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A 0S""'!""'-} t.('~'r i-'.J."):'. I . . ['\.l-\. .-" . 

This research v,ork pl\)pnSes ,': patch iUHenna array [b an. a!tenwtlve i(>(>d kll' dish a.ntenn(j':~ on 
!Y',:,'n! ,~",j(·'l!;·f.":s t,·) :.~(\h ... ,.·,. ill" ',"""l',)·lni· nl"";"fL"':11 i"ynd;;tl:j'",,! t)." "'<")f'\'''j~'l'('l11''ll r"""i 11')1'n'" ;~1~ Vx 1 • <,",-., ""'" .. ,!,,v •. ,.<. ...... " ~ "' •. ,,... b' ~'vl. ........ ,,' ... , ," ... ,·,v,. ! -' v" (n, _, , .. ,., ",."" ' .. , ... ,. .'\" _ 0.,. __ 

line2.L. C-Hand, circular patch antenna arn:y conJigufation \vitb H broadside mdiatbn pattern is 
design~~d as [:.;edF.H' a dish anfennH '-.-vith FiD ratio of 0,36 corresponding to aperi.ufeiilumination 
:"~r 1 iff 'T'vl"' ""-'>"f")'1(+l""" in t'n'" d":S);)f': \""1":> '''l'l~PI'<')\d',l --q'ji" 'I"ll''-'I 'If)1"'l'P''I'-'!'j "?,,,, ';')' '11:'1'1+:in " ' .. ~ • '. ~ ...... , I~~r)~./·\··~ "" ......... ., "'.' ~ ...... '" ... ' .... ~~. " .... "" w. '. '.,,1 ...... 0(...( •. i.... ....... ~-,,, ( . .-;/ ".<-.w .. , .. {~~;. to(. }, ... ,. ...• (oJ ... .:L .....:.. 

i";"l~:si'\l'lf'Jql' ';'(""n: int'~r,'dM1~i"Pt 61' <;t-'lr'{""'Vi1l l," 'v"l'" ,; "l<J :11"~ "Sc; j''l'"i ')'1 ~:il1" n' 'I", l,-l",~ "J' f ;i1" 'll·,ii' "1' ("l, I'.:, I --'. "'., <- ..• " 1. ........ ¥ ................ ~ ... ~ -'-- .... <-.oJ . ...., ...... \ ...... ...... ~."f oJ. c- " ...... '>.-. • ..... ~.<-.L\ .. }_ ... .• ~ .. L<~""",,,,~w'a.", . ~~ ..... ( ,.'"~~v ,.1 .. .. ~. 
arny elemuHs lEing GI:nedc /dgorithrn ((.i/\) (..') <1(:hiG'v-"~ minimunt siddok kvds, The ::;econd 
"'pprodch w::;;s 1.0 maintain constant, unifi.)rm exc.itatiun ampiii.!.H.ksf:)r Ihe individud array 
,,1"F"""i<; "'"!'l,i

e 
'''''l'''l' '1') th;" »:11' f~'ll'r(" I' '1t ,,,,·_.,,I::>:·f1"<>"I' (1;';<"';')\..'0.;: t,), "I,J1;"\;'" "1 "-;<"';'1"(<)" ","'ll' ;,·t;')·f1 ')l~ :111" "'"''<''~''')''' H.< < ..... '''''.J '. C'" ,.<..~ "----'. '-'. "~'., v"," "H .. J,,,,,,,, ,','.3 .C (.<.-, '._",' { """"1:0. A'-", .• ,< '.' ' ... " '.,' 

,,,o-::'(·i;·;.·,,, a:'l(:rillr" of ill o di+ J~'rc>rP the or"nlF' ''In'; siPH:h:·tinn<; I';':; ohseY'Of'd ih;1
t 

ih~ tnt':ll ................... } .............. _ ......... ' } .. t .' ..... c: '."'J:' 'a' < .. '-"!- •..• •• ¥v ....... '_~ ~ "., ........ ~.,. ... , ........... ' .. (. 

r·" .. l;'rt"~d PO');'>..''!' !-"'('m IIY~ :'JlTF' h"'d di'Tr""'~p(, 'vi+!1iPCl"''''Hinn ;Plif-'nn iMi'~"-'+:>'1H:IH di,:tan"f"~ for .{~~ ...... I~ ...... "- • ~\- •... ( .. ~ " ...... "' ... ~? ...... ~ ........ .... <. .. ~~ ........ ~. v,.~ ............ <- 'a. ':;.: ........ <.... .•.. ..." ........................ . ~ .'." ... "~-'. '. 

a unrf.';nn array eknwnt anlplitude f>.:clUUon. Oplirnum illumination eLTlciency and gdn f{x the 
;""<"{ .,.,.., "(.j';., ....... ; '1 .' . : '." .,' ,",.,. < • "'; ". ,)1.' '1-,), t fJ' {," "" '; in., .\A ,.;.', "',,\, .. ,; (> .,: .. , j.<";~,<,: 'n',.::) :.j.~ ;;.1.:: '<t,:..,. <1. dX; ;,HtU-t,jt;!;.l<...;)< Sl)d'~,nb ' . .t ,.Lc •. 1. . .'.~.) (I,; (f ..... ,.)). j', u.1IS ;'I,d<.,;l1:::" Uti:.. 
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a

• 

VI']'), competitive >,,,'hen compared to that achieved <,vith convel'::rionaj feeds klr the sam,e FD ratio 
\,hie}: is be1'\VfCn 50, 75;~i), Th..:: total vveight of the ked is 9L3g and total array 1engthis 
;q1rrnxinu:te!yl8 . .5crn which smisfi:.';s the condi.tion:3 or reduced v,;eight and dimension,; rcquln'd 
fur on-board SHkHik npplicationswherc mass and. sixe IimitaLi,nns ,ITe extremely strict. 
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CH.APT~ER ()NE 

1.0 INTRODOCTION 

1.1 Antenna 

\'<-"aves into 1l'ee space 'Yvavcs Of vice versa. An antenna converts bound circuit fields info 

proPJgating ekctrornagnetic wavcs and, by reciprocity, coned;,> po\ver from. passing 

antenna rnust ais{; serv;;; as a directional device in addition to a probing device (Bd::,n~s, 200:-,), It 

rnust tben take variou'i {(m'ns to rncet the pari.leular need at hand, and it rnay he a piece of 

1.1.1 Rudiation from Anttun2S 

Time varying cunent in a conducting \vire produce:.:; ra:Ji;;:tion because of acceIcrDtion or 

deceleration of chante, If there 1S 11{) motion. of charges in a v<lire no radiation takes f;iacc dnce 
~ -

"," n d" "'l ,,' ~ . "1 -,' no bJ\V oJ current occurs. f' .. <l··H1.ucm.WL!. not occur eVen 1I cnargt;;s ,m.'; ]'(lOvlflg Wlt 1 lunorm 

'. I "!' f Y I .. h 'j' ". I 1 v¢lOCH), a ong a stpugof Wl.n~. dO\VCVCr, c larges lDoVlug W1t Un! onH vcioCHY aong ;J curve .. or 



Fi.gure 1,1 i1lusrrates the concept of radiation from an h.'111la:.; , The source creates an electric field 

that is sinusoidal in mUllre, This" in turn, I(~ads to the creation of electric lines of n:m:e\vhich are 

tangential tD the electric field. The free ckctrons on the conductors are fZ)l'cibly dit:;pl.aced by {he 

electric l.ines uffl'.m:.e l111dUK' movernem of these charges ('<'fuses the t1mv of currem which. in 

turn, leads to the ereaticln of amar:ndk field, 
I",,' . 

, ---...... ".--->I>+---........ "".~ , , 
Antenna 

Fig L 1: 

-.6-", -- - -_. _ ............... ~~~~-'~~-

S<3UfCE: 
:;< 

±orrneci by cOlmecting th'~ open ends of the electric Lines. Since the sinusoidal source 

and, these travel through th:.; tmnsmbslon Line, through the ::mtenna and are mdiated int{) h·ee 

2 



antennas, broadband antennfis, apertu.re antennas and reHector antennas, 

ll, Electrically small antennas 

There arc v;;lrious rules fcn considering <Ul antenna to be dectric;.lHy smalL The JHOSt cnmrnon 

" '1 ," l ' L:j' J ~' '! h " '1 " I ' , . I !' 'p !' i.j 10, or a pate 1 \Vl;U. a (llagOYl<L (!lmenmOl1 less t an I.: t; \VOU G tx: <XmSl(ere( t:;1ectnc;;h!y srna,l 

(Kratls" 1988;. These antennas have very 10,,'; dircr:.tlvities and illptH irnpedanr:.e, They have high 

inpm reactance and lo\v radiation efficiency. 

MrHcture and their properties arc not sensitive to constIuc{ion details, An 1rnJ>ort~lnt point 

relJ 8rdin[' elfctric,;:iliv small antennas is th,xt theil'oeri'nrmance is doselv rdated to their eiectrIcal e . ·V ~ . 1·· v 

size, The vroduct of the band;;vidth and tk' fIain is u function of the size of the antelH1a, Sf; i'tl;lt .... "' ... 

, "{ 'I' , " hl d ' ,. " '! . , dectrlcahy srna j ,mtel1na IS mg iy f epenaent on me (T!VIl'Onment In \HHC ;, ttl';; JIHeJUla operates, 

which rnnst be taken into account 

The environm;.:nt compnsc:< both the d;:vice rm \vhkh the <'i:ltcnna is >1wunt<;;d and chi:: 

~.;urroundin,~!}, mainly hurnans (Balanis, 20051. ElectricaHy small antenn:iS are not eftlcicm 



bec:mst: of ohmic losses on tht~ structure, Tbey a re commonly used in home and Y~;;hkk 

t:xan-;ples are kop antennas and shon n;onopo!es (whip) f(}r 111edium-\vav(: (A1V1 broadcast) 

o. Re~wmmt Antennas 

A fesn.nanl ;;mrenna is one that onerates bv r.neans of a standim: vv';we, Resonant ani.enn'ls a1'i; 
~ '" . '...-' 

tend to 11refe1' G1.1e freQuency to the others (CarL 200 n The':/ are used fi:om llF iO S-Hand .t .i.. , .t v 

Types of resonant antl'nna include 

c. Broadband A.nh.'iHlas 

., i" '1"-' - d'~ - , . , . i' ., >;vwe freCjUfTI.<'::V ra.n~e. tlev an:- cnaractenze S,! an :?,ctlve ,e}Zwn V.Jltn a Cll'CUmfu:enl.:'C of Oll{' , ~.' ... :. . " ." J.. •• 

For broadbmd antennas, the band'vvidth is usuaLly expressed as the ratio of the upper-t(}~lo\v(:r 

frequencies uf acceptable operation. For ('xample, a 10; 1 hmd"vidtb. indicates that th<~ upper 

bUi' ~'onstant ;'!.(lin. real innuJ imnedance ~md "vide b<w.cbidth, Tht,y are nninl\' used t>om VEr to . ....... . l ~. . ,.. ~ 

C·Band frcq."lencics. Exampl~;;::; arc hdical ant('nn;;t spiral ant:nna and logperiodi.c dntt:'!.H1:t .. 



These can tx~ ddined as antennas that hav\3 an opening, caIled. apcliure through 'which 

o I· . 1 Th " l' ! 0 , I . pl'opagatmg e cctromagr':.ctl(; '\,vaves ts:}w. j e aperture IS usuadY s,;;vt';ra.t v,:aVCiengtns ong mOlE' 

or more dimensions. The fi:1dbtl0n pattern usuaUy has a narn.nv lIwin k~m':n, leading to high gain. 

apphcatlons, because they can be Hush-rnounted on fh~ sur faG; of the spacecraft or aircraf< 

(Balan!:;" 2005\ 

The aperture can be coven::d with a dieb::tric I11d.terbl to protect tlk~m frorn envlror:nH;;ntal 

(;f :::;n1ernw,'~ with the ahil.ity to transrrnt (ir:~( )'(:(;e1V(' ~.!gn;Ms over midlons oj 'J. omcters .. \}~'l1e(:tor . J . ., or ' "k'! f' ·r" 



direcf and shape the el.(~ctrornagnetlc radiation emanating fYmn pnmary aw,cnnas. Th;::: nnmarv , . 
anterma in thL ca~e is usually retCrred to 35 feed anten.na or simply "fi.3ed" 

A very common antenna Conn t~)r such an appLication IS the parabolic retkctor antenna. 

Antennas of this type have been. built \vhh diam'.3ters as large as 305 rn (Balanis, 20(5). Such 

.rniHio1l5 flt' rni1es of tnveL !\nother form of a retlector, although not at'; corrUTIon <'is the 'p;:u'abolic, 

is the corner refiedor amenn,~. 

directivity (gain} In many aI.'fplic(1tions, it is l.1rcessary to design imtcnrF~S with \'<:ry directiv\:: 

charackristks (very high gains) 10 meet the demands of long disiJlJ1CC cOl1ununicatlof;, Thc::;c 

directivity. 



./' ......... IIJIf .J - .'/ i/ -1IJIf""f 
_ .. IIJIf IIJIIF/ 

~~r __ ~·'·-·"!;:~:'·"r~~;zw)~;~:\!}ti~~~:~~~-· _r.1 

~;. 

-: . : ~ ... 

Fig 1,3: Typ.i .. ~al wire, aptTture, and Patch ant0nna array coni1guf<ltions (Bdanis, 20(5) 

i\n array is a sampkxi verSlOH of a very large ::>ing1c delJlfnt. In an array, the InecnanicaI 

pr<Jbiems of large singk dem<.:;nts are tUl.ded for the dectricaJ rrobkrlls associah::d >·;,ith the f\::cd 

net',vorks ofax-mys (Balani::;, -::OOS),Anknna armys arc used to direct radhw:d povver tov:ards a 

ph'iSCS of the am.q elelnents depend on the angula.r pattern thatmu,;t be achieved. Once an ar;'ay 

to\'v·i;tIds some other direction by changing the relative phas('s of the arr:1Y dernents, a process 

called steering or seanning (\lirron, 20(6), 

1.2 Patch Antennas 

!nits most basic f(xm, the patch antenna is a l.ayer~strudur0d nntcrHw.conslsting of a very thin 

layer of metallic strip (patch) pl<H.:ed over a thin b.yer of didectri(' :-:uhstnrtc, On lhe oth;;:r side 

-; 
i 



Th};~ radbtingpatch an,d fh,<: ft'cd lines arc usunlly photo ddwd 'JH the dielectric substrak, Th¢ 

chosen to be O.003X(} S h ::::: (LOSi(! (Balanis, 20(5). ft' is the width of the patch, 

". 
--l> " 

" -, 

Fi.g 1.4: Basic patch antei1na cunflguratlon 

IF 

The substrate h;;~s :.c: relative permittivity of D" >.<{bicn lS typically in the mnge 2.2 S D, ':~ I:; 

{)[ circular discs) arc rnost commonly userl 



Fig IS 

Patch antennas are (:xtensivdy utilized lnpr('sent day \vifeless applications bz~cau5e of their 10'8 

profile stnK:ture, This com.pact structure makes them greatl>' compatible for u~;e ill handheld 

de\'lces lib rn obi k' phones, pmtah1c radios and pagers, Thi~) have been used successful1y in 

smdliw cOl1irnunication and also as commlmicaticH a.nlennas on board lTli~silcs hecau~;e they c=m 

be Inanuf~lCwredw conform to the shape of the missile, 

J; Low profile planar conflguratiun which can be easily made conforrnaI h) bJst surf:ll;,:c, 

b) Lov" fabrication CG~4, hence can be rrwnufactured in large qw:mtities, 

c) Suppntrt'i linear and circular polari,~;Jtion, 

e} Light \veight and lev; volume, 

f) Capable of dmd and triple frequency operations, 
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The ndiation of the }'.')atch antenna is I.ktennined from the field bcv .. :veen tb,emelai pai.eli a:nd th0 

grou.ndplanc, Opposite charges an' established on the bottom of patch alkl tor of {he ground 

plane >.vhen {he patch is exciu:d,Whi!e the attrcl{;live t~Jrccs hold most of the chargr.::s lx~t<xeen the 

(C,lrg et aI, 2(01). The dectric Gdd is q)proximately COl1$t(l.nt along the width of {he patel! H' 

y 

/1ring$ h&id 
" , 

(--~\/ 

_81#1 ___ !8'-'I .. ---_---- \VJp by!),' 
\ 
\ substat8 
.;. 

___ .. __ .. _~_-------.. --.. --ground p:ane 

Fig 1,6: Patch. umelma in its basic f()rn., showing dectric fleld 
distribution (Orban and }'foelTldut 20(5) 

. . " d' ~.l I I (' ' ' . l ' 1 I') " ' I' 1 Contacting ana NorH.'omacLng tee'mg mctllO(IS, ntH: ontaumg metlHxL t'ie :\.1' po\ver 15e( 
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Four major f0eciing techniques have been ldentifled. These me tvllcnJsirip Ene reed or Edgi.' 

ked, Coaxiat cable it-cd or Probe feed, Aperture coupled feed and Proximity coupled teed. Th.: 

first t'NO are contacting schemes \vhilst the last two arc non~contacting schen'!es (G0dar;~, 2G02} 

<l, Edge reed 

in thi::; type Gf k~t~d technique, a conducting strip!:3 connected dir(;cdy to the edge of the patch. 

tlw pat'.;:}) is to match the l11'!pedance of the feed line to the patch without HK need tor <Iny 

ddditional fl1atching element. 

This is achieved hy properly control1ing the insctposition. This is <'lH easy ft>eding schem(;, slw;c 

it provides (;ase of h1bric;:~iioll and sirl1pLkit): in rnodeEng us weLl as impedance nWJching. This 

kind {)f f;~'ed a1T<'lng(;ment hai-) the advantage that the feed can he d.ched on the sarnc :;llhstr(lJ'~ to 

provide <'l phmar Stll.lctun~. However, a;~ the thickness of the didcctric sul::·stri:1te being used 

bandwidth l)f the ant'~mw. (Godara, 20(2). 

(~ro~n u~J 

PhaH: 

Fi£:' 1 7: Edi!c {(:cd fJr [)<'ltch antenn(l 
~' ~. 
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T} . l'" !..', • 1 
;, ,l(~ CO<'lXlal Ieed or fHTllJC teed lS a vcry common fee mique used tor feeding patch antennas, In 

this technique, the inner conductor of the coaxial connector extends throtH2.h the dielectric and is 

scdder~;;d to tbe radiating patch, while the outcr conductor is c()nnecte.d to the ground plane. This 

te;'l~ni:l,sl'" 'l"~ n1"'-'" "nn1pl';''''''i'". t'" ·,""t"'-""!j',(,o. -tl'a"l t'h'" ''''-<c;,> l"""'d (';o"';a"'a '/.."{)' 'j":J\ .............. , ........... t. w .... -! ...... 5 ................ .e. . .. ·'rA':'<'S .. {", -:....:. .... .I ),.(~. t.SV!-... . ~ .. 'V (..: 5 • v \. Ut::-"''''''' ~,..... . _~ U( 5. ::. 4~' , A.o.'l-

Patch -----~ 

y,' 1 0 ng .0: 

the ground plane Coupling bdviccn the patch and the feed Ln~ is made through i;l slot or an 

al)enurc in Hw zround o!ane. Thc counlbHl anerture is usually centercd undcr the Yj)(lxch, k(l.ding ......t t .. :t.e. .. . . ~ .. 

to 10'.'/0r cros~q;obri2ation due to symmetry of the configuration. Sine(' the ground plane 

separates UK patch and the !(x;-d line" spurious radiation is minimized. Unlike tb:.: probe~,kd 

dso ;,dh{~rin£: to ~he conformal natun.' of printed circuit technokwv. 
~ c~ 



Substrate 1 

Gmund Plane 
..... 

"""':----....,..------ ,i\pertm",/Skt 
Patch - ...... "..... __ _ 

This is the second f(ml] of nOll-contact H~d patches cn.::ated to overcome (he shorfcomings of the 

:11'j'0,0" {'(ill'tac" !·i>d ~",;··tl''''; il)C)/.'·'<':r :907'/ In tt,j" ';:i'11''''I~'' tv,'", ,J.j',"l,,{··t·j'j'{' '~!'lt..<;t,'"jf~'~ '>S'P, :j'il;z'>;'j ;"1 ~! .'"w< , < .lv" {~",...., ~,. 1 .. 1 , .. ~" , .. 0, .. ' l.' ,.n,." v ..... wL"., ,'" <A ~ ..... ~ ..... v. lJ,. ,,,'-v ~U~ • L, _ ..... " 

such a 111anner Out the ieed line is befween the two substrates and t11.;; radiating natch is on top of 

radiation and provides VeT}' high handwidth (as high as 13?-(!) (Bolan!:'>, 2005!, 



The rnajor disadvantage of this t~:;ed scheml:. is tbm it is diffIcult to fabricate (Yeci-mst: of th(: lv,:o 

dielectric Iay;;.'rs 'Nhi~'h need proper alignment AIs<J, there is an increase in the oYt'rall thick.nts~, 

nf the anterma, The fact that there is no ground plane sepamting tb;; two dielectrk byers causes 

the power from the [t'ed. netvv'ork to be (oupkd to the patch electromagnetically, as opposed to a 

dil\Xr conta;.;:C This is \;s;hy thishmn of antenna is also ref,;;rred to as an dedwrnagnetical1y 

,·.Ann1f"; :",""'11 a'11tet";1('l ..... '{ ..... ;!-.f ..... ~ l.J{·P,\". ..., ...... ,., 

1.3 Patch Antenna Arravs 
" 

Par;;lUel to the rising importance of wireless cmnmunkation ~:yskn.,s und pel'sonnt'l IT 

(Inforrnatinn Technology) servkes (e.g, HlUdooth), increasing efforts are dl~voted to the design 

and irnpkmemation of novel strudures from minl::=tttlrizd dectronlc circuits to the <mknna 

adaptive systems in tlw present and tllturc (OD1111unication system::;, In. the past section, single 

patch antenna elements \""eTe discussed, 

Usually the radiation patter-n of a singk element is relatively wide, and each de111<.::nt provides 

10\,,' vdw.':;; of din'ctivity, Patch antenna anay designs are optimized fiJI' the be~;;t fD.diat1on 

r,;-haractedstics since the small size of patch antennas limits control of the pattern mid on.c must 

use anays ofpatcnes te control its pattern serl(msly (Milligan, 2GOSL 

Thtjr il1nin advamages are light weight 10>;,' cost, planar or conf~}rm:11 byout, and ability of 

bas:d <.Tn their feed net\Y{ifKS. There are t\\'o major types, nmndy; paraLkl-fed and sn-ies-ihl 
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patch antenna arrays. Both types can be reaLi:b.::d as either coplanar with the radiating e!ernents or 

in il separate transmission, Ene layer (Bah! and Bhartia, 20(1). 

Lll l'araHdufed patcb antenna arrays 

These types of palch antenna arrayS (also kn<)\vn as corporate f;;.'(I) have a single input port and a 

muhinle feed lines in f)aralld constituting the outnut tJorts. Each of these feed tines tertl1inates a:t ~. J ~ r 1: _. . 

1 l) 1" i'" l ! 'f} d . '1' 'v • a lXJ.k 1 i:mknniL : ara lei 'ed pate} anh::-nna arrays me c aSS1 Ie mto t'-','O oaS1C conhgurat1ons, 

Th(-~;e are, on<~ dimensional and {,xo dimensional conf1gurations (lhh! and Bhania, 200 l). Each 

of these con1lgurations is hereby discussed. 

The {}ne-dimensional l)araI1e! ted patcb antenna array consists of a branching netv'iork of two-

\\'av lX}\Ver dividers. The total beam diwcd0n of the armv can be controlled h'.,' manirmlmin[' the 
r ~ ;."..,1 ;...,' 

power division ratio at each junction. There are h\.'o bask configurations of one~diJl1cnsional 

" , ,t, . '\ . ')H h . . tow.! numner 0:; Pi:11cJ:) antennas 111 tlle array IS ~'. \V. ere n 15 an lnkger. 

h. Two Dimenshmal "011 figuration 

The fhndamcntal configunuion of a two-dimensional par<llld fed patch ant,,~nna array can be 

described as a one-dirDensional <lITay and its mirror innge connected together as t\VO sub-arrayt:; 

l5 



On/puts to patch 
antennas 

J1\ l[\ 11\ J[\ J1\ J[\ 11\ J1\ 

(a ) 
Input 

Outputs to patch antennas . -. " .. 

{oj 
Input 

Fig 1, 11 ~ Basic ene-dimensional para.!kl h:.d pakh antenna array: (a) Syrnrnetrkal configuration, 

Cb) Asymmetrical confIguration 

L,~ 
Outpat to patch }\nWnnas 

fnput 

Fig 1,12: T'>No-dir.nensional pawlld fcd patch antenna array 
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1.3.1 Stries fed patch antenna ar-rays 

This type of pateh antennu array has a continuous transn1ission Hne fi:c!l1~ vA-deh Sn18Jj 

pU.lporti<Jns of energy are progres:.;;ivd;,' coupled into the i.JH.11'vidIWl fJatch ;::n1ennas distributed 

(liong the line by various means including proximity coupling, dire;:t coupling, probe coupling 

To patcb antennas 

/ 

(a) 

F :.t-'. 

I 

1"· ., 
j 

1 

1;" ($ 'J 1'1., 
.1 l t;- .' -." One-dilnensiorw.l serie'd"Ed patch a.nknna arrays 

1'7 .t, 



TIl{.' s~;;nts fed patch antenna array constitutes a travelling \vave array if the feed line 1': 

j , l > I l' 1 ,~ t " ,el.THlnateo m (t mate Wt iOa( or a resonant aIT(~y 11 l.!).e terll1In:JUOfl is an open or short circuit In 

gen~~~mj the .fi:.ed net\vorks (parallel and serial) have a certain unde~;Lr,ibk characteristie;s thatm.ust 

he carefully monitored in order to reduce any adverse en~cts on array perfnrrnance, The 

(;harackristics in<:Jude; Conductor and diekctric losses, Surl~lce \vave loss and spuriou5 radi<'lLion 

due to disconiinuiti,.:::s such as bends, junctions, and transitions, These 10';ses constitute thc o\'erdl 

insertion loss of the feed affeding the maxirnunl ol.)tainablc gain of the army (Eklhl and Bhartia, 

200l), 

lA Statement of the problem 

A field of rrornincm ecorwmica! and teclmologica! interest is that of \virdess conH11unications, 

lJni')Tl, yet pres<':::11ting a gain high enough to guarantee \-vide-haud hi-directional (;.ommtmicmions, 

'Nerght and d.imensions must be as hnv {J,S possible, 011 the ::;:Jtdlite, where rnass and SIZC 

iiulitations are extremely strict. The antenna subsY$tems on l'il!.\jonty of satellites, when filE; 

deploY'ed, uti!i;;~e }wxaboEc reflectors for their earthwmd bemus Over the past dccades, the 

e'Jrrventional teed for lJffset parabolic rdlector antenrJUS on-board satelLites has bcen the hom, 

"ince th<.:::\' reduce the norrnaHv hitrh E-f)iane side lobes and they pro\'ide the required dire~;tivity, 
)I v <;;" 

One {;f the fLoals of tk~ satdHte anU.T!lEl desi,i;ner is tr) minimize the \veight a~;much as possible 
~ - . 

without sacri1lcing the overall perfbrrnalKf of the auk':nna, 
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The problem bere is the weight of these h01TI:3. The horns tend to be bulky, Weight is a strong 

t21(:ior that <ltL~(;ts COst of design and the overall cost of the launch carnpaign, High \veight alS() 

lnCfea5CS the raHun.' tendency in spacc missions. This research \vork tlwrefore, i;~ aimed at 

solving the vveid;r nroblem cOl1t'ititnted hy conventional feed homs bv pronosinu a natch antenna 
... ....... t. " .,/. l ".'''' 

array as an alternmivef;;x~d tor dish antennas on board satellite, 

1,5 Aims and Objectives 

a} Tn study the design, lnodding methods and peri(,mnanceparanJeiers of patch ;;::nterma 

am'!}s based 011 previous \vorks. 

b} To design a patcb antenna array that will opt-:rate in C>band 

c) To errry out a perhmni:1rKe analysis on the desi.gned array <'b feed f(){' a dish antenna 

d} To yailor the patch antenna array feed in order to provide radiatL.Hi rharaderistlcs silni hr 

to tbose of eonverltional teeds by varying the ekment spacing and excitation 

1.6 PI'oject Scope 

This res~;an:h v:ork v<'m introduce dift:erent typcs of antennas v/lth emphasis on pe.tch antenn!'l 

demenr;; and arrays. A review of papers related to patch ante-ana arrays and their applications 

--I ·t ,- '1" , 'n h f' 11 d I 1 I l' ", . ,., , 
','-,'11 ;¢ earned out l. hIS \YILt .. C '0 ov;er )y t 11.>. mO(0 mg ann pt.'frormans~e ::marysl.s or a p:"Hcn 

dish win then be perfnnns~d using the modd developed, CondusiOll:< \vi!l then be drawn and 

fft.ommendatio.ns made based 011 tb,; results, This res0arch \vUl however nut consider tbe earth 

segrnent v·;hichha:~ no restriction on weight and maintenance. 
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CHArT,ER ''[''Ve) 

2.0 'LITE··'r,} ,tTTrRE R'V,\lll:""ll . .. fii""~ . \.... _:.< . 1:.< '" I:.; 'tl' 

2.1 DisbAntenna Feeding Sy'stcm and Aperture Efficiency 

f\ dish antennah.'edirH~ svstem is l:)ositioned\vith its nhase centre at the fi)cu;~ of the rnrabob, ;~o ........ ...t l .JO. 

that the elH:nxv' ',,-,odd radiate uniforrnlv in an directi(ms Ideally, an the enen-LV radiated hv the ........... "" .. . .......... ;. 

feed >vi n bt' intercepted by the parabola and rd1ec!.I.xi in the {,ksired direction. To (j,chicve 

Th~~ most important property of the dish antenna that 1S crmsiden:d as a mcasun.') of quaEty by tb~ 

antenna engllleer is the Aperture Efhdency. For (J dish ankllfd, HI-wrtun: eflkicncy (riA) is 

defined as 

(2.1 ) 

Here A is the I11aXirnllD1 absrrrvtion area and .4 ~J is the genm~tri('al area of the antenna aperture. It 

product of a number of separate "eH1.ciency components" (Baars. ::.007), 

(2 .. 2) 

where 11i '" ~numination efficiency of the aperture by th~ feed function ("'taper") 

11!) Polarization eftkiency of the feed-reflector combination 



Surface (;ITor efGcienc'y' or 5catterinz eiIiciencv 
v ~ v 

F0CL1S error ef11ciency (both lakral and axial ddocUSl 
0' " . J 

Blocking dYkiency due to sub reflecfor or other nbsuTlction. 

2.1.1 lUuminatinn taper 

Tilt' luost im.portant component of the aperture. efflck'l1cy is ;;mother hasic quantity, tbx: 

iHurnination dilciency. It describes tlw degree to which the outer areas of the aperture are less 

at the parabolic Su.ri~lce, we find out that the J()CUS is rather t:1f from the edge. of the reflector tha.n 

fro(n tlw centre, 

arrives at the edge of the retlector than at the centre, This is reter-red to as spec attenu(lxion or 

have constanl iUuminmion over the surface. of the rdlector. OIJtimurn perfon-nance is ~:<;;nernl\v ,-. v 

consid~~red to be achieved with (\ .. 10 dU edge iliurninmion tape.r \ Wa(h :2(03). 

1 ! ' . J I ' " I h' '! '. 'I' "';j .;' h 11 T,Jis is to.e peIcentHge ot pmver enutteu )y tbe t~;;e(, \V, l.CD. ' Spl 15 over" tile euge OJ. t .e ref. (~dOL 
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Fig, 2,1: 'Typical Dish iHuminationkl1' a ch:~h antenna 

2.1.3 Surface errors 

/\xia.l or latera! dispbceIuents of th~ n,x~d froIn th~ foew.:; cause !arg~ ~cale phase ~rrors over the 

ap~;3rture, ;,vbich normally arc arnenabk to calculation, These ernJfS can be rninhnized by regular 

cleterminatirm of the optimum f()cl.ls hom test observations {Baar:.:;, 2C07}, 

2,1.5 mocking 

This i:~ the partial. shado\ving of tht;3 dish aperture by the [et.:;d support :,trw.' tun:: , This leads to a 

10s5 nf efEckn;;;y, Th( blocking area consists normally of two parts: the "plane \)v'ave blo;:+ing", 
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equal to thc of the structure onto tt-.) apertun::: plane, and the "sphericaI ,,'{ave 

block;ng"', \".:hich is the shadow cast by the sl;herical "vaves traveling from th~ onter ft";z10n Qfthe 
'... 1>...' 

reflector oUbide th~~ support penetration point to the focus (Baars, 2(07). 

2,1.6 The Cassegrain-fec-d 

parabola, the secondary reflector (sub rctleetor) a hYPfrhob and tlw feed pLKed along the axis d' 

:[lro, fY'>l''''l)<i!~l "S""Pv "': '-'Y'''''l}' t11<> ""1""'''''' ,f< dj' '+l ','1'l:P:111" 'VI't!, tl';~' i'VrY.", ('1: j'>pd- ':lrr"ilO-C,", Y1 i,,!,,·1- '}'; 
r ...... t ... I.,.~\,h·"'·.t .. .,. ..... ~>.~~( ..... ~ .... , , .... , .. 1..l~ )("".<..-" ..... '- ..,~. v ....... ,,' .-s. .~} ..... :0,.(, ....... ' ....... ... ~ y-, ... ~ ... !J..:.> tv.~·,. ..... j 1 ....... "'· ( .. <~. t:;\..)( ....... ~{ . .... 

rrkrred to (IS the CassegIain antenna. 

\Vith dw Cassegrain"fced arrangement the transmitting or receiving equipment can be placed 

behind the pr!rrwry rd:iectoL This scheme makes the system relativdy more ;.K'CCS5ibk G)r 

~;,ervi,-'ing and (ldjustnH.'nts (Balanis" lOG5), This system requires a cdrcfully ::;haped reHectof 

\vhkh is more diffeuH to fi:!hrkaw because a Cassegrain antenna ,must have n minimum d)<'lxnettr 

t l",,>,.,., <'D "C::'l;"'" l""f1t i'll' <:j1 ,,,,;tli 1)1';11":C'j'" ,{',c"",.-j fE'> "'<"l';:nI1"l', 1 QgO\ 
.,( ........ .!.;( <.<-_.: ..... .:. .. . (.7t:.~i.\.' .. "t .. ~~! . "'~ ._~.) J. ...... ..,.., .... _ ........ ..... ~ ....... .,. _, . /1-

for this arranger.nent the w.ys that emanate fl'Oll1 the fecd illum.lnat<: the sd,·rdkctor and axe 

rdlected by it in th:.:: direcfiol"l of the primary rdlector. as if they origimJed at the {;;,Kal point of 

converkd to paraDd rays, provided thr primary reJkctor is a parabola and the suhrdkctor is 3 

hyperbola 



Dish A.nknnu Casscgrain-feed arrangement 

2.1.7 The V;D ratin 

A ~:()rnmon \vay 1.0 define a pa.wbolK dish shape is \vith the FD rmio, v/her.: Fit'; the focd knt'-th 

,mdD the diarnder of the dish: the sr.nalkr ttH; ratio, thl.'; "deeper" the dish, \Vhai.cver the t~mn, a 

parabolic dish (:<In completely be specified with t,,\'o parameters: The diumeter D and tlw f)cal 

,,;, ',',« tl,o "';"7.1' "!'a"~" '''11d ""lr"{"'tl'r'" r':j'"" "'If tt.,~~ 'j';"h c .. y ......... , ....... ,.<.~.~ .... ~ .... { l-'~' '... w~, \ ..... ~-\,.." t ..... '- J..:.. ...... ""J...J .. 

TypicaHy, only measurenH.'nt frorn the verwx to thf rim IS rec.uircd, Since <~ parabola of 

revdutlon consist.,; of the t';'.nne shane curveh}r aU radial sections. F·[i ratio is <i um'v'enl!:nx \\<tV . _.' ... .. . l .. 

fO describe how muc,h of a puraholah used (Wude, 20G)} 
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circularly polarized patch antenna as a fe~~d at 436 IvfHz ii)[ a 9.1 metre pamboEc rdl:.('toL The 

feed was positioned at the fi>cal point of the 9.I-metre parabolic reflector to (~stabEsh a 

cormnunicali.ol1 !ink s.,vith fhe 111'st Canadian plcosateUite, CanX-l, in tbe lH-lF-Band, The design 

\\HS sin;ple, 111t:xpensive and done quickly, The patch antenna f<.3cd \"19.5 cb.osenin order to 

'f' ... I . " < ') I .' , '!' , 1 fi . 1;c Ie~;x. conslsts ot a p;;u,cl1 antennam.oume(, on a ~ ern t Hck I.W.3!ectnc makna over a . IniJe 

;~.r()':'·fl{J 'rl~'l;e 'r'j'I'" "'.;"""11 "l' pnl<'-lr;'?"'t''''11 \"~><' ')h":>l'l:e'l ,_",tl' "'un p",,(<: f"'·"l'tc,.-l on" n'l" q{' -n}l;:';'" c ... u.... 'h .... ,1 \. \....~) .... ,l ... ~(h. _ •. .. l",.~t.s .d.J, ___ :~",,",:"I \ .... ;.u .. ~ "'-~l .. · ~ t·y~.~ .. / .... ~L.; .... ~.~~ .w ... / ....... ~.~ ...... }.to ....... > ...... 

-l~h"': l'''('-llis'';-l (·,p·d ''');"!.libl'·,>;-l '-h,' pvp"'i,.,pd "es"l{s l'Y1 t,w·"~,, ()i-' l"~-nut' :ll'nn"'dfH""'~ "1~!1" () 1 ll">pi-fP .{. •. <.o. .,.. .~> .......... ~v ....... (.. ... ......-.1 ... ~;oV>.-. L .. v w/.1.. w ............ .A. •• {~-...... . C .vt.!.t ..... } \..1 ~"'i./ tt., .... !:A.'{""~. L ... w /, ... _ ......... s. .. ..,.. 

b j . n ' ,-,,,-,,~, C\ 3? " 'Yl " . '4(i: rarel <).K relJector nas an !'lL; rauo 01 I_i,. () c{)rrespon(~mg to an aperture II ununatWl1 of i! .1, 

Michel's tlrst 30proach was to esfin1B.te the antenna dimrl1:;:;ions usitw ;jljr)foxirnate cCHl8tiol1s,Hc ~ . (,.,;.. .t t ... 

Inade corrections to take into account the fringing field, based on HK~ dielectric p~>.nDittivity o1'1h(: 

patch is rtImed to th\: different geometrical. ~·md electrical pa.rameters by the J()!1o>,ving equations: 

25 



penn!ttivity, iV is the patch\vidth, h is the subArate thickness and /1L is the fhnge t:lCtOL ;\t the 

tirne the study began, a centrt; fi'equency of 436 l\,tHz '>vas considere(L As tbe operating 

frequency was approxirnatcly known, a rdmivdy large irnped:.wce band'Yvidth was ne(>ded, .'\n 

air-ml?dium \VJS tlrst chosen to ohtain 6(; largest band>xidth. 

As tht,: bamhvidth depends on the sub strafe height h, amongst nlb:.~rpara.rneters, a large separation 

betwe(;n tlw patch and the ground plane >,vas chosen. A disL.·mce of 35 fum corresponding to n.os 

and (2.4), the physical length oflhe patch antenna \\'as calculated to be 296 Him. This dimenSIon 

patch antenna, placed over an infinite ground plane \Vas fed with a 50 n coaxial cable of 7 rnrn 

in.HeY diameter. The optimL::ation \vas then carried out \yith on(; port only to S~Wt? computation 

coaxial c:~bk teoi located 90 mm frorn the patch centre ,,vas chosen to obtain th(; 1)l?st inl{xd::mc~> 

.. ') ., 1 > • • 1 I .:j" !., '1 . l' '. I' ",. .-, ~ T! 1 le tma Geslgn \V,lS Sllnu at;.';c anu We JTSl.lltS 01' f. 1t SlDH.llatJon arc preseme(m !:'lgurc L . .). J ,<: 

flgure s!1ov,'s a 111inimulll value f~)r the return loss at 435 MHz It abo indicates an in:pcdance 



bandwidth (-WdB points) frorn 428 iYIHz to 442 jvHb. 0.2";::, around a 435 MHz cfntre 

frequency), The coupling b(;t'Neen the two ports is 1o,;ver than ···24 dB thrQughout the banchddth, 

Fig 2.3: S-parametfrs of the patch antenna on air over an infinite ground plane CVicheL 20(4) 

Kuchar (1996) ()f the!Jr;jv<.:~rsity of Technology, Vienna crnbarked on the desiED and 

impkrnentntiofl of a patch anknn<'l array that meeb the requirements of a base station antenna in 

il mobile communication:, systern..111J.3 array lleeded De: conveniiclllai beam t0rrning n<:twork 

because it VhlS rneant to function as a digital controlled phased array . The array consists of nine 
...... .... " v 

anttnna "VD.S designed to operate in at 2,45 (;Hz, 'vv'itb a required lnndwidth ot'S],) MHz 

A.p.;::rture coupled feeding teclmique was irnpkmentcrl This technique made It possible to us:: a 

the design of l.he anie:uu, THultiStrip and Enscmble~ yvhich arc both simulation tnols based on 
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th~ method of moments (MoTYl), ,;vcre tbl'd, AHeI' optimizing and implementing a single ekment 

antenna that gchievcd satislt-lctmv measurement I'esult~l, th~ antenna array \VcE; wnrb;;d out 
OJ' .....-

Port'1 2 6 '7 , 8 

Fig 2.4: Top vlev,<' ofthe 9-ckmem antenna array (Kuchar, 1(96) 

numbered. He used a patch vvidtb. in the order of W~, ;:~ 0.2/0_ Then a distanc~: of approximately 

Fig 2.5: Array configuration:;; f(,r 02)iJpatch \vidths (Kuchar, 1(96) 
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G;:;'16.46dS, 

Fig 2.6: Simulated normalized pmver pattern for an equiphased nine den1ent array 

Due to the H-phne array configuration, the E·plane paHt'l11 is the SalTle as fcn the single denlcnL 

The calculated lnaximurn gain f;::rf the nine element army is G "" 16,46 dB! . 

. Anitha and Reddy (2009) designed an 8xl patch antenna array fbI' wind pn;fi Ling radars 

operating in Doppler bearn swinging l1wi.k 'This \-vas an atternpt to provide an antenna with a. 

narmv.: beam {;)f 'hind direction accuracy. The aJuenn:.l array ,>vas de~igned to opemh~ in L.band 

band v-:ith a linear coni1gufation. In this design, coaxial feed \Vas applied to a square raj.ell 

conductcr of cO<t:daJ cable is connected to the nldiating pat!.:;h and the ou11.::1' conductor ;s 

COHn('cted to the ground plane. 



'ftc 11rs1 step in tb;;: design \Y'(IS to specify the dim.tmsinns of a single patch antenna. Here, Anltha 

The squarr-puich geometf~:{ is chosen since It can be arranged to produre circulariypobrized 

'vvavc:< Tom.eet the initial design requirernents of 1.28 GHt.: operating frequency and 9° 

beannvidth, yhcyb<L<:;('d their calculations on the transmission line mode! (sec ('quaHons (2..3), 

(2.4) Jnd {25)\ Tb;; dimensions of the square-shaped patch Jnienna denH.'llt \vere specdied [ron: 

Fig, 2. 7: The Square Pmch Element (Anitha andRf~ddy, 20(9) 

length. The dirnensions i:1frived at \vere g' ,:: 7Ji em, h ::: 3.175 111m, £r :::; 2.2 and a '" 9.5 em. 

Fig 2.8: The gXI /\rray Confjguration (Adtha and f<eddy, 20(9) 
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Anitha and R.:ddy then carried out simulations of the 1)atch antenna mTHV using fEJD sott<;\:are . ~ 

package. TIh~ H~SUlts of the simulations showed that th.: pateh antenna array exhibit::; a 20 MHz 

tnU1{.h,ddth , Voltage SLmding Vr'ave Ratio (>/SWR) of less than 2 (sallie as for a singl.e derm'nt) 

and th(~ maximun'\ gain reached 16.75 dBi at 1.28 GHz. 

Fig 2,9: Gain Characteristics of an g clement array (A.nWw and R~;;ddy, 20(9) 

Prin;:.ipd plane 2~dimensional radiation patterns at L28 GHz wer.: c(>mputtJd for a single dement 

.l' i' .~' ! ".. (' r J T· 1 l' i" .,. l' ". < ! computeu lor a requ.:ncy 01 .Lb .JnZ. f'rom t 1e <'m<l Y:SIS Of the (1(1tH. It \\'<'1:;; a so fC<lilZCa tn.al t 1C 

sIde-lobe l.evel is the l1h)st critical hK'tor an.d tb. ... lS. determines the operating bundv.iidi.L 

}I 



Caklf and Sevgi (2005), trnbIked on tb;;~ dc::;ign simulation and testing of low (;ost patch ,~mt'nna 

arra:./s. The~e arrays were designed to operate at 1)~ GHz band, \vith 35>' beam\vidth:, and 6(/1 

electronic scanning capabilities. The beamvvi.dths are chosen because they arc widely :Kccptabk 

ceLlular communicatiun co',/eraQC of large cities likt3New York ,md in bistorkal cit;,,:s like 

. ~, 1 ' ' , I 'jl' iI' I' . 1 . Lst~nO\l!, ',I.; lere nIgn XO ClIngs are separate~ oJ miITmV out (enselY occupIer,. streets. 

Lk;main (FDTD; based and in-house prepared anten.na simulation package (,:died f>A-PATCH. 

uf and to :;:.alibrate the simulation package (M-PArCE\ The results of sirnu1atlc,rn and 

e!erne:rt as the array ~lelDent as cornmonly used in patch ankrm<b,'Y'o meet the hlitial des;gu 

requiT(~n1(:nu of 1)?' GHz op~rating frequency and 35° beamwidth, they based their calculations 

on the transmissjon !int modd. Th.e length W<:1t~ specififd by ca1culatirJg the half .. vY(lvdength 

valut' and then :.rubtract111g a smaH l.ength to take into account fh~ fringing fields {s<;x~ equati(!n~~ 

(23), (2A) and (LS)}, The eJlective rebth!e p.::mlittivity 1S given by 

fr+ 1 . f·,.- 1 (I 1 ')\ , ( , .' 
2.".", = -~.~ +- ..:....~ -;= ........ < (V\! Ih ::.: 1) 

, ., Z :; \jl+12h/L' , 
(2,7) 
'. . 



Using ~qwdo,n (2-6'" eaklr and Sevgl ('vul.uat<.3d the tota! aImy length 10 be ! :;::; 23cm fur 35:; 

bea,n1',vidth. They then selected the inter-dement distance to he half-wavelength. f\t tboi;~ point, 

. .., -") "" f 'I ,,~i) t '-1 • i '\ ! I 1 ' " H1I~ ~)x,~ array \yas IOu,nu to ~,(ltlSy 11<: J) oea.rJn.\il{:;ttl on oot 1 planes norma! to t 1t~ patcl1 snrrace, 

rr""1~ tl,,,.~,, flDr)''<)'V'j'''''j';':P r Q !p",k"l'j'nJ1" tl1" "'ll'n1"rl~;"'il1';; ,-,l't",I'< "") <C'j",,-,,'j:'ja, t),>;:l 1"''''''''\'' "11t""'r'<)1~' e;"11'<{-"I't' A • ...... j; ...... J"" .. -vlo.o.· ...... 1 .::..l~~ .. ~'"}. .CO_ .............. v<.-~, \..) ..... ~ ". '-:: .. 1 ......... ... ........ _~ ... i."': ..... v LL ...... . ~'1.w\..-!- ..... · ,~ .. 1." ........ J ,tJ<.-)t\.-.... (.t. _ ........ ,. ... v ... , .......... 1 .... , 

>.vere sPedJ.ied as rvz.: 5.52 crn, h =-1 11111'1, e..,. "" 2,2 and a:;;:: 2-758 em. 

, 

"""'''~'''' 

'~ 
~: .., 

~._,~~ .. ,"._, .. ~ __ ~I .. tr; 
Fig, L 10: The 3x3 patch array that opames at 1.8 ({Hz- and with 3,)(> bearY1\vidth 

:~ 

',{' t,"·".' 

.. ~., 
' . .. / .; .-::', 

.... 
(} ..... " 

""" 



2,6 Genetic Algorithm Optimization for Circular Patch Antt:-rma 

Merad d £II (200J) proposed the application ()f Genetic Algorithm (GA) to the optimization of a 

• 1 ' i 'I" l' h i" i" , "' h' '" 1 "1 ' L urcuJar paten mreHna. Hey' emp1aSlZe tee' lClcncy 01 t IS opWnvatlOn a gorn 1n'l \vnen tIle 

g.oal is to find an approximate global mas.imum in high dimension,multi-moda1 function 

domain. They alsu .stress that the CiA method, is ai.)le to optimize difTerelH natural variables and 

i~, the most versatile approach to optimize the physical and electric parameters of the patch 

'l'" ~" .', " ' .. , . ! I r-.,. l' nnten.rw. . tk~ (\}ncept 0: ine <..rcnetJc h.lgorrtnm myo ves tie Us(; or opUnUl.atlOn ~<'(U'Cll stfrtteg10!' 

prttterned after the Dap .. vinian notion of natural sel.ection and evolutiun. 

DUring a GA optirnizmion, a set of trig! solutions is chosen (ind C\'olves i.o\vard an op:.imnl 

soh.H)on under the seiecti\'e pressure of the object fimction. Ivferad d ai listed in th~:ir vv'ork the 

{'lV'" 'i,,,,,;,> t~1d ... :" rl'at ,> (~e'Vd-;,> /~ l,.Yi)rl't",yrl I''''t;t·l·)t'"",,· Y,l·l>':.::.t liP :>1\11' in l-F,·.,·i·;'lrl·'n '''', f>,lj'(),V'< I .. v · .. >'<.?h ,~·.'''.v ,., . >,' '" ~."."'" • ·u"", ... I~ ... ')1" .... • u_ .. , . ".", . ~ "." ~ ". .. <,. >.h . ~ ............. , .. .. 

a, Encode the solutiun paranwters in the f(Hm of chromosornes 

h. Initialize a Aarting population 

C' I !' r . ""J I ., I' c.. 1:.\''1 Hate mK assign dtnl;;":Ss values W HK!lVl . WilS lrl tnt popu aLton 

d. Perfi)l']n n;;production using fitness \veighted sekcrion of indiVIduuls frum the population 

(;'. Perfi)r111 genetic operations to produce memhers of tile nex.l generation. 

The genetic opemtions perforrned are listed in the foll(l'v,;'ing sub-paragraphs and reprC5etlkd by 

Each individual is selected using its fitness ,,,due. Reproduction is n.'pre~,cnkd by the ad of 

duplication of ead"! individual hased on the a'v'erage oflhe perfonnanccs ii.)f aU the chromosornes 
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c,f population. Then individuals vvhich gi\e the best results hm';;:: <'1 good pf0babiLity to be seietied 

2,6,2 Crossover 

A.Jkr reproduction ',ve have crossovcLf.his is aster ,>vhere i.W{) randonlIy sekcted chrornosnme 

strings are each cut inio tVi/O and their ends reversed and crossed to create tv/o new chromosomes 

narneJ childn.TL 

Genetic AJilorithm Process Uvkrcld et aI., 2003} .,. . 

j\;iutatlon is a process '>.\,hereby a bit value of a chromosome is r:nodifl:::~d randomly ',v1th ~l smali 

natural theory ofmutatir:lH according to Darwin. For the circular patch <.mteJ1l:;J in question, 

Mcmd ex af (1003) resolved to employ Genetic Algorithm fl.; fin,j thc vaiue::: of lb: three 



They ,.::mployed equations 2.8 and .2.9 ri..,f resonant f1-equencie~; of T~\ilfnr: modi.' of a :,;in:.:ub.r 

racii!lnJ elernent 

(Z"t'" ·c 
:::::--~ 

2,rr.ae,·\!{;: 

G, [1 + 2!L (1n IT.a + 1,7726)J1.12 

[f.,Q·"r \ 2If, (2,9} 

1/' 

Here an"! repn.'serHs the nr" zero of the derivative of the Hessel fi.mction of order n. C IS the 

Pd.r;;U1';etcrs of thIs antenna (in H and a). In the first phase of the Genetic Algorithm process a 

This rnmrix contains a nUlnt)er L X C of figures () and 1 such that L. \\hkh is irK' numbcr of lines, 

simdc binarv codt~ used, Each individual of the nomdation ,vas then evalLwtcd hv ca!cu.htinQ 
I' " A r v '.' 

the function of adapwtion of ea.r:.h individual using the fcnnmla hn gene decoding witb Iv bits 

() Hi! ........... ,. -'.1 

c· , • l' j" I 1"1 '}'j i) . >'" . , ()J. oraer j a ong inc gene c()rreSpol1rwg to I. K' parameter r. W vecior A ot.h<'lmeG \vas Wen 

charw:teristic.s employed are: 
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a. N'ln~r-'''!' nl"'h;,'<'; !;)'" ",.,A1"!'HY ('d' ii'" par"'lu",t'''f'' ;:;: 16 "' ....... '.) ............ ...... 'L~ . s ... .-' ....... ~ '5 ..... .c.".... _ .( .. ~ _ .... ·.·v 0, '. 

D. Num.ber of chromusorn(;s by population ez 100 

C, NUl1ib(;[ of gencrations :::;20 

d, Probability of CfOS:H)V(T::: O)?, and ProbabiPty of mutation ::: 0.01 

Tbe resuits of optimizatiotl ol.)tained <Ire cr ::: 1.36: Hz:: O.} 5 em and ({';; 1,25 crn 

of (l patch antenna, \vith circular radiant dernent and a coaxial prcbe ieeeL They conduded thay 

f\ " I Y ,., \ 'I I' , . i "" , I (J1e i"1pprOacn nas t 1e anVB-ntage ot escapmg tne !I,Ka, so utlons anG, it pwe\uceG gKHXH l)pLma! 

H.::suhs \\·ithoui req,uiri1l1'!, a Qfcat deal of information about the solution domain. Fkurc L 13 ...... ...... ...... 

represents the evolution of the desired rc,':,;onant fl-equen(;y during the optimization phase. 

r··-···~--·')···~·····~~--·e····~·····"""""'---)····""~-···· .. ) 

~} . .. ,: ~ ·-::~:~··~····~~:··· .. ~-·····~;···· .. -:~ ...... i 
J !} ~ . l ( : ( : • : 

~: h'I" 'J . :- .. ; . -: .... ~ .. ' .. : .. ~ , ..: "i 
>"'t } -, .. '" , . ~ 
~ ,,: ~ ..::" .. ... ..... .. ..I 
~ + i: , '- ' " , ' '1:.:, 

I : +-! .; .. -: .. ~.. , .. :.. , ....... , ",'" 'j 
: ~ ,: 

:: .~L---.. __ ~ ..... _~~ ..... :_~ ...... ~~ .... :.~ ........ ~~_ ... : ..... ~J 
::: .~ .~ ~ :'5 ~(.: ~ :s ~s :.~ ":.0' 

2.7 Design of pattb ~ntt'nHa~ for sateHitc appHcatkm 

En:l (2002) of the Naval Postgraduate School Monterey, Calibrniu cI~'1bark<:d on the design and 

~,atdIlte. The pawh antennas were to operate at 1.767 GH.z and 2.207 GH:,;::, for nx::,+ving and 

transmitting r(:~:;p<;xt1vdy, The antennas were dc~jgned ,<vith V8rlOUS constraints being considcfiXL 
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The receive 8Jltcnnu is to operate \vith j 87 MHz b,m£.hvidth while the transrnit antenna is to 

operate \.\/ith 310 I'vlUz bmdwidth, The Vo1tage Standing \V3ve Ratio (VSWR) of the two 

:::n!.ennas should be 2: 1 or ImveL Input In'lpedance luust be 50 Q. Additiunal dl;:~;dgn requirements 

f()r dw NPSAT I satellite antennas alsoinduded strict dimension restrictions thgt the antenna 

dim.en~;ion rnU:3t not exceed 10 em, This \VilS based on the rnission requirenlt.'nts, 

To i:lccornpHsh thi: thesis objective, Hw sofiv<:are utilized wus CST Miero'wuve Studio.Tb;:~ 

:3IJ1hv<lre \vas used to completely (kvelop, test and aw1yz!,? the RF characleristi.cs of the patch 

::H:!.f~nnas and to determine the untenna paraml;;":krs krr optimal pedi.mWll'lCe, The CST Mi(TO\'v;';lVe 

Studio is a spedalized toolbr tast and accurate threl;.' dirnensional dectrollngndic S111":ubticr1s 

"h' . i' b' 01 19.h lrequencypro . 10ms. 

The d<.:;sign proc!'?'ssinduded Ow dectronwgnetic. 11}<:)dcLng and simulation. which included 

Studio software (see figure 2.14). 

:': .. " 

."': ~ .. " 

.. ; ~ ., 

Fig. 2.14; 3-D Plot of Directivity for receive anlenna (riglu) and transrnit antenna (lett) 
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The sirnubdol1 results shmved that the proposed antennas smist\ the 1',JPS/\.T1 requln:rnents, 

lob.: levd of 1 j ,6 dBi and. the maximurn }lain f()1' the twnsrnit antenna ,<-vas 8,8 dHi vv'lth side-lohe 
~ . . .. . .. 

SUpp{l~ssion of 15.7 dBL 'rl1e Department of Defens~;: (DOD) then. proceeded. on tLe 

implementation of tlwS(; antennLlsbased. on th(;se acc~.:;pt}'lblc results, 

1.8 CyHndrkai Patch Antenna Array 

Ke~Aibmmi and Kivikoski (2007) of the Tampere University of Technology, Finland propes<..:\.1 :t 

tbret'-e!<.:,Tnent cylindrical antenna array for 2045 GI-t,: Radio Frequency li.kntification (RFIDl 

(lpplkations, Radio Frequency Identi i"ieatioH consists vI' three components: a transponder ~}r tag 

using radio frequency signals and a host data processing systern that contains the int<>nnation of 

th~~ identified item and distributes the inf;::rnn,ation hetw(;en other remok data proct~:3sing 3vstem5. 

For the tag, an omni~dirfctional antcnnai~:; preterred to ensure identification frorn aU direcfions, 

i fle dil)oie antenna .is (;mployed in most cases but it has the shrntcoming that it cannot be 

Keskibmm.i and Kivikoski (2007) thus proposed a;::yEndrical pntch mrtnmLl array as a sc~1uUon 

can be '\vr;Jpped around the rnd.:d object or the metal object itself em be used as a ground pla.ne 

softv,m~~ based on GrIik dement m.ethod (FE\f), 
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The 5ubstnrtc nmti:rial trnploY'cdin the modeling v,as a doublt:>sided fkxibk PCB, having 

thkkne~,s of {),236 Hun. The didectrk consUnt of the substrate >,vas Er ::: 332. The conducLivc 

materiaJ in rh(: llJodd >'Nas 35.0 ~nn thid;: copper. Three square patch eknx~nts v.;ere equally 

placed on cylinder :,;urHKe, The three coaxial feedpoint;~ \vere located 1200 apart. on the cylinder. 

'l"~ •. ~ {' +1 I' d '6'''' f) j 1 ! . I' . 1 f") ", "1'" " nc (llanW~er 01. :t'1C c.y m. er W(l.:3 q :::: ,' .. mrn ant tnc l1CIg II \va:,; i(:;c l.1(.0 mm. 1 ne Sl.7..C 01 

the patch deme.ntwas 3.JOmm x 33,Ornm. Inside of the cylinder \VUS ,i continuGus ground plane 

The antenna anav was bbric.med along the dimensiom, li0111 the model of the simulation 
~ ~ 

SOt'tv,'ilre on a fexibk peR The 3D Vlev, of the 3-ekn,em c):!indrical pawh antenna army 

iiH~<;fl,-"l n";110 t,i·j.:, ';:1'1"1t:b,ij'(111 <~(,.r~V",'l·i~ 'I'" ,,1~n""1 j'I1 Flg' t'I'0 ) 1 ~ .... i.)~ .... " ...... .................. '.-.... ~~ . ... ,.. v ... .10- ..... _ ....... .l$.t ... (.... ... ......... y~.... .._ \0 ~ ............. • ~ •• 

Fig. 2.15: 3D Vicv.; of a 3-dement am;!y t~lkcn from the sirn.ulatio.n sof'tv.;are 

{Keskilammi and Kivikoski. 200T1 
\.' - '." 

The re~:{mant freqw.'l1cies of the elernent::; are 2.45 unz, 2.46 (fEz and 2.47 GHL The s~ 

fJ<U'2.mev;.;rs and the radiation pattern of the antenna arrav 
" 

111 an 

t'kctrom.agnch::ally anechoic antenna l1K'(J3urement laboratory [('1' three operation modes. The 

measured values V{'eTe observed to compare t:lvorably \vifh the sinwtatiow·;. 
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15} Cirrular Patch ,Antenna Array for C-Band 

Kedltkar er al (2008) embarked on the (ksign, construction and test <Jf an array of circular p!ltd1 

':lnteJ,Ums. The antenna was de:3igned to be used in altimeter system appLi('ati{}ns, in the Cband. 

The aim of this antenna construction \Vas to obtain a gain of ! 2 dB, an ac('cptablc pattern, and a 

n:asonabie value nfVoitage Standing \\lave Ratio (VS\VR). The selected antenna here is a patch 

antenna arr;~y consisting of fom equal circular denJents \,vith equal spacing, placed in th;:; H-

"rhe ilrst Skl) 1n the design ~vas to t'>l)ccifv Lh(' dirnensions of a sinl!ie patcb antenna. The cavitv t ~ " . ~. . ~ 

and substituting these values In equation (2,8) to obtain the patch radius a::: 1,25cTfL 

Keshtkar e! u! then crnployed Anson Ens,~mhk 8 soHware that is based on the method of 

rnome-Ht;;; to simubtt> the c:in:ular pi:1tch antenna array, Tbe spacing ((5) co, d arrived at hct\'Vcen the 

the foUo\ving equati<)l1s. 

B~lIFN 
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EWFIJ is the beam width betw<.7en first nulls and HPBf-V is the half ... po\vcr-nearn vv·id1h. The 

designed antenna >,vas then cornpletely anal)"zed using conHl1en.::ial HPHigh Frequency Structure 

Simuh1tor (UPHFSS) sothv<ln\ FrotH. th,~ simulations a directivity of 13 dB at 4.3 GHz VV;}s 

(;.chirved with the main lobe in the broadside directioD,with the 50·degr<.7e UPB'vV, and 25dB 

SLL (rmio of the maxilnUID value of the largest sid<.7 lohe to the maxim.um vdue of ulain lohe) 

(see Figure 2.} 6). 

Three-dimensional pattern of the patch antenna array iP:;;;O° and ¢""'9((' 

simulated \vith fhe HPHFSS 5.4 (Keshtkar et ai, 20GS) 

ernp!oyed tOH1aWh the patch antemw to a 50 n coaxid pn)be k<.7d. The dielectric materid has a 

. ." '. .,~ ~ •. - J • • " f ,\ , ' 'J'1 I t· t-';' . . 1;' pCrm,f!.lvny ot .: .. J3 ano a tnICl':.n.ess 0 \1.,(; ern. Ale 3Uy:.trae O!JllS anknnals l,l<i(f;' (}{ 

RT/Du.wid 5870. Tc~;ts and measun=;U1<.7111S \Vi.'l'{.' carried out on the patch amenna Hn'Dy. In. th~ k:;t 

nroc\,:·s::>. the antenna D£1ttcrn and tb::: vab.H.' of VS WR \vere obtained. The g.eornctry of 6<.7 circular 
~ " ~ 

... "h , ...• -, y, , • -,. <. ;., "h' , '. ,.' ''''If > '1 1"'1 p~t~~ u.J.lct:n:.u dll ~1j J.:-; :-;, own II) J.l.b' <':':",.1 I, 

4) 



Geometry c~fthe anay of circular patch dec'1cnts (Keshtkaf d af, iOOS) 

Ant~;;rmd mdiation lwrfonnance wa::; mi:asured and recorded in hvo orthogonal principal planes 

gorfi.l p(;rtOnnanc~ in terms of r~;;tHrn 10% and radiation. Good agreement was obtained ly.~tw~;cJ:) 

2.1 H Circular Patch Array .Antenna for KV-hand 

L;.li et oJ (2008) propos"xi a 36 - element circulax patch antenna array to operate .in Ku"band as an 

<'wd 40.3 dB for 05 111. Tbe patch antenna arr.ay perfi.}rmance in this hand was li."ltlnd to be able to 

compme f~rvorably with the dish lwrfonna.nce and it also has its inberent advantages such ,is 



the gain" pow"t.:r. radiation pattern, and S~ paramer<:rs Df the antenna, In this arrav antennzL. ead1 
. " 

dementi;;; connected hy a microstrip line \vhich tf<'tnd~Jnns the in1pcdml(,c ofthc patch into 50,t 

:>} '··r···· ..... -,-, ............. ~-'-.-........... ---..... .... -................ v .. • ...... ·_,.,.,._ ••••••••.•. ~ •••......• 

",1 /"_" I 

~; oj f\/ \ /).1 
~::1 { V V \ I 

~ ,;:. :·l",.-r' .... i .. "'--T· ... 'T~-T·T" .. ~.....,-T·· ... ·T--·7--T·-,-.. ·i 
n.:· ~."':; L ~-.. ' 

n ., ., ... .~"'r": .::;:, ... ~ 
'-", (.~;; .::;, ' .. 

::.:.:' (> (.:'.' ..... ::.:.:: . ..) 

r' ., 1" 'r-- ... , 1 1 (" " h . 1 1 (I" .) -( ,., .ng.;.., g; tH: 01fnu ate( . .JaIn or L e UTCU ax pate 1 array antenna .• a1 ef m,.J) liS} 

Tn..: paich antenna arri'l)' 15 crrrpofate fed (see ::;rction 13,1) \vith earn elemul1 connected to the 

shapcd-!x:am an·a)':::: .. 

reS(mHnc'.;; at 1 g 01lz, Lal C( af suggesfed that the gain can hi': improved hy jncre~lsing the number 

the Circular Patch Array Anfenna has very narrow hanchvidth. 

2.11 ne~jgn of a Cinular!yilolari:zcd Patch Array 

Unlversjty" Ankara ernbarked or! the design of a series-kd circularly polarized patch anay that;5 

t{) ~)p~;;ra,-e in S~band. Tbis i.mknna array ".vas to be u~ed 05 a sub-array for a ground-hased 
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ant~nn(l rc~{:iving &ignab horn <l LEO (LO\"\: Earth Orbit) satelIik A squ,w.:~ pakh antenna 'Nas 

ehosl;;n as the array dement <md the circular polarization 0l.wration i~l obtained by feedinQ the 
, ~. 

antt'rma ;;vith t'vVG slots placed orthogonal to each other and excited ;;vith a 9(t phase sbit'LThe 

end of ttll;; feed line is V.Tminated v:it11 a matched toad to irnprove the bandv·.:idth of the <l.nt~11.mL 

first a single slot-coupled square patch ;mwnna opemting at 2.21 GHz \\'<1S design~d by using 

thkkni.?5S of the substrates {(if the feed line laver and tht' p<llch laver are (hosen as " . , 

respectlv-ely. The \vidth of the 50 W transmission line was calculatl.>.d i.o be 1,72 mm. 

To obfain the resonance hequency of thi.? ant:~nna ui. 221 (JHz. the dimendol1s of tb: square 

After :whkvinQ. a succe&sful desi(~n of a sinuk antenna, Alatan sdt,cted a serle:'; fed 8-ekment 
~ ... : <: .... -

antenna Jrmy conilgmation f(}f the design. All the antenna dements are f~xi in-phase to obt:dn 

broadside radiation Ensemble Soft<"vare \Vas used to deVelop. test, and an;dyze lht~ RF 

ch;:tracteristics of the patch ~mtennas and to determine the c.mknrw parameters f~Jr optirnal 

From The shnulated radiation p;;,:xtern plot at ::.21 nBz, Alat,an dis,,:;overed that Right Hand 

CirCllJ;;l{ Pobrilmion {RHCP) operation ,,vas rm1imained for th~ 8~denKnJt array dt'sign with a 

:Fe 2\;';<> adjusted sllccessfal1y so thaJ the <'tn-ay provides broudside rudianon, The mdi}Jtinn 
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operation ',vas pn;.:ser'v'ed v.;;ithin the 20 MHz b2H1(hvidth. Th<: :sim.uiation reslj.1ts obtained lw 
- " 

Ensemble, implies that the design goals arc <:Khkved, 

In order to i:Khieve maxinwm gam and maXlUllUn dJkiency, iHLUlJinat10n loss should be 

aperture' of the didl antenna ( \.\/:'lck, 20(3), So, more energy is required at the dish <:dgestban at 

tb,:, "":'11,'1' !'i'I'C'l';<:':: tln'" "i'j'J":" ',',"" r",,:I'ji',. :n ':')i' fl'e,J l"'l"c't'I''lJl 't'1'1:'>J'-1 j'l..," ;-'e'l';"" 'r'}11":)" <.:l·,rPIL-l ":';"1 he •· .. ·v ..... · .... ') .. w VVw~ '".~(...... i'.v v-.. b .... ·.~ .... ~" ~t.u.~l V~ ~ ....... ~ ........ w .... J J~ .. . V!- .~~ .......:-. 0:. ................ ~'\.t"...·, •. " .,. :\.., ",) I":~!,.J .• • , ..... 

(lchkved 'without any energy missing the retledor to dim,in<'lk spillover loss. This IS not 

practic8Jly rea1izahk using. conventional keds like the horn. 

1:::--/)",\1 to." 1'''''1' ""'v'\."d '\?Ol')"" ,,,,,, ,:.;,.t"nov: 1 "'-,'< ,),-:. tlle f<,>,~t ttl"t '11>~ !'l""ln )'v:;''''1'11 'Yf-'l)~l;'i'l' a"if'l'J'l:'> "lr1"1.\i<; .~ • ... l,~ 'C""'" ,~.\ .... , .. ~ ,'l\,." , .~,.~:- (,,'\.. .. ~ ...... t ..... l. .:"I! • .-....' .... ~ov ....... :~.v .... (...,.~.~ .. ~ ........ < .. ~ !.:'c .... t,. ..". ~"'" ... . ~ ...... ;. )'~ ......... A ~ (. (.).;1 

d~>sjred beam width (Cakir and Sevg1> 20(5), They can eVfl1 be designed tCJ ,;,;omply with 

(ksigned for a dish antenna starting fro!'}] the design of a sing.le patch array clement. 

Attempts are made to tal lor the p;;lzcb antenl'l;'~ array ieed to provide radiation characteristics l1un 

"vit !cad to l)erftct illumination, maxin.1llnl !.~ain and maximum cfficifncv hv v;Jrvin"'~ the eIerncnt 
-' "-' ,...../ ~ ....... 
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( "'H· ·Pl'·v R 'rH··I'l'P"I"' / . At\.. c..: - . .. .fi.r~ l~ 

3.0 i\-lAT"ERIALS AND LV1ETHODS 

3.1 The singk~ patch antenna ~trray dement 

The fIrst ~,tcp in the design of:.'1 patch antenna array i:3 to specify (he ciinlfllslons of <l sing);;; patch 

4!W;nna, The ylJatch antenna can b.,; of aDY star,e. The airn is to choose a sitTlryk rieometrv fix tbe 
. v. ~""~'" 

thkkness h as SliO'>",'11 in figure ], I, 

The most popular m.odds ,kif the analysis of patch antcnnns nre the tnnsfniss)on lin;;; rnudd .. 

cavity model, Gnd fUI wave nlodd (Babnis, :::005\ The transmission line mode! is thc :3implest 

1 ' .1 l • l' '·1 b" ,. ·'I'h ... P j 1 ., an;.! grves goou Pl.1YSlca.! mSlg H ut 1S compwx Hi naturc .. t C Hitl, \vavt' mot e.;" an:: extrenlt!.Y 

accurate and versatile hut are f~r more cornpiex in nature, In this project, the cavity H1<)d::1 is 

,mDlied to analvz;.:) the circular patch antenna >llT}y element. ~ ! :/ .( b 

There arc three essential parameters required tor tk' design of a cin..'l..li3f Patch ;,\nteuna, The;~~,;: 
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"'~~"~";""" ... ~ .... ~ .... ,,« ~;:'<"";';'}."~"""':. r...·.) 

~: • ~~ ..... ':,;:' •• i~ ~\'::S·' .;;.;. ~g .. ::-=-~~ 6!":·:·~'!t._;j;! 
··L....... .. ··.;.."··""'''Tw'''.'~ ............... ~='' ......... '''.: 

G:t\.,·;!":1(! F:""~:;t ----.-.··~H~ L ......................................... f(.~:.: 

Fig 3.1 : The single eircular patch antenna dement, a;:::; 0.88 em 

The resonant frequency of the <mtt::nna m.ust he selected appropriately The an1cnna L to hi; used 

n.}f satellite communications in tbe C-Hand hequency fJnge that is 4-8 G·Hz. Th(;refore g 

)" I lb" ll' l' . . . . .! . 1 '1 "01' t 1e pate.1 antenna to e pm1 ot a sate. W.' pay oa<1. Ii IS essentIai Hw-t We antenna 1S not )UL';Y. 

antenna is made of RT/Duroid 5870 fron'l Rogers Corporation. Thi" mmerli:ll has a relative 

To m.inirni1.0 losses and maximize t[H.' radiation eflkiency of a pmch antenna, the thick.le% of 

(.3 1) 
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h 5: L6nun 

DidcClric crmstalH of the substrate, f;, '" ::'.33 

Hcight of dielectric substrate, Ii;:: 1,6 rnm 

and Ii is in centimeters 

B.791X10'" 

0.9599 a:::::::: ~~"~_.~~""'_., __ ::. 
f ;l>:(j.16 f· ("rr:y.o.9<;99'>l' """"""1")). 
1 'I +:;;"'::-;;-;-","',~7:;' m -;:--''';''';-::-- ,->, '1.,' i k. ('1 f' '. "X.<,.)_,X.l,1.,)" ' . .:::-;C",,) / 

Thus, l1w cstirnatcd physical radius of the sing.h:; circular patch antenna element a 2:. 0.S8 ern 
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lk[{in:: we pro>.'ccd on the de$J.fJ)1 of the patch antenna array, we h;:rve to select the dish anknna, 

Th::.' dish antenna ;~eIcction fiJf the nurnnse of this v<'ork is b<'lsed on the FD ratio fse·c section 't"' >! . '\ 

L t.7). :~Ao5t conll1'lcrcial micrcn:vRve antennas use au .FD ratio of 0.25 to 0.38, with 0.32 to rU6 

tlH.' rnf;:4 eom.mon (Singer. lOO] j. 
'. '-.' . 

Thu~; an F'D ratio of CU6 is selected. From basic dish. antenna Q,emnetry (tJrf,Ure 3.2)" the Dx:ai . . . ...,. ~ ...... 

diA.ance r is related to the diameter D of the dish by iPietrosemo1L 2(04) 

nt 
F=_v_ 

16;v~c 
(3.7) 

subtcnded by the dish at its f<.?Cus. 'This represents tbe dish apertun.: iHumin,uion. Frorn the 

[ 

/!y\ . 
i-' 

tan 8::;:; :'2/ 
1''''17 

0·8) 
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Substituting the values and expanding the equation, vve have 

l 8(~') 'J itr)erture f llwnination ::::; 2 tan~l -, y); , 
t· / r " 

16! .... j ~ 1 
. \})" . 

TlH.'rebre, it can be deduced lkil the aperture iIlumination of any disb is only determined by its 

0-10) 

This me,aH:3 that the sdeckd FlO ratio of 0.36 corresponds to an aperture iHl!11Jinmion of 140u. 

For J di:;;h i.H1tenna, i:eod sel.ectIon should be done-in such a manner that tht.3 h:.ed achieves a 

(:{Jrnprom_i:.~e of illumination loss and spillover loss ;;vhich yield;;; maxirrmn1 perforrnance. The 

traditional rule of Hw thumh fig this compromise is thai. the bcst cfGcil.~ncy occurs \\,h'n OK' 

iilum.inmion em'lTv is 10 dB dovv'H at the edge of the dish {\Vw:L:\ 20m)". In order to re,t)bCf _ ~. ' t 

(;on';;ent!oud feeds by <:1 patch antenna array, it is important that the array provides sirnilar 

fadimlon pattern to the convention.al feeds {i.e, up to -10 dB beannvidth\ 

Y I" h 'l' ; 'd 1 ' " \ ' ; ! '!"\ ~ ! . In t 11,:> \'-"OrK, r\vo apprnac, eSWl 1 ne comH eree In SOIVHlg tHlS prOtilen'!, ,1ellr51. approaC!1 IS to 

(J.Hempt to eliminate iUumination loss and rrw-ximL;:c gain. Therefore, fClr the dish antenna >xith 

P'D of 036, the pm,;:h ~mkn.na array fe~~d m:.lst provide ;J bearn \vith mdlatJon pattern such thai. 

(see ngl.lre 33) i~; sekcted '>"'ith a broadskk radiation p<ltkm. 
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Frg 33; The 8xl patch anknna array ked fJf 6 GHz with inter-dement spacing d 

L 

lL 

In -n.1C 2XHty dements btve nnif(xm signal excitation arnpliturh 

l\'. 

v. _All ilK' eitnH.'nts in the array have identical pattern:t 

Th'.'. array confh~ufation is sYmmetric about ihemjd-fh)!nL ........'... .t 



The iir:~t step in this ar:>pro!lci1is to calculate the unif(lrm array inter-element dista.nce that ';:,;iH 

give us our n.x:;-uircd bc,:lw\yidth of J40!) wi th uniforrn norm:\Jizcd arrav den-lent excitation 
- < " . 

amplitude. Then the Genetic Ah!orithm (GA,) optimization kchniqtw will be utilized to vary the 
• " '. A • , 

• , '.' • !.. <. !. 1b" 1 I r:n1l,mWm sweiOoes <1nC! nWX1nmm energy ern tne mam 10 eWl' toe pate 1 antenna array, 

},:12 Modeling the inter-dement distanc€' 

rhe flrsi, nuE beannvidth (FNB\V) lEi selected to rHmUnlze iHurnination los:';, Bemnv;idth for 

unih;nn arnpiitude bnx-ldsLh:: arrays can be calculated by the i'oIlov,:ing relation (Balanis, 20(5). 

(~Ll1) 

'vVhere On is the Hnit nuB bearn \ddlh, J is the wavelength N is tlw number of array elements and 

symrnetry about the rnid-point t~Jr the broadside configu.mtion, \ve can say that; 

(3 12) 
From frigcmometric relations, this becomes 

(3.14) 

For the C>band patch antenna array, the r-=)sonant frequency of 6 GHz correspond::; to <'l 

f eus) 

Here, v ,~: speed cd electromagnetic radiation ::: 3x J OK rn/s 
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(.Lt6) 

Figure .3 A-: Aperture Illumination ::: First Null fk;am \Vidth (F\lB \V) 140'; 

3.4 Cencth' Algorithm optimizathm of the patch antenna army 

For thl~ patch antenna army, G(~netic Algorithm (GA) is used to tailor the design in order to 

(FNB\\!} In this (;<1.8(', the design probleru consists offinding amplitudeA.apered weights dut give 

H radiationpattem wi.th rninimum siddoh:;=: leveL The Linear 8x 1 uniforrnty spaced broadsid.I':'; 
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(:xcitation around the centre is adapted. 

The optimization method \vas based on real~coded genetic algorithm (GA) v.iHh ditkt strategy 

f(.lf the (lIlkllHa excitation amplitude tapering. Real-coded GA. uses t1<xni.ng~point nurnber 

r':;presentation l(X the rcal variabks and thus is tree from binary encoding and decoding. 

(\Jichak;;vlcz. 1(99). In n~)ating-poinl n.:present:1tion, each Cb.:lH11o:';ome or individual weight 

vector represents e.\citation mnplitude vector of each patch antenna <.JenK'l1L /\ iJo;;v chan 

:,n:,p 
R ';":'~'~}:..;,.:, l ".:j: .... ; d':~ :.( 

Fig 3.): FJow char! of the Genetic Al.gorithlD Proces;~ 

JA.2 Step 1: Henne Parameters~ .Fitness function 

U!1c:oupJed (coupling. causes variation in tbe eieruent impedance,. refle<.:.:tion COt'ffici<znts, [md 

(lverali antenna pattern in <:1 finite dement arr<ly) , syrnrnetrically' situated. conjugated 
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,;vavdength apart dong the x-axis, The army fador (AF) l{W nonnalized, linear, uniJbrmly 

(3.18) 

Ci.,,::: amnlitude excitation of the nth dement 
" A 

d:;: inter-denlem spacing 

o ::: angle bi.?tween the axis of the array (z-axis) and the radial vector frorn the ongm to the 

vector lV :'" (ax a~: ",' an) 'lv'hiehi:;; the 'vVeightvfctor constituting the amplitude-tapered wdghts 

siddobe levels f;JI' a specific first null beamwidth (FNB \:<;/ '0:11i<.::h in this case is 140'< 

COHsiderimr the C<'lH,' of broadside array radiation viith the main lot'le maximum mdidtion at 90()~ " , 

\ve relet to the addition of the average (,ide lobe level bct\veen···ni'2 arld the first null bet"(>re tl1l';; 

boresighl 
after the 
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(3,19) 

so Dnly one is enough to evaluate the fitness function, 

Each chrornoson1e was used to represent a patch antenna ekrncnt. Each gene of an i.ndividuaJ 

d';l"omoson1e 'S[)5 w.wd to represent the excitation amplifude of a single patch antenna array 

element, For a liw;;ar array of'S' WJtenna dements an initial population of P individual 

i',loJ''''',r'"''''~'<'!11~<>'' i ~>'1' 1~! :'fUE~;"~ ',f"ct'"l''' 'J' e('·l."~ .. ··;in.c;l·st; ')'~ pt'I'»:f 0"lV'<: "V"<;( -r"iTlr'pn' l" ?i'1"?",''''pr,.1.T.!1.;~ ....... { ...... . d.V_:S~ . .. ,-.• ;> ....... s. ... ·~c\"l ... ~. ~~...... . ............ ./ .,J, ':> .... vn, .......-". _-' ~ .t ... ;;;. •. ' _ J.>q; b ..... ' ._ ...... :I~ ~. '';:'-0. .• ( . .... ~ ,.-1. L,,'f :::- ..... _' ..•. d .. n ..... _L _ ~ -.-. 

nonnaiized values of the excitation mnplitude arc being considered here, Therefon.\ the 

j'\-V'] 1nlt1<11 population(P);;;; : 
v~/p 

v.;here the a1l'mLitude vector (chmn10some)' lA/ :::: {gene 1. I . . 
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probkn'!, itb equivalent to starting'Nlth randomly generated vdue:3 for the array paramrh;G 

(ampllwde {.~xcitation3), "vhleh wiB be I.ktermiD<..xL Solutions are r.epresented v\:ith vecton, of the 

paramder valw;;~; as the initial population of th~;; GA. 

initial population :P chosen" p"o: IO {::hromosornes 

TlK' initiRl population nwdomly generated: is a matrix of dimension lOx g shown in equ:''ltion 

(3.l8), with each royv corresponding to a chrornosorne and each column in a chrnmo~,nme 

corresponding to the excit.niol1 anmliludc of a single antenna (patch) dement. 
~ , 

rO fP47 (LlS76 {}.6557 0,7060 0,1·387 0.2760 f},7S1.3 OJ3407 \ .. c ~ , 

(L9058 {},9706 lH}3S 7 0-0318 03816 0,6797 0,25S'1 0.254-3 
'CU270 0,9572 0,84·91 O,27fS$J 0.7655 0,6551 05060 0.8143 
10,9J34- OA85·1- 0.9340 0.0462 OJ952 CU626 0.6991 (L24:35 I ') /;·~2·t! 0,8003 O,67B7 0-097:1 0,1869 0.1190 0)3909 0,9293 

P 
_ \ ,c·,. t (3,21 ) 
.. - O,!}97S O.1A19 0.7577 0,H235 O.4B98 0.4984- 0,9593 0.3500 , 

\0,2785 OA218 0.7431 0,6948 0.'1456 0,9597 0.5472 rU966 
,0.54·69 0.9157 0.3922 0,3J71 0.6463 O.3'1(H 0,131]6 O.25U. 
l{}Qt:,"1< 0,7922 (i,6S55 0,9502 0,7094 05853 0.1493 0,6160 t~ ~ / .. ; I ,~) 

-0,9649 0,9595 (},1712 0,031:4 0,754·7 G,Z238 (t2575 0,4733J 

.14,4 Step 3: Ey~Juate ObjediYi:: function Fitness funethm 

Objedive thnction is used i.o ev~lluate individual chromosome fitness. The input to the objedive 

funrtion 1:S a chromosmne 'shieb if; the nmmali.zed excitation ;;.H1>lp1iwde -.;velght vector of the 

f:'lttor radiation pattern w!th tbe siddobe lewl value of the <lnte.nna army h'1r each indi-vidu;d 
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chromo30mc The (>valuation cominuesn)T i.he entire population with each sidelobe kYe! value 

<'tssigned a cost to qualii\f its fitness. Lov,," cost sig.nifies high fmess und vice vena. 

The chromos0mes fron] step 2 are passed to the objective funeti.on fin' evduation. TIle objedive 

fUll;::.tion evahwkS s;;acn of th(~ ! 0 chroH1<,")somes and then outputs their respfctive costs (Side lobe 

levd yulue) ;::$ shmvn in equati0D (3.I 9). 'The ampli wde vector that provides the lo<sest side lobe 

leveiis that ofthe ninth chrornosome \v1th cost ~ ~15,6.394> 

"1 -9 '~2()j"1 • ~..... ~~ <:. 

2 ~7>1238 
3 -11.:3353 
if -fL304-8 

[Chrom ~ ·"S 5 -7,6.505 / ...... ,"',"")', 

CO~3r.1 - 6 ' '"'iF \J"L .. .) 
~"b, /.) I 

'"' ~ .. 8.B157 f 

8 ~11A4221 
9 -1 S 6":;<q4 (,. , .• J ./ 

.10 -B,990S J 

The highest ntindi>,,riduah (healthle~,t members of popUlation) h:~ving the ka:';i. cost are then 

seit>ckd using ranking ms;;th0d and placed in ths;; m,osting pool. }'-·jurnbers of individu,ds in the 

i'na1ing. pool are :w,me as P in order to accommodate more copies of superior individuaht.rl the 

nev" popuhtion. The costS v,:enz sorted in order to determine the rdative fltne;~s !}f the 

aTe selected and placed in the mating pool to beconh.~ parents of the next genenttion, v,l,lbt the 

Sorting the cost g.i\'cs: 
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9 
8 
3 
1 

(Chrmn Cost} =: 
10 
7 
4> 
.5 
2 

I. 6 

-15,6394' 
~lL4422 

·--11-3353 
~9,3203 

····3.9905 
····R8157 
.. -8,3048 
~7.6505 
~7.l23H 

-.f}.il15· 

(j.23) 

The chro1}";osomes to bt' placed in th0 frlating POC!! as pan;nts of the next gencTHti()H are 9,8,3,1, 

and 10. 

Cost1 

o r 5-~ (G922 {"L6!),55 0.950Z 0:7094- 05fEi3 rUA93 0.6160 - J5.63941 r .-3../';; 

10.5469 0.9157 03922 03171 D,6463 0.3404 01386 0.2,511 ~ 1:1. 4422\ 
:::; ; 0.:1270 il9572 0,84-91 0.2769 {17655 0.6551 0.5060 0.B143 .... 11.3353 

l. 
0,UB7 {US76 116557 0,7060 OA387 0.2760 0.7's13 0.iH·07 -- 9.32tH I 
0.9649 0,9595 0.1712 0.0344 0.7547 0,2238 0.257,5 0.4·733 - S. 9905 . 

The parents v:en: al k)w~.:::d to mate in tbe mating pool, foUov,cd by rnutcsion using heuristic 

other to pn)dtKe 1\vo children. Suaseqm'ntm.utations of thepan~ms fidd diversity :.0 tk' 

popuhtion and explore new areas of parameter s(.~arch space. A rnutation rate of 1 '(Y/(l \\(1S used 

to Hchievf best 5t generation without premature convergence together vvith heuristic crossover to 

produce oH\;pring that are nov; parents ()f the next generation a.s shcnvnin equ(ltion (J .:23). 

nJSS75 0,7922 OJ/iSS fL9502 0.7094 0.5853 0.1493 0.6160' 

1°.5169 0,9157 0.3922 0.3171 0.6463 0.3404- 0.1.386 0.2511. 
0,1270 (19572 0,8491 0,2769 O~765S 0,6551 05060 0.8143 

i 0,8147 0.1::;76 0.6557 0.7060 0,4387 0.2760 0.7513 0.8407 

D ;;.: 10 .964-9 0,959S OX712 0,0344 0.7S47 0.2238 0.2575 O,~1733 
(3.2:~) , 

0.9572 O,H491 G.2769 0.7596 0.2238 0.2575 OA73J i 0,1270 

10.9649 05)595 0.171 Z !J0344 0.7606 O.fS31 (15060 0.81£~3 

,0,1270 0.9572 0,8491 0.2769 0,7655 0.6's51 0.3187 OA733 

!fU641 ') 1"'- , 0,6557 0,7060 0.4387 0.2760 0.7513 0.84·07 L .. :':</6 

0.7776 0:)572 0.8491 0.2769 0.7655 0.6551 0.5060 0,H143· 
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3,4.7 Sh.'p ()~ Elitist mudd 

The po::;tproeessor is thi:. elitist model. The \yorst individuals in thc nc'!.;ly generated porn.llaHom; 

[;-fe repla<:ed by thc best individuals in the old population. This is adopted to ensure the 

algorith.m·~; C()HVcrgence. This step has h'cn introdw:cd to prevent losing the best Lmnd 

the be::>! cnrornosoro,c from one gem'rati(m to the nexL Therekm:, the costs (d the populati~}n in 

the current genention (gen+ i) from step 5 \\ere c(Jmpared to those of the preceditlg pc>pu!atl<)11 

in generation (gen) after soning and the result is given in equation (:1 .23). 

regen + 1) (genYJ .;::; 

~·15.6394 

-1/L8494 
-1.1.4422 
-11.0342 
-10.0137 
-9JJ964· 
·~8A3H3 

.. " 11.442.2 
· .. ·113353 

.... 9.3203 
·· .. 8.9905 
-fl81S7 

-8.3048 
.... 8.0020 -7.6505 
·~7,7495 -7.1238 
~·7.6047~6.711S 

, , . d·t ., ! .. , 'Il 1 l' '!' . l' genenuoD \gen) an !!wrctore e!r/Jsm \VLt. not ."e app lC£lOle m. 1.115 r:·as,;), 

3.4.8 Step 7: Swp Criteria and final rcsuU 

The stopping criterion is 100 generations, So ~;Jeps 3 to 6 \vere repeated until the (:;topping 

fChrom Cost] 

6), 



Fwnl the n:sult, it is evident that after passing through the gen(~rati(lHS all of th(: final solutions 

3f,). This means that tIle corubinatlon of all the individual chromo.somes representing 

antenna array excitation amplitude tapered \v(:ights can provide a radiBXion pattern wid1 the 

• '1 1 'd 1 b 1 1 J ' " , , nlJX,lnlUm po';:';!O e Sl{ e 10. e evt' re" HctlOn m tms pomt. 

[ 'j' ,. ~~ ;:." 
6,·"· 

This means tklt the nonnahzed excitation amplitudes t~~H: the 8:\.1 patch antenna array ek~l1';ems of 

the h:.ed thA will resul t in the lowest siddobe level fi')f tht:. mdiMion pC'.ltlern at 1400 first null 

bt:.mn 'Nidth {FNB\V) ;1re sho>xn in Tat..,le :U, 
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(fA optimized nonna.!ized excitation amplirudet'i t(H the antenna array ekments 

-...... -- ...... -----.-... -....... ~-----.... -- ....... ~----.- ... -- ...... -----.... -.................... ----..... -....... ~----.... -- ....... ,.~----.... -- ....... ----------.... -- ........ ~----.... . - ...... ,.".......--__ ..... --- ....... _---_ ....... . 

/\nay element 
Excitatlm1 port 

l<Jonnalized 
excitation 

,"' 

0.9904 0,7653 

:3 6 7 

OA514 0.1718 0.1718 0.4514 

., ar!~p:l:i.t.~!ge ___ ............ .,~ _____ ........... .,~ _____ ......... ., ____ ............. _____ .......... .,~ ____ .......... ., ______ ........... .,~ ____ .......... ., ____ .......... .,~ _____ .......... .,.,~ 

The seccmd JPproach to the dt'slgn of the patch anternw array ked is to \iQfy the ht:::al:lwidth 

bdlveen the t1rst nuHs {FNB\V) while keeping the normaEzed signa.! exciwJion arnpiitudes and 

element di~tanc('. Conventional feeds have a ,,vide main lobe that In(lximi?e~:; th·;,; illumination 

t>fflciency. The best fi11ciency (tcems when the iJlurnlnation energy is abrmt 1 {) dB dovvn at the 

Backed "Nith this b;;:t, the patch antenna array feed design "viE try to achieve <:1 FNB\V th~H 

"Y"FPd<: 1 "I rt 'l"l11' ~ Hi'j' l! "11,,";'e i fl(';t j l~e 'j r; dB 11"';l~: n'1 <'l-lr~ 1~1~"1' I: "01'1" r~"!jl <' ,'P; "n' J'n !"1-j.,,, ',<ni~,·tp,.;> n f <t...~(,""""""''''~'~~ .... tv ~ ... '-J .... ~ J~ ..... .. ~v~ ... t .. .. ~. ~i ... :w .'-.... .., .. { .• ~ .... l; ... t ......... i.h ......... '10.. !w.i.~) :(~ ... ~ ~ ............ t. .. t-' ,,-A ... -l ....... '_."" 

the dl$b antenna. Going back to t~quation OJ 1), it can be seen that the equation is vaHd ftx the 

That is, 

0< I J.. I' <: 1 '- !~'.s ~ 
U{~.( 

~ -: f ; \ . - .... ;;;; 1) cos . I~' I ;;;; U 
Nd \Nd/ 
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(3.28) 

(3.29) 

(3.}O) 



Thcren)rc, to achieve a first null bemmvidth (FNBSV) of J W( t~)r the .4;( 1 patch antenna array. 

Tbe radiation pattem for this configuration is depicted in figure 0,7). 

Fig 3.7; Patch antenna array k~d with inter-dement distance, 1.25cm 
o 0 

Aperture W.uminatlol1 "" 140 , First Null Doarn \Vidth (FNB'vV) ,:: UW 
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CHAPTER rOtH 

4.0 RESULTS 

dish antenna 'Nere considt3red. Tbe dish antenna s~lected 13 \\ith F!D uf 3.6 'I"vhkh corresponds to 

, ~ " ,,~.:'~ .. -, ., ~ ... , i" 

;m aperture 1ilumrnatwn oJ J ,;iV'. I () .H1mmaUl a snnplc gcO!ndry and contlgurai.1011 for tnt' pakh 

,u1trnna mTB.y, an 8x i linear array configuration ',vas chosen 'yvith a broadsid(~ radiation pattern 

The Hrt4 apprc!3ch was to rliminate illumin<:1tion loss and maximize the gain. Keeping (k 

calculated inter-dement distance constant the excitation alnplitudc:;; of the array eh:rn0nts \V:.';.r0 

varied ~L"ing Genetic /\.lgor1tluu (GA) to achieveminimurn :jddobe levels. 

excltatloH aUlpllu .. de:'i (wd phases of the Hrray elements lmiiiJrrn and constant Tbe array' designs 

resuhimr frOfn these tV'iO annroachcs v>,:iH be simulated and their oerh:mnances win be ana{yzi.'d in "-.. .t l. i ~. 

this chapter-

To accGlTlplish the thesis objectiv0, the :~ohv¥aH; ntilized v,as Personal Cornpukr Aided /'d1tenna 

D';:sign (PCAAD Sf), Thl$ sottware, based on th0 rnethod of moments (\-10ivO was used to 

sj.n1ulate tb;: ~rray ked and analyze the RF chclr(J.cteristics. PC\AD 50 is (i specializfd too! Ii:H' 

CiA optimized patch antenna array fxd CixJ.ramekr~ in table 3.1) was sirnuiated using rCAA.D 
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5Ji, The PC screen display of the PCA/\D SD is shr)wnin appendixes }\, 13 arId ('.The simuh.twd 

Fig,4.1: RectanguL=ll' pbnar n.ldiation pattern p10t D:n BXl patch antenna array feed, d ::: G.67cm 

(using peA.AD 5.m 

Fig. 42: Polar radiation pattern plot for 8X1 patch antenna array feed, d :;;, O.67cnl 
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.... 

....... 

Fig. 4.3: 3-D Radiation pattern plot Ji.)r 8XI patch anknn}.l army reed, do:: O/-;7cm 

From the radiation lJattern plots in figures 4,1-4,3, \;VC obtain a 3 dB bea.r:n\yidth of44.t' J • ~ 

'T··! \;'"\, 1 ,,: t {' 1 {' ~' 'tl F·N'D\" 1 <..>{{ ".,-)·r·'·e<:p'-)·'ld:fln j,) '11' :J'·"".r-1(; ,j" . pa~cn an .cnna arrays.eec C01Tdgur::.hlOn Wi"·1 1 :.D .~. ::: (L ",_ .,. ., <; .> t;; _>. > ". ,t", 

demt::nt distance of O.625crn \vas sirndatcd, TIle simulated far fidd radiation pattern plots <'lIe 

shov.:n in the hgures 4.4-4,6, 
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Fig, 4.4: Rc(tangular planar radiation paHern plot f(.~r 8XI patch antenl.';J array ti.~ed" d'" O.625cm 

(wing PCi\AD 5,0! 

Fig.4-5: Polar radiation pattern plot f()[ KXl patcb anknna array f.x'.(l d 'co O.625(:nl 

(using PCA-AD 5,O) 



..... :.- ... 

""-

... 
~., 

..... -- ....... . 
., .................................... _. 

.. ~ .. - .. , .. ' ." . 

Fig. 4,6: 3-D Radiation pattern plot f{)r 8Xl patch antenna array tee(L d ;;, O,625cm 

{using PCAAJ) 5J)) 

From nl(~ radiation Pattern nlols in fiQw:es 4 A·~4/i, we observe that the feed nattern radiated over . t ~. ~ 

aperture of the dish, The illmnination Uper f()}' this continuous pattern is not so efficient when 

<;.:ompared '''lith the lOdB reQuired (\Vade, 20031. ... ' / .' 

pn'senteel by the 8X1 patch "mt13nna. array feed fi.)r the C.·Band dish, The sinTulakd far fidd 

racliHtion pattern plots are shown in the flgures 4.7-4.9, 
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l::/t~=C:~~··I .. -:~m=. ~:;;;L: 
: (: 

~t1 ,,· .. ··"~""'·~i··o< 
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~ .~L .. 
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& ~ 

"""'~~"~''''''''~'''~i'~'''~''''''"O< too ......... ;." ....... " .. ~ .~~ ............ ~ ... :.-,,~~ ........ . 
; ~ 

~L ......... l. ... ~:·... . .. ),.... : : "." '. "', -';.' .... ~ .. " .... -. ~""'''' ... 

~ . : 
.. ~S!: ... ;"'U~'~~"O~"#~"!"""'~O<"O< ; ....... .•••..•. ~" .. 0" , •• .•• :~ .. oJ, .. ,~,.", .. ; 

':.i*--;;:;;~"-mm,,i 1 
Fig. 4.7: Rtx:tangubr pJanar radiation pattern piot fm 8Xl patch antenna mT~lyf;.'(:d, d "" O. )>:111 

(using peAAD 5.0) 

Fig. cUi: Pdar radiation pattern plot for 8}U patch antenna arrayh:~;;d, d "" O .. )cm 

(using PC/'.AD 5JI) 

'7n 
( '.1 



.. ", .. ~ t 
';: 

Fig, J. 9 3-D Radiation pattern plot for 8Xl patch antenna array {ece!, d :::: 0, SUH 

t;;th~ctive aperturc of the dish is continuolls ,vith an improved illumination taper of H.5dB, The J 

"f} &. ' '1 I ' 1 ' -6 " .f(, !' '!. • d 'I (1.t) ueal"11\\/E11. 1 lUS \VIC ened to) ,U6' 1mp!)'lng t!l.at even mon:: energy' 1:~ conc(;ntn.1te on t 1(;' 

effi.'cliw aperture of the dish. The illumination taper i.s comparahle to the lOdB l'equin:d (Wade, 

2G(3)~ 

The siruulakd radiation pattern plots {i)r the patch antenD3 array L.-cd fi){ inter--element distanc(), 
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substantia'! :~lde lobes, The presenc(' of the nu11s and siddoD(;S has a fend.:ncv of rcducinv the 
.A. • v ..... ' 

1,;')'9 ... ).1 n·. !}(,\.,.,. r';I;'l;'>il"q11lYJt"'~1'11 q!r.t t~'), \"';(1 :1'\t,'r- ~"1t"fll'la "irf "1' , f'i>'i d = ! ';':;,ol"'-l :;- t ... -v .. L ... u" ( ........ ,n ... <:._ :<... .. ~lo... .A..;: .. i ........... <:' .. U.>..j .::._~ ...... vil..,.h ....... ( (,1 .. v, .. ~ ... ",,, ~~ ....... ¥ ... 

(using PCAA,J) 5.0) 

72 



Fig, 4, 12: 3~D R"idiation pattern ploth}f 8Xl patch anknna array teed" d::; 135;:m 

(using PC.AAD 5.0) 

4,5 Efficiency Computation 

IlK' illumination eHlciency of the C-Band xX 1 patch antenna array feed {(:})' Gwh int~.3r-e1enH:;nt 

j ' . l'" I' '1.'" )... f' 1 Cl j Clstal1ce is ;:aculawCl )y mtegrattng tHe tced pattern wuatea over Hw area (} t 1C ret!ectur <l.ne, 

,{ " . ,~ , ...... , .,. '...... {} .- ... :$, ,. mtegratlng the radwuon pattern ovt'J' tile d:tectlve aperlTlTe ot the dlSh antenna (1,0'- to ld1') and. 

Section L 1 me not considered, This modifIes thi:. equation 0 .IX)w becoIue 

(4.1) 

Thus, 



This analysis was carried out usmg IvfATLAB (see source code m appendix E) with a unifcrrm 

radiated. pO'Ncr of () dB on each array dement of the 8Xl patch Jntenna array feed. The 

progressrve phase shifL fJ between individual elements \\'<:1S also taken to lx' O. Tb.:: result of this 

analysis lspres<.::ntedin Figun:.s 4.13 and 4.14. 

Fig, 4,13~ Inter-dement distance vs Radi(ltcd Power for the C>Band patd, antenna m1'8.y fced 

' .... 
'-. 

. : ... ~.~. 

Fig, 4, [4: inkr-ekment distane<;: vs Wmninatinn EHklency Inr the C-Band p;;ttch antenna ana), {(;oed 
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CHAPTER FIVE 

5.0 DlSClJSSI()N, C()NCLUSION AND HEC()IVlIVlENDATH1N 

5,1 Introduction 

]\vo approachet:; to thc dcsign of th~~ 8Xl patch antenna <UTa), feed for (>Barld dish (FirY0.36) 

11,we been cont:;idercd, The desigm:; V<iere simulated and :.he results of the simulations w(;n: 

the total radiak'd po\ver decreases with increasing unifonn imel'~elem.cnt distances I'(.il' a unlfi:.>r111 

array dernent mnnlitude excitation. Similarly. the !(ltill radiation over .. he effective uoerture of ... r' ,.,.. .i 

rneans that ideally, th~;; elemems should be kept closer to ach]<.:;yc a hiuher gain fwrn the fced. . . ~ -

{l,6.1crn which is about )/i< 

TLv;;r¢Ji.m:, it can be inferr¢d that the ideal inter~demem spacing hJr th¢ 8X 1 patch antenm! array 

feed f(}I C~Band Ji::;h (hD:::Q,36) is about 0,;::;3crn (:::)/Sl in ordcr to acnie'·':;;; good aperture 

~;;tYickncy and gain f(H~ the feed, At this spacing, th¢ simulakd eHlcicncy vvhllckceping di the 

fo that achie'·/ed \vlth cO.Hvcntional feeds for the sa.me FD mtio cfG.J6 \vhkh is bctwt~{>n 50-75% 

approxinlatdy UL5cnl \vhich satisfies tbe condition of reduct:.d \Neight and dimensiclHs requin'd 

fi:n on~board sdte1litc apphcationswher(; mass and size limitadons are extremely su-ict 
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conventional Radiallv Cormemed Hom feed for C-Band dish antenna • I:;; 

-.... --~~---- .. ----.. ~~----- .. ---- ..... ~---.... -- ...... ~---.-... -..... ~--- ............ ~----.... --- ...... ~--...... -- ....... ~----... -- ........ -----.......... ~----..... . 

C-RANO OISH rEED 'TYPE \Y:EIGHT(gJ LENGTH(cm) HEIGHT(cm) 

Radiany Corrugated Horn 9300 25 30 

~----.... -........ ~---..... -- ........ ~----..... -....... ~----..... -- ....... ,.~----.-.. -....... ~----..... --- ...... ~--..... --- ...... ~---..... -- ....... ~---.... -- ........ ~---..... -- .... -.... ~ 

The pmch antenna array ked is rec()mm.ended f{)r C. Band and higher band dishes on bo,l.rd a 

satdl.ite n1ain!y because orits COlnpactness and light vvdghL Future '''forks should f()CUS rnore on 

5.2-1 Aperture iUumination 

The effect of varying the aperture iHumination (FD ratio) f~)r the dish antenna on the 

configuratIon. This wiH help in detennining the most saiunle F'D ratio. 

Patch antenna demt'nt configuratiml 

Other patch antenna array ,;:lcmem configurations such as square, triangular, elLipticaL circular 

ring. and so em should be investigated to determine hnv the dement configuraHon aftCus the •... / ...,. .... 
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5.1.3 Axray Configuration 

Other patch antenna array ked conHgurations Lik:eplanar and !;;yiindrical should h~ investigated 

excitatiom;,Th;:~ \,vill enab1e the determination of the effect of the different configurations on th;; 

number of ;;lnav elements on the !)eriigmance should also be ;malvzed, .AU these v'iiH :,>erve as a >' i v 

I " , , too lor antenna (leslgners. 
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AP.P.ENBIX A 

PCAAU 5.0 PC SCRE.EN nlSPLAY RAi\1ETEH SPECIFlC,ATION' 
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A.l)PENDIX IS 

PCAAJ) 5.0 PC SCREEN DISPLAY 



APPENDIXC 

PCA.AD 5.0 PC SCREENUISPLAY (POLAR PLOT) 
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AVPEN])IX D 

PCAAD 5.0 PC SCREEN DISPLAY (3-D PATTERN PLOT) 



A:PPENDIX E 

\,f I~ 'I'L'~ "0 SCn'IP'f -1:"I'L,'s:,' > l:"I'T'l" J;'SQ -vfYN' ("'S"t'ON AN') ('{t.NSTRl· tN'}' 17,:'0'0 .. 'j.~:\. 1. .. ~[} h.. ...1'-. I~ I~ ... 'ot I" t ~.ll....:>... >J .(~ t..I.t .... 1 I . { .t"'l l. ... . .1 .. L ... I. ..:\..l.... . l~' .f\. 

T'ILIT;' ()P'flTh.!lrl'Z, AT'i'ON' 01."" 'r-HE' P Ii.T("'H '~NTJ;'N'~: A An'R'~ 'iJ Fl['E,I') fj~;{jNI' . _ ..-1.J:.... . l.rt'.I.1 ....... ~..l.i J:'. :.< F\. . ~... ..~. .1_ t"'..J.i 1 ".(~ 1"1.1'-_ .. ~. 1. J:... _ \.} ;..~.l i \J 

THE GENETIC ALGORITHIVI {}PTlrvUZATION TOOLBOX 
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APPENIJIXF 

T\1A 'fLAB SCRIPT FILE: APEH.TtJRE EfFICIENCY COrYIPlJTATION 

\ t·1a t 1 :;:{.'i (~()c..ie: l\'·f..~~; ~c t u.~(e E f fit: i E:[lC}' ve.r c; u.s TTl tE':.t: ~~e.1. e.U12r:.t ::--1."1.:3 taD.,:.:.:e 

~ Radiated Power from feed versus Inter-element distance 

~ Date 02-July-2010 
\ Der;':;~L·r.Tn:::rlt.- ()f E~:.:;;ct:ci.ca;. a.neJ C:crnput.·::::I.' r>nq.1.Dc:~~·.1~irlgr 

~ Federal. Unj.versity of TechnDlogy, Minna 

C .f. () 3 e ,3 11 
C.J.C: 

\ Initialising the aperture illumination angles 
~:; ree:.::}.} tt~3t~ aI}I;~:c·ture .i.1.1u.rnination :L,s 140 d!;;':;5.r!?;::·::,:.~;. 

~ which is from 20 tD 160 degrees 
t:het.l.\I J. :::20; 

% Computation of total power radiated from feed 
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t. c; t. r 3 d.pov; :~.:~ 1. C! * .1 ():J~ J. 0 { t() t.: r' 23 ci} ~: 
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ylabel('total power radiated by feed(i) ') ,grld on 
r::. c.~ .1 d a . .i1. 
}::.1. c t {d ( a,p·a, r a(1~?ov~.r) t' Z .l a:t)~:::.1. ( ~ in t.~':: r"'E: 1 ~~,mf.:r~ t ~ji ~3 t a:nc~': ( ern) ~ :: / 
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% r:.1. 0 t.. c; f e f f.i ;~;, i ~::'n c~./ d~;d i '[13 t. ~Ln.t<2 r .. ·-· ~~ I ::;m~~ nt eli s t.~:: I'lee 

:;:':~ .f::: 1 G C; .f.. :". a.'pa l'z:ld. ~ ./ t()t t' a.d) ; 
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