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WO 2004/ 054034 PCT/ CA2002/ 001943 Ml ti pl e- Band
Antenna Wth Shared Slot Structure FIELD OF THE

wo MERF408N Thi s invention rel ates generally toPCTI€A2002/001943
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”, ﬁ%@%anﬂ%ﬁ%ﬂﬁ' WinSrafla SRPSELARLE
cel lul ar telephones W rel'ess two-way enar l
communi cation devices. 10 BACKGROUND OF THE | NVENTI ON
Mobi | e devi ces having structures that support

mul ti - band CO""“ngﬁ@iiﬂﬁﬁggéﬁ@gﬁﬁﬁﬁﬂgiNhny such nobile
devices utilize h ; retractabl e
structures.. Helix and retr l.e ant ennas
Ty T itios; Bl BT o 6 Bl ERIENat. MES sareificanly, o
|nvertgg F antennas are typically enbedded i nsi de of a
myliiple-bgpd Bpiganm & Brovided él}?tclé pagtigu ééla{ewslﬂw,te defopaigeldy Wireless
antennas are preferred over external ant ennas for
Mol commugingHom Hevagds ogengially sderrddoio heeaiinanimaeltileadedices”, such as
ergonom ¢ reasons. Enbedded antennas are protected by .
Persopalndbigltd dessistrmtss asellubar Helestiones, andd t wérekfor evd-wayl email
to be nore durable than external antennas. Although
coexiumicatibn dntiennas may physically interfere with the
surroundi ngs of a nobile device and make a nobile
device difficult to use, particularly in 20
i mted-space environnents, enbedded antennas present

fewer such chalg &meeROUND BRI YRYENTTORDDI | €
devi ces, howevér, known enbedded structures and

des Il\g& fee&:Meg lﬁ?ﬁm S%E%FCS tﬁlltasfugﬁ(? t X‘mﬂﬁ %rand commu%ncatlons are

COfTTTLInI cation recepti

east,,in ce tal erati i tj.ons f,xhe
b 50 B RPN gl el Cretures.
H %\e/ﬁlmé’? @grgtggﬁggp%s%ssgrp L{?még?lzglggtg%t@gt%tde to?% %ggl?en gnge and

. PCT/ CA2002/ 001943 . o
inverted F antennas are typically embedded inside of a case or housing of a device.

Generally, embedded antennas are preferred over external antennas for mobile
cominunication 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 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
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di fferent positions, since antenna position changes as

a nobile device is noved. Typical operating positions
w@Roo4/084080bi | e * device include, for exanple, BCHan2002/001943

i nput position, in which the nobile device is held in

one or both hands such as when a user is entering a

t el ephone nunber or email nessage, a voice

comuni cation position, in which the 5 nobil e device

diﬂaxntg%ﬁi%shg sPeX ant&gqaa%ogﬁgg 'cﬁayn'gségs AR §&?c%ki§ modGE Typical

mcr one are use rr on a conversation, a

opsi3fle Sor 8t blsPhe dehd Bille 46 AREIRS <l ot Bofien, in
l-aced i.n, a, holder, .or stored in or on sone other )

wiffly 1 FRO Rl Heviee 4K D4l 1 PR Sbib.LRRPSHED ot HECK 8 dpergs entering a
head, hands and body, the surface, the holder, and

telephong (RYRRsE Of pERla Fgssagare ypice (MOBERINIGRECR MOBHAR, Wnwhich the
degrade its 10 Perfornance. Al t hough the nobil e device

m¢bilerdgyice enayvhel heldoeaxntp ussed s hyad dnsl aspeakentand niigrophdne are used
set down position, the antenna should still operate in

to thirpg op asohvarsativn, sl d ‘Geisdown® pekivien, iaovitieinihe ahdbila device is not
signals. Known enbedded antennas tend to perform

in ued BY ichechisgr,p@ar$ yet dopardn € shrédckyplwhr@rina oMkl 6 €6%d 6€ or on
is in a voice conmunication position. 15 SUVWARY

soﬁ@(‘(ﬁl!iéi”sﬂﬂageoaéﬁﬁlraﬁ@p%tth&é pbHBoASNVIRINeP Y hedl, hands and body, the
mul ti pl e-band antenna having first and second

suRRE! afel ddr " SRUGE %%r&@%??ﬁ;?t{ﬁ%éﬂ \%Mﬁ?)}]&kfthé teRALAR degrade its

structure assocl ated pr the first

LN . cO tch ucrure .
e A bAB D e 8 bice s AGFRDHRTHiN S HElfioferappon o
associ ated .primari | i th .t second operat.i n :
o R SR it st pide U SR BB oS Bsdgpst receive
between a first portion of the first patch structure
comypyniGajian sigaglig @h?‘%liendﬂ?,‘{ BHENng fendste rerigrra gelatively poorly,
primarily with the first operating frequency band,
Pagicylagly sdhies adnedilsidevice isdn aveice reppypidatina pesidiana second
portion of the first patch 2 WO 2004/054034

PCT/ CA2002/ 001943 structure and the second patch
structure and associated with the first operating

SUMBIARYiCY

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

band, and a second slot structure disposed between a second portion of the first patch
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band and the second operating frequency band. A

mul ti pl e-band antenna system accordi ng to anot her
w@gpaeos408f the invention conprises a nultipl ePGEAOA2002/001943

antenna having first and second operating frequency

bands 5 and a nounting structure. The nultipl e-band

antenna conprises a first patch structure, a second

patch structure electrically coupled to the first

su‘gfg{]%gm& Eﬂe&?(‘g&{c’dtepaé&l sftliugﬁﬁ‘e Idt %séo%;aliéﬁc\;/fﬂ% Q}ectﬂ'gt (&)%isa%ﬁ% rfrgquency

S
en a ortion o I TSt struc
and the second patch structure, a second sl ot .
lm@??ﬁgpﬁ$§°ﬂ$g%%§g§%g§9ﬂggﬁa({second portion of the
first tch structure and the second patch structure, |
1 oBIUHPIGBR SHPRE HEER FSFORERE foANBeT faoqt Hisihe mvention
patch structure, 10 and a ground point electrically
copglisss edmpBinigkandeiigiga davian sty andt geend qpgsatingr Gequelgychpands
structure, the first slot structure, and the second
ang p grougting struptwref dhermukijpde-band dintenny goraprdses p disglipaichgtructure, a
structures for the first operating frequency band, and
se¢oné pstel simattpatetchtrehllyicdupted to drdirstatchestroctdres b @irst slot structure
structure form major radiating and receiving
dispbsedtetivers affirst dolnSE clgfitst papdrsautine dndeigeoend RddhGiructure,
The nmounting structure conprises a first surface and a

a seEsANht lﬁu&ﬂfefﬁﬁﬁsm&&ﬁ deBorAINSbrO@NESH B8 Bk PateR Structure and
first surface. The first and second patch structures

thédefo %h%‘?ru&%ré,'a_?eé‘dhfagsﬂohﬁ‘éfet:&ﬁ@%ﬁ&%piéa% ftl%‘eeﬁ’sgﬁtdﬁ%ﬂ&ure,
and the ground point are nounted to the secon
r e el il ' j i.C .
and 4P ndhht e GHER, CBRple o H RAPAS BB Hles e it pacch
rovi de The wirel ess bile ¢ ni cat on device. .
suBfyiy rEcizsustes stepEres 3 PR CaR SR PR omBP fiipe and
and receive conmyni catiqgn sighals in a first frequency
reqsRmRg sticlisesdREthe [uHopealing re@ieperbrndoand the sspopd ggfgh structure
recei ve comunication signals in a second frequency
ang ghecrecapdlat sirgtiedpan Baivd radtiagpad sesgivéng sactugestiprethe second
first transceiver and the second transceiver. The
opemating freqeheniohndn {ldin moupomgstivswise eorfiprisss a fiest srface and a second
structure 3 WD 2004/ 054034 PCT/ CA2002/ 001943
surface opposite to and overlapping the first surface. The first and second 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-band antenna
is also provided. The wireless mobile 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 multiple-band antenna comprises a first patch structure
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associated primarily with the first frequency band, a
second patch structure electrically coupled to the

WO 2008054084 ch structure and associ ated pri mari | BCTCARN02/001943
the second frequency band, a first slot structure
di sposed between a first portion of the first patch
structure and the second patch structure and
associated primarily with the first frequency band,

as@QHteﬁ n’f‘ﬁﬁ? quthz#ig?lﬁ%tf#e' 8&&&9 %ag(il,sao&%gl‘?d Pzﬁ{:ﬂ\@tﬁﬂgﬂe teheé:trically

second portion I'rst” patch structure an

d ruct ure and soci at ed. W t he first
cof el R T S R oS00 pRUBERL Y therfecpl Fhgpency
by S TR Bt P Y ooa i ok e B gl sgpeture and
the follow ng detail ed description, 10 BRI EF
thepeaend pafs rqppd pRpGRiERrimagly with gheofissbiseqpency bandgand a
mul tipl e-band antenna according to an enbodi ment of
seqong slot siresteiechisporgdgbetwednsa spcwg poion £ ithet fiist paigte sirugture and
the nmultiple-band antenna of Fig. 1; 15 Fig. 3 is a
thebseromhpatslo stetotire aud esvocifitet] vathribetfirgtl feedvamey eamtleand ahofecond
Fig. 1 and an antenna nounting structure; Fig. 4 is a
freqogncy danetri ¢ view of the antenna and nounti ng
structure of Fig. 3 in an assenbled position; Fig. 5

i S BuRKQSEataRS tah@8pectsi SEWhOfinviehBord WL B8 AledMbeoH Rill Bcome
structure along line 20 5-5 of Fig. 4, Fig. 6 is a

appR&t iy I8 Wolise Bf (P RIIlo%iHLYd AR 1IIBSILHRGE at i ng the _
mul ti pl e-band antenna and nounting structure of Fig.
4; and Fig. 7 is a block diagramof an exanple nobile
device. 4

BRIEF 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 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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WD 2004/ 054034 PCT/ CA2002/ 001943 DETAI LED DESCRI PTI ON

Structures in the nmultiple-band antenna descri bed
whegeiosoas e si zed and shaped to tune the nul tPEi/€Abmnd01943

antenna for operation in nultiple frequency bands. In

an 5 enbodi ment of the invention described in detai

bel ow, the nultiple-band antenna includes structures

which are primarily associated with one of a first

operating frequency band and a second operating

frequency band, as well as a shared structure

associated with ggﬁiéggggigéi#ﬂgﬁ econd operating
frequency bands. ti pl e- band

antenna to,.functio s the antenna in a nultj-band
b Mg i the RDle Babitens ottt BeiTouD aiHaC A Ehined (©
may be adapted for operation at the d obal System for
tungp e | Bultiplenband; @4ea nlor (Qpsrgfion g vltiplee fig@iragy hands- ana an
the Digital Cellular System (DCS) frequency band.
emippdigenis Rf |the dnventiorh elespribediin | deggih belovattee tohdtiplefpend antenna
GSM 900 band includes a transmt sub-band of
incB8Ies SivEhtzs whidh arermeinarile asodiated matha Db 09 6 Gldtopemting friquency
DCS frequency band simlarly includes a transmt
barsldirdeasaconafopéralifls Iréd@Rhty baddaswebaai sharell Strbdthredgdidia@ld with
1805-1880MHz. It will also be appreciated by those

bothkihk {86 4 deBGhdbperithiat fre(fulaﬁcgebzfrfd@q UBAE ¥nddRRAfe FBtif1/band
illustrative purposes only. Such an antenna may

antefS RAFiREon 46$hd a0i og%ﬁti%a%@.ﬂéﬂ?@rde@?cje.r SpQf xample, a
y anég ig. i's e

operating frequenc . F atop view o
B, AR SRR B SR RO, Ty oo
corSpti SR oLOVER megySieyPina i g Bigid Lofihor iR cbes)
R R

described in further detail below in conjunction wth

a tyapgmit gub-Bangof K361 ¥krzmd pavradyeabiand P§3960MHz, and the DCS

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

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
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.



10

15

20

The mul ti pl e-band antenna 10 i ncl udes patch structures
12 and 14, slot structures 16 and 18, and tuning

W@ reogosses 20 and 24. Patch antennas are popuP@r/CARN02/001943
their low profile and virtually unlimted possible
shapes and sizes, and inherent flexibility which
allows themto be made to conformto nost surface
profiles. Patch antenna pol arizations 5 can be |inear

or efﬂe' Iﬂﬁl'tlgﬁlban&"hﬁtgnrﬁl iz gu@&"ﬁféhzs%hﬁféé%'ﬁm qgnglot structures

par al | the surtace |'ot anten

16a5rrﬁ1e§eagﬁtst8%ﬁg Igéﬁc(ﬁ?re% Eg atnh 24? liatrtcf enlfit Dol ﬁlée pc%blgalr g?li %u low
O B e B 18] PSRty i

Princi ples of operation of patch and slot antennas

allgwes ¢ %%IFFO o 1 GoriapE do Zer| ueiace ofilee. Reteh ReHR Rolerizations
the present application 10 pertains. In the

campetlingpreanpdlinicaln fathrfamaip, palasatien edmpanenfdqratallel topthe suface of
first structure associated primarily with a first

th¢ patelue Aoy antanrds iare weafl ¢ entimocarthietfichl srebgthdn aequited alirt&ions by
operates. The patch structure 12 is generally

ch@xghg pleedk, ofientatiods.ngOperringnchapteristessef patct Ard sl fdntennas are
and right-hand sides of the nultiple-band antenna 10

establishee byia@wnad svpe lafd BirGensibns. 1 Briddiplebf asir&idi df%atch and slot
portion, along the top of the nultiple-band antéenna

anddnasThie WELRnA M to MR kPkd tifenPakCl whitk! (ﬂtlé‘ gf‘eséﬁ HM&ation
a most pronounced effect on antenna operatin
pdgiggacterlstlcs in the first frequency band, such as
the actual frequency of the first frequency band, as

wel IIn ARe qﬂﬁl?ﬁlg%a 'atrrllteln}qatlg)a rI% | %ﬁ{cggr e @1‘5 nﬁ)éalé i 1rst structure

course, 1n a

changes.in..a rt.o the an S§SOGi ate one

L 1§ Bk gbaody brE Tt e ik by Shienna 10
fre ncy bands of the antenna, althou h in the

oD phePHEhH AT M geperally 6-shapede inslugmette cad poigions: et the
12 on the second operating frequency band are not as

let 4y night-hiand sides ofi the nwdtipledand ddennan Ofin rthchwiewdshowminl in Fig. 1,
bel ow. 6 WD 2004/ 054034 PCT/ CA2002/ 001943

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
frequency band may also affect other operating frequency bands of the antenné, although
in the multiple-band antenna 10, the effects of the structure 12 on the s}econd operating

frequency band are not as significant, as will be described in further detail below.
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The patch structure 14 is a second structure

associated primarily wth a second operating frequency
whad/0pf034 he mul ti pl e-band antenna 10. As descp@ea2002/001943

above for the patch structure 12, operating

characteristics of the nultiple-band antenna 10 in the

second frequency band, including frequency and gain,

for exanple, are prinarily affected by the 5 size and

sh a?ﬁleggatcthhs%ru?l%(feo E‘P c%‘ﬁh' rhﬁ’tl%talie asFo%ha%do %rlla%l}#lc\tgl a second

m 1 ar ada suc

fec on th t fre uency band. )
SRR ﬁ@zﬁ b g AT AR BBt 1ehy an AerBpLaS P‘é‘i"? %ﬂr the
in the first frequ band. The |l ength and the w
pajsh SHHEHUES 125 ORI R tics 9 the ARYtiEband germad g in Hwecond
band of the slot structure 16, but also affects the
frogaeneyzhand, 1oclpding fregency andvgain.i for exampled aeriranaily affeqted by the
this frequency band. For exanple; changing the w dth
sizerrtd Iskapgtofi thefseednd sghigtresitr uct ure 16 may i nprove
antenna match but sacrifice gain in the first
f r edibentyy strantde 16hesiatilatly adapiet sucle thhBit hanh dedidaheeffect on the
structures 12, 14, and 16, is a shared structure, in

firkhatquiehcy %aﬂDSIR ijopesitibied Bl dithdnsiohed e eineifll L ARRct 1éhtenna
and di nensioned to affect antenna 15 operation in

oﬂ@&hbn tih eheffirkiStedueRIUERAY TRRNEhANGnd e wiagosdné see yﬁ&% 16

band. Wereas the other structures 12, 14, and 16 have

o? ro %rnge&aﬂ% ﬁﬁéﬁ& Hafd %P EheD %otI ﬁﬁg{u]'%é § lﬁf?%s%%ﬁﬁ@g the gain and

uency the I|engt ocat}?n 0
h .
ol mPUALSHAE S ARG BT B
10.i f d band
oS S e R e S At gt

20 the slot structure 18 affects the gain and match of
ga1Hig the fisst ipeRFRiNdnt enna in both frequency bands.
The patch structures 12 and 14 are shorted al ong the
| i nelhgglat ptrystgye 18, unfike thewiueiugisd 2h ith @nd A b aahared steucture, in
operable with different shorting | engths between the
thggdt tshpositioned in the multiple-band antenna 10 and dimensioned to affect antenna

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 .the multiple-band antenna 10 in the first
and second frequency bands. For example, adjustment of the position and dimensions of
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
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WO 2004/ 054034 PCT/ CA2002/ 001943 structures 12 and 14

along the line 39. This provides flexibility in the
waelewirgmmoaf the nultiple-band antenna 10 i n t hBET/CAZ002/001943

posi tions and di nensions of either or both of the sl ot

structures 16 and 18 nay be changed w t hout

significantly degradi ng performance of the

mul ti pl e-band antenna 10. 5 Tuning structures 20 and
st1%lgtu?€selZ"'&ﬁ‘fi i!{f» gfon%'tﬂg 1 Qﬁbngﬁﬁlpﬁrdﬁtieg'fﬁk il 2']9 tﬁ?higsgéhaof the

Al t hough confected to t Irst patc tru
i B R At L X MU TRECKT -
d |, bel | ef d end f the f t
SRl %”axeaa“aech%géqgsv@@?%égmpﬁ iy g msdpmance of te

antenna_ 10 is operating in either the first frequency
mpliple-tepd penedOond frequency band. However, 10 the
di mensi ons of the tuning structure 20 have a dom nant
ef f evmningnstiugresedbal 24 auesad yor firegningtbe mlﬂmpi@band antenna
tuning of the second frequency band is acconplished by
10s eAtthowghtdoenectidntertbé firsg patich tstrectfiienl, thenuniggtsabct@@. 20 forms a
Fine tuning of the nultiple-band antenna 10 in the
tufiing $4b for dgecmy feamendysbanfr Aiddedibby it fiethbtddtdiDbelow, the left-
structure 24. The tuning tab in the tuning structure

hadd eid p&aibis of the first patol Sti@ulre 80 @GIskd GAbn {h@riﬁﬂlﬁplei%ﬁﬁ’d ifdéta 10
the operating frequency band, of the first patch

is %Eéﬂdﬁ'ﬁ fneeﬂ@r thBer@tr frdd8ndYOWinl Qr 'ﬁﬁegsecgnd fb eﬁ B5hd®THowever,

e multiple-band antenna 10 wll be des ed In
t
ok gttt gty @fgﬁ%aén%oaﬁag%%%‘iﬂaﬁ@%&% i

3 d ound. poi h res i.ve nou
b, & z%f‘%? i b0ihe oontltolenky 55 i SordmipDihidlty ering he
oi nt 3 t he d poi nt 40 form a single
m&@@ﬁWﬁ@ Fwﬁwwngﬁg%ﬂultiple band antenna 10. Wien
|nstalled in a nobile device, the ground point 40 is

conridia &ming ofjthe anulpledaed rtepes ﬂno aingFhgufiEst frequency opand is

the 8
provided by the tuning structure 24. The tuning tab in the tuning structure 24 affects the

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
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
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WO 2004/ 054034 PCT/ CA2002/ 001943 nmul ti pl e- band

antenna 10, and the feeding point 38 is coupled to one
W@R00H054934 r anscei vers operable to send and/ or PCBCa2002/001943

signals in the first and second frequency bands.

Signals in the first and second frequency bands,

establ i shed as described above, are received and

radi ated by the nultiple-band antenna 10. An
m\.ﬁ{ri@@ogn?d@g%glh'&%i Eﬁidgcﬂgkeehiﬂé pél)l/l{ ?ﬁi(:_\sfc:%%‘?l%ﬁi gronséeo% ?113)% transceivers

quency S recelve e-ban

oD S0 St R S ORL
e s N PR % AN S ROLEL A0 S O e

which is input to the nultiple-band antenna 10 via the

arg iseeiygskpnddndiated oy thgymuliipledhend gaicpta Ub Ay elecrempgnstie sigpal in
or transceiver is radiated fromthe nmultiple-band 10

thea firssroticsedand frp@enegpbant isntpedived hp the mudtifle-beuiepatgnna 10 and
band, the structures 12, 16, and 18 of the

comverted jpite-ab ziedtrival sgmed fGG: coasb@indingrdedi et ek ensseigamldosipled to
pol ari zed in directions both parallel and

thep eepiap dioint! 38 afd gidnfd Paint ROSt Siutlatly Sarl dlebtfical signal in the first
co-operative manner to enhance the gain. In.tﬁe

fre§8&RY Bahd GUHANS Ynpad Bfihe FRBIFE LAY Bterdrldel 0Mh thdhEaiRAPBGint 38
antenna 10 is 15 substantially simlar.. In this
§ 35 Gmd HWR A by b i b ifle-

R A e er 30 S e T 18 Rl banc

tipl . ers. inmproved sign
an 111a i@ ﬁfhglq%ger élsge{llﬂiﬂe }1 s,lt gxfﬁﬁuregﬁ% H‘{@é H}Cosgl‘ll(lﬁtg%ﬁ qgh{’%ﬁrnl% 18 of

ransm sSsi on" an recep

designs, since it uses a conbined.structure of atc
o, TR RS perkh i WP TE T sl Datsredna EreBSos bt
basically radi ates _and receives signals 20 polarized
papaflelasd pefspicular i the dpichaLuctg 12 d ‘Wa‘?ﬂ%%‘i,vg fi@ner to enhance
performance of the multiple- band antenna 10 is | ess
thegdict ed by orientation of a nobile device, such as in
the data input position, the voice comunication
posilt ithm secand fréguemuyt bahdywopgratiort ob nhel epdtiplbbdnd abowe 10 is

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
polarized in most popular directions. In this manner, the performance of the multiple-
band antenna 10 is less affected by orientation of a mébile device, such as in the data
input position, the voice communication position, and the set déwn position described

above.
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9 WO 2004/ 054034 PCT/ CA2002/ 001943 Performance of the

mul ti pl e-band antenna 10 is further enhanced when the
w@niogsna3i s nounted on a nounting structure asPGHOAZNR01943

Figs. 3-5. Fig. 3 is a bottom isonetric view of the

mul ti pl e-band antenna of Fig. 1 and an antenna

mounting structure, Fig. 4is atop isonetric view of

t he antenna and nounting structure of Fig. 3 in an 5

as s b &AReSH! I8 mu %ﬁ: Band- anferns B §¢ ied %‘ﬁfné&@@lvlvhen the

view of the antenna a mounting structure a
anllsenﬁa Esf m’(:){l&e%%{lanlgofdt?% Sﬁ‘ucthll% rglﬂ!)&’h q}l % rﬁ%aﬁ lge Esa a ottom

own su
cr i bed Jre 50 is
sRIFEVEH %ltw}r&%ﬂﬁ"s&v%nao% ko 5 it foning swuctue,
erial, .and |ncJud%§ nmounting pins 52 and 54 on_a
Fig ‘?:)b%'f‘ttolét‘%%?ﬁf&ﬁ Yiewy30f the qniengy aﬁﬁ? SPNERY jiraghrstd Fig. 3 in an
non- pl anar nounting surface 60. The nounting structure
aswbé@dsaosﬂil%laaélgﬁz @ fSa cropepecyonal ey ef ¢ amenna and mounting
al i gnnent pin 64, and other structural conponents 66
Suaﬂﬁmﬁgﬁwﬁhmﬁiégﬁﬁﬁr%te Wi th housing sections or other
parts of a nobile device in which the antenna is
i nstiaFiged, thEamltipledbpidantdnhe 1@[s showa Bubspinfialbylas ia @ig/@Sand has
to align the nounting structure relative to a part of
beén teddiib&l sewe C Themicvhtihgehiedes 50 iCHeReb inade af plasiedtiother
15 hole. The fastener structure 62 is configured to

didleaRt MateBial Gh@MWcludby Bburting PRS2 aha Sk %H%rsufn%brt %%@53 and a
- the nnuntlng structure to another part of the nobi

pr%?l@l}ébﬁe Jﬁgﬁtﬁ oRié IJT'BP rMdu %&&8%@’ ei[‘gg rﬁcﬁmﬁlﬁ? %ﬁ'[l«lbt?{re 50 also

|pIe- ant enna

ind[REHL efgsténe S{rlb %urg% n Isntg{%tngrtl g% e:gj? oélaer Sgpcﬁgrag?orgq%xﬁnts 66

rOUNL i i'ng STrUctYrea é

i.l.e device. e- band ante
anﬁéﬁ%lﬂb@?ﬂﬁ&w@%%éwﬁné & Gher Bisap neiale %gufﬁ%m which
generally deS|gnated 70 in Fig. 3. The nounting pins
thaanteg issipstatled. Hhar expgpledthe Aligaaens pisesh serzes t@@ﬂlalﬂ &easountmg
so as to be received in the nounting bores 42 and 44,
strpgfyrsaietaftive tg a Rakedf & mebiaidevigd whishridcludes a cooperating ahgnment

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
antenna system generally designated 70 in Fig. 3.

The mounting pins 52 and 54 are positioned on the support structure 53 so as to
be recéived 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
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antenna 10 is positioned for nounting as indicated by

the dashed lines 56 and 58. The 10 WD 2004/ 054034
weEOnAeR@802/ 001943 nounting pins 52 and 54 arBCT/am02/001943

preferably deforned to nount the feeding point 38 and

t he ground point 40 to the support structure 53 on the

mounting structure 50. The nounting pins 52 and 54

may, for exanple, be heat stakes which are nelted to

N e TR e

and 4 the feedi oi nt 38 and the
o B BT et oS mBborbteeti® $588 he Sinte S The
of the an nn% system 70 i s shown in Fig i n which
MQURENgRHIns 2 é| 3470 Lof cealo-tos heat seakes “i‘i*tﬁh‘rﬂr% gefiers ot qysHay a
on the mounting structure 50. As shown, the nounting
poBsmeaf thsfeedigg paimt 38 and the, sravnd @éntrddcwrioundirgtheguoiniing bores
pins 27, 29, 31, 33, 35, 10 and 37, which are then
42mndf4éraad Itlyerde'f rotairethe fecditspaintti8chndibe gronnd peinbdhint heounted
mul ti pl e- band antenna 10 in the nounted position. The

positibhi pl e- band antenna 10 |ies substantially against

the snooth surface 60 when nounted on the nounting

st r gk Wesi8O of thBeneid 46Rm BPis Jolwh G Figd 4pin Whidh Y BERiple-
surface, although other surface profiles nmay instead

balk® amtS&h 10TR8n ﬁ%ﬁn&é&%d@ﬁ%ﬁ%nztﬁe n%%ntn%str&&re aad A%Ash@\'fvﬁ the

surrounded by bevel ed surfaces shown in Figs.

m nﬁn E&%§ Qﬁ b?SV %b eéjz syr %rﬂ%%sr&%(lé’ fhel OLﬂlftltxg ?Ins% %9 31, 33, 35,

|sp cet e nounti ng bores romthe surface t
t and a hat t.h ati.n
an@"ébh%v.ﬁlﬁgl B Ben WGP e et é’o"re&f piRgmotiple
| d ante nna 10 mﬁ tg. are
bag it ih 1 s Imﬂnfq st w}fgbafé siona i Hpntiaty
position. Dependi upon the physical limtations
ag?lﬁffd@%anwh ﬁwéa%églwf@n@&nn@é b ALRGEIUSRER APra The surface
system 20 70 is to be inplement'ed, a smooth finished
60gn &igs| &5 iom arersl sarfacen Althoygh pder suoface profites maylingteadhgrused.
t hereof m ght not be crucial, such that nounting bores
needhaatoungnglbapd 2 €4, 30, 3% and 34 are surrounded by beveled surfaces, as
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—band antenna 10 in its mounted position. Depending
upon the physical limitations imposed by the mobile device in which the antenna system
70 is to be implemented, a smooth finished profile for the 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



10

15

20

the surface of the nmultiple-band antenna 10. The

mounti ng bores 36, 42 and 44 are such flush nounting
whorens408s Wil | be apparent fromFigs. 4 and 5PCT/b‘32002/001943

nmounting structure 50 11 WO 2004/ 054034

PCT/ CA2002/ 001943 is snooth, but not flat. In

particul ar, the portion of the mounti ng structure 50

whi ch includes the nounting pin 37 tapers away from

e ofy, t f . .
s Bt Ao p raRichl B A, FE8 ililing shfcaure 59, which
mgludes%ﬁ'e m%untl %? taggrrg at%valg %rom EY}!F ?eﬁmgglrrl)tlieﬁ é) Fl,sg%fic?e’ @;}?ﬁch that
and 35 are . n1|ar ,..Lhe feedi poj nt .

the FReUETRE G 3301 B oty B b B 9 3P e By mhis s

the nul tiple- band antenna 10, re a snpoth finished
evifleat frpm Fig-ghforfsample. innpich anly | the PAYEINE iy A% P bl 33, pagh?p are

antenna_nay i nclude offset nounting bores such as 26,
shogn. Sinilaly, thedendimgpoint| 33<ind grawnd ipatit AY prslisngsdsl betovg e surface

42, and 44, or both. The multi pl e-band antenna 10 nay,
offth meki@tﬁplb@d abenfiaH}, ivdwteealsthoaimfiaishdprefilegnight nad bk ymportant.

flat conductive sheet of a conductor such as copper,
Thalsparmnltiple-Bdndwatennomay gelde offsetngowitiagporeg swh RtI6eL8, 30, 32,

cutting techniques, to formantenna bl anks. Munti ng
and B EHushBoddEng YbreOfuch g BDLR, asd 44)6r BtRNks are formed,

or drilled into the flat antenna bl anks. Antenna

bl anﬁﬁ A 88 ShRNAE 10 Nhey,! & %Qﬁﬂﬁes%@"‘@abh@atgél 9fom a

2 and 3 to conformto the nounting structure

su&t&rﬁ%ﬂgtfia\( gé%dgfgng%g{mﬁp{)f ngﬁguc P sﬁ‘&t Esn&@g?llﬁ gmﬁu?n?m, silver, or

cou an an enna 'S _
=% “L?én%ig%ﬁ#a‘é 7 ou b LR e@e%fm%?%ﬁ THG Ygomine
he feedi [ 4
oy ey B o0 HEMER] Bk Seafnd, 5@@%82@8&%8@ fptenna
further detail below As shown in F|g . th

blarkst | pntonsgblanks e tiea defoimed) igipethe sbpte fm“tni @n@gw apd3 to

and 48 whi ch respectively couple the feeding point 38
coafmmt tyethg msuntdngogruetureg 00t cAltameativilys tleformation of an antenna blank

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
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
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structure 12 and second structure 14. The first
structure 12 and the second structure 14 conprise a
wo peogsese f ace of the antenna structure, whi chP€DOAZIOAB01943
to a first surface, the surface 60, of the nounting
structure 50 when the nmultiple-band antenna 10 is in
its 12 WD 2004/ 054034 PCT/ CA2002/ 001943 nount ed
position. The béent portions 46 and 48 position the
i DQ:n0i J i 40 on a s nd
QR RERR Pine Rof RbAS 40 BB R DoRBHR e el ol pha e
Qverl appj the first surface of the unt i .
el R A08p. « Yorone uRorg of Brén Mosaing, dniqise B geaqgite to and
i nt 4B huslgﬁerlap or oppose the first and second
ovkamping fhe irst surtgicg of e mounglng sewuiei0) 1 TesglingBoiai 45 and the
W || appreciate, the bent portions 46 and 48 add
grung poit 4% Fus egyian or eppase te firstangd serond sewaiurss 12andites
12 and 14, providing a further nmeans to contro
ant énnosgaskillethin tiree g ewiblyafpogcidtdy ethé itest pamidns d6omd 48 add
frequency bands. Al so, as shown nost clearly in Fig.
eletricahlengsie fit thp dirdt iand set8ndstrentrss 12hedgido prodidigy Nfurdh®r means to
opposite the second antenna el enment 14, which
cohtpdlraactuae gaif saafrghéranasr hetmeemdiREd Rl Réquehd Bds. Also, as
mul ti pl e-band antenna 10. The di stance between the

sh@¥OHHasE dRQAVPLn £, 5VRE %htg)@ftg&;ll ANBienQ@rRuRduR] fRE: 4 oﬂp?%te the

mul ti pl e-band ant enna 10, d the second structure

sec@hfl eéiﬁ‘fntn%t Bﬁrq%@%‘g PRLI &G einﬁ‘?%l{(@% tg%ﬁllcﬂz{ngg n&t@g@? g%r?sg df the

the nu nd "ant enna n turn
' d pat ch. tenna .gai n_and match ca

mARhERRR BRI IR Glan S SO0 BE LRGPl TG BEE s e

th rou | ane .and fhe nulijple-band structure 1
exd o R dp RGP R e foh nd i o et 14 aftects he

structuyre 53 accordingly. Fig. 6 is a rear view of a.
capgHfice DARNFRE &1 HOUPDBIRaF ARy e plerhapt anisat it Eithin tum

and nmounting structure of Fig. 4. As wll be apparent
affegs ppieaR g RN maiqh. ¢ Aatepna gain laed mapthi ¢aa thereby be taigped by

normal |y substantially enclosed within a housing
selnetingribe flistante batween the tgopind pdanie gy tienghukiptiebaudrsiractes:. 10, and

Data i nput and out put devices such as a display and a
establishing dimensions of the support structure 53 accordingly.

Fig. 6 is a rear view of a mobile device incorporating the multiple-band antenna
and mounting structure of Fig. 4. As will be apparent to those skilled in the art, 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 display and a
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
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20 keypad or keyboard are normally nmounted within the
front surface of a nobile device. A speaker and
wor@ropene for voice i nput and out put are typPCHICA002/001943
di sposed in the front surface, or alternatively in
the top or bottom surface, of the nobile device. Such
nobile 13 WD 2004/ 054034 PCT/ CA2002/ 001943 devi ces
often incorporate a shield which reduces
- ect ' er. r agli at u m t -
T R L A e R e
il i 13S.; | a rear housing section
mggﬁgggﬁgﬁ%FﬁgééﬁgFd%%%%%ﬁ%ﬁ?%B%?'the nobi | e devi ce 100
are e t _upon .t he ticular ., e o 5 nobj.l e
e BaTE R TES BFBRY AR Y ' iy it lBar bowRhsbegtion moved.
voi ce conmuni cations _and therefore includes at |east a
InjPesl GRRBRRENE ] Lo BIDRILF deviees FASLATS leheplens Binp dhecRarigular type of
near a |lower surface 80 and an upper surface 90 of
mpbile deyifer eHeueyeseths mapbilpyistice 0@ deetabled fppiveise communications
communi cations, a user holds the nobile device 100
angl fhereforraincinges & prastkeemicrephoaaand sphaker gespestivelyr mamded dter near
m crophone is near the user's nouth. The shield 95
a bwtee satfacarddumd ahOippbresuniabd D@ ofidweimehileateslice 10paWhahtihake for
bet ween the antenna 10 and the front of the nobile

valeviontmidihtiofs neusat holds theUsiileltielids 160 keehat8é tpedRerQl near
a nobil e device such as 100 with one hand when

thE QSR EREr And tRe ARNYSHop S RBr théBst ¥Ghouth. "ehd SReld 2§‘ Extends around
portion of the nobile device 100, and thus the

. - ( oy |
L P R SR S
mggg?H@ication position, thereby providing enhanced

performance conpared to known antennas and nobil e
devices. .In a sinlar, manner, tgg | ocati qn of the ,
mul (TP o PR IR Ao UORGRiS T OfFF BRODHS deisfich as 100 with one
u OQFtructag_in ot her posjtions of the nobile device
hailg(?{ CRERSAg I EONVEISHIQR. Afatughyithptep rerspoEos of tegymgkile device
keyboards and keypads are tgpically | ocat ed bel ow a
109; 3yl thys the multiple-band antenna 10, is relatively unobstructed when the mobile
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
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
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20 on a nobil e device, the display tends to be
positioned near the top of a nobile device. On such a

woreiishstosevi ce, a user enters data using the iPEIICA2002/001943

devi ce, positioned on a |l ower section of the nobile

devi ce, and thus supports or holds the | ower section

of the nobile device, such that the top rear section

of the nobile device remains unobstructed. Many 14 WO

oBIR4 I QA0 ECThEErRRe/ QRdR¢ ' ' ' i
n CCHESRRGR S0IA DRl SELIRLARE v

and storage systens ge on

OB Ly S M55SR L 5k ot
o P B R B L0 Bt IR B2 P 0

obstructed, but not to any greater degree than known
m@h’%@ oséPEHW%St qPAteds butThelsto ™ 1ye Steatet idseree Hhand kagiw e gmiedded
10, nmounted in a nobile device as shown in Fig. 6,
ani@Pasnl y radi ates and receives in plurality of planes
of polarization as descri bed above, but is also
| ocathws, theymukieplerbirid aateday | ¢ enamtaisintaondislesighist anthoalnl iy Fig.
unobstructed in typical use positions of the nobile
6, devorde radiBesMuldtreqeiives éd plumility efijlars as palagaitidh Agdéseribed above,
aspects of the invention are applicable to different

buit Ypalso kcatb® i (e HieBileCvick RE labi e B subls@iti SKAMRIbSructilid typical

conmuni cati on devices, a voice conmuni cati on devi ces;
us8 pEYIRbs IR R HOBITEWRycatl | on devi ces such as nobile

tel ephones havi ng data communi cati ons functionality, a

per Sl\%lﬁgledél&hétﬁ ln@Ss S&&ﬂ(ﬁiﬁ% tcf ﬁ?@&:tg of ﬁﬂ%%\%ﬂti&? hre applicable to

W rel ess comruni cati1 ons, wTel ess enal conmmuni caatpPon

: j r 15 | apt op. or .desktop conputer systens wth
affS1h65R Sl APl 53 PR P s
exanpl e nobil e devi ce. . The bil e devi.ce 700 is a )
ol PONEORinn  SRHHES A eREIHF GOBGUITERUGh devRel Seids ss anobile

transcei ver nodule 711, a m croprocessor 738, a
telaplgqu%wayl@g’ daja neommpications fﬁgﬁ@pg,hty, a personal digital assistants
(PDAs) enabled for wireless communications, wireless email communication devices, or
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)

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.
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724, a random access nenory (RAM 726, one or nore

auxiliary input/output (1/0 20 devices 728, a seri al
w@ern/07®84 a keyboard 732, a speaker 734, a ni BPCDPOA2002/001943

736, a short- range wreless comuni cati ons sub-system

740, and ot her device sub-systens 742. 15 WO

2004/ 054034 PCT/ CA2002/ 001943 The transceiver nodul e

711 includes a multiple-band antenna 10, a first

tr anﬁﬁe'tr‘éﬁsrcelzclp’mcgdﬁ?e %foglglu %sng Gl d)‘.\{p% r?d4 ’an@:ﬂl? A, a first

nore |local oscillators 71

A A 0 5 NI R,

sof t.wa 24A- 724N t hat can be executed by

dlglﬁaé Sll%fl%lr%%ceg%’égggﬁsnéw (and/ or the DSP 720),

incly a voice connunlcatlon nodul e 724A, a data

commit mnaflﬁe Potmiolaitle momery 4¢fy the playical 794 pesfergbleincludes a

operational nodules 724N for carrying out a plurality
Plepliyt pfetofiare Mioghiss 73He-7adMithas cgahecaxequgl by the microprocessor

preferably a two-way comruni cati on device having 10
T3golasd/onribe dfiPa 72Qmimatiding aovpiceapalbiniunichtion nibduls, 734dY, a data

exanpl e, the nobile device 700 may communi cate over a
covmupécation wosdule §24H) ad @plaraity tofi etien alpe@tional dh@iule! 724N for

cellular networks, and may al so communi cate over a

cafl§ing oned plrdity dha@hstTugsioand data networks are
depicted in Fig. 7 by the comunication tower 719.

ThesmeviabiR @dVakedAi0RisNBERRIKSa t%b(wzglecoﬁ’l?r%{l@&tﬁn device having
conmmuni cati on networ kS usi ng separ ate I nfrastructure,

Vo%écﬁdatﬁttap@(ﬁﬁrg&écafoﬂt dagﬁb?l (i€ MRS kfo&: %9{1 191' l %E%ob?ltecde\uce 700

or they may be I ntegr into a

i A
719. The transceiver . .npdule 711 is seﬁ t o .conmuni cat e
neli PH@ TR R OIS QYT @ 7B PERE 1 RS Toipgpnd data networks

transc r 116, the second transceiver 114, the one
arebfle%?i afl by 'the communication tower 719. These voice and data networks

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

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
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
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20 oscillators 713 and may al so include the DSP 720.
The bSP 720 is used to send and receive signals to and

WO c@n0s4084 t r anscei vers 714 and 716, and nmay al BOT/CA2002/001943

provide control information to the transceivers 714
and 716. If the voice and data communi cati ons occur
at a single frequency, or closely-spaced sets of
frequencies, then a single local oscillator 16 WO
0 . .CA2: .00194 713 be d | . .
TSR e R RN A R e e e 167 Albmativty, 1
Al ternativel if... different frequencies are utilized .
il S BRI S e il t9h SO FuBE L UonS R EA CPBRGmeations
for exanple, then plurality of local oscillators 713
fog gfpnbRlc. jaeach RibrefBrdnbaeloscilfatdre 413 eap torused ugsmenis ~aurality of
corresponding to the voice and data networks 719.
froquprgieraeerEnPOC kP i Yritw ded dpiat retvoiks €7 18nd Infenzation, which
i nformation, is conmunicated to and fromthe
inelndesstoth yeice anddath eénfpimationa isaconimknitéddvpemdt fem OSPraiRBeiver
and the m croprocessor 738. The detail ed design of the
mbdwe 3 tleviv @dinkibeimleen tht DSPSTR0Nd shedf hizepRc@ysob aABgIS,
conponent sel ection, power level, etc., wll be
de peTideddtailéd Ofesigh Cof BT HAb Celel GRoduet YOI d68h 44 Frdgllency bands,
whi ch the nobile device 700 is intended to oper at e.

coﬁfﬁ'on&ﬁas’@cﬁon,%lﬁve;QJ&,a&%Q ehifi€he R d@ntmﬂonnﬁﬂé_ sk Eation

transceivers and 716 designed to operate with any
i 7 b SR, 5 REREAE o SHED By B,
A8 S PR A TS o $882 v
QiR e BB sttt it MG Boumace

Dependi ng upon the type of network 719, the access
mobie {3l HRIARENIFFIONFEY §HsbiAMPS JEDMA GIoM A Salend GEM.y Other
For exanple, in the Mbitex and DataTAC data networ ks,
typRshef] datel and veise aretverby i bothe sendrasn andh éntegratady kay silsogbeautilized
uni que identification nunber associated with each
whepdibeenabéleidedce 700 iGRiR® sdatoarespehding kanschivaever , net wor k
access is :
Depending upon the type of network 719, 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
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

17



10

15

20

associated with a subscriber or user of a nobile

device. A GPRS device typically requires 20 a
w@amgosdober identity nodule ("SIM), which i s PEaAe®a001943

in order to operate a nobile device on a GPRS

networ k. Local or non-network communication functions

(if any) nmay be operable, w thout the SI M device, but

a nmobile device will be unable %o carry out ary 17 WO
4 2 1 {i [ [
R A, TR RERL D08 B! BHBL S s

~any.l eqgal l requjr.ed operatiaqns, such as 911

reaélf%? 8%%@%%35%?%@ .91if ?‘%&ge@.{WV nga%ri red network
registration or activation procedures have been
conpier Y AR BFIWOrly degIatEAipD 0omASH VRHRN Jupreduiy have been
recei ve conmuni cation signals, 5 including both voice

compigtedathe BiogiaIdavicy /69 mayethn cendard rgcelve Gmgnwieation signals,
received by the nultiple-band antenna 10 fromthe

inahwstimg hotbatdiesnandedato signald, ovar éher manwverdts t769.08ignal§ re¢daived by the
transcei vers 714 and 716, which provides for signa

manpk-bhnd adterana, 10f fr@q tenammimations @BWERYS 709 arefrotitt€ td &gk, of the
channel selection, etc., and may al so provi de anal og

trah@eileBi VB4 an€ MNYERGIBNprof¥asd @& bigndll hplflcaO) RI@BERY down
of the received signal allows 'nore conplex 10
SRS DIadin@N chAtRGH §MiBion, SHED aRd HhOb1:E! 10 Mg

COand decoding fo be perfg?ned ausin@g?%elﬁgéﬂgggéééﬁgghg&ﬂ

i Lar cig . ¢

coRieRaF MY geRaBath dind rBORC LR Mt fross gomvtex
encodi r faor. exanpl e, ..by .the P.720 d are then

cof Al #RhnE I, fecigal b birandt $ud dseding g Ropertormed
digit al 0g..conversi on, frequency up

usigg ﬁ%ﬁéﬁ’ 329.1{1@1 Sergﬂﬁlrﬁaa}mawgp%lﬁ (oxbs BRTSEIRE DA RitgeHiH are

to the communication 15 network 719 via the

- Proggised- preludins mogdniatpmendiancoding, derxemple, by thelddetX) ang are then

the communication signals, the DSP 720 al so provides
pravafedt toanse off \ibe troprervsts. 7Fbrané xHgpfos, digited tgainaldgegesiversion,
applied to communication signals in the transceivers
freddehcang coftersiay, fiteriagamiplifiebtyoncandt trankissioh e tieglommunication
automatic gain contro
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
algorithms implemented in the DSP 720. Other transceiver control algorithms could also
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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algorithns inplenented in the DSP 720. O her
transcei ver control algorithnms could also 20 be

wo ppkesmest ed in the DSP 720 in order to provi dBCTYOAR002/001943
sophi sticated control of the transceiver nodule 711.
The m croprocessor 738 preferably nanages and controls
the overall operation of the dual-node nobile device
700. .Many types of nicroprocessors or mcrocontrollers

co%l% ly\QJs%Q Q'éé o%f}oa?ft% nafy; 1}}, a ng{eﬁgﬁig é&ﬁgﬁgg)% u(%ﬁﬁl Sezg'ry out the

e, or, térna

carry out th t.he r ocess
ulyighs pfi %{%?Pr%’ﬁﬁ% R AT R nﬁgmaleﬁmg a
| east data and voi ce conmuni catjons, are perforne
legsh da{ag NG HEICHSIITDNISaEORth eare { Rexiomed igpugh dif @SfﬂZO in the
Gt her, high-1evel comunication applications, such as
tragscgiyier EogulecHrh Mithest hignlexplotanemenieniion 2pplicaginns, suchatsaa voice
comuni cation application 724B may be stored in the
copparnicstion ap@icaero?34 A7 24d faodate xemmhioatidnyapphieation 724B may be
m croprocessor 738. For exanple, the voice
stoz@tin thie sk abatiio ehekrery’ 2247 foreaxeputionl shetha hicedproseyst 738. For
user interface operable to transnmt and receive voice

ex@i8plesthd @b10€ @BminkiRicAidY hedule Y242 maH Prévide Lhighlidvephdel Ynterface
of other voice or dual -node devices via the network

opéthBle @ Hhhsdfil ¥nd tr&%w@%cﬁcé@alfs"%@ér? Ad %bff@%{u@e 7}‘%)6B‘and a

may provide a high-1level user iInterface operabl

plL?'?lth'df‘Q)tl‘?e?qrofc%%@d\é Ng4a, lelce§ % th@sheﬁ}r(gﬁ'fw rr%%iﬁ% > 'the data

organi zer or mat ext nessag
et c. et wee

B R0 50T L S e Bl ol 1

seliajcr 018{ %ﬁ%ﬁfﬂ%&@’? g%c a[%ge rlng %gﬁaslg%g%y épggggtagﬁér 1?1?3/r}n%tlon short
non- volatlle nenDrK 724, the RAM 726, the auxiliary
teXt ATEIEEk teffut betwgen)the Bighdg devieas70Pamd & pluradisr @facpthgcﬁata devices
730, the keyboard 732, the speaker 734, the m crophone
VHW36HﬂWW@$§HBrt-range comruni cati ons subsystem 740, and
any ot her device subsystens
The microprocessor 738 also interacts with other dev1ce subsystems, such as the

display 722, the non-volatile memory 724, the RAM 726, the auxiliary input/output (I/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
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
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general |y designated as 742. Sonme of the subsystens
shown in Fig. 7 perform conmunication-related 20

wo w5485, wher eas ot her subsystens nmay provi PET/CA2002/001943
"resident" or on-device functions. Notably, sone
subsystens, such as keyboard 732 and di splay 722 may
be used for both communication-related functions,
such as entering a text nmessage for transm ssion over

dafd commnuffiad8? ﬂét%ﬂp%ﬂ?( Iﬁ%é%ﬁ%%g&/ 0423 éuglaﬁs?a caleulator or task

conmuni cat1 on networ a evl ce-resi dent unc

lisfg%fﬂ%egﬁ)%&&ﬁl% L Qr or task list or other PDA type

uncti ons. erating systemsoftware used by the

m croprqcessor 738 is preferably stored_ip. a )
per OlpBiaife SGiegn 18R ved Bydhe BOTaRIPRESRIAD 1§/Przzably gfored in
addition to the operation system 5 which controls

a DFSistet storresych s matdplatilenmernenys’ 24t It aditiagyp|the gRsyptiaa system,
700, the non-volatile menory 724 may include a"

whighyeaairplsyallodt the dpw-flevplefungtidns\adtee mppils dei¢eoT00p thegranmelatile
or nodul es, such as a voice comuni cation nodul e

mentA, 724 st snchoemapiucaity off highdiehve soR@4, agphicatiepapiogems, or
nodul e (not shown), or any other type of software

modniby) sick 24 . voicBh®ninuirsatiba thddale BN, Vo da2A c@h®Onio®Ion module
include a file systemfor storing data. These 10

720B0M Bafie BIAALRA sh¥wh))@r Eh§ 0RE @RRSSOIHRG Hddule 724N.
provi de a high-level interface between a user and the

] vi N ' Ccal . <
ThEORAB1aHR éfho 94 Ji8b %dy%ag&@aem& XDiiG tt% Fﬂé’gﬁ%y“g‘?z JPhese

gr aphi cal onent provided throug e
il i OBIAHS B pFOAOELY, PO O e
oeffen e B REBON it dck TN BT FStaeF Bty lpdeg o emaphica
cobBaRe? b el R A e R S ool i
Mor eqgver, received communi cation signals may al so be

throeghp e aurilipnysVaried, the kexkeard 832, the sprakeryEi4mane thd gicrophone

witing themto a file systemlocated in a persistent

- 736t Sheopsyating systerhespecific device applications or modules, or parts thereof, may

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

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

may also interact with the voice communication module 724 A ‘for managing phone calls,
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non-vol atile nmenory 724. The non-volatile nmenory 724
may be inplenented, for exanple, as a Flash nenory
weowposest , or a battery backed-up RAM 20 An BXEOPNR@RM01943
application nodule 724N that nmay be | oaded onto the’
nobile device 700 is a personal information manager
(PIM application providing PDA functionality, such
as cal endar events, appointnents, and task itenms. This
voill drH!ans 7e1204,.|\|anma a%ﬁg é%k%g %{h Wt Gatg h(?bl'[}:IﬁlEll’(I:lgaﬁO module for
communi cati on nodufe 7244t or managli ng phone carl s,
m 20 WO 2004/ 054034 .PCT/ 02%901943. VOi ce mai |.s,
agpging e-a ngy iops 2 ¢T QRl3 fansSRissions. lternativély, all of the

cQ ni cation nodul e for ., managj ng e- myj | o
BRI SRCHONYCS SABLAERIRMMEOHIealiéR 48] difsdata communication
Alternatively, all of the functionality of the voice
maodylermdnB arayibsintaergied dntg sheLTvhaogHe. data conmuni cati on
nodul e 724B may be integrated into the PIM nodule. 5
TheThomopoyoktild memonn A4 Trafemblf pravidey g fidey isgssem atof fatiditate
systemto facilitate storage of PIMdata itens on the
stockee | of 2IMTHaa Beils ayppthe clavicarTher BiMe mpdicatiom ptedietelsly tilidudes the
ability to send and receive data itens, either by

abilitys @l fend @hd rdtei® RataNiCdnhs) BithdrtHy itE, Mi0inC@njumbHEoI A the voice
conmmuni cati on nodul es 724A, 724B, via the wreless

and BAMRb Ak RionRediitM2AatR 4Bt GREhAWReRESI Rk SRS ¥719. The PIM
seanl essly integrated, synchronized and updated, via

dattglfqi@ea%s? gi’% P&k&ﬁﬁ%l rk%ﬁx‘gﬁrssﬁ? ihth ateWi tsgnc\?lwrc%ﬁiegeac‘r%g?&aﬂ&i, S\% the

ens stored or’ assocl at e

wit%gergpgét?érk? ﬁé Sk 5 Q&%&?é&ﬁr\i&e?ﬁ% Iop gatg itc::nll%q:s’ :%tg)fre%dor% ssotFﬁ@ﬁiﬁveith a

s assSocCi a pa aruse

bile devjce 700 may al so be nual 'y synchroni zed .
hogf PP Eieh Seteriy EHERY Bipatia SEAyoq e e i H e e cafpeed with
interface cradle, which couples the serial port 730 of
a ppiculag ¥sehphi | e device 700 to the serial port of the
host system The serial port 730 may al so be used to
enaBhemgbilesdevice/ 09 apayprle e mpvaly synichingized vidha kegshsgistem by
devi ce or software
placing the device 700 in an interface cradle, which couples the serial port 730 of the

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.
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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application, or to downl oad ot her application nodul es

724N for installation. This wired download path nay
wheoowsem34 o | oad an encryption key onto the deRCTEA2002/001943

which is a nore secure nethod than exchangi ng

encryption information via the wirel ess network 719.

20 Interfaces for other wred downl oad paths may be

provided in the nobile device 700, in addition to or

| nshaadloh E Bifoaifh hidkiuROTSaN Ay 1e0ad2 AR e nfbpitEHevice 700
Eorf bod ut er. t8084?|nh 31
thf&*%%%}ﬁﬁ%??%@%a b PSP AR T Richahdue spsahpor

be | paded onto the npbi] e deV|ce 700 through the
73R Ry SBOTTHIES, RATISeRS Shysten g%bs‘gfsfhé?ﬁol?z@y other
through the_serial port 730, through the short-range
Sultaéiﬁﬁygsy@&m bits ard)ipstpledhy 7861 1o the npnoiadilampmerh &4 or RAM
sui tabl e subsystem 742, and installed by a user in the
726 oricly Slesibilite imwniicytiommteﬂatiQAMl@eazs%thesfumtiohal?e:x iofithe ybile
in application installation increases the
devfiecen @00 cmdl mby mbvitll enhaived eon-dividec inddéhsa rdmmyication-related
provi de enhanced on-device functions,

fune OAKY rirC Bbth O IFo ebabhile, fadinet b@ﬁﬁmm@ﬁtldihmabphdﬁﬁéns may enable
exanpl e, secure communi cation applications nay enabl e

eleBk@d EORMErce OMARIGHS anl Nsthdrofieh FMEn@AIN@inssiols b BRNEHBImed
transactions to be performed using the nobile device

unggmn%%ﬂwﬁgﬂcéﬂﬁ)nbbl|e device 700 is operating in a

data communi cation node, a received S|gnal such as a
tex L e | oad l'] %§n cesse
y FERGEHRRE, R RS P%%ﬂgn% il B BERRE RE, o
cessor bl.y . further

fecslrvsci SBEAER PR B e rop s BB I RSy the

722, 0 rnativel, to an, auxiliary 110 devjce
tra‘?‘*ﬁ%“’“ﬁl“ﬂ%‘ﬁ? %g Brovadeddo |”?:f‘em7‘691”ﬁ‘é%53% %s%§ FiFp oLl I?fﬁft%?bly

items, such. 15 as email nessages, u3|ng t he keyboard
furthgp progess dhe ¥e§ely§i¢%ﬁ16ﬁﬁikaS/O‘étP@dﬁﬁhféthéplaYﬂ érﬂm@ltqr@atwely, to an

keyboard |l aid out in the QNERTY style, although other
auxiligrly &9 defviceG2P| & tuseraif pindile devi¢ec700 may also compose data items, such -
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 mobile
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
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
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keyboards such as the known DVORAK style may al so be

used. User input to the nobile device 700 is further
wenivanswed with a plurality of auxiliary 1/ 0O derCT/€82002/001943

728, which may include a thunbwheel input device, a

touchpad, a variety of switches, a rocker input 20

swtch, etc. The conposed data itens input by the user

may then be transnitted over the conmunication

tha? @%\@ﬁwség eg@;@ aY%gbetf%}gblg WRNRGR Y& 'Ehen%gﬁﬂe‘f 754 hnd BRA fdiis for

erating

conmuni caf i an t he r aI ration of.
IR B0 B0 o SRS enPREPGR, Fiodyaf o 0
, e 22 WD 2004/ 054034 PCT/ CA2002/ 001943
S‘ﬂ%spi%{?mf SHE Bt vaieg P Sa FesoR i PRI SO BR RcrpEed on
speaker 734 and voice signals for transm ssion are
thejaphileegige FP0.Alueb yRisn 6T 750 sigpal opmat iswseiogplyeacegmplished
audio I/O subsystens, such as a voi ce nessage
primarbr Birenghs@b spsakem 73 rathe lispdesh @22 muiyestembediseth to phide an
nobi | e device 700. Although voice or audio signal
indiestipnibf ths ifEméfyesfabdallingaapphe diredorbofiar vaiwerdallyortdilied wgiee call
the speaker 734, the display 722 may al so be used to
relped uiféiénafion. Fodéxaaiple) thedhictdpeodeskon 38, )in @bnjanctioh ithGhe voice
party, the duration of a voice call, or other voice

cofBluhicatidl MRRld RhQTHRLIRMAiIng 0Jyst%iﬁa'%’ﬂt\ﬁalret By detect the caller
m croprocessor 738, in conjunction with t he voi ce

1de?19ﬂgg~t'1%h ‘ﬁ%fn%l g‘%@ o ﬁlc%ﬂlgt\t‘)FceQ:Qﬁ bd i %af #oh e dlsplay 722.

sof t war e, tect theca I de I catl

' nf &Eﬂ%&f I%.H %%hﬁ%@éﬂ&n&ﬁégte?ﬁe 72@'1L a%r(])dmgllua he mobile

dIS -range” comuni ca DAY
sub 740 | tllh ud g in th bil e . device
oS0 P P SRS "B G bTISElRS ¢  a0 TRIe e e afovice and
i nf rgr ed device and associ at ed circuits and
asSOBIAIGE EFHLES ang cOmPEsy O RgE-TRIEe SN FRINTEAIEISH Rslyln wch as a
such jgls Bl uet oot hTM nodul e or an 802.11 nodule to
Blygtenih dempditle obapndo2-&himogalevip Prpvidenior spmipunisptigs) with similarly-
systens and devices.. Those skilled in the art w |
enabysh sysicatseant gyvices| Thossokiled i thanart w810 2pprttiateathatr “Bloetooth”
sets of specifications, available fromthe Institute
and ‘8Bl HC trefiec td seanaf specifications, available from the Institute of Electrical and
Electronics Engineers, relating to wireless personal area networks and wireless local area
networks, respectively.

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.
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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El ectronics Engineers, relating to wirel ess persona
area networks and wireless |ocal area networks,
w0 e®pestByel y. This witten description uses eRENPAZE2/001943
to disclose the invention, including the best node,
and also to enable any person skilled in the art to
make and use the invention. 20 The invention may
i ncl ude ot her exanples that occur to those skilled in

. . I ib b .
ey ROl SRS B e
mul tipl e- I _al [ t
o SRR SIS B AR v e

than two frequency bands, Sinilarly, even though the
ant AR AOURENg\EIrcETE/ M58 FRowpEay astnte PoYass only, and may be
descri bed herein provides two operating frequency

shaped dhifferenthy ped prehule; difpisnte Aezhorons fgwer opphesttingnitipcirgs than
of the two operating bands is used are al so possi bl e.

thosl shomw it thegdrewings tand de®0ibéd abdvewderfeoding ldnube patticuler mobile
pur poses only, and may be shaped differently and

devine Inudigichl ief rruleiple;bahd afthera, is @nplememed. chehalidhiso@e appreciated
structures than 5 those shown in the draw ngs and

thall @B€ hidaafn @ REY@ure ARRRNBE Mge @Al WRE P&HobiIE Wedite MORIAE or other
device in which the nultiple-band antenna is

comnPPARNENhE thoblit dshQuUhsleRl 39 sBRaratPRERFbRhED that the
nounting structure could be integral wth a nobile

ou i | obi | e
ot E0 RE R B SR £ TP RRANY Blont P o8 1t iy and not

BB PO OB M PP BLFE B o
. i.pl e- band ' .
R AR S SR RSF AP s 1S oL 55 s

shape than shown in the draw ngs, and need not

! \ . 9 [ . No .

neFREASIES HCPIPPTAtH HBT-Bing: SUFiIFRS. SURIINY, 86 I @Pighles antenna design,
Simlarly, as is typical in antenna design, the

theg diveansionn snd mesivions ©of entened stwatenss gas theuadjustess ag apcepsary to
adj usted as necessary to conpensate for effects of '

compérente fobéffeetsde\atlee nobilp derdot sgmpanehtsdincigdiag alshielddoratisplay,
di spl ay,

for example, on antenna characteristics.

Although the multiple-band antenna 10 is mounted on the mounting structure 50
using mounting pins, other types of fasteners, includiﬁg 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
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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15 for exanple, on antenna characteristics. Al though
the nmul tiple-band antenna 10 is nounted on the
worwans4oes st ructure 50 using nounting pins, ORCIECA2002/001943
types of fasteners, including screws, rivets, and
adhesives, for exanple, will be apparent to those
skilled in the art. In addition, fabrication of the
mul ti pl e-band antenna 10 from a planar conductive 20
we ek, @s described above sinplifies manufacture of the
muf tT pl e-band antenna 10, but the invention is in no

i na 10, but | ;
L Y20 ERRELERL RSB bt s St BBy fegpency bands,

conductive filmon a substrate and etching previously
CORBYYLFt ed conductor froma substrate are two possible
alternative techni ques. 24 W) 2004/ 054034
PCTA &5 paish gnucurs asspgiated primarily with thg|firsteperagias frequency band;
antenna having first and second operating frequency
ban@sseconso pgfell sirpefureaele¢trieallypequptedstor thet firse patsh odtiuatuetd and
primarily with the first operating frequency band; 5
assaciged pnithapidit whh dtersaeind operetiecfrequeadst bandpupl ed to t he
first patch structure and associated primarily with
t headhstiosiel sometuad disppséd epueacy flianshirtien bf thetfirsd @itch structure
structure di sposed between a first portion of the
and theSkcdd@ipatth StritteleWh@ assdbidtet] ?ﬁnﬁﬁf{;ﬂ@ﬁh BREE opbfatifl BEQuency
and associated primarily with the first operating
baid: @8¢ency band; and 10 a second slot structure
di sposed between a second portion of the first patch

L4541 0 1% SHRDPRLEI O HELY SRl o o

assocl ated w

s e BT AR LB Ao P R e T cReREpe frgauency
b q{ the firs atch
and and the second operating frequency band.

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
operating frequency band, gain of the multiple-band antenna in the first operating
frequency band, and impédance 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
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15 structure, the first slot structure, and the second
slot structure primarily determ ne the first
woep@rasiony frequency band, gain of the multiplecbaneho2/001943
antenna in the first operating frequency band, and
i npedance of the multiple-band antenna in the first
operating frequency band. 20 3. The nul-tipl e-band
antenna of claim2, wherein dinensions of the second
t : l.0t re .
a8 inp bl O B IE DR AR TP G Mo frequency
bag§nd, gain of the nmultiple-band antenna in the second
operating frequency 25 WO 2004/ 054034
PCT/ CA2002/ 001943 band, and i npedance of the
mul ti pl e-band antenna in the second operating
freqyency_ band. 4. The nultipl e-band antenna of claim
4.1, tiheiRdiipledinpd jaatcapr & clm; ﬂgfuﬁbffrt compsisingsa flesdingnport, the
port conprising: a feeding point electrically coupled
feqding pest qanppsisingat ch structure and positioned to
overlap the first patch structure; and a ground point
el eatfe¢ding pgincelaptiedlytupled te deofist patlc sirwtureiahd pesidomstd to
positioned to overlap the second patch structure. 10
ov&laplhefinwibitclpbterchagidndnt enna of claim 1, wherein the
first patch structure is a substantially C shaped

St r uGhetnd po@itRletSicilly @upietst tHRREcAAPhich Riruduzena ?Qsiﬁ&ﬂzd to
portion, and an adjoining portion coupling the first

oveilgh BOEdcoRNpARDsthidRirsecond end portion, wherein the
second patc% structure is electrically coupled to the

adj oining portion, wherein the 15 first slot structure
is di sposed between the first end portion and the

532030, PP P HESHE G O BB, BRCHRE§90H b i
substantially C-shaped structure comprising a first end portion, a second end portion, and
an adjoining portion coupling the first end portion and the second end portion, wherein
the second patéh 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 multiple-band antenna of ciaim 5, further comprising:

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

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

overlap the second patch structure,
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portion and the second patch structure. 6. The
mul ti pl e-band antenna of claimb5, further conprising:
wQ@oa/ofwadi ng point electrically coupled to theCFCASM02/001943
end portion and positioned to overlap the first end
portion; and a ground point electrically coupled to
the second patch structure and positioned to overlap
t he second patch structure, 26 WD 2004/ 054034
PCT. 02/ . ' e, feed] point _and t.he
or o8 Rt st e ot ARA AL bl PSR RS Shgft W0 por of
ﬂlnul.hf[e- aqg antenna. 7. The nultipl e-band antenna of
?ﬂ%%l eé?n B8 the first patch structure further 5
conprises a bent portion electrically coupling the
feeding point to the first end portion, and the
second patch_structure conprises a bent portion
7. el edhe nzatiple-band pntping efndaigy buwhereigaha tirstpatdhestastion durther
patch structure. 8. The nultipl e-band antenna of claim
corpprisegs @rbeinh pertien bleatricplly coupting thet fleedifig peint athe Hirstl@d portion,
structure and the bent portion of the second patch
and thewsetandepatcbssractiieveimprisesa bém potthva eldcatdlln goydingtthamdund
the ground point at a predeterm ned distance fromthe
point tcsthe prbadpatst sthigtugd.e and the second patch structure.
9. The nmultiple-band antenna of claim1l1, wherein the
first operating frequency band 15 is a d obal System
for Mbile communications (GSM frequency band, and
t he r.atl n i i i -
S ot 1 SRl BRI lully of LEAY T0ENerf Nt by Boiledldifhe first pach
i pl . cl aim erein th M ..
st B P B PRLCRAT R s R B LORGEL Ropdfagy Posivon e

fee%gl%é%gw({ th%Sé)rbgr}ds %t %p % I%eée%&r%liﬁ/e% gigtgr_lc%aﬂgmo{he gﬁzrgt_ patch

structure and the second patch structure.

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 Digital Cellular System (DCS) 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.
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27 WD 2004/ 054034 PCT/ CA2002/ 001943 11. The
mul ti pl e-band antenna of claim 10, wherein the DCS

w0 e@getsy band conprises a transmit sub- bandP@f/CA2002/001943
1710-1785M#z and a recei ve sub-band of 1805- 1880MHz.
5 12. The multiple-band antenna of claim11, further
conprising a plurality of tuning structures. 13. The
mul ti pl e-band antenna of claim 12, wherein the

1P B T B, RO 8 i) g
cof it £ RS LRLSLA0D AR PR, BEAATy R 15

ng._a second tuning structure connected to the second
18%@3??0n of the first patch structure and conprising a
fine tuning tab for tuning the first operating
frequency band. 15 14. The nulti pl e-band ant enna of
claim1, wherein the first patch structure and the
12.5 e c Ghel mpdtindrbandr apgenneeof cadaipr 1.sfrtb¢reeomuprisigl a plurality of tuning
conductive material selected fromthe group
strgourss. st i ng of : copper, alum num silver, and gold. 15.
The nul tipl e-band antenna of claim1, inplenented in a
wirel ess nobile 20 conmunication device selected from
the group consisting of. data communi cati on devices,
13V0i TRe FRMPIbLRANOANS BV E168S 12, drkeimBeepltaMuiyCstSuMAa Bir@fures
for both data and voice conmmunications, cellular
Cm%@%%ghones, wi rel ess email conmmunication devices,
Il e tel ephones having data comruni cati ons

funct.i . | 5 . :
s R PR 30Bko h  AERTIE s B B o
cor\émgl{'ﬁ(:i‘llaié fcing t%mrrllé%bc otr Itu%rilﬁc’g th\eNI sercgrlu? ggerzﬁmnglflreqﬁgncy g}uﬁ %%h on

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 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.

15.  The multiple-band antenna of claim 1, implemented in a wireless mobile
communication device selected from the group consisﬁng 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
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and w rel ess nodens. 16. A nultipl e-band antenna
system conprising: 5 a nultiple-band antenna havi ng
wo 2oogs4sel second operating frequency bands, PCT/CA2002/001943
conprising: a first patch structure; a second patch
structure electrically coupled to the first patch
structure; 10 a first slot structure di sposed between
a first portion of the first patch structure and the
(0] t t C t LEe.. .
REERBLAE A S PR S| Sl Al g

ﬁture aqg t he second patch structure; a feeding
an gPﬁ PSS cal Iy coupled to the first patch

structure; and 15 a ground point electrically coupled
to the second patch structure, wherein the first
patch structure, the first slot ‘structure, and the
165 e c Sriulsipletbane ptERRA YSEBOMPEFSE: r adi at i ng and
receiving structures for the first operating
f r equenltiplesand , andernaa t hseringe fish ding eeednds pperatingr Eeauency rbends,
second slot structure formmjor radiating and
comersihgi ng structures for the 20 second operating
frequency band; and a nounting structure conpri sing:
a first surfaggist pach ankagend surface opposite to and
overl apping the first surface, 29 WO 2004/054034

PCT/ CA2002/ 004 Q4cbndVheée bs@udulaﬁ d‘lédtﬁéalwrubuﬁ@a%dtheaﬁ@h patch
structures are nounted to

structure;

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

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

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

a ground point electrically coupled to the second patch structure,

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

a mounting structure comprising:
a first surface; and

a second surface opposite to and overlapping the first surface,
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first surface, and wherein the feeding point and the
ground point are nounted to the second surface. 5 17.

wab@4184084 pl e- band ant enna system of cl ai m 16, P@ITEAZI0R/001943
the multiple-band antenna further conprises nounting
bores in the first patch structure, the second patch
structure, the feeding point, and the ground point for
receiving fasteners to nmount the rultiple-band
antenna to t e 0]
mul ti pl e- bang‘gg%%gﬁh%%gsﬁa glrgng%’?&agag?lrﬁt%%ur%hhag? éllloﬁmEeﬁeto the
nmount i ng. bor e conpri,se.of f set nount.in res in. the
(rot porh o Bhioso ooy B FegBamuty b Heofropfi pofe are
first patch sérqﬁture. 19, The mul ti pl e-band ant enna
syst em ofOWE] A thesecqpdsiafafet he fasteners conprise 15
mounting pins disposed on the first surface and the
second surface of the nmounting structure and
positioned to be received by the nounting bores. 20.

17.The Thalmylpple-taad centamne raysicy of etaiof 16/ aibareiro themeniéplerband
the nmounting pins conprise heat stakes that are

antpwslat fadhérocongirmesn mpoheting bdréspinethd dind patvthestmetuon thehecond patch
mounting 20 structure. 21. The nultipl e-band antenna

sty e etiie déedih@ point] Gnd ithts g@lth® goiat far reafiving Estgmefst foafowdt the
a wreless nobile communication device. 30 WO

Qb ARARAPETHECARRAU LALEAR. 22. A wirel ess mobile
conmuni cati on device conprising: a first transceiver
adapted to transmt and receive conmuni cation signals
ina first  frequency band; 5 a second transceiver

18?da@£§th9]%&@ﬂ?qh&nﬁfg SGE VA O TTHOhERH B RoBRfHeSvores
in a. second freg ¥ and

uency mvand;

comprise offset mounting bores in the first patch structure offset from a surface of the

first patch structure.

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.
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a multiple-band antenna connected to the first

transcei ver and the second transceiver and
W@ owposeBng: a first patch structure associ at eRCT/CA2002/001943

primarily with the first frequency band; 10 a second

patch structure electrically coupled to the first

patch structure and associated primarily with 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

pri gaf.il | the fi.rst freguency.band; and 15 a
22'sec}g%vd£e% %8 Oﬁs){i? aetorecgiog 618?&% c%%?%é% a second

portjion of the firgéggatch. séructure and, t he se%Snd )

pat THSS FRRRERLFTAdARIEC TSt HRRE TRACHR CPmanjcaien signals in a first

frequency band and the second frequency band. 23. The
freqiepey 29¢: nobi | e conmuni cati on device of clai m 22,

further conprising: 20 a housing substantially

encd srsond) transseiipr adapied torrbiamt enshieneiy ¢ eerhpAnigatiancegraksdn a

having front, rear, top, bottom and side surfaces,
secoibfrequandyheandidndi pl e- band antenna is nounted in the

wi rel ess nobile conmunication device adjacent the top

anda riedltipietifahd casennd leoirc26i04d Ghd 34t RaddcEA0@Rd 08d XéSond

24. - The wirel ess nobile comuni cati on device of claim
trandSeivdrahll Behp&anRPr i sing a keyboard, a display, a

speaker, and a m crophone nmounted within the front

surface. T ' J?ﬁ& RO ' .

devi ce oaf érgtl'zl%it%l %?Mﬁg%ﬁet e lfulﬁ?g? f rfé%ﬁfé%‘?ﬁm a%aéld’

is ado I ) ' '

fr equencs AR R A AR SR ATHAL 3k RBERAH Whgture ana

Di gi tal | Lular System frequency band. 26. The

o PRl auted o Retnl BhghORAIEY O aim 2o

Further a? ?ir trsl.lostI srt]r%éture disposed 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 portion of the first patch
structure and the second patch structure and associated with the first frequency

band and the second frequency band.

23.  The wireless mobile communication device of claim 22, further comprising:

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

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

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

w0 e@gioetsy band; and a fine tuning tab connectBdI/Ca2a0ke01943
second portion of the first patch structure for
tuning the first frequency band. 15 27. The wi rel ess
nobi | e conmuni cati on device of claim 22, selected from
the group consisting of. data comruni cation devices,
voi ce conmuni cati on devi ces, dual -node devices
enabl ed for both data and voi ce conmuni cati ons,

I lul ar I i rel . i ication . .
24, G e irels S, ARETE G BpHBRBLST 20y, hai CamitTiicE SomBrgne o
functi,nﬁlity, ersonal .digital assistants %PDAS)
KeYBREIR RATIBY AAPFekFe 830 ¢ WA Withn (i fiopeyiface.

email communi cati on devices, and w rel ess nodens. 32

25.  The wireless mobile communication device of claim 22, wherein the first
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
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
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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