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Adaptarea cu sectiuni de linii (stub)

Adaptarea de impedanta




Single stub tuning

Shunt Stub (sectiune de linie in paralel)

- d

()Y

Open or
horted |
shorted

stub



Solutii analitice

Examen [/ Proiect




Caz 1, Shunt Stub

Shunt Stub (sectiune de linie in paralel)

- d

()Y

Open or
horted |
shorted

stub



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



Filtre pentru microunde



Metoda pierderilor de insertie

Se aleg polinoamele pentru implementarea
unui FTJ (prototip: pas intermediar)

Acest filtru poate fi convertit |a alte functii,
scalat in frecventa pentru a obtine alte tipuri
de functii

Low-pass
prototype
design

Scaling and
conversion

Filter

G s = [mplementation
specifications

Figure 8.23
© John Wiley & Sons, Inc. All rights reserved.



FTJ prototip Maxim plat/Echiriplu

Equal

Maximally
flat

0 0.5 1.0 1.5 wlo,



Filtru prototip maxim plat

TABLE 8.3 Element Values for Maximally Flat Low-Pass Filter Prototypes (go =1,
we = 1, N =1to10)

N g 82 g3 84 g5 g6 g7 gs g9 g0 81
1 2.0000 1.0000

2 14142 1.4142 1.0000

3 1.0000 2.0000 1.0000 1.0000

4 0.7654 1.8478 1.8478 0.7654 1.0000

5 0.6180 1.6180 2.0000 1.6180 0.6180 1.0000

6 05176 14142 1.9318 1.9318 1.4142 0.5176 1.0000

7 04450 1.2470 1.8019 2.0000 1.8019 1.2470 0.4450 1.0000

8 0.3902 1.1111 1.6629 19615 1.9615 1.6629 1.1111 0.3902 1.0000

9 0.3473 1.0000 1.5321 1.8794 2.0000 1.8794 1.5321 1.0000 0.3473 1.0000

10 0.3129 0.9080 1.4142 1.7820 1.9754 1.9754 1.7820 1.4142 0.9080 0.3129 1.0000

Source: Reprinted from G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave Filters, Impedance-Matching
Networks, and Coupling Structures, Artech House, Dedham, Mass., 1980, with permission.

Table 8.3

A lakhm Wilaw 0. Camne lnesr Al vicmkhéte vacars: ned



TABLE 8.4 Element Values for Equal-Ripple Low-Pass Filter Prototypes (g9 =1, ¢ =
1, N =1to 10, 0.5 dB and 3.0 dB ripple)

0.5 dB Ripple

N & 82 83 84 8s 86 87 88 89 g0 &1
I 0.6986 1.0000
2 14029 0.7071 1.984
3 1.5963 1.0967 1.5963 1.0000 Pentru ordin par al
4 16703 1.1926 23661 0.8419 1.9841 - - _
5 17058 1.2296 2.5408 1.2296 1.7058 1.0000 f!ltrU|U| (N ___21 4, 6,8 )
6 17254 12479 2.6064 13137 2.4758 0.8696 1.9841 filtrele eChll’lp|U trebuie
7 17372 1.2583 2.6381 13444 2.6381 12583 1.7372 1.0000 sa fie inchise peo
8 1.7451 1.2647 2.6564 13590 2.6964 13389 2.5093 0.8796 1.9841 -

ool s o feee ol impedanta de
9 17504 12690 2.6678 1.3673 2.7239 13673 2.6678 1.2690 1.7504 1.0000

10 1.7543 1.2721 2.6754 1.3725 2.7392 1.3806 2.7231 1.3485 2.5239 0.8842 1.9841] termlnatle dlferlta de

3.0 dB Ripple cea Standard gN+1 Z1
N oo @ @ s e s & e o a0 en " Dacaaplicatianu

1 19953 1.0000 suporta aceasta

2 3.1013 0.5339 5.8095 comportare, e necesara
3 3.3487 0.7117 3.3487 1.0000 introducerea unei

4 34389 0.7483 4.3471 0.5920 5.8095 daptari de i dant
5 34817 0.7618 4.5381 0.7618 3.4817 1.0000 d aF_) aride impedanta
6 3.5045 0.7685 4.6061 0.7929 4.4641 0.6033 5.8095 supllmentare

7 3.5182 0.7723 4.6386 0.8039 4.6386 0.7723 3.5182 1.0000 (transformator in sfert
8 3.5277 0.7745 4.6575 0.8089 4.6990 0.8018 4.4990 0.6073 5.8095 .

9 3.5340 0.7760 4.6692 0.8118 4.7272 0.8118 4.6692 0.7760 3.5340 1.0000 de |U”9'me de Undal

10 3.5384 07771 46768 08136 47425 08164 47260 0.8051 45142 06001 58005~ Dinomial )

Source: Reprinted from G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave Filters, Impedance-Matching
Networks, and Coupling Structures, Artech House, Dedham, Mass.,1980, with permission.

Table 8.4
© John Wiley & Sons, Inc. All rights reserved.



Scalare si conversie

FTJ (prototip) are utilitate doar ca pas
intermediar
filtru FTJ
frecventa de taiere w,=1rad/s (f, = 0.159 Hz)
conectate laintrare la o rezistentaR =1

Low-pass
- Prototype
design

Filter
specifications

Scaling and

: Implementation
conversion

Figure 8.23
© John Wiley & Sons, Inc. All rights reserved.



Transformari ale filtrului prototip

Low-pass High-pass Bandpass Bandstop
| 1
1 £ LA 1
— wpA == —
L = B (U(.L 2 (O0) T (1)0LA
. A
T ool
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|
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e
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g
)
>

Table 8.6
© John Wiley & Sons, Inc. All rights reserved.



Implementare filtre pentru

microunde

Implementarea cu elemente concentrate (L, C)
este utilizabila mai ales in zona frecventelor ceva
mai reduse (RF) datorita:

dificultatii de implementare a valorilor rezultante
pentru componente

dificultatii de a asigura toleranta (foarte mica)
necesara pentru componente

Low-pass
| PIOLOLYPC e
design

Filter
specifications

Scaling and
conversion

Implementation

Figure 8.23
© John Wiley & Sons, Inc. All rights reserved.




Transformarea Richards

permite obtinerea cu sectiuni de linii a inductantelor
si capacitatilor dupa scalarea prototipului pentru
functia corespunzatoare (FTJ/FTS/FTB /FOB)

o A/8 at w,
Xy = L i = S.C.
O 7 ZO - L
= A/8 at w,
B,/ = = By 0.C.
1
C ZO — E



ldentitatile Kuroda

4, echivalente de circuit (a,b)

Zy
772
O 0 o S— e Y Y Y
1 1 Zy
~ T Z = )
Z, n?
O (O O O
(a)
Z)
O—"Y Y Y —0 o — '9)
Z5 = n’Z, — nzlz
2
O ——( O O

(b)



1 1.7654 2.4145 1.4336

Scalare la 50 Q

506 88.270Q 120.73Q 71.68Q

o~

_ o
@ /p—l l l 50Q
A ]
/
/1 i l l
/115.339 ,/27.06Q /37.03!2 ,/165.32Q




Inversoare de impedanta si admitanta

Pentru situatiile in care implementarea cu Richards +
Kuroda nu ofera solutii practice se folosesc structuri
de circuit numite inversoare de impedanta si

admitanta
K? J?
Zin — Kn B
ZL YL
Impedance inverters Admittance inverters
O—— O o— O
K J
Z Y
e +90° L B £ 90° :
o—— O O— O

Zin = KZ/ZL Ym — Jz/YL Figure 8.38a

© John Wiley & Sons, Inc. All rights reserved.



Inversoare de impedanta si admitanta

Cel mai simplu exemplu de inversor de
impedanta/admitanta este transformatorul in sfert
de lungime de unda (Cy4)

I

T )\ ——>

Figure 8.38b
© John Wiley & Sons, Inc. All rights reserved.



Linil ca rezonatoare

Xvin:ZOtan('Z)

Linie in scurtcircuit A
Pentru frecventa (w,) la ‘ ’ ’ ’
care | = A/4 se obtine un
circuit rezonant LC
paralel

linia are comportament

capacitiv pentru

frecvente mai mici

(I>A\/4)

linia are comportament
inductiv pentru
frecvente mai mari

(I<M4)

| > Z

Discutie similara pentru ¢ e Lo o
linia in gol (LC serie la T 7L£33 T TL£733
frecventa la care I=\/4) 3 > 5 - L7 &




Etapa g

Se verifica cu atentie banda obtinuta, si valoarea
riplului/atenuarii maxime in banda

banda corecta intervine semnificativ la nota de proiect

eventualele atenuari se vor scadea din castigul amplificatorului
si se poate ajunge la neindeplinirea cerintelor de castig din tema

m2

freq=5.250GHz

dB(S(2,1))=-0.620
- |

md mZ m3

freq=5.750GHz

dB(S(2,1))=-46.296

m1
freq=4.750GHz
dB(S(2,1))=-0.620

10

dB(S(2,1))

'60IlI1|\I\I‘I\I\‘\\\\‘\\\\‘\\It
3.5 4.0 4.5 5.0 55 6.0 6.5

freq, GHz




Continuare




Amplificatoare de banda larga

Amplificatoare de microunde




Cuprins

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



Amplificatoare de banda larga

Se pot obtine prin un numar de tehnici de
proiectare

Retele de adaptare care sa compenseze
scaderea castigului cu frecventa

Retele de adaptare rezistive
Reactie negativa
Amplificatoare echilibrate
Amplificatoare distribuite

Amplificatoare diferentiale




Amplificatoare echilibrate

X

;T _+ _7"
o !: \
vV, 4—[1[”1 4[‘3 /
A (; ;
Vi, \—j" }
§Z” 90° 'ED /
hybrid B

90°
hybrid

2 Amplificatoare (identice) cu doua cuploare
hibride 3 dB / 90° la intrare si iesire

S :%]'(GA +GB)

|
Sll :E'(FA _FB)

F:%°(FA+FB)

SZI‘A:B =-JjG

Sll‘A:B =0



iIcatoare 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



Amplificatoare distribuite

[nput

Output

) O
. L =
Input Z,. 1 Z,.1 Z. 1,
Rﬁ’ RF R; R{ R.“ Z
-~ + + . . + ) B + 4 ' 8
., E_V“ C,, T—Vm Cyy T_'u(.. C,. T Vey C,, - Ve
Unit cell
(a)
L"J
o—YTY Y o
c, = %RJQ
Cll,
o 1T o



Amplificatoare distribuite

Conditia de sincronizare

intarzierea pe liniile de intrare (grila) egala cu cea
de pe liniile de iesire (drena)
Ve =04+ j Ya=0y+Jj Py Poly =041,
Castigul de putere
B gnZy 2y (e_N'ag'lg —e_N'%"Z“’)2
4 (e—ag-lg _e_ad'ld)z

Castigul de putere fara pierderi

G

o EnZiZy N
4




Amplificatoare distribuite

18 I

™~ N=16
16 ™
<
14—l
‘\
\
: \\\
@ 10 N=4 <
= T N\
Z o8 \\\\ N _ln(ag-lg)—ln(ad-ld)
opt
6 \\ ag'lg_ad'ld
4 A \
e — \
\‘.
0l _ _
0 2 4 6 8 10 12 14 16 18

Frequency (GHz)



Amplificatoare diferentiale

Capacitatile de intrare in cele doua
tranzistoare in conexiune diferentiala apar
conectate in serie

Se dubleaza astfel frecventa unitara

©Vpp
é Rp Rp %
ﬂ O—
I/(). I/()




Amplificatoare diferentiale

Se utilizeaza structuri de circuit care sa faca conversia
de la dispozitivele unipolare la cele diferentiale
cuploare hibride 3dB / 180°
"balun" (balanced - unbalanced)

&: - unbalanced

O
Oo—
unbalanced g balanced
By —1

—
-
M4 M4
+ o —

balanced




Amplificatoare de banda larga

Se pot obtine prin un numar de tehnici de
proiectare

Retele de adaptare care sa compenseze
scaderea castigului cu frecventa

Retele de adaptare rezistive
Reactie negativa
Amplificatoare echilibrate
Amplificatoare distribuite

Amplificatoare diferentiale




Amplificatoare de banda larga

Retele de adaptare care sa compenseze scaderea
castigului cu frecventa

Metoda utilizata este de a repeta proiectareala
mai multe (macar 2) frecvente si impunerea

unui castig egal la acestea
A

MAG

MSG
[dB]




Amplificatoare in cascada

Amplificatoare de microunde




Amplificatoare In cascada

Adaptarea inter-etaje se poate proiectain
doua moduri:

adaptarea unui etaj spre ' necesar pentru celalalt

AI

v —>

V4
ZO Zout Zin 7



Amplificatoare In cascada

Adaptarea inter-etaje se poate proiectain
doua moduri:

adaptarea fiecarui etaj spre un ' = o intermediar

T -

o

Zo

Zo Zo Zo



Exemplu LNA cascada

Similar cu tema de la mini-proiect
Amplificator LNA cu ATF-34143 avand
caracteristicile:

G =20dB

F=1dB

@f =5GHz



Exemplu

ATF-34143 atVds=3V Id= zomA

@SG Hz 105 P:;q=5.oooeHz
o — NFmin=0.540
511 =0.64/139 £
S12 =0.119/£-21° " os
>21=3.165 £16° R A
$522 =0.22 £146° .
i m
Fmin = 0.54 (tipic [dB] ) i Aot 245
2 1 s
[ opt = 0-45 £174° =
r,=0.03 ;
ST N

| T
1 2 3 4 5 6 7 8 9 10
freq, GHz



Exemplu, LNA @ 5 GHz

ATF-34143 atVds=3V Id=20mA.

G H Z IATF-34143
IS-PARAMETERS at Vds=3V [d=20mA. LAST UPDATED 01-29-99
511 — O 64 11390 #ghz s mar 50

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

512 - O. 1194-210 3.0 0.69 -162 4.762 62 0.102 7 0.23 -156

4.0 065 166 3.806 38 0111 -8 022 174

(o] é 5.0 0.64 139 3.165 16 0.119 -21 0.22 146
S 21 — 3 " 165 416 6.0 0.65 114 2.706 -5 0.125 -35 0.23 118
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

S 22 — O. 22 41460 9.0 0.72 48 1.758 -66 0.135 -75 0.34 46

IFREQ Fopt GAMMAOPT  RN/Zo

" | | [ |
Fmin = 0.54 (tipic [dB] | sz e we ae -

o 2.0 0.19 0.71 66 0.09

r O . 45 4174 2.5 0.23 0.65 83 0.07
opt 3.0 0.29 0.59 102 0.06
40 042 051 138 0.03

r = O . 03 é 5.0 0.54 0.45 174 0.03
n 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




Amplificatoare In cascada

Daca e necesar un castig mai mare decat cel
care poate fi oferit de un singur tranzistor

necesar 20dB

MAG @5GHz =14.248 dB < 20dB
Se utilizeaza formula lui Friis pentru a imparti
necesarul de:

castig

zgomot
pe cele doua etaje individuale



Formula lui Friis (zgomot)

FcaS:E+Fz—l+1§—l+ F-1
Gl Gl ) G2 Gl ) GZ ) G3

Formula lui Friis, efecte:

e esential ca primul etaj de amplificare sa fie
nezgomotos, chiar cu sacrificarea in parte a castigului

urmatoarele etaje pot fi optimizate pentru castiqg
Formula lui Friis trebuie utilizata in coordonate
liniare
Avago/Broadcom AppCAD

AppCAD Free Design Assistant Tool for Microsoft
Windows = Google



Formula lui Friis (zgomot)

G, =G, -G, F =F1+L(F2—1)

cas G
Formula lui Friis 1

primul etaj factor de zgomot mai mic, probabil insotit de un
castig mai mic

al doilea etaj castig mare, probabil insotit de un factor de
zgomot mai mare

Este esential sa se pastreze o rezerva
G = Gtema + AG
F = I:tema - AF

Tema se interpreteaza

G > G,,,,, Mai bine, fara a fi nevoie sa se sacrifice alti parametri
pentru castiguri mult mai mari

F < F,ea Mai bine, cu cat mai mic cu atat mai bine, e util sa se
incerce obtinerea unui zgomot cat mai mic, cu indeplinirea
celorlalte conditii



Formula lui Friis (zgomot)

Formula lui Friis

primul etaj factor de zgomot mai mic, probabil insotit de un
castig mai mic

al doilea etaj castig mare, probabil insotit de un factor de
zgomot mai mare

Impartire pe cele doua etaje (Estimat)
intrare: F1=0.7dB, G1=9dB
iesire: F2=1.2dB, G2=13dB
Transformare in coordonate liniare !

F[aB] Gy|dB]
F =10 10 =10 =1.175 G, =10 10 =10" =7.943
F,|dB] G, [dB]
F,=10 10 =10""*=1.318 G,=10 1© =10 =19.953
FcaS:Fi_'_GL(FZ_l):l‘zlS GcaS:Gl'G2:158'49
1

F._ =10-log(1.215)=0.846dB G, =10-log(158.49)=224dB

cas



Formula lui Friis (zgomot)

Avago/Broadcom AppCAD

File Calculate Application Examples Options Help
NoiseCaIC Set Number ofStages’ = |2
Stage 1 | Stage 2
Stage Data Units

Stage Name:

MNoise Figure dB

Gain dB

Output IP3 dBm y

dNF/dTemp dB/*C 0 0

dG/dTemp dB/°C 0 0

Stage Analysis:

NF [Temp corr) dB 0.70 1.20

Gain [Temp corr) dB 9.00 13.00

Input Power dBm -50.00 -41.00

Output Power dBm -41.00 -28.00

d NF/d NF dB/dB 0.97 015

d NF/d Gain dB/dB -0.03 0.00

dIP3/d IP3 dBm/dBm 0.00 1.00

Enter System Parameters: System Lpaluere
Input Power 50 dBm f Gain= 1 InputlP3= 750 dBm |
Analysis Temperature 25 3E | NoWg Figure = Output IP3 = 1450 dBm
Noise BW 1 MHz | Noise Temp i Input IM level=  -135.00 dBm
Ref Temperature 25 & ‘ SNR = 6313 dB Input IM level = -85.00 dBC
S/N [for sensitivity] 10 dB ‘ MDS = -11313 dBm Dutput IM level=  -113.00 dBm
Noise Source [Ref) 230 ‘K | Sensitivity = 10313 dBm Output IM level = -85.00 dBC
Moise Floor= -173.13 dBm/Hz| | SFDR= 7042 dB




Prolectare etaje cascadate

Impartire pe cele doua etaje (Estimat)
intrare: F1=0.7dB, G1=9dB
iesire: F2=1.2dB, G2=13dB
total: F=0.85dB, G=22dB
Indeplineste conditiile din tema (cu rezerva
corespunzatoare)

Se poate refolosi o parte din calculul amplificatorului
Cu un singur etaj (C11)

adaptarea la intrare anterioara este potrivita la intrarea
amplificatorului multietaj — zgomot f. mic, castig onorabil

adaptare la iesire este conceputa pentru castig maxim

intrarea si iesirea erau proiectate pentru 5oQ) la intrare si
iesire (similar cu situatia curenta)



Adaptare la intrare

Adaptare Adaptare Adaptare
intrare Tran2|stor inter-etaj ~ Tranzistor  jesijre

| [Go] [G] [G,] G, | []se0

Se acorda importanta in special comportarii
la zgomot (mic/minim)
Se mai tine cont de
Castig (sacrificat, dar nu foarte mult)
Banda dorita (prin factorul de calitate Q)
Stabilitate



Adaptare la intrare

Sopt
CSIN
CCCIN

Pentru reteaua de adaptare la intrare
CZ: 0.75dB

CCCIN: 1dB, 1.5dB, 2 dB
Aleg (Q mic = banda larga) pozitia ma



Adaptare la intrarea etajului 1 (S1)

—\
/ impeda'nce = 70 * (0.417 - 0.01

Sopt
CSIN
CCCIN
\\_q_____.._--—/

Daca se sacrifica 1.2dB castlg la mtrare pentru conditii
convenabile F,Q (Gs = 1 dB)

Se prefera obtinerea unui zgomot mai mic



Adaptare la intrarea etajului 1 (S1)

G.,: Pozitia m1 de pe grafic, 1dB

[, =0.412/-178° s|=0412; p=-178°

F2-0
cos(¢+20)=—T'g| Im[y4(0)]= ﬁ
S

cos(p+20)=-0412= (p+26)==114.33°

= tan ' (Im = tan "' 12.‘1}‘
esp_t (I [yS(H)]) t [WJ

+114.33° 146.2° —0.904 137.9°
20| o 0= b ol] e 0|

—114.33° 31.8° +0904 7 |42.1°

>

>



Adaptare la iesire

Adaptare Adaptare Adaptare
intrare Tranzistor  jnter-etaj  Tranzistor /° jesire
soof] | 163 | | 161 || 161 || 6 || tea [[]se

Se acorda importanta in special castigului
(mare/maxim)
Se maitine cont de
Banda dorita (prin factorul de calitate Q)
Stabilitate
Zgomotul nu intervine, nu este afectat



Adaptare la iesirea etajului 2 (L2)

Lipsa conditiilor privitoare la zgomot ofera posibilitatea
obtinerii unui castig mai mare (spre maxim)



Adaptare la iesirea etajului 2 (L2)

G, ,: Pozitia mg4 de pe grafic, 0.2dB

I,E0.186£-132.9° |=0.186; @=-132.9°

_0. ‘FL‘
cos(go + 26’) = —‘FL‘ Im[J/L (9)] = \/—2 =—0.379
1=

cos(p+20)=—-0.186= (p+26)=%100.72°

= tan ' (Im = tan "' 12.‘11‘
g, =t (I [yL(H)]) t [WJ

+100.72° 116.8° ~0.379 159.3°
((D T ) {_ 100.72° 0 {1610 Im[yL (H)] {‘l‘ 0.379 Sp {2070




Adaptare inter eta)

Adaptare
Tranzistor iesire

G, ] G, ] E] 500

Adaptare
intrare Tranzistor

509[ [Ge] G,]

Se acorda importanta castigului (mare) dar si
zgomotului
Se mai tine cont de

Banda dorita (prin factorul de calitate Q)

Stabilitate

Prin afectarea factorului de zgomot al celui de-al
doilea etaj (acceptat mai mare cu Friis), zgomotul
trebuie considerat dar cu conditii mai putin restrictive

Adaptare
inter-etaj

Ry




Prolectare etaje cascadate

Castig
G,|dB|= G, |dB]+ G,|dB]+ G,|dB]+ G,[dB]+ G, ,[dB]

G,|dB]=1dB+10dB+G,[dB]+10dB+0.2 dB

G,|dB]=21.2dB+G,|dB]

Prin proiectarea inter-etaje trebuie obtinut un
castig de minim 0.8dB prin adaptare mai
buna a primului etaj la iesire si a celui de-al
doilea la intrare



Adaptare inter-etaje 1/2

-
4
—

14

Zo Zo Zo Zo



Adaptare inter-etaje 1

O singura linie de transmisie pastreaza
modulul coeficientului de reflexie

/-DC/ \\
[ // ] SREISNR
[SEEESS
R ‘i “‘ SeE l/ ll i ; \
o | |
r r IZ \ \ /’ /
ZO Zout Zin ° \\ N PO 0.9 L //
linie ) o
serie & //



Adaptare inter-etaje 1

Se poate face in doua moduri:

plecand de la iesirea primului etaj (coeficient de
reflexie S22) spre cercurile (desenate pentru etajul al
doilea) de:

stabilitate

castig

zgomot
plecand de la intrarea celui de-al doilea etaj
(coeficient de reflexie S117) spre cercurile (desenate
pentru primul etaj) de:

stabilitate

castig

Prima varianta are avantajul de a controla

zgomotul introdus de al doilea etaj



Adaptare inter eta)

Punct de pornire — complex conjugat

D] B8
AD , |_
m4 o . TLdc .I_TLIN
indep(m4)=49 L S
CCCOUT=0.186/-132.892 \ b __ £708 0hm- 7zq
gain=0.200 N Efg'eH ==
impedance(= Z0 * (0.749-]0.212 B TRbRn pog g

CSOUT
CCCOUT

|
| @ | Z=500-(0.749~ j-0.212)
| Z=37.45Q-j-10.60
/

/ 7" =37.45Q+ j-10.60




Adaptare inter-etaje 1

O singura linie de

transmisie permite \
atingerea unui punct \
care nu poate fi \

optimizat m oo
G,,=0.2dB K / a

z \\
e |
G.,=1dB 5= \ o /’
F,=0.7dB 3 /
Elimina posibilitatea /
de reglaj pentru /
controlul in banda ///

larga a amplificarii =



ADS

TLOC | I TLOC
W ¥ T 5w o .. .TLOC . . N LN N ST e} Term
] Tormis v _l:] ;E:;OO o L1 - - .A:“. o . . TL5 S T2 —|:] . Z=50 Ohm Term2:
| § N R m_ z=5000hm & o, Z=50.0 Ohm éh?n .. . 7=50.00nm [ — E=159.3 = § Num=2
Z=50 Ohm A E=146.2 E=150 W E=116.8 Ref F=5 GHz Z=50 Ohm
» : - | Ref ° F=5GHz F SGH - File="D:\f341433a. s2p F 5 GHz - File="D:\f341433a. 52p F 5 GHz : : C A

freq=5.000GHz
dB(S(2,1))=23.875

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz



ADS

T rﬁq 7

Term1 : —l:]

Num=1 . .

Z=50 Ohm = Ref
ADS
~~
AN
N
Y—

woom L ws S e 1 Zeom |
Cre " ZEB0.0OMM STo, . z=50.00hm . oo, Z=50.0Ohm [ E=1593
FE5GHZ ol - File='Di341433as20" fooo - - - File='DA341433as2p't o oo - J ReF. . FEOCHz
3.5
3.0—
2.5—
2.0—
m2
= freq=5.000GHz
nf(2)=0.593
1.0— 2) |
0.5|||||||||||||||||||
40 42 44 46 48 50 52 54 056 58 6.0

freq, GHz

Term
Term2
Num=2
Z=50 Ohm



Adaptare inter-etaje 2

Utilizarea mai multor linii de transmisie
pentru adaptarea la un punct intermediar cu
coeficient de reflexie =0 permite controlul in
detaliu al punctului final

Zo Zo Zo Zo



Prolectare etaje cascadate

Adaptare Adaptare Adaptare
intrare Tranzistor  jnter-etaj  Tranzistor  jesire

500[ [G6] [G,] [G)] [G,] [G,] IISOQ

A 50Q)

Gl | | 16, G, | | 6., G, ] G,,] E]

Ul
O
)

Calcul castig

Adaptarea inter-etaje poate aduce un supliment de castig
la ambele etaje de amplificare

Proiectarea pentru etajele de intrare siiesire e

recomandabil sa se faca pe schema mai simpla cu un
singur tranzistor



Prolectare etaje cascadate

Castig
G,|dB|= G |dB|+G,|dB|+ G, |dB]+ G,|dB]+ G,|dB|+ G,,|dB]

G,|dB|=1dB+10dB+G,,|dB|+ G,|dB]+10 dB +0.2 dB

G,|dB]=21.2dB+G,,|dB]+ G,|dB]

Prin proiectarea inter-etaje trebuie obtinut un
castig de minim 0.8dB prin adaptare mai
buna a primului etaj la iesire si a celui de-al
doilea la intrare



Adaptare inter-etaje 2

Utilizarea mai multor linii de transmisie
pentru adaptarea la un punct intermediar cu
coeficient de reflexie =0 permite controlul in
detaliu al punctului final

Adaptare . Adaptare Adaptare
intrare Tranzistor inter-etaj Tranzistor iesire

500 [I (G ] G ] G ] G ] G ] II 500

50Q / 500 50Q
[I G g,] G ] G 1] 164 G ] G ,] E]




Adaptare inter-etaje 2

Unul din etaje creaza prin reteaua sa de
adaptare un coeficient de reflexie '=0 la care
apoi se adapteaza celalalt etaj

Z_.6. Fg =0 FO : O Z.0,
| @O,espl E E ~ z(),e)spz2 S2)
= |m(y1) LT-I 0] = |m(y2)

Cele doua stub-uri in paralel se
combina intr-unul singur



Adaptare inter-etaje 2

Cele doua stub-uri in paralel se combina intr-

unul singur
Zolel ZOIGZ
.’ B
£ Ol nG
im(y.) Im(y,)
\s.—
ZOlel \¢ Z0192

Z,,0

=Im(y,) + Im(y,)




Diagrama Smith

linie serie = pe i
cercul cu centrul m:// N
in originea DS I g e N\
stub paralel 2 pe /// I/‘\\\ \\ \
cercul g=1

stub

paralel




Adaptare inter-etaje 2

Pentru fiecare etaj

utilizam o linie serie

si un stub paralel
Linia serie muta
coeficientul de

reflexie pe cercul
unitate g=1

Stub-ul paralel muta
punctul in centrul
diagramei (adaptare
la Zo)

Cele doua stub-uriin
paralel se combina
intr-unul singur

ref..CCCIN




Adaptare la iesirea etajului 1 (L1)

G, (putem folosi tot punctul de la iesirea L2)

L
I, €0.186£-132.9° |=0.186; @=-132.9°

_2°‘FL‘
cosl@p+20)=—-T Im|y,(0)]|= =-0.379
(p+20)=-,| o= e
cos(p+20)=—-0.186= (p+26)=%100.72°
nu e obligatoriu sa se calculeze 8 deoarece nu
va fi necesar

decat daca doresc simularea/verificarea
amplificatorului 1 separat (recomandat)

(¢+29)={

+100.72°
—100.72°




Adaptare la iesirea etajului 1 (L1)

Ecuatie Solutia L1A | Solutia L1B
d+20 +100.72° —100.72°
0 16.1°
Im[y(6)] —0.379 +0.379




dB(S(2,1))

Verificare etaj 1

TermT : “TL3 o e © Tl o TermZ
g Nurm=1 - Z=500Chm o e g Z=50 Ohm. § Mupm=2
£=50.0 0hrm £=80.0 Ghm

z=s00mm . [T . LES13789. . foiugg = i150- — . E=1583 . .. Z=50 Ohrm
= ... L hReft FSBGHz | o . F=5 GHz- Ref ~ F=6GHz = =
= L= o 1 1 L
14 35
i m1
12 3.0
1o 25
1 N 5| m2
5| m1 'c freq=5.000GHz
| freq=5.000GHz 15— nf(2)=0.549
5 dB(S(2,1))=11.475
1.0—
4 I | I | I | I | I ‘ I ‘ I | I | I | T 05 I ‘ T ‘
40 42 44 46 48 50 52 54 56 58 60 40 42 44 46 48 50 52 54 56 58 60
freq, GHz freq, GHz



Adaptare la intrarea etajului 2 (52)

G, (plecare din ¢, ales spre origine —m3 —

castig 2dB)
m m2
indep(m1)=91 indep(m2)=85
CZ=0.196 /-131.619 CZ=0.315/-133.406
freq=5.000000GHz freq=5.000000GHz
impedance = Z0 * (0.741 - j0.225) impedance = Z0 * (0.588 - j0.299)

CSIN
CCCIN

|mpedance ZO (0405 j0.287)




Adaptare la intrarea etajului 2 (52)

Gc, (plecare din m3 spre origine)

Iy, €0.461/—142.66° Ty,|=0.461;, @=-142.66°

F2-|Cy,)

N
cos(p+20)=—-0.461= (p+20)==%117.45°

nu e obligatoriu sa se calculeze 8 deoarece nu

va fi necesar

decat daca doresc simularea/verificarea
amplificatorului 2 separat (recomandat)

cos(p+26)= —Cs, | Im|y,, (0

r20)- {1174
T 117450




Adaptare la intrarea etajului 2 (52)

Ecuatie Solutia S2A | Solutia S2B
d+20 +117.45° —117.45°
0 130.1° 12.6°
Im[y(0)] ~1.039 +1.039




Verificare etaj 2

dB(S(2,1))

(5o, N TLIN
g Term?1 - T3 - L
MNurm=1 o+ 72500 ORI e
= . M Ref F=50GHZ ol -
.
14 m‘|
12 —
10
8
1 m-1
6 freq=5.000GHz
4l dB(S(2,1))=12.270
C T s s L LA BN B B

==

40 42 44 46 48 50 52 54 56 58

freq, GHz

L T R Terma
E=11B8" .. . E=15883 S Z=50 Chm
. F=5 GHz- Ref F=6GHz =~ = =
5
4]
3— m?2
~ ] freq=5.000GHz
E , nf(2)=0.749
1
0 \

48 50 52 54 56 58

freq, GHz



Etaj1/2

dB(verif_et1..5(2,1))

dB(S(2,1))

Conform concluziilor obtinute din formula
Friis al doilea etaj obtine castig mai mare
deoarece se accepta un zgomot mai mare

m3

m3
ind Delta=0.000
dep Delta=0.795
delta mode ON

I I I I I I I I
40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz

(2)

verif et1..nf

nf(2)

m4
ind Delta=0.000
dep Delta=0.200
delta mode ON

I I I I I I I I I I
40 42 44 46 48 50 52 54 56 58 60

freq, GHz



Combinarea celor 2 stub-uri paralel

Cele doua stub-uri in paralel se combina
Intr-unul singur

Exista 4 combinatii posibile in functie de
cum se combina lungimile electrice alese

pentru cele doua linii serie

pentru fiecare lungime electrica aleasa () se
foloseste obligatoriu Im[y(0)] corespunzator

Ex:

0, =1168 0,,=130.1°  Imly, | =Im[y, (6)]+ Im[y,,(6)]=-1.418
0., = tan_l(lm[yspD 0, =125.2°



Combinarea celor 2 stub-uri paralel

£, combinatii posibile

admitantele sunt in paralel si se aduna, nu lungimile electrice

0, 0, - Im(y)
— - I 0

- Im(y)

+Im(y) +Im(y) L1 @




Combinarea celor 2 stub-uri paralel

Solutia S2A Solutia S2B
6 =130.1° 0=12.6°
Im[y(0)] =-1.039| | Im[y(6)] = +1.039
{0 1168 =, -1168°
, 0=116.8° Im[y(0)] = -1.418| 4 Im[y(8)] = +0.66
Solugia L1A |, 000~ 379 6, =125.2° 0, =33.4°
0., =130.1° 0., =12.6°
> [0, -16.1" —sly, -16.1°
, 0=16.1° Im[y(0)] = -0.66 | +H Im[y(0)] = 1.418
Solugia LIB || 0011 — 10,379 0, =146.6° 0, =54.8°
0., =130.1° 0., =12.6°




Diagrama Smith

linie serie = pe i
cercul cu centrul m:// N
in originea DS I g e N\
stub paralel 2 pe /// I/‘\\\ \\ \
cercul g=1

stub

paralel




Diagrama Smith 1

0, =116.8° 6., =130.1°
Im[ysp] = Im[yLl (9)]—'_ Im[yS2 (9)] = _1 418

9, =125.2°

.2
— = o o (oIS
‘j:p o ini_inter_smith2. TL1.E 118_803
\ '
-

stub = R J
/"'"_'_"""-. ini_inter_smith2. TL2ZE  [125 20 =1
L\ Y - n =7

combinat 2=l X l

8

b S 5o /

5 /_\ linii_inter_smith2 TL3E  [{3040 3

Updatel Dretails | Fesat | Cahcel
.




dB(S(2,1))

freq, GHz

1 — . 1 e
4+ 1~ 1~ — L P 15T . . . .
L1 LS L6 TL2 7=50 Ohm
Em : '.-:l_'sz”‘:’hm' Z=5000hm © o z=5000hm 2=80000m- - 7250 1) ghm’ R © ' 7=50.0Chin E21593 LE;:?Q :
Nt | 'E;;B;ng ©E=1462 - - - - | - - - - E=1188" FE;;QSHQZ - E=304° - - - |- - - - E=1168 - | Rer - -FesGHZ - Z=50 Ofim
zzsoomm L F=5 GHz F-5 GHz 1 F=5 GHz = F=5 GHz
i e s e B L 1
ST e .
© 7 Flle="CaDoc\AvagoATE 3414303414338 52p" © File="ChOocivagoATF34 143434143533 52" ©
30
25—
m2
20 freq=5.000GHz
D nf(2)=0.586
15— =
c
10— m’]
5 freq=5.000GHz
dB(S(2,1))=23.707
0 | L L L I N I Y S B B B B
4.0 44 46 48 50 52 54 56 58 6.0



Diagrama Smith 2

0, =1168° 6, =12.6° linii
Im[ysp] = Im[yLl (9)]—'_ Im[ySZ (0)] = +O66

0, =33.4°

stub
“combinat”

ref.. CSIN

finii_inter_smith2. TL2.E |
12,600 =

Updatel Dretails | Fesat | Cahcel




ADS 2

i

dB(S(2,1))

+——— { 7 1 N [ o
- Toc o Tec e o T
o -:l ;2500 Gt G S -:l ;200 Eiin N . T-snoorin - =
el e -E:;SG?-HQZ- E=1462 - E=t168- | 'E:EB(;HZ “E=126 J [EEIE - E=1163 - | Ref - F=5GH
zg0om L Rt RC Lt F=50CHz - . F=5 GHr. - 1 .o PR . F=5 GHz L . F=5CGHz - | . A,
T = L L . = T oL
NP1 NP2
" File="CDoc\AvagoATF 341433414338 520"~ ~ ° " File="Ch\Doc\AvagoATF 34143134 14338 52p"
26 3.5
i m1
3.0
24 — mo
oy 2.5 freq=5.000GHz
1 8 4o nf(2)=0.621
c
20—
| m1 1.5
18— freq=5.000GHz 10
| dB(S(2,1))=24.269
16 | I | I | | I | T | T | T | T | I 0.5 T | T | I | T | I | T | T | I | T | I
40 42 44 46 48 50 52 54 56 58 6.0 40 42 44 46 48 50 32 54

freq, GHz



Diagrama Smith 3

6, =16.1°

Im[ysp] = Im[yu (‘9)]"" Im[ysz (‘9)] =-0.66

0, =146.6°

stub

“combinat”

0., =130.1°

M Tune Control

Select a parameter to tune by clicking on it

" o alo o o Simulate: d
-~ ) < O Trace History ’Wﬂ
o (S
° =
Z z ) @'ﬁ% linii_inter_smith2. TL1.E [{5900 3
© o L ! lini_inter_smith2TLZE  [145.50 =
e O D i N —
— Q

|
b

finii_inter_smith2. TL2.E |
13010 =

Updatel Dretails | Fesat | Cahcel
.




ADS 3

i

dB(S(2,1))

+——— { 7 1 N [ o
- oc o L Tec e o T
o -:l ;2500 Gt Zboonn | ©  2noomm -:l ; 200 Gl N . T-snoorin - =
el e -E:;SG?-HQZ- E=1462 - E=tet | -E:;“gé “E=130.1 J [EEIE - E=1163 - | Ref - F=5GH
Z=50 Ohm ___ : TR F=5GHz - -F=5GHz- - ___ Lo e - F=5 GHz — . F=mGHz - | - R
T = L L .= T =
NP1 NP2
" File="CDoc\AvagoATF 341433414338 520"~ ~ ° " File="Ch\Doc\AvagoATF 34143134 14338 52p"

26 3.5

i 3.0
24 — mo
oy 2.5 freq=5.000GHz

1 8 4o nf(2)=0.624

c

20— 15

- m1 a
18— freq=5.000GHz 10

| dB(S(2,1))=23.972
N e e By S e R R L L L N S SO BN O

40 42 44 46 48 50 52 54 56 58 6.0 40 42 44 46 48 50 52 54 56 58

freq, GHz



Diagrama Smith 4

6,,=16.1° 6., =12.6° linii
Im[ySp] =Im[y,,(0)]+ Im[y, (0)]=+1.418 serie

0, =54.8°

- z linii_inter_smith2. TL1.E {5100 3
stu b Olbls! o }
=~ ) — inii_i ith2. TL2ZE 5
W c o b i n a t" i : CD irn_inker_smitl 54,500 3
m ol my
— 2
lirii_i ith. TLZE B
inii_inter_smit 12600 3

Updatel Dretails | Fesat | Cahcel
.




ADS 4

-

dB(S(2,1))

freq, GHz

S S B 1 1 R L 3o
- Toc T mee e o T
TLI TL5 TLE TL2 Z=50 Ohm
o -:l , 22800 DM 555 0'ohin " 72600 Ohm' -:l [ 2=B0000M - posnn om0 | © 7=5000NM E=1583"
el 1. -E:;SG?-HQZ- E=1462 - E=tet | -E::“;HZ “E=126 J [EEIE - E=1163 - | Ref - F=5GH
zg0om L Rt RC Lt F=50CHz - . F=5 GHr. - 1 .o PR . F=5 GHz L . F=5CGHz - | . A,
T = L L .= T o =
NP1 NP2
: :Fi[.e=".C:\Duc.\Av:ag0:ATr—'34143\f3%114:335:1.52;3": C ’ I.:i\e="CZ:\DD:c\AvagDATF$41%13\f341.43$a.5:2p'f
26 3.5
24— >0 —
. 2.5 freq=5.000GHz
1 o nf(2)=0.593
20— <
1 m1 157
18— freq=5.000GHz 10—
| dB(S(2.1))=23.155|
16 I I R R L L L 0.5 N Y N B I B B
40 42 44 46 48 50 52 54 56 58 6.0 40 42 44 46 48 50 52 54 56 58

freq, GHz



Adaptare inter-etaje

Toate variantele obtinute indeplinesc
conditiile de castig si zgomot

Se alege una convenabila in functie de:

dimensiunile fizice ale liniilor 7--¢ .4

360°

comportare in frecventa
stabilitate

performanta (zgomot/castig)
reflexie intrare iesire

etc.



Supliment Mini Proiect



Alegere tranzistor

Ghid de selectie

RF discretes

Selection guide

EER =
08808



Alegere tranzistor

Ghid de selectie
Low noise [ LNA
Frecventa de lucru

—
HUmau

Ultra-low-noise SjGe:C transistqs up to 12 GHz

Proauct ol Package
HEmE : olP3 | OP1dB M
: p (typ)
. . [dBm] | [dBm] | [GHZz]
BFP640ESD | SP000785482 | BFPG64OESDH6327XTSAL | 4.1 500f | o065 NM250 |270 |120 |460 |2000 |soT343
BFP64OFESD | SP000890034 | BFP64OFESDHE327XTSAL | 4.1 500f | o055 k65 | 260 |115 | 460 | 2000 | TSFP-4-1
BFP620 SP000745302 | BFP620HT764XTSAL 2.3 ool |07 215 | 255 | 145 |650 |1850 | SOT343
BFP620F | SP000745304 | BFP620FHTT64XTSAL | 2.3 go.0l | 0.7 210 | 250 | 140 |650 |1850 | TSFP-4-1
BFP640 SP000745306 | BFP640H6327XTSAL 4.0 500 \ | 0.65 I 240 | 265 |13.0 |400 |200.0 | SOT343
BFP64OF | SPO00750404 | BFPG4OFH632TXTSAL | 4.0 500 \|065 f|230 215 135 |400 | 2000 | TSFP-4-1




Alegere tranzistor

Selectare candidat

Ex: BFP620F
o
Ultra-low-noise SiGe:C transistors up to 12 GHz El

Product

Electrical characteristics Package
HEE Vero NF,, |G, |OIP3 |OP1dB |f,
(max) (typ) | (typ) (typ)
vl [dB] [dB] [dBm] | [dBm] | [GHz]
4.1

BFP640ESD | SP000785482 | BFP640ESDH6327XTSAL 50.0 0.65 25.0 27.0 12.0 46.0 200.0 SOT343
BFP640FESD | SP000890034 | BFP640FESDH6327XTSAL | 4.1 50.0 0.55 26.5 26.0 115 46.0 200.0 TSFP-4-1
m\SPOOO745302 BFP620H7764XTSAl 2.3 80.0 0.7 21.5 25.5 14.5 65.0 185.0 SOT343
BFP620F 000745304 | BFP620FH7764XTSA1 2.3 80.0 0.7 21.0 25.0 14.0 65.0 185.0 TSFP-4-1
SP000745306 | BFP640H6327XTSAl 4.0 50.0 0.65 24.0 26.5 13.0 40.0 200.0 SOT343

BFP640F SP000750404 | BFP640FH6327XTSAL ‘ 4.0 50.0 0.65 23.0 215 13.5 40.0 200.0 } TSFP-4-1

Cautare model
verificare zip rf-opto
Google BFP620F s2p



Alegere transistor, model

zip: 8064 fisiere
BFP620F: 281 fisiere

diverse polarizari = i

[ BFP620F_VCE_2.3V_IC_53mA.s2p

K BFP620F_VCE_2.3V_IC_55mA.s2p

necesar w_noise !! ) BEP620F VCE 2.3.IC_60mAs2p
. . (] BFP620F_VCE_2.3V_IC_65mA.s2p
with noise [ ') BFP620F_VCE_2.3V_IC_70mA.s2p

[ BFP620F VCE_2.3V_IC_75mA.s2p

‘*—[

e s (") BFP620f w_noise VAE 0.3V IC_3.0mA....
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Alegere transistor, catalog

Cautare Google BFP620F datasheet
Preferabil de pe site-ul oficial (daca mai exista)

(infineon

BFP620F

Low profile high gain silicon NPN RF bipolar transistor

Technical

Simulation Support
documents PP

Order now

Product description

The BFP620F is a RF bipolar transistor based on SiGe:C technology that is part of
Infineon’s established sixth generation transistor family. Its high gain and low noise
characteristics make the device suitable for frequencies as high as 6 GHz. It remains cost

competitive without compromising on ease of use.



Alegere transistor, catalog

Parametrii variaza cu frecventa si polarizarea

Table 6 AC characteristics, Vg = 1.5V, f= 1.8 GD
— R ..
Parameter gymBo[ Values Unit |Note or test condition
Min. | Typ. | Max.
Power gain - /\ - dB
+  Maximum power gain Gms 21 Ic =50 mA
«  Transducer gain 1S21]? 19.5
Noise figure
«  Minimum noise figure NFin 0.7 lc=5mA
Linearity dBm
«  3rd order intercept point at output OIP3 25 lc=50mA, Vce=2V,
«  1dB gain compression point at output | OP1gs 14 Z5=2.=50Q
Table 7 < AC characteristics, Vcg=1.5V, f=6 GHz
Parameter Symbol Values Unit |Note or test condition

Min. | Typ. | Max.

Power gain - i \ - dB

«  Maximum power gain Gma 10 lc =50 mA

+ Transducer gain |21/ 9.5

Noise figure

«  Minimum noise figure NF min 13 "/ lc=5mA
—_




Alegere transistor, catalog

Grafice cu variatia in frecventa
NF (f)

/

Pl

~
)
d i
j
[

4
f[GHz]

Figure 12 Noise figure NFnin = f(f), Zs = Zs opt, Vg = 1.5V, Ic =5/ 50 mA



Alegere transistor, catalog

Grafice cu variatia in frecventa
G (f)

Figure 8 Gain G2, G, 152112 = (), Vg = 1.5V, Ic =50 mA



Alegere transistor, catalog

Grafice care ghideaza in alegerea polarizarii
NF (Ic)

QN

€«

Figure 13 Noise figure NF i, = f(Ic), Zs = Zs opt, Ve = 1.5 V, f = parameter in GHz



Alegere transistor, catalog

Grafice care ghideaza in alegerea polarizarii
G (lo)

30

a8 /M\ /\
26 L 'Lo'g‘
= \
22 /

o / ‘ — 18

20 ‘

24 1

18
__ 3 |
|

e )
E=csis=cy

8 -4

NS

6O 10 20 30 40 50 60 70 mA 90

—>/C

Figure 9 Maximum power gain G, = f(/¢), Vcg = 1.5V, f= parameter in GHz



Alegere transistor, catalog

Grafice care ghideaza in alegerea polarizarii
G (V)

30

dB /'\
“‘-—fof; \
24 /f/ [
o l/ N L — 18_‘
— 24
o= 17
V T |
i/ =7 imm
I =y A
[ \ J/
V e’

o]

4

0

2 04 06 08 10 12 14 16 18 20 22 V 26

—— Vce

Figure 10 Maximum power gain G,,,,x = f(Vcg), Ic =50 mA, f = parameter in GHz



Alegere transistor, catalog

De obicei:

polarizarile cu valori reduse (ex. BFP620F: 1.5V V,
5+ 10mA |) ofera zgomot mai mic, iar polarizarile
cu valoriridicate V, |- ofera castig mai mare



Alegere transistor, catalog

Fisierele s2p sunt text si pot fi direct vizualizate

File Edit View Favorites Tools Help

b = v W o= X i
Add Extract Test Copy Move Delete Info

! E BFP620F_w_noise VCE_1.5V_IC_5.0mA.s2p BFP620F_w_noise_VCE_1.5V_IC_10n X ==

5 ] E:\Documents\Curs DCMR\2019-2020\infineon_rft.z

| Name size p, File Edit View

L] BFP620F_w_noise VCE_1.3VIC 45SmAs.. 7104 6.900 ©.3600 133.5 2.604 34.7 ©.2134 27.4 0.0855 158.3
L] BFP620F_w_noise_VCE_1.3V_IC_S0mALs... 7104 7.000 ©.3630 132.0 2.563 33.7 ©.2156 26.8 ©0.0849 153.2
[ BFP620F_w_noise_VCE_1.5V_IC_1.0mA.... 7105 7.100 ©.3660 130.6 2.525 32.8 ©.2178 26.2 ©0.0849 147.7
‘] BFP620F w_noise VCE_1.5V_IC_3.0mA.... 7 105 7.200 ©.3692 129.2 2.488 31.8 ©.2201 25.6 ©0.0857 142.3
) BEP620F w_noise VCE 1.5V, IC_5.0mA o 7.300 ©.3733 127.8 2.452 30.9 ©.2223 25.1 ©0.0880 136.8
e g 7.400 ©0.3775 126.5 2.416 30.0 0.2246 24.5 ©0.0910 131.6
e e - 7.580 ©.3827 125.3 2.383 29.2 ©.2270 23.9 0.8949 126.6
L] BFP620F_w_noise VCE_1.5V_IC 80mA... 7105 7.600 ©.3880 124.2 2.350 28.3 ©.2293 23.3 0.0995 122.0
L] BFP620F_w_noise_VCE_1.5V_IC_10mAL... 7104 7.700 ©.3939 123.0 2.318 27.4 ©0.2316 22.7 ©.1060 117.8
(7] BFP620F w_noise VCE 1.5V IC_12mA.s... 7104 7.800 ©.3999 121.9 2.286 26.5 ©.2338 22.0 ©0.1130 114.0
[ BFP620F_w_noise VCE_1.5V_IC_13mAs... 7104 7.900 0.407 120.9 2:255 25.6 ©.2360 21.3 ©.1214 110.4
[ BFP620F w_noise VCE 1.5V IC_15mAss... 24904 I|8.eee> 0. .0 2.225 24.6 ©.2382 20.7 ©.1301 107.3
} ) BFP620F_w_no!se_VCE_1.5V_IC_17mA.s.., 7104 L 5 Gammaopt rn/5e

(") BFP620F_ w noise VCE_1.5V_IC_18mAs.. 7104 | GHz AG  ANG }

| ] BFP620F_w_noise_VCE_1.5V_IC_19mAs... 7104 9.450 g ). 26 8 9.22

[ BFP620F_w_noise VCE_1.5V_IC_20mA.s... 7104 9.900 0. 25 19  9.19

| [ ] BFP620F_w_noise_VCE_1.5V_IC_23mAs... 7 104 1.500 0. .24 21  0.15
' [ BFP620F_w_noise VCE_1.5V_IC_25mAss... 7104 1 . ggg g~ i; gg g . i:

[ BFP620F ise_VCE_1.5V_IC_27mAs... 7104 : : :
!‘*' BRI vt i 2.400 0. 15 54 0.13

| ,:} BFP620F_w_noise_VCE_1.5V_IC_28mAs... 7104 3.500 9. 14 75 9.12
[ BFP620F_w_noise_VCE_1.5V_IC_30mAs.. 7104 5. cop 1. 11 178 ©.10

[] BFP620F_w_noise_VCE_1.5V_IC_33mA.s... 7104 6.000 1. .10 207 ©0.16

D BFP620F_w_noise_VCE_1.5V_IC_35mAs... 7 104 !

[ BFP620F w_noise VCE_1.5V_IC_37mAss... 7104 ! (c) 2014 ineon Technologies AG, Munich

[ BFP620F w_noise VCE 1.5V IC_39mA.s... 7104

[ BFP620F_w_noise_VCE_1.5V_IC_40mAss... 7104 Ln103, Col 2 7,103 characters



Alegere transistor, ADS

Tranzistoare se introduc cu componente tip diport
se bazeaza pe un fisier s2p pe care il incarca de pe disc
paleta Data Items > diport (2)

|Data Items

MDIF

LaF | 1sE.



Alegere transistor, ADS

schema 1/lab 3-4
se introduce un fisier cu parametri S si se

verifica rapid prin simulare (repetata)

— <
|@ S-PARAMETERS OPTIONS I o
GBaE Options MaxGain
Sp1 Options1 MAG
Temp=16.85 MAG=max_gain(3)

CalcMoise=yes

Freq=5 GHz
@ GICircle

Num=2 CCCOUT
7=50 Ohm COCIN CCCOUT=gl_circle(S {1, 2,3 }51)
1940401 —

Term1
CCCIN=gs_circle(S {1,2,3 }51)

Num=1 v
Z=50 Ohrap_Tmec_NE71084_1_1934040
SNP3 @
Bias="Fet: ¥ds=3V ld=10mA" y
= Frequency="{0.10 - 12.00} GHz" @ LBl
MNoise Frequency="{1.00 - 18.00} GHz" ] L_StabCircle
= CSoUT
S5_StabCircle CS0UT=|_stab_circle(3 51)
il CSIN
StabF act CSIN=s_stab_circle(S 51)
NsCircle olat
: K
NsCircle K=stab_fact(S)
NsCirclel

CZ=ns_circle({1,1.5,2 2.5 3} NFmin Sopt Rn/50 51)

Rn GO0 GLmax GSmax
1.634 4.249

19.500 8.974




Polarizare

https://rf-opto.etti.tuiasi.ro
note de aplicatii importante Agilent

decuplarea circuit de semnal/circuit de polarizare

detalii de implementare a circuitelor de polarizare
pentru tranzistoarele cu microunde

Appcad contine instrumente pentru calculul
schemelor de polarizare



Polarizare

INPUT
BLOCKING
CAPACITOR

SOURCE
RESISTANC

|
I INTPUT CHOKE
: NETWORK

IN, [IN)
AC IMPEDANCE
MATCHING CIRCUITRY

|
I OUTPUT CHOKE 1
: NETWORK

uT, louT)

OUTPUT
BLOCKING
CAPACITOR

AAA I
1

AC SIGNAL !
SOURCE @

LOAD
RESISTANCE

— K 500
Jrw-C



Polarizare, soc tipic

Lcp>10Z
FROM TO
pc O ? O ac
Z
— G211
= Z, =j-w-L>500
CURRENT CONTROLLED
RcH>10Z
FROM TO
DC O & MA/ O AC
Z
—_— C<10

VOLTAGE CONTROLLED
(FET GATE)



Polarizare, scheme/valori tipice

AC
OOUT
20 nH
AC
N O ! FET H 1
10pF =
1 h
% 24 or Rs 10 pF +Vop (12V)
" I
5 TURNS #22 WIRE 5 TURNS #22 WIRE
ON Q2 FERRITE ON Q2 FERRITE
0.1 uH 0.1 uH g
BASE 0O COLLECTOR
BIAS VOLTAGE BIAS VOLTAGE
15Q 150
= 1HF 47 pF 47 pF 1pF
NPN I




Polarizare, problema elementelor

conectate in E/S

— O--—
— 5
*~— — —
e
= | emiTTER
BYPASS _L §B'AS
s | -—0 & O-—— CAPACITOR T RESISTOR
100 pF :
S11 (AT 4 GHz) = 0.52 ~ 154° -—0 | -

S11 (AT 0.1 GHz) =0.901 £ -14.9°
S'11 (AT 4 GHz) = 0.52 £ 154° UNCHANGED
AT 4 GHz

S'11 (AT 0.1 GHz) = 1.066 ~ -8.5° |S11|>1
AT 0.1GHz



Polarizare TB scheme de polarizare

V RB1 Rc
NON-STABILIZED AN/ & “MWN— Ve
RB Rc
—WA—0— A—O Ve
Rs

_r S
RB2

VOLTAGE FEEDBACK AND CONSTANT
VOLTAGE FEEDBACK BASE CURRENT SOURCE



Exemplu proiect

Unirea celor doua scheme
C11 —amplificator
Ca2 —filtru

X T TLO R T TLC
.. TLIN s IL : S \ i S TLIN ; i
TL18 = TL13 = R
TL19 TL15 TL14 TL16

fermm . . . . Z=50.0 Ohm 7-50.0'Ohm 5 i e _1:] . Z=50.0 Ohm S S e .Z=50.0hm -
Fonna Z=50. m Z=50.0 Ohm p—— Z=50.0 Ohm S Z=50.0 Ohm ¥
G . . E=1379 E=1462 - - 5"P1 . E=1088 - |- - - - E=125.2 E=1301 - nP2 . E=1368 - .E=124 3.
Num=1 ittty = iy = =
'Z:ISO e o Ref F=5GHz F=5GHz . . Flle D \f341433a s2p" F=5GHz . Ref ~ F=5GHz F=5GHz . ; Flle D \1’341433a s2p F=5.GHz . F=5GHz

B

',_{ Term2

- Num=2
CLIN CLIN N N CLIN Z=50 Ohm
TL11 TL10 TL8 TL9 TL12

'Ze=70.04 Ohm " Ze=56.18 Ohm Ze=5511 Ohm Ze=56.18 Ohm  Ze=70.03 Ohm S

©Z0=39.37 Ohm* *Z0=45.05 Ohm" Z0=45.76 Ohm - Z0=45.05 Ohm" Z0=39.37 Ohm
.E=90. . . . .E=90. . . E=90 . .E=90. . . E=90 .
.F=5GHz . . _F=5GHz . . F=5GHz . .F=5GHz . F=5.GHz .



Rezultat (dezechilibrat)

40
20—
=
o 7
m _
@
O —
40 | | | | | | | | | | | | | | | | | | |

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz



Rezultat (dezechilibrat)

m1

g freq=5.000GHz

5 dB(S(2,1))=23.021

T [ T ‘ T I T ‘ T | T I T I T | T | T
40 44 46 48 50 52 54 56 58 6.0

R

TN PN,

M 7]
< O\

dB(S(
dB(S(

freq, GHz



Rezultat (periodic in frecventa)

m1 m2
50 freq=5.000GHz | freq=15.13GHz
- m1dB(S(2,1))=19.973 |dB(S(2,1))=3.809
25— m?2
= 0—
5 %
L s0—
75
'1OO_IIII|IIIIIIII|I{\IIIIIII
0 5 10 15 20 25

freq, GHz



Reglaj -> echilibrare

scopul: echilibrarea caracteristicii
amplificatorului (maxim la frecventa centrala)

se prefera reglarea lungimii liniilor de la iesirea
amplificatorului

micsorarea afectarii zgomotului

Term1 E=137.9 = SnP1 : E=1252 snP2
S | ASECC e o E—146.0 & . wE=1088 130 TR R~ o E=1368 -
Num=1 Ref F=5 GHz F=5 GHz ) F|Ie:'{D:\f34143‘3a,529"F:5 GHz R F=5GHz F=5GHz . . Flle:'fD:\B4143‘3a,‘s2p" F=5GHz . . e

S R o A LN, CLN- . CLN o CLIN 50 Ohm
TL1 TL10 TL8 TL9 TL12 =
"""""""""""""" Ze=70.04 Ohm " Ze=56.18 Ohm Ze=5511 Ohm Ze=56.18 Ohm  Ze=70.03 Ohm B
“““““““ SN A ©Z0=39.37 Ohm- ~ Z0=45.05 Ohm" Z0=4576 Ohm -~ Z0=45.05 Ohm" Z0=39.37 Ohm — Ao e E m
........... . .. . . . . . . _E=9 . .E=90. . . . E=90 . E=90. . . . E=90 . . . R

.................. PR . . . . . . . . .F=5GHz .F=5GHz . . F=5GHz F=5GHz . . F=5GHz . TP



Reglaj -> echilibrare, efect

40
20—
;
o T
M |
@
_20_
_40 | | | | | | | | | | | | | | | | | | |

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz



Amplificator, Filtru, Total

40

20— —
oo~  0-
S 8 |
AL

40 42 44 46 48 50 52 54 56 58 6.0
freq, GHz



Implementare cu linit microstrip

linii microstrip
strat dielectric
metalizare totala (plan de masa)
trasee care fixeaza

impedanta caracteristica

lungime fizica/electrica / r /
} —W—>] A s/
€, d

Y

‘\ X
= Ground plane




Implementare cu linit microstrip

Linie quasi TEM
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Implementare cu linit microstrip

Linie quasi TEM, EmPro




Implementare cu linit microstrip

~ Aproximativ TEM

TIIEATI L

a) COUPLED STRIP GEOMETRY



Implementare cu linit microstrip

~ Aproximativ TEM

N

NSNS TINTGINITIIIS NI N IIINI I IIITIIIIINY.

c) ODD MODE ELECTRIC FIELD PATTERN {SCHEMATIC)



Implementare cu linit microstrip

Se echivaleaza linia cu o linie cu dielectric
omogen echivalent

A
€ d d
Y

ST S S ST TS S S
(a) (b)

N

Figure 3.26
© John Wiley & Sons, Inc. All rights reserved.
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Calcul empiric

C

B = ko/ee, ¢
d
e + 1 € — 1 1
€e = + . ,
2 RNV
60l 8d+W S 2T |
n
Jee \W = 4d or <
Zo =1
1207 b I b 1
- or ,
| Ve [W/d +1.393 +0.667 In (W/d + 1.444)] o =




@:1[d1]

Calcul empiric

%4
Zo e +1 € — 1 0.11 € = =
A= 0 r 4 7 023 4+ —— e
60 2 € + 1 €
d
377
b = )
2Z0./€r g
8(3‘4
for W/d < 2
82‘4 — 0 /

x| 5

2 & — 1 0.61
— B—l—ln(2B—l)—|—2— In(B—-1)4+0.39 — — for W/d > 2,

| €5 €5



Impedanta caracteristica

Pentru impedante mari e nevoie de latimi mici ale traseelor
Pentru impedante mici e nevoie de latimi mari ale traseelor

7o, Q
—— Br 2
lfgno‘:‘:g::‘“t\““ e ko =
e ‘
i 0 e e
Sl L s Bt = Jeckot.
L “\

// /
/8
VAV//b

/S NS
/18
i /5//// //

F.

Wik
0.1 I 10



Microstrip standardizare

Standardizare
dimensiuni in mil
1 mil =103 inch
1inch=2.54cm
Inaltimea conductoarelor

in functie de greutatea

cuprului oz/ft
uncii / picioare patrate 0.5
(OZ/ftz) 1.0

10z=28.359 si 1ft=30.48cm -

g/ft?
14.175
28.35

56.7

inch
0.0007
0.0014

0.0028

mm
0.0178
0.0356

0.0712



Microstrip standardizare

Tipic inaltimea straturilor de dielectric de
asemenea standardizat in mil

‘ Standard Thickness |

RO4003C:

0.008" (0.203mm), 0.012 (0.305mm), 0.016" (0.406mm),
0.020" (0.508 mm)

0.032" (0.813mm), 0.060" (1.524mm)

RO43508B:

*0.004" (0.101mm), 0.0066" (0.168mm) 0.010" (0.254mm),
0.0133 (0.338mm), 0.0166 (0.422mm), 0.020" (0.508mMm)
0.030" (0.762mm), 0.060" (1.524mm)




Microstrip, materiale substrat

Material - - W/cm/K ppm/K ppm/K
Al,O, (99-5%) 9.8 0.0001 0.37 6.3 +136
Al,O, (96%) 9.4 0.001 0.35 6.4 -
Safir 9.4;11.6 0.0001 0.42 6.0 +110-+140
Sticla quart 3.78 0.0001 0.017 0.55 +13
Sticla Corning
: 0.0036 0.012 .6 -
7059 5.75 3 4
BeO Ceramic
(98%) 6.3 0.006 2.1 6.1 +107
TiO, 85 0.004 0.05 7.5 -575
Tetratitanat de 0.000 .00 -6
Ba (BaTi,0,) 37 0005 ' 9-4
Zirconat 20-40 0.002 - 5.0 -130-+100
GaAs 12.9 0.002 0.46 5.7 -
Si 11.9 0.015 1.45 4.2 -

Ferita 9-16 0.001 - - -



ADS linecalc

In scheme:

>Tools>LineCalc>Start

Pentru linii Microstrip >Tools>LineCalc>Send to

250 LineCalc/untitled

NEH®

Component

Type |MLIN

v | D |MLIN: TL25

Substrate Parameters

ID  Alumina

H
Er
Mur
Cond
Hu

T

TamD

Component Parameters

Values are consistent

15.000 | mil >
9.600

1.000

5.96E+7

3.9e4034 i M
1.400 | M

1 00NAA

Freq 10.000 |GHz v
Wall1 1.0E+30 |mi v
wall2 1.0E+30 |mi >

m

Physical
w 13.660 mi >
L 386.030 [mi ]
Synthesize Analyze
| ™
Electrical
20 50.098900 [Ohm v |
E_Eff 294.984000 |

Linecalc

X

Calculated Results
K_Eff = 6.276
A_DB = 0.060
SkinDepth = 0.025




ADS linecalc

1. Definire (receptie din schema) substrat
2. Introducere frecventa
3. Introducere date de intrare
Analiza: W,L = Zo,E sau Ze,Zo,E | la f [GHZ]
Sinteza: Zo,E 2 W,L /la f [GHZ]

nnnnnnnnn

aaaaaaaaaaaaaaa

K_Eff = 6.276

A_DB = 0.060
v | SkinDepth = 0.025




ADS linecalc

Se poate utiliza pentru:

linii microstrip MLIN: W,L < Zo,E
linii cuplate microstrip MCLIN: W,L < Ze,Zo,E

2o LineCalc/untitled

File Simulation Options Help
<] F <] F
N H& N H&
Component Component
Type [MLIN v | o [Mun: TL2s v | Type [MCLIN v | 0 [McLN: McLIN_DEFAULT v |
Substrate Parameters Substrate Parameters
4 3
Physical Physical
D Alumina " 13.650 |""'7t ) D Aumina w 9.924201 | mi__~]
- L 386.030 [mi  ~ - s 7.993661  |mi
H 15.000 - H 15.000 — S 'l
i L 121714173 [mi v| —~
Er 9,600 Er 9,600 — [ sl S wle+|
—_—
Mur 1.000 Mur 1.000
Cond 5.96E+7 SYnthe=s (- A0S Cond 5.96E+7 Synlhesx Ay
Calculated Results IZ‘ Calculated Results
Hu 3.9e+034 Hu 3.9e+034
K_Eff = 6.276 KE = 6.978
T 1.400 Electrical A_DB = 0.060 T 1.400 Electrical KO = 4.870
EN 1 00044 20 50.098900 [Ohm v | |SkinDepth=0025 Tann 1 A00a 4 7 20.040 AE_DB = 0018
Component Parameters | = 3| Component Parameters AQDE=00:2
P E_Eff 294.984000 wliggi'\ P 0 39.370 SkinDepth = 0.025
Freq 10.000 ‘Qﬂz Freq 10.000 20 52.511663
Wwall1 1.0E+30 ‘mll > | C_DB -11.046865
Wwall2 1.0E+30 ‘mll ] E_Eff 90.000
Values are consistent Values are consistent




ADS linecalc

, _

File Simulation Options Help

N B s

MCLIN: MCLIN_DEFAULT .
Substrate Parameters
4 3
|
ﬂ&, ,}4 7
; /
ID Alumina v ‘m'l % ‘ // L VY
S #
: - , ‘mll v| /{ A7 ol
- 15.000 | mil A b /N1
D Er—— /
Er 9.600 N/A 4 E bl G
= ) %
Mur 1.000 N/A
Cond 5 O6E+7 N/A Synthesize Analyze
| *‘ } Calculated Results
Hu 3.9e+034 mil 5
——— KE = 6.978
T 1,400 | mil v| KO = 4.870
TanD 1 NNOa_A Y v | AE_DB =0.018
——  |[A =0.0
Component Parameters v | g e =

SkinDepth = 0.025

Freq 10.000 GHz

Values are consistent




Linii de transmisie

https://rf-opto.etti.tuiasi.ro
linii de transmisie Rogers

relatii dependente de
t, inaltimea metalizarilor

f, frecventa
relatii pentru
microstrip

strip
linii cuplate



Implementare cu linit microstri

"MTEE MTEE MTEE
Tee1

Tee2 Tee3
. Subst="Alumina" . . L . . . . . . . . Subst="Alumina". . . . . . . .Subst="Alumina"
W1=13.66 mil W1=13.66 mil W1=13.66 mil
T e e o S R e s ) S o e
W3=13.66 mil ' o o ' ' " W3=13.66 mil

W3=13.66 mil

»TL2‘5‘ 5 T|_2é . Wt e s Y R . ’
e o ’ \%be; é/glrt:]rﬂma" SnP1 O 5\7[)18:; ggl:ﬂma" . | ; - " a;lb?; Glglrl:]rﬂma sipy - alljbf:ti é/glrunr::ma“. TL33 : P
Subst="Alumina”  L=386.03mil 07 DO41433a520% 447 49 130 O aeeym . PRRBMERS ey a;’ff;:é'g'fn”ﬂ na
W=13.66 mil ' ' Subst="Alumina" ’ =315 mil
A e D e S =315 mil

L=116.91 mil

MSub

Alumina
H=15 mil
Er=9.6
Mur=1 . . Term®
Cond=596E+7 . : Num=4
Hu=3.9e+034 mil , P S i s 5 T 7 o e o Z=50 Ohm .
$a11[;1:r8_lt|)001' . - - . - €Lint . . . CLin2 . . CLin3 . . . CLind4 . - CLin5 :
Rough=0 mil . . oo o . Subst="Alumina'Subst="Alumina". Subst="Alumina'Subst="Alumina'Subst="Alumina"
; o } W=9.89 mil W=1255mil  W=1268mil W=1255mil W=9.89 mil
$=7.89 mi $=21.60 mil $=24.95 mil $=21.60 mil $=7.89 mil
[=24525mil = L=23724mil~ "L=23675mil L=237.24 mil L=245.25 mil




Implementare cu linit microstrip

e introduce modelul de substrat
iniile/liniile cuplate se calculeaza cu Linecalc

entru acelasi substrat

o - - - Tee1
Subst="Alumina"
W1=13.66 mil
W2=13.66 mil
W3=13.66 mil

Alumina
H=15mil. . .
Er=9.6
Mur=1
Cond=5 96E+7
Hu=3:9e+034 mil
T=l&mib 5 -
TanD=0.0001 .
Rough=0 mil

R

Term4 o
Num=3 I‘Lzl 5 5
2-50 Ohm Subst="Alumina

W=13.66 mil
L=364.11 mil

Alumina
H=15 mil

Er=06

Mur=1

Cond=5 96E+7
Hu=3.9¢+034 mil
T=14mil
TanD=0.0001
Rough=0 mil

R = |

D:\f341433a 52p"

: oy I =

N

TL25

Subst="Alumina"

b mil -

1.=386.03 mil -

Tee2 Tee3
Subst="Alumina" Subst="Alumina"
W1=13.66 mil W1=13.66 mil
W2=13.66 mil W2=13.66 mil
W3=13.66 mil W3=13.66 mil

TL28
Subst="Alumina"
W=13 66 mil
L=417.19 mil

32
Subst="
. SnP2 TL33
Y‘iallsﬁbm"“," File="D:\341433a »‘.7;[‘/"{3‘3; Subst="Alumina"
TL30 T & W=13.66 mil
Subst="Alumina” L=315 mil
W=13 66 mil

L=11691 mil

= o & = | Nam=s

CLint

Subst="Alumina'Subst="Alumina"

W=9.89 mil
$=7.89 mil
=24525 mil

CLin2

W=12.55 mil
5=21.60 mil
L=23724 mil

Z=50 Ohm
CLin3 CLin4 CLin5 3
Subst="Alumina'Subst="Alumina'Subst="Alumina"
W=1268mil W=1255mil W=9.89 mil —é—
$=24 95 mil $=21.60 mil $=7.89 mil
L=23675mil L=237.24 mil 1=24525 mil




Implementare cu linit microstrip

Se folosesc componente din paleta
Transmission Lines — Microstrip

MSUB - substrat

MLIN — linie serie

MLOC - stub paralel in gol

MTEE — modelare conexiune cu stub in paralel

MCFIL — sectiune de filtru cu linii cuplate
(alternativa mai precisa decat MCLIN —se tine
cont de faptul ca doua sectiuni succesive sunt in
fizic alaturate)



Implementare cu linit microstrip

E necesara atentie |la
completarea parametrilor
pentru MTEE si MCFIL prin
verificarea in schema a latimii
liniilor conectate la fiecare
terminal

Tee2

W2=13.66 mil
W3=13.66 mil

oy I =

129
Subst="Alumina"
Tom4 : SnP1 4
Nimes D Filo="D\3414338.520" w7 g o
2-50 Ohm Subst="Alumina = mil .30
Y ~ 11 - W=13.66 mil Subst="Alumina”
."“. 1 b | | L=364.11 mil W=13 66 mil
¥ R = L=11691 mil

CLin1
Subst="Alumina"

Alumina

Subst="Alumina"
W1=13 66 mil
WW2=13.66-mil-
WW3=13.66.mil.

Tee3

Subst="Alumina"

W1=13.66 mil
66

W3=13.66 mil
TL31 32
3\;“)?;:(;2'::\‘:;”“" e ;;n).‘%&:l;/l;lr\:\v:luna“ 133
b File="D:\341433a.520" 1y o0 T Subst="Alumina"
Ty Fhassos W=13.66 mil
L=315mil

— . H=15mil
W_989 rnll Er=96 ] ] ]
Mur=1 ‘ Term®
av - Cond=596E+7 Num=4
S_? 89 rrll | q Hu=3.9¢+034 mil [=l—= 7250 0bm
" T=1.4 mil . 3 ; -
TanD=0.0001 CLin3 ClLin4 CLins
L - 24 5 2 5 . Rough=0 mil Subst="AluminaSubst="Alumina'Subst="Alumina" e
— I I |l W=1268mil  W=1255mil W=9.89 mil o=
. . $=2495mil  $=21.60mil  S=7.89 mil
L=23675mil " L=237.24mil ~1=24525 mil




Implementare cu linii microstrip

Rezultat

Se constata o deplasare a benzii obtinute (albastru)
spre frecvente mai mici fata de modelele ideale (rosu)

datorat diferentei MCFIL / MCLIN

40
ADS

20—

— —

SO 1

dB(S(4
dB(S(2,

'40|||||||||||||||||||
40 42 44 46 48 50 52 54 56 58 6.0

freq, GHz



Introducere elemente de polarizare

Reglaj de lungimi la elementele filtrului
nentru reglarea frecventelor in jurul fo = ;GHz
ntroducere L (soc RF) si C (decuplare)

N
Teet i

Tee2 Tee3d

Stbst="Alumina" o A= 1 Subst="Alumina" " Subst="Alumina"
- W1=13.66 mil - C C - QL=10uH 10uH- - wW1=13.66mil W1=13.66 mil -
- W2=13.66 mil - & o e : = W2=13.66 mil W2=13 66 mil
. W3=13.66 mil . W 3=13.66.mil . W3=13.66 mil .
24| 1 [ 1 Ay
| S Fee a7 [ S Far ) s | — _/I_.:}—
TL35 c1 s o S 29 S st e B i c3 TL34
Subst="Alumina'C=15 pF ILC Subst="Alumina" Subst="Alumina" Subst="Alumina'C=15 pF Ny Subst="Alumina" C=15 pF Subst="Alymina"
Term4 _SnP1. SnP2 TL33 i
w=1366 mil = - ¢ TL27 - W=1366mil- - - - - w=1366mil © ‘¥ yioc W=1366mil- - - ol e e Ww=1366mil - - - - -W=1366mMmil -
Num=1 ="D: Subst= Alum na
2260 onk=236.73 mil o SubstAlmgeg0a mi. . . Fle=DWs41433as2pn Lo RORL T30 L=39.61 mil File="Df341433.520_ 134 g0 Sl 1=236.73 il
W=13.66 mil Subst="Alumina" £=315 mil
1 L=364.11 mil _ W=13.66 mil
= L=116.91 mil
MSub
Alumina 5
H=15mil . . L . | —
)
Er=96
Cond=5 96E+7 ’ : ol : Step2 LS =
Hu=3 9e+034 mit . . . gtebmt . B el = o - - L - - - Subst="Alumina" Su_bst— Alumi Z=50 Ohm
S \:1 S13 ssunT:ra'CL 1 “CLin2 " Cuns B e en 'tv'_zégggﬁlilx
TanD=0.0001 . o o i o i ! A i w2=1366.mil . . :
Rough=0 mil W2=9.89 mil Subst="Alumina'Subsi="Alumina" Subst="Alumina"™ Subst="Alumina'Subst="Alumina"
S S = e e S © 0 W=989milc -W=1255mil © W=1268mil- -W=1255mil - W=9.89 mil"
.§=7.89mil . .S=21.60.mil . $=2495mil . .S=21.60mil .S=7.89mil -

L=230.25 mil . 1=227.24 mil L=231.75 mil L=227.24 mil . 1=230.25 mil



Castig -> Reglaj/Optimizare

dB(S(2,1))

4.0

— T T ] T 1 T 1 ' ] T 1 ' 1 ' ] T T
4.2 4.4 4.6 4.8 5.0 9.2 5.4 5.6 2.8

freq, GHz

6.0



Rezultat final (Castiq)

40
ADS
1 m1 m2
20—
=
N
) A
Q20—
== m1 m2
J freq=4.750GHz freq=5.250GHz
dB(S(2,1))=21.635 dB(S(2,1))=20.536
'60 | | | | | | | | | | | ' | | | | | ' |

40 42 44 46 48 50 52 54 56 58 60
freq, GHz



Rezultat final (Zgomot)

50
ADS .
40—
30— m3 mb5 m4
N i freq=4.750GHZ| freq=4.960GHZ freq=5.250GHz
= - nf(2)=0.813 nf(2)=0.715 nf(2)=0.836
20— Min
10—
i m3 mb6 m4
. \ 4 \ 4 \ 4

freq, GHz



Layout (Exemplu)

Inlocuirea (fictiva) a tranzistoarelor si
elementelor concentrate (LC) cu elemente

pentru care ADS are informatii d

ATEE

—— ¢ Tee2

e L2 Subst="Aluriina"
L=10 uH W1=13.66 mil
= W2=13.66 mil
W3=13.66 mil

Teel
Subst="Alumina"
W1=13.66"mil
W2=13.66-mil
W3=13.66.mil

A |
i |
Term ; TL35 B oY ‘TL25

Num=1 Subst="Alumina"C=15 pF MLOC Subst="Alumina"
z=50 ORi¥=13.66 mil TL27: - W=13.66 mit
- - L=236.73 mil Subst="Allmsee.03 mil
W=13.66 mil
L=364.11 mil

Alurmina
H=15 mil
Er=8.6
Mur=1
Ccond=5.96E+7
Hu=3:9e+034 mil
T=1.4 mil
TanD=0.0001
Rough=0 mil

‘TL29"' ST ez

I Siibst="Alurina" " Subst="Alumina"C=15pF
W=13.66 mil MLOC - W=13.66 mit
L=417.19 mil - TL30 - L=39.61 mil -
;o Subst="Alumina" .
W=13.66 mil .
L=116.91 mil _

espre capsule

Tee3

= La Subst="AlUmina"
L=10UH W1=13.66 m!l
= W2=13.66-mil
W3=13.66.mil
I B A :
-
iy i ca T
ATF26884 g5t iamina" TLa3  C=18pF Subist="Al
- W=13.66 mil Subst=Aluming W=13.66 il -
- L=334.80 mil L=236.73 [ni

W=13.66 mil
L=315 mil

Step1
SUbSt "Alumlna"

" W1=13.66 mil
* W2=9.89 mil

:.JE.IE:JEI:

CLin2 " cLing

CLint CLin4
Subst="Alumina"Subst="Alumina" " Subst="Alumina" Subst="Alumina"Subst="Alumina""
W=9.89 mil W=12.55 mil - - W=12.68 mil W=12.55 mil

5=7.89 mil $=21.60 mil - 5=24.95mil- 5=21.60 mil

L=23025 mil . L=22724 mil . . L=231.75 mil 1.=227 .24 mil

Step?

R TermG
TLuB Num=2
Subst="Alumina" Su_bst YAlUMIn) Z=50 Ohm
W1=9.8gmi . YW=13.66mil
wo=1agemi . L=236.73mil

CLin5

W=9.89 mil
5=7.89- mil
1.=230.25 mil .

L_I

mina"’



Layout (Exemplu)
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Contact

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