|  DUAL- POLARI ZED, M CROSTRI P PATCH ANTENNA ARRAY, AND ASSCCl ATED
METHODOLOGY, FOR RADI O DEVICE [0001 ] The present invention rel ates
generally to an antenna for a portable 5 radio device, such as a

Bl uet oot h-capabl e or | EEE 802. 11 b/ g -capabl e device that operates at the

I MS (I ndustry, Medical and Scientific) firequency band. Mre particularly,
the present invention relates to a dual -polarized antenna, and an
associ at ed et hodol ogy, of conpact construction, capable of positioning at,

oy o PR S o eome

adj acent patches are synmmetrical in both a first and a second pol arization
direction and are of dinensions permtting symetrical excitation at a
resonant frequenogol]theBaedegt duadionfretahs generelly kcom 0803 foRapontable

communi cation systens are used by nmany i d ety t i cate.
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communi cati on systens. Al technol ogi cal advancenents pernmt, the types
of 20 commmittaddrntiegrescoeimveidticmotlatdsite aldyalpolafedraatiinoa,comatni cat i on

systens shall .likely increase. [0004] Cellular co ni.cat.i on systens are
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Cel | ul ar cmg@i%@g{h%@ft&ypﬁﬁm adie deyeecal |y constructed to provide

W de-area coverage. And, their 25 infrastructures have been installed over

si gni fil®ant por t[0BORI At arrmeopeputrapasitionsd aatches is disgosedrupan the subatrate.
comruni cat by way of. a radi.o co ni.cat | e of a
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and aré of dimensions permitting symmetrical excitation at a resonant frequency.

15 Backeround of the Invention

[0003] Radio communication systems are used by many in modern society to
communicate. Many varied communication services, both voice communication
services and data communication services, are regularly effectuated by way of radio
communication systems. And, as technological advancements permit, the types of

20 communication services effectuable by way of radio communication systems shall
likely increase.

[0004] Cellular communication systems are exemplary of radio
communication systems that have high levels of usage. Cellular communication
systems are typically constructed to provide wide-area coverage. And, their

25 infrastructures have been installed over significant portions of the populated areas of
the world. A user communicates by way of a radio communication system through
use of a wireless device, a radio transceiver, sometimes referred to as a mobile station
or user equipment (UE). Typically, access to a cellular communication system is
provided pursuant to purchase of a subscription, either on a revolving, i.e., monthly

30 basis, or on a pre-paid, time-usage basis. Cellular communication systems, operable



provi ded pursuant to purchase of a subscription, either on a revolving,
i.e., nmonthly 30 basis, or on a pre-paid, tinme-usage basis. Cellular
comuni cati on systens, operable 2 pursuant to different operating
standards, define radio air interfaces at different frequency bands, for
i nstance, at the 800 MHz frequency bandy at the 900 MHz frequency band,
and at bands | ocated between 1.7 GHz and 2.2 GHz. [0005] O her types of
radi o communi cation systens are also widely used, for 5 instance,

Bl uetooth (tmnm -bas and | EEE 802. 11 ,b/ g.-based .syst ens, . enent ed,
o o Cas, RERKETYP FEraey cpgatre Aradr e PRy AT i P agTBrEiT de 1 or
voi ce and frghency VIR fEahitaRe, atROS0RMYz BYQlenSYTBAlE bt BOYO0 AUe ar eas t han
their cellular counterparts. WLANs are regularly operated as private

net wor ks, [requettiyigndigad st boils loeaied batweassl.7 ST 72 Gl ks the capability
to cormmuni cate ;Q(Fdeﬁ td}flgrl'{ggeslo rg(h}ro%ég\%w(%ﬁgﬁ g}'SgéHél?!ﬁ%%&S%%llaé g&) lfgr or

802. 11 b/ g -cap W T'el eSs devi ces. onetinmes confligured to be

connect 8d tifst4ieh) Bltedoti@hnkbasedl@l IBEER0R. 11 1A easel systend, inmpledtiitad, t o ot her
conmuni cati on networ ks, such_as PSTNs gPubI ic Swtched Tel ephonic

Net wor ks) &réh L WNEAX liraless Larel AtsNCEv a1 Resarsy also PRAdar VPIE 2Bht i ti es
also are SHRlARRREAhESRlANDLOY GRIRPESMGElas ORNAEL LARIAS et ween

the smal | - area networ ks rious o af orenenti oned systens
are i npl ementugtdrpatts.t WeL AN afeHiZgdladby upereted bapdvatp Qe®6rkRacividisgoyarni cat i on

systens are generally bandw dt h-constrained. That is to say, bandw dth
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of bangi dtfoubRSES of Bl RAMBING: RRMUNE CabhOR vhRNaSdbYicel 20 the
comuni cation system Significant efforts have been nade, and attention

directed tWhaNIsresmma@msespniginet to bo cafrebed énphifliandtivrke, ukle a$ thei t ed
bandi 1 905t 10y AN AL ConelBlnd, SYSLere, Oyl ppatar 22t o
t echni que, Hatded PERPRGEANREyGks) M VR (PuteRUeNEMbilLSmgat ed in
separate, polarized planes. Cose to a doubling of the
Interworking entities also are sometimes provided to provide more-direct connection
15  between the small-area networks and a PLMN. Various of the aforementioned
systems are implemented at the 2.4 GHZ frequency band.
[0006] Radio communication systems are generally bandwidth-constrained.
That is to say, bandwidth allocations for their operation are limited. And, such
limited allocation of bandwidth, imposes limits upon the communication capacity of
20  the communication system. Significant efforts have been made, and attention directed
towards manners by which, to efficiently utilize the limited bandwidth allocated in
bandwidth-constrained systems. Dual-polarization communication techniques are
sometimes utilized. In a dual-polarization technique, data communicated at the same
frequency is communicated in separate, polarized planes. Close to a doubling of the
25  communication capacity is possible through the use of dual-polarization techniques.
To transduce signal energy pursuant to a dual-polarization scheme, the wireless
device is required to utilize a dual-polarized antenna, operable in the separate
polarization planes. Use of dual-polarization techniques also are advantageous for the

reason that the effects of multi-path transmission and other interference are generally

30  reduced, thereby improving quality of signal transmission and reception.



25 conmmuni cation capacity is possible through the use of dual -pol arization
techni ques. To transduce signal energy pursuant to a dual -pol arization
schenme, the wireless device is required to utilize a dual-polarized
antenna, operable in the separate polarization planes. Use of

dual - pol ari zati on techni ques al so are advantageous for the reason that the
effects of nulti-path transm ssion and other interference are generally 30
reduced, thereby inproving quality of signal transm ssion and reception. 3
[ 0007] A dual -p I Z nt i i | £ . feeding a
square patch angggﬁg[ggu?3%$%§%%8§%%§$kégg%gg%héfggkggéq&gga%gg%n edge feed
or a probsgheegatcianenad atytwoexihspoml edgms|thgrobidyyi wago Pai elgededdastnas ar e
used in conjunction_ wth two feeding-network circuits. Such existing

ant ennas s @roRsrfeed oHereatl o 631stNg dvalinolarigrd pateh antepaas fre Bsedd GRrIuRGtion

di stances %’éﬂ%‘fe&&ﬁg-@x@%rﬁ%ﬂ@@%@ | QR ¢ s§n$ Eéx’gcgfgiars%ﬁ’ff&rof{%}g Xgﬁéc?st enough to

prevent occurrence of ~coupling between t ctive Ing |ines.
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[ 0008] As wirel ess, devices a{le of increasin I)ﬁ( smal | _di rrens'gons, ackaged
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the cross Q) BfdsZ xbORiveaWRudtsRoliplE sl iRBEH Ro I oParDhGil fhe@nt . An
i nproved, dual "~ polarized antenna, constructed in a manner to reduce such

del et eri ous prolPedd Aswirelessddayicef 8G0d]indreasingly smhil ghhersfons paskiged kgr ound

information related to antennas far r.adio vi ces t.hat the,significant

| pr ovenenesUgrE: fanisRelBHY Pen fmsnti Sraiens E5os 008 vilef Bk ot on
of the1Dr aWon@aliGiPEOs Eredilicty b Bdcbmshnidit epnidabil CAh Ghgoved @gkl di agram of a
radi o conmunication systemin which an enbodi nent of the present invention

i s oper abl @olarfzgd anteqna-repptractzdiin p grmper tegednogisaeh deletriens problgas ipol ari zed,
nicrostripn@gk%h 20 antenna of an enbodi nent of the present invention.

[0009] It is in light of this background information related to antennas for
radio devices that the significant improvements of the present invention have evolved.

15

Brief Description of the Drawings

[0010] Figure 1 illustrates a functional block diagram of a radio
communication system in which an embodiment of the present invention is operable.

[0011] Figure 2 illustrates a plan view of a dual-polarized, microstrip patch

20  antenna of an embodiment of the present invention.

[0012] Figure 3 illustrates a graphical representation showing simulated and
measured return losses plotted as a function of frequency of an antenna forming part
of a wireless device of an exemplary embodiment of the present invention.

[0013] Figure 4 illustrates a representation of an exemplary, simulated current

25  distribution of an antenna of an embodiment of the present invention at 2.47 GHz.

[0014] Figure S illustrates a graphical representation of simulated radiation
patterns of an antenna of an embodiment of the present invention at 2.47 GHz.

[0015] Figure 6 illustrates a graphical representation, similar to that shown in
Figure 5, but of measured radiation patterns exhibited by an antenna of an

30  embodiment of the present invention at 2.47 GHz.



[0012] Figure 3 illustrates a graphical representati on show ng simul ated
and neasured return |losses plotted as a function of frequency of an
antenna formng part of a wireless device of an exenplary enbodi nent of
the present invention. [0013] Figure 4 illustrates a representation of an
exenpl ary, sinulated current 25 distrifution of an antenna of an

enbodi nent of the present invention at 2.47 GHz. [0014] Figure 5
illustrates a graphical representation of sinulated radiation patterns of

an antenna of a i ment...of the present invention at.2. 47 ... [0015]
Bgure 611 uss QU] EgE A b aRE e PR oAb o s WS it 1
Figure 5, yftnahteiBaStdrESmbdhaht STIhPplcb Nfveo i ted by an antenna of an
30 enbodi nent of the present invention at 2.47 GHz. 4 [0016] Figure 7
illustrates a grl@phildagure 8pHesiuminsax mnethod Hlow dHagreinrapigs@datygiod thief an ant enna
of an enbod] f e pr, nt L.nvention. 7] Figure 8 illustrates a
nmet hod f|O%P%FQ%?§H¥%%6?é§§§?g@P9%“%¥OfﬁSF”%gﬁ %%mg operation of an

enbodi mgnt of the present invention. 5 Detail ed Description [0018] The
present invention, accordingly, advantageously provides antenna apparatus,
and an associ ated nethod, for a DetailediBescaiitiomevi ce, such as a Bl uet oot h-

conpatible or 8 /g -conpatible device that operajes at the I M5
(I'ndustry, 10 @ﬁ?ﬁéﬁfﬁ&%&? @ﬁ?r?tfqne?wa%aglénéffraaaﬁaqusfyam*]dewtstu@h
operation of,an&BRANRNcifEd MRl £38HorthPéeRib QBvicd sUMfhs a BRIeRI#ed
antenna of conpact construction 1s provided. The antenna 1s capabl e of

posi ti oni ngoatpatible onBOhil h b/ga-comghioblh desice thap bperhtes piaht A4S Indadirp, devi ce.

[ 0020] LN q&e.aﬂpeg Of'ng resent invention, the antenna is formed of an
15 arréb of IedF @P-§8§PF1 HEdUSROCRYE: t hat are di sposed upon the substrate.
The corner- posifbopgechrb@iicaiRpatioddTan imbidiRert @ ARG &enbinkbmfont Babal-

i nterconnect adj acent patches o . '
polarized antenna of compact construction is provided. The antenna is capable of

positioning at, or within, a radio housing of the portable radio device.
[0020] In one aspect of the present invention, the antenna is formed of an

15  array of corner-positioned patches that are disposed upon the substrate. The corner-
positioned patches together with connector strips that interconnect adjacent patches
are symmetrical in both a first polarization direction and a second polarization
direction. And, the conductive material etched, or otherwise disposed, upon the
substrate are symmetrically excitable at a resonant frequency, such as around 2.47

20  GHz, of the IMS frequency band.

[0021] In another aspect of the present invention, the corner-positioned
patches form an array of patches in which each patch of the array is of a
corresponding geometrical dimension. Each patch, for instance, is square-shaped.
Each square-shaped patch is of a common lengthwise and widthwise dimension,

25  thereby to permit the resultant array to be symmetrical in two directions, a first
polarization direction and a second polarization direction in which the second
polarization direction is orthogonal to the first polarization direction. The patches, for
instance, are formed in the corners of a rectangular substrate such that the patches

extend to the edge sides of the substrate.



are symretrical in both a first polarization direction and a second

pol ari zation direction. And, the conductive material etched, or otherw se
di sposed, upon the substrate are symmetrically excitable at a resonant
frequency, such as around 2.47 20 GHz, of the I M5 frequency band. [0021 ]
I n anot her aspect of the present inventikon, the corner-positioned patches
forman array of patches in which each patch of the array is of a
correspondi ng geonetrical dinmension. Each patch, for instance, is

squar e- shaped. squar e- shape atch is of.. Eang | engt. hwi se and
w dt hwi se di ITEI’]S[IEQ%,] Iggnqﬁtﬁg}%sgs togﬂ S %‘}-ngr“’;é}‘sﬁg aenR)raSt{r:fl afimi 0 be

symret ri caldidpdsédi@hdihi the Stbis@ i to antéicbsitect havnt aidsiofthahatert botheamdya second
pol ari zation direction in which the second polarization direction is

ort hogonal A%vthe patches ase apaneediin atwerbydinostTaye FOUr TRRRNCSEOR §HIPS, €abr i nst ance,

are formed | : 3 t pat ch
o € T LR SOLIRE 0l BEELANOHL A BHPRYT A il Lipls it ches
t he presenta fildyesihdmion doadtRet @ra sstondosol adiatidh dpestet depomdihgen suhlxst rate to

i nt erconnect  adj acent ones of th%@patches of the arraty. As the patches are
arranged i Pai ahwglolgs ehiBe arpnipat g cenpesioTstER IILeses. dhe fonnesitect i ng

together ay -ps{ﬂrgﬁ)osqgé&gqg rovidd by HrdldiZRiccfs R R{EhE! inShe kmext ends

in5 afirst Ization direction or” a second polarization direction
dependi ng gmlagration dipeitiondf whithcthe sofecton etrar exdgnds. h it hentpesitionekot or strip

i nterconnects. The. connector tri are positioned to provide symetry

t hrough an %QBEEE QSJLaﬁ‘?i’lt p%%?{“égrﬂnfstﬁ‘? HVCF’EEWS ayﬁ&’loaf’gi%}ea{oluﬁﬁormefté’&ﬁ%’ﬁ in which
the conpectQiendltif ti Bt S8zat VR AN ORH ddORE Sy hDetrk@NRGE 2 BolaASAIYN R@t ches

of the two-by-two array, two of the four connector strips 10 extend in the

first pol arthataxiands di the firstpolanatien direnfionetiridcabecabdpeir af pelfavi zati on axi s
that extends in.the. e(ati on. Aﬁd a_secon air of the
? 1 101

first polarization.di.r
four conne@PBYY:S ?Iffsexg%déﬂﬁ TR Psoi ozﬁ& Orbo TSP SR FTRET AR ]S ar e
symet ri calpodidtioRaxipeladbkteadd 1@ sR¥bif fdI@iza6%h @6&idnN TheBAARLDT strips
polari zat| C%Plergll)yr/ ?n?ért:gnr}{ect-r er:l?:h igjgrc]gn%tpgtrch%tf rtlllepasrray and, in the aggregate,
15  interconnect all of the patches of the array.

[0023] In another aspect of the present invention, a cross strip is disposed
upon the substrate extending transversely between a pair of transverse-positioned
patches of the array of patches. A single feed connection is provided at a midpoint of
the transverse-extending cross strip. The feed connection provides for symmetrical

20  excitation of the symmetrically-positioned parts of the antenna disposed upon the
substrate. The symmetrical excitation is provided through the use of the single feed
connection. Thereby, problems associated with cross polarization are reduced. And,
a high-gain, high-efficiency, compact, dual-polarized antenna is thereby provided.

[0024] In these and other aspects, therefore, antenna apparatus, and an

25  associated method, is provided for a radio device. A substrate is provided. And, a
group of side-positioned patches are disposed in symmetrical arrangement upon the
substrate. Connecting strips are disposed upon the substrate. The connecting strips
are configured to connect together adjacent ones of the side-positioned patches of the

group. A cross-strip is disposed upon the substrate. The cross strip is configured to

30  connect together a pair of transversely-configured patches of the group of the side-



t hereby i nterconnect each adjacent patch of the array and, in the
aggregate, 15 interconnect all of the patches of the array. [0023] In
anot her aspect of the present invention, a cross strip is disposed upon
the substrate extending transversely between a pair of
transverse-positioned patches of the agray of patches. A single feed
connection is provided at a mdpoint of the transverse-extending cross
strip. The feed connection provides for symmetrical 20 excitation of the

T oymmet PrEuPREl el RS 2eHLE B b EL AR AN RO R PRS0 co”

connecti ong &ﬁqagby problens aSSOCIated mnth cross pol ari zation are
reduced. And a hi ain, efﬂmencgE npact, dual -pol ari zed
antenna is theréBQxﬁﬂa fﬁééndP Q%Peﬁﬁtbﬁ@ eéWHmB?H@W“§§®é€9§n therefore,

antenna ap %@{g)%ia‘t'éﬁt m%gdag%i:f-"s &ggﬁﬁidn g)tr%qaﬁgtdlé%ée suB ML g?ﬂo{nﬁéd aphgdi o

device. A su I's pr a group o e posi t1oned patches
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strips are disposed upon the substrate. The co nectln SLri ar
conflguredaﬂ&”éﬁhﬁ%b@“ﬁbg%@ﬁ%@‘gﬁP@@€HPg8ﬁ§§l% 1spgsed Bgﬂba§SE§¥V%%eH“batches
of the groy gur ggﬁﬁ% and &Jn@iglnsedcu) %R&%gﬂnéépﬁ’d}a&lﬂﬁo%ébﬁttﬁ@ﬁﬁcheyaﬁt}fér 0SS

strip is con 30 connect together a’pair
t r ansver selayragonf rgsvede paipdh &sthef dnstmeg rpamp thef submats |1nter0©nnfp§>®$lg wipeired

pat ches. The si de-positione rovi de.for ariz

oper ati on. (F@@§§Fr P%%@%laﬁ§?% eﬁ“%%ﬁ@ﬁF@““%ﬁ@P%ngggy ﬁ@é%ﬁgngbparatus
and an jpasypel arele PRLNQIRL AYY op&SatRlQVh-BRskeladiaforl d8nentd@yesd. A substrate
is provided. And 5 a group of patches is disposed upon the substrate. The

patphes_arepb@nﬁﬁgmd@@imo forn1a two-by-two array. A group of connecting
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15  standard or IEEE 802.11 b/g standard, operable to send and to receive signals at the
2.4 GHz band. More generally, the mobile station 12 is representative of any of
various wireless devices, and the radio communication system is representative of any
various radio communication systems operable in conformity with any of various
communication standards or permitting of operation at unregulated frequency bands.
20  Accordingly, while the following description shall describe exemplary operation of a
Bluetooth or IEEE 802.11 b/g -compliant system, operable at the 2.4 GHz frequency
band, it should be understood that the following description is merely exemplary and
that the description of operation of the radio communication system operable in
conformity in another manner is analogous.
25 [0027] The radio communication system includes a network part, here
represented by a network station 14. The network station comprises, for instance, an
access point of a WLAN or an analogous entity that transceives signals with wireless

devices, such as the mobile station 12. The network station, which here forms an

access point, is part of a local network structure (WLAN) 16 that, in turn, is coupled



10 lines for the patches but al so operate as in-phase radiation elenents in
each polarization direction. [0026] Turning first, therefore, to Figure 1,
a radi o conmuni cation system shown generally at 10, provides for

conmuni cations with a nobile station 12. The nobile station, in the

exenpl ary inplenentation, operates pursgpant to a Bluetooth 15 standard or

| EEE 802.11 b/ g standard, operable to send and to receive signals at the
2.4 GHz band. More generally, the nobile station 12 is representative of

any of various wreless devices,..and the radio igation stemis
repr esent at'f 98 °8F EQg“@QﬁﬁﬁﬁgaVﬁﬁ$émgﬁ Wf?h??%gﬁgygégﬁ%wgﬁéﬁﬁble in
conform ty eldetany of various conmmunication standards or permtting of
operation at unregul ated frequency bands. 20 Accordingly, while the

fol | owi ng descr i[@&&irﬂ‘@ﬂﬂeraw@ﬁaﬂmé PRI tafvyln@p@:eamg%% apfl ngtwagk yet oot h or

| EEE 802 11, g s COMRLAANL (SYSHID o REARL B:chad . BudlsGifiky equency band,

it shoul d be unders ow ng-descriptirons nerely exenplary
and that tdmnilesedtiopt ktohe operap@iahtiequenal bhfd®of thdicomanminatibe aystamn, Iyst em
operable in conformity in another manner is anal ogous. 25 [0027] The radio
communi cat i8dSYeandihitrxfende betyep £ \H0RA B3 CHere  represented by a

network stati on rhtho T MELNAGKIG! B HORAGOTRIESSE i Bl B3EA0GEenfR  access
or

poi nt of a W.AN n anal ogous entity that transceives signals wth
wirel ess dewveesye RXphpas26 hed atbidnat 6E3%) parn28. 2Theltrecime anvbirdnsstigpartsn,

whi ch here forns ccess point, is part of a Jocal. network .structure
(WLAN) 16 CRAECUISH SRS e BORfpirkagtcni cgunlfy %fﬁtfa?rﬁarltyntﬁ?%?w%er e a
publ i ¢ jpackedia@lit BetREINRE krah&8Ner pBts BUGRNARNL BE of hNERbA@Ement HOBE] The

operating standard pursuant to which the nobile and network stations are
oper abl e i preggenninveitivg. dfhe transcdiner eirprityiisieapablerof dualapol pragation pperaton.

commntcat 1t oL 2RI ke S EEIRY AR kBRSPS
transmission in both of the polarization directions and also to operate upon signals
communicated to the mobile station in both of the polarization directions.

15 [0030] Correspondingly, the antenna 32 forms a dual-polarized antenna,
capable of transducing signal energy of both of the polarization directions. That is to
say, signal energy is detected by the antenna in both of the dual-polarization
directions. And, signal energy generated at the mobile station is transduced into
electromagnetic form and radiated in both of the dual polarization directions. In the

20  exemplary implementation, the antenna 32 is disposed upon a generally planar
substrate, of dimensions permitting its positioning within a housing 36 of the mobile
station.

[0031] Figure 2 illustrates in greater detail the antenna 32 of an embodiment
of the present invention and that forms part of the mobile station 12, shown in Figure

25 1. The antenna includes a plurality of patches 44 that are disposed upon a substrate
42. The patches are etched, painted, or otherwise formed upon the substrate. The
patches are formed on the substrate in a manner that defines a two-by-two array of
patches. That is, the patches are formed into two rows and two columns, each patch

defined in a single row and a single column of the array.



[ 0029] The nobile station 12 includes transceiver circuitry, here
represented by a receive (RX) part 26 and a transmt (TX) part 28. The
receive and transnmt parts are coupled, such as by way of an antenna
coupler or other entity that provides 10 isolation between the transceiver
parts to an antenna 32 of an enbodi nentgof the present invention. The
transceiver circuitry is capable of dual-polarization operation. That is
to say, the transmt and receive parts are capable of generating signals

for transm ssi i .both of the.polarizati irection n I o]
operat e upon sigﬁ%ﬁﬁlnggﬁ%ﬁHP?%Yé pkgwpﬁlo%ﬁg?sgpgSé??%ﬁ“ﬁ%gﬁ%Pﬁgg >t he
pol ari zat i qR., did REbhicahsped] EdcAQIh 4405 bL£s padiivisgldymertdich ehindninaf 82 fornms a
dual - pol ari zed antenna, capable of transducing signal energy of both of

the pol ari Zengtioviseifiveesioned a. Thihe qxemplary §aplemenighan, theptglesiage eashect ed by
the antenng. in b - ay. | I I i i I

ener oy qendr gttt Qimd Sy iRha@pRhee ala bl iy MEbARtUtl ot ¢
form and r adbataathrndofied butef pdriphedili sidepof the paahésane do-te@ntinanLhréught he 20

exenpl ary inplenmentation, the antenna 32 i s di sposed uppn a nerally
pl anar  subit ysgod ,thf‘o‘fonéfpﬂ%fsﬁ%é?@ %@r%@?ﬂ%ﬁ‘dirﬁg‘%%gtp?@ﬁ?%ﬁn‘g} Wieh a

housing 36 tﬁ’éir% id@??zé ﬂgghe glal nzi)rgdéfl ﬂn{g%%;&lo?@agweg are dyhnSiEAL851iddo0r eat er

detail the antenna an e e presént 1nvention and that
forms part tebd syhereybixbs hsteatxien A6 22J 48.hTlmaxes 46iagd € ar@érttiogofhldoant enna
includes a pluraljty of patches 44 that are di spased upon_.a substrate 42.
The pat che§‘g8ﬁlf’8r' e‘%“&‘%é]&‘? a’%ﬁidﬁggﬁf“&fa léftoﬁglro_ﬁ?‘?g pf’g‘F‘ﬁ%tH) fﬁ‘ftl?‘ilﬁe. substr at e.
The papches aregoho mmeaiﬁgﬁr%ﬁybﬁal{e@m dishoBedBitRGhe bilRIradedhi Nes a
two-by-two array of °~ patches. That is, the Eatqhes are fornmed into two rows
and two colcanmestingaisips peet dsp didedsedeaiclied, er atherglise foonedwpbreths sukptratecol urm of

(e 2072, ek 9l 015 ST AL KSR 1 oo AR 0,1
di mensi on a4, anehd tvvody-avo hieng tivhBehed aredash eonrkted.to twio thitheettgnitips y
' mpl ement atais %Pé cotnggctgl%ts?r?pessco%gct %gt%?les of adjacent pairs of patches defined in each of
15  the directions 46 and 48. The connecting strips, in the exemplary implementation, are
rectrangular-shaped, each of a width of w. And, the patches are separated by
separation distances d. And, accordingly, each of the connecting strips is of a length
of'd. The connecting strips are also symmetrical about one of the symmetry axes 46
and 48. The resultant structure formed of the patches 44 and connecting strips 52 are,
20  together, two-way symmetrical about the axes 46 and 48.

[0034] The antenna 32 further includes a cross strip 56 disposed, etched, or
otherwise formed upon the substrate to extend transversely between a transverse-
positioned pair of the patches 44. A feed connection 58 is defined midway along the
length of the cross strip. The positioning of the feed connection provides for

25  symmetrical excitation, thereby to reduce cross-polarization levels of dual-
polarization components. In the exemplary implementation, the substrate further
includes a common ground plane 60 formed upon a bottom (as-shown) side thereof.
The common ground plane defines a reflector that is separated from the conductive

elements that are disposed upon the substrate and here separated by a distance defined

30 by the thickness of the substrate.



formed at the corners of substrate 42, here rectangul ar shaped. Thereby,
edges of the 5 substrate and of the outer peripheral sides of the patches
are co-term nus. Through the use of the conmonly-shaped and
comonl y- di mensi oned patches, and through their positioning in the even
array, the group of patches are symmetrpcal relative to two symetry axes,
here axes 46 and 48. The axes 46 and 48 are orthogonal to one another.
And, the axes define nutually-orthogonal polarization directions. 10 [0033]

connecti ng st ri pe 4 Thfed BBl SRASER ERaR- IR BERER FLE A pLI 0 (e

substrat e. an&96 it areplekdifatbledfRirddlaied a80 Afdagire@ bt 1ot repactbety, an
adj acent pair of the patches 44. In the two-by-two array, the patches are

each conne®l@tedws aturrtion v earemsys in figexemplay inelemaeiatiohdheaipps itonnect
patches of r %Q&ﬁ%ﬂh&f‘é Gl eq?x%ﬁ&h@a%ddﬁﬁd m@gldt?ar%%&lcﬂfve]tﬁerg&? directions
ps,” in the exenp

46 and 48. e connecting str ary 1 nplenmentation, are
rectrangul ar - shapest] Reaab 4aigaim ilididtesathe watedad3?2 dffem qramphaeyg embedisepar at ed

by separation distances. d. And, accordjngly, .each of the connecting strips
is of a | e®ile prewentinveptione Jheiec ?‘ng?aé?dr ?\%&enéii’étrﬁaugen §§lﬂﬁ’é‘f‘f‘i’¥: about one
of the Symﬁﬁ{eé)}{a %?ssreéquan@f?g(iu%ﬁcy Jfeay egyl UARanddnhH GEAHCS fepfelBd qf the

pat ches 44 and connecting strips 52 are, 20 together, two-way synmetrical

about the awesntdf tinahtetBa. [A00BA]s offtee antandatrBRitibuindientes thatlthelegrantcr oss

trip 56 di d, .etched, therw,se.f d t bstrat.e t
ot end Lr arfCURP Gy R RN TRTEPAAC By BB ST P REAIAP OGO B ches

44. A figed genpestd Mshedi is lgfkned nmidway along the Iength of the cross
strip. The positioning of the feed connection provides for 25 symetri cal

exci tation, therl8®37]tfoguresifiord 6nlbstraps respciivelyo pinugated endmegfyagd, two-

pol ari zati on_conponent.s.. I n .the l.ary 4 enent ation, e trate
further i gjélpﬁ%lgé ag r%%%hpaéiegﬂ?n%%%?ﬁgrﬁg %@rar?eeg%l?%%dﬁg[g Otg(% t%%é gs- shown)
si de t her egfiventibh @t EOPUDGHY REGnPirafendel mesh aeprefehetibaybdiaéroiaad
separated fromthe conductive elenents that are di sposed upon the
substrat e awFthéegseeploas sanseseptptiany] &4 anscd4ee plodigd- 30 by the thi ckness of

the sut? gtrate. [0038] Figure 7 illustrates a graphical representation 106 illustrating simulated

gain, as a function of frequency, exhibited by the antenna 32 of an embodiment of the
present invention. The gain is centered at, or close to, the 2.47 GHz resonant
frequency.
[0039] Figure 8 illustrates a method flow diagram, shown generally at 112,
20  representative of the method of operation of an embodiment of the present invention.
The method is for transducing signal energy at a radio device.
[0040] First, and as indicated by the block 114, a group of patches are
disposed upon a substrate. The patches are configured to form a two-by-two array.
And, as indicated by the block 116, a group of connecting strips are disposed upon the
25  substrate. The strips of the connecting strips are configured to interconnect adjacent
ones of the patches.
[0041] Once formed on the substrate, the patches are used to transduce signal
energy, polarized in the polarization direction and in the second polarization direction,

at the first and second groups, respectively, of the loop strips.



9 [0035] Figure 3 illustrates a graphical representation 92 illustrating
plots 94 and 96 that are representative of sinmulated and neasured return

| osses, respectively, plotted as a function of frequency. In the exenplary
i npl enentation, the antenna is resonant at the 2.4 GHz frequency band, and
the plots are indicative thereof. 5 [0036] Figure 4 again illustrates the
antenna 32 of an exenplary enbodi nent of the present invention. Here, a
simulated current distribution exhibited by the antenna at its resonant
frequency of 2. The antenna headers represent the .current.in the
ant enna. Ana|ysﬁé0§§%¥ﬁ§*8u?aﬁﬁﬂmgFgFSPBﬁPWbﬁ F%HP%%QEEQFH%?I%%BV%%QTent
distributi qfhrédj_é%'tﬂ@ﬁé‘e BEBisBoRY WPHA b RGbstiate] b Eitur@Nis Nandlcdted to the
pol ari zation 10 axes 46 and 48 shown in Figure 2. [0037] Figures 5 and 6

i |1 ustr at e pemeié pecef asngle feddrmonaesigonin dyrregtineby exeijgghe apteiis Fonal |

radi ation p ern f.th . i

i nvention §? ﬁfﬁ%‘gei.o%yla&ﬁ?h(?g}s%gegﬁs[gé%?cg%tﬁ(gg%@@@ﬂbg%d ?‘%“B%%@SEE‘ g I on, both
zero angd RrbA|NYiodAAeEpHEARR dnepinesaetodiiacsis 102 and 104 are plotted. 15
[0038] Figure 7 illustrates a graphical representation 106 illustrating
sinmulated gain, as a function of frequency, exhibited by the antenna 32 of
an enbodi nent of the present invention. The gain is centered at, or close
to, the 2.47 GHz resonant frequency. [0039] Figure 8 illustrates a nethod
fl ow di agram shown generally at 112, 20 representative of the nethod of
operation of an enbodi ment of the present invention. The nethod is for
transduci ng signal energy at a radi o device. [0040] First, and as indicated
by the block 114, a group of patches are disposed upon a substrate. The
pat ches are configured to forma two-by-two array. And, as indicated by
the bl ock 116, a group of connecting strips are disposed upon the 25
substrate. The strips of the connecting strips are configured to

i nt erconnect adjacent ones of the patches.



[0041 ] Once forned on the substrate, the patches are used to transduce
signal energy, polarized in the polarization direction and in the second
pol ari zation direction, at the first and second groups, respectively, of
the loop strips. 10 [0042] Thereby, a dual-polarized antenna, of conpact
di mensions is provided. Through the ugg of patches disposed upon a
substrate, configured in a manner to permt use of a single feed
connection to symetrically excite the antenna, so- configured, obviates
t he prabAdMS:associated with nultiple feed connections used by 5
conventional dual -pol arized antennas are obviated. 11 CLAIMS: 1. Antenna
apparatus for a radio device said antenna apparatus conprising: a

subst ant i al hych@rdpagulsasr SR dedtc@ said aﬁteﬁﬁ@éﬂf)a&ftus%o%n@ﬂﬁ' tioned patches
spaced apart from each other and disposed in'a two- by-two symretrica

array upon %aﬁ@méuﬁbvﬁgﬁﬁyﬂ@ﬁhhﬁ@ﬁ%ng strips disposed upon sai d substrate
f th
S f'i'dffj connecy %R)gp paglgﬁg(%s(ft? ek gh‘%ﬁ égced% 108Fdm Eé’c%%tt}jﬂa? Oﬁ%ﬁ@ % © €

si de- posi ti ofie nd a single, cross strip
disposéﬂhupqnmsaﬁddguhyMpatﬁmisasdmeross strip conflgured to 10 ext end
transverselg bet ween.a transverse- Hé§§t|oned Falr of patche sai d group

of the side<C"BELiNEiSHIRs4 Pt pan sqi irale. b eann 8ﬁ@@s che gﬁ?%V’dlng for

dual - pedrakitzeddiian a@ya&rn@bh&rbftml& o%itﬂﬁb&paem%f%a bRuBayigng a feed
connection, proximte to a md % of sald cross strip. 2. The apparatus

of clai m 1 dpieglei Hagamal @pﬁ@rﬁb@ﬁmqsg@ué@rwtdowégra@@ SpgsEs sipprrosigued ®
F@t r 8li€d (fa %rgelfw%&{ Agérksvéxfsé gBQ&&%ﬁ {’%o 1{2@1%%%8% upo)fla%tshd a f' rst
a olarrzatli on | rec

rlzatlon Irection econ ion
appar apcmstlcmfed (phtahcm the\ahlerpesmosai ehtdpes pyp vafingfod éuqiq&ldﬁzatﬁmrbg@amoh @ui

conpri sitioned pat.ch se osi tjoned patch, a
ChiTa Sroe s P dndul fARtobRos: ottt © s3nadR: ot aRetipat ch
2. The apparatus of claim 1 wherein the side-positioned patches disposed upon said

15 substrate in said symmetrical arrangement are symmetrical in both a first polarization direction

and in a second polarization direction.

3. The apparatus of claim 1 wherein said group of side-positioned patches comprises a first
side-positioned patch, a second side-positioned patch, a third side-positioned patch, and a fourth

20 side-positioned patch.

4. The apparatus of claim 3 wherein the patches are square and, wherein the first side-

positioned patch is disposed at a first corner of said substrate, wherein the second side-positioned

patch is disposed at a second corner of said substrate, wherein the third side-positioned patch is
25  disposed at a third corner of said substrate, and wherein the fourth side-positioned patch is

disposed at a fourth corner of said substrate.

5. The apparatus of claim 4 wherein a first connecting strip of said connecting strips
connects together the first side-positioned patch with a second side positioned patch and, wherein
30  asecond connecting strip of said connecting strips connects together the second side-positioned

patch, with the third side-positioned patch, wherein a third connecting strip of said connecting



4. The apparatus of claim 3 wherein the patches are square and, wherein the
first side- positioned patch is disposed at a first corner of said
substrate, wherein the second side-positioned patch is disposed at a
second corner of said substrate, wherein the third side-positioned patch is
25 disposed at a third corner of said substrate, and wherein the fourth
side-positioned patch is disposed at a fourth corner of said substrate. 5.
The apparatus of claim4 wherein a first connecting strip of said

conneciipdonhédtPOoctt@NREHT stRREMBhed ficH Wits theSbeter ROS bbdiwird phRhGAdW th a
second side positioned patch and, wherein 30 a second connectln%éstrlp of

sai d cuhereiat fagrths eqnnpeingsiribeftssid cogeechiag siips camiests dogsthgethsdeyth 9éed pat ch,
with the.thi i i tione erein a third connecting strip of
said c nﬁgg%éﬁgaigﬂhggfééigﬁ% ﬁgg%%?nggther the third side-positioned
patch with the fourth side-positioned patch, and wherein. a fourth

connecting strip of said. connecting,strips connects.together the fourth
o b osr t Tsade Bt i A e T Fro8 i OSRRFbRAl e ossligr b0
appar afiidssi@d-p&ditddndt patoh en®ing tsai ddep@sisonst phohi s configured to connect
together the first side-positioned patch and the third side-positioned
patch. 7. The apparatus of claim1l wherein each side-positioned patch of
sai d gsoup i i1 ] 410 8. The
appara?hs ofm%%gﬁﬁﬁfg@ %&%?ﬁﬂgg%ﬁgﬁﬁﬁﬁﬁ tf%%ng% Ip gﬁagg?ﬁﬁgg%ﬁgbting
st ri pspasgionedpétclganseof & wuhwe gedbmetry.i r st sel ected |l ength and of a first
se{ cted width. 9. The apparatus of claim7 wherein said cross stripis
further configured to be of the first 15 selected width. 10. The apparat us
of clagm | vheiphRt8odURIef vt eah-cpasdctih@neg opsdi¢ bemeatig t@pfisgured to
be resonant in both a first polarization direction_and a second
pol ar i sadigeied 4o peek 3 Bist splecteddengticppd offa fatsstreledpadd® 20 11. A
dual - pol ari zed antenna apparatus for a radi o device housed at a radio
housi ng, said

9. The apparatus of claim 7 wherein said cross strip is further configured to be of the first

15  selected width.

10.  The apparatus of claim 1 wherein group of the side-positioned patches are configured to
be resonant in both a first polarization direction and a second polarization direction at a 2.4 GHz

frequency band.

20
11. A dual-polarized antenna apparatus for a radio device housed at a radio housing, said
antenna apparatus comprising:
a substantially rectangular substrate positionable within the radio housing, said
rectangular substrate having a rectangular top with four corners;
25 a plurality of square-shaped patches spaced apart from each other and arranged in a two-

by-two array on said substrate, a square-shaped patch of said plurality disposed at each corner of
said substrate, each square-shaped patch defined by edges extending in one of a first polarization
direction and a second polarization direction;

a plurality of connecting strips disposed upon said substrate, a connecting strip of said

30  plurality configured to connect adjacent ones of the square-shaped patches of said plurality of



antenna apparatus conprising: a substantially rectangul ar substrate
positionable within the radi o housing, said rectangular substrate having a
rectangul ar top with four corners; 25 a plurality of square-shaped patches
spaced apart from each other and arranged in a two- by-two array on said
substrate, a square-shaped patch of sggd plurality disposed at each corner
of said substrate, each square-shaped patch defined by edges extending in
one of a first polarization direction and a second pol arization direction;

a plur@lhieYsn@fed {&B&Cta&d?xg:oﬁﬁéc'uﬁ sHipTRRAEH g YPOR: SahdisvbShiAkien dRedRANECt i Ng

strip of sai ['dr al ity configured to connect adjacent ones of the
squarem@Hh®%ﬁ0@hwﬁﬁ@@m©¢d§Qﬁ@nﬁH@raI|ty of 13 square-shaped patches, each
connect i ng 5§1 ﬁgoﬁgidc'r sQJ né N&ald s%ﬁ%traPe A4 ARL Ilst%@ Fhfi & %d gn and
t he second po rlz Ion d'a single Iragonal  Crosszstrip

d| S pose«ﬂendgmnsmew banbsetnrzmtiapnmt td)gethexsaslaesﬁ ofi tmnwmmfeigmsmbnm squexd-end
et d co ct toget pair, of tran ersel osi tioned
o eTEPER Lt hasrayy SRS B SEPLP oL R s GO e (el Ees.
sal d C I@§§ﬁa‘.§étroltﬁ)eﬁm@(§fs§1df&@g siy.nt proximate to the m ddI e of said cross
strip. 12. The dual -pol ari zed antenna apparatus of claim 11 wherein said

plurality of the square- shaped patches and said plurality of cross-strips

. f d
Vedi cal > fr D uhRpREEaRARARE ottt oy Ml DT Bty EPHE hEENS,
r adi o s]mpecbmtclsaamﬂ sad plochlicomforossistripstaeconfigeredtto baesafant aliapdd8i,ng a gr oup

of 03|t trlcal two-by-two array upon a 15

%F@kogﬁgﬁﬁﬂLﬁ§§m§Lgﬁﬂwa %ﬁsp05|ng connecting strips upon the
substrate t he connecting strips conflgured to connect together adjacent
ones of the side-positioned patches; disposing a single, diagonal
cross- &t r i pAmrgﬁéfwdt fretransducingsignal epere plosdiorderisecitk mgifip&ernprisRg thext end
transv gtween and to connect together a pair of
transv r onflgured pat ches of

dlsposmg a group of side-positioned patches in a symmetrical two-by-two array upon a

15  substantially rectangular substrate;
disposing connecting strips upon the substrate, the connecting strips configured to
connect together adjacent ones of the side-positioned patches;
disposing a single, diagonal cross-strip upon the substrate, the cross-strip configured to be
extend transversely between and to connect together a pair of transversely-configured patches of
20  the group of the side-positioned patches; and
transducing signal energy, polarized in a first polarization direction and in a second

polarization direction at the side-positioned patches of the group of side-positioned patches.

14.  The method of claim 13 further comprising the operation of connecting a radio device to

25  the cross-strip.

15.  The method of claim 14 further comprising the operation of symmetrically exciting the
side-positioned patches, the connecting strips, and the cross-strip disposed during said operations
of disposing with signal energy.

30



20 the group of the side-positioned patches; and transduci ng signal energy,
polarized in a first polarization direction and in a second polarization
direction at the side-positioned patches of the group of side-positioned
patches. 14. The nmethod of claim 13 further conprising the operation of
connecting a radio device to 25 the ? oss-strip. 15. The nethod of claim
14 further conprising the operation of symmetrically exciting the

si de- positioned patches, the connecting strips, and the cross-strip

di sposgdl dufjidigei & &F QRES B HRBSin tms1%1a$%g§1 oMded aigN@hd %ﬂ:%t%-qf?’o 14

16. The method of claim15 wherein the S|gna energy provided during said
oper at $yonmesficallyyermibing cemptises sigoiltenagy 06drGEes si gnal energy of 2.4 GHz.

17. The method of claim 13 wherein said operation of disposing the group of
the side 5 positioned patches conprises disposing the group in a two-by-two
array pf. t HeheshetRedoiiliiimoitewherpiatsaldeperafi8n ofldiepasiighbelgrofip of mjemdazs wher ei n

t he. group. of 'the side-positioned patches dis osed duri id operation of
di éposmgloelﬁ%pa%ﬁowp 1395 419PHRE PSS UPIREIVE: yctw&arréwgﬁﬁe%@ OFEO8Ye 10
p05|tlgﬂgg&patches inafirst symmetrical arrangenent in a first

pol arization direction and in a second symetrical arrangenent in a second
pol ari zation direction.

18.  The method of claim 13 wherein the group of the side-positioned patches disposed during
said operation of disposing the group of the side-positioned patches comprises the side-
10  positioned patches in a first symmetrical arrangement in a first polarization direction and in a

second symmetrical arrangement in a second polarization direction.



