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WD 2004/ 049501 PCT/ CA2002/ 001842 Ml ti pl e- Band
Antenna Wth Patch And Sl ot Structures FIELD OF THE

wo MFERHISON Thi s i nvention relates generally torP¢ti€A2002/001842
field of antennas. More specifically, a 5
mul ti pl e-band antenna is provided that is particularly
well-suited for use in wireless nobile communication
devices, generally referred to herein as "nobile
devi ces" Midtiple-Bund Antesox WitlDPafich Aind/Slef Structuses
cellular tel ephones, and w rel ess two-way enail
communi cation devices. 10 BACKGROUND OF THE | NVENTI ON
Mobi | e devi ces having structures that support
mul ti-band comuni ELDIDE THEANVENIWON Many such nobil e
devices utilize helix, "inverted F' or retractable
St I ghisUin®@8ntionHelates dg’bﬂé’ran?tté act Ak eofadtenBAS MUre specifically, a
typically installed outside of a nobile device, and

' m\igﬂfg@!btaﬁcﬂ afteR RNPRTIdRE ShdtYiPigaslduangrhaddadai 8ide iofwirkless

ase or housing of a device. 15 Generally, enbedded
f . r : X )
PR ol Pt OO MR P TR deffes”, such as
ergqnaui ¢ .reasons, E ded_ ant enna re. ot ect by .
PefrBnafefi’ GEORER caca b RUORoRG: aatt aeRre, S 8 "mai
to be nore durable than external antennas. Although
cogyRURIGIUPD S %Anas may physically interfere with the
surroundi ngs of a nobile device and nake a nobile
device difficult to use, particularly in 20
I'imted-space environnents, enbedded ant ennas present
fewer such chalBAGKEBOUND OFFHE INKENIIONphi | e devi ce,
however, known enbedded structures and design
t ec Miotileedevines \hadiag r iuatuies ¢hat guppert gauttitband gbingwinications are
signal radiation and reception, at least 1in certain
kel VMhmgsuehshobindevizks tlikzenfmhix) tindeted d'sor reactaifle sthestures.
bi ggest chal l enges for nobile device antenna design

Héllfx 1R RASHES e thghndsh@e aDbieNRanoRBERb@SIdE fdf &Cobidd Mevide, and

inverted F antennas are typically embedded inside of a case ér housing of a device.
Generally, embedded antennas are preferred over external antennas for mobile
communication devices for mechanical and ergonomic reasons. Embedded antennas are
protected by the mobile device case or housing and therefore tend to be more durable
than external antennas. Although external antennas may physically interfere with the
surroundings of a mobile device and make a mobile device difficult to use, particularly in
limited-space environments, embedded antennas present fewer such challenges.

In some types of mobile device, however, known embedded structures and design
techniques provide relatively poor communication signal radiation and feception, at least
in certain operating positions of the mobile devices. One of the biggest challenges for

mobile device antenna design is to ensure that the antenna operates effectively in
1
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WD 2004/ 049501 PCT/ CA2002/ 001842 different positions,
since antenna position changes as a nobile device is
worewem4950y pi cal  operating positions of a nobi PET/daioce01842
i nclude, for exanple, a data:input position, in which
the nobile device is held in one or both hands such as
when a user is entering a telephone nunber or enmi
nmessage, a voi ce comunication position, in which the

difPerBRYobiBiofke ¥in6&ariBhha RRsifBh BhaM@Xd ast PmBbilS®NVice i§1B@Ued Mypical
a speaker and microphone are used to carry on a

opgﬁg}fg gﬁﬁﬁbrgnof ABfbfe 'defike 31?(26% RESdL 3R, a &té"’tﬁpﬁhg&{i‘t@on, in

evice 1s not 1In the user, and I's
whéc;%h Seomrroebllgt élrcg(i:ehelc? llr?&?e onj lglotfil hQIPCJSdSﬁ([,l’% ﬁso&lhgi{ 95?&1.1& Qntgxring a
orage appara ese positions,
ser'.s hands and body urfac the ..
elfoag MRy Of rdinl BESE dbpSira BT icali PRTGRK fghch te
antenna and degrade its 10 erfornance hou
mafelsi dewoR B b P M3t toawe{/éﬂ%ado@ gSPaaeH a'a{/ §% fre used
when in the set down position, the antenna should
to 6Ty Pn g FERErSALiPH anfjas Sﬁ‘d!ﬂ“tni Resitign.dp Whighsthe mmabglp ggvice is not
communi cation signals. Known enbedded antennas tend to
in peg by the uset, and vebey dowordnya surfrge.t placeddn [ayholdesnorasteredbiin er on
device is in a voice conmunication position. 15
someMR Y tofpeaipgaragst dn aliesa ppatdnsothet yser’s hewelnhamals,and body, the
mul ti pl e-band antenna having first and second
suffR&, &el el ! SAUBE Sirdpa ngpara@i RN 81&Siock ithesint@maciid degrade its
structure associated primarily wth the first

pefBRhact N4 1hEQRURO YL B iceds HECRRTeID %El(ﬁg u§dd BAEthe luer when in
electrically coupled to the first patch structure and

th$§e‘? Qi%{vﬂ %gggﬁ 'tﬂ@%ﬂtt:ﬁﬁa%&&dtsnﬁ o?&%féﬁﬁ tRie ?Bﬁhbrp% at least receive

reqg uen first s structure di sposed
first ortlo '
coffREHeR sebif o Ml I BT UEAIES ooy

e first operating frequen. band,
ooy Ry v A eube (ot &P BeHFepR R AT o o cond
portion of the first patch 2 WD 2004/ 049501
PCT/ CA2002/ 001842

SUMMARY

According to an aspect of the invention, a multiple-band antenna having first and
second operating frequency bands comprisesa first patch structure associated primarily
with the first operating frequency band, a second patch structure electrically coupled to
the first patch structure and associated primarily with the second operating frequency
band, a first slot structure disposed between a first portion of the first patch structure and
the second patch structure and associgted primarily with the first operating frequency

band, and a second slot structure disposed between a second portion of the first patch
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structure and the second patch structure and
associated primarily with the second operating

wo ewauessey band. A multipl e-band ant enna syst ePCT/CA2002/001842
according to anot her aspect of the invention
conprises a nultiple-band antenna and a nounti ng
structure. The multiple-band antenna 5 system has
first and second operating frequency bands and

strG@OfRr sk shea sédond t papt sthucsitre Lant uassociated epcioradilyp atithh the second
structure electrically coupled to the first patch

op?llﬁﬁhlg:frékq&nc}ab;fnhr st slot structure disposed between a

irst portion of the first patch structure and the

secNehuIPRE-lhd hitbitHaUdyRten a&@ERRE 16 lafbthért d3pedt Usfethe invention
di sposed between a second portion of the first patch

coﬁmg)ﬁ%ta%ﬁti?ﬁ%ahﬁ Enefond a%&ﬁn%%frﬁ’&ﬁﬂé! The fhultBRELbA antenna

poi nt electrically coupled to the 10 first patch
fructure, a r L RO e l.call

b Bl AR e S R YRR, Buhe
structure ndwhhe firsi

l ot structure f.orm maj
suhgiien PFRmA AACh PERE et Iy Se L b B i, B sfoure, a first
operating fregquency band, and }ngsecoqg¢$atch d d
slof spruethgrHsPosbPA WeFns RishROEPR OF Ko Hifsh RAFEh FFHTG)dofpe secon
radi ati ng and receiving structures for the second
patshestriciurgy o secofisbplet/ staigiie dispaseddishitsen sacPiyt Poftign of the first
conprises a first surface and a second 15 surface
pamhpasitue and thestcondpitetpyiustire. efe¢ding poisiglecidenlly Taupled to the
first and second patch structures are nounted to the
firktl pasch ssuctiRs end apdutdipoifisseimigilyp cbutledodhgsesombipatdi sttucture,
are nounted to the second surface. A wireless nobile

wikQSHURE Rt palchda@Mictge bt eePRfslsion Gtractine! fotp| majb@ndiating and
antenna is also provided. The wirel ess nobile

rege‘?vq'ﬂ%' B SRk Ofdr BRVASEOpRANAL R §SenBy bhddS hnd € sédoR paeh Yelicture
adapted to transmt and reéceive conmuni cation signals

anggléeg%egiaﬁcﬂldtf&ﬁ%%%n fk%ra(ﬁat\'f}@%i@%&fﬁﬁ?&ﬁklﬁ%s_ for the second

. totransmt and recel nmuni _catl on si gnal S
o A ARG O g 1 g s
BBSE ML csablFe Jh BLSPR8” FR Hn second pch
structures are mounted to the first surface, and the feeding point and ground point are
mounted to the second surface.

A wireless mobile communication device incorporating a multiple-band antenna
is also provided. The wireless mobile communicgtion device comprises a first
transceiver adapted to transmit and receive communication signals in a first frequency
band, a second transceiver adapted to transmit and receive communication signals in a
second frequency band, and a multiple-band antenna connected to the first transceiver

and the second transceiver. The multiple-band antenna comprises a first patch structure



10

15

20

WD 2004/ 049501 PCT/ CA2002/ 001842 associated primarily
with the first frequency band, a second patch

W@ Re0wo¥sne el ectrically coupled to the first PaEr/Ch2002/001842
structure and associated primarily wth the second
frequency band, a first slot structure disposed
between a first portion of the first patch structure
and the second patch structure and associ at ed

as%ﬂafé@gﬁﬂrﬁ{arm& titht 18 firitr fidquédc® BaRMCY sd2andl patai dirdtire electrically
second sl ot” structure disposed between a second

colREd kP heHrst Ez?cetr gﬁ%{urp 3h& Bss8Eintd8 tpnBr®N Fith e 4 siéﬁﬁ‘rd) R€quency

pat ch struct associated primarily wit e

bag(f,cat I;]rgt Jl&%%?‘ﬂ%dl%%?% %eé\ﬁ%ﬁltahﬂ's%éogﬁ&#gﬁﬁ? ?\Psg ggtgl?rgt%c%ure and

e Tnventi escr i or w
apparent jin the course .of .the f.oll i d i | ed :

& RERRE Batrty frlele ARy aRSridet a BariBh B RS Bl R and yond o
lis ato [ of a multipl e-band antenna accord

seog 6T SRR BiRosesk DRtEen 4 EReGRd POon B e Brs] Bt ptepugeyand

isonetric view of the nultiple-band antenna of Fi%. 1;
theyegondzpatah srupyee ahapsasisted prignagilewith theysgeonchirearencs Parghd

antenna of Fig. 1 and an 15 antenna nounti ng

st r Buttherefeatpieg.and aspects ofothe iimvamtion Mdll \beedgsastbed [pe will become

antenna and nounting structure of Fig. 3 in an
appareiibthedtopss of thefiplldwingg ddailed dasariposs.- sect i onal vi ew

of the antenna and nounting structure along line 5-5

of Fig. 4, 20 Fig. 6 is a rear view of a nobile device

i ncorporating the nultiple-band antenna and nounti ng

structure of BRIBF DESEIRTION OF/THE DRAWAESdi agr am of
~an exanpl e nobi e device. 4 WD 20047049501

PCT/ F%%QQZ/KQ%% f a multiple-band antenna according to an embodiment of the

invention;

Fig. 2 is a bottom isometric view of the multiple-band antenna of Fig. 1;

Fig. 3 is a bottom isometric view of the multiple-band antenna of Fig. 1 and an
antenna mounting structure;

Fig. 4 is a top isometric view of the antenna and mounting structure of Fig. 3 in an
assembled position;

Fig. 5 is a cross-sectional view of the antenna and mounting structure along line
5-5 of Fig. 4;

Fig. 6 is a rear view of a mobile device incorporating the multiple-band antenna
and mounting structure of Fig. 4; and

Fig. 7 is a block diagram of an example mobile device.
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DETAI LED DESCRI PTI ON Structures in the multiple-band
antenna descri bed herein are sized and shaped to tune

wo b@4mudsoi pl e- band antenna for operation in nuPCT/OAR002/001842
frequency bands. In an enbodi nent of the invention
described in detail below, the multiple-band antenna 5
i ncl udes structures which are primarily associ at ed
with one of a first operating frequency band and a

second operating frgaugney CRPrioN enabl i ng t he
mul ti pl e-band antenna to function as the antenna in,a

mul tg,s : [ deui.ce. : (]

ant SIS R MEERILRS anehle BTN herd [ 94eBsay SR o
em f.or il nj j QN
wit! SRS afetEnE SRR S i) RIS bongy, 0 an
P 10 .frequency band., Those skill]ed in t rt wl

enfiofFient f dE HYORIHR SeRHSB0 bl 1oRioRadbE miSpRiiradisplenna

. sub-band of 880-915MHz and a receive sub-band

1“@?‘%-596?)‘%2? wgwg Hhpripgdy aF%Oélatfg egp e asffrﬁﬁ qprafipe frequency
includes a transmt sub-band of 1850-1910M4z and a

bap¢ ged ¢ eecond) ppasating f5rquenhandgbyagnabling the mulgplebagsiantenna to
appreci ated by those skilled in the art that these

fufqtiog we iy altemmasingg ewidtoband| ingkster dgvicge arrgzempls, ermyitiple-band
Such an antenna nmay instead be 15 designed to operate

anteAn®inag be pdaptad fulr oppatiad atnbe Glebgl Sytem Bandebild-tc@gnminicaions
a top view of a nultiple-band antenna according to an

(GSNVDOdo0M AL ﬁéqlfeh?' bafi &bl @8. Pebfshamddmmbtcddi@ndSystem (PCS)
antenna 10 includes the structures 12, 14, 16, 18, 20,

fre%gency%ﬁﬁd.z’ﬂhOSE‘%kM@Jl in @ AARHNLpRLCIPRES tEGSKBI00IAnd Fiudes
4, and 36. The nounting bores 26, 28, 30, 32, 34,

a m@mﬁ%u@.%sn&léﬁs’sq.gl sfgogﬁp%& D BRE SOR Bardd 5. },38d the PCS

structure, as w described 1 n further deta

bel ow,i n. conj unct j it b0, T ' T .
R P SR ShLE b S ap O LS U e
sulitbat 1BDe 1o Ot ot e 3P S5 pnSieR g by Sfghp T8 art ha

profile and virtually unlimted possibl e shapes and
these f@gl’lengyl Hands Res @ﬁf]lqs}r%%emum%eys QRy- cppchzn antenng may 1nstead be

designed to operate in other pairs of operating frequency bands.

Fig. 1 is a top view of a multiple-band antenna according to an embodiment of the
inventioh. The multiple-band antenna 10 includes the structures 12, 14, 16, 18, 20, 22,
and 24, as well as mounting bores 26, 28, 30, 32, 34, and 36. The mounting bores 26, 28,
30, 32, 34, and 36 are used to mount the antenna to a mounting structure, as will be
described in further detail below in conjunction with Fig. 4.

The multiple-band antenna 10 includes patch structures 12 and 14, slot structures
16 and 18, and tuning structures 20, 22, and 24. Patch antennas are popular for their low

profile and virtually unlimited possible shapes and sizes, and inherent flexibility which



10

15

20

WD 2004/ 049501 PCT/ CA2002/ 001842 allows themto be

made to conformto nost surface profiles. Patch
wa@niognnsopol ari zati ons can be linear or elli pP@Tak2002/001842

with a main polarization conponent parallel to the

surface of the patch. Slot antennas are used to

enhance the field strength in required directions by

changing their orientations. Qperating characteristics
allofvs laencto benoladel to cofiotne toaestandads psfilay| Patheahténna polarizations

ant enna shape and di nensions. Principles of operation
caffbe piat&toraflihtishlp tvithanihainataratttoneinpokaavparallel tohths surface of

skilled in the art to which the present application

thep 4t BRot aktBorfab Qrd kel it boahed e dRtERRAhOn rédi@e@alredtions by
ructure 12 is a first structure associ ated

ch?m% ﬁ'%”tk}éxry ﬁ(\énftznloﬁsf | hsdrat i CHARRGYisRANGH ﬁd@cﬂl\'ﬁhd? Blo‘ Rftennas are

antenna 10~ 10 operates. The patch

esl%gflsth%% %&e@ant’leﬁ Ei Eh 9? gﬁ& ﬂlrll ﬁn?hﬁﬂﬁﬁ%}eé Qf:é) étﬂﬂ &f"ﬁ%tcﬁ%d slot

por right nd sides of

o e e AL B ORET %%Hegw% e H e, e ﬁreséfg b
nmul ti pl e-band antenna 10. The size and shape of the

PeHAME&h structure 12 have a nost pr onounced effect on
antenna operating characteristics in the fi
f r edethie ynwERlg;badd cantenda ¢ e -they Paigh) stucligs) elﬁc? 6fﬁf§fh giructure
first 15 frequency band, as well as antenna gain in

assdeéatéd promarfly e‘dd’eﬁégﬁt ﬁgg@ne@ar@ol@rvg}gch the awylp e-band antenna 10
mul ti pl e-band antenna such as 10, changes in a part of

opetutesa the paah stswnae A2 édigenetaHy Ghshapdd aglwdimgytwband pomipns, at the
al so affect other operating frequency bands of the

leANARNAight-hahd Bidegr the nultigleand atbabidnial theivizanshob@,in Fig. 1,
the effects of the right-hand end portion of the

andtdnUiihiflg pbRioANalbhe tfee®p ™ tRPRLRIpleMhnl rAGMENTY. ITABdize and
are not as S|gn|f|cant as wll be described in 20

shfalgé' bf g‘[ ?a%l@'stlruc*ﬁﬁ'le QY. hale& RRLC oﬁ&fn‘é&i WfBctdsh hrftetha operating
secon

ucture aSSOCIated primarily with a second

ch%%%{e L%’ e WS RLaRABY bRl 1€ rzg{dé% QLR AR GROR: first
g{ﬁ%t li)éwg %2\?%}?}%& aer{tler%al gca§n in the '}'%str}]fjequer%yq)ag&‘ n%fa}:%ﬁr%g,nl% any
multiple-band antenna such as 10, changes in a part of the antenna associated with one
frequency band may also affect other operating frequency bands of the antenna, although
in the multiple-band antenna 10, the effects of the right-hand end portion of the structure
12 on the second operating frequency band are not as significant, ds will be described in

further detail below.
The patch structure 14 is a second structure associated primarily with a second

operating frequency band of the multiple-band antenna 10. As described above for the

patch structure 12, operating characteristics of the multiple-band antenna 10 in the second
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6 WO 2004/ 049501 PCT/ CA2002/ 001842 frequency band,

i ncl udi ng frequency and gain, for exanple, are
w@eionnedshy af fected by the size and shape of PEECA2002/001842

second structure 14. The slot structures 16 and 18 are

siml.arly. ted such that.each has. a_don nant
freqfpioy PG o And 2eist *ka MbIeS L affgeted by the
. frequency bands., The sl structure 18 is 5
sizeidispans g sseombstgiurs g‘/l&'e- band antenna 10 and
di nrensi oned to affect antenna operation in the first
f r eeettpubenes 1@rad ddsre pianikrlytadapted  suchrthatiegch bas a dominant
positioned and di nensioned to primrily affect
effeandreoneaorojpeothen afnhe first el secmhitequeacuieandy. Whaslot Stheture 18 is
| ength and the w dth of each slot structure 16 and 18

posftidhe®H the SRilGplkband asResd 10 and HRELHCTVEY] BRaEisct @htehRE operation
slot structures 16 and 18, but also affects the gain

. e . .
in TR L B 0 i Pl CB s BBl R Binensioned (o
.the slot structures. 16 nd 18 I_prove antenna
pringalfi ity gt qHerilion doy 0 Ssnaar Bkl Bl O7hE 1, gop he
.14 are shorted along the line 39 in Fig. 1, The
widi o Gagh Sobafs R A8 ARA 13 @0} enly & & ESRIEIN HEqyearEhnds of the
shorting | engths between the patch structures 12 and
slot strugiueaggl 6t and 18, hat @0 affests ther gaim ded mafckaftshe iantgnia1Q plethese
design of the 15 nultiple-band antenna 10 in that the
frequersdyt bamds. &odextinnpeisihanging ftheividikandiengdt bf tfe sidtestskmtes 16
structures 16 and 18 may be changed wi t hout

and IBGRMy RGN M@ hddih) Buin@efifde@mnce of the
nulti}{)I e- band ant enna 10. Tunielr;% structures 20, 22,

a”dn%“%a%fg sH%‘?ﬁjreg qg drdd"®s GHDL ehhﬁ%tggjkﬁe' R&E353R dFig. 1. The

ant enn t hough connected to t I'rst patch
tructyre 12 he tuning structure 20. 20 for a
mulfiplergd efisnns 10 o bk T PG Spotiaadenei BRuden fracpaten
in further detail below, the left-hand end portion of
strugtyeest 1% gad ddradongsthe Jined%  Thisi proxiden Alesiiliy rin jths, dyign of the
is used when the multiple-band antenna 10 is
muldpkerlanid ngtenna £Q inhbat thérpodfifienstanfl degersiang ob axlerer bptheof the slot
structures 16 and 18 may be changed without significantly degrading performance of the
multiple-band antenna 10.

Tuning structures 20, 22, and 24 are used for fine-tuning the multiple-band
antenna 10. Although connected to the first patch structure 12, the tuning structure 20
forms a tuning tab for the second frequency band. As described in further detail below,
the left-hand end portion of the first patch structure 12 is a shared portion which is used

when the multiple-band antenna 10 is operating in either the first fréquency band or the

second frequency band. However, the dimensions of the tuning structure 20 have a
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second frequency band. However, the dinmensions of the
tuning structure 20 have a 7 WD 2004/ 049501

wWERODALAB002/ 001842 dom nant effect on the sechP@CA2002/001842
frequency band. Thus, fine tuning of the second
frequency band is acconplished by setting the
di mnensi ons of the fine tuning tab 20. The tuning
structure 22 is also for fine tuning of the second

dofrfi RRAVEREY oR BeGecdRd freGichag bir@l. tTiis, MRALMIn@bf thb Sedolid Fréguency
structure 22, the match and gain of the second 5

: &nﬁ, ; SO tuni ng
ba{ﬁ E?‘Ee ?ﬁhsﬁl p eﬁggégﬁa%?gﬁﬁgﬁ?gti n teﬁgﬁplg erg{h@f requency
band| . ' e L0g T
¢ aniit Bl SR 22 Ak e B 6458 WEBpd ooy bana. By
overall electrical |ength, and.thus the operatin
ehfedigadicc FrEngt T e e S JHS it SR e P me second
t hough t he ijnen ions of the tabs in the tuning
fregheng¥ PaRdcas eé‘i"?a a3f998KE¢d-t he 10 di mensions of the sl ot
in the tuning structure 22, fine tuning for both .
opefFH Hyingaftsheomultipesbanch anfpnpal d0iig R fifsl frgquency band is
performed at the sane time, so that effects of fine
provigadriy the tuningestivainge 2 elecomwpiag dehsdd theytupiap sudtyrg 24 méfect the
or nore tuning structures for the other band.
ovRafl etecirivgl leogths andRhgs the opepengfreqiencyf bandeof the first structure 12.
mul ti pl e-band antenna 10 will be described in further
EvdgtBdlgh fhegdim@niionsaob et eitss iin ofretinniag \wtravvusef 24 hdso affect the
mul tiple-band 15 antenna of Fig. 1. A feeding point

diménsfnd of EIRWISH iR eHeNfunift® stritdtdird 22EH RS fifningSofMBotA lob&tRObARs of
42 and 44, are shown In Fig. 2. The feeding point 38

AR AP A S COTERR o

BB eS8 S BN 1 sk P BARRE B0 e s
e N, A g U A PSSy i e

R R 55 57 0% B BB o

frequency bands, established as described above, )
antenna of Fig. 1. A feeding point 38 and ground point 40, with respective mounting

bores 42 and 44, are shown in Fig. 2. The feeding point 38 and the ground point 40 form
a single feeding port for the multiple-band antenna 10. When installed in a mobile
device, the ground point 40 is connected to signal ground to form a ground plane for the
multiple-band antenna 10, and the feeding point 38 is coupled to one or more transceivers
operable to send and/or receive signals in the first and second frequency bands.

Signals in the first and second frequency bands, established as described above,
are received and radiated by the multiple-band antenna 10. An electromagnetic signal in

the first or second frequency band is received by the multiple-band antenna 10 and
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are received and radi ated by the nmultiple-band antenna
10. An electromagnetic signal in the first or second

w0 e@gersey band is received by the nultipl e- ba@I/CA2002/001842
antenna 10 and 8 WD 2004/ 049501 PCT/ CA2002/ 001842
converted into an electrical signal for a
corresponding receiver or transceiver coupled to the
feeding point 38 and ground point 40. Simlarly, an

cofVeBell A6 ah eflcatal si rm 1235 Jdnreg;rondfn@q-gém Yr Randeivbr @hpled to
is input to the nu trple band antenna 10 via the

thd fefefling PoRi! 38 aﬁ’tf3 ARG p3mPYnd ﬁﬁhﬁl Ah Qﬁéctﬁcélr i QY first
B PERG

or transceiver radiated fromt mul tlple
freguen y ?1 c?‘ th cﬂ}g ?lggo %%I nlgtéﬁlg g&&f r[t%r{n%t ? ﬂl%lefgg%%gomt 38
B s 400 Tt SR T S 8 e o

atch structure 12 in operati ve manner to _enhance
antepa Hhi Whep ppeREng B gt ?r@aeréﬁx anghy the StRsRIeSt §2Anddhs of the
the nmultiple-band antenna 10 is substantially
musipheband antennati0yadiate @nd Frsqieg signals melagized iatdifegaons pothrpprallel
16 are the major 10 radiating and receiving
an¢ perpeniiewiar to TegratchotractuieHd ima kojopérati Yramehngntogmhance the gain.
of fers inproved signal transm ssion and reception
r el @ ithee sécond Nfbagneiayt banda ogasiignsf tisd madtiplé-barsk antanna 10 is
conbi ned structure of a patch and slot antenna which
sub¥edriialP SRR At Inv @iy caBdhdasief; aht Wurli@dieati@sar@ngs are the major
recei ves signals polarized in nost popul ar

(ﬂm5%2&39a§ i osedf@nner, the performance of the
" mul t pl e 1g1g§ﬁgﬁgn%enna 10 is less affected by

or i %Er%hir@ Qh@ Bluﬁl}{]:@ Qédd n@%}{é ¢§ oféféqulpﬁﬁleﬂ % éhglecraqr%ﬂmgn and

|nput posit I ce conmmuni cat tion

rec%eﬁtzonﬁ%fattlvg ¥¥)re1k 0(\)vanI tnlteo ggs‘? {)sk?r?c% &% %Omg% égﬂﬁﬁgﬂ%f 9 I)atch

an dhnat er enhance
antenna. i s unted on .a nt| ructu .
and bR gich g corepgratiel] ang e a{f@rrfiélétﬁs B fesE e signals
view of the multiple-band antenna of Fig. 1 and_an

poglﬁig@chhhmﬁﬁmqpp}@@ dgegtigas. frpthis manner, the pefformance of the multiple-

band antenna 10 is less affected by orientation of a mobile device, such as in the data
input position, the voice commurlication position, and the set down position described
above.

Performance of the multiple-band antenna 10 is further enhanced when the
antenna is mounted on a mounting structure as shown in Figs. 3-5. Fig. 3 is a bottom
isometric view of the multiple-band antenna of Fig. 1 and an antenna mounting structure,
Fig. 4 is a top isometric view of the antenna and mounting structure of Fig. 3 in an
assembled position, and Fig. 5 is a cross-sectional view of the antenna and mounting

structure along line 5-5 of Fig. 4.
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Fig. 4 is atop isonetric view of the antenna and
mounting structure of Fig. 3 in an assenbl ed

wEomHniwm and Fig. 5 is a cross-sectional vi eRCDECARINR/001842
antenna and nmounting structure along line 5-5 of Fig.
4. 9 WD 2004/ 049501 PCT/ CA2002/001842 In Fig. 3, the
nultiple-band antenna 10 is shown substantially as in
Fig. 2, and has been described above. The nounting

strye iyl € (BOmuftiph-64AraRhYa 1RARKSN AlR&KIA1YOLs iRFRED, and has
di el ectric material, and i ncludes nounting pins 52 and

beéf"d&@ iGedSIBBPOr *l“hes Houﬁt'i s%ru@t%re 0 RefeRBBf RLAPLYPINTR QL Bther
5 i S

anar nounti ng surtace mount 1 ng struc ure

dléi:ctrul: r‘?’lgtegal Cd 18gle§es oue}lt%hg El%r t5§taﬁ gi 8{1 & sg[ﬁgp rt%@ru%;turebjg, and a

nnen ruc ura onen

8 whi ch copperate w ng..secti o t he
by oot fofpRBen wtedhs el on” TR HtiPhRm Srydin S0 aiso
. instal]led. For exapple,. the ali in 64, serves
m‘tlklfjeéla'f@%‘F“Fhéml?BHﬁ%? 1 2l P mERIcA B a0 SH1e Srycsial qomPOngRts 66

a nobil e device which includes a cooperatin allgnnpnt_
anf} §B avhichrgeoperatearitly hapsing seqiioas gpother Raghs of ggrabile device in which
receive a screw, rivet or other fastener to 10 attach
the émgenmo uminstaljeds t Farckamplet the akigrnnieat pprh sesvestth @ligmihie|ngounting
devi ce once the nounting structure 50 is properly
strattugnentivd be a patttofpd mobiden devdaert which iddudes apeaieratifyg glignment
nounted to the nounting structure 50 before the
hol® Urtel fik@enst Ethfchusé 62 iiSconfigded esrebeivoh batwpavd: or 6thesfastBner to
a mobile device. The nultiple-band antenna 10 and

atA e Iﬂ&n‘ﬁhé UehsthR GCanofRPhhS @f Ql'ib B ABACS ¥3deCikt mounting
generally designated 70 in Fig. 3. 15 The nounting

strgétﬂfé 5%218 %{:bg)eﬁg aﬁ‘#rﬁedp%kgﬁlﬁpﬁg b2t M?gnnﬁ Li@ﬁggkf&ﬁlﬁg gf‘cd to

SO as ecel ve the nmountin res

th? gbggia% rgctg e#(ybref%uﬂet rtnﬁl(lentla IsIru 1!1r% %’ thbgg to?&ggs S %f such
I 56 58.. .Th t 52 d 54 t he
« pPBRes ey (D et RgHE | 'd?régwlné‘?wtwa@%ogwgse an

the ground point 40 to the sugport structure 53 on the
anppDmeYsiel ey dedenseed 7ia Fig

The mounting pins 52 and 54 are positioned on the support structure 53 so as to
be received in the mounting bores 42 and 44, respectively, when the multiple-band
antenna 10 is positioned for mounting as indicated by the dashed lines 56 and 58. The

mounting pins 52 and 54 are then preferably deformed to mount the feeding point 38 and

~ the ground point 40 to the support structure 53 on the mounting structure 50. The

mounting pins 52 and 54 may, for example, be heat stakes which are melted to overlay a
portion of the feeding point 38 and the ground point 40 surrounding the mounting bores
42 and 44 and thereby retain the feeding point 38 and the ground point 40 in a mounted

position.
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20 nmounting pins 52 and 54 may, for exanple, be heat
stakes which are nelted to overlay a portion of the

wo e@diosgopoi nt 38 and the ground point 40 surrPCRAARNY2/001842
the nmounting bores 42 and 44 and thereby retain the
feedi ng point. 38 and the ground point 40 in a nounted
position. 10 WD 2004/ 049501 PCT/ CA2002/ 001842 The top
side of the antenna system 70 is shown in Fig. 4, in
whi gife tib1£siB31btt thelaBteRANSY st PMIRashdRn i Fig 42in"PKich @ multiple-
position on the nounting structure 50. As shown, the

ball® UREADO1 LR S rg&mte%gposﬁgn oddhe Rbun@OSRREESE! U] shb@n, the

27, 29, 31, 33, 35, and 37 I ch

mounting pins 27, , , , , n , Wh are

AR S A g
o T LBl&s i . .
anos bR af fn BrestRUE actRRee il RO Bed Arble Roretain e mulipte-

unted on the mounting. structure 50. The .surface B 60 .
papapge 1030 e gostigns Hs EPISRIA JuH [(hae substantially
surface profiles may instead be used. The nmountin
agpipptahe sgooth gurfagg 603zhenqpepnted oy te wvmawt%%egm gyface
surfaces, as shown in Figs. 1-4. These bevel ed
600 Figack$ isararecdisurfode;, gkhough othespirfaceprofiles msynngteag be used.
bores 10 fromthe surface the nultiple-band antenna
10, Beaivuhtiag barbe2 @836, 82i ang dponsurrogngddrisy taveled surfaces, as
| ocated bel ow the surface of the nultiple-band antenna
shd®n WhEigs.tihe Triessbéveked sdfhces B&de todoffset aridispldee the mounting bores
mul ti pl e-band antenna 10 in its nounted position.

frd?S RRNGHAE the RANFIBDahXStbial 10) bubht tBdti (B SodpeREKE GndWiting pins
the nobile device in which the antenna system 70 is

ard Qodifed! BRLE RO &ffacd of rfﬂé’tntihlfiﬂ)lg-ibﬁﬁk? dnRhd ilbewfn% tl?ﬁ_h Slﬁls are

antenna system /0 or particu ar 15 parts t hereo ght
oo B B m BB LR I BRI CRIERSRSRG’ pencing

ant.enna 1%..Th. mount i ng, bores .36, 42 and 44 are such
PR SR G 0B LeposE oy e mani et BV off s Syptem

and 5, the nounting strU%t re gﬁ, iiS snmooth, b not |,
T05p i D% ipTplEgRantericts PEPoth RIS PIOfifob 16 AREN PO AP OF Particular

structure 50 which L _
parts thereof might not be crucial, such that mounting bores need not be displaced from
the surface of the multiple-band antenna 10. The mounting bores 36, 42 and 44 are such
flush mounting bores. As will be apparent from Figs. 4 and 5, the mounting structure 50
is smooth, but not flat. In particular, the portion of the mounting structure 50 which
includes the mounting pin 37 tapers away from the remainder of the surface 60, such that
the mounting pin 37 lies below the other mounting pins 27, 29, 31, 33, and 35. This is
evident from Fig. 5, for example, in which only the mounting pins 29, 31, 33, and 35 are

shown. Similarly, the feeding point 38 and ground point 40 are disposed below a surface

of the multiple-band antenna 10, where a smooth finished profile might not be important.
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i ncl udes the nounting pin 37 tapers away fromthe

remai nder of the surface 60, such that 20 the nounting
wW@RW48H5bi es bel ow the ot her nounting pins 27, PCECA3D2/001842

33, and 35. This is evident fromFig. 5 for exanple,

in which only the nmounting pins 29, 31, 33, and 35 are

shown. Simlarly, the feeding point 38 and ground

poi nt 40 are di sposed bel ow a surface of the

Thgh!l & mﬁ’rtlsrehﬁﬂéi aRBARNAR theluduBRER nﬂ)u%ﬂ%ﬁ(;}eﬂc éRhabed, 28, 30, 32,
profil ht not be ’i nportant. 2004/ 049501

anlTs4! W%ﬁﬁ%@o‘}% suIt'i‘br'sS:s%ﬁz%'dtMp{)] Sdpand antenna may

I hcl ude nmounti n ores such as 26, 28, 30, 32,

and f untin su
e hm R, agﬁem‘f‘%?‘%’é T offha it 06 B rom o
be fabricated from.a subgtantial

] flat .
sutz%rﬂraﬁr g Samichvectied of ghtiidbtpt rrsaepe%pélaw?um silver, or
sl P GHATBAR O AUET CHTE PRI ForiRaOB AFICETE RBUKL Adpuning

bores nay be cut or sta ed as the blanks are forned,
bors iay be e grrstampedeastthaiblanks atsrfarmash, g Kalledajitie theaflat antenna
bl anks are then deforned into the shape shown in Figs.
blahkancAerna bladsfagy theh alefdrmedvutot theghapershownrie Egs. 2 and 3 to
Alternatively, deformation of an antenna blank could
cohforipad fthe medntiy dvercaife a0t eddeenatiselpedeafigrmmtiom to€ en tantehiwe blank
nmounting structure 50. The 10 feeding point 38 and

cofldWeribRhddt wit R aara@teéafdis bain g‘lﬁorx’ﬁfﬁd t4 Shel AouBIRE Sirgoture 156. The
feeding point 38 and ground point 40 relative to the

fe%fgf%ﬁr}lw RanbiZeréid phnt 4@3(1ré1 &t fat Bednd 518 tdl?dshﬁfn tA@TeRling point

shown in Figs. 3-5, the multiple

38%&%?&%(1&)%@ 6 lréi tg‘?ﬂg §t gtirésol'}sanﬁQ4 gsg aﬁrg)epﬂg ?ﬁhhcr detail

res y couple the pol nt
E{ound poi nt 40 to the first 15 structure 12 and
Scond structure 14. The first structure 12 and the

second struct 4 e.a first sur. .
S N R s 3 e RS fiStha §8§esofefﬂ portions 46
surface 60, of the nounting structure 50 when, the

anddB oWhigherespsptivelneuRle-ha fpedingipgint $8 and,ihs geynd boint 40 to the first

structure 12 and second structure 14. The first structure 12 and the second structure 14
comprise a first surface of the structure, which conforms to a first surface, the surface 60,
of the mounting structure 50 when the multiple-band antenna 10 is in its mounted
position. The bent portions 46 and 48 position the feeding point 38 and ground point 40
on a second surface of the mounting structure 50 opposite to and overlapping the first
surface of the mounting structure 50. The feeding point 38 and ground point 40 thus
overlap or oppose the first and second structures 12 and 14.

As those skilled in the art will appreciate, the bent portions 46 and 48 add

electrical length to the first and second structures 12 and 14, providing a further means to

12
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position. The bent portions 46 and 48 position the
feedi ng point 38 and ground point 40 on a second
we wotaesonf the nounting structure 50 opposit ep¢DCADD2/001842
overlapping the first 20 surface of the nounting
structure 50. The feeding point 38 and ground point 40
thus overlap or oppose the first and second
structures 12 and 14. As those skilled in the art wll
caaprpl agenaegaint el frequengofar it firsd Gndisatod® frmgiabney bands. Also, as
electrical length to the first and second structures
shb@nanabt &karlypindiig.KB, g tenf portie48 oEamnstht grouhd p¥¥at 40 opposite the
2004/ 049501 PCT/ CA2002/ 001842 control antenna gain

seadtdl faneaneBRnehO 14! Ridh fiffodaddd & CapititahdeC BMQREY parts of the
bands. Also, as shown nost clearly in F|g 5, the

mQﬁBfe 1A tah@And! 80.0 The Bistantd Eet% 5\})% fatpohfl 400 Wl)l?t‘ht fBrms the

second ant enna el enent |ntroduces

grS\ﬂRﬁ lh@BE %e_?x‘éﬁl‘(@ﬁ%aﬂ@ aBéBszI 16 hfﬁ]d tﬁg sgéoﬂh &t d@@t{}g ﬁféects the

antenna 10 |stance t ween t groun
t th
508 B B HO B Bl BT o
R RISE RO R R RS Wi covns

antenna gain and match. Antenna gain and match can
seleringe iy divtanc hatesn theyeround plans #l the @ wiile-Randestiistuse 4% and

the ground pl ane and the mnultipl e-band structure 10,
esgahlishirgsdizisnsigns of ghasuppers storeire §3 aeserdingdpor t structure

53 accordingly. 10 Fig. 6 is a rear view of a nobile

devilig 6 scorepoviawvi afg molsilendevidepheprpaatthgathe emtéple-hardl antenna

nmounting structure of Fig. 4. As will be apparent to

anddhasntiaki sthedrel of Figed.arAs wilh®e appdredtaodRoseCkilkQAnithe art, the

normal |y substantially enclosed within a housing

mbBle dgick 100 ks ndrRdlly subb@RtialintR8dd RN Sl lﬁﬁmﬁ%ﬁiﬁﬁ}fﬁom rear,
Data i nput and out put devices such as a display and

to? ey, Qhd k¥ Qgﬁfﬁ&s AT IR oﬁ'[BMrHe@Qeé"%Jc{g' R d &gplay and a

ront surface a nobi |l e device speaker an
I t
R g o SR AR s

sp%i]%f ! rrgérop o&nte or ?’/(L)Jig‘,e]:c ?nput ancI output arebtyplcalg/ c\(lsposed n tqne front
surface, or alternatively in the top or bottom surface, of the mobile device. Such mobile
devices often incorporate a shield which reduces electromagnetic energy radiated
outward from the front of the device, toward a usér.

In Fig. 6, the mobile device 100 is shown with a rear housing section removed.
Internal components of the mobile device 100 are dependent upon the particular type of
mobile device. However, the mobile device 100 is enabled for voice communications
and therefore includes at least a micrdphone and speaker, respectively mounted at or near

a lower surface 80 and an upper surface 90 of the mobile device 100. When in use for

13
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devi ces often incorporate a shield which reduces
el ectromagnetic energy radiated outward fromthe
wo eawan4w61 t he device, toward a user. In Fig. 6PCT/AI&2002/001842
nobi | e device 100 is shown with a rear housing section
renmoved. 20 Internal conponents of the nobile device
100 are dependent upon the particular type of nobile
devi ce. However, the nobile device 100 is enabl ed for
voiceicomnmuoivativtisc aubahelds drdmpbide egvineel A0rurly ghas thetsppakgsts near
a m crophone and speaker, respectively nounted at or
thengar's et ahdwermistophaeds @éar alrecusaris mopty  The shiakld) 59 tepfls around
the nobil e device 100. Wen in use for 13 WO
the2B0KH D4R aRGH A 202 /1M 484 Zhe Mémme 10 uG framti afniss mabile
user hol ds the nobile device 100 such that the speaker
debise (®Ar the user's ear and the m crophone is near the
user’'s nouth. The shield 95 extends around the nobile
devi | ' ! éh 40100Wlith one
e Crrafy - B LA g bR AL
user hol ds_a. | ower [ ' | : :
raif ey SrsgriEin e gl e B0 £eof ph SE S AEIbiRRevice
uch, the top.rear portion of the nobil Vi .
10§ornd; s B R epE B Gt ey SR groBu B fhepdfiy mobite
unobst ructed when the nobile device 100.is in.the .h d
deyige ck00c ity nthe aYiem CABEIUNICATON (HOSHIARy %’EW‘EWl Bfqyying enhance
enhanced perfornmance conpared to known antennas and
perfotsadnge gappasedsto kngwn antgngs gngd gObH@ANETES- t he | ocat i on
of the multiple-band antenna shown in Fig. 6 remains
unobis tarsirotladmiament thedogetien of thesmaltiplethandgpiepea showincia Fig. 6
100. For exanple, since data input devices such as
retgb aastisuasd ik epagssidom dfyid ceblly dedcal @l Bel example, since
display on a nobile device, the display tends to be
daROBpbt RARLs BRArastRGbdel Bl @ypmbiatetygivile tocate@belpuchdiaplay
nobi | e device, a user enters data using the input

ondE¥obe dPAS, (thLaRHaP Rends LW postione® GeaOfe @p 62 nivbie device.
device, and thus supports or holds the | ower section

of fsucgll'}:em%@ Ae@ice, a user enters data using the input device, positioned on a lower
section of the mobile devicé, and thus supports or holds the lower section of the mobile
device, such that the top rear section of the mobile device remains unobstructed. Many
mobile device holders and storage systems engage only the lower portion of a mobile
device, and thus create no further barrier to the multiple-band antenna 10 in the mobile
device 100. In other types of holders or set down positions, the multiple-band antenna 10
may be somewhat obstructed, but not to any greater degree than known embedded
antennas.

Thus, the multiple-band antenna 10, mounted in a mobile device as shown in Fig.

6, not only radiates and receives in plurality of planes of polarization as described above,
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device, such that the top rear section of the nobile

devi ce remai ns unobstructed. Many nobile device
whododessorand st orage systens engage only the | P@BCA2002/001842

portion of a nobile device, and thus create no

further barrier to the multiple-band antenna 10 in the

nobil e device 100. In other types of holders or set

down positions, the nmultiple-band antenna 10 20 may be
bus natsuhiatateb i thel atiabile dovite pobs toobeaswpstgntizdllyamobiicted in typical

t han known enbedded antennas. Thus, the nultiple-band
‘mapéﬁmﬁ@oiﬂwrmnmmuedcen a nobil e device as shown in

Fig. 6, not only radiates and receives in plurality

of M@ﬁgé-e@e‘maap hbArka héQudiRs todeagwté bedle abeugon ard 4ppi@able to
2004/ 049501 PCT/ CA2002/ 001842 ut is also located in

dittfg}g%ts 5|58 nilstYik GRviRe ig‘flucﬁiﬁg,%r &éﬁﬁﬂ@@ﬁiaéﬂohﬁ?‘unication devices, a

unol ucted in typic use positions of the nobile
vV b iinaliblioh PAG L S ABLE ABARARGREF dBGicL s RAPRC hibbile
of” The Tnvention are applicable to IfTTerent types o
e hn PeLbe o cOreaeiagions HaPRBIRy T el gjeical assstanss
devi ces dual - nrode conmuni cati on devices such.as, .
(PRs? FisblediTepBAES SPTURHLCHENS "Ity FhAF PBRENICation devices, or
functionality, a personal digital assistants téPDAS)
lapipR BT dagkiop COMPRIET BFECMSOHWITE!SES BRdemsy;iHig) Teis & Blorkj qiagram of
conmuni cation devices, or |aptop or desktop conputer
angyginplesnokiile device.el ess nodens. Fig. 7 is a block
di agram of an exanple nobile device. 10 The nobile
deviThe nidfileideviae 0@ is-aabché mendel antliddal hambimobilld deyiatewnid gecludes
and includes a transceiver nodule 711, a
a FREQNrARERSOT1 1 I8micRopib&pdoay 38,22 displan 302 vaohaii-vdletile memory
nmenory 724; a random access nenory (RAM 726, one or
72205 Erafidbh hbREyY rﬂeﬁﬁiﬂt/(ﬁﬂmm%( bh&or rﬂ&&laﬁﬁﬁiar_?zﬁxpu@output (O)
serial port 730, a keyboard 732, a speaker 734, a
' i 3 & WAl ¢56 JGRETBRb AR Short-
Bt PP e {0 et TR YL A

other device sub-systens
range wireless communications sub-system 740, and other device sub-systems 742.

The transceiver module 711 includes a multiple-band antenna 10, a first

transceiver 716, the second transceiver 714, one or more local oscillators 713, and a

| digital signal processor (DSP) 720.

Within the non-volatile memory 724, the device 700 preferabl‘y includes a
plurality of software modules 724A-724N that can be executed by the microprocessor
738 (and/or the DSP 720), including a voice communication module 724A, a data
communication module 724B, and a plurality of other operational modules 724N for

carrying out a plurality of other functions.
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15 The transceiver nodule 711 includes a nultiple-band
antenna 10, a first transceiver 716, the second
wo caasesiver 714, one or nore | ocal oscill at orBCcm€A2002/001842
and a digital signal processor (DSP) 720. Wthin the
non-vol atile nmenory 724, the device 700 preferably
includes a plurality of software nodul es 724A- 724N
that can be executed by the m croprocessor 20 738
(andhermotile dasfee7/00)is prefetablyi agwea wapi comnuumigation clavice having
nodul e 724A, a data conmuni cati on nodul'e 724B, and a
vodeWdndl datay codfm@dtibeion aapabalitied N AlhusDidt keanpl@ Atk fnwbile device 700
carrying out a plurality of other functions. 15 WO

mAPOGhBAReRd P& Td GHeO QWL BAeh alhagy BBlhd Enali®y be Bight@0cellular

i's preferably a two-way connunlcatlon devi ce having

neWPLRE afil ‘fhag 3is8 c‘é{ﬁ?{mﬂmaféa&v'epﬁ‘ d5aRaRIokE t TRSvoiddatl datPetworks

exanple device 700 nmay communi cate over a

t C f n [
arg drfiGied fl M m& riRuBloR it 19AHER Wiocrld bl nerworks
a net The v0|ce and data ne
iy b PR ot ST r"&om SR RBUE, guch as base
These voi ¢ce and_data net
SIS PR SRUE 0 FiEs QoY TR RY AR EERI Gt A ingls e
such. as base stations, netmork controllers, etc.
nefwerli. Rash aseaires g qardi/ iy r@f@?%@f&%ﬁs‘é‘%&commumcate with
networ k. Each transceiver 716 and 714 will normally be
diffeafi gowertls 119. communi cate with different networks
719. 10 The transceiver nodule 711 is used to
‘conithei teaateivet ttodtllee? 1has weadkte cat@qunaat with teuegorkh @19, and
first transceiver 116, the second transcei ver 114, the

infl0@esOthe Mkterd@Cater 0B ithd sdcond tradsteivead 1 Mgythalose or more local
i ncl ude the DSP 720. The DSP 720 is used to send and

os‘bﬁl%ﬁirs"?lﬁhrﬁinﬁhf als@ iA616dd heMSMe20.r TRS DSPVEI(Sis 4kdd &Nsknd and
716, and may al so provide control information to the

reb&ifd) sci%&ﬂé’ & #hd ‘Ftn @ erikBeivdrf 714 8nd 91 6 And@shydMPprovide control

commuRi cati ons occur

information to the transceivers 714 and 716. If the voice and data communications occur
at a single frequency, or closely-spaced sets of frequencies, then a single local oscillator
713 may be used in conjunction with the transceivers 714 and 716. Alternatively, if
different frequencies are utilized for voice communications versus data commun.ications
for example, then a plurality of local oscillators 713 can be used to generate a plurality of
frequencies corresponding to the voice and data networks 719. Information, which
includes both voice and data information, is communicated to and from the transceiver
module 711 via a link between the DSP 720 and the microprocessor 738.

The detailed design of the transceiver module 711, such as frequency bands,

component selection, power level, etc., will be dependent upon the communication
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15 at a single frequency, or closely-spaced sets of
frequencies, then a single local oscillator 713 may
wheoousedoi n conjunction with the transcei vers FABHCan®2/001842
716. Alternatively, if different frequencies are
utilized for voice comunications versus data
communi cations for exanple, then a plurality of |oca
oscillators 713 can be used to generate a plurality of
nefwexdis @b¢ iire 9/ hvb rthe sbilelidagce 30Q tseinteodaktoarpdratkatior example, the
networ ks 719. Information, which 20 includes both
tranddeier amudluidalia may michde in@ansceivarsctidnandidatdesighadl @ruperate with
fromthe transceiver nodule 711 via a |link between

anyhet PSEict? Qfadthridigcalibs MOWRREL SEE ad A MbBReI¥t & bedTAC™
design of the transceiver nodul e 711, such as

mgﬁlﬁqwe?frﬁﬁﬂgazron eRIRROENIPS eTBMA, ATDMPOWeTs, Ley @Ismmomer

epen dent 'upon the conmuni cati on
%%8 / 9
ty&% 41/ 9 429 %9&‘ Jowe ne 8@ bQ)th féi)%raég]gﬁt 3 %%%tgit rghfﬂ 'ng'a & utilized
exa el,ver i ncl ude
WW&H@&W& ?gwef‘li@m@u ca’sfsfpaﬁ@&gifs“%&"? ate with any
variety of conmunicatio wor ks, such as
b DTG L el PROMIRC M A5 EeRreLe éﬂr (e mobile
netmorks AMPS, TDMA, CDMA, PCS, and
devigge0gnayialse vanid Fpsiesamplet iohg Mobssk Hmé ébiaarTaﬁ% daﬁ% dretworks,
integrated, may al so be utilized where the nobile
molele devi®@0are rregistared en ther nefwpdndbing & paique ddengfication number
Dependi ng upon the type of network 719, the access
assaipted eivk pich rhabiletdeeicadliGRRS dew netevorl30havesyer Insovorkangeess is
For exanple, in the Mbitex and DataTAC data networKks,
asEEURtbEw IR ¥ sGieritir Or 1RPbBA Robile dviden® GRRS\@dviiceligpibalyarequires
uni que identification nunber 10 associated with each

a SRREAHSr d8HEE molile GREIM JalvRicRal WedukSd iR QHRY 86 .opBRte\® miobile

access is associated with a subscriber or user of a

deTRAI Jnea(g $ ﬁ%woﬁt. EhE of E?‘ﬁ-ﬁ?v@)ﬂp&@%ﬁﬂcz{u@ﬂ YhfcBSns @ an &1) may

subscrl entity nod is require

beI og%egar tﬁgﬁffeéﬁﬁ %e\%cg%%{ Jz ﬁ]?bgg Mév?@e \9 : on Ei% 0 carry out any

non-rnet wo conmuni C ctions

fuglctlons 11¥\)01vmg communications over the data network 719, other than any legally
required operations, such as ‘911 emergency calling.
After any required network registration or activation procedures have been

completed, the mobile device 700 may the send and receive communication signals,

- including both voice and data signals, over the networks 719. Signals received by the

antenna 10 from the communication network 719 are routed to one of the transceivers
714 and 716, 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 allows more complex communication
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be operable, without the SIMdevice, but a nobile
device wll be unable to carry out any 15 functions
WO pwalondsng conmuni cati ons over the data networ RCTCA2002/001842
other than any legally required operations, such as
"911' energency calling. After any required network
regi stration or activation procedures have been
conpl eted, the nobile device 700 may the send and

fuﬁcﬁ%ﬁ‘d VEHCR BRI §ahddRMtish GPdetodink Mb@ﬁéﬂ&m@@hhny% EBP 720.
and data signals, over the networks 719. Signals

In Egﬁﬁ!a\‘ npé’r gl?lgdlgg lﬁ%ﬁlﬁ%}gﬂgﬁg) {1)1? ﬂg’g‘r\;}o‘?lt?r an chE&Eél ‘?ﬁbludmg

net wor route | ver S

uPatlz)% 6hd \éVIn1 oﬁﬁlgpfo(?\élxﬂg %fth 2 th%ﬁ oqﬁded to one of
BACY ter ng,

tonver

se ectlon also rovi de. an
hFeeay Te ghd afd7 AR I éf RO o %ﬁf»%?%y whoggpersion,
the received signal allaows nore conpl ex . comunic
ﬁltfvnwm}cﬁﬂamg@gq UpBESPIEon 32, ) FRRIUNIGHRR NGk ?&éhwa the
as digital denodul ati on and decoding to be perforned
anggnhlf)-t he DSP 720. In a simlar manner, signals to be
transmtted to the network 719 are processed,
i nclludddigon tropratessing theagochreyrdention gignaler the RfifpT29) algpyprovides
the DSP 720 and are then provided to one of the
fort teaaRsteir contsol 7Hat eamalplé 1the fzoin leNeds dpplied ® @mahagcation signals in
conversion, frequency up conversion, 5 filtering,

thetdtlstdivez @y 1 Pdhdan @ nidyaRsdagseBtoh@olldiah@agituitomatd gin control
network 719 via the antenna 10. In addition to

al RHAFESHAPdIR iAREDSP 920.1 Othep trikaéiSer dofiol orKl?rQs @duddPalso
provides for transceiver control. For exanple, the

bquf nlefited! R tﬂ€ ?fP:ﬂZé)t@ SOOI EALE Phbrs s Qlflﬂgtﬁaﬂe@ coﬁtﬂﬁ of the

nscei vers 16 nmay be adaptive contr ol

throu tic gain control 10 algorlthns
tmnﬁfpg%%ﬁaééggﬁ t he DSP 720. O her transcelver contrm

al garithns could,@
S R

" n_ OB ENCIOBIaBESON Fr@g%ﬁ%ra&ﬁ i coptutls e oyl cHERgion of
transcei ver. nodul e 7

the dual-mode mobile device 700 ‘Many types of microprocessors or microcontrollers
could be used here, or, alternatively, a single DSP 720 could be used to carry out the
functions of the microprocessor 738. Low-level communication functions, including at
least data and voice communications, are performed through the DSP 720 in the
transceivef module 711. Other, high-level communication applications, such as a voice
communication application 724A, and a data communication application 724B may be
stored in the non-volatile memory 724 for execution by the microprocessor 738. For
example, the voice communication module 724A may provide a high-level user interface
operable to transmit and receive voice calls between the mobile device 700 and a

plurality of other voice or dual-mode devices via the network 719. Similarly, the data
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The m croprocessor 738 preferably nanages and controls

the overall operation of the dual-node nobile device
wQaod4/0MENYy types of nmicroprocessors or m crocoPtT/OARm®Re01842

15 coul d be used here, or, alternatively, a single DSP

720 could be used to carry out the functions of the

m croprocessor 738. Low | evel communication functions,

including at |east data and voi ce conmuni cations, are

coR@lun@aiie hdiul gl RayDPRVI0a i High-RSel LSRRGS bperable for
nodul e 711. O her, high-Ievel comrunication

se h&ﬁkb80§1 dakiC Quc"l\sasae MR GfRessaBNTTMY 6ahhi25 mformatlon short
appl I cation 24A and a data communi cation application

te)g %?"e@s R:e l?e@véemh@ Hlobpe &mcen% %‘al %B}aﬁmﬁ& lega]A'dewces

uti’on by the m Croprocessor exa
viatntﬂg Hgtl(\)vgcke ﬁggglr’ml C?ﬁl or}crmrg)ges(se(%raé%altso B{Itltgragt\él w"?h otha‘r device
subyS St sth 5 Tt Bspiie FZ e Bo%“gaﬂﬁnb%%ﬁa%e%%% o BRYf 226, the

t-he netmork 719, Sim | arl t he dat a
o] ORSBPUbETP AT DY T4 A STRIRR A0 R kblRire 732, the

724B may provide a _high-level user interface operable
spgafer T3tk micrephone dd6i the sepriteange cemamnigations pabgystem 740, and
nmessages, files, organizer information, short text
anyregsadmice sabsyst;erris etnaraly designatedad 242d evi ce 700 and a
plurality of other data devices via the networks 719.
The Soiner op rthe esaboistefi38 stalwao in NFigr Jc fpsrfwint rcontnerication-related
devi ce 5 subsystens, such as the display 722, the

fuft@Bny, Ok drédsCotiBMRIbYystotds mah eprAlE 72Ridehf€or BaLdbVibe Fdhctions.
|nput/output (1/0 subsystens 728, the serial port

N(%é?lﬁ)%f soPR s @ﬁ‘lrs deufi32s k&ﬁ)%ardsﬁgaaiﬁ@ rdlsZ)%’ 72t2rlﬁay be used for both

‘ophone the short-range communicati oris
CO%%ZI%{C%{I?TF} gazelfg(% féllﬁlg[?oné asnu¥h %Q‘ﬁél‘g%edvﬂegfm?#% eg%yfﬁ gg%tmés%on Oover a
h Fi t e
aa o fnghuBE' &?fﬂl‘%@ Tiusat Bty STt guilaor or ask
‘res Id?ﬁﬁ£tor on-devi ce functions. Notably, sone

1“%@%%?% YPE (GUA%S- keyboard 732 and di splay 722 may

be used for both ) _ _
Operating system software used by the microprocessor 738 is preferably stored in

a persistent store such as non-volatile memory 724. In addition to the operation system,
which controls all of the low-level functions of the mobile device 700, the non-volatile
memory 724 may include a plurality of high-level software application programs, or
modules, such as a voice communication module 724 A, a data communication module
724B, an organizer module (not shown), or any other type of software module 724N.
The non-volatile memory 724 also may include a file system for storing data. These
modules are executed by the microprocessor 738 and provide a high-level interface

between a user and the mobile device 700. This interface typically includes a graphical
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conmuni cation-related functions, such as entering a
text nmessage for transm ssion over a data

W@ oregsseat i on network, and devi ce-resi dent fuPCT/Can®2/001842
such as a calculator or task |list or other PDA type
functions. 15 Qperating system software used by the
m croprocessor 738 is preferably stored in a
persistent store such as non-volatile nmenory 724. In

coglgghén't ﬁfbvidédttﬂx%uglp eeadib iy $Y5 ta8Man 1%8]0‘6&;!&9 BéthfdrRn@provided
i

he | ow | evel functions of the | e device 700,

thfopgh [h‘%rhu?( agt vb%zsﬁa{mz ;1%& 798Yhk @g daeie7 Ry rahal rt@é Infc¥ophone

softmare I cati on rograns

i e SSETBER EPTIE u fmes
, f .
BB Lo PR P BT, R i

file systemfor storing T nodul es a ‘
Mereeveit BeF Y ARG ste@% 5 a%g’eéﬁapwwsa%efgw RAM 726,
hi gh-l evel interface between a user and the nobile
befhey peraaggly wiing themde pddesysien) arted in Hpgrsigiest gore such as the
graphi cal 19 WO 2004/ 049501 PCT/ CA2002/ 001842
nogowptiee memoryoV24e dThehnouydlatilhemetheny| 234 mRY, beandplamented for
i nput/ out put conponent provided through the auxiliary
exdihPle /R, Flashandoeyth camgdoedL or 4 hattespbaked-uf BAMand t he
m crophone 736. The operating system specific device
applArc ateniplsy Gpplitidieh efodudd 74 tthatt fgy ®efloade@yont®@he mobile
tenporarily Foaded into a volatile store, such as RAM

del6 T idf %Sb@lﬁorQPQEﬁ)tnhQﬁbn %a&(ﬁ’ée@o(\PQM) £pptieAnend providin PDA
conmuni cati on S|gnals may al so be tenporarily store

fUITICQI tﬁﬁm’ <06h as érﬁfa? e%fs%th%nt‘é‘”énﬁ' 2k ttém% foduld $24N

Iocate In a ersi ent store suc

m% soolél erar%b wétﬁgﬁ 7o§n§'munelyaglﬁg ?@d\@;ﬁg““ﬁ%a gﬁigﬁéﬁ%g&%e calls,
t b t b k
Vo3 RS Gt S RGN Vi b e o RSB R e for
nobil e 10 device 700 is a personal .informtion
m:ﬁa@g]@g@rmy(lbqumaﬁlﬁqqugatapq)ﬁthﬁrr diss gprhs&npsms Alternatively, all of the

functionality' of the voice communication module 724A and the data communication
module 724B may be integrated into the PIM module.

The non-volatile memory 724 preferably provides a file system to facilitate
storage of PIM data items on the device. The PIM application preferably includes the

ability to send and receive data items, either by itself, or in conjunction with the voice

and-data communication modules 724A, 724B, via the wireless networks 719. The PIM

data items are preferably seamlessly integrated, synchronized and updated, via the -

wireless networks 719, with a corresponding set of data items stored or associated with a
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a

functionality, such as cal endar events, appointnents,

and task itens. This nodule 724N nay al so interact
WOREh/0¥45e@1 voi ce contruni cati on nodul e 724A for PERagRaeg001842

phone calls, voice mails, etc., and may al so interact

wi th the data comunicati on module for managing

e-mai | communi cations and other data transm ssions.

Al'ternatively, all of the 15 functionality of the
ho¥QofPu P STEM, CakieB) cRREM £mirddkéd aneknt R ddati®ms associated with
connunlcatlon nodul e 724B may be integrated into the

W.e. The non-volatile menory 724 preferably

prOV|des a file systen1to facilitate storage of PIM

dat rgl‘he: ¥He 8@/1 glgo E hyls c‘ﬁl‘d ﬁlahost stem by
kP %{% i SniBahost o

prefera sen
dat t th | L1
PIEFE U .d%ﬁgf‘z ag%agfa iyt ?fﬁfﬁﬁ% c@}” it oS F%%ﬂf?fﬂn 130 of he
724B, th | t ks 719. Th PIM
motiiviss 200ioaE A pog @Efen SN eﬂwas?ea pore P38 Ray aiso be

q{nchronlzed and updated, via the wreless networks

4o appblp & User fe e REmiPIgnCcsstthrongh g extemgh deviee eur sftware
associated with a 20 WO 2004/ 049501 PCT/ CA2002/ 001842

appliation; empel lewnlogd biden apphiestiobynagdubes 724 far mistaHgrasd This wired
systemfor data itens associated with a particular

dowabiad pdthemayobx eddeVoadean ADOrypegn kdysanth ¢hendarvica) Which is a more
synchroni zed with a host system by "placing the device

sedt® mefthodnthhh bedHaagifg Ghagpton Worafatieowid e Whdesendtabrk 719.
port 730 of the 5 nobile device 700 to the serial

m@ﬁﬁées ®dr dche WIRS doWhisRMPathi By pralidB@ I thé FEbIBYeALS P00, in
be used to enable a user to set preferences through an

adgx)ﬁ&vﬁl Ola ﬁ@%de(?fetﬁgé E%)ﬁlfvz%@nggp% d$%a(§erfBoP6n Would provide an
i b d
thl[o}%cg A Binl fqmlgﬁecf(\f)e 8o dowWnlpad path may be used to

encr onto & ‘device, which is a

o R R S S B I B s

I nt erfaces for ot her wired downl oad paths may he
thrlgpg)tvqhg agtworks; Ha, thepigh @an guxilig I/ﬂmlbsystpm 728, through the serial port

730, through the short-range communications subsystem 740, or through any other -
suitable subsystem 742, and installed by a user in the non-volatile memory 724 or RAM
726. Such flexibility in application installation increases the functionality of the mobile
device 700 and may provide enhanced on-device functions, communication-related
functions, or both. For example, secure communication applications may enable
electronic commerce functions and other such financial transactions to be performed
using the mobile device 700.

When the mobile device 700 is operating in a data communication mode, a

received signal, such as a text message or a web page download, will be processed by the
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addition to or instead of the serial port 730. For
exanple, a USB port would provide an interface to a

W@ witlo#ashy equi pped personal conputer. Additi OPE/CA2002/001842
appl i cation nodul es 724N nmay be | oaded onto the nobile
device 700 through the networks 719, through an
auxi liary UO subsystem 728, through the serial port
15 730, through the short-range comruni cations

traﬁé&@ﬁXﬁhﬁHﬁlZ%’l aﬁfl SViGdo tﬁ@)hl%?l%f:esw 130 i HUWRY SrefRimably

2, and instal by a user in the non- vol atil e

umw/cezs%ﬁe %ceWs ngLGfor %ﬁ%ﬂt fol X LR ia&tMZ' o, altem?tlvely, to an

[l cati on |nstal ati on creases he functi ona
il Vi C
au)élilargreiﬁ) HDVK? eu'}r?gt gglﬁ%r o(‘afcr%(g)og)leﬁg\gg on- f%l'sn?go F@gﬁg?(ﬁems such
oth. For .ex

25 B3N AESioEtn L e BRRET o0 GGt BT ygpelgte Aphanumeri
KTl TG GV ERE SroBr WPGEN GhersOUES ChRBHD i Shanameric

nobi |l e device 700 is operating in a data conmmuni cation
keyhsngeds such asdheknosm RBY @K Stwc,rhayaaéwabetlész@ Hess dnpyis toghe gobile
web page downl oad, will be processed by the 21 WO
degio0 200 BIE01er ROTICAL G/ 0PIBLY oft auaiisrel/ Qetevives it Which may
and provided to the m croprocessor 738, which w ||
inqhudef £ tlainbwheélumpinedeviicep aatsschphd a emréity @f switghea) afrosker input
output to the display 722, or, alternatively, to an
switdt,iekd. aThé dIfApdadi data ifedis inputbyahe Ber MaPithed ldavin6Mitté@@ver the
may al so conpose data itens, such as enmail nessages,

coHﬁhﬂQ:aﬁ&?néf@U&@qmivﬁ?ﬂ?ﬁ UM&&‘R&r infodpfeefigr ably a conplete
al phanuneric 5 keyboard laid out in the QAERTY style,

al t Rougn,0 ile He¥ic ﬁ%OEfls mg@%éfg@@b&'a QHﬂﬁ{uhféatlon gmde the

keyboards suc as t style may al so

ovsﬁgg Illngréjﬁorll1 0 Lh% plflur a(?IQIeCtCWPQ+ﬁs§1&%gﬁygl&?la{yoothgsda U&E&e except
U hunb I
ot S el T e TR RSl 5 85 i o

switch, etc. Th d dat t t b
trammvgnge e, Egep@rargg ﬁlic)))tn?ag glelgggt?on? h|%36e nxlténqgtyve vgxcé ho? 2lajusdleor /O

subsystems, such as a voice message recording subsystem, may also be implemented on

the mobile device 700. Although voice or audio signal output is preferably accomplished

primarily through the speaker 734, the display 722 may also be used to provide an
indication of the identity of a calling party, the duration of a voice call, or other voice call
related information. For example, the microprocessor 738, in conjunction with the voice
communication module and the operating system software, may detect the caller
identification information of an incoming voice call and display it on the display 722.

. A short-range communications subsystem 740 is also included in the mobile

device 700. For example, the subsystem 740 may include an infrared device and
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10 conmuni cation networks 719 via the transceiver
nodul e 711. When the nobile device 700 is operating in
w@200ei0esocomuni cati on node, the overall operetT/an208/001842
the nobile device is substantially simlar to the data
node, except that received signals are preferably be
output to the speaker 734 and voice signals for
transm ssion are generated by a m crophone 736.
assikctaedrirtiitsend sbmpommtsa ot hottiangerRE eoyspynissfion rsedule wigh as a
a voi ce nessage recordi ng subsystem may al so be
BlugrpdteHembede on an 802. 1 imividuke tdevoide 00 @omAlunivetighwithisieilarly-
or audio signal output is preferably acconplished
enBBlEdTBYstdms drdr @vias.t MRosepkélledrin AB art twill appmepiaseythd2Bloetgoth”
al so be used to provide an indication of the identity
an@8@. CRd fefeh 8o RAY bb/spetifiCatibus, aivhilibldfrom tNOImRgtuead Ele@fical and
other voice call related information. For exanple,
Elg%l%n[& %5%@5&9,%1%9%%;\%%1&3 éﬁﬁehzﬂ Rfdain@fvobkd dhdt DREI¥RI1SAI area
conmuni cati on ul e and the operating system
né?»\?fr%g\@gseectiv detect the caller identification
Phtoraatton of an i ncom ng voice call and display it

o 6, B, S P AR

be;t?fgg%ﬁl;: g{jj %Q&%ﬁ%éﬂf Ec%lsjqb% @ eg}l 76%40 nt%ymzllkrf]:calncLlJ %ge &€ invention.

PCT/ CA2002/ 001842 associ ated circuits and conponents,
Thsringengpomay inghigle ofFer examales tBaHocaH to st &illgldR tifary

Bl uet oot hTM nodul e or an 802. 11 nodul e to provide for

confieniesabplonalthiongh deseiibert hlyove miatsiridyd ins thtaontexhpfia dual-band

devi ces. Those skilled in the art will appreciate that
antdBhalet mdtiple-elamsht 286halidy alefiecludofustbersangdnna elements to provide

specifications, available fromthe Institute of

foEbgeatlonGRInodMadtvid fedueney mdEngi neers, relating to
Wi rel ess personal area networks and wrel ess | ocal

ar earheNRouMahE Sirudt@RPRCHE 128! stow BorSillWdtiativ € Puipeses ronBi, lafd may
uses exanples to disclose the invention, 1ncluding the

gD PR L B S PRk o
those shown in the drawings and described above, depending on the particular mobile
device in which the multiple-band antenna is implemented. It should also be appreciated
that the mounting structure could be integral with a mobile device housing or other
component of the mobile device instead of a separate componcht.

Layout of the multiple-band antenna is similarly intended to be illustrative and not
restrictive. For ekample, a multiple-band antenna according to the present invention may
include slot structures of a different shape than shown in the drawings, and need not

necessarily incorporate fine-tuning structures. Similarly, as is typical in antenna design,

the dimensions and positions of antenna structures can be adjusted as necessary to
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The invention may include other exanples that occur to

those skilled in the art. 10 For exanple, although
walea@anidsed above primarily in the context of aPCT/CA2002/001842

dual -band antenna, a multiple-el enent antenna nay

al so include further antenna elenents to provide for

corngBaes 118 e ey aut ha%ﬂ‘tsf‘évéé%gﬁ%&f??g qPihlagtarsag% gr display,
for ‘?\?BF Sg’sr‘aﬁ?‘ﬁ“é?gﬁ?rwf’ﬂ%{tcﬁe? :o?pl?evvelr ngsgﬁ a%/l ﬁg .
deAiFasieh s, a@ﬂplﬁgsﬁﬂg?‘ﬁ@ga OB BptiPE B U B Sreture 50

. whi i

wnﬁﬁ%% iierhit oftfer ks Bkl %stbgcgg‘magg%?”@%a@&shmd dpgsives, for
' t T | th bi |

exafgRle il s Bt b Biopg dofle %&%s&%%{ ot he Aol e

B o BB AT SRR GBAPYR Bld Bcone

she%{{illis Bﬁrételg\éﬁa\?aeng ghes mamrl a.S tugeI 8}1 tlh\é %hull: glr -bang nglenha % but the

nna accor

I A T R T

necessaril.y i ncarpor.at fine-tunin str ures
Prmglnﬁl c1r acfr%:Pom ing a.con ycpt)liv?: g”lmI on'g ﬁ‘t“’esrﬁrﬁ% adles#ghnmg pfeﬁuously deposited

o diere onassu%gtgceggeg§v'§,%%§518§ AEERIRShiuGLUr es can be

PCT/CA2002/001842 conpensate for effects of ot her
nobi | e devi ce conponents, including a shield or

di splay, - for exanple, on antenna characteristics.

Al t hough the nultipl e-band antenna 10 is nmounted on

t he mounting structure 50 wusing, nmounting pins, other
types of fasteners, including screws, rivets, arid
adhesives, for 5 exanple, will be apparent to those
skilled in the art. In addition, fabrication of the
mul ti pl e-band antenna 10 from a pl anar conductive
sheet as descri bed above sinplifies manufacture of the
mul ti pl e-band antenna 10, but the

24



10

15

20

invention. is in no way restricted to this particular,
or any other, fabrication technique. Printing or
waele@aenieshng a conductive filmon a substrate andI/CA2002/001842
etching previously deposited .10 conductor froma
substrate are two possible alternative techniques. 24
WD 2004/ 049501 PCT/ CA2002/ 001842 We Caim 1. A
mul ti pl e-band antenna having first and second
wWEOOREmt | Ng frequency bands, conprising: a first patch

structure associated primarily with the first

1. Opekahhﬁg)llﬁf-ﬁﬁﬂuﬁﬂ@ﬁa%'@ﬂig fiRt And REQNA HRtAiihe Stdbehdy gands,

el ectric y coupled to the first patch stridcture an
socj.ated primarily with the second operating
Cm?’%%&%ncy band; a first slot structure disposed

anch EePRE B pRihiers Buphrl utyRG BT bRty MM banc;
e socorlsBtghait Lo ir GuBled fo<08 ek Pk ucure and

second portion of the first patch structure and the
asseeiaigh aripatibhvigh th secgpeé opgretingsfsssiprayddndr i marily with
the second operating frequency band. 2. The '
mul & ifipdteslds satrdctaret dispeacdobetgeen anfirst paktéanedinthelifinss rpatcbregructure
of the first patch 15 structure and the first sl ot
ands the yedond @atoh istiedtink yndl edseciated primhel yf wittsthe dijpe opéravigg frequency
frequency band, gain of the nmultiple-band antenna in
baddiend i r st operating frequency band, and inpedance of
the nmultiple-band antenna in the first operating

fregueasy H8nstruchire HiosBdl bithk&r RaRERNGABR Bfthé IfRitNpatch
, Wherein dinmensions of the second patch

2 20
stricgnrtd S ﬁle? oid’ 3}8%5 CORdusd Qhd SJS%&&%«%H dmaﬁgﬁg&{idhythﬁ second

etermne the se operati ng requency gain
g-band antenna in the second operating

op(%)rf?t'é%ﬁﬂtg%(]rc{lgrllct yI tgiln
2. The multiple-band antenna of claim 1, wherein dimensions of the first patch
structure and the first slot structure primarily determine the first operating frequency

band, gain of the multiple-band antenna in the first operating frequency band, and

impedance of the multiple-band antenna in the first operating frequency band.

3. The multiple-band antenna of claim 2, wherein dimensions of the second patch
structure and the second slot structure primarily determine the second operating
frequency band, gain of the multiple-band antenna in the second operating frequency
band, and impedance of the multiple-band antenna in the second operating frequency

band.
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band, and inpedance of the nultiple-band antenna in
t he second operating frequency band. 25 WO
wQeeH®$0601 PCT/ CA2002/ 001842 4. The nul ti pl Betyaneho2/001842
antenna of claim1, further conprising a feeding port,
the feeding port conprising: a feeding potnt
electrically coupled to the first patch structure and
positioned to 5 overlap the first patch structure;
and a ground point electrically coupled to the second
pat ch structure and positioned to overlap the second
4. pat The sdultipté-bael aftennhhef it i1 p fietheardmarisieg rmafeeding | p@rtmthe
1, wherein the first patch structure is a 10
ﬁmgmg%bgabmgﬁﬁygc>shaped structure conprising a first
end portion, a second end portion, and an adjoining

POr § FQRing PR MGt ARy Iebuiptdd R le BRJtiPaRA AEtuld S ndSEER1Aed to
end portion, wherein” the second patch structure is

i o the adjoining portion, wherein
OV%r?EQﬁe;ﬁilggéalt%ﬁ Sgrt%@tke?g%% ure i s disposed between the
first en artiqn d t he,second t tructure. .and
whe &Y RERLHE e eabEy RORE feah? bith apluE bl Frudida o
t he secon% en% 1§HEfrtion and the second patch
overiap the S5 RECHSITECHHE ¢ i pl e- band ant enna of clai m 5,
further conprising: a feeding point electrically
coupled to the second end portion and positioned to
overlap the second end Fortion; and 20 a ground point
5. el edhe mudtinle-bawstiphteana of clain sle cwlivacipahe Hirst pajeh sirecterpds a
positioned to overlap the second patch structure,
substratia] ynCshapefl eaitmg cpmprisingadirst lked geromd yeodndtend portion, and
conprise a single feeding port of the nultiple-band
an adjodiMaportion coupling the first end portion and the second end portion, wherein

the second patch structure is electrically coupled to the adjoining portion, wherein the
first slot structure is disposed between the first end portion and the second patch
structure, and wherein the second slot structure is disposed between the second end

portion and the second patch structure.

6. The mﬁltiple-band antenna of claim 5, furthér comprising:

a feeding point electrically coupled to the second end portion and positioned to
overlap the second end portion; and

a ground point electrically coupled to the second patch structure and positioned to
overlap the second patch structure,

wherein the feeding point and the ground point comprise a single feeding port of

the multiple-band antenna.
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26 WD 2004/ 049501 PCT/ CA2002/ 001842 7. The

mul ti pl e-band antenna of claim6, wherein the first
wQaiogh4ssor uct ure further conprises a bent porPCDOA2002/001842

electrically coupling the feeding point to the second

end portion, and the second patch structure conprises

a bent portion electrically coupling the ground 5

point to the second patch structure. 8. The

mul ti pl e-band antenna of claim 7, wherein the bent

portion of the first patch structure and the bent

por 4 . S 0 t nfe i
T DotFAPRulnd BRaEORd AR UMY REERSEHBIe s

t he ground poin
[ [mn ' n r £ . .
cofiREEk BT vaREn St RRESecypRE} bt FecebdidiuiNEb B sechtg end portion.
| tiple-band antenna aof claim1,. wherein . the first
andiffe second pateh SytE.FoRRRs 4 ErEperigh sl Byainuplipe e ground
Mobi | e conmuni cati ons (GSM frequency band, and the
poiaEfedhifeceiah sHYCfequency band is a Persona
Communi cation System (PCS) frequency band. 15 10. The
mul ti pl e-band antenna of claim9, wherein the GSM
frequency band is GSM 900, conprising a transm t
8. subThramultipie-8@d-a9teBn-pf daich d wheean viee Bonbpertin 06 fhedrg-patch
960MHz. 20 11. The nultipl e-band antenna of claim 10, -
strwhee ahd thd berfPGortiore i érecsechrain patclc omutirs esspgcti velyn podition the
sub- band of 1850-1910MHz and a receive sub-band of

feediRg Groint AHAMNE . oreuhdV\dirO 4 Gi&iioRimined / AR X 1Bt Zirst patch
12. The mul tipl e-band antenna of claim1, further

strfcRIFR hlSthB Secdn® battibidcwir®f tuning structures.

9. The multiple-band antenna of claim 1, wherein the first operating frequency band
is a Global System for Mobile communications (GSM) frequency band, and the second

operating frequency band is a Personal Communication System (PCS) frequency band.

10.  The multiple-band antenna of claim 9, wherein the GSM frequency band is GSM-
900, comprising a transmit sub-band of 880-915MHz and a receive sub-band of 925-

960MHz.
11.  The multiple-band antenna of claim 10, wherein the PCS frequency band

comprises a transmit sub-band of 1850-1910MHz and a receive sub-band of 1930-

1990MHz.
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13. The mul ti pl e-band antenna of claim 12, wherein the
plurality of tuning structures 5 conprises: a first
WO o0visfogpsst ruct ure connected to the second portPONCAR002/001842
the first patch structure and conprising a fine
tuning tab for tuning the second operating frequency
band; a second tuning structure connected to the first
portion of the first patch structure and conprising
12f 1 nghd wiildile-baASankt&na tofldi@ 1, Marthér’ mpeiRREad pRghlity of tuning
frequency band; and 10 a third tuning structure
strflisposed in the first portion of the first patch
structure, conprising a tuning slot for tuning the
second operating frequency band. 14. The nul ti pl e- band
antenna of claim1, wherein the first _patch structure.
2225 C{Illu{}lg?%’g%ng raﬁ%lng qsctélélug fwﬁlglr'ﬁl ?ura tl eoc%ttlril‘lllgga IStll‘ &f:tures
consi sting of. copper, alum num S|Iver and gold. 15
COMEf1S®Fhe nul ti pl e- band ant enna of claim1, i mpl ement ed
in a wreless nobile comunication device sel ected
f r ofrfifsh &R HCRENSIsestedyioghe serand PerbiRfeh Editsigppich structure
devi ces, voice comuni cation devi ces, dual - node
andfenmpsisingerfasi teaing tab fprouing shesseepnd oppistiog frequency band;
comruni cations, cellular tel ephones, wrel ess eni
c omaseriosd tining Weviuceenn@dedobih¢ Erst pbrtiphoh 8w firsivpatdy structure
data communi cations functionality, personal digital
and&sthsiisBigtfine itk abs fonaliggkht drst wperetirgssequency band; and
conmuni cations, wireless email comunication devi ces,

anda%lf@hﬁﬁ% dﬁ%@t@f@dls ey 2OALOASEOH of the first patch structure,
PCT/ CA2002/ 001842 16 A mul tipl e-band antenna system

corﬁgﬁ@ﬁg §iuﬂ91lg sfht %f't&mﬁé e Raddd %Bér@t'i‘ﬁ?fr&fi‘ﬂéhé}%aﬁ& rst and
second operating frequency bands, ~ conpri’si ng:
14.  The multiple-band antenna of claim 1, wherein the first patch structure and the

second patch structure comprise electrically conductive material selected from the group

consisting of: copper, aluminum, silver, and gold.

15.  The multiple-band antenna of claim 1, implemented in a wireless mobile
communication device selected from the group consisting of: data communication
devices, voice communication devices, dual-mode devices enabled for both data and
voice communications, cellular telephones, wireless email communication devices,
mobile telephones having data communications functionality, personal digital assistants
(PDAs) enabled for wireless communications, wireless email communication devices,

and wireless modems.
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a first patch structure; 5 a second patch structure
electrically coupled to the first patch structure; a
WO 200804%8hDt  struct ure di sposed between a firstPEDCAR@®N001842
of the first patch structure and the second patch
structure; a second slot structure disposed between a
second portion of the 10 first patch structure and
the second patch structure; a feeding point
16.6! e&tHiIGALbYnEF Hing dydn EBGpidifSt patch structure; and
a ground point electrically coupled to the second :
pat LU ¢ ' e fir SLr
it (RIIPEa EproptEFh ArCpld bEon@Xpkliidl RS ands.
orecei ving structures for the first operating frequency
W¥nd, and the second patch structure and the second
slot structure.form nmmjor radiating and receiving
structures fcﬁ'ﬁrftff’é‘tcélesgﬂh operating frequency band;
and a nmounting structure conprising: a first surface;

5 and 20 a secoh&c8lt PAKE BPEEs electrigalbn qouried (1o dhs fHigst patch
the first surface, wherein the first and second patch
struct urg8c@re npunted to the first surface, and
wherein the feeding point and ground point are nounted
to the second St flat etruck@e \WB3pROMABEIWEOH04 first portion of the first
PCT/ CA2002/ 001842 17. The nulti pl e-band ant enna
syst em opatetl saiuomuiGind Wheeseeord paed souttutepl e- band ant enna
further conprises nmounting bores in the first patch
structure, thesesenslet faictle disposed between a second portion of the

C

10 first patch structure and the second patch structure;
a feeding point electrically éoupled to the first patch structure; and
a ground point electrically coupled to the second patch structure,
wherein the first patch structure and the first slot structure form
major radiating and receiving structures for the. first operating frequency
15 band, and the second patch structure and the second slot structure form
major radiating and receiving structures for the second operating
frequency band; and
a mounting structure comprising:
a first surface; and
20 é second surface opposite to and overlapping the first surface,
wherein the first and second patch structures are mounted to the
first surface, and wherein the feeding point and ground point are mounted

to the second surface.
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structure, the feeding point, and the ground point for
receiving fasteners to nount the 5 nulti pl e-band
w@niog/ose0t 0 t he nmounting structure. 18. The  PCT/CA2002/001842
mul ti pl e-band antenna system of claim 17, wherein the
nmounting bores conprise offset nmounting bores in the
first patch structure offset froma surface of the
first patch structure. 10 19. The nul ti pl e- band
antenna systemof claim 17, wherein the fasteners
conprise nounting pins disposed on the first surface

17. a”drh%: & uRR S‘a‘i‘lgs hﬁt&ﬂﬁe font RE ARUNtIEN Gyhesdif UGE UnglipRDand

posi |one e recei ed by the nounting bores. 15

20; | b ond patc
anteRpa, flg %@{)ﬂ%&e aﬁgg @&Ieg ﬂpa'xesﬁétt gﬂ&ﬁgtr&:hﬁé Nthd Second tp tch

I'ng eat stakes t

are nel to retain the n
sty Bt o8 PGt 1 S fm“'%ﬁ 57 SRERN SR 20 g‘t"nﬁ‘ the
system of claim 16, installed at a top rear portion of

muhpleﬂl?n@\ﬁ?tép‘@stg theBPYEing SWRAHECat i on device. 22. A

W rel ess nobile conmmuni cati on device conprising: 30

WO 2004/ 049501 PCT/ CA2002/ 001842 a first transceiver

adapted to transnmt and receive communication signals
18.i n "Bhef multiple-bandcanderay systanl; of claimolvd Wheasis B¢ yequnting bores

adapted to transnmt and receive communi cation signals
conpiis@ offs@anashtibf dgresris yhebfst pataln dtrdctare raffset f5pra-abwmnigee of the

antenna connected to the first transceiver and the

ﬁm§$ﬁgp§nmﬁﬁ@nscelver and conprising: a first patch
structure associated primarily with the first
frequency band,;

19.  The multiple-band antenna system of claim 17, wherein the fasteners comprise
mounting pins disposed on the first surface and the second surface of the mounting

structure and positioned to be received by the mounting bores.
20. The multiple-band antenna system of claim 19, wherein the mounting pins
comprise heat stakes that are melted to retain the multiple-band antenna on the mounting

structure.

21.  The multiple-band antenna system of claim 16, installed at a top rear portion of a

wireless mobile communication device.

72. A wireless mobile communication device comprising:
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‘ra‘?sﬁ?‘f’ et

a second patch structure electrically coupled to the
first patch structure and associated primarily with

wo bw4sesond frequency band; 10 a first slot stpODCA2®2/001842
di sposed between a first portion of the first patch
structure and the second patch structure and
associated primarily with the first frequency band,
and a second slot structure disposed between a second
por4 fisntradscéine alaptad topednsinit agd raceitvacemandichiion Sgebsrid a first
patch structure and associated primarily with the

frefRAOBhndlS> frequency band. 23. The wirel ess nobile

comuni cation device of claim 22, further conpri sing:

a houshA@ uansesiléidaplel Yo BRSNS hiiOretdl G ¥ohiLAISSRiIHBNaR in a
comuni cation device and having front, rear, top,

antenna is nounted in the wirel ess

T e R P

r.el esg nobi.l.e conmuni cati on devi ce of claim 23,
EBMBPi'8%ng a keyboard a display, a speaker

and a m cfophone nmounted within the fr t su face.

The wi rcf BSLOYRITE i gL 7 @F%en‘fwnd

wherein the first 5 fre ncy band is a G obal Syste

For Nbbi 4 sceushpmieli WRETBHASUEEY cPYRER Dby shReIch Sthggne nd

the second frequency band i s a Personal Conmunication

Sy stssociftBCR)imhrkyquitniby secbadiffequeacy tand; wi rel ess nobi | e

comruni cati on device of claim 22, further conprising:

10 a fi ne firsnslergstinainre dispesed éeltween teh Birss @ovivg gfotht ifpst patch

of the first patch structure for tuning the second

fr esiHiRAGY aR@MKk second patch structure and associated primarily with the first

k lglg surfaces, 20 wherein the
sechtt rEiendYns)

frequency band; and
a second slot structure disposed between a second portion of the first patch
structure and the second patch structure and associated primarily with the second

frequency band.

23.  The wirelese mobile communication device of claim 22, further cemprising:

a housing substantially enclosing the wirelees mobile communication device and
having front, rear, top, bottom, and side surfaces,

Wherein the multiple-band antenna is mounted in the wireless mobile

communication device adjacent the top and rear surfaces.
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a pair of fine tuning tabs connected to the first
portion of the first patch structure for tuning the

wo poogb4dsoequency band; and a tuning sl ot di SpOBETICA2002/001842
between the pair of fine tuning tabs in the first
portion of 15 the first patch structure for tuning
the second frequency band. 27. The wirel ess nobile
comuni cation device of claim?22, selected fromthe

24.9r Olhe witelasi sbbilyg cahmunigationcdsvineneicelging ﬁ3démhé!é§0mpﬂsmg a
voi ce conmuni cati on devi ces, dual -node devices

keyBO| EHsp18Y, aBpdaRerdaidia mivdophohe siooutedwithiethé frnst, surface.
cel I'ul ar telephones wi rel ess 20 email comruni cation
devi ces, nobile tel ephones having data comuni cations
functionality, personal digital assistants (PDAs)

25.enafjled,ifofks Whpilee SSnORBMBhCAGIQNSS clain ebesheimithe first
conmuni cat1 on devi ces, and wi rel ess nodens. 32

frequency band is a Global System for Mobile communications (GSM) frequency band,

and the second frequency band is a Personal Communication System (PCS) frequency

band.

26. ’fhe wireless mobile communication device of claim 22, further comprising;:

a fine tuning tab connected to the second portion of the first patch structure for
tuning the second frequency band;

a pair of fine tuning tabs connected to the first portion of the first patch structure
for tuning the first frequency band; and

a tuning slot disposed between the pair of fine tuning tabs in the first portion of

the first patch structure for tuning the second frequency band.

27.  The wireless mobile communication device of claim 22, sel.ected from the group
consisting of: data communication devices, voice communication devices, dual-mode
devices enabled for both data and voice communications, cellular telephones, wireless
email communication devices, mobile telephones having data communications
functionality, personal digital assistants (PDAs) enabled for wireless communications,

wireless email communication devices, and wireless modems.
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