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

SOLUTIONS
Exercise 1  (estimated time 25 m)

(write on this side and on the back)

1a)
Describe the property of the scattering matrix of a lossless device. Demonstrate this property.
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1b)
A 3 port device is described by the scattering matrix S: 
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What are the properties of this device?
1c)
Calculate the reflection coefficient (1 seen at the input of the port 1, while the device is connected as shown in figure.

SOLUZIONE

1a)
The matrix should be unitary. See the course slides. 

1b)
The devise has loss, it is not reciprocal nor perfectly matched. It works as a not-ideal circulator.
1c)
Let’s write the equations (scattering matrix and two load equations), considering the waves names reported in figure.
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By substituting, we get
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Exercise 2   (estimated time 25 m)

(write on this side and on the back)

2a)
Draw and describe the electric scheme of a bolometer for power metering. How can we implement a temperature compensation?
2b)
Describe the electrical connections for having 50 Ω matching at radiofrequency, while 200 Ω for the DC bridge.
2c)
The bolometer dissipates 80 mW in DC, without RF power. Determine the DC voltage supplied to the bridge in correspondence to 10 mW of input RF power, considering an effective efficiency K = 0,95.
2d)
For the DC voltage we have a measurement resolution ΔV =10 μV, what is the corresponding power resolution for Prf2 = 10 mW?
2a-b)
See the course material.

2b)
The supply voltage in DC dissipates 80 mW, therefore  
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The power equations with and without the RF power are:
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first case, without RF power
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second case, with RF power
From this equations we find the RF power:



[image: image11.wmf]0

2

,

2

,

4

kR

V

V

P

b

A

a

A

RF

-

=

  



[image: image12.wmf]2

2

,

0

,

10

200

95

.

0

4

64

4

-

×

×

×

-

=

+

-

=

a

A

RF

b

A

V

P

kR

V

V ( 7.51 V

2c)
The relation between voltage and power resolution are:
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Another possibility is to calculate the sensitivity S as the derivative of the output voltage with respect to the input power, and then find the power resolution as ΔV / S. 
Exercise 3  (estimated time 20 m)

(write on this side and on the back)
3a)
Design a structure for measuring the reflection coefficient at RF.

3b)
Describe the calibration procedure for the ideal structure and for a real structure.

3c)
Describe the realization of the RF sources employed in the system.

3a)
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3b)
IDEAL CASE:

If all the structure is ideal, we get:

b3 = S31 a1 = (S31/ S21) b2 
b4 = S42 a2 
and we find b4/b3 = v4/v3 = (S42 S21/S31) Γl2, where Γl2 is the reflection coefficient of the load connected to the port 2.

We can use this structure for measuring Γ in amplitude and phase, by using heterodyne detectors. In order to calibrate the system (find the value of S42S21/S3), we need only one known load, for example a short circuit.

REAL CASE:

By considering all the non-idealities we get a bilinear relation between Γl2 and the measured voltages v4/v3:

v4/v3 =  [(Γ4 + 1)/ (Γ3 + 1)] (α4 Γl2 + β4) / (α3 Γl2 + β3) = A (Γl2 + B) / (Γl2 + C)


Now the calibration procedure requires 3 different loads, in order to find the 3 unknown parameters A B C.

3c)
The first source is realized through indirect synthesis. The other two signals, used in the vector receiver for the heterodyne conversion, are directly synthetized from the first one (they should be at a fixed difference in frequency).
Exercise 4  (estimated time 30 m)

(write on this side and on the back)
4a)
With respect to the simple scheme of network analyzer shown in figure, describe the possible systematic errors.
 
[image: image15]
4b)
We have connected a DUT with scattering matrix 
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(supposed constant with frequency) and measured the power at the receiver B, as a function of frequency. 
The result is shown in figure. The power is normalized with respect to the input power (max: ‑19.5 dB, min: ‑29 dB).
Give a possible explanation for this measurement behavior.
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4c)
Propose a calibration function for compensate the supposed error (also with numeric values).
4a)
See the course material.

4b)
The measured signal seems due to the sum of two contributions: the correct signal passing through the DUT, and an unwanted signal contribution. In this case, the most likely error contribution is the crosstalk. 

4c)
Considering the case of a crosstalk error, we can write the signal received in B as
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Where C is a parameter depending on the crosstalk, while A depends on the structure (input power, coupling factor of the coupler etc.).

The received power is 
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For calibrating the system, we need to estimate the coefficient A and C.

In linear scale, the normalized maximum is about 0.0112 (-19.5 dB), and the minimum is 0.0013 (-29 dB). 
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We get this system:
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In conclusion, A = 31.75, C=1.56, it means that the crosstalk is about equal to 5% (=C/A) of the correct signal, when considering a lossless DUT.
Exercise 5  (estimated time 20 m)

(write on this side and on the back)
5a)
In order to measure a signal at 1 GHz, we realize an up-conversion, filtering, and two down-conversions. The receiver has a noise floor of 1 nV/
[image: image23.wmf]Hz

(including all the noise contributions), and each mixer has a loss equal to 6 dB (the filter has no loss). Calculate the input-power noise floor for this heterodyne receiver, in logarithmic units.

5b)
If this receiver were used in a spectrum analyzer, could we estimate its noise figure?

5c)
When using an external mixer for very-high frequency, what is the function of the pre-selector? What problems happen when there is no pre-selector? Explain the techniques employed in this case.

5a)
After the mixers, the signal has a loss of 18 dB (8 in linear scale). The noise level at the input is therefore:
 vN,in=8 nV/
[image: image24.wmf]Hz


on a R= 50 ohm it corresponds to a power spectral density 
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5b)
The NF of a spectrum analyzer is defined as the ratio between the noise level and the thermal noise (‑174 dBm/Hz), in this case we have NF=25 dB.

5c)
See the Spectrum Analysis Basics application note, from Agilent.
Vector Receiver
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