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Dispozitive si circuite de microunde
pentru radiocomunicatil




Disciplina 2025/2026

2>C/1L (+1), DCMR (CDM)

Minim / prezente (curs+laborator)

Curs - conf. Radu Damian
Vineri 10-12/Video (istoric), C1, corp C
E — 50% din nota
probleme + (2p prez. curs) + (3 teste) + (bonus activitate)
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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]




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



Linii de transmisie in mod TEM



Cuprins

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



Lungime electrica

KVL, KCL

Comportarea
(descrierea) unui
circuit depinde de
lungimea sa
electricala
frecventele de
Interes

E=o = Kirchhoff
E>0 - propagare

Maxwell’s Equations

(c)

27 )
E=0l=— [=21-| —
P A (/Ij



Linie fara pierderi

MW V(z)=Vy e /77 +Vy el P

1(z)= ’; —Jﬂz_gej'ﬂ'z
0 0

|

|

|

|

| VO) Ve +V,
I / /, =
- A O G
|

|

|

|

'ZO

coeficient de

L : reflexie in tensiune
O: F_VO__ZL_ZO
VO+ Z, +7,

Z, real



Linie fara pierderi

Puterea medie e constanta in lungul liniei
(fara Pavg(Z))
poate fi masurata
Se utilizeaza puterea pentru a caracteriza
amplitudinea semnalului
un punct de vedere “energetic” (fizica)
energie mai mare = semnal “mai mare”



Linie fara pierderi

impedanta la intrarea liniei de impedanta
caracteristicaZ,, de lungime [, terminata cu

impedanta Z,
L




Analiza la nivel de retea a
circuitelor de microunde




Analiza la nivel de bloc

are ca scop separarea unui circuit complexin
blocuriindividuale

acestea se analizeaza separat (decuplate de
restul circuitului) si se caracterizeaza doar prin
intermediul porturilor (cutie neagra)

analiza la nivel de retea permite cuplarea
rezultatelor individuale si obtinerea unui rezultat
total pentru circuit

[Z] [ABCD] [S] [Z]




Matricea S (repartitie)

Scattering parameters

V, Vv, Vi _ St Si . V1+
«— — Vy | Sa Swl | V)
V V
e | F
2> Sii=—4 Sy ="
Vi V, =0 Vi v, =0

v, =0 are semnificatia: la portul 2 este
conectata impedanta care realizeaza
conditia de adaptare (complex conjugat)

L=0->V,=0



Matricea S (repartitie)

2 |:b1:|:|:S11 S12:|_|:a1:|
<« —> b, S Sn | a4

‘ g ‘2 _ Putere sarcina £,
2l Putere sursa £,
—
a,b
informatia despre putere Sl faza
S..

]
influenta circuitului asupra puterii semnalului
incluzand informatiile relativ la faza



Cuploare directionale si
divizoare de putere




Cuplor directional

Input Through
> \ > >

< >
Isolated @ @ Coupled
Input @ @ Through
€ 3
Isolated @ Coupled

dB

‘Slz‘z =’ =1-p
2 2
‘Sl.%‘ =p
Cuplaj
i
C= lOlog; =—20-log(S)[dB]
3
Directivitate
D= 1010g§ =20- log(ﬂJ [dB]
P 5.

Izolare

I= 1010g§ =-20-log|S,,| [dB]

4



Continuare




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 Smi

th

RADIALLY SCALEI
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Diagrama Smith
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Diagrama Smith

Z, +7Z, z;+I1

_ L, -2, _ Y, -V, _ -y,

_ZL+ZO _YO+YL _1+yL

—

—




Utilizare standard

linie de transmisie
100Q2 impedanta caracteristica
0.3A lungime
Z, = 40Q+j-70Q)

Zin=? r




Utilizare standard

z, #0.36—;-0.6=

linie de transmisie 0105

1000 AR
- A
0.3\ lungime «;g_\ ang
Z, = 40Q+}-700) il %S :?.;?%!:%
raportare la Z, = 100Q) = /717 it X5 ToN
P 0 /Q *‘ % L "‘@ $:%%§§§§&:“§E

s SN
RS

N A SN e
| ha s B

deplasare 0.3A pe o |Inles,3: %‘%

cu Z, =100Q) (cerc)
Plecand din z, (0.105A)
Pana la z;, (0.405A)

‘.,.%q, ,# I
Z. 7 A7
ZO 0.405 — o

&
15

[



Utilizare standard - calcul

linie de transmisie

100Q2 impedanta caracteristica

0.3A lungime
Z, = 40Q+j-70Q)
Zin=7 e

Z

Zin :ZO -ZL +JZO tanIBl
Zy+j-Z, -tan B-1
7 =1oog.(4O+J"70)+j-100-tan(27r//1-0.31)
in 100+ j-(40+ j-70)-tan(27/1-0.31)

Z =36.5340Q— j-61.11900



Diagrama Smith
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Diagrama Smith

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

Re [
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Plan complex — geometrie analitica

+1

2 nr complexe

Re




Plan complex — geometrie analitica

2 nr complexe

a=x1+j-y
b=x,+j-y,




Plan complex — geometrie analitica

distantade la a
la origine

T. Pitagora

D=\/x12+y12=|a| .




Plan complex — geometrie analitica

distantadelab
la origine

T. Pitagora

D=\/x22+y22=|b| .




Plan complex — geometrie analitica

distantadelaalab
T. Pitagora
D =+/(x; —x)2 + (y2 — ¥1)?
D=|a—b|=|b—al

-1

a—b(xl—x2)+j-(y1—y&
la — b| =\/(x1—x2)2+(y1—y2)2
b—a=(x;—x1)+j (2 —y1) -1

b —al = \/(xz —x1)%+ (y2 —y1)?



Plan complex — geometrie analitica

Ecuatie, X y necunoscute
(x = x0)* + (¥ — y0)* = R?

1 ecuatie, 2 necunoscute o infinitate de solutii



Plan complex — geometrie analitica

distantadelaalab
D =/(x, — %)%+ (v, — y1)?

D=|a—b|=|b—al
a=xy+j-y

b=x,+j-y,

(x —x0)* + (y = ¥0)* = R?




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)?




Plan complex — geometrie analitica

Ecuatie, X y necunoscute
(x = x0)* + (¥ — y0)* = R?

1 ecuatie, 2 necunoscute o infinitate de solutii
Locul geometric in plan al solutiilor este un
cerc de raza R in jurul punctului C(x_,y,)



Diagrama Smith

A ImTD
E r:ZL_ZOZZL_lz‘F‘.ejH
/|r|=1 Z,+7Z, z;+I1
Z Y, Z
r_____I z, =2L y =L =20
|r| I ZO K) ZL

Raportarea Z, = z, permite utilizarea aceleiasi

diagrame pentru oricare impedanta de
9=a|’9 B +1 referinta Z (face reprezentarea independenta
r > de valoarea aleasa pentruZ,)
r Re Col 4T
=L, TJ 1
1+T 1+‘F‘-ef‘9 .
zZ, = = =1, +Jj-X;

1-T  1-[r]-¢”
(1+T.)+j-I, 1-T’-17 . 2T,

vt jex, =

(L{)—jn_lkin%uf+f@—nf+nz




Diagrama Smith

+1 A ImT = l_rrz_riz
— L 2 2
1-T. ) +T,

|r|=1 ( r l

Fl---- / 2-T,

j X, = -

|r| : (l_rr) +Fi

|
O=afg I +1 Rearajate




Diagrama Smith
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Diagrama Smith

+1

> Cercuri in planul complex

(x=x0 ) +(y=3,)" = R




Diagrama Smith, rezistenta

2 2 _ p2 _
(x=x) +(y=yo) =R 1+,

Locul geometric al punctelor care pot fi ocupate de
impedantele cu rezistenta r, este un cerc:

Cu centrul pe axa reala (y,=0) 2 R
trece prin punctul x=1,y=0 oricare x_,r, (1—1 L j +O=( J
arerazaintreosii

tinzand spre o cand r_ este mare

tinzand spre 1 cand r_ este mic 2 2
L NI e G S IO
cand r_este 1 trece si prin origine T oo p

pentru orice r, pozitiv raza este <1




Diagrama Smith, rezistenta

Im [
+ .
1 T r_mic

=1

r_ mare

>
\ Re [




Diagrama Smith, reactanta

1 2 1 2 xozl
(Fr_l)z_l_(ri__] :[_] ) _ L
Xy X; Yo
1

(x—x P +(y=y,) =R’ R=—
%9

\
Locul geometric al punctelor care pot fi ocupate de
impedantele cu reactanta x; este un cerc:
Cu centrul pe o dreapta paralela cu axa imaginara (x,=1)

trece prin punctul x=1,y=o0 oricare x_,x, (1=1) J{ 1 jz _ (sz

are raza intre 0 si oo O_Z
tinzand spre o cand |x | este mare
tinzand spre oo cand |x | este mic

cand x, este o, la limita se transforma in axa reala
daca x_ > o cercul e deasupra axei reale, altfel e sub axa reala



Diagrama Smith, reactanta

+1 X, >0




Diagrama Smith, impedanta

A Im [

Zp =rp,+J-Xg

N ¢




Diagrama Smith, coeficient de

reflexie, coordonate polare

IlM=1 —
o I'=0.8£60°
135 4.5° r=r +;-T,
|r FZ‘F°(COSH+j-Sin(9)
0 | 0
' I —‘F‘ e
180° Ve .
0.2/ 0.4/ 0.6/ 0.8 1.0 0 F:‘F‘LHO
['=0.8£60°
I =0.8-cos60°=0.4
2250 3150 [ =0.8-51n60°=0.693

270°



Diagrama Smith, coeficient de

reflexie, coordonate rectanqgulare
Im [
A

+1
IM=1 riﬁmm:hr:ﬁloo F=T.+;-T,
' ‘}/‘ r=r
7Y
,Oo r=|0-e°
1 PRENT, S I=[rzee
| [,=08-cos60°=04] ¥ Ra[ T =08,60°

(cos@+ j-sinB)

I =0.8-cos60°=0.4
[ =0.8-sm60°=0.693
['=0.8£60°=0.4+ j-0.693




Diagrama Smith, coeficient de

reflexie, impedanta

o° .
M=1 22 I =[r]-¢’
[ =0.8.60°
i 0 I =0.8./60°
" 0 F_ZL—ZO_ZL—I
180° y 0° Z,+7Z, z;+1
0. 0.4/ 0.6/ 0.8 1.0
) 14T 1+0.8£60°
Y 1-T 1-0.8260°
z; =0.429+ j-1.65
14T 1+0.8.260°
225° 315° 41 =20 T =20 Tos 600

2700 Z, =21.429Q + j-82.479Q2



Echivalenta

coeficient de reflexie & Iimpedanta

X, =+1.65

['=0.8£60°=0.4+ ;-0.693

Z, -2y z;-1

Z, +Z, z;+I1

I+ 1+0.8£60°
1-I" 1-0.8£60°
z; =0.429+ j-1.65

r =0.429

180°

Zr

(oricare Z)

270°



Diagrama Smith, coeficient de

reflexie €2 Iimpedanta

IM=1
135°

Vi

z, =0.429+ j-1.65

(oricare Z,)

r .=0.429




Diagrama Smith, coeficient de

reflexie, adaptare

IM=1
135°

180°

900 — —

225°

I, =0.8£60° 2 L

Adaptare Z laZ,. Se
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
3150 generator cu Z_, am:
[, =0 adaptare perfecta @

OO

270o ‘Fo‘ <TI’, adaptare "suficienta"



Simulare

Similar Lab. 1

m2 m1 m3
freq—1 453GHz freq=2.301GHz freq —4 548GHz
mag(S )=0.100] |mag(S(1,1))=0.099 mag(S )=0.100
05 \\
0.4 \\
= 03
5 7 |
\g) 02 ] 1 \
S @é j
0.1 ) /
] /
] m4 /
o8 T I A T S freq=4.548GHz

S(1.1y=0.100/-53.045 -/
impedance = Z0 * (1. 113/10 180)

05 10 §5 20 25 30 35 40 4} 50 55
freq, GHz

e
-
\\\-— //

—

freq (500.0MHz to 5.500GHz)

T,|<T,



Simulare

05

04—;
O.S—f
O.Z—f
0.1 —:

mag(S(1,1))

Similar Lab. 1

m2

mag(S

freq—1 4536Hz

)=0.100

m1
freq=2.301GHz
mag(S(1,1))=0.099

m3
freq—4 548GHz

mag(S )=0.100

I I | I
20 25 3.0 3.5

freq, GHz

T,|<T,

I [ I
40 4. 5.0

5.5

S(1,1)

/

Nne

|

0=

freq (500.0MHz to 5.500GHz)



Diagrama Smith, coeficient de
reflexie

Z; =10Q2+ j-10Q2
z; =02+7-0.2
I, =T, =0.678£156.5




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




ADS, Diagrama Smith, reactanta In

serie

B = 2d s 2 . erm. . lerm. .
Tem1  C Tem2 (<< [|Tem5s [ < |Tem6
Num=1 G Num=2 Num=5 Num=6
1Z=500hm" C=TpF{tff =~ =~ || |z=10+0 ~ =~ ~ "~ |'] (Zz=500fm" -~ ~ =~~~ " '] [ Z=10+*10"
TR R e —+ Ak

—_ ]
. TuneParameters

Term

N ) . . . . . . + * ‘;‘»‘)"\

T+ Term

AN
ANNA

X
Simulate
_ SN

; 5 2 4 : ; : . While Slider Moves s

adaptare_LC_lib:X_S:schematic

ierm. : 3 : : i o ierm : : ; . : . Tune
_ Ter‘m3 _ _ 1:1 _ _ _ _ _ _ _ _ Te nﬂ4 _ _ _ _ A Parameters
Num=3

ANAA

- Num=4 . Include Opt Params
1 Z=500hm ' | Z=1 0+J 10 . 4 . ' Enable/Disable. .. C;:) o

(nH)
[C] pisplay Full Name Value 39.605 | 0 =0
[T] snap Slider to Step Max |50 ‘ |40

Traces and Values

Store... Recall... » [Zl

; : - : ; ; 3 3 ; A ; ; , Trace Visibility...
o ‘;;‘3}‘ S-PARAMETERS. I s s s om s e o D =

[¥]
Rt : ’ : : g : i : : : : : : : b : : : Close Unassociated Data Displays ) ) -
.;\_3—_ a C m . _ . . . _ . _ _ . » ' Min |0.5 |0.5
SP 1 Update Schematic Step "D. 1 1 0 1

Close Help Scale |Lin v Lin M




ADS, Diagrama Smith, reactanta In
serie

freq (1.000GHz to 1.000GHz)



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,



ADS, Diagrama Smith, rezistenta In

serie

e T T

\\\
ADS \\
m1
freq=1.000GHz \
S(3,3)=0.678 / 156.501

/ impedance =20 * (0.200 + j0.2Q0)
\
m1

freq (1.000GHz to 1.000GHz)



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



ADS, Diagrama Smith, linie de
transmisie in serie

. % Term |
1< | Term1
Num=1

o £ _ Term. . .
1< | Term2
Num=2

Z=10+*10

TLIN
TLA
Z=50 Ohm Z=50.0 Ohm
F=1 GHz
. X1 Term. . +
| < | Term3
Num=3

gfji}) | S-PARAMETERS

SP1

Z=50 Ohm

Q y- Yy
S_Param

Freq=1.0 GHz

. 1 _Term . .
1< | Termd
Num=4

Z=10+j"10



ADS, Diagrama Smith, linie de
transmisie Iin serie

m71 - [m1
' freq=1.000GHz

S(3,3)=0.678/-156.501
impedance =Z0*(0.200 + j0.200)

m?2

freq=1.000GHz

S(1,1)=0.678/ 176,501
impedance =70 * (0.192 +]0.029)

freq (1.000GHz to 1.000GHz)



ADS, Diagrama Smith, linie de
transmisie in serie, 9o°

m71 - [m1
' freq=1.000GHz

S(3,3)=0.678/-156.501
impedance =Z0*(0.200 + j0.200)

)y Q

m?2
freq=1.000GHz rntz

S(1,1)20.678/ -23:499
impedance =270 * (2500 -j2.500)

freq (1.000GHz to 1.000GHz)



ADS, Diagrama Smith, linie de
transmisie In serie, 180°

m2 - [m1
' freq=1.000GHz

S(3,3)=0.678/-156.501
impedance =Z0*(0.200 + j0.200)

)y Q

m?2

freq=1.000GHz

S(1,1)=0.678/ 156,501
impedance =70 * (0.200 +]0.200)

freq (1.000GHz to 1.000GHz)



ADS, Diagrama Smith, linie de

transmisie in serie, Z=250Q#Z0

ADS mi
freq=1.000GHz
S(3,3)=0.678 1 156.501
impedance =Z0 *(0:200 + j0.200) \
@ < o)

[0 .
& " m 2 5]
- ) S '

S(1,1)=0.419/ -99.926

m2
\ freq=1.000GHz
\mpedance = 70*(0.625 - j0.625)
T

e

\M.._,__,_._.-——-"'/

freq (1.000GHz to 1.000GHz)



Diagrama Smith, admitante

— =24y _z; jo
/|F|=1 1ﬂ_ZL+ZO zL+1 =I-e
Fil---- .
I'=1_+7;-1.
|r| : r .] l
|
|
O=apgl”  |** L[
Zy = — =T X
" Re T 1l
1|0 e’? L i
Y l—I—‘F‘ /0 rL+j-xL_gL e
o _(1=T)-jT,
_ b i
— L0 = (1+T. )+ j-T,




Diagrama Smith, admitante

2 2
w1 M0 -x) +-p) =R, 1= =L
(1+T. ) +T7

SN /|F|=1 p 2T,

(1+T.) +T7
Rearajate

2 2
| +1 1—* 4 gL +1—~2: 1
> : 1+g, l 1+g,

(T +1)° +(r,. +ij2 = [i\z

b, b, )
Cercuriin planul complex

(x=x Y+ (=0, =R




Diagrama Smith, conductanta

Im I
+1 1 g, mic

gL=1

g, mare

Re [




Diagrama Smith, susceptanta




Diagrama Smith, coef

reflexie < admitanta

45°

.| 1.0

)

315°

['=0.8£60°

|\

icient de

['=0.8£60°

Z, =21.429Q + j-82.479Q2
z, =0.429+ j-1.65

1

Zr

0.148—7-0.568

g, =0.148
. =0.148— j-0.568

(oricare Z)



Diagrama Smith, coeficient de
reflexie, admitanta

Z,=50Q,Y,=0.028
Z; =125Q+ j-125€
z; =2.5+j-2.5

I, =1,=0.678£23.5°

Y, =1 =0.0045 — j-0.004:
ZL

y= =t 0502

z; X




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))



ADS, Diagrama Smith, susceptanta

In paralel

g
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ADS, Diagrama Smith, susceptanta
In paralel

freq (1.000GHz to 1.000GHz)



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 %




ADS, Diagrama Smith, conductanta
In paralel

freq (1.000GHz to 1.000GHz)



Adaptarea de impedanta
Adaptarea cu elemente

concentrate (Retele in L)




Cuprins

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



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"



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, 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
zp=r+j-x;, =02+ ;-0.2

T, =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, 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, 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 %




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=1s1 g=1

Im [
+1 4

g =1 =1

Re [




Adaptare cu doua elemente

reactive (retelein L)

Adaptare in doi pasi

un prim element muta coeficientul de reflexie pe
cerculr, =1/g, =1

al doilea element realizeaza adaptarea



C serie, C paralel / C paralel, C serie

Zona interzisa cu

)
J

schema curenta
22

o0 O




L serie, L paralel / L paralel, L serie

1 . .
Z, oYY Yy 5 Zona interzisa cu

i Z
schema curenta "
L2 Zz L1 22




L serie, C paralel /| C paralel, L serie
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Adaptare cu doua elemente

reactive (retelein L)

Pentru orice ', exista cel putin 2 retele inL
de adaptare posibile (L+C)

Pentru anumite zone de start de pe diagrama
Smith exista 4 posibilitati (+2 retele C+C/L+L)
Se alege reteaua care necesita componente
de valori realizabile

Prin adaugarea elementelor rezistive se pot
suplimenta retelele posibile cu pierdere de
putere (nerecomandat)



Adaptare cu elemente rezistive

Circuitele active lucreaza in zona frecventei
unitare

Orice "risipa" de putere este nerecomandata
Exista situatii in care este necesara o astfel
de actiune pentru asigurarea stabilitatii

25

20 _
N
o
2 10

5_

1]

dB

T I T T I T T T I T T I T
1 2 3 4 ] 6 7 8 9 10



Adaptare cu doua elemente

reactive (retelein L)

Adaptare in doi pasi

pentru elementele situate in interiorul cerculuir, =1
se utilizeaza prima schema

pentru elementele situate in exteriorul cerculuir, =1
se utilizeaza a doua schema



Adaptare cu doua elemente
reactive (retelein L)

p MR 2R, oyl Nk 4
R} +X;

valoarea de sub radical e intotdeauna pozitiva pentru
R, >Z, w- L w-C

. N o X=91 B=3 1
se obtin doua solutii realizabile

\_a)-C . w-L




Adaptare cu doua elemente
reactive (retelein L)

J'B Z, B-Z,-(X+X,)=Z,-R,
@ {(X+X) B-Z, R,

B:i\/(zo _RL)/RL

X=+JR,-(Z,~R,)- X,

ZO
valoarea de sub radical e intotdeauna pozitiva pentru
R, <Z, (- L (w-C
se obtin doua solutii realizabile X =1__1 ~ B=y__1
. w-C . w-L




Exemplu

38.8 nH

o Y o
Zy=100 Q 092 pF =—
Solution 1
2.61pF
O [| ~
Zp=100 Q 46.1 nH

Solution 2

Z; =200-j100 Q

Z; =200 — 100 Q

0.75

0]

f(GHz)



Exemplu ADS

w2 Y OV .

i

[

Z=100 Ohm C=2.61 pF

Term T C ¥
| Term1 | L1' | c2
{Num=1  -'__ =7 C=092pF

Z=100 Ohm ';_38'8 tal

- L g
L \ i

Term e

Term3  C°

Num=3  C1

Term

Term2
Num=2 :
Z=200-j*100

- Term
| Term4
: Num.=4v

Z=200-*100



Exemplu ADS

ADS

00 01 02 03 04 05 06 07 08 09 10
freq, GHz



Cercuri de factor de calitate constant

Diagrama
Smith

X G
— = — = const
0= R B




Factor de calitate - banda

Factor de calitate ridicat echivalent cu banda

Ingusta
0
5 -5 Q-1 -
m /
i :
|
| Ek
Q=10 |
-10 I
L £ N oD ~ o O = N
M M M M m [ m [m m
oo oo oo (@e] oo oo 00 W (48]

freq, Hz



Adaptare - banda

[ gain_plot* [S_parameters]:0

Flle Edit View Insert Marker History Options Tools Page Window Help

ATy
S(1,1)

<

\ gain_circles ]\Y parameters/\ Z__parameters/\ S,DBFBMEterS/\ figures_of ment/\ noise_figure /\ S 11 db

A-e C =

Pozitia punctului
intermediar (B) atins de
[ corespunzatoare celui
mai ridicat factor de
calitate impune
largimea de banda a
adaptarii

C
L Ly Ls

)
/1
N




Adaptare - banda

= gain_plot* [S_parameters]:0

=JOES3)
Fle Edit View Insert Marker History Options Tools Page Window Help
ra s
// \\
2 D \
\\
77 \
=
= e | K
LI A ‘_C =
ow
.Y 74
e Y

\ gain_circles ]\Y parameters/\ Z__parameters/\ S,DBFBMEterS/\ figures_of ment/\ noise_figure /\ S 11 db /

Adaptare in banda mai
larga poate fi obtinuta
prin realizarea unor
retele in L multiple,
fiecare pentru variatii
mai mici ale lui I, astfel
incat toti coeficientii de
reflexie intermediari (B,
D) sa ocupe pozitii care
corespund unui factor
de calitate mai mic

E D C B A

L L L L b

T~

T~ ZL




Adaptare - banda

G gain_plot* [S_parameters]:0 ‘;HE\E\J
Flle Edit View Insert Marker History Options Tools Page Window Help PentrU pOZIt“ |n|t|a|e
] (determinate de sarcina)
// ° \\ corespunzatoare unui
s A N factor de calitate ridicat
/B \ (A) banc_l_a ingustaa
\ adaptarii este inevitabila
{=
= C = C B 4
w)
I I o, .
—~ ZL
LY /4 ‘L
\\// ’
\( gain_circles ]\Y parameters/\ Z__parameters/\ S,DBFBMEterS/\ figures_of ment/\ noise_figure /\ S 11 db / _




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




Contact

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



	Slide 1: Dispozitive şi circuite de microunde pentru radiocomunicaţii 
	Slide 2: Disciplina 2025/2026
	Slide 3: Disciplina 2025/2026
	Slide 4: Documentatie
	Slide 5: Documentatie
	Slide 6: Bibliografie
	Slide 7: Examen: Reprezentare logaritmică
	Slide 8: Examen
	Slide 9: Linii de transmisie in mod TEM
	Slide 10: Cuprins
	Slide 11: Lungime electrica
	Slide 12: Linie fara pierderi
	Slide 13: Linie fara pierderi
	Slide 14: Linie fara pierderi
	Slide 15: Analiza la nivel de reţea a circuitelor de microunde
	Slide 16: Analiza la nivel de bloc
	Slide 17: Matricea S (repartitie)
	Slide 18: Matricea S (repartitie)
	Slide 19: Cuploare directionale si divizoare de putere
	Slide 20: Cuplor directional
	Slide 21: Continuare
	Slide 22: Diagrama Smith
	Slide 23: Cuprins
	Slide 24: Diagrama Smith
	Slide 25: Diagrama Smith
	Slide 26: Diagrama Smith
	Slide 27: Diagrama Smith
	Slide 28: Diagrama Smith
	Slide 29: Diagrama Smith
	Slide 30: Utilizare standard
	Slide 31: Utilizare standard
	Slide 32: Utilizare standard - calcul
	Slide 33: Diagrama Smith
	Slide 34: Diagrama Smith
	Slide 35: Diagrama Smith
	Slide 36: Plan complex – geometrie analitica
	Slide 37: Plan complex – geometrie analitica
	Slide 38: Plan complex – geometrie analitica
	Slide 39: Plan complex – geometrie analitica
	Slide 40: Plan complex – geometrie analitica
	Slide 41: Plan complex – geometrie analitica
	Slide 42: Plan complex – geometrie analitica
	Slide 43: Plan complex – geometrie analitica
	Slide 44: Plan complex – geometrie analitica
	Slide 45: Diagrama Smith
	Slide 46: Diagrama Smith
	Slide 47: Diagrama Smith
	Slide 48: Diagrama Smith
	Slide 49: Diagrama Smith, rezistenta
	Slide 50: Diagrama Smith, rezistenta
	Slide 51: Diagrama Smith, reactanta
	Slide 52: Diagrama Smith, reactanta
	Slide 53: Diagrama Smith, impedanta
	Slide 54: Diagrama Smith, coeficient de reflexie, coordonate polare
	Slide 55: Diagrama Smith, coeficient de reflexie, coordonate rectangulare
	Slide 56: Diagrama Smith, coeficient de reflexie, impedanta
	Slide 57: Echivalenta coeficient de reflexie impedanta
	Slide 58: Diagrama Smith, coeficient de reflexie   impedanta
	Slide 59: Diagrama Smith, coeficient de reflexie, adaptare
	Slide 60: Simulare
	Slide 61: Simulare
	Slide 62: Diagrama Smith, coeficient de reflexie
	Slide 63: Diagrama Smith, coeficient de reflexie, reactanta in serie
	Slide 64: ADS, Diagrama Smith, reactanta in serie
	Slide 65: ADS, Diagrama Smith, reactanta in serie
	Slide 66: Diagrama Smith, coeficient de reflexie, rezistenta in serie
	Slide 67: ADS, Diagrama Smith, rezistenta in serie
	Slide 68: Diagrama Smith, coeficient de reflexie, linie de transmisie in serie
	Slide 69: ADS, Diagrama Smith, linie de transmisie in serie
	Slide 70: ADS, Diagrama Smith, linie de transmisie in serie
	Slide 71: ADS, Diagrama Smith, linie de transmisie in serie, 90°
	Slide 72: ADS, Diagrama Smith, linie de transmisie in serie, 180°
	Slide 73: ADS, Diagrama Smith, linie de transmisie in serie, Z=25Ω≠Zo
	Slide 74: Diagrama Smith, admitante
	Slide 75: Diagrama Smith, admitante
	Slide 76: Diagrama Smith, conductanta
	Slide 77: Diagrama Smith, susceptanta
	Slide 78: Diagrama Smith, coeficient de reflexie   admitanta
	Slide 79: Diagrama Smith, coeficient de reflexie, admitanta
	Slide 80: Diagrama Smith, coeficient de reflexie, susceptanta in paralel
	Slide 81: ADS, Diagrama Smith, susceptanta in paralel
	Slide 82: ADS, Diagrama Smith, susceptanta in paralel
	Slide 83: Diagrama Smith, coeficient de reflexie, conductanta in paralel
	Slide 84: ADS, Diagrama Smith, conductanta in paralel
	Slide 85: Adaptarea cu elemente concentrate (Retele in L)
	Slide 86: Cuprins
	Slide 87: Diagrama Smith, adaptare
	Slide 88: Diagrama Smith, coeficient de reflexie, reactanta in serie
	Slide 89: Diagrama Smith, coeficient de reflexie, rezistenta in serie
	Slide 90: Diagrama Smith, coeficient de reflexie, linie de transmisie in serie
	Slide 91: Diagrama Smith, coeficient de reflexie, susceptanta in paralel
	Slide 92: Diagrama Smith, coeficient de reflexie, conductanta in paralel
	Slide 93: Adaptare de impedanţa
	Slide 94: Adaptare, reactanta in serie
	Slide 95: Adaptare, susceptanta in paralel
	Slide 96: Diagrama Smith, r=1 si g=1
	Slide 97: Adaptare cu doua elemente reactive (retele in L)
	Slide 98: C serie, C paralel / C paralel, C serie
	Slide 99: L serie, L paralel / L paralel, L serie
	Slide 100: L serie, C paralel / C paralel, L serie
	Slide 101: C serie, L paralel / L paralel, C serie
	Slide 102: Adaptare cu doua elemente reactive (retele in L)
	Slide 103: Adaptare cu doua elemente reactive (retele in L)
	Slide 104: Adaptare cu elemente rezistive
	Slide 105: Adaptare cu doua elemente reactive (retele in L)
	Slide 106: Adaptare cu doua elemente reactive (retele in L)
	Slide 107: Adaptare cu doua elemente reactive (retele in L)
	Slide 108: Exemplu
	Slide 109: Exemplu ADS
	Slide 110: Exemplu ADS
	Slide 111: Cercuri de factor de calitate constant
	Slide 112: Factor de calitate - banda
	Slide 113: Adaptare - banda
	Slide 114: Adaptare - banda
	Slide 115: Adaptare - banda
	Slide 116: Realizare elemente concentrate
	Slide 117: Contact

