1 DUAL- POLARI ZED, MULTI PLE STRI P- LOOP ANTENNA, AND ASSCClI ATED METHODOLOGY
FOR RADI O DEVI CE [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 -pol ari zed antenna, andi an 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
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connected together to be resonant at the I M5, or other selected, frequency

band at orthogonal polarization 15 direction Backgr ound of thl?l | nvention
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20 services and a conmmuni cation services, are regularly effectuated by
way of radi operaesmatthe (eiSi(brdusyrgtMedicalAnd Sciemtifierfiemicogy band. Mwrancenent s

permt, the types of conmunicat.ion.services,effectuahle b of radio
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| evel s of usage. Cellular CTomunication systens are typically constructed
to provi de wirddbe howsingofitbe posablevrudio déveta: i nfrastructures have been
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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.

Background 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 imterfaces 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 conmunication systens are al so w dely used, for
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are sometimes configured to be connected to public networks, such as the Internet,

15  and, in tarn, to other communication networks, such as PSTNs (Public Switched
Telephonic Networks) and PLMNSs (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 the3separate 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 dugdvitok aéjuiied teiliieN it pbRAkEZattbitia, dtrablosi dBeepardly feeding a
square patch antenna at two orthogonal edges thereof by way of an edge feed
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nul tiple-strip | gaps] 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 iltustrates 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

i1l ustrates a graphical representation show ng sinmulated 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 g@n enbodi 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
I nvention at 2.47GHz. [0015] Figure 6 illustrates a graphical
representation, oM Bk tldatatsW¥aphital rEprésintation olf imdhtedBasdtiond

radi ation patterns exhrbited by an antenna of an 5 enbodi nent of the
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the present 1nvention. 10 Detail ed scrigtion [ 0018] The present
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of the present 1 nv e antenna 1s fornmed of loop 20 strips etched
upon a IQubstrate, configured in a manner to be resonant at a selected

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 asa 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-conpati bl e
system Signal energy polarized in 25 orthogonal, or other, directions.
Transduced signal energy generated at tise wreless 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 subsequept] RRE6ME Apect dTahEpRsEi ibiehioh, artitsigfrotihef thalbop device. 5
[0021] In another aspect of the present invention, a first group of the
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strips suc al en rps’intersect at

subst ant i al thy afiatde febpGutigy inRpgest . sufsientlatlg pespiendipslabarngdlest [hefloasttrips oup,
so-configured, are all, therefore positioned vari ou(gl }4 to extend. in a
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[ 0022] In another aspect o e pres invention, a second group of | oop
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variously in irst polarization direction or a second polarization
di rectilén, lopp kwipered configaretlite be cpuicated anthctsrends atapterssatingisepstantieher gy i s

transduced b the.secand J oop,.al so in t.he two polagi i O J- tions. 15
[0023] In Wélicué\aéﬂﬁgéﬁpsﬁ#‘er ﬁ%t"g‘?eef§8‘]ﬂ{‘gli‘lﬁ‘i7%°ﬁ¥“r‘f8‘% Aﬁﬂ’ega? fil I}oso % r%%% and
second  gr oghnfiglireiDextbRRRafiblidlpn 4 fits YeRridatiohadiRGtiGebr Hfecbadpolatizition, i.e.,

| oop strips that are common to both the first g_r oup and the second group.
The shared daction, arhggoral t¢ pirst polarization direction. Signal energy is transduced by

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 andéat |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 aspgelof te sidpte fle@ S6Mectity,girbblems agsosiattg|veitlf @esk mdarivation arz i s
provided for both of the polarization djirections. The single feed

connect i on feduceflop high-gain, ghreffigiawy qurd sogmpact dual-nolsized prtepnags tierebyshar ed
set. The feergvi(ag{unect lon is- positioned to permt symmetrical excitation of

the two ant®hna oops. Through the 6 wuse of the single feed connection,

probl ens associ gégsvinttheseraag sthee hapeiczathiersforay antenne dpparatus,Anfdiagh- gai n,

hi gh-efficiency, and conpact, dual -polarized antenna is there rovi ded.
[0025] Pn t%é%“éat%@egloﬁéltog&éﬁ)@%”zif’d EW&T@WH@?%&%’%&“%WBY@@ g‘ﬂ@ an 5
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The | oop stgroms awfconfigurkd tesformgr fsploap daviogfai pastede leppfstriprexeddingin 4 oop
havi ng at st .one |l oqgp stri endi ng i pol ari zation direction

| firs.
and at Ieas&‘%%a‘ﬁ%‘ﬁn rF?tﬁ’“e&fi?ﬁ aﬁtgoqeﬁo@nggegﬁ%Q%tggér}?Egﬁop n direction. A

second gr oup, 1 87aki8R RirsdtionP A koAl §f&§%¥ldﬂiﬂ§ﬁi¢§l§ dsspbsddripbs the sl@stfhe | oop
'strips of tthe second group are configured to forma second | oop having at

| east difle sThd loop Naips efthersdeonidrerowmearkiconfigyed by forata sspond lpeR bang aind at
and second 15r0pe TP BBty i e SR Rz s Rb AR R EREbhE 0%, TR
first and sge@ihgialthe sstahd pHladiatRatdieoton. Tiesfetiidsebynd godpsoftibay t
dual - pol ari zati on operation, . .. L
strips each have loop strips that extend in the first and second polarization directions,
respectively, and exhibit dual-polarization operation.

15 [0026] 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 representative 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 baRdss poifiGEFarWLAN ¥s aﬂlﬁiial%ohilemft? kHa® Waigcides Siphg)é with veiteddsk

descri be exenpl ary operation of a Bluetooth or |EEE 802.11-conpliant
system opefeyises, @chep theanabilggationdgy dieynetigrly stapign, whish eedomses ahder st ood
that the fo ] d | pULI ' I : :
descripti onilégg * pertagﬁ%ir:]t 02%11 ﬂ‘éhm&k%%@éﬁ%@%@@%‘g@%ﬁ%%ﬂ%‘ I n
conform ty townsgxdrhslmetdtkeliere 8 pablid pghesdatd QAR 6tk (PN Y k8 swchcasnieini cat i on
systemincludes a network part, here represented by a network station 14.
The net wor kID§¢TE% on conprises, for instance, an 7 access point of a WAN

or an anal ogous [ : | | - JM ; rﬁﬁé Vi ces,
such as the nobi Fdewgi g?%gg&?[t%ﬁga# e n%m%ﬁg@ﬁcyﬁ%%fé eréW ornms an
access poi nitations gpaoperatfle & peomitiing of, wod kestpradtes for, (dblApdlad&dt hat, in turn,
Is coupled to an external network,. here bl.i.c packet. data network (PDN)
15, Couon: ascametnicring ah e oPFraon fiiae et o e R Sl S whi ch

the nobile ANENISHNOIS: exibls RAPeAAPRRI AbSGHS, perni tting of, and here
provi des for, dual-polarized communications at the operational frequency

band ofl@ he comi{¥28@hTheomobils stetipn h2 insludes tragiveiyaneirquitay. hescreprgsenest ween
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part 28. ThgrelcBGflcd,Sudings by *ag 6T n AREdf 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  Thatis to say, the transmit and receive parts are 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
1. The antenna is formed of a plurality of loop strips 42 disposed upon a substrate 44.

The loops strips are ctched, 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 opergate 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,1osh9Rs s\ QnBiguicd st @Gt Afjadent bi@ o MicADBRstiPs BRitAgaibsitdne
dual - pol ari zation directions. And, signal energy generated at the nobile

station is anodesduciedricateonnedtion theyehaiwean. cledeep strigs ptg@if dangthsiandpot h of
t he dual pol arj zation directions. ln_t xe [ Yq.L: Lon, the
antenna 32 Wéd’daﬁ ?ﬁo@%ﬁorﬂlﬁstﬁdgo%gﬁéﬁ%ﬁ Geopqrgsr‘loélr éésf%lﬁlbdéa%lra %%’%g%@%ﬂi’a?n@hsi ons
perm tting hérs tos4 GHNframents bind. @ housi ng of the nobile 25 station.
[0031 ] Figure 2 illustrates in greater detail the antenna 32 of an

enbodi mént ~ of t K933} Theleopishinsare Hrangad mtn aredtataniar \RAnSUBF Y he nobil e
tation 12, .sh i Ei : ' f Al i f
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pai nt ed, oradjideat Wop etripsinedettao theitends ithabsahtallyfeepdhdidutin nistsedting ar e
configured such that adjacent, ones of the | oop sirjps abut agai nst, one

anot her in d1ges iegrogsfraadids{omn antsnu W@Bﬁ’iﬁl ‘Tﬁ‘@hﬂl ‘ﬁ’(’?ﬁo Lé}erﬂeggf’"gfcé‘l%f

|.engt hs and;, .y di; R £ QHELOBErsDP tiR0bss RELL&RGRARY, at a
desired fregﬁ%%%%ﬁggﬂ%ggéﬁgﬁe t §&%S%p6}t %redﬁency Bgﬁﬁ. 5 [0032] The | oop
strips Hre that@rigeal, Latoonaxed.ect angul ar | oop structure conprised of a first

Poop strips i nt ordas] e tonafin ol B tobeibaidatinglods® sEiba R st o 2™
i nter sect i Ngrip@MehERop Hips B AiéRBarktl seie $SarbObEwRBE RRBRoURONBal i toych, due

to the perpendicul ar
the loop strips 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 comer 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 63
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 inplenentati on, 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 s£80Y6arY, had bY-6DrPAMIAIC Bf @E chittHosdklapthsofadde @d] acent | oop
strips, the loop strips each extend in one of two polarization directions.
The pol ar i zexemplary implementationyrthe wixlthy efragh ahthe loer stripgisiof tharampvadtly 2 and
74. The axis 74 defines a first polarization direction, and the axis 72
defines a second pol arization direction. Loop strips that extend between
reference poi nt s[0836]amict HdennaSpsaddsef @fige tedrohmdction 82 prn/idiflg a flaet ween
reference points 62 and 68, and between reference points_66 and 56 al
extend iPn teMENEGHORPOHE) Gonneciable ko iet@asqesier cirgiBy {ihoppdn Eiguend) eifheet ween
ref erence I : t [ Ent bet ween
ref erence S@Pﬁi? %ﬁ%@&é&ﬂﬁggﬁﬁ e{%\?\%}éﬁﬁrg S‘r“g‘“‘gﬂ;‘?‘g@&%‘&@%@ %gagﬁ%é{lgegé %glrﬁ’d

bet ween r ef grsétivmed poilhisgatéd abanchidBoinabf thelomnadrip A6 eproerdeontbrpol ari zat i on

direction. In the exenplary i npl enmentatiop, and sh t he L engths

def i ni ng arSYgUpEHC @F@%P@Pf&@%oy%@@ﬁ%af e g&w?‘é&%@%ﬁ@a&ﬁmw by the
| oop stri pSB@Jaﬁs@éﬂlgéEQﬁgﬁaa{@Ed PR Abded, bl%grenﬁtarss&ﬁtaﬁmﬁggmmg points 9
54-56, 66-72, and 62-60"are also all of the torresponding |l engths.” And, in

the exXénplzqyirimpiteregnired baweer maltipleifded coinestions, ofnvehgonalypegtireidlps i s of
the sanme w dt hb . W, [0036] The antenna 32 includes a single feed connection
82 provi di f§c8PY8EE 5 connection point, connectable to the transceiver

circuitry (showygos7Friddmetri@ céd¥uration of the exemplary implementation 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 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 efficiency.
[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 te 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, conventionall§y required, 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 ext engliridit,tiRe chirgs Aot dir@onaldufial opératibn 6Ltht antendintbvergey Akl stri ps
54- 64, 58-60, and 56- 6%/ 68-62 extending in_the first polarization

di rection pepvalengthintermale dueta vanding weve gisiributionsplongsthe stEiRg hi gh
efficiency. The .t 4 : 1 ed on a
printed ci r%ﬁ&g %gzgglaf%,h S\({)ﬁr)e %{tﬁgﬁﬁgﬁﬁg@%@ oﬁ'asedllgfgg%géélyﬁggtﬁé@gﬁ%%ar ded as
a comnbi nat i gatiods, theeba Qo gtwiute bt il-phase omment déstkiburishtanplleoflthes ftrip sektions
rectangul ar_ | oop strips that have a conmon  set of shared strips. In a
further 3 mpif dhsclgpgthiod e nap@eialdeamis aperoprately HieftHes a metal  reflector 84

di sposed in the | , eﬁl%F ' : nea bott om
surface of the s@gg?fgﬂﬁg@4ﬁﬁ%%g{9?g%btﬁﬁglgro a %tgtozﬂ%gﬁ%%zg idgsn% adi ation
i s real i zedalOGthatarg repgesehiativ@ bf $imnjntst anidpsedsoredxetermlosses diespectivadns
parallel to one,of the axes.72 or 74. The feed. connection,82, |ocated at
the center P)lf’tt?‘h%gar%’é‘ﬁ“%‘} ?ffﬁe%@%,mﬁ?%% ay gmp tion e ahtg%a[ Bation,
thereby to feohineaitho33-daL %qaaafcy%nd,%ﬁ@ kise Mbistabeinditalive@brbt.zat i on
conponents. The | oop strips extending in each of the polarization
directi¥hs are HiO¢ahGiedra hagaimillustiatehthsantenha 82 of preeameplany rempodivegnt

A R i O T R
t o standi ngaemR a8l it§ tdsbRat: fiRGGerl @ Q.47N@HS Thsntenna 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
invention 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 8 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, rébkpectively, plotted as a function
of frequency. In the exenplary inplenentation, the antenna is resonant at
the 2.4 Gz frequency band, and the plots are indicative thereof. 10 [0041]
Figure 4 again illustrates the antenna 32 of an exenplary enbodi ment of

t he presentlehdtvaobirprextanding ina sséond pplaitation dieettiodi $indj dxindioatediohilis t ed by
the antenna at its resonant frequency of 2.47 GHz. K The anteppa, headers
represent t@eck tlfh asgeondgrowoiiaeR sRS arglisneseduppn Wﬁé‘ﬁﬁﬂﬁﬁce%@éﬁ%’t ri bution
i ndi cates t ' ' ' LS. j j to the
pol ari zati on %(%@%gé%%g%g%p?ﬁ%%dfgﬁ}@glﬁénh%%&%la? 6’0}?1613]ﬁl @gﬁ%de(?% and 6

i |l ustr at e, stripepieading ¢ the fastmelatzetiomdilectivasud etleadtwoe stfiprextenidimgah the

radi ation patterns of the antenna 32 of an enbodi nent of the present

i nventi on atecpi&pRanzationditeelglinant frequency. | n each representation, both
zero and  ni net ygdé@@féﬁc@fo%ed bB RIBLBREAL I tROR0p ARiRANE dRd tefisnsalas ted. 20
[0043] Figure 7 Tllustrates a graphical representation 106 illustrating

si nul at ed sjgnal energy.apdlarivet iin thegioldrizatiore dicsctioaxhd in thedetopdpolarigafionhna 32 of

an enbodi nent af th resent invention. The gaip,i s cent.ered at, or close
to, the 2. 4% n,raéwmarﬁ]sgamwps,fﬁgﬁaﬁve&,ag}hgslgoqSr Xtrates a method
flow diagram sh@a7penaesy, ladualpdiddzed aenhn@fasaipact dienddnsdib providedod of

operation of an enbodi nent” of the present invention. The method is for

t r ansdudl ngThioyglatheawse pflpoptstripsidignosedennncesubptoaspnfigyred in AN t9 ndi cat ed
by the block 114. a.fir 10 i i on a
substrate. Hfig" %SSBfEtSIrn ﬁsi%é‘?g‘?rﬁlggﬁnr@% Ygfﬁ%é&’g‘?%&re&é"é% I g’ﬁ%e a"té g forma
first | oop &aMigagedabbligasthe@reblieims bizoestedndtingultiplafekd cotnepidranisadby on

direction and at . . .
conventional 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 Ieasi one strip extending in the first

pol ari zation direction and at |ea ; one strip extending in the 5 second
pol ari zation direction. [0046] Once fornmed 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 . respectively, of the loop strips. [0047] Thereby, a
dual-poggéggg% antenna, of conpact dinensions is provided. 10 Through the
use of | oop strips disposed upon a substrate, configured in a nanner to
permt use of a single feed caonnection.io . symetrically excite the antenna,
so- conriguréﬂ?mﬁ% QFQE%?%%r 1% Vﬁﬁt“%é@%%%%?@ﬁ“ﬁf?ﬁﬁ%ﬂpyﬁble f eed
connections ag@dtrity; conventional dual -polarized antennas are obviated. 12
CLAI MS: 1. Antenna apparatus for a radio device, said antenggg rat us

. appa
conpri sing: 2 frstgreyp patoep siipsidispesegrpom sad suhsiptestie [qop SRS @I%EﬁSon sai d
substra i f L i1 i ; a
parall e 08? gﬁ&]ﬁi%ug%)(f)gg%ﬁ g? ??lé‘gé%?glégfleé% sﬁé%g@%ﬁ%ﬁ%@ﬁﬁ éetg%{a one
strip ewstestdp axtendinginfa first pglarization dir¢otinn dnd atdedsbeoncagtuip extenddagsin agigeondt r i p
extendiﬁ@ i.n,.a Sec nd. | ari zation direction; and a second group of | oop
strips BYERBYen Hﬁgﬁms d substrate, the loop strips of said second group
configured t@sstond G@up BEloBP sRips Alspeed tipbibaid buairate/tht fudbisalpsyf eddial parts,
with the loop strips of said second group extendgqr%% froma first side of

t he par 8cPed SGHRRPR tg divddeiths paallglperapeinotvg sp Headaheatso¥Hhst ri ps

of said W‘i : ' gq&ﬁn it Ride SF RS0k Fint f3& fi 1St

pol ari zg!t%??) |€%ﬁﬁﬁgﬁg§#§%é%éé{g§@n ne stgtfﬁiﬂgglegtend?r%{g in"a second.
second side of the parallelogram, the loop strips of said second group having at least one strip

—+

extending in the first polarization direction and at least one strip extending in a second
polarization direction, said first group and said second group, each having strips extending in
the first and second polarization directions, respectively, exhibiting dual-polarization

operation.

2. The antenna apparatus of claim 1 wherein adjacent ones of the strips of said first group

intersect at substantially perpendicular angles relative to one another.

3. The antenna apparatus of claim 1 wherein adjacent ones of the strips of said second

group intersect at substantially perpendicular angles relative to one another.

4. The antenna apparatus of claim 1 wherein two loop strips of said first group of loop
strips and one loop strip of said second group of loop strips extend in the first polarization

direction.

5. The antenna apparatus of claim 4 wherein two loop strips of said first group of loop
strips and two loop strips of said second group of loop strips extend in the second polarization

direction,



pol ari zation direction, said first group and said second group, each having
strips extending in the first and second pol ari zati on directions,
respectively, exhibiting dual-polarization operation. 2. The antenna
apparatus of claim11 wherein adjaf nt ones of the strips of said first
group intersect at substantially %erpendicular angles relative to one
another. 3. The antenna apparatus of claim 1l wherein adjacent ones of the
strips of said second group intersect at substantially perpendicul ar
angles relative to one another. 4. The antenna apparatus of claim1 wherein
two | oop strips ' ' P qﬁgﬁ' rip of
sai d seééond Et%oa&gé%g gl}p%{){)tﬁ%ft{rﬁl%éqg&?ée}élg t?ﬁ I@ct' e I?Slr%ztﬁggilrg%?ozd '?ff g?]o%t

di r ect i suips dnd tkbdocpretrépsid saif pecont] wsoupfofddap stnipk extenddn thetswwnk pojarigationps  of
said first group of loop strips and two |oop strips of said second group
of Iooﬁh§FP‘bs extend in the second polarization direction. 13 6. The
antenna apparatus of claim1 wherein two |loop strips of said first group of

|l oop strips and two | oop strips of sajd second_group of |oop strips extend
i n t he Becontherateans apnarasys oflaiech Wbﬁ?mpnemsam%ﬁﬁ%ﬁlssm%w&wéwm aim1
wher ei n_ane . i i ¢ Ayl S in the
first p%llq By ?’Jéé;}%igﬁﬁ% Fi?ség&laggétg)rq t\%& %@%t@%@%& fé%‘?éb&se’z‘g %ﬁ%‘ﬁg%? oup of
| oop Stiobp stripx betand inrthé¢ eeoskpalaizapion dirécd@mhi on direction. 8. The antenna
apparatus of claim7 further conprising a single feed connection fornmed at
the one | oop strip said second group of loop strips that extends in the

first pglaripgddn®ina dhpa@sbd &blaifh 7 ftBe igapiplefosd cornectiati forded ur t her
conprising a single feed connection fornme at a I,ogﬁeetstrbi%(g of .at |east one

of sai datfthe ente lgewsfiip s3id secand ZEWP A dpaprsbips that gxtends arzagifhect i on
configqmﬁgﬁgg provi de symretrical excitation of |loop strips of said first
group an sai d second group.

9. The antenna apparatus of claim 1 further comprising a single feed connection formed
at a loop strip of at least one of said first group and said second group, said single feed
connection configured to provide symmetrical excitation of loop strips of said first group and

said second group.

10.  The antenna apparatus of claim 1 wherein said first group of loop strips and said
second group of loop strips are configured to be resonant at a 2.4 GHz frequency band.

11. A dual-polarized antenna apparatus for a radio device housed at a radio housing, said
antenna apparatus comprising:

a substrate positionable within the radio housing;

a first plurality of loop strips etched upon said substrate and configured to form a
parallelogram, each loop strip of the first plurality extending in one of a first polarization
direction and a second polarization direction.

a second plurality of loop strips etched upon said substrate and configured to divide
the parallelogram into a first antenna loop and a second antenna loop, each loop strip of the
second plurality extending in one of the first polarization direction and the second polarization

direction, said first antenna loop and said second antenna loop resonant within a selected



10. The antenna apparatus of claim 1l wherein said first group of |oop
strips and said second group of loop strips are configured to be resonant
at a 2.4 GHz frequency band. 11. A dual -pol arized antenna apparatus for a
radi o devi ce housed at a radio hodt ng, said antenna apparatus conprising:
a substrate positionable within the radio housing; a first plurality of

| oop strips etched upon said substrate and configured to forma
paral | el ogram each |oop strip of the first plurality extending in one of a
first polarization direction and a second pol arization direction. a second
pl urali i L4l : i to
dividefﬁ%ﬁékgg%g?Fi%%%@%ﬁsﬁﬁgggg irgﬁﬁgﬁggﬁga tggp an ngﬂgéggﬁggg%tenna

| oop, ahetecbmbpolatizatipn diredtioe. second plurality extending in one of the
first polarization direction and the second pol arization direction, said
first antenna | oop and said second antenna | oop resonant within a sel ected

14 freguencphelm &ﬁiieamﬂﬁu:@tpmaﬁﬁaif cRIE N0 Ywhefdidthic zelected frtqienéy bAid
pol ari zation direction and in he second, pol ari zati on_direction. 12. The

dual - patt sthichegidfirsteand scensg antenpaslogps, &FspeGhvely. R sPRligired,io bsdesoaty f r equency
band gt &SR [ C Qﬁﬂﬁndrespectively, are

confi g%roglmso Zlgygshgdr%%%{ﬂ g‘?:lgnr%p&rﬁl %gg&%&%gﬁfm%n ustrial Scientific and

Medi cal , frequency band. 13. A nethod for transducing signal energy at a
radi o devi ce, sai t hod conprising the er.at iaons, of i sin first
gr oup 0115 I od?)"?ﬁ:l‘igpfgre Tﬂ?ﬁ&u"é’l n%)%%a? F’é‘%@,’ &tanr&%gé%ﬁmg’ts ‘l%ﬁl%et%?g?%gp i gtlggr oup
confi gqﬁ,@ﬂiﬁbﬁ»s(f,prm a parallelogram the loop strips of the first | oop
having at | east one strip extending in a first | arizati o irection and

at | east oneliSoping aditet GRHPRY 100P BIRTHURA SupBIaie ﬂ%j?‘i’lb??"ﬂ‘-’l et HEh& WP sposi ng
Cecand or o B o B D oo R Rt a1 1
equal paidangdingiin alfirstipolarizgom diteciigrsamifat idast angsbipdexpnding ivrseandilng from a
first %&)gﬁ%.m§&%wlg&alIelogran1to a second
disposing a second group of loop strips upon the substrate, the loop strips of the
second group configured to divide the parallelogram into two substantially equal parts, with
the loop strips of the second group extending from a first side of the parallelogram to a second
side of the parallelogram, the loop strips of said second group having at least one strip
extending in the first polarization direction and at least one strip extending in the second
polarization direction; and
transducing signal energy, polarized in the first polarization direction and in the
second polarization direction, at the first and second groups, respectively, of the loop strips

disposed upon the substrate during said operations of disposing.

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

to the first and second groups of the loop strips disposed during said operations of disposing.

15.  The method of claim 14 further comprising the operation of symmetrically exciting
the first and second groups of the loop strips with signal energy.



side of the parallelogram the loop strips of said second group having at

| east one strip extending in the first polarization direction and at | east
one strip extending in the secondigpol ari zation direction; and transducing
signal energy, polarized in the first polarization direction and in the
second pol ari zation direction, at the first and second groups,
respectively, of the loop strips disposed upon the substrate during said
operations of disposing. 14. The method of claim 13 further conprising the
operation of connecting to radio device to the first and second groups of

the | oqp strips dis; d ri,ng .sai .at | ' j The
ot hod 101 ol ARt et o Bt B oRE pbnd b pERBIcRes iy
exci ti n@e lédpasthip &xdéndaitinIREMRIpa)adzagion dircdtion ahdadest ongplsopktrip esiegdiag
energy.. 15 '16. The nethod of claim 15 wherein the |loop strips of the

second ipthasscondgrolazization difeg4eR-  one | oop strip extending in the first

pol ari zation direction and at | east one |oop strip extending in the second
polarization direction. 17. The nethod of claim 13 wherein the | oop strips
di sposdd. durThegnaodbofefrmdi wiesein the lapp pops digpased dwrngsaid opepatianeof

E“h ; 23 ?(%sﬁ)g%rﬁtg d&fié: iin-ri)hgsae? gg—clérrﬁgntfainra?/ fn é‘a%ﬂ of ﬂl%q'ﬂ‘& A8 5a0hd ﬂBfaﬂfhtion

directions.



