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Examen: Reprezentare logaritmica

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 -10dBm =100 pW
-20dB = 0.01 -30 dBm =1 uW
-30dB = 0.001 -60 dBm =1 nW

[dBm] + [dB] = [dBm]

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

[x] + [dB] = [X]




Examen: Reprezentare logaritmica

PO —_ 1mW
P[dBm] = 10 - log (Pi)
P[dBm]

P=P,-10 10
Cu unitati de masura
P[dBm] P[dBm]

PlImW] = 1[mW]-10 10 =10 1o

P[dBm] P[dBm]

P[uW] = 1000[uW] - 10" 10 = 103-10 10

30+P[dBm]

P[uW] =10 10




Examen: Reprezentare logaritmica

Relatii empirice

A = 2 v

uneori cu corespondenta fizica E, = hv; A = Z—;
Puteri

ImW = 103uW; 1uyW = 1073mW
Empiric

PluW] = 103 - P[mW]"
Ex: P =1.2mW =1200uW



Operatii cu numere complexe!
Z=a+j-b;]P=-1



Adaptarea de impedanta

Diagrama Smith




Cuprins

Linii de transmisie
Adaptarea de impedanta
Cuploare directionale
Divizoare de putere
Amplificatoare de microunde
Filtre de microunde
Oscilatoare de microunde ?
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Diagrama Smith
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Diagrama Smith

+1 M Im[
e M=1
"
1 O=arg +1

Re [




Diagrama Smith, rezistenta

Im [
+ .
1 T r_mic

=1

r_ mare

>
\ Re [




Diagrama Smith, coeficient de
reflexie, reactanta in serie

0° Z, =R, +j-X; =10Q+ j-10
zp=r+j-x;, =02+ ;-0.2

T, =0.678.£156.5°

L, =2+ ] X :RLJFJ"(XL‘FXL

Zin :’”L+j'(xL+x1)
jx=j-w-L/Z,>0




Diagrama Smith, reactanta

+1 X, >0




Diagrama Smith, coeficient de
reflexie, rezistenta in serie

0° Z, =R, +j-X; =10Q+ j-10

zp=r+j-x;, =02+ ;-0.2
I, =0.678£156.5°

L, =2, +R :(RL +Rl)+j'XL

Zp =ZpTH :(’"L+’”1)+]"xL

r,=r +R/Z,



Diagrama Smith, coeficient de
reflexie, linie de transmisie in serie

Tl =T

0° Z, =R, +j-X; =10Q+ j-10
z, =1, +j-x;, =02+7-0.2

I, =0.678.£156.5°
Zin — ZO )

1+T, -e 2P
1-T, -e 27

L, =1} e

arg(T;, )= arg(l,)-2- 8



Diagrama Smith, conductanta

Im I
+1 1 g, mic

gL=1

g, mare

Re [




Diagrama Smith, coeficient de

reflexie, susceptanta in paralel

OO

—> —

gin :gL

Z, =50Q,Y, =0.02S
I, =0.678.£23.5°

Y, =G, + j-B, =0.004S + j-0.004
yi=g, +jb,=02-j-02
Y, =Y +j B =G, +; (B, +B)
Vin =81+ (b, +b))



Diagrama Smith, susceptanta




Diagrama Smith, coeficient de
reflexie, conductanta in paralel

Z, =50Q,Y, = 0.02S
0° [, =0.678./23.5°
Y, =G, +j-B, =0.004S + j-0.004
V=g + /b, =02-j02
Y, =Y, +G :(GL +G1)+j'BL
Vin=(gL+&)+J-b,

bin :bL g =810 %




Diagrama Smith

+1 M Im[
e M=1
"
1 O=arg +1

Re [




Adaptarea de impedanta
Adaptarea cu elemente

concentrate (Retele in L)




Diagrama Smith, adaptare

o o AdaptareZ laZ,. Se
180 O raporteazaZ laZ,
Z, =21.429Q + j-82.479Q2
z; =0.429+ j-1.65
T, =0.8.£60°
Trebuie sa deplasez coeficientul de
reflexie in zona in care pentru
22° 1O generatorcuZ,am:
> 315 [, =0 adaptare perfecta @

270o ‘Fo‘ <TI’, adaptare "suficienta"



Adaptare de impedanta

IM=1 90 = =
. I, =0.8/60° 21T o
135 45° ° Z,
()
180° 0°
Cum?
o (o)
225 315 I, =0 adaptare perfecta O

270o ‘Fo‘ <TI’, adaptare "suficienta"



Adaptare, reactanta in serie

Ziy :”L+j'(xL+x1)

rin:rL

Adaptarea se poate realizz
numaidacar =1

se realizeaza compensare:
partii reactive a sarcinii

Jr X ==X




Adaptare, susceptanta in paralel

o
O J/insz+j'(bL+b1)

gin :gL

Adaptarea se poate realizz
numaidacag =1

se realizeaza compensare:
partii reactive a sarcinii

Jby==j-b,




Diagrama Smith, r=1 s1 g=1

Im [
+1 4

g =1 =1

Re [
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Realizare elemente concentrate

Air

bridge

Lossy film

[ [ ];//I/ @ | @ |

Planar resistor Chip resistor Loop inductor Spiral inductor

Dielectric .‘

“EE

Interdigital Metal-insulator- Chip capacitor
gap capacitor metal capacitor




Adaptarea cu sectiuni de linii (stub)

Adaptarea de impedanta




Diagrama Smith, r=1 s1 g=1

Re [




Single stub tuning

Shunt Stub (sectiune de linie in paralel)

- d

()Y

Open or
horted |
shorted

stub



Single stub tuning

Series Stub (sectiune de linie in serie)
tehnologic mai dificil de realizat Ia liniile
monofilare (microstrip)

- d >
Zy — Zi
Om O O
A
b
/ N
; | \
Z=—
f [ y ' \
\ I
/
0—_»———-0Y \\ /
Open or S -

shorted
stub



Solutii analitice

Examen [/ Proiect




Caz 1, Shunt Stub

Shunt Stub (sectiune de linie in paralel)

- d

()Y

Open or
horted |
shorted

stub
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Calcul analitic (calcul efectiv)

cos(p+20) =Ty 0 =p-1=tan

[, =0.593./46.85°
Ty|=0.593; ¢=46.85° cos(p+20)=-0.593= (p+26)=+126.35°

Semnul (+/-) solutiei alese la ecuatia liniel serie impune
semnul solutiei utilizate la ecuatia stub-ului paralel

solutia “cu +" ~ on|
(46.85°+20)=+126.35° 6=+39.7°  Imyg= S = 1472
6, =tan” (ImyS) ~55.8°(+180°) —> 6, =124.2° Vi=If
solutia “cu -’
(46.85°+20)=-126.35° 6 =-86.6°(+180°)—> O =93.4°

= +2-|[]

Imy, = = +1.472 6, = tan'(Im y;)=55.8°

\/1_‘FS‘



Calcul analitic (calcul efectiv)

>
(p+20) +126.35° p (39.7° [y, (0)] —1.472 p —55.8°+180°=124.2°
= =X m = =
i 126352 |934° O +1472 7 |+55.8°
>

Se alege una din cele doua solutii posibile

Semnul (+/-) solutiei alese la prima ecuatie impune
semnul solutiei utilizate |la a doua ecuatie

39.7°

| = 2=0.110-4
360°

L =122 034502
360°

TL1

E=40

7=50.0 Ohm
E=124
F=2 GHz

Ref

TL2 F=2 GHz

Z=50 Ohm R 600

E

NZ—l

-7

[, =

[, =

93.4°

360°
55.8°

360°

‘A4 =0.259-4

A =0.155-4

—

C 0.995 pf @

m
um=
=50

]

Ref

TL4
Z= 500£h
E=56

F=2 GHz

L 1
=

T ‘ -
TL3 R2

2 GHz

7=50 Ohm R=600 C=0.995 pF
E=93.5



Caz 2, Series Stub

Series Stub (sectiune de linie in serie)
tehnologic mai dificil de realizat Ia liniile
monofilare (microstrip)

- d >
Zy — Zi
Om O O
A
—y
/ N
; | \
/= —
\ [ y ' \
\ |
Y \ /

 SEEEE /
.A Open or SN -

shorted
stub



Adaptare, linie serie + reactanta In




Calcul analitic (calcul efectiv)

F2-|0]

cos(p+26)=|Ty 0, =p-1=cot” \/—2
1—‘1“5‘

Ty =0.555£-29.92°
Ty|=0.555 @=-29.92° cos(p+260)=0.555= (p+20)=+56.28°

Semnul (+/-) solutiei alese la ecuatia liniel serie impune
semnul solutiei utilizate la ecuatia stub-ului serie

solutia “cu +"¢, N +2:|0]

(-29.92°+26)=+56.28° O =43.1° Imz, = 2
6. =—cot ' (Imz,)=-36.8°(+180°) > 4, =143.2° m

SS

=+1.335

solutia “cu -” ‘1'
(-29.92°+26)="56.28° 6 =-13.2°(+180°) > 0 =166.8°
A _2"FS‘ _

Imz, = =-1.335 6. =—cot'(Imz,)=36.8°
N




Calcul analitic (calcul efectiv)

>
+56.28° 43.1° +1.335 —36.8°+180°=143.2°
{ Im[sz)]:{ 0 {

29 - 92 —
(p+20) {—56.280 166.8°

Se alege una din cele doua solutii posibile
Semnul (+/-) solutiei alese la prima ecuatie impune
semnul solutiei utilizate la a doua ecuatie

-1.335 7 |+36.8°
>

43.1° o
h=— 5 4=0120-4 p = 1068 o 04632
13463020 - oo
L =——54=0398-1 L =308 01024
360 2 360°
% LzlrnT=31 h |j ;EZOOhm Eimoohotz_s_eﬂnH % L??:zz ) |j ?;gOOhm E;::;’% tl_6_37nH
+ s e | + e e |

F=2 GHz F=2 GHz



Stub, observatii

adunarea si scadere de 180° (A/2) nu schimba

rezultatul (rotatie completa in jurul diagramei

E=p-1=7=180° z:k%,VkeN

pentru linii de “lungime” [ “lungime electrica”
negative se adauga A/2 [ 180° pentru a avea
valoare pozitiva (realizabila fizic)

0 adaugare sau scadere de 90° (A/4)
transforma impedanta stub-ului:
Lno=JZytanf-l < Z,  =—j-Z,-cotf-l

pentru stub se poate adauga/scadea 90° (A/4)
simultan cu schimbare gol < scurtcircuit



Continuare




Amplificatoare de microunde



Amplificatoare pentru microunde

10°

—
[
L

104 Microwave tubes predominate

103

102

Continuous power (W)

—
o

Solid state sources
| predominate

107! | | .
0.1 1.0 10 100 1 000

Frequency (GHz)




Icatoare echilibrate

0°, -9 dB
3 an 40 dB
. -3 -3 dB
0%, -6 dB 0°, +31 dB
AW
. >< 90°, +31 dB ><
LYWW 90°, -9 dB
40 dB
0°, -3 dB _3a8 80°, +34 dB —3dB
A
>< 180°, +34 dB ><
_—
LW 90°, -9 dB
40 dB
90°, -6 0B _3a8 90°, +31 dB —3d8
WA
" >< 180°, +31 dB ><
LW | 180°, -9 dB
40 dB
Signal in -3 dB 180°, +37 dB —3dB
(s \l“.l’\"'vl
>< 270°, +37 dB ><
DWW 90°, -9 dB -
40 dB 270°, +40 dB
90°,-6 dB —3d8 90°, +31 dB _3d8
W
>< 180°, +31 dB ><
—ENW | 180°, -9 dB
40 dB
80°, -3 dB 348 1809, +34 0B —3dB
AN
>< 270°, +34 0B ><
DWW 180°, -9 B
40 dB
180°, -6 dB L 180°, +31 dB “3dB
"v"‘u‘\f\r:‘_
>< 270°, +31 dB ><
=il | 270" 308
40 dB



Circuite integrate pentru microunde

Wilkinson Chip
Hybrid divider resistor

Y

\ / R
Ground Chip FET Ceramic Choke

plane capacitor chip substrate  inductor




Cuadripol Amplificator (diport)

o — - O
1/ I B 1/

1.' -1—1;] —- +L - ZJ{_
_ ‘“’l"—IHHI (Zy) I““""‘f_ _

Caracterizare cu parametri S
Normalizati la Zo (implicit 5oQ)
Cataloage: parametri S pentru anumite
polarizari
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Cataloage

/ NE46100 / NE46134

NPN MEDIUM POWER MICROWAVE TRANSISTOR

NE46134
FEATURES TYPICAL OUTPUT POWER

vs. INPUT POWER
f=1.0GHz, Ic =100 mA

+ HIGH DYNAMIC RANGE
+ LOW IM DISTORTION: -40 dBc 300
+ HIGH OUTPUT POWER :27.5dBmat TYP 280
+ LOW NOISE: 1.5 dB TYP at 500 MHz 5
+ LOW COST

(dBm)
]
s
o 3
2\ <

DESCRIPTION

The NE461 series of NPN silicon epitaxial bipolar transis- L.
tors is designed for medium power applications requiring high 140
dynamic range. This device exhibits an outstanding combina-

Output Power, P
®
o
N\
\%

: : : SFe : 120
tion of high gain and low intermodulation distortion, as well as =
low noise figure. The NE461 series offers excellent perfor- 5 10 15 = @
mance and reliability at low cost through titanium, Input Power, PiN (dBm)
platinum, gold metallization system and direct nitride passiva-
tion of the surface of the chip. Devices are available in a low
cost surface mount package (SOT-89) as well as in chip form
ELECTRICAL CHARACTERISTICS (ta=251)
PART NUMBER NE46100 NE46134
EIAJT REGISTERED NUMBER 25C4536
PACKAGE OUTLINE 00 (CHIP) 34
SYMBOLS PARAMETERS AND CONDITIONS UNITS | MIN | TYP | MAX | MIN | TYP | MAX
T Gain Bandwidth Product at Vce =10 V, Ic = 100 mA GHz 55 55
NFMIN Minimum Noise F‘guref* at Vce =10V, Ic =50 mA, 500 MHz dB 15 1.5
Vce=10V, Ic =50 mA, 1 GHz dB 2.0 20
GL Linear Gain, Vce=125V, lc = 100 mA, 2.0 GHz dB 9.0
Vce =125V, Ic =100 mA, 1.0 GHz dB 8.0
182122 Insertion Power Gain at 10 V, 50 mA, f=1.0 GHz dB 10.0] 55| 7.0
hre DC Current Gain? at Vce =10 V, Ic = 50 mA 40 200| 40 200
Iceo Collector Cutoff Current at V 20V, lE=0mA BA 50 50
leso Emitter Cutoff Currentat Ves =2V, lc =0 mA BA 5.0 5.
P1iaB Output Power at 1 dB Compression, Vce =125V, Ic =100 mA, 2.0 GHz dsm 27.0
Vce=125V, Ic=100 mA, 1.0 GHz dBm 275
IM3 Intermodulation Distortion. 10 V. 100 mA. F1 = 1.0 GHz. F2 = 0.99 GHz.




Cataloage

VCE=5V,Ic =50 mA

S11 S21 S12 S22 K MAG2
(MHz) MAG ANG MAG ANG MAG ANG MAG ANG (dB)
100 0.778 -137 26.776 114 0.028 30 0.555 -102 0.16 29.8
200 0.815 -159 14.407 100 0.035 29 0.434 -135 0.36 26.2
500 0.826 177 5.855 84 0.040 38 0400 -162 0.75 21.7
800 0.827 176 3.682 76 0.052 43 0.402 -169 0.91 18.5
1000 0.826 173 2.963 71 0.058 47 0405 -172 1.02 16.3
1200 0.825 170 2.441 66 0.064 47 0412 -174 1.08 14.0
1400 0.820 167 2.111 61 0.069 47 0413 -176 10T 124
1600 0.828 165 1.863 57 0.078 54 0426 -177 115 114
1800 0.827 162 1.671 93 0.087 50 0432 -178 1.14 10.6
2000 0.828 159 1.484 49 0.093 50 0.431 -180 117 9.5
2500 0.822 153 1.218 39 0.11 48 0.462 177 1.18 7.8
3000 0.818 148 1.010 30 0.135 46 0.490 174 1.16 6.3
3500 0.824 142 0.876 21 0.147 44 0.507 170 1.16 53
4000 0.812 137 0.762 13 0.168 38 0.535 167 1.14 4.3
100 0.778 -144 27.669 111 0.027 35 0.523 -114 0.27 30.2
200 0.820 -164 14.559 97 0.029 29 0.445 -144 042 27.0
500 0.832 -179 5.885 84 0.035 38 0435 -166 0.81 22.2
800 0.833 175 3.691 76 0.048 45 0435 -173 0.95 18.8
1000 0.831 172 2.980 71 0.056 51 0437 -176 1.05 16.0
1200 0.836 169 2.464 67 0.061 52 0432 -178 1.11 14.0
1400 0.829 166 2.121 61 0.072 53 0.447 -180 1.12 12.6

1600 0.831 164 1.867 58 0.080 54 0445 179 1.14 11.4



Cataloage

NE46100, NE46134

TYPICAL COMMON EMITTER SCATTERING PARAMETERS? (14 = 25:c)

Coordinates in Ohms
Frequency in GHz
Vce=5V.,Ilc=50 mA



S2P - Touchstone

Fisiere format Touchstone (*.s2p)

I SIEMENS Small Signal Semiconductors

IVDS=3.5V ID=15mA

#GHz S MA R 50

I f S11 521 S12 S22

IGHz MAG ANG MAG ANG MAG ANG MAG ANG
1.000 0.9800 -18.0 2.230 157.0 0.0240 74.0 0.6900 -15.0
2.000 0.9500 -39.0 2.220 136.0 0.0450 57.0 0.6600 -30.0
3.000 0.8900 -64.0 2.210 110.0 0.0680 40.0 0.6100 -45.0
4.000 0.8200 -89.0 2.230 86.0 0.0850 23.0 0.5600 -62.0

5.000 0.7400 -115.0 2.190 61.0 0.0990 7.0 0.4900 -80.0

6.000 0.6500 -142.0 2.110 36.0 0.1070 -10.0 0.4100 -98.0
|

I f Fmin Gammaopt rn/50

IGHz dB MAG ANG -

2.000 1.00 0.72 27 0.84

4.000 1.40 0.64 61 0.58




Diport amplificator

Z
—— 0
v i FUUI_, [S] <_fU'U1 oy ,
o=z (|
]_x ]_jn E:nut rf’_
v _Zi=Zy o _Zs=Zy |V |_|Sn S| |\
L ZL +ZO S ZS +ZO Vz_ S21 S22 V2+
I V2+ Vl_:Sll'V1++Slz'V2+:Sn'V1++S12’FL'V2_
L —
£ Vy =S5, V" +8y V) =8, - " +8,, - T, - Vs



Diport amplificator

+ O

T L+ L+

]_x ]_jn E:nut rf’_
Vi =Sy +S, Wy =8,V +8,-T,-Vy
Vy =85 V" +8y Vs =8, " +8y, - T, - Vs

O |

similar




Diport amplificator

—
+ é
ol =~ 40
Y
< <
— 1 =+
e
— —
| +
+
O 40
Y
Yy
N
2

I I Enut FJ’_
Fin — Vl; =S, + S12 'S21 1_,L
/) [=5p -1}
. Sih 8, - T
Fout _%:S22 T e
V2 1_Sll 1—‘S




Puteri / Adaptare

Doua porturi in care adaptarea influenteaza
transferul de putere

o — — o
= =TI
V. ("u) — Vi ¢ - Z;

Ex Ejn 1Lmt 1 L




1
2-Z,

2 2

> = ‘VS‘ ] ‘I_FS‘ . (1_‘1’* ‘2)
8.ZO ‘I_FS.Fin‘

Vy =8y - +8y -V =8y - +8y, T -Vy € :1—S22 r

S S O i L7 ML
22y [1-8y,-T,[ Y87y I-S, T, I-TyeT,

_|_
1

( -I%; \) PL:.;“Vz\z‘(l—\FL\z)

(3 B=5—

P =




Puteri

Putegi 2
S Lt
o |I-Tg T,

P, = A .‘521‘2'(1_‘FL2‘2). 1-[ >

8:-Zy |1-8, T, [-Tx-T,
Puterea disponibila de la sursa
poo-t, 6L T
TS )
Puterea disponibila la sarcina
I Y

P, =Pl _.
av L LFL:Fou

t

8-Z0 1=, Ty (- 0uf’)



Puteri / Adaptare

Doua porturi in care adaptarea influenteaza
transferul de putere

o — — o
= =TI
V. ("u) — Vi ¢ - Z;

Ex Ejn 1Lmt 1 L




Castig de putere

Castigul de putere

P =P ([..T.(T,).S
PL _ ‘S21‘2°(1_‘FL‘2) n zn( S m( L)? )
Pm (1_‘Fin‘2)"1_S22'FL‘2 PL:PL(FSaFin(FL),S)

Castigul introdus efectiv de amplificator este
mai putin important deoarece un castig mai
mare poate fi insotit de o scadere a puterii de
intrare (absorbita efectiv de la sursa)

Se prefera caracterizarea efectului
amplificatorului prin analiza puterii efectiv
obtinuta pe sarcina in raport cu puterea
disponibila de la sursa (constanta)

G =




Castig de putere

Castigul de putere disponibil

GA:PavL _ ‘521‘2’(1_‘FS‘2)

Favs ‘I_Szz 'FL‘z '(1_‘F0ut‘2)

Castigul de putere de transfer (transducer
power gain)
@ L - Sl i) =1, ()
Fus |I-Tg-T,| -1-S,, T
Castigul de putere de transfer unilateral
o o[
1-8,, Ts[" 1-Sy T,[°

Permite tratarea separata
/ \ a intrarii si iesirii

Gy = ‘521‘2 : 51, =0 Lin =511




Cuadripol Amplificator

Vi<AIM 2

< <
ra | ra +

O |

+ O

L;j

LR

marimi care intereseaza:
stabilitate
castig de putere
zgomot (uneori — semnal mic)
liniaritate (uneori — semnal mare)

EH][




Amplificatoare de microunde

Stabilitate




Cuadripol Amplificator

Vi<AIM 2

< <
ra | ra +

O |

+ O

L;j

LR

marimi care intereseaza:
stabilitate
castig de putere
zgomot (uneori — semnal mic)
liniaritate (uneori — semnal mare)

EH][




Stabilitate

2 2
C7 TI=I+jT r = =1, -1
2 2
(I-T.) +T;
Z,, L, =1 +Jj-1;
instabilitate
Re{Z }<0 < 1-T?-T7<0 T, >1

stabilitate, Z,,
conditii ce trebuie indeplinite de I', pentru a
obtine stabilitatea (la intrare)
|Fin| <l S1p 9y I
similarZ_, =551,
conditii ce trebuie indeplinite de ¢ pentru a
obtine stabilitatea (la iesire)

Si+ <1




Stabilitate

T, <1
Obtinem conditiile ce trebuie indeplinite de

[ pentru a obtine stabilitatea

515 -9, Ty
1-8,,-T

<1

|F0ut| <l Sy, +

Obtinem conditiile ce trebuie indeplinite de
[ pentru a obtine stabilitatea



Stabilitate

S1p -5, -1}
1-8,, -1,

<1

|Fin|<1 S+

Limita de stabilitate/instabilitate

NTRTR Y
1-8,,-1;
|Sn'(1_522'FL)+S12'Szl'FL|:|1_Szz'rL|

51— AT :|1_522'FL|

T, =1

S —AT,[ =[-8, -T,[



Stabilitate

S, AT, [ =[-8y, -T,|
a-a =‘a‘-ej9 -‘a‘-e‘j‘g =‘a‘2

2

‘a+b‘2 =(a+b)-(a+b)* =(a+b)-(a* +b*)=‘a‘ + b‘z +a -b+a-b

2

Sl 1A, P (AT, -85+ AT 8y, )= 1S, = (85, T + 85, T )

(‘522‘2 _‘A‘z)'FL 'FZ _(Szz _A°S1*1)°FL _(S;kz -A -Su)T}f :‘Sn‘z -1

% * % * % 2
I"L.FZ_(S22_A'S11)°FL+(S22_A °S11)'FL _ ‘Sll‘z_l N ‘Szz_A‘Sn
2 2 2 2
‘Szz‘ _A‘ ‘Szz‘ _‘A‘ (‘522‘2_‘A‘2)2
%\ 2 2 x |2
(S22_A'Sn) ‘Sn -1 ‘Szz_A'Sn

.
Sl laP

= +
‘Szz‘z —‘A‘z (‘Szz‘z —‘A‘z)z



Plan complex — geometrie analitica

solutii

(x —x0)° + (y — yo)* = R?
a=x+j-y

C=xo+] Yo
D(a,C)=|la—C|=R

a=x1+j%
b=x,+jy,
D(a,b) =|a—b| =|b—al

D =+ — %)%+ (v — y1)?




Stabilitate

« Y Im [
FL—(S”_A'S“) _ | 5125y M (—x)f+(r—p ) =R’
2 2 2 2
S| =[] S| =[] / \ ‘F—FO‘:R
T—I,|=R Yol--
-1 ’ +1
' >
X Rel




Cerc de stabilitate la iesire (CSOUT)

(Szz _A'Sl*l)*
S| A

Slz ‘Szl
2 2
S| —|A

- ‘FL_CL‘:RL

=

Ecuatia unui cerc, care reprezinta locul
geometric al punctelor [, pentru limita de
stabilitate

Cercul se numeste cerc de stabilitate la

lesire (')




Cerc de stabilitate la intrare (CSIN)

Similar
‘Fout‘zl
Ecuatia unui cerc, care reprezinta locul
geometric al punctelor I'c pentru limita de
stabilitate

Cercul se numeste cerc de stabilitate la

Intrare (I";)

(su-aesy) L 18008y
S ‘Sll‘z —‘A‘z ‘Sll‘z —‘A‘z

C




Cerc de stabilitate la iesire (CSOUT)

Cercul de stabilitate la iesire reprezinta locul
geometric al punctelor [, pentru limita de
stabilitate (|I";|=1)

Cercul imparte planul complex in doua
suprafete, interiorul si exteriorul cercului
Cele doua suprafete vor reprezenta zonele I',
de stabilitate (|[",,|<1) / instabilitate (|I";,[>1)



Cerc de stabilitate la iesire (CSOUT)

Doua cazuri: (a) exterior stabil / (b) interior stabil



Cerc de stabilitate la iesire (CSOUT)

ldentificarea zonelor de stabilitate /
instabilitate

Centrul diagramei Smith: in coordonate polare
corespunde lui ' =0

Coeficientul de reflexie la intrare
S12 'S21 'FL

I. =8, + I
in 11 1—S22 'FL ln|rL:

o =S T

in|rL:

0 :|Sn|

Decizia se poate lua in functie de valoarea pe care
o0 are |S11| si de pozitia centrului diagramei Smith
fata de cercul de stabilitate



ldentificarea zonelor

Cerc de stabilitate la iesire

|S11| < 1 = centrul diagramei pe care se reprezinta ',
este punct stabil, se gaseste in zona stabila (cel mai des)

|S11| > 1 = centrul diagramei pe care se reprezinta I',
este punct instabil, se gaseste in zona instabila
Cerc de stabilitate la intrare

|S22| <1 = centrul diagramei pe care se reprezinta I'.
este punct stabil, se gaseste in zona stabila (cel mai des)

|S22| > 1 = centrul diagramei pe care se reprezinta ¢
este punct instabil, se gaseste in zona instabila



Exemplu

ATF-34143 laVds=3V Id=20mA.
@ 5 G H Z :QLIZiiT\jIliTERS at Vds=3V Id=20mA. LAST UPDATED 01-29-99

#ghzsmar50

511 - O- 6441390 2.0 0.75 -126 6.306 90 0.088 23 0.26 -120

2.5 0.72 -145 5.438 75 0.095 15 0.25 -140
(o) 3.0 0.69 -162 4.762 62 0.102 7 0.23 -156
0.1194-21 4.0 065 166 3.806 38 0111 -8 022 174
é 5.0 0.64 139 3.165 16 0.119 -21 0.22 146
6.0 0.65 114 2.706 -5 0.125 -35 0.23 118
S 21 -_ 3 . 165 4160 7.0 0.66 89 2.326 -27 0.129 -49 0.25 91
8.0 0.69 67 2.017 -47 0.133 -62 0.29 67
9.0 0.72 48 1.758 -66 0.135 -75 0.34 46

522 =0.22 £146° FREQ Fopt GAMMAOPT  RN/Zo

IGHZ dB MAG ANG -

S12

2.0 0.19 0.71 66 0.09
2.5 0.23 0.65 83 0.07

Sll — 0,6441390 3.0 0.29 0.59 102 0.06

4.0 0.42 0.51 138 0.03

. . 5.0 0.54 0.45 174 0.03
Sll = 064 . COSI39O + ] 064 . sm139° 6.0 0.67 0.42 -151 0.05
7.0 0.79 0.42 -118 0.10

8.0 0.92 0.45 -88 0.18

9.0 1.04 0.51 -63 0.30
10.0 1,16 0.61 -43 0.46




Exemplu

ATF-34143




Calcul + identificare zone

Parametri S .
S, —A-S .

S11 = -0.483+0.42] C,= ( ;2 5 Allz) =3.931-0.897-

512 = 0.111-0.043"] Sl —|A

521 =13.042+0.872;j |CL| =4.032

522 =-0.182+0.123;] S}, S,

= = 4.891

|S11|=0.64<1 L 5,2~ |AP
IC,| <R, 0eCSOUT

Centrul diagramei Smith este in interiorul cercului
de stabilitate (0e CSOUT) si apartine zonei stabile

interior cerc — stabil
exterior cerc — instabil



Calcul + identificare zone

ParamEtr|S | CS:(S11_2A°S;§) =—1871—1265]
511 =-0.483+0.42"] |S11| _|A|
512 =0.111-0.043] Cy|=2.259
521 =13.042+0.872;j |S q |
S22 =-0.182+0.123 ] R =22
|S22|=0.22<1 N
|Cs| >R 02CSIN
Centrul diagramei Smith este in exteriorul
cercului de stabilitate (og CSIN) si apartine zonei

stabile
exterior cerc — stabil
interior cerc — instabil

1.325







Reprezentare 3D I |, [

outl

Variatii foarte mari ->logaritmic

l—‘in(l—‘L) l—‘()ut(l—‘S)

180 ) e e . S | . | . :
120
100
g0
0
a0
20




Reprezentare 3D I |, [

IOg1o|rinll |OgloerUt|

log(T,_(T",))

RN

outl

log(I'__(I')))




Reprezentare 3D I, |, [T, [T]=2

Il =2 -2 log,,|l| =0, intersectia = cerc

log(T", (I'))) log(T'_(T'))

IR 15
.
05




Contour map/lines

contoured peak r.-'=|r]— —————————————— 4,000
(side view) -~ T,

|
|
|
|
|
|
|
[+
[
=]
=]
glevation above sea lavel

k feet
I 2150
I 2100
]
I Elevation/m .
I (v 3 !zilll)
I South China ~ V5 S 1000
X Guangxi, (‘ll'i"@‘w % 500
2° A .t 3, )
'! 5 . & 250
! : . 125
a 5 e 50
2001 410
’ S ngd/” .()
contour map
(top view) iy — L
© 2011 Encyelopadia Britannica, Inc. " . .;
S -250
l =500
16°4 -1000
-3000
-5000
14°

106° 108° 110° 112° 114° 116°E



Reprezentare 3D I, |, [ ..l
log, || = 0,
log || =0, [, CSOUT IFil =12
log(Fm(FL?) log(I'", (I';))

ImrT
[o]

I ! I ! _ I 1 I
-1 0 1 2 3 4 5 -1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1

Re 1"L Re I‘L



Reprezentare 3D I |, [

outl

ImrT

log, |l,,t| =0, s, CSIN

log(T,_(T')

|OgloerUt| = OI
IMouel =1

log(T"__(TY)

F q-0.5




CSIN, CSOUT

log(L", (')

Im rL

-0.5

I_

8% 71—1 —0‘8 -0‘6 -014 -0.2 0 0.2 04 1
Re]‘L

8 O log(roul(rs))

-1
1.5
1
05
0
0.5
1
15

|
|
i

02 04 06 08 1



Mai multe pozitionari posibile

cS CS
Neconditionat
Stabil

Instabil

Stabil

DS



Mai multe pozitionari posibile

Neconditionat




P02|t|onar| mail rare

. Stbl
Instabil
Stabil

A‘




Stabilitate

Stabilitatea neconditionata: circuitul este
neconditionat stabil daca | |<1 si |, [<2
pentru orice impedanta pasiva a sarcinii i
sursel

Stabilitatea conditionata: circuitul este
conditionat stabil daca |l |<1 si |, /<1 doar
pentru un anumit interval de valori pentru
impedanta pasiva a sarcinii si sursei



Stabilitate neconditionata

Stabilitatea neconditionata se obtine daca:

Cercul de stabilitate este disjunct cu diagrama Smith
(exterior) si zona stabila e exteriorul cercului

Cercul de stabilitate contine in intregime diagrama
Smith si zona stabila e interiorul cercului
O conditie obligatorie pentru obtinerea
stabilitatii neconditionate este |S11| < 1 (CSOUT)
sau [S22| < 1 (CSIN)
Matematic:
r|CL|_RL‘>1 r|CS|—RS‘>1

4 4
\Sn|<1 \S22|<1




Contact

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