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SIMGE LISTESI

Gr Transduser gii¢ kazanci

Gy max Maksimum transduser gii¢ kazanci

Grmin Minimum transduser gii¢ kazanci

Gireq Istenilen transduser kazanct ( Gy i, < Gy, < Grpy )

F Bir mikrodalga transistorun minimum giiriiltii faktorii

F Giiriiltii faktorti (F 2 F; )

F, istenilen giiriiltii faktrii ( F,, > Fy, )

| p,[ Giris yansima katsayisi

v Giris VSWR (7, 21)

Vireg Istenilen giris VSWR (7, 21)

f Calisma frekans:

VpssVer Bir mikrodalga transistorun kutuplama gerilimi

I, 1 Bir mikrodalga transistorun kutuplama akimi

CT Konfigiirasyon tipi

Sij Transistorun S-parametreleri (i,j=1,2)

ISl Transistorun S-parametreleri genligi (i,j=1,2)

<Sij Transistorun S-parametreleri agisi (i,j=1,2)

| Optimum Kaynak Yansima Katsayisi

| T, ] Optimum Kaynak Yansima Katsayist genligi

<T,. Optimum Kaynak Yansima Katsayisi agisi

R, Bir mikrodalga transistorun egdeger gtiriiltli Direnci

Z; =R; + jX,; Reel ve imajiner kisimlariyla iki-kapili devrenin yiik empedansi

Z, =2 Gr e @ karsilik gelen ylik empedans:

Z¢ = Rg + jXg Reel ve imajiner kisimlariyla iki-kapili devrenin kaynak empedansi

Zgom =Zg G 1 max @ karsilik gelen kaynak empedansi

Z,g =Ry, + Xy, Reel ve imajiner kisimlanyla iki-kapih devrenin Gy, i¢in yik
empedansi

Zgy = Rgy + jX ., Reel ve imajiner kisimlartyla iki-kapili devrenin Gy, icin kaynak
empedansi



Zin = Rin +inn

Z

cin

rin

Z cS

Fs

T1ve T2

Z ctl 2

Tenn

Z

cg

Te

Iki-kapili devrenin giris empedans:
Zi-diizlemindeki dairelerin merkez fazorii
Zi-diizlemindeki dairelerin yarigap:
Zs-~diizlemindeki dairelerin merkez fazorii
Zs-diizlemindeki dairelerin yarigap:

Kaynak diizleminde giriiltti faktorii dairesi ile girisi VSWR dairesi
arasindaki pozisyonlarin Zi-diizleminde olusturdugu bolgeleri simirlayan
daireler

Zi-diizlemindeki T1 ve T2 dairelerin merkez fazorii
Zi-diizlemindeki T1 ve T2 dairelerin yarigap:
Zi-diizlemindeki kazang dairesinin merkez fazorii

Zi-diizlemindeki kazang dairesinin yarigapi

Z, =R, + jX_Kaynak diizleminde reel ve imajiner kisimlanyla giirtiltti faktorii dairesinin

¥

n

merkez fazdrii

Kaynak diizleminde giiriiltii faktorii dairesinin yarigapi

Z, =R, + jX_, Kaynak diizleminde reel ve imajiner kisimlanyla Giris VSWR dairesinin

%

Z,, =R

opt opt

2115212522152

LTEROTE

+ ]X opt

N2s%15

merkez fazorii

Kaynak diizleminde Giris VSWR dairesinin yarigap1

Reel ve imajiner kisimlariyla iki-kapili devrenin optimum kaynak
empedansi

Kullanilan transistore iligkin iki kapilimin z-parametreleri

FysXy1s  Frps¥y z-parametrelerinin sirastyla reel ve sanal kisimlan



KISALTMA LISTESI
CSSC Kompleks Eslenik Kaynak Kararlilik Dairesi (Complex Conjugate Source

Stability Circle)
CT Konfigiirasyon tipi (Configuration Type)
ISC Girig Kararhilik Dairesi (Input Stability Circle)
NaN Sayisal Veri Bulunamiyor Anlaminda Kullaniliyor (Not a Number)

VSWR  Gerilim Duran Dalga Oram (Voltage Standing Wave Ratio)
YSA Yapay Sinir A1
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OZET

Yapilan bu doktora tez ¢aligmasinda, bir mikrodalga transistorun Yapay Sinir Ag1 (YSA) ile
performans analiz ve girig/¢cikis uydurma devrelerinin tasarimina yonelik yeni bir ySntem
sunulmustur. Dolayisiyla bu tez; YSA, performans analizi ve uydurma devre tasarimi olmak

lizere ii¢ ana boliimden olugmaktadr.

Aktif devre elemani (transistor) liretici verileriyle, YSA optimum siirede egitilmektedir.
Yapay sinir ad1 egitildikten sonra, klasik kestirim ydntemleri yerine kullanilarak, istenilen
veriler kolay bir sekilde ve hizlica elde edilebilmektedir. Béylelikle 6nerilen YSA modeli,
optimizasyon prosediirii esnasinda elemanin fizik denklemlerinin tekrar tekrar ¢oziilmesini
gerektirmeyecek ve klasik optimizasyon tekniklerinin ortak sorunu olan "baglangic deger
kestirimi" problemini ortadan kaldirarak tercih edilir duruma gelmektedir. Modelleme
esnasinda bir déngii igerisinde defalarca optimizasyona ihtiya¢ duyuldugu diisiintildiigiinde,
Onerilen yéntemin basaris1 kolaylikla ortaya ¢ikmaktadir.

Onerilen modelde, herhangi bir mikrodalga transistorun S ve giiriiltii parametreleri yapay sinir
ag1 ¢ikigl, frekans, kutuplama akimi ve gerilimi ile konfigiirasyon tipi yapay sinir ag1 girisini
olusturmaktadirlar. Boylelikle YSA, frekans, kutuplama ve konfigilirasyon tipi
parametreleriyle, S ve giiriiltli parametreleri arasinda bir eslesme yaratarak; eleman
denklemleri ¢oziilmeden optimizasyon islemlerini yapma olanagi saglamaktadir. Bu
calismada, YSA liiretici tarafindan verilmeyen giiriilti parametrelerini kestirebilmek igin
kullanilmugtir.

Transistorun performans analizinde kullanilan ve GUNES metoduna dayanan optimizasyon
problemi, F, -F(R;,Xs)=0 ve V,, -V, (Rg,Xs,R;,X,;)=0 olmak tizere (G,
maksimum kazang ve Gg,, istenilen kazang), Gy, —Gr(Rs, X5, R;,X;)=0 ve ayrica

Gpes —Gr(Rg, X5,R,,X,)=0 olacak sekilde iki ayrt durum igin kararh bolgede kalmak

Treg
kosuluyla miimkiin tim Zg =Rg+jX; ve Z, =R, + jX, kompleks sonlandirmalarim
geometriksel ve matematiksel olarak belirlemek seklinde ifade edilebilir. Bu durumda bu
islemler sonucunda; {F,eq,V,.,eq s Gr o [f, Vg1 ]}<:> Z; [f, Veps 1 ], Lo [f, VCE,IC]
ve {Freq’Vireq’GTmin <Gpy SGTmax[f’VCE’IC]}QZLreq[f’VCE’IC]’ ZSreq[.f’VCE’IC]
fonksiyonlarina ulagilmig olacaktir. Burada f'; frekansi ve Vi, ile I, (veya Vs ile 1))

kutuplama noktasini dolayisiyla transistorun giiriiltii ve S-parametrelerini ifade etmektedir.
Bu tiir yiiksek dereceli polinomlarin igerildigi optimizasyon problemlerin ¢6ziimiine ydnelik
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bir takim y6ntemler literatiirde sik¢a yer almaktadir ancak tamimladigimiz problemin hem reel
hem de sanal kisma sahip olmasi ve ayrica ¢ok hesaplama zamanina ihtiyag duymalan
Onerilen geometriksel yontemi daha avantajli duruma getirmektedir. Bunun yaninda bu tezde
tim ¢odziimler hem analitik hem'de geometriksel olarak ifade edilmislerdir. Kullamlan
yontem adimlan ilgili boliimlerde agiklanmugtur.

Performans analizi sonucunda elde edilen sonlandirmalara iligkin giris/cikis uydurma
devrelerin tasarimina yonelik birgok yontem bulunmaktadir. Biz burada ileriki béliimlerde
agiklanan empedans yaklagim y6ntemini kullanacagiz. Bu yontemde veriler, pozitif reel bir
z(s) empedans fonksiyonu ile modellendigi zaman bu z(s) empedans fonksiyonu sentez
edilebilir olacaktir. Olglilen verilerdeki reel ve sanal kisimlari ayn ayr modellemek,
Empedans Yaklagimi ile Modelleme yontemimizin esasim olugturur. Reel ve sanal kisimlar
ayr1 ayr1 modellemek igin, uygulanan empedans yaklagimina iligkin adimlar ileriki boliimlerde
anlatilacaktir.

Bir mikrodalga transistorun YSA ile performans analizi ve modellenmesi konusunda ilk defa

bu tezde ortaya konulan noktalar agagida siralanmastir.

a) Transistorun, klasik kiiclik-isaret esdefer devresi yerine YSA esdegeriyle, calisma
kosullarimn (konfigiirasyon tipi (CT), kutuplama akim (I.) ve gerilimi (V,;), frekans
(f)) fonksiyonu olarak davramigimin aninda tayini ve bunun uygulamada kullaniimas:.

<G

Treq

b) F,2F,, V2l ve G <Gpn, kosullan altinda herhangi bir

ireqg = T min

(7

req?

V.

ireq>

GM,) uyumlu performans iigliisii ile birlikte, Gy, 'ye karsilik gelen
Ziow =2, =R, +jX;, Zspu=Z;=Rs+jX; ve Gp,’a karsilk gelen

Z Riveg ¥ JX 1> Ly =Ry + JX sonlandirmalarinin, transistorun g¢alisma

Lreg = Sreg Sreq Sreq

kosullarinin  (konfigtirasyon tipi (CT), kutuplama akim (I ) ve gerilimi (V ), frekans
(f)) fonksiyonu olarak tayin edilip hesaplanmasi.

¢) Uyumlu performans iigliisiinii gergekleyen kararhi bolgelerde istenilen adim aralifiyla
miimkiin tiim sonlandirmalarin sistematik olarak tayin edilip hesaplanmasi.

d) Bulunan sonlandirmalarin sistematik bir ydntemle (empedans parametreleri yaklagimi)

girig/¢ikis uydurma devreleri tasariminda kullamlmas:.

e) Bir mikrodalga transistorun i¢in YSA, performans analizi ve girig/¢cikis uydurma
devrelerinin elde edilmesi geklinde bir blok yapinin Aktif Mikrodalga devre sentezinde
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kullanmilmak {izere sunulmasi.

Tiim c¢aliymalar bilgisayar programlanyla yapilmigtir ve programlarla ¢iktilart ilgili
boliimlerde verilmigtir.
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ABSTRACT

In this Ph.D. thesis, signal and noise behaviors of microwave transistors are modeled through
the neural network approach for the whole operating ranges including frequency, bias and
configuration types to provide input data for the method of graphical design of a low-noise,
low VSWR microwave stable amplifier and design input and output matching circuits of this
amplifier. So this thesis consists of three main chapters: Neural Network, performance

Analysis of a Microwave transistor and designing input/output matching circuits.

Here, the transistor is modeled by a black box whose small-signal and noise parameters are
evaluated through a neural network, based upon the fitting of both of these parameters for
multiple bias and configuration type with the target space. The concurrent modeling
procedure does not require to solve any equation of the physics of the device during the
optimization procedure. After having trained the network in an optimum time interval
compared with the other modeling techniques, inputting the required configuration type (CT),
bias condition (Vps,Ips or V¢g,Ic ) and operating frequency, one can obtain the corresponding
eight signal parameters which are the scattering parameters in our study, and four noise

parameters.

In another chapter of this study, maximum transducer power gain of a stable microwave
transistor has been analytically expressed in terms of noise figure, input VSWR and the two-
port parameters. The analysis has been based on GUNES method with the geometrical
representations of constant noise, input VSWR and gain circles in the impedance planes and
the solution has been obtained in the input impedance plane. The corresponding terminations
are also derived analytically. The conditionally stable transistor has also been discussed and
the same reasoning has been performed on the computer-plotted graphs and contours clearly.
Different curve groups depending on VSWR-Gain-Noise parameters are plotted on computer.
In the program, to help the designer an option for plotter outputs of curves is included for the

user.

Finally, input and output matching circuits of the amplifier have been designed by using
Impedance parameter approach explained in the following chapters. As know by a theorem,
any impedance can be stated as a sum of minimum reactance function and a foster function.
The characteristic of the minimum reactance function is that its real part is non-negative and it
can be fully obtained from either real or imaginary part. The required steps of this method

are given in the following chapters.
xvii



In this Ph.D. thesis the concepts that are new in the literature are presented as follows;

a)

b)

d)

The transistor is modeled by a black box whose small-signal and noise parameters are
immediately evaluated through a neural network, based upon the fitting of both of these

parameters for multiple bias, configuration type and frequency.

21 and Gy,

<G

Concemning F,, 2EF,, V, Treg

req ireq

<G, any given

.
max °

(F;'eq >

v,

ireq?®

G,

Treq) performance triplets that provides Z, . =Z, =R, +jX,,

Z o =Z, =R, +jX, termination couple corresponding to Gyp,, and

Z g = Rppy ¥ JX pys Zipeq = Ry + JX 5, termination couple corresponding to Gr,,,

are evaluated in terms of operation conditions such as configuration type, bias conditions
and frequency. So that microwave amplifier design can be easily achieved over whole

operation frequency band.

Identifying all possible terminations systematically realizing performance triplets with a

parametric step size over the stable regions.

Defining input/output matching circuits by concerning the termination calculated with a

“impedance parameter approach” procedure.

Proposing the first block structure based on Neural Network, performance analysis of a
Microwave transistor and designing input/output matching circuits that will be used the

synthesis of Active Microwave circuits.

All the work is done by computer programs and the outputs of programs are given in the

related chapters.

xviii



1. GIRIS

1.1 Tezin Kapsam

Yapilan bu doktora tez ¢aligmasinda, bir mikrodalga transistorun Yapay Sinir Ag1 (YSA) ile
performans analiz ve giris/gikis uydurma devrelerinin tasarimina yonelik yeni bir yéntem
sunulmustur. Dolayisiyla bu tez; YSA, performans analizi ve uydurma devre tasarimi olmak

lizere ii¢ ana bsliimden olusmaktadir.

Bilgisayar diinyasindaki bag dondiiriicti gelismeler, bilgisayarin mikrodalga devre tasarim ve
optimizasyon islemlerinde kullanimu kagimlmaz hale gelmesine neden olmugtur. Devre
modelinin fiziksel elemanlarla gergeklestirilmeden bilgisayarla simule edilebiliyor olmasi
tasarimciya zaman, maliyet ve isgiicii agisindan biiyiik avantajlar saglamaktadir. Bu tezde ise,
aktif mikrodalga devrelerinde, programlanmis yapay sinir ag1 (YSA) yardimiyla' yapilan
dogru ve etkin yeni bir analiz ve modelleme yontemi ortaya konulmaktadir. Burada YSA

aktif devre elemam (transistor) simule etmek i¢in kullanilmgtir.

Yapilan ¢aligmada, aktif devre eleman: (transistor) iiretici verileriyle, YSA optimum siirede
egitilmektedir. Yapay sinir a1 egitildikten sonra, klasik kestirim yontemleri yerine
kullamilarak, istenilen veriler kolay bir gekilde ve hizlica elde edilebilmektedir. Bdoylelikle
Onerilen YSA modeli, optimizasyon prosediirii esnasinda elemanin fizik denklemlerinin tekrar
tekrar ¢6ziilmesini gerektirmeyecek ve klasik optimizasyon tekniklerinin ortak sorunu olan
"baslangi¢ deger kestirimi" problemini ortadan kaldirarak tercih edilir duruma gelmektedir.
Modelleme esnasinda bir dongti icerisinde defalarca optimizasyona ihtiyag duyuldugu
diistintildiigiinde, 6nerilen yéntemin bagaris: kolaylikla ortaya gikmaktadur.

Onerilen modelde, herhangi bir mikrodalga transistorun S ve giiriiltii parametreleri yapay sinir
ag1 cikigi, frekans, kutuplama akimi ve gerilimi ile konfigiirasyon tipi yapay sinir ag1 girigini
olusturmaktadirlar. Boylelikle YSA, frekans, kutuplama ve konfigilirasyon tipi
parametreleriyle, S ve giiriiltli parametreleri arasinda bir eslesme yaratarak; eleman
denklemleri ¢oziilmeden optimizasyon islemlerini yapma olanag: saglamaktadir. Bu
caligmada, YSA liiretici tarafindan verilmeyen giiriiltii parametrelerini kestirebilmek igin
kullamlmistir.

YSA'dan elde edilen veriler mikrodalga transistorun performans analizi isleminde
kullamlacaktir. Son yillarda diisiik giiriiltiilii mikrodalga transistor kuvvetlendirici ve onlarin
tasarim tekniklerinde artan bir ilgi olugmaktadir. Temel talep, belirli bant genisligi iginde
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minimum giiriiltli (Fmin), minimum giris VSWR (=1) ve yiiksek kazanctir.

Transistorun performans analizinde kullanilan ve GUNES metoduna dayanan optimizasyon
problemi, F,, —F(Rs;,X3)=0 ve V,, ~V,(Rg,Xs,R,,X;)=0 olmak tizere (Grp,,
maksimum kazang ve Gy, istenilen kazang), Gy, —Gr(Rs, X5,R;,X;)=0 ve aynca
Gryoy = Gr(Rg, X, R, X, ) =0 olacak gekilde iki ayn durum igin kararli bélgede kalmak
kosuluyla miimkiin tim Z;=R;+ jX; ve Z, =R, + jX, kompleks sonlandirmalarim
geometriksel ve matematiksel olarak belirlemek seklinde ifade edilebilir. Bu durumda bu
islemler sonucunda; {F, .V,...Gruu lf+Vers Le 1D Zima o Versle b ZsmaLfsVersIc]
ve {Freq’Vireq’GTmin <Gy, 5GTmax[f’VCEsIC]}@Zueq[fsVCEJcl ZSreq[.f9VCE’IC]
fonksiyonlarina ulagilmis olacaktir. Burada f'; frekansi ve V; ile I, (veya Vg ile I,g)
kutuplama noktasim dolayisiyla transistorun giiriiltli ve S-parametrelerini ifade etmektedir.

Bu tiir yiiksek dereceli polinomlarin igerildigi optimizasyon problemlerin ¢6ziimiine yénelik
bir takum yontemler literattirde sik¢a yer almaktadir ancak tanimladifimiz problemin hem reel
hem de imajiner kisma sahip olmasi ve ayrica ¢ok hesaplama zamamna ihtiyag duymalar

Onerilen geometriksel yontemi daha avantajli duruma getirmektedir. Bunun yaninda bu tezde
tiim ¢6ziimler hem analitik hem de geometriksel olarak ifade edilmiglerdir.

Kullamlan yéntem asagidaki adimlardan olugmaktadir:

a) Verilen bir transistor iliskin F =sabit, V,=sabit ve G,=sabit dairelerine yonelik Zs-
diizleminde analiz yapilir. Bu adimda giirilti ve VSWR dairelerinin Zs-diizlemindeki
konumlan belirlenmig olur. Bu dairelerin durumlan G, .Gy, ,Z5 ileZ, degerlerini
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belirlenmesine yardimi olacaktir.

b) Zi-diizleminde yapilacak analizlerde kararliik bolgeleri belirlenir. Ayrica burada kararh

bolgede belirlenecek Z, degeri birZ; ’e ve Zs-diizleminde F ve V; dairelerinin durumuna

gore bir veya iki Z degerine karsilik diigiiriilecektir.

©) Grpe Ve Gy, igin tim miimkiin Zg ve Z; degerleri kararlh bolgede kalacak sekilde
belirlenir.

d) Bu islemler tiim ¢aligma band: frekanslarinda yapilarak analiz tanimlanmis olur .

Yukarida anlatilan adamlarla modellemeye temel olugturacak veriler elde edilmig olmaktadir.



Haberlesme sistemlerinin tasariminda sik¢a karsilagilan temel problemlerden birisi, sayisal
veriler ile tanimlanmig bulunan fiziksel eleman ve yapilarin devre modellerinin gikarilmasidir.
Ozellikle mikrodalga frekanslarinda calisan sistemlerde, yiiksek frekans transistorlari, anten,
yiikselteg ve glic kaynagi gibi 6n, ara ve son kat birimlerinin karakteristikleri genelde sadece
Olgtim verileri ile tammlanmaktadir. Bu tiir birimleri igeren yilksek frekans sistemlerinde,
katlar arasinda gii¢ transferini kontrol etmek i¢in ihtiyag duyulan filitre ve uydurma devreleri
tasarimlarinda, bilinen analitik ve yan analitik yéntemlerin kullanilmasi, sayisal veriler ile
tammli  elemanlarin, gergeklesebilir devre fonksiyonlar1 veya devre elemanlari ile
modellenmis olmasim gerektirmektedir. Bu anlamda, mevcut analitik tasarim y6ntemlerinin
uygulanabilmesi i¢in gerek haberlesme sistemlerinde gerekse elektronik miihendisliginin
diger disiplinlerinde karsilasilan sayisal verilerle tammlanmis yapilarin, kayipli veya kayipsiz

devre elemanlar ile modellenmesi biiyiik 6nem tagimaktadir.

Sayisal verilerden devre modellenmesine ihtiyag duyulan tipik uygulamalardan bir tanesi
klasik genis bantli uydurma devre tasarimidir. Bu problemde,verilen bir kaynak ile yiik
arasinda, miimkiin oldugunca genis bir frekans bandi iizerinde, maksimum gii¢ transferini
saglayacak kayipsiz elemanlardan olusan bir, iki kapili uydurma devresinin belirlenmesi s6z
konusudur. Burada kaynak ve yilk empedanslan uygulamaya bagli olarak bizim
durumumuzda oldugu gibi sayisal veriler ile tammlanmis olabilmektedir.

Literatiirde veri modelleme ¢aligmalar: ¢ok eskilere uzanmaktadir. Ancak, mevcut yaklasimlar
ile modellemenin glicligli ve sonuglarin s6z konusu uydurma problemlerinde istenen
hassasiyet agisindan yetersiz kalmasi nedeni ile, ¢alismalar dogrudan sayisal veriler ile tanimli
yiiklerden ¢aligabilen alternatif saf sayisal veya yari-analitik bilgisayar destekli yaklagimlar
tizerine yogunlagmistir. (Carlin H.J.,, Yarman S.B., 1983) tarafindan baglatilan ve Reel
Frekans Teknikleri diye adlandinlan bu yeni yari-analitik ¢oziim yontemleri daha sonra
birgok arastirmac tarafindan gelistirilmis ve analitik yontemlerde kaginmilmaz olarak ihtiyag
duyulan veri modelleme problemindeki gii¢liikleri ortadan kaldirmigtir. Ancak, verimli ve
hassas veri modelleme yo6ntemlerinin gelistirilmesi ve analitik yontemler ile uydurma
problemlerinin ¢6ziimii halen aragtirmacilar tarafindan ¢6ziim bekleyen temel problemlerden

birini tegkil etmektedir.

Pratikte, bir yiik, ilgilenilen frekans bolgesinde 6l¢iilmiiy empedansin reel-sanal kisimlari
olarak tamimlanabilmektedir. Bu sekilde tamimli sayisal yiik verilerinin bir devre yapisi ile
modellenmesi, temel olarak devre fonksiyonlarinin gergeklenme kosullann saglanacak gekilde

elde edilmesini igermektedir. Bu ¢aligmada, sayisal veriler ile tanimlh fiziksel bir yapinin



kayiph bir tek kapili devre olarak veya kayipsiz elemanlardan olusan bir iki kapili devre ile

modellenmesi incelenmistir.
Verilen bir giris empedansinin modellenmesinde iki yontem gok sik olarak kullanilmustir.
1). Bir devre topolojisi belirlenerek verilere en iyi uyan eleman degerlerinin belirlenmesi.

2). Verileri en iyi temsil eden empedans veya sagilma parametrelerinin belirlenmesi ve bu

parametrelerin sentezi ile esdeger devrenin bulunmas:.

Modelleme yapmak i¢in bir devre topolojisi segildiginde, bir optimizasyon paketi yardimiyla
verilere en iyi uyan eleman degerleri belirlenir. Bu gok basit ve diiz bir yéntem olmasina
ragmen bazi zorluklar igermektedir: Yapilacak optimizasyon islemi eleman degerleri
agisindan oldukca lineerlikten uzaktir bu nedenle bolgesel bir minimuma ulagilabilir veya
optimizasyon  hi¢ yakinsamayabilir.  Boylesi  zor lineer olmayan optimizasyon
problemlerinin iyi sonug verebilmesi igin baglangig degerinin ok iyi segilmis olmas: gerekir.
Oysa bu baslangi¢ degerini bulmak o kadar kolay degildir. En 6nemlisi, problemin dogasina
uygun olarak topoloji nasil segilecektir? Bu belirgin degildir. Bu nedenle modelleme yapan
kisi deneme yamlma yontemiyle bir gok topoloji segecek, sonugta en iyi optimizasyonu veren
topolojiyi model olarak alacaktir veya tesadiifen de olsa uygun topoloji denk diigmezse

problem ¢6ziimsiiz kalacaktir.

Verileri en iyi temsil eden empedans parametrelerini bulmak igin birgok ydntem
uygulanmistir.  Bizim durumumuzda bu degerlerin transistorun performans analizi
programindan geldigini daha once belirtmistik. Bu veriler, pozitif reel bir z(s) empedans
fonksiyonu ile modellendigi zaman bu z(s) empedans fonksiyonu sentez edilebilir. Olgiilen
verilerdeki reel ve sanal kisimlan ayr ayrt modellemek, Empedans Yaklagim: ile Modelleme
yontemimizin esasim olugturur. Reel ve sanal kisimlar1 ayr1 ayr modellemek igin, uygulanan
empedans yaklasimina iligkin adimlar ileriki boliimlerde anlatilacaktir.

Bir mikrodalga transistorun YSA ile performans analizi ve modellenmesi konusunda ilk defa

bu tezde ortaya konulan noktalar asagida siralanmigtir.

a) Transistorun, klasik kiigiik-isaret esdeger devresi yerine YSA egdegeriyle, galisma
kosullarinin (konfigiirasyon tipi (CT), kutuplama akim (/) ve gerilimi (V;), frekans

(f)) fonksiyonu olarak davranigimn aninda tayini ve bunun uygulamada kullamimas.

< Gy

b) F,2F,, V.21 ve G

req ireg = T min

<Gy, kosullan altinda herhangi bir
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(F,eq, Viregs qu) uyumlu performans tigliisii ile birlikte, Gy, 've karsilik gelen
2y =Z, =R +jX,, Zgpy=Z;=Rs+jXy; ve Gp,’a karsihk  gelen
Z g = Ripg ¥ JX g5 Zspeg = Rgpy + X g, sonlandirmalarinin, transistorun galigma

kosullarinin  (konfigiirasyon tipi (CT), kutuplama akim (I.) ve gerilimi (V,;), frekans
(f)) fonksiyonu olarak tayin edilip hesaplanmasi.

¢) Uyumlu performans igliisiinii gergekleyen kararli bolgelerde istenilen adim aralifiyla
miimkiin tiim sonlandirmalarin sistematik olarak tayin edilip hesaplanmas:.

d) Bulunan sonlandirmalarin sistematik bir yontemle (empedans parametreleri yaklasimi)
giris/cikis uydurma devreleri tasariminda kullanilmasi.

¢) Bir mikrodalga transistorun i¢in YSA, performans analizi ve giris/gikis uydurma
devrelerinin elde edilmesi seklinde bir blok yapimin Aktif Mikrodalga devre sentezinde
kullanilmak tizere sunulmasi.

Tiim ¢alismalar bilgisayar programlariyla yapilmigtir ve programlarla ¢iktilan ilgili
boliimlerde verilmigtir.

1.2 Kaynak Arastirmasi

1970'lerden baglamak iizere giiniimiize degin bilgisayar destekli mikrodalga tasariminda
Onemli gelismeler saglanmigtir. Artik bilgisayar kullamm mikrodalga devre tasarmi
sliresince kagimlmaz bir arag durumuna gelmistir. Bilgisayar kullanimiyla, zaman ve maliyet
probleminden kurtulup, devreyi simule etme olanagina kavusulmaktadir (Blaavw, Gerrit A. ve
Brodes, Frederic P ).

Bilgisayar bu kadar yaygin ve kullamigli olmadip: zamanlarda da optimizasyona ihtiyag
duyulmustur. Bu durumda aragtirmacilar optimizasyon iglemine yénelik birgok y&ntemler
onermiglerdir (Kenneth W. Cattermale, 1985), (Arthur E. Bryons, Jr. Mu-Chi-Ho (1975),
(Kenneth W. Cattermule, Sohn &.0Resilly, 1984) ve (Bjérn Albinson, 1990). Bilgisayarin
optimizasyon igleminde kullamlabilecegi ortaya ¢iktiinda, bilgisayar yardimiyla tasanm ve
analiz konusuna agirlik verilmeye baglanmistir (Dobrowolski Janusz A., 1991) , (Stephen A.
Maas, 1988). Bilgisayarla parametre ve niimerik analiz yontemleri lizerinde baz1 tezler
yazilmigtir (Tepe Cemal, 1991) ve (Tepe Cemal, 1994).

Gelisen teknoloji karsisinda bilgisayarla yapilan optimizasyon islemlerinin birtakim

eksikliklerinin oldugunun ortaya ¢ikmasi, aragtirmalarin yeni metotlarla gelistirilmesine

e
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zorlamigtir. Biyolojik sinir aginin g¢aligma prensibinin programlanabilecegi ortaya ¢iktiginda,
optimizasyon igleminin Yapay Sinir A1 (YSA) ile yapilabilecegi noktasina gelinmigtir
(Cichocki, A ve Unbehauen R., 1993), (Hykin Simon, 1994) ve (Werbos, P. John, 1994).
Zaabab A.Hafid, Zhang Qi-Jun, Nakhla Michel, (1995) 6nerdigi devre optimizasyonuna
yonelik YSA yaklasimiyla, ¢aligmalar hizlanmig ve bu konuda birgok yayin ortaya ¢ikmigtir
(Giines, F., Giirgen, F., Torpi, H., 1996), (Torpi Hamid, 1997), (Bandler John, Shauhuacher
W., 1998), (Veluswami Anand, Nakhla Michel 8. and Zhang Qi-Jul, 1997), (Zaabab A. Hafid,
Zhong Qi-Jun, Nakhla Michel S., 1995) ve (Wamg Fang, Zhang Qi-Jun, 1997).

Bu gelismelere paralel olarak mikrodalga devrelerde de birtakim gelismeler kaydedilmigtir.
(Glines Macit, 1980) tarafindan gelistirilen mikrodalga transistorun geometriksel y6ntemle
performans analizi {izerinde yapilan ¢aligmalarla s6z konusu bu yoéntem geligtirilmigtir (Glines
Filiz, Glines M., Fidan M., 1994) ve (Giines F., Cetiner B.A., 1998).

YSA ve mikrodalga alanindaki bu geligsmelerle birlikte veri modellemesi ve uydurma devre
tasariminda da yeni gelismeler kaydedilmistir (Carlin H.J., Yarman S.B., 1983) tarafindan
ortaya konulan uydurma devre tasanmi yontemlerini (Yarman S.B., Feltuvies A., 1990),
(Yarman S.B., Aksen A., 1992) ve (Kiling Ali, 1995) izlemis ve boylelikle yeni gelismeler
ortaya konulmugtur.

1.3 i¢erik Diizenlemesi

Tezde bulunan béliimlerde igerilen bilgiler asagida kisaca 6zetlenmigtir.

Bolim 1°de tez konusunda, su ana kadar yayinlanmig kaynaklardan bahsedilerek konuya giris
yapilmistir.

Bolim 2’de Yapay Sinir Aglan hakkinda genel bilgiler verilerek tezde kullamilan YSA
tanitilmagtir.

Boltim 3°de ¢oziimii hedeflenmis optimizasyon problemi ifade edilmis ve mikrodalga
transistorun performans analizi ortaya konarak sonlandirmalarin bulunabilmesi i¢in kullamlan
yontemlerden soz edilmistir. Yine bu boliimde transistorun kararlilik durumundan ve ¢aligma
bolgelerinden bahsedilmistir.

Boliim 4°de 3. Béliimde bahsedilen sonlandirma verilerinden uydurma devrelerini elde

edebilmek i¢in kullanilan yéntem tanitilmagtar.

Boéliim 5°de Béliim 2-4’de verilen yontemlerin uygulanabilmesi igin gelistirilen programlar



tanitilmug ve tezin kapsam blok yapilarla ifade edilerek gelistirilen ve kullanilan sistem ortaya
konulmustur.

Boliim 6°da ii¢ farkli transistor verileri igin uygulama yapilmis ve sonuglar verilmistir.

Daha sonraki béliimlerde ise sonuglar ve Onerilerden bahsedilerek kaynaklar, ekler ve

Ozgeemis verilmistir.



2. YAPAY SINiR AGLARI

2.1 Genel Bilgiler

2.1.1 Yapay Sinir Ag Tanim

Yapay sinir ag1 (YSA) yeni bir bilgi isleme teknigidir. YSA bilgisayar tabanli sinir sistemi
olarak diigiiniilebilir ve klasik hesaplama tekniklerinden olduk¢a farkli ¢aligir, Matematiksel
bir tabana sahiptir ve egitmek i¢in kullanilacak gegerli bir istatiksel kiimeye ihtiyaci vardir.
Biyolojik Sinir Aglar sayesinde akilli sistemlerde sayisiz gelismeler olmustur. Birgok bilim
dalindaki aragtirmacilar oriintii (pattern) tamima, Kestirme, optimizasyon, iliskili bellek
(associative memory) ve kontrol konularinda bazi problemleri ¢ozebilmek i¢in YSA
tasarlamaya caligmaktadirlar (Simon, 1994).

Bu tiir problemleri ¢6zmek i¢in bazi klasik yaklagimlar 6nerilmigtir. Bazi1 durumlarda bu tiir
problemlerin ¢6ziimiine y6nelik birgok bagarili uygulama bulunmasina ragmen, higbiri kendi
domenleri disinda yeterince esnek degildir. Bu konuda YSA olduk¢a genis bir esneklik
saflamaktadir.  Asafidaki birgok karakteristik o6zellik, Von Neumann veya modern .
bilgisayarda yeterince igerilmemektedir (Marilyn ve Illigworth, 1991). Bu karakteristik
Ozellikler yogun paralellik (massive parallelism), dagitilmis gosterilim ve hesaplama,
6grenme kabiliyeti, genellestirme yetenegi, uyum saglama, bilgi isleme, hata analizi ve diigiik
enerji tiiketimi (kaynak sarfiyat1), vs. YSA dayali cihazlarn yukaridaki belirtilen
karakteristik o6zelliklerden bazilarimi isleyebilecegi {imit edilmektedir. Modern sayisal
bilgisayarlar, niimerik hesaplamalarda insanlardan daha iistiin durumdadirlar. Diger taraftan
insanlar herhangi bir gaba géstermeksizin bir insanin yiiziinii rahatlikla algilayabilir. Bunu
bilgisayarla ger¢eklestirmek oldukga giictiir. Gosterilen performanstaki bu ciddi fark, yapay
sinir afi mimarisi ile Von Neumann mimarisinin tamamen farkli olmasindan
kaynaklanmaktadir (Cizelge 2.1)

Cizelge 2.1 YSA ile Von Neumann bilgisayarin kargilagtiriimasi

Ozellik Von Neumann YSA
Islemci Karmagik Basit

Yiiksek hiz Diigiik hiz

Bir yada birkag tane Cok miktarda
Hafiza Islemciden bagimsiz Islemciye entegre




Yerellestirilmis Dagilmis

Igerik adreslenemeyen Igerik Adreslenebilir
Hesaplama Merkezilesmis Dagilmis

Sirals Paralel

Yiklii programlar Kendiliginden 6grenme
Giivenilirlik Cok Hassas Giigli
Deneyim Niimerik ve sembolik marifetli | Algilama problemleri
Calisma ortamu | Iyi tammlanms Iyi tammlanmamug

smrlar iyi belirlenmis sinirlandirilmamig

Merkezi mimarili Von Neumann’a dayali programlara birgok akil kazandirma ¢aligmalarina
ragmen, bu ¢aligmalar genel bir akilli program elde etme seklinde sonug¢lanmamugtir (Marilyn
ve Illigworth, 1991). Biyolojik sinir ag1 yardimiyla, YSA oldukg¢a ¢ok sayida basit iglemciler
ve baglantilar sayesinde yoZun paralel hesaplamalar yapabilir duruma getirilmistir.

Yapay sinir ag1 (YSA) girisindeki bilgiyi ¢ok boyutlu ve lineer olmayan bir fonksiyon
tizerinden ¢ikistaki bilgiye eslestiren bir modeldir. Giris uzay1 X n-boyutlu bir vektor (devre
eleman parametrelerinden olusuyor olabilir) bu vektér ¢ikis uzayinda, aradaki gizli katmalar
tizerinden, p-boyutlu bir Y vektoriine (yine devre eleman parametreleri olabilir) karsilik
distiriltiyor.

X ile Y arasindaki iliski ¢ok boyutlu ve lineer olmamas: 6zelligiyle YSA modelleri diger

eslestirme metotlarina gore avantajli olmaktadr.

Bu iligki matematiksel olarak,

Y=F(X) @.1)

seklinde tamimlanabilir. Buradaki F fonksiyonu normalde basit ve hesaplamalarda diigiik
bellege ihtiya¢ duyacak yapida olmak zorundadir. Geleneksel modellemelerde ve simiilasyon
tekniklerinde bu F fonksiyonu niimerik hesaplamalar ve analizlerle hesaplamir.  YSA
yaklasiminda ise bu fonksiyon bir YSA kullamlarak gerceklestirilir ve niimerik hesap ve
analizlere ihtiyag kalmaz.

Sekil 2.1°den de goriilebilecegi gibi n-boyutlu X giris vektorii bir gizli katman {izerinden p-
boyutlu Y ¢ikis vektoriinii olugturmaktadir.
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o— FX [——>

Girig X Gizli Katman Cikis Y

Sekil 2.1 YSA blok gésterilim

2.1.2 Uygulama Alanlan

Asagida YSA’la ilgili giincel problemler ve arastirma alanlan siralanmugtir (Marilyn ve
Illigworth, 1991).

a) Oriintii Simflama (Pattern Classification); Oriintii simflama isleminde amag bir giris
Oriintiistinii (bir konusma dalga formu veya bir el yazis1 gibi) daha 6nceden belirlenmis birgok
simftan bir tanesine atamaktir (Sekil 2.2a).

b) Gruplama; gruplamada bilinen simf etiketine yonelik egitim verisi olmaz. Ayrca bu
Ogreticisiz (unsupervised) Oriintli siniflama olarakta bilinir. Gruplama algoritmas1 Sriintiiler
arasindaki benzerliklere bakarak benzer oriintiileri gruplar (Sekil 2.2b).

¢) Fonksiyon Uydurma; n ¢iftten olusan bir egitim Oriintlisi  grubunun
{(X1,Y1)s(X2,¥2) 50 v v v eee (Xn,yn)} bilinmeyen bir p(x) fonksiyonundan (giiriiltii ile ilgili)
yaratildigini diigiinelim. Buradaki amag bilinmeyen p(x) fonksiyonunun belirli bir hata ile
p(x)olarak tahmin edebilmektir. Birgok miihendislik ve bilimsel modelleme problemleri
fonksiyon uydurmaya ihtiya¢ duyarlar (Sekil 2.2¢).

d) Kestirme (Prediction); bu tezin konusu olan kestirim de YSA kullamilmaktadir. t;,t5,....t,
anlarinda 6rnek degerler y(t1).y(tz),...... y(tn) oldugunu diisiiniirsek buradaki amag gelecekte
tn+1 amindaki y(tn+1)’1 kestirmektir (Sekil 2.2.d). Pazara yonelik stok kestirimi ve hava tahmini
gibi durumlarda bu yontem sik¢a kullanilmaktadir.

¢) Optimizasyon; YSA optimizasyonundaki amag, amag¢ fonksiyonunu maksimize veya
minimize eden ve bir grup smrlamalan saglayan bir ¢oziimii bulmaktir. Seyyar satici

problemi (travelling salesman problem) klasik érneklerden birisidir (Sekil 2.2¢).

f) icerik Adreslenebilir Bellek; Von Neumann hesaplama yapisinda bellekteki bir bélgeye
sadece adres yolundan ulasilarak elde edilebilir ve adresin igeriginden bagimsizdir.

Adreslemede herhangi bir ufak hata tamamen farkli bir igeriin elde edilmesine neden
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olacaktir. 1liskili veya igerik adreslenebilir bellekte ise adindan da anlagilacag gibi direkt
icerik adreslemesi s6z konusudur, Bellek igerigi girisin eksik olmasi veya igerigin bozuk

olmasi durumunda bile basarih sonug verebilir (Sekil 2.2f).

g) Kontrol; t aninda y(t) ¢ikis1 ve u(t) kontrol girisi ile tammlanan bir dinamik sistemi
diislinelim. Buradaki amag referans modeli tarafindan yaratilan, istenilen bir hedefe sistemi
yonlendirecek bir kontrol girigi yaratmaktir (Sekil 2.2g). Motor hiz kontrolii buna bir

Ornektir.

Kardiogram

Oriintii Normal
— Smiflayic |

a)

S
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y Giriiltiildl egitim verisine uydurma

~N
Gergek fonksiyon

v

y ﬁ(aydedilmis Degerler

] N

d

tl t2 t3 tn tn+1
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Bulutlar nedeniyle Ugak net olarak
kismen segilebilen elde edilir
ugak
Icerik Adreslenebilir| .
Bellek ;
f)
Yiik torque
Fazla uz
Motor
Throttle
agisl
Kontrolér

g)

Sekil 2.2 YSA’nin gergeklestirebilecegi gorevler

a) Orlintii siflama

b) Gruplama

¢) Fonksiyon uydurma

d) Kestirim

¢) Optimizasyon

f) Ierik adreslenebilir bellek
g) Kontrol

2.1.3 Yapay Sinir Ag1 Model Yapisi ve Mimarisi

McCulloch ve Pitts (Simon, 1994), bir yapay sinir hiicresi i¢in hesaplama modeli olarak, bir
binary threshold (ikili egik) islem elemam &nerdiler (Sekil 2.3.). Bu matematiksel sinir

WL TURSEHOGRET M KURULY
DOLUBANTASYON MERKRZ!
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hiicresi girisindeki x; (7=1,2,...,n) isaretlerini agirlikli toplama tabi tutarak, ¢ikista 1 veya 0

tiretir. Eger toplam, u esik degerinden biiyiik olursa 1, aksi taktirde 0 sonucuna ulagilir.

a)
VNN
h y
% —
2 u
29 m
X,
b)
Sekil 2.3 Yapay sinir hiicresi
a) Biyolojik yapay sinir hiicresi
b) Mc Culloch ve Pitts modeli
Matematiksel olarak;

y={imn—4 (2.2)

J=t
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seklindedir. Burada 0(.) birim basamak fonksiyonudur. Notasyon basitligi i¢in genelde u
esik degeri, girisinde x=1 olan ®¢=-u seklinde bir agirlik diigliniiliir. Pozitif agirliklar
excitatory (uyarici) sinaplara, eksi agirliklar ise inhabitary (yasakliyici) sinaplara kargilik
diismektedir. McCulloch ve Pitts genel olarak uygun agirliklarin segilmesinin bu tiir
néronlarin tiniversal hesaplama yapabilmelerini sagladigimi ispatladilar. Biyolojik sinir
hiicresi ile kargilagtirma yapildifinda i¢ baglantilarin aksonlar ve dendritleri modellendigi,
agirliklarin sinaplar1 gosterdigi ve esik fonksiyonunda somadaki aktiviteyi gergeklestirdigi
kolaylikla goriilebilir. McCulloch ve Pitts igleri basitlestirmek i¢in bir takim kabullerde
bulundugundan biyolojik sinir hiicresini tam olarak temsil edememektedir. McCulloch ve
Pitts modeli birgok alanda genellegtirilmigtir. Bunlardan en ¢ok bilineni esik fonksiyonu
yerine piecewise (pargall) lineer, sigmoid ve gauss gibi baz1 aktivasyon fonksiyonlarinin
kullammmudir (Sekil 2.4). Sigmoid fonksiyonu YSA’da oldukg¢a ¢ok kullamiimaktadir.
Standart sigmoid fonksiyonu asagidaki sekilde tanimlanir (Simon, 1994).

g(x) =1/(1+exp{- fx}) 23)

p egim parametresidir.

L L L N

Sekil 2.4 Farkl: aktivasyon fonksiyonlari

2)

a- Threshold (esik)

b- Piecewise (pargali) lineer

c- Sigmoid

d- Gaussian
YSA, girisi ¢ikisa baglayan yapay sinir hiicrelerinin olusturdugu dugiimlerle, diigtimleri
birbirine baglayan agirliklardan olusmaktadir (Sekil 2.3). Baglant1 yapisina bagh olarak YSA
iki grupta toplanabilirler ($ekil 2.5.) (Simon, 1994).

a) Ileri-Beslemeli (Feed-forward) ag; ¢evrim yok
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b) Geri-Beslemeli (Feedback) , rekiirsif (recurrent), gevrim var

Yapay Sinir Aglan

; Tleri-beslemeli Aj Recurrent/Geri-beslemeli Ag

[\ ST~

Yangmal - Kohonen Hopfield Art

Aglar

Sekil 2.5 YSA’min gruplandirilmas:

Cok katmanli algilayic1 (Multi-layer perceptron) olarak bilinen ileri beslemeli YSA’da yapay
sinir hiicreleri aralarinda tek yonlii baglanti1 olacak gekilde diizenlenirler (Sekil 2.5). Her bir
grup icin tipik YSA da gosterilmektedir. Farkli baglantilar farkhh ag davramglarimi ortaya
koyar. Genel olarak bizimde konu edecegimiz YSA statiktir. Yani verilen bir girigten arka
arkaya birgok ¢ikis yerine sadece bir grup ¢ikis tiretir. Ileri-beslemeli YSA belleksizdir, yani
bir girise cevab1 afin daha Onceki durumdan bagimsizdir. Diger taraftan rekiirsif YSA
dinamik bir sistemdir. Her bir giristen sonra yeni bir ¢ikig iiretilir ve geri-besleme yolunun
olmas1 nedeniyle agda yeni bir duruma g¢ekilir. Yine geri-besleme yolundan dolay: agin bu
yeni durumu bir sonraki c¢ikigi etkileyecektir. Farklh a yapilan, farkli 6grenme

algoritmalarina ihtiyag duyarlar. Bir sonraki boliimde 6grenme algoritmalar: incelenecektir.

2.1.4 YSA Ogrenme Algoritmalan

YSA’daki 6grenme yetenegi akilligin temelini olusturmaktadir. Ogrenmeyi formiile etmenin
oldukga zor olmas1 yaninda, YSA’da 6grenme iglemi, belirli bir gérevi etkin bir sekilde yerine
getirebilmek igin ag yapisinin ve baglanti afirliklarinin gilincellestirilmesi geklinde
diistiniilebilir. YSA genelde agirlik degerlerini egitme oOriintiillerinden 6grenir. Agirhk




17

degerleri giincellestirildikce YSA performans:1 da artinlmig olur. YSA’nin &rneklerden
Ogreniyor olmasi olduk¢a dikkat ¢gekmesine neden olmugtur. Belirlenmis birtakim kurallari
izlemektense YSA giris ¢ikis iliskisinden gerekli bilgiyi 6grenerek problemi ¢6zmeye c¢aligir.
Bu durum YSA’y: klasik sistemlerden ayiran en 6nemli ozelliktir. Bir &grenme islemi
tanimlayabilmek i¢in ilk olarak 6grenme algoritmasina (agirliklar1 ayarlayabilmek i¢in hangi
6grenme kurallarinin kullanmilacagina) ihtiyag vardir.

Ug temel 6grenme modeli vardir (Cizelge 2.2) (Marilyn ve Illigworth, 1991). Ogreticili
(supervised), 6greticisiz (unsupervised) ve kangik (hybrid). Bu tezinde konu edindigi
Ogreticili 6grenimde YSA her bir giris oriintiisii icin dogru bir cevapla desteklenir. Agirliklar,
YSA cevabinin dogru cevaba miimkiin oldugunca yakin olacag: seklinde belirlenir. Diger
taraftan 6greticisiz 6grenme her bir girig Sriintiisii i¢in dogru bir ¢ikisin YSA’na ek bir girig
olarak verilmesine ihtiya¢ duymaz. Burada girig oriintiileri arasindaki korelasyona (iligkiye)
bakilarak; ¢ikis olusturulmaya galisilir. Uglincii tip 6grenme modeli olan kangik Sgrenme,

Ogreticili ve 6greticisiz 6§renme modellerinin birlesiminden olugmaktadar.

Cizelge 2.2 Ogrenme algoritmalan

Model Ogrenme Yam Ogrenme Islem
Kurah Algoritmas:

Opreticili  Hata-diizeltme  Tek Algilayicili Oriintti Stmiflama
veya Oprenme algoritmalar1  Fonksiyon Uydurma
¢ok-katmanl Geriye-yayiliml Kestirme, kontrol
algilayici Adaline ve Madaline

Boltzmann Geri-beslemeli  Boltzmann Ortintii siiflama
dgrenme algoritmasi
Hebbian Cok-katmanh Lineer Veri analizi
ileri-beslemeli ayrigtirma analizi Oriintii sii1flama
Yarigmali Yarigmah Vektor kuantalama Simfi¢i gruplama
Ogrenmesi Veri sikigtirma
ART A1 ART Haritas: Oriinti stmiflama
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Simf i¢i gruplama
Opreticisiz  Hata-diizeltme  Cok-katmanli  Sammon 6grenmesi Veri analizi
Tleri-beslemeli
Hebbian lleri-beslemeli ~ Temel eleman analizi ~ Veri analizi
ya da yarigmalt Veri sikigtirma
Hopfield Apn Igerik adreslenebilir Adreslenebilir bellek
bellek 8grenmesi
Yangmah Yangmal: Vektér kuantalama Gruplama
Veri sikigtirma
Kohonen SOM  Kohonen SOM Gruplama
Veri sikigtirma
ART aglan ART1, ART2 Gruplama
Kangik Hata-diizeltme ~ RBF af RBF &grenme Oriintii simiflama
ve yarigmah algoritmasi Fonksiyon uydurma
Kestirme, kontrol

Ogrenme algoritmasi; YSA bir 6grenme algoritmas: kullanarak 6rneklerden 6grenirken; tig
temel nokta 6nemli olmaktadir. Kapasite, 6rneklerin karmagiklig1 ve hesaplarin karmagiklig:.
Kapasite; ka¢ tane Oriintiiniin kaydedilecegi ve hangi fonksiyona ve smrlara uyum
saglayacagmin belirlenmesidir. Ornek karmagikligi; dogru bir sonucu garanti edebilmek igin
kag tane egitme oriintiisiine ihtiya¢ oldugunu gostermektedir. Yeterince egitme Oriintiisiiniin
olmamas1 YSA’nin istenilen sonucu vermesini engelleyebilir. Aym zamanda gereginden

fazla egitme Oriintiisii de gereksiz yere zaman kaybina sebep olur.

Hesaplama Karmagikhig; Ogrenme algoritmasinin egitme Oriintillerinden bir ¢8ziim
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¢ikarabilmesi i¢in ihtiyag duyacafi zamam g6stermektedir. Varolan birgok Orenme
algoritmalan oldukga yiiksek hesaplama karmagiklif1 icermektedirler. Giintimiizde YSA igin
etkin algoritma tasarlama oldukgea ilgi ¢ceken bir konudur. Literatiirde YSA’ya yonelik birgok
Ogrenme kurali mevcuttur, Hata-diizeltme (Error Correction), boltzman, hebbian ve yarigmali
Ogrenme (Competitive learning) gibi bircok ofrenme kurali mevcuttur. Biz burada
glinimiizde sik¢a kullanulan geriye yayihmh (Back-propagation) algoritmasimin da temeli
olan hata-diizeltme kuralim konu edinecegiz. Hata-diizeltme kurali bir 6greticili $grenme
modelidir. Ogrenme islemi siiresince YSA tarafindan yaratilan y ¢ikis1, d istenilen gikisa esit
olmayabilir. Hata-dilizeltme 6grenme kuralimin temel prensibi, agirliklan degistirerek d-y
hatasini azaltmaya dayanmaktadir.

Algilayic1 (Perceptron) Ogrenme ve Geriye-yayilimh (Back-propagation) 6grenme kurallar,

hata-diizeltme prensibine dayanmaktadir.  Bir algilayici, ayarlanabilir agliklar w;

(G=1,2,...,n) ve bir u esik degeriyle birlikte tek bir sinir hiicresi igermektedir. Bu durum
Sekil 2.3°de goriilmektedir.

Giris vektorii X = (xl 5 X7 yerenes Xy )' olmas: durumunda yapay sinir hiicresindeki net giris,

n
V=2 WX, —u (2.4)
=

seklinde olacaktir. Algilayicilarin gikist eger v>0 ise +1 aksi taktirde ise 0°dir. Ornegin iki
gruplu simiflama probleminde algilayici, y =1 ise girisi bir gruba; y =0 ise girisi diger gruba
atayacaktir. Asafidaki esitlik

Swx; —u=0 @5)
j=l

uzay1 ikiye bolen sinirlan (decision boundary) belirler. Asagidaki verilen bir egitme Griintii
kiimesine y6nelik algilayic1 6grenme algoritmas goriilmektedir.

Algilayic1 (Perceptron) 6grenme algoritmasi (Simon, 1994):

1- Agirliklara ve Esik degerine rasgele kiigiik sayilar ata

2- (x1 3 X0 gereees Xy )’ girig vektor Oriintiisiinti YSA girigine ver ve ¢ikigi belirle

3- Agirhiklan asafidaki sekilde giincellegtir
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w;+)=w; () +n(d - y)x; (2.6)

Burada d istenilen gikis; ¢ iterasyon sayisi; 1) (O<n<1) adim biiyiikligi, w; G=1,....,n) agirlik
degerleridir. Yukandaki algoritmada da goriilebilecegi gibi algilayici sadece hata amnda
ogrenmektedir. Algilayicinin birden fazla YSA katmaninda kullamlmasiyla gok katmanli
algilayici elde edilir. Sekil-2.6’de tipik bir li¢ katmanli algilayic1 goriinmektedir. Genelde,
standart bir 1-katmanh ileri-beslemeli YSA bir giris seviyesi (bir gizli katman) ve bir ¢ikis
katmanindan olugur. Ileri-beslemeli 6zellik nedeniyle aym katmanda islem elemanlar1 arast
baglant1 olmaz ve geri-besleme baglantisi bulunmaz. Cok katmanl algilayici, ¢ok katmanli
ileri-beslemeli YSA’mn popiiler bir sinifidir. Her bir islem elemam ister esik fonksiyonunu,
isterse sigmoid fonksiyonunu kullanabilir.  Geriye yayilimli 6grenme algoritmasinin
gelistirilmesi ile YSA’da gok katmanh algilayicimin kullammi yayginlagmigtir.  wy, (1) -1).
katmandaki i. islem elemamindan [. katmandaki ;. islem elemanmna baglantiyr

gOstermektedir. {( W d (l)),( @ 4 (2)), ....... ( (P g(p) )} p tane editme Oriintiistinden olusan
bir kiime olsun (giris ¢ikis ¢iftleri). Burada x® e R" ise n-boyutlu oriintii uzayinda giris
vektori ve d¥ e [0,11 ise n-boyutlu hiperkiiptiir. ~Siniflama amaciyla m siuf sayisi
olmaktadir. Yapay Sinir Ag1 literatiiriinde karesel hata fonksiyonu genelde asagidaki gibi

ifade edilir.

|| y 0 _g® " 2.7

i—l

Geri-yayilimli algoritma (2.7) denklemindeki karesel hata fonksiyonunu minimize etmek i¢in
kullanilir ve gradient-descent metoduna dayanmaktadir.

x, w0 W) w0 Ne

4 4 4,0

PP

Girig Katmam Gizli Katman Cikig Katmam

Sekil 2.6 Ug katmanli algilayict
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Asapida geri-yayihmli (Back-propagation) algoritmamin adimlar1 verilmigtir (Marilyn ve
Nligworth, 1991).

1- Agirlik degerlerine rasgele kiigiik sayilar ata.

2- Epitim drnegi kiimesinden rasgele bir giris driintiisii x) seg.

3- Isareti YSA girigine ver.

4- Cikis katmam (Oi = y,’) deki 5,.1 ’yi hesapla.

5! =g (BHlar - y!] 2.8)
h,l ; | katmandaki i. islem elemanina net girigi, g’; & aktivasyon fonksiyonunun tiirevidir.

5- 1=(1-1),.....,1 i¢in hatalar1 geriye dogru yayarak ¢ ’lar1 hesapla.

y

5! =g BE w5l @9)
J

6- Agirliklan giincelle.
Awl; = 7S]yt (2.10)

7- Hata degeri daha onceden belirlenmis bir esik degerinden daha diigiik degil veya

maksimum iterasyon sayisina ulagilmamais ise 2. adima git, aksi taktirde dur.

Geri—yayilimli 6grenme algoritmasi yukaridan anlagilacad: iizere, ileriye dogru ve geriye
dogru olmak iizere iki asama igermektedir. Ik asamada 6rnek giris YSA girisine verilir ve
her bir iglem elemaninin ¢ikig1 hesaplamir. Bu ¢ikis istenilen gikig degeri ile karsilagtirilir ve
hata hesaplanir. Geriye dogru olarak adlandirilan ikinci agamada ise ¢ikig katmanindan, giris
katmanina dogru hatalar hesaplanir. Yeni bir giris bu iki asama tamamlandiktan sonra

verilebilir. Bu igleme hata belli bir degerden kiigiik oluncaya kadar devam edilir.

2.2 Mikrodalga Transistorun YSA ile Modellenmesi

Bu tezde aktif mikrodalga elemanimn kiigikk-igaret ve giiriiltli davramg1 g¢oklu
kutuplama/konfigiirasyon tipi igin YSA yaklagimiyla modellenmigtir. Burada isaret ve
gliriiltii parametreleri YSA esdegeri tarafindan hesaplanan eleman bir kara kutuyla
modellenmis ve bu modelleme ¢oklu kutuplama ve farkl konfigiirasyon tipleri i¢in, bu iki
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parametre kiimesinin 6l¢iim uzaymna uydurulmasina dayandirilmigtir. Burada anlatilacak olan
Esdeger YSA modeli elemanin optimizasyon sirasinda eleman fizigi denklemlerinin
¢Oziimiinli gerektirmez.  Diger modelleme teknikleri ile karsilagtinldiginda  YSA
yaklagiminin lineer olmayan elemanlar igin ¢ok boyutlu bir model olarak kullanilabilme
kapasitesine sahip oldugu goriilecektir.

Bir mikrodalga transistorunun kutuplama noktas: civarindaki kiigiik igaret ve giiriiltiiye kars:
olan davramiglan ¢alisma bandi boyunca sirastyla sagilma parametreleri S11,512,521,S22 ve

grtlti parametreleri F,, I,,, R, ile belirlenebilir.  S-parametreleri ve giriiltii

parametrelerinin her ikisi de frekansa, kutuplama noktasina, konfigiirasyon tipine ve elemanin
fiziksel 6zelliklerine baghidir. S-parametreleri, elemanin isaret giic kazanglan ve girig ¢ikis
kapr uyumsuzluk kayiplarim tayin ederken, giiriiltii parametreleri de elemamn giris ¢ikisi
arasinda sinyal/giiriiltii orani1 kétiilesmesini tayin eder.

Bu ¢aligmanin hedefleri asagidaki gibi siralanabilir.

(i) Esdeger islevi gorecek, tek gizli katmanly, ileri beslemeli tipteki yapay sinir ag1 devresini
kurmak,

(i) Geriye yayilim algoritmasi ve lineer olmayan tipteki aktivasyon fonksiyonlan kullanarak,
yapay sinir ag1 devresini herhangi bir tipteki aktif eleman i¢in (transistor gibi) ¢alisma bandi
boyunca, ¢esitli kutuplama noktalarinda ve konfiglirasyon tipleri igin isaret-giiriiltii

davranmiginin her ikisini de kullanarak, yapay sinir a1 devresini egitmek,
(iii) Yapay sinir ag1 devresinin performans 6l¢iisiinii belirlemek,

(iv) Segilen kutuplama noktasi civarinda, her hangi bir konfigiirasyon tipi elemanin lineer
olmayan karakteristifine fonksiyon yaklasimi yapan egitilmis yapay sinir ag1 devresini

kullanarak her hangi bir frekans igin elemanun igaret-glirliltii davranisimi belirlemek.

Klasik modelleme bakis agisindan kiigiik-igaret-giiriiltli esdeger devreleri 6z (intrinsic) devre
ve dig (extrinsic) devre olmak iizere iki kisimda incelenir. Bu fiziksel yaklagimlarin sik sik
karsilagilan iki 6nemli sakincasi vardir: Birincisi egdeger devre parametrelerinin segilen
elemanin elektriksel davraniginin yegane ¢oziimii olamamasi, ikincisi ideal olmayan etkilerin
yeterince dogru modellenememesinden kaynaklamr. Ikinci sakinca kiigiik 6lgme hatalarina
g6z yumulmas: durumunda bile iyi olmayan bir uyuma neden olabilir.

Bilgisayar simiilasyonu Tiimlesik Devre tasariminda en Onemli basamaklardan biridir.
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Tumlesik devrelerin analiz ve tasariminin dogrulugu, devre elemanlarimin bilgisayar
simiilasyonunun dogrulugu kadar olduguna gore, yeterli dogrulukta modelleme Tiimlesik
Devre Tasariminda gerekli bir faktordiir. Algak frekanslarda goreceli basit olan pasif
elemanlan karekterize edilmesi bile mikrodalga frekans bolgesinde zor olabilir. Cok sayida
parametre kiimesi ve aralarindaki karmagik iligkileriyle yiiksek dereceli lineer olmayan
modellerle karekterize edilebilen yariiletken elemanlar halinde ise, parametrelerin uygun
se¢imi gok Snemli olacaktir. Gergekte, yetersiz bir uygulama, simiilasyon sonuglarini 6nemli
6l¢tide bozabilir. Elemanlarin lineer olmamalar1 nedeniyle, genellikle bu model parametreleri

dogrudan dl¢iimlerle tayin edilemez.
Literatiirdeki eleman modelleme, iki temele dayandirililabilir.

(1) Genellikle kiiglik-igaret performans: ¢aligmalari, giiriiltii performansi ¢aligmalarindan
ayrilmigtir. Bu konudaki yayinlar ya sadece kiigiik-igaret modeli ya da mevcut kiigiik-igaret
esdeger devrelerine dayandirnilmis ve eleman giiriiltii 6zellikleriyle iliskilendirilmemis giiriiltii
davramig1 tasvirleridir (Torpi, 1997).

(i) Bir tlimlesik mikrodalga elemam ve paketlenmesini karekterize etmenin standart
yaklagimi her bir bileseni, elektriksel Slgmelerle uyum iginde olacak sekilde bir egdeger
devreyle modellemektir.  Bdyle bir yaklagimin, paketlemenin (kiliflama), elemanin
paketlendigi durumdaki toplam elektriksel $zelliklerine katkisim dogru olarak modellemedigi,
(Dobrowolski, 1991) da gosterilmistir.

Ayrica, klasik esdeger devre eleman degerlerini bulmakta kullamlan optimizasyon temelli
cikarim teknikleri, yegane ¢6ziim takimi yerine bir gok alternatif ¢6ziim takimlar iiretirler.
Kisimlara ayirarak 6lgme ydntemi (Sebastian, 1996) ve otomatik dekompozisyon (diizeltme)
teknigiyle (Minai ve Williams, 1994) bir kisim gelismelere ragmen, baglangi¢ degerinden
kaynaklanan belirsizlik hala mevcuttur.

Yakm zamanda yapilan ¢aligmada (Torpi, 1997), yaymnlanan modellere gére 6lgme sonuglar
ile daha iyi bir uyum sergileyen, mikrodalga transistorunun hem isaret hem de giiriiltii
Ozellikleri bir YSA modelinde birlestirilmigtir. Fizik-temelli FET modeller gibi hassas
modeller kullanma ¢aligmalan optimizasyon sonuglan ile iligkilendirilmesi talep edildiginde
gbéz korkutucu islemlerle karsi karsiya gelinmektedir. Bu tip modellerin standart
optimizasyon ve istatistiksel yaklasimlarda kullanimi hesaplama agisindan ¢ok yoZun bir
islevdir. Bundan dolay1 devre simiilatériintin her adiminda fizik-temelli denklemlerin

¢Oziilmesi prosediirii hesaba katilmalidir. Bu tip var olan optimizasyon metotlar off-line tipi
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hesaplamalardan esinlenerek geligtirilmigtir. Tasarimcilarin ~ devre  topolojilerinde
degisiklikler yapildiktan sonra devreyi yeniden optimize etme gereksinimi duymalar1 durumu
gibi interaktif tasarima uygun degildir. Bu problemlerin iistesinden gelebilmek igin, iki tip
yaklasimin ¢ok boyutlu polinomlar yaklagimi ve “look-up” tablosu yaklagiminin uygulandig:
caligmalarin yerine (Torpi, 1997)’de 6nerilen YSA modeli yaklagimi eleman modellemeye,

devre optimizasyonuna ve istatiksel tasarimda heniiz uygulanmaya baglanmamustr.

Bu tezdeki ¢aligma bir transistorun YSA modeli kurulmasina yogunlasmis ve (Torpi,
1997)’de verilen YSA modeline benzer bir YSA modeli kullanilarak transistorun istenilen

frekanstaki giiriiltti parametreleri belirlenmistir.

2.2.1 YSA Modelinin Matematiksel Olarak Tanimlanmasi

YSA biyolojik sinir aginin matematiksel modelidir.  Birbirine baglantili néronlar

toplulugundan ibarettir. m-gizli katmanl bir YSA’y1 agafidaki gibi gosterebiliriz.

Vi1

Yp

Giris Gizli Katmanlar Cikig

Sekil 2.8 m-gizli katmanh YSA

Model yapisi olarak Sekil 2.8’de goriilen YSA’nin tek gizli katmanli (m=1) olam
kullanilmaktir. Girig katmaninda n diigiim, ¢ikis katmaninda p diigiim ve gizli katmanda q
islem elemanm bulunmaktadir. y ¢ikig ve x giris katmanlann eleman veya devre
parametrelerine ve cevaplarina karsihk diismektedir. Bizim modelimizde x giris vektori [f,

Ve, Ic, CT] seklinde frekans, kutuplama akim ve gerilimi ve konfigiirasyon tipini
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icermektedir. ve y ¢ikis vektorii [|S11], <S11, [S12|, <S12, [S21], <S21, [S22|, <522, Fuin, |Topt>
<T'opt, Ra/50] seklinde transistorun S-parametrelerini ve giiriiltii parametrelerini igermektedir.

Gizli katman g elemanli bir z vektoriiyle gosterilmektedir. Ayrica,

ak=[ak1 ary .. a,m]T (2.11)
ve
b=lby b - byl 2.12)

k. giris ve ¢ikis 6rnegini gostermektedir (k= 1,2,...,N; N; toplam 6rnek sayis1). Giris ile gizli
katman arasindaki agirlik de@erleri wip, gizli katmanla ¢ikig arasinda ise Vg agirlik degerleri

bulunmaktadir. Burada i = 1,2,...,n; h=12,...q ve j = 1,2,...,p olmaktadir. Bu durumda
yapay sinir aginn ¢ikisi,

g
Y= hzlzhvhj (2.13)

seklindedir. Burada,

1
1+e™

z=f(r)= (2.14)

Yy = (Zn:ak,w,.h) +6, = (ixiwih] +0, (2.15)

i=1 i=1

seklinde tammlanmaktadirlar (Zaabab A.Hafid, Zhang Qi-Jun, Nakhla Michel, 1995). 6y; h.
gizli islem eleman: igin esik degeridir. Model parametreleri Wi, Vhj ve 6p degerleridir.
Bunlarin toplam sayis1 nxq+pxq+q olmaktadir. Model biiyiikliigti veya model parametre
say1is1 problemin lineer olmama derecesine baghdir. Girig sayis1 n artikga model biiytikltigii
exponansiyel olarak artmamaktadir. Dolayisiyla bu model biiyiik boyutlarda da kullanilabilir.
Sekil 2.8’ deki YSA igin model biiyiikliigi;

S=q(n+1)p(q+1) (2.16)

seklinde tanimlanmaktadir.

2.2.2 YSA Egitme Hatas1

Yapay sinir aglar belirli sayida drnek girig-gikis verileriyle 6grenmektedirler. Burada ay ve

TC. YOUSEROCRET]
Vi) LRI Ny m
DOKUMANTASYON mlﬂmuw
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by k=1,2,...N (N; toplam 6rnek sayis1) degerleri egitme igin kullamlacaktir. aj, n-giris
parametresi, bir devrenin fiziksel veya geometriksel parametreleri olabilir.  Bizim
durumumuzda giris parametreleri, [f, Vcg, Ic, CT] seklinde frekans, kutuplama akimi ve
gerilimi ve konfiglirasyon tipi olmaktadir. by, p-gikis parametresi ise yine, fiziksel devre
parametrelerini veya elektriksel devre parametrelerini temsil edebilmektedir. Bizim
uygulamamizda ise ¢ikis parametreleri, [|S11], <S11, |S12|, <S12, [S21], <S21, |S22|, <822,
Frins [Toptls <Uopts Rn/50] transistorun S-parametrelerini ve giiriiltii parametreleri seklindedir.

Yani toplam 12 ¢ikis parametresi mevcuttur.

Geriye yayilimh (backpropagation) siiresince agirliklar ve esik otomatik olarak ayarlamr ve
hata E;

N N

E=3.E* 2[ 2@,—%)] @.17)
k=1 k=1

minimum edilir.

On-line ve off-line olmak iizere iki tiir egitim algoritmasi s6z konusu. On-line durumunda
yapay sinir a1 parametreleri her bir 6rnek degerden sonra giincelleniyorlar, off-line
durumunda ise tiim 6rnek degerlerinden sonra giincelleme yapiliyor. Burada on-line durumu
kullamlacaktir. Giincelleme denklemleri;

k

v,';“ —vfy —nz;E—+a(v,y -V l) (2.18)
]
k
Wit =l = T+l ) 2.19)
ih
k
9 = gF —nE_ s o(0F -6+ (2.20)
20,

bunda n ve o sirasiyla §grenme oram (pozitif) ve momenttir. Devreye iliskin duyarlik,

E_ I z(y b)) |=(y;—b,)z, =6z (221)
d’hj d”y21—1 v ;o .

E" ié’Ek ¥ & 0"}’;;
My, j=1 é’j Zy OYn M,
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p
= Zl()’j = blq )thzh (1-z,)ay
j=

14

=z, (1—~z,,).z1 Vv,a, =6Pa, (2.22)
J=

ve

& _ 3.7 & o,

= _il(yj by Wy za(1-25)
2

P
=z,(1 —zh)215§3’vk, =6 2.23)
j:

seklindedir. 6,(,2) ve 51(.3) sirastyla 2. ve 3. katmandaki h. ve j. noéronlan iliskin yerel
gradiyentlerdir (Zaabab A.Hafid, Zhang Qi-Jun, Nakhla Michel, 1995).

2.2.3 Egitme Algoritmasi

Kullanilan egitme algoritmas: geriye-yayilim teknigine dayanmaktadir. Bu teknik agagidaki
adimlardan olugsmaktadir (Zaabab A.Hafid, Zhang Qi-Jun, Nakhla Michel, 1995).

1. Adim: Gizli diigiim say1s1 q'yu belirle ve wih, vhj ve Op'y1 kilgiik rasgele say: alarak belirle.

Ayrica 1 (6grenme orani) ve o (momenti) i¢in baglangi¢ degeri ver.
2. Adim: k=1
3. Adim: (ay,bg) belirle ve x=a al.
4, Adim: Ileri yayilim: (2.13)-(2.15)'den y ¢ikisin1 hesapla.

5. Adim: Hatamin geriye yayihmi: (2.17)'dan EK hatasim hesapla ve (2.21)-(2.23)'den
gradyentleri hesapla. (2.18)-(2.20)'dan agirlik degerlerini belirle.

6. Adim: k=k+1, eger k<N ise 3. Adim'a git.
7. Adim: Toplam hata E'yi hesapla.

8. Adim: Eger E verilen € egitme toleransindan daha kiigiikse dur.
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9. Adim: Eger E, €'dan daha biiyiikse, 6grenme oram1 ve momenti diigiir.
n=n.y ve a=o..y ve 2.Adim'a git.
10. Adim: Eger E artiyorsa 6grenme oran1 ve momenti arttir.

n=n.(1/y) ve a=a..(1/y) ve 2. Adima git.

2.2.4 Egitme Parametreleri

Kullanilan egitme parametreleri asagida verilmigtir. Ayrica Cizelge 2.5 bu konuda bir tabloyu
igermektedir.

e  Gizli katman sayis1; bu problemde bir alinmas: yeterli

e Gizli diiglim sayis1 g; karmagik problemlerde biiyiik olmali, su anda 12 olmas: yeterli

e  Ogrenme oram m; adim araligim ayarlar ve dinamik degisiyor

e  Moment a; genelde 0<a<1 ve yakinsamayi hizlandirir ve parametrik

e  Egitme toleransi €; ¢ok kii¢iik alinirsa uzun egitme siiresi gerekir, 0.5 alindi

o  Ogrenme oram uydurma y; 6grenme sliresini kisaltir, bu deger simdilik 1 alinryor.
Buradaki q,n,0,¢ ve y degerleri genelde probleme bagimlidirlar ve deneysel sonuglarla elde

edilirler.

2.2.5 Mikrodalga Transistorun Kiigiik-Isaret ve Giiriiltii Davramgmin Belirlenmesi

Belli bir konfigiirasyon tipinde bir kutuplama noktasi civarindaki mikrodalga transistorunun
kiigiik-igsaret ve giiriiltii performansi ®o-domeninde sagilma S ve giiriiltii N parametre
vektorleri siklikla verilir. Olgiilmils performans parametre verisi tablo-formunda asagidaki
gibi verilebilir:

-fl . &M N ]
£ : s® nN@ 224)

s™  N®

£y ¢

Burada S®, N@; ... ;S® N® girasiyla, sagilma ve gliriiltli vektorleridir ve fi, ,...,fN 6mek

caligma frekanslan ve S™ ve N®™ performans vektorleri agagidaki gibi verilebilir.
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[T =[5, <5® [5,/® <82 |5,[®) <5 |5, <s® 2.25)

[N(N)]T - I.Fn(ﬁl\;) ) < rog) R](VN)J

rapt

(2.24) ve (2.25)"de verilen veriler YSA modelini egitmek i¢in kullanilir ve sonra, performans-

parametre vektorleri S®, N® arzu edilen bir f; frekansinda devrenin ¢ikisi, fi frekans:

girilerek elde edilebilir.

Iki kapih aktif elemanin bir ¢aligma frekansinda S ve N vektorlerini belirledikten sonra, (Zs,
Z;) sonlandirma ¢ifti belirlenecektir.

2.2.6 Esdeger YSA Modeli

Yukarida kisaca mikrodalga miihendisliginde aktif mikrodalga elemanlarinin analizinin temeli
verildikten, S ve giiriiltli parametrelerinin rolii anlagildiktan sonra bir kara kutu iglevi gérecek
olan esdefer YSA modellerini tamtmaya baglayallm. Caligmalanmizin baslangicinda
kullandigimiz esdeger YSA modellerimiz hem giirtiltii hem de S-Parametrelerini belirli bir
frekans bandinda belirlemeye yoneliktir ve Sekil 2.7°de g6sterilmistir.

Bu ¢alismada stirekli degerli girise sahip, ileri beslemeli bir yapay sinir ag1 olan ¢ok katmanh
algilayic1 (CKA) kullamlmistir. Egitme algoritmasi olarak da geriye yayilim algoritmasi
(GYA) kullamilmigtir. Geriye yayilim egitim algoritmasi ¢ok katmanh algilayicinin aktif
cikistyla arzu edilen ¢ikig (Hedef uzayla belirlenen) arasindaki karesel ortalama hatanin
minimize edilmesine dayanan bir gradyant (Tiirev temelli arama) algoritmasidir (Torpi,
1997). Dolayisiyla bu teknik siirekli tlirevi almabilir lineer olmayan transfer fonksiyonuna
ihtiyag gosterir. Ogrenme iglemi GYA ile agirhiklar ayarlanarak gergeklestirilir.

Bu ¢aligma igin geligtirilen YSA igin girig katmam, bir gizli katman ve ¢ikis katmam olmak
{izere li¢ katmanh algilayici olarak adlandirilan yapinin yeterli oldugu goriilmiis ve ayrica
agurliklarin baglangig degerleri segiminin, sonucu etkilemedigi gozlenmistir, dolayisiyla

rasgele alinmiglardir (Torpi, 1997).

Bu agamada gelistirdigimiz esdeger YSA modeli Sekil 2.7°de verilmigtir. Her bir modelde
YSA olarak Cok Katmanli Algilayic1 (MLP:Multi Layer Perceptron) kullanilmigtir.

Zaman-hata optimum iligkisini saglamak i¢in her bir yapida ¢ikig katmam diigiim sayisi
gizli katman diiglim sayisina esit alinmustir (Torpi, 1997).
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Sekil 2.7 Cok boyutlu esdeger isaret-giiriiltli parametreleri YSA modeli

Bu ¢ok boyutlu modellemeyi temin eden YSA’nin egitilmesi {iretici firmanin verdigi
muhtelif kutuplama ve konfigiirasyon tipindeki performans verisini kullanilarak hedef
uzaymin teskil edilmesi ile saglanmistir. Egitme algoritmasi olarak geriye yayinm
algoritmas1 kullamlmigtir. Hedef uzaym tegkil ederken kullamlacak verinin adedini
modelden optimum performans: elde edilecek sekilde belirlenmigtir. Egitme iglemi
tamamlandiktan sonra, istenilen fk frekansinda, Vcg, 1o (veya Vpg, Ipg ) ile belirli
kutuplama noktasinda, her hangi bir konfigiirasyon tipiyle belirli giris vektori i¢in aktif
mikrodalga elemammnin ¢ikisi olarak isaret ve giirliltli parametre vektorleri s® ve N®
kestirilebilir. Egdeger YSA’da konfigiirasyon tipi belirli sayilarla temsil edilmigtir. Eger
S® N® hedef uzay: iginde degilse YSA’nin kestirim 6zelligi ile bu degerle tabii olarak
hesaplanabilecektir. Bu YSA’nin egitilmemis girisler iginde giizel ¢ikisg verme 6zelliginin
bir yansimasidir. Bizim uygulamamizda YSA igaret-giiriiltli esdegeri sadece verilen uzaymn
kapsayan frekans ve kutuplama kademesinde degil (interpolasyon) bu frekans ve
kutuplama kademesinin diginda da kestirim (extrapolasyon) yapabilme yetenegi vardir.
Sekil 2.7 deki YSA nin program akis diyagrami 5. Boliimde ve programin kendisi Ek-1'de
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verilmigtir. YSA'nin girig/cikis ve diger gerekli parametreleri agagidaki cizelgelerde

Ozetlenmisgtir.
Cizelge 2.3 YSA giris parametreleri
Parametre Notasyon | Birim | Yorum
Frekans f Hz | Transistorun ¢aliyma band:
Kutuplama Gerilimi Vce \Y Veya Vps
Kutuplama Akim Ic A Veya Ip
Konfigiirasyon Tipi CT - CE-> CT=0.1, CC-> CT=0.9
CE; Common Emiter, CC;
Common Collector
Cizelge 2.4 YSA ¢ikis parametreleri
Parametre Notasyon | Birim | Yorum
S-parametreleri Genligi IS5l - ij=1,2
S-parametreleri Agisi <Sj deg. |[1i,j=1,2
Minimum Giiriiltii Fnin dB

Optimum Kaynak Yansima Katsayis1 Genligi T opt] -

Optimum Kaynak Yansima Katsayis1 Agisi <L opt deg.

Esdeger Giiriiltii Direnci Ra Q
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Cizelge 2.5 YSA egitme parametreleri

Parametre Notasyon | Deger | Yorum

Girig Diigtim Sayisi n 4 Parametrik

Cikis Diigiim Sayisi P 12 Parametrik

Gizli Diiglim Sayis1 q 12 | Parametrik

Gizli Katman Say1s1 Q 1 Parametrik

Ornek Sayis1 N - Istege bagh
Momentum o 0.1 | Parametrik
Ogrenme Oram n 0.5 | Dinamik Degisiyor

Yukarida verilen veriler kullanilarak gelistirilen ve Ek-~1"de verilen programin akis diyagrami
5. Bolimde verilmistir. Tanitimi yapilan genel YSA modeline yonelik detayli performans
analiz sonuglari (Torpi, 1997)’da verilmistir.
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3. MIKRODALGA TRANSISTORUN PERFORMANS ANALiZi ve EMPEDANS
VERILERI

3.1 Transistorun Performans Olgii Fonksiyonlar

Bu boliimde gerekli temel formiilasyonlan verdikten sonra ileriki béliimlerde analiz
islemlerine gegilecektir.

3.1.1 Giiriilti Faktorii
Sekil 3.1°de verilen bir Z; = R + jX kaynak empedansina iligkin giiriiltii faktori:

2

Z;-Z,
— 3.1)
Rs

Rn
+

Z,

seklinde ifade elde edilebilir (Giines Filiz, Giines M., Fidan M., 1994).

Burada R,; esdeger glirliltii direnci, F, ;

min ?

minimum giiriiltii faktori ve Z,, =R

opt + J

opt?

optimum kaynak empedansi olmakta ve bu degerler transistor parametreleriyle birlikte
verilmektedirler.

Zs Zl Zo ZL
Zs
——— @
n Z12
< > 4 b ,
L
é
> -
Zy Zy °

Pavs Pin Pout

Sekil 3.1 Iki Kapili Devre ve Kap1 Empedanslan
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3.1.2 Giris VSWR

Zs =R; + jX¢ kaynak empedansi ve Z, =R, + jX, yik empedansina sahip $ekil 3.1 deki
gibi bir iki kapilinin giris VSWR (Vi):

1+]p/
v,=—2L (3.2)
1 _Ipi|
seklinde ifade edilir. Burada p;:
Zy-Z*
| == 3
Il =177 1 (3.3)

seklinde ifade edilen giris yansima katsayisi olmaktadir. Buradaki giriy empedans: z; iki

kapilinin kiigiik igaret agik devre z-parametreleri olmak tizere (Z; = R; + jX,):

21229

Z,=2z,—
! Zy+Z,

(3.4)
seklinde ifade edilmektedir (Giines Filiz, Giines M., Fidan M., 1994).

3.1.3 Transduser Gii¢ Kazana

Sekil 3.1 deki iki kapilimin Z;,Z, ve z-parametrelerine bagli transduser gii¢ kazanci:

4RSRL |221|2

T —_
I(le + Zs)(zzz + ZL)‘ 212221|2

(3.5)

seklinde ifade edilir (Giines Filiz, Giines M., Fidan M., 1994).

3.2 Optimizasyon Problemi

Bu béliimiin konusu olan ve GUNES metoduna dayanan (Giines Filiz, Giines M., Fidan M.,
1994) optimizasyon problemi, F,,, — F(Rs,Xs)=0 ve V,,, -V, (Rs,Xs,R,,X,) =0 olmak
lizere (Grpm,  maksimum  kazang ve  Gp,,  istenilen  kazang),
Grom —Or(Rg, X5, R,,X,)=0 veaynca Gy, —Gr (R, Xg,R;,X,)=0 olacak gekilde iki
ayr1 durum igin kararh bolgede kalmak kosuluyla miimkiin tim Z;=R;+jX; ve

Z, =R, + jX, kompleks sonlandirmalarim geometriksel ve matematiksel olarak belirlemek
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seklinde  ifade  edilebilir. Bu durumda bu islemler  sonucunda;

{Freq’Vireq’GTmax[.f’VCE’IC]}<:>ZLmax[f’VCE’IC]’ ZSmax[.f9VCE’IC] ve
{Freq’Vireq’GTmin < GTreq < GTmax [f’VCESIC ]}<:> ZLreq [f’VCE’ICl ZSreq[f9VCE’IC]
fonksiyonlarina ulasilmig olacaktir. Burada f'; frekansi ve V. ile I, (veya Vg ile 1))
kutuplama noktasini dolayisiyla transistorun giiriiltii ve S-parametrelerini ifade etmektedir.

Bu tiir yliksek dereceli polinomlarin igerildigi optimizasyon problemlerin ¢6ziimiine yénelik
bir takim yontemler literatiirde sik¢a yer almaktadir. Ancak tanimladifimiz problemin hem
reel hem de imajiner kisma sahip olmasi ve ayrica ¢ok hesaplama zamanina ihtiyag

duymalar1 Onerilen geometriksel yontemi daha avantajli duruma getirmektedir. Bunun

yaninda bu tezde tiim ¢6ziimler hem analitik hem de geometriksel olarak ifade edilmiglerdir.
Kullanilan yéntem asagidaki adimlardan olugmaktadir:

a) Verilen bir transistor iligkin F =sabit, V,=sabit ve G,=sabit dairelerine yonelik Zs-
diizleminde analiz yapilir., Bu adimda giirtiltii ve VSWR dairelerinin Zs-diizlemindeki

konumlar1 belirlenmis olur. Bu dairelerin durumlant Gy, .Gy, ,Zg ileZ, degerlerini

belirlenmesine yardimu olacaktir.

b) Zi-diizleminde yapilacak analizlerde kararlilik bolgeleri belirlenir. Ayrica burada kararl

bolgede belirlenecek Z; degeri birZ; ’e ve Zs-diizleminde F ve V, dairelerinin durumuna

gore bir veya iki Z degerine karsilik diistiriilecektir.

¢) Maksimum ve istenilen kazang i¢in tiim miimkiin Z; ve Z; degerleri kararli bolgede
kalacak sekilde belirlenir.

d) Bu iglemler tiim ¢aliyma band1 frekanslarinda yapilarak analiz tanimlanmis olur .

3.3 Zs-diizleminde Sabit Giiriiltii, Giri§ VSWR ve Kazang¢ Daireleri

Zs-diizleminde merkezi Z, = R, + jX, ve yarigap: r,olan bir daire denklemi:

|Z; -z,

=7, 3.6)

veya

2

-rt=0 (3.7

4

|Z|" 2R R ~2X X +

Z,
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seklinde ifade edilebilir (Giines Macit, 1980).

3.3.1 Sabit Giiriiltii Daireleri

(3.1) esitligini de kullanarak Zs-diizlemindeki sabit giiriiltii dairesi agsagidaki esitlikteki gibi
ifade edilebilir. Bunun geometriksel ifadesi Sekil 3.2’de verilmigtir (Gilines Macit, 1980).

2

|z -z, =2NR; (3.8)

opt

2

|Zs|* ~2(R,, + N)Rg —2X ., X +|Z,,| =0 (3.9)

opt

Burada merkez Z_, = R, + jX_, veyangap r, (3.6)'mn yardimiyla su sekilde bulunabilir:

R,=R,+N (3.10)
X, =X, 3.11)
r,=[NOV+2R,,) (3.12)
F, —F.
N=tm Loy 12 (3.13)
2R,

Fow>Ry,R,,X,, Transistorun S-Parametreleri dosyasindan gelmektedir. F,, istenilen

req

glirtiltiidiir.
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Xs
Istenilen Giiriilti Dairesi
r , .
" Istenilen Girig VSWR Dairesi
Xopt
Sabit Kazang Daireleri
Zey
Xopt= vz'Xi
Z; \/
~— |
ch \‘
Ny
Rs
R; Rev
RoPt > Rop

Sekil 3.2 Sabit Giiriiltii Faktorii, Giris VSWR ve Kazang Daireleri

3.3.2 Sabit Giris VSWR Daireleri
Sabit giris VSWR ( p,) dairelerine yonelik islemleri basitlestirmek i¢in giris VSWR (7))

yerine giri§ yansima katsayisi, (3.3) formiilasyonundan elde edilerek kullanilmaktadur.

(3.3) esitligi kullanilarak sabit giris VSWR daireleri Zs-diizleminde asagidaki sekilde elde
edilir:

T.C. YOKSEKOGRETIM KURULY
DOKUMANIASYON MERKEZL
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1+|p,.|

2
Ry +2X, X +|Z| =0 (3.14)

2
i

|Z|* - 2R,

Burada (3.7) esitligi kullamlarak merkez Z_ =R, + jX, ve yarigap r, asafidaki gibi
bulunabilir (Sekil 3.2) (Giines Macit, 1980);

l+|pi|2

= _R, (3.15)
l“lpil

X, =—X (3.16)

r, =2 o4 _R, 3.17)
1_|Pi|

Burada R; ve X, giris empedansmin reel ve imajiner kisimlandir (Z, = R; + jX,). (3.15),
(3.16), (3.17) esitliklerinden agik¢a gorildiigii gibi |p,[=0 oldugunda Z_, =Z,,r, =0 ve

giris VSWR =1 (girig kapisinda kompleks eslenik uydurma) olur.

3.3.3 Sabit Transduser Kazan¢ Daireleri

(3.5) formiiliinii Z; e gore diizenlersek:
2 C 2
|Z| —Z(G——Ri)RS +2X, X5 +|Z,|" =0 (3.18)
T

ifadesi elde edilir. Burada C = (2R, |z,|")/|z, + Z,|* seklinde bir sabittir.

Zs-diizleminde sabit transduser gii¢ kazang dairelerinin merkezi Z, = R, + jX, ve yargapi

r, asagidaki gekilde ifade edilebilir ($ekil 3.2) (Glines Macit, 1980).

C
R =G (3.19)
X, =-X, (3.20)
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Cc C
- \/G_T(ETZR’) (321)

Maksimum kazancin, yarigap: sifira esit olan limit dairesi i¢in elde edilebilecegini biliyoruz.
Buradan yola ¢ikarak r, =0 ve C>0 ise (C/G;)=2R," yi (3.19) de yerine koyarsak
Z,=23=2 " bulunur. Cikan sonugtan da goriildiiii gibi maksimum kazang kaynak
empedanst, iki kapilinin giris empedansinin kompleks eslenigine uyduruldugunda elde edilir.

(3.16) ve (3.20)’den goriildiigii gibi giris VSWR transduser kazang dairelerinin merkezleri
(-X,) imajiner eksenin iizerinde oldugu hemen anlagilir. Ayrica geometriksel durumda da

(Sekil 3.2) bunu gostermektedir. R_, =R, oldugunda r, =r, oldugu kolayca gosterilebilir.
(3.15) ve (3.19) esitlenerek;

£ __ 2% - (3.22)

Gr 1‘|P1|

elde edilir ve (3.22), (3.21)’de yerine konularak;

Ty =2___|pr 5 R, (3.23)
1-|p)|

bulunur. 7, (3.17)’de bulunan r,’ye esit ¢ikmistir. C ifadesi (3.22)’de yerine konularak Zs-

diizleminde verilen giris VSWR’1 kargilayan maksimum kazang bulunur:

|221|2 RL 2
G, =—1=L __"Ln- 3.24
T |222 ZL|2 Ri ( |F1| ) ( )

(3.24) ifadesi Sekil 3.1°den de belirlenebilir.

Pous _ P Pous

Gy == (3.29)
PG‘VS Pavs Pi’l
seklindedir. Burada ¢aligma gii¢ kazanc1 G, ;
G, =fm (3.26)
P,

seklinde tammlanir. Ayrica;
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2
out __1’22LR12‘—' (3.27
|222 +ZL| Ri
Ve
P 4RR,  |Zs +Zi|2 _IZS 'Zi‘lz 2
w __ARR, ~1-p| (3.28)

P |Zo+z| |zg+z[
oldugundan (3.25) ifadesinden (3.24) ifadesine ulagilabilir (Giines Macit, 1980).

Bu tartismalarin sonucu olarak yalniz verilen giiriiltii ve giris VSWR daireleri Zs-diizleminde
g6z oniine alinabilecegi ortaya gikar. Ciinkii bu iki dairenin ortak iki noktas1 yalmz giiriiltii ve
giris VSWR gereksinimlerini kargilamakla kalmaz aym1 zamanda Zs-diizleminde transduser

gii¢ kazancim da maksimum yapar. Istenilen bir Gy, de bu dairelerin kesigimleri sonucu

elde edilebilecektir.

Caligmalar neticesinde verilen giiriiltii dairesinin Zs-diizleminde sabit oldugunu ve verilen
giris VSWR dairesinin giris empedanst (Z;,) yoluyla ylik empedansina bagli olarak yer
degistirildigini gordiikk. Bu nedenle agagidaki durumlar miimkiindiir (Giines Macit, 1980):

a)-Bu daireler birbirlerine dokunmayabilirler
b)-Birbirlerine i¢ veya dis teget olabilirler (Sekil 3.3)
c)-Birbirlerini kesebilirler

Tleriki boliimde bu olasiliklarin her biri ayn1 ayn incelenecektir.
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Xs * Istenilen Giiriilt Dairesi

Istenilen Giris VSWR Dairesi

Rs
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A .
Xs Istenilen Giiriiltii Dairesi

Istenilen Girig VSWR Dairesi

b)

Rs

Sekil 3.3 Zs-diizleminde Istenilen Giiriiltii Faktorii ile Giris VSWR’1n Teget Durumlan

a) I¢ Teget
b) D1s Teget
3.3.4 Zs-diizleminde Sabit Giiriiltii ve Giris VSWR Dairelerinin Konumlan

Zs-diizleminde birbirine degmeyen ve kesigen pozisyonlar arasinda gegis sathalan olan
giiriiltii ve giris VSWR dairelerinin iki teget pozisyonu, Sekil 3.3°de dis ve i¢ teget
pozisyonlar olarak gosterilmigtir. Zs-diizleminde her iki pozisyonu kapsayacak teget durumu
i¢in genel bir esitlik agagidaki sekilde verilebilir:

2., -2, =, £7,) (3.29)

(3.10)-(3.12) ve (3.15)-(3.17)°deki Z,,,7,,Z,,,r,, ifadeleri (3.29)’da yerine konulursa Zs-
diizlemindeki teget giiriiltii ve giris VSWR daire ¢ifti, Zi-diizleminde agafidaki ¢ikarilan
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esitlikteki gibi ifade edilebilir:

z | =0 (3.30)

apt

1z, —-2[(Rap,+N) lp':z_z,/N(Nmap,) ‘f'll R, +2X,,X, +
~1Pi ~|P;

Yukarnidaki ifade Zs-diizlemine iki teget durumunun olmasi nedeniyle iki farkli daireyi ifade
etmektedir (Giines Filiz, Giines M., Fidan M., 1994).

3.3.4.1 Dis Teget Pozisyonu
(3.30)’deki ifade de isaret pozitif alindifn durumlardaki T1 dairesinin merkezi

(Z,1 =Ry + jX 1) ve yangap1 (r,) icin agagidaki ifadeleri elde edebiliriz (Giines Filiz,
Giines M., Fidan M., 1994):

R, =R,U+rYV (3.31)
X = -X opt (3.32)
=1Zea|” =|Zon (3.33)
2
U=1+|"”'2 (3.34)
1- lpx"
y-_2el . (3.35)
1-|p|

R_, ve r, daha 6nce (3.10) ve (3.12)’de verilmigti.

3.3.4.2 I¢ Teget Pozisyonu

(3.30)’deki  ifadede isaret negatif alindign durumda T2 dairesinin  merkezi
(Z., =R, +jX ) ve yangap (r,,) icin agafidaki ifadeleri elde edebiliriz (Giines Filiz,
Giines M., Fidan M., 1994):

R,=RU-rV (3.36)

Xery == Xop (3.37)
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2

¥ Z

2
0= IZazl -

(3.38)

opt

T1 ve T2 dairelerinin merkezleri aym imajiner eksen iizerindedir ve T2 dairesi her zaman T1
dairesinin i¢inde ve T1’e degmeksizin bulundugu tiim durumlarda asagidaki esitsizligin var
oldugu gosterilerek ispat edilebilir:

Fa>Reg —Rep +7p (3.39

esitlik sadece |p,| =0 (yani VSWR =1) oldugunda saglanabilir. (3.31) esitlifindeki V 'nin
¢ozlimii sifir olur ve R, ve r,sirastyla R, ver,,’ye esit olur. T1 ve T2 dairesi gakisik
¢ikar. Daireler ayni daire olurlar. Bunun anlami Zi-diizleminde sadece bir daire vardir ve

giris VSWR dairesi Zs-diizleminde bir daire degil ama bir noktadr.

Sekil 3.4’de gosterilen T1 ve T2 daireleriyle simirlanan giris empedans diizleminde 5 farkli
bolge, Zs-diizleminde giiriiltii dairesiyle verilen giris VSWR dairesinin agagida agiklanan
farkli etkilesimlerine neden olur (Sekil 3.5):

1.Bolge: T1 dairesinin disinda segilen herhangi bir Z, (giris empedansi) igin Zs-diizleminde
istenen giris VSWR dairesiyle giiriiltii dairesi birbirine degmeme pozisyonundadir (Sekil
3.5a).

2.Bolge: T1 dairesi lizerinde alinan bir Z;, empedans: sonucu verilen giris VSWR ve giiriiltii
daireleri Zs-diizleminde dig teget pozisyonuna kars1 diiger (Sekil 3.5b).

3.Bolge: T1 ve T2 dairelerinin arasindaki bolgede segilen herhangi bir Zi-empedans:

sonucunda Zs-diizleminde verilen giris VSWR dairesiyle giiriiltii dairesi birbirlerini iki ayn
noktada keserler (Sekil 3.5¢).

4.Bélge: Z,’nin T2 dairesinin lizerinde segilmesi durumunda verilen giris VSWR ve giiriiltii
daireleri, Zs-diizleminde i¢ teget pozisyonundadirlar (Sekil 3.5d).

5.Bolge: Z,’nin T2 dairesinin iginde segilmesi durumunda giiriiltti ve gerekli giris VSWR
daireleri Zs-diizleminde birbirine degmeden i¢ ige bulunurlar (Sekil 3.5¢).

Sekil 3.5a ve Sekil 3.5¢’den goriildigl gibi Zi-diizlemindeki 1.bolge ve S.bolgelerde, Zs-
diizlemindeki verilen giris VSWR ve giirliltli dairelerinin higbir ortak noktas1 yoktur. Bu
yiizden bu durumlar verilen giriy VSWR ve verilen giiriiltii i¢in istenilen ve maksimum
kazang ¢dziimiinii vermezler (Giines Macit, 1980).
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Ren

Zn

Xm:Xca:'Xopt

T

In
T,

In

Sekil 3.4 Zs-diizleminde Giris VSWR ve Giiriiltii Dairelerinin Durumlarim belirleyen Zi-
diizlemindeki Bes Farkli Boige

z
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Giirtilti

Xs X
S
T ﬁ Gariiltii
Giris VSWR
O Giris VSWR
1. B&l
ge . 2. Bolge
>
a) Rs Rs
b
Xs e Giiriiltil
A Giriltli Xs A
Girig VSWR
Giris VSWR
3. Bolge - 4. Bolge
>
R
o : d R
X Giiriiltii veya Giris VSWR
1
Girig VSWR veya Giriiltii
5. Bolge
—
e) Rs

Sekil 3.5 Zi-diizlemindeki Bes Bolgenin Belirledigi Zs-diizlemindeki Giris VSWR ve Giiriiltii
Dairelerinin Durumlarn
a) Zs-diizleminde 1.bdlge olmas1 durumu
b) Zs-diizleminde 2.bdlge olmasi durumu
¢) Zs-diizleminde 3.bolge olmas1 durumu
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d) Zs-dtizleminde 4.bdlge olmasi durumu

e) Zs-diizleminde 5.bolge olmas1 durumu

3.4 Kosulsuz Kararh Mikrodalga Transistoru

3.4.1 Verilen Giris VSWR l¢in Zi-Diizlemi Sabit Kazan¢ Daireleri

Kosullu optimizasyon probleminin geometrik ve analitik ¢6ziimlerini bulabilmek amaciyla
verilen giriy VSWR’1 ger¢ekleyen sabit kazang daireleri, Zi-diizleminde olugturulacak ve bu
kazang dairelerinin ¢oziim bolgeleri i¢indeki degerleri arastirilip biitiin kosullan saglayanlar
¢oziim kiimesini olugturacaktir.

(3.24) ifadesinde yiik empedansi (3.4)’den yararlanarak giriy empedans: seklinde ifade
edilirse, Zi-diizleminde bir daire denklemi halinde agagidaki gibi yazabilir:

1 G|z, 1 1

|ZiI2 ——Q@nyrp—r —_T'Iiz’lz‘)Ri ——2x,ry = x)x; ——(rny, +xx11)+|zu|2 =0 (3.40)
Iy 1"|Pi| o o

Burada;

= Re{z,j }, X, = Im{z,j }, Z=2,Z, =P+ jX (3.41)

Bu daire ailesinin merkezi ve yanigap: sirasiyla Z,, =R, + jX ., ve r, olsun.

1
R =—(0O-P 342
* =2 Q-p) (3.42)
1
Xcg =-2——(2x“r22 - X) (3.43)
¥»
1
r, =j27_\/1t>2 ~20P +|of’ (3:44)
22
Burada;
|z,2|2
P= =Gy (3.45)
1—|P:|

O=2nr,~-r (3.46)
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(3.42), (3.44)-(3.46)’dan goriillebilecegi gibi X, sabit kaldifinda Gy ’deki artma

cg

ile R, azalacaktir (Sekil 3.6) ve maksimum kazanca sadece yangapi 7, sifira esit oldugu
noktada ulagilir. Bu nedenle (3.44) ifadesi sifira egitlenirse;

P=0F(@-|¢") (3.47)
elde edilir ve bu ifadeye iki kapilinin kogulsuz kararli olmasi durumunda ulagilacaktir.

Zimex =Z cgmax = Regmax + 7 X o (3.48)

Burada;

Ry = —;—\/(Qz % (3.49)
22

ve X, (3.43)’de daha dnceden belirlenmistir.

Bu sayede verilen giris VSWR"1 karsilayan maksimum transduser gii¢ kazanci (3.45) ve
(3.47)’ye esitleyerek agagidaki sekilde gikarabiliriz (Glines Filiz, Giines M., Fidan M., 1994):

7. 1-0p
Grom ={0-+(@* |4 )}_lp_l_ (3.50)

2
|le|

Bir iki kapilmin her iki kapisinda da kompleks eglenik uydurma s6z konusu ise
(]p,| = (0) maksimum kullamlabilir gii¢ kazancina (MAG: maxsimum available gain)
ulagilmus olur.

G =0 dairesinin verilen daire ailesinin bir limit dairesi oldugunu kolayca bulabiliriz. (3.42)

ve (3.44)’de G;=0°i yerine koyarak asapidaki gibi G,=0 dairesinin merkezini(Z,,, ) ve

yarigapini (rg min ) bulabiliriz.

chrnin = chmin + chg (351)
0

chmin =z2_ (3.52)
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r _ A (3.53)

Devrenin mutlak kararhligi i¢inQ > |z| olduunda R gy > Z o pax dur. Sonug olarak limit
daire biitiiniiyle pozitif reel diizlemdedir ve Gy >0 olan tiim daireler, limitG, =0 dairesinin
igindedir ($ekil 3.6) (Giines Macit, 1980).

- //\\\ N

Gt =0 Dairesi

=

Xon

G’l‘m«x

Sekil 3.6 Istenilen Giris VSWR’1 Saglayan Sabit kazang Daireleri

34.2 Verilen Giriy VSWR ve Giiriiltii Faktoriinii Saglayan Kosulsuz Kararh

Transistorun Kazang Daireleri ve Empedans Verileri

n>0,r,>0ve (Q /|z|) >1 olmas1 durumunda kosulsuz kararh durum (Giines Macit, 1980)
s6z konusudur ve kogulsuz kararhilik sarti altinda geometrik ¢éziim Z gmax 10 POZiSyonuna

bagh olarak gikartilabilir (Sekil 3.7). Ornegin Zcgmax 1.bblgede ise maksimum kazang T1

dairesine teget sabit kazang dairesinin degeri olacaktir. Benzer bigimde Zcgmax 5.bolgede
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oldugu zaman maksimum kazang T2 dairesi ile teget sabit kazang dairesinin degerini alir.

X;
Istenilen Gtiriiltd ve Giris VSWR
Degerlerini Saglayan Maksimun Kazang
Dairesi
G
Xee
Zeomax Zy
Iy
= R;
o K >
Zen !
Zyp
|
Xett =Xopt
5
T
T, 3 ‘
1

Sekil 3.7 Verilen Giris VSWR ve Giirtiltii Faktoriinii Saglayan Istenilen ve Maksimum
Kazang Daireleri
Ayrica fiziksel olmayan goziimler i¢in iki olasilik daha akla gelir. Bunlar, Gy =0 limit
dairesi, T1 dairesinin tamamen diginda veya T2 dairesinin tamamen iginde olmasimn

sonucudur. Z . ‘in 3.bolgede olmasi durumunda giiriiltii ve giris VSWR daireleri Zs-
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diizleminde birbirlerini iki noktada keserler. 2. ve 4.bolgelerdeki Z Zs-diizleminde

cgmax ?
giiriilti ve giris VSWR dairelerinin teget olmalarim gerektirecektir. Biitiin bu olasiliklar

cikarilacak analitik ¢oziimler i¢in ayn ayn incelenecektir.

3.4.2.1 Zcgmax 1.bolgede

Kazanci maksimum yapan giris empedans1 Z; Z

imax ~—

degeri Sekil 3.7'de gosterilen

cg max
bolgelerden 1.bolgede bulundugu durum igin, kazang dairelerinden biri ve T1 dairesinin teget
durumlarini yazarsak:

2
ch _thl =(rtl +rg)2 (354)
yada;
2 2 2 2
Zoo| +|Zen|” —2RgRy —2X (o X oy =1y +1," + 217, (3.55)

yazilabilir. R, X, r, ve R, , X, r, icin daha 6nce B6liim 3.4’de belirlenen ifadeler
kullanilirsa agagidaki ifade elde edilir (Giines Filiz, Giines M., Fidan M., 1994).

P*(1-F*)~2AQ+EF)P+|’ -E* =0 (3.56)

Burada;

E= Dry =R, (2n 1y — 1) =2X (4 X o1y

3.57)
Fa
FoXa (3.58)
Fa
"22|zu|2 = — XXy 2
D= +|Z ot (3.59)
)
seklinde ifade edilirler. Q, (3.46) ifadesinde tammlanmigstir.
(3.56) ¢oziiliir ve (3.45) de yerine konursa, sonugta G, :
1- Ipxlz 1 2 0w 2 2
Gz = T T {Q+EF £,(Q+ EFY: ~(1- F*)(of - E?)) (3.60)
12
UL VUKSEKGGRET N gy

DOKUMANTASY ON

ULy
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bulunur (Giines Filiz, Giines M., Fidan M., 1994).

F>0 ve 1-F% <0 oldugunda (3.60)'deki negatif isaret daha ¢ok kazang saplayacaktir.
(3.60)'den goriilebilecegi gibi maksimum kazang¢ kaynak veya sonlandirma yiikiiniin direkt
fonksiyonu degildir. Bununla beraber istenilen giris VSWR, giiriilti faktérii ve z-
parametrelerinin direkt fonksiyonudur. (3.60)'da maksimum kazanca ve dolayisiyla istenilen
kazanca ait sonlandirmalar (iki- kapilanin kaynak ve yiik empedanslar) agagida bulunmugtur.

Sekil 3.27°de goriildiigli gibi, sabit kazang dairesinin T1'e teget olmas1 durumunda Z, giris
empedans: asagidaki sekilde ifade edilebilir.

r r
— g 3
Z = Z,+
¥y +rg ¥y +rg

Z (3.61)

4

BuradaZ ,,r,veZ,,r, srasiyla T1 ve G, dairelerin merkez ve yangaplaridir

cg’

Yiik empedansi giris empedans: ile baglantih olarak (3.4) ifadesinden kolayca bulunabilir:

-2z (3.62)

Uygun kaynak empedansi Zg, Zs-diizleminde hem giiriilti hem de giriy VSWR dairesinin
teget noktasindaki empedansidir (Sekil. 3.3a) ve formiilasyon olarak asagidaki gekilde ifade

edilir.

¥ ¥,

Zy=—=>"—7 +——2Z, (3.63)
v, +r, r,+r,

Burada Z_,, r, ve Z_, r, swrasiyla giiriiltii ve giris VSWR dairelerinin merkezleri ve

yangaplandir.

34.2.2 Zcgmax 2.bilgede

Zcgmax 2.boélgede oldugu zaman Zs-diizleminde giris VSWR dairesini giiriiltli dairesine teget
yapan biitiin giris empedanslarinin geometrik yeri T1 dairesinin kendisi olur ve maksimum

kazang (3.50)'da verilen G, ‘dir ve bu kazancn elde edildigi giris empedans: (3.48)'de
verilen Z___ olacaktir. Kaynak empedansi da (3.63) formiiliinden hesaplanabilir.

cg max
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3.4.2.3 Zcgmax 3.bilgede

Z ;g max 3-bOlgede oldugu zaman gerekli giris VSWR dairesi Zs-diizleminde giiriiltii dairesini

kesecektir. Bu durumda hem verilen giris VSWR'1 hem de giiriiltiiyli gergekleyen 2 kaynak
empedans: vardir (Sekil 3.8). Z__, 3.bélgede oldufu siirece maksimum kazang (3.50)’de

verilen G, olacakur ve Z, (3.48)'de verilen Z,,, olacaktrr.
Xs
A
Istenilen Giiriiltti Dairesi
Istenilen Giris VSWR Dairesi

S

Sekil 3.8 Zcgmax 3.bélgedeyken Kaynak Empedanslari

Kaynak empedanslan Z,,Z, igin $ekil 3.8'de iki dairenin kesisme noktalarindan asagidaki
sekilde gikarilabilir:

Zgo=Rg,+JX5, (3.64)

Ry, =C2C*-D (3.65)

X, =ARg, +B (3.66)
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A= Ka R (3.67)
cy cn
zl -z, |
Be L(i — ; (3.68)
cka +1A);m2 —~ AB .69
+
B*+|z,|' -2x_B
D= > (3.70)

34.2.4 Zcgmax 5.bilgede

Bu durumda maksimum kazang, sabit kazang dairesinin ve T2 dairesinin birbirine i¢ ige teget
olduklar noktada elde edilebilir. Bu ¢6ziim ayrica giiriiltii ve giris VSWR dairelerinin, Zs-
diizleminde i¢ teget ¢oziimlerine karsilik diiger. Sekil 3.9'daki iki dairenin teget pozisyon
kosulu i¢in su esitlik yazilabilir:

2
|2y = 20| =, -1,)" (3.71)

Bu (3.54)'e ¢ok benzeyen bir esitliktir. Yani Zcgmax 1.bolgede iken elde edilen sonuglar da,
Z g max S-bOlgede iken Z ,,r, yerine Z ,,—r,, konularak yeniden ¢ikartilabilir.

Iki daire teget oldugu noktadaki giriy empedans1 Z, yine asapidaki formiil yardimiyla

bulunabilir.
r r
Z=—t—7 ,-—2—7_ (.72)
7, 4 _r12 rg _r12

Verilen giiriiltti ve giris VSWR dairelerinin $ekil 3.3b'deki i¢ teget noktasindaki kaynak
empedans1 hangi dairenin daha genis oldufuna bagh olarak (3.63) ifadesine benzer olarak
agagidaki sekilde bulunur:

r, >r, oldugunda;

Zg=—2—z -1 7

rﬂ - rv r’l = rV

(3.73)

cn



r, <=r, oldugu durumda ise,

rv rn Z

(44

Zg =

zZ, -
v, =", r, -7,
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Zyo

S

-~
~
-~
-
-
.~
~

Sabit Kazang Dairesi

Sekil 3.9 Zcgmax 5.bolgedeyken Kazang Daireleri ve Sonlandirmalar

3.4.2.5 Zcgmax 4.bilgede

(3.74)

Bu durumda maksimum kazang ve uygun giris empedans1 daha 6nce tammlanan G, ve

R 4 e Olur. Kaynak empedans: giirtiltii ve giris VSWR dairelerinin yarigaplaria bagl olarak

(3.73) veya (3.74)'den birisi ile bulunur.



56
3.5 Kosullu Kararh Mikrodalga Transistoru

3.5.1 Kaynak Kararhhk Dairesi

>0, 7,>0 ve 0< (Q/Izl) <1 olmasi durumunda kosullu kararli durum (Giines Macit,

1980) s6z konusudur. (3.40) ifadesi kaynak kararlilik dairesinin merkezi ve yarigap: goz

Oniine alinarak yeniden diizenlenirse;

1Z,]* + 2R, + S)R; +2X o X, +|Z,| -1 =0 (3.75)

bulunur ve burada;

S = _Izﬂz.GT_ (3.76)
2, (1= |0,

seklindedir . Aynica Z_ = R + jX, ve r, sirastyla kaynak kararliik dairesinin merkezi ve

yarigapidir ve asagidaki sekilde ifade edilirler.

R, = _2myry -1 (3.77)
2ry
2x“r22 - X
Xy=""7T"— (3.78)
2ry,
v, = ﬂ 3.79)
S 2r,
Burada kazang dairesine iligkin merkez Z_, =R + jX _, veyarigap 7,;
R,=-(R,+S) (3.80)
X, ==X, (3.81)
r, =(S*+2SR, +r}) (3.82)

olarak ifade edilirler (Giines Filiz, Glines M., Fidan M., 1994).

(3.75)-(3.80) ifadelerinde G, dairelerinin 6zellikleri asagidaki sekilde ifade edilebilir (Sekil
3.10) (Giines Macit, 1980).
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a) Tim G, daireleri imajiner ekseni aym noktada keser. Bu nokta kompleks eslenik kaynak
kararlilik dairelerinin imajiner ekseni kestigi noktadir.

b) G,,y, dairesi (G, =0), Z,,;, =—-R,, — jX, merkezine ve r,,, =r, yargapina sahiptir ve

imajiner eksene gore kompleks eslenik kaynak kararlilik dairesinin simetrigidir.

¢) Gy > Gy, >0 daireleri G, =0 ve kompleks eslenik kaynak karalilik dairesinin Zi-

Treg
diizleminin pozitif reel kisminda kalan arki ile sinirlandirilmis olacaklardir. Bu dairelerin
merkez fazorii her zaman X, =-X, ¢izgisi lizerinde olacaklardir. Kogulsuz kararli durumda
tim G, daireleri Zi-diizleminde sag yarida kalmaktaydilar. Kosullu kararh durumda ise
maksimum kazan¢ kompleks eglenik kaynak kararlilik dairesinin saf yanda kalan ark

~ Uzerinde olacaktir.

(3.89) ifadesinde R, = R, alimip maksimum kazang;

l— 2
G = 2—£'|—(2mrzz—r) (3.83)

2
|22
olanak belirlenir Burada |p,|=0 alimrsa maksimum kararl kazang (MSG; Maximum Stable
Gain);

MSG =2/%21y (3.84)

Z1
olanak bulunur. Burada 7 kararlihik faktoriidiir ve;

olarak ifade edilir. Kogullu kararli durumda 0< 7 <1 seklindedir (Giines Macit, 1980).
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Res Res R;
>

Zss' Sabit Kazang

Daireleri

-

/ 7

\

Kompleks Eslenik Kaynak Kararliik Gr=0

Dairesi

Sekil 3.10 Kosullu Kararl Transistor I¢in Zi-diizleminde Sabit Kazang Daireleri

352 Verilen Giriy VSWR ve Giiriiltii Faktoriinii Saglayan Kosullu Kararh

Transistorun Kazang Daireleri ve Empedans Verileri

n>0,7r,>0ve 0<(Q /|z|) <1 olmas1 durumunda kogullu kararli durumun (Giineg Macit,'

1980) sdz konusu oldugundan daha onceki boliimlerde bahsedilmisti. Kosulsuz kararli
durumda ¢6ztime bes farkl bolge tizerinden ulagilmigt. Kosulsuz kararli durum igin yapilan
bolgelendirme $ekil 3.11'de gosterilen bigimde kogullu kararli durum igin de yapilabilir.
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Kosullu kararli transistor durumunda dért durum séz konusudur (Giines Macit, 1980):

35.2.1 a) Durumu

Gr =0 dairesi tamamen 1.bdlgedeyse fiziksel ¢6ziim yoktur. Bu durum dairenin merkez ve
yarigapi §0yle tammlanabilir :

€gmin

2 gmia = Zea| > 7 + 71 (3.86)

3.5.2.2 b) Durumu

2.bolge (T1 dairesi ) sabit kazang dairesi alanimi kestiginde bir maksimum kazang olasilif

. Maksimum kazang ve u iris empedans: bir sabit kazang dairesiyle Sekil
3.11'de gosterilen T1 dairesinin teget bagintisindan hesaplanabilir:

2
Zeg—Zoy| =g +1,) (3.87)

cg

Maksimum Kkazang Boliim 3.6°da yapildigr gibi (3.80)-(3.82) ve (3.77)-(3.79) ifadelerinin
(3.87)’de yerine konmasiyla ¢ikarilabilir. Uygun giris empedans: asagidaki sekilde yazilir:

Z=—l1 7z +— 7
r”'l'rg r‘1+rg

(3.88)

crl

Z, bulunduktan sonra kaynak empedansi (Zs) (3.63)'den hesaplanabilir ki burada giirtiltii ve

giris VSWR daireleri Zs-diizleminde dig teget konumundadirlar. Bu durumun varhg:
agagidaki bir ¢ift esitsizlikle gosterilebilir.

|Z°gmax B

Z

ctl

> 1+ 1y >|Z e = Zon (3.89)

3.5.2.3 ¢) Durumu

T1 dairesi, kaynak kararhlik dairesinin esleniginin kestigi zaman; bu kararliik dairesinin
esleniginin baz1 béliimleri 3.b6lgede kalir. Bu yiizden bu bslgedeki giris empedans: (3.83)’de
verilen maksimum kazangla aym kazanci saglar (Sekil 3.12). Bu durumda giiriiltii ve giris
VSWR dairelerinin gartlarin1 saglayan iki kaynak empedans:1 olacaktir. Bunlar (3.64)~(3.70)
arasi hesaplanmiglardir. Bu durum agagidaki bir ¢ift esitsizlikle ifade edilebilir:

|z

cgmax_

Z|>r 41 (3.90)
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Z

cgmax

Z

ctl

<r +7, (3.91)

35.24 d) Durumu

T2 dairesi eslenik kaynak dairesini kestiginde bu dairenin 5.bolgedeki boliimii ¢oziim vermez.
3.bolgedeki bolimii maksimum kazang ve sonlandirma saglar (2. durumda agiklandig: gibi)
(Sekil 3.13).

>
Istenilen Girtiltd ve Giris
VSWR Degerlerini Saglayan
Maksimum Kazang

Iy

Sekil 3.11 Kosullu Kararl Transistor Igin Istenilen Giris VSWR ve Giiriiltiiyli Saglayan
Kazang Daireleri ve Sonlandirmalar
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Zay

T

Sekil 3.12 T1 Dairesinin Kaynak Kararlilik Dairesinin Eslenigini Kestigi Durum
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Zy

Ty

Sekil 3.13 T2 Dairesinin Kaynak Kararlilik Dairesinin Eslenigini Kestigi Durum
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4. EMPEDANS VERILERININ MODELLENMESI

4.1 Empedans Yaklasim Ile Modelleme

Fiziksel devreden ol¢iilen veya herhangi bir analiz yontemiyle bulunan veriler, pozitif reel bir
z(s) empedans fonksiyonu ile modellendigi zaman bu z(s)empedans fonksiyonu sentez
edilebilir. Olglilen verilerdeki reel ve sanal kisimlan ayrn ayn modellemek, Empedans
Yaklagimi ile Modelleme yontemimizin esasim olusturur. Reel ve sanal kisimlari ayn ayri
modellemek igin, (Kiling Ali, 1995)’de konu edilen asagidaki yontem kullanilmustir.

Pozitif reel bir z(s) empedans fonksiyonu, bir Foster fonksiyonu z.(s) ile bir minimum

reaktans fonksiyonunun z,,(s) toplam olarak yazilabilir (Kiling Ali, 1995).

Verilen bir z(s) fonksiyonu; reel s degerleri i¢in z(s) reel ve Re{s}= 0 i¢in Re{z(s)}= 0
kosullarim sagladiginda pozitif reeldir denir (Kiling Ali, 1995).

Yukarida tanimi verilen pozitif reel bir immitans fonksiyonunun kutuplari, yalnizca jo ekseni
iizerinde yada sol tarafinda olabilir, sa yar1 diizlemde bulunamazlar. Bu kutuplardan jo
iizerinde olanlar Foster fonksiyonu olarak, sol yan diizlemde olanlar ise minimum
reaktans/siiseptans fonksiyonu olarak yazilabilir. Bunun igin bir pozitif reel empedans
fonksiyonu g6z dniine alindiginda;

_N(s) _ay+as+..+a,s”
D(s) by +bs+...+b,s"

2(s) @.1)

(4.1) ile verilen bir pozitif reel fonksiyon olduguna gére, N(s) ve D(s) polinomlannin sag
yan diizlemde kokleri yoktur. D(s)'in jo ekseni {izerindeki kéklerinden D, (s) olusturulursa;
D,(s) = (s* + @2)(s* + @2)..(s* + @) 4.2)
geri kalan koklerinden de D, (s) olusturulursa;

D(s)
Dy(s)

Dy(s)= (4.3)

Bu durumda D, (s) polinomunun jo ekseni lizerinde kutbu yoktur, yani Kesin Hurtwitz'dir.

Boylece z(s) empedans fonksiyonu;
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N(s)
z(§) = ————— 4.49)
D(s).D,(s)
haline gelir. Bu ifade, jo eksenindeki kutuplarina gére kismt ¢arpanlarina ayrilirsa;
(kS N,(s)
z k., + -2+ 2 4.5
(9)= [ : ,ZI:[S + o} ):l D, (s) (*3)

e

Foster fonksiyonu minimum reaktans fonksiyonu

gibi iki fonksiyonu toplami olarak yazilabilir. Bu fonksiyonlardan ilki, jo ekseni tizerindeki
kutuplardan olugmustur, yani Foster fonksiyonudur, ikincisi ise sol yan diizlemdeki
kutuplardan olusmustur, yani minimum reaktans/stiseptans fonksiyonudur.

z(s)

2(s) ' | _ ‘ ' Zmr(S)

Sekil 4.1. Verilen empedansin iki boltime ayrilmasi.

Buradan,
2(8) = 2,5 (8) + Z (5) (4.6)

seklinde yazilir ki bu pozitif reel bir z(s) empedans fonksiyonu, bir Foster fonksiyon z(s)
ile bir minimum reaktans fonksiyonu z,,(s)’in toplamu olarak yazlabileceginin ifadesidir

(Sekil 4.1).

4.2 Empedans Yaklagimi fle Modelleme Algoritmas:
1. o, i=1,2,3,....,k frekanslarinda yapilmig k adet 6lgiim veya analiz sonucu elde edilen

veriler empedansin reel ve sanal bilesenleri Z,(®,) = R, (®;) + jX , (®;) seklinde yazihir.

2. 2,5(®,) =1 e (@) + jX,z (@) olmak tizere reel kisim verileri 7,,(®,) = R, (®,) ’ya bir

egri uydurulur. Egrinin fonksiyonu (4.13) 'de verildigi gibi bir ¢ift fonksiyon olmalidar.
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A, + 40" +..+ 4,0™"
. ()= n 4.7
i (@) B, +B* +..+ B,o™ @7

Bu denklemde n>m olmas: kosulu ile n minimum reaktans fonksiyonunun kag¢ eleman ile
modellenecegini, m ise iletim sifirlarimin sayisim belirlemektir. Bu gésteriminde, n ve m giris
empedansinin minimum reaktans kisminin kompleksligini belirlemektedir. Bir ¢ok
uygulamada minimum reaktans fonksiyonunun iletim sifirlan: sifirda (DC), sonsuzda, sonlu bir

frekansda veya bunlarin birlesiminden olusur. Sonugta elde edilecek 7, (@)hi¢bir zaman

negatif olmamali, bu amagla 4; ve B, katsayilar1 uyumlu olarak belirlenmelidir.

3. ngp(@) elde edildikten sonra minimum reaktans fonksiyonu z,,(w) analitik olarak
bulunmalidir. Bu amagla Bode veya Gewertz prosediirleri kullanilabilir. Sentezin kolayligi

agisindan Gewertz prosediiriiniin tercih edilmesi daha uygundur. Bunun sonucunda z,,(s),

(4.14)'deki gibi elde edilir. Bu durumda x, 4 (s) ’da ulagilmis olunur.

a, +as+..+a,s"
by +bs+..+b,0"

4.8)

Zyr(8) =

4. zp(,) = jxp(®,) seklinde sanal oldugundan, (4.6)’dan
z2(jw,) =rz(®,)+ jx,zg(@)+ jxz(@;) seklinde yazlabilirr Bu verilen empedans
Z,(w,)=Ry(w,)+ jX ,(@;) ’ye esitlenirse x.(®,) = X, (®;) - x,z(®,) seklinde minimum
reaktans fonksiyonu tarafindan modellenmemis sanal veriler elde edilir (Foster fonksiyonu

verileri).

5. Elde edilen Foster verilerine bir egri uydurulur. Uydurulacak egrinin fonksiyonu (4.9) ile
verilmektedir.

k, L ko
xF(a;)———+k +zco =
i=l

(4.9)

Bu denklemde k, k., ve k, katsayilannin pozitif olmas: saglanmalidir. Bu fonksiyondaki
kutuplarin sayis1 (p+2) tanedir (sifirda, sonsuzda ve p tane de w'da kutup var). x.(@)
belirlendikten sonra, @ =s/jdoniiglimii yapilarak z.(w) Foster empedans fonksiyonu

bulunur.

TC WE(SEKOCRETHW KUROLY
DOKUM
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L ks
f=1 Sz -+ w‘-z

zF(s)=ﬁ+kms+ (4.10)
s

6. Aramlan model fonksiyon z(s)=z,,(s)+x:(s) seklinde elde edilir. Daha sonra bulunan

fonksiyon, Darlington sentezi y6ntemi ile sentezlenerek 1Q ile sonlandirilmis kayipsiz iki
kapili devre elde edilir (Kiling Ali, 1995).

4.3 Gewertz Prosediirii

Bu prosediirti kullanarak, minimum reaktans fonksiyonunun reel kismi bilindigi zaman
empedansin tamami elde edilmektedir. Minimum reaktans fonksiyonunun pay ve paydasi s’in
kuvvetlerine gore ¢ift ve tek kisimlarina ayrilarak yazilirsa:

Ns)

Zyr(8) = 0dd(Z, () + Even(Z, (s)) = DG)

(4.11)

Simdi 7,,(w) fonksiyonunun bilindi§i farz edilsin. s= jw doniisiimii yapilarak 7,,(s*)

fonksiyonu bulunur.

a,+as +..+a,s"

Z = 4.12
ur () by +bs' +...+b,s" (4-12)
Minimum reaktans fonksiyonunun yapisin (4.8)’deki gibi vermistik (n=m+1).
2 2m
(s _ A tAs ..+ A 413
(") B,+Bs*+..+Bs" 4.13)
Minimum reaktans fonksiyonunun reel kismini ise (4.13)’deki gibi elde edilir.
Ayt AS + .t 4,57 mym, —mim, _ mymy — @.14)

B,+Bs*+..+Bs" m’-n’ D(s)D(-s)

Genel olarak (4.14) esitligini elde edilebilir. Ilk 6nce 7,,(s*) ’nin payda polinomunu ele
alinirsa;
D(s)D(-s) = (B, + Bs* +...+ B,s™) (4.15)

D(s) polinomunu elde etmek igin 7, (s*) *nin payda polinomunu biitiin kékleri bulunur, sol

yan diizlemde olan kdkler p,, p,...p, ise D(s) su sekilde yazilir;
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D(s) = /B, (s = p)(s = p,).--(s = P,) (4.16)
D(s) ’i bulmanin bir bagka yolu da agagidaki gibi agiklanabilir:
1.0nce D(s) polinomu D(s) = b,s" +b, ;5" +...+ b, seklinde tammlanir.

2.Daha sonra D(s) D(—s) carpimi bulunup, bulunan katsayilar,B, i=1l...n katsayilarna

esitlenir ve boylece nt+1 tane denklem elde edilir.

3.Bulunan denklemler ¢oziiliirse aranan katsayilar bulunur. Ancak dikkat edilecek husus bu
denklemler ¢oziiliirken birden fazla cevap bulunabilir. Pozitif katsayilar alimr ve daha sonra
bu denklemin kesin Hurwitz olmasina dikkat edilir. ilk yontemde ise yine aym sekilde sadece
sol yarn diizlemdeki kokler almarak D(s)’in kesin Hurwitz olmas: saglanmusti. Ik

yontemdeki kok bulma islemi ve ikinci yontemdeki denklem ¢6ziimii Mathcad programu ile
rahathikla yapilabilmektedir.

Payda polinomu dikkate alinirsa;

A+ AS* +...+ A 5" =mm, —nn, =

(ay+a,s* +.. )by +b,5" +..)—(as + a5 +.. )b+ b,s” +...) 4.17)
Burada katsayilar diizenlenirse;

4, = bya,

4, =b,a, ~ba, +bya,

4, = b,a, ~b,a, + b,a, —ba, +bya, (4.18)

Ac = Z - 1)c+j bc-jac+j

Jj==c

Genelde egri uydurma isinde r,,(w) ‘nin pay polinomu asagidaki gibidir.

NW) = wz"lL[(wz -w,’)? (4.19)

p=l
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Fonksiyon Pozitif reel oldugu i¢in, fonksiyonun degeri tiim w’lar igin asla negatif olamaz yani
0’in altina inemez, bir fonksiyonun O olmas: igin negatif degerler de alabilmesi
gerekmektedir, w sonsuza giderken 0’da asimptotu (y=0 ekseni) olmasim fonksiyonun 0
olmas: olarak diistinemeyiz, boyle kabul edilse de bu ifademize yansitilamaz. Bu fonksiyonun
belli w degerleri igin 0’a teget gelmesi ve negatife inmeden tekrar pozitif bir deger almas ise
zor bir ihtimal, bu olay1 egri uydururken kullanmak ¢ok daha zor bir olaydir. Biitiin bu
varsaymmlar dogrultusunda fonksiyonun gidisine gére verebilecegimiz k degerleri ile
beraber (k = 0,1,2...) yeni pay polinomu sdyledir:

N(w)=A4 w* 4.20)

Bizim uygulamalannmizda ise k=0 igin en iyi sonuglar almmgtir. N(w)= 4, ifadesi
kullamlmustir, 6yleyse (4.18) denklemleri daha basit bir hal alip 4 katsayilan (c=1,2,3..m) 0
olacaktir,

Girig ve gikis uydurma devre tasarimina yonelik ydntemler agisindan daha detayl bilgiler

(Kiling Ali, 1995), (Carlin H.J. and Yarman S.B., 1983), (Yarman S.B., Feltuvies A., 1990)
ve (Yarman S.B., Aksen A., 1992) kaynaklarinda verilmektedir.

4.4 Normalizasyon ve Denormalizasyon

Devre analizinde ve sentezinde Ohm, Farad, Henry, Hertz gibi standart birimlerin
kullamilmas: hesaplamalar sirasinda gok biiyiik ve ¢ok kiigiik sayilarla ¢aligmay1 gerektirir.
Bu tiir farkh biiyiikliiklerdeki sayilarla ¢alismak iglemleri zorlastirdiga gibi yuvarlatma ve
kesmeden dolay: hatalan da arttirmaktadir. Bu problemlerden kurulmak igin normalizasyon

ve denormalizasyon y6ntemlerine bagvurulur.

Empedans yaklagimi ile modelleme algoritmasinda asafidaki normalizasyon ve
denormalizasyon yontemine bagvurulmustur (Kiling Ali, 1995).

Verilen bir devrede biitlin empedanslar R, ile ve biitiin agisal frekanslar w, ile normalize
edilirse;
R=R'/R, 4.21)

w=w/w, 4.22)
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[1% 24

olur ve bu gosterilimde “’” normalize edilmemis gergek eleman degeridir. Normalize edilmis

devrede fiziksel iligkilerin ve karakteristik ozelliklerin degismemesi igin endiiktans ve

kapasite normalizasyon degerleri;

Lo =Ry /W, (4.23)
C, =1/(Ryw,) (4.24)
seklinde olmahdir. Bu durumda endiiktans ve kapasite normalizasyonu;

L=L"1L, (4.25)
C=C'/C, (4.26)

seklide olur ve denormalizasyon iglemi yukandaki ifadelerde “’” degerlerini ¢ekip gergek
degerlere gegmekle yapilabilir.
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5. MIKRODALGA TRANSISTORUN YSA iLE PERFORMANS ANALIZI,
MODELLENME BLOKLARI ve PROGRAMLAMA

5.1 Blok Yapilan ve Akis Diyagramlar

YSA kullamlarak mikrodalga transistorun performans analizi ve modellenmesine y&nelik
sistemin blok yapilari ve programlara yonelik akis diyagramlar agagida verilmisgtir.

Zs
— L te ?
+
= O o :
< > i
. b
[SLIN]
Zs Zin Zout ZL

Sekil 5.1 Bir Kiigtik-Isaret Mikrodalga Transistoru Modeli
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A
Girig T Cikig
Z; Uydurma ! Uydurma Zo
Devresi :' ‘ Devresi

- - - - - o]

£
N
)

Sekil 5.2 Bir Uydurulmus Transistorlu Kuvvetlendirici Blok Yapisi

_____________________________________________________________________ Elde edilen
) 4 Freq i devrenin eleman
W-—;_—— i degerleri ve devre
— E topolojisi
Uydurma ;
Devresi ;t>
Tasanm | 1
>
H Hata
............. a8 oo

Sekil 5.3 Aktif Elemanin YSA ile Performans Analizini Yapan ve Uydurma Devresi
Tasarlayan Sistemin Blok Yapisi
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Islem Bagladi
e Program Bagladi ....

y
Girisleri (IX),
Istenilen Cikislar (DY) ve
Diger Parametyeleri Oku

'

Baglangic Aglrilklan Yarat;
W1, W2
Initial-weights()

%T Ogrenme Baglad.... .

Cikig Hesabt W1, W2-> OYT[t][i]
forward();

V

Geriye-yayilim ve hata e=DY[K][i]-OYIK][i]
backward();
¥

Agarlik Hesabr
W1. W2 (kimlatif)

Iteration=
NUM-SAMPLE?
k

E

iteration= H
EVERY ?
(68renme) k

Ogrenme Tamamlandi ! _.

Test Basladu... -

Test Tamamlandi! ...

Program Sonland1 ! _____

Sekil 5.4 Yapay Sinir A1 Programi (nnpsn.pas) Akis Diyagrami
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Transistorun [S], [N] parametrelerini ve Gryeg,
Vireq> Freq degerlerini igeren 6rnek giris
dosyalarin1 ver (6rnek gliris sayis1=n, frekans=f)

>V

n. degeri (Grreg, Vireg, Freq) giri§ dosyasindan oku

,l

f. frekansda [S],[N] degerlerini dosyadan oku

>

Zi-diizleminde T, ve T, dairelerinin belirlenmesi
ve ¢izilmesi

O ©

E
Mutlak kararli? l
Kosulsuz kararli
. |
Kosullu kararl1? Grreqs Vireg, Freq ve ilgili bolge
g6z Oniine alinarak (Region-
1,2,3,4,5) Z;-diizleminde Grmax,
Gmin, Grreq Ve Gr dairelerinin
¢izilmesi
Kosullu kararh l
il Grregs Vireg, Freq Ve ilgili durum lgili frekansda Grmax, Grimins
g6z online almaralf (Case- Grmaxreqs Zimaxreq V€ Zsmaxreq
Kararsiz a),b),c),d)) Zi-duizleminde Grmax, degerlerinin hesaplanmast
Gmins GTreq Ve Gt dairelerinin :
cizilmesi
Ilg111 frekansda GTmax, GTmin,
Gmex req » ZLmax req V€ ZSmax,req
degerlerinin hesaplanmasi

®



74

P
H
<« f=f+ Ff?
E
- H
— P 4
E
Transistor Performansi
Karakteristiklerini ¢iz

Sekil 5.5 Performans Analizi Programi (PerAna.m) Akig Diyagrami
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Performans Analiz Programindan (PerAna.m) elde edilen uygun

kompleks Z; ve Zs sonlandirmalarini seg.

( Zp(w;)=Rp(w;)+jXp(w;), i;frekans sayisi)

Rp(w;) > 0?

(her 1)

Z1, Zs'in reel kisimlarina egri uydur ve minimum reaktans
fonksiyonu belirle(ryr(Wi)=Rp(w;))

V(W) > 02

Gewertz ile ryr(w;) dan zyr(Wi) (zvr(S))'yi bul

!

zvr(Wi)= tMr(Wi) + J XMr(W;) 'dan xpr(W;)'i bul
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Xp(Wi)= Xp(wj) - xMr(W;) dan foster fornksiyonunu belirle

l

xp(W;) ye egri uydur

Sifir,Kutup ekleme

Iterasyonu arttirma Hata Yetrince

Farkh egri uydunna Kil(}ﬁ mii?

prosediirleri kullanma

|

Y

z(s)= zmr(s) + zx(s) seklinde empedans fonksiyonunu belirle

z(s) Pozitif

reel mi?

z(s) sentezlenerek iki-kapili uydurulmus devre elemanlarim

belirle

Sekil 5.6 Uydurma Devresi Tasanim Programi Akis Diyagram
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5.2 Programlar

5.2.1 Yapay Sinir Ag1 Programi (nnpsn.pas)

Yapay sinir ag1 simiilatorii olarak kullanmilan Pascal programi (nnpsn.pas) Ek-1"de verilmistir.

Program kullamlirken agagidaki konulara dikkat edilmesi gerekmektedir.

L.

Normalizasyon dosyasi: norm.dat satir bazinda sira ile kag frekans bilgisi oldugu
(Number_of input_line), S21'in maksimum degeri (S21max), Fmin'nin maksimum
degeri (Fminmax) ve Transistorun ad bilgilerini iceriyor olmasi gerekmektedir. Eger bu
degerler 1 den kiigiik ise norm.dat'a 1 yazilir, boylelikle o deger iizerinde normalizasyon

yapilmamis olur.

Girig dosyast: input.dat; format: f(GHz) VCE(V) IC(mA) CT degerlerini satir bazh
igeriyor olmali. Burada konfigiirasyon tipi CT=0.1 --> CE (common emiter), CT=0.9 -->
CC (common collector) seklinde olmalidir.

Test giris dosyast: input_t.dat; giris dosyas: formatinda test verilerini igeriyor olmali.

Istenilen degerler: desired.dat, format: |[S11] <S11(R) |S21] <S21(R) |S12| <S12(R) |S22|
<S22(R) Fmin(dB) |Gopt| <Gopt(R) Rn/50 seklindedir ve bu degerler iiretici verileri
olmaktadir.

Yukandaki degerler girildikten sonra “nnpsn.exe” ¢aligtirilir.
Cikis dosyast: output.txt; egitme verileriyle yapilan test sonucunu ve hatay1 igermektedir.

Test ¢ikis dosyasi: output_t.txt; test verileriyle elde edilen sonuglar igermektedir.

5.2.2 Performans Analizi Programi (PerAna.m)

Transistorun performans analizinde kullanilan matlab programn (PerAna.m) Ek-2'de

verilmisgtir.

Program kullanilirken agagidaki konulara dikkat edilmesi gerekmektedir.

1.

Her bir transistor i¢gin agagidaki gibi bir ifade PerAna.m i¢ine yazilmas: gerekmektedir.

fid_r_s=fopen('ne02135c.ins','r');
fid_r_n=fopen('ne02135c.inn','r");

fid_r_p=fopen(ne02135c.inp','r");
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Buradaki *.ins dosyasi transistorun frekansla birlikte S-parametrelerini satir bazl: igeren bir
dosyadir. *.inn ise frekansla birlikte YSA'dan elde edilen giiriiltii parametrelilerini satir bazh
icermektedir. *.inp dosyasi istenilen GTreq, Vireq, Freq degerlerini igeren giri§ dosyasidir.
*inp dosyasinda verilen Freq degeri Fmin'den kiigiik olmasi durumunda mesaj verilerek

sonraki giris degerine gegilmektedir.

2. Transistorun analizine baglayabilmek igin programda agafidaki parametreler uygun
degerlere ¢ekilmelidir.

Name_of _transistor='ne02135c¢(VCE=10V, IC=20mA)'; % transistor ad1
N Num=7; % hesaplamaya giren frekans sayisi

P Num=14; % *.inp'deki satir sayisi
3. Programda ihtiyaca gére degistirilebilecek iki parametre mevcuttu.

step_for_sample_on_circle=0.01; % Bolge 3 de hesaplama adim

switch_for_plot=0; % 1 --> Daireleri ¢iz, 0 --> Daireleri ¢izme

4. Program matlab’den “run perana” seklinde kosturulduktan sonra {i¢ tane dosya
olugturmaktadir.

out_int.txt; Gtmax’a karsilik gelen ZLmax, ZSmax ile GTreq'a karsilik gelen ve T1 ile T2
daireleriyle kesisim noktalarindaki ZI.req, ZSreq degerlerini igeren dosya.

out_oth.txt; Bolge 3'de GTreq'a karsilik gelen ZLreq, ZSreq degerleri igeren dosya.

out_gra.txt; out int.txt'daki bilgilerden GTmax, ZLmax, ZSmax degerleri ve GTreq'a
karsilik gelen bazi ZLreq, ZSreq degerlerinin, degisim egrileri elde edebilmek amacryla siitun

bazinda gosterilimini igeren dosyadar.
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6. UYGULAMALAR

6.1 Transistor: ne02135¢(VCE=10V, IC=20mA)
6.1.1 YSA Sonuglan

6.1.1.1 Transistorun Giiriiltii ve S-parametrelerini iceren Uretici Verileri

Asagidaki dosya transistorun, iireticiden alinan giiriiltii ve S-parametrelerini igermektedir.

Ne02135¢.s2p:

!FILENAME:  NE02135C.S2P VERSION: 1.0

! NEC PART NUMBER: NE02135  DATE: 4/85

! BIAS CONDITIONS: VCE=10V, IC=20mA

# ang in deg NOISE PARAMETERS (2/81)
# 511 S21 S12 S22 Fmin. &opt RN/50
#GHZ mag. ang. mag. ang. mag. ang. mag. ang. (dB) mag. ang.
Z

0.1 0.545 -74 32.448 140 0.002 67 0.763 -38

0.2 0.584 -118 22.507 119 0.006 46 0.549 -53

0.3 0.586 -140 16.328 106 0.013 47 0.395 -66

0.4 0597 -152 12.754 99 0.019 46 0.324 -70

0.5 0.593 -163 10.200 94 0.020 46 0.270 -80 1.8 0.16 149 0.15
0.6 0.604 -168 8.718 90 0.024 47 0.239 -75

0.7 0.616 -175 7.505 85 0.024 49 0.224 -86

0.8 0.604 -179 6.535 80 0.027 50 0.219 -86

09 0.619 176 5.877 77 0.031 49 0.186 -92

1.0 0.602 173 5276 75 0.040 49 0.217 -89 1.9 0.33 169 0.13
12 0.616 165 4.440 68 0.055 51 0.207 -90

14 0.603 160 3.729 63 0.066 50 0.203 -91

1.6 0.639 157 3.357 58 0.076 50 0.189 -90 2.4 0.46 -179 0.09
1.8 0.626 151 2990 52 0.091 49 0.172 -92

2.0 0.616 148 2.718 46 0.108 44 0.161 -110 2.9 0.53 -167 0.08
2.5 0.623 135 2.159 39 0.133 48 0.176 -120 3.2 0.57 -154 0.14
3.0 0.639 123 1.841 29 0.156 43 0.188 -128 3.9 0.62 -139 0.27
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35 0.644 111 1.549 13 0.180 32 0.210 -135 4.3 0.67 -134 0.42
40 0.649 102 1411 6 0.205 32 0.232 -142
45 0.656 93 1.238 1 0228 26 0.245 -151
5.0 0.674 85 1.135 -14 0.251 17 0.268 -161

Yukanidaki dosyadan da goriilebilecegi gibi frekans sabit bir adimla artmakta ve bazi
frekanslarda giiriltli parametreleri verilmemektedir. Boliim 2’de verilen YSA modeli
kullamlarak verilmeyen frekanslardaki S ve giiriiltii parametreleri elde edilebilir. Asagida
sonuglan verilen uygulama, YSA’nin iiretici tarafindan verilen S ve giiriiltii parametreleriyle
egitilmesi ve giiriiltii parametreleri verilmemis frekanslardaki S ve giiriiltii parametrelerini
kestirimine dayanmaktadir. Elde edilen sonuglar asagida verilmistir.

Test verileri egitme verileriyle aynm1 olmasi durumunda YSA ¢iktis1 (output.txt):

Input Values:

Num f(GHz) VCE(V) IC(mA) CT
0 0.50 10.00 20.00 0.10

1 1.00 10.00 20.00 0.10

1.60 10.00 20.00 0.10

2.00 10.00 20.00 0.10

2.50 10.00 20.00 0.10

3.00 10.00 20.00 0.10

A th A~ WwWN

3.50 10.00 20.00 0.10
Calculated Values:

Num [S11] <S11(D)[S21] <S21(D)|[S12| <S12(D)[S22| <S22(D) Fmin(dB) |Goptf <Gopt(D) Rn/50

0 0.59165 -162.55 9.62732 94.7525 0.03004 45.9844 0.27261 -79.687 1.77817 0.15357 148.897 0.15521
1 0.61103 172.498 5.49202 73.0486 0.05447 49.1096 0.21241 -86.078 1.96534 0.33750 167.697 0.11304
2 0.62007 156.334 3.20668 57.8691 0.08081 49.0484 0.18233 -98.334 2.38981 0.46290 -175.99 0.09822
3 0.62412 147.560 2.67159 49.0717 0.09897 47.8553 0.17279 -107.19 2.76895 0.51891 -166.33 0.10206

4 0.62940 136.479 2.21957 37.6315 0.12307 44.8980 0.17363 -117.10 3.35300 0.57405 -155.10 0.13886
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5 0.63627 123.090 1.83948 25.4733 0.15377 40.0674 0.18846 -127.35 3.90542 0.62492 -142.64 0.25155
6 0.64351 110.452 1.55541 16.9577 0.18583 35.2489 0.20887 -136.35 4.15310 0.66688 -131.36 0.42810
Desired Values:

Num [S11| <S11(D)[S21| <S21(D)[S12| <SI2(D)[S22| <S22(D) Fmin(dB) |Gopt| <Gopt(D) R/50

0 0.59300 -163.00 10.2000 94.0000 0.02000 46.0000 0.27000 -80.000 1.80000 0.16000 149.000 0.15000
1 0.60200 173.000 5.27600 75.0000 0.04000 49.0000 0.21700 -89.000 1.90000 0.33000 169.000 0.13000
2 0.63900 157.000 3.35700 58.0000 0.07600 50.0000 0.18900 -90.000 2.40000 0.46000 -179.00 0.09000
3 0.61600 148.000 2.71800 46.0000 0.10800 44.0000 0.16100 -110.00 2.90000 0.53000 -167.00 0.08000
4 0.62300 135.000 2.15900 39.0000 0.13300 48.0000 0.17600 -120.00 3.20000 0.57000 -154.00 0.14000
5 0.63900 123.000 1.84100 29.0000 0.15600 43.0000 0.18800 -128.00 3.90000 0.62000 -139.00 0.27000

6 0.64400 111.000 1.54900 13.0000 0.18000 32.0000 0.21000 -135.00 4.30000 0.67000 -134.00 0.42000

iteration= 50000 nu=0.011318 error_learning= 0.000512 error_test=0.000504

Burada error_learning egitim hatasi, error_test ise test hatas1 olmaktadir. Bu hatalarla elde
edilen YSA asagidaki durumdaki gibi farkl: test verileriyle test edilirse yine asagida verilecek

sonuglar elde edilir.
Test verilerin egitme verilerinden farkl1 olmas1 durumunda YSA giktis1 (output_t.txt):

Input Values:

Num f(GHz) VCE(V) IC(mA) CT
0 0.60 10.00 20.00 0.10

1 0.70 10.00 20.00 0.10

0.80 10.00 20.00 0.10

0.90 10.00 20.00 0.10

1.20 10.00 20.00 0.10

1.40 10.00 20.00 0.10

AN W AW N

1.80 10.00 20.00 0.10
Calculated Values:
Num [S11| <S11(D)[S21] <S21(D)|S12| <S12(D)|S22| <S22(D) Fmin(dB) |Gopt| <Gopt(D) Rn/50

T.C. YOKSEKOGRETIM KURULY
DOKUMANTASYON MERKEZE
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0 0.59577 -167.61 9.22333 90.1744 0.03392 46.6852 0.25942 -80.654 1.80471 0.18381 152.521 0.14546
1 0.60021 -173.15 8.52093 85.3184 0.03871 47.4412 0.24554 -81.789 1.83638 0.22158 156.535 0.13546
2 0.60446 -178.57 7.52741 80.6728 0.04402 48.1467 0.23253 -83.077 1.87347 0.26293 160.568 0.12637
3 0.60811 176.588 6.44059 76.5605 0.04939 48.7148 0.22141 -84.507 1.91634 0.30273 164.325 0.11887
4 0.61509 166.130 4.25937 67.3415 0.06356 49.4394 0.19930 -89.670 2.08280 0.39054 173.539 0.10524
5 0.61783 161.016 3.61069 62.4670 0.07208 49.3627 0.18985 -93.827 2.22562 0.42973 178.848 0.10061
6 0.62214 151.8652.90893 53.4241 0.08984 48.5511 0.17655 -102.87 2.57103 0.49256 -171.02 0.09837

Yukandaki veriler i¢inde S-parametreleri, liretici tarafindan verilen orijinal degerlerle
karsilastirildifinda belli bir hata ile degerlerin dogru olarak bulundugu goriilecektir. Aym
sekilde giiriiltii parametrelerin de aykiri degerler olmadifi goriilmektedir. Hata seviyesini
diigtirmek igin daha ¢ok egitme verileri bulunmali veya YSA’mn egitme parametreleriyle
oynanmali. Bizim durumumuzda bu hata seviyesi kabul edilebilir olmaktadir.

6.1.1.2 Transistorun Giiriiltii ve S-parametrelerini iceren YSA Verileri

Daha 6ncede belirtildigi gibi, su andaki uygulama YSA’nin iiretici tarafindan verilen S ve
gliriilti parametreleriyle egitilmesi ve giiriilti parametreleri verilmemis frekanslardaki S ve
gliriiltli parametrelerini kestirimine dayanmaktadir. Aslinda bu frekanslarda S-parametreleri
iiretici tarafindan zaten verilmis oldugundan, YSA’dan elde edilen ve belli bir hatay: i¢eren
veriler yerine iretici verileri kullamlmustir. Dolayisiyla bu 6zel durumda, YSA temelde
gliriiltli parametrelerini kestirmek i¢in kullanilmigtir,. Bu durumda YSA tarafindan yeni
belirlenen giiriiltii parametreleri ile tretici tarafindan verilen S-parametreleri birlestirilirse
transistora iligkin yeni S-parametreleri ve giiriiltii parametreleri dosyas: agagidaki sekilde elde
edilir.

Ne02135¢.sn:

!FILENAME:  NE02135C.S2P VERSION: 1.0

INEC PART NUMBER: NE02135  DATE: 4/85

! BIAS CONDITIONS: VCE=10V, IC=20mA

# ang in deg NOISE PARAMETERS (2/81)
# s11 S21 Si12 822 Fmin. dopt RN/50
#GHZ mag. ang. mag. ang. mag. ang. mag. ang, (dB) mag, ang.
Z

0.1 0.545 -74 32.448 140 0.002 67 0.763 -38
0.2 0.584 -118 22.507 119 0.006 46 0.549 -53
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0.3 0.586 -140 16.328 106 0.013 47 0.395 -66

0.4 0.597 -152 12.754 99 0.019 46 0.324 -70

0.5 0.593 -163 10200 94 0.020 46 0.270 -80 1.8 0.16 149 0.15
0.6 0.604 -168 8.718 90 0.024 47 0.239 -75 1.8 0.18 152.50.14
0.7 0.616 -175 7.505 85 0.024 49 0.224 -86 1.83 0.22 156.50.13
0.8 0.604 -179 6.535 80 0.027 50 0.219 -86 1.870.26 160.50.12
0.9 0.619 176 5.877 77 0.031 49 0.186 -92 1.9 0.30 164.3 0.11
1.0 0.602 173 5276 75 0.040 49 0.217 -89 1.9 0.33 169 0.13
1.2 0.616 165 4.440 68 0.055 51 0.207 -90 2.0 0.39 173.50.10
14 0.603 160 3.729 63 0.066 50 0.203 -91 2.2 0.42 178.80.10
1.6 0.639 157 3.357 58 0.076 S0 0.189 -90 2.4 0.46 -179 0.09
1.8 0.626 151 2990 52 0.091 49 0.172 -92 2.5 0.49 -171.00.09
2.0 0.616 148 2.718 46 0.108 44 0.161 -110 2.9 0.53 -167 0.08
2.5 0.623 135 2.159 39 0.133 48 0.176 -120 3.2 0.57 -154 0.14
3.0 0.639 123 1.841 29 0.156 43 0.188 -128 3.9 0.62 -139 027
3.5 0.644 111 1.549 13 0.180 32 0.210 -135 4.3 0.67 -134 0.42
40 0.649 102 1411 6 0205 32 0.232 -142

45 0656 93 1238 1 0.228 26 0.245 -151

5.0 0.674 85 1.135 -14 0.251 17 0.268 -161

6.1.2 Performans Analizi Sonuglan

Yukarnda belirlene YSA’dan elde edilen transistorun S-parametreleri ve giiriiltii parametreleri
dosyas1 da goz 6niine alinmak tizere, performans analiz programina agagidaki giris dosyasimn

verilmesi durumunda yine agagida belirtilen sonuglar alinacaktir.

6.1.2.1 Giris Dosyasi (ne02135c.inp):

GTreq Vireg Freq

501545

6.1.2.2 Daire Kesisimlerini iceren Cikti (out_int.txt):

Transistor: ne02135¢(VCE=10V, IC=20mA) from Neural Network

Detailed information, Terminations for GTmax and all of intersection points on T1/T2 for GTreq:
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*** 1. Given Values:

Required GT(dB) value: 5.000000
Required Vi vatue: 1.500000
Required F(dB) value: 4.500000

Circuit Definition:

f(Hz): 500000000.000000

S11 Module and Angle(Rad): 0.593000 -2.844887
$21 Module and Angle(Rad): 10.200000 1.640609
S12 Module and Angle(Rad): 0.020000 0.802851
S22 Module and Angle(Rad): 0.270000 -1.396263
Fmin 1.513561, GamaOpt Module and Angle(Rad) 0.160000 2.600541, Rn 0.150000
Z11 Real and Imaginer parts: 0.187926 -0.002324
721 Real and Imaginer parts: 2.483199 11.990902
Z12 Real and Imaginer parts: 0.020731 0.012114
Z22 Real and Imaginer parts: 0.867459 -0.308711

Freq,Fmin,Ropt,Xopt,Rn,Rmod,N,Ren,Xcn,rn,Retl Xetl rtl Ret2,Xct2,rt2:  2.818383  1.513561  0.749600
0.126789 0.150000 0.447214 2.513849 3.263449 0.126789 3.176193 8.446265 -0.126789 8.412936 1.344082 -
0.126789 1.115642

Unconditional stability: R11>0 & R22>0 & ita>1

R11,R22,ita = 0.187926,0.867459,1.427868

GTDBreq, T1 and T2 circles:

RCGreq= 0.240667, XCGreq=-0.162942, rgreq= 0.167589

Retl= 8.446265, Xct1=-0.126789, rt1= 8.412936
Ret2=1.344082, Xct2=-0.126789, rt2= 1.115642

1. Intersection point on T1; RintT1=NaN: XintT1= NaN

2. Intersection point on T1; RintT1=NaN: XintT1=NaN

ZireqT11 Value: real and imaginer part = NaN NaN

ZireqT12 Value: real and imaginer part = NaN NaN

1. Intersection point on T2; RintT2= 0.236203: XintT2= 0.004588
2. Intersection point on T2; RintT2= 0.247178: XintT2= -0.330404
ZireqT21 Value: real and imaginer part = 11.810129 0.229378
ZireqT22 Value: real and imaginer part = 12.358916 -16.520184
GTreq cuts only T2

ZCGmax(0.172727 -0.162942),Zct1(8.446265 -0.126789), Zct2(1.344082 -0.126789)
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rtl 8.412936, rt2 1.115642

(abs(ZCGmax-Zctl) <rtl) & (rt2 < abs(ZCGmax-Zct2)): ZCGmax in Region-3
Zi Value: real and imaginer part = 8.636330 -8.147080

ZL Value: real and imaginer part = 39.864893 52.505761

Zs1 Value: real and imaginer part = 4.494323 12.800920

Zs2 Value: real and imaginer part = 4.384786 3.698168
GTMAX Value (dB) = 24.946712

GTMIN Value (dB) = 0.000000

T2 Intersection:

Zireql Value: real and imaginer part = 11.810129 0.229378
Zireq2 Value: real and imaginer part = 12.358916 -16.520184
Zlreql Value: real and imaginer part= 11.315847 -281.002463
ZLreq2 Value: real and imaginer part= 0.253392 21.848611
ZSreql1 Value: real and imaginer part= 4.524513 -0.825067
ZSreq12 Value: real and imaginer part= 4.524510 -0.825067
ZSreq21 Value: real and imaginer part = 4.754790 17.490405
ZSreq22 Value: real and imaginer part= 4.7547590 17.490405

Circuit Definition:

f(Hz): 600000000.000000

Bu sonuglar her frekans i¢in bu sekilde verilmektedir. Bu bilgilerin 6zeti asafida verilmis oldugundan burada
verilmeyecektir.

...................................................

6.1.2.3 Bilge-3’de Elde Edilen Coziimlerini igeren Cikt1 (out_oth.txt):

Transistor: ne02135¢(VCE=10V, IC=20mA) from Neural Network

Terminations that give GTreq in Region-3:

*** 1, Given Values:

Required GT(dB) value: 5.000000
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Required Vi value: 1.500000
Required F(dB) value: 4.500000

f(Hz): 500000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T2

Zireql Value: real and imaginer part = 11.303269 0.200487

Zireq2 Value: real and imaginer part = 11.851252 -16.524533
ZLreql Value: real and imaginer part = 17.232973 -359.948409
ZLreq2 Value: real and imaginer part = 0.245285 23.197894
ZSreql1 Value: real and imaginer part = 4.639848 -3.036728
ZSreql2 Value: real and imaginer part = 4.435814 1.524986
ZSreq21 Value: real and imaginer part = 4.932436 19.778073
ZSreq22 Value: real and imaginer part = 4.604278 15.093510

...................................................

---------------------------------------------------

Zireq29 Value: real and imaginer part = 3.922711 -6.041684

Zireq30 Value: real and imaginer part = 4.077921 -10.778869
ZLreql Value: real and imaginer part = 0.343434 95.383893
ZLreq2 Value: real and imaginer part = 0.163632 59.138632
ZSreql1 Value: real and imaginer part = 4.424719 1.905879
ZSreq12 Value: real and imaginer part = 4.409070 10.171933
ZSreq21 Value: real and imaginer part = 4.603512 15.079626
ZSreq22 Value: real and imaginer part = 4.362988 6.570466

f(Hz): 600000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T2

Zireql Value: real and imaginer part = 10.874021 2.411289

Zireg2 Value: real and imaginer part = 10.766863 -13.998788
ZLreql Value: real and imaginer part = 14.683831 -289.894010
ZLreq?2 Value: real and imaginer part = 0.347628 24.665124
ZSreq11 Value: real and imaginer part = 4.517697 -5.364705
ZSreq12 Value: real and imaginer part = 4.248819 -0.891931
ZSreq21 Value: real and imaginer part = 4.460808 16.873256
ZSreq22 Value: real and imaginer part = 4.215873 12.425178



...................................................

---------------------------------------------------

Zireq27 Value: real and imaginer part = 3.768701 -3.321330

Zireq28 Value: real and imaginer part = 3.737014 -8.173866
ZLreql Value: real and imaginer part = 0.639667 111.512640
ZLreq2 Value: real and imaginer part = 0.251967 63.809163
ZSreql1 Value: real and imaginer part = 4.237869 -0.647441
ZSreql2 Value: real and imaginer part = 4.092250 7.235124
ZSreq21 Value: real and imaginer part = 4.203378 12.109674
ZSreq22 Value: real and imaginer part = 4.099770 4.276520

f(Hz): 700000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T2

Zireql Value: real and imaginer part= 10.437313 3.850967

Zireq2 Value: real and imaginer part= 9.576921 -9.727156
ZLreql Value: real and imaginer part = 18.569275 -273.027554
ZLreq2 Value: real and imaginer part = 0.422727 28.045676
ZSreql1 Value: real and imaginer part = 4.401286 -6.933821
ZSreql2 Value: real and imaginer part = 4.060720 -2.538688
ZSreq21 Value: real and imaginer part = 3.929118 12.121140
ZSreq22 Value: real and imaginer part = 3.809443 7.933020

...................................................

---------------------------------------------------

Zireg21 Value: real and imaginer part = 4.663372 -1.107159

Zireq22 Value: real and imaginer part = 4.475003 -4.079870
ZLreql Value: real and imaginer part = 1.040759 105.949700
ZLreq2 Value: real and imaginer part = 0.480272 69.484984
ZSreqll Value: real and imaginer part = 4.105203 -3.232488
ZSreq12 Value: real and imaginer part = 3.799012 5.226514
ZSreq21 Value: real and imaginer part = 3.930947 -0.078856
ZSreq22 Value; real and imaginer part= 3.812658 8.156996

f(Hz): 800000000.000000
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Calculation of many other points of Zi in Region-3; GTreq cuts only T2

Zireq1 Value: real and imaginer part = 10.081365 5.302059

Zireq2 Value: real and imaginer part = 8.768130 -7.422707
ZLreql Value: real and imaginer part = 71.518238 -488.483317
ZLreq2 Value: real and imaginer part = 0.557472 32.761200
ZSreql1 Value: real and imaginer part = 4.320845 -8.523303
ZSreq12 Value: real and imaginer part = 3.906035 -4.186952
ZSreq21 Value: real and imaginer part = 3.589532 9.580391
ZSreq22 Value: real and imaginer part = 3.525364 5.572234

---------------------------------------------------

---------------------------------------------------

Zireql7 Value: real and imaginer part = 5.028551 -0.199243

Zireq18 Value: real and imaginer part = 4.945351 -1.005416
ZLreql Value: real and imaginer part = 1.163111 93.156706
ZLreq2 Value: real and imaginer part = 0.931171 82.802971
ZSreql11 Value: real and imaginer part = 3.897813 -4.081152
ZSreql2 Value: real and imaginer part = 3.533537 4.140499
ZSreq21 Value: real and imaginer part= 3.833117 -3.203984
ZSreq22 Value: real and imaginer part = 3.526988 4.933576

f(Hz): 900000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T2

Zireql Value: real and imaginer part = 9.980402 7.470155

Zireq?2 Value: real and imaginer part = 8.025518 -5.098120
ZLreql Value: real and imaginer part = 35.962474 -303.306602
ZLreq2 Value: real and imaginer part = 0.682865 32.624625
ZSreql1 Value: real and imaginer part = 4.374470 -10.967654
ZSreq12 Value: real and imaginer part = 3.844066 -6.627122
ZSreq21 Value: real and imaginer part = 3.277045 7.035124
ZSreq22 Value: real and imaginer part = 3.268552 3.199936

---------------------------------------------------

---------------------------------------------------

Zireq15 Value: real and imaginer part = 5.459698 4.091406
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Zireq16 Value: real and imaginer part = 4.744627 -0.505902
ZLreql Value: real and imaginer part = 4.285836 150.831008
ZLreq2 Value: real and imaginer part = 0.867174 66.379289
ZSreq11 Value: real and imaginer part = 4.062643 -8.589077
ZSreq12 Value: real and imaginer part = 3.376488 -0.337096
ZSreq21 Value: real and imaginer part = 3.562271 -3.431570
ZSreq22 Value: real and imaginer part = 3.258517 4.146221

f(Hz): 1000000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T2

Zireq] Value: real and imaginer part= 12.371589 9.810759

Zireq2 Value: real and imaginer part = 9.194783 -5.778818
ZLreql Value: real and imaginer part = 15.257959 -151.099397
ZLreq2 Value: real and imaginer part = 0.859162 28.545905
ZSreql1 Value: real and imaginer part= 5.676070 -14.849809
ZSreql2 Value: real and imaginer part= 4.725530 -9.820321
ZSreq21 Value: real and imaginer part = 3.794205 8.170606
Z8Sreq22 Value: real and imaginer part = 3.672353 3.970712

...................................................

Zireq23 Value: real and imaginer part= 4.887559 5.730953

Zireq24 Value: real and imaginer part = 3.903978 0.904214
ZLreql Value: real and imaginer part = 4.352876 146.790592
ZLreq2 Value: real and imaginer part = 0.932787 71.044350
ZSreql1 Value: real and imaginer part = 4.852754 -10.600954
ZSreq12 Value: real and imaginer part = 3.824707 -1.540031
ZSreq21 Value: real and imaginer part = 4.091842 -4.896602
ZSreq22 Value: real and imaginer part = 3.674404 2.876274

f(Hz): 1200000000.000000
Calculation of many other points of Zi in Region-3; GTreq cuts only T2
Zireql Value: real and imaginer part = 12.709923 14.027418
Zireq2 Value: real and imaginer part = 7.344079 -2.953741
ZLreql Value: real and imaginer part= 14.668979 -118.439079
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ZLreq2 Value: real and imaginer part= 1.095279 31.841172
ZSreql1 Value: real and imaginer part = 6.217754 -20.100220
Z8req12 Value: real and imaginer part = 4.883114 -14.924675
ZSreq21 Value: real and imaginer part= 3.035525 4.884931
ZSreq22 Value: real and imaginer part= 3.001018 1.171176

...................................................

---------------------------------------------------

Zireq23 Value: real and imaginer part= 4.536345 10.775331

Zireq24 Value: real and imaginer part = 2.523217 4.404434
ZLreql Value: real and imaginer part = 14.962889 232.084551
ZLreq?2 Value: real and imaginer part = 1.011825 75.775368
ZSreql1 Value: real and imaginer part = 5.018330 -15.522180
ZSreq12 Value: real and imaginer part= 3.527682 -6.904236
ZSreq21 Value: real and imaginer part= 3.564785 -7.216882
ZSreq22 Value: real and imaginer part= 3.092027 -1.669784

f(Hz): 1400000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T2

Zireql Value: real and imaginer part= 14.752215 15.830893

Zireq2 Value: real and imaginer part = 7.623846 -0.744264
ZLreql Value: real and imaginer part = 16.968820 -95.618401
ZLreq2 Value: real and imaginer part= 1.640132 31.753639
ZSreql1 Value: real and imaginer part= 7.856092 -24.097588
ZSreq12 Value: real and imaginer part= 5.810177 -18.229419
ZSreq21 Value: real and imaginer part = 3.141540 2.708837
ZSreq22 Value: real and imaginer part= 3.120917 -1.131108

Zireq25 Value: real and imaginer part = 5.011189 12.948106

Zireq26 Value: real and imaginer part = 3.016229 8.309350
ZLreql Value: real and imaginer part= 19.993974 215.431475
ZLreq2 Value: real and imaginer part = 2.305604 90.632452
ZSreq11 Value: real and imaginer part = 5.828249 -18.290284
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ZSreql2 Value: real and imaginer part = 3.754369 -8.796689
ZSreq21 Value: real and imaginer part = 4.227221 -11.668482
ZSreq22 Value: real and imaginer part = 3.340345 -5.151788

f(Hz): 1600000000.000000
Calculation of many other points of Zi in Region-3; GTreq cuts only T2
Zireql Value: real and imaginer part= 15.678713 16.109208
Zireq?2 Value: real and imaginer part= 7.206414 0.569972
Zlreql Value: real and imaginer part = 13.702855 -67.608921
ZLreq2 Value: real and imaginer part = 1.960085 28.100672
ZSreql1 Value: real and imaginer part= 9.142268 -26.139855
ZSreq12 Value: real and imaginer part = 6.386978 -19.824483
ZSreq21 Value: real and imaginer part= 2.982281 -2.480012
ZSreq22 Value: real and imaginer part = 2.967384 1.277952
Zireq3 Value: real and imaginer part = 15.223037 16.406254 (Uydurma Devresi I¢in Secildi)
Zireq4 Value: real and imaginer part = 6.709884 0.792087
ZLreql Value: real and imaginer part = 14.806137 -73.103320
ZLreq2 Value: real and imaginer part = 1.878069 29.775767
ZSreql1 Value: real and imaginer part= 9.741052 -27.279903
ZSreql2 Value: real and imaginer part= 5.957600 -18.607263
ZSreq21 Value: real and imaginer part = 3.022805 -3.378226
ZSreq22 Value: real and imaginer part = 2.980402 1.675525
Zireq5 Value: real and imaginer part = 14.738918 16.680798
Zireq6 Value: real and imaginer part = 6.216861 1.050301
ZLreql Value: real and imaginer part= 16.125423 -79.381602
ZLreq2 Value: real and imaginer part= 1.796117 31.542390
ZSreql1 Value: real and imaginer part = 10.142307 -28.010308
ZSreq12 Value: real and imaginer part = 5.662197 -17.714135
ZSreq21 Value: real and imaginer part = 3.063594 -4.067394
ZSreq?22 Value: real and imaginer part= 2.984970 1.797860

---------------------------------------------------

---------------------------------------------------

Zireq31 Value: real and imaginer part = 3.987355 14.773027
Zireq32 Value: real and imaginer part = 1.996293 11.121174
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ZLreql Value: real and imaginer part = 24.677405 238.015757
ZLreq2 Value: real and imaginer part = 2.638114 106.933499
ZSreql1 Value: real and imaginer part = 6.172289 -19.226922
ZSreq12 Value: real and imaginer part = 3.914907 -10.822727
ZSreq21 Value: real and imaginer part = 4.344769 -12.898275
ZSreq22 Value: real and imaginer part = 3.599375 -8.972795

f(Hz): 1800000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T2

Zireql Value: real and imaginer part= 17.365485 18.671711

Zireq2 Value: real and imaginer part= 7.051181 2.985286
ZLreql Value: real and imaginer part = 16.931284 -62.942039
ZLreqg2 Value: real and imaginer part = 2.544557 28.497602
ZSreql1 Value: real and imaginer part= 11.535824 -31.569006
ZSreql2 Value: real and imaginer part = 7.536243 -24.524618
ZSreq21 Value: real and imaginer part= 2.941634 -1.022221
ZSreq22 Value: real and imaginer part = 2.898470 -4.772079

Zireq31 Value: real and imaginer part = 4.860741 18.484076

Zireq32 Value: real and imaginer part = 2.267693 14.540461
ZLreql Value: real and imaginer part= 62.474190 302.225720
ZLreq2 Value: real and imaginer part = 4.389543 115.361267
ZSreql1 Value: real and imaginer part = 7.259334 -23.918457
ZSreq12 Value: real and imaginer part = 4.033184 -14.134431
Z8req21 Value: real and imaginer part = 4.674564 -16.733051
ZSreq22 Value: real and imaginer part= 3.617649 -12.014330

f(Hz): 2000000000.000000
Calculation of many other points of Zi in Region-3; GTreq cuts only T2
Zireql Value: real and imaginer part = 19.823313 18.511094 (Uydurma Devresi i¢in Segildi)
Zireq2 Value: real and imaginer part= 6.881212 3.774315
ZLreql Value: real and imaginer part= 19.093266 -53.228242
ZLreq2 Value: real and imaginer part = 2.822163 23.548676
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ZSreql1 Value: real and imaginer part= 17.417389 -36.936128
ZSreql2 Value: real and iﬁlaginer part= 10.075717 -28.744297
Z81eq21 Value: real and imaginer part = 2.943717 -1.594298
Z8req22 Value: real and imaginer part = 2.792628 -5.355500
Zireq3 Value: real and imaginer part= 19.444328 18.996514
Zireq4 Value: real and imaginer part = 6.350915 4.087442
ZLreql Value: real and imaginer part = 20.382765 -56.951030
ZLreq?2 Value: real and imaginer part= 2.679295 25.173342
ZSreql1 Value: real and imaginer part= 18.943774 -38.182405
ZSreql2 Value: real and imaginer part= 8.965654 -27.029478
ZSreq21 Value: real and imaginer part = 2.962642 -1.379104
ZSreq22 Value: real and imaginer part= 2.810511 -6.392840

---------------------------------------------------

Zireq31 Value: real and imaginer part = 7.380471 21.633623

Zireq32 Value: real and imaginer part = 2.178014 15.709743
ZLreql Value: real and imaginer part= 335.263331 384.851102
ZLreq2 Value: real and imaginer part = 3.724368 91.941990
ZSreql1 Value: real and imaginer part= 10.881107 -29.883062
ZSreq12 Value: real and imaginer part = 4.427859 -16.738547
ZSreq21 Value: real and imaginer part= 4.708681 -17.672216
ZSreq22 Value: real and imaginer part = 3.592149 -13.296452

f(Hz): 2500000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T2

Zireql Value: real and imaginer part = 20.464231 15.910782 (Uydurma Devresi i¢in Secildi)

Zireq2 Value: real and imaginer part = 8.845541 9.419066
ZLreql Value: real and imaginer part = 14.612598 -12.716895
ZLreq2 Value: real and imaginer part = 5.606092 22.931710
ZSreq11 Value: real and imaginer part = 41.901520 -35.858840
ZSreq12 Value: real and imaginer part= 17.235650 -34.411879
ZSreq21 Value: real and imaginer part= 3.864128 -6.358702
ZSreq22 Value: real and imaginer part = 3.534482 -11.167511

Zireq3 Value: real and imaginer part = 20.585663 16.464484
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Zireq4 Value: real and imaginer part = 8.310352 9.605894
ZLreql Value: real and imaginer part= 15.188629 -14.305379
Zlreq2 Value: real and imaginer part= 5.386706 24.407556
ZSreql1 Value: real and imaginer part= 46.664783 -33.212766
ZSreq12 Value: real and imaginer part= 14.375891 -32.507426
ZSreq21 Value: real and imaginer part= 3.937047 -5.919101
ZSreq22 Value: real and imaginer part = 3.581418 -12.326194

---------------------------------------------------

Zireq43 Value: real and imaginer part = 9.728759 27.104552

Zireq44 Value: real and imaginer part = 4.940187 24.429031
ZLreql Value: real and imaginer part = 290.598385 -114.500173
ZLreq2 Value: real and imaginer part = 46.347621 172.804562
ZSreql1 Value: real and imaginer part = 20.699981 -36.105518
ZS8req12 Value: real and imaginer part= 5.571101 -21.028880
ZSreq21 Value: real and imaginer part = 10.546537 -28.975536
ZSreq22 Value: real and imaginer part = 4.987046 -19.465691

f(Hz): 3000000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T1

Zireql Value: real and imaginer part = 4.054197 29.244129

Zireq2 Value: real and imaginer part = 2.664493 21.833889 (Uydurma Devresi I¢in Secildi)
ZLreql Value: real and imaginer part = 21.798685 112.494899
ZLreq2 Value: real and imaginer part = 4.012863 50.960668
Z8Sreql1 Value: real and imaginer part= 10.606151 -28.977043
ZSreq12 Value: real and imaginer part = 7.046540 -24.815366
ZSreq21 Value: real and imaginer part = 6.413319 -23.575885
ZSreq22 Value: real and imaginer part= 5.194411 -19.106255

Zireq3 Value: real and imaginer part = 4.836531 30.138633

Zireq4 Value: real and imaginer part = 3.069558 20.716703
Zlreql Value: real and imaginer part = 35.450493 130.093150
ZLreq2 Value: real and imaginer part = 4.124636 45.914834
ZSreql1 Value: real and imaginer part= 12.657913 -30.354006
ZSreq12 Value: real and imaginer part = 7.002089 -24.737135
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ZSreq21 Value: real and imaginer part= 6.433563 -23.620436
ZSreq22 Value: real and imaginer part = 5.111028 -17.322443

---------------------------------------------------

---------------------------------------------------

Zireq65 Value: real and imaginer part = 19.228489 24.033982

Zireq66 Value: real and imaginer part = 18.695481 21.191850
ZLreql Value: real and imaginer part = 26.118696 -16.880399
Zlreq2 Value: real and imaginer part = 20.331545 -8.127872
ZSreql1 Value: real and imaginer part= 23.238534 -3.279189
ZSreql12 Value: real and imaginer part = 7.386817 -25.380134
ZSreq21 Value: real and imaginer part = 17.737489 -3.006880
ZSreq22 Value: real and imaginer part= 7.651519 -25.783118

f(Hz): 3500000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts T1 and T2

Zireql Value: real and imaginer part = 10.602556 37.612174

Zireq2 Value: real and imaginer part = 4.045318 26.861353 (Uydurma Devresi I¢in Secildi)
ZLreql Value: real and imaginer part = 86.844260 73.189873
ZLreq2 Value: real and imaginer part = 5.385347 33.694811
ZSreql1 Value: real and imaginer part= 16.435618 -25.770091
ZSreq12 Value: real and imaginer part = 11.824104 -26.482325
ZSreq21 Value: real and imaginer part = 10.514578 -26.034618
ZSreq22 Value: real and imaginer part = 7.244273 -22.494194

Zireq3 Value: real and imaginer part = 11.202612 37.487154

Zireq4 Value: real and imaginer part= 4.431126 26.385066
ZLreql Value: real and imaginer part= 92.986362 64.061005
ZLreq2 Value: real and imaginer part= 5.753853 31.979499
ZSreql1 Value: real and imaginer part = 17.511741 -24.982270
ZSreq12 Value: real and imaginer part = 11.172945 -26.299425
ZSreq21 Value: real and imaginer part= 11.600654 -26.427916
ZSreq22 Value: real and imaginer part = 6.949247 -21.440164

---------------------------------------------------

...................................................
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Zireql7 Value: real and imaginer part = 14.402578 35.629264

Zireql8 Value: real and imaginer part = 7.547640 24.390352
ZLreql Value: real and imaginer part = 83.737559 8.869630
ZLreq2 Value: real and imaginer part= 9.097470 22.472382
ZSreql1 Value: real and imaginer part = 19.579485 -19.654449
ZSreq12 Value: real and imaginer part = 9.275188 -25.270862
ZSreq21 Value: real and imaginer part= 19.387990 -21.912515
ZSreq22 Value: real and imaginer part = 7.947256 -16.655797
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6.1.2.6 Frekans-Kazang ve ZL,ZS Degisimi

Bu verileri grafiksel olarak ifade edersek asagidaki durum elde edilir.

Frequency-Gain

(—-«GTmax (dB) —e—GTreq (dB)J

30

25

™

Gain (dB)
o

f (GHz)

Sekil 6.1.2 Vireq=1.5, Freq=4.5 dB i¢in maksimum Kazang-Frekans degisimi

Frequency-Real partof ZS and ZL

L—-——Real(ZL) —a—Real(ZS) —e—Real(ZLreq) »»x----»-ReaI(ZSreqﬂ

45 T

40 / -\.—’¥_

35 N PN

a5 N\ N

5 F s KX
g % —%
) J " e & e
10 ‘\/‘ = ,/){ W’

5 4 T— %;fw'“_—”/” / =
ail— g

N o N Q N} N
f(GHz)

Value

Sekil 6.1.3 Vireq=1.5, Freq=4.5 dB i¢in Frekans-Re{ZL/ZS} degisimi
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Frequency-Imaginer part of ZS and ZL

—m—Imag(ZL) —a—Imag(ZS) —e—Imag(ZLreq) —«—Imag(ZSreq)

150
100
50 S
0 == —— .
soepo 8 & @ 9 N S
] /-—0‘,'
= -100
s /
-150 /
-200 /
250 //\\ /
-300 v
-350
f(GHz)
Sekil 6.1.4 Vireq=1.5, Freq=4.5 dB i¢in Frekans-Im{ZL/ZS} degisimi
Frequency-Galin
= Vireq=1.Freq=4.10(dB) —a—Vireq=1,Freq=4.50(dB)
eV ireq=1.2 Freq=4.10(dB) —w—Vireq=1.2,Freq=4.50(dB)
— e Vireq=1.5.Freq=4.10(dB) —+—Vireq=1.5,Freq=4.50(dB)
Vireq=2,Freq=4.10(dB) —=—Vireq=2,Freq=4.50(dB)
Vireq=2.5,Freq=4.10(dB) Vireq=2.5,Freq=4.50(dB)
30.00
g
=
z
£
o

0.00
s o 0 S & O P & & O & & & &
& 4 4 N2 & 4 &
F F ISP ESrFT S
t(Hz)

Sekil 6.1.5 Cesitli Vireq ve Freq’a yonelik maksimum kazang degisimi

T.C. YOKSEKOGRETIM KURULY
DOKUMANTASYON MERKEZi



107

6.1.2.7 Kazang-VSWR-Giiriiltii Degisimleri

Vireq

2.10
220
2.30
2.40
2.50
2.60
2.70
2.80
2.90
3.00
3.10
3.20
3.30
3.40
3.50
3.60
3.70
3.80

Freq
(dB)
5.00
4.90
4.80
4.70
4.60
4.50
4.40
4.30
4.20
4.10
4.00
3.90
3.80
3.70
3.60
3.50
3.40
3.30

Cizelge 6.1.1 f=2GHz igin Kazang-VSWR-Giriiltii degisimleri

f
(Hz)
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09

Gtmax
(dB)
13.02
13.08
13.13
4317
13.22
13.26
13.29
1333
13.36
13.40
13.43
13.45
13.48
13.51
13.53
13.55
13.58
13.60

Real

(L)

31.31
31.31
31.31
31.31
31.31
31.31
31.31
31.31
31.31
31.31
91.31
31.31
31.31
31.31
31.31
31.31
31.31
31.31

Imag

(L)

53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40
53.40

Real
(@s)
423
4.71
5.26
5.90
6.66
7:57
8.68
10.04
11.73
13.89
16.66
20.28
24.98
30.90
37.53
42.50
40.76
27.60

Imag Gtreq Real
(dB) (ZLreq) (ZLreq) (ZSreq) (ZSreq)

(@9)
-19.86
-20.73
-21.63
-22.57
-23.55
-24.58
-25.66
-26.80
-27.97
-29.13
-30.18
-30.91
-30.89
-29.25
-24.50
-14.94
-1.43
9.08

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

16.99
14.84
13.22
11.96
10.93
10.09
9.35
10.52
12.25
14.43
17.24
21.00
26.21
33.80
45.58
65.39
102.07
173.52

Imag

-32.55
-24.46
A7.75
-12.05
-7.09
274
1.32
-1.44
-5.56
-10.25
-15.68
22.10
-29.84
-39.34
51.19
-65.71
-80.76
-78.25

Real

12.37
14.60
17.33
20.77
25.30
32.61
70.02
3.41
3.74
4.08
4.46
4.88
5.37
5.94
6.61
7.39
8.34
9.47

Imag

-36.70
-38.54
-40.36
-42.12
-43.74
-45.23
23.24
-0.41
0.47
1.05
1.55
2.03
2.47
2.90
3.28
3.61
3.85
3.93
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Noise-VSWR
(13.02 dB <= Gain <= 13.60 dB, GTreq=5dB, f=2GHz)

4.00
3.50 PR i

3.00 P
BBy
2.00

1.50
1.00
0.50
0.00d— T

VSWR

Sekil 6.1.6 Cesitli Vireq ve Freq’a yonelik maksimum kazancin sinirh kalmast durumu

Frequency-Magnitude of ZS and ZL
(13.02 dB <= Gain <= 13.60 dB, GTreq=5dB, f=2GHz)

—m— [7L| —A— [2S| —e— [ZLreq| —x— [ZSreq]

200.00 -

150.00 //
100.00

50.00

Value

O O QO & O Q O S O QO & Q o
S P S NS S PSP PP

o
L Noise(dB))

Sekil 6.1.7 Maksimum kazancin sinirh kalmasi durumunda sonlandirmalarin genlikleri
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Value(deg)

80.00

Frequency-Angle of ZS and ZL
(13.02 dB <= Gain <= 13.60 dB, GTreq=5dB, f=2GHz)

L—.—<2|. (deg) —A— <ZS (deg) —e— <ZLreq (deg) —— <ZSreq (deg)

60.00
40.00

20.00

0.00

-20.00 4

-40.0-

) N

hrob “- u. -Q lbo fbg’ ‘b. lbo . %-

K JE— T T

-60.00 |
-80.00 4

e hib S ™ G b.
% o

-100.00

Noise(dB)

Sekil 6.1.8 Maksimum kazancin simirh kalmasi durumunda sonlandirmalarin agilart
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6.1.2.8 Giiriiltii-VSWR-Kazan¢ Degisimleri

Freq=3.05 dB iken elde edilen Giiriiltti-VSWR-Kazang degisimleri agagida verilmistir.

Cizelge 6.1.2 Freq=3.05 dB i¢in Giiriiltii-VSWR-Kazang degisimleri

Vireq Freq f Gtmax Real Imag Real Imag Gtreq Real Imag Real Imag
(dB) (Hz) (dB) (2L) (2L) (2S) (ZS) (dB) (ZLreq) (ZLreq) (ZSreq) (ZSreq)
1.00 3.05 2.00E+09 11.15 30.68 17.92 1068 -10.20 5.00 861 -2669 2259 -12.50
1.10 3.05 2.00E+09 11.66 34.95 4359 10.68 -10.20 5.00 26.60 -88.43 18.32 -13.89
120 3.05 2.00E+09 11.53 31.69 5268 10.68 -10.20 5.00 60.93 -152.96 17.02 -13.87
1.30 3.06 2.00E+09 12.37 31.31 53.40 12.87 -12.36 5.00 6.31 -6.78 910 465
140 3.05 2.00E+09 12.48 31.31 53.40 14.34 -13.18 5.00 7.84 -13.23 934 -3.06
150 3.05 2.00E+09 12.58 31.31 53.40 15.73 -1365 500 957 -19.39 958 -2.23
1.60 3.05 2.00E+09 1267 31.31 53.40 17.10 -13.88 5.00 1160 -25.64 9.80 -1.67
170 3.05 2.00E+09 12.76 31.31 53.40 1847 -13.88 500 14.02 -32.16 10.01 -1.24
1.80 3.05 2.00E+09 1283 31.31 5340 19.85 -1367 500 16.94 -39.06 10.19 -0.88
190 3.06 2.00E+08 12,90 31.31 53.40 2121 -1323 500 2050 -4644 1037 -0.58
2.00 3.05 2.00E+08 12.96 31.31 53.40 2254 -1253 500 2487 -5438 10.54 -0.31
210 3.05 2.00E+09 13.02 31.31 53.40 23.79 -11.567 500 3029 -629 1071 -0.07
220 3.05 2.00E+09 13.08 31.31 53.40 24.91 -10.31 500 37.08 -7226 1087 0.15
230 3.05 2.00E+09 13.13 31.31 5340 2581 -876 5.00 4567 -8228 11.02 0.34
240 305 2.00E+09 13.17 31.31 5340 2641 693 500 56.64 -9297 11.17 0.53
250 3.05 2.00E+09 13.22 31.31 53.40 2658 485 5600 70.75 -104.10 11.32 0.70
260 3.05 2.00E+09 1326 31.31 53.40 26.20 -257 5.00 89.00 -1156.15 11.47 0.86
2.70 3.05 2.00E+09 13.29 31.31 5340 2506 -0.21 5.00 112.60 -125.03 11.61 1.00
280 3.05 2.00E+09 13.33 31.31 53.40 2270 213 5.00 142.78 -131.74 11.76 1.14
290 3.05 2.00E+09 9.04 30.96 54.02 1848 358 500 180.20 -131.85 1190  1.28
3.00 3.05 2.00E+09 893 30.04 55.53 1848 3.58 5.00 223.66 -120.43 12.03 1.40
3.10 3.05 2.00E+09 881 2012 5620 1848 358 5.00 268.18 -02.16 12.17 1.52
3.20 3.05 2.00E+09 870 28.19 58.14 1848 358 5.00 304.09 -4493 12.31 1.63
3.30 3.05 2.00E+09 858 27.27 59.27 1848 358 5.00 32042 1561 1244 1.74
340 3.05 2.00E+09 846 26.37 60.30 1848 358 500 31240 7668 1258 1.85
3.50 3.06 2.00E+09 8.34 2549 6123 1848 358 5.00 28511 126.08 12.71 1.95



3.60
3.70
3.80
3.90
4.00
4.10
4.20
4.30
4.40
4.50
460
4.70
4.80
4.90
5.00
5.10
5.20
5.30
5.40
5.50
5.60
5.70
5.80
5.90
6.00

3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.06
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05
3.05

2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09
2.00E+09

8.22
8.10
7.98
7.86
7.74
7.62
7.50
7.38
7.26
7.14
7.02
6.90
6.77
6.65
6.53
6.41
6.28
6.16
6.04
5.91
5.79
5.66
5.54
5.41
5.28

24.63
23.79
22.98
22.19
21.43
20.69
19.98
19.29
18.63
17.99
17.38
16.79
16.21
15.66
15.13
14.62
14.12
13.65
13.19
12.74
12.31
11.90
11.50
11.11
10.73

62.08
62.85
63.55
64.20
64.79
65.32
65.82
66.27
66.68
67.06
67.41
67.74
68.03
68.31
68.56
68.80
69.02
69.22
69.40
69.58
69.74
69.89
70.03
70.15
70.28

18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48
18.48

111

3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58
3.58

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

248.66
211.52
178.18
150.07
127.02
108.32
93.17
80.81
70.67
62.27
55.24
49.31
44.26
39.92
36.16
32.87
29.97
27.40
25.09
23.01
21.12
19.37
17.74
16.19
14.67

158.86
176.66
183.75
184.12
180.65
175.19
168.83
162.18
155.59
149.24
143.20
137.51
132.15
127.13
122.40
117.94
113.72
109.71
105.88
102.19
98.62
95.11
91.62
88.08
84.37

12.85
12.98
13.12
13.25
13.39
13.52
13.66
13.80
13.94
14.08
14.22
14.37
14.52
14.67
14.83
14.99
15.15
15.33
15.51

15.70
15.90

16.12

16.35

16.62

16.93

2.04
2.13
2.22
2.30
2.39
2.46
2.54
261

2.68
2.75
2.82
2.88
2.95
3.01

3.07
3.12
3.18
3.23
3.29
3.34
3.38

3.43

3.47

3.52
3.55
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Bu durumun grafiksel ifadesi diger giiriiltii degerlerindeki degisimlerde gz 6niine alindiginda
asagidaki sekilde olmaktadur.

VSWR-Gain
f=2GHz

—a— Noise=3.05 (dB) —e— Noise=3.25 (dB) —a— Noise=3.55 (dB)

16.00

14.00 )
12.00 \ \ \
10.00

8.00 }

GT(dB)

6.00

4.00

2.00

0.00 +r—rrrrrrrrrerrYrTTTTTTT T T T T T T T T T T T T

S W & O S ® O O R P ® O O S &
'\9'\?'\@\9'»‘]"\?'\? NP P PG Q%‘Lbbb%

VSWR

Sekil 6.1.9 f=2GHz i¢in Giiriiltii-VSWR-Kazang degigimleri
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6.1.2.9 VSWR-Giiriiltii-Kazan¢ Degisimleri

Vireg=1 iken elde edilen VSWR-Giiriiltii-Kazang degisimleri asagida verilmistir.

Cizelge 6.1.3 Vireq=1 i¢in VSWR-Giiriiltii- Kazang degisimleri

Vireq Freq f

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

(dB) (Hz)
3.10 2.00E+09
3.20 2.00E+09
3.30 2.00E+09
3.40 2.00E+09
3.50 2.00E+09
3.60 2.00E+09
3.70 2.00E+09
3.80 2.00E+09
3.90 2.00E+09
4.00 2.00E+09
4.10 2.00E+09
4.20 2.00E+09
4.30 2.00E+09
4.40 2.00E+09
4.50 2.00E+09
4.60 2.00E+09
4.70 2.00E+09
4.80 2.00E+09
4.90 2.00E+09
5.00 2.00E+09
5.10 2.00E+09
5.20 2.00E+09
5.30 2.00E+09
5.40 2.00E+09
5.50 2.00E+09
5.60 2.00E+09

Gtmax Real

(dB)

11.36
11.62
11.78
11.87
11.92
11.94
11.94
11.92
11.88
11.83
11.76
11.69
11.60
11.50
11.39
11.27
11.14
10.99
10.83
10.66
10.47
10.26
10.03

9.79

9.51

9.21

(ZL)
32.91
356.24
35.70
35.03
33.67
31.95
30.04
28.06
26.11
24.21
22.39
20.68
19.06
17.55
16.14
14.82
13.58
12.43
11.36
10.36
9.42
8.54
7.72
6.95
6.22
5.54

Imag Real

(2L)

22.33
30.37
37.33
43.21
48.12
52.18
55.54
58.30
60.58
62.47
64.03
65.33
66.41
67.32
68.07
68.71
69.24
69.69
70.07
70.39
70.66
70.89
71.08
71.24
71.38
71.49

(Z8)

9.08
8.86
7.99
7.29
6.70
6.20
5.76
5.37
5.03
473
4.45
4.20
3.98
3.77
3.58
3.41
3.24
3.09
2.95
2.82
2.70
2.59
2.48
2.38
228
2.19

Imag Gtreq Real

(2S)

-10.67
-11.33
-11.77
-12.09
-12.33
-12.52
-12.67
-12.79
-12.89
-12.97
-13.04
-13.10
-13.16
-13.20
-13.24
-13.27
-13.30
-13.33
-13.35
-13.37
-13.39
-13.41
-13.42
-13.43
-13.45
-13.46

imag

Real

Imag

(dB) (2Lreq) (ZLreq) (ZSreq) (ZSreq)

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

10.01
13.35
17.85
2425
33.92
49.52
77.00
131.23
254.55
555.91
864.75
511.73
239.96
128.38
77.95
51.78
36.67
27.20
20.89
16.49
13.30
10.90
9.07
7.63
6.47
5.54

-33.79
-48.71
-65.72
-86.16
~111.83
-145.44
-191.36
-255.90
-340.43
-361.76
92.98
479.05
440.25
359.89
299.53
256.55
225.13
201.31
182.67
167.66
155.28
144.84
135.90
128.09
121.18
114.98

22.38
21.05
19.23
17.32
15.53
13.91
12.49
11.24
10.15
9.20
8.37
7.64
7.00
6.44
5.93
5.48
5.08
4.72
4.39
4.09
3.82
3.58
3.35
3.14
2.95
2.77

-14.69
-18.05
-20.28
-21.68
-22.49
-22.91
-23.06
-23.03
-22.88
-22.66
-22.38
-22.07
-21.74
-21.40
-21.06
-20.71

-20.37
-20.02
-19.68
-19.35
-19.01

-18.68

-18.35

-18.02

-17.70

-17.36



1.00 5.70 2.00E+09
1.00 5.80 2.00E+09
1.00 5.90 2.00E+09
1.00 6.00 2.00E+09

8.87
8.49
8.07
7.58

490 71.59
430 71.67
3.73 71.73
3.19 71.78

2.1
2.03
1.85
1.88

114

-13.47
-13.48
-13.48
-13.49

5.00
5.00
5.00
5.00

4.76
4.11
3.56
3.08

109.32
104.08
99.14
94.38

2.61
2.45
2.31
2.17

-17.03
-16.68
-16.32
-15.94

Bu durumun grafiksel ifadesi diger VSWR degerlerindeki degisimlerde g6z Sniine alindifinda
asagidaki sekilde olmaktadur.

Noise-Gain

f=2GHz

l—l—— vswr=1 —e—vswr=1.2 —A— vswr=1.5 —¥—vswr=2 —— vswr=2.5 J

GT(dB)

2.00

Noise(dB)

)

S \] Q
S O &

0-00 L ™rr v 1517 T 1 171 T 1t T 5.7 T 7 1

Q N ) QO O Q N N O O O

o2

Sekil 6.1.10 =2GHz i¢in VSWR-Giiriiltii- Kazang¢ degisimleri
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6.1.2.10 Giiriiltiiniin Minimum Giiriiltiiyii izlemsi Durumundaki Degisimler

Asagida Freq=Fmin+DeltaF olmas1 durumundaki degisimler goriilmektedir.

Vireq Freq
(dB) (GHz)

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

2.00
2.01
2.03
2.07
2.10
211
2.20
240
2.60
2.70
3.10
3.40
4.10
4.50

f

0.50
0.60
0.70
0.80
0.90
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
3.50

Cizelge 6.1.4 Vireq=1 i¢in Freq=Fmin+DeltaF degisimleri

GTmax
(dB)
4.62
11.62
8.13
14.14
14.54
14.82
14.26
13.14
12.27
11.74
11.36
9.40
8.42
6.57

Real
(L)
NaN
3.31
1.58
9.52
12.69
19.45
24.02
27.93
25.13
30.78
32.91
31.76
31.13
18.35

Imag

(ZL)
-17.60
-17.24
-11.64
-9.27
-7.03
-2.10
5.68
10.35
8.86
14.71
22.33
25.55
30.57
17.93

Real
(Zs)
20.68
19.29
18.06
16.67
15.50
16.24
13.56
13.05
12.05
11.36
9.98
10.27
9.38
10.63

Imag Gtreq Real
(dB) (ZLreq) (ZLreq) (ZSreq) (ZSreq)

(28)
7.67
5.89
3.76
227
0.49

-0.37
-2.99
-5.11
-6.16
-9.04

-10.67

-16.05

-22.40

-26.09

5.00 NaN

5.00 0.88
5.00 0.86
5.00 1.57
5.00 1.85
5.00 2.73
5.00 3.49
5.00 5.12
5.00 5.75
5.00 7.62
5.00 10.01
500 11.93
5,00 17.42
5.00 18.61

Imag

NaN

-30.09
-17.98
-33.50
-34.62
-38.54
-33.16
-33.08
-29.68
-30.58
-33.79
-17.48
-16.57

-2.96

Real

NaN

19.48
18.27
17.87
17.46
18.63
19.67
20.52
19.52
20.98
22.38
22.08
21.19
17.32

Imag

NaN

3.13
2.34
-1.82
-4.16
-6.37
-9.47
-11.14
-11.36
-13.78
-14.69
-16.94
-22.53
-25.15
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Freq(dB)-Fmin(dB)
Vireg=1.0

Fa—— Freq(dB) —e— Fmin(dB)

5.00
4.50 f
4.00
3.50 P
g 300
o 2.50
% 200
s < ———+—+ v
1.50
1.00
0.50
0.00 1 4 T L L L Ll LI L} L] L L] T L L
050 060 070 080 080 1.00 120 140 160 1.80 200 250 3.00 3.50
#{GHz)
Sekil 6.1.11 Vireg=1 i¢in Freq-Fmin degisimi
Vireg-GTmax(dB)-GTreq(dB)
F-—Vireq —e— GTrmax (dB) —a— GTreq (dB) J
16.00
14.00 gty

Value

B ——

8.00 7\/ \

so0 L/ N

T ———

4.00
2.00
0.00 - L i — i = L & i —a

0.50 060 070 0.80 090 1.00 120 140 160 1.80 2.00 250 3.00 3.50
f(GHz)

Sekil 6.1.12 Vireg=1 i¢in Freq-Fmin’e karsilik gelen Kazang degigimleri




Vireq Freq
(dB) (GHz)

1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

2.00
2.01
2.03
2.07
2.10
2.1
2.20
240
2.60
2.70
3.10
3.40
4.10
4.50

f

0.50
0.60
0.70
0.80
0.90
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
3.50
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Cizelge 6.1.5 Vireg=1.2 igin Freq=Fmin+DeltaF degisimleri

Gtmax
(dB)
22.42
21.14
19.89
20.38
19.39
18.16
15.66
14.97
13.58
12.47
12.25
10.17
8.99
7.05

Real

(L)

46.28
49.44
46.59
46.45
47.43
44.58
43.87
43.47
42.36
40.55
31.31
36.33
30.68
22.33

Imag
(L)
25.67
27.90
34.10
42.68
40.28
47.43
52.07
53.12
49.65
56.70
53.40
51.87
50.99
39.46

Real

(28)
20.68
19.29
18.06
17.48
16.75
16.22
13.56
14.68
12.05
11.36
11.24
8.42
12.47
10.63

Imag

(28)
7.67
5.89
3.76
-0.81
-2.86
-2.90
-2.99
-7.49
-6.16
-9.04
-12.28
-22.87
-24.67
-26.09

Gtreq
(dB)
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

Real Imag

Real

Imag

(ZLreq) (ZLreq) (ZSreq) (ZSreq)

13.26 -333.22
11.79 -274.61
14.20 -251.53
61.97 -486.41
35.86 -326.93
41.49 -307.04
21.04 -169.99
40.50 -198.18
27.60 -139.44
452 -0.34
100.45 -205.21
13.64 -17.58
17211 -88.29
86.65 -15.50

21.17
20.22
19.30
18.17
17.43
17.84
17.74
17.53
17.17
11.29
16.26
26.96
14.96
15.54

1.37
-0.41
-1.39
-2.50
-4.10
-5.45
-8.27
-0.86

-10.63

1.99
-15.13
-31.45
-25.22
-26.20
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Fre q(dB)-Fmin(dB)
Vireg=1.2

—&— Freq(dB) —e— Fmin(dB)

Value

5.00
4.50
3.50
g 3.0
o 250
2 )
§ 200 ¢
1.50
1.00
0.50
0-00 g T — T L3 L) T T L] L E— L L L )
0.50 0.60 070 0.80 090 1.00 120 140 160 1.80 200 250 3.00 3.50
f(GHz)
Sekil 6.1.13 Vireq=1.2 i¢in Freq-Fmin degigimi
Vireq-GTmax(dB)-GTreq(dB)
F-——Vireq —o— GTmax (dB) —&— GTreq (dB)
25.00

20.00 T~ .

. ﬁ"\‘\\
15.00 N

10.00 x

5.00 +—& & L3 A

—a L L L = Ll B i & L L

N

0.00 — r . T r r . : r T
0.50 060 070 0.80 090 1.00 120 140 1.60 1.80

f(GHz)

200 250 3.00 3.50

Sekil 6.1.14 Vireg=1.2 i¢in Freq-Fmin’e kargilik gelen Kazang degisimleri
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6.1.3 Empedans Verisi Uydurma Sonuglan

6.1.3.1 Sabit Giiriilti degeri durumu

Onceki kisimlarda bulunan empedans verileri ile uydurma devrelerini gergeklestirmek iizere
(Bazan Tolga, 2000) ve (Giines Filiz, Yarman B. Siddik, 1999) tarafindan yapilan ¢aligma
sonuglar1 agagida verilmigtir.

Caligma Bandi: 1.5-3.5 GHz, GTreq=5 dB, Vireq=1.5, Freq=4.5 dB

Kullamlan frekans araligindaki veriler agagidaki tabloda verilmistir.

Cizelge 6.1.6 Uydurma Devresi i¢in kullanilan eleman degerleri

Frekans (GHz) Z; (Reel - imajiner) Zs (Reel —imajiner )

1.5 14.806-73.1j 9.741-27.279j
2 19.093-53.22j 17.417-36.936
2.5 14.612-12.71j 41.9-35.8588;
3 4.012+50.96] 6.41-23.575j
35 5.385+33.69] 10.514-26.034j

Ro=1, wg=2nfnax/1.2=18.31€9 alinarak 4. Boliimdeki formiillerle elemanlarin gergek degerleri
F, H, Ohm olarak bulunabilir.

ZL Analizi: IIk yapilacak is Z; ’nin reel kismina pozitif ve istenen kurallara uygun minimum
hatal1 bir fonksiyon uydurmaktir. Bulunacak fonksiyon minimum reaktans fonksiyonunun

reel kismim da (#(w) = r,,(w)) temsil edecektir.

391191
2 2 4 6 8 10 12
2.9810610 “ - .165403w" + 1.82325w ~ 7.69206w + 13.6319w - 10.2746w = + 2.74464w

(w) =

r(w)’nin w ile degisimi agagidaki gibi siirekli bir egri olarak bulunacaktr.
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26 |
21 -

rw)Ref@),

11 S

0 03 0,6 09 1.2

Sekil 6.1.15 r(w)/Re{ZL}-w degisimi

Minimum reaktans fonksiyonunun kendisi, minimum reaktans fonksiyonunun reel kismi

yardimiyla Gewertz Prosediirii kullanilarak kolaylikla elde edilir (z(w),, = z,(W)).

2.26567+ 10.7145s + 18.67537s> + 31.76305s° + 14.48491s* + 17.52192s°
17266+ .71734s + 1.96915s° + 2.31452s° + 3.66702s” + 1.36955s° + 1.6567s°

CON

(2.26567+ 10.71451w - 18.67537w*— 31.76305iw” + 14.48491w" + 17.52192iw’)
(.17266+ .71734iw— 1.96915%2 — 2.31452iw + 3.66702w" + 1.36955iw - 1.6567w)

AW =

Bu durumda ForW) =z,,(W)—1e (W) seklinde bulunabilir. Ayrica
Xz (W) =X (W) — x,,(w,) esitliginden gidilerek Foster fonksiyonu (X(w), =x.(w))
bulunabilir.
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X(w)r

| |
0.2 0.4 06 0.8 1 1,2 1.4

Sekil 6.1.16 ZL i¢in Foster verileri-w degigimi

X(w) SAZIB2 15 sgey , LITSLW | 148525w
) 1.02-w 5742 - W

Sonug olarak minimum reaktans fonksiyonunun ve Foster fonksiyonunun toplami bize giris
empedansim verir. Devreyi ¢izerken Foster ve minimum reaktans fonksiyonunu ayn ayr

¢izmek ve sentez etmek bize kolaylik saglayacaktir.

Asagida minimum reaktans fonksiyonunun devresi goriilmektedir.

| S AR YT .
26.388 19.82 15.88
T T
0.0945 LO.IOIG 0.12 13.126J
e = -—

Sekil 6.1.17 ZL i¢in minimum reaktans fonksiyonunun devresi
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Asapida Foster Fonksiyonunun devresi goriilmektedir.

1.129 4.5
78.50 0.0237

I.rwvx_l I »
=

0.851 0.673

Sekil 6.1.18 ZL igin Foster Fonksiyonunun devresi

ZS Analizi: 1lk énce ZS verilerinin reel kismina istenen kosullara uygun bir pozitif reel bir
fonksiyon uydurulur. Bu da bize tabi ki minimum reaktans fonksiyonunun reel kismim

verecektir (7(w) = 7,5 (W)).

492774
.144892— 1.23264w + 6.06941w" — 15.8468w° + 20.9899w® — 13.1205w'° + 3.0726 w'?

(w)i=

r(w)’nin w ile degisimi agagidaki gibi siirekli ¢izgi olarak bulunacaktir.
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40
36 -
32 -
28 —
r(w),Re{ZS} 24 -
20
16 —
12

Sekil 6.1.19 r(w)/Re{ZS}-w degisimi

Minimum reaktans fonksiyonunun reel kismu yardimiyla Gewertz Prosediirii kullamlarak

minimum reaktans fonksiyonunun kendisi kolaylikla elde edilir (z(w), = 2,2 (W)).

1.29456+ 11.43631s + 18.02721s> + 34.83862s° + 14.34353s% + 18.7118s°

A8 g™ 2 3 4 5 6
38065+ .90512s + 2.695265° + 2.45065s™ + 4.25754s " + 1.34367s™ + 1.75288s

(1.29456+ 11.43631iw— 18.02721w" - 34.83862iw’ + 14.34353w" + 18.7118iw’)
(:38065+ .90512iw — 2.69526W*— 2.45065iW* + 4.25754w" + 1.34367iw’ ~ 1.75288w°)

AWy =

Bu durumda Jm W) = 2,0 (W) =1 (W) seklinde bulunabilir. Ayrica
xp(W)=X,(w,))—x,z(w,) esitliginden gidilerek Foster fonksiyonu (X(w)p =x,(w))

bulunabilir.
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90
70 -
50 4
30
X(w)yr 10+
-10 - F’"ﬂ
=30 4
-50 4
70
-20 | l T

Sekil 6.1.20 ZS igin Foster verileri-w degigimi

-18.1893 1.77073w + 215252w

X(w)F= + 14.5247w +
565-w 1L18-w

Sonug olarak minimum reaktans fonksiyonunun ve Foster fonksiyonunun toplam bize giris
empedansim verir. Devreyi ¢izerken Fosteri ve minimum reaktans fonksiyonunu ayr ayn

cizmek ve sentez etmek bize kolaylik saglayacaktir.

Asagida minimum reaktans fonksiyonunun devresi vardir

| L
[

Sekil 6.1.21 ZS i¢in minimum reaktans fonksiyonunun devresi
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Foster fonksiyonunun devresi ise s6yledir:

5.5468 0.154

0.564 4.651

I i g WS

| L {4%

»

Sekil 6.1.22 ZS i¢in Foster Fonksiyonunun devresi
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6.1.3.2 Giiriiltiiniin minimum giiriiltiiyii izlemesi durumu

Giiriiltiiniin minimum giiriiltliyli izlemesi durumundaki ZLreq ve ZSreq degerleri GTreq=5
dB ve Vireg=1.5 degerleri i¢in Cizelge 6.1.7 ve Cizelge 6.1.8°de verilmigtir ve empedans
uydurma ¢aligmast yapilmugtir.

Cizelge 6.1.7 Freq=Fmin+DeltaF durumunda uydurma devresi i¢in kullamilan ZS degerleri

Frekans GHz Zs (veriler)
0.5 30.1+8.87
0.6 32.7-1.27j
0.7 25.3+8.6j
0.8 25.8+10.6j
0.9 21.7+13.75
1 20.9-3.9j
1.2 12.7+4.85j

Ro=1, wo=2nf}a/1.2=6.28¢9 alinarak 4. Boliimdeki formiillerle elemanlarin gergek degerleri
F, H, Ohm olarak bulunabilir.

ZS Analizi: Daha onceki kisimda yapilan islemler burada da tekrarlamirsa agagidaki sonuglar

elde edilir.

6.16w"
1- 1137w + 5041w - 110.75w° + 129.277w° - 75.7119w'® + 17.4352w'?

Wy
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43
40
37 -
34
r(w), Re{zS}31 -

28

25 4
22 -
19
16 S
13 -
10

Sekil 6.1.23 r(w)/Re{ZS}-w degisimi

Gewertz Prosediirii ile minimum reaktans fonksiyonu elde edilirse;

25.61973s + 26.62812s> + 90.20369s° + 34.18497s* + 54.61159s°
1+ 1.039365 + 6.22653s> + 3.90589s> + 9.88416s* + 2.61375s° + 4.175555°

Z(s )MR=

Sirada Foster fonksiyonunu bulmak var. x.(w,)=X,(w,) —x,,(w,) esitlifinden gidilerek

Foster fonksiyonu bulunur.

A43557-w + -693855-w  10.2592

X(W)=38.9665-w +
99 - w488 - W w
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46

30
22
14

P
-10
-18
-26
-34
42
-50 I T T l

| D T N TN Y S O I B |

o
o
[¢3)

o
[}

o
©
-
N
-
o

Sekil 6.1.24 ZS igin Foster verileri-w degisimi

Sonug olarak minimum reaktans fonksiyonunun ve Foster fonksiyonunun toplami bize giris
empedansim1 verir. Devreyi ¢izerken Fosteri ve minimum reaktans fonksiyonunu ayr1 ayn

¢izmek ve sentez etmek bize kolaylik saglayacaktir.

Asagida minimum reaktans fonksiyonunun sentezi ve devresi gériilmektedir.

()=

0.076s +
18.02s +

0.1315 1
+
s

0.229s +

16.61s + 1 +9.91
0.1s
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18.02 0. 1_“ e 661

[ 0.076 0.23 9.91

T

——
o—{ L. !

Sekil 6.1.25 ZS i¢in minimum reaktans fonksiyonunun devresi

Foster devresi ise g6yledir:

0.444 _‘ij 2913
38.96 0.097 l D

1.443

Sekil 6.1.26 ZS i¢in Foster Fonksiyonunun devresi

ZL Analizi: ZL analizi ZS analizine benzer olarak agagida yapilmgtir.

Cizelge 6.1.8 Freq=Fmin+DeltaF durumunda uydurma devresi igin kullanilan ZL degerleri

Frekans GHz Z;, (veriler)
0.5 6.41-197.37j
0.6 6.21-167.1j
0.7 5.58-125.4
0.8 4.72-87.48j
0.9 2.59-40.48;j
1 0.907+25.3j
1.2 0.942-+40.39j
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0.63
1- 10.2715w + 44.84w" - 95.53w° + 104.223w° - 54.33w'% + 10.66 W'

(W=

86

r(w), Re{ZL}6‘6 7]

46 -

26 -

e T T T T T
04 06 08 1 12 14

w

Sekil 6.1.27 r(w)/Re{ZL}-w degisimi

6308+ 7.61733s + 7.79305s% + 17.92557s> + 5.20221s* + 8.301335°
1+ 1.54753s + 6.33318s% + 4.262595° + 8.961465" + 2.04632s° + 3.265385°

Z(s )=

(.6308+ 7.61733iw— 7.79305W? - 17.92557iw’ + 5.20224w" + 8.30133iw’)

Z
(w)MR=( . 2 .3 4 .5 6
1+ 1.54753iw - 6.33318w" — 4.26259iw™ + 8.96146w + 2.04632iw™ - 3.26538w
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xz (W) =Xp(w,) = x,2(w,) esitlifinden gidilerek Foster fonksiyonu bulunur.

115.709 51.7751w  .602041w 18.8473w
+ + +

X(w)F=_
W 129w ST w 1L1R- W

60
30
0 -
-30 -
-90 -
-120 -
-150
-180 -
210

X(W)e

1 [ T |
0.4 0,6 0.8 1 1,2
w

Sekil 6.1.28 ZL i¢in Foster verileri-w degisimi

Sonug olarak minimum reaktans fonksiyonunun ve Foster fonksiyonunun toplami bize ¢ikig
empedansim verir. Devreyi ¢izerken Foster ve minimum reaktans fonksiyonunu ayr1 ayn

cizmek ve sentez etmek bize kolaylik saglayacaktir.

Asagida minimum reaktans fonksiyonunun sentezi ve devresi goriilmektedir.
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Z(s) 5=

0.39s +
431s +

0.544s +

2.29s +

1.5ls + ————
1.02:s + 0.63

4.31 2.29 1.02

0.39 - 0.544 T 1.51 —— 0.63

Sekil 6.1.29 ZL i¢in minimum reaktans fonksiyonunun devresi

Foster fonksiyonu ise s6yledir:

31 11 1. 852 14 76

=S i By

0.019 1.661 0.053

Sekil 6.1.30 ZL igin Foster Fonksiyonunun devresi



133

6.2 Transistor: ne02135(VCE=10V, IC=5mA)
6.2.1 YSA Sonuglan

6.2.1.1 Transistorun Giiriiltii ve S-parametrelerini iceren Uretici Verileri

Asagidaki dosya transistorun, Uireticiden alinan giiriiltii ve S-parametrelerini icermektedir.

Ne02135.s2p:

! FILENAME: NE02135.S2P VERSION: 1.0

I NECPART NUMBER: NE02135  DATE: 4/85

! BIAS CONDITIONS: VCE=10V, IC=SmA

# ang. in deg NOISE PARAMETERS (2/81)
# S11 S21 S12 S22 Fmin. &opt RN/50
#GHZ mag. ang. mag. ang. mag. ang. mag. ang. (dB) mag. ang.
Z

0.50.68 -126 7.18 106 0.08 35 0.51 -53 1.2 0.36 69.0 0.75
1.00.66 -163 4.02 81 0.09 27 0.34 -66 1.5 0.31 124.0 0.62
15065 178 275 64 0.10 27 0.31 -74 2.0 0.50 165.0 0.60
2.00.65 163 2.10 52 0.12 30 0.31 -83 2.4 0.44 -175.0 0.55
25066 151 1.68 39 0.13 26 0.31 -95 2.6 0.52 -161.0 0.52
3.00.66 141 146 27 0.14 26 0.33 -106 3.1 0.68 -141.0 0.50
35067 129 124 17 0.16 26 0.36 -116 3.3 0.71 -139.0 0.47

6.2.1.2 Transistorun Giiriiltii ve S-parametrelerini iceren YSA Verileri

Bu transistorda verilmeyen giiriiltii parametresi bulunmamaktadir. Bu nedenle YSA’dan elde
edilen gikt1 yukaridaki dosya ile aym olacaktir.

6.2.2 Performans Analizi Sonug¢lan

Yukarida verilen transistorun S-parametreleri ve giiriiltii parametreleri dosyasi da gz oniine
alinmak tizere, performans analiz programina asagidaki giris dosyasinin verilmesi durumunda

su sonuglar alinacaktir.
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6.2.2.1 Girig Dosyasi (ne02135.inp):

Greq Vireq Freq

501545

6.2.2.2 Daire Kesisimlerini Iceren Cikt1 (out_int.txt):

Transistor: ne02135(VCE=10V, IC=5mA)

Detailed information, Terminations for GTmax and all of intersection points on T1/T2 for GTreq:

*%* 1. Given Values:

Required GT(dB) value: 5.000000
Required Vi value: 1.500000
Required F(dB) value: 4.500000

Circuit Definition:

f(Hz): 500000000.000000

511 Module and Angle(Rad): 0.680000 -2.199115

S21 Module and Angle(Rad): 7.180000 1.850049

512 Module and Angle(Rad): 0.080000 0.610865

$22 Module and Angle(Rad): 0.510000 -0.925025

Fmin 1.318257, GamaOpt Module and Angle(Rad) 0.360000 1.204277, Rn 0.750000

Z11 Real and Imaginer parts: 0.205424 0.086821

Z21 Real and Imaginer parts: 1.934124 10.619447

Z12 Real and Imaginer parts: 0.118892 0.018146

Z22 Real and Imaginer parts: 1.252796 -0.191766

Freq,Fmin,Ropt,Xopt,Rn,Rmod,N,Rcn, Xcn,rn, Retl Xetl rtl Ret2, Xet2,rt2:  2.818383  1.318257  0.998652
0.771222 0.750000 0.447214 1.592223 2.590875 0.771222 2.390675 6.559167 -0.771222 6.482698 1.213456 -
0.771222 0.689326

Conditionally stable: R11>0 & R22>0 & ita>0 & ita<l

R11,R22,ita = 0.205424,1.252796,0.367784

GTDBreq, T1 and T2 circles:

RCGreq= 0.167737, XCGreq= -0.431087, rgreq=0.510170

Retl=6.559167, Xctl=-0,771222, rt1= 6.482698
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Ret2=1.213456, Xct2=-0.771222, rt2= 0.689326

1. Intersection point on T1; RintT1= 0.132314: XintT1= 0.077852
2. Intersection point on T1; RintT1= 0.078498: XintT1=-0.933392
ZireqT11 Value: real and imaginer part = 6.615699 3.892596
ZireqT12 Value: real and imaginer part = 3.924913 -46.669584

1. Intersection point on T2; RintT1= 0.670788: XintT2=-0.346155
2. Intersection point on T2; RintT2= 0.524565: XintT2=-0.795707
ZireqT21 Value: real and imaginer part = 33.539409 -17.307746
ZireqT22 Value: real and imaginer part= 26.228249 -39.785342
GTreq cuts both T1 and T2

ZCGmax(-0.190557 -0.431087), ZCGmin(0.190557 -0.431087), Zct1(6.559167 -0.771222), Zct2(1.213456 -
0.771222)

1s 0.518121, rtl 6.482698, rt2 0.689326

(abs(ZCGmax-Zct2) > (rs+rt2)) & ((rs+rtl) > abs(ZCGmax-Zctl)): Case c) T1 cuts CSSC
Zi_1 Value: real and imaginer part = 6.026169 -0.837278
Zi_2 Value: real and imaginer part = 3.864695 -43.730107
ZL_1 Value: real and imaginer part = 320.866335 305.991235
ZL_2 Value: real and imaginer part= 3.922880 16.521902
ZS_1 Value: real and imaginer part = 15.469020 2.850111
ZS_2 Value: real and imaginer part= 10.114137 43.549778
GTMAX Value (dB) = 17.227476

GTMIN Value (dB) = 0.000000

T1 Intersection:

Zireql Value: real and imaginer part= 6.615699 3.892596
Zireq2 Value: real and imaginer part = 3.924913 -46.669584
ZLreql Value: real and imaginer part= 69.718519 880.821820
ZLreq2 Value: real and imaginer part= 0.212322 15.582143
ZSreql1 Value: real and imaginer part = 16.894143 -1.418703
ZSreq12 Value: real and imaginer part = 16.894142 -1.418703
ZSreq21 Value: real and imaginer part = 10.266149 46.382455
ZSreq22 Value: real and imaginer part = 10.266153 46.382455
T2 Intersection:

Zireql Value: real and imaginer part= 33.539409 -17.307746
Zireq2 Value: real and imaginer part = 26.228249 -39.785342
ZLreql Value: real and imaginer part = 4.746323 -67.140317
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Zlreq?2 Value: real and imaginer part= 1.702768 -15.789829
ZSreql1 Value: real and imaginer part= 14.091207 7.592901
ZSreql2 Value: real and imaginer part = 14.091207 7.592901
ZSreq21 Value: real and imaginer part = 10.021000 40.183300
ZSreq22 Value: real and imaginer part= 10.021000 40.183300

Circuit Definition:
f(Hz): 1000000000.000000

Bu sonuglar her frekans igin bu sekilde verilmektedir. Bu bilgilerin 6zeti agafida verilmiy oldugundan burada

verilmeyecektir,

---------------------------------------------------

6.2.2.3 Bilge-3’de Elde Edilen Céziimlerini i¢eren Cikt1 (out_oth.txt):

Transistor: ne02135(VCE=10V, IC=5mA)

Terminations that give GTreq in Region-3:

*** 1, Given Values:

Required GT(dB) value: 5.000000
Required Vi value: 1.500000
Required F(dB) value: 4.500000

f(Hz): 500000000.000000
Calculation of many other points of Zi in Region-3; GTreq cuts T1 and T2
Zireql Value: real and imaginer part = 7.124059 3.922883
Zireq?2 Value: real and imaginer part = 4.427187 -46.753654
ZLreql Value: real and imaginer part = 101.029430 1018.665742
ZLreq2 Value: real and imaginer part= 0.239270 14.957510
ZSreq11 Value: real and imaginer part = 18.470423 -5.609419
ZSreq12 Value: real and imaginer part = 15.637626 2.315911
ZSreq21 Value: real and imaginer part= 10.539792 49.802866

1.C, FUbaibg, SRR ERY WU AL Ly

DOKUMANTASYON MERKEZ{
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ZSreq22 Value: real and imaginer part = 10.100581 43.213913

---------------------------------------------------

---------------------------------------------------

Zireq71 Value: real and imaginer part = 24.081712 -1.445747 (Uydurma Devresi icin Segildi)
Zireq72 Value: real and imaginer part = 21.858855 -43.215133

ZLreql Value: real and imaginer part= 15.352405 -192.637560

ZLreq2 Value: real and imaginer part = 1.304135 -7.950703

ZSreql1 Value: real and imaginer part = 27.783947 -24.154614

ZSreq12 Value: real and imaginer part = 12.488883 14.343809

ZSreq21 Value: real and imaginer part = 11.065760 54.413076

ZSreq22 Value: real and imaginer part = 10.091270 34153812

f(Hz): 1000000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T1

Zireql Value: real and imaginer part = 5.914338 6.781235

Zireq2 Value: real and imaginer part = 3.821937 -18.192287
ZLreql Value: real and imaginer part = 34.112323 322.714726
ZLreq2 Value: real and imaginer part = 0.768095 19.655272
ZSreql1 Value: real and imaginer part= 15.410351 -7.764976
ZSreq12 Value: real and imaginer part= 12.250575 -1.097387
ZSreq21 Value: real and imaginer part = 8.803588 21.163803
ZSreq22 Value: real and imaginer part = 8.762308 15.178699

...................................................

---------------------------------------------------

Zireq63 Value: real and imaginer part = 20.240513 -2.378787 (Uydurma Devresi i¢in Secildi)
Zireq64 Value: real and imaginer part= 19.472619 -11.543870

ZLreql Value: real and imaginer part = 15.463747 -80.202768

ZLreq?2 Value: real and imaginer part = 6.340034 -29.178726

ZSreql1 Value: real and imaginer part = 24.394705 -19.450186

ZSreq12 Value: real and imaginer part=9.218984 10.448660

ZSreq21 Value: real and imaginer part= 13.061479 -3.058818

ZSreq22 Value: real and imaginer part= 8.706312 18.866528
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f(Hz): 1500000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T1

Zireql Value: real and imaginer part = 5.969054 10.480147

Zireg2 Value: real and imaginer part = 3.247933 -6.262795
ZLreql Value: real and imaginer part = 29.720183 197.162584
ZLreq2 Value: real and imaginer part= 1.394293 26.974717
ZSreql1 Value: real and imaginer part= 15.235887 -8.228561
ZSreq12 Value: real and imaginer part= 10.475890 -3.982487
ZSreq21 Value: real and imaginer part= 7.461693 8.808243
ZSreq22 Value: real and imaginer part= 7.343609 3.602533

Zireq51 Value: real and imaginer part = 16.714434 2.657455 (Uydurm Devresi i¢in Secildi)
Zireq52 Value: real and imaginer part = 15.917573 -2.245593

ZLreql Value: real and imaginer part = 26.397544 -62.113348

ZLreq2 Value: real and imaginer part = 12.667900 -25.884037

ZSreqll Value: real and imaginer part= 39.473484 9.250634

ZSreq12 Value: real and imaginer part = 7.379234 3.358671

ZSreq21 Value: real and imaginer part= 38.399008 12.531706

ZSreq22 Value: real and imaginer part= 7.583639 9.405109

f(Hz): 2000000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T1

Zireql Value: real and imaginer part = 5.128699 14.742329

Zireq2 Value: real and imaginer part = 3.684878 0.589843
ZLreql Value: real and imaginer part = 26.072928 144.813571
ZLreq2 Value: real and imaginer part = 2.570328 28.566034
ZSreql1 Value: real and imaginer part = 13.427023 -14.711042
ZSreq12 Value: real and imaginer part= 9.919123 -9.458010
ZSreq21 Value: real and imaginer part = 8.709002 2.027365
ZSreq22 Value: real and imaginer part = 8.380303 -3.561942

---------------------------------------------------

---------------------------------------------------
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Zireq43 Value: real and imaginer part= 14.650613 8.565073 (Uydurma Devresi i¢in Segildi)
Zireq44 Value: real and imaginer part= 14.258039 4.717022

ZLreql Value: real and imaginer part = 42.159440 -46.705890

ZLreq2 Value: real and imaginer part= 20.850529 -18.777862

ZSreq11 Value: real and imaginer part= 34.694251 -18.887117

ZSreql2 Value: real and imaginer part = 8.479262 0.716134

ZSreq21 Value: real and imaginer part = 24.417278 -20.367336

Z8Sreq22 Value: real and imaginer part= 10.483869 6.912039

f(Hz): 2500000000.000000
Calculation of many other points of Zi in Region-3; GTreq cuts only T1
Zireql Value: real and imaginer part = 4.255002 17.653392 (Uydurma Devresi i¢in Secildi)
Zireg2 Value: real and imaginer part = 3.160222 7.919544
ZLreql Value: real and imaginer part = 13.659414 87.540666
Z1req2 Value: real and imaginer part= 3.209379 30.671513
ZSreql1 Value: real and imaginer part = 11.125449 -18.021869
ZSreq12 Value: real and imaginer part = 8.053076 -13.199124
ZSreq21 Value: real and imaginer part= 7.237888 -10.418740
ZSreq22 Value: real and imaginer part = 7.119194 -5.307117

...................................................

LR R T e T e T SRR A P U gy S

Zireq37 Value: real and imaginer part = 12.430293 12.075513

Zireq38 Value: real and imaginer part = 12.370295 11.542065
ZLreql Value: real and imaginer part = 44.086392 -17.310860
Zlreq2 Value: real and imaginer part = 38.797152 -14.803898
ZSreql1 Value: real and imaginer part = 29.048135 -21.290944
ZSreq12 Value: real and imaginer part = 7.383241 -3.932841
ZSreq21 Value: real and imaginer part = 27.788552 -21.839150
ZSreq22 Value: real and imaginer part= 7.612779 -3.084030

f(Hz): 3000000000.000000

Calculation of many other points of Zi in Region-3; GTreq cuts only T2
Zireql Value: real and imaginer part = 10.851229 18.257430

Zireq2 Value: real and imaginer part = 11.025591 15.748488
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ZLreql Value: real and imaginer part = 66.486093 13.185500
ZLreq2 Value: real and imaginer part = 37.787100 3.143262
ZSreq11 Value: real and imaginer part= 20.620079 -29.585393
ZSreq12 Value: real and imaginer part = 4.579257 -21.475028
ZSreq21 Value: real and imaginer part = 23.924656 -5.879466
ZSreq22 Value: real and imaginer part = 4.879851 -11.744351

---------------------------------------------------

---------------------------------------------------

Zireq27 Value; real and imaginer part = 3.751635 20.490746
Zireq28 Value: real and imaginer part = 4.303168 12.554593 (Uydurma Devresi I¢in Segildi)
ZLreql Value: real and imaginer part= 9.129973 62.774531
ZLreq2 Value: real and imaginer part = 5.263143 26.771973
ZSreql1 Value: real and imaginer part = 6.248644 -24.638948
ZSreq12 Value: real and imaginer part= 3.790922 -16.719723
ZSreq21 Value: real and imaginer part = 7.483103 -7.854692
ZSreq22 Value: real and imaginer part = 3.795020 -16.563632

f(Hz): 3500000000.000000
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Sekil 6.2.1 Performans Analizi sonucunda farkl frekanslarda elde edilen daireler
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6.2.2.6 Frekans-Kazang ve ZL,ZS Degisimi

Bu verileri grafiksel olarak ifade edersek asagidaki durum elde edilir.

Frequency-Gain
—m—GTmax (dB) —e—GTreq (dB)
20.00
18.00
i
16.00
14.00
g 12.00 \\-\
e 10.00 T
& s.00 —
6.00
4.00
2.00
0.00
&® N e a9 o? ~ K
f(GHz)

Sekil 6.2.2 Vireq=1.5, Freq=4.5 dB igin maksimum Kazang-Frekans degisimi

Frequency-Real part of ZS and ZL —’
—mReal(ZL) ——Real(ZS) —s—Real(ZLreq) —¢— Real(ZSreq)

350.00 W

300.00 -

250.00
5 200.00 ~
£ 150.00

100.00 +

50.00 S

0.00 L e =
© N K e o2 L) P
f (GHz)

Sekil 6.2.3 Vireq=1.5, Freq=4.5 dB igin Frekans-Re{ZL/ZS} degisimi

T.C. YOKSEKOGRETIM KURUI
DOKUMANTASYON MERKEZ
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Frequency-imaginer part of Z8 and ZL
i—-—lmag(ZL) —a—Imag(ZS) —e—Imag(ZLreq) —<—Imag(ZSreq)
350.00
300.00 =
250.00 \\ /\
200.00 \/ \.\
g 150.00 /\ ~—_
S 100.00
A ST
50.00 e =]
0.00 i T e *. T —
i e , ; =
: N NS i W »
-100.00
f(GHz)
Sekil 6.2.4 Vireq=1.5, Freq=4.5 dB igin Frekans-Im{ZL/ZS} degisimi
Frequency-Gain
—m—Vireq=1,Freq=3.30(dB) —a—Vireq=1,Freq=3.35(dB)
A-—x‘-Vireq=1,2.Freq=3.30(dB)+Vireq=1.2.Freq=3.35(dB)
+—Virsq=1.5.Freq=3.30(dB)—o—Vireq=1,5,Frsq=3.50(dB)
———Vireq=2,Freq=3.30(dB) ———Vireq=2,Freq=3.35(dB)
Vireq=2.5,Freq=3.30(dB) Vireq=2.5,6Freq=3.35(dB)
ZO.DOT
18.00 -
16.00 -+
o BN
w1200 H
& ‘<§§‘§§;ﬂ-~h‘
2
X 10.00 =
E \:
© .00
6.00
4.00 e
2.00 =
0.00 +——
& & P S S &
o & R v v o LY

f(Hz)

Sekil 6.2.5 Qesitli Vireq ve Freq’a yonelik maksimum kazang degisimi
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Vireq
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Kazang¢-VSWR-Giiriiltii Degisimleri

Cizelge 6.2.1 f=2GHz i¢in Kazang-VSWR-Giiriiltii degisimleri

f Gtmax Real Imag Real Imag Gtreq Real Imag Real Imag
(Hz) (dB) (ZL) (ZL) (ZS) (2S) (dB) (ZLreq) (ZLreq) (ZSreq) (ZSreq)
2.00E+09 10.01 10.13 55.81 9.25 613 5.00 147.09 -1.36 19.53 1425
200E+09 10.11 10.27 5577 9.04 -6.19 500 129.73 -20.88 19.47 1474
200E+09 1021 1042 5573 8.82 -6.24 500 109.05 -32.87 1952 1528
200E+09 10.30 10.59 5568 862 -629 500 8835 -37.83 1978 1591
200E+09 1041 10.80 5563 842 -6.34 500 6955 -37.38 2039 16.68
2.00E+09 1051 11.03 5556 823 -6.38 500 5323 -33.06 2173 17.71
200E+09 1061 1129 5549 805 642 500 3865 -2535 2514 19.15
2.00E+09 10.71 1160 55.39 7.87 -6.46 5.00 7.59 101.65 949 -11.25
2.00E+09 10.81 11.96 5528 7.69 -6.50 5.00 7.84 103.20 9.33 -11.43
200E+09 10.88 33.56 38.92 6.18 -6.78 5.00 187.29 258.95 8.96 -15.30
2.00E+09 10.92 12.38 55.15 7.52 -6.53 5.00 8.16 104.99 9.19 -11.62
2.00E+09 11.02 12.87 5499 7.36 -6.56 5.00 8.58 107.10 9.05 -11.81
2.00E+09 11.12 13.45 54.78 7.20 -6.60 5.00 9.12 109.63 8.92 -12.02
2.00E+09 11.21 14.16 5453 7.04 -6.63 5.00 985 112.72 8.81 -12.25
2.00E+09 11.31 15.03 54.19 689 -666 500 10.87 116.62 8.70 -12.50
200E+09 11.39 16.13 5372 6.74 -668 500 1236 121.73 862 -12.78
2.00E+09 11.46 17.58 53.05 660 -6.71 500 2866 -35.87 7.82 -11.29
200E+09 11.47 22.88 49.93 632 -6.76 5.00 120.67 -117.39 932 -15.56
2.00E+09 1150 19.62 51.98 645 -6.73 500 5154 -66.96 8.94 -1437



149

VSWR

Noise-VSWR
(10.01 dB <= Gain <= 11.50 dB, GTreq=5dB, f=2GHz)
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Sekil 6.2.6 Cesitli Vireq ve Freq’a yonelik maksimum kazancin sinirh kalmast durumu
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Frequency-Magnitude of ZS and ZL
(10.01 dB <= Gain <= 11.50 dB, GTreq=5dB, f=2GHz)
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Sekil 6.2.7 Maksimum kazancin sinrh kalmasi durumunda sonlandirmalarin genlikleri
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Value(deg)

Frequency-Angle of ZS and ZL
(10.01 dB <= Gain <= 11.50 dB, GTreq=5dB, f=2GHz)

F-— <ZL (deg) —&— <ZS (deg) —— <ZLreq (deg) —%— <ZSreq (deg) ‘

Noise(dB)

Sekil 6.2.8 Maksimum kazancin simrh kalmasi durumunda sonlandirmalarin agilar
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6.2.2.8 Giiriiltii-VSWR-Kazang Degisimleri

Freq=3.05 dB iken elde edilen Giiriiltii-VSWR-Kazang degisimleri asagida verilmistir.

Cizelge 6.2.2 Freq=3.05 dB igin Giiriilti-VSWR-Kazang degisimleri

Vireq Freq f Gtmax Real Imag Real Imag Gtreq Real |Imag Real Imag
(dB) (Hz) (dB) (ZL) (ZL) (ZS) (2S) (dB) (ZLreq) (ZLreq) (ZSreq) (ZSreq)
1.00 3.05 2.00E+09 710 2666 -12.86 13.05 -495 500 3297 -51.78 1551 -8.55
1.10 3.05 2.00E+09 968 39.90 2068 13.05 -495 500 24526 -121.28 1642 -9.25
120 3.05 2.00E+09 10.07 37.20 31.92 13.05 -4.95 500 341.20 13129 1626 -9.15
1.30 3.05 2.00E+09 10.23 33.96 38.30 13.05 -4.95 5.00 19249 226.14 16.09 -9.02
1.40 3.05 2.00E+09 10.30 31.03 42.39 13.05 495 500 3267 -3863 2230 7.04
150 3.05 2.00E+09 10.31 2850 4520 13.05 -4.95 500 4803 -5247 20.97 7.07
160 3.05 2.00E+09 10.30 26.35 47.23 13.05 495 500 67.39 -6372 2045 7.03
170 3.05 2.00E+09 10.27 24.49 4875 13.05 -495 5.00 9198 -7125 20.21 7.00
1.80 3.05 2.00E+09 10.22 22.89 49.93 13.05 -495 500 121.86 -7223 20.12 6.99
1.90 3.05 2.00E+09 10.17 2150 50.86 13.05 -4.95 5.00 15491 -62.97 20.10 6.99
200 3.05 2.00E+09 10.11 2027 5160 13.05 -495 500 18597 -40.89 20.13 6.99
210 3.05 2.00E+09 10.04 19.19 5222 13.05 495 500 207.95 -7.31 20.18 7.00
2.20 3.05 2.00E+09 098 1823 52.73 13.05 -495 500 21579 3156 20.25 7.01
2.30 3.05 2.00E+09 991 17.36 53.15 13.05 -4.95 500 209.73 67.83 20.34 7.02
2.40 3.05 2.00E+09 984 16.58 5352 13.05 -495 500 194.32 96.36 2043 7.03
2.50 3.05 2.00E+09 9.77 15.88 53.83 13.05 -4.95 500 174.86 11599 20.52 7.04
2,60 3.05 2.00E+09 971 1524 5410 13.05 -495 5.00 155.09 128.06 20.62 7.05
2.70 3.05 2.00E+09 964 1466 54.33 13.05 495 500 136.95 13460 20.72 7.06
2.80 3.05 2.00E+09 957 1412 5454 13.05 -495 500 121.10 137.45 20.82 7.06
2.90 3.05 2.00E+09 9.50 13.63 54.72 13.05 -4.95 500 107.60 137.95 20.92 7.07
3.00 3.05 2.00E+09 9.44 1317 54.88 13.05 -4.95 500 96.19 137.02 21.02 7.07
3.10 3.05 2.00E+09 9.37 12.75 55.03 13.05 -495 500 86.59 13525 21.12 7.08
3.20 3.05 2.00E+09 9.31 12.36 5516 13.05 -495 500 7847 133.01 2122 7.08
3.30 3.05 2.00E+09 925 11.99 5527 13.05 -495 5.00 7158 130.55 21.31 7.08
3.40 3.05 2.00E+09 9.18 1165 55.38 13.05 -4.95 5.00 6569 127.99 21.41 7.08
3.50 3.05 2.00E+09 912 11.33 55.47 13.05 495 500 6063 12544 21.50 7.08
3.60 3.05 2.00E+09 9.06 11.03 5556 13.05 -495 500 56.25 12295 21.60 7.08

TC. YUKSEKOGRETIM KURGLY
ON MERKEZE



3.70
3.80
3.90
4.00
410
420
430
4.40
450
460
470
4.80
4.90
5.00
5.10
5.20
5.30
5.40
5.50
5.60
5.70
5.80
5.90
6.00

3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09
3.05 2.00E+09

9.00
8.95
8.89
8.83
8.78
8.73
8.67
8.62
8.57
8.52
8.47
8.42
8.38
8.33
8.28
8.24
8.19
8.15
8.11
8.07
8.03
7.99
7.95
791

10.75
10.49
10.24
10.00
9.78
9.57
9.37
9.18
9.00
8.83
8.66
8.50
8.35
8.21
8.07
7.94
7.81
7.69
7.58
7.46
7.36
7.25
7.15
7.05

55.64
55.71
55.78
55.84
55.90
55.95
56.00
56.04
56.09
56.13
56.16
56.20
56.23
56.26
56.29
56.32
56.34
56.36
56.39
56.41
56.43
56.45
56.47
56.48
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13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.05
13.06
13.05
13.05
13.05
13.06

-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95
-4.95

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

52.43
49.09
46.14
43.52
41.19
39.10
37.22
35.52
33.98
32.57
31.28
30.10
29.02
28.01
27.08
26.22
25.42
24.67
23.97
23.31
22.70
22.12
21.57
21.05

120.54
118.23
116.03
113.94
111.95
110.07
108.28
106.59
104.98
103.46
102.01
100.63
99.31
98.06
96.86
95.71
94.62
93.56
92.56
91.59
90.66
89.76
88.90
88.06

21.69
21.78
21.87
21.95
22.04
2212
22.21
22.29
22.37
22.45
22.53
22.60
22.68
22.76
22.83
22.90
22.97
23.04
23.11
23.18
23.25
23.32
23.38
23.45

7.08
7.08
7.07
7.07
7.06
7.06
7.05
7.04
7.03
7.03
7.02
7.01
7.00
6.99
6.97
6.96
6.95
6.94
6.92
6.91

6.90
6.88
6.87

6.85
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Bu durumun grafiksel ifadesi diger giiriiltii degerlerindeki degisimlerde goz Sniine alindiginda

agapidaki sekilde olmaktadir.

VSWR-Gain
f=2GHz
F—-—Noise=3.05 (dB) —e— Noise=3.25 (dB) —— Noise=3.55 (dB) —— Noise=3.85 (d@

12.00

GTmax(dB)
(2]
[ =]
o

2.00
0 e . A A .., AL 0 0 O e o o . e e L L L LR
O DO O N O O S O #0D ED N D SeD
F 8T TN S S e
VSWR

Sekil 6.2.9 f=2GHz igin Giiriiltii-VSWR-Kazang degigimleri
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6.2.2.9 VSWR-Giiriiltii-Kazan¢ Degisimleri

Vireq=1 iken elde edilen VSWR-Giiriiltii-Kazang degisimleri agagida verilmistir.

Cizelge 6.2.3 Vireq=1 igin VSWR-Giiriiltii- Kazang degisimleri
Vireq Freq f(Hz) Gtmax Real Imag Real Imag Gtreq Real Imag Real Imag

(dB) (dB) (ZL) (2L) (2S) (ZS) (dB) (ZLreq) (ZLreq) (ZSreq) (ZSreq)
1.00 2.10 6.00E+09 943 4622 1698 11.62 19.61 500 26.38 101.21 19.27 9.64
1.00 2.20 6.00E+09 977 41.87 19.80 10.92 1926 500 20.96 9506 1860  8.48
1.00 2.30 6.00E+09 10.06 3827 21.85 10.29 1898 500 1722 90.14 1789 7.51
100 2.40 6.00E+09 1031 3525 2339 972 1873 500 1450 86.13 17.16  6.69
100 2.50 6.00E+09 1054 3267 2458 920 1852 500 1245 8279 1644  6.00
100 2.60 6.00E+09 1075 30.46 2551 872 18.34 500 1086 79.96 15.73 5.42
100 2.70 6.00E+09 10.94 2854 2626 829 1819 500 959 7754 1504  4.94
100 2.80 6.00E+09 11.11 26.86 26.87 7.88 18.05 500 855 7543 1438 4.54
1.00 2.90 6.00E+09 11.28 2538 27.38 7.51 17.93 5.00 769 7358 13.75 4.20
100 3.00 6.00E+09 11.43 2406 2780 7.16 17.83 500 6.97 7195 13.14 3.92
1.00 3.10 6.00E+09 11.58 22.87 28.16 6.84 17.74 500 635 7049 1256 3.69
100 3.20 6.00E+09 11.72 21.81 2847 654 1765 500 582 69.18 12.01 3.51
1.00 3.30 6.00E+09 11.85 20.84 2873 626 1758 500 536 68.00 11.49 3.36
100 3.40 6.00E+09 1198 19.97 2896 599 1752 500 496 6692 1099 3.23
1.00 3.50 6.00E+09 12.10 19.17 29.16 575 17.46 500 461 6594 1053 3.14
1.00 3.60 6.00E+09 1222 1843 2933 551 1740 500 429 6504 1008 3.07
100 3.70 6.00E+09 12.34 17.76 2949 529 17.36 500 4.01 64.21 966  3.01
1.00 3.80 6.00E+09 12.45 17.14 2962 5.09 17.31 500 375 6344 926 298
1.00 3.90 6.00E+09 12.56 16.56 29.74 4.89 1727 500 352 6273 88 295
100 4.00 6.00E+09 12.67 16.03 29.85 4.71 17.24 500 332 6207 852 294
1.00 4.10 6.00E+09 1277 1553 29.95 453 1721 500 313 6145 818 294
1.00 4.20 6.00E+09 12.88 1507 30.04 4.36 17.18 500 296 6087 7.86 295
100 4.30 6.00E+09 12.98 1464 3012 421 1715 500 280 6033 755 297
1.00 4.40 6.00E+09 13.08 1423 3020 406 1713 500 265 5983 726 299
1.00 4.50 6.00E+09 13.18 13.85 3026 391 1710 500 252 5935 698  3.01
1.00 4.60 6.00E+09 1327 1350 30.32 3.78 17.08 500 239 5890 6.72 3.05



1.00 4.70 6.00E+09
1.00 4.80 6.00E+09
1.00 4.90 6.00E+09
1.00 5.00 6.00E+09

13.37
13.47
13.56
13.66

13.16
12.84
12.54
12.26

30.38
30.43
30.48
30.52
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3.65
3.52
3.41
3.29

17.06
17.04
17.03
17.01

5.00
5.00
5.00
5.00

2.28
2.1
2.07
1.98

58.47
58.07
57.69
57.33

6.47
6.23
6.00
5.79

3.08
312
3.16
3.21

Bu durumun grafiksel ifadesi diger VSWR degerlerindeki degisimlerde g6z 6niine alindiginda
agagidaki sekilde olmaktadir.

GTmax(dB)

Noise-Gain
f=6GHz

Fl— VeW =1 —— vsw r=1.2 —A— VSW =15 —3— VSW =2 —¥— VSW r=2.5J

Q N}
A

Vv

& P e

&

Noise(dB)

T

N} S Q Q O AN] Q
FEFESPPEE

Sekil 6.2.10 f=6GHz igin VSWR-Giirilltii- Kazang degisimleri
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6.2.2.10 Giiriiltiiniin Minimum Giiriltiyii izlemsi Durumundaki Degisimler

Asagida Freq=Fmin+DeltaF olmasi durumundaki degisimler goriilmektedir.

Cizelge 6.2.4 Vireq=1 igin Freq=Fmin+DeltaF degisimleri

Vireq Freq f Gtmax Real Imag Real Imag Gtreq Real Imag Real Imag
(dB) (GHz) (dB) (ZL) (ZL) (Z9) (ZS) (dB) (ZLreq) (ZLreq) (ZSreq) (ZSreq)
100 1.40 050 66.02NaN NaN NaN NaN 5.00 NaN NaN NaN NaN
100 170 1.00 59.33NaN NaN NaN NaN 5.00 NaN NaN NaN NaN
1.00 220 1.50 6.93 12.50 -15.09 14.36 3.63 500 10.26 -27.98 16.50 2.24
1.00 2.60 2.00 363 11.09 -21.45 15.74 -3.84 5.00 NaN NaN NaN NaN
1.00 2.80 2.50 482 20.59 -13.25 13.03 -9.45 5.00 NaN NaN NaN NaN
1.00 3.30 3.00 7.55 29.80 33.86 7.31 -16.80 500 110.96 61.89 1056 -21.03
1.00 3.50 3.50 638 18.93 2580 7.05 -20.54 5.00 43.62 915 11.056 -22.31
Freq(dB)-Fmin(dB)
Vireq=1.0
4.00 ’
3.50 3
& 250
$ 150 =
1.00
0.50
0.00 1
0.50 1.00 1.50 2.00 2.50 3.00 3.50
f(GHz)

Sekil 6.2.11 Vireq=1 igin Freq-Fmin degigimi
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70.00

Vireq-GTmax(dB)-GTreq(dB)

r—]—- Vireq —e— GTmax (dB) —a— GTreq (dﬂ

60.00

50.00

40.00

Value

30.00

20.00

10.00

0.00

‘8 Ilnr

f(GHz)

Sekil 6.2.12 Vireq=1 igin Freq-Fmin’e kargilik gelen Kazang degisimleri

Vireq Freq f

1.20
1.20
1.20
1.20
1.20
1.20
1.20

(dB) (GHz)

Cizelge 6.2.5 Vireq=1.2 igin Freq=Fmin+DeltaF degisimleri

1.40
1.70
2.20
2.60
2.80
3.30
3.50

0.50
1.00
1.50
2.00
2.50
3.00
3.50

Gtmax Real Imag Real( Imag GTreq Real Imag  Real Imag
(dB) (L) (2L) ZS) (Z8) (dB) (ZLreq) (ZLreq) (ZSreq) (ZSreq)
16.28 31.99 -22.91 36.15 31.61 500 805 -126.11 4405 2256
1229 3326 -17.55 24.44 1326 500 2374 -12844 2826 9.48
1174 37.36 1850 14.36 363 500 1797 -49.38 1578 9.20

039 40.02 1895 1574 -3.84 500 2692 -36.00 2161 2.63
817 3161 2993 13.03 -945 500 3959 -2381 17.61 -3.45
835 13.84 4119 7.80 -15.02 500 9354 19.85 8.98 -13.66
725 11.02 37.85 7.64 -21.21 500 2383 13.15 849 -14.34



158

Freq(dB)-Fmin(dB)
Vireq=1.2

4.00
3.50 .
3.00 /
2.50 /A%‘./
2.00

e
B

Value (dB)

1.50
1.00
0.50
0.00 T T

Sekil 6.2.13 Vireq=1.2 igin Freq-Fmin degisimi

Vireq-GTmax(dB)-GTreq(dB)

_m— Vireq —e— GTmax (dB) —A— GTreq (dB)

P e

Sekil 6.2.14 Vireq=1.2 igin Freq-Fmin’e karsilik gelen Kazang degisimleri
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6.2.3 Empedans Verisi Uydurma Sonuglan

Onceki kisimlarda bulunan empedans verileri ile uydurma devrelerini gergeklestirmek iizere
(Bazan Tolga, 2000) ve (Giines Filiz, Yarman B. Siddik, 1999) tarafindan yapilan ¢aligma
sonuglar1 agagida verilmigstir. Ayni analiz Boliim 6.1°de de yapildigindan burada agiklamalara

girilmeyecektir.
Calisma Bandi: 0.5-3 GHz, GTreq=5 dB, Vireq=1.5, Freq=4.5 dB

Daha 6nceki kisimda bulunmus olan verilerden bazilar agagida tablo halinde gosterilmistir.

Cizelge 6.2.6 Uydurma Devresi i¢in kullanilan eleman degerleri

Frekans (GHz) Z; (Reel - Imajiner)  Zg (Reel —Imajiner )

0.5 15.352-192.245)  27.783-24.15)
1 15.463-80.20j 24.394-19.45j
15 26.397-62.11; 39.478+9.25j
) 42.159-46.7j 34.69-18.88]
2.5 13.659+87.54j 8.05-13.199j
3 5.26+26.7719 7.483-7.8549j

Ro=1, wWo=2nfma/1.2=15.7€9 alinarak 4. Boliimdeki formiillerle elemanlarin gergek degerleri
F, H, Ohm olarak bulunabilir.

ZL Analizi: Minimum reaktans fonksiyonunun reel kismi agagidaki sekildedir.

1.25257
10808961 3.7414 10 WP + 773991 w" — 6.73569w" + 14.8442w" - 12.4472w'" 4 3.57922w"2

(w) =

r(w)’nin w ile degisimi siirekli egri ile agagida gosterilmektedir.

L.C. ifp"ms‘r:z-,ocu ETIM KURU Ly
DOKUMANTASYON MERKF7;
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53
49 |
45 |
41
37

r(w), Re{ZL} gg B

25
21 o
17 4
13
9 4
5 =
1

0 0,3 0,6 0,9 1.2 1,5

Sekil 6.2.15 r(w)/Re{ZL}-w degisimi

Minimum reaktans fonksiyonunun reel kismi yardimiyla Gewertz Prosediirii kullamlarak

minimum reaktans fonksiyonunun kendisi kolaylikla elde edilir.

4.404+ 19.265 + 41.9955° + 58.6965° + 35.275s" + 32.653s°
28442+ 1216625 + 2.60864s° + 3.50573s° + 4.39364s" + 2.04384s° 1 1.891885°

2S) =

(4.404+ 19.26iw— 41.995W2  58.6961w" + 35.275w" + 32.653iw’)

2wy
( 28442+ 121662iw - 2.60864w2 - 3.50573iw’ + 4.39364w" + 2.04384iw’ - 1.89188w)

Sirada Foster fonksiyonunu bulmak var. x.(w,)=X,(w,)—x,,(w,) esitliginden gidilerek

Foster fonksiyonu bulunur.
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120

X(W)r

120 -
160
200 : | ;

Sekil 6.2.16 ZL igin Foster verileri-w degigimi

X(w)= L A 1.18159\: g 1.932229\»; ) 51A0013w2
w (s2-w2) (10P-v") (1442-w)

Sonug olarak minimum reaktans fonksiyonunun ve Foster fonksiyonunun toplami bize giris
empedansini verir. Devreyi ¢izerken Foster ve minimum reaktans fonksiyonunu ayn ayri

¢izmek ve sentez etmek bize kolaylik saglayacaktir.

Asagida minimum reaktans fonksiyonunun devresi vardir

32,883 20.44 14.41
.__|. i }‘M\j
T %
0.0579 1 0.103 0.1148 15.48|
]

Sekil 6.2.17 ZL i¢in minimum reaktans fonksiyonunun devresi
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Asagida Foster Fonksiyonunun devresi goriilmektedir.

A

Sekil 6.2.18 ZL i¢in Foster Fonksiyonunun devresi

ZS Analizi: Minimum reaktans fonksiyonunun reel kismi asagidaki sekildedir

4.40717

i
161944- 3171412 + 7.32084w" — 39.6625W + 77.2838w" — 61.0326w'* + 16.7928w'>

r(w)’nin w ile degisimi agagidaki siirekli egri seklindedir.

51
46 —
41

36
r(w), Re{ZS} 34
26
21
16
11
6 -
1

|

i e L S ] !

Sekil 6.2.19 r(w)/Re{ZS}-w degisimi

Minimum reaktans fonksiyonunun reel kismu yardimiyla Gewertz Prosediirli kullamlarak

minimum reaktans fonksiyonunun kendisi kolaylikla elde edilir.
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10952+ 48.021s + 9431857 + 155.433s° + 74.175s" + 88.721s°

Zs)=
40242+ 1.84878s + 4.64081s2+ 5.777455° + 8.878965" + 3.426025° + 4.09795°

(10.952+ 48.021iw— 94.318w" — 155.433iw’ + T4.175w" + s_s.7zuw5)

A w)=
( 40242+ 1.84878iw— 4.64081kw* — 5.77745iw’ + 8.87896W" + 3.42602iw’ - 4.0979%)

x:(W,) = X, (W,) = x,,,(w,) esitliginden gidilerek Foster fonksiyonu bulunur.

- 5'05837+ .574429w - .559366w = 29.7553w

2 2 2 2

X(w) = —_—
ITE-wW  8P-w 1552w

X(w)r

Sekil 6.2.20 ZS igin Foster verileri-w degigimi

Sonug olarak minimum reaktans fonksiyonunun ve Foster fonksiyonunun toplamu bize girig
empedansim verir. Devreyi gizerken Foster ve minimum reaktans fonksiyonunu ayn ayri

¢izmek ve sentez etmek bize kolaylik saglayacaktir.



164

Asagida minimum reaktans fonksiyonunun devresi vardir

52.219 34.55 32.58
.—_._‘. VT
L 0.046 10.0586 0.0639 2721
= S T
. l o

Sekil 6.2.21 ZS igin minimum reaktans fonksiyonunun devresi

\ M{MiﬁJ

1.742 1.788 0.033

Sekil 6.2.22 ZS igin Foster Fonksiyonunun devresi
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SONUCLAR ve ONERILER

Yapilan bu doktora tez galismasinda, bir mikrodalga transistorun Yapay Sinir Ag1 (YSA) ile
performans analiz ve girig/gikis uydurman devrelerinin tasarimina yonelik yeni bir yontem
sunulmugtur. Dolayistyla bu tez; YSA, performans analizi ve uydurma devre tasarimi olmak

{izere {i¢ ana boliimden olugmustur.

Aktif devre elemam (transistor) iiretici verileriyle, YSA optimum siirede egitilmektedir.
Yapay sinir agn egitildikten sonra, klasik kestirim yontemleri yerine kullamilarak, istenilen
veriler kolay bir sekilde ve hizlica elde edilebilmektedir. Boylelikle onerilen YSA modeli,
optimizasyon prosediirii esnasinda elemanin fizik denklemlerinin tekrar tekrar ¢oziilmesini
gerektirmeyecek ve klasik optimizasyon tekniklerinin ortak sorunu olan "baslangic deger
kestirimi" problemini ortadan kaldirarak tercih edilir duruma gelmektedir. Modelleme
esnasinda bir déngii igerisinde defalarca optimizasyona ihtiyag duyuldugu diigtiniildtigiinde,

onerilen yontemin bagarisi kolaylikla ortaya gikmaktadir.

Onerilen modelde, herhangi bir mikrodalga transistorun S ve giirtiltii parametreleri yapay sinir
ap1 cikisi, frekans, kutuplama akim ve gerilimi ile konfigiirasyon tipi yapay sinir ag1 girigini
olusturmaktadirlar. Boylelikle YSA, frekans, kutuplama ve konfigiirasyon tipi
parametreleriyle, S ve giriilti parametreleri arasinda bir eslesme yaratarak; eleman
denklemleri ¢oziilmeden optimizasyon islemlerini yapma olanag saglamaktadir.  Bu
calismada, YSA fiiretici tarafindan verilmeyen giiriiltii parametrelerini kestirebilmek igin

kullanilmigtir.

Transistorun performans analizinde kullanilan ve GUNES metoduna dayanan optimizasyon
problemi, F,,, - F(Rs,Xs)=0 ve V,, ~V,(Rg,Xs,R,,X;)=0 olmak tizere (Gppu»
maksimum kazang ve Gr,, istenilen kazang), Gr, —Gr (Rg,X5,R,,X,)=0 ve ayrca

G

treg — Or (R X5, Ry, X ) =0 olacak sekilde iki ayr1 durum igin kararli bolgede kalmak
kosuluyla miimkiin tim Zg =R+ jXg ve Z, =R, +jX, kompleks sonlandirmalarint
geometriksel ve matematiksel olarak belirlemek seklinde ifade edilebilir. Bu durumda bu
islemler sonucunda; (F. Vs GraselfsVesr I J S ZimulfiVesrle)  ZsmulfiVesiIc]
Ve {FagVing:Groin <Grmg SGranl /sl Zin [ Ver I} ZsuglF Vs de]
fonksiyonlarina ulagilms olacaktir. Burada f; frekansi ve Ve, ile I (veya Vi ile 1 Fisi)

kutuplama noktasini dolayistyla transistorun giiriltii ve S-parametrelerini ifade etmektedir.

Bu tiir yitksek dereceli polinomlarm igerildigi optimizasyon problemlerin ¢dziimtine yonelik
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bir takim yontemler literatiirde sikga yer — almaktadir ancak tammladigimiz problemin
hem reel hem de imajiner kisma sahip olmasi ve ayrica ¢ok hesaplama zamanina ihtiyag
duymalar1 6nerilen geometriksel yontemi daha avantajli duruma getirmektedir. Bunun
yaninda bu tezde tiim ¢6ziimler hem analitik hem'de geometriksel olarak ifade edilmislerdir.

Kullanilan yontem adimlan ilgili boliimlerde agiklanmistir.

Performans analizi sonucunda elde edilen sonlandirmalara iliskin giris/cikis uydurma
devrelerin tasarimina y6nelik birgok yontem kullamlmistir. Biz burada 6nceki béliimlerde
agiklanan empedans yaklasimi yontemini kullandik. Bu yontemde veriler, pozitif reel bir z(s)
empedans fonksiyonu ile modellendigi zaman bu z(s) empedans fonksiyonu sentez edilebilir
olmaktadir. Olgiilen verilerdeki reel ve sanal kisimlar1 ayn ayr modellemek, Empedans
Yaklagimi ile Modelleme y6ntemimizin esasim olusturur. Reel ve sanal kisimlari ayri ayri
modellemek igin, uygulanan empedans yaklagimina iligkin adimlar onceki boliimlerde

anlatilmigtir.

Bir mikrodalga transistorun YSA ile performans analizi ve modellenmesi konusunda ilk defa

bu tezde ortaya konulan noktalar asagida siralanmigtir.

a) Transistorun, klasik kiigiik-isaret esdeger devresi yerine YSA esdegeriyle, ¢alisma
kosullarmnin (kofigtirasyon tipi (CT), kutuplama akim (/..) ve gerilimi (¥ ), frekans ( 1))

fonksiyonu olarak davraniginin aninda tayini ve bunun uygulamada kullanilmasi.

b) F,2Fu, V21 ve Gpg, <G, <Gy, kosullan altinda herhangi bir
(F,eq, Vi qu) uyumlu performans tigliisti ile birlikte, G ., ye karsilik gelen

Ziww =Z =R +jX,, Z

S max

R

=Z;=R;+jXg ve Gp,’a karsihk  gelen

Z1rg = Rppeg + JX 1pgs  Zsreg = Ry + X, sonlandirmalarmin,  transistorun calisma

kosullarinin  (kofigiirasyon tipi (CT), kutuplama akim (/ ) ve gerilimi (V' ), frekans
(f)) fonksiyonu olarak tayin edilip hesaplanmasi.

¢) Uyumlu performans iigliisiinii gergekleyen kararli bolgelerde istenilen adim araligiyla

miimkiin tiim sonlandirmalarin sistematik olarak tayin edilip hesaplanmas.

d) Bulunan sonlandirmalarin sistematik bir yontemle (empedans parametreleri yaklasimi)

giris/¢ikig uydurma devreleri tasariminda kullanilmasi.

e) Bir mikrodalga transistorun igin YSA, performans analizi ve girig/¢ikis uydurma
devrelerinin elde edilmesi seklinde bir blok yapimin Aktif Mikrodalga devre sentezinde
TC YunsEs rer

; It KURULY
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kullanmilmak tizere sunulmasi.

Tim ¢ahgmalar bilgisayar programlariyla yapilmistir ve programlarla ¢iktilan ilgili
boliimlerde verilmisgtir.

Bolim 6 incelendiginde ne02135¢(Vce=10V, Ic=20mA) ve ne02135(Vce=10V, Ic=5mA)
transistorlar1 igin yapilan analiz sonuglar1 goriilecektir. Burada transistorlara yonelik YSA
ciktilani, performans analiz sonuglann (caliyjma aralifi, kararli bolgeler, gerekli
sonlandirmalar,...) verilmis ve elde edilen sonlandirmalara yonelik uydurma devreleri
cizilmisgtir.

Bundan sonra yapilacak g¢aligmalarda, yaratilacak yeniliklerle YSA’nin eitim siirecini
kisaltma ve hatasini azaltma yoniinde adimlar atmaya ¢aligilabilir. Bunun yaninda gesitli veri

modelleme ydntemleri geligtirilerek veya kullanilarak daha genis bant genigliginde uydurma

devreleri tasarlanmasi hedeflenebilir.



168
KAYNAKLAR

Arthur E. Bryons, Jr. Mu-Chi-Ho, (1975) "Applied Optimal Control Optimization, Estimation
and Control", Hemisphere Publishing Corporation.

Bandler John, Shauhuacher W., (1998) "Circuit Optimization: The State of the Art, "IEEE
Trans.. Microwave Theory Tech, Vol.36. No.2, pp. 424-443.

Bazan Tolga, (2000) “Veri Modellenmesi: Empedans Yaklagimi Modeli ve Performans
Karekteristikleri”, YTU Bitirme Tezi, 2000 (Danigman: Prof. Dr. Filiz Giines).

Bjorn Albinson, (1990) "On Microwave Low Noise Feedback Amplifiers and Control
Circuits", Gothenburg.

Blaavw, Gerrit A. ve Brodes, Frederic P. "Computer Architecture Cuncepts and Evolution"
Addison Wesley, California.

Carlin HJ. and Yarman S.B., (1983) “The Double Matching Problem Analytic and Real
Frequency Solution”, IEEE Trans. Circuits and Systems, Vol. CAS-30, No.1, pp.15-28.

Cichocki, A ve Unbehauen R., (1993) “Neural Networks for Optimization and Signal
Processing”, John Wiley & Sons, New York.

Dobrowolski Janusz A., (1991) "Introduction to Computer Methods for Microwave Circuit
Analysis and Design", Artech House, Boston London.

Giines F., Cetiner B.A., (1998) “Smith chart formulation of performance characterisation for a

microwave transistor”, IEE Proc. Circuits Devices Syst. Vol.145 No. December 1998.

Giines Filiz, Giines M., Fidan M., (1994) "Performance characterization of a microwave

transistor", IEE proc- Circuit Devices Syst. Vol.141, No.5, pp.337-344.

Giines Filiz, Yarman B. Siddik (1999) “Potential BroadBand Characteristics of a Microwave

Transistor and Realisation Conditions”, submitted to Piers-2000.

Giines Macit, (1980) "The Design of Low-Noise Microwave Bipolar Transistor Amplifiers",
Ph.D Thesis University of Bradford.

Gtines, F., Gtirgen, F., Torpi, H., (1996) "Signal-Noise Neural Network Model for Active
Microwave Devices", IEE Circuits Devices Systems Vol.143, No.1. pp.227-234.

Hykin Simon, (1994) "Neural Networks, A Comprehensive Foundation", Macmillan Collage



169

Publishing, New York.

Kenneth W. Cattermale, (1985) "Mathematical Foundations for Communication

Engineering", Pentch Press, London.

Kenneth W. Cattermule, Sohn &.0Resilly, (1984) "Optimization Methods in Electronics and

Communications", Pentech Press, London.

Kiling Ali, (1995) “Ozgiin Veri Modelleme Yéntemleri: Empedans ve Sacilma Parametreli
Yaklagimlar”, Ph.D Thesis in {U (Danigman: Prof. Dr. B. Siddik Yarman).

McCard Marilyn Nelson and Illigworth W. T., (1991) "A Practical Guide to Neural Nets",
Addison-Wesley Publishing Company.

Stephen A. Maas, (1988) "Nonlinear Microwave Circuits", Artech House.

Tepe Cemal, (1991) "Bikuadratik Alt Devrelerin Bilgisayar Yardimiyla Parametre ve
Duyarlik Analizi", iTU Elektronik ve Haberlesme Béliimii, Bitirme Tezi (Damsman: Prof. Dr.
Ali Nur Géniileren).

Tepe Cemal, (1994) "Numerik Analiz Yontemleri ve Programlama”, ITU Fen Bilimleri
Enstitiisti, Elektonik ve Haberlesme Boliimii, Master Tezi (Damigman: Prof. Dr. Ali Nur

Géniileren).

Thrun Sebastian, (1996) “Explanation-Based Neural Network Learning”, Kluwer Academic

Publishers, Boston.

Torpi Hamid, (1997) "Mikrodalga Transistorlerinin Yapay Sinir A1 Esdegerleri”, YTU
Doktora Tezi (Damigman: Prof. Dr. Filiz Glines).

Veluswami Anand, Nakhla Michel S. and Zhang Qi-Jul, (1997) "The Application of Neural
Networks to EM Based Simulation and Optimization of Interconnects. in High-Speed VLSI
Circuits. "IEEE Trans. Microwave Theory Tech, Vol.45, No.5, pp.713-723.

Wamg Fang, Zhang Qi-Jun, (1997) "Knowledge-Based Neural Models For Microwave
Design", IEEE Trans. Microwave Theory Tech, Vol.43, No.12, pp. 233-2343.

Werbos, P. John, (1994) “The Roots of Back-propagation”, John Wiley & Sons. Inc. New
York.

Yarman S.B., Aksen A., (1992) “An Integrated Design Tool to Construct Lossless Matching
Network with Mixed Lumped and Distributed Elements”, IEEE Trans. on Circuits and Syst.—



170

I: Fundamental Theory and Applications, Vol.39, No.9, pp.713-723.

Yarman S.B., Feltuvies A., (1990) “Computer-Aidede Double Matching via Parametric
Representation of Brune Functions”, IEEE Trans. Circuits and Systems, Vol. 37, No.2,
pp-212-222.

Zaabab A. Hafid, Zhong Qi-Jun, Nakhla Michel S., (1995) "Device and Circuit - Level
Modeling Using Neural Networks with Faster Training Based on Network Sparsity", IEEE
Trans. Microwave Theory Tech, Vol.43, No.6, pp. 1349-1358.

Zaabab A.Hafid, Zhang Qi-Jun, Nakhla Michel, (1995) "A Neural Network Modeling
Approach to Circuit Optimization and Statistical Design", IEEE Trans. Microwave Theory
Tech, Vol.43, No.6, pp. 1349-1358.



171

EKLER
Ek1 Yapay Sinir A1 Programi (nnpsn.pas)
Ek 2 Performans Analizi Programi (PerAna.m)

TC YUKSEXOGRETIM KURULY
ON MERKEZE



172

Ek 1 Yapay Sinir Ag1 Program (nnpsn.pas)

U************************************************************/

/* */
/* File: nnpsn.pas */
/¥ */
/* Compiler: Turbo Pascal 6.0 *f
* */
/* Description:Neural Network Program to estimate */
1 S and Noise parameters of a Transistor */
I* */
/* Created: Cemal Tepe 1998 Ph.D. Thesis */
* */
/* Version: 1.0 */
* */
/* Notes: */
% */
/*********************************************#**************/
}
PROGRAM Multi_Layer NN;
{SN+}
uses cri,printer,Dos;
CONST

Layers Max =3; { Maximum number of layers }

Nodes Max =15; { Maximum number of node in any layer }

Outputs Max =10; { Number of input combinations (the line number in input.dat) }
Input Nodes =4;  { Number of input layer nodes }

Output_ Nodes =12; { Number of output layer nodes }

Hidden Nodes =12; { Number of hidden layer nodes }

Epsilon =0.5; {Learning Rate;nu}

Alpha =0.1;

Iterative_Max = 100000; { Maximum iteration number }

Every =50000; { After every iteration print results }

Degree =360; {!!! do not change this value; normalization for angle }
TYPE

adizi =array [ 0..outputs_Max-1 ] of real;

VAR
j:longint;
f:adizi;
count:longint;
samplecount,i,ii,tt,isylla, num,dcount:byte;
fmax,fmin,step,eps, alp, err, error, terr, terror, total_rate: double;
Layers, Inputs, Outputs : byte;

Node :array [0..Layers_Max-1] of integer;
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matrix : array [0.Outputs Max-1,  0..(Input_Nodes+Output_Nodes-1)] of double;

matrix_tmp: array [0..trunc(Iterative_Max/Every), 0..Outputs_Max-1,
0..(Input_Nodes+Output_Nodes-1)] of double;

matrix_tmp_out: array [0..trunc(Iterative_Max/Every), 0..Outputs Max-1,
0..(Input_Nodes+Output_Nodes-1)] of double;

des :double;

out :array [0..Layers_Max-1, 0..Nodes_Max-1] of double;

der :array [0..Layers Max-1, 0..Nodes_Max-1] of double;

theta : array [0..Layers Max-1, 0..Nodes_Max-1] of double;

dtheta : array [0..Layers Max-1, 0..Nodes_Max-1] of double;

weight : array [0..Layers_Max-1, 0..Nodes_Max-1, 0..Nodes_Max-1] of double;
dweight : array [0..Layers_Max-1, 0..Nodes_Max-1, 0. Nodes_Max-1] of double;
dess : array [0..Outputs_Max-1,0..output_nodes-1] of double;

dessout : array [0..Qutputs_Max-1,0..output_nodes-1] of double;

dessin : array [0..Outputs_Max-1,0..input_nodes-1] of double;

desstest: array [0..Outputs_Max-1,0..input_nodes-1] of double;

stl: string[7]; st5,st6: string[6];

d,st2, st3, st4: string[12];
idatafile,datafile,graphfile,outfile,outfile_t:text;
weightfile:text;

tercih,tercih_test:char;

beta:real;

ad,hiz:string[8];

TransistorName :string[100];

pass:char;

gettime_h, gettime_m, gettime_s, gettime_hund : Word,;
S21max,Fminmax:real;

{ CT: Used by gettime }
Function LeadingZero(time_w : Word) : String;
var
time_s : String;
begin
Str(time_w:0,time_s);
if Length(time_s) = 1 then
time_s:='0"+time_s;
LeadingZero :=time_s;
end;

Procedure KARTEZYEN TO_POLAR(al,bl:real;var gk3,ak3:real);
var
t:real;
begin
t:=bl/al;
gk3 = sqrt(sqr(al)+sqr(b1));
if al<=0 then
begin
if b1=0 then ak3 := 180;
if b1<0 then
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begin
if a1=0 then ak3 :=-90
else ak3 := 180+arctan(t)*180/pi;
end;
if b1>0 then
begin
if a1=0 then ak3 := 90
else ak3 := 180+arctan(t)*180/pi;
end;
end
else ak3 := arctan(t)*180/pi;
end;

{ Reading Normalization Values }

Procedure READ NORMALIZE;

var

ndosya:text;

k. l:integer;

s:real;

begin
Assign(ndosya,'c:\cemal\phd\thesis\yeni-tez\nnpas\norm.dat");
reset(ndosya);

read(ndosya,num); { number of line in input.dat }
read(ndosya,S21max);

readIn(ndosya,Fminmax);

readIn(ndosya, TransistorName);

close(ndosya);
end;

{ CT: hedef belle_yeni }
Procedure HEDEF_BELLE_YENI;
var
odosya:text;
k.L:integer;
s:real;
begin
Assign(odosya,'c:\cemal\phd\thesis\yeni-tez\nnpas\desired.dat");
reset(odosya);
for k:=0 to outputs_max-1 do
for 1:= 0 to output_nodes-1 do
begin
read(odosya,s);
dess[k,1]:=s;
end;
close(odosya);

{ CT: Normalization }
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for k:=0 to outputs_max-1 do
for I:= 0 to output_nodes-1 do
begin
case (1) of
1,3,5,7,10:begin { degrees }
if dess[k,I] < 0 then
begin
dess[k,I]:=dess[k,]]+Degree;
dess[k,1]:=dess[k,1}/Degree;
end
else
begin
dess[k,1]:=dess[k,1]}/Degree;
end;
end;
2:dess[k,1]:=dess[k,1}/S21 max;
8:dessfk,l]:=dess[k.l]/Fminmax;
end;
end;

end;

{Reading test data; f(GHz) VCE(V) IC(mA) CT (CT=0.1 --> CE, CT=0.9 --> CC) }
Procedure READ_TEST;
var
tdosya:text;
k,l:integer;
s:real;
begin
Assign(tdosya,'c:\cemal\phd\thesis\yeni-tez\nnpas\input_t.dat");
reset(tdosya);
for k:=0 to Outputs_max-1 do
for 1:= 0 to input_nodes-1 do
begin
read(tdosya,s);
desstest[k,1]:=s;
end;
close(tdosya);
end;

{Reading input data for learning; {GHz) VCE(V) IC(mA) CT (CT=0.1 --> CE, CT=0.9 --> CC) }
Procedure READ INPUT;
var
idosya:text;
k,l:integer;
sireal;
begin
Assign(idosya,'c:\cemal\phd\thesis\yeni-tez\nnpas\input.dat");
reset(idosya);
for k:=0 to Outputs_max-1 do
for 1:= 0 to input_nodes-1 do
begin



read(idosya,s);
dessin[k 1]:=s;
end;
close(idosya);
end;

Procedure WRAND;

{ Initializes node offsets & weights at the beginning of the program }

var
li, ni, ni_end, no, no_end : integer;
drand48, power: double;
begin
{ Randomize offsets }
for li:=1 to Layers_Max-1 do
begin
ni_end:=node[li];
for ni:=0 to ni_end-1 do
begin
drand48:=Random(30)/100;
theta[li,ni]:= drand48;
dtheta[li,ni]:=0;
end;
end;

{ Randomize weights }
for li:=Layers Max-1 downto 1 do
begin
ni_end:=node]li];
no_end:=node[li-1];
for ni:=0 to ni_end-1 do
for no:=0 to no_end-1 do
begin
drand48:=Random(31)/100;
weight[li,ni,no]:=drand48;
dweight[li,ni,no0]:=0;
end;
end;
end; { procedure WRAND }

Procedure INITIAL;
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{ sets zero the output of each node before every iteration }

VAR
1, n, n_end: integer;
begin

for 1:= 1 to Layers-1 do {Dikkat 1:=0 idi}

begin
n_end:= node[l];
for n:=0to n_end-1 do
out[l,n]:= 0;
end;

Ll VUL SR
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end; { procedure INITIAL }

Procedure YREAD_TEST ( isylla: integer );
{ read input pattern ( for several different input combination ) }
{ f(GHz) VCE(V) IC(mA) CT (CT=0.1 > CE, CT=0.9-->CC) }
var '
L:integer;
begin

for I'=0 to input_nodes-1 do

begin

out[0,1]:=desstest[isylla,l];

end;

end;

Procedure YREAD ( isylla: integer );
{ read input pattern ( for several different input combination ) }
{ f(GHz) VCE(V) IC(mA) CT (CT=0.1 -->CE, CT=0.9-->CC) }
var
L:integer;
begin

for I:= 0 to input_nodes-1 do

begin

out[0,1]:=dessin[isylla,l];

end;

end; { procedure YREAD }

Function SIGMOID ( x: extended ): extended;

{ sigmoid function }
var
y: extended;
begin
Beta:=1;
if x >= 50000 then y:=1
else
begin
if x <=-50000 then y:=0
else y:=1/(1+exp(-beta*(x)));
end;
sigmoid:=y;
end; { function SIGMOID }

{ CT: 2k 3k 3k 3k ¢ ¢ oe af s ¢ o e ok ok 3k 3k 2k 3 af s sl o oe oe 3 ok 3k ak k¢ af afe afe o e o e ke oe e

FUNCTION TANHIPER ( x: double ): double;

var
y: double;
begin
Beta:=1;
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if x >= 1000000000 then y:=1
else
begin
if x <=-1000000000 then y:=-1
else y:=(exp(beta*(x))-exp(-beta*(x)))/(exp(beta*(x))+exp(-beta*(x)));
end;
tanhiper:=y;
end;
**********************#*****}

{ function TANHIPER }

{***********************#***

FUNCTION SIGMOID ( x: double ): double;

sigmoid function

var
y: double;

begin
y=1/(1+exp(-(x)));
sigmoid:=y;

end; function SIGMOID

*******************************}

Procedure WFORWARD ;
{ wforward propagation }
var
li, ni, ni_end, no, no_end: integer;
X, th: double;
begin
for li:=1 to Layers-1 do
begin
ni_end:= nodef[li];
no_end:= nodefli-1];
for ni:==0to ni_end-1 do
begin
x=0;
for no:= 0 to no_end-1 do
x:= x + weight[li,ni,no] * out[li-1,no0];
out[li,ni]:= sigmoid( x-theta[li,ni] );
end;
end;
end; { procedure FORWARD }

Function BACK: double;
{ back propagation }
var
li, ni, ni_end, no, no_end: integer;
e, err, X, d, w, y: double;
begin
err:=0;
for ni:=0 to outputs-1 do
begin
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y:= out[2,ni];
des:=dess[isylla,ni];
e=des-y;
der[2,ni]:= e*y*(1-y);
erri=err+ e*e;
end;
for li;=2 downto 1 do
begin
no_end:= node[li-1];
ni_end:= node[li};
for no:= 0 to no_end-1 do
begin
x=0;
y:= out[li-1,no0];
for ni:=0to ni_end-1 do
begin
d:= der[li,ni];
w:= weight[li,ni,no];
x:=x + d*w;
end;
der{li-1,no}:=y*(1-y)*x;
end;
end;
back:= 0.5%err;
end; { function BACK }

Procedure LEARNING (alp, eps: double );
{ update offsets & weights }
var
1i, lo, ni, ni_end, no, no_end: integer;
di, yo, ew, et: double;
begin
for li:= 1 to layers-1 do
begin
ni_end:= node[li];
for ni:= 0 to ni_end-1 do
begin
et:= derfli,ni];
dtheta[li,ni]:= -eps*et + alp*dthetafli,ni];
thetali,ni]:= theta[li,ni] + dthetafli,ni};
end;
end;
for li:=1 to layers-1 do
begin
lo:=1i-1;
ni_end:= node]li];
no_end:= node[lo];
for ni:=0 to ni_end-1 do
begin
di:= der[li,ni];
for no:= 0 to no_end-1 do
begin
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yo:= out[lo,no};
ew:= di*yo;
dweight[li,ni,no]:= eps*ew + alp*dweight[li,ni,no];
weight[li,ni,no]:= weight[li,ni,no] + dweight[li,ni,no];
end;
end;
end;
end; { procedure LEARNING }

Procedure MAKE MATRIX( it, isylla: integer );
var

i,j: integer;
begin

for i:= 0 to inputs-1 do

matrix_tmpfit,isylla,i]:= out[0,i];

for i:= 0 to outputs-1 do

matrix _tmp[it,isylla,inputs+i]:= out[Layers_Max-1,i];

end; { procedure MAKE MATRIX }

Procedure READ_WEIGHTS;
var
data:string[100];
li,ni,no,no_end,ni_end: byte;
begin

assign(weightfile,'c:\cemal\phd\thesis\yeni-tez\nnpas\weight.txt");
reset(weightfile);
readln(weightfile data);
readln(weightfile data);
for li:=Layers_Max-~1 downto 1 do
begin
ni_end:=node[li];
no_end:=nodefli-1];
for no:=0 to no_end-1 do
begin
for ni:=0 to ni_end-1 do
begin
read(weightfile,weight[li,ni,no]);
read(weightfile,dweight[li,ni,no]); {dweight[li,ni,no]:=0;}
end;
end;
end;
for li:=1 to layers-1 do
begin
ni_end:=nodejli];
for ni:=0 to ni_end-1 do
begin
readin(weightfile,theta[li,ni]);
readIn(weightfile,dtheta[li,ni]);
end;
end;
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read(weightfile,alp);read(weightfile,eps);
close(weightfile);
end;

Procedure WRITE WEIGHTS;
var
li,ni,no,no_end,ni_end:byte;
begin
assign(weightfile,'weight.txt");
rewrite(weightfile);
writeln(weightfile,d,' Weights and offsets.',j,’ iteration );
writeln(weightfile,' Total error 'terror,'.");
for li;:=Layers_Max-1 downto 1 do
begin
ni_end:=node(li];
no_end:=node[li-1];
for no:=0 to no_end-1 do
begin
for ni:=0 to ni_end-1 do
begin
write(weightfile,' ', weight[li,ni,no]);
write(weightfile,' ',dweight[li,ni,no]);
end;
writeln(weightfile,' );
end;
end;
for li:=1 to layers-1 do
begin
ni_end:=node[li};
for ni:=0 to ni_end-1 do
begin
writeln(weightfile,theta[li,ni]);
writeln(weightfile,dtheta[li,ni]);
end;
end;
writeln(weightfile,alp,eps);
close(weightfile);
end;

BEGIN { main }
clrscr;
{CT:
arrange;
hedef belle;
}
read_normalize; {read normalization data }
hedef_belle_yeni; {read desired data }
read_input; {read input values (f{(GHz) VCE(V) IC(mA) CT (CT=0.1 -> CE, CT=0.9 --> CC)) }
read_test; {read test velues }

{ print first header }
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node[2]:= Output_Nodes;
Outputs:= Output_Nodes;
node[1]:= Hidden Nodes;
node[0]:= Input Nodes;
Inputs:= Input_Nodes;
Layers:= Layers_Max;

{CT: number of input line was read form norm.dat

}

num:= Qutputs Max;

alp:=alpha;
eps:=epsilon;

write("Stop?: [Y/N] ";
readin(tercih);tercih:=Upcase(tercih);
if tercib="Y" then Exit;

write("Use different data for test (input_t.dat)? [Y/N] ");
readIn(tercih_test);tercih_test:=Upcase(tercih_test);

{ 95 ok o ok 2k 3§ ok af ok e Sk af afe 2k 3c ok ok ke e e

INITIALIZE MATRIX

25 ¢ ok 3 ok 36 25 ¢ 3k afe ok 3 ok 3k 3¢ 2k ok 3K ke ok K¢ }

for i:== 0 to num-1 do

for j:== 0 to ( inputs+Outputs-1 ) do

matrix[i,j}:= 0;

for ii:= 0 to ( Trunc(Iterative_Max/Every)-1 ) do
for i:= 0 to num-1 do

for j:= 0 to ( inputs+Outputs-1 ) do
matrix_tmplii,i,j]:=0;

{ CT: for i:=1 to 24 do

}

writeln;

str(epsilon:4:2,st5);str(alpha:4:3,st6);
assign(outfile,'c:\cemal\phd\thesis\yeni-tez\nnpas\output.txt');
assign(outfile_t,'c:\cemal\phd\thesis\yeni-tez\nnpas\output_t.txt');

writeln;append(outfile);

rewrite(outfile);

rewrite(outfile_t);

writeln(outfile, TransistorName);
writeln(outfile t,TransistorName);

write('Use Available Weights? [Y/N] );
readln(tercih);tercih:=Upcase(tercih);

GetTime(gettime h,gettime _m,gettime_s,gettime_hund);
WriteLn('"Program Started... ', LeadingZero(gettime _h),"",
LeadingZero(gettime_m),"',LeadingZero(gettime_s),
' LeadingZero(gettime_hund));
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if tercih="Y" then read_weights else wrand;

j=0;dcount:=trunc(iterative_max/every)+1;
{*************************************

LEARNING PHASE
**************************************}
while (j <Iterative_Max ) do

begin

str (j:7, stl);

writeln(iteration=",st1);

GetTime(gettime_h,gettime m,gettime_s,gettime_hund);
WriteLn('Training Started... ',LeadingZero(gettime_h),":",
LeadingZero(gettime _m),':',LeadingZero(gettime_s),
'',LeadingZero(gettime hund));

for count:= 0 to Every-1 do
begin
error:= 0;
for isylla:=0 to num-1 do
begin
initial;
yread(isylla); { reade input.dat file }
wiorward;
err:= back;
learning( alp, eps );
€ITOr:= error-+err;
end;
error:= error / outputs;
eps:= 0.5 * sqrt( error );

Inc(j );

end;

GetTime(gettime_h,gettime m,gettime_s,gettime_hund);
WriteLn('Training Finished! *,LeadingZero(gettime_h),":’,
LeadingZero(gettime m),"',LeadingZero(gettime_s),

', LeadingZero(gettime hund));

{***********************************************

TESTING PHASE
*****#********************#******#*************}
{ CT: test of learning data }

terror:=0;

GetTime(gettime_h,gettime _m,gettime_s,gettime_hund);
WriteLn('Test Started... ',LeadingZero(gettime_h),",
LeadingZero(gettime_m),"',LeadingZero(gettime_s),

' LeadingZero(gettime hund));

for isylla:= 0 to num-1 do

begin { read input.dat }
yread(isylla);
wforward;
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terr:= back;
terror:= terror + terr;
make matrix( trunc( j/Every ) - 1, isylla );

end;

GetTime(gettime_h,gettime m,gettime_s,gettime_hund);
WriteLn('Test Finished! ',LeadingZero(gettime_h),"',
LeadingZero(gettime_m),"',LeadingZero(gettime_s),
'"LeadingZero(gettime _hund));

write(outfile, ' Input Values Calculated Values ");

writeln(outfile,' Desired Values');

write(outfile, 'Num f(GHz) VCE(V) IC(mA) CT );

write(outfile, '|S11] <S11(D)|S21| <S21(D)[S12| <S812(D) |S22| <S822(D) Fmin(dB) |Gopt| <Gopt(D)
Ru/50 ";

writeln(outfile,[S11] <S11(D)|S21] <S21(D)|S12] <S12(D)|S22| <822(D) Fmin(dB) |Gopt| <Gopt(D)
Rn/50 ");

write(outfile, '~ s e = );
write(outfile, ' "
writeln(outfile,' )

for i:= 0 to num-1 do
begin
str(i:2, stl );
write(outfile,st1+' ');
for ii:= 0 to inputs-1 do
begin
str( matrix_tmpftrunc(j/Every)-1,i,ii]:6:2, st );
write(outfile,st1+' ");
end;
write(outfile,' ");
for ii:== 0 to outputs-1 do
begin
{ CT: Denormalization of calculated values }
matrix_tmp_out[trunc(j/Every)-1.i,inputs-+ii]:=matrix_tmp[trunc(j/Every)-1,i,inputs+ii];
str( matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:5:5, stl);
case (ii) of
1,3,5,7,10:
begin { degrees }
if matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii] > 0.5 then
begin
matrix_tmp_out{trunc(j/Every)-1,i,inputs+ii]:=matrix_tmp_out[trunc(j/Every)-
1,i,inputs+ii]*Degree;
matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:=matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]-
Degree;
str( matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:5:5, stl);
end
else
begin
matrix_tmp_out[trunc(j/Every)-1,i,inputs-+ii]:=matrix_tmp_out[trunc(G/Every)-
1,iinputstii]*Degree;
str( matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:5:5, st1);
end;
end;
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2:begin

matrix_tmp_out{trunc(j/Every)-1,i,inputs+ii]:=matrix_tmp_out[trunc(j/Every)-

1,i,inputs+ii}*S2 1 max;

str( matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:5:5, stl);

end;
8:begin

matrix_tmp_outftrunc(j/Every)-1,i,inputs+ii]:=matrix_tmp_out[trunc(j/Every)-

L,i,inputs+ii]*Fminmax;

str( matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:5:5, st1);

end;
end;
write( outfile,st1+' );
end;
write(outfile,' *);
for ii:=0 to outputs-1 do
begin

dessout[i,ii]:=dess][i,ii];
str( dessouti,ii]:5:5, stl );
case (ii) of
1,3,5,7,10:
begin { degrees }
if dessout[i,ii] > 0.5 then
begin
dessout[i,ii}:=dessout[i,ii]*Degree-Degree;
str( dessout[i,ii]:5:5, st1);
end
else
begin
dessout[i,ii]:=dessout[i,ii]*Degree;
str( dessout[i,ii]:5:5, stl);
end;
end;
2:begin
dessout[i,ii]:=dessout[1,ii]*S2 1 max;
str( dessoutf[i,ii]:5:5, stl);
end;
8:begin
dessout[i,ii]:=dessout[1,ii]* Fminmax;
str( dessout[i,ii]:5:5, st1);
end;
end;
write( outfile, st1+'");
end;
Writeln(outfile,' *);
end;
terror:= terror/outputs;
str (j:7, stl ); str ( eps:9:6, st2 );
str ( error:9:6, st3 ); str ( terror:9:6, st4 );
writeln( outfile, ' ");
writeln( outfile, 'iteration="stl,’ nu =',st2,
' error_learning=', st3,"' error_test=', st4 );
writeln( outfile, ' ");

{ eps=nu }

{ CT: Denormalization of desired values }
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if (j =Iterativé_Max ) then
begin

writeln( outfile, 'learning and test finished! (CT=0.1 --> CE, CT=0.9 —> CC)");
end;

if tercih_test="Y" then { CT: test of data that are not learnin data }
begin

terror:= 0;
GetTime(gettime _h,gettime_m,gettime_s,gettime_hund);
WriteLn('Test Started (not learning data)... ',.LeadingZero(gettime_h),":",
LeadingZero(gettime_m),"',LeadingZero(gettime_s),
', LeadingZero(gettime_hund));
for isylla:= 0 to num-1 do
begin { read input_t.dat }
yread_test(isylla);
wiorward;
terr:= back;
terror:= terror + terr;
make_matrix( trunc( j/Every ) - 1, isylla );
end;
GetTime(gettime_h,gettime_m,gettime_s,gettime_hund);
WriteLn('Test Finished (not learning data)! ',LeadingZero(gettime h),"',
LeadingZero(gettime m),"',LeadingZero(gettime_s),
'!LeadingZero(gettime hund));

writeln(outfile t,' Input Values Calculated Values');

write(outfile t, 'Num f{(GHz) VCE(V) IC(mA) CT ";

write(outfile t'|S11] <S11(D) |S21] <8S21(D) [S12] <S12(D) |S22| <822(D) Fmin(dB) |Gopt|
<Gopt(D) Rn/50 );

writeln(outfile t,'");

write(outfile_t, '--- ~—— o — );

writeln(outfile_t,' %

for i:= 0 to num-1 do
begin
str( i:2, stl );
write(outfile_t,stI+' ");
for ii:= 0 to inputs-1 do
begin
str( matrix_tmp[trunc(j/Every)-1,i,ii]:6:2, stl );
write(outfile_t,st1+");
end;
write(outfile_t,'");
for ii:= 0 to outputs-1 do
begin
{ CT: Denormalization of calculated values }
matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:=matrix_tmp[trunc(j/Every)-1,i,inputs+ii];
str( matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:5:5, st1);
case (ii) of
1,3,5,7,10:
begin { degrees }
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if matrix_tmp_outftrunc(j/Every)- 1,i,inputs+ii] > 0.5 then
begin
matrix_tmp_out{trunc(j/Every)-1,i,inputs+ii}:=matrix_tmp_out[trunc(j/Every)-
L,i,inputs+ii]*Degree;
matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:=matrix_tmp_out[trunc(j/Every)-1,i,inputs-+ii]-
Degree;
str( matrix_tmp_out{trunc(j/Every)-1,i,inputs+ii]:5:5, st1);
end
else
begin
matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:=matrix_tmp_out[trunc(j/Every)-
1,i,inputs+ii]*Degree;
str( matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:5:5, stl);
end;
end;
2:begin
matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:=matrix tmp_out[trunc(j/Every)-
1,i,inputs+ii]*S2 1max;
str( matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:5:5, stl);
end;
8:begin
matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii]:=matrix_tmp_outftrunc(j/Every)-
1,i,inputs+ii]*Fminmax;
str( matrix_tmp_out[trunc(j/Every)-1,i,inputs+ii}:5:5, stl);
end;
end;
write( outfile tstl+'");
end;

{ Ct: There is no desired values for test
write(outfile t,'");
for ii:=0 to outputs-1 do
begin
str( dess[i,ii]:5:5, st );
write( outfile_t, st1+'");
end;

Writeln(outfile_t,'");
end;
terror:= terror/outputs;
str (j:7, stl ); str (eps:9:6, st2 ); { eps=nu }
str ( error:9:6, st3 ); str ( terror:9:6, st4 );
writeln( outfile t,'");
writeln( outfile_t, ‘iteration=",stl,’ nu=',st2,
' error_learning=', st3,' error_test=', st4 );
writeln( outfile t,'");
if (j = Iterative_Max ) then
begin
writeln( outfile_t, ‘test finished (not learning data)! (CT=0.1 —> CE, CT=0.9 —> CC));
end;

end;

LG YUKSEKOGRETIM Ky
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write_weights;

end; {main loop}

close( outfile );

close( outfile_t);

GetTime(gettime_h,gettime_m,gettime_s,gettime_hund);

WriteLn('Program Finished! ',LeadingZero(gettime_h),"",
LeadingZero(gettime_m),"',LeadingZero(gettime_s),
" LeadingZero(gettime_hund));

write('Ok!");

end.
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Ek 2 Performans Analizi Program (PerAna.m)
%/************************’k****’lﬂk**************************** */
%/* */
%/* File: PerAna.m (Performan Analizi Program) */
%/* */
%/* Compiler: Matlab v5.0 */
%/* */
%/* Description:Takes the output of Neural Network Program */
%/* nnpsn.pas (S and Noise parameters) and */
%/* calculates GTmax,ZL,ZS and stability */
%/* condition according to a given Vireq, Freq */
%/* pairs geometrically. Additionally calculates */
%/™* all possible ZL,ZL terminations that */
%/* correspond to a given GTreq. */
%/* */
%/* Created: Cemal Tepe 1999 Ph.D. Thesis */
%/* */
%/* Version:1.0 */
%/* */
%/* Notes: to run this program for a different transistor, quit Matlab than ~ */
%/* run program again. (to discard previous values) Y
%/*********************************************************** ’ll/
%

%

% 3k e 3¢ k¢ Arrange the required one: SP ***********#*****%

% fid_r_s=fopen('in_s.ins','r"); % read S matrix from a file N_Num=1 %
% fid_r_n=fopen('in_s.inn','"); % read Noise matrix from a file %
% fid_r_p=fopen(in_s.inp',1"); % read input file, GTdBreq,Vireq,FdBreq %

% fid_r_s=fopen('n72089aa.ins','r); % read S matrix from a file N_Num=6, n72089aa(Vds=3V, Ids=10mA) %
% fid_r_n=fopen('n72089aa.inn",'r"); % read Noise matrix from a file %
% fid_r_p=fopen('n72089aa.inp'T'); % read input file, GTdBreq,Vireq,FdBreq %

% fid r_s=fopen('n72089aa.ins','"); % read Neural Network SN matrix from a file N_Num=11,
n72089aa(Vds=3V, Ids=10mA) from Neural Network %

% fid r_n=fopen('n72089aa.inn",'r'); % read Noise matrix from a file %
% fid_r_p=fopen('n72089aa.inp','r"); % read input file, GTdBreq,Vireq,FdBreq %

% fid_r_s=fopen('ne329s01.ins',1"); % read S matrix from a file N_Num=9, ne329s01(Vds=2V, Id=10mA) %
% fid_r_n=fopen('ne329s01.inn',r"); % read Noise matrix from a file %
% fid_r_p=fopen('ne329s01.inp',r"); % read input file, GTdBreq,Vireq,FdBreq %

% fid_r_s=fopen('ne329s0L.ins','"); % read Neural Network SN matrix from a file N_Num=17,
ne329s01(Vds=2V, Id=10mA) from Neural Network %

% fid_r_n=fopen('ne329s01.inn',1'); % read Noise matrix from a file %
% fid_r_p=fopen('ne329s01.inp",'r"); % read input file, GTdBreq,Vireq,FdBreq %

% fid_r_s=fopen('ne02135c.ins',1'); % read S matrix from a file N_Num=7, ne02135¢(VCE=10V, IC=20mA)
%
% fid_r_n=fopen('ne02135c.inn’,1'); % read Noise matrix from a file %
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% 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,
ne02135¢(VCE=10V, IC=20mA) from Neural Network %

% fid_r_n=fopen('ne02135c.inn",'1"); % read Noise matrix from a file %

% fid_r_p=fopen('ne02135¢.inp’,r"); % read input file, GTdBreq,Vireq,FdBreq %

fid_r_s=fopen('ne02135.ins',1"); % 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 %

% fid_r_s=fopen('ne3210s1.ins','r"); % read S matrix from a file N_Num=9, ne3210s1(Vds=2V, Id=10mA) %
% fid_r_n=fopen('ne3210s1.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 %

% 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",''); % read Noise matrix from a file %
% fid_r_p=fopen('ne38018x.inp','r'); % read input file, GTdBreq, Vireq,FdBreq %

% fid_r_s=fopen('ne38018y.ins",'r"); % read S matrix from a file N_Num=6, ne38018(Vds=2V, Id=5mA) %
% fid_r_n=fopen('ne38018y.inn",'r"); % read Noise matrix from a file %
% fid_r_p=fopen('ne38018y.inp’,'r"); % read input file, GTdBreq,Vireq,FdBreq %

Name_of_transistor='ne02135(VCE=10V, IC=5mA) ';
N _Num=7; % 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=0; % 1 --> Plot circles, 0 --> Do not plot circles %

% ookl Kk An-ange the required one: EP el oo s sk e oo sk ool o ke ek O

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 %

fprintf(fid_w, Transistor: %s\n’,Name_of_transistor);

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

fprintf(fid_w_o, Transistor: %s\n',Name_of_transistor);

forintf(fid w_o,"nTerminations that give GTreq in Region-3:\n");

fprintf(fid_w_g, Transistor: %s\n',Name_of _transistor);

fprintf(fid_w_g,"\nTerminations for GTmax and One of Intersection points on T1/T2 for GTreq:\n");

% fprintf(fid_w_g,"nf(Hz) GTmax (dB)  GTmin (dB) Real(ZL) Imag(ZL)
Real(ZS) Imag(ZS)\n'"); %
fprintf(fid_w_g,"nVireq Freq(dB) f(Hz) GTmax (dB)  Real(ZL)
Imag(ZL) Real(ZS) Imag(ZS) GTreq (dB) Real(ZLreq) Imag(ZLreq)

Real(ZSreq) Imag(ZSreq)\n');
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fclose(fid_w);
fclose(fid_w_o);
fclose(fid_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 %
Pmatrix=fscanf(fid_r_p,'%f,[3,inf]); % read whole Input File file %

for input_counts=1:P_Num % main loop %

GTDBreg=Pmatrix(1,input_counts);
Vireq =Pmatrix(2,input_counts);
FdB =Pmatrix(3,input_counts);

fid_w_g = fopen(lout_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',input counts);
fprintf(fid_w_o,"\n*** %d. Given Values:\n',input_counts);
Y%fprintf(fid_w_g,"n*** %d. Given Values:\n'input_counts);

% GTDBreq = input('Required GT(dB) value?: ') ;
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);
fprintf(fid_w_o,'Required F(dB) value: %f\n’,FdB);
fclose(fid_w_o);

%fprintf(fid_w_g,'Required F(dB) value: %f\n',FdB);

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

Rmod=sqrt(Rmod2);

C = 1-(Rmod"2);

Freq = 10N(FdB*0.1);

teta = 0:2*pi/100:2*pi;

for counts=1:N_Num % loop under main loop %
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f=Smatrix(1,counts);

s11 =Smatrix(2,counts);
011 =Smatrix(3,counts);
s21 =Smatrix(4,counts);
021 =Smatrix(5,counts);
s12 =Smatrix(6,counts);
012 =Smatrix(7,counts);
5§22 =Smatrix(8,counts);
022 =Smatrix(9,counts);

fprintf('f: %f\n',f);

fprintf('s11 and 011: %f %f\n',s11,011);
fprintf('s21 and 021: %f %f \n',s21,021);
fprintf('s12 and 012: %f %f \n',s12,012);
fprintf('s22 and 022: %f %f \n',s22,022);

O11 =o0l11*(pi/180);
S11 =sl1*exp(i*0O11);
021 = 021*(pi/180);
$21 = s21*exp(i*021),
012 = 012*(pi/180);
812 =s12*exp(i*012);
022 = 022*(pi/180);
$22 = s22*exp(i*022);

% Transistor Noise Parameters %

FirstCol=Nmatrix(1,counts); % waste reading for first column %
FmindB=Nmatrix(2,counts);
Fmin=10FmindB*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;
Z01=50;

202=50;
RO1 = real(Z01);
RO2 = real(Z02);

fprintf("\nCircuit Definition:\n');
fprintf(fid_w,\nCircuit Definition:\n");

fprintf(f(Hz): %f\n',f);
fprintf(’S11 Module and Angle(Rad): %f %f \n',abs(S11),angle(S11));

U
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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(S12));
fprintf(’S22 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);

fprintf(fid_w,'f(Hz): %f\n'f);

fprintf(fid_w,'S11 Module and Angle(Rad): %f %f \n',abs(S11),angle(S11));

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

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

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

fprintf(fid_w,Fmin %f, GamaOpt Module and Angle(Rad)
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-S11)*(1-S22)-S12*821)

% Converting Sto Z %

Z11 =((1+S11)*(1-822)+512*S21)/deltas;
721 =(2*S21)/deltas;
Z12 =(2*S12)/deltas;
722 =((1+522)*(1-S11)+512*S21)/deltas;

R11 =real(Z11); X11 = imag(Z11);
R21 = real(Z21); X21 = imag(Z21);
R12 = real(Z12); X12 = imag(Z12);
R22 = real(Z22); X22 = imag(Z22);

deltaz =Z11*722 -Z12*721;

fprintf(fid_w,'Z11 Real and Imaginer parts: %f %f \n',real(Z11),imag(Z11));
fprintf(fid_w,'Z21 Real and Imaginer parts: %f %f \n',real(Z21),imag(Z21));
fprintf(fid_w,'Z12 Real and Imaginer parts: %f %f \n',real(Z12),imag(Z12));
fprintf(fid_w,'Z22 Real and Imaginer parts: %f %f \n',real(Z22),imag(Z22));

% Zopt Calculation %

Zopt = ((1+Gamaopt))/(1-Gamaopt);
Zoptm = abs(Zopt);

Zopta = angle(Zopt);

Ropt = real(Zopt);

Xopt = imag(Zopt);

% Theoretical Noice Parameters of Transistor %

Yopt = 1/Zopt;

Ycor = ((Fmin - 1)/(2*Rn)) - Yopt ;

Gu = ((Fmin - 1)*real(Yopt))-((Fmin - 1)"2)/(4*Rn)) ;

%f

%f,

Rn

%f \n',Fmin,
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% Center phasor and radious of the noise circles are calculated %
N = ((Freq - Fmin)*(Zoptm”2)) / (2*Rn);

Rcn=Ropt +N;

Xcn = Xopt;

Zcn=Rent+i*Xen;

m = sqrt(N*(N + 2*Ropt));

U=(1+Rmod"2)/C;

V=2*Rmod/C;

% T1 and T2 Circle Definitions %
Rctl = Ren*U + m*V;

Xctl = -Xopt;

Zctl = Retl +i*Xctl;

Zctlm = abs(Zctl);

Zctla = angle(Zctl);

rtl = sqrt((Zcet1m”2) - (Zoptm”2));

Rct2 =Ren*U - m*V;

Xct2 = -Xopt;

Zct2 = Ret2 +i*Xet2;

Zct2m = abs(Zct2);

Zct2a = angle(Zct2);

2 = sqrt( (Zct2m"2)-(Zoptm”2));

fprintf("Freq,Fmin,Ropt,Xopt,Rn,Rmod,N,Ren, Xcn,m,Retl Xetl rtl Ret2,Xct2,rt2: %f %f %f %f %f %f %f
%f %f %f %f %f %f %f %f %f %f
%f\n',Freq,Fmin,Ropt,Xopt,Ro,Rmod,N,Rcn,Xcn,rn,Retl,Xctl,rtl Ret2, Xct2,1t2);

fprintf(fid_w, Freq,Fmin,Ropt.Xopt,Rn,Rmod,N,Ren,Xcn,r,Retl, Xt rtl ,Ret2, Xct2,r12: %f %f %f %f %f Y%f
%f %f %f %f %f %f %f %f %f %t %f
%f\n\n',Freq,Fmin,Ropt,Xopt,Rn,Rmod,N,Ren, Xen,rn,Retl, Xctl,rt1,Ret2, Xct2,rt2);

% 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

% T1 and T2 Circle Drawing %
Zil = Zctl + rt] *exp(i*teta);
Zi2 = Zct2 + ri2*exp(i*teta);
Ril = real(Zil);

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

% Pre-Defined Values %
Z=2712*721;

R =real(Z);

X = imag(Z);
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Q=2*R11*R22-R

COEFS = (abs(Z12)"2)/(2*R22*C);

ita = Q/abs(Z);

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

if R11>0 & R22>0 & ita>1 % Stability: if %
% Unconditional stability %

fprintf('Unconditional stability: R11>0 & R22>0 & ita>1\n');
fprintf(fid_w,\nUnconditional stability: R11>0 & R22>0 & ita>1\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);

% Calculating values for Required GT value in Unconditional stability case

P=(abs(Z12)"2/C)*(10(GTDBreq*0.1)); % GTDBreq converted to dimentionless %
RCGreq = (Q - P)/(2*R22);

XCGreq = (2*X11*R22-X)/(2*R22);

ZCGreq = RCGreq + i*XCGreq;

rgreq = (sqri(P~2-2*Q*P+abs(2)"2))/(2*R22);

% GTDBreq Circle %

ZCGTreq= ZCGreq+rgreq*exp(i*teta);
RCGTreg=real(ZCGTreq);
XCGTreq=imag(ZCGTreq);

% Find out the intersection of two circles

InstersectionExist=1;

fprintf('GTDBreq, T1 and T2 circles:\n");

fprintf'RCGreq= %f, XCGreq= %f, rgreq= %f\n',RCGreq,XCGreq,rgreq);
fprintf(Retl= %f, Xctl= %f, rt1= %f\n',Retl, Xctl,rtl);

fprintf('Ret2= %f, Xct2= %f, rt2= %f\n',Rct2,Xct2,r12);

fprintf(fid_w,'GTDBreq, T1 and T2 circles:\n");

fprintf(fid_w,'RCGreq= %f, XCGreq= %f, rgreq= %f\n',RCGreq,XCGreq,rgreq);
fprintf(fid_w, Retl= %f, Xctl= %f, rt1= %f\n',Rctl,Xctl,rtl);
fprintf(fid_w,Ret2= %f, Xct2= %f, rt2= %f\n',Rct2,Xct2,r2);

[RintT1,XintT1]=circlint(RCGreq,XCGregq,rgreq,Rctl, Xct1,rtl);
ZireqT11=RintT1(1)+H*XintT1(1);
ZireqT12=RintT1(2)+i*XintT1(2);

fprintf("1. Intersection point on T1; RintT1= %f: XintT1= %f\n',RintT1(1),XintT1(1));
fprintf(fid_w,']. Intersection point on T1; RintT1=%f: XintT1= %f\n',RintT1(1),XintT1(1));
fprintf("2. Intersection point on T1; RintT1= %f: XintT1= %f\n',RintT1(2),XintT1(2));
fprintf(fid_w,'2. Intersection point on T1; RintT1= %f: XintT1= %f\n',RintT1(2),XintT1(2));

fprintf('ZireqT11 Value: real and imaginer part = %f %f\n',RintT1(1)*50,XintT1(1)*50);
fprintf(fid_w,ZireqT11 Value: real and imaginer part = %f %f\n',RintT1(1)*50,XintT1(1)*50);
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fprintf('ZireqT12 Value: real and imaginer part =  %f %f\n’,RintT1(2)*50,XintT1(2)*50);
fprintf(fid_w,'ZireqT12 Value: real and imaginer part = %f %f\n',RintT1(2)*50,XintT1(2)*50);

[RintT2 XintT2]=circlint(RCGreq,XCGreq,rgreq,Rct2,Xct2,112);
ZireqT21=RintT2(1)+i*XintT2(1); % two intersection points on T2 %
ZireqT22=RintT2(2)+i*XintT2(2);

fprintf('1. Intersection point on T2; RintT2= %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));
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('ZireqT21 Value: real and imaginer part = %f %f\n',RintT2(1)*50,XintT2(1)*50);
fprintf(fid w,'ZireqT21 Value: real and imaginer part = %f %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(ZireqT11) & ~isnan(ZireqT12) & ~isnan(ZireqT21) & ~isnan(ZireqT22) % GTreq cuts both T1
and T2
fprintf(’GTreq cuts both T1 and T2\n");
fprintf(fid_w,'GTreq cuts both T1 and T2\n');
elseif ~isnan(ZireqT11) & ~isnan(ZireqT12) % GTreq cuts only T1
fprintf('GTreq cuts only T1\n");
fprintf(fid w,'GTreq cuts only T1\n');
elseif ~isnan(ZireqT21) & ~isnan(ZireqT22) % GTreq cuts only T2
fprintf("GTreq cuts only T2\n");
fprintf(fid w,'GTreq cuts only T2\n');
else % GTreq does not cut T1 or T2
fprintf('GTreq does not cut T1 or T2\n");
fprintf(fid_w,'GTreq does not cut T1 or T2\n');
InstersectionExist=0;
ZSreq= NaN+i*NaN;
ZLreq= NaN+i*NaN;
% break;
end

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

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

ZCSC = conj(ZCS)

% Conjugate Source Stability Circle (CSSC) %
Zi3 = ZCSC + r1s * exp(i*teta);

Ri3 = real(Zi3),

Xi3 = imag(Zi3);

% Input Stability Circle (ISC) (ZCINPUT =-RCS - i*XCS; rINPUT=r1s) %
ZCINPUT = -RCS - i*XCS;

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

Ri5 = real(Zi5);

Xi5 = imag(Zi5);
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% GT Circles %
XCG = (2*X11*R22-X)/(2*R22);
GTMAX=(Q-sqrt(Q"2-abs(Z)"2)*C)/(abs(Z12)"2);

fork=1:6
y(&)=(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;
1g(k) = (sqrt(P(k)"2-2*Q*P(k)+abs(Z)"2))/(2*R22);

end

ZCG1 =ZCG(1);rgl =rg(1);
ZCG2 = ZCG(2);rg2 = rg(2);
ZCG3 = ZCG(3);rg3 =1rg(3);
ZCG4 = ZCG(4);rgh = rg(4);
ZCGS = ZCG(5);rgS = 1g(5);
ZCG6 = ZCG(6);rgb = rg(6);

Zi41 = ZCG1 +rgl * exp(i*teta);

Ri41 = real(Zi41);Xi41 = imag(Zi41);
Zi42 =ZCG2 +rg2 * exp(i*teta);

Ri42 = real(Zi42);Xi42 = imag(Zi42);
Zi43 = ZCG3 +rg3 * exp(i*teta);

Ri43 = real(Zi43);Xi43 = imag(Zi43);
Zi44 = ZCG4 + rg4 * exp(i*teta);

Ri44 = real(Zi44);Xi44 = imag(Zi44),
Zi45 = ZCGS + g5 * exp(i*teta);

Ri45 = real(Zi45);Xi45 = imag(Zi45);
Zi46 = ZCG6 + rgb * exp(i*teta);

Ri46 = real(Zi46);Xi46 = imag(Zi46);

% Conserning Solution %

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

ZCGmax = RCGmax + i*XCGmax;

fprintf('ZCGmax(%f %f),Zctl (%f %f), Zct2(%f %f)\n',RCGmax,XCGmax,Retl, Xctl, Ret2, Xct2);
fprintf('rtl %f, rt2 %f\n',1tl, rt2);

fprintf(fid_w,'ZCGmax(%f %f),Zct1 (%f %f), Zct2(%f %f)\n',RCGmax,XCGmax,Retl, Xctl, Ret2, Xct2);
fprintf(fid_w,'rt1 %f, rt2 %f\n'rtl, rt2);

if abs(ZCGmax-Zctl) > rt1 % Conserning Solution %

fprintf("abs(ZCGmax-Zct1) > 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 Zecgmax in Region-1 (tangent case --> GTmax) %
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if (Vireq = 1) & (Freq == Fmin) % VSWR  and Noise match, =rv=rt1=tr2=0,
Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)
GTMC=(Q-sqrt(Q”"2-abs(Z)"2)*C)/(abs(Z12)2);
else
D=(R22*abs(Z11)"2-R*R11-X*X11)/R22+abs(Zopt)"2;
E=(D*R22-Rct1 *(2*R11*R22-R)-2*Xct1 *XCG*R22)/rt1;
F=Rctl/rtl;

GTpayn=C*(Q+E*F-sqrt(((Q+E*F)"2-(1-F~2)*(abs(Z)"2-E"2))));
GTpayda=(abs(Z12)"2*(1-F/2)),
GTMC=GTpayn/GTpayda;

end

P=(abs(Z12)"2/C)*GTMC;

RCGmax = (Q - P)/(2*R22);
XCGmax = XCG;
ZCGmax = RCGmax + i*XCGmax;
rgmax = (sqrt(P/2-2*Q*P+abs(Z)"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, m=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
Zi=conj(Zopt);
else
Zi=(((rgmax/(rt1+rgmax))*Zct1)+((rt1/(rt1 +rgmax))*ZCGmax));
end

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(Zi)*50);

% fprintf(fid_w,'Q %L,P %f,abs(Z) %f,rgmax %f,rtl
%f, Zct1 (%1, %f),ZCGmax(%f,%H)\n',Q,P,abs(Z),rgmax,rt1 real(Zct1),imag(Zctl),real(ZCGmax),imag(ZCGmax)
);

% ZL value %
ZL=((Z12*Z21)(Z11-Zi)-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);

% ZS values %
Rev=(1+Rmod”2)*real(Zi)/C;
Xcv=-imag(Zi);
Zev=Rev+i*Xcv;
rv=2*Rmod*real(Zi)/C;
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if (Vireq = 1) & (Freq = Fmin) % VSWR  and Noise match, m=rv=rt1=tr2=0,

Zs=Zopt=Zcn,Rmod=0 Zi=conj(Zopt), Zcv=conj(Zi)

%
%
%

Z8=Zopt;
else
ZS=(((m/(m+1v))*Zev)H((rv/(rv+m))*Zen));
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(ZS)*50,imag(ZS)*50);

% MAG value; absolute stability and Zcgmax in Region-1 (Rmod=0--> C=1) %
MAGndB=(Q-sqrt(Q”2-abs(Z)"2))/(abs(Z12)"2);
MAG=10*log10(MAGndB); % MAG in dB %

fprintfi’MAG Value (dB) = %f\n',MAG);
%fprintf(fid w,"MAG Value (dB) = %f\n’,MAG);

% GTMAX value; absolute stability and Zcgmax in Region-1 %
GTMAX=10*log1 0(GTMC);
GTMIN=0; % indB %

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

fprintfl GTMAX Value (dB) = %f\n’,GTMAX);
fprintf(fid_w,'GTMAX Value (dB) = %f\n',GTMAX);
fprintf'GTMIN Value (dB) = %f\n’,GTMIN);
forintf(fid_w,'GTMIN Value (dB) = %f\n’, GTMIN);

% Define values to plot ~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 T1 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(ZireqT11,ZireqT12,ZireqT21,ZireqT22,211,212,7221,7222 Rmod,C,Zopt,teta,Rcn, Xcn,m
,RCGreq,XCGreq,rgreq,Ret2, Xct2,1t2 Retl , Xetl,rt1,Ril,Xi1,Ri2,Xi2,step _for _sample on_circle,switch for plo

1)

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 %
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% Zi value %
fprintf('ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);
forintf(fid_w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);

% ZLreq value %
fprintf("ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreql)*50);
fprintf(fid w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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)*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) % T1 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("ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ereqT12—Z1reqT22
Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT 12)*50);

% ZLreq value %
ZLreql=((Z12*Z221)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreq=Zopt;

% ZSreq value %
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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) % T1 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("ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22
Value: real and imaginer part = %f
%f\n',real(ZireqT 11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf('ZLreq1 Value: real and imaginer part = %f %f\n’,real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreql=conj(ZireqT11);
ZSreq2=conj(ZireqT12);

% ZSreq value %

fprintf('ZSreq1 Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf(fid_w,'ZSreql Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf("ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);
fprintf(fid_w,'ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);

% fid_w will be open in empcal.m
felose(fid_w);

ZLreq=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');
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% fid_w will be open in empcal.m
felose(fid_w);

ZSreq= 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 %f %f
%f %f .
%f\n',Vireq,FdB,.f,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) == rtl

fprintf("abs(ZCGmax-Zctl) = rtl: ZCGmax in Region-2\n");
forintf(fid_w,'abs(ZCGmax-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(Z12)"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-2 %
% Zi value %
if (Vireq = 1) & (Freq == Fmin) % VSWR and Noise match, rn=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
Zi=conj(Zopt);
else
Zi=ZCGmax;
end

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(Zi)*50);

% ZL value %
ZL=((Z12*Z21)/(Z11-Zi)-Z22);

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);

% ZS values %

T.C. YOUSEKGGRET LM EURULG
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Rev=(1+Rmod"2)*real(Zi)/C;
Xcv=-imag(Zi);
Zev=Rev+i*Xcv;
rv=2*Rmod*real(Zi)/C;
if (Vireq = 1) & (Freq = Fmin) % VSWR and Noise match, ro=rv=rt1=t12=0, Zs=Zopt=Zcn,Rmod=0

Zi=conj(Zopt), Zcv=conj(Zi)

%
%
%

Z8=Zopt;
else
ZS=(((r/(rn+1v))*Zev)H(rv/(rv+m))*Zen));
end

fprintf('ZS Value: real and imaginer part = %f %f\n',real(Z8)*50,imag(Z8)*50);
fprintf(fid_w,'ZS Value: real and imaginer part = %f %f\n',real(ZS)*50,imag(ZS)*50);

% MAG value; absolute stability and Zcgmax in Region-2 (Rmod=0-> C=1) %
MAGndB=(Q-sqrt(Q"2-abs(Z)"2))/(abs(Z12)"2);
MAG=10*logl0(MAGndB); % MAG in dB %

fprintf(MAG Value (dB) = %f\n, MAG);
%fprintf(fid w,"MAG Value (dB) = %fn’, MAG);

% GTMAX value; absolute stability and Zcgmax in Region-2 %
GTMAX=10*10gl 0(GTMC);
GTMIN=0; % in dB %

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

fprintflGTMAX 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 -GTmax %
x_f({counts)=Tt;
y_gtmax(counts)=GTMAX;
y_gtreg(counts)=GTDBreq;
z_gtmin(counts)=GTMIN;

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

% Caluclate empedances on T1 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(ZireqT11,ZireqT12,ZireqT21,ZireqT22,Z11,212,721,7Z22 Rmod,C,Zopt,teta,Ren, Xcn,rn
,RCGreq,XCGreq,rgreq,Rct2,Xct2,rt2,Retl Xctl,rt1,Ril, Xil,Ri2 Xi2, step_for sample on_circle,switch_for_plo

t)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) % T1,T2,Vi.F are a point
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% open fid_w for append
fid_w = fopen(out_int.txt''at+"); % write output to a file %

% Zi value %
fprintf('ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part =
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);
fprintf(fid_w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);

% ZLreq value %
fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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)*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) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT 12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22
Value: real and imaginer part = %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreq1=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-222);

% ZLreq value %

fprintf("ZLreql Value: real and imaginer part= %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
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ZSreq=Zopt;

% ZSreq value %
Tprintf('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) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22
Value: real and imaginer part = %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z222);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreql=conj(ZireqT11);
ZSreq2=conj(ZireqT12);

% ZSreq value %

fprintf("ZSreq1 Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf(fid_w,'ZSreq1 Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreql)*50);
fprintf("ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);
fprintf(fid_w,'ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);

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

Zlreq=ZLreql; % print the first one in the intersection %
ZSreq=Z7Sreql; % 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 %
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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;
ZLreq=NaN+i*NaN;

end;

% fprintf(fid w_g,'%f %t % %f % %f
%f\n' £, GTMAX,GTMIN,real(ZL)*50,imag(ZL)*50,real(ZS)*50,imag(ZS)*50); %
forintf(fid_w_g,'%f %f %t %t %f % % % %f  %f
% %f
%f\n',Vireq,FdB,f, GTMAX real(ZL)*50,imag(ZL)*50,real(ZS)*50,imag(ZS)*50,GTDBreqreal(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) & (12 < 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(Z12)"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 %
% Zi value %
if (Vireq = 1) & (Freq == Fmin) % VSWR and Noise match, rn=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
Zi=conj(Zopt);
else
Zi=ZCGmax;
end

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(Zi)*50);

% ZL value %
ZL=((Z12*Z21)(Z11-Zi)-Z22);

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

% ZS values %
Rev=(1+Rmod"2)*real(Zi)/C;
Xcv=-imag(Zi);
Zev=Rev+i*Xcv;
rv=2*Rmod*real(Zi)/C;

=(Ren-Rev)/(Xcev-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);

Rs1=K+sqrt(K”2-D);
Xs1=A*Rs1+B;
Rs2=K-sqrt(K"2-D);
Xs2=A*Rs2+B;

if (Vireq == 1) & (Freq = Fmin)} % VSWR and Noise match, rn=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj{Zopt), Zcv=conj(Zi)
Zsl1=Zopt;
Zs2=Zopt;
else
Zs1=Rs1+i*Xsl;
Z52=Rs2+i*Xs2;
end

ZS=7sl1;

fprintf('Zs1 Value: real and imaginer part = %f %f\n',real(Zs1)*50,imag(Zs1)*50);
fprintf(fid_w,'Zs1 Value: real and imaginer part = %f %f\n',real(Zs1)*50,imag(Zs1)*50);

fprintf('Zs2 Value: real and imaginer part = %f %f\n',real(Zs2)*50,imag(Zs2)*50);
fprintf(fid_w,'Zs2 Value: real and imaginer part = %f %f\n',real(Zs2)*50,imag(Zs2)*50);

% MAG value; absolute stability and Zcgmax in Region-3 (Rmod=0--> C=1) %
MAGndB=(Q-sqrt(Q"2-abs(Z)"2))/(abs(Z12)"2);
MAG=10*logl0((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*l0gl 0(GTMC);
GTMIN=0; % in dB %

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

fprintflGTMAX Value (dB) = %f\n', GTMAX);
fprintf(fid_w,'GTMAX Value (dB) = %fn',GTMAX);
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forintf'GTMIN ~ Value  (dB) =  %fw,GTMIN);
fprintffid_w,'GTMIN Value (dB) = %f\n’, GTMIN);

% Define values to plot ~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 T1 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(ZireqT11,ZireqT12,ZireqT21,ZireqT22,211,Z12,721,Z222 Rmod,C,Zopt,teta,Rcn, Xcn,m
,RCGreq,XCGreq,rgreq,Ret2,Xct2,rt2,Retl, Xctl rt1,Ri1,Xil,Ri2,Xi2 step_for_sample on_circle,switch_for_plo

t)

elseif (InstersectionExist ~= 0) & (Vireq = 1) & (Freq = Fmin) % T1,T2,Vi.F are a point

% open fid_w for append
fid_w = fopen(lout_int.txt',"at+'); % write output to a file %

% Zi value %
fprintf('ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);
fprintf(fid_w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);

I

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);

% ZLreq value %
fprintf("ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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)*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) % T1 and T1 identical, Zs=Zopt
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% open fid_w for append
fid w=fopen(‘out_int.txt','at+"); % write output to a file %

% Zi value %
fprintf('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n' real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZuequZ—ereqTZZ
Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-722);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-722);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*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)*50,imag(ZSreq)*50);

% fid_w will be open in empcal.m
felose(fid_w);

ZLreq=ZLreql; % print the first one in the intersection %
elseif (InstersectionExist ~= 0) & (Vireq==1) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, Z1reqT12-Z1reqT22
Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreq1=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-222);

% ZLreq value %

fprintf('ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf("ZLreq2 Value: real and imaginer part = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);
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fprintf(fid_w,'ZLreq2 Value: real and  imaginer part =

%f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

%

% ZSreq value %
ZSreql=conj(ZireqT11);
ZSreq2=conj(ZireqT12);

% ZSreq value %

fprintf('ZSreq1 Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);

%f

fprintf(fid_w,'ZSreq1 Value: real and imaginer part = %f %f\n’,real(ZSreq1)*50,imag(ZSreq1)*50);

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

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

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

Zl.req=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);

ZSreq=NaN+i*NaN;
ZLreq=NaN-+i*NaN;

end;

fprintf(fid_w_g,"%f %f % % %f  %f
%f\n',, GTMAX, GTMIN,real(ZL)*50,imag(ZL)*50,real(ZS)* 50,imag(ZS)*50); %
forintf(fid_w_g,'%f % % % % % % % %f
% %f

%f

%f\',Vireq,FdB,f,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(Z12)"2);
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% 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-4 %
% Zi value %
if (Vireq == 1) & (Freq = Fmin) % VSWR and Noise match, m=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
Zi=conj(Zopt);
else
Zi=ZCGmax;
end

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(Zi)*50);

% ZL value %
Z1L=((Z12*Z21)/(Z11-Zi)-Z22);

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);

% ZS values %
Rcv=(1+Rmod"2)*real(Zi)/C;
Xcv=-imag(Zi);
Zev=Rcv+i*Xcv;
rv=2*Rmod*real(Zi)/C;
if (Vireq = 1) & (Freq == Fmin) % VSWR and Noise match, m=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
Z8=Zopt;
else
ifm>rv
ZS=(((rn/(ro-rv))*Zev)-((rv/(rn-1v))*Zen));
else
ZS=(((tv/(rv-rn))*Zcn)-((rn/(rv-m))*Zcv)); Y%om <=1v %
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(ZS)*50,imag(ZS)*50);

% MAG value; absolute stability and Zcgmax in Region-4 (Rmod=0--> C=1) %
MAGndB=(Q-sqrt(Q"2-abs(Z)"2))/(abs(Z12)"2);
MAG=10*logl 0(MAGndB); % MAG indB %
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 %
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GTMAX=10*1og10(GTMC);
GTMIN=0; % indB %

% 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) = %fin’,GTMAX);
fprintfi' GTMIN Value (dB) = %f\n',GTMIN);
fprintffid_w,GTMIN Value (dB) = %f\n’,GTMIN);

% Define values to plot ~GTmax %
x_f(counts)=f;
y_gtmax(counts)=GTMAX;
y_gtreg(counts)=GTDBreq;
z_gtmin(counts)=GTMIN;

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

% Caluclate empedances on T1 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(ZireqT11,ZireqT12,ZireqT21,ZireqT22,211,212,7221,722 Rmod,C,Zopt,teta,Rcn, Xcn,rn
,RCGreq,XCGreq,rgreq,Ret2,Xet2 112, Retl,Xetl,rt1,Ril, Xi1,Ri2,Xi2 step for sample on_circle,switch_for plo

t)
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('ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);
fprintf(fid_w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n' real(ZireqT11)*50,imag(ZireqT11)*50);

% ZLreq value %
ZLreql=((Z12*Z21)(Z11-ZireqT11)-Z22);

% ZLreq value %
fprintf('ZLreql Value: real and imaginer part= %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreq] Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);

% ZSreq value %
ZSreq=Zopt;

% ZSreq value %
fprintf("ZSreq Value: real and imaginer part = %f %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
felose(fid_w);

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

elseif (InstersectionExist ~= 0) & (Freq ==Fmin) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22
Value: real and imaginer part = %f
%f\n' real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-222);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*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)*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) % T1 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("ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22
Value: real and imaginer part = %f
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%f\n' real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

%

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22),

% ZLreq value %

fprintf("ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreql=conj(ZireqT11);
Z8req2=conj(ZireqT12);

% ZSreq value %

fprintf("ZSreq1 Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf(fid_w,'ZSreq] Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf("ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);
fprintf(fid_w,'ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);

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

ZLreq=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);

ZSreq= NaN+i*NaN;
ZIreq= NaN+i*NaN;

end;

forintffid w_g'%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 %
% %

%f\n', Vireq,FdB,f,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
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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, r=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
GTMC=(Q-sqrt(Q”2-abs(Z)"2)*C)/(abs(Z12)"2);
else
D=(R22*abs(Z11)"2-R*R11-X*X11)/R22+abs(Zopt)"2;
E=(D*R22-Rct2*(2*R11*R22-R)-2*Xct2*XCG*R22)/(-r12);
F=Rct2/(-112);

GTpayn=C*(Q+E*F-sqrt(((Q+E*F)"2-(1-F~2)*(abs(Z)"2-E"2))));
GTpayda=(abs(Z12)"2*(1-F~2));
GTMCn=GTpayn/GTpayda;

GTpayp=C*(Q+E*F+sqrt(((Q+E*F)"2-(1-F2)*(abs(Z)"2-E~2))));
GTpayda=(abs(Z12)"2*(1-F~2));
GTMCp=GTpayp/GTpayda;

if GTMCn > GTMCp
GTMC=GTMChn;
GTmC=GTMCp;
else
GTMC=GTMCp;
GTmC=GTMCn;
end;

% Checking negative sign for GTmC %
if GTmC <0
GT_Negative=1;
GTmC=abs(GTmC);
end
end

=abs(Z12)"2/C*GTMC;

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

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

% Load and Source impedance calculation; Zcgmax in Region-5 %
% Zi value %
if (Vireq = 1) & (Freq = Fmin) % VSWR and Noise match, m=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)

Zi=conj(Zopt);

else
Zi~(((rgmax/(rgmax-rt2))*Zct2)-((rt2/(rgmax-rt2))*ZCGmax));

end

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(Zi)*50);

% ZL value %
ZL=((Z12*Z21)Z11-Zi)-Z22);

fprintf('ZL Value: real and imaginer part = %f %f\n',real(ZL),imag(ZL));
fprintf(fid_w,'ZL Value: real and imaginer part = %f %f\n',real(ZL),imag(ZL));

% ZS values %
Rev=(1+Rmod"2)*real(Zi)/C;
Xcv=-imag(Zi);
Zev=Rev+i*Xcv;
rv=2*Rmod*real(Zi)/C;
if (Vireq = 1) & (Freq == Fmin) % VSWR and Noise match, m=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
ZS=Zopt;
else
ifmm>rv
ZS=(((m/(m-1v))*Zcv)-((rv/(m-1v)) *Zcn));
else
ZS=(((rv/(rv-rn))*Zcn)-((rn/(rv-m))*Zcv)); Yern<=1rv%
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(ZS)*50,imag(ZS)*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*logl 0(MAGndB); % MAG in dB %

fprintf’MAG Value (dB) = %fn', MAG);
%fprintf(fid w,"MAG Value (dB) = %f\n’, MAG);

% GTMAX value; absolute stability and Zcgmax in Region-5 %
GTMAX=10*logl 0(GTMC);
if GT Negative==1 % Negative GT %
GTMIN=-10*log1 0(GTmC);
else
GTMIN=10*logl 0(GTmC);
end
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% if GTMAX >MAG % MAG is the available maximum gain %
% GTMAX=MAG;
% end;

forintfi’lGTMAX Value (dB) = %f\n', GTMAX);
fprintffid_w,GTMAX Value (dB) = %f\n', GTMAX);
fprintf’'GTMIN Value (dB) = %fin',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 T1 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(ZireqT11,ZireqT12,ZireqT21,ZireqT22,Z211,Z212,721,722 Rmod,C,Zopt,teta,Rcn,Xcn,rm
,RCGreq,XCGreq,rgreq,Ret2,Xct2,rt2 Retl, Xetl,rt1,Ril, Xil,Ri2,Xi2 step_for_sample on_circle,switch_for plo
t)

elseif (InstersectionExist ~= 0) & (Vireq == 1) & (Freq == Fmin) % T1,T2,Vi.F are a point

% open fid_w for append
fid_w = fopen(lout_int.txt','at+"); % write output to a file %

% Zi value %
fprintf('ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT 11)*50);
fprintf(fid_w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);

% ZLreq value %
ZLreq1=((Z12*Z21)/(Z11-ZireqT11)-722);

% ZLreq value %
fprintf("ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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)*50,imag(ZSreq)*50);
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% 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) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real

and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT 12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ereqT12—ereqT22

Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreq1=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf("ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreql)*50);
fprintf(fid_w,'ZLreq]l Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*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)*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) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT 12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT 12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, erequZ—ereqT22
Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
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ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreql=conj(ZireqT11);
ZSreq2=conj(ZireqT12);

% ZSreq value %

fprintf('ZSreq1l Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf(fid_w,'ZSreql Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf('ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);
fprintf(fid_w,'ZSreq2 Value: real and imaginer part= %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);

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

ZLreq=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);

ZSreq= NaN-+i*NaN;
ZLreq= 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
%f  %f

%f\n', Vireq,FdB,f,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 %

else
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fprintf("Not defined\n’);
fprintf(fid_w,'Not defined\n");

end; % Conserning Solution %

% Drawing Circles % % Ri41 --> GTmin so not drawn %
if switch_for plot=1

figure,plot(RCGTreq,XCGTreq, k-, Ril Xil,'m-',Ri2,Xi2,'m- RCGTM,XCGTM,'b-"Ri5,Xi5,'g-
" Ri3Xi3,'c- Ri42,Xi42,'r:',Ri43,Xi43,'r:",Ri44,Xi44,'r:",Ri45,Xi45,'r:")
axis([-11-11])
title("Zi-Plane")

xlabel('real {Zi}"),ylabel(‘imag{Zi}"),grid
gtext('GTreq"),gtext('T1"),gtext('T2"),gtext('GTmax"),gtext('ISC"),gtext('CSSC"),gtext('Gain
Circles"),gtext("Unconditional Stability")
end

elseif R11>0 & R22>0 & ita>0 & ita<l % Stability: elseif %
% Conditionally stable %

fprintf("Conditionally stable: R11>0 & R22>0 & ita>0 & ita<I\n");
fprintf(fid_w,"nConditionally stable: R11>0 & R22>0 & ita>0 & ita<l\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);

% Calculating values for Required GT value in Conditional stability case

S=COEFS*(10(GTDBreq*0.1)); % GTDBreq converted to dimentionless %
RCS = -(2*R11*R22-R)/(2*R22);

XCS = -(2*X11*R22-X)/(2*R22);

ZCS =RCS +i*XCS;

s = abs(Z)/(2*R22);

RCGreq=-(RCS +8);

XCGreq = -XCS;

rgreq = sqrt(rs"2 + 2*S*RCS + S12);

ZCGreq = RCGreq + i*XCGreq;

% GTDBreq Circle %

ZCGTreq= ZCGreq+rgreq*exp(i*teta);
RCGTreq=real(ZCGTreq);
XCGTreq=imag(ZCGTreq);

% Find out the intersection of two circles

InstersectionExist=1;

fprintf('GTDBreq, T1 and T2 circles:\n'");

fprintf'RCGreq= %f, XCGreq= %f, rgreq= %f\n',RCGreq,XCGreq,rgreq);
fprintf('Retl= %f, Xctl= %f, rt1= %f\n',Rctl, Xctl,rtl);

fprintf{'Rot2= %f, Xct2= %f, ri2= %f\n',Rct2, Xct2,rt2);

fprintf(fid_w,'GTDBreq, T1 and T2 circles:\n");

fprintf(fid_w,'RCGreq= %f, XCGreq= %f, rgreq= %f\n',RCGreq,XCGreq,rgreq);
fprintf(fid_w, Retl= %f, Xctl= %f, rt1= %f\n',Retl,Xetl rtl);
fprintf(fid_w,'Ret2= %f, Xct2= %f, rt2= %fin',Ret2,Xct2,112);
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[RintT1,XintT1]=circlint(RCGreq,XCGreq,rgreq,Rctl, Xctl,rtl);

ZireqT11=RintT1(1)+i*XintT1(1);

ZireqT12=RintT1(2)+i*XintT1(2);
AlfaT11=atan(XintT1(1)/RintT1(1))*180/pi;
AlfaT12=atan(XintT1(2)/RintT1(2))*180/pi;

fprintf('1. Intersection point on T1; RintT1= %f; XintT 1= %fin',RintT1(1),XintT1(1));
fprintf(fid_w,'1. Intersection point on T1; RintT1= %f: XintT1= %fin',RintT1(1),XintT1(1));
fprintf('Line Slope for 1. Intersection point on T1; AlfaT11(deg)= %f\n',AlfaT11);
fprintf(fid_w,'Line Slope for 1. Intersection point on T1; AlfaT11(deg)= %f\n',AlfaT11);
fprintf(*2. Intersection point on T1; RintT1= %f: XintT 1= %f\n’,RintT1(2),XintT1(2));
fprintf(fid_w,'2. Intersection point on T1; RintT1= %f: XintT1= %fin’,RintT1(2),XintT1(2));
fprintf('Line Slope for 2. Intersection point on T1; AlfaT12(deg)= %f\n',AlfaT12);
fprintf(fid_w,'Line Slope for 2. Intersection point on T1; AlfaT12(deg)= %f\n',AlfaT12);

fprintf('ZireqT11 Value: real and imaginer part = %f %f\n’,RintT1(1)*50,XintT1(1)*50);
fprintf(fid_w,'ZireqT11 Value: real and imaginer part = %f %f\n',RintT1(1)*50,XintT1(1)*50);
fprintf('ZireqT12 Value: real and imaginer part = %f %f\n',RintT1(2)*50,XintT1(2)*50);
fprintf(fid_w,'ZireqT12 Value: real and imaginer part= %f %f\n’',RintT1(2)*50,XintT1(2)*50);

[eor_x,cor_y]=linecirc(AlfaT11,XintT1(1),RCGreq,XCGreq,rgreq)

fprintf("%f\n',cor_x);
fprintf("%f\n',cor_y);

[RintT2,XintT2]=circlint(RCGreq,XCGreq,rgreq,Rct2,Xct2,1t2);

ZireqT21=RintT2(1)+*XintT2(1); % two intersection points on T2 %

ZireqT22=RintT2(2)+1*XintT2(2);
AlfaT21=atan(XintT2(1)/RintT2(1))*180/pi;
AlfaT22=atan(XintT2(2)/RintT2(2))*180/pi;

fprintf('1. Intersection point on T2; RintT2= %f: XintT2= %f\n',RintT2(1),XintT2(1));
fprintf(fid_w,'l. Intersection point on T2; RintT 1= %f: XintT2= %f\n',RintT2(1),XintT2(1));
fprintf{'Line Slope for 1. Intersection point on T2; AlfaT21(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,'ZireqT21 Value: real and imaginer part = %f %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 %fin’,RintT2(2)*50,XintT2(2)*50);

if ~isnan(ZireqT11) & ~isnan(ZireqT12) & ~isnan(ZireqT21) & ~isnan(ZireqT22) % GTreq cuts both T1
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and T2

fprintf("GTreq cuts both T1 and T2\n'");
fprintf(fid_w,'GTreq cuts both T1 and T2\n'");

elseif ~isnan(ZireqT11) & ~isnan(ZireqT12) % GTreq cuts only T1
fprintf('GTreq cuts only T1\n');
fprintf(fid_w,'GTreq cuts only T1\n");

elseif ~isnan(ZireqT21) & ~isnan(ZireqT22) % GTreq cuts only T2
fprintf('GTreq cuts only T2\n");
fprintf(fid_w,'GTreq cuts only T2\n");

else % GTreq does not cut T1 or T2
fprintf('GTreq does not cut T1 or T2\n");
fprintf(fid_w,'GTreq does not cut T1 or T2\n');
InstersectionExist=0;
ZSreq= NaN+i*NaN;
ZLreg= NaN+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(Z)/(2*R22);

ZCSC = conj(ZCS)

Zi3 =ZCSC + rs * exp(i*teta);
Ri3 = real(Zi3);
Xi3 = imag(Zi3);

% Input Stability Circle (ZCINPUT = -RCS - i*XCS; rINPUT=rs) (GTmin Circle) %
ZCINPUT = -RCS - i*XCS;

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

RiS = real(Zi5);

Xi5 = imag(Zi5);

% GT Circles %
GTMAX = 2*C*Q/(abs(Z12)"2);

fork=1:6
y(k) = (k-1)*(GTMAX/5);
S(k) = y(k)*COEFS;
RCG(k) =-(RCS + S(k)) ;
XCG =-XCS;
rg(k) = sqrt(rs™2 + 2*S(k)*RCS + S(k)"2);
ZCG(k) =RCG(k) +i*XCG;
end

ZCG1 =ZCG(1);rgl =rg(1);
ZCG2 = ZCG(2);rg2 =rg(2);
ZCG3 = ZCG(3);rg3 =rg(3);
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ZCG4 =ZCG(4);rgd =rg(4);
ZCGS5 = ZCG(S);rgs = rg(5);
ZCG6 = ZCG(6);rgb = rg(6);

Zi41 = ZCG1 +rgl * exp(i*teta);

Ri41 = real(Zi41);Xi41 = imag(Zi41);
Zi42 = ZCG2 + rg2 * exp(i*teta);

Ri42 = real(Zi42);Xi42 = imag(Zi42);
Zi43 = ZCG3 + rg3 * exp(i*teta);

Ri43 = real(Zi43);Xi43 = imag(Zi43);
Zi44 = 7ZCG4 + rgd * exp(i*teta);

Ri44 = real(Zi44);Xi44 = imag(Zi44);
Zi45 = ZCGS + g5 * exp(i*teta);

Ri45 = real(Zi45);Xi45 = imag(Zi45);
Zi46 = ZCG6 + rgb * exp(i*teta);

Ri46 = real(Zi46);Xi46 = imag(Zi46);

% Conserning Solution %

ZCGmin=ZCINPUT; % rs=rINPUT=rgmin=rgmax and ZCGmin=ZCINPUT=-RCS-iXCS and
ZCGmax=ZCSC=RCS-iXCS %

ZCGmax=ZCSC;

ZCGTM=0; % to draw GTmax for tangential case b) %

fprintf'ZCGmax(%f %f), ZCGmin(%f %f), Zctl(%f %f), Zet2(%f Y%f)\n' real(ZCGmax),imag(ZCGmax),
real(ZCGmin), imag(ZCGmin),Rctl, Xctl, Ret2, Xct2);

fprintf('rs %f, rtl %f, rt2 %f\n',rs,1t1, rt2);

fprintf(fid_w,'ZCGmax(%f %f), ZCGmin(%f %f), Zctl(%f %f), Zct2(%f
%f£)\n',real(ZCGmax),imag(ZCGmax),real(ZCGmin), imag(ZCGmin), Retl, Xctl, Ret2, Xct2);

fprintf(fid_w,'rs %f;, rtl %f, ri2 %f\n',rs,1tl, rt2);

if abs(ZCGmin-Zctl) > (rs+rtl) % Conserning Solution %

% 7?7 esitlik %
fprintf('abs(ZCGmin-Zctl) > (rstrtl): Case a) GT=0 is completely in Region-1; No solution\n");
fprintf(fid_w,'abs(ZCGmin-Zctl) > (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 %

ZS=NaN+i*NaN;
Z1=NaN+i*NaN;

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

% Caluclate empedances on T1 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(ZireqT11,ZireqT12,ZireqT21,ZireqT22,7211,212,721,Z22 Rmod,C,Zopt,teta,Ren, Xen,r
,RCGreq,XCGreq,rgreq,Ret2,Xct2,rt2, Retl, Xetl,rtl Ril Xil,Ri2,Xi2,step_for sample on_circle,switch_for plo
t)
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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("ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n' real(ZireqT11)*50,imag(ZireqT11)*50);
fprinti(fid_w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);

i

1]

% ZLreq value %
ZLreq1=((Z12*Z21)/(Z11-ZireqT11)-222);

% ZLreq value %
fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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)*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) % T1 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("ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22
Value: real and imaginer part = %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);
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% 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)*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) % T1 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("ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22
Value: real and imaginer part = %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z221)/(Z11-ZireqT11)-7Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf("ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf("ZLreq2 Value: real and imaginer part = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);
fprinti(fid_w,'ZLreq2 Value: real and imaginer part = %f %f\n’,real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreql=conj(ZireqT11);
ZSreq2=conj(ZireqT12);

% ZSreq value %

fprintf("ZSreq1 Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf(fid_w,'ZSreql Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf("ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);
fprintf(fid_w,'ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);

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

ZLreq=ZLreql; % print the first one in the intersection %
ZSreq=ZSreql; % print the first one in the intersection %

else
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% 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;
ZLreq= 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 %f %f
%f %f
%f\n',Vireq,FdB,f,GTMAX,real(ZL)"‘50,imag(ZL)*50,rea.l(ZS)*50,imag(ZS)*SO,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+1t1)) & ((rs+rtl) > abs(ZCGmin-Zct1))

fprintf('(abs(ZCGmax-Zctl) > (rs+1tl)) & ((rs+rtl) > abs(ZCGmin-Zct1)): Case b) GTmax is external
tangential to T1\n");

fprintf(fid_w,'(abs(ZCGmax-Zctl) > (rs+1tl)) & ((rstrtl) > abs(ZCGmin-Zctl)): Case b) GTmax is
external tangential to T1\n");

% Case b) GTmax is external tangential to T1 %
% GTMAX value; Case b) GTmax is external tangential to T1 %

if (Vireq == 1) & (Freq = Fmin) % VSWR and Noise match, m=rv=rt1=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-Rct1 *(2*R11*R22-R)-2*Xct1 *XCG*R22)/1t1;
F=Rctl/it1;

GTpayn=C*(Q+E*F-sqrt(((Q+E*F)"2-(1-F/2)*(abs(Z)"2-E"2))));
GTpayda=(abs(Z12)"2*(1-F"2));
GTMC=GTpayn/GTpayda;

end

S=COEFS*GTMC;

RCGmax=-(RCS+8);
XCGmax=-XCS;

ZCGmax = RCGmax + i*XCGmax;
rgmax = sqri(S"2+ 2*S*RCS +15"2);
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% 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 T1 %
% Zi value %
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match, m=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
Zi=conj(Zopt);
else
Zi=(((rgmax/(rt1+rgmax))*Zct1)+((rt1/(rt1+rgmax))*ZCGmax));
end

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(Zi)*50);

% ZL value %
ZL=((Z12*Z221)(Z11-Z1)-Z22);

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);

% ZS values %
Rev=(1+Rmod"2)*real(Zi)/C;
Xcv=-imag(Zi);
Zcv=Rev+H*Xcy;
rv=2*Rmod*real(Zi)/C;

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match, rn=rv=rt1=tr12=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
ZS=Zopt;
else
Z3=(((m/(rn+1v))*Zev)H((rv/(rv+m))*Zen));
end

fprintf("ZS Value: real and imaginer part = %f %f\n',real(ZS)*50,imag(Z8)*50);
Tprintf(fid_w,'ZS Value: real and imaginer part = %f %f\n',real(ZS)*50,imag(ZS)*50);

% MSG value; Case b) GTmax is external tangential to T1 %
MSGndB=2*(abs(Z21))/(abs(Z12))*ita;
MSG=10*logl0(MSGndB); % MSG indB %

fprintf’MSG Value (dB) = %fin',MSG);
%fprintf(fid_w,’MSG Value (dB) = %f\n’,MSG);

% GTMAX value; Case b) GTmax is external tangential to T1 %
GTMAX=10*log1 0(GTMC);
GTMIN=0; % in dB %
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% 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);
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 T1 and T2 intersection points and other points in Region-3
if (InstersectionExist ~= 0) & (Vireq ~= 1) & (Freq ~= Fmin) % go to claculation in Region-3

[ZLreq,ZSreqj=empcal(ZireqT11,ZireqT12,ZireqT21,ZireqT22,711,Z12,721,722 Rmod,C,Zopt,teta,Recn,Xcn,rm
,RCGreq,XCGreq,rgreq,Ret2,Xct2,rt2,Ret1,Xetl rt1 Ril Xil,Ri2,Xi2 step for sample on_circle,switch_for plo

t)

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('ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part

%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);
fprintf(fid w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part

%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);

i

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);

% Zlreq value %
fprintf("ZLreql Value: real and imaginer part = %f %f\n'real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);

% ZSreq value %
Z8req=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);
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ZLreq=ZLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % T1 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("'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZnequZ-ereqTZZ
Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreq1=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-7Z22);

% ZLreq value %

fprintf("ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n’,real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
Z8req=Zopt;

% ZSreq value %
fprintf('ZSreq Value: real and imaginer part = %f %f\n',real(ZSreq)*50,imag(ZSreq)*50);
Tprintf(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
felose(fid_w);

ZLreq=ZLreql; % print the first one in the intersection %
elseif (InstersectionExist ~= 0) & (Vireq==1) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT 11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf{fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZuequZ‘ereqT22
Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLlreql=((Z12*Z21)/(Z11-ZireqT11)-722);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);
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% ZLreq value %

fprintf('ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreq] Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreql=conj(ZireqT11),
ZSreq2=conj(ZireqT12);

% ZSreq value %

fprintf('ZSreq1 Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf(fid_w,'ZSreql Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf('ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);
fprintf(fid_w,'ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);

% fid_w will be open in empcal.m
felose(fid_w);

ZLreq=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);

ZSreq= NaN+i*NaN;
ZLreq=NaN+i*NaN;

end;

forintf(fid w g'%f  %f  %f  %f  %f %
%f\n', ;GTMAX, GTMIN, real(ZL)*50,imag(ZL)*50,real(ZS)*50,imag(ZS)*50); %

forintf(fid w g%  %f  %f  %f  %f % %f % %  %f
% %

%f\n',Vireq,FdB,f,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(Zct1-ZCGmax) > (rs+rtl)) & (abs(rs-rtl) > abs(Zct1-ZCGmin))

fprintf('(abs(ZCGmax-Zctl) > (rs+rtl)) & ((rs+rtl) > abs(ZCGmin-Zctl)): Case b) GTmax is internal

tangential to T1\n");
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fprintf(fid_w,'(abs(ZCGmax-Zctl) > (rstrtl)) & ((rstrtl) > abs(ZCGmin-Zctl)): Case b)
GTmax is internal tangential to T1\n");

% Case b) GTmax is internal tangential to T1 %
% GTMAX value; Case b) GTmax is internal tangential to T1 %

if (Vireq == 1) & (Freq = Fmin) % VSWR and Noise match, m=rv=rt1=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-Rct1*(2*R11*R22-R)-2*Xct1 *XCG*R22)/rt1;
F=Rctl/rt1;

GTpayn=C*(Q+E*F-sqrt(((Q+E*F)"2-(1-F"2)*(abs(Z)"2-E"2))));
GTpayda=(abs(Z12)"2*(1-F"2));

GTMCn=GTpayn/GTpayda;
GTpayp=C*(Q+E*F+sqri(((Q+E*F)"2-(1-F2)*(abs(Z)"2-E"2))));
GTpayda=(abs(Z12)"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 %
ifGTmC <0
GT_Negative=1;
GTmC=abs(GTmC);
end
end

S=COEFS*GTMC;

RCGmax=-(RCS+S);
XCGmax=-XCS;

ZCGmax = RCGmax + i*XCGmax;
rgmax = sqrt(8"2+ 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 T1 %
% Zi value %
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match, m=rv=rtl=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
Zi=conj(Zopt);
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else

Zi=(((rgmax/(rt1+rgmax))*Zct1 +((rtl/(rt1 +rgmax))*ZCGmax));
end

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(Zi)*50);

% ZL value %
ZL~((Z12*Z21)/(Z11-Zi)-Z22);

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);

% ZS values %
Rev=(1+Rmod"2)*real(Zi)/C;
Xev=-imag(Zi);
Zcev=Rev+i*Xcev;
rv=2*Rmod*real(Zi)/C;

if (Vireq = 1) & (Freq = Fmin) % VSWR and Noise match, rn=rv=rt1=tr2=0,Zs=Zopt=Zcn,Rmod=0

Zi=conj(Zopt), Zcv=conj(Zi)

%
%
%

ZS=Zopt;
else
ZS=(((ro/(rntrv))*Zev)H(rv/(rv+m))*Zen));
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(ZS)*50,imag(ZS)*50);

% MSG value; Case b) GTmax is internal tangential to T1 %
MSGndB=2*(abs(Z21))/(abs(Z12))*ita;
MSG=10*log10(MSGndB); % MSG in dB %

fprintf’MSG Value (dB) = %fin',MSG);
%fprintf(fid w,"MSG Value (dB) = %f\n’,MSG);

% GTMAX value; Case b) GTmax is internal tangential to T1 %
GTMAX=10*log10(GTMC);
if GT Negative==1 % Negative GT %
GTMIN=-10*10og10(GTmC);
else
GTMIN=10*1og10(GTmC);
end

ifGTMAX >MSG % MSG is maximum stable gain %
GTMAX=MSG;
end;

fprintflGTMAX Value (dB) = %fn',GTMAX);
fprintf(fid_w,GTMAX Value (dB) = %f\n’,GTMAX);
fprintf’GTMIN Value (dB) = %f\n’,GTMIN);
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fprintf(fid_ w,'GTMIN  Value (dB) =  %f\n',GTMIN);

% Define values to plot 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 T1 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(ZireqT11,ZireqT12,ZireqT21,ZireqT22,211,7212,721,722 Rmod,C,Zopt,teta,Rcn, Xen,tn
,RCGreq,XCGreq,rgreq,Ret2,Xct2,rt2,Retl, Xctl rt1 Ril Xil,Ri2,Xi2 step_for sample on_circle,switch_for plo

t)

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('ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part

%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);
fprintf(fid_w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part

%f\n'real(ZireqT11)*50,imag(ZireqT11)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);

% ZLreq value %

fprintf("ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreq] Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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)*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) % T1 and T1 identical, Zs=Zopt

% open fid_w for append



234
fid_w = fopen('out_int.txt\'at+"); % write outputto afile %

% Zi value %
fprintf('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ereqT12—ereqT22
Value: real and imaginer part %f
%f\n',real(ZireqT 11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-722);

% ZLreq value %

fprintf("ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf{(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*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)*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) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ereqTIZ—ereqTZZ
Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*721)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf("ZLreq] Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);
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% ZSreq value %
ZSreql=conj(ZireqT11);
Z8req2=conj(ZireqT12);

% ZSreq value %

fprintf('ZSreql Value: real and imaginer part = %f %f\n’,real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf(fid_w,'ZSreql Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf('ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);
fprintf(fid_w,'ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);

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

ZLreq=ZLreql; % print the first one in the intersection %
ZSreq=ZSreql; % print the first one in the intersection %

clse

% 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;
ZLreq= NaN+i*NaN;

end;

fprintf(fid_w_g,'%f %t % %f % %f
%f\n', £, GTMAX,GTMIN, real (ZL)*50,imag(ZL)*50,real(ZS)* 50,imag(ZS)*50); %

fprintf(fid_w_g,'%f %t % %f % %f  %f % % %f
% %

%f\n',Vireq,FdB,f,GTMAX real(ZL)*50,imag(ZL)*50,real(ZS)*50,imag(ZS)*50,GTDBreg,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+1t2)) & ((rs+rtl) > abs(ZCGmax-Zctl)): Case ¢) T1 cuts CSSCn'");
fprintf(fid_w,'(abs(ZCGmax-Zct2) > (rs+rt2)) & ((rs+rtl) > abs(ZCGmax-Zctl)): Case ¢) T1 cuts CSSCn');

% Casec) T1 cuts CSSC %
% GTMAX value; Case ¢) T1 cuts CSSC %
GTMC = 2*C*Q/(abs(Z12)"2);

Zm=abs(ZCSC)"2-1s"2;
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% Zi in intersection of CSSC-T1 points %
A=(RCS-Rctl)/(Xct1+XCS);
B=(abs(Zopt)"2-Zm)/(2*(Xct1+XCS));
K=(Rctl-A*B+A*Xct1)/(1+A"2);
D=(abs(Zopt)"2+B"2-2*B*Xct1)/(1+A"2);
Ri 1=K+sqrt(K"2-D);
Ri_2=K-sqrt(K"2-D);
Xi_1=A*Ri_1+B;

Xi_2=A*Ri_2+B;

% Load and Source impedance calculation; Case ¢) T1 cuts CSSC %
% Zi values %

Zi 1=Ri_1+i*Xi 1;

Zi_2=Ri_2+i*Xi_2;

Zi=7i _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(Zi_1)*50);
fprintf('Zi_2 Value: real and imaginer part = %f %f\n',real(Zi_2)*50,imag(Zi_2)*50);
fprintf(fid_w,'Zi_2 Value: real and imaginer part = %f %f\n',real(Zi_2)*50,imag(Zi_2)*50);

% ZL values %
ZL_1=((Z12*721)/(Z11-Zi_1)-Z22);
ZL 2=((Z12*721)/(Z11-Zi_2)-722);

Z1~=7L_1; % take just one %

fprintf('Z1._1 Value: real and imaginer part = %f %f\n',real(ZL_1)*50,imag(ZL_1)*50);
fprintf(fid_w,'ZL_1 Value: real and imaginer part = %f %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);

% ZS values %
Rev=(1+Rmod"2)*real(Zi_1)/C;
Xcv=-imag(Zi_1);
Zev=Rev+i*Xcv;
rv=2*Rmod*real(Zi_1)/C;

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match, m=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
ZS _1=Zopt;
else
Z8_1=(((rn/(rortrv))*Zev)H{((rv/(rv+rm))*Zen));
end

Rev=(1+Rmod"2)*real(Zi_2)/C;
Xcv=-imag(Zi_2);
Zcv=Rev+i*Xcv;
rv=2*Rmod*real(Zi_2)/C;

if (Vireq = 1) & (Freq = Fmin) % VSWR and Noise match, m=rv=rt1=t:2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
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ZS_2=Zopt;
else
Z8 2=(((rn/(rn+rv))*Zev)H(rv/(rv+m))*Zcn));
end

ZS=Z8_1; % take just one %

fprintf('ZS_1 Value: real and imaginer part = %f %f\n',real(ZS_1)*50,imag(ZS_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(ZS_2)*50,imag(ZS_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 c) T1 cuts CSSC (Rmod=0--> C=1) %
MSGndB=2*(abs(Z21))/(abs(Z12))*ita;
MSG=10*logl0(MSGndB); % MSG in dB %

fprintf(MSG Value (dB) = %f\n', MSG);
%fprintf(fid_w,”MSG Value (dB) = %f\n’, MSG);

% GTMAX value; Case c¢) T1 cuts CSSC %
GTMAX=10*1og1 0(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);
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 T1 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(ZireqT11,ZireqT12,ZireqT21,ZireqT22,711,712,721,722 Rmod,C,Zopt teta,Rcn, Xcn,rn
,RCGreq,XCGreq,rgreq,Ret2,Xct2,rt2,Retl Xetl,rt1,Ril, Xil,Ri2, Xi2, step_for sample on_circle,switch_for_plo
t)

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 %
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% Zi value %
fprintf('ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part

%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);
fprintf(fid_w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part

%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22),

% ZLreq value %
fprintf("ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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)*50,imag(ZSreq)*50);

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

ZLreq=ZlLreql; % print the first one in the intersection %

elseif (InstersectionExist ~= 0) & (Freq == Fmin) % T1 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("ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22
Value: real and imaginer part = %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf("ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreq=Zopt;

% ZSreq value %
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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) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22
Value: real and imaginer part = %f
%f\n' real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprinti("ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreql=conj(ZireqT11);
ZSreq2=conj(ZireqT12);

% ZSreq value %

fprintf('ZSreql Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf(fid_w,'ZSreq] Value: real and imaginer part = %f %f\n’,real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf('ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);
fprintf(fid_w,'ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);

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

ZLreq=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");
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% fid_w will be open in empcal.m
fclose(fid_w);

ZSreq= NaN+i*NaN;
ZLreq= 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
%f %f
%f\n',Vireq,FdB,f,GTMAX real(ZL)*50,imag(ZL)*50,real(ZS)*50,imag(ZS)*5 0,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)

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)"2);

Zm=abs(ZCSC)"2-1s"2;

% Zi in intersection of CSSC-T2 points %
A=(RCS-Rct2)/(Xct2+XCS);
B=(abs(Zopt)"2-Zm)/(2*(Xct2+XC8));
K=(Ret2-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 %fn'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 %
% Zi values %

Zi 1=Ri_1+*Xi_1;

Zi 2=Ri 2+i*Xi 2;

Zi=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(Zi_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);
fprintf(fid_w,'Zi_2 Value: real and imaginer part = %f %f\n',real(Zi_2)*50,imag(Zi_2)*50);

% ZL values %
ZL 1=((Z12*Z21)/(Z11-Zi_1)-Z22);
ZL 2=((Z12*Z21)/(Z11-Zi_2)-Z22);

ZL=ZL _2; % take just one %

fprintf("ZL_1 Value: real and imaginer part = %f %f\n',;real(ZL,_1)*50,imag(ZL_1)*50);
fprintf(fid_w,'ZL_1 Value: real and imaginer part = %f %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);

% ZS values %
Rev=(1+Rmod"2)*real(Zi 1)/C;
Xcv=-imag(Zi_1);
Zcv=Rev+i*Xcev;
rv=2*Rmod*real(Zi_1)/C;

if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match, m=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0

Zi=conj(Zopt), Zcv=conj(Zi)
ZS_1=Zopt;
else
ZS_1=(((rn/(rn+rv))*Zev)+((rv/(rv+im))*Zcn));

end

Rev=(1+Rmod"2)*real(Zi 2)/C;
Xcv=-imag(Zi_2);,
Zev=Rev+i*Xcev;
rv=2*Rmod*real(Zi_2)/C;
if (Vireq == 1) & (Freq == Fmin) % VSWR and Noise match, rm=rv=rt1=tr2=0, Zs=Zopt=Zcn,Rmod=0
Zi=conj(Zopt), Zcv=conj(Zi)
ZS_2=7opt;
else
Z8_2=(((en/(rtrv))*Zev)H(rv/(rv+m))*Zen));
end

ZS=ZS_2; % take just one %

fprintf("ZS 1 Value: real and imaginer part = %f %f\n',real(ZS_1)*50,imag(ZS_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(ZS_2)*50,imag(ZS_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(Z12))*ita;
MSG=10*ogt0(MSGndB); % MSG indB %

fprintf’MSG Value (dB) = %f\n’,MSG);
%fprintf(fid_w,’MSG Value (dB) = %f\n’,MSG);

% GTMAX value; Case d) T2 cuts CSSC %
GTMAX=10*1og10(GTMC);
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GTMIN=0; % in dB %

% if GTMAX >MSG % MSG is maximum stable gain %
% GTMAX=MSG;
% end;

fprintf'GTMAX Value (dB) = %f\n',GTMAX);
forintf(fid w,'GTMAX Value (dB) = %f\n’, GTMAX);
fprintf'GTMIN Value (dB) = %f\n',GTMIN);
fprintf(fid_w,'GTMIN Value (dB) = %fin',GTMIN);

% Define values to plot ~GTmax %
x_f(counts)=f;
y_gtmax(counts)=GTMAX;
y_streq(counts)=GTDBreq;
z_gtmin(counts)=GTMIN;

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

% Caluclate empedances on T1 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(ZireqT11,ZireqT12,ZireqT21,ZireqT22,711,Z12,721,7Z22 Rmod,C,Zopt,teta,Rcn, Xcn,rn
,RCGreq,XCGreq,rgreq,Rct2,Xct2,rt12, Retl Xetl,rt1 Ril, Xil,Ri2, Xi2, step_for_sample_on_circle,switch_for_plo
t)

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('ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n' real(ZireqT11)*50,imag(ZireqT11)*50);
fprintf(fid_w,'ZireqT11=ZireqT12=ZireqT21=ZireqT22= Value: real and imaginer part
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50);

% Zlreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-7Z22);

% ZLreq value %
fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreql)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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)*50,imag(ZSreq)*50);
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% fid_w will be open in empcal.m
felose(fid_w);

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

elseif (InstersectionExist ~= 0) & (Freq ==Fmin) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, Zuequ2—Z1reqT22
Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf{'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*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)*50,imag(ZSreq)*50);

% fid_w will be open in empcal.m
felose(fid_w);

ZLreq=ZLreql; % print the first one in the intersection %
elseif (InstersectionExist ~= 0) & (Vireq == 1) % T1 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('ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZireqT12=ZireqT22 Value: real
and imaginer part = %f %f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);
fprintf(fid_w,'ZireqT11=ZireqT21 Value: real and imaginer part = %f %f, ZuequZ—ZxreqT22
Value: real and imaginer part %f
%f\n',real(ZireqT11)*50,imag(ZireqT11)*50,real(ZireqT12)*50,imag(ZireqT12)*50);

% ZLreq value %
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ZLreql=((Z12*Z21)/(Z11-ZireqT11)-Z22);
ZLreq2=((Z12*Z21)/(Z11-ZireqT12)-Z22);

% ZLreq value %

fprintf('ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w,'ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*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 = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value %
ZSreql=conj(ZireqT11);
ZSreq2=conj(ZireqT12);

% ZSreq value %

fprintf("ZSreql Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf(fid_w,'ZSreq1 Value: real and imaginer part = %f %f\n',real(ZSreq1)*50,imag(ZSreq1)*50);
fprintf("ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);
fprintf(fid_w,'ZSreq2 Value: real and imaginer part = %f %f\n',real(ZSreq2)*50,imag(ZSreq2)*50);

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

ZLreq=ZLreql; % print the first one in the intersection %
Z8req=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
felose(fid_w);

ZSreq= NaN+i*NaN;
ZLreq= 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); %
forintf(fid w_g,'%f %f %f %f %f %f %f %f %f %f
%f %f
%f\n',Vireq,FdB,f,GTMAX real(ZL)*50,imag(Z1)*50,real(ZS)*50,imag(ZS)*50,GTDBreg,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 %

else

LC VURSEKOGREY it KURDLG
DOKIMARTAZYOK HEPFIZH
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fprintf(Not defined\n");
fprintf(fid_w, Not defined\n");

end; % Conserning Solution %

ifZCGTM =0
% Drawing Circles % % Ri41 --> GTmin, so not drawn %
if switch_for_plot =1

figure,plot(RCGTreq,XCGTreq, k-, Ri1,Xil,'m-',Ri2,Xi2,'m-.",Ri5,Xi5,'g-Ri3,Xi3,'c-
' Ri42,Xi42,r:' Ri43,Xi43,'r:" Ri44,Xi44,'r:' Ri45,Xi45,T:)
axis([-11-11])
title("Zi-Plane)
xlabel(‘real {Zi}"),ylabel('imag{Zi}"),grid
gtext('GTreq),gtext('T1"),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 % % Ri41 --> GTmin, so not drawn %
if switch_for_plot =1
ﬁgure,plot(RCGTreq,XCGTreq,'k—’,Ril,Xil,'m-',RiZ,XiZ,'m-.’,RCGTM,XCGTM,'b-',RiS,Xi5,'g-
' Ri3,Xi3,'c- Ri42,Xi42,'r:',Ri43,Xi43,'r: ,Ri44,Xi44,'r:' Ri45,Xi45,'r.)
axis([-11-11])
title('Zi-Plane')
xlabel('real {Zi}"),ylabel('imag{Zi}"),grid
gtext('GTreq"),gtext(‘T1'),gtext('T2'),gtext(GTmax"),gtext(ISC=GTmin'),gtext('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,R22ita);
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_gtreq=%f\n'x_fiy_gtmax,y_gtreq);
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if switch_for_plot =1

figure,plot(x_f;y_gtmax,'g-',x_fiy_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 %
felose(fid_r_s);
fclose(fid_r_n);
fclose(fid_r_p);
felose(fid_w);
fclose(fid_w_g);

% End of drawing Circles */

function

[ZLreq,ZSreq]=empcal(ZireqT11,ZireqT12,ZireqT21,ZireqT22,Z11,212,721,7Z22 Rmod,C,Zopt,teta,Rcn, Xcn,rn
,RCGreq,XCGreq,rgreq,Rct2,Xct2,rt2,Retl, Xetl,rt1,Ril Xil,Ri2 Xi2,step for _sample_on_circle,switch_for plo
t)

%/*****************’lﬂk#******************#*************#*********/

%/* */
%/* File: empcal.m */
%o/* */
%/* Compiler: Matlab v5.0 */
%/* */
%/* Description:Caluclate empedances on T1 and T2 */
%/* intersection points and other points */
%/* in Region-3 */
Yol* */
%/* Created: Cemal Tepe 1999 Ph.D. Thesis */
%o/* */
%/* Version: 1.0 */
%/* */
%/* Notes: */
%/* Zireql --> ZLreql,Zs11,Z512,ZsViF11,ZsViF12 */
%/* Zireq2 --> ZLreq2,7Zs21,7522,7sViF21,ZsViF22 */
%/* */
%/* ZLreq and ZSreq is one of the selection in calculated */

%/* empedances */
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%/* */
O /EH R A KRR R AR AR RO A R R AR IR RO AR Kk

%

%

%

fid w_int = fopen('out_int.txt','at+'); % append intersections to a file %
fid w_oth = fopen('out_oth.txt','at+'); % append other points to a file %

9% Caluclate empedances on T1 and T2 intersection points and other points in Region-3
if ~isnan(ZireqT11) & ~isnan(ZireqT12) & ~isnan(ZireqT21) & ~isnan(ZireqT22)

% T1 Intersection
Zireql=ZireqT11;
Zireq2=ZireqT12;

fprintf{'T1 Intersection:\n’);
fprintf(fid_w_int,T1 Intersection:\n");

fprintf('Zireq1 Value: real and imaginer part = %f %f\n',real(Zireq1)*50,imag(Zireq1)*50);
fprintf(fid w_int,'Zireql Value: real and imaginer part=%f %f\n',real(Zireq1)*50,imag(Zireql)*50);
fprintf('Zireq2 Value: real and imaginer part = %f %f\n',real(Zireq2)*50,imag(Zireq2)*50);
fprintf(fid_w_int,'Zireq2 Value: real and imaginer part = %f %f\n' real(Zireq2)*50,imag(Zireq2)*50);

[ZLreql,ZLreq2,Zs11,Zs12,ZsViF11,ZsViF12,Zs21 ,Zs22,7sViF21,ZsViF22 Revl, Xcevl rvl,Rev2, Xev2,rv2]=e
mpcali(Zireql,Zireq2,211,712,721,722,Rmod,C ,Zopt,teta,Rcn,Xcn,rn,switch_for_plot)

% ZLreq value %
fprintf(ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w_int,'"ZLreql Value: real and imaginer part = %f

%f\n' real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf('ZLreq2 Value: real and imaginer part = %f %f\n',real(ZLreq2)*50, imag(ZLreq2)*50);
fprintf(fid_w_int,'ZLreq2 Value: real and imaginer part = %f
%f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value by formulas

fprintf('ZSreq11 Value: real and imaginer part = %f %f\n',real(Zs11)*50,imag(Zs1 1)*50);
fprintf(fid_w_int,'ZSreq11 Value: real and imaginer part = %f %f\n',real(Zsl 1)*50,imag(Zs11)*50);
fprintf('ZSreq12 Value: real and imaginer part = %f %f\n',real(Zs12)*50,imag(Zs12)*50);
fprintf(fid_w_int,'ZSreq12 Value: real and imaginer part = %f %f\n',real(Zs12)*50,imag(Zs12)*50);

fprintf("ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf(fid w_int,'ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf("ZSreq22 Value: real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);
fprintf(fid_w_int,'’ZSreq22 Value: real and imaginer part = %f %f\n' real(Zs22)*50,imag(Zs22)*50);

% % ZSreq value by circle Intersection of Vi-F

% if ~isnan(ZsViF11) & ~isnan(ZsViF12) & ~isnan(ZsViF21) & ~isnan(ZsViF22)

%

% fprintf('Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Reo= %f, Xcn= %f, m=
%f\n',Rev1,Xcvl,rvl,Ren, Xcn,rn);
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% fprintf(fid_w_int,'Vi-F: Revl=  %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, =
%f\n',Revl, Xcvl rvl Ren, Xcn,rn);

% fprintf("'i. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid w_int,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf('2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%fM\n' real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid_w_int,"2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

%

% fprintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n",Rcv2,Xcv2,rv2,Ren, Xcen,rn);

% fprintf(fid_w_int,'Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2, Xev2,rv2,Ren, Xcn,m);

% fprintf(’1. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_ w_int,'1. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf('2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_int,"2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%

% elseif ~isnan(ZsViF11) & ~isnan(ZsViF12)

%

% fprintf('"Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rcv], Xcvl,rvl,Ren, Xen,m);

% fprintf(fid w_int,'Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xevl,rvl,Ren, Xcn,m);

% fprintf("1. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid w_int,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n' real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf("2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid_w_int,'2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%fM\n',real(ZsViF12)*50,imag(ZsViF12)*50);

%

% elseif ~isnan(ZsViF21) & ~isnan(ZsViF22)

%

% fprintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xen= %f, m=
%f\n',Rev2, Xcv2,rv2,Ren, Xcn,mn);

% fprintf(fid_w_int,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2, Xev2,rv2,Ren, Xen,rn);

% forintf("l. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50),

% fprintf(fid_w_int,'1. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_int,2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%

% else

% forintf("Vi-F: Revl= %f, Xcvl= %f, rvi= %f, Ren= %f, Xen= %f, m=
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%f\n',Revl, Xevl,rvl,Ren, Xen,rn);

% fprintf(fid_w_int,"Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n",Revl,Xcvl,rvl,Ren, Xen,rn);
% fprintf("Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xcen,m);
% fprintf(fid_w_int,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rev2,Xev2,rv2,Ren, Xen,m);
% fprintf('No intersection on Vi-F; ZSreq11,ZSreql12,ZSreq21,ZSreq22= NaN\n");
% fprintf(fid_w_int,No intersection on Vi-F; ZSreq11,ZSreq12,ZSreq21,ZSreq22= NaN\n');
% end

% T2 Intersection

Zireq1=ZireqT21;
Zireq2=ZireqT22;

fprintf("T2 Intersection:\n');
fprintf(fid_w_int,"T2 Intersection:\n");

fprintf("Zireq1 Value: real and imaginer part = %f %f\n',real(Zireq1)*50,imag(Zireq1)*50);
fprintf(fid_w_int,'Zireql Value: real and imaginer part = %f %f\n',real(Zireq1)*50,imag(Zireq1)*50);
fprintf('Zireq2 Value: real and imaginer part = %f %f\n',real(Zireq2)*50,imag(Zireq2)*50);
fprintf(fid_w_int,'Zireq2 Value: real and imaginer part = %f %f\n',real(Zireq2)*50,imag(Zireq2)*50);

[Z1.reql,ZLreq2,Zs11,Zs12,ZsViF11,ZsViF12,7521,7522,75ViF21,ZsViF22 Revl, Xcvl,rvl ,Rev2 Xev
2,rv2]=empcali(Zireql,Zireq2,Z211,212,721,7222 Rmod,C,Zopt,teta,Rcn, Xcn,rn,switch_for_plot)

% ZLreq value %
fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w_int,"ZLreql Value: real and imaginer part = %f

%f\n’,real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf("ZLreq2 Value: real and imaginer part = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);
fprintf(fid_w_int,'ZLreq2 Value: real and imaginer part = %f
%f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value by formulas

forintf("ZSreq11 Value: real and imaginer part = %f %f\n',real(Zs11)*50,imag(Zs11)*50);
fprintf(fid_w_int,'ZSreq11 Value: real and imaginer part = %f %f\n',real(Zs11)*50,imag(Zs11)*50);
fprintf("ZSreq12 Value: real and imaginer part = %f %f\n’,real(Zs12)*50,imag(Zs12)*50);
fprintf(fid_w_int,'ZSreq12 Value: real and imaginer part = %f %f\n',real(Zs12)*50,imag(Zs12)*50);

fprintf("ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf{fid_w_int,'’ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf("ZSreq22 Value: real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);
fprintf(fid_w_int,'ZSreq22 Value: real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);

% % ZSreq value by circle Intersection of Vi-F
% if ~isnan(ZsViF11) & ~isnan(ZsViF12) & ~isnan(ZsViF21) & ~isnan(ZsViF22)
%

% fprintf('Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren, Xen,m);
% fprintf(fid_w_int,'Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=

%f\n',Rcv], Xcvl,rvl,Ren,Xen,m);
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% fprintf("'1. Intersection point on Vi-F;  ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid_w_int,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50); )

% fprintf('2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n' real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid_w_int,"2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

%

% fprintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xcn,rn);

% fprintf(fid_w_int,"Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rcv2,Xcv2,rv2, Ren, Xcen,rn);

% fprintf('l. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_w_int,'1. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_int,"2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%

% elseif ~isnan(ZsViF11) & ~isnan(ZsViF12)

%

% forintf('Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xen= %f, m=
%f\n',Revl, Xevl,rvl, Ren, Xen,m);

% fprintf(fid_w_int,'Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n’,Revl, Xcevl, rvl,Ren,Xcen,r);

% fprintf('l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid_w_int,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf('2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid_w_int,"2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n' real(ZsViF12)*50,imag(ZsViF12)*50);

%

% elseif ~isnan(ZsViF21) & ~isnan(ZsViF22)

%

% fprintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2, Xcev2,rv2, Ren, Xcn,rn);

% fprintf(fid_w_int,'Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xen,m);

% fprintf('l. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_w_int,'l, Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf('2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_int,'”2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%

% else

% fprintf("Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=

%f\n',Revl Xevl,rvl,Ren, Xen,m);
% fprintf(fid_w_int,'Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
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%fM\n',Revl Xevl,rvl Ren,Xen,m);

% forintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f Xen= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xen,m);

% fprintf(fid_w_int,"Vi-F: Recv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2, Xev2,rv2,Ren, Xen,m);

% fprintf('No intersection on Vi-F; ZSreq11,ZSreq12,ZSreq21,ZSreq22= NaN\n');

% fprintf(fid_w_int,No intersection on Vi-F; ZSreq11,ZSreq12,ZSreq21,ZSreq22= NaN\n");

% end

Zlreq=ZLreql; % print the first one in the intersection %
ZSreq=Zs11; % print the first one in the intersection %

% Calculation of many points of Zi in Region-3

% GTreq cuts T1 and T2; take T1 as starting point and decrease test circle (rt1_step) untill it cuts T2 or
it becomes tangent to GTreq

rtl_step=rtl;

fprintf('Calculation of many other points of Zi in Region-3; GTreq cuts T1 and T2\n");
fprintf(fid_w_oth,'Calculation of many other points of Zi in Region-3; GTreq cuts T1 and T2\n");

loop_count=0;
while 1 =1 % loop infinity

rtl_step=rtl_step-step_for_sample on_circle;

[RintR, XintR]}=circlint(RCGreq,XCGregq,rgreq,Rctl, Xctl rtl_step);
ZiregR1=RintR(1)+i*XintR(1);

ZireqR2=RintR(2)+i*XintR(2);

[RintTest, XintTest]=circlint(Ret2,Xct2,rt2, Rctl, Xctl,rtl_step);
ZireqTest1=RintTest(1)+i*XintTest(1);
ZireqTest2=RintTest(2)+i*XintTest(2);

if (ZiregqRl = ZireqR2) | (isnan(ZireqRl) & isnan(ZireqR2)) | (~isnan(ZireqTestl) &
~isnan(ZireqTest2)) break; end % tangent case or no intersection

loop_count=loop_count+2;

fprintf('Zireq%d Value: real and imaginer part =  %f %f\n',loop_count-1,real(ZireqR1)*50,
imag(ZireqR1)*50);

fprintf(fid_w_oth,'Zireq%d Value: real and imaginer part = %f %f\n',loop_count-
1,real(ZireqR1)*50, imag(ZireqR1)*50);
fprintf('Zireq%d Value: real and imaginer part = %f %f\n'loop_count,real(ZireqgR2)*50,
imag(ZireqR2)*50);

fprintf(fid_w_oth,'Zireq%d Value: real and imaginer part = %f %f\n’loop_count,real(ZireqR2)*50,
imag(ZireqR2)*50);

% Test Circle %

%ZCTest=Retl+i*Xctl

%ZCZTest= ZCTest+rtl_step*exp(i*teta);
%RCZTest=real(ZCZTest);
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%XCZTest=imag(ZCZTest);

if switch_for plot==1
%figure,plot(RCGTreq,XCGTreq,k-",Ril,Xil,'m-",Ri2,Xi2,'m-.', RCZTest, XCZTest,b-")
%axis([-1 1-32])
%title('Zi-Plane (test)")
Y%xlabel('real {Zi}"),ylabel('imag{Zi}"),grid
Y%gtext('GTreq"),gtext('T1"),gtext('T2"), gtext("Test")
end
% call empcali
Zireql=ZireqR1;
Zireq2=ZireqR2;

[ZLreql,ZLreq2,Zs11,7Zs12,ZsViF11,ZsViF12,2s21,7522,7sViF21,ZsViF22 Rcvl Xcvl,rvl Rev2, Xev2 rv2]=e
mpcali(Zireql,Zireq2,7211,212,721,722 Rmod,C,Zopt,teta,Ren, Xcn,rn,switch_for plot)

% ZLreq value %
fprintf' ZLreq! Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w_oth,' 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_oth,' Zlreq2 Value: real and imaginer part = %f
%f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value by formulas
fprintf(" ZSreql1 Value: real and imaginer part = %f %f\n',real(Zs11)*50,imag(Zs11)*50);
rintf(fid_ w_o req ue: re and imaginer part = o
fprintf(fid th, ZSreqll Val al d imagi %f

%f\n',real(Zs11)*50,imag(Zs11)*50);
fprintf(" ZSreq12 Value: real and imaginer part = %f %f\n’,real(Zs12)*50,imag(Zs12)*50);
fprintf(fid_w_oth,’ ZSreql2 Value: real and imaginer part = %f
%f\n',real(Zs12)*50,imag(Zs12)*50);

fprintf(" ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf(fid_w_oth,’ ZSreq21 Value: real and imaginer part = %f
%f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf(" ZSreq22 Value: real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);
fprintf(fid_w_oth,' ZSreq22 Value: real and imaginer part = %f
%f\n',real(Zs22)*50,imag(Zs22)*50);

% % ZSreq value by circle Intersection of Vi-F

% if ~isnan(ZsViF11) & ~isnan(ZsViF12) & ~isnan(ZsViF21) & ~isnan(ZsViF22)

%

% fprintf('Vi-F: Revi= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Rcvl, Xcvl,rvl,Ren,Xcn,m);

% fprintf(fid_w_oth,'Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren, Xen,rn);

% fprintf('l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n' real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf("2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f

%f\n' real(ZsViF12)*50,imag(ZsViF12)*50);
% fprintf(fid_w_oth,2, Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
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%f\n' real(ZsViF12)*50,imag(ZsViF12)*50);

%

% fprintf("Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rcv2,Xcv2,rv2,Ren, Xcn,m);

% fprintf(fid_w_oth,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xen,rn);

% fprintf("1. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_oth,2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%

% elseif ~isnan(ZsViF11) & ~isnan(ZsViF12)

%

% fprintf('"Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, o=
%f\n',Revl, Xcvl,rvl,Ren, Xen,rn);

% fprintf(fid w_oth,'Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren, Xen,tm);

% fprintf(’1. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf("2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid_w_oth,2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n' real(ZsViF12)*50,imag(ZsViF12)*50);

%

% elseif ~isnan(ZsViF21) & ~isnan(ZsViF22)

%

% fprintf("Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n’,Rev2, Xcev2,rv2,Ren, Xcn,m);

% fprintf(fid w_oth,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xen,rn);

% fprintf("1. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_oth,"2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%

% else

% forintf('"Vi-F: Revli= %f, Xcvl= %f, tvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Rcvl, Xcvl,rvl,Ren, Xcn,rn);

% fprintf(fid_w_oth,"Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xcvl rvl,Ren, Xcn,rm);

% forintf("Vi-F: Rev2= %f, Xcv2= %f, 1v2= %f, Rceo= %f, Xcn= %f, m=
%f\n',Rev2, Xcv2,rv2,Ren, Xcn,m);

% fprintf(fid_w_oth,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcen= %f, m=
%f\n',Rev2, Xev2,rv2 Ren, Xen,m);

% fprintf{'No intersection on Vi-F; ZSreq11,ZSreq12,ZSreq21,ZSreq22= NaN\n");

% fprintf(fid_w_oth,'No intersection on Vi-F; ZSreq11,ZSreq12,ZSreq21,ZSreq22= NaN\n");
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% end

end

elseif ~isnan(ZireqT11) & ~isnan(ZireqT12)

% T1 Intersection
Zireql=ZireqT11;
Zireq2=ZireqT12;

fprintf('T1 Intersection:\n');
fprintf(fid_w_int,'T1 Intersection:\n");

fprintf('Zireql Value: real and imaginer part = %f %f\n',real(Zireq1)*50,imag(Zireq1)*50);
fprintf(fid_w_int,'Zireql Value: real and imaginer part = %f %f\n',real(Zireq1)*50,imag(Zireq1)*50);
fprintf('Zireq2 Value: real and imaginer part = %f %f\n',real(Zireq2)*50,imag(Zireq2)*50);
fprintf(fid_w_int,'Zireq2 Value: real and imaginer part = %f %f\n',real(Zireq2)*50,imag(Zireq2)*50);

{ZLreql,ZLreq2,Zs11,Z512,ZsViF11,ZsViF12,7s21,Z522,7sViF21,ZsViF22 Rcvl Xcvl rvl,Rev2 Xcv
2,rv2}=empcali(Zireql,Zireq2,Z211,212,721,722 Rmod,C,Zopt,teta,Ren, Xcn,rn,switch_for_plot)

% ZLreq value %
fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w_int,'ZLreql Value: real and imaginer part = %f

%f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf('ZLreq2 Value: real and imaginer part = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);
fprintf(fid_w_int,'ZLreq2 Value: real and imaginer part = %f
%f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value by formulas

fprintf('ZSreq11 Value: real and imaginer part = %f %f\n',real(Zs11)*50,imag(Zs11)*50);
fprintf(fid_w_int,'ZSreq11 Value: real and imaginer part = %f %f\n’,real(Zs11)*50,imag(Zs11)*50);
printf('ZSreq12 Value: real and imaginer part = %f %f\n',real(Zs12)*50,imag(Zs12)*50);
fprintf(fid_w_int,’ZSreq12 Value: real and imaginer part = %f %f\n',real(Zs12)*50,imag(Zs12)*50);

fprintf('ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf(fid_w_int,'ZSreq21 Value: real and imaginer part = %f %f\n’,real(Zs21)*50,imag(Zs21)*50);
fprintf('ZSreq22 Value; real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);
fprintf(fid_w_int,'ZSreq22 Value: real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);

% % ZSreq value by circle Intersection of Vi-F
% if ~isnan(ZsViF11) & ~isnan(ZsViF12) & ~isnan(ZsViF21) & ~isnan(ZsViF22)
%

% fprintf('Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xcevl,rvl,Ren, Xcn,m);

% fprintf(fid_w_int,'Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xevl rvl,Ren, Xcn,m);

% fprintf("'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid_w_int,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f

%f\n' real(ZsViF11)*50,imag(ZsViF11)*50);
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% fprintf("2. Intersection point on Vi-F;  ZSreql2 Value: real and imaginer part= %f
%f\n' real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid_w _int,"2, Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

%

% fprintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rev2,Xcev2,rv2,Ren, Xen,m);

% fprintf(fid_w_int,"Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xen,m);

% fprintf('l. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_w_int,'l. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
Y%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_int,"2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
Y%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%

% elseif ~isnan(ZsViF11) & ~isnan(ZsViF12)

%

% fprintf('"Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren, Xcn,rn);

% fprintf(fid_w_int,'Vi-F: Recvl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren, Xcn,rn);

% fprintf('1. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid_w_int,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf('2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid_w_int,"2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

%

% elseif ~isnan(ZsViF21) & ~isnan(ZsViF22)

%

% forintf("Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Rco= %f, Xcn= %f, m=
%f\n',Rcv2,Xcv2,rv2, Ren, Xcn,rn);

% fprintf(fid_w_int,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xcn,rn);

% fprintf('l. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_w _int,'l. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_int,'2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%

% else

% forintf('Vi-F: Revi= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xevl,rvl,Ren, Xen,m);

% fprintf(fid w_int,'Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev],Xcvl,rvl,Ren, Xcn,m);

% fprintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=

%f\n',Rcv2,Xcv2,1v2,Ren Xen,rn);
% fprintf(fid_w_int,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
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%f\n',Rev2,Xcev2,rv2, Ren, Xen,m);

% fprintf('No intersection on Vi-F; ZSreql1,ZSreq12,ZSreq21,ZSreq22= NaN\n'");
% fprintf(fid_w_int,'No intersection on Vi-F; ZSreq11,ZSreq12,ZSreq21,ZSreq22= NaN\n');
% end

ZLreq=ZLreql; % print the first one in the intersection %
ZSreq=Zs11; % print the first one in the intersection %

% Calculation of many points of Zi in Region-3

% GTreq cuts T1; take T1 as starting point and decrease test circle (rt1_step) untill it does not cut or it
becomes tangent to GTreq

rtl_step=rtl;

fprintf('Calculation of many other points of Zi in Region-3; GTreq cuts only T1\n");
fprintf(fid_w_oth,'Calculation of many other points of Zi in Region-3; GTreq cuts only T1\n");

loop_count=0;

while 1 =1 % loop infinity
rtl_step=rtl_step-step_for_sample on_circle;
[RintR, XintR J=circlint(RCGreq,XCGreq,rgreq,Rctl,Xctl, rtl_step);
ZireqR1=RintR(1)+i*XintR(1);

ZireqR2=RintR(2)+i*XintR(2);

if (ZireqR1 == ZireqR2) | (isnan(ZireqR1) & isnan(ZireqR2)) break; end % tangent case or no
intersection

loop_count=loop_count+2;

fprintf('Zireq%d Value: real and imaginer part =  %f %f\n',loop_count-1,real(ZireqR1)*50,
imag(ZireqR1)*50);

fprintf(fid_ w_oth,'Zireq%d Value: real and imaginer part = %f %f\n',Joop_count-
1,real(ZireqR1)*50, imag(ZireqR1)*50);

fprintf('Zireq%d Value: real and imaginer part = %f %f\n',loop_count,real(ZireqR2)*50,
imag(ZireqR2)*50);

fprintf(fid_w_oth,'Zireq%d Value: real and imaginer part = %f %f\n',loop_count,real(ZireqR2)*50,
imag(ZireqR2)*50);

% Test Circle %
%ZCTest=Rct1+i*Xctl
%ZCZTest= ZCTest+rtl_step*exp(i*teta);
%RCZTest=real(ZCZTest);
%XCZTest=imag(ZCZTest);
if switch_for_plot==1
%figure,plot(RCGTreq,XCGTreg, k-, Ril, Xil,'m-,Ri2,Xi2,'m-.',RCZTest,XCZTest,'b-")
%axis([-1 1 -3 2])
%title('Zi-Plane (test))
%xlabel('real {Zi}"),ylabel('imag {Zi}"),grid
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%gtext('GTreq),gtext('T1"),gtext('T2"), gtext('Test")
end

% call empcali
Zireql=ZireqR1;
Zireq2=ZireqR2;

[ZLreql,ZLreq2,Zs11,Zs12,ZsViF11,ZsViF12,7s21,7s22,7ZsViF21,ZsViF22 Rcvl Xcvl,rvl Rev2, Xev2,rv2]=e
mpcali(Zireql,Zireq2,211,Z212,721,722 Rmod,C,Zopt,teta,Ren, Xcn,m,switch_for_plot)

% ZLreq value %
fprintf(" ZLreq1 Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w_oth,' ZLreql Value: real and imaginer part = %f

%f\n' real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(" ZLreq2 Value: real and imaginer part = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);
fprintf(fid_w_oth,' ZLlreq2 Value: real and imaginer part = %f
%f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value by formulas
fprintf(' ZSreq11 Value: real and imaginer part = %f %f\n',real(Zs11)*50,imag(Zs11)*50);
fprintf(fid_w_oth,’ ZSreqll Value: real and imaginer part = %f

%f\n',real(Zs11)*50,imag(Zs11)*50);
fprintf(" ZSreql2 Value: real and imaginer part = %f %f\n',real(Zs12)*50,imag(Zs12)*50);
fprintf(fid w_oth,' ZSreql2 Value: real and imaginer part = %f
%f\n',real(Zs12)*50,imag(Zs12)*50);

fprintf(' ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf(fid_w_oth,' ZSreq21 Value: real and imaginer part = %f
%f\n',real(Zs21)*50,imag(Zs21)*50);
forintf(' ZSreq22 Value: real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);
fprintf(fid_w_oth,’ ZSreq22 Value: real and imaginer part = %f
%f\n',real(Zs22)*50,imag(Zs22)*50);

% % ZSreq value by circle Intersection of Vi-F

% if ~isnan(ZsViF11) & ~isnan(ZsViF12) & ~isnan(ZsViF21) & ~isnan(ZsViF22)

%

% fprintf("Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xcvl, rvl ,Ren, Xcen,m);

% forintf(fid_w_oth,"Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xcevl,rvl,Ren, Xen,m);

% fprintf("1. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf('2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid w_oth,"2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

%

% fprintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rcv2,Xcv2,rv2,Ren, Xen,rn);

% fprintf(fid_w_oth,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=

%f\n',Rcv2,Xcv2,rv2,Ren, Xcn,rn);
% fprintf('1. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
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%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n' real(ZsViF21)*50,imag(ZsViF21)*50);
% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);
% fprintf(fid_w_oth,'2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);
%
% elseif ~isnan(ZsViF11) & ~isnan(ZsViF12)
%
% fprintf("Vi-F: Rcvl= %f, Xcvi= %f, rvl= %f, Recn= %f, Xcn= %f, m=
%f\n',Revl, Xcvl, rvl,Ren, Xcn,m);
% fprintf(fid_w_oth,'Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Rcvl, Xcvl,rvl ,Ren,Xcn,rn);
% forintf('l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);
% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);
% fprintf("2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);
% fprintf(fid_w_oth,"2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF 12)*50);
%
% elseif ~isnan(ZsViF21) & ~isnan(ZsViF22)
%
% fprintf("Vi-F:  Rev2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rcv2,Xcv2,rv2,Ren, Xcen,m);
% fprintf(fid w_oth,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rcv2,Xcv2,rv2,Ren, Xen,m);
% forintf('1l. Intersection point on Vi-F; ZSreq2l Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);
% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);
% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);
% fprintf(fid_w_oth,"2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);
%
% else
% forintf("Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren, Xcn,rm);
% fprintf(fid_w_oth,'Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren, Xen,m);
% fprintf("Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f m=
%f\n',Rcv2,Xcv2,rv2,Ren, Xen,m);
% fprintf(fid w_oth,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n",Rcv2,Xcv2,rv2,Ren, Xcen,m);
% fprintf{'No intersection on Vi-F; ZSreql1,ZSreq12,ZSreq21,ZSreq22= NaN\n");
% fprintf(fid_w_oth,'No intersection on Vi-F; ZSreql1,ZSreq12,ZSreq21,ZSreq22= NaN\n');
% end

end

elseif ~isnan(ZireqT21) & ~isnan(ZireqT22)
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% T2 Intersection
Zireql=ZireqT21;
Zireq2=ZireqT22;

fprintf("T2 Intersection:\n");
fprintf(fid_w_int,'T2 Intersection:\n");

fprintf('Zireql Value: real and imaginer part = %f %f\n',real(Zireq1)*50,imag(Zireq1)*50);
fprintf(fid_ w_int,'Zireq1 Value: real and imaginer part = %f %f\n' real(Zireq1)*50,imag(Zireq1)*50);
fprintf('Zireq2 Value: real and imaginer part = %f %f\n’real(Zireq2)*50,imag(Zireq2)*50);
fprintf(fid_w_int,'Zireq2 Value: real and imaginer part = %f %f\n',real(Zireq2)*50,imag(Zireq2)*50);

[ZLreql,ZLreq2,Zs11,Zs12,ZsViF11,ZsViF12,7s21,7522,7ZsViF21,ZsViF22,Rcvl Xcvl,rvl ,Rev2, Xcv
2,rv2]=empcali(Zireql,Zireq2,Z211,212,721,722 Rmod,C,Zopt,teta,Ren, Xcn,rn,switch_for_plot)

% ZLreq value %
fprintf('ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid_w_int,'"ZLreql Value: real and imaginer part = %f

%f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(’ZLreq2 Value: real and imaginer part = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);
fprintf(fid_w_int,ZLreq2 Value: real and imaginer part = %f
%fM\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value by formulas

fprintf('ZSreq11 Value: real and imaginer part = %f %f\n',real(Zs11)*50,imag(Zs11)*50);
fprintf(fid_w_int,'ZSreql1 Value: real and imaginer part = %f %f\n',real(Zs11)*50,imag(Zs11)*50);
fprintf("ZSreq12 Value: real and imaginer part = %f %f\n’,real(Zs12)*50,imag(Zs12)*50);
fprintf(fid_w_int,"ZSreq12 Value: real and imaginer part = %f %f\n',real(Zs12)*50,imag(Zs12)*50);

fprintf("ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf(fid_w_int,'ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf('ZSreq22 Value: real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);
fprintf(fid_w_int,'ZSreq22 Value: real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);

% % ZSreq value by circie Intersection of Vi-F
% if ~isnan(ZsViF11) & ~isnan(ZsViF12) & ~isnan(ZsViF21) & ~isnan(ZsViF22)
%

% fprintf('Vi-F: Rcvl= %f, Xcvi= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren, Xen,m);

% fprintf(fid_w_int,'Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren, Xen,rn);

% fprintf('l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%M\’ real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid_w_int,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% forintf("2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n' real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid_w_int,’2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

%

% fprintf('Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, rm=
%f\n',Rev2,Xcev2,rv2,Ren, Xcen,m);

% fprintf(fid_w_int,'Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=

%f\n',Rev2,Xev2,rv2,Ren, Xen,rn);
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% fprintf('l. Intersection point on Vi-F;  ZSreq21 Value: real and imaginer part= %f
%f\n' real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_w_int,'l. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_int,"2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n' real(ZsViF22)*50,imag(ZsViF22)*50);

%

% elseif ~isnan(ZsViF11) & ~isnan(ZsViF12)

%

% fprintf("Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xevl,rvl Ren, Xcn,rn);

% fprintf(fid_w_int,'Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xevl,rvl,Ren, Xen,rn);

% fprintf("1. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf(fid_w_int,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);

% fprintf("2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);

% fprintf(fid_w_int,'2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n' ,real(ZsViF12)*50,imag(ZsViF12)*50);

%

% elseif ~isnan(ZsViF21) & ~isnan(ZsViF22)

%

% fprintf('"Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rcv2,Xcv2,rv2,Ren, Xcn,rn);

% fprintf(fid_w_int,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xcen,m);

% fprintf('1. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf(fid_w_int,'l. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);

% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

% fprintf(fid_w_int,”2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%

% else

% fprintf('Vi-F: Revl= %f, Xcvi= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl,Ren Xen,rn);

% fprintf{fid_w_int,'Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xevl,rvl,Ren,Xcn,rm);

% fprintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcen= %f, m=
%f\n',Rcv2,Xcv2,rv2,Ren, Xcen,rn);

% fprintf(fid_w_int,'Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xen,m);

% fprintf('No intersection on Vi-F; ZSreq11,ZSreq12,ZSreq21,ZSreq22= NaN\n");

% fprintf(fid_w_int,No intersection on Vi-F; ZSreq11,ZSreq12,ZSreq21,ZSreq22= NaN\n");

% end

ZLreq=ZLreql; % print the first one in the intersection %
Z8Sreq=Zs11; % print the first one in the intersection %
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% Calculation of many points of Zi in Region-3

% GTreq cuts T2; take T2 as starting point and increase test circle (rt2_step) untill it does not cut or it
becomes tangent to GTreq

rt2_step=rt2;

fprintf("Calculation of many other points of Zi in Region-3; GTreq cuts only T2\n");
fprintf(fid_w_oth,'Calculation of many other points of Zi in Region-3; GTreq cuts only T2\n");

loop_count=0;
while 1 =1 % loop infinity

rt2_step=rt2_step+step_for_sample on_circle;

[RintR, XintR]=circlint(RCGreq,XCGreq,rgreq,Rct2,Xct2,1t2_step);
ZiregR1=RintR(1)+i*XintR(1);

ZireqR2=RintR(2)+i*XintR(2);

if (ZiregR1 = ZireqR2) | (isnan(ZireqR1) & isnan(ZireqR2)) break; end % tangent case or no
intersection

loop_count=loop_count+2;

fprintf("Zireq%d Value: real and imaginer part =  %f %f\n',loop_count-1,real(ZireqgR1)*50,
imag(ZireqR1)*50);

fprintf(fid_w_oth,'Zireq%d Value: real and imaginer part = %f %f\n',loop_count-
1,real(ZireqR1)*50, imag(ZiregR1)*50);

fprintf('Zireq%d Value: real and imaginer part = %f %f\n',loop_count,real(ZireqR2)*50,
imag(ZireqR2)*50);

fprintf(fid_w_oth,'Zireq%d Value: real and imaginer part = %f %f\n’,Joop_count,real(ZireqR2)*50,
imag(ZireqR2)*50);

% Test Circle %

%ZCTest=Ret2+i*Xct2

%ZCZTest= ZCTest+rt2_step*exp(i*teta);

%RCZTest=real(ZCZTest);
%XCZTest=imag(ZCZTest);

if switch_for_plot ==1
%figure,plot(RCGTreq,XCGTreq, k-, Ril,Xil,'m-,Ri2,Xi2,'m-., RCZTest,XCZTest,b-"
%axis([-1 1-32])
Y%title('Zi-Plane (test))
%Xxlabel('real{Zi}"),ylabel("imag{Zi}"),grid
%gtext('GTreq)),gtext('T1"),gtext('T2"), gtext('Test')

end

% call empcali
Zireql=ZireqR1;
Zireq2=ZireqR2;
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[ZLreql,ZLreq2,Zs11,Zs12,7ZsViF11,ZsViF12,Zs21,7522,7ZsViF21,ZsViF22 Rev] , Xcvl,rvl Rev2, Xcv2,rv2]=e
mpcali(Zireql,Zireq2,211,212,7221,722 Rmod,C,Zopt, teta,Rcn, Xcn,rn,switch_for_plot)

% ZLreq value %

fprintf{" ZLreql Value: real and imaginer part = %f %f\n',real(ZLreq1)*50,imag(ZLreq1)*50);
fprintf(fid w_oth,’ Zlreql Value: real and imaginer part = %f

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

fprintf(' ZLreq2 Value: real and imaginer part = %f %f\n',real(ZLreq2)*50,imag(ZLreq2)*50);
fprintf(fid w_oth,' ZLreq2 Value: real and imaginer part = %f

%f\n',real(ZLreq2)*50,imag(ZLreq2)*50);

% ZSreq value by formulas

fprintf(" ZSreq11 Value: real and imaginer part = %f %f\n',real(Zs11)*50,imag(Zs11)*50);
fprintf(fid_w_oth,’ ZSreqll Value: real and imaginer part = %f

%f\n' real(Zs11)*50,imag(Zs11)*50);

fprintf(' ZSreq12 Value: real and imaginer part = %f %f\n',real(Zs12)*50,imag(Zs12)*50);
fprintf(fid w_oth,’ ZSreql2 Value: real and imaginer part = %f

%f\n',real(Zs12)*50,imag(Zs12)*50);

fprintf(' ZSreq21 Value: real and imaginer part = %f %f\n',real(Zs21)*50,imag(Zs21)*50);
fprintf(fid w_oth,’ ZSreq2l Value: real and imaginer part = %f

%f\n',real(Zs21)*50,imag(Zs21)*50);

fprintf(" ZSreq22 Value: real and imaginer part = %f %f\n',real(Zs22)*50,imag(Zs22)*50);

fprintf(fid_w_oth,' ZSreq22 Value: real and imaginer part = %f
%f\n',real(Zs22)*50,imag(Zs22)*50);
% % ZSreq value by circle Intersection of Vi-F
% if ~isnan(ZsViF11) & ~isnan(ZsViF12) & ~isnan(ZsViF21) & ~isnan(ZsViF22)
%
% fprintf('Vi-F: Revl= %f, Xcvl= %f, rvi= %f, Ren= %f, Xcn= %f, m=
%f\n",Revl, Xcvl,rvl Ren, Xcn,rn);
% fprintf(fid_w_oth,'Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl, Xevl,rvl Ren, Xcn,m);
% fprintf('1. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);
% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);
% fprintf("2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);
% fprintf(fid_w_oth,"2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f

%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);
%

% fprintf("Vi-F: Rcv2=
%f\n',Rcv2,Xcv2,rv2 Ren, Xcn,rn);

% fprintf(fid_w_oth,'Vi-F:
%f\n',Rcv2,Xcv2,rv2,Ren, Xen,rn);

% fprintf('l. Intersection point
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);
% fprintf(fid_w_oth,'l. Intersection
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);
% forintf("2. Intersection point
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);
% fprintf(fid_w_oth,"2. Intersection
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);

%f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
Rev2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
on Vi-F; ZSreq21 Value: real and imaginer part= %f
point on Vi-F; ZSreq2l Value: real and imaginer part= %f
on Vi-F; ZSreq22 Value: real and imaginer part= %f

point on Vi-F; ZSreq22 Value: real and imaginer part= %f
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%
% elseif ~isnan(ZsViF11) & ~isnan(ZsViF12)
%
% fprintf('Vi-F: Revl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xevl,rvl,Ren, Xen,m);
% fprintf(fid_w_oth,"Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xco= %f, rm=
%f\n',Revl, Xevl,rvl,Ren, Xen,m);
% fprintf('l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);
% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreqll Value: real and imaginer part= %f
%f\n',real(ZsViF11)*50,imag(ZsViF11)*50);
% fprintf("2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);
% fprintf(fid_w_oth,"2. Intersection point on Vi-F; ZSreql2 Value: real and imaginer part= %f
%f\n',real(ZsViF12)*50,imag(ZsViF12)*50);
%
% elseif ~isnan(ZsViF21) & ~isnan(ZsViF22)
%
% forintf("Vi-F: Rcv2= %f, Xcv2= %f, 2= %f, Rcn= %f, Xcn= %f, m=
%f\n",Rev2,Xcv2,rv2,Ren, Xen,m);
% fprintf(fid_w_oth,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Ren= %f, Xcn= %f, m=
%f\n',Rcv2,Xcv2,rv2,Ren, Xen,m);
% fprintf('l. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);
% fprintf(fid_w_oth,'l. Intersection point on Vi-F; ZSreq21 Value: real and imaginer part= %f
%f\n',real(ZsViF21)*50,imag(ZsViF21)*50);
% fprintf("2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);
% fprintf(fid w_oth,"2. Intersection point on Vi-F; ZSreq22 Value: real and imaginer part= %f
%f\n',real(ZsViF22)*50,imag(ZsViF22)*50);
%
% else
% fprintf('"Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Rcn= %f, Xcn= %f, m=
%f\n',Revl, Xcvl,rvl Ren,Xcn,m);
% fprintf(fid_w_oth,'Vi-F: Rcvl= %f, Xcvl= %f, rvl= %f, Ren= %f, Xcn= %f, m=
%f\n',Revl,Xcvl,rvl,Ren, Xcn,r);
% fprintf('Vi-F: Rev2= %f, Xcv2= %f, rv2= %f, Rcen= %f, Xcn= %f, m=
%f\n',Rcv2,Xcv2,rv2,Ren, Xcen,m);
% fprintf(fid_ w_oth,'Vi-F: Rcv2= %f, Xcv2= %f, rv2= %f, Rcn= %f, Xcn= %f, m=
%f\n',Rev2,Xcv2,rv2,Ren, Xen,m);
% fprintf('No intersection on Vi-F; ZSreql1,ZSreq12,ZSreq21,ZSreq22= NaN\n");
% fprintf(fid_w_oth,'No intersection on Vi-F; ZSreq11,ZSreq12,ZSreq21,ZS8req22= NaN\n');
% end

end
else

fprintf("GTreq does not cut T1 or T2\n");

fprintf(fid_w_int,'GTreq does not cut T1 or T2\n");

fprintf(fid_w_oth,'GTreq does not cut T1 or T2\n');
end
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felose(fid_w_int);
fclose(fid_w_oth);

function
[ZLreql,ZLreq2,Zs11,Zs12,ZsViF11,ZsViF12,7521,7522 7sViF21,ZsViF22 Revl Xcvl,rvl,Rev2, Xev2,rv2]=e
mpcali(Zireql,Zireq2,711,7212,721,722 Rmod,C,Zopt,teta,Rcn, Xcn,m,switch_for_plot)

Q%35 e e el o o s o e o s o e e o ofe o e o i e ool b i ol o o e o ol e o ol e o e sl e o s ol sk jofele s sfeole e e afe o e e f

%/* */
%/* File: empcali.m */
%/* */
%/* Compiler: Matlab v5.0 */
%/* */
%/* Description:Find the intersections of two circles */
%/* in cartesian space (GTreq,T1,T2) */
%/* */
%/* Created: Cemal Tepe 1999 Ph.D. Thesis */
%/* */
%/* Version: 1.0 */
%/* */
%/* Notes: */
%/* Zireql --> ZLreql,Zs11,Zs512,ZsViF11,ZsViF12 */
%/* Zireq2 --> ZLreq2,Zs21,Zs22,7sViF21,ZsViF22 */
%/* */
0/0/**********************************#*****’l‘*********************/
%

%

% ZLreq value %

ZLreql=((Z12*Z21)/(Z11-Zireq1)-Z22);
ZLreq2=((Z12*Z21)/(Z11-Zireq2)-722);

% ZSreq value caluclated by formulas (Zireq1)
Rev1=(1+Rmod"2)*real(Zireq1)/C;
Xcvl=-imag(Zireql);

Zcevl=Revl+i*Xcvl;
rvl=2*Rmod*real(Zireq1)/C;

Al=(Rcn-Revl)/(Xcvl-Xcn);
B1=(abs(Zireq1)"2-abs(Zopt)"2)/(2*(Xcv1-Xcn));
K1=[Rent+A1*Xcen-A1*B1)/(1+A172);
D1=(B1/2+abs(Zopt)*2-2*Xcn*B1)/(1+A1/2);

Rs11=K1+sqrt(K1/2-D1);
Xs11=A1*Rs11+Bl;
Rs12=K1-sgrt(K1°2-D1);
Xs12=A1*Rs12+B1;

% VSWR and Noise match, m=rv=rt1=tt2=0, Zs=Zopt=Zcn, Zcv=conj(Zi)
% Rmod=0 --> Vireq=0, but m=0 —> Freq=Fmin not always true
if Rmod == 0) & (tn = 0)

Zsl1=Zopt;
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Zs12=Zopt;
else
Zs11=Rs11+i*Xsl11;
Zs12=Rs12+i*Xs12;
end

% ZSreq value caluclated by circle Intersection of Vi-F (Zireql)
[RintViF1,XintViF1]=circlint(Rcvl,Xcvl,rvl ,Ren, Xen,m);
ZsViF11=RintViF1(1)+i*XintViF1(1);
ZsViF12=RintViF1(2)+i*XintViF1(2);

% Define VSWR (Vireq) Circles (center and radius)
ZVi= Zcvl+rv]l *exp(i*teta);

RVi=real(ZVi);

XVi=imag(ZVi);

% Define Noise (Freq) Circles (center and radius)
Zcn=Ren+i*Xcn;

ZF=Zcn+m*exp(i*teta);

RF=real(ZF);

XF=imag(ZF);

if switch_for_plot =1
%figure,plot(RVi,XVi,b-',RF,XF,'c-")
Y%axis([-0.5 0.5 -1 3])
Y%title('Zs-Plane (Noise and input VSWR) (Zireq1)')
%xlabel(‘real {Zs}"),ylabel('imag{Zs}"),grid
%gtext('Vireq circle”),gtext('Freq circle');
end

% ZSreq value caluclated by formulas (Zireq2)
Rev2=(1+Rmod"2)*real(Zireq2)/C;
Xcv2=-imag(Zireq2);

Zev2=Rev2+i*Xcv2;
rv2=2*Rmod*real(Zireq2)/C;

A2=(Ren-Rev2)/(Xcv2-Xcen);
B2=(abs(Zireq2)"2-abs(Zopt)"2)/(2*(Xcv2-Xcn));
K2=(Rcn+A2*Xcn-A2*B2)/(1+A272);
D2=(B2/2+abs(Zopt)"2-2*Xcn*B2)/(1+A272);

Rs21=K2+sqrt(K2/2-D2);
Xs21=A2*Rs21+B2;
Rs22=K2-sqri(K2/2-D2);
Xs22=A2*Rs22+B2;

% VSWR and Noise match, m=rv=rt1=tr2=0, Zs=Zopt=Zcn, Zcv=conj(Zi)
% Rmod=0 --> Vi=0, but rn=0 --> Freq=Fmin not always true
if Rmod =0) & (m=10)
Zs21=Zopt;
Zs22=7opt;
else
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Zs21=Rs21+i*Xs21;
Zs22=Rs22+i*Xs22;
end

% ZSreq value caluclated by circle Intersection of Vi-F (Zireq2)
[RintViF2,XintViF2]=circlint(Rcv2,Xcv2,rv2,Ren, Xen,rn);
ZsViF21=RintViF2(1)+i*XintViF2(1);
ZsViF22=RintViF2(2)+i*XintViF2(2);

% Define VSWR (Vireq) Circles (center and radius)
ZVi= Zcv2+rv2*exp(i*teta);

RVi=real(ZVi);

XVi=imag(ZVi);

% Define Noise (Freq) Circles (center and radius)
Zcn=Ren+i*Xen;

ZF=Zcn+m*exp(i*teta);

RF=real(ZF);

XF=imag(ZF);

if switch_for_plot==1
%figure,plot(RVi,XVi,'b-,RF,XF,'c-")
Y%axis([-0.5 0.5 -1 3])
%title('Zs-Plane (Noise and input VSWR) (Zireq2)")
%xlabel(‘real{Zs}"),ylabel("imag{Zs}"),grid
%gtext("Vireq circle'),gtext('Freq circle');
end

function [xout,yout]=circlint(x1,y1,rl,x2,y2,r2)

Vo/***************************************’k**********************/

Yo/*

%/™* File: circlint. m

%/*

%/* Compiler: Matlab v5.0

%/*

%/™* Description:Find the intersections of two circles in
%/* cartesian space

%/™*

%/* Created: Cemal Tepe 1999 Ph.D. Thesis

%/*

%/* Version: 1.0

%/*

%/* Notes:

%/*

%/* [xout,yout] = CIRCCIRC(x1,y1,rl,x2,y2,12) finds the
%/* points of intersection (if any), given two circles,

%/* each defined by center and radius in x-y coordiantes.
%/* In general, two points are returned. When the circles
%/* do not intersect or are identical, NaNs are returned.
%/* When the two circles are tangent, two identical

%/* points are returned. All inputs must be scalars.

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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%/* */
%/* */

O/ ek o oo ok ok ol ol ok o ok ol o ok ko ke

%

%

%fprintf('x1 = %f\n',x1);
%fprintf('yl = %f\n',y1);
%fprintf('rl = %f\n',r1);
Y%fprintf('x2 = %f\n',x2);
%fprintf('y2 = %f\n',y2);
Ytprintf('r2 = %f\n',r2);
if nargin ~= 6; error('Incorrect number of arguments'); end

% Input consistency test
if ~isequal(size(x1),size(y1),size(rl),size(x2),size(y2),size(r2),[1 1])
error('Inputs must be scalars’)
Y%elseif ~isreal([x1,y1,r1,x2,y2,12])
error(inputs must be real')
Y%elseif rl <=0 |12 <=0
error(‘radius must be positive")
end

% Cartesian separation of the two circle centers
r3=sqrt((x2-x1).2+(y2-y1)."2);

indx1=find(r3>r1+r2); % too far apart to intersect
indx2=find(r2>13+r1); % circle one completely inside circle two
indx3=find(r1>r3+12); % circle two completely inside circle one
indx4=find((r3<10*eps)&(abs(rl-r2)<10*eps)); % circles identical
indx=[indx1(:);indx2(:);indx3(:);indx4(:)];

anought=atan2((y2-y1),(x2-x1));
%Law of cosines
aone=acos(-((r2.°2-r1./2-r3./2)./(2*rl.*13)));

alphal=anought+aone;
alpha2=anought-aone;

xout=[x1 x1]+[r1 r1].*cos([alpbal alpha2]);
yout=[y1 y1]+{r1 r1].*sin([alphal alpha2]);

% Replace complex results (no intersection or identical)
% with NaNs.

if ~isempty(indx)
xout(indx,:) =NaN; yout(indx,:) = NaN;
end
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