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Course No: PHS 495B: Applied Electronics –II (Practical)
1. Design of a Schmitt trigger circuit using µA 741
2. DSB-TC and DSB-SC generation using analog multiplier IC MC 1495 or
MC1496
3. Design and performance study of a VCO IC (NE 566)
4. Design and performance study of a PLL IC (NE 565)
5. Design a FM demodulator using PLL
6. Study of Pulse Amplitude Modulation transmission and reception
7. 8085 Microprocessor programming
8. Study of Pulse Width Modulation using 555 Timer IC
9. Pattern waveform generator for analog multiplexing
10. To study the input stage of an Op-amp using discrete components and find out
the differential mode gain
11. PSIPCE study the input stage of an Op-amp using discrete components and find
out the differential mode gain
12. Study of D.A.C & A.D.C

[This manual can be followed for a ready reference in addition to consulting standard text
books on the respective topics.]
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Practical 1
Design of a Schmitt trigger circuit using µA 741
Schmitt Trigger or Regenerative Comparator Circuit
A Schmitt trigger circuit is also called a regenerative comparator circuit. The circuit is
designed with a positive feedback and hence will have a regenerative action which will make
the output switch levels. Also, the use of positive voltage feedback instead of a negative
feedback, aids the feedback voltage to the input voltage, instead of opposing it. The use of a
regenerative circuit is to remove the difficulties in a zero-crossing detector circuit due to
low frequency signals and input noise voltages.
Shown below is the circuit diagram of a Schmitt trigger. It is basically an inverting
comparator circuit with a positive feedback. The purpose of the Schmitt trigger is to convert
any regular or irregular shaped input waveform into a square wave output voltage or pulse.
Thus, it can also be called a squaring circuit.

Schmitt Trigger Circuit Using Op-Amp uA741 IC
As shown in the circuit diagram, a voltage divider with resistors Rdiv1 and Rdiv2 is set in the
positive feedback of the 741 IC op-amp. The same values of Rdiv1 and Rdiv2 are used to get
the resistance value Rpar = Rdiv1||Rdiv2 which is connected in series with the input voltage.
Rpar is used to minimize the offset problems. The voltage across R1 is fedback to the noninverting input. The input voltage Vi triggers or changes the state of output Vout every time it
exceeds its voltage levels above a certain threshold value called Upper Threshold Voltage
(Vupt) and Lower Threshold Voltage (Vlpt).
Let us assume that the inverting input voltage has a slight positive value. This will cause a
negative value in the output. This negative voltage is fedback to the non-inverting terminal
(+) of the op-amp through the voltage divider. Thus, the value of the negative voltage that is
fedback to the positive terminal becomes higher. The value of the negative voltage becomes
again higher until the circuit is driven into negative saturation (-Vsat). Now, let us assume
that the inverting input voltage has a slight negative value. This will cause a positive value in
the output. This positive voltage is fedback to the non-inverting terminal (+) of the op-amp
through the voltage divider. Thus, the value of the positive voltage that is fedback to the
positive terminal becomes higher. The value of the positive voltage becomes again higher
until the circuit is driven into positive saturation (+Vsat). This is why the circuit is also
named a regenerative comparator circuit.
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Schmitt Trigger Input and Output Waveform
When Vout = +Vsat, the voltage across Rdiv1 is called Upper Threshold Voltage (Vupt). The
input voltage, Vin must be slightly more positive than Vupt inorder to cause the output Vo to
switch from +Vsat to -Vsat. When the input voltage is less than Vupt, the output voltage Vout
is at +Vsat.
Upper Threshold Voltage, Vupt = +Vsat (Rdiv1/[Rdiv1+Rdiv2])
When Vout = -Vsat, the voltage across Rdiv1 is called Lower Threshold Voltage (Vlpt). The
input voltage, Vin must be slightly more negaitive than Vlpt inorder to cause the output Vo to
switch from -Vsat to +Vsat. When the input voltage is less than Vlpt, the output voltage Vout
is at -Vsat.
Lower Threshold Voltage, Vlpt = -Vsat (Rdiv1/[Rdiv1+Rdiv2])
If the value of Vupt and Vlpt are higher than the input noise voltage, the positive feedback
will eliminate the false output transitions. With the help of positive feedback and its
regenerative behaviour, the output voltage will switch fast between the positive and negative
saturation voltages.
Hysteresis Characteristics
Since a comparator circuit with a positive feedback is used, a dead band condition hysteresis
can occur in the output. When the input of the comparator has a value higher than Vupt, its
output switches from +Vsat to -Vsat and reverts back to its original state, +Vsat, when the
input value goes below Vlpt. This is shown in the figure below. The hysteresis voltage can be
calculated as the difference between the upper and lower threshold voltages.
Vhysteresis = Vupt – Vlpt
Subsituting the values of Vupt and Vlpt from the above equations:
Vhysteresis = +Vsat (Rdiv1/Rdiv1+Rdiv2) – {-Vsat (Rdiv1/Rdiv1+Rdiv2)}
Vhysteresis = (Rdiv1/Rdiv1+Rdiv2) {+Vsat – (-Vsat)}

4

Schmitt-Trigger-Hysteresis Characteristics
Applications of Schmitt Trigger
Schmitt trigger is mostly used to convert a very slowly varying input voltage into an output
having abruptly varying waveform occurring precisely at certain predetermined value of
input voltage. Schmitt trigger may be used for all applications for which a general comparator
is used. Any type of input voltage can be converted into its corresponding square signal wave.
The only condition is that the input signal must have large enough excursion to carry the
input voltage beyond the limits of the hysteresis range. The amplitude of the square wave is
independent of the peak-to-peak value of the input waveform.
Schmitt trigger circuit using IC uA 741
A Schmitt trigger circuit shows two distinct signal input levels for turning the circuit ON and
OFF. The difference between the Von and Voff voltages called hysteresis Schmitt triggers are
useful in converting slowly rising waveforms into fast rising ones and in relay like
application.
The circuit shown here uses a 741 with positive feedback via R5, R6 and R7 for fast
switching. Voltage dividers R8 and R9 set the DC input voltage to the non-inverting input
terminal to half the supply voltage. The amount of positive feedback depends on the ratio of
R6 and R7, the larger the ratio, the smaller will be the hysterisis shown by the circuit.
Potentiometer R2 sets the DC voltage to the inverting input terminal and thus sets the
threshold voltage at which the signal will trigger the circuit. The input signal can be applied
to either of the two input terminals.

Circuit diagram

5

Notes.


The circuit can be assembled on good quality PCB or common board.



The threshold can be set by varying the POT R2.



The circuit can be powered from a 9V battery or 9V DC power supply.



It is possible to raise the power supply up to 24V.



IC1 must be mounted on an IC base.
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Practical 2
DSB-TC and DSB-SC generation using analog multiplier IC MC 1495 or MC1496
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Practical 3
Design and performance study of a VCO IC (NE 566)
An oscillator in electronics generally refers to a circuit which is capable of producing
waveforms. This waveform can either be of Sine, triangle or even a saw tooth type. Some of
the most common oscillator circuits are LC circuit, Tank circuit etc. A Voltage Controlled
Oscillator is an oscillator which produces oscillating signals (waveforms) with variable
frequency. The frequency of this waveform is varied by varying the magnitude of the Input
voltage. For now you can imagine a Voltage Controlled Oscillator (VCO) to be a black box
which takes in Voltage of variable magnitude and produces an output signal of variable
frequency, and the frequency of the output signal is directly proportional to the magnitude of
the input voltage.

Voltage Controlled Oscillator
Working Principle of VCO
There are many types of VCO circuits; a very basic one can be built by just utilising a
capacitor, inductor and resistor to make a tank circuit. Also Op-Amps,
Multivibrator, transistors, 555 timers can also be utilised to build oscillating circuits. Apart
from that there are dedicated IC packages like LM566 LM567 etc. which can act as VCO. To
understand the basic idea of a VCO let us consider a RC oscillator.
In a RC oscillator the frequency of the output wave depends on the value of the capacitor
used in the circuit, since the frequency is given by the formulae
Frequency (f) =
Hence in this case the frequency of oscillation is inversely proportional to the value of
capacitance used in the circuit. So now to control the output frequency and to make it work as
a VCO we have to vary the capacitance of the Capacitor based on the value of the Input
voltage. This can be achieved with the help of varactor diodes. These diodes change the value
of capacitance across them based on the voltage applied. A sample output graph of a VCO is
shown below.

8

Let us assume the control voltage to be Vc and the output frequency as fo. Then under normal
operating condition a nominal voltage provided to the VCO for which a nominal Frequency is
produced by the VCO. As the input voltage (control voltage) is increased the output
frequency increases and the vice versa is also possible.
Types of Voltage Controlled Oscillators
There are many types of VCO circuits used in different applications, but they can be broadly
classified into two types based on their output voltage.
Harmonic Oscillators: If the Output waveform of the oscillator is sinusoidal then it is called
as harmonic Oscillators. The RC, LC circuits and Tank circuits fall into this category. These
types of oscillators are harder to implement but they better stability than the Relaxation
Oscillator. Harmonic oscillators are also called as linear voltage controlled oscillator.
Relaxation Oscillator: If the output waveform of the oscillator is in sawtooth or triangular
form then the oscillator is called as Relaxation Oscillator. These are comparatively easy to
implement and hence most widely used. Relaxation Oscillator can further be classified as


Emitter Coupled Voltage Controlled Oscillator



Grounded capacitor Voltage Controlled Oscillator



Delay based ring Voltage Controlled Oscillator

Voltage Controlled Oscillator – Practical Application
As mentioned earlier VCO can be simply construct using RC or LC pair, but in real world
application no one really does that. There is some dedicated IC which has the ability to
generate oscillations based on the input voltage. One such commonly used IC is the LM566
from national semiconductor.
This IC is capable of generating both triangular and square wave and the nominal
frequency of this wave can be set by using an external and capacitor and a resistor. Later this
frequency can also be varied in real time based on the input voltage supplied to it.
The pin diagram of the LM566 IC is shown below
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The IC can be operated either from a single supply or from a dual supply rail with an
operating voltage upto 24V. The pins 3 and 4 are the output pins which gives us the Square
wave and Triangle wave respectively. The Nominal frequency can be set by connecting the
right value of Capacitor and Resistor to the pins 7 and 6.
The formulae to calculate the value of R and C based on the output frequency (fo) is given by
the formulae
fo = 2.4 (Vss - Vc) / Ro+Co+Vss
where,
Vss is the supply voltage (here 12V) and Vc is the control voltage applied to pin 5 based on
whose magnitude the output frequency is controlled. (Here we have formed a potential
divider using 1.5k and 10k Resistor to supply a constant voltage to pin 5). A sample circuit
diagram for LM566 is shown below

In practical applications the Resistors 1.5k and 10k can be ignored and the control voltage
can be directly supplied to pin 5. You can also change the value of Ro and Co based on you
required range of output frequency. Also refer the datasheet to check how linear the output
frequency varies with respect to the Input control voltage. The value of output frequency is
adjustable using the Control voltage (on pin 5) with a ratio of 10:1, which helps us in
providing a wide range of control.
Applications of VCO
 Frequency Shift Keying
 Frequency identifiers
 Keypad Tone recognizers
 Clock/Signal/Function Generators
 Used to build Phase Locked Loops.
The voltage controlled oscillator is the main function block in a Phase Locked Loop system.
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Practical 4
Design and performance study of a PLL IC (NE 565)
The objective is to study the operation of NE565 PLL – with a given free running frequency.
It is prerequisite to know the Basic operation of PLL and Pin diagram of IC 565.
The required apparatuses are:


DC power supply



CRO



Bread Board



Function Generator



Resistors 2.2kΩ, 10KΩ, 18KΩ – 1No. each



Capacitor 10µF – 1No



Capacitor 0.001µF – 2Nos



IC565 - 1No

Theory:
The 565 IC is available as a14-pin DIP package. The output frequency of the VCO is fo = 1.2
/4 RTCT, where RT and CT are the external Resistor and Capacitor connected to pin 8 and pin
9. A value between 2k and 20k is recommended for RT. The VCO free running frequency is
adjusted with RT and CT, so that it is at the centre of the input frequency range.
≅

1.2
4

Circuit diagram:
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Procedure:
1. Connect the circuit as shown in the figure.
2. Measure the free running frequency of VCO at pin 4 with the input signal Vin = zero.
Compare it with the calculated value = 1.2/4RTCT
3. Now apply the input signal of 1Vpp square wave of 100Hz to pin 2. Connect channel 1
of the CRO to pin 2 and display this signal on the scope.
4. Gradually increase the input frequency till the PLL is locked to the input frequency.
5. This frequency fCL gives the lower end of the capture range.
6. Go on increase the input frequency, till PLL stops tracking the input signal. This
frequency fLHgives the upper end of the lock range.
7. If the input frequency is increased further the loop will be in unlocked condition only.
8. Now gradually decrease the input frequency till the PLL is again get locked. This is the
frequency fCH, the upper end of the capture range. Keep on decreasing the input
frequency until the loop is unlocked. This frequency fLL gives the lower end of the lock
range.
Expected Wave Forms:

Result:
fO Free running frequency:
fLL Lower Locking frequency:
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fCL Lower capture frequency:
fCH Higher capture frequency:
fLH Higher Locking frequency:
Outcome: After conducting this experiment, students are able to understand the applications
of PLL.
Probable VIVA Questions:
1. What are the basic blocks of a PLL?
Ans: A phase detector, low pass filter, amplifier and a VCO in feedback loop.
2. Define VCO?
Ans: A voltage controlled oscillator is an oscillator circuit in which the frequency of
oscillations is controlled by an externally applied voltage.
3. What is the formula for the free running frequency Fo of 565 PLL?
Ans:

≅

.

4. What is PLL?
Ans: A PLL is a closed loop system designed to lock output frequency and phase to the
frequency and phase of an input signal.
5. Define lock range?
Ans: When PLL is in lock, it can track frequency changes in the incoming signal. The range
of frequencies over which the PLL can maintain lock with the incoming signal is called as
lock range.
6. Define pull-in time?
Ans: The total time taken by the PLL to establish lock is called pull-in time.
7. Define capture range?
Ans: The range of frequencies over which the PLL can acquire lock with the input signal is
called as capture range.
8. What is the function of the LPF in PLL?
Ans: Controls the capture range and lock range of PLL.
9. What are the applications of PLL?
Ans: Frequency multiplication / Division, Frequency translation, AM detection, FM
Demodulation, FSK Demodulator etc.
10. Which is greater – lock in range or capture range?
Ans: Lock in Range.
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Practical 5
Design a FM demodulator using PLL
Phase locked loops, PLLs are ideal for demodulating frequency modulation, FM being easy
to incorporate in ICs and providing a linear output.
Phase locked loop, PLL FM detectors can easily be made from the variety of phase locked
loop integrated circuits that are available, and as a result, PLL FM demodulators are found in
many types of radio equipment ranging from broadcast receivers to high performance
communications equipment.
The PLL technology started to be used when integrated circuits took over for many radio
functions. The PLL could easily be integrated into the radio IC by simply adding a little extra
circuitry to the IC. This added very little cost and only required a few external components normally just resistors and capacitors which are cheap.
The PLL technology eliminates the costly RF transformers needed for circuits like the ratio
FM detector and the Foster Seeley circuit. Typically, a phase locked loop FM demodulator
does not require the use of an inductor, let alone a transformer which is even more costly to
manufacture.
Basics of PLL FM demodulation
The way in which a phase locked loop, PLL FM demodulator works is relatively
straightforward. It requires no changes to the basic phase locked loop, itself, utilising the
basic operation of the loop to provide the required output.
Note on the Phase Locked Loop, PLL:
The phase locked loop, PLL is a very useful RF building block. The PLL uses the concept of
minimising the difference in phase between two signals: a reference signal and a local
oscillator to replicate the reference signal frequency. Using this concept it is possible to use
PLLs for many applications from frequency synthesizers to FM demodulators, and signal
reconstitution.

PLL Phase locked Loop FM demodulator
A simple PLL FM demodulator circuit using IC XR2212 is shown here. XR2212 is a highly
stable, monolithic PLL (phase locked loop) IC specifically designed for communication and
control system applications. The IC has 0.01 Hz to 300KHz frequency range, 4.5 to 20V
operating voltage range, 2mV to 3Vrms dynamic range, high temperature range, TTL /
CMOS compatibility and adjustable tracking range. The block diagram of a typical PLL FM
demodulator circuit is shown below.
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PLL FM demodulator using XR2212
The working of a PLL FM demodulator is very easy to understand. The input FM signal and
the output of the VCO is applied to the phase detector circuit. The output of the phase
detector is filtered using a low pass filter, the amplifier and then used for controlling the
VCO. When there is no carrier modulation and the input FM signal is in the center of the pass
band (i.e. carrier wave only) the VCO’s tune line voltage will be at the center position. When
deviation in carrier frequency occurs (that means modulation occurs) the VCO frequency
follows the input signal in order to keep the loop in lock. As a result the tune line voltage to
the VCO varies and this variation is proportional to the modulation done to the FM carrier
wave. This voltage variation is filtered and amplified in order to get the demodulated signal.
Composite FM signal is applied to pin 2 of the IC. Input impedance of this pin is around 20K
and the voltage swing of the input signal must be between 10mV to 5V. Capacitor C5 is
meant for frequency compensating the internal output opamp. The capacitor C5 is connected
between pin 6 and 8 of the IC and its value can be 20 to 30pF. Co is the timing capacitor for
the internal voltage controlled oscillator (VCO). The VCO frequency is inversely
proportional to the value of the timing capacitor Co and its range can be 200pF to 10uF. C4 is
the input supply by-pass capacitor. Free running frequency of the VCO is determined by the
external timing resistor Ro. Value of Ro can be between 10 and 100K. Rx can used for fine
tuning the VCO frequency. R1 and C1 forms a PLL loop filter. Resistors Rf and Rc sets the
gain of the output amplifier section.
Design.
1. Center frequency of the voltage controlled oscillator (VCO) , fo must be selected equal to the
frequency of the FM carrier wave.
2. Value of Ro can be in the range 10K to 100k and the recommended value is 20K.
3. Co = 1/Rofo
4. C1 = Co/4.
5. Rf can be taken as 100K and RC can be taken as 80.6K for a +/-4V output swing.
6. R1 can be taken as 89.3K.
To look at the operation of the PLL FM demodulator take the condition where no modulation
is applied and the carrier is in the centre position of the pass-band the voltage on the tune line
to the VCO is set to the mid position.
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However, if the carrier deviates in frequency, the loop will try to keep the loop in lock. For
this to happen the VCO frequency must follow the incoming signal, and in turn for this to
occur the tune line voltage must vary.
Monitoring the tune line shows that the variations in voltage correspond to the modulation
applied to the signal. By amplifying the variations in voltage on the tune line it is possible to
generate the demodulated signal.
Although no basic changes to the phase locked loop are required for it to be able to
demodulate FM, a buffer amplifier is typically provided from the tune line to prevent the tune
line being loaded by other sections of the receiver. It provides a lower output impedance and
as a result, this prevents loading from the audio amplifier from upsetting the lop in any way.

PLL Phase locked Loop FM demodulator with buffered output
There are many different ICs that enable FM to be demodulated. One of the most popular has
been the 565 that has been around for many years in a variety of forms. Even though the
circuit is quite old, it performs well, and often little will be gained by going to other chips.
PLL FM demodulator performance
The PLL FM demodulator is normally considered a relatively high performance form of FM
demodulator or detector. Accordingly, they are used in many FM receiver applications.
The PLL FM demodulator has a number of key advantages:


Linearity: One of the advantages of the PLL FM demodulator is its high degree of
linearity. This is governed by the voltage to frequency characteristic of the VCO within
the phase locked loop. Normally the phase locked loop will be able to operate over a wide
bandwidth - normally this is much wider than the bandwidth of the FM signal or even the
IF stages of the FM receiver. As the frequency deviation of the incoming FM signal covers
only a small portion of the PLL bandwidth the overall conversion is very linear.
The VCO voltage to frequency curve is the main determining factor and this can be made
to be very linear for the range needed for FM demodulation. Distortion levels for PLL FM
demodulators are normally very low and are typically of the order of a tenth of a percent.
This makes the PLL FM demodulator a very good option for high fidelity tuners as well as
for many other applications including radio communications, etc.



Insensitive to amplitude noise: In general, the phase locked loop FM demodulator is
very insensitive to amplitude noise. As the phase locked loop will track the frequency of
the incoming signal, it provides a relatively high degree of AM noise immunity.
Obviously, it can help if the IF amplifier of the radio is run into saturation such that the
signal level is limited and noise is removed, but even on its own the PLL FM demodulator
provides good noise immunity.
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Ease of incorporation into ICs: Phase locked loops are very easy to implement in an
integrated circuit. PLLs have long been available as ICs and this has meant that the
technology
is
easy
to
implement.
Also the PLL FM demodulator blocks are available for IC designers, and therefore many
radio IF amplifier ICs have demodulators for AM and FM built in. Often the FM
demodulator can be a phase locked loop demodulator.



Manufacturing costs: As the phase locked loop FM demodulator lends itself to
integrated circuit technology, only a few external components are required to complete the
FM demodulator. One particular advantage is that often no inductor is required for the
VCO
circuit.
As inductors are relatively expensive components, this can considerably reduce overall
component costs and make this approach very attractive for large scale manufacture.
These facts make the PLL FM demodulator particularly attractive for modern applications.

PLL FM demodulator design considerations
When designing a phase locked loop system for use as an FM demodulator, one of the key
considerations is the loop filter. This must be chosen to be sufficiently wide that it is able to
follow the anticipated variations of the frequency modulated signal. Accordingly, the loop
response time should be short when compared to the anticipated shortest time scale of the
variations of the signal being demodulated.
A further design consideration is the linearity of the VCO. This should be designed for the
voltage to frequency curve to be as linear as possible over the signal range that will be
encountered, i.e. the centre frequency plus and minus the maximum deviation anticipated.
In general, the PLL VCO linearity is not a major problem for average systems, but some
attention may be required to ensure the linearity is sufficiently good for hi-fi systems.
Phase locked loop FM demodulators are used in many radio receivers both domestic and
professional for the demodulation of FM signals. The PLL FM demodulator provides a very
attractive option in many instances, offering exceedingly low levels of distortion, and the
ability to be incorporated into integrated circuit technology.
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Practical 6
Study of Pulse Amplitude Modulation transmission and reception
Communication is achieved over a transmitter and a receiver through signals. These signals
carry the information through modulation. Pulse Amplitude Modulation is one of the kinds
of modulation techniques used in signal transmission. Pulse amplitude modulation is the
simplest form of modulation. It is Analog to digital conversion method where the message
information is encoded in the amplitude of the series of signal pulses.
Pulse Amplitude Modulation
Pulse amplitude modulation is the basic form of pulse modulation. In this modulation, the
signal is sampled at regular intervals and each sample is made proportional to the amplitude
of the modulating signal. Before we study in detail about PAM lets know the concepts of
modulation.
What is Modulation?
Modulation is a process of changing the characteristics of a carrier signal like amplitude,
frequency and width, etc. It is the process of adding information to the carrier signal. A
carrier signal is a steady waveform with constant amplitude and frequency.

Modulation
Modulation is normally applied to electromagnetic signals like radio laser and optical signals.
The Audio, video, images and text data are added to the carrier signal for transmission over
telecommunication.

Types of Modulation
Modulation is categorized into two types depending on the type of signal.
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Continuous-wave Modulation



Pulse Modulation

Continuous-wave modulation and Pulse modulation are further categorized as shown below.

Types of Modulations
Continuous-wave Modulation
In continuous wave modulation signal is used as a carrier signal which modulates the
message signal. There are three parameters that can be altered to achieve modulation namely,
frequency, amplitude and phase. Thus, there are three types of modulations.
1. Amplitude Modulation
2. Frequency Modulation
3. Phase Modulation

Types of Analog Modulation
Pulse Modulation
Pulse modulation is a technique in which the signal is transmitted with the information by
pulses. This is divided into Analog Pulse Modulation and Digital Pulse Modulation.
Analog pulse modulation is classified as
19



Pulse Amplitude Modulation (PAM)



Pulse Width Modulation (PWM)



Pulse Position Modulation (PPM)

Digital modulation is classified as


Pulse Code Modulation



Delta Modulation

Pulse Amplitude Modulation
Pulse amplitude modulation is a technique in which the amplitude of each pulse is controlled
by the instantaneous amplitude of the modulation signal. It is a modulation system in which
the signal is sampled at regular intervals and each sample is made proportional to the
amplitude of the signal at the instant of sampling. This technique transmits the data by
encoding in the amplitude of a series of signal pulses.

Pulse Amplitude Modulation Signal
There are two types of sampling techniques for transmitting a signal using PAM. They are:
1. Flat Top PAM
2. Natural PAM
Flat Top PAM: The amplitude of each pulse is directly proportional to modulating signal
amplitude at the time of pulse occurrence. The amplitude of the signal cannot be changed
with respect to the analog signal to be sampled. The tops of the amplitude remain flat.
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Flat Top PAM
Natural PAM: The amplitude of each pulse is directly proportional to modulating signal
amplitude at the time of pulse occurrence. Then follows the amplitude of the pulse for the rest
of the half-cycle.

Natural PAM
Circuit Design of Pulse Amplitude Modulation
A PAM is generated from a pure sine wave modulating signal and a square wave generator
which

produces

the

carrier

pulse

and

a

PAM

modulator

circuit.

A sine wave generator is used which is based on Wien Bridge Oscillator circuit. This can
produce distortion less sine wave at the output. The circuit is designed such that the
amplitude and the frequency of the oscillator can be adjusted using a potentiometer.

Sine Wave Generator
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The frequency can be varied by varying the potentiometer R2 and the amplitude of the
adjusted using the potentiometer R. The frequency of the sine wave generated is given by
F = 1/(2π√R1R2C1C2)
The square wave is generated using op-amp based astable circuit. The op-amp is used to
reduce the complexity of generating the square wave. The ON time and the OFF time of the
pulse can be made identical and the frequency can be adjusted without changing them.

Square Wave Generator
The time period of the pulses generated depends on the value of the resistance R and the
capacitance C. The period of the op-amp astable circuit is given by
T = 2.2RC
Types of PAM
Pulse amplitude modulation is categorized into two types
1. Single Polarity PAM
2. Double Polarity PAM
Single polarity PAM is a situation where a suitable fixed DC bias is added to the signal to
ensure that all the pulses are positive. Double polarity PAM is a situation where the pulses are
both positive and negative.
Demodulation of PAM
For the demodulation of the PAM signal, the PAM signal is fed to the low pass filter. The low
pass filter eliminates the high-frequency ripples and generates the demodulated signal. This
signal is then applied to the inverting amplifier to amplify its signal level to have the
demodulated output with almost equal amplitude with the modulating signal.
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Demodulation of PAM signal
Applications of PAM


It is used in Ethernet communication.



It is used in many micro-controllers for generating the control signals.



It is used in Photo-biology.



It is used as an electronic driver for LED lighting.

Advantages


It is a simple process for both modulation and demodulation.



Transmitter and receiver circuits are simple and easy to construct.



PAM can generate other pulse modulation signals and can carry the message at the same
time.

Disadvantages


Bandwidth should be large for transmission PAM modulation.



Noise will be great.



Pulse amplitude signal varies so the power required for transmission will be more.
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Practical 7
8085 Microprocessor programming
Microprocessor is a controlling unit of a micro-computer, fabricated on a small chip capable
of performing ALU (Arithmetic Logical Unit) operations and communicating with the other
devices connected to it.
Microprocessor consists of an ALU, register array, and a control unit. ALU performs
arithmetical and logical operations on the data received from the memory or an input device.
Register array consists of registers identified by letters like B, C, D, E, H, L and
accumulator. The control unit controls the flow of data and instructions within the computer.
Block Diagram of a Basic Microcomputer

How does a Microprocessor Work?
The microprocessor follows a sequence: Fetch, Decode, and then Execute.
Initially, the instructions are stored in the memory in a sequential order. The microprocessor
fetches those instructions from the memory, then decodes it and executes those instructions
till STOP instruction is reached. Later, it sends the result in binary to the output port.
Between these processes, the register stores the temporarily data and ALU performs the
computing functions.
List of Terms Used in a Microprocessor
Here is a list of some of the frequently used terms in a microprocessor −


Instruction Set − It is the set of instructions that the microprocessor can understand.



Bandwidth − It is the number of bits processed in a single instruction.



Clock Speed − It determines the number of operations per second the processor can
perform. It is expressed in megahertz (MHz) or gigahertz (GHz).It is also known as
Clock Rate.



Word Length − It depends upon the width of internal data bus, registers, ALU, etc.
An 8-bit microprocessor can process 8-bit data at a time. The word length ranges
from 4 bits to 64 bits depending upon the type of the microcomputer.



Data Types − The microprocessor has multiple data type formats like binary, BCD,
ASCII, signed and unsigned numbers.

Features of a Microprocessor
Here is a list of some of the most prominent features of any microprocessor −
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Cost-effective − The microprocessor chips are available at low prices and results its
low cost.



Size − The microprocessor is of small size chip, hence is portable.



Low Power Consumption − Microprocessors are manufactured by using metaloxide
semiconductor technology, which has low power consumption.



Versatility − The microprocessors are versatile as we can use the same chip in a
number of applications by configuring the software program.



Reliability − The failure rate of an IC in microprocessors is very low, hence it is
reliable.

8085 is pronounced as "eighty-eighty-five" microprocessor. It is an 8-bit microprocessor
designed by Intel in 1977 using NMOS technology.
It has the following configuration −


8-bit data bus



16-bit address bus, which can address upto 64KB



A 16-bit program counter



A 16-bit stack pointer



Six 8-bit registers arranged in pairs: BC, DE, HL



Requires +5V supply to operate at 3.2 MHZ single phase clock

It is used in washing machines, microwave ovens, mobile phones, etc.
8085 Microprocessor – Functional Units
8085 consists of the following functional units −
Accumulator
It is an 8-bit register used to perform arithmetic, logical, I/O & LOAD/STORE operations. It
is connected to internal data bus & ALU.
Arithmetic and logic unit
As the name suggests, it performs arithmetic and logical operations like Addition,
Subtraction, AND, OR, etc. on 8-bit data.
General purpose register
There are 6 general purpose registers in 8085 processor, i.e. B, C, D, E, H & L. Each register
can hold 8-bit data.
These registers can work in pair to hold 16-bit data and their pairing combination is like BC, D-E & H-L.
Program counter
It is a 16-bit register used to store the memory address location of the next instruction to be
executed. Microprocessor increments the program whenever an instruction is being
executed, so that the program counter points to the memory address of the next instruction
that is going to be executed.
Stack pointer
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It is also a 16-bit register works like stack, which is always incremented/decremented by 2
during push & pop operations.
Temporary register
It is an 8-bit register, which holds the temporary data of arithmetic and logical operations.
Flag register
It is an 8-bit register having five 1-bit flip-flops, which holds either 0 or 1 depending upon
the result stored in the accumulator.
These are the set of 5 flip-flops −


Sign (S)



Zero (Z)



Auxiliary Carry (AC)



Parity (P)



Carry (C)

Its bit position is shown in the following table −
D7

D6

S

D5

Z

D4

D3

AC

D2
P

D1

D0
CY

Instruction register and decoder
It is an 8-bit register. When an instruction is fetched from memory then it is stored in the
Instruction register. Instruction decoder decodes the information present in the Instruction
register.
Timing and control unit
It provides timing and control signal to the microprocessor to perform operations. Following
are the timing and control signals, which control external and internal circuits −


Control Signals: READY, RD’, WR’, ALE



Status Signals: S0, S1, IO/M’



DMA Signals: HOLD, HLDA



RESET Signals: RESET IN, RESET OUT

Interrupt control
As the name suggests it controls the interrupts during a process. When a microprocessor is
executing a main program and whenever an interrupt occurs, the microprocessor shifts the
control from the main program to process the incoming request. After the request is
completed, the control goes back to the main program.
There are 5 interrupt signals in 8085 microprocessor: INTR, RST 7.5, RST 6.5, RST 5.5,
TRAP.
Serial Input/output control
It controls the serial data communication by using these two instructions: SID (Serial input
data) and SOD (Serial output data).
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Address buffer and address-data buffer
The content stored in the stack pointer and program counter is loaded into the address buffer
and address-data buffer to communicate with the CPU. The memory and I/O chips are
connected to these buses; the CPU can exchange the desired data with the memory and I/O
chips.
Address bus and data bus
Data bus carries the data to be stored. It is bidirectional, whereas address bus carries the
location to where it should be stored and it is unidirectional. It is used to transfer the data &
Address I/O devices.
8085 Architecture
We have tried to depict the architecture of 8085 with this following image −

Pin Configuration
The following image depicts the pin diagram of 8085 Microprocessor −
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The pins of a 8085 microprocessor can be classified into seven groups −
Address bus
A15-A8, it carries the most significant 8-bits of memory/IO address.
Data bus
AD7-AD0, it carries the least significant 8-bit address and data bus.
Control and status signals
These signals are used to identify the nature of operation. There are 3 control signal and 3
status signals.
Three control signals are RD, WR & ALE.


RD − This signal indicates that the selected IO or memory device is to be read and is
ready for accepting data available on the data bus.



WR − This signal indicates that the data on the data bus is to be written into a
selected memory or IO location.



ALE − It is a positive going pulse generated when a new operation is started by the
microprocessor. When the pulse goes high, it indicates address. When the pulse goes
down it indicates data.

Three status signals are IO/M, S0 & S1.
IO/M
This signal is used to differentiate between IO and Memory operations, i.e. when it is high
indicates IO operation and when it is low then it indicates memory operation.
S1 & S0
These signals are used to identify the type of current operation.
Power supply
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There are 2 power supply signals − VCC & VSS. VCC indicates +5v power supply and VSS
indicates ground signal.
Clock signals
There are 3 clock signals, i.e. X1, X2, CLK OUT.


X1, X2 − A crystal (RC, LC N/W) is connected at these two pins and is used to set
frequency of the internal clock generator. This frequency is internally divided by 2.



CLK OUT − This signal is used as the system clock for devices connected with the
microprocessor.

Interrupts & externally initiated signals
Interrupts are the signals generated by external devices to request the microprocessor to
perform a task. There are 5 interrupt signals, i.e. TRAP, RST 7.5, RST 6.5, RST 5.5, and
INTR. We will discuss interrupts in detail in interrupts section.


INTA − It is an interrupt acknowledgment signal.



RESET IN − This signal is used to reset the microprocessor by setting the program
counter to zero.



RESET OUT − This signal is used to reset all the connected devices when the
microprocessor is reset.



READY − This signal indicates that the device is ready to send or receive data. If
READY is low, then the CPU has to wait for READY to go high.



HOLD − This signal indicates that another master is requesting the use of the address
and data buses.



HLDA (HOLD Acknowledge) − It indicates that the CPU has received the HOLD
request and it will relinquish the bus in the next clock cycle. HLDA is set to low after
the HOLD signal is removed.

Serial I/O signals
There are 2 serial signals, i.e. SID and SOD and these signals are used for serial
communication.


SOD (Serial output data line) − The output SOD is set/reset as specified by the SIM
instruction.



SID (Serial input data line) − The data on this line is loaded into accumulator
whenever a RIM instruction is executed.

Addressing Modes in 8085
These are the instructions used to transfer the data from one register to another register, from
the memory to the register, and from the register to the memory without any alteration in the
content. Addressing modes in 8085 is classified into 5 groups −
Immediate addressing mode
In this mode, the 8/16-bit data is specified in the instruction itself as one of its operand. For
example: MVI K, 20F: means 20F is copied into register K.
Register addressing mode
In this mode, the data is copied from one register to another. For example: MOV K, B:
means data in register B is copied to register K.
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Direct addressing mode
In this mode, the data is directly copied from the given address to the register. For
example: LDB 5000K: means the data at address 5000K is copied to register B.
Indirect addressing mode
In this mode, the data is transferred from one register to another by using the address pointed
by the register. For example: MOV K, B: means data is transferred from the memory
address pointed by the register to the register K.
Implied addressing mode
This mode doesn’t require any operand; the data is specified by the opcode itself. For
example: CMP.
Interrupts in 8085
Interrupts are the signals generated by the external devices to request the microprocessor to
perform a task. There are 5 interrupt signals, i.e. TRAP, RST 7.5, RST 6.5, RST 5.5, and
INTR.
Interrupt are classified into following groups based on their parameter −


Vector interrupt − In this type of interrupt, the interrupt address is known to the
processor. For example: RST7.5, RST6.5, RST5.5, TRAP.



Non-Vector interrupt − In this type of interrupt, the interrupt address is not known
to the processor so, the interrupt address needs to be sent externally by the device to
perform interrupts. For example: INTR.



Maskable interrupt − In this type of interrupt, we can disable the interrupt by
writing some instructions into the program. For example: RST7.5, RST6.5, RST5.5.



Non-Maskable interrupt − In this type of interrupt, we cannot disable the interrupt
by writing some instructions into the program. For example: TRAP.



Software interrupt − In this type of interrupt, the programmer has to add the
instructions into the program to execute the interrupt. There are 8 software interrupts
in 8085, i.e. RST0, RST1, RST2, RST3, RST4, RST5, RST6, and RST7.



Hardware interrupt − There are 5 interrupt pins in 8085 used as hardware
interrupts, i.e. TRAP, RST7.5, RST6.5, RST5.5, INTA.

Note − NTA is not an interrupt, it is used by the microprocessor for sending
acknowledgement. TRAP has the highest priority, then RST7.5 and so on.
Interrupt Service Routine (ISR)
A small program or a routine that when executed, services the corresponding interrupting
source is called an ISR.
TRAP
It is a non-maskable interrupt, having the highest priority among all interrupts. Bydefault, it
is enabled until it gets acknowledged. In case of failure, it executes as ISR and sends the
data to backup memory. This interrupt transfers the control to the location 0024H.
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RST7.5
It is a maskable interrupt, having the second highest priority among all interrupts. When this
interrupt is executed, the processor saves the content of the PC register into the stack and
branches to 003CH address.
RST 6.5
It is a maskable interrupt, having the third highest priority among all interrupts. When this
interrupt is executed, the processor saves the content of the PC register into the stack and
branches to 0034H address.
RST 5.5
It is a maskable interrupt. When this interrupt is executed, the processor saves the content of
the PC register into the stack and branches to 002CH address.
INTR
It is a maskable interrupt, having the lowest priority among all interrupts. It can be disabled
by resetting the microprocessor.
When INTR signal goes high, the following events can occur −


The microprocessor checks the status of INTR signal during the execution of each
instruction.



When the INTR signal is high, then the microprocessor completes its current
instruction and sends active low interrupt acknowledge signal.



When instructions are received, then the microprocessor saves the address of the next
instruction on stack and executes the received instruction.

8085 – Demo Programs
Now, let us take a look at some program demonstrations using the above instructions −
Adding Two 8-bit Numbers
Write a program to add data at 3005H & 3006H memory location and store the result at
3007H memory location.
Problem demo −
(3005H) = 14H
(3006H) = 89H
Result −
14H + 89H = 9DH
The program code can be written like this −
LXI H 3005H : "HL points 3005H"
MOV A, M
: "Getting first operand"
INX H
: "HL points 3006H"
ADD M
: "Add second operand"
INX H
: "HL points 3007H"
MOV M, A
: "Store result at 3007H"
HLT
: "Exit program"
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Exchanging the Memory Locations
Write a program to exchange the data at 5000M& 6000M memory location.
LDA 5000M : "Getting the contents at5000M location into accumulator"
MOV B, A : "Save the contents into B register"
LDA 6000M : "Getting the contents at 6000M location into accumulator"
STA 5000M : "Store the contents of accumulator at address 5000M"
MOV A, B : "Get the saved contents back into A register"
STA 6000M : "Store the contents of accumulator at address 6000M"
Arrange Numbers in an Ascending Order
Write a program to arrange first 10 numbers from memory address 3000H in an ascending
order.
MVI B, 09

:"Initialize counter"

START

:"LXI H, 3000H: Initialize memory pointer"

MVI C, 09H

:"Initialize counter 2"

BACK: MOV A, M
INX H

:"Get the number"

:"Increment memory pointer"

CMP M

:"Compare number with next number"

JC SKIP

:"If less, don’t interchange"

JZ SKIP

:"If equal, don’t interchange"

MOV D, M
MOV M, A
DCX H
MOV M, D
INX H

:"Interchange two numbers"

SKIP:DCR C

:"Decrement counter 2"

JNZ BACK

:"If not zero, repeat"

DCR B

:"Decrement counter 1"

JNZ START
HLT

:"Terminate program execution"
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Practical 8
Study of Pulse Width Modulation using 555 Timer IC
PWM (Pulse Width Modulation) is one of the modulation techniques in which the width of
the carrier wave varies with the amplitude of the message signal. In this technique the pulse is
used as a carrier signal and the message signal can be any analog signal. Hence as the width
is changing it can be used to control the power given to the devices. Thus, the major
application of PWM is to control the power given to the electrical appliances like motors.
This project presents one of the techniques of generation of Pulse Width Modulation using IC
555. IC 555 is a general-purpose integrated circuit which is used in many applications as a
function generator, timers, op-amps.
INTRODUCTION:
The PWM is also called as PDM (Pulse Duration Modulation) as the width or the duration of
the pulse is varying. The leading edge of the pulse is fixed whereas the trailing edge is
movable. In this document the PWM is implemented using 555 timer IC using ngspice.
WORKING OF THE CIRCUIT:
The circuit shown below in figure takes Sine wave of 200Hz frequency as message signal
input and produces a PWM output. 555 timer is used in monostable vibrator mode. In this
circuit, we gave the Sine wave as the control signal of the 555timer. The carrier pulse signal
is used to trigger the output of the 555 timer. The duty cycle of the output depends on
threshold level which is in turn dependent on control signal i.e message signal. In this way
the output signal width varies with the amplitude of the input message signal which is PWM
signal.
IMPLEMENTATION OF CIRCUIT:
The circuit is implemented using different softwares.
NGSPICE:
IC 555 is not available as an inbuilt model in ngspice. So for the generation of PWM using IC
555, this IC has to be modelled in the ngspice using comparators, resistors and SR flipflop.
For the creation of comparator we require an operational amplifier which is made of resistors,
capacitor and dependent sources.
For the creation of SR flipflop we used several basic gates like inverter, two input nand gate,
three input nand gate which are again modelled using subckt command of NGSPICE.
In the circuit the output of the comparator should be given to SR flipflop which takes either
0V or 5V, whereas the output of the comparator is ranging from -5V to +5V. So to make the
output toggle between 0V and 5V we introduced an 'and' gate whose one input is given to
Vcc and the other input is the comparator output.

The output of the and gate is used as the new output of the comparator.
MULTISIM:
It is a simulation tool used for the simulation of analog and digital circuits. IC 555 is
available inbuilt in the multisim. The circuit is implemented using the circuit diagram shown
below. The input message signal is given as a sine wave of 200 Hz and the input carrier signal
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is a pulse signal of 2kHz frequency. The output and the input message signals are observed in
the inbuilt CRO in the multisim.
CIRCUIT LAB:
Circuit Lab is an online simulator which is similar to Multisim. The results of the simulation
of the circuit are observed in the Circuit lab. These simulations helps us to debug the circuit
and helps in writing the netlist of the circuit in NGSPICE.
ADVANTAGES:
PWM is somewhat similar to frequency modulation. Its advantages are:
Interference of noise is less or minimum.
System is moderate in complexity to implement.
It has moderate power efficiency among all three types that is PAM, PWM, PPM
It supports higher power handling capability.
DISADVANTAGES:
Even though PWM has a lot of advantages, it has the following drawbacks.
Instantaneous power of transmitter varies.
The system requires semiconductor devices with low turn
ON and turn- OFF times. Thus they are very expensive.
High switching losses due to higher PWM frequency.
APPLICATIONS:
Pulse width modulation has many applications which include highly sophisticates electrical
circuits.
It also finds its applications in field of Robotics for the control of speeds of motors.
In small applications, it can be used to control the brightness of the LEDs by changing the
duty cycle of the pulse carrier. It is also used in controlling the angle of the servo motors
which are used in robotics.
ABBREVIATIONS AND ACRONYMS:
PWM-Pulse Width Modulation PAM-Pulse Amplitude Modulation PPM-Pulse Position
Modulation CRO-Cathode Ray Oscilloscope PDM-Pulse Duration Modulation
CIRCUIT DIAGRAM:
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NETLIST:
pwm
.include timer.cir
R1 4 6 6.8K
R2 1 5 10K
R3 3 0 25K
C1 6 0 0.1u
V2 2 0 pulse(0 5 1n 1n 1n 0.5m 1m)
V1 1 0 sin(0 2 200 0 0 0)
vcc 4 0 5V
x51 2 5 6 6 3 tim
.control
tran .01m 2m
run
plot v(1)
.endc
.end
IC 555 CIRCUIT DIAGRAM:
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IC 555 SUBCKT NETLIST:
ic555
.subckt tim 2 5 6 7 3
.include comp.cir
.include sr.cir
.model bjt1 npn
R1 8 5 5k
R2 5 19 5k
R3 19 1 5k
Vcc 8 0 5V
V1 1 0 0V
xsr1 10 9 3 12 sr1
xc1 6 5 9 comp1
xc2 19 2 10 comp1
Q1 7 12 0 bjt1
.ends
COMPARATOR SUB CIRCUIT:
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NETLIST OF COMPARATOR SUBCKT:
COMPARATOR
.subckt comp1 1 4 11
.include opamp2.cir
.include nandtwo.cir
.include inv.cir
.model DZ1 D(Is=0.05u Rs=0.1 Bv=4.3 Ibv=0.05u)
.model DZ2 D(Is=0.05u Rs=0.1 Bv=4.3 Ibv=0.05u)
R1 2 3 1K
R2 3 6 5K
XOP2 3 4 5 OPAMP1
RLIM 5 6 1000
D1 7 6 DZ1
D2 7 0 DZ2
VREF 4 0 0V
v3 8 0 5V
xn1 6 8 10 nan2
xi1 10 11 not
VNOISE 2 1 SIN(0V 0VPEAK 2.5KHZ)
.ends
PWM Using 555 Timer IC
Pulse-width modulation (PWM) using two 555 timer ICs is an ideal and easy way to control a
motor which could be inside a drill, or a cassette tape recorder. The theory is that when you
need pulses of a precise fixed frequency, yet variable width, then two 555 timer ICs are
required. The first 555 IC is usually in an astable multivibrator configuration, behaving as an
oscillator producing a continuous train of clock pulses of the desired frequency. Its output
feeds the trigger pin of the second 555 IC in a monostable multivibrator configuration. This
second stage adjusts the pulse width according to the "Speed Control" variable resistor. This
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way, the circuit produces width-modulated pulses but at a fixed frequency determined by the
first IC.
The principle to understand here is that it is possible to feed the output pulses from the first
555 timer IC, to the trigger pin of the second timer IC. The astable and monostable stages are
standard configurations without any changes.
Power Supply
Remember that the 555 IC operates between 4.5 V and 16 V, and 18 V is the absolute
maximum. In addition, the output pin can source or sink up to 200 mA. These parameters
determine the size of the motor you can drive directly by the 555-timer output pin. As you
can see, it is not going to be a very powerful drill if the PWM circuit and the motor share a
common supply rail.
For voltages larger than 16 V and higher currents, you may wish to use a power transistor
such as a Darlington, then you can drive a bigger motor load that requires greater current and
voltage. However, it will require its own power supply rail.
Example and Calculations

In this example, let us assume that the drill motor requires a fixed pulse rate of 10 Hz. In this
case, the period 1/f, is 0.1 sec. In this design, I have decided that when varying the width of
the pulse, the maximum value of the width would approach 0.1 sec, but it can never be
greater than or equal to 0.1 sec. If it were to become greater, then frequency can no longer be
a constant! The minimum width can be very small approaching zero, but can never be equal
to zero or less than zero because that too would introduce instability, and practically the
motor will not start!
ASTABLE Calculations - Finding C
Given Frequency of 10 Hz, RA=1000 Ω, and RB=100,000 Ω, calculate C1.

This is the standard formula for 555 astable circuit.

We transpose the formula for C1, which is the timing capacitor in my circuit diagram.

Using this standard formula, we get the period T, given the frequency 10 Hz.
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We plug all the values into this formula to find C.

This is the intermediate stage working.
This is the answer.
MONOSTABLE Calculations - Finding R
Given timing capacitor C=150 nF, and T=0.1 seconds, find R.
This is the standard formula for 555 monostable circuit.

We transpose it to find the value of R.

We plug all the values into the formula.
This is the answer in ohms.
Considerations

When the potentiometer wiper (speed control) is at the extreme end, it poses zero ohms,
which is an undesirable condition. If we look at this small fragment showing the internal
circuit of the 555 IC, pin 7 is the discharge pin, which is an open collector of transistor Q14.
The emitter of this transistor goes to ground, therefore if pin 7 were to connect directly to the
positive voltage rail; it would short the power supply through the potentiometer wiper and in
addition destroy the carbon track of the potentiometer. Hence, a 1 kΩ resistor prevents pin 7
from shorting to the positive rail.
Considering the monostable circuit formula T=1.1×R×C, mathematically, we can see that
when R=zero ohms, the period T would become zero seconds, and since the frequency 1/T,
becomes infinity, this brings instability within the circuit. The 1 kΩ resistor also prevents this
condition.
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Practical 9
Pattern waveform generator for analog multiplexing
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Practical 10
To study the input stage of an Op-amp using discrete components and find out the
differential mode gain
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Practical 11
PSIPCE study the input stage of an Op-amp using discrete components and find out the
differential mode gain
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Practical 12
Study of D.A.C & A.D.C.
Digital to Analog Converter (DAC)
Digital to Analog Converter (DAC) is a device that transforms digital data into an analog
signal. According to the Nyquist-Shannon sampling theorem, any sampled data can be
reconstructed perfectly with bandwidth and Nyquist criteria.
A DAC can reconstruct sampled data into an analog signal with precision. The digital data
may be produced from a microprocessor, Application Specific Integrated Circuit (ASIC),
or Field Programmable Gate Array (FPGA), but ultimately the data requires the conversion to
an analog signal in order to interact with the real world.

Basic Digital to Analog Converter
D/A Converter Architectures
There are two methods commonly used for digital to analog conversion: Weighted Resistors
method and the other one is using the R-2R ladder network method.
DAC using Weighted Resistors method
The below shown schematic diagram is DAC using weighted resistors. The basic operation of
DAC is the ability to add inputs that will ultimately correspond to the contributions of the
various bits of the digital input. In the voltage domain, that is if the input signals are voltages,
the addition of the binary bits can be achieved using the inverting summing amplifier shown
in the below figure.
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Binary Weighted Resistors DAC
In the voltage domain, that is if the input signals are voltages, the addition of the binary bits
can be achieved using the inverting summing amplifier shown in the above figure.
The input resistors of the op-amp have their resistance values weighted in a binary format.
When the receiving binary 1 the switch connects the resistor to the reference voltage. When
the logic circuit receives binary 0, the switch connects the resistor to ground. All the digital
input bits are simultaneously applied to the DAC.
The DAC generates analog output voltage corresponding to the given digital data signal. For
the DAC the given digital voltage is b3 b2 b1 b0 where each bit is a binary value (0 or 1).
The output voltage produced at output side is
V0=R0/R (b3+b2/2+b1/4+b0/8) Vref
As the number of bits is increasing in the digital input voltage, the range of the resistor values
becomes large and accordingly, the accuracy becomes poor.
R-2R Ladder Digital to Analog Converter (DAC)
The R-2R ladder DAC constructed as a binary-weighted DAC that uses a repeating cascaded
structure of resistor values R and 2R. This improves the precision due to the relative ease of
producing equal valued-matched resistors (or current sources).
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R-2R Ladder Digital to Analog Converter (DAC)
The above figure shows the 4-bit R-2R ladder DAC. In order to achieve high-level accuracy,
we have chosen the resistor values as R and 2R. Let the binary value B3 B2 B1 B0, if b3=1,
b2=b1=b0=0, then the circuit is shown in the figure below it is a simplified form of the above
DAC circuit. The output voltage is V0=3R(i3/2)= Vref/2

Similarly, If b2=1, and b3=b1=b0=0, then the output voltage is V0=3R(i2/4)=Vref/4 and the
circuit is simplified as below

If b1=1 and b2=b3=b0=0, then the circuit shown in the figure below it is a simplified form of
the above DAC circuit. The output voltage is V0=3R(i1/8)= Vref/8
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Finally, the circuit is shown in below corresponding to the case where b0=1 and
b2=b3=b1=0. The output voltage is V0=3R(i0/16) = Vref/16

In this way, we can find that when the input data is b3b2b1b0 (where individual bits are
either 0 or 1), then the output voltage is

Applications of Digital to Analog Converter
DACs are used in many digital signal processing applications and many more applications.
Some of the important applications are discussed below.
Audio Amplifier
DACs are used to produce DC voltage gain with Microcontroller commands. Often, the DAC
will be incorporated into an entire audio codec which includes signal processing features.
Video Encoder
The video encoder system will process a video signal and send digital signals to a variety of
DACs to produce analog video signals of various formats, along with optimizing of output
levels. As with audio codecs, these ICs may have integrated DACs.
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Display Electronics
The graphic controller will typically use a lookup table to generate data signals sent to a
video DAC for analog outputs such as Red, Green, Blue (RGB) signals to drive a display.
Data Acquisition Systems
Data to be measured is digitized by an Analog-to-Digital Converter (ADC) and then sent to a
processor. The data acquisition will also include a process control end, in which the processor
sends feedback data to a DAC for converting to analog signals.
Calibration
The DAC provides dynamic calibration for gain and voltage offset for accuracy in test and
measurement systems.
Motor Control
Many motor controls require voltage control signals, and a DAC is ideal for this application
which may be driven by a processor or controller.

Motor Control Application
Data Distribution System
Many industrial and factory lines require multiple programmable voltage sources, and this
can be generated by a bank of DACs that are multiplexed. The use of a DAC allows the
dynamic change of voltages during operation of a system.
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Digital Potentiometer
Almost all digital potentiometers are based on the string DAC architecture. With some
reorganization of the resistor/switch array, and the addition of an I2C compatible interface, a
fully digital potentiometer can be implemented.
Software Radio
A DAC is used with a Digital Signal Processor (DSP) to convert a signal into analog for
transmission in the mixer circuit, and then to the radio’s power amplifier and transmitter.
Analog to Digital Converter (ADC):
When selecting an Analog to Digital converter (ADC) chip for an application, three
characteristics must be considered. Similar to selecting a DAC, these characteristics are;
number of bits, accuracy, and speed. There are three different methods used for constructing
Analog to Digital converters. These ADC types are; Parallel Comparator or Flash type, DualSlope type, and Successive Approximation type. Figure 6 displays a 3-bit, flash type ADC
circuit. The voltage divider provides eight reference voltages on the negative poles of the
operational amplifiers. The unknown input voltage is compared to each one of the reference
voltages. If the input voltage is greater than any one of the reference voltages, the associated
Op-Amp will be saturated to its positive supply voltage level. The eight-to-three encoder will
generate an appropriate three bit binary word according to the inputs A0 through A7. For
example, assume A4 is the only input to the encoder that is set. That would mean that the
input voltage is 2.5V, and the output binary number will be 100. The advantage of a Flash
type ADC is its instantaneous speed. The Flash type ADC is expensive due to the large
numbers of OP-Amp devices contained therein. For example, an 8-bit flash type ADC
requires 2 -1 = 255 Op-Amps. Flash type ADCs are used in special applications 8 such as
systems used by the military or NASA.
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Three-bit, Flash type Analog to Digital Converter Circuit
In the Dual Slope ADC type, a capacitor is connected to input voltage and allowed to charge
up for a fixed amount of time. Then, the capacitor is connected to the ground and allowed to
discharge. The time required for the capacitor to discharge is calibrated to reflect the value of
the input voltage. The operation of the Dual Slope type ADC is illustrated in the figure
below. These type of ADCs are very slow, and are usually found in electronic voltmeters.

Operation of the dual slope type analog to digital converter
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