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Miercuri 08(:15)-17, Ontine/Video (istoric), Pg
E — 50% din nota
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Coordonator Disciplina: conf. dr. Radu-Florin Damian
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Laborator
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Studenti care nu pot intra in examen (final)
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Istoric

Alte informatii

Online Exam manual (pdf, 2.56 MB, en, &)
Exam Simulation (video) (mp4, 41.96 MB, en, =3)
Important Agilent Application Notes (rar, 2.36 MB, ro, 1)
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Fotografii (S4+5S6)

Date:

Grupa 5304 (2015/2016)

Specializarea Tehnologii si sisteme de telecomunicatii
Marca 5184

Date:

Trimite email acestui student | Adauga acest student la lista (0)

Grupa 5304 (2015/2016)
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Marca 5184
Finantare Buget
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Date:
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Trimite email acestui student | Adauga acest student la lista (0)
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Detalii curente

Observatii
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Bursa Bursa de Studii
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Date: Introduceti numele si adresa de email 1
Grupa 5304 (2015/2016)
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Specializarea Tehnologii si sisteme de telecomunicatii

Ee——

Marca 5184 ==

e 4

Acceseaza ca aces

E-mail/Parola

‘l-

Disciplina|Tip|ata___[Descrire | Nota|Puncte]obs.
"W [remoiogiwes

N 17/01/2014 Nota finala 10

ntroduceti codu
afisat mai jos
| |

A 17/01/2014 Colocviu Tehnologii Web 2013/2014 10 7.55
B 17/01/2014 Laborator Tehnologii Web 2013/2014 9
D 17/01/2014 Tema Tehnologii Web 2013/2014 9 =




Cuprins

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



Bibliografie

http://rf-opto.etti.tuiasi.ro

Irinel Casian-Botez: "Microunde vol. 1:
Proiectarea de circuit", Ed. TEHNOPRES,
2008

David Pozar, Microwave Engineering, Wiley;
4th edition, 2011, ISBN : 978-1-118-29813-8
(E), ISBN : 978-0-470-63155-3 (P)



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 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!
Zz=a+j-b;]P=-1



Introducere
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~ Microunde

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

2r |_
E—,B-I—7-|—27z (/J

2

E=pl=""(1 1 )

T
Co

V, | variabile
~ inutile

Dependenta
castigul antenei
imaginea unui obiect pe radar



Lungime electrica

Comportarea @ o ket
(descrierea) unui
circuit depinde de
lungimea sa |
electricala . \
frecventele de i
Interes T S1

E=o = Kirchhoff

E>o0 = propagare

Maxwell’s Equations



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



Linie de transmisie

mod TEM, doi conductori
1(z,t)




Linie de transmisie model echivalent

mod TEM, doi conductori, parametri lineici

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

Az
<€

>
parametri lineici, distribuitiR, L, G, C (Q/m, H/m ...)




Ecuatiile telegrafistilor

domeniu timp

M:_R.i(z,t)_L,ai(z’t) K I
0z ot

ai(z’t):—G.v(z,t)—C.aV(Z’t) "
0z ot

semnale sinusoidale

dv_(z):_(R+j-a)-L)'|(Z)

dz d
o /dz(...)

?Z—(G-l— j-0-C)-V(z)



Rezolvare

V’E-y°E =0
V*H —y*H =0 E,=E,e”"+E ¢

v =—w’cu+ jouc



Solutiile

I(Z): Ite 7?41 e 7/:05"‘j’ﬂ:\/(R+j'a)°L)-(G+j-a)-C)

dv (z) —(R+j-wL) I(Z)/ 1(z)= R J}fw L (Vo+e‘y-z _Vo_e7-2)

7, =31 L:\/R“_"‘) = Impedanta
/4 G+ ) -w-C o Do
caracteristica a liniei
VO+_ __VO_
1 TfT T 2ty P
0 0 A ﬂ f ,B



Linie fara pierderi

Fara pierderi: R=G=0

7/:05+j-ﬂ:\/(R+j-a)-L)-(G+j-a)-C): Ja)m

a=0 ; pf=w-JL-C
R+ oL L
Z = = —
0 \/Gﬂ..w.c - Z, real
V(z):VO+e_j'ﬂ'Z+V0_ej'ﬂ'Z P 2r 1

()= Yo g-ine Vo gine
ZO ZO



Linie fara pierderi

A'\

V(z)=V, e 177 1V, el/?
|(Z):\/_O+e_JIBZ _\iejﬂz
ZO Z0
, _V() , Vo +Vg
Z 7o) RVARRYA

Zy

coeficient de
reflexie in tensiune

F_VO_ _ ZL_ZO

VS Z+Z,

Z, real



Linie fara pierderi

coeficientul de reflexie la intrarea liniei

V(z)=V e 17?2 v elP? =T :Vo_(z)
(2)=V, 0 (z) o) ;
" ' v(0)=V,+v, r(o)er:VO+
0
: V(=1)=V,/ el v, e #
EZ F(—I)_F _VO_-e_Jﬁl _F(O).e_zjﬂ-l
N Z, Zy N Vel
|
I
|
|




Linie fara pierderi

Puterea medie

1 a1
P, :E-Re{V(z)- 1(2) }:E'
N 2
1M
2 Z,
Puterea transmisa sarcinii = Puterea incidenta -
Puterea “reflectata”
Return Loss [dB] RL=-20-logl| [dB]

’Vo+

Z,
-(1—|F|2) (z—z* =Im

-Re{l—F* Y R RS —|F|2}

avg



Reprezentare polara

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

el =cosx+ j-sinx;vxeR
Reprezentare polara

z=a+j-b=|z-e” ¢

z=a+ j-b=lz]-(cosp+ j-sing) 0 X
2" =(|z]-e¥*) =|7"-e!™ =" -[cos(n- @)+ j-sin(n- )]
— Jz =(z- e“”)y Jz| - 2—\/7 (cosgﬂ sm?j
z-w=|z-e77 | -e' = z]-|w]-e ") = \z\ W - [cos(@+8)+ j-sin(p+0)]

.al? _ _
‘Z‘ € _‘Z‘,em,e—r@ H [COS(Q) (9) j-Siﬂ((D—H)]

[ ..
Z/W= — =
w-e"” |w WS




Reprezentare polara

Formula lui Euler

e/*=cosx+ j-sin x;¥xeR

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

el* e ¥ =cosx+ j-sSinX+CoSX— j-Sinx=2-C0OSX

el eI
2

e —e1* =cosx+ j-sinx—cos(-x)—- j-sin(—x)

el*—e ¥ =cosx+ j-sinx—cosx+ j-sinx=2j-sinx

. el* —g )

2]




Linie fara pierderi

> V(=1)=V, el vy, e I
. (1)= Yo gipt Vo g
: Zy Zy
EZ . _V(=1) 7 _7 14+ .e 21/
: in ZO ZL in |(_|) in = 40 1_[.e 25
|
! impedanta la intrarea
! | liniei

[ L s
0

Z, +j-Z,-tan(s-1)

g
v . _
Zo+j-Z, -tan(B-1)

:ZO




Linie fara pierderi

impedanta la intrarea liniei

.ZL_I'j‘Z()‘tanﬂ'I




Linie fara pierderi

impedanta la intrarea liniei de impedanta
caracteristica Z,, de lungime [, terminata cu

impedanta Z,
L




Linie fara pierderi

relatia este dependenta de frecventa prin
valoarea f-I

ro— p
ﬂ-|=2—7[ |:27z-f .|:27T'I.f
A V, V,

dependenta de frecventa este periodica,
in / ZL impusa de functia tangenta

______l;l_____..

.Zo+j-ZL-tan,B-I




Linie fara pierderi, cazuri particulare

[=kM2 p1=Zid-kz tnpi=0 [Z,=Z,

_Z

[=Ag + kA2 tanpl-so Z.
ZL

Transformatorul in sfert de
lungime de unda




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

Lin=]-Ly-tan B -1

Z, +j-Z, tan(

)

Zo+j-Z, -tan(

B
p-1)

A I(z)Z,
(| 2%
I\l | / =
A _3A _A A z
4 2 4
= B
(b)
A
Zy

Y




Linie in gol

reactanta pura

+/- = in functie de [ /.\

Zi=—]-Zy-cotf-|

in —

ll‘r

(b)

P )
| /
-L~|§j
/
e Darfacld (O -V mectasctaadnadnonta
| /
_/
¥

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

B
Zo"‘j'ZL'tan(ﬂ'l)

Lin =Ly

o




Exemple
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Factor de unda stationara

V(2)=Vg (e 177 +Te#7)  N(2)=|Vg|fe 77| L+T €77 T =[r|e)
’V(Z)‘ _ ’Vo+ -‘1+‘F‘ e0+2ip2

amplitudine maxima pentru @242 _q Viax = ’Vo+ -(1+‘FD
amplitudine minima pentru  @¢*21872 _ _1q V.= ’\/OJr .(1_‘1“‘)

se defineste factorul de unda stationara

(Voltage) Standing Wave Ratio
V 1+|0

VSWR = & =
Viin  1-T]

min

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



Linie fara pierderi +/-




Transfer de putere

Adaptarea de impedanta




Cuprins

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



Adaptare

Generator adaptat la sarcina ?

valoriimpedanta ?
reflexii ?

V Zy




Adaptare, impedante reale

Generator adaptat la sarcina

I E
_ | = '
R +R,
Ri V = Ei'RL
R +R,
Vv R




Adaptare , impedante reale

R, -E?
(Ri+R.)

PL:RL'IZ R =

Putere pe sarcina

R, = 50()
Ri=02>P, =0
R =002 P =0



Adaptare , impedante reale

05

o5




Laborator 1
2023/2024

Dispozitive si circuite de microunde
pentru radiocomunicatil




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, ||<Mmax 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 }RL Fin =0 = Zl = ZO RL




Transformatorul in sfert de lungime
de unda

_le_zo'RL
" Z24+Z7,-R,

Pe fider (Z,) avem doar unda progresiva

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

unda stationara

Fin=O — le ZORL



Sfert de lungime de unda

1
* Term —IW[ ' ’l( Term
Term1 T[1 Term2
Hm =1 7=54.772 Ohm MUmS2
=100 Ohm =T Z=30 Ohm
1 F=3 GHz “}
m2 m1 m3
P freq=2.699GHz freq=3.000GHz freq=3.302GHz
fa || ot ARVMBTERS mag(S(1,1))=0.100| |mag(S(1,1))=4.669E-6| Imag(S(1,1))=0.100
S Param c 0.6
;51 hos i
Start=0.5 GHz
Stop=5.5 GHz
Step=0.001 GHz
23
(@)}
©
=
0.0 T T 1 T T

0.5 1.0 1.5 20 25 3.0 3.5 4.0 4.5 5.0 9.5
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 : 21+ 2y
cresc sau descresc uniform Y
Toti coeficientii de reflexie vor fi D ZyatZ,
reali si de acelasi semn n=1N-1
Anterior r=r+r;-e*’ = I - Z, -7,
L, +7Zy

N(@)=T,+T;-e 219 +T,.e*1? 4.4 o2



Bi

nomial

Term

Term1
Num=1
Z=100 Ohm

|
i

N = =

Term

TLIN TLIN TLIN
TL1 TL2 TL3 Term2
Z=86.03 Ohm Z=54.77 Ohm Z=34.87 Ohm N
E=90 E=90 E=90 Z=30 Ohm
F=3 GHz F=3 GHz F=3 GHz 1

'ﬂ1

AN S-PARAMETERS

S _Param

SP1

Start=0.5 GHz
Stop=5.5 GHz
Step=0.001 GHz

m2
freq=1.915GHz

m1
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
@
8 0.2
£
q 2 m
0.1
| m1
A A
%o | | | | | | | | |
05 10 1.5 20 25 3.0 35 40 45 50 5:5

freq, GHz



Cebasev

f Term

Term1 TLIN TLIN TLIN
Num=1 TLA TL2 TL3 L
Z=100 Ohm Z=77.68 Ohm Z=54.77 Ohm Z=38.62 Ohm BlmS2
= E=90 E=90 E=90 Z=30 Ohm
F=3 GHz F=3 GHz F=3 GHz 1
= m?2 m1 m3
fal | 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
S_Param 05
SP1 ADS o
Start=0.5 GHz -1
Stop=5.5 GHz 7]
Step=0.001 GHz 04—
= 034
@
8 02-]
e =
1 2 m1 m
0.1—
00 | | | | | | | | |
0:5 1.0 1.9 2.0 25 3.0 35 4.0 4.5 50 55

freq, GHz



Adaptare de impedanta

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

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
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