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Exercises:: 1 2 3 4 5 (points: 7+6+5+8+6=32 p)

SOLUTIONS
Exercise 1  (estimated time 25 m)

(write on this side and on the back)
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1)
Consider the circuit shown in figure, composed by a power splitter (scattering matrix D), a directional coupler (scattering matrix S), a matched load, two loads with impedance Z = 40 (, and the DUT with reflection coefficient (L.
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1a)
Describe the properties of the two devices used: power splitter and directional coupler.

1b)
Calculate the reflection coefficient (1 as a function of (L
1c)
Calculate the reflection coefficient (IN as a function of (L
1d)
What is the value of (L that maximize the module of (IN?

1a)
Both devices are perfectly matched and reciprocal. The power splitter divides the input power losing 6 dB, it has loss, and it has perfect isolation between port 2 and 3. The directional coupler is lossless, has an infinite directivity (and isolation), and the coupling factor is 3 dB.
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1b)
Let’s consider the pseudowaves number as indicated in figure.
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We can write the useful scattering matrix equations, and the loads equations, defining k=1/(2:
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Where 
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By substitution we get:
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In conclusion 
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1c)
Let’s consider the scattering matrix equations for D:
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By substitution we get:
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In conclusion 
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1d)
(IN is maximum when the DUT is a short circuit: (L = -1.

[image: image30.emf]Gener. Isolatore carico

a

1

b

1

b

1

b

2

b

2

a

2

a

2



Exercise 2   (estimated time 25 m)

(write on this side and on the back)

2a)
A thermocouple power meter is realized by a sensor with Seebeck coefficient STC = 250 (V/°C. Estimate the power sensor sensitivity, knowing that the thermal resistance between hot and cold junctions is R=0.4°C/mW, and the capacitance is C= 0.25(10-6 J/°C.

2b)
The DC output of the sensor s measured by a voltmeter with noise level of 10 nV/
[image: image15.wmf]Hz

 (for simplicity, this is the only noise source). We would like to measure signal power down to 5 (W: what is the maximum frequency response for this power meter?
2c)
Indicate an estimation of the maximum measurable power.
2d)
Design a diode sensor with a power range close to this thermocouple sensor.
2a)
The power sensor sensitivity is given by:

SP= R ( STC = 0.4°C/mW ( 250 (V/°C = 100 (V/mW
2b)
The maximum frequency response is limited by the thermal circuit and by the electronic filtering (made for reducing the noise). 

The thermal time constant is ( = RC=0.4°C/mW ( 0.25(10-6 J/°C= 100 (s, corresponding to a bandwidth 
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1.6 kHz.

If we want a noise floor of 5 (W, in power, the noise floor in voltage at the voltmeter side should be

VN =PN ×S =5 (W×100 (V/mW=0.5 (V

Considering a noise level vN =10 nV/
[image: image17.wmf]Hz

, the noise equivalent bandwidth should be limited to a 2.5 kHz (for S/N=1), in order to have VN =vN ×
[image: image18.wmf]B

=0.5 (V.

In conclusion, the limit is due to the thermal response, equal to 1.6 kHz.

2c)
The maximum measurable power is limited by the temperature reached by the chip. We can estimate it as T( P ( R (this is the temperature gradient). Considering a maximum temperature gradient of about 200°C, the corresponding maximum power is P ( T / R.=200 °C/ 0.4°C/mW= 500 mW, (+27 dBm).
2d)
The power sensor can measure power between -23 dBm and + 27 dBm. A diode sensor can measure power between about -70 dBm and -20 dBm, in quadratic region. We need to shift the range of about 50 dB. We can do it by a simple voltage partition (for example 15 kΩ and 50 Ω). In order to improve the dynamic, it could be better to use more than one diode in series, for example a differential scheme with 5 diodes in series and an input attenuator could be the best choice.
Exercise 3  (estimated time 20 m)

(write on this side and on the back)
3)
A RF signal source, working on a 50 ( line, has output impedance of 75 (, and generate 1 mW of power on a 50 ( load. 

3a)
Calculate the available power of the source. 

3b)
We insert an amplifier between source and load, described by the scattering matrix 
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How much is the nominal gain of the amplifier?

3c)
How much is the mismatch error for the amplifier insertion?
3a)
The available power P0 is the maximum power transferred to the load. It happens when the load is in conjugate matching: 
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In that case, 
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, where PG is the power transmitted to a matched load (see the course slides)

The reflection coefficient of the source is
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In conclusion, the available power is equal to
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3b)
The nominal gain is


G= 20 log10(|S21|)= 20 log10(10) = 20 dB

3c)
In order to evaluate the mismatch error, we need to calculate the power dissipated by the load after the insertion of the amplifier. The difference between that value and the nominal gain (20 dB) is the mismatch error.

We can write the scattering matrix equations, and the source and load equations (referred to the figure):

[image: image31.png]—i®




[image: image32.jpg]


 EMBED Equation.3  
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The power dissipated by the load is equal to
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(104.1 mW

It corresponds to a gain of 104.1 ( 20.17 dB), with respect to the previous configuration withou amplifier.

In conclusion, the mismatch error is equal to 


M= 20.17 dB – 20 dB = 0.17 dB
Exercise 4  (estimated time 30 m)

(write on this side and on the back)
4a)
Considering the network analyzer scheme in figure, describe qualitatively the errors due to a crosstalk between the ports.

4b)
If the isolation between port 1 and 2 is equal to 40 dB, what kind of measurement result can we expect for the DUT transmission coefficient? Describe numerically the uncalibrated measurement of the transmission coefficient as a function of frequency, for a DUT S21 = 0.02, (assumed with modulus constant in frequency).

4c)
Propose a calibration procedure for fixing this particular error. 

4d)
 What kind of detectors are needed for developing the calibration procedure? Describe the scheme of these detectors.
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4a)
The crosstalk is given by a fraction of the signal that passes from port 1 to port 2, due to parasitic coupling (not depending on the DUT). In this scheme, it introduces an error signal summed up to the measurement of S21 and S12.

4b)
The measurement of the transmission coefficient S21 is affected by an addictive error signal, with unknown phase:
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Depending on the phase shift between the crosstalk and the useful signal, we can have a maximum (0.03, about -30 dB) or a minimum (0.01, about-40 dB).
A possible behavior of the measurement is reported in figure

4c)
The calibration procedure for this single error is realized by the measurement of the signal at B, when both ports are closed on a matched load. In this way we can measure the crosstalk contribution, and subtract it at each S21 measurement (for each frequency).

4d)
 We need vector detectors, realized through an heterodyne conversion, as shown in figure.

[image: image27]
Exercise 5  (estimated time 20 m)

(write on this side and on the back)
5a)
Figure below shows the screen of a spectrum analyzer. Describe the main settings of the instrument.

5b)
Considering that the instrument noise figure is 23 dB, can we estimate the input attenuation set?

5c)
Considering the filter selectivity value, estimate the time needed for showing this measurement screen. Modern spectrum analyzers can improve this time?
5d)
Describe the scheme of an indirect frequency synthesizer. 
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5a)
Settings:

fSTART=1 kHz    fSTOP=11 kHz, SPAN=10 kHz.

Reference level RL=-10 dBm     Ay=10 dB/DIV

The two signals have a width at – 3 dB equal to the resolution bandwidth RBW=100 Hz (1/10 of division).

5b)
Without attenuation, the noise floor (DANL) should be equal to:

PFLOOR=NF(kT(RBW= 23 dB ‑174 dBm/Hz+20 dBHz = -131 dBm.

On the screen, we can see a noise level around -101 dBm, therefore the attenuation should be set to 30 dB.

5c)
The filter selectivity, equal to the ration between the width at a -60 dB and the width at -3 dB, is equal to about S=11:1 (at -60 dB the width is about 1.1 kHz). This value indicates that the instrument has an analog receiver (for digital filters we have S=4-5:1)
For a swept measurement, the time needed is 3SPAN/RBW2 = 3 s
Modern spectrum analyzers can elaborate the whole spectrum with a single FFT (the SPAN is very low), with a time-needed close to the acquisition time = 1/RBW = 10 ms.

5d)
The scheme is reported below. For the description see the course material.
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