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Course Outcomes

At the end of the Course, Student will be able to:

CO1: Explain the characteristics of different wave guide structures.

CO2: Evaluate the performance of the Microwave components using

S-matrix.

CO3: Explain the characteristics of Microwave tubes.

CO4: Analyze working principles of Microwave Solid State Devices.

CO5: Measure different parameters by using a bench set-up.
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Unit-v Outcomes

At the end of the Course, Student will be able to:

CO 1 : Make a comment on bench set-up/block diagram required

for parameters measurement at microwave.

CO 2 : Comment on measurement procedures for different

parameters at microwave frequencies.
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Introduction to Microwave measurements

Description of Microwave bench

Microwave Power Measurement,

– Bolometer Method.

Measurement of Attenuation,

Measurement of VSWR

- Frequency, Wavelength, Impedance and waveguide parameters.,

Reflex klystron characteristics,

Q-factor of Cavity resonator,

Characteristics of Directional coupler and Circulator.

Unit-V : Microwave Measurements
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Introduction: low frequency vs microwave frequency measurement

Microwave measurements

• In a low frequency measurement, the

operating wavelength is far greater

than the device dimensions

• Open circuit or short circuit condition

is possible.

• Voltage across or current through the

component is easily measurable and

are not dependent on the position of

transmission line

• Equipment is readily available for

voltage or current measurement

• In a high frequency measurement, the

operating wavelength is far less than the

device dimensions

• Open circuit or short circuit condition is

not-possible.

• Voltage across or current through the

component is not easily measurable and

are dependent on the position of

transmission line

• Equipment is not readily available for

voltage or current measurement
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Microwave standard bench Setup
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Klystron power Supply:

Bench description
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Mount with a tube

Bench description
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Isolator:

Bench description

It allows the signal to pass from source end to load end but not from the load end to

the source end- back ward wave isolated
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variable attenuator :

Bench description

• This variable flap type attenuator, attenuates

the signal when it is passing from source end to

the load end.

• The amount of attenuation offered will be

changing w.r.t the depth of penetration of lossy

dielectric strip or flap.

• This attenuation is a relative quantity and is

measured in terms of depth of penetration from

a Vernier scale
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Cavity based Frequency meter:

Bench description

• This is a cavity based direct type frequency meter

which enables us to collect the working frequency,

when the bench is in matched condition.

• The resonant frequency, can be collected from it’s

outlet representation.

• The second type of frequency

meter is an indirect type and is

shown in the figure.

• The frequency, can be altered by

changing the depth of penetration

and, is measured as relative

quantity from the external table
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Slotted line with a carrier probe

Bench description

• Slotted lines are used for microwave measurements

and consist of a movable probe inserted into

a slot in a transmission line.

• Mostly acts like a stub in a transmission line, for

matching purpose.

• The carrier probe can be moved from load end

towards source end and the amount of mi-match is

observed in terms of voltage in a display device

like a CRO or a VSWR meter

• This serves as a measure of the accuracy of the

impedance match to the RF slot under test
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VSWR meter:

Bench description

• VSWR meter a display device for most of the parameters measurement in RF field.

• It is with an attenuation and dB scales on it’s panel.

• VSWR(or S) varies from 1 to (plus) infinity and is always positive.

• S=1(or signal max.), means the attenuation is 0 and the bench is in matched state.
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detector mount with a probe

Bench description

• This is a kind of variable load with a movable

shaft.

• The shaft at the end will be rotated to get the

matched state of impedance from an un

matched state.
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Introduction:

The Microwave Power measured is the average power at any position in waveguide. 

Power measurement can be of three types.

•Measurement of Low power (0.01mW to 10mW)

Example − Bolometric technique

•Measurement of Medium power (10mW to 1W)

Example − Calorimeter technique

•Measurement of High power (>10W)

Example − Calorimeter Watt meter

Microwave measurements: power measurement
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• The thermistor has negative temperature whose resistance decreases with the

increase in temperature.

• Any one of them can be used in the bolometer, but the change in resistance is

proportional to Microwave power applied for measurement.

• This bolometer is used in a bridge of the arms as one so that any imbalance caused,

affects the output.

Power measurement

Bolometer method:

• Bolometer is a device which is used for low Microwave

power measurements.

• The element used in bolometer could be of positive or

negative temperature coefficient.

• For example, a barrater has a positive temperature

coefficient whose resistance increases with the increase in

temperature.
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Power measurement

• A typical example of a bridge circuit using a

bolometer is as shown in the following figure.

• R1, R2, R3, are three known resistances and

are connected as shown in the figure, along

with a Galvanometer, G.

• The milli-ammeter here, gives the value of the

current flowing.

• With out the signal whose power is to be

measured, try to achieve the bridge balanced

state by changing the R5 or Edc.

• Under the bridge balanced condition, the

galvanometer indicates 0.

• Then, note down the R5 and Edc or even the

current I.

Set up 1

@G=0:   R51 or Edc1 or I1 
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Power measurement

• Now expose the bolometer to the signal,

whose power is to be measured.

• Hence, bridge comes out from its balanced

state, which represents an immediate change in

the Edc or even in the current.

• With the help of R5, try to get the balanced

state of bridge again, so as to get the 0 in the

Galvanometer.

• Once again, note down the R5 and Edc and

the current I.

• The difference in the R5 or Edc or I will be

directly calibrated to the unknown power of

the signal transmitted.

Set up 2

@G=0: R52 or Edc2 or I2 

• The power handling capacity of this circuit is limited.
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• In practice, Microwave components and devices often provide some attenuation.

• The amount of attenuation offered can be measured in two ways.

• They are

− Power ratio method and

− RF substitution method.

• Attenuation is the ratio of input power to the output power and is normally

expressed in decibels.

• Attenuation in dBs = 10log(Pin /Pout)

Where Pin = Input power and

Pout = Output power

Measurement of Attenuation
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In this method, the measurement of attenuation takes place in two steps.

Step 1 − The input and output power of the whole Microwave bench is done

without the device whose attenuation has to be calculated.

Step 2 − The input and output power of the whole Microwave bench is done with

the device whose attenuation has to be calculated.

The ratio of these powers when compared, gives the value of attenuation.

Measurement of Attenuation: Power ratio method

Step 1
Step 2

Drawback − The power and the attenuation measurements may not be accurate, when the 

input power is low and attenuation of the network is large.
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• In this method, the measurement of attenuation takes place in three steps.

• Step 1 − The output power of the whole Microwave bench is measured with the

network whose attenuation has to be calculated.

• Step 2 − The output power of the whole Microwave bench is observed by

replacing the network with a precision calibrated attenuator.

• Step 3 − Now, this calibrated attenuator is adjusted so as to obtain the same power

as measured with the network in the Step 1.

• The adjusted value on the calibrated attenuator gives the attenuation of the

unknown network directly.

Measurement of Attenuation: RF Substitution Method

Set up 1

Set up 2

The drawback in the power ratio method is avoided here and hence this is a better

procedure to measure the attenuation.
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• In our laboratory, the experiment is the first one with a slight change

Measurement of Attenuation-for Lab

Set it to initial 
attenuation position

VSWR 
meter

Needle on to zero 
attenuation 

Change the depth 
of penetration

Note down the
corresponding 

attenuation 

• The values that are noted from the VSWR meter w.r.t to depth of the penetration,

will give us the corresponding attenuation
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• In any Microwave practical applications, any kind of impedance mismatches lead

to the formation of standing waves.

• The strength of these standing waves is measured by Voltage Standing Wave

Ratio (or VSWR)

• The ratio of maximum to minimum voltage gives the VSWR, which is denoted

by S.

• S==(Vmax-Vmin) / (Vmax+Vmin)=(Vmax/Vmin) =(1+ρ)/(1−ρ)

Where, ρ=reflection coefficient=Preflected / Pincident

• The measurement of VSWRVSWR can be done in two ways,

- Low VSWR (S<10) and

- High VSWR (S<10)

Measurement of VSWR

Formulas useful 

ρ= (s-1)/(s+1)

Z=Z0(S)
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• In this low VSWR measurement, the following steps are required.

• Step 1: Connect the components as shown in the figure

• Step 2: Set up the bench for it’s initial condition ie., attenuation =0dB, in VSWR meter.

• This should be done by keeping the slotted line probe at extreme load end.

• Step 3: Replace the VSWR meter with CRO or with a volt meter.

• Step 4: By moving the slotted carrier probe from load end towards the source end also

note it down the voltage at regular intervals of time.

• Step 5: From the list, pick up the highest and lowest voltages and calculate the VSWR,

by using the formula: S=(Vmax-Vmin) / (Vmax+Vmin)

Measurement of VSWR: Low VSWR

VSWR 
meter

Load end

Vmax

Vmax

Vmin

source end

S.no Voltage,V

1 2.13

2 2.11

3 1.86

4 1.44

5 1.67

6 1.92

7 2.14

CRO
Vmin
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• In the measurement of high VSWR whose value is greater than 10 can be measured

by a method called the double minimum method.

• In this method, the reading at the minimum value is taken, and the readings at the

half point of minimum value in the crest before and the crest after are also taken.

• This can be understood by the following figure

Measurement of VSWR: high VSWR

Now, the VSWR can be calculated by a relation, given

as VSWR= λg /π(d2−d1)

Where, λg is the guided wavelength and is given by
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The procedure for high VSWR measurement is more elaborated for LAB PURPOSE
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• Use the formulas to measure other parameters related, from the VSWR, in indirect

way.

Measurement of other parameters from VSWR

• Wave length measurement: calculate by using the following formulas

2g d  and 2c a 0
0

,
c

f
 

• Frequency measurement: calculate by using the following formulas
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• Waveguide parameters measurement: calculate by using
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f0 can be directly measured from the cavity

Z0 is characteristic impedance
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• In this method, two directional couplers

which are identical but differs in direction are

taken.

• The two couplers are used in sampling the

incident power Pi and reflected

power Pr from the load.

• The reflectometer is connected as shown in

the figure.

• It is used to obtain the magnitude of reflection

coefficient ρ, from which the impedance can

be obtained.

• From the reflectometer reading, we have

Measurement of Impedance by using Reflectometer

 0 0

1
  or Z

1
l lZ Z Z S





 
  

 

• The Reflectometer helps to find only the magnitude of impedance and not the phase.
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• The set up used for impedance measurement is as shown in the figure.

Measurement of Impedance by using a Magic TEE

• The Reflectometer helps to find only the magnitude of impedance and not the phase.

Fig: Magic TEE structure

Port 1

Port 3

Port 2

Port 4

Std. Variable
Impedance

Null Detector

Unknown
Impedance

Microwave 
Source

Fig: Set up for Impedance measurement

/ 2a / 2a

a

1
2

a
 2

2

a


 2 1
2

a
 

Z lZ

2 1  if Zl Z  
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• In this method, std. known impedance device and

unknown load are connected at port 1 and port

2,respectively.

• Port 3 is connected with microwave source and a null

detector is connected to port 4.

• Apply a random signal through microwave source and

allow to pass to the null detector, which is nothing but a

difference port of a magic TEE.

• A non-zero will be displayed, as long the unknown load

impedance is not matching its impedance with the known

std. impedance.

• Now, vary the std. known impedance so as to get the

null in the null detector.

• In this state, the value of impedance displayed by a std.

known impedance (ie., port 1) is matching with unknown

load impedance(port 2).

Measurement of Impedance by using a Magic TEE

Std. Variable
Impedance

Null Detector

Unknown
Impedance

Microwave 
Source

Port 1

Port 3

Port 2

Port 4
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• Reflex klystron characteristics are of two types:

 Gain characteristics and

 Frequency response characteristics

Measurement of Reflex klystron characteristics-for Lab
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For measuring Q of a cavity resonator, there are three methods such as;

 Transmission method, Impedance method, and Transient decay or Decrement method,

 The easiest and most followed method is the Transmission Method and its

measurement setup is shown in below figure.

Measurement of Q-factor of Cavity resonator

frKlystron 
Power Supply

Tube with 
mount

Isolator
Variable 

Attenuator
Cavity type

Frequency meter

Detector Mount

Power meter

Variable 
Termination

 The output signal is plotted as a function of frequency which

results in a resonant curve as shown in the following figure.,

 From the plot, identify the resonant frequency fr, and the

bandwidth f2-f1.

 Then the quality factor of a cavity resonator calculated with

Q=fr/(f2-f1)

fr f2f1

Power

Max. Po

3dB Po
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Measurement of Directional Coupler characteristics

V1Klystron 
Power Supply

Tube with 
mount

Isolator
Variable 

Attenuator
Cavity type

Frequency meter
Detector Mount

CRO/VSWR meter

V2Klystron 
Power Supply

Tube with 
mount

Isolator
Variable 

Attenuator
Cavity type

Frequency meter
Detector Mount

CRO/VSWR meter

V3Klystron 
Power Supply

Tube with 
mount

Isolator
Variable 

Attenuator
Cavity type

Frequency meter

Detector Mount CRO/VSWR meter

Termination

Termination

20dB DC

20dB DC

1

2

3

Initially, tune the detector for maximum output by varying

plungers in the bench at different level.
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1. In the bench, with a fixed beam voltage, vary the

Repeller voltage until we get maximum output in

CRO.

2. Tune the detector for maximum output by varying

plunger of detector mount.

3. The output voltage at this point is ‘V1’ (it may be

power in VSWR dB scale).

Measurement of Directional Coupler characteristics

V1

V2

V4V3=0

1. Insert the directional coupler with detector Mount to the auxiliary port 3 and

matched termination to port 2, without changing the position of variable attenuator.

Note the reading from CRO. Let it be ‘V4’.

2. Disconnect the detector Mount from auxiliary port4 and matched termination from

port 2.

3. Then connect the matched termination to port 4 and detector to port 2 and note

down the reading ‘V2’.

4. Measure and note the readings from CRO and calculate directivity, coupling factor.

a. Directivity = D= 10 log (V2 /V1) b. Coupling factor = 20 log (V1/ V4)
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Measurement of Circulator characteristics

V1Klystron 
Power Supply

Tube with 
mount

Isolator
Variable 

Attenuator
Cavity type

Frequency meter
Detector Mount

CRO/VSWR meter

V2
Klystron 

Power Supply

Tube with 
mount

Isolator
Variable 

Attenuator
Cavity type

Frequency meter Detector Mount

CRO/VSWR meter

V3Klystron 
Power Supply

Tube with 
mount

Isolator
Variable 

Attenuator
Cavity type

Frequency meter

Detector Mount

CRO/VSWR meter

Termination

Termination

1

2

3

Initially, tune the detector for maximum output by varying

plungers in the bench at different level.
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1. In the bench, with a fixed beam voltage, vary the

Repeller voltage until we get maximum output in

CRO.

2. Set maximum output by varying plunger of detector

mount. The output voltage at this point is ‘V1’.

3. Using the frequency meter determine the frequency

of operation by observing a dip in the CRO output.

Measurement of Circulator characteristics

V1
V2

V3

1. Connect the port 1 of circulator to variable attenuator while port 2 is connected to

detector mount and port 3 is connected with matched termination.

2. Measure the output voltage at port 2.

3. Now by altering the connections note down the voltage at port 3. (Port 2 is

connected with matched termination and port 3 with detector mount).

4. Calculate the parameters like Isolation and Insertion loss using.

5. a). Isolation = 20 log (V1/V3) b). Insertion Loss = 20 log (V1/V2)
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Summery

At the end of the Course, Student will be able to:

CO 1 : Make a comment on bench set-up/block diagram required for parameters

measurement at microwave.

CO 2 : Comment on measurement procedures for different parameters at microwave

frequencies
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Thanks a lot for your 

attention and patient listening 

Power Measurement,

– Bolometer Method.

Measurement of Attenuation,

− Power ratio method and

− RF substitution method

Measurement of VSWR (- Frequency, Wavelength, Reflection coefficient, Impedance and waveguide parameters.)

− Low VSWR measurement (- also Impedance and Reflection coefficient.)

− High VSWR measurement (- also Frequency, Wavelength, Impedance and waveguide parameters.)

Q-factor of Cavity resonator,

Characteristics of Directional coupler and Circulator.


