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

SOLUTIONS
Exercise 1  (estimated time 25 m)

(write on this side and on the back)
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1)
The directional coupler in figure is ideal (lossless, reciprocal, symmetric and matched), with coupling factor 20 dB, phase of S21 equal to 180° and phase of S41 equal to 270°.

1a)
Write the scattering matrix of the coupler.
1b)
Calculate the reflection coefficient (1 seen at port 1, as a function of the load L placed at port 2, with port 3 closed on an open circuit and port 4 closed with a matched load.  

1c)
What is the value of L that makes (1= 0 ? 

1d)
What is the value of L that maximizes the modulus of (1?

1a)
The coupling factor value indicates that the modulus of S41 is 0.1. The device is matched, therefore the principal diagonal is 0. It is ideal, and so S31= S42=0. Due to the lossless property, we get:
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At least, the reciprocity implies matrix symmetry:
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1b)
Let’s consider the pseudowave defined in figure, and define k= S41=-0.1j and h= S21 =-0.995. The equations from the scattering matrix are:
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And the two loads:
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By substitution we get:
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1c)
In order to cancel (1 il, the load L should be matched ((L=0),  ZL= 50(. 

1d)
In order to find (L that maximizes the modulus of (1 we can calculate the partial derivative of |(1| with respect of real and imaginary part of (L .

In this case, we can see that the maximum is obtained for |(L|=1. The phase of (L should minimize the denominator: (L should be real and negative.

In conclusion, the maximum reflection is given by (L=-1, obtained when L is a short circuit.

We can note that (1=-1, it implies that no power can go out from port 4 (b4=0), because this power will be a loss (this condition is due to the sum in antiphase of the fields coming from port 1 and port 3).
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Exercise 2   (estimated time 25 m)

(write on this side and on the back)

2a)
Figure below shows a scheme of a power sensor, for measuring the power PS to a receiver (matched at 50(). The sensor bandwidth is 1 kHz, R1=20 k(, R2=100 (. Estimate the power range for PS, considering that Vout is measured by a voltmeter with a noise floor equal to 15 nV/
[image: image8.wmf]Hz

, and the used diodes exhibit a sensitivity of 600 mV/mW, when employed in a single-diode scheme, without attenuators. 
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2b)
Describe the differences of the second scheme reported below (passive components are the same).
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2a)  The RF voltage on the series of the two diodes is 
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On a single diode:
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The quadratic region is limited by 
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The corresponding input power (on 50 () is 
[image: image14.wmf](

)

R

V

P

IN

RF

IN

2

2

,

=

=1 W (30 dBm).

The power measured by the receiver is slightly lower, but we can neglect the loss due to 20 k( in parallel to 50 (.
The RF power on the two diodes is 
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The sensitivity of a series of n diodes is equal to the sensitivity of a single diode divided by n, therefore the sensor sensitivity, referred to the input power PIN is:
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The noise floor of the voltmeter is 
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The input power corresponding to the noise floor is
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The input range is between -11.7 dBm and +30 dBm (about 42 dB).
2b)  In the second scheme, the two diodes are both exposed to the RF voltage on R2. It is a sort of differential scheme, therefore the maximum power is 4 time lower than before, while the sensitivity is 4 times higher (a factor 2 is due to the addition of the two voltage across the diodes, another factor 2 is due to the sensitivity of the single diode, twice that of the series). The range is shifted by 6 dB:
between -17.7 dBm and +24 dBm (always 42 dB).
Exercise 3  (estimated time 20 m)

(write on this side and on the back)
3a)
Let’s consider the scheme of an impedance meter RF I-V. Describe the realization of the RF oscillators used in the instrument.
3b)
Describe the properties of the heterodyne conversion, for the measurement of RF signals.

3c)
Describe the scheme of a mixer that can be used in the impedance meter. 
3a)
RF I-V scheme: 
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There are two RF generators. The first one (OSC in figure) is tunable. The best method for its implementation is the indirect synthesis, through a PLL.

The second oscillator (Local in figure) is locked to the first one, at a fixed shift (f equal to the IF frequency (for example 100 kHz). Its synthesis is direct, starting from OSC, realized using a mixer and a band-pass filter.
3b)
Considering a frequency shift of two signal at the same frequency, multiplied by the same local oscillator, the heterodyne conversion keeps the ratio of the amplitudes and the phase difference between the two signals.
3c)
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See the course material for the description.
Exercise 4  (estimated time 25 m)

(write on this side and on the back)
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4a)
A directional coupler is characterized by the scattering matrix S. Calculate its directivity, isolation, coupling factor and VSWR.
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4b)
The directional coupler is employed in a network analyzer, in the position indicated by the arrow. Describe the systematic errors induced by the coupler non-idealities.
 SHAPE  \* MERGEFORMAT 



4c)
For each error, describe the minimum calibration procedure needed to correct it.

4a)
The Isolation is the ration in dB between input power Pinc  and the inverse-coupled power Pacc,inv: 

I =  10 log10 (Pinc/ Pacc,inv )= 20 log10│1 / S31│( 30.5 dB

The coupling factor K espriis the ration in dB between input power Pinc  and the coupled power Pacc: 

K =  10 log10 (Pinc/ Pacc )= 20 log10│1 / S32│= 6 dB

The directivity D is 

D = 20 log10│S21S32/S31│( 23 dB
The VSWR is a measurement of the matching, given by 
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4b)
Non idealities:

· Loss – error in the frequency response
· Mismatch – especially for the port 2 is very detrimental, because it generates feedbacks with the DUT
· Finite directivity – very detrimental, because it does not allow for good measurement of the reflected signals
The finite directivity influences the measurement of S11. The reflection from port 1 and the contribution from finite directivity add on in A, with different phases as a function of the frequency. The final result is an error on S11(f) measurement, with a "holes structure" almost periodic in frequency.

4c)
The response calibration is enough to compensate for the loss. The other two errors (mismatch and finite directivity) need a 1-port calibration. It is realized by placing 3 known loads at the port 1. There is no need for a 2-port calibration, because in this case there are no reflections coming from the right side of the figure (after port-2).
Exercise 5  (estimated time 25 m)

(write on this side and on the back)
5a)
For a spectrum analyzer, what are the measurement parameters influenced by the resolution bandwidth? 
5b)
Describe the block-scheme of a spectrum analyzer, working on higher bands (for example up to 26 GHz).

5c)
The Noise Figure of a spectrum analyzer is 25 dB in base band. We know that the preselector has a loss of 6 dB more than a fixed filter, and all the mixers have the conversion loss values indicated in the table (suppose negligible other losses and noise sources). Estimate the DANL for the higher bands, when working with RBW= 1 MHz.
	Local Osc.

harmonics
	Mixer Conversion loss

	1a
	5 dB

	2a
	15 dB

	4a
	25 dB


5a)
RBW influences:

· Frequency resolution
· Noise level (it determines the integration bandwidth)
· Measurement scan time
5b)
See the course material for the description.
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5c)
With regards to the reported scheme, we can note that in baseband, before reaching the filter at 321.4 MHz, the the signal passes through two mixers (both operating on the first harmonic of the OL) and 2 fixed filters. In the first higher band, the signal passes through the preselector and only 1 mixer.
The second and third higher bands are different only for the number of harmonic (2th and 4th ), selected by the preselector.

In the next table, we report the global losses in the four bands:
	
	Description
	Global loss
	Noise floor variation
	NF

	Base Band
	2 mixers 1st harm.+2 filters
	A0=2×5 dB+0 dB=10 dB
	reference
	25 dB

	1a band 
	1 mixer 1st harm.+1 preselector
	A1=1×5 dB+6 dB=11 dB
	+ 1 dB
	26 dB

	2a band
	1 mixer 2nd harm.+1 preselector
	A2=1×15 dB+6 dB=21 dB
	+ 11 dB
	36 dB

	3a band
	1 mixer 4th harm.+1 preselector
	A1=1×25 dB+6 dB=31 dB
	+ 21 dB
	46 dB


The DANL in base band is given by:
DANL= kT+NF + RBW =-174 dBm/Hz + 25 dB + 60 dBHz = -89 dBm
Considering the different NF, we get:

	
	NF
	DANL

	Base Band
	25 dB
	-89 dBm

	1a band 
	26 dB
	-88 dBm

	2a band
	36 dB
	-78 dBm

	3a band
	46 dB
	-68 dBm
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