|  DUAL- POLARI ZED, MULTI PLE STRI P- LOOP ANTENNA, AND ASSCCI ATED METHODOLOGY,
FOR RADI O DEVICE [0001 ] The present invention relates generally to an
antenna for a portable 5 radio device, such as a Bl uetooth-capable or |EEE
802. 11- capabl e device that operates at the IMS (Industry, Medical and
Scientific) frequency band. Mdre particularly, the present invention
relates to a dual -polarized antenna, and dn associ ated net hodol ogy, of
conpact construction, capable of positioning at, or within, a radio
housi ng of the portable radio device. 10 [0002] L-comered antenna | oops,
formed of |oop strips, are disposed upon a substrate. The | oop strips
extend in eitheDWGALAPOLARIZEDy VAN TOPLE $ETRIPOhODP ANFENNA, AND

pol ari zati on_ di r ectASSOCIET EECMETPRODOEZOC P FOR RADPO DEMIIDnal to the
first polarization direction. The |loop strips are of dinensions and are

connect ed toget her to be resonant at the I M5, or other selected, frequency

band at orthogonalp, - di tians. .. Back und .of the.lnvention
[ 0003] Radio co n| c t| oﬁﬁggeﬁPlgﬁéﬁé{)%erreﬁagcesd’%gé}a%ﬁ%/al}g‘?‘%g éfo Phd g%%fbé? y to
comuni cate. riinyleviag,isach soNBliRi@ak-c@ubsesMEEES]020At dupuBlie@lRviee NI cat i on

20 services and datalﬁegrmumgatl on services, are reqularly effectuated by

way of radi o “PEGHMshHEAMDHN Wﬂ’ewdl%h@ild Seientidioh fsfemics BRnG oVRRt enent s
per i t, the GRRSIAh. HEQIMA AL SRINICER.8I of radio
commruni cat i otr?)ésystae&;s ﬁ@%( F{E} Fncr easgw9 Ijoog%ﬁéa%efépg%léi%éommm cation
systens are eseopliarmctbbdelaghy,®f 26mparmunitoatibgreapatst efiposithatinghaty er hitlgh,
| evel s of usa systenms are typically constructed
to provide wd g@dlgfg}?”&%Qéﬁhﬁ@8“a&ﬁ63&1‘9ﬁEYlF infrastructures have been
instal | edpover si gmidi Qﬁéﬁm&@ﬂtaht%ﬂﬁa Rbpd, HErnReRM 88 P dri %?édl@fnosea Rfoywr i d. A
user communi cates by way of a radi o conmuni cation system through
substrate. The loop strips extend in either of a first polarization direction or a second
polarization direction, the second polarization direction orthogonal to the first
polarization direction, The loop strips are of dimensions and are connected together

to be resonant at the IMS, or other selected, frequency band at orthogonal polarization

15  directions.

Backeround of the Invention

[0003] Radio communication systems are used by many in modern society to
communicate. Many varied communication services, both voice communication
20 services and data communication services, are regularly effectuated by way of radio
communication systems. And, as technological advancements permit, the types of
communication services effectuable by way of radio communication systems shall
likely increase.
[0004] Cellular communication systems are exemplary of radio
25  communication systems that have high levels of usage. Cellular communication
systems are typically constructed to provide wide-area coverage. And, their
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



use of a wireless device, a radio transceiver, sonetines referred to as a
nobil e station 2 or user equipnent (UE). Typically, access to a cellular
comuni cation systemis provided pursuant to purchase of a subscription,
either on a revolving, e.g., nonthly basis, or on a pre-paid, tine-usage
basis. Cellular conmunication systens, operable pursuant to different
operating standards, define radio air int@faces at different 5 frequency
bands, for instance, at the 800 MHz frequency band, at the 900 M
frequency band, and at bands | ocated between 1.7 GHz and 2.2 GHz. [0005]
O her types of radi o conmuni cation systens are al so w dely used, for

i nstance, Bl wgusotdquipnmnt 0Bk dl ynchliyEEE 802 aktllblas ednsysicetiey sistgol Bnent ed,

e.g., as, WAN.(Wreless Local Area tworgl}? stens, al so provide for
voi ce and datp§°VI§¥%‘8%ﬁfoc%lfI?}bar?§f) Gé}%“ﬂml ’86%‘?‘ 3Tt l%g@r’é‘ﬁ’éﬁé{?’eas
than their ceabib] @lonGOoMoiRId) hicSusa Y HiNSs. ar @Il @ IBhdfl i cLRa ki 8ds apefablevat e
networ ks, providing users who have access to such networks the capability

to conmmuni catt¥ryhrtedifeagtppetaiing stndats defisc ofdiBhin éntodades ebgisferast or

802. 11- capabl Ll el Vi ' sonet imes. confl to be
connect edBt o] f%&@%ﬂ{c bﬁgtﬁs\/\g&kﬁg?g@cﬁt%ﬁ%%yﬁﬁﬁgﬂuﬁg{:ﬁzﬁfg{r}t&‘,e %pﬁ?ﬂu% n, to
ot her comunifegtéray haed vandks baisdsdbeads] IRSIds ((PdHZ sndwp iGHed Tel ephoni c

Net wor ks) and PLM\J&?)C&PubEi c Land. Mobil e Networks). | nterworKkij ng’ entities
al so are soneti mesVYPHETYPE Hradip gemmpincaipp EXTCBD A0 WHclyatsaib dar t he

smal |l -area n SpiAF VI j tihe t] te are
ol emont ed g s SR o FnMheckahl SHEE 802 (e Sbh PR RESeREE AP BT
systens are @erWLaN (Whaleswl.ctahAcenbtmairedstenibhato povide foayoichamblitalt h

al locations for their o eratiI n are Iirrited. And, such li Ee_d al l ocation
of - bandw it h “SHRBERLOR grtae e el Boioeiiee Ao R CARIERU %S  t he
communi cat | 0BoeH&HEM. WIHNS AC3BkuIAT] i StedBY FriPRE RetWRHE, pRRsHIAL L&A 1 On

directed towards manners by whith, to efficiently utilize the Timted
bandwi dt h al MaedrEda¢ass® suelhdeivdris the nenabdity tdcaysueieste tBuathrpehar i zat i on

communi cat i Oﬂlrg)l?@ﬂrﬂie WE3r ﬁfu%tooth—capable or 8§02.11-capable wireless devices. WLANs
are sometimes configured to be connected to public networks, such as the Internet,

15 and, in turn, to other communication networks, such as PSTNs (Public Switched
Telephonic Networks) and PLMNs (Public Land Mobile Networks). Interworking
entities also are sometimes provided to provide more-direct connection between the
small-area networks and a PLMN. Various of the aforementioned systems are
implemented at the 2.4 GHZ frequency band.

20 [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
the communication system. Significant efforts have been made, and attention directed
towards manners by which, to efficiently utilize the limited bandwidth allocated in

25  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
communication capacity is possible through the use of dual-polarization techniques.

To transduce signal energy pursuant to a dual-polarization scheme, the wireless



sonetinmes utilized. In a dual-polarization technique, data comruni cated at
the same frequency is communi cated in separate, polarized planes. Cose to
a doubling of the communication capacity is possible through the use of
dual - pol ari zation techni ques. To transduce signal energy pursuant to a
dual - pol ari zati on schene, the wireless 3 device is required to utilize a
dual - pol ari zed antenna, operable in the séparate polarization planes. Use
of dual -pol ari zation techni ques al so are advantageous for the reason that
the effects of nulti-path transm ssion and other interference are generally
reduced, thereby inproving quality of signal transm ssion and reception. 5
[0007] A dualdepimkds icgemleditot@nina aidaakgabii Zalinesnnh Gipetahsd ianbesepbyatd eedi ng a
square patch antenna at twg orthogonal —edges thereof by way of an edge feed
or a probe @ i7apgiBlanry W seghfidagl-prjargasion Wlmumi%ar@@ﬁ%mwﬁﬁ%@rghee
used in conj ypghh At éffbc%s"@r{nﬁﬁ?ﬂaﬂgfr%my‘n S S SrerOlG0e SXI3HLD0y
antennas suffer fromvarious I m'tations. For I nstance, separation

di st ances betromnd ttheche euprovingephiitynd sanel tthsmespinr ed reeepbiengr eat enough

to prevent occurr of .cqupling between the respective .feedi.ng |ines.
Excessi vetsa_rmunt s?Qﬁ‘?@&hBF@H%W@GEP@“?W%F Fefo §1’I§Eﬁn§?’ibé’afg?‘iﬂﬂgflevel s.
[0008] As wi rs?h@@@at@ﬁ\ﬁhﬁéﬁﬁa &t@oQrthoBeH 3 834N GhHeSIBY a FbIMBNSIgL TSed RACkaged

i n housings of increasingly-snaller dinensions, probl'ens associated with
the cross- porercifeed i @endrdelesisangdidlipelayized piyek ontenpasrase siedni LomjamaetionAn

i nproved, dual. Larjzed aptenna, constructed in a er to reduce such
del et eri ous g‘}rlg%t?vé)gfs?&ﬁ{sli’ %ﬁ%éo&g&r&txgo(%fﬂ %13#‘1’1&; ?rﬂe?qaéﬁ?ﬁ%%??ﬂivgn%‘gc kgr ound

i nformation digliatieds. t Fordnit@neaseph@tion BRdNGeiRNVEEStht fadd doRBediog b cant
i mprovenents of the present invention have evolved. 20 Brief Description
of the Dffwi AFRIEHELDS eispienossh 19 preyent paswEenge plipRunlisa Retwien dhe WpregHEM of a

o oper ai 0. VPR 8% EREET OGS P FRIEL I ol KR IR SUET o
mul tiple-strip | of08] As wireless devices are of increasingly small dimensions, packaged in
housings of increasingly-smaller dimensions, problems associated with the cross-
polarization levels are likely to become more significant. An improved, dual-
15 polarized antenna, constructed in a manner to reduce such deleterious problems is
needed.
[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.

20 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, multiple-strip loop
antenna of an embodiment of the present invention.

25 [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

distribution of an antenna of an embodiment of the present invention.



antenna of an enbodi ment of the present invention. 25 [0012] Figure 3
illustrates a graphical representation show ng sinulated and neasured
return |l osses plotted as a function of frequency of an antenna form ng 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 distribution of an antenna of and4enbodi nent of the present
invention. 4 [0014] Figure 5 illustrates a graphical representation of
simul ated radi ati on patterns of an antenna of an enbodi nent of the present
invention at 2.47CGHz. [0015] Figure 6 illustrates a graphi cal
representation, si[fi0l4rFipmretShdtistaiavingraphicdirgptesentatiohwl siodul sred sddin

radi ati on patterns exhibited by a nt enna of an 5 enbodi nent. of the

i e
present i nver@l'GHS 4t 9Banpng et AeIRPEIment 9hhe present nyertianed 247G phi cal
crbodi ment of ¢ hope Eadnp T Caua a2 Aol L e i Al O A I 104
f1 ow di agr amhigpe éskuttcdnioasurod ratdl'rfeiohr}mtthmd cpfibupdbati emewnfa efrrnenbodi ment  of
the presept invention. .10 Detajled Descriptiqn [0018] The present
inven;ion? a 8%P§VW%FﬁfﬁgdgﬁﬁPgﬂggﬁ@PjgBﬁgd#@%s antenna apparatus, and an
associ at ed met hod,[0f ¥ RgReTiRR AU IHEN H§RescBHEBn Ao RinBliil12RH Rain
conpatible or 802.1 ]-conpatible device that operates at the IMS (I'ndustry,
Medi cal 15 &hd fgtionof i entepnaefiarmmbadinent of OBLgEsenhinyerfiproper at i on of an
embodi nent of the it LV iLon, - pplarized antenna.qf conpact
construction is pr[@(\g/lﬁjggéur%‘ﬁéﬁ%&éageﬁr?ég?tg&igg‘gb 1 re%S%"i“h?é’ﬁioﬁgleat , or

wi thin, a ragtchdioafsipegtioh of be cpdbdigttheof tdipeesd@Mheantion0020] I n one aspect
of the pr(gsent invention, the antenna is forned of loop 20 strips etched
upon a st strate, configured in a manner to be resonant at a sel ected

Detailed Description

[0018] The present invention, accordingly, advantageously provides antenna
apparatus, and an associated method, for a portable radio device, such as a Bluetooth-
compatible or 802.11-compatible device that operates at the IMS (Industry, Medical

15  and Scientific) frequency band.

[0019] Through operation 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 loop

20 strips etched upon a substrate, configured in a manner to be resonant at a selected
frequency band, such as a frequency band located at 2.47 GHz. The substrate is of
dimensions permitting its positioning, together with the loop strips etched thereon,
within the housing of a portable radio device, such as a wireless device operable in a
Bluetooth-compatible or 802.11-compatible system. Signal energy polarized in

25 orthogonal, or other, directions. Transduced signal energy generated at the wireless
device is transduced into electromagnetic form by the antenna and propagated
therefrom in the polarized directions. And, electromagnetic energy communicated to
the wireless device in the polarized directions is transduced into electrical form for

subsequent operations thereon by circuitry of the radio device.



frequency band, such as a frequency band |ocated at 2.47 GHz. The substrate
is of dinensions permtting its positioning, together with the | oop strips
etched thereon, wthin the housing of a portable radio device, such as a
wi rel ess device operable in a Bluetooth-conpatible or 802.11 -conpatible
system Signal energy polarized in 25 orthogonal, or other, directions.
Transduced signal energy generated at theswreless device is transduced
into electromagnetic formby the antenna and propagated therefromin the
pol ari zed directions. And, el ectromagnetic energy comunicated to the

W rel ess device in the polarized directions is transduced into electrical

formfor subsequgni2igperaabthensspedieif eltprayent invehtidd, 4 foft debrep sfatle ogevi ce. 5
[0021 ] In another .aspect of the present invention, a first group of the
| oop strips efdRedchsAosiahe S%ltﬁﬁéﬁlaﬁ@lﬁ@r%wfﬁogura@& tSNEI6H ANEANAIOEBY ner ed

antenna | 0op.tyehh @oxlélcfé@ S8 & %xjggaj‘apoe}e i nff'?,ﬁtqﬁg E? Xgeﬁpﬂ)f s @gc}?@ﬂa@&ﬁ@tof | oop

strips such that ends o t he oop  stri ps | sec

substanti al | yhepaijwndloop Isaips amigtsedt . at Flitestdntialhy stnpmpxhcxﬁaroefngﬂdse Tfmerl@ctp gripp,
so-configgred arﬁrg therehore p05|h %Bﬁg varlous to extend |£ a

first poldri S5O HrPlR P EmGREdSue o hsratr PostipR W PEEY TG RIFA Second
pol ari zat i on firgti gopitzaQih S8R alsedAdtyasr fzhﬁ&{ diPRki3H] thakERAd YblaBEhtia.-
[0022] In another aspect of the present invention, a second group of | oop

strips etchediigeian erHwgentse ﬂwtférStﬂ@fﬂamtlansle'c@nm L-cornered | oop Adj acent
connect ed_at el r ends at

ones of the 10 | tri re c ure

i ntersecting, subgﬁ@n i Iaﬁ?/thge SB% pépseghgwlvgg O ARFED gEOUPbO 0op
rectangul ar - geipaetdd oﬁt@dhe aaﬁhaﬂemﬂnsta kéddndSPcorterafl i u(g;g)r efldja@xt endtsof the
variouslx in a first polarlzatlon direction or a seco pol ari zati.on

direction? ofMoyaREIT contigued Wborsmaestodit their andsed tnigiectgigghmstashiabyy i s
transduced b e teh&cﬁi@?ﬁ@es ﬁ}gﬁcébng $9 ¢ éd?ar{gﬂ?ar c\‘}ﬂwpc%l af(l’l(?%&éhol%og sﬁ@ggé ons. 15

[0023] In an er aspect” of present vention, the’first
second gr oupomﬁgurbda ck@ogs edriduply ih adirsde]aistian difeaieh cofa secopl 1:811&'1[2}3301‘1 i.e.,
[rgce)p sﬁ; Iegs Stg{; g%}p%: gg}bo%xg%r]?tggfl folst pOlEEli‘i?taEgH fdllrgcstgong rS?glPaI %ch'ggf E]setrasn% uce% b%/r OUD
the second loop, also in the two polarization directions.
15 [0023] In another aspect of the present invention, the first group and second
group of the loop strips include a shared set of loop strips, i.e., loop strips that are
common to both the first group and the second group. The shared set of loop strips
form part of the first antenna loop and part of the second antenna loop. At least one
of the loop strips of the shared set extends in the first polarization direction, and at
20 least one of the loop strips of the shared set extends in the second polarization
direction. And, more specifically, the shared set includes at least two loop strips that
extend in the first polarization direction and at least one loop strip that extends in the
second polarization direction. The loop strips that extend in the first polarization
direction are connected together by way of a loop strip that extends in the second
25  polarization direction.
[0024] In another aspect of the present invention, a single feed connection is
provided for both of the polarization directions. The single feed connection is

formed, or otherwise defined, at a loop strip of the shared set. The feed connection is

positioned to permit symmetrical excitation of the two antenna loops. Through the



formpart of the first antenna | oop and part of the second antenna | oop. At
| east one of the |oop strips of the shared set extends in the first

pol ari zation direction, and at 20 | east one of the | oop strips of the
shared set extends in the second polarization direction. And, nore
specifically, the shared set includes at |least two |oop strips that extend
in the first polarization direction and at | east one | oop strip that
extends in the second polarization direction. The | oop strips that extend
in the first polarization direction are connected together by way of a

| oop strip that extends in the second 25 polarization direction. [0024] In
anot her aspeaotse of thelsinghe fesénonientientproriema assonigied Widedosoratation afes

provi ded for both.of .the pol.arization directions. The single feed

Ponnect on 1 <ot b SR e S GRS e Gl T reb e e
set. The feegrg@pagction is positioned to permt symretrical excitation of
the two antenna Ioogs. Through the 6 wuse of the single feed connection,
probl ems associ at d8031tIA thase 9d phicanrdpeetsi tharcire antangy epphratns.inglangai n,

hi gh-effigie : \ : | .- ar.i ; Nt enna_i s therehy. ., provided.
lo025] 1 not naseidRsRERathy VPR R A AFE AUEC AT AR T eg B 1°E
associ at ed nmetfirsdabogyf iosp priipe iideidpdsed upot a@disabgryd. CEhe 18op bipiph batie first

provided. And a first_group of loop strips is disposed upon the substrate.
The | oop st r ig¥PGe cordfigirsdio fogp gdpstdper adnng aiurest oo loppSHmMSHPIERE Indop
having at | easg ; Sl Molo Py g : ' fon direction
and at | east o%té}% P%%%Q‘g??%&‘ggtagﬁﬁ%ggtpgc:la&’ gséréé]%{t%gqlgﬂng%%ﬁ%g%ﬁ direction. A
second gr oup polarizaiom &tactips. Asedirsipgeed ofijpop stripe isdibsdsedtipon thbGublieatd. oop

east  ond?st R AT G ANRSE RS ERUPIT RSOt P 2Rh BRGPARq BHE ot
l'east one stid.pt oG HaDek tbitslii ehSRGPRN R R IdRRE G A ardl 4t RS Q1 stfhe first
and second groups of 1oop strips each have |l oop strips that extend in the
first and seésisddipslimthesaedindrpodiirizetion diectionr ddpdicstiand sgcond reloupstaifoap
dual - pol ar| Z@ttnip réat%ﬁarv%tl(i)o%ns?trips that extend in the first and second polarization directions,
respectively, and exhibit dual-polarization operation.
15 10026] Turning first, therefore, to Figure 1, a radio communication system,
shown generally at 10, provides for communications with a mobile station 12. The
mobile station, in the exemplary implementation, operates pursuant to a Bluetooth
standard or IEEE 802.11 (b) or (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
20 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.
Accordingly, while the following description shall describe exemplary operation of a
Bluetooth or IEEE 802.11-compliant system, operable at the 2.4 GHz frequency band,
25 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.

[0027] The radio communication system includes a network part, here

represented by a network station 14. The network station comprises, for instance, an



15 [0026] Turning first, therefore, to Figure 1, a radi o conmuni cation
system shown generally at 10, provides for communications with a nobile
station 12. The nobile station, in the exenplary inplenmentation, operates
pursuant to a Bluetooth standard or |EEE 802.11 (b) or (g) standard,
operable to send and to receive signals at the 2.4 G4z band. Mire
generally, the nobile station 12 is repregentative of any of 20 various
wirel ess devices, and the radio communi cation systemis representative of
any various radi o comruni cation systens operable in conformty with any of
vari ous comruni cation standards or permtting of operation at unregul ated

frequency ban@sess pdia€of AWIgGAN,orwhish@othe dnaity D thehsekE S& di dtal ONits hadeless
descri be exenplary operation of a . Bluetooth or | EEE 802.11-caqnpli ant
system oper alsVisequgings the mobtly stfagdéndje paingrk s8tion, Winguhde BIM$ider st ood
that the foll.ow ; 101} I I f hat -
description (.)a? &%’gg?ﬁa{'? ?%{)}é@?f%’ﬁ)@hlﬁgﬁ?é&%rﬁﬁ%? f\g\lr?ajg[}sl%té% t(L)npntélr;g:%olugieidn
conform ty i rio ametthen] nenods, hes amalliogaciset dptd@2# orEHRDNAdBosuebamtini cat i on
systemin Iuges a network part, here represented by a network station 14.
The network st&fi°bn conprises, for instance, an 7 access point of a WAN

or an anal ogous. e@@@é&j ﬁhfé%elta'ﬁﬁ[%ﬁﬁ%ééﬁ%u%u%%%&,’HMH ﬂEe‘Mdb‘?ﬂe%ﬁ ne@RYk Ces,
such as the nobile station 12. The network station, which here fornms an

access poi nt statignpareopereble ib peratittingtodpand lere provides fgrivalppoldizethat , in turn,
is coupled to _an external, network, here a public, packet data networnk (PDN)
15, “suh as CHETRTREERTR e Fo e e Gply B4 P A bt Bl DR St oh
the nobil e and isetbamakhat skehiohawase2 apapd@blsgsicpermitting of, and here
provi des for, dual-polarized conmunications at the operational frequency

band of ffe conmuff&& Tbg naghilestationdRencludes|tRmpesard crieitry elere spsessaicdeen

210,209 2 155y oBaele s TR 7% Ao, T eLiceR boammesiuer
part 28. Thearesmapled, et ak barswyidf apantefna coupler or other entity that provides
isolation between the transceiver parts to an antenna 32 of an embodiment of the
present invention. The transceiver circuitry is capable of dual-polarization operation.
15 That is to say, the transmit and receive parts arc capable of generating signals 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.
[0030] Correspondingly, the antenna 32 forms a dual-polarized antenna,
capable of transducing signal energy of both of the polarization directions. That is to
20 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
exemplary implementation, the antenna 32 is disposed upon a generally planar
substrate, of dimensions permitting its positioning within a housing of the mobile
25 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

I. The antenna is formed of a plurality of loop strips 42 disposed upon a substrate 44.

The loops strips are etched, painted, or otherwise formed upon the substrate. The



are coupl ed, such as by way of an antenna coupler or other entity that
provides isolation between the transceiver parts to an antenna 32 of an
enbodi ment of the present invention. The transceiver circuitry is capable
of dual -pol ari zation operation. 15 That is to say, the transmt and receive
parts are capabl e of generating signals for transmssion in both of the
pol ari zation directions and al so to operate upon signals comunicated to
the nobile station in both of the polarization directions. [0030]
Correspondingly, the antenna 32 fornms a dual -pol ari zed antenna, capable of
transduci ng signal energy of both of the polarization directions. That is

to 20 say, doghatipenercgyfig@edeidichachdpiettheads ¢y Aripoidut afaifidione
dual - pol ari zation directions. And, signal energy generated at the nobile
station is tPARREUREIeGIHE colestion Retges. f1HE mepriinpsar af kagihs apdt h of

the dual pol %igfh@tahﬁ’ By déo%ﬁg&é@ﬁgethgx;ﬁolt%}%% HEXEIRAAT ah@ﬂeﬁ%@ﬁcﬁy%nd.t he

antenna 32 is disposed upon a géner I'anar = substrate, MeENSi ons
perm tting i thsrepbsi2tdi GHe figqwertcgiband housi ng of the nobile 25 station.
[0031 ] Figure 2 ib ngates in greater detail the ﬁntenna_32 of an

enbodi ment of thé SOIMYERT EATARRFL IR 2 FeSTAREUIARIoPP STUHHE nobi | e
station 12, shewAsddbffd G4f Sroud 46 BROAMSNA St A RHuRS 81 Rloplsiipst ynef

| oop strips 42 disposed upon a substrate 44. The |oops strips are etched,
pai nted, or etlheeniew stupnistersesbat thieewdshs suttantialippePendiodpr tarsaetingr e

configured s _ t adjacent of the Loop.strips abut,agai nst. gne
another in ordher b SCBRTER IO Frd SRS o Rt f R R

| engt hs and imkr@édiﬁlgaﬂgleabﬁadﬁ@&ﬁﬁ@ﬁo@@trﬁ(ﬁg&%%@heﬁ@oﬁﬁe ldpbard e et a
desired frequency band, here the 2.4 frequency band. 5 [0032] The | oop

strips at® atihifgeday.drecraciedct angul ar 1oop structure conprised of a first
o1oup 1, of 1290 FiP EyPAGERI. MGHRs I8 OB PHLLRSe e 2con
i nt er sect i ngstrigngThs loopheigraupssidtedasdard8hired e@ndcs inagdoopp SFHanisbisefn, due
to the per peﬁldei Igc% g}cgips of the shared set form parts of both groups 46 and 48.
[0034] The shared set, in the exemplary implementation, and as shown,
15 includes three loop strips, connected end-to-end, including two L-cornered portions.
[0035] Figure 2 illustrates references 54, 56, 58, 60, 62, 64, 66, and 68. At
each of these reference points, an L-shaped corner of a loop is formed. Due to the
substantially perpendicular intersections of the adjacent loop strips, the loop strips
each extend in one of two polarization directions. The polarization directions are
20 orthogonal, defined by the axes 72 and 74. The axis 74 defines a first polarization
direction, and the axis 72 defines a second polarization direction. Loop strips that
extend between reference points 64 and 54, between reference points 60 and 58,
between reference points 62 and 68, and between reference points 66 and 56 all
extend in the first polarization direction. Loop strips extending between reference
25  points 54 and 56, between reference points 56 and 58, between reference points 64
and 62, between reference points 62 and 60, and between reference points 66 and 68
all extend in the second polarization direction. In the exemplary implementation, and

as shown, the lengths defining an outer perimeter of a rectangular configuration

defined by the loop strips are all the same. Additionally, loop strips defined by points



intersecting angl es of adjacent |oop strips, the corners of the |oops are
L-configured, 10 that is to say, L-cornered. [0033] The |oop strips of the
| oops 46 and 48 include a shared set 52 of loop strips. The | oop strips of
the shared set are shared between the groups. That is to say, the |oop
strips of the shared set formparts of both groups 46 and 48. [0034] The
shared set, in the exenplary inplenentatioen, and as shown, 15 includes
three | oop strips, connected end-to-end, including two L-cornered portions.
[0035] Figure 2 illustrates references 54, 56, 58, 60, 62, 64, 66, and 68.
At each of these reference points, an L-shaped corner of a loop is forned.
Due to the subst ast/Rphdd/s160 pRAMKCA thé biredspeadih® mghk. thd, adhacent | oop
strips, the loop strips each extend in one of two polarization directions.
The pol ar i zatFgAPIAN BEtPBaYatens howidihsid gaene! tha sy of He sawesien, and
74. The axis,/4 defines a first polarization direction, and the axis 72
defines a second pol arization direction. Loop strips that extend between
ref erence poi nts 6d036hdhsdntdoed & arludef esbefepd corectéh shproSRling hétedeen
refer ence, points 62 and 68, anag bet‘\s\een refer er_lce_p&'* nts, 66 and 56% El I
extend i n°t hEOFFCEPN BORLCPBRRCIASIF @i tPeERISSH YOLIEH B SPPYDn &k FiMth HPIERE ween
reference 25 pmiakatiad (@48 Fifst Wpethd ﬁiﬁg@ ORI oRAE AR fﬁﬁvi@é}ﬂa fe84d tHaet ween
reference points 64 and 62, between referéence points 62 and 60, and

bet ween r ef epesitiengdoisritlyst@tedatad m38-paat ofdlxe long sirip 4668, peeddet fool ari zat i on
direction. In the, ex lLary 1 ppl enentation nd as,sho he | engt hs

def i i ng an SUPEFURAFPRaEln s RS rand ot A B PEeR AR Bhol 1980 SFER by ¢ e
| oop strips Beeark bnliyhesis@dbtecdAddhddiiond hdbded, PRFLISHE bRScidRbiwiedsgayingoi nts 9
54-56, 66-72, and 62-60 are also all of the corresponding |lengths, And, in

the exehpl aFSAvitapeefsetaed bstwaehanwiipleHeedofonaaeipnaf conkentionally saritgd i s of
the sane w dgh, 1 W.d 0036] The antenna 32 includes a single feed connection
82 providing a Péega'S connection point, connectable to the transceiver
circuitry (shown [003Fi guegedhetditaltdeafiguration of the exemplary implementation of the

antenna 32 shown in Figure 2 provides for three in-phase paraliel strips in each of the
polarization directions 72 and 74. Strips 54-58, 66-68, and 64-60 extend in the
15 second polarization direction. And, parallel strips 54-64, 58-60, and 56-66/68-62
extending in the first polarization direction permit the antenna to exhibit both high
gain and high cfficiency,
[0038] The two groups 46 and 48 of loop strips are etched on a printed circuit
board, or other substrate. The loop strips are regarded as a combination of two
20 electrically-connected, multiple L-shaped, rectangular loop strips that have a common
set of shared strips. In a further implementation, the antenna further includes a metal
reflector 84 disposed in the strip-loop aperture plane, here disposed beneath a bottom
surface of the substrate 44.
[0039] Orthogonal, dual-polarization radiation is realized by arranging the
25 loop strips to extend in directions parallel to one of the axes 72 or 74. The feed
connection 82, located at the center of the loop strip 66-68, provides for symmetrical
excitation, thereby to reduce cross-polarization levels of the dual-polarization
components. The loop strips extending in each of the polarization directions are

arranged into an in-phase, three-element array that provides high gain levels. The



nmobil e station (shown in Figure 1). The single feed connection provides a
feed that, positioned as-illustrated at a md-point of the loop strip

66- 68, provides for symetrical excitation of the |oops fornmed of the
groups 46 and 48 of loop strips. Because only a single feed connection is
needed, problens associated with spacing 10 requirenments required between
mul ti pl e feed connections, conventionallyjgequired, are obviated. [0037]
The geonetrical configuration of the exenplary inplenentation of the
antenna 32 shown in Figure 2 provides for three in-phase parallel strips in
each of the polarization directions 72 and 74. Strips 54-58, 66-68, and
64- 60 extend dufrchfie.lbhageeNoa, @iedctbh datih®bpahti@csf B antdnh repat@&ldt@hifstri ps
54-64, 58-60, and 56-66/68-62 extending in the first polarization
direction pertelangd igisreinduaty staeding wavsstisiipytins alpngihastidhi gh
efficiency. [ e - Qr . i : : 1 on a
printed ci rcﬁ? %ﬁ@%nggpdé&lggld%toﬁg%s %uu%s%?%%%fﬁ I%Peislqg‘ggéi% L?%aslag elﬁtﬁog[ggagded as
a conbi nat i oscdfonswhe2By & potindecal ihyphasnneshedistrihuktibn ph elllof Shayide sections
rectangul ar |.oop,str.i t hat haye a.common. set of shared strips. In a
furt her i fpl dhBRISHELM e RETRARLIARR if BRTTRIETNChRMES a metal | reflector 84

di sposed in the stpiqyO@Rc3RBHIHES Rl eal*ﬂ%r@se@ﬂa%@ﬁ@@%%ﬁ@ﬁﬁé piogs dpt t om
surface of the substrate 44. [0039] t'hogonal , dual -pol ari zation radi ation

is realized lapd 86 ilatgiangprehentatps dfsopulsted iapd moaswexrd eatanilossds, respedtorely,
parallel to g f tgﬁ xes .72 or 74. The feed connection 82 | ocated at
P cont o oP e adf s feaSius? " 1n SlensGBley SEDRGED Ry B apBRBaf o
thereby to regdagntal &S PO frdpbh@MbdndyAldsthebldih@cdudtatpelagrbaat i on
conmponents. The | oop strips extending in each of the polarization_
directioh8 are alPHdddgurategain illnstisiedbe antprnsci2edemeremataragmppdiment

P ovices 1 9hy BB 100 SHULSRE ol EITLPEAARU nilhoct L0,
t o standi ng watesnditStsikdubhofsuahang 242Gz ITiR.antenna headers represent the
current in the antenna. Analysis of the current distribution indicates that the current
distribution is in directions parallel to the polarization axes 72 and 74 shown in Figure

15 2.

[0042] Figures 5 and 6 illustrate, respectively, simulated and measured, two-
dimensional, radiation patterns of the antenna 32 of an embodiment of the present
mvention at its 2.47 GHz resonant frequency. In each representation, both zero and
ninety degree-plane representations 102 and 104 are plotted.

20 0043] 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.

[0044] Figure § illustrates a method flow diagram, shown generally at 112,

25  representative of the method of operation of an embodiment of the present invention.
The method is for transducing signal energy at a radio device.

[0045] First, and as indicated by the block 114, a first group of loop strips are
disposed upon a substrate. The loop strips of the first group are configured to form a

first loop having at least one strip extending in a first polarization direction and at



Additionally, each side of the outer-perinetal |oop is divided equivalently
into three sections, thereby to produce an in-phase current distribution
on all of the strip sections 5 if the length of the perinetal loop is
appropriately chosen. [0040] Figure 3 illustrates a graphical
representation 92 illustrating plots 94 and 96 that are representative of
sinmul ated and neasured return | osses, respkectively, plotted as a function
of frequency. In the exenplary inplenentation, the antenna is resonant at
the 2.4 G4z frequency band, and the plots are indicative thereof. 10 [0041
] Figure 4 again illustrates the antenna 32 of an exenplary enbodi nent of
t he present ileasenté sinp ekiendingadn s sewhdpethricaticreditecdbst AnBudsiindicaxdbpilteed by
the antenna S resona nt frequency of 2. 47 . The antenng, headers
Fepr ecent |t helogHBenESioRa BT (oG PRSI SAPOPES SRFeRt THF SR, but i on
i ndicates t h%&nﬂshﬁ'tﬁé‘é@b@x’fﬁ %roﬁuralﬁﬁé' dRELLRA th $orhDa %cﬁﬁ‘@tdo@%vﬂ@aﬂéaﬁl orle0 the
polarlzatlon axes own in Flgure Fi'gures 5 and 6
illustrate, ﬁégp@ﬁ@ﬁdl@ljlths lﬁmnpakaedatemﬁlmagmwﬂat Iemenmtnpmsieomg in the
radlatlonSpatt0 S &ﬁ@’& nna 32 of an enbodi nment of the present

i nvention™at ?§1§m 3?188ht frequency. In each representation, both
zero and ninety JegsReIeaBEndEN @S S Alate) B 18025186 akQbc@tcEtrilsotdeed. 20
[0043] Figure 7 |IIustrates a graphical representation 106 illustrating
sinul ated ga&ignal epergy. polssieedim the p@ha@qﬁmc@)rec@&rhm indhe pyeopthpolariediona 32 of
an enbodi nen I t d at, or close
to, the 2. 47E&§ém%£§%%§£?§ Egaﬁgﬁggﬁ&ﬁﬁﬂﬁ§gﬁuﬁgg(ﬁHﬁ%&%ﬁSﬁg%rates a net hod
fl ow di agram sho\ino4yeidieadblyya atialhbParized antesiy, @6 esthpidt UBmafsidnb és pret/hied. of
oper ati on_of n enbodi ne t of the present invention. The nethod is for
transducifig {ﬁ%ht logp HripxdisRosgd vPeR @ SpisgAts) canfigyred IaRdMARET i cat ed
by the bl 0ok ,Lid ua 3ﬂar§ﬁg1gqc&uraoﬁﬁeclueﬂreo %Lrﬁfngt?lcgﬁfexéi {eShOSRhRON 3
substrate. The loop strips of the first oup are configured to forma
first |oop havmﬁ:@rai obemsss thmeroblenismseod aedivith niuitipleffeadstonpedtamns asdd lpn

direction and_a
conventlonal dual-polarized antennas are obviated.



11 least one strip extending in a second pol arization direction. And, as

i ndi cated by the block 116, a second group of |oop strips are di sposed
upon the substrate. The loop strips of the second group are configured to
forma second | oop having at |east one strip extending in the first

pol ari zation direction and at |east one strip extending in the 5 second
pol ari zation direction. [0046] Once fornetk on the substrate, the | oop
strips 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. [0047] Thereby, a

dual - pol ari zedLalive®na, of conpact dinensions is provided. 10 Through the
use of | oop strips disposed upon a substrate, configured in a manner to
permt use of a single feed connection to symmetrically excite the antenna,
so- configured, obvi at esnitive gppethberB2pbs acidd davivd, shidrmtdnnphppdrated(32)
connecti ons used bX conventional dual -pol ari zed antennas are obviated. 12
CLAIMS: |. AfCERRE &pparatus (32) for a radio device, said antenna
apparatus (32) conpri Sa's‘ﬁgstra% @Jl?%hﬁﬁtg@o}{ﬁﬁi)bﬁt%ﬁi A%okRR shfreROt t om opposi ng
surfaces; 5 a first gro (46) | oop strips (42) disposed upon the top
surface of said subst réf-‘ gy (4 I@équy@ftﬂm(ﬁil})@wmse@ap@l thiertep swfasapf (46)

configured to for t, one xt e in a
Frrst O rect i on (T subieRy cePdfs [ARgs e TR RE B0 RO TRLED R B
direction (72) t hﬁsﬂl&opﬂﬁdﬁ@ﬁﬂé&lst bR §tHe exfehfinb islh fieg dieftionl@4pasegond
group (48) of loop strips (42) disposed upon the top surface of said

substrate (44), tK&s!Yyptdr pxtpading i pesose dapriiogr@uphets pribogdiabited to
forma second '00@h§QMk&ﬂn@t | east one strip extending in the first
direction

10 a second group (48) of loop strips (42) disposed upon the top surface

of said substrate (44), the loop strips of said second group (48) configured to
form a second loop having at [east one strip extending in the first direction
(74) and at least one strip extending in a the second direction (72), said first
group (46) and said second group (48), each having strips (42) extending in
15 the first (74) and second (72) directions, respectively, exhibiting dual-
polarization; and
wherein the bottom surface of the substrate is without a conductive

plane.

20 2. The antenna apparatus (32) of claim 1 wherein the first loop (46), into
which the loop strips of said first group are configured, comprises a first L-shaped

loop.

3. The antenna apparatus (32} of claim | wherein adjacent ones of the
25 strips of said first group (46) intersect at substantially perpendicular angles relative to

one another.



(74) and at |east one strip extending in a the second direction (72), said
first group (46) and said second group (48), each having strips (42)
extending in 15 the first (74) and second (72) directions, respectively,
exhi biting dual - polarization; and wherein the bottom surface of the
substrate is without a conductive plane. 20 2. The antenna apparatus (32)
of claiml wherein the first loop (46), io which the |oop strips of said
first group are configured, conprises a first L-shaped [|oop. 3. The
antenna apparatus (32) of claiml| wherein adjacent ones of the 25 strips of
said first group (46) intersect at substantially perpendicul ar angl es
relative to one anot herhe shfennd apgdigua (39BN aladppaviakels thkolf looh 848y 1
wherein the second | gop (48), |nto which the | oop strips of said second
group are coﬁfﬂiog‘ml@athedmﬁﬁtn@%@f i escond 2ionp sHagaadighisgpcomprises Fecoifitenna
apparatus (33), é53um4 wherei n adj acent ones of the strips of said
second group | rs t at substantially perpendicular angles relative to
one anot her. 6. The antenna apparatus (32) of claim1l wherein said flrst
group (46 10 loop . strips and said s nd. group (,48),. of

i ncl ude a}’shar ed Set of G “§fﬁ?%at“%@§$ of olainy v i %ﬁﬂacaﬁﬁa?i?fff& (32) of
claim 6 wher girhstingaid Radmd o2&l f Qect atrg%é{gﬁa 12 ellfeﬁaffcuapsn 10OR 12k
extending in the first direction g t one oop strip

ext endi ng i nonhengherond direction (74) 8 The ant enna apparatus (32) of
claim7 wherein the at |east one loop strip of the shared set (52) of |oop
strips that extends in the first direction (74)

6. The antenna apparatus (32) of claim 1 wherein said first group (46) of
10 loop strips and said second group (48) of loop strips include a shared set of loop strips
(52).

7. The antenna apparatus (32) of claim 6 wherein the shared set (52)
includes at least one loop strip extending in the first direction (72) and at least one

15  loop strip extending in the second direction (74).

8. The antenna apparatus (32) of claim 7 wherein the at least one loop
strip of the shared set (52) of loop strips that extends in the first direction (74)

comprises a pair of loop strips that extend in the first direction (74).

20
9. The antenna apparatus (32) of claim 8 wherein the loop strips of shared
set (52) are connected by the at least one loop strip of the shared set (52) that extends
in the second direction (72).
25 10. The antenna apparatus (32) of claim 9 further comprising a single feed

connection (82) formed at the at least one loop strip of the shared set (52) that extends

in the second direction (72).



conprises a pair of loop strips that extend in the first direction (74). 20
9. The antenna apparatus (32) of claim8 wherein the |loop strips of shared
set (52) are connected by the at |east one |oop strip of the shared set
(52) that extends in the second direction (72). 25 10. The antenna
apparatus (32) of claim9 further conprising a single feed connection (82)
formed at the at |east one loop strip of the shared set (52) that extends
in the second direction (72). 14 11. The antenna apparatus (32) of claim!]l
further conprising a single feed connection (82) forned at a |oop strip of
at | east one of said first group (46) and said second group (48), said
singl e feed conneditli on ’Kl&%shtcﬁﬁlfapmﬁteﬁl(izq o€babh e fayheRichipeiding aeedl adetion of
both said first group 2&)}6 and said secaond group é & 5 12. The antenna
appar at us (3ZPIRFClien S3ohfermget @il por Eri of ??@@St@ﬂée Byst group) (G8)angtsaidps  and

sai d second gg e&béuﬁ)d@@go 1%‘?11@%}%6@ 'ie%‘u ﬁ)ggigggﬁﬁ%%&@tob&mm%% Hﬁtqgtll%gz) of

2.4 GHz frequenc enna apparat us

clai m1 wher exntdtioe dfibogtsaid Gspgioop nzbﬁ)ainﬂlsaldtscd;mﬂcgmw @d&).ant enna | oop and

t he second | oop forms a second L- corned antenna | oop, said first and
second L-cornered antenna | oops being configured to be resonant in an |ISM

I ndustrial Scientighic aﬂmaM%ﬂhQ%paxétﬁ%M%MaQﬁndwhe%én%ékd f'ﬁstfg%gmfjg dd 2)

for transducing signal energy fromat a radio device , sail

conpri si ng t Aeoropepsandaag @f:onﬁglgpné‘iﬁigvf {dopsprips 4re lcsmﬁ@n@m@ We4agjoneht atcaop
strips upon ace of substrate (44) having top and bottom
opposi ng sur SEQEZ%%RL %ﬁqgﬂﬁsurface of said substrate being w thout a
conductive plane, the loop strips of the first 20 group (46) configured to

forma first |oop having at |east one strip extending
1 13. The dual-polarized antenna apparatus (32) of claim 1 wherein the first

loop forms a first L-cornered antenna loop and the second loop forms a second L~
corned antenna loop, said first and second L-comnered antenna loops being configured

to be resonant in an ISM, Industrial Scientific and Medical, frequency band.

15 14, A method (112) for transducing signal energy from at a radio device
(12}, said method comprising the operations of:
disposing (114) a first group (46) of loop strips upon a top surface of a
substrate (44) having top and bottom opposing surfaces, the bottom surface of
said substrate being without a conductive plane, the loop strips of the first
20 group (46) configured to form a first loop having at least one strip extending
(52) in a first direction (74) and at least one strip extending in a second
direction (72) that is orthogonal to the first direction;
disposing (114) a second group (48) of loop strips upon the top surface
of the substrate (44), the loop strips of the second group (48) configured to
25 form a second loop having at least one strip extending (52) in the first
direction (74) and at least one strip extending in the second direction {72); and
transducing (118) signal energy from the first group (46) that is,
polarized in the first direction (74) and transducing (118) signal energy from

the second group (48) that is polarized in the second direction (72).



(52) in a first direction (74) and at | east one strip extending in a second
direction (72) that is orthogonal to the first direction; disposing (114) a
second group (48) of loop strips upon the top surface of the substrate
(44), the loop strips of the second group (48) configured to 25 forma
second | oop having at |east one strip extending (52) in the first

direction (74) and at | east one strip extending in the second direction
(72); and transducing (118) signal energy fromthe first group (46) that
is, polarized in the first direction (74) and transducing (118) signal
energy from the second group (48) that is polarized in the second
direction (72). 15 15. The nethod (112) of claim 13 further conprising the
operation of supplying signal energy to a single feed connection (82) that
is forned by | eastlSone Thegaghed éliié?@f clpime 18 fiathsd cemprifing jhetapgtatieroénds i n

t he second di ion. (7 6. . t . i i ur
conprising t ﬁggﬁgfe“%g%é“ 3%2%? é;y tioyan%%-@ (rgif%gl ﬂ%}g%é‘é %ggzﬂgﬁ%tﬁ%%ﬁcét% y(l %éﬁ &gd
second (48) gs@upsdp of tHehBaledogt (S2Y thpseérids in Segedndeiecgyn (720.

5
16.  The method (112) of claim 13 further comprising the operation of
symmetrically exciting the first (46) and second (48) groups of the loop strips with

signal energy.

10



