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min

Iki — kapilinin matrisiyel formda ABCD parametreleri
Calisma frekansi

Minimum giirtilti faktort

Giriilti faktort (£ 2 F,,)

Istenilen giiriiltii faktori (F,,, > F,, )

Elde edilebilir gii¢ kazanci
Calisma gii¢ kazanci

Transdiiser gii¢c kazanci
Bir mikrodalga transistorun kutuplama akimi

Transmisyon hattinin uzunlugu
Kaynaktan elde edilebilir maksimum gii¢

Yiike aktarilan gii¢

Bir mikrodalga transistorun esdeger giirtiltii direnci
Girigs VSWR (V, 2 1)

Istenilen giris VSWR (¥, >1)

Bir mikrodalga transistorun kutuplama gerilimi

Reel ve imajiner kisimlariyla iki-kapili devrenin yiikii
Transmisyon hattinin karakteristik empedansi

Reel ve imajiner kisumlanyla iki-kapili devrenin kaynak

empedanst
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VSWR  Gerilim Duran Dalga Orani (Voltage Standing Wave Ratio)
MR, Giris VSWR

IMC Giris Uyumlastirma Devresi (Input Matching Circuit)
OMC Cikis Uyumlastirma Devresi (Output Matching Circuit)
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OZET

Bu tezdeki orijinal ¢alismalar su sekilde siralanabilir: Ik ¢alismada, belirli kaynak Zg ve yiik

Z;, empedanslarina sahip kaskad bagh iki — kapililarin devre parametrelerine goére

duyarhiliklarinin ii¢ farkli yaklasimla analiz edilmistir. Bu yaklasimlar “ Kazang Carpimi ™ |
*“ Zincir Duyarlilik Matrisi ” ve “ Numerik Pertiirbasyon ” olarak adlandinlabilir.

Ikinci ¢alismada, bu yaklasimlar ile Dagilmis-Parametreli mikrodalga kuvvetlendiricilere
uygulanarak devredeki transmisyon hatlann fiziksel uzunluk ve karakteristik empedanslarina
gore biitlin analitik kazan¢ duyarliliklar analitik olarak formiile edilmistir.

Ugtincii ¢alismada, bu analitik kazang duyarhliklari bir uyumlu performans (F,V, Gt)

ligliisiine sahip olan kuvvetlendirici konfigiirasyonu igin uygulanmig ve numerik pertiirbasyon
yaklasimui ile birlikte duyarliliklar hesaplanmustir.

Sonug olarak ise, biitiin bilgisayar sonuglari karsilastirilmis ve ¢ok iyi bir uyum iginde
olduklari tespit edilmistir.

Bu ¢alismadaki yaklagimlar, giiriiltii ve VSWR gibi diger performans &l¢ii bilesenlerinin aktif
ve pasif devre degiskenlere gore duyarliliklarinin analitik formulasyonunun elde edilmesi
seklinde genigletilebilir. Biitiin ¢alisma aktif devrelerin gradyant-tabanli kazang, giiriiltii ve
VSWR performans optimizasyonlarinda ¢ok verimli bir sekilde kullanilabilir. Ayrica, analitik
temelli olan bu ¢alisma sistemlerim gerceklestirilmesi ve tretimi asamasindaki tolerans
analizi konusunda ¢ok iyi referans olacaktir.

Anahtar kelimeler : Duyarlilik, kazang, pertlirbasyon, zincir
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ABSTRACT

Original works in this thesis can be ordered as follows: Firstly is to analyse the sensitivity of
the cascaded two-ports with respect to the circuit parameters by the three different approaches

with the given source Zg and load Z; impedances.These approaches can be named as “ The
, “ The Chain- Parameter Sensitivity ” and “ The Numerical

bYY

Gain — Factorization
Perturbation ” .

Secondly, these general approaches are applied to the sensitivities of a microwave amplizier
with the distributed parameters. So all the analytical gain sensitivity expressions are obtained
with respect to the physical lengths and characteristic impedances of the transmission line
segments of the circuit. Thirdly, these expressions are utilized in the evaluation of all the gain
sensitivities for the amplifier configured with respect to a compatible performance (F,V; G)

triplet, together with the numerical perturbation approach.

Finally, all the computed results are compared together and found that they are all agreed
very well.

Complete work is expected to expand to the sensitivities of the other performance measure
components such as noise and VSWR with respect to the all the passive and active parameters
of the circuits. Then these resulted works can be utilized in the efficient gradient- based
optimization of the gain, noise and VSWR performances of the active circuits. Besides, these
analytical works can be excellent references in the tolerance analysis of the system in the
realization and production stages.

Keywords : Sensitivity, gain, perturbation, chain
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1. GIRIS

Bir elektrik devresi tasariminin énemli bir problemi elektrik ve giiriiltii performansinin
Optimize edilmesidir. Verimli gradyant — temelli optimizasyon metodlari, devre
duyarliliklarimin  hesaplanmasint  talep ederler. Ayrica, kullanilan sentez yonteminden
sonuglanan nominal degerlerle yapilmig bir devre tasarimi idealize edilmis belirli bir
durumdur. Oysa bir mikrodalga devresinin realisttk bir bi¢imde tasariminda, devre
parametrelerinin imalat(toleranslar), yaslanma yada ¢evresel faktorler(6rnegin sicaklik) gibi
nedenlerle degisebilecegi hesaba katilmalidir.

Tolerans analizi, ideallestirilmis bir devre modelinin “iirlin imal etme” siirecine dontistiiriilme
ihtiyaci ile gelistirilmistir ve burada amag, imal edilen devrelerin kalitesini kestirebilmektir.
Tolerans analizi, gerek deterministik ve gerekse istatistiksel temeller lizerine yapilsin, her iki
halde de, "duyarlilik” kavramina gereksinim duyulur.

Duyarlilik temel olarak, tiiretilebilir bir ‘F’ fonksiyonunun bir ‘X’ parametresine gore
tirevidir:

_oF
D)= (1.1)

Daha genis kullanima sahip olan Normalize Duyarlilik tanimlari:

o(InF X
S, (F )= a((lnx)) - ZD(F) (12)
yada
oF
SX(F)=%=§DX(F) (1.3)
X
seklindedir.

(1.3) esitliginden

@=SX(F) ox (1.4)
F X

seklindedir ve burada duyarliliin tolerans araligs 0<S,(F )< 1 seklindedir.

Genel bir ¢ergeve i¢inde “duyarhilik” problemini ele alirsak, k adet reel degiskenin (devre

parametresi) ve m adet devre fonksiyonunun olusturdugu iki vektér kiimesini ele almaliyiz:

X = [X] )X oo oo e ' (1.5)



F(x)=[F 1(X).F 2(X)prrrerrrrrreimeen Fr(x)]F (1.6)

Ayrica, devrenin fiziksel tasarim parametre vektorii x° ‘nominal parametre’ vektorii olarak

adlandirilacaktir:

X —[xl 2X0 e xko]r (1.7)
Buna gore x devre parametre vektord,

x=x° +Ax (1.8)
olarak bilesenlerine ayrilabilir; burada Ax, devre parametreleri diferansiyel degisim
vektoriidiir:

AX = [AX) A oo Ax [ (1.9)
Bizim ele aldigimiz sistemde, F devre fonksiyonu;

F(x)=[GT1(x),GT2(x), ................... G Tm(x)}r (1.10)
seklindedir. Reel degiskenler ( x ) ise,

X =01, 201,05 Zggwevrrrevreverrrrress e Lo Zom (1.11)

seklindedir. ‘nominal parametre’ vektorii (x°) ise,

Cizelge 1.1 T - Tipi ve I1 - Tipi devrelerde kullanlan nominal parametre vektorii (x° ) olan,
g

MMIC teknolojisinin izin verdigi hatlarin uzunluk ve karakteristik empedanslan

a)
IMC(T -Tipi1) OMC(T - Tipi)
€, =15.886 cm | (,=14.009 cm |£3=13.378 cm | £4,=13.711 cm |£s=0.674 cm |£=0.832 cm
Z01=36.310 Q |Z0»=180.885 Q |Zp3=53.041Q |Z¢s=129.006 Q |Zys=166.347Q2 | Zp6=95.109¢:
b)
IMC(IT -Tipi) OMC(IT -Tipi)
£,=14.608cm | £, =13.970cm |£3=10.503cm |£4=15.191 cm |£5=13.678 cm |£c=15.197 cr
Z01=85.185Q |Z0=51.995Q |[Zp3=167.184Q | Z04=199.988 Q |Zps=114.411Q2 | Zps=193.972




Devre parametreleri diferansiyel degisim vektorii Ax(AZ=0.0001cm,AZy =0.0001Q) ise

biitiin devreler i¢in sabit alinmistir.

Ayrica, giinimiizde duyarliik kavrami gelisen teknolojiyle, mikrodalga devrelerinin
tasariminda ¢ok daha bliyiik bir 6nem kazanmistir. Bilgisayar destekli duyarlilik analizi bize
bir kaskad bagli devrenin simiilasyonunu ve istenen tasarim &zelliklerinin saglanip
saglanmadigin1  gosterir. Kaskad bagl devre simiilasyonu bize, kaskad bagli devre
performansinin ve tasarimcinin profesyonel deneyiminden, zekasindan ve 6nsezgi giiciinden
kaynaklanan sonuglarin nasil iyilestirilebilecegi hakkinda bilgi vermez. Optimizasyon
metodlartyla ilintili duyarhilik analizi bize tasarim prosediiriinii daha algoritmik olmasint ve
sonucta devre tasariminin otomasyonunu saglar.

Bilgisayar simiilasyonunda, gergek kaskad bagh devre 6lgiimleri basitlestirilmis matematiksel
tanimlarla siirl bir dogruluk veren kaskad bagli devre veya sistem modeli kullanilir. Bundan
dolay1 simiilasyon sonuglar1 daima gergek 6lciim sonuglarindan farkhidir, oysa Ideal olmayan
kaskad bagh devreler ve sistemler genelde degisen g¢evre kosullarinda c¢alismak zorunda
kalirlar. (Sicaklik Degisimi, Atmosferik Basing, Elektromagnetik Radyasyon, Nem). Devre
elemanlarinin degeri dogal yaslanmayla degisir. Bu etkenleride géz 6niine alarak ¢evre kosul
parametrelerine gore kaskad bagh devre veya sistem duyarliliklarini hesaplayabiliriz. Kaskad
bagli devre duyarliliklari hakkindaki bilgiler daha genis olarak optimal tolerans islemi ve
{iretim sonras: bilgisayar destekli genel bakim ve diizen saglanmasinda kullanilabilir.

Ayrica duyarlilik analizi bize simiilasyon hatalarmin kestirimini saglar bu gekilde duyarlihk
analizini kullamlarak, kaskad bagli devre parametrelerini artan duyarlilik degerine gore
yerlestiririz. Sonug olarak prosediir, duyarlhligin asiri degerleri igin devre parametrelerinin
tanimlanmasina onciiliik eder bdylece bizde duyarhiliklari énemsiz olan elemanlar1 elimine
ederek modelimizi basitlestirir. Bu sayede bir kaskad bagli devrenin parazitik elemanlarin
bulunmasi durumunda cevap varyasyonlarinin kestirimi yapilabilir.

Duyarlilik fonksiyonlar, devrede aktif yada pasif herhangi bir eleman parametresine gére
tiirevleri igerebilmektedir. Diisiik giiriiltiilii, yiiksek kazangli ve disiik giris VSWR’ I aktif
devrelerin bilgisayar ile tasariminda da, performans fonksiyonlarnin duyarhihklarinin analitik
ifadeleri,bu fonksiyonlarin bilgisayar kullanilarak perturbasyon metodu ile hesaplanmasindaki
zorluklan ortadan kaldinp, hiz1 arttirir.

Bu cahsmada duyarlihk analizi, ti¢ farkli yontem ile bulunmus ve bu sonuglar

karsilastirilmistir.



2. KAZANG CARPIMI YAKLASIMI
2.1 M - Kaskad Bagh Iki — Kapihdan Olusan Bir Devrenin Kazang¢ Duyarhiliklar

M - kaskad bagli iki-kapili devrenin transdiiser kazanci Gr, n. bilesen devrenin
parametrelerine gore duyarlilik fonksiyonlarint elde edebilmek amaciyla, asagidaki

sekilde faktorize edilebilir :

GT - GA(n-l ) GTn Gp(m—n) (21)
1 ¥at Z11 Zsn n. Kat Zin ZLism m. Kat Zim IZ
e N e
[l — — — — — — —— —e— — — ——— —o——‘ —e
Pavna Pra Pr

Sekil 2.1 M — kaskad bagli devre

Pavs  Pavs Pay, Pr, Y &

P (mn) (2.2)

(2.2)’ de Gy, iki- kapili devrenin transdiiser kazanci olup, devre parametre vektdrii x° in

fonksiyonudur :
Gr_ = Gr,(x) | (2.3)
X=[0, 2 €5 Zoy s o Lo (2.4)

Burada x, 2mx1 boyutlu pasif degisken vektortidiir. G o1 V€ Gp e ™ iki—kap1l1

devre parametreleri x° den tamamen bagimsiz olup, sirasi ile ilk (n-1) katin “elde edilebilir ”

ve son (m-n) katin “¢alisma” kazanglarn ¢arpimina esittir:
n-1

Sagry = HGAi (2.5
1=

Rg

GA(n—l) = (2.6)

2 B, (neny+ D1 (ne1V2
1.(n-1) T C 1 (n~1)%s




A (n-1) Bi(n-1n :[Al B]MAQ Bz] A1 Bpog 27
Ci.n-1) Di@-1»| |C1 Di||Cy Dy " 1Cao1 Dpoy '
(2.7) de belittilen Ay (n-1), By (n-1)> Ci.(n-1)> Di.(n-1) (n-1). katakadar olan

katlarin ABCD parametrelerinin ¢arpimidir, yani (n-1) katin esdegeder ABCD

parametreleridir.
m
Gp(m—n) = HGpi (2.8)
i=n+1
R
Bimny = _— P A 2.9)
+1)..m~L 1)...
1D(n+1)...m+C(n+1)...mZL] Real{b__n ) mZ Dn+ ) m}
(n+1).m4L T P(n+1).m
A(n+1)...m B(n+1)...m __[Anﬂ Bn+1H:An+2 Bn+2} [Am Bm} (2.10)
C(n+l)...m D(n+1)...m Ch+1 Dnt1]|Chns2 Dnaz Cm Dn

(2.10)'da belirtilen Api1y m> Bnt1).m> Cn+1).m> Dn+1).m (nt1). kattan m.kata

kadar olan katlarin ABCD parametrelerinin ¢arpimidir, yani esdegeder ABCD
parametreleridir.

Buna gore, m - kaskad bagli devrenin toplam transduser gli¢ kazanci Gr nin n. devre

parametresi x,’ e gore duyarlihigi:

G 8Gr,
BX_;_G%-[) ox, GP @10

seklindedir(Gtines, 1980).

Buna gdre D, (G ) nin duyarhiik matrisi, 1x2m boyutunda bir matristir:

D,(Gr)4 Dy (Gr) 1. Dy (Gr) D (G1) | 1)

Burada

oG
Dxn(GT)zliéxT} 2.13)

n



seklindedir ve % ise (2.11) ile verildigi bicimde elde edilebilir.

r-—-"-1 - - /1 == "1

| N L |

| I lo |

[ i [ [ [ Transistor
| Zaszid

V2o, | Zosds o

| | IZOQ""]Z: l \ s Vi

O !ul" 1\-»[ =0

! . Pl |

| | | | ! |

I [ P !

] ] | | I |

L~ -1 o — — | Lo - .

Sekil 2.2 IMC(T - Tipi) — Transistor - OMC(T — Tipi) devresi

_]
i
l

Transistor

'
— e e -

Ny
Q
La

[
()

F,¥,061

N SN W |

Sekil 2.3 IMC(IT — Tipi) — Transistor - OMC(IT - Tipi) devresi

Asagidaki alt bolimde kazang ¢arpimi yaklagimi, Sekil 2.2 ve Sekil 2.3’ deki
mikrodalga kuvvetlendiricilerinin pasif devre degiskenlerine gore kazang

duyarliliklarina uygulanacaktir.

2.2 Uygulama: Bir Kuvvetlendiricinin Dagilmig Parametreli Uydurma Devrelerine Gore

Duyarhhg

Sekil 2.2 ve Sekil 2.3’ deki, Seri ve Paralel - Hat, dagilmis parametreli elemanlarinin
T- ya da 7 - konfigiirasyonlarimin olusturduklar giris ve ¢ikis uydurma devreleri ile bir
mikrodalga kuvvetlendiricisini ele alip, toplam Gr kazancinin hat fiziksel uzunluklari

¢, ile ve karakteristik empedanst Z;, i=1, ..., 6 ya gore duyarhlik fonksiyonlar elde



edelim. Buna gore devrenin x parametre vektérii veV gradyant operatorii asagidaki sekilde
ifade edilebilir:

T
X=[01,2Z01 .00, Zgp v o> Zos | (2.14)
T
v=| 2 9 9. 9 @.15)
o, 0Zy, 0l 0Zs

herbir dagilmis parametreli elemant, bir iki-kapil ile karakterize edip ve (2.13) iliskisini
kullanarak, n. iki kapth devresinin x, parametresine gore Dy (Gr ) duyarhlik
fonksiyonu elde edilebilir. Buna gére, asagida seri ve paralel - hattin iki-kapili ile

oG

karekterizasyonu ve - fonksiyonu ele alinacaktir.

n

2.2.1 Bir Seri - Hat Devresinin Kazan¢ Duyarhliklari

I

[¥p]

- -

Sekil 2.4 Seri — Hat devresi

Gy = 2R R (2.16)
P

seklinde ifade edilebilir. Burada,

P =|AZ +B+(CZ, + D)’ 2.17)
Rg =Real Zg , R; =Real Z, (2.18)
o jsinf4
A=cospl,B=jZ,sinp(,C = Z ,D =cosf/ (2.19)
0

seklindedir, ABCD parametrelerini (19), (20) yerine koyarsak



oGy  4RgR_ S, ) . Ss
=- 42y —S3)sin2BL+2(ZyS, ——= 2p¢
Py P2 B{(Zoz 0" = S3)sin2BL+2(Z,S, Z, )cos 23

9Gr  4RgR,
0z, p?

S ) S
2 Z, ——23—)sm2 BL+(Sy +—5-2~)sin2[3€
Zo Zy

seklinde bulunur, burada

P=S, +( —;1 +Z02-83 )sin? B4 +(ZyS4-SsZ; )sin2 B4
0

St =121)% +]Zs|* + 2R Ry + Xs X1 )

Sy =[z, [ [Zs)”

Sy = 4Xg Xy +[2L[* +[Zg[

S4:XL+XS

Ss = Xs|Z, 7 + XL |Zs|”
seklindedir.

2.2.2 Bir Paralel - Hat Devresinin Kazan¢ Duyarhliklar

| {
| |
| |
| (
o

Sekil 2.5 Paralel — Hat devresi

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)



(2.28)’deki ABCD Parametrelerini (2.16), (2.17)’ de yerine koyalim

oGy 4RgR. 28 T,
T P2 7 st +h)
ot P®  Z,sin” Bl ZotgBl
Gy 4RgR, 2 T

T _TRs™y ( 2 +Ty)

o7, P2 7, htgpl Zotep!

Lo om)
Zotgpl  Z, tgp’

Ty =(2,|* +]Zg|* +2(RgRy + Xg X1 )
T, =[2,)7(Zs)]

T3 = XleL]Z + XL1ZS£2

2.2.3 T-Tipi Devre I¢in Kazan¢ Duyarhiliklary

v
S

Sekil 2.6 T - Tipi devre

cosBl, jZy, sinBe,
[E]=| isinB¢, cos B, ( 1.Seri - Hat)
Zy

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)
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cosPBl;  jZy; sinPly

[E,]=]| jsinBls cospr, | (Seri-Hat (2.36)
Zo3
1 0
[E,]=1_ ] | |(1.Paralel - Hat) (2.37)
Zoztan L,
[Er12]=[E][E,] (2.33)
[Er23]=[E2][E5] (2.39)

Devre pasif oldugu igin biitin G, =1, Gp =1 * dir

2.2.3.1 Kazanein i1k Kat Olan Seri — Hat Parametreleri £;,Z¢g; I¢in Duyarhliklar

oG 4R S S
ﬁ:GNMGPI:w ‘sifu (—%+20]2—S31)sin2[5€1+2(ZOIS41—~Z£)COS2B€1 (2.40)

6(1 661 Pl 01 01
“aET—:GAlﬁGp] ’—'*"%ES%{LL 2(201— S2lﬂ )Sin2 Bf] +(S4I +§2—)sin2B€, (241)
0Zy 5201 P, 013 o1
S ) }
Pr =38y +( EZL+ Zoy? -S31)sin® Bl +(Zg;Sq1 -S51Z) )sin2BL (2.42)
o1

2 2
Si =1Z01]” +1Zs1|” + 2(Rg Ryy + Xg1 X1 1) (2.43)

2 2
So1=1214]" 1Zsy] (2.44)

2 2
S31 = 4Xg1 XLy +[Z11|” +[Zsi] (2.45)
S41 = XL] + XS] (246)
2 2
Ss; = Xsi|Zp|” + X111Zg1] (2.47)
E IL1YZy +Eyy:(12

 Erps(2)Z +E1(22)
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2.2.3.2 Kazancin ikinci Kat Olan Paralel — Hat Parametreleri {5 .7, I¢in Duyarhhiklan

oGy oG 4Rg,R 2 T.
Br Gy Zlgy,-Rafn B 2,7, (2.49)
8£2 agz P2 Zoz sin Bgz Z()zth€2
6G oG 4Rq,R T
0Cr Gy Sy, =R 2 m i1y (2.50)
9Z, Zg, P Zptghl, Zoa'tghls
1 Ty
Py =T, + ( 42Ty, 2.51)
ZoptgBl, Ly tghts
2 2
Ty =|Z1a|" +|Zsa|” +2(Rs2Rp 2 + Xs2X12) (2.52)
2 2
Ty =|Z12)" |Zs2) (2.53)
2 2
Tyy = Xs2|Z1a|” + X12 Zs2] (2.54)
(2.55)

:E3(1,1)ZL+E3(12) 7 _Ei(02)+E(22)Zg
LT E (27, +E(22) 27 E(LD+E((21)Zg

2.2.3.3 Kazanem Ugiincii  Kat Olan Seri - Hat Parametreleri 3,73 I¢in Duyarhliklar

3R
QGLZGM L Gps =—<4R‘~S§2—QB (—S%+ZO32—S33)sin2[3€3+2(zO3 543_33_)%52&3 (2.56)
Bl oty s o3 Zos
Gt 0Gr, 4Rg3Ry3 S23 i Ss3
T oGy Gy =~ A Zgy ———7)sin” Bl +(Sy3 +—>5 )sin2PL5 (2.57)
0Z3 0Z3 P Zo3 0
S . _
Py =S5 +( -ZA +Z43% S35 )sin® B3 +(Zg3S43 - Ss53Z03 )sin 2Bl (2.58)
03
2 2
S13 =|Z13|" +|Zs3|” + 2Rg3R 3 + Xs3X13) (2.59)
2 2
Sy3 =1Z13]" |Zs3] (2.60)
(2.61)

S33 =4Xg3XL3 +lZL3!2 “‘lZs3l2
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Sq3 = X3 + Xs3

Ss3 = Xg3 \Zu\z + X3 |Zss\2

_ Eypp(12)+ By (22) Zg

Ziz=7Zy
13 =24 B (LD + Ep5(2,1)Zg

2.2.4 IT -Tipi Devre I¢in Kazan¢ Duyarhliklar

Sekil 2.7 I1-Tipi devre

(1. Paralel - Hat)
ZO] tal’l Bf\

0
1 | (2. Paralel - Hat)
Z03 tan BE 3

cosPBl,  JZy sinPl,
j sin [3@ jsinBly cos B, (1.Seri - Hat)

[Eri2]=[E1][E,]
[Er2s]=[E2 ] [E5]

Devre pasif oldugu i¢in biittin Gp =1, Gp =1.

(2.62)

(2.63)

(2.64)

(2.65)

(2.66)

(2.67)

(2.68)

(2.69)
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2.2.4.1 Kazancin ilk Kat Olan Paralel ~ Hat Parametreleri ¢;,Z; I¢in Duyarlhiliklar:

oGy T, 4R¢,R 2 T
e B Sy QL N (2.70)
agl agl P] Z()] sin Bf] Z()] thel
oG T, 4R R 2 T.
T _ Al ! Gp; = Sl2 L1 - ( 21 +T31) Q.71
0Ly, 92y P, Zo) tgBl, ZoytgBl,
1 T
P, =Ty + (—2_—421y)) (2.72)
Zoy gl Zy tgBe
2 2
Ty =1Z01|" +|Zs1[” +2(Rg1Ryy + X1 X1) (2.73)
2 2
Ty =1Z01|" |Zs)] (2.74)
2 2
T31 = Xg1)Zu1|” + Xp1lZgy| (2.75)
Enas(L1)Z + Epp(1.2)
by = =2 LIl » Lgy=Zg (2.76)

" Epas(20)Z; + Epp(22)

2.2.4.2 Kazancin Ikinci Kat Olan Seri — Hat Parametreleri £,,7y, I¢in Duyarhihklar:

Cr g, oGr,

ARsaR1) ) S22 2 . Ss52 2.77
o, o, P2 5 P75 + 2" = 832)sin2B05 + A ZpSyy 7 Jeos2Be,

21 02 2

2

oG 4R¢5R
S e =—“S“2’£{2<Zoz-—s%>sin2 BE +(Sgz +~22)sin2Be, b (278)
202 02

S . .
Py =85 +( 22' +Zgy” -S3p)sin” By +(Zy Sy -S5pZ0y )sin2BL (2.79)
02
2 2
S12 =[Z1af" +[Zsa|” + 2Rs2Ry 5 + Xs2X12) (2.80)

Sy =lZL2‘2 ‘Zszl2 (2.81)



2 2
S3p = 4X52X12 +|Z12] +\Zsz\’
S42 = X2 + Xs2
S5y = Xg IZLz\z + XLz}Zsz\z

CE3(1L)Zy +E5(12)

_E(12)+Ei(22)Zs

T E (2)Z, +E3(22) TP E(LD)+E((20)Zg

2.2.4.3 Kazancin Uciincii Kat Olan Paralel — Hat Parametreleri £3,Zq3 I¢in

Duyarhihiklan
Cr _ oG, Go. = Bs3Ris 2B (
—— =0~ 0Up3 =
o4 o P2 Zgysin® ey Zostehls
oG 9Gr 4Rg;R 2

T — G 3 GP3 — 832 L3 i 5 ( +
0Zg3 0Zo3 P, Zos tgBls Zoztehls

1 T

Py =Ty + 2 2T33)

(= +
ZoztgPls  Zy3tgPls

2 2
Tiz =|Z13]" +]Zs3|” +2(Rg3Re3 + Xs3X13)

Ty =\ZL3|2 [ZS3}2

2 |
Ty3 = Xg3|Z1s|” + X13Zs3

2

Zi3=21;

CEnn(12)+Epp(22)Zg

S3 — |-
Enn(LD+Eqi(2.1)Zg

+T33)

T33)

(2.82)

(2.83)

(2.84)

(2.85)

(2.86)

2.87)

(2.88)

(2.89)

(2.90)

(2.91)

(2.92)
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2.2.5 IMC(T - Tipi)-Transistor-OMC(T - Tipi) i¢in Kazan¢ Duyarhhklar:

Zse
- 1 T
A | T
| I |
] Transistor IZ |
1 Z 53, I ! Z
0343 FLV, G l 06,46 | i
: l]f\ !—- :
P ot
| 21 IZLSI | Zus
| ! !
i Lo~ i
Sekil 2.8 IMC(T - Tipi) — Transistor - OMC(T - Tipi) devresi
f cos Bl jZoysinPl,
[E]=| isinBty go, |(1. Seri-Hay (2.93)
| ZOl !
| cosBl3  jZossinPly
[E5]=] jsinB/s cos Bl - (2.Seri — Hat) (2.94)
L ZO3 B
[ cos By jZos sinPly |
[E4]=] jsinBly c0s B (3. Seri - Hat) (2.95)
L 204 : J
| cosBlg  jZos sin Pl |
[Ec]=| jsinBlg cos B (4.Seri - Hat) (2.96)
L ZO6 6
[ 1 0
[E,]=1_ ] | |(1. Paralel - Hat) (2.97)
| Zoytanff,
I 1 0
[Es]=]_ ] | | (2. Paralel - Hat) (2.98)
| ZostanPLs
[Eri2]=[E][E;] (2.99)
[Eri23)=[E1][B, ] [E5][Er] | (2.100)
ftW .\*ﬁ"
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[Eviz3]=[E ] [Eo ] [Es B ] [Ed] (2.101)
[Eriz3as]=[E/J[E- ] [E5 ] [Ex ][Ii] [E;] (2.102)
[Erse]=[Es][Es] (2.103)
[Erass | = [Ev ] [Eo ] [Es ] [Eq ] (2.104)
[Ersass )= [Es ] [Er J[E4 ] [Es ] [Bo] (2.105)
[Evasass = [Eo ] [Es] [Ev ][Es ) [Es] [Ee] (2.106)

2.2.5.1 Kazancin Ilk Kat Olan Seri — Hat Parametreleri /{,Zg; I¢in Duyarhhklar

G oGy, 4Rg R S . S
1 =G —"Cp; = —_812 Lg (*——2]2 + Zoy® ~S31)8in2B 0y +2( ZgySqp ~ L Yeos2p ey p (2.107)
o oy i 201 Zp)

oG
—891=GA1~—I‘~GP1=—4—R—S§L—‘{2(ZOI- 521 )sin? By +( Sy + Ss1 )sin2B€1}(2.108)

0Zo1 0Zo) Py Zor Zo1
Pp =5 +( ;—2—1+2012‘S31 ysin? Bl +(Zg;S41-S51Zg; )sin 2 (2.109)
0l
2 2
Si=[Zuf” +|Zs1]” +2(Rs Ry + Xs1Xp 1) (2.110)
2 2
Sor=1Zua|” [Zs1) (2.111)
2 2
S31 =4Xg1 X1y +{Z1i|” +[Zgi] (2.112)
Sq1 = Xy + Xg1 (2.113)
= X |Z R+ X 17 2.114)
Ss1 = Xs1|Zpi|” + X11/Zs)] (2.
_ Era34s6(11)Zy + Erpygs6(1.2) L 7 =Zg 2.115)

L=
E123456(21)Z + Et23456(2.2)



17
2.2.5.2 Kazancmn ikinci Kat Olan Paralel-Hat Parametreleri ¢5,Zg, I¢in Duyarhiliklan

Cr _g 9Gr, P2:4RSZRL2 2B ( Ty
P2 Zgysin?Bl, Zoy gy

T 2.116
o, A2 o, 32) ( )

aGT G aGTz B 4 RS 2 RL 2 2 T22

9Gr _ Gpy = ( +Tyy) @2.117)
P2 ZglteBl, ZoatgBls

Ay 0o

T X
P, =T, + 1 2 4 2Ty,) (2.118)
Zptghty ZipptgBly
2 2
Tip =Z10|” +]Zg|” + 2(RgaRp + Xg2X12) (2.119)
2 2
Ty =1Z12|" 1Zs2)] (2.120)
2 o2
T3y = Xsa2|Z1o|” + X121Zs2] (2.121)
7y = Er3456(1,1)Z1 + Ep3gs56(1.2) Ty = E/(12)+E((22)Zg (2.122)
Er3456(2.1)Z1 + Erass6(2.2) E/(L1)+E(2,1)Zg

2.2.5.3 Kazancmn Ugiincii Kat Olan Seri — Hat Parametreleri /3,73 I¢in Duyarhliklar: :

S S
B+ 703 =833 )sin 2Bl +2( Zg3Sas —Zi—)cos 2B€3} (2.123)
03

= A3 T
0Z;3 o3 P, 3 2

oG S
5GT G T3 GP3 — ,_M_R_S:iTRI:?)_ {2(203 _ 823 )Sin2 B€3 +(S43 + 53 )Sln2B€3} (2124)
Zos Zo3

S . )
P3 = S|3 +( Zzi + 2032'833 )Sln2 BE:; +(Zo3 S43-853ZO3 )SlnzB[:; (2125)
03
2 2
Si3 =|Z13|" +|Zs3|” + 2(Rg3R3 + Xs3X3) (2.126)
S23 =713 2 |Zs3 ? (2.127)
2 2
S33 = 4Xg3X13 +|Z1sl” +|Zs3) (2.128)

S43 :XL3 + Xs3 (2129)
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Ss3 = Xs3 ’2143'2 + Xutzs3|2 : (2.130)

- Erase(1L,DZy + Erase(12) Zs = Erp(12)+Epp(22)Zs
Er4s6(2.1)Z1 + Eras6(22) Erp(L1)+ Er2(2,1)Zs

(2.131)

2.2.5.4 Kazancin Dordiincii Kat Olan Seri — Hat Parametreleri (4,24 I¢in

Duyarhliklar:

oGy oG, 4RGRy, |, Sos ) S

OOT Gy T Gy = SHARN(22 470,753, )sin2Bly + 2 ZgySag — > )00s 2B (2.132
ot Al o, P4 P42 B(ZO42 04 34 )Sin2Ply +2(ZogSas Zon Ycos2Bly )

3G oGr, 4Rg4R S
=T :GA4 4 GP4 = ~————~S4 L4 {2(Z04 - 2 )Sil’l2 B€4 +(S44 + 854 )Sm2|3€4} (2133)

aZOJ aZ04 P4 2 Z()4 3 Zo4 2
_ Sy4 2 . 2 .
Py =S4 +( 7 Zos -S34)sin” Bl +(ZogSaa-SsaZog )SIN2PL4 (2.134)
04

2 2

St =|Z1a) +|Zsal” + 2RsaRe4 + XsaX14) (2.135)
2 2

Sos =|Z1a| |Zs4] (2.136)

2 2
Syy = 4Xsq X4 +]Z1al” +[Zs4] (2.137)
S44 = XL4 + Xs4 (2138)
2 2 .
Ssq = XsalZial” + Xia\Zsal (2.139)
_ Erse(LDZy +Epse(12)  Zey = Er13(12)+ Er3(22)Zg (2.140)

L4 = 54 =
Erse(2.1)Z +Eypse(22) Erio3( L)+ Ery23(2,1)Zg

2.2.5.5 Kazancmn Besinci Kat Olan Paralel - Hat I¢in Parametreleri /5,Z¢s Igin

Duyarhhklan

Gr Gias 0Gr, Gps = 4RgsRys 2 Tps
8(’5 o 5 P52 ZOS Sin2 Bg 5 ZO5 th€5

+Ty5) (2.141)
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oG oG, 4RqsR 2 T
L =G g Gps =2 —— (—2B— +Tss) (2.142)
9Zys 0Zys P2 Zos teBls ZosteBLs
1 Ths
P =Ti< + - + 2Tas 2.143
s=hsty ,[gwi(71)5th£S 35) ( )
2 2
T15 :‘ZLS} +‘ZSS} +2(R35RL5+X55XL5) (2144)
2 2
Tys =|Z1s5|" [Zss) (2.145)
T 2 )
35 = Xss/Zis|” + Xis/Zss] (2.146)
E¢(1,1)Z, +Ec(12) | 7 = Er1234(12)+ Er234(2.2)Zg (2.147)

LS = =
Ese(2.1)Zy +E(2.2) Er1a3a( LD+ Er1234(2,1)Zs

2.2.5.6 Kazancin Altiner Kat Olan Seri — Hat Parametreleri £¢,Zq¢ I¢in Duyarlihklar:

oG 4R¢ S S
5—Gl=G,;6 6 G = 56?“” BI(—285+ Zgs” — Sz ) sin 2BLg + 2 ZogSas ~ 256 ycos 2Pl b (2.148)
8@6 8(6 P6 ZOé ZOG

oG G, 4R¢sR S . S .
EZL:G% 6 GP6 £ — S62b6 {2(206 . 263 )Sln2 BZG +(S46 +"Z—5%)Sln2l3€6} (2149)
06

Py 06 06
Pg =S¢ +( %Z‘ +Z06" ~S36)sin® Bl +(Zg Sag - Ss6Zos )SIN2PL (2.150)
Si6 =|Z1g|” + Zs6|” +2ARsg R + Xs6 X16) (2.151)
S26 =|ZL6|2 ‘23612 (2.152)
S36 = 4Xs6XL6 +’ZL612 +\236\2 (2.153)
S46 = X + Xs6 | (2.154)

Ss6 = Xs6 \Zm\z + XLoistz (2.155)



Zig=2Z;, , Zg

2.2.6 IMC(II -Tipi) — Transistor - OMC(II -Tipi) I¢in Kazan¢ Duyarliiklari

20

_ Eri234s(1.2)+ Eryp345(22) Zg

 Erioaas(LD+ Erpss(2.1)Zs

Sekil 2.9 IMC(IT -Tipi) — Transistor - OMC(IT -Tipi) devresi

Transistor |

F,Vi,Gr

1 0
[E]=1__ 1 1 | (1. Paralel - Hat)
ZO] tan Bfl
r 1. 0—
[Es]=|____J || (2. Paralel - Hat)
ZO3 tan B[3 |
r 1‘ O—
[Ed]=|_ J 1 | (3. Paralel - Hat)
ZO4 tan B€4 i
[ 1 0]
[E¢]=|__ 1 || (4 Paralel - Hat)
| ZogtanfBlg |
[ cos Bfy  jZos sinBe, ]
[E,]=]| isinBéy cos B4, (1. Seri - Hat)
| Zos ]
[ cos Bls  jZos sinBls |
[Es]=| isinBes cos B4 (2. Seri - Hat)
| Zos ]

[Eriz)=[E ] [E,]

(2.156)

2.157)

(2.158)

(2.159)

(2.160)

(2.161)

2.152)

(2.163)
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[Erios]= (B, 1B, ] [B5] [Er ] (2.164)
e 6 ] ) 2169
[Errizsas] = [E ] [E2 ) [E5 ] (B4 ] (B4 T [Es ] (2.166)
Ense)-Esl5s] c167
[Ertase = [Br ] [Es ] [Es] [Eo] (2.168)
[Errsase )= [E5 ] [Er ] [E, ) [Es] [Eq ] (2.169)
[Errasase | = [E2 ] [Es 1 [Ey J[E ] [B5 ] [Eq ] (2.170)

2.2.6.1 Kazancin i1k Kat Olan Paralel — Hat Parametreleri £{,Z;, I¢in Duyarhliklart

oG oG 4Rq R, 2 T
TT =Gy =L Gpy = —L M Bz (=T, 2.171)
agl ol 1 Pl ZOl sin BKI ZO] th€1
oG 9Gr, 4R R 2 T
— =Gy Gy = 812 = 3 (2 —+Ty) (2.172)
aZOl aZOl Pl ZOl tgp)gl ZO]thgl
T
P, =T, + L +2T3,) (2.173)
ZoytgBly Zy tgBe,
2 2
Ty =1Z1]" +1Zs1)” +2Rg Ry + X1 Xy1) (2.174)
2 2
Ty1 =Z11|" |21 (2.175)
2 o
T3y = Xgi|Zui|” + XwiiZsi] (2.176)
_ Enasase(L1)Zy + Erpazgs6(1.2) 24 =74 @.177)

H Er23456(2,1)Z + Ef23456(2.2)

2.2.6.2 Kazancn ikinci Kat Olan Seri — Hat Parametreleri /5,7, I¢in Duyarhiliklar:

oG
%r =G —“Tisz - PR B{(ZEZL+2022 =S37)sin2B¢ 5 +2AZ;S4y ‘-;—'%)0052[352} (2.178)
2

0e, 2o, P,? 02’
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oGy oGy 4RgyR S
N - Gpy ——2Gpy =——S-2—L—2{2(202— 22_ysin? B, +( Sy + 552 )sinzﬁfz} (2.179)
z

0Z 0Z P,? 02> Z?
_ S22 2 . 2 .
Py =815 +( 7ot Zgy” -S3p)sin” By +(Zpy Sz - Ss2Z0p )sin 2Bl (2.180)
02
2 2
Si2 =1Z12)” +]Zs2|” + 2Rs2Rep + X52X12) (2.181)
2 2
Sy =1Z12|" |Zs2] (2.182)
2 2
S33 =4Xs2 X1 +|Z121” +|Zs2] (2.183)
Sap = X2 + Xs2 (2.184)
2 o2
Ssa = Xs2|Z1a|” + X12|Zs2] (2.1385)
~ Epsase(L1)Zy +Eppsas6(1.2) CEj(12)+E(22)Zg
[y = RO IEL D S T Zgy = (2.186)
Er3ase(2:1).Z1, + E[13456(2.2) E((L1)+E((2,1)Zg

2.2.6.3 Kazancin Uciincii Kat Olan Paralel ~ Hat Parametreleri /3,73 I¢in

Duyarhhklar:
oG T 4R 2 T
T _G,y B Gy, = szu ‘132 () (2.187)
s o3 P> Zpysin®pls ZosteBls
8Gr _ . 9O _4Rg3Ry;5 2 T
023 0Z43 Py Zoy teBls ZosteBls
T
Py =Ty 4o (2 +2Ty3) (2.189)
Zo3tgBls  Zosztghls
Ti3 = 1ZL312 +’Zs3]2 +2(Rg3Ry 3 + Xg3X13) (2.190)
2 2
Tos =213l |Zs3| 2.191)

T3z = X53|ZL3|2 + XL3(ZS3|2 (2.192)
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_ Epase(L1Zy + Eqgs6(1.2) _Epipn(12)+Eqp(22)Zg
Zn =

;3= T, Zg (2.193)
Erase(2.1)Zy, + Erjase(2,2) Erqia(L1)+Em2(2,1)Zg
2.2.6.4 Kazancin Dordiincii Kat Olan Paralel — Hat Parametreleri ¢4,Zo4 Igin
Duyarhhklan
oG oG, 4Ry, R 2 T
TGy i, = 542 L4 'Bz (121 (2.194)
0 4 o 4 P, Zgysin®Ply Zoatghly
6G oGy 4Rg4R 2 T
___aZT =G — L Gpy = 542 L ; (—2—+Ty) (2.195)
04 04 Pyt ZpsteBl, ZostgBly
P, =Ty, + ( T4 +2Ty,) (2.196)
Zos18BLy ZogtgBly
2 2
Tig = |Z1al” +1Zsa|” +2(Rs4Rpq + Xg4 X14) (2.197)
2 2
To4 =\Z14l” |Zsa (2.198)
2 = -
T34 = Xs14/Z1a]” + X14iZs4] (2.199)
Ern<(1.YZ; +E 1 E 12)+E 22)72
_ Epse(LZy + Epgse(1.2) 2= miz3(12)+Emqi3(22)Zg (2.200)

L4 = S4 =
Ense(20)Z +Epse(22) Erios(LD)+ Eqpia3(2.1)Zs

2.2.6.5 Kazancin Besinci Kat Olan Seri — Hat Parametreleri £5,Zs I¢in Duyarhihklar

P5

&Gr . B o ARssRis ) Ss 2 - S5
s =Gas 5f5G Y B{(ZO52+Z()5 S35)sin2Bls +2A ZysS4s 205)00521335} (2.201)

oG, 4Rgs R,
KT G s 5 Gy =——I§—Li{2(zos— 525 ) in? Bog +(Sys + 33 )sinzﬁes}(z.zoz)
z

AS
0Zys Zys Ps> Zos> 05>
S
Ps =S5 +( _Z.21+ Zos” - Sys)sin” Bls +(ZosSss - SssZos )sin2BL s (2.203)
05
2 2
Sis =|Zys|” +|Zss|” + 2(RssRys + Xs5X15) (2.204)

S5 = IZLSIZ |Zss|2 (2.205)
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S35 = 4XssXLs +|Z1s]” +)zgsf

S4s5 = X5+ Xg

Sss = Xgs ’ZLs\z + XLs]Zss\2

_ E¢(L1)Z + E()‘( 12)

_ Eriosa(12)+ Epiog(2.2)Zg

LS T Eg(2.0)Zy +Eg(22)

2.2.6.6 Kazancin Altma Kat Olan Paralel — Hat Parametreleri £¢,Zys Igin

. ; S5

Duyarhhklar

oG T 4Rg6 R 2 T

=L =Gy —2Gpg = > .Bz (—2—+

% ar Pe®  Zggsin® Blg Zos 8Bls

Gr _ G, Gpg = “RsRis 2 T

0Z6 0Z6 P2 ZoslteBle ZosteBls
T

Pe =Tg 26 2T36 )

+ (- +
Zoo 1gBle  Zye tgPls

Tig = \ZLdz +‘st2 +2(Rg R + Xs6 X16)

Tos = (216" 1Zs6|”

: 2
T3 = Xs6|Zu6l + XslZsdl

Zig =7,

b

ZS6

— Eﬂ]2345( 12)+ E]’[12345(2,2 )ZS
Enizzas( L)+ Emisas(2.) Zg

Eﬂl234(1:1)+ Emz34(2,l)ZS

T4 )

Ts36 )

(2.206)

(2.207)

(2.208)

(2.209)

(2.210)

2.211)

(2.212)

(2.213)

(2.214)

(2.215)

(2.216)
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3. KASKAD BAGLI iKi KAPILININ ZiNCiR DUYARLILIK MATRISI YAKLASIMI
ile KAZANC DUYARLILIK ANALIZI

M adet kaskad bagl iki - kapilinin zincir matrisi :

E=E B Epy B By E,, 3.1)

olarak ifade edilebilir ( Dobrowolski, 1991 ).

Burada E, , n. alt iki-kapili igin zincir matrisidir. E zincir matrisi 2m adet degiskene baghdir

ve bu degiskenler dagilmig parametreli bir mikrodalga kuvvetlendiricisi i¢in
T
X =00, Zo1s g s Zgg s s Lo | (3.2)

seklindedir.

Eger n. alt iki-kapili igin degiskeni x, olarak alirsak, E zincir matrisinin  x,

degiskenine gore duyarliligi:

OE A cE
‘5X—n=E] .E2 .......... En_l.gx*ni.ErH_] .......... Em (33)

olarak tanimlanabilir.
Bir iki- kapilinin ABCD parametreleri cinsinden Gt asagidaki sekilde ifade edilebilir:

_4RgRy

Gr 5 (3.4)
Burada,

A 2
P=AZ +B+Zg(CZ +D| (3.5)
ifadeyi agarsak,

A *
P=(AZ, +B+Zg(CZ, +D))(AZ +B+Zs(CZ +D)) (3.6)

seklinde ifade edebiliriz ve

Mi(AzL +B+Zg(CZ, +D)) (3.7)
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olarak tanimlarsak,

haline gelir. Burada,

T.

1

A
( 1’“’4) = A,B,C,D

* A x k% %
T (1,4)=A,B,C.D

seklinde tanimlanabilir.

Buna gore Gt Kazang fonksiyonun bir x, devre parametresine gore duyarlihg :

Gy _iaGT o +i oGy OT; *
ox oT; &x, (50T * ox,

n i=1

I=1

seklinde yazilabilir, burada T; esdeger iki- kapili devrenin bir zincir parametresidir.

Kazang duyarhlik foksiyonu matrisiyel formda da,

oGy _| oGy |[ a1y | | oGy || oy
OX,, oTy || 0%, 5T1* 0x,
seklinde ifade edilebilir, burada

| 0G

LT p?

oty p?

| Ox

EEET
x, | | o,

axn aXI] axl’l axn

n

seklinde ifade edilebilir.

—8TI}={6E(1,1) SE(12) @E(2,1) JE(22)

}-@S—Rk[zLM* M' Zgz M’ ZSM*]

Qg}i}—ﬂﬁ[z,*m M ZJZ,'M Zg MJ

T

(3.8)

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)



27

3.1 Uygulama : Daglmis Parametreli Mikrodalga Kuvvetlendiricisinin Pasif

Degiskenlere Gore Kazang¢ Duyarhhig

(3.12) ile verilen kazan¢ duyarhilik fonksiyonunda x, Seri yada Paralel - Hattin £

fiziksel uzunlugu veya 7 karakteristik empedansidir.
Asagida Seri ve Paralel — Hat ve bunlarin kombinasyonlarindan olusan devreler

i¢in pasif degiskenlere gore duyarliliklar hesaplanmaktadir.

3.1.1 Bir Seri — Hat Iki-Kapilisinin Kazan¢ Duyarhliklarinin ABCD Parametreleri ile

Temsil Edilmesi

s r-—
| [
| |
[ !
Ve | Zg.d | Z1
| |
P L
¥ |
Sekil 2.4 Seri — Hat devresi
A B
El= (3.17)
El- 5 ]

En genel hali ABCD parametreleri (3.17)" deki seklide ifade edilebilir.

cos Bl jZosinfP/
[E]=]| jsinp¢ cos b/ (3.18)
Zo

ABCD Parametrelerinin Seri - Hat parametrelerine (£, Zo) gore tlirevleri,

{iaE —PBsinBl jZoPcosP’
i

= chZosBE _ B sinpe (3.19)
0]

3.20)
o0Zo (

0 jsinfpe
[aE} —jsinpt
Zo?
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seklindedir. Ayrica,

oG 4RR * * * *
=T S2 : [ZLMS Ms ZSZLMS ZSMS ]
oTj P

aG 4RSR * * * *
[5]‘;;}:— PzL[ZL Ms Ms ZS ZL Ms ZS Msj}

seklinde gosterilebilir.

3.1.1.1 Kazancin Seri - Hat Uzunlugu (£)’ e Gére Duyarhhgi

0Gy _[ oGy |[ T | | Gy || oty
o ot || ot | |ar || of

[

ot 20

ory” | [on T
ot | | o

ozelligi ile;

. T
[@Jz[—[}sinﬁf jZoPcosp’ Jpcospe —BsinB[J

* . T
[%T?]i' =[—BsinB€ — jZofBcos B/ _iﬁ%ﬁf —BsinBéJ

seklindedir, buradan hareketle duyarlilik,

ETz—“;SZRL{[ZLM: M, ZZ, M, ZSMS*]

. T
.[—Bsinﬁ[ iZopcospl ﬁ%ﬁ —Bsinﬁf}

—[ZL*MS Ms ZS*ZI.*MS ZS Ms:l

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)
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. T
.[—Bsinﬁf — jZoPcos 3 __jﬁ_czogﬁ —Bsinﬁf}}
0

seklinde ifade edilebilir.

3.1.1.2 Kazancin Seri- Hat Karakteristik Empedansi (Zo)’ ya Gére Duyarlihg:

oGy [aGy ][ aTy j oG, || o1y’ 528)
07, | dLy || oz, [@Tr* 07, '
aT, jsinpe |
l . .

“Li=|0 jsinpr - 0 3.29
[620} [ jsinf e } (3.29)
seklindedir.

oT" | et |

ekl B O (3.30)
8Zo | | 870
ozelligi ile;

AT, * F i T

M) o —jsinpr 158PE (3.31)
870 Zo”

i {[ZLMS M, ZsZ;M, Z¢M; ] (3.32)

—[ZL*MS M, Zs7Z, M, Zg Ms}

.. T
.{o — jsinp¢ JS“’ZB(‘ O:,
Zo
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3.1.2 Bir Paralel - Hat iki - Kapiisimn Kazang¢ Duyarhliklarinin ABCD

Parametreleri ile Temsil Edilmesi

Sekil 2.5 Paralel — Hat devresi

1 0 ‘
[E]:[_ J 1} (3.33)

Zotan 34

ABCD parametrelerinin Paralel - Hat parametrelerine (£, Zo) gore tiirevleri,

0 0
[a—E } _ B (3.34)
o] | 7osin® e

0 0
FE} SN N (3.35)
9Zo] | 762 tanpt
seklindedir. Ayrica,
o
0G; | —4RgR,
ENERE zom, e My Zgz M zoM o] (3.36)
[8G, | —4RgRy [, » . )
GGT* = gL[ZL M, M, ZgZ M, Zs M, (3.37)
o, P

seklinde ifade edilebilir.
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3.1.2.1 Kazancin Paralel - Hat Parametresi £ e Gore Duyarhhg:

oGy _[8Gy |[aT | | Gy || oTi’
o oty [Lor | lor, || o
oT | !
[-—‘}: 0 0 JB, )

ot Zosin~ B4

oT * . T
P—I} oo - B
ot Zosin® B/

8Gy  —4Rg
L4 p?

. 'I‘
1o 0 —JB2_— 0
Zosin” B/

R
Lz, * Mu* zgz M ¢ ZgM #]

~[ZL*MD M, Zs'7,'M

, T
oo -—JP
Zosinzﬁf

3.1.2.2 Kazancin Paralel - Hat Parametresi Zo’ ya Gore Duyarhlhig:

0Gy _|8Gy || ot |, | Gy Ty
0Zy | 0Ty ||0Zy | | o7y || 9Zo

aT 7
[—‘} 00 —L— 0
0Zo Zo“ tan B4

p ZSMP

(3.39)

(3.39)

(3.40)

(3.41)

(3.42)

(3.43)
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* T
oT, i
[_I} oo - 0 (3.44)
o070 Zo~ tan B/
8G; —4RGR,
e {zM,* M,* ZgZ M, * ZeM,*] (3.45)

. T
00 ——J— 0
Zo" tan 34

3.1.3 Bir T - Tipi Devrenin Kazang¢ Duyarliiklarmin ABCD Parametreleri ile

Temsil Edilmesi

Z
€ r==—"-1 | r==—"1
! o It i
| [ I ]
| Lo o
VS ' 25,831 ) | lZO_g;fgl Zy
! v lzgp iyt |
L | ! l
O < !
| | [ | | 1
| | | | | |
| | [ oo |
| | | | | |
L - . _ _ . L~ -4

Sekil 3.1 T- Tipi devre

Toplam ii¢ kattan olugmus olan T - Tipi devrenin ABCD parametreleri
hesaplanirken ayr ayri ti¢ hattin hesabi yapilir (Seri veya Paralel) ve asagida da

formiilize edildigi gibi ¢arpilip esdegeri bulunur.

seri sont seri
[E.|= y y (3.46)
T4 |hat || (hat |, [hat |;
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[Er]=[E/][E, ][E; ]
A B] [Er(11) E;(12)
el e e

COSBK] jZ()l SinBEI
[E]]z jsinpe, cos B (1. Ser1 - Hat)
Zo)

[Ea]:

jsinfl;

:l (2.Seri - Hat)

{ cosPly  jZy3sinPly

cos Bl 5
Zo3

1 0
[E;]={____ 3 | |(1 Paralel - Hat)

Zoz tantz
{ cos B4, — iZg; sin B4

[E]] :L_ jsin B4, cos Be ( 1. Seri - Hat)

Zo

cos 45 — jZos sin Bl

[}33] = jsin B4 cos B4 (2. Seri - Hat)

ZO3

1 0
[E,]'={___J | |(1Paralel - Hat)

ZOZ taanz
oG -4R¢R
aT-T =TIz My E Mp* ZgZ Mp* ZsMp*]
i P
I — R * * * *
5G];}: 4R§ L [ZL MT MT ZS ZL MT ZS MT]
oT; P
L9144
o T
1

1 - =[ET (L) Ep (12) Ep (1) Ep (22)}
n(123) n tn fn "

(3.47)

(3.48)

(3.49)

(3.50)

(3.51)

(3.52)

(3.53)

(3.54)

(3.55)

(3.56)

(3.57)
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3.1.3.1 Kazanacn i1k Kat Olan Seri — Hat i¢in Duyarhihklar:

€ 1¢in :

oGy _| oGy |[aTi |, | oGy oTy

—PsinPey jZgPeosPl
OE+ 18] .
{ T:} l:JBCZOSBEI —BSinB[l }[Ez][E:@]
0l

oE
[ETH ]ilr a;il }

oGy —4RgRy
ol p?

ot

{[ZLMT* MT* Z‘SZ’LI\/IT)i< ZSMT *]
B, ) By, (12) Ep 1) Eg, @2)
-[zL* My Mp Zg Z, My ZS*MT]

[er 00 B, 12 ) B C2) T

-
aT T

N S R - 1.1 E 1,2* E 21) E 2, *}

ﬁén(lls)J [ /n( ) T(n( ) Tén( ) Tfn( ?

_an :[E (L1) Ep, (12) Eg,_(21) Ep,_(22) ]T

L aZOn( 123) T200 V> TZ0n Tzon \™ TZon

i 8T1 _[ * * * *]T

_m} B ETZOn (1’1) ETZOn (1’2) ETZOn (2,1) ETZOH (2’2)

(3.58)

(3.59)

(3.60)

(3.61)

(3.62)

(3.63)

(3.64)
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Zo ic;in :
8Gr [aGr |[ a1y ] | oGy || o1y
L= = (3.65)
5201 aT] GZO] aTI 5201
op1s 0 sinpey
{EZ—T—} ZisinBl g | [E][Es] (3.66)
o Zo)?
* 0 ~ ]sinP/
OE AL L
L—Zf—} = 1sinBly BT BT (3.67)
o Z012
OE
[E ] 1 3.68
TZO} [azmil ( )
8Gy  —4RgR
az(;: Pi L{[ZLM'I‘* Mp* ZgZ Mr* ZsMg *] (3.69)

T
[, 00) Ery (2) By, 1) Ery (2) ]
—[ZL*MT My Zg 7. "Mr zS*MT]

* * * 5 [T
[Bo, 01 B (2F By @O Eg 2]

3.1.3.2 Kazancn ikinci Kat Olan Paralel — Hat I¢in Duyarhhiklar

£y 1¢in :
o0, | oy |0ty | |oT || oty
o 0
oE
{ T] [E ]| B o|[Es] 3.71)
ZOZ Sln |3£2
. 0 0
E. | 8 .
[g—l}} =BT B ollET (3.72)
2 Zoy sin® Be,
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= {[ZLMT* MT* ZSZLI\/IT’k ZSMT*]
. T
‘[Eng (1’1) ET,Q (1’2) L“I./]z (2’1) ET@z (2’2) ]
—[ZL*MT My Zg'7Z, "My ZS*MT]

.[ETQ(LI)* B, (12 Ep(21) By (22)*}T}

Zpy 1gin :
oGy _| oGy || a1 | | dGy oT,
0zZo, | OT; || 670y | | o1 || 020,

[%F[El][ V4 8}[&]

2022 tanB/ 2

[ ]A OE
Ep, |=| ST
202 025
0G+ —4R¢R
L= ——SL{[z)M* Mp* ZgZ Mp* ZgMq*]
02 P

T
[, 1) B, 02) By, @) By 02)
”'[ZL*MT My Zs'Z, "My ZS*MT]

[y 1) B 027 By 1) By, T}

(3.73)

(3.74)

(3.75)

(3.76)

(3.77)

(3.78)
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3.1.3.3 Kazancin Ugiincii Kat Olan Seri — Hat I¢in Duyarhhiklan

{3 i¢in :
%y _| 9y || AT | | %O || o (3.79)
ory | oLy Loty | (ot || ot
oE. 14 —BsinPls  jZosPcosPls
T | _ 3 .
[bg—}[ElHEz] BeosBls g ginpe, (3.80)
3 23
Al GE
[Ex ]{—1} (381)
{3 a€3
~4RR
§T= Pi L{[ZiM* Mp* ZgZ Mp* ZgMq*] (3.82)
“3

: [ETB (1’1) ETB (1’2) ET€3 (2’1) ET€3 (2’2)]T

_[ZL*MT My Zg'Z, My ZS*MT]

[ ) B, 02 ) B 2]

Z()} lQll’l
Gy _| Gy || T }r oGy || T, 3.483)
8203 aTl 6203 aTI * 6203
0 jsinPBl,

A .
{—G-EL}[EI][Ez] — jsinBls 0 (3.84)
oz —

03 Z()32

Al E
E ]: —T 3.85)
v, F| 2 (
%Gy —_4RSRL{[ZLMT* Mp* ZgZ M7* ZsMq*] (3.86)

6203 a P 2
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[, ) By 020 B @) By Q2]
—[ZL*MT Mr  Zg"Z,"Mq ZS*MT]
'[ETZO3 (L1) 51‘203('3)* Er, (2.1 Eve, (22)*]T}

3.1.4 Bir IT - Tipi Devrenin Kazan¢ Duyarhliklarinin ABCD Parametreleri ile

Temsil Edilmesi

Sekil 3.2 IT - Tipi devre

Toplam (¢ kattan olusmus olan IT - Tipi devrenin ABCD parametreleri

hesaplanirken ayri ayr (¢ hattin hesab1 yapilir (Seri veya Paralel) ve asagida da

formiilize edildigi gibi ¢carpilip esdegeri bulunur.
parelel serl parelel
ol
hat |, [hat |, hat |,
[Enl=[E:][E; ] [B;]
A B] [E(.) E(1,2)
ol o) s

C D| |E()]) E(22)

1 0
[E\]=1___ { | (1. Paralel - Hat)
ZO] tan le

(3.87)

(3.88)

(3.89)

(3.90)
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1 0
[Es]=|____J || (2 Paralel - Hay
203 tan Bé}

ZO2

(1. Seri - Hat)

[E2]= cos B4,

L
[E,] = ] | (1. Paralel - Hat)
ZOI tan B[l J

1 0

[ESF = d 1 | (2. Paralel - Hat)
Z03 tan BZ 3

cosBly - iZgy sinBly

[EZT :{_;j_s_ig& cos BEZ } (1.S€I‘i-Hat)
ZOZ

Z(;TLJS?RL[ZLNln* Mp* ZsZMp* ZsMp*
I

[ZL*MU My Zs'Z,'Mp ZS*MH]

3Gy _ —4RsRy
oTy P’
o
Lafn(l.z.:;)

}[En@n(l,l) Ep, (12) Ep, (2.1) Ep, 22)]"

aT;

) * * x |T
Lagn(l 73)} ] {Eﬂ(n (H) Enﬂ“ (1’2) Ené’n (2’1) Enm (2’2) ]

r -

oT,

T
Lm ) [EHZO“ (1.1) EnzOn (1’2) EnZon (2’1) EnZon (2’2) ]

*

) * * « |T
= [EHZOn (1,1) EnZOn (1,2) EHZOn (2,1) EHZ()n (2’2) ]

r -

T

| 0Z0n(123) |

(3.91)

(3.92)

(3.93)

(3.94)

(3.95)

(3.96)

(3.97)

(3.98)

(3.99)

(3.100)

(3.101)
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3.1.4.1 Kazancin ilk Kat Olan Paralel ~ Hat i¢in Duyarhhklar

£ igin :
oGy _[o6r][a1,], [ oGy |[ a1 6102
. 0 0
OE A .
Bﬂz B | [Ea) ] (3.103)
- I ZO] Sin BEI
e[k
E ]_[BZ} (3.104)
4
f;’T: RsBflzome Mx zgz oM+ zgm] (3.105)
I pP-

[Bn, (1) En,02) En,@D) Eq,C2)
—[ZL*M M Zs'Z,'M ZS*M]

[Enu (1’1)* Enél(l’z)* En“(2,l)* Eﬂgl(zg)*]]

Zo] ig:in:
&Gy _| &Gy [ari } aGT* aT; (3.106)
0oy |91y || 0Z¢y | |8Ty || %o
"0 0
JE A .
1 ] [E,][E;] (3.107)
o0z 2 0 21
01 _ZOI taanl
Al BE
[Enz ]: ——“—} (3.108)
01 Laz()l
SZGT =—4§§RL {zimp* Mp* zszMpr zeMp ¥ (3.109)
0Ol

[Brizg, () B, 02) Enyy @) Enyy @2
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—[ZL*MH Mp Zs'Z My Zs*Mﬁ]

* * * ¥ |T
.[EHZOI(I,I) EHZOl(lz) EnZOl(Z,l) EHZO](z,z)]}

3.1.4.2 Kazancn Ikinci Kat Olan Seri — Hat icin Duyarhiliklar

BziQin :

86y _[ oGy |[oTy | | oGy || 0Ty
oy, | 9Ty || 0, ] (ot || 00y

OE ] —Bsinfl,  jJZypPBcosPl,
S U U P | o) 1BcosP/ ) E
Eo R T
02
Al OB
aGT=—4R§RL{[ZLM* M* ZZ M* ZgM*]
o4, P

T
‘[Engz(l’l) Engz(l’z) Engz(z’l) Eﬂf2(2~2)]
—[ZL*M M Z¢Z, ™M ZS*M}

*

'{Eﬂez (1’1)* Eng, (1’2) Eny, (2’1)* Eny, (2’2)* }T}

Zoz ig:in:

oGy _FGTMaTi }L oGy || o1y
0Zy | 0Ty |[0Z0y | | o7y || 0202

GEq, 0 jsinfe,

{———F[El] —isinfry g | [Es]

6Z02 202 2

(3.110)

(3.111)

(3.112)

(3.113)

(3.114)

(3.115)
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3.1.4.3 Kazancin iiciincii Kat Olan Paralel — Hat i¢in Duyarhhklan

£; igin :

o6y _[ a6y |[ o1 | [ oGy || oTy
oty | Ty || ot (ot || 943

FEQF[EJ [Ez]{joiﬁ g}

0ty Zos sin? Bl

2?T:—4R§RL{[ZLM* M* ZgZ M* ZM*]
/3 P.—

)
[ (00) Eny(2) EBn,@)) En,(@2) ]
—[ZL*M M ZJ7Z,"M ZS*M]

[ Eng 02 Eng @) En, (2]}

(3.116)

(3.117)

(3.118)

(3.119)

(3.120)

(3.121)
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Zo3 i(,:in:
Gy :[aGT”aT, } oGy || o1y’
0Zys | 0Ty || 0Zg3 | |oTy" || OZg3
0 0
OEr |8
=N [
03 Zos2 tan Bl
o 0
Mz03 1™ | 07,45
OGT _4RS

(3.122)

(3.123)

(3.124)

(3.125)
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3.1.5 IMC(T - Tipi)-Transistor-OMC(T - Tipi) I¢in Kazan¢ Duyarhliklari ABCD

Parametreleri ile Temsil Edilmesi

F.¥i,G6r

)

-

j

|
Transister |

f

|

|

|

|

|

Sekil 2.2 IMC(T - Tipi) — Transistor - OMC(T - Tipi) devresi

aGT}znétRSRL [ZLMI‘T* Myt ZsZ My’ ZSMTT*]

aT] P 2

aT* P2 {ZL*MTT MTT ZS ZL MTT ZS MTT}
I

FaGT}_fRSRL

A=E(11),B=E(12).C= E(2,1),D=E(22)
3.1.5.1 Kazancin {1k Kat Olan Seri — Hat I¢in Duyarhliklari

(, i¢in:

6Gy _[ 8Gy |[aT; |, | 9Gr aTy’
o0y | %y L6y ] |1y || o,

—Bsin(Bl;)  jBZy cos(Bly)

OE7T faEl | iBecos(Be, )
l:——afl :I—gg—l— E2 E3 ET E4 E5 E6 = JB Z (B 1 _BSin(B(] )
01

A OB

E, E; Er E4 E5 Eg

N3

]

o)

S
] o, !
e o — i e e e e e —

(3.126)

(3.127)

(3.128)

(3.129)

(3.130)

(3.131)

(3.132)
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r@TI T
ZL1=ler, () B (12) B 20) Erg, 22) ] (3.133)
LY

{[ZLM* M* ZZ M’ ZSM*] (3.134)

oGy | _4RgRy
oy p?

T
.[ETT“(I,I) Erp, (12) Eqg, (2)) ETT“(2,2)]
—{ZL*M M 772, M Zg M}

.[ETT“(I,I)* Erp, (12)" Epp,(2.1) ETT“(2,2)*]

Zov igin:

GZOI aTI aZO‘ aTI * 6ZO]

B0 2R - ‘O jsin(B4y)

|:aZTT:IZGZl By By By BsEg=|_JsnBf) o |Ey By EyE, Bs B (.136)

o1 o} 20]2
18 0Ey

[ETsz Fon (3.137)
Ty ——[E 11) E 12) E 21) E 22) ]T 3.138)
Lot | Ty, (1) Erg (12) Erg (2, Tz, € @.
0t | SRR M M zgz, M zgM] (3.139)

T
_[ETTZO](U) Erg,, (12) Erg (2.1) ETTZO](ZQ)]
.[ZL*M M ZJZ['M  Zg M}

* * * « T
[ETTZOI(I’I) Erg, (12) B, (21) Eﬂzo,(z’z)]}
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3.1.5.2 Kazancin Ikinci Kat Olan Paralel - Hat i¢cin Duyarliliklar

L;icin:
I 3T, T,
lez E[ 2y ahGW*; Q (3.140)
- 0 0
E A oE :
{0 T g, 2 BE B, B B = B, i 0|Es ErE4EsEg  (3.141)
[ A OB+
.ETTQ ]: a;; (3.142)
—an [ “ ) ]T 4
L-a'é; = ETT(z(lﬁl) ETT/Q(12> ETT€2(2’1) ETTgZ( 72) (31 3)
Z?T}_“RS}L{[ZLM* M ZZM ZM' (3144
L 062 P

T
.[ETT[z(l,l) Err,, (12) Epg, (21) Emz(z,z)]
-{ZL*M M ZJ7,'M Zg M}

* ) * * « |T
.[ETT(Z(U) Ery,,(12)° Epy,_(21) ETT(Z(Z’Z)}}

Zo2 igin:
8Gy :{a(}TMaT1 | 9Gr || 9T, (3.145)
0Ly, | 0Ty [ 0202 | 3Ty || OZo2
0 0

[ A 4

%rr 1g, F2 g g B, BB = i 0|E2 By ErE EsEg  (3.146)
902 o2 Zop te(Be2)
[ A

o, 2% (3.147)
L 202 6202
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T,
haZO2

HETTZOZU,U B (12) B () Erg,,(22) |' (3.148)

p2

| 6G ARGRL ([, « v oo . .
Gr }— S L{ [Z,M M ZgZ M ZM ] (3.149)
10202

T
'[ETTZO2(1>I) Erry,, (12) Erp (20) ETTZ02(2>2)]
~[ZL*M M ZJZ, M Zg M}

* * * *T
[y, (107 Ery, (120 By, (2D) ETTZOZ(2,2>]}

3.1.5.3 Kazancin Uciincii Kat Olan Seri — Hat i¢cin Duyarhhiklar

{3 1¢in:
oGy _| 961 T ¥ G || 7} (3.150)
oy | 0Ty (o5 | |at || 945
OBy |3 3E ~Bsin(Bl3) jPZo3 cos(Bly)
—E, B, —2 E,E,EsE¢ = E,| E,| jBcos(p{3) : E;E,EsEq(3.151
[(%3} o Brbabsbe =1 5 » 3) _psin(Bey) |FTEATS 6(3.151)
A OB
E ]: i 3.152
B P ( )
—aTI' T
L= lEpp (11) Epy (12) BEpp (2)) Epq, (22) (3.153)
La€3 3 3 3 3
[0G 4R . \ : |
&l}zﬁ—s—z}i{[zlm M ZgZ M ZgM ] (3.154)
L 943 P

.[Em}(l,l) By, (12) Err, (21 EmB(z,z)]T

—[ZL*M M Z$Z, M Zg M}
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.[Em3<1,1>* Err, (12) Erg, (2)1) Em;z,z)"]T}

Zo3 igin:
0y _[a@l}[an } oGy |{ o1y’ (3.155)
0Z3 dTy || g 8T1* 0703 '
0 jsin(B3)
O A oEx1 . ..
[6ZTT:]:E1 E, o7, -E| EyEsE =E, By | _ Jsin(Bl5) 0 ErEqEsEe (3-156)
03 03 2032
ABE
[E ]: n 3.157
TTz0, 70, ( )
oT; —[E 11) E 1 E 21) E 2 ]T 3.158
8203 = TTZQ3( S ) TTZQ3( >2) TTZO3( P ) TTZ():;( 92) ( 1 )
0Gr \_ KRy vt Mz zM] (3.159)
dZoy; p?

T
-[ETTZm(l,l) Erp,,,(12) Epp,_ (21) Emm(z,z)]
—I:ZL*M M ZJZ, M Zg M}

T
.[ETTZm(l,l) Erp, (12) Erp (21) ETTZO3(2,2)]}

3.1.5.4 Kazancin Dordiincii Kat Olan Seri — Hat I¢in Duyarhliklan

(41¢1n:
0ty [ OTy [{ 064 ] | o1y || 04
OEyr |4 Ok, —Bsin(Bly) jBZoq cos(Bly)
= a8 — . f
[ 4} E\B;E; By o Es Eg = By By Er PeosBle) g e,y |EsEs G161

Zo,
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8 0B
_ETT54]: a€4
rari'_{E 1) Epp (12) E Erp, (22 ]T
G P 0D B, 02) B B, 02)

[6G 4RgR; . \ .
&l} =-—21 {[ZLM M ZgZ M ZM ]
LO%a P

T
'[ETD4(1J) Err,, (12) Ery, 20 ETQ4(22)]
—[ZL*M M Z$Z,'M Zg MJ
* * * *]T
-[ETQ4(1J) Etp, (12 Erp,21) By, (22) }

Zo4 igin:

oGy _[aGy |[ o1 | | oGy || ory
6204 8Tl 6204 aTI * 8204

0

aZ04 04 Z042

b 52
Mosd oz,

ZAY
(3.168)

[;ZGSJ=—4152RL{[ZLM* M ZgZ M’ ZSM*]

T
'[ETTZO4 ETTZO4 ETTZO4 ETTZO4]

A oF .
{aETr}:E’E2E3ET;§Ei_E5E6:‘ElE2E3ET _isin(Bly)

jsin(BL,)
0

|| 11) B, (12) Epp, (21) B (22)]
“ By, (1) Epy (12) By (21) By, (22)

EsEq

(3.162)

(3.163)

(3.164)

(3.165)

(3.166)

(3.167)

(3.169)
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—[ZL*M M Zg'Z,'M  Zg M}

* * * *T
-[ETTZ(M(]J) Eriy,, (12) Epp, (21 ETTZO4(2>2)]}

3.1.5.5 Kazancin Besinci Kat Olan Paralel — Hat i¢in Duyarliiklar

€sicin:
6Gy | 6Gy oT; s Gy 5TI*
of 5 6T; ot 5 @Ti* ot 5
- 0 0
A E - ]
aETT}:El E; Ey ErkEy Q—DE6 =E\E, EyErEy | B g|E
2 o s Zos sin® (B4 5)
A OEpr
_ETT[5 ] = 555
—8T] [ - E 2 ]T
ai, |~ Erig 0D Em (12) Bry, (21) By, (22)
96y :_f&&.{ [zl M" M Zgz M ZSM*]
| 845 p> ‘

T
-[ETT&(U) Er, (12) Eyg, (2.1 ETT[5(2,2)]
—{ZL*M M ZS7,'M Zg M}

-[Ems(l,-l)* Ery, (12) Ery, (21) EIT[5(2,2)*]T}

Zos igin:

oGy aGTJ[aT; }L oGy || o1y’
0Zos | 0Ty || 0Zos | |oTy" || OZos

(3.170)

(3.171)

(3.172)

(3.173)

(3.174)

(3.175)
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0 0
OErr |4 oE ‘
[azﬂ}:ElEz E3 ETE4£—5_E6 :E1E2E3 ETE4 .—._‘]-_—— O E6
03 05 Zoste(Bls)

b 2
TTZOS ~aZOS

- oT,
B2

T
}:[ETTZOS(LU By, (12) By, (20) Eppy (22)

{[Z(M* M* ZgZ M ZoM' ]

[ 0Gr | 4RgR
| 9Z o5 p2

T
: [ETT205 (L1) Erp,  (12) Eypy (21)  Eyg, (22 )]
—[ZL*M M ZJ7Z M Zg M}
[ * * * *]T
B, (LD Erp 12) Erg (21)  Erp (2.2)

3.1.5.6 Kazancin Altina Kat Olan Seri — Hat i¢in Duyarliiklan

g icin:

06 [oGy |[eT; +raGT oty
g | 0Ty || 0ty {afri* ol

OF . A .
Bt | B, BB By Es 28 = E,E,E4ByEyEs | iBcos(Bls)
ol 9 zZ
- 06

A OBt
[ETT(6 ]: 656

[ o7,

_MJ:[ETT%(I,I) Erp, (12) Epg, (21) Emé(2,2)]

"aGT}_fRSRL

51, > {[z,_M* M" ZgZ M’ ZSM*]

-

oE ~Bsin(Blg) jBZgs cos(Ple )
—PBsin(Ble )

(3.176)

(3.177)

(3.178)

(3.179)

(3.180)

(3.181)

(3.182)

(3.183)

(3.184)
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.[ETT%(I,I ) Epy, (12) Epg, (21) Emé(z,z)]T

—[ZL*M M 272, M Zg MJ

* * * # |T
[Ern, (07 By, (127 By 20F Bry (22)

Zos i(}il‘ll

Gy [ac; ][ oy J
0Zos | T || 0205 | |

0706

[
i TTZO()

o,
| %06

r

ABrr,

A

]ﬁ 8ETT
0206

PZ

6

oGy
oT;

O

06

’J:—4R5RL{[ZLM* M™ ZgZ M’

~1ZzZ/M M 77, M Zg M}

il

0 jsin(Bly)
=E,E,E;E;E Es|  Jsin(Ble)

2
Z06

T
:}:[ETTZOG(I’I) ETTZO()(IQ) ETT206<291) ETTZO6(2>2)}

ZSM*]

T
(1) a%4u>&%gm>m%gmﬂ

* * * + T
- Err, (LD Ery (12) Erg, (2.1) ETTzoé(z’z)]}

0

(3.185)

(3.186)

(3.187)

(3.188)

(3.189)
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3.1.6 IMC(IT - Tipi) - Transistor- OMC(IT - Tipi) I¢in Kazang Duyarhihklarinin ABCD

Parametreleri ile Temsil Edilmesi

Transistor

F,Vi,Gr

Sekil 2.3 IMC(IT - Tipi) -Transistor - OMC(IT - Tipi) devresi

[0Gr | 4RgR [ " , ’ ]
o “ZiMnn Mon ZsZiMpnm ZsMmn

LY P

[0G; | 4RGR. [, - » .

6TT* = PSQ L[ZL Mpun Mpn  Zs Zp Mpn Zs Mnn}
LY

Er =By Ep E3 Ev Ey Es Eg
A=E(11),B=E(12).C= E(21).D=E(22)

3.1.6.1 Kazancin ik Kat Olan Paralel — Hat I¢in Duyarhhklar

(; igin:
oGy _[ oGy |[ a1 |, | Gr o1y
oty | Ty Jlofy ] |omy” || ofy
0 0
OEnn |4 OF ‘ :
[ﬂ}_,l E,E4E, E,EsEq = iB 0 |E; E3ErE4EsEq

(3.190)

(3.191)

(3.192)

(3.193)

(3.194)

(3.195)
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[ Enine, ]A al;;n

OT;

aﬁ'} (B, (1) Eun, (12) Enn, (2) Enn,, 22)]
L

9Gr. :_f"_R_S_RL{[ZlM* M* ZSZLM* ZSM*]

| 94, p? ‘

T
[ Enn,, (L) Epp, (12) Epp, (2.1) Enngl(z»z)]
—[ZL*M M Zs'Z, M Zg MJ

* * * *T
.[Ermél(l,l) Enn,, (12)° Enn,, (2)) Enm](z,z)]}

Zoi iq:in:
8Gr [ oGy [aT; } oGy || o1y’
0Zyy | 0Ty || 0Zo | |oTy" || o)
0 0
[GEHH] o E)EsE EyEsEg =3 o|E,E3ErE4EsE¢
[ ]gaErm
A nnZOl — aZOl
[ 8T,
aZI} [Eﬂnz (LD Enp, (12) Enng (2.1) Enng ) (2’2)]
0l

LaZOl P" ‘

T
-[Ennz()l(l,l) Enny,, (12) Enng,, (2.1) EnnZOl(z,Z)]

—[ZL*M M Z$Z,'M Zg MJ

(3.196)
(3.197)

(3.198)

(3.199) |

(3.200)

(3.201)
(3.202)

(3.203)
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* * * « |1
{Bnrg, (W) Enny,, (12)7 Enng, (21) Enng,, (22)

3.1.6.2 Kazancin Ikinci Kat Olan Seri ~ Hat igin Duyarhhklar

£y icin:
oGy [aGy |[aT, J oGy || o1y’
ol 5 ot || dt, ’LaTI* ol
- —BSinﬁfz jZOjBCOSBgz
0Eq |4 8k, ) . 2
—_— = = ~ i < = g .
[642} E ¢, EsErkiEsks =E, —————~JBC§SB 2 —PBsinpe,
02
. 1P 0E
E =1
[ nmz] ot

'\T_ ‘ 9
[g[lJz[Enn(:)(l,l) [*:ﬂﬂgz(l’z) Enn€2(2,l) Enn€2(2,2)}

{%}:—%;LHZ;M* M* ZsZ M’ ZSM*]

T
~[Erm(2(1~]) Ennfz(l,?) Enn(2(2,1) Enné.2(2,2)]

—[ZL*M M ZJZ,M Zg M}
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A Enn

, ]—_— 3211
I 6T( [ T
52*0‘2‘}~Ennzoz(1>” Enng,,(12) Enn,,(2.1) Enn,  (2.2) (3.212)
[ 6Gy 4RgR R . .
w‘—}:—m—%—L{ [ZLM M' ZZ M ZM ] (3.213)
1920, p
T
~[Ermzoz(1al) Enny,,, (12) Enng, (2.1 EnnZOZ(QQ)]
—[ZL*M M ZS7Z M Zg M}
* * * T
-[EHHZOz(U) Enny, ,(12) Enpg,, (2. Enan(z,z)*] }
3.1.6.3 Kazanem Uciincii Kat Olan Paralel — Hat I¢in Duyarliiklan
£3i¢in:
Gr _| %6y |1 |, ) &Gr ) o (3.214)
oty | 0Ty |[ots | |ty || ot
0 0
OE; & OE i} -
aem =E1E25fETE4h5E6 = E,E, ip 0 |ErE4EsEq (3.215)
3 3 Zgs sin’ By
A BB
[E ]: i 3.216
i, 5 (3.216)
oT, T
—L =[Enn€ (L1) Epp, (12) Epp, (21)  Epp, (2,2)] (3.217)
| 915 3 3 3 3
‘ZiTJz_“ist{ ZM Mz M zoM] (3.218)
L 3

T
-[Enng3(1,1) Enn,, (12)  Enp,, (2.1 Enn(3(2,2)]



57
—[ZL*M M Z$Z,'M Zg M}

-[Erme}(l,l)* Enn,, (12) Enn,, (207 Enn[3(2,2)*}r}

703 IQIH
0Gy {aGTM@TI } oGy || o1}
0Ly aT 023 8Ti* Ly
0 0
OE A oE; '
{a nn:l:ElEz 5 3 I,i'I‘E4E5E6 :E]Ez ______J__.__. 0 E4E5E6
ZO3 ZO3 Zo32tanﬁg3

[E ]é aEﬂﬂ
ﬂn203 = 8203

[Ty
| 0Zo5

HEnanm,l) Erng,, (12) Eang, (21 Erng,, (22)]

{[le* M" ZZ M ZSM*]

[ 6G; }_ 4RgR,
| 0203 p?

. T
[y, (L) Ban,, (12) By, 21 Enng (2]
—[ZL*M M ZsgZ| M Zg M}
T
[y, (1) Enny, (12 Enny, 1) Enngy 22)]']

3.1.6.4 Kazancin Dordiincii Kat Olan Paralel — Hat I¢cin Duyarhliklar

L41icin:

oGy _| Gy || 9T |, | 8 Ty’
oty | 0Ty || oty | |om || ot

(3.219)

(3.220)

(3.221)

(3.222)

(3.223)

(3.224)
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0 0
SEqn & OEq .. :
a;” =E, E, E; é?iEs E¢ =E, E, E; iB o |Es Eg
4 4 204 sin2 Bf4
ar

T
_5%_4} - [Ennu (L) Eﬂﬂ€4 (1,2) Enn€4 (2,1) E“”€4 (22)]

{[ZLM* M' ZZ M ZSM*]

[0Gr | 4RgR;
_854 P2

T
.[Enn“(l,l) Enn€4(l.2) Enn€4(2,l) EHH€4(2,2)]
—[ZL*M M Z$Z/'M Zg M]
* * * * 1T
-[Ennu(lal) Enn,, (12) Epp,, (2.1) Enn€4(2,2)] }

Zos igin:

3Gy _{aGTHan }L oGy || a1y’
0Z4 Oy | 0Z¢4 8Tj* 0Z4

0 0

04 Zo42 tan B€4

[E ]éaEﬂl'l
FIHZO4 - 8204

0Z 0,4

{;;};}:—41;55‘4{[2[,1\4* M™ ZgZ M’ ZSM*]

T
-[Ennzm(l’l) Enn,,,, (12) Enmg, (2.1) Ennzo4(22)]

OE A oE :
{ nn}:ElE2E3ETEELE5E6ZE‘E2E3ET ) o|EsEg

aTI [ T
= Enng,, (LD Enny, (12) Enan,, (2.1) Enpg, (22)

(3.225)

(3.226)

(3.227)

(3.228)

(3.229)

(3.230)

(3.231)

(3.232)
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-[ZL*M M ZsgZ,'M Zg M]

* * * x (T
.[Enn204(1,1) Enn,,, (120 Enn,, (21) Enan(z,z)]}

3.1.6.5 Kazancin Besinci Kat Olan Seri — Hat icin Duyarhlikiar

£5icin:

oT, Ty’
oGy :FGTM I}L aGE i (5233
(9B |8 OF ~PBsinfls  jZosPcosPls
> =E,E2E3ETE45[7E6=E,E2E3ETE4 JBcosPls _Bsinps Ee (3.234)
- > Zos
” A B
Frn, 5, (3.235)
[ o7, ]T
o, | Enn, (LD Enp, (12) Enp, (2.1) Enn, (22) (3.236)
%(;fl}—ilis-zﬁ{[zm* M" ZZ M’ zSM*] (3.237)
L 9% P

T
{Enn“(lJ) Enn, (1.2) Enm,, (2.1) Enn“(22ﬂ
—[ZL*M M Z$'Z, M Zg M}
* * * * T
-[Enn“(lJ) Enn, (12) Epp, (21 Enn“(zg)] }

Zos igin:

Gy _ aGTM(BTi } oGy || OT; (3.238)
GZOS aT] 5205 GTI * 6’205
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- 0 jsinf{s
OE A JE ..
rn =E|E2E3ETE4 3 E6 =E]E2E3ETE4 _JSIHBZS 0 E6
L 6205 8205 Z()52

]ﬁ 0Enn
- Mz0s I a7,

| aT,
2

J Ennyg, (1) Eamyg,(12) Ennyg (21) Enng (22)]'

[ 8G 4RR p ; .
N L{[Zl/M M* ZZ M ZM ]
L8Z05 P

[ T
{Bnngy, (1) Enn,, (12) Enn, (20) EHHZOS(z,z)]

1Z'M M ZgZ M Zg M}

* * * x |T
'EHHZOS(1>1) Ennz()s(l,z) Ennzos(z,l) EHHZOS(Z’Z)]}

3.1.6.6 Kazancm ilk Kat Olan Paralel — Hat I¢in Duyarhiliklary

Leicin:
oGr _[ a6y |[ami ], | 8Gr oty
dlg | Ty || 8lg | |oT; || O
0 0
E .
OFnn 2 =E,E,E;ErE F %Ee = E,E,E;ErE,E5 JB 0
6 s Zog sin® Bl
oE

Eﬂﬂ( Y

S
[ o1y

T
EMJ [Enng6(11) Enmg (12) Enng (2.1) Enng6(2,2)]

Y o {[ZLM* M' ZZ M’ ZSM*]

aGT} _4RgRy

(3.239)

(3.240)

(3.241)

(3.242)

(3.243)

(3.244)

(3.245)

(3.246)

(3.247)
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T
-[Enne6(1,1) Enng (12) Enng (2.1) Enp, (22)
—[ZL*M M ZJ7Z,'M Zg M]

A * * * « [T
-[Enmc,(l,l) Enng, (12) Enpg, (2.1) Eﬂﬂg6(2>2)]}

Zos igin:
oGy | oGy |[ oTy | .| 81 Ty
0Z0g oTy || 0Zog | 3T1* 0Z0g
0 0
Eqn & E :
a 0 :E]E2E3ETE4E5“8—6:E1E2E3ETE4E5 -]

T,

T
}:[Ennzoé(lal) Enng, (12) Enng, (21) Enmy,  (22)

e M zgz M zSM*]

| 0G; }_ _4RgR,
| 9Z 06 p?

T
-[Ermz%(l,l) Enn,,, (12) Enng (2.1 Enn206(2>2)]
-[ZL*M M ZJZ, M Zg MJ

‘ * * * * |T
-[Ennzoé(l,l) Enn,,, (12)  Enng, (21)  Enm,  (2.2) ] }

(3.248)

(3.249)

(3.250)

(3.251)

(3.252)
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4. NUMERIK PERTURBASYON YAKLASIMI

Numerik tiirev, x degiskeninde meydana gelen Ax(Af¢ =0.0001cm,AZj =0.0001Q)
degisimine karsin, tiiretilebilir bir  F ° fonksiyonunda meydana gelen AF degisiminin, sifira

giden Ax degisimine oramidir.

Numerik Tiirev = éli
Ax—0 AX

4.1

seklinde formiile edilebilir. Bu ¢aligmada numerik tilirev islemi i¢in Matlab bilgisayar

dilindeki “diff” komutu ile Gy farklan alinmis ve bu degerler Ax’ e boliinmiistiir.
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5. ORNEK CALISMALAR ve SONUCLAR

5.1 Cizelge ve Sekiller

5.1.1 Uygun Zg ,Z, {ilc Sonlandirilmis, Belirli Bir Frekans Bandinda Belirli

Zy .’ lere Sahip Devreler I¢in Gy ,F ,Vi Degerlerine Ait Cizelge ve Sekiller

Bu alt boliimdeki biitiin ¢izelge ve sekiller Giines vd. © den (2002) alinmistir.

Cizelge 5.1 T - Tipi ve I - Tipi devrelerde kullanilan hatlarin uzunluk ve karakteristik

empedanslari

a)
IMC(T -Tipi) OMC(T - Tipi)
£, =15886cm| (,=14.009cm | £5=13.378 cm | {4=13.711cm | (5=0.674 cm | £=0.832 cn
Z01=36.310 Q | Z(;=180.885 Q | Zp3=53.041Q | Zp4=129.006 Q | Zy5=166.347Q | Z¢6=95.109¢

b)
IMC(IT -Tip1) OMC(IT -Tipi) 7
€, =14.608cm | £, =13.970cm | £3=0.503cm | £4=15.191 cm | £s=13.678 cm | £4=15.197 <1
Z01=85.185Q | Zpp=51.995Q |Zy;3=167.184Q | Z¢4=199.988 Q | Zy5=114.411Q | Z9s=193.972:

Frekans(GHz) 2 4 5 6 7 8 9 10 11
Gt 0.35]10.5110.7310.8910.93]098]09710.9710.861}0.71

iy
! T ‘
F08 - |
' 2 06 r
' 04 - |
0z
| o L W e .
0 2 4 6 8 10 12

IMC(T - Tipi) devresi igin kazang -frekans egrisi
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Cizelge 5.3 Zg = ZLTR*((Di ),Z; =50Q,i=1GHz.....11GHz ile sonlandirilmis

OMC(T - Tipi) devresi igin kazang degerleri

Frekans(GHz) 2 3 4 5 6 7 8 9 10 | 11
Gt 0.1210.90 10.9610.9910.99 | 098 | 0.97 |0.97| 096 {0.93
J 1,2‘ : o
L 1 |- . PO —
208! S e
8 06 | -
02 |
i 0 2 4 6 8 10 12|

| Frekans (GHz)

OMC(T - Tipi) devresi igin kazang -frekans egrisi

Cizelge 5.4 GTreq (o) =12 dB, Vireq(w)=1.0 Freq(wi)=0.46dB olan

|
|
|
1
J

OMC(T - Tipi) — Transistor(NE329S01)-IMC(T - Tipi) devresi igin kazang degerleri

Frekans (GHz) 2 3 4 5 6 7 8 9 10| 11 f12]13
Gr (oran) 11.6]1481145)13.6]13.5]12.6§124]125]|11.7/10.1]8.01}5.8
E_ e yF A . W _
|
<‘ Frekans (GHz)
|
Sekil 5.3 GTreq (w) =12 dB, Vireq(w)=1.0 Freq(wi)=0.46dB olan
IMC(T - Tipi) ~ Transistor(NE329S01) - OMC(T - Tipi) devresi igin
kazang — frekans egrisi
Cizelge 5.5 GTreq (o) =12 dB, Vireq(w)=1.0 Freq(wi)=0.46dB olan OMC(T - Tip1) ~
Transistor(NE329S01) - IMC(T - Tipi) devresi i¢in giirtiltii degerleri
Frekans (GHz)| 2 3 4 5 6 7 8 9 10| 11112 13 ]
1.26

F (oran) 1.3501.2211.17}1.1411.14}1.16{1.17}1.1611.19|1.20} 1.24
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14, 1
1,35 & -

N
w

125 |

Girdlta (Oran)
S

1,15 -

Frekans (GHz)

Sekil 5.4 GTreq (») =12 dB, Vireq(w)=1.0 Freq(wi)=0.46dB olan IMC(T - Tipi)
— Transistor(NE329S01) - OMC(T - Tipi) devresi igin giiriiltii — frekans egrisi

Cizelge 5.6 GTreq (w) =12 dB, Vireq(®)=1.0 Freq(wi)=0.46dB olan
OMC(T - Tip1) — Transistor(NE329S01) -IMC(T - Tipi) devresi igin duran dalga orani
degerleri

Frekans (GHz) | 2 3 4 5 6 7 8 9 10 11 | 12 | 13

MRin (Oran) | 0.89 10.71]0.5210.3410.2410.1910.19}0.20]0.25}10.32}0.36|0.42

MRin (Oran)

Frekans (GHz)

Sekil 5.5 GTreq (w) =12 dB, Vireq(®)=1.0 Freq(wi)=0.46dB olan OMC(T - Tipi) —
Transistor(NE329S01)-IMC(T - Tipi) devresi i¢in duran dalga oran: — frekans egrisi

Frekans(GHz) | 2 3 4 5 6 7 8 9 10 | 11
Gr 0.97(0.97 10.99{0.98| 0.99 1 0.97 | 0.97 [0.98} 0.99 [0.94
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L1105 e
1| el - —
0,95 "

Kazang

09
0,85 -

08 - : .

2 3 4 5 6 7 8 9 10 11
Frekans (GHz)

Sekil 5.6 Z¢ =50Q,7Z, = ZSTR*(wi ),1=1GHz.....11GHz ile sonlandirimis
IMC(IT - Tipi) devresi i¢in kazang - frekans egrisi

OMC(TT - Tipi) devresi i¢in kazang degerleri

Frekans(GHz) | 2 3 4 5 6 7 8 9 10 | 11
Gr 0.05]0.88 10.98]10.96} 0.97]0.95]0.90 |0.87] 0.84 10.90

Gr(oran)

OMC(II - Tipi) devresi igin kazang —frekans egrisi

Cizelge 5.9 GTreq (0) =12 dB, Vireq(w)=1.0 Freq(wi)=0.46dB olan IMC(II - Tipi) -
Transistor(NE329S01)-OMC(IT - Tipi) devresi kazang degerleri

Frekans(GHz) | 2 | 3 | 4 | s |6 [ 7 ] 8 [ 9 1] 1]

13

Gr 196209 |187}17.1 1771751184 [19.8205]19.4] 16.2

12.4
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GT (Oran)

0! — : —
2 4 6 8 10 12

Frekans (GHz)

Sekil 5.8 GTreq (0) =12 dB, Vireq(w)=1.0 Freq(wi)=0.46dB olan OMC(IT - Tipi) —
Transistor(NE329S01)-IMC(IT - Tipi) devresi i¢in kazang —frekans egrisi

Cizelge 5.10 GTreq (») =12 dB, Vireq(w)=1.0 Freq(wi)=0.46dB olan OMC(IT - Tipi) —
Transistor(NE329801)-IMC(IT - Tipi) devresi igin edilen giiriiltii degerleri

Frekans (GHz)| 2 3 4 5 6 7 8 9 10 ] 11 | 12 | 13
Giirtltii 1.1211.1211.1111.09(1.10}1.10]1.09] 1.09] 1.09] 1.09 | 1.10 | 1.10

1,125
112 @
1115 e
I ER—
1105 oo
IR
1,095 — -
| 109 -
! 1,085

Giiriiltd (Oran)

Frekans (GHz)

Sekil 5.9 GTreq (0) =12 dB, Vireq(®w)=1.0 Freq(wi)=0.46dB olan OMC(II - Tipi) —
Transistor(NE329S01)-IMC(IT - Tipi) devresi i¢in giiriiltii — frekans egrisi

Cizelge 5.11 GTreq () =12 dB, Vireq(w)=1.0 Freq(ni)=0.46dB olan
OMC(IT - Tipi) — Transistor(NE329S01)-IMC(IT - Tipi) devresi igin ¢esitli frekanslara
kars1 elde edilen duran dalga orani degerleri

Frekans (GHz)| 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13
MRin (Oran) | 0.51 {0.21[0.05{0.10{0.14]0.18]0.21]0.2510.25{0.2610.2510.22
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MRin (Oran)

Frekans (GHz)

Sekil 5.10 GTreq (0) =12 dB, Vireq(w)=1.0 Freq(wi)=0.46dB olan OMC(IT - Tipi) —
Transistor(NE329S01)-IMC(IT - Tipi) devresi igin duran dalga orami—frekans egrisi

5.1.2 Uygun Zg ,Z, ile Sonlandirilmis, Belirli Bir Frekans Bandinda Belirli

Zg ,¢ ’lere Sahip Devreler I¢in Kazan¢ Duyarliklarina Ait Cizelge ve Sekiller

Burada, ilk vaklagim analitik yontemler olan Kazan¢ Carpimu ve zincir

duyarlilik matrisi yaklagimi ikinci yaklasim ise numerik pertiirbasyon yaklagimi ‘dir

5.1.2.1 Seri —Hat ve Parelel — Hat Iki — Kapihsimin Kazan¢ Duyarhhklar:

Cizelge 5.12 Seri — hat iki — kapilisinin £ = 15.886 cm, Zy = 36.310 Q igin
hat uzunlugu ve karakteristik empedansa gore kazang duyarliligi degerleri

Kazan¢ Carpimi ve Zincir Numerik Pertlirbasyon
f(GHz) | GT ((1/mm) | GT z, (1/0hm) | GT ( (1/mm) | GT z, (1/0Ohm)
2 -0.0029 0.0024 -0.0029 0.0024
3 -0.0056 0.0050 -0.0056 0.0050
4 -0.0080 0.0078 -0.0080 0.0078
5 -0.0093 0.0106 -0.0093 0.0106
6 -0.0089 0.0129 -0.0089 0.0129
7 -0.0066 0.0145 -0.0066 0.0145
8 -0.0025 0.0153 -0.0025 0.0153
9 0.0032 0.0153 0.0032 0.0153
10 0.0100 0.0144 0.0100 0.0144
11 0.0168 0.0127 0.0168 0.0127
12 0.0226 0.0104 0.0226 0.0104
13 0.0261 0.0076 0.0261 0.0076
14 0.0260 0.0048 0.0260 0.0048
15 0.0212 0.0022 0.0212 0.0022
16 0.0119 0.0005 0.0119 0.0005
17 -0.0011 0.0000 -0.0011 0.0000
17.5 | 0.0068 0.0153 0.0067 0.0153
18 -0.0154 0.0007 -0.0154 0.0007
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GTe (1/mm)

B Zincir Duyarlilik Matrisi
—a— Numerik PerturbasyonJ

TUTTTTRTTNT

e '—.—”“?&a—r{c'bard{r&”w

© w
T—,\A
-—

f(GHz)

Sekil 5.11 Seri — hat iki — kapilisinin hat uzunluguna (£ = 15.886 cm) gore
kazang duyarlilig1 —frekans egrisi

o 00200 . _ ) B
5 0,0150 - —e— Kazang Carpimi 1
= 0,0100 - | —=. - Zincir Duyarlilik Matrisi
o I
N 00050 | | —&— Numerik Perturbasyon |
O 0,0000 ! o o )

Vv
f(GHz)

S

Sekil 5.12 Seri — hat iki — kapilisinin karakteristik empedansa(Zo = 36.310 €) gore
kazang¢ duyarliligr — frekans egrisi

Cizelge 5.13 Parelel — Hat iki — kapilisinin £ = 14.009 cm, Z;= 180.885 Q
hat uzunlugu ve karakteristik empedansa gore kazang duyarlilig: degerleri

Kazang Carpimi ve Zincir Numerik Pertiirbasyon
f(GHz) | GT( (1/mm) | GTz(1/Ohm) | GT¢ (I/mm) | GTze(1/Ohm)
2 -0.0185 0.0009 -0.0185 0.0009
3 -0.0091 0.0004 -0.0091 0.0004
4 -0.0052 0.0002 -0.0052 0.0002
5 -0.0031 0.0001 -0.0031 0.0001
6 -0.0018 0.0000 -0.0018 0.0000
7 -0.0007 0.0000 -0.0007 0.0000
8 0.0006 0.0000 0.0006 0.0000
9 0.0024 0.0000 0.0024 0.0000
10 0.0057 0.0001 0.0057 0.0001
11 0.0129 0.0002 0.0129 0.0002
12 0.0322 0.0003 0.0322 0.0003
13 0.1013 10.0008 0.1013 0.0008
14 0.4832 0.0021 0.4832 0.0021
15 0.8505 0.0004 0.8502 0.0004
16 -0.8859 0.0026 -0.8858 0.0026
17 -0.1883- 0.0010 -0.1883 0.0010
17.5 0.0095 0.0001 0.0095 0.0001
18 -0.0625- 0.0004 -0.0625 0.0004




1,0000
0,5000
0,0000

GTe(1/mm)

-0,5000
-1,0000

Sekil 5.13 Paralel

0,0030 -
06,0020
0,0010 -

GTz0(1/0hm)

v

Sekil 5.14 Parelel —

5122 IMC(T - Tipi) (Z5 =50Q,Z; = ZSTR* (0;),1=1GHz

— hat 1ki
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f(GHz)

kazang duyarlilig: — frekans egrisi

™ © ®

,{L

'\Q '\b‘

f(GHz)

—e— Kazang Carpsm{ '

-« . Zincir Duyarlihk Matrisi;

°

©
N A
R\

[ —— Kazang;

#-- Zincir

Matrisi

hat 1ki —

kazang duyarlilig1 - frekans egrisi

11GHz),

OMC(T - Tipi) (Zg = 7, 15 (0;),Z; =50Q,i=1GHz....11GHz),

Carpimi

Duyarlihik

‘ —a— Numerik
Pertirbas;

J —a&— Numerik pertirbasyon (

|
|
|

— kapilisinin hat uzunluguna (€ = 14.009 cm) gére

1

kapilisinin karakteristik empedansa(Zy= 180.885 Q) gore

IMC(T - Tipi) -Transistor(NE329S01) -OMC(T - Tipi) i¢in Kazan¢ Duyarhliklar:

Cizelge 5.14 IMC(T-Tipi) devresi igin a){;,

Zo1 b)la,

duyarlilign degerleri

Zg c)ts,

a)

Kazang Carpimi ve Zincir  Numerik Pertiirbasyon
f(GHz) | G1(1/mm) | GTz,1(1/0Ohm) | GTy(1/mm) | GTze1(1/Ohm)
2 -0.0074 0.0048 -0.0074 0.0048
3 -0.0096 0.0020 -0.0096 0.0020
4 -0.0069 -0.0054 -0.0069 -0.0054
5 -0.0011 -0.0101 -0.0011 -0.0101
6 0.0103 -0.0119 0.0103 -0.0119
7 0.0167 -0.0051 0.0167 -0.0051
8 0.0183 0.0012 0.0183 0.0012
9 0.0199 0.0038 0.0199 0.0038
10 0.0325 0.0079 0.0325 0.0079
11 0.0429 0.0114 0.0429 0.0114

Zy; ‘e gore kazang
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b)
Kazang Carpimi ve Zincir  Numerik Pertiirbasyon
f(GHz) | G y(1/mm) | GTz02(1/0hm) | GTp(1/mm) | GTz42(1/0Ohm)
2 -0.0129 0.0006 -0.0129 0.0006
3 0.0021 -0.0001 0.0021 -0.0001
4 0.0094 -0.0003 0.0094 -0.0003
S 0.0081 -0.0002 0.0081 -0.0002
6 0.0034 0.0000 0.0034 0.0000
7 -0.0023 0.0000 -0.0023 0.0000
8 -0.0043 0.0000 -0.0043 0.0000
9 -0.0043 0.0000 -0.0043 0.0000
10 -0.0049 -0.0001 -0.0049 -0.0001
11 0.0002 0.0000 0.0002 0.0000
9
Kazang Carpimut ve Zincir  Numerik Pertiirbasyon
f{GHz) | GT3(1/mm) | GTz03(1/0Ohm) | GT3(1/mm) | GTz03(1/0hm)

2 -0.0198 -0.0042 -0.0198 -0.0042
3 -0.0339 -0.0037 -0.0339 -0.0037
4 -0.0358 -0.0006 -0.0358 -0.0006
S -0.0217 0.0023 -0.0217 0.0023
6 0.0089 0.0064 0.0090 0.0064
7 0.0345 0.0056 0.0345 0.0056
8 0.0431 0.0030 0.0431 0.0030
9 0.0471 0.0006 0.0472 0.0006
10 0.0755 -0.0027 0.0755 -0.0027
11 0.0979 -0.0073 0.0979 -0.0073
0,0600

GTe1(1/mm)
(@]
(o]
N
o
o

‘ N b P i |
7"2"*5'?/;67891011}:

| —e— Kazang Carpim

—u-— Zincir Duyarhlik Matrisi ||

i

, | —a— Numerik Pertiirbasyon

f(GHz)

al)
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j 0,0200 4
‘ — |
. E |
! 1 ‘ - —— -
5 0,0100 " ~ —e— Kazang GCarpimi
T 0,0000 - \ R S~ | = Zincir Duyarlilik Matrisi
N oom0 2 3 M2 84 8 9 1011 |4 Numerik Perturbasyon
o i
-0,0200 ‘
f(GHz)
a2)
0,0150
—~ 0,0100 - B - - e
E 0,0050 - /‘\‘\ - ' —e— Kazang Carpimi
§ 0,0000 - / ~-‘\‘\v~r— k- ‘ - Zincir Duyarhlik
 -0,0050 { 2/3-4 5-6 7 88U 11 | _4 Numerik Pertirbasyon
S B —
1
-0,0150 ~
f(GHz)
bl)
‘ —e— Kazang
| ’g Carpimi
& 10,0010 ! o
= & [ s Zincir
] 0,0005 + ™ - e l Duyarhlk
g 0,0000 | Matrisi.
| 2 ! —a— Numerik
1 -0,0005 - [ Pertiirba
]
j syen |
b2)
| 0,1500 -
|
- : — S
i E 0,1000 | —e— Kazang Carpimi
g, 0,0500 ! / B Zincir Duyarlilik Matrisi
Q) : . 12y
& ooo00 . .. A [ Numerik Pertirbasyon
-O,OSOOJQM 6 7 8 9 10 11
f(GHz)
I J

cl)
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0,0100 :
5 0,0050 /‘\‘\‘\ [—Q—Kazang: Carpimi |
: T 0,0000 i/‘/‘ IR N | = Zincir Duyarliik matrisi|
| |
N o050 2E 4 567 809 \ | —&— Numerik Pertirbasyon
) i
-0,0100 |

f(GHz)

c2)

Sekil 5.15 IMC(T - Tipi) devresi igin a) 1), 2)Zg, a) 1)0; 2)Zgx a) 1)43 2)Zg3 ‘e gore
kazang duyarlilig - frekans egrileri

Cizelge 5.15 OMC(T - Tipi) devresiigina) Ly, Zos b) Ls, Zosc) Ls, Zos olan hat
uzunluklari ve karakteristik empedanslara gére kazang duyarliligi degerleri

a)
Kazan¢ Carpimi ve Zincir Numerik Pertiirbasyon
f(GHz) | GT4(1/mm) | GTzo4(1/0Ohm) | GT(1/mm) | GTze4(1/0Ohm)
2 -0.0170 0.0016 -0.0170 0.0016
3 0.0204 -0.0011 0.0205 -0.0011
4 0.0768 -0.0059 0.0769 -0.0059
5 -0.0346 0.0020 -0.0345 0.0020
6 0.0245 -0.0022 0.0246 -0.0022
7 -0.0106 -0.0004 -0.0106 -0.0004
8 -0.0143 0.0000 -0.0143 0.0000
9 -0.0121 0.0006 -0.0121 0.0006
10 0.0149 -0.0001 0.0149 -0.0001
11 0.0408 0.0003 0.0408 0.0003
b)
Kazang¢ Carpimi ve Zincir Numerik Pertiirbasyon
f(GHz) | GTs(1/mm) | GTzes5(1/Ohm) | GTs(1/mm) | GTzos5(1/Ohm)
2 0.0124 0.0005 0.0124 0.0005
3 -0.0364 -0.0013 -0.0364 -0.0013
4 0.0072 0.0002 0.0072 0.0002
5 0.0010 0.0000 0.0010 0.0000
6 0.0202 0.0005 0.0202 0.0005
7 0.0177 0.0003 0.0177 0.0003
8 0.0155 0.0002 0.0155 0.0002
9 0.0061 0.0001 0.0061 0.0001
10 0.0213 0.0001 0.0213 0.0001
11 0.0052 0.0000 0.0052 0.0000
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<)
Kazang¢ Carpimi ve Zincir Numerik Pertiirbasyon

f(GHz) | GTs(1/mm)| GTze6(1/0hm) | GTe(1/mm)| GTzo6(1/Ohm)

2 -0.0063 -0.0010 -0.0063 -0.0010

3 0.0149 0.0031 0.0149 0.0031

4 0.0218 0.0028 0.0218 0.0028

5 -0.0108 -0.0019 -0.0108 -0.0019

6 0.0146 0.0000 0.0146 0.0000

7 0.0075 -0.0022 0.0076 -0.0022

8 0.0100 -0.0030 0.0100 -0.0030

9 0.0069 -0.0037 0.0069 -0.0037

10 0.0343 -0.0032 0.0343 -0.0032

11 0.0353 -0.0051 0.0353 -0.0051

0,1000
g 0,0500 - ‘Jﬁ——o:?azang: (;arplm| o f
T | Zincir Duyarlilik Matrlsu
E 0,0000 /‘ o SN S ‘—i—Numenk Perturbasyon‘
o 53 4%6 7T 8% 101 ' |

-0,0500 - : ]

‘ f(GHz) |
L NS SN IS s _ o
al)

. Y SENNNY 2. e .
| |
- E 00050 | | —+—Kazang Carp:ml‘

o &
= 0,0000 * . o
3 9 | —=—-Zincir Duyarlilk ||
N -0,0050 | Matrisi !
10 -0.0100 | —a— Numerik [‘
' ’ ‘ Perturbasyon j
f(GHz) S AR
o o I
a2)
0,0400
g 0,0200 - N T /\‘;t;;/\ | _—e—Kazang Garpimi |
< 0,0000 | A e -~ Zincir Duyarliik Matrisi
5 20,0200 - 233 74&”5&§ 7 8 9 10 11 —A— Numerik Pertirbasyon
-0,0400

rbl)
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| |
‘ —+—Kazang t
T Carpimi
| 5 0,0010 - I —~=. Zincir ]
| g 0.0000 - \A/ *- “‘“\*-——imn o1 Duyarlik ||
? S -0,0010 10 11 ’ Matrisi ?
} .0.0020 —a— Numerik :
| o : i Perturbasyon[j
| f(GHz) I
b2)

0,0400 — (
E 0,0200 - f;;_ Kazang /Qarplml o f;)
= “ - Zincir Duyarlilik Matnsui}

w 7
~ 0,0000 2 W e R A \_hNumenk Perturbasyonj‘
0 53 446 7 8 9101 "‘“""‘J
| -0,0200 | |
‘ f(GHz) |
|

cl)

}ﬁ y r g9 4 . ?
! —e— Kazang f
T 00050 } Garpimi } “
= ' 1 o
“ Q 0,0000 e — % % .. Zincir .
| € 2 611 | Duyarlilik
| ,'."? 0.0050 J % Matrisi |
f ® 0,0100 ' ;—A—~Numenk |
| ! |

Perturbasyon‘t

c2)

Sekil 5.16 OMC(T - Tipi) devresi igin a) 1)042)Zos b) 1)0s2)Zos ¢) 1){62)Zos ‘ya gore
kazang duyarlihg - frekans egrileri
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Cizelge 5.16 IMC(T - Tipi) — Transistor(NE329S01) - OMC(T - Tipi) devresi i¢in
a)ly, Zo1 b)la, Zoz ©)l3, Zo3’ e gore kazang duyarliligs — frekans degerleri

Kazan¢ Carpimi ve Zincir

a)

Numerik Pertiirbasyon

f{GHz) | G1(;(1/mm) | GTz,(1/0hm) | GTy(1/mm) | GTzo;(1/0Ohm)
2 -0.2457 0.1533 -0.2457 0.1533
3 -(0.2748 0.0640 -0.2748 0.0640
4 -0.1439 -0.0866 -0.1439 -0.0866
5 -0.0008 -0.1534 -0.0008 -0.1534
6 0.1343 -0.1524 0.1343 -0.1524
7 0.2214 -0.0478 0.2214 -0.0478
8 0.2365 0.0405 0.2365 0.0405
9 0.2649 0.0813 0.2649 0.0813
10 0.3490 0.1158 0.3490 0.1158
11 0.4077 0.1439 0.4077 0.1439
12 0.3670 0.1280 0.3669 0.1280
13 0.2992 0.0925 0.2991 0.0925
14 0.1961 0.0525 0.1960 0.0525
15 -0.0062 0.0001 -0.0062 0.0001
16 -0.2320 -0.0100 -0.2320 -0.0100
17 -(.2552 0.0009 -0.2552 0.0009
17.5 1.1436 -0.0160 1.1437 -0.0160
18 -0.1955 | 0.0071 -0.1954 0.0071
b)
Kazan¢ Carpimi ve Zincir ~ Numerik Pertiirbasyon
f(GHz) | GT(/mm) | GTze(1/0Ohm) | GTp(1/mm) | GTze(1/0hm)
2 -0.4007 0.0195 -0.4007 0.0195
3 0.0426 -0.0018 0.0427 -0.0018
4 0.1649 -0.0054 0.1649 -0.0054
5 0.1184 -0.0027 0.1184 -0.0027
6 0.0429 -0.0006 0.0429 -0.0006
7 -0.0359 0.0002 -0.0359 0.0002
8 -0.0577 -0.0002 -0.0577 -0.0002
9 -0.0526 -0.0004 -0.0526 -0.0004
10 -0.0343 -0.0004 -0.0343 -0.0004
11 0.0556 0.0007 0.0556 0.0007
12 0.2689 0.0029 0.2690 0.0029
13 0.7548 0.0059 0.7553 0.0059
14 2.6069 0.0112 2.6096 0.0112
15 2.1690 0.0011 2.1583 0.0011
16 -2.7950 0.0081 -2.7927 0.0081
17 -0.7536 0.0041 -0.7528 0.0041
17.5 -0.3353 -0.0021 -0.3353 -0.0021
18 -0.1660 0.0011 -0.1658 0.0011
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©)
Kazang Carpimi ve Zincir Numerik Pertiirbasyon
f{GHz) | GT5(1/mm) | GTze3(1/0bm) | GTg(1/mm) | GTz3(1/0Ohm)

2 -0.6937 -0.1283 -0.6937 -0.1283

3 -0.9377 -0.1128 -0.9377 -0.1128

4 -0.6847 -0.0243 -0.6846 -0.0243

5 -0.2879 0.0432 -0.2878 0.0432

6 0.1216 0.0831 0.1218 0.0831

7 0.4750 0.0721 0.4752 0.0721

8 0.5713 0.0373 0.5715 0.0373

9 0.6289 0.0075 0.6291 0.0075
10 0.7931 -0.0279 0.7932 -0.0279
11 0.8753 -0.0668 0.8753 -0.0668
12 0.7391 -0.0825 0.7391 -0.0825
13 0.6055 -0.0843 0.6055 -0.0843
14 0.5498 -0.0818 0.5497 -0.0818
15 0.0191 -0.0031 0.0191 -0.0031
16 -0.1558 -0.0060 -0.1559 -0.0060
L -0.4000 -0.0035 -0.4001 -0.0035
17.5 2.6863 -0.0674 2.6868 -0.0674
18 -0.4893 -0.0025 -0.4894 -0.0025

GTz01(1/0hm)
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| —e—Kazang d

( carpimi |
o | |
; E 02000 '~ w  Zincir !]
| Q | /‘/kb\k Duyarhilik «
= 0,0000 A ""\&\‘N‘; "‘/‘7**‘”“ (A ! Matrisi I
N Yo o 2 9 3 F e 40 —a— Numerik
‘ 6 -0,2000 N\ Perturbasyon)
f(GHz) ;
c2)

Sekil 5.17 IMC(T - Tipi) — Transistor(NE329501) - OMC(T - Tipi) devresi i¢in
a) 1) £1.2)Z¢1 ;b) )2 2)Zps ; ©) 1)3,2)Z03 ‘e gore kazang duyarlihigs — frekans egrileri

Cizelge 5.17 IMC(T - Tipi) — Transistor(NE329S01) - OMC(T - Tipi) devresi i¢in

a)ls, Zog b)ls, Zos c)ls, Zos* ya gore kazang duyarlih@ degerleri

a)
Kazan¢ Carpimi ve Zincir Numerik Pertiirbasyon
f(GHz) | GTy(1/mm) | GTz04(1/0hm) | GTy(1/mm) | GTz04(1/0Ohm)
2 0.2116 -0.0285 0.2116 -0.0285
3 0.5216 -0.0794 0.5216 -0.0794
4 0.6163 -0.1074 0.6162 -0.1074
5 0.4864 -0.1091 0.4863 -0.1091
6 0.2418 -0.0995 02417 |  -0.0995
7 0.0269 -0.0769 0.0267 -0.0769
8 -0.1004 -0.0473 -0.1006 -0.0473
9 0.0178 -0.0154 0.0176 -0.0154
10 0.4628 0.0085 0.4626 0.0085
11 0.9850 0.0099 0.9848 0.0099
12 1.1528 -0.0070 1.1525 -0.0070
13 0.8926 -0.0223 0.8923 -0.0223
14 0.4341 -0.0223 04339 |  -0.0223
15 0.0164 -0.0008 0.0164 |  -0.0008
16 0.2990 -0.0150 02988 |  -0.0150
17 0.2683 -0.0238 02680 |  -0.0238
17.5 -0.3567 0.0001 -0.5542 0.0001
18 0.0581 -0.0254 0.0579 -0.0254
b)
Kazang Carpimi ve Zincir Numerik Pertlirbasyon
f(GHz) | GTs(1/mm) | GTzs(1/0hm) | GTes(1/mm) | GTzes(1/Ohm)
2 1.6402 0.0630 1.6403 0.0630
3 1.8821 0.0675 1.8822 0.0675
4 1.8332 0.0595 1.8333 0.0595
5 1.7496 0.0496 1.7496 0.0496
6 1.7474 0.0415 1.7474 0.0415
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7 1.6236 0.0306 1.6237 0.0306
8 1.4408 0.0200 1.4408 0.0200
9 1.1279 0.0102 1.1279 0.0102
10 0.5651 0.0025 0.5651 0.0025
11 -0.0819 0.0000 -0.0819 0.0000
12 -0.5418 0.0016 -0.5418 0.0016
13 -0.6415 0.0036 -0.6415 0.0036
14 -0.4566 0.0034 -0.4566 0.0034
15 -0.0133 0.0001 -0.0133 0.0001
16 -0.2545 0.0022 -0.2544 0.0022
17 -0.4316 0.0036 -0.4314 0.0036
17.5 0.0293 -0.0002 0.0295 -0.0002
18 -0.5546 0.0041 -0.5542 0.0041
¢)
Kazang Carpimi ve Zincir Numerik Pertiirbasyon
f(GHz) | GTis(1/mm) | GTze6(1/Ohm) | GTe(1/mm) | GTze6(1/Ohm)
2 -0.4012 -0.0723 -0.4012 -0.0723
3 -0.3696 -0.1049 -0.3696 -0.1049
4 -0.0618 -0.1077 -0.0619 -0.1077
5 0.2977 -0.1069 0.2976 -0.1069
6 0.6684 -0.1172 0.6682 -0.1172
7 0.9878 -0.1237 0.9876 -0.1237
8 1.2142 -0.1386 1.2140 -0.1386
9 1.3010 -0.1588 1.3008 -0.1588
10 1.0984 -0.1626 1.0982 -0.1626
11 0.6823 -0.1400 0.6821 -0.1400
12 0.2758 -0.0979 0.2755 -0.0979
13 0.0937 -0.0556 0.0935 -0.0556
14 0.0672 -0.0237 0.0670 -0.0237
15 0.0084 -0.0006 0.0084 -0.0006
16 0.2555 -0.0073 0.2554 -0.0073
17 0.5268 -0.0058 0.5265 -0.0058
17.5 -0.1356 0.0006 -0.1351 0.0006
18 0.7871 -0.0002 0.7868 -0.0002
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Sekil 5.18 IMC(T - Tipi) — Transistor(NE329S01) - OMC(T - Tipi) devresi i¢in
a) 1) L4 2)Zos ;1) 1)(s. 2)Z0s 5 ¢) 1)le, 2)Z0s” ya gore kazang duyarhiigi — frekans egrileri

IMC(II- Tipi)-Transistor(NE329S01) - OMC(I1- Tipi) I¢in Kazang Duyarhhiklar

Cizelge 5.18 IMC(I1- Tipi) devresi i¢in a)ly, Zg; b)La, Zoz ¢)3, Zo3 ‘e gore kazang duyarlih
degerleri

a)

Kazan¢ Carpimi ve Zincir Numerik Pertiirbasyon

f(GHz) | GT(i(1/mm) | GTze1(1/0hm) | GT(1/mm) | GTzei(1/Ohm)

2 0.0612 -0.0028 0.0614 -0.0028
3 0.0607 -0.0027 0.0608 -0.0027
4 -0.0094 0.0004 -0.0093 0.0004

s -0.0495 0.0020 | -0.04%4 0.0020
6 -0.0353 | 0.0014 -0.0353 0.0014
7 -0.0392 0.0014 -0.0392 0.0014
8 -0.0399 0.0014 -0.0399 0.0014
9 -0.0285 0.0009 -0.0285 0.0009
10 0.0024 | -0.0001 0.0024 -0.0001 |
11 0.0252 -0.0006 0.0252 -0.0006
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b)

Kazang Carpimi ve Zincir Numerik Pertiirbasyon

f(GHz) |GTo(1/mm)| GTzep(1/0Ohm) |GTp(1/mm)| GTze(1/0Ohm)
2 -0.0123 0.0036 -0.0121 0.0036
3 -0.0050 0.0039 -0.0049 0.0039
4 -0.0128 -0.0002 -0.0127 -0.0002
5 -0.0167 -0.0051 -0.0167 -0.0051
6 -0.0100 -0.0041 -0.0100 -0.0041
7 -0.0055 -0.0036 -0.0054 -0.0036
8 -0.0163 -0.0042 -0.0163 -0.0042
9 -0.0316 -0.0053 -0.0316 -0.0053
10 -0.0020 -0.0031 -0.0020 -0.0031
11 -0.0070 -0.0023 -0.0070 -0.0023
¢)

Kazang¢ Carpimi ve Zincir Numerik Pertiirbasyon

f(GHz) | GTi5(1/mm) | GTz03(1/Ohm) | GTis(1/mm) | GTzo3(1/Ohm)
2 0.0149 0.0004 0.0160 0.0004
3 0.0188 0.0005 0.0191 0.0005
4 -0.0225 -0.0006 -0.0224 -0.0006
5 -0.0230 -0.0006 -0.0229 -0.0006
6 -0.0042 -0.0001 -0.0042 -0.0001
7 0.0082 0.0002 0.0082 0.0002
8 0.0077 0.0001 0.0077 0.0001
9 0.0046 0.0001 0.0046 0.0001
10 0.0003 0.0000 0.0003 0.0000
1 -0.0013 0.0000 -0.0013 0.0000
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Sekil 5.19 IMC(I'1- Tipi) devresi igin a) 1)€) 2)Zo; b) 1)€2 2)Zp2 ¢) 1)€3 2)Z3 ‘e gore kazang
duyarlilig1 frekans egrileri

Cizelge 5.19 OMC(II- Tipi) devresi i¢in a)€4, Zos b)ls, Zos c)ls, Zos ‘e gbre kazang
duyarliligi degerleri

a)
Kazang Carpimi ve Zincir Numerik Pertiirbasyon
f(GHz) | GT(l/mm) | GTze(l /Ohm) | GTy(1/mm) | GTze4(1/Ohm)
2 -0.0147 0.0005 -0.0147 0.0005
3 -0.1184 0.0037 -0.1183 0.0037
4 -0.0272 0.0008 -0.0272 0.0008
5 -0.0531 0.0013 -0.0531 0.0013
6 0.0444 -0.0009 0.0444 -0.0009
7 0.0473 -0.0007 0.0473 -0.0007
8 0.0474 -0.0005 0.0474 -0.0005
9 0.0387 -0.0002 0.0387 -0.0002
10 0.0284 -0.0001 0.0284 -0.0001
11 0.0144 0.0000 0.0144 0.0000
b)
Kazan¢ Carpimi ve Zincir Numerik Pertiirbasyon
f(GHz) | GT5(1/mm) | GTze5(1/Ohm) | GTs(1/mm) | GTzes(1/Ohm)
2 0.0001 -0.0004 0.0001 -0.0004
3 -0.0484 0.0022 -0.0484 0.0022
4 -0.0180 0.0016 -0.0180 0.0016
5 -0.0362 0.0007 -0.0361 0.0007
6 0.0393 0.0007 0.0393 0.0007
7 0.0502 0.0003 0.0502 0.0003
8 0.0537 -0.0002 0.0537 -0.0002
9 0.0436 -0.0003 0.0436 -0.0003
10 -0.0168 -0.0012 -0.0168 -0.0012
11 -0.0454 -0.0003 -0.0454 -0.0003




86

GTZzo4(1/0hm)

c)
Kazang Cérplml ve Zincir Numerik Pertiirbasyon
f(GHz) | GTyo(1/mm)| GTre(1/Ohm) | GTee(1/mm)| GTzes(1/0hm)
2 -0.0052 0.0002 -0.0052 0.0002
3 0.0110 -0.0004 0.0110 -0.0004
4 0.0071 -0.0002 0.0071 -0.0002
5 0.0084 -0.0002 0.0084 -0.0002 ]
6 -0.0071 0.0001 -0.0071 0.0001 |
7 -0.0090 0.0001 -0.0090 0.0001
8 20.0092 0.0001 20.0092 0.0001 |
9 -0.0066 0.0000 -0.0066 0.0000
10 0.0036 0.0000 0.0036 0.0000
11 0.0096 0.0001 0.0096 0.0001
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c2)

Sekil 5.20 OMC(II- Tipi) devresi igin a) 1)€4 2)Zga b) 1)ls 2)Z¢s ¢) 1)le 2)Z¢s ‘e gore kazang
duyarlilii — frekans egrileri

Cizelge 5.20 IMC(T1- Tipi) ~Transistor(NE329S01)-OMC(IT) devresi igin
ay(y, Zo) b)ly, Zoy )3, Zos ‘e gore kazang duyarhiligs degerleri

a)

Kazang¢ Carpimui ve Zincir Numerik Pertiirbasyon

f(GHz) | GT((I/mm) | GTze(1/Ohm) | GTy(1/mm) | GTzei(1/Obm)
2 6.9679 -0.3149 6.9717 -0.3149
3 1.6313 20.0721 1.6336 -0.0721
4 -0.1096 0.0047 -0.1084 0.0047
5 20.6522 0.0268 -0.6514 0.0268
6 -0.8149 0.0317 -0.8143 0.0317
7 20.9070 0.0331 -0.9065 0.0331
8 -0.9167 0.0311 -0.9161 0.0311
9 -0.5043 0.0156 -0.5038 0.0156
10 0.4051 20.0113 0.4054 -0.0113
1 1.0077 -0.0250 1.0077 20,0250
12 0.8794 -0.0189 0.8794 -0.0189
13 0.5417 -0.0099 0.5417 -0.0099
14 0.3565 -0.0053 0.3566 -0.0053
15 03233 -0.0038 0.3233 -0.0038
16 0.2611 -0.0022 0.2611 -0.0022
17 0.1727 -0.0010 0.1726 -0.0010
17.5 3.3181 0.0141 3.3142 0.0141
18 0.0373 -0.0001 0.0373 -0.0001
b)

Kazang Carpimi ve Zincir Numerik Pertiirbasyon

f(GHz) | GTy(1/mm) | GTz,(1/0hm) | GT(l/mm) | GTz,(1/Ohm)
2 2.0835 -0.1208 2.0876 -0.1208
3 -0.1984 0.1104 -0.1968 0.1104
4 -0.3217 0.0039 -0.3210 0.0039
5 -0.2688 -0.0683 -0.2684 -0.0683
6 -0.3627 -0.1057 -0.3624 -0.1057
7 -0.3841 -0.1162 -0.3839 -0.1162
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8 -0.7871 -0.1617 -0.7870 -0.1617
9 -1.2636 . -0.2112 -1.2634 -0.2112
10 -1.0852 -0.1815 -1.0848 -0.1815
11 -0.3616 -0.1036 -0.3610 -0.1036
12 0.1158 -0.0457 0.1162 -0.0457
13 0.1973 -0.0181 0.1975 -0.0181
14 0.1158 -0.0061 0.1160 -0.0061
15 0.0226 0.0055 0.0227 0.0055
16 0.0054 0.0149 0.0055 0.0149
17 0.0110 0.0172 0.0110 0.0172
17.5 0.2024 -0.0164 0.2023 -0.0164
18 0.0010 0.0056 0.0010 0.0056
¢)

Kazang Carpimi ve Zincir Numerik Pertiirbasyon
f(GHz) | GTi3(1/mm) | GTz03(1/0hm) | GT3(1/mm) | GTze3(1/Ohm)
2 8.5819 0.2506 8.6130 0.2506
3 0.3864 0.0109 0.3953 0.0109
4 -0.5363 -0.0143 -0.5340 -0.0143
5 -0.3666 -0.0091 -0.3659 -0.0091
6 -0.2317 -0.0053 -0.2314 -0.0053
7 0.0007 0.0000 0.0009 0.0000
8 -0.0040 -0.0001 -0.0039 -0.0001
9 -0.0398 -0.0006 -0.0397 -0.0006
10 -0.0523 -0.0006 -0.0523 -0.0006
11 -0.0356 -0.0003 -0.0356 -0.0003 |

12 0.0280 0.0002 0.0280 0.0002
13 0.0801 0.0003 0.0801 0.0003
14 0.1223 0.0002 0.1223 0.0002
15 0.1552 0.0000 0.1552 0.0000
16 0.1303 -0.0003 0.1303 -0.0003 |
17 0.0933 -0.0003 0.0933 -0.0003
17.5 0.1121 -0.0005 0.1121 -0.0005
18 0.0207 -0.0001 0.0207 -0.0001
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Sekil 5.21 IMC(I1- Tipi) —Transistor(NE329S01)-OMC(IT) devresi igin

a) 1){; 2)Zo1 b) 1)

12)202 ¢©) 1)83 2)Z03 ‘e gore kazang duyarlilifi — frekans egrileri

Cizelge 5.21 IMC(IT- Tipi) —Transistor(NE329S01)-OMC(IT) devresi i¢in
a)la, Zgs b)Ls, Zos ¢)le, Zos ‘e gore kazang duyarlilify degerleri

a)
Kazan¢ Carpimt ve Zincir Numerik Pertiirbasyon
f(GHz) | GTy(1/mm) | GTz(1/Ohm) | GT(1/mm) | GTz04(1/Ohm)
2 -2.6288 0.0878 -2.6287 0.0878
3 -2.1258 0.0658 -2.1257 0.0658
4 -1.5001 0.0415 -1.5000 0.0415
5 -1.1644 0.0277 -1.1643 0.0277 |
6 -1.0832 0.0211 -1.0831 0.0211
7 -0.8899 0.0133 -0.8898 0.0133
8 -0.6934 0.0072 -0.6933 0.0072
9 -0.4318 0.0026 -0.4318 0.0026
10 -0.2026 0.0004 -0.2026 0.0004
11 -0.1210 -0.0002 -0.1210 -0.0002
12 -0.1812 -0.0007 -0.1812 -0.0007
13 -0.1984 -0.0012 -0.1984 -0.0012
14 -0.0799 -0.0006 -0.0799 -0.0006
15 0.1820 0.0014 0.1821 0.0014
16 0.4816 0.0036 0.4818 0.0036
17 0.5877 0.0039 0.5879 0.0039
17.5 -0.0052 0.0000 -0.0052 0.0000
18 0.2156 0.0012 0.2157 0.0012
b)
Kazang Carpimi ve Zincir Numerik Pertiirbasyon
f(GHz) | GTs(I/mm) | GTzos(1/0Ohm) | GTis(l/mm) | GTgzes(1/Ohm)
2 0.7455 -0.1912 0.7454 -0.1912
3 0.4982 -0.2562 0.4981 -0.2562
4 0.0115 -0.2621 0.0114 -0.2621
5 -0.5947 -0.2552 -0.5948 -0.2552
6 -1.4691 -0.2649 -1.4693 -0.2649
7 -2.3915 -0.2463 -2.3919 -0.2463
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-0.2056

8 -3.3099 -0.2056 -3.3103

9 -3.7273 . -0.1369 -3.7274 -0.1369
10 -2.8196 -0.0508 -2.8188 -0.0508
11 -0.3527 -0.0005 -0.3512 -0.0005
12 1.9909 -0.0178 1.9919 -0.0178
13 2.6871 -0.0549 2.6873 -0.0549
14 2.4903 -0.0762 2.4900 -0.0762
15 2.0179 -0.0786 2.0174 -0.0786
16 1.3586 -0.0622 1.3581 -0.0622
17 0.6058 -0.0330 0.6055 -0.0330
17.5 -0.0501 0.0002 -0.0501 0.0002
18 0.0495 -0.0058 0.0495 -0.0058

¢)

Kazang Carpimi ve Zincir

Numerik Pertiirbasyon

f(GHZ) GT[()(l/mm) GTzoé(l/Ohm) GTL6(1/mm) GTZO(,(I/Ohm)
2 -1.8572 0.0712 -1.8571 0.0712
3 -1.2470 0.0433 -1.2469 0.0433
4 -0.6410 0.0192 -0.6409 0.0192
S -(0.2558 0.0063 -0.2558 0.0063
6 0.0178 -0.0003 0.0178 -0.0003
7 0.2450 -0.0031 0.2450 -0.0031
8 0.4310 -0.0029 0.4310 -0.0029
9 0.5165 -0.0008 0.5165 -0.0008
10 0.3848 0.0010 0.3848 0.0010
11 -0.0016 0.0000 -0.0016 0.0000
12 -0.3610 -0.0029 -0.3611 -0.0029
13 -0.4261 -0.0038 -0.4262 -0.0038
14 -0.2745 -0.0024 -0.2745 -0.0024
15 0.0871 0.0007 0.0874 0.0007
16 0.8146 0.0049 0.8156 0.0049
17 1.9304 0.0075 1.9324 0.0075
17.5 0.0054 0.0000 0.0054 0.0000
18 1.8872 0.0029 1.8863 0.0029
1,0000 ‘
E 0,0000 wr'f‘/rl\'/" ‘ —— _ Kazang Carpimi
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Sekil 5.22 IMC(I1- Tipi) —Transistor(NE329S01)-OMC(IT - Tipi) devresi igin
a) 1)04 2)Zos b) 1){s 2)Zos ¢) 1) 2)Z¢s © ya gdre kazang duyarliligi — frekans egrileri

-

QN & O o O

/ [JPertirbasyon
Metodu

B Analtik yontemler

GoreliCPU Zam ani

Degisken Sayist

Sekil 5.23  Analitik ve Pertlirbasyon yaklasimiyla giirtilti
duyarliligini hesaplarken, CPU zamaninin degisken sayisina gore
degisiminin karsilastirilmasi (Paixao ve Jastrzebski, 1994)

5.2 Bilgisayar Programi

IMC(T - Tip1) —Transistor(NE329S01)-OMC(T - Tipi) devresinin duyarhliklarinin

kazang ¢arpimlari, zincir duyarlilik matrisi ve numerik pertiirbasyon yaklagimlariyla

bulunmasin: saglayacak programlar 6rnek olarak verilmistir.

5.2.1 Kazan¢ Carpmm Yaklagim

Const = DLMREAD('Dosya_Const.csv',';',0,0,'/A1..J1");
In = DLMREAD('Dosya_Input.csv',’;',0,0,/A1..N18");

%Kaynak ve Yiik Empedanslan

n=18;
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Zs_const=50;
Rs_const=real(Zs_const):
Z1 const=50;

RI const=real(Z1 const);

%0ptimize edilecek hat pargalarinin karakteristik empedanslar:

Zo(1)=36.310161516990139;
Z0(2)=180.88547960005533;
Z0(3)=53.040858817204942;
Z0(4)=129.00600743174357,
Z0(5)=166.34671619271171,
Z0(6)=94.108668574893557;

1(1)=15.88636643315235:
1(2)=14.008911065162144;
1(3)=13.377572651120596;
1(4)=13.711417580320823;
1(5)=0.67396510436800605;
1(6)=0.83214166475481877;

% S Parametrelerinin hesaplanmasi

S = MATCOMP(In(:,[3:2:9,12]),In(:,[4:2:10,13]));
G_opt=S(:,5);

S =S(,1:4);

Zopt=50*(1+G_opt)./(1-G_opt);

Ropt=real(Zopt);

RN =In(:,14).*Const(2);

% ABCD Parametrelerinin Hesabi

A = (1+S(,1)).*(1-SCA)+S(:,2). *S(,3)) /2. *S(:,2);
B = 50.4((1+S(;,1)).4(1+S(:,4))-S(:,2).¥S(:,3))./2.*8(:,2));
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C = (1/50).*((1-S(:, 1)).*(1-S(:,4))-S(:,2).*S(:,3))./(2.*S(:,2));

D = ((1-S(:,1)).*(1+S(:,4))+S(:,2).*S(:,3))./(2.%S(:,2));

% - Thetalarin Hesabi

Theta=(2*pi./Const(3)).*kron([1]*1e-2,In(:,2)*1e9); % | cm. cinsinden ve frekans GHz
cinsinden oldugu i¢in 0.01 ve 1*¥10"9 ile ¢arpiliyor.

Beta=(2*pi./Const(3)).*(In(:,2).* 1e9);

% Duyarhlik Hesaplanmasi

for n=1:18

El=[cos(Theta(n,1)),i.*70(1).*sin(Theta(n,1));i.*sin(Theta(n,1))./Zo(1),cos(Theta(n,1))];
E3=[cos(Theta(n,3)).i.*70(3).*sin(Theta(n,3));i.*sin(Theta(n,3))./Zo(3),cos(Theta(n,3))];
E4=[cos(Theta(n,4)),i.* Zo(4).*sin(Theta(n,4));1.*sin(Theta(n,4))./Zo(4),cos(Theta(n,4))];
E6=[cos(Theta(n,6)),i.*70(6).*sin(Theta(n,6));i. *sin(Theta(n,6))./Zo(6),cos(Theta(n,6))];
E2=[1,0;-1./(Z0o(2).*tan( Theta(n,2))),1];
E5=[1,0;-1./(Zo(5).*tan(Theta(n,5))),1];

Ea=E1*E2;
Eb=Ea*E3;
Ec=Eb*[A(n),B(n);C(n).D(n)];
Ed=Ec*E4;
Ee=Ed*ES;

Ef=E5*E6;
Eg=E4*Ef;
Eh=[A(n),B(n);C(n),D(n)|*Eg;
Eq=E3*Eh;
Ek=E2*Eq;

Al=El;
A2=E2;
A3=E3;
A4=[A(n),B(n);C(n),D(n)];
AS=E4;
A6=ES;
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A7=E6;

%]1. kat

Z1k=(Ek(1,1).*Z1_const+Ek(1,2))./(Ek(2,1).*Z1_const+Ek(2,2)),

7Zsk=7Zs const;

Rlk=real(Z1k);

Xlk=imag(ZlIk);

Rsk=real(Zsk);

Xsk=imag(Zsk);
S1k=(abs(Z1k)."2)+(abs(Zsk)."2)+2.*(Rsk.*Rlk+Xsk.*XIk);
S2k=(abs(Zlk)."2)*(abs(/sk)."2);
S3k=4.*Xsk.*Xlk+(abs(Z1k)."2)+(abs(Zsk)."2);

S4k=Xlk+Xsk;

S5k=Xsk.*(abs(Zlk)."2)+Xlk.*(abs(Zsk).*2);
Pk=S1k+(S2k/Zo(1).72+Z0(1).22-S3k).*(sin(Theta(n,1)))."2+(Zo(1).*S4k-
S5k/Zo(1)).*sin(2.*Theta(n,1));

Gpl1=RI_const./[abs(Ek(2.1).*R] const+Ek(2,2))"2 *real((Ek(1,1)*RI1_const+Ek(1,2))/(Ek(2,
1)*R1_const+Ek(2,2)))]:

GTZol(n.1)=-[4 *Rsk.*RIk./(Pk."2)].*[2.*(Zo(1)-
S2k./Zo(1)./3).*sin(Theta(n,1)).A2+(S4k+S5k./Zo(1).#2).*sin(2.*Theta(n,1))]*Gp1;
GTI1(n,1)=-[4*Rsk*Rlk*Beta(n)/(Pk."2)]*[(S2k/(Z0(1))."2+Z0(1)."2-S3k)+2*(Zo(1)*S4k-
S5k/Zo(1))*cos(2*Theta(n,1))]*Gpl;

%2 kat

Zlq=(Eq(1,1).*Z1_const+Lq(1,2))./(Eq(2,1).*Z]_const+Eq(2,2));
Zs2=(E1(1,2)+E1(2.2).*Zs_const)./(E1(1,1)*E1(2,1).*Zs_const),

Rs2=real(Zs2);

Xs2=imag(Zs2);

T1g=(abs(Z1q)."2)+(abs(7s2)."2)+2.*(Rs2*RIq+Xs2.*XIq);
T2q=(abs(Z1q)."2).*(abs(Zs2)."2);

T3q=Xs2.*(abs(Zlq)."2)+Xlq.*(abs(Zs2)."2),

Pq=T1q+(1/(Zo(2).*tan( Theta(n,2)))).*(T2q/(Zo(2).*tan(Theta(n,2)))+2.*T3q);
Ga2=1,
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Gp2=RI const./[abs(Eq(2.1).*RI_const+Eq(2,2))"2.*real((Eq(1,1)
+Eq(1,2))/(Eq(2,1)*R1_const+Eq(2,2))];

GTZo2(n,1)=[4.*Rs2.*R1q.*2/(Pq."2.¥Z0(2).72)].*[T2q/(Z0o(2)+T3q].*Gp2.*Ga2,
GTI2(n,1)=[4.*Rs2.*Rlq.*2*Beta(n)./(Pq."2.*Z0(2)."2)].*[T2q/(Zo(2).*tan(Theta(n,2)))+T3q
1*Ga2*Gp2;

- %3. kat
Zlh=(Eh(1,1).*Zl const+Eh(1,2))./(Eh(2,1).¥*Z] const+Eh(2,2));
Zsa=(Ea(1,2)+Ea(2,2).*Zs_const)./(Ea(l,1)+Ea(2,1).*Zs _const);
Rlh=real(Zlh);
Xlh=imag(Zlh);
S1h=(abs(Zlh)."2)+(abs(Zsa).”2)+2.*(Rsa.*Rlh+Xsa.*X1h);
S2h=(abs(Z1h)."2)*(abs(Zsa).”2);
S3h=4.*Xsa.*Xlh+(abs(Z1h)."2)+(abs(Zsa)."2);
S4h=X]h+Xsa;
S5h=Xsa.*(abs(Z1h).”2)+Xl1h.*(abs(Zsa)."2);
S5h/Zo(3)).*sin(2.* Theta(n,3));
Ga3=l1;
Gp3=RI _const./[abs(Eh(2.1).*Rl_const+Eh(2,2))"2 *real((Eh(1,1)*RI const+Eh(1,2))/(Eh(2,
1) +Eh(2,2)))];

GTZo03(n,1)=-[4.*Rsa.*R1h./(Ph."2)].*[2.*(Zo(3)-
S2h./Z0(3).73).*sin(Theta(n,3))."2+(S4h+S5h./Z0o(3).72).*sin(2.*Theta(n,3))]*Gp3 *Ga3;
GTI3(n,1)=-[4*Rsa*RIh*Beta(n)/(Ph."2)|*[(S2h/(Zo(3))."2+Z0o(3)."2-
S3h)*sin(2* Theta(n,3))+2*(Zo(3)-S5h)*cos(2* Theta(n,3))]*Gp3*Ga3;
%4. kat

ZIf=(Ef(1,1).*Z1 _const+Ef(1,2))./(Ef(2,1).*Z] const+Ef(2,2));
Zsc=(Ec(1,2)+Ec(2,2).*Zs_const)./(Ec(1,1)+Ec(2,1).*Zs_const);
Rlf=real(Zlf);

Xlf=imag(ZIf);

Rsc=real(Zsc);

Xsc=imag(Zsc),

S1f=(abs(ZIf)."2)+(abs(Zsc). 2)+2.*(Rsc.*RIf+Xsc. *XIf);
S2f=(abs(ZIf)."2)*(abs(Zsc)."2);
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S3f=4.*Xsc.*Xlf+(abs(Z1f).~2)+(abs(Zsc)."2);

S4f=XIf+Xsc;

S5f=Xsc.*(abs(ZIf).”2)+ XIf. *(abs(Zsc)."2),
P{=S1f+(82f/Z0(4)."2+70(4).”2-S3f). *(sin(Theta(n,4)))."2+(Zo(4).* S4f-
S5f/Z0(4)).*sin(2.*Theta(n,4));

Gp4=1;

GTZo4(n,1)=-[4.*Rsc. *RIf./(Pf./2)].*[2.%(Zo(4)-
S2f./70(4).73).*sin(Theta(n,4))."2-+(S4f+S5f./20(4).72).*sin(2.* Theta(n,4))]* Gp4*Ga4,
GTl4(n,1)=-[4*Rsc*RIf*Beta(n)/(P{.A2)]*[(S2{/(Zo(4)). 2+ Z0o(4)."2-
S3f)*sin(2*Theta(n,4))~2*(Zo(4)*S4{-S5{/Z0(4))*cos(2*Theta(n,4))]*Gp4*Gad;
%S5. kat

Z16=(E6(1,1).*Z1 const+E6(1,2))./(E6(2,1).*Z1 const+E6(2,2));
Zsd=(Ed(1,2)+Ed(2,2).*7s_const)./(Ed(1,1)+Ed(2,1).*Zs_const);

Rl6=real(Z16);

Xl6=1mag(Z16);

Rsd=real(Zsd);

Xsd=imag(Zsd);

T1d=(abs(Z16)."2)+(abs(Zsd)."2)+2.*(Rsd*R16+Xsd. *X16),
T2d=(abs(Z16).72).*(abs(Zsd)."2);

T3d=Xsd.*(abs(Z16).72)+X16.*(abs(Zsd)."2);
Pd=T1d+(1/(Zo(5).*tan(Theta(n,5)))).*(T2d/(Zo(5).*tan(Theta(n,5)))+2.*T3d);
GaS=[real(Zs_const)]./[abs(Ed(1,1)+

Zs_const)."2 *real((Ed(1.2)+Ed(2,2).*Zs_const)./((Ed(1,1)+Ed(2,1).*Zs_const)))];
Gp5=1;

GTZo5(n,1)=[4.*Rsd.*R16.*2/(Pd."2.*Zo(5)."2.*tan(Theta(n,5)))]. *[T2d/(Zo(5)
*tan(Theta(n,5)))+T3d].*Ga5.*GpS;
GTI15(n,1)=[4.*Rsd.*R16.*2*Beta(n)./(Pd."2.*Zo(5).*sin(Theta(n,5)).*2)].*[T2d/(Zo(5).*tan(
Theta(n,5)))+T3d]*Ga5*GpS;

%6. kat

Z1=71 const;

Zse=(Ee(1,2)+Ee(2,2).*Zs_const)./(Ee(1,1)+Ee(2,1).*Zs_const);

Rl=real(Z]);

Xl=imag(Zl);

Rse=real(Zse);
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Xse=imag(Zse);

Sle=(abs(Z])."2)+(abs(Zse).”2)+2.*(Rse.*RI+Xse. *Xl);
S2e=(abs(Z1)."2)*(abs(Zse).*2);

S3e=4.*Xse. *XI+(abs(Z1)."2)+(abs(Zse)."2);

S4e=Xl1+Xse;

S5e=Xse.*(abs(Z1)."2)+X1.*(abs(Zse)."2);
Pe=Sle+(S2e/Z0(6).”2+70(6)."2-S3e).*(sin(Theta(n,6)))."2+(Zo(6).*S4e-
S5e/Z0(6)).*sin(2.* Theta(n,6));
Ga6=[real(Zs_const)]./[abs(Ee(1,1)+Ee(2,1))."2.*real((Ee(1,2)+Ee(2,2).*Zs_const)./((Ee(1,1)
+Ee(2,1).*Zs_const)))];

GTZo6(n,1)=-[4.*Rse. *R1/(Pe."2)].*[2.*(Zo(6)-
S2e./70(6).73)."2+(S4e+S5¢e./70(6).72).*sin(2.* Theta(n,6))]*Ga6;
GTI6(n,1)=-[4*Rse*R1*Beta(n)/(Pe.”2)]*[(S2e/(Z0(6))."2+Z0(6)."2-
S3e)*sin(2*Theta(n,6))+2*(Zo(6)*S4e-S5e/Zo(6))*cos(2* Theta(n,6))]* Gab;
end

display(GTI1);

display(GTZo1);

display(GT12);

display(GTZo2);

display(GTI13);

display(GTZo3),

display(GTl4);,

display(GTZo4);,

display(GTI5);

display(GTZo5);

display(GT16);,

display(GTZo6);

5.2.2 Zincir Duyarhhk Matrisi Yaklasim

Const = DLMREAD('Dosya_Const.csv',';',0,0,'A1..J1');
In = DLMREAD('Dosya_Input.csv',;,0,0,'/A1..N18’);
% Kaynak ve Yik Empedanslar

n=18;

Zs=50;

Rs=real(Zs);
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71=50;
Rl=real(Zl);

%

z optimize edilecek hat pargalarinin karakteristik empedanslar

Z0(1)=36.310161516996139;
Z0(2)=180.88547960005533;
Z0(3)=53.040858817204942;
Z0(4)=129.00600743174357;
Zo(5)=166.34671619271171;
Z0(6)=94.108668574893557;
1(1)=15.88636643315235:
1(2)=14.008911065162144;
1(3)=13.377572651120596;
1(4)=13.711417580320823;
1(5)=0.67396510436800605:
1(6)=0.83214166475481877;

%

S =
S =

%

A=
B=
C=
D=

%

S Parametrelerinin hesaplanmasi

MATCOMP(In(:,[3:2:9,12]),In(:,[4:2:10,13]));
S(:,1:4);
ABCD Parametrelerinin Hesabi

(1S, 1)) 2 (1-SCAN+S(:,2).¥S(:,3))./(2.%S(:,2));

50 #((1+S(, 1) *(1+S(:,4))-S(:.2).*58(2,3)) . /(2.%S(:,2));
(1/50).*((1-S(:,1)).*(1-S(:,4)-S(:,2).*S(:,3))./(2.*S(:,2));
((1-SC, 1)) (1+S(:,4))+S(:,2).%S(2,3))./(2.4S(:,2));

Thetalarin Hesabi

Theta=(2.*pi./Const(3))*kron([1]* 1e-2,In(:,2)* 1€9); % | cm. cinsinden ve frekans GHz

cinsinden oldugu i¢in 0.01 ve 1*109 ile ¢arpiliyor.
Beta=(2.*pi./Const(3))*(In(:,2)*1e9);
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% Duyarlilik Hesaplanmasi
for n=1:18
El1=[cos(Theta(n,1)),i.*7.0(1).*sin(Theta(n,1));1.*sin(Theta(n,1))./Zo(1),cos(Theta(n,1))};
E3=[cos(Theta(n,3)),i.*7.0(3).*sin(Theta(n,3));i.*sin(Theta(n,3))./Zo(3),cos(Theta(n,3))];
E4=[cos(Theta(n,4)),i.*Z0(4).*sin(Theta(n,4)):i.*sin(Theta(n,4))./Zo(4),cos(Theta(n,4))];
(
|

[l

E6=[cos(Theta(n,6)).i.*7.0(6).*sin(Theta(n,6));i. *sin(Theta(n,6))./Zo(6),cos( Theta(n,6))];
E2=[1,0;-1./(Z0o(2).*tan( Theta(n,2))),1];

ES5=[1,0;-1./(Zo(5).*tan(Theta(n,5))),11;
E=E1*E2*E3*[A(n),B(n):C(n),D(n)|*E4*ES*E6;

El1=[-Beta(n).*sin(Theta(n,1)),i.*Beta(n).*cos(Theta(n,1));(i.*Beta(n). *cos(Theta(n,1)))
/Z0o(1),+Beta(n).*sin(Theta(n,1))]*E2*E3*[ A(n),B(n);C(n),D(n)|*E4*ES*E6;
EZ01=[0,i.*sin(Theta(n. | ));+i.*sin(Theta(n,1))./(Zo(1)."2),0]*E2*E3*[A(n),B(n);C(n),D(n)]*
E4*ES5*E6;

E12=E1*[0,0:i.*Beta(n)./(Zo(2).*sin(Theta(n,2)).”2),0]*E3*[A(n),B(n); C(n),D(n) | *E4*ES*E
6;

EZ02=E1*[0,0;i./(Z0(2).72.*tan(Theta(n,2))),0]* E3*[A(n),B(n);C(n),D(n)]*E4*ES*E6;
EI3=E1*E2*[-Beta(n).*sin(Theta(n,3)),i. *Beta(n).*
cos(Theta(n,3));(i.*Beta(n).*cos(Theta(n,3)))./Zo(3),-
Beta(n)./sin(Theta(n,3))}*[A(n),B(n);C(n),D(n)|*E4*ES*E6;
EZo3=E1*E2*[0,i.*sin(Theta(n,3));-
i.*sin(Theta(n,3))./(Z0(3).72),0)*[A(n),B(n);C(n),D(n)|*E4*E5*E6;
El4=E1*E2*E3*[A(n),B(n);C(n),D(n)]*(-

Beta(n).*cos(Theta(n,4)).i.*Beta(n). *Zo(4). *cos(Theta(n,4));(i.* Beta(n). *cos(Theta(n,4)))./Zo
(4),-Beta(n).*sin(Theta(n.4))|*ES*E6;
EZ0o4=E1*E2*E3*[A(n).B(n);C(n),D(n)]*{0.1.*sin(Theta(n,4));-
i.*sin(Theta(n,4))./(Zo(4).”2),0]*ES*E6;
E15=E1*E2*E3*[A(n),B(n);C(n),D(n)]*E4*[0,0;i.*Beta(n)./(Zo(5).*sin(Theta(n,5))."2),0]*E
6;

EZo5=E1*E2*E3*[A(n).B(n);C(n),D(n)]*E4*[0,0;i./(Zo(5).”2.*tan(Theta(n,5))),0]*E6;
El6=E1*E2*E3*[A(n),B(n);C(n),D(n)]*E4*E5*[-
Beta(n).*sin(Theta(n,6)).i.*Beta(n).*Zo(6).*cos(Theta(n,6));(i. *Beta(n). *cos(Theta(n,6)))./Zo
(6),-Beta(n).*sin(Theta(n.6))];
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EZo6=E1*E2*E3*[A(n),B(n);C(n),D(n)]*E4*E5*[0,i.*sin(Theta(n,6));-
i.*sin(Theta(n,6))./(Zo(6).72),01;

%1. kat

P=abs(E(1.1).*ZI+E(1,2)+Zs.*[E(2,1).*ZI+E(2,2)])."2;

GTll(n,1)=-

[4*RsARLAPADF[EN(1, 1) A ZIHEL(1,2)+Zs. *(E11(2,1).*ZI+EL1(2,2))]. *[conj(E(1,1).*Z1
+E(1,2)+Zs.*[

ZI+E2,2))]+Hconj(EI1(1.1).*ZI+E11(1,2)+Zs.*(E11(2,1)./Z1+EI11(2,2)))] *[E(1,1).*Z1+E(1,2)
+7s.*[E(2,1)./Z1+E(2,2)]];

GTZol(n,1)=-
[4.#Rs.*RI].*[[EZo1(1,1).*ZI+E(1,2)+Zs.*(EZ01(2,1).*ZI1+EZ01(2,2))].*[conj(E(1,1).* ZI+E(
1,2)4Zs. ¥ [E(2,1).*ZI+E(2.2)) H[conj(EZo1(1,1).*ZI+EZo1(1,2)+Zs. *(EZo1(2,1).*ZI+EZo1(
220N F[EQL D)X ZIFE(I 2)+Zs *[E(2,1).* ZIFE(2.2)]]];

%2 .kat

GTI2(n,1)=-
[4.#Rs.*RLAP.A)]FX[[EI2(1,1).*ZI+E12(1,2)+Zs.*(E12(2,1) *ZI+EI2(2,2))]. * [conj(E(1,1).*Z1
+E(1,2)+Zs *[E(2.1).*Z1+EQ2,2)]D]+conj(E12(1,1).*ZI+E12(1,2)+Zs. *(E12(2,1).* ZI+EI2(2,2))
) FEL, D) *ZIHE(L,2)+ 75 *[E(Q2,1). X ZIFE(2,2)]1];

GTZo2(n,1)=-

[4.*Rs.*R1/(P.A2)).*[[EZ02(1,1).*ZI+EZ02(1,2)+Zs. *(EZ02(2,1).* ZI+EZ02(2,2))]. *[conj(E(
1,1)*ZI+E(1 2)+Zs.*[E(2,1).*ZI+E(2,2)])]Hconj(EZo2(1,1). *ZI+EZ02(1,2)+Zs. *(EZ02(2,1))
1 HE(LD)*ZIFE(L,2)+Zs *[EQ2,1).*ZI+E(2,2)]]];

%3 kat

GTI3(n,1)=-

[4.%Rs.*RLAP.A2)] *[[EI3(1,1).* ZI+EI3(1,2)+Zs.*(EI3(2,1). ¥ ZI+EI3(2,2))). * [coni(E(1,1).*Zl
+E(1,2)+Zs.*[EQ2, D *ZIFEQ.2)DIH-
(E13(1,1).*ZI+EI3(1,2)+ Zs *(E13(2,1).*ZI+EI3 (2, 2))] ¥ [E(1,1). *ZI+E(1,2)+Zs. ¥[E(2,1).*ZI+
E2.2)]]];

GTZ03(n,1)=-[4.*Rs. *RL/(P."2)].*[[+EZ03(1,2)+Zs.*(EZ03(2,1).

*Z1+EZ03(2,2))). *[conj(E(1,1).* ZI+E(1,2)+Zs.*[E(2,1). *ZI+E(2,2)])]+[conj(EZ03(1,1). *ZI+
E (1,2)4Zs.*ZI+EZ03(2.2)].*[E(1,1).*ZI+E(1 2)+Zs.*[E(2,1).*ZI+E(2,2)11];
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%4 kat

GTl4(n,1)=-

[4.*Rs.*RLAP.A2)]*[[El4(1,1).*ZI+E14(1,2)+Zs. *(El4(2,1).*Z1+E14(2,2))]. *[conj(E(1,1).*ZI
+E(1,2)+Zs *[ZI+E(2,2)]))+[conj(El4(1,1).*ZI+El4(1,2)+Zs. *(E14(2,1).* ZI+E14(2,2)))] *[E(1,
1).*ZI+E(1,2)+Zs.*[ ZI+ER2,2)1]1;

GTZo4(n,1)=-

[4.*Rs.*RLAPAD)H[[EZ04(1,1).*ZI+EZ04(1,2)+Zs. *(EZ04(2,1). * ZI+EZ04(2,2))].* [conj(E(
1,1 *ZI+E(1,2)+Zs *[E(2,1).*ZI+EQ2,2)]D) [+ {conj(EZo4(1,1). *ZI+EZo4(1,2)+Zs. *(EZ04(2,1).
*ZIH) ] F[EA, DX ZIHE(N.2)+Zs ¥ [E(2,1). ¥ ZI+EQ2,2)]]1;

%S kat

GTI5(n,1)=-
[4.*Rs.*RL/APA2)]L#[[EIS(1,1).*ZI+EI5(1,2)+Zs. *(EI5(2,1). * ZI+E15(2,2))]. *[conj(E(1,1).*ZI
FE(1,2)+Zs.*[E(2,1).*Z1-E2,2)]) ]+ [conj(EI5(1,1). ¥ ZI+EIS(1,2)+ Zs. *(EI5(2,1). ¥ ZI+E15(2,2)]
GTZo5(n,1)=-
[4.%Rs.¥R1L/(P.A2))H[[EZ05(1,1).* ZIHEZ05(1,2)+Zs ¥ (EZ05(2,1). ¥ ZI+EZ05(2,2))].* [conj(E(
1) Z1+E(1,2)+ 78 4 [E(2.1)*ZI+E2.2)])]Hconj(EZo5(1,1).* ZI+EZo5(1,2)+ Zs. *(EZ05(2,1).
*Z1)]*[E(1,1).*ZI+E(1.2)+Zs ¥[E(2,1).*ZIHEQ.2)]1);

%6 kat

GTl6(n,1)=-

[4.*Rs.*R1LAP.A2)L*[[EI6(1,1).*ZI+EI6(1,2)+Zs. *(E16(2,1).*ZI+E16(2,2))]. *[conj(E(1,1).*Z1
+HEQ,1).*ZI+EQ2,2)D]+[coni(E16(1,1).*ZI+E16(1,2)+Zs.*(E16(2,1).* Z1+E16(2,2))]. *[E(1,1).*
ZIHE(1,2)+Zs.*[E2,1).*ZIFEQ.2N;

GTZo6(n,1)=-[4.*Rs.*RL.AP 2)].*[[

ZI+EZ06(1,2)+Zs.*(EZ06(2,1).*ZI+EZ06(2,2))]. *[conj(E(1,1) *ZI+E(1,2)+Zs *[E(2,1).* ZI+E
22D+ conj(EZo6(1,1).*ZI+EZ06(1,2)+Zs. *(EZ06(2,1).* ZI+EZ06(2,2)))]. *[E(1,1).*ZI+E(1
2)HZs X [EQR,1)*ZIFEQ.2)T:

end
display(GTI1);
display(GTZol);
display(GTI2);
display(GTZo2);
display(GTI3);
display(GTZo3);
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display(GTI4);
display(GTZo4);
display(GTIS);
display(GTZo5);
display(GT16);
display(GTZo6);

5.2.3 Numerik Pertiirbasyon Yaklasimi

Const = DLMREAD('Dosya_Const.csv',';',0,0,'/A1..J1%;
In = DLMREAD('Dosya_Input.csv',’;',0,0,'/A1..N18");

% Kaynak ve Yik Empedanslart
7s_const=50;

Rs_const=real(Zs const);

7] const=50;

Rl const=real(Zl const):

forn=1:18
h=0.0001;
10=180.88537960005533:h:180.88547960005533;

for k=1:2
z1=36.310161516996139:
%z2=180.88547960005533;
23=53.040858817204942:
24=129.00600743174357.
25=166.34671619271171;
26=94.108668574893557:
z2=lo(k),
1(1)=15.88636643315235;
1(2)=14.008912065162144;
1(3)=13.377572651120596;
1(4)=13.711417580320823;
1(5)=0.67396510436800605;
1(6)=0.83214166475481877,
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% S Parametrelerinin hesaplanmasi

S =MATCOMP(In(:,[3:2:9,12]),In(:,[4:2:10,13]));
G_opt=S(;,5);

S =S8(:,1:4);

% ABCD Parametrelerinin Hesabi

A= ((1+SCD)H(1-SCLAN+FS(:,2).%S(,3)./(2.%S(:,2));

B =50 4((1+S(:, 1).*¥(1+S(:,4))-S(:,2).*S(:,3))./(2.*¥S(:,2));

C = (1/50).*((1-S(, 1)) *#(1-S(:,4))-S(:,2).¥S(:,3))/(2.%S(:,2));

D = ((1-SC.D).*(1+HSCL4)+S(:,2).%S(:,3))./(2.%S(:,2));

Theta=(2.*pi./Const(3))*kron([1]*1e-2,In(:,2)*1e9); % I cm. cinsinden ve frekans GHz

cinsinden oldugu i¢in 0.01 ve 1*¥10"9 ile ¢arpiliyor.

El=[cos(Theta(n,1)),1.*71 . *sin(Theta(n,1));i. *sin(Theta(n,1))./z1,cos(Theta(n,1))];

cos(Theta(n,3)),i.*z3 . *sin(Theta(n,3));1. *sin(Theta(n,3))./z3,cos(Theta(n,3))];

]
]

k

9

E3=]
E4=[cos(Theta(n,4)),i.*74 *sin(Theta(n.,4));i.*sin(Theta(n,4))./z4,cos(Theta(n,4))
E6=[cos(Theta(n,6)),1.*76.*sin(Theta(n,6)):;1.*sin(Theta(n,6))./z6,cos(Theta(n,6))
E2=[1,0;-1./(z2.*tan(Theta(n,2))),1];

ES5=[1,0;-1./(z5.*tan(Theta(n,5))),1];
M=E1*E2*E3*[A(n),B(n);C(n),D(n)|*E4*ES*E6;

Gt(k,1)=4*Rs_const*Rl const/(

abs(M(1,1).*7Z1 const+M(1,2)+Zs _const*(M(2,1).*Z1 const+M(2,2)) ).*2);

2

end

%display(Gt);
GtD(n,1)=diff(Gt)/h;

end

display(GtD);
plot(In(:,2),GtD,kx"),grid:
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6. SONUCLAR

Guntimiiz insani gelisen teknolojiyi de arkasina alarak herseyin en hizhi ve en mitkemmelini
istemektedir, bu istegi karsilamak i¢in bilimde giinden giine optimizasyona daha da &nem

vermekte, hatayr minimize edip daha hassas tasarimlar yapmaya ¢alismaktadir.

Bu baglamda, bir mikrodalga kuvvetlendiricisi tasarimi,  glinlimiizde haberlesme
mithendisliginin 6nemli bir ilgi odagidir. Bu tasarim, genellikle kazang (Gr), giris VSWR
(Vi) ve giirtiltii (F) gibi devre performans fonksiyonlarinin uydurma devre parametrelerine
gére optimizasyonunu gerektirir. Giiniimiizde optimizasyon yaklasimlar1 “gradyant” temelli
ve “sezgisel” olmak iizere iki kategoride toplanabilir. Analitik fonksiyonlar ile beslenen

‘Gradyant’ yaklasimlari, kesin, hizli ve tekrarlanabilir yaklagimlardir.

Bu ¢alismada genel olarak, kazancin basit bir yaklagim ile bir pasif devre parametrelerine

(hat uzunluk ve karakteristik empedanslart) gore ‘duyarliliklars’ teskil edilerek bilgisayar ile
kolaylikla hesaplanacak analitik ifadeler elde edilmistir. Bu fonksiyonlar optimizasyonda
hedeflere hizli yaklagsmay: saglayarak ¢oztiime ulasiimasini saglamiglardir. Calismada iig¢ ayr1
‘Gradyant’ yaklasimi kullanilmistir. 11k iki ¢alisma analitik tiirevi, ii¢linciisii ise numerik
tirevi temel almistir. Bu yaklasimlarin bilgisayar yardimiyla elde edilen sonuglarini

inceleyecek olursak, kullandigimiz Zg,Z; sonlandirmalart igin duyarliliklarin ¢ok dusiik

oldugu goriiltir, ayrica sonuglar karsilastirdigimizda ilk iki yaklagimin tamamen Ortistiigi,
numerik pertiirbasyon yaklasiminin ise bunlardan ¢ok az farkli oldugu hatta nerdeyse tigtiniin
tamamen Ortiistigii goriilebilir. Ayrica ileriye yonelik bagka calismalara ufuk vermesi
agisindan bu ¢alisma, giris VSWR, ¢ikis VSWR ve giiriiltii performans bilesenlerini igerecek
bicimde genisletilebilir. | |

Duyarhlik fonksiyonlari, tolerans analizinin de temel fonksiyonlandir. Bilgisayarla, dogruluk
derecesinin ¢ok sayida ondalik basamaklara kadar elde edilebildigi gliniimizde, performans
Olgii fonksiyonlarmin devre parametrelerine gore duyarliliklarinin tespit edilip frekansa gore
degisimlerinin tayin edilmesi ¢ok Onemlidir. Boylece bu fonksiyonlar kullanilarak, devre

konfigiirasyonu ve tasarimi yeniden gozden gegirilip devre tiretim kalitesi optimize edilebilir.
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EKLER
EK1

a)Uygun Zg ve Z| ile Sonlandiridmis Bir Seri - Hattin Hat Parametreleri £,Z,’ a Gore

Duyarhlik Formiillerinin Cikarilmasi:

4
Gt = —ISSI;R—L (Kazancim en genel hali ile ifadesidir.) (1)
cos B¢ jZosinPL
[Es]z jsin B/ cos b/ 2)
Zo
P=|AZ +B+Zg(CZ +D)’ 3)

bu ifadeyi asagidaki sekilde ifade edebiliriz.

P=(AZ +B+Zg(CZ, +D))(AZ +B+Zg(CZ +D)) ()
Zy =Ry + Xy )
Zg =Rg + jXs (6)

Seri - Hat icin ABCD parametrelerini (2), (4)’ te yerine koyarsak

sin2p3¢ « sin2P4

0

P=(1-sin’BOZ, | - ] 7, Zq ~j2,.2Zg +Z,.Zs (1-sin®pe)  (7)

sin2f3¢ sin2p¢

2

+3iZ Zg +24 2sin?Bl+Zg "2y sin? B+ iZg " Z,

+jZsZy

sin 2P/ ) 2 2 sin? Bl . 2 sin2p¢
2 22(? +ZSZLsm2[M+IZS| ]ZL] Zof +leS| Z 225

. iZyZgsin2pe_i|Zs[* 7y sin2pe

+i(1-sin’pl)Zs Z;. ; 7 +(1-sin® p)Zg[

uygun parantezlere alirsak,
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) o w s FARIAR .
ZL _ZLZS +ZO~+ZL ZS +ZLZS+—~2——~—ZSZL —ZS
Zy

P = sin’ Bf[—

] ®)

B * * * . 2
12y Z 12~ 1202 iZo Z Ze\Z
_Joly My Ls 2y | )2 S+JS‘L‘]

+sin 23/ :
2 274 2 2 27,

. . L, 12 *
N iz’ 2, _iZyzZs 747y
27, 2 27,

] +quzl+ Z,Z¢ + ZSZL*‘ZLQI)
(5), (6) ° y1(8)’ de yerine koyarsak;

2 2
. 2 2 2 2 'ZS H L ’
P =sin”Bl —|Z1|" ~|Zs|" + 7" + —5— —4Xs X, |+ Q)
| 7,

iZLZlXS +Zs[" Xy,
SlI’lZBf Zo( XS + XL )*—X~ -

202|425 +2(RsRy + Xs Xy )

7y
A Sy 2 ; .
P=Sy (2 +(Zg*-83)sin 2B+ (ZoSy-SsZ1 ) sin 2/ (10)
0

Ao 2

S1=Z” +]Zs]” + 2R Ry + X X)) (1)
A

S, =lz,*|zs]? (12)
A 2 2 .

S;=4Xg Xy +|ZL| +|Zs] (13)
A

Sy =X, +Xs (14)
A 2 2

Ss=Xs|Zt|" + Xi|Zs| (15)

0Gr _ 4RgRy op (16)
dZ, P2 9z,
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8G;  4RgR, oP

_ . oP , 17
ot p2 o n
oP

—| 22 - Fysin? pr (54555 ysin2pe (18)

Zy VA Zy
(18) denklemi, (16)° da yerine koyarsak

oG 4RcR S

e PP/ =2 y6in? (s, +i52~—)sin2l3€ (19)
0Zy p 70° Zy

oP S

B2+ Z¢7 - S? )sin 2Bl +2(Z,S 4——«)COS2B€ (20)
ot 7o°
(20) denklemini, (17)° de verine koyarsak

0Gr _ 4RgR 3 S

T _ARsRy g5 -+ Zo> =7 )sin2B0 +2(ZSy — > )cos 2B 21
ot p? Ty Zy

b)Uygun Zg ve Z; ile Sonlandirilmis Bir Paralel - Hattin Hat Parametreleri /,7,’ ya

Gore Duyarhhk Formiillerinin Cikarilmasi:

1 0
Bel=|__ 3 | (22)
Zotan 34

Paralel - Hat i¢cin ABCD parametreleri (21)’ 1, (4) te yerine koyarsak

*

J)ZS\ZZL*

. iz 7 7
:tZL}2+ZLZS P lzsl +Z Zg+

01‘;[5[ (23)

_ﬂZQZZL_jVLfZS+jZLfVSf
ZotgBl  ZoteBl  7,%tg2pe

(5), (6) ‘y1(22)" de yerine koyarsak,
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12 [* Xs +2{ZleXL+lZlelZS<Z

P =|Z 2| +|Zs*|+ 2A RgR + XgX; )+2 (24)
] I l ) g Zytgpt ZotgBl  Z,tg?pl
elde edilir.Burada da
A 1 T
P=T, + (—2—+2T3) (25)
Zotgh? Zotgh?
A
=20 +[26" + 2ARsRL + X5 X1) (26)
A 2, 2
T =Z,|"|Zs| @7
A
Ty= X7, * + X Zg]” (28)
seklinde tanimlanabilir.
oP 2 T
= (=24 T3) (29)
6ZO Z‘O tgﬁ{ ZothJC
(28) denklemi (16)'da yerine konursa
oG 4RgR 2 T
T _ SzL‘ : 24Ty (30)
0Zg P Zy“tgpt Zotghl
elde edilir.
LR N—" T (31)
ol Zysin“ Bl Zotgh!
(31) denklemi (17)" da yerine konursa
oGy 4RgR, 2

(24
o p? z,sin®pe Zotghl

elde edilir.



EK 2

112

Cizelge 2.1 NE329S01 © in S parametreleri, Vps=2V, Ip=10 mA

Frekans S11 S21 S12 S22

GHz Modiil | Agi(Derece) | Modiil | Agi(Derece) | Modiil | A¢i(Derece) | Modiil | Agci(Derece
2 0.955 -25.3 5.347 150 0.027 73.3 0.546 -21.3
3 0.91 -38.5 | 5210 135.7 0.039 64.8 0.526 -32
4 0853 |  -513 5.015 121.7 0.049 55.4 0.498 -41.2
5 0.791 -63.5 4.817 108.7 0.056 47.4 0.476 -49
6 0.741 -74.6 4.688 96.6 0.061 42 0.453 -£4.9
7 0.657 -85.8 4.608 83.2 0.071 34.5 0.422 -66.4
8 0.558 | -101.3 4.484 69.5 0.076 29 0.368 -76
9 0.497 -122.7 4.349 55.7 0.084 21.01 0.309 -87.3
10 0.464 -142.7 4183 42.1 0.092 14.09 0.248 -104.1
11 0.443 -163.1 4.025 28.07 0.1 06.02 0.198 -123
12 0.426 172.3 3.848 15 0.106 -0.5 0.154 -140.5
13 0.433 1484 | 3.627 01.01 0.109 -8.3 0.123 -170.8
14 0.468 127.4 3.396 -12.6 0.111 -15 0.129 145.9
15 0525 | 1068 3.149 -25.7 0.112 -22.7 0.19 116
16 0.55 93 | 2.895 -38.4 0.112 -28.5 0.274 97.8
17 0.631 82.5 2,618 -51.5 0.11 -35 0.36 82.6

17.05 0.661 76.5 2.490 -57.4 0.111 -37.6 0.388 77.4
18 0.685 71 2.364 -63.6 0.11 -38.9 0.414 72.4

Cizelge 2.2 NE329801 ° in glirtiltti parametreleri, Vps=2V, 1Ip=10 mA

.

Frekans| D'ope | NFqpg Rn /50
GHz Modiil | A¢i(Derece)

2 ] 026 | 093 14 0.38
3 1 026 | 088 19.06 0.35
4 0.27 0.8 29 0.33
5 [ 028 [ 071 39.6 0.28
6 | 029 | 065 48 0.25
7 029 | 038 56.7 0.22
8 031 0.49 72 0.18
9 0.32 0.4 89.4 0.13
10 033 | 036 102 0.11
11 0.33 03 116.8 0.09
2 | 035 | 027 139 0.08
13 038 | 024 163.5 0.06
14 043 | 024 -176 0.07
15 | 048 | 025 -153 0.07
16 0.57 0.3 -122 0.1
17 066 | 039 -82.6 0.16
17.05 0.7 0.43 -68.6 0.19
18 073 | 047 -58 0.22
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