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BROADBAND Cl RCULARLY POLARI ZED PATCH ANTENNA Field O
I nvention The present invention generally relates to

rel ates to broadband circularly polarized antennas.
Background An antenna is a transducer that converts
radi o frequency (RF) electric current to

el ect nfBADHAND (AREST ARSY POIARIIAYPRTICH WNIENNA €
t hen propagated into space. Mdst wireless

conmuni cati on systens use either a linearly polarized

apkﬁpaghgkn§b§ircularly pol ari zed antenna. G rcularly
ol arized antennas radiate circularly polarized wave.

Thee pesset inverdigh aeiesalivavlatss tr wogsibaikagianaes. Jdes paikigylagyydhe
eln%gllitl'o'n(f‘el 1o€ld 1%&&1%%1% cil%tllahg%ol?}ife‘ataﬁf%mnet I C waves
spirals along the directionh of wave propagati on.
Circularly polarized antennas have conventionally been
uhhhi%ggnin vari ous wrel ess conmuni cati on systens to
enfarrce system capability or elimnate nmulti-path

r afl @oihons b ritaesdueerethateconfFeats edmnfit@endyn(Radilestric current to

freqt i dentifigation (RFLD erat |
B AT T 8L L) RS LR TR P RELALIAGB  pace

bafuds wirelesscednanhnicapioh aydtaeduardithenasinenly pedadedsntenna or a
r.antenn to detegct RFbD %fas that are Egr
ppla adiale ¢

reader [ o : Centlar
eSEHATY, PRRBE APEIIR o ¢ BHEY & &P Vm‘o1ar|zeacuwny
apbiefasvoHan ”Dl(dae él&ﬂioﬁn’é@ﬁbﬂ&ﬁ‘i\ﬁ@et we abpdragdnath tades, electric
w.th a nine egree (90 ase differen havi

ed6il VeS| ‘?{ ﬁﬁeelg‘ftéo‘ E?tzce%.awisnSpér@I?ef%gP% %% Fgg%{l%??lg?/f wave
PelpkdaZiesl antennas can be categorized into single feed

structures or hybrid feed structures. Grcularly
pol ari zed antennas having single feed structures are

Sicielierly BolafifddCdntknBas have conventionally been utilized in various wireless
communication systems to enhance system capability or eliminate multi-path
reflection interference. For example, in radio frequency identification (RFID)
systems operating at ultra high frequency (UHF) and microwave frequency bands,
circularly polarized antennas are used as reader antennas to detect RFID tags that are,

for example, arbitrarily oriented.

Circularly polarized antennas can be realized when two orthogonal modes, with a
ninety degree (90°) phase difference, having equal amplitude are excited. In general,
circularly polarized antennas can be categorized into single feed structures or hybrid

feed structures.

Circularly polarized antennas having single feed structures are simple in structure
design, easy to manufacture, and compact in size. Whereas circularly polarized
antennas having hybrid feed structures are complicated in structure design, expensive
to manufacture, and not as compact as single feed structures. However, circularly

polarized antennas having single feed structures have inherently narrow axial ratio
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desi gn, easy to manufacture, and conpact in size.
Whereas circularly polarized antennas having hybrid

expensi ve to manufacture, and not as conpact as single
feed structures. However, ciycularly polarized

antennas having single feed structures have inherently
néAR))amchhdva Iimpeﬂah@(bfaﬁglwiﬂlﬂﬂ rhfgi«% fropeda tmﬁvd)lmaw dt—b%) In
rangin t rast

PP g T R B B IR G ks oF Bty e AR
sbmubhmmes have a wi de AR bandw dth. Hence it is
desirable to provide circularly polarized antennas

that are conpact and are sinple in structure design,

y ellerd@ vl i Jesiablie tABrdeéthchaﬂy PPN dhtdnfasPBEOL 6l dBkEFact and
MAthlgae aspect of the jnyention, an_antenna structure

i STeSITBRIP Fetiucty %ﬁméﬁﬁﬁwgﬁﬁﬂéféBémB@Wﬁﬁ1ses a feed

line ayer having an input portion and a first
radi ati ng patch | ayer stacked adjacent to the feed
| SHEM Y er. The feed line layer is shaped and

dl[ﬁ%@ﬂd%t%dmﬁﬁonérds&@@&f tﬁ&gpennaﬂlaﬁqnéﬁna s@ﬁ%re%p{o'vﬂ@d The
and signals are feedable to the feed Iine l'ayer via

t Atenngpyirucyes eonaprisesT Acfedd ling lamdhaazmgngl pwut hottiay end laafirst
rafd?aftﬁg ?Qfﬁﬁ 1@{) ot Ghdked %ﬁja@e%g ‘cot E't& (&nl%ne 1 erapIthg 3 tine layer is

struct conpri ses Gr al
dkaped end Jimnensienedt dscarf el lbom ha\mag/ en it pbﬂhlen fand signals are

ST G S AP 1o
| bgsea rofegente enphgieﬁhed yherﬁonpr'_ﬁ]hlﬁgntangigoﬁmclt‘n;d)ﬁlrsdé ]ta:gmgrﬁies a
DU b SR B PSP i g

ofafy?ﬂ:;bre édgzﬁ?% t}ﬁﬁbéiﬁ&ﬁf T%glegrr%ijgﬂfe’ifesdaﬁgd'ﬁg ?ﬁfﬁiﬁl@t RBiast’e patch
PETF O P obnoNetesr B sert PeavhLy Phar et p popjoned

Oﬁbcml‘. thb esfelofiengighOsithd ﬁaﬁﬁnmtlaiela eloh€ iR &30 fAkd Mbdlline
patch _| ay the lLength of the

t he_radjatin er. al on
¢ loaer | The Sjegls AthibYe & B NAEENGE (O BIRYEHE rCIraglﬁ%x tpolaflzed
t h@iakiBy @febthse BbRM RARA the PHEdIMY 6f probRiigdREitioned about

the reference origin of the radiating patch layer along the length of the feed line layer.

In accordance with another aspect of the invention, an antenna structure is provided.
The antenna structure comprises a connector, a ground plane layer and a feed line
layer is shaped as an open loop having an input portion. The connector is
connectable to the input portion with the ground plane layer disposed therebetween
and the feed line layer is separable from the ground plane layer by a first substrate.
Signals are feedable to the feed line layer via the input portion. The antenna structure
also comprises a first radiating patch layer adjacent to the feed line layer and a

plurality of probes disposed between the feed line layer and the first radiating patch



The antenna structure conprises a connector, a ground
pl ane | ayer and a feed line |layer is shaped as an open
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connectable to the input portion with the ground pl ane

| ayer di sposed therebetween fand the feed line layer is
separable fromthe ground plane | ayer by a first

s Uigst.r AbefirsSiagiatihg pairk ldyeeiia bl referanct bﬂ'giﬁ definddi thﬁecbxﬁamlrthe

h
R 5 bGP LS5 B o

t Hithe fphieality bmobamnplam&e deed|1ine &dyiet a/ndocﬁe B0 beistidl pROIS BYer,

bet en. t hle Iﬁ{fgg qallbiﬁ Sf?onp %etlé ¢ cﬁ?% %2; é;{}{e}i;@ﬁ%%glgg)g%h layer

r &rﬁaEﬂhe PELaIRY bEbobete TEaBR &f maqm@mfr ap groﬂa&elsfﬁohﬁ&nable about the
ating, patc | ayer is separab romthe d line

ngy Onigia OF Hiediiist Fréiatng @atclﬂlﬂéfeb plgp@thet pngih of ihspieed line
C%Mé{ e8hd MRnhL 8l Rirth&Y@Mmpasd 4 t@&)nﬁ'r{tcﬁéhn%?nqjccﬂtldﬁ/glgstacked

patch | ayer, and the signals are feedable
f @digoqnt fothp Aips rfadlﬁmgh@t ilpyer fcvrampmvmgntpétaml kadip dhandsyidth.

t ﬁ‘ﬁe Fﬂréi:raﬂh 's&c)f)n@ frad?e[t@?gﬁtcg E‘%{eps sé}ﬁ Qltf.n{'cy su%fstrate]; The

probes IS p05|t|ona t e re ere ce ori
t lseengls peftieve a@umtanngllspmncm deggephasd duffgremtaefot mgtdhlgccﬁrculaﬂy

t%@lai‘lge%d rddh art]ign ity gpron;r % %@&E ni%? \ﬁ& lrtiéill Hfra?l%tgurfl Bbes being

rises a second radia rs
a@pahwmi about thvereferanse ongdloﬁtthengdmmtg:;tatdhdy}mr afonp the length of

r.ati o b
s e c o n 3’5 %e{% rpaglfl e ﬁreﬂlilae)rll ere tﬂ? 3%§%a£5%q“e B éetgn?lmblledby
s mlbsltmsstoef cachhd t}E:I fystabbstaehicevre] sabstitabesdnd niiitddubytrard. net y
degree phase difference for providing circularly
pol ari zed radiation in response to being fed via the
piButfe Die$cyiptibn WTAR DG posi tioned about the

er.ence ofri t he radi g patch layer, along
tﬁj@ © TR 519 i%@# bergings ‘ﬁé"’lﬁ“a’ﬂﬁg‘?‘encaﬁ%ﬂ’&t foHgwing éié‘ﬂ)’@ﬁ%,sy in
ofwhidhe antenna structure is determ nable by thickness

of each of the first substrate, second substrate and
third substrate. Brief Description O The Draw ngs The

| PY@Ntd Hawk Bn %%chﬁ@wwaﬁ'a%%ae Strdbdrd) cERHEEENE Bl ity of
the follow ng draw ngs, in which
conductors layers, a Radio Frequency (RF) connector and a plurality of probes, in

accordance with an exemplary embodiment of the invention;
FIG. 1b shows a top view of the antenna structure of FIG. 1a;

FIG. 1c shows a sectional elevation of the antenna structure 100 according to view A-
A’ of Fig. 1b;

FIG. 2a-c show exemplary dimensions the radiating patch layers and the feed line

layer of the antenna structure of Fig. 1a-c;



FIG la shows an isonetric view of an antenna
structure conprising a plurality of conductors | ayers,

W@ 2MRat9398¢Fr equency (RF) connector and a pl ural P€HS©1009/000029

probes, in accordance with an exenpl ary enbodi nent of
the invention; FIG Ib sho a top view of the antenna
structure of FIG la; FIG Ic shows a sectiona

el evation of the antenna structure 100 according to
view AA" of Fig. Ib; FIG 2a-c show exenplary

df Hendd shevs ﬁeglf‘%}H?aét‘iePfﬁseﬁ‘éﬁfleﬁ qfat;ﬂ%rlgwgthStShéorf waepding to

| kBguch&y OF tiefanfch@ AREGRNG F3d. nuet ure of Fig. la-c, FIG
3a shows a graphical representation of the return

| oss, corresponding to frequency, of the antenna

SEI! %‘b%ﬁ@w@g gikf blgeal |1@bn%entﬁ'icﬁ;yt of?ﬂp: gQalﬂpé’%@i Ria@FABNFRbponding to
repr esent ati on of gal n and axial rati 0,

c8?%%@@0ﬁﬁﬂﬁ@ﬂﬁémﬂW@@U§nﬁyﬁgdﬁcthe antenna structure

of Fig. la-c; FIG 4a-f show graphical representations
of radiation patterns at typical UHF RFID frequencies

i RlG-42-fihawegranhibal repreptrgaiions T Gdiagen dottshiovet évpaempLEE’ BFID

%@ﬁfen& bx{wﬁmgfﬁﬁyé éllu?e shapes whi ch are

I'rst and second radi ating patch
Iayer of the antenna structure of Fig. la-c; FIG 6a-c

SE%N %X%”pk S g{am%ﬁelge%f S ?c?r umllv%h éacgn%t i l %netaasm b(lzhe are
for 't he °f eed" ayer 0 Re'antefnd s ruc} Yof
Firgplehastale &ndhd:ﬁl@; anZla&ethslh@d'mtmgampihel&/eh of ﬂ‘larahahnaonﬂlcture
E‘ e wdth of the feed Iine |ayer of the antenna
SPF gtﬁ?e of Fig. la-c. Detail ed Description An
exenplary enbodi ment of the invention, an antenna
a broadba cir u ar

c 100 fo i din
p% azce ]Og/rﬁ.\élﬁﬂg B{)?t}/gds&? é”fhhcé] g AR 81}1%15 Bor th(y feed line
ph@bﬂ fMMe Mftenna structure of Fig. la-c; and

FIG. 7a-b show examples in variations of the width of the feed line layer of the

antenna structure of Fig. la-c.

Detailed Description

An exemplary embodiment of the invention, an antenna structure 100 for providing a
broadband circularly polarized antenna for addressing the foregoing problems of
conventional broadband antenna implementations, is described hereinafter with
reference to Fig.1 - Fig.7. The antenna structure 100 is used in wireless

communication applications such as RFID applications.

For purposes of brevity and clarity, the description of the present invention is limited
hereinafter to the antenna structure 100 for providing a broadband circularly
polarized antenna. This however does not preclude various embodiments of the

invention from other applications where fundamental principles prevalent among the
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conventional broadband antenna inplenentations, is
descri bed hereinafter with reference to Fig.l - Fig.7.

conmuni cati on applications such as RFID applications.
For purposes of brevity andslarity, the description
of the present invention is |imted hereinafter to the

amdregnpamboddiments oEtht G chion EiONY sHeRgional Plupadpalng performance
cigqukar{%ggo ari zed antenna. This however does not

pF BB YT 538 Shbodi nent's of the invention from

ot her applications where fundamental principles

val ent anon evar ous . enbodi nents of the
TR A Edl SORN L6 GErhOVARRE fonEsi Shard 6iE. Lo comprises @

pelfaditnBNad @] @&tseruostﬂxg:saaﬁ&wgew g’azroetée all I'g%m%mce\na@and
structure 100, as shown in Fig nd

i g.
| B [oMsH sweecvEyupalhetaptegpa étbtr?&uala? gfag/éwsshszwg a efigpnal

| 8leftidn bF Bhe ahteAnaNt@¥iupe] AN RQRBET Ji6w W-BVoang @ top
view, respectively, of the antenna structure 100. Fig.

Ic shows a sectional elevation of the antenna

Splre%%li;%%@-@gla%%ﬁ@f gﬂnﬂQct&Qa%’é?W[ Pedhp RE aFﬂ & co|15)uc60r layer, a

Prefer [uralit cond uctor 'ayers
c&eprd @@dactm laxer, éélmah@m@nctmagawl ang asfeuihdoslopidudyor The

| ﬁ%ﬂzondﬁﬁt{)p Ay ﬁodn%ldﬁ]ioo la1llea?ég& ﬁ@g t‘ﬂe sé)c%ﬁa Qg?&l?gy?atygl is a

| ayer |rst c
Iﬁy@hnqmwg11ﬂhémséodnwmmdnduy@osaﬁayewwmsgaMﬁmeamﬂnﬁemm

| ﬁ%%autl ﬂnn]cgp%uaclich%)leg{/s ea?se%igqya%tg{gtpﬁ? X?a el lhO%Cf)l':l%(ejﬁec llne layer
| b cangprigessac orpdt paiioatlil Py aphbe endl apeion 1. Pﬁh[?elab@edhe

! ell[gleclll ﬁf%onolufgg a%/%lsr ;Pé}eezf medI t{yﬁcgnglllc%y%ma erlal}jfsuch asdcop}?el
cknmmmt:oxrduba\;eenls Alt&naivelyt mélpsﬁdalhy c@mlnctmnayeg 110 are formed

eria as c tive ink.
o e o B O R i RS PR B e Utk e s 140 are
formed by patterned conductive traces on a printed
' t. b . P Each of .t he pl lity of
g%?t?ﬁ%t%? Sﬁléfﬂ@?g 1d§<‘e‘fﬁhptaffréds sPEiRIAr iR %@Potw by a substrate.
sedvsdulatye thePadst ﬂoCiTélllﬁlllf kyndutibela Zél’é Sfe e*,e@an%@bl rtdn 6N OF a

I are separated from eac a
ta st SU%S’[] rate HT, apsecond substrate H2 and a thud substl ate H3.

The antenna structure 100 further comprises a Radio Frequency (RF) connector 120
and a plurality of probes 130. More specifically, the antenna structure 100 comprises

a first probe 130a, a second probe 130b, a third probe 130c and a fourth probe 130d.

As shown in Fig. la and Fig. lc, the first radiating patch layer 110c is disposed
adjacent to the second radiating patch layer 110d and the ground plane layer 110a is
disposed adjacent to the first radiating patch layer 110c. The feed line layer 110b,
which is preferably shaped as an open loop transmission line, is disposed between the
ground plane layer 110a and the first radiating patch layer 110c. The RF connector

120 feeds to the feed line layer 110b via the ground plane. The first to fourth probes
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first substrate H 1, a second substrate H2 and a third
substrate H3. The antenna structure 100 furt her

plurality of probes 130. Moire specifically, the
antenna structure 100 conprises a first probe 130a, a
second probe 130b, a third probe 130c and a fourth

pn@(tael 30B/D80c/ 39 d SROWRpdsBd bétdleed thedmist rhdligtin dgl gatch Bgerflii0&tnd
iating patch layer 110c is disposed adjacent to the

SQEJW@ Fﬁd@ﬁtﬂH@ patch layer 11Qd and the ground pl ane

| ayer 110a is disposed adjacent to the first radiating
pat ch | ayer 110c. The feed line |layer HOb, which is

pF Bt dirsigng ssqpag dadiadneapatelpEpes od %{W&‘n%‘ﬁn asrangnd yuchdhat the

i §ec@h(§ PRI BelhesR: i ¢ Qré)HMe@ fé‘t@ﬁ ahﬁb’é?ﬁ td 1dar @Y diating
the first radlatlng patch | ayer he RF connect or

128k dvas 1 t0s- t Ree fhoag almm@meay@fr the s amudase@m@ igfigtiird patch
ha@@@ 1180810y lfnzﬁoxfeg’ tlfeer(reH flat[?)r 9&?3@9@1@1&36‘#1}@%411]1%2&@;1%%&11 is

are ISpOSE t ween Irst rad lati ng patc ayer
H@:!lhah tnrenabledeydartangieg lagpherelity DO btackTpascfes Kt skaveh) Sdieoad to

it I | 1 Cc/HOD are arranged such
t afﬂ%hgggggéﬁghggﬁﬁgﬁ%ng patch layer 11Qd is a

stacked patch adjacent to the first radiating patch

l FE hgt@%‘am ! ploge%q%ﬁa/%qb9l%%§ﬁ?(?]é ﬁo&?chgg f{l gtrx g&latn g pta}(]:h layer

secon rove
axi@l andaba fa:edi)anmmlydlt hi. ObTbPes apparaht in &tg. da, tihcﬂ €ivet ct fouitls probes

f her., i.opr, ble b angi ng. a ural it f .stack

0P E0) BT R Bt BB B et oh 1Bt 4R 35S taver

pat@h ’Irlﬁ)é)/e!ilg%ﬂiﬁ)gioft}jﬁhﬁlsf[ td Btirtlh ﬁrob?um)mmwm@mmo@l is criti%al to

130a/ 130b/.1 conn t he rst tin atc
ﬁﬁ@f@félwaﬂ ERerEen o Pt Pyt i O e bat i
Fig. la, the first to fourth probes

130 a/ 130b/ 13Qc/ 130d are 05|t| t four distinct

| Bkt ?Pé &%%Sﬁé@ ot Props |%§?8§i®ﬁ/ 138@@%& s Rasitioged

Oguc‘hhﬁatfsicrhﬁ§ (ﬁo@ sifoH) tthh QJfé@@@th@&*@ﬁ/lmmg%a@ﬁ/lél},%pﬂlOcsby the

tical functional i

aﬁfteérhlﬁ%ﬂag@lrue? drugiothe e f%l h@fqbys 1%%@3%/9%@0/&38(1 oasto
f auidR aﬁacﬁ&}% that 0pdi 3Pk h3RALML30d probes are

posi ti oned
More specifically, the first to fourth probes 130a/130b/130¢/130d are disposed along
the length of the feed line layer 110b at substantially regularly spaced intervals
whereby signals fed to the feed line layer 110b through the RF connector 120 are

subsequently fed to the first radiating patch layer 110c with a ninety degree phase

difference.

By feeding signals to the first radiating patch layer 110c in a sequential rotating
manner above, the signals fed to the feed line layer 110b through one of the first to
fourth probes 130a/130b/130c/130d have a ninety degree phase delay relative to
signals fed to the feed line layer 110b through another one of the first to fourth
probes 130a/130b/130c/130d.
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such that signals (not shown) can be fed to the first
radi ati ng patch layer 110c by the feed |ine |ayer

130a/ 130b/ 130c/ 130d, so as to achieve a radiation that
is circularly polarlzed More specifically, the first
to fourth probes 130a/130b/f300/130d are di sposed

along the length of the feed Iine | ayer HOb at
substantial ly re%ularly spaced interval s whereby
sForexemplee thet Beekefef derdugh e seeppd rprabeols Ob Hiewte g Hindke degree

ngﬂ@ ﬁélgy 1e]fgtﬂeac5 %1@&??&%&%@%#0#[ f &d fﬁ& (l;]% 1f3'053ﬁ1e 51gnals fed

atng a ni net'y degree phase
dihfidugh elm:telrd Byobe éé@h Iy g ngredy degres thige Cfeilaystlaﬂ#dﬁoethﬁr signals

pﬁetd(im 63}-}’ GL s{c@éd 1%b?ﬁ§§bqa%%gﬁ% & naTs%@Hr&%iB]E@%ﬁﬁh g%ﬁg €30d

fee
ohaveaf nltld‘tE dbgres phase délayrdlitiverto kdessg’fwafled_ 30bvgh3de Mﬁ@icmobe
hZ%ﬁ a ninety degree phase delay relative to signals
to the feed line |ayer 110b through another one of
the first to fourth probes 13 0a/ 13 0b/ 13 Cc/ 13

For ex e h h .t
o LGP RaU2® & ity Taaee S e Ay B Aot yspien
t Qlyéxhlﬂ OSIftgm&H ﬁch&dﬁEtl@r (D]ZIQElnd the ehd patiopn titbeofliBOEed tline layer
nals fed throu be 13 ha
& Pkﬂﬁ%ig?éy gei g “'P%EF& Mpgn ﬂ@ L é?ogﬁogjﬁi?‘%of?tﬁa?ﬁeﬁH%}af}ﬁ?e'
t mﬁ()bslgfﬁq@ﬂténﬁﬁ]@t*é@ ali@@i*énﬂﬂ@adsfh@e sdtgedlisd hetheteRd @Ugi@ntlh% of
fourth probe 130d have a nine

- degree ph
- Sredescietwy et hiobdp &rﬁ'av@terte?jfe@#%aﬁe&lﬁ b e tﬁ? Bskportion
13% of TRErLNRME [ RO T DR sl 2aboferitbi@nf.eed ine |ayer

is connected, via the ground plane |ayer 110a, to
the RF connector 120 and the end portion 112b of the

(thmla e Ry 8fd %(Jrg@n Iy ?2@5?(11@&@&1’ NnenfaS/elt ﬁ@mlﬁ?én%ﬂ}f&egbby a

en t e end portion 11 of line |ayer
i sermoeting fogd r{apfe@jwwawdulixaméﬂs qfdh@éelawetlﬁetlowdeaeu Gaagfitive,

nd‘it&ﬁ/e%nqesﬁ% #o'ggsn '?ﬁle?ekﬂd (BB “ttonq lfl:?g[.qhé Fa§ 11l1@}ﬁ Er ﬂi%gkéaﬁ 8so

termnate I ne | ayer Hence, e end
pbe teomated by short-circuiting the end portion 112b.

As shown in Fig. lc, the ground plane layer 110a and the feed line layer 110b, the
feed line layer 110b and the first radiating patch layer 110c, and the first and second
radiating patch layers 110¢/110d are separated by the first, second and third substrate
H1, H2 and H3 respectively. The operating frequency band of the antenna structure
100 is preferably determined by the thickness of each of the first to third substrate,
H1 to H3. Alternatively, the operating frequency band of the antenna structure 100 is
determined by either the size of the first and second radiating patch layers 110c¢/110d

or dielectric parameters of each of the first to third substrate, H1 to H3..

Each of the first to third substrate H1/H2/H3 is formed by insulating mediums such
as plastic, non-metallic spacers, wood, foam or air. Preferably air is used as the

insulating medium. As can be readily appreciated, high gain and broad impedance

PCT/SG2009/000029



112b of the feed line layer 110b is said to be left
"open'. Alternatively, the end portion 112b of the

wo e@d/obiose | ayer HOb is term nated by a term ne€T/8G2009/000029
| oad (not shown). Exanples of the term nating |oad are
capacitive, inductive or regtive |oads. The end
portion 112b of the feed |lifie ayer 110b can al so be
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by tehectivilgkness of each of the first to third
substrate, H to H3. Alternatively, the operating
frequency band of the antenna structure 100 is
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radi ati atch | ayers .
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n%%thﬁ’gf% 'c}dll ing ﬁﬁtﬁ 8&16 IFlag\(ﬁdo agh Pf 1%%?621%0&%%6?1’)1)61'5 has
ah hadeSdimMeRGbrasO6t 4@ dnnSiith@d dir@naBADOEN FAxa@dplepeither the base
readily gggr eci at ed

| Fﬂljg:ﬁgﬁl@; Hldel{tﬁu%(gmgleS[l%al nbfa bﬁm@wegl 1remp¥edu1‘§<aa tée first

t rh%la'tlﬂgHiit@ﬁ laD& medisumsyfr t hernore, inplenentation
cost iS also reduced. Exenplary dinensions for the

I5 first radiating patch |ayer 110c, the second radiating

p"ﬂ\&lﬁ . W%mtﬂt%%e@ﬁ%é/ﬂ%bh@@cgljO'drh‘?e | RYBH al dSBdiAdtEs about an

shown 1 n fg f‘g 2c respectivel

Thegifi 216t de a@daw mlg: p@ﬁf&:wtwa%ro 1310 dMpZ Ny e?f'éﬁf'%t@zi; gd an
] [ V. Li h h b
sgﬁ%ﬁlﬁ ﬂ Ql%lgipfétj adr?g it t"ﬁ%ﬂ?a%?ﬁ? E‘%t‘%@d?‘gt&. EP& a?ﬁ?]f@ilaalyérx g
1¢®:dnhass aift ther firgt It@nfgtllﬁ1 dirohehsiden 12021 9/ 13 rae%uﬁpﬁned in

20 dm et %1191%) of ]S%gama@me ﬂj AGeNfhe CHIB! Sto  fourth probes
130a/130b/130¢/130d has an x-y coordinate of (3.5, -54.5), (57, 1.0), (0.0, 57.5) and
(-55, -8) respectively.

Similarly, the second radiating patch layer 110d is preferably a substantially
25  primitive geometric shape such as a square or a rectangle having two adjacent corners
removed. The second radiating patch layer 110d has either a length dimension 232 or
a breadth dimension 234 of 139mm. Preferably, the corners removed from each of
the first and second radiating patch layers 110¢/110d are triangular in shape. Each of
the removed corners has a base dimension 236 and an altitude dimension 238. For
30 example, either the base dimension 236 or the altitude dimension 238 for the corners

removed from the second radiating patch layer 110d is 17mm.
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of the first radiating patch [ayer HOc are renoved.
Each of the renpbved corners has a base di nensi on 206

base di nension 206 or the altitude di nension 208 for
the corners renoved fron1th§ first radiating patch
layer HOc is 24.5mm The first to fourth probes
130ak1300E 4 9/11619% ?Jf% Jj%ﬂ% e dqftre SRRELAINALeS0AROME f
an origin 2 %% 0 defined by the crgsselﬁﬁégégﬁ% of ag b four
|nugﬂmamyeﬂhgxx@nﬂﬁ@maﬁﬂwmﬁmﬂwagﬂhgwy1QMEMWQHZ$®06f2““m
t I y
CE% P I&snozztheessag% @Elll%g? Pl?é{%@dt %&rot rfgrg{a{h@ ?&Q I¥he l2¥ed110b.
130a/130b/1300/130d are defined in nllllneters (mm.

ecio]}vspg%lﬁl ? ?ggég?ahagoh?arf &f @ %%Ogdreffggc{ tQI1@§e9%§8%tl1e square
- Eﬁp&) pla1665240 Iis @Dlt,off( 0A Gecdnd . o) ticartdt0p -ab8,a thBY portion 240c are

| %}g{f‘ %t Vel}egof 6}6(:#[]%1 r%qbneY s %ft Eu%(kut'ile s1apqd|p§ja11p‘;2fl('r5]n g{’n%%%qaly, each

geﬁuﬂeﬁrst Gesdndpad $ltifdfpoa1$0na 28 0pi2008/2d0c B areotidngg®nteaid shape
dFacent cornegi renoved. The second radiati ng

ﬁFEﬁS sjpare AP HEei t her a | ength di mension 232 or

a breadt h di mensi on 234 of 139nm Preferably, the

corners renoved from each of th first and

RSy (R eHe PRy aRSe FOEEI T TEH UEE TP AT roved

sageof thafehha@fing heeer &)Hfb\x‘ﬁﬁ:lrf‘@@éd]ﬁé%lehﬁﬁlaﬁmbﬂ@@: and has a base
di mensi on 236 and an altitude di nensjon

edmppsian 282t Her 2 s dRNTeRsT6n 786 eé?mlflﬁ’ee'él?et‘ i 1P pase

diRAShRNs 238 hE Ql'htJdQ%uﬁé?fsféﬁ NS4 bR Y&Khihih O Mréd @ mSe&0dtehers
radi ating patch layer 110d is 17nm The feed |ine |ayer

1509Mns formed from a square shaped pl ane 240 havi ng
four corners and, either a |length dinension 242 or a
breadth di mension 244 of 121mm Portions of the square
sRapevh! pf thediraumdaseeond anveinas 24Q5/349b wntome sideed03 phige square

! %yaggd Es%\ggmé’?eo‘%@ Whe lg}gtl{ bftenRBA b Ql% 4803602004 128hm to

ori at thte center o t he square shaped
praden24Bempel ofitlyf fitst porsiec 3hth fiontanothesidh2elthdotathe square

t Ql%arpgd Bgur]et: bg(p d‘LllQes AL Breadth dimension of the side 260b from 121mm to

82.6mm. The feed line layer 110b has a substantially uniform width 262 of 24mm.

The ground plane layer 110a is preferably a substantially primitive geometric shape
such as a square having a length dimension (not shown) and a breadth dimension (not
shown) of 250mm. Furthermore, the thickness of the first to third dielectric, H1 to
H3, is of 5mm, 19mm and 10mm respectively. The distance between the second

radiating patch layer 110d and the ground plane layer 110a is 35.5mm.

The antenna structure 100 having the exemplary dimensions provided in Fig 2a to
Fig. 2c is capable of operating at a frequency range of 815MHz to 970MHz with a
gain of more than 8dBic and an axial ratio of less than 3dB. Additionally, return loss

of the antenna structure 100 is less than -15dB. Therefore the operating frequency

ePCTIRG2009Y600029
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cutoff fromone of the four corners of the square
shaped pl ane 240. Preferably, each of the first,

primtive geonetric shape such as a square or a
rectangl e. Additionally, i remai ni ng three corners
of the square shaped plane fe removed. Each of the

181”@6' Jﬁtl%ganﬁgh'hg &r LF‘CQEQ%(?CJV@IW&G&U@J Bird ﬁl'gﬁ'ﬂghklle‘?%y {MHF) RFID
shape and has a base di nension 252 and an al titude

dﬁwmnawdanBhWhPUWP@%@W%W@Hﬁ@Pﬁﬁ@MH?he base di nensi on
252 or the altitude dinension 254 of the renaining
three renoved corners is 24mm Renoval of the first
aﬁ@uwe@@hdp@smﬁmomsf@4®am2¢®bOﬁweémémyﬂﬁém26@&0d$“@ﬁ@ﬁﬂ

ar e ' '
o B G2l 308 Sa GO0 46 s Bl VIR A, BT R Bp BTSN 502
f qwastnfyprgrthe: mnmzkt@amfcfﬂ)andamo:tmwémdthﬁGg)tlwfﬁ ehency _in GHz.
E?Ililc(a rﬁgqpﬁh edlé%ﬁ)%?l?ﬁ)l 1‘3‘6455_% ;_p o] u?ﬁ)s g\%ﬂ:@ B{a?a?geﬂ 1'2? g&e ﬁ%ﬁﬁ@ Moss
|261y&l§po_|]§ﬁ01|g thas feeqseiest antcambe ybs.emeﬂ (Ihm eprd i ss 26@e operating
nm e gr f bl
< ket v B SOt MnsTeBl s o a

square having a Iength di mensi on (not shomn) and a
br ead Q@ElﬁEhSlon shown

C A TR TFRREC TSRO B T PR S B BT <7 go s

gﬁbutsﬂ aiecpﬁybgigmph 39?“?@8 @r a}aﬂgm) I‘chﬁpﬁ%‘sﬁ lal Qlaylsh?m&wantlfymg the
i stance between the second radi t|n C

afigIueRey §rdimnd samds ﬁ%%lami YH18 8 “B@H? #}@g %‘Fé RHG

Stg ucﬂ]@%ﬁpﬂ-@ﬂ) havdonprishen Bxene 30 Y¥indlh sRBsd pIBs34m ovi ded

in Fig 2a to Fig. 2c is capable of operating at a

frequency range of 8 15MHz to 970MHz with a gain of

mpﬁ@ filshan SEBIIGIANS ERUEHaRbteFiRd he @kl hES 8nd AN rSdBstively,
Additionally, return | oss of the antenna structure 100

i sorfesgendinggn thelB@Bencyh é\ﬁ@ﬁl@)p@OQSﬁ@e@ﬁgméhq ﬁ]@t plot 330, the axial
f (a%gua%ntﬁ%’t ?leﬁ f] L{(Jéﬁc patn DRA s 5NuetHIEolAE GOMES fhah heB.

entire u uen y (UHF) RFID frequency band
whiitleringret ypm@ﬁni@d 840 \VHie @e@o@ﬁ@ 340, the gam at the operating

frequency range of 815MHz to 970MHz is more than 8dBic.

As can be readily appreciated, the antenna structure 100 is capable of operating with
desirable performance over the entire UHF RFID frequency band without need for
complex antenna structure design or configuration. In addition, the antenna structure

100 is robust and is easy to manufacture.

Graphical representations illustrating radiation patterns at typical UHF RFID
frequencies in x-z plane and y-z plane are shown in Figs 4a to 4f. Radiation patterns
at sample frequencies within the UHF RFID frequency range are provided.
Specifically, the sample frequencies are 840MHz, 870MHz, 900MHz, 910MHz,
930MHz and 950MHz. The 3-dB axial ratio beamwidths of the radiation patterns at

the sample frequencies are tabulated in table 1 below.



A graphical representation of the return | oss of the
antenna structure 100 is illustrated by a graph 300 as

W@ h@weoioso Fi g. 3a. The graph 300 conprises a yPEKRSG2089000029
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quantifying the return loss in dB and an x-axis 304

quantifying the frequency in,;Giz. The graph 300 also
conprises a plot 310 which characterizes the return

| oss corresponding to the frequency. As can be

observed, the retyrn loss a e operatin frequency
range of 815N+h$‘ é?%%@ﬁ”ﬁ@‘fg§§;&§ “’@ﬂ

praphi calgspepmes egvoaliHgN @b NAg [gA0MERC %X)IMHZY ab30MHz
of the antenna structure 100 islillustrated by a_g_;_a_g‘!q_
3205ZThé gridph 320 ©onpri se¥°an |x-a¥rs 322 Huant]i f o
theifie equereyodh n (G23899 (@538 s-324soauanso, §3) ng erohaso
Ja?ﬁ]in gBid 52 the gﬁl( rg?? (n dB9 ﬁe nrg (??0 )
alsmﬁconprﬂ§ﬁs a fﬂt% Bl 0195330 |andO% sdcodd3l dt 33%.
Th r% R € gt 340,<6 t t 0 2770
axﬁg rc#fé gﬁﬁ aln 964%%Ct?©eﬁqw @§{ geoondﬁndpgc37)
t he frequency As can be observed frontthe first plot

gﬁto%i ari(gd%@n}%ﬁlﬂtg‘g %lltgmra sgr élcte.rﬁeelr 6ésd<ge%cr'1_be% u:&%erssrergp theast
ObﬁeEBK/ﬂhd foiregeing dsadecnpd. pliet m&éh(f)rpn tlEhEOtgalblﬂ laitetdhe spccrﬁc

eratrn frequency ran
1 BB REME AR Fash P B b g Sk B B e SRCRhR
Stlfetb@tt i veewl 00thisSdisa@akl Batofunepes ahanzgs wid/dr esiicaaibh ean be
per f or nce over ghe entire EHF,RQ{E frequency band
mﬂ?ﬁ%w ﬂ%@@mﬂﬁg EYRPeesoRs e sE! SRV e desi gn or
configuration. In addition, the antenna structure 100
is robust and is easy to nanufacture

r 6P BsEat NIty wétqoatwcrpg e 419 6h “it?at“tté‘t‘ﬁs“’é‘f’t”‘e 100

tYRlRRdd ddblfe freteRtly &AMPRES @S fitdd cXrddctBt RN&, MBAedbnd conductor
pl ane are shown in Figs 4a to 4f. Radiation patterns

atayglar*rliﬂ @irfl cogiusingi et wind Hienforrle coMpeRFIayeF r SdgEREYEL. the

Pﬂgeﬁlt)a%? ch‘IchWOQQ%»elsSpﬂpb&ﬁ&%Eé Yhe ﬁlt@?c&ﬁimbﬁlayel the second
equenci es are , OMHz, OMHz,
conductor layer and the third conductor layer.

Furthermore, as described above, the first and second radiating patch layer 110c/110d
is preferably a substantially primitive geometric shape such as a square or a
rectangle. Other primitive geometric shapes such as a circle are also implementable,

as shown in Fig 5a to Fig. 5d.

Similarly, apart from being shaped as described above, other shapes are also
implementable for the feed line layer 110b. In one example, the feed line layer 110b
is a primitive geometric shape with a portion removed from the primitive geometric
shape. As shown in Fig 6a and Fig. 6b, the feed line layer 110b is a square and oval
shape. A portion is removed from each of the square and oval shape. In another

example, the feed line layer 110b has an irregular shape as shown in Fig. 6c.



930MHz and 950MHz. The 3-dB axial ratio beamm dths of
the radiation patterns at the sanple frequencies are
wao aivabeoed in table 1 below In the foregoi ng NMECTBG2002000029
antenna structure 100 is described for addressing at
| east one of the foregoing di sadvantages. The
invention is not to be limted to specific forns or

ax JRARGEIE N Ss Qbt 9@E§s§1ysﬁ>l QI?eSWfdtlb%@l tRd Ebell tind Ilai/el blq Ob to be
apparent’'to one skilled in the art in view of

hi s
diubgnsie Uy enifdray asmﬁﬁ@n’o@@gb%fnaﬁ@wwah af the fersldinei 1@%& i bQP can
iy RS b0k GEPRY 4 A id oM the scope and

I't'°0f 'the | nvention or exanple, the plurality of
conductor | ayers 110 of the antenna structure 100
descri bed above preferably conprises the first
conductor | ayer, the second conductor |ayer, the third
conductor layer and the fourth conductor |ayer.
Alternatively, the plurality of conductor |ayers 110
conprises the first conductor |ayer, the second
conductor |ayer and the third conductor | ayer.
Furthernore, as described above, the first and second
radi ating patch layer 11 Oc/1 10d is preferably a
substantially primtive geonetric shape such as a
square or a rectangle. O her primtive geonetric
shapes such as a circle are also inplenentable, as
shown in Fig 5a to Fig. 5d. Simlarly, apart from
bei ng shaped as descri bed above, other shapes are al so
i npl ementable for the feed Iine |layer 110b. In one
exanple, the feed line layer 110b is a primtive
geonetric shape with a portion renoved fromthe
primtive geonetric shape. As shown in Fig 6a and Fig.
6b, the feed |line layer 110b is a square and oval
shape. A portion is renoved fromeach of the square
and oval shape. In another exanple, the feed line
| ayer 110b has an irregul ar shape as shown in Fig.
6c. Additionally, it is not necessary for the width of
the feed line layer HOb to be substantially uniform as
descri bed above. The width of the feed |line [ayer 110b
can al so be non-uniformas shown in Fig. 7a and Fig.
7b. C ai ns
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1. An antenna structure conprising: a feed line |ayer
shaped and di nensi oned as an open | oop havi ng an i nput

via the input portion; a first radiating patch | ayer

stacked adj acent to the feeq3line | ayer, the first

radi ati ng patch |l ayer having a reference origin

defdimed thereon; and a plurality of probes disposed

between the feed line layer and the first radiating

patch | ayer for coupling therebetween, the signals

béi ng ArageplsiragurelkemPERg: radi ati ng patch |ayer via

the plygalifhy 1@& Qﬁ%@@gm BfdAsiBhed £4€1Pbgéhabdg Haviifg an input
el ng positione b th

probes ) about the reference origin of
t hertiomdigaels hejnp &eddblé oy feed linegayen @ialteavgpt poftionhe f eed

line | ayag Tﬁd‘éﬁ?ﬁ% %‘a{&hgmr §fa%§la|%§r@% LEYR Red ﬂg@ fayer, the first

di ff erence ovi di‘ng crrcu polarize

r sediaging patch layerdmepiog s ecferendsairign defidedthereothengl ural ity

of pro i n itk d ecrefiere I Gl

of th e?p E’gu&algh iotr% rp at c(lﬁ%f%%/de r%ag”llé%)nn téﬁ%t eg& I lglﬁ g %gfo%lrdt ﬁlg it
f esdlthtihg paich yarfor éupipethembatwerm, tht sigodlsiba@ng feedablactodhenfirst

L BT W PR R By e
f positionpd abirdietrefefenak biidin bathe @adiatihg Wiatdh HayeB alonif éhe length of

aq%&n q.sﬁructure as in claim?2 further conprising a
pPGrSRG 5 18P st ack pat ches arranged adj acent to the

first whdbiattheGigalschchidyes phade fiffefeey forproRideie Bircuddrly
the axial ratio bandwidth, 4. The_ antenpa_ strycture as
| Rolanznfediafieh thdFsPeBispla beihg A gisoditaP HFARE odfuoles being

C PENIRIME® bbout [ ERAMES biin 6P MBeEdiARLDatch 14yR€ aloRP e length of
portion with the ground plane | ayer di sposed

t Pedeaddingdayst. the feed |ine | ayer separable fromthe
ground pl ane | ayer by a

2. The antenna structure as in claim 1 further comprising a second radiating
patch layer stacked adjacent to the first radiating patch layer for improvement of axial

ratio bandwidth.

3. The antenna structure as in claim 2 further comprising a plurality of stack
patches arranged adjacent to the first radiating patch layer for further improvement of

the axial ratio bandwidth.

4. The antenna structure as in claim 2 further comprising a ground plane and a
connector, the connector connectable to the input portion with the ground plane layer
disposed therebetween, the feed line layer separable from the ground plane layer by a
first substrate.

5. The antenna structure as in claim 4, , the feed line layer separable from the

ground plane layer by a first substrate, the first radiating patch layer separable from
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first substrate. 5. The antenna structure as in claim
4, , the feed line | ayer separable fromthe ground

patch | ayer separable fronthe feed Iine | ayer by a
second substrate and the fi[it and second radi ating
patch | ayer separable by a ird substrate. 6. The
L /B4 ﬁn§fa§é&%%rs@cc§ﬁ shﬁbtrﬁde%hmh'é fird @ﬁ@ sébnd 1|3§1af1ﬂ1g' ch layer
second and third substrate formed froman insulating
rﬁmW@H?thﬂmﬁﬁgmmaﬁlng medi um bei ng at | east one of
plastic, non-netallic spacers, wood, foamand air. 7.
The antenna structure as in claimb5, each of the feed
16.ne nauy eamtennd strggteranas ol elmien St Rechf of g firgli sgeqndgand third
s%%&r de @frﬁéd %‘n% h sutlﬁfﬁ ec{uﬁg' @k 'nquﬁl'ﬁﬁ% ?rped udY Blin & RGst
rom con rve er|a1s suc copper, brass
oo*neccxﬁpldstm; nmemeualhc spacerFheoah foemdsirr uct ure as in
claim5, operating frequency of the antenna structure
is determ nable by thickness of each of the first
Subst rik entetfc stndtusel bs tor cim amzlclt bf thel feadbliter laye, th®.ground
The antepna structure as in aimb5s eratin
e dirc b il Eh ek dp o Facies PREEE PR gyine
aforth@PBEm 0ORIubhvehA&ialf sutings doppeaf brassddr s@dodtiveriddi at i ng
patch | ayers, and dielectric paraneters of each of the
first substrate, second substrate and third substrate.

19. Theeak@nR atrdbihidCsUe clasn |5n oféraiin® ﬁe@ieﬁ@ﬁ St @Re dntenna
and configured for operating in ultra high freque ngg

( OMF TS rﬁiéteﬂélﬂabl%}’ Shigkngss i gesh of s fiyst ?l@é‘ﬁ% r?e‘méls strate
applihicddibopse. 11. The antenna structure as in claim10
the antenna structure capabl e of operating at a
frequency range of 815MHz to 970MHz wth a gain of

npre tRan, SRk G atded FXtHm $abpaftly FeGRnt 3P (R Bntenna
structure is determinable by at least one of size of the first and second radiating

patch layers, and dielectric parameters of each of the first substrate, second substrate

and third substrate.

10.  The antenna structure as in claim 4 dimensioned and configured for operating
in ultra high frequency (UHF) band for radio frequency identification (RFID)

applications.

11.  The antenna structure as in claim 10 the antenna structure capable of
operating at a frequency range of 815MHz to 970MHz with a gain of more than
8dBic and an axial ratio of less than 3dB.

12.  The antenna structure as in claim 11, each of the of the feed line layer, the
ground plane, the first radiating patch layer and the second radiating patch layer

being a primitive geometric shape.
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12. The antenna structure as in claim11l, each of the
of the feed line |layer, the ground plane, the first

| ayer being a primtive geonetric shape.13. The

antenna structure as in cIaHg112, the geonetric shape
being a square, each of the'of the feed line layer,

t e or phdhiddna Beuctdrb 8 thiclafh 17,304 @olmfticRabebel@¥%auas @ach
the second radiating patch |ayer having a | engt

h
dpibnsf 8i¢ ford Hielayer, s GrAVRA B3B! abfRg patch layer and the

I 6BRSHaiehY patdt layd BivABLCIBAAD JinfdAGibY bE 18Enth 2, M56mm
13, each of Phe frrst, second and third dielectric

hand Hgmmhreskastisdps of 5nm  19mm and 10nm respectivel y
15. The antenna structure as in claim 13, each of the
feed Iine layer, the ground plane, the first radiating
pad.ch Thkey entemmadstivhimre e ondaimadBatichgefpthe dhist] sgeend and third
havi ng. | havi ' 3 enoved

R b TG R et 0B Pl RERE P T

line |ayer being shaped and di nensioned to have a

substantially upiformw dth 2 17. .The.ant enna
stPuct e SR B W ik B PR e e 1OG QR T Bronnd
cohpe,ithd figst ralidting Phatchrioe andiths sewnd rpfialng, patdhdag aehg at
fed fromthe second probe having a substantially

n eﬁ%ﬁ&?“&%é?%@%fﬁﬁ%@“%éﬁfﬁ@”ﬁ tative the signals fed
fromthe first probe; a third probe, the signals fed
fromthe third probe having a substant.ially ninet

086 ecT AT SR AR A 5, theeg] hﬁ%sayerf P ifped and
t BEneREI6ANIGo RERESUbARH a8y (i viBihQFe4minhe signal s fed

fromthe fourth probe having a substantially ninety
degree phase delay relative to the signals fed from
the t g Rah GruchBe a3 cRh £ WISk il OF PoBeLMkREN:

a connector;
a first probe;

a second probe, the signals fed from the second probe having a substantially
ninety degree phase delay relative the signals fed from the first probe;

a third probe, the signals fed from the third probe having a substantially
ninety degree phase delay relative to the signals fed from the second probe; and

a fourth probe, the signals fed from the fourth probe having a substantially
ninety degree phase delay relative to the signals fed from the third probe.

18.  An antenna structure comprising:

a connector;

a ground plane layer;

a feed line layer shaped as an open loop having an input portion, the
connector connectable to the input portion with the ground plane layer disposed
therebetween, the feed line layer separable from the ground plane layer by a first
substrate, signals being feedable to the feed line layer via the input portion;



w@empeeosbl e to the input portion with the gropetSGimae0n29

10

15

20

25

30

a ground plane layer; a feed line | ayer shaped as an
open | oop having an input portion, the connector

| ayer di sposed therebetween, the feed |ine |ayer
separable fromthe ground pJane [ayer by a first
substrate, signals being feedable to the feed |ine

layer .\, g &&l%ﬂ h RP&dRRePad) écEﬁ’tt tor’cﬁéj ifRt i1 lz@@f Qhe first
| ayer stacedajacen totef’ line | ayer,

fradistingpatih dasien havieg %h?ffPr@l}ﬂé pnala\ﬁeﬁgedath@ré%?r@rfé% ﬁE?F Fa&iaﬂng
g;%tchrl] gT geB 1518 @roﬂﬂﬁ? g llflé 1A bEf%Q,é&)BH BehsRakch | ayer

e ar on1t |ayer gy a second
subst paplecaliy of probbs tispesed mf:b’b?és the Hee frvenend e drst

rﬁﬁq‘bqg gcihllg)%/é? t]f"xe %Efeoff 'r(gb% cgﬁﬁhﬁ{ﬂeg&ggﬁ{eﬁ%gk Q%dgﬂénra first
andlatinyepatdhrisgery mel |sgt1alm gelpgtfacﬂaulafrem the Ifesd ding fayles topibe Higst
rg%Ptab:H%& B%{% tﬁﬂeﬂé?gl rah ob%¥ et tb@ﬁlu&h&%f‘l})robes being

e plura
g6tiiofbld fup kher @fdrdnge @hgmr afbibs fioeiradjatpespatéholapdy] aong the
erence origin of the first radiating

bout
a%‘%%lho t ?/@FSL‘P%H&HH@ | ength of the feed line |ayer;
and a ,SREHACralRGh@ batol 1438t SticKeadbacéit as kirdfind mmﬁg patsh

the first radiating patch | for_i ove
P AT S R T
g%&psebﬁxﬁggyg%ﬁfﬁggt@@y a third substrate, wherein
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139 The antenna structure as in claim18 further

Rf)tFl Sing a plurality of stack

19.  The antenna structure as in claim 18 further comprising a plurality of stack
patches arranged adjacent to the first radiating patch layer for further improvement of

the axial ratio bandwidth.

20. The antenna structure as in claim 18 dimensioned and configured for
operating in ultra high frequency (UHF) band for radio frequency identification
(RFID) applications.

21. The antenna structure as in claim 18 the antenna structure capable of
operating at a frequency range of 815MHz to 970MHz with a gain of more than
8dBic and an axial ratio of less than 3dB.
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