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OZET

~ Bu tez galigmasinda , 70 MHz lik ara frekans (IF) igaretini , 10.5GHz
oteleyen Tek Yan Band Yukan Kangtirici Tasarimi amaglanmigtir. Tasarim
sirasinda mikrodalga devre tasarim igin geligtirilmis olan Microwave Harmonica
programindan yararlamlmigtir. Tezin ilk boliimlerinde amaglanan kangtirici
tasarimina baz tegkil edecek karigtirici yapilan incelenmistir.

Tasarim sirasinda ilk olarak blok sema halinde kanistirici ortaya ¢ikarimsg
daha sonra bu bloklar i¢inde bulunana mikrogerit yapilann tasarimina gegilmigtir.
Mikroserit yapilarin gergeklestirilmesinde kullamlacak taban malzemesi olarak
+RT Duroid 6010.5 kullamlmigtir. Bu malzemenin segilmesinin nedeni dijer
aym ozellikleri gosteren malzemelere gore daha yumusak ve iizerinde daha kolay
islem yapilabilir olmasidir. Diger aym 6zellikte olan malzemeler sert ve
iglenebilirliinin zor olmasi nedeniyle iiretim sirasida zorluklar gikarmaktadir.

Karnigtinicida kullanilacak elemanlar tek tek tasarlanip Microwave
Harmonica (MH) ile sonuglan incelenmis ve iyiligtirilmeye ¢aligiimigtir. Biitiin
yapilann tasarimi tamamlandiktan sonra , hemen tek yan bandh karigtiric
tasanimina gegilmemistir. Ilk olarak bu karistiric da kullanilacak dengeli
katigtiric1 yapist incelenmigtir. Dengeli karigtirici iizerinde MH programi ile
dogrusal ve dogrusal olmayan analizler yapilmigtir. Bu analizler sonucunda
karar verilen yapi tek yan bandh yukar kangtiricida kullamlmigtir. En son olarak
tek yan bandh yukan kangtincinin incelenmesine gegilmigtir. Benzer gekilde ilk
olarak MH program: yardimyla {izerinde ¢aligiimig ve elde edilen sonuglardan
yaralamlarak kanstiric: gergeklenmigtir.

Uretilen tek tan bandh yukan kanigtirica beklenilen 6zellikleri
saglamaktadir. Bilgisayar sonuglan ile pratikte elde edilen sonuglar arasinda gok
bityiik farklar ortaya gikmammstir. Sonug olarak istenilen 6zellikleri saglayan tek
yan bandh yukarn kangtiric: gergeklenmigtir.
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SUMMARY

DESINING A SINGLE SIDE BAND UP CONVERTOR

In this master thesis , Single Side Band Up Convretor has been realized
with the aid of Microwave Harmonica . The structures in the mixer have been
tested and tried to be better by Microwave Harmonica (MH). In this mixer, a
non-linear element which was used is Schottky Barrier Diod and substrate is
+RH Duroid 6010.5. This substrate has chosen because it is flexible and easly
worked on it.

Primary purpose of the mixer is to translate a signal at one frequency to
another where it can be amplified or processed efficiently. In the theory, mixing
process is a single multiplier. The block diagram of a mixer is given figure 1.

. : Out
Signal : _High or LowPass |

Filter

‘Local Oscilator (LO)

Figure 1 Principles of mixing

The signals of input ports are given below.

Signal : A(?).cos(w,.7) ¢
Local Oscilator: cos(w,.t)

The result of multiplying is given at equation 2.

A(?).cos(w, .1).cos(w,.1) = —'%Q[

cos{@, + @, ).t +cos{w, - ). 1] )



It can be easly seen that products consists of two signal at the sum and difference

frequency of input signal. One of them could be easly selected by filter. So
mixing process satisfied by this network.

For microwave applications the multiplying function could be created by
any non-linear devices. The draw backs of the non-linear devices are that they

generate many LO harmonics and mixing products other than the desired one.
The transfer function of a non-linear device can be expressed as:

I=f(V)=a,+a.V+a, V+..... +a, V" \ 3)
where I and V are the device current and voltage respectively.

. For a mixer, non-linear devices voltage is a composite of a two input
signal in the form V() =¥, .cos(@,.t) +V;.cos(w,.f) this result in a infinite series
of mixing products given by :

1=a, +a,.[V,.cos(w,.1) +V,.cos(,.1)]|+a,.[V,.cos(w,.0)+ V,.cos(a;,,t)]2 +

........ +a,.[V,.cos(w,.1) +V].cos(w,.0)] )

If the first two components in equation (4) is analysed in the frequecy domain it
can be seen that a dc and input signals are present in the output of the non-linear
devices. Primary mixing products (@, + w,) come from the second order term

and are proportional to a, in amplitude, which explains why a non-linear device
can perform a mixing function. Third and higher order terms generate products
of form n.w,+m @, and higher order harmonics.

There are a number of basic parameters that can be used to characterize a

mixer. These are conversion gain or loss, noise figure, intermodulation products
and dynamic range.

The conversion gain or loss of a mixer is defined as the ratio of the output
power to signal input power. It is one of the most important parameters since it
measures the efficiency with which a mixer converts energy at input frequency to
another frequency. His a function of the mixer alone and depends on the losses
in RF circuit and quality of the non-linear device.

The noise figure of a mixer is ratio of signal to noise ratio at the output of
the mixer signal noise ratio to the signal noise ratio at input of the mixer. The
noise figure determines the low-level sensitivity of the mixer.
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The level of the intermodulation products determines the amount of
distortion produced in mixing process. As discussed previously, mixing products
of the form n.o,+m.o, naturaly result from non-linearity of the device. These
are commonly referred to as single tone intermodulation products since they are
present with only one input signal. If two signal are present simultaneously at
the mixer input, higher order products of the form m.o, t(k.0,, +n.0,,) are

present at the output. These are commonly referred as a two tone products. The
most important of these response is the third order products given by equation (5)

M = wl "(2.0),1 * mrz) (5)

The dynamic range of a mixer is simply power range ower which device
can be used. The low end is limited by thermal noise and noise figure of the
mixer. The sensitivity of a mixer im dBm is given by equation (6)

S=-114 + NF +og (BW) 6)

where NF is the mixer noise figure, BW the bandwidth in MHz and -114dBm is
the thermal noise in IMHz bandwidth. The maximum signal level is limited by
saturation of the mixer output.

In microwave frequency, a few device can be used as a non-linear device.
The selected device must have strong non-linearity, low noise and adequate
frequency responce The most employed devices are are diods:
p-i-n junction diodes, point contact diodes, but used much more are the Schottky
barrier diod and GaAS MESFETs. Only GaAS MESFET can be used for
microwave mixer applications. The other type of transistors or dual gate
MESFETs must be used below 1GHz .

In this work non-linear device is Schottky barier diodes. The simplest
theory to explain the mixing process in a diode mixer is to consider just a single
diod driven by local oscilator into heavy forfard conduction for nearly half a
cycle and into reverse bias for the other half cycle. If the impedance of the diod
in conduction and reverse bias can be defined as g (s) and g,(¢), the reflection

coefficient of the diod can be writen as equation (7)

_Z,(0-Z S AULYA
70 B 10X @
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In this model only effects of the junction capasitance and other parasitics is to
transform source impedance from its actual value to other value Z' in the plane of
the semiconductor junction. The model is given at figure 2.

Z 1
— "] T
Input Output
T g®
—1
a) b)

Figure 2 Diod mixer a) typical cicuit b) equilavant circuit.

In order to handle the mathamatics of the mixer, I' can be expressed as a Fourier
series at equation (8)
(®)

[()=T, +T,.cos{w,.t)+T,.cos(2. @,.1)

..........

when there is a incident signal voltage V,.cos(w, ) , the reflected voltage can be
found as eqution (9)

V. =T(2).V,.cos(@,.1)
V,=T,.V,.cos{wm,.t) +T,.cos(w,.2).V,.cos(w,.t)+..... &)

V.=TI,. Vs.cos(a)s.t)+r—""£.[cos(ws +a),).t+cos(w»s - a),).t]+...

-~

From equation (9), it can be seen that mixing products are accured on the
Schottky diod.

In this section, realizing of the single side band up converter is analysed. -
Blok diagram of the mixer is given figure 3. Wilkinson power divider and Branch
line coupler are designed by Microwane Harmonica . This program has been
used to designd and also optimized them. Three different Wilkinson power
divider and Branch line coupler have been designed and the best one of each
structure were chosen to be used in single side band up converter. Then balanced
mixer has been designed and optimized by MH program.
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3dB
Coupler

50

Figure 3 Blok diagram of the single side band up converter

All structure in the single balanced up converter have realized by
microstrip line. Chosen substrate to built the microstrip structure is +RT Duroid
6010.5. All transmision line used in the mixer is calculated by TRL tool of MH.
The microstrip structure used in the mixer are Wilkinson power divider, Branh
line copler, Ring coupler, microstrip transmision line and radial stub. All
structure have been designed with the aid of MH. S parameters of the structures
have been checked by doing linear analysis with MH. Return loss and port
1solation of the single side band up converter were olsa faund by linear analysis
with MH. Non-linear product of the mixer has been checked by non-linear
analysis tool of MH. After all process, real microstrip structres length and width

have been found.

After completing the mixer, various measurements have been made, in
order to check the results with test set given figure 5. While using this set,
carrier supression, side band supression, two tone harmonics and intermodulation
suppression have been measured. In addition, single side band mixer has been
tested at -30, 0, 25, 50, 70, 80 celcius santigrat degrees.
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Figure 4 Test set of the single side band up converter



BOLUM 1 GIRIS

Hizla geligen diinyamizda, Elektronik ve Haberlesme Bilimi'nin
katkilariyla iletigim sistemlerinde biiyiik ilerlemeler kaydedilmistir. Dogru ve
hizl1 haberlegme aglar, kompleks sistemler yardimiyla kurulabilmektedir. Bu
kompleks yapilarda kullamlan temel elemanlardan biriside karigticilardur.
Karngtiricilarin genel amaci sinyal frekanslariny, iizerinde daha kolay iglem
yapilabilecek frekanslara déniigtirmektir. Haberlesme sistemlerinde
kangtirnicilarn kullamm yerleri alicilar, vericiler ve sentezleyiciler olarak
Ozetlenebilir. Alicilarda ve vericilerde kullamlan kangtiricilar sirasiyla agags
ve yukan kangtiricilar olarak adlandirilir.

Bu tez kapsaminda mikrodalga tek yan band yukan kangtiric: tasarim
amaglanmistir. Bu ¢aligmada bilgisayar destekli tasarim yapilmigtir.
Bilgisayar programi sayesinde, devre tasarimina daha somut verilerle
yaklagilmigtir. Béyle bir program yardimu ile tasarlanmayan mikrodalga
devrelerin, gergeklilifinin uzun bir siireg igerisinde anlagilmasindan dolayi,
bilgisayar destekli mikrodalga devresi tasaniminin 6nemi ortaya ¢ikmaktadir.

Kanstirma iglemi temelde bir ¢arpma ilemidir. Sekil 1 1'de ideal
carpict devresi igeren kanigtirici gemasi verilmigtir. [1]

Sinyal Algak veya Yitksek
Gegiren Siizgeg |

Yerel Osilator (LO)
Sekil 1.1 Ideal Kangtirici Semas:

Carpma Igleminin sonucu olarak (1.1) deki sonug elde edilir.



Sinyal : A(¢).cos(w,.1)
Yerel Osilatiir : cos(w,.z) alnarak.
A(?)
2

A(#).cos(,.1).cos(w,.t) = ——-.[cos( o, +,).t+cos(@, — @,). t] 1.1

Bu iglem sonucu olarak iki bilesen olusmaktadir. Bu bilesenlerden ilki,
igaretlerin frekanslarinin toplamu ikincisi ise farkidir. Kullanilacak siizgeg
yardimu ile iki bilesenden birisi segilebilir. Pratik mikrodalga ,
uygulamalarinda, ¢arpma islemi dogrusal olmayan elemanlar yardimryla
saglamir. Dogrusal olmayan bir elemanin transfer fonksiyonu (akim voltaj
iligkisi) (1.2) ifadesinde verilmektedir.

I=f(v)=a,+a,.V+a, V’+.... +a,. V" (1.2)
I : Elemann iizerinden akan akim.
V. Elemanin tizerindeki voltaj.

Kanstincida, dogrusal olmayah elemanin iizerindeki voltaj iki girig kolundan
uygulanan sinyallerin toplami olacaktir. Buna gore akim

I=a,+a,.(v,() +v, () +a,.(v,(®) +v,(0)) +...+a,.(v,() +v,(1)"

v.() =V, .cos(w,.?)

V(1) =V,.cos(w,.1) ' (1.3)
I=a, +a1.[Vs.cos(a)s.t) + V,.cos(w,.t)]+a2.[I/;.cos(ws.t) + I/;.cos(a),.t)]2 +

........ +a,. [K.cos(ws. N+, cos(a),.t)]”

ifadesiyle belirtilebilir. Akimin a, ve a, katsayil bilegenleri g6z 6niine
alimirsa, dogru akimin ve uygulanan isaretlerin dogi'usal olmayan eleman
fizerinde olustugu gozikkmektedir. Akimn a, katsayih bilegeni ideal
kanigtinc: iiriinlerini olusturmaktadir. Akimin a,...q, katsayih yiiksek
dereceli bilegenlerinden 7@, tm., frekanslarinda yitksek dereceli
harmonikler olusacaktir. Ideal kanistirica ile pratikteki karigtiric  arasmdaki
fark yukaridaki 6rnek yardimiyla agikga goériilmektedir. [1]



1.1 Kanstinicilarin Elektriksel Karakteristikleri

Karnigticilan karakterize etmek igin belirli parametreler kullanilmaktadir.
Bu parmetreler a) Doniistiirme Kaybi
b) Giiriilti: Say1s1 (NF)
¢) Intermodiilasyon Uriinleri dir.

1.1.1 Déniigtiirme Kaybi

Crkas kol giiciiniin giris kol giiciine oranina doniistirme kaybi
denmektedir. Kanigtiricimin kalitesi hakkinda fikir yiiriitiilebilecek en énemli
parametredir. D6niistiirme kaybma bakarak, kangtiricinin yapisinin kaybi ve
kullanilan dogrusal olmayan elemanin kalitesi hakkinda bilgi edinilebilinir.

1.1.2 Giiriiltii Sayisi

Kangtincinn gikgindaki sinyal giiriiltii oraninin girigindeki sinyal
giiriiltii oranina giiriiltii say1s1 denir. Giriiltii sayis1 (NF) karigtiricinin
duyarlilif1 hakkinda bilgi vermektedir.

1.1.3 Intermodiilasyon Seviyeleri

Kangtirma islemi sirasinda olusan bozulma seviyelerini belirlemektedir.
Onceden gosterildigi gibi dogrusal olmayan elemanlar n.o,+m. o,
frekanslarinda intermodiilasyonlar olugturmaktadirlar. Bu intermodiilasyonu
giristeki tek bir igaret olugturdugu igin, tek ton intermodiilasyon olarak
adlandiriimaktadar.

Eger girig koluna birden fazla igaret aynm1 anda uygulanirsa gikista
olusacak iiriinlerin frekanst m.o,+(k.w,+n.w,) olacaktir. Bu iiriinlere iki

ton intermodiilasyon {iriinleri (Two Tone Intermodulation Product)
denmektedir. Bunlarn i¢indeki en 6nemli bilesenin frekansi (1.4)'de
verilmigtir

M,=0,-(2.0,t0,) (1.4)



Karngtirictya ayn1 aym koldan gelen iki sinyalin frekansi ¢ok yakin oldugu
zaman bu iiriin ¢ok 6nem kazanmaktadir.

1.1.4 Dinamik Degigim

Dinamik degigim kangtiricinin girigine uygulanabilinecek gii¢ degisim
-arh@ olarak tammlanir. Kanstincimin galigabilecegi en diisiik giig seviyesi,
kanigtiricinin sicaklik giiriiltiisiine (Thermal Noise) ve giiriiltii sayisina (NF)
baghdir. Bu en diisiik gii¢ seviyesine kanstiricinin duyarhilifi denir.
Kangtirinin duyarliligs (S) (1.5) formiiliiyle verilmektedir.

S=-114 + NF +log (BW) (1.5)
NF : Kanstiricim Giiriiltii Sayisi

BW : Band Genisligi

-114 dBm 1MHz band genigligindeki sicaklik giiriiltiisii

Maksimum sinyal seviyesi kangtiricinin ¢ikiginin doymastyla
smirlandinlmaktadir. [1]



BOLUM 2 KARISTIRICILAR

Daha 6nce goriildiigii gibi mikrodalga karistiricilar, dogrusal olmayan
elemanlar yardimiyla yapilabilmektedir. . Pratikte dogrusal olmayan eleman
olarak p-i-n diyodlari, Schottky Barrier Diyodlar1 ve GaAS MESFET gibi
elamanlar: rnek olarak verebiliriz. Mikrodalga frekanslarda transistor tipi
yapilardan yalmzca GaAS MESFET" ler kullanilmaktadir. . Bu tez kapsaminda
ele ahnan kangtirici yapilarda dogrusal olmayan eleman olarak diyodlar
kullanilacaktir. [1]

2.1 Diyodlu Kangtiric: Teorisi

10.5 GHz' de tasarlanacak olan kangtiricida Sifir Kutuplamal: Schottky
Barrier Diyod kullanilacag i¢in bu boliimde bu diyodlar hakkinda kisaca bilgi

verilecektir.

Schottky Barrier Diyodlar metal ile yariiletken yapinin kombinasyonu
ile yapilmaktadir. Metal ile yariiletken bir fabrikasyon iglemi ile
kaynagtirilir. Bu iglem sirasinda yariiletken ile metal arasindaki potansiyel
farki yeterli seviyeye gelene kadar, yaniletkenden metale elektron akisi
olugur. Boylece yariiletken metale gore pézitif olmaktadir. Bu yapida olugan
bu potansiyel farkina iletim potansiyeli (Contact Potential) ad1 verilir.
Schottky diyodlar igin bu potansiyel farki 0.3 - 0.5V mertebesindedir. Bu
yapidaki metale digaridan pozitif voltaj ﬁygulandlgmda iletim potansiyeli
diigecegi icin metale dogru akim olusur. Bu yapinin A ilgkisi ve
elektriksel modeli W. Schottky tarafindan ¢ikarilmigtir. Schottky diyod
modeli sekil 2.2'de verilmektedir. I-V arasindaki iligki denklem (2. 1)'de
verilmigtir. [2], [3]

I(V):Io.[exp(;'l’/ )—l] 2.1




£ g 1w C(t), 7% Qe

a) Biiyiik [saret Modeli b) Kiigiik Isaret Modeli

Sekil 2.1 Schottky Diyod Modelleri

Diyod iizerindeki karigtirma iglemi, diyodun empedansinin yerel osilator
‘sinyali ile periyodik modiilasyonu sonucu olusmaktadir. Kanigtirma iglemi tek
bir diyod iizerinde incelenirse, anlagilmasi daha basit olacaktir. Bir diyodlu
kanigtirict gemast sekil 2.2'de verilmektedir.

Cikis
Q

>
Paralel
: Rezonans
Devresi
O

Sekil 2.2 Tek Diyodlu Kangtirict

Bu yapida kaynagm diyod tarafindan goriilen empedans: jonksiyon kapasitesi -
ve diger parazitik etkiler sebebiyle gergek degerinden baska bir degere
(Z")doniigmektedir. Bu bilgilerin 15181 altinda kanigtinnicimin egsdeger devresi
sekil 2.3'deki gibi olur.



Sekil 2.3 Diyodlu Kangtiricinin Egdeger Devresi

Diyod yerel osilatSriin yaklagik yari periyodunda iletimde diger yan
periyodunda kesimdedir. Diyodun iletimde kalma zamanina iletim agisi
denmektedir ve @ ile gosterilmektedir. Diyodun iletimdeki empedans: g (7)

kesimdeki empedans: g (¢) ile ifade edilirse, her iki empedansin igin yansima
katsayis1 (2.2) denkleminde goriildiigii gibi yazilabilir.

Z(0-Z _Z()+Z
aoer - TR e

Yansima katsayis1 yerel osilator frekansinda periyodik bir isaret oldugu igin
Fourier Serisine agilabilir. (2.3)

I'(#) =T, +T,.cos(@,.t)+ T,.cos(2.@,.1).......... (2.3)

Diyodun iizerine gelen sinyal yansima katsayisi ile orantili olarak
yanstyacaktir. Gelen sinyal V,.cos(w,.7) olarak alimrsa, yanstyan sinyal

V, =T(1).V,.cos{w,.t)
V., =T,.V,.cos(w,.t) +T,.cos(w,.1).V,.cos(@,.t)+..... (2.4)

V,= FO.K‘cos(ws.t)+£‘é—K.[cos(ws +a,).t+cos(@, — a),).t]+.‘.

olur. Cikan sonucun dnceki boliimde anlatilan karigtiric iiriinlerini igerdigi
goriilmektedir. Bu sonug yardimyla bir diyodun nasil bir karigtiricr olarak
galist gozitkmektedir. [2]



2.2 Sonlandirmalarina Gére Kanstiricilar

Pratikte gergeklestirilen bir karigtiricinin bir gok istenmeyen bilgenler
olugturdugu gorilmiistir. Bu bilesenlerin akim veya voltaji karnigtinicilarm
kollarina koyulacak sonlandirmalar yardimiyla yok edilebilir.
Sonlandirmalarina gére karigtiricilar dort gruba ayrilmaktadr.

1. Z Kangtiricilar

2. Y Kangtincilar

3. H Kangtincilar

4. G Kanstiricilar

2.2.1 Z Kangtincilar

Z Kangtiric1 yapisinda ilgilenilen bandin digindaki biitiin frekanslarda
kanistirica agik devre olmaktadir. Bu 6zellik kangtirict kolarna koyulacak seri
rezonans devresi yardimiyla saglanabilir. Obek olarak Z Karigtirict yapist
sekil 2.4 de gosterilmektedir.

Seri Rezoénans Seri Rezénans
O——1 Devresi (W1) Devresi (W0) [—©

Sekil 2.4 Z Kanistinc1 Yapist Obek Semast

Kullamilan filtrelerin merkez frekanslar1 W1 ile WO dir. Teorik olarak bu
filtreler W1 ve WO digindaki frekanslarda agik devre olarak davrandig i¢in bu
frekanslara karg1 kangtirici izole edilmis olmaktadir.



2.2.2 Y Kargtirict Yapist

Y kanigtirict yapist Z kangtirict yapisindan biraz daha farkhidir. 'Y
kanigtiric1 yapisinda band disi frekanslar topraga kisa devre edilmektedir.
Sekil 2.5 de Y karigtiric1 yapist verilmektedir.

o T ——o°
Para}el | Paraq el
Resoons | Jo—pp—o| | Resomams
WO | Wi
o 1 T —O

Sekil 2.5 Y Kangtirict Yapisit Obek Semasi

Kullamlan paralel rezénans devreleri WO ve W1 frekanslarinda agik devre
diger, biitiin frekanslarda kisa devre olmaktadir. Bu sayede kanigtirici, band
disindaki frekanslarin akim bilegenlerini topraga kisa devre etmek suretiyle
yok etmektedir.

2.2.3 H Kangtinie1 Yapist

H kanitiric1 yapis1 Y ve Z kanstiricilarinin karigimi olarak agiklanabilir.
Bir kolda Z kanigtiric1 yapist kullamlirken diger kolda Y kanstirica yapist
kullanilmaktadir. Sekil 2.6 da H kanigtirica yapisi goriilmektedir.



Seri Rezoénans
O—— Devresi W0
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X

L

Paralel

Rezénans
Devresi
W1

L

Sekil 2.6 H Kanstiric1 Yapist

Kullanilan seri rezénans filtresi yardimiyla karigtiricin bir kolunu band dig1
frekanslara karg1 agik devre yapmaktadir. Diger kolda ise istenmeyen

‘bilgenler topra kisa devre edilmektedir.

2.2.4 G Kangtincr Yapisi

G kangtirict yapisi, H kangtirict yapist ile hemen aynidir. ' Yalmzca
’kollardaki filtrelerin yerleri degigiktir. Sekil 2.7 de G karigtinic1 yapisi

verilmektedir. [4]

o 1
Paralel
Rezdnans
Devresi

WO

o J

X

Seri Rezonans L.
» 0
Devrest W1

Sekil 2.7 G Karigtiric1 Yapisi



s BOLUM 3 KARISTIRICI ORNEKLERI VE YAPILARI

Bu béliimde engok kullanilan karigtiric1 yapilar incelenecek ve bir
birlerine gore iistiinliikleri anlatilacaktir. Bu kistmda incelenecek karigtinicilar

1 Tek Diyodlu Kangtiricilar
2 Tek Dengeli Kangtiricilar
3 Cift Dengeli Kanstiricilar dur.
Bu karnistiric yapilarinin bir birlerine gére avantaj ve dezavantajlan vardir. [3]

3.1 Tek Diyodlu Kanstiricilar

Bir 6nceki boliimde tek diyodlu bir karigtiricinin nasil galistign hakkinda
bilgi verilmisti. Bu kisunda daha gok pratikte béyle bir yapi
gerceklestirilirken nelere dikkat edilmesi gerektigi hakkinda bilgi verilecektir.
Tek diyodlu yapilarda kollar arsindaki izolasyon kollara koyulan filtreler
yardimyla saglanmaktadir.  Bunun sonucu olarak radyo frekansi ve yerel
osilatér kollar: arasinda izolasyon saglanamamaktadir.

Devre tasarimina baslanmadan 6nce diyodun gesitli frekanslardaki
empedansinin belirlenmesi gerekmektedir. Ancak, diyodun dogrusal olmayan
bir malzeme olmasindan dolay: diyodun karakteristiginin belirlenmesi, devre
analizorit yardimiyla bilinmeyen bir empedansin belirlenmesinden daha
kangiktir. RF, LO ve IF frekanslan igin gerekli empedans degeri, yeterli ve
dikkatli bir analiz yardimiyla saptanabilir. Bu einpedans degerleri
belirlendikten sonra tasarim devre ¢6ziim problemi haline doniigiir. Tek
diyodlu karigtiric: yapisi sekil 3.1' de gésterilmektedir.
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BGS

BGS ~7

RF BGS

LO
BGS : Band Gegiren Siizgeg

Sekil 3.1 Tek Diyodlu Z Kanistiric1 Yapist

Tek diyodlu kanstiricinin anlitik sonuglari 6nceki béliimde verildigi igin
burada tekrar yazilmamgtir. Sonug olarak tek diyodlu kangtiricimin
avantajlari olarak, doniistirme kaybimn az olmasi, az LO giiciine ihtiyag
duyulmas: ve devre yapisinin kolaylig1, dez avantajlan olarak da kollar
- arasinda izolasyonun olmamasi ve harmoniklerin bastirilamamasi sayilabilir.

3.2 Tek Dengeli Kanstiricilar

Tek dengeli kanigtiricilarin yapisi tek diyodlu kanigtiricilann yapisina
gore ok daha komplekstir. Tek dengeli kanstiricilarda kollar arsindaki
izolasyon ve tastyic1 bastirmasi gok daha iyidir. Ancak bu durum bu
kanstincilann yapisinin daha gok komplekslesmesine neden olmaktadir. Bu
karistiricida kullamilan diyod sayisi fazlalagtigi igin diyodlan siirmek igin
gerekli olan yerel osilator giicii artmaktadir. Tek gengeli karigtiricilarin sahip
oldugu izolasyon ve tagtyici bastirmas: 6zelliginin saglanabilmesi igin balun
veya hibrit devreler kullanilmaktadir. Ancak pratikte kullanilan hibrit
devrelerle miikkkemmel izolasyon ve tagiyici bastirmasina ulasmak
imkansizdir. Tek dengeli arigtiricisinda iki tiirlii hibrit devre kullanilmaktadir.

1. 180 Derce Hibrit

2. 90 Derece Hibrit
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NS

Sekil 3.2 Ideal Hibrit Performanslann a) 90 b) 180

Uygulamada 90 derecelik ve 180 derecelik hibritler diisiik frekanslarda
trafolarla, yiiksek frekanslarda mikroserit devreler yardimiyla yapilir.
Mikroserit devrelerde 90 derece hibrit yapilar Dalli Hat Baglastirici ile 180
derecelik hibrit yapilar Halka baglastinic1 ile elde edilmektedir.

3.2.1 Dalli Hat Baglastirci

Dall1 Hat Baglagtiricialnn 10dB’ den daha kiigiik kuplaj uygulamalarinda
kullanilir. Bu yapida kullanilan mikrogerit hat boylari, tasarlanan frekansdaki
dalga boyunun dortte biridir. Sekil 3. 3 de gosterilen dalli hat baglastirict
semasindaki 1 ile 2 ve 3 ile 4 kollani birbirine gore izolelidir. [5]

Kol 2 , Kol 3
Simetni ,
Cizgisi : / —
Kol 2 :L l Kol 4
Zo2 Zol ' Zo

Sekil 3.3 Mikroserit Dalli Hat Baglastirica

Sekilediki dalli hat baglagtiricinin analizi gift ve tek mod teorisi ile yapilabilr.
Tek ve ¢ift mod'da bu yapinin egdeger devresi sekil 3.4 verilmistir.
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Agik Devre

Simetri | / \_ .
Cizgisi B l_l___

Kol 2 ‘{ i l Kol 4

Zo2 7ol Zo |

a) Cift Mod Esdeger Devresi

Kisa Devre
Simetri / \
Cizgisi ___J/ [
|
Kol 2 j i i Kol 4
Zo2 701 Zo

b) Tek Mod Esdeger Devresi

Sekil 3.4 Dall1 Hat Baglastirict Esdeger Devreleri

Bu esdeger devrelerden yararlamilarak dalli hat baglastiricinin normalize
edilmis ABCD matrisi denklem (3.1)' deki gibi yazilabilir. Bu'devre igin
yansima katsayisi tek ve ¢iftmod yansima katsayilarinin toplamidir.(3.3). Kol
1 ve kol 2 nin birbilerine kars1 izolasyonlu olabilmesi igin ¢ift ve tek mod
yansima katsayilarinin sifir olmas: gerekmektedir. Bunun igin denklem (3.2)

nin saglanmasi gerekir.
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Zol
t— . Zol
[A sz Zo2 e G.1)
C D jZOl( 11 ) Zol
Zol Zo2 Zo2
A+B=C+D (3.2)
[=T,+T, (3.3)

‘Denklem (3.3)'deki T, giftmod yansima katsayis1 T, tekmod yansima

‘katsayisidir. ABCD matrisinden goriildiigii iizere A ve D birbirine esit
oldugundan (3.2) nin saglanmas igin B ve C' nin birbirine esit olmas yeterli
olacaktir. Bunun sonuct olarak denklem (3.4) elde edilir.

Zol
Zo2 = 3.4
%% J1-Zol (3-4)

Bu bilgilerden ve ABCD matrisinin ozelliginden yararlanilarak , iletim
katsayis1 denklem (3.5)'deki gibi bulunur.

T=(A‘+B .
T. = —1-Zol’ - j. Zol (3.5)
T, =1~ Zo!’ - j. Zol

Bu sonuglardan yararlanilarak 3. ve 4. koldan ¢ikan dalgalar su sekilde ifade
edilebilir.

b, =3‘(];"];) \
= 1= Zo1? ,
b, =—1-Zol" .al (3.6)

b,=2(+1)
b, =-j.Zol.al
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-‘; : ¢ift ve tekmod analiz sirasinda birinci ve ikinci porta uygulanan dalganin

genligidir. &, , b, gikigina gére 90 derece gecikmeli gelmektedir. Yapinmn
kayipsiz oldugu kabulu yapilarak, dalli hat baglastinicinin kuplaji denklem
(3.7)'deki gibi yazilabilir.

Kuplaj =10. log(—g—)

4

3.7

I
Kuplaj =10.1
wpiey = 0108

P, : Giri§ Koluna Uygulanan Giig
P. : Kuple Edilen Giig

Béylece adlli hat baglagtir1 tasarim1 (3.4) ve (3.7) denklemlerinin ¢oziimii
haline doniigiir. Omek olarak, 3 dB'lik kuplaj igin tasarim yapilacak olursa
empedans degerleri asagidaki gibi bulunabilir. [5]

Zo
V2 (3.8)
Zo2 =70

Zol =

3.2.2 Halka Baglastiric1

Mikroserit devre yapilarinda 90 derecelik Dalli Hat Baglagtirici yaninda
180 derecelik halka baglastiricida kullamimaktadir.
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Zol

Kol 4 Kol 2

Kol 1 Kol 3

Zo
Sekil 3.5 Mikroserit Halka Baglastirict Yapisi

Sekil 3.5' de verilen halka baglastiricinin 6zellikleri asagida siralanmugtir.

1. Kol 4 ve kol 3 izolelidir.

2. Kol 1 ve kol 2 izolelidir.

3. Kol 2'den uygulanan sinyal 3. ve 4. kollardan esit genlikte fakat 180
derece faz farkh gikar. Kol 2' ye sinyal gitmez.

4. Kol 1'den uygulanan sinyal 3. ve 4. koldan aym genlikte ve fazda
¢ikar. Kol 2' ye sinyal gitmez. |

5. Kol 1 toplam , kol 2 fark kolu olarak adlandinlir.

Bu 6zelliklerin hepsi frekansa gok bagimhdir. Ciinkii biitiin izolasyon
ve kuplajlarin iyi olmasi i¢in halka baglagtinicidaki kollar arasindaki hat
boylarin ¢eyrek dalga boyu veya bunun katlan uzunlukta olmasi
gerekmektedir. Frekans kaydikea, halka baglastiricide kullanilan hat
boyutlan kayan frekansmn dalga boyuna uyum saglayamayacagindan, halka
baglagtirica biitiin 6zellikleri degisecektir.

~ Halka baglastinicida kullanilan Zo1 empedansi Zo 'un kok iki kat
segilmektedir. Bunun nedeni halka baglastiricide empedans uyumunun
saglanmasidir. Bu 6zellikler bir 6rnek iizerinde gok daha iyi anlagilacaktir.
Sekil 3.5' deki yapmnm 2., 3.ve 4. kollar1 502 ile sonlandirilip, 1. koldan 50Q
Tuk bir kaynakla siiriildiigiinde halka baglastinicriin elekiriksel esdegeri
Sekil 3.6' deki gibi olur. [3], [5]
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L1 1 L1 | 4

50 L1 | |50 L2 [] 50

Sekil 3.6 Elektriksel Egdeger Devresi

Topraga bir ucu kisa devre olan L1 ve L2 hatlarinin diger ucundan gériiniin
empedans sonsuzdur. Seri olan, A/4 likk L1 hatlan empedans déniistiiriicii
olarak galigmaktadir. Bu 6zellik kullanmlirak Sekil 3.6' deki devre Sekil 3.7

daki devre haline déniisiir.

Sekil 3.7 Basitlestirilmis Esdeger

Seki1 3.7' dan da goriildiigii gibi empedans uyumu ve maksimum gii¢ transferi
saglanms olur. Bu 6rnek yardimi ile de mikrogerit halka baglastiriciiin hat
empedanslarimn neden Zo'1 n kok iki kati olarak segildigi goriilmektedir.

3.2.3 Tek Dengeli Kangtiic1 Obek Devresi

Yukarida tek dengeli kanigtiricilanin 180 ve 90 derecelik hibrit yapilar
kullanzlarak elde edilmesinin miimkiin oldugu agiklanmigti. Halka baglastirict
kullamlarak yapilan tek dengeli kangtincinin 8bek diagrama ~ Sekil 3.8' de
gosterilmektedir.
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RF D1
o—>— 180 Derece ——D—— I
oO—>— Devresi M

D2 1

¢

Sekil 3.8 Tek Dengeli Kangtiric1 Obek Diagrami

180 derecelik hibrit yapis1 olarak halka baglagtirici kullanilmaktadir. Halka
baglastiricim toplam koluna LO, fark kolunada RF uygulandiginda D1 ve D2
diyotlan kollarina LO aym fazda RF ise ters fazda gelir. Bu durmda IF kolu
LO agisindan zahiri toprak gibi davranir béylece LO ile IF kolu arasinda
izolasyon saglanmg olur. RF ile LO arasindaki izolasyon halka baglastirici
sayesine olugur. Diyodlarin tizerindeki akimi ve voltaj yazilarak yapimn
analizi yapilabilir. (3.9)

V; = V;.cos{m,.t)+ V,.cos(w, .1) 3.9
v, =V,.cos(®,.f)~ ¥,.cos(,.1) ‘

¥, : D1 diyodu tizerindeki voltaj

¥,: D2 diyodu iizerindeki voltaj

I, : D1 Diyodu iizerinden akan akim
I, : D2 Diyodu iizerinden akan akim
I. : IF kolundan akan akim

1
2
s
(1.2) denklemi kullamlarak I, ve I, akimlan asagidaki gibi bulunur.

I, =aq, +a1.(V,.cos(w,.t)+V,.cos(w,.t))+a2.[V,.cos(w,.t)+V,cos(a),.t)]2+...
I, =a, +a,.(l/}_.cos(a),.t)——V,.cos(cu,.t))+az.[V,.cos(a),.t)~ V,cos(w,.t)]2+...
1,=I,-L

I,=4.a,.V,.V,.cos(®,.t).cos(@,.t) +2.V,.cos(w,.t) + (3.10)

+6.V2.,.[cos(a,. t)]z. cos(m,.t)+........
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IF kolundaki akim bilgenlerinden anlagilacags gibi tek dengeli kangtirict
yapisinda tagtyici ve harmoniklerin bir kismm bastiriimaktadir. [3]

3.2.4 Cift Dengeli Kanstirica

Cift dengeli kangtinncilarda, kollar arsindaki izolasyon, tagtyici ve
harmonik bastirma tek dengeli kangtiricilara gore haha iyidir. Ancak bunun
yanisira kullanilan diyod sayisinin artmasindan daha fazla LO giicii gerektirir.
Cift dengeli kanstiric1 yaps: tek dengeli kanstiriciya gére daha komplekstir.
Sekil 3.9'da balunlu bir ¢ift dengeli kangtirict yapisi verilmektedir.

HIBRIT HIBRIT

LO

Sekil 3.9 Cift Dengeli Kangtiric1 Yapist
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RF LO
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b)

Sekil 3.10 Diyodlar Uzerindeki Voltajlar

Kullanilan diyodlar es ise L ve L' noktalar: RF igin , R ve R’ noktalan 1O igin
zahiri toprak noktalar1 olmaktadir. Boyle olunca RF igareti LO kolunda LO
isareti de RF kolunda olugmamaktadir. Ayni 6zelliklere sahip diyodlarin
kullamiimas: ile izolasyon daha da iyi olmaktadir. Diyodlarin iizerindeki RF
ve LO voltajlan sekil 3.10' da verilmektedir. $ekilden de anlagilacagi gibi LO
osilatériin bir periyodunda D1 ve D2 diyodlar, diger peryodunda ise D3 ve
D4 diyodlan iletimde olmatadir. Bu sayede LO'iin her iki periyodunda
ditodlar iizerinde karigtirma islemi gergeklesmektedir.



BOLUM 4 TEK YAN BAND YUKARI KARISTIRICI TASARIMI

Tek yan band iist ¢evirici tasarimi, 6nceki boliimlerde agiklanan
kanigtiric1 yapilarindan yola ¢ikilarak yapildi. Dengeli karigtirici ¢ikislarinda
tastyicisi bastinlmug ¢ift yan bandli isaret ¢gikmaktadir. Amacimiz bu gift yan
bandh igaretin her hangi bir yan bandim bastirmaktir. Yapilan kangtincida
istenilen yan band1 bastirma olanag1 vardir. Bu 6zellikleri saglayacak
kanigtincinin 6bek semasi ve nasil istenilen yan bandi yok ettigi asagida
gosterilmektedir. Sekil 4.1' de kangtiricinin 6bek semasi verilmektedir.
Tasarlanan kanstiricidda LO frekansi 10.5GHz, IF frekans: ise 70 MHz dir.

Dengeli
Karistirici
MX1
90 RF
LO 0 Q Derece )
Ihrm< . 3dB
3dB \
Dengeli ‘ 50
Karnistirict
MX2
I
IF
—_— 90 1Q
Derece

3dB
50! !

Sekil 4.1 Tek yan band iist gevirici 6bek diagrami

Obek semada goziiken IF kolundaki 3dB 90 derecelik kuplor karistirict
devresinde bulunmamaktadir. IF girisi devreye digandan I ve Q girigleri
olarak uygulanmaktadir. Bu girislerin genlikleri esit fakat fazlar1 arsainda 90
derecelik faz farki vardir. Bu 6bek semadan yararlamlarak kangtircinin nasil
tek yan bandl kanigtiric olarak ¢ahstigs anlasilabilir. Devrede Kullamlan
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denegeli kangtiricimin tasarimi daha sonra detayli olarak incelenecektir.

Devrenin LO osilatdr girigine
A4,.cos(w,.t) uygulamrsa O derecelik 3dB'lik giig boliiciisii ¢tkiginda esit

genlik ve fazda isaret olusur. Islemlerde kolaylik saglamas agisindan giig

béliiciisii gikigindaki yerel osilatériin katsayist bir olarak alinmigtir. bu
kosullar altinda MX1 kangtincisinmm ¢ikigt denklem (4.1) de verilmektedir.

MX1=1L, .[cos(w, + a)f).t+ cos((o,.—- wf).t]+Sl. cos(w,.1) “.1)

L, : MX1 Kanstinicinin doniistiirme kaybi
S, : MX1 Kanstincisinin tastyici bastirmasi

MX2 gikisida benzer sekilde yazilabilir. (4.2)

Mx2= Lz.[-sin(a), +a)f).t+sin(w, o a),).t]+Sz.cos(a),.t) 4.2)

L, : MX2 Kanstincimin déniistiirme kaybi
S, : MX2 Karigtiricisinin tastyici bastirmasi

wo+o,=0, , o,-o,=o, koyularak denklem tekrar yazihirsa

MX1= L1 .[cos(&),,).t +cos(w, ).t]+.5’,.cos(¢,.t) (4.3)
MX2 = LZ.[—sin(a)u).t +sin(a)L). t]+ S,'.cos(m,.t)

Cikigta bulunan 3dB 90 derecelik balun ¢ikigina MX2 ¢ikigindaki isaret MX1
sikisindaki igarete gore geride gelir. Bir bagka deyigle MX1 isareti MX2'
1garetine gore 90 derece daha ileridedir. Bu bilgilerin 15151 altinda RF
kolundaki isaret (TX1) denklem (4.4)' deki gibi olur. |

IX1= L,.[cos(a)u.t-i—g)-kcos(wL.t+§)J+Sl.cos(w,.t)

—Lz.[sin(w,,).t+sin(a)L).t]+S2.cos(a),.t) 4.4)
TX1=~(L, +L,).sin a)u.t‘+(L2 -L).sinw,.t+(S, +85,).cos ;.1

Cikan sonugtanda anlagildif gibi iist yan band alinms, alt yan band
bastinlmistir. Eger kullanilan dengeli kangtiricilar tamamuyla birbirinin esi
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ise L,—L, =0 olur. Bu sayede miikkemmel yan band bastirmas: elde edilir.
Kangtiricinin tagtyict bastirmasi dengeli karigtiricilarin tagtyict bastirmast ile
orantih olacktir. Teoride dengeli kangtiricilarin tagiyici bastirmasi sonsuzdur.
Fakat bunu pratikte elde etmek imkansiz oldugu igin ¢ikis kolunda tastyic
bastirilmg olarak goziikiir.

Eger karistiric: gikiginda iist yan band1 yok edip alt yan abnd1 elde etmek
istenirse, MX1 ve MX2 dengeli karistiricilarina uygulanan IF isaretlerinin
yerlerinin degistirilmesi yeterli olacaktir. Bu durum igin kanstirica ¢ikislary
asagida verilmektedir.

MX2=1L, [cos w,).t+cos(w, ).t ]+S .cos(m,.1) 4.5)
MX1=1I, [-sin(@,).t +sin(w, ). 1]+5,.cos(®,.1)

TX2=-L.|s [ (a)u t+—)+sm(mL t+2)]+sl.cos(w,.t)

+L2 cos(w, ).t +cos(mw, ).t ]+S2.cos(co,.t)
X2 =(L, +L2).cosa),d.t+(L2 ~L).cosm,.t+(8 +S2).cosa),.t

Goriildiigii gibi iist yan band ve tastyici bastirilip alt yan band alinmus olur.

Mikrodalga tek yan band yukar karigtiric tasariminda kullamilan
yapilarm hepsi mikrogerit olarak gergeklestirilmigtir. Karigtiricada kullanilan
3dB 0 derecelik gii¢ boliiciisii olarak Wilkinson giig boliiciisii kullanilmistrr.

4.1 Wilkinson Gii¢ Boliicii

Tek yan band yukan kangtiricida Wilkinson gii¢ béliiciisiiniin
kullanildifindan bahsetmistik. Bu kisimda Wilkinson gii¢ béliiciisii hakkinda
bilgi verilecek ve kanistiricida kullanilacak olan gii¢ béliiciisii tasarlanacaktir.
Wilkinson gii¢ boliiciisiiniin gemasi sekil 4.2' de verilmektedir.
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Sekil 4.2 Wilkinsqn Gii¢ Boliiciisit

Wilkinson gii¢ bosiiciisiinde Zo' empedansi, Zo empedansimn kok iki katidir.
Zo' empedansh hat boylan geyrek dalga boyu uzunluktadir. Bu 6zellikler
yapmin empedans uyumunu saglamaktadir. Bu kosullar altinda esdeger
devre sekil 4.3' de verilmektedir.

Kol 2

Kol 1

Kol 3

Sekil 4.3 Giig Boliiciisii Egdeger Devresi

2.Zo direnci ikiye boliip ortast zahiri toprak olarak alimlabilir. Devredeki L1
ve L2 hat boylan geyrek dalga boyu uzunluktadir. Bu kosul altinda Z1 ve Z2
empedanslan agagidaki gibi bulunabilir, |

2 Zo.\/iz \
zz=ZZ"O _{ Zo) =2.70 (4.6)

Zo'? (ZO \[i—)z

Z1= — = =2, 7
Zo  Zo ?
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Boylece maksimum gii¢ transferi igin gerekli olan empedans uyumu saglanmis
olmaktadur.

Tek yan band yukan kangtiricida kullanilacak gii¢ béliiciisii tasarimina
baglanabilir. Tasarlanacak olan kangtiricinin merkez frekansi 10.5GHz
oldugu i¢in gii¢ boliiciisii bu frekansta galisabilecek sekilde tasarlanacaktir.
Zo 50Q oldugundan Zo' 70.7 Q olacaktir. Bu empedanslan saglayacak olan
mikroserit hatlarin kalinliklari, MH pragrami kullanilarak bulunmustur.
10.5Ghz' deki dalga boyunu denklem

(4.7) kullamlarak bulunmustur. [5]

1
g+1\(¢g -1 h\Yz
o= (E20) (52 (w10.4) -
1= C
745
h : Taban kalinlig
C : Isik izs

MH proram: yardimiyla gii¢ devresinin nasil galististigim incelenmesi igin Ek
Al de verilen program yazilmigtir. Program yardimiyla elde edilen devrenin
sonuglar tablo halinde Ek A2'de verilmektedir. Daha iyi bir gii¢ boliiciisii
elde etmek igin, yapilan ¢aligmalar sonucunda iig degisik gii¢ béliicii devresi
ortaya gikmigtir. Bu devrelerin MH' da incelenmesi igin yazilan programlar
sirastyla Ek A1, Ek A3 ve Ek A5 'de, elde edilen sonuglar tablo halinde Ek
A2, Ek A4 ve EK A6 ' da verilmistir. En iyi sonuglara sahip gii¢ boliiciisii
tek yan band yukan kanstiricida kullanilmmgtir, [6]

4.2 Dall1 Hat Baglagtirici Tasarmi

Tek yan band yukan kangtiricida 3dB 90 derecelik kuplér olarak Dalh
Hat Baglagtiric1 kullamlmighir. Bu yapmin nasil galighig1 ve ne sekilde
tasarlanabilecegi hakkmda bilgiler boliim 3.2.1 de verilmistir. Bu bilgiler
kullanilarak tasarima gegilebilinir. Bu yapida kullamlan mikroserit hatlarin
empedanslan 50Q2 ile 35.35Q dur. Yukarida yapilana benzer sekilde, bu
empedans degerini saglayacak mikrogerit hat kalinliklar1 MH programu
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yardimiyla bulunmugtur. Yapilan tasarim MH program ile incelenmistir.
Tasarimun en iyi hale getirilebilmesi igin yapilan galigmalar sonucunda ii¢
degisik devreye ulagiimistir. Bu iig devrenin sonuglarnin incelenmesi igin
yazilan MH programlar Ek B1 , Ek B3 ve Ek B5 'de verilmigtir. Bu
programlardan elde edilen sonuglar tablo halinde sirastyla Ek B2 , Ek B4 ve
Ek B6'da verilmistir. En iyi sonucu veren devre karigtinici yapiminda

kullamlmigtir. [6]

4.3 Dengeli Karigtiric: Tasarim

10.5GHz de ¢alisan dengeli kargtinicty yapmak igin 180 derecelik
balun olarak mikrogerit halka devresi kullamlmigtir. Dengeli kangtincinin
devresi sekil 4.5' de verilmektedir. Dengeli kanigtincida sific kutuplamali
Schottky diyodlar kullamlmigtir. Dengeli karigtiricinin performansinin iyi
olabilmesi igin , kullamlan diyodlarn es olmasi gerekmektedir. Her ne kadar
ayni tip diyodlar kullanilsada diyodlann tipa tip aymi elektriksel 6zelliklere
sahip olamayacag1 agiktir. Dengeli karigtirict tasanim, bu 6zellik dikkate
alinarak tasarlanmistir. Devrede diyodlan es potansiyele getirmek igin ayarh
dc kutuplama devresi eklenmigtir. Kutuplama devresi Sekil 4.4 'de
verilmektedir. [7]

Orta | Ucu

|-— Poyansiyomtere “——I

Sekil 4.4 Kutuplayici devre

Devrede bulunan dairesel alanlarin (Radial Stub) aras1 dalga boyunun dortte
biridir. Ceyrek dalga boyundaki hatlarin kalinhig1 ince tutulmak suretiyle
empedanslarinin yiiksek olmasi saglanmigtir. Bu sayede kutuplama
devresinin baglandid1 hattin empedansina etkisi azaltilmaya ¢alisilmistir.
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Sekil 4.5 Dengeli kanigtirict devresi
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Devre temel olarak algak gegiren siizge¢ olarak caligir ve diyodlar
kutuplamak igin gerekli olan dogru gerilimi LO isaretinden saglar.
Kutuplama devresi ile elde edilmis dogrultulmus gerilim, 100Qluk ¢ok turlu
potansiyometre iizerinden diyodlara uygulanir.

Bu ¢ok turlu potansiyometre yardimiyla, diyod giftleri iizerindeki voltaj
ayarlanarak, diyotlarin elektriksel 6zellikleri ayn1 yapilmaya galigthr. Bu ayar
sayesinde dengeli kanigtiricinin tagiyici bastirmasi daha iyi hale getirilir. Sekil
4.5 dengeli kanstiric: semasindan goriilecegi gibi, IF kolu dogru gerilimden
kondansat6r yardimiyla izole edilmis olur. Benzer sekilde IF isaretininde
potansiyometrenin iizerine gitmemeside bobin sayesinde saglanir. Dengeli
kangtiricida IF isareyi diyodlara aym fazda uygulanmir. Karigtiricida bulunan
halka devresi yardimiylada yerel osilatér ve radyo frekans: kollar1 arasinda

izolasyon saglamr.

4.3.1 Halka Baglastiric1 Tasarimi

Béliim 3.2.2 de verilen halka yapisindan yararlamilarak tasnim
yapilmistir. Gergeklestirilecek olan kangtiricinin tagiyici frekans: 10.5GHz
oldugundan dolay: halka devresinin tasariminda kullanilacak mikrogerit
hatlarin boylar1 bu frekansa gore ayarlanmigtir. Halka devresinde kullanilan
mikrogerit hattin empedansinin 70.7 Q oldugu béliim 3.2.2' den biliyoruz. Bu
empedans degerini saglayacak mikrogerit hattin kalinlig1 MH programi
yardimiyla bulunmustur. Bu bilgilrin 1131 altinda tasralanan mikrogerit halka
devresinin MH ile analizi igin yazilanprogram Ek C1' de, elde edilen
sonuglarda tablo halinde Ek C2' de verilmistir. [6]

4.4 Dengeli Kanigtirictmn MH fle Incelenmesi

Sekil 4.5 ' de verilen devrenin MH ' da analizi i¢in yazilacak olan
programa baz tegkil edecek 6bek diagramu Sekil 4.6' de verilmektedir. MH
programiyla, devre iizerinde incelemeler ve optimizasyonlar yapilarak devre
en iyi hale getirilmeye ¢aligilmigtir. Bu ¢aligmalar sonucunda elde edilen
~ dengeli karigtinicinin anlizi igin kullamlacak MH programi Ek D1' dir. Bu
program yardimiyla devrenin analizinden elde edilen sonuglar tablo halinde
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Ek D2 ' de verilmektedir. Tek yan band yukan kangtiricinin tasarimina
gegmek igin biitiin bilgiler bu sayede elde edilmis olmaktadir. [6]

1 ‘LO
1 Rfchaa 2
3
1 Trmaa 2
Tr00
2 2 |IF 2
1 3 3 1
Semaa . , Semaa
3
1 Msbld 2 2 Rcaa 4 2 Msbld 1
1
Tr00
-3 | RF

Sekil 4.6 MH program yazim igin kullanilacak dengcli
kanstiricinin 6bek semasi

4.5 Tek Yan Band Yukar: Kanstiricinin Dogrusal Analizi

Tek yan band yukan karistirica iginde kullanilacak olan yapilarin
tiimiiniin incelenmesi ve tasarim yapilmigtir. Bu yapilar igeren Tek yan band
yukan karigtincimin dbek semasi sekil 4.7 de verilmektedir. Bu 6bek sema
kullamlarak yazilan MH programi yardimiyla kanstiricinin dogrusal
ozelllikleri hakkinda bilgi edinebiliriz. Bu amag i¢in yazilmig olan program
Ek E1' de gosterilmektedir. Bu proram yardum ile tek yan band yukari
kangtiricistmn kollardaki doniig kaybini ve kollar arasindaki izolasyonu



A

gorebiliriz. Bu sonuglan bilgisayarda degisik sekillerde goriilmesi olasiligs
vardir. Burada bu sonuglart Ek E2 ' de tablo halinde verilmektedir. Cikan
sonuglardan , karigtiricinim kollarinda empedans uyumunun ve kollar
arasindaki izolasyonun iyi oldugu goziikkmektedir.

2 50 ohm
- 1 BLCPH 4 ;EJ—-D Gnd
2 3
7 8
8 7
¢
4 4 4 9 s 3
1 4 2 1 3 1 BLCPH 2
L0 ———q1 PoPH SBMAA 4 3 RF
4 5 10 1
s 50 OHM
8
. GND
‘2
1 10
¢ SBMAA 3

Sekil 4.7 Tek yan band yukari karistiric: Sbek semasi

Bu sonuglar, kanigtiicimin dogrusal olarak iyi galiggim gdstermektedir.
Kanstiricinimn gergeklenmesine gegilmeden énce karigtiricinin istenilen
karigtirma iglemini yapip yapmadiginin incelenmesi gerekir. Bu iglemde
gelecek boliimde incelenmigtir.

4.6 Tek Yan Band Yukar1 Kangtiricinm Dogrusal Olmayan Analizi.

Tek yan band yukan kanstiricisiin- kalitesi hakkinda bilgi
edinebilinecek arastirmalar yapilacaktir. Buda MH program ile yapilacaktir.
Bunun i¢in MH' da yazilacak olan simdiye kadar yazilmig olanlardan farklidur.
Simdiye kadar devrelerin dogrusal 6zelliklererini incelemek igin programlar
yazilmigt. Simdi ise devrenin dogrusal olmayan &zelliklerini incelemek
amaciyla MH programi yazilacaktir. Bu programin yazilmasinda yardimci
olacak tek yan band yukar kanigtiricistmn bek semast gekil 4.8 'de verimistir.
Bu semadan yararlanilipta yazilan MH programi Ek F1' de verilmistir. Bu
programda LO ve IF giigleri ve devre ¢Oziimii sirasinda bu isaretlerin kag
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harmonin alinacagida belirtilmek zorundadir. Programda LO giicii 12dBm, IF
giicli 0dBm olarak verilmigtir.

19
3 TRMAA 1 B4
2
18
E 2
— 7 ‘ 17
2 2 J 2
BCEL SEMAA 3 3 SEMAA
1 1 1
4 3
2 8 " R0 5
5o 2
OHM RECHAA A1 A2
1
8 168 158
] ez 47 2 Jass
1 porn 3 » BLOPH 2 |
Lo RF
- 42 1TRL 2 3 RCAA 1TRL 2 43 =
8 8 17 L 28 Jos3 19 un
8 50 OHM
1 ,As J L A l
RFCHAA 268 285
= =
28 1 8 1
SEMAA 3 “—'r'} 3 SEMAA
2 2
2 2
2
\gg 3 TRMAA 1 14
A2 15 80 81 82 83 155
Al 16 87 86 85 84 166
—— TRL [ TAP DIoD TAP TRL P
A3 28 47 46 45 44 266
M 25 40 41 42 43 255

Sekil 4.8 Tek yan bandli kangtiricinin 6bek semasi
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Ayrica devrenin ¢oziimiinde LO' iin {i¢ harmonigini, IF' in iki harmoniginin
alinacagi belirtilmigtir. Bu degerlerin boyle seylenmesinin nedeni

pratikte gergeklenecek devreye bu seviyelerin uygulanacagidir. Yazilan
program yardimi ile yapilan dogrusal olmayan analiz somucunda gtkan
sonuglar talo halinde Ek F2' de verilmistir. Cikan sonuglarin olumlu
olmasindan dolay1 devrenin iizerinde bagka ¢aligma yapilmadan
gerceklenmesine karar verilmigtir. [6]

4.7 Tek Yan Band Karnigtiricinin Gerc;eklenmesi\

Analizler sonucunda tek yan band kangtincida kullamilacak mikroserit
yapilarin ve hatlarin boyutlari elde edilmigtir. Bu sonuglardan yararlanilarak
kanigtiriciin baskih devresinin, bilgisayarda ¢izimine gegilmigtir. Baz
yapilarn yerlestirilememesinden dolayi, baskili devrede bazi mikroserit
hatlarin boylar: yarim dalga boyu uzatilarak kullamimugtir. Teoride elde
edilen boyutlar, pratikte iyi bir yaklagiklikla elde edilmek igin, baskili devre
on kat bityiitiilerek ¢izilmigtir. Cizilen baskil1 devrenin semasi sekil 4.9' de
verilmektedir. Bilgisayarda ¢izilen baskili devre Rubulith' in {izerine bigakla
kazinmigtir. Desen olacak kistmlarn Rubulith iizerinden kazinilarak baskili
devrenin on kati elde edilmigtir. Gergek boyutlarda baskili devreye
rubulithden ¢ekilen filmin on kez ufaltilmasi ile gegilmistir. Cift yiizlii olan +
RH Duroid 6010.5 tabamn diger yiizii tamamen bakir kaph birakilmigtir.
Plaketin tamamen bakir kaph kistmi topraklanacaktir. Devrenin dah iyi
toprak alabilmesi igin bakir kaph yiizii metal tabana giimiis lehim ile
lehimlenmistir. Bu islemlerin gergeklesmesinden sonra baskili devreye yiizey
montaj elemanlar takilmistir. Yapilmis olan karigtiricimn testi igin gekil 4.10'
da verilen diizenek lullamlmigtir. Bu test diizenegi yardimiyla kanigtiricinin,
-iki ton intermodiilasyon iriinlerini, taslylcly bastirmasim, dﬁhﬁsti'mnc kaybini
ve yan band bastirmasim incelemek incelemek miimkiindiir. Iki ton
intermodiilasyom iiriinlreiinin testi igin IF koluna 70 ile 76 MHz' lik
isaretlerin toplami uygulanmmgtir. Bu durumda karigtiricimin RF spektrumu
sekil 4.11' da verilmektedir. Ayrica kanigtiricinin LO giiciine ve LO
frekansina baghlig: aragtinlmstir. Bu iglem i¢in ayni1 test diizenegi
kullamlmstir. Tek farkli yam IF girigine yalmzca 70MHz uygulanmugtir.
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Sekil 4.9 Tek yan band kanstiricinin baskili devresi
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Sekil 4.10 Tek yan band yukar karigtiricinin test diizenegi

e
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CTR 10.5063 GHz ~ SPAN 50 MHz/
REF -8 dBm

10 d8/ ATTEN 10 dB

RES BY 1 MHz
S¥P - AUTO

VF OFF |

Sekil 4.11 Tek yan band kanstiricinin RF spektrumu
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Sekil 4.12 Kanstiricin RF spektrumu Pl=0dBm,Pif=0dBm
FI=10.5GHz Fif=70MHz
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Sekil 4.13 RF spektrumu PL=6dBm,P1f=0dBm

F1=10.5GHz, F1f=70MHz
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CTR 10.5013 GHz ~ SPAN 50 MHz/ RES Bi 1 MHz VF OFF
REF -10 dBm 5 dB/ ATTEN 20 dB  SWP AUTO
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Sekil 4.14 RF spektrumu PI=9dBm,
Pif=0dBm,F1=10.5GHz F1i=70MHz

CTR 10.5012 GHz ~ SPAN 50 MHz/ RES BY [ MHz VF OFF
REF -9 dBm 5 dB/ ATTEN 20 dB SWP AUTO
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Sekil 4.15 RF spektrumu Pl=12dBm,P1f=0dBm
F1=10.5GHz, Fif=70MHz
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CTR 10.5012 GHz ~ SPAN 50 MHz/ RES BW 1 MHz VF OFF
REF -15 dBm 10d8/  ATIEN 10dB  SWP AUTO
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Sekil 4.16 RF spektrumu Pl=12dBm, Pif=-6dBm
FI=10.5GHz, Fif=70MHz
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CTR 10.5013 GHz ~ SPAN 50 MHz/ RESBW 1 MHz ~ VF OFF
REF -5 dBm 10dB/  ATTEN20dB  SWP AUTO

Sekil 4.17 RF spektrumu Pl=12dBm, Pif=6dBm
FI=10.5GHz, Fif~70MHz
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CTR 10.5012 GHz ~ SPAN 50 MHz/ RES BY 1 MHz VF OFF

REF -3 dBm 10 dB/ ATTEN 20 dB  SWP AUTO

Sekil 4.18 RF spektrumu PI=12dBm, Pif=10dBm
Fl=10.5GHz, Fif=70MHz

CTR 11.0037 GHz ~ SPAN 50 MHz/ RES BW 1 WHz VF OFF
REF -14 dBm 5 dB/ ATIEN 10 B SWP AUTO

Sekil 4.19 RF spektrumu PI=12dBm, P1f=0dBm
FI=11GHz, Fif=70MHz
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4+ CIR. 8.9990 GHz SPAN 50 MHz/ RES BY 1 MHz VF OFF
REF -0 dBm 5 dB/ ATTEN 20 dB SWP AUTO
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Sekil 4.20 RF spektrumu Pl=12dBm, Pif=0dBm
FI=9GHz, Fif=70MHzz



BOLUM 5 SONUCLAR

Tek yan band yukart karigtiricinin frekans spektrumundan, karigtiricinin
tasiyici bastirmast, yan band bastirmasi ve doniigtiirme kaybinin analiz
sonuglar ile elde edilenlere gok yakin oldugu goriilmektedir. Olgiimler
sonucuda devrenin LO frekansina bash olarak doniistiirme kaybi ve tastyici
bastirmasi elde edilmistir. Sonuglar sekil 5.1'de verilmektedir. Ayn1 zamanda
LO giiciide degisken olarak alinarak analizler yapilmigtir. Bu sayede devrenin
LO giiciine bagimlilig1 elde edilmistir. Sonuglar sekil 5.2'de verilmektedir.
Bu sonu.larin él¢iim kisimlarinin eldesi sirasinda ayar potansiyometreleri ile
ayar aypilmamigtir, EZer potansiyometreler ile ayar yapilacak olursa elde
edilecek sonuglar farkl olacaktir. Ciinkiit MH ile dogrusal olmayan analiz
yapilirken optimizasyon programi galigtirilamayacagi igin, optimum potans
ayar noktasim elde etinek imkansizdir.

Bilgisayar ile elde edilen sonuglarda IF girisi olarak yalmz 70MHZ' lik
ara frekans isareti uygulanmigtir. MH programi yardimiyla devreye iki ton
uygulanabilmekte fakat elde edilen sonuglari aym anda gériilememektedir. Bu
nedenle MH sonuglart devrenin tek ton sonuglarim gostermektedir. Bu
nedenle MH' da devrenin IMR sonuglar elde edilemektedir. Bunun yanisira
tek ton isaret testide pratikte yapildii igin, bilgisayar ¢iktilar ile Slgiim
sonucunda elde edilen degerlerin karsilagtirmasi yapilabilir. Bilgisayar ve
dl¢iim sonucunda elde edilen degerler arsinda gok bityiik farklar
bulunmamaktadir. Aradaki farkin olusmasina sebep olabilecek etkenlere
ornek olarak, pratikte devre 6lgiimii sirasinda kullamilan koaksiyel kablolarin
kayiplarini, kullanilan yapilarin ideal olmamasin, pratikteki IF 1 ve IF Q
isaretleri arasindaki faz farkinmin tam 90 derece ve genliklerinin esit olmamasi
ve baskili devre imalati \sn'asmda‘ hat kalliklarinin ve boylarinin bilgisayarla
anlizde kullanilanlar arasinda farkhiliklarin oalmasi sayibilir,
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File : PDAA.CKT

Author :Metin Erdogdu
Date :7.08.93 11:11 aM
Description:

In Phase Power Divider design

Containsg two physical power dividers
-pdph: with 1/4 lenght 59 ohm line
-pdpha: with 1*3/4 1enght 59 ohm line
for performance comparison.

* Ok % % % ok ok kR ok b ¥ % * %

*physical parameters
*

w00:0.58mm
P00 :3mm
*

;wll:?.851856mm?
wll:0.78mm
pll:?22.84683mm?

;p11:2.603mm

*

;w22:20.35mm?
ww2:0.35mm

1p22:22.713mm?

;p22:2.713mm

*

* electrical circuit

*

blk

trl 1 4 Z2=42 E= 90 F=10.5¢gHz
tr0l:trl 4 2 Z=59.4 E=90 F=10.5gHz
trol 4 3

res 2 3 r=100

pde:3por 1 2 3

end

*

*physical circﬁit

blk

trl 1 4 w-w22 p=0.231mm sub

bend 4 5 w=w22 r=0.4mm ang=60deg sub
trl 5 3 w=w22 p=1.71081mm sub

step 3 2 wl=w22 w2=w00 sub

pdaa:3por 1 2 3
~end

*

blk

tr00:trl 1 4 w=w00 p=p00 sub

step 4 5 wi=w00 w2=wll sub

trl 5 6 w=wll p=2,6mm sub

yjun 6 7 8 wl=wll w2=w22 ang=120deg sub
pdaa 7 11 9

pdaa 8 12 10

**‘k*****************’k****************************************
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res 9 10 r=100

tr00 11 2

tr00 12 3

pdph:3por 1 2 3

end

*

blk

trl 1 4 w=w22 p=0.231mm sub
bend 4 5 w=w22 r=0.4mm ang=60deg sub
trl 5 3 w=w22 p=?7.23799mm? sub
step 3 2 wl=w22 w2=w00 sub
pdab:3por 1 2 3

end

*

blk ‘

trla:trl 1 4 w=w00 p=p00 sub
step 4 5 wl=w00 w2=wll sub

trl 5 6 w=wll p=pll sub

yjun 6 7 8 wl=wll w2=w22 ang=120deg sub
pdab 7 11 9

pdab 8 12 10

res 9 10 r=100

tr0a 11 2

trf0a 12 3

pdpha:3por 1 2 3

end

*

freq

;10.5ghz 10.6ghz 10.7ghz
;step 10.4ghz 10.8ghz 0.1lghz
;step 10.4ghz 10.8ghz 0.01lghz
step 10.0ghz 11.1ghz 0.1lghz
;10.3ghz 10.4ghz 10.6ghz 10.7ghz
;step 10.0ghz 11.1ghz 0.0lghz
;step 10.48ghz 10.52ghz 1mhz
;step 8ghz 12ghz .lghz

end

*

*

out

pri pdpha s
end
*

opt
pdpha

s=pde

imsell=-20db 1t
;ms22=-20db 1t
;ms2l=-3db -3.5db
end

*

data
sub:ms h=0.635mm hu=25mm er=10.5 metl=cu 30um met2=au 2um

end
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‘MICROWAVE HARMONICA PC V5.5 File: e:\erdo\cktv2\pdaa.ckt 29

Freq Ms11 Ms12 MS13 Ms21 =~ Ms22 Ms23 MS31 MS32
GHz dB dB dB dB dB dB dB dB
PDPHA PDPHA PDPHA PDPHA PDPHA PDPHA PDPHA PDPHA

10.000 -21.19 -3.11 -3.11 -3.11 ~-26.34 -20.61 -3.11 -20.61
10.010 -21.25 -3.11 -3.11 -3.11 -26.37 -20.74 -3.11 -20.74
10.020 -21.30 -3.11 -3.11 -3.11 -26.39 -20.88 -3.11 -20.88
10.030 -21.35 -3.11 -3.11 -3.11 -26.42 -21.02 -3.11 -21.02
10.040 -21.42° -3.11 -3.11 -3.11 -26.45 -21.16 -3.11 -21.16
10.050 -21.47 -3.11 -3.11 -3.11 -26.47 -21.31 -3.11 -21.31
10.060 -21.52 =-3.11 =-3.11 -3.11 -26.50 -21.45 -3.11 -21.45
10.070 -21.57 -3.11 =-3.11 -3.11 -26.52 -21.60 -3.11 -21.60
10.080 -21.61 -3.11 -3.11 -3.11 -26.55 ~21.75 -3.11 -21.75
10.090 -21.66 ~3.11 -3.11 -3.11 -26.57 ~21.90 -3.11 -21.90
10.100 -21.70 -3.11 -3.11 -3.11 -26.60 ~22.05 -3.11 -22.05
10.110 -21.74 -3.11 -3.11 -3.11 -26.62 ~22.20 -3.11 -22.20
10.120 -21.78 -3.11 -3.11 -3.11 -26.65 ~22.35 -3.11 -22.35
10.130 -21.82 -3.11 -3.11 -3.11 -26.67 ~22.51 -3.11 -22.51
10.140 -21.86 ~-3.11 -3.11 -3.11 -26.70 -22.66 -3.11 -22.66
10.150 -21.90 -3.11 -3.11 -3.11 -26.72 -22.82 -3.11 -22.82
10.160 -21.93 -3.11 -3.11 -3.11 -26.75 -22.98 -3.11 -22.98
10.170 -21.96 -3.10 -3.10 -3.10 -26.77 -23.14 -3.10 -23.14
10.180 -21.99 -3.10" -3.10 ~3.10 -26.80 -23.30 -3.,10 -23.30
10.190 -22.02 -3.10 -3.10 -3.10 -26.82 -23.46 -3.10 -23.46
10.200 -22.04 -3.10 -3.10 -3.10 -26.85 -23.62 -3.10 -23.62
10.2106 -22.07 -3.10 =-3.10 -~3.10 -26.87 -23.79 -3.10 -23.79
10.220 -22.09 -3.10 -3.10 -3.10 -26.90 -23.95 -3.10 -23.95
10.230 -22.11 -3.10 -3.10 -3.10 -26.92 -24.12 -3.10 -24.12
10.240 -22.13 -3.10 -3.10 -3.10 -26.95 -24.28 -3.10 -24.28
10.250 -22.14 -3.10 -3.10 -3.10 -26.97 -24.44 -3.10 -24.44
10.260 -22.15 -3.10 -3.10 -3.10 -27.00 -24.61 =3.10 -24.61
10.270 -22.16 -3.10 -3.10 -3.10 -27.03 -24.77 =-3.10 -24.77
10.280 -22.17 -3.10 -3.10 -3.10 -27.05 -24.93 -3.10 -24.93
10.290 -22.18 -3.10 ~-3.10 -3.10 -27.08 -25.09 -3.10 -25.09
10.300 -22.18 -3.10 -3.10 -3.10 -27.11 -25.25 -3.10 -25.25
10.310 -22.18 -3.10 -3.10 -3.10 -27.14 -25.41 -3.10 -25.41
10.320 ~-22.18 -3.10 -3.10 -3.10 -27.16 -25.56 -3.10 -25.56
10.330 -22.18 -3.10 -3.10 -3.10 -27.19 -25.71 -3.10 -25.71
10.340 -22.17 -3.10 -3.10 ~-3.10 -27.22 -25.86 -3.10 -25.86
10.350 -22.17 -3.10 -3.10 -3.10 -27.25 -26.01 -3.10 -26.01
10.360 -22.16 ~-3.10 -3.10 -3.10 -27.28 -26.15 -3.10 -26.15
10.370 -22.14 -3.10 -3.10 -3.10 -27.31 -26.28 -3.10 -26.28
10.380 -22.13 -3.10 -3.10 -3.10 -27.34 -26.41 -3.10 -26.41
10.3%90 -22.11 =-3.10 -3.10 -3.10 -27.37 -26.53 -3.10 -26.53
10.400 -22.09 -3.10 -3.10 -3.10 -27.40 -26.64. -3.10 -26.64
10.410 -22.07 -3.10 -3.10 -3.10 -27.43 -26.75 -3.10 -26.75
10.420 -22.05 -3.11 -3.11 -3.11 -27.47 -26.85 -3.11 -26.85
10.430 -22.02 -3.11 -3.11 -3.11 -27.%0 -26.94 -3.11 -26.94
10.440 -22.00 ~-3.11 -3.11 -3.11 -27.53 -27.02 -3.11 -27.02
10.450 -21.97 -3.11 -3.11 -3.11 -27.57 -27.09 -3.11 -27.09
10.460 -21.93 -3.11 -3.11 -3.11 -27.60 -27.15 -3.11 -27.15
10.470 -21.90 -3.11 -3.11 =-3.11 -27.64 -27.19 -3.11 ~-27.19
10.480 -21.87 -3.11 =-3.11 -3.11 -27.67 -27.23 -3.11 -27.23
10.490 -21.83 -3.11 -3.11 -3.11 -27.71 -27.25 =-3.11 -27.25
10.500 -21.79 -3.11 -3.11 ~-3.11 -27.74 -27.26 =-3.11 -27.26
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File  :PDAB.CKT

Author :Metin Erdogdu
Date :9.08.93 10:06 AM
Description:

In Phase Power Divider design
Based on the PDAA.CKT file

Contains one physical power dividers
~pdph: with 1/4 lenght 59 ohm line

ok ok ok % ok F % % B * ¥ *

kkkhkhkhkhkhkhdhhhhrhhkhkhkhhdbhhhhhrhhdhdhohhhkhkhdhhhhkhdhhhhbhkhbkhhrdrrdrhkrhhhhidt
*

*physical parameters

*

w00:0.58mm
P00 : 3mm
*

wll:?20.9mm?
;wll:0.8nmm

pll:?8.5mm?
;pll:2.603mm
*

;wW22:70.35mm?
w22:.3mm
P22:27.2mm?
;pP22:2.713mm
*

* electrical circuit

*

blk

trl 1 4 z=42 e=90 £=10.5¢ghz
tr0l:tkl 4 2 2=59.4 e=90 f=10.5ghz
trol 4 3

res 2 3 r=100

pde:3por 1 2 3

end

*

*physical circuit
* .

blk

trl 1 4 w=w22 p=0.231mm sub

bend 4 5 w=w22 r=0.4mm ang=60dey sub .
* caution: p22 is the difference of 1/4 line lenght from trans
* lenghts of (trl 1 4) and (bend 4 5) elements.
trl 5 3 w=w22 p=p22 sub

step 3 2 wl=w22 w2=w00 sub

pdaa:3por 1 23

end

*

blk

tr00:trl 1 4 w=w00 p=p00 sub

step 4 5 wl=w00 w2=wll sub

trl 5 6 w=wll p=pll sub
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yijun 6 7 8 wl=wll w2=w22 ang=120deg sub

pdaa 7 11 9

pdaa 8 12 10

res 9 10 r=100

tr00 11 2

troo 12 3

pdph:3por 1 2 3

end

*

freqg

;10.5ghz 10.6ghz 10.7ghz

;step 10.4ghz 10.8ghz 0.1ghz
;step 10.4ghz 10.8ghz 0.0lghz
;step 10.0ghz 11.1ghz 0.l1lghz
;10.3ghz 10.4ghz 10.6ghz 10.7ghz
step 10.0ghz 11.1ghz 0.0lghz
;step 10.48ghz 10.52ghz 1mhz
;step 8ghz 12ghz .1lghz

end
*

*

out
pri pdph s
end
*
opt:
pdph
s=pde
;mell=-20db 1t
;ms22=-20db 1t
;ms2l=-3db -3.5db
end '
*
data
sub:ms h=0.635mm hu=25mm er=10.5 metl=cu
end

30um met2=au 2um
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MICROWAVE HARMONICA PC V5.5

Freq MSs11
GHz dB
PDPH
10.000 -35.14
10.010 -35.23
10.020 -35.32
10.030 -35.43
10.040 -35.55
10.050 -35.68
10.060 -35.81
10.070 -35.97
10.080 -36.12
10.090 -36.30
10.100 -36.49
10.110 -36.69
10.120 -36.91
10.130 -37.14
10.140 -37.40
10.150 -37.67
10.160 ~-37.97
10.170 -38.29
10.180 -38.64
10.190 -39.01
10.200 -39.43
10.210 -39.87
10.220 -40.36
10.230 -40.90
10.240 -41.49
10.250 -42.15
10.260 -42.89
10.270 -43.73
10.280 -44.68
10.290 -45.80
10.300 -47.10
10.310 -48.70
10.320 -50.70
10.330 -53.37
10.340 -57.29
10.350 -64.13
10.360 -65.42
10.370 -57.79
10.380 -53.35
10.390 -50.31
10.400 -48.01
10.410 -46.16
10.420 -44.60
10.430 -43.25
10.440 -42.05
10.450 -40.99
10.460 -40.02
10.470 -39.13
10.480 -38.31
10.490 -37.55
10.500 -36.83

MS1

TV .

L S B A |

| S N B B |

§
2L o G Lo W 0 WD WL e e
. .

1
W

~d

i
W

o L
o .

1

2

‘Msl

dB
PDP

3

H

Fil

MS2
dB
PDP

e:
1
H

PDAB.CKT 06-DEC-93
MS22 MS23 MS31
dB dB dB
PDPH PDPH PDPH
-24.32 -22.87 -3.10
-24.44 -23.00 -3.1¢0
'-24.55 -23.13 -3.10
-24.67 -23.27 -3.10
~24.80 -23.40 -3.10
-24.92 ~23.54 -3.10
-25.04 -23.68 -3.10
-25.17 -23.82 =-3.10
-25.30 ~23.97 -3.10
-25.43 -~24.11 -3.10
-25.56 -24.26 -3.10
-25.69 -24.42 -3.10
-25.82 -24.57  -3.10
-25.96 -24.73 -3.10
-26.10 -24.89 -3.10
-26.23 -25.06 -3.10
-26.37 -25.23 -3.10
-26.52 -25.40 -3.10
-26.66 -25.57 -3.10
-26.80 -25.75" -3.10
-26.95 -25.94 -3.10
-27.10 -26.13 -3.10
~-27.2% ~26.32 -3.10
-27.40 -26.52 -3.10
~27.55 -26.72 -3.10
-27.71 -26.93 -3.10
-27.86 -27.14 -~3.10
,-28.02 -27.36 -3.10
-28.18 -27.59 -3.10
-28.34 -27.82 -3.10
-28.50 -28.06 -3.10
-28.66 -28.31 -3.10
-28.83 ~28.56 -3.10
-28.99 -28.83 -3.10
-29.16 ~29.10 -3.10
-29.33 -29.37 -3.10
-29.50 ~29.66 -3.10
-29.67 ~29.96 -3.10
~29.84 -30.27 -3.10
-30.01 -30.59 =~3.10
-30.18 -30.91 -3.10
-30.35 -31.25 -3.10
-30.52 -31.60 -3.10
-30.70 -31.96 -3.10
-30.87 -32.33 -3.10
-31.04 -32.71 -3.10
-31.21 ~33.10 -3.10
-31.38 -33.50 -3.10
-31.54 ~33.90 -3.10
-31.71 -34.31 -3.10
-31.87 -34.71 -3.10

~26.93

-27.36
-27.59
-27.82
-28.06
-28.31
-28.56
-28.83
-29.10
-29.37
-29.66
-29.96
-30.27
-30.59
-30.91
~31.25
-31.60
-31.96
-32.33
-32.71
-33.10
-33.50
-33.90
-34.31
-34.71
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~-36.16
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-36.8

—36.84
-36.72
-36.53
~-36.26
-35.93
-35.55
~-35.14
-34.70
-34.24
-33.77
~33.31
-32.84
-32.38
-31.92
-31.48
~31.05
~30.62
-30.21
-29.81
-29.42
~-29.04
~-28.67
-28.31
-27.96
-27.62
-27.29
-26.97
-26.65
-26.35
-26.05
-25.76
-25.47
-25.20
-24.93
~-24.66
-24.40
-24.15
-23.90
~23.66
~-23.42
~23.19
-22.96
-22.74
-22.52
-22.31
-22.10
-21.89
~21.69
-21.49
-21.29
-21.10
-20.91

~3.10
-3.10

-35.11
-35.49
-35.85
-36.17
-36.44
-36.66
-36.80
-36.86
-36.84
-36.72
-36.53
-36.26
-35.93
-35.55
-35.14
-34.70
-34.24
-33.77
-33.31
-32.84
-32.38
-31.92
~31.48
-31.05
-30.62
-30.21
-29.81
-29.42
-29.04
-28.67
-28.31
-27.96
-27.62
-27.29
-26.97
-26.65
-26.35
-26.05
-25.76
-25.47
-25.20
-24.93
-24.66
-24.40
-24.15
-23.90

'~23.66

-23.42
-23.19
-22.96
-22.74
-22.52
-22.31
-22.10
-21.89
-21.69
-21.49
-21.29
~21.10
-20.91
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kdhdkhhhhkhhhhhkkhhRhkhhkhFhhkdhhohrhhbhbhhhhhhhdbhdhhdbhhbrohhrhhbdhhdhbdhd

File : PDAD.CKT

Author :Metin Erdogdu
Date :10.08.93 10:06 AM
Description:

In Phase Power Divider design
Based on the PDAA.CKT file

Contains one physical power dividers
-pdph: with 1/4 lenght 59 ohm line

% % % ok ok % * % % % % % *

khkhkhhkhkhkhhkhhhkhkhhhhhrdhkhkdthhkrodbkhkhbdhbhhrohbddhbrdhhhdhhdhhbhdhhkdhdhdkdhdi
*

*physical parameters

*

w00 :0.58mm
p00:3mm
*

wll:.9mm
;wll:0.8mm

P11:8.5mm
1p11:2.603mm
*

;w22:0.,35mm
w22: .3mm
P22:7.2mm ,
1P22:2.713mm
- ‘

* electrical circuit

*

blk

trl 1 4 z=42 e=90 £=10.5ghz
tr0l:trl 4 2 2=59.4 e=90 £=10.5ghz
tr0l 4 3

res 2 3 R=100

pde:3por 1 2 3

end

*

*physical circuit
*

blk

trl 1 4 w=w22 p=0.231mm sub

bend 4 5 w=w22 r=0.4mm ang=60deg sub

* caution: p22 is the difference of 1/4 line lenght from trans
* lenghts of (trl 1 4) and (bend 4 5) elements.

trl 5 3 w=w22 p=p22 sub

step 3 2 wi=w22 w2=w00 sub

pdaa:3por 1 2 3

end '

*

blk

tr00:trl 1 15 w=W00 p=p00 sub
step 15 5 wl=w00 w2=wll sub
trl 15 4 w=?.1mm? p=7?3mm? sub
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trl 5 6 w=wll p=pll sub

yjun 6 7 8 wi=wll w2=w22 ang=120deg sub

pdaa 7 11 9

pdaa 8 12 10

res 9 10 r=100

troo 11 2

tr00 12 3

pdph:4por 1 2 3 4

end

*

freq

;10.5ghz 10.6ghz 10.7ghz

;step 10.4ghz 10.8ghz 0.1lghz

; step 10.4ghz 10.8ghz 0.0lghz
;step 10.0ghz 1i.1ghz 0.1lghz
10.3ghz 10.4ghz 10.6ghz 10.7ghz
;step 10.0ghz 11l.1ghz 0.0lghz
;step 10.48ghz 10.52ghz 1lmhz
;step 8ghz 12ghz .1ghz

end

%*

*

out
‘ pri pdph s
end

*
opt
pdph

; s=pde

;msell=~20db 1t

;ms22=-20db 1t
£=10.4ghz 10.6ghz ms2l1l -3db -3.5db
f=10.4ghz 10.6ghz ms31 -3db -3.5db
;£=10.4ghz 10.6ghz ms41l -5db 1t
end
*

data
sub:ms h=0.635mm hu=25mm er=10.5 metl=cu 30um met2=au 2um
end
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MICROWAVE HARMONICA PC V5.5

Freq
GHz

10.000
10.010
10.020
10.030
10.040
10.050
10.060
10.070
10.080
10.090
10.100
10.110
10.120
10.130
10.140
10.150
10.160
10.170
10.180
10.190
10.200
10.210
10.220
10.230
10.240
10.250
10.260

10.270

10.280
10.290
10.300
10.310
10.320
10.330
10.340
10.350
10.360
10.370
10.380
10.390
10.400
10.410
10.420
10.430
10.440
10.450
10.460
10.470
10.480
10.490
10.500

MS11
dB
PDPH

~-16.
-16.
-16.
-16.
~-16.
-16.
-16,
-16.
-16.
-16.
-16.
-16.
-16.
-16.
~-16.
-16.
-16.
-16.
-16.
~-16.
-16.
-16.
-16.
-16.
~-16.
-16.
-17.
-17.
-17.
~-17.
-17.
~-17.:

-17
-17

-17.
-17.
-17.
-17.
-17.
-17.
-17.
~-17.
-17.
-17.
-17.
-17.
-17.
-17.
~-17.
-17.
=17.¢

Msl
dB
PDP

-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
AR

2

H

Ms13
dB
PDPH

-4.35
-4.35
-4.35
~4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.36
-4.36
-4.36
-4.36
-4.36
-4.36
-4.36
-4.36
-4.36
~4.36
-4.36
-4.36
-4.36
-4.36
~4.37
-4.37
-4.37
-4.37
-4.37
-4.37
-4.37
-4.37
-4.37
-4.38
-4.38
-4.38
-4.38
-4.38
-4.38
-4.38
-4.39
-4.39
-4.39
-4.39
-4.39

Fil

Ms1
dB
PDP

e:

4

H

PDAd.CKT
MS21  MS22
ds dB
PDPH  PDPH
-4.35 -21.95
~4.35 -21.93
-4.35 -21.91
-4.35.-21.88
-4.35 -21.86
-4.35 -21.84
-4.35 -21.82
-4.35 -21.80
-4.35 -21.78
-4.35 -21.76
-4.35 -21.74
-4.35 -21.72
-4.35 -21.70
-4.35 -21.68
-4.35 -21.66
-4.35 -21.64
-4.36 -21.63
-4.36 -21.61
-4.36 -21.59
-4.36 -21.58
-4.36 -21.56
-4.36 -21.54
-4.36 -21.53
-4.36 -21.51
-4.36 -21.50
-4.36 -21.48
-4.36 -21.47
-4.36 -21.46
-4.36 -21.44
-4.36 -21.43
-4.37 -21.42
-4.37 -21.40
-4.37 -21.39
-4.37 -21.38
-4.37 -21.37
-4.37 -21.36
-4.37 -21.35
-4.37 -21.34
-4.37 -21.33
-4.38 -21.32
-4.38 -21.31
-4.38 -21.30
-4.38 -21.29
-4.38 -21.28
-4.38 -21.28
-4.38 -21.27
-4.39 -21.26
-4.39 -21.26
-4.39 -21.25
-4.39 -21.24
-4.39 -21.24

MS23
dB
PDFPH

~20.17
-20.31
-20.45
-20.59
-20.73
-20.87
-21.01
-21.16
-21.30
-21.44
-21.58
-21.72
-21.87
-22.00
~-22.14
-22.28
-22.42
~22.55
-22.68
-22.81
-22.93
-23.06
-23.17
-23.29
-23.40
-23.50
-23.60
-23.69
-23.78
~-23.86
-23.93
-24.00
-24.06
-24.11
-24.15
-24.18
-24.20
-24.22
-24.22
~24.22
-24.21
-24.19
-24.16
-24.12
-24.07
~24.02
-23.96
-23.89
-23.81
-23.73
-23.64

06-DEC-93 14:16:

MS24
dB
PDPH

-9.
-9.
-9.
-9.
-9.
-9.

-9,
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9,
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9,
-9,
-9.
-9.
-9.
-9.
-9.

-9

-9.

-9
-9

=9

-9

-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9.
-9.



~-4.
-4.
-4.
-4.
~-4.
-4.
-4.
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-21.23

-21.23
-21.22
-21.22
-21.21
~21.21
-21.21
-21.20
=21.20
-21.20
-21.20
-21.20
-21.19
-21.19
-21.19
-21.19
-21.19
-21.19
-21.19
-21.19
-21.19
-21.19
-21.20
-21.20
-21.20
-21.20
-21.20
-21.21
-21.21
-21.21
-2 2%
-21.22
~21.22
-21.23
-21.23

3 ~21.24

-21.24
-21.25
-21.25
-21.26
-21.26
-21.27
-21.27
~-21.28
-21.29
-21.29
-21.30
-21.31
-21.31
-21.32

3 -21.32

-21.33
-21.34
-21.34
-21.35
-21.36

5 -21.36

-21.37
-21.38
-21.38

-23.
.44
-23.
-23.
-23.
-23.
-22.
.75

-23

-22

-22.
-22.
~22.
.23

-22

-22.
-21.
-21.
.70

-21

-21.
-21.

-21

-21.
-21.

.88

-20

-20.
-20.
-20.
-20.
-20.
-20.
.94

~-19

-19.
-19.
-19.
-19.
~ICY
-19.
-19.
-18.
-18.
-18.
-18.

-18.
-18.
-18.
-18.
-18.
-17.
-17.
-17.
-17.
-17.
-17.
-17.
-17.
-17.
-16.
-16.
-16.
-16.
-16.
-16.

54
23
11
87
62
37
10
97
83

56

42
.29

15
01

74
61
47
34
21
07

81
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***\********************************************‘k**************

File :BCAA.CKT
Author :Metin Erdogdu
Date $21.08.1993
Description:

Branch line coupler design

Comparison of two branch-line couplers:

a, Created with TRL elements.

* b. Created with MW Harmonica's build-in CPLR element.

A AR R AR A E R R A R R R R R R RS R R R X X R R R R R R R E R ]
*Physical parameters

ww:l.064MM

w00:0.58MM

pw:2.55MM

p00:2.7MM

*

* ok ok F % %k X F * %

*
*
*
*branch-line coupler electrical circuit
*
blk
trww:trl 1 2
tr00:trl 1 4
trww 3 4
trog 2 3
bcel:dpor 1 2 3 4
end
*
*branch-line coupler from app2.ckt file
*
blk .

t: tee l 5 9 wl=W00 w2=WW w3=WO00 sub

wl: trl 5 6 w=WW. p=PW sub )
nl: trl 9 12 w=W00 p=P00 sub

t 2 6 10
nl 10 11
t 4 8 12
wl 8 7
t 3 7 11
bephl: 4por 1 2 3 4
end
*
*branch-line coupler w/o tee s
*
blk
trli:trl 1 2 w=ww p=pw sub
trli 4 3
L trlo:trl 1 4 w=w00 p=p00 sub
trlo 2 3

betph:dpor 1 2 3 4
end
*

*
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:
*branch-line coupler Build-in circuit
*
blk
coup 1 2 3 4 wl=w00 w2=w00 w3=w00 wd=ww w5=w00
+1ll=pw 12=(p00/2) bran sub
blcph:dpor 1 2 3 4 :
end
*
*

freq

:10.5¢ghz 10.6ghz 10.7ghz
;step 10.4ghz 10.8ghz 0.1lghz
;step 10.4ghz 10.8ghz 0.0lghz
;step 10.0ghz 11.1ghz 0.1lghz
;step 10.0ghz 11.1ghz 0.0lghz
step 8¢ghz 12ghz .lghz

end

*

*

out
pri Iblcph s

end

*

opt.

bleph

s=bcel

;ps21=-85dey -95deg

;ms2l=-6db -7db

; ssmod

1 ps2l=-175deg -185deg

;ms21=-6db -7db

end

*

data

sub:ms h=0.635mm hu=25mm er=10.5 metl=cu 30um met2=au 2um

end
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MICROWAVE HARMONICA PC V5.5 File: bcaa.CKT 06-DEC-93 14:20:5

Freq MSil MS12 MS13 MS14 MS21 Ms22 MS23 MS24
GHz dB dB dB dB dB dB dB dB
BLCPH BLCPH BLCPH BLCPH BLCPH BLCPH BLCPH BLCPH

10.000 ~-17.28 -2.72 -3.77 -14.88 -2.72 -15.81 -16.02 -3.77
10.010 -17.17 -2.73. -3.78 -14.79 -2.73 -15.72 -15.92 -3.78
10.020 -17.07 -2.74 -3.78 -14.70 -2.74 -15.63 -15.82 -3.78
10.030 -16.95 -2.74 -3.78 -14.62 -2.74 -15.54 -15.73 -3.78
10.040 -16.86 -2.75 -3.78 -14.53 -2.75 -15.46 -15.63 -3.78
10.050 -16.76 -2.76 -3.79 -14.45 -2.76 -15.38 -15.54 -3.79
10.060 -16.65 -2.77 -3.79 -14.37 -2.77 -15.29 -15.44 -3.79
10.070 -16.55 -2.77 -3.79 -14.29 -2.77 -15.20 -15.35 -3.79
10.080 -16.45 -2.78 -3.79 -14.21 -2.78 -15.12 -15.26 -3.79
10.090 -16.35 -2.79 -3.80 -14.13 -2.79 -15.04 -15.17 -3.80
10.100 -16.25 -2.80 -3.80 -14.06 -2.80 -14.96 -15.08 -3.80
10.110 ~16.16 -2.81 -3.80 -13.98 ~-2.81 -14.88 -15.00 -3.80
10.120 -16.07 -2.81 -3.80 -13.91 -2.81 -14.80 -14.91 -3.80
10.130 -15.97 -2.82 -3:81 -13.83 -2.82 -14.72 -14.83 -3.81
10.140 -15.89 -2.83 -3.81 -13.76 -2.83 -14.65 -14.74 -3.81
10.150 -15.79 -2.84 -3.81 -13.69 -2.84 -14.57 -14.66 -3.81
10.160 -15.70 -2.85 -3.81 -13.61 -2.85 -14.49 -14.58 -3.81
10.170 -15.61 -2.86 -3.82 -13.54 -2.86 -14.42 -14.50 -3.82
10.180 -15.53 -2.86 -3.82 -13.47 -2.86 -14.34 -14.42 -3.82
10.190 -15.44 -2.87 -3.82 -13.40 -2.,87 -14.27 -14.34 -3.82
10.200 -15.35 -2.88 -3.82 -13.34 -2.88 -14.20 -14.27 -3.82
10.210 -15.26 -2.89 -3.83 -13.27 -2.89 -14.12 -14.19 -3.83
10.220 -15.18 -2.90 -3.83 -13.20 -2.90 -14.05 -14.11 -3.83
10.230 -15.09 -2.91 -3.83 -13.13 -2.91 -13.98 -14.04 -3.83
10.240 -15.02 -2.92 -3.83 -13.07 -2.92 -13.91 -13.96 -3.83
10.250 -14.93 -2.93 -3.84 -13.00 -2.93 -13.84 -13.89 -3.84
10.260 -14.85 -2.94 -3.84 -12.94 -2.94 -13.77 -13.82 -3.84
10.270 -14.77 -2.95 -3.84 -12.88 -2.95 -13.70 -13.75 -3.84
10.280 -14.69 -2.96 -3.84 -12.81 -2.96 -13.63 -13.68 -3.84
10.290 -14.61 -2.97 -3.85 -12.75 ' -2.97 -13.56 -13.61 -3.85
10.300 -14.53 -2.98 -3.85 -12.69 -2.98 -13.50 -13.54 -3.85
10.310 -14.46 -2.99 -3.85 -12.63 -2.99 -13.43 -13.47 -3.85
10.320 ~14.38 -3.00 -3.85 -12.57 -3.00 -13.36 -13.41 -3.85
10.330 -14.30 -3.01 -3.86 ~12.51 -3.01 -13.30 -13.34 -3.86
10.340 -14.23 -3.02 -3.86 -12.46 -3.02 -13.23 -13.28 -3.86
10.350 -14.15 -3.03 -3.86 -12.40 -3.03 -13.17 -13.21 -3.86
10.360 -14.08 -3.04 ~-3.86 -12.34 -3.04 -13.11 -13.14 -3.86
10.370 -14.01 -3.05 -3.87 -12.28 -3.05 -13.04 -13.08 -3.87
10.380 -13.94 -3.06 -3.87 -12.23 -3.06 -12.98 -13.02 -3.87
10.390 -13.86 -3.07 -3.87 -12.17 -3.07 -12.92 -12.96 -3.87
10.400 -13.79 -3.08 -3.87 -12.12 -3.08 -12.85 -12.90 -3.87
10.410 -13.72 -3.09 -3.88 -12.06 ~-3.09 -12.79 -12.84 -3.88
10.420 -13.65 ~3.10 -3.88 -12.01 -3.10 -12.73 -12.78 -3.88
10.430 -13.58 -3.11 -3.88 -11.95 ~3.11 -12.67 -12.72 -3.88
10.440 -13.51 -3.13 -3.88 -11.90 -3.13 -12.61 -12.66 -3.88
10.450 -13.44 -3.14 -3.89 -11.85 ~-3.14 -12.55 -12.60 -3.89
10.460 -13.38 -3.15 -3.89 -11.80 -3.15 -12.49 -12.54 -3.89
10.470 -13.31 ~-3.16 -3.89 -11.75 -3.16 -12.44 -12.49 -3.89
10.480 -13.24 -3.17 -3.89 -11.70 -3.17 -12.38 -12.43 -3.89
10.490 -13.17 -3.18 -3.90 -11.65 -3.18 -12.32 -12.38 -3.90
10.500 -13.11 -3.19 -3.90 -11.60 -3.19 -12.26 -12.32 -3.90
10.510 -13.04 -3.20 -3.90 -11.55 -3.20 -12.20 -12.27 -3.90
10.520 -12.98 -3.22 -3.90 -11.50 -3.22 -12.15 -12.21 ~-3.90



11.
11,
11.

720

.760

.800

.930

-.940

.950
.960
.970
.980
.990
.000
.010
.020
.030
.040
.050
.060
.070

080

090

100.

-12.
-12.
-12.
~12.
-12.
-12.
~12.
-12.
-12.
-12.
~12.
-12.
-12.
-12.
-12.
-12.
-11.
-11.
-11.
-11.
~11.
-11.
-11.
~11.
-11.
-11!
-11.
~11.
-11.
S
~11.
-11.
-11.
-11.
Fii5i .
-10.
-10.
-10.
-10.
-10.
-10.
-10.
-10.
-10.
-10.
-10.
Z10.
-10.
-10.
-10.
-10.
-10.
-10.
-10.
-10.
~10.1
-10.
-10.

59

~11.45
~11.40
~11.36
-11.31
-11.27
~-11.22
~-11.18
~11.13
~11.009
-11.04
-11.00
-10.96
-10.91
~-10.87
~10.83
~10.79
~10.75
~10.71
~-10.67
~10.63
~10.59
~10.55
~10.51

-3

.23

.24

-12.09
-12.04
-11.98
-11.93
-11.87
-11.82
-11.77
~11.71
-11.66
-11.61
-11.56
-11.50
-11.45
-11.40
-11.35
-11.30
~11.25

-11.20

-11.15
-11.10
-11.06
-11.01
-10.96
-10.91
-10.87
-10.82
-10.77
-10.73
-10.68
-10.64
-10.59
-10.55
~-10.50
-10.46
-10.42
-10.37
-10.33
-10.29
-10.24
-10.20
-10.16
-10.12
-10.08
-10.04
-10.00
-9.96
-9.92
-9.87
-9.84
-9.80
-9.76
-9.72
-9.68
-9.64
-9.60
~-9.57
-9.53
-9.49

-12.16
-12.11
-12.06
-12.00
-11.95
-11.90
-11.85
-11.80
-11.75
-11.71
-11.66
-11.61
-11.56
-11.52
-11.47
-11.43
-11.38
-11.34
-11.29
-11.25
-11.21
-11.16
-11.12
-11.08
-11.04
-11.00
-10.96
-10.92
~10.88
-10.84
-10.80
-10.76
-10.72
-10.68
-10.64
-10.61
-10.57
-10.53
-10.50
-10.46
-10.43
-10.38%
-10.36
-10.32
-10.29
-10.25
-10.22
-10.19
-10.15
-10.12
-10.09
-10.06
-10.03

-9.99

-9.96

-9.93

-9.90

-9.87
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hkhhkhkhhhhkhkhbhkhkrhhhhkhbhddhdhdhh kbbb hkdhrdhdhhdrdhrkdhrdhrhrddrdrrhdhd

File :BCAR.CKT
Author :Metin Erdogdu
Date $22.08.1993
Description:

Branch line coupler design

* % % ¥ o * % *

hhkhkdhkhhhkhkhkhkhkhkhkhkXhkhkhkhkdhrhdhhhhkdrhdbdhhhhhhkhhhhhhhhkhkhhkrkhdrhhkkkhhhid
. ,
*physical parameters

Tww:l.064mm
ww:?1.064mm?
;w00:0.58mm
w00:?20.58mm?
;bPw:2.55mm
pw:?2.55mm?

;p00:2. 7mm
p00:?22.7mm?

*

*

sqww: 1. lram
gww:1.05mm
;aqw00:0.55mm
agw00:0.5mm
;apw:l.94mm
gpw:1.9%4dmm
;gp00: 2. 6mm
gp00:2. 6mm

*

*

*branch-line coupler electrical circuit
*

blk

trww:trl 1 2 z=35.4 e=90 £=10.5¢hz
tr00:trl 1 4 z=50 =90 £=10.5ghz

trww 3 4

tro0 2 3

becel:4por 1 2 3 4

end
*

*
blk
coup 1 2 3 4 wl=w00 w2=w00 w3=wl0 wi=ww w5=w00
) +11=pw 12=(p00/2) bran sub
blecph:4por 1 2 3 4 ’
. end
*

blk

coup 1 2 3 4 wl=gqw00 w2=qw00 w3=gw00 wid=gww w5=qw00
+1ll=qgqpw 12=(yp00/2) bran sub

gdaa:dpor 1 2 3 4

end

*

freq
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;10.5¢ghz 10.6ghz 10.7¢ghz
;step 10.4ghz 10.8ghz 0.1lghz
;step 10.4ghz 10.8ghz 0.0lghz
;step 10.0¢ghz 11,1lghz 0.lghz
;step 10.0ghz 11.1ghz 0.0lghz
step 8ghz 12ghz .lghz

end

*

*

out
pri blcph s

end

*

opt

blcph

s=bcel

:ps21l=~-85deg -9%deg

;ms2l=-6db ~7db

end

*

data ‘

sub:ms h=0.635mm hu=25mm er=10.5 metl=cu 30um met2=au 2Zum

end



EK B4 2.DALLI HAT BAGLASTIRICISI SONUGLART

MICROWAVE HARMONICA PC V5.5 File: bcab.CKT 06-DEC-93 14:24:1

Freq Ms1l MS12 MS13 MS14 MS21 MS22 MS23 MS24
GHz dB dB dB dB dB dB dB dB
BLCPH BLCPH BLCPH BLCPH BLCPH BLCPH BLCPH BLCPH

10.000 -17.28 -2.72 -3.77 -14.88 -2.72 -15.81 -16.02 -3.77
10.010 -17.17 -2.73 -3.78 -14.79 -2.73 ~15.72 ~-15.92 -3.78
10.020 -17.07 -2.74 -3.78 -14.70 -2.74 -15.63 -15.82 -3.78
10.030 -16.95 -2.74 -3.78 -14.62 -2.74 -15.54 -15.73 -3.78
10.040 -16.86 -2.75 -3.78 -14.53 -2.75 -15.46 -15.63 -3.78
10.050 -16.76 -2.76 -3.79 -14.45 -2.76 -15.38 -15.54 -3.79
10.060 -16.65 -2.77 -3.79 -14.37 -2.77 -15.29 -15.44 -3.79
10.070 -16.55 -2.77 -3.79 -14.29 -2.77 -15.20 -15.35 -3.79
10.080 -16.45 -2.78 -3.79 -14.21 -2.78 -15.12 -15.26 -3.79
10.090 -16.35 -2.79 -3.80 -14.13 -2.79 -15.04 -15.17 -3.80
10.100 -16.25 -2.80 -3.80 -14.06 -2.80 -14.96 -15.08 -3.80
10.110 -16.16 -2.81 -3.80 -13.98 -2.81 -14.88 -15.00 -3.80
10.120 -16.07 -2.81 ~-3.80 -13.91 -2.81 -14.80 -14.91 -3.80
10.130 -15.97 -2.82 -3.81 -13.83 -2.82 -14.72 -14.83 -3.81
10.140 -15.89 -2.83 -3.81 -13.76 -2.83 -14.65 -14.74 -3.81
10.150 -15.79 -2.84 -3.81 -13.69 -2.84 ~14.57 ~14.66 -3.81
10.160 -15.70 -2.85 -=3.81 -13.61 -2.85 -14.49 -14.58 -3.81
10.170 -15.61 -2.86 -3.82 -13.54 -2.86 -14.42 -14.50 -3.82
10.180 -15.53 -2.86 -3.82 ~13.47 -2.86 -14.34 -14.42 -3.82
10.190 -15.44 -2.87 -3.82 -13.40 -2.87 -14.27 -14.34 -3.82
10.200 ~15.35 -2.88 -3.82 -13.34 -2.88 -14.20 -14.27 -3.82
10.210 -15.26 -2.89 -3.83 -13.27 -2.89 -14.12 -14.19 -3.83
10.220 -15.18 -2.90 -3.83 -13.20 -2.90 ~14.05 -14.11 -3.83
10.230 -15.09 -2.91 -3.83 -13.13 ~-2.91 -13.98 -14.04 -3.83
10.240 -15.02 -2.92 -3.83 -13.07 -2.92 -13.91 -13.96 -3.83
10.250 -14.93 -2.93 -3.84 -13.00 -2.93 -13.84 -13.89 -3.84
10.260 -14.85 -2.94 -3.84 -12.94 -2.94 -~13.77 -13.82 -3.84
10.270 ~14.77 =-2.95 -3.84 -12.88 -2.,95 -13.70 -13.75 -3.84
10.280 -14.69 -2.96 -3.84 -12.81  -2.96 ~13.63 -13.68 -3.84
10.290 -14.61 -2.97 -3.85 -12.75 -2.97 ~13.56 -13.61 =3.85
10.300 -14.53 -2.98 -3.85 -12.69 -2.98 ~13.50 -13.54 -3.85
10.310 -14.46 -2.99 -3.85 -12.63 -2.99 -~13.43 -13.47 -3.85
10.320 -14.38 -3.00 -3.85 -12.57 -3.00 ~-13.36 -13.41 -3.85
10.330 -14.30 -3.01 -3.86 -12.51 -3.01 -13.30 -13.34 -3.86
10.340 -14.23 -3.02 -3.86 -12.46 -3.02 -13.23 -13.28 -3.86
10.350 -14.15 -3.03 -3.86 -12.40 -3.03 ~-13.17 -13.21 -3.86
10.360 -14.08 -3.04 -3.86 -12.34 -3.04 -13.11 -13.14 -3.86
10.370 -14.01 -3.05 -3.87 -12.28 -3.05 -13.04 -13.08 -3.87
10.380 -13.94 -3.06 -3.87 -12.23 -3.06 -12.98 -13.02 -3.87
10.390 -13.86 -3.07 -3.87 -12.17 -3.07 ~-12.92 -12.96 ~-3.87
10.400 -13.79 -3.08 -3.87 -~12.12 -3.08 ~12.85 -12.90 -3.87
10.410 -13.72 -3.09 -3.88 -12.06 -3.09 ~-12.79 -12.84 -3.88
10.420 -13.65 -3.10 -3.88 -12.01 -3.10 ~-12.73 -12.78 -3.88
10.430 -13.58 -3.11 -3.88 -11.95 -3.11 -12.67 -12.72 -3.88
10.440 -13.51 -3.13 -3.88 -11.90 -3.13 -12.61 ~12.66 -3.88
10.450 -13.44 -3.14 -3.89 -11.85 -3.14 -12.55 -12.60 -3.89
10.460 -13.38 -3.15 -3.89 -11.80 -3.15 -12.49 -12.54 -3.89
10.470 -13.31 -3.16 -3.89 -11.75 -3.16 -12.44 -12.49 -3.89
10.480 -13.24 -3.17 -3.89 -11.70 -3.17 ~12.38 -12.43 -3.89
10.490 -13.17 -3.18 -3.90 -11.65 -3.18 -12.32 -12.38 -3.90
10.500 -13.11 -3.19 -=3.90 -11.60 -3.19 -12.26 -12.32 -3.90
10.510 -13.04 -3.20 -3.90 -11.55 -3.20 -12.20 -12.27 -3.90
+10.520 -12.98 -3.22 -3.90 -11.50 -3.22 -12.15 -12.21 -3.90



.530
.540
.550
.560
.570
.580
.590
.600
.610
.620
.630
.640
.650
.660
.670

.690
.700
.710
.720
.730
.740
.750
.760
.770
.780
.790
.800
.810
.820
.830
.840
.850
.860
.870
.880
.890
900’
910
.920
.930
.940
.950
.960
.970
.980
.990
.000
.010
.020
.030
.040
.050
.060
.070
.080
.090
.100

-12.92
-12.86
-12.79
-12.73
-12.66
-12.60
-12.54
-12.48
-12.42
-12.36
-12.30
-12.25
-12.19
-12.13
-12.07
-12.02
-11.96
-11.90
-11.85
-11.80
-11.74
-11.69
-11.63
-11.58
~11.53
-11.48
-11.42
-11.37
-11.32
-11.27
-11.22

-11.17

-11.12
-11.07
-11.02
-10.97
-10.92
-10.88
~10.83
~10.78
-10.74
-10.69
~10.64
-10.60
-10.55
~10.51
-10.46
-10.42
-10.38
-10.33
-10.29
-10.25
~10.20
-10.16
-10.12
-10.08
-10.04
~10.00
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-4.08
~-4.09
-4.09

-3.23
-3.24
-3.25
-3.26
-3.28
-3.29
-3.30
-3.31
-3.32
-3.34
-3.35
-3.36
-3.37
-3.39
-3.40
-3.41
-3.42
-3.44
-3.45
-3.46
~3.48
-3.49
-3.50
-3.52
-3.53
-3.54
-3.55
-3.57
-3.58
-3.59
-3.61
-3.62
-3.64
-3.65
-3.66
-3.68
-3.69
-3.70
-3.72
-3.73
~3.75
-3.76
-3.77
-3.79
-3.80
-3.82
-3.83
-3.84
-3.86
-3.87
-3.89
-3.90
-3.91
-3.93
-3.94
-3.96

-3.97

-3.99

-12.09
-12.04
-11.98
-11.93
-11.87

-11.82

-11.77
-11.71
-11.66
-11.61
-11.56
-11.50
-11.45
-11.40
-11.35
-11.30
-11.25
-11.20
-11.15
-11.10
-11.06
-11.01
-10.96
-10.91
-10.87
-10.82
-10.77
-10.73
-10.68
-10.64
-10.59
-10.55
-10.50
-10.46
-10.42
-10.37
-10.33
-10.29
-10.24
-10.20
-10.16
~10.12
-10.08
-10.04
-10.00

-9.96

-9.92

~-9.87

-9.84

-9.80

-9.76

-9.72

-9.68

-9.64

-9.60

~9.57

-9.53

~-9.49

-12
-12

-11
-11

-11
-11
-11

-11
-11

-11.
-11.

~-11.
-11.

-11
-10

-10.
-10.

-10.
-10.
~10.
-10.
-10.

-10
-10

-10
-10

-10
-10
-10
-10
~-10

-9
-9

.16
11
-12.
-12.

06
00

.95
.90
-11.

85

.80
.75
.71
~-11.
-11.
-11.
-11.
-11.
-11.
-11.

66
61
56
52
47
43
38

.34
.29
-11.
-11.

25
21
16
i2

08

04

.00
.96
-10.
~-10.
-10.
-10.

92
88
84
80
76
72
68
64
61
57
53

.50
.46
-10.
.39
.36
.32
.29
.25
.22
-10.
~10.

43

19
15

.12
-10.

09

.06
-~10.

03

.99
.96
-9.
-9.
-9.

93
90
87



EK B5 3.DALLI HAT BAGLASTIRICISI PROGRAMI

hhkkhkhhkhhhkhhhbhkhhdhhkhhhkhkhkhhdhkhhhkhhhhdhhhhhridhhhhhkddbdhdhdrhdrrdrdd

File :BCAC.CKT
Author :Metin Erdogdu
Date :25.08.1993
Description:

* % %k % % ¥ * ¥

Branch line coupler design

hkhkhkhkhkhhkkhkhrhkrkhkdhddbdkAhhhdohdhdbhdddrddhbrddrddhbhhrbhhkhrdhrorhbdhdhbhhhkhhddhkhdkhd
*

*physical parameters

;ww:l.064mm

WW: ?21MM?

W00:0.58MM

;W00:?.58MM?

pw: 2mm

;PW:?1.9897MM?

p00:2.5mm

;P00:?72.,4911MM?

*

* .

*branch-line coupler electrical circuit

*
blk
trww:trl 1 2
tr00:txrl 1 4
trww 3 4
tro0 2 3
becel:dpor 1 2 3 4

end
*

*

blk

coup 1 2 3 4 wl=w00 w2=w00 w3i=w00 wld=ww whHh=w00
+ll=pw 12= (p00/2) bran sub

bleph:dpor 1 2 3 4

end

*

e=90 £=10.5ghz
=90 £=10.5ghz

*

freq

;10.5¢ghz 10.6ghz 10.7¢ghz
;step 10.4ghz 10.8ghz 0.1lghz
;step 10.4ghz 10.8ghz 0.01ghz
;step 10.0ghz 11.1ghz 0.1lghz
;step 10.0ghz 1i.lghz 0.01lghz
step 8¢ghz 12ghz . lghz

end
*

*
out
pri  bleph s

end

*

opt

blcph

s=bcel
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ibs2l=-8%dey -90cley
ims2l=-6db -7db
end

*

data
sub:me h=0.635mm hu=25mm er=10.5% metl=cu 30um met2=au 2um

end



EK B6 3,.HAT BAGLASTIRICISI SONUCLARI

MICROWAVE HARMONICA PC V5.5 File: bcac.CKT 06-DEC-93 14:26:4

Freq MS11 MS12 MS13 MS14 MS21 MS22 MS23 MS24
GHz dB dB dB dB dB dB dB dB
BLCPH BLCPH BLCPH BLCPH BLCPH BLCPH BLCPH BLCPH

10.000 -19.04 -2.81 -3.38 -20.40 -2.81 -21.03 -18.64 -3.38
10.010 -19.18 -2.80 -3.38 -20.56 -2.,80 -21.20 -18.77 -3.38
10.020 -19.32 -2.80 -3.38 -20.73 -2.80 -21.38 -18.90 -3.38
10.030 -19.47 -2.79 -3.38 -20.90 -2.79 -21.56 -19.04 -3.38
10.040 -19.61 =-2.78 -3.38 -21.07 -2,78 -21.75 -19.18 -3.38
10.050 -19.75 -2.77 -3.39 -21.25 -2.77 -21.93 -19.33 -3.39
10.060 -19.91 -2.77 -~3.39 -21.43 -2.77 -22.13 -19.47 -3.39
10.070 -20.06 =-2.76 -3.39 -21.61 -2,76 -22.32 -19.62 -3.39
10.080 -20.21 -2.75 -3.39 -21.80 -2.75 -22.52 -19.77 -3.39
10.090 -20.37 -2.75 -3.39 -21.99 -2.75 -22.73 -19.92 -3.39
10.100 -20.52 -2.74 -3.40 -22.19 -2.74 -22.94 -20.08 -3.40
10.110 -20.68 -2.73 ~-3.40 -22.39 -2.73 -23.15 -20.23 -3.40
10.120 -20.85 -2.73 -3.40 -22.60 -2.73 -23.37 -20.40 -3.40
10.130 ~21.02 -2.72 -3.40 -22.81 -2.72 -23.59 -20.56 ~3.40
10.140 ~-21.19 -2.71 -3.40 -23.03 -2.71 -23.82 -20.73 -3.40
10.150 ~21.36 -2.71 -3.41 -23.25 -2.71 -24.06 -20.90 -3.41
10.160 ~21.54 -2.70 -3.41 -23.48 -2.70 -24.30 -21.08 -3.41
10.170 -21.71 -2.69 -3.41 -23.71 -2.69 -24.55 -21.26 -3.41
10.180 ~-21.90 -2.69 -3.41 -23.96 -2.69 -24.80 -21.44 -3.41
10.190 ~-22.08 -2.68 ~3.41 -24.21 -2.68 -25.06 -21.63 -3.41
10.200 ~22.27 -2.68 -3.42 -24.47 -2.68 -25.32 -21.82 -3.42
10.210 ~-22.47 -2.67 -3.42 -24.73 -2.67 -25.60 -22.02 -3.42
10.220 -22.67 -2.67 -3.42 -25.00 -2.67 -25.88 -22.22 -3.42
10.230 -22.86 ~2.66 -3.42 -25.28 -2.66 -26.17 ~22.43 -3.42
10.240 ~-23.08 -2.66 -3.42 -25.58 -2.66 -26.47 -22.64 -3.42
.10.250 ~23.29 -2.65 -3.43 -25.87 -2.65 -26.78 -22.85 -3.43
10.260 ~23.50 -2.65 -3.43 -26.19 -2.,65 ~-27.10 -23.08 -3.43
10.270 -23.72 -2.64 -3.43 -26.51 -2.64 -27.43 -23.30 -3.43
10.280 ~23.95 -2.64 -3.43 -26.84 -2.64 -27.77 -23.53 -3.43
10.290 ~-24.18 -2.63 -3.43 -27.19 -2.63 -28.13 -23.77 -3.43
10.300 -24.42 -2.63 ~-3.44 -27.35 -2.63 -28.49 -24.02 -3.44
10.310 -24.66 -2.62 -3.44 -27.93 -2.62 -28.88 -24.27 -3.44
10.320 -24.91 -2.62 -3.44 -28.32 -2.62 -29.27 -24.54 -3.44
10.330 -25.17 -2.62 -3.44 -28.73 -2.62 -29.67 -24.81 -3.44
10.340 -25.44 -2.61 -3.44 -29.16 -2.61 -30.11 -25.08 -3.44
10.350 -25.70 -2.61 -3.44 -29.62 -2.61 -30.55 -25.37 -3.44
10.360 -25.99 -2.60 -3.45 -30.09 ~-2.60 -31.01 -25.66 ~3.45
10.370 -26.27 -2.60 -3.45 -30.58 -2.60 -31.49 -25.97 ~3.45
10.380 -26.57 -2.60 =-3.45 -31.12 -2.60 -31.99 -26.29 -3.45
10.390 -26.88 -2.59 -3.45 -31.67 -2.59 -32.52 -26.62 -3.45
10.400 -27.19 -2.59 -3.45 -32.26 -2.59 -33.06 -26.97 -3.45
10.410 -27.52 -2.59 -3.46 -32.89 -2.59 -33.62 -27.32 -3.46
10.420 -27.86 . -2.58 -3.46 -33.57 -2.58 -34.20 -27.70. -3.46
10.430 -28.20 -2.58 -3.46 -34.28 ~2.58 -34.80 -28.08 -3.46
10.440 -28.56 -2.58 -3.46 -35.01 ~2.58 -35.40 -28.48 -3.46
10.450 -28.95 -2.57 -3.46 -35.81 -2.57 -36.01 -28.90 -3.46
10.460 -29.34 -2.57 -3.46 -36.68 -2.57 -36.61 -29.34 -3.46
10.470 -29.75 -2.57 -3.47 -37.56 -2.,57 -37.15 -29.80 -3.47
10.480 -30.17 ~-2.57 -3.47 -38.48 -2.57 -37.65 -30.30 -3.47
10.490 -30.60 -2.56 -3.47 -39.40 -2.56 -38.05 -30.82 -3.47.
10.500 -31.06 ~-2.56 -3.47 -40.21 -2.56 -38.33 -31.36 -3.47
10.510 -31.55 -2.56 -3.47 -40.87 -2.56 -38.46 -31.94 -3.47
10.520 -32.04 -2.56 -3.47 -41.24 -2.56 -38.42 -32.55 -3.47



10.530 -32.57
10.540 -33.11
10.550 -33.68
10.560 -34.25
10.570 -34.85
10.580 -35.46
10.590 -36.09
10.600 -36.69
10.610 -37.26
10.620 -37.79
10.630 -38.21
10.640 -38.52
10.650 -38.68
10.660 -38.67
10.670 -38.49
10.680 -38.16
10.690 -37.72
10.700 -37.19
10.710 -36.62
10.720 -36.01
10.730 -35.40
10.740 -34.78
10.750 -34.21
10.760 -33.64
10.770 -33.08
10.780 -32.54
10.790 -32.03
10.800 -31.55
10.810 -31.08
10.820 -30.63
10.830 -30.20
10.840 -29.78
10.850 -29.38
10.860 -29.00
10.870 -28.63
10.880 -28.27
10.890 -27.93
10.900 -27.60
10.910 -27.28
10.920 ~26.97
10.930 -26.67
10.940 -26.38
10.950 -26.10
10.960 -25.84
10.970 -25.57
10.980 -25.31
10.990 -25.06
11.000 -24.81

11.010 -24.58"

11.020 -24.35
11.030 -24.12
11.040 -23.90
11.050 -23.69
11.060 -23.48
11.070 -23.27
11.080 -23.07
11.090 -22.88
11.100 -22.69

-3
-3

-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
-3.
=8

-3.
3 o
=8 o
=8 o
-3.
-3.
~3.
~-3.
-3.
o
-3.
-3.
-3.
Co=3.
-3.

-3.
-3.
-3.
-3.
-3.
-3.

-3

~-3.
-3.
-3.
-3.
-3.

-3

67

.48
.48

-41.24
-40.87
-40.21
-39.39
-38.48
-37.57
-36.69
-35.82
-35.03
-34.27

-33.55

-32.90
~32.28
-31.69
-31.13
-30.61
-30.11
-29.63
-29.19
-28.76
-28.36
-27.96
-27.59
-27.22
-26.88
-26.55
-26.23
-25.92
-25.62

-25.33

-25.05
-24.78
-24.52
-24.26
-24.02
-23.78
-23.54
-23.31
-23.09
-22.88
~-22.66
-22.46
-22.26
-22.06
-21.87
-21.68
-21.50
-21.32
-21.15
-20.98
-20.81
-20,64
-20.48
-20.32
-20.17
-20.02
~-19.86
-19.72

.61
.61
.62
.62

~-38

-37.
-37.
-36.
-36.
-35.
-35.
-34.
-34.

-33

-32.
-32.
-31.
-31.
-30.
-30.
-30.
-29.
-29.
-28.
-28.
-28.
~-27.
-27.
-27.
~26.
-26.
-26.
-26.
-25.
-25.
-25.
-25.
-24.
-24.
-24.
-24.
-23.
-23.
~23.
-23.
-23.
-22.
-22.
-22.
-22.
-22.
-21.

-21
-21
-21
-21
-21
-21
-20
-20
-20
~-20

-33.
-33.
-34.
-35.
-36.
-37.
-38.
-39.
-39.
-40.
-41.
-41.
-41.
-40.
~-39.
-39.
-38.
-37.
~36.
-35.
-34.
-33.
-33.
-32.
~-32.
. -31.
-30.
-30.
-29.
~29.
~28.
-28.
~28.
-27.
-217.
-27.
-26.
~-26.
-26.
-25.
-25,
-25.
-24.
~24.
-24.
-24.
-23.
-23.
-23.
-23.

-3.



EK C1 HALKA BAGLASTIRICISI PROGRAMI

hkhkhkdkhkdhhhkhhkhhhhhkkhhhhhkhkhkhhhdbhkhkhhhhdhhhhdhhbhhdhhkdrhrhhdhhhhhhihd

File :RCAA.CKT

Author :Metin Erdogdu .
Date :1.08.93 10:22 AM
Description:

Ring Coupler design

Comparison of ring couplers:
a. Created with TRL elements.

Ok R N % ¥ % ¥ o ¥

* b. Created with MW Harmonica's build-in CPLR element.
khhkkhkdkdhkhkhkhkhkhrhkdddhdhhkhhhhdhkhhdhhhhkhhhhkhhhkhhhhhhhihddkkhddhkhkdhkkhkshd

* physical parameters
w00:0.58mm
waa:0.3mm
;WAA:70.266011mm?
paa:2.7mm
;paa:?2.69809mm?
*

* ring coupler electrical circuit
. ;

blk v

rctrl:trl 1 2 2z=70.71 e=90deg f£=10.5ghz
rctrl 2 3

rctrl 3 4

trl 4 1 z=70.71 e=270deg f=10.5ghz
rcel:dpor 1 2 3 4

end

*

* ring coupler physical circuit

* ’

blk

rept:trl 1 2 w=waa p=paa sub

rcpt 2 3

rcpt 3 4

trl 4 1 w=waa p={(3*paa) sub
pcph:4por 1 2 3 4

end

*

* ring coupler build-in circuit

*

blk

/

coup 1 2 3 4 wl=w00 w2=w00 w3=waa wid=waa wh=waa ll=

. +ring sub
rcbi:dpor 1 2 3 4

end
*

*

freq

;10.5ghz 10.6ghz 10.7ghz
;step 10.4ghz 10.8ghz 0.ighz
;step 10.4ghz 10.8ghz 0.0lghz
;step 10.0ghz 11.1ghz 0.1lghz
step 10.0ghz 11.1ghz 0.0lghz
;step 8ghz 12ghz .lghz

end
%

*

paa 12=(1.5*
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out
pri rcbi s

end

*

opt
rcbi
s=rcel
end

*

%*

L2

data

sub:ms h=0.635mm hu=25mm er=10.5 metl=cu 30um met2=au 2um
end '



EK C2 HALKA BAGLASTIRICI SONUCLARI

MICROWAVE HARMONICA PC V5.5

Freq
GHz

10.000
10.010
10.020
10.030
10.040
10.050
10.060
10.070
10.080
10.090
10.100
10.110
10.120
10.130
10.140
10.150
10.160
10.170
10.180
10.190
10.200
10.210
10.220
10.230
10.240
10.250
10.260
10.270
10.280
10.290
10.300
10.310
10.320
10.330
10.340
10.350
10.360
10.370
10.380
10.390
10.400
10.410
10.420
10.430
10.440
10.450
10.460
10.470
10.480
10.490
10.500
10.51¢0
10.520

MS11
dB
RCBI

-17.
-17.
-17.
-17.
-17.
-17.
-17.
-17.
~17.
-17.
-17.
~17.
217,
-17.
=175
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
~18.
-18.
-18.
-18.
-19.
-19.
-19.
-19.
-19.
-19.
-19.
-19.
-19.
-19.
-19.
-19.
-19.
~19.
-20.
-20.
-20.
-20.
~20.
-20.

32
36
40
45
49
53
58
62
66
71
76
80
85
920
95
00
05
10
15
20
25
31
36
42
47
53
59
65
71
77
83
89
95
02
08
15
21
28
35
42
49
56
63
71
78
86
94
02
10
18
26
34
43

MS12
dB
RCBI

MS13
dB
RCBI

-27.43
-27.56
-27.69

©~-27.82

-27.95
-28.08
-28.22
-28.36
-28.49
-28.64
-28.78
-28.93
-29.07
-29.23
-29.38
-29.54
-29.70
-29.86
-30.02
-30.19
-30.36
-30.54
-30.71
-30.89
-31.08
-31.27
-31.46
-31.66
-31.86
-32.07
-32.28
-32.50
-32.72
-32.95
-33.18
-33.42
-33.67
-33.92
-34.18
-34.45
-34.73
-35.02

-35.32

-35.62
-35.94

-36.27

-36.62
-36.98
-37.35
-37.74
-38.15
-38.58
-39.03

File:

MS14

RCAA.CKT  06-DEC-93
MS21  MS22  MS23
dB dB dB
RCBI RCBI  RCBI
-3.05 -17.92 -3.10
-3.04 -17.96 -3.10
-3.04 -17.99 -3.10
-3.04 -18.03 -3.10
-3.04 -18.06 -3.10
-3.04 -18.10 -3.10
-3.04 -18.13 -3.10
-3.03 -18.17 -3.10
-3.03 -18.21 -3.10
-3.03 -18.24 ~3.10
-3.03 -18.28 -3.10
-3.03 -18.32 -3.10
-3.03 -18.36 -3.09
-3.03 -18.40 -3.09
-3.03 -18.44 -3.09
-3.02 -18.49 -3.09
-3.02 -18.53 -3.09
-3.02 -18.57 -3.09
-3.02 -18.62 -3.09
-3.02 -18.66 ~3.09
-3.02 -18.71 -3.09
-3.02 -18.75 -3.09
-3.02 -18.80 -3.09
-3.02 -18.85 -3.09
-3.01 -18.90 -3.09
-3.01 -18.95 -3.09
-3.01 -19.00 -3.09
-3.01 -19.05 -3.09
-3.01 -19.10 -3.09
-3.01 -19.15 -3.08
-3.01 -19.21 -3.08
-3.01 -19.26 -3.08
-3.01 -19.32 -3.08
-3.01 -19.37 -3.08
-3.01 -19.43 -3.08
-3.01 -19.49 -3.08
-3.01 -19.55 -3.08
-3.01 -19.61 ~-3.08
-3.01 -19.67 -3.07
-3.01 -19.73 -3.07
-3.01 -19.79 -3.07
-3.01 -19.86 -3.07
-3.01 -19.92 '-3.07
-3.01 -19.99 -3.07
-3.01 -20.06 -3.07
-3.00 -20.13 -3.06
-3.00 -20.20 -3.06
-3.00 -20.27 -3.06
-3.01 -20.34 -3.06
-3.01 -20.41 -3.06
-3.01 -20.49 -3.06
-3.01 -20.56 -3.06
-3.01 -20.64 -3.05

12:00:4
Ms24
RCBI

~27.43
-27.56
~27.69
-27.82
-27.95
-28.08
-28.22
-28.36

—-28.49

-28.64
-28.78

-29.07
-29.23

-36.98
~-37.35
-37.74
-38.15
-38.58
-39.03



.970
.980
.990
.000
.010
.020
.030
.040
.050

.070.

.080
.090
.100

-20.
-20.
-20.
-20.
-20.
-20.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
-23.
e
-23.
-23.
-23.
-23.
-23.
-24.
-24,
-24.
-24.
-24.
-24.
-24.
~25.
-25.
Z25.
-25.
-25.
-25.
-26.
-26.
-26.
-26.
-26.
-27.
-27.
-27.
-27.
-27.
-27.
-28.
-28.
-28.

-39.
-40.
~40.
-41.
-41.
-42.
~43.
-43.
-44.
-45,
-46.
-47.
-49.
-50.
-52.
-55.
-59.
-64.
~68.
-61.
-57.
-54.
-51.
-50.
-48.
-47.
-46.
-45.
-44.
-43.
-42.
-42.
-41.
-40.
-40.
- -39.
-39.
-38.
-38.
-37.
-37.
-37.
-36.
-36.
-36.
-35.
-35.
-35.
-34.
-34.
-34.
~33.
-33.
-33.
- =33.
-32.
-32.
-32.

7"

-20.
=20.
-20.
~-20.
-21.
~21.
-21.
-21.
-21.
-21.
-21.
-21.
~21.
-21.
-21.
-22.
-22.
-22.
~-22.
-22.
-22.
-22.
-22.
-22.
~23.
~23.
-23.
-23.
-23.
~-23.
-23.
-24.
-24.
-24.
-24.
-24.
-24.
~24.
~-25.
-25.
-25.
-25.
~25.
~25.
-26.
-26.
-26.
-26.
~26.
-26.
-27.
~-27.
-27.
-27.
~-27.
-27.
-28.
-28.

.05

-39.
-40.
-40.
-41.
-41.
-42.
-43.
~-43.
-44.
-45.
-46.
~47.
-49.
-50.
-52.
-55.
-59.
-64.
-68.
-61.
-57.
-54.
-51.
-50.
-48.
-47.
-46.
~-45.
-44.
-43.
~42.
-42.
-41.
-40.
-40.
-39.
-39.
-38.
-38.
-37.
-37.
-37.
-36.
-36.
-36.
-35.
-35.
-35.
-34.
-34.
-34.
-33.
=-33.
-33.
-33.
-32.
~32.
-32.



EK D1 DENGELI KARISTIRICININ PROGRAMI
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File : SBMAA.CKT
Author :Metin Erdogdu
Date :1.09.93 3:47 PM
Description:

* Ok % % ¥ * F

Single Balanced Mixer Design

*
khkkhdhdhhkhhkhhhhhhkhhkdhhkhhkhhhbhkhhdhkbhhrhbhbhdhrhkhrhhbdhdhdhorrdhhrhirhhihkdhr
* ring coupler physical parameters

w00:0.58mm

P00 :3mm

waa:0.3mm

paa:?2.7mm?

*

*trimmer for carrier suppression adjustment
radj:50
*

*choke circuit physical parameters
pl:3.4mm
*

*Mounted single beam lead diode
*portl: cathode

*port2: anode

*

blk

trbld:trl 1 3 w=w00 p=0.2mm sub

tapbld:tap 3 4 wl=w00 w2=0.2mm p=0.2mm wlin sub
trbld 2 6 ‘

tapbld 6 5

diod 4 5 rs=5 cj=0.11pf rj=250 1p=0.1lnh cp=0.02pf beam
msbld:2por 1 2

end

*

*

*Single ended mixer, IF low pass circuit

*

blk
cstaa:cst 1 0 a=90 ri=0.lmm rl=2.5mm sub
trl 1 4 w=0.1lmm p=pl sub
cstaa 4
;cstaa 4
cap 4 3 c=470pf
ind 4 2 1=0.47uh
cap 2 0 c=470pf
semaa:3por 1 2 3
end
*
*
*RF choke for trimmer
blk .
trchk:trl 1 3 w=0.1mm p=pl sub
cschk:cst 3 0 a=90 ri=0.lmm rl=2.5mm sub
trchk 3 4 '
cschk 3
cschk 4
0 c=470pf
2 1=0.470uh

cap 4
ind 4
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rfchaa:2por 1 2

end

*

* ring coupler build-in circuit

*

blk

coup 1 2 3 4 wl=w00 w2=w00 w3=waa wi=waa wS=waa ll=paa 12=(1.5*
+ring sub

rcaa:dpor 1 2 3 4

end

*

*

*trimmer for carrier suppression adjustment

blk )

res 1 3 r=radj

res 3 2 r=(100-radj)

trmaa:3por 1 2 3

end

*

*

*gsingle balanced mixer

blk

tr00:trl 1 10 w=w00 p=p00 sub
rfchaa 10 9
tr00 10 4
trmaa 7 9
semaa 6 2
semaa 5 2
msbld 5 55
msbld 66 6

rcaa 33 55 4 66
tr00 33 3
sbmaa:3por 1 2 3

end
*

*

freqg

;10.5ghz 10.6ghz 10.7¢ghz
;step 10.4ghz 10.8ghz 0.lghz
;step 10.4ghz 10.8ghz 0.0lghz
;step 10.0ghz 11.lghz 0.lghz
step 10.0ghz 11.l1ghz 0.0lghz
;step 8ghz 16ghz .3ghz

end
%*

Ul 3w

*

out

pri sbmaa s
end
*
opt
sbmaa .
msll -10db 1

end
*

*

*

data

sub:ms h=0.635mm hu=25mm er=10.5 metl=cu 30um met2=au 2um
end



EK D2 DENGELI KARISTIRICI SONUCLARI

MICROWAVE HARMONICA PC V5.5 File: SBMAA.CKT 07-DEC-93 12:16:

Freq MS11 MS12 MS13 Ms21 MS22 MS23 MS31 MS32
GHz ds dB dB dB dB dB dB dB
SBMAA SBMAA SBMAA SBMAA SBMAA SBMAA SBMAA SBMAA

10.000 -5.56 -22.73 -24.06 -22.73 -0.07 -49.68 -24.06 -49.68
10.010 -5.57 -22.65 -24.23 -22.65 -0.07 -49.75 -24.23 -49.75
10.020 -5.58 -22.56 -24.40 -22.56 -0.07 -49.82 -24.40 -49.82
10.030 -5.59 -22.47 -24.57 -22.47 -0.07 -49.90 -24.57 -49.90
10.040 -5.60 -22.38 -24.74 -22.38 -0.07 -49.97 -24.74 -49.97
10.050 -5.61 -22.29 -24.92 -22.29 -0.07 -50.05 -24.92 -50.05
10.060 -5.63 -22.20 -25.09 -22.20 -0.08 -50.13 -25.09 -50.13
10.070 <-5.64 -22.11 -25.27 -22.11 -0.08 -50.22 -25.27 -50.22
10.080 -5.65 -22.02 -25.46 -22.02 -0.08 -50.30 -25.46 -50.30
10.090 -5.66 -21.94 -25.64 -21.94 -0.08 -50.39 -25.64 -50.39
10.100 -5.68 -21.85 -25.83 -21.85 -0.08 -50.48 -25.83 -50.48
10.110 -5.69 -21.76 -26.02 -21.76 -0.08 -50.57 -26.02 -50.57
10.120 -5,70 -21.67 -26.21 -21.67 -0.08 -50.67 -26.21 -50.67
10.130 -5.72 -21.58 -26.41 -21.58 -0.09 -50.76 -26.41 ~50.76
10.140 -5.73 -21.49 -26.61 -21.49 -0.09 -50.87 -26.61 -50.87
10.150 -5.74 -21.40 -26.81 -21.40 -0.09 -50.97 -26.81 -50.97
10.160 -5.76 -21.31 -27.01 -21.31 -0.09 -51.08 -27.01 -51.08
10.170 -5.77 -21.22 -27.22 -21.22 -0.09 -51.19 -27.22 -51.19
10.180 =-5.79 -21.13 -27.43 -21.13 -0.09 -51.30 -27.43 -51.30
10.190 -5.80 -21.04 -27.65 -21.04 -0.10 -51.42 -27.65 -51.42
10.200 -5.82 -20.95 -27.86 -20.95 -0.10 -51.54 -27.86 -51.54
10.210 -5.83 -20.86 -28.09 -20.86 -0.10 -51.66 -28.09 -51.66
10.220 -5.85 -20.77 -28.31 -20.77 -0.10 -51.79 -28.31 -51.79
10.230 -5.87 -20.69 -28.54 -20.69 -0.10 -51.92 -28.54 -51.92
10.240 -5.88 -20.60 -28.78 -20.60 -0.11 -52.05 -28.78 -52.05
10.250 -5.90 -20.51 -29.01 -20.51 -0.11 -52.19 -29.01 -52.19
10.260 -5.92 -20.42 -29.26 -20.42 -0.11 -52.34 -29.26 -52.34
10.270 -5.94 -20.33 =29.50 -20.33 -0.11 -52.49 -29.50 -52.49
10.280 -5.96 -20.23 -29.76 -20.23 -0.11 -52.64 -29.76 -52.64
10.2%0 -5.98 -20.14 -30.01 -20.14 -0.12 -52.80 -30.01 -52.80
10.300 -5.99 -20.05 -30.28 -20.05 -0.12 -52.96 -30.28 -52.96
10.310 -6.01 -19.96 -30.54 -19.96 -0.12 -53.13 -30.54 -53.13
10.320 -6.03 -19.87 -30.82 -19.87 -0.12 -53.30 -30.82 -53.30
10.330 -6.06 -19.78 -31.10 -19.78 -0.13 -=53.49 -31.10 -53.49
10.340 -6.08 -19.69 -31.39 -19.69 -0.13 -53.67 -31.39 -53.67
10.350 -6.10 -19.60 -31.68 -19.60 -0.13 -53.87 -31.68 -53.87
10.360 -6.12 -19.51 -31.98 -19.51 -0.13 -54.07 -31.98 -54.07
10.370 -6.14 -19.42 -32.29 -19.42 -0.14 -54.28 -+32.29 -54.28
10.380 -6.16 -19.33 -32.60 -19.33 -0.14 -54.49 -32.60 -54.49
10.390 -6.19 -19.23 -32.93 -19.23 -0.14 -54.71 -32,93 -54.71
10.400 -6.21 -19.14 -33.26 -19.14 -0.14 -54.95 -33.26 -54.95
+10.410 -6.24 -19.05 -33.60 -19.05 -0.15 -55.19 -33.60 -55.19
10.420 -6.26 -18.96 -33.96 -18.96 -0.15 -55.44 -33.96 -55.44
10.430 -6.29 -18.87 -34.32 -18.87 -0.15 -55.70 -34.32 -55.70
10.440 -6.31 -18.77 -34.70 -18.77 -0.16 -55.98 -34.70 -55.98
10.450 -6.34 -18.68 -35.08 -18.68 -0.16 -56.26 -35.08 -56.26
10.460 -6.36 -18.59 -35.48 -18.59 -0.16 -56.56 -35.48 -56.56
10.470 -6.39 -18.50 -35.90 -18.50 -0.17 -56.88 -35.90 -56.88
10.480 -6.42 -18.40 -36.33 -18.40 -0.17 -57.20 -36.33 -57.20
10.490 -6.45 -18.31 -36.78 -18.31 -0.17 -57.55 -36.78 -57.55
10.500 -6.48 -18.22 -37.25 -18.22 -0.18 -57.92 -37.25 -57.92
10.510 -6.51 -18.13 -37.73 -18.13 -0.18 -58.30 -37.73 -58.30
10.520 -6.54 -18.03 -38.24 -18.03 -0.18 -58.71 -38.24 -58.71



530 -6.57
540 -6.60
550 -6.63
560 -6.67
570 -6.70
580 -6.73
590 -6.77
600 -6.80
610 -6.84
620 -6.88
630 -6.92
640 -6.96
650 -7.00
660 -7.04
670 -7.08
680 -7.12
690 -7.16
700 -7.21
710 -7.25
720 -7.30
730 -7.35
740 -7.39
750 -7.44
760 -7.49
770 -7.54
780 -7.60
790 -7.65
800 -7.70
810 -7.76
820 -7.82
830 -7.87
840 -7.93
850 -7.99
860 -8.06
870 -8.12
880 -8.18
.890 -8.25
.900 -8.32
.910 -8.39
.920 -8.46
.930 -8.53
.940 -8.60
.950 -8.68
.960 -8.76
.970 -8.83
.980 -8.91
.990 -9.00
.000 -9.08
.010 -9.17
.020 -9.25
.030 -9.34
.040 -9.43
.050 -9.53
.060 =9.62
.070 -9.72
.080 -9.82
.090 -9.92

.100 -10.02

-17.
-17.
-17.
-17.
=-17.
-17.
.37
.28
.19

-17
=17
-17

-17.
-17.
~16.
-16.
71
-16.
-16.
-16.
-16.
~-16.
~16.
-1l6.
-15.
~15.
-15.
~15.
~15.
~-15.
-15.
~-15.
~15.
~15.
-14.
~14.
-14.
~-14.
~-14.
-14.
-14.
-14.
~14.
~14.
-13.
-13.
-13.
-13.
-13.
-13.
-13.
-13.
-13.
-13.
~-12.
-12.
-12.
-12.
-12.
-12.
-12.

-16

94
85
75
66
56
47

09
00
90
80

-38.
.34

-39

-39.
-40.
-41.
-41.
.71

-42

-43.
-44.
.45

-45

-46.
-47.
.24
-50.
-53.
=55,
-59,
-65.
-68.
-62.
-57."
-54,
-52.
-50.
-49.
-48.
-47.
-46.
-45,
~44.
-43,
-43.
-42.
-42.
-41.
-41.
-40.
-40.
-39,
-39,
-39.
-38.
-38.
-38.
-37.
-37.
-37.
-37.
-36.
-36.
-36.
-36.
-36.
-35.
-35.
-35.
-35.
-35.

-49

75

78

93
56
23
94

54
45

55
80

-17.94
-17.85
~-17.75%
-17.66
-17.56
-17.47
-17.37
-17.28
-17.19
-17.09
-17.00

~-16.90

-16.80
-16.71
-16.61
-16.52
-16.42
-16.33
~16.23
-16.13
-16.04
-15.94
~15.84
-15.75
~15.65
-15.55
-15.45
-15.35
~15.26
-15.16
-15.06
-14.96
-14.86
-14.76
-14.67
-14.57
-14.47
-14.37
-14.27
-14.17
-14.07
-13.97
-13.87
-13.77
-13.67
-13.57
-13.47
-13.37
-13.27
-13.17
-13.07
-12.97
-12.86
-12.76
-12.66

--12.56

~12.46
-12.36

-0.19
-0.19
-0.20
-0.20
-0.20
-0.21
-0.21
-0.22
-0.22
~0.23
-0.23
-0.24
-0.24
-0.25
-0.25
-0.26
-0.26
-0.27
-0.28
-0.28
-0.29
-0.29
-0.30
-0.31
-0.31
-0.32
-0.33
-0.34
-0.34
-0.35
-0.36
-0.37
-0.38
-0.38
-0.39
-0.40
-0.41
-0.42
-0.43
-0.44
-0.45
-0.46
-0.47

-0.48

~0.49
~0.51
-0.52
-0.53
~-0.54
-0.56
-0.57
-0.58
-0.60
-0.61
-0.63
-0.64
-0.66
-0.67

-59.
-59.
-60.
-60.
-61.
-61.
-62.
-63.
-63.
-64.
-65.
-67.
-68.
-69.
~71.
-74.,
-78.
-83.
-87.
-80.
-75.
-72.
-70.
-68.
-67.
-65.
-64.
-63.
-62.
-61.
-61.
~60.
-59.
-58.
-58.
-57.
-57.
-56.
-56.
-55.
~55.
-54.
-54.
-54.
-53.
~53.
-52.
-52.
-52.
-51.
-51.
-51.
-50.
~50.
-50.
-49.
-49.
-49.

-38.
-39.
~39.
-40.

-41

-41.

-42

-43.
-44.
-45.
-46.
-47.

-49

-50.
-53.
-55.

-59
-65
~-68
-62

-57.

-54
-52

~50

-49

-48.

-47

-46.

-45

-44.
-43.

~-43

-42.

-42

-41.
-41.

~-40

-40.

-39

-39.

-39

-38.

-38
-38

-37.

-37
-37

-37.
-36.

-36
-36
-36

-36.
-35.
-35.

-35
-35

-35.

78 -59.14
34 -59.60
93 -60.09
56 -60.61
.23 -61.18
94 -61.79
.71 -62.45
54 -63.18
45 -63.98
45 -64.87
55 -65.88
80 -67.02
.24 -68.35
93 -69.95
01 -71.91
66 -74.48
.37 -78.06
.21 -83.74
.92 -87.40
.22 -80.61
71 -75.98
.72 -72.86
.49 -70.54
.74 -68.68
.30 -67.14
08 -65.80
.02 -64.63
09 -63.60
.26 -62.66
51 -61.80
84 -61.01
.21 ~60.28
64 -59.60
.11 -58.96
61 -58.35
15 -57.78
.72 -57.24
31 -56.72
.93 -56.23
56 -55.75
.22 -55.29
89 -54.85
.57 -54.43
.27 -54.01
98 -53.61
.71 -53.22
.44 -52 .84
18 -52.48
94 -52,12
.70 -51.76
.47 -51.42
.24 -51.08
02 -50.75
81 -50.42
60 -50.10
.40 -49.79
.20 -49.48
01 -49.17
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File :MIXER.CKT
Author :METIN ERDOGDU
Date: :22.09.1993
Description:

* ok ok ¥ ¥ * ¥

MIXER DESIGN
*
s ok e de ok o o de e sk ok ek ok ok ek ok sk ok ok o e ok ok ok o ok ok ok ok o e g e ok o ok ok ok ok ek o ok ok ek ok e o ok ok ko o ek ok Rk

*Branch Line coupler design
*physical parameters
;ww:il, 064mm

ww: 1MM

w00:0.58mm
;w00:?.58mm?

PwW: 2mm
;Pw:?1.92897mm?
p00:2.5mm
;p00:22.4911mm?

*

*

*branch-line coupler electrical circuit
*

blk ‘

trww:trl 1 2 z=35.4 e=90 £=70mHz

tr00:trl 1 4 z=50 e=90 f£=70mHz

trww 3 4

trQ0 2 3

becel:4por 1 2 3 4

end

*

*

blk ‘

coup 1 2 3 4 wl=w00 w2=w00 w3=w00 wid=ww w5=w00
+11l=pw 12=(p00/2) bran sub

blcph:4por 1 2 3 4

erid

*

*

********"f******************************************************

*POWER DIVIDER CIRCUIT
*physical parameters
*

p44:3mm

*

wll:0.9mm
;wll: 0. 8mm
pll:8.5mm
;Pll:2.603mm
*
;w22:0.35mm
w22:0.3mm
pP22:7.2mm
;p22:2.713mm
*

* electrical circuit
*



7

blk

trl 1 4 2=42 e=90 £=10.5ghz
tr0l:trl 4 2 z=59.4 e=90 f£=10.5ghz
tr0l 4 3

res 2 3 r=100

pde:3por 1 2 3

end

+*

*physical circuit
*

blk
trl 1 4 w=w22 p=0.231mm sub
bend 4 5 w=w22 r=0.4mm ang=60deg sub
* caution: p22 is the difference of 1/4 line lenght from transm
* lenghts of (trl 1 4) and (bend 4 5) elements.
trl 5 3 w=w22 p=p22 sub
step 3 2 wl=w22 w2=w00 sub
pdaa:3por 1 2 3
end
*
blk
trll:trl 1 15 w=w00 p=p44 sub
step 15 5 wl=w00 w2=wll sub
trl 15 4 w=?.1lmm? p=?3mm? sub
trl 5 6 w=wll p=pll sub
yvjun 6 7 8 wl=wll w2=w22 ang=120deg sub
pdaa 7 11 9
pdaa 8 12 10
res 9 10 r=100
trll 11 2
trll 12 3
pdph:4por 1 2 3 4
end
dkdkkdokhkhhhkhdohkhhhhdhhkhkhkhkhhhdrhhkhkhhrdbhkhhhhrbhhbhhrdbrhdhhhdhdhhkhhhdhddhir
** SINGLE BALANCE MIXER DESIGN
* ring coupler physical parameters
pP55:3mm '
waa:0.3mm
paa:2.7mm
*

*trimmer for carrier suppression adjustment
radj:50
*

*choke circuit physical parameters
pl:3.4mm
*

*Mounted single beam lead diode
*portl: cathode

*port2: anode

*

blk

trbld:trl 1 3 w=w00 p=0.2mm sub

tapbld:tap 3 4 wl=w00 w2=0.2mm p=0.2mm wlin sub
trbld 2 6

tapbld 6 5

diod 4 5 rs=5 cj=0.11lpf rj=250 1lp=0.1nh cp=0.02pf beam
msbld:2por 1 2

end

*

* .

*Single ended mixer, IF low pass circuit

*

blk

cstaa:cst 1 0 a=90 ri=0.lmm rl=2.5mm sub

trl 1 4 w=0.lmm p=pl sub

cstaa 4



;jcstaa 4

cap 4 3 c=470pf
ind 4 2 1=0.47uh
cap 2 0 ¢c=470pf
semaa:3por 1 2 3
end

*

*

*RF choke for trimmer

blk

trchk:trl 1 3 w=0.lmm p=10.2mm sub

;3*pl used because of mecan
; problem

cschk:cst 1 0 a=90 ri=0.l1lmm rl=2.5mm sub

trchk 3 4
cschk 3

cschk 4

cap 4 0 c=470pf

ind 4 2 1=0.470uh

rfchaa:2por 1 2
end
*

* ring coupler build-in circuit

*

blk

coup 1 2 3 4 wl=w00 w2=w00 w3=waa wi=waa wS=waa ll=paa 12=(1.5*

+ring sub
rcaa:d4por 1 2 3 4

end
*

*

*trimmer for carrier suppression adjustment

blk
res 1 3 r=radj

res 3 2 r=(100-radj)

trmaa:3por 1 2 3
end
*

*

*single balanced mixer

blk

rfchaa 4 9

tr22: trl 1
trmaa 7 8 9
semaa 6 8 2
semaa 5 7 2
msbld 5 55

msbld 66 6

rcaa 33 55 67 66
tr22 33 3

sbmaa:4por 1 2 3 4

end

67 w=w00 p=p55 sub

hhkkhhhhkhhhdhhkhkdhhhdhbhhdhkhddhhkbhohdrdhhdrhdhhhdhhhdhdkhkdhhdhkkddik

* MIXER DESIGN
*

blk

pdph 1 4 5 6
sbmaa 4 7 9 6
sbmaa 5 8 10 6
bleph 2 7 8 12
res 12 r=50oh
blcph 9 3 11 10
res 11 r=50ch
mix: 3por 1 2 3
end

freq
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;10.5ghz 10.6ghz 10.7ghz
;step 10ghz llghz 0.lghz
;step 10.4ghz 10.8ghz 0.0lghz
;step 10.0ghz 1llghz 0.lghz
step 10.0ghz 11.l1ghz 0.01ghz
;step 8ghz 1l6ghz .3ghz

end
%

*

out

pri mix s
end
*

opt
mix
msll -10db it

end
*

*

*

data

sub:ms h=0.635mm hu=25mm er=10.5 metl=cu 30um met2=au 2um
end
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MICROWAVE HARMONICA PC V5.5

Freqg
GHz

.000
.010
.020
.030
.040
.050
.060
.070

MS11
dB
MIX

-7.
-7.
~-7.
-7.
7.
-7.
=7.
-7.
-7.
-8.
-8.
~8.
-8.
-8.
~8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
~-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
-8.
~8.
-8.
-8.
-8.
-8.
-7.
-7.
~-7.

Ms12

dB

MIX

-24.
-24.
-24.
-24.
-24.
-24.
-24.
-24.
-24.
-24.
-24.
-23.
-23.
-23.
-23.
-23.
-23.
-23.
-23.
-23.
-23.
-23.
-23.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
=22,
-22.
-22.
-22.
-21.
-21.
-21.
i ~21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.

95

22

MS13

dB

MIX

~-26.
-26.
-26.
-26.
-27.
-27.
-27.
-27.
-27.
-27.
-28.
-28.
-28.
-28.
-28.
-29.
-29.
-29.
-29.
-29.
-30.
~-30.
.~30.
-30.
-31.
-31.
-31.
-31.
-32.
-32.
-32.
-32.
-33.
-33.
-33.
-34.
-34.
-34.
-35.
-35.
-35.
-36.
~36.
-36.
-37.
-37.
-38.
-38.
-39.
-39.
-40.
-40.
-41.

File:

MS21
dB
MIX

-24.
-24.
-24.
-24.
-24.
-24.
-24.
-24.
-24.
~-24.
-24.
-23.
-23.
-23.
-23.
-23.
-23.
-23.
-23.
=28 o
-23.

-23

-23.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
-22.
-21.
-21.
-21.
=21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.
-21.

-21

MIXER.CKT
MS22  MS23
dB dB
MIX  MIX
-33.27 -62.55
-33.86 -62.61
~34.49 -62.68
-35.22 -62.76
-35.98 -62.84
-36.84 -62.92
-37.84 -63.01
-38.93 ~-63.11
-40.21 -63.21
-41.73 -63.32
-43.53 -63.43
-45.68 -63.56
-48.32 -63.68
-50.91 -63.82
-51.05 ~63.96
-48.61 ~-64.11
~45.85 -64.26
-43.46 -64.43
~41.48 -64.60
-39.78 ~64.78
-38.35 -64.97
~37.10 -65.17
-35.97 -65.37
-34.98 -65.59
-34.05 -65.81
-33.23 -66.05
-32.45 -66.30
-31.74 -66.55
-31.07 -66.82
-30.44 -67.10
-29.84 -67.39
-29.28 -67.70
-28.75 -68.02
-28.24 ~68.35
-27.75 -68.70
-27.29 -69.07
-26.85 -69.45
~26.42 -69.84
-26.01 -70.26
-25.61 -70.70
-25.23 -71.16
-24.87 ~71.64
-24.50 -72.15
-24.16 -72.69
-23.83 -73.25
-23.50 ~73.85
-23.19 -74.48
-22.88 ~75.15
-22.58 -75.86
-22.30 -76.62
-22.02 ~77.42
-21.74 -78.24
-21.48 -79.07

07-DEC-93 08:45

MS31
dB
MIX

-26
-26
-26
-26

-27.

-27
=27

-27.

=27

-27.

~-28
-28
-28

-28.
-28.
-29.

-29

-29.
-29.
-29.
-30.
-30.
-30.

-30

-31.

-31

-31.
-31.
-32.

~32
-32

-32.
-33.

-33
-33

-34.

-34

-34.
-35.
-35.
-35.
-36.
-36.
-36.
-37.
-37.
-38.
-38.
-39.
-39.
-40.
-40.
-41.

.46
.61
.76
.92
08
.24
.40
57
.74
92
.10
.28
.46
65
85
04
.25
45
66
87
09
32
54
.78
02
.26
51
77
03
.30
.57
85
14
.44
.74
05
.37
70
04

MS3
dB
MIX

-62.
-62.
-62.
~-62.
-62.
-62.
-63.
-63.
-63.
-63.
-63.
~-63.
-63.
-63.
-63.
-64.
-64.
-64.
-64.
-64.
~-64.
-65.
-65.
-65.
-65.
-66.
-66.
-66.
~-66.
-67.
-67.
-67.
-68.
-68.
-68.
-69.
-69.
-69.
-70.
-70.
-71.
-71.
-72.
-72.
-73.
-73.
-74.
-75.
~-75.
-76.
-77.
~-78.
-79.

2



.100

.51 -21.
.37 -21.
.23 -21.
.16 -22.
.27 -23.
.85 -25.
.31 -26.
.39 -24.
.62 -22.
.47 -21.
.84 -20.
.24 -20.
.76 -19.
.38 -19.
.09 -19.
.85 -19.
.66 -19.
.50 -19.
.36 -18.
.24 -18.
.14 -18.
.06 -18.
.98 -18.
.92 -18.
.86 -18.
.81 -18.
.76 -18.
.72 -18.
.69 -18.
.66 -17.
.64 -17.
.62 -17.
.61 -17.
.60 -17.
.60 -17.
.60 -17.
.60 -17.
.61 -17.
.62 -17.
.64 -16.
.66 -16.
.68 -16.
.71 -16.
.74 -16.
.77 -16.
.81 -16.
.86 -16.
.90 -16.
.95 -16.
.01 -15,
.07 -15.
.13 -15.
.20 -15.
.27 -15.
.34 -15,
.42 -15,
.50 -15.
.59 -15.

05

-42.
-43.
-44.
-45.
~-47.
~-50.
-51.
-50.
-49.
-49.
-50.
-51.
-52.
-54.
-56.
-58.
-62.
-68.
-71.
-65.
~-60.
-57.
-55.
-53.
-52.
~51.
-50.
-49.
-48.
-47.
-47.
-46.
—-45.
-45.
-44.
-44.
~-44.
-43.
-43.
-42.
-42.
-42.
-42.
—-41.
~41.
-41.
-40.
-40.
-40.
-40.
-39.
-39.
-39.
-39.
-39.
-38.
~38.
-38.

81

51

-21

.33
-21.
-21.
-22.
-23.
-25.
-26.
-24.
-22.
-21.
-20.
-20.
-19.
-19.
-19.
-19.
-19.
-19.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-18.
-17.
-17.
-17.
-17.
-17.
-17.
-17.
-17.
-17.
-17.
-16.
-16.
-16.
-16.
-16.
_16 .
-16.
-16.
-16.
-16.
-15.
-15.
-15.
-15.
-15.
-15.
-15.
-15.
-15.

-21.
-20.
-20.
-20.
-20.
-20.
-20.
-19.
-19.
-19.
-18.
-18.
-18.
-18.
-17.
-17.
-17.
-17.
-17.
-17.
~16.
-16.
-16.
-l6.
-16.
-15.
-15.
-15.
-15.
-15.
-15.
-15.
-14.
-14.
-14.
~-14.
-14.
-l4.
-14.
-13.
-13.
-13.
-13.
-13.
-13.
-13.
-13.
-12.
-12.
-12.
-12.
-12.
-12.
-12.
-12.
-12.
-11.
-11.

~79.
.33
.37

~-80
~-80

~79.
.29
.70
-75.
-75.
-76.
.46

~-78
~76

-78

-80.
~-81.
-83.
~-85.
.22

~88

~-91.
~94.

82

67

68
81
91

17
96
84
89

08
89

* ok k otk K
% Kk Kk Kk ke ok

~-97.
~93.
~89.
~87.
~85.
~-83.
~82.
~81.
~79.
~-78.
~77.
~76.
~75.
~74.
-73.
~72.
~72.
~-71.
~70.
~69.
~-68.
-68.
~-67.
~66.
~66.
-65.
-65.
~64.
~-63.
~63.
-62.
~62.
~61.
~61.
~-60.
~-60.
~59.
~-59.
-58.

-42.
-43,
-44.
-45.
.47

-47

-50.
-51.
-50.
-49.
-49.
-50.
-51.
.44
-54.
~56.
-58.
-62.
-68.
-71.
-65.
-60.
-57.
-55.
-53.
-52.
~-51.
-50.
-49.
-48.
-47.
-47.
-46.
-45.
—~45.
-44.
~44 .
-44.
-43.
-43.
-42.
-42.
-42.
-42.
-41.
-41.
-41.
-40.
-40.
-40.
-40.
-39.
-39.
~39.
-39.
-39.
-38.
-38.
-38.

-52

27
13
18
54

12
85
72
69
63
19
15

-79.82
-80.33
-80.37
-79.67
-78.29
-76.70
-75.68
-75.81
-76.91
-78.46
-80.17
-81.96
-83.84

-—-85.89

-88.22
-91.08
-94.89

* Kk d ok ok Kk
* kK ok ok k

-97.74
-93.11
-89.94
-87.55
-85.57
-83.88
-82.38

-81.02

-79.78
-78.61
-77.53
-76.50
-75.52
-74.59
-73.70
-72.84
=72.01
-71.21
-70.44
~69.69
-68.97
-68.26
-67.58
-66.91
-66.26
-65.63
-65.01
-64.41
-63.82
-63.24
-62.68
-62.12
-61.58
-61.05
-60.52
-60.01
-59.50
-59.00
-58.51
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File :NMIXER3.CKT
‘Author :METIN ERDOGDU
Date £22.10.1993
Description:

* % ok % ¥ X ok

MIXER DESIGN
*
Sk o ok e ke e ok e e ok ok ok ok ok ok ok ok o ok e ok ok e e o e ok ok o S ok ok o ok ok ok ok o ok ke ok ok ke ok e e ok ok ok e ke ok ek ke ok

*BRANCH LINE COUPLER DESIGN

*physical parameters
ww: lmm

w00:0.58mm

PwW: 2mm

p00:2.5mm

*

*

*branch-line coupler electrical circuit
*

blk

trww:trl 1 2 Z=35.4 E=90 F=70mHz
tr00:txrl 1 4 Z=50 E=90 F=70mHz

trww 3 4

tr00 2 3

becel:dpor 1 2 3 4

end
*

*

blk

coup 1 2 3 4 wl=w00 w2=w00 w3=w00 wid=ww w5=w00
+1l=pw 12=(p00/2) bran sub

blcph:4por 1 2 3 4

end
*

*
kkkdkhkkhkhhkhhkhkhrdhhkrhdhhkhrhhbhdhbdohhhhdhhkhkhhhhhhbdhhhdkhhhhhbhbhkdhkhhkhhkhd

*POWER DIVIDER CIRCUIT
*physical parameters
*

p44:3mm
wll:?0.9mm?
pll:?8.5mm?

*

w22:?0.3mm?
p22:?7.2mm?
*

* electrical circuit

*

blk

trl 1 4 Z=42 E=90 F=10.5gHz
tr0l:txl 4 2 'Z=59.4 E=90 F=10.5gHz
tr0l 4 3

res 2 3 r=100
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pde:3por 1 2 3
end
*

*physical circuit
*

blk

trl 1 4 w=w22 p=0.231mm sub

bend 4 5 w=w22 r=0.4mm ang=60deg sub
* caution: p22 is the difference of 1/4 line lenght from transm
* lenghts of (trl 1 4) and (bend 4 5) elements.
trl 5 3 w=w22 p=p22 sub

step 3 2 wl=w22 w2=w00 sub

pdaa:3por 1 2 3

end

*

blk

trll:trl 1 15 w=w00 p=p44 sub

step 15 5 wl=w00 w2=wll sub

trl 15 4 w=0.1lmm p=3mm sub

trl 5 6 w=wll p=pll sub

yviun 6. 7 8 wl=wll w2=w22 ang=120deg sub
pdaa 7 11 9 '

pdaa 8 12 10

res 9 10 r=100

trll 11 2

trll 12 3

pdph:4dpor 1 2 3 4

end
khkhkhkhhkhdhhkhhkhkhhhhhkhhhkhhdhhkhdhkhbhhhkrhkhhbhdhhbdhhhhhbhhkdbhkhbhbhdhdhhdhhddhdhdk

** SINGLE BALANCE MIXER DESIGN

* ring coupler physical parameters
P55 :3mm
waa:0.3mm
paa:2.7mm
*

*trimmer for carrier suppression adjustment
radj:50 =
*

*choke circuit physical parameters
pl:2.%mm
*

*Mounted single beam lead diode
*portl: cathode

*port2: anode

*

*

*

*Single ended mixer, IF low pass circuit
*

blk

cstaa:cst 1 0 a=90 ri=0.l1lmm rl=2.5mm sub
trl 1 4 w=0.1lmm p=pl sub

cstaa 4

;cstaa 4

cap 4 3 c=470pf

ind 4 2 1=0.47uh

cap 2 0 c=470pf

semaa:3por 1 2 3

end
*

*
*RF choke for trimmer

blk
trchk:trl 1 3 w=0.lmm p=pl sub



cschk:cst 1 0 a=90 ri=0.lmm rl=2.5mm sub

trchk 3 4

cschk 3

cschk 4

cap 4 0 c=470pf

ind 4 2 1=0.470uh

rfchaa:2por 1 2

end

*

* ring coupler build-in circuit

*

blk

coup 1 2 3 4 wl=w00 w2=w00 w3=waa wi=waa wbS=waa ll=paa 12=(1.5%*
+ 13=(0.5*paa) ring sub

rcaa:dpor 1 2 3 4

end
*

*

*trimmer for carrier suppression adjustment
blk

res 1 3 r=radj

res 3 2 r=(100-radj)

trmaa:3por 1 2 3

end
%k

*

ctrl

svtol le-3 ;define state variable

hbtol le-6 ;define harmonic balance tolerance

cfnewt .2 ;define convergence factor

iter 0 ;define max #of harmonic balance toleration

end

hhkdkhkdhkhdkdhdkhhdhhhddhhkdhhhkhhhkhhhkhkhhkhhkhhhhbhhkhrhrhhdrdkdhhkdhh ki

* MIXER DESIGN
*

nblk

pdph 1 4 5 6

Kok s ek ok ok ok ok ok ok ok ok ok kok ok ok hok kok ok deok gk ek ok ke ke

rfchaa 6 19

tr22:txl 4 67 w=w00 p=p55 sub

trmaa 17 18 19

semaa 16 18 7

semaa 15 17 7

trbld:trl 15 80 w=w00 p=.2mm sub

tapbld:tap 80 81 wl=w00 w2=.2mm p=.2mm wlin sub
trbld 155 83

tapbld 83 82

diod 81 82 .

+ rs=17.5 Cj=.055pf rj=1.4koh chip ;linear paramete
+ { js=33e-12 cto=.055e-12 r0=17.5

+ alfa=32.75 fi=.6 name=sdl} jnon linear para

khkkhkhhhkhhkhkhkhddhhkhhhdohhhkhhhdbhdkhkhhdhdbrhhhbhdhhhbhhhdhddhhkhkhix

trbld 166 84
tapbld 84 85

trbld 16 87

tapbld 87 86

diod 85 86

+ rs=17.5 ¢j=.055pf rj=1.4koh chip ;linar parameter
+ { js=33e~12 cto=.055e-12 r0=17.5

+ alfa=32.75 fi=.6 name=sd2} ;jnon linear para

rcaa 133 155 67 166
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tr22 133 9
kkdkhkhkhkhhkhkhhkhkrdhhhhdkhdbhkhhhhbhhhkhhbrhkhhhbrhrhkhbhhhrhdrhhhkhkdhhhdhr
rfchaa 6 29
tr22 5 167
trmaa 27 28 29
semaa 26 28 8
semaa 25 27 8
trbld 25 40
tapbld 40 41
trbld 255 43
tapbld 43 42

diod 42 41

+ rs=17.5 cj=.055pf rj=1.4koh chip ; linear paramete
+ { js=33e-12 cto=.055e-12 r0=15.5

+ alfa=32.75 fi=.6 name=sd3} ;non linear para

khkkhkhkhkhkdbhkhkkhkhrkhhhhkhdbdhhbdhhkkdhhkhhdhhbhrhdbrrkbhbhbhbhhhhddhdkhxkx

trbld 266 44
tapbld 44 45

trbld 26 47

tapbld 47 46

diod 46 45

+ rs=17.5 ¢j=.055pf rj=1.4koh chip ; linear paramete
+ { js=33e-12 cto=.055e-12 x0=17.5 :

+ alfa=32.75 fi=.6 name=sd4} ;non linear para

rcaa 233 266 167 255 -

tr22 233 10

bcel 2 7 8 12

res 12 r=50oh

bleph 9°3 11 10

res 11 r=500h

nmix: 3por 1 {0} 2 {0} 3 {0}
end ‘

freq

harm 3 2

tone 1 10.5ghz
tone 2 70mhz
end

nexc

prl <hl+h0O>=12dbm
p2 <hO0+hl>=0dbm
end

nvar
khkhdkhkhkdkdhdhkdhhhhhhkhhhdhhdhhkrdhrbhrhdbhhkrAhkrkiokd

* FINAL SOLUTION: No need for DC Analysis *
dkhkhkhkhkkhhkhkhkhdhkhkkhkkhhhbhkhhhbhhbhdhdbhhhkhkhhkhddhdhik
DcAnalysis OFF ; Overrides a similar keyword in the CTRL block
SD1 ‘
VD<HO+H0>=?-0.162253730952217?
VD<HO+H1>=? 3.53375285863876E-001 -75.657?
VD<HO+H2>=? 5.25593059137464E-003 13.387?
VD<H1-H2>=? 1.10198985785246E-002 -99.51?
VD<H1-H1>=? 1.58285126090050E-001 168.48?
VD<H1+HO>=? 9.74253296852112E-001 -89.757
VD<H1+H1>=? .36664286255837E-001 20.727?
VD<H1+H2>=? 5.38915256038308E-003 -43.74°7
VD<H2-H2>=? 2.56766602396965E-002 21.827
VD<H2-H1>=? 8.26106518507004E-002 -24.677?
VD<H2+HO0>=7? 4.66682612895966E-001 27.407
VD<H2+H1>=? 8.37834700942040E-002 -178.907?
VD<H3-H2>=? 2.31777820736170E-002 90.477

R A I T S S R Ay
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VD<H3-Hl>=7? 2.
VD<H3+HO>=? 1.
VD<H4-H2>=? 8.
VD<H4-Hl>=7? 2.
VD<H5-H2>=7? 5,

SD2

VD<HO+H0>=7?-0.
VD<HO+H1>=7? 3.
VD<HO+H2>=7? 6.
VD<H1-H2>=7? 1.
VD<H1-Hl>=7? 1.
VD<H1+HO0>=? 9.
VD<H1+H1l>=? 1.
VD<H1+H2>=7? 5.
VD<H2-H2>=? 2.
VD<H2-H1>=? 8.
VD<H2+H0>=? 4.
VD<H2+H1l>=? 8.
VD<H3-H2>=7? 2.
VD<H3-H1l>=? 3.
VD<H3+H0>="?
VD<H4-H2>=?
VD<H4-Hl1l>="?
VD<H5-H2>=7? 8.

N

SD3

IR R L I e

VD<HO+HO0>=?-0.
VD<HO+H1>=? 3.
VD<HO+H2>=? 6.
VD<H1-H2>=7? 1.
VD<H1-Hl>=? 1.
VD<H1+HO0>=? 9.
VD<H1+H1>=? 1.
VD<H1+H2>=? 5.
VD<H2-H2>=? 3.
VD<H2-H1l>=? 1.
VD<H2+H0>=7?

VD<H2+H1>=7?

VD<H3-H2>=?
VD<H3-H1>=?
VD<H3+H0>=7?
VD<H4-H2>=?
VD<H4-H1l>="?

4.
6.
2.
3.
1.
1.
3.
VD<H5-H2>=? 1.

SD4

R e R R R

VD<HO+HO>=?-0.
VD<HO+H1>=7? 3.
VD<HO+H2>=7? 5.
VD<H1-H2>=? 1.
VD<H1-Hl>=? 1.
VD<H1+HO0>=? 9.
VD<H1+H1l>=7? 1.
VD<H1+H2>=? 6.
VD<HZ2-H2>=7? 2.
VD<H2-H1l>=7? 1.
VD<H2+H0>=? 4.
VD<H2+H1>=? 6.
VD<H3-H2>=7? 2.
VD<H3-Hl>=? 3.
VD<H3+HO0>=7? 1.
VD<H4-H2>=7? 8.
VD<H4-Hl1>=? 3.
YD<H5-H2>=7? 1.

end
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77585294097662E-002
62589579820633E-001
31402186304331E-003
26034577935934E-002
82951167598367E-003

161015922881747

52945268154144E-001
50105439126492E-003
32873523980379E-002
64726749062538E-001
94720160961151E-001
40256568789482E-001
48730418086052E-003
48678252100945E-002
10048580169678E-002
76352959871292E-001
31081196665764E-002
00092867016792E-002
24963182210922E-002
.58210694789887E-001
.04549787938595E-002
.44828034192324E-002
07851832360029E-003

161702595787527

66876482963562E-001
94146100431681E-003
72717683017254E-002
65849417448044E-001
95639979839325E-001
45876616239548E-001
99382072687149E-003
21283377707005E~-002
15349106490612E-001
78368610143662E-001
65800869464874E-002
30789147317410E-002
85172031819820E-002
65542736649513E~-001
27646895125508E-002
00261452794075E~002
25122591853142E-002

162021169770107

64621579647064E-001
91528182849288E-003
49881048128009E-002
58419683575630E-001
76570010185242E-001
42417311668396E-001
65036356076598E~-003
86685135215521E-002
17776848375797E-001
67916011810303E-001
50724545121193E-002
29228716343641E-002
66769842803478E-002
67610839009285E-001
98407958447933E-003
18129472434521E-002

-158
111

162.
-21.

.557?
.427
.737?
.807?
.167?

.247
.38?
.97?
.987
.43?
.02?
.65%
.35?
.357?
.967?
.67?

152
.347
.857?
.657?
.917?
.97?

.34?
.55?
.597
.837
.447
.387
.84?
-175.
.88?
.397
.277
.167?
.51?
.707?
.537?
.09?
. 667

637

.567
.657
.067?
.33?
.957?
.897?
.967?

.73?
.207?
.91?
.38?
.647?
.757?
.95?
18?
37?

00431591272354E-002 -151.58?
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*

out
plo nmix sk

end
* J Kk Kk

nout

rl=50 r2=50 r3=50

end

.

*

*

data

sub:ms h=0.635mm hu=25mm er=10.5 metl=cu 30um met2=au 2um
end
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OLMAYAN ANALIZ SONUGLARI

dok ke dok ok gk kodk kok ok ok odk ok ok ok

* ANALYSIS STATUS *

% g kg Kk ek ek kk ok okok ok k ok ok

** EXECUTION COMPLETED **

* EXECUTION SUMMARY:

Analysis started on 01-DEC-93 14:13:20
Analysis ended on 01-DEC-93 14:24:16
TOTAL analysis time taken: 10 ming 56 secs
ANALYTIC DERIVATIVE is globally On

SOLUTION DID CONVERGE

Delta S.V. error=1.331359E-005
Final H.B. error=2.824766E-007

TOLERANCES:

Requested: SVTOL=1.0000E-003, HBTOL=1.0000E-006,

Actual: SVTOL=1.0000E-003, HBTOL=1.0000E-006,
ESTIMATES:
| Number of estimates to complete analysis = 1

NUMBER OF
NUMBER OF

TONES :
Number
Number
Number
Number

ITERATIONS TO COMPLETE ANALYSIS = 28
FUNCTION CALLS TO COMPLETE ANALYSIS = 32

of tones = 2

of LO harmonics = 3

of sidebands = 2

of sampling points = 16 x 8

Jode ko dek ok ok dek ok d ok ko okd ko kdokkokokkkkohkokk ok ok ko

* ADMITTANCE MATRIX AT DEVICE PORTS *'

hdkhkhhkhhhdhkhkhdhhhkhkhkhdhhhkhhhhhhhhhkdhdhdhhkikh

[Y DEVICE] at k=0, f=

0.000000E+000

CFNEWT=0
CFNEWT=0

P3 ( 1.9444E-002,-6.3342E-006) ( 4.4040E-004, 2.2119E-006)
==> ( 2.0157E-004,-2.4419E-006) (-2.0157E-004, 2.4419E-006)

==> ( 1.6927E-004, 1.

.4040E-004, 2.2119E-006) ( 1.9444E-002,-6.3342E-006)
.0157E~004, 2.4419E-006) ( 2.0157E-004,-2.4419E-006)
-0157E-004,-2.4419E-006) (-2.0157E-004, 2.4419E-006)

.0157E~-004, 2.4419E-006) ( 2.0157E~004,-2.4419E-006)
.4040E~004, 2.2119E-006) ( 1.9444E-002,-6.3342E-006)

P4 ( 4
==> (-2
P5 ( 2
- ==> ( 1.9444E-002,~6.3342E-006) ( 4.4040E-004, 2.2119E-006)
P66 (-2
==> ( 4
[Y DEVICE] at k=1, f= 7.000000E+007
P3|

7.0923E-003, 1.1743E-001) (-2.2827E-003, 1.2098E-001)
7883E-004) ( 2.3199E-005,-8.6919E-005)

P4 (-2.2827E-003, 1.2098E-001) ( 7.5102E-003, 1.1728E-001)
==> (-3.4726E-004, 1.1946E-004) ( 1.6927E-004, 1.7883E-004)
P5 ( 1.6927E-004, 1.7883E-004) (-3.4726E-004, 1.1946E-004)
==> { 7.5102E-003, 1.1728E-001) (-2.2827E-003, 1.2098E-001)
P6 ( 2.3199E-005,-8.6919E~005) ( 1.6927E-004, 1.7883E-004)
==> (-2.2827E-003, 1.2098E-001) ( 7.0923E-003, 1.1743E-001)

[Y DEVICE] at k=2, f=

1.400000E+008

P3 ( 1.3836E+000, 3.2896E+000) { 1.3909E+000, 3.2847E+000)
==> ( 1.2849E-001, 1.2283E-001) ( 1.1801E-001, 1.0155E-001)



8s

P4 ( 1.3909E+000, 3.2847E+000)
==> ( 1.4189E-001, 1.2975E-001)
P5 ( 1.2849E-001, 1.2283E-001)
==> ( 1.4200E+000, 3.2349E+000)
P6 ( 1.1801E-001, 1.0155E-001)
==> ( 1.390%E+000, 3.2847E+000)
(Y DEVICE] at k=3, f= 1.036000E+
P3 ( 1.1672E-002,-1.1479E~-002)
==> ( 8.7585E-005,-9.8308E~004)
P4 { 1.0445E-004, 4.0308E-004)
==> (-3.5545E-004, 3.1403E-004)
P5 ( 8.7586E-005,-9.8308E-004)
==> ( 1.0869E-002,-1.1358E~-002)
P6 (-3.6034E-004, 3.3757E-004)
==> ( 1.0445E-004, 4.0308E-004)
[Y DEVICE] at k=4, f= 1.043000E+
P3 ( 1.1381E-002,-1.1317E-002)
==> (-1,6531E-004,-7.3289E-004)
P4 ( 2,.7558E-004, 2.2014E-004)
==> (-2.0949E-006, 3.2666E-004)
P5 (-1.6531E-004,-7.3289E-004)
==> ( 1.0754E-002,-1.1183E-002)
P6 ( 2.2075E-005, 3.3700E-004)
==> ( 2.7558E-004, 2.2014E-004)
[Y DEVICE] at k=5 f— 1.050000E+
P3 ( 1.1402E-002,-1.1270E-002)
==> (-3.8448E-004,-5.0505E-004)
P4 ( 1.0828E-004, 1.3487E-004)
==> ( 3.8541E-004, 3.0822E-004)
P5 (-3.8448E-004,-5.0505E-004)
==> ( 1.0928E-002,-1.1147E-002)
P6 ( 4.2323E-004, 3.0613E-004)
==> ( 1.0828E-004, 1.3487E-004)
[Y DEVICE] at k=6, f= 1.057000E+
P3 ( 1.1117E-002,-1.1215E-002)
==> (-2.6785E-004,-3.1641E-004)
P4 ( 2.0023E-004, 2.9339E-005)
==> ( 4.9904E-004, 2.6292E-004)
P5 (-2.6785E-004,-3.1641E-004)
==> ( 1.0812E-002,-1.1116E-002)
P6 ( 5.2236E-004, 2.4853E-004)
==> ( 2.0023E-004, 2.9338BE-005)
[Y DEVICE] at k=7, f= 1.064000E+
P3 ( 1.1122E-002,-1.1287E-002)
==> (-9.7796E-005,~1.6458E-004)
P4 (-2.7451E-005, 5.1746E-005)
==> ( 5.8652E-004, 1.7017E-004)
P5 (-9.7796E-005,-1.6458E-004)
==> ( 1.0968E-002,-1.1239E-002)
P6 ( 5.9618E-004, 1.5675E-004)
==> (~2,7453E-005, 5.1745E-005)
[Y DEVICE] at k=8, f=' 2.086000E+
P3 ( 3.0013E-003,~8.5985E-003)
==> ( 1.6779E-003, 5.2469E-003)
P4 (-2.9342E-003,~3.4575E-003)
==> (-1.6373E-003,-5.2776E-003)
P5 ( 1.6779E-003, 5.2469E-003)
==> ( 2.9472E-003,-8.5175E-003)
P6 (-1.7203E-003,~5.2168E-003)
==> (-2.9342E-003,~3.4575E-003)
[Y DEVICE] at k=9, f— 2.093000E+
P3 ( 6.8B069E-003,~4.4447E-003)
==> (-1.8657E-003, 1.5000E-003)
P4 (-6.7048E-003,~7.1787E-003)
==> ( 1.8956E-003,~1.5349E-003)
P5 (-1.8657E-003, 1.5000E-003)
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1

1

1

.4200E+000,
.2849E-001,

3.
1.

.4189E-001,

.3909E+000,
.2849E-001,
.3836E+000,

.0445E-004,
.6034E-004,
.0869E~-002, -
.7585E-005, ~
.5545E-004,
.0445E-004,
.7586E-005, -
.1672E-002, ~

.7558E-004,
.2075E-005,
.0754E-002,
.6531E-004,
.0950E-006,
.7558E-004,
.6531E-004,
.1381E-002,

.0828E-004,
.2323E-004,
.0928E-002,
.8448E-004,
.8541E-004,
.0828E-004,
.8448E-004,
.1402E-002,

.0023E-004,
.2236E-004,
.0812E-002,
.6785E-004,
.9904E-004, 2.
.0023E-004, 2.

RPOdWYR W WP W

2
3

3

2

-7

-1

1

2
2

.6785E~004,~3

.1117E-002,-1.

.9618E-004, 1.
.0968E-002,-1.
.7796E-005,-1.
.8652E-004, 1.
.7452E~-005,
.7796E-005,-1.
.1122E-002,-1.

.9342E-003,
.7203E-003,
.9472E-003,-8.
.6779E-003,
.6373E-003, -5

7452E-005, 5

5

5

.9342E-003,-3

.6779E-003,
.0013E-003,-8.

.7048E-003,-7.

5

.8323E-003,~1
.6812E-003,-4

.8657E-003,
.8956E-003,-~1.

-1.
-7.
.2666E-004)
.2014E-004)
.3289E-004)
-1.

1.
3.
.1147E-002)
~5.

3.

-5.
-1.

-1.
-3.

-3.
~-5.2169E-003)

2349E+000)
2283E-001)

1.2975E-001)
.2847E+000)
.2283E~-001)
.2896E+000)

.0308E-004)
.3757E~004)
.1358E-002)
.8308E~-004)
.1403E~-004)
.0308E~004)
.8308E-004)
.1479E-002)

.2014E-004)
.3700E-004)

1183E-002)
3289E-004)

1317E-002)

3487E-004)
0613E-004)

0505E-004)
0822E-004)

.3487E-004)

0505E-004)
1270E-002)

.9338BE-005)
.4853E-004)

1116E-002)
1641E-004)
6292E-004)
9339E-005)

.1641E-004)

1215E-002)

.1746E-005)

5675E-004)
1239E-002)
6458E-004)
7017E-004)

.1746E~-005)

6458E~004)
1287E-002)

4575E-003)
5175E-003)

.2469E-003)
.2776E-003)
.4575E~003)
.2469E-003)

5985E-003)
1787E-003)

.4663E-003)
.3070E-003)
1.

5000E-003)
5349E-003)
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90

( 6.6813E~003,~-4.3070E~-003)
{ 1.8323E~003,~1.4663E-003)
(-6.7048E~003,-7.1787E-003)
ICE] at k=10,
( 7.8665E~003,~-1.0484E~002)
=> { 5.2953E~004,-3.3390E-003)
(-7.9058E-003,-8.0347E~004)
{(-6.5641E-004, 3.2250E-003)
( 5.2954E-004,-3.3389E-003)
( 8.0203E~003,-1.0124E~-002)
{-4.0493E~-004, 3.4469E-003)
=> (-7.9058E~003,~-8.0352E~-004)
[Y DEVICE] at k=11, f£=

f=

.5590E~003,-4.7180E~-003)
.5585E~004, 2.4782E-003)
.4277E~003,-6.1053E-003)
.9286E~004,-2.5093E-003)
.5585E~004, 2.4783E-003)
.3750E-003,-4.4309E-003)
.1146E~004,-2.4492E-003)

1

] at k=13,

.

-
.
.
.
.
.

4277E~003,-6.1053E-003)
at k=12, f=
3891E-~ 003 3.2061E-003)
3408E—003,—8.8272E—004)
3432E-003,-9.0966E-004)
3766E~003, 8.6087E-004)
3408E~003,-8.8272E-004)
4407E-~003, 3.2153E-003)
3270E-~-003, 8.8905E-004)
3432E-003,-9.0966E-004)
f=
0638E-003, 4.4944E-003)
4538E-~ 006, 4.2789E-005)
0509E-~003,-1.8569E-003)
3857E~005,-9.2061E-005)

9.4538E~006, 4.2789E-005)
3.1927E-003,
2.2528E~005,-1.7761E-005)
(-3.0509E-003,~-1.8569E-003)
[Y DEVICE] at k=14, f=

'4.54678-003)

7916E~-003, 3.9803E-003)
7661E-003, 9.1621E-004)
7685E~003,-9.9126E-004)
7844E-003,-9.6681E-004)
7661E~003, 9.1621E-004)
9106E~003, 4.0820E~003)
7162E~003,-9.0029E-004)
7685E~003,-9.9126E-004)
f=
6766E~ 003 '-1.3871E-002)

.3137E—004, 1.2226E-003)
.6017E~003,-7.3606E-003)
.5126E~-004,~-1.5751E-003)
.3138E-004, 1.2226E-003)

{
(
(
(
(
-
[Y DEVICE] at k=15,
(
(
(
(
(
(

1.7190E-003,-1.5436E-002)
(-2.6202E~-003,-3.9112E-003)

==> (-1.6017E-003,-7.3606E-003)

[Y DEVICE] at k=16,

P3 ( 4.
==> (

P4 (-
== (

P5  (
::5 (

P6 (-
==> (..

2
1
2
2.
1
2
1

f=
9445E-003,~-1.2380E-002)

.9964E-004, 9.1008E-004)
.8397E-003,-6.4414E-003)
.4202E~004,-1.3296E-003)

9964E-004, 9.1008E-004)

.7433E-003,~1.3866E-002)
.5499E-003,-3.0916E-003)
.8397E-003,-6.4414E-003)

3.150000E

4.186000E

(-6.7048E-003,-7.1787E-003)

(-1.8657E-003,

1.5000E-003)

( 6.8070E-003,-4.4447E-003)

2.100000E+010

(~7.9058E-003,~-8.0347E-004)
(~4.0493E-004, 3.4469E-003)
( 8.0202E-003,-1.0124E-002)
( 5.2953E-004,-3.3390E-003)

(~6.5642E-004,

3.2250E-003)

(~7.9058E-003,-8.0352E-004)
( 5.2953E-004,-3.3389E-003)
{ 7.8666E-003,-1.0484E-002)

(
(
(
(
(
(
(
+

3.136000E+0

(~
(
(
(-
{
(-
(=
(
+

3.143000E+0

i3
(
(
(-
(
(
(
(
+

©4.193000E+0

(-
(~
(
(
(-
(-
(
(
+
(-
(-
(
(
(
(-
(
(
+
(-
(-
(
(
(
(-
(
(.

!

Pl

HoupPpuRrREaR

mwmmwNuHHHHHHHHH
O .

LI

=W

0

0

pNHNwHNHprHHpHNHHHHHHHHHH

2.107000E+010

.4277E-003,~6.1053E~003)
.1145E-004,~-2.4492E-003)
.3750E-003,-4.4309E-003)

.5585E-004,

2.4782E-003)

.9286E-004,~-2.5093E-003)
.4277E-003,-6.1053E-003)
.5585E-004, 2.4783E-003)

.3270E-003,
.4407E~-003,

.3766E-003,

.3891E-003,

0

5590E-003,-4.7180E-~003)

.3432E-003,-9.0966E-004)
8.8905E-004)
3.2153E-003)
.3408E-003,-8.8272E-004)
8.6087E-~004)
.3432E-003,-9.0966E-004)
.3408E-003,-8.8272E-004)
3.2061E-003)

.0509E-003,-1.8569E~003)

.2528E-005,~-1.7761E-005)

.1927E-003,

4.5467E-003)

.4538E-006, 4.2789E-005)

.3857E-005,-9.2061E-005)

o

.9106E-003,
.7661E~-003,

.7661E-003,
.7916E-003,

.0509E-003, -1.8569E~003)
.4538E-006, 4.2789E~005)
0638E-003, 4.4944E-003)

.7685E-003,~-9.9126E~004)
.7162E-003,-9.0029E~004)
4.0820E~003)
9.1621E~004)
.7844E-003,-9.6681E~-004)
.7685E-003,-9.9126E~004)
9.1621E~004)
3.9803E-003)

6017E-003,—7.3606E—003)
.6202E~-003,-3.9112E-003)

.7190E-003,~1.5436E-002)

.3138E-004, 1.2226E-003)

.5126E-004,~-1.5751E-003)

.6017E-003,~-7.3606E-003)

.3137E-004, 1.2226E-003)

Q.

6766E~003,-1.3871E-002)

.B397E~003,-6.4414E-003)
.5499E~003,-3.0916E-003)

.7433E~003,-1.3866E-002)

.9964E~004,

9.1008E-004)

.4202E-004,-1.3296E-003)

.9964E~004,

.B397E~003,-6.4414E-003)
9.1008E-004)
.9445E~-003,~1.2380E-002)
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[Y DEVICE] at k=17, f= 5.236000E+010

P3 ( 2.4872E-003,-4.6358E-003) (-2.4007E-003, 5.6633E-003)
==> (-9.2052E-004, 2.5022E-004) ( 9.4859E~004,-2.7551E-004)
P4 (-2.4007E-003, 5.6633E-003) ( 2.2867E-003,-4.3402E-003)
==> ( 8.8998E-004,-2.4497E-004) (-9.2052E-~004, 2.5022E-004)
P5 (-9.2052E-004, 2.5022E-004) ( 8.8998E-~004,-2.4497E-004)
==> ( 2.2867E-003,-4.3402E-003) (-2.4007E-003, 5.6633E-003)
P6 ( 9.4859E-004,-2.7551E-004) (-9.2052E-004, 2.5022E-004)
==> (~2.4007E-003, 5.6633E-003) ( 2.4872E~003,-4.6358E-003)

% %k
% Kk
* % &
% K

sk de de do g de g do ke ke ok Kk ok kook ok ke Kk gk ok ke ke ok ko ke ok ke ke e ko ok ok ok

* VOLTAGE HARMONICS ACROSS ALL PORTS *

de g ok e de e g ek ke deok deode ko Kk ok gk ok ko ks ok ok ok ko ke ok ek ok ok ok ok

HARM. FREQUENCY ' SOURCE PORT#1 SOURCE PORT#2
NO. (GHz) AMPLITUDE PHASE (DEG) AMPLITUDE PH
0 0 0.00000 3.7192E-006 0.0000E+000
0o 1 0.07000 3.0113E-003 167.68 3.1348E-001
0 2 0.14000 4.0431E-005 -61.80 4.1013E-004
1 -2 10:36000 .1.4328E-003 38.28 1.0433E-004
1 -1 10.43000 4.1319E-003 -10.63 2.0761E-004
1 © 10.50000 5.8177E-001 -34.22 9.9777E~-005
1 1 10.57000 2.8956E-003 95.10 3.8404E-004
1 2 10.64000 1.1387E-003 -57.69 1.0525E~-004
2 -2 20.86000 3.9911E-004 -30.50 2.6939E-004
2 -1 20.93000 3.6313E-002 53.09 1.2453E-002
2 0 21.00000 5.6925E-003 178.00 3.5580E-003
2 1 21.07000 3.5332E-002 133.47 1.2047E-002
3 -2 31.36000 9.7786E-006 131.01 1.2437E-004
3 -1 31.43000 2.7151E-004 82.32 1.8587E-003
3 0 31.50000 8.9913E-003 64.80 2.0032E-003
4 -2 41.86000 5.7721E-004 43.05 6.7330E-004
4 -1 41.93000 1.3095E-002 69.60 2.9873E-003
5 -2 52.36000 7.1037E-004 ~168.83 1.0003E-003

HARM. FREQUENCY DEVICE PORT#1 [SD1) DEVICE PORT#1
NO. (GHz) AMPLITUDE PHASE (DEG) AMPLITUDE PH
0 ¢ 0.00000 ~1.1135E-001 -1.1004E~-001
0 1 0.07000 2.7109E-001 ~75.61 2.7130E-001
0o 2 0.14000 4.0518E-004 -133.61 4.,1236E-004
1 -2 10.36000 3.2960E-003 -104.19 4.4807E-003
1 -1 10.43000 8.8686E-002 176.19 9.3388E-002
1 0 10.50000 1.0522E+000 -88.32 1.0733E+000
1 1 10.57000 7.4037E-002 30.52 7.6342E-002
1 2 10.64000 .1.3595E-003 ©-5.50 1.7657E-003
2 -2 20.86000 1.0989E-002 47.48 1.0217E-002
2 -1 20.23000 4.8190E-002 -32.31 4.6667E-002
2 0 21.00000 5.0034E-001 . 37.92 5.0935E-001
2 1 21.07000 5.6017E-002 -176.14 5.5290E-002
3 -2 31.36000 9.8568E-003 84.12 8.4744E-003
3 -1 31.43000 2.0284E-002 144.00 2.3823E-002
3 0 31.50000 1.9940E-001 108.64 1.9336E-001
4 -2 41.86000 3.9623E-003 27.11 5.7843E~003
4 -1 41.93000 1.9116E-002 -85.80 2.3684E-002
5 -2 52.36000 1.7072E-003 -21.65 2.9147E-003

HARM. FREQUENCY DEVICE PORT#1 [SD3] DEVICE PORT#1
NO. (GHz) AMPLITUDE PHASE (DEG) AMPLITUDE PH
0 0 -1.1297E-001 -1.1057E~001

0.00000

THE FOLLOWING RESULTS ARE FROM ANALYSIS OF CIRCUIT FILE:
NMIXER3.CKT
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0 1 0.07000 2.7904E-001 14.82 2.7943E-001

0 2 0.14000 5.1604E-004 -109.46 5.3017E-004

1 -2 10.36000 5.7137E-003 -77.11 4.7036E-003

1 -1 10.43000 9.4670E-002 -88.96 8.8257E-002

1 0 10.50000 1.0680E+000 93.91 1.0542E+000

11 10.57000 8.1315E-~002 -64.91 7.7350E-002

1 2 10.64000 1.6170E-003 -51.94 2.1975E-003

2 -2 20.86000 1.2636E-002 -158.61 1.0765E-002

2 -1 20.93000 7.4875E-002 -109.39 7.6979E-002

2 0 21.00000 5.1862E-001 37.23 5.0610E-001

2 1 21.07000 3.9491E-002 -79.34 3.7154E-002

3 -2 31.36000 9.2471E-003 99.12 9.2051E-003

3 -1 31.43000 2.7541E-002 -149.90 2.7494E-002

3 0 31.50000 1.9960E-001 -68.47 2.0222E-001

4 -2 41.86000 6.7956E-003 170.68 4.3671E-003

4 -1 41.93000 3.0314E-002 -178.34 3.1547E-002

5 -2 52.36000 5.9003E-003 39.81 3.5988E-003
HARM. FREQUENCY OUTPUT PORT#1

NO. (GHz) AMPLITUDE PHASE (DEG)

0 0 0.00000 -1.8596E-006

0 1 0.07000 9.1163E~003 -54.38

0 2 0.14000 1.2753E~-004 -58.72

1 -2 10.36000 7.2830E-004 -5.01

1 -1 10.43000 1.3735E~001 13.07

1 0 10.50000 2.7000E-002 17.35

11 10.57000 7.9814E-003 -76.85

1 2 10.64000 6.3127E-005 -31.77

2 -2 20.86000 3.2492E-004 18.07

2 -1 20.93000 2.9198E-002 153.88

2 0 21.00000 6.0325E-004 100.25

2 1 21.07000 2.3883E-002 100.49

3 -2 31.36000 3.6100E-005 68.98

3 -1 31.43000 1.1110E-003 76.88

3 0 31.50000 8.8998E-003 ~162.61

4 -2 41.86000 2.1063E-003 -90.35

4 -1 41.93000 7.2401E-003 47.44

5 -2 52.36000 5.7443E-005 79.95

***********:k*********************************************,**

* CURRENT HARMONICS AT ALL PORTS (INTO LINEAR SUBNETWORK) *

dkkkkhkkhhhkhkhrdhdbbhhbbdhdhdbdbhhhbbbdhhkhddhhkhhbhhhdhkbrhkhdhhdbddbdtid

HARM. FREQUENCY SOURCE PORT#1 SOURCE PORT#2
NO. (GHz) AMPLITUDE PHASE (DEG) AMPLITUDE PH
0 0 0.00000 -7.4383E-008 0.0000E+000
o 1 0.07000 6.0227E-005 -12.32 6.3805E-003
0 2 0.14000 8.0862E-007 118.20 8.2025E-006
1 -2 10.36000 2.8655E-005 -141.72 2.0865E-006
1 -1 +10.43000 8.2638BE-005 169.37 4,1522E-006
1 0 10.50000 4.1259E-002 9.13 1.9955E-006
i1 10.57000 5.7912E-005 -84.90 7.6808E~-006
1 2 10.64000 2.2774E-0Q05 122.31 2.1049E-006
2 -2 20.86000 7.9822E-006 149.50 5.3878E-006
2 -1 20.93000 7.2626E-004 -126.91 2.4907E-004
2 0 21.00000 1.1385E-004 -2.00 7.1161E-005
2 1 21.07000 7.0664E-004 -46.53 2.4093E-004
3 -2 31.36000 1.9557E~007 -48.99 2.4875E-006
3 -1 31.43000 5.4302E-006 -97.68 3.7173E-005
3 .0 31.50000 1.7983E-004 ~-115.20 4.0063E-005
4 -2 41.86000 1.1544E-005 -136.95 1.3466E-005
4 -1 41.93000 2.6190E-004 -110.40 5.9746E-005
5 -2 52.36000 1.4207E-005 11.17 2.0005E-005

FREQUENCY DEVICE PORT#1 [SD1] DEVICE PORT#1

gg

(GH=z) AMPLITUDE PHASE (DEG) AMPLITUDE PH



0 0 0.00000 2.2140E-003 2.1882E-003
0o 1 0.07000 1.5515E-003 ~76.62 1.5813E-003
0 2 0.14000 1.2168E-004 -159.37 1.2941E-004
1 -2 10.36000 6.2791E-005 29.94 7.7628E-005
1-1 10.43000 1.4635E-003 -46.55 1.4881E-~003
1 0 10.50000 4.0813E-003 -70.12 4.0074E~003
11 10.57000 1.1829E-003 164.68 1.2022E-003
1 2 10.64000 2.0242E-005 126.98 2.6566E~005
2 -2 20.86000 1.3459E-004 134.38 1.2031E-004
2 -1 20.93000 9.1039E-004 177.62 9.5564E~004
2 0 21.00000 5.6486E-003 127.75 5.5695E~003
2 1 21.07000 4.2728E-004 10.36 4,2093E~004
3 -2 31.36000 2.3970E-005 -5.76 2.1255E-005
3 -1 31.43000 4.7168E-005 66.38 7.3325E~005
3 0 31.50000 6.2609E-004 18.99 6.1559E~004
4 -2 41.86000 9.0967E-005 130.08 1.1366E~004
4 -1 41.93000 2.9761E-004 .. 51.94 2.6778E~004
5 -2 52.36000 1.7455E-005 125.60 1.5194E~005
HARM. FREQUENCY DEVICE PORT#1 [SD3] DEVICE PORT#1
NO. {GHz) AMPLITUDE PHASE (DEG) AMPLITUDE PH
0 O 0.00000 2.2456E~-003 2.1994E-003
0 1 0.07000 1.6193E-003 11.7¢6 1.5466E~003
0 2 0.14000 1.5867E-004 19.59 1.3786E~004
1 -2 10.36000 9.4393E-005 53.70 8.2609E~005
1 -1 10.43000 1.4366E-003 45.57 1.3844E-003
1 0 10.50000 4.0458E-003 112.45 4.0628E~003
1 1 10.57000 1.2592E-003 70.39 1.2199E-003
1 2 10.64000 2.6366E-005 80.18 3.5387E~005
2 -2 20.86000 1.5064E-004 -64.74 1.3056E-004
2 -1 20.93000 8.9566E-004 72.36 8.1507E~004
2 0 21.00000 5.7012E-003 128.20 5.6834E~003
2 1 21.07000 7.0079E-004 103.21 6.8657E~-004
3 -2 31.36000 2.0969E-005 6.13 2.0776E~005
3 -1 31.43000 8.5847E-005 122.35 6.1771E~005
3 0 31.50000 6.4047E-004 -162.58 6.4163E~004
4 -2 41.86000 1.3631E-004 -93.47 9.1865E-005
4 -1 41.93000 | 2.7637E-004 -62.04 1.7408E-004
5 -2 52.36000 4.6889E-005 140.91 5.1962E-005
HARM. FREQUENCY OUTPUT PORT#1
'NO. (GHz) AMPLITUDE PHASE (DEG)
0 O 0.00000 3.7192E-008
0 1 0.07000 1.8233E~-004 125.62
0 2 0.14000 2.5505E-006 121.28
1 -2 10.36000 1.4566E-005 174.99
1 -1 . 10.43000 2.7470E-003 -166.93
1 0 10.50000 5.3999E-004 -162.65
1 1 10.57000 1.5963E~-004 103.15
1 2 10.64000 1.2625E-006 148.23
2 -2 20.86000 6.4984E-006 -161.93
2 -1 20.93000 5.8395E-004 -26.12
2 0 21.00000 1.2065E-005 -79.75
2 1 21.07000 4.7766E-004 -79.51
3 -2 31.36000 7.2199E-007 -111.02
3 -1 31.43000 2.2219E-005 -103.12
3.0 -31.50000 1.7800E-004 ©17.39
4 -2 41.86000 4.2126E-005 89.65
4 -1 41.93000 1.4480E-004 -132.56
5 -2 52.36000 1.1489E-006 -100.05
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* STATE VARIABLES HARMONICS *

dhkkhkhhkhkhkdkhkkhkhrhkhkrbrhhhrhkhhhk

HARM.

FREQUENCY

STATE VARIABLE NO. 1

STATE VARIABL
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(GHz)
0.00000
0.07000
0.14000
.36000
.43000
.50000
.57000
.64000
.86000
.93000
.00000
.07000
.36000
.43000
.50000
.86000
.93000
.36000

FREQUENCY
(GHz)
0.00000
0.07000
0.14000
.36000
.43000
.50000
.57000
.64000
.86000
.93000
.00000
.07000
.36000
.43000
.50000 .
.86000
.93000
.36000

94

AMPLITUDE  PHASE (DEG)
1.5009E-001
2.4395E-001 -75.50
1.7733E-003 14.94
4.1370E-003 -115.18
1.0889E-001 167.00
9.8456E-001 -89.62
8.9697E-002 20.99
1.6199E-003 -14.78
1.1113E-002 35.26
6.2505E-002 ~25.00
5.0972E-001 26.74
6.3452E-002 -175.37
9.8648E-003 86.55
2.0123E-002 146.30
1.9963E-001 111.78
4.5896E-003 7.36
2.3236E-002 -94.47
1.9711E-003. . -26.46
STATE VARIABLE NO. 3
AMPLITUDE  PHASE (DEG)
-1.4778E-001
2.5399E-001 15.12
2.8131E-003  -152.22
6.7611E-003 -86.53
1.1142E-001 -97.15
1.0087E+000 92.77
9.6173E-002 -73.12
1.9152E-003 -61.05
1.3004E-002 -168.93
8.8753E-002 -109.12
5.2756E-001 27.59
5.0345E-002 -78.79
9.2698E-003 101.13
2.7521E-002 -147.13
2.0055E-001 -65.64
7.3193E-003 153.99
3.2440E-002 174.86
6.0822E-003 33.08

Je de de de g Kok e ok ko ok ok R g ok ok ke ok ok e ok ok s ke e ok e ke ke e ke ke Kk ke ok ke ok

* CURRENT HARMONICS AT EXTERNAL PORTS *

e de g de ke de gk de ok ok ek de ke ke ok ok ok ok ok ek ke ke Ik vk e ke ok e ke ok ok ke ke ok

HARM.

U1pu>h:u(uk)NbthHl4F4P*F‘O(DCD%

1

RPORBNMNHRORPNMNKLO

LR (I |
NEFEFNORPN

FREQUENCY
(GHz)
0.00000
0.07000
0.14000
10.36000
10.43000
10.50000
10.57000
10.64000
20.86000
20.93000
21.00000
21.07000
31.36000
31.43000
31.50000
41.86000
41.93000
52.36000

BB RPURNE 00D 0N oo

EXTERNAL PORT NO. 1

AMPLITUDE
.4383E-008
.0227E-005
.0862E-007
.8655E-005
.2638E-005
.1259E-002
.7912E-005
.2774E-005
.9822E-006
.2626E-004
.1385E-004
.0664E-004
.9557E-007
.4302E-006
.7983E~-004
.1544E-005
.6190E-004
.4207E-005

PHASE (DEG)

-12.32
118.20
-141.72
169.37
"9.13
-84.90
122.31
149.50
~126.91
-2.00
-46.53
-48.99
-97.68
-115.20
-136.95
~-110.40
11.17

AMPLITUDE

~1.4833E-001
2.4363E-001
2.6428E-003
5.4821E-003
1.1348E-001
1.0075E+000
9.2178E-002
2.1130E-003
1.0575E~002

PWBNMNOBUVTORPNWOVWORUINNRE

6.2073E-002
5.1979E-001

6.2575E-002

8.4865E-003

2.4117E-002

1.9378E-001

6.1902E-003
2.6546E-002
2.7802E-003

NUIRPBRWODNNINUONIEREPRNOONOS

P

STATE VARIABL

AMPLITUDE
.4906E-001
.5245E-001
.1514E-003
.7591E~003
.0692E-001
.8706E-001

.6587E-003
.0852E-002
.1178E-002
.1506E~-001
.9119E-002
.2338E-003
.7674E-002
.0311E-001
.5976E-003
.2677E-002
.2445E-003

.3919E-002

p

EXTERNAL PORT

AMPLITUDE
.0000E+000
.3805E-003
.2025E-006
.0865E-006
.1522E-006
.9955E-006
.6808E~-006
.1049E-006
.3878E-006
.4907E-004
.1161E-005
.4093E-004
.4875E-006
.7173E-005
.0063E-005
.3466E-005
.9746E-005
.0005E~005

P



HARM. FREQUENCY EXTERNAL PORT NO. 3
NO. (GHz) AMPLITUDE PHASE (DEG)
0 0 0.00000 3.7192E-008
0 1 0.07000 1.8233E-004 125.62
0o 2 0.14000 2.5505E-006 121.28
1 -2 10.36000 1.4566E~005 174.99
1 -1 10.43000 2.7470E-003 -166.93
1 0 10.50000 5.3999E-004 -162.65
1 1 10.57000 1.5963E-004 103.15
1 2 10.64000 1.2625E-006 148.23
2 -2 20.86000 6.4984E-006 -161.93
2 -1 20.93000 5.8395E-004 ~26.12
2 0 21.00000 1.2065E-005 -79.75
2 1 21.07000 4.7766E-004 ~79.51
3 -2 31.36000 7.2199E-007 -111.02
3 -1 31.43000 2.2219E-005 ~103.12
3 0 31.50000 1.7800E-004 17.39
4 -2 41.86000 4.2126E~-005 89.65
4 -1 41.93000 1.4480E-004 ~132.56
5 -2 52.36000 1.1489E-006 -100.05
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* ACTIVE POWER FLOWING INTO THE NONLINEAR DEVICE AT THE DEVICE

khkkkhkhkhkhhhkdhdhhdhhkhhkhhdhhkhrkhkdhdhhhhhdbhhddhhhhhhkhhhbhhbhhhbhhkdhkdhdhhkhk

HARM. FREQUENCY DEVICE PORT NO. 1 DEVICE PORT NO. 2
NO. (GHz) P (mW) P (dBm) P (mW) P (dBm)
0 0 0.00000 0.247 -6.081 0.241 -6.184
0 1 0.07000 -0.210 -6.772 -0.214 -6.686
0 2 0.14000 -0.000 -46.536 0.000 -46.183
1 -2 10.36000 0.000 -41.424 0.000 -39.349
1 -1 10.43000 0.048 -13.218 0.050 -13.038
1 0 10.50000 -2.040 3.096 -2.026 3.067
1 1 10.57000 0.031 -15.156 0.032 -14.976
1 2 10.64000 0.000 -50.318 0.000 -47.917
2 -2 20.86000 -0.000 -43.986 0.000 -43.664
2 -1 20.93000 0.019 -17.210 0.020 -17.003
2 0 21.00000 -0.004 -23.597 0.018 -17.510
2 1 21.07000 0.012 -19.248 0.011 -19.396
3 -2 31.36000 -0.000 -66.071 0.000 -60.134
3 -1 31.43000 -0.000 ~-39.892 0.000 -37.496
3 0 31.50000 ~0.000 -34.200 0.001 -31.963
4 -2 41.86000 0.000 -43.933 0.000 -48.887
4 -1 41.93000 0.002 ~-26.767 0.002 -27.593
5 -2 52.36000 0.000 -49.020 -0.000 -49.223

TOTAL POWER -1.897 -1.867

HARM. FREQUENCY DEVICE PORT NO. 3 DEVICE PORT NO. 4
NO. (GHz) P (mW) P (dBm) P (W) P (dBm)
0 o 0.00000 0.254 ~5.957 0.243 -6.141
0 I 0.07000 -0.226 ~6.467 -0.215 -6.666
0 2 0.14000 0.000 -45.886 -0.000 -46.770
1 -2 10.36000 0.000 ~-37.539 0.000 -38.931
1 -1 10.43000 0.048 -13.216 0.044 -13.601
1 0 10.50000 -2.048 3.114 -2.030 3.075
1 1 10.57000 0.036 -14.390 0.034 -14.681
1 2 10.64000 0.000 -48.447 0.000 -45.765
2 -2 20.86000 0.000 -41.923 -0.000 -43.214
2 -1 20.93000 0.034 -14.748 0.031 -15.058
2 0 21.00000 0.025 -16.038 -0.011 -19.754
2 1 21.07000 0.014 -18.594 0.013 -18.967
3 -2 31.36000 0.000 -52.954 0.000 -52.449
3 -1 31.43000 -0.000 -43.326 0.000 -39.039
3 0 31.50000 0.005 -23.388 0.003 -24.692
4 -2 41.86000 0.000 -43.258 -0.000 -51.307
4 -1 41.93000 0.002 -27.314 0.001 -30.440
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5 -2 52.36000 0.000 -45.747 0.000 -42.180
TOTAL POWER -1.857 -1.887
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* ACTIVE POWER FLOWING OUT OF THE EXTERNAL PORTS *

khdkdhhkhhdhdkhhkhhhhhhhdhdhhdhhkhdhhhhkdhhkhhhkhhhkdhkhhdkdhddkkdki

HARM. FREQUENCY EXTERNAL PORT NO. 1 EXTERNAL PORT
NO. (GHz) P (mW) P (dBm) P (mW) P(d
0 O 0.00000" 0.000 -95.580 0.000 -INF.
0 1 0.07000 0.000 -40.425 0.000 -36.531
0 2 0.14000 0.000 -77.866 0.000 -57.742
1 -2 10.36000 0.000 ~46.876 0.000 -69.632
1 -1 10.43000 0.000 -37.677 0.000 -63.655
1 0 10.50000 7.122 8.526 0.000 -70.019
1 1 10.57000 0.000 -40.765 0.000 -58.312
1 2 10.64000 0.000 -48.872 0.000 -69.556
2 -2 20.86000 0.000 -57.978 0.000 -61.392
2 -1 20.93000 0.013 -18.799 0.002 -28.094
2 0 21.00000 0.000 -34.894 0.000 -38.976
2 1 21.07000 0.012 -19.037 0.001 -28.383
3 -2 31.36000 0.000 -90.195 0.000 -68.105
3 -1 31.43000 0.000 -61.324 0.000 -44.616
3 0 31.50000 0.001 -30.924 0.000 -43.966
4 -2 41.86000 0.000 -54.773 0.000 -53.436
4 -1 41.93000 0.002 -27.658 0.000 -40.494
5 -2 52.36000 0.000 -52.970 0.000 -49.998

TOTAL POWER 7.151 0.004

HARM. FREQUENCY EXTERNAL PORT NO. 3

NO. (GHz) P (mW) P (dBm)
0 0 0.00000 0.000 -101.601
0 1 0.07000 0.001 -30.804
0 2 0.14000 0.000 ~-67.888
1 -2 10.36000 0.000 -52.754
1 -1 10.43000 0.189 -7.243
1 0 10.50000 0.007 -21.373
1 1 10.57000 0.001 -31.958
1 2 10.64000 0.000 - =73.996
2 -2 20.86000 0.000 -59.765
2 -1 20.93000 0.009 -20.693
2 0 21.00000 0.000 ~-54.,390
2 1 21.07000 0.006 -22.438
3 -2 31.36000 0.000 -78.850
3 -1 31.43000 0.000 -49.086
3 0 31.50000 0.001 -31.012
4 -2 41.86000 0.000 -43.530
4 -1 41.93000 0.001 -32.805
5 -2 52.36000 0.000 -74.815

TOTAL POWER 0.213
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* NETWORK FUNCTIONS *
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FN# TYPE . VALUE
1 HB ERROR 2.824766E-007 A

2.6, YUESEROGRETIM RURUDS
BOEUMANTASTON FIRBERH
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