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1. IIHI·CIt!ltt·tioll

Il 'ml t'n qlll 'lI '.' 1I11l1l1l"daI'l/Hli" ll 11 11 ''1. ,'';11"11' alll"Hum· It i l\ " wid!" " P l' lic'al lo u" iu ~., I ,'l l il "

1., '.... · I1 H lII WI ~ l i " a l l " lI , " If f " U I, · "'ITTl' iILll ll ·r-. I :/ ·S ;l11' 1 llll,hjl, · ."a ld lil, · Jl"r"" 11i1 1 " " 'lll lllll i

" ar io ll .";\"I ' · llI~ 1IIIlf , } '11 . :!I"):\' I. tIX" .\ .1 fll .. '! lIl1(J: Shvnu , I ,,1.. ~"ill ll l . U ' ~ " ' I , l h \\ 1'1 "
:< I I, 'W j" lI 1Ia" 1"" '1: ;1 11., illl..1 h.\ Il ,,~ " '1',,:, ,,1' ,11 111'11 1111" ill ,.;t1 , ·IIi' I· , li lt 1 111"lli lt- .-. ,' IQ' .' ,

11l"illi'lll .,,\,,1"11 '" I" .,I" aIU l " ,I.I t'ili l l i" ll ,l '\"l ·,,, i' .\' I" , K... "! 1,,"' Io.nll'\lIC " · . ,f """p' I' " 1 , 11"

l !il ll ,.lIl i .." h'U Il ' I" 1I,IC';':'l"al " Ih, l"IH 'j \ ·i ll :.: i lll , l lr" II~ l ll j fl i l1 ~ 11 1l11"Ii..ll,. ill ' " . 'U, .' !ll ' ·fl lt .• :."

It--! Il,·jllt.: Ill<" .,II " ·IlI I.' ..i/, · ' \ '. , 11 .~- ""'" I..\a . :.!IIIJ:! : ( '!l" n • t Il l.. 21 1l1~ .. U ' '' 'lIll li ~ l1 r" I. I , Ill l' T" "' fl l '

11 1110'11 11 '" 1'1111 I..· 11.... 1", '1 '\'< " 1 11• .,... ·lllll h ipl, · f' IW 'l i" Il" \\'i l!f ,. ~jll•.:.lt · .utunuu ;o 1 " '~:lI l ' 1·I,i..
wd l iI W Il'!!"" .um-nu•• , ·Hi, ·i' ·11l"1 .,/l,l ..; i:!.llill pn ""I "."'"!.: "11I" ..1 wllil,' llW lll,.dllill:~ 1,11:1 , ,l":'I '"
' 11 tk-xiluluv, \ lll ll, .... · "III,lic·a l i••H" 1It .. ~1" " 'IIlI"WI rl't " 'lllh:'lItlllol,' ~ l l in'o ~ l l i " " UI" Il Io.. : ••1\

Ill ,: Iwl" '! I"''''!\\ I.II lJ au,l 0 ''''' \ .• w;t ,·!ti ll~ ' iI I,;11lllil it 'S . III rhi .. jMjH"1" we - , 1"1 11"11"1ra l . H 1" '\ " 1

' ·"UIlI .II·1 ..imd" li ....I. ·I,, ·, ...,uin.lh /.'\'C'Ull t.:'ll"a lll. · t1lil'l'cl'<trip 11<11 1'11'U1I I' llI 11' . \ 'jl!l " ,.W j ll!l,II,:•.. ,
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,·xIt·udI11 dU1l1n rllllll'XaCHllAll'lnl fur tl, ,,, llr''' I'U-ltt .\ "perlHiollllllll t'Il!lil1ltH I si zl' n-durrion
J \\~l pill ,l i'/lil ':" Hr' · ' · lfl l ,, ~I .Jl'l1 in TIll" 1l!' 1Il " of tli. · et 'm m l hl':,< ItJ,.:uual :-01" , I f ' "Will It , h, ' w,
r' ~III.\lI: ftI111 ... U. ·j,..... .F ,I ll ' .\II1 '·l. l lil. ' ·" ll"i,I. 'ra lli\ . hy ,ilamdn;:. tlu- . ·II "·'IU·II] 11 '11 ~ l l l . ,! ,I "

... lo t. Thu - llIull ipk- fn"lll'·IIl ·ll.... /H" ~(' l U'r.. l t'll ill 1\ s ill)!;h «nu-nun II p''n 1IT1 ' h.\ n 11l1l"llillo..: Iill
UC hilL" HI' the- two p iu ,Ho. I,.,.. . fr ll.ul'lIIi:-,... i" n lilil ·s .il. TI· aHlj,lt-d ill lx~I\\1"1I tilt' .w li \·. "1'" 1111'''''

Ilt' llt:- and tilt" fflfJillliug r lt>lIWIlT ~ tlllIT added 1I11i:-:(' a nd olllnil- ll~"to:; art' SUpptl":":-I" ! tlll.j

tl l>' rl":<uhi ll~ sr nut uro b more COll llM.t·1. TII(' W 'W design hI\... the mtdf"(lnd""lLJlta~(' {If hi:.:.!,
!tt",l redru-t ion. lW-ti N h. l lulw j,lt h and )/,'K l lllli t d un l; for HII f)~x.'rHti llK ff"(,()lil' lldt ':' ("t oll/pa ro l
to IUIl\1'ntioll<\! llIic"ru:'lrip IMt C"h e nr enn a l' noi o tfPn< llo high fil'xihility ill fr.-qUf'll () ' t uuin u.
'-\lullht'J <l l f tlu ·t i \·(' fl'Hf lIr(' il' that th.. a nt " lIIut. ...hows lllml»:1 simi lar rad iat ion pauern- at
all 0lwr,,1 iu ll, frt'tIlIl'IU 'ip:- wir hour lIlurh n ... Iucuou in gain . Thf' d~igll hlt.... 1w; ... -u ..11~~111 I h

illlplt'l1wtlH'l.1 end expcrtmcnral re-ults ItlP p rPSf>utl'fi.

Au tenuu Structure a nd Design

nlt~ ~('lJII\('tr~ ' o f f Ill' p rop ,~l n-n ,ul il{uwhl.. lIlil-ru:;l rip pltlch llUlf>lIIlil ....-it It d Uill l l tl ll Iwx ll J,! '

"11,,1 :o:lut i'" ill'l...t tnll..1 in FiK. 1. A "'Iuarr ndcrosertp plIlC"h anrcuua with sidt ' d ilUt·'bi" u L
I" fl\hri nlh ..1 ou .1 ...1I 1 ~1 ran- (If I l. if·kl lrs.... I. and rt> IHlh l-Jf'rJu itrh'j,y ~\ . .\ h..x..~. 'lIa l ,:1, I' '.l
..id.. patill llf't ..-rs I1 and ,~ wil b t wo id r-nncal "lul ann c f 1 f't1~lb I" 1\1It! w idth 11'.,. ,·x l, ·!t. jil,·,,:
II p tu [ h i ' N!:-tr of lilt' equnro pdt rb Is pllllm at u, cem cr . Two ~1 1rfan' 1II0llU1 pill di".k.... ,
0 1 flwl Dz an - po"ilionm at theslot anns .....ith dhllUl(,\'!O .q I\ud r "J r~V', ·ti\l. · ] .'" Inun ri if'
111');"1;011,,1 ..ielf' . TIll' p,,..,il iuu.. of 1I1f' d io..!l-".Tl end J"J can Ut>"lIila hly .'!JO:<t·1l '0 l!,1'I '! It'
I!, ,,,, i rl'l ! frf'fIUl 'IlI·.\ rulir•. (;'-lI KJ I){ ' i"Ola t ioll i", IIh~"liJl("rl h.\' t'JIIhf'fhling I WU ;,:lOd ,·:ll' a!"i' ..r
( ·1 aud C"J 1111 I Ill" ! . (Ult ll, lih;': "}"l n rtu.. a :-o "'h".... n ill Ti", F it:.. 1. DC hi~L'" \1.l rh~1 ' i" .,ppii,,,I I"

ti ll' IlIlll ·ll IIl r"lIl:.ll I \\'u I'hip illfh n-lllr ",hic '" t 'r'lI1tlll~ IIIl' pill , !iIHII' ..I<-l l ' ~. I Ill' di"d," 01 1

1'1;" '111 ill :-0 ' " ''' ;' WH.\" ,h.II 1I,1t' i.. fur ard lJinl'l ,,1 ;\1LC! tl " 'tlllU'r ill fl ' \ . 'I...·. .1I "l i llto' . ~,,'L, !
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Fit . I. ( ;,.-.m ,·' I") ,ot 11... 1.."1.....'<1 r. ~",ti:l:lIt"I,I" <1..,,1 r""'I'J('II<"\· IU,1<' lU11I <'Iltll r" Ik'l1 '" p ill .1.,"1.",. \111 "11"<1

l"'u,O"·Io·no .. r. · XiH"" '" F il!,. ".! .



rl 'StJllm ll frl"(lw·IIt'.\' llf I hi' 11111 ('IUM r'au Ill ' :;t 'IC(~ ,,~ 1 hy nppropriutel.\' hilt:.illJ.; I Ill' d i,.. I. '!'>. "1"1 U'

alll('1Il1i1 is ( 'h'f ' lrull llt~ Ilt'lil"lI l1 \' rOllpl("l1 lI S i ll~ H ;jlJohm mkrll,,,l rip Iilw 11"; s hH\\' lI ill Flu. 1.
The- Iundanu-nt nl n -souun t fn 'tlu(,l lI"~ cl Ihc' .'tul\'I·llli 'lIJlt l 11 1l ~ IUl I ''t1 ~IU;U" IMI "l l i.

I.MoI e )'!7- . Ih , 11'1l, li n ,:. 1111 ' 1 1 " XR~C )tud ,..1n l a ll ll ll ' 11lf' upl ' r a t illK fr''flll'·IIt ·.\· nUL 1)1.' 1"\l l· ft . !

h ' l .i-lc; I I 'I. n-suh-, i ll !!,f "lLI I'f iltl';, n-dm-ncn . ·1'lw r-XIl·wll .. ! ..!t.I ar tu .. ..pli l " 11... fll ll,J: , IU" h '

1;,1 If'S< lIIanl Irn jlll' lll' \' l,f II... -qu.m- mn Tu:.;l t ip 1'1111'1 1 with ht·XIIJ.;lIl1 allOll\'. inl ll h \1I "" 1Mr:.I,
tl':'of JIIIIll I lIuMI,.... 1' \ 11(1 ,lilt! 1:\1" , with ,.tl l u~('l lltl p"llI fi.l.ll' iull pl hJlf"'. '1'1111" Ih. ' " " ~ t l f " j

11" :"l;H~'IIII\ 1 sl' d I\ il It t he- tWl' ,,1' .1 .ITIlI,. ""I I"il lf' r al )I:,' ilw n'w",, 'I' tln- ('I fl"l" iv.· 11' lIl:;t le, ,.f 1111 ' 1\1••

" xt'il' ''ll tl ':"" ' lIa UI 1II1 .. il'l-. '1' \ 11" ,tilt! 1"\1 11 1, <tud I lw C"XI' ih'tl1>llldl sll rfHl'" rurrr-iu do 'Il,. ll i,..,.

nn- !-M·Tlll rl .. ,1 ill Mu-II a WII.'· I h ill I l lt ~ · I "~ , Illo ..- I,'!'> ru n Iw t'),:{·i l( ..t fClt duul ft'''III''I If'~' "1)1'1'

.Itj"n wit h It ",ill~'" I,,,"l l. 11u- kll~lh " r 11 ... :--101 .ITIU:,>I It·t l· r lll illl':-' I h,. fn "'1 I1"llc 'y f;lliu "f 1\;,

IWO " p,'rKt iuJ,:; frl'f l ll'·lId. ~ 111 ..1a ''' IlI'' llll l1 fr t't 111l'I\('y rn tiu will I.... lllOl int<lilll'fj fllr "';IIIlt' ,1,,
;,rlll 10 ·1II~lh:,> . T IIII,. d ' ''''irnl frt"'tlll"lll''\' n ....'II Ii.c. ll rHl i"n n Ul be - n'I\ ,IiI ,\' m11i, ·\ ....1 h.\· , w jl d li n:.:,
1111' IWt. si.. , ,,, ~' 1I1 1 .l il f,'r'· llt b-ueth.., lit' 1'lrllH.. ld ltlK I ht, p iU l li... I.", .

\ \"I1t'1l li lt· pin i11' MI , · i." 1>11 . ie ."'-.... ·ll li; ,II.\ bt·I I'I\·' ~ IL" '''l: lu in t.l'·1l1 ~h"rt r-in-nu, 11111,.. .j~ i \ 

:III.!" ti ll' " lI rrl'lIl~ Ull 11... p au-h dirc..-tlv t1lf1m Kh it , n"lh..-illl.: Ihl ' d fl'l ·t h , · l" IlKl ll "I lilt' ..1..1.

Si!ll'l' /)1 uml /I: 11f( ' pln"..l ll l .rl .m.I r ::o . lu a d li" \ 'l ' d il fl 'r t'UI ..lul 1. ·1l1!.11L.... . hl it l £r'''lIIlI ·lll .\

~" ll" TlI l if l l l I.. ao,mtplbl 'I"l:II!?,' d ilf"rl'lIl lrnl'ww ':'o' r " li, .... III'I ... ·II" i ll~ till wldd l " i, .. I.. i.. li 'f 
wHo rd l .ii L.... ..1. \ \' h" 1I IH.l h .li'Hl l'" ., rc· " IL t ill' 0·lIl n 111:.; h" \I' ht t11~ Ihl ll ll ..:.11 lilt' " ;11);11·' 1" 1"

('1 't llll ('! . wilh ,Ut illl ·I .·/t...... ..II ·llrr.·w 1),,1111. rPSllh i ll ~ in rI\l' ,," ih in::; uf tl~ J1l ;\1l 1 In..,ll l ·!"'I' ''''

I"w;lrt!,. 11 '\\ l' r In"l:IIl' ·llI ·.1" t ,·!.:iull wltb ;lIIlIl llI'r frf 'l w 'IH'.\ r a t iu. !"Ill' ; U h~ l lIt ll J.::1' "I th i.. . 1 '''' I~ tl

j .. Iha l I Ill' 1.111 , li." I. ... \;III I .. It!;" ,,1 ;11 _" 1.\ IM ""II II '" " I I Ill' I W. , · 1. ,1 .rr tu- Il ,r .lilf" I' ·Ill I .11 1. 1

t : \'llltll''' . wit h"lI l 11 1111 h alre"l '1 iuc tln- :.;,....1 n-tnru I, ...... d lli rm 'lc'risl i ,~ IlIld h;flllh I idl JI• ,. ,T .,

..illdl, II.'tII ..... i li, .1I I hi- I,n'l " 'r l\ , .1 I ll" . 1, ,,,,, i",lI :-:i\'l':'> 1I1' .f' · HI·x il,iJi l .\ ill I'rnllll 'IW\ "l ll lll'.:

wlur 1I'''l 111''1II 1 r.ui.. \a r io,:,> III a \\ 1.1"1 r.. r ll.~' · I.:! I " I I

1 111' p r"lIo-.c ..1 Tt"l "U: l ll~III ;o hl. · .IUl o·'" I" l~ I . ·..It't I " ..I1I ).:. it Ill' ,~.:. Il l{ · \ ' ~ ' I"r ):1'l \\ lI r k . \ 11" 1,1 , . I

\\ '!I"lI till' J1 rulrr ltlill~ " lur ur tn- .11I' ,,11.-.('111. t ill' , 1I1 1('UlI,1 "I ll ,"',. a ..iu l!,h · 11....1Il.liI l 1""II Il' ILl \

;ll J.7 1( ;l ll . 1IlIwlll" w,·r 1 1 ~ 1 \ l l l l l IlllllI r l lt' h . lld .uIlf'IIIi11 t ' .... ' Il Hltl h l'IIII ' llt '.t' , 1," :". l l ;11/ 1
••f 1111' llIlsl,," ,, 1:'>'111;11I' pa ll '" .lllt " lII HI. I'II11S I Ill' It l ' x ,, ~( ,", \l slo l !If ..i,I,' parlUlII'I" f,. / 1 '11ld 1'/
pl;II 't't1 il l it ,.I 'I'lII l' r 1'1 .. 11111.,. ,Il l ' f'IlIlI" I IU ·lll .d t l'l"tlIW 11' Iro"lll" l\I ',\ ' of 1111' Ili l tC" h fr lllll l ,~....-l 1 :1 1,

11. I . i ~ G l lz . ' ~1\" 1l 1 .c. , ·" h a ll ' ·I..1"i/" n,,\l lt 'I I" II.
\nu'lI 11, ,I ll ,Ii, 11 1, .... . I ' I HIlt I /) ! ; 11'c' 1.IL 1hi ' ;ll1tc'lI11H rf':,!( lIIa [,~ al I .:! 1 (; 11/ ;l lll I I .1,,;":, (; II1

I\'i t lt 11 ftl 'f llll'W" TH r ill 1 . ;I S ~ ;•. Ih' I li r lli ll.t: " ll , I" , eli, ltll ' /) 1. p' .Sil illlll .. l llI f l - (111 1111 . r ill'

h,,"1 n~'U; lI11 tlt ' IW'IJI" \ ..hi ll ,. \ :.0 :\11 1, ;1111 1 Sf"'''''.! I,.,' ;,\111.1. .:,i\·illl.\ , ·Xl ·ila l ill ll" ; 11 1.::1;( :11 1
;lIllll.l i7 C;J!z \\ 1111 ., llJlw ll l" w" , fn "J IlI·tl" .\ ra t i" J.:!:!7!J. Al...., 11.1 k('f-pi ll14lJ~ ' Ill. p" ..lI l" U, 'r1

;, t J":! = ,' 111 111 . 111" " I" 'J"; n ill lo: !"11 11t 'lh ·." lali, t nlU I" , hn" l~hl I" I . :!~ J . \\"111·... · 11,, ' .llll "Il II;:

1.....' lU l lt ~ al I . :.~r. I : I II Hw l I ,G';':, I; Ilz. J11 a ll 1h..... · Ihr',· ,1i, ..I.· ,.1IIIl '" ri ll' ' IIl t ..1t11.111.1,. . , 1.:' " '' l

11Ia l d l i ll~ 1" '1' 1\\ - 1( t l IB i11 .1 ..il1:.:-11' li I I', ...il i' lIl. Fi ;"; ll W 'l s ltuw s I Ill' 1I1' ·l\,.lln .. ln·lll I11 I. ,..,~

IS l l l c,f l it.. all l o'll lIll "tl h , lillll'lI",jull 1. - 1"111. / 1 ..... /:: =. O. :O> t"lIl. rl ..:.. \I ' ·UI. I'! =- '1.""1 11,
11'., = 1l.ll 'lII . h 11. l lio·1 1l ill .. I ~ · , _ : I.~ J ..... .

TIll' Ill' \\' t1 , i ~ 1l " rllvid,.,. .1 m aX illJIIIII "n 'a tt ..hll'l iulI ..f 72.2 1'.: lor till' li l ~ t 1.':'-t '1l;1Il1
In 'C J\II·/ll ·.\' _tu ol If j I ',: for till' "'1 " ",11< 11"1':"( ,,,;1111 fTl" IIlI·IIf"Y. c"OUlIM rN I In s'a1ll1"1'i1 r. , ·t all1411 lllr
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FiJt. 2 . \ If'111'' lr>'ll r"'lI tll I. ..... I~ll l uT 11,,· '1nl . "'1'1 r.... ~ ho · Ihr.... JHIl t1 ~ ..k "' ..I' .... 1/. '" Inu.', _ '-: ~ ,. "" m.
'-. - ll r lll. ~'l '" 11.1''''" . U '" ..,; U.lrln. h · 1).16, lit ", .. I F , 0: : 'I.~r.1 1

1)Rl(i lt~. which pr.. \l~ l ill' (ulIlpm:llu 'So'" IIf .11'" ~ruJ.K~l lh"" i~" . :iUitH hl(' for IIll' l ',lr,", 11 u-11 ·

t iont-d applkHlill lL" ill /..Iwtlul. .\Iurm n-r. \"tII. lwitlt IL" lip l it :L~?;< lllld 1. J2'A' r.':'O ]>."h,· I~·

11ll\'t' tH"'1I uht ftilll'(! ill rbc two mOth,:,. ill ,,11 t it(" rhn'(' fliUfIt' I' l l\lt~.

Th.; I r ft ll!'IIIl." ... iou <:IMrdC·Tt'risl i,,, art' 1III'H...u n .. l u:iiuK11P&'lWC \'('t"lot :\l'l .... urk All;\h-/. "
illh'rfan.'tlltJlI S;UII(' :\ II lulIl" ! k- .\ nrC'lIlla I'(~il ion CUlltwlk r /lull 1111 In~1 PC. "llu- .1.-- i:,: IIf ~ I
rt"tunth..mruhb- ;Ulh'lIl1tl i:- 1w l'1 ill I h, ' I r;l lI><\II i l l ill~ li lt" \. ' 111111 n wlrh- hall. I ... 11 11111;....1 11' .rh i
' I!'of ' I iL' n-o-iver . HF "i!!.IIHI illl< I il I J( , " ,11a~~, '''' lurn' ur t-al'l ,li., I Iu 1111' rc n lulh.;ll ral ,l,· ,1111, BIIlI
III 11,.. Inlll'"Il I'IIIl'. 111, ,,1, , 11101 1111' 1"'\\ ' " .. ....,i \ ... I I.,\ l I lt" wuh- I li l llol 11"1' 11 . ill ., ... \ " ' 11 ,11

p lall l ' I~ .. l OIn , 1a .. i l 111 111"1'1111. ,1 1I1'I1'1l"1I \ 1"1 ' ~I'H l l llll!l1l 1'1:'\ d i"tl" ..1,,1, ·. I ll' 11""'.11 11 1'11 1;'

' 1111" 11 11;1 i... , 11"11 n" il l ,,1 ~" ' 11, n, -,,,,l lll" """ ·i\""I II "",, ..r 11.. H (1IlI" l i" 1l " I f1'l,pu I,: ,' ill 111'
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4. Conclusion

A novel clec rronlodlv reccn tigura bk -chml Irequc ucv . d ua l pn lar i:-.cd mie-rost ri p fl<l. l 1'1; 11 11 11'1111"

:O:lIi, ,,hlt- for C"flIll INIC'l IA wlll upc'catiou is f1 'ponNI in rhi- IJ....)'K'T. T he- ~lItt ' ll ll " UN.... ' I I li~h ly

shnplified clrcun rv of piu diodes . withou t /tIlYtransmission lillt':!. for I'''''itcliiIlK Iht· operari ll~

frequencies. T hl' frC'C'lnt'1U~' rano of the anten na vllriu. in It. wid e reng c of 1.2 to 1.-.1 with
Cl good bandwidt h of 2 .~j{ and 2.-12'-;( for tbe Iw'O resonant modes. The edded tUJ \·A.IlTAgI'
nf the AlUt'tIJUl i... thllt irs l1igh size reducnou of 72.219c" and ·16.8-1.% for the two up<'rtu ing
Frequencies compa red to srand erd rect angular- pa tch . without much reduction in gain .
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