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COURSE NAME L-T-P-C | INTRODUCTION

CODE
Communication Engineering Lab 0-0-3-1 2016

EC332 B
(Analog & Digital)
Prerequisite: EC204 Analog Integrated Circuit, EC208 Analog Communication Engineering.

Course objectives:
 To provide experience on design, testing and analysis of few electronic circuits used in

communication engineering.

List of Experiments:
Cycle I (Six experiments are mandatory)
AM generation using discrete components.

AM using multiplier IC AD534 or AD633.
AM detection using envelope detector.

IF tuned amplifier.

FM using 555 IC.
FM generation and demodulation using PLL.

Frequency multiplier using PLL
Pre-emphasis and de-emphasis circuits
Analog signal sampling & Reconstruction

VRONAUN B W~

Cycle I (Six mandatory)
10. Generation of Pseudo Noise Binary sequence using Shift registers

11. Time Division Multiplexing and Demultiplexing
12. Generation & Detection of DM/SIGMA DELTA/ ADM
Generation & Detection of PAM/PWM/PPM

13.
14. Generation & Detection of BPSK/DPSK/DEPSK
15. Generation & Detection of PCM

16. 16 QPSK Modulation and Demodulation

Expected outcome:
The students will be able to understand the basic concepts of circuits used in communication

systems.
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ICET COMMUNICATION ENGINEERING LAB
EC 332 COMMUNICATION ENGINEERING LAB
(ANALOG &DIGITAL)
Teaching scheme Credits: 1

3 hours practical per week

The laboratory portion of this course, through the Communication Engineering lab (Analog
&Digital), is designed to provide experience on design, testing and analysis of few electronic

circuits used in communication engineering.

LIST OF EXPERIMENTS
SL1.No Title of Experiments

AM generation using discrete components
1 r
2 | AM detection using envelope detector.
3 | IF tuned amplifier.
4 | FM generation and demodulation using PLL.
5 | Frequency multiplier using PLL
6 | Pre-emphasis & De emphasis Circuits
7 | Time Division Multiplexing and De multiplexing
8 Generation & Detection of DM/SIGMA DEL

% X
9 | Generation & Detection of PAM/PWM/PPM
10 | Generation & Detection of BPSK/DPSK/DEPSK
11 | Generation & Detection of PCM
12 |16 QPSK Modulation and Demodulation
ECE Dept.
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INDEX
Sl Name of Experiment Page| Date of Tiateof Sign/
No No | allotment | conduction| -~ ..
1 | AM generation using discrete
components
2 | AM detection using envelope
detector.
3 | IF tuned amplifier.
4 | FM generation and
demodulation using PLL.
5 | Frequency multiplier using PLL
6 | Pre-emphasis & De emphasis
Circuits
7 | Time Division Multiplexing and
De multiplexing
8 | Generation & Detection of
DM/SIGMA DEL
9 | Generation & Detection of
PAM/PWM/PPM
10 Gele/eration & Detection of
BPSK/DPSK/DEPSK
11 | Generation & Detection of PCM
--‘SM(._';{- f\lg fIS( Lﬁ.‘: rc gen
1 16 QPSK-Modulation-and
Bem-odulation Clemis atrs
ECE Dept. ’[ ‘ﬁ '



ICET COMMUNICATION ENGINEERING LAB
Expt. No: | Date:  / /
AM GENERATION USING DISCRETE COMPONENTS

To design and set up amplitude modulator circuit and calculate the value of modulation
index.

] Specification | Quantity
[ JResistors ] 480Q, 10KQ, 2.2K Q, 1200 J 1,2,1,1 Il
2 | Capacitors [ 0.1yF, 0.01uF ] 1,2 ]
t 3 ]Transistor } BF 195 [ 1 ]
4 ' Signal Generator , 2
ll_ 5 }Power supply } 1
L 6 ]Bread board ] 1
[ 7 |CRO ] 1 ‘

AMPLITUDE MODULATION

Modulation is defined as the process by which some characteristics of a carrier signal is
varied in accordance with a modulating signal. The base band signal is referred to as the

modulating signal and the output of the modulation process is called as the modulation signal

Amplitude modulation is defined as the process in which is the amplitude of the carrier
wave is varied about a means values linearly with the base band signal. The envelope of the
modulating wave has the same shape as the base band signal provided the following two

requirements are satisfied.

ECE Dept. b
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1. The carrier frequency fc must be much greater than the highest frequency compon
fm of the message signal m (t) i.e. fc >> fm.

. : han
2. The modulation index must be less than unity. If the modulation index is greater ¢

unity, the carrier wave becomes over modulated.

1. Amplitude modulation and Demodulation.

. Modulation Index.

. Application of AM.

2
3. Representation of AM signal.
4
5. Bandwidth of AM.

ECE Dept. 2
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DESIGN:

]

AMPLITUDE MODULATOR

Let Vee=12V, Ic = 10mA, B =100, fc = 10kHz, I;; = Ic.
Ve =50% of Vec = 6V

Vre =40% of Vee = 4.8V

Vre = 10% of Vee = 1.2V

Vre =IcRe

Re = Vi/Ic = 480Q

Re = Vee/IE = 120Q

Let the current through R, be Ig; = 10 I and IRo=91p
VR2 = VBe+VRre

Vg2 =0.7+1.2

Ry=Vg/915=22kQ .

Ry =Vg; /1015 =10kQ

Xce = 12afCg =RE/10 = 12

So Ce=2.65%10 uF

Take it as 0.1uF

Choose Ci =C. = 0.01puF

IN LAB:

1. Verify whether the circuit is working as an amplifier. Check the DC conditions. Apply
the input and measure the carrier wave amplitude at the output of the modulator.
Feed the modulating signal. Note down Vmax and Vmin of the AM signal.

Calculate the modulation index.

Now connect the demodulator circuit and observe its output.

- T ]

Plot the output waveforms of modulator and demodulator.

ECE Dept. 3
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Amplitude of carrier signal = ....

COMMUNICATION ENGINEERING LAB

SLNo. | Vm(Volts) V max(volts) V min (Volts) m

%m (m x100)

|

3.2

1L

VMAX_VMW

Modulation index, m=

[
T

Modulating signal

Viieaw Vi
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I. Based upon your general knowledge of AM and FM broadcasting by listening to the
radio name the frequency occupied by AM and FM broadcast stations?

2. What wil| happen, if modulation index is greater than 100%>

3. Audio signals are no transmitted by clectromagnetic waves. Justify the statement.

4. An amplitude modulated amplifier has g radio frequency output of 50w at 100%
modulation. The internal loss in the modulator is low. What Output power is required
from the modulator?

5. In what stage modulation is done in high - power AM transmissions”
6. What is the range of commercial AM broadcast bands?
7. Which kind of modulation is used in picture signal in Television broadcast?

FCE Degn, L3
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COMMUNICATION ENGINEERING LAB
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Expt. No: 2 Date: __/__/
AM DETECTION USING ENVELOP DETECTOR

OBJECTIVE:

To design and set up AM demodulator circuit and to observe the wave form.

HARDWARE REQUIRED:
Sl. No: Items Specification Quantity

1 Resistors 480Q, 10k, 2.2k, 120Q 1.2.1,1
2 Capacitors 0.1pF, 0.01pF 1,2

3 Transistor BF 195 1

4 Signal Generator 2

5 Power supply 1

6 Bread board 1

7 CRO 1

AMPLITUDE DEMODULATION

The process of detection provides a means of recovering the modulating Signal from

modulating signal. Demodulation is the reverse process of modulation. The detector circuit is

employed to separate the carrier wave and eliminate the side bands. Since the envelope of an

AM wave has the same shape as the message, independent of the carrier frequency and phase,

demodulation can be accomplished by extracting envelope. An increased time constant

RC

results in a marginal output follows the modulation envelope. A further increase in time constant

the discharge curve become horizontal if the rate of modulation envelope during negative half

\ ECE Dept.

6




e COMMUNICATION ENGINEERING LAB

cycle of the modulation voltage is faster than the rate of voltage RC combination ,the output
fails to follow the modulation resulting distorted output is called as diagonal clipping : this will
occur even high modulation index. The depth of modulation at the detector output greater than
unity and circuit impedance is less than circﬁit load (R1 > Zm) results in clipping of negative
peaks of modulating signal. It is called —negative clipping.

Demodulation.

Representation of AM signal.

What is an envelope detector?

1.
2,
3.
4. What is a diode detector?

AMPLITUDE DEMODULATOR
0AT9
. N
AM input L] —® Demodulated

l output
Rg 2% O

0.1uvF

3 ECE Dept.
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AMPLITUDE DEMODULATOR

RC >> time period of carrier signal

Take RC=20T
T=1/fc=1/10 KHz=0.1ms

Let C=0.1pF.
Then R = (20 * 0.1ms) / (0.1pF) = 22KQ

1. Now connect the demodulator circuit and observe its output.

2. Plot the output waveforms of modulator and demodulator.

Amplitade of carrier signal = ..........

V min (Volts)

SLNo. vmw V max(volts)

]

as

ECE Dept.
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1. How demodulated signal differs from original signal in AM
2. The two important distortions that can appear in the demodulated output of an envelope

detector are

and

e T ¥T T

M AT M
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Expt. No:3 Date: / /
IF TUNED AMPLIFIER

OBJECTIVE:

To design and set up a single tuned amplifier for a frequency of 455 kHz.

Sl No: Items Specification Quantity

1 Transistor BF 495 1
2 | Resistors 56KQ, 10KQ, 1.2kQ leach |
3 Capacitors 0.01pF, 10uF 1,2
4 Inductor 3mH 1

N Signal Generator 2
6 Power supply 1

7 Bread board 1
8 CRO 1

THEORY

The LC-tuned amplifier is a special kind of frequency-selective network and these tuned

find application in the radio-frequency (RF) and intermediate-frequency (IF) sections

ations receivers and in a variety of other systems. Normally, the tuned amplifiers
“class A" mode that is,

amplifiers

of communic
gnal voltage amplifiers in which the transistors operate in the

conduct at all times. The basic principle underlying the design of tuned amplifiers

are small-si

the transistors

" ECE Dept.
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3 . . | ICET
is the use of a parallel LCR circuit as the load, or at the input, of a BJT amplifier, since the ' \

circuit used in this experiment is a single tuned circuit, it is known as a single-tuned amplifier. | s

The general shape of the frequency responsc of a tuned amplifier is shown in Fig 1; and its s DESIGN:___
response is characterized by the center frequency w,, the 3.dB bandwidth, and the skirt s‘

selectivity. which is usually measured as the ratio of the 30-dB bandwidth to the 3- dB s Let Vec = 12V
bandwidth. In many applications, the 3-dB bandwidth is less than 5% of ,. This narrow-band s | Choose BF 495

property makes possible certain approximations that can simplify the design process. |
s V" = 10% of v
Re=Vae /Ie =

PRELABOQUESTIONS S b
»

1. Go through the datashects of the components.

Iz=Ic/f=1m

V, =Vae+V,,

2. What is a tuned amplifier?
3. Define resonant frequency. Ve =Vee =V,
4. Why is the Q factor important in the design of tuned amplifier?

Assume 10/3 i

What are the properties of parallel and series tuned circuits?

Lh

6. How dc biasing conditions are chosen in the design of tuned amplifiers? <
R:=V,/918=
R:=V, /10I8

EXPERIMENT SETUP: ST R
| Frequency, f:
| Xcr= 10% of
I Choose Ce=C

l -
f=3Ic

R, = B6kQ
Ce | f
| F—1— Choose L =3
Vi ¥ | Choose Cc =]
= -
INLAB:
- 1. Setupt
2. Verify
ECE Dept. 11 ECE Dept.

POPOLPHIDLILIIIOGOSGOE6C666660F ¢ v

N
|

|



ENGINEERING LAB

COMMUNICA TION

ICET

is the use of a parallel LCR circuit as the load, or at the input, of a BJT amplifier, since b

gle tuned circuit, it is known as a tuned amplifier.

and its

single-
shown in Fig 13
dwidth, and the skirt
idth to the 3- dB

circuit used in this experiment is a sin

The general shape of the frequency response of a tuned amplifier is
er frequency o, the 3-dB ban

response is characterized by the cent
f the 30-dB bandw

d as the ratio 0
B bandwidth is less than 5% of Wo.
ns that can simplify the design process.

selectivity, which is usually measure
This narrow-band

bandwidth. In many applications, the 3-d
property makes possible certain approximatio

I. Go through the datashects of the components.

2. What is a tuned amplifier?

3. Define resonant frequency.

4. Why is the Q factor important in the design of tuned amplifier?
5 rties of parallel and series tuned circuits?

6

What are the prope
ions are chosen in the design of tuned amplifiers?

. How dc biasing condit

1
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DESIGN:
Let Vee = 12Vand Ic = 1mA
Choose BF 495 Transistor; f = 50

V,, = 10% of Vec = 1.2V, Ver = 90% of Vec = 10.8V
Re=Vae/Ir=12/(1mA) = 1.2kQ

I = Ic/f = 1mA/50 = 0.02mA

VR__ =Var+ Ve = 0.6V +12V=18V
Ve =Voe = Vg, = 12V -1.8V =102V

Assume 10/3 is flowing through Rr and 9/p flowing through R>

Re=V,/9I8=1.8/ (9x0.02mA) = 10.5kQ. Choose R2= 10kQ
R1=V, /10Ip = 10.2/(10x0.02mA) = 50.5kQ. Choose R1= 56kQ

Frequency, f = 200 kHz
Xcr=10% of Re=120Q = Cr =1/(2rx 120 x 200 k) = 0.0079pF

Choose Ce= 0.01uF

|
= = 200kHz
4 27 LC
|
3 == 0211]‘IF

Choose L = 3mH. Then € =———
ose m en C =07

Choose Cc =10uF

IN LAB:

1. Set up the circuit as shown in the circuit diagram.

2. Verify the DC bias conditions of the transistor.
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ICET
3. Vary the input frequency from 50 kHz to 350kHz and observe the output peak to peak
4. Amplitude
5. For each frequency step, calculate the gain of the amplifier in Db.

6. Plot the frequency response and calculate the bandwidth and Q factor.
an e 0.] V
Freq GainindB =
uenc Log f . '
(kHz) ’ *® Vopp Gain=V,/V,, | 20108(V/Via)
50
350

Gain | . _@_’_3_'{]? _____ ;

(dB)

BW=fu-fi
Q =fol BW

fifofu Togf
Fraquency hespons

ECE Dept.
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|. Bandwidth of the amplifier = fa-fi =

2. Resonant frequency =fo=

3. Quality factor of the circuit =fo/B.W=

_ What are the applications of tuned amplifier?
. Compute the voltage gain of the given tuned amplifier?

1
2
3. Explain class C operation.
4. What is an IF amplifier?

ECE Dept. 14
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Date: T |

—— —

Expt. No: 4

FM GENERATION AND DEMODULATION USING PLL

OBJECTIVE:

1. To design and generate frequency modulated wave and determine the modulation index.

2. To demodulate the modulated wave using FM detector.

1 Resistors 12kQ, 1k 4,1

! Capacitors 10Mf, 1uF, 0.01pF 21,3

3 PLL IC 565 2

4 Signal Generator 2

5 Power supply 1

6 | Bread board E

7 _CRO 1 B

Frequency modulation is a process of changing the frequency of a carrier wave in accordance
with the slowly varying base band signal. The main advantage of this modulation is that it can
provide better discrimination against noise. In Frequency modulation the instantaneous Frequency of
the carrier signal is varied by the modulating voltage. Basically, FM is the continuous time angle
modulation technique and also it is a non-linear modulation process, which having the constant

envelope. The bandwidth required for the FM is more compare then the AM. In frequency

ECE Dept. 5
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. . . . 3 " 3 i taneous
modulation, frequency of the carrier signal is modified in accordance Wwith the instan

amplitude of the modulating signal. The frequency modulated signal is given by,

m(t) =V, cos(27f.t + msin(27f,1))

where Vc is the amplitude of the carrier signal, fc s the carrier frequency
g signal is called frequency

and m is the modulation

index. The change in carrier frequency when it is acted on by a modulatin

deviation. With FM, frequency deviation and modulation index are directly proportional to the

amplitude of the modulating signal and the modulation index is inversely proportional to its

frequency.

PLL is widely used for FM generation. The modulating signa
in accordance with the input signal.

1 is applied as control voltage to

the VCO and hence the output frequency of the VCO is varied
frequency of the VCO of the demodulator is

made same as that of the modulator. If the PLL input is a FM signal and the VCO natural frequency
ction voltage produced at the output of the phase

For demodulation, another 565 IC is used. The centre

is equal to the carrier frequency, then the corre
cy deviation and is thus, the demodulated signal.

comparator will be proportional to the frequen

1. Frequency modulation?

2. Advantages of FM over AM?
3. Write the expressions for modulation index, frequency deviation & bandwidth of FM.
4. What do you mean by carrier swing?
5. What should be the transmission band width of an FM signal with 75 KHz deviation and
highest frequency of modulation 15 KHz?
ECE Dept. e
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(a) FM Modulator:

Let V- = 12V and vV =-12V

1.2
Let free running frequency, fo= IRTE; = 2.5kHz

Take C,=0.01pF = R;=12KQ

(b) FM demodulator:

Let V- =12V and V- =-12V

1.2
Let free running fr A == _=25kH?
equency fo 4R1C1

Take C,=0.01pF = R,=12KQ
Select C,= 0.01pF and C: = 10uF

ECE Dept.
p 17
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EXPERIMENT SETUP:
(a) FM Modulator: —
R, ~
= s |\
C 10 8 |}
I ; ;
5 @ o %_AR’ 4 FM output %
fie 20 565
L: 3
= =L . ) \
0.01uF——Ca \
N
_1zv °
(b) FM demodulator:
+12V ~
c. ““»
1210 0.01uF T 1OWF ~
R’_ Il
! b
10 8
j:r - 7 demodulated “
1(;11; gnd output “
b 12KkQ — 4
- - s =B
[1° ®
. .
1k =
h—— "
0.01yF ——cC,

e | PP
pa
ECE Dept. - .
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IN LAB:

FM modulator:

1. Set up the FM modulator circuit as shown in the circuit diagram.

2. Without giving the modulating signal, observe the carrier frequency

3. Feed 5Vpp, 1 KHz square wave as modulating input and observe the output.

4. Vary the frequency of the modulating signal and measure £ min and frequency deviation Af for
each step.

5. Evaluate the modulation index, m and bandwidth corresponding to each frequency.

6. Repeat step 4 by varying the amplitude of the modulating signal.

FM demodulator:

1. Set up the FM demodulator circuit as shown in the circuit diagram.

2. Feed FM signal to the circuit and observe the demodulated output.

OBSERVATIONS:
| 2L —— kHz
SINo. | fm ! kHz) | fin (kHz) 5{;1‘;‘12)‘: ms= Jff fm BW=2 (Jf +fm)
c-fmin

ECE Dept. 1®
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| What will be the changes in the wave under FM when the amplitude or frequency of the
modulating signal is increased?
The FM stations have less noise while receiving the signal. Justify your answer.

II‘J

3. What happens when a stronger signal and a weaker signal both overlap at the same
frequency in FM?
4. Name two applications of FM?

5 Which mathematical expression is used 10 decide the side band amplitudes in a FM signal?

ECE Dept.
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Expt. No: § Date : L 7

FREQUENCY MULTIPLIER USING PLL

To design and set up a frequency multiplier using 565 PLL IC to multiply the input
frequency by a factor 5.
HARDWARE REQUIRED:
Sl No: Items Specification Quantity
1 Resistors 56KQ, 2.7KQ, 20KQ(pot) 1,1,1
2 Capacitors 10pF,0.01pF 1,2
3 Counter IC 7490 1
4 PLL IC 565 1
5 Transistor BC 107 |
6 CRO 1
7 Power supply 1

Frequency synthesizing is one of the applications of phase locked loop. The output
frequency of a PLL is divided by M and applied as input to the phase detector. In locked
condition, the divided frequency will be equal to the input frequency. So the output frequency of
the VCO will be a multiple of the input frequency. The divide by M circuit is realized as a

counter that produces one output pulse for every M input pulses.

24
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INPUT — OUTPUT
——|  PpHASE [ Lowpass
| COMPARATOR 2 FILTER VvCco
|
DIVIDE BY & ;
M
1

1. Draw the pin diagram of IC565 and IC7490.

. Draw the block diagram of frequency multiplier using IC565.

2
3. Differentiate between frequency multiplication and frequency translation.
4

. What do you mean by harmonic tracking?

Let the input frequency be 2kHz and the output frequency 10kHz.
1.2
fo == = 2kHz
4R, C,

Let C, = 0.01pF. Then R, = 15kQ. Use 20k Pot.
Select C.= 10pF and Cs = 0.01pF

Choose BC107 transistor with Ar = 100

Let Ir = ZmA
R = Vee=Ver, _ 5202 _5 440 Choose Rc = 2.7kQ.
c I, 2mA

2
Now [/, = ,—f-‘:- = :1%64- =20uA . Assume overdrive factor of 5, Is’ =515
fe

R = Vie = Ve, = 6-0.7 =53kQ. Choose Rp = 56kQ
B /, 100 A

ECE Dept. 23
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EXPERIMENT SETUP:

COMMUNICATION ENGINEERING LAB

[ 10pF

10 8
4
565
5
9 1
o.omFJ—c_l .
—Gl;r

IN LAB:

I. Set up the circuit stage by stage and verify the working of IC565 and counter separately.

2
.

compare it with the design value.

3. Apply square input of 1Vpp at 2 kHz to pin 2.

4. Vary the VCO frequency by adjusting the potentiometer until the PLL is locked and measure

the output frequency.

" ECE Dept.

Measure the free running frequency of VCO at pin 4 with input signal set to zero and
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1. Drawbacks of frequency synthesizing by harmonic locking.

2. How is frequency stability obtained in a PLL by the use of VCO?

3. Design a circuit to multiply the frequency by 10.

SIS e e e e

e s

ECE Dept.
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Expt. No: 6 Date: /7
PRE EMPHASIS AND DEEMPHASIS

OBJECTIVE: i 7 RS

1. To observe the effects of pre-emphasis on given input signal.

5 To observe the effects of De-emphasis on given input signal

rSL No: Items Specification Quantity
|F 1 | Op-amp IC 741 3
" 2 [Resistors [5KQ22KQ,820Q,100Q | 2221
3 Capacitors 0.1uF 2
4 CRO
5 Power supply 1 1 J

st - N

PRE-EMPHASIS:

N

The circuits are the transmitting side of the frequency modulator. It is used to increase

the gain of the higher frequency component as the input signal frequency increased, the

nce of the collector voltage increase. If the signal frequency is lesser then the

impende
nd hence decrease the voltage.

impendence decrease which increase the collector current a

ECE Dept.
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DE-EMPHASIS:

The circuit is placed at the receiving side. It acts as allow pass filter. The boosting gain

i s is circuit i d
for higher frequency signal in the transmitting side is done by the pre-emphasis circuit is filtere

to the same value by the low pass filter. The cut off frequency is given by the formula
Fc=1/2nRC
WhereR=2=nfcL

1. What do you mean by pre emphasis and de emphasis? Why are they required in FM

communication?

2. Briefly explain a simple pre emphasis circuit and a simple de emphasis circuit.

1

Given fl = =2.12kH; and fz =

1
27nRC 2mC
frequency for which pre-emphasis is desired (15 kHz).

is not less than the highest audio

Let C = 0.1pF, then R = 751.1Q. Choose R = 820Q
Also r = 106.16Q. Choose r = 100Q

Gain=1+RAR: =Rir=1.5
Let R: = 2.2kQ, then Rr= 16.5kQ. Choose Ry= 15kQ.

ECE Dept.
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R 1

R
Vo 8200 |
o
0.1pF

I
%

VOIII

De-emphasis circuit

t up the circuit as shown in the circuit diagram.

1. Se

Feed a sinusoidal input of 1 KHz frequency.

Slowly increase the frequency of the input signal up to 20 KHz and observe the output.

—
~—
—
—
r—e
f
o
E Tabulate the observations.
e
—
__A

4. Draw the frequency response plots on semi-log graph sheet.
29
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Tablel: Pre-emphasis Vi =20mV

COMMUNICA TION ENGINEERING LAB

ECE Dept.

e e

I
Frequency Vo(mV) log f Gain in dB
(KHz) (20 log Vo/Vi)
Table2: De-emphasis Vi=35v
Frequency Vo(mV) log f Gain in dB
(KHz) (20 log Vo/Vi)
e e

23
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20 log (Vo/ Vi)

log f

log [

20 log (Vo/ V)

1. Which range of frequencies is more prone to noise interference?

How to reduce the noise during transmission in FM?
Which technique is used at the receiver side to reconstruct the original signal?

y.
3
4. What should be the time constant for the de emphasis circuit?
5

Why pre-emphasis is done after modulation?

ECE Dept. 31 21
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COMMUNICATION ENGINEERING LAB

Date: / /

TIME DIVISION MULTIPLEXING AND DEMULTIPLEXING

OBJECTIVE:

To demonstrate Time Division Multiplexing and demultiplexing using CD4016 Quad

bilateral switch.

HARDWARE REQUIRED:
Sl No: Items Specification Quantity
1 Op-amp IC 741 1
2 Resistors 10KQ 2
3 IC CD 4016 1
4 CRO 1
5 Function Generator 3
6 Power supply 1
7 Op-amp IC741 1

THEORY

With time division multiplexing, transmissions from multiple sources occur on the same

channel, but not at the same time. The transmissions from different sources are interleaved in the

time domain. The incoming signals are divided into equal fixed-length time slots and after

multiplexing, these are transmitted over a shared medium and reassembled into their original

form after de-multiplexing.

ECE Dept.
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In TDM. a set of switches ope

switches at the receiver. The switch

| gh the channel. CD4016 analog switc

| &
- samples are send to the receiver throu

multiplex the data and up to 4 signals ¢

rate at the transmitter in synchronis

es at the transmitter sample the inpu

COMMUNICATION ENGINEERING LAB

m with another set of
t signals and these

h can be used to

an be multiplexed.

ANALCG ~
PAMTDM N —_.'tMTCH M B
message
b
SAMPLE PULSE
cLOCK =P | GEN.

PRE LAB QUESTIONS

1. What is multiplexing?

What is the need for multiplexing?

+J

What are the different multi

aow

h

DESIGN:

Select frequency of clock > 5 times
Let fir = 100 Hz.
Select for = 1 kHz

Inverter:
Gain of the inverter = -1
' i e. —R/R. =-1or R¢=R..
Let B: = 10kQ, then Ry = 10k

ECE Dept.

Compare synchronous and asynchronous TDM.
plexing techniques used in digital communication?

In what situation multiplexing is used?

frequency of input signals.

31
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POST LAB QUESTIONS

1. How is synchronization achieved in TDM?
What is the major drawback of digital communication?

Define bandwidth expansion factor.

aowo

What is difference between Frequency Division multipleking and Wave Division

Multiplexing?

5. Give the advantages of multiplexing

6. What is the effect of amplitude and frequency of input signals on output?
EXPERIMENT SETUP:
VCLI'
1kHz
13 5 |
S 2 |-
CD 4016 j—l’o
V| iﬁd;\ 3 4

NRAY Ll
100Hz =

1 "pp— l

100Hz= +"L»’ v

ECE Dept.
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IN LAB:

. Setup the circuit as shown in the circuit diagram.

COMMUNICATION ENGINEERING LAB

2. Feed the inputs and verify whether each switch is working independently.
3. Short the pins 2 and 4 and observe the TDM output.
MODEL GRAPH:
i E _‘ B -
Clock
BED 1] K
N | i
I .
Input1 | '/ N \ ARy "
vl N NI A
) A
1 N 1IY
L g
(11 e
Input 2 B , |1 1
|| L1 l| X
T T '
| e
| i
] BB R
] EREEE
TDM alinp !1]'|||
| | i | (. ‘
T iy
A1} ' ' .
am 11 *
A RN \l _ | u f/\ t
THHAH afill
| | | 1 |
RESULT:
ECE Dept.
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Expt. No :8 Date: /¢

GENERATION AND DETECTION OF DM

OBJECTIVE:

To design and generate a delta modulated and a demodulated wave.

HARDWARE REQUIRED:
SI. No: Items Specification Quantity |
1 IC LM 741 1
7474 1
LM 311 1
2 Resistors 10KQ 1
1KQ 1
4 Signal Generator 2
5 Power supply 1 ]
6 Bread board 1
7 CRO 1
THEORY
DELTA MODULATOR
Delta modulation (DM) is a differential PCM scheme in which the difference signal is

encoded into a single bit. This single bit is transmitted per sample to indicate whether the signal

is larger or smaller than the previous sample. Circuit for delta modulation is shown in figure.

signal m(t) and its quantized approximation m_(t) are applied to the comparator.

ides a high level output when m(1)> m_(t) and it provides low level output when

This modulating
Comparator prov
m(t) <m_(1)-

The LM 311 Chip is used in the circuit as the comparator. The output of the comparator
is fed to a sample and hold circuit made by a D flip flop. The clock frequency to flip flop is
ECE Dept. 34
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selected at the sampling rate. Pulses at the output of D flip flop are bipolar by an op-amp

comparator. Bipolar pulses are converted to analog signal before feeding to the comparator using

Over KT k1) ——
sampled p 3 1-bit
nput e Quantzer

a RC low pass filter.

e KT )=v(kT,)
___» Modulator
output

Accumulation
LR

wkT,)

Block diagram of a delta modulator

DELTA MODULATOR

WAT.) +
_a—@_ LPF  Demodulator
—— »

+ 34 KHZ. [ output
X(KT,) ' —
Delay WkT,)

-Tlv

Demodnlator structure for DM

— D@hm&ﬂsﬂs@m““gff‘“m :

PRE LAB QUESTIONS

1. Define Delta modulation.
ECE Dept.
35
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What are two unique features of Delta modulation?
What are the applications of Delta modulation?
What is the purpose of accumulator in DM?

What are differences between DM and DPCM?

;o & W

What is the purpose of low pass filter?

EXPERIMENT SETUP:

DELTA MODULATOR

BV R Clock 2KHz 45y
g W ] | R1
DM output

+ s 3 14
@' a 2 7414 5 : =

DESIGN:

Let the input signal amplitude be 5V and frequency be 200 Hz.
i.e. m(t)=5 sin(400%3.14*t)
Maximum slope of m(t)=2nfA
=2n*200*5
To avoid slope over load error, slope of m_ (t) should be more than that of m(t).
Vee/RC >Emwm
Selecting Vce =15v and C=0.01pf.we get R<228K.take R=100K.
Threshold voltage Vt= VR2 =135V

Therefore Vce R2/ (R1+R2)=1.35V
ECE Dept. 36
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Take R2=1K. Then R1=10K
Let the clock frequency be 2 KHz.

N 4 L e A
b e ;

I Connect the circuit as per circuit diagram.
2. Take the output at pin no:5 of IC 7474

COMMUNICATION ENGINEERING LAB

—

MODEL GRAPH:
UL
POSTLAB QUESTIONS

1. What is the slope overload effect?
2. What is granular noise and how it overcomes?

3. Write the advantage of DM over PCM?

ECE Dept.

37

T T T T T T T T S e

e
. i e e o e g

D ——



IcET COMMUNICATION ENGINEERING LAB

Expt. No : 9 Date: / /

GENERATION AND DETECTION OF PAM/PWM/PPM

1. To set up Pulse Amplitude Modulator and Demodulator circuits and to observe the

waveforms.

To set up Pulse Width Modulator and Demodulator circuits and to observe the

rJ

waveforms.
3. To set up Pulse Position Modulator and Demodulator circuits and to observe the

waveforms.
HARDWAREREQUIRED:
- Sl Items Specification Quantity ‘
No: | |
] ' 1.2k, 1.5k, 8.2k, 1K, 10K, 1,1,21,1,1,1 B
| 100K, 5.8K,
' Resi 2.2K,3.9k, 3k, 10k, 680k |
| Resistors |
> 0.01F, IM, 10yF, 0.001pF, | 3.2.1.1.1 ‘
. ' Capacitors 60uF
3 | Function Generator IMHz 1
| Transistor BC 107 2 ]
| Diode 0A79 ' |
4 | Regulated Power Supply | 0-30, MHz N 1
|
s ko o
-
6 ]1(' 555 R S
‘Tl'io_r)'rohcs o N ' I

ECE Dept. 18
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THEORY:

Pulse amplitude modulation is a kind of digital modulation technique in which analog
message signal is sampled at constant frequency - carrier frequency. The amplitude of uniformly
spaced pulses is varied in proportion to the corresponding sample values of a continuous
message m (t). A pulse of specified duration is used to sample the message signal. When the
pulse is on, the message is sampled and when it is off no message is sampled. This is a basic step
in the digitization of analog message signals. A simple way to implement this is to allow the
message to be fed as the input to a switch and the switch ON/OFF time is controlled by the
pulses at sampling frequency. The demodulation of PAM waveform can be implemented by

using a low pass filter which passes message signal frequencies but blocks the carrier signal.

A PAM waveform consists of a sequence of flat-topped pulses.

1) Double polarity PAM => This is the PAM wave which consists of both positive and negative
pulses shown as

2) Single polarity PAM => This consists of PAM wave of only either negative (or) Positive

pulses. In this the fixed dc level is added to the signal to ensure single polarity signal. It is
represented as

Tstt)

Ts@)

I

-t

Fig: 1 Bipolar PAM signal Fig: 2 Single polarity PAM

ECE Dept. 39
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Pulse Time Modulation is also known as Pulse Width Modulation or Pulse Length
Modulation. In PWM, the samples of the message signal are used to vary the duration of the
individual pulses. Width may be varied by varying the time of occurrence of leading edge, the
trailing edge or both edges of the pulse in accordance with modulating wave. It is also called
Pulse Duration Modulation.

In Pulse Position Modulation, both the pulse amplitude and pulse duration are held
constant but the position of the pulse is varied in proportional to the sampled values of the
message signal. Pulse time modulation is a class of signaling techniques that encodes the sample
values of an analog signal on to the time axis of a digital signal and it is analogous to angle
modulation techniques. The two main types of PTM are PWM and PPM. In PPM the analog
sample value determines the position of a narrow pulse relative to the clocking time. In PPM rise

time of pulse decides the channel bandwidth. It has low noise interference.

PRE LAB QUESTIONS

"‘f./Deﬁne Pulse Amplitude Modulation (PAM).
_27 State sampling theorem.
3. What is Pulse Width Modulation?
4. What are the other names for PWM?
5. Why is PWM used rarely in any sort of communication or broadcasting?
6. Define Pulse Position Modulation.
27 Write the transmission bandwidth of PAM signal?
8. What are the functions of reconstruction filter?

. 3/ What is the purpose of Equalizer in PAM demodulator?

ECE Dept. 40
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Pulse Width Modulation Circuit

COMMUNICATION ENGINEERING LAB

Demodulation Circuit

12v R1 R
I Cr AN AN —0
1 T 15kQ _!_ 1.5k0 _[_ T
P C1 c2 Modulating
' Pk 3R : Signal
b Signal 1HF 1WF
R1< PwWM ofp ‘L i
Pulse Amplitude 5V(p-p) o 0
Input Ma_)c Freq :25KHz
Amp 5V(p-p) Min Fraq :7KHz
Freg 2kHz  Q.0IMF

U vee
R1 4 I I +12v
3.8k0 4 8
7 N 3 Vout
R2 E OfP
3kn 5
L1
5 5 c2
5 —o Moculating
2 0.016F Siynal
1 Amplitude: 5v (p-p)
0.014F i Frequency:1KHz
c1 I

ECE Dept.
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Sinusoidal

—0
‘,—‘L Amp :5V(p-p)
]— c2 Freq :1KHz

Demodulation Circuit

Vee
+12V
R2
5.6k0)
R3
W —0
R1 B80k0 T
b c107 Vo
10k <1
PET»I BOUF Demodulated
Wave Ofp
J, + —3
42
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1. Connect the circuit as per the circuit diagram shown in the fig 3
2. Set the modulating frequency to 1KHz and sampling frequency to 12KHz
3. Observe the o/p on CRO i.e. PAM wave.

Measure the levels of Vmax & Vmin.

NERRESBEAEAA

tn =

Feed the modulated wave to the low pass filter as in fig 4.

')

The output observed on CRO will be the demodulated wave.

g

N &

Note down the amplitude (p-p) and time period of the demodulated wave. Vary the
amplitude and frequency of modulating signal. Observe and note down the changes in
output.

8. Plot the wave forms on graph sheet.

PULSE AMPLITUDE DEMODULATION:

1. Connect modulator circuit output to RC filter circuit (LPF).

2. Measure the amplitude and frequency of the demodulated signal from the CRO and verify

with that of the modulating input.

3. Plot the demodulated waveform.

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

. Apply a trigger signal (Pulse wave) of frequency 2 KHz with amplitude of Sv (p-p).

_ Observe the sample signal at the pin3.

2

3

4. Apply the ac signal at the pin 5 and vary the amplitude.

5 Note that as the control voltage is varied output pulse width is also varied.

6. Observe that the pulse width increases during positive slope condition & decreases under
negative slope condition. Pulse width will be maximum at the +ve peak and minimum at

the —ve peak of sinusoidal waveform. Record the observations.

ECE Dept. 43
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7. Feed PWM waveform to the circuit of Fi g.2 and observe the resulting demodulated

waveform.

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

2. Observe the sample output at pin 3 and observe the position of the pulses on CRO and

adjust the amplitude by slightly increasing the power supply. Also observe the frequency

of pulse output.
Apply the modulating signal, sinusoidal signal of 2V (p-p) (ac signal) 2v (p-p) to the

LF¥]

control pin 5 using function generator.

4. Now by varying the amplitude of the modulating signal, note down the position of the

pulses.
5. During the demodulation process, give the PPM signal as input to the demodulated circuit

as shown in Fig.2.
6. Observe the o/p on CRO.

7. Plot the waveform.

DESIGN:

PAM
One technique to implement PAM is to use transistor in switching mode. The flow of
current from collector to emitter in a bipolar junction transistor is controlled by the voltage at its
base. Choose the transistor BC107. For more details on BC107 see A.3. Apply the sinusoidal
message signal of frequency fm < 1 kHz and amplitude Em < 10 Vpp at the collector. Apply a
carrier at the transistor base through a resistor 10kQ.The carrier pulse amplitude is set as Ec = 10

Vpp and frequency fe = 10KHz.

Demodulation

Demodulation is1donc using a _ RC filter. Design the filter as per the equation for upper cut-off
frequency of a low pass filter,

ECE Dept. 44
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Soloct Cg — Q0MF. Then Ry — 10kl Chogee fg ~ 10M) standard reststor

walue.

CALCULATIONS:
PWM

| SL.No. Control voltage Output pulse

(Ver) width (m sec)

PPM
' Modulating signal Time period(ms) Total Time
| Amplitude(Vp-) Pulse width ON
.' Pulse width ON (ms) | Pulse width OFF(ms) | (ms) period(ms)
i
|
ECE Dept.
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MODEL GRAPH:

_
/PAM modulation

COMMUNICATION ENGINEERING LAB
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PPM modulation

COMMUNICATION ENGINEERING LAB

- X(1)

I [

A J/ /
LA
PDM 1" ‘IT*— | |

1
1 ' |

1
l
'
' A
1
reat !

—= Time, [

Input
Trigger

Modulating
Signal

PWM
Output

rPM
Output

.
' l
|

Ooonnngnl
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POST LAB QUESTIONS

X, Where do you find the application of PAM?
' \{{k Where does PWM technology find its applicability?

%.
BN v
L L R | R E

3. What is the main advantage of PPM over PAM and PWM |

4. What are the demodulation methods for the flat-top sampled signal?

s / What are the disadvantages of PAM? ‘
6. What are the disadvantages of PWM?

7. Compare PAM signal with other Pulse modulation.

RESULT:

ECE Dept.
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Expt. No :10 Date : /A
GENERATION AND DETECTION OF BPSK
OBJECTIVE:
To set up Binary PSK Modulator and Demodulator circuits and to observe the
waveforms.
HARDWARE REQUIRED:
SlI. No: Items Specification Quantity
1 Resistors 4.7KQ 2
3 IC 7404 1
IC 4066 1
IC 741 1
4 Signal Generator 2
5 Power supply 1
6 Bread board 1
7 CRO 1
THEORY

BPSK_GENERATION

BPSK is a digital modulation scheme that conveys data by changing, or modulating,
the phase of a reference signal (the carrier wave).Any digital modulation scheme uses
a finite number of distinct signals to represent digital data. PSK uses a finite number of phases,
each assigned a unique pattern of binary digits. Usually, each phase encodes an equal number of

bits. Each pattern of bits forms the symbol that is represented by the particular phase.

ECE Dept. 48
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The demodulator, which is designed specifically for the symbol-set used by the modulator,

determines the phase of the received signal and maps it back to the symbol it represents, thus

recovering the original data. In this circuit the phase of the carrier wave is inverted according to
the logic level of the input data i.e Massage signal. Inverting amplifier using op-amp 741 IC is

used to invert the phase of the input sine wave.

EXPERIMENT SETUP:

Vin
2V

Clock 2 BPSK output

DESIGN:

. Gain of inverting amplifier A=-Rf/Ri

i Let the gain be -1 so that ratio is Rf/Ri=].

Take Ri=Rf=4.7K

A 1K resistor is used to tie TTL gate output to 5V , for interfacing CMOS |,

PREE LAB QUESTIONS

1. Define PSK?

2. Define QPSK and DPSK?
ECE Dept. 49
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ulator, K

5, thus R

ing to

IC is ﬁ
~

3. Why QPSK is called quadrature shift keying?
4. What is the advantage of PSK?

5.

What is the disadvantage of PSK?

MODEL GRAPH:

I
N ARAAADL »
J.\/V\/\/\/\/\/\f o
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/vwvvv I
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J ;’L_"‘—' ; — .,h____J wwwwww Signa

RESULT:

50

WCCCCCL1111111111117770.00




ICET COMMUNICATION ENGINEERING LAB

Expt. No : 11 Date: /[
PULSE CODE MODULATION
OBJECTIVE:

To design and set up a pulse code modulator.

HARDWARE REQUIRED:

SL No: Items Specification Quantity
W IC 7493 I

2 OPamps 741, 311 3,1 n

3 Resisters 1k,4.7k,2.2k,47k,10k,22k,33k | 2,1,2,1,7,4,1

4 Capacitor

5 Potentiometer

6 Transistor BC 107 1

7 Signal Generator 1

8 DC source 1

9 Bread board 1

10 CRO 1
THEORY
PCM MODULATION

In the PCM circuit the input analog signal is sampled and quantized first and each
quantized level is represented by a code number. It has excellent advantages compared to PAM
and PWM.

The sampling of the input analog wave is done by a PAM circuit. DAC output and
sampled output are compared by 311 IC. As long as the sampled output is high, comparator
output remains high and the counting progresses.

The meaning of source coding is the conversion from analog signal to digital signal.

PCM modulation is commonly used in audio and telephone transmission. The main advantage is

ECE Dept. 51
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the PCM modulation only needs § kHz sampling frequency to maintain the original quality of
audio. Figure (1) is the block diagram of PCM modulation. First of all is the low pass filter,
Wwhich is used to remove the noise in the audio signal. After that the audio signal will be sampled
to obtain a series of sampling values. Next, the signal will pass through a quantizer to quantize

the sampling values. Then the signal will pass through an encoder to encode the quantization

values and then convert to digital signal.

PCM signal
Lu:l-l;;'aas > Sampler > Quantizer rr;- Encodar  f—

PCM DEMODULATION

Pulse Code Demodulation will be doing the same modulation processin reverse.
Demodulation starts with decoding process, during transmission the PCM signal will effected by
the noise interference. So, before the PCM signal sends into the PCM demodulator, we have to
recover the signal into the original level for that we are using a comparator. The PCM signal is a
series pulse wave signal, but for demodulation we need wave to be parallel.

By using a serial to parallel converter the series pulse wave signal will be converted into
a parallel digital signal. After that the signal will pass through n-bits decoder, it should be a
Digital to Analog converter. Decoder recovers the original quantization values of the digital
signal. This quantization value also includes a lot of high frequency harmonics with original

audio signals. For avoiding unnecessary signals we utilize a low-pass filter at the final part.

Final

1i < = o
channel —s»{ Regeneration L} .. || Reconstruction Destination
output circuit tilter

ECE Dept. 52
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PRE LAB QUESTIONS

1. State sampling theorem.

r2

What is aliasing?

Give the expression for aliasing error and the bound for aliasing error.
What is quantization?

What are the various steps involved in A/D conversion.

What will happen when sampling rate is greater than Nyquist rate ?
What will happen when sampling rate is less than Nyquist rate ?

Find the A/D Converter output for input DC voltage of 3.6V.

o e B T

Mention some applications of PCM.
10. What is the function of Sample and Hold circuit?

EXPERIMENT SETUP:

Circuit diagram

L-22 k Ry 22k
AW YWW-
AF input
Ky 47 k
oA BC107
Pulse
input =<

B

R=10k  2R=22k R =33k

ECE Dept. 53
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DESIGN*
Gain =1 Take Rf and R —4 7k. R; is divided mto two 9. 2]( resnstors

Design of DAC circuit:
Take R=4.7k, 2R=10k and 3R=15k.
Base resister Rg= (5-0.7)/100pA=43k. Select 3k.

T N
= (L00N000L

- | | Noefl,

pem |l

output i ,-":. ?I = ﬂ}j .t

RESULT:

ECE Dept.
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Expt. No @ Date : £
16-PSK MODULATION AND DEMODULATION

OBJECTIVE:

Write a program to set up a 16-PSK modulator and demodulator

SOFTWARE WARE REQUIRED:

1. MATLAB 2007

QPSK (Quadrature Phase Shift Keying) is a type of digital modulation scheme. QPSK is
also known as Quaternary PSK. It is a type of M-ary PSK with the number of message signals
transmitted M=4. If M=16 then this type of PSK is known as 16-PSK. The number of symbols

M=2" where N is the number of bits per symbol. QPSK

MATLAB PROGRAM:

clc;

clear all;

= define number of symbols

M= 16;

sGenerate random data symbols.
data = randi([O M-1],1000,1);
:Modulate the data symbols.

txSig = pskmod(data,M,pi/M]:
cpass the signal through white noise and plot its constellation.
rxSig = awgn (txSig,20);
scatterplot (£xSig)
scatterplot{rxSig}

¢ demodulate the signal

dataOut = pskdemod(rxSig,M,pifM);
disp('Input data symbols');
disp(data);

disp('Demodulated data symbols');
disp (datalut)

ECE Dept.
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CONSTELLATION DIAGRAM:
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PRE LAB QUESTIONS

What are the different digital modulation techniques?
What you mean by PSK

Define M-ary modulation techniques
Compare PSK, QPSK

Compare QPSK and

RESULT:
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