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Disciplina 2022/2023

2C/aL, DCMR (CDM)

Minim / prezente (curs+laborator)

Curs - conf. Radu Damian
Marti 15-17, Ontine/Video (istoric), P2
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probleme + (2p prez. curs) + (3 teste) + (bonus activitate)
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Dispozitive si circuite de microunde pentru radiocomunicatii

Disciplina: DCMR (2021-2022)

Coordonator Disciplina: conf. dr. Radu-Florin Damian

Cod: DOS412T
Tip Disciplina: DOS; Disciplina Optionala, Disciplina de Specialitate

Credite: 4
An de Studiu: 4, Sem. 7

Activitati

Curs: Cadru Didactic: conf. dr. Radu-Florin Damian, 2 Ore/Saptamana, Sectie Specializare, Orar:
Laborator: Cadru Didactic: conf. dr. Radu-Florin Damian, 1 Ore/Saptamana, Grupa, Orar:

Evaluare

Tip: Examen

A: 50%, (Examen/Colocviu)
B: 25%, (Activitate Seminar/Laborator/Proiect)
D: 25%, (Teme de casa/Lucrari de specialitate)

Note
Rezultate totale
Prezenta

Curs
Laborator

Liste

Studenti care nu pot intra in examen (final)
Bonus-uri acumulate (final)
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Cod: DOS412T

Tip Disciplina: DOS; Disciplina Optionala, Disciplina de Specialitate
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Laborator: Cadru Didactic: conf. dr. Radu-Florin Damian, 1 Ore/Saptamana, Grupa, Orar:

Evaluare

Tip: Examen
A: 50%, (Examen/Colocviu)

B: 25%, (Activitate Seminar/Laborator/Proiect)
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Istoric

Alte informatii

Online Exam manual (pdf, 2.56 MB, en, &3)
Exam Simulation (video) (mp4, 41.96 MB, en, &)
Important Agilent Application Notes (rar, 2.36 MB, ro, 1)

Ani anteriori

2020-2021 2010-2020 2018-2019 2017-2018 2010-2017

Dispozitive si circuite de microunde pentru radiocomunicatii

Disciplina: DCMR (2020-2021)

Coordonator Disciplina: conf. dr. Radu-Florin Damian

Cod: DOS412T

Tip Disciplina: DOS; Disciplina Optionalz, Disciplina de Spedalitate
Credite: 4

An de Studiu: 4, Sem. 7

Activitati

Curs: Cadru Didactic: conf. dr. Radu-Florin Damian, 2 Ore/Saptamana, Sectie Specizlizare, Orar:
Laborator: Cadru Didactic: conf. dr. Radu-Florin Damian, 1 Ore/Saptamana, Grupa, Orar:




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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David Pozar, Microwave Engineering,
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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 -10 dBm =100 uW
-20dB = 0.01 -30dBm =1 uW
-30dB = 0.001 -60 dBm =1 nW

[dBm] + [dB] = [dBm]

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

[x] + [dB] = [X]




Operatii cu numere complexe!
Zz=a+j-b;)P=-1



Reprezentare polara

Reprezentare polara

modul
z=a+ j-b=lz]-(cosg+ j-sin¢)
faza

z|=va® +b’
\farctan Ej a>0

p=arg(z) =

e




Reprezentare polara

Formula lui Euler A

e =cosx+ j-sin x;¥xeR e
Reprezentare polara

z=a+j-b=|z]-e'” @

z=a+ j-b=|z-(cosp+ j-sin ) 0 x > Re

2= (01 =pf ¢ <[ [oostn-g)+ j sin(r-)]
_(l7].pi® Y2 — .j'zz . P iain?
%I—(}z\e )% NER: M(cosz+13m2j

z-w=|z]-e/-wf-e'? =|z|-[w|-e"*?) = 2| - |- [cos(¢ + &)+ j-sin(p+6)]
.ale _ _
7-e” _ I elv eIl = ] .gllr-0) = 14 |cos(@ —8)+ j-sin(p—0)]

Z/W = — =
wi-e™ | W - |w




Reprezentare polara

unitate de masura standard — radiani
unitate de masura traditionala in microunde —
grade format zecimal (55.89°)

ula

gaic

b
arctan . a>0 o
arctan E +m7, a<0,b>0 0
a ’ ’ = .
p=arg(z)= i .
arctan| — |-z, a<0,b<0 M M- Ms
a A Trigonometry f Function N
20 e C €|
2= nedefinit a=0 e B e e S
( ) n! —
7 8 9 X
rad ° o . : : -
¢[o] = 1800 . (0[72_ ] ¢[I’ad ] =7- 1(08[01 - 1 i ; 5
In /. 0 =



Reprezentare polara

Atentie la reprezentarea unghiurilor!!
programele matematice — lucreaza standard in radiani

e necesara o conversie inainte si una dupa aplicarea unei
functii trigonometrice

calculatoarele (stiintifice) au posibilitatea (de obicei)
de a stabili unitatea de masura pentru unghiuri

e necesara verificarea unitatii de masura curente

—o] —180°.- ¢[rad ]
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Introducere
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~ Microunde

Lungimea electrica a unui circuit
| — lungimea fizica
E = B:1-lungimea electrica

2r |
—p1=L =2z~ -
==/ A ﬂ(ij V, I variabile

5 ~ inutile
E=p1=""(1 1 )

Co

Dependenta
castigul antenei
imaginea unui obiect pe radar



Lungime electrica

Comportarea @ o ket
(descrierea) unui
circuit depinde de
lungimea sa

electrica la o [ | \
|

frecventele de
Interes N S1

E=o0 = Kirchhoff
E>o0 = propagare

Maxwell’s Equations



Ecuatiile luit Maxwell

vxE:_%B Ecuatii constitutive
oD D=¢ - E
VXH—E'FJ B:ILIH
v.D J=0c E
In vid
V-B=0 Ly =47 %107 H/m
V. :_%P £, =8854x102F/m

1

Véo My

C, = =2,99790-10° m/s




Modele matematice

cazuri particulare in care exista rezolvare analitica

semnale cu variatie armonica in timp, transformata
Fourier, spectru

Amplitude
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Solutia ecuatiilor de propagare

Camp electric dupa directia Oy, € prin alegerea judicioasa
w7z propagare dupadirectiaOz € asistemului de referinta

— —rZ vz
E,=E.e7"*+Ee

\:‘ 4 w}“;'/\f":;:: e\\G‘\e\d
N

yz\/—a)zger jouo =a+|-p
Propagare Exista numai unda progresiva E,=> A

Ey — Ae_(aJFj'ﬂ)'Z

AN\774
| |
/

| @ _ Camp armonic
\W ‘W'® = E, =Ae™ pil@t-p2)

“ / \ Propagare
Polarizare circulara / (variatie in timp si spatiu)

Amplitudine

Atenuare




Solutia ecuatiilor de propagare

E —Ete 7?4 E e’ Camp electric dupa directia Oy, € prin alegerea judicioasa
y propagare dupa directia Oz €< a sistemului de referinta

y:\/—a)zg,u+ Jouo =a+ |-

unda E, = E".e % .l
incidenta (0-t— f32)= const
reflectata | punctele
Ey =E -e%* -ej(w't+ﬂz) de faza
Unda constanta:
directa (w-t+-2)=const

Inversa



Solutia ecuatiilor de propagare

unda
incidenta

reflectata
unda

directa
Inversa

E = E+, e_OZ'Z . eJ(C{)t—ﬂZ) + E_- e_a.z ) ej(a)t+ﬂ2)
y

H = H + e—a-z ] ej(a)-t—ﬂ-z) +H-. e—a-z ] ej(a)-t+,8-z)

V(Z):V+,e—a-z .ej(a).t—ﬂ.z) IRVAN R ,ej(a)-t+,3-z)

1(z)=1+-e79% . gllot-F2) |- ga2 gilotsf)

V(Z) —V + ej(a).t—ﬂ.z) VA ej(w.Hﬂ.Z)



Modele matematice

cazuri particulare in care exista rezolvare analitica

Exista unda in o singura directie E(E*) E(E)
unda
incidenta E,=E*.e*?.el@t#7)  gr.gmoz pllotf?)
reflectata Y . 2 2
E =E.e”+E, ¢ —>D—>EOUT —E, e"+E, &
unda
directa

Inversa E.e’”* ——]| 4|—— E,.e"
E < >EOUT
E.e”? —s| A|— E, e




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
electrica la
frecventele de
Interes

E=o = Kirchhoff
E>0 - propagare

Maxwell’s Equations



Linie de transmisie

mod TEM, doi conductori
1(z,t)

 ——

/’ Ie % e L - '{_ ¢ i-l!.',:u'
Y QIHHV/" WERERIIAR

Ground (=12
a) b

R N

h

Vv N




Linie de transmisie model

echivalent

mod TEM, doi conductori

(z,t) 1(z+Az,t)
> Y Y —>
R-Az LAz
V(z,t) G-Az| | T CBZ | vz+azt)

Az




Ecuatiile telegrafistilor

domeniu timp

M:_R,i(z,t)_b@i(z’t) K1
0z ot

Gi(z,t):_G.V(z’t)_C.8v(z,t) "
0z ot

semnale sinusoidale

N _ Ry je0-L)1()

dz d
o /dz(...)

82 (G+jwc)V()




Rezolvare

y:a+j-ﬂ:\/(R+j-a)-L)-(G+j-a)-C)

V’E—-y°E =0

VZH-y?H-0 B =Ee7+Ee”

v =—0’su+ jouc



Solutiile

— ()= 1767 4167 y=a+j-f=JR+j-0L)(G+j-w-C)
V(z)=Vye 7" +V, e
dV (Z) | Y (VO+ e—y.z _Vo_ey.z)
- (R+ja)LIZ/ "R+jolL
Zy =21 @ L=\/R+‘:'” - Impedanta
Y G+]-w-C L. o
caracteristica a liniei
Vo 5, - Vo
|O+_Z°_ N 122m v =22t
B p



Linie fara pierderi

Fara pierderi: R=G=0

7/:05+j-,B:\/(R+j-a)-L)-(G+j-a)-C): ja)\/ﬁ
a=0 ; pg=w-JL-C

R+j-oL [L
Z — — e
0 \/Gﬂ.w_C - Z. real

V(z)=V, e 17?1y, elh? 27 1

()= Yo gine Vo gine
ZO ZO



Linie fara pierderi

Vo +Vy
Vo =V

Zy

coeficient de
reflexie in tensiune

F_VO_ _ ZL_ZO

VS 72, +7Z,

! )
. Z Z, 4T~
|

A'\

Z, real



Linie fara pierderi

coeficientul de reflexie la intrarea liniei

V(z)=V e 17?2 vy elf? =1 :Vo_(z)
(2)=Vo 0 (z) Vo) ;
" W v()=Vy+vy r(o)er:VO+
0
: V(=1)=V,e? yv eI/
EZ F(—|)—F _VO_.e_J,BI —F(O)-G_Zjﬂ.l
p in Zo ZL — T IN VO+-eJﬂI
|
l
|
|




Linie fara pierderi

V(2)=Vg e + T e 1(z)= \;—J-(e—i-ﬂ-z —rei?)

Puterea medie

Pavg = = Re{V (2)- I(z)*}: Vo

1
2 2 Z,
SN el
Puterea transmisa sarcinii = Puterea incidenta -
Puterea “reflectata”
Return Loss [dB] RL =-20-log|T| [dB]

2

. Re{l—r* .e—Zjﬂ-z +T - ezj'ﬁ‘z _|r|2}

avg



Reprezentare polara

Formula lui Euler A
y .......... ]

el =cosx+ j-sinx;¥xeR
Reprezentare polara

z=a+ j-b=|z]-e” ¢

z=a+ j-b=lz]-(cosg+ j-sin ) 0 X
2" =(z-e7) =[z]"-e¥™ =|7|" - [cos(n- @)+ j -sin(n- )]
é ﬁ:qz‘.ej-qo)% :\/ﬁ.ej'g:\/ﬁ.(cosg_kj.sin%j
z-w=z]-e77 |w-e5? = 2| |- e ) = \z\ W - [cos(¢ + )+ j-sin(p+0)]

alo _ _
e 2 i g0 1 gioo _ 2 foos(—0)+ j-sin(o—0)]

Z/wW= — =
wi-e™ | W W




Reprezentare polara

Formula lui Euler

e/*=cosx+ j-sin x;vVxeR

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

el* e ¥ =cosx+ j-sin Xx+C€0SX— j-Sin X =2-C0S X

el eI
2

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

el* —e ¥ =cosx+ j-sin x—cosx+ j-sin x=2j-sin x

. el g7
2]




Linie fara pierderi

Impedanta la intrarea

, . liniei
0

7. _7 .(ZL+ZO)'eJ:ﬂ.I+(ZL_ZO)’9_J:ﬂ'I 7 _7 Z +]j-Zy-tan(B-1)

n (ZL+ZO)'eJﬂ'I_(ZL_ZO)'e_Jﬂ'I noo Lo+ -2 - tan(ﬂ )



Linie fara pierderi

impedanta la intrarea liniei




Linie fara pierderi

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

impedanta Z,
L




Linie fara pierderi

relatia este dependenta de frecventa prin
valoarea g-I

0, 27
Vi =—=A-f A==
>

' rL 2 2 - f ,g I
. T VA T
! Bl="21= A= f
! A V, V,
: dependenta de frecventa este periodica,
: Zin Zo ZL impusa de functia tangenta
[
|
|
[
|




Linie fara pierderi, cazuri particulare

[=k-\2 ,3.|:27”.|:k.7z tan B-1=0 Lin =1,

[=)\/4+k-)\/2 tan B -1 — oo , 22_02
N ZL

Transformatorul in sfert de
lungime de unda

_______l;l_____..
S
N




Z =0
reactanta pura
+/- = in functie de |

Lio=]-Zy-tan g1

Z__

Z, +j-Z,-tan(

)

Zo+j-Z, -tan(

gl
pel

)

Y

—A _3A g, /A

4 4

-1
(b)
Ai

| | 7

| | 0

| |

| |

| |

| | .
AN 3 _A _A ‘

4 2 4

| |

| |

| |

| |




Linie in gol

reactanta pura

+/- = in functie de | /.\

Lin=—]-Zy-cotf-l

Y

(b)

L ) S ——
| /
4*|;;:
/
4 oo dapddl (&) P2 et aetinacinainpdai
| /
j
Y

Z, +j-Zy-tan(B-1) \

. ﬂ.l
Zy+j-Z -tan(B-1)

Z- =ZQ

o
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Factor de unda stationara

V(z)=Vy -(e‘j‘ﬁ'z +1“.ejﬂ'z) V(z)= ’\/0+ le 17 i1 T2 T =|r]-e!
V(z)= ’VJ L+ |T|-e%21F

amplitudine maxima pentru ~ @f+21/67 _q V. = ’Vo+ '(1+‘FD
amplitudine minima pentru ~ @@+2i-#2 _ _1 Vo - ’Vo+ )

se defineste factorul de unda stationara

(Voltage) Standing Wave Ratio
V 1+|0

VSWR = —mex —
Vi  1-T

min

numarreal 1 <VSWR <
o0 masura a dezadaptarii (SWR = 1 semnifica adaptare)



Linie fara pierderi +/-




Laboratora
2021/2022

Dispozitive si circuite de microunde
pentru radiocomunicatii




Scurta teorie



Adaptare de impedanta

Adaptarea de impedanta este necesara
atunci cand are loc o variatie in salt a
impedantei/impedantei caracteristice

Se caracterizeaza prin valoarea coeficientului
de reflexie (I)

Il'|=0 adaptare perfecta

Il=o0, |I'|<"max adaptare “suficienta”
in simulare |M==|S11]



Transformatorul in sfert de lungime

de unda

Feed line —linie de intrare cu impedanta
caracteristica Z,

Sarcina cu impedanta (rezistiva!) R,

Dorim adaptarea sarcinei la fider cu o linie de
lungime A/4 siimpedanta caracteristica Z,

r
T )\ ——

Zy :> Z } Ry En =0 = Zl = ZO RL




Transformatorul in sfert de lungime
de unda

_ le_zo'RL
" Z2+Z,-R,

Pe fider (Z,) avem doar unda progresiva

Pe linia in sfert de lungime de unda (Z,) avem

unda stationara

rin:O — le ZORL



Sfert de lungime de unda

S
* Term —IW[ $ Term
Term1 T[1 Term2
4 7=54.772 Ohm NUIm=S
=100 Ohm =i Z=30 Ohm
1 F=3 GHz Kl
m2 m1 m3
P freq=2.699GHz freq=3.000GHz freq=3.302GHz
faw || o FARVMEBTERS mag(S(1,1))=0.100| |mag(S(1,1))=4.669E-6| Imag(S(1,1))=0.100
S Param c 0.6
x e ]
Start=0.5 GHz
Stop=5.5 GHz
Step=0.001 GHz
23
(@)}
©
=
0.0 T T 1 T T

0.5 1.0 15 20 25 3.0 3.5 4.0 4.5 5.0 55
freq, GHz



Transformatoare de impedanta

multisectiune

Transformatorul in sfert de lungime de unda
permite adaptarea oricarei impedante reale
cu orice impedanta a fiderului (liniei).
Daca banda necesara este mai mare decat
cea oferita de transformatorul in sfert de
lungime de unda se folosesc transformatoare
multisectiune

caracteristica binomiala

tip Cebisev



Transformatoare cu mai multe sectiuni

Presupunem ca toate impedantele L Zy+Z,
cresc sau descresc uniform o _Zoa=Z,
Toti coeficientii de reflexie vor fi D Zyt+Z,
reali si de acelasi semn n=1N-1
Anterior T=I+T;-e?7= r, = L4
VARE AN

F(Q):r0+r1,e—2j9+r2.e—4j9+m+rN .a2INO



Binomial

Term

Term1 TLIN TLIN
Num=1 TL1 TL2
Z=100 Ohm Z=86.03 Ohm Z=54.77 Ohm
= E=90 E=90
i F=3 GHz F=3 GHz
r;.?,'ﬂ S-PARAMETERS
S_Param
SP1
Start=0.5 GHz
Stop=5.5 GHz

Step=0.001 GHz

Term
Term2
Num=2
Z=30 Ohm

TLIN ‘
TL3
Z=34.87 Ohm

E=90
F=3 GHz

m2
freq=1.915GHz

m 1
freq=3.000GHz
mag(S(1,1))=3.449E-6

m3
freq=4.085GHz
mag(S(1,1))=0.100

mag(S(1,1))=0.100
0.5

B¢ -
0.4—]
- 034
%3 ]
8 0.2
£
q 2 m
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| m1
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Cebasev

t Term

Term1 TLIN TLIN TLIN
Num=1 TL1 TL2 TL3 bt b
Z=100 Ohm Z=77.68 Ohm Z=54.77 Ohm Z=38.62 Ohm D=
= E=90 E=90 E=90 Z=30 Ohm
F=3 GHz F=3 GHz F=3 GHz 1
- m?2 m1 m3
r".?,."' S-PARAMETERS freq=1.453GHz freq=2.301GHz freq=4.548GHz
mag(S(1,1))=0.100{ |mag(S(1,1))=0.099 mag(S(1,1))=0.100
g g g
S_Param 05
SP1 ADS N
Start=0.5 GHz -1
Stop=5.5 GHz i
Step=0.001 GHz 04—
- 03—
ZJ
8 02—
5
1 2 m1 m
0.1—
00 | | | | | | | | |
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Adaptare de impedanta

Principial se inlocuieste o variatie in salt a
impedantei cu o crestere/descrestere
graduala aimpedantei

Pasii de crestere/descrestere graduala a
impedantei trebuiesc atent calculati




Contact

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



