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Ex: Problem 1

For a impedance equal to 50.2Q +j-46.2Q),
compute the normalized admittance. (1p)
For aimpedance equal to 63.1Q +j-51.7Q),
compute the normalized admittance. (1p)
For aimpedance equal to 66.6Q - j-67.2Q),
compute the normalized admittance. (1p)
For aimpedance equal to 42.50 +j-45.3Q),
compute the normalized admittance. (1p)



Examen 2015/2016

6 problems
Pi1-1p
P2-2p
P3-2p
P4 —2p
P5a—4p
P5b — 4.5p
Total: 15.5p
Maximum: 7.6p

Minimum: 0.0+0.5p



Examen 2016/2017

5 problems

P1—1p+1p

P2-1p

P3—1p+1p

P4 —a1p+1p

P5—5p
Total: 12p
Maximum: 5.35p
Minimum: 0.0+0.35p
Bonus: 0-4.25p



Important 1



Complex numbers arithmetic!!!!
z=a+j-b;)P=1



Polar representation

Euler's formula

el =cosx+ j-sinx;VxeR
Polar representation
z=a+ j-b=|z-e'”

z=a+ j-b=|z-(cosp+ j-sing)

2= (0] =[af e ="

5 x
cos(n- )+ j-sin(n- )]

— \E:([z\-e"‘(/’)y2 :\/ﬁ-ejg :\/E-(cos%+j-sin§j

2 w=[z]- ¢ juf-7* =g} e1*) <[z wf-[cosp+ )+  sin(p+ 0]

it

o 7 .
T Wl w ere :W.[COS(WQ)H'SIH((D—H)]



Polar representation

Euler's formula

e/ =cosx+ j-sinx;VxeR

e’ +e ¥ =cosx+ j-sinx+cos(—x)+ j-sin(—x)

el* e 1 =cosx+ j-Sin X+CoSX— j-Sin X =2-cosx

el eI
é COS X =
2

iy

eJ

—e ¥ =cosx+ j-sin x—cos(— x)— j-sin(-x)

el —e ¥ =cosx+ j-Sin X—COSX+ j-SinXx=2j-sin X

. elX_e
2]




Polar representation

standard unit for angles — radians
microwaves traditional unit for angles —
degrees in decimal notation (55.89°)

arctar(

, a>0

+7, a<0,b>0
p=arg(z)=1

v |lo 9T o|T

)
o
&
e S

-z, a<0,b<0

QD
-
(@]
—t
QD

nedefinit a=0

l\)lé}
N|>\1

dms ||cosh|| cos || x¥ || ¥x || 4 5 6 % 1/x

n tanh | | tan x> v x 1 2

¢[O:| - 1800 . gp[rad ] (D[I’ad ] =7 1<08[;1 F-E || Exp | |Mod || log || 10% 0 3 - =
7T




The Smith Chart
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The Smith Chart
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Important 2



Examen: Logarithmic scales

dB =10°log,, (P,/P,) dBm =10°log, (P/1mW)

odB =1 odBm =1mW
+0.1dB = 1.023 (+2.3%) 3dBm =2 mW
+3dB =2 5 dBm =3 mW
+5dB =3 10 dBm =10 mW
+10dB =10 20 dBm =100 mW
-3dB = 0.5 -3dBm = 0.5 mW
-10dB =0.1 -10 dBm =100 uW
-20dB = 0.01 -30dBm =1 uW
-30dB = 0.001 -60 dBm =1 nW

[dBm] + [dB] = [dBm]

[dBm/Hz] + [dB] = [dBm/HZ]

[x] + [dB] = [X]
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Case 1, Shunt Stub

Shunt Stub
,:‘ d )‘n
= Yy
7 \
A ‘ |

Open or
shorted |
stub



Analytical solution, usage

codgp+260) =T

I’y =0.593.£46.85°
T,|=0593 ¢=46.85 cos(p+20)=-0593 = (p+20)=+126.35°

The sign (+/-) chosen for the series line equation
imposes the sign used for the shunt stub equation
“+” solution N\ _2"rs‘
(46.85°+26)=+126.35° O=+39.7° Imy, = = =—1.472
6, =tan*(Imy, )= -55.8%(+180°) >4, =1242> VT3]
“-" solution

(46.85°+20)=-126.35° @ =-86.6°(+180°) > O = 93.4°
> +2-|]

Imy, =
V1-If

=+1472 6, =tan*(Imy,)=55.8°



Analytical solution, usage

>

( +29)_ +126.3509_ 39.7° Im[ (9)]_ _1'472(9  [~55.8°+180°=124.2°
P —126.350 7 T (9340 VSN 41472 7 T | 45580

>
We choose one of the two possible solutions

The sign (+/-) chosen for the series line equation
imposes the sign used for the shunt stub equation

39.7° 0
| = 21=0.110-1 934
1= 20 |, = T .1=0.259-1
|, = 1;202 .1=0.345-1 |, = 558 ‘1=0.155-1

E

NZ—{

Z=50.0 Ohm —— ZSOO(gh
E=124 - E=56

Ref F=2 GHz Ref F=2 GHz

+ Tern + 1
Term m C2
TL1 TL3
Num=1 2250 Ohm R 60 O c 0.995 pF um= _ 7=500hm R 60 O C=0.995 pF
7=50 Ohm OC ' Eluo = OC E=035
= TL2 T TL4 2 GHz

I}
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Computing powers

i "L P
Loss|dB]=[-]10-log, (ITDO Emj [-]10- {Iog (P]‘{gm\fpmﬂ

Loss|[dB|=[-](P,,[dBm |- P, [dBm])

A=0—®




Examples



Problem 1

For a normalized admittance equal to

0.705 - j-0.965, compute the impedance. (1p)
Note. Except where otherwise specified, assume
50Q reference impedance.

1 1

Z Z, 500
s Y Z
y - —=
Z Y, Z
Z, 500

=24.68Q+ |-33.78Q2
y 0705—1 -0.965



Problem 1 (classroom)

For a normalized admittance equal to
0.930 + j-0.745, compute the impedance. (1p)






Problem 2

Outline a Smith Chart (only the external circle
and the complex plane axes) and plot the point
corresponding to a reference impedance of
75Q and:

a normalized impedance equal to 0.870 - j-0.975 (1p)

a load composed from a 63 Q) resistor series with a
0.84nH inductor, at 7.4 GHz (1p)



The Smith Chart
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Problem 2

Outline a Smith Chart (only the external circle
and the complex plane axes) and plot the point
corresponding to a reference impedance of

75Q and:

a normalized impedance equal to 0.870 - j-0.975 (1p)

el B N \
oS I ms |
SR LIRS : P

.
S

s
52

| s




Problem 2

Outline a Smith Chart (only the external circle
and the complex plane axes) and plot the point
corresponding to a reference impedance of
75Q and:

a normalized impedance equal to 0.870 - j-0.975 (1p)
-7, 11-1
L+Z2, z+1
-_2-1_0870-j-0975-1
z+1 0.870--0.975 +1

I

=Rel+ j-Im[ =|[]-e"*")

~0.159 — j-0.438




Polar representation

Polar representation

modulus

phase relative to the real axis
z=a+ j-b=|z]-(cosp+ j-sing)

zZ|=+va’®+b’ , 3 ;
‘Z‘:Z.Z* arctar(g, a>0 0 X » Re

+7, a<0,b>0

o =arg(z)

b

a
<

9 —z, a<0b<0

a




Problem 2

=0.159— j-0.438

T =+/0.159% +0.438? = 0.466

arg(I") = arctan — 0438 _ _1 223rad =—70.05°
0.159



Problem 2

A IMD

/

['=0.466£-70.1°

1 RerT




Problem 2

Outline a Smith Chart (only the external circle
and the complex plane axes) and plot the
point corresponding to a reference
impedance of 75Q and:

a load composed from a 63 Q resistor series with a

et EEE s L\

o

.
5
(s

s

| s

N
e | e -
LIRS 8

"0'2.2?’" ,\ *3::‘6‘
f SRR
TR o 1

L5



Problem 2

Outline a Smith Chart (only the external circle
and the complex plane axes) and plot the
point corresponding to a reference
impedance of 75Q and:

a load composed from a 63 Q resistor series with a
0.84nH inductor, at 7.4 GHz (1p)

Z-27,

L+7Z,

Z=R+j-o-L=R+j-27-f -L=63Q+ j-27-7.4-10°-0.84-107°
Z =63Q+ j-39.20Q

=




Problem 2

Z-Z, 63+ ]-39.20Q2—750Q
Z+Z, 63Q+ ]-39.20Q2+75Q

I =—0.006+ J-0.286

similar:

T = +/0.006% +0.286% = 0.286

arg(") = arctar( 0'2(?(?6) +7=15911rad =91.17°



Problem 2

A IMD

N\

r 0286 I =0286,912°

1 Rerl




Problem 2 (classroom)

Outline a Smith Chart (only the external circle
and the complex plane axes) and plot the point
corresponding to a reference impedance of 80Q)
and:

a normalized impedance equal to 0.710 - j-1.155 (1p)

a load composed from a 252 resistor paralel with a
0.56pF capacitor, at 7.2GHz (1p)






Problem 3

A signal with a power of 1.75mW is applied at
the input of a lossless coupler characterized
by a coupling coefficient of 4.12dB and an
isolation of 23.3dB, having an input VSWR =
2.465.
Calculate the output power (in dBm) at the
through port. (1p)

Design an ideal ring coupler that provides the
same coupling coefficient. (1p)



Directional Coupler

Input @ @ Through
npu> \ > ‘812‘2 :az zl—ﬂz
~€ > S 2 . 2
Isolated @ ©) Coupled ‘ 13‘ o 'B
Coupling
P
Input ® @ Through C =10 log El =—-20-log (ﬁ) [dB]
== = 3
>< Directivity
— o
Isolated @ @ Coupled D=10 Iog % —20. Iog(sﬂ] [d B]
o b Wi e, e AT, 4 14
Isolation

| =10Iog%:—20-log\814\[d8]

|=D+C, |dB] .



Problem 3

Input @ @ Through
g 3
e e
Isolated @ @ Coupled
Lossless coupler, the input power is found
entirely at:

through port,
coupled port,
isolated port,

or is reflected at the input before entering the coupler



Problem 3

Input @ @ Through
R -
E e
Isolated @ @ Coupled

Input reflected power, before entering the

coupler
_Vmax_1+‘r‘ T :VSWR_1:O423
VSWR_V 1M Tl VSWR+1

min

Peq = Py -|0|” =1.75mW -0.423% = 0.313mW

P=P,—P.,=175mW -0.313mW =1.43/mW

in refl



Problem 3

Input @ @ Through
— 2
= 2o
Isolated @ @ Coupled

Power transferred to:
coupled port
isolated port

| =10 |og§ =—-20-log|S,,| [dB] C =10 Iog%:—ZO- log(3)[dB]
4 3
EB] _LA3TMW _ ey p, - CEB] _ 1.437Tmw
10K 2138 10" o
P,=P —P,—P, =1.437 mW —0.0067 mW —0.559 mW = 0.871mW

P,[dBm|=10-log AUl =10-log 0.871dBm=—0.06dBm
ImW

P, — = 0.559mW




The 180° ring coupler

0.5f, fo L5f

Figure 7.46



Problem 3

>

>

Input @ @ Through
—
€
Isolated @ @ Coupled
Coupler design (~lab)

—C[dB]
v, =10 20~ 0,624

y, =+/1-y2 =0.781

=40 _80.1280

7, = %0 —63.9860

Y2

Vi +Y; =1
C [dB] =-20-log(y,)



Problem 3 (classroom)

A signal with a power of 3.00mW is applied at
the input of a lossless coupler characterized
by a coupling coefficient of 5.2dB and an

isolation of 18.5dB, having an input VSWR =
2.330.

Calculate the output power (in dBm) at the
through port. (1p)

Design an ideal coupled line coupler that provides
the same coupling coefficient. (1p)






Problem 4

Calculate the noise factor of the circuit which
contains in cascade, in the order indicated, the
following amplifiers: (2p)
Amplifier 1: Noise factor 2.1dB, Gain 8.0dB,
Amplifier 2: Noise factor 2.2dB, Gain 11.12dB,
Amplifier 3: Noise factor 3.7dB, Gain 13.8dB..
Friis Formula (!linear scale)
F-1 F-1 Rl
G, GG G-G,-G,

Fas =F +

+ ...



Problem 4

Friis Formula must be used in linear scale!

I:cas = Fl + F2 _1+ F3 —
G GG,
Fy[dB] Gy|dB]
F =10 © =10""=1622 G,=10 ® =10"°=6.310
F,[dB] G, [dB]
F,=10 © =10"*=1622 G,=10 ® =10""=12.882
F,;[dB]
FE-10 © —10°% =2344 Pay attention to the units
’ c 1 E_1 (they are all dimensionless!)
F. . =F+——+—=2——=1.737
G, G -G,

F...[dB]=10-log F.,, =10 -log(1.737 ) = 2.398 dB

as



Problem 4 (classroom)

Calculati factorul de zgomot al circuitului care
contine inseriate, in ordinea indicata, urmatoarele
amplificatoare: (2p)

Amp
Amp
Amp

ificator 1: Factor de zgomot 2.7dB, Castig 7.3dB,
ificator 2: Factor de zgomot 3.1dB, Castig 11.7dB,
ificator 3: Factor de zgomot 4.5dB, Castig 12.1dB.






Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz

are as follows:

S11

S12

S21

S22

Mag.

Ang.

Mag.

Ang.

Mag.

Ang.

Mag.

Ang.

0.717

-123.4°

0.049

43.9°

12.733

105.2°

0.303

-138.8°

Compute the input and output stability circles. (1.5p)
Is the transistor unconditionally stable at 0.9 GHz? (0.5p)

The system where the output of the transistor is directly
connected to a 50Q load and it's input is connected to a 55Q
source by a 50Q line 0.20\ in length is stable or not? (1p)

How does the stability of the system change if, following a
fault, the source becomes:

open-circuit? (o.5p)

short-circuit? (0.5p)



Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz are

as follows:
S11 S12 S21 S22
Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang.
0.717 | -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8°

Compute the input and output stability circles. (1.5p)
(811 —A°5§2)

= 1.215+2.928 . |

S ‘811‘2 _‘A‘Z
Cs|=3.170
. ‘812 '821‘

R =2.525

¢ =
“511‘2 _‘A‘Z




Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz are

as follows :
S11 S12 S21 S22
Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang.
0.717 | -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8°

Compute the input and output stability circles. (1.5p)

(822 —A- S1*1 )*

C, = A ~0.521-3.105 - |
22

C, |=3.149

R Sz Sy —3.562

S
SH




Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz
are as follows:

S11

S12

S21

S22

Mag.

Ang.

Mag.

Ang.

Mag.

Ang.

Mag.

Ang.

0.717

-123.4°

0.049

43.9°

12.733

105.2°

0.303

-138.8°

Is the transistor unconditionally stable at 0.9 GHz? (0.5p)

Two methods:

use stability circles
use analytical stability conditions




Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz

are as follows:

Sll S12

S21 S22

Mag. Ang. Mag. Ang.

Mag. Ang. Mag. Ang.

0.717 | -123.4° 0.049 43.9°

12.733 105.2° 0.303 -138.8°

Is the transistor unconditionally stable at 0.9 GHz? (0.5p)

Two methods:
use stability circles

use analytical stability conditions

|ICs|-Ry|=0.645>1 FALSE
S,,|=0.303<1

|Ic.|-R|=0.413>1 FALSE
S| =0.717<1




Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz
are as follows:

S11 S12 S21 S22
Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang.
0.717 | -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8°

Is the transistor unconditionally stable at 0.9 GHz? (0.5p)
Two methods:

use stability circles
use analytical stability conditions / Rollet

5,|=0.717 <1 S,)| =0.303<1
A= S11 ' S22 — S12 '821 ‘A‘ =0.517<1
_ 1_‘311‘2 _‘822‘2 * ‘A‘z

K
2"812 ’821‘

=0.530>1 FALSE




Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz
are as follows:

S11

S12

S21

S22

Mag.

Ang.

Mag.

Ang.

Mag.

Ang.

Mag.

Ang.

0.717

-123.4°

0.049

43.9°

12.733

105.2°

0.303

-138.8°

The system where the output of the transistor is directly
connected to a 5oQ load and it’s input is connected to a 55Q2
source by a 50Q line 0.20\ in length is stable or not? (1p)

Output connected to 50Q), output reflection coefficient
equal to S22,

S,,|=0.303<1
At the output we have stability condition



Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz are

as follows:
S11 S12 S21 S22
Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang.
0.717 | -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8°

The system where the output of the transistor is directly connected
to a 50Q load and it's input is connected to a 55Q) source by a 50Q2
line 0.20A in length is stable or not? (1p)

Input connection, at the source/line transition we have

mismatch 55/50Q), we have an reflection coefficient,
22, _550Q-50Q _ .

[ = -
° Z+Z, 55Q+50Q
After the 0.20A line, at the input of the transistor this reflection

coefficient becomes:

_ 2§l _
I,=I,-¢€ =1,-¢€

.27,
A



Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz are

as follows:
S11 S12 S21 S22
Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang.
0.717 | -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8°

The system where the output of the transistor is directly connected
to a 50Q load and it's input is connected to a 55Q) source by a 50Q2
line 0.20A in length is stable or not? (1p)

After the 0.20A line, at the input of the transistor this reflection
coefficient becomes:

.27
FS _ FO .e_gj.lm _ FO .e—21.7.|
.27
[ =T,-e * =0.048[cos—4z-0.20)+ j-sin(—4z-0.20)]

[, =—0.039 — j-0.028



Problem 5a

ta. The scattering parameters of a transistor at 0.9 GHz are

as follows:
Siy S1 Sa1 S22
Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang.
0.717 | -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8°

Se obtine un sistem stabil daca la iesire se conecteaza tranzistorul la
5oQ), iar la intrare sursa cu impedanta de 55Q este conectata printr-
o linie de 50Q) de lungime 0.20A7 (1p)

Distance between this point (I',) and the center of the stability circle

T, —C,|=3.182> R, = 2.525

so the ', point is outside the stability circle
the center of the Smith Chart is a stable point (S11) and is outside
the stability circle

Cs|=3.170> R, =2.525

So the point ', corresponds to a stable point



Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz are

as follows:
S11 S12 S21 S22
Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang.
0.717 | -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8°

How does the stability of the system change if, following a fault, the
source becomes:

open-circuit? (0.5p)
short-circuit? (0.5p)

With source open-circuited or short-circuited the transistor is
connected by a 50Q line to an open-circuit or short-circuit, so the
impedance seen at the input of the transistor is

open-circuit Z,=—j-Z,-cotf-1=—j-50Q-cot(27-0.20)
Z,=j-Z,-tan -1 = j-50Q-tan(27-0.20)

short-circuit



Problem 5a

5a. The scattering parameters of a transistor at 0.9 GHz are

as follows:
S11 S12 S21 S22
Mag. Ang. Mag. Ang. Mag. Ang. Mag. Ang.
0.717 | -123.4° 0.049 43.9° 12.733 105.2° 0.303 -138.8°

How does the stability of the system change if, following a fault, the
source becomes:

open-circuit? (o.5p)
short-circuit? (o.5p)
Similar with previous situation we compute the reflection coefficient
and it's positioning relative to the stability circle
I, = Ly —Z,
L+ 2,
open-circuil, = 0.809 + j-0.588 |y —Cs|=3.094> R, =2.525

short-circuit 'y = —0.809 — J -0.588 ‘FS _CS‘ =3.539 > RS =2.525




Problem 5a (classroom)

The scattering parameters of a transistor at 0.9 GHz are

as follows:

Sll

St

So1

S22

Mag.

Ang.

Mag.

Ang.

Mag.

Ang.

Mag.

Ang.

0.732

-115.8°

0.046

45.4°

13.834

109.6°

0.302

-132.4°

Determinati cercurile de stabilitate la intrare si iesire. (1.5p)
Tranzistorul este neconditionat stabil la frecventa de 0.8
GHz? (0.5p)

Se obtine un sistem stabil daca la iesire se conecteaza

tranzistorul la 50Q), iar la intrare sursa cu impedanta de 64Q
este conectata printr-o linie de 50Q de lungime 0.10A7 (1p)

Cum se modifica stabilitatea sistemului daca Tn urma unei
defectiuni sursa devine:

gol? (0.5p)
scurtcircuit? (o.5p)






Contact

Laboratorul de microunde si optoelectronica
http://rf-opto.etti.tuiasi.ro
rdamian@etti.tuiasi.ro



