|  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) frequency band. Mdre particularly,
the present invention relates to a dual-pdlarized antenna, and an
associ at ed et hodol ogy, of conpact construction, capable of positioning at,
or within, a radio housing of the portable radi o device. 10 [ 0002] An
array of cornpiyAPSPOIARIZED, qmenesmvmmoygcmﬁ%mwgmm ANpe

corner-positioned &SSWL&’PE% F/PETHDGPGEO@%}; wﬁggony% er connect

adj acent patches are Symetrica ari zation
direction and are of dlnenS|ons permtting synnetrlcal excitation at a

resonant frequency. round of th Invent 000 di o
communi cati on syst8 préﬁ ﬁlf %?8 AL VA aFPSrﬁ%%rra %‘P@tt‘fr‘lr’taﬁar‘%ﬁ%ﬁm‘? cate.

Many varied GQIRURIcAldwLeRN 8L BYIESSh- cE‘;'?&b'fb NOIEGE: G ﬁ&ﬂa@t@ de§1%5 Yﬂa@es and
data conmmuni cation services, are re ri effectuate radi o

connunlcatlommsy&ﬁemﬁwihﬁﬂUnaﬁhWe&hﬂambguh&ﬁmadkaﬁ@gn@ﬁ@éﬁp@rhﬁte the types
of 20 conmmunic ti n rvices, eff ctu f.radip co ni cation
systens shal |pa %é Iy ]ierPé?sgﬁtslewe’t a]‘b eéé?%filv@ Og?ﬂﬁ?ﬁ 'geéi‘fl? %593tems are

exenpl ary of a@@eia@ed ﬁ@tﬁﬂﬁtﬂbgﬁtdfeamw&tceﬁﬁadchaﬁ g BE phsifiened &, of whpiage.
Cel lul ar communi cation systens are typically ‘constructed to prOV|de

wi de- ar ea covwepdigdouging of thegiortabls radip dgeice.uct ur es have been install ed over

significapgt porti f |.at.e r A
oo S o 0 PSR S BB LR Sy
w rel ess devﬂthe coﬁter—@dmﬁoﬁddm@ﬁls tt%fctheswnthtdommh%heﬁsr tegt iher@snectnobi | e

station or er equi pnent pically, access to a_cellular .
comuni cat i oﬁ @ﬁtcﬁgs are symmctuca 1n both afirst and a second polarization direction

and are 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
comimunication 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
systemns 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



provided 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 band, 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 (tm-based and | EEE 802. 11 b/ g -based systens, inplenented,

e.g., as, AN ©l @FsrehosRkatipetantigideoddthe $XEb @F5nteAh &S aPaiBRt e for
voi ce and data communi cati ons, generally over smaller coverage areas than
their cell ul dFequerntaadpdes @StaW%I&[sthﬁrSQO%@d@lﬁaﬁ‘ﬂ%ﬂ%@éﬁ%tﬁéﬂw% pHgat e

net wor ks, pr r n the capability
to communi ca?:}eéqtqhg% rab%ldhy%g %ﬂ?ga&@qﬁﬁﬁﬁée%gg%ﬁ fﬁ‘?‘?ﬁ % capabl e or

802. 11 b/ g -capablf eowr@ﬂhesefpdewﬁxee@ cordﬁbﬁd‘ﬂ‘ﬁat@h%yﬁ@ﬂﬂi@htdmﬁ) wiefy gedefdrt o be
connected _to. ubI icC E@tworks such as nternet, and, in turn, to ot her

communi cati or sﬁ%‘% foodly, ) %S@%EFBWIQ bgnasechadiens sppisiichted
Net wor ks) and P W]ﬁﬂQWﬁel&@@%chbﬂgh Rreheb E}Ifs?éms ais@ﬁg)%\)’f@é KR lcg%hﬁt ies

al so are sometimes provided to provide nDre I'Tect ‘connection be t ween
t he smal | - ar elataninowkisatamd, @nEHaNMOVMmm@ms c@Jer&gtmx@dsGhz&r@mtlcelMat _systens

are inplemented at the enc 0006 di 0 camruni cati on
Syotenm are GENMRERItY BORANS e EORLY PASTAER ° P Mo ey BRH dt h

al | ocations fafo Ha@hbccRPRY Rich ABvARRs fhk Thb@MlityAh domBiGltatel th&ielipshal 1 ocation
of bandwi dth, inposes limts upon the comuni cation capacity of {520 t he

conmuni ca®i ohreysh QWUSSPQBN@MW&I@NWIT@ZHN@& b@@hbhm‘d@lcsa ddvigest ent i on

directed to o.efficien ze the limted
pandwi ath ol 1oEareds g rRReo ko bsuediadutte bk SBrh R BEE T on
communi cat i omnﬂ’:ﬂteb ALGUESuRA[ e otB@hinti@Scdtion nedastks, IsicltadRR Npghdtit zat | on
t echni que, frequency IS comunicated in

ni cated at the sane
separat e, &?ﬁcgeg]%ﬁawgc Neyveales)egd E LG D (Tubdic drand pobile Networks),
Interworkmg entities also are sometimes provided to provide more-direct connection
15 between the small-area nefworks 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
techniques. To transduce signal energy pursuant to a dual -polarization
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 nmulti-path transm ssion and otlBer interference are generally 30
reduced, thereby inproving quality of signal transm ssion and reception. 3
[ 0007] A dual -polarized antenna is realizable, for instance, by feeding a
square patch ant enioaoat A tdwel-suliiied QRthn £ aeslilBR! fRfindiahcseyy REdiaR sedge feed
or a probe feed. Cenerally, existing dual- polarlzed patch ant ennas are
used in conj UHB#EMAtChgteAne mwﬁmgna& edgpsrtkerept ey of Buedeedreder g

ant ennas suff i.n C r

di st ances be€ﬁé%%ﬁ%§28@é1% dggﬁéggh §k§$§®d g&hanéh%%2§%3§§$gaﬁﬁ ﬁ%ﬁﬁh to
prevent occurwignoe fibdioguphvag chetine efuchheristieg peehiasuitbeRehngribines.
ExceSS|ve ampunt s, of coupling results in high cross polarlzatlon | evel s.

[0008] Aswi rEPELW e ?rc@%ta%%%@ﬁrqﬂﬁeﬂé%wﬁ@be;‘f@%mc fepdemeEdives ffackaged
in housi ngs ragulfaa% %@%kéﬁ%ﬁou%ﬁ% bf%'izcn‘ﬁ'd@@?é&@%fc@&oﬁﬁk%%ﬁv&ﬁ%&f%&ﬁv@‘ th

the cross 10 pol ari zation [evéls are like becone®nore significant. An
i nproved, dudtedigplingsi ﬁedesam@mmntsalf m:stlplmg reshilisrin i g}mmﬁrpoﬂwmaedu eelsuch

deleterious pr obl ded is.in light,. of this backgr.ound
i or mat  on el at HYH AP ERHReM S St S Ao TS Odh

| mprovement s hehisih fﬂﬁ@i%@é"ﬂigly@ﬁﬁﬂéﬂ Achayss, %vcsﬂlééﬁéiassoééteﬁwﬁfthpefo%ﬁ i ption

of the Draw ngs | 0101] Figure illustrates a functional block di agram of a

radi o cé@nmﬁplf‘éltzﬁféfﬁl §y@1§érrﬁhlwl>vmﬂ@hoxan manp sighifisant. ofn trmromcbﬁeait i nvention
i s operable. u rates. .a vi.e ol.ari zed,
mcrostrip pat St bl btured 1P RRBER B AR BP W R AR 6 T on
needed.
[0009] 1t 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 5 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
exenplary, sinulated current 25 distribution of an antenna of an

enbodi nent of the present invention at 2.47 GHiz. [0014] Figure 5
illustrates a graphical representation of sinulated radiation patterns of
an antenna of an enbodi nent of the present invention at 2.47 GHz. [0015]
Figure 6 illustrat[esis REaph igastrdiend gﬁgmbﬁtrb@@se_nﬁaﬁ@hlsﬁéwﬁ@ sifidfategp@wn in
Figure 5, but of neasured radiation patterns exhibited by an antenna of an
30 enbodi nentof@n apteanpelbyeabodipent afdhe ptesant awedtipn. 4 [0016] Figure 7

illustrates a graphhralp: I i.on_show ng..si nul i.n @f, an antenna
of an enbodi nent gp bfﬂeplgﬁgggﬁﬁﬁiaﬁ%sean Ft?)lﬁawf&%il%%m irgﬁr;%gelgﬁ}vlelogé Gates a
met hod fl ow dhethodot spepripseftatinbeddhent betheprédadinoéntioper ati on of an

enbodi ment of the present invention. 5 Detail ed Description [0018] The

pr esent i Aventi on, accordi ngly, advantageously provides antenna apparatus,
and an associ ated nethod, for a p t@ﬁ&&]iadi devi ce, such as a Bl uet oot h-

0
conpatible or 802.11 b/g -conpati bre2MEGeSCHIDUON, (o ot o5 at the | MB

(I'ndustry, 10 Medijogds)and pRdesithidtioh, £Jc%mi§gl9§ad@aﬁ&qg%dug@3p%viﬁm SH8ha

operation of an enbodi ment of the present invention, a dual- polarized
ant enna of c@hpAeius.cedsnrseciael msthodofer dedrtalilh eadimtlerier such capBhikewoti-

posi tioning WML T R radio housing of the portable.radi o device.
00201 1 onomeBia bl o2 B BRI B BB RIS B%Sred of " an
15 arraylof ooediel apdstibhtomngdrggatediasntihat are di sposed upon the substrate.

The corner- positioned patches together with connector strips that
i nt erconnect adj at&he] a'gqu}géé)peratlon of an embodiment of the present invention, a dual-

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 invention, 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. Each square-shaped patch is of a common | engt hwi se and

wi dt hwi se di mensi qu0225ntaAeheb¥spk dTehdhresdnl fyveSal, kBMecBrs@ipstage be
symmetrical in two directions, a first polarization direction and a second

pol ari zat i on dRosed wis thasultsirets te fricrsermnstiadjprsnapiea itorpatihes of fheriray.
ort hogonal "t OA{ & pfafcflést arl Q}r% éﬁ{:%ia}}l 'a(?\,qro-cgarlr-t%%t e{rpagrs fo-{l? ComRLe Q%ﬁgs f e%rclﬁ I nstance,
at The

are forned in e‘corners o rectangdl ar su rate suc pat ches

extend to theocedsgtingicieshedh palrelatjasét atrips abe utf1RRA2]A domnadiet igp ecaspdcih of
the present inyention, connector strips, are disposed upon the substrate to
i nt er connéct dHFERAMHIZaEAR Irgstianyy asgeerolgizatipg dipetion depprdingen phitdhes are

arranged in %_aﬁ“’(‘@]jagﬁéhésw tBE B Yy tHhOHE c8f?£€&ﬁ?its%> di%?e'r&@:d?ﬁlectg.a‘?ﬂe cGRRPBEL I Ng

together a pair of adjacent strips are ut connector strip extends
in 5 a first spoglsaré pesitiorddd peoideyynonetsy hen@hdnpobas ittzatkiendsin tkedanan

dependi ng on ich. ir .of .patches of the array that _the caonnector strip
interconnect?gg?ﬁgﬂggﬁﬁﬁﬁPBPPwéfgﬁﬁ%“§W§dﬁb§PPF%H§H&t8hﬁPQQW88m§Vﬁnptry_
through an agegs®t Ad)adeneyitOMAS it ARELRAIR arrPRIRE 07 8fd B0r Sinh8&bi QApd N Whi ch
the connector strip extends. Wen positioned To connect adjacent patches

of the tWd- byxteud imibedyst nolwizetion fieedtionrand ererootioetrisalrabpat alolexzaging akis t he

of the t - bysteudiatedys rolizfo rouD
that ext ends TR Ray PRt SREPERRARIP P ETThCh i AR p BLERY el ¢ ot 1 he

four  connectoinesior spipsexicrdth b Becdnd 6RALatRA dfdcrah bNaldisyARiduaek] apshtar e
symmetrical about a polarization axis that extends in a second

pol ari zat i on PAEREEIGNGHIS thRCXdG1a ée £ 6pcog pplssization direction. The connector strips
thereby interconnect each adjacent paich of the array 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 array of patches. A single feed
connection is provided at a midpoint of t6he transverse-extending cross
strip. The feed connection provides for symmetrical 20 excitation of the
symmetrical l y-positioned parts of the antenna di sposed upon the substrate.
The symetri _cr;aisit@ae(ﬂ batth@N The sRIcsARMed PhtebGHrbti8e Bteluaf-pdiRg.8iRgl e feed
connection. Thereby, problens associated with cross polarization are
reduced. And,°PeEiRRgh- gai n, hi gh-efficiency, conpact, dual-polarized
antenna i s thereby Y . |.n these.and ot her aspects, therefore,
ant enna apparatusﬁog% ]gﬁﬁgfa%@@%%%%%ﬁamhééﬁéﬂf’?lm] 39P%gtsf%@a§ radi o
devi ce. A substocatted msthpdolidédorofided f@ a [giouRvRk. 9 d®spasid prot@dd panghes
are disposed in s npetrical,arrangenent upon the substrate. Connecting
strips aré dilHoURAT RASHIFS thelSRAEd tipeit Be syhgrago nhicratidhys terqops guigd go form

configured tQq GRMesto Le | ; - Qf & hdes il ches
of the group. Am;?osos- s?}r?i%%Fos@g%fg%glg%gﬂgg%ir?gtl%%@’golfggtg ?%rf)gl.% Sif Sgﬁgego@get
strip i s confdogurcedg soipd@rcamfigotedtto getitennat pdjacenobnes of the patches of the

transversel y-configured patches_of the grqup of the side 6 positioned
pat ches. _ The Cftie ABERTPoh P ial Eihss Sp S dBor Hre siistiatg sronbagtin » pai

operation. [Q@9ZatsveRelISSPiARE pRichS. BRREESHhectiNENBHOR& onRNEEA0EcaRRAr at us,
and an assocjated nethodol ogy is provided for a radio device. A substrate
i s provi déd. linagifor shepajelng pubtlspeparite ss isphiss patistibngdoneithen sgbstrate. The
pat ches are ggﬂfi%yrgﬂn&ﬁﬁforn1a two- by-two array. A group of connecting

strips is di pog% Odpon & substrate. The connecti ng strips are

configured to int ¢o@EMReLingddirac@blef@bas Rfukthes patsbasmahichiieh sydtdhay. A
transverse strip is further disposed upon the substrate, interconnecting a
pair of trafdEh geleyalbodl 10 piesilep ArcpBBnuNTetions sotfenebitestatian s Hst only

act as feedi B@pile station, in the exemplary implementation, operates pursuant to a Bluetooth
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 tumn, 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 pursuant 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 wireless devices, and the radi o communication systemis

represent ati ue a@fexfmyal n¥dforloUterd @mwl@@mma%dt@&kwmq@ QRarabhe in
conformty with any of various conmmunication standards or permtting of

operation at Intereggul at ed frequency bands. 20 Accordingly, Whl | e the

fol Lowi ng descr i pijyashal do AESELLRLGISIRLA Y RS 8LI,000%:8 \ Rlgt oot h or

| EEE 802.11 b/g onpl’i ant sys m oper requency band,
it should be sunides steapdrabheds peingittirg] dfOwdIgerd essidRfbi0dudlspol@iely exenpl ary
and that the description gf operatiqn of the radi o conmunication system

operabl e Pn CBHFEHFANICYS pirihe RBSIRECNahERAWTCY danthal By sommupalion sYSLenFHiETs adi o

communi cat i 0n,YRE B RS HASRS BedBLIOT ADasserS T epresented by a

network station 14. The network station conprises, for instance, an access
point of a WAN orO&ZQ]a’.ﬁalm@mlr&tardm leymtllueles traraos e@icnesitiyi heralrspredented

rele ce bi st on 1 he net wor t at.i on
Whi ohner o § vtV GOl BB bt PR BTy, ol el BT U P UAe
(WAN) 16 t hate cduplddU§ith ds% G@A&Rif%‘ﬂ aﬁtenhﬁ’ c@tﬁ’bl%&ﬁi‘[@'emﬂ@tt}@ﬁrﬁf@vzﬁ&r e a

publ i c packet data net wor k PDN) 18, such he Internet. [0028] The
oper at i ng0st aswditice Ww&h@ tr@mﬁcmﬁlcpartsrte amabiehea 3hdf sreembedimest efithons ar e

RN N T e e e

system her e Thanis kShAsh drvdrdnbdit X tredtehee Rels\WeetpdbB G f @Btkr2tikBH okt for
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 nent of the present invention. The
transceiver circuitry is capable of dual -Bolarization operation. That is
to say, the transmt and receive parts are capable of generating signals
for transmission in both of the polarization directions and also to

operate upon si gnghe32] qam&ueﬁgﬂ@? ifn@ldnl@t4teR ﬂh@lpﬁttcﬁési 28 of fyaed Feodfetdyhe
pol ari zation directions 30 Correspondl ngly, the antenna 32 forns a

dual - pol ari zdd&-&Ht KINALS; Shaﬁ%a%a@ R@fCht44dﬁ§8@|®il¢f§Wsﬁegh@Pﬂsé@ié@@%ﬂddﬁ obdt h of
the polarizay &ngh fﬁéﬁwnﬁi%% C?fl{h%t Sexle ga%gﬁfmp%'n%ﬂéaboﬁﬂﬁé % désa‘ij@&acﬁt ed by

the antenna in polariz I'rectraons
ener gy gener dosakdadt thcheornabof eibstratei4anhérs réotaipativsiethed nThcredy, aﬁtgcmmg@ etic

f orm and radl ed in bcgth of the dual polarization directions. |In the 20
exenpl aryi np éﬁﬁ@%ﬁ Ahe Qy{er pRRPBRIA SIS Fidh &PYpasAc Efb'@f‘ﬁmé“@eﬁ@lr

pl anar  substfaiR.or@le &hﬁyﬁ&%y%@&%@gww LifindR n.te{i ?Qﬂcﬂ@s Whd B &g"ﬁ

housi ng 36 of the nobil station ure ustrates in greater
detail the attanpeitBhing indhe evdncaiayetit grafp mﬂmttheesaemwmmmecﬁl irgdatiand t hat
forns part of t he nmo ation h in Fi 25 1., The ant enna
el udoe. 5 ot AT eSEn b s dl mEeSat S siehd e are 42,
The patches an&het chied thdbdichtiefae ﬁﬁtlﬁtl?@iﬂ%é&l&i Bélﬁﬁgatiblﬂ%ekh@nswbﬁ rate.
The patches are formed on the substrate in a nanner that defines a

two- by-t W0 array 6$033p&icahesdingThits J2sare ake dpsapaeldets)oarﬂ@e fubsiiatd 42nffbet wo r ows

and two colu n oI um of
the array. Smﬁ%g%p[ ﬁ? r%glsexe%sgfgftcih Oém@%m 5 %m?rhﬁlgmﬁl b %Jbstrglg e of
squar e geoneBayh cinnectingtigp SO ivdRrfighaaad intbacindeake idjddnt Eau@f)f theWatthM se

di mensi on of n? i s of a | engt hwi se dinension of a. In the exenplary
i npl enent at i 8% 1 the twaa[ YHEE By, digpgiches are each connected to two connectmg strips

as the connecting strips connect patches of adjacent pairs of patches defined in each of
I5  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 43.

[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 symmetrical relative to two synmetry axes,
here axes 46 and 48. The axes 46 and 48 ae orthogonal to one another.
And, the axes define nutually-orthogonal polarization directions. 10 [0033]
Connecting strips 52 are al so di sposed upon the substrate 42. The

connecting strips [80%5]alig@ed iSROEREh 2 Shphied refestdiRnWwRsudiRtRBdIdapen the
substrate. Each connecting strip 52 is configured to interconnect an

adj acent pai rangdPoithad apareprrsentalgve Oflsﬁffltlﬁéedt&nénws‘ﬁl\ﬂ@ refpiralpsses iespselivehies ar e
h
each connect eg. 40 Wy ﬁ&fbrﬁgcﬁ{ﬂcg;tg rﬁcé/; 'Iﬁﬁ}. e %ﬂ?y?%@%&%&ﬂa g ’t%hée '%gnnal nect

pat ches of adjacent pairs in’ ea rrections
46 and 48. T h&soaanrtmedtamg(ﬁizframencmbadaleam(mﬁmncas yrelindkeienhatbOn, are

rect rangul ar-shapjg%ﬁj}ch of a wdth of w And, the patches are separated
by separation di dBYe 448410 1 H@W‘?ﬁthﬁlﬁ‘tm‘@a’@n‘)ﬁﬁ" ftxﬁglpéﬁéﬁﬁ%‘@t’ihﬂ&nétrl ps

is of a |engtdfthdOfreddnt fﬁhf@ntﬁﬁp Q@&EI J‘Qnﬁlﬁefté@&lﬁ@dﬁrﬁﬁtlﬁx %bftéc? @?b?ﬁg one

of the symmetry axes 46 and The resultant structure forne
pat ches 44 andtcoonaldtstriesigast J?re-:p@nS)Qom &7 G2l t"ﬁ@eﬂntmna headerwapresgrimiet ri cal

about the axes .and 4 0 antenna 32 further inc S a Cross
strip 56 di 5.8828§ A %mL ety e i b&ﬁam Gt SdtRe et

extend transvatslionbeinesompohafis ¥aksS@ng Hpélkéc'n@ﬁ!@ﬁax 91%1&0 e JogiZabehes
44. A feed connection 58 is defined mdway along the |ength of the cross

strip. The pésestdcomidmts F@P“@lh@Fﬂ%@IZConnectl on provi des for 25 symTetrl cal

excitation, there [

pol ari zati on conpiner?ﬁ)ﬁﬁﬁ%s fﬁlg(l ge)?(lzuﬁgl ’gf‘ysl'iﬂ30 ll‘@ "ang?a}t %?ncpﬁgasgltﬁgsw at e
further i nclimesional; eatimiongraoiend oftleneit@daf3orored chpodinedof therprésast shown)
side thereof, The camon ground plane defines a reflector that is

separat ed fr JHEHI diGHARRT E%*f re%méwe‘@ﬁcgwfl%tlnaﬁa@h rsgseRigHonPeHh Fge and

substrate and;fagr & SePARAL AW @idlisSia58 1885idRkeB0 by the thickness of

the substrate
15 [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 rent ofl@he present invention. Here, a
simulated current distribution exhibited by the antenna at its resonant
frequency of 2.47 GHz. The antenna headers represent the current in the
antenna. Anal ysi s [0D41]Ehegely), @dbaldbc3irdcE Whic@Ra, i dTebeBLEYihBRordshepemIdeant

di stribution includes conponents extending in directions paralle? to the
pol ari zat i on Throughdbe ua%ggmfwsdsﬁﬂ@wd UpAN Bisybyteata cof pBd 1R garees 1S and 6
illustrate, re i - : t wo- _ di nensional,

radi ati on pa€%§§§g£%¥F%ﬁgg%n eﬁ%%ﬁgﬁgﬁsogﬁ%§%§%:Hﬁgﬁﬁuggegﬁgg%%égént
invention at cohfigied bbGHtes ths prodiimd 4sespignd yithl ulgakiteskpmpsaimtus@nby bot h
zero and ninetx degrﬁﬁéflﬁne representations 102 and 104 are plotted. 15
[0038] Fi gur €°9v§ntiefiaiquat-alagzegranigmanreabyiaiadent ati on 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 nmethod 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 rensions is provided. Through the use of patches di sposed upon a
substrate, configured in a manner to perhit use of a single feed
connection to symetrically excite the antenna, so- configured, obviates
the probl ens associated with nultiple feed connections used by 5
conventional dpalims! ari zed antennas are obviated. 11 CLAIMS: 1. Antenna
apparatus (32) for a radio device (12), said antenna apparatus (32)
conprising: a substrate (42); 5 a group of side positioned patches (44)

di sposed in synmetk.i cal Antantecaypersant(32pfon asadid dsuibs { 124t @id Aiddrinacppiatisi ng
strips (52) §5Z£056d'u on said substrate (42), said connecting strips (52)
configured t Sitfpget her adj acent ones of the side-positioned

pat ches (44) of said ggg%@ﬂnﬁggggp a cross strip (56) disposed upon said
substrate (42), said cross strip”  (56) configured to provide a single feed
poi nt confiecti on (58) tagrpheobsiteprrtiomdpatchtu&i4) 8Rpodedrin spnoketrad] o devi ce,
said cross strip (56) configured,t opnect together, a pair of
transversely (diaé%ﬁ'g???“&%@%ﬁ?%a&ﬁi?gﬂggx(44) of said group of the

si de- posi ti oned pa_tche%oﬁﬂé’clingtsﬁ@s%%eﬁmédhﬁmﬁé&idoﬁﬁogthﬁé(42‘3,4§ai<15 provi di ng
for dual -polarization operation. 2. The apparatus (32) of cllaim | wherein

t he side- positi oneanpretiohekips 433) codfigyed &dcupent togétheradinsentames AtE in said

symetrical arr an%ﬁi{%sitf%ﬁlgd Bthﬁ%%t(%)c saicf' group; and
10 a cross strip (56) disposed upon said substrate (42), said cross strip
(56) configured to provide a single feed point connection (58) to the antenna
apparatus (32) for said radio device, said cross strip (56) configured to connect
together, a pair of transversely (diagonally) disposed patches (44) of said
group of the side-positioned patches (44), the side-positioned patches (44)

I5 providing for dual-polarization operation.

2. The apparatus (32) of claim 1 wherein the side-positioned patches (44)
disposed upon said substrate (42) in said symmetrical arrangement are symmetrical in

both a first polarization direction and in a second polarization direction.

20
3. The apparatus (32) of claim 1 wherein said group of side-positioned
patches (44) comprises a first side-positioned patch (44), a second side-positioned
patch, a third side-positioned patch (44), and a fourth side-positioned patch (44).
25 4. The apparatus (32) of claim 3 wherein the first side-positioned patch

(44) is disposed at a first corner of said substrate (42), wherein the second side-
positioned patch (44) is disposed at a second corner of said substrate (42), wherein the
third side-positioned patch (44) is disposed at a third corner of said substrate (42), and
wherein the fourth side-positioned patch (44) is disposed at a fourth corner of said

30 substrate (42).



both a first polarization direction and in a second pol arization direction.
20 3. The apparatus (32) of claim| wherein said group of side-positioned
pat ches (44) conprises a first side-positioned patch (44), a second

si de-positioned patch, a third side-positioned patch (44), and a fourth

si de-positioned patch (44). 25 4. The apparatus (32) of claim3 wherein the
first side-positioned patch (44) is dispbded at a first corner of said
substrate (42), wherein the second side- positioned patch (44) is disposed
at a second corner of said substrate (42), wherein the third

si de-positioned patch (44) is disposed at a third corner of said substrate
(42), and wherein the fourth side-positioned patch (44) is disposed at a
fourth corner of said 3bhesappaiaius(@2) ofpjaimbwhereinryed eqrpastaastipsidP) &€ clai m
4 wherein sai ARRGS ' | PS: e, re I3 | "W
and a length rg%ltg eg]ué{‘é\)t%% \?ﬁgﬂ’dﬁs%g@n%:le& elpélr% %gﬂh%gmgﬁég?%égsﬂ%tg%ed

pat ches (44) side-pasitgined patcket (HAY adirsti ponoécimaisdipcoiwagicdannegetsiorsings (632) 5
connects t.ogether the first side-posjtioned patch .(44) with a second

si de- posi bi orf8HN L t@ﬁ?tL%tE? 57 e Bee i S BHRB L ﬁ‘@&s@t %%n%%ld%-gpﬂﬁel&#nect i ng
strips (52) gﬁfb'ﬂ?@hér_eiri DERbAEE RS SLAAP U 84id SomRElind ARBY(PRF inédd) . with
the third side-positioned patch (44), Wwherein a third connécting strip of
sai d connect itpggthar thgpsecordiidepositends! pavgeikr with He thhil sdegiodgiopespateloned

tch (44) wih the fourth side-posjtioned, patch. (44 d 10 '
Pourth: connet Dny ST d ShieBERir PRl ShFputi Sy Q2frRed Hisshithe.
the fourth $lh@@irﬂ(3&ietﬂdéﬂﬁﬂe@?ﬁt@ﬂﬂ (44 4)ithMht Mot iesifie-hditi S ddgraRPSUL), @h@d pat ch

(44). 6. The apparatus (32) of claim4 wherein said cross strip (56) is
confi gur éd t Vheemmedeurtiogpampeing sHap pf sadd caringetinpsfiips e aopresRogAay had t he

third side- i Loned 1 e AFRE: ADRAL ya2f claiml
wher ei n each:lc(glilI ggi%%g?%gt?(gﬁg%%%gt(%%%?h zhgafélgte Sé‘?é;ﬁ%ng(#ﬁégipgéﬁ g I'tioned
patches is of a square geonetry.
6. The apparatus (32) of claim 4 wherein said cross strip (56) is
configured to connect together the first side-positioned patch (44) and the third side-

15 positioned patch (44).

7. The apparatus (32) of claim 1 wherein each side-positioned patch of

said group of side-positioned patches is of a square geometry,

20 8. The apparatus (32) of claim [ wherein each connecting strip of said
connecting strips (52) is configured to be of a first selected length and of a first

selected width.

9. The apparatus (32) of claim 7 wherein said cross strip (56) is further
25 configured to be of the first selected width.

10. The apparatus (32) of claim 1 further comprising a single feed

connection (58) formed at said cross-strip.



20 S. The apparatus (32) of claiml| wherein each connecting strip of said
connecting strips (52) is configured to be of a first selected | ength and
of a first selected width. 9. The apparatus (32) of claim7 wherein said
cross strip (56) is further 25 configured to be of the first selected

wi dth. 10. The apparatus (32) of claim1 further conprising a single feed
connection (58) forned at said cross-strijpd 13 11. The apparatus (32) of
claim 10 wherein said single feed connection (58) is forned at a m d- poi nt
of said cross strip. 12. The apparatus (32) of claim 1l wherein group of the

si de-posi tioned 5 jpat cheg dppdandr(S2 CHH AU ERhERINRE I 5208 cofinkebh a
first polarization direction and a second polarization direction at a 2.4
GHz frequencySbkindormed at Amidtnodd of saidcrdsestrir ansduci ng si gnal energy at a
radi o device (12), said nethod conprising the operations of: 10 disposing
(1140 a group of four, side-positioned patches (44) in synmmetrical

arrangement upon a2subsitheaipparafid) 3T ERMEMNOwhdith) or6 OR oLtk isttg-Skitionsd ( 52)
upon the substrate (42), the connecting strips (52) configured to connect
t oget her adj FEEAHES & §r%$0qﬁﬁéredstpé>§fﬁw§mtilaﬁeglap ISt pRlgrigation diregtieq &Klgsi ng
(116) a crosszsii .y ; e cross- strip (56)
configured t%eﬁﬁngieégg%fﬁgﬁé%nggE%ﬁ?ﬁ?%ggﬁﬁégP?%ﬂ (58) to the antenna
apparatus (32) for said radio device (12), a single feed point connection
(58) to the antenﬁg appar at.u
C

configured to connéct #bﬁ@ﬂﬁéxlgghgfﬁ&gﬁﬁgié%égﬁﬁggEQ%gg%%%éggg%gbgpches of
the 20 group s dhdiBoPbt rg%:é tthgg,gglqﬁggst ghes (44); and transducing (118)
signal energy, polarized in a first polarization

10 disposing (1140 a group of four, side-positioned patches (44) in
symmetrical arrangement upon a substrate (42)

disposing (116) connecting strips (52) upon the substrate (42), the
connecting strips (52) configured to connect together adjacent ones of the
side-positioned patches (44);

15 disposing (116} a cross-strip (56) upon the substrate (42), the cross-
strip (56) configured to provide a single feed point connection (58) to the
antenna apparatus (32) for said radio device (12), a single feed point
connection (58) to the antenna apparatus, said cross strip (56) additionally
configured to connect together a pair of transversely-configured patches of the

20 group of the side-positioned patches (44); and

transducing (118) 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 (44).

25 14. The method of claim 13 further comprising the operation of connecting

a radio device (12) to said single feed point (58) of the cross-strip (56).

15. The method of claim 14 further comprising the operation of
symmetrically exciting the side-positioned patches, (44) the connecting strips (52),

30 and the cross-strip disposed during said operations of disposing with signal energy.



direction and in a second polarization direction at the side-positioned
patches of the group of side-positioned patches (44). 25 14. The net hod of
claim 13 further conprising the operation of connecting a radio device
(12) to said single feed point (58) of the cross-strip (56). 15. The net hod
of claim 14 further conprising the operation of symetrically exciting the
si de- positioned patches, (44) the connectifqg strips (52), 30 and the
cross-strip disposed during said operations of disposing with signal

energy. 14 16. The method of claim 15 wherein the signal energy provided
during said operation of symetrically exciting conprises signal energy of
2.4 GHz. 5 17. The nethod of claim 13 wherein said operation of disposing
the group of the 1$i de-Thegnethoheticlpian thedeletuthe stgmph ¢reegy posided dagng he

roup in a two-by-t rra f the sj.de-positione atch . 18. The
oethod of ol armopstaRn pEri R loghd Sx e st SRR PRISIER A 68 at ehes
(44) disposed during said operation of disposing the group of the side-

positioned patches (44) conprises the side-positioned patches in a first
symretrical arranddenentheimethod of dainp b} wbprest saishoprrptet ¢lghsnesdeithe &o¥Rcond

symmetrical aepanARIEMtiordel pacBECQRT AR 2L AR: He' §65} A% twhby-two

array of the side-positioned patches (44).

18.  The method of claim 13 wherein the group of the side-positioned
10 patches (44) disposed during said operation of disposing the group of the side-
positioned patches (44) comprises the side-positioned patches in a first symmetrical
arrangement in a first polarization direction and in a second symmetrical arrangement

in a second polarization direction.

15



