32Q 4
Capacitors 100uF, 0.5mf 2,1
CRO Dual channel 1
Watt meters -- 2

THEORY:

An amplifying system consists of several stages in cascade. The input and the intermediate
stages amplify small signal excitations to a value large enough to drive the final device .The output
stage feeds the final device .The output stage feeds a transducer such as a CRO, loudspeaker or
servomotor. Thus the final stage must be capable of delivering a large voltage or current or
appreciable amount of power. This requires an amplifier which isreferred as a power amplifier

In class B complimentary symmetry class B amplifier one n-p-n and p-n-p is used. Hence
the circuit is called class-B complimentary symmetry amplifier. This circuit is transformer less
circuit .But with common collector configuration it becomes transformer less Circuit to transfer
maximum power to load. Hence the matched pair of complementary transistors are used in
common collector configuration this is because in common collector configuration has Highest

input impedance and lowest output impedance and hence the impedance matching is possible.
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CIRCUIT DIAGRAM:

- @
- PRI
g

|

S

I1.fimi

- s

G '
; I T g

Class B Complementary Symmetry Power Amplifier

OBSERVATIONS:

Input and output waveforms
PROCEDURE:

1. Enter into the Multisim 2013 software.

2. Customize the screen and then draw the circuit on the screen with the help of
3. Connect Two Wattmeter and CRO on both input and output side.

4. Theinput terminal is connected to one terminal of CRO and output to other
5. Start the simulation and observe the input and output waveforms.

6. Note down the values of VO & VI and find AC and DC power.

7. Hence find efficiency
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OBSERVATION:
Vo = Vce =

.. V. 7
RL = Eff : Pec _ Vi
L iciency: 5 3

dc

RESULT & DISCUSSION:

Freguency response:

class B Power amplifier
AC Analysis

2
& r

Magnitude

1 1EIlk 1rl'¢1
Frequency (Hz)

5]

o
Frequency (Hz)

REVIEW QUESTIONS:

1. What is the efficiency of Class B complimentary symmetry power amplifier?
2. What are the advantages of Class B complimentary symmetry power amplifier?

3. What are the disadvantages in Class B push pull power amplifier?

*k*
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CIRCUIT DIAGRAM: (Class B Push pull Power)

WEQ S KOS T 100uF

"]Tuc-uf

Claee E Pusk Pull Anglifior

MODEL GRAPH:

Output &
Power
indBm

0dB

A
/N

Load Resistance, RL

=

TABULAR FORM:

Output Power Power in db
Po (mW) (10 log POQ)

Dept. of ECE., Sir C.R. Reddy College of Engg., Eluru. 1I/IV (B.Tech) ECE, II-SEM :: ECA-Lab




13a. COMPLEMENTARY-SYMMETRY CLASS-B POWER AMPLIFIER

Exp. No: Date:

AIM: To design a complementary-symmetry class-B push-pull power amplifier in order to
achieve maximum output AC power and efficiency.

COMPONENTS REQUIRED:
1. Complementary-Symmetry Class-B Power Amplifier Trainer Module

MEASURING INSTRUMENTS:

1. CRO (Dual channel) DC — 20 MHz
2. Function generator

MISCELLANEOUS:
1. Connecting cards

CIRCUIT DIAGRAM:

IN 4148

+ 22 uF ||

o *+

[
I
T 1IN 4148 T

Input from oQuUTPUT
function Generator to CRO

l | |

— o _
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OUTPUT WAVEFORM:

THEORY:

Power amplifiers are designed using different circuit configuration with the sole purpose
of delivering maximum undistorted output power to load. Push-pull amplifiers operating either in
class-B are class-AB are used in high power audio system with high efficiency.

In complementary—symmetry class-B power amplifier two types of transistors, NPN and
PNP are used. These transistors acts as emitter follower with both emitters connected together.

In class-B power amplifier Q-point is located either in cut-off region or in saturation
region. So, that only 180° of the input signal is flowing in the output.

In complementary-symmetry power amplifier, during the positive half cycle of input
signal NPN transistor conducts and during the negative half cycle PNP transistor conducts. Since,
the two transistors are complement of each other and they are connected symmetrically so, the
name complementary symmetry has come.

Theoretically efficiency of complementary symmetry power amplifier is 78.5%.

PROCEDURE:

Connect the circuit has shown in the circuit diagram.
Measure base, emitter and collector D.C voltages of both transistors and compare
against estimated values.

. Apply the input at input terminals of the circuit from the function generator.
Keep the input signal at constant frequency under mid frequency region and adjust
the amplitude such that output voltage undistorted.
Calculate the power efficiency and compare it with theoretical efficiency.

Dept. of ECE., Sir C.R. Reddy College of Engg., Eluru. 1I/IV (B.Tech) ECE, II-SEM :: ECA-Lab




OBSERVATIONS:

Efficiency is defined asthe ratio of AC output power to DC input power

DC input power = VCC x |CQ; AC output power = VP-P2/8RL

CALCULATIONS:

Input DC power = VCC x ICQ;
Output AC power = VrmsX Irms= VPP2/ 8RL,

Dutput AC power

n= Input DC power

RESULT:
The maximum input signal amplitude which produces undistorted output signal is

The practical efficiency of the circuit is

VIVA VOCE QUESTIONS:

1. Differentiate between voltage amplifier and power amplifier.
Explain impedance matching provided by transformer.
Under what condition power dissipation is maximum for transistor in this
circuit?
. What is the maximum theoretical efficiency?
Sketch current waveform in each transistor with respective input signal.
How do you test matched transistors required for this circuit with DMM?
. What isthe theoretical efficiency of the complementary stage amplifier?
How do you measure DC and AC output of thisamplifier?
Isthis amplifier working in class A or B.?
10. How can you reduce cross over distortion?
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13b. COMPLEMENTARY-SYMMETRY CLASS-B POWER AMPLIFIER
(Using Simulation)

Exp. No:

Date:

AIM: To design acomplementary-symmetry class-B push-pull power amplifier in order to
achieve maximum output AC power and efficiency by using Simulation software

CIRCUIT DIAGRAM:

OUTPUT WAVEFORM:

(|
Tirme Channal_aA Channel_B
E ¥ o 0.000 W
| ooo0s 0.000 W
T2-T1 0.000 = 0.000 W

Timebase Channel A Channel B

o

Scale A00 ussfDiv Scale ﬁDD i Dliv il Scale 4§ WADiw Edge

¥ position o ' position 1} ' position o Lewel
T edd | Bin| aB || Ac | 0 JDC | ac| o DT - | | Type [Sing. Ner | Adto | Mone

[F 2% s |ea

Rewverze

Sawe Ext. Trigger
i

oIV
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THEORY:

Power amplifiers are designed using different circuit configuration with the sole purpose
of delivering maximum undistorted output power to load. Push-pull amplifiers operating either in
class-B are class-AB are used in high power audio system with high efficiency.

In complementary—symmetry class-B power amplifier two types of transistors, NPN and
PNP are used. These transistors acts as emitter follower with both emitters connected together.

In class-B power amplifier Q-point is located either in cut-off region or in saturation
region. So, that only 180° of the input signal is flowing in the output.

In complementary-symmetry power amplifier, during the postive half cycle of input
signal NPN transistor conducts and during the negative half cycle PNP transistor conducts. Since,
the two transistors are complement of each other and they are connected symmetrically so, the
name complementary symmetry has come.

Theoretically efficiency of complementary symmetry power amplifier is 78.5%.

PROCEDURE:

Connect the circuit as shown in the circuit diagram.

. Connect the signal generator output to input terminals of the circuit and Channel
— 1 of dual trace CRO.
Connect the output terminal of the circuit to Channel — 2 of the dual trace CRO.
Set the signal generator output a 1V sinewave at 1 kHz constant and fed it to the
circuit.
Simulate the circuit and observe the output waveform

OBSERVATIONS:

Efficiency is defined as the ratio of AC output power to DC input power

DC input power =V CC x 1CQ AC output power = VP-P2/ 8RL

CALCULATIONS

Input DC power = VCC X ICQ Outout AC
utpu power

Output AC power = Vrms X Irms= VPP2 /8RL, n= Input DC power

RESULT:
The maximum input signal amplitude which produces undistorted output signal is

The practical efficiency of the circuit is
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Exp. No:

14a. BOOTSTRAPEMITTER FOLLOWER
Date:

AIM: To construct a bootstrap sweep circuit and generate a ramp voltage and to measure sweep
timeTs, returntime T,..

COMPONENTS REQUIRED:

1.
2.
3.
4.
5.

Transistors SL 100 (Si) : 2 Nos.
Diode 1N 4007 (Si): 1 No.

Ceramic Disc Capacitor 100 pF, 10 nF : 1 No. each
Electrolytic Capacitor 47 pF : 1 No. each
Carbon film Resistors 0.25 W 100 kQ, 10 kQ and 15 kQ: 1 No. each

MEASURING INSTRUMENTS:

1. 20 MHz CathodeRay Oscilloscope : 1 No.

MISCELLANEOUS:

1.

1 MHz Signal generator : 1 No.

2. Regulated DC power supply (0-30 V) : 1No.
3.
4. Connecting wires 1 Set

Bread board Trainer Module : 1 No.

CIRCUIT DIAGRAM:

B
100 kQ§ \

C
IN 4007 1 100 pF

R (

!

L

Bootstrap Sweep Generator
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THEORY:

The bootstrap sweep generator uses the following principle in its functioning and
generates the ramp voltage: The transistor @;  acts as ON-OFF switch. @, is emitter
follower. Input V; is a pulse voltage or rectangular wave. When input V; is positive
transistor ¢, becomes ON i.e. it goes into saturation. Emitter of ¢, is coupled to collector of
@, through capacitor Cs.

Whentheinput V; goes negative, @; becomes OFF, the potential at the collector terminal of @4

rises. This increase of voltage at this point istransmitted to B through @. and capacitor Cg.

The result isthat the potential of B also arises by the same amount. This is the principle of bootstrap.

PROCEDURE:

. Rig-up the circuit on the bread board as per the circuit diagram.
2. Apply 6V V¢, 8V Vg fromthe dual channel DC regulated power supply.

. Apply 4 Vz_p square wave from the function generator to the circuit and
channel | of dual trace CRO.

. Connect the circuit output to channel 11 of dual trace CRO.
5. Measure the peak to peak output ramp voltage, sweep time T, return time
T,. from the output waveform.
6. Comparethe practical values with the theoretical values.

. Draw the input and output waveforms on the graph.

Observations
1. TS =
2. Tr =
. Output ramp voltage (V) =

) VCE(Sat) VBE(Sat) (V) =

RESULT:
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VIVA QUESTIONS

. Explain the basic principle involved in bootstrap sweep generator.
. Mention the type of feedback employed in bootstrap sweep generator.
. Mention the characteristics of the amplifier used in bootstrap sweep generator.

. What is input resistance of the bootstrapped amplifiers?

. What does bootstrapping mean?
. Why bootstraping is done in a buffer amplifier?
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14b. BOOTSTRAP EMITTER FOLLOWER (Using Simulation)
Exp. No: Date:

AIM: To construct a bootstrap sweep circuit and generate a ramp voltage and to measure sweep
time T, returntime T,. using Simulation.

CIRCUIT DIAGRAM:

Vee=6V

C, 100 uF

R | ¢

B
100 kQ§ I\
RC
15k 0

C
B

ey | g

1N 4007

V
4% @
1 kHz

Bootstrap Sweep Generator

OUTPUT WAVEFORM:
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THEORETICAL CALCULATIONS
Sweeptime= Ts; , Returntime =T,
T; =RC,R=15kQ,C=10nF
C
T = VE

r h 1
/i
Vee (E - E)

h

. = 150

PROCEDURE

. Rig-up the circuit on the bread board as per the circuit diagram.
2. Apply 6V V¢, 8V Vzz fromthe dual channel DC regulated power supply.
. Apply 4 Vz_p square wave from the function generator to the circuit and channel
| of dual trace CRO.
. Connect the circuit output to channel Il of dual trace CRO.
5. Measure the peak to peak output ramp voltage, sweep time T, return time
T,. from the output waveform.
6. Compare the practical values with the theoretical values.

7. Draw the input and output waveforms on the graph.
Observations

1.TS =

2. Tr =

3. Output ramp voltage (V) =

4.V

cesat) ~ VeE(sat) (V) =

RESULT:
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Simulation Procedure:

PROCEDURE for 2 stage RC Coupled Amplifier:
Connect the circuit as shown in the circuit diagram.

Connect the signal generator output to input terminals of the circuit and Channel — A of
dual trace CRO.

Connect the output terminal of the circuit to Channel — B of the dual trace CRO.

Set the signal generator output a 10 mV sine wave at 1 kHz constant and fed it to the
circuit.

In the Simulation tab go to analysis - AC analysis. Set the starting frequency as 20 Hz
and Stop frequency 10 MHz, vertical scale as linear and no. of points per decade 1000.

In the output tab select Add expression write formula as 20*log((VO)/(Vi)) inthe
expression field. Select OK and Simulate.

Select the cursers and find the FH and FL from the frequency response to find out the
bandwidth.

PROCEDURE for Class—C Tuned amplifier:
Connect the circuit as shown in the circuit diagram.
Connect the output terminal of the circuit to Channel — A of the dual trace CRO.

In the Simulation tab go to analysis - AC analysis. Set the starting frequency as 10
kHz and Stop frequency 30 kHz, vertical scale as linear and no of points per decade
equal to 1000 and smulate.

Select the cursers and find the FT from the frequency response to find out the tuned

. frequency.

PROCEDURE for RC Phase shift & Wein Bridge Oscillator:
Connect the circuit as shown in the circuit diagram.
Connect the output terminal of the circuit to Channel — 1 of the dual trace CRO.

Simulate, adjust the potentiometer (i.e., 12 kQ variable resistance) to get the correct
sine wave form. Place the both cursers in the CRO observe the T2— T1 asT.

PSet the graph for the obtained frequency

PROCEDURE for Shunt and Series Voltage Regulators:
Connect the circuit as shown in the circuit diagram.
Connect the output terminal of the circuit to Voltmeter.

In the Simulation tab go to analysis - DC Sweep. Set the starting value to 0 Volts and
stop value 20 Volts, Steps 0.5 Volts and simulate.

. Select the curser to find out the output voltage for the applied voltages. Note down
the voltages in the respective tabular formi.e., Vin and Vout).

Repeat the step 4 for al the desired RL.
PSet the graph Vin Vs Vout
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INTRODUCTION TO MULTISIM

Multisim is the schematic capture and simulation program designed for schematic entry,
simulation, and feeding to downstage steps, such as PCB layout. It also includes mixed
analog/digital simulation capability, and microcontroller co-simulation.

Ultiboard is used to design printed circuit boards, perform certain basic mechanical CAD
operations, and prepare them for manufacturing. It also provides automated parts placement and
layout.

Multisim User Interface: Multisim user interface includes the following elements:

Multisim User Interface
Multisim’s user mterface includes the following elements:
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Placing the Components

Complete the following steps to place the components on MyCGettingStarted:
1. Select PlacesComponent to display the Select a Component dialog box.
2. Select the Indicators component Group and the HEX DISPLAY component Familyv.
3. Type seven_seg_decimal_ com_a_blue in the Component field.
As you type. the string appears in the Searching field at the bottom of the browser. Matches
display mn the Component list.
Click OK when the desired component displays as shown below.
The component appears as a “ghost” on the cursor.

Selecta Component =
S T

Database: Componant: Sgr_mbm {PNS[ r32,
Mlasher Databas= v] seven_seg_deamal_com_a_bue | | | :'hge
Group: [ SEVEN_FEG_ DECIMAL_COM_A BLUE |EET
Bl ndicators v] —
ey Dt report:
. <Al familes= Miewws maded
E voumeer L1
B srETER. { [ wep
B prone
L hEUZZER Funchen:
B L ame 7 SEGMENT DISPLAY, WITH DECIMAL

POTNT COMMON ANCDE
B e L avp W — 3.954 @ 2mA

IB] e orseoay
(Bl pararar Mae! marufacturer/iD:

Foaipnt manufactunar foypa
Generic | TREGECTP 104

Gen=ric | TSEGECIP 148

Generic ) DISP L10S

Hyparkrk:

[Components: 1 Searching: seven_seg_decimal_com_a_blus Filkar: off

Move the cursor to the bottom-right of the workspace and click to place the component.
Wote that the Reference Designator for this component is 71,
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6. Place the remaining components in the Digital Counter area as shown below.

@ Tip The Group and Family location of each component is listed in Component
Locations.

FA
Rrack 7 (180 @
ITrrrrmr

] -CTER ot
K . o
BETH S A =T EED
PRI
LR

TALS4TH
7ALS190H

@ Tip While placing the 200 £ resistor, press <{Ctrl-B= to rotate it to a vertical
orientation.

7. Place the components in the Counter Control section as shown below.

VL C

Key = Space

Jz

—,

J— —

Key = Space

<L-GND

8. Right-click on each SPDT switch and select Flip horizontally.
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9 Place the components in the Analog Amplifier section as shown below, rotating as needed.

10. Double-click on the AC voltage source (V1), change Voltage (Pk) to 200 mV and click OK
to close the dialog.

11. Place the components in the Bypass Capacitors section as shown below.

VLC VO

T sv T v

:Jl-.‘ II:L.:I .::EI:L'%HI .IJl-.‘ ‘ICI.?IJuI

= =L GND

12, Place the header and associated components as shown below.

=] L
£

- —_
4|HIJI-{II-I T!?G"['
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Component Locations

The following shows vou where to locate all components for this design in the Select a
Component dialog box.

Tip

Feference Designators (for example, U1, U2) are assigned in the order the
components are placed. If yvou place components in a different order than in the

origimal design the numbering will differ. This will not affect the operation of the

design in any way.

Component

Group

Family

VCC
GND - DGND
GROUND

Sources

POWEER. SOURCES

LEDI1 - LED blue

Diodes

DIODES VIRTUAL

U1 - 7-segment display

Indicators

HEX DISPLAY

12 - 7415190
13 - 741547

TIL

T4LS

R1-200G

RESISTOR

E2 - 1 k potentiometer

POTENTIOMETER.

F3-1k

RESISTOR

F4 - 10Line Bussed

RPACK

J1, 12 - SPDT

SWITCH

114 - 741

OPANMP

V1-AC VOLTAGE

SIGNAL VOLTAGE SOURCES

Cl-1pF
C2- 10 oF
C3 - 100 pF

CAP ELECTROLIT

I3 - HDE1X4

Connectors

HEADERS TEST
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Wiring the Design

All components have pins that you use to wire them to other components or instruments. As soon
as your cursor is over a pin. the pointer changes to a crosshair, indicating you can start wiring.

@ Tip You can wire the design that vou placed on the workspace or you can use
Zetting Started 1 from the Cetting Started folder (found inside the
samples folder).

Complete the following steps to wire the design:

Click on a pin on a component to start the connection (your pointer fums into a crosshair)
and move the mouse.

A wire appears, attached to vour cursor.
Click on a pin on the second component to finish the connection.

Multisim automatically places the wire, which conveniently snaps to an appropriate
configuration. as shown below.

e kLl FELE

51
<7 GHD T4LS190M

@ Tip You can also control the flow of the wire by clicking on points as vou move the
mouse. Each click “fixes™ the wire to that poinf.
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4. Finish wiring the design as shown below.

W
B3

|

D
|

Simulation

Sinmilating your designs with Multisim catches errors early in the design flow, saving time and
MOney.

Virtual Instrumentation
In this section. you will simulate the design and view the results with the virtual oscilloscope.

@ Tip Youcanalsouse Cetting Started 2 fromthe Cetting Started folder
(found in the =ampl = folder).

1. Setup the interactive keys for J1, 2 and B2:
a.  Double-click on each and select the Value tab.
b, Select “E” for J1 and “L™ for J2 in the Key for toggle field.
c.  Select "A” in the Key field for B2.

Mote J1,J2 and R2 are interactive components.

Press <E> to enable the counter.

Or

Click on the widened switch arm that appears when vou hover the cursor over J1.
Enable 15 Active Low.

Select SimulatesInstruments»Oscilloscope to place the oscilloscope on the workspace.
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Complete the following steps to create a BOM (bill of materials) for vour design:
1. Select Reports»Bill of Materials.
The report appears, sumilar to this:

Bill of Materials (From Doousmient: Getting Started 2)
FEEY

Q.lr.nhnrl Diesmiphon Fadnge

1 ARACK,_WARIABLE_ZX7, 1809 IPC-2221A(22 220314
SEVEM_SES DECIMAL_COM_A_BLUE Gereric\TEGEDIF 104
TAS, TA54M IPC-2204A/2122WH0 16
CAF_FLECTHLLIT, IF PC-7351Chp-C1210
CAP_ELECTHOLIT, 10nF IFC-7F351YChp-C1210
CAP_ELECTROLIT, 100uF IPC-7351Chip-C1210
GEMERIC, HDR L¥4 GanencHOR XS

LED bz i Iitiboard | EDCSR2_ SV

AESIETOR, Lk 5%
POTENTIOMETER, 50k02
RESISTOR, 2005 5%

IPC-7351'Chip-AOEIS
Gereric IN_PIT
IPC-T351'Chip- RIS

OPAMP, M1
TS, A S150M

IPC-2220A/2222\01F-3
IPC-2201A 23 30018

1
1
1
1
1
1
3 SWITCH, SPOT GerericGROT
1
1
1
1
1
1

K ;|n|:r5|u|m ulmlm-hlwlm =

Click the Send to printer bufton to print the Bill of Matenials. A standard Print dialog box
appears. where you choose the printer. mumber of copies. and so on

&

Click the Save to text file button to save the Bill of Materials. A standard Windows file save
dialog box appears, where you specify the path and file name.

Because the Bill of Materials is primarnily intended to assist in procurement and manufactuning,
it includes only “real” components—it excludes components that are not real or available for
purchase, such as sources or virtual components. Components without assigned footprints do not
appear 10 the Bill of Materials.
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Grapher Vies

File Edit Wiew Grph Trace Cumor Legend Tools  Hep

= EEuEE - AR a @A

Getling Started Final

gim
Time (s}

The Postprocessor

Use the Postprocessor to manipulate the output from analyses and plot the results on a graph or
chart. Types of mathematical operations that can be performed on analysis results include
arithmetic, frigonometnic. exponential. logarithmic. complex, vector and logic.

Reports

You can generate a numiber of reports in Multisim: Bill of Materials (BOM). Component
Detail Report, Netlist Report, Schematic Statistics, Spare Gates and the Cross Reference
Report.

The following section uses the BOM as an example for the tutorial design.

Bill of Materials

A bill of materials lists the components used in a design providing a summary of the
components needed to manufacture the circuit board.

Information provided for each component includes:
= quantity requured.

= description. including the type of component {example: resistor) and value
(example: 5.1 KX).

Reference Designator.
package or footprint name.
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Analysis

In this section. you will use AC Analysis to verify the frequency response of the amplifier.

Complete the following steps to perform an AC Analysis at the output of the op-amp:
1. Double-click on the wire that is attached to pin 6 of the op-amp.
The Net Properties dialog box displavs.
Change the Preferred net name to analog_out.
Select Simulates Analysess» AC analysiss»Output tab.
Highlight v (analog_out) inthe Variables in circuit (left) colummn and click Add.
V(analog_out) moves to the Selected variables for analyvsis (right) column.
This indicates that the voltage at node V (analog_out) will be displayed after simulation.
Click Simulate.

The results of the analysis appear in the Grapher.

Araphar Yiew
Fla Edit Vimw Graph Trce Cumer Lagend Tool Help

= Nl S | T A R N T b - e Y

ar anshes |

1k M
Frequency (HZ)

Selnctad TraceW[anslog k)

The Grapher

The Grapher is a multi-purpose display tool that lets yvou view, adjust, save and export graphs
and charts. It is used to display the results of all Multisim analyses in graphs and charts, and
graphs of traces for some mnstmuments (for example, the oscilloscope).

Complete the following steps to view results of a simulation on the Grapher:
1. Run the simmlation with the oscilloscope as described earlier.
2. Select ViewnGrapher.
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4. Wire the instrument as shown in step 7.

@ Tip To differentiate between traces on the oscilloscope, right-click on the wire
connected fo the scope’s B input and select Segment color from the context menn
that displays. Select a color that differs from the wire connected to the A input, for
example blue. (Changing wire color or performing other editing functions cannot be
done while sinulation is mmning).

Double-click on the oscilloscope icon to show its instrument face.
Select SimulaterRun.

p

The output of the op-amp appears on the scope.
Adjust the Timebase to 2 ms/Div and Channel 4's Scale to 300 mV/Div.
The following displavs on the oscilloscope:

Chailleacape-X5C1

AARARAAANAAAAAAAANAD

M I'_' -+ Trem Charral _A Charmal_B
I 0000 a.0m v LRI Ee
%] pooo. a.000 ¥ LR L
T2T1 0000 1 3,009 7 naomy
Tireehoe Chasnned & Chanved B Trigaes
Somie) s Goaks 50D oM IDe Eomie) 5 WD Edgs .ﬂ 3] Ii. Bl
o (D) O ¥ pos i) O Yposibed 0 Leweh g W
ml add | [Ban || & | |ac] o foc) ac |0 |[og] - [Engke] (Morw |t [one

Ext. ripger

As the design simmulates, the 7-segment display counts up and the LED flashes at the end of
each count cycle.

Dio the following:

a.  Press <E= while the simulation 15 mmnning to enable or disable the counter. Enable is
Active Low.

L. Press <L= to load zeros into the counter. Load 15 Active Low.

Press <Shift-A> to observe the effect of decreasing the potentiometer’s setting.
Repeat. pressing <A™ to increase.
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3. Finish wiring the Digital Counter section as shown below.

—_d

- |
H |

i

B
E
r
K

4 rrEw

~LOED

o

CLE

IO
MECrAIn

WCC

5

N |
~FLT
EISOED

TALS4TN
GND
= 7ALS190M

Tip Use Bus Vector Connect to wire nmlti-pinned devices like U3 and R4 together
in a tus. Refer to the Mulfisim Help for details.

Tip Virtual Wiring—To avoid clutter. you can use virtual connections between the
Counter Confrol and Digital Counter sections using on-page connectors. Refer to the
Multisim Help for details.
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