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MOBI LE W RELESS COMMUNI CATI ONS DEVI CE COVPRI SI NG

NON- PLANAR | NTERNAL ANTENNA W THOUT GROUND PLANE
WOMERLARIFI el d of the I nvention The present i NPENCADI05/000105

relates to the field of comuni cations devices, and,

nor e particularly, to nobile wrel ess communi cations

dewi6RILE l&fs@c&%&ﬁﬁﬁﬁc@?fbﬁ‘s%ﬁ@ﬁ édiMPRISING
Now%%ﬁﬁ*r@%opm RINAL AREINR AW IO ERIBNMPPLATHE OVERLAP

bot h per sonal and bu3|ness comruni cations. Cell ul ar
t el ephones al | ow useiFseld of i@ eidiéh  ecei ve voi ce
call s nost anywhere they travel. Moreover, as cellular
t elTéysmfﬁ@nf ERleRBID EglatRn o thechdd f Fomypunigasions deyiees, and, more
e n
par iy BRGUAYw BB ot licARHL A8TcecaRl AT RAd oY
assi stant (PDA) features such as cal endars, address
books, task lists, etc. Myreover, such nulti-function
devi ces may al so Jpackgromnd of thelnyentionss|y send and
r eQ?élMﬁar %l)ﬁ]%lfn%h(%né@s{en{s%ﬁhhde SWAR oﬁﬂgn@%@%ve become
the Internet via a céeéllular network and/or a wirel ess
an ihiegal pant @f bntat pupsdnal mdNN)smeSs) commanph@onSEGehulsotelqobones allow

s SRR LYo SSRL LS GRS 0 SR CE5 cou

tele?rfﬂ%lel t8Shn@RIGy GRS iMhtessBd asf&to@ﬂﬁlls Qhe AtiIORAIRY GPR¥RIMaEBEvices. For
or users to carry. As a result, one style of cellular

examaleepﬁcm @Qllw d¢v1¢¢a§ogfal|nn@momtqjgerwh digital %Slsﬁnt RDA) features
e SR, - BRE T F P 53, BT G hvices

mayn8Iss h@w Akerk kapviretessi sed fndecéine elcesEp Iﬁm’lle(em'ﬁi‘wi messages and
keypad on such phones may be on either the uppe

accm@lsq hgeraet Yina qelulsr nRGtsk ABd/o8 8 pFRIPsidowb GFF2L IPFéWOTk (WLAN),
ular nodel. The lower flap is connected to the

upper housing by a hinge so that when not in use the

upEvenased dsotherfuhaimialigsof aslliar tahohedichtiget Gevicdsocdntinues to
nor e conpact gwe eé‘? nple of a. fli hone LS d| scl osed

Incregsey $0goo pgg t‘il?f: figan oggmaﬂ@‘ldeygewgl tar%lpaswﬂag B}%ﬁ 8onvement

for hﬁ&s ttcy\’%afi‘?t gE‘ réal%sult"‘ cfﬂersct&lecﬁ'fecemllaw%l%hdn%s mﬁ’éﬁ ﬁé’s f8ined wide

ower” fl ap and i ncl udes a ground pl ane and

popakarltyws thmfukﬁlog er f&ig” iphore. Ebaphamesﬂmdalfyhﬂm@hempﬁrdmuemg with
circui i.nsi de t he on Thefla S

o G GBI HE ARG BeT L bt P BifaRpgne. The

keypdid ohSsukcR! piRflefGRdyNSE dr@itRa the S@Sel Houvg oM ee idWer housing,
use. Another simlar antenna is fitted in the nmain

deperuling wppn tém datsisular medehdhs lawes faprineennsgted o the upper housing by
trans [

a iy SRR GELVFln o it 0% et 18, BREF Fous IS ARBENIREA Bitther o be

mo@fcf)ﬁ@huve swi tchi ng system between the antennas

wi t hout the need for separate
One example of a flip phone is dlsclosed in U.S. Patent No. 5,337,061 to Pye et al.

for

The phone has two antennas, a first one of which is mounted on the lower flap and
includes a ground plane and an active monopole fed by a coaxial feed from electronic
circuitry inside the phone. The flap is pivotally connected to the main or upper section of
the housing, and is folded against the main section when not in use. Another similar
antenna is fitted in the main section, and both antennas are connected to transceiver

circuitry in the phone. The antennas are designed to introduce deliberate mismatch to
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circuit elenments. The antenna configuration of a

cellular tel ephone may also significantly effect the
we@@satdiogsi ze or footprint of the phone. Cel | uP@r/CA2005/000105

tel ephones typically have-antenna structures that

support conmmuni cations in nultiple operating frequency
pro@0ES effM@ Ve QUStchBaTsteh KUl EMNBE ahRhnd¥0bithdt RVAGATor separate
_are used, such as hélix, "inverted F', folded dipole,
circahdlemsnisact abl e antenna structures, for exanple. Helix

ot Lo iR ZonSg A GLOES o fo B RRe iR SBicanty effect the
oveAMdidevt gbétpfintofane pheed€elldpielephérivs @ypiadiyectia¥e antenna structures

typically within (1..e., on the interior of) a nobile
thatgippeid comyRuRieations 9N HpUlbE]caereratingnBequsscy RapdyfVarious types of
anteﬁﬁ&e [foarl J{&Sbﬁ@ %%'c@sg are! §e9,r E@éh Q@ﬁl@l‘?}ﬂ a’ﬁns‘%ﬂgﬁ%"} &blded dipole, and

phones tTo have a snal [er’ tootprint 'than do externa
retraéotdbdé) aasnndVothewes,, for keymplee Halis and rretrgtdfle anednavae typically

external antennas for. mechanical and er?onom

deploygd gpigide; it AHAF eXitighilad Mabde4p¥ige g irierisd Figpfplged dipole
antegﬁg Ell% @?ﬁ:’aﬁf WS INY, 8R9nd RRLSECSS o RRBIIE AebiRe MAEEor housing
urabl e’than” external antennas. External antennas nmay
adjdsentdhertoprtbeoraef. and make the nobile device difficult to
use articularly in limted-space.environnents. Yet, .
onDsBrallipancts dnisthek HBpiois ARG cel EhdRp PEEt § g ootprint
tharPBPEReRRE HRERAs. | MoteBRdr, ihE?‘Aaeaeﬂ?o 418 pr&tbRéd ¥ Rr¥xeekts @ntennas for

proximty to the user's head when the phone is in use.

mechgnigal ik enganomisvressanisobuemnaloantennas rarg alsodgrotegtgd by the mobile

amgunt. of radi o.frequepc F I at 1.0
oG Hobng a5 PrRrass SRS be Pl PRI e A @b hggmes. Extema
anteafB by BF cBRnberemadnaksdaehrdmbyile dbdey diffiant wsisegpaticularly in
~ hobile phone is called the specific absorption rate
limitegagpace eidronAEntsl | owabl e SAR for nobil e phones is

typica R . v .

B . L s
are &i feRiipélytodose @aiordmityaol kit useris hogdoghmmehé phoneae in ugghdnan antenna

antennas is set forth in U S Patent. No. 6,@@#1215 to .. .
MOS8 AHPSCELtO A UseFHy BogyattBhamAuaE PbJedo VEFqueRey GRggpy radiation
abs&jaQ(F%Z the thd% %iﬁrt%alﬁﬂ%&éﬁ‘é&rﬂ% aiBURYIRF energy absorbed by a

[ I C at

con urations I n t he ant enn_as ar e p_OSI tioned
body hehdmoudingrachobile pidienis datied dutusrecifmdatabiptioni natee(dAR )y and the

experienced b user, i.e., b vi ng, t.he ant.enna
oo SARESHR e et 4F oo AT A HHE BHERE gvermens
reg@ARAItEBRAuPe §478 ubO RS didrBf expbsureeBR. forms an obt use

angl e so that the bottomportion of the housing angl es

anedng attamptie redise radiptirecxppswpiftam selt phenf aXennas is set forth in
caonfigur ati i-ch all for.r radiat | .
USE BB SV B G EHE A8 e phones i

inteG@ fah@ Uk R0 RS tenp@ cbh fgtr@idny ihMilgcndle anéiganase posyoned at the
bedesirable to allow for further reductions in overall .
bottgey el the Sthoppe \;ghrqd@cgqulqtloﬁrlggepaph@xperlenced by a user, 1.e., by moving

the antenna farther away from the user’s brain. Further, in some embodiments the housing
of the phone forms an obtuse angle so that the bottom portion of the housing angles away
from the user's face.

Despite such antenna configurations which allow for reduced radiation exposure,

further advancements in antenna configurations, particularly internal antennas, may be
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relatively | ow SAR val ues. Summary of the Invention In

vi ew of the foregoing background, it is therefore an
wo@bjosaroiod the present invention to provide a PODCAZ005/000105

wi rel ess comruni cati ons devi ce including an antenna

configuration which allows for relatively small device
desiFaAE S0 MR REOYIHRP HaRHoRE iRESVePIMBORE 3N WalIastiYehbviding

| ow SAR val ues. This and ot her objects, features, and
relabidelamea§éR valuesccor dance with the present invention

are provided by a nobile w reless comuni cations

devi ce which may include a housing, a main dielectric

substrate carried Ruhharyef@eldverstigncui try carried by
the main dielectric subsirate, and a ground pl ane

corddueewr obthet faegrans baskareunds iit is tipsefpes an abince Pfethe present
. the nmobile.w el es [ | Qns .. [ rth
e et L S e A
configtiratied| wiioh t allwsexére nelhtineelp Wnvdl dieyict r igest heet nromides desired

dielectric substrate and an overhang portion extendi ng
perfgunanaedng r¢labyaly ey YOR(YUES portion and above an

adj '@ﬁ? rszd %ﬂ{etr ' o%fﬁc@sf f&ﬂ\?regfazlhﬂ de%éﬁgésr 1nC a&U%&lE@%th the present
Further, a main [o6p ant€nna conducfor conprising at
invéntiaa taropevitied dyct mukild waeksnegyminenicatiasidericy which may include a

posi tioned. on t he overhan ortiqgn of the L-shape .
houbiPg) &Y CiedBHTnSIbaHlE ST LT e oy %Utt%cadﬁsg e the main

dielPHAR SuBORALC LA af Gradl AMhARAD RBHEICYorPbR VthélemSRN@RERHic substrate.
ant enna perfor mance characteristics. Mire

Mopartr, thd mobijs witetessrmpmmiinglations devicsuiney farther ragiudege L-shaped
. .opposi ng first and secon urfaces,, the groun l.ane .
ciel BRI ioRegwE g Enerhed doiar pchffghRYRL” RAF the main

diel¥&Fit isG¥traROdrid 2Nov@fhahnb Poktichhsxip@dind /lteeddly fo@xhenedtiesl portion
may extend outwardly fromthe second surface.

andFahovh exmnadiesent pertsan PE4dke mwie didpriiie shbsrate: dtatherya main loop
antegli)r(lt% lecgg(ih?cl (%e:rrCé)tn?perisYnegg&tl l‘ée?slt oﬁg rcgﬁd?fggg% tr%lﬁegmlg.' ?]olgg'gﬁﬂmalx gpositioned

xtension and have a r

on fHer Sterladdg pertiondfaneld -sHaped dielavitic kow@psiamiserasanot to overlap the

conductor. Moreover, the device may further include
grond: glang; sARdNCcEdn HuABANtagPORFY RRVileqicRhaRgeq j utenna  performance
(maégg§$ﬁ§§e having a first end connected adjacent the

I'rst end of the main | oop antenna conductor and
haviMioee marsadarhy tlendaitefi¢ladtrig subsfrateshayf lewd oppositg fieshandisecond
branch conduct or on the die%ectﬂ

d i . )
sur{3esSe fhe-ATRUHLDIEE CantEPE Ay Wb MG Er CUT R A0d e ¥Rgical portion

of BECLRAaRAd R eckfiCeTBisTor AR SRERNBAWALNYURSAT theNékcnd surface.
second ‘end defining a second feed point: In addition,

Furthetroonenthemnt deasthorsormaiduttive tragy iy extendnavendtienvertical portion of the
di el.ectric substrate, and na ﬁe co cte@ o the LN
L-shigep it S BRI et bR st RbehCemEyt Bijschvt th yiEpl ehds of e
mai@Nesp Qhteénh# cbhdictoraMbre®es Nthe Meaitehsy TirehefEhélud®apfirst branch
antenna conductor may have at |east one tuning feature
congpeipiepm the main dielectric substrate having a first end connected adjacent the first
end of the main loop antenna conductor and having a second end defining a first feed
point, and a second branch conductor on the main dielectric substrate having a first end
connected adjacent the second end of the main loop antenna conductor and a second end
defining a second feed point. In addition, a tuning branch conductor may be on the main
dielectric substrate and may be connected to the main loop antenna conductor between the

respective first ends of the first and second branches.
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Furt her, the housing nmay have an upper portion and a

| ower portion, and an audi o out put transducer may be
wa@2005i1zdody t he upper portion of the housi ng amdr/CA2005/000105

connected to the circuitry. The L-shaped dielectric

extensi on may be adjacent the |ower portion of the

hou{eN@ainClobf dikEinh RENEATDEREP Hadd 8 188kt bnd hiirtle¥akfe therein.
a

for exanple. sAI so, the circuitry may include .
Further, ¢heebausingamey biaxeean epnengortod and a lewennpmionoal an audio output

ant enna conduct qr.. net hod aspec f.the invention i
wranf B R BF St e Tl PRr R RBhRE dfc Lo H g Ml oot o e
circlify. IThe! LdRagear ditlaétria nextersivap@ey Beeddisdeni theC kv ioRtlon of the

conprising a vertical, g%rtj on and an overhang portion .
houging én dpduge dhe WAk ssofintsh Wit theedeviesa fopexamplp, Alget Heagircuitry
ma) Blte BN A RiceN B b ARERATh MR T g AR or,

porA inthoalf aspbe of tishiapeadioti ie feahiaking e xiebilsivarel¢éss cammminications

dielectric supstrate so_that the vertical . K portion, .
devigg rand duay, m@&adﬁdfoynm&rbh Aped; diglegtiey FARIgTorqmRgsing a vertical

. ) . ¢ . ' .
porfit FRE i BREHHEE PoRIh MO IARP el Heflea] portion, with o
least roae ecoddegiveotracever Itlap overhamg portiphadbe coettiod troay durthtehenclude
dielecfric supstrate.. Further,, th in dielectric. .. .
congssfu i SETi)! BRRD G BTt hIGGeRE Srsie b diclecti
subWMat £ L& $itat IRV S12HdrABS eRRMEL ButwBFd1@TthdPem6hi el ®ReriRing portion
the Drawings FIG 1 is a schematic bl ock diagram of a
extamdbiabeveran efliesent poniampt thei mpia delgtcie substeate andathe at least one

ith the present inyvention illust ' ri ai .
configide e oS BHE avPr Bt it {8y 6 thelafbicctric substrat.
Fur@ke i inaiiadie et sQbstiafemap bt nfoumddah estousingaf thembbiddisireless

device of FIG 1. FIG 3 1s a schematic diagram
comygyipeationy dgyifdist rating a nul ti-frequency band antenna
for the nobile wrel ess comrmuni cati ons device of FIG
1. FIGS. 4-6 are schematic diagrans of different
enbodi nents of t BrienDef@iitionest thidDehwimps be used in

vari ous portjons. of thg, antenpa of FIG 3. FIG 7 is a_, .

perBfedtis gechematicblogk degisguPhe Mmobde vArdess coppmpymications device
i BLRthARE pARISAGHANRGEN ANLEMY: dePhiniffrdl chbMBoRE thereof.
ma\%&b?é%r%ss cormﬁni %gti ons devi ceﬂg% eFI IG 1. FICG E% is a re.o

r edilGeRay affionhelevatiopal \aéw tofi ¢hednebibrwirelessednyhuzitasions device of
FIG 7. FIGS 9 and 10 are perspective views of another
FlGehpodi ment of a dielectric substrate and associ at ed

antyigenas figra Wsiemdlict BRgBbigeferWily qh@ﬁfaﬁﬁgrﬁmmlﬁaﬁecfaeﬁcy band

devi ce shown fromthe Top of the substrate | ooking
antahowfor thathobrle mitctrss bemmyncationsidevisap§FiGtle | ooki ng up,

:r:ffﬁg%ts |4\r/§ Lﬂﬁgél%ﬁlbané 1dig A %né 20\/{? cgigff:%ceelgg \évm%logi%{e%@ of ftunin g features
which may be used in various portions of the antenna of FIG. 3.

FIG. 7 is a perspective view of an embodiment of a dielectric substrate and
associated antenna for use in the mobile wireless communications device of FIG. 1.

FIG. 8 is a rear elevational view of the dielectric substrate of FIG. 7.

FIGS 9 and 10 are perspective views of another embodiment of a dielectric
substrate and associated antenna for use in the mobile wireless communications device
shown from the top of the substrate looking down, and from the bottom of the substrate

looking up, respectively.
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conmuni cati ons device in accordance with the present

invention. FIG 13 is a schematic bl ock diagram of an
we@x@sptany nobil e w rel ess conmuni cati ons devi BET/Ca2005/000105

use with the present invention. Detail ed Description

of the Preferred Enbodi nents The present invention

W IH[GROW bgiddes Grd et dRERndsUbf MelhRHSifpahdaking thobile wireless

reference to the acconpanyi ng draw ngs, in which
compruietioesideidsodianenrdancefwithrtbe preseminieatiane shown. This

I nyeat i .may, however e enbodied | n ny.,di ff t.:
forns aﬁg '§ h%uTCE‘eWSPC bbelogﬁ)nc_f}'fl%rﬁ%ld Ogsa iér]n)Z% Ky omf%%gg wireless
con@RREiiBRNES i&Sor ey With EiRreésent iRaéhidnh, t hese

enbodi nents are provided so that this disclosure wll
be thorough and conplete, and will fully convey the

scope of t j i.0n. ikl ' t.
scope of UhGah ¥ BlldriliohbrHePrereiteh Eifibod] elﬁ%, art .
pr iThe predeat ineentich wilbtow beidestiribad encsé fidllyahereinefrenyish reference
alternate enbodi nents. Referri jnitially to . FIGS. 1.
o thi FCEOMRAnYHIS ﬂ@W&SeWésVE?@bmiﬂﬁl%e%Fm@ﬁ@%%\tﬁ ek the ippigntion are
shmgﬁ. PhifBREDGorPRhY, HoWevECYE ERbofled ImAGF SRARE [??rﬂ'}sta'ﬁdtsﬂ@uld not

resent invention is first described.” The cellular '
be abastined B0limitedist thet émieidyments setdiesthahehousRather? thasaeimpgdiments

an upper portio 6 and.a | gwer portion 47 and i n
are GoatelspBetaisefscln i by, MfFonghoing, ol ROyt Y bonvey
the RRE G HRCBVeRtidISlor Bb& skilfdd iXBEBHELike HubitRes RYerttbaike elements
housing. The illustrated housing 21 is a static .
throhgh@itngnd f primex asfgtien igsussdpds eiddicatea sitnilas  elemenisdiith galternate
qE@usi n?:q whi ch are used in many cel |l ul ar tel ephones.
emagGiRALY  these and ot her housing configurations may
al sefheindsiafiallyasi FGS. i 4@udt & ynobBlei wirelagsr c@fimbyichtivhs device,
dielectric substrate 67, such as a m croprocessor, . .
suchragor pobue eeblapgecei20e ik @scardange pithy dhe preseny invention is first

cel l,u , ) i, LLcuids .
oG ccHAMRLE DAL B RBLER SRR AT Vi an oo
portéd 46 andl adlewet bbrtioa 41, andasesinfdicledtae shisdtave 67 dmah tagrayprinted
t sh i I f bl y. ied by t ' .
circéig %p@r?l (g\ém |s|91§s‘t|r§te; p gmg[e? ﬁaé%etg S{S lrt}':'te? }R}ls}j}g: Elﬁe Hﬁllétsrétgg housing
21 Y PRHTRE g, P R4HDIE, %%@ngdtt%aanﬁig%%ﬁdﬂl l"{oﬁsiﬁ§ whfch are used
speaker) 1s-carried by t upper portion 46 of the
in nremysieHgla? tlephdnesoHowevedthiese artdeothérrhousing godfdgur@iansanay also be
pore user input interface devices, such as a keypad
used3 i s also prefer ably carried by the housing 21 and
compgfdugdciruitriedsi fsCuhrkied By thet BRleciARRbRMtOT6ISQIch as a

_input interface devices include a scroll wheel 37 and
micgopipegsksdsLmEmerBENe O ergrvgieslesstransqeivese (app Fellulan MGLAN, etc.),

that, ot her .user ipnputint | - 8 : l.us
s SNy P TIEDL BG-GB A S5 oo B and
willebaidtuseed Surther below. A battery (not shown) is also preferably carried by the

housing 21 for supplying power to the circuitry 48.

Furthermore, an audio output transducer 49 (e.g., a speaker) is carried by the upper
portion 46 of the housing 21 and connected to the circuitry 48. One or more user input
interface devices, such as a keypad 23, is also preferably carried by the housing 21 and
connected to the circuitry 48. Other examples of user input interface devices include a

scroll wheel 37 and a back button 36. Of course, it will be appreciated that other user input
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The cellul ar device 20 further illustratively includes
an antenna 45 carried wwthin the | ower portion 47 of
WO bshzuisé ng 21 conprising a pattern of conducP@weA2005/000105
traces on the dielectric substrate 67, as will be
di scussed further below By placing the antenna 45
intexfiicacdavices he.¢. owe stybsr b anuel/ sofeett hatenfavs) Aghiy2be §dSin other
?ﬁant ageously incr eases t he di stance between the
CMIMIBENS and the user's head when the phone is in use
t o BhdcdIMIGUERN K ZiEquhExhllﬁ@b%tivféﬂbin%lu%@’Baﬁ %Hﬁ"élg{ﬁfg? bRted within
More particularly, a user wll typical
the Jpwerr pgstien ddrofghe hh@smg)@kucngnpra&mg @rgﬁttchnefecdirmiubﬂme trecd on the
h t tra er, 49 | di.rect|
e b 2 O HPHale BIMEE S By HSon e amenna a5
adjztb@ﬂtstiha Goveck polRdred BOL e Ho@sihPU tthik %@%ﬂg‘é@ﬁslfr incPeases the distance
m cr ophone) is | ocated nee not be placed directl y
betyesey the anigngasend the wariisrhead wden @qgk}@n@aa inyispiéd eldamegmplying with
[T\ uth. That is, holdlng the audio
alppilnput g?rﬁaﬂégﬁg%@rnq%l ose to the user's nouth may not

onl Motmparncmia'ifly),rzt abdrevitlotypichigy USHI the igber porfiBy o@'tﬁ@housmg 21
ort t e Use% S.Voi Ge in sone circunstances.

Vef)é&‘é?‘% fodtis ?%ﬁ‘esopi afdherawtio BPtPPh%afﬁﬁ’tWéﬁ A% I&L@r@@pa@émo higear. Yet,
the 1EWV& poRRIH 4P5f thé h%fl?xhgt%%}éﬁé 51’93@:]‘% trglgs\ﬁﬁgéra(gg Hlsi\J:rXphone)

spaces the antenna er awa e user
is lgpatedmeed inop be tp@m:led ldenetty hexvito pluaen mgldllﬁE aadtie oypically held away

frorf ¢ S5 s g LI IR 48 piiadPun e adbs £lose to the users
moRE il TR BAR/ %cbﬁlf&ltzﬁﬁg ﬁﬂ@hé’ﬂseﬁ B Rrmay Ny lehoweﬁs éla?r s voice

users typically hold cellular phones toward t
in spgiegisEmSiaoees: 3@¢1tlphethp tpdavemianiust thg, antamda aSeadjacent the lower

e nor. e k ut their hands ove uch an
pordiPATOAME TR 2l 5 dolah B P et ety fapBif Svvarom the
usel’ Obvain. portion 47 of the housing 21. Accordingly, nore

rel j abl e perfornmance may be achi eved from placing the
ant/sinteer 4mparg denelit oflacngthesotamna 45 41¢Jag¢nttth@ lower portion 47

of t@%ﬁ?ﬁﬁ% gg' ilSO ﬁﬂali Itﬂlf %ﬂ)&t zﬁ@'@v rpog\r/igsf 1¥np91£t on a%tslrlﬁ]af B?rfo(m]én%er due to

blocrkagceb;aamsdm aliandi Thattis, Olst:@uypl(:dlly())old emm@;spmeﬁ fowaed the middle
carried at .the upper portion 46 of the housing

to uppiT PRERARD & hppheniephnusingnand pe theicEnancrs lfkiebfﬁq piet their hands
ove2dlich| dn@inYernh Ch e %feSAn 2tentdathSullEy a aéé?l\fv aux e? %Hf"t%% 47 of

i nterference there et ween. one exanpl-es 0
the hou@ngRli. Assor8nglyyaharel eelmblﬁlp%fo(marg:ﬁ maB| heedchidvbd lﬁfdsin placmg the

ant enn 0 ng.W.AN conmuni cati on
anw855§%?$ﬁ?p§é%18W89%¥?%P§g?g&F¥P Egg}tlonlng syst em
(e Sgill, another bexdfit! o his %Bﬁﬁéuré’tmnelg RRatfip romcﬁg ntir@%om for one or
position | ocation capabilities, as w be apprecl at ed

morwu’éllhé@'emﬁkf/qnltw ({0 tdewicas 50 tobh @arr@daa'mh@spp:e‘r portion 46 of the
hous?llljé; eMn&r/ Obg c\:/ﬁag tgﬁ gﬁ%lfngz? Sgg@ Oenagjux aron/8 %e 1ce(s) 50,

ucer

this phgvraﬁowebateum)d mmare@c@aﬁmbatweeﬂs for providing

di %I tal canera capabilities, an electrical device
ome examples of auxiliary I/O devices 50 include a WLAN (e.g., Bluetooth™,

[EEE 802.11) antenna for providing WLAN communication capabilities, and/or a satellite
positioning system (e.g., GPS, Galileo, etc.) antenna for providing position location
capabilities, as will be appreciated by those skilled in the art. Other examples of auxiliary
/O devices 50 include a second audio output transducer (e.g., a speaker for speaker phone
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connector (e.g., USB, headphone, secure digital (SD)
or menory card, etc.). It should be noted that the
WO eoosi2dingut / out put” as used herein for the aur¢T/icaegps/000105
I/ O device(s) 50 neans that such devices may have
i nput and/or output capabilities, and they need not

opeRfiBY), 4fd Behlletae for Eﬂ%ﬁﬁhg&@ﬁl caM cdp%blh@igé/ a6 @Fectrit@l device

as canera | enses may onl y recelve an optlca |nput

comﬁ@tore(x ISR, mmnhena shewrd gienae(SDek rrmyorw qisd, picov | de

g T T T AT MR S I e

devi@:@@y 80 n@fAnt that BEchCddvides tnfidy KbSe idhe aBdek obiphit OdpaBhitiakthnd they
scroll wheel 37 are also connected to the circuitry 48

need pet papyidoboid in aUmbOflmlm iT§atis demiegs suchag camegradenseg gay only

el TR e S, A 5 0 S g o

outpMﬁee| or a "track vvheel In sone instances. The
ad 23|IIustrat|ver|ncIu plural ity of _
f 30 fkether 1Busteasielyagly udieley 42 sprigd by the housing 21

andgt%og%@%t cf¥o Qe HERRS! 49’ 1R BhY ﬁuﬁcf}ﬁfi@%d i?@ll W&?g72§e also

ustratively | nc udes an ternate function
con2értedatonths tcirkwiyry 248, foa alpaog kaser 29 naag&hinﬁ&nuk,etpx’a 8ic. ,aas W111 be

gL B B e 2 el MRGHSERGR) LSS g o e s

“thuhRPWhEL® 8F a PrESSWREGI O BffeUaithtds IR kRYbAT TRfIRstratively includes
function key 25. Simlarly, the space key 27, shift

a pkleghtz&famdltbmlstﬂalcfe’s k¥, eath hawngsadicraookpt pluradity @f respective

Y“@PF éP?{g{’% rﬁﬁﬁ&? @ﬂ(%@ gglo{}qlhve gcg.lg%éj %giﬂ %P%tﬁ Sunction key 25, a

next KeyiS26,24 i $patey/ ke C2d@Sshakt S@pyd28.ey l%ﬂuma(@remeﬁelyeyszs: and a
and a convenience (i.e., nenu) key 39 for use In
backspaed/dejete&key d0ar t el ephone calls, as will be

apﬁ%ocﬂe% E%/ Py hst ;{z&sl?siﬁlf b bhiEfy b %@lgpoq E)%m M %Qé’sgirn? dr I3’(5:‘tuat1ng

S On "eacC are arran

the hiGetRate Tinectidy KO R2S. Si’mltdﬂl@/ thetspace keyve, aliié: mmm hmmpace key
a user presses, a ke

24 W thout first t
30 a5p pssdhigreater ¢nd iadd Re )fe%Ctl‘(,qcl)phl@O%l rﬁlzsttag%lg?ls' q‘%ﬁ}ﬁg}z@e function
keyekiresgtfﬁ%(@@q gyfuhbfxéfllugﬁﬁﬁéwﬂcﬁlﬁ@s Qgén%rl{@tﬁ b %ﬁ& k8P 32, and a

mul t 1 - synbol “keys are
con%n’ian*ge(dej nnetriuaa ke radt farhrseen rpdasng neliviar tchappanie 28115 as will be
bel| ow t sen d end keys 31, 32. Furthernore, the
appTeétalte\gr ‘?/1 BEHtof the keys 24 are arranged to

defMBFeo@e%%%ﬂow Stbach 3124 Sre atidBgddeinlt8p and 'boftbﬁ rows. The
keypad 23 are presented in"a three-row format, wth

symibloks ih ¢lit eattonofoveszarh entovgdiydieng User pragses aley & aéthonirst pressing

ative posi a st andar RTY. k
e b 8% ek o A e Bl B SR el B B pEne the
alte&ﬁtezﬁbncﬁéﬁ? key.ranged ihFIG. 2e thieomunngmbo &keydiR4 |are;yﬂmged in the
keys 24 in the second, third, and fourth colums of

first theee rows on the keypad 23 below the send and end keys 31, 32. Furthermore, the
letter symbols on each of the keys 24 are arranged to define a QWERTY layout. That is,
the letters on the keypad 23 are presented in a three-row format, with the letters of each
row being in the same order and relative position as in a standard QWERTY keypad.

Each row of keys (including the fourth row of function keys 25-29) are arranged in
five columns. The multi-symbol keys 24 in the second, third, and fourth columns of the
first, second, and third rows have numeric indicia thereon (i.e., 1 through 9) accessible by
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first, second, and third rows have nuneric indicia
thereon (i.e., 1 through 9) accessible byfirst
wa@emosazaiog the alternate function key 25. Coupb@nCAa2a0E000105
t he next, space, and shift keys 26, 27, 28, which
respectively enter a "*", "0", and "#" upon first
first3etudahs B dikenaAt Belchah Ref BHCCOHPlek RMthdRe nd&, a8 thnd shift keys

C
above, this set of keys defines a standard tel ephone
26, XB\28acvhichyrsepectizelywotsr @ ‘BE, fQuaad 6# upan At e¢tyating the alternate

5 FASEBRE 08 D6 QRBCESL LI P e

layotl§ ik &@ukDbéBYnd briantradieonss kducheontseitpherie, s kil 88 apreciated by
traditional cellular phone, but it may al so be
those gkilledhinetielaft. used for sending and/ or receiving data
ovey..a [ QF [ ,
o Sl 8 Ind¥e Xeliter BRRAESE 1S elipa ey BFhscbL only
as acedtfifigiat atilwasphay, autsid ney alse de iconodnietlyeursbd dbneatdéng and/or

Multi-tap or predictive entr des may be used for.
recetWing gtae0Yri ¢ Geaegor 9 %qe&wg? SRy ¢ IEBY 5] FRie data, for
exariifile! D8 €oirBe, oMfer KelpadteRiBhalivnd MRY GBBealséPtSothEr dibodiments.
antenna 45 are now di scussed with'reference to FIGS. 3
Multiktap wog rpredictiéh entay tneordea M8y be ynedffor djpping se-mails, etc. as will be
mul ti-freque band ant enna whi ch provi des enhanced
app%wgﬁ@ﬁpgggﬁﬁﬂﬁﬁﬂl? &btion characteristics over

nUlExieﬁ’llpParg REpRIdcAAIbALOUBE ahiefna MAR A dik&ildbal With réféRnce to
antenna 45 is designed to provide high gain, desired

FIGB np detangle 1 daTlchimennaaAfdisraseferabppt nvaiyifeeqeary band antenna which
r.egui Lenen over .a rel.at] i Yol .
prodity HRBERL B cBCRePIoh, MATORIEY' G o8l operaing
freqhBiRiBNMIIE PadteuRit§f Geaditohna P BtdSigavEto piowdddoRriglain, desired
~ nanely a 850 MHz d obal System for Nbbile X
impegamae inaaingnand ame apalieadla Sodd rRemresiH ke, 2 aretatigely wide

bamg?igg'l ﬁﬁ%%&ﬁ@%ﬂuﬁp ?‘rteau%?bl@nﬁénﬁy (hayBof ﬁ)gsfri’nﬂlg, #R%Henna 45

t houg may used for ot
prefbrabls bperags eover €b/eabands) hamdly = ®9eMHz olead, Syskeen for Mobile

CorgmigARo8R JGORY edns PO MItR OSM apd DU bk ErRscard: and a
WCe AbGardd Rl £MRpt ﬁ)ﬁlai)cghttm NBDS)] Oarl‘lﬁbu% iP@Abe used for other

odi ments as well. The antenna 45 iTlustratively
bandsitéquipsicnas welst section 61 on the PCB 67. A second

section 62 waps .around fromthe PCB 67 onta a .
TR S S Bty 1 SPRel b At KR kety B ARyl three
dimbdiol 6§ skéf i Bass a7 v[ﬁlrohgﬁ alo, RRhéuNit Shaye Bt Eithldibented in two-

~outwardly fromthe PCB 67, and an overhang portion 68
dimensienati onglapart embatiiments @mvelle The pnicard 4P diusirativaly dncludes a first

aboxe a ' n or t.i.0n. of 4t 0
e PR 11 R g D und AP pp 7 omo o 1
shapddRiéledtelc @REasioh of BftehnaSieaned ftin® 63 whioch iRxliésssd vertiéa portion

to provide additional support, if desired (see FIGS 7 .
51 grandips omiwarlh din sBetFeR 6h #1d PREOI@IEnROYPN 68 extending

outdzalrhﬂf%r&ﬁttjhg QJeMiciaf]ﬁJ)ﬂt’igﬁsme BB al QQchémtp%H% of the PCB. In some

embodiments, sidewalls 55 may also be positioned on opposing ends of the L-shaped

dielectric extension 63 to provide additional support, if desired (see FIGS. 7 and 9).

The second section 62 of the antenna 45 illustratively includes a main loop antenna
conductor 64 having a gap therein defining first and second ends 52, 53 of the main loop
conductor. The first section 61 of the antenna 45 illustratively includes a first branch
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conductor 64 having a gap therein defining first and
second ends 52, 53 of the main | oop conductor. The

wo 2q0stizaect i on 61 of the antenna 45 il |l ustrat i Met/gA2005/000105
i ncludes a first branchconductor 70, a second branch
conductor 71, and a tuning branch conductor 72. More

cond¥@tdr i 70U la3¢dc¥nd bhgch icofduddsrang hind N eigh O branbh RBsdwtor 72. More
first end connected adjacent the first end 52 of the

partigaiarly] the firsiorranddt emndadgor Zhdasna Sisetond conaeciref adiagegt the first end
first fe i i chi N | Sorip
52 el IRy ) NI i AR PG ISl it i

the illogtisekexagiple is ddAnseiand siransdure0fwi(ecd. of wittlebasariceiver). The
first end connected adj acent the second end 53 of t

h
secopdibrancysiondeieriét §rs sAirsdifard gorprcttadiarentibi seponyl end 53 of the

_ N Dt : . ek La:iis.
maif SR IGEDCRY Mo o WA S0 ATRUR pORORE BRaER i in the
illus(rede@ex BhpleTh eoringotied ¢p o genod proadoeduotor 59 didse BCBIi(FKT. 8).
end, connected to the maip | oop conductor 64 Qhetween
EhdnF o Prpach icpRduciiad? des tn i S C%}HECFDGEC@VQ@‘C main loop
condfc@R GACTetwfthel respebtite fitst ShdsLordth@ffirbthdl 468bMPYbRAMBREN That is,
conductor 72 is connected to the nmain | oop conductor
the B4t eitd ofthe tymoigibranttoempdueter T2 isgrohnediesd wahe brimkoen conductor 64
first. d secaond br.anch.,.conductors. 70, 71. .The
ot st Painblons g AR LS RRRrTRERRY A2 pebhac PP gongyectors 70,
71. W?W@ﬁ 88 blanch §2 LR swition® gl asll g8irhdyceiivedthtBEbe varied
requency paraneters. In the present exanple, the

withggt sighibopnt ebfeauen Geqwacy paramelsen dp Aq presesé exdraple athe main loop
h ' fi ' i i . -
coniRRR St | faliah Tl A9, TRATRY ol BB, 7578

and the gdp, andppesianskcendisidé 94, &3 opposinkifirsitandndcaricanid 79, 80. The
sections 61, 62 of the antenna 45 _may he forned usin

g
firstpgndnsecand rsegfignsebh et @6t chicpa @, Ay tbe forpied using printed or
' LS. (- ' . pective first ends of
paﬁ%ﬁ%ﬁg#?@?ﬁ réﬁ%ﬁ%%%%%%%%%Pqggyﬁ$ﬁgﬁ§econd branch
covdhidd the résbectivediitshendswitingfifst braobh cambettr §0, e sacand branch

onnected . to the fjrst side of the main | oo onduct.or
condAtareih ad e (SEe PEGUT ARIEIRE TR, o eRBReciaghD: B8 it I of the
mait?rlgoﬁlc§9d&@&55@|iﬁ-thg QllufadP@bodiiRnl, | 6thér @Mgﬁfraﬁfdﬂ@ are also

uni'ng branch conductor 72 may be connected to the
possitge dingt ezamipleythedirstaint lo€ thegfininp branich sendustpr @ sumdbegragected to

79 0. not.ed oV, t he segon ion 62 of the

the sfﬁ?‘édﬁ‘ﬂge ?@Ow@%@a@&fﬁ i agﬁ é%°°8§ e{lgse'?%? @pt i cal portion
51 Af ndtétBabove e 8ec o &k&fIn! 6200 fké aRRhAN4S thay Bei positioned on the
advant ageously all ows the overall footgrlnt of the

vertigak paitien &5 obhetliehape dieleckic extension; €3 Fhisgidyentageouply allows the
P ol sl ani fi I duced, r red
ovo TR AAE S5 e e RO o RO o b
sign{fidafitly heduewd rMargvag pbitvns 68 tied miahielodp loadiotorc64 may also wrap
extension 63 to provide still further space savings..
around gk, thepvisehang perionHsel/iBF didlepkiic PHENSIPR &4 %fapwqug?avﬂl further
Sab {HRb SRAGAE e hotd HAERAS AR the dntéina 481§ Helfaplemented |
SPM%%?S?@and second sections 61, 62 aﬁé&Fﬁ theagawe plemente ?n
two giraeresjqnsi(he.c ethewi the éindv@dd seong sedtioen6lg62 spav ¢hé same plane), in
certz?ixaelrrlxb% En?éntg i ertxol?% sgﬁpeefs a%%)ilgbqg,f an utrh%{ other 3B gonﬁgurations are
also possible, as will be appreciated by those skilled in the art.
The main loop conductor 64 is defined by sections 74-80. The first branch
conductor 70 may be connected to the signal source 54 with or without a passive matching
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al so possible, as will be appreciated by those skilled

in the art. The main | oop conductor 64 is defined by
weamsiznes 74- 80. The first branch conductor 70PCEEAD®S/000105

connected to the signal source 54 with or without a

passi ve mat chi ngnetwork, as will be appreciated by

nemtolmesd@ wiliibklaBgreciated sy tRbde-skille i B TRE 8eohd GRMHEH €bAductor 71

is preferably connected to ground without a
is pw@arebiyr@nn@cttedam graund witkout inmatghinganeiodo radctherturipg branch

condgto 23 e ¢ Euneeheg B H g hls TP RlonfOr” o

br mﬁaaﬂy £Psakifly, thRrengfR ofb@netee 30! P1,2a8 712h’aee matte Get the center
frequency of operation. The square neanderlng

frequenek o8 Rreragor h | prasqusrnmeatdering B baste AnG-BHLER iSRS the branch
i
condiPlbny F0 T2 14 RHIME RS, HILE 4 38 180 G RAAR O0AR0Sengm,
whidibvaeiey @fe, cetitdr firxedicys Mopasex, Idlféerﬁnttsthmpesgl é e&tmn@&:ﬁtuoés) of the
the branches 70, 71, 72 i de
branghgst & e73:t ? re{ alse inésuse%? ié&?é%pﬂlg& finﬁ H‘F‘% "(§n Pb exaygple in
addlfrsﬁl&dﬁ{elxﬂ&na&%gs S dedtliing %hg»ge@@%tﬂa{édqﬁtm@t 9doth@r geometries
ot her geonetries which nay be used for these
whldhr alay Hnesused dbu thesa bsash¢somtndel aosaw-mommraﬁﬂangldﬁ!d meander 40

St SHCL RIS 5 b 08 o S B

ther®F HAG ISP tRr A¥ddey @kcf\ﬁ&é Qifferbrite FUQRAYyY characteristics, as will be
characteristics, as wll be appreC|ated by those

apprsklalekié)dthcvsetShléleérmthe?hte section 73 of the main |oop
g'gnucsfgleg ion §3n’gy tl'get A 1? % S%S‘nc}u%to o84 rn?z{ ARG B uQ&i to control

vari pes and/ or -outs

opet‘dﬁ ff@:@l!ienbfl eAS\&ﬁEIyOCb’f sﬂapesﬁlmdfbrtwﬂbﬁlg nﬁz@albmn&:ﬁ ﬁmyhe sectlon 73.
ude, for exanpl e, "dog bone'

54)
Such &g gtyen eay 1n¢lpies fo, B}amlﬁe’h%u @% hor@f:z Stq:ﬂiiG) é@a’, a half dog

e S T
loop( 94 (FIG5GE), vbreandee195 (FIGSHie amrbcsawwm 96 {(FEG €5(5). Moreover, in
mai n | pop conductor 64 e on of t

may ta he for e .
somg RNty i FRUTE THRIREI00P (£R ‘]‘Cﬁ%rt H%%’CPSS of theforegoing
shap‘eg1 Bf §t‘ﬁgrs fathe? thanl dﬁﬁ‘é‘ skctfInfd)Ribredfs needed in cer tain

mbodi ments to adj ust I nput i npedance and/ or w den
baﬂiﬂxm dirénit eleineotpistnepdedomt deetain mlyod@mem dol adwht mmut lmpedance

crea a itioonal resonant tunin
and S bERARR by ot ow BT it T yPRR pffedsh aadiiona
resoﬁé}ﬁ‘iﬂﬁﬁﬁg st§§@%§ Wil baVipprecible@ by $hdsaiskifled id e apOIftddeqsate space is
be used in the appropriate length. Yet, space is

avaltapfsq shright-ine poptiansi way fhsr usedt iar el anpsonridte denglyi ¥et, space is
omi QSR org A BB OGE et B0 o SATRAES, T Ry AR o o

comphdt| mbddiﬁl andbuposé OfF e aboealewdribield shapksstoapghef) whElikely be
section 74 influences antenna gain. The length of
prefeged.i on 74 al so i npacts the operating frequency.

HOWgX e idtH tnd Qﬁ&ﬂedopﬂlen%cﬁgn Rk ah8Res antenna gain. The length of
section 74 also impacts the operating frequency. However, it should be noted that the
lengths of the sections 70, 71, 72, and 73 (i.e., the length of the entire antenna 45) also
affects the operating frequency, as is the case with a typical dipole antenna.

The main loop conductor 64 may take a plurality of shapes, widths, and
thicknesses. By way of example, the main loop conductor 64 may also be generally
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| engths of the sections 70, 71, 72, and 73 (i.e., the

l ength of the entire antenna 45) also affects the
wopmwsariing frequency, as is the case with a typiTah2005000105

di pol e antenna. The main | oop conductor 64 may take a

plurality of shapes, wi dths, and thicknesses. By way
cireilhr, § 1,8 rgtg @ ORI ih R o?r%?%’é‘p%@fna?‘lﬂs@%é u%l:& Qucl?ﬁas aU-shape

gener a square, polygonal, etc.
97 (F)ItCh 6m)smsaqmasc1mhq/9&(FsIG 6B), aséd kelnch bean shape %élﬂéi oC ?

b PreRiabuhE <Nl o) Ssq b b R ERELS BACHE Haybe used

to a&’d SR8 ViEeQ GhEhe sBAlon S cartitpe BRUAGS [NMEHouRELESER that, in
to add surface area so that the section 74 can shape

the ¢dse of saenllular telepldng, B bremeshauidpreferablyrhe dizestedrpway from the

telepg]opg,l{ltegg)et%eégﬁ:h%? to %hﬁg)?%n%eo ﬁgﬁlﬁ §§/ %Jaggo?%é(ﬁrgpﬁ he w1dth of

the dr@erinB@5Fha/ e &out Inenﬂﬁaes"gthe Byighayf e fiestasgion 61 ﬂmay be about 1
wi dth of the antenna 45 may be about 7 cn1or | ess,

to 31581, gned thst height qfﬂh"sﬁecg%ﬁ?%lﬁnéi TR bbb fp 31cm éeeer@ﬂﬂg upon
about 1
e 00 RS it RO UnaRab o Y 8, 00
comegﬁmmgt ﬂnerSldl imgrednareschapygteaisses tbthe satknnkRelfatalprayide wide
the Si i npedance c acteristics of the antenna
bandv Gy aufans TRUED BaFRFIRUH S o DRIRRICE HATE REAUBHSbyEhus. it i
desﬁéﬂfe forBaHe ﬁ?eySflaachPe ohd {h@ﬁ %d?v%tthe JHiSeen dircleStod8S 50 WHnE center
to shrink the SI 1 circle and then nove the shrunken
pointj ascivél be apheechedOyntiomsnatsiilledanrihe agts Thiel dreh @3, as Well as other
por GBRE AL A0F S e DR e BE Sl wven i
prefeﬁﬁ ddhesifird ﬂ‘llétrmﬂga/dofasﬁf@f{ effriRr, She hndféhﬁﬁé Betwlalk @hd inSeandering
erably done in a distribut ed fashion, Further, the

portieas of theganﬁ@mm&n@ndswbaﬁa@rfpn@owm Shhsirgle toward the desired 50

antenna 4 al so I
Ohne Seater Pp Z ggg Iantgr get@i r%nﬁlglg% cutcp% sTLees} é:glhtcglr ﬁncf'e it can
advadriigzestidl Y BK @ioved lowdrd ¢hee50 Shi‘nq&ﬁntcfslnbtedaibo% iicecbtdan@nwith the
advant ageously be noved toward the 50 Chm point as
presapitlBYEEl9Byve i n accordance with the present invention.
t
ol 1CEe) SPERAE e I AT S inE P APRT abitug shapes and
leng}ﬂ'[sotbl be udfiprdofor prtvéleedppedpriatablet gl }esgt;hn cindwrureent distribution.
tribution one shapes, are s le d
SomHRRESGHF SIE Sﬁ‘é& ligFss v, Oél?Fé&h $15s s stened) f BRpetqprgnt in a
partRa[at bfed! AL n@treﬁ AboS gﬁ@h efl1iRREY Spact] MY ithé Bl‘lép@g and geometries
space, many of the Shapes and geonetri‘es descri bed
descaibed eabory majt nbe beewswssssaryy . Hw«mvert 1S| WIth@ met $age tqeastrained
Space constraj ned enV|ronnen
env QTGN ShiTUne Woo B LB UER G AR afetscififar tetepones
whet Ec€atidve-deieibed dasahh Fedurrd banpatitdad y ra&ﬁanﬁz[g%ous for providing
particul arly advantageous for providing desired
desiprgrifestormarcs cypemultiple ppsretingd@nds- i ng bands. Vari ous

ch 3\Pzglous Icﬂaé%? 1}? atﬁsj-: %a&@%é’%ﬂlt %ff tltlep gnt@l%ae 45 %2%5 bg%{ac{é in certain

embodiments. By way of example, the tuning branch 72 may be moved so that it extends
from section 74 instead of area 73. Other changes are also possible, as will be appreciated
by those skilled in the art.

The PCB 67 has a first surface on which the circuitry 48 is positioned, and a

‘second surface on which the ground plane conductor 69 is positioned. Preferably, the
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enbodi nents. By way of exanple, the tuning branch 72
may be noved so that it extends from section 74
wo esezdoof area 73. Other changes are al so poBGT/OAZ05/000105
as wll be appreciated by those skilled in the art.
The PCB 67 has a first surface on which the circuitry
portidfs IoF tROShdih ABSH coRttdt 648 GANHe SIVeFRRE CFU?IKM‘ I68Noft R L-shaped
ground pl ane conductor 69 is positione Preferably,
dielachrap extensors 63fare helatadin noempn@b a@@etn@t t@Hverlap e ground plane

ver h ortjon,68 o sha tric
conc&?foéngpo nﬂ8§ h S Begn aE‘?‘\?EI WP pBré)l so((f a8NI{ARa (Ryrformance
char@MEdtRP. SHSIAHOUNG Pk fRefeRBRUGAD hoﬁ@ of The Firétasedd@a@ror tuning
found to provide enhanced antenna performance

brangh gerictors %Q,|7ds72 syqrlapahe groupd plage Q‘P@G‘C@F é9erabl e that
no e flr e 0 r c n
5& 7%fst rglgthod h@to gﬁ% u% J%Ht?ﬁéﬂ gfogo (?1 gggﬁl%r Swireless
comfriuhiiiatmﬁﬁ dwd:eensope waafesdrfbfed Ivsmlﬁtefdr@neft@ FI@Bk]J Mhe anethod begins

(Blogl3dP) Kt PR ARG SEVEREE 1 RSVREEN Spper v%%ohé{t‘?%ﬂ splsgiepgortion
47, £ ﬁle?&&é&?&str&‘ée 4‘% 5 rl;lgé/dag%' g Bl 'cﬂ&u%% 4334 99 the dielectric

per portion ower po lon 47, a d| ectric
subsﬁlahzs tn audlo&iltlmartraine(ﬂlcbyﬂ karrted Uy thg upperrpmmom pf 48 housing and

carrie the dielectric, subst n aydi.o
conreg i aainedresie 4§ BEFRpt TS A Ve e e pYHbE carricd by
the RN tg%d%@ﬁné‘c%ﬁ%@ﬁ@glr&ﬂtr} he BlédkCMilt THe nRHbdAFuHBET illustratively
I nput interface device (e.g., the keypad 23) carried

inclugles iphsitibning iah tpastranecomiiacy Bput/ entpifedeyice Sl Wtﬂyln th¢ upper portion
The, net hod .further illustr I

46 o ¢ Fovshne,t Ane Panefte e e Hhauiky 481 i FHIbyiE Y2, A8 a5 Bing an

anteR®a W5t WitRint the 16RRE pob@dr 4P rbf4ﬁneolflodsb1% Elw&bmgnﬁiagam@attem of
connected to the circuitry 48, at Block 112, and

conqwm treeﬁsngl the dighecarim aubstaigi atHBlack A L3, thyesonshidingthe 4iustrated
Ysi ng and conprising a pattern of conductive

meﬂ% ra e% kgl(r)ll ?he dielectric substrate, at Block 113, thus

conglotitir Nghethvd idspacst ohtthd fmichtich (Bl oalekinpd)a rAokitdewireless

nmet hod aspect of. the jnventiaq maki a ile )
comyjunigaggas ‘Ef‘dffﬁ’ﬁm ig APV alescrihed v rfger?@eﬁ%%eﬂlﬁé’adhod begins
F
(Blo O?%%h Aot gana%- h_aéﬁi d%tﬁ@te!@@gmgﬁgﬁr‘%oﬂlﬁlﬁﬁg 8 vertical

aped dielectric extension
portivar§lrdindi angpvarhaeg pormln G8anxtandmgshtward lyafroro\ibe haﬂgal portlon with
portion 38 ext endi ng, out rdI from

st I (GREeISBLE OSHO™ % HERIEDS YebPPhBl ohat gthod further

111u59r‘é§5a?rﬁﬂclﬂﬁést Ic8fnechhg Eth@%rtlc?al porién MAt BEGhE Urkshfed dielectric
ratively includes connecting the vertical

extepsion | @n t&1a ofiain hhclpctshapbdstrait d7%eso rthat ehe efnmceln peBiang extends

el ectric.,substrate 67 thev
ou s By Cbre ko oE B P GE PP P shitRls b FilEBhe porion of
the RUMBY MieRBtrRYubLtRIle 68 Ml BBAS laboye wmaa@ljvaqmb dms hblOdSlverlap a
of the main dielectric substrate 67, and the at |eas

grousdeplern eenducips 60r et thegdislscttst sUbErE.ap Blogk ddRd FBT‘B‘ﬁe the main
dlezle_]_cgrg$l g{ﬂ}hs&%tﬁé%? rg&tgeg]ﬁ)glgfrllt% ?195 hb&su’?‘é‘?ﬁtaﬁ %tlc?ck 1§t3, %ug %Bncludlng the

illustrated method (Block 124). Of course, it will be appreciated by those of skill in the art
that the order of steps described in the above-noted methods is merely exemplary, and
various steps may be performed in different orders in different embodiments.

Another example of a hand-held mobile wireless communications device 1000 that
may be used in accordance the present invention is further described in the example below
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dielectric substrate 67 may be nmounted in a housing

21, at Block 123, thus concluding the illustrated
woreiorazh1gBl ock 124). O course, it wll be apprercatwed000105

by those of skill in the art that the order of steps

descri bed in the above-noted nethods is nerely

witheXGEBh& Yo FEOJ 1Y aTheWsyiect ARBO MaMstRE vBIST inefudBS al Mousing 1200, a
different orders in different enmbodi nents. Anot her

keyredaldfl0eanst am ogmwd -dewicel 1668 The witpat dswice sherwniie gt displey 1600,
gd h
i iR B LB, O e R M PSR ey e

utilibed. QWptdcBssirgl @gvedec 88(100is Fdoftainkd. withi tﬁe‘hbﬁﬁng.@m and is coupled
illustrative galncludes a housing 1200, a key 140

betwasn thikeypep Jd0hevd dhe diselay 169 Hmse@esaaglde@cg H&% cp%trols the
Y I

oretifh SRURAIAR0 L0 B S E AR ARl e sono

in régporisk itd hmemlon/bfp:bps:mme kg ykehid00 by8bOuses. cont ai ned

mnthl t he hou and i s co | ed between t
3101@@5 Exip Jﬁa. Peatpd 1veieca Mgt B?%é@% .Oﬁgoﬂeler sizes and
f )2
Shap%%%*?ﬁgéﬂ%%e@?fgﬁi‘ HBhSing SR AREE)PhORebad Wl iHLIR Blfod selection
key,d:ewithae ha@ieare orsofespofes ewitching betateen tﬁxt.)ﬁntksegfsl telephéney entry.

ol ShALHLER o prtery e dvick oD SlB 5 ot he TRy Bseyjeg 1000 are

shovfﬂlf' aBRsmdticany udi MG, ¢B amaéRl inchvae sd 6&nﬁiuh£t@t1bﬁse§ﬁbsy§mﬁ 1001; a
keypad may 1 nclude a node sel ection key, or othe

s omaammognruumg@fmmlbsystﬂm AR 0:c Hienkeypad vléQﬂ atnéxtheeqlwlyy 1600,
and. .t el.ephon
storfih SUEROBBSTRM M 300,188, 1104 DR IPECE21B o erors

devisEO1T605 @I@Tﬁid @‘zﬁliduy otHér Hévice subsystdins £201ndhedeobile device 1000 is
conmuni cati ons_subsystem 1001; a short-range

preferghi i PVeQrivay iF §%§v§tcéwrzfmwet%m3ew%ﬁdm@4%a awantumcatlons
coo BB 1pE B0, P02 SR LOBP R oK Sy

combiimiatel B othreel cmaplhtemg/stetrisema the \Intemes u bs ystens 1201.
The nDbJIe devi ce, 1000 i s ef rabl - wa F .
ComRITHE YIS SauT e e oY Siecaolsaingaeice 1800 s proferably

Ik | t k h
sorSE YRR S0 4T B HRrRAF N A DO i ot

types @lﬁlm,ﬁmqr&tdevmi, Isucdt dver read oplyt reﬁmglgbs(tPé}M) of amtlhe storage element.

t er net syst em sof t war.e executed by.t
tn 35 Blos SR SUREE SIS TGV P cHRUFY o P iTh, ereSt, may be
temPEthslySb&d¥d i8t0f folaBléGhoraSsuthas fHe&%ﬁHdﬂ? ABdeYs hbhidry RIAM) 1180.
may be stored in other types of menory devices, such

Conzgunicationd sigvials ieesipedyby Havnobile devire ataysalssy hgstored in the RAM
118&Ienent In addition, systemsoftware, specific device
applications, or parts thereof, may be tenporarily

| oatRprodessing dWlb@ll'Sd)(E nstidxllﬁon salith operatiipesysand imctions, enables
access nenory . Comuni cat j ops _Si

|
eXCGUEOBIOf é@ﬁ\ﬁvetaﬁéh%m Q%i%@%@x they %l%éogg ok Eedetprmined sct
of %%ﬁl%é‘ 189 RGP BERS Sder\‘lgzed%#gx%ﬁoﬁéogucﬂ Lsadgkd | 41 voice

ITs operating systemfunctions, enab
communications 1300A and 1300B, may be installed on the device 1000 during

manufacture. In addition, a personal information manager (PIM) application may be
installed during manufacture. The PIM is preferably capable of organizing and managing
data items, such as e-mail, calendar events, voice mails, appointments, and task items. The
PIM application is also preferably capable of sending and receiving data items via a
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execution of software applications 1300A-1300N on the

devi ce 1000. A predeterm ned set of applications that
w@onsnmilodasi ¢ devi ce operations, such as dat aP@rdA2005/000105

voi ce conmuni cations 1300A and 1300B, may be installed

on the device 1000 during manufacture. In addition,

£ ' ) | y

i B O P e A P e ety b
synohmmhzlde aod gpdpba wﬁmghan\dlrdassagnewg)rldalwll tvaits ths u¢¢v1®s user's

mai.l , .cal.endar eyents, C oi nt. nent s,
corrGRAdinE LR Sopb ORISR Aos CraR i g e
pr @fo%ﬁqmlyatmpq@h&maﬁ Sﬁélﬁ'dhﬁ% and LBEeWY¥icBY cO@hiinidaBs®s, are
via awm rel ess network 1401 referably, the PIMdata

perfmrmdsthmughsbanbmgwm;nanm%@bays@n 189hoindapissibly tnengh the short-
a the wirele network. 1401 with the
rangf C G piSpForep SV aats L et Y3 5leE A8y fuces o
receiVet 1560, ROSAnsAAMGIULIR0, SHSERNGr HORIMAHKIHAS 1640 b £560018 addition,
i ncluding data and voi ce communications, are perforned

the qomrouRjRatians subsyisient Lo s insIngss 3 pegpesng moghle, such as a digital

BB 1SR Uy SOS TRR SOTRYASEL [ fgn

impRmeitaéib eof 1he0 comnunimations tsabsyktend, 1601d isndemendentr eipon  the

ant ennas 1540 and 560.. In diti.on
COmBWRIAFHPRAPPINEK 41y m],lv%*t the Tegai ¢ dpwge IHW i} digenged to operate. For
exar%%gpf ﬁ%gg Japg I1@00 gtﬁ?hnat?td@a gb%@icaﬁ?ﬁ}ﬁbsﬁ&&ﬁ 996Pdesigned

and | oc oscillators (LGs
to opgratei With the MapiteaFid, Datpl BAEH at iGenexad Patlet Radio Service (GPRS)

B e Sy R T Y .
of v'o?t:e' S Asidatdhs RSN SHKE, sucB aseX MM, EFDRIATOODMEA JPESCESM, etc.

may i ncl ude a communi cations subsysten11001
Oth@espaymefdiatacﬁrxdpm@t retwpiks, hatle sopatte and iniggratedtrmayrAley beptilized

Radi o Service (GPRS) nobile data
“thgﬁﬂﬁﬁqﬁgfw Z&ﬁgtmorks and al so desi gned to operate
W INetwok Sdcess Vs’élhir@lhynt@fva)/)@ldél&n@ﬁ@m;bbrﬂ el @Ips of communlcatlon
net wor ks, such as AMPS, TDMA, CDMA,

systanhBer eygerleom thet Mohﬁ@(Tvoar@eDﬁ@M&T%snetweltm wbblfé dlegices are
regi er%d oﬁttﬁghggv%ﬁ%%lﬂv\'gg &%g%gle ?grsgltldl 1&1&1%%%\!5%&19@&%9?&1{1 @ssociated

evi ce S requirenents var
w1tkdemﬂhnde\rige U0 GPRISE nétypeksp fhooenen meﬁz@drkoxccegsstsemsoﬁamed with a

exanmpl e, in the Vbbi t ex(t and Da net
subsepBen & besyiof s dapee- rﬁeﬁél%@ deycs ﬁhetr F%adgﬁoﬁ@% identity
moddil, SRR d\ﬁlfltl.vl?é;;?ted' g %EE giMCc%Fd Woﬂ@%@fpeﬂfte 54 NGPRS network.

associ ate eac evi ce. I n GPRS networks,
hoWeéhar reqnie¢dwetivodciegsiation m@&atmxaatowdumsalave been completed,

Sseriper o ser of a device.. A GPRS devj.
the TGt dpeor oLty Siasd seltb Bt BFVPaEHTE SR gisnals over the
comBRFTERBLY refi stk 101! Sigasls decelWd s thé Bodnfi@ications network 1401
operate on a GPRS network. Wen reqU|red net wor K
r

by thegiastensa i 1540 oareavatitedattd othe preseiserurl&80.n axhichh @sevides for signal
ampi ggﬁt{ﬂﬂt’ ?rg{;]}leé{]?g gwké:,]cl:q%vgrgl\é)é? fi t%r?nog(,) cﬁ@ﬁﬁels Sﬂgctl%ﬂdetc e%ﬁa ¥1§1y also
provide analog to digital conversion. Analog-to-digital conversion of the received signal

allows the DSP 1580 to perform more complex communications functions, such as
demodulation and decoding. In a similar manner, signals to be transmitted to the network
1401 are processed (e.g. modulated and encoded) by the DSP 1580 and are then provided
to the transmitter 1520 for digital to analog conversion, frequency up conversion, filtering,
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comuni cation network 1401. Signals received fromthe
comruni cati ons network 1401 by the antenna 1540 are
w0 zesezh1o® t he recei ver 1500, which provides fBCT/€Agah00105
anplification, frequency down conversion, filtering,
channel selection, etc., and may al so provi de anal og
amphﬁcéiioﬂl a{nﬁltra‘ﬁ@ﬂi/s'gfoﬁ' 8he AOAARIA R GivbA 140Ie SRRk via the
the received signal allows the DSP 1580 to perform
anwnmalﬁ&ﬂowplex communi cat i ons functlons such as

o1 R BobR e tariun sidhs Nl rE TS 1580 provides for
contEUlO&eﬁxéet‘écéﬁerngOmdhd aliee s tten ¢ ST dhorbakantjde, l@ﬁhsla&{hed to
and are then provided to the transmtter 1520 for
comgiugiceapns agaﬂau@gh@ aperevesi 180 mdetansritierubompyrg adaptively
[
contldilch S0 AffBhifit 62 8%@%‘1’% %ﬁﬂ?[ﬂl@?]ﬁl@@e@ G IIDSP 1580.
anﬂleﬁrdatal&ﬁﬂnuﬂlﬂatﬁdld iniddena rexepred cemal, Bgc}caﬂmtmclt madssaga&r web
gnal s, the DSP 1580 provides for control of the .
pags dRehlowh it SErsesed PoBe CPRAGLIG 3 b“el}i&rﬂaéfﬁlf}rdﬁ gput to the
t | ! foBess&E by th
o020, L. 9 PEUND GO0 SRR SRty i prossing
devico h80Mfor @d outpu tythealispdayat 609, graalterwmelryouo saingarthertaugiliary /O
| ed in the DSP 1580. I.n a nmuni cat i ons
devig B0 2 At Wi Mg congiish Cte TeTRe Rich A S mgU P Shkg, using
the £4 fOUURAS som® R GERIREH TV dbViBe £O8UTWIMICALd 9Réhpad, a rocker
subsystem 1001 and is input to the processing device
switgIg GothuMheviest @i werie othen a¥pei of inphk devige-t Hercommesed datg itys may
roc in vi ce 1800 .for t
theng BE 4RSI ERBO e k) ERpRGR TRy P8 EH B WS sommupipacions
subsystehmdrmoice 1060. A device user may al so conpose data
Itenms, such as e-mail nessages, using the keypad
andi ervosesneorampRIcatANS Modss PVerath apeiafien of depdeder it %\@stantlally
. a t
s1m1?)a?ﬁéﬂﬁ?$i’6tg %c§18§1|ﬁﬁirc?§3§4evﬁ§%a, a&fcﬁgﬂmatv‘%ggge% g{gnﬁflg{%%s output to a
speaky 1108n ahé digeads nfot ttemsmissiont be gamlmad Claxt Ia)mn;icrophone 1120.
net wor k. 1401 vi a the communi cati ons. subé¥sten11001

Altegnajiye ¥gice Smutiod4Y SBRYSITBeSUCh P8 Aaficegpetsags Rosing System,
may§¥d 6€ 1rhg eﬁllégéh%rﬁt fheldeYics 100o. % atdgltitohetlféaﬁléblay 1600 may also be

communi cat | ons node, except that received signals are
utilived puvoit® camamaa:laaonslﬂn@% fandxangnad slisptay the adentity of ercalling
ener at

d by a.m crgphone rnat.ive voice
part§y e JiRE0T pEF xobe ful srbREFRe Sdf i bERRbbYge
I e Qe hhBA-ratRSyoHh R ThicAfohs B Sysken endt1@EdH@aniemidhBetween the
devi ce 1000. I n addition, the display 1600 may al so be

mobilei device d 000 and|o¢1@ermwnnmq:atstem$sorrdswes,f\mlcbm¢$ pat pegessarily
be SBPE% (&XI ey eFogfjel?(’Qrtnbt shortcrgn%e Carﬁﬁrﬁx?%’t}on% ngg}ﬁ{eﬁ’{ }n%) include

er VOI

an iikQedaiéass e zﬁ;b&b“lﬁted asigeits 0 ANd Nteapor@nss, Subsy sBaretooth™
enabl es conmuni cati on between the nobile deV|ce@§390
comarmictipey mudyle teapeovides fos rromBRuHeaiop e¥1th i yreradledogystems

and G@&i@é&a“ ly

Many modifications and other embodiments of the invention will come to the mind
of one skilled in the art having the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it is understood that the invention is
not to be limited to the specific embodiments disclosed, and that modifications and
embodiments are intended to be included within the scope of the appended claims.
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be sim |l ar devices. For exanple, the short-range
comruni cati ons subsystem may include an infrared
walewsamiend associ ated circuits and conponent SPCDCA2005/000105
Bl uet oot h(tn) comuni cati ons nodul e to provide for
conmuni cation with simlarly-enabl ed systens and
CL gces. Many nodifications and other enbodinments of
the 1 nvention will conme to the mnd of one skilled in
the art having the benefit of the teachings presented
in the foregping descriptiaons. and the associ ated
L gr AWRBLS VRSP Ipions dSHGE FUTRIE Enat ¢ he
| Nyfaliipg, i s not to be limted to the specific
enbodi ments di scl osed, and that nodifications and
emsandindrelestay subisimate Gargigd by spid honsingded within the
scope .of the ¢ aj . 1. A nobile
mﬁfgfgg'c%gﬁﬁﬁﬁﬁ%gﬁﬁgﬁéﬁﬁégﬁ%§h§gggfising: a housi ng;
a pwirdurdi gthrecdohdGetotidis §ai dinaircdieletteid stystimed; d housi ng;
circuitry carried by said main dielectric substrgte; a
gr G0 kdsEPehaiclesHI RIS I8 FORRIIIng; T2k PRgiop;cxtending outwardly
fron g Bl R S PR e} B said
vertithlportion and sholys tan athpcan gpodionef eaid amgn getdciromsubstraadindg
outmardly fron1saidnéerticalﬂgortion and abowf n bei
2 aEa 1098 AT B GTondUSIEY FPRTTRIPEAT| Ene GRafyclie, race being
relafily ?oﬂﬁbﬁbd! SRSV BN fotisiUst Qlid EHRpdBaRRcRIc &x@dfion so as
one” conductive trace being relatively positioned on
not tonvedeshdigrpupdmplanen of said L-shaped dielectric
extension so as not to overlap said ground plane. 2.
The nobile w rel ess communi cati ons device of Claiml
2. WhenRi mobaé Avit@leds domhRralcalionss ubste affeChas Opwhsreld said main
~ first and second surfaces, wherein said ground plane
dieleatriel gelosinate Basopppasing fiss rand seeqidesur ges, w%tfrr@prﬁasdaigtpund plane
ertical rti Qn aj i el ectri.c '
condfidr oo SR e St FYBAEE B "V 8 oy HERRR Bhhaped

dieleamit baendisret@salseuomardiyciadr e4id sewnidcerfade. Gl ai m 1
wherein said at | east one conductive trace extends
over said vertical portion of said L-shaped dielectric

3. emﬁféjﬁgﬁg@g?@&sc%ﬁ@ﬁ&ﬁg QePicdF ICMiR01 WHepdin @5‘191 at least one

secon sal p antenna conduct or. . ]
condiveivenmiace extendebes satovarticd] pattionef shed Leshapéd Gleddctric3extension

further conprisi.ng; first branch cond i d
and i B8 OFGER PoTim a6 B P oS PG oL ST ACHY o BARBECclor
adj acent the first end of said nmain | oop antenna

conductor and having a second end defining a first
4. f edthepuohile;wiggless communications device of Claim 3 further comprising:

a first branch conductor on said main dielectric substrate having a first end
connected adjacent the first end of said main loop antenna conductor and having a second
end defining a first feed point; and

a second branch conductor on said main dielectric substrate having a first end
connected adjacent the second end of said main loop antenna conductor and a second end

defining a second feed point.
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a second branch conductor on said main dielectric
substrate having a first end connected adjacent the
waemonzhiend of said main | oop ant enna conduct oPCEAA285/000105
second end defining a second feed point.5. The nobile
wi rel ess communi cations device of Claim4 further
5. COMMEI fbBife vifetds NPnPh@ICHiofh® Vet it Q[lurﬁail Cfuﬂﬁéln comprising a
di el ectric substrate connected to said main | oop
tuniggrbeameh conduitert o stidtmeiardiclhelric evpeitaté ventfeciedt toesadth msin loop

sai d first br anches Wi
antefGh SRt NGRS FEPeg L ios Sepeld Breh Bl pfo Bl pRpnRe
| oop antenna conductor has at | east one tuning feature
therein. 7. The nobile wreless communjcations, device,
6. of Thranehile wireless eprampaicainisideyick2f Glainydpwhergisr gaid main loop
antiif s b BE R Tkl e T DR GRIDT T S NG, an aud] o
it Pansducer carrie y the upper portion of said
hou5|ng and connected to said circuitry; and wherein

sald L- shaped dlelectrlc ext ensi on adj acent th
7.1 ovide mRhilei WiscleTs COmBUHeRtonn gevige ofrf% Robhereyy 344 beusing has

an u@?%ﬁﬁ%ﬁ@ BSoWEY g&ﬁoﬁ’f angI ke {B{ars Bh o ou(t:pué éransducer

ry conprises a wreless transceiver conne
carried byathel uppérrportbmpoHsaid hoasinpaduainnected to gridreirbwttyf axd wherein

s PR oo R i 2R U OB P oA b

conprising a vertical portion and an overhang portion
extendi ng outwardly fromthe vertical portion, with at
8. | eéi?kne runlala:ml.c@s icommunagagionh dc‘hee @wﬁé}lhxang phereimpaid circuitry

vertical rt iLon
com e FREseParedi soRisoBh R ablp lotp AhichBERG gior. o,
that the vertical portion extends outmardly t herefrom
t he overhang portion extends above an adjacent portion
9. of A methedifer mplengematilesyipdess spamuairgtippredeyice C@H@Flsﬁ’ﬂe

conducti v r d t £ d

COHED R TERS pEUSHE R BRI Bl Epanion an an
overhfigg rpoirtiortlieteddingi cutsuabdiyr id@ the &ertioals pogionf witte at least one

mobi l e wirel ess communi cati ons device. 10. The net hod

congjietive Hpeh o throVehANg PUTRRI n di el ectric substrate has
ODQgﬁﬁé&ﬂné'tﬁ? LeARdl ?Sﬁf?)ﬂdois Hef E%ﬁg‘ped"\@ﬁfe@ﬂrﬁ Eﬁéﬁ@l&g to a main

the ground pl ane conductor conprises formng t
dielgtioeiubsphi@rse tbatritie &emlcalqmrhmatemctstommﬂac@,erm the overhang

wher e nnect the verti.cal portion.co
Portiag fritts B0V dDsen i pf RS diels SURre& End the at leas
one %Hﬁcfu%ﬁ@e rdce dRE nbES VR }g dp @fgrddndiplRn? Oh&IRrHnRAS didiuid\dibstrate;
further conprises positioning the at |east one

andconductive trace to extend over the vertical portion

 hab Rl HRIEFAL fo TS DheBli ' DY FacPygaRiretss
comMUnSeafidnE@RGect or .

10.  The method of Claim 9 wherein the main dielectric substrate has opposing first and
second surfaces, wherein forming the ground plane conductor comprises forming the
ground plane conductor on the first surface, and wherein connecting the vertical portion

comprises connecting the vertical portion to the first surface.

17



10

15

20

12. The nmethod of Claim 11 further conprising: formng

a first branch conductor on the main dielectric
waabstiz|ave having a first end connected adj acertT/CAZ005/000105

first end of the nain | oop antenna conductor and

having a second end defining a first feed point; and

11. f OrHeNAetBod 8¢ W& nbY ANeif Pasitichdl MA@ sEs positioning the at
di el ectric substrate having a first end connected

leastdpcacemtuctine trae onektenstovdr the@ergrhperiop odribe hrghaped dielectric
conduct or, and a second d defini nd fe
extefapRno Ranl Bl RRBF ot LRt B oo B AR g anenma

condRfdfl Ng a tuni ng branch conductor on the main

di el ectric substrate connected to the nmain | oop
ant enna conductor between the respective first ends of

12. gh%lfeirﬁétﬁoc?ﬁigc%ﬁﬁ‘fﬁ‘% e?@&'ﬂﬁﬁsin 4. The method of C aim

erern ousi ng has ah upper portion and a | ower

porfointing adlrst Bramdhh@ndeaopen thengain Podedtiiosnibstyatarhasingi aofirst end

out put_.transducer gdjacent.the [ !
compRS i AR SR (o MBifLIogp ABHER Jondikgt and hving a sccond
endBﬁ%ﬁF%QQHQQké ihe §hpped diel ectric extension adjacent

the [@wer portion’of the housing prior to connecting

t hdfomeing iacetombbriandncarmsluttos omghenmdinedielstiriccsubstbase havieg a first
end connected adjacent the second end of the main loop antenna conductor and a second

end defining a second feed point.

13.  The method of Claim 12 further comprising. forming a tuning branch conductor on
the main dielectric substrate connected to the main loop antenna conductor between the

respective first ends of the first and second branches.

14. The method of Claim 9 wherein the housing has an upper portion and a lower
portion, and further comprising:

positioning an audio output transducer adjacent the upper portion of the housing
and connected to the circuitry; and

positioning the L-shaped dielectric extension adjacent the lower portion of the

housing prior to connecting the vertical portion to the main dielectric substrate.
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