WO 2004/ 054034 PCT/ CA2002/ 001943 Ml ti pl e-Band Antenna Wth Shared Sl ot
Structure FIELD OF THE | NVENTION This invention relates generally to the
field of aHOeN&S303Mbre specifically, a 5 nultiple-band PATY@a982/009943
provided that is particularly well-suited for use in wireless nobile
conmmuni cation devices, generally referred to herein as "nobile devices",
such as Personal Digital Assistants, cellular tel ephones, and wrel ess
two-way ermail conmuni cati on devices. 10 BACKGROUND OF THE | NVENTI ON Mobi |l e
devi ces having struct S Lations are

known. Many such nobi %ﬁﬁl%%gﬁ?@ﬁéy%?haﬁﬁ%ﬁﬁ%@f F' or retractable
structures. Helix and retractable antennas are typically installed outside
of a nobile device, and inverted F antennas are typically enbedded i nside

of a case or housing of a devFﬁDéﬁﬁ%m@ﬁNhoﬁnbedded antennas are

preferred over external antennasS for no ni cation devices for
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use, partic IarI i 20 limted-space environnents, embedded antennas
present f e§8%’ﬁ“@l‘?&ﬂ?‘éﬁ%"é@“ $eﬁ‘e‘§‘HVréefPSF%§’ hgreifgp i mebideiies” sHeever |
known enbedded structures and design techni ques provide relatlvely Foor
comuni catfeBAnd| drigitaly Assistangsn seltilaredelpphioras. amtl |vezadessi iweerayai omai
operating positions of the nobile devices. One of the biggest chall enges

f or nobi | eodapnisatieindeyines. design is to ensure that the antenna operates
effectively in WD 2004/ 054034 PCT/ CA2002/ 001943 different positions, since
antenna position changes as a nobile device is noved. Typical

10 BACKGROUND OF THE INVENTION

Mabile devices having structures that support multi-band communications are
known. Many such mobile devices utilize helix, "inverted F" or retractable structures.
Helix and retractable antennas are typically installed outside of a mobile device, and
inverted F antennas are typically embedded inside of a case or housing of a device.

15  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

20  limited-space environments, embedded antennas present fewer such challenges,

In some types of mobile devices, however, known embedded structures and
design techniques provide relatively poor communication signal radiation and reception,
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



operating positions of.a nobile device include, for exanple, a data input
position, in which the nobile device is held in one or both hands such as
when a usérOoR&M4@#Edi ng a tel ephone nunber or enmil nesFAFECARWOV Y1048
comuni cation position, in which the 5 nobile device may be held next to a
user's head and a speaker and m crophone are used to carry on a .
conversation, and a "set down" position, in which the nobile device is not
in use by the user, and is set down on a surface, placed in a holder, or
stored in I ; : L $dq0 - I.he
user's heég#mﬁgﬁﬁgﬁgﬁﬁqﬁgg;?@%ﬁgﬁggﬁﬁgggggg%EgIﬁ%?%gﬁ?ﬁgﬁﬁﬁ%eg'st #%ge
appar at us -al. | : e i £, erfor ce. .
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the set d : iti.on, ,the. nna shoul d sti.ll operate in this ppsition to
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performrel.at,ivel oorly, .particularly when a nobile device is in a voice
comuni catt?l‘c’)‘?‘fmﬁ‘c’)sl%/“t'&&ﬁ.or 1@%@@%@6’&6’8?% FRILPBRigHIoRs PRsEorg fin tWich Akent i on,
a mul tiple-band antenna having first and second .operating frequency bands
conpri Ses TPbEEdeyich magibedield raxy e Hees Sdicad et prparkes ang migiaphorere iEedst
operating frequency band, a second patch structure electrically coupled to
the first {padehorscoptaragonrmidassecdatrddpasitiomain Wiichithehmpbide dayeasriel not
operating frequency 20 band, a first slot structure disposed between a
first portnose bf thehusef,iandtis patdownsdir aistnfzce, pladed inhe hsldegd spaddcin @taruct ur e
and associated primarily with the first operating frequency band, and a
second sl ebmsbthse borapedipppasied Thelkse @ositioss o Osep@Hehdhaglls hitebddy, $e pat ch
2. WD 2004/ 054034 PCT/ CA2002/ 001943 structure and the second patch

struct ur e s@de AmE 0RIdRE,hdWh Brotdd® abbdraius @RS RAING: thé QAVEACYHnd BaRsleand the
second operating frequency band. A nultiple-band antenna system accordi ng

to angg hepedshffte. OAlthdiRni iy RBbHiOfevice is not actively being used by the user when in
the set down position, the antenna should still operate in this position to at least receive
communication signals. Known embedded antennas tend to perform relatively pootly,

particularly when a mobile device is in a voice communication position.

15 SUMMARY
According to an aspect of the invention, a multiple-band antenna having first and
second operating frequency bands comprises a 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
20 band, a first slot structure disposed between a first portion of the first patch structure and
the second paich structure and associated primarily witﬁ the first operating frequency

band, and a second slot structure disposed between a second portion of the first patch



conprises a nultiple-band antenna having first and second operating

frequency bands 5 and a nounting structure. The multi pl e-band antenn
conpr i ses V0 R10rEB40pat ch structure, a second patch struct RECE/ @201
coupled to the first patch structure, a first slot structure dispose
between a first portion of the first patch structure and the second patch
structure, a second slot structure disposed between a second portion
the first patch structure and the second patch structure, a feeding
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and second atch structures are mpbunted to the first surface and the

feedl
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W rel ess m)bl | e communi cation device incorporating a nultiple-band antenna
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in a firstisposedbemweyn b&imnd podiog et drditt mihotinviare adapt sdondpiiclasisrivre,and
recei ve comruni cation signals in a second frequency band, and a
mul ti pl e- hagedndsibestnrnge ﬁﬁgesteﬂdaetxxaeehhe;eémﬂdsﬁorﬁdsmﬁsme|fimrpatoamductthm amdcond
transcei ver. The nul tipl e-band antenna conprises a first patch struct
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frequency band, a second patch structure electrically coupled to the first
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first slot structure di sposed” between a

structure :ﬁ@ﬂue, the first slot structure, and the second slot structure form major radxatlng and

15

20

receiving structures for the first operating frequency band, and the second patch structure
and the second slot structure form major radiating and receiving structures for the second
operating frequency band. The mounting structure comprises a first surface and a second

surface opposite to and overlapping the first surface. The first and second patch

ure

and,

first portion of the first patch

structures are mounted to the first surface and the feeding point and the ground point are -

" mounted to the second surface.

A wireless mobile communication device incorporating a multiple—bagd antenna
is also provided. The wireless fnobile communication 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 muitiple-band antenna comprises a first patch structure

tures for the first operating frequency

20 transceiver adapted to transmt and receive communi cation si gnal s
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the second patch structure and associated primarily with the first
frequency band, and a 5 second slot structure di sposed between a second
portion oW b@4fb4034 patch structure and the second pat CET&IA20EWIE3and
associated with the first frequency band and the second frequency band.
Further features and aspects of the invention will be described or wll
becone apparent in the course of the follow ng detailed description. 10
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a top view of a nmultiple-band
ant enna. agEeE e Chrifr vaHRE R HeghindyNFanal AXEBHA BRich %E—rgctgi?egélécéﬁcéﬂ?t tom

isometric view of the multiple-ban enna of Fig. 1; . is a
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ant enna no I'ng structur sonetric view o

d t t f Fj.a. i . | ed itiop: Fig. 5.1
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bl ock di agram of an exanple npbile device. 4 WO 2004/054034 ‘

PCT/ CA20039°00 8i98 strggya disposqostganTd s9qond paeionrddhs Hrst Ralchse¢ipiee™sand

antenna described herein are sized and shaped to tune the nultiple-band
ant enna f the sepwdapat@nstiusture land pssecipied gridn e fiihrsqueney Bepd and the second

frequency band.
Further features and aspects of the invention will be described or will become

apparent in the course of the following detailed description.

10
BRIEE DESCRIPTION OF THE DRAWINGS
Fig, 1 is a top view of a multiple-band antenna according to an embodiment of the
invention;
Fig. 2 is a bottom isometzic view of the multiple-band antenna of Fig. 1;
15 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 isomefric 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
20 5-5of 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.



5 enbodi nent of the invention described in detail below the nultiple-band
antenna i ncludes structures which are primarily associated with one of a
first opemedieug/obsmegquency band and a second operating fPEgUaN20§2/M9aMd, as
wel | as a shared structure associated with both the first and second
operating frequency bands. This enables the multiple-band antenna to
function as the antenna in a nulti-band nobile device. For exanple, a 10
mul ti pl e-band antenna nay be adapted for operation at the G obal System for
Mobil e comuni cations (GSM 900MHz frequency band and the Digital Cellular
System (DCS) frequency band. Those skilled in the art will appreciate that
the GSM 900 band includes a % n; 15 B f 880-915MHz and a receive
sub- band 925-960MHz, and the simlarly includes a
transmt sub-band of 1710-1785Mdz and a receive 15 sub-band qf

1805 1380Me . PEUSHIEE (e APl pprd ERaR e By SRS 4 Vo a7 APt ¢ hat
t hese frequency bands are for illustratjve purposes only. Such an antenna
may i nst e@@epbe Bakiplnd Sigparfer eonektion higy mﬁﬁlﬂl% fisruggissr tavdig I 8uency
bands. Fig. 1 is a top viewof a nultiple-band antenna according to an
enmbodirentmbrdimget of il drveaton Tacribed tip pasaib dalovarthe npeltiplo-tapd | andgewat he
structures 12, 14, 16, 18, 20, and 20 24, as well as nounting bores 26, .
28, 30, 3¢lugdds stengthir@owhith eterpuimecilngssboined vt o@®f aJ0st @GRiatidg frequehc36 ar e
used to nmount the antenna to a nounting structure, as will be described in
further deindiandhetandiopeatng fepicnonbaid & Felfas Ashabed\ WL A QA8 with

PCT/ CA2002/ 001943 The mnul ti pl e-band antenna 10 i ncl udes patch structures
12 and 1B |Ré figdtrdndisec@m d&ra@img fi&uecAdydbAds] NMohi§ thablésumesmalipRishng4 .

Pat ch antennas are popular for their low profile and virtually unlimted
possi bl e §haRaSeaRtlcHiZ 8 theAMedANRr & thultilifnh Bhédiley asMet N Foalck Mplet hem to
be made to conformto nost surface profiles. Patch antenna pol arizations 5

. Dieband! okl y b hddpe idbe al 5Ba 1 '
can be | i feR }eOIS 8l dnkdihh Gy bMhdddedd F5R1peRBbAT L 2R GRBLSPRANGD! MRl | el to

t he surface
communications (GSM) 900MHz frequency band and the Digital Cellular System (DCS)

frequericy band. Those skilled in the art will appreciate that the GSM-900 band includes

a transmit sub-band of 880-915MHz and a receive sub-band 925-960MHz, and the DCS

frequency band similarly includes a transmit sub-band of 1710-1785MHz and a receive

15  sub-band of 1805-1880MHz. It will also be appreciated by those skilled in the art that

these frequency bands are for illustrative purposes only. Such an antenna may instead 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

invention. The multiple-band antenna 10 includes the structures 12, 14, 16, 18, 20, and

20 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 patch. Slot antennas are used to enhance the field strength in required
directions by changing their orientations. Operating characteristics of
pat ch and V038044 Bhnas are established by antenna shap@&CdfcA2Piensidons.
Principles of operation of patch and slot antennas are well-known to those
skilled in the art to which the present application- 10 pertains. In the
mul ti pl e-band antenna 10, the patch structure 12 is a first structure
associated primarily with a first frequency band in which the nultiple-band
antenna 10 opeTiat@skipiempahefinS0 #elideepakeh ifucaoRerAhldy/1 Lk aREHures
including two end portions, at the left- and right-hand sides of the .
mul ti pl e- bengham Bol | I I QL ni ng
portion, along t%{gﬁta (?Bglgg S%%m%ﬁ@?&d%gﬁ?}bgrﬁﬁgﬂ}%%{%?Jéqlﬂgldfsoﬁgheaglno shape
of the pat t : : t f.ec tenna .
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operating characteris sin I'rs requenc such a
frequency of i rst r ency .band, as wel|l.,as,.antenpa gain.in the
first f reqaﬁlg#g@? ebr%tlodt.?c Iﬁaﬁectg&gg@,r iR “hoﬁﬁfs‘"’%ﬁ? Piopfes: Eﬁ‘% a {‘]T’PE%H%I&%‘%?@H“%S 10,
changes in_a,part of the. antenna assogi ated with one 20 frequency band may
al so affect" 35 ﬁlélparo(ffeﬁﬁlﬁchﬁ]g v‘f‘&’e"’qﬁ‘@r‘l’c@fﬁﬁﬁﬂgn sempaeniparatif 40 %&H tRf in
the mul ti pﬁle- band_antenna 10, the effects of the structure 12 on the second
oper at i ng % PAGenOy 2HShIES AFceusqd to gahanpy therfiekd rengtsinenyiraedisstens ed i n
further detail below 6 W 2004/054034 PCT/ CA2002/001943 The patch
st ruct ur e clanging ghedepinngrtions.u Qraratings shyeicsaristicsped peteh lapd vilotharderses ared
operating frequency band of the nultiple-band antenna 10. As descri bed
above for cstAelishpd by Buenragiepe end dimenpmnat Prigeiphapfopaniiat oL patcf afchslot
mul ti pl e-band antenna 10 in the second frequency band, including frequency
and gai n, ahtennasxaaphel-kiver pr itves iskijledfifiaht et bywhie (hd psésegr apglicsiape of
the second structure 14. The slot structure 16 is simlarly adapted such
t hat 16 hasrtaindom nant effect on the
In the multiple-band antenna 10, the patch structure 12 is a first structure
associated primarily with a first frequency band in which the multiple-band antenna 10
operates. The patch structure 12 is generally C-shaped, including two end portions, at the
left- and right-hand sides of the multiple-band antenna 10 in the view shown in Fig. 1,
15 and an adjoining portion, along the top of the multiple-band antenna 10. The size and
shape of the patch structure 12 have a most pronounced effect on antenna operating
characteristics in the first frequency band, such as the actual frequency of the first
frequency band, as well as antenna gain in the first frequency band. Of course, in any
multiple-band antenna such as 10, changes in a part of the antenna associated with one
20 frequency band may also affect other operating frequency bands of the antenna, although

in the multiple-band antenna 10, the effects of the structure 12 on the second operating

frequency band are not as significant, as will be described in further detail below.



first frequency band. It is positioned and dinensioned to primarily affect
antenna operation in the first frequency band. The |l ength and the w dth of
t he sl ot sSWPZE4NSE0336 not only sets the frequency band fCT/E4e2082/001943
structure 16, but also affects the gain and 10 match of the nultipl e-band
antenna 10 in this frequency band. For exanple, changing the w dth and

| ength of the slot structure 16 may i nprove antenna match but sacrifice
gain in the first frequency band. The slot structure 18, unlike the

structures 12, i padfstfuc 343s SNREGH Shilied HiBoiodkl pribllly il 2054 L1 ONed

in the nultiple-band antenna 1 mensi oned to affect antenn
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Whereas th tures ave ‘a’“doni nan one

of the fir n c frequency bands,, the | th, width, apd |ocation
of the si o PReRErEN Soer PR ERR S B o oSt et srond
characteristics af ﬁ%he | tiple-band_antepna 10 in the first and second

f requency %ﬂ?ﬁ%‘?ﬁ&B 1 ?J%’Bg é‘%q‘éedfﬁg"f‘%ﬂf“ eXaePiH & Prigarilyrifegtedddhons of
20 the slot structure 18 affects the gain and match of the nultipl e-band
ant ennd i PGP shapeSgthernesendatgatureride patch structures 12 and 14 are
shorted along the line 39 in Fig. 1. The nultiple-band antenna 10 is
operabl e with ditefsttsrtctandpis signiladygdinedaichel ittHae aplatrghant Bl on the

2004/ 054034 PCT/ CA2002/ 001943 structures 12 and 14 along the line 39. This
provi des filretxfrbjueney bamd. t He igl@ssigionaf and elimensidnegd|te- pranatilgniférnanttind n t hat
the positions and di nensions of either or both of the slot structures 16
and 18 naypbetichangedirwi frdyoetcyshadi fitedsiddly ate gleadiditgoneef s naearofs t he
mul ti pl e-band antenna 10. 5 Tuning structures 20 and 24 are used for

fine-tuni ngt by 8kl the Plegudie bad b ARAsloL Qrucird DOV LRNAYESLEthet it Bigy i 1 St
patch structure 12, the tuning structure 20 fornms a
10 match of the multiple-band antenna 10 in this frequency band. For example, changing
the width and length of the slot structure 16 may improve antenna match but sacrifice
gain in the first frequency band.
The slot strucn_lrc 18, unlike the structures 12, 14, and 16, is a shared structure, in
that it is positioned in the multiple-band antenna 10 and dimensioned to affect antenna
15 operation in both the first frequency band and the second frequency band. Whereas the
other structures 12, 14, and 16 have a dominant effect on one of the first and second
frequency bands, the length, width, and location of the slot structure 18 have a more
.balanced affect on operating characteristics of .thc multiple-band antenna 10 in the first
and second frequency bands. For example, adjustment of the position and dimensions of
20 the slot structure 18 affects the gain aﬁd match of the multiple-band antenna in both
frequency bands,

The patch structures 12 and 14 are shorted along the line 39 in Fig. 1. The

multiple-band antenna 10 is operable with different shorting lengths between the patch



tuning tab for the second frequency band. As described in further detai
below, the left- hand end portion of the first patch structure 12 is used
when t he W tdopheoband antenna 10 is operating in eithePCTHaA2PG20§1943
frequency band or the second frequency band. However, 10 the di mensions of
the tuning structure 20 have a dom nant effect on the second frequency
band. Thus, fine tuning of the second frequency band is acconplished by
setting the dinmensions of the fine tuning tab 20. Fine tuning of the

mul tipl e- hafeastienpd 1P aiolg the 1ihé a8t fﬁiggk&mex RaiidySin PERLLiGRAr e t he

tuning structure 24. The tuning tab in the tuning structure 24~ affects the
15, over ol I BgRIhAe Bled G0 ANk itbal Iy ABRRALLIG ARELUSIEY A0 O the
Dot om | sORBPIS LorBn BV s ST BSh A SaA B ea SR ook F i ng -
poi nt 38 ?{Jﬂﬁﬂ{s—%agg@tﬁm nt. 40, with respective nounting 20 bores 42 and 44,

are shown 98 Peedi ng point 38 and the ground point 40 form a
single feedingjgort for the nulthﬁle-band antenna 10. When installed in a
mobi | €3 devi ce TUPRE SHFEHE F00insh 248 used Spinfdre Wigingothe imgHEP e d1eBY ABCEH f or m a
ground plane for the 8 WO 2004/054034 PCT/ CA2002/001943 nulti pl e-band

ant enna 1G0. gHéhopple connsetied go plast First Bgich streaurgl g theotuping ruchiss 80 foraxgcei ver s
operable to send and/or receive signals in the first and second frequency
bands. Si ¢guahgstab ot the s¢dond tiregnehcy dandd Af deguibnd yn Hutnds (eteld balolvi, diedeft-as
descri bed above, are received and radiated by the nmultipl e-band antenna
10. An el deid anggnétn of tisd frsapatcinstnipntrb @2 {s used when theaauidpleriagd eneynaodnd i s
received by the nultiple-band antenna 10 and converted into an el ectrical

signal fois ?e@@fng&ﬁ iRt tAg fif & TRIQUETcyWandl bR ARCRCYRT freQupLteBaid) Hbhevdreedi ng
point 38 and ground point 40. Simlarly, an electrical signal in the first
10 ihe dimensions of the tuning structure 20 have a dominant‘effect on the second frequency
band. Thus, fine tuning of the second frequency band is accomplished by setting the
dimensions of the fine tuning tab 20.

Fine tuning of the multiple-band antenna 10 in the first frequency band is

provided by the tuning structure 24. The tuning tab in the tuning structure 24 affects the
15 overall electrical length, and thus the operating frequency band, of the first patch
structure 12.

Referring now to Fig. 2, operation of the multiple-band antenna 10 will be
described in further detail. Fig. 2 is a bottom isometric view of the multiple-band
antenna of Fig. 1. A feeding point 38 and ground point 40, with respective mounting

20 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 muitiple-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



frequency band which is input to the nultiple-band antenna 10 via the
feeding point 38 and ground point 40 by a transmtter or transceiver is
radi at ed wemothswosul tipl e-band 10 antenna 10. Wien oper RCTHH06/ARMIf i 1 st
frequency band, the structures 12, 16, and 18 of the nultiple-band antenna
10 radiate and receive signals polarized in directions both parallel and
perpendi cul ar to the patch structure 12 in a co-operative nanner to enhance
the gain. In the second frequency band, operation of the nultiple-band

antenna 19 ol band RN, Md e Rl Bhin 34 %gc}ogh%ﬁ@ﬁﬁe o YR Bhscel/ak

structure are ‘the maj or Ia recel vi ng conponents.
Therefore, t mul ti.pl e-band antenna 10.offers i oved' sj | transm ssion
ana. recosergneReren RoFor BERnE b PARR AR o aE! SobiPEREler bARE

uSes a conbi ned
structure of a_patch and slof antenna which rk co-operatively and
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directions. In this manner, the performance of the nultiple- band antenna
10 is | esgtedrebradand sydiaied byitha wakipiseband sptsnpa 10 (ineleciomagnalic sighat We dat a
i nput position, the voice conmunication position, and the set down position

descri bed theafisy er second eopenashaslisperrivad by 2he onaple-tpad fataande 91 t he

mul tipl e-band antenna 10 is further enhanced when the antenna is nounted on

a nount i ngosterted tnte en asceivalwigiah £ geprre3pdiding wgeeiBen @ tzanbesi ten souplegbivet ri ¢

view of the nmultiple-band antenna of Fig. 1 and an antenna nounting

struct ur ethe febding 4oins 38 imipgiosndrpbint etOvi Bimibitlyt he cioetrérahaigaaldinntha firking

structure of Fig. 3 in an 5 assenbled position, and Fig. 5is a

Cross- Secftb?ibﬂl&y ﬁé:ﬁnéwvﬁzfchtihmpantcﬁmeammplermnmaﬁte@a 50 Klache fediigangntl38ne 5-5
n g

of Fig. 4. the nultiple-band antenna 10 i s shown substantially
as in Fi gan?groffd pbA® 40 by a transmitter or transceiver is radiated from the multiple-band
10 antenna 10. When operating in the first frequency band, the structures 12, 16, and 18 of
the multiple-band antenna 10 radiate and receive signals polarized in directions both
parallel and perpendicular to the patch structure 12 in a co-operative manner to enhance
the gain.
In the second frequency band, operation of the multiple-band antenna 10 is
15  substantially similar. In this case, however, the structures 14 and 18 are the major
radiating and receiving components. |
Therefofe, tﬁe multiple-band antenna 10 offers improved signal transmission and
reception relative to known antenna designs, since it uses a combined structure of a patch
and slot antenna which work co-operatively and basically radiates and receives signals
20 K polarized in most popular directions. In this manner, the performance of the multiple-
band antenna 10 is less affected by orientation of a m(;bile device, such as in the data

input position, the voice communication position, and the set down position described

above.



been descri bed above. The nmounting structure 50 is preferably nade of
plastic or other dielectric material, and includes nounting pins 52 and 54
on a suppovo 2eMmeseBare 53, and a 10 preferably snoot h noP(IrEARan2/4peM3t | ng
surface 60. The nounting structure 50 also includes a fastener structure
62, an alignment pin 64, and other structural conponents 66 and 68 which
cooperate with housing sections or other parts of a nobile device in which
the antenna is installed. For exanple, the alignnent pin 64, serves to

align the mountpep@rmiceUst tHee nfufl bR bRtefhaP 30 tis HortBer Bitiah&edIR¥kS §nihi ch
i ncludes a cooperating alignment 15 hole. The fastener structure 62 is

configure i iV, f .en t @ C
rount g oricnd SoRlolfied B g Ehelife 8 itk AHELRLS' Sia 3 FRCOSAE | g

structure ;50 | Lgned. . T L pl e-band ant enna 10 | S

ot ef o abi it S8R e 08 ARGRTHE beP L SaB pLRARS shiborw

structure 4 s attached to other ts of suc a nobil e devigce, The

mul i pl e Bt din SR ASIEF I J1E0 Bh the s (fof PEIHGe mpRra e i 326 3t enna
[ 70.in Fig. 3., Th [ [ 2 4

posi 1 Smed AN HeDSTHsHoPd ST Ui G5 EHORY it Behp GBETRLET FOUREE

nmounting bores 42 and 44, respectively, when the nmultiple-band antenna 10

i s positi GHBEuEEonEde- 6t BE: #ndi cated by the dashed |ines 56 and 58. The

10 WO 2004/ 054034 PCT/ CA2002/ 001943 nounting pins 52 and 54 are then

preferably def & Higd3ttbe multiple-birl gnésdi A9 iphiomm s8Bstamthlly mhé Bgoumdd pai nt 40

to the support structure 53 on the nounting structure 50. The nounting

pi ns 52 ahderbdesomlyed fbove.e Taepioantilestheatre SO ak psfastilg male of phistiedr ditheover | ay

a portion of the feeding. point 38 and the ground point 40 surrounding the
nmount i ng biztesitmd@rianandihchides bamtaRypidsetaind Jhs £ @@PbmgrReivs33hdand t he

ground point 40 in a nounted position. The top side of the antenna system
70 i sighoppfirablfi nooth nbof-pldhiak dulifng WhikdcB! 6. The mounting structure 50 also
includes a fastener structure 62, an'alignment pin 64, and other structural components 66
and 68 which cooperate with housing sections or other parts of a mobile device in which
the antenna is installed. For example, the alignment piﬁ 64, serves to align the mounting
structure relative to a part of a mobile device which includes a cooperating alignment
15  hole. The fastener structure 62 is configured to receive a screw, rivet or other fastener to
attach the mounting structure to another part of the mobile device once the mounting
structure 50 is properly aligned. The multiple-band antenna 10 is preferably mounted to
the mounting structure 50 before the mounting structure is attached to other parts of such
a mobile device. The multiple-band antenna 10 and mounting structure 60 comprise an
20  antenna system generally designated 70 in Fig. 3.
The mounting pins 52 and 54 are positioned on t_he 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

10



band antenna 10 is in a nmounted position on the nmounting Structure 50. As
shown, the nounting bores 26, 28, 30, 32, 34, and 36 receive the nounting
pins 27, 2290 28M4/605884 35, 10 and 37, which are then prefemraigaxief/@nmsd as
descri bed above to retain the nmultiple- band antenna 10" in the nounted
position. The multiple-band antenna 10 |ies substantially against the
snoot h surface 60 when nounted on the nounting structure 50. The surface
60 in Figs. 3-5 is an arced surface, although other surface profiles may

instead b . : %&gg are r.ounded
by bevel e?‘%@?ﬂ %\Bzglgszggg %% S %’19\,\%1%?%2@}1 Séf%hﬁgcgm l%?%uenst g{]"'g%%‘g?%a" lgﬁ}r’g 4es
serve to qffset or_ dis ce the untin res, fromthe surfa t.he

mul tipl e- g%en roélhiﬁé)r%rg /%)?0 ghl?cffjilppﬂr tsu{lﬁtg%cggﬁé‘r@Fi‘ﬁ%"%ﬁnﬁtﬁuﬁﬂr‘ﬁpsﬁs ﬂ};ﬁ e

| ocat ed bel ow.the, syrfage of the nultjple-band antenna 10 when the pins are
def or ned W%@F&Pwsgﬁéﬂnﬁsﬁﬁ% X 5 BPIsnbehRh Stakes vl are maclise dey ops @Yt on.
Dependi ng upon the_physical |limtations inposed by the nobile device in
whi ch t he Paftoarffahesipsdiagpoint 78 apd theqgrpend prinicdfbsireyndiag sheomerntinighosesed
profile for the antenna system 70 or particular parts thereof mght not be
cruci ap, 4denddfand tisuehy ietinbe decdingcpPiniol8 vl e gpiuad edint dOrin atrhengadr f ace
of the multiple-band antenna 10. The nounting bores 36, 42 and 44 are such
fl ush nouptsingp.bores. As will be apparent fromFigs. 4 and 5, the nounting
structure 50 11 WD 2004/ 054034 PCT/ CA2002/001943 is snooth, but not flat.
I n particul ar, Thheppaidd ooOihe afitchitesyBRUNTE RgshstvhuatHig. et, HOwhithabe miuglierdes t he
mounting pin 37 tapers away fromthe renmai nder of the surface 60, such that

t he nount ba@ Ritehnd 10! ik &5 2 BRI TR toh A thEMsNhEAY sBiddie 36, L9%hodh, thd3, and
35. This is wevident fromFig. 5 for exanple, in which only the nmounting

pins 29, %un@&% @B @3sa86 B, §5—‘,0é’f4a-3§e@ib@fﬂeymoﬁﬂ?ﬁg];$u%diﬂ99})9]!,rﬁtB, 38 and
ground point 40 are disposed bel ow asurface of the I'ti pl e-band ant enna
10, re 0 LNy i ' - ' t ant T

i 1 o B any o ok SR THBOl deforfled h D80 eRE RIS Al o Bt
32,

28, 30,

band antenna 10 in the mounted position. The multiple-band antenna 10 lies substantially
against the smooth surface 60 when mounted on the mounting structure 50. The surface

60 in Figs. 3-5 is an arced surface, although other surface profiles may instead be used.
‘The mounting bores 26, 28, 30, 32, and 34 are surrounded by beveled surfaces, as
15 shown in Figs. 1-4. These beveled surfaces serve to offset or displace the mounting bores
from the surface the multiple-band antenna 10, such that the cooperating mounting pins
are located below the surface of the multiple-band antenna 10 when the pins are
deformed to retain the multiple~bénd antenna 10 in its mounted position. Depending
upon the physical limitations imposed by the mobile device in which the antenna system
20 701is to be implemented, a smooth finished profile for t'he antenna system 70 or particular
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

11



and 34, flush nounting bores such as 36, 42, and 44, or both. The

mul ti pl e-band antenna 10 may, for exanple, be fabricated froma 10

subst ant i a¥0 gool0&403¢onduct i ve sheet of a conduct or such RETEPPEV(01943

al um num silver, or gold, using stanping or other cutting techniques, to
form antenna bl anks. Munting bores may be out or stanped as the bl anks
are formed, or drilled into the flat antenna bl anks." Antenna bl anks are
then deforned into the shape shown in Figs. 2 and 3 to conformto the

mount i ng - Sk rhebi] %u@got ! SNy thedSir@5ITBE 'tH%“mQﬁn ? s@:‘&tc&‘r?é‘ﬁo Rhpak 15

coul d be performed | e an ant enna |s bel ng nount ed mount i ng

structure ﬁ&udé&ﬁﬁ m% g{gr]ﬁn @9!tdxjters3a§v h%‘f@rﬂ%méﬂbtf th462 rag 9 %cﬁa{hafm and

48 to position't roun oi nt at’ive

structures, 12 an n fur her deta omn in
s 55 H‘é"“%‘rgtPB@Slﬁgﬁ’ﬁ%é"n?‘Sn"rﬁ SRR AR AT KRR AT e E o S5 I
48 whi ch res up e t e, fee poi nt 38 and g oun oi nt 40
Lo the f EreRCkoNang o o Smileciounah Si 6t outing s, 3h 288 ReHGr o 12
and the second structure 14 conprise a first surface of the antenna

st ruct 8r e ShQR-c AIRGHIohAcadingp it 3$rand rumd Point HE arsdiprogedbEOY ashitare
nmounti ng structure 50 when the multiple-band antenna 10 is in its 12 WO

2004/ 054034 tpampitipizasnd eoteowsl0, nder 2emewh finisbed profile Bight npidietippagante and

48 position the feeding point 38 and the ground point 40 on a second

surf ace ofThuhe: moliple-mgd shtenes mep irgbidepifisst meurttingdncts soslead 2pPRBAY, BRe i r st
surface of the nounting structure 50. The feeding point 38 and the ground
poi nt 40 tahdi84 dheh equnting o@poseh ah86,f42r std 4dr se@hond structures 12 and 14.

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

add el ectri calrhk eaglpld-Barddn@nfehhist 1BANEass e ENAxHhpIUC toer Esbribdicandodd,a
providing a further neans to control antenna gain and frequency for the

first 1@nds§t§'s%ﬂgllf FIROILSIAGH RAMNES: of 88hdud®r such as copper, aluminum, silver, or

gold, using stamping or other cutting techniques, to form antenna blanks. Mounting

bores may be cut or stamped as the blanks are formed, or drilled into the flat antenna

blanks. Antenna blanks are then deformed into the shape shown in Figs. 2 and 3 to

corntform to the mounting structure 50. Alternatively, deformation of an antenna blank

15 could be performed while an antenna is being mounted to the mounting structure 50. The

feeding point 38 and ground point 40 are bent at 46 and 48 to position the feeding point

38 and ground point 40 relative to the structures 12 and 14, as described in further detail

below.

As shown in Figs. 3-5, the multiple-band antenna 10 includes bent portions 46

20 and 48 which respectively couple the feeding point 38 and the ground point 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 antenna structure, which conforms to a first surface, the

surface 60, of the mbunting structure 50 when the multiple-band antenna 10 is in its

12



shown nost clearly in Fig. 5, the bent portion 48 orients the ground point
40 opposite the second antenna el enent 14, which introduces a capacitance
bet ween pard sopbsdohe 10 nul tipl e-band antenna 10. The di BCaacedz@bveen t he
ground point 40, which fornms the ground plane of the nultiple-band antenna
10, and the second structure 14 affects the capacitance between the ground
pl ane and the mul tipl e-band antenna 10, which in turn affects antenna gain
and match. Antenna gain and match can t hereby be enhanced by selecting the
di stance between the ground plane and the_ multiple-band structure , and
15" eat bl FOHIR RePaher GHea pEREnS R a6 dsgitetioR e FRAmecheitGit R A% 5
is arear view of a nobile deyice incorporating the rrul%j pl e- band ant enna
and mount Erynd thointt 4t en gF sgeegd Sﬁﬁa‘iﬁsoﬁjﬂ% m(?ém%&gﬁ)éﬁ“écﬁ'fmt PRESEC R 4Ced i n
the art, the nobile device 100 is normally substantially enclosed wthin a
housi ng havérkgping dba first emface of is, meysting wirueiiie X dehestgeding eqint paend eput  and
out put devices such as a display and a 20 keypad or keyboard are normally
mount ed wiztduiné poinedd thonoveslapfoaoppast the firstindeeahadisgectuss 13 ppdikér and

m crophone for voice input and output are typically disposed in the front
surface, or al perthadei aidllad inntiehart tvafl guprévddie,ottme shenf podionef4tt el HBbidde
device. Such nobile 13 WO 2004/054034 PCT/ CA2002/ 001943 devices often

i ncor por agigetaicAhbmidonit Ghst keslseesd ahraireormgrield, prositingy furdai ateesk toout war d
fromthe front of the device, toward a user. In Fig. 6, the nobile device

100 is shewiroMahin %ﬁﬁt@n@%awﬁymc&kcmstrme@m frédqieRE N BhndsONRIGHEHRt S Of
the nobil e device 100 are dependent upon the particular type of 5 nobile

device. MM Ao bRenVRPHECs ARY bGR pbRln' 48 GRAR! LA Yaine S0 GATIMAtRAL T OnS

and therefore inclu | €ast a m crophone and Speaker, respectively
mounted at,  or.near r ace. 8 S off khe
nobi | e de%/elcg%d f(ﬁ%n n?/\%éér?q %,I\ﬁ luﬁé[l ﬁugfr? m\ﬁ/g?%ggcag%?%? i gﬁg@&g p%g%r hol ds t he

mobi | FO del\{lluﬁﬁ)lé z(l)ndsa%?er;m% '18t 'lth%ediss rﬁ:%l%%%wée% & %gound point 40, which forms the

ground plane of the multiple-band antenna 10, and the second structure 14 affects the

capacitance between the ground plane and the multiple-band antenna 10, which in turn

affects antenna gain and match. Antenna gain and match can thereby be enbanced by

selecting the distance between the ground plane and the multiple-band structure 10, and
15  establishing dimensions of the support structure 53 accordingly.

Fig. 6 is a rear view of a mobile device incorporating the rﬁultipl&baud antenna
and mounting structure of Fig. 4. As will be apparent to those skilled in the att, the
mobile device 100 is normally substantially enclosed within a housing having front, rear,
top, bottom, and side surfaces. Data input and output devices such as a displa'y and a

20 keypad or keyboard are normally mounted within the front surface of a mobile device. A
speaker and microphone for voice input and output are typically disposed in the front

surface, or alternatively in the top or bottom surface, of the mobile device. Such mobile

13



the user's ear and the m crophone is near the user's nouth. The shield 95
extends around 10 the nobile device, and in particular between the antenna
10 and t heyd ramafossbs t he nobil e device 100. Ceneral ly, aPusarAznaladsodd | ower
portion of a nobile device such as 100 with one hand when engaged in a
conversation. As such, the top rear portion of the nobile device 100, and
thus the multiple-band antenna 10, is relatively unobstructed when the
nobile 15 device 100 is in the voice comuni cation position, thereby

provi di ng £ahANGRE, BEh BFaE'éa%Ct igfa]”%‘iéﬁd réﬁc%”?%&%?@@%ﬁégr%ﬁ% A TRRALE

devices. In a simlar nner, ocation o ant enna

shown in Fig. repains, unobstr.ucted i.n ot her positions of the nobile

devi ce 10d¥%ﬁg?ﬁ§§5%%P%Pt@ﬁﬁ%gewg%%%W¥%5&‘ﬂdevices such as keyboards and
keypads are typically |ocated belo . display 20 on.a nobil e device, the

i 2pi ay tends 0B e B PROTEAeiEa 00 EHEBp W & OB PUNEEtHIEE PRERs ch a
nobi | e device, ;a user enters data using the input device, positioned on a
lower  sechiei! Gpmpaenisst thamabils devicetd ik dePadppigieg thi PHEPEEr BRe Of over
section of the nobile_ device, such that the top rear section of the nobile
devi ce3r erfaplils davisestiieraved. thamppile devipp 180 4 ook ipr poiecrpooRicdipos 3
nobi | e device hol ders and storage systens engage only the | ower portion of
a nobi | e aidvhaeorednduddsas legsteansrophoheiantdhapeakearnespectivaly rosnied lat prpteer band
antenna 10 in'the nobile device 100. In other types of holders or set down
posi ti ons,a lbiver suface B0 end anadippert sanfaee 20 of theymdbielesdavinahiD. oWatn irctsedpr but

not to any greater degree than known enbedded 5 antennas. Thus, the

mul ti pl e- hakd cdmhanivaidts, amReicids ihe fobilickRe doVisGeh St SBAYEakicNishicgr 6,
not only radiates and receives in plurality of planes of polarization as

descri bed RDQLs cardblll HeSmRYGRohOGHBRE RsdrRGnd MBI T8e HGMHCS exRndSabinde
substantial |y unobstructed in typical ‘
10  the mobile device, and in particular between the antenna 10 and the front of the mobile
device 100,

Generally, a user holds a l?wer portion of a mobile device such as 100 with one
hand when engaged in a conversation. As such, the top rear portion of the mobile device
100, and thus the multiple-band antenna 10, is relatively unobstructed when the mobile

15 device 100 is in the voice communication position, thereby providing enhanced
performance compared to known antennas and mobile devices.

In a similar manner, the location of the multiple-band antenna shown in Fig. 6
remains unobstructed in other positions of the mobile device 100. For example, since
data input devices such as keyboards and keypads are typically located below a display

20  on a mobile device, the display tends to be positioned near the top of a mobile device.
On such a mobile device, a user enters data using the input device, positioned on a lower

section of the mobile device, 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

14



use positions of the nobile device. 10 Miultipl e-el enent antennas accordi ng

to aspects of the invention are applicable to different types of nobile

devi ce, i modpmbissosio3f or exanpl e, data conmuni cati on devi C@ST/A2082010¢%3

conmuni cati on devices, a dual -node conmmuni cati on devi ces such as nobile

t el ephones havi ng data communi cations functionality, a personal digital

assistants (PDAs) enabled for wireless comuni cations, wreless enail

conmuni cati on devices, or 15 | aptop or desktop conputer systens wth

Wi rel ess ' ' Lagr f e I bil e devyice.
MRASBdevideholderd §n@st%*é§§ngs&/%ﬁg gﬁ@ alqnggnﬂlg AP grt%g 3! 1Bl

The nobil e device 700 is a dua e an nobi Vi ce an

non- vol at i Feckenargs S8 a8 ind Shond ol RRIBTSO TR an D 5B 8PN e °

auxiliary jnpu ut p 1/ 0) devi ces 728, a serial port 730, a keyboard
795, s ey 108 ahPherllnes e BrIgES s Sctdiofgip o rsamultplrtebd aheeia T
comuni cati ons sub-system 740 nd ot her device sub-sxstems 742. 15 WO
2004/ 05403W3PbS FERSUHS DRFTEAT, Fensly Wnewerwsaicr Hease dham Knpha) dRfegds

mul ti pl.e-band antenna 10, a first transceiver 716, the second transceiver
714, ofe GF!HBBe | ocal oscillators 713, and a digital signal processor
(DSP) 720. Wthin the non-vol atile nmenory 724, the device 700 preferably
includes a 5 ghus dhd myltipie-ofitantenea hhduduetedriasmadbNavivatas chowbin Bgecut ed
by the m croprocessor 738 (and/or the DSP 720), including a voice

conmmuni catb oot ambydabiaic 24d\recai veatrapluctinneliplas o polanghiioa af 2éBribahabae,
plurality of other operational nodules 724N for <carrying out a plurality
of other bunistalsoriscatdhia e bidble dievice 8o 4@ b subsRheAIRLhYOLREMNET Wadypical
conmmruni cation device having 10 voice and data communi cation capabilities.

Thus, for usxsudios of the niEBAL bevidevi ce 700

10 Multiple-element antennas according to aspects of the invention are applicable to
different types of mobile device, including, for example, data communication devices, a
voice communication devices, a dual-mode communication devices such as mobile
telephones having data communications functionality, a personal digital assistants
(PDAs) enabled for wireless communications, wireless email communication devices, or

15  laptop or desktop computer systems with wireless modems. Fig, 7 is a block diagram of
an example mobile device. |

The mobile device 700 is a dual-mode and dual-band mobile device and includes

a transceiver module 711, a microprocessor 738, a display 722, a non-volatile memory

724, a random access memory (RAM) 726, one or more auxiliary input/output (I/O)

20 devices 728, a serial port 730, a keyboard 732, a speaker 734, a microphone 736, a short-

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

15



may communi cate over a voi ce network, such as any of the analog or digital
cellular networks, and may al so comuni cate over a data network. The voice
and data medwamkssozare depicted in Fig. 7 by the conmmuni eatricazoszonesss719.
These voice and data networks nmay be separate comuni cation networks using
separate infrastructure, such as base 15 stations, network controllers,
etc., or they may be integrated into a single wireless network. Each
transceiver 716 and 714 will normally be configured to communicate with

di ff t t : i dul e Z11.i dt | cat

o erent netvopk e T LAY POl P AT
t i 114 l. 20 il at 713 |
ranscel okl 16, B Uo Bl 6, B8 Sho B R T 12 ana

fromthe transceivers 714953&,%2 6, and may al so provide control

i nf or mat i SHELELSIERY PFOGERROE 714 and 716. |f the voice and data

communi cations gccur at a single frequency, or closely-spaced sets of
frequenci es, t&ithia Senperevolada) megesy Tatofhe deyianD70@auelombbadncludes a

PCT/ CA2002/ 001943 713 may be used in conjunction with the transceivers 714
and 716. Miyralityafisplmpre mpdulgs 72eh-dR#Nfthequertsi exscaird bytthe indepfooesseni ce
communi cati ons versus data comuni cations for exanple, then a plurality of
| ocal osci7BBdbnt/sr K3 DSEN7HS, usdwiit agerier abmmmnjratiomlnhddaleo 7244, eqlaenci es
corresponding to the voice and data networks 719. Information, which 5

i ncl udes kommudatien andulta?24B, Mndrarpluraily df ot ropdnitioail eoddeanzyN rem t he
transceiver nodule 711 via a |link between the DSP 720 and t he

m croprocegfsﬁﬁg5&8}P1ﬂ'ﬁaﬂtyiﬁt(ﬂjldrqﬂmﬁg§§,gn of the transceiver nodule 711, such
as frequency bands, conponent selection, power level, etc., will be

dependent UpONThAGEARTEAICEG00R prltElabfy kSwdshy &ﬂﬁ{ﬂh&i@atwﬁed%magir%‘?’i ce

700 is intended to operate. For exanp transcei ver 1 may

incl ude t 4508 664 Uk SofrtAuOfiof 1apA8SidNefLuk Or2R&AADSE, el Mobile device 700

may communicate over a voice network, such as any of the analog or digital cellular

networks, and may also communicate over a data network, The voice and data networks

are depicted in Fig. 7.by the communication tower 719. These voice and data networks

may be separate communication netwbrks using separate infrastructure, such as base

15  stations, network controllers, etc., or they may be integrated into a single wireless

network. Each transceiver 716 and 714 will normally be configured to communicate with
different networks 719.

The transceiver module 711 .is used to communicate with the networks 719, and

includes the first transceiver 116, the second transceiver 114, the one or more local

20  oscillators 713 and may also include the DSP 720, The DSP 720 is used to send and

receive signals to and from the transceivers 714 and 716, and may also provide control

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

16



any of a variety of communication networks, such as the MobitexTM or

Dat aTACTM nobil e data comruni cati on networks, AMPS, TDVA, CDMA, PCS, and
GSM O hemwotoopmssoed data and voi ce networks, both separ @ce/candiaiagr at ed,
may al so be utilized where the nobile device 700 includes a correspondi ng
transcei ver. 15 Dependi ng upon the type of network 719, the access
requirements for the nobile device 700 may al so vary. For exanple, in the
Mobi t ex and Dat aTAC data networks, nmobile devices are registered on the

network u ni atlo nunber. associ at h eac bile
devi ce. Shé%ﬁ%'g) tl%gdre\e'% g&gk tfoﬁ @}e “ﬁéf%?ﬁﬁ%@é‘gsﬁ%s Alerngie QX’ with
a SUbSCI’I b ser dev1 ce. A GPRS device t |caI I reqw res
20°5 subschlep Hedkesiey pouire {5 S0P Fombo Ve e o
operate a bile device on etwork. Local or non- netmor

cgrmuni catfn’g?f(aﬂl’r]l‘btﬂ?‘ﬁ‘r?splt‘ﬁaptyaﬁf ?Callrﬁﬁ’l”%‘éfs dpeFambeeusedite Bsrate Aalugiliy ebvi ce,
but a nobile device will be unable to carry out any 17 WO 2004/ 054034
PCT/ CA20027°989943 cqipARaidiigs i Higoyaiph gné skiruntteatisonkd. oveformstiond athichnet wor k
719, other than any legally required operations, such as 911" energency
cal ling. Andledesdifh reiqunnddatadufponiione i emmuriciedto et fromttho rapceivedur es
have been conpleted, the nobile device 700 may the send and.receive
conmmuni catmainlesTignad 8 Jink Betivaed tid N8P TROtdnd vied wizr@nccdaird38i gnal s, over the
networks 719. Signals received by the nmultiple-band antenna 10 fromthe

communi cati on makwetdided Bsigh &fT e ttedsdedve®Rfodie TNE such ARASEE RIS bankid, and
716, which provides for signal anplification, frequency down conversi on,

filteringcompamnelscol@etioNds 16V, otcANHINBY SRR Ak e PahAdniRidl i t al
conversion. Analog to digital conversion of the received signal all ovvs nor e

conpl ex 1QeGRIPLHRY QCﬁt wWREK i Eb D ﬁewé@?@% %Sm%gé&a% ;frr%‘:r‘%}g dgl atd, Q) le

decoding to be perfornmed using the DSP nmanne signal s

to beysrapsm e bRk P8 1 WKL T2n@ERers 714 and 716 designed to operate with
any of a variety of communication networks, such as the Mobitex™ or DataTAC™
mobile data communication networks, AMPS, TDMA, CDMA, PCS, and GSM. Other
types of data and voice networks, both separate and integrated, may also be utilized
where the mobile device 700 includes a corresponding transceiver.

15 Depending upon the type of network 7 19, the access requirements for the mobile
device 700 may also vary. For example, in the Mobitex and DataTAC data networks,
mobile devices are registered on the network using a unique identification number
associated with each mobile device. In GPRS data networks, however, network access is
associated with a subscriber or user of a mobile device. A GPRS device typically requires

20 a subscriber identity module ("SIM™), which is required in order to operate a mobile
device on a GPRS network. Local or non-network communication functions (if any) may

be operable, without the SIM device, but a mobile device will be unable to carry out any
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processed, including nodul ati on and encodi ng, for exanple, by the DSP 720
and are then provided to one of the transceivers 714 and 716 for digital

t o anal ogwapsweosiosn, frequency up conversion, filterinpgcT/aapbaziodmasi on
and transm ssion to the comuni cation 15 network 719 via the nultiple-band
antenna 10. In addition to processing the communi cation signals, the DSP
720 al so provides for .transceiver control. For exanple, the gain |levels
applied to comunication signals in the transceivers 714 and 716 may be

adaptivel y controll.ed through autonati in contr. | gorith

ol enont Sres Ry Bias Faatis i S e B SRk 8 oBrEfeh st ¢ al so
20 be implenented in the DSP 720 in order_to provide nore sophisticated
control ofedpiesd oReralifeE gl PO AnereeDeyY CHBEn cr opr ocessor 738 preferably
manages and controls the overall operation of ¢the dual-node nobile device
700. Many typediter aRy diediFedc 88¥erks registifien oo Attslipe rasocedpreyyhaye J1en54034
PCT/ CA2002/ 001943 could be used here, or, alternatively, a single DSP 720
coul d be emepleted tharmgbibudewi¢re 70 magt the rssndfand heceinec compnuwesiivor sigigds,
Low | evel comunication functions, including at |east data and voice
comurti cainclmdmg tatle vpeefandndath sipnade)ghvet the RBRork2 719 nSighds reacard dei ther

nodul e 711. Other, high-level comunication applications, such as a voice 5

comuni ¢ agnbRiplealpidi dnin® N 0 FRAAheanthnamitation QOO 7 LR bicGBuRPP beabl ha 724B
may be stored in the non-volatile nenory 724 for execution by the

M Cr opr oCeaRedivel$8114Fd 78X aWRicE  prbiiBes’ BdrCE oD NI ffatib NirdREkdye dFRAA May
provide a high-level user interface operabFe to transmt and receive voice

call's bet %&sitoh,eﬂﬁf_@ﬁﬁ%,edgﬁf{a%@d@& and anq I%z#y &b toRfe %Q% £ Qi a1 OF

dual - mode devices via the network 719. Simlarly, the data conmuni cati on

dule 72 ; | -bigh- ' di
and r oo angrgap AR i boh ehln UEShe IALFEN ERCRELAPER PiyBRat o

shor th communication functions, such as digital demodulation and decoding to be performed

using the DSP 720. In a similar manner, signals to be fransmitted to the network 719 are
- processed, including modulation and encoding, for example, by the DSP 720 and are then
provided to one of the transcei‘vers 714 and '716 for digital to analog conversion,
frequency up conversion, filtering, ampliﬁcatioﬁ and transmission to the communication

15  network 719 via the multiple-band antenna 10. |
In addition to processing the communication signals, the DSP 720 also provides
for transceiver control. For example, the gain levels applied to communication signals in
the transceivers 714 and 716 may be adaptively controlled through automatic gain control
aléorithms implemented in the DSP 720. Other transceiver control algorithms could also
20  be implemented in the DSP 720 in order to provide more sophisticated control of the

transceiver module 711,

The microprocessor 738 preferably manages and controls the overall operation of

the dual-mode mobile device 700. Many types of microprocessors or microcontrollers
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text nmessages, etc., between the nobile device 700 and a plurality of other
data devices via the networks 719. The m croprocessor 738 also interacts
wi t h ot hewalsnisoeiosabsyst ens, such as the 15 display 722cridaonoisdl atil e
menory 724, the RAM 726, the auxiliary input/output (1/0O subsystens 728,
the serial port 730, the keyboard 732, the speaker 734, the m crophone

736, the short-range comruni cati ons subsystem 740, and any ot her device .
subsystens generally designated as 742. Sone of the subsystenms shown in

Fig. 7 perfor,mco nicatign-related . 2 Lons,. wher eas ot her
subsyst en§ "@8;9 ep?sgg/}ﬁﬁree ’ 'OF’eag{%H}?ﬁYéy*o?’ S8h Pa‘éﬁ’] ggb IR, l?eoﬁsfs% BEREM Pesome
subsystens, such keyboard 73 display 722 ma e ysed, for both
conmmini oatiSOTLPATEdTICHREEeo1E T3 e Lo AT RIS, B tore g
transm ssion over a 19 WO 2004/ 054034 PCT/ CA2002/ 001943 data

comuni cat§28hn dafat sk Roics npnyeieablons sate eiprformed tthigHeh dhe PR 40ch &6 at or
or task list or other PDA type functions. Qperating system software used
by the mi greseiveenwdnle7d8. Dthepridgleteapl soramurietianapplicaiiensi ekt aswice such
as non-volatile menory 724. In addition to the operation system 5 which
controfs ephmohicatien hgphichidwe¥24A) mod iaodra odmtreicatdn hpplidetionc &@4B) Gaythee
non-vol atile menory 724 may include a plurality of high-level software

appl i cat i sorgdriaghanep-valatilameitogs 724 iehexasutbonvioy de espiotcssdri 138. nBgul e
724A, a data communi cation nodule 724B, an organi zer nodul e (not shown),

or any ot Bedimply,ARe 0bics Sdhit@hiatimAHbEIlY 224 ma¥ Ppeovida Mighadieh asdiBiBityce’ 24
also may include a file systemfor storing data. These 10 .nbdul es are

execut ed Byerhdl8 (B EARRROGRE 3QkivE SRi@N IR Butiviish dhd itk Q6Slce! TURRARGE
bet ween a user and the nobile device 700. This interface typically includes

a graphi Cad,r 16O BPBARPL0RL QY :dgggn&i}r s U BV 7182 5ididEMhe data

i nput / out put conponent prov
10 communication module 724B may provide a high-level user interface operable for

sending and receiving data, such as e-mail messages, files, organizer information, short
text messages, etc., between the mobile device 700 and a plurality of other data devices
via the networks 719.
The microprocessor 738 also interacts with other device subsystems, such as the
15  display 722, the non-volatile memory 724, the RAM. 726, the auxiliary input/output (O)
subsystems 728, the serial port 730, the keyboard 732, the speaker 734, the microphone
736, the short-range communications subsystem 740, and any other device subsystems
generally designated as 742,
Some of the subsystems shown in Fig. 7 perform communication-related
20  functions, whereas other subsystems may provide “resident” or on-device functions.
Notably, some subsystems, such as keyboard 732 and display 722 may be used for both

communication-related functions, such as entering a text message for transmission over a

19



through the auxiliary 1/0 728, the keyboard 732, the speaker 734, and the
m crophone 736. The operating system specific device applications or
modul es, GyoRadseSadzlper eof , may 15 be tenporarily | oaded ipatracgovpioaddsl e
store, such as RAM 726 for faster operation. Moreover, received

comuni cation signals may al so be tenporarily stored to RAM 726, before
permanently witing themto a file systemlocated in a persistent store
such as the non voI atile nmenory 724. The non-volatile nmenory 724 may be

o o ot AR Rt Ao s R AT RRrB hoh o Al b aded

onto the nobile g)ew ce 700.is a personal information manager (PI M
appl i cat i oWt rdRa YBBRINCHOfSet i onal i ty, such as cal endar events,

appoi ntnments, and task items. This nmodule 724N may also interact with the
voi ce communi ¢ SAPPEHNeeYRAN: sofbvate fénd hyelha gHAgPioResner wl ip greferpbly\ppored in

2004/ 054034 PCT/ CA2002/ 001943 voice nails, etc., and may al so i nteract
with the daesidomston sehissmonwydiatite momorm’é%aém n@iiéom’m' thegparation §ptérans and
other data transm ssions. Alternatively, all of the functionality of the.
voi ce §onmwhidhcatniols alibofuhe IG2dAchfichctidve dfaba nobitendavica7Ddnthe moshybktik24B may
be integrated into the PIMnodule. 5 The non-volatile nmenory 724 preferably
provi des anehidrg 79¥ sh@mirdciudbar plurding &f I8gioleagesdiwal Mppladadoh tpomann dhe
device. The PI M application preferably includes the ability to send and

recei ve dalqauleh,Cqt®h aflatvoRle R¥nohtS&lfon MEAuId 7800 4184k icBMnMnidatibi ehodaiece  and
dat a conmuni cati on nodul es 724A, 724B, via the wirel ess networks 719. The

PIM dat avtmg@ea{fgm%ﬁﬁa 430 Mot SRBFHE Haéy'd?ﬁ&%ﬁé 86 softWile HhQiZ gsurand

updated, via W r el ess networ W th correspondi ng set of data

i tems stoigd of. ARSACHALGH Y4 ed osl SO TP BSHF BorhhERY 182t N0 2

mrrored Syst em data I"'tens asso ate rticu user

10 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
component provided through the displaﬁ; 722, and an input/output component provided
through the auxiliary YO 728, the keyboard 732, the speaker 734, and the microphone

- 736. The operating system, specific device applications or modules, or parts thereof, may

15  be temporarily loaded into a volatile store, such as RAM 726 for faster operation.
Moreover, received communication signals may also be teméorarily stored to RAM 726,
before permanently writing them to a file system located in a persistent store such as the
n‘on—volatile memory 724, The non-volatile memory 724 may be implemented, for
example, as a Flash memory component, or a battery backed-up RAM.

20 An exemplary application module 724N that may be loaded onto the mobile
device 700 is a personal information manager (PIM) application providing PDA
fUrtctior'laIity, such as calendar events, appointments, and task items. This module 724N

may also interact with the voice communication module 724A for managing phone calls,

20



The nobil e device 700 may al so be manual |y synchronized with a host system
by placing the device 700 in an interface cradle, which couples the serial
port 730 ovourég/05484 nobil e device 700 to the serial port PET/GARSOIHNg43
system The serial port 730 may al so be used to enable a user to set
preferences-through an external device or software application, or to
downl oad ot her application nodules 724N for installation. This wred

downl oad path nay be used to |oad an encryption key onto the device, which

is a more ﬁ@cﬁl hgngd Hﬁﬁgvgggéci'ﬂ NGief L YRl Qéétng{\lflﬁ S 'n%huKS%J he

W rel ess networ aces for other wre foad pat may be

provi ded i I. G 700 dition to or nste e seri al
port 730. ngi!ﬂe%arrpalﬂl ‘fvﬁ‘éﬁ 50 dm%tﬁ?r aS h IR TR H‘n‘ AP g‘EOH}I
simlarly_.e d sonal ut er. 4/ 0 34 PCT/ CA2002/ 001943
addl t fonaf i bPRGael 8 R 8‘%‘%%‘%?‘%‘& 52408, 106 CeieCoBBRRE By | oo
700 t hrough t]g nﬁtwork 719, through an auxiliary 1/0 subsystem 728,

t hrough t FOdule /248 mag be intogrgted fnip Fodakor t - r ange communi cati ons
subsystem 740, or through any other suitable subsystem 742, and installed

by a user in tRee memvofis memope Tt orolembly orowAs 778e sssem 19 daailifpei ty i n
application installation increases the functionality of the nobile device
700 and metprage of P datih itewe dndhe device elicuRB i appkiqation rpmefeiabht incldesethat ed
functions, or both. For exanple, secure comunication applications may
enabl e ehlwbtyrtorsend emhreeeice dataricimsoagharty idelfeor fucdnjdicrianctidl the vaitgsact i ons
to be performed wusing the nobile device 700. 10, Wen the nobil e device

700 i s opafdddta gorhimusicstinameIFRLTIACA729B, WadRe wacles£a@ivead HO0TAE PIMuUch as
a text nmessage or a web page download, will be processed by the

transcei Vgdta TREH4! Bre 7grdfetdblly REANICSES lltlt@gltauﬁ 'E&ﬁéf@&ﬁ%eﬁﬁru 4384, Wi @ Wil |
preferably further process the received signhal for output to the di spl ay

722, 7, @ldeinRbhoRl ¥19, MRt corresponding set of data items stored or associated with a

host computer system, thereby creating a mirrored system for data items associated with

a particular user.

The mobile device 700 may also be manually synchronized with a host system by

placing the device 700 in an interface cradle, which couples the serial port 730 of the

15  mobile device 700 to the serial port of the host system. The serial port 730 may also be

used to enable a user to set preferences through an external device or software

application, or to download other application modules 724N for installation. This wired

download path may be used to load an encryption key onto the device, which is a more

secure method than exchanging encryption information via the wireless network 719.

20  Interfaces for other wired download paths may be provided in the mobile device 700, in

addition to or instead of the serial port 730. For example, a USB port would provide an

interface to a similarly equipped personal computer,
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auxiliary UO device 728. A user of nobile device 700 may al so conpose data
items, such . 15 as enmail nessages, using the keyboard 732, which is

pr ef er abl wa manpioss e al phanunmeric keyboard |aid out i nPCHECAQMERTYStYI e,
al t hough other styles of conplete al phanuneric keyboards such as the known
DVORAK style may al so be used. User input to the nobile device 700 is
further enhanced with a plurality of auxiliary YO devices 728, which may

i ncl ude a thunbwheel input device, a touchpad, a variety of switches, a

rocker i nput ngiﬂ%ﬂag@gglﬁt%ﬁgn TR0 TRAN Gthydft 1%?%6\%1?@0 %%H{J/tlngéy%e}{g@ 74661 may

wgzsggi t/r?nrsr%ngféltg 71%(. Y@ t(k:ul_:e)mr:uog:.ggt Ig/g)\rlll ng F7100 j er,akLi ng.i.n 1% Voi ce
communt can e e Sentoks 713 kol af ity YO SPSysfeam 728 B e dial o

substanti y.simlar to the data nmde, except 2 2004/ 054034 :
Bt Cao0 B bGHEh B shorate vl gradions SPESiear Aoy IBEUBLOUS ¢ he
speaker 734 and voice signals for _transmi ssion are _generated by a

m cr ophonBitaBlg subgystemnid, gad ipstalied by a diser 18 thgononsyQIaiis mesmory Jud 9 B&My voi ce
message recordi ng subsystem may al so be inplenented on the nobile device
700. Al t hoifghueh fledbibity busipbicatiagniastalaiiopuncreasep ther Bpatinnplitycelothp mobHed 5
primarily through the speaker 734, the display 722 nay al so be used to
provi de ageviden@ abd anaypfprotide iedbamiced yoredevicec inctionp, pantryynicdiiondgelatad i on of
a voice call, or other voice call related information. For exanple, the
m cr opr ocfaasiions,/ 38, bdth  Fon| axanipleg nsestiieh cohmuuhten applivatiohe ahiorenneul e and
the operating systemsoftware, may detect the caller identification

i nf or mat i @ecwhicasbnieoaiig-toat @8d cRhdr sabll fHhiaf@hakansheiths tiBebedpaRrayd 722. 10
A short-range comuni cations subsystem 740 is also included in the nobile

devi ce 7%ing':tﬁém%mé’@é\}%e”io|0? subsystem 740 may include an infrared device
and associated circuits and conponents, or a short-range RF comruni cation

modulg such asWﬁerh ﬁle.“ﬁxtoﬁgér {H}E/Mcg‘)ﬁ)‘é' 8 HorheB02 Lhed PG i QiR Mdea f OF

communi cation wth sim
received signal, such as a text message or a web page download, will be processed by the

transceiver module 711 and provided to the microprocessor 738, which will prefera’.bl);
further process the received signal for output to the display 722, or, alternatively, to an
auxiliary I/O device 728. A user of mobile device 700 may also compose data items, such .
15  as email messages, using the keyboard 732, which is preferably a complete alphanumeric
keyboard laid out in the QWERTY style, although other styles of complete alphanumeric
keyboards such as the known DVORAK style may also be used. User input to the moi;ile
device 700 is further enhanced with a plurality of auxiliary I/O devices 728, which may
include a thumbwheel input device, a touchpad, a variety of switches, a rocker input
20  switch, etc. The composed data items input by the user may then be transmitted over the
communication networks 719 via the transceiver module 711.
When the mobile device 700 is operating in a voice communication mode, the

overall operation of the mobile device is substantially similar to the data mode, except

22



enabl ed systens and devices. Those skilled in the art will appreciate that
"Bl uetooth" 15 and "802.11" refer to sets of specifications, available from
t he | nsti wa ®oehs4Blsectri cal and El ectronics Engi neers, PET&A2G/001P43

wi rel ess personal area networks and wirel ess |ocal area networks,
respectively. This witten description uses exanples to disclose the
invention, including the best node, and also to enable any person skilled
in the art to nake and use the invention. 20 The invention nmay include

ot her exa ; ; i i : &xg%p, '

al t hough g@sger%?i})’%gglggﬁsgfepfr’?%#??eﬁgquhggéﬂgﬁﬁg%rofﬁamgagﬁ- ba dkseﬁgﬁt enna,

a nultipleg: t.an I ] fu ..an el exr to
provi de %‘?kg%};"ga i 0%&%&% tg h%ﬁcréﬁ%h???&e%%{gﬁ tgﬁdg‘sggﬁﬁi %@ﬁyéeven
t hough t he.ant enna h23 WD.2004/ 054034 PCT/ EAngZI 001%43 deﬁlgri bte(ﬂ her ei n
provi des TR0 SPEr MY ¥ FUFLBIREHERS N REEI AR THpPe FERERETEAS i n

whi ch only one_of the perating bands .is_used are al ossi bl e, The
mount i ng ile fevie 704 ARG Yoo pr s sigHAl BLg S pEeE B Ao omBkeSdmy e
shaped differently and include_different, further, or fewer cooperating

st r uctiur sIRHHN thigughy fae spebeh 79h hnisptan #g 133 ndsA 88 AIsPHAY DEBEYRe 20
dependi ng on the particular nobile device in which the nmultiple-band

ant enna i isdicagsinerfdin idgntity tof g lsalling paity sheénraipy ef @ wieedallt eraptheryeicgwatht i ng
structure could be integral with a nobile device housing or other
conponentrelfedtihformeind. Fatexhmeple tistndadpofcesmos €fanmten)omtipo rvatit the lvaigout  of
the mul tiple-band antenna is simlarly intended to be illustrative and not
10 restri®@pinashicadlion myaunpl end shemopbdphe-shstad ssftveasa magcdeditnget callehe
present invention may include slot structures of a different shape than
shown i n jabRifdaeoM iAESmatstoNaStdcdifing vORE 8sls ald diyplhy'B Oh By &kfaf 7228~ t uni ng
structures. Simlarly, as is typi calg in antenna design, the dinensions and

posi tjpons of  gNtENARSE dplHEREaRAR sREsyREALUSE®Ys Ao MREIRESRRY the mobile

device 700. For example, the subsystem 740 may include an infrared device and
associated circuits and components, or a short-range RF communication module such as a
Bluetooth™ module or an 802.11 module to provide for communication with similarly-
enabled systems and devices. Those skilled in the art will appreciate that “Bluetooth”
15  and “802.11" refer to sets of specifications, available from the Institute of Electrical and
Electronics Engineers, relating to wireless personal area networks and wireless local area
networks, réspectively.
This written description uses examples to disclose the invention, including the
best ‘mode, and also to enable any person skilled in the art to make and use the invention.
20  The invention may include other examples that occur to those skilled in the art.
For example, although described above primarily in the context of a dual-band
antenna, a multiple-element antenna may also include further antenna elements to provide

for operation in more than two frequency bands. Similarly, even though the antenna
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conpensate for effects of other nobile device conponents, including a
shield or display, 15 for exanple, on antenna characteristics. Although

t he mul ti phe@2d0anshoant enna 10 is nmounted on the nounting SCTURRMS0BB3 usi ng
nounting pins, other types of fasteners, including screws, rivets, and
adhesives, for exanple, will be apparent to those skilled in the art. In
addition, fabrication of the nultiple-band antenna 10 from a pl anar
conductive 20 sheet as described above sinplifies nmanufacture of the
mul ti pl e- Qand, ant enna_ 10 ut the. ipvention i.s in.n est [.i: to
thi's par feumap BERRRebAacs o obigind BAERAL alf - BiCbentppl B GG
depositin%,a conductive filmon a supstrate aqd etc%ing previ ously

deposi -t ed WhiG IS Ofthe I QORASNE PaRYS 1516 d A lSURAFHI% ~al t er nat i ve

techniques. 24 W Caim 1. A nulligle-band ant enna having first and second
operating freqtiehBiPUBERE structeigmyy is shon feor Hluslrativie piupeses eilyyuridP8Y 8 second
patch structure electrically coupled to the first patch structure; a first

sl ot st r ushaped diffesprilyeand drohislerdisferents Jerthysy of Swvesfcooherating srughyes Fan
structure and the second patch structure and having a distal end portion
and a 5 pr tGwbersiioventh therdrawimgs and de@rided ebwied depantlingt oru thepastiayies podule

bet ween a second portion of the first patch structure and the second patch
st ruct ur eddaad ingviactdihg tradltiplecbapd biteom iahdplameptedX lirshbuld mthofierappeniatetihe

proxi mal end portions of the first and second slot structures being

substant i glat YhePabahtiR) stht@peccRROb eftegranthithhe nibibsle alevRBthaasing icenshaf t he
first 15 and second sl ot structures diverging fromone another, and at
! Qast onec@fiponent of the mobile device instead of a separate component,
Layout of the multiple-band antenna is similarly intended to be illustrative and not
10 restrictive. For example, 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
compensate for effects of other mobile device components, including a shield or dispiay,
15  for example, on antenna characteristics.
Although the multiple;band antenna 10 is mounted on the m'ounting structure 50
using mounting pins, other types of fasteners, includihg screws, rivets, and adhesives, for
‘example, will be apparent to those skilled in the art.
In addition, fabrication of the multiple-band antenna 10 from a planar conductive
20  sheet as described above simplifies manufacture of the multiple-band antenna 10, but the
invention is in no way restricted to this particular, or any other, fabrication technique.
Printing or depositing a conductive film on a substrate and etching previously deposited

conductor from a substrate are two possible alternative techniques.
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the distal end portions having an increasing width along the |length
thereof. 2. The nultiple-band antenna of claim1, wherein dinensions of
the first patch structure, the first slot structure, and the second sl ot
structure primarily determine the first 20 operating frequency band, gain
of the multiple-band antenna in the first operating frequency band, and

i npedance of the nmultiple-band antenna in the first operating frequency
band. 3. TWe Giaht:i pl e- band antenna of claim 2, wherein dinensions of the
second patch 25 structure and the second slot structure primarily determ ne
t he second operating frequency band, gain of the nultiple-band antenna in

the second oper ikt bant SReNnDaNche ARand srée&r@ad}feﬁat&fg frddGeityl Hahd ©- band

antenna in the second operating frequency band. 4. The miltipl e-band
ant enna ofcoglpaismgl, further conprising a feeding port, the 30 feeding port

conprising: a feedi.n int electrically coupled to the first patch
R TS REan e

structure and pos “Wirer | ap the first patch structure; and 25 a

ground poi nt el echkécoad bitch @pbie dettihglysoaped tcpﬁa%(ﬂ}st?alfdhosttal&fzﬁlr@nd
positioned to overlap the second patch structure. 5. The nultipl e-band

antenna of cl ai m afirsislef sirvetenealispopet bevaewna Srst pettign of the frsepatdbyrushee al | y
C shaped structure ¢agml Si.0gy ﬁatéﬂ §tf|{]ct1?r§9n<?%raﬁzln§'}’diﬁflls&%o&%ﬁﬂndpaort I on,
ng the Tirst en an €

and an adjoi ning portion coupfl portion second end
portion, wherein therodaebad patiofy sitlructure is electrically coupled to the
adjoining portion, wherein the first slot structure is disposed between

. p
the¥irst end port PRGN SCWEdERasdtetHean a ircordt Rortign gt thiHEPenir!y he
second sl ot struct Urs%ubtﬁreddn%lFlHé?&oﬁ@g%fﬁﬁgtrﬁégﬁre%%ﬁ%% 0 BAIQ8, e t he 10

6 e- ban cla

second patch structure. 6. The nulti ant enia o i'm5, turther
conpri si ng: proximal end portion;

the proximal end portions of the first and second slot structures being
substantially parallel to one another, and the distal end portions of the first
15 and second slot structures diverging from one another, and at least one of

the distal end portions having an increasing width along the length thereof.

2. The multiple-band antenna of claim 1, wherein dimensions of the first patch

structure, the first slot structure, and the second slot structure primarily determine the first
20 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
25 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.

4. The multiple-band antenna of claim 1, further comprising a feeding port, the
30 feeding port comprising:
a feeding point electrically coupled to the first patch structure and positioned to

overlap the first patch structure; and
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a feeding point electrically coupled to the first end portion and
positioned to overlap the first end portion; and is a ground poi nt

el ectrically coupled to the second patch structure and positioned to
overlap the second patch structure, wherein the feeding point and the
ground point conprise a single feeding port of the nultiple-band antenna.
20 7. The nultiple-band antenna of claim®6, wherein the first patch
structure furtheragaanppoieslcatrivelly cgléd nhek@ohd paah kiyutaephd pgsitibeed
feeding point to the fir?t nd portion, and the second patch structure
conprises a bent port? PYFIaR BEF¢GOBA PRI 8BUHIIeg the ground point to the
second patch structure. 25 8. The multipl e-band antenna of claim7, wherein
the bent portion of the first patch structure and the bent portion of the
second patich stlhgotultiplertmsp ectenvedfclpiosi twltaeintiee fifsepalcingrpdimts and t he

round point  at. det erm ned di st.ance from.the, first tch structure
and %t he sSuogly SroteppRriRiae oQmPYSIngRIHARCIAST 4o, AAEFORA CEARATIR S1hi m 1,
wherein thg aajoﬁiﬁi(%g/)&@i]@ﬁtcbﬂ@iﬁgrtﬁa BeReNd PaREn ah8 tif bORBdndPEE SIMVWIRFeiMVRRI | €

comuni cati ons ( requency band, and the second operating frequency
band is as@ogilpaichenttureis eBytricelly coadd forthe adintyndpertion,2eherein thehirst slot

mul tipl e- n f..claim9 erein the M freguency band is GSM
000, conprrbi e T ERpa e Epoamival Sisloh 6T okl MM 2. band o
925- 960Msherdin tht.seddigl gt sthuptus i digo sodt tepneenathe edadhieddportidfaed thet he DCS
fre%uency band conprises a transmt sub-band of 1710-1785MHz and a receive

subBband” &fcord@atch sEBEML .

6. The multiple-band antenna of claim 5, further comprising:
a feeding point electrically coupled to the first end portion and positioned to
overlap the first end portion; and
15 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.

20 7. The multiple-band antenna of claim 6, wherein the first patch structure further
comprises a bent portion electrically coupling the feeding point to the first end portion,
and the second patch structure comprises a bent portion electrically coupling the ground

point to the second patch structure.

25 8. The multiple-band antenna of claim 7, wherein the bent portion of the first patch
structure and the bent portion of the second patch structure respectively position the
feeding point and the ground point at a predetermined distance from the first patch

structure and the second patch structure.
30 9. The multiple-band antenna of claim I, wherein the first operating frequency band

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

operating frequency band is a Digital Cellular System (DCS) frequency band.

26



10 12. The nul tipl e-band antenna of claim11, further conprising a plurality
of tuning structures. 13. The multi pl e-band antenna of claim 12, wherein
the plurality of tuning structures conprises: 15 a first tuning structure
connected to the first portion of the first patch structure and conprising
a fine tuning tab for tuning the second operating frequency band; and a
second tuning structure connected to the second portion of the first patch
structure and conprising a fine tuning tab for tuning the first operating
20 freque bapd. 14. The nmultiple-band aptenna of .claim 1, wherein the
first patch’st ?ﬂmﬁ]élp&ﬁ‘aﬁn@r?@tenggeﬁﬂal%gt Eherei e CSM. Segiioey e &Y cal | y
conduct i VeyouasH piding £ L 8eeds - QRdt SIS 01 YRIHA RS RkéiDe stH-barkiQERRS.

al umi num silver, and gold. 25 15. The nulti pl e-band antenna of claim1,

i npl ement é$OMH A wirel ess nobile conmunication device sel ected fromthe
groyp consisting of : data conmunication devices, voice conmuni cation
devices, dual -node devices enabl ed for both data and voice comunications,
cel lul ar tiel ephiresultipict RingSBtcRNBbT cIGRIMDINIIGR L R DEBI ERBendyahlie 30

t el ephones havi ng data conmunications functionality, personal digital

assi st ant SOIPHAH)2 rasaBl Bi-Fagd ofl ¥ B)- s8N Hmand a eeael vwriab-band ef 88&5-enmmi |
comuni catjigemgevi ces, and wireless nodems. 27 16. A multiple-band antenna
system conprising: a nultiple-band antenna having first and second
operating frequency bands, conprising:

10 12. The multiple-band antenna of claim 1, further comprising a plurality of tuning
structures.
13, The multiple-band antenna of claim 12, wherein the plurality of tuning structures
comprises:

15 a first tuning structure connected to the first portion of the first patch structure

and comprising a fine tuning tab for tuning the second operating frequency
band; and

a second tuning structure connected to the second portion of the first patch
structure and comprising a fine tuning tab for tuning the first operating

20 frequency band.

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.

25
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

30 telephones having data communications functionality, personal digital assistants (PDAs)

enabled for wireless communications, wireless email communication devices, and wireless

modemns.
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5 a first patch structure; a second patch structure electrically coupled to
the first patch structure; a first slot structure disposed between a first
portion of the first patch structure and the second patch structure having
a distal end portion and a proximal end portion; 10 a second sl ot
structure di sposed between a second portion of the first patch structure
and the second patch structure having a distal end portion and a proxi mal
end portion; the proximal end portions of the first and second sl ot

structures, bein uhst anti al | arallel to one another, and the distal end
portions o¥#thégnﬁgﬁQF%??éﬁﬁﬂméBSBWH‘QWERH%H%Lmiures di vergi ng from one

another, and at | gaslifemal ahandhaihidl 6. ENhARELOORARY REuBTLy BEAEES] NG
wi dth along the |engt d

thereof, a feeding point electri c%lglluy ¢oupl éd to
the first patch strudmpéingand a ground point electrically coupled to the

secqu patch structure n%o yﬁe&&éq.the first patch structure, the first
sl ot” structure, and tzhg BYUSHATULYSt structure form maj or radiating and

recei ving structures £&cohdpatch btrgdur@RRIcBidany cblified NGy ribapdichandethite
second patch structure_and the second slot structure form major radiating

and receiving struct vt &5t slof stryctise dispesed bepeseatd frgt pertiqueny thsimdichand 25 a
ounLi 19 $ et COMSt ARl Lisky Al By A SERNS A5
second patch structuresaad e proimbleshdipprifidie first surface, and wherein the
f eel%i ng point and t hea gerccc))rlijc:r| ﬁop scgii‘urc]:%urg Eli%posed between a second portion of the first

patch structure and the second patch structure having a distal end

portion and a proximal end portion;

the proximal end portions of the first and second slot structures being

substantially parallel to one another, and the distal end portions of the

15 first and second slot structures diverging from one another, and at
least one of the distal end portions having an increasing width along
the length thereof;

a feeding point electrically coupled to the first patch structure; and
a ground point electrically coupled to the second patch structure,

20 wherein the first patch structure, the first slot structure, and the second
slot structure form major radiating and receiving structures for the
first operating frequency band, and the second patch structure and the
second slot structure form major radiating and receiving structures for
the second operating frequency band; and

25 a mounting structure comprising;

a first surface; and
a 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 the ground point are

30 mounted to the second surface.
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30 mounted to the second surface. 28 17. The nulti pl e-band antenna system
of claim 16, wherein the nmultiple-band antenna further conprises nounting
bores in the first patch structure, the second patch structure, the
feedi ng point, and the ground point for receiving fasteners to nmount the
mul ti pl e-band antenna to the nmounting structure. 5 18. The nulti pl e-band
antenna systemof claim 17, wherein the nounting bores conprise offset

nmounting hares THe thill@pfd- b5t aRfheN syxstdt6f Hain 06 f wRdreihtdmaltHid-batEanténnhe
first patch structure. 10 19. The multi pl e-band antenna system of claim

17, wher eifarthdieompsisestapentigrioresse thavbishpatelystprateredie pesord patish sHactpser st
f . ] b it dt
o r ocel v (s0SrREORR Eithe B8 bot D Bor TRk s LG it e BRI WATY 1 ©

cl ai m 19, anteanetothe heourkibgtinmgupi ns 1.5 conpri se heat stakes that are
melted to retain the nultiple-band antenna on the nmounting structure. 21.
The nul ti pl e-band antenna systemof claim 16, installed at a top rear

portion ofjga ,vﬁﬂe%ﬁﬁgmmh'aﬁteﬁf?mwngaﬁggiﬁ gg,tv‘i,}tcee%em%ﬂe &%mﬁlg’ﬁ%@é ess

nobi | e comruni cati on device conpri'sing: ranscel ver adapted to
transmit anciprieceffset noonting bems irothe firgpatch stmctare dfifyes frofir egute pf tharddst a
second transcej ver adapted to transmit and receive conmunication signals in
25 a secoRdPPEHtIEcy band: and a nul tipl e-band antenna connected to the
first transceiver and the second

10 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
15 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.
20
22, A wireless mobile communication device comprising:
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
25 a second frequency band; and
a multiple-band antenna connected to the first transceiver and the second
transceiver and comprising:
a first patch structure;
a second patch structure electrically coupled to the first patch structure;
30 a first slot structure disposed between a first portion of the first patch
structure and the second patch structure and having a distal end

portion and a proximal end portion; and

29



transcei ver and conprising: a first patch structure; a second patch
structure electrically coupled to the first patch structure; 30 a first

sl ot structure disposed between a first portion of the first patch
structure and the second patch structure and having a distal end portion
and a proximal end portion; and 29 a second slot structure disposed between
a second portion of the first patch structure and the second patch
structure and havi ng asgtbad slbt endturpdispoaxd Rbdeeh aquecxidmirtiendf thofiston; the

proxi mal end portions of the first and second s]ot structures being 5
substantially paral |l el ®8COBUEHE Methe sarand H@C’éﬁ‘é‘f“éﬂlméﬁ@lgb\f}% ?@%%Egtﬁf‘dt he

first and second sl ot sgjgﬂ%qng%ﬁb)yig{aggﬁgﬁg&igm one another, and at | east

one of the distal end portions having an 1hcreasing width along the |ength
t hereof. 10 23. The wheetessanoiidoetiosmfiin tat dahsedenwd det dfuctires e,

further conprising: a housinag. bstantially enclosing th i,rel ess bile
cgmﬂmi cat im;nI dlevigce aﬁﬁi’#%@?ﬁgpﬁa@ tl,o opgéP?tp‘?roﬁ?A %]gtdf%ﬁ]ewgﬁaﬂgﬁn&gmel

surfaces, wherein the mghdtiaRh Seldan dloR B EMIRs U elBNEEEh IR ahB@iciMah@ keSS
nobil e comuni cation device adjacent the top and rear surfaces. 15 24. The

wi rel ess nobil e comuni &egst ane cdéhg distabendopastipnsdgvirfaantinecadedpidts alegea
keyboard, a display, a shea anc}. a m crophone nounted within the front

k
surface. 25. The wirel ess rrlég;t @ Comuni cati on device of claim 22, wherein

the first 20 frequency band is a d obal Systemfor Mbile comunications
(GSM freguenc%ﬂ band, ) L _ . .
10 3. he wireless mobile communication device of claim 22, further comprising:
a housing substantially enclosing the wircless 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.

15
24. The wireless mobile communication device of claim 23, further comprising a
keyboard, a display, a speaker, and a microphone mounted within the front surface.
25. The wireless mobile communication device of claim 22, wherein the first
20 frequency band is a Global System for Mobile communications (GSM) frequency band,
and the second frequency band is a Digital Cellular System (DCS) frequency band.
26. The wireless mobile communication device of claim 22, further comprising:
a fine tuning tab connected to the first portion of the first patch structure for
25 tuning the second frequency band; and
a fine tuning tab connected to the second portion of the first patch structure for
tuning the first frequency band.
27. The wireless mobile communication device of claim 22, selected from the group
30 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 comrmunications

30



and the second frequency band is a Digital Cellular System (DCS) frequency
band. 26. The wirel ess nobile comruni cati on device of claim?22, further
conprising: a fine tuning tab connected to the first portion of the first
patch structure for 25 tuning the second frequency band; and a fine tuning
tab connected to the second portion of the first patch structure for

tuning the first frequency band. 27. The wrel ess nobile conmunication

devi ce of fohdionel2®?, pssinatdigdalf aspimahREPPrAgupnabBl foowdekts cgnmbinicetddm,

conmuni cati.on devi ces, voi.ce comuni cati on devi ces, dual -npode devices
enabl ed f OYTHES FTEHCOMHIIGASOR SeWsFmaRd BAIClShEIOdR®E | ul ar t el ephones,

W reless email conmunication devices, nobile tel ephones having data
comuni cations 30 functionality, personal digital assistants (PDAs) enabl ed
for wirel ess communi cations, wreless email conmunication devices, and

wi rel ess nodens. 31
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