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LIST OF EXPERIMENTS

S.NO. NAME OF THE EXPERIMENT

1 Design & measure the frequency response of an Ripled
amplifier using discrete components.

2 Design a two stage RC coupled amplifier and deteentiie effect of
cascading on gain and bandwidth.

3 Study the effect of voltage series, current seieage shunt and
current shunt feedback on amplifier using discetmponents.

4 Design & realize inverting, non-inverting and buffer amplifier using
AR op-amps.

5 Verify the operation of a differentiator circuit using op amp )C
and show thatitacts as a high pass filter.

6 Verify the operation of a integrator circuit using amp 741 and show
that it acts as a low pass filter.

7 Design & Verify the operation of adder and subwacircuit using op
amp 741.

8 Plot frequency response of AC coupled amplifiemgsop amp 741 ang
study the effect of negative feedback on the badttwand gain of the
amplifier.

9 Study of IC 555 as astable and monostable multwisr

10 Design & realize using op amp BEAA, wein-bridge oscillator

11 To design & realize using op amp 741, square wareigator

12 To design & realize using op amp 741, logarithnmupéfier and
VCCS.

13 Study of 8-bit monolithic Analog to digital convert

14 Study of R-2R ladder network and 8-bit monolithiigifal to analog

converter.




EXPERIMENT No. 1

AIM: - Design & measure the frequency response of an RC coupled
amplifier using discrete components.

APPARATUS REQUIRED: - CRO, function generator, breadboard, transistor

BC 104 (2 pcs), capacitoriB (3 pcs), 10QF (2pcs), resistor 4.7K (2pcs), 5.6K
(2pcs), 1K (2pcs)t 12 V supply and connecting leads

THEORY: - RC coupled amplifier is a coupling of two emitteiased transistor
circuit to form a single cascade network. The oublguof one stage is coupled to the
input of the next stage. A blocking capacitor iediso keep the DC component f the
output voltage at Vol. The emitter resistog &d resistor Rand R are used for

biasing. The bypass capacitor is used to preseatdd Amplification due to negative
feedback. Output is taken across capacitor Cc.

CIRCUIT DIAGRAM: -
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PROCEDURE: -

(1) Apply input signal of 10 mv amplitude and frequeri€yHz at input terminal.
(2) Varying the frequency of the input signal from 10td2MHz.

(3) Measure the output signal amplitude.

(4) Study the frequency response characteristics ot®@led amplifier.

(5) Determine lower cut-off frequency and upper cutfoéjuency from the graph.
(6) Calculate Bandwidth.




OBSERVATION TABLE:-

INPUT VOLTAGE (Vin) = Constant

S.NO FREQUENCY (Hz)

OUTPUT VOLTAGE | GAIN (Vout/ Vin)
(Vout) IN dB

FREQUENCY RESPONSE & BANDWIDTH CALCULTIO -

~
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7
o
£
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PRECAUTIONS:-
1. Do not use open ended wires for

] 10k 100k W
Freguency (Hz)

connecting to 23@Wer supply.

2. Before connecting the power supply plug into sackesure power supply should

be Switched off.
3. Ensure all connections should be
4. Take the reading carefully.

tight before itz on the power supply.

5. Power supply should be switched off after completid experiment.

DISCUSSION: - What is the app

lication of RC coupled amplifier?




RESULT: - The output of RC coupled amplifier is a sinusoigave having same
phase as the input signal.

QUIZ QUESTIONS WITH ANSWERS:-

Q1. In RC coupled amplifier which component is msible for reduction in voltage
gain in the high frequency range?
Ans. Shunt capacitance in the input circuit.

Q2. In RC coupled amplifier which component’'s valaeresponsible for low 3-dB
frequency?
Ans. Increasing the value of coupling capaciter C

Q3. In RC coupled amplifier which component’s valaeresponsible for high 3-dB
frequency?
Ans. By reducing the total effective shunt capaitain the input circuit of hybrid
pie model.

Q4. In a single stage RC coupled amplifier, whathies phase shift introduced in the
true middle frequency?
Ans. 180°

Q5. Which type of coupling capacitor is used in &tipled amplifier?
Ans. 0.05uf paper capacitor.

Q6. What is the application of RC coupled amplifier
Ans. It is widely used as a voltage amplifier.

Q7. In single stage RC coupled amplifier,atvtis the phase shift at low 3-dB
frequency?
Ans. 225°

Q8. In single stage RC coupled amplifier,atvlis the phase shift at high 3-dB
frequency?
Ans. 135°

Q9. In RC coupled amplifier what is the effect ofvl 3-dB frequency by increasing
the value of coupling capaciton®
Ans. Decreasing.

Q10. In RC coupled amplifier what is the effecti@fv 3-dB frequency by increasing
the value of total effective shunt capacitor?
Ans. Decreasing.




EXPERIMENT NO. 2

AlIM:-Design a two stage RC coupled amplifier and determine the
effect of cascading on gain and bandwidth.

APPARATUS REQUIRED: - CRO, function generator, breadboard, transistor

BC 104 (2 pcs), capacitorfiB (3 pcs), 10aF (2pcs), resistor 4.7K (2pcs), 5.6K (2pcs),
1K (2pcs),x 12 V supply and connecting leads.

THEORY: - When the voltage gain provided by a single stageotssufficient, we
use more than one stage of the amplifier. The dvgaan of the two-stages is given by
A=A1* A>
Where A is the voltage gain of first stage andig\the voltage gain of the second stage.

When the load resistance of first stage is reduttesl,gain and hence output voltage
also reduces.

CIRCUIT DIAGRAM:-
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Two Stage amplifier (Block Diagram)

PROCEDURE: -

(1) Connect the circuit properly.

(2) Feed the ac signal at input of first stage. Adjhst frequency at 1 KHZ. See
the output wave shapes on the CRO.

(3) Go on increasing the input ac voltage and meastireoliage at (i) output of
first stage (ii) output of second stage

(4) Repeat the same experiment with a single staggéwing the switch ‘S’.

(5) Disconnect the second stage and then measure thet awltage of the first
stage. Calculate the voltage gain of first stageleunthis condition and
compare it with overall voltage gain of two stagepéifier.

OBSERVATIONS:-

1. Voltage Gain

S.No Input Outpu of | Outpu of | A1 A2 A=A1* Az
Voltage First stage Second stage

2. Voltage gain with second stage disconnected

S.No. Input Voltage Output of First stage| Gair
(A1)
1.
2.
RESULT:-
1. Two stage amplifier gain= .......... db
Single stage amplifier gain= ......... db

Overall voltage gain of two stage amplifier is heglthan single stage ampilifier.

Gain of two stage amplifier is equal to the prodafctjains of individual stages. In

practice total gain A is less than A1*A2 due todivey effect of following stages.
2. Bandwidth = upper cut-off frequency- lower cut quency (From Exp. 1)




QUIZ QUESTIONS WITH ANSWERS:-

Q1. In RC coupled amplifier which component is mspble for reduction in voltage
gain in the high frequency range?
Ans. Shunt capacitance in the input circuit.

Q2. In RC coupled amplifier which component’'s valaeresponsible for low 3-dB
frequency?
Ans. Increasing the value of coupling capacitor Cb.

Q3. In RC coupled amplifier which component’s valgeresponsible for high 3-dB
frequency?
Ans. By reducing the total effective shunt capaxi&ain the input circuit of hybrid
pie model.

Q4. In a single stage RC coupled amplifier, whathies phase shift introduced in the
true middle frequency?
Ans. 180°

Q5. Which type of coupling capacitor is used in &tipled amplifier?
Ans. 0.05uf paper capacitor.

Q6. What is the application of RC coupled amplifier
Ans. It is widely used as a voltage amplifier.

Q7. In single stage RC coupled amplifier,atvtis the phase shift at low 3-dB
frequency?
Ans. 225°

Q8. In single stage RC coupled amplifier,atvlis the phase shift at high 3-dB
frequency?
Ans. 135°

Q9. In RC coupled amplifier what is the effect oWl 3-dB frequency by Increasing
the value of coupling capaciton®
Ans. Decreasing.

Q10. In RC coupled amplifier what is the effecti@f 3-dB frequency by Increasing
the value of total effective shunt capacitor?
Ans. Decreasing.




EXPERIMENT NO. 3

AIM: - Study the effect of voltage series, current series, voltage shunt
and current shunt feedback on amplifier using discrete components.

THEORY: :-
Voltage Series Feedback:-This is also called the shunt-derived series feddbim this
circuit, Amplifier and feedback network are coneectn series-parallel. A fraction of
the output voltage is applied in series oppositiorthe input voltage through feedback
network. The feedback voltage is derived from tludtage divider circuit formed of
resistors R1 and R2. The feedback voltage is gigen

Vi= B VourRL/R1+R2\4ut

Thusp =R1/R1+R2
And the overall gain of the amplifier is:

At =Vout Vs=R1+R2/R1=1

Voltage Shunt Feedback:- This is also called the shunt-derived shdeedback. A
small portion of the output voltage is coupled baokthe input voltage since the
feedback network shunt both the input and outputhef amplifier, both the input and
output impedances are reduced by a factor 1p(A)

The feedback is proportional to the output voltage: and feedback current. |
lrgets added in shunt with the input. Thus this d@irffom the case of voltage shunt
inverse feedback amplifier.

Feedback currentiadVin — VoudRr =VOU/RF3V out

Current Series Feedback: - This is also called the series derived series fagdbin
such a feedback circuit, a part of the output curis made to develop voltage
proportional to the output current and suppliedkbat series with the input .Since
feedback network is in series with the amplifier tie output end as well as on the
input end , both input and output impedances areased with negative feedback. The
current feedback can be obtained by removing thgads/ capacitor across the emitter
resistor R.

Current Shunt Feedback: - It is also known as series derived shunt feed faekitor
current shunt inverse feedback. In this circuit filiedback network pick up a part of the
output current and produces a feedback voltageaiallpl with the input signal voltage.
input impedance is reduced with feedback wherehasoutput impedance is increased
because of feedback network being in series wihotltput.




CIRCUIT DIAGRAM :-
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DISCUSSI ON:-What are the applications of voltage series feddlaaplifier?
RESUL T:-Series and parallel voltage & current feedbackudiicave been studied.
QUIZ QUESTIONS WITH ANSWERS:-

Q1. What is the application of negative feedbackldi®r?
Ans. Negative feedback amplifier makes the cirstable.

Q2. What is voltage series feedback amplifier?
Ans. It is that amplifier in which output voltageefdback in voltage series with input
Signal, resulting in an overall gain reduction.

Q3. What is the overall voltage gain with feedbackoltage series feedback amplifier?
Ans. The overall voltage gain with feedback in &gkt series feedback amplifier is
given by:-

Ar=Vo/V=AI(1+AB)

Where A= gain without feedbacRs= feedback

Q4. What is the effect on input resistance dueeties feedback connections?
Ans. Series feedback connections tend to incrdes@put resistance.

Q5. What is the effect on input resistance duehtmsfeedback connections?
Ans. Shunt feedback connections tend to decreasmplut resistance.

Q6. What is the effect on output impedance dueottage feedback
Ans. Voltage feedback tends to decrease the oirtpgdance.




Q7. What is the effect on output impedance duauteeat feedback
Ans. Current feedback tends to increase the ounmugdance.

Q8. Which factor reduces the input noise & nondmdistortions of the amplifier?
Ans. (1+43)

Q9. What is the effect of frequency on phase sifin amplifier?
Ans. Phase Shift of an amplifier will change witequency.

Q10. What is the effect on output impedance ofvilitage series feedback amplifier?
Ans. Zot =Zo/(1+Ap)




EXPERIMENT NO:4

AlIM:-Design and realize Inverting, Non-Inverting and buffer
amplifier using 741 Op-amp.

APPARATUS REQUIRED: - CRO, Function Generator, Bread Board, 741 IC,
+12V supplyresistors1Kl, 10K, and connecting leads.

THEORY: - The op-amp is a multi-terminal device used in a benof electronic
circuits.

Inverting Amplifier: - In the inverting amplifier only one input is apgli@nd that is
to the inverting input (V2) terminal. The non-intieg input terminal (V1) is
grounded.

Since,
V1=0V & V2=V,
Vo= -Avin

The negative sign indicates the output voltage8i® but of phase with respect to the
input and amplified by gain A.

Non-Inverting Amplifier: - The input is applied to the non-inverting inputntéral
and the Inverting terminal is connected to the gdou

V1= Vin and V2= 0 volts
Vo= AVin
The output voltage is larger than the input voltbgegain A & is in phase with the
input signal.

Buffer amplifier:-The lowest gain that can be obtained from a mwesiting
amplifier with Unity feedback. When the non-invagiamplifier is for unity gain it is
called a voltage follower because the output veltegequal to and in phase with the
input .In the Voltage follower the output followket input Since the voltage follower
is a special case of the non inverting amplifidr,tlee Formulae developed for the
latter are applicable to the former aspect thatghm of the feedback circuit is
UNITY.

Ar =1

R (if) = ARi

R (of) =Ro/A

Vo =zxVsat/A

Since (1+A)0JA

The voltage follower is also called a naveirting buffer because, when placed
between two networks, it removes the loading orfitise network.
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PROCEDURE: -
(1) Connect the circuit for inverting, non-invedi and buffer amplifier on a

breadboard.

(2) Connect the input terminal of the op-amp to functienerator and output
terminal to CRO.

(3) Feed input from function generator and observeotitput on CRO.

(4) Draw the input and output waveforms on graph paper.

OUTPUT WAVEFORM:-
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PRECAUTIONS:-

1. Do not use open ended wires for connecting to 23@Wer supply.

2. Before connecting the power supply plug into sqckesure power supply should
be switched off

3. Ensure all connections should be tight before itz on the power supply.

4. Take the reading carefully.

5. Power supply should be switched off after completid experiment.

DISCUSSIONS:-What are the application of inverting, non-invegtiand buffer
amplifier?

RESULT: - Amplified output waveforms are obtained.

QUIZ QUESTIONS WITH ANSWERS:-

Q1. What is the significance of a differential atfigi?
Ans. The differential amplifier is capable of anfyilig dc as well as ac input signals.

Q2. what are the applications of a differential hfiep?
Ans. In instrumentation systems

Q3. What is the meaning of CMRR?




Ans. It is the ratio of the differential voltageiga#\q to the common mode voltage
gain Acm.

Q4. What is the unit of CMRR?
Ans. Decibels (dB)

Q5. What is the value of CMRR for the 742 IC /
Ans. 90 dB

Q6. what is the gain of the inverting amplifierteérms of resistances?
Ans. Gain (- Rf/Ri)

Q7. what is the gain of the non- inverting amptifie terms of resistances?
Ans. Gain = (1+Rf/Ri)

Q8. what is the condition for averaging amplifier?
Ans. Rf/Ri =1/n, where n is no. of inputs applied.

Q9. What is the effect of —ve feedback on the gdtgain of an amplifier?
Ans. Increases the stability of its voltage gain.

Q10. What is meaning of gain of an amplifier widedback?
Ans. Closed loop voltage gain




EXPERIMENT NO.5

AIM: - Verify the operation of a differentiator circuit using op amp
741 and show that it acts as a high passfilter.

APPARATUS REQUIRED:- CRO, Function Generator+ 12 Supply,
Connecting Leads, 741 IC, capacitord, ¥esistorl K[, Breadboard.

THEORY: - Differentiator circuit as its name implies, perfarthe mathematical
operation of differentiation, that is, the outpuaweform is the derivative of the input.
The differentiator may be constructed from a baswerting amplifier when an input
resistor R is replaced by a capacitor C,

Vo =- Rf C d\/m/dt
Thus, the output Vo is equal to the R times the negative instantaneous rate of
change of the input voltageinwvith time. The true differentiation is a form ofghi
pass filtering.
H (jw) =-Z/ Zi = -Rs /1/joC
H(w) = - RjwC
Magnitude of H @v) is M (w) = wRs C The function is very small at low frequencies

but increases linearly as the frequency increabbis explanation indicates that true
differentiator is a form of high, pass filtering.

CIRCUIT DIAGRAM:-

Vo

PROCEDURE: -
(1) Connect the circuit. according to the circuit dagr
(2) Apply square wave to the input terminal of diffdrator circuit.
(3) Set the input voltage at 1V peak to peak and frequat 1 KHz.
(4) Note down the input and output waveform.




OBSERVATION TABLE:-

S.NC I/P Voltage O/F Voltage Frequenc in Gain=20lo¢
Vin Vo KHz. VO/Vin
GRAPH:-
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PRECAUTIONS:-

1. Do not use open ended wires for connecting to 23@Wer supply.

2. Before connecting the power supply plug into soc&asure power supply should
be switched off

3. Ensure all connections should be tight before itz on the power supply.

4. Take the reading carefully.

5. Power supply should be switched off after completid experiment.

DISCUSSION: - What is the application of differentiator?
RESUL T: -Wave forms shows integrator is a high pass filter.

QUIZ QUESTIONS WITH ANSWERS:-

Q1.What is the differentiator?
Ans. The differentiator is that circuit in whichpoivaveforms is the derivative of the
input waveforms.

Q2. What is non-linear wave shaping?
Ans. Non-linear wave shaping is the process onyapgplany wave at input of a non-
linear device, the shape of the output waves vaweslinearly with the input wave.

Q3. Give the application of a differentiator?
Ans. It is used in wave shaping circuits to detsigh frequency components in an
input signal and also as a rate of change of detéct-.M modulation.




Q4. What is the significance of input capacitoridifferentiator?
Ans. Input capacitor in a differentiator combineshwieedback resister, selects lower
cut off frequency.

Q5. When input of a differentiator is sine wavegrttwhat is the output of the
Differentiator ?
Ans. Cosine wave.

Q6. What is the condition of differentiator for pey operating?
Ans. T >RCy.

Q7. When input of a differentiator is square waten what is the output of a
differentiator?
Ans. Spikes waves

Q8. Give the examples of linear circuits.
Ans. Adder, Subtractor, Integrator, Differentiator

Q9. When a number of stages are connected in glathieé overall gain is the product
of the individual stage gains.
Ans. False statement

Q10. A filter that provides a constant output fraim up to a cutoff frequency and
passes no signal above that frequency is called a filter.
Ans. Low-pass




EXPERIMENT NO. 6

AIM: - Verify the operation of Integrator circuit using op amp 741
and show that it actsasa low passfilter.

APPARATUS REQUIRED: - CRO, Function generatat12V supply, 741 IC,
BreadboardResistors10K], 1 K[, capacitor 0.{if and connecting leads

THEORY: - A circuit in which the output waveform is the intabof the input
wave is the integrator. Such a circuit is obtaibgdusing a basic inverting amplifier
configuration. If the feedback resistor iR replaced by a capacitor C. The output
voltage can be obtained by,
Vo=-1RG[Vindt+C
Where C is the integration constant and proportidgaathe value of the output
Voltage Vo at time t = 0 sec. Thus, the outputagdt is directly proportional to the
negative integral of the input voltage and inverg@bportional to the time constant R
Ct. The convenient way to introduce the AC integratrcuit is through frequency
response and impedance consideration. The trafisfetion for the true integrator is
given by
H (jw) = - Zf | Zi = -1/joxc
R
H (jow) =- 1/ peR

Amplitude response, Muf) = 1 /wRC It is clear that integration is a form of lowspa

filtering i.e., the function is very large at lowefjuency and decreases as the
frequency increases.

CIRCUIT DIAGRAM: -
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PROCEDURE: -
(1) Connect the circuit according to the circuit diagra
(2) Apply square wave to the input terminal of integratircuit.

(3) Set the input voltage at 1V peak to peak and frequat 1 KHz.
(4) Note down the input and output waveform.
(5) Draw the waveform on graph paper.

OBSERVATION TABLE: -

SNNO | I/P Voltage | O/P Voltage | Frequency in | Gain=20log Vo/ Vin
Vin Vo KHz
GRAPH:-
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PRECAUTIONS:-
1. Do not use open ended wires for connecting to 23@Wer supply.
2. Before connecting the power supply plug into sockesure power supply should

be switched off.

3. Ensure all connections should be tight before $witg on the power supply.
4. Take the reading carefully.
5. Power supply should be switched off after completi experiment.

DISCUSSION: - What is the application of integrator?

RESULT: - waveforms shows Integrator acts as low pass filter.
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QUIZ QUESTIONS WITH ANSWERS:-

Q1. What is the integrator?
Ans. The integrator is that circuit in which put voltage is equal to the —ve of
integral of input voltage.

Q2. What is the input offset voltage?
Ans. Input offset voltage is the error voltage thaturs at the i/p of op-amp, which
causes to produce o/p offset voltages.

Q3. Why we use capacitor Cf in feedback loops efittlegrator?
Ans. The feedback capacitor Cf combine with Rfgedito select cut off voltage.

Q4. What is the relation between input and outmltage?
Ans. Output voltage Vo is equal to the —ve of ik gf input voltage.

Q5. If input of the integrator is sine wave, thehish type of waveforms will obtain
at the output of the integrator?
Ans. Cosine wave

Q6. What is the effect of resistor fRat is connected across the feedback capacitor Cf
in practical integrator?
Ans. The feedback resistof tat remove the high frequency noise signals.

Q7. If input of the integrator is d.c. voltage, nhehich type of waveforms will be
obtained at the output of the integrator?
Ans. Ramp waveforms.

Q8. If input of the integrator is square wave ,nthehich type of waveforms will be
obtain at the output of the integrator.
Ans. Triangular waveforms

Q9. What are the applications of an integrator?
Ans. It is used in analog computer, ADC, signal vahiaping circuits.

Q10. What is the effect of input bias current?
Ans. Input bias current produces output offsetagstat the output of an op-amp.




EXPERIMENT NO. /

AIM: - Design & verify the operations of op amp adder and
subtractor circuit.

APPARATUS REQUIRED:- CRO, function generator, + 12V supply,
breadboard, 741 IC, resistatsikK [1(7 pieces), and Connecting leads.

THEORY: -
Adder: - If the input to the inverting amplifier is increasethe resulting circuit is
known as Adder. Output is a linear summation of lnenof input signals. Each input
signal produces a component of the output signal ith completely independent of
the other input signal. When there are two inpi#s i
Vo = - (V1+ V2)

This is the inverted algebraic sum of all the iigpuf we connect the inputs to non-
inverting, terminal then the adder is non-invertatger.
Subtractor: - A circuit that finds the difference between two reils is called a
subtractor. The two inputs are applied at the itvg@r& non-inverting terminal of op-
amp. If all external resistance are equal in vatgethe gain of the amplifier is equal
to 1.The output voltages of the differential amiptifwith a gain of unity is,

Vo = -R\R(Va-Vb)

Vo = (Vb-Va)
CIRCUIT DIAGRAM: -
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PROCEDURE: -

(1) Apply two different sine waves signal to the inpfithe adder and subtractor.
(2) Give the input amplitude of 5v peak to peak anduency of 1 kHz.
(3) Verify the output on CRO.




WAVE FORM: - *vo
A
Vo
0 | -
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ADDER SUBTRACTOR

PRECAUTIONS:-

1. Do not use open ended wires for connecting to 23@Wer supply.

2. Before connecting the power supply plug into sgckesure power supply should
be switched off

3. Ensure all connections should be tight before itz on the power supply.

4. Take the reading carefully.

5. Power supply should be switched off after completid experiment.

DICUSSI ON:-Name the areas where adder and sub tractor cimdgtsised.

RESULT: - Output is a true replica of the subtraction valagshe two inputs and
addition of two input values.

QUIZ QUESTIONS WITH ANSWERS:-

Q1. What is adder?
Ans. Adder is that circuit which adds the magnitoflénput signals.

Q2. What is scaling amplifier?
Ans. Scaling amplifier is that circuit in which éaidp is amplified by a weighted
differently at the o/p and values of resistors different.

Q3. What is average amplifier?

Ans. Average amplifier is that circuit in which &éaoutput is equal to the average of
all the input voltage and the gain by which eagbuins amplified must be equal to 1
over the number of inputs.

Q4. What is the subtractor?
Ans. Subtract or is that circuit which subtracts thagnitude of input signals.

Q5. What is the use of offset minimizing resistami?
Ans. To reduce the effect of i/p bias current om dfp offset o/p.




Q6. What is gain of the inverting amplifier?
Ans. AF= - Rf / Ri

Q7. What are the applications of subtractor?
Ans. Computer, calculators, microprocessor.

Q8. what is the use of offset null compensatingvost in the adder?
Ans. To improves the accuracy of the adder.

Q9. What is the gain of an inverting amplifier?
Ans. Output voltage is equal to the —ve of ratidegfdback and i/p resistance.

Q10. What are the applications of adder?
Ans. Computer, calculators, microprocessor.




EXPERIMENT NO.8

AIM:-Plot frequency response of ac coupled amplifier using opamp
741 and study the effect of negative feedback on the bandwidth and
gain of the amplifier.

APPARATUS REQUIRED: - CRO, Function Generator, Bread Board, 741 IC,
+12Vsupplyresistors 1K, 10K, capacitors and connectingleads.

THEORY :-Inverting and non inverting amplifier respond tottb@c and dc. For
studying only ac frequency response, or if the oui signal is superimposed on
some dc level, it is necessary to block dc compprienusing ac coupling capacitor.
Two types of AC amplifier:-

1) Inverting

2) Non inverting

p— Ad —0

i

Rt

Inverting AC amplifier

Non-Inverting AC amplifier
PROCEDURE: -
(1) Set the input voltage at 1V peak to peak and frequat 1 KHz.
(2) Varying the frequency of the input signal from 10td2ZMHz.
(3) Measure the output signal amplitude.
(4) Draw the frequency response characteristics of apled amplifier.

OBSERVATION TABLE:-

S.NO. FREQUENCY (Hz) | OUTPUT VOLTAGE]| GAIN (Vout/ Vin)
(Vout) IN dB




| | | |
EFFECT OF NEGATIVE FEEDBACK ON GAIN AND

BANDWIDTH:-

Source b) A Load

B
A: Open Loop GainL\g@/Vg

B : Feedback factorfy = Vi / Vo

Negative feedback takes a sample of the outputkiymd applies it to the input to get
several desirable properties. In amplifiers, negateedback can be applied to get the
following properties
— Desensitized gain : gain less sensitive to circoihponent variations
— Reduce nonlinear distortion : output propariloto input (constant
gain independent of signal level)
— Reduce effect of noise
— Control input and output impedances by applyingrajpfate feedback
topologies
— Extend bandwidth of amplifier
All of these properties can be achieved by tradifigyain

NEGATIVE FEEDBACK: - If the signal fed back is of opposite polarity art
of phase by 180(or odd integer multiple of 18P with respect to input signal,
feedback is called negative feedback.

* Negative feedback is also known aiegenerative feedback because when
used it degenerates (reduces)the output voltagditadgoand in turn reduces
the voltage gain.

USES

« When used in amplifier, negative feedback stalslidee gain, increases the
bandwidth and changes the input and output resissamreduced voltage gain,
decrease in non linear distortion and reduces tiiecteof variations in
temperature and supply voltages on the output efrop.

RESULT:-
(a) Frequency response curve of AC coupled amplifier egen plotted
(b) Negative feedback increases the bandwidth andigtsbthe gain.




QUIZ QUESTIONS WITH ANSWERS:-

Q1. What is feedback in amplifiers?
Ans. The process of combining a fraction of outpnérgy back to the input is called
feedback.

Q2. What is the application of negative feedbackldi®r?
Ans. Negative feedback amplifier makes the cirstable.

Q3. What is voltage series feedback amplifier?
Ans. It is that amplifier in which output voltageefdback in voltage series with input
Signal, resulting in an overall gain reduction.

Q4. By Which factor reduces the input noise & nioedr distortions of the amplifier?
Ans. (1+A3)

Q5. what is the effect of frequency on phase ghiein amplifier?
Ans. Shift of an amplifier will change with frequey.

Q6. How does negative feedback increase bandwidim amplifier?

Ans. The bandwidth of an amplifier without feedbaskequal to separation between 3
db frequencies f1 and f2. If A is the gain, theingaandwidth product is A* BW. With
the negative feedback the amplifier gain is reduaed since gain bandwidth product
has to remain constant in both cases, so the bdtidwiill increase to compensate for
the reduction in gain.

Q7.How do series and shunt feedback differ fronhesther?

Ans. Series means feedback connecting in serigsimput signal while shunt means
feedback connecting in shunt with input signal.

Q8. Distortion in an amplifier with negative feedkdncreases or decreases?
Ans. Decreases

Q9. Feedback in an amplifier always helps to
Ans. Control its output

Q10.When negative feedback is applied to an araplifis bandwidth:
Ans. Increased.




EXPERIMENT NO.9

AlIM: -Study of IC 555 as astable and monostable multivibrator.

APPARATUS REQUIRED: - IC 555

THEORY: -
555 timer — An 8-pin IC designed for use in a variety of shihg applications.
Multivibrator — A circuit designed to have zero, one, or two Istalutput states.
There are three types of multivibrators:

» Astable (or Free-Running Multivibrator)

» Monostable (or One-Shot)

> Bistable (or Flip-Flop)
Astable multivibrator — A switching circuit that has no stable outputtesta The
astable multivibrator is a rectangularave oscillator. Also referred to as a free-
running multivibrator.
Monostable multivibrator — A switching circuit with one stable output stafdso
referred to as a one-shot. The one-shot produsasgie output pulse when it receives
a valid input trigger signal.
Bistable multivibrator — A switching circuit with two stable outpstates. Also
referred to as a flip-flop. The output changegestahen it receives a valid input
trigger signal, and remains in that state untiltheovalid trigger signal is received.

PIN CONFIGURATION OF |C 555:-
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CIRCUIT DIAGRAM & WAVEFORM OF ASTABLE
MULTIVIBRATOR: -
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CIRCUIT DIAGRAM & WAVEFORM OF MONOSTABLE
MULTIVIBRATOR: -
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RESULT: - Astable and monostable multivibrator has been studi




QUIZ QUESTIONS WITH ANSWERS:-

Q1. Why astable multivibrator is known as free iagrmultivibrator?

Ans. A multivibrator that generates square waveitsefown is known as astable
multivibrator. This has no stable state. There tare quasi stable states. The circuit
changes automatically from one quasi state to anotlithout any external triggering
pulse. Thus it is just an oscillator since it dowd require any external pulse for its
operation so it is known as free running multivibra

Q2.In an astable multivibrator, the frequency dfpoti mainly depends on:
Ans. Values of R and C in circuit.

Q3. A monostable multivibrator has:
Ans. only one stable stage

Q4. A bistable multivibrator has:
Ans. two stable stages

Q5. A circuit that generates square wave is called:
Ans. Astable multivibrator

Q6. What is the use of reset pin in IC 555?
Ans. Reset pin controls flip flop directly.

Q7. What is the use of discharge pin in IC 555?
Ans. discharge pin used for discharging the capacit

Q8. What are the applications of multivibrators?

Ans: (i) used to generate square wave and pulsergger
(ii) used as frequency dividers
(iii) used in radar and TV circuits

Q9.Which type of feedback is used in multivibrator?
Ans: A multivibrator circuit is essentially an arfigr with 100% positive feedback.

Q10. How many states in switch?
Ans: Two




EXPERIMENT NO.10

AIM: - Design and realize using op amp741, wein bridge oscillator.

APPARATUS REQUIRED:- Bread board, CROt 12V power supply,
Resistorsl OK [, 20K, 3.2K[], 0.05.f, and connecting leads.

THEORY': - In Wein bridge oscillator, Wein bridge circuit atennected between
amplifier input and output terminal. The bridge @a series RC network in one arm
and a Parallel RC network in adjoining arm, on theaining two arms of bridge,
resistor Rand R are connected. The phase angle criterion for aswillis that the
total phase shift around the circuit must BBeThis condition occurs only when the
bridge is balanced, i.e. at resonance. The frequefcoscillation § is exactly the
resonant frequency of the balanced wein bridgeiggiven by

fo = 1/2MRC = 0.159/RC
CIRCUIT DIAGRAM:-
R1=10K R =20k

[

Al AN
C=0. 05uf R=3. 2K

C=0.05uf = = R=3. 2K

1

VEI N BRI DGE OSCI LLATCOR

PROCEDURE: -

(1) Connect the circuit as per the circuit diagram.
(2) Switch ‘on’ the power supply.

(3) Output of the circuit is shown on CRO.




WAVE FORM: -

A

Vo

TIME (1)

PRECAUTIONS:-

1. Do not use open ended wires for connecting to 23@Wer supply?

2. Before connecting the power supply plug into sqckesure power supply should
be switched off

3. Ensure all connections should be tight before itz on the power supply.

4. Take the reading carefully.

5. Power supply should be switched off after compietid experiment.

DICUSSION: - Wein bridge oscillator generates sine wave forms.

RESULT: - Sine wave is generated on CRO.

QUIZ QUESTIONS WITH ANSWERS:

Q1. What is the oscillator?
Ans. The oscillator is a circuit that generatestitipe waveforms of fixed amplitudes
and frequency without any external i/p signal.

Q2. What is the application of the oscillator?
Ans. A radio, T.V., Computers and communications.

Q.3 what is the principle of the oscillator?
Ans. If the signal feedback is of proper magnitade phase, the circuit produces
alternating currents or voltage.

Q4. what are the two requirements for oscillation?
Ans. 1. Magnitude of the loop gain must be attléas
2. Total phase shift of the loop gain must beagt O or 360 degree.

Q5. What is frequency stability?
Ans. The ability of the oscillator circuib toscillate at one exact frequency is
frequency stability.

Q6. What is the total phase for oscillation?
Ans. 360 or O degree.




Q7. What is the condition for wein bridge oscillato balance?
Ans. Total phase shift around the circuit must ldegree.

Q8. What is wein bridge oscillator?
Ans. Wein bridge oscillators that circuit in whithe wein bridge circuit is connected
between the amplifiers i/p terminals and the ofmieals.

Q9. Which type of feedback used in oscillator?
Ans. +ve feedback

Q10. What is the frequency response for a weingbriascillator?
Ans. F= 0.159/RC




EXPERIMENT NO.11

AIM: - To design and realize using op amp741, square wave
generator.

APPARATUS REQUIRED: - Power supply, CRO, Function Generator,
Connecting Leads, Breadboard, 741 IC, isRexe (10K, 11.5K0)),
0.05uf capacitor.

THEORY: - Square Waves are generated when the Op-Amp isdfdcceperate in
the saturation region. That is, the output of theamp is forced to swing respectively
between +Vx.and -\Vsa resulting in the generation of square wave. Tigage wave
generator is also called a free- running or astamlétivibrator. Assuming the voltage
across capacitor C is zero at the instant the dppl$ voltage at +Vcc and #¢ are
applied. Initially the capacitance C acts, as atstiocuit. The gain of the Op-Amp is
very large hence Mdrives the output of the Op-Amp to its saturation.

CIRCUIT DIAGRAM: -

G n=0. 05uf Rf =10k
V2 2
3
Vi
AN
R2=11. 5K
R1=10K §

SQUARE WAVE GENERATCR

PROCEDURE: -
(1) Connect the circuit as shown in figure Switch ‘GNe supply.
(2) No. Input signal is feed from the generator. Iséf-generating.
(3) Frequency can be varied by changing RC combination.
(4) Output is obtained at Pin 6 of op-Amp.




WAVE FORM:

A
Vo

B
>

TIME (1)

0 (2] 30 4

PRECAUTIONS:-

1. Do not use open ended wires for connecting to 23@Wer supply.

2. Before connecting the power supply plug into sgckesure power supply should
be switched off.

3. Ensure all connections should be tight before itz on the power supply.

4. Take the reading carefully.

5. Power supply should be switched off after completid experiment.

DICUSSION:-What is the application of squire wave generator.
RESULT: - Squire Wave is obtained on CRO.

QUIZ QUESTIONS WITH ANSWERS:-

Q1.What is square wave generator?
Ans. In this circuit, square wave output is geregtahen the op-amp is forced to
Operates in the saturated region.

Q2.What is other name of square wave generator?
Ans. Free running or a stable multivibrator.

Q3. Give the application of a square wave generator
Ans. To generate square wave form at the outpatszfuare wave generator.

Q4. What is the use of zener diode?
Ans. To set amplitude of square wave at the inpat square wave generator.

Q5. What is the effect of slew rate of the op-amphie square wave generator?
Ans. The highest frequency generated by square gemerator is set by slew rate of
the op-amp.

Q6. Which type of wave forms obtained at the outgfua square wave generator?
Ans. Square wave waveforms




Q7. When input of a square wave generator is a D.Cakidinen what is the output of
a square wave generator?
Ans. Ramp signal.

Q8. What is the comparator?
Ans. Comparator compares two input signal keow voltage with a reference
voltage.

Q9. What are the applications of a comparator?
Ans. Analog to digital converter (ADC), SchmittiJger.

Q10. Which component is required to convert a ssuave into a triangular wave?
Ans. Integrator.




EXEPERIMENT NO.12

AIM: - To design and realize using op amp 741, logarithmic amplifier
& VCCS.

APPARATUSREQUIRED: - CRO, function generator, breadboard, resistor
10K, 1 K [Jand 12V supply, diode IN 4007 and connecting leads.

THEORY OF LOGARITHMIC AMPLIFIER: - In fig., there is an op-
amp with the feedback resister R replaced by tlelediD. Logarithmic amplifier is
used when it is desired to have the output volfaggortional to the logarithm of the
input voltage. We know from the volt-ampere diotharacteristic

If | = Io( eVf/th —1)
| = Ioer/th
Providecthat V¢nVy>>1  or [f>>lo. Hence
Vi=nVt (lhlt=lnleg)  ---- (1)

Since | = Is = VJR due to the virtual ground at the amplifier inphien
Vo= -Vt =-nVt(hVJR = hlo) -----mmmmmm- 2

From Ed. (2) the output voltage Ms temperature dependent due to the scale factor
nV¢ and to the saturation current lo.

CIRCUIT DIAGRAM:-

LOGARI THM C AMPLI FI ER
PROCEDURE: -

(1) Connect the circuit on the breadboard as per ticiagram.
(2) Switch on the power supply and observe the outgweform on the CRO.




WAVE FORM: -

Vi
VO

Tt 2n 3n TIME (t0

THEORY OF VCCS (VOLTAGE CONTROLLED CURRENT
SOURCE):-

In many applications, one may have to convert aagel signal to a proportional
output current. A circuit which can perform thishjis called a voltage —to- current
converter. For this, there are two types of cispibssible:

V-I Converter with floating load
V-l Converter with grounded load

lL=1=Vin/R

From above Eq. it is obvious that the output currgnis independent of load
resistance Rand iS proportional to the input voltagenV This is because of the virtual
ground at the inverting input terminal of the oppanSuch a circuit is employed in
analog-to- digital converter (ADC).One good thingoat the Op-amp. Voltage —to-
current converter is that it can be driven by altage source which is itself not
capable of supplying the load current calledThis is because the voltage source only
has a drive a Non- inverting Op-amplifier, whoseunimpedance is very high. The
load current itself is supplied by the Op-amplifier

CIRCUIT DIAGRAM: -

R
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=1
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Vin
PROCED,‘!&J'R'E:(:-JH'J'-.'HJ' Converter
1. Connect the circuit as shown in figure Switch ‘GNé supply.
2. A voltage is given to the input pin.
3. Output is obtained at Pin 6 of op-Amp.

o ‘—_,‘_r’)

_

PRECAUTIONS:-




1. Do not use open ended wires for connecting to 23@Wer supply

2. Before connecting the power supply plug into sockesure power supply should
be switched off

3. Ensure all connections should be tight before itz on the power supply.

4. Take the reading carefully.

5. Power supply should be switched off after completid experiment.

DICUSSION: - How can we use logarithmic amplifier as a clippecuit?
How VCCS is ideal circuit for low voltage dc and\amtmeters?

RESUL T: -Output is the negative of the log of an input.
In VCCS, load current depends upon the input veltdin and resistor R.

QUIZ QUESTIONS WITH ANSWERS:-

Q1. what is sample and hold circuit?
Ans. A sample and hold circuit samples aput signal and holds on to its last
sampled value until the input sampled again.

Q2. what is the application of sample and holduiifc
Ans. Digital interfacing, ADC, pulse code modulatisystem.

Q3. what is the application of logarithmic amplifle
Ans. Calculator, computer.

Q4. what is the function of a diode in a feedbaxplin a logarithmic amplifier?
Ans. In logarithmic amplifier circuit, diode acts alipper.

Q5. what is the other name of clamper?
Ans. DC inserter or restorer.

Q6. what is the use of resistor R in clamper?
Ans. The resistor R is used to protect @R-AMP. Against excessive discharge
current from capacitor especially when the DC syppltages are switched off.

Q7. What is positive clipper?
Ans. Positive calipers are one which removes thdtige half cycles of the input
voltage.

Q8. what is negative clipper?
Ans. Negative calipers are one which remowegative half cycles of the input
voltage.

Q9. what is clamping?
Ans. A circuit that places either the pestior negative half cycles of the input
voltage.




Q10. How many types of clampers are there?
Ans. There are two types of clampers

(1) Positive clamper

(2) Negative clamper

Q11. What is current to voltage converter?
Ans: A device that produces a voltage proportidoainput signal current is called |
to V converter.

Q12. What are the applications of VCCS?
Ans; It is an ideal circuit for low voltage dc aad voltmeter, LED and zener diode

tester.

Q13. What are the applications of | to V converter?
Ans: used in sensing current from photodetectodsimmigital to analog converter.

Q14. what is Voltage to Current converter.
Ans. A circuit that produces output current projomal to input voltage.

Q15. How many types of voltage to current conveaiterthere?
Ans. There are two types of voltage to current eotev: With floating load and with
grounded load.

Q16. What is good thing about op-amp.
Ans. It | can be driven by a voltage source whiskelf is not capable of supplying the

load current.
Q17. In V-C converter output current is proportiotta
Ans. The light flux.

Q18. what is the equation of output current,
Ans. I=Vin/R




EXPERIMENT NO: 13

AIM: -Study of 8-bit monolithic Analog to digital converter.

APPARATUS REQUIRED: - ST2601 with power supply cord, Connecting
Cords

THEORY: - Successive approximation ADC uses one or a few eacab@s,
operated iteratively, to yield high accuracy cension with far fewer components
than flash conversion.

A/D converter using successive approximation tempimi effectively performs a
binary search in a digital analog look up table asthg a digital to analog converter
(DAC) and comparator circuit. Successive approxionatonverters also allow higher
resolutions but tend to be slower since they uguatuire N cycles to produce the
answer. Successive approximation ADC operatesmath slower conversion rates
than flash ADC. Sub ranging analog to digitahwarters provide an intermediate
compromise between flash ADCs and successive ajppaitisn ADCs. Sub ranging
analog to digital converters typically use a lowaletion flash quantizer during a first
or coarse pass to convert the analog input sigrialthe most significant bits (MSB)
of its digital value. A digital to analog convertéPAC) then generates an analog
version of the MSB word. The residue signal is ¢bnbugh one or more fine passes
to produce the lower significant bits of the ingignal. The lower significant bits and
the MSB word are then combined by digital errorreating circuitry to produce the
desired digital output word. A switched capacitoalag to digital converter (ADC)
operated according to successive approximationstergitechnique comprises a
plurality of weighted capacitors with associateditslies and a local DAC. The
capacitors are charged by a voltage sample of alo@rsignal to be converted. The
voltage sample is compared with an analog signaémgeed by the local DAC.

CIRCUIT DIAGRAM:-

Vin START
Control CLOCK
e END
mse ] I [ ] (i
out DAC SAR CLK
(n bits) (n bits)
CLR
Output Buffer

Dn D& D504 D3ID2 D1DO




PROCEDURE:-
1. Connect supply to the trainer.
2. Make the connections as shown in figure.
a.Connect the USB/BOB to GND.
b. Connect the DC output toi of Monolithic converter.
c. Keep the DC potentiometer in counterclockwise diogct
d. Keep the Auto /Manual switch in Auto position.
3. Switch ON the power supply.
4. Vary the DC potentiometer and observe the corredipgrdigital output on LEDs.
5. Now keep the Auto /Manual switch in Manual position.
6. Keep the Blank / Convert switch in Blank position
7. Vary the DC potentiometer
8. Set the switch to convert position, The LEDs wijjHt forming a digital word which
corresponds to the digital conversion of the anatitage applied to the input.
9. Perform the same procedure with different DC voltages.
10.Now, connect the USB / BOB terminal to +5V and bgval/p to Vi. This gives
Output voltage from +2.5V to -2.5V.
11.Keep the switch in Auto position.
12. Vary the Bipolar potentiometer from -2.5V to +2.58hd note the corresponding
digitized outputs.
13. Set the Auto / Manual switch to manuals position.
14.Keep the Blank / Convert switch to blank position.
15.Now to observe the conversion you have to throvsthigch to convert position.
16.Perform the experiment with various DC inputs.

RESUL TS:-According to applied input signal in form of DC Iéweprovides the
digital signals in 1 and 0 forms.

QUIZ QUESTIONS WITH ANSWERS:-

Q1. What is Analog to digital converter?
Ans: Analog to Digital Converters (ADC) is devideat converts continuous signals
to discrete digital numbers.

Q2. How many types of analog to digital convertmes there?
Ans: Analog to Digital Converters is commonly ofottypes.
» Linear Analog to Digital Converter is designed tmduce an output which is
a linear function or proportional to the output.
» The other common type of Analog to Digital Converie the Logarithmic
Analog to Digital Converter, which functions by mgivoiced communications
systems to increase the entropy of the digitizgdadi

Q3. Why to use analog to digital converter?

Ans: A digital signal is superior to an analog sighecause it is more robust to noise
and can easily be recovered, corrected and ampliffer this reason, the tendency
today is to change an analog signal to digital.data




Q4. What are the steps to execute the processatfcato digital converter?
Ans: Analog to digital converter process is exegdutethree steps:

1. Sampling

2. Quantizing

3. Coding

Q5. What do you mean by sampling?
Ans: To convert continuous time signal to dige time signal, a process is used
called as sampling.

Q6. What is sampling theorem?
Ans: The Sampling Theorem states that a signal bmarexactly reproduced if it is
sampled at a frequency Fs , where Fs is greater tthize the maximum frequency
Fmax in the signal.

Fs > 2. Fmax

Q7. Which of the following is a type ofrar associated with digital-to-analog
converters (DACs)?
Ans. nonmonotonic and offset error

Q8. A 4-bit R/2R digital-to-analog (DAC) converteas a reference of 5 volts. What
is the analog output for the input code 0101.
Ans. 3.125V

Q9. What is the resolution of a digital-to-analameerter (DAC)?
Ans. It is the smallest analog output change thataccur as a result of an increment
in the digital input.

Q10. The practical use of binary-weighted digitalhalog converters is limited to:
Ans: 4-bit D/A converters




EXPERIMENT NO: 14

AIM: -Study of R-2R ladder network and 8-bit monolithic digital to
analog converter.

APPARATUS REQUIRED: - ST2602 with power supply cord, Connecting
Cords.

THEORY': -The digital to analog converters compose the devicansforming a
digital word, binary encoded and generated for ganby a computer, into a discrete
analog signal, in the sense that to every inputaligiiord a single output analog value
corresponds.

Uigital-to-analog conversion

analog inpul { v,
digital-to-aralog
; M- camvetler
g (DAY
: - — Voui }-"'-Ih:|.:|.||.,|
digital inputs Xy -
f %2 FRE g PR g, 2
ik
9?‘2

METEMENCE wOILAgE 1N " MUImpiIrg” LG
i, 00..0==2wvolts; " 1.1 == kvolts (slightly 1ess)
kf2n="step sizp”

PROCEDURE:-

1. Connect the power supply to the board.

2. Connect the B Ds of the logic switches to the corresponding jacksBB of the
converter.

3. Set the switchesoSssto logic level 0.

4. Connect the ¥ersocket to +5V.

5. Connect a Multi meter as voltmeter for DC, to thgotiVoof the converter.

6. Switch the logic switches in binary progression & meas record the output voltage
in correspondence of every combination of the irodie.

7. With input code $S2 S1 So= 0000 the output voltagedhas to be null: eventual little
deviations against zero are due to the operationplifier offset.

8. Switch off the power supply.




OBSERVATION TABLE: -

8
=
N
w
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RESULT:-As per the applied inputs through the switches theoording to the
reference voltage the output voltage is generatadialog form.

QUIZ QUESTIONS:-

Q1.The difference between analog voltage repreddmyetwo adjacent digital codes,
or the analog step size, is the:
Ans: Resolution

Q2. The primary disadvantage of the flash analodigdal converter (ADC) is that:
Ans: a large number of comparators is requireceprasent a reasonable sized binary
number

Q3.What is the major advantage of the RIdBder digital-to-analog (DAC), as
compared to a binary-weighted digital-to-analog Dé@verter?
Ans. It only uses two different resistor values.

Q4. The resolution of a 0-5 V 6-bit digital-to-amglconverter (DAC) is:
Ans. 1.56 %

Q5. In a flash analog-to-digital converter, thepotitof each comparator is connected
to an input of a:
Ans. Priority Encoder

Q6. Which is not an analog-to-digital (ADC) converserror?
Ans. differential nonlinearity




Q7. Sample-and-hold circuits in analog-to digitaheerters (ADCs) are designed to:
Ans. stabilize the input analog signal during tbewersion process

Q8. A 4-bit R/2R digital-to-analog (DAC) converteas a reference of 5 volts. What
is the analog output for the input code 0101.
Ans. 3.125V

Q9. What is the resolution of a digital-to-analameerter (DAC)?
Ans. It is the smallest analog output change thataccur as a result of an increment
in the digital input.

Q10. The practical use of binary-weighted digitalhalog converters is limited to:
Ans: 4-bit D/A converters
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LIST OF EXPERIMENTS

S.No.

NAME OF THE EXPERIMENT

TO STUDY BLOCKWISE CONSTRUCTION OF A ANALOG
OSCILLOSCOPE & FUNCTION GENERATOR.

TO STUDY BLOCKWISE CONSTRUCTION OF A MULTIMETER
& FREQUENCY COUNTER.

TO STUDY MEASUREMENT OF DIFFERENT COMPONENT
AND PARAMETERS LIKE Q OF A COIL USING LCR Q-METER.

S

TO  STUDY DISTORTION FACTOR METER  ANL
DETERMINATION OF THE % DISTORTION OF THE GIVEN
OSCILLATOR.

2

TO DETERMINE OUTPUT CHARATERISTICS OF LVDT ANL
MEASURE DISPLACEMENT USING LVDT.

No?

TO STUDY  CHARACTERISTICS OF TEMPREATUR
TRANSDUCER LIKE THERMOCOUPLE, THERMISTOR AND RTI
WITH IMPLEMENTATION OF A SMALL PROJECT USING
SIGNAL CONDITIONING CIRCUITS LIKE INSTRUMENTATION
AMPLIFIER.

E
D

~

MEASUREMENT OF STRAIN USING STRAIN GAUGE.

TO STUDY DIFFERENTIAL PRESSURI TRANSDUCEF &
SIGNAL CONDITIONING OF OUTPUT SIGNAL.

MEASUREMENT OF LEVEL USING CAPACITIVE
TRANSDUCER.

10

STUDY OF DISTANCE MEASUREMENT USING ULTRASONIC

TRANSDUCER




EXPERIMENT No.1
AIM:- To study blockwise construction of Analog Oscilope & Function Generator.
THEORY:-
CRO

The Cathode Ray Oscilloscope is probably the mexstatile tool for deployment of electronic circaitd
system. The CRO allothe amplitude of the electronic signals where taeyvoltage, current or
power to be displayed as a function of time. TheOGdRepends on the moments of an electron
beam which is being bombarded (impinged) on a scosated with a fluorescentaterial to

produce a visual spot. If the electron is beindett¢d along the conventional axes, i.e. x-axis-&xis,
two different displays are produced.

Input Vertical Delay
P Amplified—r—3 Ling

Electron | ‘

v Gun
" Time :
CosBer [ Base || poraott
Generator Volta

oltage
Low
Voltage
Y
+ve

Fig:1 Block Diagram of CRO
Main parts of CRO-

CRT: - Thisis cathode ray tube in which electron bearikesdrthe
screen internally to provide visual display of sijna




VERTICAL AMPLIFIER:- This is a wide band amplifier used tmplify signal in
the vertical section of the signal.
DELAY LINE: — Itis used to delay signal for sometime in theiealtsection.

TIME BASE: - It is used to generate sawtooth voltage khi@ is applied to
Horizontal deflection plates.
HORIZONTAL AMPLIFIER: - This is used to amplify the sawtoothvoltage

before it is applied to horizontal deflection pkte

TRIGGER CIRCUIT: - This is used to convert the incoming nalg into trigger
pulse so that the input signal and the sweep frexyuean be synchronized.

POWER SUPPLY: — There are two power supplies, A negatiligh voltage (HV).
supply and a +ve low voltage supply (LV). . Theve+ voltage supply is from +300V to
400V, the negative voltage supply is from -1000V1600V.

Front panel controls

a ﬁ\\
E ! ST 2001 E
al:ie“Tl:Cl-l 20 MHz Oscilloscope Demonstrator Trainer ‘”ME‘I DIV.
Component Tester 7 :
100 Jewrs | ronfoarfencagrosn fovse framefrars ] nss VOLTS/DIV. VOLTS/DIV.
a0
D YA @Y
el E ™ cHIY) 2 L cH. k)
E 10
: 10
» 2 20 | 5 \mv
00 DONAY DR DO NORE: DONA NOROY DS DOOSN bl or \ Trigger Input
oe oe POWER
Q@ : | © @ |0
MON25pF 0 o8 L 1MC211 25 pF A\ onloft wy
\ s 2/

® O ® O 6 ®e0
Fig:2 Front Panel of CRO

(1) Power ‘On/Off’ : Turns ‘On’ & ‘Off'. LED indicates power ‘On’. Usegsition

& Int/Focus controls to get the beam. All are pbstions.

(2) Time / Div : Rotary Switch for TB speed control.

(3) Trigger Input : For feeding external trigger signal.

(4) Volts/Div : For sensitivity selection of CH 1 & CH 2.

(5) DC-AC-Gnd : Switch provided for Input coupling. BNC inputs prded for connecting the
Input signal.

(6) Component Tester :Switch when pressed converts scope into Comporestef mode.

(7) CT : Input & Gnd terminals to be used for CT.

Controls on PCB

(1) Intensity : Controls the brightness

(2) Focus :Controls the sharpness

(3) Trace Rotation : Controls the horizontal alignment of the trace.
(4) X Pos :Controls the horizontal position

(5) Y Pos | &1l : Controls vertical position of the trace.




(6) X Y : When pressed cuts-off internal TB & connects exniorizontal signal via. CH
(7) X' 5 : When pressed gives 5 times magnification.
(8) External : When pressed allows ext. trigger.

(-_ ) 1'%'("5
O rR D IneenEtay
7 -+
D NS O N Pos

I« T

TRIG ¥ 100 Cal Varinble
Y Pos | Y Pos 11
(] vric
[
CHor-Alt Auto
CH I11- Chop NORM
12 Trivee
16 moNo rlriuig;:
DU AL
] 9 ]
[ JexT [ ]7v 1+

Fig:3 Controls on PCB

(9) TV : When pressed allows TV frame to be
synchronized.

(10) Cal Variable : Controls the time speed in between the steps.

(11) Auto/ Norm : In AT gives display of trace & auto trigger.Wheregsed becomes normal &
gives variable level trigger.

(12) Level : Controls the trigger level from positive peak t@atve peak.
(13) + / - : Selects the slope of triggering.

(14) Trig 1/ Trig 2 : When out triggers CH | and when pressed triggerdICH

(15)CH I Alt/ : When out selects CH | and when pressed selectd.@¥hkn dual switch also
pressed this selects Alt or Chop modes.

(16) Mono / Dual : When out, selects CH | only. When pressed selatts b

Amplitude Measurements :

; LI o o Iy
{ ‘Si: e
i X y

N

Fig:4 Amplitude measurement using CRO




Vrms = effective value

Vp = simple peak or crest value
Vpp = peak-to-peak value
Vmom = momentary value.

Frequency measurement

T = time in seconds for one period

F = recurrence frequency in Hz of the signals,
F=1T,

Twt=1.6 cm x 0.5 s/cm : 5 =160ns

i
PPARAt YOO PPN MESRN VSRR IR | 1002,
I E gnibu
Scm -
_1 ——ol ______ 10%
b - “
N

Fig:5 Frequency measurement using CRO

Phase Measurement

Sing=a/b
i i .
= 2 B S i NS
— —e—  — & H — o e . i
t b |
1 I 1
o 35" 20 < 180"

Fig: 6 Phase measurement using CRO

FUNCTION GENERATOR

What is a function generator?

A function generator is a device that can produ@us patterns of voltage at a
variety of frequencies and amplitudes.
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Fig:7 Function generator circuit diagram

| Square

Trianisle

Technical Specifications:-

Fig:8 Waveforms of function generator

Frequency Ranges : Selectable

a)lHz to 10Hz
b) 10 Hz to 100 Hz
¢) 100 Hz to 1 KHz
d) 1 KHz to 10 KHz




e) 10 KHz to 100 KHz

Amplitude Control Output

Sine Wave 6V Vpp

Square Wave 6V Vep

Triangular Wave 6V Vrep

TTL Output: 5V

Duty Cycle : Variable

Sine Wave Generation By wave shaping circuit

Switched Faults :4 Nos.

Fuse :500 mA, slow blow

Power Supply :230V+10%, 50 Hz

Note: Being a trainer it includes a lot of onboard tesints which need the expansion
of wires & tracks from the main circuit. Due togfa slight variation (10 t015%)
in frequency may be observed while we change dgtle®f signal.

QUIZ/ANSWERS:-

Q1 What do you mean by CRO?
Al. Cathode Ray Oscilloscope.

Q2 Which component of CRO is termed as major ortligadCRO?
A2. CRT ( Cathode Ray Tube)

Q3 What are the major component of CRO?
A3. CRT, Vertical Amplifier, Delay line, Time basemerator, Horizontal amplifier

Trigger circuit, Power supply are the major compured CRO.

Q4 What is the need of sweep generator in CRO?
A4. To sweep the electron beam from left to right.

Q5 Name the material with which the screen is abate
A5. Phosphor.

Q6 What is the function of function generator?
A6.To generate various waveforms like sine,squaaagular and pulse .

Q7 What is the name of coating for secondary edaciibsorption?
A7. Aquadag Coating

Q8 How many signals can be applied simultaneowustyRO?
A8. Two

Q9 What is the role of grid in CRO?
A9. To control the no. of electrons from cathode.

Q10 How is input applied to CRO?
A10. Through function generator.




EXPERIMENT No.2

AIM :- TO study blockwise construction of a multimeterr&quency counter.

APPARATUS REQUIRED:- Multimeter Demonstrator NV7106 and Frequency Caunte
Trainer NV7105 Kits

THEORY:-

Multimeter

Multimeter DemonstratdlVV7106is a versatile training system used in the Eledatron
Instrumentation laboratories. With this demonstratadents can easily understand the
concept behind the measurement of different etadtquantities like voltage, current and
resistance.

A multimeter or a multitester, is an electronic sw@éng instrument that combines
several measurement functions in one unit. So wesag that multimeter is a common
multi-purpose instrument used to measure diffee@atrical quantities in a circuit.

In our multimeter demonstrator, we have three measent sections- Voltage
Measurement (both AC and DC), Current Measurenfitggistance Measurement; Signal
Conditioning and Conversion Section along with Tagpand a Continuity Tester. Rotary
Switches are provided for the Function, Range aedbal Selection.

Multimeter Demonstrator

NVT106

ADC & Dispiay Drivers Cooult

Fig:1 Multimeter circuit diagram

Digital instruments are rapidly replacing their lxgacounterparts. Signals can be processed




more efficiently by Digital techniques than by Aogltechniques. This has resulted in devices
that are more advanced than available before. Winilst signals are analog in nature, the
processing of signals is being performed by Digigahniques. All engineering disciplines now
use digital techniques, which are almost indispelesa many fields. The parameters of interest
in a laboratory environment are (1) Voltage (2)r€nt (3) Resistance(4) and Frequency (5).

AC

AC to DC
Converter

-

Drigital
Displaw

[

|

ADC

Afte nuator
ac
Higi :__ DcC
. - DC| Attenuator
Input Chmns
Shunt el
Conwverter
Low

Precision
Reference

Fig:2 Block diagram of digital multimeter

Digital Frequency Counter

BCD
Cutput

NV7105 Frequency Counter Trainerconsists of five blocks, namely, attenuator
circuit, wave shaping circuit, frequency dividercaiit, frequency counter, display
driver circuit, and gate time circuit. All theseatiits are incorporated on a single
board for study/verification of attenuation, wavaging, frequency division, and
display driving mechanism. The board has inbuiES) for DC power supply, so it
can be taken as stand alone unit without any exit@ower supply.

L

Fraqueancy Counter Trainer -

Fig:3 Frequency Counter Ckt. Diagram




The signal wave form is converted to trigger pukses applied continuously to an
AND gate, as shown in figure 1. A pulse of 1s iplegul to the other terminal, and the
number of pulses counted during this period inéisahe frequency.

HH [ TTTRREINY
LU ~

3 —?11 =

e—

1 soo

Fig:4 Frequency Counter

The signal whose frequency is to be measured igected into a train of pulses; one
pulse for each cycle of the signal. The numberutégs occurring in a definite
interval of time is then counted by an electror@armter. Since each pulse represents
the cycle of the unknown signal, the number of ¢eima direct indication of the
frequency of the signal (unknown). Since electramuianters have a high speed of
operation, high frequency signal can be measured.

QUIZ/ ANSWERS:-

Q.1What is the function of a multimeter?
A.1 To measure voltage(AC or DC), current(AC or X0y resistance.

Q.2 Write down the types of multimeter.
A.2 Analog and digital multimeter.

Q.3 What is the purpose of frequency counter?
A.3 By using frequency counter we can measure &aqgytime period and time interval of any
waveform.

Q.4 Which multimeter is advantageous ?
A.4 Digital multimeter.

Q.5 What is the accuracy of frequency counter?




A.5 The accuracy of a frequency counter is strodgiyendent on the stability of its timebase.
Highly accurate circuits are used to generateftimigistrumentation purposes, usually using a
guartz crystal oscillator within a sealed tempeaettontrolled chamber known agrgstal oven
or OCXO (oven controlled crystal oscillator).

Q.6 Why time period measurement is done in frequemeters ?
A.6 For achieving high accuracy in the case of feguency measurement.

Q.7 What is the order of input impedance in digitatruments ?
A.7 Mega ohms

Q.8 What is the use of Schmitt trigger in digit&duency meter?
A.8 Converts sine wave into rectangular pulses.

Q.9Why are multimeters provided with separate skcaléow ac voltages?
A.9 To take into account the high value of resistarfaedifier at low voltages.

Q.10 For high value of resistance measurementris 8y which instrument?
A.10 Meggar.




EXPERIMENT No.3

AIM :- To study measurement of different componenets &rpaters like Q of a coil etc. using
LCR Q meter.

APPARATUS REQUIRED: - Caddo 9302 LCR meter.
THEORY :-

Model Caddo 9302LCR meter is a micro desktop instrument by using
microprocessor technology. It can measure six lgaiameters ie., inductance L,
capacitance C, resistance R, impedance Z, dissip&tctor D and quality factor Q,
which can fulfill the measurement needs of varicoimiponents manufacturers and
maintenance technicians.

FRONT PANEL

OIE) ® W ® O,

'

-
Caddo 9302 LCR Meter |

NG P | P2 P3 /'iJo‘ A
o | e
I
! Lparas LFreq- “Dispd —Ranp- ing

 Power | Setup Test terminal

e O’ A Rl {00V DC Max
. HS LS LI

EIREE] EX v Y

B

® ® ©

1 Parameter

Displaying current measured parameters:

L-Q, C-D, R-Q, Z-Q, Z-D or AUTO

2 Frequency

Displaying current frequency; 100 Hz, 120 Hz or

1 KHz

3 DisplayMode Displaying current display mode of the primary paeter: DIR %
4 Range Displaying range state: Auto, Hold or current range

5 Pins Indication
NG: No-good; P1: Passl; P2: Pass2; P3: Pass3;




P1, P2, P3 Priority is lower in turn.

6 Buzzer

7 Test Terminals HD, HS, LS and LD

Cursor keys Function table moving and rolling
Setup key Entering 8 Key function table setting
Start key The executing confirmation of command
9 PowerPower switch

Features

1. Zero Correction :

Open sweep correction of open circuit;

Short sweep correction of short circuit

2. Display Format :

Direct actual measured value absolute delta bettveemeasured value and the reference
value; delta percent between the measured valuthanéference value.

3. Range Hold :When measuring a large number of components wilséme
nominal value, this function can effectively impesthe measuring speed.

4. Comparator Function : Caddo 9302 built-in comparator can sort components
into a maximum of four bins (NG, P1, P2 and P3).

5. Equivalent Measurement Circuit : There are two equivalent circuit models:
parallel and series.

OPERATION

1 Direct function setup—— Parameter, frequency, dis@y and range :
a) Press keys to move the cursor and select one dbtnelirect
functions.

b) Press keys to select.

2 When measurement range is set to Auto, the instrufinst estimates if
current range is the correct range, if it's theedrrange, then the
instrument calculates and displays the measurevadunt, otherwise
instrument has to change to the correct range tandrseasurement again.
Therefore, in range Auto mode, one more measurewiéride taken if the
measurement range has to be changed. So morestiadeen in range Auto
mode.

3If a large number of devices under test belondpéosame range, the correct
range can be locked to raise the measurement speethe instrument do
not have to take any time to find the correct digge.

4 When measurement range is set to Hold, if the irapeel under test exceeds
the effective measuring range of the locked measemé range, overload
symbols

5. How to calculate the measurement range
Example: Suppose capacitance C=210pF, dissipathdD10 and




test frequency f=1KHz.
Solution:We can calculate: Zx = 757.9

Indirect Functions Setup :

Indirect functions are Clear “0”, Sorting, Auto-LCRBuzzer, Change cursor,
Advanced set, and State save & exit.

Press Setup key to enter the setup menu in measoratate. Pressing Setup
key again, the instrument returns back to the nreasent state.

PRECAUTIONS:-

Tuning On :

A. Display company name and version the indicator kofP1, P2, P3, NG flash
in turn.

B. Starting power-on self tests

1. EEPROM Memory checking

2. ADC AD converter checking

C Entering-measuring state after self-tests

The factory settings are listed as follows andlzaneset according to the operation
1. Parameter: C-D;

2. Frequency: 100 Hz;

3. Display: Dir (direct reading);

4. Range:AUTO (automation);

5. Equivalent: SER (serial);

6. Alarm Bin: P1(Pass #1);

7.LCZ automation: Off;

8. Cursor

QUIZ/ ANSWERS:-

Q.1 What do you mean by Q factor?
A.1 Itis quality analysis of capacitor and inducto

Q.2 What is the purpose of LCR Q meter?
A.2 It can measure 6 basic parameters, they atetadce L,capacitance C, resistance R,
impedance Z, dissipation factor D and quality fa€o

Q.3 What is the resonance condition?
A.3 X 1=Xc

Q.4 What is the formula of quality factor for indoc?
A.4 Q= X/R

Q.5 What is the range of shunt resistance in Q rpete
A.5 Miliohms




Q.6 The Q factor of a coil at the resonant freqyen® MHz of an RLC series circuit is 150.The
bandwidth is ------ :
A.6 10 KHz

Q.7 What are the applications of Q-meter?
A.7 Measurement of Q, inductance, effective resistaselé capacitance, bandwidth and
capacitance.

Q.8 What are the different methods of measurenmfegffective resistance?
A.8 1)resistance variation method
2)reactance variation method

Q.9What is use of T-network?
A.9 T networks are very useful for measurement of italuwe,capacitance,resistance and
frequency in the high frequency range.

Q.10 What is the formula of distributed capacitéhce
A.10 G=C1-4C/3(where G and G are tuning capacitors for resonant frequenciesid ).
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EXPERIMENT No.4

AIM:- Study of distortion factor meter and determinatminthe % distortion of the given
oscillator.

APPARATUS REQUIRED:-Caddo 4092 distortion Meter.

THEORY:-

The Caddo 4092distortion Meter was developed for the measureraenbn-linear distortion in the
audio frequency range. Due to its low residualodigin and noise of 0.005% it is ideally suited for
tests and measurements of high quality audio system

The Caddo 4092features an LCD Display readout with a resolutidnOd % to simplify and
enhance distortion measurements. A calibrated rtimtooutput is provided for visual inspection or
spectral analysis of the input signal after thedamental has been filtered out.

Together with pushbutton frequency range selecamd single control frequency tuning, the
automatic frequency nulling with 20% capture raegsures quick and easy measurements with the
Caddo 4092

Features

Frequency Range 20 Hz to 20 KHz

DistortionMeasurement up to 0.1%

LCD Readout For Frequency and DistortionMeasurement

Automatic Frequency Ranging & Nulling Facility

Output for Distortion Analysis

In built 50 MHz Frequency Counter

Front panel

= I _ l -d r
Cadolor spma = __o
o = %
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1) Power: Push button, selects instrument to switch ‘On’
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2) LCD Display: LCD Readout for indication of the measured distorfiactor in %.
3) Attenuator (Pushbutton): Input signal attenuation with two pushbutton
switches of 20dB or 10dB attenuation, respectivehey can be used

separately. Both push button switches activataphther with the variable
attenuator (9) must enable a 100% reading whemeicalibration mode;

otherwise the input voltage should be adjusted.

4) Tuning control with LED Indicator (LED): If the built-in filter is incorrectly
tuned, one of the two LEDs will indicate in whicinetttion the filter frequency
deviates from the input frequency. Turn tuning Kiggp(N.A) in the opposite
direction until the LED goes out.

5) Level\Distortion (Pushbutton switch): Adjustment for 100% reading with
Level and then selection for 100% full scale.

6) Level (Adjusting knob): Continuous attenuation of input signal up to max.
50dB to achieve 100% reading when in the calibnatmde.

7) Output (BNC Connector): Monitor output for distortion factor. (Residual
distortion). Output voltage is 1mV/digit.

8) Input (BNC Connector): Input for measurement signal. The permissible input
voltage range is 0.3V-50V for a valid measurement.

9) External Counter: It is the input for external signal whose frequeigcio be
measured.

PRECAUTION:-

Use proper Mains cord :Use only the mains cord designed for this instrumen
Ensure that the mains cord is suitable for your

country.

Ground the Instrument : This instrument is grounded through the protective
earth conductor of the mains cord. To avoid electri

shock the grounding conductor must be connected to

the earth ground. Before making connections to the

input terminals, ensure that the instrument is erigp

grounded.

Observe Terminal Ratings :To avoid fire or shock hazards, observe all rataugs
marks on the instrument.

Use only the proper Fuse Use the fuse type and rating specified for this
instrument.

Use in proper Atmosphere :Please refer to operating conditions given in the
manual.

1. Do not operate in wet / damp conditions.

2. Do not operate in an explosive atmosphere.

3. Keep the product dust free, clean and dry.




QUIZ/ANSWERS:-

Q.1 What is the use of distortion meter?
A.1 Distortion Meter for the measurement of noreéindistortion in the audio frequency range.

Q.2 Write down the types of distortion.
A.2 Frequency and Phase distortion.

Q.3 What is the meaning of IMD.
A.3 Intermodulation distortion,it is ratio ofysAto Ac.

Q.4What are the types of distortion?
A.4(1)Frequency distortion( 2)Phase distortion(3)iade distortion(4)intermodulation
distortion(5)Cross-over distortion

Q.5What is the reason of distortion?
A.5 Distortion is caused by many devices and coraptswhich form an electronic circuit.

Q.6 What is total harmonic distortion?
A.6 Total harmonic distortion is measured in teophthe harmonic content of the wave.

Q.7 Explain cross over distortion?
A.7 This type of distortion occurs in push pull difigrs on account of incorrect boas levels.

Q.8 What is transient intermodulation distortion?
A.8 Transient intermodulation distortion occursdgse an amplifier is not able to respond
rapidly to changing inputs.

Q.9 Why frequency distortion occurs?
A.9 This type of distortion occurs because the #mogtion factor of the amplifier is different
for different frequencies.

Q.10 Why harmonic distortion occurs?
A.10 Harmonic distortion occurs due to the fact thatahwlifier generates harmonics of the
fundamental of the input signal.




EXPERIMENT No.5

AIM:-  Measurement of displacement using LVDT.

APPARATUS REQUIRED: - LVDT kit, multimeter, connecting wires.
THEORY: -

The differential transformer is a passive inductiamsformer also known as Linear Variable Diffaran
Transformer (LVDT). LVDT has a soft iron core whislides within the hollow transformer & therefore
affects magnetic coupling between the primary aval gecondaries. The displacement to be measured is
applied at its arm attached to soft iron core. Wbere is in normal position (null), equal voltagee
induced in the two secondaries. The frequency afpgatied to the primary winding ranges from 50Hz to
20KHz.

CIRCUIT DIAGRAM

@ PRI MARY W NDI NG

DI SPLACEMENT

LVDT CORE
S2 s1
aP
PROCEDURE: -
1. Connect the circuit according to circuit diagram.
2. Switch on the power supply.
3. The core is initially brought to null position.
4. First turn the nut in clockwise direction to movere inwards i.e. left of null position & take

respective voltage readings on the voltmeter.

5. Now turn nut in anticlockwise direction to move tt@e towards right of null point & again take
respective voltage reading from voltmeter.

6. Plot the graph from the observations taken.




OBSERVATIONS TABLE

S.No. Displacement Displacement Reading| Analog o/p
Micrometer (mm)
(mm)
GRAPH
voltage
displacement

RESULT: - Graph between voltage and displacement is plotted.




PRECAUTIONS: -

Handle all equipments with care.

Make connections according to the circuit diagram.
Take the readings carefully.

The connections should be tight.

PwnhE

QUIZ/ANSWERS:-

Q1 What is LVDT?
Al Linear Variable Differential Transformer.

Q2 Uses of LVDT
A2 Measurement of displacement, thickness measunieiegel indicators

Q3 Core of LVDT is made up of which material?
A3 Soft iron

Q4 LVDT is active transducer or passive?
A4 Passive

Q5 what is the working principle of LVDT?
A5 Mutual Induction

Q6 Write any two advantages of LVDT.
A6 can tolerate vibrations and shocks, Good lirtgari

Q7 Any one disadvantage of LVDT.
A7 Affected due to stray magnetic fields.

Q8 How many secondaries are there in LVDT?
A8 Two

Q9 LVDT is which type of transducer?
A9 Inductive type

Q10 How do we take the output of LVDT?
A10 We take differential output of the two secorydar




EXPERIMENT No.6

AIM:- Measurement of temperature using thermocoupleqistar and RTD.

APPARATUS REQUIRED: - Thermocouple kit, Thermistor kit, RTD kit, heatiagangement,
Ice, Thermometer, #D.

THEORY: -
THERMOCOUPLE

This transducer is widely used in industrial apgtilens for temperature measurement.
Thermocouple is active transducer because them® iseed of voltage source and transducer
bridge circuitry. The working principle of thermagae is explained below: - When two
dissimilar metals A & B are joined together to foentlosed circuit and the junctionsahd J

are kept at two different temperaturesand Tthen an e.m.f. is generated resulting flow of
current in the loop or circuit. The two junctiomsthe loop are reference or cold junction which
is generally kept at°C and the other is hot junction at which the terapee is to be measured.
The e.m.f. generated is proportional to the diffiess of temperatures, the materials used for
thermocouple. This phenomenon is called as Seeéfiekt. Thermocouple is having a lot of
advantages like low cost, mechanically rigid andorgy, high range etc. But the main
disadvantage is that it requires a compensati@ngement.

CIRCUIT DIAGRAM

IRON LEAC a

c COPPER LEAC

P

b CONSTANTUN LEAC

TEMPERATURE CONTROLLED
FUNCTI ON BOX

THERMISTORS:




Thermistors are also called thermal resistors.tRemistor the absolute temperature- resistance
relationship is given by

Rr=RTiex P |B( 1/T:-1/ Tz)]

Where R=Resistance of the thermistor at absolute temperdtu

Rr1= Resistance of the thermistor at absolute temperdi

3= Constant

T1 and T= Absolute temperatures
Thermistors are made up of semiconductor mateedstemperature changes the resistance of
materials also changes. The temperature rangenéomistor is —64C to +15C. Its resistance
varies fromO.51to O.75MC1. Thermistor is placed in contact with the media vehos
temperature is to be measured. As the temperafuttteanedia changes, the resistance of the
thermistor gets changed. This change of resistaacde measured by connecting the thermistor
in any one arm
of the Wheat stone bridge.

CIRCUIT DIAGRAM

THERM STOR

2

—  BATTERY

T M CROVETER CAL| BRATED
- I N TERVS OF TEMPERATUR

RTD:

This type of transducer is used for temperaturesoneanent. Here the basic concept used is that
electrical resistance of different metal changesaatcordance with the temperature i.e. for
temperature measurement. Principle used is thatrébistance of a conductor changes in
proportion with the change in temperature. The omkntemperature is determined in terms of
electrical resistance of the conductor, which sertke temperature. The change in resistance of
this device is precisely determined either by keidgrcuit or by ohmmeter. Resistance of a
conductor changes with change in temperature. praperty is used for the measurement of
temperature and each transducer is called Resisheemometer and falls in the category of
electrical resistive transducer. The variation e$istance ‘R’ with temperature ‘T’ can be
presented as:




R=Ro (1+0iT+a2T%+...)

Where R¢ resistance at’C
01,02 # constant
Generally the metals used are Platinum. This id bseause of following features:
1. Platinum provides good stability and accuracy.
2. It can operate on wide range of temperature.
3. It has good linearity over wide temperature range.
4. Less errors during operation.

CIRCUIT DIAGRAM

El ement I Head Support | Connecting Leads

Sheat h ‘

Mount i ng Thread

PROCEDURE: -
THERMOCOUPLE
1. Connect the main power cord at I/P main socket.
2. Switch ON the power supply
3. Connect the thermocouple sensor at the pin connecto
4. Keep the thermocouple in boiling water & adjust digplay ranging 100 by the

adjustment span knob.
THERMISTOR

1. Connect the main power cord at I/P main socket.

2. Switch ON the power supply

3. Connect the thermistor sensor at the pin connector.

4. Keep the thermistor in boiling water & adjust thepday ranging 100 by the adjustment
span knob.

RTD




1. Connect the input power supply to main power.
2. Switch on the power supply, the red LED will glow.
3. Connect the RTD source/sensor at a pin connectt®C temperature is calibrated.

OBSERVATION TABLE

S.No. Temperature Display Reading Display Display
(mv) Reading (mv) Reading

Thermocouple Thermistor (mv)

RTD

Temp with Ice
point

Temp with Boiling
Point

RESULT: - We have measured the temperature using Thermog@bplenistor and RTD.

PRECAUTIONS: -

Handle all equipments with care.

Make connections according to the circuit diagram.
Take the readings carefully.

The connections should be tight.

©NOO

QUIZ | ANSWERS: -

Q1 What is the working principle of thermocouple?

Al When two dissimilar metals A & B are joined ttiger to form a closed circuit and the
junctions dand J are kept at two different temperaturesaifid T, then an e.m.f. is generated
resulting flow of current in the loop or circuit.

Q2 What are the types of thermocouple?

A2J, K E,T,S R.

Q3 What is the cold junction compensation techrsGue
A3 1. Hardware compensation.
2. Software compensation.

Q4 What are the advantages of thermistors?
A4 Small size, Compact, Good stability.




Q5 What are the limitations of thermistors?
A5 Non-linear, low temperature range, requiresdgidrrangement.

Q6 What are the various configurations of thermgto
A6 Bead, Probe, Disc and Rod.

Q7 What do you mean by RTD?
A7 Resistance Temperature Detector.

Q8 Which material is generally used in the consioncof RTD?
A8 Platinum

Q9 What are the uses of RTD?
A9 Temperature measurement of solid, fluid and glase

Q10 What are the applications of themocouples?
A10 They are extensively used in various automagimtems for temperature measurements.




EXPERIMENT No.7
AIM:- Measurement of strain using strain gauge.
APPARATUS REQUIRED: - Strain cantilever kit, multimeter, connecting wires
THEORY: -

Strain is defined as compression per unit area.pFimeary quantities like resistance, capacitance
are measured with the strain gauge element, wioece Bpplied to any elastic material, results
in strain.
R=pL/A

Where R= resistanc€ [)

p= Resistivity ([+

m) L= Length of

wire (m)

A= Uniform cross- sectional area of wireqm

If a metal wire or conductor is stretched or corspedl its resistance changes because of change
in length, change in resistivity and change in sr@ectional area. This effect is called
piezoresistive effect. The cantilever used in thengry elastic transducer of force measuring
system, where a known mass is attached to cantilthe unbalanced voltage, can be calibrated
in terms of either force or weight.

CIRCUIT DIAGRAM

— el

e0

PROCEDURE: -

1. Connect the strain cantilever at the experimental k




Switch ON the power supply.

Give some time to stabilize the instrument.

Balance the strain cantilever bridge by correspagpdero, then turn trim port.
Set the gain of strain cantilever by SPAN, then tam port.

Now apply weight at the cantilever beam and takeliregs.

ogabkwn

OBSERVATION TABLE

S.No. Weight Display Analog O/P Signal (mV)
Reading (volt)
SAMPLE CALCULATION
R=pL/A

Where R= resistanc€ [])
p= Resistivity ([+
m) L= Length of
wire (m)
A= Uniform cross- sectional area of wirejm

RESULT: - Weight can be measured by using strain gauge

PRECAUTIONS: -

9. Handle all equipments with care.

10. Make connections according to the circuit diagram.
11.Take the readings carefully.

12.The connections should be tight.

QUIZ / ANSWERS :-

Q1 What is the working principle of strain gauge?
Al Piezoresistive effect




Q2 Which type of transducer is strain gauge?
A2 Resistive

Q3 What are the advantages of strain gauges?
A3 High gauge factor and excellent hysteresis ataristics

Q4 What are the uses of strain gauges?
A4 Measurement of force & pressure, displacemexnglaration etc

Q5 What do we call the combination of gauges?
A5 Rossettes

Q6 Is it active type of transducer or of passiyeey/
A6 passive

Q7 How would you classify strain gauge?
A7 Bonded wire, Bonded metal, Semiconductor type et

Q8 What is strain?
A8 Strain is defined as compression per unit area.

Q9 What is gauge factor?
A9 Gauge factor is defined as the ration of pet uhange in resistance to per unit change in
length.

Q10What is Poisson’s ratio?
A10 Poisson’s ratioy= -(0D/D)/(0L/L)




EXPERIMENT No. 8
AIM:- _Study of Differential Pressure Transducer & sigraiditioning of output signal.

APPARATUS REQUIRED: - ST2308 Pressure Transducer Trajfeessure Vessel, Foot Pump,
Connecting Tube (1.5 meters)

THEORY: -

Differential pressure = the difference between teferenced pressures. So gauge pressure is a sort
of differential pressure where one of the referdmessures is atmospheric pressure.

All pressure measurements are differential. Theresice can be zero absolute pressure),
atmospheric pressure (the barometric pressur@nather pressure.

Circuit Diagram:

- _ Power
TECI .
EE'S:'T%'OS Pressure Transducer Trainer [
TP1 + Buzzer
Buffer -1 O LED —
Pressure Differential| TP3 TP6
Transducer i Amplifier o owoff [ TP7
Buffer — Controller
Gain Data Acquistion
Amplifier Card (USB)
TP4 O =)
Digital Voltmeter
TPS Voltage to TP9 _
S Current — i s |
Converter TP12

PROCEDURE:

1. Fill the pressure vessel up20 psi (don’t cross the rangejith the help of foot




pump, while filling be sure that the outlet valgeclosed (Off Position).

2. Connect the outlet (valve with lever) of the Pressdessel to any one of the
inlet (either P1 or, P2) of the Pressure Transdwiterthe help of tube

provided.

3. Keep the other inlet (P1 or, P2) of the Transdus@that the other pressure will
be the Atmospheric pressure.

4. Connect the circuit as shown in thgure .

5. Switch on the power &T2308 Pressure Transducer Trainer

6. Now, very slowly open the valve in order to reletdsepressure from the vessel
and flow to the transducer’s input.

7. Observe the DVM and Pressure Gauge, and note dmweadings in
observation table.

8. Plot the Graph according to the readings

OBSERVATION:

r. No. DVM Voltage (volts) Pressure Gauge (psi)

ORI NG A | WIN (D

Plot the graph between pressure vs voltage

PRECAUTIONS:
1. Use the trainer kit with care.
2. To avoid fire or shock hazards, observe all rateugd marks on the instrument.
3. Do not operate in wet / damp conditions
4. Use the fuse type and rating specified for thigrimsent.

QUIZ | ANSWERS:-

Q1 What is differential pressure?
Al When absolute pressure is measured with respscme reference pressure.

Q2 Which is the general reference pressure used?
A2 Atomospheric pressure.




Q3 What is pressure?
A3 It is defined as the force per unit area.

Q4 Describe the working principle of differentiabpure transducer.

A4 When different pressures are applied at twatsaf force collecting arrangement such as
resistive strain gauge, resistance at the presssipoint changes and hence voltage unbalancing
occurs.

Q5 Give some examples of applications of DPT?
A5 It finds application in flow measurement , flipdessure measurement, orifice flow measurement
etc.

Q6 Which states of matter generally allow pressaeasurement?
A6 Liquids and gases.

Q7 What is signal conditioning?
A7 When the output from the transducer is modiSadh as to bring it to prsentable level, it is
called signal conditioning.

Q8 Give some units of pressure.
A8 psi, atm, torr,pascal, mm Hg etc.

Q9 What is strain?
A9 Strain is defined as compression per unit area

Q10 Give examples of active and passive transducers.
A10: Active transducer: Solar cell, Piezo Electnigstal, Thermocouple
Passive transducer: LDR, Photo diode, RTD




EXPERIMENT No0.9
AIM:- Study of water level measurement using capaditaresducer.

APPARATUS REQUIRED: - ST2309 with power supply cord, Water Level Senst@asuring
Tank, Ammeter, 2mm Patch Cords (5Nos).

THEORY: -
Capacitive Pressure Transducer:

Capacitance pressure transducers were originaligidged for use in low vacuum research. This
capacitance change results from the movement @pdchgm element . The diaphragm is usually
metal or metal-coated quartz and is exposed tpriteess pressure on one side and to the reference
pressure on the othere principle of “Strain Gaugeivhen any pressure (force) is exerted on the
strain gauge, there is corresponding change nesistance. This change in resistance will produce
an electrical output in the range of millivolts tieproportional to the applied pressure. Depemdin
on the type of pressure, the capacitive transdeareeither be an absolute, gauge.

Water Level Measurement Trainer

PROCEDURE :

1. Connect aWater Level sensor across the Sensorpnpuitied on the Trainer.




2. Make the connection in the trainer as shown irfithee .

3. Connect the output of Voltage to Current Convedeghe positive terminal of
an Ammeter.

4. Ground the negative terminal of the Ammeter.

5. Switch ‘On’ the power supply.

6. Gradually add water to the Measuring Tank.

7. Note the change in Current after every 100ml riseater level in the
measuring tank.

8. Note the Current Readings and corresponding Waeellchange in the
observation table.

9. Shift the Gain amplifier to least, middle & maximypwsition & repeat the
above Procedure to get different readings.

10. Sketch a graph between voltage & water Level.

OBSERVATION TABLE

Sr. No. Water Level (ml) Voltage (Volts)

PRECAUTIONS:-

1. Use the trainer kit with care.

2. To avoid fire or shock hazards, observe all rateugd marks on the instrument.
3. Do not operate in wet / damp conditions

4. Use the fuse type and rating specified for thigrimsent.

QUIZ/ANSWERS:-

Q1. What is capacitor?

Al A capacitor is a small device that can be chéinge with electrical energy,store it and then

release it.

Q2 What do you understand by transducer and invsassducers?

A2: Transducers can be broadly defined as a deviiteh converts a non electrical quantity into an

electrical quantity. An inverse transducer is aicewhich converts an electrical quantity into a
non electrical quantity.

Q3 What is the construction of capacitor?




A3 A capacitor is made from two metal plates orahébils separated by an insulator called a
Dielectric material. The Dielectric materials cam fmade from Ceramic, Mica, Polypropylene,

Polyester, Electrolytic, Tantalum and even air.

Q4 What are the Characteristics of Transducer?
A4 When choosing a transducer for aapplication, the input, transfer & outpu

characteristics have to be taken into account.

Q5 Give examples of transducer and inverse traessdc
A5 Transducer: Microphone
Inverse Transducer: Loud speaker

Q6. What do you understand by primary and secondangducers?

A6 A primary transducer is one which responds tgspgial phenomenon or a
change in physical phenomenon. The response ohpyitransducer must be
closely related to the physical phenomenon. A sgagntransducer is one
which transforms the output of the primary transatuo an electrical output.

Q7 Give examples of primary and secondary trangdtce
A7 Primary Transducers: LDR, Photo diode, RTD
Secondary Transducer: Wheat Stone Bridge, LVDT

Q8 What is the function of 555 timers?

A8 Theb55 Timeris a very cheap, popular and useful precision tndaeavice
that can act as either a simple timer to genenaggespulses or long time
delays, or as a relaxation oscillator producingizd waveforms of varying

duty cycles from 50 to 100%.

Q9 Explain the constructional details of 555 timer?

A9 The single 555 Timer chip in its basic form iBigolar 8-pin mini Dualin-
line Package (DIP) device consisting of some 2&sisdors, 2 diodes and
about 16 resistors arranged to form two comparadoilgp-flop and a high

current output stage.

Q10 Write the application of 555 timer?
A10 The 555 timer chip is extremely robust antlst®-pin device that can be

operated either as a very accufdtanostable Bistable or Astable multi
vibrator to produce a variety of applications sastone-shot or delay timers,
pulse generation, LED and lamp flashers, alarmg@mel generation, logic
clocks, frequency division, power supplies and euters etc.




EXPERIMENT No.10
AIM:- _Study of Distance measurement using Ultrasonic Sdacer.

APPARATUS REQUIRED: - ST2312 trainer with power supply cord, 2mm PatchdS¢8
pieces) and Power Cord

THEORY: -

Ultrasonic is defined as that band above 20 KHeotttinues up into the MHz range and

finally, at around 1 GHz.Ultrasonic sensors (alsown as transducers when they both send and
receive) work on a principle similar to radar onaowhich evaluate attributes of a target by
interpreting the echoes from radio or sound waespectively. Ultrasonic sensors

generate high frequency sound waves and evaluatectio which is received back by

the sensor. Sensors calculate the time intervaldest sending the signal and

receiving the echo to determine the distance tobgect.

Ultrasonic sensors are active, visible, volumetgnsors.

PROCEDURE:

1. Connect the mains chord to Trainer.

2. Make the Connection in the trainer as showfiguare.

3. Switch ‘On’ the Power Supply.

4. Keep the toggle switch at ‘1’ position as showfigure.

5. Connect a voltmeter as shown in flgaire.

6. Adjust the knob of Threshold Detector so the voteneeading becomes 4 V.

7.Move any flat object up and down the ultrasonicsses. Make sure that the
object is parallel to the trainer.

8. Observe the seven segment display as it showsdtande (in meters) between
the ultrasonic sensors and the object.

OBSERVATION
The output is observed on seven segment display.
PRECAUTIONS:

1. Use the trainer kit with care.

2. To avoid fire or shock hazards, observe all ratengs marks on the instrument.
3. Do not operate in wet / damp conditions.




QUIZ/ANSWERS:-

Q1 What is the difference between sensor anddrees?

Al The sensor senses the condition, state or dltiee process variable and produces an output
which reflects this condition, state or value.Ttasducer transforms the energy of the process
variable to an output of some other energy whidcbie to operate some control device.

Q2 What are the features of ultra sonic waves?

A2 There are two unique features of ultrasonic wave
« Ultrasonic waves travel slowly, about 100,000 tirskesver than electromagnetic waves. This
provides a way to display information in time, d¢eegariable delay, etc.
« Ultrasonic waves can easily penetrate opaque ralgwhereas many other types of
radiation such as visible light cannot. Since sltréic wave sources are inexpensive, sensitive,
and reliable, this provides a highly desirable waprobe and image the interior of opaque
object.

Q3 What is ultra sonic transducer?
A3 An ultrasonic transducer is a device that cotsvenergy into ultrasound,or sound waves
above the normal range of human hearing.

Q4 What is the function of ultra sonic sensors?

A4 Ultrasonic sensors generate high frequency sewawes and evaluate the echo which is
received back by the sensor. Sensors calculatétiedanterval between sending the signal and
receiving the echo to determine the distance tobgect.

Q5 What is the frequency range of ultra sonic waves
A5 They establish a detection field using energthaacoustic spectrum typically in the
frequency range between 19 and 40 KHz.

Q6 How ultra sonic transducer works?

A6 Ultrasonic range sensor works by emitting a sharst of 40 KHz
ultrasonic sound from a piezoelectric transducesn#all amount of sound
energy is reflected by objects in front of the devand returned to the detector,
another piezoelectric transducer. The receiver digmptends these reflected
signals (echoes) to microcontroller which timesihe determine how far away
the objects are, by using the speed of sound .iTh& calculated range is then
displayed on the screen.

Q7 What are the advantages of ultrasonic signals?
A7 The advantages of ultrasonic signals are:

* Long range detection

* Broad area detection

» Widest range of target materials

* Non contact distance measuring

» Unaffected by atmospheric conditions




Q8 What are the Characteristics of Transducer?
A8 When choosing a transducer for any applicatiloa,nput, transfer &
output characteristics have to be taken into adcoun

Q9 What are the conditions are considered for Qu@imaracteristics?
A9 The three conditions in the output charactersstvhich should be
considered:

a. Type of electrical output,

b. Output Impedance,

c. Useful Range.

Q10. Give examples of active and passive transdfdcer
A10. Active transducer: Solar cell, Piezo Electnigstal, Thermocouple
Passive transducer: LDR, Photo diode, RTD
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MICROPROCESSOR AND INTERFACING LAB

LIST OF EXPERIMENTS
VSEM.(ECE.CSE. IT BME

S.NO.

NAME OF THE EXPERIMENT

STUDY ARCHITECTURE OF 8085 & 8086 AND FAMILIARIZATDN WITH
ITS HARDWARE, COMMANDS & OPERATION OF MICROPROCES&XIT.

WRITE A PROGRAM USING 8085 & VERIFY FOR :
A. ADDITION OF TWO 8-BIT NUMBERS.
B. ADDITION OF TWO 16-BIT NUMBERS. (WITH CARRY)

WRITE A PROGRAM USING 8085 & VERIFY FOR :
A. SUBTRACTION OF TWO 8-BIT NUMBERS. (DISPLAY OF BARR®)
B. SUBTRACTION OF TWO 16-BIT NUMBERS. (DISPLAY OF BARBRW)

WRITE A PROGRAM USING 8085 & TEST FOR TYPICAL DATA:

A. MULTIPLICATION OF TWO 8-BIT NUMBERS BY BIT ROTATION
METHOD

B. DIVISION OF TWO 8-BIT NUMBERS BY REPEATED SUBTRACTN
METHOD

WRITE A PROGRAM USING 8086 FOR DIVISION OF A DEFINEDOUBLE
WORD BY ANOTHER WORD & VERIFY.

WRITE A PROGRAM USING 8085 FOR FINDING SQUARE-RO@IF A
NUMBER & VERIFY.

WRITE A PROGRAM USING 8086 FOR COPYING 12 BYTES ORATA FROM
SOURCE TO DESTINATION & VERIFY.

WRITE A PROGRAM USING 8086 FOR ARRANGING AN ARRAY©
NUMBERS IN DESCENDING ORDER & VERIFY.

WRITE A PROGRAM TO INTERFACE ADC & DAC WITH 8085 &
DEMONSTRATE GENERATION OF SQUARE WAVE.

10

WRITE A PROGRAM TO CONTROL THE OPERATION OF STEEPBROTOR
USING 8085 AND 8255 PPI.

11

WRITE A PROGRAM TO CONTROL THE TRAFFIC LIGHT SYSTEMSING
8085 AND 8255 PPI.




EXPERIMENT NO. 1(A)

AlM : STUDY OF 8085-MICROPROCESSOR KIT.
APPARATUS: 8085 microprocessor Kkit.
TH EbRY :
Intel 8085 is an 8-bit microprocessor. It is 40-finpackage fabricated on a single LSI chip. ltsuse

a single +5 V supply. Its clock speed is about 32MK consists of three main sections: -

1.ALU (Arithmetic and logic unit):-

The ALU performs the arithmetic and logical opeyatiaddition, subtraction, logical AND, OR, EX-
OR, Complement, Increment, Decrement, shift, clear.
2.Timing and Control Unit:-

It generates timing and control signals, whichregeessary for the execution of instruction.
3.Registers: -
These are used for temporary storage of data atdiation. INTEL 8085 has following registers: -
)] One 8 bit accumulator
i) Six 8 bit registers (B, C, D, E, H, L)
i) One 16 bit stack pointer, SP
iv) One 16 bit program counter, PC
V) Instruction register
Vi) Status register
vi)  Temporary registers

PC contains the address of next instruction.

IR holds the instruction until it is decoded.

SP holds the address of the stack top.

Accumulator is used during execution of programtésnporary storage of data.

Status flags are as follows: -
i) Carry (CS)

i) Zero (2)

i) Sign (S)

iv) Parity (P)

V) Aucxiliary Carry (AC)

This 8-bit program status word includes statussflagd three undefined bits.
Data and Address bus

Data bus is 8- bit wide and 8 bits of data carr&esmitted in parallel. It has 16-bit wide
address bus as the memory addresses are of 16 bits.




CIRCUIT DIAGRAM(PIN DIAGRAM):-

— 36 rsT-IN ADO 1:2,,
AD1

14

1 1«1 AD2 [—T&

AD3 |18

> AD4 [—71=

p& AD5 g

5 | AD6 [To

& SID AD7 57

| TRAP A8 55

o | A9 753

8 RST 5.5 A10 >a

=— RST 6.5 A1l 55

| RST 7.5 Al12 55

10 Al3 57

———— INTR Al4 [5g
11 Al5

————q INTA 30

29 ALE 37

| so WR [35

33 RD 737

| sa IO/NT |3

a9 RST-OT |57

| HOLD CLKO [

35 SOD |38
| READY HLDA

PIN CONFIGURATION

A8-A15 (Output):-

These are address bus and used for the most sagtibits of memory address.
ADO-ADY (Input/Qutput):-
These are time multiplexed address data bus. Tdresesed for the least significant 8 bits of
the memory address during first clock cycle ana ttoe data during second and third clock
cycle
ALE (Addressl atch Enable)
It goes high during the®iclock cycle of a machine. It enables the lowert8 bf address to
be latched either in the memory or external latch.

1O/M
It is status signal, when it goes high; the addoesaddress bus is for I/O device, otherwise
for memory.
So. S1
These are status signals to distinguish variousstyh operation
S1 So Operation
0 0 Halt
0 1 Write
1 0 Read
1 1 Fetch
RD (output
It is used to control read operation.
WR (output

It is used to control write operation




HOLD (input)

It is used to indicate that another device is reting the use of address & data bus.

HL DA (output)

It is acknowledgement signal used to indicate HO&fuest has been received.

INTR (input)

When it goes high, microprocessor suspends its alageguence of operations.

INTA (output)

It is interrupt acknowledgement signal sent by opcocessor after INTR is received.

RST 5.5.6.5.7.5and TRAP
These are various interrupt signals. Among them PRAhaving highest priority

RESET IN (input)

It resets the PC to zero.
RESET OUT (output)
It indicates that CPU is being reset.
X1, X2 (input)
This circuitry is required to produce a suitablec&l for the operation of

MiCroprocessor.

LClk (output)
It is clock output for user. Its frequency is saamh@vhich processor operates.
SID (input)
It is used for data line for serial input.
SOD (output
It is used for data line for serial output.
Vcc
+5 volts supply
Vss

Ground reference




EXPERIMENT NO .1 (B)
AlM : STUDY OF 8086 MICROPROCESSOR KIT.

APPARATUS: 8086 microprocessor Kkit.

THEORY :The 8086 is a 16-bit, N-channel, HMOS microprocestbe term HMOS is used for
high-speed MOS". The 8086 uses 20 address lined@uddta lines. It can directly address up{6=2
1Mbytes of memory. The 16-bit data word is dividetb a low-order byte and a high-order byte. The
20 address lines are time multiplexed lines. Théoweorder address lines are time multiplexed with
data, and the 4 high-order address lines are tioigphexed with status signals.

OPERATING M ODES OF 8086

There are two modes of operation for Intel 808@elg the minimum mde_and the maximum

mode. When only one 8086 CPU is to be used in eogoenputer system the 8086 is used in the
minimum mode of operation. In this mode the CPWeéssthe control signals required by memory
and 1/0O devices. In case of maximum mode of opanatontrol signals are issued by Intel 8288 bus
controller which is used with 8086 for this veryrpose. When MN/MX is high the CPU operates in
the minimum mode. When it is low the CPU operatethé maximum mode.

Pin Description For Minimum M ode _
For the minimum mode of operation the pin MN/MXc@nnected to 5V d.c supply. The description
of the pins from 24 to 31 for the minimum modesdallows:

INTA(Output): Pin no. 24 Interrupt acknowledge. On receivingrintgt signal the processor issues
an interrupt acknowledge signal. It is active LOW.

ALE(Output) : Pin no. 25 Address latch enable. It goes HIGH dyfifi. The microprocessor sends
this sgnal to latch the address into the Intel 8282/828&h.

DEN(Output) : Pin no. 26 Data enable. When Intel 8286/8287 dmtaltransceiver is used this
signal acts as an output enable signal. It is adtOgV.

DT/R(Output) : Pin no. 27 Data Transmit/Receive. When Intel 828878octal bus transceiver is
used this signal controls the direction of datavftbrough the transceiver. When it is High data are
sent out. When it is LOW data are received.

M/TO(Qutput) : Pin no. 28.Memory or I/O access. When it is HIGE @PU wants to access
_memory. When it is LOW the CPU wants to access l/@ae

WR (Output) : Pin no. 29. Write. When it is LOW the CPU performemory or I/O write Operation.
HLDA (Output) : Pin no. 30.HOLD acknowledge. It is issued by thecpssor when it receives
HOLD signal. It is active HIGH signal. When HOLDgugest is removed HLDA goes LOW.

HOLD (Output) : Pin no. 31.Hold. when another device in microcorapaystem wants to use the
address and data bus, it sends a HOLD requestWoti@Bugh this pin. It is an active HIGH signal.




Pin Description For Maximum M ode
For the maximum mode of operation the pin MN/MMXriade LOW. It is grounded. The
description of the pins from 24 to 31 is as follows
QS1, QSO(Output): Pin no. 24,25 Instruction Queue status. Logic arergbelow:
QS1 QS(

0 0 No operatiol

0 1 1°' byte of opcode from queue

1 0 Empty the queu

1 1  Subsequent byte frc queut

S0,S1,S2(Output) : Pin nos. 26,27,28.status signals. These signalsoargected to the bus

controller Intel 8288.The bus controller generatesnory and 1/0O access control signals. Table

for statu: sigralsis:
Sz

Interrup acknowledg

Read data frol 1/0O port

Write data into 1/0 po

Halt

Opcode fetcl

Memory reac

Memory write

Passive stat

RFRPRPRPFPOOOO
I—\I—\OOI—\I—\OOE\)’
I—\OI—\OI—\OI—\OQ|

LOCK(Output) : Pin no. 29.1t is an active LOW signal. When it ©®W all interrupts are masked
and no HOLD request is granted. In a multiprocesgstem all other processors are informed by
this signal that they should not ask the CPU fbingeishing the bus control.

RQ/GT1,RQ/GTo (Bidirectional) : Pin no. 30,31. Local bus Priority control. Other
processors ask the CPU through these lines toseetba local buskQ / GT1 has higher priority
thanRQ / GTo
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READY
PCLK
RESET

INTR

RQ/GTO
RQ/GT1
NMI
TEST

Bbse

ADO
AD1
AD2
AD3
AD4
ADS5
ADG6
AD7
AD8
AD9
AD10
AD11
AD12
AD13
AD14
AD15
A16/S3
Al7/S4
A18/S5
—AL19/S6

BHE/S7

SO
S1
S2.

RD
LOCK
QS0
QS1

PIN DIAGRAM OF 8086




General-— AH AL EQ Segment
purpose registers
registers, BH BL CS and
po]nters CH CL SS instruction
& DH DL DS pointer
index SP IP
registers BP
S
DI
{} Address
lines
Bus Dotg
16-Bit ALU interface lines
unit  K—/——>
FLAGS :
BHE/S7,RD,WR
INTA , ALE
DT/R , DEN
6—Byte
instruction
queue
CLK —a V Control
YR = Decoding circuitry, lines
G@ timing and control unit
MN/MX =

Block Diagram of Intel 8086 Microprocessor

BLOCK DIAGRAM OF 8086:

REGISTERS OF 8086 : The Intel 8086 contains the following registers:
a) General Purpose Register

b) Pointer and Index Registers

c) Segment Registers

d) Instruction Registers

e) Status Flags




EXPERIMENT NO. 2(A)

AlM : WRITE A PROGRAM USING 8085 & VERIFY FOR :
(a) ADDITION OF TWO 8-BIT NUMBERS.

APPARATUS : 8085 microprocessor kit, 5V power supply, Keylabar

THEORY (Program)

Memory Machine code | Mnemonics Operands Commands

address

7000 21,01,75 LXI H,7501 Get address 9f 1
no. in HL pair

7003 7E MOV AM Move Ist no. in
accumulator

7004 23 INX H HL points the
address 7502H

7005 86 ADD M Add the ™ no.

700¢ 23 INX H HL points 7503t

7007 77 MOV M,A Store result in
7503H.

7008 CF RST 1 Terminate

CIRCUIT DIAGRAM /BLOCK DIAGRAM:-

START

\ 4
Get the first No.

v
Get the second No.

'

Add. Two numbers

v

Store the result

END




PROCEDURE:-

ANSHUMAN
S
Enter Enter
Program Address
Write Program
Execution Steps

Esc

G

Enter-enter
Prog. Address
Enter

S

Enter

Any key-2
Enter-2
Register Name

INPUT DATA
7501- 13H

7502- 12H

OUTPUT DATA
7503- 25H
PRECAUTIONS:-

SCIENTECH
Reset
Exmem
Starting Address
Next
Write Program
Execution Steps

Reset
GO
Starting Address
Fill
Reset
Exmem
Result Address

Make sure that all the machine codes should bemlspecified in the program.




EXPERIMENT NO. 2(B)

AlM : WRITE A PROGRAM USING 8085 & VERIFY FOR :

(b) ADDITION OF TWO 16-BIT NUMBERS(WITH CARRY).

APPARATUS : 8085 microprocessor kit, 5V power supply, Keyboard.

THEORY (Proaram)

Memory |Label | Machine | Mnemonics Operands Commands

address code

7000 2A,01,76 LHLD 7601H Get *1no. in HL pair from
memory (7601)

7003 EB XCHG Exchange cont. of DE» HL

7004 2A,03,76 | LHLD 7603H Get 2no. in HL pair from
location 7603

7007 0E,0( MVI C,00F Clear reg. C

7009 19 DAD D Get HL+DE & store result in
HL

700A D2,12,70 JNC 7012(loop) | If no carry move to loop/if carry
then move to next step.

700C 0C INR C Increment reC

700E 79 MOV AC Move carry from reg. C to reg.
A

7011 32,02,75 STA 7502 Store carry at 7502H

7012 loop 22,00,75 SHLD 7500 Store result in 7500H.

701° CF RST] Terminat:




CIRCUIT DIAGRAM /BLOCK DIAGRAM:-

Get the first No. in HL

Exchang DE«» HL

'

Get the second No. in HL

Add. Two numbers

No

Yes

Increment reg. C

A\ 4
Move C to A

A\ 4
Store Accumulator

A

Store HL result

PROCEDURE:-
@ SCIENTECH

ANSHUMAN Reset

S Exmen
Entel Entel Startin¢ Addres:
Progran Addres: Nexi
Write Progran Write Progran

Execution Steps Execution Steps

Esc Rese
G GC
Enter-enter Starting Address
Prog. Addres Fill
Entel Rese
S Exmen
Entel Result Addres
Any key-2

Enter-2 Registe Name
. ________________________________________________________________________________________________________________________________________________|




INPUT DATA

7601 : 13H
7602 : 31H
7603 : 12H
7604 : 10H
OUTPUT DATA
7500 :25H
7501 :41H
7502 :00H

PRECAUTIONS:-
Make sure that all the machine codes should bemlaspecified in the program.

Question & Answer:

Q.| Explain MOV M ?
Ans: Move the mntent of memory to register.

Q.2How mary T-state aein MOV instructior?
Ans: 4 T-date.

Q.3 Explain the addressing mode of MOV 1M
Ans: Register ndirect.

Q.4 How many machine cycles are in MOV ingttion?
Ans: 2 madine cycle.

Q.5What sMOV M r ?
Ans: movethe conent of regster tomemory

Q.6 Which flag s affected in MOV instructio®
Ans: none

Q.7What is MVI r,dat&?
Ans: moveimmediate datato regster

Q.8 How mary T-state are in MVI instructich
Ans: seven Fdates.

Q.9 Explain the addessirg mode of MVI rdat&
Ans: immediate

Q.10How many machine cycles are in Miistructior?
Ans. 3 machine cycles.




EXPERIMENT NO. 3(A)

AlM : WRITE A PROGRAM USING 8085 & VERIFY FOR :
A. SUBTRACTION OF TWO 8-BIT NUMBERS. (DISPLAY OF BARR®).

APPARATUS : 8085 microprocessor kit, 5V power supply, Keylabar

THEORY (Program) :

Memory | Opcode | Mnemonics | Operands | Comments

address

700( 21,01,7! | LXI H, 7501 Geiladdres of ist no. in HL pair
7003 7E MOV A, M Move Ist no. in accumulator
7004 23 INX H HL points 7502H.

7005 96 SUB M Substract?no. from Ist no.
7006 23 INX H HL points 7503 H.

7007 77 MOV M, A Move contents of acc. memory
7008 CF RST 1 Stop

CIRCUIT DIAGRAM /BLOCK DIAGRAM :-

START

Geilthe first No.

v

Get the second No.

!

Subtract second number
from first number

'

Store the result




PROCEDURE:-

SCIENTECH
ANSHUMAN Reset
S Exmem
Enter Enter Starting Address
Program Address Next
Write Program Write Program
Execution Steps Execution Steps
Esc Reset
G GO
Enter-enter Starting Address
Prog. Address Fill
Enter Reset
S Exmem
Enter Result Address
Any key-2
Enter-2

Register Name

INPUT DATA
7501 : 20H
7502 : 10H

OUTPUT DATA
7503 : 10H

PRECAUTIONS:-

Make sure that all the machine codes should bemlspecified in the program.




EXPERIMENT NO. 3 (B)

AlM : WRITE A PROGRAM USING 8085 & VERIFY FOR :
B. SUBTRACTION OF TWO 16-BIT NUMBERS. (DISPLAY OF BARRW)

APPARATUS : 8085 microprocessor kit, 5V power supply, Keylabar

THEORY (Program) :

Memory | Machine M nemonics Operands Comments

Address | Code

700(C 2A, 01,7t LHLD 7501H Get 1s16 bit no. in HL pai

7002 EB XCHG Exchang HL pair with DE.

7004 2A, 03,7¢ LHLD 7503 + Get 2nd 16 bit no. iHL pair

7007 7B MOV A E Get lower byte of ist n

700¢ 95 SUB L Subtrac lower byte 012" no.

700¢ 6F MOV L, A Storetheresul inreg L

700A TA MOV A, D Get higher byte of Ist n

700E 96 SBB H Subtrac higher byte 02" no.
with borrow

700C 67 MOV H,A Move from acc. To t

700D,E, I | 22,05,7! SHLD 7505+ Store 16 bit resul al 7505&750¢

701(C CF RST 1 Terminat




CIRCUIT DIAGRAM /BLOCK DIAGRAM

Get the lower byte of first No.

Get the lower byte of second Nq.

!

Sub. lower bgte of second No|
from lower byte of first No.

l

Get the higher byte of first No,

A 4

Get the higher byte of second

Sub. higher byte of second No. and
borrow from the pervious sub.

PROCEDURE:-

ANSHUMAN
S
Enter Enter
Program Address
Write Program
Execution Steps

Esc

G

Enterente
Prog. Addres
Entel

S

Entel

Any key-2

\ 4
Store the result

SCIENTECH
Reset
Exmem
Starting Address
Next
Write Program
Execution Steps

Reset
GO
Starting Addres
Fill
Rese
Exmen
Result Addres




Enter -2

Register Name

INPUT DATA
7501 : 30H
7502 : 40H
7503 : 10H
7504 : 20H

QUTPUT DATA

7505 : 20H
7506 : 20H

PRECAUTIONS:-

Make sure that all the machine codes should bemlspecified in the program.

Question & Answer :
Q.1Explain LXI rp,data 16 ?

Ans:load regster pair immediate.

Q.2How mary T-state are in LXinstructior?
Ans: 10 T —states.

Q.3 Explain the addressing mode of LXI,dat&?
Ans: Immediate

Q.4How many machine cyes are in LXI instuction?
Ans. 3 macdine cydes.

Q.5What is LDA addr?
Ans: load acamulata direct.

Q.6 How mary T-state are in LDA instructioh
Ans: 13T —dtates.

Q.7 Explain the addressing mode diA addr?
Ans: Dred

Q.8 How mary madiine cydes ae in LDA instruction?
Ans: 4

Q.9Wheat is STA add?P
Ans: store acoamulatordirect

Q.10How mary T-state are in STA instructién
Ans: 13




AlM : WRITE A PROGRAM USING 8085 FOR MULTIPLICATION OF T@W 8-BIT NUMBERS
BY BIT ROTATION METHOD & VERIFY.

EXPERIMENT NO. 4(A)

APPARATUS : 8085 microprocessor kit,5 V power supply, Keyboard.

THEORY (Program)

Memory | Label | Machine | Mnemonics | Operands Comments

Address Code

7000 2A,01,75 | LHLD 7501 H Get Multiplicand
in H-L pair.

7003 EB XCHG Exchange HL pair with
DE pair

7004 3A,03,75 | LDA 7503 H Get 2nd no. in acc.

7007 21,00,00 | LXI H,0000 Initial product in
HL=00

700A OE,08 MVI C,08H Count=08 inreg .C

700C Loop | 29 DAD H Shift partial product
left by 1 bit

700D 17 RAL Rotate multiplication
by 1 bit. Is multiplier =
1?

700E D2,12,7C | INC Ahead(701Z | No, go to ahee

7011 19 DAD D Product=Product +
Multiplicand

7012 Ahead 0D DCR C Decrement Count

701z C2,0C,7( | JNZ Loop(700C

701¢ 22,04,7¢ | SHLD 7504 Store resu

7019 CF RST 1 Terminate




CIRCUIT DIAGRAM /BLOCK DIAGRAM :-

START

A 4

Get Multiplicand, Get Multiplier

Initial value of Product = 00
Count =08

»

v
Shift Product left one Bit
Shift Multiplier left one Bit

IS
Carry from
Multiplier?

NO

Product = Product + Multiplicand

»
>

Count=Count-1

NO IS
Count =0?

l YES

Store Product




PROCEDURE:-

ANSHUMAN

S
Enter Enter
Program Address
Write Program

Execution Steps

Esc

G

Enter-enter
Prog. Address
Enter

S

Enter

Any key-2
Enter-2
Register Name

INPUT DATA

7501- 25H
7502- O0H
7503- 05H
OUTPUT DATA

7504- BOH
7505- 00H

PRECAUTIONS:-

SCIENTECH
Reset
Exmem
Starting Address
Next
Write Program

Execution Steps

Reset
GO
Starting Address
Fill
Reset
Exmem
Result Address

Make sure that all the machine codes should bemaspecified in the program.




EXPERIMENT NO. 4(B)

AlM : WRITE A PROGRAM USING 8085 FOR DIVISION OF TWO 8-BNUMBERS BY
REPEATED SUBTRACTION METHOD & TEST FOR TYPICAL DATA

APPARATUS: 8085 microprocessor kit, 5V power supply, Key board

THEORY (Program) :

Memory | Label | Machine | Mnemonics | Operands Comments
Address Code

700(C 3A,01,7¢ | LDA Divisor(7501

7003 47 MOV B,A Take divisor in reg,B
7004 3A,02,75 | LDA Dividend(7502) Take dividend in reg,A
7007 OE,0( MVI C,0C Quotient=0!

700¢ B8 CMP B

700A DA,13,70 | JC Loop(7013)

700C loopl | 9C SUB B Dividenc-divisor=>A
700E 0C INR C C=C+1

700F B8 CMP B Is dividend < divisor
701( D2,0D,7( | INC Loopl(700D If not,gc bacl

701 loop 32,03,7! | STA Remainder(750. | StoreRemainde

701¢ 79 MOV A,C

7017 32,04,75 STA Quotient(7504) Store Quotient
701A CF RST1 Terminate.




CIRCUIT DIAGRAM /BLOCK DIAGRAM:-

Gel 8-bit Dividencinreg A, Gel
8-bit Divisor in reg. B

|

Take quotient in reg. C= 00

NO
IS
Dividend >
Divisor?
l YES v
A= Dividend - Divisor Quotientis inreg. €
A 4 l
Increment Counter by 1 Reminder is in acc.
PROCEDURE:-
SCIENTECH
ANSHUMAN Reset
S Exmem
Enter Enter Starting Address

Program Address

Write Program
Execution Steps

Esc

G

Enter-enter

Prog. Address

Enter

S

Enter

Any key-2

Enter-2

Register Name

Next

Write Program
Execution Steps

Reset

GO
Starting Address

Fill

Reset

Exmem
Result Address




INPUT DATA
7501- Divisor
7502-Dividend

OUTPUT DATA

7503-Remainder
7504-Quotient
PRECAUTIONS:--

Make sure that all the machine codes should belasgecified in the program.

Question & Answer

Q.1 Explain the ddressing mode ofSTA adeir
Ans: Direct

Q.2How mary machine gcles ae in STA instructiofd
Ans: 4

Q.3Wheat is LHLD addr
Ans:load H -L pair direct.

Q.4How may T-state are in LHD instruction?
Ans: 24 sixteen T —stags..

Q.5 Explain the addressing mode of LBLaddr?
Ans: Direct

Q.6 How mary machire cycles are in LHLD instructon?
Ans: 5

Q.7What is SHLD addr
Ans: store HL pair direct.

Q.8How many T-state arén SHLD instruction?
Ans: 16

Q.9 Explain the addressing mode of SBladdr?
Ans: Direct

Q.10How many machineycles are in SHLD instructior?
Ans: 5.




EXPERIMENT NO. 5

AlM :WRITE A PROGRAM USING 8085 FOR FINDING SQUARE-RO@IF A NUMBER

APPARATUS : 8085 microprocessor kit, 5V power supply, Keyboard.

THEORY (Program):
Memory | Label | Machine | Mnemonics | Operands Comments
Address Code
200( OE,0] MVI C,01F Plac¢01in reg.C
2002 06,01 MVI B,01H Place odd number 1 in reg.B
2004 3E,36 MVI A,36 Load accumulator with the given
number
2006 Loop | 90 SUB B Subtract odd number from the
accumulator
2007 CA10,20| Jz Ahead(201Q)If accumulator contents are zerp,
go to Ahead
200A 0C INR C Increment reg. C
200B 04 INR B Increment odd number
200C 04 INR B Incremen oddnumbe
200C C3,06,2( | IMF Loop(2006 | Repeat subtractic
2010 Ahead 79 MOV AC Move the contents of C to A
2011 32,50,20 | STA 2050H Store the result in the memory
location 2050H.
2014 CF RST1 Stop
PROCEDURE:-
SCIENTECH
ANSHUMAN Reset
S Exmem
Enter Enter Starting Address
Program Address Next

Write Program

Execution Steps

Esc

G

Enter-enter
Prog. Address
Enter

Write Program

Execution Steps

Reset
GO

Starting Address

Fill
Reset




S Exmem
Enter Result Address
Any key-2

Enter

Name

Register

CIRCUIT DIAGRAM /BLOCK DIAGRAM:-

1. Place 01 in the subtraction counter register
2. Place odd numbers 1 in any one of the regist

v

Load the accumulator with the given
\

| Subtract odd number from the contents
"| of accumulator

%
-

YES

Is
remainder=0
Or negative

|

NO Store the result

; !

Increment subtraction counter
register

v
Odd number=odd no. +2

INPUT DATA

2500-10H
2501- O0H

OUTPUT DATA

2550- 04H




PRECAUTIONS:-

Make sure that all the machine codes should bemaspecified in the program.

Question & Answer

Q.1What is LDAX rp?
Ans: Load accunulator indirect.

Q.2How many TFstate are in DAX instruction?
Ans: 7

Q.3 Explain the addresng mode ofLDAX r®
Ans: Registe indirect .

Q.4How mary machine gcles are in LDAX instuction?
Ans: 2

Q.5What is STAX rp?
Ans: Store acumulator indirect

Q.6How many Fstate are in STAX ingiction?
Ans:. 7

Q.7 Explain the addressing mode of STAX?rp
Ans: Regster indired.

Q.8 How many machine cjes ae in STAX instuction?
Ans: 2

Q.9What is XCHG?
Ans: Exchange he catents of H-L pair with D-E pair

Q.10 Hav mary T-state are in XCHS instructior?
Ans: 4




EXPERIMENT NO.6

AlM : WRITE A PROGRAM USING 8086 FOR DIVISION OF A DEFINNEDOUBLE WORD
BYANOTHER WORD & VERIFY.

APPARATUS : 8086 microprocessor kit, 5V power supply, Keyboard.

THEORY (Program)
Memory | Machine | Mnemonics| Operands | Comments
Address| Code
100( B8,78,5¢ | MOV AX,5678H | Move 5678 to A)
1003 BA,34,12] MOV DX,1234H Move 1234 to DX
1006 B9,25,25| MOV CX,2525| Move 2525 to CX
100¢ F7,F] DIV CX Divide AX&DX by CX
100b CD,A5 INT A5

CIRCUIT DIAGRAM /BL OCK DIAGRAM:-,

START

\ 4
Get LSB of Dividend

\ 4
Get MSB of Dividend

!

Get Divisor in CX

Divide & Store result




PROCEDURE:-

ANSHUMAN

S
Enter Enter
SRC-SEGM Address
Enter
Program Address
Write Program

Execution Steps

Esc

G

Enter-enter
SRC-SEGM Add
Enter

Prog. Address
Enter

S

Enter

Any key-2
Enter-2
Register Name

INPUT DATA
AX :5678H
DX :1234H
CX :2525H
OUTPUT DATA

SCIENTECH
Reset
O
EB/AX

Starting Address
Next
Write Program

Execution Steps

Reset
GO
Starting Address
Fill
Reset
O
EB/AX

Result Address

AX : 7D77(Quotient)
DX :0145(Remainder)

PRECAUTIONS:-

Make sure that all the machine codes should bemaspecified in the program.




Question & Answer:

Q.| Explain the addrssing modef XCHG?
Ans: Regiger

Q.2 How many machiacycles are in XCHG instructich
Ans: 1

Q.3WhatisADD r ?
Ans. Addregiste to acamulator.

Q.4How many T-state are in AD instructior?
Ans: 4

Q.5 Explain the addressing modéADD?
Ans: Register

Q.6 How many machine gcles are in ADD instructioh
Ans: 2

Q.7 What 8 ADC r?
Ans: Add register with carly to accumulator.

Q.8 How many T-state are in ADC r instructidn
Ans: 4

Q.9 Explain the aldressing modef ADC ?
Ans: Register

Q.10 How many machineyclesarein ADC instructior?
Ans: 1




AIM : WRITE A PROGRAM USING 8086 FOR COPYING 12 BYTES OARTA FROM SOURCE

EXPERIMENT NO. /7

TO DESTINATION & VERIFY.

APPARATUS : 8086 microprocessor kit, 5V power supply, Keyboard.

THEORY (Program)

Memory | Label | Machine | Mnemonics | Operands | Comments

Address Code

0101 FC CLD Clear direction flag DF

010z BE,00,0:! | MOV S1,03(00 Source address in

010¢ BF,02,0: | MOV D1,020z Destinatiol addres in DI

0108 8B,0C MOV CX,[S]] Count in CX

010A 46 INC SI Incremen Sl

010B 46 INC Sl Increment Sl

010C BACK| A4 MOV SB Move byte

010D E2,FD LOOP BACK Jump to BACK until CX becomes
zero

010F CC INT Interrupt prograr




CIRCUIT DIAGRAM /BLOCK DIAGRAM:-

START

\ 4
Get source address

Get destination address

Get Count in CX

’

Increment in Sl
Increment in Sl
|

v
- Move bytes
NO
YES
INPUT DATA 030B :0A
0300 :0B 030C :0B
0301 :00 030D :OE
0302 :03
0303 :04
0304 :05 OUTPUT DATA
0305 :06 0202 03
0306 :15 0203 :04
0307  :07 0204 :05
0308 :12 0205 :06
0309 :08 0206 :15

030A 09 0207  :07




0208 112 020B :0A
0209 : 08 020C :0B
020A 09 020D :OE

PRECAUTIONS:-
Make sure that all the machine codes should bemaspecified in the program.
Question & Answer:

Q.1Explain ADI data?
Ans: Add imnediate data b accumulator

Q.2How many T-states are n ADI instructior?
Ans: 7

Q.3 Explain the addressing moa ADI ?
Ans: Immediate

Q.4How many machineycles aein ADI instructior?
Ans: 2

Q5 Explain DAD rp?
Ans: Add regster pair to HL pair.

Q.6How mary T-statesare in DAD instructior?
Ans: 10

Q.7 Explain the addressing mode of DAD.
Ans: Register

Q.8 How mary machire cyclesare in DAD instructiofd
Ans: 3

Q.9Explain DAA.
Ans: Decimal adjst accumulator

Q.10What is INX rp?
Ans: Increment regter pair




EXPERIMENT NO.8

AlM : WRITE A PROGRAM USING 8086 FOR ARRANGING AN ARRAY IONUMBERS IN
DESCENDING ORDER & VERIFY.

APPARATUS : 8086 microprocessor kit, 5V power supply, Keyboard.

THEORY (Program)

Memory | Label | Machine | Mnemonics | Operandsf Comments

Address Code

0200 BE,00,03| MOV SI1,0300 | Initialize SI Reg. with Memory
Location. 0300.

0203 8B,1C MOV BX,[SI] BX has no. of bytes

020t 4B DEC BX Deciemen the no. of bytes by ol

020¢ (3) 8B 0C MOV CX (S Move no. of bytesin CX

0208 49 DEC CX Decrement the no. of bytes by ope

0209 BE,02,03| MOV S1,0303 | Initialize Sl reg. with the starting
address of string

020C (2) 8A,04 MOV AL,[SI] Move first data byte of string into
AL

020E 46 INC Sl Point a the next bytes of the stri

020F 3A,04 COMP AL,[SI] Com. the two bytes of string.

0211 73,06 JAE (1) If two bytes are equal of'byte is
above that the second byte branch
to (1)

021: 86,04 XCHG AL,[SI] Else

0215 4E DEC Sl Second byte is less than first byte
and swap the two bytes.

021¢ 88,04 MOV [SI],AL

021¢ 46 INC Sl Point at next location of stril

0219 (1) E2,F1 LOOP (2) Loop if CX is not zero

021B 4B DEC BX

021C BE,00,0! | MOV S1,€30C

021F 75,Ef JNZ 3

0221 F4 HLT Halt.




CIRCUIT DIAGRAM /BLOCK DIAGRAM:-

START

A 4
Initialize reg.SI (mem. Location)

v

Set the counter BX
v

Decrement the counter BX

v

A 4

Move countin CX
v

Decrement CX

Initialize reg.SI (Starting Location),
A\

*| Get first no, in AL
v

Increment Sl

Is first No. Yec

< next No

Swap the two bytes

No IS
Count =02

A

Decrement Count

N
A

Compare rest of no.




PROCEDURE:-

ANSHUMAN

S
Enter Enter
Program Address
Write Program

Execution Steps

Esc

G

Enter-enter
Prog. Address
Enter

S

Enter

Any key-2
Enter-2
Register Name

INPUT DATA
0300 05
0301 :00
0302 :20
0303 :25
0304 :28
0305 :15
0306 :07

OUTPUT DATA
0302 28
0303 :25
0304 :20
0305 :15
0306 :07

PRECAUTIONS:-

MP LAB EE- >-FO

SCIENTECH
Reset
Exmem
Starting Address
Next
Write Program

Execution Steps

Reset
GO
Starting Address
Fill
Reset
Exmem
Result Address

Make sure that all the machine codes should bemlaspecified in the program.




Question & Answer:

1. What is microprocessor?

Ans Itis a program controlled semi conductor de{i€), which fetches, decodes and execute

instructions.

2. What are the basic units of microprocessor?

Ans  The basic units or blocks of microprocessorAdrg, an array of registers and control unit.

3. What is a bus?

Ans Bus is a group of conducting lines that cardat, address and control signals.

4. Why data bus is bi-directional?

Ans  The microprocessor is to fetch (read) the ttata memory or input device for processing and
after processing it has to store (write) the datmémory or output devices. Hence the data bus is
bi-directional.

5. Why data bus is bi-directional?

Ans The address is an identification number usethéynicroprocessor to identify or access a memory
location or input/output device. It is an outpgral from the processor. Hence the address bus ig
unidirectional.

6. Define machine cycle?

Ans Machine cycle is defined as the time requieddmplete one operation of accessing memory
input/output, or acknowledging an external requékis cycle may consists of three to six T-
states.

7. Define T-state?

Ans  T-state is defined as one subdivision of opangierformed in one clock period. These
subdivisions are internal states synchronized thighsystem clock, and each T-state is precisely
equal to one clock period.

8. What is an instruction cycle?

Ans  The sequence of operations that a processdoltasry out while executing the instruction is
called instruction cycle. Each instruction cyclgpobcessor contains a number of machine cycles.

9. What is fetch and execute cycle?

Ans  The instruction cycle is divided in to fetchdaexecute cycles. The fetch cycle is executedttinfe
the opcode from memory. The execute cycle is eredat decode the instruction and to perform
the work instructed by the instruction.

10. List the flags of 80857

Ans There are five flags in 8085.They are sign,flaggo flag, auxiliary carry flag, parity flag andrry

flag.




EXPERIMENT NO.9

AlM : WRITE A PROGRAM TO INTERFACE ADC & DAC WITH 8085 HEMONSTRATE
GENERATION OF SQUARE WAVE.

APPARATUS : 8085 microprocessor kit, 5V power supply, Keyboard.

DESCRIPTION: A D/A converter chip DAC 0800 has been providedtba board of M85-07 to
enable the user to have analog output. This camsbd for generating various waveforms or for any
closed loop applications. The chip has been usé#®imapped mode and has an address of (AO-A7
i.e any of AO to A7 can be used as an address.chifshas been designed to give an output of 0 to
Volts. The output of DAC 0800 is coming at Pin Nddf connector CN11.

THEORY (Program)

Memory | Label | Machine Code Mnemonic§  Operands Comments
Address

200( CD 4C OF CALL LECHO CLEAR LCD DISPLAY
200: 06 OE MVI B,0EH

2005 211F 20 LXI H,WAVE

200¢ CDh47 1 CALL PRINTF DISPLAY MESGAE
200B DAC | 3E00 MVI A,00H

200D D3 38 ouT 38H

200F CD 31 OF CALL DELAY1

201z 06 14 MVI B,14H

201« CD4717 CALL PRINTF DISPLAY MESSAGE
2017 3E FF MVI A,FFH

2019 D3 A0 ouT 0AOH

201B CD 31 0F CALL DELAY1

201E C3 0B 20 JMP DAC LOOP

2021 5241 4D 0 2 WAVE OUTPUT AT
2026 50 49 4E 20 4E PIN NO. 2 CONN. C9




CIRCUIT DIAGRAM /BLOCK DIAGRAM:-

START

A

y

Clear LCD

v

A 4

A % 00 and sent to outport

v

Delay called

v

A § FF and sent to outpor

v
Dealy Called

PROCEDURE:-

ANSHUMAN

S
Enter Enter
Program Address
Write Program

Execution Steps

Esc

G

Enter-enter
Prog. Address
Enter

S

Enter

Any key-2
Enter-2
Register Name

SCIENTECH
Reset
Exmem
Starting Address
Next
Write Program

Execution Steps

Reset
GO
Starting Address
Fill
Reset
Exmem
Result Address

RESUL T: Waveform observed on the CRO from Pin No. 2asfrector 9.

PRECAUTIONS:-

Make sure that all the machine codes should bemlspecified in the program.




Question & Answer:

1.
ANsS
2.
ANS
3.
ANS
4.
ANS
5.
ANs
6

ANs

ANs

Ans

Ans

10.
ANs

What is ALE?
The ALE (Address latch enable) is a signal usetbmultiplex the address and data lines using an
external latch. It is used to enable the extemtahl.

Where is the READY signal used?
READY is an input signal to the processor, usgthe memory or input/output devices to get
extra time for data transfer or to introduce waates in the bus cycles.

Give some examples of port devices used in 8085omiocessor based system?
The various port devices used in 8085 are &1565,8156,8255,8355,8755.

What is the need for timing diagram?

The timing diagram provides information regagpihe status of various signals, when a machine
cycle is executed. The knowledge of timing diagramssential for system designer to select
matched peripheral devices like memories, latghats etc from a microprocessor system.

What operation is performed during first T-stateeeéry machine cycle in 8085?
In 8085, during the first T-state of every maelcycle the low byte address is latched into an
external latch using ALE signal.

What is interrupt acknowledge cycle?
The interrupt acknowledge cycle is a machirdecgxecuted by 8085 processor to get the address
of the interrupt service routine in order to segvilse interrupt device.

What is vectored and non-vectored interrupt?

When an interrupt is accepted, if the processntrol branches to a specific address defined by
the manufacturer then the interrupt is called wectanterrupt. In Non-vectored interrupt there is
no specific address for storing the interrupt servoutine. Hence the interrupted device should
give the address of the interrupt service routine.

List the software and hardware interrupts of 8085?
Software interrupts : RST 0,RST 1,RST 2,RSTS3,R,RST 5,RST 6,RST 7
Hardware interrupts : TRAP,RST 7.5,RST 6.5,RST BNFR.

What is TRAP?
The TRAP is a non-maskable interrupt of 808 hot disabled by processor reset or after
recognition of interrupt.

How clock signals are generated in 8085 and whiseigrequency of the internal clock?

The 8085 has the clock generation circuit @ncthip but an external quartz crystal or LC cirauit
RC circuit should be connected at the pins X1 andX@ maximum internal clock frequency of
8085 is 3.03MHz.




EXPERIMENT No. 10

AlIM: - To study the stepper motor and to execute micressmar computer based control of the same
by changing number of steps, the direction of roteand speed.

APPARATUSUSED:- Stepper Motor Kit, uP Kit, Interface Cord andndecting Leads

THEORY:- The stepper motor is a special type of motor whgctiesigned to rotate through a specific
angle called step for each electrical pulse recefvem its control unit. It is used in digitally otvolled
position control system in open loop mode. The iqgmmmand is in form of a train of pulses to tune t
shaft through a specified angle. the main unitisighed to interface with uP 8085 kit. The steppetor
controller card remains active while the pulse sege generator disabled as given plug is connedathd
pUp interface socket . Following programme enalthesstepper motor to run with pp 8085 kit. For two
phase four winding stepper motor only four LSB saigrare required.

CIRCUIT DIAGRAM :-

DI RECTI ON 12 V
Ccw CCW
£l = o PHASE ]
PULSE STEPPER |: :'I
and
PHASE MOTOR O
ROTOR
SEQ DRI VER
GEN.
[
L
o O (@]

Y GRD TRI G

PROCEDURE:-

Connect the stepper motor with up 8085 kit as shiowfig. press EXMEM key to enter the address as
given then press NEXT to enter data .

ADDRESS DATA

200( 3E 8(C MVI A,80 Initialize port A as output po
200z D303 OUT 03 OB

200¢ 3E F¢ Start MVI  AFA

200¢ D30C OUT 0C Output code for step

200¢ CD 3020 cadelay delaybetweeltwo steps

200B 3EF5 MVI A, F6 Locatior reservifor curren Delay

200C D300 OUT OO Outpu codefor stey 1.



200F CD 3020 Call delay delay between two steps.

2012 3E F6 MVI A, F5

2014 D3 OO0 OUT 0O Output code for step 2.
2016 CD 3020 calls delay between two steps.
2019 3E FA MVI A, F9.

201B D300 OUT OO Output code for step 3.
201D CD 3020 call delay delay between two steps.
2020 C30420 JMP START Start.

Press FILL key to store data in memory area. Thiscemplete the pulse sequence generation. Toydela
programme route, first press EXMEM to start, a sigh will appear in address field then enter tlaet st
address. Press NEXT to enter data.

ADDRESS DATA

2030 110000 LXI DO0O0OO Generates aylel
2033 CD BC 03 CALL DELAY

2036 110000 LXI D 00 00 Generateglayl
2039 CDBC 03 CALL DELAY

203C C9 RET

Press FILL to save data.to execute the programmesphe key GO .The above programme is to rotate
the motor at a particular as defined by the givédrass. Changing the following contents will chatige
motor speed.

ADDRESS DATA

203( 11 00 2¢ AND 203t TO SIMILAR 11 00 2

CHANGE 11001 TO 11 00 1«
CHANGE 11000¢ TO 11 00 O!
CHANGE 11000¢ TO 11 00 02

The motor direction depends upon codes FA, F6 B A&9.Change in following codes will change the
motor direction.

ADDRESS DATA

200t 3E F¢ TO 3E FA
200C 3E F5 TO 3E F6
201z 3E F¢t TO 3E F¢
201¢ 3E FA TO 3E F9

RESUL T:- The stepper motor runs as per fed programme

PRECAUTION:-
1. Make the connection of motor with pp kit properly.
2. Do not change the motor direction at high speed.




Question & Answer:

1.
ANs
2.
ANs
3.
ANS
4.
ANS
5.
ANS
6.
ANsS
7.
ANs
8.
AnNs
ANns

10.
Ans

Define stack?
Stack is a sequence of RAM memory locationsddfby the programmer.

What is program counter? How it is useful in progmxecution?

The program counter keeps track of programugiat To execute a program the starting address
of the program is loaded in program counter. ThesB@is out an address to fetch a byte of
instruction from memory and increments its conearibmatically.

Define opcode and operand?
Opcode(operation code) is the part of an icstn that identifies a specific operation. Operand
a part of instruction that represents a value oithvtine instruction acts.

How the 8085 processor differentiates a memorysscaad /O access?
The memory access and I/O access is diffetedtizsing I0/M signal. The 8085 processor asserts
IO/M low for memory operation and high for /0O op#&ons.

When the 8085 processor checks for an interrupt?
In the second T-state of the last machine aytcévery instruction, the 8085 processor checks
whether an interrupt request is made or not.

Why interfacing is needed for 1/0O devices?
Generally 1/0 devices are slow devices. Theeetioe speed of I1/0O devices does not match with
the speed of microprocessor. And so an interfapeogided between system bus and 1/O devices.

What is interrupt 1/0?
If the I/O device initiate the data transfeotigh interrupt then the I/O is called interrupvdn
I/O.

What is a port?
The port is a buffered I/O, which is used ttditbe data transmitted from the microprocessor to
I/O devices and vice versa.

What is the need for interrupt controller?
The interrupt controller is employed to expémelinterrupt inputs. It can handle the interrupt
request from various devices and allow one by ortbéd processor.

What is synchronous data transfer scheme?

For synchronous data transfer scheme, the ggoceloes not check the readiness of the device
after commands have been issued for read/writeatipar For this scheme the processor will
request the device to get ready and then readAeritee device immediately after the request.




EXPERIMENT NO. 11

AlM : WRITE A PROGRAM TO CONTROL THE TRAFFIC LIGHT SYSTEMSING 8085 &
8255 PPI.

APPARATUS : 8085 microprocessor kit, 5V power supply, Keyboard.

DESCRIPTION: This Program controls light of one square. By clirg¢he delay between two
signals one can change the speed of traffic. 82b65Adress

Port A- OOH

Port B -01H

Port C- 02H

Control Word 03H

THEORY (Program)

Memory | Label | Machine Mnemonics| Operands Comments

Address Code

200( 3E 8( MVI A,80H Init PA &PB as outpL

2002 D3 03 ouT 03H

200¢ 3E 1] MVI A11H Stop all four enc

200¢ D3 (O ouT O00H

2008 D3 02 ouT 02H

200A CD 50 20 CALL DELAY1

200D LOOP| 3E 44 MVI A,44H GO STR signal of North & South,
STOP signal of East &West

200F ouT O00H

2011 CALL DELAY1

2014 MVI A,22H Alert signal for traffic

2016 ouT OO0H

201¢ CALL DELAY?2

201B MVI A,99H GO LEFT signal of North & South

201C ouT O0H

201F CALL DELAY1

2022 MVI A,22H Alert signal for traffic

202¢ ouT O0H

202¢ CALL DELAY2

202¢ MVI A11H STOP signal of North & Sou

202B ouT 00H

202D MVI A, 44H GO STR signal of East & West

202F ouT 02H

2031 CALL DELAY1

203¢ MVI A,22H Alert signa for traffic




203¢ ouT 02H
203¢ CALL DELAY2
Memory | Label | Machine Codg Mnemonics Operands Comments
Address
203B MVI A,99H GO Left signal of East &
West
203C ouT 02H
203F CALL DELAY1
2042 MVI A,22H Alert signal for traffic
2044 ouT 02H
2046 CALL DELAY2
2049 MVI A11H STOP signal of East &West
204E ouT 02H
204C JMF LOOF Jumy to loog
2050 DELAY1: MVI B,25H Delay of 10 sec.
2052 LP3: MVI C,0FFH
2054 LP2: MVI D, OFFF
2056 LP1: DCR D
2057 JNZ LP1
205A DCR C
205B JNZ LP2
205E DCR B
205F JNZ LP3
2062 RET
2063 DELAY2: MVI B,05H Delay of 2 sec
2065 LP6: MVI C,0FFH
2067 LP5: MVI D,0FFH
2069 LP4: DCR D
206A JNZ LP4
206C DCR C
206E JNZ LP5
2071 DCR B
2072 JNZ LP6
2075 RET
PROCEDURE:-
SCIENTECH
ANSHUMAN Reset
S Exmem
Enter Enter Starting Address
Program Address Next

Write Program

Write Program




Execution Steps Execution Steps

Esc Reset

G GO
Enter-enter Starting Address
Prog. Address Fill

Enter Reset

S Exmem

Enter Result Address
Any key-2

Enter-2

Register Name
RESUL T: Traffic Signal Timing observed for four lane.
PRECAUTIONS:-

Make sure that all the machine codes should bemlaspecified in the program.

Question & Answer:

1. What is asynchronous data transfer scheme?

Ans In asynchronous data transfer scheme, firsptbeessor sends a request to the device for
read/write operation. Then the processor keeptimg the status of the device. Once the device
is ready, the processor executes a data transtendation to complete the process.

2. What are the internal devices of 8255?
Ans  The internal devices of 8255 are port-A, porpBrt-C. The ports can be programmed for either
input or output function in different operating nesd

3. What is USART?

Ans  The device which can be programmed to perfognt&onous or Asynchronous serial
communication is called USART (Universal Synchromésynchronous Receiver Transmitter).
Eg: INTEL 8251

4. What is scanning in keyboard and what is scan time?

Ans The process of sending a zero to each rowkafyaoard matrix and reading the columns for key
actuation is called scanning. The scan time idithe taken by the processor to scan all the rows
one by one starting from first row and coming baxkhe first row again.

5. What is programmable peripheral device?

Ans If the function performed by the peripheralidewcan be altered or changed by a program
instruction then the peripheral device is calleagpammable device. It have control register. The
device can be programmed by sending control wotHerprescribed format to the control register.

6. What is baud rate?




Ans

7

Ans

Ans

Ans

10.
ANs

The baud rate is the rate at which the seatd dre transmitted. Baud rate is defined as (ifitne t
for a bit cell). In some systems one bit cell has data bit, then the baud rate and bits/sec are
same.

What are the tasks involved in keyboard interface?

The tasks involved in keyboard interfacing ®gasing a key actuation, Debouncing the key and
generating key codes ( Decoding the key). Theses @a® performed software if the keyboard is
interfaced through ports and they are performetddrgware if the keyboard is interfaces through
8279.

How a keyboard matrix is formed in keyboard integfaising 82797

The return lines, RLO toRL7 of 8279 are usefbtm the columns of keyboard matrix. In decoded
scan lines SLO tOSL3 of 8279 are used to form oesrof keyboard matrix. In encoded scan
mode, the output lines of external decoder are asedws of keyboard matrix.

What is GPIB?
GPIB is the General Purpose interface Bus. Used to interface the test instruments to thesys
controller.

Advantages of differential data transfer?

1. Communication at high data rate in realldvenvironment.
2. Differential data transmission offers superior parfance.
3. Differential signals can help induced noise signals



MICROCONTROLLER & EMBEDDED

SYSTEM DESIGN
(EE-328-F)

LAB MANUAL

VI SEMESTER




LIST OF EXPERIMENTS

List of Experiment:

8051/AT 89C51 microcontroller

L. Wiite an Assembly language Programme (ALP) to generate 10 kHz square wave.

2 To study implementation & imterfacing of Display devices Like LCD, LED Bar
graph & seven segment display with Microcontroller 8051/AT89C51

3. To study mplementation & interfacing of Different motors like stepper motor,
DC motor & servo Motors.

4 Wiite an ALP for temperature & pressure measurement.

y. Wiite a program to interface a graphical LCD with 89C51.

6 To study Programming and Transmission & reception of data through Serial port
& study of Parallel printer port.

PIC Microcontroller

. To interface PWM based voltage regulator using PIC Microcontroller .

8. Study and analysis of mterfacing of Graphical LCD using PIC confroller

9. Study and 1nterfacing of IR (RCS protocol) and RF Communication using PIC
controller

10.  Study of SD/MMC card Interface using 18F4550



Microcontroller & Embedded System Design

EE-328-F

Sr.No. LIST OF EXPERIMENTS

1. To study development todévironment for ATMEL/PIC microcontroller
programm anc Architecture

2. Write an asembly language program to add, subtract, multiply, divide 16
bit date by Atmel microconroller.

3. An assembly language program to gereet@KHz frequency using
interruptconP12.

4. Study and analyze the interfacing of 16 x 2 LCD.

S. Study of implementation, analysis and interfacihgaven segment
display

6. Study of implementation of steeper motor angle r@mnt

7. Study of implementation of DC Motor control using/M method.

8. Study and observation of Position control of Seviaior.

9. Study of Programming and Transmission and Recepfidata through
seria port.

10. To study implementation and programming of Presswgasurement.

11. To study implementation and programming of Tempegeatneasurement.

12. Study and analysis of interfacing of graphical LGfing PIC
Microcontroller

13. To interface PWM based voltage regulator using i€ ocontroller.

14. Study and interface of IR (RC5 Protocol) and RF @amication using
PICMicrocontroller




EXPERIMENT NO 1

AlM: To study development todésvironment for ATMEL/PIC microcontroller programme and
Architecture.

APPARATUS REQUIRED: p VisionKeil, ICPROG,AT89C52 Microcontroller, PIC16F877A
Microcontroller.

SOFTWARE ENVIRONMENT AND MICROCONTROLLER DESCRIPTION:

Procedure to write the program in y Vision Keil:

Create dNew folder on the desktop for saving the contents of the @uogr
Double click on the icon dfeil.
Select the device for the tard8elect Atmel— Select 89C52-0k —NOo)
Go in theproject menu and click onuVision Project after this an edit window will appear on
desktop.
Write the desired program in the editing windowtagnd.
Right click onsource groupand selectemove start upin project workspace
Go in thefile menu and click onsave asandsavethe program with the extinctiaasmon
desktop in theew folder.
8. Right click onsource group— Selectadd file to group — All file — Select file.asm—
SelectAdd.
9. Now go in theproject menuand click on options for the targ8&targetl” .
10.Update thdrequency value (eg. 11.0592nd click onoutput and enable the following.
a. ®Create Executable
b. \ or Ok —Debug info
c. Select Create Hex file
d. Select Browse info
Now click on Ok
11.Go in theproject menu and click orbuilt target.
12.Go in theproject menu and click onRebuild target.
13.Go in theproject menu and click on Run (or Ctrl +F5).
14. After thisHex file will be created in th&lew Folder

PwobE

No o

ATMEL INTRODUCTION 8051 ARCHITECTURE FAMILY

A microcontroller is a single chip microcomputerttwon board program ROM and /O that can be
programmed for various control functions. Unlikgeneral purpose computer, which also includes all
of these components, a microcontroller is desigiveda very specific task to control a particular

system.

The AT89C52 is a low power, high performance CMOBRit8nicrocomputer with 8K bytes of Flash
Programmable and Erasable Read Only Memory. Thehimflash allows the program memory to be




reprogrammed in system or by a conventional noatilel memory programmer. The AT89C52

provides 256 Bytes of RAM, 32 1I/O lines, three 16 timer/counters, and six vector two levels
interrupt.
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Figure. The architecture of the 8051 family of Micocontrollers



Pin Diagram of AT89C52

Port 0 (P0.0 - PO.7)If designated as output, each of these pins caroheected up to 8 TTL input
circuits. If designated as input, they are high eéagnce inputs as their potential is undefined with
respect to the ground. If external memory is uleeke pins are used for alternate transfer of alada
addresses (A0-A7) for accessing the extra memairy. &ignal on ALE pin determines the mode of
transfer on port.

Port 1 (P1.0 - P1.7)If designated as output, each of these pins casobeected up to 4 TTL inputs.

If designated as input, these pins act like stahdar. inputs (that is, they have an internal resist
connected to the positive supply pole and a +5Vagal). Also, pins of Port 1 have alternate funaion
according to the following table:

Pin Alternate function
P1.0 T2 (Timer 2 input)
P1.1 T2EX (Timer 2 control input)

Port 2 (P2.0 - P2.7)if designated as input or output, this port is ol to Port 1. If external

memory is used, Port 2 stores the higher addrasqAg-A15) for addressing the extra memory chip.
Port 3 (P3.0 - P3.7)Similar to Port 1, Port 3 can also be used as wsaV&'O, but pins of Port 3 also
have alternate functions.

RST: Reset input: A high on this pin for two machinelegowhile the oscillator is running resets the
device and terminate all activities. This is ofteferred to as a power on reset. Activating a pawer




reset will cause all values in the register todst.IFigure A and figure B shows two ways of
connecting the RST pin to the power on reset dingui

Veo Vee
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+l M —
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3 e )
T ERVPP m® 2 =1
30 pF 19 K1 K- 30 pF A
8.2 K |_T"|11.0552MH1 L D
: | x2 Y .
30 pF 18 RST
RSI 9
. a
é 82K
Figure A. Power On Reset Circuit Figure B. Powen@th Debounce

Positive voltage impulse on RST pin resets the Mi@Wrder to be detected, this impulse needs to
have duration of at least two operating cycles(tlycle represents the time necessary to execate on
instruction and lasts for 12 oscillator signals).

EA/VPP: External Access Enable; When this pin is conneti¢de ground, MCU gets program
instructions from external program memory. In dése internal program memory is used (common
case); this pin should be connected to the postipply pole (VCC). During the loading of program
to internal Flash memory, this pin is at +12V.

ALE/PROG: This pin emits an impulse sequence with a frequexgeaal to 1/6 of the frequency
generated by the main oscillator. If external mgmeused, signal from this pin controls the
additional register for temporary storage of thedoaddress byte (A0 - A7). This pin also serves as
control input during the writing of program to MCU.

PSEN: Program Store Enable; This pin is used for reaftimg external program memory (ROM).
When the AT89C52 is executing code from externayj@am memory, PSEN is activated twice each
machine cycle, except that two PSEN activationskigped during each access to external data
memory.

XTAL1 and XTAL2: XTALL1 is the Input to the inverting oscillator anfgr and input to the internal
clock operating circuit. XTALZ2 is Output from themverting oscillator amplifier. AT89C52 has an on
chip oscillator but requires an external clockun it(See Figure. C). Most often quartz crystal is
connected to XTAL1 and XTAL2.The quartz crystalithator connected to XTAL pins also needs two
capacitors of 30pf value.
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Figure. C. XTAL Connection in 8051

VCC: Power Supply (4 — 6V)
GND: Negative supply pole (ground)

HOW TO USE ICPROG SOFTWARE FOR PIC Microcontroller

1.Click ICPROGsoftware.

2. Sekct device PIC 16F877 A.

3. Click <settings> Select<Hardwere> Sele¢ JDM programmer anl Windows APl in place of
Direct /O & click OK.

. Click <Setting> then<options> then<programming> then select thoption<verify after
progranming>.

. Setconfiguration in ICPROGoftware as membned below

. Oscilator----- XT

. Write Ehable----OO0O0O-CFFFH

. Deselectll Fuses

. Set swl in Un pressed condition for IAP modemper in 1 2 position

10. Select <command then Program all.
PIC INTRODUCTION & ARCHITECTURE:

N

O 00 ~NO 01

PIC is the name for the Microchip microcontroll&#GU) family, consisting of a microprocessor, 1/0
ports, timer(s) and other internal, integrated thenm@. The main advantages of using the PIC are low
external part count, a wide range of chip sizeslava, nice choice of compilers (assembly, C, Basi
etc.) good wealth of example/tutorial source codd aasy programming. Once bought, the PIC's
program memory is empty, and needs to be progranwitedcode (usually HEX files) to be usable in
a circuit. For the purpose, a wide range of simptegrammer hardware docs and software is
downloadable from the net.

PIC is a family of Harvard architecture microcotiers made by Microchip Technology, derived from
the PIC1650 originally developed by General Inseuntis Microelectronics Division.

The PIC architecture is distinctively minimalidtid characterized by the following features:

. Separate code and data spaces (Harvard archidecture

. A small number of fixed length instructions

. Most instructions are single cycle execution (&kloycles), with single delay cycles upon branchas skips




A single accumulator (W), the use of which (as sewperand) is implied (i.e is not encoded in theode)
All RAM locations function as registers as bothmauand/or destination of math and other functions.

A hardware stack for storing return addresses

A fairly small amount of addressable data spaqad@fly 256 bytes), extended through banking

Data space mapped CPU, port, and peripheral regjiste

The program counter is also mapped into the dateespnd writable (this is used to synthesize iotjtemps).

Unlike most other CPUs, there is no distinctiorwastn "memory" and "register" space because the
RAM serves the job of both memory and registersl gr@ RAM is usually just referred to as the
register file or simply as the registers.

PIC16F877A Specifications & Architecture:
High-Performance RISC CPU:

Only 35 single-word instructions to learn

All single-cycle instructions except for programaBches, which are two-cycle

Operating speed : DC-20 MHz clock input DC-200ns¢ruction cycle

Up to 8K x 14 words of Flash Program Memory, UB&8 x 8 bytes of Data Memory (RAM), Up to 256 x 8
bytes of EEPROM Data Memory

Pin out compatible to other 28-pin or 40/44-pin BBCXXX and PIC16FXXX microcontrollers.

Peripheral Features:

TimerO0: 8-bit timer/counter with 8-bit prescaler

Timerl: 16-bit timer/counter with prescaler, canf@emented during Sleep via external crystalicloc
Timer2: 8-bit timer/counter with 8-bit period retgis prescaler and postscaler

Two Capture, Compare, PWM modules

a. Capture is 16-bit, max. Resolution is 12.5 ns

b. Compare is 16-bit, max. Resolution is 200 ns

c. PWM max. Resolution is 10-bit

Synchronous Serial Port (SSP) with SPI™ (Masterefhadd [2C™ (Master/Slave)

Universal Synchronous Asynchronous Receiver Tramsn{iUSART/SCI) with 9-bit address detection
Parallel Slave Port (PSP)-8 bits wide with exteRRl WR and CS controls (40/44-pin only)
Brown-out detection circuitry for Brown-out ResB(qR)

Analog Features:

10-bit, up to 8-channel Analog-to-Digital Conver{ayD)
Brown-out Reset (BOR)
Analog Comparator module with:
A. Two analog comparators
B. Programmable on-chip voltage reference (VREF) nmedul
C. Programmable input multiplexing from device inpatsl internal voltage reference
D. Comparator outputs are externally accessible




Block diagram of PIC16E877A Controller
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1.What is meant by micro controller?

Ans A device which contains the microprocessohivitegrated peripherals like memory,
serialports, parallel ports, timer/counter, intptrcontroller, data acquisition interfaces like
ADC, DAC is called micro controller.

2 List the features of 8051 micro controllers?

Ans - Single supply +5v operation using HMOS tedbgy.
- 4096 bytes program memory on-chip.
- 128 data memory on chip.




- 4 register banks

- 2 multiple modes, 16 bit timer/counter

- Extensive Boolean processing capabilities.
- 64KB external RAM size.

- 32 bi-directional I/O lines.

3. Explain the operating mode 0 of 8051 serial port?

Ans In this mode serial data enters and existaitiirdRXD, TXD outputs the shift clock. 8-bits are
transmitted or received:8-data bits(LSB first). Tiaaid rate is fixed at 1/12 the oscillator
frequency.

4. Explain the operating mode 2 of 8051 serial port?

Ans In this mode 11 bits are transmitted (througdtDY or received (through (RXD): a start bit(0), 8
data bits( LSB first), a programmable 9th dataabd a stop bit(1). On transmit, the 9th data bit
can be assigned the value 0 or 1. On receive,tthd&a bit go into the RB8 in special function
register SCON, while the stop bit is ignored.

The baud rate is programmable to either 1/32 ot 116 oscillator frequency.

5. Explain the mode 3 of 8051 serial port?

Ans Inthis mode, 11 bits are transmitted (throtifld) or (received (through RXD): a start bit(0),
8 data bits(LSB first), a programmable 9th datahd a stop
bit(1).It is same as mode 2 except the baud rédte.bRud rate in mode 3 is variable.

6. Explain the interrupts of 8051 micro controller?

Ans - External interrupt O (IEO) — Highest priorityTimer interrupt O (TFO)

- External interrupt 1 (IE1),- Timer interrupt 1 (TF1
- Serial port Interrupt,Receive interrupt (RI) — lawpriority
Transmit interrupt (TI)

7. How many bytes of internal RAM and ROM supportedb$1 micro controller?
Ans 128 bytes of internal RAM and 4 bytes of ROM.
8 Define machine cycle of 80517?

Ans 8051 machine cycle consists of 6 states, SiLighr S7. One state is made up of 2 clock pulses.
Thus 12 clock period constitute one machine cylohe clock periods in a state is termed as
phase 1 and phase 2.

9. What are the special function of port 0 of 80517?

Ans  Port 0 is used as a multiplexed low order askidata bus during the external memory access.
When ALE is enabled, the address on port O pintatgked and bus is ready to act as a data
bus when ALE is low.

10. What are the alternative function of port 3 of 8951

Ans  Serial data input (P3.0), serial data outp8tXR external interrupt O (P3.2), external intptru
1 (P3.3), external input for timer O(P3.4), extéinput for timer 1 (P3.5), external memory
write pulse (P3.6), external memory read (P3.7}laalternative functions of port 3.



EXPERIMENT NO 2

AIM: Write an asembly language program to add, subtract, multiply and divide 16 biteday Atmel

microcontroller.

APPARATUS: M51-02 trainer kit, keyboard and power cord.

PROGRAM:

Addition:
ORG 0000H
CLR C
MOV A, #0E7H
ADD A, #8DH
MOV R6, A
MOV A, #3BH
ADDC A, #3BH
MOV R7, A

Subtraction:
ORG 3000H
CLRC
MOV A, #50H
MOV R1, #30H
SUBB A, R1
JNC Next
CPLA
INC A

Next: MOV R2, A
SJMP 3000H

Multiply:
ORG 4000H
MOV A, #03H
MOV B, #02H
MUL AB
SIJMP 4000H

Divide:
ORG 5000H
MOV A, #25H
MOV B, #5H
DIV AB
SIMP 5000H

; make CY=0
; load the low byte now A=E7H
; add the low byte now A=74H and CY=1
; save the low byte of the sum in R6
; load the high byte
; add with carry (3B+3C+1=78)
; save the high byte of the sum

; make CY=0

; load the low byte now A= 50H
; load the byte now R1=30H

; subtract contents of A and R1

: move the first no. into acc
: move the second no. into B
; multiply the contents of acc with B

: move the first no. into acc.
: move the second no. into B
. divide the contents of acc with B



RESULT: Addition, Subtraction, Multiplication, Division df6 bit data has been performed
successfully
on the kit.

PRECAUTIONS: Make sire corretpowersupply is given tothe kit/Equipment Wrong power
supplies
may caisedamage to yar equipments.

Question & Answer:

1.What are Pseudo instructions .
Ans.Assembler Directives
2.Number of the times the instruction sequence b&diNoop before coming out of loop is
MOV AL, 00h
Al: INC AL
JNZ Al
Ans.256
3.With which instructionsDirection flag is used .
Ans. String instruction
4.A Bus cycle is equal to how many clocking period.
Ans4
5What is NMI input.
Ans Edge Sensitive
6.What do the symbols [ ] indicate.
AnslIndirect addressing
7.The internal RAM memory of the 8051 is.
Ans.128 Bytes
8.The I/O ports that are used as address and dagatiEnnal memory are.
AnsPorts 0 and 2
9.The total external data memory that can be intedfdo the 8051 is.
Ans64K
10What is the 8-bit address bus allows access taldreas range.

Ans00 to FFH



EXPERIMENT NO 3

AIM: Write an assembly language program to gerd@KHz frequency using interrupts on P2.

APPARATUS: E89-01 KIT, power cord, CRO and connecting leads.

PROGRAM:

ORG OH ; Wake up ROM reset Location
LIMPMAIN ; Bypass interrupt vector table
ORG 000BH ; ISR for Timer O
CPL P12 ; Complement P1.2
MOV TLO, #0D2H
MOV THO, #0FFH ; Reload timer value
RETI
ORG 0030H ; starting location for program

MAIN: MOV TMOD, #01H ; timer Q mode 1
MOV THO, #0FFH
MOV TLO, #0D2H ; Enable timer 0O interrupt
MOV IE, #32H
SETB TRO ; Start timer 0

HERE: SIMP HERE ; Stay here until interrupted
END ; End of the Program

RESULT: Square wave has been generated on P1.2 andydidma CRO.

PRECAUTIONS: Make sire corretpower supply is given tothe kit/Equipment Wrong
power sippliesmay caisedamage to yar equipments.

Question & Answer:

1.Device pins XTALL1 and XTAL?Z2 for the 8051 are used ¢onnections to an external
oscillator or crystal.
Ans. TRUE

2 When the 8051 is reset and tE4 line is HIGH, the program counter points to the
first program instruction in the:

Ans.Internal Code Memory
3.An alternate function of port pin P3.4 in the 80&1




Ans.Timer O

4 Bit-addressable memory locations are:

Ans.20H through 2FH

5.The number of data registers is:

Ans.32

6.The total amount of external code memory that eamterfaced to the 8051 is:\

Ans.64 K
7.An alternate function of port pin P3.0 (RXD) in tB@51 is:

Ans.Serial Port Input

8.MOV A, @ R1 will:

Ans.copy the contents of memory whose address isR1 to the accumulator
9.The start-conversion on the ADC0804 is done byaiie:

Ans.SC

10.The number of data registers is:

Ans.32



EXPERIMENT NO 4

AlIM : Study and analyze the interfacing of 16 x 2 LCD.

APPARATUS: NV5001 Microcontroller development Board, MC-04 Kibwer cord and
connecting leads.

PROGRAM: for displaying ‘NVIS Technologies’ on LCD.

RS _LCD EQU P3.5
RW_LCD EQU P3.6
E_LCD EQU P3.7
ORG 0000H

JMP START

ORG 0200H
START: MOV PO, #00H
MOV A, #00H
LCALL LCDINIT
MOV A, #086H
LCALL COMMAND
MOV A, #'N"
LCALL DISPLAY
MOV A, #'v"
LCALL DISPLAY
MOV A, #'i"

LCALL DISPLAY
MOV A, #'s"
LCALL DISPLAY
MOV A, #" "
LCALL DISPLAY
MOV A, #" "
LCALL DISPLAY
MOV A, #" "
LCALL DISPLAY
MOV A, #" "
LCALL DISPLAY
MOV A, #" "
LCALL DISPLAY
MOV A, #" "
LCALL DISPLAY

LCALL DELAY_1S




LCALL DELAY_1S
LCALL DELAY_1S

MOV A, #082H
LCALL COMMAND

MOV A, #'T"
LCALL DISPLAY
MOV A, #"e"
LCALL DISPLAY
MOV A, #"c"
LCALL DISPLAY
MOV A, #'h"
LCALL DISPLAY
MOV A, #'n"
LCALL DISPLAY
MOV A, #"0"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'0"
LCALL DISPLAY
MOV A, #'g"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'e"
LCALL DISPLAY
MOV A, #'s"
LCALL DISPLAY

LCALL DELAY_1S
LCALL DELAY_1S
LCALL DELAY_1S
LIMP START

DELAY_1S:

MOV R2, #11

LOOP3: MOV R3, #98
LOOP2: MOV R4, #106
LOOP1: NOP

NOP

NOP

NOP

NOP




NOP
DJINZ R4, LOOP1
DJINZ R3, LOOP2
DJINZ R2, LOOP3
RET

LCDINIT: MOV A, #38H

LCALL COMMAND
MOV A, #0CH
LCALL COMMAND

MOV A, #01H
LCALL COMMAND
MOV A, #06H
LCALL COMMAND
RET

COMMAND:
ACALL READY
MOV PO, A
CLRRS_LCD
CLRRW_LCD
SETBE_LCD
CLRE_LCD
RET

DISPLAY:
ACALL READY
MOV PO, A
SETB RS_LCD
CLRRW_LCD
SETBE_LCD
CLRE_LCD
RET

READY: SETB P0.7
CLRRS_LCD
SETBRW_LCD
WAIT: CLR E_LCD
SETB E_LCD

JB PO.7, WAIT

RET

END




PROCEDURE:

1.Insert AT89C52 Microcontroller in Programmer umit NV5001).

2. Connect serial cable between computer serial podt @ogrammer unit serial port female
connector
(in NV5001).

3. Switch ‘On’ the programmer switch in programmertyim NV5001) and switch on the power
supply.

4. Program LCD interface module.hex file (Via CD - NMB./ Modules programs\MC-04 Display
module
\LCD module) in AT89C52 Microcontroller via programer.

5. Switch ‘Off the power supply and remove the pragraed controller from programmer ZIF
socket.

6. Switch ‘Off’ the programmer switch in Programmeitym NV5001).

7.Insert programmed Microcontroller to microcontrollmit ZIF socket.

8. Connect 20 Pin FRC cable to LCD Interface block $&de socket/connector (MC04) to Port P3
in
NV5001 Trainer.

9. Connect 20 Pin FRC cable to LCD Interface blocktrigjde socket/connector (MC04) to
Port PO in NV5001 Trainer.

10. Turn contrast control potentiometer in LCD inteddatock to clockwise position (in MC04).

11. Turn Backlight control potentiometer in LCD intestablock to anticlockwise position (in
MCO04).

12. Switch ‘On’ the power supply.

13.0bserve “NVIS” is coming on LCD and after somealefTechnologies”.

14.0Observe the output waveform between RS pin of LE®Y) and ground, on oscilloscope.

15. Observe the output waveform between R/W pin of L@B.6) and ground, on oscilloscope

16. Observe the output waveform between E pin of LCB{JPand ground, on oscilloscope.

17.Turn contrast control potentiometer and observetmtrast change on LCD.

18. Turn Backlight control potentiometer and obsenedhange on backlight of LCD.

RESULT: ‘NVIS Technologies’ on displayed on 16x2 LCD.

Question & Answer:

1. The end-of-conversion on the ADC0804 is done byctvtine?
Ans.EOC

2. What is the difference between the 8031 and th& 805
Ans.The 8031 is ROM-less




3. Which 1/O port that does not have a dual-purposeis?
Ans.Port 1

4. The ADCO0804 has resolution of?

Ans. 8 Bit

5. A HIGH on which pin resets the 8051 microcontrdller
Ans. RST

6. An alternate function of port pin P3.1 in the 80&1

Ans. Serial Port Output

7. An alternate function of port pin P3.0 (RXD) in tB@51 is:
Ans. Serial Port Input

8. Magnetic tape is a

Ans.Direct Access Storage Device

9. Which parts of the computer perform arithmetic akdtion
Ans.ALU

10.Vacuum tube based electronic computers are:
Ans.Hoover generation



AIM: Study of implementation, analysis and interfacihgeven segment display.

EXPERIMENT NO 5

APPARATUS: NV5001 Microcontroller development Board, MC-04 ibwer cord and

connecting leads.

PROGRAM: for displaying “1234” on seven segment

SEG_AEQU P1.0
SEG B EQU P1.1
SEG_C EQU P1.2
SEG D EQU P1.3

ORG 0000H
JMP START

ORG 0200H

START: MOV PO, #00H
MOV A, #00H

CLRC

LOOP: MOV P2, #0FFH
CLR SEG_A

CLR SEG_B

CLR SEG_C

CLR SEG_D

SETB SEG_A

MOV P2, #00000110B
LCALL DELAY_1S
CLR SEG_A

CLR SEG_B
CLRSEG_C

CLR SEG_D

MOV P2, #00H

SETB SEG_B

MOV P2, #01011011B
LCALL DELAY_1S
CLR SEG_B

CLR SEG_A

CLR SEG_C

CLR SEG_D




MOV P2, #00H

SETB SEG_C

MOV P2, #01001111B
LCALL DELAY_1S
CLRSEG_C

CLR SEG_B

CLR SEG_A

CLR SEG_D

MOV P2, #00H
SETB SEG_D
MOV P2, #01100110B
LCALL DELAY_1S
CLR SEG_D

CLR SEG_B

CLR SEG_A
CLRSEG_C

MOV P2, #00H
LIMP LOOP

DELAY_1S: MOV R2, #06
DO3: MOV R3S, #10
DHERE1: MOV R4, #10
DAGAIN: NOP

NOP

NOP

NOP

DJNZ R4, DAGAIN
DJNZ R3, DHERE1
DJINZ R2, DO3

RET

PROCEDURE:

1.Insert AT89C52 Microcontroller in Programmer umit NV5001).

2. Connect serial cable between computer serial parpaogrammer unit serial port female
connector (in NV5001).

3. Switch ‘On’ the programmer switch in programmertym NV5001) and switch on the
power supply.

4. Program seven segment display.hex file (Via CD -5R@1/ Modules programs\MC04
Display module\Seven segment module) in AT89C52diantroller via programmer.




5. Switch ‘Off’ the power supply and remove the pragraed controller from programmer
ZIF socket

6. Switch ‘Off’ the programmer switch in Programmeitym NV5001).

7.Insert programmed Microcontroller to microcontrollmit ZIF socket.

8. Connect 20 Pin FRC cable to seven segmésylag Interface block left side
socket/connector (MC04) to Port P2 in NV5001 Traine

9. Connect 20 Pin FRC cable to seven segment Intelfiaod right side socket/connector
(MCO04) to Port P1 in NV5001 Trainer.

10. Switch ‘On’ the power supply.

11.0bserve “1234” is coming on seven segment.

12.Observe the status of segment selection pins @) tp29, tp30 & tp31.output waveform
between RS pin of LCD (P3.5) and ground, on osstlbpe.

13.Observe the status of data bits on tp17 to tp24.

RESULT: “1234” displayed on seven segment display.

Question & Answer:

1. Explain how Timer2 works in a STANDARD 8051 d=:
AnsTIMER2 is NOT implemented in standard 8051 devicelt is implemented only
in 8052 devices.

2. Give an example haw to write code memory using MON&Truction.
Ans.MOVC instruction can only used to READ code memorylt cannot be used to
write (use an dedicated programmer to write in codenemory)

3. What is asynchronous data transfer scheme?
Ansln asynchronous data transfer scheme, first the proessor sends a request to
the device for read/write operation. Then the procssor keeps on polling the status
of the device. Once the device is ready, the proses executes a data transfer
instruction to complete the process.

4. What are the internal devices of 82557
AnsThe internal devices of 8255 are port-A, port-B, pd-C. The ports can be
programmed for either input or output function in different operating modes.

5. What is USART?
Ans.The device which can be programmed to perfoymc&onous or Asynchronous
serial communication is called USART (Universal &wonous Asynchronous Receiver
Transmitter). Eg: INTEL 8251

6. What is scanning in keyboard and what is sca@?
Ans.The process of sending a zero to each row of a keydrd matrix and reading the
columns for key actuation is called scanning. Thecan time is the time taken by the
processor to scan all the rows one by one startirfgom first row and coming back
to the first row again.

7. What is programmable peripheral devdce
Ans.If the function performed by the peripheral devicecan be altered or changed

by a program instruction then the peripheral deviceis called programmable device.




It have control register. The device can be programed by sending control word in
the prescribed format to the control register.

8. What is baud rate?
Ans.The baud rate is the rate at which the serial datare transmitted. Baud rate is
defined as (The time for a bit cell). In some systes one bit cell has one data bit,
then the baud rate and bits/sec are same.

9. Whatis a port?
Ans.The port is a buffered 1/0, which is used to holdhe data transmitted from the
microprocessor to 1/0 devices and vice versa.

10.What is the need for interrupt controller?
Ans. The interrupt controller is employed to expand theinterrupt inputs. It can
handle the interrupt request from various devices ad allow one by one to the
processor.



EXPERIMENT NO 6

AIM : Study of implementation of stepper motor angle mnt

APPARATUS: NV5001 Microcontroller development Board, MC-05 Kibwer cord and
connecting leads.

DESCRIPTION: The experiment has been designed to have a clearstanding of how
motors are interfaced and controlled with microcalfeér. The Motor drive module is made
in such a way that student can understand the wdmieepts of steeper motor, DC motor
and Servo system. The object is to connect andramoga microcontroller to do any
operation with motors. It has input and output ieais for connection of external real
world applications.

PROGRAM: To monitor the status of switch and rotate thestepnotor.

ANG_SWEQU P2.5
D_ST EQU P2.3
C_ST EQU P2.2
B_ST EQU P2.1
A_ST EQU P2.0

ORG 0000H
JMP START
ORG 0200H

START : MOV A, #00H

BACK : LCALL DELAY

SETB ANG_SW

SETBA_ST

SETBB_ST

CLRC_ST

CLRD_ST

IJNB ANG_SW, SEC_STATE
SIJMP BACK

SEC_STATE : LCALL DELAY
SETB ANG_SW

CLRA_ST

SETBB_ST

SETBC_ST

CLRD_ST

IJNB ANG_SW, THI_STATE
SIJMP SEC_STATE
THI_STATE : LCALL DELAY
SETB ANG_SW




CLRA_ST
CLRB_ST

SETBC_ST
SETBD_ST

INB ANG_SW, FOU_STATE
SIJMP THI_STATE
FOU_STATE : LCALL DELAY
SETB ANG_SW

SETBA ST

CLRB_ST

CLRC_ST

SETBD_ST

JNB ANG_SW, BACK

SIJMP FOU_STATE

DELAY : MOV R2, #20
DO3 : MOV R3, #30
DHEREL : MOV R4, #70
DAGAIN : NOP

NOP

NOP

DJNZ R4, DAGAIN
DJNZ R3, DHERE1
DJINZ R2, DO3

RET

END
PROCEDURE:

1.Insert AT89C52 Microcontroller in Programmer umit NV5001).

2. Connect serial cable between computer serial paot @ogrammer unit serial port
female connector (in NV5001).

3. Switch ‘On’ the programmer switch in programmertym NV5001) and switch ‘On’
the power supply.

4. Program angle control.hex file (Via CD - NV5001/dtules programbiCO5 Drive
module\Stepper motor interface module\Angle control paogy in AT89C52
Microcontroller via programmer.

5. Switch ‘Off the power supply and remove the pragraed controller from
programmer ZIF socket.




6. Switch ‘Off’ the programmer switch in Programmeitym NV5001).

7.Insert programmed Microcontroller to microcontrollmit ZIF socket.

8. Connect 20 Pin FRC cable to Stepper motor interfdaek socket (MCO5) to Port P2
in NV5001 Trainer.

9. Switch ‘On’ the power supply.

10. Check the status of port pins on tpl to tp 4 Adg D pins.

11.Observe the status of Angle control switch ‘On’ Slii2 or tp 6.

12.Press Angle control switch and observe the diraaticrotation of stepper motor.
13.Check the status of port pins on tpl to tp 4 Adg D pins.

14.Repeat steps 12 and 13 three times and obseraagiechange of stepper motor.

RESULT: Stepper motor angle is observed.

Question & Answer:

1. How a keyboard matrix is formed in keyboard inteefasing 82797
Ans.The return lines, RLO toRL7 of 8279 are used to fan the columns of keyboard
matrix. In decoded scan lines SLO tOSL3 of 8279 axesed to form the rows of keyboard
matrix. In encoded scan mode, the output lines ofkéernal decoder are used as rows of
keyboard matrix.

2. What is GPIB?
Ans.GPIB is the General Purpose interface Bus. It is usd to interface the test instruments
to the system controller.

3. Advantages of differential data transfer?
Ans.1. Communication at high data rate in real world ewironment. 2. Differential data
transmission offers superior performance. 3. Diffeential signals can help induced noise
signals.

4. Features of INTEL 8258
Ans.l. It manages 8 interrupt request. 2. The interruptvector addresses are
programmable. 3. The priorities of interrupts are programmable. 4. The interrupt can
be masked or unmasked individually.

5. What is meant by micro controller?
Ans.A device which contains the microprocessor with irggrated peripherals like memory,
serial ports, parallel ports, timer/counter, interrupt controller, data acquisition interfaces
like ADC, DAC is called micro controller.

6. List the features of 8051 micro controll@rs
Ans.Single supply +5v operation using HMOS technology.
- 4096 bytes program memory on-chip. - 128 data mempon chip. - 4 register banks




- 2 multiple modes, 16 bit timer/counter - Extensiv8oolean processing capabilities. -
64KB external RAM size. - 32 bi-directional 1/O Ines.

7. Explain the operating mode 0 of 8051 serial port
Ans.In this mode serial data enters and exists througRXD, TXD outputs the shift clock.
8-bits are transmitted or received:8-data bits(LSHfirst). The baud rate is fixed at 1/12 the
oscillator frequency.

8. Explain the operating mode 2 of 8051 serial port
Ans. In this mode 11 bits are transmitted (through TXD)or received (through (RXD): a
start bit(0), 8 data bits( LSB first), a programmalde 9th data bit and a stop bit(1). On
transmit, the 9th data bit can be assigned the vakiO or 1. On receive, the 9th data bit go
into the RB8 in special function register SCON, whe the stop bit is ignored. The baud
rate is programmable to either 1/32 or 1/64 the odtator frequency.

9. Explain the mode 3 of 8051 serial pgort
Ans.In this mode, 11 bits are transmitted (through TXD)or (received (through RXD): a
start bit(0), 8 data bits(LSB first), a programmable 9th data bit and a stop bit(1).1t is
same as mode 2 except the baud rate. The baud réemode 3 is variable.

10. Explain the interrupts of 8051 micro controller? -
Ans. External interrupt O (IEQ) — Highest priority
- Timer interrupt O (TFO) - External interrupt 1 (IE1 ) - Timer interrupt 1 (TF1) - Serial
port Interrupt Receive interrupt (RI) — lowest prio rity Transmit interrupt (TI)



EXPERIMENT NO 7

AIM: Study of implementation of Motor control using PWivethod.

APPARATUS: NV5001 Microcontroller development Board, MC-05 Kibwer cord and
connecting leads.

PROGRAM: To monitor the PWM status and control the spedd®@imotor in 100% and 25%
duty cycle pulse.

PWM_SW EQU P2.4
INPUT2 EQU P2.2
INPUT1 EQU P2.1
PWM_INPUT EQU P2.0
ORG 0000H
JMP START
ORG 0200H

START : MOV A, #00H
CLRC

SETB PWM_SW

SETB PWM_INPUT
SETB INPUT1

CLR INPUT2

IJNB PWM_SW, FIR_ROU
SIMP START

FIR_ROU : SETB PWM_SW
CLR PWM_INPUT

LCALL DELAY 1S 2
LCALL DELAY_1S_2
LCALL DELAY_1S_2

LCALL DELAY_1S_2

SETB PWM_INPUT

LCALL DELAY 1S
LCALL DELAY_1S
LCALL DELAY_1S
LCALL DELAY_1S
LCALL DELAY_1S
LCALL DELAY_1S
LCALL DELAY_1S
LCALL DELAY_1S




LCALL DELAY_1S
LCALL DELAY_1S
LCALL DELAY_1S

LCALL DELAY 1S
LCALL DELAY_1S
LCALL DELAY_1S
LCALL DELAY_1S
SJMP FIR_ROU
DELAY 1S 2 : MOV R2, #50
DHEREL 1 _1:MOV R3, #100
DHERE1L 2 : NOP

DJNZ R3, DHERE1 2

DJNZ R2, DHERE1 1 1

RET

DELAY_1S : MOV R2,#100
DO3_3: DEC R2

DJNZ R2, DO3_3

RET

END

PROCEDURE:

1.Insert AT89C52 Microcontroller in Programmer umit NV5001).

2. Connect serial cable between computer serial puitgogrammer unit serial port female
connector (in NV5001).

3. Switch ‘On’ the programmer switch in programmertuim NV5001) and switch ‘On’ the
power supply.

4. Program PWM interface.hex file (Via CD - NV5001/ dMules programs\MCO5 Drive
module \DC motor interface module\PWM Interfaceguam) in AT89C52 Microcontroller via
programmer.

5. Switch ‘Off' the power supply and remove the pragraed controller from programmer ZIF
socket

6. Switch ‘Off’ the programmer switch in Programmeitym NV5001).

7.Insert programmed Microcontroller to microcontrollmit ZIF socket.

8. Connect 20 Pin FRC cable to DC motor /PWM interfaloek socket (MCO5) to Port P2 in
NV5001 Trainer.

9. Connect 2 mm patch cord between +12V DC block 90@kéNVV5001) to +12V DC socket in
DC motor /PWM interface block (in MCO05).

10. Switch ‘On’ the power supply.

11.Check the status of port pins on tp7 to tp11




12.0Observe the status of PWM switch at tp11.

13.Observe the rotation speed of DC Motor.

14. Press PWM switch and repeat steps 11 to 13 oneaimdeobserve the speed change of DC
motor.

RESULT: Wave observed on CRO and duty cycle is measured.

Question & Answer:

1.

How many bytes of internal RAM and ROM supportedbB$1 micro controller?

Ans.128 bytes of internal RAM and 4 bytes of ROM.

Define machine cycle of 80517?

Ans.8051 machine cycle consists of 6 states, S1 through. One state is made up of 2 clock
pulses. Thus 12 clock period constitute one machimgcle. Two clock periods in a state is
termed as phase 1 and phase 2.

What are the special function of port O of 8051

Ans.Port O is used as a multiplexed low order addressatia bus during the external
memory access. When ALE is enabled, the addressesport O pins are latched and bus is
ready to act as a data bus when ALE is low.

What are the alternative function of port 3 of 8051

Ans.Serial data input (P3.0), serial data output (P3.1)external interrupt 0 (P3.2), external
interrupt 1 (P3.3), external input for timer 0(P3.4), external input for timer 1 (P3.5),
external memory write pulse (P3.6), external memoryead (P3.7) are the alternative
functions of port 3.

What are the use of scratch pad area of interndl RA8051?

Ans.In internal RAM 80 bytes constitutes the scratch pd area. The scratch pad bytes can
be programmed as a general purpose registers.

What are the flags supported by 8051 controler?

Ans. Carry flag - Auxiliary carry flag - Over flow flag - General purpose user flag -
Register bank select bit one - Register bank seldut zero - Parity flag

What is meant by Power-on- Reset in 8051 contraller

Ans.When RESET pin is activated, the 8051 jumps to addss location 0000H. This is
called as Power-on-Reset. Reset pin is consideresiasixth interrupt source of 8051.
What are the significance of SFRs

Ans. All the controller registers such as port latchestimer register, peripheral control
register, accumulator, PC and DPTR all are availal® in SFR region.

What are the different group of instructions supgidby 8052 -

Ans.Data Transfer Group - Arithmetic Logical Branching Bit manipulation




10. Write a program to mask the Oth and 7th bit usiDgl1®
Ans:
MOV A #data
ANL A#81
MOV DPTR,#4500
MOVX @DPTR,A
LOOP: SIJMP LOOP



EXPERIMENT NO 8

AIM: Study and observation of Position control of Seviaior.

APPARATUS: NV5001 Microcontroller development Board, MC-05 ,Kibwer cord
and
connecting leads.

PROGRAM: To monitor the status of position control switcldaontrol the angle of
servo motor.

SERVO_PIN EQU P2.0
SW_PIN EQU P2.1

ORG 0000H
JMP START

ORG 0200H

START : CLR SERVO_PIN
SETB SW_PIN

LOOP_S : LCALL DELAY
SETB SW_PIN

SETB SERVO_PIN
LCALL DELAY_15MS_P
CLR SERVO_PIN

LCALL DELAY_16MS
JNB SW_PIN, SW_1_1
LCALL DELAY

SJMP LOOP_S

SW 1 1:LCALL DELAY
SETB SW_PIN

SETB SERVO_PIN
LCALL DELAY_25MS_P
CLR SERVO_PIN

LCALL DELAY_16MS
LCALL DELAY

SIMP SW 1 1

DELAY_16MS : MOV R2, #150
DHERE1_16 : MOV R3, #32
DAGAIN_16 : NOP




DJINZ R3, DAGAIN_16
DJINZ R2, DHERE1_16
RET

DELAY_25MS_P : MOV R2, #20
DHEREL_25 P : MOV R3, #37
DAGAIN_25 P : NOP

DJNZ R3, DAGAIN_25 P

DJNZ R2, DHERE1_25 P

RET

DELAY_15MS_P : MOV R2, #20
DHEREL_15 P : MOV R3, #20
DAGAIN_15_P : NOP

DJNZ R3, DAGAIN_15 P
DJNZ R2, DHERE1_15 P
RET

DELAY : MOV R5, #250
DHEREL : MOV R4, #220
DAGAIN : NOP

NOP

DJNZ R4, DAGAIN

DJNZ R5, DHERE1

RET

END

PROCEDURE:

1. Insert AT89C52 Microcontroller in Programmer umit VV5001).

2. Connect serial cable between computer serial porpaogrammer unit serial port
female connector (in NV5001).

3. Switch ‘On’ the programmer switch in programmertyim NV5001) and switch
‘On’ the power supply.

4. Program servo motor module.hex file (Via CD - NVi0Modules
programs\MCO05 Drive module \DC motor interface metiservo motor module) in
AT89C52 Microcontroller via programmer.

5. Switch ‘Off’ the power supply and remove the pragraed controller from
programmer ZIF socket

6. Switch ‘Off’ the programmer switch in Programmeityim NV5001).




7. Insert programmed Microcontroller to microcontrolmit ZIF socket.

8. Connect 20 Pin FRC cable to servo motor interfagelkdsocket (MCO5) to Port P2
in NV5001 Trainer.

9. Switch ‘On’ the power supply.

10. Check the status of port pins on tp12 to tp13.

11.Observe servo motor rotates and stop in the ceosigion or in 90 degree angle.
12.Press position control switch and repeat steps 10.

13.Observe servo motor rotates and stop in 180 demgrgke or in a left side position.

RESULT: Angle rotation of the servo motor observed.

Question & Answer:

. What is a Data pointer register?
Ans.The data pointer register (DPTR) consists of a highyte(DPH) and a low byte (DPL)
functions to hold 16 bit address. It may be manipwated as a 16-bit data register or as
independent 8-bit registers. It serves as a basegister in indirect jumps, look up table
instructions and external data transfer.

. What are the operating modes of 82797
Ans.1. Input modes - Scanned keyboard - Scanned sensmatrix - Strobed input 2.
Display modes - Left entry (Type writer mode) - Rifgt entry (Calculator mode)

. What are the different functional units in 8279?
Ans.CPU interface section, Keyboard section, Display sgon, Scan section

. What are the priority modes in 82597
Ans.a. Fully nested mode b. Special fully nested mode Rotating Priority mode d.
Special Masked mode e. Polled mode

. What is IMR(Interrupt mask register)?
Ans.IMR stores the masking bits of the interrupt linesto be masked. This register can be
programmed by an operation command word (OCW).

. What is priority resolver?
Ans. It determines the priorities of the bits set in thelinterrupt request register (IRR).The
bit corresponding to the highest priority interrupt input is set in the ISR during INTA
input.

. What is the use of IRR?
Ans.The interrupt request register is used to store althe interrupt levels which are
requesting the service. The eight interrupt inputsets corresponding bits of the Interrupt
Request Register upon the service request.

. What is Interrupt service register(ISR)?




Ans.The interrupt service register stores all the level that are currently being serviced.
9. What is the difference between SHLD and LHLD?

Ans.SHLD- Store HL register pair in memory.
This instruction is used to store the contents of ldnd L register directly in to memory.
LHLD- Load HL register pair from memory. This instr uction copies the contents of

memory location given with in the instruction in tothe L register and the contents of next
memory location in to the H register.

10.What is the difference between STAX and LDAX?
Ans.STAX rp — Store the contents of Accumulator registe(A) in memory location whose
address is specified by BC or DE register pair.

LDAX rp — Load Accumulator register (A) with the contents of memory location whose
address is specified by BC or DE register pair.



EXPERIMENT NO 9 (a)

AIM: Study of Programming and Transmission of data thinaerial port.

APPARATUS: NV5001 Microcontroller development Board, MC-03 ,Kibwer cord and
connecting leads.

DESCRIPTION: Computer interface module for Microcontroller dmpment board with
programmer trainer is an Extension module. The neothas been designed to have a clear
understanding of how serial port and parallel padrfaced devices are controlled and interface
with microcontroller. The apparatus is connectedhwmicrocontroller unit and PC. The
computer interface trainer is made in such a way student can understand the whole concepts
of serial and parallel port and how they are ireetd with microcontroller.

INSTALLATION:

If your computer doesn’t have Hyper Terminal sofevplease follow the below procedure.
1. First go to control panel and click Add/Remove Pang
2. Click Windows Setup.
3. Select Hyperterminal then press OK and click Apply.
4. Select Hyperterminal then press OK and click Apply.
5. Computer will ask for Windows CD for installing Hgrerminal.
6. After installing hyperterminal click cursor on
<start> <programs><Accessories><communications>pdrtgrminal> then open it.
7. Click on < Hyperterminal> icon give ABC in name tkoand click OK.
8. Select Communication port < Direct to COM1>.
9. For Trainer kit select following COM 1 properties :
Bits per second : 9600
Data bits : 8
Parity : None
Stop bits : 1
Flow control : None

PROGRAM: To transfer the message “YES” serially at 9600 b&ualt data and
1stop bit continuously.

ORG 0000H
JMP START

ORG 0200H

START: MOV A, #00H
MOV PSW, #00H
MOV SBUF, #00H




CLRC

SERI_TRANSMIT: MOV P3, #0FFH
MOV TMOD, #20H

MOV TH1, #0FDH

MOV TL1, #0FDH

MOV SCON, #50H

SETB TR1

CLRTI

CLRRI

MOV A, #'Y"

LCALL TRANSMIT

MOV A, #'E"

LCALL TRANSMIT

MOV A, #"S"

LCALL TRANSMIT

MOV A, #" "

LCALL TRANSMIT

LIMP SERI_TRANSMIT
TRANSMIT: MOV SBUF, A
MOV B, A

HERE_S: JNB TI, HERE_S
CLRTI

RET

END
PROCEDURE:

1. Insert AT89C52 Microcontroller in Programmer uit NV5001).

2. Connect serial cable between computer serial porpaogrammer unit serial port
female connector (in NV5001).

3. Switch ‘On’ the programmer switch in programmertyim NV5001) and switch
‘On’ the power supply.

4. Program Serial transmit.hex file (Via CD - NV500édules programs\ MC03
Computer Interface module\Serial port interface ate\berial transmit) in AT89C52
Microcontroller via programmer.

5. Switch ‘Off’ the power supply and remove the pragraed controller from
programmer ZIF socket.

6. Switch ‘Off’ the programmer switch in Programmeityim NV5001).

7. Insert programmed Microcontroller to microcontrollmit ZIF socket.

8. Connect 20 Pin FRC cable to Serial port Interfdoekbsocket/connector (MCO03) to
Port P3 in NV5001 Trainer.

9. Unplug the serial cable which is connected betwsegrammer unit and PC.

10. Connect serial cable between computer serial porsarial port interface block




female connector (inMC03).
11.Click on < Hyperterminal> icon in your Pc and g&BC in name block then click
OK.
12. Select Communication port < Direct to COM1 > ( ¢tiuyconnect cable to COM1)
13.For Module select following COM 1 properties:

Bits per second : 9600

Data bits : 8

Parity : None

Stop bits : 1

Flow control : None
14. Switch ‘On’ the power supply.

15. Observe transmitted data on Hyperterminal wanflnessage “YES “).This Y, E
amdcﬁaracter transmitted through microcontroller aewkived by PC through serial
EZPJI% see transmitted data connect CRO probe betvdetp2, tp3 & tp4 test points
amdobs;erve it.

RESULT: Data ‘yes’ is checked on Hyper Terminal transfetrgderial port.



EXPERIMENT 9 (b)

AIM: Study of Programming and Reception of data thrasgtal port.

APPARATUS: NV5001 Microcontroller development Board, MC-03,Kibwer cord and
connecting leads.

PROGRAM: To receive bytes of data serially and put themdnSet the baud rate at 9600,
8- bit data and 1 stop bit.

RS _LCD EQU P2.5
RW_LCD EQU P2.6
E LCD EQU P2.7
ORG 0000H

JMP START

ORG 0200H
START: MOV PSW, #00H
CLRC

MOV PO, #00H
MOV A, #00H
LCALL LCDINIT
MOV A, #084H
LCALL COMMAND
MOV A, #'"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'N"
LCALL DISPLAY
MOV A, #'v"
LCALL DISPLAY
MOV A, #1"

LCALL DISPLAY
MOV A, #"s"
LCALL DISPLAY
MOV A, #" "
LCALL DISPLAY
MOV A, #" "
LCALL DISPLAY
MOV A, #" "
LCALL DISPLAY
LOOP_RECEIVE: MOV SBUF, #00H

MOV A, #00H




MOV B, #00H
MOV PO, #00H
MOV P3, #0FFH

MOV TMOD, #20H
MOV TH1, #0FDH
MOV TL1, #0FDH

MOV SCON, #50H
SETB TR1

CLRRI

HERE_RECEIVE: JNB RI, HERE_RECEIVE
MOV A, SBUF
MOV B, A

MOV A, #084H
LCALL COMMAND
MOV A, #" "
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #'"
LCALL DISPLAY
MOV A, #084H
LCALL COMMAND

MOV A, B

LCALL DISPLAY
CLRRI

LIMP LOOP_RECEIVE
LCDINIT: MOV A, #38H
LCALL COMMAND
MOV A, #0CH




LCALL COMMAND
MOV A, #01H
LCALL COMMAND
MOV A, #06H
LCALL COMMAND
RET

COMMAND:
ACALL READY
MOV PO, A

CLRRS_LCD
CLRRW_LCD
SETBE_LCD
CLRE_LCD
RET

DISPLAY:
ACALL READY
MOV PO, A

SETB RS_LCD
CLRRW_LCD
SETBE_LCD
CLRE_LCD

RET

READY: SETB P0.7
CLRRS_LCD
SETB RW_LCD
WAIT: CLRE_LCD
SETBE_LCD

JB P0.7, WAIT

RET

DELAY_1S:

MOV R2, #11

DO3: MOV R3, #98
DHEREL: MOV R4, #106
DAGAIN: NOP
NOP

NOP

NOP

NOP

NOP

DJNZ R4, DAGAIN
DJNZ R3, DHERE1




DJINZ R2, DO3
RET

END
PROCEDURE:

1. Insert AT89C52 Microcontroller in Programmer umit NV5001).

2. Connect serial cable between computer serial pattprogrammer unit serial port
female connector (in NV5001).

3. Switch ‘On’ the programmer switch in programmertuim NV5001) and switch
‘On’ the power supply.

4. Program Serial receive.hex file (Via CD - NV5001l/odiiles programs\ MCO03
Computer Interface module\Serial port interface uieberial receive) in AT89C52
Microcontroller via programmer.

5. Switch ‘Off the power supply and remove tipeogrammed controller from
programmer ZIF socket.
6. Switch ‘Off’ the programmer switch in Programmeityim NV5001).
7. Insert programmed microcontroller to microcontnoileit ZIF socket.
8. Connect 20 Pin FRC cable to Serial port Interfdoekbsocket/connector (MCO03) to
Port P3 in NV5001 Trainer.
9. Connect 20 Pin FRC cable to LCD Interfadeck left side socket/connector
(MCO04) to Port P2 in NV5001 Trainer.
10. Connect 20 Pin FRC cable to LCD Interface blocktrigide socket/connector
(MCO04) to Port PO in NV5001 Trainer.
11.Unplug the serial cable which is connected betweegrammer unit and PC.
12. Connect serial cable between computer serial paftszrial port interface block
female connector (inMCO03).
13. Click on < Hyperterminal> icon in your PC and g&BC in name block then click
OK.
14. Select Communication port < Direct to COM1 > (duyconnect cable to COM1).
15. For Module select following COM 1 properties:

Bits per second : 9600

Data bits : 8

Parity : None

Stop bits : 1

Flow control : None
16. Switch ‘On’ the power supply.
17.“Nvis” is displayed on LCD screen.
18. Now press any key from keyboard (Keep cursor orehygndow).The character
you pressed is displayed on LCD. The characteedégived by microcontroller via
serial cable and displayed on LCD.
19.To see received data connect CRO probe betweéh tipd test point and ground.




20.To see received data connect CRO probe betweeh tip8test point and ground.

RESULT: Serial data is observed on port 0.

Question & Answer.

1.

2.

8.

9.

Translator for low level programming language werened as
Ansassembler.

Load address for the first word of the programaikec

Ans.load address origin.

Shell is the exclusive feature of

Ans. UNIX.

A program in execution is called

Ans. process.

A scheduler which selects processes from secorstiargge device is called
Ansmedium term scheduler.

The term ‘page traffic’ describes

Ansthe movement of pages in and out of memory.

Program ‘preemption’ is

Ans.forced de allocation of the CPU from a program whib is executing on the
CPU.

‘LRU’ page replacement policy is

Ansleast recently used.

“Throughput” of a system is

Ansnumber of programs processed by it per unit time.

10. Nested Macro calls are expanded using the

AnsLIFO (Last in First out).




EXPERIMENT NO 10

AIM: To study implementation and programming of Presswgasurement.

APPARATUS: NV5001 Microcontroller development Board, MC-15 ,Kibwer cord and

connecting leads.

DESCRIPTION: Sensor module, MC15 has input and output termiioalsonnection
of External real world applications. Pressure Seasal Temperature Sensor Interface
Module MC15 is generally used in the applicationschs as Monitoring and

Controlling in Industries and many more.
PROGRAM:

#include <LPC214x.H>
#include <stdio.h>

/**************************************************

* Function Prototypes
kkkkkkkkkkkkkkkkkkhkhkkkhkkkkhkkkkkkkkkkkkkkkhkkkkkkk
void LCD_Init(void);

void LCD_Delay(unsigned int);

void LCD_Cmd(unsigned long);

void LCD_Data(unsigned long);

void LCD_Disp(unsigned char, char *);
void display_lcdl (unsigned char location, char, *d)
void ADC_Init(void);

void ADC_Convert(unsigned int);

void ADC_CALL(void);

/**************************************************

* LCD Pin Out Description
*kkkkhkkkkkkhkkkkhkhhhhhhkhhhkhhhhhhhkhhkhhhkhhrhhiiiikx

/

#define RS_Set IO1SET = 0x20000000;

#define RS_ClIr IO1CLR = 0x20000000;

#define EN_Set IO1SET = 0x80000000;

#define EN_CIr IO1CLR = 0x80000000;
unsigned int ADC_Val;

*/

unsigned int FirstBit,SecondBit, ThrdBit,FourthBit;

/**************************************************

*Delay

*Description : This function provide Delay in MBec.

kkkkkkkkkkkkkkkkkhkkkkkkkkhkhkkkkkkkkkkkkkkkkkkkkkkkkk

/

[* LPC214x definitions */

kkkkkkkkkkkkkkkkkkkkkk

*********************/

/* LCD Init Function */

/* LCD Delay Functior

/* LCD Command Funaoti
/* LCD Data Functiéh
[* LCD Disgl&unction */

/* ADC Init Function */
/* ADC Display Furan */

*kkkkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkkkkhkkkkhkkkhkkkhkkk

/* ADC Result (HEX)

kkkkkkkkkkkkkkkkkkkkkkkk

kkkkkkkkkhkkkkhkkkkhkkkhkkkhkkk




void LCD_Delay(unsigned int Time)

{
unsigned int i,j;
for(i=0;i<=Time;i++)
for(j=0;j<110;j++);

}

/************************************************** kkkkkkkkkkkkkkkkkkkhkkkkhkk

*

* ADC initialization

* Description: This function initializes the LCD mdduby the following steps:

*1. Select ADC Channel

*2. Set A/D: 10-bit AINO @ 12MHz

* Note: This function should be called once befong@irthe other functions of ADC.

*kkkkhkkkkhkkkhhkhkhkhkhhhhhhhhhhkhhhhhhhkhhhhhkhhkhhiikiikx *kkkkhkkkkhkkkkkkhkhkhiik

/

void ADC_Init()

{

PINSELO |= 0x00003000; /* channel
AD1.0*/

AD1CR =0x01210400; * Setup A/D: 10-bit AINO @ 3MHz
*/

}

/************************************************** kkkkkkkkkhkkhkkkkkkhkkhkkkkkkk

*

* ADC Conversion

* Description: This function convert ADC data into @i5by the following steps:
* 1. Convert each byte into ASCII

* 2. Each Value will be used for LCD Display

* Arguments :'RADC_Value' is the Value which netxsonvert in ASCII.

kkkkkkkkkkkkhkkhkkkkhkkhkkhkkkkkkhkkhkkkkhkhkkhkkkkhkkhkkhkkkkkkhkkkk kkkkkkkkkkkkhkkkkkkkhkkhkkk

/

void ADC_Convert(unsigned int ADC_Value)

{

unsigned int X,Y,Z; [* Intermidiate Variables
*/

FirstBit=0,SecondBit=0, ThrdBit=0,FourthBit=0;

X =ADC_Value/10;

FirstBit = ADC_Value%10;

FirstBit = Ox30|FirstBit; [* First Byte(LSB)
*/

Y = X/10;




SecondBit = X % 10;

SecondBit = 0x30|SecondBit; [* Second Byte
*/

Z =Y/10;

ThrdBit =Y % 10;

ThrdBit = 0x30|ThrdBit; [* Third Byte */
FourthBit = Z; [* Last Byte(MSB) */
FourthBit=0x30|FourthBit;

;************************************************** *kkkkkkkhkkkkhkhkkkhkhkhkihx

*

* LCD initialization

* Description : This function initializes the LCD mdd by the following steps:
* 1. Set 8bit : 2 Line 5x7 Dots (0x38)

* 2. Display On curser Off (Ox0C)

* 3. Clear Display (0x01)

*4. Entry Mode (0x06)

* Note: This function should be called once beforgafrthe other functions

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkx ***********************/

void LCD_Init(void)

LCD_Cmd(0x38); /* Function Set 8bit : 2 Line 5x7 Dots */
LCD_Cmd(0x0C); /* Display On curser Off */
LCD_Cmd(0x01); [* Clear Display */
LCD_Cmd(0X06); /* Entry Mode */
3************************************************** *kkkkkkkkhkkkkkkkhkkkhkkkkhkkk

*

* LCD Command (Shifting is Done here)
* Description : This function initializes the LCD mdd by the following steps:
* Note : Here we have selected Pin P1.16 to P1.2&8Bsdata line that’s
* why we need to shift data by 16.
*kkkkkkkkhkkkkhkhkhhhhhhhkhhhkhhhhhhhkhkhhhhhkhkhrhikiikx *kkkkkkkkhkkkkkkkhkhkhirk
/
void LCD_Cmd(unsigned long Cmd)
{

unsigned long Shifted_Cmd;

Shifted_ Cmd =Cmd << 16; /* because We have saldeiel6 to P1.23 as LCD data line
*/

RS Clr; /* RS Pin
Clear */
LCD_Delay(10); /* Delay for




Clock*/

EN_Set; [* Enable Pin
SET */

LCD_Delay(10);

IO1SET = Shifted_Cmd; /* Write Command Value to LC&ta
Pin */

LCD_Delay(20); /* Delay for enable
Clock*/

EN_Clr; [* Enable Pin
Clear */

LCD_Delay(10);

IO1CLR = Ox00FF0000; [* Clear All pins of
LCD */
}

/************************************************** kkkkkkkkkkkkkkkkkkkhkkkkhkk

*

* LCD Data

* Description: This function initializes the LCD mdduby the following steps:

* 1. Set Register select(RS) to High

* 2. Set enable pin high to low

* 3. Send data to LCd data pin

* Note: Here we have selected Port 1 Pin P1.16 ®3Rds LCD data line

* thats why we need to shift data by 16.
kkkkkkkkkkkkhkkkkkkhkkhkkkkkkhkkhkkkkhkhkkhkkkkhkkhkkhkkkkkkhkkkk kkkkkkkkkkkkhkkkkkkkhkkhkkkk
/

void LCD_Data(unsigned long Data)

{

RS_Set; /* RS Pin Clear
*/

LCD_Delay(10); /* Delay for
Clock*/

EN_Set; [* Enable Pin SET
*/

LCD_Delay(10);

IO1SET = Data << 16; [* Write Command Value to LO@ta Pin
*/

LCD_Delay(20); /* Delay for enable
Clock*/

EN_Clr; /* Enable Pin Clear
*/

LCD_Delay(10);

IO1CLR = 0xO0FF0000; [* Clear All pins of
LCD */

}




/************************************************** kkkkkkkkkkkkkkkkkkkkkkkk

*

* LCD Display
* Description : This function initializes the LCD mdd by the following steps:
* 1. Send Loc from where data needs to write

* 2. Display string on LCD

R ————— R
(/oid LCD_Disp(unsigned char Loc, char *String)
iLCD_Cmd(Loc); [* Send Command to LCD
iwhile(*String) /*  wait untill Null char come
*
{
LCD_Data(*String++); [* Write data to LCD
*
j I[O1CLR = 0x00FF0000; [* Clear All pins of LCD
*
}
}
}/oid display_lcdl (unsigned char location, char *d)

unsigned long shift_data;
shift_data= 0x80 | location;
shift_data= shift_data<<16;
LCD_Cmd(shift_data);
LCD_Delay(100);
while(*d)
{
LCD_Data(*d++);
LCD_Delay(100);

IO1CLR = 0xO0FF0000; // ADDED NEW
}
}
void ADC_CALL(void)
{
AD1CR |= 0x01000000; [* start of ADC conversion
*/

dof




ADC_Val = AD1DRO; /* 10 bit value

*/
twhile ((ADC_Val & 0x80000000) == 0); /* Wait ADC @nversion Complete

*/

AD1CR &= ~0x01000000; /* Again start ADC
*/

ADC_Val = (ADC_Val >> 6) & OxO3FE;
}
/************************************************** *kkkkkkkhkkhkkkhkkhkkkhkhkhkihx

*

* Main: Initialize and start RTX Kernel

* Description : This function Initialize the LCD,RT&hd ADC and RTX Kernal
*kkkkhkkkkkkkhkkkkhkhhhhhhkhhhkhhhhhhhkhkhhhkhhrhriiiikx *kkkkhkkkkhkkkkkkkhkhihixk
/

int main (void) [* program exec. starts here */

float volt[20],dispvolt;
char K[5];int i;

iOlDIR = OxFFFF0000; /* Define Port pin P1.16 to.Btlas Output for LCD
’I:/CD_Init(); /* LCD Initialize
*AjDC_Init(); * ADC Initialize
display_lcd1(0x80," Voltage");
while(1)
{ for(i=0;i<=19;i++)

{ADC_CALL();

volt[i] = (ADC_Val * 3.3) / 1023.0;
dispvolt=}

(volt[O]+volt[1]+volt[2]+volt[3]+Vvolt[4]+volt[S]+vo It[6]+Volt[ 7]+Vvolt[8] +volt[9]+Vvolt[10]+
volt[11] +volt[12]+volt[13]+volt[14]+volt[15}volt[16]+volt[17]+volt[18]+Vvolt[19])/20;
sprintf(k,"%f",dispvolt + 0.01);

LCD_Cmd(0xC6);

LCD_Data(k[0]);

LCD_Cmd(0xC7);

LCD_Data(k[1]);

LCD_Cmd(0xC8);

LCD_Data(k[2]);
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(A) TO STUDY A.C SERVO MOTOR AND PLOT ITS TORQUE SPEED
CHARACTERISTICS.

PAGE
NO.

(B) TO STUDY D.C SERVO MOTOR AND PLOT ITS TORQUE SPEED CHARACTERISTICS.

TO STUDY A STEPPER MOTOR & EXECUTE MICROPROCESSOR OR COMPUTER BASI';L&

CONTROL OF THE SAME BY CHANGING NUMBER OF STEPS, DIRECTION
OF ROTATION & SPEED.

TO STUDY THE MAGNETIC AMPLIFIER AND PLOT ITS LOAD CURRENT V/S
CONTROL CURRENT CHARACTERISTIC FOR SERIES AND PARALLEL
MODE.

TO PLOT THE LOAD CURRENT V/S CONTROL CURRENT
CHARACTERISTICS FOR SELF EXCITED MODE OF THE MAGNETIC
AMPLIFIER.

(A) TO STUDY THE SYNCHRO TRANSMITTER IN TERMS OF POSITION V/S
PHASE AND VOLTAGE MAGNITUDE WITH RESPECT TO ROTOR VOLTAGE
MAGNITUDE/PHASE

(B) TO STUDY OF REMOTE POSITION INDICATION SYSTEM USING
SYNCHRO TRANSMITTER /RECEIVER.

TO STUDY CHARACTERISTICS OF POSITIONAL ERROR DECTECTOR BY
ANGULAR DISPLACEMENT OF TWO SERVO POTENTIOMETERS. .

TO STUDY PID CONTROLLER FOR LEVEL CONTROL OF A PILOT PLANT

TO STUDY THE BASIC OPEN LOOP AND CLOSED LOOP CONTROL
SYSTEM.

TO STUDY WATER LEVEL CONTROL USING INDUSTRIAL PLC.

TO STUDY MOTION CONTROL OF A CONVEYOR BELT USING A
INDUSTRIAL PLC

TO STUDY LEAD LAG COMPENSATOR AND DRAW MAGNITUDE AND
PHASE PLOTS.

TO STUDY CONTROL ACTION OF LIGHT CONTROL SYSTEM (A) THE
STUDY OF LAMP RESPONSE (B) THE CONTROLLER WITH AMPLIFIER IN
CLOSED LOOP (C) AND THE INTRODUCTIOB OF P-| CONTROLLER TO
IMPROVE THE RESPONSE
DETERMINE TRANSPOSE, INVERSE VALUES OF GIVEN MATRIX

PLOT UNIT STEP RESPONSE OF GIVEN TRANSFER FUNCTION AND FIND
PEAK OVERSHOOT, PEAK TIME

PLOT THE POLE-ZERO CONFIGURATIONS IN S-PLANE FOR THE GIVEN
TRANSFER FUNCTION.
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EXPERIMENT NO: 1(a)

AIM: - To study AC servo motor and note it speed torque Characteristics.

APPARATUS REQUIRED: - AC Servo Motor Setup, Digital Multimeter and
Connecting Leads.

THEORY: - AC servomotor has best use for low power control applications. Its

important parameters are speed — torque characteristics. An AC
servomotor is basically a two phase induction motor which consist of two
stator winding oriented 90* electrically apart. In feedback application
phase A is energised with fixed voltage known as “Reference” and phase
B is energized with variable voltage called “Control voltage”. In this setup
AC servomotor is mounted and mechanically coupled a small PMDC
motor loading purpose. When DC supply is fed to DC motor it runs in
reverse direction of servomotor direction to impose load on servomotor.
The resultant torque developed by DC motor to overcome it increase the
current through it which is indicated by panel meter.

CIRCUIT DIAGRAM:-

&
AC PMDC
servomotor motor
¥
F ——1
I Electronic
_ Tacho Gen.

N T

PROCEDURE: -
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1. Switch ON the power supply, switches ON S1. Slowly increase control P1 so that
AC servomotor starts rotating. Connect DVM across DC motor sockets (red &
black). Very the speed of servomotor gradually and note the speed N rpm and
corresponding back emf Eb across DC motor.

2. Connect DVM across servo motor control winding socked (yellow) and adjust AC

Servomotor voltage to 70V and note speed N rpm in table.

3. Switch On S2 to impose load on the motor due to which the speed of AC motor
decreases. Increase the load current by means of P2 slowly and note corresponding
speed N rpm and la. Calculate
P=la*Eb and Torque=P*1.019*10460/2.2.14Ngm/cm

OBSERVATION TABLE:-

TABLE-1
S.NO SPEED N rpm _ Eb volts
1.
Z.
3:
4
TABLE-2
S.NO laamp Eb(Tab1l) Speed N P watt Torque
rpm
1.
2.
3.
4

PRECAUTIONS: -

1. Apply voltage to servomotor slowly to avoid errors.
2. Impose load by DC motor slowly.

3. Take the reading accurately as the meter fluctuates.
4. Switch OFF the setup when note in use.

GRAPH:-
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Eo Ey

YOLTS i ¥|T|FQ\I[
/ e

DISCUSSION:-

The graph is plotted between speed and torque. As we reduce the speed of the motor

the torque goes on increasing therefore the graph starts with a low value and rises to a
high value approximately linearly .This rise in the graph is due to the rising speed-
torque characteristics of AC servo motor .

QUIZ:-
Que 1. What is AC servo motor?
Ans.An AC servo motor is basically a two phase induction motor except for
some Design feature.
Que.2 What is the use of AC servo motor?
Ans.AC servo motor has best use for low power control application.
Que.3 What are the advantages of AC servo motor?
Ans.lt is rugged, light weighted, and has no brush contact as in DC servo
motor.
Qued4. What is the important parameter of AC servo motor?
Ans.The important parameter of AC servo motor is its speed — torque
Characteristics.
Que.5 On what factor does the direction of rotation of AC servo motor
Depend.
Ans.The direction of rotation of AC servo motor depends on the phase
relationship of Input voltage V1 and V2.
Que 6. What is the drawback of AC servo motor ?
Ans.The main drawback of AC servo motor is its positive slope which causes
Negative damping to lead instability in control system .
Que.7 How the drawback of positive in AC servo motor is overcome ?
Ans. The drawback of positive in AC servo motor is overcome by designing
the rotor With very high resistance .
Que.8 What is the input of AC servo motor in feedback control application?
Ans. In feedback control application phase A is given a fixed rated voltage
called Reference voltage and phase B is given a variable voltage called
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control Voltage.

Que.9 What is the phase relationship between reference voltage and control
Voltage?

Ans. The reference voltage and control voltage are 90 degrees out of phase
with each other.

Que.10 What are the types of AC servo motor ?

Ans.AC servo motors are of various type as squirrel cage rotor motor ,drag
cup Rotor and solid iron rotor motor.
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EXPERIMENT NO: 1(b)

AIM:- To study dc servo motor and plot its speed torque characteristics.

APPARATUS:- DC SERVO MOTOR KIT AND DVM.

THEORY: - The experiment is carried out in two steps.

1. Open loop performance

2. Close loop performance.
In first case the motor is run without feedback. The amplifier gain factor is kept at
minimum gain = 3. motor is connected with main unit by 9 pin D Type socket. Step
signal is kept off.

CIRCUIT DIAGRAM:-

ERAKE

2 ERFCA =5
Erroy AVFLFIER TR
e &-:J"‘m.\ Dedectar ) [DRIER
i by wm b
. >< F— — —— O
TNy B | i =PEED
e
Ee e Y
FEEDIEALCK Wi

PROCEDURE:-

OPEN LOOP PERFORMANCE:- Connect the main unit to the supply. Keep the gain
switch off. Set Vr = 0.7 or 0.8. connect DVM with feedback signal socket Vt. Note the
speed N rpm from display and tacho output Vt in volts from DVM. Record N rpm and Vt
volts for successive gain 4-10 in observation table. Calculate Vm = Vr * Ka. Where Ka is
the gain set from control 3 — 10.

Vr=0.7V.

Vmatgain3=0.7*3
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=21V.
Plot N vs Vt and N Vs Vm graph.

CLOSED LOOP PERFORMANCE:- In this case the gain switch is kept in on position
thus feedback voltage gets subtracted from reference voltage. This is observed by

decreased motor speed. Record the result between gain factor Ka and speed N. draw the
graph between techo voltage Vt and speed N.

OBSERVATION TABLE:-

S.NO.  GAIN(Ka) __Vt(volts) _' N(rpm) Vm=VrxKa

PRECAUTIONS:-1. Apply the voltage slowly to start the motor
2. Take the reading properly.

3. Do not apply breaks for long time as the coil may get heated up.
4. Switch OFF the main power when not in use.

GRAPH:-
For open loop:

W

B —

WA ——
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CLOSED LOOR CLOSED LOGF
im w
N ———F
H RPN ——p
DISCUSSION:-

The graph is plotted between N (RPM) and Vt (techo voltage) and N(rpm) & Vm (motor
voltage).the tacho voltage increases linearly as the RPM of DC servo motor increases.
Similarly the motor voltage increases with RPM .in open loop. The slope is less but in
close loop the slope is sharp and this is due to the feed back gain.

QUIZ:-
Que.1 What are the uses of DC servo motor?
Ans. DC servo motor is widely used in radars, computers, robots, tracking systems

and process controllers etc.
Que.2. What are the types of DC servo motors?

Ans. DC servo motors are separately excited or permanent magnet type.

Que.3. Howthe speed of DC servo motor is controlled?

Ans. The speed of DC servo motor is controlled by varying the armature voltage.
Que.4. Whatis the relation between torque and speed of DC servo motor?

AnNs. The torque of DC servo motor decreases with increase in speed.

Que.5. Why the speed torque characteristics of DC servo motor has large

Negative Slope?

The speed — torque characteristics of DC SERVO MOTOR has a large
ANS. Negatives Slope due to large armature resistance.

What is the effect of negative slope?
Que.6. The negative slope provides viscous damping for the servo drive system.
Ans. In which wattage the DC servo motors are available?
Que.7. DC servo motors are available in fraction of a watt to a few hundred watts.
Ans. What are the special features of DC SERVO MOTORS?
Que.8. High torque to inertia ratio, High torque to value ratio, Low inductance of
Ans. Winding and efficient heat dissipation is the special features of DC servomotor

Que.9. How the direction of rotation of DC servo motor can be changed?
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Ans. The direction of rotation of DC servo motor can be changed by reversing

the Phase difference from leading to lagging and vice versa between
control voltages and reference voltage.

Que.10. What is transfer function of DC SERVO MOTOR?
Ans.The ratio of Laplace transform of output to the laplace transform of input.
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EXPERIMENT — 2

AIM: - To study the stepper motor and to execute microprocessor computer based

control of the same by changing number of steps, the direction of rotation
and speed.

APPARATUS USED: - Stepper Motor Kit, uP Kit, Interface Cord and
Connecting Leads.

THEORY: - The stepper motor is a special type of motor which is designed to rotate

through a specific angle called step for each electrical pulse received from its control
unit. It is used in digitally controlled position control system in open loop mode. The
input command is in form of a train of pulses to turn the shaft through a specified angle.
the main unit is designed to interface with uP 8085 kit. The stepper motor controller card
remains active while the pulse sequence generator disabled as given plug is connected
with pp interface socket . The following programme enables the stepper motor to run
with pup 8085 kit. For two phases four winding stepper motor only four LSB signals are
required.

CIRCUIT DIAGRAM:-

DIRECTION 12V
o ==CCW FIELD
PHASE 1m
PULSE STEPPER —uv\,-\::l
and
PHASE MOTOR O
ROTOR
SEQ DRIVER
GEN. “_
o o ©
Y GRD TRIG
PROCEDURE:-

Connect the stepper motor with pp 8085 kit as shown in fig. press EXMEM key to enter
the address as given then press NEXT to enter data .

ADDRESS DATA
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2000 3E 80 MVI A, 80 Initialize port A as output port.

2002 D3 03 OUT 03 OB

2004 3E F9 Start MVI AFA

2006 D3 00 OUT 00 Output code for step o.

2008 CD 3020 call delay delay between two steps.

200B 3E F5 MVI A, F6 Location reserve for current
Delay.

200d D3 OO OUT OO Output code for step 1.

200F CD 3020 Call delay delay between two steps.

2012 3E F6 MVI A, F5

2014 D3 OO OUT OOOutput code for step 2.

2016 CD 3020 calls delay between two steps.

2019 3E FA MVI A, F9.

201B D3 OO OUTOO Output code for step 3.

201D CD 3020 call delaydelay between two steps.

2020 C3 04 20 JMP START Start.

Press FILL key to store data in memory area. This will complete the pulse sequence
generation. To delay programme route, first press EXMEM to start, a dot sign will appear
in address field then enter the start address. Press NEXT to enter data.

ADDRESS DATA

2030 11 00 00 LXI D 00 00 Generates a delay.
2033 CD BC 03 CALL DELAY

2036 11 00 00 LXID 00 00 Generates a delay.
2039 CD BC 03 CALL DELAY

203C CO9RET

Press FILL to save data to execute the programmed press the key GO .The above
programme is to rotate the motor at a particular as defined by the given address.
Changing the following contents will change the motor speed.

ADDRESS DATA

2030 11 00 20 AND 2036 TO SIMILAR 11 00 20
CHANGE 1100 10 TO11 00 10

CHANGE 11 00 05 TO11 00 05

CHANGE 1100 03 TO11 00 03.

The motor direction depends upon codes FA, F6 ,F5 AND F9.Change in following codes
will change the motor direction.

ADDRESS DATA
2005 3E F9 TO 3E FA
200C 3EF5 TO 3E F6
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2012 3E F6 TO 3EF5
2019 3E FA TO 3E F9.

OBSERVATION TABLE:-

Sr No. of Pulses Displacement Step Angle
No.

RESULT:- The stepper motor runs as per fed programme.
PRECAUTION:-

1. Make the connection of motor with pp kit properly.
2. Feed the programme carefully and correctly.
3. Do not change the motor direction at high speed.

QUIZ:-

Que.1.Why the application of stepper motor is increasing?
Ans. The use of stepper motor is increasing due to availability in large power rating and
reducing cost.

Que.2. What is stable condition of rotor in stepper motor ?
Ans. It is that angle at which torque is zero and is positive for smaller angle and
negative for larger angle.

Que.3. What are the modes of operation of stepper motor?
Ans. There are two modes of operation of stepper motor, open loop and close loop
mode.
Que.4. What are the types of stepper motor?

Ans. There are three types of stepper motors, VR stepper motor, P stepper motor and
hybrid stepper motor.
Que.5. How the windings of stepper motor are wound?

Ans. The windings of stepper motor are wound in such a way that there are only two
phases.

Que.6. How many logics are there in each sequence?
Ans. There are two logics in each sequence, 0 and 1.
Que.7. In how many phases does the motor run?
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Ans. The stepper motor runs in four phases, A,AB, B and AB.
Que.8. Why the stepper motor is run in four phases?

Ans. The stepper motor is run in four phases to avoid over stepping and to improve the
response

Que.9. On what factor does the settling time of stepper motor depend?

Ans. The settling time of stepper motor depends upon loading and input sequence.
Que.10. What is use of pp kit?

Ans. The pp kit is used to run the stepper motor as per the fed programme.
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EXPERIMENT NO:3

AIM: - To study magnetic amplifier & plot its load current (IL) /S control current (IC).
Characteristics for parallel mode.

APPARATUS REQUIRED: - Magnetic amplifier set up, digital multimeter &
connecting leads.

THEORY: - Amplification is the control of larger output by variation of a smaller input.

Such amplification can be performed by a magnetic device called magnetic amplifier. This set
up is designed to study basic characteristics of such amplifier. To set up consists of magnetic
amplified A.C & D.C power supply, to meters for load & control current & fixed value resistance
of 50 ohms.

CIRCUIT DIAGRAM:-

DIODE
D1
D1
DIODE

1
11 2 RESISTOR

L2
INDUCTOR

25V A.C.

0-2Vv D.C.

PROCEDURE: - Connect the circuit as shown in fig. keep D.C. supply to minimum.
Selects positive direction. Connect DVM across D.C. input socket. Increase the D.C.
voltage slowly & note IL, IC& VC in observation & repeat the experiment. Plot the
character tics curve between IL & IC in both direction. Calculate power gain =
pout/pin=AIL*RL/A IC*VC.

OBSERVATION TABLE:-
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SNO. IC(mA) IL(mA) ' Vc(+ve)

PRECAUTIONS:-

1. Apply voltage slowly to control winding as the coil may get heated up & burn.
2. Take the reading carefully & accurately.

3. Switch off the set up when not in use.

GRAPH:-
(L
lat=Ts!
current

Control Current

I

DISCUSSION: - The graph is plotted between control current(IC) and load current
(IL)For positive polarity the control current increases linearly with load current in
forward Direction but for negative polarity the control current increases load current in
reverse direction. This change in direction of control current is due to change in polarity
of control voltage.

QUIZ:-

Que.1. What is amplification?

Ans. Amplification is the control of a larger output quantity by the variation of a smaller
input quantity.

Que.2.What is magnetic amplifier?

Ans. Magnetic amplifier is a device which amplifies a small input quantity to a large

output quantity.

Que.3. What is the working principle of magnetic amplifier?
Ans. A magnetic amplifier works on the principle of linkage of induced magneto
Motive Force (mmf).
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Q4. What is magneto-motive force?
Ans. Magneto- motive force in a magnetic circuit is similar to EMF in an electrical
Circuit.
Que.5. What is the basis of selection of core of transformer and number of turns.
Ans. The basis of selection of core of transformer and number of turns is the slope B-H
loop.
Que.6. What is saturable reactor?
Ans. The saturable reactor is a specially wound transformer with three winding
instead of two windings like a common transformer .
Que.7 What is drawback of a magnetic amplifier?
Ans. The main drawback of magnetic amplifier is to control small DC current a Large
number of turns are required which has a greater resistance requires large DC
voltage.
Que.8. How this problem is overcome in a magnetic amplifier?
Ans. This problem is overcome in a magnetic amplifier by self saturation mode.
Que.9. What is the nature of saturable reactor?
Ans. The saturable reactor is inductive nature.
Que.10. What is effect of sudden current application to control winding ?
Ans. If a sudden current is applied to the control winding the current and ampere
Turns of control winding decreases slowly since it has large inductance .

EXPERIMENT NO-4

AIM: To study magnetic amplifier and plot its load current and control current
characteristics for self .
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LIST OF EXPERIMENTS

S.NO.

NAME OF THE EXPERIMENT

PERFORM ANY FIVE EXPERIMENT USING VHDL

1 Design all gates using VHDL.

2 Write VHDL programs for the following circuitsheck the
wave forms and the hardware generated
a. Half adder b. Full adder

3 Write VHDL programs for the following circuits, ctie the
wave forms and the hardware generated
a. Multiplexer b. Demultiplexer

4 Write VHDL program for encoder and check the wiorens
and the hardware generated.

5 Write a VHDL progran for a decode anc checl the wave forms
and the hardware generated.

6 Write a VHDL progran for a Down counte anc check the wave
forms and the hardware generated.

7 Write a VHDL program for a BCD to GRAY code conwagrt
and check the wave forms and the hardware generated

8 Write a VHDL progran for a T FLIP-FLOF anc checl the wave

forms and the hardware generated.

PERFORM ANY FIVE EXPERIMENT USING FPGA AND CPLD

9 Implemen Half Addel usinc FPGA & CPLD.

10 | Implemen Full Addel usin¢ FPGA & CPLD.

11 | Implemen Delay Flip flop usin¢ FPGA & CPLD.

12 | Implemen BCD to 7 segment Decode usin¢ FPGA& CPLD.
13 | Implement an Up Counter using FPGA & CPLD.

14 | Implement 1-bit Comparator using FPGA & CPLD .

15 | Implemen ALU usin¢ FPGA & CPLD.




EXPERIMENT No. 1

Aim:- To Design Logic Gatesusing VHDL

LOGIC GATES

A logic gate performs a logical operation on onemare logic inputs and produces a
single logic output. The logic normally perfed is Boolean logic and is most
commonly found indigital circuits. Logic ags are primarily implemented
electronically using diodes or transistors,but caalso be constructed using
electromagnetic relays (relay logic), fluidic iogpneumatic logic, optics, molecules,
or even mechanical elements.

INPUT | OUTPUT

A B | AANDB
0] 0 0
_:)— - & |— 0 1 0
AND B - A-B 1]0 0
11 1

INPUT | OUTPUT
AORB

(@)
Py
il
| |
R
=y
>
+
™
kool >
EIE=l K=
Rl RO

INPUT | OUTPUT

1 A NOTA
— o 0 1
NOT A 1 0

In electronics a NOT gate is more commonly callediraverter. The circle on the
symbol is called &ubble, and is generally used in circuit diagrams tadicate an
inverted (active-low) input or output.

INPUT | OUTPUT
A | B | ANANDB
0 0 1
0 1 1
— > — & I;. 1]0 1
NAND — — A-B 111 0




INPUT | OUTPUT
A | B | ANORB

0
0
1
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Program:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use |EEE.STD_LOGIC_UNSIGNED.ALL;

entity all_ga is
Port (a:in STD_LOGIC;

b:in STD LOGIC;
c:out STD_LOGIC,;
cl:out STD _LOGIC;
c2 :out STD LOGIC;
c3:out STD _LOGIC;
c4 :out STD LOGIC;
c5:out STD _LOGIC;
c6 : out STD_LOGIC);

end all_ga;

architecture Behavioral of all_ga is

begin

¢ <=aandb;
cl<=aorhb;
c2 <= a nand b;
c3 <=anorb;
c4 <= a xor b;
c5 <= a xnor b;
c6 <= not b;

end Behavioral;

OUTPUT:

RTL View




Simulatior Waveforn

Now:
1000 ns

Quiz Questions with answer.

Q.1What is VHDL?

Ans. VHDL is the VHSIC Hardware Description LangaayHSIC is an
abbreviation for Very High Speed Integrated Circuit

Q.2How many truth table entries are necessary fouginput circuit?
Ans.16

Q.3What input values will cause an AND logic gateptoduce a HIGH output?
Ans. All inputs of AND gate must be HIGH.

Q.4 Name all the basic gates.

Ans. i) AND ii) OR iii)) NOT

Q.5Name all the universal gates.

Ans .i) NAND ii) NOR

Q.6  What is the full form of IEEE?

Ans Institute of Electrical and Electronic Engiriagr

Q7. What is the full form of ASCII?

Ans. American Standard Code for information Interue.

Q8. Define Entity.

Ans. Itis an external view of a design unit.

Q9. Why NAND and NOR are called universal gates?

Ans. Because all the basic gates can be derive them.

Q10. How many architectures are present in VHDL.

Ans. 4, behavior, dataflow, structural and mixed.




EXPERIMENT No. 2 (A)

Aim:- To Design a Half Adder using VHDL

Half adder

A half adder is a logical circuit that performs an addition ggiean on two one-bit
binary numbers often written @sandB.

The half adder output is a sum of the two inputsallg represented with the

signalsCout andS where

sum=2xC,;+ S,
Following is the logic table and circuit diagran fwalf adder:

Inputs

R | O o »
R O k| o @

Outputs
C S
0 0
0 1
0 1
1 0

o




Program:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |[EEE.STD LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity ha is
Port (a:in STD_LOGIC;
b:in STD_LOGIC;
s:out STD_LOGIC;
c:out STD_LOGIC);
end ha;

architecture Behavioral of ha is
begin

S <= a xor b;

c <=aand b;

end Behavioral;

OUTPUT:

RTL View
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EXPERIMENT No. 2 (B)

Aim:- To Design a Full Adder using VHD

Full adder

A full adder is a logical circuit that performs an addition ag@én on three one-bit
binary numbers often written AsB, andCi.. The full adder producea two-bit
outp t sum typically represented with the sign@ls andSwhere

sum =2 x Coug + 5.
The full adder's truth table is:

Truth Table:

Inputs Outputs

(@]
O
o

R O k| O | O] Rl O] >
R R O O k| Rl O Ol W
R R R R O] O O O
| R k| O R, O O O
| Ol O | Ol k|l Rl O O

Co




Program:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use |EEE.STD_LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity fa is
Port (a:in STD_LOGIC;
b:in STD LOGIC;
cin:in STD_LOGIC;
s:out STD LOGIC;
cout : out STD_LOGIC);
end fa;

architecture Behavioral of fa is
begin
s <= (a xor b) xor cin;

cout <= (a and b) or (b and cin) or (a and cin);

end Behavioral;

OUTPUT:

RTL View




Simulatior Waveforn
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1000 ns a0 120

o cout

Quiz Questionswith answer.

Q.1 Who is the father of HDL ?

Ans. John Hines, Wright Patterson AFB, Daton Ohio.

Q.2 What is a test bench und|?

Ans.A Test Bench in VHDL is code written in VHDLahprovides stimulus for
individual modules (also written in VHDL). Indiviéli modules are instantiated by a
single line of code showing the port.

Q.3How many inputs and output are used in Full eRide

Ans. Three inputs and two output.

Q.4What are the advantages of designing?

Ans. Advantages of Designing:

1. Designing is useful in quick implementation, tegtamd useful in complex circuits.
2. Designing reduces the design cycle.

Q.5Why HDL is used?

Ans.HDL is used becauski$ easy to design, implement, test and document
increasingly complex digital system.

Q6. How many types of architecture in VHDL?

Ans: 4




Q7. What is the difference between sequential @mabinational ckts.?

Ans: Seq ckts have memory cell inside it and comatimnal has no memory in it.
Q8. Is it possible to construct full adder usindf adder?

Ans: Yes, by using two half adders.

Q9. How many i/ps required for half subtractor?

Ans: Two, difference and a borrow.

Q10. s it possible to construct full subtractoingshalf subtractor?

Ans: Yes, by using two half subtractor.




EXPERIMENT No. 3(A)

Aim:- To Design a Multiplexer using VHDL

Multiplexer

In digital circuit design, the selector wires afed@ital value. In the case of a 2-to-1
multiplexer, a logic value of O would connegt te thutput while a logic value of 1
would connectfi to the output. In larger multiplexdree number of selector pins is
equa toflogain]] wherq; is the number of inputs.

A 4-to-1 multiplexer has a boolean equationnehé, B, C and D are the two
inputs, s land SO are the select lines, and Y istitput:

S1 SC Y
0 0 A
0 1 B
1 0 C
1 1 D
51 <1}
S

b

L




Program:

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |[EEE.STD LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity abcd is
Port (a:in STD_LOGIC;

b:in STD LOGIC; c
:in STD_LOGIC;
d:in STD_LOGIC;
sO0:in STD_LOGIC;
sl:in STD_LOGIC;
y:out STD_LOGIC);

end abcd;

architecture Behavioral of abcd is
begin

y <= a when s0 ='0' and s1 = '0' else
b when sO ='0' and s1 = '1' else

¢ when s0O ="1' and s1 = '0' else

d;

end Behavioral;

OUTPUT:

RTL View
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EXPERIMENT No. 3 (B)

Aim:- To Design a Demultiplexer using VHDL

Demultiplexer

Demultiplexers take one data input and a numbesetdction inputs, and they have
several outputs. They forward the data input to ohé¢he outputs depending on the
values of the selection inputs. Demultiplexers sometimes convenient for designing

general purpose logic, because if the demultiplexémput is always true, the
demultiplexer acts as a decoder.

| S1 SC ABCD
0 X X 000C
1 0 0 1000
1 0 1 010C
1 1 0 001cC
1 1 1 0001
51 S0
f—l}— -
I
i
i
A
| 7




Program:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity dm is
Port (i :in STD_LOGIC;

sO : in STD_LOGIC;
sl:in STD_LOGIC;
a:out STD LOGIC;
b :out STD LOGIC;
c :out STD_LOGIC;
d:out STD_LOGIC);

end dm;

architecture Behavioral of dm is
signal p,q : STD_LOGIC;

begin

p <= not sO;

gd <= not s1,;

a<=iandpandq;
b<=iand q and s0;
c<=iand p and sl;
d<=iand sl and s0;

end Behavioral;

OUTPUT:

RTL View




Simulatior Waveforn

Mows:
1000 ns

Quiz Questionswith answer.

Q.1 Name combinational logic circuit which sends data coming from a
single source to two or more separate destinations.

Ans: Demultiplexer

Q.2 What is the another name of Multiplexer.

Ans. Data Selector.

Q.3  How many control lines will be used for a 8 — to — 1 multiplexer?

Ans. The number of control lines for an 8 to 1 Multiplexer is 3.

Q.4  Which device changes serial data to parallel data .

Ans. The device which changes from serial data to parallel data is
demultiplexer.

Q.5 How many select lines will a 16 to 1 multiplexer will have?

Ans. 4

Q6. Is it possible to construct 4:1 mux using two 2:1 mux?

Ans. Yes

Q7. How many outputs are there in 1:8 mux?

Ans 8.

Q8: What is the difference between sequential and combinational ckts.?

Ans: Seq ckts have memory cell inside it and combinational has no memory
in it.

Q9: What is the function of select line in mux?

Ans It selects the particular input to go on output.

Al10: What is the function of enable pin?

Ans: It enables the IC.




EXPERIMENT No. 4

Aim:- To Design an Encoder using VHDL

Encoder :

An encoder is a device, circuit, transducer, software progragorithm or person
that converts information from one format odedo another, for the purposes of
standardization, speed, secrecy, security, or gaface by shrinking size.

A3 A2 Al A0 F1 FO

______________

P I
g ——l— ! — .
As I DG; _.-r}: F




Program:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use |EEE.STD_LOGIC_UNSIGNED.ALL;

entity encodl is
Port (a:in STD_LOGIC_VECTOR (3 downto 0);
g:out STD_LOGIC_VECTOR (1 downto 0));
end encodl;

architecture Behavioral of encod1l is
begin
g<="00" when a="0001" else

"01" when a="0010" else

"10" when a="0100" else
"11"

end Behavioral;

OUTPUT:

RTL View




Simuation Waveforn of Encode

4'hi

Quiz Questions with answer.

Q.1 Name the examples of combinational logic circuits.

Ans. Examples of common combinational logic citguinclude: half adders, full
adders, multiplexers, demultiplexers, encoders dawbders.

Q.2 What do you mean by Digital Encoder?

Ans. Digital Encoder is a combinational circuitttiggnerates a specific code at its

outputs such as binary or BCD in response to omaare active inputs.

Q.3  How many encoder are there in Digital Electronics?

Ans. There are two main types of digital encodére Binary Encoder and
the Priority Encoder.

Q.4 What is Combinational Logic?

Ans. Combinational Logic: A logic circuit in whidhe outputs are a function of the
inputs. At any time, if you know the inputs, yownadetermine the outputs.

Q.5 What is stable state?

Ans.  Stable State: An internal or external signaintains a constant magnitude
(or specified range or function) for a period ohéi determined by external
input signals.

Q6.  Write the applications of Encoder and decoder.

Ans: They are used in communication systems.

Q7: Name some encoders.

Ans  Priority encoder , 4:2 encoder and etc.

Q8: How many i/ps are in 4:2 encoder?

Ans 4 i/ps and 2 o/ps.

Q9: How many select lines are present in 2:4 datode

Ans  none.




EXPERIMENT No. 5

Aim:- To Design a 2to 4 Line Decoder using VHDL
Decoder:

A decoder is a device which does the reverse of an encoaelging the encoding so
that the original information can be retrieved. Tdé@mme method used to encode is
usually just reversed in order to decode.

In digital electronics, a decoder can take the fooh a multiple-input, multiple-
output logic circuit that converts coded inputicbded outputs, where the input and
output codes are different.Decoding iscessary in applications such as

EN | S1| So| zo| zi| zz2| za| datamultiplexing, 7

segment display
and memory address

0 X X 0 0 0 0 | decoding.

1 0 0 1 0

1 0 1 0 0

1 1 0 0 0 1 0

1 1 1 0 0 0 1

51 - [:_'_‘::: .--'II z

|,.r"...".'-u o o,




Program:

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |[EEE.STD LOGIC_UNSIGNED.ALL;

--library UNISIM;
--use UNISIM.VComponents.all;

entity decoder is
Port (en:in STD_LOGIC;
s:in STD_LOGIC VECTOR (1 downto 0);
z:out STD_LOGIC_VECTOR (3 downto 0));
end decoder;

architecture arch of decoder is
signal p,q : STD_Logic; begin
p <= not s(1);
g <= not s(0);

z(0) <= p and q;

z(1) <= p and s(0);
z(2) <= q and s(1);
z(3) <=s(0) and s(1);

end arch;

OUTPUT:




Simulatior Waveforn

Quiz Questionswith answer.

Q.1 Name the examples of combinational logic circuits.

Ans. Examples of common combinational logic cirsuitclude: half adders, full

adders, multiplexers, demultiplexers, encodersdawbders.

Q.2  How many two-input AND and OR gates are requirecetdize
Y=CD+EF+G ?

Ans  Y=CD+EF+G

Number of two input AND gates=2

Number of two input OR gates = 2

One OR gate to OR CD and EF and next to OR of Guiput of first OR gate.

Q.3  Which device converts BCD to Seven Segment ?

Ans. A device which converts BCD to Seven Segmealled DECODER.

Q.4  What is a testbench whdl?

Ans. A Test Bench in VHDL is code written in VHDhdt provides stimulus for
individual modules (also written in VHDL). Individi modules are
instantiated by a single line of code showing the.p

Q.5 What are the advantages of designing?

Ans. Advantages of Designing:

1. Designing is useful in quick implementation, tegtamd useful in complex circuits.

2. Designing reduces the design cycle.

Q6:  Write the applications of Encoder and decoder.
Ans: They are used in communication systems.

Q7. Name some encoders.

Ans  Priority encoder , 4:2 encoder and etc.

Q8: How many i/ps are in 4:2 encoder?

Ans 4 i/ps and 2 o/ps.

Q9: How many select lines are present in 2:4 daGode
Ans  none.




EXPERIMENT No. 6

Aim:- To Design a Down Counter using VHDL.

Down Counter:

In a binary up counter, a particular bit, excepttfee first bit, toggles if all the lower-
order bits are 1's. The opposite is true for birdwywn counters. That is, a particular
bit toggles if all the lower-order bits are 0's dhd first bit toggles on every pulse.

Taking an example, AAz A2 A1 = 0100. On the next countsMs A2 A1 = 0011. A,
the lowest-order bit, is always complemented.isA complemented because all the
lower-order positions (fonly in this case) are 0's.3#s also complemented because
all the lower-order positions, dand A are 0's. But Ais not complemented the
lower-order positions, AA2 A1 = 011, do not give an all 0 condition.

L A
ABC 1
B A_(B _ A
B
C 1
1
D J+ c J B J A J—e
CLK <> CLK < CLE <o CLK <]

D K C K B K A KlH—e

Input




Program:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |[EEE.STD LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity up_counter is
Port (clk : in STD_LOGIC;
sload : in STD_LOGIC;
g :out STD_LOGIC_VECTOR (3 downto 0));
end up_counter;

architecture Behavioral of up_counter is
signal tmp : std_logic_vector(3 downto 0);
begin
process(clk)
begin
if(clk' event and clk = '1") then
if sload = '0' then
tmp <= "1111";
else tmp <= tmp -1;

end if;
end if;
end process;
q <= tmp;
end Behavioral;

OUTPUT:

RTL View




Simulatior Waveforn

Now:
1000 ns
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Quiz Questionswith answer.

Q.1

Ans.

What is sequential logic?

Sequential Logic: A logic circuit in whichettoutputs are a function of the
present, and past inputs. The memory of past snipublves the "state" of the
system. At any time, if you know the presemiits, and state of the circuit,
you can determine the outputs.

How many Flip-Flops are required for mod—16 couhter
The number of flip-flops is required for Mo@-Counter is 4.

A 4-bit synchronous counter uses flip-flops witlopagation delay times of 15
ns each. How much maximum possible time requirec¢fiange of state?

15 ns because in synchronous counter allliféldps change state at the
same time.

How many flip flops are required to construct aatée counter?

Decade counter counts 10 states from 0 toed from 0000 to 1001 ) .Thus

Flip Flop's are required.

How many flip-flops are required to construct m@lc®dunter?
5

What is a flip flop?

It is memory element which stores previousdat

What is the function of clock in counter ckt?

It synchronize the operation of flip flopsdounter ckt.

What is the maximum count for decade counter?




Ans.

Qo:

AnNs.
Q10.
Ans.

From O to 9.

What is down counter?

When the gbar signal of previous ff is conaddb clock of next ff.
What is the count for decade down counter?

From 9 to O.




EXPERIMENT No. 7
Aim:- To Design a BCD to GRAY converter using VHDL

BCD to GRAY Converter:
It is a digital circuit that converts BCD numbeirgto Gray codes.

| 2-bitGraycode
00
01
11
10

000
001
011
010
110
111
101
100

4-bitGraycode
0000
0001
0011
0010
0110
0111
0101
0100
1100
1101
1111
1110
1010
1011
1001
1000




Program:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity bg is
Port (i:in STD_LOGIC_VECTOR (2 downto 0);
g:out STD_LOGIC_VECTOR (2 downto 0));
end bg;

architecture Behavioral of bg is

begin
process(i)
begin
caseiis

when "000" => g <= "000";
when "001" => g <= "001";
when "010" => g <= "011"
when "011" => g <= "010";
when "100" => g <= "110"
when "101" => g <= "111"
when "110" => g <= "101";
when others => g <= "100";

end case;
end process;

end Behavioral;




OUTPUT:RTL View

Simulatior Waveforn
Nows:
1000 ns
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Quiz Questions with answer.

Q.1 What is VHDL?

Ans. VHDL is the VHSIC Hardware Description LangeaVHSIC is an
abbreviation for Very High Speed Integrated Circuit

Q.2 How many truth table entries are necessary foueifgout circuit?

Ans. 16

Q.3 How many bits are there in BCD code?

Ans. 4

Q.4  What is Combinational Logic?

Ans. Combinational Logic: A logic circuit in whidhe outputs are a function of the
inputs. At any time, if you know the inputs, yownadetermine the outputs.

Q.5 What is stable state?

Ans. Stable State: An internal or external signaintains a constant magnitude

(or specified range or function) for a period iofi¢ determined by external input

signals.

Q6. What is BCD to Gray converter?

Ans: The converter which converts bcd code inty gade.

Q7: What is the application of above code converter

Ans  We use in communication systems.

Q8. BCD to Gray converter is a combinational orusedjal ckt?

Ans. Combinational ckt.




Q9:  Write down the method of Binary to Gray coni@ns
Ans: Using the Ex-Or gates

Q10: Convert 0101 to Decimal.

Ans; 5




EXPERIMENT No. 8

Aim:- To Design a Toggle Flip Flop using VHDL.
T(Toggle) Flip Flop:

If the T input is high, the T flip-flop changes t&ta("toggles™) whenever the clock
input is strobed. If the T input is low, the flipp holds the previous value. This
behavior is described by the characteristic eqoatio

Qnext = TEBQZT@—F TQ

T Flip-Flop operation

| S tah — bl

T | Q| Qnext Comment Q| Qnet | T| Comment

0|0 O holdstate(nc | 0| O | 0| Nochang

clk)

0|1 1 holdstate(nc | 1| 1 | 0| Nochang
clk)

1/0| 1 Toggle 0| 1 |1|Complemer

171 0 Toggle 1| 0 | 1|Complemer




Program:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |[EEE.STD LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity t_ff is
Port (pr:in STD_LOGIC;

clr:in STD_LOGIC;
clk:in STD_LOGIC;
t:in STD_LOGIC;
g :inout STD_LOGIC;
gbar : out STD_LOGIC);

end t_ff;

architecture Behavioral of t_ff is
begin

process(clk,clr,pr)

begin

if( pr="0" and clr ='1") then
q<="14

elsif ( pr ='1' and clr ='0") then

q <=0

elsif(pr = "1' and clr ='1' and clk = '0' and adkent)then
g <= (not t and q) or (not q and t);
end if;

end process;

gbar <= not q;

end Behavioral;

OUTPUT:
RTL View




Quiz Questions with answer.

Q.1 Define flip-flop.

Ans. A flip-flop is a device that can maintain bipanformation until it is directed by
an input signal to change its state. There arerakdiferent types of flip-flops, the
more commonly used are the D-FF and the JK-FF:fldjjs are used in sequential
circuit design.

Q. 2The MSI chip 7474 is

Ans. MSI chip 7474 dual edge triggered D Flip-Flop.

Q. 3 How many flip-flops are required to constromid 30 counter?

Ans 5

Q.4The output of SR flip flop when S=1, R=0 is

Ans As for the SR flip-flop S=set input R=resetutpyhen S=1, R=0, Flip-flop will
be set.

Q.5 The number of flip flops contained in IC 7480 i

Ans 2.

Q6 What are the I/Ps of JK flip—flop where thiseaound condition occurs?
Ans; .Both the inputs are 1

Q7:  .Flip flop is astable or bistable?

Ans  Bistable.

Q8: When RS flip-flop is said to be in a SET state?

Ans. When the output is 1

Q9: What is the function of clock signal in flipfi?




Ans. To get the output at known time.

Q10: What is the advantage of JK flip-flop over f-flop?
Ans. In RS flip-flop when both the inputs are 1puittis undetermined.




EXPERIMENT No. 9

Aim:-Implement Half Adder using FPGA & CPLD.

Program:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |[EEE.STD LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity ha is
Port (a:in STD_LOGIC;
b:in STD_LOGIC;
s:out STD_LOGIC;
c:out STD_LOGIC);
end ha;

architecture Behavioral of ha is
begin

S <= a Xor b;

c<=aandb;

end Behavioral;

Qutput

Outputs
Inputs
AlB| c | s
ol o] o 0
ol 1] o 1
1|0 0 1
1| 1] 1 0




. . it
Q.1 Who is the father of VHDL?

Ans. John Hines, Wright Patterson AFB, Daton Ohio.

Q.2  What is a testbench in vhdI?

Ans.A Test Bench in VHDL is code written in VHDLahprovides stimulus for
individual modules (also written in VHDL). Individli modules are instantiated by a
single line of code showing the port.

Q.3 How many inputs and output are used in Full adder?

Ans. Three inputs and two output.

Q.4 What are the advantages of designing?

Ans. Advantages of Designing:

1. Designing is useful in quick implementation, tegtand useful in complex
circuits.
2. Designing reduces the design cycle.

Q.5 Why HDL is used?

Ans. HDL is used because it is easy to design,@mpht, test and document
increasingly complex digital system.

Q6.  Give the basic rules for binary addition?

Ans. 0+0=0;0+1=1;1+1=10;1+0=1.

Q7: What is the drawback of half adder?

Ans: We can't add carry bit from previous stage.

Q8: What is the difference b/w half adder& half dtdctor?

Ans: Half adder can add two bits & half sub tractan subtract two bits.
Q9: Define Nibble?

Ans. Combination of four bits




EXPERIMENT No. 10

Aim:-Implement Full Adder using FPGA & CPLD.
Full adder

A full adder is a logical circuit that performs an addition ag@n on three one-bit
binary numbers often written AsB, andCi,. The full adder producea two-bit
outp t sum typically represented with the sign@ls: andSwhere

sum =2 x Cyy — 5.
The full adder's truth table is:

Truth Table:

Inputs Outputs

(@]
O
o

Flo

o

| O k| O| k| O| | O >
| | O O| k| | Ol O W
Rl R P Plo|l ol o ©
Rl Rl P 9O R ol @ °

Co

2y




Program:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |[EEE.STD LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity fa is
Port (a:in STD_LOGIC;
b:in STD_LOGIC;
cin:in STD_LOGIC;
s:out STD LOGIC;
cout : out STD_LOGIC);
end fa;

architecture Behavioral of fa is
begin
s <= (a xor b) xor cin;

cout <= (a and b) or (b and cin) or (a and cin);

end Behavioral;

OUTPUT:
Inputs Outputs
A B Ci Co S
0 0 0 0 0
1 0 0 0 1
0 1 0 0 1
1 1 0 1 0
0 0 1 0 1
1 0 1 1 0
0 1 1 1 0
1 1 1 1 1




Quiz Questions with answer.

Q.1

Ans.

Q.2

Ans.

Q.3

Ans.

Q.4

Ans.

1.

Who is the father of HDL ?

John Hines, Wright Patterson AFB, Daton Ohio.

What is a testbench whdl?

A Test Bench in VHDL is code written in VHDhdt provides stimulus for
individual modules (also written in VHDL). Individli modules are
instantiated by a single line of code showing the.p

How many inputs and output are used in Full adder?

Three inputs and two output.

What are the advantages of designing?

Advantages of Designing:

Designing is useful in quick implementation, tegtamd useful in complex

circuits.

2,
Q.5

Ans.

Designing reduces the design cycle.
Why HDL is used?
HDL is used becauski$ easy to design, implement, test and document

increasingly complex digital system.

Q6.

AnNs.

Q7.

Ans:

Qs:

ANs:

Qo:

Ans.

Give the basic rules for binary addition?
0+0=0;0+1=1;1+1=10;1+0=1.

What is the drawback of half adder?

We can’t add carry bit from previous stage.

What is the difference b/w half adder& half stdxtor?

Half adder can add two bits & half sub traatan subtract two bits.
Define Nibble?

Combination of four bits




EXPERIMENT No. 11

Aim:- Implement Delay Flip-Flop using FPGA & CPLD.

Flip-Flops:

In digital circuits, &flip-flopis a term referring to an electronic rcait (a
bistable multivibrator) that has two stable staes thereby is capable of serving as
one bit of memory. Today, the terftip-flop has come to mostly denoteon-
transparent (clocked or edge-triggered) devices

A flip-flop is usually controlled by one or two dbpal signals and/or a gate or clock
signal. The output often includes the complementigls as the normal output.

D(D€lay) Flip-Flop:

The D flip-flop is the most common flip-flon use today. It is better known
asdday flip-flop

The Q output always takes on the state of the Dtiapthe moment of a positive edge
(or negative edge if the clock input is active I6%)t is called theD flip-flop for this
reason, since the output takes the value oDiheut orData input, andDelays it by
maximum one clock count. The D flip-flop can beempreted as a primitive memory
cell, zero-order _holdor delay line Whenever the clock pulses, the value afdds D
and Qreotherwise.

Truth table:

Clock D Q Qprev

Risincedge | O 0 X

Rising edge | 1 1 X

Nor-Rising | X | Qprev




Program:

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;

use |[EEE.STD LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity d_ff is
Port (clk : in STD_LOGIC,;
clr:in STD_LOGIC;
d:in STD_LOGIC;
pr:in STD_LOGIC;
g:out STD_LOGIC);
end d_ff;

architecture Behavioral of d_ff is
begin

process(clk,clr,pr)

begin

if( pr="0" and clr ='1") then

q<= 1%

elsif ( pr ='1' and clr ='0") then
q<='0",

elsif(pr = "1' and cIr ="1'and falling_edge(clkpth
q<=d;

end if;

end process;

end Behavioral;




OUTPUT:

Clock D Q Qpre\/

Risincedge | O 0 X

Rising edge | 1 1 X

Nor-Risinc | X | Qprev

Quiz Questions with answer.

Q.1 Define flip-flop.

Ans. A flip-flop is a device that can maintain bipanformation until it is directed by
an input signal to change its state. There arerakdiferent types of flip-flops, the
more commonly used are the D-FF and the JK-FF:fldjjs are used in sequential
circuit design.

Q. 2The MSI chip 7474 is

Ans. MSI chip 7474 dual edge triggered D Flip-Flop.

Q. 3 How many flip-flops are required to constroid 30 counter?

Ans 5

Q.4The output of SR flip flop when S=1, R=0 is

Ans As for the SR flip-flop S=set input R=resetuhpvhen S=1, R=0, Flip-flop will
be set.

Q.5 The number of flip flops contained in IC 7490 i

Ans 2.

Q6 What are the I/Ps of JK flip—flop where thiseaound condition occurs?
Ans; .Both the inputs are 1

Q7:  .Flip flop is astable or bistable?

Ans  Bistable.

Q8: When RS flip-flop is said to be in a SET state?

Ans. When the output is 1

Q9:  What is the function of clock signal in flipsfi?

Ans. To get the output at known time.

Q10: What is the advantage of JK flip-flop over ff-flop?
Ans. In RS flip-flop when both the inputs are 1puitis undetermined.




EXPERIMENT No. 12

Aim:- Implement BCD to 7 segment Decoder using FPGA & CPLD.

BCD to 7 segment Decoder:
It is a digital circuit that decodes BCD number®ihsegment numbers that can be
used for 7 segment displays and other applications.

—
d

INPUTS OUTPUT

ABCD A B C d e f G
0000 1 1 1 1 1 1 0
0001 0 1 1 0 0 0 0
001c 1 1 0 1 1 0 1
0011 1 1 1 1 0 0 1
0100 0 1 1 0 0 1 1
0101 1 0 1 1 0 1 1
0110 1 0 1 1 1 1 1
0111 1 1 1 0 0 0 0
1000 1 1 1 1 1 1 1
1001 1 1 1 1 0 1 1




Program:

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |[EEE.STD LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declarationiifstantiating
---- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity bs is
Port (i:in STD_LOGIC_VECTOR (3 downto 0);
0 :out STD_LOGIC_VECTOR (6 downto 0));
end bs;
architecture Behavioral of bs is

begin

0 <="1111110" when i ="0000" else
"0110000" when i ="0001" else

"1101101" when i ="0010" else
"1111001" when i ="0011" else
"0110011" when i ="0100" else

i
i
i
"1011011" when i ="0101" else
i
i
i

"1011111" when i ="0110" else
"1110000" when i ="0111" else
"1111111" when i ="1000" else

"1111011" when i ="1001";
end Behavioral;

OUTPUT:




INPUTS OUTPUT

ABCD A B C d e f G
000( 1 1 1 1 1 0
0001 0 1 1 0 0 0 0
0010 1 1 0 1 1 0 1
0011 1 1 1 1 0 0 1
010C 0 1 1 0 0 1 1
0101 1 0 1 1 0 1 1
011( 1 0 1 1 1 1 1
0111 1 1 1 0 0 0 0
1000 1 1 1 1 1 1 1
1001 1 1 1 1 0 1 1

QUIZ QUESTIONS WITH ANSWERS.

Q.1  Name the examples of combinational logic circuits.

Ans. Examples of common combinational logic citguinclude: half adders, full
adders, multiplexers, demultiplexers, encoders dewbders.

One OR gate to OR CD and EF and next to OR of Guwut of first OR gate.

Q.2  Which device converts BCD to Seven Segment ?

Ans. A device which converts BCD to Seven Segmewglled DECODER.

Q.3 What is BCD to Seven segment decoder?

Ans. A binary coded decimal (BCD) to 7-segmenpldig decoder such as the TTL
74L.S47 or 74L.S48, have 4 BCD inputs and 7 outmetsli one for each LED
segment. This allows a smaller 4-bit binary nunibelf a byte) to be used to
display all the ternary numbers from 0 to 9 andaligling two displays
together; a full range of numbers from 00 to 99 bardisplayed with just a
single byte of 8 data bits.

Q.4 What is decoder?

Ans. A Decoder IC, is a device which converts diggtal format into another and
the most commonly used device for doing this isBiary Coded Decimal
(BCD) to 7-Segment Display Decoder.

Q5. Q.5 What are the advantages of designing?

Ans. Advantages of Designing:

1. Designing is useful in quick implementation, tegtand useful in complex circuits.
2. Designing reduces the design cycle.

Qe6:

Ans:

Q7.
Ans
Qs:
Ans

Qo:

Ans

Q10:

Ans.

Write the applications of Encoder and decoder.
They are used in communication systems.

Name some encoders.

Priority encoder , 4:2 encoder and etc.

How many i/ps are in 4:2 encoder?

4 i/ps and 2 o/ps.

How many select lines are present in 2:4 detode
none.

How many outputs are present in 3:8 decoder?
8.




EXPERIMENT No. 13
Aim:- Implement an Up Counter using FPGA & CPLD.

Up Counter:

A synchronous binary counter counts from 0Yel2where N is the number dits/flip-
flops in the counter. Each flip-flop is used to negent one bit. The flip-flop in the
lowest-order position is complemented/toggled wévery clock pulse and a flip-
flop in any other position is complemented on tlextrclock pulse provided all the
bits in the lower-order positions are equal to 1.

Take for example AAz A2 A;= 0011. On the next count,sAz Az A1 = 0100. A,
the lowest-order bit, is always complemented.isA complemented because all the
lower-order positions (fonly in this case) are 1's.3#s also complemented because
all the lower-order positions, 2and A are 1's. But Ais not complemented the
lower-order positions, AA2 A1 = 011, do not give an all 1 condition.

To implment a synchronous counter, we need a [ftip-for every bit and an AND
gate for every bit except the first and the lagt Bhe diagram below shows the
implementation of a 4-bit synchronous up-counter.

ABC l

B AB A
( B
—|i 1
C J

1 |
D J - B J A J—e
CLK <> CLK < CLE <o CLK <]

K K K K|l—e

Input




Program:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

--library UNISIM;
--use UNISIM.VComponents.all;

entity up_counter is
Port ( clk : in STD_LOGIC;
sload : in STD_LOGIC;
clr:in STD_LOGIC;
g :out STD_LOGIC VECTOR (3 downto 0));
end up_counter;

architecture Behavioral of up_counter is
signal tmp : std_logic_vector(3 downto 0);
begin
process(clk)
begin
if(clk' event and clk = '1") then
if clr ='0" then
tmp <= "0000";
elsif sload = '1' then
if tmp = "1010" then
tmp <= "0000";
else tmp <=tmp +1;

end if;
end if;
end if;
end process;
g <=tmp;

end Behavioral;
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2 | To studythecharacteristicef Gunnoscillator&Gun diodeas 4-6
modulatec source.

3 | Studyof waveguidehornandits radiationpatternand 7-10
deiermination of the Beam width.

4 a | To studyisoletion anc coupling coeficient of a megic Tee 11-13

4b | To measureouplingcoefficient,Insertionloss& Directivity of | 14-17
a Directiona cougler.

5a | To measureattenuatiorand insertionlossof afixed and 1820
variable attenuatu.

5b | To measurasolationandinsertionlossof athreeport 21-24
Circuletors/l<olator.

6 | To measurdghe standingwaveratio andreflectioncoefficientin | 2528
aMicrowave Transmissiotine.

7 | To measurethe frequencyof a microwavesourceand 29-32
demonstrateelationshipamongguide dimensions,freespace
wavelength anc guide waveleigth.

8 | To measLre the impedaice of unknown load 33-37

9 | To Study working of DopplerRadar, and measuragheof the | 3843
velodity of the object moving in the Radai rance.

10 | Measuremenof theresonanceharacteristicef a microstrip 44-47
ring resonator.

11 | To study Magretrons. 4851

12 | To studythe Characteristicef ReflexKlystrontube& to 52-54
determintits elecronic tuning rance.

13 | To measlire the gain of a wavecuide horr anterna. 5559

14 | To study the phas: srifter. 60-63

15 | To determine the dielectric constan of a meterial. 64-69

LAB MANUAL (VI SEM ECE) Page 2




MICROWAVE AND RADAR ENGINEERING (EE-322-F)

EXPERIMENT NO. 1

AIM: - To studywaveguidecomponents.

APPARATUS REQUIRED :- Flanges, Twisted wave guide, wave guide tees, Directional

Coupler, Attenuator, Isolators, Circulators, Matched terminator, Slide screw tuner, Slotted
Section,Tunableprobe,Horn antennasiMovable Short,Detectormount.

THEORY : - A pipe with any sort of cross-sectionthat could be usedas a wave guide or
systemof conductorsfor carrying electromagnetiavave is called a wave guide in which the
wavesaretruly guided.

(1) ELANGES: - Flangesare usedto couple sectionsof wave guide componentsThese
flanges are designedto have not only mechanicalstrengthbut also desirableelectric
characteristics.

(2) TWISTED WAVEGUIDE: - If achangein polarizationdirectionis required,twisted
sectionmaybeused.lt is alsocalledrotator.

(3) WAVE GUIDE TEE: - Teesarejunctionswhich arerequiredto combineor split two
signalsin awaveguide.Differenttypeof teesare:-

(a)H_ - PLANE TEE: - All the arm of the H- plane Tee lies in the plane of the
magneticfield which divides amongthe arm. This is thus a current or parallel
junction.

(b)E- PLANE TEE: - It lies in the plane of electric field. It is voltage or series
junction. In this signalis divided in to two parts having samemagnitudebut in
oppositephase.

(c) MAGIC TEE: - If anotherarmis addedto eitherof the T-junction. Thena hybrid
T-junction or magicteeis obtained.The armthreeor four is connectedo arm1&2
but notto eachother.

(4) DIRECTION COUPLER :- Thepowerdeliveredto aloador anantennaanbe
Measuredusingsamplingtechniquen which a knownfractionof the poweris
Measuredsothatthetotal may be calculated A numberof couplingunitsusedfor
suchpurposeareknownasdirectionalcoupler.

(5) ATTENUATORS: - It consistsof a resistive wane inside the wave guide to absorb
microwave power according to its position w.r.t side wall of the wave guide.
Attenuationwill be maximumif thewaneis placedat center.
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MICROWAVE AND RADAR ENGINEERING (EE-322-F)

(a) Eixed Attenuators: In this the position of resistivewaneis fixed, it absorbs
constantamountof power.

(b) Variable Attenuators: - In this the position of resistivewane can be changed
with the helpof micrometer.

(6) ISOLATORS: - Ferriteis usedasthe main materialin isolator.Isolatoris a microwave
device which allows RF energyto passthroughin one direction with very little loss,
while RF powerin thereversadirectionis absorbed.

(7) CIRCULATORS: - A microwavecirculatoris a multi port junction devicewherethe
powermayflow in thedirectionfrom 1to 2,2 to 3, & soon...

(8) MATCHED TERMINATION: - A terminationproducingno reflectedwave at any
transversesection of the wave guide. It absorbsall the incident wave. This is also
equivalento connectingheline with its characteristiempedance.

(9) SLOTTED SECTION: - A lengthof waveguidein which a nonradiatingslotis cuton
thebroaderside.This is usedto measurehe VSWR.

(10) SLIDE SCREW TUNER:- A screwor probeinsertedat thetop of waveguide
(parallelto E) to developsusceptancéne magnitude& sign of which is controlled by
depthof penetratiorof screwandit canbe movedalongthe lengthof waveguide.

(11)H — PLANE BEND: - An H-planebendis a pieceof wave guidesmoothlybendsin a
planeparallelto magneticfield for thedominantmode(Hard bend).

(12) E = PLANE BEND: - An E-planebendis a pieceof wave guide smoothlybendsin a
planeof electricfield (Easybend).

(13) HORN ANTENNAS: - The componentsvhich radiates& interceptEM energyis of
coursethe antennaThe open-endedvaveguide,in which the openendis flared so that
it looks like a horn,is calledhornantennaThereare severaltypesof horns— Sectional
E-planehorn, SectionaH- planehornandPyramidalhorn.

(14) MOVABLE SHORT: - It is adjustableload which movesalong the length of wave
guideandadjustedo getSWR.

RESULT: - Studenthavebeenableto appreciate¢he purposeandusageof various
Components.

PRECAUTIONS :-
1. Handleall componentsvith careanddo not allow anydamageo takeplace.
2. Do not rub/scratchthe inner polishedsurfacesof the componentswith any sharpedged
body.
3. If demonstratinginy assemblyof componentsensurehatthereis no crossthreadingand
propertightening.

LAB MANUAL (VI SEM ECE) Page 4




MICROWAVE AND RADAR ENGINEERING (EE-322-F)

QUIZ :-

Q.1 Whatis the purposeof waveguideflange?
Q.2Whatis awaveguide?

Q.3Why thewaveguideis air filled?

Q.4Whatis awaveguidebend?

Q.5Whatis isolator?

Q.6 Whatis circulator?

Q.7 Whatis Attenuator?

Q.8 WhatareTees.How manytypesof Teesarethere?
Q.9Whatis slottedline?

Q.10Whatis tunabledetector?

ANSWERS:-

Ans.1lt is usedto connecttwo similar typesof waveguidesor waveguide
components.

Ans.2lt is ametallic structureof any cross-sectiomighly polished& silver
platedfrom inside.lt is usedfor flow of electromagnetienergy.

Ans.3Thewaveguideis filled with dry air underpressuréo removeany moisture
from thewaveguidethatmight causecorrosion.It alsoincreaseshe power
handlingcapacityof the waveguide.

Ans.4lt is abend,whichis usedto changehe pathof flow of EM energyin the
waveguide.

Ans.5lt is adevice,which allowstheflow of EM energyin onedirectionbut
doesnot permitenergyto travelin the oppositedirection.

Ans.61t is amulti portdevice.lt hasa propertythatenergyenteringin oneportis
permittedto comeoutfrom the nextportonly andnot from anyotherport.

Ans.71t is adevicethatis usedto reducethe strengthof signal.

Ans.8Junctionof waveguidein differentconfigurationds calledTee.Following
typeof Teesarethere:- E planeTee,H planeTee,Magic Tee,RatRace.

Ans.91t is awaveguidein which aslotis madeonthe broaderside,in thecenter
of the side alongthe axis of the wave guide. It is usedto facilitate movementof
travelingprobealongthe waveguideto detect& measurghe standingwaveratio.

Ans.10lt is adevicethatis usedto detectmicrowavesignal.Detectordiodecanbe Point
ContactDiode or SchottkyBarrier Diode
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EXPERIMENT NO.2

AIM: - To studythe characteristicef GunnoscillatorGundiodeasmodulatedsource

APPARATUS REQUIRED :- GunnDiode, Gunnpowersupply,PIN Modulator,lsolator,
Frequencymeter,Variable Attenuator,Detectormount,Waveguidestand,VSWR meter,

Cablesandaccessories.

THEORY : - The GunnOscillatoris basedn negativedifferential conductivityeffectin

bulk semiconductowhich hastwo conductionbandsminimaseparatedy an
energygap.A disturbanceatthe cathodeagivesriseto high field regionwhich

traveltowardsthe anode Whenthis high field domainreachesheanode|t disappears
andanotherdomainis formedat the cathodeandstartsmovingtowardsanodeandsoon.
Thetime requiredfor domainto travelfrom cathodeto anodegivesoscillationfrequency.
In a GunnOscillator,the Gunndiodeis placedin aresonantavity, the Oscillation

frequencyis determinedy cavity dimensionthanby diodeitself.

BLOCK DIAGRAM :-

Gunn Power CRO VSWR
supply Meter
A A
v
Gunn | Isolator | Pin | Frequency | Variable | Detector
Oscillator > ”1 Modulator > Meter " Attenuator 1 Mount

PROCEDURE: -

(1) Setthecomponentandequipmentasshownin block diagram.

(2) Initially setthevariableattenuatofor minimumattenuation.
(3) Keepthecontrolknobof GunnPowerSupplyasbelow:

Meter Switch - ‘OFF’
Gunnbiasknob - Fully anti-clockwise
Pin biasknob - Fully anti-clockwise
Pin Mod frequency - Anyposition

(4) Keepthecontrolknobof VSWR meterasbelow:
Meter Switch - Normal
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Input Switch - Low Impedance
Rangedb Switch - 40db
GainContol knob - Fullyclockwise

(5) Setthe micrometel of Gunnoscillatorfor requiredfrequencyof operation.
(6) Switch*ON’ the GunnPowerSupply,VSWR meteranc Cooling Fan
VOLTAGE —CURRENT CHARACTERISTIC
(1) Turnthe meterswitch of Gunnpowersupplyto voltageposition
(2) Measurethe GunndiodecurrentCorrespondingo thevaricus voltages
(3) Plotthevoltageanc currentreadingon thegraph
(4) Measurehethresiold voltage,which corresponds$o thegraph

OBSERVATIONS:-

S.NC | Voltage Current

GRAPH: - I

Y,
RESULTS: - Thevaluesof voltageandcurrentis measure@ndthegrapt is drawn.

PRECAUTIONS: -
1. Usefanto keeptheKlystron temperaturdow.
2. Ensuretight connection®f theapparatus
3. Avoid crossconnection®f thethreads.
4. Usestabilizedpowersupply
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QUIZ: -

Q.1Whatarethebasisof classificationof microwavedevices?

Q.2Whatis GunnEffect?

Q.3Whataretheapplicationsof Gunndiode?

Q.4 Whatis negativeresistance?

Q.5Whataretheadvantagesf Gunndiode.

Q.6 Whatarethedisadvantagesf Gunndiode

Q.7 Whatis thresholdvoltage?

Q.8 Whatis therole of PIN diodein thetestsetup?

Q.9 Whatis therole of Isolatorin thetestsetup?

Q.10In aGunnoscillator,Gunndiodeis placedin aresonantavity. In your
opinionwhatshallbethe effectof this.

ANSWERS:-

Ans.1 - Basedon electricalbehavior.
- Basedon conduction.
Ans.2Thereareperiodicfluctuationsof currentpassinghroughN type GaAs
whenappliedvoltageexceededertaincritical voltage.
Ans.3Usedasamplifier andoscillators.
Ans.4In negativeresistancelevicesyoltageandcurrentphasesre180° out of
phase Voltagedropacrosst is negativeand(- 1°R) poweris generated.
Ans.51t hasverylessnoise.
Ans.6lt is very temperaturelependenttrequencyof oscillationschangeswith
changean temperature.
Ans.7lt is thatvoltageon curve,which correspond$o maximumcurrent.
Ans.8PIN diodeis usedto squaremodulatethe outputof Gunnoscillator.
Ans.9To avoidtheflow of reflectedenergybackto Gunnoscillator.This
reflectedenergyshall destabilizehe frequency phase% amplitudeof
outputwavefrom oscillator.
Ans.10Thefrequencyof oscillationsshallbe determinedyy the dimensionf
the cavity, ratherthanby the diodeitself.
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EXPERIMENT NO. 3

AIM: - Studyof waveguidehornandits radiationpatternanddeterminatiorof the
Beamwidth
APPARATUS REQUIRED: - Klystrontube,Klystron powersupply,Klystron mount,
Isolator,FrequencyMeter, Two hornantennaspDetectormount,Radiationpatterntable,
Coolingfan, VSWR meter,Cablesandaccessories.

THEORY: - If atransmissiodine propagatingenergyis left openatoneend,therewill
beradiationfrom this end.In caseof arectangulawaveguidethis antenna
presentsa mismatchof about2:1 andit radiatesn manydirections.Thematch
will improveif the openwaveguideis ahornshape.
Theradiationpatternof anantennds a diagramof field strengthor moreoften
the powerintensityasa junctionof theaspectingleat constandistancerom the
radiatingantennaAn antenngatternconsistof severalobes,the mainlobe,sidelobe,
andbacklobe. Themajorpoweris concentratedh the mainlobe andit is normallyto
keepthepowerin thesidelobesandbacklobe aslow aspossible.

BLOCK DIAGRAM : -

Klystron Cooling

Power supply Fan VSWR
Meter

A
vV _ v horn
Klystron mount Isolator Variable Frequency Detector
+ Klystron tube —, > Attenuator > Meter Mount
horn
PROCEDURE: -

(1) Settheequipmentasshownin fig. Keepingthe axisof bothantennasn same
line.
(2) Initially setthevariableattenuatofor maximumposition.
(3) Keepthe controlknobsof Klystron PowerSupplyasbelow:
Meter Switch - ‘OFF
Mod Switch - AM
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Beamvoltageknob - Fully anti-clockwise
Reflectorvoltage - Fully clockwise

AM- amplitudeknob

andfrequencyknob - Aroundmid position.

(4) Keepthe controlknob of VSWR meterasbelow:

Meter Switch - Normal

Input Switch - LowImpedance
Rangedb Switch - 40db
GainControlknob - Mid position

(5) ‘'ON’ theKlystron PowerSupply,VSWR meterandCooling Fan
(6) Turnthemeterswitch of powersupplyto beamvoltagepositionandsetbeam
voltageat 300V with the help of beamvoltageknob.
(7) Adjustthereflectorvoltageto getsomedeflectionin VSWR meter.
(8) Maximizethedeflectionwith AM amplitudeandfrequencycontrolknob of
powersupply.
(9) Turnthereceivinghornto theleft in 5 stepsup to 40°- 50° andnotethe
corresponding/ SWR db readingin normaldb range.
(10) Repeathe abovestepbut this time turn thereceivinghornto theright and
notedownthereadings.
(11) Draw arelativepowerpattern,.e., outputvs. angle.

OBESERVATIONS AND CALCULATIONS :-

S.NC | Angle | VSWR
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GRAPH: - VSWR

v

Angle
RESULT: - Theradiationpatten is drawnusingthe valuesof angleand VSWR.

PRECAUTIONS: -
1. Usefanto keeptheKlystron temperaturdow.
2. Ensuretight connection®f theapparatus
3. Avoid crossconnection®f thethreads.
4. Usestabilizedpowersupply
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QUIZ :-

Q.1Whatis Hornantenna?

Q.2 Whatis radiationpattern?
Q.3Whatarevarioustypesof lobes.

Q.4Wherein thelobetheintensityis maximum.

Q.5Are sidelobes/ backlobesdesirableDiscuss?

Q.6 Whatarethedisadvantagesf sidelobes/ backlobes?
Q.7 Whatis beamwidth?

Q.8 Whatis antenngyain?

Q.9 Whatarethe advantagesf flaring?

Q.10Whatarethe varioustype of microwaveantennas?

ANSWERS:-

Ans.1Thisis anopenendedwaveguide,in which openendis flared sothatit
lookslike horn.It canbeH plane,E plane,Pyramidhornor Conicalhorn.

Ans.2lt is adiagramof field strengthor powerintensity.

Ans.3Thesearemainlobe,sidelobe,backlobe.

Ans.4 At the centerof thelobe.

Ans.5Thesearenotdesirablebut atthe sametime it is not possibleto designan
antennawithout sidelobes/ backlobes.Throughproperdesign thesecanbe

reduced.

Ans.6Lossof energyandsusceptibldo interference& jamming.

Ans.7Theanglebetweenwo pointson a mainlobewherepowerintensityis half
of the maximumpowerintensity.

Ans.8lt is ameasuref increasegowerradiatedn thedirectionof targetas
comparedwvith the powerthatwould havebeenradiatedfrom anisotropic
antenna.

Ans.9Flaringimprovesdirectivity, increasefficiencyandreduces/ SWR.

Ans.10Horn antennalensantennaSlot antennaandMicro strip antenna.
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EXPERIMENT NO. 4 (a)

AIM: - To studyisolationandcouplingcoefficientof amagicTee

APPRATUS REQUIRED: - Klystrontube,Klystron powersupply,Klystron mount,
Isolator,FrequencyMeter, Variable Attenuator,Detectormounts,Magic Tee,
Waveguidestand,Coolingfan, VSWR meter,Cablesandaccessories.

THEORY: - TheMagic Teeis afour portdevice& it is acombinationof theE & H
planeTee.If thepoweris fed into arm 3 (H- arm),the electricfield dividesequally
betweerarm1 and2 with samephaseandno electricfield existsin arm4. If the power
is fedin arm4 (E- arm),it dividesequallyinto arm1 and2 but out of phasewith no
powerto arm 3. Further,if thepoweris fed from arm1 and2, it is addedn arm3 (H-
arm),andit is subtractedn E-arm,i.e.,arm4.Thebasicparameterso be measuredor
magicTeearedefinedbelow:

A. lsolation: - TheisolationbetweerE andH armsis definedasthe ratio of the power
suppliedby the generatoconnectedo the E-arm(port4) to the powerdetectedat H-arm
(port3)whensidearmsl and2 areterminatedn matchedoad.

Hence lsolation3-4=1010g,9P4/ P3

B. Coupling Coefficient :- It is definedasC; = 10 /%
Wherea is attenuatior! isolationin db wheni is inputarmandj is outputarm.
Thusa = 10log Pi/ Pj
WherePi is the powerdeliveredto armi andPj is powerdetectedatj arm.
BLOCK DIAGRAM: -

Microwave Isolator Frequency Variable Slotted Detector
Source Meter Attenuator Section Mount

A
A
\ 4
\ 4
\ 4

Matched B
Termination [
Detector |
Mount < 4 Tee 3|
IZ_J

Matched <
Termination
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PROCEDURE: - Measurementof Isolation and Coupling Coefficient

(1) Settheequipmentasshownin fig.

(2) Removethetunableprobeandmagic Teefrom the slottedline andconnecthe
detectomountto theslottedline.

(3) Energizethe microwavesourcefor particularoperationof frequencyandTunethe
detectorfor max. Output.

(4) Setanyreferencdevel of poweron VSWR meterwith the help of variableattenuator;
gaincontrolknob of VSWR meterandnotedownthereading(let it be Ps,.

(5) Without changingthe positionof variableattenuatorandgain controlknobof VSWR
meter,carefully placethe magicTeeafterslottedline keepingH-armto slottedline,
detectorto E-armandmatchederminationto armland2. notedownthereadingof
VSWR meter(let it be Py.

(6) Determinetheisolationbetweerport 3 and4 asP;— P, in db.

(7) Determinethe couplingcoefficientfrom equationgiven.

(8) Thesameexperimenimay berepeatedor otherportsalso.

(9) Repeathe samefor otherfrequencies.

OBSERVATIONS AND CALCULATIONS :-

P3:

P4 =
Calculatelsolationandcouplingcoefficientusing
Isolation3-4 = 1010g,oP4/ P

a =10log Pi/ Pj

RESULT: - Measuredraluesfor Isolationandcouplingcoefficientare

<:

PRECAUTIONS: -
1. Usefanto keeptheKlystron temperaturdow.
2. Ensuretight connection®f theapparatus
3. Avoid crossconnection®f thethreads.
4. Usestabilizedpowersupply.
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QUIZ :-

Q.1Whatarethevarioustypeof Tees.
Q.2Whatis H - planeTee?

Q.3Whatis E - planeTee?

Q.4 Whatis Magic Tee?

Q.5Whatis theelectricpropertyof H-planeTee?
Q.6 Whatarethe propertiesof E-planeTee?

Q.7 Whatarethe propertiesof Magic Tee?

Q.8 Whataretheapplicationsof Magic Tee?
Q.9Whatis theisolationbetweerkE & H arm?
Q.10Define CouplingCoefficient?

ANSWERS:-

Ans.1E - planeTee,H — planeTee,Magic Tee,andRatRaceetc.

Ans.2 An H-planeTeeis formedby cuttingarectangulaslot alongthewidth of a

mainwaveguideandattachinganothemwaveguideontheslot. It is3-portdevice

Ans.3A rectangulaslotis cutalongthe broaderdimensionof awaveguideanda
sidearmis attachedThisis athree-portdevice.

Ans.4Rectangulaslotsarecut alongthe breadthandwidth of along waveguide
andsidearmsareattachedlt is aFour-portdevice.

Ans.5If equalinputaregivenat ports1&2 (collinearports),the outputat the port
3 shallbethe sumof thesetwo inputs.

Ans.6If equal,in phasanputsaregivenat collinearports,the outputat port 3 shallbe
differenceof thetwo i.e. zero.Similarly if samenputis givenat port 3, thereshall
be equalbut oppositeoutputsat ports1&2.

Ans.7It hasgotthe propertiesof bothH & E planeTees.Howeverif someinputis given
to port 1, nothingcomesout of 2.

Ans.8 - Usedfor measuremertaf impedancelUsedasduplexer.Usedasmixer.

Ans.9lt is definedasratio of powersuppliedby generatocconnectedo E-arm
(portd)to the powerdetectedht H-arm (port3) sidearms1&2 areterminatedn
matchedoad. Isolation3-4=10log,,P,/ P,

Ans.10 G=10"'%

Wherea is attenuatiort isolationin db wheni is inputarmandj is outputarm
Thusa = 10log Pi/ Pj
WherePi is thepowerdeliveredto armi andPj is powerdetectedatj arm.
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EXPERIMENT NO. 4(b)

AIM: - To measureouplingcoefficient,Insertionloss& Directivity of aDirectionalcoupler.

APPARATUS REQUIRED: - Klystrontube,Klystron powersupply,Klystron mount,
Isolator,Coolingfan, FrequencyMeter, Detectormount,Variable Attenuator Waveguide
stand,VSWR meter,MHD coupler,MatchedTermination,Cablesandaccessories.

THEORY: - A directionalcoupleris adevicewith whichit is possibleto measurdhe incident
andreflectedwaveseparatelylt consistof two transmissionines, mainarmandauxiliary
arm,electromagneticallycoupledto eachother. Thediagramis givenbelow.The
powerenteringin port 1 in themainarmdividesbetweerport 2 andport4 almostno power
comesout of port 3. Powerenteringin port2 is divided betweerport 1 and3.

4
3

{ J:

Assumingpoweris enteringfrom port 1, then
Thecouplingfactoris definedas
Coupling(db)=10log 10P1/ P4

Main line insertionlossis the attenuatiorintroducedn transmissiorine by insertion
of coupler.It is definedas:
Insertionloss= 101log 1oP:/ P>,

Thedirectivity of the coupleris ameasuref separatiorbetweenncidentwaveandthe
reflectedwave.lt is measuredstheratio of two poweroutputsfrom the auxiliary line
whena givenamountof poweris successivelyppliedto eachterminalof the mainline
with otherportterminatedoy matchedoad.HenceDirectivity is given by

D (db) =10 |0g 10 P4f/ P4r

WhereP, andP 4 arethe measuregowersat port 4 with equalamountof poweris fed
to port 1 and2 respectively.
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BLOCK DIAGRAM: -

VSWR
Meter
A
Cooling Microwave Isolator Variable Frequency Detector
Fan > Source > > Attenuator > Meter > Mount
1] v
MHD 3 Detector | VSWR Matched
% Coupler > Mount "1 Meter Termination
2] v
MHD 3 | Detector | VSWR Matched
L Coupler "I Mount ”| Meter Termination
3 v
MHD 2 .| Detector | VSWR Matched
L] Coupler "1 Mount >l Meter Termination

PROCEDURE: - Measurementof Coupling factor, Insertion loss& Directivity

(1) Setthe "equipmentsasshownin fig.

(2) Energizethe microwavesourcefor particularoperationof frequency.

(3) Removehe MHD couplerandconnecthe detectormountto the frequencymeter.
Tunethedetectorfor max.Output.

(4) Setanyreferencdevel of poweron VSWR meterwith the help of variableattenuator,
gaincontrolknobof VSWR meterandnotedownthereading

(letit be X).

(5) Insertthe D.C asshownin fig. With detectormountto the auxiliary port4 and
matchederminationto port 2. Without changingthe positionof variableattenuator
andgaincontrolknobof VSWR meter.

(6) Notedownthereadingon VSWR meter(let it beY) andcalculatecouplingfactor
usingX &Y, whichwill bein db.
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(7) Now carefully disconnecthe detectorfrom the auxiliary port 4 andmatchtermination
from port2 without disturbingthe setup.

(8) Connecthe matchederminationto theaux.Port4 anddetectorto port2 andmeasure
thereadingon VSWR meter(let it be Z).

(9) ComputeinsertionlossusingX & Z in db.

(10) Repeathestepsfrom 1to 4.

(11) Connectthe D.C in thereversedirectioni.e. port 2 to frequencymeterside,matched
terminationto portl anddetectormountto port4, without disturbingthe positionof
thevariableattenuatomandgain controlknob of VSWR meter.

(12) Notedownthereadingandlet it beY,.Computethedirectivity asY- Yy,

(13) Repeathe samefor otherfrequency.

OBSERVATION AND CALCULATIONS: -

CalculateD, C andl usingthe equationsasgivenabove.

RESULT: - Themeasuredrialuefor MHD couplerare
Couplingcoefficient=
Insertionloss=
Directivity =

PRECAUTIONS: -

1. Usefanto keeptheKlystrontemperaturdow.
2. Ensuretight connection®f theapparatus

3. Avoid crossconnection®f thethreads.

4. Usestabilizedpowersupply.
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QUIZ :-

Q.1 Whatis directionalcoupler?

Q.2Whatis Coupling?

Q.3Whatis Directivity?

Q.4Whatis Isolation?

Q.5Whatis Insertionloss?

Q.61n atwo holedirectionalcoupler,whatis the distancebetweeriwo holes?
Q.7 Whatis the materialof directionalcoupler?

Q.8 Namea few othertypesof directionalcouplers?

Q.91n adirectionalcoupler,areportsmatched?

Q.10How manyholescanbetherein a Directionalcoupler?

ANSWERS:-

Ans.1lIt is acombinationof two waveguideselectricallyconnectedo eachother
throughaholeor orifice. It is usedto measurehe powerof EM waveby
takinga smallfractionof it.

Ans.2Coupling,C (db)=10log 0P,/ P

Ans.3Directivity, D (db)= 10log 1P/ Py

Ans.4lsolation,l =10log 10P;/ Py,

Ans.5Insertionloss= 10log 1oPi/ Pr

Ans.6 Thedistances A4/ 4.

Ans.7 Thesearetwo metallicrectangulamwave-guidesmadeof brass copper.
Thesearefinely polishedandsilver platedfrom inside.

Ans.8 - Two holecrossguidecoupler.

Two holebranchingguidecoupler

Shortslot coupler

Bifurcatedcoupler

- Loopdirectionalcoupler.

Ans.9All portsareperfectlymatchedo thejunctions

Ans.10It canbeone,two or morethantwo dependinguponrequirementDegree
of couplingshallbe decidedby numberandlocationof holes.
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EXPERIMENT NO. 5 (a)

AIM : - To measurattenuatiorandinsertionlossof afixed andvariableattenuator.

APPARATUS REQUIRED: - Microwave source Isolator,Frequencymeter,Variableattenuator,
Slottedline, Tunableprobe,Detectormount,Matchedtermination,VSWR meter testfixed and
variableattenuatoandAccessories.

THEORY: - Theattenuatolaretwo port bidirectionaldeviceswvhich attenuatesomepower
wheninsertednto thetransmissiorine.
Attenustion A (db)=10log P1/P2
Where,P1=Powerabsorbedr detectedvy theload without the attenuatoin theline. P,
==Powerabsorbed/detectday the load with attenuatoin theline. The attenuatorgonsist
of arectangulamwaveguidewith aresistivevaneinsideit to absorbmicrowavepower
accordingto their positionwith regectto sidewall of thewaveguide An electricfield is
maximumat centrein TEIO mode;the attenuatiorwill be maximumif thevaneis placedat
centreof thewaveguide Moving from centretowardsthe sidewall, attenuatiordecreasem
thefixed attenuatorthe vanepositionis fixed whereasin variableattenuatorits position
canbe changedy the help of micrometeror by othermethails.
Following characteristicef attenuatorganbe studied
1. InputVSWR.
2. Insertionloss(in caseof variableattenuator).
3. Amountof attenuatiorofferedinto thelines.
4. Frequencysensitivity i.e., variationof attenuatiorat any fixed positionof vaneand
frequencyis changed

BLOCK DIAGRAM : -

Klystron Cooling
Power supply Fan

!

Klystron mount »| Isolator »| Frequency Variable ,| Slotted q Detector
+ Klystron tube > "1 Meter "| Attenuator " Section ” mount
A\ 4
VSWR Detector |
Meter <—] mount < Attenuator
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PROCEDURE: -

Insertion Loss/Atternuation M easur ement

1. Removethetunableprobe,attenuatomndmatchedeminationfrom the slottedsectionin
theabovesetup.

2. Connecthe detectormountto the slottedline, andtune the detectormountalsofor
maximumdeflectionon VSWR meter (Detectormount'soutputshouldbe connectedo
VSWR meter).

3. Setanyreferencdevel onthe VSWR meterwith the helpof variableattenuatofnot test
attenuatorjpndgain controlknob of VSWR meter.Let it be P1.

4. Carefully disconnecthe detectormountfrom the slottedline, without disturbingany
positionon the setup. Placethe testvariableattenuatoto the slottedline anddetector
mount to otherport of testvariableattenuatorKeepthe micromete readingof test

variableattenuatoto zeroandrecordtherealing of VSWR meter.Let it be P,. Thenthe
insertionlossof ted attenuatowill beP; - P, db

5. For measuremertf attenuatiorof fixed andvariableattenuatorafter step4 of above
measurementarefully disconnecthe detectommountfrom the slottedline without

disturbingany positionobtainedup to step3. Placethetestattenuatoto the slottedline and
detectormountto the otherport of testattenuatorRecordthereadingof VSWR meter.Let it
be P3 Thentheattenuatiorvalueof fixed attenuato or attenuatiorvalueof variable
attenuatoffor particularposiion of micrometereadingwill be Pl - P3db.

6. In caseof variableattenuatorchangethe micrometereadng andrecordthe VSWR meter
reading Find out attenuatiorvalue for differentpositionof Micrometerreadingandplot a
graph.

7.Now changehe operatingirequencyandwhole stepshouldbe repeatedor finding
frequencysensitivity of fixed andvariableattenuator

OBSERVATION AND CALCULATIONS: -

RESULT -

PRECAUTIONS: -

1. Usefanto keeptheKlystron temperaturdow.
2. Ensuretight connection®f theapparatus

3. Avoid crossconnection®f thethreads.

4. Usestabilizedpowersupply.
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QUIZ: -

Q1. A loss-lesdine havingcharacteristicmpedanceZo is terminatedn a purereactancef
value-jZo. The VSWR of theline will be

()10 (b) 2

()1 (d)infinite

Q2. A cylindrical cavity resonatohasa diameterof 16 mm. Whatis thedominantresonant
modewhenthe cavity lengthis i) 20 mm andii) 15mm

(i) (i)

(2)TEN1 M11l (c) TEI1l TMoIO

(i) (ii)

(b) TMoIO TE111

(d) TM11l TEo

Q3. In acircularwaveguidewith radius'r', thedominantmodeis
(a) TMol (b) TEOI
(c) TMI1 (d) TEIL

Q4. Considerthefollowing statements:

In amagictee,

Thecollineararmsareisolatedfrom eachother.

Oneof thecollineararmsis isolatedfrom the E-arm.

Oneof thecollineararmsis isolatedfrom the H-arm.

E-armandH-armareisolatedfrom eachother.Of thesestatements

(a) 1 and2 arecorrect (b) 1 and3 arecorrect
(e) 1 and4 arecorrect (d) 2 and3 arecorrect

Q5. Radiationfrom a helicalantennas
(a) plane-polarized (b) partially planepolarized
(e) Circularly polarized (d) elliptically polarized

ANSWERS: Q1d
Q2:a
Q3:d
Q4.c
Q5:c
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EXPERIMENT NO. 5(b)

AIM - To measurasolationandinsertionlossof athreeport Circulators/Isolator.

APPARATUS REQUIRED :- Klystrontube,Klystron powersupply,Klystron

mount,Isolator,Circulator,SlottedSection,Tunableprobe,FrequencyMeter,
VariableAttenuator,Detectormount,Waveguidestand,Coolingfan, VSWR
meter,Cablesandaccessories.

THEORY :-

ISOLATOR :- Theisolatoris atwo-portdevicewith smallinsertionlossin

forwarddirectionandalargein reverseattenuation.

CIRCULATOR :- thecirculatoris a multi portjunctionthatpermitstransmission

In certainways.A waveincidentin port 1 is coupledto port2 only, awave
incidentatport 2 is coupledto port3only andsoon. Followingis thebasic
parametersf isolatorandcirculatorfor study.

A. Insertion loss:- Theratio of powersuppliedby a sourceto theinputportto the power

detectedby adetectonn thecouplingarm,i.e., outputarmwith otherportterminated

in thematchedoad, is definedasinsertionlossor forwardloss.

B. Isolation :- It is theratio of powerfed to inputarmto theinput powerdetectedat not
coupledport with otherportterminatedn the matchedoad..
C. Input VSWR :- Theinput VSWR of anisolatoror circulatoris theratio of voltage

maximumto voltageminimum of the standingwaveexistingon theline, whenone

portof it terminategheline andothershavematchedermination.

BLOCK DIAGRAM :- Measurementof VSWR

Microwave
Source
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A 4

Isolator

A\ 4

Frequency
Meter

A\ 4

R VSWR
"l Meter
probe
Variable | Slotted
Attenuator "]l Section
\ 4
Isolator or o Matched
Circulator ”1 Termination
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Measurementof Insertion lossand Isolation

VSWR
Meter
A
Microwave Isolator | Frequency | Varisble R Slott.ed _| Detector
Source - ”| Meter > Attequator »| Section » Mount
Isolator or Matched
Circulator > Termination
» Isolator or o Matched
Circulator ?1 Termination
PROCEDURE :-

(@) Input VSWR Measurement:

(1) Setup thecomponentsaindequipmentsasshownabovewith input port of
isolatoror circulatortowardsslottedline andmatchedoad on otherportsof it.

(2) Energizethe microwavesourcefor particularoperationof frequency.

(3) With the helpof slottedline, probeandVSWR meter,find out SWR of the
isolatoror circulatorasdescribeearlierfor low andmediumSWR measurements.

(4) Theaboveprocedurecanberepeatedor otherportsor for other
frequencies.

(b) Measurementof Insertion loss& Isolation :

(1) Removethe probeandisolatoror circulatorfrom slottedline andconnecthe
detectormountto the slottedsection.The outputof the detectormountshouldbe
connectedvith VSWR meter.

(2) Energizethe microwavesourcefor max. outputfor a particularfrequencyof
operation.Tunethedetectomountfor max.outputin VSWR meter.
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(3) Setanyreferencdevel of powerin VSWR meterwith the help of variable
attenuatorgaincontrolknob of VSWR meterandnotedownthereading(let it
beP,).

(4) Carefullyremovethe detectormountfrom slottedline without disturbingthe
positionof setup. Inserttheisolator/ circulatorbetweerslottedline anddetector
mount.Keepinginput portto slottedline anddetectoratits outputport. A
matchederminationshouldbeplacedat third portin caseof circulator.

(5) Recordthe readingdan the VSWR meter.If necessarghangerange— db switch
to high or lower positionandtaking 10 db changegor onesetchangeof switch
position(letit beP,).

(6) Computeinsertionlosson P;-P, in db.

(7) For measuremertf isolation,theisolatoror circulatorhasto be connected
reversej.e., outputportto slottedline anddetectorto input port with otherport
terminatedoy matchedermination.After settinga referencdevel without
isolatoror circulatorin the setup asdescribedn insertionlossmeasurement.et
sameP, levelis set.

(8) Recordthereadingof VSWR meterafterinsertingthe isolatoror circulator(let it
be P3)

(9) ComputeisolationasP; — Ps in db.

(10) Thesameexperimenttanbedonefor otherportsof circulator.

(11) Repeathe samefor otherfrequency.

OBSERVATIONSAND CALCULATIONS-
CalculateVSWR, InsertionLossandlsolationasperformulasgivenabove.

RESULT:- Measuredraluesarefollows :
VSWR =
Insertionloss=
Isolation=

PRECAUTIONS :-
1. Usefanto keeptheKlystrontemperaturdow.
2. Ensuretight connection®f theapparatus
3. Avoid crossconnection®f thethreads.
4. Usestabilizedpowersupply.
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QUIZ :-

Q.1 Whatis anlsolator?

Q.2Whatis Circulator?

Q.3Whatis Insertionloss?

Q.4 Whatis Isolation?

Q.5Whatis input VSWR of a circulatoror isolator?

Q.6 Whatis Faradayrotationin Ferrites?

Q.71f directionof travel of wavereversesgoesthedirectionof polarization
change?

Q.8 Whatis thefunctionof resistivecardin anisolator?

Q.9 How manyportsa circulatorcanhave?

Q.10Whatarethe applicationsof circulator?

ANSWERS :-

Ans.1lt is atwo portdevicewhich havelow insertionlossin forward
directionandvery high insertionlossin the oppositedirection.

Ans.2lt is amulti portjunctionthatpermitstransmissionn certainways.For
exampleawaveincidentat port 1 is coupledto port 2 only, wave
incidentat port 2 is coupledto port 3 only andsoon.

Ans.3lt is theratio powersuppliedby a sourceto theinput portto the power
detectecht the outputport.

Ans.4lt is theratio of powerfed to inputarmto the powerdetectedat the not
coupledport, with otherportsterminatedn to matchedoads.

Ans.51t is theratio of voltagemax.to voltagemin. of the standingwave
existingon line andothershavematchederminations.

Ans.6Whena linearly polarizedwavealongX-axis is madeto travelthrough
ferrite in the Z — direction,the planeof polarizationof this wavewill
rotatewith distanceThis phenomenois knownasFaradayrotation.

Ans.7No, thewavecontinuedo rotatein the samedirectionevenif the
directionof travel of wavereverses.

Ans.8Resistivecarddoesnot absorbany energyfrom the wavewhoseplane
of polarizationis perpendiculato its own planeandallowsthewaveto
pass.

Ans.9Thereis norestrictionaboutnumberof ports.However,normallya
circulatorhasfour ports.

Ans.10lt canbeusedasa duplexerin radarantennasystem
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EXPERIMENT NO. 6

AIM _:- To measurehe standingwaveratio andreflectioncoefficientin a Microwave
Transmissiorine.

APPARATUS REQUIRED: - Klystrontube,Klystron powersupply,Klystron mount,
Isolator,FrequencyMeter, Slottedsection,TunableProbe Variable Attenuator,
Waveguidestand,VSWR meter,Movableshort,MatchedTermination,S-S
Tuner,Cablesandaccessories.

THEORY :- Theelectromagnetiield at any pointof terminationline maybe considered
asthe sumof two travelingwave,the‘incidentwave’ propagate$rom generator
and reflectedwavepropagatesowardsthe generatorThereflectedwaveis
setupby reflectionof incidentwavefrom a discontinuityon theline or from load
impedanceThe presencef two travelingwaves,givesriseto standingwave
alongtheline. Themaximumfield strengthis foundwheretwo wavesarein
phaseandminimumwherethe two wavesaddsin oppositephase Thedistance
betweertwo successiveminimum (or maximum)is half the guidewavelength

ontheline. Theratio of electricfield strengthof reflectedandincidentwaveis
calledreflectioncoefficient. Thevoltagestandingwaveratio is definedasratio
betweemmaximumor minimumfield strengthalongtheline.

Hence VSWR, S = E;ax/ Enin

ReflectionCoefficient,p = E./ E = (Z-2,) I(Z + Z,)

WhereZ is theimpedanceata pointonline, Z,is characteristiempedance.
The aboveequationgivesfollowing equation:
lp| = s-1
S+1

LAB MANUAL (VI SEM ECE) Page 27




MICROWAVE AND RADAR ENGINEERING (EE-322-F)

BLOCK DIAGRAM : -

Cooling | VSWR
Klystron Fan "l Meter
Power supply
Probe
Klystron mount Isolator | Frequency % Variable _| Slotted > S-S
+ Klystron tube [ ”| Meter > Attenuator Section Tuner
\ 4
Matched
Termination

P ROCEDURE :-
(1) Setthecomponentandequipmentasshownin block diagram.
(2) Keepvariableattenuatoat maximumposition.
(3) Keepthe controlknobsof Klystron PowerSupplyasbelow:

Meter Switch - ‘OFF’
Mod Switch - AM
Beamvoltageknob - Fullyanti-clockwise
Reflectorvoltage - Fullyclockwise
AM- amplitudeand
frequencyknob - Mid position.

(4) Keepthe controlknob of VSWR meterasbelow:
Meter Switch - Normal
Input Switch - LowImpedance
Rangedb Switch - 40/ 50db
GainControlknob - Mid position

(5) ‘ON’ theKlystron PowerSupply,VSWR meterandCoolingFan

(6) Turnthe meterswitch of powersupplyto beamvoltagepositionandsetbeam
voltageat 300V with the help of beamvoltageknob.

(7) Adjustthereflectorvoltageto getsomedeflectionin VSWR meter.

(8) Maximizethedeflectionwith AM amplitudeandfrequencycontrolknobof power

supply.
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(9) Tunetheplunger reflectorvoltage,andprobefor maximumdeflectionin VSWR
meter.

(10) If necessaryghangetherangedb-switch,variableattenuatopositionandgain
controlknobto getdeflectionin the scaleof VSWR meter.

(11) Move the probealongtheslottedline, thedeflectionwill change.

MEASUREMENT OF LOW _AND MEDIUM VSWR

(1) Move the probealongwith slottedline to getmax.deflectionin VSWR meter.

(2) Adjustthe VSWR metergain controlknob or variableattenuatountil the meter
indicatesl onnormalSWRscale.

(3) Keepall the controlknobasit is, moveprobeto nextminimum positionandreadthe
VSWR on scaleandrecordit.

(4) Repeathe abovestepfor changeof S-STunerprobedepthandrecordthe
correspondingWR.

OBSERVATION AND CALCULATIONS :-
CalculateSWR andReflectioncoefficientusing

Emax=

Emin=

VSWR, S = Enax/ Emin
lp| = S-1
S+l

RESULT :- Standingwaveratio andReflectioncoefficientaremeasure& equalto
SWR=

p -

PRECAUTIONS :-

5. Usefanto keeptheKlystrontemperaturdow.
6. Ensuretight connection®f theapparatus

7. Avoid crossconnection®f thethreads.

8. Usestabilizedpowersupply.
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QUIZ :-
Q.1 Whatis StandingWaveRatio?

Q.2Whatis reflectioncoefficient?

Q.3Whatis VSWR meter?

Q.4 Whataretheimportantcontrolsof aVSWR meter?

Q.5Whatis Full ScaleDeflection?

Q.6 Thevaluesof VSWR canvary betweenwhich two extremevalues.

Q.7 Whatarethe methodg€o achieveimpedanceanatching?

Q.8 Whatis therole of variableattenuatoin thetestsetup?

Q.9 How manyscalesarethereona VSWR?

Q.10Whatis guidewavelength

ANSWER :-

Ans.1Any mismatchedoadleadsto reflectedwaves resultingin to standingwaves
alongthelengthof line. Ratio of max.to min. voltagegivesVSWR.

Ans.2WheneveEM energyentersunmatchedoad, full poweris nottransferredo

load.A partof it is reflectedback.
ReflectionCoefficient= Reflectedpower
Incidentpower

Ans.31t is aHigh gain,low noisevoltageamplifier. It usesdetectedsignalout of
microwavedetectoramplifiesthe sameanddisplaysit on a calibratedvoltmeter.

Ans.4Coarseandfine gaincontrol, Scaleselectionswitch, Input selectorswitchfor
differentcurrents.

Ans.5A signalwhichis causingcertaindeflectioncanbeincreased decreasewith the
help of coarsd fine gaincontrolor by increasing decreasin@ttenuatorssoas to
give full scaledeflectiononthe VSWR meter.Thisis calledFSD.

Ans.61t canvary from 1 to oo.

Ans.7 - Resistancef loadshouldbeequalto resistancef source.

- Reactancef loadshouldbe equalandoppositeto reactancef source.
- By usinghalf wavelength& quarterwavelengthlines.
- Stubmatching.

Ans.8To increasd decreaséhe strengthof the microwavesignalreaching SWR

meter.

Ans.9Three,namelyNormal SWR, ExpandedSWR anddb scale.

Ans.10lt is thedistanceraveledby EM to undergoa phasedifferenceof 2 n radians.
Also it is equalto twice thedistancebetweertwo consecutivaninimumpoints
on VSWR.
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EXPERIMENT NO. 7

AIM : - To measurethefrequencyof a microwavesourceanddemonstrateelationship.
amongguide dimensionsfreespacewvavelengthandguidewavelength

APPARATUS REQUIRED :- Klystrontube,Klystron powersupply,Klystron mount,
Isolator,FrequencyMeter, Slottedsection,TunableProbe Variable Attenuator Waveguide
stand,VSWR meter,Movable Short/ MatchedTermination,Cablesandaccessories.

THEORY : - FordominantTE 1, modein rectangulawaveguidesi o, A 4 and\ care
relatedasbelow
1/ho?=1/0g?+ 10,7

Where,

A o= freespacewavelength

A g= Guidewavelength

A .= Cutoff wavelength
FordominantTE 1, model . = 2awhereais broaddimensionof waveguide.
Thefollowing relationshipcanbe proved.

C=fA\

Where,C is velocity of light andf is frequency.

BLOCK DIAGRAM : -

_ VSWR
Klystron Cooling Meter
Power supply Fan T

l Probe

. Matched
Klystron mount Isolatol Frequency Variable Slotted

+ Klystron tube ™ | Meter "| Attenuator | Section ;I(’)e;]rmlnat

Movable
Short

y
A
A

A 4

LAB MANUAL (VI SEM ECE) Page 31




MICROWAVE AND RADAR ENGINEERING (EE-322-F)

PROCEDURE: -

(1) Setthecomponentandequipmentasshownin block diagram.
(2) Initially setthevariableattenuatofor maximumposition.
(3) Keepthecontrolknobsof Klystron PowerSupplyasbelow:

Meter Switch - ‘OFF’
Mod Switch - AM
Beamvoltageknob - Fullyanti-clockwise
Reflectorvoltage - Fully clockwise
AM- amplitudeknob - Aroundfully clockwise
AM- frequencyknob - Aroundmid position.
(4) Keepthecontrolknobof VSWR meterasbelow:
Meter Switch - Normal
Input Switch - Lowlmpedance
Rangedb Switch - 50db
GainControlknob - Mid position

(5) ‘'ON’ theKlystron PowerSupply,VSWR meterandCooling Fan

(6) Turnthe meterswitchof powersupplyto beamvoltagepositionandsetbeamvoltageat
300V with the help of beamvoltageknob.

(7) Adjustthereflectorvoltageto getsomedeflectionin VSWR meter.

(8) Maximizethedeflectionwith AM amplitudeandfrequencycontrolknob
of powersupply.

(9) Tunetheplunger reflectorvoltage,andprobefor maximumdeflectionin VSWR meter.

(10) Tunethefrequencymeterknobto getthe ‘dip’ onthe VSWR scaleand notedownthe
frequencydirectly from frequencymeter.

(11) Replaceaheterminationwith movableshort,anddetunethe frequencymeter.

(12) Move probe along with the slotted line, the deflectionin VSWR meter will vary.
Move the probe to a minimum deflection position, to get accuratereading, it is
necessaryo increasethe VSWR meterrangedb switch to higher position. Note and
recordthe probeposition.

(13) Move the probeto nextminimum positionandrecordthe probepositionagain.

(14) Calculatethe guide length wave as twice the distancebetweensuccessivaminimum
positionsobtainedasabove.

(15) Measurethe waveguideinner broaddimension'a’ which will bearound22.86mm for
X- band.

(16) Calculate the frequency by following equation.
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f=C/A=CVULZ + UL
whereC = 3 X 10 ®m/si.e. velocity of light.
(17)  Verify with frequencyobtainedby frequencymeter.
(18) Aboveexperimentanbeverified at differentfrequencies.

OBESERVATIONS AND CALCULATIONS :-
Calculatefrequencyusingthe equation
Ag = 2d
d = first min. — secondmin.
o= 2a
f=C/IA=C AU + LA

RESULT :- Measuredrequencyf =

PRECAUTIONS :-
1. Usefanto keeptheKlystrontemperaturéow.
2. Ensuretight connection®f theapparatus
3. Avoid crossconnection®f thethreads.
4. Usestabilizedpowersupply.
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QUIZ :-
Q.1 Whatis wavelength?
Q.2Whatis guidewavelength 4?
Q.3Whatis cut off wavelengthfor awave-guide?
Q.4 Whatis therelationshipbetweernfrequencyandvelocity of light?
Q.5 Namevariousmethodghatcanbe usedto measurdrequency wavelength.
Q.6 Whatis wavemeter?
Q.7 For TE;p modewhy A .= 2a
Q8 Whatis downfrequencyconversiormethodof measuringrequency.
Q.9In awavemeter'dip’ indicateswhat?
Q10.In awavemeter,how resonanfrequencycanbe changed.

ANSWERS :-
Ans.1 Amountof distancedravelledby electromagnetigvavein onecycleis
knownaswavelength.
Ans.2Distancetraveledby an EM waveto undergoa phasedifferenceof 2n
radiansis calledguidewavelength.
Ans.3Maximumwavelengththatcantravelin awaveguideis calledcut off

wavelength.
Ans.4 C=f.A
Ans.5 - Wavemeter
- Frequencydown conversiomrmethod
- 2dmethod

Doubleminimum method

Ans.6 It isacylindrical cavity resonatgusedto measurdrequency.
Ans.7 Ac=2ab/ mEyb§+ rq?ag

=2ab /b =2a.
Ans. 8 With thehelpof local oscillatorandmixer, the RF frequencyis converted
to low Frequencyandthenmeasuredvith conventionakquipment.
Ans.9lt indicatesthatresonanfrequencyhasbeenachievedandpowertransfer
hastakenplace.
Ans.10By changingthelengthof the cavity throughmovemenof plunger.
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EXPERIMENT NO. 8

AIM :- To measurgheimpedancef unknownload.

APPARATUS REQUIRED: - Klystron tube,Klystron powersupply,Klystron mount,
Isolator,FrequencyMeter, Slottedsection,TunableProbe Variable Attenuator,
Waveguidestand,VSWR meter,Movableshort,MatchedTermination,unknownload,
Cablesandaccessories.

THEORY :- Thewaveformfrom generatoincidentontheloadis reflected(if theloadis nota
characteristiempedance)The magnitudeandhenceVSWR, the phaseandhencetherelative
position(with respecto short-circuit)of the SWR minimum, arecharacteristipropertiesof the
load.Determiningthese Joad canbe determined.

Theinputimpedancef atransmissionine is givenby

Zm=Vs =Vg coshyl+Z0 Ig sinhyl
Is Ig coshyl +Vg/Zo sinhyl

Forlosslesdine y=a+jp (a=0) of Al length

SoZm=Z0[Zg+|Z0 tan BAl]
[Z20+ jZg tanp Al]

whereZg is, theimpedanceatthereceivingend,Z0 is the characteristicempedanceandZm is
theimpedanceattheinputof thetransmissiorine. p Al, beingthe electricaldistance, is
measuredbetweenpositionof terminationandstandingwave minimum.

S079=Z0[Zin-jZ0 tanBAl]
[Z0- jZin tanB Al]

=Z0[1-jptanBAl]
[p- ] tanB Al]
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Experimental setup

SR METER
oy
KLY STRCM
PCOWWER SLPPLY
TUNABLE
— PRZBE
— LIME R
SINeTN]

KLY STRCM | JISOLATOR | vARISELE | = SLOTTED ]
MCUMNT T ATTEMUAT OR LIME

= SHORT

Procedure

1. Setthe components&indequipmentsasshownin figure above.
2. Initially setthevariableatteruatorfor maximumattenuation.
3. Terminatahereceivingenc with unknownload.
4. Keepthe controlknob of Klystron powersupply

Beamvoltage Off

Mod-switch Am
Beamvoltageknob Full anti clockwise
Reflectorvoltageknob Full clockwise
Am-amplitudeknob Full clockwise

Am frequency& amplitude knob Mid position
Switch On theklystron powersupply, VSWRmeter& coolingfan
Switch Onthe beamvoltageswitch andsetbeamvoltageat 300v
Rotatethereflectorvoltageknob to getdeflectionin VSWR meter
Tunetheoutputby tuningthereflectorvoltage,amplitudeandfrequency of ammodulation
Tuneplungerof klystronmountandprobefor maximumdeflectionin VSWR meter

5. Keepthe controlknob of VSWR meterasbelow:
I. Switch normal
ii. Inputswitch low impedance
lii. Rangedb switch 40db
Iv. Gaincontrolknob  Fully clockwise

Connectletectoroutputto SWR meter.
Adjustthe squarevavemodulaion frequencyto approximatelyl KHz.
8. Tunethe detectorby adusting shortplungerfor maximummeter deflection

No
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10.

11.

12.
13.

Move the probealongslottedline, adjustit at standingwaveminimum.Recordthe probe
positionasX,(this is the positionof referencaninimum)andnextsuccessiveninimum
positionasX2.

Replacdoad by shortcircuit terminationandmovethe probecarriageto newstanding
waveminimumandrecordthe probepositionasXs (This is knownaspositionof
referenceplane)

Findthe shift minima (Xs X, or Xs:X.). It will be positiveif minimumis shiftedtowards
load(i.e., for inductiveload) andnegativeif minimumis shiftedtowardsgeneratofor
capacitiveload). Shift in minimumfor differentloadscanbe easilyknownfrom the
standingwavepatternggivenbelow.

Convertheshift in wavelengthunits,i.e., (X,X,). Wavelengths.

Positionon minimum canbe knownmoreaccuratelyf it is takenasmidpointof
positionsof equalresponsesn eithersideof minimum.

OBSERVATIONS AND CACULATIONS:

PRECAUTIONS :-

1. Usefanto keeptheKlystrontemperaturdow.
2. Ensuretight connection®f theapparatus

3. Avoid crossconnection®f thethreads.

4. Usestabilizedpowersupply.
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QUIZ:

Q1. Foranopen-endedectangulamwaveguideantennaof size0.9" *0.4” excitedin the TE,o
(dominant)-modeatA..=3cm, the gainis nearly
(@) 1.5 (b)2.5
(e)26.5 (d) 36.5
Q2. Considerthefollowing statementsegardingfeedwhich is a key componenbf areflector
antennaasit hasadecisivebearingon the overall performance:
(a)Fora horn-foodantennathereflectorfocusmustcoincidewith horn-feed'phase
centrewhich for awide-flarehornliesin the planeof the hornaperture.
(b) Thefeedmusthaveminimal radiationoutsidethe angularapertureof thereflector.
(c) In primefocusof Cassegraisystemsthe mainor subreflectorshouldbein
Fraunhoferzoneof thefeel antennas.

Of thesestatements
() 1,2 and3 arecorrect (b) 1 and2 correct
(c) 2and3 correct (d) 1 and3 correct

Q3. On aslottedline terminatedn aload,the minimaof the standingwavepattern
measuredy a square-lawdevice,arelocatedat (onacmscale)9.5,11.0,12.5and
14.0.At 10.95and11.05thedetectedevelsbeingtwice theminimumlevel. The
VSWRonthelineis

a) 10 b) 20

C) 30 d) 50

Q4. A calorimetricmeasuremerfor averageowerof a signalgaveavalueof 400W.
Thevaluewasinterpretedor peakpoweras0.5 MW. Thentheduty cycle of the

signalis
(a) 0.08percent (b) 8 percent
(c) 40 percent (d) 80 percent
Q5.In microwavepowermeasurementssingbolometerthe principle of workingis the
variationof

(a) inductancewith absorptiorof power

(b) resistanceavith absorptiornof power

(c) capacitancevith absorptiorof power

(d) cavity dimensionswith heatgeneratedy the power
Q6.Inwavemeterthe pointeris

a)oscillator b)Rotary
c)Stationary d) None
Q7.Tunnablerobeexistover/in
a)VSWRmeter b)Slottedection
c)Attenuator d)None
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Q8.Themethodusedto measuréhigh VSWR is

a) Slottedline method b)Doubleninimum Method
c)Both d)None
Q9:In low VSWR method,in VSWR meterthe patternmaximumis setto
a)One b)Zero
c) Both d)None
Q10:While measuringguidedwavelengththeterminationof the benchmustbe
a)Short b)Match
c) Open d)None
ANSWERS:
Ql: b
Q2:.d
Q3.c
Q4:d
Q5:b
Q6:b
Q7:b
Q8:b
Q9:a
Q10:a
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EXPERIMENT NO. 9

AIM :-To Study working of Doppler Radar, and measureheof the velocity of theobject
movingin the Radamrange

APPARATUS REQUIRED: A tripod stand,NV2001trainerkit, SMP< supply, Trans-receiver
P.C

THEORY :- A simpleDopplerRadarsendsout continuoussinewavesratherthanpulses It
usesthe DopplerEffectto deted¢ the frequencychangecausedy a moving targetanddisplays
this asarelativevelocity. Whenthetargetis movingrelativeto Radar,anapparenshift in the
carrierfrequencyof thereaeivec signalwill result.This effectis calledthe DopplerEffectandit
Is the basisof continuousvave (CW) Radar.

The Dopplerfrequencyis givenby

Or
Fa=

Where

Fd = Dopplerfrequency

Ft = transmissiorirequency.

Vr = Relativevelocity of targetwith respecto Radar.

A= Wavelengthof transmittedvave.

C = Velocity of light.

Thetransmittergenerates continuousoscillationof frequencyfFo thatis radiatedby the
antennaThetargetinterceptsa partion of this radiatedenergyandthereceivingantennacollects
thereradiatecenergy If thetarge is in motionwith avelocity (Vr) relative to the Radar the
receivedsignalwill beshiftedin frequencyfrom thetransmittedrequency Fo by anamountFd.
Theplussignfor anapproacing targetandminusfor arecedingtarget. Thereceivedecho
signal(Fo = Fd) entersthe Rachr via theantennaandis mixedin a detecto mixer with a portion
of thetransmittersignal‘Fo’ to procucethe Dopplerfrequencyd. The purposeof usinga
amplifier is to eliminatethe echa from stationarytargetsandto amplify the Dopplerechosignal
to alevelwhereit canoperatear indicating

devicesuchasafrequencycounter Frequencyfrom thetransmittedrequencyFo by anamount
Fd. Theplussignfor anapproacing targetandminusfor arecedingtarget. Thereceivedecho
signal

2V, Fy

H=
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(Fo £ Fd) entersthe Radarvia the antennaandis mixedin a detectomrmixer with a portionof the
transmittersignal‘Fo’ to produce the Dopplerfrequencyrd

Experimental setup

Procedure:-

1. Fit theTrans-receiveunit on thetripod standandadjustthe suitalde heightfor experiment.

2. Connectthe SMPSsupplyto the trainerNV2001.

3. Connecthedin connectorcable from trainerboard(left sideof trainer) to Trans-receiveunit

4.Firstly Switch‘On’ the SMPSsupplyandthen“Power” switchon the trainerboard.

5.Switch‘On’ thebuzzerontrainel boardandset“Level” Potentioméer in fully clockwise
direction.

6.Connecta CRO probeontestpoint of “Doppler FrequencySignal” (fd) andwaveyour hand
or reflectedin front of antenne
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7.Formaximumgaindetectionadjustthe “DetectionAdjust” potentiometem suchaway that
movingobjectin front of antennacanbe detectedvith beepsoundandalsoobservethe
signalson the Oscilloscope/DSO.
8. If anynoiseis observeon CROthenadjustthe“Level” Potentiometeto reducethenoise.
9. Procedurdor usingSoftware
a) Install the softwareandopenit.
b) Connecttheaudiocablefrom EP socket(left sideof trainer)to line
In/MIC in input (soundcardinput) of PC.
c) Select‘Start Acquisition” on the softwarewindow.
d) If anynoiseis occuron softwarewindow thenagainadjustthe “Level”
potentiometeto reducethenoise.
e) Now we canobservehewaveformon PC. For measurementse haveto select'Stop
Acquisition” andthenwe canmeasurdhe frequencyandtime by selecting‘Doppler
frequencycalculatiori.

b)Determination of the velocity of the object moving in the Radar range

Procedure:

1. Follow the procedureasgivenin above from stepl to 8

2. Connectheaudiocablefrom EP socket(left sideof trainer)to line

In/MIC in input (soundcardinput) of PC.

3. Select‘Start Acquisition” on the softwarewindow.

4. If anynoiseis occuron softwarewindow thenagainadjustthe“Level”
potentiometeto reducethe noise.

5. Keepthe Sliding Platformfor movingthe objectin front of Radarantenna.

6. Connecthe metallicobjecton thesliding platform.

7 Whenobjectis movedslowly from right to left or left to right correspondindoppler
frequencycanbe observedandmeasurean testpoint’

8. Oncethe Dopplerfrequencyis measuredyelocity of objectcanbefoundoutvery easily.

9. Repeathe experimenby movingthe objectfast

10. Observethe changan Dopplerfrequencyandthevelocity of object.
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OBSERVATIONS

T=TE]
RADAR NV 2001 TRAINER SOFTWARE Nﬂﬂrﬂe}tﬁﬂ ; ﬁ!l

Start
Acquisition

File Display Help

10m
Sm
2m
1m
0.5m

D05V
4 20my
10my

Doppler Frequency
Time Period

Rotation per minute

Velocity
(meter per sec)

waveformin frequencyandtime domain is observedandcalculated

[0 Al s 2001 TRATSER SOFTwWARE
File [esplsy Halp

RADAR NV 2001 TRAINER SOFTWARE

Observehechangean DopplerfreqLencyandthe velocity of object.
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QL.In a radar system ,the term rat —race is usednnection with
a)Modulator b)Pulse Characteristics
c) Receiver band width  d)Duplexer

Q2.The type of radar that is used to eliminatetetuh navigational
applications is
a) Pulse Radar b) Tracking Radar
c) MTI Radar d) Monopulse Radar

Q3.In microwave radar, pulse repetition frequerscysed to resolve range
and Doppler ambiguities using
a) CW Radar b) Pulsed Radar
c) Moving Target indicator  d) Pulse —Doppler radar

Q4.A duplexer is used in a radar system to
1.protect the receiver when high power signalasgmitted
2. enable the use of a common antenna for transmiasd reception
3. Allow antenna to only receive when the signalrsving
4. Avoid noise interference in the radar systemth@se statements
a)l and 2 are correct b) 3and 4 are correct
c)1 and 4 are correct d) 2 and 4 are correct

Q5.1f the antenna diameter in a radar system i®ased by factor of 9,
then the maximum range will increase by a factor of

a)N3 b) 3

c)9 d) 81
Q6.The main component atmosphere for absorpti&hbfvaves are
a)nitrogen oxygen b)Nitrogen and hydrogen

c) Oxygen and water vapor ) nitrogen and watepwap
Q7.1f the minimum range is doubled in Radar ,thakpgower has to be
increased by a factor of

a) Two b)Four

c)Eight d) sixteen

Q8.Radiation for helical antenna is

a)Plane polarized b)Partially plane polarized
c)Circular polarized d)Ellipaity polarized
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Q9. The usable bandwidth of a microwave beacorsp@amder for 6/4 GHz
Satellite communication is generally

a)360 MHz b)40MHz

c) 36 MHz d)1MHz

Q10.Radar where a single antenna is used for bartilsrhitting and
receiving is called

a) Monostatic Radar b}l Radar

b) Doppler Radar ul¥ed Radar

Ald
A2.c
A3.c
A4 .a
A5.c
A6.C
A7.d
A8.c
A9. c
AlO.a

LAB MANUAL (VI SEM ECE) Page 45




MICROWAVE AND RADAR ENGINEERING (EE-322-F)

EXPERIMENT NO. 10

AIM :Measuremenof theresonanc characteristicef a micro strip ring resonator

APPARATUS REQUIRED:- Microwavesignalsource(2.2 GHz) with modulation
(1 KHz) Attenuatorpad,VSWR meter,Micro strip ring resonato{DUT), Directionalcoupler,
Detector,Matchedload Cablesand adapters

THEORY:-

Theopen-encdeffectencounteec in arectangularesonatoatthefeeding gapscanbe
minimizedby forming theresoralor asa closedloop. Sucharesonators calledaring resonator.
Thelayoutof aring resonatorlonc with theinputandoutputfeedlines. The couplingcanbe
looseor tight dependingpn the gag width. Resonances establishedvher the mean
circumferencef thering is equal to integralmultiplesof guidewavelaength.

Rm.1_, resonalor

ﬁ\ ™~ gap
—

lnput (}mpul

..:un—nﬂ = Forn=1.2

f:l* ifr-n:.'
N
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EXPERIMENT SET UP

Attenuator Directional
pad coupler
Source p Q .
with IKHz | [ ] o == g S
modulation : :
I DUT}= o
”—l—l—’-' “____jf Matched
loads
Power
Detector
SeNnsor
VSWR Power
meter meter
PROCEDURE :- — —_—

1. Assemblethe setup asshowr in abovefigure.

2. FirstconnectP to Q directly.

3. Switch‘On’ thesourceandthe VSWR meter.(Beforeswitching‘On’ the source ensurethat
thereis sufficientattenuatiorio keepthe RF outputlow)

4. Setthefrequencyof the source to 2.2 GHz. Adjust the poweroutputof the sourcefor a

reasonabl@owerindicationonthe VSWR meter.Notethereadingof the VSWR meter.

Increasdhefrequencyof thesourcetin stepsof 0.1 GHz to 3 GHz andncte the corresponding

readingsof the VSWR meter.

5. Now insert micro strip line ring resonatorbetweerP andQ.

6. Tabulatetheresultsasper Table givenbelowat frequenciesrom 2.2 to 3 GHz in steps

of 0.1GHz.

7. Plotthetransmissioniossin dB asa functionof frequency.

8. Identify a smallerfrequencyspar of about200 MHz aroundthe minimurnr transmissioross.

In this frequencyrange,repeatthe measurements smallerfrequeng steps(stepsof 20 MHz)

andlocatethefrequencyat which the transmissiotossreaches minimum
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OBSERVATIONS :-

Frequency VSWR meter VSWR meter Transmission
F readingwithout readingwithout Loss
(GHz) ring resonator ring resonator S21(dB)
Pin(dB) Pou(dB)
2.2
3.0

RESULT:-

Thetransmissionossresponsef thering resonators measured

PRECAUTION:-

1. Beforeswitching‘On’ the sourcesetthe RF attenuatiorto maximumsothatthe detector(or
the sensorjdoesnot receivethe maximumpowerdirectly.

2. Whenusingthe VSWR meter,the 1 KHz modulationon the sourcemustbe ‘On’ andthe
frequencyof modulation(1 KHz) mustbe adjustedporeciselyto maximizethe outputon the
VSWR meter.

3. Powermeterwith sensorcanbe usedin placeof VSWR meterwith detector Modulationof
the sources notrequiredwhenusingthe powermeter.In this casejt is importantto ensurehat
the powerappliedto the sensordoesnot exceedhe maximumratedpowerof the sensor.
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UlZ

Ql1.What is does MIC stand for?

Q2.Name the different transmission system utilimelIC ?

Q3 What are the different categories of basic nedtefor MMICs.
Q4.Write the equation for the phase velocity ofnoweave strip line?
Q5.What are the ideal characteristics of substrag¢el for the fabrication of
MMIC’s?

Q6. Name the elements that can be used as condudfdIC’s?

Q7.What are the desirable properties of Dielectraterial?

Q8. What are the desirable properties of Resisthaterial?

Q9.Which element is used as a resistive matealgHe fabrication MMIC’s
Q10.What is the Disadvantage of MIC'’s

Ans 1: Microwave integrated circuits

Ans2: Micro strip line, lumped element circuitsintfilm circuits

Ans3: Substrate material, conductor material, [@keie films, resistive films
Ans 4.

Ans 5: high dielectric constant, low dissipatiootta ,high purity ,surface
smoothness.

Ans 6:Alumima, copper ,gold silver

Ans 7: Good reproductively, ability to undergo peeses without developing pin
holes, low RF dielectric losses, ability to witlarstl voltage

Ans 8: good stability, low temperature coefficientresistance

Ans9: Cr,Cr-Sio,NiCr ,Taand Ti

Ans10:MIC’s have lower power handling capability
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EXPERIMENT NO. 11

AIM _:-To study Magnetrons.

CONSTRUCTION & BASIC OPERATION :-

BasicMagnetronStructure
Thenucleusof the high-voltagesystemis the magnetrontube. The magnetroris a
diode-typeelectrontubewhich is usedto producethe required2450MHz of microwave
energy. A magnetidield imposedon the spacebetweerthe anode(plate)andthe
cathodeservesasthegrid. While the externalconfigurationsof differentmagnetrons
will vary,thebasicinternalstructuresarethe same.

The ANODE is a hollow cylinderof iron from which anevennumberof anodevanes
extendanward. The opentrapezoidakhapedareadetweereachof thevanesare
resonantavitiesthatserveastunedcircuits anddeterminghe outputfrequencyof the
tube.Theanodeoperatesn sucha way thatalternatesegmentsnustbe connectedor
strappedsothateachsegments oppositein polarity to the segmenbn eitherside.In
effect,the cavitiesareconnectedn parallelwith regardto the output.

The FILAMENT , which alsoservesasthe cathodeof thetube,is locatedin the center
of themagnetronandis supportedy thelargeandrigid filamentleads.

The ANTENNA is aprobeor loop thatis connectedo the anodeandextendanto oneof
thetunedcavities.Theantennas coupledto thewaveguide a hollow metalenclosure,
into which the antennaransmitsthe RF energy.

The MAGNETIC FIELD is providedby strongpermanenmagnetswhich aremounted
aroundthe magnetrorsothatthe magnetidield is parallelwith the axis of the cathode.

BasicMagnetronOperation

Thetheoryof magnetroroperationis basedon the motion of electronsunderthe
combinedinfluenceof electricandmagnetidields. For thetubeto operateglectrons
mustflow from the cathodeto theanode.Therearetwo fundamentalawsthatgovern
their trajectory:
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1. Theforce exertal by anelectric field onanelectron is proportionalto the strength of the
field. Electronstendto move from a point of negativepatentialtowarda postive
potertial. Figure 3-A shows the uniform anddirect movementof the electransin an
electic field.

2. Theforceexertel onanelectronin amagnetidield is atright angks to boththe field
itself, andto the pathof the electron.Thedirectionof the forceis such thatthe electron
proceedsto theanodein a curverather thanadirect path

Effect of the Magnetic Field

In Figure 3-B two permarmnt magnetsareaddeal aboveand belowthe tube structure.ln
Figure 3-C, assimetheuppermagret is anorthpoleand thelower is southpole,is
locatedundernath the page, sothatthe magneic field appearsto be comingright
through the pace. Justaselectrondlowing througha conductorcausea magetic field
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to build up aroundthatconductorsoanelectronmoving throughspaceendsto build

up amagnetidield arounditself. On oneside(left) of the electron'gath,this self
inducedmagnetidield addsto the permanenmagnetidield surroundingt. Onthe
otherside(right) of its path,it hasthe oppositeeffectof subtractingrrom the permanent
magneticfield. Themagneticfield ontheright sideis thereforeweakenedandthe
electron'drajectorybendsin thatdirection,resultingin a circular motion of travelto the
anode.

Theprocesdeginswith alow voltagebeingappliedto the flament, which causes
it to heatup (filamentvoltageis usually3 to 4 VAC, dependingnthe makeand
model).Rememberin a magnetrortube,thefilamentis alsothe cathodeThe
temperatureise causesncreasednolecularactivity within the cathodeto the extent
thatit beginsto "boil off* or emitelectronsElectrondeavingthe surfaceof a heated
filamentwire might be comparedo moleculeshatleavethe surfaceof boiling waterin
theform of steam.Unlike steamthough,the electronsdo notevaporateTheyfloat, or
hover,just off the surfaceof the cathodewaiting for somemomentum.
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QUIZ :-

Q.1Whatis amagnetron?

Q.2 How manytypesof magnetrorarethere?
Q.3Whatis negativeresistanceéype magnetrons?
Q.4 Whatis cyclotronfrequencymagnetron?
Q.5Whatis cavity magnetron?

Q.6 Whatis ‘n’ mode?

Q.7 Whatis modejumping?

Q.8 Whatis strapping?

Q.9 Whatis frequencypushingof magnetron?
Q.10Whatis pulling?

ANSWERS :-

Ans.1lt is adiodeof cylindrical configuration with athick cylindrical cathode
andco- axial cylindrical copperblock asanode.The spacebetween
cathode& anodes usedfor interactionbetweerelectronsandelectro
magnetidfield. It is anoscillatorwhich givesoutputat RF frequencies
andat high power.

Ans.2NegativeResistanceype, Cyclotronfrequencytype andCavity type.

Ans.3It makesuseof negativeresistancdetweenwo anodesectionsbut have
low efficiency.

Ans.4lt dependuponsynchronisnbetweeranalternatingcomponenbf electric
andperiodicoscillationsof electrondn a directionparallelto this field.

Ans.51t dependsipontheinteractionof electronswith arotating
electromagnetifield of constaneangularvelocity. This provides
oscillationsof very high peakpower.

Ans.6If relative phaseshift of the AC electricfield acrossadjacentavitiesis
‘n’ radians]t called‘m’'mode.

Ans.7Resonantnodeof magnetronsrevery closeto eachother. Thereis
alwaysa possibility of modejumpingi.e. thereshallbechangan
frequency Modejumping mustbe avoided.

Ans.8Connectiorof alternateanodeplateswith two conductingrings of heavy
gang,is calledstrappinglt helpsin achievingdominant-mode.

Ans.9Proces®f changingresonancérequencyof magnetronby changingthe
anodevoltage,is calledpushing.

Ans.10Changan frequencyof magnetrordueto changdn loadimpedancas
calledfrequencypulling.
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EXPERIMENT NO:12

AIM :- To studythe Characteristicef ReflexKlystron tube& to determindts
electronictuningrange.

APPARATUS REQUIRED :- Klystrontube,Klystron powersupply,Klystron mount,
Isolator,FrequencyMeter, Variable Attenuator,Detectormount,Waveguidestand,
Coolingfan, VSWR meter,Cablesandaccessories.

THEORY :- Thereflex Klystron makesuseof velocity modulationto transforma
continuouselectronbeamin to microwavepower.ElectronBeamemittedis accelerated
towardsthe anodecavity. After passinghe gapin the cavity electrontravel
towardstherepellerelectrodewhichis at ahigh negative potential(V, ). Theelectronbeam
neverreachtherepellerbecausef the negativefield andreturnedbacktowardsthegap.The
accelerate@lectrondeavetheresonatoat anincreasedelocity andtheretardedelectrons
leaveat thereducedvelocity. the electrondeavingtheresonatowill needdifferenttime to
return,dueto changdn velocities.asaresult,returningelectronggrouptogetherin bunches.
As theelectronbunchegassthroughresonatortheyinteractwith voltageat resonatogrids.
If the bunchegassthe grid at suchtime thatthe electronsaresloweddown by thevoltage,
energywill bedeliveredto theresonatorandklystronwill oscillate.The dimensionof
resonantavity primarily determineghefrequency A smallfrequencychangecanbe
obtainedby adjustingthereflectorvoltage.Thisis calledElectronicTuning Range.

BLOCK DIAGRAM :-

Microwave | Isolator | Frequency Variable | Detector | VSWR
Source Meter Attenuator ”| Mount "l Meter

A
A
A 4

PROCEDURE: -MODE STUDY OF A KLYSTRON TUBE :-

(1) Settheequipmentasshownin fig.
(2) Initially setthevariableattenuatofor maximumposition.
(3) Keepthe controlknobsof Klystron PowerSupplyasbelow:

Meter Switch - ‘OFF
Mod Switch - AM
Beamvoltageknob - Fullyanti-clockwise
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Reflectorvoltage - Fullyanti-clockwise

AM- amplitude - Aroundully clockwise

AM- frequency - Arounanid position.
(4) Keepthecontrolknob of VSWR meterasbelow:

Meter Switch - Normal

Input Switch - Lowlmpedance

Rangedb Switch - 40db

GainControlknob - Mid position

(5) Switch‘ON’ theKlystron PowerSupply,VSWR meterandCooling Fan.

(6) Turnthe meterswitch of powersupplyto beamvoltagepositionandset

beamvoltageat 300V with the help of beamvoltageknob.

(7) Adjustthereflectorvoltageto getsomedeflectionin VSWR meter.

(8) Maximizethedeflectionwith AM amplitudeandfrequencycontrolknob of

powersupply.

(9) Tunethe plungerof Klystron Mount for the max. Output.

(10) Rotatetheknob of frequencymeterslowly andstopatthatposition,
whenthereis ‘dip’ on VSWR meter.Readdirectly thefrequencymeter
betweertwo horizontallinesandverticalmarker.

(11) Changehereflectorvoltageandreadthefrequencyfor eachreflector

voltageandplot thegraph.

OBSERVATIONS :-

S.NC | Repeler voltage | Freqiency

RESULT :- FrequencyandRepellervoltagecurveis drawnandis in accordancevith the
stipulatedcurvesof Klystron.

LAB MANUAL (VI SEM ECE) Page 55




MICROWAVE AND RADAR ENGINEERING (EE-322-F)

PRECAUTIONS :-
1. Usefanto keeptheKlystrontemperaturdow.
2. Ensuretight connection®f theapparatus
3. Avoid crossconnection®f thethreads.
4. Usestabilizedpowersupply.

QUESTIONS :-

Q.1 How manycavity ReflexKlystron doeshave?

Q.2 O0nwhich principle Klystron tubeoperates?

Q.3 Whatarethe applicationsof reflex klystron.

Q.4 Onwhatprinciple multi cavity klystron Amplifier Works?

Q.5Whataredifferentmodesin areflex Klystron?

Q.6 The Secondaryavity in atwo-cavityklystronis called?

Q.7 Whatis theefficiency of ReflexKlystron?

Q.8 Thesinglecavity in ReflexKlystronis actsas?

Q.9 Whatshouldbethetransittime?

Q.10Why negativevoltageis givento theRepeller?
ANSWERS :-

Ans.10nly one

Ans.2Velocity Modulation.

Ans.3As a Oscillator,Microwavegenerator.

Ans.4Velocity modulationandCurrentmodulation. Ans.5

Theygive samefrequencybut differenttransittime. Ans.6

Catchercavity.

Ans.720%- 30%.

Ans.8Both buncherandcatchercavity.

Ans. 9T =n+ %

Ans.10Theelectronbeamshouldneverreachtherepellerbecaus®f the negativefield
andreturnedbacktowardsthe gap.
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EXPERIMENT NO. 13

AIM : - To measureghegainof awaveguidenornantenna.

APPARATUSREQUIRED :- Microwave source Frequencymeter,lsolator,Variable
attenuatorpPetectormount, Two hornantennajurntable,VSWR meterand Accessories.

THEORY: - If atransmissiordine propagatingenergyis left openat oneend,therewill be
radiationfrom this end.In caseof arectangulamwaveguidethis antenngresenta
mismatchof about2 : 1 andit radiatesn manydirections.The matchwill improveif the
openwaveguidds a hornshape.

Theradiationpatternof anantennas a diagramof field strengthor moreoftenthe power
intensityasa functionof the aspectangleat a constandistancefrom the
radiatingantennaThe powerintensityat the maximumof the mainlobe comparedo the
powerintensityachievedrom animaginaryOmnidirectionalantenngradiatingequally
in all direction)with the samepowerfed to the antennas definedasin gainof the
antenna.

3 db BeamWidth
Theanglebetweerthetwo pointson a mainlobe wherethe powerintensityis half the
maximumpowerintensity.
Whenmeasuringanantenngattern,it is normally mostinterestingto plot the patternfar
from theantenna.
Farfield patternis achievedat a minimum distanceof
2D?  (for rectangulaHorn Antenna)
Ao
whereD is sizeof the broadwall of hornaperturen free spacewvavelength.

It is alsovery importantto avoid disturbingreflection.Antennameasuremerdarenormally
madeat outdoorrangersor in so calledanechoicchambersnadeof absorbingmaterials.
Antennameasurementaremostly madewith unknownantennaasreceiver.Thereare
severalmethodgo measurehe gainof antennaOnemethodis to comparethe unknown
antennawith a standardyain antennawith knowngain. An anothemethodis to usetwo
identicalantennasastransmitterandotherasreceiverfrom following formulathe gain
canbecalculated.

P =P GG,

(4n Sy
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Where, P=transmittedoower
P, =receivedpower
G:, G, =gainof transmittingandreceivingantenna,
S:radialdistancebetweenwo antenna
Ao =freespacewavelength.
If bothtransmittingandreceivingantennaareidenticalhavinggainG, then

P.= PG
4n S)2

G=4xSVP/P,
A
In theaboveequationP,, P, , S andAocanbe measuredndgain canbe computedAs
from the aboveequationit is not necessaryo know the absolutevalueof P, andP, only
ratio is required,which canbe measuredy VSWR meters.

BLOCK DIGRAM:

Klystron Cooling
Power supply Fan VSWR
Meter
A
vV v horn
Klystron mount Isolator Variable Frequency Detector
+ Klystron tube [~ > Attenuator > Meter Mount
horn
PROCEDURE: -

GAIN MEASUREMENT

1. Setuptheequipmentasshownin Fig. Both hornsshouldbein line.
2. Keeptherangedb switch of VSWR meterat 50 db positionwith gaincontrolfull.
3. Energizethe GunnOscillatorfor maximumoutputat desiredfrequencywith

modulatingamplitudeandfrequencyof GunnPowerSupplyandby tuning of
detector.
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4. Obtainfull scaledeflectionin VSWR meterwith variableattenuator.

5. Replacahetransmittinghorn by detectormountandchangethe appropriataange
db positionto getthe deflectionon Scale(do not touchthe gain controlknob).
Noteandrecordtherangedb positionanddeflectionof VSWR meter.

6. Calculatethedifferencein db betweernthe powermeasuredn step4 and5.

7. ConvertG into dbin aboveexample

G db=10log 318=15.02db

8. Thesamesetup canbeusedfor otherfrequencyof operation.

OBSERVATIONS AND CALCULATIONS:

CONCLUSIONS AND RESULT:

PRECAUTIONS :-

1. Usefanto keeptheKlystrontemperaturdow.
2. Ensuretight connection®f theapparatus

3. Avoid crossconnection®f thethreads.

4. Usestabilizedpowersupply.
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QUIZ:

Q1. In satellitecommunicationhighly directionalantennasreusedto
(a) directthe spotbeamto a particularregionof spaceon Earth

(b) strengtherthe beamto overcomethe cosmicnoise

(c) makecorrectionsan changeof polarizationof the beam

(d) selecta particularchannein transmissiorandreception

Q2. Which oneof thefollowing is causedy reflectionfrom stratifiedatmospheréom the
surfaceor land conditionsalongthe path?

(a) Multipath fading (b) Selectivefading

(c) Fastfading (d) Reflectionfading

Q3.Thetransittime (in cycles)for theelectronan therepeller-spaceof areflex klystron
oscillatorfor sustainingoscillationsis (n is anyintegerincludingzero)
(@ 2(n-1) (b)2n-1

(c) n+1/2 (d) n+3/4

Q4. Which oneof the following canbe usedfor amplificationof microwaveenergy?
(a) Travellingwavetube (b) Magnetron
(c)- Reflexklystron (d) Gunndiode

Q5. In the caseof a cubiccavity resonatorthe degeneratenodeswould include
(a) TMIIl, TEoll andTEIOI

(b) TMIIO, TEoIll andTElI

(c) TMIIO, TEol2andTE102

(d) TMIIO , TEoll andTEIOI

Q6.Inthebenchthe sourcels modulatedby a frequency

a)1KHz b)10KHz

€)100KHz d)None
Q7.Guidewavelengthdoesnotdependupon

a)termination  b)frequency

c)modeof wave d)none

Q8. Klystronsaremodulatedoy squarevavesbecause

a) It is easygenerativea squarevave  b)lt preventdrequencymodulation

c) Detectorcircuit is easyto design d)Theterminationis lesscomplicated.
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Q9.The main component atmosphere for absorpti&hbfvaves are
a)nitrogen oxygen b)Nitrogen and hydrogen
c) Oxygen and water vapor ) nitrogen and watepwap

Q10.If the minimum range is doubled in Radar ,tealppower has to be increase!
by a factor of

b) Two b)Four
c)Eight d) sixteen

ANSWERS: Ql.a
Q2:a
Q3:d
Q4:a
Q5:a
Q6 :a
Q7 :a
Q8 :a
Q9 ¢
Q10:d
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AIM :

EXPERIMENT NO. 14

- To studythe phaseshifter

APPARATUSREQUIRED :- Microwave source Isolator,VariableattenuatorFrequeng

meter,Slottedline, Tunableprobe Phaseshifter, Movableshort,VSWR meter,Cablesand
Accessories

THEORY: - A phaseshifterconsistof a pieceof waveguideanda dielectricmaterialinsidethe
waveguideplacedparallelto Electricvectorof TEIO mode.The phasechangesasa pieceof
dielectricmaterialis movedfrom edgeof waveguideowardsthe centreof thewaveguide.

BLOCK DIAGRAM : -

VSWR

Klystron Cooling Meter

Power supply Fan T

Probe Phase
Klystron mount | Isolatol .| Frequency | variable R Slott_ed R shifter
+ Klystron tube |~ "1 Meter "] Attenuator Section
L A\ 4
Matched
Movable Terminat
Short ion

PROCEDURE: -

1. Setup theequipment@asshownin theFig.

2. Firstmovableshortis placedat the endof slottedline

3 Energizeéhe microwavesourcefor maximumoutputat part cular frequencyof
operation

4. Findout theig with the helpof tunableprobeslottedline andVSWR meter It is the
twice the distancebetweertwo minimaon the slottedline.

5. Findout the operatingfrequencyfor frequeng meteror by relaton of \g.

6. FindoutA as

A=clf oor WNC=INS+INS
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Noteandrecorda referenceminimapositionon theslottedline. Letit is X
Removecarefully the movableshortfrom the slottedline without disturbingany
positionon the setup, placethe phaseshifterto the slottedline with its
micrometereadingzeroandthenplacethe movableshortto the otherport of
phaseshifter.

9. Findout a new minimapositionletitis'Y.

10. Changethepositionof micrometerof phaseshifter andfind out the corresponding
positionof newminima letit is Yi.

o N

CALCULATION

Sincenew minimais multiple of half wave-lengthfrom the short,it shouldbe possibleto
calculatethe exactelectricallengthof phaseshifter. For examplesupposeat 10 GHz a
referencaminimais foundat X = 16.08cm.
Now supposedhatphaseshifteris two wave-lengthdong andplacedon theline asin step
8, thenewminimay = 14.90cm is obtained.
Hence,shorthasapparentlymoved16.08- 14.90= 1.18cm. This canbewrittenin form of
as

A (.393)=(1.18)A/3
Sincethe apparentmovements in thedirectionthe shortactuallymoved,it is addedto the
approximatenumberof half wavelengthin the phaseshifter. Thetotal electricallengthis
2.393wavelengths.The phaseshift in radianss foundasbelow:
Multiply by 2 = to give phaseshift in radiusor by 36 to give phaseshiftin degrees.
Phaseshift in aboveexample
=2 m x 2.393radians
=360x 2.393degrees
The phaseshift for othermicrometereadingpositioncanbefoundasabove.

RESULTS:

PRECAUTIONS :-

1. Usefanto keeptheKlystrontemperaturdow.
2. Ensuretight connection®f theapparatus

3. Avoid crossconnection®f thethreads.

4. Usestabilizedpowersupply.

LAB MANUAL (VI SEM ECE) Page 63




MICROWAVE AND RADAR ENGINEERING (EE-322-F)

ulZ:

Q1.In ahollow rectangulamwaveguidethe phasevelocity

(a) increasesvith increasingrequency

(b) decreasewith increasingrequency

(c) is independenof frequency

(d) will vary with frequencydependingUponthefrequencyrange

Q2. A hollow cubiccavity resonatohasa dominantresonanfrequencyof 10 GHz. Thelength
of eachsideis

(a) V3cm (b) ~3/2
(c) V2 (d) 3AH?2

Q3. In arectangulamwaveguidewith a = 2b, if the cut- off frequencyfor TE,, modeis 16 GHz,
thenthe cut-off frequencyfor the TM; modewill be

(a) 32GHz (b) 8 GHz

(c)4v3 GHz  (d)8V5GHz

Q4. Evanescenmodeattenuationn awaveguidedependsiponthe
(a) conductivityof the dielectricfilling thewaveguide

(b) operatingfrequency

(c) conductivityof the guidewalls

(d) standingwavesin theguide

Q5. A transmitterin free spaceradiatesa meanpowerof 'P' Wattsuniformly in all directions.
At adistanced”, sufficiently far from the sourcen orderthattheradiatedfield is considered
asplanetheelectricfield 'E'shouldberelatedto 'P' and‘d’ ' as

(@ ExPd (b) E P/d
(c) E «+Pd (d) E 0 VP/d
Q6. A loss-lesdine havingcharacteristicmpedanceZo is terminatedn a purereactancef
value-jZo. TheVSWR of theline will be
(@) 10 (b) 2
(c)1 (d)infinite

Q7. A cylindrical cavity resonatohasa diameterof 16 mm. Whatis thedominantresonant
modewhenthe cavity lengthis i) 20 mm andii) 15mm
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(i) (if)

(a)TEI1 M11I (c) TEI1l TMolO
(1) (if)

(b) TMolO TE111

(d) TM11l TEo

Q8. In acircularwaveguidewith radius'r', thedominantmodeis
(a) TMol (b) TEOI
(c) TMIL1 (d) TEIL
Q9: Theinputimpedancef a shortcircuitedlosslessline of lengthA/8 is

a) Zero b)Resistive

c)Inductive d)Capacitive
Q10:Whichof thefollowing is capablegiving highestdataspeed?
a)Coaxialcablelink b)MicrowaveLOS link

c)MicrowavesatelliteSystem d)OpticalFibersystem

ANSWERS: Ql:b
Q2:a
Q3:d
Q4:a
Q5:d
Q6:d
Q7:a
Q8:d
Q9:c
Q10:d
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EXPERIMENT NO. 15

AIM : - Todeterminghedielectric constanbf a material.

APPARATUS REQUIRED :- Klystron powersupply,Klystron tube,lsolator,Frequency
meter,VariableattenuatorDetectol mount,Waveguidecontainingsamgle material.

THEORY: Themostgeneraldescriptionfor electromagnetipurpacses of agiven
homogeneoumaterialis given by complexpermittivity (Dieledric constanttogether
with complexmagneticpermittivity.
By Maxwell'sequation
X E=-4B/at, ¥XH=4D/t +cE, (1)

Since B=pu*H,D=¢E (2)
wherec = conductivityof matrials
w XE=-jou*H, = XH=jweE+oE ..(3)
wherep *=complexpermeaility
¢ = (Real)Dielectric Constant
Theequation(3) canbe written
XH=jw (e-jolw)E
whereE" = ¢-jolw is complex dielectricconstant.
Theaboveequationcanalsobe writtenase =c¢0(e'-j¢")
wheree " =0 lwe ande '=¢l €0

E ;
er=¢l e0=¢&'-j&"

In theabovetermse " is called lossfactorande ' associatedvith akility of materialto
storeelectricenergy.

It is alsousefulto write therelative dielectricconstantas

er=¢'(1-jtand)

wheretané=¢"'‘/¢"

Thetans is referredaslosstangeitt.

Thedielectricconstanis notindependendf frequencyandstaysconstanonly over
smallportion of frequencyspecirum. In manycase< r is effected by temperaturand
humidity. Sothatthe aboveshotld be heldreasonablyonstanduring measurements.
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Theaccuracyof measuremeriargely depend®nthe smoothnessf the sample thatfit of
samplein waveguideandcarewhich hasbeentakento insurethatits surfacesareproperly
'squaredwv.r.t. eachother.lt istherefore advisableto machinesamplesvery carefully
for smoothnesssize,andsquared surface.

Dielectric MeasuremenMethoc

TheFigl. showsanemptyshortcircuitedwaveguidewith a probelocatec asvoltageminimum
DR, Fig. 2 showsthe samewaveguidecontainingsampleof lengthlE with a probelocatedat

newvoltageminimumD. Thesampl¢is adjacento shortcircuit. We know
tanlK (DR - D - IE) tar IK |E kE

kIE KE/E
DR ! e
g + I 'l I(
; V77777
3 Zo, k ;2E| ZE/
Zo. K "\ //////'7
Short circuit Short circuit
fig 1 fig 2
BLOCK DIAGRAM : -
Detector
D=0 Short circuit
D
: /171777
Microwave Frequency| | Variable | | ! /Sam *
— Isolator ! b/, 0amp
source Meter Attenuator . m
' Waveguide containing
sample
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We find thatall the quantitiesassociatedavith left handaremeasurableWhile right handis of
theform tanz/z, sothatoncethe measuremerntasbeenperformedthe complexnumber,

Z = KE /E canbefoundby solutionof transcendentaquationandfrom it KE. Of-courseE r
follows readilyfrom KE. In view of periodicnatureof tangentfunction,thereexistainfinite
solutionfor ere Henceit is necessaryo know E r approximatelyin orderto pick up write
solutionor to performa seconddenticalexperimenwith othersampleof differentlength.The
propersolutionin thelatter caseare,commonto the two setsof solution.

PROCEDURE: - Thebasicarrangementf equipments asin Fig.
1. With no samplein shortcircuitedline find positionof voltageminimaDR w.r.t. an
arbitrarily choserreferenceWith the help of slottedsectionandprobe.

Measurethegtwdewavelengthkg by measuringhe distancebetweenwo adjacent
minima in slotted line

Removeshartcircuit, inserta samgleandreplacetheshortcwcun in sucha
manner that it touches the end of s mple

MeaszureD, the positionof minimain slottedline with respecto samereference
asin 2.

Measure/SWR (r) in theslottedline.

a kr w0 N

Casel : AnalysisCase-DielectriGample(Lossless)
1. Computepropagatiorconstant
k=2r/\g
2. Compute
K=tan[k(le+Dr-D)]/k/e

wherele =lengthof sample
3. Solvetranscendentaquationfor X
K- tan X
- X
If dominantmodeis propagatinghroughwaveguidethe dielectric,constant’ is as
follows
e'=(am)’(X'/Le)*+1

(2ahg)’+1

where,a = width of waveguide

Ag = guidewavelength

X'/Le= X (determinecearlier)
lengthof sample
X'/ Le=X/L1le=X/L2e
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Case2: ComplexDielectric Sample(Lossy)
If dielectricconstanis complex,i.e.,V not=o, computeasfollows:
1. determin&k=2n/Ag
2. compute
¢=2k (D-DR-Le)
3. Compute
[T]=r-1/r+1
4. Determinghe complexnumberC<y
C<-y=1/jkle(1-[T]€" )
(1+[T] €%
5. solvethe complexeq.for T andt
C<-y=tanh(T<t)
T<t
Theadmittanceyeis givenfrom
Ye=(T/klef<2(t-90)
6. computeer asfollows

Ye=Ge+pe

g=Ge+(\g/2af
1+(Ag/2af

£'= -pe
1+(\g/2af

OBSERVATIONS AND CALCULATION

PRECAUTIONS :-
1. Ensuretight connection®f theapparatus
2. Avoid crossconnection®f thethreads.
3. Usestabilizedpowersupply.
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UlZ:

Q1. A micro strip line on aluminasubstratdE r = 9) hasa zerothicknessstrip of width,
W =3 mm. Substratehicknessh =0.5mm. AssumingTEM wavepropagatiorand
negligiblefringing field, the characteristicmpedancef theline will be approximately
(a)10Q (b)21Q
(c)26Q (d)50Q

Q2.If H=0.2cos(wt-bx)a A/m is themagneticfield of awavein free spacethentheaverage
powerpassinghroughacircle of radius5 cmin thex = 1 planewill be approximately

(@) 30 mwW (b) 60 mW

(c) 120mW (d) 150mw

Q3. An attenuatodropsa 10V signalto 50 m V In anexperimentThelossin decibelsis
(a)-40dB (c)-55dB
(b)-46dB (d)-60dB

Q4.Whichof thefollowing pairsof typesof wavepropagatiorandassociategropertyare
correctlymatched?

(a) Surfacewave Verticalpolarization.

(b)Ductpropagation Superrefraction.

(c)Skywave Criticalfrequency.

Selectthe correctanswerusingthe codesgivenbelow:
Codes:

(a)1,2and3 (b) 1 and2

(c) land3 (d) 2and3

Q5. For reliable"beyond-the-horizonicrowavecommunicationyithout usingrepeatersthe
frequencyof choicewould be
(a) 1 MHz (b) 30MHz
(C) 2000MHz (d) 30,000MHz
Q6. Whatis wavelength?
Q7.Whatis guidewavelengtht 4?

Q8.Whatis cut off wavelengthfor awave-guide?

Q9. Whatis therelationshipbetweenfrequencyandvelocity of light?
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Q10.Namevariousmethodghatcanbe usedto measurdrequency/ wavelength.

ANSWERS: Q1l:b
Q2:b
Q3:b
Q4:.a
Q5:b
Ans.6.Amountof distancetravelledby electromagnetigvavein onecycleis knownaswave
length

Ans.7Distancetraveledby anEM waveto undergoa phasedifferenceof 2n radianss called
guidewavelength.
Ans.8.Maximumwavelengththatcantravelin awaveguideis calledcut off wavelength.
Ans.9 C=f.A
Ans.10 - Wavemeter
- Frequencydown conversiomrmethod
- 2dmethod
- Doubleminimummethod
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