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INTRODUCTION

Microwaves refers to signals with frequencies between 300MHz and 300GHz (corresponding to
wavelengths of 1m-1mm)They are also reffered to as millimeter wavesBecause of high frequencies
(or short wavelengths), the conventional circuit theory cannot be used to analyse microwave
systems. Instead, the analysis is done using the electric and magnetic fields associated with the
device (Electromagnetic theory)This is because the phase of a voltage or current changes
significantly over the physical extent of the device, because the device dimensions are in the order

of the microwave wavelength.

speed of light in a vacuum

2:997 924 58 x 10° m s~ (by definition)

permeability of a vacuum Mo 4% 1077 Hm™! (by definition)
permittivity of a vacuum er 1/pc® =8-854187817... x 1072 Fm™!
elementary charge e 1-602 177 33(49) x 107 1° C

Planck constant h 6:626 075 5(40) x 10~3# Is

h/2m i 1-054 572 66(63) x 1073 J s

Avogadro constant Na 6-022 136 7(36) x 10% mol !

unified atomic mass constant M, 1-660 540 2(10) x 1072 kg

mass of electron M. 9-109 389 7(54) x 1071 kg

mass of proton My 1-672 623 1(10) x 10~ kg

Bohr magneton eh /47m, g 9.274 015 4(31) x 10724 T~!

molar gas constant R 8-314 510(70) ] K ! mol™!

Boltzmann constant ks 1-380 658(12) x 1072 JK !
Stefan—Boltzmann constant o 5-670 51(19) x 10 *wm 2K+
gravitational constant G 6-672 59(85) x 107" N m? kg_z

Other data

acceleration of free fall g 9.806 65 ms—2 (standard value at sea level)

1) EM Wave Radiation
2) Microwave Circuits
3) Transmission Lines
4) Smith Charts

5) 6. Antenna Design
6) Antenna Array

7) Amplifier Design
8) S-Parameters

9) Power Gain

10) Amplifier Design using S-parameters

11) Low Noise Amplifier



Grad, Div, Curl and the Laplacian
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The microwave frequency band is further sub divided into:

L-band1-2GHz
S-band2-4GHz
C-band4-8GHz
X-band8-12GHz
Ku-band12-18GHz
K-band18-26GHz
Ka-band26-40GHz
U-band40-60GHz

Microwave frequencies travel by line of sight and are not bent by the ionosphere as are lower
frequency signals.The essential requirement of a microwave circuit is to transmit signal power from
one point to another without radiation loss. Transmission lines and waveguides are therefore used.

The characteristic desired in a transmission line or a waveguide are:

(i)Single mode of operation over a wide band of frequencies
(ii)Small attenuation.Advantages of microwaves over lower frequencies and applications of

microwaves.




Giris
Elektromanyetik yayinim (radyasyon), bitiin evreni kusatan bir enerjidir. Gozimize cesitli renkler

halinde goriinen 1sik da elektromanyetik radyasyonun bir parcasidir. Elektromanyetik 1sima, tim
kainatta yayilan bir enerjidir. insan bu enerji ortami etkisi altinda yasamini siirdiirebilmektedir.

Nikola Tesla (1856, 1943, New York), Sirp asilli mucit, elektrik ve makine mihendisidir. Alternatif
akim ile g¢alisan sistemlerin ilk mucididir. Yiksek gerilim ve ylksek frekansli elektrik iletimi
konusundaki arastirmalar, Nicola Tesla'yl Colorado Springs yakinlarindaki bir dagin (izerine diinyanin
en glgcli radyo vericisini kurup calistirmaya yoneltti. 60 metrelik diregin etrafinda, 22,5 metre
capinda, hava cekirdekli transformatérii yapti. istasyondan birkag mil uzaklikta enerijiyi kullanirken,
Nicola Tesla ilk insan yapimi simsegi olusturdu. Bir diregin tepesindeki 1 metre ¢apli bakir kiireden,
30 metre uzunlugunda, kulaklari sagir eden simsekler ¢akti. TESLA yapay depremler yapabilecek,
olim 1sinindan ve kimsenin gecemeyecegi manyetik bir kalkandan bahsetti (Tesla Kalkani), hatta
diinyayi bir elma gibi ikiye bélebilecek glicte silahlar yapilabilecegini sdyledi.

Elektromanyetik darbeli atis etkisi ilk olarak havada patlatilan niikleer silahlarin denenmesi sirasinda
gozlemlendi. Bu enerji darbesi etki alaninda bir elektromanyetik alan olusturup, bu alana maruz
kalan iletkenlerde ve elektronik cihazlarda kisa siireli ama binlerce voltluk bir gerilim olusturdu. Bu
darbeli atislarin 6zellikle elektronik ekipmanlarda geri donlsli olmayan hasarlara da sebep
olabilecegi gozlemlendi. Tesla Kalkaninin 6zellikle kritik tesislerin (nikleer santraller, barajlar, silah
fabrikalari, silah depolari, rafineriler...) korunmasinda kullaniimak {zere c¢alismalari devam
etmektedir.



Elektromanyetik dalga spektrumu

Elektromanyetik dalga spektrumu distk frekanstan yiksek frekansa,
1) Radyo Dalgalar
2) Mikro Dalgalar
3) Kizil 6tesi
4) Gorunen Isik
5) Mor Otesi
6) X-Isinlari
7) Gamma lIsinlari olarak siralanir.

Gorundr 1s18in (Visible) dalga boyu 10°m den kiicik elektromanyetik dalgalar, iyonize dalgalar
olarak adlandiriimaktadir.

THE ELECTRO MAGNETIC SPECTRUM
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Yayinim (Radyasyon), dalga, parcacik veya foton olarak adlandirilan elektromanyetik yayinim yapan
enerjidir. Radyasyon, daima dogada var olan ve birlikte yasadigimiz bir olgudur. Radyo ve televizyon
iletisimini olanakh kilan radyo dalgalari; tibta, endiistride kullanilan x-isinlari; glines isinlari; glinliik
hayatimizda aliskin oldugumuz radyasyon cesitleridir.

Atom, elementlerin en kiiclik kimyasal yapi tasidir. Atomun temel pargaciklari: Proton, Notron ve
Elektrondur. Yiiksliz n6tron ve pozitif yukli protonlarin bulundugu atomun merkezi cekirdek olarak
adlandirilir. Elektronlar cekirdegin etrafinda yogunlugu yer yer azalip ¢ogalan elektron bulutlari
halinde bulunurlar. Elektriksel yik yoninden nétr bir atomda gekirdegi cevreleyen eksi yukli
elektronlarla arti yukli protonlarin sayisi esittir. Negatif yukli elektronlar g¢ekirdekten belirli
uzakhklarda hem kendi etraflarinda hem de cekirdegin etrafinda ¢ok hizli hareket ederler. Bu
sebeple elektronlar cekirdege diismezler, cekirdek tarafindan cekildikleri icin de disari firlamazlar.



Agir atom cekirdeklerinin nétronlarla bombardimani sonucunda c¢ekirdeklerin pargalanmasi ile
blylk bir enerji agiga ¢cikmaktadir (Nikleer enerji Giretimi). Bu tepkimeye "fisyon" adi verilmektedir.
Cok yuksek sicaklikta yiksek enerjiye ulasan atom gekirdeklerinin ¢arpismasi ile flizyon tepkimesi
olusmaktadir (Glnes).

Radyasyonu temel olarak iki sekilde siniflandirabiliriz. Bunlar “parcacik” ve “dalga” tipi
radyasyonlardir. Parcacik radyasyonu; belli bir kiitle ve enerjiye sahip ¢ok hizli hareket eden minik
parcaciklari ifade eder. Bunlar hizla giden mermilere benzerler, ancak gozle gorilemeyecek kadar
kiictkturler. Dalga tipi radyasyon; belli bir enerjiye sahip ancak kitlesiz radyasyon cesididir. Bunlar,
titresim yaparak ilerleyen elektrik ve manyetik enerji dalgalari gibidir. Gorlnir 151k, dalga tipi
radyasyonun bir cesididir. Bitin dalga tipi radyasyonlar isik hiziyla (3x10® m/saniye) hareket
ederler.

Gozlerimizin fark edebilecegi en yiksek enerijili 1stk mor renkli 1siktir. Radyasyonun enerjisi arttik¢a
Istkk rengi mor renk Otesine gider ve morotesi olarak adlandirilir. Mordtesi 15181 gbremez veya
hissedemeyiz, ancak ortamda mevcuttur ve eger siddeti bliylkse ciltte birakacagi glines yanigina
benzer yanik izleri ile varhg hissedilir. Gériinen 151k yayinimindan alt tarafdaki dalgalara kizil 6tesi
denir. Kizil 6tesi 1sima is1 enerjisi ile ilgilidir.

Pargacik ve dalga tipi radyasyonlari da yine iki gruba ayirmamiz miimkdinddr. Bunlar, “iyonlastirici”
ve “iyonlastirici olmayan” radyasyonlardir. iyonlastirici radyasyon, carptigi maddede yiikli
parcaciklar (iyonlar) olusturabilen radyasyon demektir. O halde iyonlastirici radyasyonlar, 6nlem
alinmadigl takdirde tim canlilar igin zararli olabilecek radyasyon cesitleridir. Baslica bes iyonlastirici
radyasyon c¢esidi  vardir.  Bunlar, Alfa  parcaciklari, Beta  parcaciklari, X isinlari, Gama
Isinlari ve Nétronlardir.



Elektromagnetik dalga yayinimi

Elektromagnetik dalga yayinim yaparken uzakhiga bagh olarak zayiflar. Pr, alis glicli, antenin
onindeki glic yogunlugu ile alis antenin 1sima acikligl, anten kazanci ve kablo kaybinin carpilmasidir.
Alici antenin 6nlindeki gii¢ yogunlugu, verici glicli, anten kazanci ile kablo kaybinin garpilip kiresel
ylzey alanina bolimine esittir. Alig glicli (1) nolu denklem ile tanimlanir. (Friis denklemi)

P=PG LG L ()
g (1)

Burada

P.: alis gli¢ seviyesi, (Watt)

P4: alis glic yogunlugu, (W/m?)

P:: verici ¢ikis glici, (Watt)

Gq: verici anten kazanci, (numerik),

L:: verici tarafta hat kaybi, (numerik),

G,: alici anten kazanci (numerik),

L.: alici tarafta hat kaybi (numerik),

R: Alici verici antenler arasindaki uzaklik (metre),

i=L
f
Burada

A: dalga uzunlugu, (metre),
c=isik hizi=3 x 108m/s
f=frekans, (Hz=1/s) dir.

(1) Nolu denklem logaritmik olarak diizenlenirse, Pr, dBm cinsinden asagidaki bigimde
yazilir.

P, =Pi+Gi+G,-L—L—FSL (2)

FSL: terim serbest uzay yol kaybi olarak adlandirilir.
FSL= 32.45 + 20log(Rkm X fmz)

Verici antenden R m uzaktaki glic yogunlugu

o _RGL

d

=R W /m?
4 (3)

Serbest uzaydaki uzak alanda elektrpmagnetik dalganin tasidigi giic yogunlugu elektrik alan
siddetinden de hesaplanir.
E? E?

= W /m?
n, 120r (4)

d

(3) ve (4) nolu denklemlerden elektrik alan siddeti glic yogunlugu ya da verici gicl cinsinden
hesaplanabilir.



E =1207P, :19.4\/P_d:5'—:8,/Pt GL V/m
(5)

Yiksek gucli elektromanyetik dalgalar (HPEM-High Power Electromagnetic) tek darbe veya bir dizi
darbe araciligl ile belirlenen sire boyunca, yiksek glicte elektromanyetik 1sima yapmak lzere
tasarlanir. Elektromanyetik enerjinin iletken ya da yariiletken elektronik devreler ile etkilesiminde
HPEM sinyalinin siddeti, yikselme hizi, slresi, frekansi gibi 6zelliklerinin her biri 6nemlidir. HPEM
kaynaklari tarafindan Uretilen elektromanyetik enerji ile hedefteki elektronik techizatin g¢alismasi
engellenir, hatali ¢calismaya sevk edilir ya da tahrip edilerek ¢alisamaz hale getirilir. HPEM 1simasi
altindaki elektronik hedef Uzerinde gobzlenen etki, enterferanstan, kalici hasara kadar c¢esitli
seviyelerde degisebilmektedir.

1 amperlik akimin olusabilmesi icin iletken ortamda 1 saniyede 6,25x10"® elektronun geg¢mesi
gerekir.

o o5 08 T8 !

) — - =% «® f
e ® o By By W

l T
‘.'-0'.

Power source Microwaves

Yiksek gui¢ yayan elektromanyetik enerji kaynagi olusturmak igin, Megawatt ve 6tesinde Gigawatt
mertebelerinde hareket halinde elektrik (ireten enerji kaynaklarina ihtiyac bulunmaktadir. Yiksek
glicteki elektrik enerjisinden elektromanyetik enerji elde edebilmek i¢in plazmatik ortamda elekron
akisi saglanmalidir. Yiksek giicli elektromayetik enerji kaynaklari elde edilirken, yiksek cikis darbe
glicinden elektrovakum cihazlari kullanilmaktadir. GHz bandinda ¢alisan ve ¢ok ylksek ¢ikis
gliclerini saglayan glic ylkseltecinde katottan yollanan ve anoda dogru hizlanan elektronlar, akis
yolunda kollektére dogru hizlanir ve yavaslar. Boylece giris salinimi ritmine uygun olarak tekrarlanan
bir elektron i1s1ima paketi ortaya ¢ikar (foton). Bu yiksek frekansh salinim, giris sinyaline gore
oldukca yukselmis bir elektromanyetik cikis glicti saglar. Foton, elektromanyetik alanin kuantumu,
Isigin temel "birimi" ve tim elektromanyetik 1sinlarin kalibi olan temel parcaciktir. Foton ayrica
elektromanyetik kuvvet'in kuvvet taslyicisidir. Foton hem dalga hem de pargacik 6zelligi gosterir.

Elektron hizlandirici mikrodalga sistemleri ile megwatt gliclindeki enerjiden gigawatt glictindeki
mikrodalga enerjiye, gigawatt gliciindeki enerji kaynagindan ise terawatt gliclindeki mikrodalga
enerjiye donlisim saglanabilmektedir. Bu mikrodalga enerji, yonli anten sistemleri (izerinden ile
hedefe odaklandiginda muazzam bir yok edici enerji ortaya ¢citkmaktadir.

Watt (W) gii¢ 6lciim birimidir.

Amper x Volt = Watt
1 Kilowatt (kW) = 1000 Watt

10



The formula that links energy and power is:
Energy = Power x Time.
The unit of energy is the joule, the unit of power is the watt. and the unit of time is the second.

If we know the power in watts of an appliance and how many seconds it is used we can calculate the
number of joules of electrical energy which have been converted to sortie other form.

E.g. If a 40 watt lamp is turned on for one hour, how many joules of electrical energy have been
converted by the lamp?

Energy (w) = Power x Time
Energy = 40 x 3600
= 14.400 joules

Elektromagnetik yayinim yapan kaynagin verici gliciinden, alici gliciinden veya alici geriliminden
elektrik alan siddeti ve giic yogunlugunun hesaplanmasinda kullanilan denklemler tanimlanacaktir..
Anten faktori, anten kazanci ve kablo zayiflama parametreleri bilinirse verilen isaret frekansi igin
denklem donlisimu yardimi ile verici antenden belirli uzakliklarda elektrik alan siddeti ve glic
yogunlugu belirlenir. Gelistirilin denklemler bilgisayar ortaminda islenerek elektrik alan siddeti ve
glic yogunluguna iliskin hesaplamalar ile grafik ortaminda frekansa veya alis glicline gore cizimler
yapilacaktir.

11



Temel Alan Denklemleri

Elektrik alan siddeti 6lgiimleri ve hesaplamalarinin 6nemi mikrodalga alaninda artmaktadir.
Elektromagnetik dalgalarin insan ve gevre saghgini nasil etkilediginin hesaplanmasi gerekmektedir.
Radar veya flize sistemleri gibi pek cok elektronik sistemlerinde santimetrede mikro volt degerinde
elektrik alan siddetine ihtiyag vardir. Elektrik alan siddetinden ( V/m ) gerilime ve giice ( mW/cm?)
iliskin gesitli birimlere dontsturilmesi gereklidir.

Alan teorisinden, serbest uzayda Fraunhofer bélgesinde yani uzak alanda elektrik ve magnetik alan
siddetleri daima ayni fazdadir ve birbirlerine diktir. G6zlem noktasindaki Poyting vektori

P= Re(EX?) Watt/Birim Alan (1)

seklinde verilir. Burada;

E, volt/m cinsinden elektrik alan siddeti,

H, amper/m cinsinden magnetik alan siddetidir.

Gozlem noktasindaki toplam glg, kiirenin merkezindeki kaynaktan R yarigapli gézlem noktasina

dogru kuresel ylizey lzerinde gli¢ yogunluk fonksiyonun entegrali ile asagida gosterildigi bicimde
elde edilir.

P=[[pda=[[(ExH"). (R*sin6 do dg)u

E2 2 -
=— [ ['Rsino do dg
770 /20 6=0
E2
=77—(47ZR2) Watt (2)
0

Burada R kaynak ile g6zlem noktasi arasindaki uzaklik ve 77, = 377€2=1208B2 Serbest uzayin
karekteristik empedansidir.

H= E [A/m]
Mo

Elektrik alanda depolanan eneriji,
W, = €_om |E|2 dv Joules (3)
2 v

-12

ile tanimlanir. Burada € =8.85x10 :?)ixlo‘9 F/m bosluk veya Havanin dielektrik sabitidir, |E]|,

67
elektrik alan siddetinin genligidir. Magnetik alanda depolanan enerji

12



W, =2 [[[H[ av Joules (4)

ile tanimlanir. Burada p,=47 x 10”7 H/m bosluk veya Havanin endiiktansi veya magnetik
gecirgenlikdir. |H|, magnetik alan siddetinin genligidir. Uzak alanda elektrik ve magnetik alan
arasindaki iliski

E

My = v Q. dr. (5)

13



Olgiim Birimleri

E - ORTAM =

1) dB- desibel iki giig P1,V1 P2, V2|

birimsiz sayidir.

seviyesi orani ilen tanimlandigindan

dB =10Log,, (i)
R

iki gli¢ seviyesi birbirleri ile oranti temelinde ilikilidir. Eger P2 gii¢ seviyesi P1 gii¢ seviyesinden
V 2
buyik ise dB pozitiftir. Tersi durumda negatiftir. P = R esit veya ayni direng degerlerinde

gerilimler 6lgildiginde dB degeri gerilimler cinsinden asagidaki bicimde yazilir.

dB = 20Log,, (\Q)
Vl

2) dBW- Cikista olglilen P2 [Watt] gliclinlin, giriste P1= 1W referans glicline oraninin logaritmik
degeridir.

3) dBm- Cikista dlgiilen P2 [Watt] giicliniin, giriste P1= 1mW=10"° Watt referans giiciine
oraninin logaritmik degeridir.

walft mwatt
dB =10Lo 10( [[ ]]) 00, (77 [r[nwatt]])
dBm=dBW+30
dBW=dBm-30

4) dB u V- the decibel above 1 ,uV (dB,V) is a dimensionless voltage ratio in dB referred to a
reference voltage of 1 ,uV. The field-intensity meters used for the measurements in the microwave

region often have a scale in dB,uV, since the power levels to be measured are usually extremely
low.

5) ,uV/m-microvolts per meter (,V/m) are units of 10-6 V/m, expressing the electric field intensity.

6) dB,V/m-the decibel above 1 ,uV/m (dB,V/m) is a dimensionless field-intensity ratio in dB relative
to 1,uV/m. This unit is also often used for field-intensity measurements in the microwave region.

14



7) gV/m/MHz the microvolts per meter per megahertz (,uV/m/MHz) are units of 10-6 V - s per
broad-band electric field-intensity distribution. This is a two-dimentional distribution, in space and
in frequency.

8) dB,uV/m/MHz-the decibel above 1 ,uV/m/MHz (dB,V/m/MHz) is a dimensionless broad-band
electric field-intensity distribution ratio with respect to | ,uV/ m/MHz.

9) ,uV/MHz-microvolts per megahertz per second of bandwidth (,uV/MHz) are units of 10-6 V - s of
broad-band voltage distribution in the frequency domain. The use of this unit is based on the

assumption that the voltage is evenly distributed over the bandwidth of interest.

dBW =-30 + dBm =-60 + dB u W
dBV =-60 + dBmW=-120 + dB i V.

15



Serbest Uzay Yol Kaybi

Serbest uzay yol kaybi, elektromagnetik dalgadan enerjiyi emen hava gibi bir ortamin yok edici
zayiflamasindan farklidir. Bir kiiresel dalgadaki gii¢ yogunlugu yayilirken uzakhga bagh olarak
zayiflar.

Gt=Verici 3
Anten Gr=Alici
Kazanci Qgtzearr]m
Pe Pd
R
FSL=Bos Uzay Yol Kaybi
Lr=Kablo ve
Konnektor Kaybi
Lt=Kablo ve
Konnektor Kaybi
VERICI | — L ALICI
Pt=Verici
Q'.'.“? Pr=Alici
Guci Alis
Gucu

Pr, alis glicli, antenin 6nlindeki gli¢ yogunlugu ile alis antenin 1sima agikhgi, anten kazanci ve kablo
kaybinin ¢arpilmasidir. Alici antenin éniindeki gli¢ yogunlugu, verici giicl, anten kazanci ile kablo
kaybinin garpilip kiiresel ylizey alanina bélimiine esittir. Alig glict (6) nolu denklem ile tanimlanir.
(Friis denklemi)

P.=P G, LG, L (L)2 Watt (6)
47R

Burada

Pr: alis glic seviyesi, Watt,

Pd; alis glic yogunlugu, W/m2,

Pt; verici ¢ikis glicl, Watt,

Gt; verici anten kazanci, (numerik),
Lt; verici tarafta hat kaybi, (numerik),

Gr; alici anten kazanci (hnumerik),
Lr; alici tarafta hat kaybi (numerik),
R; Alici verici antenler arasindaki uzaklik (metre),

A=<
f
Burada

A, dalga uzunlugu, (metre),
c=1stk hizi=3 x 10% m/s
16



f=frekans (Hz=1/s) dir.

12
™ is 1Isima acikligidir. Verici glici dBW, anten kazanci dBi, kablo kaybi dB olarak verilirse (6) nolu
T

denklemdeki alici gli¢ seviyesi dBW olarak hesaplanir (7).

Pr=Pt+Gt+Gr-Lt—Lr—20 L0910($) (7)

Son terim serbest uzay yol kaybi olarak adlandirilr.

FSL= - 20 Log,, (?) dB.

IV.  VERICi GUCUNDEN ELEKTRIiK SIDDETININ HESAPLANMASI

Verici antenden R m uzaktaki glic yogunlugu

PG, L
p =-t—tt W /m? 8
¢ 4xR? (8)

Serbest uzaydaki uzak alanda elektrpmagnetik dalganin tasidigi giic yogunlugu (2) nolu denklemde
verilen elektrik alan siddetinden hesaplanir.
E* E°

=

= W /m? (9)
n, 1207

(8) ve (9) nolu denklemlerden elektrik alan siddeti glic yogunlugu ya da verici glicl cinsinden
hesaplanabilir.

E=.,120zP :19.4\/P_d:5'—:8,/Pth L V/m (10)

Guc¢ yogunlugu ve elektrik alan siddetinin dB cinsinden logaritmik olarak ifadesi (11) ve (12)
denklemlerinde verildigi gibidir.

Pd=-11dB-20 Log,,(R)+Pt (dBW)+Gt(dBi)-Lt(dB) dBW/m*  (11)

E=14.8dB-20 Log,,(R)+Pt (dBW)+Gt(dBi)-Lt(dB) dBV /m (12)

(12) nolu denklemden (11) nolu denklem gikarilirsa dBW/m2 cinsinden gli¢ yogunlugu dBV/m
cinsinden vyazilir.

E =25.8 dB + Pd(dBW/m2) dBV/m. (13)
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Alis Giliclinden Elektrik Alan Siddetinin Hesaplanmasi

Alici antenin 1sima agikhginda gii¢ yogunlugu, alis gliciinlin anten kazanci, kablo kaybi ve anten 1sima
acikhgina boliimine esittir.

B 4P
A2G, L

r=r

P, W /m? (14)

(14) nolu denklemi (10) nolu denklemde yerine koyarsak elektrik alan siddetini V/m cinsinden elde
ederiz.

6877, P .,
E=20 T
7 ( )

— V/m (15)
Gr Lr

Gug¢ yogunlugu ve elektrik alan siddetinin dB cinsinden logaritmik ifadesi (16) ve (17) nolu
denklemlerde verilmistir.

P, =11dB-20Log,, (1) + P, dBW —G,dB, — L, dB dBW/m?  (16)

E =36.8dB—20Log,,(1) + P, dBW —G,dB, — L, dB dBV/m  (17)
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Elektrik Alan Siddetinin Alici Devrenin Giris Gerilimi Cinsinden ifadesi

Receiving antenna

. Ve,

9.5

coaxial line %, = 50 %SDn 1\:

Fig. 4. Field intensity in terms of receiving voltage.

Antenden gelen isaretin maksimum, kayipsiz ve yiksek verimde alici devreye aktarilmasi igin giris
empedansinin konjigesinin antenin ¢ikis empedansina esit olmasi gerekmektedir.

Antenin gcikis empedansi 50 ohm, hattin karekteristik empedansi 50 ohm ve alici devrenin giris
empedansi 50 ohm ise alis glicti (18) denklemi ile beliritilir.

P="_ W (18)

Anten 1sima acikhiginda glic yogunlugu ise

0.251V 2
p=—i— W , 19
7RG, L 412 (19)
Alan siddeti ise (10) nolu denklemden
9.7v , 1
E="—(—)" V/ olur. 20
7 G 8 (20)

Guc¢ yogunlugu ve elektrik alan siddetinin dB cinsinden logaritmik ifadesi (16) ve (17) nolu
denklemlerde verilmistir.

P, =—-6dB-20Log,,(4)+V dBV -G,dB, — L, dB dBW/m2 (21)
E =19.8dB-20Log,,(4)+V dBV —-G,dB, — L, dB dBV/m (22)
Uretici tarafindan belirtilen antenin en 6nemli 6zelliklerinden biride anten faktériidiir. Alici giicl

Olculdiglinde elektrik alan siddeti ve giris gerilimi bulundugunda anten faktori (23) nolu denklem
ile hesaplanir.

AntenFaktor (AF) :VE =19.8—-20Log,, (1) -G, — L, dB
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SAYISAL SONUCLAR:

Ornek -1

Alici anten kazanci 12.5 dBi, Alici taraftaki kablo ve konektor kaybi 3 dB, Koaksiyel kablo ve giris
empedans 50 ohm, isaret frekansi 10.5GHz ve 900Mz igin Gii¢ yogunlugu 1 mWatt/cm”2 ile 10
mWatt/cm”2 degisim icin Pr degerlerini dBm olarak bulunmasi

25 45 —
/
] —
L — L—]

2 40
= —

3
g g
5" [

Q
z 15 g 35
% o
E e
3 =
3 [}
% 10 8 20
:
& &

5 ] 2517
% 1 2 3 4 5 6 7 8 9 10 20
. o] 0 1 2 3 4 5 6 7 8 9 10
Pd, Power Density, [mW/cm2 Pd, Power Density, [mW/cm2]

Sekil.1.a f=10.5 GHz

Sekil.1.b f=900MHz

Ornek -2

Alici anten kazanci 12.5 dBi, Alici taraftaki kablo ve konekt6r kaybi 3 dB, Koaksiyel kablo ve giris
empedans 50 ohm, isaret frekansi 10.5GHz ve 900MHz icin Gii¢ yogunlugu 1 uWatt/cmA2 ile 10
uWatt/cm”2 degisim icin Pr degerlerini dBm olarak bulunmasi

5 15 R
[
[ | —
// //_/
//

-10 10
€ =
g g
5 -
s s : s
g g
= g
% 20 .é
g g o
_.E g
- =
& &

-25 , 5l

-30

0 1 2 3 4 5 6 7 8 9 10 -10
Pd, Power Density, [uW/cm2] 0 1 2 3 4 5 6 7 8 9
Pd, Power Density, [uW/cm2]
Sekil.2.a f=10.5 GHz Sekil.2.b f=900MHz
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Pr, The Receiving Power, [dBm]

-35 -15 ——
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L
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.40 _ -20
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45 % -25
a
o
c
=
o}
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©
<
=
55 ] 35
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Ornek -3

Alici anten kazanci 12.5 dBi, Alici taraftaki kablo ve konektor kaybi 3 dB, Koaksiyel kablo ve giris
empedans 50 ohm, isaret frekansi 10.5GHz ve 900 MHz iken Gii¢ yogunlugu 1 nWatt/cmA2 ile 10
nWatt/cm”2 degisim icin Pr degerlerini dBm olarak bulunmasi

1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Pd, Power Density, [n\W/cm2] Pd, Power Density, [n"W/cm2]
Sekil.3.a f=10.5 GHz Sekil.3.b f=900MHz
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Ornek:

40.000km
f=10GHz
Gr
Power
Amplifier
p PT
RF
Oscilattor Oscilattor

RF: Radio Frequency
IF: Intermediate Frequency

P-(W)=40Watt=40.000mW

Gr=40dBi

Gr= 30 dBi

L = 2dBi

Lr = 3dBi

P-(dBW)=10Log(40)=10Log4 + 10Log10 =20Log2 + 10 =16 dBW
P-(dBm)=10Log(40 000mW)=46 dBm

PR(dBm) = PT(dBm) - LT + GT -FSL + GR - LR

FSL (dB) = 32.45 + 20 Log(dkm fwmHz)

FSL=32.45 + 20 Log (40000Km * 10000 MHz) =32.45 + 20 Log(4 * 10°) =204.45 dB
Pr(dBm) =46-2 + 40 —-204.45+30—-2=116—209.45 = - 93.45 dBm

G (LNA) = 100 dB

PR_LNAout = 6.55dBm
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Kizilotesi ve mor otesi isinlar

Beyaz 1518In gbzle gorinen kirmizi ve mor arasindaki renklerine goériiniir isinlar denir. Gorinlr
isinlarin disinda kalan isinlara goriinemeyen iginlar denir. Isik enerjisinin gozle gériinemeyen
turlerinin, goériinen isiktan farkli etkileri ve kullanim alanlari vardir.

Goriunen ve goriinmeyen iginlarin olusturdugu isik elpazesine 1sik tayfi veya i1sik spektrumu denir.
Isik tayfi, isinlarin enerjilerine gore dizildigi bir banttir. Glnes, 1sik tayfini olusturan igiklarin
tamamindan isik yayar fakat en fazla isimayi gortinir isiklarla yapar.

* Enerji bandinda yani isik tayfinda, gorindr isik, bu bandin % 1'inden azini olusturur.
* [sik tayfinda sirayla gamma isinlari, X isinlari, mor 6tesi (ultraviyole) isinlar, gérindr 1sinlar, kizil
otesi isinlar (infrared), mikro dalgalar ve radyo dalgalari bulunur.

Gamma X (Réntgen) Mor Otesi Goérinir Kizil Otesi | Mikro Radvo
lsinlart lsinlart & (Ultraviyole) Isinlar (4000— | (infrared) | Dalga Dalyalarl
3 ? Isinlar 7000 A°) Isinlar Isinlar 5

Goriinmeyen Isinlarin Ozellikleri ve Kullanim Alanlari :
Gorunen isinlar, cisimlerin ve renklerin gorilmesi igin kullanilir. Goriinmeyen iginlarin kullanim
alanlari, goriinen isinlarin kullanim alanlarindan farklidir.

* Gama iginlari; Tehlikeli ve yikici 1sinlardir. Saydam olmayan maddelerden bile gegebilirler.
Besinlerdeki bakterileri 6ldiirmede ve hastane malzemelerini mikroplardan arindirmada kullanihr.
Gama isinlarinin yikici etkisinden kanser hiicrelerini yok etmekte de faydalanilir. Bu tedavi
yontemine radyo terapi denir.

» X Isinlari; Gama isinlarina ¢ok benzer. Bu isinlarin deriden gecip kemiklerden gecememesi, tipta
rontgen ve diger goriintlleme sistemlerinde kullanilmasini saglar. Bu isinlarin fazla miktarda
alinmasi insanin viicudu icin zararlidir. i¢ organlarin gériintiilenmesini saglayan réntgen cihazinda X
(rontgen) isinlari kullanihir.

= Mor Otesi Isinlar; Kaynag biiyiik 8lciide giinestir. Glinesten gelen mor 6tesi isinlarin ¢ogu
atmosferdeki ozon tabakasi tarafindan sogurulur. Mor 6tesi isinlar, deri hiicrelerinde D vitamini
sentezlenmesini saglar. Fazlasi, gozlerde katarakt olusumuna, deri yaniklarina, cildi yaslandirma ve
cilt kanserlerine yol acabileceginden tehlikelidir. Bu nedenle gereginden fazla glineslenmemeli,
solaryum cihazlarinin kontrolstiz kullanimindan kaginilmali, glines filtreleri veya glines gozlikleri
kullaniimalidir.

Mor 6tesi i1sinlar veya diger bir ismiyle ultraviyole UV tip, dalgalarin boyu 100 ile 400 nm arasinda
olan isima tiplerine verilen isimdir. Esas olarak tip alaninda yararlanilmaktadir. Bazi kimyasal
reaksiyonlarin kolaylasmasini saglar. Canli olan hiicrelere hasar verici ve biiyiik oranda bakteri
oldiiren bir tesiri oldugundan fototerapi veya su sterilizasyonunda kullanilan bir isin tiriidir. Bu
olaylar kuvarstan civa buhari lambasi kullanilarak yapilir. Kuvars camin aksine lambadan yayilan mor
oOtesi 1simalari sogurmayip direk gecirmektedir. Bu tip i1simalardan deri rahatsizliklarinda suni
helyotropi ve fotokemoterapi gibi alanlarda yararlanilir. Ancak oldukga tehlike iceren isinlardir. Deri
kanseri olusumuna neden oldugunu bilinmektedir.

Tum havalandirma sistemlerinde kullanilan hava, filtrasyon sistemleri ile temizlenir.Havanin icindeki
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kaba toz ve partikiller filitrelerle tutulur. Havanin icinde asili olarak dolasan ve normal filtrasyon
sistemleri ile tutulamayan, normal sartlarda mikroskop altinda gorilebilen mikroorganizmalar,insan
sagligini da tehdit eden bakteriler ve virlislerde strekli olarak ortam havasinda bulunur.

Bakteriler,viriisler,mayalar ve mantarlar i¢ ortamda calisan personel lizerinde ve imalati yapilan
urun uzerinde etkili olur. Bir cok maddi kayiplara yol agar.

Hava sistemlerinden kaynaklanan tiim bu mikrobiyolojik olumsuzluklari engellemek igcin UV isinlari
ile UV hava sterilizasyonu yapilmasi gerekmektedir.

UV isinlari ayrica ortamdaki kotl kokulara neden olan bakterileri de nétralize ettigi icin daha sihhatli
bir hava kullanmanizi saglayacaktir.UV hava sterilzasyonu biyolojik bir aritmadir.

insanlar normalde UV dalga boylarini géremezken, kimi bécekler, kuslar, kaplumbagalar,
kertenkeleler ve pek ¢ok balik gorebiliyor. Memelilerin gogundaki goz lensi, insanlarda oldugu gibi
UV dalga boylarinin goriilmesini engelliyor. Ancak bazi kemirgenler, geyikler ve ren geyikleri memeli
olmalarina ragmen UV dalga boylarini gérebilen canlilardan.

UV kamera uygulamalara 6rnek olarak fistik, badem, findik, incir, kuru Gziim ve benzeri gida
ylzeylerindeki aflatoksin kontaminasyonu ve diisiik yogunluklu mantar belirtileri v.b kif ve
kusurlarin tespitinde kullanilir, yine 6rnek olarak geri dontisiim sektoriinde termoplastik triinlerin
siniflara ayrilmasinda kullanilir.

= Kizil Otesi (infrared) Isinlar; Akkor haline gelmis bir tel veya isinmis bir tost makinesi gibi sicak
cisimlerden yayilir ve boylece sicak cisimlerin karanlikta fark edilmesini saglar. Yilan, baykus gibi bazi
hayvanlar bu isinlari gérebildiklerinden gece avlarini fark edip yakalayabilir. Bu isinlara duyarli
dirbinler ve kameralar gelistirilmis olup gece goriintl elde edilebilmektedir. Televizyon gibi
aygitlarin uzaktan kumandalari kizil 6tesi isinlarla ¢alisir. Kizil 6tesi isinlara duyarli aygitlar
depremlerden sonra enkaz altinda kalan kisilerin bulunmasinda da kullanilir.

IR ya da Infrared isinlar, dalganin boyu goriinen i1si1ga gére daha uzun ancak tera hertz 1sin ve
mikrodalga 1sindan daha kisa olan elektro manyetik isima sekline kizil6tesi denilir. Gelelim
kullanildigi yerlere. Kizilotesi 1sin esya kuruturken veya isinirken yararlanilan bir tiirdir. Mesela
sanayide boya kurutmak icin IR lambalardan yararlanilir. Ayrica bir lokantada pisen yemek IR lamba
yardimiyla sicak kalabilir. Ek olarak sicak maddeler de IR i1sima yapar. Bu nedenle askeriyede isitici
kaynak arayan flizeler yapilmistir. Bunlar hedef yeri yayilan IR isinlarin yardimiyla tespit ederler.
Ayni zamanda IR isinlar timor ararken de kullanilabilir.

* Mikro Dalgalar; Radar ve mikro dalga firinlarda kullanilir. Mikro dalga firinlarda bu isinlar
yiyeceklerin isitilmasi veya pisirilmesinde kullanihr.

» Radyo Dalgalari; Haberlesme ve bilgilendirmede 6nemli bir yer tutar. Radyo istasyonlarinin
gonderdigi bu isinlar, alici aygitlar tarafindan sese cevrilir. Radyo dalgalari gérinmeyen isinlardir.
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Transmission Lines

Since no lumped elements like resistors, capacitors are used at microwave frequencies, only
transmission lines are used. Hence they are called distributed parameter network.

Characteristic impedance is defined as that impedance of a line which is a constant when measured
at any point on the line, impedance which is a constant at any point on the transmission line.

Propagation constant y is given by: a+jB. Propagation constant is a complex sum of a and B, a being
the real value and B being the complex part.
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Antenna

Antenna is a device that converts electrons into photons or vice versa. A transmitting antenna
converts electrons into photons while a receiving antenna converts photons into electrons.

The beam width of an antenna measure at half of the maximum power received by an antenna or
the 3 dB beam width of the antenna is termed as half null beam width.

Power radiated from an antenna per unit solid angle is called radiation intensity. Unit of radiation
intensity is watts per steridian or per square degree.

Antenna gain:

Antenna Gain is defined as the ratio of the radiation intensity of an antenna in a given direction to
the intensity that would be produced by a hypothetical ideal antenna that radiates equally in all
directions (isotropically) and has no losses. Since the radiation intensity from a lossless isotropic
antenna equals the power into the antenna divided by a solid angle of 4mt steradians, we can write
the following equation:

i Radiation Intensity
Gain = 4w
Antenna Input Power
) U, ¢ . . .
Gain = 4w (% Dimensionless Units.
in

Although the gain of an antenna is directly related to its directivity, the antenna gain is a measure
that takes into account the efficiency of the antenna as well as its directional capabilities. In
contrast, directivity is defined as a measure that takes into account only the directional properties
of the antenna and therefore it is only influenced by the antenna pattern. However, if we assumed
an ideal antenna without losses then Antenna Gain will equal directivity as the antenna efficiency
factor equals 1 (100% efficiency). In practice, the gain of an antenna is always less than its
directivity.

G(60,9) = 4r (%)

G(8,¢) = €eq (m%)

G(0,0) = e (D(6,9))

The formulas above show the relationship between antenna gain and directivity, where £, = Prad /
Pin is the antenna efficiency factor, D the directivity of the antenna and G the antenna gain. In the
antenna world, we usually deal with a “relative gain” which is defined as the power gain ratio in a
specific direction of the antenna, to the power gain ratio of a reference antenna in the same
direction. The input power must be the same for both antennas while performing this type of
measurement. The reference antenna is usually a dipole, horn or any other type of antenna whose
power gain is already calculated or known.
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Gain = G(ref ant) ( Pmax(AUT) )

Pmax(ref ant)

In the case that the direction of radiation is not stated, the power gain is always calculated in the
direction of maximum radiation. The maximum directivity of an actual antenna can vary from 1.76
dB for a short dipole, to as much as 50 dB for a large dish antenna. The maximum gain of a real
antenna has no lower bound, and is often -10 dB or less for electrically small antennas.

Taking into consideration the radiation efficiency of an antenna, we can express a relationship
between the antenna’s total radiated power and the total power input as:

Power Radiated = (Antenna Radiation Efficiency) (Power Input)

In the above formula, antenna radiation efficiency only includes conduction efficiency and dielectric
efficiency and does not include reflection efficiency as part of the total efficiency factor. Moreover,
the IEEE standards state that “gain does not include losses arising from impedance mismatches and
polarization mismatches”.

Antenna Absolute Gain is another definition for antenna gain. However, Absolute Gain does include
the reflection or mismatch losses.

Gass (0, 0) = €enG(0,8) = (1 - T?) (G(8,9))
- E"'f-'ffEf-'ﬂ'-D(G: ‘:'b) = Eeff ED(U, qt'))

In this equation, €.p is the reflection efficiency, and €. includes the dielectric and conduction
efficiency. The term g, is the total antenna efficiency factor.

Taking into account polarization effects in the antenna, we can also define the partial gain of an
antenna for a given polarization as that part of the radiation intensity corresponding to a given
polarization divided by the total radiation intensity of an isotropic antenna. As a result of this
definition for the partial gain in a given direction, we can conclude that the total gain of an antenna
is the sum of partial gains for any two orthogonal polarizations.

Gtotal = Go + G¢L_

E_in
G. =4 _¢)
¢ i (Pin

The terms Us and Uy represent the radiation intensity in a given direction contained in their
respective E field component. Commonly, the gain of an antenna is expressed in terms of decibels
instead of dimensionless quantities. The formula to convert dimensionless units to dB is given
below:

Gug = 10/0g10(EcdDdimmensionless)
Gug = 10/0g10(Gdimmensionless)
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Example calculating antenna gain:

A lossless resonant half-wavelength dipole antenna, with input impedance of 80 ohms, is connected
to a transmission line whose characteristic impedance is 50 ohms. Assuming that the pattern of the
antenna is given approximately by:

U = Bysin®(6)

Find the maximum absolute gain of this antenna.

Solution: First computing maximum directivity of antenna:

BO = Umax
e g T T 37
Prad — f f U(0, ) sin(0)d(0)d(¢) = Q(W)B{}f sin'(0)d(0) = Bn(d,—j)
1] ] 0 ?
Umax By 16

Since antenna is mentioned to be lossless the radiation efficiency is 1. Then maximum gain is equal
to:

G = gD = (1)(1.698) = 1.698
Gas = 10/0g10(1.698) = 2.299

Taking into account reflection eéf[i]cien%y[]due to mismatch loss:
Iy = (1 — M2 _
e, = (1— [T (1 ] ) 0.947

€1(a8) = 10/0g16(0.947) = - 0.237

Then the overall efficiency becomes:
Etotal = ErEcd = 0.947
Etotal(as) = — 0.237

Absolute gain is calculated as:
Gabsolute = Etota’D = (0.947)(1.698) = 1.608
Gabsolute(dB) = 1O/og10(1.608) =2.063

Antenna Efficiency:
The total antenna efficiency takes into account all loses in the antenna such as reflections due to
mismatch between transmission lines and the antenna, conduction and dielectric loses.

Etotal = ErE€EY

Where

€r0tq/ 1S the total efficiency of the antenna.
g, is the efficiency due to mismatch losses.
€. is the efficiency due to conduction losses.
€y is the efficiency due to dielectric losses.
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Usually conduction and dielectric efficiency are determined experimentally since they are very
difficult to calculate. In fact, they cannot be separated when measured and therefore, it is more
helpful to rewrite the equation as:

2
Etotal = Er€cd = (1 - | r | )Ecd

Where T is the voltage reflection coefficient and , €4 or (g.€,) is the antenna radiation efficiency
which is commonly used to relate the gain and directivity in the antenna.

Antenna Directivity:
Directivity is defined as the ratio of the radiation intensity of an antenna in a given direction to the
radiation intensity averaged over all directions.

D =4x

Prad

A more general expression of directivity includes sources with radiation patterns as functions of
spherical coordinate angles 6 and ¢.

4?? 41’;‘
D — 2T pT =
[T [T Fegsin@d@)ae) Q4
F{EJ¢3|?JFHI

Where Q4 is the beam solid angle and is defined as the solid angle in which if the antenna radiation
intensity is constant (and maximum value), all power would flow through it. In the case of antennas
with one narrow major lobe and very negligible minor lobes, the beam solid angle can be
approximated as the product of the half-power beamwidths in 2 perpendicular planes.

Qp = 01,0,

Where, Q;, is the half-power beamwidth in one plane (radians) and Q,, is the half-power
beamwidth in a plane at a right angle to the other (radians). The same approximation can used for
angles given in degrees as follows:

18042 1108«
= 41253

I]miw(”) =

1020 14024

Where, Qi4 is the half-power beamwidth in one plane (degrees) and Q4 is the half-power
beamwidth in a plane at a right angle to the other (degrees).In planar arrays, a better
approximation is:

32400
~ eldeid

Most of the time, it is desirable to express directivity in decibels instead of dimensionless
guantities. Therefore:

Dgp = 10/0g10(Ddimenssionless)

Directivity
Directivity is a fundamental antenna parameter. It is a measure of how 'directional' an
29


http://en.wikipedia.org/wiki/Decibel

antenna's radiation pattern is. An antenna that radiates equally in all directions would have
effectively zero directionality, and the directivity of this type of antenna would be 1 (or 0
dB).

[Silly side note: When a directivity is specified for an antenna, what is meant is 'peak
directivity'. Directivity is technically a function of angle, but the angular variation is
described by its radiation pattern. Hence, directivity throughout this page will mean peak
directivity, because it is rarely used in another context.]

An antenna's normalized radiation pattern can be written as a function in spherical
coordinates:

F(0,9)

Because the radiation pattern is normalized, the peak value of F over the entire range of
angles is 1. Mathematically, the formula for directivity (D) is written as:

)= 1

2T

i ! ! F(0,8)| sin6ddy

This equation might look complicated, but the numerator is the maximum value of F, and
the denominator just represents the "average power radiated over all directions". This
equation then is just a measure of the peak value of radiated power divided by the
average.

Example

As an example consider two antennas, one with radiation patterns given by:

F(0,p)= \/sin(é')
F0.4)=(sin0)

These patterns are plotted in Figure 1. Note that the patterns are only a function of the

Antenna 1

polar angle , and not a function of the azimuth angle (uniform in azimuth). The
radiation pattern for antenna 1 is less directional then that for antenna 2.

Antenna 1 Antenna 2
0 0
5 K \ 5

20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Polar Angle 6 (degrees) Polar Angle 6 (degrees)
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Figure 1. Plots of Radiation Patterns.

The directivity is calculated for Antenna 1 to be 1.273 (1.05 dB).

The directivity is calculated for Antenna 2 to be 2.707 (4.32 dB).

Again, increased directivity implies a more 'focused' antenna. In words, Antenna 2 receives
2.707 times more power in its peak direction than an isotropic antenna would receive.

Antennas for cell phones should have a low directivity because the signal can come from
any direction, and the antenna should pick it up. In contrast, satellite dish antennas have a
very high directivity, because they are to receive signals from a fixed direction. As an
example, if you get a directTV dish, they will tell you where to point it such that the
antenna will receive the signal.

Finally, we'll conclude with a list of antenna types and their directivities, to give you an idea
of what is seen in practice.

Antenna Type Typical Directivity Typical Directivity (dB)
Short Dipole 1.5 1.76

Half Wave Dipole 1.64 2.15

Patch (Microstrip) Antenna 3.2-6.3 5-8

Horn Antenna 10-100 10-20

Dish Antenna 10-10,000 10-40

In addition to directivity, radiation patterns of antennas are also characterized by their beamwidths
and sidelobe levels (if applicable).
These concepts can be easily illustrated. Consider the radiation pattern given by:

sin(4(t9 — g)}
R(0)=sin@— 7"'
40-2)

Field Regions:
The fields surrounding an antenna are divided into 3 principle regions:

e Reactive Near Field

e Radiating Near Field or Fresnel Region

e Far Field or Fraunhofer Region
The far field region is the most important, as this determines the antenna's radiation pattern. Also,
antennas are used to communicate wirelessly from long distances, so this is the region of operation
for most antennas. We will start with this region.

Far Field (Fraunhofer) Region:
The far field is the region far from the antenna, as you might suspect. In this region, the radiation
pattern does not change shape with distance (although the fields still die off with 1/R*2). Also, this
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region is dominated by radiated fields, with the E- and H-fields orthogonal to each other and the
direction of propagation as with plane waves.
If the maximum linear dimension of an antenna is D, then the far field region is commonly given as:

207

A

=

This region is sometimes referred to as the Fraunhofer region, a carryover term from optics.

Reactive Near Field Region

In the immediate vicinity of the antenna, we have the reactive near field. In this region, the fields
are predominately reactive fields, which means the E- and H- fields are out of phase by 90 degrees
to each other (recall that for propagating or radiating fields, the fields are orthogonal
(perpendicular) but are in phase).

The boundary of this region is commonly given as:

Radiating Near Field (Fresnel) Region

The radiating near field or Fresnel region is the region between the near and far fields. In this
region, the reactive fields are not dominate; the radiating fields begin to emerge. However, unlike
the Far Field region, here the shape of the radiation pattern may vary appreciably with distance.

The region is commonly given by:

Note that depending on the values of R and the wavelength, this field may or may not exist.
Finally, the above can be summarized via the following diagram:

2D?
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Y

a4
-

D

-—>

Reactive Radiative

Near Field Near Field !Far Field

>

3
0.624‘2
A

Next we'll look at numerically describing the directionality of an antenna's radiation pattern.

Impedance:
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An antenna's impedance relates the voltage to the current at the input to the antenna. This is
extremely important as we will see.

Let's say an antenna has an impedance of 50 ohms. This means that if a sinusoidal voltage is input
at the antenna terminals with amplitude 1 Volt, the current will have an amplitude of 1/50 = 0.02
Amps. Since the impedance is a real number, the voltage is in-phase with the current.

Let's say the impedance is given as Z=50 + j*50 ohms (where j is the square root of -1). Then the
impedance has a magnitude of

J50% +50% =70.71

and a phase given by
n(Z), _,sc
Re(Z)

This means the phase of the current will lag the voltage by 45 degrees. To spell it out, if the voltage
(with frequency f) at the antenna terminals is given by

V (t) = cos(2aft)

then the current wiII be given by

I(r) = 7100 (2727’1—% 45)

tan™" (

So impedance is a simple concept, which relates the voltage and current at the input to the
antenna. The real part of an antenna's impedance represents power that is either radiated away or
absorbed within the antenna. The imaginary part of the impedance represents power that is stored
in the near field of the antenna (non-radiated power). An antenna with a real input impedance
(zero imaginary part) is said to be resonant. Note that an antenna's impedance will vary with
frequency.

While simple, we will now explain why this is important, considering both the low frequency and
high frequency cases.

Low Frequency

When we are dealing with low frequencies, the transmission line that connects the transmitter or
receiver to the antenna is short. Short in antenna theory always means "relative to a wavelength".
Hence, 5 meters could be short or very long, depending on what frequency we are operating at. At
60 Hz, the wavelength is about 3100 miles, so the transmission line can almost always be neglected.
However, at 2 GHz, the wavelength is 15 cm, so the little length of line within your cell phone can
often be considered a 'long line'. Basically, if the line length is less than a tenth of a wavelength, it is
reasonably considered a short line.

Consider an antenna (which is represented as an impedance given by ZA) hooked up to a voltage
source (of magnitude V) with source impedance given by ZS. The equivalent circuit of this is shown
in Figure 1.
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ZS

ZA

Figure 1. Circuit model of an antenna hooked to a source.
The power that is delivered to the antenna can be easily found to be (recall your circuit theory, and
that P=I*V):

_Vz4
4 (ZA+ZS)

If ZA is much smaller in magnitude than ZS, then no power will be delivered to the antenna and it

won't transmit or receive energy. If ZA is much larger in magnitude than ZS, then no power will be
delivered as well.

For maximum power to be transferred from the generator to the antenna, the ideal value for the
antenna impedance is given by:

ZA =278

The * in the above equation represents complex conjugate. So if ZS=30+j*30 ohms, then for
maximum power transfer the antenna should impedance ZA=30-j*30 ohms. Typically, the source
impedance is real (imaginary part equals zero), in which case maximum power transfer occurs when
ZA=7S. Hence, we now know that for an antenna to work properly, its impedance must not be too
large or too small. It turns out that this is one of the fundamental design parameters for an
antenna, and it isn't always easy to design an antenna with the right impedance.

High Frequency

This section will be a little more advanced. In low-frequency circuit theory, the wires that connect
things don't matter. Once the wires become a significant fraction of a wavelength, they make things
very different. For instance, a short circuit has an impedance of zero ohms. However, if the
impedance is measured at the end of a quarter wavelength transmission line, the impedance
appears to be infinite, even though there is a dc conduction path.

In general, the transmission line will transform the impedance of an antenna, making it very
difficult to deliver power, unless the antenna is matched to the transmission line. Consider the
situation shown in Figure 2. The impedance is to be measured at the end of a transmission line
(with characteristic impedance Z0) and Length L. The end of the transmission line is hooked to an
antenna with impedance ZA.
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Z0 ZA
Zin?
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Figure 2. High Frequency Example.
It turns out (after studying transmission line theory for a while), that the input impedance Zin is
given by:

ZA+ jZ, -tan(i’if-z)
C

Z: =%

mn

. 27
Zy+ jZA - tan(?L)
This is a little formidable for an equation to understand at a glance. However, the happy thing is:

If the antenna is matched to the transmission line (ZA=Z0), then the input impedance does not
depend on the length of the transmission line.

This makes things much simpler. If the antenna is not matched, the input impedance will vary
widely with the length of the transmission line. And if the input impedance isn't well matched to
the source impedance, not very much power will be delivered to the antenna. This power ends up
being reflected back to the generator, which can be a problem in itself (especially if high power is
transmitted). Hence, we see that having a tuned impedance for an antenna is extremely important.
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Mikrodalga amplifier tasarimi

AMPLIFIER. BLOCK DIAGRAM

Zout
Zin r.,
o
Zs=500hm ' output -
"':f:'t:T MN $ Z1=500hm
| |
I I,

L3

Zin Zout

Transistoriin 2GHz frekansindaki S parametreleri:
S11="Tin=0.20<80deg.

S12=0

$21=8<80deg.

S22=Tout=0.34<60deg.

Karakteristik empedans Z0=50 ohm

a) ki portlu mikrodalga devresinde transistoriin kazanci G=10log | S21 | ile hesaplanmaktadir.
Kazanci hesaplayiniz.
$21=8<60deg ise G=kac¢ dB eder? Log(2)=0.3 alinacaktir.

G=10log(8)=10Log(2*)=30*0.3=9dB
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b) ki portlu mikrodalga devresinde, transistoriin cikisindaki yansima katsayisi,

1)

2)

3)

4)

5)

6)

7)

MNout=522=0.34<60deg.

1) Smith abaginda abs(lout), Mout’un mutlak degerinin Smith abaginin hesaplama
cetvelindeki yerini belirleyiniz.

2) Cizilecek VSWR dairesinin yaricapini pergelle belirleyiniz. Daireyi giziniz.

3) Tout=0.34<60deg. Degerinden transistoriin ¢ikis empedans noktasini yerini belirleyiniz,
degerini yaziniz.

4) VSWR degerini belirleyiniz.

5) Transistorden yike maksimum gli¢ aktariimasi icin 'L degeri, l'out degerinin konjigesine
esit olmak zorundadir. I'L’in yerini isaretleyiniz. Bu noktadaki 'L ylikiiniin yansima
katsayisini ve bu noktadaki Zout', empedans degerini yaziniz.

6) Zout, empedansini 500hmluk yiik empedansina uygunlastirmada kullanilacak hat
uzunlugu bulunuz.

7) Zout, empedansini 50ohmluk yiik empedansina uygunlastirmada kullanilacak hat
uzunlugu bulduktan sonra gerekli olan empedans degerini bulunuz

Smith abagi kullanarak lout'un mutlak degerinin yerini belirlerken, Smith abaginin alt
tarafindaki tGsten Uglinctdeki (1) hesaplama cetvelinde mutlak degeri isaretlenir.

Buradan Smith abaginin yatay eksenini (Direng ekseni) kesecek (2) bicimde dik ¢izgi gizilir.
Smith abaginin merkezinde (Direng ekseninde R=1) noktasi ile (2) noktasi arasindaki uzakh
yaricap olacak sekilde daire gizilir.

lNout=0.34<60deg. Nout’'un mutlak degeri dairenin yaricapidir. Dairenin bu sekilde
belirlenmesinin nedeni Smith abagindaki daire yaricaplarinin ayni olmamasindan
kaynaklanmaktadir. Saat yoniine ters olacak sekilde 60derecenin yeri Smith abaginda
isaretlenir (3). Boylece transistoriin ¢ikis empedans degeri bulunmus olur. Zout=1.15+j0.7
Smith abagindan (4) VSWR=2.2 olarak bulunur.

Transistorden yike maksimum gii¢ aktarilmasi igin 'L degeri, N'out degerinin konjigesine esit
olmak zorundadir. F'L=0.34<-60deg. olur. TL’in yeri-60deg. isaretlenir (5). Bu noktadaki
empedans degeri, Zout' =1.1-j0.75 olarak bulunur.

Zout' empedansini 50ohmluk yiik empedansina uygunlastirmada kullanilacak hat uzunlugu
bulunurken ayni VSWR dairesi lizerinde R=1 dairesi ile kesistigi nokta isaretlenir. Hattin
ilerleme yoni kaynaktan yike dogrudur.

d1=0.25A-0.18A=0.07A

d2=0.33A-0.25A=0.08\
dout=d1+d2=0.15A

Zout’ empedansini 500hmluk yiik empedansina uygunlastirmada kullanilacak hat uzunlugu
bulduktan sonra gerekli empedans degeri, kapasitedir. Clinkl yon, Smith abaginda kapasite
bolgesine dogrudur. Zcn=-j0.7 ohm dur.

Zc=-j0.7*50=-j35 ohm
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c)

1)

2)

3)

4)

5)

6)

7)

iki portlu mikrodalga devresinde, transistoriin girisindeki yansima katsayisi,

S$11=lin=0.20<80deg.

1) Smith abaginda abs(lin), lin’nin mutlak degerinin Smith abaginin hesaplama
cetvelindeki yerini belirleyiniz.

2) Cizilecek VSWR dairesinin yarigapini pergelle belirleyiniz. Daireyi giziniz.

3) Tin degerinin agisindan transistoriin giris empedansinin Zin’in yerini belirleyiniz,
empedans degerini yaziniz.

4) VSWR degerini belirleyiniz.

5) Kaynagin transistére maksimum gli¢ aktarilmasi icin I's degeri, in degerinin konjigesine
esit olmak zorundadir. I's’in yerini isaretleyiniz. Bu noktadaki Zin*, empedans degerini
yaziniz.

6) Zin* empedansini 50ohmluk giris empedansina uygunlastirmada kullanilacak hat
uzunlugu bulunuz.

7) Zin* empedansini 50o0hmluk giris empedansina uygunlastirmada kullanilacak hat
uzunlugu bulunduktan sonra gerekli olan empedans degerini bulunuz

Smith abagi kullanarak ln'un mutlak degerinin yerini belirlerken, Smith abaginin alt
tarafindaki Usten Giclincideki (1) hesaplama cetvelinde mutlak degeri isaretlenir.

Buradan Smith abaginin yatay eksenini (Direng ekseni) kesecek (2) bigcimde dik gizgi gizilir.
Smith abaginin merkezinde (Direng ekseninde R=1) noktasi ile (2) noktasi arasindaki uzaklik
yarigap olacak sekilde daire gizilir.

ln=0.20<80deg. lin’in mutlak degeri dairenin yarigapidir. Dairenin bu sekilde
belirlenmesinin nedeni Smith abagindaki daire yaricaplarinin ayni olmamasindan
kaynaklanmaktadir. Saat yoniine ters olacak sekilde 80 derecenin yeri Smith abaginda
isaretlenir. Boylece transistoriin giris empedans degeri bulunmus olur. Zin=1.1+j0.45

Smith abagindan (4) VSWR=1.6 olarak bulunur.

Kaynaktan transistorden maksimum gli¢ aktarilmasi icin I's degeri, lin degerinin konjigesine
esit olmak zorundadir. Is=0.20<-80deg. olur. [s’in yeri -80deg. isaretlenir (5). Bu noktadaki
empedans degeri, Zin*=1.1—j0.45 olarak bulunur.

Zin' empedansini 500hmluk yiik empedansina uygunlastirmada kullanilacak hat uzunlugu
bulunurken ayni VSWR dairesi lizerinde ylkten kaynaga dogru R=1 dairesi ile kesistigi nokta
isaretlenir. Hattin ilerleme yon yikten kaynaga dogrudur.

din=0.364A-0.361A=0.003A

Zin* empedansini 500hmluk yiik empedansina uygunlastirmada kullanilacak hat uzunlugu
bulduktan sonra gerekli empedans degeri, endiktanstir. Clinkl yon, Smith abaginda
endiktans bolgesine dogrudur. ZIn=j0.45 ohm olur.

ZI=j0.45*50=j22.5 ohm
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d) Devreyi giziniz pasif elemlarin(R,L,C) degerlerini bulunuz.

L=1.8nH  gin=0.003\ dout=0.15A C=2.27pF

—F—

= 50C
ZS-- 50Q2

2

Enpedans, Z=R+JXL-JXc

XL=WL
1
c T we

w = 2nf

f: calisma frekansidir. w=2*n*2*10° rad/sec=4n*10° rad/sec

J .
——=—j35
wC J

1 =35
wC

1
C_140*n*109

C=2.27*10" Fard=2.27pf
XL - WL:225

225
T 41109

L=1.8*10° H=1.8nH
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e) Transistoriin DC kutuplama devresini giziniz.

Vce
[ ]

§R1 §R°

L=1.8nH din=0.003A 0.15A C2=2.27pf

AN ] —

Kaynaklar

* Antennas from Theory to Practice, Yi Huang, University of Liverpool UK, Kevin Boyle NXP
Semiconductors UK, Wiley, 2008.

* Antenna Theory Analysis And Design, Third Edition, Constantine A. Balanis, Wiley, 2005
* Antennas and Wave Propagation, By: Harish, A.R.; Sachidananda, M. Oxford University Press, 2007.

*  Navy Electricity and Electronics Training Series Module 10—Introduction to Wave Propagation,
Transmission Lines, and Antennas NAVEDTRA 14182, 1998 Edition Prepared by FCC(SW) R. Stephen
Howard and CWO3 Harvey D. Vaughan.

° Lecture notes from internet.

e https://www.ece.ucsb.edu/~long/ecel45a/ampdesign.pdf

*  Amplifiers, Prof. Tzong-Lin Wu. EMC Laboratory. Department of Electrical Engineering. National
Taiwan University
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