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PURPOSE

To help the students to experiment on digital communication systems using kits and to use software’s fo

simulate them.

INSTRUCTIONAL OBJECTIVES
To carry out experiments on various digital communications modulation schemes using kits. MATLAB
software is used to simulate the digital modulation techniques.

LIST OF EXPERIMENTS 45
HARDWARE
1. FSK Modulation and Demodulation.
2. PSK Modulation and Demodulation.
3. Pulse Code Modulation and Demodulation
4. Delta Modulation and Demodulation
5. Time Division Multiplexing
6. Data Formatting
7. Differential pulse code modulation and demodulation
SOFTWARE -MATLAB
8. FSK Modulation and Demodulation
9. PSK Modulation and Demodulation
10. QPSK
11. ASK Modulation and Demodulation
12. DPSK Modulation and Demaodulation
13. Delta modulation and demodulation
TOTAL 45
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S.R.M University
Faculty of Engineering and Technology
Department of Electronics and Communication Engineering

Sub Code : EC0323 Semester 'V

Sub Title : Communication lab 11 Course Time : Jul-Dec 2011
Pre requisite : Nil

Co_requisite : EC0307 Digital Communication

Program Outcome

b. Graduate will demonstrate the ability to identify, formulate and solve engineering
problem

Experiment 7: To identify the various encoding schemes for a given data stream

¢. Graduate will demonstrate the ability to design and conduct experiments, analyze
and interpret data

Experiment 2 : To analyze a PCM system and interpret the modulated and demodulated
waveforms for a sampling frequency of 4KHz.

Experiment 3 : To analyze a DPCM system and interpret the modulated and demodulated
waveforms for a sampling frequency of 8KHz.

Experiment 4 : To analyze a Delta modulation system and interpret the modulated and
demodulated waveforms.

Experiment 5: To analyze a FSK modulation system and interpret the modulated and
demodulated waveforms.

Experiment 6: To analyze a PSK modulation system and interpret the modulated and
demodulated waveforms.

d. Graduate will demonstrate the ability to design a system, component or process as
per needs and specification

Experiment 1:To demonstrate Time Division Multiplexing and demultiplexing process using

Pulse amplitude modulation signals

f. Graduate will demonstrate the skills to use modern engineering tools, software’s
and equipment to analyze problems

Experiment 8: To simulate Binary Amplitude shift keying technique using MATLAB software




Experiment 9: To simulate Binary Frequency shift keying technique using MATLAB software
Experiment 10: To simulate Binary Phase shift keying technique using MATLAB software
Experiment 11: To simulate Quadrature Phase shift keying technique using MATLAB software

Experiment 11: To simulate Differential Phase shift keying technique using MATLAB software




Sub Code : EC0323

Sub Title : Communication Lab II

Pre Requisite

Course Requisite : EC0307 Digital Communication

Semester 'V
Course Time : Jul- Dec 2011

Instructional Objective and Program Outcome

S.No. | Instructional Program Qutcome Experiment Details
Objective
1 To carry out experiments on | ¢. Graduate will demonstrate the Experiment 2 : To analyze a PCM system. and
various dlglt?I ability to design and conduct interpret the modulated and demodulated
communications ) experiments, analyze and interpret | waveforms for a sampling frequency of 4KHz
modulation schemes using data
kits. Experiment 3 : To analyze a DPCM system.
and interpret the modulated and demodulated
waveforms for a sampling frequency of 8KHz
Experiment 4 : To analyze a Delta modulati¢pn
system. and interpret the modulated and
demodulated waveforms.
Experiment 5: To analyze a FSK modulation
system. and interpret the modulated and
demodulated waveforms.
Experiment 6: To analyze a PSK modulation
system. and interpret the modulated and
demodulated waveforms.
b. Graduate will demonstrate the Experiment 7: To identify the variotis
ability to identify, formulate and encoding schemes for a given data stream.
solve engineering problem
d. Graduate will demonstrate the Experiment 1:To demonstrate Time Division
ability to design a system, Multiplexing and demultiplexing  process
component or process as per needs | using Pulse amplitude modulation signals.
and specification
2 To simulate the digital f. Graduate will demonstrate the Experiment 8: To simulate Binary Amplitugle

modulation techniques using




MATLAB software.

skills to use modern engineering
tools, software’s and equipment to
analyze problems.

shift keying technique using MATLAB

software
Experiment 9: To simulate Binary Frequen

shift keying technique using MATLAB

software
Experiment 10: To simulate Binary Pha]

shift keying technique using MATLAB

software
Experiment 11: To simulate Quadrature Pha

shift keying technique using MATLAB

software

Experiment 12: To simulate Differential
Phase shift keying technique using MATLAB

software
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Sub Code : EC0323

S.R.M University
Faculty of Engineering and Technology
Department of Electronics and Communication Engineering

Sub Title : Communication Lab II

Pre Requisite

Course Requisite : EC0307 Digital Communication

EXPERIMENTS DETAILS

Semester Y
Course Time : Jul-Dec 2011

S.No.

Experiments Detail

Equipments Required

Specifications

To demonstrate Time Division
Multiplexing and demultiplexing
process using Pulse amplitude
modulation signals.

TDM Trainer kit
CRO(30 MHz)

Crystal Frequency 6.4MHz

Analog Input channel:4

Onboard analog
signal:250Hz,500Hz,1KHz,2KHz
Sampling Rate: 16Khz/Channel

Clock Regeneration at receiver: Using
PLL

Low pass filter cut off frequency:3.4Kh

N

To analyze a PCM system. and
interpret the modulated and
demodulated waveforms for a
sampling frequency of 4KHz .

PCM Trainer Kit
CRO(30 MHz)

Regulated power supply IC 7805 ,IC78
:+5Vand +12 V at 300 mA.

AF Signal generator IC TL084: 200Hz
Sinewave

Clock Generator IC555:64KHz and 4Kl
DC Source : +5V

LPF: Cut off frequency 200Hz
Amplifier ICTL084: Gain 0 to 3.
Sample and hold: LF198/LF298/LF398
A/D Converter IC ADCO080S : 8 bit
P/S shift register SN74L.S166 : 8 bit
S/P shift register SN74L.S164 : 8 bit
DAC ICDAC 0808: 8 bit

Hz

To analyze a DPCM system and
interpret the modulated and
demodulated waveforms for a
sampling frequency of 8 KHz.

DPCM Trainer Kit
CRO(30 MHz)

ADCL-07 Kit

Regulated power supply IC 7805 ,IC78
:+5Vand +12 V at 300 mA.

AF Signal generator IC TL084:400Hz,
Sinewave

Clock Generator IC 555 : 64KHz and
8KHz

DC Source :0 to 290mV

LPF: Cut off frequency 400Hz
Amplifier ICTL084: Gain 0 to 3.
Sample and hold: LF198/LF298/LF398
A/D Converter IC ADCO0808 : 8 bit

P/S shift register SN74LS166 : 8 bit
S/P shift register SN74L.S164 : 8 bit
DAC ICDAC 0808: 8 bit




4 To analyze a Delta modulation | Delta modulation Trainer Kit Regulated power supply IC 7805 ,IC78
system and interpret the modulated | CRO(30 MHz) :+5Vand +12 V at 300 mA.
and demodulated waveforms. AF Signal generator IC TL084: 100Hz
Sinewave
Clock Generator IC 555 : 4 Khz
DC Source : 0 to +5V
LPF: Cut off frequency 100hz
Bufter/Signal shaping circuit:1C TL084
Voltage comparator: IC LM339
DAC ICDAC 0808: 4 bit
Amplifier ICTL084: Gain 0 to 6.
UPdown Counter:IC74LS191, 4 bit.
5 To analyze a FSK modulation | FSK Trainer Kit VCO: IC XR2206
system and interpret the modulated | CRO(30 MHz) Comparator:LM565
and demodulated waveforms.
6 To analyze a PSK modulation | PSK Trainer Kit
system and interpret the modulated | CRO(30 MHz) 4 channel analog Multiplexer: IC CD
and demodulated waveforms. 4052
opampTLO084
7 To identify the various encoding | Data formatting Trainer Kit On-board carrier: Sine waves
schemes for a given data stream. CRO(30 MHz) synchronized to transmitted data at
1.44MHz,960 KHz(0 deg. Phase),960
KHz(90 deg. Phase)
8 To simulate Binary Amplitude shift | MATLAB software version7.2
keying technique using MATLAB
software
9 To simulate Binary Frequency shift | MATLAB software version7.2
keying technique using MATLAB
software
10 To simulate Binary Phase shift | MATLAB software version7.2
keying technique using MATLAB
software
11 To simulate Quadrature Phase shift | MATLAB software version7.2
keying technique using MATLAB
software
12 To simulate Differential Phase shift | MATLAB software version7.2

keying technique using MATLAB
software




EC0323 Laboratory Policies and Report Format

Reports are due at the beginning of the lab period. The reports are intended to be a
complete documentation of the work done in preparation for and during the lab.
The report should be complete so that someone else familiar with digital
communication could use it to verify your work. The prelab and postlab report
format is as follows:

1. A neat thorough prelab must be presented to your Staff Incharge at the
beginning of your scheduled lab period. Lab reports should be submitted on A4
paper. Your report is a professional presentation of your work in the lab.
Neatness, organization, and completeness will be rewarded. Points will be
deducted for any part that is not clear.

2. In this laboratory students will work in teams of three. However, the lab reports
will be written individually. Please use the following format for your lab reports.

a. Cover Page: Include your name, Subject Code, Section No., Experiment
No. and Date.

b.Objectives: Enumerate 3 or 4 of the topics that you think the lab will
teach you. DO NOT REPEAT the wording in the lab manual procedures. There
should be one or two sentences per objective. Remember, you should write about
what you will learn, not what you will do.

c. Questions: Specific questions(Prelab and Postlab) asked in the lab
should be answered here.
3. Your work must be original and prepared independently. However, if you need
any guidance or have any questions or problems, please do not hesitate to approach
your staff incharge during office hours. Copying any prelab/postlab will result in a
grade of 0. The incident will be formally reported to the University and the
students should follow the dress code in the Lab session.

4. Each laboratory exercise (circuit) must be completed and demonstrated to your
Staff Incharge in order to receive working circuit credit. This is the procedure to
follow:

a. Circuit works: If the circuit works during the lab period (3 hours), call
your staff incharge, and he/she will sign and date it.. This is the end of this lab, and
you will get a complete grade for this portion of the lab.

b. Circuit does not work: If the circuit does not work, you must make use of
the open times for the lab room to complete your circuit. When your circuit is
ready, contact your staff incharge to set up a time when the two of you can meet to
check your circuit.

5. Attendance at your regularly scheduled lab period is required. An unexpected
absence will result in loss of credit for your lab. If for valid reason a student misses
a lab, or makes a reasonable request in advance of the class meeting, it is
permissible for the student to do the lab in a different section later in the week if
approved by the staff incharge of both the sections. Habitually late students (i.e.,




students late more than 15 minutes more than once) will receive 10 point
reductions in their grades for each occurrence following the first.

6. Final grade in this course will be based on laboratory assignments. All labs have
an equal weight in the final grade. Grading will be based on pre-lab work,
laboratory reports, post-lab and in-lab performance (i.e., completing lab, answering
laboratory related questions, etc.,).The Staff Incharge will ask pertinent questions
to individual members of a team at random. Labs will be graded as per the
following grading policy:

Pre-Lab Work 10.00%
In-Lab Performance 20.00%
Post Lab Work 10.00%

7. Reports Due Dates: Reports are due one week after completion of the
corresponding lab. A late lab report will have 10% of the points deducted for being
one day late. If a report is 2 days late, a grade of 0 will be assigned.

8. Systems of Tests: Regular laboratory class work over the full semester will
carry a weightage of 75%. The remaining 25% weightage will be given by
conducting an end semester practical examination for every individual student
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1. TIME-DIVISION MULTIPLEXING

1.1.0BJECTIVE
To demonstrate Time Division Multiplexing and demultiplexing process using Pulse
amplitude modulation signals.
1.2. HARDWARE REQUIRED

1. TDM Trainer Kit—ST2102

2. CRO
3. Patch Chords
4

Probes

1.3. INTRODUCTION

An important feature of pulse-amplitude modulation is a conservation of time. That is, for
a given message signal, transmission of the associated PAM wave engages the
communication channel for only a fraction of the sampling interval on a periodic basis.
Hence, some of the time interval between adjacent pulses of the PAM wave is cleared for
use by the other independent message signals on a time-shared basis. By so doing, we
obtain a time-division multiplex system (TDM), which enables the joint utilization of a
common channel by a plurality of independent message signals without mutual
interference.

Each input message signal is first restricted in bandwidth by a low-pass pre-alias filter to
remove the frequencies that are nonessential to an adequate signal representation. The
pre-alias filter outputs are then applied to a commutator, which is usually implemented
using electronic switching circuitry. The function of the commutator is two-fold: (1) to
take a narrow sample of each of the N input messages at a rate fs that is slightly higher
than 2W, where W is the cutoff frequency of the pre-alias filter, and (2) to sequentially
interleave these N samples inside a sampling interval Ts 1/fs. Indeed, this latter function
is the essence of the time-division multiplexing operation. Following the commutation
process, the multiplexed signal is applied to a pulse-amplitude modulator, the purpose of
which is to transform the multiplexed signal into a form suitable for transmission over the
communication channel.

At the receiving end of the system, the received signal is applied to a pulse- amplitude
demodulator, which performs the reverse operation of the pulse amplitude modulator. The
short pulses produced at the pulse demodulator output are distributed to the appropriate

low-pass reconstruction filters by means of a decommutator, which operates in




synchronism with the commutator in the transmitter. . This synchronization is essential
for satisfactory operation of the TDM system, and provisions have to be made for it.
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Figure 1.1 TDM Trainer Kit —-ST2102 Block Diagram

1.5 PRELAB QUESTIONS

1. What is multiplexing?

Mention the types of multiplexing?

What is the need for multiplexing?

What is the bit rate of T1,T2,T3 and T4 carrier systems?
Compare synchronous and asynchronous TDM.

What are the functions of commutator switch?

o

Give the advantages of multiplexing.

1.6 TEST PROCEDURE:

1. Take the signals from the function generator and give it to the channels (CHO ... CH3)
present in the transmitter using patch chords. Note down the amplitude and time
period of each signal.

2. Measure the amplitude and time period at the transmitter output point.

3. Using a patch chord, connect transmitter output to receiver input.

4. For synchronization purpose, connect the transmitter clock and receiver clock and

also transmitter CHO and receiver CHO.




5. See the output before the filter and after the filter for all the channels connected.
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MODEL GRAPH:
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1.9. LAB RESULT
Time division multiplexing and de-multiplexing using PAM signals were

performed and respective waveforms were plotted.

1.10. POST LAB QUESTIONS

1. Two signals gi(t) and g,(t) are to be transmitted over a common channel by means of
time division multiplexing. The highest freq of g;(t) is 1 KHz and that gx(t) is 1.5
KHz. What is the minimum value of the permissible sampling rate? Justify your
answer.

2. How is synchronization achieved in TDM?

3. Twenty four voice signals are sampled uniformly and then time division multiplexed.
The sampling operation uses flat top samples with 1us duration. The multiplexing
operation includes provision for synchronization by adding an extra pulse of sufficient
amplitude and also 1 ps duration. The highest frequency component of each voice
signal is 3.4KHz.

a. Assuming a sampling rate of 8 KHz, Find the spacing between successive
pulses of the multiplexed signal.
b. Repeat your calculation assuming the use of nyquist rate sampling.

4. What is the major drawback of digital communication?

5. Three signals ml,m2 and m3 are to be multiplexed.ml and m2 have a 5 KHz
bandwidth and m3 has 10KHz bandwidth. Design a commutator switching system so
that each signal is sampled at its Nyquist rate.

6. Define bandwidth expansion factor.




2. PULSE CODE MODULATION AND DEMODULATION

2.1 OBJECTIVE
To analyze a PCM system and interpret the modulated and demodulated

waveforms for a sampling frequency of 4 KHz.

2.2 HARDWARE REQUIRED

1. PCM modulator trainer kit-AET-68M

2. PCM Demodulator trainer kit-AET-68D

3. Storage oscilloscope

4. Digital multimeter
2.3 INTRODUCTION

In Pulse code modulation (PCM) only certain discrete values are allowed for the
modulating signals. The modulating signal is sampled, as in other forms of pulse
modulation. But any sample falling within a specified range of values is assigned a
discrete value. Each value is assigned a pattern of pulses and the signal transmitted by
means of this code. The electronic circuit that produces the coded pulse train from the
modulating waveform is termed a coder or encoder. A suitable decoder must be used at
the receiver in order to extract the original information from the transmitted pulse train.
This PCM system consists of

2.3.1. PCM Modulator (AET-68M):

1. Regulated power supply
Audio Frequency signal generator
Sample & Hold circuit
8 Bit A/D Converter
8 Bit Parallel-Serial Shift register

Clock generator/Timing circuit

A U

DC source

2.3.2. PCM Demodulator (AET-68D):
1. Regulated power supply
2. 8 Bit Serial-Parallel to shift register
3. 8 Bit D/A converter

4. Clock generator




5. Timing circuit
6. Passive low pass filter

7. Audio amplifiers

2.4 BLOCK DIAGRAM
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Fig 2.1. PCM Modulator AND Demodulator

Regulated power supply (68M & 68D):

This consists of a bridge rectifier followed by capacitor filters and three terminal
regulators 7805 and 7905 to provide regulated DC voltages of +5V and +12V @ 300mA
each to the on board circuits. These supplies have been internally connected to the
circuits, so no external connections are required for operation.

Audio Frequency (AF) Signal generator (68M):

Sine wave signal of 200Hz is generated to use as a modulating (message or
information) signal to be transmitted. This is an Op-Amp based Wein bridge Oscillators
using IC TLO084. IC TLO084 is a FET input general purpose Operational Amplifier.
Amplitude control is provided in the circuit to vary the output amplitude of AF signal.
Clock generator/Timing circuit (68M & 68D):

A TTL compatible clock signal of 64 KHz and 4KHz frequency are provided on
board to use as a clock to the various circuits in the system. This circuit is a astable
multivibrator using 555 timer followed by a buffer and frequency dividers

DC source (68M):




A 0 to +5V variable DC voltage is provided on board to use as a modulating
signal instead of AF signal. This is useful to study step by operation of PCM modulation
and demodulation. This is a simple circuit consisting of potentiometer and fixed power
supply.

Low pass filters (68D):

This is a series of simple RC networks provided on board to smoothen the output

of the D/A converter output (stair case signal). RC values are chosen such that the cutoff

frequency would be at 200Hz

Amplifiers (68D):

This is an Op-amp (IC TLO084) based non-inverting variable gain amplifiers
provided on board to amplify the recovered message singles i.e. output of the Low pass
filter to desired level. Amplitude control is provided in circuit to vary the gain of the
amplifier between 0 and 3. AC/DC Switch facilitates to couple the input signal through
capacitor or directly to the amplifier input.

Sample & Hold circuit (AET-68M):

This block (circuit) is a combination of buffer, level shifting network and sample
& hold network. Op- amp IC TL084 is connected as buffer followed by non-inverting
summer circuit. One of the inputs of summer is connected a voltage divider network and
other being drawn as input. A dedicated sample& hold integrated circuit LF 398 is used
as an active component followed by buffer. The LF198/LF298/LF398 is monolithic
sample-and-hold circuits which utilize BI-FET technology to obtain ultra-high dc
accuracy with fast acquisition of signal and low droop rate. Operating as a unity gain
follower, dc gain accuracy is 0.002% typical and acquisition time is as low as 6us to
0.01%. A bipolar input stage is used to achieve low offset voltage and wide bandwidth.
Input offset adjust is accomplished with a single pin, and does not degrade input offset
drift. The wide bandwidth allows the LF198 to be included inside the feedback loop of 1
MHz op amps without having stability problems. Input impedance of 10'°(Ohm) allows
high source impedance to be used without degrading accuracy.

P-channel junction FET’s are combined with bipolar devices in the output
amplifier to give droop rates as low as SmV/min with a 1uf hold capacitor. The JFET’s
have much lower noise than MOS devices used in previous designs and do not exhibit
high temperature instabilities. The overall design guarantees no feed-through from input

to output in the hold mode, even for input signals equal to the supply voltages.




Logic inputs on the LF198 are fully differential with low current, allowing direct
connection to TTL, PMOS, and CMOS. Differential threshold is 1.4V. The LF198 will
operate from +5V to +18V supplies.

8 Bit A/D Converter (AET-68M):

This has been constructed with a popular 8 bit successive approximation A/D
Converter IC ADCO0808. The ADCO0808, data acquisition component is a monolithic
CMOS device with an 8-bit analog-to-digital converter, 8-channel multiplexer and
microprocessor compatible control logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter features a high impedance
chopper stabilized comparator, a 256R voltage divider with analog switch tree and a
successive approximation register. The 8-channel multiplexer can directly access any of
8-single-ended analog signals. A dedicated 1MHz clock generator is provided in side this
block. For complete specifications and operating conditions please refer the data sheet of
ADCO0808.

8 Bit Parallel-Serial Shift register (AET-68M):

A dedicated parallel in serial out shift register integrated circuit is used followed
by a latch The SN74LS166 is an 8-Bit Shift Register. Designed with all inputs buffered,
the drive requirements are lowered to one 74LS standard load. By utilizing input
clamping diodes, switching transients are minimized and system design simplified.

The LS166 is a parallel-in or serial-in, serial-out shift register and has a
complexity of 77 equivalent gates with gated clock inputs and an overriding clear input.
The shift/load input establishes the parallel-in or serial-in mode. When high, this input
enables the serial data input and couples the eight flip-flops for serial shifting with each
clock pulse. Synchronous loading occurs on the next clock pulse when this is low and the
parallel data inputs are enabled. Serial data flow is inhibited during parallel loading.
Clocking is done on the low-to-high level edge of the clock pulse via a two input positive
NOR gate, which permits one input to be used as a clock enable or clock inhibit function.
Clocking is inhibited when either of the clock inputs are held high, holding either input
low enables the other clock input. This will allow the system clock to be free running and
the register stopped on command with the other clock input. A change from low-to-high
on the clock inhibit input should only be done when the clock input is high. A buffered
direct clear input overrides all other inputs, including the clock, and sets all flip-flops to
zero. For complete specifications and operating conditions please refer the data sheet of

SN74LS166.




8 Bit Serial-Parallel Shift register (AET-68D):

A dedicated serial in parallel out shift register integrated circuit is used followed
by a latch. The SN74LS164 is a high speed 8-Bit Serial-In Parallel-Out Shift Register.
Serial data is entered through a 2-Input AND gate synchronous with the LOW to HIGH
transition of the clock. The device features as asynchronous Master Reset which clears
the register setting all outputs LOW independent of the clock. It utilizes the Schottky
diode clamped process to achieve high speeds and is fully compatible with all TTL
products. For complete specifications and operating conditions please refer the data sheet
of SN74LS164.

8 Bit D/A Converter (AET-68D):

This has been constructed with a popular 8 bit D/A converter IC DAC 0808. The
DACO0808 is an 8-bit monolithic digital-to-analog converter (DAC) featuring a full scale
output current settling time of 150ns while dissipating only 33mW with +5V supplies No
reference current (Irgr) trimming is required for most applications since the full scale
output current is typically +1 LSB of 255 Irgr/256. Relative accuracies of better than
+0.19% assure 8-bit monotonicity and linearity while zero level output current of less
than 4pA provides 8-bit zero accuracy for Iggr >= 2mA. The power supply currents of
the DACO0808 is independent of bit codes, and exhibits essentially constant device
characteristics over the entire supply voltage range. For complete specifications and
operating conditions please refer the data sheet of DAC0808S.

PCM Operation:

Figure 2.1 shows the block diagram of the PCM system. The modulating signal is
applied to sample & hold circuit. This applied signal will be super imposed by +2.5V DC
so that the negative portion the modulating signal will clamped to positive, this process is
needed, because input of the A/D Converter should be between 0 and +5V. After level
shifting is done the signal will be passed to sample & hold circuit. Sample & hold circuit
will sample the input signal during on period of the clock signal and will hold the
sampled output till next pulse comes. Sampling rate is 4KHz in this system.

So input of the A/D Converter is a stable voltage of certain level in between 0 and
+5V. A/D converter (encoder) will give a predetermined 8 bit code for the sampled input.
This entire conversion process will be made at a fast rate as ADCO0808 is operating at high
frequency clock i.e. IMHz.

Coded output of the A/D converter is applied to input of the parallel in serial out
register through a latch (741s373). This shift register is operating at 64KHz (sampling




frequency is 4KHz, so to shift 8 bits from parallel to serial we need 64KHz). This output
(PCM) is transmitted through a co-axial cable which represents a communication channel.
PCM signal from modulator (encoder) is applied to serial to parallel register. This shift
register is also operating at 64KHz clock at which parallel to serial shift register is
operating at PCM modulator (these both the clock signals should be in synchronized with
each other in order to get proper decoded output). So the output of the serial to parallel
register is a 8 bit code. This 8 bit code is applied to 8 bit D/A converter. Output of the
D/A converter will be a staircase signaling between 0 and +5V. This stair case signal is
applied a low pass filter. This low pass will smoothen the staircase signal so that we will
get a recovered AF signal. We can use a voltage amplifier at the output of the low pass

filter to amplify the recovered AF signal to desired voltage level.

2.5 PRE LAB QUESTIONS

1. State sampling theorem.

2. What is aliasing?

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

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

6. Define step size.

7. What is the importance of regenerative repeater?

8. List out the three basic functions of regenerative repeater.

9. What is companding?

10. Write the mean square quantization error if the step size is S.
11. What is a mid tread quantizer?

12. What is a mid rise quantizer?

2.6 TEST PROCEDURE
1. Connect the modulator trainer to the mains and switch on the power supply.
2. Observe the output of the AF generator using CRO, it should be a sine wave of 200Hz
frequency with 3Vpp amplitude.
3. Verify the output of the DC source with multimeter/scope, output should vary from 0
to +5V.
4. Observe the output of the clock generator using CRO, they should be 64KHz and
4KHz frequency of square wave with 5Vpp amplitude.
5. The clock signals are internally connected the circuit so no external connections are

required.




6.
7.

Connect the demodulator trainer to the mains and switch on the power supply.
Observe the output of the clock generator using CRO, it should be 64KHz square
wave with 5Vpp amplitude.

2.6.1 PCM Operation (with DC input):

Modulation:

8.

Set DC source to some value say 4.4V with the help of multimeter and connect it to

the A/D converter input and observe the output LED’s

9. Note down the digital code i.e. output of the A/D converter and compare with the
theoretical value.
Theoretical value can be obtained by: Al ?nggli;;ﬂ;age =X 00 =Y
Where
1 LSB Value = Vier/2"
Since Vier = 5V and n=8
1 LSB Value = 0.01953
Example:
A/D Input voltage = 44V
= 22528101
= 1110 0001y
So digital output is 1110 0001
10. Keep CRO in dual mode. Connect one channel to 4KHz signal (one which is
connected to the Shift register) and another channel to the PCM output.
11. Observe the PCM output with respect to 4 Khz signal and sketch the waveforms.
Compare them with the given waveforms
Note: From this waveform you can observe the LSB bit enters the output first.
Demodulation
12. Connect PCM signal to the demodulators(S-P shift register) from the PCM modulator
(AET-68M) with the help of coaxial cable.
13. Connect clock signal (64KHz) from the transmitter (AET-68M) to the receiver (AET-
68D) using co axial cable.
14. Connect transmitter clock to the timing circuit.
15. Observe and note down the S-P shift register output data and compare it with

transmitted data(i.e. output A/D converter at transmitter).You will notice that the

output of the S-P shift register is following the A/D converter output in the modulator.




16. Observe D/A converter output (Demodulated output) using multimeter /scope and
compare it with the original signal and you can observe that there is no loss in

information in process of conversion and transmission.

Sample work sheet:

1. Modulating signal : 44V

2. A/D Output (theoretical) 1110 0001y

3. A/D Output (practical) : 1110 0001

4. S-P Output : 1110 0001y

5. D/A Converter output : 44V
(Demodulated output)

2.6.2 PCM Operation (with AC input):

Modulation:

17. Connect AC signal of 2Vpp amplitude to Sample & Hold circuit.

18. Keep the CRO in dual mode. Connect one channel to the AF signal and another
channel to the Sample & Hold output. Observe and sketch the sample & hold
output.

19. Connect the Sample and Hold output to the A/D converter and observe the PCM

output using Storage oscilloscope.

20. Observe PCM output by varying AF signal voltage.

Demodulation:
21. Connect PCM signal to the demodulator input (AET-68D) (S-P shift register)
from the PCM modulator (AET- 68M) with the help of coaxial cable (supplied

with the trainer).

22. Connect clock signal (64 KHz) from the transmitter (AET-68M) to the receiver
(AET-68D) using coaxial cable.

23. Connect transmitter clock to the timing circuit.

24, Keep CRO in dual mode. Connect CH1 input to the sample and hold output

(AET-68M) and CH2 input to the D/A converter output (AET-68D)
25. Observe and sketch the D/A output.

26. Connect D/A output to the LPF input.

27. Observe the output of the LPF/Amplifier and compare it with the original
modulating signal (AET-68M).

28. From above observation you can verify that there is no loss in information

(modulating signal) in conversion and transmission process.
29. Disconnect clock from transmitter (AET-68M) and connect to local oscillator (i.e.,

Clock generator output from AET-68D) with remaining setup as it is.




30.

Observe D/A output and compare it with the previous result. This signal is little
bit distorted in shape. This is because lack of synchronization between clock at

transmitter and clock at receiver.

Note: You can take modulating signals from external sources. Maximum amplitude

should not exceed 4V incase of DC and 3 Vpp incase AC (AF) signals.
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2.8 OBSERVATION
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2.9 LAB RESULT

Thus the Pulse Code modulation and demodulation were performed and graphs were
plotted.

2.10 POST LAB QUESTIONS

1. What do you mean by quantizing process?

2. What will happen when sampling rate is greater than Nyquist rate ?

3. What will happen when sampling rate is less than Nyquist rate ?

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

5. Fig shown below shows a PCM wave in which the amplitude levels of +1 volt and -1
volt are used to represent binary symbols 1 and 0 respectively. The code word used
consists of three bits. Find the sampled version of an analog signal from which this
PCM wave is derived.

— — +1
] | I L1
— — 1
A1 I~
Th
6. In digital telephony,




(a)What kind of modulation is used?

(b)Give the typical sampling rate, output data rate and speech signal Bandwidth.
7.Mention some applications of PCM.
8. What is the function of Sample and Hold circuit?




3. DIFFERENTIAL PULSE CODE MODULATION AND DEMODULATION
3.1 OBJECTIVE
To analyze a DPCM system and to interpret the modulated and demodulated
waveforms for a sampling frequency of 8 KHz.
3.2 HARDWARE REQUIRED
. ADCL-07 Kit
20MHz Dual Trace Oscilloscope

—

Connecting chords

Eall A

Power supply
NOTE: KEEP THE SWITCH FAULTS IN OFF POSITION
3.3 INTRODUCTION

Pulse Code Modulation (PCM) is different from Amplitude Modulation (AM) and
Frequency Modulation (FM) because, those tow are continuous forms of modulation.
PCM is used to convert analog signals into binary form. In absence of noise and distortion
it is possible to completely recover a continuous analog modulated signals. But in real
time they suffer from transmission distortion and noise to an appreciable extent. In the
PCM systems, groups of pulses or codes are transmitted which represent binary numbers
corresponding to modulating signal voltage levels. Recovery of transmitter information
does not depend on the height, width or energy content of the individual pulses, but only
in their presence or absence. Regeneration of the pulse is easy, resulting in the system
that produces excellent result for long distance communication.

Differential PCM is quite similar to ordinary PCM. Each word in this system
indicates the difference in amplitude, positive or negative, between this sample and the
previous sample. Thus the relative value of each sample is indicated rather than, the
absolute value in normal PCM.

This unique system consists of :
3.3.1. DPCM Modulator
1. Regulated Power Supply

2. AF Signal generator

3. Prediction Filter

4. Sample & Hold Circuit
5. A /D Converter

6.

Parallel — Serial Shift generator




7. Clock generator / Timing Circuit
8. DC Source

3.3.2 DPCM Demodulator

1. Regulated Power Supply

Serial - Parallel Shift generator
D/ A Converter

Clock generator

Timing Circuit

A

Prediction Filter

7. Passive Low Pass Filter

3.4. BLOCK DIAGRAM / CIRCUIT DESCRIPTION
Regulated Power Supply :

This consists of a bridge rectifier followed by capacitor filters and three terminal
regulators 7805 and 7905 to provide regulated DC voltages of + 5V and +12V @ 300mA.
Each on the on-board circuits. These supplies have been internally connected to the
circuits, so no external connections are required for operation.

Audio Frequency Signal Generator :

Sine wave signal of 400HZ is generated to use as a modulating signal to be
transmitted. This is an Op-Amp based Wein Bridge Oscillators using IC TL084, which is
a FET input general purpose operational amplifier. Amplitude control is provided in the
circuit to vary the output amplitude of AF signal.

Clock Generator / Timing Circuit :

A TTL compatible clock signal of 64KHz and 8KHz frequencies are provided on-
board to use as a clock to the various circuits in the system. This circuit is Astable
multivibrator using 555 timer followed by a buffer and frequency divider
DC Source :

A 0 to 290mV variable DC voltage is provided on board to use as a modulating
signal instead of AF signal. This is useful to study step by operation of DPCM
modulation and demodulation. This is a simple circuit consists of potentiometer and fixed

power supply.

Low Pass Filter :




This is a series of simple RC networks provided on board to smoothen the output
of the D/A converter output. RC values are chosen such that the cutoff frequency would

be at 400Hz.

Sample & Hold Circuit :

This block is a combination of buffer, level shifting network and sample & hold
network. Op-amp is connected as buffer followed by non-inverting summer circuit. One
of the inputs of summer is connected a voltage divider network and other being drawn as
input. A dedicated sample & hold integrated circuit LF 398 is used as an active
component followed by a buffer. LF398 is a monolithic sample and hold circuits, which
utilize BI — FET technology to obtain ultra-high dc accuracy with fast acquisition of
signal and low droop rate. Operating as a unity gain follower, dc gain accuracy is 0.002%
typical and acquisition time is as low as 6us to 0.01%. A bipolar input stage is used to
achieve low offset voltage and wide bandwidth. Input offset adjust is accomplished with
a single pin and does not degrade input offset drift. The wide bandwidth allows the
LF398to be included inside the feedback loop of IMHz op-amps without having stability
problems. Input impedance of 10' ohm. Allows high source impedances to be used
without degrading accuracy. P-channel junction FET’s are combined with bipolar devices
in the output amplifier to give a droop rates as low as 5mV / min with 1pF hold
capacitor. The JFETS have much lower noise than MOS devices used in previous design
and do not exhibit high temperature instabilities. The overall design guarantees no feed
through from input to output in the hold mode, even for input signals equal to the supply
voltages. Logic inputs on the LF198 are fully differential with low input current,
allowing direct connections to TTL, PMOS and CMOS. Differential threshold is 1.4V.
The LF 198 will operate from +5V to +18V supplies.

A/D Converter :

This has been constructed with a popular 8-bit successive approximations A/D
converter [C ADC0808, data acquisition component is a monolithic CMOS device with
an 8-bit A-D Converter, 8 — channel multiplexer and microprocessor compatible control
logic. The 8-bit ADC uses successive approximation as the conversion technique. The
converter features a high impedance chopper stabilized comparator., 256R voltage divider
with analog switch tree and a successive approximation register. The 8-channel

multiplexer can directly access any 8-single-ended analog signals.




Parallel-Serial Shift Register

A dedicated parallel in serial out shift register integrated circuit is used followed
by a latch. The SN74LS166 is an 8-bit Shift register. Designed with all inputs buffers, the
drive requirements are lowered to one 74LS standard load. By utilizing input clamping
diodes, switching transients are minimized and system design simplified. The LS166 is a
parallel in or serial out shift register, serial-out shift register and has a complexity of 77
equivalent gates with gated clock inputs and an overriding cleat input. The shift / load
input establishes the parallel — in or serial-in mode. When high, this input enables the
serial data input and couples the eight flip flops for serial shifting with each clock pulse.
Synchronous loading occurs on the next clock pulse when this is low and the parallel data
inputs are enabled. Serial data flow is inhibited during parallel loading. Clocking is done
on the low-to-high level edge of the clock pulse via a two input positive NOR gate, which
permits one input to be used as a clock enable or clock inhibit funation. Clocking is
inhibited when either of the clock inputs is held high; holding either input low enables the
other clock input. This will allow the system clock to be free running and the register
stopped on command with the other clock input. A Change from low- to high on the
clock inhibit input should only be done when the clock input is high. A buffered direct
clear input overrides all other inputs. Including the clock, and sets all flip-flops to zero.
For complete specifications and operating conditions please refer the data sheet of
SN74LS166
Serial-Parallel Shift Register :

A dedicate serial in parallel out shift register integrated circuit is used followed by
a latch. The SN74LS164 is a high speed 8 Bit Serial-In Parallel-Out Shift Register. Serial
data is entered through a 2-Input AND gate synchronous with the LOW to HIGH
transition of the clock. The device features an asynchronous Master Reset, which clears
the register setting all outputs LOW independent of the clock. It utilizes the Schottky
diode clamped process to achieve high speeds and is fully compatible with all TTL
products. For complete specifications and operating conditions please refer the data sheet
of SN74LS164.
D/A converter :

This has been constructed with a popular 8 —bit D/A Converter IC DAC 0808. The
DACO0808 is an 8-bit monolithic digital-to-analog converter (DAC) featuring a full scale

output current settling time of 150 ns while dissipating only 33m W with £5V supplies.




BLOCK DIAGRAM

Inpiat mfnT,) Output

and Coder

T}

Proic
Filter

Prediction
Filter

Transmiller

v

1
I
I
i
1
I
1
1
I
i
I
I
1
|
|
I
1
1
I
1
1
I
I
(¥
d
I

I

Fig 3.1 Block diagram of DPCM System
Reference current (Irgr) trimming is required for most applications since the full scale
output current is typically £1 LSB of 255 Irgr/ 256. Relative level output current of less
than 4uA provides 8-bit zero accuracy for Irgr >=2mA. The power supply current of the
DACO0808 is independent of bit codes and exhibits essentially constant device
characteristics over the entire supply voltage range. For complete specifications and

operating conditions please refer the data sheet of DAC0808.

DPCM Operation:

The modulating signal is applied to positive terminal of the summer circuit and
the output pf the prediction filter is connected to negative terminal of the summer circuit.
The output of the summer circuit is connected to the sample & hold circuit. Sample &
hold circuit will sample the input signal during ON period of the clock signal and will
hold the sampled output till next pulse comes. Sampling rate is 8KHz in this system.

So input of the A/D converter is stable voltage of certain level in between 0 and +
280mV. A/D converter will give a predetermined 4-bit code for the sampled input. This
entire conversion process will be made at a fast rate as ADC 0808 is operating at high
frequency clock.

Coded output of the ADC is applied to input of the parallel in serial out register
through a latch (74LS373). This shift register is operating at 64KHZ. This output is
transmitted through a coaxial cable, which represent a communication channel.

DPCM signal from modulator is applied to serial to parallel register. This shift

register is also operating at 64KHz clock to which parallel to serial shift register is

-




operating at DPCM modulator. So the output of the serial to parallel register is a 4-bit

code.

This 4-bit code is applied to D/A converter. Output of the DAC will be a staircase

signal lying between 0 and +280mV. This stair case signal is applied a low pass filter.

This low pass will smoothen the stair case signal so that we will get a recovered AF

signal.

3.5. PRELAB QUESTIONS:

1. Compare DPCM and PCM.

2. What is the significance of predictor in DPCM?

3. How is a predictor constructed?

4. What is prediction error?

5. What is the significance of accumulator in DPCM?

6. Why DPCM is used for speech compression?

3.6. TEST PROCEDURE
DPCM modulation:

1. Refer to the block diagram and carry out the following Connections and switch
settings.

2. Connect power supply in proper polarity to the kit ADCL-07 and switch it ON.

3. Keep the clock frequency at 512 KHz by changing the jumper position of JP1
in the clock generator section

4. Keep the amplitude of the onboard sine wave, of frequency S00Hz to 1Vpp DPCM
modulation.

5. Connect the S00Hz sine wave to the IN post of Analog Buffer.

6. Connect OUT post of Analog Buffert o IN post of DPCM modulator section.

7. Observe the sample output at the given test point the input signal is sampled at the
clock frequency of 16KHz.

8. Observe the linear predictor output at the PREDICTED OUT post of the Linear
predictor in the DPCM modulator section.

9. Observe the differential pulse code modulate data( DPCM) at the DPCM OUT post of
the DPCM modulator section.

10. Observe the DPCM data at DPCM OUT post by varying input signal from to 2V.
DPCM demodulation:

1. Connect the DPCM modulated data from the DPCM OUT post of the DPCM

Modulator to the IN post of the DPCM demodulator.




2. Observe the demodulated data at the output of summation block.
3. Observe the integrated demodulated data at the DEMOD OUT post of the DPCM

demodulator.

4. Connect the demodulated data from the DEMOD OUT post of the DPCM
demodulator to the IN post of the low-pass filter.

5. Observe the reconstructed signal at the OUT post of the filter.Use RST switch for
clear observation of output.

6. Now, simultaneously reduce the clock frequencies f rom 512KHz to 256KHz,128KHz
and 64KHz by changing the jumper position of JP1 and observe the difference in the
DPCM modulated and demodulated data.As the frequency of clock decreases DPCM
demodulated data at DEMOD OUT becomes distorted.

7. Observe various waveform as mentioned below
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3.8. Observation:

ON KIT ADCL-07
Observe the following waveforms on the oscilloscope and plot on the paper.

1. 500Hz IV pp input sine wave.

Sampled out at the provided test point SAMPLER OUT
Linear predictor out at PREDICTED OUT post.

DPCM data at DPCM OUT post

wok »n

Line interface out at the given output test point of line interface block in

DPCM Demodulator

6. Demodulated DPCM data at the output test point of summation block in
DPCM demodulator.

7. Integrated demodulated data at the DEMOD OUT post of the DPCM
demodulator

8. Reconstructed sine wave at the OUT post of the filter

9. Observe the data at different clock rates.

DPCM Operation - with AC input

Modulation

Amplitude Time Period

AC Input

Prediction Filter Output

Sample and Hold Output

Clock — 1 Output

DPCM Output

Demodulation

Amplitude Time Period

DPCM Input

D/A Converter Output

LPF Output

Demodulated output
Prediction Filter Output




3.9. LAB RESULT
Thus the Differential Pulse code modulation and demodulation were performed.
3.10 POST LAB QUESTIONS:
1. For data compression say whether ADPCM or DPCM is better. Justify.
2. What is the need for compression?Mention the types of compression.
3. List the communication standards which use DPCM.
4. Based upon the knowledge that you have gained after doing the experiment write the
functions of sample and hold circuit.

5. Name the circuit used to achieve synchronization between transmitter and receiver.




5. DELTA MODULATION AND DEMODULATION
4.1. OBJECTIVE
To analyze a Delta modulation system. and interpret the modulated and demodulated

waveforms
4.2. HARDWARE REQUIRED

1. PCM Modulator trainer- AET-73M

2. PCM Demodulator trainer-AET-73D

3. Storage Oscilloscope

4. Digital Multimeter

5. Co-axial cables (standard accessories with AET-73 trainer)
4.3. INTRODUCTION

Delta Modulation is a form of pulse modulation where a sample value is
represented as a single bit. This is almost similar to differential PCM, as the transmitted
bit is only one per sample just to indicate whether the present sample is larger or smaller
than the previous one. The encoding, decoding and quantizing process become extremely
simple but this system cannot handle rapidly varying samples. This increases the
quantizing noise.
The trainer is a self sustained and well organized kit for the demonstration of delta

modulation & demodulation .The system consist of :
4.3.1. DM Modulator (AET-73M) trainer kit
1. Regulated power supply
2. Audio Frequency signal generator
3. Buffer/signal shaping network
4. Voltage comparator
5. 4 Bit UP/DOWN counter
6. Clock generator/Timing circuit
7. 4 Bit D/A converter
8. DC source
4.3.2. DM Demodulator (AET-73D) trainer kit
1. Regulated power supply
2. 4 Bit UP/DOWN counter
3. 4 Bit D/A converter
4. Clock generator
5

. Passive low pass filter




6. Audio amplifier
Regulated power supply (73M & 73D):

This consists of a bridge rectifier followed by Capacitor filters and three terminal
regulators 7805 and 7905 to provide regulated DC voltages of +-5V and +12V@ 300mA
each to the on board circuits. These supplies have been internally connected to the

circuits. so no external connections are required for operation.

Audio Frequency (AF) S signal generator (73M):

Sine wave signal of 100 Hz is generated to use as a modulating (message or
information) signal to be transmitted. This is an Op-Amp based Wein bridge Oscillators
using IC TLO84 is a FET.input general purpose Operational Amplifier .Amplitude control
is provided in the circuit to vary the output amplitude of AF signal.

Clock generator/Timing circuit (73M & 73D):

A TTL compatible clock signal of 4 KHz frequency is provided on board to use as
a clock to the various circuits in the system. This circuit is a astable multivibrator using
555 timer followed by a buffer.

DC Source (73M):

A 0 to +5V variable DC voltage is provided on board to use as a modulating
signal instead of AF Signal. is useful to study step by step operation of Delta modulation
and Demodulation. This is a simple circuit consists of potentiometer and fixed power
supply.

Buffer/Signal shaping circuit (73M):

A non inverting buffer using IC TL 084 is provided at the input of the DM
modulator followed by a level shifting network. Buffer provides the isolation between
DM circuit and the signal source. Signal Shaping super imposes the 1.5V DC on
incoming modulating signal so that the input of the comparator lies between 0 and +3V

maximum.




4.4.BLOCK DIAGRAM
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Voltage comparator (73D):

This circuit is build with IC LM339 The LM339 series consists of four
independent precision voltage comparators with an offset voltage specification as low as
2mV for all four comparators. These were designed specifically to operate from a single
power supply over a wide range of voltages .Operation from split power supplies is also
possible and the low power supply current drain is independent of the magnitude of the
power supply voltage. These comparators also have a unique characteristic in that the
common mode voltage range includes ground, even though operated from a single power
supply voltage. Application areas include limit comparators simple analog to digital
converters: pulse, square and time delay generators. wide range VCO; MOS clock timers;
multivibrators and high voltage digital logic gates .The LM139 series was designed to
directly interface with TTL and CMOS. When operated from both plus and minus power




supplies, they will directly interface with MOS logic where the low power drain of the
LM339 is a distinct advantage over standard comparators .For circuit connections and
other operating conditions.

Low pass filters (73D):

This is a series of simple RC networks provided on board to smoothen the output
of the D/A converter output. RC values are chosen such that the cutoff frequency would
be at 100 Hz.

Amplifiers (73D):

This is an Op-amp (IC TLO084) based non-inverting variable gain amplifiers
provided on board to amplify the recovered message singles i.e. output of low pass filter
to desired level. Amplitude control is provided in circuit to vary the gain of the amplifier
between 0 and 6.AC/DC Switch facilitates to couple the input signal through capacitor to
directly to the amplifier input.

4 Bit UP/DOWN Counter (73M & 73 D):

This circuit is made using Synchronous 4-Bit Up/Down Counter with Mode
Control IC 74LS191 .The DM 74LS191 circuit is a synchronous, reversible, counter.
Synchronous operation is provided by having all flip-flops clocked simultaneously. so
that the outputs change simultaneously when so instructed by the steering logic. This
mode of operation eliminates the output counting spikes normally associated with the
asynchronous counters. The outputs of the four master slave flip flops are triggered on a
LOW to HIGH level transition of the clock input. if the enable input is LOW a HIGH at
the enable input inhibits counting .Level changes at either the enable input or the down/up
input should be made only when the clock input is HIGH. The direction of the count is
determined by the level of the down/up input. When LOW the counter counts up and
when HIGH it counts down. The counter is fully programmable that is the outputs may be
preset to either level by placing a LOW on the load input and entering the desired data at
the data inputs. The output will change independent of the level of the clock input. This
feature allows the counters to be used as modulo-N dividers by simply modifying the
count length with the preset inputs. The clock, down/up and load inputs are buffered to
lower the drive requirement which significantly reduces the number of clock drivers
required for parallel words. The ripple clock input produces a low level output pulse
equal in width to the low level portion of the clock input when an overflow or underflow
condition exists. The counters can be easily cascaded by feeding the ripple clock output to

the enable input of the succeeding counter if parallel clocking is used, or to the clock




input if parallel enabling is used. The maximum/minimum count output can be used to
accomplish look-ahead for high speed operation.
4 Bit D/A converter (AET-73M & 73D):

This has been constructed with a popular 8 bit D/A Converter IC DAC 0808.The
DACO0808 is an 8-bit monolithic DAC featuring a full scale output current settling time of
150 Ns while dissipating only 33 maw with +-5V supplies. No reference current (I rgr)
trimming is required for most applications since the full scale output current is typically
+- 1 LSB of 255 I rer/256 .Relative accuracies of better than +- 0.19 % assure 8 bit
monotonic and linearity while zero level output current of less than 4 pA provides 8-bit
zero accuracy for I rgp [ greater than or equal ] 2 math power supply currents of the
DACO0808 is independent of bit codes, and exhibits essentially constant device
characteristics over the entire supply voltage range.4 LSB Bits are permanently grounded
to make 4 bit converter. For complete specifications and operating conditions please refer
the data sheet of DACO080S.

DM Operation:

Figure 4.1 shows the basic block diagram of the PCM system. The modulating
signal is applied to buffer /signal shaping network. This applied signal will be
superimposed by +1.5V DC so that the negative portion the modulating signal will
clamped to positive ,this process is needed ,because input of the comparator should be
between 0 and +3V.

After level shifting is done the signal will be passed to inverting input of the
comparator. on inverting input of the comparator is connected to output of the 4 Bit D/A
converter. Comparator is operating at +5V single supply .So output of the comparator will
be high (i.e. +vet V,y) when modulating signal is less than the reference signal i.e. D/A
output, otherwise it will be O0V. And this signal is transmitted as DM signal .same signal
is also connected as UP/DOWN control to the UP/DOWN counter (74LS 191).

UP/DOWN counter is programmed for 0000 starting count. So initially output of
the counter is at 0000 and the D/A converter will be at 0V .Comparator compares the
modulating signal is greater than the reference signal. For next clock pulse depending on
the UP/DOWN input counter will count up or down. If the UP/DOWN input is low
(nothing but comparator output).

Counter will make up and output will be 0001. So the D/A converter will convert
this 0001 digital input to equivalent analog signal(i.e. 0.3V 1 LSB Value).Now the

reference signal is 0.3V.If still modulating signal is greater than the D/A output again




comparator output(DM) will be low and UP count will occur. If not DOWN Count will
take place. This process will continue till the reference signal and modulating signal
voltages are equal. So DM signal is a series of 1 and 0.

DM signal is applied to a UP/DOWN input of the UP/DOWN counter at the
receiver. This UP/DOWN counter is programmed for 1001 initial value (i.e. power on
reset) and mode control is activated. So depend on the UP/DOWN input for the next
clock pulse counter will count UP or DOWN. This output is applied to 4 Bit D/A
converter. A logic circuit is added to the counter which keeps the output of the counter in
between 0000 to 1111 always. Output of the D/A converter will be a staircase signal lies
between 0 and +4.7V.This staircase signal is applied a low pass filter .This low pass will
smoothen the staircase signal so that original AF signal will be recovered.

We can use a voltage amplifier at the output of the low pass filter to amplify the

recovered AF signal to desired voltage level.

4.5. PRELAB QUESTIONS

1. What are two types of quantization errors?

2. What is granular noise?

3. What is slope overload distortion ?

4. What happens to the output signal if the variation of the message signal is
(i)greater than the step size (ii) less than the step size

5. What is the advantage of delta modulation over PCM?

4.6. TEST PROCEDURE:

DM Modulator:

1. Study the theory of operation

2. Connect the trainer (AET-73M) -

3. Observe the output of AF generator using CRO; it should be a Sine wave of 100 Hz
frequency with 3Vpp amplitude.

4. Verify the output of the DC source with multimeter/scope; output should vary 0 to
+4V

5. Observe the output of the clock generator using Crotchety should be 4 KHz frequency
of square wave with 5 Up amplitude.

Note: This clock signal is internally connected to the up/down counter so no external
connection is required.




DM With DC Voltage as modulating signal:

6.

10.

11.

12.

13.

Connect DC signal from the DC source to the inverting input of the comparator and
set some voltage says 3V.

Observe and plot the signals at D/A converter output (i.e. non-inverting input of the
comparator), DM signal using CRO and compare them with the waveforms given in
figure.

Connect DM signal (from 73M) to the DM input of the demodulator.

Connect clock (4KHz) from modulator (73M) to the clock input of the demodulator
(73D). Connect clock input of UP/DOWN counter (in 73D) to the clock from
transmitter with the help of springs provided.

Observe digital output (LED indication) of the UP/DOWN counter (in 73 D) and
compare it with the output of the UP/DOWN (in 73M) .By this you can notice that the
both the outputs are same.

Observe and plot the output of the D/A converter and compare it with the waveforms
given in figure.

Measure the demodulated signal (i.e. output of the D/A converter 73D with the help
of multimeter and compare it with the original signal 73 M. From the above
observation you can notice that both the voltages are equal and there is no loss in
process of modulation, transmission and demodulation.

Similarly you can verify the DM operation for different values of modulating signal.

DM With AF Voltage as modulating signal:

14.

15.

16.

17.

18.

19.

Connect AF signal from the AF source to the inverting input of the comparator and
set ome voltage says 3V.

Observe and plot the signals at D/A converter output (i.e. non-inverting input of the
comparator), DM signal using CRO and compare them with the waveforms given in
figure.

Connect DM signal (from 73M) to the DM input of the demodulator.

Connect clock (4KHz) from modulator (73M) to the clock input of the demodulator
(73D).

Connect clock input of UP/DOWN counter (in 73D) to the clock from transmitter
with the help of springs provided.

Observe and plot the output of the D/A converter and compare it with the waveforms

given in figure.




20. Observe and sketch the D/A output.

21. Connect D/A output to the LPF input.

22. Observe the output of the LPF/Amplifier and compare it with the original modulating
signal (AET-73M).

23. From the above observation you can verify that there is no loss in information in
conversion and transmission process.

24. Disconnect clock from transmitter (AET-73M) and connect to local oscillator (i.e.
clock generator output from AET-73D) with remaining setup as it is. Observe
demodulated signal output and compare it with the previous result. This signal is little
bit distorted in shape. This is because lack of synchronization between clock at
transmitter and clock at receiver.

Note: you can take modulating signals from external sources. Maximum amplitude
should not exceed 4 V incase of DC and 3 Vpp incase of AC (AF) signals.
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DM Demodulation (with AC input)
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Time Period
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DM Output

DM Demodulation (With DC input)
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4.9. LAB RESULT

Thus the Delta modulation and demodulation were performed and graphs were

plotted.
4.10. POST LAB QUESTIONS:
1. Compare DPCM ,PCMé& Delta modulation.

2. How to reduce the quantization noise that occurs in DM?

3. A band pass signal has a spectral range that extends from 20 to 82 KHz.Find the

acceptable sampling frequency.

4. Find the fourier series expansion of an Impulse train.

5. Mention the applications of DM.




5. FSK MODULATION AND DEMODULATION
5.1 OBJECTIVE
To analyze a FSK modulation system. and interpret the modulated and demodulated

waveforms

5.2 HARDWARE REQUIRED
1. FSK Trainer Kit - AET-48
2. Dual Trace oscilloscope
3. Digital Multimeter
5.3 INTRODUCTION
In Frequency shift keying, the carrier frequency is shifted (i.e. from one frequency to
another) corresponding to the digital modulating signal. If the higher frequency is used to
represent a data ‘1’ & lower frequency a data ‘0’, the resulting FSK waveform appears.
Thus
Data =1 High Frequency
Data =0 Low Frequency
It is also represented as a sum of two ASK signals. The two carriers have different
frequencies & the digital data is inverted. The demodulation of FSK can be carried out by
a PLL. As known, the PLL tries to ‘lock’ the input frequency. It achieves this by
generating corresponding O/P voltage to be fed to the VCO, if any frequency deviation at
its I/P is encountered. Thus the PLL detector follows the frequency changes and generates
proportional O/P voltage. The O/P voltage from PLL contains the carrier components.
Therefore to remove this, the signal is passed through Low Pass Filter. The resulting
wave is too rounded to be used for digital data processing. Also, the amplitude level may

be very low due to channel attenuation.

5.3.1 FSK Modulator

Figure 5.1 shows the FSK modulator using IC XR 2206. IC XR 2206 is a VCO
based monolithic function generator capable of producing Sine, Square, Triangle signals
with AM and FM facility. In this trainer XR2206 is used generate FSK signal. Mark
(Logic 1) and space (logic 0) frequencies can be independently adjusted by the choice of
timing potentiometers FO & FI. The output is phase continuous during transitions. The

keying signal i.e. data signal is applied to pin 9.
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5.3.2 FSK Demodulator:

Figure 5.2 shows FSK demodulator in a combination of PLL (LMS565) and
comparator (Op-amp). The frequency-changing signal at the input to the PLL drives the
phase detector to result in rapid change in the error voltage, which is applied to the input
of the comparator. At the space frequency, the error voltage out of the phase detector is
below the comparison voltage of the comparator. The comparator is a non-inverting
circuit, so its output level is also low. As the phase detector input frequency shifts low (to
the mark frequency), the error voltage steps to a high level, passing through the
comparison level, causing the comparator output voltage to go high. This error voltage
change will snap the comparator output voltage between its two output levels in manner
that duplicates the data signal input to the XR220S modulator.

The free running frequency of the PLL (no input signal) is set midway between
the mark and space frequencies. A space at 2025 Hz and mark at 2225 Hz will have a free
running VCO frequency of 2125 Hz.
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5.4 FSK SYSTEM DIAGRAM

FREQUENCY SHIFT KEYING SYSTEM

AET-48 )

Dato input

LOGIC SOURCE

Oulput
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FSK MODULATOR

REGULATED POWER SUPPLY

Figure 5.3

5.5 PRE LAB QUESTIONS

wok wD

List some applications of FSK.

Define digital modulation schemes.

FSK Output

el

FSK Input

T &

Identify the differences between Pass band and Base band Communication.

What is a matched filter?

What are the properties of matched filter?

5.6 TEST PROCEDURE

I.

2.

Connect the trainer kit to the mains and switch on the power supply

(00003

FSK  MODULATOR

FO=d = (oo

POYER

Check internal RPS voltage (it should be 12V) and logic source voltage for logic one

(it should be 12V)

Observe the data signal using oscilloscope. Note down the value. (Amplitude and

Time Period)

Connect the output of the logic source to data input of the FSK modulator

JUE_

Data signe




5. Set the output frequency of the FSK modulator as 1.2KHz using control FO (this
represents logic 0). Then set another frequency as 2.4KHz using control F1 (this
represents logic 1) using multimeter.

6. Connect the data input of the FSK modulator to the output of the data signal
generator. Observe the signal that comes out of FSK modulator and note down the
readings.

7. Connect the FSK modulator output to the input of the FSK demodulator. Observe the

waveform of FSK demodulator output using CRO and note down the readings.

5.7 OBSERVATION
Data source Carrier signal
Signal Type Time Amplitude | Signal Name | Frequency Amplitude
Period
Square F1 2.4KHz
wave FO 1.2KHz
Modulated Output Demodulated output
Signal Frequency | Amplitude | Signal Type Time Amplitude
Name Period
1.2KHz and
2.4KHz
FSK alternately Square wave
appearing
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5.9 LAB RESULT
Thus the FSK modulation and demodulation were performed and required graphs

were plotted.

5.10 POST LAB QUESTIONS
1. What is MSK?

2. For the given 8 bit data 10111010 draw the FSK output waveform.
3. Draw the constellation diagram of FSK.

4. What will happen if the same frequency is used for both the carriers?




6. PSK MODULATION AND DEMODULATION
6.1 OBJECTIVE
To analyze a PSK modulation system. and interpret the modulated and

demodulated waveforms.

6.2 HARDWARE REQUIRED
1. PSK Trainer Kit - AET-71
2. Dual Trace oscilloscope-POS-2020
3. Digital Multimeter

6.3 INTRODUCTION

Phase shift keying is a modulation/data transmitting technique in which phase of the
carrier signal is shifted between two distinct levels. In a simple PSK(ie binary PSK)
unshifted carrier Vcosmgt is transmitted to indicate a 1 condition, and the carrier shifted
by 180° ie — Vcosmot is transmitted to indicate as 0 condition.

6.3.1 PSK Modulator

Figure 6.2shows the PSK modulator. IC CD 4052 is a 4 channel analog multiplexer
and is used as an active component in this circuit. One of the control signals of 4052 is
grounded so that 4052 will act as a two channel multiplexer and other control is being
connected to the binary signal ie data to be transmitted. Unshifted carrier signal is
connected directly to CH1 and carrier shifted by 180° is connected to CH2.phase shift
network is a unity gain inverting amplifier using OP-amp (TL084).

When input data signal is 1 ie control signal is at high voltage, output of the 4052 is
connected to CHI and unshifted (or 0 phase)carrier is passed on to output. Similarly
When data signal is 0 ie control signal is at zero voltage output of 4052 is connected to
CH2 and carrier shifted by 180° is passed on to output.

6.3.2 PSK Demodulator:

Demodulation of PSK is achieved by subtracting the received carrier from a
derived synchronous reference carrier of constant phase. Figure shows the simple
coherent(synchronous) PSK demodulator.

Received PSK signal is converted to square wave using an op-amp(TL084) based
zero crossing detector and connected to EX-OR circuit. The derived reference carrier is
connected to other input of the EX-OR Gate through an op-amp based zero crossing

detector. For the simplicity same carrier is used at receiver as reference carrier (In




practical communication system reference carrier is generated at receiver).We can

observe the exact operation of demodulator with the help of waveforms at various nodes
in the circuit.
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Received PSK signal is converted to square wave using an op-amp(TL084) based

zero crossing detector and connected to EX-OR circuit. The derived reference carrier is

connected to other input of the EX-OR Gate through an op-amp based zero crossing

detector. For the simplicity same carrier is used at receiver as reference carrier (In

practical communication system reference carrier is generated at receiver).We can

observe the exact operation of demodulator with the help of waveforms at various nodes

in the circuit.

6.5 PRE LAB QUESTIONS

1. What are the applications of PSK?

2. What are antipodal signals?

3. Give the equation for average probability of symbol error for coherent binary PSK.

4. Explain how QPSK differs from PSK in terms of transmission bandwidth and bit
information it carries

5. Draw the constellation diagram for PSK.

6.6 PROCEDURE

1.
2.

Connect the trainer to mains and switch on the power supply.

Measure the output of the regulated power supply ie +5V and -5V with the help of
digital multimeter.

Observe the output of the carrier generator using CRO, it should be an 8KHZ sine
with 5Vpp amplitude.

Observe the various data signals(1KHZ,2KHZ and 4KHZ0 using CRO




6.6.1 Modulation:

8.

Connect carrier signal to carrier input of the PSK modulator.

Connect data signal say 4KHZ from data source to data input of the modulator.

Keep CRO in dual mode and connect CH1 input of the CRO to data signal and CH2
to the output of the PSK modulator.

Observe the PSK output signal with respect to data signal and plot the waveforms.

6.6.2 Demodulation:
9. Connect the PSK output to the PSK input of the demodulator.

10. Connect carrier to the carrier input of the PSK demodulator.

11. Keep CRO in dual mode and connect CHI to data signal(at modulator) and CH2 to

the output of the demodulator.

12. Compare the demodulated signal with the original signal. By this we can notice that

there is no loss in modulation and demodulation process

13. Repeat the steps 6 to 12 with different data signals ie 2KHZ and 1KHZ

6.7 MODEL GRAPH
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6.8 OBSERVATION

PSK (Modulation) -AC signal

Amplitude Time Period

Carrier signal

Data source
For 4KHz
For 2KHz
For 1IKHz

Modulated output
For 4KHz
For 2KHz
For 1IKHz

Demodulation

Amplitude Time Period

Demodulated output
For 4KHz
For 2KHz
For 1IKHz

6.9 LAB RESULT

Thus the PSK modulation and demodulation were performed and graphs were
plotted.

6.10 POST LAB QUESTIONS

1. Compare FSK and PSK.

2. List the Characteristics of TL084 op-amp.

3. Compare TL0O84 op amp with IC 741 op amp.
4

. What do we infer from constellation diagrams of various modulation schemes.




7. DATA FORMATTING
7.1. OBJECTIVE

To identify the various encoding schemes for a given data stream.

7.2. HARDWARE REQUIRED
1. Coding Kits.
2. CRO

7.3. INTRODUCTION

‘1’ and ‘0’ can be represented in various formats in different levels and
waveforms. The selection of coding technique depends on system band width, systems
ability to pass dc level information, error checking facility.

Non return to Zero (level):

The NRZ(L) waveform simply goes low for one bit time to represent a data ‘0’
and high to represent data ‘1°.For lengthy data the clock is lost in  asynchronous mode.
The maximum rate at which NRZ can change is half the data clock.[when alternate 0’s
and 1’s are there.

DC Level:

A length data will have only a dc level as its waveform, a dc voltage cannot be
used in circuits which involve transformers like telephone, AC coupled amplifiers,
capacitors, filter etc.

Manchester Biphase:

‘0’ is encoded low during first half of bit time & high for other half of bit & vice
versa for ‘1°.There is no synchronization problem in the receiver. It is independent of DC
levels, since there is a transition occurring in each bit. Its max frequency is equal to data
clock rate. There is at least one transition per bit. Since there is midway transition, it

makes clock regeneration difficult so we use special bi phase clock recovery circuit
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Fig 7.1 Data Encoding Schemes

Return to Bias:

It is a 3 level code it consist of positive, negative and zero. Easy clock
synchronization is possible.’1’ for positive,’0’ for negative in first half and zero bias for
second half. Maximum frequency is equal to data clock frequency. DC levels of
waveforms depends on strings of 1’s and 0’s.Hence we cannot use AC coupled
communication link. Timing information is easily obtained. The system is referred to as
‘self clocking system’, as magnitude of waveform is original data signal. It requires

complex transmitters.

7.5 PRELEB QUESTIONS

1. Compare NRZ-I and NRZ- L .

2. What is the use of data formatting?

3. Compare NRZ and biphase encoding .

4. What is the relationship between quantization levels and number of bits in a code
word?

5. Give the advantages of Manchester encoding.




7.6.TEST PROCEDURE

1. Connect the data generator output to code generator kit. This gives the random binary
sequence o the kit.

2. Connect the clock signal to the trainer kit.

3. Connect the output to the CRO channel along with the clock signal.

4. Observe the waveforms with respect to clock on a dual channel CRO, and compare
with the model graph.

5. Plot the waveforms for different codes.

7.7 LAB RESULT

Thus the different coding techniques were studied and observed for a given binary

data, and their corresponding waveforms plotted.

7.8. POST LAB QUESTIONS

1.

Assume a data stream is made of ten 0s. Encode this stream using the following
encoding schemes. How many change can you find for each scheme?

a)NRZ

b)RZ

c)Bi phase
If the bit rate of a signal is 1000 bits/seconds, how many bits can be sent in 4
seconds? How many bits in 1/5 seconds? How many in 100 milli seconds?
List out the merits & demerits of each data formats .

Represent the given data 11010100 in Manchester encoding and NRZ —M scheme.




8. Amplitude Shift Keying

8.1 OBJECTIVE
To simulate Binary Amplitude shift keying technique using MATLAB software

8.2 SOFTWARE REQUIRED

MATLAB ,Computer installed with Windows XP or higher Version.
8.3 PREPARATION (PRE-LAB)
1. Given a bandwidth of 5000 Hz for an ASK signal, what are the baud rate and bit rate?
2. Find the minimum bandwidth for an ASK signal transmitting at 2000bps.
8.4 MATLAB® INTRODUCTION

MATLAB® is a programming language and numerical computing environment.
The name MATLAB® is an acronym for “Matrix Laboratory”. As it name suggests it
allows easy manipulation of matrix and vectors. Plotting functions and data is made easy
with MATLAB®. It has a good Graphic User Interface and conversion of matlab files to
C/C++ is possible. It has several toolboxes that possess specific functions for specific
applications. For example Image Processing, Neural Networks, CDMA toolboxes are
name a few. An additional package, Simulink, adds graphical multidomain simulation and
Model-Based Design for dynamic and embedded systems. Simulink contains Blocksets
that is analogous to Toolboxes.It was created by Mathworks Incorporation, USA.
MATLAB® has become a defacto programming language for Engineers. Writing
MATLAB programs for modulation applications require knowledge on very few
functions and operators. The operators mostly used are arithmetic operators and matrix
operators. To know more type in the command prompt ‘help ops’. MATLAB will give a
list in that to know on specific operator say addition type in the command prompt ‘help
plus’. MATLAB will give how to use and other relevant information. Commonly used
graphical functions are plot, figure, subplot, title, and mathematical functions are sin and
cos only. The mathematical functions sin and cos are self explanatory. The graphical
function figure will create a new window and then subsequent graphical commands can
be applied. The plot function usually takes two vectors and plot data points according to
given vector data. In this case it will time Vs signal. Subplot function is used when two or
more plots are drawn on the same figure. As title function suggests it helps to write title
of the graph in the figure. For further details type ‘help plot’ or ‘help subplot’ in the
command prompt and learn the syntax.
8.5 THEORY
Amplitude Shift Keying




ASK is a form of modulation that represents digital data as variations in the
amplitude of a carrier wave.The amplitude of an analog carrier signal varies in
accordance with the bit stream (modulating signal), keeping frequency and phase
constant.

On-off keying (OOK) the simplest form of amplitude-shift keying (ASK)
modulation that represents digital data as the presence or absence of a carrier wave. In its
simplest form, the presence of a carrier for a specific duration represents a binary one,
while its absence for the same duration represents a binary zero.

In a ASK system, the pair of signal S;(t) used to represent binary symbols 1 & 0

are defined by
S (t) = V2Ey/tb Cos 2nf.t
0 where 0 <t< T, and

Eb = Transmitted signed energy for bit
The carrier frequency fc =n/T;, for some fixed integer n.

Block Diagram of ASK Transmitter

Binarvy Wave ‘ BASK signal
- Product -

(Polar form) Modulator —

T 04 () =2/Ty, cos 2mf.t

Fig 8.1 ASK Transmitter block diagram
The input binary symbols are represented in polar form with symbols 1 & 0
represented by constant amplitude levels VEb & -VEb. This binary wave is multiplied by a
sinusoidal carrier in a product modulator. The result is a ASK signal.

ASK Receiver

aevice

Choose0ifx, <0

O (f).

Fig 8.2 ASK Receiver block diagram
The received ASK signal is applied to a correlator which is also supplied with a

locally generated reference signal @; (t). The correlated o/p is compared with a threshold




of zero volts. If x1> 0, the receiver decides in favour of symbol 1. If x1< 0, it decides in

favour of symbol 0

8.6 ALGORITHM

ASK Modulation

4. Generate the carrier signal (9, (t) = \/2/Tb cos 2mnfct)

5. Generate the base band data signal .

6. Multiply the polar form data signal and carrier signal. The resultant signal is a PSK
signal.

7. Plot the carrier, data and PSK signal.

ASK Demodulation

4. Multiply the received PSK signal with the carrier signal (@ (t) = V2/T}, cos 2nfit )

5. Integrate the resultant signal(x1) .

6. Ifx1 is greater than zero then choose 1 and if it is less than 0 choose 0.

7. Plot the demodulated signal.

8.7 TEST PROCEDURE

1. Open the MATLAB® software by double clicking its icon.

2. MATLAB® logo will appear and after few moments Command Prompt will appear.

3. Go to the File Menu and select a New M- file. (File [/New[IM-file) or in the left hand
corner a blank white paper icon will be there. Click it once.

4. A blank M- file will appear with a title ‘untitled’

5. Now start typing your program. After completing, save the M- file with appropriate
name. To execute the program Press F5 or go to Debug Menu and select Run.

6. After execution output will appear in the Command window .If there is an error then
with an alarm, type of error will appear in red color.

7. Rectify the error if any and go to Debug Menu and select Run.

8.8 LAB RESULT

Thus the ASK modulated and demodulated waves are simulated .

8.9 POST LAB QUESTIONS

1. Write a matlab program to generate sync function

2. Perform the Binary ASK modulation and demodulation using hardware kit and
study the waveform output

3. Differentiate plot and subplot commands in MATLAB.




9. Binary Frequency Shift Keying
9.1 OBJECTIVE
To simulate Binary Frequency shift keying technique using MATLAB software

9.2 SOFTWARE REQUIRED
MATLAB ,Computer installed with Windows XP or higher Version.

9.3 PREPARATION (PRE-LAB)

1. Define modulation index.

2. Write a matlab program for generating PN sequence.
3. What is MSK and mention its significance.

4. Differentiate coherent and non-coherent FSK.

5. Give the expression for bandwidth of FSK scheme.

9.4 THEORY
Binary Frequency Shift Keying
In binary FSK system, symbol 1 & 0 are distinguished from each other by
transmitting one of the two sinusoidal waves that differ in frequency by a fixed amount.
Si (t) = V2E/Ty cos 2nfit ; 0<t<T,

0 ; elsewhere

Where i=1, 2 & E,=Transmitted energy/bit

Transmitted freq= fi = (nc+i)/Ty, and n = constant (integer), Ty, = bit interval
Symbol 1 is represented by S; (t)

Symbol 0 is represented by Sy (t)

The set of orthonormal basis function is

Qi (t) = {N2/Ty, cos 2xfit ; 0< t <T,

0 ; elsewhere
Where 1=1,2.
The two message points (M =2) are defined by signal vectors

S, = [VEp 0] S2 = [0 VEy]




Block diagram of BFSK Transmitter

m (

X

Bmary wave T
(On-Off signaling @y (t)  =12/Ty cos 2nfit

Form) — C

m{t)

RNV
l

FSEKE wave

Tc:m2 (t) = "2/Ty, cos 2nfat
Fig 9.1 FSK Transmitter Block Diagram

The i/p binary sequence is represented in its on-off form, with symbol 1
represented by constant amplitude of VE, with & symbol 0 represented by zero
volts. By using inverter in the lower channel, we in effect make sure that when
symbol lis at the i/p, The two frequency fl& f2 are chosen to be equal integer
multiples of the bit rate 1/Ty

By summing the upper & lower channel outputs, we get BFSK signal.

BFSK Receiver

zl
o™
w=xl-xd
— B (1) * Decision L,
X () . Device
o Tt choose 1ifx =0
 —
Fa (1) ¥2  choosel ifx <0

Fig 9.2 FSK Receiver Block Diagram

The receiver consists of two correlators with common inputs which are supplied
with locally generated coherent reference signals ©(t) and @ (t).

The correlator outputs are then subtracted one from the other, and the resulting
difference L is compared with a threshold of zero volts. If L >0, the receiver decides

in favour of symbol 1 and if L <0, the receiver decides in favour of symbol 0.




9.5 ALGORITHM
BFSK Modulation

1.

A R RN

Generate two carrier signals (0 (t) = \/2/Tb cos 2nfit and @, (t) = \/2/Tb cos2mf; t)
Generate the base band data signal .

Convert the base band signal into on-off form.(i.e m(t))

Multiply the on-off form data signal m(t) and carrier signal 1 in one channel .

Invert the signal m(t) to get m; (t)

Multiply the on-off form data signal m, (t)and carrier signal 2in another channel
Sum the output resultant signals of step 4 and 5.

The resultant signal is a FSK signal

Plot the carrier, data and FSK signal.

BFSK Demodulation

1. Multiply the received FSK signal with the carrier signal @; (t) = V2/Ty cos 2nfit in
one channel and integrate the resultant signal(x1)

2. Multiply the received FSK signal with the carrier signal @, (t) = \2/Ty cos 2nf ot in
another channel and integrate the resultant signal(x2)

3. Find x=x1-x2.

4. Ifxis greater than zero then choose 1 and if it is less than 0 choose O .

5. Plot the demodulated signal.

9.6 TEST PROCEDURE

1. Open the MATLAB® software by double clicking its icon.

2. MATLAB® logo will appear and after few moments Command Prompt will appear.

3. Go to the File Menu and select a New M- file. (File [/New[]M-file) or in the left hand
corner a blank white paper icon will be there. Click it once.

4. A blank M- file will appear with a title ‘untitled’

5. Now start typing your program. After completing, save the M- file with appropriate
name. To execute the program Press F5 or go to Debug Menu and select Run.

6. After execution output will appear in the Command window .If there is an error then
with an alarm, type of error will appear in red color.

7. Rectify the error if any and go to Debug Menu and select Run.




9.7 LAB RESULT

Thus the FSK modulated and demodulated waves are simulated.

9.8 POST LAB QUESTIONS

1. Determine the bandwidth and baud for an BFSK signal with mark frequency of 49
KHz, a space frequency of 51 KHz, and a bit rate of 2 Kbps.

2. Write a matlab program for finding the sum of series 1+2+3 +...... +N

3. Sketch the FSK waveform for the input a) 1010110 b) 1100101




10. Binary Phase Shift Keying

10.1 OBJECTIVE

To simulate Binary Phase shift keying technique using MATLAB software
10.2 SOFTWARE REQUIRED

MATLAB, Computer installed with Windows XP or higher Version.

10.3 PREPARATION (PRE-LAB)
1) An analog signal carries four bits in each signal element. If 1000 signal elements are
sent per second , find the baud rate and bit rate.

2) What is a correlator?

10.4 MATLAB® INTRODUCTION

MATLAB® is a programming language and numerical computing environment.
The name MATLAB® is an acronym for “Matrix Laboratory”. As it name suggests it
allows easy manipulation of matrix and vectors. Plotting functions and data is made easy
with MATLAB®. It has a good Graphic User Interface and conversion of matlab files to
C/C++ is possible. It has several toolboxes that possess specific functions for specific
applications. For example Image Processing, Neural Networks, CDMA toolboxes are
name a few. An additional package, Simulink, adds graphical multidomain simulation and
Model-Based Design for dynamic and embedded systems. Simulink contains Blocksets
that is analogous to Toolboxes.It was created by Mathworks Incorporation, USA.
MATLAB® has become a defacto programming language for Engineers. Writing
MATLAB programs for modulation applications require knowledge on very few
functions and operators. The operators mostly used are arithmetic operators and matrix
operators. To know more type in the command prompt ‘help ops’. MATLAB will give a
list in that to know on specific operator say addition type in the command prompt ‘help
plus’. MATLAB will give how to use and other relevant information. Commonly used
graphical functions are plot, figure, subplot, title, and mathematical functions are sin and
cos only. The mathematical functions sin and cos are self explanatory. The graphical
function figure will create a new window and then subsequent graphical commands can
be applied. The plot function usually takes two vectors and plot data points according to
given vector data. In this case it will time Vs signal. Subplot function is used when two or

more plots are drawn on the same figure. As title function suggests it helps to write title




of the graph in the figure. For further details type ‘help plot’ or ‘help subplot’ in the

command prompt and learn the syntax.

10.5 THEORY
Binary Phase Shift Keying
In a coherent binary PSK system, the pair of signal S;(t) and S; (t) used to represent
binary symbols 1 & 0 are defined by
S (t) = V2Ey/tb Cos 2nfi.t
S (t) =\2By/Ty, (2nft+m) = - \ 2Ey/Ty, Cos 2nft  where 0 <t< T, and
Eb = Transmitted signed energy for bit

The carrier frequency fc =n/T, for some fixed integer n.

In BPSK, there is only one basis function of unit energy.

By (t) = V2/Ty, cos 2fnct 0<t<T,
Si () =VE, @ (1) 0<t<T,
S () =VEy, Oi(1) 0<t< T}

The signal space is 1dimensional (N=1) having two message points (M = 2)

Block Diagram of BPSK Transmitter
The input binary symbols are represented in polar form with symbols 1 & 0
represented by constant amplitude levels VEb & -VEb. This binary wave is multiplied by a

sinusoidal carrier in a product modulator. The result in a BSPK signal.

Binary Wave Product BPSK signal
—> Modulator - >

!

@ (t) = V2/Ty cos 2xf.t
Fig 10.1 PSK Transmitter Block Diagram

(Polar form)

BSPK Receiver:

The received BPSK signal is applied to a correlator which is also supplied with a
locally generated reference signal @, (t). The correlated o/p is compared with a threshold
of zero volts. If x1> 0, the receiver decides in favour of symbol 1. If x1< 0, it decides in

favour of symbol 0




Diecision
n .
_u@_. B device . chooselifx, >0

L Choose 0 1fx, <1
1 (8.

Fig 10.2 PSK Receiver Block Diagram

The received BPSK signal is applied to a correlator which is also supplied with a

locally generated reference signal @, (t). The correlated o/p is compared with a threshold

of zero volts. If x1> 0, the receiver decides in favour of symbol 1. If x1< 0, it decides in

favour of symbol 0

10.6 ALGORITHM

BPSK Modulation

1. Generate the carrier signal (9, (t) = \/2/Tb cos 2mnfct)

2. Generate the base band data signal .

3. Convert the base band signal into polar form.

4. Multiply the polar form data signal and carrier signal. The resultant signal is a PSK
signal.

5. Plot the carrier, data and PSK signal.

BPSK Demodulation

1. Multiply the received PSK signal with the carrier signal (9 (t) = V2/Ty, cos 2nf.t)

2. Integrate the resultant signal(x1) .

3. Ifx1 is greater than zero then choose 1 and if it is less than 0 choose 0.

4. Plot the demodulated signal.

10.7 TEST PROCEDURE

1. Open the MATLAB® software by double clicking its icon.

2. MATLAB® logo will appear and after few moments Command Prompt will appear.
3. Go to the File Menu and select a New M- file. (File [/New[]M-file) or in the left hand

corner a blank white paper icon will be there. Click it once.




4. A blank M- file will appear with a title ‘untitled’

5. Now start typing your program. After completing, save the M- file with appropriate
name. To execute the program Press F5 or go to Debug Menu and select Run.

6. After execution output will appear in the Command window .If there is an error then
with an alarm, type of error will appear in red color.

7. Rectify the error if any and go to Debug Menu and select Run.

10.8 LAB RESULT

Thus the FSK modulated and demodulated waves are simulated .

10.9 POST LAB QUESTIONS
1. Write matlab program to encode the data sequence using
a) RZ
b) NRZ

¢) Manchester
d) Differential encoding.
2.Why do we make 180 degree phase shift in PSK and why not 90 or
270?comment on this.

3. What 1s the function of a decision device.




11. Quadrature Phase Shift Keying

11.1 OBJECTIVE
To simulate Quadrature Phase shift keying technique using MATLAB software

11.2 SOFTWARE REQUIRED
MATLAB, Computer installed with Windows XP or higher Version.

11.3 PREPARATION (PRE-LAB)
1. What are the types of QPSK?
2. What is the significance of Q-channel and I channel in QPSK modulator?
3. What is the minimum bandwidth requirement of QPSK?
4. Draw the output phase versus time relationship for a QPSK modulator.
5. Compare OQPSK and QPSK.
11.4 THEORY
Quadrature Phase Shift Keying
Phase of the carrier takes on one of four equally spaced values such as /4, 3n/4,
/4, 7m/4.

Si(t)y= \2E/ Ty cos {2 mfct+ (2i— 1) w4} , 0<t<T,

0 , elsewhere
Where i = 1,2,3,4, & E= Tx signal energy per symbol
Ty = symbol duration

Each of the possible value of phase corresponds to a pair of bits called dibits.

Thus the gray encoded set of dibits: 10,00,01,11

Si (t) = \2E/ Ty, cos [(2i — 1)n/4] cos (2nfet) - N2E/ Ty, sin [(2i —1) w/4)]
sin (2xfct) ,0<t<T, O , else where

There are two orthononormal basis functions

@ (t) =2/ Ty cos 2nfct, 0<t<T,
@, (t) =2/ Ty sin 2nf.t, 0<t<T,
There are four message points
Tnput debits Q}I)’éllz;s:i;fl N Co—ordir;altes of message signaslz

10 /4 VE/2 ~E/2
00 3n/4 ~E/2 ~E/2
01 5m/4 ~E/2 +VE/2
11 Tn/4 +VE/2 +VE/2




Block diagram of QPSK Transmitter
bl(t)

T +  QPSK signal
I/P binary b (t) —»
Wave DeMux 9 (t)= \2/ Ty, cos 2m

ol

b (1) T D, (t)= \2/ Ty sin 2w f t

Fig 11.1 QPSK Transmitter Block Diagram

The i/p binary sequence b(t) is represented in polar from with symbols 1 & 0
represented as +\VE/2 and -VE/2 .This binary wave is demultiplexed into two
separate binary waves consisting of odd & even numbered I/P bits denoted by b,
(1) &by (1)

b; (t) & by(t) are used to modulate a pair of quadrature carrier or orthogonal Basis
function O, (t) & O (t).

The result is two PSK waves’ .These two binary PSK waves are added to produce

the desired QPSK signal .
QPSK Receiver:
— . .43 >
Received lo™dt »| Decision
Signal x(t) Device 3
> O1(t) Multiplexer |—»

Y Binary wave
p t i
ofp N 0.2 Dec1.>mn
x2 Device >
Da ().

Fig 11.2 QPSK Receiver Block Diagram

QPSK receiver consists of a pair of correlators with common I/P & supplied
with Locally generated Signal @, (t) & @ (t).The correlator O/P, x;, & x, are each
compared with a threshold of zero volts.If x; > 0, decision is made in favour of
symbol ‘1’ for upper channel and if x; > 0, decision is made in favour of symbol 0.

Parallely Y x, >0, decision is made in favour of symbol 1 for lower channel
& if x, <0, decision is made in favour of symbol 0.

These two channels are combined in a multiplexer to get the original binary
output.

11.5 ALGORITHM
QPSK Modulation
1. Generate two carrier signals (@ (t) = V2/Ty cos 2nfct and @ (t) = V2/T, cos2nf.t)




e A e B

Generate the base band data signal .

Binary wave is divided into odd(b;(t)) and even(b,(t)) numbered input bits.
Multiply the odd numbered data signal (b;(t)) and carrier signal 1 in one channel .
Multiply the even numbered data signal b, (t)and carrier signal 2in another channel
Sum the output resultant signals of step 4 and 5.

The resultant signal is a QPSK signal

Plot the carrier, data and QPSK signal.

QPSK Demodulation

1.

S AW

Multiply the received QPSK signal with the carrier signal @, (t) = V2/Ty, cos 2mf.t in
one channel and integrate the resultant signal(x1)

Multiply the received QPSK signal with the carrier signal @, (t) =V2/T, cos 21f & in
another channel and integrate the resultant signal(x2)

If x; is greater than zero then choose 1 and if it is less than 0 choose 0.

If x, is greater than zero then choose 1 and if it is less than 0 choose 0

Multiply the resultant signal from step 3 and 4.

Plot the demodulated signal.

11.6 TEST PROCEDURE

1. Open the MATLAB® software by double clicking its icon.

2. MATLAB® logo will appear and after few moments Command Prompt will appear.

3. Go to the File Menu and select a New M- file. (File [/New[]M-file) or in the left hand
corner a blank white paper icon will be there. Click it once.

4. A blank M- file will appear with a title ‘untitled’

5. Now start typing your program. After completing, save the M- file with appropriate
name. To execute the program Press F5 or go to Debug Menu and select Run.

6. After execution output will appear in the Command window .If there is an error then
with an alarm, type of error will appear in red color.

7. Rectify the error if any and go to Debug Menu and select Run.

11.7 LAB RESULT

Thus the QPSK modulated and demodulated waves are simulated .

11.8 POST LAB QUESTIONS

1.
2.

Write a matlab program to sample a message signal m(t) and reconstruct it.

Identify the error in the mat lab command Sin 3.




3. Draw the constellation diagram of QPSK.
4. Give some applications of QPSK modulation scheme
5. Find the output of the following command.

57 (2/3) — 25/(2*3)
6. What is the relationship between 4 QAM and QPSK?
7. Design a SIMULINK model for QPSK.




12. Differential Phase-shift Keying

12.1 OBJECTIVE
To simulate Differential Phase shift keying technique using MATLAB software

12.2 SOFTWARE REQUIRED
MATLAB ,Computer installed with Windows XP or higher Version.

12.3 PREPARATION (PRE-LAB)
1. What are the applications of DPSK?
2. Give the equation for average probability of symbol error for DPSK.

3. List the operations performed in DPSK transmitter.

12.4 THEORY
Differential phase shift keying
It is the non-coherent version of PSK. It eliminates the need for a coherent reference
signal at the receiver by combining two basic operations at the transmitter:
i) Differential encoding of the input binary wave
ii) Phase shift keying
In effect, to send symbol 0 we phase advance the current signal waveform by 180°
, and to send symbol 1 we leave the phase of the current signal waveform unchanged.

Block diagram of DPSK Transmitter:

{di}
Input binar
DI;)SK Y Logic .| Amplitude- .| Product
> network ”| level shifter modulator |
Sequence {b  }
signal
& T T DPSK wave

faglayflo
V(2/Ty) cos(211f,t)

Fig 12.1 DPSK Transmitter Block Diagram

The DPSK transmitter consists of a logic network and a one-bit delay element

interconnected so as to convert an input sequence {byx} into a differentially encoded




sequence {dy}. This sequence is amplitude level shifted and then used to modulate a

carrier wave of frequency f, thereby producing the desired DPSK wave.

Block Diagram of DPSK Receiver:

Conelator

r-------"'-‘------‘----"---':
09 i
[

Band-pass T, v ¢ Decision

» flter ?odt 1 device

iV
DPFS3Kwave | 0 semmesfesscsssccmececeaeew -

Delay T

Fig 12.2 DPSK Receiver Block Diagram

The received DPSK signal plus noise is passed through a band pass filter centered at the
carrier frequency f. , so as to limit the noise power. The filter output and a delayed
version of it, with the delay equal to the bit duration T, are applied to a correlator. The
resulting correlator output is proportional to the cosine of the difference between the
carrier phase angles in the two correlator inputs. The correlator output is finally compared
with a threshold of zero volts, and a decision is thereby made in favor of symbol 1 or
symbol 0. If the correlator output is positive, the phase difference between the
waveforms received during the pertinent pair of bit intervals lies inside the range —I1/2 to
I1/2, and the receiver decides in favor of symbol 1.If , on the other hand, the correlator
output is negative, the phase difference lies outside the range —I1/2 to I1/2, modulo-2I1,

and the receiver decides in favor of symbol 0.

12.5 ALGORITHM

DPSK Modulation

1. Generate the base band data signal by.

Generate the differentially encoded sequence di using the equation
di =dg b @ dyc ;b

Convert d¢ into amplitude level shifted sequence.

Generate the carrier signal V(2/Ty) cos(2I1f.t)

Multiply the amplitude level shifted sequence with the carrier signal .
The resultant signal is a DPSK signal

e AT e B

Plot the carrier, data and DPSK signal.




DPSK Demodulation

1.

Multiply the received DPSK signal with the delayed version of it and integrate the
resultant signal (x).
If x is greater than zero then choose 1 and if it is less than 0 choose O .

Plot the demodulated signal.

12.6 TEST PROCEDURE

1. Open the MATLAB® software by double clicking its icon.

2. MATLAB® logo will appear and after few moments Command Prompt will appear.

3. Go to the File Menu and select a New M- file. (File ONew[JM-file) or in the left hand
corner a blank white paper icon will be there. Click it once.

4. A blank M- file will appear with a title ‘untitled’

5. Now start typing your program. After completing, save the M- file with appropriate
name. To execute the program Press F5 or go to Debug Menu and select Run.

6. After execution output will appear in the Command window .If there is an error then
with an alarm, type of error will appear in red color.

7. Rectify the error if any and go to Debug Menu and select Run.

12.7 LAB RESULT

Thus the DPSK modulated and demodulated waves are simulated.

12.8 POST LAB QUESTIONS

1. Write a matlab program for computing linear and circular convolution of two
sequences.

2. Compare DPSK with QPSK modulation scheme.

3. What is differential encoding technique.




Appendix
Data sheet of IC7805
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FORWARD INTERNATIONAL ELBCTRONICS LTD.

SEMICONDUCTOR

TECHNICAL DATA

7805

LINEAR INTEGRATED CIRCUIT

3-TERMINAL POSITIVE VOLTAGE

REGULATOR Package: TO-220

FEATURES

*Output current In Excess Of 1A

*Fixed output voliage of 5V available

*Thermal overioad siutdown protection

*Short cirouit current lmifing

*Output transistor SOA protection

ABSOLUTE MAXIMUM RATINGS

{Operating temperature range applies unkss otherwise specified)
Characteristic Symbol | Rating | Unit

Input voliage Vi 35 \4

Output Current Io 1.5 A

Power Dissipation Pp e | mwW

Operating Junction Temperature Range Toer  |-20~150] ¢

Storage Tenperature Range Torg  |-55~150] °c

ELECTRICAL CHARACTERISTICS at Tamb=25"C
(Vi=10V,I5=0.5A,0°C<T<125°C,Ci=0.33uF,Co=0.1uF,unkss otherwise specified)Note 1)

Characteristic Symbol | Min | Typ | Max | Unit Test Conditions
Output Volage Vo 48 5 52 v |1=25C
Ouiput Voliage Vo 4.75 5.25 V  |8VE V= 20V.]p=5mA-1.0A
PD<15W
Load Regulition AV, 13 | 100 | mV |T=25°CJy=5mA-1.5A
Load Regultion Vo 0.15 50 mV  |T=25°C,J=0.25A-0.75A
Line Regulation AV 5 100 | mv [7vEVvE25V,T=25C
Line Regulation AVo 1.3 50 mV |8V V=12V, T=25°C
Quiescent Current Iq 32 8 mA |T=25°C
Quiescent Current Change ~11Iq 1.3 mA BV Vy=25V
Quicscent Current Change Alg 05 | mA |smAsl,=1.0A
Output Noise Volkage Vi 10 UV |10Hz=f=100kHz
Temperature coefficient of Vi, AVhAT -0.30 mV/°C
Ripple Rejection RR 68 dB |8V=Vi= 18V FI120H T=25°C
Pealk Output Current Tpk 2.2 A |T=25C
Short-Circuit Current Tsc 200 mA  |[VI=35V,TF25°C
Dropout Voltage Vi 2.0 vV [r=25C10=1A

Notel: The maxinuen steady state usable output current is dependent on input volage, heat sinking, lead kength of the
package and copper patten of PCB. The data above represent pukse test conditions with junction temperatures

specified at the intiation of test.




DM74LS191

Data sheet of IC74L.S191

Connection Diagram

INPUTS OUTPUTS INPUTS
e, e e,
DATA RIPPLE MAX/ DATA DATA

Vcc A CLOCK CLOCK MIN LOAD € D
|1e 15 |14 |13 |12 |11 o |e

0 0
\Y
1 2 3 4 5 6 7 8
DATA Qg Qp ENABLE DOWN/ Q¢ Qp GND
B & UP
INPUT  QUTPUTS INPUTS OUTPUTS
Timing Diagram
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DM74L5191

Absolute Maximum Ratingsote 1)

Storage Temperature Rangs
Input Voltage:

Operating Free Air Temp. Range
Supply Voltage

Recommended Operating Conditions

—85°C to +150°C

™

0°C to+70°C

v

Note 1: The “Absclute Maximum Ratngs” are those valuzs beyond whlch
ihe safely of the device cannot be guaranteed. The device should not be
operaied at these Imits. TNe paramelric values dennad In ine Elecinca
Craractensiice labies ars not guaranizad at e absoluie maximum rabngs.
The “Recommended Dperatng Corditiens” table wil defing ihe conditans

for actual device operatlan.

Symbol Parameter Min Nom Max Units
Ve Supply Voltage 475 5 525
Vi HIGH Level Input ‘Voltage 2
Wi LOW Level Input Voltage 0a L
lom HIGH Level Output Current -04 ma
lop LOW Level Quiput Current 8 mA
fowk Clock Freguency (Note 2) 0 20 MHz
tw Pulse Width Clock 23 ns
{Nofe 2) Load 35
tsy Data Setup Time (Mote 2) 20 ns
tH Data Hold Time (Mote 2) 0 ns
ten Enable Time to Clock (Mote 2) 30 ns
Ta Free Air Operaling Temperature 0 70 °C
Mote 2: Tx=23°C and Vgo =5V
DC Electrical Characteristics
Symbaol Parameter Conditions Min Typ Mazx Units
[Mote 3)
W) Input Clamp Yoltage Vo= Min, |=-13 mA -1.5 v
Vor HIGH Level Qutput Ve = Min, lop =Max Mil 25 3.4
Voltage VL =Max, Vi = Min Com a7 14 v
Voo LOWY Lewel Output WVieg= Min. g = Max 025 04
Vio'tage VL =Max, Vi = Min 035 [X3 v
loL =4 mA, Voo = Min 025 0.4
Iy Input Current & Max Vo= Max Enakble 0.3 mA
Input Voltage V=TV Others 0.1
™ HIGH Level Input Veo= Max Enable 80 HA
Current V=27V Others 20
I LOW Level Input Ver= Max Enable -1.08 mA
Current V=04V Oithers -0.4
los Shart Cincuit Vo= Max il =20 100 mA
Output Gurrent {Mote 4} Com =20 —100
loo Supply Currsnt Vo= Max (Hote 5) 0 35 mA
Mot 3: All yplcals are at Voo = 5, Ta = 25°C.

Mota 4: Kot more than ene output should be shorted a1 a tme, and Ine duration should not exceed ene gecond.
Mota 5 I 15 measured with 3l mpuls grounded ang all oulpuls open.




ADCO0808/ADCDB0S

Data sheet of IC74L.S191

Connection Diagrams

Dual-In-Line Package

HN3=—i B p—inE
LR Fd 2T MO
NE—3 i) ol L] L1
He—{4 25|~ ALD A m2
s H 24400 B W3
STaRT—{6 23— 400 € N4
Eoc—7 22|~ ALE L
Fel 2if=2""usa oL
DUTPUT ENABLE 20f-2"2
cLotk—{10 19273
Ve =11 18—z
Vg (#] =12 17|~2"fLsm
GND =413 18=Voer (=)
T 15}-2"%
DEDOSETI-11

Order Number ADCOB08CCH or ADCO809CCN
See NS Package J28A or N28A

Ordering Information

Molded Chip Carrier Package

- @
2 OB W nom
2858497 5,7
T EF N

I5 M I3 2 MWW

L
START
El

QUTFUT ENABLE

a2
17f-2"Pse
16f—Yper (=)
15f=278
| =
i3j=oK0
12— Vier (+)
DEmsATEA2

Order Number ADCO808CCV or ADCOS09CCV

See NS Package V28A

TEMPERATURE RANGE -40°C to +85°C -55'C to +125°C
Error | =% LSB Unadjusted | ADCO303CCH ADCO30sccy ADCDB08CCY ADCO0808CY
*1 LSB Unadjusted | ADCO309CCHN ADCO308CCY
Package Outline MN28A Molded DIP | W28A Molded Chip Carrier JZ28A Ceramic DIP J2BA Ceramic DIP




Absolute Maximum Ratings notes 2, 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V..) (Note 3)

‘foltage at Any Pin

6.9

0.3V to (Vieet0.3V)

Except Control Inputs

‘Voltage at Confrol Inputs

—0.3V to +15V

[START, OF, CLOCK, ALE, ADD A, ADD B, ADD C)

Storage Temperature Range

Package Dissipation at T,=25'C
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)

Electrical Characteristics
Converter Specifications: V=3 Voo ™Vage, Vage,GND, Ty =TS Ty and fo =840 kHz unless otherwise stated.

-65°C to +150°C
875 mw

260°C

Dual-In-Line Package {ceramic) 300C
Molded Chip Carrier Package
“apor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Mote 8) 400V

Operating Conditions (uates 1, 2)

Temperature Range (MNote 1)
ADCOBDBCCM,ADCO308CCN
ADCOB03CCY, ADCOB0ICCY

Range of Ve (Note 1)

Toan=TaSThane
—40°C<T,=+85'C
-40°C = T, = +85°C

4.5 Vpe to 6.0 Ve

Symbol Parameter Conditions Min Typ Max Units
ADCO0308
Total Unadjusted Error 25'C =] LSE
(Nots 5) Trara 10 Thaax +34 LSBE
ADCO0309
Total Unadjusted Error 0°C to 7O'C +1 LSE
(Note 5) Toura 10 Ty +1v% LSE
Input Resistance Frem Ref(+) to Ref{-) 1.0 25 [19]
Analog Input Voltage Range {Maote 4) V{+) or V(=) GND-D_10 Vee+0 10 Voo
Vagrie) Voltage, Top of Ladder Measursd at Refi+) Voo Vee+01
VREF(+)+ VRgr(- Voltage, Center of Ladder Weel2-0.1 Veal2 | Veaof2+01
2
Weer(-) ‘Voltage, Botiom of Ladder Measured at Ref(-) -0.1 a Y
lira Comparator Input Current f-=5640 kHz, (Mote B) -2 =05 2 11

Electrical Characteristics

Digital Levels and DC Specifications: ADC0308CCHN, ADCO808CCY, ADCOB0SCCN and ADCOB03CCV, 4.758W 025.25Y,
—40°C=T,=+85'C unless otherwize noted

Symbol | Parameter Conditions Min Typ Max Units
ANALOG MULTIPLEXER
| e OFF Channel Leakage Current Waa=oV, V=0V,
T.=25°C 10 200 né&
T 10 Traax 1.0 BA
lorris OFF Channel Leakage Current Wan=5W, W=0,
Ta=25"C -200 -10 n&
Tram 10 Trpax -1.0 [T
CONTROL INPUTS
Vinesy Logical “17 Input Voltage Vee—1.5 W
Vineoy Lagical “0° Input Vialtage 1.5 W
lrai a3 Logical “1° Input Current Wipa=15% 1.0 (TR
{The Confrol Inputs)
| raray Logical “0° Input Current V=0 -1.0 HA
{The Confrol Inputs)
lee Supply Current forw =840 kHz 0.3 30 mA

ARNANAAYIRNANNY




Data sheet of IC74LF198

Absolute Maximum Ratings ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage
Power Dissipation (Package
Limitation) (Mote 2)

+18V

500 mW

Operating Ambient Temperature Range

LF198/LF1984
LF293
LF39a/LF3884
Storage Temperature Range
Input Voltage
Logic Te Logic Reference
Differential “oltage (Mote 3)
Qutput Short Circuit Duration

—55'C to +#125°C

-25°C to +85°C

0°C fo +70°C

-65'C to +#150°C

Equal to Supply YVoltage

+7V, -30V
Indefinite

Electrical Characteristics

The following specifcations apply for -V,
R, = 10 k2, LOGIC REFERENCE =0

s+ 3V sV, =

Hold Capacitor Short
Circuit Duration
Lead Temperature {Note 4)
H packags (Soldering, 10 sec.)
M package (Scldering, 10 sec.)
M package:
Vapor Phase (60 sec.)
Infrared (15 sec.)
Thermal Resistance (8,,) (typicals)
H package 215'C/W (Board mount in still air)
83°'C/W (Board mount in
400LF/min air flow)
M package 115°C/W
M package  108°C/W
#,- (H package, typical} 20°CAW

0% unless otherwise specified.

10 sec

260°C
260°C

215'C
220°C

#Vg = 3.5V, #Vg = +15V, =Wz = -5V, T, =T, = 25°C, C,, = 0.01 pF,
LOGIC HIGH = 2.5V, LOGIC LOW =

Parameter Conditions LF198/LF298 LF398 Units
Min | Typ Max | Min | Typ Max
Input Offset Voltage, (Mote 5) T,=25'C 1 3 2 7 Y
Full Temperature Range 5 10 my
Input Bias Current, (Mote &) T,=25'C 5 25 10 a0 na
Full Temperature Range 75 100 né
Input Impedance T, = 25'C 10 10" [*]
Gain Error T,=25'C, R, = 10k 0.002 | 0.005 0.004 | 0.04 %
Full Temperature Rangs 0.02 0.02 %
Feedthrough Attenuation Ratic T,=25'C, C,, = 0.01 pF a6 96 a0 50 d8
at 1 kHz
Cufput Impedance T, = 25'C, *HOLD" mode 0.5 2 0.5 4 je]
Full Temperature Rangs 4 5] 0
*HOLD" Step, (Note 6) Ty =25'C, Cp, = 0.01 pF, ¥y =0 0.5 20 1.0 25 mt
Supply Current, (Mote 5) Tz25°C 4.5 55 4.5 6.5 ma
Logic and Logic Reference Input T,=25'C 2 10 2 10 &
Curmrent
Leakags Current into Hold T,=25°C, (Note 7) 30 100 30 200 pA
Capacitor (Mote 5) Hold Made
Acquisition Time to 0.1% AV oy = 10V, C;, = 1000 pF 4 4 [15]
C,, =0.01 pF 20 20 3
Hold Capacitor Charging Current Vin—Veour = 2V 5 5 s
Supply Voltage Rejection Ratio Vour =0 80 110 &0 110 dB
Differential Logic Threshold T,=25'C 0.8 1.4 24 0.8 1.4 2.4 W
Input Offzet Voltage, (Note 5) T, =25'C 1 1 2 2 .
Full Temperature Rangs 2 3 my
Input Bias Current, (Mote 5) T,=25'C 5 25 10 a5 né
Full Temperature Rangs 75 a0 na




Data sheet of IC741L.S164

SN54164, SN54L5164, SN74164, SN74LS164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

MARCH 1374

REVISED MARCH 1988

* Gated Serial Inputs
* Fully Buffered Clock and Serial Inputs

* Asynchronous Clear

TYPICAL
TYPE MAXIMUM Powel:‘;lscsm-
CLOCK FREQUENCY IPATION
164 36 MHz 21 mW per bit
LS164 36 MHz 10 mW per bit
description

These B-bit shift registers feature gated serial inputs and
an asynchronous clear. The gated serial inputs (A and
B) permit complete control over incoming data as a low
at either input inhibits entry of the new data and resets
the first flip-flop to the low level at the next clock pulse.
A high-level input enables the other input which will
then determine the state of the first flip-flop. Data at the
serial inputs may be changed while the clock is high or

SNG54164, SN54L5164 . . . J OR W PACKAGE
SN74164 . .. N PACKAGE
SN74L5164 . . . D OR N PACKAGE

{TOP VIEW}

SNG5ALS164 . . . FK PACKAGE
(TOP VIEW)

N

INSTRUMENTS

FOST OFFICE BOX 655017 » DALLAS TEXAS 75265

. . . . ]
low, but only information meeting the setup-time re- Q
quirements will be entered. Clocking occurs on the low- o
to-high-level transition of the clock input. All inputs are >
diode-clamped to minimize transmission-line effects. 8
The SN54164 and SN54LS164 are characterized for —
operation over the full military temperature range of =
-55°C to 125°C. The SN74164 and SN74L5164 are -
characterized for operation from 0°C 1o 70°C.
A - _——— NC — Mo internal connection
FUNCTION TABLE
INPUTS OUTPUTS
CLEAR |[CLOCK | A B | QA QB .- OH | W - high level (steacly state), L = low level {steady state)
L X X X L L L ¥ = irrelevant lany input, including transitions)
H L X X |Oap Ogo QHo t = transition from low to high level.
Qpap. Qgo. Qg = the level of O, Qg or Oy, respectively, befere the indicated
H t H H H Qan QgGn steady-state input conditions were established.
H t L X L Opn Ogn G an. Ogn = the level of Qa or Qg before the most-recent 1 transition of the
Y t % L L QAn an clock; indicates a one-bit shifr.
schematics of inputs and outputs
‘164 ‘L8164
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee- i -- -Vee Voo—— -T—-—— ., Ve
R = 2000 Roq 120 21 NOM
NOM £ 1
INPUT — - INPUT-- -- |
oUTPUT ouTPUT
Clear, clack: 17 kit NOM
Serial in: 25 kil NOM
Texas Q’ 2515




seo1nea 111 [N

SN54164, SN54L5164, SN74164, SN74LS164
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTERS

typical clear, shift, and clear sequences

SERIAL

I
INPUTS |
I
;

on 7] [ N |
i T |
ac___] | N i
ap___] LI L.
QUTPUTS < |
Qe ___1 W
ar___] I
aG___ 1
s
cu!.qn CL!aR

logic symbolt

Op
ac
Op
Qg
OF
Qg

SRGB
iR (9} . R
CLK LE Ci/ -+
4]
: 2) & 1D 13) oa
4)
(5]
]
110}
111)
(12)
113

Qy

TThis symbal is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12.

Pin numbers shown are for D, J, N, and W packages.




72 EXAR
a ...the analog plus companynf

XR-2206

Monolithic
Function Generator

A A A A A

FEATURES

Low-Sine Wave Distortion, 0.5%, Typical
Excellent Temperature Stability, 20ppm/°C, Typ.
Wide Sweep Range, 2000:1, Typical
Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Modulation

TTL Compatible FSK Controls

Wide Supply Range, 10V to 26V

Adjustable Duty Cycle, 1% TO 99%

June 1997-3
APPLICATIONS

e Waveform Generation
o Sweep Generation

o AM/FM Generation

e //F Conversion

e FSK Generation

® Phase-Locked Loops (WVCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, ftriangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1TMHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C




Vee  GND  BIAS

© ® ©

SYNCO
Tc1 (B} ——
Timnin
Capaci?or veo
L— 12 (6 j_
F“Tin_‘ning — ™ c
esistors urrent Multiplier
(I Switches And S'ine +1 STO
. Shaper
FSKI @—

amst (1)

waveat (13)

MO

wavea2 (12)

syma1 (15}

symaz (6)

Figure 1. XR-2206 Block Diagram




AMSI [ SYMA2 aMsl =1 wele= syma2
sTo [Z] SYMA1 sT0 =2 5|2 SYMA1
Mo [ WAVEA2 Mo =l 3 14| WAVEA?
Vee [£] WAVEAT Vee =) 13| WAVEAT
TC1 [5] GND TGl =5 2|F3 GND
TC2 [E] SYNCO Tc2 =« 1| sYNCo
TR1 [7] BIAS TR1 = 7 =T
TR2 [E] FSKI TR2 =|= = |E= FsKI
”
16 Lead PDIP, CDIP (0.300") 16 Lead SOIC (Jedec, 0.300”)
PIN DESCRIPTION
Pin # Symbol Type |Description

1 AMSI I Amplitude Modulating Signal Input.

2 STO o] Sine or Triangle Wave Output.

3 MO o] Multiplier Qutput.

4 Vee Positive Power Supply.

5 TC1 I Timing Capacitor Input.

6 TC2 I Timing Capacitor Input.

7 TR1 (@] Timing Resistor 1 Output.

8 TR2 0 Timing Resistor 2 Qutput.

9 FSKI I Frequency Shift Keying Input.

10 BIAS (@] Internal Voltage Reference.

1 SYNCO o] Synec Output. This output is a open collector and needs a pull up resistor to Vec.

12 GND Ground pin.

13 WAVEA1 I Wave Form Adjust Input 1.

14 WAVEA2 I Wave Form Adjust Input 2.

15 SYMA1 I Wave Symetry Adjust 1.

16 SYMA2 I Wave Symetry Adjust 2.




Data sheet of IC555

FEATURES ® Sequential timing PIN CONFIGURATION
® Tumn-off ime less than 2us ® Time delay generation BPA Package
L] E::kgemW frequency greater than ® Pulse width modulation ano[T] S 5] vee
. i lati TRIGGER[2 7] DISCHARGE
& Timing from micraseconds to hours At cl 7]
® Missing pulse detector ouTPUT[3] 6] THRESHOLD
® Operates in both astable and monostable CONTROL
modes Resev[4] 5] voLtace
DESCRIPTION
L]
High output current The 555 monolithic Iimini;:ircuit is a highly BCA Package
® Adjustable duty cycle stable controlier capable of producing —\ /—|
] i accurate time delays, or oscillation. In the GNo (] 1] vee
compatible time delay mode of operation, the time is e 7] ELY
® Temperature stability of precisely controlled by one extemnal resistor TRIGGER [3] 73 oiscHanae
0.005% per °C and capacitor. For a stable operation as an
oscillator, the free running frequency and the ouTPUT [4] [11] Ne
duty cycle are both accurately controlled with nc[E 0 THRESHOLD
APPLICATIONS two external resistors and one capacitor. The - i
® Precision timing circuit may be triggered and reset on falling RESET (8] 9] ne
CONTROL
® Pulse generation gi?:‘:z‘imm; %ﬂﬁﬁwe can we 7] 8] voLrage
ORDERING INFORMATION
DESCRIPTION ORDER CODE |  PESKACE,
14-Pin Ceramic DIP S55/BCA GDIP1-T14
8-Pin Ceramic DIP 555/BPA GDIP1-T8
* MIL-STD 1835 or Appendix A of 1995 Military Data Handbook
EQUIVALENT SCHEMATIC BLOCK DIAGRAM
vee
a
™
9 CONTROL VOLTAGE
> ! <
> A7 »R12 Sn CONTROL
S x Sgax 5 VOLTAGE
1 THRESH -]
oL
H o 1 @ _
} i 6 O-1 COMPARAT
p— | Q18 R13 cL
I 2R
X 1 TRIGGER
3 i e o -
OUTPUT)
0B Sq
[ s
By ml
t R LA&AM er
> 5K l i
. —Ktm R14 I
20
113 a4
15
I: R15
> e AT
A Bl i R

1
i}

7110826

July 18, 1991

0085309 541 1N

512

B853-0285 99981




ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING! uNIT
Vee Supply voltage +18 A
Pp Power dissipation 600 mw
Tsta Storage temperature range -65 to +150 ‘C
DC ELECTRICAL CHARACTERISTICS
Veg = +5V to Vg = +15V, unless otherwise specified.
SYMBOL PARAMETER TEST CONDITIONS Tamb = +25°C Tamb = -55°C, +125°C UNIT
MIN TYP MAX MIN TYP MAX
Vee Supply voltage 4.5 18 45 18 v
lce Supply current (low state)2 Vec=5V, R =o 3 5 6 mA
Vec =15V, R == 10 12 14 mA
Timing error (monostable) Ra = 2k} to 100k
" Initial accuracy? C=0.1pF 0.5 20 25 %
At/AT Drift with temperature”. 8 100 ppmC
Aty/AVsg Drift with supply voltage 0.05 0.2 0.25 %NV
Timing error (astable) R, Rg = 1k to 100kD
ta Initial accuracy? C=0.1yF 4 6 10.0 %
Atp/AT Drift with temperature? Vee = 15V 500 ppmieC
Alg/AVg Drift with supply voltage® 0.15 0.6 15 %N
Ve Control voitage level Vee = +15V 9.6 100 | 104 9.6 10.4 v
Voo = +5V 2.9 3.33 3.8 29 38 v
VTH Threshold voltage Vop = +15V 9.4 10.0 10.6 94 106 v
Ve = +5V 27 3.33 4.0 24 4.0 v
tH Threshold current? Vg = 10.6V 0.1 025 0.35 mA
VrriG Tngger voltage Voo =+15V 4.8 5.0 5.2 45 55 v
Veg = +5V 1.45 1.67 1.9 15 2.2 v
ltRIG Trigger current Vrrig =0V 05 0.8 20 pA
VigseT Reset voltage® 0.3 1.0 0.1 1.3 v
lreseT Reset current Vreser = 04V -01 -0.4 -0.6 mA
IreSET Reset current VReser = 0V -0.4 -1.0 -1.2 mA
Voe = +15V
Igink = 10mA 0.1 0.15 0.25 \Y
Isink = 50mA 0.4 0.5 0.70 v
VoL Output valtage (low)10 I = 100mA 20 22 26 v
Voo = +5V
Isink = 8mA 0.1 0.25 0.43 v
Ising = SmA 0.05 0.2 0.38 v
Voo = +15V
Vou Output voltage (high)1? Isource = 100mA 130 | 133 125
Veg =45V v
Isource = 100mA 3.0 33 2.6 \J
Ip Drscharge leakage current 100 500 nA




Data sheet of ICCD4051

ﬁNationaI Semiconductor

October 1989

CD4051BM/CD4051BC Single 8-Channel Analog

Multiplexer/Demultiplexer

CD4052BM/CD4052BC Dual 4-Channel Analog

Multiplexer/Demultiplexer

CD4053BM/CD4053BC Triple 2-Channel Analog

Multiplexer/Demultiplexer

General Description

These analog multiplexers /demultiplexers are digitally con-
trolled analog switches having low “ON" impedance and
very low "OFF" leakage currents. Control of analog signals
up to 15Vp_p can be achieved by digital signal amglitudes of
3-15V, For example, if Vpp=>5V, Vg =0V and Vgg= —5V,
analeg signals from —5V to + 5V can be controlled by digi-
tal inputs of 0-5V. The multiplexer drouits dissipate ex-
tremaly low quisscent power over the full Vpp—Veg and
Voo — Vee supply voltage ranges, independent of the logic
state of the control signals. When a logical 1" is present at
the inhibit input terminal all channels are “OFF",
CDA051BM/CD4051BC is a single B-channel multiplexer
haviryg three binary control inputs. A, B, and C, and an inhibit
input. The three binary signals select 1 of 8 channels to be
tumed “ON" and connect the input to the output.
CO4052BM/CD4052BC is a differential 4-channel multiplex-
ar having two binary control inputs, A and B, and an inhibit
input. The two binary input signals select 1 or 4 pairs of
channels to be turned on and connect the differential ana-
leg inputs to the differential outputs.
CD4053BM/CD4053BC is a trple 2-channel multiplexer
havirng three separate digital control inputs, A, B, and C, and

an inhibit input. Each contrel input selects one of a pair of
channels which are connectedin a single-pole doub le-throw
configuration,

Features

m Wide range of digital and analog signal levels: digital
3-15V, analog 1o 18Vpp

m Low "ON" resistance: B0 (typ.) over entire 15\-'p_p sig-
nakinput range for Vop— Vee=15V

m High "OFF" resistance: channel leakage of +£10 pA
(typ) at Vpp—Vee =10V

H Logic level conversion for digital addressing signals of
315V Mpp—Vss=3-15V) to switch analog signals to
15 Vpp Moo — VeEE=15V)

m Matched switch charactedstics: ARpon =50 (typ.) for
Voo —Ves= 15V

m Yery low guiescent power dissipation under all digital
control input and supply conditions: 1 pW (typ.) at

B Binary address decoding on chip

Connection Diagrams

Dual-In-Line Packages

CD4051BM/CD4051BC CD4052BM /CD4052BC CD4053BM/CD4053BC
Lol CUT gy INBUT TN Nt
", 1 3 A B C Veo = x [} 1) B Veo [ i 7] w & C
B s Do bs be Do o s lig s fa i3 Jiz |0 o o e fos e fn iz Juo bio s
T 7 & F [ |7 |8 (N I I C N LR A e 5 F T8
a autiN WA Vgr Vs b % B b MM Wy Vi Wb e e INH Weg  Vas
NIGUT NuT ot PN Ty guT | DUTAN IeiouT
TOP VIEW TOF WIEW TOF VIEW TUFS6E2=1

Order Number CD4051B, CD40528, or CD4053B

staxa|dijinwag/iaxaldnny bojeuy

04€£507A2/NEES0FAD 0825070 /NAES0PAD “041L50rAD/NALS0rAD




DC Electrical Characteristics (note 2) (Continued)

Symbaol Parameter Conditions s +35%G +85C | ynits
Min | Max |Min| Typ Max | Min | Max
lig Input Current Vop= 15V, Veg=0V _ _ 5| —04 _
Vin=0V 0.1 10 1.0 | pA
Vop=15V, Veg=0V 5
Vip= 15V 0.1 10 0.1 1.0 A
oo Cwiescent Device Current Vop=5V 20 20 150 1.
Vop=10W 40 40 300 i
Vop=15V 80 80 600 A
Signal Inputs (V) and Outputs (Vgg)
Row "ON" Resistance (Peak RL=10 ki Vop =25V,
for Veg=Vis=Voo) (amy channel | Vep= —2.5V
selsctad) orVpp =5V, B850 270 1050 1200 n
VEg=0V
Voo =5V,
VEg= —5V
or Voo =10V, 330 120 400 520 n
Veg=0V
Voo =75V,
VEg= —T7.5V
or Vpp= 15V, 210 B8O 240 300 N
Vep=0V
ARpp | AVON" Resistance RL=10 ki Vop =25V,
Batween Any Two (any channal | Vegg=—25V 10 0
Channels selected) or Vop=5V,
Veg=0V
Voo =5V
VEg= —5V
or Vpo= 10V, 10 i
VEE=GV
Voo =75V,
VEE= —?5‘0"
orVipn=15V, 5 o
VEg=0V
“OFF" Channel Leakage Vop=7.8Y, Vgg=-7.8V
Current, any channel "OFF" | O/ = £ 7.5V, |/O=0V +50 0,01 | £50 500 [ nA
“OFF" Channel Leakage Inhibit="7.5¥  CD4051 +200 +0.,08 | £200 +2000 | nA
Current, all channels Vop=7.5V,
“OFF" (Common Veg=—7.5V, CD4052 +200 +0.04 | £200 +2000 | nA
OUT/IMY O/ =0V
1/0=+7.5V  CD4053 +200 +0,02 | £200 +2000 | nA
Control Inputs A, B, C and Inhibit
ViL Low Level Input Voltage Veg=Vsgs RL=1kilto Vgg
lig=2 wh on all OFF Channals
V|5=VDDT|IH.I 1 kit
Vop=58Vv 1.5 1.5 1.5 W
Vop= 10V 3.0 3.0 3.0 W
Vop=15V 4.0 4.0 4.0 W
ViH High Level Input Voltage Vop=25 3.5 3.5 35 W
Vop=10 7 7 7 W
Vop=15% 11 11 11 W
lig Input Current Vop= 15V, Veg=0V _ _ 5| —04 _
Vin=0V 0.1 10 1.0 | pA
VDD= 15V. VEE=GV 5
Vip= 15V 0.1 10 0.1 1.0 A

Hote 1: “Amobhde Masmum Falings™ are those values bayond which lhe saiely of the device cannol be guaraniead. Ex

cept for “Dperafing Temperalure Range™

ey are not meant © imply that the devices shoud be opersted &l Ihase limts The lakie of “Bectical Chamelensics™ provides condilions for actual device
OpEr AN,
Note 2: All vollages measired wih respact 1o Vigs uniess obanise spedhed.
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®

LM139,A
LM239,A-LM339,A

LOW POWER QUAD VOLTAGE COMPARATORS

= WIDE SINGLE SUPPLY VOLTAGE RANGE OR
DUAL SUPPLIES FOR ALL DEVICES - +2VTO
+36V OR+1VTO £18V

= VERY LOW SUPPLY CURRENT (1.1mA)

INDEPENDENT OF SUPPLY VOLTAGE

(1.4mW/comparator at +5V)

LOW INPUT BIAS CURRENT : 25nATYP

LOW INPUT OFFSET CURRENT : #£5nA TYP

LOW INPUT OFFSET VOLTAGE : +1mV TYP

INPUT COMMON-MODE VOLTAGE RANGE

INCLUDES GROUND

= LOW OUTPUT SATURATION VOLTAGE -
250mV TYP. (lo =4mA)

= DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TO THE SUPPLY VOLTAGE

= TTL, DTL, ECL, MOS, CMOS COMPATIBLE
QUTPUTS

DESCRIPTION

Thesedevices consistof fourindependentprecision
voltage comparators with an offset voltage specifi-
cations as low as 2mV max for LM339A, LM239A
and LM139A. All these comparators were designed
specifically to operate from a single power supply
over a wide range of voltages. Operation from split
power suppliesis also possible.

These comparators also have a unique characteris-
tic in that the input common-mode voltage range
includesground even though operatedfrom a single
power supply voltage.

PIN CONNECTIONS (top view)

5014
(Plastic Micropackage)

(Plastic Package)

P
TSSOP14

{Thin Shrink Small Outline Package)

ORDER CODES
Part Temperature Package
Number Range NTD|F
LM139.A -55, +125°C o |
LM239,A -40, +105°C Slha e
LM339,A 0, +70°C | o | @

Example : LM139AN

outputz 1 [
Output1 2 [

14 Output3

% @ [
Invertinginput 1 &[]
Moninvestinginput 1 5 [
Irnvertinginput2 8 E

Morvinvetinginput 2 7 E

13 Oufputd

12 Npg

10 Inverting input £

2  MNendnverfinginput 3

i
u
]
[ 11 Mondnwertingingut 4
B
u
]

2 Invetinginput 3




LM139,A - LM239,A - LM339,A

SUPPLYCURRENT (mA)

SATURATION VOLTAGE(V)
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RESPONSE TIME FOR VARIOUS INPUT
OVERDRIVES - NEGATIVE TRANSITION

OUTPUT VOLTAGE (V)

INFUT WVOLTAGE (mV)

INFUT CURRENT versus
SUPPLY WVOLTAGE

R, =10°0Q

vi=ov |

Tamb = -55°C

Tamp= +25°C

—_—t

Tamb =+125°C

N

Tamb = +70°C |

== N W

(==

-50
-100

10 20

30

SUPPLY VOLTAGE (V)

Input overdrive - 5mv T T T
2['“'“\4" w 5.1k )
| i
—100m' l —

> =

Tamb=+25°C

[ [ ]

1] 0.5 1 15 2

TIME (us)

40




Data sheet of ICLM565

May 1999

National Semiconductor

LM565/LM565C
Phase Locked Loop

General Description

The LMSE5 and LMSESC are general purpose phase locked
oops containing a stable, highly linear voltage confrolled os-
cillator for low distorion FM demodulation, and a double bal-
anced phase detecfor with good camier suppression. The
WCO frequency is set with an external resistor and capacitor,
and a tuning range of 10:1 can be obtained with the same
capacitor. The characteristics of the closed Iloop
system — bandwidth, response speed, capiure and pull in
range —may be adjusted over a wide range with an external
resigtor and capacitor. The loop may be broken betwaen the
WCO and the phase detector for inseriion of a digital fre-
quency divider to obtain frequency multiplication.

The LMS65SH iz specified for operation over the -55°C to
+125°C military temperature range. The LMSESCN is speci-
fied for operation over the 0°C to +70°C temperature range.

Features

ppmi*C freguency stability of the VCO

® Power supply range of £5 fo £12 volts with 100 ppm/%
typical

i

0.2% linearity of demodulated output

Linear triangle wave with in phase zero crossin
available

as

TTL and DTL compatible phase detector input and

square wave output
Adjustable hold in range from 1% to > £60%

Applications

Data and tape synchronization
Modems

FSK demodulation

FM demadulation

Freguency synthesizer

Tone decoding

Freguency multiplication and divisicn
SCA demodulators

Telemetry receivers

Signal regeneration

Coherent demodulators

Connection Diagrams

Metal Can Package

g

TIMING
CAFACITOR

TIMING

Ly RESISTOR

WVED CONTROL
VOLTAGE

REFERENCE
DuUTPUT

PHASE COMPARATOR
WECO INPUT

DamTase-2

Order Humber LM565H
See NS Package Number H10C

PHASE COMPARATOR __ 5

Dual-in-Line Package

a

Vee =1} (F N LU
FHASE |
—_— [|DETECTOR N
| — 2

INPUT —— —— N
veag 4 "
ouTPUT — NC

WCO INPUT
REFERENCE _ &

H o+ W

9 TIMING

ouTPUT — | CAPACITOR
weo ConTRoL __ 7] 8 TiminG
WOLTAGE RESISTOR
DENOTESE-3

Order Number LM565SCN
See NS Package Number N14A

dooT pay207 aseyd DS9SINT/SISINT




Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Operating Temperature Range
LMSESH
LMSESCH

Storage Temperaturs Range

-55'C to +125°C
0°C to +70°C
-65°C to +150°C

Supply Voltage +12V Lead Temperature
(Soldering, 10 sec.) 260°C
Power Dissipation {Mote 2) 1400 mvv = s !
Differential Input Voltage =1
Electrical Characteristics
AC Test Circuit, T, = 25°C, Vg = £BV
LMEES LMEESC
Parameter Conditions = S Units
Min Typ Max Min Typ Max
Power Supply Current 3.0 12.5 8.0 125 ma
Input Impedance (Pins 2, 3) A4V <V, V<0 7 10 5 kL2
WiCO Maximum Operating C,=27pF 200 500 250 500 KHz
Freguency
WCO Free-Running Freguency Co=15nF
R, = 20 k@2 -10 0 +10 -30 0 +30 %
fa = 10 kHz
Operating Fraquency N N .
Temperature Coefficient L = PR/ C
Fi Dirift with
Sl LBy 01 | 10 0z | 1s %
Supply Voltage
Triangle Wave Cutput Voliage 2 2.4 3 2 24 3 fop
Triangle Wave Cutput Linearity 0.2 0.5 %o
Square Wave Output Level 47 5.4 4.7 34 Vo
Output Impedance (Fin 4} 5 a kil
Square Wave Duty Cycle 45 S0 55 40 a0 50 %
Square Wave Rise Time 20 20 ng
Square Wave Fall Time S0 S0 ng
Output Current Sink (Pin 4) 0.6 1 0.6 1 ma
YICO Sensitivity f, = 10 kHz 8600 EE00 Hz
) P "
S:'Enm??ulated Output Voltage +10% Frequency Deviation 250 200 400 200 200 450 Mg a
Total Harmanic Distortion +10% Frequency Deviation 0.2 0.75 0.2 1.5 %
Output Impedance (Pin 7) 35 5 kil
DC Level (Pin 7) 425 45 475 40 5 5.0
)
Output Offset Voltage a0 | 100 sp | 200 my
IV; — Ve
Temperature Drift of [V, - V| 500 500 pvrc
AM Rejection 30 40 40 dB
Phase Detector Sensitivity Kg 0.88 0.68 Wiradian

Maote 1: Abscluie Maximum Ratings indicate Fmits beyond which damage to the device may occur. Operating Ratings indicats conditions for which the device is func-
tional, but do not guarantes specfic performiance limits. Electrical Characterstics state DC and AC lectical specfications under partiou'ar test condtions which guar-
antee specfic performmance Fmits. This assurmes that the device is within the Operating Ratings. Specfications are not guaranteed for parameters where no limit is

given, however, the typical value 5 & good indication of device performance
Mote 2: The maximum junction

temperature of te LM585 and LMSGSC is +150°C. For operation at elevated temperatures, devices in the TO-5 package must be

derated based on a themnal resistance of #150°CW junciion to ambient or <45°CAW junction fo case. Themmnal resistance of the dual-indine package is B5°CWL




Typical Performance Characteristics

Power Supply Current as a
Function of Supply Voltage
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Lock Range as a Function
of Input Voltage
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