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COVPRI SI NG MULTI - FREQUENCY BAND ANTENNA AND RELATED METHODS Fi el d of the

I nvention .5 The present invention relates to the. field of comunications
devices, and, nore particularly, to nobile wreless conmunicati ons devices
and rel at e¥OR845SH3H8S Background of the Invention Cel |IROTAGA2859001M3 cat i ons
systens continue to grow in popularity and have becone 10 an integral part

of both per ' ' ' VIE% 1;;@:&%@@ _all ow
users to plﬁﬁmgwgﬁgi ce ca g%n‘lgggﬁjany %@e‘ﬁ{ ey traveerf~i Mor eover ,
as cellular tel FROQUVENGSHBANBUANTENNAANEEREHATED METHQADSt he
functionality -of cellular devices. For exanple, many cellul ar devices now
i ncorporate personal digital assistant (PDA) features such as cal endars,
addr ess books, task lists, etc. My aauelnveitioh nul ti-funetion devices . 15
may al so allow users to wirelessly send and receive_.electronic.,mil (email)
messagds and JaE @ssentHavenHen Fekes Vi_ﬁe-ge@eﬁ’fl W%%r'&vgﬁﬂ/aﬂp’ IO r el ess
| ocal ar e}aﬂﬁhvéﬂ&,kmﬁﬁ%ﬁmmmzewoﬁﬁmﬁ&m doViBs: @ rel@8d b@odsunct i onal ity of
cel lul ar conmuni Cations devices continues to increase, so too does the
demand for smaller devices which are easier and nore convenient 20 for
users to carry. As a result, ar tel ephones which has

gai ned wi de popularity is the%gfg‘%}m)ﬁh%f%e v Ih:H,ll:lphone. _Fl'i p phones
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t he parti cusksrto mbateland Feivieonize chllamostsanywhere chaydiravel. Miercenspers cobbdleri ng by

25 a hinge so that en not. in use the er. and | i .C be
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antennas, a first_ope of .which, is unt e t he | ower and, includes a
ground pl afieh 28§50 a&%tafl%ssn]?ﬂ%%éf’%olfs&d eﬁygﬁf’r%"a’s& isgc\f%e?lgé SO B8R 1 oni ¢,
30 cirgdli tiyy hRS ali®y Lbtes RNeIRAessIyiend drdlreéeiveilaonbiik Inyailoemaiiahedadep atche mai n
or upper section of the housing, and is fol ded ai.nst the | ction
when not i #rcessdhe Jiernsienia 8 cptylagnetwgrk @?ﬁ?%r,?fg’“ﬂiefsﬁgﬁaliaﬁaﬂ?@”‘ﬁEWt i on,
and both .apge eare connected to transceiver circui.try in the phone.- The

antennas are designed to introduce deliberate mismatch to 1 .
Even so, as the functionality of cellular communications devices continues to

increase, so too does the demand for smaller devices which are easier and more convenient
20  for users to carry. As a result, one style of cellular telephones which has gained wide
popularity is the folding or “flip” phone. Flip phones typically have an upper housing with
a display and speaker, and a lower housing or flap which carries the microphone. The
keypad on such phones may be on either the upper housing or the lower housing,
depending upon the particular model. The lower flap is cormected to the upper housing by
© 25 Ia hinge so that when not in use the upper and lower housings can be folded together to be

more cqrripact. ' o h '
One example of a flip phone is disclosed in U.S. Patent No. 5,337,061 to Pye et al,
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
30  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

1




WO 2005/ 120105 PCT/ CA2005/ 000103 provide an effective switching system

bet ween the antennas wi thout the need for separate circuit elenents. The
antenna configuration of a cellular tel ephone may al so significantly effect
the overall size or footprint of the phone. Cellular tel ephones typically
have ant enW@ 28¢5r1g8bures 5 that support conmuni cat i onsPGTHCARRISIOOEDE
operating frequency bands. Various types of antennas for nobile devices are
used, such as_helix, "inverted F", fol ded dipole, gﬂd r et rﬁ:t abl e ant enna
st r uct ur esprovise 28 Hgive SWHENRESYAE bbb een b bitenah En theqjeed T SReralg |

depl oyed o%&iﬁ dnts€-» On the exterior of, a nobile device, and inverted F
and fol ded dipole antennas are typically within (i on the interior of~

i.e.,
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environnents. Yet, ope potential.drawoa typical inter cel.l ul ar
phone ante ﬁ?@quds"“{sﬁgt "é.?'t e extgrior Pﬁ ar"é‘%glf 189‘81"%]/ g‘&‘f%g‘%ﬁ%ﬂ%@ﬁf%g&F he
user's headnihaR 48 pRARPSviths (if., Whethe Atteiidt ¢iaandtile dvicesasl @slmusing a

user's body, the amount of radio frequency (RF) energy radiation 20

absor bd@ bydieprat Be&P WEEPL t ypi cal Iy increase. The ampunt. of RF energy

absorbed by a @g&aﬂmeam%, RerdalHRRhhA ABBRRE! 'Fﬁoxfeakd Rife b iRt dedthrir

absorption rate (SAR), "'and the allowable SAR tor nobile phgnes is

typical |y Ithanidoczitamyl anpnmas Aereovse aayaneslso are pEbtrend; RS SRl ALEEs &4t e user
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cell phone ‘antennas is se In .S, Pat ent , 215 tq G ant
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i .e., by nuithitg-spadeeneindremmnts. f art her away fromthe user's.brain. Further,

in some enbodi s_the housin fo.the ph f, €;anal 0 that

t he bott ompor {nge&r °BF p?ﬁ%“#@fjag'lg ﬁcglp%tfr;c ' 1§a§ Q%%?} ce%ﬁf?lgo%e tgﬁ%ﬂ%s'gra(ﬂsl%gié. '
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20 absorbed by the body will typically increase. The amount of RF energy absorbed by a

body when using a mobile phone is called the specific absorption rate (SAR), and the
allowable SAR for mobile phones is typically limited .by applicable ‘govemment
regulations to ensure safe user RF energy exposure levels.
One attempt to reduce radiation exposure from cell phone antennas is set forth in
25 ° U.S. Patent No. 6,741,215 to Grant et al. This patent discloses various cellular phones with
internal and extemal antenna coﬁﬁguratidﬁs in which the antennas are ﬁositioned at the
bottom of the phone to reduce radiation intensity experienced by a user, i.c., 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
30  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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reductions in overall device size while still providing relatively | ow SAR
val ues. Sunmary of the Invention 5 In view of the foregoing background, it
is therefore. an object of the present invention to provide a nobile

wirel ess cOME1880Y ons devi ce* including an antenna »UiMEA29e¥08¢10DN whi ch
allows for relatively small device si zes, yet provides desired perfornance

over multiple ue a Thi,s and .ot her ts, atures, and

advant ages idpst %@@3&%@%&% rheedﬂ?t@%ﬁ’t‘ ovgrgl; ‘%’@ﬁtﬁ%w l‘é sl rrtidiagby a
mobi | e W r ekéabreBABSNICAIeaNs devi ce which may include a housing and a
mul ti-frequency band antenna carried within the housing. Mre particularly,
the nulti-frequency band antenna may include a nmain |oop conductor having a
gap therein defining first a”dSﬁ%oﬂhg%mee mai n | oop conductor, a
first branch conductor having a onnect ed adj acent the fi rst end
of the nméin | oophbbﬂ%]’u@ﬁ e @mxomwaqwau@ecbndthmfowdmddaﬁecn|otﬁgheapfesmt feed

point, and g, of thgfo%ﬂﬁha mgg%@%esgac\é. Hin %atflens Sde ec(%dlgﬁ a&gg?afnﬁ?qﬁe&%dj acent

t he second en mal n [ oop conduct or a secon

second f eedorpfcgﬂrﬂhon TWbclmﬂllowsf foeopakanv,gly sarelle devdcemaized, Uydt herovidec desied a
tuning bran end connected to the main | oop
conduct or §F é«%{rggf“ﬁ tt?egger*cy ends of the first and second
branches. 20 TheTimIahd-oft}reeapbﬁmyfebmfbd Mﬁ?ﬁlﬂag@ﬁnfab@fr&{n@é eitheth@pfeddi@ed to
take up ﬁ reI |veI gadg rint yet still proyide desired

per f or mifice ™ %‘o% rov he © VARGIFRT SRTmTieationy feyies wiish manipelident

posi ti oni ng hﬁsxﬁd’ﬁdbﬁﬁﬁlﬁﬁe@ﬁeﬁyﬁﬁbﬂdn&nﬂ@éﬁn@@l \(Jﬂnﬂthc hofifihg, WIGE pRBaN&y,
printed circuit bo gB whi ch a| d n conplying wt applpl cabl e "SAR

reqwrement§1“3“?"1‘11Fl e&B H {HR2 MRy f‘?ﬁaéﬂ% P epndugles havifgaagapdkeraint enna

per f or mance def@ngl Bt bt RbeAkASLoT tﬁy mAinU8&Y corditadtda ﬁ&?ﬁfanbﬁconﬁﬁéﬁh{u}ig' cally
hol d cel | ul ar phones toward the mddle to upper portion of the pho

housi ng, and f&tend F?i’é‘?“é?‘b‘f‘déa%r@ ﬁisk@l \f ths mpia lopp epriductea arkhayingre seqoofh an
ant enna j5haRnd Ashhifl LR feaHRAD ﬁld@é)s%bédd%?ﬁféh @ﬂiﬁ%ﬁﬁaﬁ%ea[ EWGHa cB%[eEﬁe&’ n of

the housing.. The main |oop conductor may have a gener y rectangul ar

shape with @ﬁlﬁ@ﬁﬁ fg segmdiand of Malséwr@ﬂéumgnéwecxppcmdrdgﬁﬁmg stseta)nd
d d ,
oo oS G PSRRI BN ol Sl AL b AR R

conduct or, Hheng et ¢nd renmetted torite otaby Loolamhdud;ter Inammeemghb raapechive findergsor  may
be

of the first and second branches.
20 The multi-frequency band antenna may therefore be arranged to take up a
. relatively small footprint yet still provide desired performance. Moreover, the antenna
.conﬁgurati.on allows for convenient positioning at the bottom of a mobile device (e.g.,
cellular phone) printed circuit board (PCB), which aids in complying with applicable SAR
requirements. This configuration may also allow for less impact on antenna performance
25  due to blockage by auser’s hand. That i;, users typically hold cellular phones toward the
middle to ﬁpper portion of fhe' phone- housing, and are therefore more likely to puf their -
hands over such an antenna than they are an antenna positioned adjacent the lower portion
of the housing. '
The main loop conductor may have a generally rectangular shape with opposing
30  first and second sides and opposing first and second ends, and the gap may be in the first
side of the main loop conductor. Moreover, the respective first ends of the first branch

. conductor, the second branch conductor, and the tuning branch conductor may be
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| oop conductor. In particular, the main |oop conductor may incl ude
non- pl anar portions to provide further space savings, for exanple. The main
| oop conductor may advant ageously have at | east one tuning feature

t herei n. Byowass/e#odxanpl e, such tuning features may iPEICARSIS OGS er S,

zi g-zags, loops, 5 as well as other geonetrical shapes. The first, second,

and/ or tuni o i ncl,ude m | ar_tuning f eat ur es

t herein. Th‘“Jeagm'ta ﬁ%ﬁéh%g?fg&eilé gﬁ%ﬁl QOB eONAYRIQH i%%&?“%rtpﬁé?al? AedPude a
di el ectri c conthetoratay isdyieaiohpi@at fuetidhsltd prokide GHRREWaBPRYing 8 T80 MapcaNd t he
mai n | oop condug&lﬁ n?;’ﬁfl rst and second branch conductors, and tuni g branch

conduct or may e PrpoPsenduetars may mivastagsenslyc have eat tleask enepuninigefeatiuesl ect ri c
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W rel ess transcel ver circuitry carrred by the ectric’s and .
connect &d 38 Wekeasnther geomﬁ@ﬁﬂe‘%/ﬂéwsbﬁh@ fiesht sspond, anl/orettrhiog) basiple condobtotshe
invention ifad Sko WRKIdRG omgu C t| ons.. device and may
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Descriptio a sC bl.ock diagr of a nobile
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i |1 ustrati rigarckreoaducidrmingy readh omnmaearltr&pédﬁﬁé eghductivd teideCon 3hé %xsvec&{cont
b|J Wi rel ess ications _device of  FIG |

el evat i %nalsugd W the %onm;({;

FIG 31 &SR %r‘ﬁlﬁ? & nEPPeqhony, devige | ey plseumciuder wielesicy band
ant enna for‘trahbuelvm)tmrbtﬂu-w daericdSBy GRS is@REatd MiaCematctdd @ tle nﬁx'ltﬁ:B 4-6
are SChemEﬁéeC di a%%of di fferent -embodi nents of tuning features 25

whi ch may #'®us portions of the antenna of FIG 3. FIG 7'is a
perspective view memocaaspeﬁbﬂmeffﬁﬁnt@ﬁ 1safofjinﬁfuﬁ€ﬁ brhobild WeletsAdofrRSkations,

associ at ed ntenng for, ‘inth |l e wi reless comruni cati ons devi ce of
FIG 1. FI&®Vige; éﬂarye'é‘F“ ?@(Pml%al opfiagy ard m%élmlaemn-&cwn@t bande of

FI G 7.15F GoteBnoRithia thetHoBsiRE sROE the/he\HeSYD nél‘];} enmbodi ment * of a
dielectric 30 substrate and assocl at ed ant enna use in the nobile.

wi rel ess communi catjons device shown fromthe top of the substrate | OOkI ng

down, and from'the bottom of BHBED SUABLE b Fene RRKIADY P T Tespectivyely.,
FIG. 1 is 2 schematic block diagram of a mobile wireless communications device
in accordance with the presént invention illustrating certain internal components thereof.
20 FIG. 2 is a front elevational view of the mobile wireless communications device of
FIG. 1. |
FIG. 3 is a schematic diagram generally illustrating a multi-frequency band
antenna for the mobile wireless communications device of FIG. 1.
FIGS. 4-6 are schematic diagrams of different embodiments of tuning features
.25  which may be used in various portions of the antenna of FIG. 3.
" FIG. 7 is a persi;ec‘tive view of an embodiment of a dielectiic subst’réte atid -
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
30  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, iespectively. '




4 WD 2005/120105 PCT/ CA2005/000103 FIGS. 11 and 12 are flow di agranms of
nmet hods for naking a nobile wireless conmuni cati ons device in accordance
with the present invention. FIG 13 is a schematic bl ock di agram of an
exenplary nobile wirel ess comunications device for use with the present
I nvent i on. Woe0e/ 12845 Descri ption of the Preferred EnbodPCipaxosHiaeopr esent

I nvention wll now be described nore fully hereinafter with reference to

t he acconpanyi n}g ravmmnﬁ in which preferred enbodi nents of the invention
are shown. ThiEIGSavdrandol? meeyflovh disemas, ofiyeetbedsotor aeaking srinepilaivrirelssent

forms and ghoul &n S0 SRS ltgg}ﬁlqﬁ t he enbodi nents set
forth here?n &‘% ﬂﬁhs&%rl]%s% e (ilémen se grél prgvt%cri’ed so that this

di scl osure wil | Fi§® ihoﬁomgﬁah@milccblwpk ediggramnaf onl bxemplity mobileywireleshe scope
of the invent k||| | Li ke nunbers refer to |ike

el enents FH "ﬁ%‘ﬁ}gﬁ’tﬂ%’g rusew cglfeaqrg%ﬁtlggén&ged to indicate simlar
elenments. in.alternate enbodl rrents 15 Referrl ng initially to FIGS. | and

2, a nobi-lle wirel ess Q!
devi ce 20, in accordanee

descri bed. . The TRt prdbent nﬁ@:\tiaﬁmﬁ(ﬁowlﬂetﬂﬁﬁdrm&d ﬁﬁf@/fuuy\ﬁbﬂeﬁﬁﬁerawhomrmeﬂ
havi ng an upper portion 46 and a | ower portlon 47, and_a main dielectric

substrate &7 hesacAmREYREfrawings incwhich ipretemed: emposiments of dhe mpventionygre
exanpl e, Cpddg @hﬂﬁn\teﬁﬁom&'ﬁ 'hBGeveIh)% eiﬂbbéﬁ@& fn@ﬁﬁﬁr cf"ﬂéi‘@ﬁtrf&u%(&na $hduid iptst atic

housi ng, for exanple, as opposed lip hou5|n whi ch are
used i@ rrémwoesétrumm%hmﬂedgp ﬁé@odlm@m\setrfoﬁhwé@@ €H Pewb Bis

confi gurat i, R Pro Rl & %Qt IS dlﬁﬁﬁﬂe Wi bk Rorph M cbinpleftd aﬁcﬁwﬁﬁﬁﬂ[l& QenRy the

dielectric substrate sSuch as a m Ccroprocessor, nenory, one or nore -
wirel ess t tanscopé okthg invenigon, togkgse aklapd lwmmt léke nymbers sefer fellike glsmepiswer

circuitry, tﬁ’r%ﬁ%hog?san\@ hl'm'}ae ?tgtﬁ)cfne% ery ?x?&éem lflbll le?éijne'nfé 'irhealt@:‘h? and as

wi |l be discus furt I's al so preferably
carried by enfbedinfeatssi ng 21 for supply| ng power to the circuitry 48.

Furt herjpore, an_audio o Ut put, T ﬁ%?{ i ed by
the upper porti e B ﬁﬂﬁ #Iﬁg ﬂ%&g? a‘;bcgg'iﬁ%eé ecs?8 %ndél?r&éﬁl% ry 48.
One or nor guilsas aimghile ceBQlar devded m;andevardma vaitic thegmesnk sypadn2i8 firsts. al so

o 1720y EartLeCe b e Ul B9 ARG RROSE! Sl B g U '™

portion 46 and a lower portion 47, and a main dielectric substrate 67, such as a printed

X pbi | e cel | ul ar

circuit board (PCB) substrate, for example, carried by the housing. The illustrated housing
20 2lisa staﬁc housing, for example, as opposed to a flip or sliding housing which are used
in many cellular telephones. However, these and other housing conﬁgurations may also be
used. ' | ) | . '
_Various circuitry 48 is carried by the dielectric substrate 67, such as a
microprocessor, memory, one or more wireless transceivers (e.g., cellular, WLAN, etc.),
25 audio and power circuitry, etc., as will be appreciated by those skilled in the art, and as
" will be discussed ful;tlie'r below. A battery (not’ shown) is ai.so-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 ‘
30 interface devices, such as a keypad 23, is also preferably carried by the housing 21 and
connected to the circuifry 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




scroll wheel 37 and a back button 36. OF course, it wll be appreciated
that other user input 5 WO 2005/120105 PCT/ CA2005/000103 interface
devices (e.g., a stylus or touch screen interface) nmay be used in other
enbodi nents. The cellular device 20 fiirther illustratively includes an
ant enna 45WORWYREHN t hin the | ower portion 47 of thePCREOAI0PFHORID3
conprising a pattern of conductive traces on the 5 dielectric substrate

67, as wll i.sc ftirth bel qw. . By pl acin he antenna 45 adj acent

the | ower pofg'f%?rgdﬁ'?#%gc? éjt(ﬁ'g" haoﬁg’irhﬁg°’?%?“°Ph¥°§é%3d91§5&5‘ée%‘én%f“ Py BnOBST t he

di stance betmbalimttte ant enna and the user's head when the phone is in use

to aid in conplyi W, t appl icabl e SAR requirenents. Mre particularly, a

user will typical ?‘F&lflg: flﬁ‘ggﬁépp&“hﬁ'dﬁf’ﬂ@ﬂvéf qchislen, gy aptpmnaAb canrpdethin ci ose

to his head e lbwapdrish &1EH the Bohiitd 21 EARRANGES pAnd Ot dnbREve YalR'th the N S
[

ear. Yet, the |ower portion 47 of the housing ere an audi o inpu
transducef {( Aielseme jubsteainBheds willsby disausend fasther briow.0By plasingcdtheliantentd ¥5.next

to a user’'s p@uehs thdWrer bsrtiby B4 ' aWRY; 4. the. ' th.- That
i s, hol ding tmﬁe “audi o ieﬁugut1 trgggghg‘é&% &ég@%agvﬁ%ssgfmgr%gﬁﬁﬁ?ﬁ%#ﬁﬁe not
only be uncoh¢twreenib anterna anh thepserts hepd whent thephorzlisin we &i 4id in dobplyisewits

voice | ins icQiis MRS ?'[ﬂ% In addition, the placenent of the antenna 45
adj acent the9 ol\g\igdrlégpor% onl%ﬁnits'of t he housing 21 al so advant ageously spaces

the antenna fart hifioreapadicuariyya tuker wilistgpicalylicdd the per ption sPGE hamdindgnef i t
of placing the adl,acent t.he |ower portjqn 47 of the housing 21
" Phat B s Ve SREFRIR, et bRCRR b i bRt i Srnare o e Bet 30
bl ockage by thelsweer mritvart?. oFhiad hdusing U$ evlsre! apiugial ihpit hohsduser (il &l icroBRGRYS

toward the m ddl 0 ortigon. of the phone housing, and are therefore
more | kely FaOBIEe TRAMP FraAtd GRResy SO iP Ao dresiith A SHUPIEY Ard axay

ant enna nounfesh @édjatninotithe ThQWe! hdl@ihf 8N aftilo Rput HARIRRY 13O t& the user’
Accordingly, nmore reliab] % per f oy mance may be achi eved from pl aci ng t.?le
| avaéforﬁfe

airterma 45 DEFERIBHNYARlY Fieble for Ahe wser, bRt may sls distett theuse's Moice
anot her hgnefd ot cirduhbis@néedNinl LdltRh! GQ /ﬂla%eﬁlaﬁ_tof e %g&fﬁh qgsadjéﬁ%rﬁ.tﬁé)f?)'@?e; or
(1/0) d to be Cta

one or nore auxiliary 1 nput/output evi ces rried at the
upper port i oRougn #f °E%@h9“sﬁ&?§i,%.admt%@¥siﬁm9éﬁesﬁxﬁa@t&jpm farthergowai Gomrthenna
45 from the gebrishizasy FO device(s) 50, - this may allow for reduced . . -
interference therebetween. Some exanples of auxiliary 1/0 devices 50 -

i ncl ude a WLAN ( eAgptherpmpertasbbenefit of placingtie agie@alds) adacemrihalover patiavTli ng

W.AN communi Sﬁfﬂe%uﬁﬁ‘é) 3Piid inhf B mAPMSY £ 1§s§ti§‘1Hwit %8 antenna performance due to
20 blockage by a user’s hand. That is, users typically hold cellular phones toward the middle
to upper portion of the phone housing, and are therefore more likely to put their hands
over such an antenna than they are an antenna mounted adjacent the lower portion 47 of
the housing 21. Accordingly, more reliable performance may be achieved from placing the
antenna 45 adjacent the lower portion 47 of the housing 21. _
: 25'. , ‘Still another benefit of this configuration is that it provides more room for one or
' more auxiliary ihput/dlitput (0) devices 50 to be carried at the upper portion 46 of the
housing. Furthermore, by separating the antenna 45 from the auxiliary /O device(s) 50,
this may allow for reduced interference therebetween.
Some examples of auxiliary /O devices 50 include a WLAN (e.g., Bluetooth™,
30 IEEE 802.11) antenna for providing WLAN communication capabilities, and/or a satellite
positioning system (e.g., GPS, Galileo, efc.) antenna for providing position location
ca}pabilities, 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
6




positioning system(e.g., GPS, Glileo, etc.) anterma for providing
position | ocation capabilities, as will be appreciated by those skilled in
the art. O her exanples of auxiliary 1/0 devices 50 include a second audio
out put transducer (e.g., a speaker for speaker phone 6 WD 2005/120105

PCT/ CA2005%000B03010pper ati on), and a canera | ens for pRERCARMRPIINY t al
canera capabilities, an electrical device connector (e.g., USB, headphone,
secure di gi, D card )., It shoul d be noted that the term
'i nput / out ph?ﬂl&tlc{@ a}ug g& mﬁlngﬁgg?r% f?rd’rm‘f‘ﬂ’@ga@t?'ll qametp cppapilitige,An slectiicalsiyvice ans

that such deniectos(enRyUSE)headphmne seﬁﬂﬁ/d@gitapwml& meRBAakd, kic§s. and they 5.
need not provi ﬁﬁ Both I n a%ﬂ%&gﬁe i ments. That is, ‘devices such as

caner a- | enses S be pese ert‘ilIE‘é(PmPWBGﬁ usefl heregsy ompiiecauxiliaiy %0 a
headphone Jdaﬁke(w 1REHnY tHf SichdiRvied Asheve i m&&/or Uﬂ;ﬁl g,‘ébﬁuﬁg%%é H{V‘er

Il IustratrveId%/ I ncl udes a di spI ay 22 carrr
connect &d ©6ednobpIovide hpthyiy alj gmbe elﬂa&haMtdemeﬁﬁclaambamraibﬂsem%bnlfo7 are

al S0 10 conase Ltpkal it Gl b gi?ee%fz%d%@irgﬂgw & egﬁo%fa?nav'(gat e

menus, text, etc., as wn pr eci ?, The
scroII V\/neelltPBtY may al so be referred toas a "thunb- V\/neel or a "track

Dlaral ity of mrReaRead allie K SKRRA AR hdes a3ty ation B i evsing 24, o
respect i ve andsymbwbtsd ttheheomcmffyre!ike“y@zbdclégxgeﬂnsm aﬁd usrtk,namze\?pby ak@hgjfs.gt,rdﬁs an
e a,space ke a shi ey

al tern t Kk
28, a turn otr:'&)g)n }mﬁ%%ﬁérér ﬂﬂﬁa“%%a %E&B%%%%@P@Feéﬁbytcaes wilhge next
key 26 i s ap;s'ecmtsdatiyﬁmsesmﬂéd in tay AROThe RN hded B7 Eﬂaﬁ_}'sa‘iéorl‘ib faferé&tt&agr,ng t he
alternatet‘]ncgg@n }/ mlarly, t he space key 27, shift key 28 and
backspace k@m °e 8 ﬁs‘e?f %lnt“esromaﬂmﬁ““"&%@ﬂ??ﬂ’@%B%@#WGWWCIWM first
actuati ng whsualityesf aRi-Syitel | Ik@fb 29 e'é&V h&’@n Ha@m%%magrk f respective
further/il I ust rathr vel ncI u send i‘l}' 1 an end 3 sﬁcf

B

conveni enc&T7o therepy, §é a{‘SB rlhuset“re tlndssiag alemate Iﬁmch@lekﬁyrﬁﬁome :
calls, 18s ne&l Kd3e 26, 2R pasy &é;e%b)é M@ tyst 14 eghydh (érh&t%key%%‘&% t-he
0

synbol s on_each key 24 are arranged op ‘and bot tom'r synbols in
t he bottor’nbf“igwc%i%letéﬁﬁé?%d when a user presses a key 24 without first .
pressing 25 thenahdekapdis b Gk 25, B SiRel s are
entered by first I]gr ess{}?% Sae te?ﬁgﬁgafunﬁ@ otnqﬁSth&%l@%ﬁrg%"

the nmul ti- dyuction key 25. aSrlméﬁl}e&Lempaqrsﬂrey 27, shift k@ﬂsemdmmpm ke he

‘é%ﬁ?f’szin?’gé“éﬁ AR ey SR St @r@'tﬁrh%fr%ﬁ%%te | That

i s, 20 key 25. The keypad 23 further 1llustrat1vely includes a send key 31, an end key 32, and a

convenience (i.e., menu) key 39 for use in placmg cellular telephone calls, as will be
appreciated by those skilled in the art, | ,
' Moreover, the symbols on each key 24 are arranged in top and bottom rows. The
symbols in the bottom rows are entered when a user presses a key 24 without first pressing

25 the altematerfunction key 25, while the top row symbols are entered by first pressing the -
" altemate function key. As seen in FIG. 2, the multi-symbol keys 24 are arranged-in the
first three 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

30 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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the letters on the keypad 23 are presented in a three-row format, with the
| etters of each 30 row being in the sane order and relative position as in
a standard QMABRTY keypad. Each row of keys (including the fourth row of
function keys 25-29) are arranged in five colums. The nulti-synbol keys
24 in the W&HAN20%hird, and fourth coluirnms of the fPEBEA20890498, and
tl-drd rows have nuneric indicia thereon (i.e., 1 through 9) accessible by

7 WO 2005/ 120105 RCT, 005/ Q00103 the alter e function

key 25. Ooé%?teaﬁg\ﬂﬁ?%élf erH%‘ﬁ?““ éﬁ%l&@’ Ha%fﬂ’“gﬁti Qﬂ%gw 2?@&062%*“1“ f%eﬂ KG¥%i ch

respect i velag, 2Nt28[ which téspectiely cated a4, “gpomdfir ﬁﬁorﬁﬁﬁsﬂ&%aﬂ.ﬂg e Nat e

function key 25, ~as noted above, this ‘set’ of keys defi nes st andard
dlnian key

t el ephone ofit notgd abeys thihgetraf s G?ﬁnés tarséf'@ﬁ@fﬂdﬁléph%&@b‘lﬂqdone
t el ephone, 18%ut, las %uﬁm%rfﬁﬁida&rﬁéjtrmmmél foﬂ&ﬁ%m@ K:'le!gh@r@ h@wflf% g;fec:ated b

Accordi ngly,” the nobile cellular device dvant ageous be used not
only -a$ athesggkilledindhe &bl | ul ar phone, - but it may al so be conveni ently used

for sending and/gor 5 0 iAol Bk %%J?}Jéd%ntgéeo U BE pGLAs otry SUCh

as Internet and enal ourse
confi gur at iasrastradijonal eﬁﬂube pheEd butnit mabraisoebmmtwermm}g uséd)fdvubmdmg api/m‘rr

predictive ! e used for Ing e-mails
appr eci at e&g‘%ﬁf‘r‘%{%@g 03’ gel ﬁteheérnf’“%%e%ﬁlf 3?”3“56%1 g?fgﬁ?@f |d\é\1"i‘s f?ff t he
ant enna 45 eam@pleo@f chmusﬁhadceymddlronﬁgmam @naty&lso Pl GiSed i3 otttk emBbdid@nts.The

ant enna .45 .i refera a d antenna ich provides
enhanc %ﬁé%ﬁ%é’f@ﬁ%‘%‘&e eg@g c{?ﬁ b ag?ii'feéf?%t typas (?\/'B’i“ f"t F‘bl"éﬂd’ﬁeratl ng
15 frequen(app&clafdbﬂas?twmnwlﬁlﬂiemthe antenna 45 is designed to provide

hi gh gain, desired Fj.‘r:;prn(ij?nce mat chj ng, and neet applicabl e SAR
requirenments ovdemBlapymplomeniaons ofdhe suenmata ars nonadipaysser pith referancs tor

frequency gagss iByughad0. TAE aR¥@iERISEs préfé}sb@ratrﬁmﬂ@reé}éem Bsﬁf &haih Yor@gper at es
over five bands, nanely a 850 MRz d obal System for % Communi cat i ons

(GSM band, Previdgsosnbrpcedsransmisaion Andscepling charagieristiss wuer awalpép OPErEEVA band
(i.e., up tfsgRBRis. %%O?Maﬂ)altﬁe%%ﬂa 45 1%&@1@@ vfd@rh:@g Bet des1red

bands/frequenm es as we To conserve s tenna
advant ageouBwpgdasee imabings pnd gueeh applicable g muwntsagvgeeemlatwem a8le 7

h h 10,
Co® e BB AR bR ot TLGRED Latll By R of LIRS M leifibabisd
secti on 61 mefershly PEBUE7oven fivecbands,seamdly e 850 MEp $3lehad Bystedr fom MblslePCB 67
onto an-L-.§ VQ@QI Cazﬁioﬁé @MLB@%XL%%WZ B BRI DAL RS bk AIE 83 i ch

|ncludes a
WCDMA band (ie, up to about 2100 MHz), although it may be used for other

bands/ﬁ'equencles as well,

To conserve space, the antenna 45 may advantageously be implemented in three -
dimensions, as seen in FIGS. 7 through 10, although it may be implemented in two-
dimensional or planar embodiments as well. The antenna 45 illustratively includes a first

25  section 61 on the PCB 67. A second section 62 wraps around from the PCB 67 onto an-L-
shaped dielectric éxtensinn or antenna retainer frame 63 which includes a vertical bo‘rtion
51 extending outwardly from the PCB 67, and an overhang portion 68 extending
outwardly from the vertical portion émd above an adjacent portion of the PCB. In some
embodiments, sidewalls 55 may also be positioned on opposing ends of the L-shaped
30  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

g -




51 extending outwardly fxomthe PCB 67, and an overhang portion 68
extending outwardly fromthe vertical portion and above an adjacent
portion of the PCB. In sone enbodinents, sidewalls 55 may al so be

positi oned on opposing ends of the L-shaped 30 dielectric extension 63 to
provi de ad®Oo@Aa95upport, if desired (see FIGS. 7 amtfT90A2008M8018:cond
section 62 of the antenna 45 illustratively includes a nmain | oop antenna
conduct or |rst and second ends 52 53 of
the main I%Bmgdg n Uctsggo%d#g{c i néjucgoec %f“‘B?g W&"}hﬁ?r@ﬁﬁgf 4% More

i | | ustratiefticulary) thel dsst Ardnch scﬁndbctam’ﬂhhas& 16 2HA0hd2l Q5T 1iteARROH{000103
conduct or 751 Seco d br(H@cl'l C@Cgﬁf{or 71, and a tim ngﬁgbranch conduct or
72. More par(f i‘CUlMaP GOP poReustey a8¢99nd spdi defining & Brsh Ered gomi, véricheind
connect ed ahl dlesthited dxembiciSéontasted 182 sihalt and a
second end defi a fli)rst feed poi n{g&lal\/\shelﬁrgﬁg?&é lr&%g%grcg{vgﬁﬁehfa

i s connect é@%léﬁghéﬂ%ﬂ“%ﬂ@és & 4irgt @n@com@cwﬁ pdjhesaisthe second end 53 pof th'Ehe 5
second br angdin ¢edstnkiedior’ d4 n jacent, .the second
end 51 of the ?rdgjn | oop COH@%%?’%‘E"‘“& ﬁ%ﬂmﬁgeqc%%s gaj(?gﬂ‘“? wrr“u‘&‘é“ cond -
feed poi nt ,ilikmpkH ckamplats mﬂchwétqweuh@quﬂoedu@onﬁsmﬂﬁmm FIG28)gr ound

pl ane conduct or 9 as' 26 tun| onduct 72 has
a first end conr@ctte % mrF:e r‘r}%@ﬁ%oop con cfg %S‘f\x% ?@Qpectlve
first ends conductns 6ftibebreennlt wereoting fisterdh e IheTﬂil@it and&;econﬂ(br&ﬂéﬁesf Thatis,end of
the tunighg onn ted to t n, | oop conduct or 64
at somg1 pmdr%'{ﬁ‘llg %ggo?{ﬁﬁe%ﬁﬁlgéb{aﬁc}{ P éf ﬁ%’é‘ﬁ"t?‘ﬂté’ tgaﬁ"glf‘ logprordegi®4br anch
conduct or s a7Syme fidint dldng thoknpth dicraf béﬂweexbﬂla et 2@ sREAVBBIhSRaMIcRRS 70,7 and

78 may con r| ed t hout si.gnificant effect on frequency
par anet er s%%ﬁ{%eﬁﬁﬁr gﬁ%%gtwe?‘h%ecﬂ‘%fsr‘? 71998 48 mpay sanenisntlp he Mateda

general ly rvaﬂibanggmﬁtransmomﬁeiueﬁcj ;bd&eﬁﬁet@rbqgthé‘ﬁ%ééﬁt %@ﬁ??ﬂ%ﬂ-ﬁaﬁn ?&878 15

and the gap si ng second side 74, and opposing first and second ends

79, 80. The?bn“ﬁ’i“'?% S‘Fﬁj SHEEATY rectanenian ehane with 2 fisst sideanoludiessegmeats 75y78be

f or med 14si ngd fHd gabesh Ratdcondgde taRde6 nin
FIGS. 7-10.., WiJle th?p?sels%egt ive first e?\]bdséﬁlgcﬂr%tﬁ%m%egoh&lg an(‘:ﬁ0 (S:lgl%duct or

70, the sedBHdErSeRen seclipRp 8l o2 of theagntenna A5 may rhg fgrramhsmmrp@imeﬂmr 72 are

connected’ ?@ttérh&lcfdnﬂ@étw&bﬁﬁnmacésh&segrpm'ﬁGg 1:¢¢p conductor .64 in the . .
il lustrated enbodiment, other configurations are also possible. For

exanpl e, the fi Métiledhrirespectivsfinst amd gt the dine fhranch dorsiuctor 7@ thvpsectiel ramhect ed
to the seceRthcRirde, 4 AL 1§l f nd s é}‘
not ed above, the second sect n&?%%% CD%LH? t‘;erI %2?1 %ﬁ%ﬂeﬁ%g%% eb@fsﬁﬂé? pf g"ﬁed on
the véPti @egin ot Faugor 64 intbe ilushaipd dndiodinent, rdter eoonfigaations 6de 2K6i S
advant ageo‘_ﬁ%és‘fbl@'ﬁo?%n{plﬂf the first end of the tuning branch conductor 72 may be connected to

the second side 74 or either of the first and second ends 79, 80.

As noted above, the second section 62 of the antenna 45 may be positioned on the
vertical portion 51 of the L-shaped dielectric extension 63, This advantageously.allows the
25" overall footprint of the antenna 45 on the top (i.e., circuitry) side of the PCB 67 to be -
significantly reduced: Moreover, portions of the thain loop conduicfor 64 may also wrap
around onto the overhang portion 68 of the dielectric extension 63 to provide still further |
space savings. It should be noted, however, that the antenna 45 may be implemented in
two dimensions (i.e., where the first and second sections 61, 62 are in the same plane), in
30  certain embodiments if enough space is available, and that other 3D configurations are
" also ﬁossible, 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
9




25 overall footprint ofthe antenna 45 on the top (i.e., circuitry) side of
the PCB 67 to be significantly reduced. Mreover, portions of the main | oop
conductor 64 may al so wap around onto the overhang portion 68 of the

dielectric extension 63 to provide still further space savings. It should
be noted, m@%&,ﬂlﬂf’hat the antenna 45 may be i npl enenPEHCAMOSHAL3
dinensions (i.e., where the first and second sections 61, 62 are in the

SATE D S1) st AU BEROS) TR ks £ PUA T SPACR R L BB ey 20,

t hat ot her 3D cohfi gura ns are

t hose ski | | @dréfarablyecannectedTvegrvand withap a:matdhmgqret»ﬁﬁkl andomé inRBsk Bun@ect i ons
nnected to the signal source

74-80. The an uc
54 with or é"npﬁ%ﬁ‘f&e{s %8%‘2’153 Wi‘&?ﬂ“ﬁ ‘Wﬁ@@ guoe oS spend)CcA2005/ 000103

network, as wil IGd‘meralesp@Rit@I e 1dagthtohe@ac1ﬁk b Adadd A J}Quﬁﬁtto sef B céx?cSP“d
branch csond ctor B?eﬁ%rably connected to ground w thout a matching
a rﬂl’ﬁ&tl

net wor k,” an eq;“l?g;yt HAUAE Mfgedssng pp baok-andcfarth paftepis. of the bratch
ted tgonil r |
connect ed t @nthittors i7gnak 7ok apﬁm% ﬁitmgr»@fﬂg{jéan 6208 %ﬁrﬁggeﬁ‘&hgﬂen%tqmncy

| engt h of branches 70, 71, and are used to set the ce
of oper at i ofchKales Eﬂ%ﬁeéteﬁﬁﬁﬁlféﬁ Mprenvet differam dhapto(ie., itunpe fostnies) cxffthd he

b h h b
change e - Taate ananar ey prbfuilTy B R e o R e Rl

di fferent sitdijion t¢ theénean@lmgwgdfs@aghtrles)shapfes ﬂlmetratéﬂ ariies, other gédmetdids May
al so bejis cies. .Fo n ddjtion to
¢ e\dhl&fpllﬁ cb\é' \%@d ﬁxj Ih?geeﬁgncﬁ}és &gl‘%ﬁ? Iﬁf’% g?té«aie gﬁp@’l&rgmeaa 9 |

t he nmeanderin trai ght-1T1ne shape
geonetries & véfﬁ)chbmw $ewith e dodpdFIG. &) et Variohesthérnbipes endeoadinations hed or

triangul ar [ A) nch 41 with | oop (FIG 4B), etc.
Various ot her sggjp? saqsé?nﬁgcon%ﬁné%r?‘(’fﬂ% daf\ FAUFREY %Paé"’ﬁteﬁé“‘iﬁséﬂ vil} B ovi de
di fferent fappmuxated;byalhmeahﬂedmshdm as will be appreciated by those

f the main |oop conductor 64 may al so

skilled in the The C n 73

be used to cont r sei?‘:'m gg O:ftt?’ﬁ "F‘?g‘aﬂi’eﬁwu"tﬂ $Aruay ylsgrbespsspes ontplor

cut - out ks nmpetmanglﬁeqhehay Alvmaﬁaf s}@ﬁeﬂaﬁd/or &ktfdﬁtéxﬂﬂjr Bau§e€%%€§ec'ﬁé% ?”C' ude,
forexarrpl e, P iﬂ% a_hal f dog " bone 91

hai rpi'n 92(sfyf°?‘imr%% é‘ f"é % vaq°ﬁe’§§‘Fﬂ¢IaGdGBPP¥e %0 F6r pih adilindeg | oop
94 (FI'G. 5Hone 81 (HENEBY, a%n‘ﬁlﬁ'@(Fﬁ}lgt 2%HbIR h ﬁ?’}ﬁ@?@ggg?é %%ﬁ%’a

Mor eover, in g g{ﬁ egEodl ments the en i Te main nmay t ake
one of -t he P&t ‘g g Eb ¢ BemderdoE1G: Hyr and #%ﬁ“ﬁmthﬁlﬁa(ﬁ](il%)ahds@ovsmm( s) .
thereof |f RmeCdmitodivhen® BIFEGkird & I S to adj ust
I nput i edange and/%r vvldenlr aﬁeﬁgf%ﬁdﬁc gg%arb&pgﬁgg) rgfa 3831 sed,
whi ch atshapeg Ar %Hﬁ?{@@ﬁhﬂhanwst a section(s) thereof.

if an circuit element is nee_ded in certain embodiments to adjust input impedance

and/or widen bandwidth, a loop type pattern may be used, which creates an additional
resonant tuning stage, as will be appreciated by those skiiled in the art. If adequate space is
available, straight-line portions may be used in the appropriate length Yet, space is

25 _typwally at a premium for internal cellular device antennas, and partlcularly so for

'_ compact models, and thus one of the above-descnbf_:d shapes (or others) will likely be
preferred.

The width and shape of the section 74 influences antenna gain. The length of
section 74 also impacts the operating frequency. However, it should be noted that the .
30  lengths of the sections 70, 71, 72, and 73 (i.c., 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
10




resonant tuning stage, as will be appreciated by those skilled in the art.

| f adequate space is available, straight-line portions nay be used in the
appropriate length , Yet, space is 25 typically at a premiumfor internal
cellul ar device antennas, and particularly so for conpact nodels, and thus
one of theWARIWELHMECr i bed shapes (or others) WII I|kE¢§/CM95/q9Bf@$erred
The wi dth and shape of the section 74 influences antenna gain. The | ength

of section 4 t rat uency wever oul d be
not ed t hat themﬁ%ggq %ﬁ?ﬁ@%@‘%‘ﬁe%& gtﬂ?s%’%sﬁyalf? &?F&S‘?‘:'S}”Fl @'S AP he
| ength of t h&7¢FiG. ﬁA)ammnmacléﬁa(faesm),afdfaa@ax&yuabaxmﬁéﬂ@m a‘o)equency, as

Is the case with éﬁ ggﬂ di antenna. The mai n_| oop conductor 64 may
take a plurality of°" Thdnay#iq hayeneiehseaickes, gip. Rashermaxhamssie,

the main | oopp aamdyﬁb@axe@éo &ﬁyaﬁlswmﬁemgﬁﬁl@ﬁa@k ke behf. YiQhZﬁ@%é %.8&%&%& in
PCT/ CA2005/000103 glrcul ar, square lglona etc., although other 'shapes

may al so Be Wd%trssqER calular @%h‘ﬁﬁemew @ild proferably derdirectod @W&y frem( e G,
6B), and a Kidga¥nbean, ér? aRfoud? o fhk ﬁan@gbmé@bﬁgivleﬁ% vJaggf %:aoﬂae Lhafiy al so

have notches, patches, Pat ches may be use surtacée area So
that the secﬁhmtemaéémam‘nap@m ﬁemm;m ﬁllf:thﬁ;gim:lfﬂhelﬁestlamlenwl may bekbout 5 t he

rom the tol cphces i HERERAEor dOGBRAMAINA HaP e AhFE1d s A5 dekeiie g W0,

of exanpl e, uhmgszndmlaufentatxbm wmbmm]atMBdamysndm mdyadldo bé weed. or | ess, t he

hei ght of theflrt t he t of
the second secti o% %%g‘ﬁﬁ);ﬁ)ebg ?T?#&se&‘gﬂlalaﬁgﬁ]ﬂ%ﬂfg t°ﬂ’ﬁ‘é’"& \g}g

i npl ement at i Gandvdithco gosd, math”lﬂr ne{édémlﬁelrahs ffegienal SandeCofumbiest. 1PmIRe @ag di ng
the S1 1 |rrpdan f the an na 45, . to prowdevvld

bandwi dth a 3 %&?gﬁ“&&iﬁgéﬁ %@’@rth“t"rf@‘fer%&&%@?nrc&ﬁ'ﬁéogﬁe 30 ({hwp eaper
Thus, it is pdbsidsabillebd appsvidtekby msessﬁned:inr&laenan%tammmwen% iy unken
circle to the 50 Ong1 center ﬂgm nt, as wl| e gpremate y those -skilled

in the art. PRERCHF ghihpgntegua dp, may e e de shrink $09¥e thehdl laﬁfcéﬁa dichsis nay
be used 1§ shidfokblgudhein awsmautba f%hkonl Fﬁx‘ﬂ'ié?' tﬁe MY hdwdR AR GhShddhy done

in a distributed fashion. Further, the matching network and meanderi n

portions of. PREEHPEHEAtEmARmay e l?fe“SG% tmevs thewal cirde Hward the |dpq;11eé 50owar d
the desired Rfhm Ghiis FEAE e RRRRE of wED ﬁ%‘llo&rcie{]?s %&y H‘ﬂiﬁﬁpsxﬁcé it cgn, o

circle' is less critical since it can vanta eous e noved towar
50 Chm poi nt adgmmp%lywdveveﬂﬁo\avgééwcﬁam mmthas noked abpjveeae@nordanweeimlththn 20
General spealg g ifAfgPove- described antenna 45 all ows various shapes and

20 _ General speaking, the above-described antenna 45 allows various- shapes and
lengths to be utilized to provide appropriate electrical lengths and current distribution.
Some shapes are simple delay lines, while other shapes are designed to affect current in a
particular area, As noted above, given unlimited space, many of the shapes and geometries
described above may not be necessary. Howei}er, it is within the space constrained

25 -en_vironments of mobile wireless communications devices, such as cellular telephones,

" where the above-déscribed antenna features are particularly advantageous for providing -
desired performance over multiple operating bands.

| Various changes in the basic layout of the antenna 45 may be made in certain
embodiments. By way of example, the tuning branch 72 may be moved so that it extends

30  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 2 first surface on which the circuitry 48 is positioned, and a2
second— surface on which the ground plane conductor 69 is positioned. Pfeferably', the
11




|l engths to be utilized to provide appropriate electrical |engths and
current distribution. Sone shapes are sinple delay |lines, while other
shapes are designed to affect current in a particular area. As noted
above, given unlimted space, many of the shapes and geonetries described
above may Mér20p@I20Eessary. However, it is within the BPEHE&2009#98108ai ned 25
environnments of nobile wrel ess conmuni cati ons devices, such as cellul ar

t el ephones, ere. t.he abave-descrijb antenna features are_ particularly
advant ageouRPTHYE %ﬁh\?i‘ﬁ?‘ﬁ O%Iégri‘qglé 1ngr‘l"’o eriapg @prtion) 68 pf gﬁoﬁa’é‘?@?‘i ng

bands. Vari gigRcteibangasion 63t e rélasict paytmbd o at RSt ANbRIAR tﬂégﬁ'&ﬂd bfndade in
certain enbodi nents. B of exanple, the tuning branch 72 may be noved

. WAy .
so that it esodEsieRs 6980'1%? ohdss deen ofundy tpnproide ethageeds apgnnatneEoiamanges
are al so pogsidteBisti@S SWhil ' ' ' art. The
PCB 67 has a fi rsftlsursf alcdélygﬁt %@%ﬁﬂeﬁgﬁ% ?@ﬁfl‘%ﬁéﬁgéﬁl%ggﬁo ?c?%e , and a
second shr f breechorendintern 70,74, G onerlap e graand phuuemduct@®%. s positi oned. .

Preferably~ the ,1 ' / 05 PET/ CA2005/ . portiaons of. the main
| oop conduct or 62 ;ﬂflstheﬁlgge%ﬁ)%g%goﬁgi gﬁ%él noggfﬁgﬂéhaap%%]&di“élf%eé?ri c
ext ensi on 6&mnunications devide\20insow dematkdswitiasfenmie todFIGY &1. B nidieddegund

pl ane condugt or -Thi s .has heen f d.to provide.enhanced. antenna

per f or nanc e&ﬁg% alrlgjg Y étrﬁirbg yidige a%“?ﬁ“ﬁ%ﬁ{}]","“ﬁ any UppEh ROSHOR ‘é‘faérf'daﬂog’ °t Rft'%%hone of
the f ijr st, éﬁwﬁglearic substmig &S‘fdarr&ﬂ(ﬂjr tﬁﬁhgmmigpbﬁcu?t%{c 49 ﬁarﬁad 8y &id cﬂﬁe&ftﬁ@

groun ane_ conductor. 69. A first t hod aspect of the invention for

meki ng g(l_) no théEEW PAUGIOOURY ﬁﬁ‘?ﬁ?@&"é{@ cfﬁ?eggvit % UBRST iPQNWB\H?&&WF‘BEG“%_ th
reference t connbdted thihe dhmitip bdindudeBpitSnteltBe @ekcd Q) thé kiRt B icstkiBdy

housi ng 21 ax’iang an upper portion 46 ang?da | ower portion 47, a dielectric
substrate 678 &Y Frtediip dhe Giguity; 3t Blpgk i1 Bhempthod it illpsiratively ect ri ¢

10 substr at ficludés piilioRing st Rkt dnb BREHMS RpudSurpddelied s®WithBans BRRE pRAkA | on of

t he housing and.  connected to the circuitry, and a user 1 nput 1nterface

device (e. g%t of the beusmal and couaestedte tb‘j/cmiq){ﬁé_' ‘?ﬁr;@é PiagkdAd, andrmesitionids e t he
circuitiy, alteBaofKwldih hEPBWIELEREN (44 b8k ﬁdugﬁ{gtd’nﬁtdoﬁ‘?ﬁw'ﬂﬁll&?rﬁ%f
I thirn e upper

positioning at |east one auxiliary Input/output device
portion -46cufugtive teessomiie diclesi subsinates aiclloclol 11X ghusiconaiiding the Qlustratedd] ock
'lga&mg_ﬁ ‘antenna 45 within the lower portion. 47 of the
g

112, and poaehiio@p!s

housi ng and conprisin pattern of  conductive traces-on the dielectric
substrate, at Blé&vather]l methaduaspeonoifudtiengntenton | bushekiteda mebikodviRlleck 114

Anot her et p&ﬂm@rﬁ@ﬁﬁhs Qéviée% ig R Hagcgﬁ'edf\% Ie e%én%gtoaﬂj&) %l ’ﬁlevr\élerﬂ?old Segins

20 (Block 120) with forming an L-shaped dielectric extension 63 comprising a vertical

portion 51 and an overhang portion 68 e}itending outwardly from the vertical portion, with

at least one conductive trace on the overhang portion, at Block 121, The method further

iltustratively includes commecting the vertical portion 51 of the L-shaped dielectric

extension 63 to a main dielectric substrate 67 so that tﬁe vertical portion extends

25 .- Qutward,ly therefrom, so that the overhang portion 68 extends above an adjacent portion of

' the main dielectric substrate 67, and the at least one conductive frace does ot overlap a

ground plane conductor 69 on the dielectric substrate, at Block 122. Further, the main

dielectric substrate 67 may be mounted in a housing 21, at Block 123, thus concluding the

illustrated method (Block 124). Of course, it will be appreciated by those of skill in the art

30  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

12




communi cations device 20 is now described with reference to FIG 12. The
nmet hod begins 20 (Block 120) with form ng an L-shaped dielectric extension
63 conprising a vertical portion 51 and an overhang portion 68 extending
outwardly fromthe vertical portion, with at |east one conductive trace on
t he over haW® 06¥i2¢38h, at Bl ock 121. The net hod furt her PCT/CANSYG08103 vel vy

I ncl udes connecting the vertical portion 51 of the L-shaped dielectric

ext ensi on . 63yifOreferfftk o CFIG' qgt Thé dSHBS 16R) ﬁlu@t?ati%@iy llfiéﬁldésha Bouéile! 1700 Rg

portion: extends 25 outwardly therefrom so 1 overhang portion’

ext ends abové&egmndakfA08 sad tanpinut slevies 1600. t'iﬁ"é Muﬁ davle¢ gl s asdlbsltay d600,67,
and the at |

onducs on o ARl RBRGEANY AL Neplc 2B, BAEPLPAlarARLL A0l MRS

di el ectric suoibzedatiepdFessing dbacabitiedodtained withisi the haasjngaIZOBlamtks d&RPledt hus

concl udi n th Ll L.y t QcC

appr ecij at gd oéheesl% aﬁﬁoﬁe %?lfehéSpelﬁ'}E h@é ﬁeaqroeﬁgn%p%ﬁ:e ic#’oé’?létboés fhe
described in opbteuabaﬁ/the displagl 1680, Ao dsll ias therivelall opmmﬂ & the mobilk devREi1006;
steps may bﬁﬂ?erfor d i n..di fffd‘ erent: o de ﬂ‘é@sby ferent enbodi nents.

Anot her exanp EFSBIRSE ORgRatione ke o the keyp "%hi cati ons device 1000
that may be usedThe hoes& TZUCRa) be e[lih%&@d\'ﬁ/eﬂl@ﬂ%nb 'tﬁkcféﬁbﬂﬂ&rm%sﬁlﬁ' bed
in the exanple below 12 WO 2005/ 120105 PCUCA20 000 03 with reference to
FI G 13. The henes faclidipgclamphelkhonsing siruptoresd 1ia keypad may dniigle paunsle selectioay pad

1400 and j@n Quy Q#btlﬁ?ﬂdr@@ar@@p%ﬁmfof’k%%ﬁngqﬁwe‘éﬁ te?c'f'% dnd téleplibPlifiyy, 1600,
which is preferably a full graphic LCD. types out put devi cés may

al ternatively be Iygdditiondg thegronessingdevicy 1@@/ P@éf u%@ofthe moyile agvired OAP edsi n
the housing 1200 abtknlaSic AR BiG 330Sh4E eiﬁ'chﬁcﬁ a keRAdic1R & tt%ﬁlel(mls gl ay

1600. The processing devi ce 1800 controls t operation o e display
1600, as wel Ishort-zasige Feempwicationsogwbsystemo h0ZK thehkesrpadmmeﬂ dadithe dispiap ,1600,n
response to ag S i ng
100 may be TS e JulL mbEHSyAR debfed 0 108" d10cld 1920/38 wel BT,

(i ncludi ng cldansbel160hbi#Siand vaicus othar w}ce siﬂmarstkmymm Thy miohidd detized 00® ke
sel ection ar.. ot her ar dwa or. SW t bet en t ext
entry’ and telpéége%‘?’ll AN r‘?fay h ‘244 cathontg @e‘flﬁél\ﬁ%?%vos}%e fﬂ’& c@g\ﬁ Mot her
parts. of the d&péhllit&asdekwacldlthO%eammbﬂsh:teWtesmmenpﬂefemwlﬂ' Yhak rthEIo@pabﬂ&y fbhese
I ncl ude a comuni cat on ?}H%s stem 1001 f&i} t -range conmuni cati ons

subsyst em 10267 HE e i Elp'étﬁ'dsyftﬁlgsa'laélbq ™00, along with ot her

i nput/ out put devi @Rralidf Qystekd 86kwdrd QRecartd by 4RO gro%éssi&@ deviR6 18B0TRIprefbiably
devices 116Q- 1180 and various ot her deﬁ e su systens 1201. The nobile

devi ce 10%90 jstored) ot Bergistent ot NPy rFRETRPTY 2 Ak ayi Reestotsd imefheroi ce
and data cOMppsGRined®y devices, such as a read only memory (ROM) or similar storage element.

In addition, system software, specific device applications, or parts thereof, may be

=

temporarily loaded into 2 volatile store, such as the random access memory (RAM) 1180.
Communications signals received by the mobile device may also be stored in the RAM

- 25 1180. _ _
3 ' The processing device 1800, in addition to its operating system functions, enables
execution of software applications 1300A-1300N on the device 1000. A predetermined set

of applications that control basic device operations, such as data and voice
communications 1300A and 1300B, may be installed on the device 1000 during

30 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

13




capabilities. hi addition, the nobile device 1000 preferably has the
capability: to comrunicate with other conputer systens via the Internet.
Operating system software executed by the processing device 1800 is
preferably 20 stored in a persistent store, such as the flash nenory 1160,
but may beW&P¥AH ot her types of menory devices, sREHCANOHPPMAE] onl y
menory (ROM or simlar storage elenent. In addition, system software,
specific d n apt.s e f. b (o] | | oaded
hto a vol SEFE JEBrE Ry ProrBip e pVHAE tenfi e St R 6
Communi cat isprhropizgdaimed ppdatddy etk the Wmleaa)bxetve)rldelﬂﬂéewnhyﬂml dovidge usr'or ed i n

the RAM 25 1180...Th roce devi n_additli n to its operating
et om t unorengiding iR SRR PG vt BB BB ons 13008 13000
on the device 1Q6fmuficpiicadefusutions, nadluding datfa anxplmeetlmﬂnlmtmmnmeol

basi c device o0 s, such as data.and vai 0 icati 300A and
13005, * fny PHETIRE Auphalite ST Y SI0EUOM P15 ORI OF et e TP

addi tion, fumer&RiMinidaBbeY RRsyQEm ”ﬂ“ﬂé‘%fnnﬁiﬁMaﬁoﬁpEﬂHsﬁﬁém OfOWeMciages a

i nstal l ed during manufacture. The PIMis preferably capabl e of orfqanl zing

and. managitergiveritRtd, Fén%nlﬁgdéﬁﬂ,a@d@nﬁar prore-tesAy 549\Pé1ﬁt1§60 JBiadd wa. s,
appoi nt Mentyg, ¢4 g'lﬂ'ﬂ.l&u?aﬁgné L8R ﬂfbé aPB%&HﬁE lh GRd Qg ﬁoﬁh@ Quél & £4i

capabl e of sending and recei VI n ata items via a 13 WO 2005/ 120 5
PCT/ CA2005/si3p@11@8cessur (BSE: sS&%mmallmgﬂatonr@m} 361y The ﬁpecrﬁq\niqawaanﬁt ens

are Seafa‘l 43,;13%%3%&@% argg% cﬁ%ﬂﬁQ{c%Unée nvpﬂf&leg s Vdperddft WobR!

net wor K vice user corresponding data“itens Store
associ at ed ceinfiunizatios tnetworio it eThltéytht embﬂ@dmm 1660 isintdndet td opesate.i Tzl ud| ng

data and vokGeEOTIMIORLIA 00 BLE soch RS CREIBLEILAEN e R HRIGA!  ons

subsystem o 0551'D ran conmmuni
subsyst em td leerawnmitin ltlceaMlobntscT%,ulbag{ TAETTM 13 enierat IPackes Radlor&:mcc/ GBPRIEBOO a

transmtter 20, . and one Qr e .ant as. 1540, and 1 60 di.tion, the
~ communi cat i glegﬂ%ﬂé’w CFOYE nﬁ{v@ ?'@Inqg e%esﬁnﬁ%cc’@g ‘%d VAl s a
digitalys sicg%lcepcroﬁﬁﬁﬁmﬁo@s&etw&&aosucmd ANipS)| TSI, I(T,IaM(Ar S, GSM,1G01. The
speci fic desip and O-i enentation_of the co ni ca ons sf.em 1001
i s dependenQ ?}'&WSP};QM Ay Ry PH PO ReRBRIR TJ sﬁgﬁ%fh%]ew ce
1000 i's |ntvﬁﬂﬁﬁgn{0911@@@ﬁ@t1@oo For'  exanple,. a nobile deV| ce 1000 ‘may i ncl ude

a communi cat i ons_subsystem 1001 desi ghed t 0 erate with the Mbbi t exTI A,
Data TACTm or GAY&VeK ﬁﬁa@RéFq‘ﬁﬁ@F'@iS Sé‘ﬁ’v‘il?d’énctl@m)n the type of communication

system. For example, in the Mobitex™ and DataTAC™ networks, mobile devices are

20 registered on the network using a unique personal identification number or PIN associated

" with each device. In GPRS networks, however, network ‘access is associated with a

subscriber or user of a device. A GPRS device therefore requires a subscriber identity

module, commonly referred to as a SIM card, in order to operate on a GPRS network.

When required network registration or activation procedures have been completed,

. 25 the mobile device 1000 may send and receive communications signals over the

| " communication network 1401 Signals 'reéeivéd from the 'cdmrnunicatio‘ns network 1401
by the antenna 1540 are routed -to the receiver 1500, which provides for signal -

amplification, frequency down conversion, filtering, channel selection, etc., and may also

provide analog to digital conversion. Analog-to-digital conversion of the received signal

30 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, fiitering,

14




nmobi | e data conmuni cati ons networks, and al so designed to operate with any
of a variety 15 of voice comuni cati ons networks, such as AN2S, TDMA,
CDNI A, PCS, GSM etc. Oher types of data andvoi ce networks, both separate
and i ntegrated also be utilized wth the nobile device 1000.. Network
access. rediff 8%H¥’§ vary dependi ng upon the type of cBEHGAMEHNYA system
For exanple, in the Mobi t exTm and Dat aTACTm net wor ks, nobil e devi ces are

20 registered, ]ﬁ]ﬁ n er sonal tificati Qn nunber
or PIN associated W t h”a‘i'ﬁei"éﬁ é‘slcjile\ﬁlél)rggél!’ tﬁ?'goﬂé PRSTHOEK 1‘#@\/\@98?”

access i s assatdngd 8860wi th a subscriber or user of a device. A GPRS deV| ce
therefore reqU|re§n . odul e, commonly referred to as a

r| ber i.dentit
SIMcard, in order tgélgl r' &t ROGTIE @%ﬁﬁﬁt%$ Righaipethe L29F i1 580 proxidai for
regi stration htreicef matneewa@rmewﬂaﬁe raysnileers20 0 FY %Ea?rﬂrle, g%ﬁst gﬁhéﬁo{&' le

devi ce . 1000 mﬁé‘ﬂ send: and recel ve conmuni cations signal s over
comuni catd orfORERHRRRRONS 4B gnalssin, the| teceives iS0B @nd trsnsmaikter E5APmmay (bataﬂﬁn’isrely

networ k 1401 coﬂh‘oﬂﬁ%ﬁéﬁiﬁ?ﬁnﬂtﬁ‘ﬂ%ﬁoﬁﬁ&l%&ﬁﬁuﬁsﬁm&%&eﬁéﬁ?déﬁg pghil whi ch
provides for signal anplification, frequency conver si on tering,
channel sel ect i on Inadata cogmepnieationsimese, prasviveibsigmad) wgh aoa thxginesthge or web
conver si on | I LV al | ows
conver St on, B B0 el ebs OO B il LRSS AT AL e
denodul at i on rpeesHRE SeHicegl 800N The wiceivédasigmahimtben fisthgnpdosessal thethe rpmsmdgt ed

1580 ‘and & e sk 1800, 8k i BB Yo e 806 T o Bt glectortlri i og

conver si on, fdesigad Ay Augevicernsermayoaiso dnipoes dm@nemsléuc\l’ﬁsm&l FhefddEs, using
PCT/ CA2005/ 00 19 | f| ation n| cation

net work 1401 %ﬁ ey OW%W‘W{E&%B}HE ﬁ@ SIO%%@”A talt PQS1 BFSKEssi ng

communi cat i onsvighgnituab-witieel, B)%nib‘i&l&rwp@\w Gt de¥ice. TIY Bothoséafdaiah@n{s@&a%r' ver
1500 and the ra s tter 1520. For exa fie al ns a

o] 5
communi cat i or€PE E?Pgﬂ'it Yk Geetoampum ai‘B% gk Fﬁﬁ'sfﬁat thercomppupicatignshe
adapti vel y5 ccmbsf}@iehﬂimhrough automatic.gain control algorithns inplemented
in the DSP 1580. I n a data comyuni cati ons node, a received signal, such as

a text message.or Iﬂ\éﬁ’mcﬁi@@%ﬂl?ﬁquesoﬁfﬂb%%ﬁwnb&f thﬁ“l@“@@ﬁﬁﬂ#ﬁst@atlalb'ns
subsyst em 100dmafdol tSe AR Wondnuridag ed.
signal is then fli ft h?ar processed b ons&?@%ee%?é gé@?ﬁ%&%&g%m‘ 1%?5@& o\ﬁ an
out put to thePeksp|1a)0.1auh signpls ofor dtranamissien yare geserated oher mmhoncarlﬂm,/ 0
devi ce 1060. -Ay&paive Goids BF alRY 18 sufsys@AR A6 74 Goibd HlRagSHENR oGRS sﬁsﬁem,

nessages, us in g
may also be 1mp1emente_d on the device 1000. In addition, the display 1600 may also be

utilized in voice communications mode, for example to display the identity of 2 calling
party, the duration of a voice call, or other voice call related information.
The short-range communications 'subsys'tem enables communicatioﬁ between the
mobile device 1000 and other proximate systems or devices, which need not necessarily
25  be similar devices. For example, the short—range communications subsystem may include
' an infrared device and associated circuits and Gomponents, or a Bluetooth™
communications module to provide for communication with similarly-enabled systems
and devices.
Many modifications and other embodiments of the invention will come to the mind
30  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 medifications and
embodiments are intended to be included within the scope of the appended claims.
15




t he keypad 1400 and/or some other auxiliary 1/0 device 1060, such as a
touchpad, a rocker switch, a thunb-wheel, or sone other type of input

devi ce. The conposed data itenms nay then be transmtted over the

communi cat i ons network 1401 via the comuni cations 15 subsystem 1001. In a
voi ce commif! ¥EV18WS node, overall operation of the dePCHEAZ8540W3t antially
simlar to the data '*communi cati ons node, except that received signals are
out put to ag.smagker 1100, and signals.for transm ssion are generated by a
m crophone 1120. ,Alternative voice or audio 1/0 subsystens, such as a

voi ce nessage recordi ng subsystem 20 may al so be inplenented on the device
1000. In additi e .di . may al so be. utilized in voice

communi cat iq(')ns %LD %ﬁlﬁﬁlgl%ggﬁﬁp?é%?%ma? geﬁfcﬁﬁo?lﬁlém?%enti ty of a calling
party, the dur atihowsing amd voi ce call, or other voice call related

i nfor matsi on. Th nﬁfft?—r f.- rag}gﬁa gorrtrruni cafions. subsyst em enabl es comuni cation
bet ween“the mobile 88%‘}‘_38 O GG BTsE vithingaid Higueing gud eomprising devi ces,

whi ch need not aeefskapicbyducbhavder 5P %&fcin%ﬁhﬁ@%st%ﬂ? s%ﬂrﬁ@ﬁéﬁ’oﬂsﬁg '
short-range_ co ni cations subsystem may include an infrared device and
associ at ed % ﬁPP%“dﬁ?far’corrponents, or a BluetoothTm comuni cations nodul e
to provide for a6aREIBRnEREIIIcH hdvirsl 41 Ve y and .deyi ces.
Many nodi ficatjons and ot her .enbig}jri@nﬁ%?dgfm%g?%ggﬁ nl%?)l%r%ﬂﬁngc%ﬁ%gto t he
mind 30 offRYhOOR kFNdnEar ang hawag asecondendigfining alfiesidéadtpont, t he t eachi ngs
presentigd in thggd } Ml i L t spci ated dr aw .
Therefore, it is ucgg(g?‘sa{léggcé) “?‘%Z‘fr %aﬁgé?%égﬁl %Or?p‘ ?céﬁﬁiceﬁéﬁ%gc?qaqvﬁngg’z to the
speci fic efdaefiar candyetpioandd seeond endhdefiningdistiond feedp@imagld enbodi ments are

i ntended to be |} It . SC of, the appended .clains. 15 WO
005 190108 peT) EasHARSelist ot D BRORS: B ool e B R e b rideicE | ons
devi ce conmpeivsehife respeckive Sishends afshidfimt andlstdondl begeescy band antenna carri ed
wi thin said housing and conprising a nain | oop conductor having a gap
therein defining first and second ends of said nmain |oop conductor, a

first Bfanéh colbrumobile wirdlesscomnicationndbviRo vl €14igd] 3eRGLR Iif fobs St end

of said i conduct.or _and having a,second end defining a first feed

poi nt, 10.”25@3%@%’5%? ﬁ%%al@voﬁa@estgw Wﬁ& H’b‘ﬁaf’l’??sr”ﬁ figsh @ng seoud tsidgs aod acent

t he second opmdingffirst and second ends; and wherein the gap is in the first side of said main loop .
conductor. ' '

20 3. The mobile wireless communications device of Claim 2 whetein the respective
first ends of said first branch conductor, said second branch conductor, and said tuning.

branch conductor are connected to the first side of said main loop conductor.

4. The mobile wireless communications device of Claim 1 wherein said main loop
25  conductor includes non-planar portions.

5. The mobile wireless communications device of Claim 1 wherein said main loop
conductor has at least one tuning feature therein. '

30 6 The’ mobile wireless communications device of Claim 1 wherein at least one of

said first, second, and tuning branch conductors comprises a tuning feature therein.

-16




said main | oop conductor and a second end defining a second feed point, and
a tuning branch conductor having a first end connected to said main |oop
conductor between the respective first ends of said first and second
branches. %@ ﬁ@ The nmobile wreless conmunications device of Caim1l
wher ei n sai"d &K% op conductor has a general |y rect BREGAHPS/8HEe wit h.
opposing first and second sides. and opposing first and second ends; and

uher el 0t he 0aDrhs ddbal N ALt Shrshle 0L, sal.d e g Logp,  conductor 20 3

The nobile wirel ess conmuni cati ons RIS pect | ve

first ends dieleticcsubsirase supparting satd prilts frequensobaild 38CHNE 2l FR&GENGRRIHEAL O .
and said turf(jmng i

o Qr(%}c%#on uct 015 are cogggct ed to the first side. of said
mai n | oop coOMBuUEToTeioy trshiand seqond brafch cpnauctors, apd, Mining: bransh epaduciar. esth O ai m
| wherei n sabwipriss B rdspefive &daeivd watddn daliditifgS: HBBeAd, anar portions. 5. The
nmobi | e wi_rel ess communi cations device of Claiml| wherein said main | oop

conductoP has at |east one tuni ng feature therein. 30 6. The nobile

Wi rel ess COmMMuNi THY inthSleORKEIER Smibhdidliohs MRESIP. Ghink SR 3radP SoRhrisisd

first, second, and tuning branch conductors conprises a tuni ngowggflﬁge
therein. . 18565 HaCeYEIGRUINTTIATZ00E A0 OidR . subkteaterainl benmested te sad

conmmuni cat i g% Bedleasy PhaGh@hth | Rather conprising a dielectric substrate
supporting said nulti-frequency band antenna; and wherein said main | oop

conductor, first and second branch conductors, and tuning branch conductor.

each c rigses ' nductive trace on said dielectric substrate.
56, Thalnosi 1 o pateHokag RREHGG KitGel SRR drvirororurener
conprising Wwireprevidingrassieg;wed circuitry carried by said dielectric
substrate and copnec to.said nulti-frequency band antenna. 10 9. A

met hod for maki g“’?‘r‘o%gial“é“l\%aﬁ'?e&mé‘&% T AREFAT ‘é’ﬂ‘%‘%ﬂ?ﬁlﬁéﬂ’i’%@%%ﬂﬂgﬂ ng:

provi di ng a housa ngin laogl caaitior bavinya gapthkefelr doHRRHEENSYanR3BDnARhEEERWM t hi N
t he housi ng_and conprising a main | oop conductor having a gap therein
defining fi Pt S° g‘&}{%?fd ends of the nmmin |oop conductor, 15 a first

branch ¢nduct ora figs bgcldcoridutbr RiethgCORRE CAEnAhRCRM oot R fnis¥ Sta G Of the
mai n | oop conductor gnd having a second end defining a first feed pol nt,
_ main loop conductor and having a second end defining a first feed point,
a second branch conductor having a first end connected jadjacen; the second end of
the main loop conductor and a second end defining a second feed point, and
a tuning branch conductor having a first end connected to the main loop conductor

20 between the respective first ends of the first and second branches.

10.  The method of Claim 9 wherein the main loop conductor has a generally
rectangular shape with opposing first and second sides and opf:osing first and second ends;
and wherein the gap is in the first side of the main loop conductor.

25 _
11.  The method of Claim 10 wheréin the respective first ends of said firlst brahdh s
conductor, said second branch conductor, and said tuning branch conductor are connected

to the first side of said main loop conductor.

30 12.  The method of Claim 9 wherein the main loop conductor includes non-planar
portions.
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a second branch conductor having a first end connected adjacent the second

end of. the main | oop conductor and a second end defining a second feed

poi nt, and a tuning branch conductor having a first end connected to the
20 between the respective first ends of the first and

mai n | oop
second braﬁgﬂ%§§b€@§ The nethod of O aim9 wherein thePRHFAZ0FYEW3 conduct or

has a generally rectangul ar shape w th opposing first and second sides and
opposi ng fi3st PROMEMEOBHCENES; wherdid tNRERI 10op ERAGAG: has at Teabtheltiniifg Si de
of the main |oop conductor. 25 1 1 . The nethod of C aim 10 wherein the
respectivefan“F%&e’@st of said first branch conductor, said second branch
conductor, and said tuning branch conductor are connected to the first
side of said main | oop conductor. 30 12. The nethod of Claim9 wherein the

mai n | oop ¢énduThomethod p{dlein A ohersiraaideast gueof therfisst, serondpadipging branos

PCT/ CA2Q005/ - hod. qf aim9 wherein the main | oop -

conduct or. ﬁ‘gﬁsﬁgéttgélcgaggs%ggm[&ﬁu g %r%lijre therein. 14, The method of Caim
9 wherein at |east one of the first, second, and tuning branch 5 °
conductors conprises a tuning feature therein. 18 .
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