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Paralel geribesleme kapasitansi
Calisma frekansi

Minimum giiriiltii faktori
Gurulti faktori (F 2 F;))
Istenilen giiriiltii faktorii (F,

w2 Fu)
Transdiiser gii¢ kazanci
Maksimum transdiiser gii¢ kazanci
Minimum transdiiser gii¢ kazanci
Istenilen transdiiser kazanci
Guralti akim kaynagin iligkisiz bileseni olan kondiiktans
Birlesik devrenin giiriiltii akim kaynaginim iligkisiz bilegeni olan
kondiiktans
Geribesleme devresinin giiriltii akim kaynaginmn iligkisiz bilegeni
olan kondiiktans

Optimum Kaynak Yansima Katsayisi

Bir mikrodalga transistoriin kutuplama akim

Giirtiltt akim Uretecinin frekans domenindeki kargilig
Giirtiltii akim ve gerilim tireteglerinin frekans domenindeki |

kargilig

Seri geribesleme endiiktansi

Z;-diizlemindeki dairelerin yarigapi

Zg-diizlemindeki dairelerin yarigap:

Zi-diizlemindeki T; ve T, dairelerinin yarigapt
Z;-dizlemindeki kazang dairesinin yarigap:

Kaynak diizlemindeki guiriiltii faktorii dairesinin yarigapi
Kaynak diizlemindeki giris VSWR dairesinin yarigap:
Bir mikrodalga transistoriin egdeger giiriiltii direnci
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Geribesleme devresinin egdeger giirilti direnci

Girig yansima katsayist

Transistor S-parametreleri

Bir mikrodalga transistoriin kutuplama gerilimi

Giris VSWR (7, 21)

Istenilen giris VSWR (7, 1)

Giirilti gerilim tretecinin frekans domenindeki kargihid

Reel ve imajiner kisimlartyla iki kapih devrenin optimum kaynak

admitansi

Korelasyon admitansi

Birlegik devrenin korelasyon admitansi

Geribesleme devresinin korelasyon admitansi

Geribesleme admitansi

Reel ve imajiner kisimlaryla iki-kapih devrenin kaynak admitanst
Z;-diizlemindeki dairelerin merkez fazérii

Z;-diizlemindeki kazang dairesinin merkez fazorii

Reel ve imajiner kisimlartyla kaynak dizlemindeki guiriilti

faktori dairesinin merkez fazori

Reel ve imajiner kisimlariyla kaynak diizlemindeki giris VSWR

dairesinin merkez fazorii

Zg-duzlemindeki dairelerin merkez fazoru

Z;-duzlemindeki T, ve T, dairelerinin merkez fazorii
Geribesleme empedansi

Reel ve imajiner kisimlartyla iki-kapilt devrenin girig empgdafls1
Reel ve imajiner kisimlariyla iki-kapili devrenin yiik empedansi
G @ karsih gelen yiik empedansi

Reel ve imajiner kisimlanyla iki-kapili devrenin Gy,,, ’a karsilik

gelen yiik empedansi
Reel ve imajiner kisimlanyla iki-kapih devrenin ¢ikig empedans
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Z,, =R, +jX Reel ve imajiner kisimlanyla iki kapili devrenin optimum kaynak

opt

empedansi

Zy =R+ jX; Reel ve imajiner kisimlartyla iki-kapili devrenin kaynak
empedansi

Lo =Zg Gy @ karsili gelen kaynak empedansi

Z sreq = Ry + JX 500q Reel ve imajiner kisimlartyla iki-kapili devrenin G,,,, ’a karsilik
gelen kaynak empedanst

Z115 21252215 23 z-parametreleri

hy, Xy z,, -parametresinin reel ve imajiner kisimlan

NysXpy z,, -parametresinin reel ve imajiner kisimlan

Ty s Xy z,, -parametresinin reel ve imajiner kisimlan

T N z,, -parametresinin reel ve imajiner kisimlan
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CSSC
ISC
KKCB
MAG
VSWR

Eslenik Kaynak Kararhilik Dairesi (Conjugate Source Stability Circle)
Girig Kararlilik Dairesi (Input Stability Circle)

Kosulsuz Kararlh Caligma Bolgesi

Maksimum Kullanmlabilir Kazang (Maximum Available Gain)

Gerilim Duran Dalga Oram (Voltage Standing Wave Ratio)
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OZET

Bu caligmada, kiigiik-isaret transistorlii lineer iki-kapili bir devrenin, performans iglileri
(F,V,,G;) kullanilarak giris empedans (Z;) diizlemi tizerinde geometrik metodla performans

karakterizasyonunun gergeklestirilmesi ve bu temele dayanarak seri, paralel yada birlesik
(serit+paralel) geribesleme uygulanmig iki-kapililardaki durumun incelenmesi amaglanmugtir.
Caligmanmin sonunda MATLAB ortaminda yazilmig bir bilgisayar programiyla uygulama
yapilmig olup bu uygulamada gesitli geribesleme konfigiirasyonlarinin, tatbik edildigi iki-
kapili devre istiindeki etkileri incelenmistir. Bu etkiler, geribesleme-kazang, geribesleme-
guriiltii, frekans-kazang ve frekans-giiriiltii degigimlerinin incelenmesi ve kargilastirmalan
sonucu yorumlanarak geribesleme uygulamanin 6zellikle devre tasarimui agisindan ne gibi
avantaj yada dezavantajlar getirecegi tistlinde durulmugtur.

Calisma sonunda devre tasarimi ve performans optimizasyonunda kullanilabilecek, timlesik
ve kolay kullanimli bir yazilimmn gergeklestirilmig olmas: da bir baska 6nemli sonug olarak
dile getirilebilir.

Anahtar Kelimeler: Geribesleme, giiriiltii, transistor, performans, optimizasyon.
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ABSTRACT

In this work, it’s aimed to realize the performance characterisation of a linear two-port circuit
with small-signal transistor by employing a geometrical method of using the performance
triplet (¥,V,,G,) on the input impedance (Z;) plane. Based on this approach, the situation

among the two-port circuits with series, parallel or combined (seriestparallel) feedback is
also examined. Finally, a practise is carried out by running a computer program written on the
MATLAB environment and the effects of the feedback circuits on the two-port characteristics
are investigated. These effects are discussed by the examinations and comparisons of
feedback-gain, feedback-noise, frequency-gain, and frequency-noise variations with
emphasizing on the advantages and disadvantages of using feedback in circuit design.

At the end, another important achievement is the presentation of an integrated software which
is suitable for circuit designing and performance optimisation with ease of use.

Keywords: Feedback, noise, transistor, performance, optimisation.
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1. GIRiS

1.1 Amac

Bu ¢aligma, kiigiik-isaret transistorlii lineer iki-kapili bir devrenin, performans iiglileri
(F,V,,G;) kullanilarak, giris empedans (Z;) diizlemi tizerinde daha 6nce Giines F., Giines
M., Fidan M. (1994) ve Giines F., Cetiner B.A. (1998) caligmalarinda ortaya konuldugu
sekilde geometrik metodla performans karakterizasyonunun gergeklestirilmesi ve bu temele
dayanarak paralel ve seri geribesleme uygulanmug iki-kapili devrelerdeki durumun aym
metodla incelenmesini amaglamustir. Iki kapilidaki temel performans élgitleri olan giiriiltii

(F), giris VSWR (V;), ve transdiser kazang (G,) fonksiyonlar, giri empedans Z;-diizlemi

iizerinde geometrik bir tarzda ifade edilebilmektedir. Tasarim konfigiirasyonu olarak
tammladifimiz bu geometrik ifade kosulsuz kararli ¢aliyma bolgesi (KKCB), 7; ve T
daireleri ve kazang daireleri takimindan olugmakta olup bahsettiimiz performans tglustniin

ve buna bagli terminasyon empedanslarimin (Zg,Z,) Dbelirlenmesi, tasanm

konfigiirasyonunun tipine bagl: olarak geometrik bir analiz sonucu elde edilmektedir.

Caligmanmin odak noktasini ise geribesleme devrelerinin birlegik iki-kapili devreye olan
giriiltii etkisinin g6z Oniine alinmasiyla yapilan analiz olusturmaktadir. Bu agamada
incelenen, iki-kapili devrenin geribesleme empedanslarina maruz kalmas: ve bu geribesleme
empedansinin devrenin tiimiine yaptigt gurilti katkisinin temel iki-kapili gtrilti faktori
denklemine (denk.4.1) yaptig1 etki olacaktir. Caligmamizda iki-kapili devrelere geribesleme
uygulanmasinun, belirttifimiz amaca yani istenilen ¢aligma kosullarindaki maksimum kazanci
saglamamiza olumlu yada olumsuz saglayacag: katkilarin ne olacag: irdelenecek ve muhtelif

geribesleme konfigiirasyonlari ile sonuglar bulunup kargilagtirilacaktir.

Bu calismada temel arag olarak MATLAB programi kullanilmis olup, kullaniciya istedigi
transistor tipiyle istenilen galigma kogullarinda ve istenilen geribesleme tipi ve miktarinin
segilerek caligilabilmesi olanagi sunulmugtur. Boylelikle ¢aligmamizin gerektirdigi ¢esitlilikte
parametreler ve kosullar degistirilebilmis ve aym zamanda kullanicimin arzu ettigi
karakteristiklere sahip bir devre dizayn etmesinde kullanabilecegi, kompakt ve kolay

kullanimli bir yazilim olugturulmus olmaktadir.

Bilgisayar analizinde kullanilan programa iligkin Tepe C. (1999) ¢aligmasinda ortaya konulan
program temel alinmig olup, aslen geribeslemesiz iki-kapililar igin tasarlanmig olan yazilim

geribeslemeli devre analizi i¢in gerekli sekilde modifiye edilmis ve uygulanmigtir.



1.2 Problemin Tanim

Keyfi bir kaynak empedansina (Z; = R, + jX) sahip lineer gurultuli iki-kapilimn giirtlti
faktorii (Sekil 1.1), esdeger giirilltii direnci (R,), optimum kaynak empedansi
(Z, =R, +jX,,) ve minimum giriiltii faktorii cinsinden agafidaki sekilde ifade edilebilir

opt opt

(Giines F., Giines M., Fidan M. 1994) :

R ’
F=F_ +

min

Z,-Z

apt
z IR,

(1.1)

opt

ES Z Zo zL,

avs pil out

Sekil 1.1 Iki kapili devre ve kap1 empedanslar

Iki-kapthmin  giris VSWR’1, kaynak ve yik empedanslann ile iki-kapilmin giris
empedanslarinin (Z; = R, + jX,)bir fonksiyonudur:

1+lp.|2
y,=— 5L (1.2)
1-|p,|



Burada
Zs —Zi* :

) el — 1.3
Pl=rr 12 (13)
Z =z, - 2132y

Zyt+Z,

olup, z,,2,,2,,2, iki-kapihnin kigiik-isaret a¢ik devre z-parametreleri, p, ise giris
yansima katsayisidir.

S6z konusu iki-kapilinin transdiiser gii¢ kazanci ise kaynak ve yik empedanslar ile z-

parametrelerinin bir fonksiyonu olup su sekilde ifade edilebilir:

4R.R |z, |
G, = s LIZZII _ (1.4)
|(le +Zs )z +ZL)—212221|

Buradaki  problem, @, =F, -F(R;,X;)=0, ®,=V,, V(R X, R,,X;)=0
kosullarina bagh olarak G, (Rs, Xy, R,,X,) nin maksimum degerini bulmak ve bu degeri
saglayan Z; =R;+ jX;, Z, =R, + jX, degerlerini elde etmek olarak tammlanabilir.

Burada F. ve V.

req ireq >

sirasiyla istenilen gurilti faktérii ve girip VSWR’1 dir. Bu tezde

kullamlacak yontem matematiksel olmayip, kaynak ve yiik empedans diizlemlerindeki sabit
giriilti, giris VSWR ve kazang dairelerine dayandirilmig geometrik bir yontem olacaktir.

Kullanilan yontem agagidaki temel adimlardan olugsmaktadir:

a) Once verilen bir transistore iliskin F =sabit, V;=sabit ve Gr=sabit dairelerine yonelik
Zs dizleminde analiz yapilir. Boylelikle gurilti ve VSWR dairelerinin  Zg
diizlemindeki konumlari belirlenerek bu konumlara bagli olarak Grmar, Zs ve Zj

degerleri bulunur.
b) Z; diizleminde yapilacak analizlerle kararlilik bolgeleri belirlenir.

¢) Maksimum kazang (yada istenilen kazang) i¢in tiim miimkiin Zg ve Z;, degerleri kararl:

boélgede kalacak sekilde belirlenir.

1.3 Zg—diizleminde Sabit Giiriiltii, Giris VSWR ve Kazang¢ Dairelerinin Elde Edilmesi

Zs-duzleminde merkezi Z_, =R, + jX, ve yarigap: 1. olan bir daire denklemi agagidaki



sekilde verilebilir.
|ZS—ZC|=r (1.5)
Bu ifadenin kanonik formdaki agilimi ise

|Z,[" =2R.R; ~2X X +|Z,) -r* =0 (1.6)

Z,

seklindedir.

1.3.1 Sabit giiriiltii daireleri
(1.1) bagntis1 kullamlarak Zs-diizlemindeki sabit guriiltii dairesi agagidaki esitliklerle ifade
edilebilir:

1z -2, =2NR; (1.7)

opt

Z|" - 2(R,,, + )Ry —2X,,, X5 +|Z,,] =0 (1.8)

opt opt

Z, =R, + jX, merkez fazdri ve r, yargapi, (1.5) esitlifinin yardimiyla asafidaki sekilde

bulunabilir:
R,=R, +N (1.9)
ch =Xopt (110)

r, = JN(N+2R,) (1.11)

Fre —Fmin
N:_q_____Z

1.12
T (112)

opt

Foin , Ry, Ropt, Xope (1.1) bagintisinda verilmis olup, Fre, istenilen giirtiltiidir.



Istenilen
Girtilti Dairesi

Istenilen Gitis VSWR Dairesi

Sabit Kazang Daireleri

Ri Rc‘.’

Rﬁpi > R op

Sekil 1.2 Sabit giiriiltii faktorii, girig VSWR ve kazang daireleri

1.3.2 Sabit giris VSWR daireleri

(1.3) esitligi kullanilarak sabit girig VSWR daireleri Zs-diizleminde agagidaki sekilde elde

edilir:

Ry +2X,Xs +|Z,[ =0 (1.13)

2 1+Ipi|2
lZsl -2R, _

1 2

i

Burada (1.6) bagintisinin yardimiyla Z_, = R, + jX, merkez fazori ve r, yarigap: agagidaki

sekilde bulunabilir;

R, = i—i—%& (1.14)
X, =-X (1.15)
= ol (1.16)

[

B 1_|pi
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Bu ifadelerdeki R; ve X; giris empedansinin sirasiyla reel ve imajiner kisimlaridir
(Z, =R, +jX,). (1.14), (1.15), (1.16) bagmtilarindan da agikga gorillecegi iizere |p,|=0
oldugunda Z_ =Z,, r, =0 ve giris VSWR=1 yani giris kapisinda kompleks eslenik uydurma

olur, \

1.3.3 Sabit transdiiser kazang daireleri

Transdiiser gii¢ kazancina iligkin (1.4) bagintisim Z’ye gore diizenlersek
2 C 2
|Z| —Z(G—-R,.)RS +2X, X +|Z| =0 (1.17)
T

ifadesi elde edilir. Burada

2R, |z,,[°
= Lllz (1.18)
|222 +Z, |
seklinde bir sabittir.

Zs-duzleminde sabit transdiiser gii¢ kazang dairelerinin Z,_, = R, + jX,, merkez fazori ve r,

yarigap: agagidaki bigimde ifade edilebilir:

R =S -R (1.19)
T
X, =-X, (1.20)
c,_C
= | 1.21
r \/G G (121

Maksimum kazancin, yarigapi sifira esit olan limit dairesi igin elde edilebilecegini biliyoruz.
Buradan yola gikarak 7, =0 ve C>0 sartlarinda (C/G;)=2R,’yi (1.19) esitliginde yerine
koyarsak Z,=Z; = Z: olarak bulunur. Cikan bu sonugtan da goriilecegi tizere maksimum

kazang saglama sart1 olarak kaynak empedansinin giris empedansinin kompleks eslenigine
esitlenmesi gerektigi séylenebilir. (1.15) ve (1.20) ifadelerinden giris VSWR ve transdiiser

kazang dairelerinin merkezlerinin (—X,) imajiner eksenin iizerinde oldugu goriilecektir,

ayrica Sekil 1.2’den de bu durum kolaylikla goérilebilir. Bunun yaminda R, = R, oldugu



takdirde 7, =7, oldugu da gosterilebilir.

(1.14) ve (1.19) esitlenirse

C 2R,
= = (1.22)
Gr 1- |pi|2

elde edilecektir. Bu ifade (1.21) esitliginde yerine konularak

1- pil

bulunur. Sonugta 7, (1.16)’da verilen 7, ifadesine esit ¢ikmigtir. C ifadesi (1.22)’de yerine

konulursa sonugta Zs-diizleminde istenen giris VSWR’1 kargilayan maksimum kazang

bulunur:

G, =L R (129
IZ22 +ZL| Ri

(1.24) ifadesi sekil 1.1’den de goriilebilir. Burada,

P P P
G — out — in_ __out 125
" Pu P P, (.2

G, =2 (1.26)

seklinde tanimlanabilir. Ayrica,

2
out :_JZ”IL@ (127)
}222 +ZL| R,
ve
P 4R R, IZS+Zi|2_‘ZS_Zi*2 2
in_ _ s _ = - = _pil (1.28)
P |Zs+Z] Zs +Z]

oldugundan (1.25) ifadesinden (1.24) ifadesine ulagilabilir.
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Biitiin bu ifadelerin sonucu olarak sadece istenen giriiltii ve giris VSWR dairelerinin Z;

diizleminde g6z o6niine alinmasinin yeterli olabilecegi soylenebilir. Ciinkii bu iki dairenin
sahip olacag: ortak noktalar yalniz giiriiltii ve giriy VSWR sartlarini saglamakla kalmaz, aym

zamanda Zs-diizleminde transdiiser gii¢ kazancini da maksimum yapar.

Bu ¢aligmalarin sonucunda verilen giriltii dairesinin Zg-diizleminde sabit oldugunu ve

istenen giriy VSWR dairesinin (Z,) giris empedans: yoluyla yiik empedansina bagh olarak

yer degistirebilecegini gordiikk. Bu nedenle agagidaki sonuglara ulagmak mimkiindir:
a) Bu iki daire birbirine dokunmayabilir,
b) Birbirine i¢ veya dig teget olabilir,
¢) Birbirini kesebilir.

Bundan sonraki boliimlerde bu durumlar ayrintilar: ile incelenecektir.

1.3.4 Zgs—diizleminde sabit giiriiltii ve giris VSWR dairelerinin konumlar:

Sekil 1.3’de Zs-duzleminde giriltii ve girisy VSWR dairelerinin birbirine teget oldugu
durumlar gosterilmigtir (i¢ ve dig teget durumu). Zs-diizleminde her iki pozisyon igin de

gegerli olacak bir genel esitlik ifadesi agagidaki gekilde verilebilir:
1z, -2, =, 7Y (1.29)

1.9)-(1.11) ve (1.14) - (1.16) ‘daki Z_,,r,, Z,,, 7, ifadeleri (1.29)da yerlerine konursa Zs-

diizlemindeki teget durumda olan giiriiltii ve giris VSWR daire ¢ifti, Z;-diizleminde agagida
verilen egitlikteki gibi ifade edilebilir (Giines F., Giines M., Fidan M., 1994):

2 2| (R + - }ZII £2/N(V+R,,) _'T ", R +2X X, +

zZ.| =0 (1.30)

opt

1.3.4.1 Das teget durumu

(1.30)’daki ifadede isaretin pozitif alindifi durumda, T; dairesinin merkezi

( thl
M., Fidan M., 1994):

=R, + jX ) ve yarigap1 (7, ) i¢in asagidaki ifadeler elde edilebilir (Giines F., Gunes

Ry, =R, U+rV (1.31)



Xct] = _Xopt (132)
ta = Vel || (1.33)
Burada,
2
- el (1.34)
l_lpil
V= 2|p,~|2 (1.35)
l_lpil

olarak tanimlidir. R ve r, ise (1.9) ve (1.11) esitliklerinde verilmistir.

1.3.4.2 i¢ teget durumu

(1.30)’daki ifadede isaret negatif alindig1 takdirde, T, dairesinin merkezi (Z_, =R, + jX ;)

ve yarigap1 (7,) i¢in agagidaki ifadeler elde edilecektir (Giines F., Giines M., Fidan M.,

1994):

R,=RU+rYV (1.36)

Xctz = —Xopt (137)
2

rt2 = th2 : - Zopt (138)

T; ve T, dairelerinin merkezleri ayn1 imajiner eksen iizerindedir ve T, dairesi T dairesine
dokunmamak kaydiyla her zaman T; dairesinin i¢inde bulunmaktadir (Sekil 1.7). Bu kosul

tiim durumlarda asagida verilen esitsizligin varoldugu gosterilerek ispat edilebilir:

ry>R,—R,, +Hn, (1.39)

ct2

Buradaki ifadede esitlik sadece |p,| =0 (yani VSWR=1) oldugunda saglanabilir. Bu durumda

(1.31) esitligindeki V'’nin ¢ozimu sifir olur ve R, ve 7, swrastyla, R, ve #,,’ye esit hale

gelir. Sonugta T, ve T, daireleri Ust tste ¢akigarak tek daire halini alir. Bu sartlar altinda Z;-
diizleminde sadece tek bir daire olusacak ve Zg-diizleminde istenilen VSWR dairesi artik bir

daire degil bir nokta durumuna gelecektir.
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Sekil 1.4’te Z;-diizleminde T; ve T daireleriyle sinirlanmig 5 farkli bolge goriilmekte olup bu
bolgeler, Zs-diizleminde, istenen giriy VSWR dairesiyle giriiltii dairesinin agagida
agiklanacak olan farkli etkilesimlerinin kargiliklaridir (Sekil 1.5):
1. Bolge : T; dairesinin diginda segilen herhangi bir Z, (giris empedans:) i¢in Zs-diizleminde

istenilen giris VSWR dairesiyle giiriiltii dairesi birbirlerine degmemektedir (Sekil 1.5a).

2. Bilge : T, dairesi iizerinde segilen bir Z, empedansi, Zs diizleminde istenen giris VSWR

ve giiriiltii dairelerinin digtan teget oldugu duruma karsilik gelir (Sekil 1.5b).

3. Bolge : T, ve Tz dairelerinin arasindaki bolgede segilen herhangi bir Z; empedans: igin Zs-

diizleminde istenen giris VSWR ve giiriiltii daireleri birbirlerini iki ayr1 noktadan keserler. Bu

durumda Zs-diizleminde iki ayr1 ¢éziim vardir.

4. Bolge : T, dairesi lizerinde segilen bir Z; empedans igin istenen giriy VSWR ve giirtiltii

daireleri, Zs-diizleminde igten teget durumundadir.

5. Bolge : Z,’nin T, dairesi iginde se¢ilmesi durumunda istenen giris VSWR ve giiriiltii

daireleri Zs-diizleminde birbirlerine degmeden i¢ i¢e bulunurlar.

Sekil 1.5a ve 1.5b’den de goriilecegi lizere Zi-diizlemindeki 1. ve 5. bolgeler igin, Zs-
diizlemindeki istenen giris VSWR ve giriilti dairelerinin hicbir ortak noktasi
bulunmamaktadir. Bu nedenle bu durumlarda istenen giris VSWR ve giirtiltii faktori igin

maksimum kazang ¢6ziimii yoktur.
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Sekil 1.3 Zs-diizleminde istenilen giirtilti faktori ile giris VSWR’1n teget durumlari
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zth

Xcﬂ = Xth =-X

Sekil 1.4 Zs-diizleminde giris VSWR ve giiriiltii dairelerinin durumlarini belirleyen Z;-
duzlemindeki fes farkli bolge
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2. KOSULSUZ KARARLI MIKRODALGA TRANSISTORU

2.1 Verilen Giris VSWR i¢in Z;-Diizleminde Sabit Kazanc¢ Daireleri

Oniimiizdeki kosullu optimizasyon probleminin geometrik ve analitik g¢oziimlerinin
bulabilmek amaciyla istenen giris VSWR’1 ger¢ekleyen sabit kazang daireleri Zi—di_izleininde
olusturulacak ve bu kazang dairelerinin ¢6ziim bolgeleri i¢indeki degerleri arastinlip biitiin

kosullar saglayanlar ¢oziim kiimesini olugturacaktir.

(1.24) ifadesinde verilen yiik empedansi, giris empedans: cinsinden ifade edilirse, bu esitlik

agagida verilen gekle doniigecektir:

|z

i

2
2 1 Gy |z 1 1 2
l _T(Zrurzz "’“‘MJ& ——(2x,,ry —x)x; ——(ry +xxll)+lzlll =0 2.1)

» 1-|p,|’ 2 2
Goriilecegi iizere, bu ifade Z;-diizleminde bir daire denklemidir. Burada,
vy = Re{z,.ji X, = Im{zyi Z2=12,2, =T+ jx 2.2)
olarak tanimlidir.

(2.1) ifadesiyle verilen bu daire ailesinin merkezi ve yarigap: sirasiyla Z,, =R, + jX, ve 7,

olsun. Bu daire igin,

1
R_= -P 2.3
2 =3P @3)
1
Xcg = 5 (qurzz - X) (2.4
2
1 2
r. = P?—20P +|z 2.5
= VP - 20P s @5)

olacaktir. Burada,

2
poL _G, L (26)
1- lpil }

Q=2mry —r 2.7)
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(2.5), (2.6) ve (2.7)’den gorilecegi tzere X, sabit tutuldugunda G, ’nin artmasi ile R
azalacaktir (sekil 2.1) ve maksimum kazanca sadece yarigap 7, sifira esit oldugu takdirde

ulagilacaktir. Bu noktada, (2.5) ifadesi ile verilen 7, sifira esitlenirse,

P=0+@-|) 28)

elde edilir.

=<l

Tmax

Sekil 2.1 Istenilen giris VSWR’1 saglayan sabit kazang daireleri

Burada tizerinde durulmas: gereken onemli bir nokta, yukarda anlatilan durumun sadece iki

kapilinin kosulsuz kararli olmasi durumunda gegerlilik kazanacagidir; aksi takdirde kogulsuz
kararhlik sartlar1 olan 7, >0, r, >0 ve 2r,r, —7r > |z| esitsizlikleri saglanamayacagindan

(2.8) ifadesindeki karekok negatif olacaktir. (2.8) ifadesi (2.5) esitlifinde yerine konursa
R, >0 sartini saglayan ¢oziim asagidaki sekilde bulunacaktir:

Zimox = Zogmmx = Roga + J X o (2.9)

¢g max ¢g max

Burada,
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1 2
R = 2_ 2.10
o =5, Q%" (2.10)

seklindedir ve X, (2.4) ifadesindeki gibidir. Bu kogullar altinda istenen giriy VSWR’1

saglayan maksimum transdiiser kazanci su sekilde bulunacaktir (Gines F., Gunes M., Fidan
M., 1994):

2 2 l—lp ilz
GTmax= Q_ (Q —IZI ) _|2 (211)

lzl2

Iki kapilinin her iki kapisinda da kompleks eslenik uydurma saglandig: takdirde ( ] pil =0),

yukaridaki ifadeden maksimum kullanilabilir gii¢ kazancina da (MAG: maximum available

gain) ulagilabilir.

(2.1) esitligi ile ifade edilen daire ailesinin limit dairesi, (2.6) esitliginde G, =0 almp, (2.3)
ve (2.5) ifadelerinin yeniden diizenlenmesi ile bulunabilir. Bu durumda, limit dairesinin

merkezi (Z,, ., ) ve yarigap1 (7, ,;, ) asagidaki sekilde bulunacaktir:

@.12)

chmm =chmin +chg
Q
R = 2.13
amin =, (2.13)
Z
Fomin = M— (2.14)
2r,,

Devrenin mutlak kararlilig1 i¢in Q >|z| oldugunda R, > Z,.., olacaktir ve sonug olarak,

limit (G, = 0) dairesi bitiiniiyle pozitif reel duzlemde olup G, >0 olan bittin daireler limit

dairesinin i¢inde kalacaktir.

2.2 Istenen Giris VSWR ve Giiriiltii Faktoriinii Saglayan Kosulsuz Kararh

Transistoriin Kazang Daireleri ve Empedans Verileri .

Bundan onceki boliimde verdigimiz kosulsuz kararlilik sartlari altinda geometrik ¢cOzim

tamamen Z_,. ’'in pozisyonuna bagldir ($Sekil 2.2). Ornegin Z gmx 1. DOlgede ise,

maksimum kazang T, dairesine teget durumdaki sabit kazan¢ dairesinin degeri olacaktir.

Benzer bigimde Z ’1n 5. bélgede oldugu durumda, maksimum kazang T, dairesi ile teget

cg max
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sabit kazan¢ dairesinin deferini alir. Aym1 mantikla, fiziksel olmayan ¢oziimler igin iki
olasilik daha akla gelecektir: G, =0 limit dairesin T; dairesinin tamamen diginda kalmast
yada T, dairesinin tamamen ig¢inde kalmas1 durumu. Bununla beraber diger tiim olasiliklar
¢ikarilacak analitik ¢oziimler igin ayr1 ayrt incelenecektir.

Xi‘

Xctl =~ Xopt 5 T,

Sekil 2.2 Istenilen giris VSWR ve giiriiltii faktoriinii saglayan istenilen ve maksimum kazang
daireleri
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2.2.1  Zcgmax’m 1. bolgede kalmasi

Kazang dairelerinden herhangi biri ve T dairesi i¢in teget olma durumunu ifade edersek:

2
2o = Zoa| =@ tr,) (215)
yada
’chlz +|thl : -—ZRGchtl —ZXOchtl = rtlz +I’g2 +21’t1}’g (2.16)

olacaktir. R, X, ¥, ve R, X, r, icin bundan 6nceki bolumlerde belirtilen ifadelerden

cg? g otl »

de yararlanarak agagidaki esitlige ulagilabilir:
P*(1-F*)-2(Q+EF)P+|z|' ~E* =0 (2.17)
Burada,

Dr,, =R, (21,1 —r)_ZchXegrzz

E= (2.18)
rtl
F=fa (2.19)
rtl
D=z | -1 +|Z) -1 (2.20)

seklindedir. (2.20) esitligi iki kapili parametreleriyle de ifade edilebilir:

2
_rzzlzlll — I — XXy, 2

+|Z

D (2.21)

opt
£5

0, (2.7) esitligi ile tammlanmigtir. Buna dayanilarak (2.17) esitligi ¢oziilir ve (2.6)’da yerine

konursa G, i¢in agagidaki ifade bulunacaktir:

l"lpi!2

=W{Q+EF¢J(Q+EF)2 ~(-F*){( —Ez)} (2.22)

T2
F>0 ve 1-F? <0Ooldugunda (2.22)’deki negatif isaret daha fazla kazang saglayacaktir.
Buradan da goriilecegi izere maksimum kazang, kaynak yada yiikk empedanslarinin direkt bir
fonksiyonu olmayip istenilen giriy VSWR, gurultu faktorii ve z-parametrelerinin direkt

fonksiyonu durumundadr.
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Sekil 2.2°den goriilecegi iizere, sabit kazang dairesinin T; dairesine teget oldugu durumda Z;

empedansi agagidaki gekilde ifade edilebilir:

7, 7,
Z,=—2—7,+——Z_ (2.23)
y+r, Py +7,
Burada Z,, ve r, T dairesinin, Z, ve r, ise G, dairesinin merkez ve yarigaplaridir. Bu

duruma iligkin yiik empedansi da giris empedans: cinsiden su gekilde bulunabilir:

Z, = i% 2, (2.24)

Uygun kaynak empedanst Z; ise Zg-diizleminde guriltii ve giris VSWR dairelerinin teget
noktasindaki empedanstir ($ekil 1.3a) ve asagidaki sekilde ifade edilebilir:

£ Lz {2.25)

cn

Zg=

Z,+
I’n +l’v l’v +I‘”

Burada Z_, ve r, giriilti dairesinin, Z_ ve r, ise giriy VSWR dairesinin merkez ve

n

yarigaplaridir.

2.2.2  Zcgmax'1n 2. bilgede kalmasi

2. bolge, Zs-diizleminde giris VSWR dairesini giiriiltii dairesine teget yapan biitiin giris
empedanslarimn geometrik yeri yani T, dairesinin kendisidir. Z, ., ’in 2. bdlgede kalmasi
durumunda, maksimum kazang (2.11)’de verilen G, olup buna kars:1 diigen giris empedans:

da (2.9)’da verilen Z_,__ olacaktir. Yik ve kaynak empedanslar1 da sirasiyla (2.24) ve (2.25)

cg max

esitliklerinden bulunabilir.

2.2.3 Zcgmax'1n 3. bolgede kalmasi '

Z e 3. bOlgede oldugu zaman, istenen giris VSWR dairesi Zs-diizleminde giiriiltii dairesini

kesecektir. Bu durumda hem istenen giris VSWR’1 hem de guriiltiiyii saglayan 2 kaynak
empedanst birden olacaktir (Sekil 2.3). Maksimum kazang yine (2.11)’de verilen G, olup,

giris empedans: Z, ise (2.9)da verildigi sekilde Z olacaktir.

cg max

Sekil 2.3’de gosterilen kaynak empedanslart Zg, ve Z,, igin dairelerin kesigme noktalarindan



20

agagida verilecek olan ifadeler gikarilabilir:

Xs

&
Istenilen Giirtilta Dairesi
N
rl‘l.
zsﬁ S S].
2
ch /// I__,-'
o A
Fd // /f
e Zs1 Istenilen Girig VSWR Dairesi
/’C,r zcv
‘s
—
Rs
Sekil 2.3 Zgmax 3. b0lgedeyken kaynak empedanslar:
4 s12 = Rs1,2 +JX $1,2 (2.26)
Ry ,=CxC*-D (2.27)
X 512 = ARSI,2 +B (2.28)
Burada,
a=LaRo (2.29)
XCV - ch
|Zi|2 - Zopt ’
B=—rr-o—— (2.30)
22X, ~Xen)
C=R0n+AXm—AB 2.31)
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zZ

opt

1+ A4°

-2X_B

B + o
= (2.32)

2.2.4 Zcgmas’'1m S. bilgede kalmasi

Z_ .’ 5. bolgede kalmasi halinde maksimum kazang, sabit kazang dairesi ve T, dairesinin

cgmax
birbirlerine i¢ teget durumda bulunduklari noktada elde edilebilir. Bu durum ayni zamanda,
Zs-dizleminde giiriiltii ve giris VSWR dairelerinin birbirlerine i¢ teget olma durumunu da

saglar. Iki dairenin teget pozisyonu i¢in agagidaki esitlik yazilabilir: ‘

2
Zy = 2Z.0| =0, -7,) (2.33)

Bu esitlik goriilecegi tizere (2.15) ifadesine ¢ok benzemektedir. Oyle ki Z,,,,, " 1. bolgede
kalmas1 durumunda elde edilen ifadelerin tumi, Z,, ve —r, yerine swrasiyla Z_, ve 7,

konmasi kaydiyla Z___ n 5. bolgede kaldigi durumda da gegerlilik kazanacaktir. Bu sebeple

cgmax

iki dairenin teget oldugu noktadaki giris empedans: su sekilde olacaktir:

_ K T2
Z, = Z,+ zZ, (2.34)
g =Ty r,+7,

Buna iliskin kaynak empedanst da hangi dairenin daha genis olduguna bagl: olarak agagidaki
sekilde bulunabilir:

Eger r, >, 1se,

Zy=-1n 7z - D 7 (2.35)
v, —F, ¥+,

r, <r, durumunda ise,

Z,=-tr 7z - 7 (2.36)
¥, -7, r, -7,

olacaktir.

2.2.5 Zcgmax’' 1 4. bilgede kalmasi

Bu durumda maksimum kazang ve buna iligkin giri empedans: sirasiyla, daha d6nce de

tanimlanmig olan G, ve Z,.. degerleri olacaktir. Kaynak empedansi, guriltii ve giris
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VSWR dairelerinin yarigaplarina baglh olarak (2.35) yada (2.36) egitliklerinden tiiretilebilir.
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3. KOSULLU KARARLI MiKRODALGA TRANSISTORU

3.1 Kaynak Kararlhlik Dairesi

n >0, 1, >0 ve 0<(Q/|z)) <1 olmast durumunda s6z konusu transistor igin kosullu
kararlilik durumu gegerlidir. (2.1)’de verilen ifade kaynak kararlilik dairesinin merkezi ve
yarigap1 goz oniine alinarak yeniden diizenlenirse asagidaki esitlige ulasilir (Giines F., Giines

M., Fidan M., 1994):

IZi !2 + 2(R05 + S)R + 2XCSXi + ZCS - rsz = O (3. 1)
Burada,
- _'I‘Z——‘“UIZGT (3.2)
21’22(1—|p;.|2) .

seklindedir. Kaynak kararlilik dairesine ait merkez ve yarigap: sirastyla, Z,, = R + jX  ve r;

olup, agagidaki ifadelerle tanimlanabilirler:

=_2r11r22—r

| (.3)

S 2"22
X, = _M (3.4)
2r,
|2
F,=— 3.5
2r,,

Kazang daire ailesine iligkin merkez ve yarigapi ise sirastyla Z,, =R + jX , ve 7, olup su

sekilde ifade edilirler:

R, =-(R,+S) (3.6)
cg cs

X, =-X (3.7

r,=(S*+28R, +r,) (3.8)
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Kompleks Eslenik
Kaynak Karashlik Dairesi

Sekil 3.1 Kosullu kararli transistér igin Z;-diizleminde sabit kazang daireleri

G, dairelerinin ozellikleri (3.1)-(3.8) esitliklerinde faydalanilarak agagidaki bigimde ifade

edilebilirler:

a)

b)

Tim G, daireleri imajiner ekseni ayni noktadan keserler. Bu nokta ayn zamanda

kompleks eslenik kaynak kararlilik dairesinin (CSSC — conjugate source stability

circle) imajiner ekseni kestigi noktadir (Sekil 3.1).

Merkez ve yarigap: sirastyla Z,,.. =R, ~ jX,, Ve Iy, =7, olan G, =0 dairesi

eslenik kaynak kararlilik dairesinin imajiner eksene gore simetrigidir.

Gypw > Gy >0 daireleri her zaman G, =0 dairesi ve eslenik kaynak kararlilik
dairesinin pozitif reel diizlemde kalan arkiyla sinirlanmig bolgede bulunacaktir (Sekil
3.1’deki tarali alan). Bu dairelerin merkez fazorleri daima X, =-X_ dogrusu
iizerinde bulunurlar. Burada dikkat edilmesi gereken nokta sudur ki; kosulsuz
kararhlik durumunda G, dairelerinin timii Zi-diizleminin sag yanisinda kalmakta idi.

Kosullu kararlilik durumunda ise maksimum kazang, eslenik kaynak kararlilik

dairesinin pozitif reel diizlemde kalan arki tizerinde olacaktir.
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Giris VSWR’ma bagli olarak maksimum kazang, (3.3)-(3.5) ifadelerinde R, =R, alinarak
asagidaki sekilde bulunabilir: ‘

2
1- Pi
—-—|—2—|(2r11r22 -r) (3.9

|zlz

G, =2
Bu esitlikte | p,.| =0 alinirsa maksimum kararli kazang (MSG — maximum stable gain)
ifadesine ulagilir:

Zy
Zy,

MSG =222 (3.10)

Burada 7 kararlilhik faktoérii olup

n:ﬂl’i (3.11)
4

seklinde ifade edilir. Kosullu kararlilik durumunda 0 <7 <1 durumu gegerlidir.

3.2 listenen Giris VSWR ve Giiriiltii Faktoriinii Saglayan Kosullu Kararh
Transistoriin Kazang Daireleri ve Empedans Verileri
Daha onceki boliimlerde kogullu kararlilik durumunda 7, >0, r, >0 ve 0<(Q/|z)<1

sartlarinin olugtugundan bahsedilmisti. Bunu yaninda kosulsuz kararlilik durumunda Z;-
diizlemi iizerinde, Zs-diizlemindeki giiriiltii ve VSWR dairelerinin pozisyonlarim belirleyen 5
bolge tammlanmugti. Aym bolgelendirme yoéntemi kogullu kararli durum igin de uygulanabilir

(Sekil 3.2).

Kosullu kararli geometride dort durum s6z konusudur:

3.2.1 1.durum

Eger G, =0 limit dairesi tamamen 1. bolgede ise G, igin fiziksel bir ¢6ziim bulunamaz. Bu

durum agagidaki esitsizlikle ifade edilebilir:

Z —Z|>r 1y (3.12)

cgmin
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Istenilen Giriilts we Girg
VEWR Degetlerini Saflayan
Maksimum Kezang

———em e E] -————— - ——————

Sekil 3.2 Kosullu kararl transistér igin istenilen giris VSWR ve giiriiltii oranini saglayan
kazang daireleri ve ilgili sonlandirmalar

3.2.2 2.durum

2. bolge (T, dairesi) sabit kazang daire alanini kestiginde bir maksimum kazang olasilig1

mevcuttur.

Bu durum i¢in maksimum kazang ve bu kazanci saglayan giriy empedansi, herhangi bir sabit

kazang dairesi ile T;-dairesi arasindaki tegetlik iligkisinden hesaplanabilir:

2
Zy - Z| =, +1)° (3.13)

g

Maksimum kazang (3.6)-(3.8) ve (3.3)-(3.5) ifadelerinin (3.13)’de yerine konmasiyla
bulunabilir. Uygun giris empedans: ise asagidaki sekilde tiiretilebilir:

n_z (3.14)
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Z, bu gekilde hesaplandiktan sonra kaynak empedans: Z (2.25)’den hesaplanabilir ki burada

giriiltii ve giris VSWR daireleri Zs-diizleminde dig tefet durumundadirlar. Bu durumun
varlif1 agagidaki esitsizlikle gosterilebilir:

VA -Z -Z

cg max ctl

>r, +r1, > chmm ol (3.15)

3.2.3 3.durum

T, dairesinin eglenik kaynak kararlilik dairesini kesmesi durumunda, eslenik .kar)arhhk
dairesinin bir kism1 3. bolgede kalacaktir. Bu bélge lizerinde bulunan giris empedanslan (3.9)
ile verilen maksimum kazang ile ayni1 kazang miktarim saglar (Sekil 3.3). Bu durumda gurtiltii
ve giris VSWR sartlarini saglayan iki kaynak empedans: olacaktir. Bu empedanslar (2.26)-

(2.32) ifadeleri ile hesaplanmig olup, bu durum agagidaki esitsizliklerle de tanimlanabilir:

—Zoy|>T + 1y (3.16)

cg max

|Z

<rs+rt1 (317)

Z - thl

¢g max

3.2.4 4. durum

T, dairesinin eslenik kaynak kararlilik dairesini kesmesi durumunda, bu dairenin 5. bolgede
kalan kismi higbir ¢6ziim vermez. Ancak 3. bolgedeki kisim maksimum kazanci ve ilgili
sonlandirma empedanslarim saglayacaktir (Sekil 3.4). Bu durum boliim 3.2.2 ‘de (2. durum)

agiklanmugtir.
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Sekil 3.3 T, dairesinin kaynak kararlilik dairesinin eglenigini kestigi durum
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Sekil 3.4 T, dairesinin kaynak kararlilik dairesinin eglenigini kestigi durum
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4. GERIBESLEMELI VE GURULTULU BIR iKi KAPILININ GURULTU
FAKTORU

Bilindigi iizere herhangi bir girtltili iki-kapili devreyi karakterize etmek igin en genel kabul
goren ve kullanilan parametre seti, “dort-gliriiltli parametreleri” olarak adlandirilan ve

minimum girilti faktéri F_, , esdeger guriltt direnci R,, ve optimum kaynak empedansi
Y

opt

iligki asagidaki denklem ile verilebilir (Lam V.M.T., Poole C.R., Yip P.C.L., 1992):

‘un reel ve imajiner kistmlarindan olusan parametrelerdir. Bu parametreler arasindaki

¥, -7, 471(1.5)

F=F, +£
Gs

mn

Diigiik giiriltilii mikrodalga yiikselteglerin tasariminda istenilen giirilti-kazang orammna
ulagmak amactyla dort giiriiltii parametrelerinin 6lgiilmesi sonucu yapilan degerlendirmeler
¢ogu zaman yeterli gelmeyecektir. Cinkii soz konusu iki-kapili devre dort-giiriiltii
parametrelerinin 6lgiilmesi sirasinda ortamda bulunmayan geribesleme empedanslarina maruz
kalacaktir. Bu geribesleme empedansi ¢gogunlukla parazitik olup kimi zaman bir osilator yada
genisband yiikseltecinde goriilecegi iizere istenilen hedefleri gergeklestirmek amaciyla da
kullanilabilir. Bu nedenle g¢alismamizda iki-kapili devrenin giriltii faktoriine etki eden
geribesleme empedansinin etkileri ayrintili gekilde incelenecek olup bu etkiyi karakterize
etmekte kullanilan denklem gruplari, seri ve paralel geribesleme durumlar igin verilecek ve

bu yaklagimin saglayacag avantajlar uygulamamiz sirasinda goriilecektir.

4.1 Giiriiltiilii iki-kapih Devre Modeli

Giriiltiili iki-kapili devre modeli Sekil 4.1 ‘de verilmektedir. Biitiin dahili gurilti kaynaklan
iki-kapilinin girigindeki giiriiltii gerilim iireteci V,, ve girtltii akim treteci /,’e indirgenmis
olup giiriiltii akim kaynag, gerilim kaynag: ile iligkili ve iligkisiz bilesenlerden olugur. iligkili

bilesen korelasyon admitans1 Y, ile, iligkisiz bilesen de G, kondiiktans: ile gosterilir (Lam

cor

V.M.T., Poole CR,, Yip P.C.L., 1992).
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| BT
s Lineer
Kaynak s In iki-kapil
- E—

Sekil 4.1 Lineer iki kapili devrenin egdeger giirtiltii modeli

Calismamiz sirasinda tiiretilecek ve kullanilacak olan bagintilarin ¢ikis noktasi (4.1) bagintist

olup bu bagint1 Y korelasyon admitansini igeren asagidaki ifadeye denktir:

Fo148 B v.+Y, P =1+ G, R, ﬁys iy | +2Re(Yst')] (4.2)
GS GS GS GS

Burada ¥,

I,=1,+Y,7, C@3)

ile tammlanur. 7,, V, giriltii gerilim kaynag: ile iligkisiz olan 7, guriltt akim kaynaginin

frekans domeninde gosterilen bilesenidir. R, ve G, ise asagida bagintilarla tammhidur:

P=akTAR, V)| = 4TAR, (4.4)

Y

? = 4kTASG, 11| = 4kTALG:! (4.5)

1,

Burada I, ve V, sirastyla, i, ve v, zaman domeni buyikliklerinin Fourier donigimi ile elde

edilen frekans domenindeki formlaridir.

4,2 Seri Geribesleme

Sekil 4.2 “de her ikisi de T sicakliginda olan guiriiltiilii bir iki kapili ve buna seri baglanriug bir
geribesleme devresinden olusan toplam iki-kapili devre gorilmektedir. Burada “ 1« le

isaretlenen parametreler birlesik iki-kapiliya, “ ~ “ ile igaretli parametreler ise sadece
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geribesleme devresine iligkin parametrelerdir olup farkli iki-kapilinin giirtilti kaynaklar

birbirleri ile iligkisiz kabul edilmigtir.

. 4 Transistor —————+——=
[Z1
‘-‘1 T Uz
Fmin Rn Yopt
Vi v,
Transisttr
- [7] o
viT ~ A A T “2
¢ } Foin Rn Yopt f——————n

Sekil 4.2 Genellestirilmis seri geribeslemeli devre

iki-kapilinin giris ve ¢ikigindaki sonlandirma gerilimleri ve akimlari, iki-kapilinin z-
parametrelerine asagidaki ifadelerle bagntilidir (Lam V.M.T., Poole CR., Yip P.C.L., 1992):

v =y, -2y, [ =—-% (4.6)

Zyn Zy

Birlesik iki-kapiliya ait Z matrisi,

Ly

Z'=Z+27 (4.7)

ve birlesik sonlandirma gerilimleri,

V=V+V, @*5)
V=V, +V, \

bagintilar: ile ifade edilir. (4.6), (4.7) ve (4.8) bagmntilar1 kullamilarak birlesik iki-kapilinin
esdeger guriiltii akim ve gerilim kaynaklar1 igin agagidaki denklemler elde edilebilir:

Vi=V +1 4 +V,+1 4,

) (4.9)
I'=1B+1B,
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Burada
2,20 — 2.2 z
4 = ufa " Zufy B = 2 (4.10)
Zytzy Zy t2Zy
2.2, —2.2 z
4, = ua = Zna B, = 2n_ 4.11)
Zytzy Zy T2y

seklindedir. (4.3), (4.4), (4.5), (4.9), (4.10), (4.11) bagintilar1 sayesinde birlesik iki-kapilinin
esdeger glriltii parametreleri agagidaki bigimde ifade edilebilir:

R =R 1+, 4l [+]4 G, +1%”[1+?00,A2[2}+|A2|2é,, 4.12)
v - IRy, B(+Y, 4)+G, 4B, ; 'fenmez +7,°4,")+G,4,'B,| w13
Gl: = lBllz[Gu +Rn|Ycor 2]+ |B2I2|:Gu +Rn };cor 2} _Rr'A I,}c‘ar (414)

Yukarda verilen esdeger giiriiltii parametrelerine bagli olarak, toplam devrenin optimum

kaynak admitanst ve giriilti faktoriinii elde etmemizi saglayan bagintilar agagidaki sekilde

olusturulabilir:
’ Gz: r 12 . ’
Fou= o+ el )] - e (@19)

F!, =1+2R'Relt’ +7! (4.16)

cor opt )

dur.

Optimum kaynak empedansi Z,,, =

'
opt
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4.3 Paralel Geribesleme

» ¢ ¥ Transistdr ¢ —
v I !
ok [v] 2|
e Geribesleme
1 T
I ~

Sekil 4.3 Genellestirilmis paralel geribeslemeli iki kapili devre modeli

Paralel geribeslemeli giiriiltiilii bir iki-kapili devre modeli Sekil 4.3’de gosterilmektedir.
Farkli iki-kapililarin giiriiltii kaynaklan arasinda iligki olmadig varsayilarak, s6z konusu iki-
kapilinin girigindeki giiriiltii iretegleri agagidaki bagintilarla verilebilir (Lam V.M.T., Poole
CR,YipP.CL, 1992):

I =1 -2 yo=-12 4.17)
Y2 Ya

Birlesik iki-kapilinin Y matrisi

~

Y'=Y+7Y (4.18)

ve egdeger giiriiltii akim kaynaklarn

I'=1 +1,
. (4.19)
I=1,+1,
seklinde ifade edilir. (4.17), (4.18), (4.19) denklemlerini kullamlarak;
V!=V,D,+V,D,
(4.20)

u:g+ng+ﬁ+ﬁ@
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ifadeleri tiretilebilir. Burada

D, = yzxA E = Iy “{’115’21 4.21)
Yo T Va Yo = Vau

D,= .)721’\ E, = YuIn _J:/nym (4.22)
Ya = Vu Ya +Vxy

olarak tamimlidir. (4.3), (4.4), (4.5), (4.20), (4.21), (4.22) bagntilarindan yaralamlarak birlesik
iki-kapilinin egdeger guriiltii parametreleri asagidaki sekilde elde edilir:

R, =R,|D,[' +R,|D,|’ (4.23)
’ R " R' *
Ycor :.IQ_,ZDI (Ycor +E1)+R—7D2 (Ycor +E2) (424)

E2 +Ycor

G, =G, +RnﬁE1 +7

cor

|2]+Gu +}“€n[

2} “RL [ (4.25)

4.4 Tek Elemanh Geribesleme

Geribesleme devresinin tek elemandan ibaret oldufu durumlar sikg¢a rastlanmakta olup bu
durum aym zamanda tasarim agisindan da kolaylik saglayacaktir. Sekil 4.4’de geribesleme
devresi tek elemanli olan seri ve paralel geribeslemeli iki-kapili devre modelleri
gorilmektedir. MATLAB uygulamamizda kullamilan geribeslemeli konfigiirasyon burada
gosterilen tipte bir konfigiirasyondur.

Bu durumda iki-kapili geribesleme devresinin Z ve Y parametre matrisi agagidaki gibi
olacaktir:

217, 2
Z, Z,

(4.26)
- Yf Yf
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Sekil 4.4 Kayipsiz tek elemanli geribeslemeli devre modeli; a) Seri, b) Paralel

(b)

(4.26)’daki matris takimina goére 4,, 4,, B,, B,, D,, D,, E,, E, terimleri agagidaki sckilde

ifade edilebilir:
4 =Zf Zy — 2y B = Zy
zy+Z, zZy +Z,;
Z
A, =4, B,=—1
Zy+Z,
Y Yty
Dl — ZIY El =Yf 21 Yll
Yo —{f Ya =1y
__yf
D, = E, =E,
Ya —Yf

Seri geribesleme durumunda

1‘2,, =0, Gu :Re(i} ¥, =0
Zy

paralel geribesleme durumunda ise

(4.27)

(4.28)
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R = Re{—l-} G,=0, ¥ =0 (4.29)
Y,
kosullan gegerlidir.

4.4.1 Tek reaktans geribesleme

Tek elemanli geribesleme devrelerinde sik¢a kargilagilabilen bir durum da , geribesleme

elemaninin saf reaktanstan olugmasi durumudur. Bu konfigiirasyonda geribesleme devresinin
gurilti faktori bir olup, R, ve Gu sifira esittir. Toplam geribeslemeli devrenin R, Y, ve
G! parametreleri, seri ve paralel geribeslemeli konfigiirasyonlarda agafida bigime

doniigecektir:

Seri geribesleme durumunda

R, =R J1+¥,, 4 |+, (4.30)
Yc:;r = l»R"YcorBl (l + Yc;r;Al*) + GuAl*Bl ] (43 1)

G, =BG, + R |V..[] (4.32)

paralel geribesleme durumunda ise

R, =R,D| (4.33)
, R .

Yaor = ’: Dl (Ycar +E1) (434)

Gu :Gu +RnllE1 +Ycor ZI_R; Yc’ar : (435)

ifadeleri elde edilir.

4.5 Birlesik Geribesleme

Birlesik geribesleme, galiymamizda uygulamasini yapacagimiz ozel tipte bir geribesleme
konfigiirasyonu olup seri endiiktif geribeslemeli iki-kapili devreye daha sonra paralel kapasitif
geribesleme eklenmesiyle olugmaktadir (Sekil 4.5). Bu devreye ait 6zel bir giriiltii parametre

hesabi olmayip devreye daha once bahsettifimiz seri ve paralel geribeslemede kullanilan
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hesaplama prosediirii sirastyla (1-seri, 2-paralel) uygulanacaktir.

Zin zuut

: Yr =By :

! —} :

t |

&

— . T

i i 1

GlRls L:_, Transistor ..._I_J, ;|K|§

UYDURMA | | i | UYDURMA
DEVRESI ! LT]k ; DEVRESI

] |

' Ze= j¥¢ !

4'.4—' I—F,

- e -

Z, 2

Sekil 4.5 Birlesik geribeslemeli iki kapili devre modeli



39

S. UYGULAMALAR

5.1 Bilgisayar Programi

Bilgisayar ortaminda yaptigimiz performans analizi Ek-1’de dékiimii verilen MATLAB
programi (pcomb.m) olup programuin galigtirilmast ile ilgili dikkat edilmesi gereken noktalar

asagida verilmigtir:

1. Program galistirilmadan 6nce pcomb.m dosyas: iginde transistér se¢imi yapilmalidir.
Her bir transistor igin programla aym klasorde *.ins uzantili bir dosya bulunmakta
olup bu dosya ilgili transistoriin iiriin katalogunda belirtilen S parametrelerini
igermektedir. Bunun diginda *.inn uzantil dosya giiriiltii parametrelerini, *inp dosyast

ise istenilen transdiiser kazanci (Grreq), Vireq Ve Freq degerlerini igermektedir.

2. Programda “N_Num=1”, ve “P_Num=5" satirlarindaki degiskenler sirasiyla girig
dosyalarinda hesaplamaya giren frekans sayist (*.inn dosyasindan) ve *.inp
dosyasindaki satir sayilarim1 belirtmektedir. Bu degiskenler kullanic: tarafindan uygun

degerlere ¢ekilmelidir.

3. Program ilk olarak kullaniciya galigmak istenilen geribesleme konfigiirasyonunu (seri
yada paralel), ve geribesleme elemam tipini (endiiktans yada kapasitans) soracaktir.
Burada yapilacak segimden sonra program 2. maddede belirtilen frekans ve parametre

sayisina gére ¢aligmasim stirdiirecektir.
4. Sonuglar program tarafindan ti¢ ayr1 dosyaya yazdirilmaktadir. Bu dosyalar sunlardir:

out_int.txt: Grmax, Zrmax, Zsmax V€ Grreq’a karsilik gelen ve T ile T, daireleriyle kesigim

noktalarindaki Zyeq ve Zsreq degerlerini igeren dosya.

out_oth.txt: Bolge 3’de Grrq degerine karsilik gelen Ziyq ve Zsroq degerlerini igeren
dosya.

out_gra.txt: out_int.txt dosyasindaki bilgilerin degisim egrilerini elde etmek amam;'la bu

degerleri stitun bazl1 veren dosya.
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5.1.1 Aks diyagram

Transistériin  [S], [N] parametrelerini ve

Grreq, Viregy Freq deerlerini igeren giris
dosyalarim ver (giris sayisi=n, frekans=f)

Tek elemanh
geribesleme mi?
Birlesik

geribesleme mi?

Tek Elemanli

Seri Paralel

Seri mi?

Pararlel mi?

End. Endiiktif mi?

Kapasitif mi?

Endiiktif mi?
Kapasitif mi?

<
-

n degerini girig dosyasindan oku
Her frekans igin [S], [N] degerlerini oku

v

Z~diizleminde T, ve T, dairelerini belirle ve ¢iz
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Kararsiz

Kosulsuz kararli

v

Grregy Vireqy Freq ve ilgili durum
g0z oniine alinarak Z;-diizleminde
Grmaxs Orminy, Grmeq Ve  Gr
dairelerinin ¢izilmesi

Grreq, Vireq, Froq ve ilgili
bolge géz Oniine alinarak
Zdiizleminde Grmax
Grmm, Grmeq Ve Gr
dairelerinin ¢izilmesi

v

v

ilgili frekanslarda Grmaxy Gruin

GTmax,reqa ZLmax,raqa ZSmax,raq
degerlerinin hesaplanmast

Iigili frekanslarda Gruax,

Grmin,  Gromexreq,  Zimaxreqs
Zsaxseq degerlerinin

hesaplanmasi

=f+1

Transistér Performans
Karakteristiklerini ¢iz
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5.2 Uygulama Sonuglar

Bitiin sonuglar NE72089A transistoriine ait parametrelere gore elde edilmis olup riin

katalog degerlerini igeren dosya dokiimii agagidadir:

! FILENAME: N72089AA.82P VERSION:2.0

! NEC PART NUMBER: NE72089A DATE: 12/87

| BIAS CONDITIONS: VDS=3V, IDS=10mA

# ang in deg. NOISE PARAMETERS
# S11 S21 S12 S22 Fmin. Topt RN/50
#Ghz mag. ang. mag. ang. mag. ang. mag. ang. (dB) mag. ang.

Z

1.0 0.55 0.76 13 0.68

20 092 -52 2.94 130 0.07 54 0.68 -35 0.60 0.73 36 0.58
3.0 0.84 -75 2.62 108 0.09 38 0.63 -51

40 076 -95 234 90 0.11 26 0.59 -66 1.00 0.65 68 0.42
50 0.71 -113 2.18 72 0.12 16 0.58 -79

6.0 0.65 -131 2.02 56 0.13 7 0.56 -93 130 0.53 100 0.28
7.0 0.59 -146 1.86 41 0.13 -1 0.54 -105

80 0.55 -160 1.76 26 0.13 -7 0.54 -116 1.70 042 138 0.19
90 049 -177 1.68 13 0.13 -12 0.53 -129

10.0 0.44 165 166 -1 0.14 -17 0.53 -139 2.15 0.31 175 0.15
11.0 0.39 140 1.63 -19 0.15 26 0.52 -154

12.0 0.37 112 155 -34 0.16 -33 0.51 -170 2.50 0.25 -117 0.25
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S.2.1 Maksimum kazan¢ (Grmax), minimum giiriiltii faktorii (Fmiw), geribesleme iliskisi

Ilk olarak f=2GHz seviyesinde, paralel ve seri geribesleme uygulanmig devrelerdeki
maksimum transdiser kazancinin (G, ., ) ve guriilti faktériinin (Fy,,) uygulanan ge_ribésleme
tipine (paralel, seri, endiktif yada kapasitif) ve miktarina bagl olarak degisimi incelenecektir.
Bulunan degerler once sayisal olarak verilecek ve bu degerlere bagli degisim grafiksel

bi¢imde gosterilecektir.

Bu boliimde bulunan tim degerler f=2GHz seviyesinde g¢aligan, kutuplama sarti Vps=3V,
Ip=10mA olan NE72089A Transistorii i¢in hesaplanmig olup Vire;=1 ve Vi.e=2 kosullar igin

bulunan sonuglar kargilagtiriimigtir. F,.,~0.8dB segilmistir.



44

Cizelge 5.1 f=2GHz, F((dB)=0.8dB, paralel kapasitif geribesleme

Feedback (pF) G(\‘;'i‘r::(:f)’ G(c?r:’;‘:g’ Fmin Fmin(dB)

00 7852081 121447 1148200, 0.600175

0 4766060 54565146000 6.471190
.......................... 204 0isB1a] 28047 1/00200, " 0.37502
3.0 3606446 2432710731000 0 306402

450 3517403 1831101081000, 6.257154

£9 3.405081 180451053406, 6.920870

8.0 5551568 T 48800, 6.165410
SO/ S 16545 1.040100. 0.170751
8.0 3515486 i606 1 638800, 0.453178

50 3178834 EEEY 032500 6.458001

6.0 3148658 ESTAY 698700 T 0.457107

Parallel Feedback (f=2GHz)
[Freq, Vireq, Gtmax]=[0.8dB, 1 - 2, Gtmax dB]

—&— Gtmax(dB) (Vireg=1)
—E— Gtmax(dB) (Vireq=2)

Gtmax (dB)

12

Feedback (pF)

Sekil 5.1 Geribesleme-Grmax degisimi (fF=2GHz, Feq= 0.8dB)

Parallel Feedback (f=2GHz)
[Freq, Vireq, Gtmax]=[0.8dB, 1, Gtmax dB]

0.70
0.60
0.50

0.40 \

0.30 \

0.20 \’\A

0.10 T

0.00 . : : : :

0.0 20 40 6.0 8.0 10.0 12.0
Feedback (pF)

Fmin (dB)

Sekil 5.2 Geribesleme-Fuin degisimi (F=2GHz, F.q= 0.8dB)
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Cizelge 5.2 f=2GHz, F,.q=0.8dB, seri endiiktif geribesleme

Gtmax(dB)

Gtmax(dB)

Feedback (nH) (Vireq=1) (Vireq=2) Fmin Fmin(dB)
0.0 7.952081 12.144656 1.1482 0.600175
1.0 13.046680 14.1065 1.1491 0.603578
2.0 12.417887 13.4144 1.1501 0.607356
3.0 11.608912 10.8383 1.1509 0.610376
4.0 11.089207 11.1594 1.1617 0.6133%4
5.0 10.760336 11.2086 1.1624 0.616032
6.0 10.508735 10.4006 1.1630 0.6182¢3
70 10.306656 9.7385 1.1636 0.620552
8.0 10.136735 9.1856 1.1541 0.622434
9.0 9.989695 8.7123 1.1546 0.624316
10.0 9.859865 8.3017 1.1549 0.625444
Series Feedback (f=2GHz)
[Freq, Vireq, Gtmax]=[0.8dB, 1 - 2, Gtmax dB]
16
14
12 !
@ 10
2 8 —eo— Gtmax(dB) (Vireq=1)
g : —&— Gtmax(dB) (Vireq=2)
4
2
0 . . .
0 2 4 6 8 10 12

Feedback (nH)

Sekil 5.3 Geribesleme-Grmax degigimi (F=2GHz, F.q= 0.8dB)

0.6300

Series Feedback (f=2GHz)
[Freq, Vireq, Gtmax]=[0.8dB, 1, Gtmax dB]

0.6250

0.6200

0.6150

0.6100

/

Fmin (dB)

0.6050

'

0.6000

0.5850

0.0

20

40 6.0 8.0 10.0 120
Feedback (nH)

Sekil 5.4 Geribesleme-Fyin degisimi (f=2GHz, Fr.s— 0.8dB)
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Cizelge 5.3 f=2GHz, F;((dB)=0.8dB, paralel endiiktif geribesleme

Gtmax(dB)  Gtmax(dB)

Feedback (uH) (Vireq=1) (Vireq=2) Fmin Fmin(dB)

no feedback L= oo 7.952081 12.144656 1.1482 0.600175
1 7.561157 12.563638 1.1484 0.600032

2 7.781965 12.348564 1.1483 0.600554

3 7.843593 12.279406 1.1482 0.600175

4 7.872475 12.24528 1.1482 0.600175

5 7.88922 12.2249 1.1482 0.600175

6 7.900148 12.211449 1.1482 0.600175

7 7.90784 12.201837 1.1482 0.600175

8 7.913548 12.194643 1.1482 0.600175

9 7.917952 12.189057 1.1482 0.600175

10 7.921452 12.184594 1.1482 0.600175

Gtmax (dB)

Parallel Feedback (f=2GHz)
[Freq, Vireq, Gtmax]=[0.8dB, 1 - 2, Gtmax dB]

14.00

10.00

—O0— Gtmax(dB) (Vireg=1)
—&8— Gtmax(dB) (Vireq=2)

4.00
2,00
0.00 ; . . ; .
0 2 4 6 8 10 12
Feedback (uH)

Sekil 5.5 Geribesleme-Grmax degisimi (fF=2GHz, F.,= 0.8dB)

Parallel Feedback (f=2GHz)
[Freq, Vireq, Gtmax]=[0.8dB, 1, Gtmax dB]
0.6010
0.6009 X
0.6008 \
& 0.6007 \\
T 0.6006
£ 06005 2
E 0.6004 \
0.6003 \
0.6002 \. e S N R Sl S
0.6001 T r r r T
0 2 4 6 8 10 12
Feedback (uH)

Sekil 5.6 Geribesleme-Fi, degisimi (f=2GHz, Fr.q—= 0.8dB)
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Cizelge 5.4 f=2GHz, F,q=0.8dB, seri kapasitif geribesleme

Gtmax(dB)  Gtmax(dB)

Feedback (nF) (Vireq=1) (Vireq=2) Fmin Fmin(dB)

no feedback C= oo 7.852081 12.144656 1.1482 0.600175
1 7.886665 12.055158 1.1481 0.589797

2 7.919412 12.100068 1.1482 0.600175

3 7.930311 12.114966 1.1482 0.600175

4 7.935757 12.122402 1.1482 0.600175

5 7.939023 12.126859 1.1482 0.600175

6 7.9412 12.12€829 1.1482 0.600175

7 7.942755 12.131949 1.1482 0.600175

8 7.943921 12.133539 1.1482 0.600175

9 7.944828 12.134775 1.1482 0.600175

10 7.945554 12.135764 1.1482 0.600175

Gtmax (dB)

14.00

Series Feedback (f=2GHz)

[Freq, Vireq, Gtmax]=[0.8dB, 1 - 2, Gtmax dB]

12.00 4@

10.00

© N & O ©
8 8 8 8 8

E

[=]
o
N
©

T

4.0

—&— Gtmax(dB) (Vireg=1)
—&— Gtmax(dB) (Vireq=2)

6.0 8.0 10.0 12.0

Feedback (nF)

Sekil 5.7 Geribesleme-Grmax degisimi (fF=2GHz, Fr.q= 0.8dB)

Series Feedback (f=2GHz)
[Freq, Vireq, Gtmax]=[0.8dB, 1, Gtmax dB]
0.6003
0.6002 —
0.6002
0.6001 /
g 0.6001 /
£ 0.6000 I
E 0.6000 |
0.5999
0.5999 I
0.5998 - J
0.5998 r r r r r
0.0 20 40 6.0 8.0 10.0
Feedback (nF)

120

Sekil 5.8 Geribesleme-Fmin degisimi (fF=2GHz, Freq= 0.8dB)
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5.2.2 Maksimum kazang¢ (Grmax), minimum giiriiltii faktorii (Fmin), frekans (f) iliskisi

Bu boliimde geribeslemeli iki kapilinin 2GHz-12GHz frekans araliinda gosterecegi davrams,
maksimum kazan¢ (Grmax) ve terminasyon empedanslarinin (Zs, Z;) mubhtelif geribesleme

durumlarinda kargilagtirilmalar: suretiyle incelenmistir.

NE72089A transistoriiniin kutuplama kosullar1 ayni olup tiim sonuglar F,.,=2.52dB, V=1
kosullar1 igin hesaplanmustir. Istenilen giriilti faktoriiniin onceki boélimde kullanilan
degerden daha yitksek segilmesinin amaci, butiin frekans bandi boyunca Fiin < Fre, sartint
saglayarak programi sonucu hesaplamaya zorlayip bu frekans bandindaki cevabi eksiksiz

olarak gérmeye yoneliktir.
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Cizelge 5.5 Frq=2.52dB, Vi=1, paralel kapasitif geribesleme

f (GHz) No Feedback Gtmax({db)(2 pF) Gtmax(dB){10pF)

13.905568
14.426237
13.370807
12233588
10.582142
9.433474
8.624146
7622373

OO~ DhWDN

4.265643
4.360816
4.455921
4.500813
3.756889

3.19053
2.946131
3.102584

3.208317
3.322026

3.348
3.282201
2.367907
1.572184
1.103155
1.192084

Gtmax (dB)

Parallel Capacitive Feedback

[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

—6— No Feedback

—&— (2 pF)

—A— (10 pF)

Frequency (GHz)

10

Sekil 5.9 Frekans-Grmax degisimi (Vi=1, Frq= 2.52dB)
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Cizelge 5.6 Frq=2.52dB, Vi=1, geribeslemesiz durum

f{GHz) :Real{ZLYXOhm) iiImag({ZLXOhm) :Real(ZS}Ohm) :Imag(ZS)}Ohm)
116.168786

16.148661 13.227416 -2.025535

22.907137

24.723706 11.973749 15.868114 -8.676169

28.221512 6.77326 20.796219 ~17.401375

73.417244 -7.283057 32.625506 -21.837233 !
No Feedback

[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

70 /.
/ —o—Real(ZL)

Real(Z){Ohm)
£

—&— Real(ZS)

Frequency (GHz)

Sekil 5.10 Frekans-Re(Z) degisimi, geribeslemesiz durum (Vi=1, Frq= 2.52dB)

No Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

140

120

100 %
80 \
60 =

40
20

—&—Imag(ZL)

Imag(Z)(Ohm)

—&#— Imag(ZS)

-20
-40

Frequency (GHz)

Sekil 5.11 Frekans-Re(Z) degisimi, geribeslemesiz durum (Vi=1, Fq=2.52dB) ,
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Cizelge 5.7 Frq=2.52dB, V=1, paralel kapasitif geribesleme

f(Ghz) Real(Z5){Ohm) (2pF) :imag(ZS){Ohm) (2pF) :Real(S)(Ohm) (10pF) :imag(ZS)(Ohm) (10pF)
2 0.498428 20,21668 0.031022; 7.202111
3 0.546026: 18.410825 0.03472; 4654255
4 0.526505: 12.867263 0.0341: 3.296605
5 0.84387 8.462422 0.059373 2.238578
6 1.111054 6.142062 0.089135 1.674357
7 1.513877: 4136782 0.14833 1.171029
S R 2274320: 2392833 0.300609; 0.675353 !
g 4450474 0.380903 1.144932 -0.245906

Parallel Capacitive Feedback
[Freq, Vireq, Gtmax]=[2.62dB, 1, Gtmax dB]

N

Real{ZS){Ohm)
)
CUIAOINGWOATIO
\Q\

w

/ —o—Real(ZS)
(2pF)

—&— Real(ZS)
e B (10pF)

4 6 8 10
Frequency (GHz)

=N

o

o
N B

Sekil 5.12 Frekans-Re(Zs) degisimi, paralel kapasitif geribesleme (Vi=1, Fiq= 2.52dB)

Parallel Capacitive Feedback
[Freq, Vireq, Gtmax]=[2.62dB, 1, Gtmax dB]
35
30
25 \ —o—Imag(ZS)
£ \ (2pF)
o 20 \ —&— Imag(ZS)
g1’ N (10pF)
g 10
E
5
0
50
Frequency (GHz) ,

Sekil 5.13 Frekans-Im(Zs) degisimi, paralel kapasitif geribesleme (Vi=1, Freq= 2.52dB)
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Parallel Capacitive Feedback
[Freq, Vireq, Gtmax]=[2.62dB, 1, Gtmax dB]

6

5 /’
E 4
o —6—Real(ZL)
g 3 (2pF)
§ 9 —8—Real(ZL)
2 (10pF)

1 /* Vo

o

o
N

4 6 8 10
Frequency (GHz)

Sekil 5.14 Frekans-Re(Z;) degisimi, paralel kapasitif geribesleme (Vi=1, Freq= 2.52dB)

Parallel Capacitive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

4
3.5 .
— 3 ' |
E f\‘/\
S 25 \
3 2 )
E il
K i o - z
0 l I I ‘
0 2 . ; 8 |
Frequency (GHz)

Sekil 5.15 Frekans-Im(Z;) degisimi, paralel kapasitif geribesleme (Vi=1, Frq= 2.52dB)
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Cizelge 5.8 Fq=2.52dB, V=1, seri endiiktif geribesleme

f (GHz) No Feedback :Gtmax(dB)(2 nH) iGtmax(dB)(10nH)
2 13.905568 12.838157 10.06261
3 14.426237 12.68341 6.513219
4 13.370807 9.510036 4.769379
5 12.233588 6.791026 3.801173
6 10.582142 5.149135 3.387061
7 9.433474 4.074057 3.158449
8 8.624146 3.237584 3.005106
9 7.622373 2.959842 2.961826

10 7.073419 2.570273 2.89554
11 6.344155 2.122379 2.821367
12 3.286579 1.898342 2.785264

Series Inductive Feedback
[Freg, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

o
N

4 6 8 10
Frequency (GHz)

12 14

16
14 o™
_ 12 - “\
3 10 \ \ gy —e—No Feedback
s 8 % - —&— (2 nH)
E o6 : \'\ ——(10 nH)
w B
4 P A b
) W
0 | 1 T 1 1 I

Y

Sekil 5.16 Frekans-Grmax degisimi, seri endiktif geribesleme (Vi=1, Freq= 2.52dB)




Cizelge 5.9 Fr=2.52dB, V=1, seri endiiktif geribesleme
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f (GHz Real(ZS)(Ohm) (2nH) Imag(ZS)(Ohm) (2nH) Real(ZS)}{Ohm) (10nH) Imag(ZS)(Ohm] (10nH)

2 9.054213 101.509323 17.81345 61.532888
3 7.19225 84.722397 39.132934 -1.174862
4 11.203131 101.576862 49.657057 -26.544615
5 20.560005 13.097294 53.768854 -60.989822
6 27.669041 2.413025 46.716893 -92.737381
7 31.996227 -5.434984 39.747232 -121.622392
8 35.374609 -13.911517 34.428114 -151.515982
9 27.881877 -35.520415 24.918065 -215.832774
10 27.369272 -48.835921 22.898578 -238.613042
11 27.108897 -61.231643 21.700359 -234.321344
12 23.003643 -75.143065 19.124376 -220.417136
Series Inductive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]
60 N
50

N
o

Real(ZS){Ohm)
8

—&— Real(ZS) (2nH)
—@— Real(ZS) (10nH)

)
o

Y
o

o

6 8 10 12
Frequency (GHz)

14

Sekil 5.17 Frekans-Re(Zs) degisimi, seri endiiktif geribesleme (Vi=1, Fr.q= 2.52dB)

Series Inductive Feedback

[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

150

—e—Imag(ZS) (2nH)
—&— Imag(ZS) (10nH)

Imag(Z2S)(Ohm)

Frequency (GHz)

Sekil 5.18 Frekans-Im(Zs) degisimi, seri endiiktif geribesleme (Vi=1, Frq= 2.52dB)
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Series Inductive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB}

350

300

250
T
S 200
2] —o—Real(ZL) (2nH)
-
N 150 —@—Real(ZL) (10nH)
3
(13

100

50
0 i 1 T T U 1
0 2 4 6 8 10 12 14
Frequency (GHz)

Sekil 5.19 Frekans-Re(Zy) degisimi, seri enduktif geribesleme (Vi=1, Frq= 2.52dB)

Series Inductive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

—eo—Imag(@) (2nH)
—E—Imag(ZL) (10nH)

Imag(ZL)(Ohm)
(%]
8

0 5 10 15
Frequency (GHz)

Sekil 5.20 Frekans-Im(Zy) degisimi, seri endiiktif geribesleme (Vi=1, Frq= 2.52dB)
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Cizelge 5.10 F.s~2.52dB, Vi=1, paralel endiiktif geribesleme

f({GHz) " iNo Feedback i(i uH) (10 uk)
2 13.905568 14,32455 13.945507
3 14.426237 14610758 14.444332
4 13370807 13424174 13.376100
5 12.233588 12.284625 12.236679
6 10.582142] " 10,509602 105838841
7 9.433474 §.443767 9434502
8 8.624148 8,630398 8.624771
g 7.622373 7625808 7.623725
i0 7.073419 7.075797 7.073657
ik 6.344155 6.346576 6.344368
i2 3.286579 3308185 3288752

Parallel Inductive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

16

14 B

i \
% 10 \E\B\ —o—No Feedback
X 8 —#— (1 uH)
E 6 B —&— (10 uH
: i ‘n\!\\ ( |

L
2
O 1 I 1 { |

0 2 4 6 8 10 12
Frequency (GHz)

Sekil 5.21 Frekans-Grmax degisimi, paralel endiiktif geribesleme (Vi=1, Freq= 2.52dB)
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Cizelge 5.11 Fr=2.52dB, Vi=1, paralel endiiktif geribesleme

“““ f(GHz) iReal(ZS)(Ohm) (1uH) iimag(ZS)(Ohm) (1uH) {Real(ZS)(Ohm) (10uH) iimag@S)(Chm) (10uH) !
2 8.245469 117.16003 8.103253 116.268081
3 8.777981 65.612847 8.67367 65.658012 .
4 8.398827 40.694335 o 8.382716 40.583751;
5 7.980053 28.085546 7.968969 28.042296!
6 9.111929 18.501236 9.102057 18.486548:
..................... v 98442 1osdtser: o ..e834788: ...1o807e3t
8 10.858346 4.43693 10.85253 4,438294
9 13.232166 -2.028597 13.227891 -2.025941
10 15.869506 -8.680978 15.868253 -8.67665
11 20.788702 -17.40522 20.795467 -17.401759
12 32,589853 -21.86085 32.621937 -21.839603
Parallel Inductive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtm ax dB]
35
30
T 25
S
= 20 —&—Real(ZS) (1uH)
N 45 ~—B— Real(ZS) (10uH)
©
g 10
5
0 T 1 T T L
0 2 4 6 8 10 12
Frequency (GHz)

Sekil 5.22 Frekans-Re(Zs) degisimi, paralel enduktif geribesleme (Vi=1, Froq= 2.52dB)

Parallel inductive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

140

120
100 %

[]
o

[0}
o

—e—Imag(S) (1uH)
—@— Imag(ZS) (10uH)

H
o

N
o

Imag (ZS)}(Ohm)

(=]

S

&

Frequency (GHz)

Sekil 5.23 Frekans-Im(Zs) degisimi, paralel enduktif geribesleme (Vi=1, F;.q= 2.52dB)
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Parallel Inductive Feedback
[Freq, Vireq, Gtmax]}=[2.52dB, 1, Gtmax dB]

—o— Real(ZL) (1uH)
—&— Real(ZL) (10uH)

Real (ZL)(Ohm)
S

0 2 4 6 8 10 12
Frequency (GHz)

M

Sekil 5.24 Frekans-Re(Zy) degisimi, paralel endiiktif geribesleme (Vi=1, Frq= 2.52dB)

Parallel Inductive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

——Imag(ZL) (1uH)
—&— Imag(ZL) (10uH)

Imag (ZL)(Ohm

Frequency (GHz)

Sekil 5.25 Frekans-Im(Zy) degisimi, paralel endiiktif geribesleme (Vi=1, Fr..= 2.52dB)
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Cizelge 5.12 Frq=2.52dB, V=1, seri kapasitif geribesleme

f(GHz)  No Feedback

Gtmax(dB){1 nF) Gtmax(dB){10nF)

2 13.905568
3 14.426237
4 13.370807
5 12.233588
6 10.582142
7 9.433474
8 8.624146
9 7.622373
10 7.073419
11 6.344155
12 3.286579

13.816071
14.379374
13.372132
12.234122
10.58147
9.432961
8.623107
7.621092
7.071964
6.34286
3.287397

13.896676
14.421561
13.370941
12.233642
10.582075
9.433423
8.624042
7.622245
7.073274
6.344026
3.286661

Series Capacitive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

-
(o))

Gtmax (dB)
ON A~ O® ® O N A

1 1 I

4 6

o
N

I i

8 10 12

Frequency (GHz)

—6— No Feedback
—&— (1 nF)
—— (10 nF)

Sekil 5.26 Frekans-Grmax degisimi, seri kapasitif geribesleme (Vi=1, Free= 2.52dB)
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Cizelge 5.13 F,.s2.52dB, V=1, seri kapasitif geribesleme

f(Ghz) Real(ZS)(Ohm) (InF) Imag(ZS}){Ohm) (1nF) Real(ZS)(Ohm) (10nF) Imag(ZS)(Ohm) (10nF)
2 8.08469 116.310435 8.087382 116.182939
3 8.621241 65.894731 8.65831 65.685572
4 8.377432 40.577238 8.380567 40572127
5 7.966175 28.037557 7.96758 28.037514
6 9.100352 18.482519 9.1009 18.484677
7 9.834462 10.803121 9.833989 10.807082
8 10.853786 4.431451 10.852075 4.437745
9 13.2303296 -2.033964 13.227715 -2.026379
10 15.872455 -8.685032 15.868548 -8.677056
11 20.802215 -17.410232 20.796818 -17.402261
12 32.630566 -21.84128 32.626012 -21.837638
Series Capacitive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]
35
30
E
S 25
= 20 —e— Real(ZS) (1nF)
N 15 —&— Real(ZS) (10nF)
©
o 10
14
5
0 T T 1 U T
0 2 4 6 8 10 12
Frequency (GHz)

Sekil 5.27 Frekans-Re(Zs) degisimi, seri kapasitif geribesleme (Vi=1, Freq= 2.52dB)

140

Series Capacitive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

120
100

80
60

40

—6— Imag(ZS) (1nF)
—&— Imag(ZS) (10nF)

20

Imag (ZS)(Ohm)

-20 ¢
-40

Frequency (GHz)

Sekil 5.28 Frekans-Im(Zs) degisimi, seri kapasitif geribesleme (Vi=1, Freq= 2.52dB)
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Series Capacitive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtm ax d B}

(2]
o

(44
o

—6—Real(ZL) (1nF)
—@— Real(ZL) (10nF)

Real (ZL.)(Ohm)
[ Y
o O

N
o

-
o

(o]

0 2 4 6 8 10 12
Frequency (GHz)

Sekil 5.29 Frekans-Re(Z;) degisimi, seri kapasitif geribesleme (Vi=1, Fr.q= 2.52dB)

Series Capacitive Feedback
[Freq, Vireq, Gtmax]=[2.52dB, 1, Gtmax dB]

35
30
25
20

—e—Imag(ZL) (1nF)
—&— Imag(ZL) (10nF)

15
10

Imag (ZL)(Ohm

-5 4
-10

Frequency (GHz)

Sekil 5.30 Frekans-Im(Z;)) degisimi, seri kapasitif geribesleme (Vi=1, Freq= 2.52dB)
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5.2.3 Maksimum kazan¢ (Grmas), istenilen giiriiltii faktorii (Frq), istenilen giris VSWR
(Vireq), geribesleme iligkisi

Geribeslemeli iki kapilinin ana performans olgitlerinden biri olan gurulti faktorinin (F)
devreye olan etkisi oldukga belirgin olup, bu bolimde Vie=1 ve Vie~2 durumlan igin
ayrintih  olarak incelenmistir. Istenilen girilta faktéri (F,, ) seviyesindeki kugiik

eq
degisikliklerin bile maksimum kazang tistiinde farkliliklar olugturabildigi bu bolimde

gorilecektir.

Tiim sonuglar igin seri endiiktif geribesleme 1-10nH araliginda 1nH’lik adimlarla uygulanmig
olup frekans seviyesi 2 GHz ve istenilen giiriiltii seviyeleri 0.8-1.5 dB araliginda segilmistir.
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Cizelge 5.14 Frq=(0.8-0.81-1-1.5)dB, Vireq=1, seri endiktif geribesleme

Gtmax (dB) Gtmax (dB) Gtmax (dB) Gtmax (dB)

Feedback (nH) - . —0.8dB) (Freq=0.81dB) (Freq=1dB) (Freq=1.5 dB)
0 7.952081 8.418636 12.520322 13.905568
1 13.046680 13.127347 14.107288 15.133388
2 12.417887 12.444715 12.7655 13.003877
3 11.600912 11.620882 11.900177 12.261993
4 11.009207 11.122504 11.476545 12.121121
5 10760336 10.788873 11.242259 12.131073
6 10.508735 10.542256 11.082704 12.156978
7 10.306656 10.344498 10.957133 11.500422
8  10.136735 10.178271 10.850802 10.946502
9  9.989695 10.034406 10.473261 10.473261
10

9.859865 9.907333 10.06261 10.06261

Series Inductive Feedback
f=2GHz, Vireg=1, Freq=0.8-0.81-1-1.5dB

) y —e— Vireg=1, Freq=0.8dB
T
= —— = =0.
X 8.000000 Vireq=1, Freq=0.81dB
E —aA—\Vireq=1, Freg=1dB
8 6.000000 —&— Vireg=1, Freq=1.5dB

4.000000 )

2.000000

0.000000 T T T T "

0.0 20 4.0 6.0 8.0 10.0 12.0
Feedback (nH})

Sekil 5.31 Geribesleme-Grmax degigimi, seri enduktif geribesleme (Vi=1, Frq= 2.52dB)
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Cizelge 5.15 Freq=(0.8-0.81-1-1.5)dB, Vireq=2, seri endiiktif geribesleme -

Gtmax (dB) Gtmax (dB) Gtmax (dB) Gtmax (dB)
Feedback {nH)  \p 0=0.8dB) (Freq=0.81dB) (Freq=1dB) (Freq=1.5 dB)
0 12.144656 121447 12.144656  12.144656
1 14.1085 141278 14.446466  15.015748
2 13.4144 13.4144 13.414381  13.414381
3 10.8383 10.8586 11.050779  11.468133
4 11.1504 111927 11745396  12.231516
5 11.2096 11.2096 11200501  11.209591
6 10.4006 10.4008 10400832  10.400632
7 9.7395 9.7395 9.739509 9.739500
8 9.1856 9.1856 9.18559 9.18559
9 8.7123 8.7123 8.712348 8.712348
10 8.3017 8.3017 8.301607 8.301697

Series Inductive Feedback .
f=2GHz, Vireq=2, Freq=0.8-1-1.5dB

——\Vireq=2, Freq=0.8dB
~8—\ireq=2, Freq=0.81dB

Gtmax (dB)

—A—\V\ireq=2, Freq=1dB
—&—\ireq=2, Freq=1.5dB

Feedback (nH)

10 12

Sekil 5.32 Geribesleme-Grmax degigimi, seri endiiktif geribesleme (Vi=1, Freq= 2.52dB)
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5.2.4 Birlesik (seri endiiktif+paralel kapasitif) geribeslemenin kazan¢ (Gimax) ve

giiriiltii faktoriine (Fuun) etkisi

Su ana kadar gergeklestirdigimiz uygulamalarda, iki kapili devre iizerinde tek elemandan
olusan seri yada paralel geribeslemenin etkilerini incelemistik. Bu bélimde bu iki
geribesleme tipinin bir arada kullaniminin ne gibi etkileri olacag: iizerinde duracagiz. Verilen
butiin sonuglarda iki kapiliya 6nceki boliimdeki gibi artan oranda seri endiiktif geribesleme
uygulanmig olup sonra aym geribeslemeli devreye tekrar sabit degerde paralel kapasitif tipte
bir geribesleme daha uygulanmigtir. Uygulama sonlarinda seri endiiktif ve birlesik
geribesleme  konfigiirasyonlarinin -~ birbirleriyle  kargilastirilmasi  grafiksel  olarak

gergeklestirilmistir.
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Cizelge 5.16 f=2GHz, Vireq=1, Freq=0.8dB, seri endiiktif geribesleme

Feedback (nH) Gtmax (dB) Fmin Fmin(dB) .
0.0 7.952081 1.1482 0.600175
1.0 13.046680 1.1491 0.603578
20 12.417887 1.1501 0.607356
3.0 11.609912 1.1509 0.610376
4.0 11.089207 1.1517 0.6133%4
5.0 10.760336 1.1524 0.616032
6.0 10.508735 1.1530 0.618283
7.0 10.306656 1.1536 0.620552
8.0 10.136735 1.1541 0.622434
9.0 9.889695 1.1546 0.624316

10.0 9.859865 1.1549 0.625444

Cizelge 5.17 =2GHz, V=1, Freq=0.8dB, birlesik geribesleme

Feedback (pF) Feedback (nH) Gtmax (dB) Fmin Fmin (dB)

0.2 0.0 7.171186 1.1408 0.572095
0.2 1.0 9.085026 1.1329 0.541916
0.2 20 8.512493 1.1259 0.514998
0.2 3.0 7.596127 1.1196 0.480629
0.2 4.0 6.866335 1.1138 0.468072
0.2 5.0 6.348271 1.1086 0.447749
0.2 6.0 6.012661 1.1039 0.429297
0.2 7.0 5.837757 1.0895 0.411952 !
0.2 8.0 5.795554 1.0995 0.411952
02 9.0 5.843452 1.0919 0.381829
0.2 10.0 5.94231 1.0885 0.368284

Combined Feedback-Serles Inductive Feedback
f=2Ghz, Vireq=1, Freq=0.8dB Cpar=0.2pF

14,000000

12,000000 A

10,000000 / M__

)
= 8,000000 —o— Serles Ind. Fdb.
E 6,000000 —&— Combined Fdb.
5

4,000000

2,000000

0,000000 : : : : :

0,0 20 4,0 6,0 8,0 10,0 12,0
Feedback (nH)

Sekil 5.33 Geribesleme-Grmax degisimi, birlesik ve seri endiiktif geribesleme (Vi=1, Freg=
0.8dB)



67

Combined Feedback - Series Inductive Feedback
f=2Ghz, Vireq=1, Freq=0.8dB Cpar=0.2pF

)
z —&— Series Ind. Fdb.
= .
uE. 0.300000 —&-— Combined Fdb.

0.200000

0.100000

0.000000 T T T T T

0.0 2.0 4.0 6.0 8.0 10.0 12.0
Feedback (nH)

Sekil 5.34 Geribesleme-Frix degisimi, birlesik ve seri endiik. geribesleme (Vi=1, Fr.;= 0.8dB)

Cizelge 5.18 f=2GHz, Virq=1, Fiq=0.8dB, seri endiiktif geribesleme sonlandirma degerleri

Feedback (nH) Real(ZL) (ohm) Imag(ZL) (ohm) Real(ZS) (ohm) Imag(ZS) (ohm)
0.0 37.963073 -128.871371 37.24238 99.846066
1.0 66.842679 37.229175 37.44415 102.311879
2.0 78.8488 120.801965 36.429046 107.768976
3.0 80.055156 162.548526 34.934047 115.945393
4.0 81.559052 184.565825 34.137758 124.454956
5.0 86.344057 199.470488 34.128908 131.34453
6.0 92.879526 211.629887 34.467664 136.524121
7.0 99.770109 222.030093 34.903024 140.552469
8.0 106.377511 230.928103 35.353968 143.217683
9.0 112.47929 238.493427 35.800834 146.882006

10.0 118.030712 244.894069 36.241167 149.617283

Cizelge 5.19 £=2GHz, Virg=1, F,¢=0.8dB, birlesik geribesleme sonlandirma degerleri

Feedback (pF) Feedback (nH) Real(ZL) (ohm) Imag(ZL) (ohm) Real(ZS) (ohm) Imag(Z8) (ohm)
0.2 0.0 17.594286 -24.815158 24.503036 77.52374
0.2 1.0 23.787939 13.758558 24.497141 73.336107
0.2 2.0 29.153833 43.921495 24.441333 69.723175
0.2 3.0 32.538928 67.511031 23.888829 67.070375
02 40 32.903954 85.222527 22.434713 65.819714
0.2 5.0 30.081137 97.096724 19.93648 66.421817
0.2 6.0 25.367973 103.3562 16.784837 60.04893
0.2 7.0 21.030318 105.620418 13.867547 73.008454
0.2 8.0 18.47709 106.599239 11.830793 76.824877
0.2 9.0 17.514153 108.022478 10.586384 79.622421
0.2 10.0 17.433018 110.13976 9.782832 81.092385
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Cizelge 5.20 =2GHz, Vireq=1, Frq=1dB, seri endiiktif geribesleme

Feedback (nH) Gtmax (dB) Fmin Fmin (dB)
0 12529322 1.1482 0.600175
1 14.107288 1.1491 0.603578
2 127655 1.1501 0.607356
3 11.200177 1.1509 0.610376
4 11.476545 1.1517 0.613324
5 11.242259 1.1524 0.616032
6 11.082704 1.1530 0.618293
7 10.857133 1.1536 0.620552
8 10.850802 1.1541 0.622434
9 10.473261 1.1546 0.624316
10 10.06261 1.1549 0.625444

Cizelge 5.21 =2GHz, Vireq=1, Freq=1dB, birlesik geribesleme

Feedback (pF) Feedback (nH) Gtmax (dB) Fmin Fmin (dB)
0.2 0 8.653602 1.1408 0.572095
0.2 1 9.985669 1.1329 0.541916
0.2 2 8.89697 1.1259 0.5149¢8
0.2 3 7.763315 1.1196 0.480629 ’
0.2 4 6.950191 1.1138 0.468072
0.2 5 6.414475 1.1086 0.447749
0.2 6 6.100331 1.1039 0.429297
0.2 7 5.974727 1.0895 0.411952
0.2 8 5.998088 1.0995 0.411852
0.2 9 6.117821 1.0919 0.381820
0.2 10 6.283331 1.0885 0.368284
Combined Feedback-Series Inductive Feedback
f=2GHz, Vireqg=1, Freq=1dB Cpar=0.2pF
16
12
@ 10
5’ 8 —&— Series Ind. Fdb.
E —&— Combined Fdb.
O 6
4
2
0 " r T r T
0 2 4 6 8 10 12
Feedback (nH)

Sekil 5.35 Geribesleme-Grmax degisimi, birlesik ve seri endiiktif geribesleme (Vi=1, Freq=
1dB)
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Cizelge 5.22 f=2GHz, Vireq=1, Freq=1dB, seri endiiktif geribesleme sonlandirma degerleri

Feedback (nH) Real(ZL) (ohm)

Imag(ZL) (ohm)

Real(ZS) (ohm)

Imag(ZS) (ohm)

0.0 87.496408 -84.496541 28.477714 96.293916
1.0 69.597981 72.672932 28.472103 98.762244
2.0 67.159339 148.748349 27.403992 104.823606
3.0 64.568919 182.547766 25.949661 114.007545
4.0 65.369356 199.415523 25.118944 123.45285
5.0 69.937096 211.626787 24.961723 130.987054
6.0 76.29058 222.367394 25.098215 136.56156
7.0 83.032912 231.949636 25.317201 140.831717
8.0 89.539346 240.325346 25.551224 144.329678
9.0 119.987771 286.632378 27.31218 125.857657
10.0 142.597796 312.603902 30.043428 117.550256

Cizelge 5.23 £=2GHz, Vireq=1, Freq=1dB, birlesik geribesleme sonlandirma degerleri

Feedback (pF) Feedback (nH) Real(ZL) (chm) Imag(ZL) (chm)  Real(ZS) (ohm)  Imag(ZS) (ohm)
0.2 0.0 13.155203 -12.20751 16.23205 81.546595
0.2 1.0 25.222641 21.96983 19.693464 69.986742
0.2 20 27.667278 52.596434 19.837801 66.341166
0.2 3.0 29.26637 76.044967 19.478502 63.825123
0.2 4.0 28.593081 92.695836 18.270416 62.962672
0.2 5.0 25438422 102.743138 16.129285 64.195996
0.2 6.0 21.05363 107.033053 13.453259 67.550218
0.2 7.0 17.35321 107.824327 11.026492 72.116378
0.2 8.0 15.347149 107.96034 9.366888 76.31874
0.2 9.0 14.739976 108.945664 8.370646 79.230327
0.2 10.0 14.889017 110.824106 7.735843 80.917455
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Cizelge 5.24 f=2GHz, Vireq=2, Frq=0.8dB, seri endiiktif geribesleme

Feedback (nH) Gtmax (dB) Fmin Fmin (dB)
0 12.144656 1.1482 0.600175
1 14.1065 1.1491 0.603578
2 13.4144 1.1501 0.607356
3 10.8383 1.1509 0.610376
4 11.1594 1.1517 0.6133%4
5 11.2096 1.1524 0.616032
6 10.4006 1.1530 0.618293
7 9.7395 1.1536 0.620552
8 9.1856 1.1541 0.622434
9 8.7123 1.1546 0.624316
10 8.3017 1.1549 0.625444

Cizelge 5.25 £=2GHz, Virq=2, F1,c=0.8dB, birlesik geribesleme

Feedback (pF) __ Feedback (nH) Gtmax (dB) Fmin Fmin (dB)
0.2 0 6.89269 1.1408 0.572095
0.2 1 10.831967 1.1329 0.541916
0.2 2 8.370886 1.1259 0.514998
0.2 3 6.311077 1.1196 0.490629 '
0.2 4 7.16831 1.1138 0.468072
0.2 5 6.58289 1.1086 0.447749
0.2 6 4.789319 1.1039 0.429297
0.2 7 5.135823 1.0995 0.411952
0.2 8 5.666715 1.0955 0.396124
0.2 9 6.026883 1.0919 0.381829
0.2 10 5.712514 1.0885 0.368284

Combined Feedback-Series Inductive Feedback
f=2GHz, Vireq=2, Freq=0.8dB Cpar=0.2pF

16
RZEN

72\ \f\
/ \ —&— Series ind. Fdb.

J —E&— Combined Fdb.

W—— ‘

-
(=]

Gtmax {dB)
[¢:3

(2]

0 2 4 6 8 10 12
Feedback (nH)

Sekil 5.36 Geribesleme-Grmax degisimi, birlesik ve seri endiiktif geribesleme (Vi=2, Freq=
0.8dB)
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Cizelge 5.26 =2GHz, Vireq=2, F.q=0.8dB, seri enduiktif geribesleme sonlandirma degerleri

Feedback ("H) Real(ZL) (ohm)  Imag(ZL) (chm) _Real(ZS) (chm) _ Imag(ZS) (ochm)
0.0 101.941901 247.782872 50.961258 82.040886
1.0 31.417227 123.587237 37.44415 102.311879
2.0 37.424997 175.589001 51.13511 86.500122
3.0 26.093876 205.118692 34.934047 115.945393
4.0 31.724262 216.425582 34.137758 124.454956
5.0 49.146019 259.701212 35.811846 119.985711
6.0 28.790229 176.947889 41.641894 164.03606
7.0 31.391543 166.824513 49.737095 177.571896
8.0 35.035327 159.441116 57.868721 187.700246
9.0 39.049276 153.212418 65.607732 195.717287

10.0 43.172095 147.504778 72.812285 202.350579

Cizelge 5.27 £=2GHz, Vireq=2, Fr.q=0.8dB, birlesik geribesleme sonlandirma degerleri

Feedback (pF) Feedback (nH) Real(ZL) (ohm) Imag(ZL) (chm) Real(ZS) (ohm)  Imag(ZS) (chm)
0.2 0.0 156.354378 131.725698 44 497389 65.06134
0.2 1.0 27.155189 49.322977 28.429516 69.24035
0.2 2.0 13.836932 69.056937 24.441333 69.72317
0.2 3.0 11.918784 91.140289 23.888829 67.07037
0.2 40 18.105082 102.058701 39.954737 52.92728
0.2 5.0 9.582153 111.924828 20.875614 65.07711
0.2 6.0 8.248088 112.895104 16.784837 69.0489
0.2 7.0 7.401437 111.354974 13.867547 73.00845
0.2 8.0 7.25795 110.20705 11.830793 76.82487
0.2 9.0 9.726092 122.614623 12.412474 71.68301
0.2 10.0 13.871027 142.531461 15.238278 62.68217
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Cizelge 5.28 £=2GHz, Vireg=2, Fr.q=1dB, seri enduiktif geribesleme

Feedback (nH) Gtmax (dB) Fmin Fmin (dB)
0 12.144656 1.1482 0.600175
1 14.446466 1.1491 0.603578
2 13.414381 1.1501 0.607356
3 11.050779 1.1509 0.610376
4 11.745396 1.1517 0.613394
5 11.209591 1.1524 0.616032
6 10.400632 1.1530 0.618293
7 9.738509 1.1536 0.620552
8 9.18559 1.1541 0.622434
9 8.712348 1.1546 0.624316
10 8.301697 1.1549 0.625444

Cizelge 5.29 =2GHz, Vireq=2, Freq=1dB, birlesik geribesleme

Feedback (pF}  Feedback (nH) Gtmax (dB) Fmin Fmin (dB)
0.2 0 6.89269 1.1408 0.572095 -
0.2 1 10.831967 1.1320 0.541916
0.2 2 8.69761 1.1259 0.514998
0.2 3 6.324503 1.1196 0.480629
0.2 4 7.16831 1.1138 0.468072
0.2 5 6.58289 1.1086 0.447749
0.2 6 4.934461 1.1039 0.429297
0.2 7 5.449041 1.0995 0.411852
0.2 8 6.127972 1.0955 0.386124
0.2 9 6.026883 1.0919 0.381829
0.2 10 5.712514 1.0885 0.368284

Combined Feedback-Series Inductive Feedback
f=2GHz, Vireq=2, Freq=1dB Cpar=0.2pF
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14 12N
12/ \
10 /2N \/\ ‘
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»
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Sekil 5.37 Geribesleme-Grmax degigimi, birlesik ve seri endiiktif geribesleme (Vi=2, Freq=
1dB)
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Cizelge 5.30 £=2GHz, Vireq=2, Freq=1dB, seri endiiktif geribesleme sonlandirma degerleri

Feedback (nH) Real(ZL) (ohm)

Imag(ZL) (ohm)

Real(ZS) (ohm)

Imag(ZS) (ohm)

Cizelge 5.31 £=2GHz, Vireq=2, Freq=0.8dB, birlesik geribesleme sonlandirma degerleri

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0

59.131042
23.953258
37.424997
19.861739
26.342291

51.92135

21.28268
23.838229
26.987287
30.363178
33.803339

233.757876
126.770047
175.589001
206.721159
217.909913
303.294802
166.373254
157.416938
150.069445
143.485274
137.335113

42.690408
28.472103
40.335849
25.949661
25.118944

29.47626
34.677624
43.092966
51.969008
60.834689
69.446445

71.162261
08.762244
78.09117
114.007545
123.45285
105.93008
176.637642
193.01268
206.442744
217.768211
227.548045

Feedback (pF) Feedback (nH)  Real(ZL) (ohm) Imag(ZL) (ohm) Real(ZS) (ohm)  Imag(ZS) (ohm)
0.2 0.0 101.382639 162.306172 42277207 53.21053
0.2 1.0 33.016671 65.513896 27.441014 59.98088
0.2 20 11.404287 70.226462 19.837801 66.34116
0.2 3.0 9.230794 92.038062 19.478502 63.82512
0.2 4.0 18.105082 102.058701 34.602628 45.27121
0.2 5.0 9.582153 111.924828 20.8145 56.4658
0.2 6.0 6.684444 113.227696 13.453259 67.55021
0.2 7.0 6.249203 111.568912 11.026492 72.11637
0.2 8.0 6.352352 110.354163 9.366888 76.3187
0.2 9.0 10.86288 135.837918 12.31927 63.32189
0.2 10.0 14.349618 153.16529 14.639254 56.17532
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Combined Feedback
Lser=0-12nH, Cpar=0.2pF, Vireq=1-2, Freq=0.8dB
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Feedback (nH)

A

Sekil 5.38 Geribesleme-Grmax degisimi, birlesik geribesleme, f=2GHz, Vireq=1-2, Freq=0.8dB

Combined Feedback
Lser=0-12nH, Cpar=0.2pF, Vireq=1-2, Freq=1dB

)
Z —o—Vi=1, Freq=1dB
é —2—-Vi=2, Freq=1dB
o
2
0 1 i 1 1 T
0 2 4 6 8 10 12

Feedback (nH)

Sekil 5.39 Geribesleme-Grymax degisimi, birlesik geribesleme, f=2GHz, Vireq=1-2, Freq=1dB
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Cizelge 5.32 f=5GHz, Virq=1, Freq=2.52dB, seri endiiktif geribesleme

Feedback (nH} Gtmax (dB) Fmin Fmin (dB)

0 12.233588 1.3122 1.180000
0.2 11.466099 1.3279 1.231654
0.4 10.977361 1.3435 1.282377
0.6 11.621395 1.3587 1.331236
0.8 11.255944 1.3734 1.377970

1 9.93547 1.3874 1.422017
1.2 8.963516 1.4006 1.463141
1.4 8.222975 1.4129 1.501114
1.6 7.641832 1.4243 1.536015
1.8 7.174505 1.4346 1.667308

2 6.791026 1.4439 1.585371

Cizelge 5.33 =5GHz, Vireq=1, Freq=2.52dB, birlesik geribesleme

Feedback (pF) Feedback (nH) Gtmax (dB) Fmin Fmin (dB)
0.5 0] 6.917673 1.2174 0.854333
0.5 0.2 6.23712 1.2014 0.796876 ’
0.5 0.4 5.211551 1.1876 0.746702
0.5 0.6 4.418705 1.1759 0.703704
0.5 0.8 4.052816 1.1659 0.666613
0.5 1 4.076715 1.1572 0.634084
0.5 1.2 4.474488 1.1498 0.606223
0.5 1.4 5.23564 1.1434 0.581982
0.5 1.6 5.815636 1.1378 0.560659
0.5 1.8 5.551887 1.133 0.542299
05 2 5.330278 1.1288 0.526170

Combined Feedback - Series Inductive Feedback
f=5GHz, Vireq=1, Freq=2.52dB, Cpar=0.5pF

14L
12

—&— Combined Fdb.

8 ~— —e— Series Ind. Fdb.

Y

Gtmax (dB)

0 T T T T
0 0.5 1 1.5 2 2.5

Feedback (nH)

Sekil 5.40 Geribesleme-Grmax degigimi, birlesik ve seri endiktif geribesleme (Vi=1, Freq=
2.52dB)
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Cizelge 5.34 £=5GHz, Virq=1.5, Freq=2.52dB, seri endiiktif geribesleme

Feedback (nH) Gtmax (dB) Fmin Fmin (dB)

0 13.011514 1.3122 1.180000
0.2 12.208569 1.3279 1.231654
0.4 11.394099 1.3435 1.282377
0.6 12.138019 1.3587 1.331236
0.8 10.286843 1.3734 1.377970

1 8.966369 1.3874 1.422017
1.2 7.994416 1.4006 1.463141
1.4 7.253875 1.4129 1.501114
1.6 6.672732 1.4243 1.838015
1.8 6.205405 1.4346 1.567308

2 5.821926 1.4439 1.595371

Cizelge 5.35 £=5GHz, Virq=1.5, Freq=2.52dB, birlesik geribesleme

Feedback (pF) Feedback (nH) Gtmax {dB) Fmin Fmin (dB)
0.5 0 6.327764 1.2174 0.854333
0.5 0.2 7.156857 1.2014 0.796876
0.5 0.4 4.742321 1.1876 0.746702
0.5 0.6 4.568786 1.1759 0.703704
0.5 0.8 4.150617 1.1659 0.666613
0.5 1 3.579916 1.1572 0.634084
0.5 1.2 4.84753 1.1428 0.606223
0.5 1.4 5.163494 1.1434 0.581982
0.5 1.6 4.846536 1.1378 0.56065¢
0.5 1.8 4.582787 1.133 0.542299
05 2 4.361178 1.1288 0.526170

Combined Feedback - Series Inductive Feedback
f=5GHz, Vireq=1.5, Freq=2.52dB, Cpar=0.5pF

14
12 va
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)
E —&— Series Ind. Fdb.
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4 w
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4] T T T T
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Feedback (nH)

Sekil 5.41 Geribesleme-Grmax degisimi, birlesik ve seri endiiktif geribesleme (Vi=1.5, Froq=
2.52dB)
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Cizelge 5.36 £=5GHz, Virq=2, Freq=2.52dB, seri endiiktif geribesleme

Feedback (nH) Gtmax (dB) Fmin Fmin (dB)
0 12219702 13122 1.180000
02 12609236 1.3279 1.231654
04  11.61899% 1.3435 1.282377
06  11.346207 1.3587 1.331236
0.8 9.495031 1.3734 1.377970
1 8.174557 1.3874 1.422017
1.2 7.202604 1.4006 1.463141
1.4 6.462062 1.4129 1501114
16 5.880919 1.4243 1.536015
1.8 5.413593 1.4346 1.567308
2 5.030114 1.4439 1.595371

Cizelge 5.37 f=5GHz, Vireq=2, Freq=2.52dB, birlesik geribesleme

Feedback (pF) Feedback (nH) Gtmax (dB) -Fmin Fmin (dBj)
0.5 0 5.535951 1.2174 0.854333
0.5 0.2 6.757165 1.2014 0.796876
0.5 0.4 4.124911 1.1876 0.746702
05 0.6 4.665458 1.1759 0.703704
05 0.8 4.214343 1.1659 0.666613
05 1 3.0472%6 1.1572 0.634084
0.5 1.2 475531 1.1498 0.606223
0.5 1.4 4.371681 1.1434 0.581982
05 1.6 4.054724 1.1378 0.560859
0.5 1.8 3.790974 1.133 0.542299
0.5 2 3.869365 1.1288 0.526170

Combined Feedback - Series Inductive Feedback
f=5GHz, Vireq=2, Freq=2.52dB, Cpar=0.5pF

14

NN

J N

/

Y

—e— Series Ind. Fdb.
—E— Combined Fdb.

Gtmax (dB)
[+)]

1

1.5

Feedback (nH)

25

Sekil 5.42 Geribesleme-Grmax degisimi, birlesik ve seri endiiktif geribesleme (Vi=2, Freq=

2.52dB)
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Combined Feedback
f=6GHz, Freq=2.52dB, Cpar=0.5pF
14
12
10
g 8 —0—Vireq\=1
x —&—Vireg=1.5
g 6 1 —a—\Vireg=2
4
2
0 1 i T T
o 0.5 1 15 2 25
Feedback (nH)

Sekil 5.43 Geribesleme-Grmax degisimi, birlesik geribesleme (Fr.q= 2.52dB)

Combined Feedback - Series Inductive Feedback
f=6GHz, Freq=2.52dB

—o— Series Ind. Fdb.
—&— Combined Fdb.

0 0.5 1 1.5 2 25
Feedback (nH)

Sekil 5.44 Geribesleme-Fmi, degisimi, birlesik-seri end. geribesleme (Freq= 2.52dB, Vireqs=1)
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5.2.5 Cesitli geribesleme konfigiirasyonlan i¢in, maksimum kazan¢ (Grmax), minimum

giiriiltii (Fmin), frekans iligkisi

Bu boliimde geribeslemesiz iki kapili ile seri endiiktif ve birlesik (seri enduktif+paralel
kapasitif) geribesleme konfigiirasyonlarinin kazang ve girtlti performanslan 2-11 GHz
frekans bandinda kargilagtirilmigtir. Tim sonuglar igin istenilen girtiltt faktéri Fr.,=2.5dB
secilmigtir. Her bir konfigiirasyon igin Viye,=1 ve Vi, =2 sartlarinda iki ayr1 sonug seti
¢ikarilmgtir,

5.2.5.1 Geribeslemesiz durum \

Cizelge 5.38 Vireq=1, Freq=2.5dB, geribeslemesiz durum

f(GHz) Gtmax (dB) Fmin Fmin(dB) Real(ZS) Imag(ZS) Real{ZL) Imag(ZL)
2 13.905568 1.1482 0.600175 8.171216 116.118588 10.181659 -4.605668
3 14.426237 1.1912 0.759847 8.792002 65.455254 35.860167 6.294362
4 13.328247 1.2589 0.999912 8.471621 40.596694 42.546108 29774468
5 12.192385 1.3122 1.180000 8.055325 28.064175 35.091776 29.735441
6 10539165 1.349 1.300119 9.199452 18.522937 32.674717 24576275
7 9.39649 1.4028 1.469958 9.94007 10.853085 25.675108 23.198952
8 8.586167 1.4791 1.688975 10.975144 4.49521 23.157417 20.535287
9 7.566255 1.5776 1.979969 13.418857 -1.927951 23.736998 15.285639
10 6.994111 1.6406 2.150027 16.133019 -8.517328 25.840099 11.717415
11 6.210985 1.7061 2.320045 21.248692 -17.077053 30.172739 6.444093

Cizelge 5.39 Vireq=2, Freq=2.5dB, geribeslemesiz durum

Y

f(GHz) Gtmax (dB) Fmin Fmin{dB) Real(ZS) Imag(Z8S) Real(ZL) Imag(ZL)
2 12.144656 1.1482 0.600175 16.960624 53.690178 12.49515 198.01885
3 12.665325 1.1912 0.759847 16.023128 38.084067 14.025404 118.664236
4 12.373408 1.2589 0.999912 13.150033 27.73802 12.179442 81.050664
5 12.219702 1.3122 1.180000 11.402368 19.548164 10.021186 60.158097
6 12.082348 1.349 1.300119 10.662776 15.150301 10.139138 39.877455
7 9.921689 1.4028 1.469958 9.94007 10.853085 5.25337 26.898643
8 10.440067 1.4791 1.699975 15.770107 -2.567167 5.795814 22605483
9 9.904572 1.5776 1.979969 27.200441 -13.671271 8.538629 18.035285
10 9.540022 1.6406 2.150027 33.857251 -17.860896 7.999465 14.42867
11 9.141594 1.7061 2.320045 44972373 -18.155212 8.06169 8.871697
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Gtmax(dB)

16
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e ]

No Feedback
Freq=2.5dB

frequency(GHz)

—— Vireg=1
—8— Vireq=2

Sekil 5.45 Frekans-Grmax degisimi, geribeslemesiz durum, Fr.;=2.5dB
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5.2.5.2 Seri — endiiktif geribesleme

Cizelge 5.40 Vireg=1, Freq=2.5dB, seri endiiktif geribesleme (Ls.,~1nH)

f(GHz)  Gtmax (dB) Fmin Fmin(dB) RealZs) Imag(ZS) Real{ZL) Imag(ZL)
2 15.962434 1.1491 0.603578 9.66728 04646878 29.138432 124.667457
3 11.586147 1.2016 0.797599 9.431934 65.145378 20.06314 124.713332
4 11.314478 1.2962 1.126720 6.780435 54.463749 17.833624 , 94.108597
5 9.93547 1.3874 1.422017 9.569216 66.334249 13.843924 ' 48.696572
6 7.499011 1.4614 1.647691 14645473 14.308094 89.702108 85.155364
7 5.700281 1.5386 1.871257 18.874788 4.436122 101.322398 53.854463
8 4.079192 1.6154 2.082801 25.273203 -3.052311 102.93197 13,395738
] 3.422908 1.6224 2.101579 24.955256 -14,152969 104.460419 16.631633
10 2.565082 1.5092 2.039028 28.236982 -24.424094 111.877767 5.05438
1 1.522521 1.5491 1.900795 32.033524 -36.984789 120.451649 -8.800769
Cizelge 5.41 Vieq=2, Freq=2.5dB, seri endktif geribesleme (Lse=1nH)
f(GHz) Gtmax (dB}) Fmin Fmin{dB) Real(ZS) Imag(ZS) Real(ZL) Imag(ZL)
2 15.907839 1.1491 0.603578 0.66728 04646878 9.867784 130.259515
3 12.4342 1.2016 0.797599 13.87628 47035038 30.11173 118.904519
4 11.449468 1.2962 1.126720 8.140968 47.166084 10786218 115.256007
5 8.174557 1.3874 1.422017 13.343205 2062717 30.904713 163.704008
6 5.738098 1.4614 1.647691 23.769085 72.254979 4727527 25.14319
7 3.939368 1.5386 1.871257 45371717 2353939 66.805779 17.912928
8 2.318279 1.6154 2.082801 40.322379 12.558176 86.419305 1.357448
9 1.662085 1.6224 2.101579 44328304 1.617897 91.072323 1.834549
10 0.80417 1.5992 2.039028 47.196667 -5.593958 91.457041 -16.30885
1 -0.238392 1.5491 1.900795 52.012765 -11.068274 70.717812 -34.653052
Series Inductive Feedback
Freq=2.5dB, Lser=1nH '
18
16
14
12
m 10
:';-‘- 8 —&— Viregq=1
g —&— Vireq=2
=1
o 6
4
2
0 .
28 2

frequency(GHz)

Sekil 5.46 Frekans-Grmax degisimi, seri endiiktif geribesleme (Lse,=1nH)
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5.2.5.3 Birlesik (seri endiiktif+paralel kapasitif) geribesleme

Cizelge 5.42 Vieg=1, Freg=2.5dB, birlesik geribesleme (Lse=1nH, Cpar=0.2pF)

f(GHz) Gtmax (dB) Fmin Fmin{dB) Real(ZS) Imag(ZS) Real(ZL) ___Imag(ZL)
2 12.59288 1.1329 0.541916 6.073603 72.18077 11.303492 33.622098
3 8.312286 1.1518 0.613771 7.935636 38.216144 13.682489 51.385047
4 6.129577 1.1896 0.754010 6.154479 26.079703 9.46326 52.607933
5 7.027042 1.2184 0.857829 3.16973 24.965252 6.021607 40.719442
6 7.245028 1.2341 0.913504 2610220 31.237081 4.46023 23.343345
7 6.147326 1.2679 1.030850 5.36213 32501935 7.514361 13.612095
8 5.307529 1.3289 1.234923 9.539094 -3.440513 35.664579 43.9358
9 4.881542 1.415 1.507564 12.204417 -10.300207 43.906035 39.593¢5
10 4.708624 1.4863 1.721065 17.413853 -18.35209¢9 59.996144 32.986062
11 4.968124 1.6786 1.982721 31.721746 -27.420939 85.621423 3.973709

Cizelge 5.43 Vireg=2, Freq=2.5dB, birlesik geribesleme (Lse=1nH, Cpar=0.2pF)

f{GHz) Gtmax (dB) Fmin Fmin(dB) Real(ZS) Imag(Zs) Real(ZL) Imag(ZL
2 10.831967 1.1329 0.541916 14.692516 38.626083 21.003607 103.647304
3 7.091537 1.1518 0.613771 7.935636 38.216144 3.773474 55.485561
4 6.57818 1.1896 0.754010 12.717761 13.379663 12.77502 50.13549
5 6.943851 1.2184 0.857899 4.705206 19.288216 4371344 51.20661
6 5.484115 1.2341 0.913504 8.476959 5.939834 11.245459 65.104289
7 4386413 1.2679 1.030850 11.497942 -2.3652 18.795533 73.193009
8 3.546617 1.3289 1.234923 17.044846 37.680434 5.262798 -0.436382
9 3.120629 1.415 1.507564 24.436215 38.862941 6.916651 -10.094626
10 2948712 1.4863 1.721065 38.603244 2728113 43.405072 6.479194
1 3.207212 1.5786 1.982721 43.783517 -3.251426 57.978337 -10.281226
Combined Feedback
Freg=2.5dB, Lser=1nH, Cpar=0.2pF
14
12
10
g ,
-5- Vireq=1
E ¢ —B— Vireq=2
L=
1]
4
2
0 1 1 ¥ 1 i '
0 2 4 6 8 10 12
frequency(GHz)

Sekil 5.47 Frekans-Grmax degisimi, birlesik geribesleme (Lse=1nH, Cpar=0.2pF)
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5.2.5.4 Ceyitli geribesleme konfigiirasyonlarinda performans karsilastirmalarn

Gtmax Variations with Various Feedback Combinations
Vireg=1, Freq=2.5dB
18
16
14
12
3 10 —o—No Feedback
=] —B— Series ind. fdb.
E° —A— Combined fdb.
6
4
2
o 1 T I T 1
0 2 4 6 8 10 12
frequency(GHz)
Sekil 5.48 Frekans-Grmax degisimi, Vireq=1, Freq=2.5dB
Gtmax Variations with Various Feedback Combinations
Vi=2, Freq=2.5dB
18
16 K
14 : ‘
12
g 10 —e— No Feedback
5 8 —&— Series ind. fdb.
£ s —&— Combined fdb.
4
2
0
29 1P
frequency(GHz)

Sekil 5.49 Frekans-Grmax degigimi, Vireg=2, Freq=2.5dB
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Minimum Noise Factor Variations with Various Feedback
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—&— No Feedback
—E&— Series ind. fdb.
—A— Combined fdb.

frequency(GHz)

Sekil 5.50 Frekans-Fuin degigimi, Freq=2.5dB
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5.2.,6 Tasarm konfigiirasyonlan

Buraya kadar yapmug oldugumuz ¢ahsmada iki kapihmn gesitli geribeslemeli yada
geribeslemesiz durumlardaki performansim kazang, geribesleme miktan, giiriilti ve frekans
kriterlerini goéz o6niine alarak aynntih sekilde incelemis bulunmaktayiz. Son béliimde,
yaptigimiz analizde ara¢ olarak kullandigimiz ve Onceki boliimlerde teorik temellerini
verdigimiz geometrik analiz yontemiyle ilgili Z;-diizleminde baz o6rnek tasanm
konfigiirasyonlan verilecektir. Burada verilecek olan konfigiirasyonlar, biitiin galismamiz
boyunca kullamlmig olan performans analizi programimin cesitli kosullarda elde edilmis
¢iktilarindan olugmaktadir. Tiim konfigiirasyonlar 5GHz frekans seviyesinde elde edilmistir.
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Imag(Zs) (ochm)

Imag(Z,) (ohm) Real(Zs) (ohm)

Real(Z,) (ohm)
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Imag(Z,) (ohm) Real(Zs) (ohm) Imag(Zs) (ohm)

Real(z,) (ohm)

GTmax (dB)

19.23553 16.72987 34.3936

32.75453

9.008722
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Imag(Z.) (ohm) Real(Zs) (ohm) Imag({Zs) (ochm)

Real(Z) (ohm)
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Sekil 5.56 Geribeslemesiz durum,

Imag(Z) (ohm) Real(Zg) (chm) Imag(Zs) (ohm)

Real(Z,) (ochm)

Grmex (dB)

-23.993285 24.000604 40.921494

81.176042

7.737741
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Sekil 5.57 Geribeslemesiz durum, f=5GHz, V;

Imag(Z,) (ohm) Real(Zs) (ohm) Imag(Zs) (ohm)

Real(Z)) (ohm)

Grmax (dB)

16.2464 32.167719

26.508825

41.426552

11.176645
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Imag(Z,) (ohm) Real(Zs) (ohm)  Imag(Zs) (ohm)

Real(Z,) (ohm)

GTmax (dB)
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10.588854
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imag(Z,) (ohm) Real(Zs) (ohm)  Imag(Zs) (ohm)
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Grmax (dB)
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Imag(Zs) (ohm)
15.864946

02 04
0.2pF), =5GHz, Vireq=2, Freq=1.5dB
Real(Zs) (ohm)
18.397138

Re(Zi)
ar
Imag(Z,) (ochm)
40.000412

Real(Z,) (ohm)
8.029394

Sekil 5.63 Birlesik geribesleme(Ls=0.6nH, C,

Grmax (dB)
6.819445



98

1

Ty T T T T T -
1 i \ 1 ¥ 1 1 ,
_...._ \ 1 1 ' 1 \
.,.. 1 1 1 1 ' '
I 1 ' 1 ' ' l
e cemblipmedan= Lecaducudaamcbemaleaad B
[ 0 [ 1 [=)
v ] ] [ 3 ] i | 1
[ ' ot ] te '
] x.,. | P 1 [} 1
t 0 Vo 1 ] 1 [T
ll.ll-llll&... Bl Bl L Y TR a
' v vy ' ] ' v =
1 [] [ [ 1 [} n
' b ¥ TR 1
' ' \ = 1
 cembanad PN = . S W <
] ] ] ¥ Ny [Ts ]
1 | 1 ' T ' i \
o ! \ 1 \ 1 £ 0
N R NN - 2 o
lmll_.lll._.llnl.llll.ll..&, T 5 o= emeed ek N
8 ] 1 1 % .._ﬁ 1 f. =
] 1 1 ] 0 -3 1
w ., ' t ' t W
w 1 i 1 1 o 2 —_—
Iql1lll4llll—IllI-|II LR . U 3o [ e daludhadhy 0
8 1 ] 1 1 mu jo L.
= 1 ] 1 v AR
= 1 ' ' VAR vos
= | 1 \ 1 g Q. [
T QA it 7, W U RS N Qo I |
o Tr T h [hakrinl H Sl i 2uia balirid ar-T ﬂ
1 ' ] oSy \ S )
\ t \ \ Y [} ik \ ] "
1 i 1 1y .__ " u " .P
1 \ 1 1y \
IIIlTlll.qllll.llllﬂ_.IIIJ_III..IIll.IIIITIIlilll- M
1 ] 1 | 1 ' 1
0 ] 1 __ " 1 ] 1 _“
l ' ' n v ' 1 1 )
1 \ 1 ] 1 1 ] ] "
......-_.--..-.........Mw.__.r..:_.u._:._n......_:..-..--r_...-- «
1 ] \ _. [ ] [ ﬂ
l ] @ 1 non l oo
t 1 ] l 1 -t 1 v 1
t 1 1 C___ l v, o 1
' 1 \ ] \ [l e |
AUV NI PN NOUuYS AUPI QNN Pyl S N T !
' ! 1 ) ! ' 1 ) 1 =
1 1 1 v, l i l l 1
' l ] ] 1 i 1 1 ' ]
1 1 l \ 1 ' | | 1 ;
L 1 L e A 2 [ 1 i1 o [
m @ = N O N = o @ <
S & @ o f 9 @ 9

(2 w

Re(Zi)

0.2pF), £=5GHz, Vireq=2, Freg=1.5dB

a‘.=

Sekil 5.64 Birlesik geribesleme(Ls=0.8nH, C,

Imag(Z,) (ohm) Real(Zs) (chm) Imag(Zs) (chm)

Real(Z,) (ohm)

Grrmax (d B)

23.418646

42.893091 7.86131

3.915787

5.092202
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6. SONUCLAR

Geribesleme uygulanmig NE72089A transistorine yonelik olarak yaptifimiz bilgisayar

uygulamalar ve elde edilen sonuglar tizerine birtakim yargilara varabiliriz.

Oncelikle, elde edilen sonuglar arasinda goze garpan davraniglar su sekilde 6zetlenebilir:

i)

iif)

Paralel kapasitif geribesleme uygulanmig iki kapilida, kazang geribesleme ile ters
orantii olarak hizla diismiis ve bellirli bir geribesleme seviyesinde dengeye
ulagmustir. Buna karsilik devrenin gurtiltiisiinde geribesleme miktar: ile orantilt

olarak belirgin bir diigme g6zlemlenmistir.

Seri endiiktif geribesleme uygulanmasi durumunda, kazangta geribeslemesiz
duruma gore ¢ok yilkksek bir sigrama olugmus ancak geribesleme degeri
yiikseldikge kazangta bir miktar diigme ile beraber belirili bir doyuma ulagilmustir.
Bu doyum noktasimn, girisi uydurulmus (input matched) (Vi=1) devrede
geribeslemesiz kazang miktarindan daha asagida olmadifi, ancak girisi
uydurulmamig devrede geribeslemesiz kazangtan daha diisik degerlere indigi
saptanmigtir. Bununla beraber giiriiltii oraninda geribesleme ile orantili bir artig

gorilmektedir.

Paralel endiiktif geribeslemede girigi uydurulmus ve uydurulmamis devreler
simetrik denebilecek bir karakter gostermis, Vi=1 durumunda kazang 6nce gok
kiigiik miktarda diismiis ve endiiktans arttik¢a geribeslemesiz durumda elde edilen
kazanca yaklagmigtir. V;=2 durumunda tam tersi bir sonug elde edilmis, kazang

Once artmug, endiiktans arttik¢a geribeslemesiz duruma dogru diigiis gostermistir.

Seri kapasitif geribeslemede, kazancin ilk uygulanan geribesleme degerinde hafif
bir dugis gosterdigi ve kapasitans arttik¢a kazancin geribeslemesiz durumdaki

degerine dogru hareketlenerek doyuma ulagtig1 goriilmektedir.

Geribeslemenin sabit tutulmasi durumunda, kazancin genel olarak frekans artig1
sonucu digme egilimi gosterdigi gorilmektedir. Sadece paralel kapasitif
geribesleme durumunda kazancin belirli bir frekansa kadar degismedigi (hatta gok
kiigiik yiikseligler gosterdigi) ancak bu degerden sonra disiiy gosterdigi goze
carpmaktadir.

Girigi uydurulmus devrede, giirtilti faktori arttirildiginda kazancin geribesleme ile

orantih olarak tiim eksen boyunca arttifi, girisi uydurulamig devrede kazang
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artiginin sadece belirli tepe noktalarinda belirgin oldugu gozlemlenmistir.

vii)  Birlesik geribesleme (seri endiiktif + pararlel kapasitif) konfigiirasyonunda, kazang
davramgmin c¢aligma frekansina gore degiskenlik gosterdigi gorilmekle birlikte
kazancin genel olarak belirli bir tepe noktasina sigradiktan sonra seri endiiktans
miktan arttik¢a doyuma ulastif1 sylenebilir. Doyum noktasinin genelde baglangig
seviyesinden daha digiik oldugu goze garpmaktadir. Belirli frekanslarda ve kigiik
geribesleme miktarlarinda geribeslemesiz duruma gore daha yiiksek kazang elde

etmek olasidir.

viii)  Birlesik geribesleme uygulanmasi hemen hemen tim frekans seviyelerinde
geribeslemesiz ve seri endiiktif geribeslemeli konfigiirasyonlara oranla daha dugiik

bir giiriltiyt garantilemektedir.

Elde edilen sonuglardan da gorilecegi lizere seri endiiktans ve paralel kapasitans
geribeslemenin ayr1 ayn yada birlikte (birlegik) uygulanmas: baz1 kayda deger sonuglar elde
etmemizi saglamigtir. Bu durum o&zellikle tasanim konfigiirasyonlarinda da goriilmektedir.
Ornegin geribesleme uygulanmas1 normalde ¢oziimsiiz geometrilerde istedigimiz kosullarda
maksimum kazang¢ ¢Oziimlerini elde etmemizi saglam'ls yada kazangta tepe noktalarinin

olugmasina yol agmustir.

Ancak en goze ¢arpan sonug olarak birlesik geribeslemeli iki kapilinin performansimi dile
getirebiliriz. Birlesik geribesleme sonucu kazan¢ makul seviyelerde seyrederken guriltti
kayda deger sekilde diigmiigtir. Bu davramig ozellikle ¢ok yiiksek kazanca ihtiyacimizin
olmadifi, diigik gurilttli, dar bandli, girig kat1 yiikselteglerinde (pre-amplifiers) oldukga
kullamglh ve uygulanabilirligi yitksek bir tasarim olanagi saglamaktadir.

Caligmamiz sonunda olugmus olan bilgisayar yazilimi yoluyla da istenilen transistor igin
istenilen g¢aligma sartlarinda ve geribesleme konfigiirasyonunda performans analizinin
yapilmas1 miimkin hale gelmis olup farkli amaglara yonelik mikrodalga devrelerinin tasarimi

ve analizi yapilabilir.
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EKLER

Ek 1 Performans analizi programi (pcomb.m)

Ek2 Lineer iki kapilinin birebir esleme fonksiyonlar:
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Ek 1 Performans analizi programi (pcomb.m)

fid_r_s=fopen('in_s.ins','r'); % read S matrix from a file N Num=l %
fid r n=fopen('in s.inn','r'); % read Noise matrix from a file %
fid r p=fopen('in s.inp','r'); % read input file, GTdBreq,Vireq, FdBreq

oo dP do oo

fid r s=fopen{'n7208%aa.ins’','r'); % read S matrix from a file
N_Num=6, n7208%aa (VDS=3V, ID=10mA) %
fid r n=fopen('n72089%aa.inn’,'r'); % read Noise matrix from a file %
fid r p=fopen('n72089%aa.inp','r'); % read input file,
GTdBreq,Vireq, FdBreqg %

% fid_r_s=fopen(‘n72089aa.ins','r'); % read Neural Network SN matrix from
a file N Num=11l, n72089%aa(VDS=3V, IDS=10mA) from Neural Network %
% fid r n=fopen('n7208%aa.inn’','r'); % read Noise matrix from a file %

% fid r p=fopen('n7208%aa.inp','r'); % read dinput file,
GTdBreq,Vireq, FdBreq %

% fid_r_s=fopen(‘ne329sOl.ins','r'); % read S matrix from a file
N_Num=9, ne329s01(VDS=2V, ID=10mA) %

% fid_r_n=fopen('ne329sOl.inn','r'); % read Noise matrix from a file %
% fid r p=fopen('ne329s0l.inp','r'); % read input file,

GTdBreq,Vireq, FdBreq %

% fid r s=fopen('ne329s0l.ins','r"); % read Neural Network SN matrix
from a file N Num=17, ne329s01 (VDS=2V, ID=10mA) from Neural Network %

% fid_r_n=fopen('ne329sOl.inn','r'); % read Noise matrix from a file %

% fid r p=fopen('ne329s0l.inp', 'r'); % read input file,
GTdBreq,Vireq, FdBreqg %

% fid r s=fopen('ne02135c.ins','r'); % read S matrix from a file
N_Num=7, ne02135c(VCE=10V, IC=20mA) %
¢ fid_r n=fopen('ne02135c.inn','r'); % read Noise matrix from a file %

% fid r p=fopen('ne02135c.inp','r'}; % read input file,
GTdBreq,Vireq, FdBreq %

% fid r s=fopen{'ne02135c.ins','r'); % read Neural Network SN matrix from
a file N _Num=14, ne02135c(VCE=10V, IC=20mA) from Neural Network %
% fid_r_n=fopen('ne02135c.inn','r'); % read Noise matrix from a file,%

% fid r p=fopen('ne02135c.inp','r'); % read input file,
GTdBreq,Vireq, FdBreq %

% fid r s=fopen('ne02135.ins','r"); % read S matrix from a file N_Num=7,
ne02135 (VCE=10V, IC=5mA) %

% fid_r_n=fopen('ne02135.inn','r'); read Noise matrix from a file %

% fid r p=fopen{'ne02135.inp','r'); % read input file,

GTdBreq,Vireq, FdBreq %

op

% fid_r_s=fopen('ne321051.ins','r'); % read S matrix from a file N_Num=9,
ne3210s1(VDS=2V, ID=10mA) %

% fid_r_n=fopen('ne321051.inn','r'); % read Noise matrix from a file %

% fid r p=fopen('ne3210sl.inp','r'); % read input file,

GTdBreq,Vireq, FdBreq %

% fid r s=fopen('ne38018.ins','r'); % read S matrix from a file N_Num=6,
ne38018 (VDS=2V, ID=10mA) %
% fid r n=fopen('ne38018.inn','r'); % read Noise matrix from a file %

% fid r p=fopen('ne38018.inp','r'}; % read input file,
GTdBreq,Vireq, FdBreq $%
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% fid_r s=fopen('ne38018x.ins','r'); % read S matrix from a file
N Num=6, ne38018(VDS=3V, ID=5mA) %
% fid r n=fopen('ne38018x.inn','r'"); % read Noise matrix from a file %

§ fid_r p=fopen('ne38018x.inp','r'); % read input file,
GTdBreq,Vireq, FdBreqg %

% fid r s=fopen('ne38018y.ins’,'r'); % read S matrix from a file
N_] Num=6, ne38018 (VDS=2V, ID=5mA) %

% fld_r_n—fopen( ne38018y.inn', 'r');
% fid r p=fopen('ne38018y.inp','r');
GTdBreq,Vireq, FdBreg %

read Noise matrix from a file %
read input file,

oo oo

Name of transistor='n72089aa(VDS=3V, ID=10mA) from S Matrix ';
N Num=1; % Number of frequencies (that have Noise parameters) %
P_Num=1; % Number of rows in input file (*.inp) %

step for sample on circle=0.01; % step of test circle's radius
switch_for plot=l; % 1 --> Plot circles, 0 --> Do not
plot circles %

g **¥* Arrange the required one: EP *¥*¥kddkkddkdkddkdkikiy

fid w g = fopen('out_gra.txt','wt+'); % write output to a file for a graph%
fid w = fopen('out int.txt','wt+'); % write intersection points to a file %
fid w o = fopen(" out oth.txt','wt+'); % write other points to a file %
fprlntf(fld w,'Tran51stor %s\n (Name of transistor);

fprintf (fid _w, '\nDetailed information, Terminations for GTmax and all of
intersection points on T1/T2 for GTreq:\n');

fprlntf(fld w o, 'Transistor: %s\n' (Name of tran51stor),

fprintf(fid_w o,'\nTermlnatlons that give GTreq in Region-3:\n'):;

fprintf (fid w g, 'Transistor: %s\n',Name of transistor);

fprintf(fid w g,'\nTermlnatlons for GTmax and One of Intersection points on
T1/T2 for GTreqg:\n')

% fprlntf(fld_w_g,'\nf(Hz) GTmax (dB) GTmin (dB) Real(ZL)
Imag(ZL) Real(ZS) Imag(ZS)\n'):; %
fprintf (fid w_g, '\nVireq Freq(dB) £ (Hz) GTmax (dB)

Real (ZL) Imag(ZL) Real{ZS) Imag(ZS) GTreq (dB) Real(ZLreq) Imag(ZLreq)
Real (ZSreq) Imag(ZSreq)\n'):;

fclose(fid w);
fclose(fld w_0);
fclose(fld W g),

Smatrix=fscanf (fid r_s,'%f',[9,inf]}; % read whole S-par file % ’
Nmatrix=fscanf(fid r n,'%f', [5,inf]); % read whole N-par file %
Pmatrlx—fscanf(fld r p,"%f', [3,inf]); % read whole Input File file %

R R R R R L R R L R L R R R R R R L R R R L A R R R R R L R R R LR L R R R R R R R R A R L R AL
23%%%%%%

¢%feedback type control section

SRR R R L R R R LR R L R b L e R R R L L R L R L R R R A A R R L L b LR L
F3E%%%%

fid w = fopen('out_int.txt','wt');

com=input ('tek elemanli geribesleme ig¢in 1, birlesik geribesleme ig¢in 2
giriniz');
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if com==

p=input ('seri geribesleme devresi igin 0, paralel geribesleme devresi igin
1l giriniz');

if p==0
g=input ('Endiiktans ig¢in 0, kapasitans igin 1 giriniz'):;
if g== t
t=0;

L=input ('Endiiktans dederini Henry cinsinden giriniz');
fprintf (fid_w, 'Seri Geribesleme Elemani: L= %f £ \n',L );

elseif g==
t=0;
c=input ('Kapasitans de§erini Farad cinsinden giriniz');

else

t=1;
end;
while t==1,

fprintf('yanlis de§er girdiniz %f\n',q);
g=input ( 'Endiiktans ic¢in 0, kapasitans ig¢in 1 girin');

if g==
t=0;
L=input ( 'Endilktans dederini Henry cinsinden giriniz'):;

elseif g==1
t=0;
c=input ('Kapasitans dederini Farad olarak giriniz');

else
t=1;
end;
end;

%% parallel feedback control
elseif p==

g=input ('Endiiktans i¢in 0 dederini, kapasitans ig¢in 1 deferini
giriniz');
if g==
t=0;
L=input ( 'Endiiktans dederini Henry olarak giriniz');
elseif g==
t=0;
c=input ('Kapasitans dederini Farad olarak giriniz');

else

t=1;
end; ’
while t==1,

fprintf('Yanlis deer girdiniz %f\n',q);

g=input ( 'Endiiktans ic¢in sifir dederini, kapasitans ig¢in bir dederini
girin');

if g==
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t=0;

L=input ('Endiltktans dederini Henry olarak giriniz');
elselif g==

t=0;

c=input ('Kapasitans de§erini Farad cinsinden giriniz');

else
t=1;
end;
end;

end;
end; %end of com==

if com==
c=input {'Paralel kapasitans de§erini Farad cinsinden giriniz'};
L=input ('Seri endiiktans deerini Henry cinsinden giriniz'):;
end;

fclose(fid w);

LR R R R R R R R R R R R R A R R R R R L R R R R R R A R R R R LR R R L R R R R R A TR R R L

%%%
%%end of feedback control section

BTt L TR LTI L TR LB IBIRLITIBLILTILBLILLALLLIBBILLLLTIRLLLTTL%%%%%
%%

for input_counts=1:P Num % main loop %

GTDBregq=Pmatrix(1l,input counts);
Vireq =Pmatrix(2,input counts);
FdB =Pmatrix (3, input counts);

fid w g = fopen('out_gra.txt','at+'); % write output to a file for a
graph%

fid w = fopen{'out_int.txt','at+'); % write intersection points to a file
%

fid w_ o = fopen('out_oth.txt','at+'); % write other points to a file %
fprintf (fid w, '\n*** %d. Given Values:\n',6 input_ counts);

fprintf(fid w o, '\n*** %d. Given Values:\n' rinput_counts);

$fprintf(fid w g, '\n*** %d. Given Values:\n',6 input counts);

% GTDBreq = input('Required GT(dB) wvalue?: ') ;
fprintf(fid w, 'Required GT(dB) value: %f\n', GTDBreq) ;
fprintf(fid w o, 'Required GT(dB) value: %f\n', GTDBreq);
$fprintf(fid w g, 'Required GT (dB) value: %f\n',GTDBreq);

% Vireq = input('Required Vi value?: ') ;
fprintf (fid w, 'Required Vi value: %f\n',Vireq);
fprintf(fid w o, 'Required Vi value: %f\n',Vireq);
$fprintf(fid w_g, 'Required Vi value: %f\n',Vireq);

% FdB = input ('Required F(dB) value?: ');
fprintf(fid w, 'Required F(dB) value: %f\n',FdB);
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fprintf (fid w_o, 'Required F(dB) value: $f\n',FdB) ;
fclose(fid w 0);
$fprintf (fid w_g, 'Required F(dB) value: $f\n’',FdB) ;

% Input Reflection Coefficient and Required Noise Figure (not in dB)
Rmod2 = (Vireq - 1)/ (Vireq + 1);

% Rmod=Rmod2;

Rmod=sqgrt (Rmod2) ;

C = 1-(Rmod"2);

Freq = 10" (FdB*0.1);

teta = 0:2*pi/100:2*pi;
for counts=1:N_Num % loop under main loop %

f=Smatrix(l,counts);

sll =Smatrix(2,counts):;
oll =Smatrix(3,counts);
s2]1 =Smatrix (4, counts);
021 =Smatrix(5,counts);
s12 =Smatrix (6, counts):;
0l2 =Smatrix (7, counts):;
s22 =Smatrix {8, counts):;
022 =Smatrix(9,counts):;

fprintf('f: %f\n',£f);

fprintf(*sll and oll: &%f %f \n',sll,oll);
fprintf('s21 and o2l1: %f %f \n',s21,021);
fprintf('sl2 and ol12: &f %f \n',sl12,012);
fprintf('s22 and 022: %f %f \n',s22,022);

011 = oll*(pi/180);

S11 = sll*exp(i*01l);
021 = 021*(pi/180);
S21 = s2l*exp (i*021);
012 = ol2*(pi/180);
812 = sl2*exp(i*012);
022 = 022*(pi/180);

522 = s22*exp(i*022);

Transistor Noise Parameters %

FirstCol=Nmatrix(l,counts); % waste reading for first column $%
FmindB=Nmatrix (2, counts);
Fmin=10” (FmindB*0.1) ;
GamaOpt m=Nmatrix (3, counts);
GamaOpt_a deg=Nmatrix(4,counts);
GamaOpt_a=GamaOpt_a_deg* (pi/180);
Gamaopt=GamaOpt_m*exp (i*GamaOpt_a);
RnBolu50=Nmatrix (5, counts):;
Rn=RnBolu50; % Zo is 50ohm %
Rn=RnBolu50*50;

omega = 2*pi*f ;

7201 = 50;

7202 = 50 ;

ROl = real(Z01l);
R02 = real(Z02);
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fprintf ('\nCircuit Definition:\n');
fprintf (fid w, '\nCircuit Definition:\n');

fprintf('£(Hz): %f\n',f);

fprintf('S1l Module and Angle(Rad): %f %f \n',abs(S11l),angle(S1ll)

fprintf('S21 Module and Angle(Rad): %f %f \n',abs(S21),angle(S21)

fprintf('S12 Module and Angle(Rad): %f %f \n',abs(S12),angle(812)

fprintf('822 Module and Angle(Rad): %f %f \n',abs(S22),angle(S22)

fprintf ('Fmin %f, GamaOpt Module and Angle(Rad) %f %f, Rn %f \n',Fmin,
GamaOpt_m, GamaOpt_a,Rn) ;

— e N

.
’
)
4
.
’
.
’

fprintf(fid w, '£(Hz}: $f\n', £f);

fprintf(fid w, 'S1ll Module and Angle(Rad): %f 3£
\n',abs (511),angle(S11));

fprintf(fid w, 'S21 Module and Angle(Rad): %f 3f
\n',abs (521),angle(S21));

fprintf(fid w, 'S12 Module and Angle(Rad): %f %f
\n',abs (512) ,angle(S12));

fprintf(fid w, 'S22 Module and Angle(Rad): %f %f
\n',abs (S22),angle(S22));

fprintf (fid w, 'Fmin %f, GamaOpt Module and Angle(Rad) %f %f, Rn 3%f
\n',Fmin, GamaOpt_ m,GamaOpt a,Rn);

fid w o = fopen('out_oth.txt','at+'); % append to a file %
fprintf (fid w o, '\nf(Hz): %f\n’,f);
fclose(fid w o);

deltas = ((1-811)*(1-S22)-S12*521)

% Converting S to 2 % .

211 =((1+S11)*(1-S22)+812*S21)/deltas;
221 =(2*s21)/deltas;
712 =(2*S12) /deltas;
222 =((1+822)*(1-S11)+S12*S21)/deltas;

Il

R1ll = real(Z1l1l X1l = imag{Zzll

)i { )i
R21 = real(Z21); X21 = imag(Z21);
R12 = real(Z12); X12 = imag(Z12);
R22 = real (Z22); X22 = imag(Z22);

% Zopt Calculation %

Zopt = ((l+Gamaopt))/(l-Gamaopt) ;
Zoptm = abs(Zopt):;

Zopta = angle(Zopt);

Ropt real (Zopt) ;

Xopt = imag(Zopt):

% Theoretical Noise Parameters of Transistor %
Yopt = 1/Zopt;

Ycor = ((Fmin - 1)/ (2*Rn)} - Yopt :
Gu = ((Fmin - 1)*real(Yopt))-(((Fmin - 1)”72)/(4*Rn)) ; \
if com==

BTt BRI E LTI T L UL ILRBRL LB IBIIIILLILTIILALLLLILBRIRLLLDILBLLLLBE%%%%

%%calculation for serial feedback two-port
T EIBBRLRRILLIRYILRLRITLBLLELLTUTLLTLILILLLLLITILLLLLLIBLLLILLIRBLLLLY
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if p==0, ‘
if g==
Xseri=omega*L;
elseif g==1
Xseri=-1/ (omega*c) ;
end

%$Zllg=j*Xseri;
%212g=j*¥Xseri;
%$Z221g=j*Xseri;
$222g=j*Xseri;

%Normalization

Z1llg=(j*Xseri)/50;
Z12g=(j*Xseri)/50;
Z21g=(j*Xseri)/50;
z22g=(j*Xseri)/50;

paydaseri=7221+221g;

Al=(Z11g*z21-221*7Z21g) /paydaseri;

Bl=zZ21/paydaseri;

A2=-Al;

B2=Z21g/paydaseri; .
Z11=7211+z211g;

7212=212+7212qg;

221=7221+Z221qg;

222=7222+72229g;

R1ll = real(Z11l); X11 = imag(z1l1l);
R21 = real(z21); X21 = imag(Z221);
R1l2 = real(Z12); X12 = imag(Z12);
R22 = real (222); X22 = imag(Z22);

deltaz =211*Z22-7212%221;

fprintf (fid _w, 'Seri Geribeslemeli Esdeder Iki Kapili Parametreleri
\n');

fprintf(£fid w,'Z11l Real and Imaginer parts: $f %L
\n',real(Z11l),imag(Z11));

fprintf(fid w, '221 Real and Imaginer parts: %f 3L
\n', real(221),imag(221));

fprintf(fid w, '212 Real and Imaginer parts: %f 3f
\n',real(212),imag(z12));

fprintf(fid w, 'Z22 Real and Imaginer parts: %f %f
\n',real(z22),imag(z22)); )

%Calculation of theoretical noise parameters of feedback two—port
%Serial Feedback

Rnt=(Rn* ( (abs (1+Ycor*Al))"2) )+ ((abs (Al))"2*Gu) ;
Yct=(Rn*Ycor*Bl* (l+conij (Ycor*Al))+Gu*conj (Al) *Bl)/ (Rnt) ;
Gut=((abs (B1))"2) * (Gut+Rn* ( (abs (Ycor))"2)) - (Rnt* ( (abs (Yct))*2));

%Calculation of measurable noise parameters of feedback two-port

Yoptt=sqrt ( (Gut/Rnt)+(real(Yct))"2)-(j*imag(¥Yct)):
Zoptt=1l/Yoptt:;
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Fmint=1+2*Rnt* (real (Yct)+real (Yoptt));
Rn=Rnt;

Yc=Yct;

Gu=Gut;

Fmin=Fmint;

Zopt=Zoptt;

Zoptm=abs (Zopt) ;

Zopta=angle(Zopt) ;

Ropt=real (Zopt) ;

Xopt=imag (Zopt) ;

end

BT850350 %02%%%8%%22%9%92222522LRBDLLLRLLLTLBLILLLLILRBLLB8%%%%
%%End of calculation for serial feedback two-port
BB 0525502230230 %000%%% %2529 0222032220225 22%230%2%48%%%%%

Y

R R R e R L T R R R R R R e R R R R R R R AR R A R R R L R R LR R R A
%%Calculation for parallel feedback two-port
FPPBBREELLH2RL22022LBPLL22LLL2LBVLLTLLLILLILLILLLLLLBTLLB99%%%%

if p==1,

if g==
Xpara=omega*L;
$Ypara=1l/Xpara;
elseif g==
Xpara=-1/ (omega*c);
$Ypara=-1/Xpara;
end;

deltaz=7211*Z222-212*7Z21;
Y11=222/deltaz;
Y12=-212/deltaz;
Y21=-Z221/deltaz;
Y22=711/deltaz;

%Zg=j*Xpara;

$Normalization
Zg=(j*Xpara)/50;

Yllg=1/%g;
Y12g=-1/2g;
Y21g=Y12g;
Y22g=Y1llg;

%z-parameters of equivalent two-port

paydapara=Y21l+Y21lg;
El=(Yllg*Y21-Y11*Y21lg) /paydapara;
Dl=Y21/paydapara;

E2=-El1;

D2=Y21g/paydapara;

Y11=Y11+Y1l1lg;
Y12=Y12+Y12g;
Y21=Y21+Y21g;
Y22=Y22+Y22g;
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deltay=Y11*Y22-Y12*Y21;

Z11=Y22/deltay:;
Z12=-Y12/deltay;
Z21=-Y21/deltay;
222=Y11/deltay;

Rll = real(Z1ll); X11 = imag(Z1l);
R21 = real(Z21); X21 = imag(Z21);
R12 = real(Z12); X12 = imag(Z12); )
R22 = real (Z22); X22 = imag(Z222);

fprintf (fid w, 'Paralel Geribeslemeli Esdeger Iki Kapili Parametreleri
\n');

fprintf(fid w, 'Z211 Real and Imaginer parts: %f 3%f
\n',real(zZ1ll),imag(z11)});

fprintf(fid w, '221 Real and Imaginer parts: %f %f
\n',real (Z21),imag(z221));

fprintf{fid w,'212 Real and Imaginer parts: %f %f
\n',real(Z12),imag{z12));

fprintf (fid w,'Z222 Real and Imaginer parts: %f %f
\n',real(222),imag(z222));

$Calculation of theoretical noise parameters of feedback two-port

Rnt=Rn* (abs (D1))"*2;
Yct=(Rn* (conj (D1) ) * (Ycor+El))/ (Rnt) ;
Gut=Gu+Rn* ( (abs (El+Ycor) )”~2)-Rnt* (abs (Yct) ) *2;

%Calculation of measurable noise parameters of feedback two-port

Yoptt=sqrt ( (Gut/Rnt)+(real (Yct))”*2)-(j*imag(¥Yct));
Zoptt=1/Yoptt;
Fmint=1+2*Rnt* (real (Yct) +real (Yoptt));
Rn=Rnt;

Yc=Yct;

Gu=Gut;

Fmin=Fmint;

Zopt=Zoptt;

Zoptm=abs (Zopt) ;

Zopta=angle (Zopt) ;

Ropt=real (Zopt) ;

Xopt=imag (Zopt) ;

end;

end; %end of com==1

R R R R EEEEEEEEEEEEEEEEEEEE LT LT Tt i i A R R R R R R R R R R R R R R R R A R R R A A
$%End of calculation for parallel feedback two-port

LR R R R R R LR L LR R R R L L L L R e R R AR R R R R R R R R R AR R R A b A R A R Rk
R LR L LR LR LR LR L L L LR LR A R R R R L R R R R R R R R LR R R R L R

L R A A R R R R R R R R R R R R R R L A L R R R R AR R R R R R R R L AR R R R A A R R
% Combined Feedback section '
AR A R A A A R R R R R R R R R R L L L R LR LR L L LR LR R R R R R LR R AL A

if com==
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Xseri=omega*L; %serial inductance

Z11lg=(j*Xseri)/50;
212g=(j*Xseri)/50;
Z21g=(j*Xseri)/50;
222g=(j*Xseri)/50;

paydaseri=Z21+Z221qg;
Al=(211g*Z21-221*721g) /paydaseri;
Bl=Z21/paydaseri;

A2=-271;

B2=Z21lg/paydaseri;

Z211=7Z11+Z11g;

212=7212+Z12g;

Z21=221+Z21qg;

222=7222+7222qg;

%Calculation of theor. noise parameters of feedback two-port(serial
feedback)

Rnt=(Rn* ( (abs (1+Ycor*Al))*2))+{(abs (Al))"*2*Gu) ;
Yct=(Rn*Ycor*Bl* (1+conj (Ycor*Al) ) +Gu*conj (Al) *Bl)/ (Rnt) ;

Gut=((abs (Bl))"2)* (Gu+Rn* { (abs (Ycor))"2) )~ (Rnt* ((abs (Yct) ) "*2));
Rn=Rnt;

Gu=Gut;

Xpara=-1/ (omega*c) ; $paralell capacitance

deltaz=211*222-212*221;

Y11=222/deltaz;

Y12=-Z12/deltaz;

Y21=-%721/deltaz; .
Y22=7211/deltaz;

%$Normalization
Zg=(j*Xpara)/50;

Yllg=1/%g:
Y12g=-1/29;
Y21g=Y1l2g;
Y22g=Yllg;

%z-parameters of equivalent 2-port

paydapara=Y21+Y21lg;
El=(Yllg*Y21-Y11*Y21g) /paydapara;
Dl=Y21l/paydapara;

E2=-El;

D2=Y21lg/paydapara;

Y11=Y11+Y1llg;
Y12=Y12+Y12g;
Y21=Y21+Y¥21g; )



\n');
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Y22=Y22+4Y22g;
deltay=Y11*Y22-Y12*Y21;

Z211=Y22/deltay;
Z12=-Y12/deltay:;
721=-Y21/deltay;
722=Y1l/deltay:;

R1ll = real(Z1ll); X11 = imag(Z11);
R21 real (Z221); X21 imag(z21);
R12 real (z212); X12 imag(212);
R22 = real(Z222); X22 = imag{z222);

fprintf(fid w, 'Paralel Geribeslemeli Egdeder 1ki Kapili Parametreleri

fprintf(fid w,'Z211 Real and Imaginer parts: %f %f

\n',real(z1l),imag(211));

fprintf (fid w, 'Z21 Real and Imaginer parts: %f %f

\n',real (221),imag(221));

fprintf(fid w, 'Z12 Real and Imaginer parts: %f %f

\n',real(z12),imag(212));

fprintf(fid w, 'Z222 Real and Imaginer parts: 3%f %f

\n', real (222),imag (222));

%Calculation of theor. noise parameters of feedback two—port(paréllel

feedback)

Rnt=Rn* (abs (D1))"2;
Yct=(Rn* (conj (D1l)) * (Ycor+El))/{(Rnt) ;
Gut=Gu+Rn* ( (abs (El+Ycor) )”*2)-Rnt* (abs (Yct))"*2;

$Calculation of meas. noise parameters of feedback two-port

Yoptt=sqrt((Gut/Rnt)+(real (Yct))"2)-(j*imag(Yct)):
Zoptt=1/Yoptt;
Fmint=142*Rnt* (real (Yct)+real (Yoptt));
Rn=Rnt;

Ye=Yct;

Gu=Gut;

Fmin=Fmint;

Zopt=Zoptt;

Zoptm=abs (Zopt) ;

Zopta=angle (Zopt) ;

Ropt=real (Zopt) ;

Xopt=imag (Zopt) ;

end; \

3352229952099 222%2%%2%202222%%88%%0%22224B22L292842%%280999%%%%%%%

%

End of Combined Feedback

R R LR R R R R R R LR L LR LR LR R R R R R R R R R R R R R L R LR R R R R Rk R R Rk R R R AR A

%
N

Center phasor and radius of the noise circles are calculated $%
= ((Freq - Fmin)*(Zoptm"2)) / (2*Rn);

Ren = Ropt + N ¢
Xen = Xopt;
Zcn=Rcn+i*Xcn;

rrn

U

= sqgrt (N* (N + 2*Ropt));
= (1 + Rmod"2) / C;
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= 2*Rmod / C;

% Tl and T2 Circle Definitions %

Rctl = Ren*U + rn*Vv;
Xctl = -Xopt;
Zctl = Rectl + i*Xctl;

Zetlm = abs (Zctl);
Zctla = angle(Zctl);

rtl = sqrt((Zctlm*2) - (Zoptm™2));
Rct2 = Ren*U - rn*Vv;

Xct2 = -Xopt;

Zct2 = Ret2 + i*Xct2;

Zct2m = abs (Zct2);
Zct2a = angle(Zct2);
rt2 = sqrt( (Zct2m”2)-(Zoptm™2));

fprintf{'Freq, Fmin, Ropt,Xopt, Rn, Rmod, N, Rcn, Xen, rn, Retl,Xctl, rtl,Rct2,Xct2, ¢
t2: %f %f %f %f %f %f %f %f %f %f %f %f %f %f %f %f %%
$f\n', Freq, Fmin, Ropt,Xopt,Rn, Rmod, N, Ren, Xcn, rn, Retl,Xctl, rtl, Ret2, Xct2, rt2)

.
r

fprintf(fid w, 'Freq, Fmin,Ropt, Xopt, Rn, Rmod, N, Ren,Xcn, rn, Rctl,Xctl, rtl,Ret2,
Xct2,rt2: %f %f 3f %f %f %f %f %f %f %f %f %f ®f %f %f %Ef &£

$f\n\n', Freq, Fmin, Ropt, Xopt, Rn, Rmod, N, Ren, X¢n, rn, Rctl,Xctl, rtl, Ret2, Xct2 rt
2);

% Noise Figure checking
if Fmin > Freq
fprintf('Error: Fmin > Freq, skip to the next input value\n');
fprintf(fid w, '\nWarning: Fmin > Freq, skip to the next input
value\n');

% exit loop {matlab stops here)
break;
end

% Tl and T2 Circle Drawing %
Zil = Zctl + rtl*exp(i*teta);
2i2 = Zct2 + rt2*exp(i*teta);
Ril = real(Zil);

Xil = imag(Zzil);
Ri2 = real(Zi2);
Xi2 = imag(Zi2);

% Pre-Defined Values %
Z = 212*7221;

R = real(2);

X = imag(Z);

Q

= 2*R11*R22 - R

COEFS = (abs(212)"2)/(2*R22*C);

ita = Q/abs{Z);

GT_Negative=0 % assume that GT always pozitive (1 --> Negative) %

if R11>0 & R22>0 & ita>l % Stability: if %

% Unconditional stability %

fprintf ('Unconditional stability: R11>0 & R22>0 & ita>1l\n'):;
fprintf(fid_w,'\nUnconditional stability: R11>0 & R22>0 & ita>I1\n'):;
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fprintf('R11,R22,ita = %£,%£f,%f \n ',R11,R22,ita);
fprintf(fid w,'R11,R22,ita = %f,%f,%f\n',R11,R22,ita};

% Calculating values for Required GT value in Unconditional stability
case

P=(abs(212)72/C)* (10~ (GTDBreg*0.1)); % GTDBreqg converted to
dimentionless %

RCGreq (Q - P)/(2*%R22);

XCGreq (2*¥X11*R22-X)/ (2*R22) ;

ZCGreqg = RCGreq + i*XCGreq;

rgreq = (sqrt(P*2-2*Q*P+abs(Z)"2))/(2*R22);

% GTDBreq Circle %

ZCGTreq= ZCGreg+rgreqg*exp(i*teta);
RCGTreg=real (ZCGTreq) ;
XCGTreg=imag (ZCGTreq) ;

% Find out the intersection of two circles

InstersectionExist=1;

fprintf ('GTDBreq, Tl and T2 circles:\n');

fprintf ('RCGreq= %f, XCGreq= %£f£, rgregq= %f\n’',RCGreq,XCGreq, rgreq);

fprintf('Retl= %f, Xctl= %f, rtl= %f\n',Rctl,Xctl, rtl); '

fprintf ('Ret2= %f, Xct2= %f, rt2= %f\n',Rct2,Xct2,rt2);

fprintf(fid w, 'GTDBreq, Tl and T2 circles:\n');

fprintf(fid w, 'RCGreq= %f, XCGreq= %f, rgreqg=
%f\n',RCGreq, XCGreq, rgreq) ;

fprintf(fid w, 'Rctl= %f, Xctl= %f, rtl= $f\n',Rctl,Xctl, rtl);

fprintf(fid w, 'Rct2= %f, Xct2= %f, rt2= %$f\n',Rct2,Xct2,rt2);

[RintT1l,XintT1l]=circlint (RCGreq,XCGreq, rgreq, Rctl,Xctl, rtl);
ZireqT11=RintT1 (1)+i*XintT1(1);
ZireqT12=RintT1(2)+i*XintT1(2);

fprintf('l. Intersection point on Tl; RintTl= %f: XintTl=
$f\n',RintT1(1),XintT1(1));

fprintf(fid w,'l. Intersection point on T1l; RintTl= %f: XintTl=
$f\n',RintT1(1),XintT1(1));

fprintf('2. Intersection point on Tl; RintTl= %f: XintTl=
%f\n',RintT1(2),XintT1(2));

fprintf(fid w,'2. Intersection point on T1l; RintTl= %f: XintTl=
$f\n',RintT1(2) ,XintT1(2));

fprintf('ZireqTll Value: real and imaginer part = %f
%f\n',RintT1 (1) *50,XintT1 (1) *50); .
fprintf(fid w, 'ZireqTll Value: real and imaginer part = %f
%f\n',RintT1 (1) *50,XintT1 (1) *50);

fprintf('Z2ireqT1l2 Value: real and imaginer part = $f
%f\n',RintT1(2)*50,XintT1 (2)*50);

fprintf(fid w, 'ZireqT1l2 Value: real and imaginer part = $£

$f\n',RintT1(2)*50,XintT1(2)*50);

[RintT2,XintT2]=circlint (RCGreq,XCGreq, rgreq, Rct2,Xct2, rt2);
ZireqT21=RintT2(1)+i*XintT2(1l); % two intersection points on T2 %
ZireqT22=RintT2 (2) +i*XintT2 (2);

fprintf('l. Intersection point on T2; RintTZ2= %f: XintT2=
%$f\n',RintT2 (1) ,XintT2{1));

fprintf(fid w,'l. Intersection point on T2; RintT2= %f: XintT2=
%f\n',RintT2 (1) ,XintT2(1));
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fprintf('2. Intersection point on T2; RintT2= %f: XintT2=
%f\n',RintT2 (2),XintT2(2)); .

fprintf(fid w, '2. Intersection point on T2; RintT2= %f: XintT2=
$f\n',RintT2(2),XintT2(2));

fprintf('ZireqT21l Value: real and imaginer part = $f
%f\n',RintT2 (1) *50,XintT2 (1) *50);

fprintf(fid w, 'ZireqT21 Value: real and imaginer part = %£
%f\n',RintT2(1)*50,XintT2 (1) *50) ;

fprintf ('ZireqT22 Value: real and imaginer part = $f
$f\n',RintT2(2) *50,XintT2 (2)*50) ;

fprintf (fid w, 'ZireqT22 Value: real and imaginer part = $f

$f\n',RintT2 (2) *50,XintT2 (2) *50) ;

if ~isnan(ZireqTl1l) & ~isnan(ZireqTl2) & ~isnan(ZireqT2l) &
~isnan (ZireqT22) % GTreq cuts both T1 and T2
fprintf ('GTreq cuts both Tl and T2\n');
fprintf(fid _w, 'GTreq cuts both Tl and T2\n');
elseif ~isnan(ZireqTll) & ~isnan(ZireqT1l2)
% GTreqg cuts only T1
fprintf ('GTreq cuts only TI1\n');
fprintf (fid w, 'GTreq cuts only Tl\n');
elseif ~isnan{ZireqT21) & ~isnan(ZireqT22)
% GTreqg cuts only T2
fprintf('GTreq cuts only T2\n');
fprintf(fid w, 'GTreq cuts only T2\n');
else
% GTreq does not cut Tl or T2
fprintf ('GTreq does not cut Tl or T2\n');
fprintf(fid w, 'GTreq does not cut Tl or T2\n'});
InstersectionExist=0;
ZSreg= NaN+i*NaN;
ZLreg= NaN+i*NaN;
% break;
end

RCS -(2*R11*R22-R)/ (2*R22) ;
XCs - (2*X11*R22-X)/ {2*R22) ;
ZCS = RCS + 1i*XCS;

rs = abs(Z2)/(2*R22);

ZCSC = conj (ZCS)

I

% Conjugate Source Stability Circle (CSSC) %
Zi3 = ZCSC + rs * exp(i*teta);

Ri3 real (Z2i3);

Xi3 = imag(Zi3);

% Input Stability Circle (ISC) (ZCINPUT = -RCS - 1*XCS; rINPUT=rs) %

ZCINPUT = —-RCS - i*XCS;

Zi5 = ZCINPUT + rs * exp{i*teta);
Ri5 = real(Zi5);

Xi5 = imag(Zi5);

% GT Circles %
XCG = (2*X11*R22-X)/(2*R22);
GTMAX= (Q-sqrt (Q*2-abs (2) ~2)*C) / (abs (Z12)"2) ;

for k=1:6
y(k)=(k-1)* (GTMAX/5) ;
P(k)=(abs(z12)"2*y(k))/C;
RCG(k) = (Q - P(k))/(2*R22);
ZCG(k) = RCG(k) + i*XCG;
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rg(k) = (sqgrt(P(k)”"2-2*Q*P(k)+abs(Z)"2))/(2*R22);
end

ZCGl = ZCG(1l);rgl = rg(l);
ZCG2 ZCG(2);rg2 = rg(2);
ZCG3 = ZCG(3):;rg3 = rg(3):;
ZCG4 ZCG(4);rgd = rg(4);
ZCG5 ZCG(5) ;xg5 = rg(5);
ZCG6 = ZCG(6) ;rg6 = rg(6);

Z2i41 = ZCGl + rgl * exp(i*teta);

Ri4l = real(zidl);Xid4l = imag(Zidl);
2i42 = ZCG2 + rg2 * exp(i*teta);

Rid2 = real(Zid2);Xid42 = imag(Zid2);
Z2i43 = ZCG3 + rg3 * exp(i*teta);

Ri43 = real (Zi43);Xid43 = imag(Zi43);
Zi44 = 7ZCG4 + rg4 * exp(i*teta);

Rid4d = real (Zid4);Xid4 = imag(Zid4d);
Zi45 = ZCG5 + rg5 * exp(i*teta);

Rid5 = real (Zidb);Xid5 = imag{zi45);
Zi46 = ZCG6 + rg6 * exp(i*teta):; '

Ri46 = real(Zid6);Xid6 = imag(zid6);

% Conserning Solution %

RCGmax = sqrt(Q*2-abs(2)”2)/(2*R22);
XCGmax = XCG;

ZCGmax = RCGmax + i*XCGmax;

fprintf('ZCGmax (%3f %£f),Z2ctl(%f %£f), Zct2(%f
$f)\n',RCGmax, XCGmax,Rctl, Xctl, Rct2, Xct2):
fprintf('rtl %£, rt2 %$f\n',rtl, rt2);
fprintf(fid_w, 'ZCGmax (3£ %f),Zctl(%f 3%f), Zct2(%f
$f)\n',RCGmax, XCGmax,Rctl, Xctl, Rct2, Xct2);
fprintf (fid w,'rtl %£, rt2 %f\n',rtl, rt2);

if abs(ZCGmax—-Zctl) > rtl % Conserning Solution %

fprintf('abs (ZCGmax-Zctl) > rtl: ZCGmax in Region-1 (tangent case -
-> GTmax)\n');

fprintf(fid w, 'abs (ZCGmax-Zctl) > rtl: ZCGmax in Region-1 (tangent
case —--> GTmax)\n'):

% Zcgmax in Region-1 %
% GTMAX value; absolute stability and Zcgmax in Region-1 (tangent
case --> GTmax) %

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
GTMC= (Q-sqgrt (Q*2-abs (Z)*2) *C)/ (abs (212)"2);
else
D=(R22*abs (Z11)~2-R*R11-X*X11) /R22+abs (Zopt)*2;
E=(D*R22-Rctl* (2*R11*R22-R)-2*Xct1*XCG*R22) /rtl;
F=Rctl/rtl;

GTpayn=C* (Q+E*F-sqrt ( ( (Q+E*F) *2- (1-F*2) * (abs (Z) "2-E"2))));
GTpayda=(abs (Z212) *2* (1-F"2));
GTMC=GTpayn/GTpayda;

end

P=(abs (212)"2/C) *GTMC;
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RCGmax = (Q - P)/(2*R22);
XCGmax = XCG;
ZCGmax = RCGmax + i*XCGmax:;
rgmax = (sqrt (P"2-2*Q*P+abs (2)"2) )/ (2*R22);

% GTmax Circle %
ZCGTM= ZCGmax+rgmax*exp (i*teta);
RCGTM=real (ZCGTM) ;
XCGTM=imag (ZCGTM) ;

% Load and Source impedance calculation; Zcgmax in Region-1 %
% Zi value %
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj (Zi)
Zi=conj (Zopt) ;

else
Zi=(((rgmax/ (rtl+rgmax))*Zctl)+{{(rtl/ (rtl+rgmax))*z2CGmax)) ;
end
fprintf('Zi Value: real and imaginer part = 8t
%$f\n',real (Zi)*50,imag(Zi)*50); ) !
fprintf(fid w, 'Zi Value: real and imaginer part = %f

%f\n',real(Zi):SO,imag(Zi)*SO);

% fprintf(fid w,'Q %f,P %f,abs(2) %f, rgmax $f, rtl
%f,Zctl (%f,%f),Z2C6max (%f,%£f)\n',Q,P,abs (Z), rgmax, rtl, real (Zctl),imag(Zctl),
real (ZCGmax) ,imag (ZCGmax) ) ;

% ZL value %
ZL=((212*221)/(211-21i)-7222);

fprintf('ZL Value: real and imaginer part = %t
$f\n', real (ZL) *50,imag (ZL) *50) ;
fprintf(fid w, 'ZL Value: real and imaginer part = %t

%f\n',real (Z2L)*50,imag(ZL) *50) ;

% ZS values %
Rcv=(1+Rmod”2) *real (Zi) /C;
Xecv=-imag(zi);

Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (2i)/C;
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
ZS=Zopt; ,
else
Z8={({(rn/ (rn+rv)) *Zcv)+((rv/ (rv+rn) ) *Zcn));
end
fprintf('ZS Value: real and imaginer part = $f
%$f\n',real (2s)*50,imag(ZS)*50);
fprintf(fid w,'ZS Value: real and imaginer part = $f

%f\n',real (2S)*50, imag (ZS) *50) ;

% MAG value; absolute stability and Zcgmax in Region-1 (Rmod=0-->

MAGndB= (Q-sqrt (Q*2-abs (Z)*2))/ (abs (212)"2);
MAG=10*1ogl0 (MAGndB); % MAG in dB %

fprintf ('MAG Value (dB) = %f\n',MAG);
$fprintf (fid w, 'MAG Value (dB) = %f\n',MAG);
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% GTMAX value; absoclute stability and Zcgmax in Region-1 %
GTMAX=10*10gl0 (GTMC) ;
GTMIN=0; % in dB %

if GTMAX > MAG % MAG is the available maximum gain %
GTMAX=MAG;
end;

fprintf ('GTMAX Value (dB) = %f\n',6K GTMAX);
fprintf (fid_w, 'GTMAX Value (dB) = %$f\n', GTMAX) ;
fprintf('GTMIN Value (dB) = %f\n',GTMIN);
fprintf(fid_w, 'GTMIN Value {dB) = %$f\n',GTMIN); .

% Define values to plot f-GTmax %
x_f(counts)=f;

y _gtmax (counts)=GTMAX;
y_gtreq(counts)=GTDBreq;

z_gtmin (counts)=GTMIN;

% fid w will be open in empcal.m
fclose(fid w);

% Caluclate empedances on Tl and T2 intersection points and other points
Region-3
if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to

claculation in Region-3

[ZLreq, ZSreq]=empcal (ZireqTl1l, ZireqTl12,ZireqT21,ZireqT22,211,212,221,222,Rm
od, C, Zopt, teta, Ren, Xen, rn, RCGreq, XCGreq, rgreq, Rct2,Xct2, rt2,Retl, Xctl, rtl, R

i1,

T1,

Xil,Ri2,Xi2,step_for_sample_on_circle,switch_for_plot)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) %
T2,Vi.F are a point
% open fid w for append ‘
fid w = fopen('out_int.txt',6 'at+'); % write output to a file %

% Zi value %
fprintf('ZireqTll=ZireqT12=ZireqT21=ZireqT22= Value: real and

imaginer part = $%f\n',6 real(ZireqT11l)*50,imag(Z2ireqT11)*50);

fprintf(fid w, 'ZireqTll=ZireqT12=ZireqT21=ZireqT22= Value: real and

imaginer part = %f\n', real (ZireqT1l)*50,imag (ZireqT11)*50) ;

% ZLreq value %
ZLreql=((212*221)/{Z11-ZireqT1l)-222);

% ZLreqg value %
fprintf ('ZLregl Value: real and imaginer part = %£

$f\n', real (ZLreql) *50,imag(ZLreql) *50} ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = $f

%f\n',real(ZLreqlT*50,imag(ZLreq1)*50);

% ZSreq value %
ZSreg=Zopt;

% ZSreq value %
fprintf('ZSreq Value: real and imaginer part = %t

$f\n', real (ZSreq) *50,imag (ZSreq) *50) ; )
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fprintf(fid_w, 'ZSreq Value: real and imaginer part = $f
$f\n’', real (ZSreq) *50, imag (ZSreq) *50) ;

% fid w will be open in empcal.m
fclose (fid w);

ZLreg=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) $ Tl and T1
identical, Zs=Zopt
% open fid w for append )
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f 3%f,
ZireqT1l2=ZireqT22 Value: real and imaginer part = %f
$f\n', real (ZireqTl1ll)*50,imag(2ireqT11l)*50,real (ZireqT12)*50,imag(ZireqT12)*
50);

fprintf(fid w, 'ZireqTll=ZireqT2l Value: real and imaginer part = %f
$f, ZireqTl2=ZiregT22 Value: real and imaginer part = %£
%f\n', real {ZireqTll) *50,imag(ZireqT11l) *50, real (ZireqT12) *50,imag (ZireqT12)*
50) ¢

% ZLreq value %
ZLreql=((212*7221)/(z11-ZireqTl1l)-222) ;
ZLreq2=((212*%21)/(211-2ireqT12)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = $f
%$f\n',real (ZLreql) *50, imag (ZLreql) *50) ;
fprintf(fid w, 'ZLreql Value: real and imaginer part = $f
$f\n', real (ZLreql) *50, imag (ZLreqgl) *50) ;
fprintf('ZLreq2 Value: real and imaginer part = %t
%f\n', real (ZLreq2)*50,imag(ZLreq2) *50) ; '
fprintf (fid w, 'ZLreq2 Value: real and imaginer part = $f

$f\n', real (ZLreg2) *50, imag (ZLreqg2) *50) ;

% ZSreq value %
ZSreq=Zopt:;

% ZSreq value %

fprintf('Z28req Value: real and imaginer part = 3f
$f\n', real (ZSreq) *50,imag{ZSreq) *50) ;
fprintf (fid w, 'ZSreq Value: real and imaginer part = %t

%f\n',real(ZSreq);SO,imag(ZSreq)*50);

% fid w will be open in empcal.m
fclose(fid w);

ZLreqgq=ZLreqgl; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Vireg == 1) % Tl and T1
identical, Zs=conj(2i)

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %
% Zi value % '
fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqTl2=ZireqT22 Value: real and imaginer part = 3%f



121

$f\n',real (ZireqT1l1l)*50,imag(ZireqT11)*50, real (ZireqT1l2)*50,imag{ZireqT12)*
50);

fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
%f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
%f\n', real (ZireqT1ll)*50,imag(ZireqT1l)*50, real {ZireqT12) *50, imag (ZireqTl2)*
50) ;

% ZLreq value %
ZLreql=((Z12*221)/(211-ZireqT1l)-222);
ZLreq2=((Z12*7Z21)/(Z11-ZireqT12)-222);

% Zlreq value %

fprintf('ZLreqgl Value: real and imaginer part = $f
%f\n', real (ZLreql) *50,imag (ZLreql) *50) ; '
fprintf(fid w, 'ZLreql Value: real and imaginer part = $f
%f\n',real (ZLreql) *50, imag (ZLreql) *50) ;
fprintf('ZLreqg2 Value: real and imaginer part = $f
$f\n', real (ZLreq2) *50,imag(ZLreq2) *50) ;
fprintf (fid w, 'ZLreg2 Value: real and imaginer part = $f

%f\n',real (ZLreq2) *50, imag (ZLreq2) *50) ;
% ZSreqg value %
ZSreql=conj (ZireqgT1ll);
ZSreqg2=conj (ZireqT1l2) ;

% ZSreq value %

fprintf('zZSreql Value: real and imaginer part = $f
%$f\n', real (ZSreql) *50, imag (ZSreql) *50) ;

fprintf(fid w, 'ZSreql Value: real and imaginer part = %f
$f\n', real (Z2Sreql) *50, imag (ZSreql) *50) ;

fprintf ('ZSreqg2 Value: real and imaginer part = $f
%f\n', real (ZSreq2) *50, imag (ZSreq2) *50) ;

fprintf (fid w, 'ZSreq2 Value: real and imaginer part = %£

%f\n',real(ZSrquT*SO,imag(ZSrqu)*50);

% fid w will be open in empcal.m
fclose(fid w);

ZLregq=ZLreqgl; % print the first one in the intersection %
ZSreg=ZSreqgl; % print the first one in the intersection %

else

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

fprintf('No solution in Region-3: (InstersectionExist = 0) |
(Vireq = 1) | (Freq = Fmin)\n');

fprintf(fid w, 'No solution in Region-3: (InstersectionExist = 0)
| (Vireg = 1) | (Freq = Fmin)\n');

% fid w will be open in empcal.m
fclose(fid_w);

ZSreg= NaN+i*NaN;
ZLreg= NaN+i*NaN;

end;

% fprintf(fid w g,'%f 3f 3f %L %f %f
%f\n’', £, GTMAX, GTMIN, real (ZL) *50,imag (ZL) *50, real (ZS) *50, imag (ZS) *50),; %
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fprintf(fid w g, '%f %f %f %f %f %f %f %f %f &L %f *f
%$f\n',Vireq, FdB, £, GTMAX, real (ZL) *50,imag (ZL) *50, real (ZS) *50,imag (ZS) *50,
GTDBreq, real (ZLreq) *50, imag (ZLreq) *50, real (ZSreq) *50,imag (ZSreq) *50) ;

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

elseif abs (Z2CGmax-Zctl) == rtl
fprintf ('abs {ZCGmax-Zctl) == rtl: ZCGmax in Region-2\n');
fprintf (fid w, 'abs (Z2CGmax-Zctl) == rtl: ZCGmax in Region-2\n"');

% Zcgmax in Region-2 §
% GTMAX value; Zcgmax in Region-2 %
GTMC=(Q-sqrt (Q*2-abs (Z)*2)*C) / (abs (212)"2);

% GTmax Circle (a point )% \
rgmax=0;
ZCGTM= ZCGmaxtrgmax*exp (i*teta):;
RCGTM=real (ZCGTM) ;
XCGTM=imag (ZCGTM) ;

% Load and Source impedance calculation; Zcgmax in Region-2 %
% Zi value %
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
Zi=conj (Zopt):

else
Zi=7ZCGmax;
end
fprintf('Zi Value: real and imaginer part = $f
%f\n',real (Zi)*50,imag(Z2i) *50);
fprintf(fid w,'Zi Value: real and imaginer part = $£

%f\n', real (%2i)*50,imag(Zi)*50) ;

% ZL value %
Z1=((212*7221)/(211-2i)-222);

fprintf ('ZL Value: real and imaginer part = %f
%f\n',real (ZL)*50,imag (ZL) *50) ; '
fprintf(fid_w, 'ZL Value: real and imaginer part = %f

%f\n',real (ZL) *50,imag(ZL) *50) ;

% 28 values %
Rcv=(1+Rmod”2) *real (Zi) /C;
Xcv=-imag(2i);

Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (Zi) /C;
if (Vireqg == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj (Zopt), Zcv=conj(Zi)
z5=Zopt;
else
2S=(((rn/ (rn+rv))*Zecv)+((rv/ (rv+rn))*Zcn));
end
fprintf('Z5 Value: real and imaginer part = $f
$f\n', real (ZS)*50,imag(ZS)*50);
fprintf(fid w,'ZS Value: real and imaginer part = $£

$f\n', real (ZS) *50,imag (ZS) *50) ;
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% MAG value; absolute stability and Zcgmax in Region-2 (Rmod=0-->

C=1) %

oo

in

MAGndB= (Q-sqrt (Q"2-abs (Z)*2))/(abs (212)"2);
MAG=10*1oglO(MAGndB); % MAG in dB %

fprintf ('MAG Value (dB) = %f\n',MAG);
$fprintf(fid w, 'MAG Value (dB) = $f\n',MAG) ;

% GTMAX value; absolute stability and Zcgmax in Region-2 %
GTMAX=10*10gl0 (GTMC}) ;
GTMIN=0; % in dB %

if GTMAX > MAG % MAG is the available maximum gain %
GTMAX=MAG;
end;

fprintf ('GTMAX Value (dB) = %f\n',GTMAX):;
fprintf (fid w, 'GTMAX Value (dB) = %f\n',6GTMAX);
fprintf ('GTMIN Value (dB) = %f\n',GTMIN);
fprintf (fid w,'GTMIN Value (dB) = %f\n',GTMIN);

% Define values to plot f-GTmax %
x_f(counts)=f;

y_gtmax (counts)=GTMAX;
y_gtreq(counts)=GTDBreq;

z_gtmin (counts)=GTMIN;

% fid w will be open in empcal.m
fclose(fid_w);

% Caluclate empedances on Tl and T2 intersection points and other points
Region-3
if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to

claculation in Region-3

[ZLreq, ZSreq]=empcal (ZireqT1l,ZireqT12,ZireqT21,ZireqT22,211,212,%221,%222,Rm

od,

C,Zopt, teta,Rcn,Xcn, rn, RCGreq, XCGreq, rgreq, Rct2,Xct2, rt2,Retl, Xctl, rtl,R

il,Xil,Ri2,Xi2,step for sample on_circle,switch_for plot)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) %

T1,T2,Vi.F are a point

% open fid w for append
fid w = fopen('out int.txt','at+'); % write output to a file %

% 2i value %
fprintf('ZireqTl1=ZireqT12=2ireqT21=72ireqT22= Value: real and

imaginer part = %f\n',real(ZireqT11l)*50,imag(ZireqT11)*50);

fprintf(fid w, 'ZireqTll=2ireqTl2=ZireqT21=Z2ireqT22= Value: real and

imaginer part = %f\n',real(ZireqT11l)*50,imag(ZireqT11)*50);

% ZLreq value %
ZLreql=((212*221)/(211-ZireqT1l)-222);

% ZLreq value %
fprintf('ZLreql Value: real and imaginer part = %f

$f\n',real {ZLreql) *50,imag(ZLreql) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = 3£

$f\n', real (ZLreql)*50, imag(ZLreqgl) *50) ;



124

% ZSreq value %
ZSreq=Zopt:;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = %f
%$f\n', real {ZSreq) *50, imag {ZSreq) *50) ;
fprintf(fid w, 'ZSreq Value: real and imaginer part = $£

%f\n', real (ZSreq) *50,imag(ZSreq) *50) ;

% fid w will be open in empcal.m
fclose(fid w);

ZLreqg=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % Tl and T1
identical, Zs=Zopt

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqT1l2=ZireqT22 Value: real and imaginer part = %f .
$f\n',real (ZireqT11l) *50,imag (ZireqTl1ll) *50, real (ZireqT12) *50, imag (ZireqT12) *
50);

fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
%f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
$f\n', real (ZireqT11l)*50,imag(ZireqT11) *50, real (ZireqT12) *50, imag (ZireqT12) *
50) ;

% Zlreq value %
ZLreql=((Z12*Z21)/(z211-ZireqT11)-222);
ZLreq2={(212*221)/{211~-ZireqT1l2)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = $£
$f\n’',real (ZLreql) *50,imag(ZLreql) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = $f
%f\n', real (ZLreql) *50, imag (ZLreqgl) *50) ;

fprintf ('ZLreq2 Value: real and imaginer part = %£
%f\n', real (ZLreqg2)*50,imag (ZLreqg2) *50) ;

fprintf(fid w,'ZLreg2 Value: real and imaginer part = £

$f\n', real (ZLreq2) *50, imag (ZLreqg2) *50) ;

% ZSreq value %
ZSreqg=Zopt;

% ZSreq value %

fprintf('Z3req Value: real and imaginer part = $£
%f\n', real (ZSreq) *50,imag (ZSreq) *50) ;
fprintf(fid w, 'Z5req Value: real and imaginer part = $£

%f\n',real(ZSreq);SO,imag(ZSreq)*50);

% fid w will be open in empcal.m
fclose(fid w);

ZLreg=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Vireq == 1) $ Tl and T1
identical, Zs=conj(Zi)
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% open fid w for append
fid w = fopen{'out_int.txt',6'at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqTl2=ZireqT22 Value: real and imaginer part = %f
%f\n', real (ZireqT1l1l) *50, imag(ZireqT1l) *50, real (ZireqT12) *50, imag (ZireqT12)*
50);

fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = 3%f
%f, ZireqT1l2=ZireqT22 Value: real and imaginer part = $%f
%f\n',real(Zirequl)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*
50);

% ZLreq value %
ZLregl=((212*221)/(Z211-ZireqT11)-222);
ZLreq2=((Z12*721)/(211-2ireqT12)-222);

% ZLreq value %

fprintf('ZLreqgl Value: real and imaginer part = $f
%f\n', real (ZLreql)*50, imag(ZLreql) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = %f
%f\n',real (ZLreql) *50, imag (ZLreql) *50) ;

fprintf('ZLreq2 Value: real and imaginer part = $f
$f\n', real (ZLreqg2) *50, imag (ZLreq2) *50) ;

fprintf(fid w, 'ZLreq2 Value: real and imaginer part = 3f

$f\n', real (ZLreq2)*50, imag (ZLreq2) *50) ;
% ZSreq value %
ZSreql=conj (2ireqTll);
ZSreg2=conj (2ireqTl2);

% ZSreq value %

fprintf('ZSreql Value: real and imaginer part = $f
%f\n', real (ZSreql) *50,imag (ZSreql) *50) ; \
fprintf(fid w, 'ZSreql Value: real and imaginer part = $f '
$f\n', real (ZSreqgl) *50,imag (ZSreql) *50) ;
fprintf('ZSreg2 Value: real and imaginer part = $f
%f\n', real (Z5req2) *50, imag (ZSreqg2) *50) ;
fprintf(fid w, 'ZSreqg2 Value: real and imaginer part = %f

%f\n', real (ZSreg2)*50, imag (ZSreq2) *50) ;

% fid w will be open in empcal.m
fclose (fid w);

ZLreg=ZLreql; % print the first one in the intersection %
ZSreg=ZSreqgl; % print the first one in the intersection %

else

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

fprintf('No solution in Region-3: (InstersectionExist = 0) |
(Vireq = 1) | (Freq = Fmin)\n'):;

fprintf(fid w, 'No solution in Region-3: (InstersectionExist = 0)
| (Viregq = 1) | (Freq = Fmin)\n');

% fid w will be open in empcal.m ,
fclose(fid w);

Z3Sreqg= NaN+i*NaN;
ZLreg= NaN+i*NaN;
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end;

% fprintf(fid w g,'%f %f %f %f %f &f
$f\n', £, GTMAX, GTMIN, real (ZL) *50, imag (ZL) *50, real (ZS) *50,imag(ZS) *50); %
fprintf (fid w_g,'%f %f %f &£ %f %f %f %f %f %f %f *f
$f\n',Vireq, FdB, £, GTMAX, real (ZL) *50, imag (2L) *50, real (Z5) *50, imag (Z25) *50,
GTDBreq, real (ZLreq) *50, imag (ZLreq) *50, real (ZSreq) *50, imag(ZSreq) *50) ;
% open fid w for append )
fid w = fopen('out_int.txt','at+'); % write output to a file %

elseif (abs (ZCGmax—-Zctl) < rtl) & (rt2 < abs(ZCGmax-Zct2))

fprintf (' (abs (ZCGmax-Zctl) < rtl) & (rt2 < abs(ZCGmax-Zct2)):
ZCGmax in Region-3\n'):;

fprintf (fid_w, ' (abs (ZCGmax-Zctl) < rtl) & (rt2 < abs(ZCGmax-
Zct2)): ZCGmax in Region-3\n');

% Zcgmax in Region-3; GTmax=GTMAX $%
% GTMAX value; absolute stability and Zcgmax in Region-3 %
GTMC=(Q-sqrt (Q*2-abs (Z)"~2)*C) / (abs (212)"2) ;

% GTmax Circle (a point )%
rgmax=0;
ZCGTM= ZCGmax+rgmax*exp (i*teta);
RCGTM=real (ZCGTM) ;
XCGTM=imag (ZCGTM) ;

% Load and Source impedance calculation; Zcgmax in Region-3 %
% 2i value %
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
Zi=conj (Zopt) ;

else
2i=2CGmax;
end
fprintf('Zi Value: real and imaginer part = %t
$f\n',real (Zi)*50,imag(Zi) *50) ;
fprintf(fid w, 'Zi Value: real and imaginer part = Sf

$f\n',real (%i)*50, imag (Zi)*50) ;

% ZL value %
ZL=((Z212*2Z21)/(211-21)-222);

fprintf ('ZL Value: real and imaginer part = $f
$f\n', real (ZL) *50,imag(ZL) *50) ;
fprintf (fid w,'ZL Value: real and imaginer part = %f

%f\n',real(ZL):SO,imag(ZL)*SO);

% ZS values %
Rcv=(1+Rmod”2) *real (Zi) /C;
Xcv=-imag(Zi);
Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (Zi)}/C;

A= (Rcn—Rcv) / (Xev-Xcn) ;

B={(abs {Zi)*2-abs (Zopt)"*2)/ (2* {(Xcv-Xcn)) ;
K=(Rcn+A*Xcn-A*B) / (1+A*2) ;

D=(B”*2+abs (Zopt)*2-2*Xcn*B) / (1+A"2) ;
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Rsl=K+sqrt (K*2-D) ;
Xs1l=A*Rs1+B;
Rs2=K-sqgrt (K*2-D) ;
Xs2=A*Rs2+B;

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj (Zopt), Zcv=conj (Zi)
Zsl=Zopt;
Zs2=Zopt;
else
Z2s1l=Rsl+i*Xsl;
72s2=Rs2+i*Xs2;

end

23=Zsl;

fprintf('Zsl Value: real and imaginer part = $f )
%f\n', real (Zs1)*50,imag(Zsl) *50) ;

fprintf(fid w, 'Zsl Value: real and imaginer part = $f

$f\n', real (2s1) *50, imag(Zs1) *50) ;

fprintf('Zs2 Value: real and imaginer part = 3£
$f\n',real (Zs2)*50,imag(Z2s2)*50);
fprintf(fid w, 'Zs2 Value: real and imaginer part = 3f

%f\n',real(ZsZT*SO,imag(ZsZ)*SO);

% MAG value; absclute stability and Zcgmax in Region-3 (Rmod=0-->

c=1) %
MAGndB= (Q-sqrt (Q*2-abs (Z)"2) )/ (abs (212)*2);
MAG=10*10gl0(MAGndB); % MAG in dB %
fprintf ('MAG Value (dB) = %f\n',MAG);
$fprintf (fid w, 'MAG Value (dB) = %f\n',MAG);
% GTMAX value; absolute stability and Zcgmax in Region-3 %
GTMAX=10*10gl0 (GTMC) ;
GTMIN=0; % in dB %
% if GTMAX > MAG % MAG is the available maximum gain %
% GTMAX=MAG:;
% end; ;

fprintf ('GTMAX Value (dB) = %f\n',GTMAX) ;
fprintf(fid w, 'GTMAX Value (dB) = %f\n',GTMAX);
fprintf ('GTMIN Value (dB) = %£f\n',GTMIN);
fprintf(fid w, 'GTMIN Value (dB) = %f\n',6 GTMIN);

% Define values to plot f-GTmax %
x_f(counts)=£f;

y_gtmax (counts)=GTMAX;
y_gtreq(counts)=GTDBreq;

Z_gtmin (counts)=GTMIN;

% fid w will be open in empcal.m
fclose(fid w);

% Caluclate empedances on Tl and T2 intersection points and other points
in Region-3

if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to
claculation in Region-3
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[ZLreq, ZSreq]l=empcal (ZireqT1ll,ZireqTl12,ZireqT21,ZireqT22,211,212,7221,%222,Rm
od,C, Zopt, teta,Ren,Xcn, rn, RCGreq, XCGreq, rgreq, Rct2,Xct2, rt2,Retl, Xetl, rtl,R
i1,Xil1,Ri2,Xi2,step for sample on_circle,switch for plot) )

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) %
T1,T2,Vi.F are a point

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=Z2ireqT12=2ireqT21=Z2ireqT22= Value: real and
imaginer part = $%f\n',real(ZireqT1ll1l)*50,imag(Z2ireqT11)*50);

fprintf(fid w, 'ZireqTll=2ireqT12=Z2ireqT21=ZireqT22= Value: real and
imaginer part = %f\n',real(ZireqTl1l1l)*50,imag(Z2ireqT11)*50);

% ZLreq value %
ZLreqgl=((212*221)/(211-ZireqTll)-222);

% ZLreq value %

fprintf('ZLregl Value: real and imaginer part = $£
$f\n', real (ZLreqgl) *50,imag(ZLreqgl) *50) ;
fprintf(fid w, 'ZLregl Value: real and imaginer part = %f

%f\n',real(ZLreqlT*SO,imag(ZLreql)*50);

% ZSreq value %
Z3reqg=Zopt; Y

% ZSreq value %

fprintf('Z5req Value: real and imaginer part = $f
%f\n', real (ZSreq) *50, imag (ZSreq) *50) ;
fprintf(fid w, 'ZSreq Value: real and imaginer part = $f

%f\n', real (2Sreq) *50, imag (ZSreq) *50) ;

% fid w will be open in empcal.m
fclose(fid w);

ZLlreg=ZLregl; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % Tl and T1
identical, Zs=Zopt

% open fid w for append
fid w = fopen('ocut int.txt','at+'); % write output to a file %

% Zi value %

fprintf ('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqT1l2=ZireqgT22 Value: real and imaginer part = 3%f
$f\n',real (ZireqT1l1l)*50,imag(ZireqT1l) *50,real (ZireqT12)*50,imag(ZireqT12)*
50} !

fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
$f, ZireqTl1l2=ZireqT22 Value: real and imaginer part = %f
%f\n',real (ZireqT1l1l) *50,imag(Z2ireqT11l)*50,real (ZireqT12)*50,imag(ZireqT12)*
50);

% ZLreq value %
ZLreqgl=((212*7z21)/(Z11-ZireqT11)-222);
ZLreg2=((212*221)/(211-ZireqT12)-222);

% ZLreq value %
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fprintf('ZLreql Value: real and imaginer part = %f
$f\n', real (ZLreql) *50, imag(ZLreql) *50) ;

fprintf(fid_w, 'ZLreql Value: real and imaginer part = 3f
$f\n', real (ZLreql) *50,imag (ZLreql) *50) ;

fprintf ('ZLreqg2 Value: real and imaginer part = $E
$f\n', real (ZLreq2) *50, imag (ZLreqg2) *50) ;

fprintf(fid w, '2lreq2 Value: real and imaginer part = 3£

$f\n', real (ZLreqg2) *50, imag (ZLreq2) *50) ;

% ZSreq value %
ZSreq=Zopt;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = $f
%$f\n', real (ZSreq) *50,imag (ZSreq) *50) ;
fprintf (fid w, 'ZSreq Value: real and imaginer part = %f

%f\n',real(ZSreq):SO,imag(ZSreq)*50);

% fid w will be open in empcal.m
fclose(fid w);

ZLreg=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Vireq == 1) % Tl and T1
identical, Zs=conj(Zi)

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% 2i value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqT12=ZireqT22 Value: real and imaginer part = $%f
%f\n', real (ZireqT11)*50,imag(ZireqT11l) *50, real (ZireqT1l2)*50,imag(ZireqT12)*
50);

fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
$f, ZireqTl2=ZireqT22 Value: real and imaginer part = 3%f
%f\n',real(Zirequl)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*
50); :

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT1l)-222);
ZLreq2=((Z212*%21)/(211-ZireqT12)-222);

% ZLreq value %

fprintf('Zlreql Value: real and imaginer part = $f
$f\n', real (ZLreql) *50, imag (ZLreql) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = 3f
$f\n', real (ZLreql) *50, imag (ZLreql) *50) ;

fprintf ('ZLreq2 Value: real and imaginer part = %f
$f\n', real (ZLreq2) *50, imag (ZLreq2) *50) ;

fprintf(fid w, 'ZLreg2 Value: real and imaginer part = $f

%f\n',real(ZLrquT*SO,imag(ZLrqu)*50);
% ZS5req value %
ZSreqgl=conj (ZireqT1l1);
ZSreg2=conj (ZireqT12});

% ZSreq value %

fprintf('ZSreql Value: real and imaginer part = $f
%$f\n', real (Z2Sreql)*50,imag(ZSreql) *50) ; .
fprintf(fid w, 'ZSreql Value: real and imaginer part = %£ ‘

$f\n', real (ZSreql) *50, imag (ZSreql) *50) ;
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fprintf('ZSreq2 Value: real and imaginer part = $f
$f\n', real (ZSreq2) *50,imag (ZSreqg2) *50) ;
fprintf(fid w, 'ZSreq2 Value: real and imaginer part = $£

%f\n', real (ZSreqg2) *50, imag (ZSreq2) *50) ;

% fid w will be open in empcal.m
fclose(fid w);

ZLreq=ZLreql; % print the first one in the intersection %
ZSreg=ZSreql; % print the first one in the intersection %

else

% open fid w for append

fid w = fopen('out_int.txt','at+'); % write output to a file %

fprintf('No solution in Region-3: (InstersectionExist = d) |
(Vireq = 1) | (Freq = Fmin)\n');

fprintf(fid w, '"No solution in Region-3: (InstersectionExist = 0)

| (Vireq = 1) | (Freq = Fmin)\n');

% fid w will be open in empcal.m
fclose(fid w):

ZSreg= NaN+i*NaN;
ZLreg= NaN+i*NaN;

end;

% fprintf(fid w g,'%f %f %f %f 3f %f
$f\n', £, GTMAX, GTMIN, real (2L) *50, imag (ZL) *50, real (ZS) *50, imag (ZS) *50) ; %
fprintf(fid w g, '%f %f %f %f %f %f 3f %f %f %f 3f %f
%f\n',Vireq, FdB, £, GTMAX, real (ZL) *50,imag (ZL) *50, real (ZS) *50, imag (ZS) *50,
GTDBreq, real (ZLreq) *50, imag (ZLreq) *50, real (ZSreq) *50,imag (ZSreq) *50) ;

% open fid w for append
fid w = fopen('out int.txt','at+'); % write output to a file %

elseif abs(ZCGmax-Zct2) == rt2
fprintf ('abs (ZCGmax-Zct2) == rt2: ZCGmax in Region-4\n');
fprintf (fid w, 'abs (ZCGmax-Zct2) == rt2: ZCGmax in Region-4\n');

% Zcgmax in Region-4; GTmax-->T2 %
% GTMAX value; absolute stability and Zcgmax in Region-4 %
GTMC={Q-sqrt (Q"2-abs (Z)"2) *C)/ (abs (212)"2);

% GTmax Circle (a point )%
rgmax=0;
ZCGTM= ZCGmax+rgmax*exp(i*teta);
RCGTM=real (ZCGTM) ;
XCGTM=1imag (ZCGTM) ;

% Load and Source impedance calculation; Zcgmax in Region-4 %
% Zi value %

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,

rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj (Zopt), Zcv=conj (Zi)
Zi=conj (Zopt) ;
else
2i=Z2CGmax;

end
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fprintf('Zi Value: real and imaginer part = $f
$f\n', real (zi)*50,imag(Zi)*50);
fprintf(fid w,'Zi Value: real and imaginer part = $f

%f\n',real (Zi)*50,imag(Z2i)*50);

% ZL value %
ZL=((212*221)/(211-2i)-222) ;

fprintf('2L Value: real and imaginer part = %f
$f\n',real (ZL)*50,imag{ZL) *50) ;
fprintf(fid w,'ZL Value: real and imaginer part = $f
(

$£f\n', real (ZL)*50,imag (2L) *50) ;

$ ZS values %
Rcv=(1+Rmod”2) *real (Zi)/C;
Xcv=-imag(Zi) ;

Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (Zi) /C;
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
2S=Zopt;
else '
if rm > rv
Z28=(({(rn/ (rn-rv))*Zcv)-((xv/ (rn-xrv) ) *Zcn));
else
28=(((rv/(rv-rn))*Zcn)-{(rn/(rv-rn))*Zcv)); % rn <= rv %
end;
end
fprintf('ZS Value: real and imaginer part = %t
$f\n', real (ZS)*50,imag(Zs) *50) ;
fprintf(fid w, 'ZS Value: real and imaginer part = $f

$f\n', real (ZS8)*50,imag(28) *50);

$ MAG value; absolute stability and Zcgmax in Region-4 (Rmod=0-->

c=1l) %
MAGndB= (Q-sqrt (Q*2-abs (Z)"2))/ (abs (212)*2);
MAG=10*1oglO(MAGndB); % MAG in dB %
fprintf ('MAG Value (dB) = %f\n',MAG);
$fprintf (fid w, 'MAG Value (dB) = $f\n',MAG) ;
% GTMAX value; absolute stability and Zcgmax in Region-4 %
GTMAX=10*10ogl0 (GTMC) ;
GTMIN=0; % in dB % ?
% if GTMAX > MAG % MAG is the available maximum gain %
% GTMAX=MAG;
% end;

fprintf ('GTMAX Value (dB) = %f\n',6GTMAX);
fprintf (fid w, 'GTMAX Value (dB) = %f\n',6 GTMAX);
fprintf ('GTMIN Value (dB) = %f\n',GIMIN);
fprintf(fid_w, 'GTMIN Value (dB) = %f\n',GTMIN);

% Define values to plot f-GTmax %
x_f(counts)=f;

y_gtmax (counts)=GTMAX;
y_gtreq(counts)=GTDBreq;

Z_gtmin (counts)=GTMIN;
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% fid w will be open in empcal.m
fclose(fid w);

% Caluclate empedances on Tl and T2 intersection points and other points
in Region-3

if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to
claculation in Region-3

[ZLreq, ZSreq]=empcal (ZireqT1ll,ZireqT12,ZireqT21, ZireqT22,211,212,221,222,Rm
od, C, Zopt, teta,Ren, Xen, rn, RCGreq, XCGreq, rgreqg, Rct2,Xct2, rt2, Retl, Xctl, rtl, R
i1,%¥i1,Ri2,Xi2,step for sample on circle,switch_for plot)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) %
T1,T2,Vi.F are a point

% open fid w for append
fid w = fopen('out_int.txt','at+'}; % write output to a file %

% Z2i value %
fprintf ('ZireqTll=%ireqT12=ZireqT21=2ireqT22= Value: real and

imaginer part = %f\n',real(ZireqT1ll)*50,imag(Z2ireqT11l)*50);
fprintf (fid w, 'ZireqTll=ZireqT12=ZireqT21=ZireqT22= Value: real and
imaginer part = %f\n',real(ZireqT11l)*50,imag(2ireqT11)*50};

% ZLreq value %
ZLreql={(z12*7z21)/(211-ZireqT11)-222);

% ZLreq value %

fprintf ('ZLreql Value: real and imaginer part = $f
$f\n', real (ZLreqgl) *50, imag(ZLreql) *50) ;
fprintf(fid w, 'ZLreql Value: real and imaginer part = $E

%f\n',real (ZLreqgl)*50,imag(ZLreqgl} *50) ;

% ZSreq value %
ZSreg=Zopt;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = %f
$f\n', real (ZSreq) *50, imag (ZSreq) *50) ;
fprintf(fid w,'ZSreq Value: real and imaginer part = $f

%f\n',real(ZSreq)ISO,imag(ZSreq)*50);

% fid w will be open in empcal.m
fclose(fid w);

ZLreq=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % Tl and T1
identical, Zs=Zopt

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Z2i value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqTl1l2=ZireqT22 Value: real and imaginer part = 3%f
$f\n', real (ZireqT1ll) *50,imag(ZireqT11)*50, real (ZireqT12)*50, imag(ZireqT12)*
50);
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fprintf(fid w, 'ZireqTll=2ireqT2l1 Value: real and imaginer part = %f
3f, ZireqTl2=ZireqT22 Value: real and imaginer part = $%f
%f\n',real(Zirequl)*50,imag(ZireqT11)*50,real(ZirequZ)*50,imag(Zireq?12)*
50); '

% ZLreq value %
ZLreql=((z12*221)/(Z11-ZireqT1ll)-222);
ZLreq2={(212*221)/(211-ZireqT12)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = %f
%f\n', real {ZLreql)*50,imag (ZLreqgl) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = %L
%f\n', real (ZLreql) *50, imag (ZLreqgl) *50) ;

fprintf('ZLreq2 Value: real and imaginer part = $f
%f\n', real (ZLreg2) *50, imag (ZLreqg2) *50) ;

fprintf (fid w, 'ZLreq2 Value: real and imaginer part = %f

%$f\n', real (ZLreg2) *50, imag (ZLreqg2) *50) ;

% ZSreq value %
ZSreg=Zopt;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = $f
$f\n', real (ZSreq) *50, imag(ZSreq) *50) ;
fprintf(fid w, 'ZSreq Value: real and imaginer part = $f

$f\n', real (ZSreq) *50, imag (ZSreq) *50) ; ,

% fid w will be open in empcal.m
fclose(fid w);

ZLreg=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Vireq == 1) % Tl and T1
identical, Zs=conj(Zi)

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %

fprintf('ZireqT1ll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqT1l2=ZireqT22 Value: real and imaginer part = %f
%f\n',real (ZireqT11l)*50,imag(ZireqT11l) *50,real (ZireqT12)*50,imag(ZireqT12)*
50);

fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
$f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
%f\n',real (ZireqT1l)*50,imag(ZireqTll)*50, real (ZireqT1l2)*50,imag(ZireqT12)*
50);

% ZLreq value %
ZLreql=((212*%21)/(Z211-Z2ireqT11l)-222); N
ZLreq2=((212*z21)/(Z211-ZireqT12)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = %f
%$f\n', real (ZLreql) *50,imag (ZLreql) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = %t
$f\n', real (ZLreql) *50, imag (ZLreql) *50) ;

fprintf('ZLreq2 Value: real and imaginer part = 3£
$f\n', real (ZLreqg2) *50, imag (ZLreq2) *50) ;

fprintf(fid w, 'ZLreqg2 Value: real and imaginer part = $f

$£\n', real (2Lreq2) *50, imag (ZLreq2) *50) ;
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% ZSreq value %
ZSreqgl=conj {ZireqT1ll);
ZSreg2=conj (ZireqT12) ;

% ZSreq value %

fprintf('ZSreql Value: real and imaginer part = %t
%$f\n', real (ZSreql)*50,imag(ZSreql) *50) ;

fprintf(fid w, 'ZSreql Value: real and imaginer part = 3£
%f\n', real (ZSreql) *50, imag (ZSreql) *50) ;

fprintf('Z5reqg2 Value: real and imaginer part = £
$f\n', real (ZSreqg2) *50, imag(ZSreq2) *50) ;

fprintf (fid w,'Z8req2 Value: real and imaginer part = %t

%f\n',real(ZSreq27*50,imag(ZSreq2)*50);

% fid w will be open in empcal.m
fclose(fld_w)

ZLreg=ZLreql; % print the first one in the intersection %
ZSreq=ZSreql; % print the first one in the intersection %

else

% open fid w for append
fid w = fopen('out int.txt','at+'); % write output to a file %

fprintf ('No solution in Region-3: (InstersectionExist = 0) |
(Vireq = 1) | (Freq = Fmin)\n');

fprintf(fid w, 'No solution in Region-3: (InstersectionExist = 0)
| (Vireq = 1) | (Freq = Fmin)\n');

% fid _w will be open in empcal.m
fclose(fid w);

ZSreqg= NaN+i*NaN;
ZLreg= NaN+i*NaN;

end;

% fprintf(fid w_g,'%f &%f %f %f %f %f
%f\n', £, GTMAX, GTMIN, real (ZL) *50, imag (ZL) *50, real (ZS) *50, 1mag(ZS)*50), %
fprintf(fid w g,'%f %f %f %f %f %f %L %f 3f %f ¥f %f
$f\n',Vireq, FdB, £, GTMAX, real (ZL) *50, imag (ZL) *50, real (ZS) *50, imag (ZS) *50,
GTDBredq, real (ZLreq) *50,imag(ZLreq) *50, real (ZSreq) *50, imag (ZSreq) *50) ;

% open fid w for append
fid w = fopen( out_int.txt','at+'); % write output to a file %

elseif abs(ZCGmax-Zct2) < rt2

fprintf ('abs (ZCGmax-Zct2) < rt2: ZCGmax in Region-5 {tangent case
—-=> GTmax)\n');

fprintf(fid w, 'abs (ZCGmax-Zct2) < rt2: ZCGmax in Region-5 (tangent
case ——> GTmax)\n'):

% Zcgmax in Region-5 %
% GTMAX value; absolute stability and Zcgmax in Region-5 (tangent
case —-> GTmax) %

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=con] (Zopt), Zcv=conj(Zi)
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GTMC= (Q-sqrt (Q"2-abs (Z)~2) *C)/ (abs (Z12)"2) ;
else
D={(R22*abs (211)*2-R*R11-X*X11l) /R22+abs (Zopt)"2;
E=(D*R22-Rct2* (2*¥R11*R22-R) -2*Xct2*XCG*R22) / (-rt2);
F=Rct2/ (-rt2);

GTpayn=C* (Q+E*F-sgrt ( { (Q+E*F)"2- (1-F*2) * (abs (Z) *2-E"*2))));
GTpayda=(abs (212)"2* (1-F*2));
GTMCn=GTpayn/GTpayda;

GTpayp=C* (Q+E*F+sqrt ( ( (Q+E*F)"2-(1-F"2) * (abs (Z) *2-E*2)})):
GTpayda=(abs (212)"2* (1-F~2));
GTMCp=GTpayp/GTpayda;

if GTMCn > GTMCp
GTMC=GTMCn;
GTmC=GTMCp;
else
GTMC=GTMCp;
GTmC=GTMCn;
end;

% Checking negative sign for GTmC %
if GTmC < O
GT Negative=1;
GTmC=abs (GTmC) ;
end
end

P=abs (212)"2/C*GTMC;

RCGmax = (Q - P)/(2*R22);
XCGmax = XCG;
ZCGmax = RCGmax + i*XCGmax:;
rgmax = (sqrt(P"2-2*Q*P+abs(zZ)”"2))/(2*R22);

% GTmax Circle %
ZCGTM= ZCGmax+rgmax*exp (i*teta);
RCGTM=real (ZCGTM) ;
XCGTM=imag (ZCGTM) ;

% Load and Source impedance calculation; Zcgmax in Region-5 %
% Z2i value %
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj{Zopt), Zcv=con]j(Zi)
Zi=con] (Zopt) ;

else
Zi=(((rgmax/ (rgmax-rt2))*Zct2)-{(rt2/ (rgmax-rt2))*2CGmax)) ;
end
fprintf('zi Value: real and imaginer part = &f
%f\n',real (Zi)*50,imag(Zi) *50);
fprintf (fid w, 'Zi vValue: real and imaginer part = %t

$f\n', real (Zi)*50,imag (Zi) *50) ;

% ZL value %
ZL={(212*221)/(211-72i)-222);

fprintf ('ZL Value: real and imaginer part = %f
%f\n', real (ZL),imag(ZL));
fprintf (fid w, 'ZL Value: real and imaginer part = % £

%f\n',real(ZL)Timag(ZL));
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% ZS values %
Rev=(1+Rmod”2) *real (Zi) /C;
Xcv=-imag (2i);

Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (Zi) /C;
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=%Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj{Zi)
Z2S5=Zopt;
else
if rn > rv
ZS8=(((rn/ (rn-rv))*Zcv)—-((rv/{rn-rv))*Zcn));
else
Z8=(((rv/(rv-rn))*Zcn)-((rn/(rv-rn))*Zcv)); % rn <= rv % i
end;
end
fprintf('ZS Value: real and imaginer part = %f
%$f\n', real (ZS)*50,imag(zs)*50) ;
fprintf (fid w, 'ZS Value: real and imaginer part = $f

%f\n',real (2S)*50,imag(Zs5)*50);

% MAG value; absolute stability and Zcgmax in Region-5 (Rmod=0-->

c=1) %
MAGndB=(Q-sqrt (Q*2-abs (Z)*2) )/ (abs (Z12)"2) ;
MAG=10*1ogl0O (MAGndB); % MAG in dB %
fprintf ('MAG Value {dB) = %f\n',/MAG);
$fprintf (fid w, 'MAG Value (dB) = $f\n',MAG) ;
$ GTMAX value; absolute stability and Zcgmax in Region-5 %
GTMAX=10*10gl0 (GTMC) ;
if GT_Negative == % Negative GT %
GTMIN=-10*10gl0(GTmC) ;
else
GTMIN=10*10gl0 (GTmC) ;
end X
% if GTMAX > MAG % MAG is the available maximum gain %
% GTMAX=MAG;
% end;

fprintf ('GTMAX Value (dB) = %f\n',6K GTMAX);
fprintf (fid w, 'GTMAX Value (dB) = %f\n', GTMAX);
fprintf ('GTMIN Value (dB) = %f\n',6GTMIN);
fprintf(fid w, 'GTMIN Value (dB) = $£f\n', GTMIN) ;

% Define values to plot f-GTmax %
x f(counts)=£f;
y_gtmax (counts)=GTMAX;

y _gtreqg(counts)=GTDBreq;
z_gtmin (counts)=GTMIN;

% fid w will be open in empcal.m
fclose(fid w);

% Caluclate empedances on Tl and T2 intersection points and other points
in Region-3

if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) $ go to
claculation in Region-3 .
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[ZLreqg, ZSreq] =empcal (ZireqTll,ZireqTl2,Z2ireqT21, ZireqT22,211,212,221,222,Rm
od, C, Zopt, teta,Ren, Xcn, rn, RCGreq, XCGreq, rgreq, Rct2,Xct2, rt2,Retl, Xetl, rtl, R
i1,Xi1,Ri2,Xi2,step_for sample on_circle,switch for plot)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) %
T1,T2,Vi.F are a point

% open fid w for append

fid w = fopen('out_int.txt','at+'); % write output to a file %
% Zi value % .
fprintf('ZireqTll=ZireqT12=ZireqT21l=ZireqT22= Value: real and

imaginer part = %£f\n',real(ZireqT1ll)*50,imag(ZireqT11)*50};
fprintf (fid w, 'ZireqTll=ZireqT12=ZireqT21=ZireqT22= Value: real and
imaginer part = %£f\n',real(ZireqT1ll)*50,imag(ZireqT11)*50);

% ZLreq value %
ZLreql=((212*z21)/(211-ZireqT11l)-222);

% ZLreqg value %

fprintf('ZLreql Value: real and imaginer part = 3£
$f\n',real (ZLreql) *50, imag(ZLreqgl) *50) ;
fprintf(fid w, 'ZLreql Value: real and imaginer part = $f

$f\n', real (ZLreql)*50, imag (ZLreql) *50) ;

% ZSreq value %
ZSreg=Zopt;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = $f
$f\n', real (ZSreq) *50,imag (ZSreq) *50) ;
fprintf(fid w, 'ZSreq Value: real and imaginer part = $f

$f\n', real (ZSreq) *50, imag (ZSreq) *50) ;

% fid w will be open in empcal.m
fclose(fid_w);

ZLreq=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % Tl and T1
identical, Zs=Zopt

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqTl2=ZireqT22 Value: real and imaginer part = 3%f
$f\n', real (ZireqT1ll)*50,imag(ZireqT11l) *50, real {ZireqT12)*50,imag(ZireqT12)*
50});

fprintf (fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
$f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
$f\n', real (ZireqT11l)*50,imag(ZireqT11l)*50,real (ZireqT12)*50,imag(ZireqT12)*
50);

% ZLreq value %
ZLreql={((212*%21)/(211-2ireqT11l)-222);
ZLreq2={(212*221)/(Z11-ZireqT12)-222);

% ZLreq value %
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fprintf('ZLreql Value: real and imaginer part = &£
$f\n', real {ZLreqgl) *50,imag (ZLreqgl) *50) ;

fprintf (fid w, 'ZLreql Value: real and imaginer part = &f
%f\n',real (ZLreql) *50,imag (ZLreql) *50) ;

fprintf('ZLreq2 Value: real and imaginer part = %f
$f\n', real (ZLreqg2)*50,imag(ZLreq2)*50);

fprintf(fid w, 'ZLreq2 Value: real and imaginer part = %f

$f\n', real (ZLreg2)*50,imag(ZLreqg2) *50);

% ZSreq value %
ZSreg=Zopt;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = $f
$f\n', real (ZSreq) *50,imag(ZSreq) *50) ;
fprintf(fid w, 'ZSreq Value: real and imaginer part = $f

$f\n', real (ZSreq) *50, imag(ZSreq) *50) ;

% fid w will be open in empcal.m
fclose(fid _w);

ZLreq=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Vireq == 1) % Tl and T1
identical, Zs=conj(Zi)

% open fid w for append
fid w = fopen('out _int.txt','at+'); % write output to a file %

% Z2i value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f 3%f,
ZireqT1l2=ZireqT22 Value: real and imaginer part = 3%f
%f\n', real (ZireqT1l1l) *50, imag(ZireqT11l) *50, real (ZireqT12)*50,imag(ZireqT12)*
50);

fprintf(fid w,'ZireqTl1=ZireqT21 Value: real and imaginer part = %f
$f, ZireqT1l2=ZireqT22 Value: real and imaginer part = 3%f
$f\n',real (ZireqT1ll)*50,imag(ZireqT11l) *50, real (ZireqT12) *50, 1mag(ereqT12)
50);

% ZLreqg value %
ZLreql={((212*221)/(211-ZireqT11)-222);
ZLreq2=((212*2z21)/(Z11-ZireqT12)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = %f
$f\n', real (ZLreql) *50,imag(ZLreql) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = $f
$f\n', real (ZLreql) *50, imag (ZLreql) *50) ;

fprintf('ZLreq2 Value: real and imaginer part = $f
$f\n', real (ZLreq2) *50,imag(ZLreg2) *50) ;

fprintf(fid w, 'ZLreg2 Value: real and imaginer part = %f

%f\n', real (ZLreq2)*50, imag(ZLreg2) *50) ;
% ZSreq value %
ZSreqgl=conj (ZireqT11l);
ZSreg2=conj (ZireqT1l2);

% ZSreq value %

fprintf ('zZSreql Value: real and imaginer part = 3£
%f\n', real (ZSreql) *50, imag (ZSreql) *50) ; )
fprintf (fid w, 'ZSreql Value: real and imaginer part = $f

%f\n',real(ZSreqlT*SO,imag(ZSreql)*50);
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fprintf('ZSreg2 Value: real and imaginer part = $f
%f\n',real (ZSreqg2) *50,imag(ZSreg2) *50) ;
fprintf(fid w,'ZSreq2 Value: real and imaginer part = %t

%f\n', real (ZSreq2)*50,imag(ZSreqg2) *50) ;

% fid w will be open in empcal.m
fclose(fid w);

ZLregq=ZLreqgl; % print the first one in the intersection %
ZSreq=ZSreql; % print the first one in the intersection %

else

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

fprintf('No solution in Region-3: (InstersectionExist = 0) |
(Vireq = 1) | (Freq = Fmin)\n');

fprintf(fid w, 'No solution in Region-3: (InstersectionExist = 0)
| (Vireq = 1) | (Freq = Fmin)\n');

% fid w will be open in empcal.m
fclose(fid w);

ZSreq= NaN+i*NaN;
ZLreg= NaN+i*NaN;

end;

M

% fprintf(fid w g,'%f %f %f %f 3f %f )
$f\n', £, GTMAX, GTMIN, real (ZL) *50, imag (ZL) *50, real (ZS) *50, imag (ZS) *50); %
fprintf(fid w g, '$f %f %f 3f %f %f %f %L %f %f ®f %L
$f\n',Vireq, FdB, £, GTMAX, real (ZL) *50,imag (ZL) *50, real (ZS) *50,imag (Z8) *50,

GTDBreq, real (ZLreq) *50, imag (ZLreq) *50, real (ZSreq) *50, imag (ZSreq) *50) ;

% open fid w for append
fid w = fopen('out_int.txt',6 'at+'); % write output to a file %

else

fprintf ('Not defined\n');
fprintf(fid w, 'Not defined\n'):;

end; % Conserning Solution %

% Drawing Circles % % Ri4l --> GTmin so not drawn %
if switch for plot ==
figure,plot (RCGTreq,XCGTreq, 'k-', Ril,Xil, 'm-',Ri2,Xi2Z, 'm-
. ', RCGTM, XCGTM, 'b-',Ri5,Xi5, 'g-',Ri3,Xi3, 'c-
',Ri42,Xid42,'r:",Ri43,Xi43,"'r:"',Ri44,Xid44,'r:"',Ri45,%Xi45,'r:")
axis([-1 1 -1 11)
title('Zi-Plane')
xlabel('real{Zi}'),ylabel('imag{Zi}'),grid

gtext ('GTreq'),gtext ('T1'),gtext ('T2'),gtext ('GTmax"'),gtext('ISC"'),gtext('C
SSC'),gtext ('Gain Circles'),gtext('Unconditional Stability')
end

elseif R11>0 & R22>0 & ita>0 & ita<l % Stability: elseif %

% Conditionally stable %
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fprintf('Conditionally stable: R11>0 & R22>0 & ita>0 & ita<l\n');

fprintf (fid w, '\nConditionally stable: R11>0 & R22>0 & ita>0 &
ita<li\n'");

fprintf('R11,R22,ita = %£f,%£,%f \n ',R11,R22,ita); !

fprintf(fid w, 'R11,R22,ita = %f,%f,%f\n',R11,R22,ita);

% Calculating values for Required GT value in Conditional stability

case
S=COEFS* (10" (GTDBreg*0.1)) ; % GTDBreq converted to
dimentionless %
RCS = -({2*R11*R22-R)/ (2*R22);
XCS = - (2*X11*R22-X)/ (2*R22);
ZCS = RCS + i*XCS;

rs = abs(Z)/(2*R22);

RCGreq = -(RCS + S) ;

XCGreqg = —XCS;

rgreq = sqrt(rs™2 + 2*S*RCS + S57°2);
ZCGreq = RCGreqg + 1i*XCGregq;

% GTDBreq Circle %

ZCGTreg= ZCGregtrgreg*exp(i*teta);
RCGTreg=real (ZCGTreq) ;
XCGTreg=imag (ZCGTreq) ;

% Find out the intersection of two circles
InstersectionExist=1;
fprintf ('GTDBreq, T1l and T2 circles:\n'); :
fprintf ('RCGreg= %f, XCGreq= %f, rgreq= %f\n',RCGreq,XCGreq, rgreq);
fprintf('Rctl= %f, Xctl= %f, rtl= %f\n',Rctl,Xctl,rtl);
fprintf ('Ret2= %f, Xct2= %f, rt2= %f\n',Rct2,Xct2,rt2);
fprintf(fid w, 'GTDBreq, Tl and T2 circles:\n');
fprintf(fid w, 'RCGreq= %f, XCGreg= %f, rgreq=
%f\n',RCGreq, XCGreq, rgreq) ;
fprintf(fid w,'Rctl= %f, Xctl= %£f, rtl= %f\n',Rctl,Xctl,rtl);
fprintf(fid w, 'Rct2= %f, Xct2= %f, rt2= $f\n',Rct2,Xct2, rt2);

[RintTl,XintT1l]=circlint (RCGreq,XCGreq, rgreq, Rctl,Xctl, rtl);
ZireqT1l1=RintT1(1)+i*XintT1(1);
ZireqT12=RintT1l(2)+i*XintT1(2);

% AlfaTll=atan (XintT1(1l)/RintT1(1))*180/pi;

% AlfaTl2=atan(XintT1(2)/RintT1(2))*180/pi;

fprintf('l. Intersection point on T1l; RintTl= %f: XintTl=
%$f\n',RintT1(1),XintT1(1));

fprintf(fid w,'l. Intersection point on Tl; RintTl= %f: XintTl=
$f\n',RintT1 (1) ,XintT1(1));

% fprintf('Line Slope for 1. Intersection point on T1l; AlfaTll(deg)=
$f\n',AlfaTll); )
% fprintf(fid w, 'Line Slope for 1. Intersection point on T1;

AlfaTll(deg)= %f\n',AlfaTll);

fprintf('2. Intersection point on T1l; RintTl= %f: XintTl=
$f\n',RintT1(2),XintT1(2));

fprintf(fid w,'2. Intersection point on Tl; RintTl= %f: XintTl=
$f\n',RintT1(2),XintT1(2));

% fprintf('Line Slope for 2. Intersection point on T1l; AlfaTl2(deg)=
%f\n',AlfaTl2);
% fprintf (fid w, 'Line Slope for 2. Intersection point on T1;

AlfaT12 (deg)= %f\n',AlfaTl2);
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fprintf('ZiregTll Value: real and imaginer part = £

$f\n',RintT1 (1) *50,XintT1 (1) *50);

fprintf(fid w, 'ZiregT1ll Value: real and imaginer part = $f

%£\n',RintT1 (1) *50,XintT1 (1) *50);

fprintf('ZireqT1l2 Value: real and imaginer part = %f

$f\n',RintT1(2) *50,XintT1(2)*50);

fprintf(fid w, 'ZireqT1l2 Value: real and imaginer part = %f

$£\n',RintT1 (2) *50,XintT1 (2) *50) ;

ao oo

[cor x,cor_yl=linecirc(AlfaT1l1l,XintT1l(1l),RCGreq,XCGreq, rgreq)

fprintf('%f\n',cor x);
fprintf ('%f\n’',cor_y);

[RintT2,XintT2]=circlint (RCGreqg, XCGreq, rgreq, Rct2,Xct2, rt2) ;
ZireqT21=RintT2(1)+i*XintT2(1); % two intersection points on T2 %
ZireqT22=RintT2 (2)+i*XintT2(2);
AlfaT2l=atan (XintT2 (1) /RintT2(1))*180/pi;
AlfaT22=atan (XintT2 (2) /RintT2 (2))*180/pi;

fprintf('l. Intersection point on T2; RintT2= %f: XintT2=

$f\n',RintT2(1),XintT2(1));

fprintf(fid w,'l. Intersection point on T2; RintTl= %f: XintT2=

$f\n',RintT2 (1) ,XintT2(1));

%

fprintf('Line Slope for 1. Intersection point on T2; AlfaT2l(deg)=

$f\n',AlfaT21);

%

fprintf(fid_w, 'Line Slope for 1. Intersection point on T2;

AlfaT21 (deg)= %f\n',AlfaT21);

fprintf('2. Intersection point on T2; RintT2= %f: XintT2=

$f\n',RintT2(2),XintT2(2));

fprintf(fid w,'2. Intersection point on T2; RintT2= %f: XintT2=

%f\n',RintT2(2),XintT2(2));

%

fprintf('Line Slope for 2. Intersection point on T2; AlfaT22(deg)=

$f\n',AlfaT22);

%

fprintf(fid w, 'Line Slope for 2. Intersection point on T2;

AlfaT22 (deg)= %$f\n',AlfaT22);

fprintf('ZireqT21 Value: real and imaginer part = %f

%f\n',RintT2 (1) *50,XintT2 (1) *50);

fprintf(fid w, 'ZireqT2l Value: real and imaginer part = %£

$f\n',RintT2 (1) *50,XintT2 (1) *50) ;

fprintf('ZireqT22 Value: real and imaginer part = %t

$f\n',RintT2 (2) *50,XintT2 (2)*50);

fprintf(fid w, 'Z2ireqT22 Value: real and imaginer part = %£

$f\n',RintT2(2) *50,XintT2 (2)*50) ;

if ~isnan(ZireqT1l) & ~isnan(ZireqTl2) & ~isnan(ZireqT21l) &

~isnan(ZireqT22) % GTreq cuts both Tl and T2

fprintf ('GTreq cuts both Tl and T2\n');
fprintf(fid w, 'GTreq cuts both Tl and T2\n');
elseif ~isnan(ZireqT1ll) & ~isnan(ZireqT12)

% GTreqg cuts only T1

fprintf ('GTreq cuts only TI\n');
fprintf(fid w, 'GTreq cuts only Tl\n');
elseif ~isnan({ZireqT2l) & ~isnan(ZireqT22)

% GTreq cuts only T2

fprintf ('GTreq cuts only T2\n');
fprintf(fid w, 'GTreq cuts only T2\n');
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else
% GTreq does not cut Tl or T2
fprintf ('GTreq does not cut Tl or T2\n');
fprintf(fid w, 'GTreq does not cut Tl or T2\n') ;
InstersectionExist=0;
ZSreg= NaN+i*NaN;
ZLreg= NaN+t+i*NaN;

% break;
end

% Conjugate Source Stability Circle (GTmax Circle)$%
RCS = - (2*R11*R22-R)/ (2*R22);

XCS = —(2*X11*R22-X)/(2*R22);

ZCS RCS + i*XCs;

rs = abs(2)/(2*R22);

ZCSC = conj (ZCS)

Zi3 = ZCSC + rs * expli*teta);
Ri3 = real(Zi3);
Xi3 = imag(zi3);

% Input Stability Circle (ZCINPUT = -RCS - 1*XCS; rINPUT=rs)
Circle) %
ZCINPUT = —-RCS - i*XCS;

Zi5 = ZCINPUT + rs * exp(i*teta);
Ri5 = real (Zi5);
Xi5 = imag(Zi5);

% GT Circles %
GTMAX = 2*C*Q/ (abs (212)"2);

= 1:06
y (k) (k—-1)* (GTMAX/5) ;
S (k) v (k) *COEFS;
RCG (k) = -(RCS + S(k)) :
XCG = —-XCS;
rg(k) = sqrt(rs”2 + 2*s5(k)*RCS + S5(k)"*2);
ZCG(k) = RCG(k) + i*XCG;
end

for k

ZCGl = ZCG(l);rgl = rg(l)
)

ZCG2 = ZCG(2);xrg2 = rg(2);
ZCG3 = ZCG(3);rg3 = rg(3);
ZCG4 = ZCG{4);rgd4d = rg(4):;
ZCG5 = ZCG(5);rg5 = rg(5);

ZCG6 = ZCG(6);rg6 = rg(6);

Zi4l = ZCGl + rgl * exp(i*teta);

Ridl = real(Zidl);Xidl = imag(z2idl);
Z2i42 = ZCG2 + rg2 * exp(i*teta);

Rid2 = real(Zi42);Xid2 = imag(2id2);
Zi43 = ZCG3 + rg3 * exp(i*teta):;

Rid3 = real(Zi43);Xid3 = imag(Zid3);
Zid44 = ZCG4 + rgd * exp(i*teta);

Ridd4 = real(Zid4);Xid44 = imag(Zid4);
Zi45 = ZCG5 + rg5 * exp(i*teta);

Ri45 = real (Zid5);Xid5 = imag(Zid5);
Zi46 = ZCG6 + rg6 * exp(i*teta);

Ri46 = real (Z2id46);Xid6 = imag(2i46);

(GTmin
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% Conserning Solution %

ZCGmin=ZCINPUT; % rs=rINPUT=rgmin=rgmax and ZCGmin=ZCINPUT=-RCS-
iXCsS and ZCGmax=ZCSC=RCS-iXCS %

ZCGmax=ZCSC;

ZCGTM=0; % to draw GTmax for tangential case b) %

fprintf ('Z2CGmax (%f %f), ZCGmin(%f %f), Zctl(%f %f), Zct2(3f
%$f)\n', real (2CGmax), imag (ZCGmax), real(ZCGmin), imag(ZCGmin),Rctl, Xctl,
Rct2, Xct2):

fprintf('rs %f, rtl %£, rt2 %f\n',rs,rtl, rt2);

fprintf(fid w, 'ZCGmax (3£ $£), ZCGmin (%f %£f), Zctl(%f %f), Zct2(3f
%$f)\n', real (ZCGmax) , imag (ZCGmax) ,real (Z2CGmin), imag(ZCGmin), Rctl, Xctl,
Rct2, Xct2):;

fprintf(fid w, 'rs %f, rtl %f, rt2 $f\n',rs,rtl, rt2);

if abs (ZCGmin-Zctl) > (rs+rtl) % Conserning Solution %
% ?? esitlik % ,
fprintf('abs (ZCGmin-Zctl) > (rs+rtl): Case a) GT=0 is completely in
Region-1; No solution\n'); '
fprintf(fid_w,'abs(ZCGmin—thl) > (rs+rtl): Case a) GT=0 is
completely in Region-1; No solution\n');

% Case a) GT=0 is completely in Region-1; No solution %

2S8= NaN-+i*NaN;
ZL= NaN+i*NaN;

% fid w will be open in empcal.m
fclose(fid w);

% Caluclate empedances on Tl and T2 intersection points and other points
in Region-3

if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to
claculation in Region-3

[ZLreq,ZSreq]=empcal (ZireqTll,ZireqTl12,ZireqT21,ZireqT22,211,212,221,222,Rm
od, C, Zopt, teta,Rcn,Xcn, rn, RCGreq, XCGreq, rgreq, Rct2,Xct2, rt2,Retl,Xctl, rtl,R
i1,Xi1,Ri2,Xi2,step_for sample on circle,switch for plot)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) %
T1,T2,Vi.F are a point

% open fid w for append
fid w = fopen('out_int.txt',6 'at+'); % write output to a file %

% Zi value %
fprintf('ZireqT11=ZireqTl2=ZireqT21=2ireqT22= Value: real and

imaginer part = %f\n',real(ZireqT11)*50,imag(ZireqT11)*50);
fprintf(fid w, 'ZireqTll=ZireqT12=ZireqT21l=ZireqT22= Value: real and
imaginer part = %f\n',real(ZireqT11l)*50,imag(ZireqT11)*50);

% ZLreq value %
ZLreql=((z12*z21)/(z211-ZireqT11)-222);

% ZLreqg value %

fprintf ('ZLreql Value: real and imaginer part = $f
$f\n', real (ZLreql) *50, imag(ZLreql) *50) ;
fprintf(fid w, 'ZLreql Value: real and imaginer part = 3£

%f\n', real (ZLreql) *50, imag (ZLreql) *50) ;
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% ZSreq value %
ZSreg=Zopt;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = $f
%$f\n',real (ZSreq) *50, imag(ZSreq) *50) ;
fprintf(fid w,'ZSreq Value: real and imaginer part = $f

$f\n', real (ZSreq) *50, imag (ZSreq) *50) ;

% fid w will be open in empcal.m
fclose(fid_w);

ZLreg=ZLreqgl; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % Tl and Tl
identical, Zs=Zopt )

% open fid w for append
fid w = fopen('out_int.txt',6 'at+'}); % write output to a file %

% Zi value %

fprintf('ZireqT1l1l=ZireqT21 Value: real and imaginer part = %f %f,
ZireqT1l2=ZireqT22 Value: real and imaginer part = %f
$f\n', real (ZireqT11)*50,imag(ZireqT11) *50, real (ZireqT12) *50, imag(ZireqT12) *
50);

fprintf (fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
%f, ZireqTl2=7ZireqT22 Value: real and imaginer part = %f
$f\n',real (ZireqT1l1l)*50, imag(ZireqT1l) *50, real (ZireqT12) *50, imag(ZireqT12) *
50);

% ZLreqg value %
ZLreql=((212*221)/(211~ZireqT11)-222);
ZLreq2=((212*221)/(211-ZireqT12)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = g f
$f\n', real (ZLreql)*50,imag (ZLreql) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = 3t
%f\n', real (ZLreql) *50, imag(ZLreql) *50) ;

fprintf('ZLreq2 Value: real and imaginer part = $f '
%f\n', real (ZLreg2)*50,imag(ZLreqg2) *50) ;

fprintf (fid w, 'ZLreqg2 Value: real and imaginer part = %f

%f\n', real (ZLreq2) *50, imag (ZLreg2) *50) ;

% ZSreqg value %
ZSreq=Zopt:;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = %f
%f\n', real (ZSreq) *50, imag (ZSreq) *50) ;
fprintf (fid w, 'ZSreq Value: real and imaginer part = $£

%f\n',real(ZSreq):SO,imag(ZSreq)*50);

% fid w will be open in empcal.m
fclose(fid w);

ZLreq=Zlreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Vireq == 1) % Tl and T1
identical, Zs=conj(Zi)
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% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %
fprintf ('ZireqTl1=ZireqT2]1 Value: real and imaginer part = %f %f,
ZireqT12=ZireqT22 Value: real and imaginer part = %f
$f\n', real (ZireqT1l1l)*50,imag(ZireqT11l) *50, real (ZireqT1l2)*50,imag (ZireqTl12)*
50);
fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
%f, ZireqTl2=ZireqgT22 Value: real and imaginer part = %f
$f\n’',real (ZireqT1l1l) *50, imag(ZireqT1l) *50, real (ZireqT1l2) *50,imag (ZireqT12)*
50);
% ZLreq value % \
ZLreql=((Z12*721)/(Z11-ZireqT11)-%222);
ZLreq2=((Z12*7Z21)/(Z11-ZireqT12)-222);

% ZLreq value %

fprintf('ZLregl Value: real and imaginer part = %f
%f\n’', real (ZLreql) *50, imag(ZLreqgl) *50) ;

fprintf(fid w, 'ZLreqgl Value: real and imaginer part = %f
%f\n', real (ZLreqgl) *50,imag (ZLreqgl) *50) ;

fprintf('ZLreg2 Value: real and imaginer part = $f
$f\n', real (ZLreq2) *50, imag (ZLreg2) *50) ;

fprintf (fid w, 'ZLreq2 Value: real and imaginer part = $f

$f\n', real (ZLreqg2)*50,imag (ZLreqg2) *50) ;
% ZSreq value %
ZSreql=conj (ZireqTll);
ZSreg2=conj (ZireqTl1l2);

% ZSreq value %

fprintf('ZSreql Value: real and imaginer part = %f
$f\n', real (ZSreql)*50, imag (ZSreql) *50) ;
fprintf(fid w, 'ZSreql Value: real and imaginer part = %f
%f\n', real (ZSreql) *50, imag (ZSreql) *50) ;
fprintf('ZSreq2 Value: real and imaginer part = $f
%f\n', real (ZSreqg2)*50, imag (ZSreqg2) *50) ; N
fprintf (fid w, 'ZSreg2 Value: real and imaginer part = %t

%f\n',real(ZSrquT*SO,imag(ZSrqu)*50);

% fid w will be open in empcal.m
fclose(fid w):;

ZLreg=ZLreql; % print the first one in the intersection %
ZSreg=ZSreql; % print the first one in the intersection %

else

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

fprintf('No solution in Region-3: (InstersectionExist = 0) |
(Vireq = 1) | (Freq = Fmin)\n');

fprintf(fid w, '"No solution in Region-3: (InstersectionExist = 0)
| (Vireq = 1) | (Freq = Fmin)\n'");

% fid w will be open in empcal.m
fclose(fid w);

ZSreg= NaN+i*NaN;
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ZLreqg= NaN+i*NaN;
end;

% fprintf(fid w g,'$f &f %f %f %f %f
$f\n', £, GTMAX, GTMIN, real (ZL) *50, imag (ZL) *50, real (ZS) *50, imag (ZS)*50); %
fprintf (fid w_g,'$f %f %f %f %L %f %f %f %f %L %£f &L
$f\n',Vireq, FdB, £, GTMAX, real (ZL)*50,imag(ZL) *50, real (ZS) *50,imag (ZS) *50,
GTDBreq, real (ZLreq) *50, imag (ZLreq) *50, real (ZSreq) *50, imag (ZSreq) *50) ;

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

elseif (abs (ZCGmax-Zctl) > {rs+rtl)) & ((rs+rtl) > abs(ZCGmin-Zctl))

fprintf (' (abs(ZCGmax-Zctl) > (rs+rtl)) & ({(rs+rtl) > abs(ZCGmin-
Zctl)): Case b) GTmax is external tangential to T1\n');
fprintf(fid_w,'(abs(ZCGmax—thl) > (rs+rtl)) & ((rs+rtl) >
abs (ZCGmin-Zctl)): Case b) GTmax is external tangential to TI1\n');

% Case b) GTmax is external tangential to Tl % '
% GTMAX value; Case b) GTmax is external tangential to Tl %

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
GTMC=2*C*Q/ (abs (Z12) *2) ;
else
D=(R22*abs (Z11) *2-R*R11-X*X11)/R22+abs (Zopt) *2;
E=(D*R22-Rctl* (2*R11*R22-R) -2*Xct1l*XCG*R22) /rtl;
F=Rctl/rtl;

GTpayn=C* (Q+E*F-sqrt ( ( (Q+E*F) *2-(1-F~2) * (abs (Z) "2-E"2) ) ) ) :
GTpayda=(abs (212)*2* (1-F"2)) ;
GTMC=GTpayn/GTpayda;

end

S=COEFS*GTMC;

RCGmax=- (RCS+S) ;
XCGmax=-XCS;
ZCGmax = RCGmax + i*XCGmax;
rgmax = sqgrt(S872+ 2*S*RCS + rs”"2);

% GTmax Circle % :
ZCGTM= ZCGmax+rgmax*exp (i*teta);
RCGTM=real (ZCGTM) ;
XCGTM=imag (ZCGTM) ;

% Load and Source impedance calculation; Case b) GTmax is external
tangential to Tl %
% Zi value %
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=con]j (Zopt), Zcv=con](Zi)
Zi=conj (Zopt) ;

else
Zi=(((rgmax/ (rtl+rgmax))*Zctl)+((rtl/ (rtl+rgmax))*ZCGmax)) ;
end
fprintf('Zi Value: real and imaginer part = $t

%f\n', real (Zi)*50,imag(2i)*50);
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fprintf(fid w,'Zi Value: real and imaginer part = %f
%f\n',real (Zi)*50,imag (Zi) *50);

% ZL value %
ZL=((212*221)/(211-21)-222);

fprintf('ZL Value: real and imaginer part = %£
$f\n',real (ZL)*50, imag (ZL)*50) ;
fprintf(fid w,'ZL Value: real and imaginer part = %f

%f\n',real(ZL)ISO,imag(ZL)*SO);

% ZS values %
Rcv=(1+Rmod”2) *real (Zi) /C;
Xcv=-imag(Zi);
Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (Zi)/C;

if (Vireqgq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj (Zi)

ZS=Zopt:;
else
2S8=(((rn/ (rn+trv))*Zcv)+((rv/ (rv+rn))*Zcn)) ;
end
fprintf('ZS Value: real and imaginer part = f '
%f\n',real (ZS)*50,imag(ZS) *50) ;
fprintf(fid w,'ZS Value: real and imaginer part = $£

%f\n',real(ZS):SO,imag(ZS)*50);

% MSG value; Case b) GTmax is external tangential to Tl %
MSGndB=2* (abs (Z21) )/ (abs (212) ) *ita;
MSG=10*1ogl0(MSGndB); % MSG in dB %

fprintf ('MSG Value (dB) = %£f\n',MSG);
$fprintf(fid w, 'MSG Value (dB) = %f\n',6MSG);

% GTMAX value; Case b) GTmax is external tangential to Tl %
GTMAX=10*10gl0 (GTMC) ;
GTMIN=0; % in dB %

% if GTMAX > MSG % MSG is maximum stable gain %
% GTMAX=MSG;
% end;

fprintf ('GTMAX Value (dB) = %f\n',GTMAX);
fprintf(fid w,'GTMAX Value (dB) = $f\n', GTMAX) ;
fprintf ('GTMIN Value (dB) = %f\n', GTMIN); y
fprintf (fid w, '6TMIN Value (dB) = %f\n', GTMIN);

% Define values to plot f-GTmax %
x_f(counts)=f;

y_gtmax (counts)=GTMAX;
y_gtreq(counts)=GTDBreq;

Z_gtmin (counts)=GTMIN;

% fid w will be open in empcal.m
fclose(fid w);

% Caluclate empedances on Tl and T2 intersection points and other points
in Region-3
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if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to
claculation in Region-3

[ZLreq, ZSreql=empcal (ZireqTll,ZireqT12,ZireqT21,ZireqT22,211,212,221,222,Rm
od,C, Zopt, teta,Ren, Xcn, rn, RCGreq, XCGreqg, rgreq, Rct2,Xct2, rt2,Retl, Xectl, rtl,R
i1,Xil,Ri2,Xi2,step for sample on circle,switch_for plot)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) %
T1,T2,Vi.F are a point

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=ZireqT12=2ireqT21=ZireqT22= Value: real and '
imaginer part = %f\n',real(ZireqT11l)*50,imag(ZireqT11)*50};

fprintf(fid w, 'ZireqTll=ZireqT12=ZireqT21=ZireqT22= Value: real and
imaginer part = %f\n',real(ZireqT1ll1l)*50,imag(2ireqTll)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(211-ZireqT11l)-222);

% ZLreq value %

fprintf ('ZLregl Value: real and imaginer part = %t
%$f\n',real (ZLreql) *50,imag (ZLreql) *50) ;
fprintf(fid w,'ZLreql Value: real and imaginer part = $f

$f\n', real (ZLreql) *50, imag (ZLreql) *50) ;

% ZSreq value %
Z2Sreg=Zopt;

% ZSreq value %

fprintf('ZS5req Value: real and imaginer part = $£
$f\n', real (ZSreq) *50,imag(ZSreq) *50) ;
fprintf (fid w, 'ZSreq Value: real and imaginer part = %f

%f\n', real (ZSreq) *50, imag (ZSreq) *50) ;

% fid w will be open in empcal.m
fclose(fid w); r

ZLreg=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % Tl and T1
identical, Zs=Zopt

% open fid w for append
fid w = fopen('out_int.txt', 'at+'); % write output to a file %

% Zi value %

fprintf('ZireqT11l=ZireqT21 Value: real and imaginer part = %f %f,
ZireqTl1l2=ZireqT22 Value: real and imaginer part = 3%f
$f\n',real (ZireqT1ll)*50,imag(ZireqT11)*50, real (ZireqT12)*50,imag(ZireqT12)*
50);

fprintf (fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
$f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
$f\n', real (ZireqT1ll)*50,imag(ZireqT11l) *50, real (ZireqT12)*50,imag(ZireqT12)*
50);

% ZLreq value %
ZLreql=((z12*221)/(Z11-ZireqT1l1l)-222);
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ZLreqg2=((212*721)/(Z211-ZireqT12)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = $£
$f\n', real (ZLreqgl) *50,imag (ZLreql) *50) ;
fprintf(fid w,'ZLreql Value: real and imaginer part = $£
%f\n',real {ZLreql) *50,imag (ZLreql) *50} ;
fprintf('ZLreq2 Value: real and imaginer part = &£
$f\n', real (ZLreq2) *50, imag (ZLreqg2) *50) ; '
fprintf(fid w, 'ZLreq2 Value: real and imaginer part = $f

$f\n', real (ZLreqg2) *50, imag (ZLreqg2) *50) ;

% ZSreq value %
ZSreg=Zopt;

% ZSreq value %

fprintf (*ZSreq Value: real and imaginer part = $f
$f\n', real (ZSreq) *50, imag (ZSreq) *50} ;
fprintf (fid w, 'ZSreq Value: real and imaginer part = $£

%f\n',real(ZSreq):SO,imag(ZSreq)*50);

% fid w will be open in empcal.m
fclose(fid w);

ZLreg=ZLreqgl; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Vireq == 1) % Tl and T1
identical, Zs=conj (Zi)

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %
% Zi value % !
fprintf('ZireqT1ll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqT12=ZireqT22 Value: real and imaginer part = %f
%$f\n',real (ZireqT11l) *50,imag (ZireqT11l) *50, real (ZireqT12) *50,imag (ZireqTl2)*
50);
fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
%f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
%f\n',real (ZireqTll) *50,imag (ZireqT11) *50, real (ZireqT1l2) *50, imag (ZireqT12) *
50} ;
% ZLreq value %
ZLreql=((212*221)/(Z211-ZireqT1l)-222);
ZLreq2=((212*221)/(Z211-ZireqT12)-222);

% ZLreq value %

fprintf ('ZLregl Value: real and imaginer part = &t
%f\n', real (ZLreql) *50,imag(ZLreql) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = $f
$f\n', real (ZLreql) *50,imag(ZLreql) *50) ;

fprintf ('ZLreq2 Value: real and imaginer part = $f
$f\n', real (ZLreqg2) *50,imag (ZLreg2) *50) ;

fprintf(fid w, 'ZLreg2 Value: real and imaginer part = $f

3f\n', real (ZLreqg2)*50,imag(ZLreg2) *50) ;
% ZSreq value %
ZSregl=conj (ZireqT1ll);
ZSreg2=conj(Z2ireqT1l2);

% ZSreq value %
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fprintf ('ZSregl Value: real and imaginer part = %f
%f\n', real (ZSreql) *50, imag (ZSreql) *50) ; '
fprintf (fid_w, 'ZSreql Value: real and imaginer part = &t
%f\n',real (ZSreql)*50,imag(ZSreql) *50);
fprintf('ZSreq2 Value: real and imaginer part = %f
%f\n', real (ZSreq2) *50,imag (ZSreqg2) *50) ;
fprintf(fid w, 'ZSreq2 Value: real and imaginer part = gf

$f\n', real (ZSreq2)*50,imag(ZSreg2) *50) ;

% fid w will be open in empcal.m
fclose(fid w);

ZLreg=ZLreql; % print the first one in the intersection %
ZSreq=ZSreql; % print the first one in the intersection %

else

% open fid w for append
fid w = fopen('out _int.txt','at+'); % write output to a file %

fprintf('No solution in Region-3: (InstersectionExist = 0) |
(vireq = 1) | (Freq = Fmin)\n');

fprintf(fid w, 'No solution in Region-3: (InstersectionExist = 0)
| (Viregq = 1) | (Freq = Fmin)\n');

% fid w will be open in empcal.m !
fclose (fid w);

ZSreg= NaN+i*NaN;
ZLreg= NaN+i*NaN;

end;

% fprintf(fid w g,'%f &%f %f %f %f %f
$f\n', f, GTMAX, GTMIN, real (ZL) *50, imag (ZL) *50, real (ZS) *50,imag (ZS) *50); %
fprintf(fid w g,'%f %f %f %f %f %f %f %f %L %f ¥f £
%f\n',Vireq, FdB, £, GTMAX, real (ZL) *50, imag (2L) *50, real (ZS) *50,imag (ZS) *50,
GTDBreq, real (ZLreq) *50, imag (ZLreq) *50, real (ZSreq) *50, imag (ZSreq) *50) ;

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

elseif (abs(Zctl-ZCGmax) > (rs+rtl)) & (abs(rs-rtl) > abs(Zctl-
ZCGmin) )

fprintf (' (abs (ZCGmax-Zctl) > (rs+rtl)) & ((rs+rtl) > abs{ZCGmin-

Zctl)): Case b) GTmax is internal tangential to TI\n');
fprintf (fid w, ' (abs(ZCGmax-Zctl) > (rs+rtl)) & ((rs+rtl) >
abs (ZCGmin-Zctl)): Case b) GTmax is internal tangential to T1l\n'):;

% Case b) GTmax is internal tangential to Tl %
% GTMAX value; Case b) GTmax is internal tangential to Tl %

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn, Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
GTMC=2*C*Q/ (abs (212)"2) ;
else
D=(R22*abs (Z11)*2-R*¥R11-X*X11) /R22+abs (Zopt) *2;
E=(D*R22-Rctl* (2*R11*R22-R) -2*Xct1*XCG*R22)/rtl;
F=Rctl/rtl;

GTpayn=C* (Q+E*F-sqrt ( { (Q+E*F) 2~ (1-F"2) * (abs (Z) *2-E"*2))) ) ;
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GTpayda=(abs (212)"2* (1-F*2));

GTMCn=GTpayn/GTpayda;

GTpayp=C* (Q+E*F+sqrt ( ( (Q+E*F)*2-(1-F~2) * (abs (Z) *2-E*2))) };
GTpayda=(abs (Z212)"2* (1-F"2));

GTMCp=GTpayp/GTpayda;

if GTMCn > GTMCp
GTMC=GTMCn;
GTmC=GTMCp;
else
GTMC=GTMCp:;
GTmC=GTMCn;
end;

% Checking negative sign for GTmC %
if GTmC < 0
GT_Negative=l; !
GTmC=abs (GTmC) ;
end
end

S=COEFS*GTMC;

RCGmax=~ (RCS+8S) ;
XCGmax=-XCS;
72CGmax = RCGmax + i*XCGmax;
rgmax = sqrt(S72+ 2*S*RCS + rs"2);

% GTmax Circle %
ZCGTM= ZCGmax+rgmax*exp (i*teta);
RCGTM=real (ZCGTM) ;
XCGTM=imag (ZCGTM) ;

% Load and Source impedance calculation; Case b) GTmax is internal
tangential to Tl %
% Zi value %
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
Zi=conj (Zopt);

else
Zi={(((rgmax/ (rtl+rgmax))*Zctl)+((rtl/(rtl+rgmax))*Z2CGmax)) ; h
end .
fprintf('Zi Value: real and imaginer part = $f
$f\n',real (2i)*50,imag(Zi)*50);
fprintf(fid w,'Zi Value: real and imaginer part = 3£

$f\n',real (Zi)*50,imag(Zi) *50) ;

% ZL value %
2L=((212*221)/(211-21)-222);

fprintf('ZL Value: real and imaginer part = $f
$f\n', real (ZL)*50,imag (ZL) *50) ;
fprintf(fid w,'2L Value: real and imaginer part = &f

$£\n', real (2L) *50, imag (ZL) *50) ;

% ZS values %
Rcv=(1+Rmod”~2) *real (Z2i)/C;
Xcv=-imag(2i);
Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (Zi)/C;
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if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn, Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
Z8=Zopt;
else
28=(((rn/ (rn+rv))*Zcv)+((rv/ (rxv+rn) ) *Zcn));
end !
fprintf('2S Value: real and imaginer part = $f
%$f\n', real (ZS)*50,imag (2S) *50) ;
fprintf(fid w, '2ZS Value: real and imaginer part = %f

$f\n', real (ZS) *50,imag(ZS)*50);

% MSG value; Case b) GTmax is internal tangential to Tl %
MSGndB=2* (abs (Z21))/ (abs (Z12) ) *ita;
MSG=10*1ogl0(MSGndB); % MSG in dB %

fprintf ('MSG Value (dB) = %f\n',hMSG);
$fprintf (fid w, 'MSG Value (dB) = %f\n',MSG);

% GTMAX value; Case b) GTmax is internal tangential to Tl %
GTMAX=10*10gl0 (GTMC) ;

if GT_Negative == % Negative GT %
GTMIN=-10*10gl0 (GTmC) ;
else
GTMIN=10*10gl0 (GTmC) ;
end
% if GTMAX > MSG % MSG is maximum stable gain % X
% GTMAX=MSG;
% end;

fprintf ('GTMAX Value (dB) = %f\n',GTMAX);
fprintf(fid_w, 'GTMAX Value (dB) = $f\n', GTMAX) ;
fprintf ('GTMIN Value (dB) = %f\n',GTMIN);
fprintf(fid w, 'GTMIN Value (dB) = $f\n', GTMIN) ;

% Define values to plot f-GTmax $%
x_f(counts)=f;

y_gtmax (counts)=GTMAX;
y_gtreq(counts)=GTDBreq;

Z_gtmin (counts)=GTMIN;

% fid w will be open in empcal.m
fclose (fid w);

% Caluclate empedances on Tl and T2 intersection points and other points
in Region-3

if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to
claculation in Region-3

[ZLreq,ZSreql=empcal (2ireqTll, ZireqT12,ZireqT21,2ireqT22,211,212,%221,222,Rm
od,C, Zopt, teta,Rcn,Xcn, rn, RCGreq, XCGreq, rgreq,Rct2,Xct2, rt2,Rctl,Xectl, rtl, R
il,Xil,RiZ2,Xi2,step_for sample on_circle,switch_for plot) ’

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) &
T1l,T2,Vi.F are a point

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %
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% Zi value %
fprintf('ZireqTll=Z2ireqT12=ZireqT21=2ireqT22= Value: real and

imaginer part = $%f\n',real(ZireqT11)*50,imag(ZireqTll)*50);
fprintf (fid w, 'ZireqTll=ZireqT12=ZireqT21=ZireqT22= Value: redl and
imaginer part = %f\n',real(ZireqTll)*50,imag(Z2ireqT11)*50);

% ZLreq value %
ZLreql=((Z12*%z21)/(211-ZireqT11)-222);

% ZLreq value %

fprintf ('ZLreql Value: real and imaginer part = $f
%$f\n', real (ZLreqgl)*50,imag(ZLreql) *50) ;
fprintf(fid w, 'ZLreql Value: real and imaginer part = $f

%f\n', real (ZLregl) *50, imag (ZLreql) *50) ;

% ZSreq value %
ZSreqg=Zopt;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = %t
%f\n', real (ZSreq) *50,imag(ZSreq) *50) ;
fprintf (fid w, 'ZSreq Value: real and imaginer part = $£

%f\n',real(ZSreq);SO,imag(ZSreq)*50);

% fid w will be open in empcal.m
fclose(fid w); !

ZLreq=ZLreqgl; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % Tl and T1
identical, Zs=Zopt

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% zi value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqTl2=ZireqT22 Value: real and imaginer part = 3%f
$f\n', real (ZireqT11l)*50,imag(ZireqT1ll) *50, real (ZireqT12)*50,imag(2ireqT12) *
50);

fprintf(fid w, 'ZireqTll=ZireqT2l1 Value: real and imaginer part = %f
%f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
$f\n',real (ZireqT11)*50,imag(ZireqT1ll)*50,real (ZireqT1l2)*50,imag(Z2ireqT12)*
50);

% ZLreq value %
2Lreql=((z12*2z21)/(Z11-ZireqT1l)~-222);
ZLreq2=((212*221)/(Z11-ZireqT12)-222);

% ZLreq value %

fprintf ('ZLreql Value: real and imaginer part = %f
%f\n', real (ZLreql) *50, imag (ZLreql) *50);

fprintf(fid w, 'ZLregl Value: real and imaginer part = $f
%f\n',real (ZLreql) *50, imag (ZLreql) *50) ;

fprintf ('ZLreq2 Value: real and imaginer part = $f
%$f\n', real (ZLreq2) *50,imag{ZLreq2) *50) ;

fprintf(fid w, 'ZLreq2 Value: real and imaginer part = %t

%f\n', real (ZLreg2) *50,imag(ZLreq2) *50) ;

% ZSreq value %
ZSreq=Zopt;
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% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = %f
$f\n',real (ZSreq) *50,imag (ZSreq)*50);
fprintf (fid w, 'ZSreq Value: real and imaginer part = %f

%f\n', real (ZSreq) *50,imag (ZSreq) *50) ;

% fid w will be open in empcal.m
fclose(fid w);

ZLreg=ZLregl; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Vireq == 1) % Tl and T1
identical, Zs=conj(Zi)

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = $%f %f,
ZireqT1l2=ZireqT22 Value: real and imaginer part = %f
%f\n', real (ZireqT11l)*50, imag(ZireqT1l) *50, real (ZireqT1l2) *50, imag (ZireqT12) *
50) ;

fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part 2 $f
$f, ZireqT12=ZireqT22 Value: real and 1maglner part = &£
%f\n',real (ZireqT1l1l)*50,imag(ZireqT11l) *50, real (ZireqT12)*50,imag(ZireqTl2)*
50);

% ZLreq value %
ZLreql=((212*221)/(z11-ZireqT11l)-222);
ZLreq2=((212*z21)/(211-ZireqT12)-222);

$ ZLreq value %

fprintf('ZLreqgl Value: real and imaginer part = %£
%f\n',real (ZLreqgl) *50, imag(ZLreqgl) *50) ;

fprintf(fid w, 'ZLreql Value: real and imaginer part = %f
%f\n', real (ZLreql) *50, imag(ZLreql) *50) ;

fprintf('ZLreg2 Value: real and imaginer part = $£
$f\n',real (ZLreqg2) *50, imag (ZLreq2) *50) ;

fprintf(fid w, 'ZLreq2 Value: real and imaginer part = $f

%f\n',real (ZLreg2)*50, imag (ZLreq2) *50) ;
% ZSreqg value %
ZSreql=conj (ZireqT1l);
ZSreq2=conj (ZireqT1l2);

% 2Sreq value %

fprintf('Z5reql Value: real and imaginer part = $f
$f\n', real (ZSreql) *50,imag (ZSreql) *50) ;

fprintf(fid w, 'ZSreql Value: real and imaginer part = £
$f\n', real (ZSreql) *50,imag (ZSreql) *50);

fprintf('Zsreq2 Value: real and imaginer part = $f
$f\n',real (ZSreg2) *50,imag (ZSreqg2)*50) ;

fprintf(fid w, 'ZSreq2 Value: real and imaginer part = $E£

%$f\n', real (ZSreq2) *50,imag (ZSreq2) *50) ;

% fid w will be open in empcal.m
fclose(fid w);

ZLreg=ZLreql; % print the first one in the intersection %
ZSreg=ZSreql; % print the first ocne in the intersection %
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else

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

fprintf('No solution in Region-3: (InstersectionExist = 0) |
(Vireq = 1) | (Freq = Fmin)\n');

fprintf(fid w, 'No solution in Region-3: (InstersectionExist = 0)
| (Vireq = 1) | {Freq = Fmin)\n');

% fid w will be open in empcal.m
fclose(fid w):

ZSreg= NaN+i*NaN;
ZLreg= NaN+i*NaN;

end;

% fprintf(fid w g,'%f &%f %f %f 3f $f '
$f\n', f, GTMAX, GTMIN, real (ZL) *50,imag (ZL) *50, real (2S) *50, imag (Z5) *50) ; %
fprintf(fid w g, '%f %f %f %f %f %f %f %f ®f %f %f *f
$f\n',Vireq, FdB, £, GTMAX, real (ZL) *50,imag (ZL) *50, real (ZS) *50, imag (ZS) *50,

GTDBreq, real (ZLreq) *50,imag (ZLreq) *50, real (ZSreq) *50,imag(ZSreq) *50) ;

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

elseif (abs(ZCGmax-Zct2) > (rs+rt2)) & ((rs+rtl) > abs(ZCGmax-Zctl))

fprintf (' (abs (ZCGmax-Zct2) > (rs+rt2)) & ((rs+rtl) > abs(ZCGmax-

Zctl)): Case c) Tl cuts CSSC\n');
fprintf (fid w, ' (abs (ZCGmax-Zct2) > (rs+rt2)) & ({(rs+rtl) >
abs (ZCGmax-Zctl)): Case c) Tl cuts CSSC\n'):;

% Case c) Tl cuts CSSC %
% GTMAX value; Case c¢) T1 cuts CSSC %
GTMC = 2*C*Q/ (abs (Z212)"2);

Zm=abs (ZCSC) *2-rs"2;

% Zi in intersection of CSSC-T1l points %
A=(RCS-Rctl) / (Xct1+XCS) ;
B=(abs (Zopt) *2-Zm) / (2* (Xct1l+XCS)) ; »
K= (Rctl-A*B+A*Xctl)/ (1+A"2);
D=(abs (Zopt) *2+B*2-2*B*Xctl)/ (1+A*2);
Ri_1=K+sqrt (K"2-D);
Ri_2=K—sqrt(KA2—D);
Xi_1=A*Ri_1+B;
Xi 2=A*Ri_ 2+B;

% Load and Source impedance calculation; Case c) Tl cuts CSSC %
% Zi values %

Zi_1=Ri 1+i*Xi 1;

Zi 2 Ri 2+1*X1 2,

Zi=7Zi_1;

fprintf('Zi_1 Value: real and imaginer part = $f
%f\n',real(Zl 1)*50 imag(zZi_1)*50);

fprlntf(fld w,'Zi_1 Value: real and imaginer part = 3t

$f\n',real (Zi_1)*50, 1mag(Z1 1)*50);
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fprintf('Zi 2 Value: real and imaginer part = $f
$f\n', real (Zi 2)*50 imag(Zi_2)*50);
fprlntf(fld_w,'Zl 2 Value: real and imaginer part = $f

%f\n',real(Zi_2)*50,§mag(zi_2)*50);
% ZL values %
ZL_1=((212+*221)/(211-zi_1)-222);
ZL, 2=((212*221)/(211-Zi_2)-222);

ZL=ZL _1; % take just one %

fprintf('ZL 1 Value: real and imaginer part = &f
$f\n',real (ZL_1)*50,imag(ZL _1)*50);

fprintf(fld W, '2L 1 Value: real and imaginer part = $£
$f\n',real (ZL_1)*50,imag(ZL_1)*50);

fprintf('ZL_2 Value: real and imaginer part = $f
$f\n', real (ZL_2)*50,imag(ZL 2)*50);

fprintf(fid w,'ZL 2 Value: real and imaginer part = %f

$f\n',real (ZL _2)*50,imag(ZL_2)*50);

% 7ZS values %
Rev=(1+Rmod”2) *real (Zi_1)/C;
Xcv=-imag (Zi_1};
Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (zi_1)/C;

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj (Zopt), Zcv=con] (Zi)
ZS_l=Zopt;
else .
ZS_1=(((rn/(rn+rv))*ch)+((rv/(rv+rn))*ch));

end

Rcv=(1+Rmod"2) *real (Zi_2)/C;
Xcv=-imag(Z2i_2);
Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (Zi_2)/C;

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,
rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj (Zopt), Zcv=conj(Zi)
ZS 2=Zopt;
else
ZS_2=(((rn/(rn+rv))*ch)+((rv/(rv+rn))*ch));
end

Z8=Z5_1; % take just one %

fprintf('Z2S_1 Value: real and imaginer part = 3f
%$f\n',real (zS_1)*50,imag(ZS_1)*50);

fprintf(fld wW,'Z3 1 Value: real and imaginer part = 3£
$f\n', real (Zs_1)*50, imag(zs_1)*50);

fprintf('ZS 2 Value: real and imaginer part = g £
$f\n',real (25_2)*50,imag(ZsS_2)*50);

fprintf(fld wW,'2S 2 Value: real and imaginer part = $f

$f\n', real (zS_2)*50,imag (ZS_2)*50) ;

% MSG value; Case c) Tl cuts CSSC (Rmod=0~-> C=1) %
MSGndB=2* (abs (221))/ (abs (212) ) *ita;
MSG=10*1ogl0O(MSGndB); % MSG in dB %

fprintf ('MSG Value (dB) = %$f\n', MSG);
$fprintf (fid w, 'MSG Value (dB) = %f\n',6MSG);
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% GTMAX value; Case c¢) T1 cuts CSSC %
GTMAX=10*10gl0 (GTMC) ;
GTMIN=0; % in dB %

if GTMAX > MSG % MSG is maximum stable gain %
GTMAX=MSG;
end;

fprintf ('GTMAX Value (dB) = %f\n',6K GTMAX);
fprintf (fid w, 'GTMAX Value (dB) = %$f\n', GTMAX) ;
fprintf ('GTMIN Value (dB) = %$f\n',GTMIN);
fprintf (fid w, 'GIMIN Value (dB) = %f\n',GTMIN) ;

% Define values to plot f-GTmax %
x_f(counts)=f;

y_gtmax (counts)=GTMAX;
y_gtreq(counts)=GTDBreq;
z_gtmin(counts)=GTMIN;

% fid w will be open in empcal.m

fclose(fid w);

% Caluclate empedances on Tl and T2 intersection points and other pdints
Region-3

if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to

claculation in Region-3

[ZLreq, ZSreq] =empcal (ZireqTll,ZireqT12, ZireqT21,Z2ireqT22,211,212,221,222,Rn

od,

C, Zopt, teta,Rcn, Xcn, rn, RCGreq, XCGreq, rgreq, Rct2,Xct2, rt2,Retl, Xctl, rtl,R

i1,Xil,Ri2,Xi2,step_for sample on_circle,switch_ for plot)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) %

T1,T2,Vi.F are a point

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zzi value %
fprintf('ZireqTll=ZireqT12=ZireqT21l=ZireqT22= Value: real and

imaginer part = %f\n',real(ZireqT1l1l)*50,imag(ZireqT11l)*50);

fprintf(fid w, 'ZireqTll=ZireqT12=ZireqT21=ZireqT22= Value: real and

imaginer part = %f\n', real (ZireqTll) *50, imag (ZireqT11)*50);

% ZLreq value %
ZLreql=((212*2z21)/(211-ZireqT11)-222); )

% ZLreq value %
fprintf('ZLreql Value: real and imaginer part = %t

$f\n', real (ZLreql) *50, imag (ZLreql) *50) ;

fprintf (fid w, 'ZLreql Value: real and imaginer part = %f

$f\n',real (ZLreql)*50, imag(ZLreql) *50);

% ZSreq value %
ZSreqg=Zopt;

% ZSreq value %
fprintf('ZSreq Value: real and imaginer part = $f

$f\n', real (ZSreq) *50,imag{ZSreq) *50) ;

fprintf (fid w, 'ZSreq Value: real and imaginer part = $f

%f\n',real(ZSreq);SO,imag(ZSreq)*50);
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% fid w will be open in empcal.m
fclose(fid w);

ZLreq=ZLreqgl; % print the first one in the intersection $%

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % Tl and T1
identical, Zs=Zopt

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqTl1l2=ZireqT22 Value: real and imaginer part = %f
$f\n', real (ZireqT11l)*50,imag(ZireqT11)*50, real (ZireqT12)*50,imag(ZireqT12)*
50);

fprintf (fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
%f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
$f\n', real (ZireqT11l)*50,imag(ZireqT11l)*50,real (ZireqT12)*50,imag{ZireqT12)*
50) ;

% ZLreq value %
ZLreql=((z12*Z21)/(Z211-ZireqT11l)-222); '
ZLreq2=((ZlZ*ZZl)/(le—ZirequZ)—ZZZ);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = 3f
%f\n',real (ZLreql)*50,imag(ZLreql) *50) ;

fprintf(fid w, 'ZLregl Value: real and imaginer part = %t
$f\n', real (ZLreql) *50,imag(ZLreql) *50) ;

fprintf('ZLreqg2 Value: real and imaginer part = 3£
$f\n', real (ZLreg2) *50,imag (ZLreqg2) *50}) ;

fprintf (fid w, 'ZLreq2 Value: real and imaginer part = %f

$f\n', real (ZLreg2)*50,imag (ZLreg2) *50) ;

% ZSreq value %
ZSreqg=zZopt:;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = %f
%f\n', real (ZSreq) *50,imag(ZSreq) *50) ;
fprintf(fid w, 'ZSreq Value: real and imaginer part = %t

%f\n',real(ZSreq);50,imag(ZSreq)*50);

% fid w will be open in empcal.m
fclose(fid_w);

ZLreq=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Vireq == 1) % Tl and T1
identical, Zs=conj(zZi)

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqTl2=ZireqT22 Value: real and imaginer part = %f
$f\n', real (ZireqT11l)*50,imag(ZireqT1ll)*50, real (ZireqT12)*50,imag(ZireqTl12) *
50);
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fprintf(fid w, 'ZireqTll=ZireqT21 Value: real and imaginer part = %f
%f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
%f\n', real (ZireqT11l)*50,imag(ZireqT1ll)*50, real (ZireqT12) *50, imag(ZireqT12)*
50);

% ZLreq value %
ZLreql=((Z12*721)/(211-ZireqTl1l1l)-222);
ZLreq2=((212*%21)/(211-ZireqTl12)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = $f
$f\n', real (ZLreql) *50, imag (ZLreql) *50) ;
fprintf(fid w, 'ZLreql Value: real and imaginer part = $£
%f\n', real (ZLreql) *50, imag (ZLreql) *50) ;
fprintf('ZLreqg2 Value: real and imaginer part = $f
%f\n', real (ZLreq2) *50, imag (ZLreq2) *50) ; '
fprintf(fid w, 'ZLreq2 Value: real and imaginer part = $f

$f\n', real (ZLreqg2) *50, imag (ZLreqg2) *50) ;
% ZSreq value %
ZSreql=conj (ZireqT1l);
ZSreqg2=conij (ZireqTl2);

% ZSreq value %

fprintf('ZSreql Value: real and imaginer part = $f
%f\n', real (ZSreql)*50,imag(ZSreql) *50) ;

fprintf(fid w,'ZSreql Value: real and imaginer part = $f
%f\n', real (ZSreqgl) *50,imag (ZSreql) *50) ;

fprintf('ZSreqg2 Value: real and imaginer part = $f
%f\n', real (ZSreq2) *50, imag (ZSreqg2) *50) ;

fprintf (fid w, 'ZSreg2 Value: real and imaginer part = $f

%f\n', real (2Sreq2) *50, imag (2Sreq2) *50) ;

% fid w will be open in empcal.m
fclose(fid _w);

ZLreg=ZLreql; % print the first one in the intersection %
ZSreg=ZSreql; % print the first one in the intersection %

else

% open fid w for append
fid w = fopen('out int.txt',‘'at+'); % write output to a file %

fprintf('No solution in Region-3: (InstersectionExist = 0) |
(Vireq = 1) | (Freq = Fmin)\n');
fprintf(fid w, '"No solution in Region-3: (InstersectionExist = 0)

| (Vireq = 1) | (Freq = Fmin)\n'):

% fid w will be open in empcal.m
fclose(fid w);

ZSreg= NaN+i*NaN;
ZLreg= NaN+i*NaN;

end;

% fprintf(fid w g,"'%f %f %f %f %f %f
$f\n', £, GTMAX, GTMIN, real (Z2L) *50, imag (ZL) *50, real (ZS) *50, imag (ZS) *50); %
fprintf(fid w g,'%f &f %f %f %f %£ %f %L %f %f 3f %f
%f\n',Vireq, FdB, £, GTMAX, real (ZL) *50, imag (ZL) *50, real (2S) *50, imag (ZS) *50,
GTDBreq, real (ZLreq) *50, imag (ZLreq) *50, real (ZSreq) *50, imag (ZSreq) *50) ;
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% open fid w for append
fid w = fopen('out_int.txt', 'at+'); % write output to a file %

elseif abs (ZCGmax-Zct2) < (rs+rt2)

fprintf ('abs (ZCGmax-Zct2) < (rs+rt2): Case d) T2 cuts CSSC\n');
fprintf(fid_w, 'abs (ZCGmax-Zct2) < (rs+rt2): Case d) T2 cuts
cssc\n');

% Case d) T2 cuts CSSC %

% GTMAX value; Case d) T2 cuts CSSC %
GTMC = 2*C*Q/ (abs (Z12)72);

Zm=abs (ZCSC) *2-rs"2;

% 2i in intersection of CSSC-T2 points %
A= (RCS-Rct2)/ (Xct2+XCS) ;

B=(abs (Zopt)*2-Zm) / (2* (Xct2+XCS) ) ;

K= (Rct2-A*B+A*Xct2) / (1+A"2) ;

D= (abs (Zopt) *2+B"2-2*B*Xct2) / (1+A"2) ;
Ri_1=K+sqrt (K"2-D);

Ri_2=K-sqrt (K"2-D);

fprintf('Ri_1,Ri 2: %f %f\n',Ri _1,Ri 2);

Xi 1=A*Ri_ 1+B;
Xi 2=A*Ri_2+B;

% Load and Source impedance calculation; Case d) T2 cuts CSSC %
% 2i values %

Zi 1=Ri_1+4i*Xi 1;

Zi_ 2=Ri 2+i*Xi 2;

Z2i=Zi_1;
fprintf('Zi 1 Value: real and imaginer part =  %f
$f\n',real (Zi_1)*50,imag(Zi_1)*50);
fprintf(fid w, 'Zi_1 Value: real and imaginer part = %f
$f\n',real (Zi_1)*50,imag(2i_1)*50);
fprintf('Zi_ 2 Value: real and imaginer part = $f
$f\n',real (2i_2)*50,imag(Zi_2)*50); )
fprintf(fid w,'Zi_2 Value: real and imaginer part = $f

%f\n',real(Zi_f)*50,imag(zi_2)*50);
% ZL values %
ZL_1=((212*221)/(211~-zi_1)-222);
ZL 2=((212*221)/(211-zi_2)-222);

Z2L=2L 2; % take just one %

fprintf('ZL_1 Value: real and imaginer part = 3t
%f\n',real(ZL_l)*50,imag(ZL_l)*50);

fprintf(fid w,'ZL_1 Value: real and imaginer part = 3£
$f\n',real (Z2L_1)*50,imag(2L_1)*50);

fprintf('ZL 2 Value: real and imaginer part = %f
$f\n',real (ZL_2)*50,imag(ZL_2)*50);

fprintf(fid w,'ZL 2 Value: real and imaginer part = $£

{

$f\n', real ZL_2)*50,Imag(ZL_2)*50);

% ZS values %
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Rev=(14+Rmod”2) *real (zi_1)/C;
Xev=-imag(zi_1);

Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (Zi_1)/C;

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,

rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj (Zi)
ZS_1=Zopt;
else
ZS_1=(((rn/(rn+rv))*ch)+((rv/(rv+rn))*ch));

end

Rev=(1+Rmod"2) *real (Zi_2)/C;
Xcv=-imag(zi_ 2);

Zcv=Rcv+i*Xcv;
rv=2*Rmod*real (zi_2)/C;

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match,

rn=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj (Zi)
Z3_2=Zopt;
else
ZS_2=(((rn/(rn+rv))*ch)+((rv/(rv+rn))*ch));

end

25=7S_2; % take just one %

fprintf('Z5_1 Value: real and imaginer part = $f
$f\n',real (Zs_1)*50,imag(ZS8_1)*50);

fprintf(fid w,'Zs_1 Value: real and imaginer part = $f
$f\n', real (Zs_1)*50,imag(ZS_1)*50);

fprintf('zS_2 Value: real and imaginer part = %f
$f\n', real (Zz5_2)*50,imag(Z25_2)*50);

fprintf(fid w,'ZS_2 Value: real and imaginer part = $f

$f\n', real (zS_2)*50,imag (ZS_2)*50);

% MSG value; Case d) T2 cuts CSSC (Rmod=0--> C=1) %
MSGndB=2* (abs (Z21))/ (abs (212) ) *ita;
MSG=10*1ogl0(MSGndB); % MSG in dB %

fprintf ('MSG Value (dB) = %f\n',6MSG);
$fprintf (fid w, 'MSG Value (dB) = %$f\n',MSG) ;

% GTMAX value; Case d) T2 cuts CSSC %
GTMAX=10*1ogl0 (GTMC) ;
GTMIN=0; % in dB %

% if GTMAX > MSG % MSG is maximum stable gain %
% GTMAX=MSG;
% end;

fprintf ('GTMAX Value (dB) $f\n',GIMAX) ;
fprintf (fid w, 'GTMAX Value (dB) = %$f\n', GTMAX) ;
fprintf ('GTMIN Value (dB) = %f\n',GTMIN);
fprintf(fid w, 'GTMIN Value (dB) = $f\n',GTMIN) ;

% Define values to plot f-GTmax %
x_f(counts)=£;

y_gtmax (counts)=GTMAX;
y_gtreq(counts)=GTDBreq;

z_gtmin (counts)=GTMIN;

% fid w will be open in empcal.m
fclose(fid w);
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% Caluclate empedances on Tl and T2 intersection points and other points
in Region-3

if {InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to
claculation in Region-3

[ZLreq, ZSreqg]=empcal (ZireqT1ll,ZireqT12,ZireqT21,ZireqT22,211,212,221,222,Rm
od, C, Zopt, teta,Rcn,Xcn, rn, RCGreq, XCGreq, rgreq, Rct2,Xct2, rt2, Retl, Xetl, xtl,R
il,Xil,RiZ,XiZ,step_for_sample_on_circle,switch_for_plot)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) %
T1,T2,Vi.F are a point

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% 2i value %
fprintf ('ZireqTll=ZireqT12=ZireqT21=2ireqT22= Value: real and

imaginer part = %f\n',real(ZireqT1l1)*50,imag(Z2ireqT11)*50);
fprintf (fid w, 'ZireqT1ll=ZireqT12=ZireqT21=ZireqT22= Value: real and
imaginer part = %f\n',real(ZireqT1l1l)*50,imag(2ireqT11)*50);

% ZLreq value %
ZLreql=((212*z21)/(211-ZireqT1l)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = $f
$f\n', real (ZLreqgl) *50, imag (ZLreql) *50) ;
fprintf(fid w, 'ZLreql Value: real and imaginer part = %f

%f\n',real(ZLreqlT*SO,imag(ZLreql)*50);

% 2Sreq value %
ZSreq=Zopt;

% ZSreq value %

fprintf ('ZSreq Value: real and imaginer part = $f
$f\n', real (ZSreq) *50, imag (ZSreq) *50) ;
fprintf(fid_w, 'ZSreq Value: real and imaginer part = %£

$f\n', real (ZSreq) *50,imag(ZSreq) *50) ;

% fid w will be open in empcal.m
fclose(fid w);

ZLreg=ZLreqgl; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % Tl and T1
identical, Zs=Zopt

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

% 2i value %

fprintf('ZireqT1l1l=ZireqT21 Value: real and imaginer part = %f %%,
ZireqT12=ZireqT22 Value: real and imaginer part = %f
$f\n',real (ZireqT1l1)*50,imag{(ZireqT1l1l)*50,real (ZireqT12)*50,imag(ZireqT12)*
50);
fprintf (fid w, 'ZireqTll=ZireqT21l Value: real and imaginer part 2 f
$f, ZireqTl2=ZireqT22 Value: real and imaginer part = %f
$f\n',real (ZireqT1l1l)*50,imag(ZireqT11l)*50,real (ZireqT12)*50,imag(ZireqT12)*
50} ;
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% ZLreq value %
ZLreql=((212*221)/(211-ZireqT1l1l)-222);
ZLreq2=((212%221)/(211-2ireqT12)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = £
$f\n', real (ZLreql) *50,imag (ZLreqgl) *50) ;

fprintf (fid_w, 'ZLreql Value: real and imaginer part = $f
%$f\n', real (ZLreql) *50,imag(ZLreql) *50) ;

fprintf('ZLreq2 Value: real and imaginer part = $f
$f\n', real{ZLreq2)*50,imag(ZLreq2) *50);

fprintf(fid w, 'ZLreqg2 Value: real and imaginer part = St

%f\n', real (ZLreq2)*50, imag (ZLreq2) *50) ;

% ZSreq value %
ZSreg=Zopt;

% ZSreq value %

fprintf('ZSreq Value: real and imaginer part = %t
$f\n', real (ZSreq) *50,imag{(ZSreq) *50) ;
fprintf(fid w, 'ZSreq Value: real and imaginer part = %t

$f\n', real (ZSreq) *50,imag(ZSreq) *50) ;

% fid w will be open in empcal.m
fclose (fid w);

ZLreq=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0} & (Vireq == 1) % Tl and T1
identical, Zs=conj(Zi) ’

% open fid w for append
fid w = fopen('out_int.txt',6 'at+'); % write output to a file %

% Zi value %

fprintf('ZireqTll=ZireqT21 Value: real and imaginer part = %f %f,
ZireqTl2=ZireqT22 Value: real and imaginer part = 3%f
$f\n', real (ZireqT1ll)*50,imag(ZireqT11l) *50, real (ZireqT12) *50,imag (ZireqT1l2)*
50);

fprintf (fid w, 'ZireqT1l1=ZireqT21 Value: real and imaginer part = %f
$f, ZireqTl2=ZireqT22 Value: real and imaginer part = 3%f
$f\n', real (ZireqT1ll)*50,imag(ZireqT11l)*50, real (ZireqT12)*50,imag(ZireqT12)*
50);

% ZLreq value %
ZLreql=((z12*221)/(Z11-ZireqT11)-222);
ZLreq2=((212*221)/(Z11-ZireqT12)-222);

% ZLreq value %

fprintf('ZLreqgl Value: real and imaginer part = %£
$f\n', real (ZLreqgl) *50,imag{ZLreql) *50);
fprintf(fid w, 'ZLreql Value: real and imaginer part = $f \
$f\n', real (ZLreql)*50,imag(ZLreqgl) *50); ‘
fprintf('ZLreq2 Value: real and imaginer part = 3£
%f\n', real (ZLreq2) *50,imag (ZLreqg2) *50) ;
fprintf(fid w, 'ZLreq2 Value: real and imaginer part = %f

$f\n', real (ZLreg2) *50, imag(ZLreqg2) *50) ;

% ZSreq value %
ZSreql=conj (ZireqT1l);
ZSreq2=conj (ZireqTl2);
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% ZSreq value %

fprintf ('Z5reql Value: real and imaginer part = %t
$f\n', real (ZSreql) *50, imag (ZSreql) *50) ;

fprintf(fid w, 'ZSreql Value: real and imaginer part = $f
%$f\n', real (ZSreql)*50, imag (ZSreql) *50) ;

fprintf('ZSreq2 Value: real and imaginer part = %f
$f\n', real (ZSreqg2) *50, imag (ZSreq2) *50) ;

fprintf (fid w, 'ZSreq2 Value: real and imaginer part = %

%f\n',real(ZSrquT*SO,imag(ZSrqu)*50);

% fid w will be open in empcal.m
fclose(fid w);

ZLreg=ZLreql; % print the first one in the intersection %
ZSreqg=ZSreql; % print the first one in the intersection %

else

% open fid w for append
fid w = fopen('out_int.txt','at+'); % write output to a file %

fprintf('No solution in Region-3: (InstersectionExist = 0) |
(Vireq = 1) | (Freq = Fmin)\n');

fprintf(fid w, 'No solution in Region-3: (InstersectionExist ' '= 0)
| (Vireq = 1) | (Freq = Fmin)\n'); ‘

% fid w will be open in empcal.m
fclose(fid w);

ZSreg= NaN+i*NaN;
ZLreg= NaN+i*NaN;

end;
% fprintf(fid w g,'%f &%f %f %f %f %f
$f\n', £, GTMAX, GTMIN, real (ZL) *50, imag (ZL) *50, real (ZS) *50,imag (ZS) *50); %
fprintf (fid w g,'%f ®%f f %f %f %f %f %f %f %f 3f £

%f\n',Vireq, FdB, £, GTMAX, real (ZL) *50,imag (ZL) *50, real (ZS) *50, imag (ZS) *50,
GTDBreq, real (ZLreq) *50, imag (ZLreq) *50, real (ZSreq) *50, imag (ZSreq) *50) ;

% open fid w for append
fid w = fopen('out_int.txt',6 'at+'); % write output to a file %

else
fprintf ('Not defined\n'):;

fprintf(fid w, 'Not defined\n');

end; % Conserning Solution %
if ZCGTM ==
% Drawing Circles % % Rid4l --> GTmin, so not drawn %
if switch for plot ==
figure,plot (RCGTreq,XCGTreq, 'k-',Ril,Xil, 'm-',Ri2,Xi2, 'm-
.'",Ri5,Xi5,'g-"',Ri3,Xi3, 'c-
',Rid42,Xi42,'r:"',Ri43,Xi43,'r:"',Ri44,Xid44, " 'r:"',Ri45,Xi45,"'r:")

axis([-1 1 -1 11)
title('Zi-Plane')
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xlabel('real{2i}'),ylabel('imag{Zi}"'),grid

gtext ('GTreq') ,gtext ('T1l'),gtext('T2"'),gtext ('ISC=GTmin"'),gtext ('CSSC=GTmax
') ,gtext ('Gain Circles'),gtext('Conditional Stability')
end

else % to draw GTmax for tangential case b) %
% Drawing Circles % % Ri4l --> GTmin, so not drawn %
if switch_for plot ==

figure,plot (RCGTreq,XCGTreq, 'k-',Ril,Xil, 'm~',Ri2,Xi2, 'm-
. ',RCGTM, XCGTM, 'b-',Ri5,Xi5, 'g-',Ri3,Xi3, 'c-
',Ri42,Xid42,'r:',Rid3,Xi43,'r:"',Ri44,Xid44,'r:"',Rid45,Xi45,'r:")
axis([-1 1 -1 1]) .
title('zi-Plane') '
xlabel ('real{2i}'),ylabel{'imag{Zi}'),grid

gtext ('GTreq') ,gtext ('T1'),gtext ('T2"),gtext ('GTmax'),gtext('ISC=GTmin'), gt
ext ('CSSC') ,gtext('Gain Circles'),gtext('Conditional Stability')
end

end;

else % Stability: else %

fprintf ('Not Conditional or unconditional stable\n');
fprintf (fid_w, 'Not Conditional or unconditional stable\n');
fprintf('R11,R22,ita = %f,%f,%f \n ',R11,R22,ita);
fprintf(fid_w,'R11,R22,ita = %f,%f,%f\n',R11,R22,ita)};

end; % Stability: end %
end; % loop under main loop %
% Plots f-GTmax %
% fprintf('x f= %f, y gtmax= %f, y gtreg=%f\n ',x f,y gtmax,y_gtreq);,
if switch_for plot ==
figure,plot(x_f,y gtmax,'g-',x_f,y gtreq,'c-')
%axis ([0 25 0 18])%
title('Frequency-GTmax')
xlabel ('f(Hz)'),ylabel ('GTmax(dB) '), grid
gtext ('GTmax'),gtext ('GTreq’');
figure,plot(x_£f,z gtmin, 'g-')
%axis ([0 25 0 18])%
title('Frequency-GTmin')
xlabel ('f(Hz)'),ylabel('GTmin(dB)'),grid
end
end; % main loop %
% Close files %
fclose(fid r s);

fclose(fid r n);
fclose(fid r p);
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fclose(fid w);
fclose(fid w_g);

% End of drawing Circles */
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Ek 2 Lineer iki kapihnin birebir esleme fonksiyonlar

Lineer iki kapili bir devrenin kapilarina iligkin sonlandirmalan arasinda lineer oransal bir
doniigiim iligkisi mevcut olup bu iligkiye gore, giris ve ¢ikig empedanslan Z; ve Z, sirastyla, Z;,

M

ve Zs ‘in lineer oransal birer doniigimiidur:

A+z,.Z
Z,=f(Z,) =—0L
Z,+Z, )
A+z,7
Z = Z = 2“8
o g( S) Z“+ZL
Ters déniisiim fonksyonlart ise agagidaki gibidir.
_ Z'z,, —A
Z,=f(Z)="2—
z, - Z,
Z -A @
Z;=g"(Z,)="2—
S g ( o) 222+Zo

Burada A =z,,z,, —z,,z, dir.

Zi-duzlemindeki Zc; merkez fazorlii ve r; yarigaplt daire, Z;-diuzlemine yine bir' daire

bigiminde transfer olacaktir. Z;-diizleminden Z; -diizlemine olan dontstime iligkin ifadeler
!Z i—Z cil =r (3)
|ZL _ZcL|=rL “)

bagintilar1 ve (2)’de verilen doniigim fonksyonlan1 kullanilarak elde edilebilir. Bu iglemler

sonucu ¢ikacak olan doniigiim formiilleri agagidaki sekilde olacaktir.

A'B-r’z
7 22 Ti‘n 5
cL |Al2 ——}’iz ( )
B - e
r | cLl |A|2 —riz ( )

A=z,-2Z,, B=A-z,Z, @)
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