PART-A MICROWAVE ENGINEERING LAB

1. REFLEX KLYSTRON CHARACTERISTICS

I. AIM:

To study the characteristics of the reflex klystron tube and to determine its electronic tuning
range.

1. (i) EQUIPMENT AND COMPONENTS:

1. APPARATUS

Klystron power supply SKPS — 610
Klystron tube 2k25

Klystron mount XM-251

Isolator XI1-621

Frequency meter XF-710

Variable attenuator XA-520
Detector mount XD-451
Waveguide stands X4-535

VSWR meter SW-215
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(i) DESCRIPTION OF EQUIPMENT:
1. Klystron power supply SKPS - 610

The model Klystron Power Supply SKPS-610 is general purpose laboratory power  supply
which is specially designed to use for reflex klystron tubes of S to X band frequency range. It
is reliable power source with very high regulation and low ripple contents.

The klystron power supply SKPS-610 has built in modulation facilities of amplitude and
frequency modulation. Amplitude modulation can be applied with 0-110V (p.p.) Square wave
and with frequency of 500 Hz to 2.5 KHz. This amplitude modulation is generally used along
with VSWR measurements in slotted line technique. Frequency modulation is used for direct
study of klystron modes on the Oscilloscope. Pure carrier wave operation and in external
modulation facilities is also provided with the instrument for generalized use.

The Kklystron power supply also provides all the other D.C. Voltages required for
operation of reflex klystron tube such as beam, heater and reflector voltage. The ranges of all
these voltages are given in the specification data sheet.

2. Klystron tube 2k25
The klystron tube 2k25 is a single cavity variable frequency microwave generator of low

power and low efficiency. It consists of an electron gun, a filament surrounded by cathode
and a focusing electrode at cathode potential. The electrons emitted by the cathode travel



towards the reflector through an anode kept at higher potential compared to the cathode.
When they approach the anode, the electrons form bunches and the bunches ultimately return
towards the anode cavity after traveling a small distance towards the reflector. The power is
taken from the anode reentrant cavity.

3. Isolator X1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Variable attenuator XA-520

This is a wave guide piece having a groove on the lateral side. By rotating the screw the
depth of penetration of resistive pad changes, there by introducing some attenuation.
Attenuators are commonly used for measuring power game or loss in dBs for providing
isolation between instruments for reducing the power input to a particular stage to prevent
over loading and also for providing the signal generators with means of calibrating there
outputs accurately. Variable attenuator provide continuous or step wise variable attenuation.

6. VSWR meter SW-215

AVSWR meter basically consists of a high gain, high Q low noise voltage amplifier normally
tuned at a fixed frequency at which the microwave signal is modulated. The VSWR meter
uses the detector signal out of the microwave detector as its input, amplifies the same and
provides the output on the calibrated volt meter. The meter itself can be calibrated in terms
of VSWR

II1.THEORY:

The reflex klystron makes use of velocity modulation to transform a continuous electron
beam into microwave power. Electrons emitted from the cathode are accelerated and passed
through the positive resonator towards negative reflector, which retards and finally reflects
the electrons towards the resonator.

The accelerated electrons have the resonator with increased velocity and the retarded
electrons leave at reduced velocity. As the electrons bunch pass through resonator, they
interact with voltage at resonator grids. If the bunches pass the grid, at such time, that the



electrons are slowed down by the voltage, energy will be delivered to the resonator and the
klystron will oscillate.

IV.BLOCK DIAGRAM:

Klystron Power VSWR meter
Supply SW-115
SKPS - 610
Klystron mount Detector mount
XM-251 XD-451
Klystron tube Variable Frequency
2K-25 Isolator X1-621 Attenuator meter XF-710
XA-520

V. PROCEDURE:

Vi.

Vil.

Connect the components and equipments as shown.

Set the variable attenuator at minimum position.

Switch ‘ON’ the power supply, VSWR meter and cooling fan.

Put ‘ON’ the beam voltage switch and rotate the beam voltage knob clockwise in
supply slowly and watch VSWR meter set the voltage for maximum deflection on the
meter.

Change the repeller voltage slowly & watch the VSWR meter. Set the voltage for
maximum deflection on the meter.

Rotate the knob of frequency meter slowly and stop at that position where there is
lowest O/P on VSWR meter.

Read directly, the frequency meter between two horizontal fine marks.

viii. Change the repeller voltage and read the power and frequency for each repeller voltage.

VI. OBSERVATIONS:

Repeller voltage Output power indB | Output power in | Frequency
(Volts) (watts) (GHZ)




VII. CALCULATIONS:
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IX. RESULT:

Hence the characteristics of the reflex — klystron has been studied.

The tuning range of 1% mode is

X. INFERENCES:

The power output is high in the first mode of operation of the reflex klystron. Tuning range is
achieved for different modes of operation as the repeller voltage increases the power output
also increases.

XI. PRECAUTIONS:

I. Keep all the knobs in minimum position before going to switch ‘ON’ the power supply
of VSWR / Klystron power supplies.
Note: For klystron power supply “HT” should be ‘OFF’ before switching ‘ON’ the
main supply.

ii.  Beam knob should be completely in anticlockwise direction and repeller voltage knob
should be completely clockwise direction.

iii.  Switch on the main supply and give some warm up time to get current / accurate
reading.



iv. After the completion of experiment, before going to switch off the mains keep all the
knobs in minimum position (i.e.) as those are in rule 1.

v.  If the main supply failed in the middle of the experiment, come to 1% condition (i.e.)
keep all the knobs in minimum positions and switch off main switches.

vi. Don’t increase the repeller voltage more than -70V(i.e.) it should be between -70Vto -
270V.

XII. APPLICATIONS:

This is most widely used in applications where variable frequency is desired.
i. Inradar receivers

ii. Local oscillator in microwave receivers

iii. Signal source in microwave generator of variable frequency

iv. Pump oscillator in parametric amplifier.

X1 EXTENSIONS:

I. By taking the values of repeller voltage we can calculate the mode number

Ni= n+3/4 with V2=
N2= (n+1)+3/4 with Vi=

N1, N2 are the respective mode numbers

ii. ETS (Electronic Tuning Sensitivity) = fo- fi/ V2._V1 MHz / V
XIV. TROUBLE SHOOTING:

FAULT DIAGNOSIS

i. No output : Check the wave guide alignment

XV. QUESTIONS:

. Explain the operation of the reflex klystron tube.

ii. What is the basic principle involved in microwave tubes.

iii. What is the difference between velocity modulation and current density modulation?
v, What happens to the power output as the repeller voltage increases?

V. What are the various modes of operation in the reflex klystron.

Vi, How electronic tuning is achievable in klystron.

vii.  What changes occurs in the frequency due to the repeller voltage variation.

viii.  What is the maximum theoretical efficiency, frequency range of the reflex klystron?
iX. How bunching is achieved in reflex klystron.

X. What is the advantage of reflex klystron over two cavity klystron?



2. GUNN DIODE CHARACTERISTICS
I AIM:

To study the characteristics of Gunn Diode and to determine the threshold voltage.

I EQUIPMENTS AND COMPONENTS:
i. APPARATUS

Gunn Power supply GS-610
Gunn oscillator XG-11
Isolator XL-621

Frequency meter XF-710

Pin Modulator

Matched termination XL-400
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(i) DESCRIPTION OF EQUIPMENT:
1. Gunn Power Supply (GS-610)

The type GS-610 Gunn Power supply comprises of an electronically regulated power supply
and a square wave generator designed to operate a Gunn Oscillator type XG-11 and PIN
Modulator XM-55. The DC Voltage is variable from 0 to -12 volts. However, the output
voltage will not exceed +11 Volts because of over voltage Zener protection (Max. operating
voltage for Gunn Oscillator is +12 Volts). The frequency of the square wave modulation can
be continuously varied from 800 to 1100 Hz. The front panel meter indicates the Gunn
voltage and the current drawn by the Gunn diode. The power supply has been designed to
protect the Gunn diode in following conditions:-

1. Reverse Voltage application

2. Over voltage transients

3. Low frequency oscillations generated by the negative resistance of the Gunn Diode.
Voltage Range : 0 to 12 Volts (Positive)

Current : 750 mA (max.)

Stability : 0.2% for £10% variations in the mains voltage.

Ripple : 1 mV rms.

Modulation Voltage : 0 - £10 Volts (P-P)

Frequency : 800 — 1100 Hz.

Output connector : BNC Female for Gunn Oscillator

TNC Female for Pin Modulator



2. Gunn Oscillator (XG-11)

The Gunn Oscillator XG-11 is stable and low noise microwave source. The Gunn diode is
mounted in waveguide cavity, and source frequency can be tunable over the range 8.5 — 12.0
GHz by a micrometer controlled tuning plunger. Maximum power output is 25 mW, but it
varies with frequency, minimum about 5 m\W.

3. Isolator X1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Pin Modulator (XM-55)

The Pin Modulator XM-55 has been designed to amplitude modulate the CW output of the
Gunn Oscillator XG-11. Modulating Voltage of 1 KHz, obtained from the Gunn Power
Supply GS-610 to drives the modulator. It has built in 6 db attenuation to avoid any loading
on the Pin Diode.

I11. THEORY:

Transferred Electron Devices (TED’s) are bulk devices that do not have any junctions or
gates. They are fabricated with the compounds like GaAs, InP, CdTe. These operate on hot
electrons. The Gunn diode is one such example. This also exhibits property of —ve resistance.
Gunn observed that periodic fluctuations of current passing through n-type GaAs specimen,
when the applied voltage exceeded a certain critical value (2.4 kV/ cm).

Basic mechanism involved in the operation of bulk n-type GaAs devices is the transfer
electrons from low conduction valley to upper subsidiary valley the u-valley.

The current increases till a certain value and falls off after crossing a certain voltage level and
increases further linearly.



IV. CIRCUIT DIAGRAM:

Gunn Power Gunn Isolator Pin
Supply ,| Oscillator > XL-621 ,| Modulator
GS-610 XG-11

l

Frequency

meter

XF-710

Y
Matched
termination
XL-400

V. PROCEDURE:

=

Set the components as shown in figure.
Keep the control knobs of Gunn power supply as below
e Meter switch should be off
e Gunn bias knob-fully anticlockwise
e Pin bias knob (mod amp) — fully anticlockwise
e Pin mode frequency — any position
Set the micrometer of Gunn oscillator for required frequency of operation.
Switch on the Gunn power supply.
Measure the Gunn diode current corresponding to various Gunn bias voltages through
the digital panel meter and meter switch. Do not exceed the bias voltage above 10V.
6. Plot the voltage and current reading on the graph and compare with expected
graph.
7. Measure the threshold voltage which corresponds to maximum current.

N
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VI. OBSERVATIONS:

S. No Voltage (V) Current (mA)




VIl. CALCULATIONS:

V7 (Threshold voltage) =

|max -

VIll. GRAPH:

~ — -Threshold Voltage
I

v
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IX: RESULT:
The V-I characteristics of Gunn diode has been observed. The threshold voltage is

X: INFERENCE:

1. Thus the characteristics of Gunn diode had been verified.
2. At the threshold voltage maximum current is observed
3. Negative resistance region is achieved

XI: PRECAUTIONS:

i. Do not keep Gunn bias knob position at the threshold position for more than 10-15
seconds

ii. Reading should be obtained as fast as possible otherwise due to excessive heat Gunn
diode may burn

iii. Care should be taken such that the bias voltage should not exceed above 10V

XI1. APPLICATIONS:
i. In radar transmitters.

ii. Broadband linear amplifiers.
i As pump sources in par amp.



v, Low and medium power oscillator in microwave receivers.
V. Fast combinational and sequential logic circuits.

X, EXTENSION:

I. The Experiment can be carried out from the determination of Transconductance.
ii. The experiment can be carried our from the determination of negative resistance
region.

XIV. TROUBLE SHOOTING:

FAULT DIAGNOSIS
1. No reading in meter : wave guide alignment
2. No variation in the current : Vary the pin modulator slowly

XV. QUESTIONS:

. What is the principle involved in Gunn diode?
ii. What are the various characteristics of Gunn diode?
iii. How negative resistance region is achieved in Gunn diode?

iv. Explain about the two valley theory.

V. Compare TEDS with the microwave transistors.

Vi, What are the various modes of operation possible in Gunn diode?
vii.  How domain is formed in Gunn diode?

viii.  When the transit time domain mode is formed?

IX. What is the principle involved in TEDS?

X. In which mode of operation the power output and efficiency is high.

*khkkkkikkkk
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3. ATTENUATION MEASUREMENT

. AIM:
To study the substitution method for measurement of attenuation and hence.

1) To determine attenuation due to a component under test.
i) To study variations in its attenuation with the frequency.

1. (i) EQUIPMENT AND COMPONENTS:
1. APPARATUS

Klystron power supply SKPS — 610
Klystron tube 2k25

Klystron mount xm-251

Isolator XI-621

Frequency meter XF-710

Variable attenuator XA-520
Detector mount XD-451
Waveguide stand X4-535

VSWR meter SW-215

Tunable probe XP-655

Fixed attenuator — XA-503, XA-506, XE-510

O© 0 NOoO O Wb -
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(ii) DESCRIPTION OF EQUIPMENT:
1. Klystron power supply SKPS - 610

The model Klystron Power Supply SKPS-610 is general purpose laboratory power supply
which is specially designed to use for reflex klystron tubes of S to X band frequency range. It
is reliable power source with very high regulation and low ripple contents.

The Kklystron power supply SKPS-610 has built in modulation facilities of amplitude
and frequency modulation. Amplitude modulation can be applied with 0-110V (p.p.) Square
wave and with frequency of 500 Hz to 2.5 KHz. This amplitude modulation is generally used
along with VSWR measurements in slotted line technique. Frequency modulation is used for
direct study of klystron modes on the Oscilloscope. Pure carrier wave operation and in
external modulation facilities is also provided with the instrument for generalized use.
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The klystron power supply also provides all the other D.C. Voltages required for
operation of reflex klystron tube such as beam, heater and reflector voltage. The ranges of all
these voltages are given in the specification data sheet.

2. Klystron tube 2k25

The Kklystron tube 2k25 is a single cavity variable frequency microwave generator of low
power and low efficiency. It consists of an electron gun, a filament surrounded by cathode
and a focusing electrode at cathode potential. The electrons emitted by the cathode travel
towards the reflector through an anode kept at higher potential compared to the cathode.
When they approach the anode, the electrons form bunches and the bunches ultimately return
towards the anode cavity after traveling a small distance towards the reflector. The power is
taken from the anode reentrant cavity.

3. Isolator XI1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Variable attenuator XA-520

This is a wave guide piece having a groove on the lateral side. By rotating the screw the
depth of penetration of resistive pad changes, there by introducing some attenuation.
Attenuators are commonly used for measuring power game or loss in dBs for providing
isolation between instruments for reducing the power input to a particular stage to prevent
over loading and also for providing the signal generators with means of calibrating there
outputs accurately. Variable attenuator provide continuous or step wise variable attenuation.

6. VSWR meter SW-215

AVSWR meter basically consists of a high gain; high Q low noise voltage amplifier normally
tuned at a fixed frequency at which the microwaves signal is modulated. The VSWR meter
uses the detector signal out of the microwave detector as its input, amplifies the same and
provides the output on the calibrated volt meter. The meter itself can be calibrated in terms
of VSWR

12



I11.THEORY:

The attenuator is a two port bi-directional device which attenuates some power when inserted
into the transmission line.

Attenuation A (dB) = 10 log [%}

Where P1 = Power detected by the load without the attenuator in the line.

P> = Power detected by the load with the attenuator in the line.

The attenuators consists of a resistive vane inside the waveguide to absorb microwave power
according to its position with respect to sidewall at centre in TE1o mode, the attenuation will
be maximum if the vane is placed at centre towards the sidewall, attenuation decreases. In the
fixed attenuator the vane position is fixed whereas changed by the help of micrometer of by
other methods.

IV. BLOCK DIAGRAM:

Setup 1: =“0 dB setting”

Klystron Power VSWR meter
supply SW-115
SKPS - 610
Klystron mount Detector mount
XM-251 XD-451
Klystron tube Variable Frequency
2K-25 Isolator X1-621 attenuator meter XF-710
XA-520

Set up 2: To determine the insertion loss.

VSWR meter
Klystron Power SW-115
supply
SKPS - 610
Detector mount
XD-451
Klystron mount ’]‘
XM-251 Fixed
Attenuator
\l/ /I\
Klystron tube Variable Frequency
2K-25 Isolator X1-621 3 attenuator meter XF-710
XA-520




V. PROCEDURE:

Remove the tunable probe, attenuator and matched termination from the slotted
section in the above setup.

Connect the detector mount to the slotted line and tune the detector mount also for
maximum deflection on VSWR meter. (Detector mounts output should be connected
to VSWR meter).

Set any reference level on the VSWR meter with the help of variable attenuator (not
test attenuator) and gain control knob of VSWR meter. Let it be P.

Set any reference level

Carefully disconnect the detector mount the slotted line and detector mount to the
other port of test variable attenuator to zero and record the reading of VSWR meter.
Let it be P2 then the insertion loss of test attenuator will be P1-P2 dB.

In case of variable attenuator, change the micrometer reading and record the VSWR
meter. Find out attenuation value for different position of micrometer reading and plot
a graph.

VI. OBSERVATIONS:

Fixed  Attenuator | Observed Value | Insertion loss (P2-
(P1) (P2) P1)

VIl. CALCULATIONS:

Insertion loss = observed value — the test value

Attenuation A(dB) = 10 log [ Pl}

P2

Where P1 = Power detected by the load without the attenuator in the line.

P> = Power detected by the load with the attenuator in the line.
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VIll. GRAPH:

A

Output in dB (P3)
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(P1) input in dB
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IX. RESULT:

Thus, various fixed attenuators have been studied.

X. INFERENCES:

The test attenuator value is approximately equal to the value measured.
XI1. PRECAUTIONS:

I. Keep all the knobs in minimum position before going to switch ‘ON’ the power supply of
VSWR / Klystron power supplies.
Note: For klystron power supply “HT” should be ‘OFF’ before switching ‘ON’ the main
supply.

ii. Beam knob should be completely in anticlockwise direction and repeller voltage knob
should be completely clockwise direction.

iii. Switch on the main supply and give some warm up time to get current / accurate reading.

iv. After the completion of experiment, before going to switch off the mains keep all the
knobs in minimum position (i.e.) as those are in rule 1.

v. If the main supply failed in the middle of the experiment, come to 1% condition (i.e.) keep
all the knobs in minimum positions and switch off main switches.

vi. Don’t increase the repeller voltage more than -70V (i.e.) it should be between -70Vto -
270V.
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XIl. APPLICATIONS:

Attenuators mainly used for

I. Measuring power gain or loss in dB

ii. For providing isolation between the instruments.

iii. For reducing the power input to a particular stage to prevent overloading.

X1, EXTENSIONS:
By placing a precision calibrated attenuator which can be adjusted to obtain the some power

as measured by the Test attenuator.

XIV. TROUBLE SHOOTING:
FAULT DIAGNOSIS

1. No variation in VSWR meter : check the wave guide alignment
Vary the repeller voltage slowly

2. No dip in VSWR meter : check the match termination

XV. QUESTIONS:

I. What is the purpose of attenuator in the microwave bench?

ii. What is the difference between Flap Attenuator and Movable Vane Attenuator?
iii. With what type of materials the attenuators are made up of?

v, Where attenuators are mainly used?

V. What is the difference between fixed attenuator and variable attenuator?
Vi. With what type attenuators the vane type attenuator is made up of?
vii.  Where the rotary vane precision attenuator is preferable?
viii.  What is the difference between attenuator and isolator?
iX. List out the applications of the attenuator.
X. With what type of material the glass vane is being coated.
*kkikkkkikkik
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4. MICROWAVE FREQUENCY MEASUREMENT

I AlIM:

To determine the frequency and wavelength of a microwave in a rectangular waveguide
operated in TE1o mode.

1. (i) EQUIPMENT AND COMPONENTS:
1. APPARATUS

Klystron power supply SKPS — 610
Klystron tube 2k25
Klystron mount xm-251
Isolator XI-621

Frequency meter XF-710
Variable attenuator XA-520
Detector mount XD-451
Waveguide stands X4-535
VSWR meter SW-215
Movable short XT-481
Matched termination x1-400
Slotted section XS-651
Tunable probe XP-655
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(i) DESCRIPTION OF EQUIPMENT:
1. Klystron power supply SKPS - 610

The model Klystron Power Supply SKPS-610 is general purpose laboratory power supply
which is specially designed to use for reflex klystron tubes of S to X band frequency range. It
is reliable power source with very high regulation and low ripple contents.

The klystron power supply SKPS-610 has built in modulation facilities of amplitude
and frequency modulation. Amplitude modulation can be applied with 0-110V (p.p.) Square
wave and with frequency of 500 Hz to 2.5 KHz. This amplitude modulation is generally used
along with VSWR measurements in slotted line technique. Frequency modulation is used for
direct study of klystron modes on the Oscilloscope. Pure carrier wave operation and in
external modulation facilities is also provided with the instrument for generalized use.

The Kklystron power supply also provides all the other D.C. Voltages required for

operation of reflex klystron tube such as beam, heater and reflector voltage. The ranges of all
these voltages are given in the specification data sheet.
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2. Klystron tube 2k25

The Kklystron tube 2k25 is a single cavity variable frequency microwave generator of low
power and low efficiency. It consists of an electron gun, a filament surrounded by cathode
and a focusing electrode at cathode potential. The electrons emitted by the cathode travel
towards the reflector through an anode kept at higher potential compared to the cathode.
When they approach the anode, the electrons form bunches and the bunches ultimately return
towards the anode cavity after traveling a small distance towards the reflector. The power is
taken from the anode reentrant cavity.

3. Isolator XI1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Variable attenuator XA-520

This is a wave guide piece having a groove on the lateral side. By rotating the screw the
depth of penetration of resistive pad changes, there by introducing some attenuation.
Attenuators are commonly used for measuring power game or loss in dB for providing
isolation between instruments for reducing the power input to a particular stage to prevent
over loading and also for providing the signal generators with means of calibrating there
outputs accurately. Variable attenuator provide continuous or step wise variable attenuation.

6. VSWR meter SW-215

AVSWR meter basically consists of a high gain; high Q low noise voltage amplifier normally
tuned at a fixed frequency at which the microwaves signal is modulated. The VSWR meter
uses the detector signal out of the microwave detector as its input, amplifies the same and
provides the output on the calibrated volt meter. The meter itself can be calibrated in terms
of VSWR

IHI.THEORY:

Microwave frequency can be measured by either electronic or mechanic techniques.
Electronic Technique: These techniques are more accurate but expensive. Frequency counters
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are used. The unknown frequency is compared with harmonics of a known lower frequency,
by use of a low frequency generator, as harmonic generator and a mixer.

Mechanical Technique: These include slotted line and cavity meter techniques whose
operation and accuracy depends on the physical dimensions of mechanical devices.
Slotted-Line Technique: A slotted line is a piece of transmission line so constructed that the
voltage and current along it can be measured continuously over its length.

For measuring the frequency, the distance between maxima (or) minima is measured
on the slotted line horizontal scale from the above setup.

A9

2
Ag=2(d2—-d1) cm

=d2—-d1 cm

A0
= J1- (101 10)>

For TEi0 Mode, Ac = 2a where ‘a’ is the waveguide dimension (22.86mm).
The frequency so measured is not very accurate.

IV. BLOCK DIAGRAM:

Setupl
pmm »| VSWR meter
Klystron Power SW-115
supply
SKPS - 610 i Matched termination
J : XL-400
Crystal detector .
Klystron mount Tunable Probe T
XM-251 b Slotted line
section XS-651

v T

Klystron tube Variable Frequency
2K-25 —> | lIsolator X1-621 > attenuator  —>| meter XF-710
XA-520

19



Setup 2

pmmm »| VSWR meter
Klystron Power SW-115
supply i
SKPS - 610 |
Crystal detector 1 Movable short
\ Tunable Probe ' XT-481
Klystron mount T
XM-251 b Slotted line

section XS-651

\ T

Klystron tube Variable Frequency
2K-25 —> | lIsolator X1-621 > attenuator  =>| meter XF-710
XA-520
V.PROCEDURE:

I. Setup the components and equipments as shown in the figure.
ii. Setup the variable attenuator at minimum attenuation position.
iii. Keep the control knobs of VSWR meter as shown below:

a) Range 40 dB

b) Input switch — crystal low impedance

c) Meter switch — normal position

d) Gain (coarse and fine) = mid positions

v, Keep the control knobs of klystron power supply as:
a) Beam voltage — off
b) Mod switch — AM
c) Beam voltage knob — fully anticlockwise.
d) Repeller voltage = fully clockwise
e) AM amplitude knob = around fully clockwise.
f) AM frequency knob = around mid position.

V. Switch the klystron power supply, VSWR meter and cooling fan switch.

Vi, Switch ‘ON’ the beam voltage switch to set beam voltage at 300V with the help of
beam voltage knob.

vii.  Adjust the repeller voltage to get some deflection in VSWR meter.

viii.  Maximize the deflector with AM amplitude and frequency control knob of power
supply.

IX. Tune the plunger of klystron mount for maximum deflection.

X. Tune the reflector voltage knob for maximum deflection.

Xi. Tune the probe for maximum deflection in VSWR meter.

Xil. Tune the probe frequency meter knob to get a dip on the VSWR scale and note down
the frequency meter.

xiii.  Replace the termination with movable short and detune the frequency meter.
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xiv.  Move the probe along the slotted line.

XV. Move the probe to next minimum position and record the probe position again.

xvi.  Calculate the guide wavelength as twice the distance between two successive
minimum positions obtained as above.

xvii.  Measure the waveguide inner broad dimension ‘a’ which will be around 22.86mm for
x-band.

xviii. Calculate the frequency by following equation

Xix.  Verify the frequency obtained by frequency meter.

VI OBSERVATIONS:

Distance (in cm) Power (in dB)

VII. CALCULATIONS:

o 1 1
f:—:C —2+—2
/10 A" e

g =2(d2—-d1) cm

Ac=2a wherea=2.286 cm.

Ay = %

1/1—(j°>2
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VIll. GRAPH:
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IX. RESULT:

Thus the frequency and wavelength of rectangular waveguide has been determined.

Frequency =
wave length =

X. INFERENCES:

The frequency observed from the frequency meter and the measured frequency by the slotted
line technique is almost equal.

XI. PRECAUTIONS:

Vi.

Keep all the knobs in minimum position before going to switch ‘ON’ the power
supply of VSWR / Klystron power supplies.

Note: For klystron power supply “HT” should be ‘OFF’ before switching ‘ON’ the
main supply.

Beam knob should be completely in anticlockwise direction and repeller voltage knob
should be completely clockwise direction.

Switch on the main supply and give some warm up time to get current / accurate
reading.

After the completion of experiment, before going to switch off the mains keep all the
knobs in minimum position (i.e.) as those are in rule 1.

If the main supply failed in the middle of the experiment, come to 1 condition (i.e.)
keep all the knobs in minimum positions and switch off main switches.

Don’t increase the repeller voltage more than -70 V(i.e.) it should be between -70V
to -270V.
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XIl. APPLICATIONS:

It is used for Measurement of unknown impedance and Measurement of reflection
coefficient.

XI. EXTENSIONS:

Determination of VSWR for different conditions: open circuit and short circuit

XIV. TROUBLE SHOOTING:

FAULT DIAGNOSIS

Meter reading fluctuating : keep it in low dB
De tune the frequency meter.

No dip observe : adjust it very slowly around 9.5 GHz.

XV. QUESTIONS:

I. How slotted line technique is used to measure frequency and wavelength?
ii. What is the purpose of slotted line in the microwave bench?

iii. What type of wave is propagating in the wave guide?

iv. What is meant by guide wavelength?

V. Bring out a relationship between the guide wave length and cut of wavelength?
Vi. How the guide wavelength can be determined by using the slotted line?

vii.  What is the purpose of crystal detector probe?

viii.  Which technique is preferable for the measurement of frequency?

IX. What is the cut of wavelength of the dominant mode in the wave guide?

X. How waveguide acts as a high pass filter?

*khkkhkhkhkkkk

23



5. MEASUREMENT OF IMPEDANCE OF GIVEN LOAD

l. AlIM:

To measure an unknown impedance using smith chart.

1. (i) EQUIPMENT AND COMPONENTS:
1. APPARATUS

Klystron power supply SKPS — 610
Klystron tube 2k25
Klystron mount xm-251
Isolator XI-621

Frequency meter XF-710
Variable attenuator XA-520
Detector mount XD-451
Waveguide stands X4-535
VSWR meter SW-215
Movable short XT-481
Matched termination x1-400
Slotted section XS-651
Tunable probe XP-655

©O© 00 NOoO Ol WDN -
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(i) DESCRIPTION OF THE EQUIPMENT:

1. Klystron power supply SKPS - 610

The model Klystron Power Supply SKPS-610 is general purpose laboratory power  supply
which is specially designed to use for reflex klystron tubes of S to X band frequency range. It
is reliable power source with very high regulation and low ripple contents.

The klystron power supply SKPS-610 has built in modulation facilities of amplitude
and frequency modulation. Amplitude modulation can be applied with 0-110V (p.p.) Square
wave and with frequency of 500 Hz to 2.5 KHz. This amplitude modulation is generally used
along with VSWR measurements in slotted line technique. Frequency modulation is used for
direct study of klystron modes on the Oscilloscope. Pure carrier wave operation and in
external modulation facilities is also provided with the instrument for generalized use.

The klystron power supply also provides all the other D.C. Voltages required for
operation of reflex klystron tube such as beam, heater and reflector voltage. The ranges of all
these voltages are given in the specification data sheet.

2. Klystron tube 2k25

The klystron tube 2k25 is a single cavity variable frequency microwave generator of low
power and low efficiency. It consists of an electron gun, a filament surrounded by cathode
and a focusing electrode at cathode potential. The electrons emitted by the cathode travel
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towards the reflector through an anode kept at higher potential compared to the cathode.
When they approach the anode, the electrons form bunches and the bunches ultimately return
towards the anode cavity after traveling a small distance towards the reflector. The power is
taken from the anode reentrant cavity.

3. Isolator X1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Variable attenuator XA-520

This is a wave guide piece having a groove on the lateral side. By rotating the screw the
depth of penetration of resistive pad changes, there by introducing some attenuation.
Attenuators are commonly used for measuring power game or loss in dB for providing
isolation between instruments for reducing the power input to a particular stage to prevent
over loading and also for providing the signal generators with means of calibrating there
outputs accurately. Variable attenuator provide continuous or step wise variable attenuation.

6. VSWR meter SW-215

AVSWR meter basically consists of a high gain; high Q low noise voltage amplifier normally
tuned at a fixed frequency at which the microwave signal is modulated. The VSWR meter
uses the detector signal out of the microwave detector as its input, amplifies the same and
provides the output on the calibrated volt meter. The meter itself can be calibrated in terms
of VSWR

II1.THEORY:

The impedance at any point on a transmission line can be written in the form R+jx. For
comparison SWR can be calculated as:

_1+1R1

~1-1R1

Reflection coefficient

where

_Z-Z0
- Z+70
Where Zo = characteristic impedance of waveguide at operating frequency.
Z = Load Impedance.
The measurement is performed in the following way:
The unknown device is connected to the slotted line and the position of one minima is
determined. The unknown device is replaced by movable short to the slotted line. Two
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successive minima positions are noted. The twice of the difference between minima positions
will be guide wavelength. One of the minima is used as reference for impedance
measurement. Find the difference of reference minima and maxima position obtained from
unknown load. Let it be‘d’. Take a smith chart, taking ‘I’ as centre draw a circle of radius
equal to ‘So’. Mark a point on the circumference of smith chart towards load side at a
distance equal to d/1g. Join the centre with this point. Find the point where it cuts the drawn
circle. The co-ordinates of this point will show normalized impedance of load.

IV.BLOCK DIAGRAM:

For determination of ‘Ag’

p——m - »| VSWR meter
Klystron Power SW-L15
supply
SKPS - 610 Movable short
\ Crystal detector | XT-481
Tunable Probe | /|\
Klystron mount |
XM-251 b Slotted line
section XS-651

v T

Klystron tube Variable Frequency
2K-25 —>| lIsolator X1-621 > attenuator —> | meter XF-710
XA-520

Set up 2: For measuring SWR and maximas and minimas

N »| VSWR meter

Klystron Power SW-115

supply i

SKPS - 610 i Matched termination
AP : XL-400
Tunnable Probe: .

Klystron mount XP-655 i T

XM-251 b Slotted line

section XS-651

\ T

Klystron tube Variable Frequency
2K-25 —> | lsolator X1-621 > attenuator > meter XF-710
XA-520
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V. PROCEDURE:

Vi.

Vii.
Viii.

XI.
Xii.

Xiii.
Xiv.

XV.

XVi.

XVil.

XViil.

XIX.

Setup the components and equipments as shown in the figure.
Setup the variable attenuator at minimum attenuation position.
Keep the control knobs of VSWR meter as shown below:

a) Range 40 dB

b) i/P switch — crystal low impedance

c) meter switch — normal position

d) Gain (coarse and fine) = mid positions

Keep the control knobs of klystron power supply as:
a) Beam voltage — off

b) Mod switch — AM

c) Beam voltage knob — fully anticlockwise.

d) Repeller voltage = fully clockwise

e) AM amplitude knob = around fully clockwise.

f) AM frequency knob = around mid position.

Switch the klystron power supply, VSWR meter and cooling fan switch.

Switch ‘ON’ the beam voltage switch to set beam voltage at 300v with the help of
beam voltage knob.

Adjust the repeller voltage to get some deflection in VSWR meter.

Maximize the deflector with AM amplitude and frequency control knob of power
supply.

Tune the plunger of klystron mount for maximum deflection.

Tune the reflector voltage knob for maximum deflection.

Tune the probe for maximum deflection in VSWR meter.

Tune the frequency meter knob to get a ‘dip’ on the VSWR scale and note down the
frequency directly from frequency meter.

Move the probe along the slotted line to get maximum deflection.

Adjust VSWR meter gain control knob and variable attenuator until the meter
indicates 10 on the normal dB SWR scale.

Move the probe to next minima position and note down the SWR ‘So’ on the scale.
Also note down the probe position. Let it be d.

Note the position of 2 successive (maxima) or minima positional Let it be as d: and
da.

Hence Ag = 2(d2-d1)

Calculate Ag

Find out normalized impedance as described.

Repeat above for different frequencies.
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VI. OBSERVATIONS:

i. Movable short:

Distance (cm) Power (dB)

(min-1)

(max-1)

(min-2)

(max-2)

ii. Matched Termination

Distance (cm) Power (dB)

(min-1)

(max-1)

(min-2)

(max-2)

VII. CALCULATIONS:

}\,g = 2(d2'dl)
where d2 — is distance at min-2 or max-2
d1 - is distance at min-1 or max-1

VI1Il. GRAPH:

IX.RESULT:

The unknown impedance has been determined using smith chart
X.INFERENCES:

Impedance of unknown termination can be measured.

XI. PRECAUTIONS:

i. Keep all the knobs in minimum position before going to switch ‘ON’ the power supply of
VSWR / Klystron power supplies.
Note: For klystron power supply “HT” should be ‘OFF’ before switching ‘ON’ the main
supply.

ii. Beam knob should be completely in anticlockwise direction and repeller voltage knob should
be completely clockwise direction.

iii. Switch on the main supply and give some warm up time to get current / accurate reading.

iv. After the completion of experiment, before going to switch off the mains keep all the knobs in
minimum position (i.e.) as those are in rule 1.

V. If the main supply failed in the middle of the experiment, come to 1° condition (i.e.) keep all
the knobs in minimum positions and switch off main switches.

Vi. Don’t increase the repeller voltage more than -70V(i.e.) it should be between -70Vto -270V.
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XII. APPLICATIONS:

VSWR can be measured by knowing the impedance.

XI11. EXTENSIONS:

Measurement of impedance can be done by using directional couplers.
XIV. TROUBLE SHOOTING:

FAULT DIAGNOSIS

No variation in VSWR reading : check the matched load connections
Check the probe connection.

No variation in the meter : adjust the slotted line properly

XV. QUESTIONS:

i What are the various methods used for the measurement of impedance?

ii. How impedance can measured by using slotted line?
iii. How can you determine whether the impedance is inductive or capacitive?

iv. How impedance can be measured by using magic tee?

V. What is the purpose of slotted line for the measurement of impedance?

vi. How impedance can be measured by using reflectometer?

vii. What is the purpose of variable attenuator?

viii.  How impedance can be determined by using directional couplers?

iX. Why standing waves are produced in the wave guide?

X. What is meant by reflection coefficient and how impedance can be determined?
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6. DIRECTIONAL COUPLER CHARACTERISTICS
I. AIM:

To study the characteristics of multi-hole directional coupler by measuring the following
parameters: Coupling factor and directivity of coupler.

1. (i) EQUIPMENT AND COMPONENTS:
1. APPARATUS

. Klystron power supply SKPS - 610
. Klystron tube 2k25

. Klystron mount xm-251

. Isolator X1-621

. Frequency meter XF-710

. Variable attenuator XA-520

. Detector mount XD-451

. Waveguide stands X4-535

9. VSWR meter SW-215

10.Movable short XT-481
11.Matched termination XL-400
12.Slotted line XS-651

13.Tunable probe XP-655
14.Multi-hole Directional Coupler XK-620

00 NO Ol s, WDN -

(i) DESCRIPTION OF THE EQUIPMENT:
1. Klystron power supply SKPS - 610

The model Klystron Power Supply SKPS-610 is general purpose laboratory power
supply which is specially designed to use for reflex klystron tubes of S to X band frequency
range. It is reliable power source with very high regulation and low ripple contents.

The klystron power supply SKPS-610 has built in modulation facilities of amplitude
and frequency modulation. Amplitude modulation can be applied with 0-110V (p.p.) Square
wave and with frequency of 500 Hz to 2.5 KHz. This amplitude modulation is generally used
along with VSWR measurements in slotted line technique. Frequency modulation is used for
direct study of klystron modes on the Oscilloscope. Pure carrier wave operation and in
external modulation facilities is also provided with the instrument for generalized use.

The Kklystron power supply also provides all the other D.C. Voltages required for

operation of reflex klystron tube such as beam, heater and reflector voltage. The ranges of all
these voltages are given in the specification data sheet.
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2. Klystron tube 2k25

The Klystron tube 2k25 is a single cavity variable frequency microwave generator of low
power and low efficiency. It consists of an electron gun, a filament surrounded by cathode
and a focusing electrode at cathode potential. The electrons emitted by the cathode travel
towards the reflector through an anode kept at higher potential compared to the cathode.
When they approach the anode, the electrons form bunches and the bunches ultimately return
towards the anode cavity after traveling a small distance towards the reflector. The power is
taken from the anode reentrant cavity.

3. Isolator X1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Variable attenuator XA-520

This is a wave guide piece having a groove on the lateral side. By rotating the screw the
depth of penetration of resistive pad changes, there by introducing some attenuation.
Attenuators are commonly used for measuring power game or loss in dB for providing
isolation between instruments for reducing the power input to a particular stage to prevent
over loading and also for providing the signal generators with means of calibrating there
outputs accurately. Variable attenuator provide continuous or step wise variable attenuation.

6. VSWR meter SW-215

AVSWR meter basically consists of a high gain, high Q low noise voltage amplifier normally
tuned at a fixed frequency at which the microwave signal is modulated. The VSWR meter
uses the detector signal out of the microwave detector as its input, amplifies the same and
provides the output on the calibrated volt meter. The meter itself can be calibrated in terms
of VSWR

7. MHD Coupler XK-620

It is a wave guide used for the measurement of low standing wave ratios, to sample a small
amount of powers. It consists of two transmission lines the main arm and auxiliary arm,
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electro-magnetically coupled to each other. Here, for a two hole directional coupler the two
holes are at a distance of Ag/4.

II1.THEORY:

A directional coupler is a device with which it is possible to measure the incident and
reflected wave separately.

I. It consists of two transmission lines the main arm and auxiliary arm, electro-magnetically
coupled to each other. The power entering the main arm gets divided between port 2 and 3
and almost no power comes out in port 4. Power entering at port 2 is divided between port 1
and 4.

The coupling factor is defined as:

Coupling (dB) = 10 logio [E—ﬂ where port 2 is terminated

Isolation (dB) = 10 log1o {E—ﬂ where Portl is matched.

ii. With built in termination and power entering at port 1, the directivity of coupler is a
measure of separation between incident and reflected wave. Directivity is measured as
follows.

Hence Directivity D (dB) = 10 logzo {%} =1-C

Main line VSWR is SWR measured, looking into the main line input terminal when the
matched loads are placed at all other ports.

iii. Auxiliary line VSWR is SWR measured in the auxiliary line looking into the output
terminal when the matched loads are placed on other terminals. Main line insertion loss is the
attenuation introduced in the transmission line by insertion of coupler, it is defined as:

Insertion loss (dB) = 10 logio [%}

IV.BLOCK DIAGRAM:

Set up 1: Reference level “x dB”

Klystron
power supply
SKPS-610
Klystron VSWR meter
Mount SW-115
XM-251
Klystron Isolator Variable Detector
tube2K?25 X1-621 Attenuator Mount
XA-520 XD-451
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Set up 2: To determine the coupling factor ‘X-Y dB”

Klystron
power supply
SKPS-610
Klystron
Mount
XM-251
Matched VSWR meter
Klystron Termination SW-115
Isolator Variable Multi-hole Detector
X1-621 Attenuator Directional Mount
XA-520 Coupler XD-451
Set up 3: To determine insertion loss “X-Z dB”
Klystron
power supply
SKPS-610
Klystron
Mount
XM-251
Matched VSWR meter
Klystron Termination SW-115
Isolator Variable Multi-hole Detector
X1-621 Attenuator 1Directional?2 Mount
XA-520 Coupler XD-451
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Set up 4: To determine isolation “X-Y dB”

Klystron
power supply
SKPS-610
Klystron
Mount
XM-251
Matched VSWR meter
Klystron Termination SW-115
Isolator Variable Multi-hole Detector
X1-621 attenuator 2Directionals Mount
XA-520 coupler XD-451

V. PROCEDURE:

Setup the components and equipments as shown in figure.

Energize the microwave source for particular frequency of operation.

Remove the multi-hole directional coupler and connect the detector mount to the
frequency meter. Tune the detector for maximum output.

iv. Set any reference level of power on VSWR meter with the help of variable attenuator,
gain control knob of VSWR meter and note-down the reading.

V. Insert the directional coupler as shown in figure with detector to the auxiliary port 3
and matched termination to port 2, without changing the position of variable
attenuator and gain control knob of VSWR meter.

Vi, Note down the reading on VSWR meter on the scale with the help of range —db
switch if required. Let it be €Y’

vii.  Calculate coupling factor which will be
C((dB)=X-Y

viii.  Now carefully disconnect the detector from auxiliary port 3 and match termination
from port 2 without disturbing the setup.

iX. Connect the matched termination to auxiliary port 3 and detector to port 2 and
measure the reading on VSWR meter. Suppose it is Z.

X. Compute insertion loss X-Z in dB.

Xl.  Repeat steps from 1 to 4.

Xii.  Connect the directional coupler in reverse directions i.e. port 2 to frequency meter

side. Matched termination to port 1 and detector mount to port 3. Without disturbing
the position of the variable attenuator and gain control knob of VSWR meter.
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Xiii.  Measure and note down the reading on VSWR meter. Let it be Yd.
X-Y gives isolation 1(dB).

Xiv.  Compute the directivity as
Y-Yd=1-C

XV. Repeat the same for other frequencies.

VI. OBSERVATIONS:

Input Port Output Port Matched S-parameters
Termination
1 2 3 S12
1 3 2 S13
2 1 3 S21
2 3 1 S23
3 1 2 S31
3 2 1 S32

VII.CALCULATIONS:

Coupling (dB) = 10 log1o [E—ﬂ where port 2 is terminated
C (dB)= X-Y

Isolation (dB) = 10 log1o {E—ﬂ where Portl is matched.

| (dB)=X-Yd

Hence Directivity D (dB) = 10 logio {%} =1-C

VIll. GRAPH:

IX. RESULT:

The multi-hole directional coupler characteristic has been studied by measuring its scattering
parameters.

I. Coupling factor

ii. Isolation

iii. Insertion loss

iv. Directivity

X. INFERENCES:

By knowing the power output at various ports we can measure various loses in directional
couplers.
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XI. PRECAUTIONS:

I. Keep all the knobs in minimum position before going to switch ‘ON’ the power
supply of VSWR / Klystron power supplies.
Note: For klystron power supply “HT” should be ‘OFF’ before switching ‘ON’ the
main supply.

ii. Beam knob should be completely in anticlockwise direction and repeller voltage knob
should be completely clockwise direction.

iii. Switch on the main supply and give some warm up time to get current / accurate
reading.

v, After the completion of experiment, before going to switch off the mains keep all the
knobs in minimum position (i.e.) as those are in rule 1.

V. If the main supply failed in the middle of the experiment, come to 1% condition (i.e.)
keep all the knobs in minimum positions and switch off main switches.

Vi, Don’t increase the repeller voltage more than -70V(i.e.) it should be between -70V to
-270V.

XIl. APPLICATIONS:

I. It is used to measure incident and reflected powers
ii. It can sample a small amount of micro power for measurement purposes.
iii. Provides signal path to a receiver.

X111, EXTENSIONS:
This experiment can be extended to four port directional couplers.
XIV. TROUBLE SHOOTING:

FAULT DIAGNOSIS

1. No output at ports : Vary the repeller voltage slowly
Check for proper alignment

2. Meter reading fluctuating : Place the power dB knob to 20 or 30 dB
XV. QUESTIONS:

I. What is the purpose of employing directional couplers?
ii. What are the desirable operations that can be performed by the directional coupler?

iii. What is coupling factor?

iv. What is significance of directivity?
V. What are the scattering parameters of directional coupler?
Vi, What should be the distance between the holes in the multi-hole directional coupler?
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Vili.

viii

How high amount of directivity can be achieved in with directional coupler?
List out different types of directional couplers?
What is the main advantage of using directional coupler?

Explain briefly the operation of directional coupler.

*khkkkikkkkikkikkikk
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7. MEASUREMENT OF SCATTERING PARAMETERS OF
CIRCULATOR

l. AlIM:

To study the properties of 3-port circulator and determine the scattering parameters of
circulator.

. (i) EQUIPMENT AND COMPONENTS:
1. APPARATUS

1 Klystron power supply SKPS — 610
2 Klystron tube 2k25

3 Klystron mount xm-251

4 Isolator XI1-621

5 Frequency meter XF-710

6 Variable attenuator XA-520

7 Detector mount XD-451

8 Waveguide stands X4-535

9 VSWR meter SW-215

10 Movable short XT-481

11 Matched termination XL-400
12 Slotted section XS-651

13 Tunable probe XP-655

14.T circulator XC-621

(ii) DESCRIPTION OF EQUIPMENT:
1. Klystron power supply SKPS - 610

The model Klystron Power Supply SKPS-610 is general purpose laboratory power
supply which is specially designed to use for reflex klystron tubes of S to X band frequency
range. It is reliable power source with very high regulation and low ripple contents.

The Klystron power supply SKPS-610 has built in modulation facilities of amplitude
and frequency modulation. Amplitude modulation can be applied with 0-110V (p.p.) Square
wave and with frequency of 500 Hz to 2.5 KHz. This amplitude modulation is generally used
along with VSWR measurements in slotted line technique. Frequency modulation is used for
direct study of klystron modes on the Oscilloscope. Pure carrier wave operation and in
external modulation facilities is also provided with the instrument for generalized use.
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The klystron power supply also provides all the other D.C. Voltages required for
operation of reflex klystron tube such as beam, heater and reflector voltage. The ranges of all
these voltages are given in the specification data sheet.

2. Klystron tube 2k25

The Klystron tube 2k25 is a single cavity variable frequency microwave generator of low
power and low efficiency. It consists of an electron gun, a filament surrounded by cathode
and a focusing electrode at cathode potential. The electrons emitted by the cathode travel
towards the reflector through an anode kept at higher potential compared to the cathode.
When they approach the anode, the electrons form bunches and the bunches ultimately return
towards the anode cavity after traveling a small distance towards the reflector. The power is
taken from the anode reentrant cavity.

3. Isolator XI1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Variable attenuator XA-520

This is a wave guide piece having a groove on the lateral side. By rotating the screw the
depth of penetration of resistive pad changes, there by introducing some attenuation.
Attenuators are commonly used for measuring power game or loss in dBs for providing
isolation between instruments for reducing the power input to a particular stage to prevent
over loading and also for providing the signal generators with means of calibrating there
outputs accurately. Variable attenuator provide continuous or step wise variable attenuation.

6. VSWR meter SW-215

AVSWR meter basically consists of a high gain; high Q low noise voltage amplifier normally
tuned at a fixed frequency at which the microwave signal is modulated. The VSWR meter
uses the detector signal out of the microwave detector as its input, amplifies the same and
provides the output on the calibrated volt meter. The meter itself can be calibrated in terms
of VSWR
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7. Circulator

It is a four port microwave device each terminal is connected only to the next clock wise
terminal i.e. port one is connected to port two only and not to the port 3 and port 4 and port 2
is connected only port 3 not to the port 4

IH.THEORY:

Circulator is defined as a device with ports arranged such that energy entering a port is
coupled to an adjacent port but not coupled to the other ports. This is depicted in figure.
Circulator can have any number of ports. Circulator is a multi-port junction. A wave incident
in port 1 is coupled to port 2 only, a wave incident at port 2 is coupled to port 3 only and so
on. Following is the basic parameters of isolator and circulator.

Insertion Loss:

Insertion loss is the ratio of power detected at output port to power supplied by source to the
input port, measured with other ports terminated in matched load. It is expressed in dB.

Isolation:

Isolation is ratio of power applied to output to that measured at that input. This ratio is
expressed in dB. The relation of a circulator is measured with 3" port terminated in a
matched load.

IV. BLOCK DIAGRAM:

Set up 1: for O setting

Klystron Power VSWR meter
supply SW-115
SKPS - 610
Klystron mount Detector mount
XM-251 XD-451
Klystron tube Variable Frequency
2K-25 Isolator X1-621 attenuator meter XF-710
XA-520
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Set up 2: To Measure scattering parameters.

Klystron
power supply
SKPS-610
Klystron
Mount
XM-251
Klystron tube
2K25
Matched VSWR meter
Isolator Termination SW-115
X1-621 XL-400
Variable Frequency 3 Detector
attenuator meter XF-710 1 Circulator 2 Mount
XA-520 XD-451
Set up 3: To Measure S11 S22 and Ss3
Klystron Power VSWR meter
supply SW-115
SKPS - 610
Klystron mount Detector mount
XM-251 XD-451
Klystron tube Variable Slotted Line
2K-25 Isolator X1-621 attenuator
XA-520

l

Movable Short
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V. PROCEDURE:

Remove the probe and circulator or isolator from slotted line and connect the detector
mount to slotted section. The output of detector mount should be connected with
VSWR meter.

Energize the microwave source for maximum output for a particular frequency of
operation. Tune the detector mount for maximum output in VSWR meter.

Set any reference level of power in VSWR meter with the help of variable attenuator
and gain control knob of VSWR. Let it be P1.

v, Carefully remove the detector mount from the setup. i.e. slotted line disturbing the
position of setup. Insert the circulator between slotted line and detector mount. Keep
input port to slotted line and detector to its output port. A matched termination should
be placed at 3™ port in case of circulator.

V. Record the reading in the VSWR meter. If necessary, change range (dB) switch to
high or lower position and read 10 dB changes for each set change of switch position.
Let it be P>.

Vi. Compute insertion loss given as P1-P2 dB.

vii.  For measurement of isolation, the circulator has to be connected in reverse i.e. output
port to slotted line and detector to input port with other port terminated by matched
termination.

viii.  Record the reading of VSWR meter after and let it be P3.

iX. Compute isolation as P1-P3 in dB.

X. The same experiment can be done for other ports of circulator.

Xi. Repeat the above experiment for other frequencies of needed.

V1. OBSERVATIONS:

Input Port Output Port Matched S-parameters

Termination
1 2 3 S12
1 3 2 S13
2 1 3 S21
2 3 1 S23
3 1 2 S31
3 2 1 S32
1 1 2,3 S11
2 2 1,3 S22
3 3 1,2 S33

VIl. CALCULATIONS:

Insertio
Isolatio

Pl —

P2 _,

n Loss =P1-P2
n=P1-P3
without circulator -- > reference level (0 dB)
Port 1 (input)
Port 2 (output)
Port 3 (matched termination)

42



P3 — Port 3 (input)

Port 1 (output)
Port 2 (matched)

VIll. GRAPH:

IX. RESULT:

Thus, the circulator has been studied. The scattering matrix has been founded. The insertion
loss and isolation have been measured.

Insertion Loss = 1.5 dB

Isolation = 30 dB

X. INFERENCES:

The power input given at port 1 is given to port 2 only but not to port 3, the power
input port 2 is given to port 3 only but not to port 1.

Here each terminal is connected only to the next clockwise terminal.

All the ports are perfectly matched to the junction.

XI. PRECAUTIONS:

Vi.

Keep all the knobs in minimum position before going to switch ‘ON’ the power
supply of VSWR / Klystron power supplies.

Note: For klystron power supply “HT” should be ‘OFF’ before switching ‘ON’ the
main supply.

Beam knob should be completely in anticlockwise direction and repeller voltage knob
should be completely clockwise direction.

Switch on the main supply and give some warm up time to get current / accurate
reading.

After the completion of experiment, before going to switch off the mains keep all the
knobs in minimum position (i.e.) as those are in rule 1.

If the main supply failed in the middle of the experiment, come to 1 condition (i.e.)
keep all the knobs in minimum positions and switch off main switches.

Don’t increase the repeller voltage more than -70 V (i.e.) it should be between -70Vto
-270V.

XIl. APPLICATIONS:

Used as duplexer for a radar antenna system.
Two three port circulators can be used in tunnel diode or parametric amplifiers.
Used as low power devices as they can handle low powers only.

43



XI. EXTENSIONS:

The experiment can be extended N-port circulator.

XIV. TROUBLE SHOOTING:

FAULT DIAGNOSIS

Meter reading fluctuation : De tune the frequency meter

Keep it in low dB

No output at ports : check for matched terminations

Check probe connections

XV. QUESTIONS:

Vi.

Vii.

viii.

What is the principle involved in circulators?

What is Faraday rotation?

Why the power applied at one port is given to the next clockwise port only but not to
other ports?

Explain briefly the construction of circulator?

Where circulators are extensively used?

What is the peculiar property of ferrites?

What are the types of polarized waves present in circulators?

Given expression for angle of rotation.

What are the microwave devices that make use of Faraday rotation?
What are the differences between circulator and isolator?
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8. MEASUREMENT OF SCATTERING PARAMETERS OF MAGIC TEE

I AIM:

To study the properties of magic tee and determine the scattering parameters of magic tee.

1. (i) EQUIPMENT AND COMPONENTS:
1.APPARATUS

1 Klystron power supply SKPS — 610
2 Klystron tube 2k25

3 Klystron mount xm-251

4 Isolator XI-621

5 Frequency meter XF-710

6 Variable attenuator XA-520

7 Detector mount XD-451

8 Waveguide stands X4-535

9 VSWR meter SW-215

10 Movable short XT-481

11 Matched termination XL-400
12 Slotted section XS-651

13 Tunable probe XP-655
14.Magic Tee XE-520

(i) DESCRIPTION OF EQUIPMENT:
1. Klystron power supply SKPS - 610

The model Klystron Power Supply SKPS-610 is general purpose laboratory power
supply which is specially designed to use for reflex klystron tubes of S to X band frequency
range. It is reliable power source with very high regulation and low ripple contents.

The klystron power supply SKPS-610 has built in modulation facilities of amplitude
and frequency modulation. Amplitude modulation can be applied with 0-110V (p.p.) Square
wave and with frequency of 500 Hz to 2.5 KHz. This amplitude modulation is generally used
along with VSWR measurements in slotted line technique. Frequency modulation is used for
direct study of klystron modes on the Oscilloscope. Pure carrier wave operation and in
external modulation facilities is also provided with the instrument for generalized use.

The Kklystron power supply also provides all the other D.C. Voltages required for

operation of reflex klystron tube such as beam, heater and reflector voltage. The ranges of all
these voltages are given in the specification data sheet.
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2. Klystron tube 2k25

The Klystron tube 2k25 is a single cavity variable frequency microwave generator of low
power and low efficiency. It consists of an electron gun, a filament surrounded by cathode
and a focusing electrode at cathode potential. The electrons emitted by the cathode travel
towards the reflector through an anode kept at higher potential compared to the cathode.
When they approach the anode, the electrons form bunches and the bunches ultimately return
towards the anode cavity after traveling a small distance towards the reflector. The power is
taken from the anode reentrant cavity.

3. Isolator X1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Variable attenuator XA-520

This is a wave guide piece having a groove on the lateral side. By rotating the screw the
depth of penetration of resistive pad changes, there by introducing some attenuation.
Attenuators are commonly used for measuring power game or loss in dBs for providing
isolation between instruments for reducing the power input to a particular stage to prevent
over loading and also for providing the signal generators with means of calibrating there
outputs accurately. Variable attenuator provide continuous or step wise variable attenuation.

6. VSWR meter SW-215

AVSWR meter basically consists of a high gain, high Q low noise voltage amplifier normally
tuned at a fixed frequency at which the microwave signal is modulated. The VSWR meter
uses the detector signal out of the microwave detector as its input, amplifies the same and
provides the output on the calibrated volt meter. The meter itself can be calibrated in terms
of VSWR
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7. Magic Tee

It is a four port device port one and port two are collinear arms port 3 is H-arm and port 4 is
E-arm in this magic tee if any two ports are perfectly match to the junction then the
remaining two ports are automatically match to the junction.

I11.THEORY:

The device magic tee is a combination of E and H-plane tee as shown in the figure. Arm 3 is
the H-arm and arm-4 is the E-arm. If the power is fed into arm 3 (H-arm), the electric field
divides equally between 1 and 2 arms with the same phase and no electric field exists in arm
4 (E-arm), it divides equally into arm-1 and arm-2 but out of phase with no power to arm-3,
further if the power is fed in arm-1 and arm-2 simultaneously it is added in arm-3 (H-arm)
and it is subtracted in E-arm i.e. arm-4.

The basic parameters to be measured for magic tee are defined below:

I. Input VSWR: Value of SWR corresponding to each ort as a load to the line while
other ports are terminated in matched load.

ii. Isolation: The isolation between E & H arms is defined as the ratio of the power
supplied by the generators connected to the E-arm (port 4) to the power detected at H-
arm (port 3) when side arms-1 and 2 are terminated in matched load. Hence

Isolation 1(dB) = 10 logio {E—ﬂ, similarly isolation between other ports may be
defined.
iii. Coupling Factor: It is defined as Cij = 10- ZiO where ‘a’ is attenuation / isolation in
dB when ‘1’ is the input arm and j is the output arm.
Thus a = 10 logio {E}
P3

Where, P3 = power delivered to arm-i
P4 = power detected at j-arm

IV. BLOCK DIAGRAM:
Set up 1: for 0 dB setting

Klystron Power VSWR meter
supply SW-115
SKPS - 610
Klystron mount Detector mount
XM-251 XD-451
Klystron tube Variable Frequency
2K-25 Isolator X1-621 - attenuator meter XF-710
XA-520




Set up 2: “Measurement set-up for S-parameters”

Klystron
power supply
SKPS-610

\4

Klystron
Mount
XM-251

N

Klystron tube
2K25

Isolator
X1-621

Matched
Termination
XL-400

VSWR meter
SW-115

T

Variable
attenuator
XA-520

7z

Frequency
meter XF-710

T

4
1Magic Tee 2
3

Detector
Mount
XD-451

V. PROCEDURE:

. Remove the tunable probe and magic tee from the slotted line and connect the

detector mount to slotted line.

ii. Energise he microwave source for particular frequency of operation and tune the
detector mount for maximum output.

iii. With the help of variable attenuator and gain control knob of VSWR meter, set any
power level in the VSWR meter and note down. Let it be Ps.

v, Without disturbing the position of variable attenuator and gain control knob, carefully
place the magic tee after slotted line keeping H-arm connected to slotted line.
Detector to E-arm and matched termination to arm-1 and arm-2. Note down the
reading of VSWR meter. Let it be Pa.

\

Matched
Termination
XL-400

V. Determine the isolation between port 3 and 4 as P3-P4 (dB).

Vi, Determine coupling coefficient from equation given in theory port.
vii.  The same experiment may be repeated for other ports also.

viii.  Repeat the above experiment for other frequencies.
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V1. OBSERVATIONS:

Matched Matched
Input Port Output Port Termination Termination Power output
1 2 3 4 p2
1 3 2 4 P3
1 4 2 3 P4
2 1 3 4 P5
2 3 1 4 P6
2 4 1 3 P7
3 1 2 4 P8
3 2 1 4 P9
3 4 1 2 P10
4 1 2 3 P11
4 2 1 3 P12
4 3 1 2 P13
VII. CALCUALTIONS:
S11812813814
S21522823824
S31832823534
_S41842843844_
S12=P2-P1 S21=P5-P1 S31=P8-P1 S41=P11-P1
S13=P3-P1 S23=P6-P1 S32=P9-P1 S42 =P12 -P1
S14=P4-P1 S24 =P7-P1 S34 =P10-P1 S43 =P13-P1
VIIl. RESULT:

Thus, we have studied the functions of magic tee by measuring its parameters and compared
with its properties.

IX. INFERENCES:
. The E-Plane Tee property is observed.

ii. The H-Plane Tee property is observed.
iii. All the ports are matched to junction.

iv. The power applied at port 1 does not goes to port 2 and vice versa, the power applied
at port 3 does not goes to port 4 and vice versa.
V. Addition of powers is done when the power is at port 3 (H-arm) and subscription of

powers at port 4 (E-arm).
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X. PRECAUTIONS:

Vi.

Keep all the knobs in minimum position before going to switch ‘ON’ the power
supply of VSWR / Klystron power supplies.

Note: For klystron power supply “HT” should be ‘OFF’ before switching ‘ON’ the
main supply.

Beam knob should be completely in anticlockwise direction and repeller voltage knob
should be completely clockwise direction.

Switch on the main supply and give some warm up time to get current / accurate
reading.

After the completion of experiment, before going to switch off the mains keep all the
knobs in minimum position (i.e.) as those are in rule 1.

If the main supply failed in the middle of the experiment, come to 1% condition (i.e.)
keep all the knobs in minimum positions and switch off main switches.

Don’t increase the repeller voltage more than -70V(i.e.) it should be between -70Vto -
270V.

XI. APPLICATIONS:

i.

ii.
iii.
iv.

Used for the measurement of impedance.

It is used as a duplexer.

Used as a mixer.

Is used in microwave discriminator, Microwave Bridge.

XIl. EXTENSIONS:

The experiment can be extended for any four port device.

XI1l. TROUBLE SHOOTING:

FAULT DIAGNOSIS

No dip in VSWR meter : check for probe connections

Vary reference voltage

No reading in meter : check the wave guide alignment

XIV. QUESTIONS:

Vil.
Viii.

Why E-H Plane Tee is called as a Magic Tee.

How magic tee acts as a duplexer?

What are the properties of magic tee?

Which ports are isolated ports in the magic tee?

At what port (Arm) the powers can be added.

Why all the ports are perfectly matched in the magic tee?

How magic tee acts as a mixer?

If the powers are applied at port 3, port 4 then what is the power output at port 1, port 2.
If the power is applied only at port 3 then what are the power outputs of the magic tee.
What are the characteristics of microwave components?
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9. E-PLANE TEE

LAIM:

To study the properties of E-plane tee and determine the S-parameters of E-plane tee.

1. (i) EQUIPMENT AND COMPONENTS:

APPARATUS

1 Klystron power supply SKPS — 610
2 Klystron tube 2k25

3 Klystron mount xm-251

4 Isolator XI-621

5 Frequency meter XF-710

6 Variable attenuator XA-520

7 Detector mount XD-451

8 Waveguide stands X4-535

9 VSWR meter SW-215

10 Movable short XT-481

11 Matched termination XL-400
12 Slotted section XS-651

13 Tunable probe XP-655
14.E-Plane Tee

(i) DESCRIPTION OF EQUIPMENT:
1. Klystron power supply SKPS - 610

The model Klystron Power Supply SKPS-610 is general purpose laboratory power
supply which is specially designed to use for reflex klystron tubes of S to X band frequency
range. It is reliable power source with very high regulation and low ripple contents.

The klystron power supply SKPS-610 has built in modulation facilities of amplitude
and frequency modulation. Amplitude modulation can be applied with 0-110V (p.p.) Square
wave and with frequency of 500 Hz to 2.5 KHz. This amplitude modulation is generally used
along with VSWR measurements in slotted line technique. Frequency modulation is used for
direct study of klystron modes on the Oscilloscope. Pure carrier wave operation and in
external modulation facilities is also provided with the instrument for generalized use.

The Kklystron power supply also provides all the other D.C. Voltages required for

operation of reflex klystron tube such as beam, heater and reflector voltage. The ranges of all
these voltages are given in the specification data sheet.
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2. Klystron tube 2k25

The Kklystron tube 2k25 is a single cavity variable frequency microwave generator of low
power and low efficiency. It consists of an electron gun, a filament surrounded by cathode
and a focusing electrode at cathode potential. The electrons emitted by the cathode travel
towards the reflector through an anode kept at higher potential compared to the cathode.
When they approach the anode, the electrons form bunches and the bunches ultimately return
towards the anode cavity after traveling a small distance towards the reflector. The power is
taken from the anode reentrant cavity.

3. Isolator X1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Variable attenuator XA-520

This is a wave guide piece having a groove on the lateral side. By rotating the screw the
depth of penetration of resistive pad changes, there by introducing some attenuation.
Attenuators are commonly used for measuring power game or loss in dBs for providing
isolation between instruments for reducing the power input to a particular stage to prevent
over loading and also for providing the signal generators with means of calibrating there
outputs accurately. Variable attenuator provide continuous or step wise variable attenuation.

6. VSWR meter SW-215

AVSWR meter basically consists of a high gain, high Q low noise voltage amplifier normally
tuned at a fixed frequency at which the microwave signal is modulated. The VSWR meter
uses the detector signal out of the microwave detector as its input, amplifies the same and
provides the output on the calibrated volt meter. The meter itself can be calibrated in terms
of VSWR

7. E plane tee
It is a three port device port one and port two are collinear arms and port 3 is E arm. A

rectangular slot is cut along with broader side dimension of along wave length and the side
arm is attached forms e plane tee. Port one and Port two will have phase shift of 180 degrees.
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I11.THEORY:

A rectangular slot is cut along the broader dimension of a long waveguide and a side
arm is attached. Ports (1) and ports (2) are the collinear arms and port (3) is the E-arm. When
TE10 mode is made to propagate into port (3), the two outputs at port 1 and port 2 will have a
phase shift of 180 degrees. Since the electric field lines change their direction when they
come out of port 1 and port 2 it is E-plane Tee. E-plane Tee is a voltage or series junction
symmetrical about the control arm. Hence any signals that is to be split or any two signal that
are to be combined will be fed from the E-arm.

The scattering matrix of an E-plane Tee can be used to describe its properties. In
general, the power out of port 3 is proportional to the difference between instantaneous
powers entering from ports 1 and 2.

Also the effective value of power leaving the E-arm is proportional to the phasor
difference between the powers entering ports 1 and 2. When the power enters through the
main arm, the maximum energy comes out from the port 3 or E-arm. Since it is a three port
junction the scattering matrix can be derived as follows.

IV. BLOCK DIAGRAM:

Set up 1: for 0 dB setting

Klystron Power VSWR meter
supply SW-115
SKPS - 610
Klystron mount Detector mount
XM-251 XD-451
Klystron tube Variable Frequency
2K-25 Isolator X1-621 attenuator meter XF-710
XA-520
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Set up 2: “Measuring of s-parameters”

Klystron
power supply
SKPS-610
Klystron
Mount
XM-251
Klystron tube
2K25
Matched VSWR meter
Isolator Termination SW-115
X1-621 XL-400
Variable Frequency 3 Detector
attenuator meter XF-710 1 E-PlaneTee 2 Mount
XA-520 XD-451
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Set up 3: To Measure Si11 S22 and Szs

Klystron Power

supply
SKPS - 610

3

Klystron mount
XM-251

v

Klystron tube
2K-25

VSWR meter
SW-115

T

Detector mount

XD-451
! I
Variable Slotted Line
Isolator X1-621 attenuator
XA-520

V. PROCEDURE:

. Set up the components and equipments.
ii. Energize the micro-source for particular frequency of operation.

iii. Set any reference level of power on VSWR meter with help of variable attenuator
gain control knob of VSWR meter and note down the reading (reference level let x)

v, Insert the E-plane tee as shown in figure with detector to the port 1 and input as port 3
and matched termination to port 2 without changing position of variable attenuator

and gain control knob of VSWR meter.

V. Note down the reading on VSWR meter on the scale with the help of range dB switch
if required.
Vi, Without disturbing the position of variable attenuator and gain control knob. Carefully

place the E-plane tee after slot frequency meter and matched termination to port 1
note the reading of VSWR meter. Let it be Ss».

vii.  Determine the amount of power coming out of port 1 or port 2 due to input at port 3.
viii.  The same experiment may be repeated for other ports also.
iX. Repeat the above experiment and other frequencies.
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V1. OBSERVATIONS:

Input Port Output Port T;\:Ir%ti?]gi?on Power outputs

1 2 3 P2
1 3 2 P3
2 1 3 P4
2 3 1 P5
3 1 2 P6
3 2 1 P7
1 1 2,3 P8
2 2 13 P9
3 3 1,2 P10

VII. CALCULATIONS:

Insertion Loss = P1 — P2

S12=P2-P1 S21=P4-P1 S31=P6-P1

S13=P3-P1 S23=P5-P1 S32=P7-P1

Where, P1 is the reference value (0 dB) i.e. without E-plane Tee.
VIIl. GRAPH:
IX. RESULT:

We observed the properties of the E-plane Tee and also determined the various scattering
parameters of E-plane Tee.

X. INFERENCES:

i. Inthe E-plane Tee, the power applied at port 3 is divided equally between port 1 and port
2 and they are out of phase.
ii. If equal powers are applied at port 1 and port 2 the power output at port 3 is 0.

XI. PRECAUTIONS:

I. Keep all the knobs in minimum position before going to switch ‘ON’ the power
supply of VSWR / Klystron power supplies.
Note: For klystron power supply “HT” should be ‘OFF’ before switching ‘ON’ the
main supply.

ii. Beam knob should be completely in anticlockwise direction and repeller voltage knob
should be completely clockwise direction.

iii. Switch on the main supply and give some warm up time to get current / accurate
reading.

iv. After the completion of experiment, before going to switch off the mains keep all the
knobs in minimum position (i.e.) as those are in rule 1.
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V. If the main supply failed in the middle of the experiment, come to 1 condition (i.e.)
keep all the knobs in minimum positions and switch off main switches.

Vi. Don’t increase the repeller voltage more than -70 V(i.e.) it should be between -70Vto
-270V.

XII. APPLICATIONS:

1. It is used to combine the powers or to separate the power of various sources..

X111, EXTENSIONS:
Two power sources can be applied at port 1 and port 2 and power can be observed at port 3.
XIV. TROUBLE SHOOTING:

FAULT DIAGNOSIS

No reading in meter : replace the crystal diode.
Wave guide alignment.

No dip observe : Detune the frequency meter.
XV. QUESTIONS:

I. In terms of construction, bring out the difference between E-plane tee and H-plane

tee.

ii. When TE10 mode is propagated into port 3 then, what are the power outputs at port 2
and port 3.

iii. Why E-plane tee is called as series tee?

iv. What are the properties of scattering parameters?

V. If equal inputs are applied at port 1 and port 2 then what is the power output at port 3.

Vi, In the E-plane tee what port is perfectly matched to the junction.

vii.  Explain about the properties of the E-plane tee.

viii.  What is the difference between E-plane tee and H-plane tee?

iX. If the power is applied only at port 3 then what are the power outputs at port 1 and
port 2.

X. Bring out the values of the various scattering parameters of E-plane tee.

*hkkkkikkkx
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10: VSWR MEASUREMENT

I. AIM:

To determine the standing wave ratio and reflection coefficient

1. (i) EQUIPMENT AND COMPONENTS:

2. APPARATUS

Klystron power supply SKPS — 610
Klystron tube 2k25

Klystron mount XM-251

Isolator XI-621

.Frequency meter XF-710

Variable attenuator XA-520
Detector mount XD-451
Waveguide stands X4-535

. VSWR meter SW-215

10. Movable short and S-S tuner

©oN kR WNRE

(i) DESCRIPTION OF EQUIPMENT:
1. Klystron power supply SKPS - 610

The model Klystron Power Supply SKPS-610 is general purpose laboratory power supply
which is specially designed to use for reflex klystron tubes of S to X band frequency range. It is
reliable power source with very high regulation and low ripple contents.

The klystron power supply SKPS-610 has built in modulation facilities of amplitude and
frequency modulation. Amplitude modulation can be applied with 0-110V (p.p.) Square wave and
with frequency of 500 Hz to 2.5 KHz. This amplitude modulation is generally used along with VSWR
measurements in slotted line technique. Frequency modulation is used for direct study of klystron
modes on the Oscilloscope. Pure carrier wave operation and in external modulation facilities is also
provided with the instrument for generalized use.

The klystron power supply also provides all the other D.C. Voltages required for operation of

reflex klystron tube such as beam, heater and reflector voltage. The ranges of all these voltages are
given in the specification data sheet.
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2. Klystron tube 2k25

The Kklystron tube 2k25 is a single cavity variable frequency microwave generator of low
power and low efficiency. It consists of an electron gun, a filament surrounded by cathode
and a focusing electrode at cathode potential. The electrons emitted by the cathode travel
towards the reflector through an anode kept at higher potential compared to the cathode.
When they approach the anode, the electrons form bunches and the bunches ultimately return
towards the anode cavity after traveling a small distance towards the reflector. The power is
taken from the anode reentrant cavity.

3. Isolator XI1-621

It is a two port device which provides very small amount of attenuation for transmission from
port 1 to port 2 and provides maximum attenuation for transmission from port 2 to port 1. It is
very much desirable when we want to match a source with variable load. It allows power
flow only from the generator towards the load and suppresses any reflected power.

4. Frequency meter XF-710

It is also called wave meter. Usual construction of it consist a cylindrical cavity mounted on a
shaft. By rotating the shaft the volume in the cavity is changed and it becomes resonant and
gives minimum impedance at the resonant frequency. The scale calibrated and the resonant
frequency can be directly read from the scale after observing a dip in the output meter.

5. Variable attenuator XA-520

This is a wave guide piece having a groove on the lateral side. By rotating the screw the
depth of penetration of resistive pad changes, there by introducing some attenuation.
Attenuators are commonly used for measuring power game or loss in dBs for providing
isolation between instruments for reducing the power input to a particular stage to prevent
over loading and also for providing the signal generators with means of calibrating there
outputs accurately.

Variable attenuator provide continuous or step wise variable attenuation.

6. VSWR meter SW-215

AVSWR meter basically consists of a high gain; high Q low noise voltage amplifier normally
tuned at a fixed frequency at which the microwave signal is modulated. The VSWR meter
uses the detector signal out of the microwave detector as its input, amplifies the same and
provides the output on the calibrated volt meter. The meter itself can be calibrated in terms
of VSWR.

IHI.THEORY:

The reflex klystron makes use of velocity modulation to transform a continuous electron
beam into microwave power. The electromagnetic field at any point of transmission line may

59



be considered as the sum of to traveling waves the instant wave propagates from generator
and the reflected wave propagates towards the generator. The reflected wave is set up by the
reflection of instant wave from a discontinuity on the line or from the load impedance. The
magnitude and face of the reflector wave depends up on amplitude and face of the reflecting
impedance. The maximum field strength is found were two wave are in face and minimum
were the two waves adds in opposite face. The distance between two successive minimum (or
maximum) is half the guide wave length on the line.

The ratio electrical field strengths of reflected and incidents wave is called reflection
coefficient VSWR (voltage standing wave ratio) is defined as the ratio between maximum and
minimum field strength along the line.

Reflection coefficient p = %

| |_S__1
p s+1

V. BLOCK DIAGRAM:

Klystron Power

supply
SKPS - 610

\ 4

Klystron mount
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tube
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A 4

Isolator
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Variable
attenuator
XA-520
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V. PROCEDURE:

To fire klystron correctly, adopt the following procedure.

Vii.

viii.

Xi.

Xii.

Xiil.

Set the cooling fan to blow air across the tube and turn on the filament voltage, and
then wait for a few minutes.

Set the attenuator at a suitable level, say at 3 db value.

Apply the repeller voltage to its maximum value, say —250 V.

Then apply beam voltage say 250 V, to obtain an electron beam indicated by beam
current meter. Klystron is thus set to be oscillates and power output is indicated.
Adjust the repeller voltage to have maximum power output (micro ammeter current).
Also adjust the Klystron mounting plunger for maximum power output.

Set the depth of S-S tuner slightly more for maximum VSWR.

Mowehe probe along with slotted line until a minimum is indicated.

Adjust the VSWR meter gain control knob a variable attenuator to obtain a reading of
3 dB of normal dB of VSWR.

Move the probe to the left on the slotted line until full scale deflection is obtain note
and record the probe position on slotted line let it be d;.

Repeat step ix & x and then move the probe right along with slotted until full scale
deflection is obtained let it be d>.

Replace the S-S.Tuner and termination movable short.

Measure the distance between two successive minima position of probe, Twice this
distance is guide wave length 3.

A
g

w(d, —d,)

SWR =

VI. OBSERVATIONS:

Repeller voltage

Depth of S-S tuner

d. d>
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VII. CALCULATIONS:

A
R = L -a)
7(dy ~dy)
VIII. GRAPH:

max

W Wy v
max —— Vmax —— |- I\J|
i

o/p

|
|
|

d1 d1
——

PROBE POSITION

FIG. 6 STANDING WAVE FIG. 7 DOUBLE MINIMA METHOD

IX. INFERENCE:

As the depth tuner is variate, voltage standing wave ratio also varies and a maximum value of 10 to 20
can be obtained.

X. PRECAUTIONS:

Vi.

Keep all the knobs in minimum position before going to switch ‘ON’ the power supply of
VSWR / Klystron power supplies.

Note: For klystron power supply “HT” should be ‘OFF’ before switching ‘ON’ the main
supply.

Beam knob should be completely in anticlockwise direction and repeller voltage knob should
be completely clockwise direction.

Switch on the main supply and give some warm up time to get current / accurate reading.
After the completion of experiment, before going to switch off the mains keep all the knobs in
minimum position (i.e.) as those are in rule 1.

If the main supply failed in the middle of the experiment, come to 1° condition (i.e.) keep all
the knobs in minimum positions and switch off main switches.

Don’t increase the repeller voltage more than -70 V (i.e.) it should be between -70V to -270V.
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XI. TROUBLE SHOOTING:

FAULT DIAGNOSIS
No output change the depth of SS tuner.
XIl. RESULT:

Hence the VSWR is measured using double minimum method
XII. EXTENSION:

By knowing the VSWR we can measure the unknown impedance.
XIV. APPLICATIONS:

i Standing wave ratio in transmission.
ii. In selecting the load impedance.

XV. QUESTIONS:
i. Define VSWR.

ii. Define reflection coefficient
iil. What are the maxima and minima values of reflection coefficient?

iv. What are the maxima and minima values of VSWR?
V. Mention the different techniques in measuring the VSWR.
Vi. Which method is used to measure VSWR>10.
Vii. What is the relation between VSWR and guided wavelength.
viii.  Explain about SS tuner.
iX. Why standing waves are obtaining from transmission.
X. How to reduce standing waves?
*kkkkkikkhkkhkkhkkikkikk
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PART-B

DIGITAL COMMUNICATION
Lab
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11. AMPLITUDE SHIFT KEYING GENERATION AND DETECTION

AlM:
To perform the generation of the amplitude shift keying output and also to demodulate
the ASK output.

EQUIPMENT AND COMPONENTS:

Apparatus:

1. Function generator
2. CRO
3. Connecting wires

Description of Apparatus:

CRO: The 20 MHz dual channel oscilloscope 201 is a compact, low line and light
weight instrument. It is a general purpose Dual Trace Oscilloscope having both vertical
amplifiers offering a bandwidth of DC- 20 MHz and maximum sensitivity of 2mv/cm.

The 201 offers five separate add-on modules.

- frequency counter
- Curve tracer

- Power supply

- Function generator
- Digital voltmeter

The add-on modules enhance measuring capabilities of instrument at low cost.

This instrument is meant for giving three types of periodic waveforms — SINUSOIDAL,
SQUARE and TRIANGULAR waveforms — where frequency can be selected from 0.1
Hz to 1 MHz and whose amplitude also can be selected from 0 to 20 volts peak to peak
independently.

The power on switch in pressed position will connect supply to the instrument. The
amplitude switch varies the amplitude of output waveforms from 20 mv to 20 v (p-p).
The function is a interlocked 3 station push button which switches to select the desired
waveform for output.

Wire Connections are usually carried out using a system called Bread Board. It is a
rectangular into a number of nodes. This component has a provision on which any
circuit can be constructed by interconnecting components such as resistors, capacitors,
diodes, and transistors etc., for testing the circuit.
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Components
ASK Trainer Kit

THEORY :-

Amplitude shift keying (ASK) or ON-OFF keying (OOK) is the simplest digital
modulation technique. In this method, there is only one unit energy carrier and it is
switched ON or OFF depending upon the binary sequence. The ASK waveform can be
represented as,

S(t) = V2P, cos(2f,t)

To transmit symbol ‘0’, the signal s(t) = 0. That is no signal is transmitted, s(t) contains
some complete cycles of carrier frequency ‘f’. Thus,

Symbol ‘0’ => pulse is transmitted

Symbol ‘1’ => pulse is not transmitted
Thus the ASK waveform looks like an ON-OFF of the signal. Hence it is also called
ON-OFF Keying (OOK).

CIRCUIT DIAGRAM:

2:1 Analog Mux

/P 1
SIN 1(2 MHz
( ) > / ASK wave
/P2 }
GND > /
1 Control i/p
DATA
ASK Modulator
Threshold

ASK
Modulated N . ® Comparator
/P L1

Rectifier Diode Detected O/P

R C Pl/—

ASK Detector Logic
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5. PROCEDURE:

1. Connect the clock generator output to the data input of the ASK modulator.

2. Connect the analog output of the carrier signal generator to the input of the ASK
modulator.

Switch on the kit and observe the output of the ASK modulator.

Connect the output of ASK modulator to the demodulator and observe the output.

How

6. OBSERVATIONS:

Message signal voltage =
Message signal frequency

Carrier signal voltage =
Carrier signal frequency

ASK signal voltage
ASK signal frequency

7. GRAPHS:
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; Coupling
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8. RESULT:

The ASK output and the demodulated output are obtained and the graphs are sketched.
9. INFERENCES:
Amplitude shift keying signal and demodulated signals are observed.
10. PRECAUTIONS:
1. Power handling capacity of resistor should be kept in mind while selecting RL.
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2. Contact wires must be checked before use.
3. Maximum forward current should not exceed value given in data sheet.
4. Reverse voltage across diode should not exceed peak inverse voltage (P1V).
11. APPLICATIONS:
Digital communication
12. EXTENSION:
Design and observe the M-ary ASK signals

13. TROUBLE SHOOTING:

S.No. Fault Diagnosis
1 Output signal is same as Absence of carrier signal
input signal
2 Output appears and Check the contact wires
suddenly disappear whether they are placed
properly.

14. QUESTIONS:

Calculate the probability of error in ASK system?

Compare ASK, PSK and FSK?

What are the advantages and disadvantages of ASK?

Compare base band signalling with Band pass signalling schemes?
Compare M-ary ASK with BASK signals?

Compare coherent receivers with non coherent receivers?

Discuss about the optimum receivers?

Discuss the properties of the matched filters?

Why we should prefer digital modulation technique over base band signalling
schemes.

10. Draw and explain constellation diagram of ASK System?

©CoNoR~wWNE
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12. FREQUENCY SHIFT KEYING GENERATION AND DETECTION

AlIM:
To perform the generation of the frequency shift keying output and also to demodulate
the FSK output.

EQUIPMENT AND COMPONENTS:

.Apparatus:

1. FSK Trainer Kit
2. Function generator
3. CRO

4. Connecting wires

Description of Apparatus:

CRO: The 20 MHz dual channel oscilloscope 201 is a compact, low line and light
weight instrument. It is a general purpose Dual Trace Oscilloscope having both vertical
amplifiers offering a bandwidth of DC- 20 MHz and maximum sensitivity of 2mv/cm.

The 201 offers five separate add-on modules.

- frequency counter
- Curve tracer

- Power supply

- Function generator
- Digital voltmeter

The add-on modules enhance measuring capabilities of instrument at low cost.

This instrument is meant for giving three types of periodic waveforms — SINUSOIDAL,
SQUARE and TRIANGULAR waveforms — where frequency can be selected from 0.1
Hz to 1 MHz and whose amplitude also can be selected from 0 to 20 volts peak to peak
independently.

The power on switch in pressed position will connect supply to the instrument. The
amplitude switch varies the amplitude of output waveforms from 20 mv to 20 v (p-p).
The function is a interlocked 3 station push button which switches to select the desired
waveform for output.

Wire Connections are usually carried out using a system called Bread Board. It is a
rectangular into a number of nodes. This component has a provision on which any
circuit can be constructed by interconnecting components such as resistors, capacitors,
diodes, and transistors etc., for testing the circuit.

Components

FSK Trainer Kit
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4. THEORY:-

The frequency shift keying (FSK) is generated by switching the frequency of the carrier
between two values corresponding to the binary information to be transmitted. In binary
FSK, the frequency of the carrier is shifted according to the binary symbol. The Phase
of the carrier is unaffected.

The input sequence b(t) same as Pn(t). An inverter is adder after b(t) to get P.(t). Here
PL(t) AND PH(t) are unipolar signals. The level shifter converts the ‘+1’ level to V Pt

zero level is not affected. Thus the output of the level shifters will be either \/E (if
‘+1”) or zero (if input is zero). Further there are product modulators after level shifter.
The two carrier signals @1(t) and @(t) are used. J1(t) and B(t) are orthogonal to each
other. The modulated signal has continuous time. This is because Pn(t) and P.(t) are
complementary to each other. This is the description of transmitter.

FSK Receiver-

The receiver consists of two band pass filters; one with center frequency fu and  other
with center frequency fL. Since fu-fu = 2f, the outputs of fitters do not overlap. The
band pass fitters pass their corresponding main lobes without much distortion. The
outputs of fitters are applied to envelope detectors. The outputs of detectors are
compared by the comparator. If unipolar comparator is used, then the output of
comparator is the bit sequence b(t).

Even though the generation of FBSK is easier it has many disadvantages compared to
PSK. The disadvantage is that its bandwidth is greater than 4f,, which is almost double
the bandwidth of PSK. The distance between the signal points is less is FSK. Hence the
error rate of FSK is more compared to PSK. The equation is given by.

S(0) = 2P, cos(Qt) cos(27f t) — /2 p, d (t)si (Qt) sin( 27f 1)

cos(Qt) cos(2f t)

In the above relation the first term, Vv 2p; carries no information. The

second term, V2p,d(O)si(Qt)sin( 27f1) carries the information signal d(t). Thus only
half of the transmitted energy carries the information signal.
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4.

CIRCUIT DIAGRAM

FSK MODULATION & DEMODULATION

Shvis

89

10007

FSK MODULATOR AND DATA GENERATORS -

PROCEDURE:

1. Connect the AC adaptor to the mains and the other side to the experimental trainer
Kit.

2. Apply any one data output of the decade counter (74901c) to the data input point of

the FSK modulator and observe the same signal is one channel of a dual trace

oscilloscope.

Observe the output of the FSK modulator on the second channel of the CRO.

During the demodulation, connect the FSK output to the input of the demodulation.

Adjust the potentiometers P1 and P2 until we get the demodulated output equivalent

to the modulating data signal.

o w

OBSERVATIONS:

Message signal voltage =
Message signal frequency =

Carrier signal voltage =
Carrier signal frequency

FSK signal voltage
FSK signal frequency
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7.  GRAPHS:
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8. RESULT:

The FSK output and the demodulated output are obtained and the graphs are sketched.

9. INFERENCES:
Amplitude shift keying signal and demodulated signals are observed

10. PRECAUTIONS:

11. Power handling capacity of resistor should be kept in mind while selecting R..
12. Contact wires must be checked before use.

13. Maximum forward current should not exceed value given in data sheet.

14. Reverse voltage across diode should not exceed peak inverse voltage (PIV).
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11. APPLICATIONS:

12.

13.

14.

Digital communication

EXTENSION:

Design and observe the M-ary FSK signals

TROUBLE SHOOTING:

S.No. Fault Diagnosis
1 Output signal is same as Absence of carrier signal
input signal
2 Output appears and Check the contact wires
suddenly disappear whether they are placed
properly.
QUESTIONS

. Calculate the probability of error in FSK systems?

. Compare ASK, FSK and PSK signalling schemes?

. Compare the difference between FM and FSK systems?
Mention the advantages of FSK over PSK?

Draw and explain the constellation diagram of FSK systems?
Explain the Non coherent detection technique of BFSK?

. Explain the characteristics of correlation receiver?
Where the FSK systems will be used?

1
2
3
4.
5. Compare M-ary FSK and BFSK systems?
6
7
8
9.
1

0. Explain the coherent detection technique of BFSK?
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13. PHASE SHIFT KEYING GENERATION AND DETECTION

AIM:

To perform the operation of the phase shift keying output and also to demodulate the
PSK output.

EQUIPMENT AND COMPONENTS:
Apparatus:

1. PSK Trainer Kit

2. Function generator
3.CRO
4.Connecting wires

Description of Apparatus:

CRO: The 20 MHz dual channel oscilloscope 201 is a compact, low line and light
weight instrument. It is a general purpose Dual Trace Oscilloscope having both vertical
amplifiers offering a bandwidth of DC- 20 MHz and maximum sensitivity of 2mv/cm.

The 201 offers five separate add-on modules.

- frequency counter
- Curve tracer

- Power supply

- Function generator
- Digital voltmeter

The add-on modules enhance measuring capabilities of instrument at low cost.

This instrument is meant for giving three types of periodic waveforms — SINUSOIDAL,
SQUARE and TRIANGULAR waveforms — where frequency can be selected from 0.1
Hz to 1 MHz and whose amplitude also can be selected from 0 to 20 volts peak to peak
independently.

The power on switch in pressed position will connect supply to the instrument. The
amplitude switch varies the amplitude of output waveforms from 20 mv to 20 v (p-p).
The function is a interlocked 3 station push button which switches to select the desired
waveform for output.

Wire Connections are usually carried out using a system called Bread Board. It is a
rectangular into a number of nodes. This component has a provision on which any
circuit can be constructed by interconnecting components such as resistors, capacitors,
diodes, and transistors etc., for testing the circuit.
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Components

PSK Trainer Kit

THEORY:

If the phase of the carrier is switched depending on the input digital signal, then it is
called phase shift keying. This is similar to phase modulation. Phase modulation has
constant amplitude envelope. Hence PSK has a constant amplitude envelope. Because
of constant amplitude of PSK, the effect of non linearity, noise interference is minimum
on signal detection. But these effects are pronounced on ASK. There FSK and PSK is
preferred over ASK.

15. CIRCUIT DIAGRAM

PSK MODULATOR CIRCUIT:
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PSK DEMODULATOR CIRCUIT:

Crannes

P

1

i
:
—
=

5. PROCEDURE:

1. Connect the AC adaptor to the mains and the other side to the experimental

trainer Kit.

2. Apply the carrier signal to the input of the modulator

3. Apply the modulating data signal to the modulator input.

4. Observe the output of the PSK modulator on the CRO

5. Apply this PSK output and carrier to the demodulator input.

6. Observe the demodulator output and compare it with the modulating data
signal. Both are identical.

6. OBSERVATIONS:

Message signal voltage
Message signal frequency

Carrier signal voltage
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Carrier signal frequency

PSK signal voltage =
PSK signal frequency

7.  GRAPHS:

Carrier i/P

s ' 7 | Data /P

\//\\//\\//\ o

Demad OFP

ael : 2‘;

Demod O/P
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10.

11.

12.

13.

14.

RESULT:

The PSK output and the demodulated output are obtained and the graphs are sketched.
INFERENCES:

Phase shift keying signal and demodulated signals are observed.
PRECAUTIONS:

1. Lower handling capacity of resistor should be kept in mind while selecting
2. CorFlet;-ct wires must be checked before use.

3. Maximum input signal voltage should not exceed value given in data sheet.
APPLICATIONS:

Point to point digital communication

EXTENSION:

Generate DPSK signal and demodulate it.

TROUBLE SHOOTING:

S.No. Fault Diagnosis

1 Output signal is same as Absence of carrier signal
input signal after
modulator circuit

2 Output appears and Check the contact wires
suddenly disappear whether they are placed
properly.
QUESTIONS:

1. Explain about Digital modulation schemes.

2. Define bit error rate

3. Define information capacity

4. Define M-ary signaling.

5. Define Bandwidth efficiency

6. What is the difference between probability of error and bit error rate.

7. What is baud rate?

8. Explain difference between DPSK and BPSK.

9. What is coherent detection

10. Explain difference between coherent detection and non-coherent detection.
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14. DIFFERENTIAL PHASE SHIFT KEYING GENERATION AND
DETECTION

1. AIM:

To perform the Carrier Modulation and Demodulation Techniques by differential
phase Shift Keying (DPSK) method.

2. EQUIPMENTS:

Experimenter Kit ADCL-01
Connecting Chords

Power Supply.

20MHZ Dual Trace Oscilloscope

Note: Keep the switch faults in OFF position

3. THEORY:

In BPSK Communication System, the demodulation is made by comparing the instant phase
of the BPSK signal to an absolute reference phase locally generated in the receiver. The
modulation is called in this case BPSK absolute. The greatest difficulty of these systems lies
in the need to keep the phase of the regenerated carrier always constant. This problem is
solved with the PSK differential modulation, as the information is not contained n the
absolute phase of the modulated carrier but in the phase difference between two next
modulation intervals.

Fg.3.2 a & b shows the block diagram of DPSK modulation and demodulation system. The
coding is obtained by comparing the output of an EX-OR, delayed of a bit interval, with the
current data bits (for detailed explanation see experiment no.2). As total result of operation,
the DPSK demodulator, followed by a decision device supplying a bit “1” each time there 1S a
variation of the logic level across its input.
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SCLCK

—»| Differential Encoder

—>

NRZ-L DATA

Fia. 3.2a

DPSK Modulator

A 4

Carrier Modulation

BPSK DEMODULATOR
MOD IN

A 4

DELAY

A 4

DECISION DEVICE /

COMPARTOR

A 4

Fig. 32.b DPSK Demodulator

DATA

The DPSK system explained above has a clear advantage over the BPSK system in that the
former avoids the need for complicated circuitry used to in comparison with PSK, consider
that during some bit internal the received signal is so contaminated by noise that in a PSK
system an error would be made in the determination of whether the transmitted bit was a 1 or
0. in DPSK a bit determination is made on the basis of the signal received in two successive
bit intervals. Hence noise in one bit internal may cause errors to two-bit determination. The
error rate in DPSK is therefore greater than in
tendency for bit errors to occur in pairs. It is not inevitable however that error occur in pairs.

Single errors are still possible.
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4. BLOCK DIAGRAM:

MODULATOR DEMODULATOR

S. PROCEDURE:

Switch on Physitech;s differential phase shift keying trainer.

Connect the carrier output of carrier generator to the 13" pin of CD 4051 of
modulator.

Connect the bit clock output to the Bit Clock input at the pin 3 of 7474 of
modulator.

Connect the data output of data generator to the input of modulator circuit.
Observe the differential data output at pin 2 of 7474 1C on channel -1 of CRO.
Observe the DPSK modulated output on the channel 2 of CRO.

During demodulation, connect the DPSK modulated output to the DPSK 1I/P of
demodulator.

Connect the Bit clock O/P to the Bit clock 1/p of demodulator and also connect
the carrier O/P to the carrier I/P of demodulator.

Observe the demodulated data O/P at demodulated O/P of demodulator.

. The frequency of modulation data signal should be equal to the demodulated

O/P.

6. OBSERVATION:

Observe the following waveforms on CRO and plot it on the paper
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7.

10.

N

11.

GRAPHS

Expectod Waveforms :
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Bit-clock 1P
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v Data 1P
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Differen-ial deta O/P

NN

BPSK O/P

RESULT:

The DPSK output and the demodulated output are obtained and the wave forms are
plotted.

The differential coding of data to be transmitted makes the bit “1” to be transformed
into carrier phase variation. In this way the receiver recognizes one bit “1” at a time
which detects a phase shift of the modulated carrier, independently from its absolute

phase. In this way the BPSK modulation, which can take to the inversion of the
demodulated data, is overcome.

INFERENCES:

DPSK Signal and demodulated signals are observed.

PREACATIONS:

Lower handling capacity of resistor should be kept in mind selecting RC
Contact with must be checked before use.
Maximum input signal voltage should not exceed value given in data sheet.

APPLICATIONS:

Point to point digital communication
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12

13.

14.

EXTENTION

Generate QPSK Signal and demodulation it.

TROUBLESHOOTING

S.NO. | Fault Diagnosis
1 Output signal if same as input signal after | Absence of carrier signal
modulation circuit

2 Output appears and suddenly disappears Check the contact wires
where these are placed
properly

QUESTIONS

1. Explain the difference between PSK and DPSK

2. Explain the difference between DPSK and QPSK

3. Define M-array signaling

4. Explain coherent method of DPSK

5. Find the probability of error DPSK
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15. TIME DIVISION MULTIPLEXING

1.  AIM:
To perform time division multiplexing of four signals

2. EQUIPMENTS AND COMPONENTS
I. Apparatus:

TDM Trainer
Function generator
CRO

Bread Board
Power supply

s E

1. Description of Apparatus:

1. CRO: The 20 MHz dual channel oscilloscope 201 is a compact, low line and light
weight instrument. It is a general purpose Dual Trace Oscilloscope having both vertical
amplifiers offering a bandwidth of DC- 20 MHz and maximum sensitivity of 2mv/cm.

The 201 offers five separate add-on modules.

- frequency counter
- Curve tracer

- Power supply

- Function generator
- Digital voltmeter

The add-on modules enhance measuring capabilities of instrument at low cost.

2. This instrument is meant for giving three types of periodic waveforms — SINUSOIDAL,
SQUARE and TRIANGULAR waveforms — where frequency can be selected from 0.1
Hz to 1 MHz and whose amplitude also can be selected from 0 to 20 volts peak to peak
independently.

The power on switch in pressed position will connect supply to the instrument. The
amplitude switch varies the amplitude of output waveforms from 20 mv to 20 v (p-p).
The function is a interlocked 3 station push button which switches to select the desired
waveform for output.

3. Wire Connections are usually carried out using a system called Bread Board. It is a
rectangular board divided into a number of nodes. This component has a provision on
which any circuit can be constructed by interconnecting components such as resistors,
capacitors, diodes, and transistors etc., for testing the circuit.
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Components

100KQ - resistor — 2 No.
4.7KQ - resistor — 2 No.
5.6KQ - resistor — 1 No.
1KQ - resistor — 2 No.
10KQ[I- resistor — 1 No.
0.01 pF capacitor — 1 No.
0.1 uF capacitor — 1 No.
BC 107 transistor — 1 No.

LN wNE

IVV. Description of Components:

a. 100Ku- resistor

Most circuits need contrast resistances. There are different types of resistors available for

different applications. Typical specifications of resistor are

Rating : 10Q to 10MQ
Wattage : YaWto2 W
Tolerance : Normally [1+5% and above.

b. 4.7KQ - resistor
Same as above
c. 5.6KQ - resistor
Same as above
d. 1KQ - resistor
Same as above
e. 10KQ- resistor
Same as above
f.  0.01pF capacitor and 0.1 pF capacitor

Capacitors are made by sandwiching an insulating material between two conductors which
form the electrodes. There are rated by their maximum working voltage. The breakdown
voltage depends upon temperature and hence upon the losses in the dielectric.

The factors to be considered in the choice of capacitors are
2. Required capacity
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3. Working voltage
4. Tolerances

The specifications of 0.01pF capacitor are
1. capacity — 0.01 pF

2. voltage range 16v to 3kv

3. tolerance [+10%

BC 107 transistor

A bipolar junction transistor has two junctions. The conduction through the device
involving two types of charge carriers holes and elements.

BJT’s are available in two varieties: PNP and NPN. Either type can be treated as
equivalent to two diodes connected back to back with three terminals leads, emitter,
base and collector. Width of the base region is smaller than that of emitter or collector
layers.

THEORY:

Time division multiplexing enables the joint utilization of a common transmission
channel by a plurality of independent message sources without mutual inference.

The circuit has 555 timers which generate a square wave which is then fed to the
transistors to provide the bias current. Two message signals are square wave and some
wave generated from frequency generator and they are time division multiplexed when
square wave has ON and OFF Cycles. The multiplexed output is viewed on the CRO.
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CIRCUIT DIAGRAM:
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4. PROCEDURE-

I connections can be made as per circuit diagram

ii. Switch on the trainer kit and observe the multiplexed signal at transmitter data
work output.

iii. Transmitter data output is connected to receiver data input of receiver TDM

section.
Iv. Observe the de-multiplexed signal on individual channels Ch0, Ch1, Ch2, Ch3
V. Draw the graph for input signals, multiplexed signal and de-multiplexed
signals.

5. OBSERVATIONS:

Input signals =
Frequency =
Amplitude =
Multiplexed Output signal =

7. GRAPHS:
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2 2 3

Ghe ':I'p"l‘il ‘e Ts gt Multiplexed PAM waveform

TDM waveforms
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8.

12.

13.

14.

TDM Waveforms
RESULT:

Thus the time division multiplexing of a square wave and sine wave is generated and

observed.

INFERENCES:

From the above observation, we can infer that it is possible to covey different signals in
different time slots using a single channel.

9. PRECAUTIONS:

Power handling capacity of resistor should be kept in mind while selecting R..
Contact wires must be checked before use.

Maximum forward current should not exceed value given in data sheet.
Reverse voltage across diode should not exceed peak inverse voltage (PIV).

AP

10. APPLICATIONS:

Telephone Channels.

EXTENSION:

Observe the Time Division Multiplexed output of the four signals.

TROUBLE SHOOTING:

SI.No. Fault Diagnosis

1 Overlapping of square and | Synchronization of T* and R* is
sinusoidal signal results poor.

2 Output appears and Check the contact wires whether
suddenly disappear they are placed properly.

QUESTIONS:

1. Draw the 2 message signals that are time multiplexed.

2. What are the different band pass signaling schemes?

3. What is the sampling rate used in case of Fm=10 KHz?

4. Why flat top sampling must be preferred compared to natural sampling?

5. Highlight drawbacks of TDM.

6. Mention differences between FDM and TDM.

7. TDM is used in analog or digital transmission system.
8. Mention the applications of TDM.

9. Draw the block diagram for FDM systems.

10. Where is FDM used?
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16. PULSE CODE MODULATION GENERATION AND DETECTION

AlIM:
To Perform the circuit of the pulse code modulation and demodulation.

PCM Generation:
EQUIPMENT AND COMPONENTS:

Apparatus:

1. Function generator
2. CRO
3. Power supply

Description of Apparatus:

CRO: The 20 MHz dual channel oscilloscope 201 is a compact, low line and light
weight instrument. It is a general purpose Dual Trace Oscilloscope having both vertical
amplifiers offering a bandwidth of DC- 20 MHz and maximum sensitivity of 2mv/cm.
The 201 offers five separate add-on modules.

- frequency counter
- Curve tracer

- Power supply

- Function generator
- Digital voltmeter

The add-on modules enhance measuring capabilities of instrument at low cost.

This instrument is meant for giving three types of periodic waveforms — SINUSOIDAL,
SQUARE and TRIANGULAR waveforms — where frequency can be selected from 0.1
Hz to 1 MHz and whose amplitude also can be selected from 0 to 20 volts peak to peak
independently.

The power on switch in pressed position will connect supply to the instrument. The
amplitude switch varies the amplitude of output waveforms from 20 mv to 20 v (p-p).
The function is a interlocked 3 station push button which switches to select the desired
waveform for output.

Wire Connections are usually carried out using a system called Bread Board. It is a
rectangular into a number of nodes. This component has a provision on which any
circuit can be constructed by interconnecting components such as resistors, capacitors,
diodes, transistors etc., for testing the circuit.

Components

PCM trainer Kit
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THEORY:

Pulse code modulation (PCM) is different from Amplitude Modulation (AM) and
Frequency Modulation (FM) because, those two are continuous forms of modulation.
Pulse Code Modulation (PCM) is used to convert analog signals into binary form. In the
absence of noise and distortion it is possible to completely recover continuous analog
modulated signals. But in real time they suffer from transmission distortion and noise to an
appreciable extent. In the PCM system, groups of pulses or codes are transmitted which
represent binary numbers corresponding to Modulating Signal Voltage levels. Recovery of the
transmitter information does not depend on the height, width, or energy content of the
individual pulses, but only on their presence or absence. Since it is relatively easy to recover
pulses under these conditions, even in the presence of large amounts of noise and distortion,
PCM systems tend to be very immune to interference and noise. Regeneration of the pulse is
also relatively easy, resulting in system that produces excellent result for long-distance
communication.

CIRCUIT DIAGRAM
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4. PROCEDURE:

1. Power on the PCM demonstration system.

2. Measure the frequency of the sampling block.

3. For visual convenience of a DC variable voltage is provided as modulating signal.

4. Connect the DC at the input of the A/D converter and measure the voltage.

5. Connect the clock to the timing and control circuit.

6. Note down the binary word from LED’s i.e. LED’s ‘ON’ represents ‘1’ and ‘OFF’

represents ‘0.
7. Observe the same binary word at the Rx end.
8. Now apply the modulating signal (OC or Sinusoidal) at the input.

9. Observe the waveform at the output of D/A which is in quantized level.
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5. OBSERVATIONS:

Message signal voltage =
Message signal frequency

Demodulated signal voltage
Demodulated signal frequency

GRAPHS:
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12.

13.

14.

RESULT:

The pulse code modulation and demodulation are performed.

INFERENCES:

As the input amplitude of the analog to digital converter input varies from 0 volts to 5
volts, the output data varies from 0000000 to 1111111. This data is transmitted and
demodulated at the receiver.

10. PRECAUTIONS:

NS

11. APPLICATIONS:

Point to point communications

EXTENSION:

Power handling capacity of resistor should be kept in mind while selecting R..
Contact wires must be checked before use.

Maximum forward current should not exceed value given in data sheet.
Reverse voltage across diode should not exceed peak inverse voltage (PIV).

Incorporate companding block in PCM system and observe its importance.

TROUBLE SHOOTING:

S.No. Fault Diagnosis
1 If output is in distorted form Check for the synchronization of clock
ulse.
2 Output appears and suddenly ?Zheck the contact wires whether they
disappear are placed properly.
QUESTIONS:
1. Define quantization.
2. What are the advantages of PCM?
3. What is the sampling rate used in PCM systems?
4. Calculate the amount of quantization error in case of PCM systems?
5. How we can reduce the quantization error?
6. Mention differences between PCM and DPCM.
7. Calculate the signal to noise ratio in case of PCM systems?
8. Where does PCM used?
9. Explain the importance of Repeaters in PCM systems?

10. Calculate the Bandwidth required in T1 systems?
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17. DELTA MODULATION

1. AIM:

To perform the delta modulation process by comparing the present signal with the
previous signal of the given modulating signal.

2. EQUIPMENTS AND COMPONENTS
I. Apparatus:

1. Delta modulation and demodulation signal trainer Kit
2. CRO

1. Description of Apparatus:

1. CRO: The 20 MHz dual channel oscilloscope is a compact, low line and light weight
instrument. It is a general purpose Dual Trace Oscilloscope having both vertical
amplifiers offering a bandwidth of DC- 20 MHz and maximum sensitivity of 2mv/cm.

The 201 offers five separate add-on modules.

- frequency counter
- Curve tracer

- Power supply

- Function generator
- Digital voltmeter

The add-on modules enhance measuring capabilities of instrument at low cost.

2. This instrument is meant for giving three types of periodic waveforms — SINUSOIDAL,
SQUARE and TRIANGULAR waveforms — where frequency can be selected from 0.1
Hz to 1 MHz and whose amplitude also can be selected from 0 to 20 volts peak to peak
independently.

The power on switch in pressed position will connect supply to the instrument. The
amplitude switch varies the amplitude of output waveforms from 20 mv to 20 v (p-p).
The function is a interlocked 3 station push button which switches to select the desired
waveform for output.

3. Wire Connections are usually carried out using a system called Bread Board. It is a
rectangular into a number of nodes. This component has a provision on which any
circuit can be constructed by interconnecting components such as resistors, capacitors,
diodes, transistors etc., for testing the circuit.
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3. THEORY:-

PCM transmits all the bits which are used to code the sample hence signaling rate and
transmission channel bandwidth are large in PCM. To overcome this problem Delta
Modulation is used.

Delta modulation transmits only one bit per sample that is the present sample value is
compared with the previous sample value and indication, whether the amplitude is
increased or decreased is sent. Input signal x(t) is approximated to step signal by the
delta modulator. This step size is fixed. The difference between the input signal x(t)
and staircase approximated signal is confined to two levels i.e. +5 and - 5. If the
difference is positive, then approximated signal is increased by one step i.e. ‘5’. If the
difference is negative, then approximated signal is reduced by ‘5’. When the step is
reduced, ‘0’ is transmitted and if the step is increased, ‘1’ is transmitted. Thus for each
sample, only one binary bit is transmitted.

CIRCUIT DIAGRAM:
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PROCEDURE:

Switch on the experimental board.

Connect clock signal to the delta modulator circuit.

Connect modulating signal to the modulating signal inputo the delta modulator
and observe the same on channel 1 of a dual trace oscilloscope.

Observe the delta modulator output on channel 2.

Connect this delta modulator output on channel 2.

Also connect the clock signal to the demodulator.

Observe the demodulated output with and without RC fitter on CRO.
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OBSERVATIONS:
Message signal voltage
Message signal frequency
Demodulated signal voltage
Demodulated signal frequency =

GRAPHS:
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RESULT:

The delta modulation and demodulation are performed.

INFERENCES:

Delta modulated signal and demodulated signals are observed.

11. PRECAUTIONS:

1. Power handling capacity of resistor should be kept in mind while selecting R..
2. Contact wires must be checked before use.
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3. Maximum forward current should not exceed value given in data sheet.
4. Reverse voltage across diode should not exceed peak inverse voltage (PIV).
11. APPLICATIONS:
Point to point communications
12. EXTENSION:
Design a circuit to over come the slope over load distortion (ADM).

13. TROUBLE SHOOTING:

S.No. Fault Diagnosis
1 If output is in distorted form Check for the synchronization of
clock pulse.
2 Output appears and suddenly Check the contact wires whether
disappear they are placed properly.

14. QUESTIONS:

1. What is the need for delta modulation?

2. What is the method of demodulation of DM?

3. List the advantages and disadvantages of DM?

4. What are the applications of DM?

5. What are the quantization errors in DM?

6. Explain Granular noise in DM?

7. Calculate Bandwidth required in case of DM?

8. How to overcome the Slope over Load Distortion.?

9. Calculate quantization error in case of DM?

10. What is the condition to over come Slope over Load Distortion?
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18. PULSE AMPLITUDE MODULATION AND DEMODULATION

1. AIM:
To generate pulse amplitude modulated signal and demodulate it.
2. EQUIPMENT AND COMPONENTS:

I. Apparatus:

PAM trainer kit
Function generator
CRO

Bread Board
Power supply

agrwpnE

1. Description of Apparatus:

1. CRO: The 20 MHz dual channel oscilloscope 201 is a compact, low line and light
weight instrument. It is a general purpose Dual Trace Oscilloscope having both vertical
amplifiers offering a bandwidth of DC- 20 MHz and maximum sensitivity of 2mv/cm.
The 201 offers five separate add-on modules.

frequency counter

Curve tracer

Power supply

Function generator

- Digital voltmeter

The add-on modules enhance measuring capabilities of instrument at low cost.

2. This instrument is meant for giving three types of periodic waveforms — SINUSOIDAL,
SQUARE and TRIANGULAR waveforms — where frequency can be selected from 0.1
Hz to 1 MHz and whose amplitude also can be selected from 0 to 20 volts peak to peak
independently.
The power on switch in pressed position will connect supply to the instrument. The
amplitude switch varies the amplitude of output waveforms from 20 mv to 20 v(p-p).
The function is a interlocked 3 station push button which switches to select the desired
waveform for output.

3. Wire Connections are usually carried out using a system called Bread Board. It is a
rectangular board divided into a number of nodes. This component has a provision on
which any circuit can be constructed by interconnecting components such as resistors,
capacitors, diodes, and transistors etc., for testing the circuit.
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Components

1. 100KQ - resistor — 1 No.

2.  4.7KQ-resistor — 1 No.
3.  5.6KQ -resistor — 1 No.
4. 1KQ -resistor  — 1 No.
5. 22 KQ[I- resistor — 1 No.
6.  0.01pF capacitor — 2 No.S
7. BC 547 transistor — 1 No.
8. 555 Timer - 1 No

1IV. DESCRIPTION OF COMPONENTS:
a. 100KQ - resistor

Most circuits need contrast resistances. There are different types of resistors available for

different applications. Typical specifications of resistor are

Rating : 10Qto 10MQ
Wattage : YaWto2 W
Tolerance : Normally £[15% and above.

b. 4.7KQ - resistor

Same as above

c. 5.6KQ - resistor

Same as above

d. 1KQ- resistor

Same as above

®

0.01 pF capacitor

Capacitors are made by sandwiching an insulating material between two conductors which
form the electrodes. They are rated by their maximum working voltage. The breakdown
voltage depends upon temperature and hence upon the losses in the dielectric.

The factors to be considered in the choice of capacitors are
1.  Required capacity

2. Working voltage

3. Tolerances

The specifications of 0.01uF capacitor are

1. capacity — 0.01 puF
2.  voltage range 16v to 3kv
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3. tolerance *(110%

BC 547 transistor — 1 No.
A bipolar junction transistor has two junctions. The conduction through the device
involving two types of charge carriers holes and elements.

BJT’s are available in two varieties: PNP and NPN. Either type can be treated as
equivalent to two diodes connected back to back with three terminal leads, emitter, base
and collector. Width of the base region is smaller than that of emitter or collector layer.

555 1C -1 No

The NE/SE 555 monolithic timing circuit is a highly stable controller capable of
producing accurate time delays, or oscillation. Additional terminals are provided for
triggering or resetting if desired. In the time delay mode of operation, the time is
precisely controlled by one external resistor and capacitor. For a stable operation as an
oscillator, the free running frequency and the duty cycle are both accurately controlled
with two external resistors and one capacitor. The circuit may be triggered and reset on
falling waveforms and the output structure can source or sink large currents or drive
TTL circuits.

THEORY :-

In PAM the amplitude of regularly spaced rectangular pulse vary with Instantaneous
sampled values of a continuous message signal.

A PAM wave, s(t) =Y. [1][ 1 + Kam(nTs) ] * g(t—nTSs)

Where summation is from —oo[Jto +o0

M(nTs)= nth sample of the message signal

Ts = sampling method

Ka =isa constant called amplitude sensitivity

g(t) = denotes the pulse.

PAM signals can be easily demodulated by a Low Pass Filter with cut-off frequency
large enough to accommodate the highest frequency component of the message signal
m(t).

CALCULATIONS

F2=1/2nRC
Since C = 0.01pF find the value of R.
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5. CIRCUIT DIAGRAM
Modulation and demodulation circuit
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6.PROCEDURE:

Switch ‘ON’ the experimental kit.

Observe the modulating signal and the carrier clock generators outputs

Adjust the modulating signal generator O/P to 1 Vp-p amplitude .

Apply the modulating signal generator output and the clock generator output to
the PAM modulator.

5. Following Figure shows the Testing procedure.

NS

CH1 of CRO
CH2 of CRO
Modulating signal T
generator >
—>
L 5

PAM Modulator

Clock generator
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demodulator and observe the output of PAM demodulator.

Following Fig shows the testing procedure.

CH1 of CRO

modulating signal

I

generator

Clock generator

OBSERVATIONS:

Message signal voltage =
Message signal frequency =

Carrier signal voltage
Carrier signal frequency

GRAPH:

L

[

1

.

H

——

]

w 4

—

—"“—S_ _

A |

r__‘—_w: :

I:Z:): :

P

PAM

By varying the amplitude of the modulating signal, depth of modulation changes.
During the demodulation, connect PAM output to the input of PAM
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10.

12.

13.

14.

15.

srwnER P

RESULT:

Thus the Pulse amplitude modulated signal is generated and detected. The

corresponding graphs are drawn

INFERENCES:

Pulse amplitude modulated signal and demodulated signals are observed.

PRECAUTIONS:

Power handling capacity of resistor should be kept in mind while selecting R..

Contact wires must be checked before use.
Maximum forward current should not exceed value given in data sheet.

Reverse voltage across diode should not exceed peak inverse voltage (PIV).

APPLICATIONS:
Base band transmission.

EXTENSION:

Generate flat top sampled signal by using sample hold circuit

TROUBLE SHOOTING:

S.No. Fault

Diagnosis

1 Output signal is same as
input signal after
modulator circuit.

Absence of carrier signal

2 Output appears and Check the contact wires
suddenly disappear whether they are placed
properly.
QUESTIONS:
1.  Compare flat top sampling and natural sampling.
2. Discuss the advantages of PAM.
3. What is sampling theorem?
4.  Explain about TDM and FDM.
5. What is the purpose of sample and hold circuit?
6.  What is Nyquist sampling rate?
7. What are the foremost common methods for pulse modules?
8.  What is aperture effect?
9.  When does aliasing error occur?
10. Disadvantages of PAM.
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