RF SYSTEMS
Written Test of February 22, 2017

Surname & Name

Identification Number

Signature

Exercise 1
It is known the directivity function of an antenna operating at 300 MHz:

25-45
16
1) Evaluate the value of @ where f is maximum (6max). Hint: You can find 6max either numerically or

f(0)= sin* (@) cos (@) for 0<6<90°, f(6)=0 elsewhere.

analytically, remembering that (f (x)-9 (X))' =1'(x)-g(x)+ f(x)-9'(x)

n+1
2) Evaluate the directivity gain Dm. Recall: J. f" (X) f '(X) dx = f - (1X)
_l_

3) Evaluate the minimum efficiency of the antenna which determines the gain G equal to 5 dB
4) Assuming that the antenna is used in reception, evaluate the output voltage determined by an
incident wave arriving from the direction @nc=45° with power density Sr=10® W/m?. Assume

that the radiation impedance of the antenna is 50 Q and the load ZL connected to the antenna is
matched (Zrad =ZL7).




Exercise 2

Consider the following scheme of a receiver operating at 6 GHz (signal band 20 MHz). The block
REC represents the demodulator at intermediate frequency (IF), producing the bit streaming in base
band (BB). It is characterized by the noise temperature Trec (at input).

Assume that the filters eliminate completely the image band (no noise contribution at IF).

Ta=100°K

Ta Tsss An=1dB
>_|— As1 IQ Ar Ac Trec BB NFina=2 dB
ey IF GLna=10 dB

~ ly = REC [— Ap=2 dB
NFLna Tsse=350 °K

Ac:6 dB
LO Treczloo °K

1) Evaluate the equivalent noise temperature at the input of the receiver (Teq).

2) Assuming Eb/No=20 dB, what is the minimum signal power at IF allowing a data rate R=40
Mbit/sec?

3) If we want remove the LNA and the second filter, we must improve the mixer in order to get
the receiver performances unchanged (i.e. the same Teq computed above). Assuming that the
new value of the mixer losses is A'c=3 dB, what is the new value of Tssa?



Exercise 3

Consider the following matching network operating at 1 GHz:

Z=75 Q2

L L L

zmzsom %RFISOQ
I I

Imposing the intermediate impedance Z=75 Q, evaluate the value of L1, L2, Ci, Cz that determines
the input impedance Zin=50 Q. Note: explain clearly the procedure adopted for the computation.
Reporting only the final values without any explanation is not accepted



Exercise 4

We want to design the amplifier in the figure operating at 2 GHz, with matching at input (I'in=0).
It is known that the Match IN network is lossless.

The S parameters of the active device at 2 GHz are given in the following table.

rin
50 Ohm L

Match
IN

IL
L ZC:?

BL=90°

1) Evaluate I's and I'L in order to get the highest transducer gain compatibly with stability and
the matching requirement (note that the I'L selected must be realizable with the output

network assigned)

.

I's

1

50 Ohm

S1=0.8282 -81.1°
S12=0.076.£33.4°

S21=4.390£ 99.8°
S20=0.539£ -60.1°

2) Evaluate the characteristic impedance Zc of the output transmission line.




Solution

Exercise 1
1) To find the angle Omax we compute the derivative of f(6) and equate to 0:
f'(0)=4sin’(8)cos’ (6)—sin’ (8) =sin’ (6’)[4 cos’ (@) —sin’ ((9)] =

=sin’ (9)[5 cos’ () —1] =0 = 6, =cos’ (Lj =63.43°

J5
27 7/2

-1
2) DM:47I|:IdgoIf(<9)sin<9d<9:| = — 2:16 __ 2166 =3.43 (5.36 dB)
0 0

25.\/5"‘ sin’ (6)cos(6)dé . 25-\/§Sin6(7zrj

3) G — 77D — 77 — 10(5.36—5)/10 — 0921

max

4) &:1243:0.251#, P =S:A f(45°)=10"-0.251-0.6176 =1.55-10"°W
T
1 V|
Pp=-tml = V.|=50-8-P.=0.788-107V
8 50
Exercise 2
1) Evaluation of Teq:
A A A A A
T =T+ T+ Ton A+ T+ T 4 T — 2 5505 oK
G G
LNA LNA LNA

Ari Aty

T, = 290(1010 —1} =75.088°K, T,, = 290{1010 —1] =169.62°K

NF

Toa= 290(1010 —1} =169.62°K

2) Evaluation of Pir:
P R

SNR,, =—t—=| =0 |R 201 1010g(40/20)=23 dB
KT,B N, /B

KT,B =1.38-107°-559.25-20-10° =1.543-10" (-128.1 dBW)

P =SNR,, +KT,B| =-105.1dBW
dBW
P. =P —A, —A;,—A +G, =—104.1 BBW

3) Evaluation of T’sss:
Te:] :Ta +Tf1 +TS'SBAf1 +TrecA:Af1 :Teq
Teq _(Ta +Tf1 +TrecAzAfl)
Ay

4 —
TSSB -

=105.62 °K



Exercise 3
For the second network (the closed to the load):

= L L0 666107, X, =z| [Reo1]=750
Rz R J 150V 75 z

X =11.94 nH

B,
C, = =1.061pF, L, =
2rf, 7 f,
For the first network (the closed to the source):

_ i[i_l}%[ 75—1}=9.428-103S, xsl=zi{ i—1}:35.359

i Z Zin Z % in
B
C,=—2-=15pF, L, = Xa _s63nm
2rf, 2z f,
Exercise 4

We draw the circle Gp=17 dB (<MSG=17.62 dB). Then select one of the points on this circle
crossing the horizontal axis: ['t=0.195, to which corresponds I's=( T'in) =0.77.283.56°. Being the
output matched: Gr=Gpr=17 dB.

The impedance Zv corresponding to I'L is Zs=501.485=72.25 Q. Then Z=sqrt(5072.25)=60.93 Q.



