5 5 SEP 2006 WD 2004/001898 PCT/ CA2003/ 000876 Ml ti pl e- El enent t enna
Wth Parasitic Coupler FIELD OF THE | NVENTION This invention rellatestr 2006
generally to the field of antennas. Mre specifically, a 5

mul tiple-elenent antenna is provided that is particularly well-suited for
use in mﬁrq+§ @ |Dg@%munication devices such as Personal Digital Assistants,
cellular te g HHEE® and wirel ess two-way emmil corfAFERUBPWHdevi ces.
BACKGROUND OF THE | NVEhNifNekidedyRRichi: ngi&?é&ﬁl@r devices ("nobile

devi ces") having antenna structures that support”comruni cations in
mul ti pl e operating frequency bands are known. Many different types of
antennas for nobile devices are also known, including helix, "inverted F",
fol ded di pol e, and retract abFELROFEGHEEANEENTIONUr es. Hel i x and retractabl e
antennas are. typically installed outside a nobile device, and inverted F
and fol ded di polThis drvertion adatesr genetly tty thie diald| of astives dbidrei spsifidgilyae nobi | e devi ce
case or housing. Cenerally, enbedded antennas are preferred over external
ant ennas f ofwiipEElEet ausme s meyidedythat-a pariculariy well-suisedyfon wariic wirdess ons.  Enbedded
antennas are profected by the npbile device case or housing and therefore
tend to be HRR edce 17458 28,ieEsPIvh Pigkip Attisaes, calilasdelephonesct%84 nal  ant ennas
may physicah&& L‘Jgrfere mﬁth.the(%urroundings of a nobile device and nake
a 20 robi | e "GEHT 8 FRFLOPPUpGIOREYICeS A t i cularly in |imted-space

envi ronnments, enbedded antennas present fewer such challenges. In sone
types of nobil e device, however, known nmnulti-band enbedded antenna

structures and design tecﬁ$tg@§2£@i§yT ehationel y poor  communi cation

signal radiation and receptron In one or nore operating frequency bands. 1

0 5 SEP 12006 WQoBO4mBdic86 ﬁ%és%%e@i@&%ﬁﬁﬂ%ﬁ&ucmms that

support communications in multiple operating frequency bands are kmown. Many

different types of antennas for mobile devices are also known, including helix, "inverted
F", folded dipole, and retraciable antenna structures. Helix and retractable antennas are.
typically installed outside a mobile device, and inverted F and folded dipole antennas are
15 typically embedded inside a mobile device case or housing. Generally, embedded
antennas are preferred over external antennas for mobile devices for mechanical and
ergonomic reasons. Embedded antennas are protected by the mobile device case or
housing and therefore tend to be more durable thén external antennas. Although external
antennas may physically interfere with the surroundings of a mobile de'vice and make a
20 mobile device difficult to use, particularly in limited-space environments, embedded
antennas present fewer such challenges‘. In some types of mobile device, however, known
multi-band embedded antenna structures and design techniques provide relatively poor

communication signal radiation and reception in one or more operating frequency bands,



According to an aspect of the invention, a multiple-elenent antez§@ Qﬂgéﬁkz
mul ti- band wirel ess nobile comruni cati on device conprises a firstJaptle 4
el enent having a first operating frequency band, a second antenna el enent
havi ng a second operating 5 frequency band and positioned adjacent the
first antenna el enent, and a parasitic coupler positioned adjacent the
first antedhQ2%8YOMEht and the second antenna el ementPCTAARIIAPEIS - e| ement
antenna for use with a wrel ess nohj qpnunication device having a first
transcei ver and a second transcei ver; ccordance with anot her aspect of

the invention, X&E‘iﬁiﬁ%&%@ agze&ioﬁ&k%vgriﬁ% %%lﬁtlg&-e%e% taﬁt%gforﬁ rhd St antenna

el enent on the sing I'el'ectric suUbstrate and configured to be

connect ed tignd eeidsd sl E(fnﬁﬁ]ﬁﬁ;ﬂioﬂ@Evﬁce%oxﬁgﬁé%rﬁqirst%ﬂ@rﬁﬁ'E!@mé?xl ﬁm@fa on the single
dielectric substrate and configured to be connected to the “second

transcei verfistapetating BRfRkdy Had, GOYEh® ntkHas leleinéid Bevinda tddshdphiang di el ectric
substrate adjacent the first antenna el enent and the second antenna

el enent .5 15reBithéFrafdEoCHsitibtedhljident TdHirDRAMBNEment- @l a phratitc @uflep vi ew of a
first antenna elenent; Figs. 2-4 are top views of alternative first antenna
el enment s; pesitpnedadjagenihe fog anenpaeiofentand the srabd am¢neaxkanced enent; Fig. 6 is a
top view of a parasitic coupler; 20 Fig. 7 is a top view of an alternative
parasitic couplémultiplEelgmengartegnafor usp with &Wwirelss gobilg lcommyjnisatioh desioat  ant enna;
Fig. 9is atop viewof a further nmultiple-elenent antenna;, Fig. 10 is an
or t hogonal hgYies\y &t fapreeiyr pd aoreeond ravsiver Mriecoriance Sitbapetieraspee®f 8 mounted in
a nobile co ni cati on, device;, and 25 Fig., 11 is bl ock di agram of a
nobi | e comﬁ?&?@bﬁ%@@% mee %?f“ s“g’igﬁ‘effdﬁﬁ% aniRRpp g@’ﬁf‘&? ?5‘(5‘1"‘8“9%%
PCT/ CAZP(PB/ a%%?é@ 6subs LALnIﬁEc[gm%Euré th> IE’;I' Icc%\llectcd to the first transceiver, a second

antenna element on the single dielectric substrate and configured to be connected to the

second transceiver, and a parasitic coupler positioned on the single dielectric substrate

adjacent the first antenna element and the second antenna element.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a top view of & first antenna element;
Figs. 2-4 are top views of alternative first antenna elements;
Fig. 5 is a top view of a second antenna element;
Fig. 6 is a top view of a parasitic coupler;
20 Fig. 7 is a top view of an alternative parasitic coupler;
Fig.8isa toﬁ view of a multiple-element antenna;
Fig. 9 is a top view of a further multiple-element antenna;
Fig. 10 is an orthogonal view of the multiple-element antenna shown in Fig. 8
mounted in a mobile communication device; and

25 Fig. 11 is a block diagram of a mobile communication device.
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In a nultiple-elenment antenna, different antenna el enents are tyBi,caEl’é‘y
tuned to different operating frequency bands, thus enabling a J 2005
mul tipl e-el emrent antenna to function 5 as the antenna in a nmulti-band
nobi | e communi cati on device. For exanple, suitably tuned antenna el enents
enable a %i EI e-e|l emrent antenna for operation at the d obal System for
Mbbi | e Co PE0Bhs (GSM and General Packet Radi ECHEAYPIYWIYGPRS)
frequency bands at approxi mately 900MHz and 1800MHz or 1900MHz, the Code
Division Multiple Access (CDVA) frequency bands of 800Whz and 1900Mhz, or

sonme other pair of 10 oper atﬁmiﬁmm@nds. A nul tipl e-el ement antenna
may al so include further antenna ~elefents to provide for operation in nore

than two frequenaymb@itfoment dltennh, differdht oY bIBMnR faredtyfiball§ tup@ioenna el enent.
The first antenna elenment 10 includes a first port 12, a second port 14,
and a top dciiffecmciperntigdeduey bdds, Gae Bablingd nfuliple BRmend Mitdna thZunatiodl 14. As wi | |
be apparent to those skilled in the art, the ports 12 and 14 and the 15 top
conduct of ettt prwgwnd B 2 anii-basimabilé gomfraicdtiomdeeice. fRocaxermyd) shitely maednat eri al  such
as copper, for exanple. The length of the top conductor section 16 sets an
oper at i ng fapeeaelawsntssanble 2 myjtipletplempat prjennafor epenationet thew@labal $8temTdre ports 12 and
14 are confi%yred to be connected to communications circuitry. In one
enmbodi ment ,\MqoHe Cpgmynioptons (P 7ng Geasel Packat Redia Setyicp |(GPRS) figeHen®y t he port 14

connect | ondug RSBy @@?’# st @ﬁ%@ﬁ@%ﬁ?@r@? Q%z'iis&%' Mhicpfe Eg{jt 12
bei i 14 i .

At hough nath G BDR) pE8Y LE SoRRE, o dolhe, o somy peledt &'co°
appreci gf e o%é}ﬁfnﬁ ‘Frlec%u%ﬁff g@gse g@ﬁl&tiﬁ%%lgxﬁen}%teﬁ%qm%%13&3@&*1%31@1?&@%&&6d‘ to a

mat chi ng net wor r to I npedance ant enna el enent

10 wi th € NQichEReR#368, B opfruich AQUTMNE RLLGPLGAL cUT L or device to which
the antenna elenent 10 i S connected. 3 0 P 2006 WD 2004/001898

PCT/ CA2003/ 0008£ 1Rk @Sop Wewt ofth Girst BenMd Q¥Bendf TR firlh@hda Rkt Bt ant enna
el enents. \Wereas the top
includes a first port 12, a second port 14, and a top conductor section 16 connected to the

ports 12 and 14. As will be apparent to those skilled in the art, the ports 12 and 14 and the
15 top conductor section 16 are normally fabricated from conductive material such as copper,
for example. The length of the top conductor section 16 sets an operating frequency band
of the first antenna element 10.
The ports 12 and 14 are configured to be connected to communicalttions circuitry.
In one embodiment, the port 12 is co:;nected to a ground plane, while the port 14 is
20 connected to a signal s;:>urce. The ground and signal source connections may be reversed
in alternate embodiments, with the port 12 being connected to a signal source and the port
14 being grounded. Although not shown in Fig. 1, those skilled in the art will also
appreciate that either or both ports 12 and 14 may be connected to a matching network, in
order to m&t'ch impedance of the first antenna element lb with the impedance of a

25 communications circuit or device to which the antenna element 10 is connected,
' 3



conduct or section 16 of the first antenna el ement 10 has substant] &1 &P 2006
uniformw dth 18, the alternative first antenna el enent 20 shown in Fig. 2
has a top conductor section 26 wth non-uniformw dth. As shown in Fig. 2,
the portion 28 and part of the top conductor 5 portion 26 of the antenna

el ement 20 have a wdth 27, and an end portion of the antenna elenent 20
has a smal 2B 29 A structure as shown in Fi g PCHCAWOHWEY| | for

exampl e o praul 88 .3a6Gel, ot ALG. A0 SRNR SLEIRN herath S 2 Par asitic

coupler, in or serve space sk art will

apPT €1 At & sophifod B0 fs ) fmt%tghnﬁ’fﬂeﬁu&?lo lﬁﬁhﬁ:ﬁghﬁal BIFRALyaR 197 Portions

thereof are selected to set gain, bandwd I npedance 10 mat'ch,” operating
frequency hmykemandrist ek CAReACI vt &, Dhast By aRLRBPRcdneBENt . Fig. 3
shows a top view of a further alternative first antenna el enment. The
antenna el vatend-udti width UdesopointFig. 33hedio3Z8 and Pk Jf e Sdp.comagend and third
conductor sections 35, 36 and 38. The operating frequency band of the

ant enna &l eioy 269 thesntpma plemént 90 et wilthl 23chnd by erl@bion ofnilp dnlemal engt hs of t he
second and third conductor sections 36 and 38. As shown, 15 any of the

| engt hs L3,clemant3ehbps p smatlay wigd 28d geuctee atsahos'enﬂlflmé1ﬂl§¢fgkf¢sexamp1@,he second and
third conductor sections 36 and 38, whereas the length of the first
conduct or <R &Migh sPacs fﬁh?th?ieanw%td%}“s’l ehers npaasitin cemieh gt slepBses by

adjustlngtheleng Z\tht I'kﬁlé% ot h, AIthou?r@ thelenths of the first,
second and ‘PRFYGPESN &hogsy s f“i tB‘h%“ Aillaperefiats e eog RORUPAL tehe  above

t f t | t dj t of th
"ength of dngida 3ol forfnn GO EREP: 6118 T pdeRkRRER 0N The

chatr 2ct 65 1 Sl 0% ALES Ard mtﬁe{g&xﬁm@ o \ilenilieiapa_conduct or

sections. For exa I ncreasi n ecrease the operating

frequency band mmsa E%Qﬂ%fﬂuﬁﬁ@@&m%emyan%&%leﬂﬁﬁe%atnéﬁng adj ustment  of
one or both of the lengths L1 and since changing L3, L4 or L5 also

af fect s t helembdiperlditRepe @2 idd 3%, dhd SrstIREGH blddniRf cohdifordBdieRing, 38l enent 30. 4 0
5 SEP 2006 WO 2004/001898 PCT/ CA2003/ 000876 Any of the first, second and

t hird condusd 38 Theofetadmsfraghientinitandiof thnmenel ciieitt30 &primarily controlied

1—

by selecting the lengths of the second and third conductor sections 36 and 38.1 As shown,
15 any of the lengths 13, L4 and L5 may be adjusted to set the lengths of the second and third
conductor sections 36 and 38, whereas the Iength of the first conductor section 35 may be
set for impedance matching purposes by adjusting the lengths L1, L2, or both. Although
the lengths of tiie first, second and third conductor sections are adjusted to control the
above operafing characteristics of the antenna element 30, adjustment of the length of any
20 of these conductor sections has some effect on the characteristic controlled primarily by
the other antenna conductor sections. For example, increasing L3, L4 or L5 to decrease I
the opefating frequency band of the antenna element 30 may also necessitate adjustment of
one or both of the lengths L1 and L2, since changing L3, L4 or L5 also affects the

impedance and thus the matching of the antenna element 30,



may include a structure to increase its electrical |ength, such a@ 5aSEP 200k
meandering line.or sawtooth pattern, for exanple. Fig. 4 is a top view of
another alternative first antenna elenent, simlar to the antenna el ement
30, including ports 42 and 44 and neandering 5 |lines 50, 52 and 54 to

i ncrease t3&3§|%§#rical | ength of the first, second and third conductor
sections 450 PERBE 48. The neandering lines 52 and PEHCAH4HYB¢ he | engt hs

of the second ofthd £ildh, GROAUGE Bird SGGcloP Eb%mﬁ? o aftinf Lleﬂe?&’:ﬂf irst antenna

elenment 40 in order to tune it to a particular operating frequency band.

The neander mggintlidde feflotdb O inkeRe htoaekdichiNgngfhl 6k as 28RN, Ghepent 40 such
that it operates as though its electrical length were greater than its 10

act ual physsawabth ghttee &ir examplEh &Figré angep ivie of hiveiebbeSitive kil ineniahanges t he
electrical length of the first conductor section 45 for inpedance

mat chi ng. Télemead swflarite dle antemgtelemerft 30,Hecheing poraf42tdné 44remindandenig | i nes 50, 52
and 54, and thus the total electrical length of the first, second and
third conduleshi0: Pt fhiadncipsse the@legtries] lamth ofitiry fitsl seaetid wwd thitt] cobduetorexanpl e, by
connecti ng to%ether one or .nore segnents of the meandering lines to forma
solid 15 cHFflPot adedt Tonmerdiiog frendp mahs ehongeithy lenghs of tieggsond ew of a
second antenng.elenent is shown. The second_antenna el enment 60 includes a
first condu%@gwgg%ﬁﬁ%%ﬁwWﬁsgﬁﬁdéggg@éﬁﬁ“ﬁ%ﬁﬂﬁ%?ﬁﬂ““@%@fPBHGW@. The first
and second ¢ [ ions 72 d 76 of the.second antenpa elenment 60
are positi ongagﬂtﬁgII eﬁ‘ﬂ;&n%géeg%agpba%, © uegndfw&inﬁagﬁlﬁo B BoWstst ruct ure

Known 20 asuy @R bohUPel HoBOLS LOLEI Aok RhAFLARLEAS pETROT ot .

ot her antenna desi gns may e utilrze such as ed dipol e

tructune, 4 i j 1 Rliar i : econd
structu el pBysRIRtRnsid O hé inbaAbe ﬁé)l'ﬂxg 'fJ@%n%ﬁat %S%t“ o Qzezl%cdﬂ{alolgdg@t S

antenna el enent 60 includes a top'|oad - S use an operating

frequency befrd fif conlRiob RERATS & ingRihace HaRHBE UTHE BlectIdAi 1SngtiUPBE &yl N9 fr equency
band nay be a relatively wi de frequency band containing nmultiple. 25

operating fofedigusnciprilgalivds 56 U2 hndSt, AAQVHE: BEADeI&RHRANEEh of iR fikmensi ons of
the top 5 0 5 SEP 2006 WO 2004/001898 PCT/ CA2003/ 000876
second and third conductor sections 45, 46 and 48, may be adjusted, for example, by
connecting together one or more segments of the meandering lines to form a solid
15 conductor section.

Referring now to Fig. 5, a top view of a second antenna element is shown. The
second antenna elément 60 includes a first conductor section 72 and a second conductor
section 76. Thc.first and second conductor sections 72 and 76 of the second antenna
element 60 are positioned to define a gap 73, thus forming an opén-loo;: structure known

20  asan open folded dipole antenna. In alternative embodiments, other antenna designs may
be utilized, such as a closed folded dipole structure, for example.

The first conductor section 72 of the second antenna element 60 includes a top load
70 that is used to set an operating frequency band of the second antenna element 60. This

. operating frequency band may be a relatively wide frequenéy band containing multiple

25  operating frequency bands such as 1800MHz and 1900MHz. The dimensions of the top
5



| oad 70 affect the total electrical length of the second antenna @Iegﬁgt
60, and thus may be adjusted to tune the second antenna el enent - é r 2008
exanpl e, decreasing the size of the top load 70 increases the frequency of
the operating frequency band of the second antenna elenent 60 by
decreasing jts total electrical length. In addition, the frequency of the 5
operating fTeYNEE band of the second antenna el enBST/AEPHWPEOe urt her

t uned by i } t WA t t tor sections
72 and 76, " it Db I ARy ot MO0 bl BELURAT o AT bEBIINE 1 Second

antenna el Qi oo e FES:cSRGAA BAAALEY Por S8EHL BByl APkHPRea Stabi | ity

patch 74 an oad patch 78. The stability patc Is a controlled

coupling paépquadminexraasaa‘tﬁee@aq&n&mtheb@&ﬁﬁﬁ%m%tﬂaﬁdof%r@s&@darahfb:mg bet ween t he
first and second conductor sections 72 and 76 in the operating frequency
band of t heleset 0 dy andesing iteloanEetiicaQengthh en alididn AeReReicy of oupl i ng bet ween
the conductor sections 72 and 76 is further affected by the size of the gap
73, whi ch iogeratioplreqiewmy bami cictbo seckan eatenni elamele $D megl baftrthertened bar act eri sti cs.
Simlarly, the dinmensions of the |load patch 78 affect the el ectronmagnetic
coupl i ng wiadibstingde pire of tthegap Enetveen theonductonssctibss Wemwe 76, ok altering ur t her det ai |
bel ow, and thus may enhance the gain of the second antenna elenent 60 at
its oper at i#S¢mrenaens effukpt pratings of the secand awpraa elerieshtPa el enent 60 al so i ncl udes

two ports 62 a 64, one connected . to the first_conductor section 72 and
t he ot her conngg“f &GO FOIHEOSEERHE elies g Steblity peieh Tgmd 2 eed el &8 hor t s 62 and

64 are off f..omthe, gap 7 tween th onduct o ections, 72 and 20 76,
resul ting ﬁﬁ;’ gahélf B%&u?%s (I% o1 ﬁ%ﬁ% f mrlpgl?ge?altcgd’%fcg ag'gcttsathe aﬁcg?lga@f‘e%f eed" open

fol ded el : (=Taly t r&s necessari |
be offsg% p? !r)@lrﬁg?%e ga@efggvﬁ%g&°“%a°§ﬁﬂg&p%§%°?ﬁzﬁ%§,ﬁ%@i %go t’étrrrpFe, to provi )ée

space for, RfueRy bt o Bk seeShdRBYRE Sadendool &B@éiécﬁérﬁagné% Ec!ﬁplingba\%enconponent s of
a nobile device in which the second antenna elenent 1S "inplenmented. The

ports 62 am@d ortuctbresestion 7201l @6listiatherQIrBREL by Likesi R OF 88 Gapt MRAAIisel ement 25 60
to communications circuitry. For exanple, the ports 62 and 64 may connect
t he second selézted ibacGhMn@0MH desired antenna characteristics. Similarly, the dimensions of

the load patch 78 affect the electr_omagnetic coupling with the first anténna element, as
15 described in further detail below, and thus may enhance the gain of the second antenna
- element 60 at its operating frequency band.

The second antenna element 60 also includes two ports 62 and 64, one connected

to the first conductor section 72 and the other connected to the second conductor section

76. The ports 62 and 64 are offset from the gap 73 between the conductor sections 72 and

20 76, resulting in a structure commonty referred to as an "offset feed" open folded dipole
antenna. However, the ports 62 and 64 need not necessarily be offset from the gap 73, and

may be positioned, for example, to provide space for, or 5o as not to physically interfere
with, other components of a mobile device in which the second antenna element is
implemented. The ports 62 and 64 are configured to connect the second antenna element

25 60 to communications circuitry. For example, the ports 62 and 64 may connect the second
6



WD 2004/ 001898 PCT/ CA2003/ 000876 antenna elenment 60 to a transcei ver Iﬁ%%
nobi |l e device, as illustrated in Fig. 10 and described below. Fi 8 ehls 2806
top view of a parasitic coupler. The parasitic coupler 80 in Fig. 6 is a

si ngl e conductor which, as described in further detail below inproves

el ectromagnetic 5 coupling between the first and second antenna el enents
in a mltipleP&YeHEht antenna, inproves the perfor nESTEAPIWIH ant enna i n

its respecty QpeLatd f = Talo hes.cu t
i str bt | g WRFRAANY s RERURTRY o AR 00 o AERRDSERENT B0y o
necessari | yedgredbgspst antially strai ght conductor as shown in Fig. 6. Fig.
7 1is atop view of an alternative parasitic coupler. The parasitic 10
coupler 82 is @if @lidedp olew@ls yRMitE RSHC ITRE patiite RopRS80An Fig! 6% aconduct or
section 84 and a second conductor section 56. A parasitic coupler such as
82 may be ubeld corfdodtorextaulipisadescribell @i fusthdr fdetie Bilovd Amproved Elednbagh@icasi ti ¢ coupl er
are intended to electromagnetically couple wth different antenna el enents
in a nmuliiphbewlied Etwean thefirs ambsecoad ardmscelerizad il e lnodtipleslemed mitenngt | on Wi t h
Fig.9, or where physical space |imtations exist. 15 It should al so be

appr eci at ed™prRvgs the peytormeasee df eack antashadip itsgspective enerating fkateycydamipridse  adj acent
connected or disconnected, conductor sections. For exanple, two conductor
sections ofmpakes pupse disEiSiens ip thepiennsgelesnsts.d be j uxt aposed so that they

overl ap al ong their entire |l engths to forma "stacked"

bst anti al | ] L (
parasitic coup!‘ig?‘rgsftﬁ °8‘|“\?}351”%/"3t"?tdﬁ°365|““1§ be g subsieriglly, sraight ORUCE AT p| er, t he
Conduct o 35008 RThE P AALY SR LRBSLBAN Bl Lo 20 of acked

parasitic elenen end stackKe

further 10 V%deﬁe} h?ﬂ aqgldéﬁ"Hr tcﬁrPJd%Brf&?&’&%&R ﬁlassae%gdt'af%@él%@r[sgc%h& étf;anﬁgum ers. Qher

parasitic coupler patterns or structures, e accomodat ed

W thin avaisdcas @ndibiSiettth 88.PA padc chibled Glth 6V mﬂa[fetuiséa}‘llo%xaﬁélém romagnetic
coupling and performance characteristics, wll also be apparent to those

skil'l ed i n wheedifirtnt parisQi t1REIRrad@0Bupler are intended to electromagnetically couple

with different antenna elements in a multiple-element antenna, as described below in
conjunction with Fig. 9, or where physical space limitations exist.

15 . It should also be appreciated that a parasitic coupler may alternatively comprise
adjacent, connected or disconnected, conductor sections. For example, two conductor
sections of the type shown in Fig. 6 could be juxtaposed so that they overlap along
substantially their entire lengths to form a “stacked” parasitic coupler. In a variation of a
stacked parasitic coupler, the; conductor sections only partially overlap, to form'_an offset

20  stacked parasitic element, End-to-end stacked conductor sections represent a further
variation of multiple-conductor section parasitic couplers. Other parasitic coupler patterns
or structures, adapted to be accommodated within available physical space or to achieve
particular electromagnetic coupling and performance characteristics, will also be apparent

to those skilled in the art.



WO 2004/ 001898 PCT/ CA2003/ 000876 Fig. 8 is a top view of a nultiple-el enment
antenna having two antenna el ements and a parasitic element. In{jthe&EP 2006
nmul tipl e-el emrent antenna 90, a first antenna elenment 10 as shown in Fig. 1
is positioned in close proximty to a second antenna el enment 60 such that

at least a portion of the first antenna elenent 10 is adjacent at |east a
portion of Wh¥LEBEShd 5 antenna el ement 60. This reP&PFﬁ@mﬁEQVilonlng of

the first antenpa sqgggﬁq%w%gfhe ﬁgﬁpmgﬁﬁ%ﬁgggﬂ%?ﬂy %&

el ectromagnetically C PErs the second

antenna el eieNudl abndlf 123 bl fueOURl:eldifh oo, aamaﬂngaaﬂknmagl ose proximity

to the first antenna el enent e second antenna el enent 60 in order
to el ectr grRanekiycab baém@;sw B cﬁase/\srsma%fa sdcB abderfn® bledht 6UVIéh R enent 10 and

t he second antenna 10 element 60. It will be apparent to those skilled in
the art thatledshepobtioBNid @R SntéLdlenitbt 1084 Rifabdnt 4 &thst b podeHnlf @ sebdne parasitic
coupler 80 determne its electromagnetic coupling characteristics when the
mul ti pl & elasematlemat &0O.NThid G:ldtige ppiEivwsyg ofghd firsamgnefelares 10ped &ti ng f requency
bands. Thus, the dinmensions of the parasitic coupler 80 are selected to
achi eve desprdeuiteamgisimeni§0 bestromagnetissilysnupies die dine smteons alereridh wifper at i ng
frequency band. 15 The nultipl e-elenent antenna 90 is fabricated on a
flexible dﬁ@ﬁ@%@@?@m%ﬂ%§¥$éﬁeAQQmmmdﬁﬁﬁﬁ3%@p§éwmééﬁﬁﬁﬁﬂﬁﬁm@ﬁﬁ known copper
etching techni_ques, for exa The antenna elenments 10 and 60 are

fabri cat ed ﬂ?u@%t {ftgEa °1?IE?P‘t n@rﬁ“ﬁfmﬁt [fePopd Fnemn adetesr S8 Bt TEh 26 of the

f I h d
L TSRl St BT PP bR KBRS L 1 Poeon
the firsf anhenns g W%ntawar@%%%s%os@hugmf FEQP Y GORCE! iERL 60 resul ts

in electromagnetic co ween antenna el enents 10 and 60, as
i ndi cated Qo8 14ngmté}' o FRURE oon R0 s SloBFRnod Oconfild 00 aCts as a
parasitic element to the enna structure 10 and 60 hus i nprovi ng

per for Wanc%hd?afctchébes Wﬂtﬂleﬁﬁtﬂipﬁleﬁﬁﬁﬂtan@xﬂnﬁ &0 Rep&tkin gih &Pk Uphetingur r ent
distributions in each antenna elenent 10 and 60 and increasing the gain

and bandw diedueddy bindb eTiRR @tedineRgong bf the REpsiGO CHpiBB0 ekis seMcteb @l Phitvse first and
second antenna el enents 10 and 60. As described 8
desired coupling between antenna elements in each operating frequency band.

15 The multiple-element antenna 90 is fabricated on a flexible dielectric substrate 92,
using copper conductor and known copper etching techniques, for example. The antenna
elements 10 and 60 are fabricated such that a portion of the top conductor section 16 of the
first antenna element 10 is adjacent to and partially overlaps the second conductor section
76 of the second antenna element 60. The proximity of the first antenna element 10 and

20 the second antenna element 60 results in electromagnetic coupling between the two
antenna elements 10 and 60, as indicated at 98. In this manner, each antenna element 10
and 60 acts as a parasitic element to the other antenna structure 10 and 60, thus improving
performance of the multiple-element antenna 90 by smoothing current distributions in

each antenna element 10 and 60 and increasing the gain and bandwidth at the operating -

25  frequency bands of both the first and second antenna elements 10 and 60. As described
8



05 SEP 2006 WD 2004/001898 PCT/ CA2003/ 000876 above, the first a@d %gﬁp&g
antenna el enents may be respectively tuned to first and second @r | 08
frequency bands. For exanple, in a nobile device designed for operation in
a GPRS network, the first operating frequency band is preferably GSM 900
(900MHz), .whereas the second operating frequency band includes both the
GsM 1800 ( YEOHRHYI® 5 al so known as DCS, and GSM 1986VCAWBHMYY . soneti nes
referred t g%, fRGRs ahd s%c%{t?ﬂl&-éna eﬂ:ﬂﬂﬁ@maﬁj Bl fr&%&fﬁ)@lk Itu%eﬂgmsﬁa%d {Qfngd CDVA
g frequency an

network, the first and second operati s may be 800Mhz and

| 900Mz . FperSThefcd ki@ R MRIESin Welchhdo, A BRI Bleraill gaUENCI €5, those
skilled in the art will appreciate that the first and second antenna

el ement s 10GRRSChefdria i firti Redating fo§udRYy bhid 1 tprefiEly THHOOM OEBMERS,I Ng frequency
bands. 10 The parasitic coupler 80 is fabricated at a | ocation adjacent to,

and parti al whereasohesebaup sperdiing fieqiidney bant siciudes beth ha G3hversem{1ddrand t he second
antenna el enent 60. Resultant electromagnetic coupling between the
parasitit cdgphesm agDChauni GIHe 190D (1900MHER) scrastimaciefersd tocs BES, dleguemyt s 10 and 60,
as shown at 94 and 96, further inproves the performance of the antenna 90.
15 The fi r sSendininemphilederppdpna GIMA aeiwerl sherirshend segbrd\pperatingyfrequetriybi t rel ati vel y
poor co ni cati on _signal radiation and reception in sone types of nobile

devi ces wheli™ds @ \ve PR 4nd O ha Kog cpmmygisation aptaorkswiligpe differedtr t i cul arl y
wh i npl ted i ] irel obi | jcati device, th
hen Tl TR g ML otht PSRy TRE U O allon gl oo (e
the physi cale dh RSk ?d‘a?ef_ltgt{eg Eo*b?ne{??rﬁ'allf v leY ) %r%%%cli_'u%%ﬁ g%@s result in 20 poor

gain. The presence 0 arasitic coup e ‘el ectromagnetic

coupl i gy bet wofp el bhdl: 7 MRS AT RlasdPuRth W1S,3 GRAY 2t enna

el ement 60'. Since the secon ant enna efler al as better gain

than the fid&lapRBdieie BrsEn@iR Rlemdi 10 bhdin® sedRVARSR diefilf? 66.N1RIRGREt i ¢ coupling
to the second antenna el enment 60 inproves the gain of the first antenna

el ement 10 eittrdniagnefié EQpliRPRvabd B JafagibCRelr KRRG. VKRR aRPSL&di Ng in its 25
first operating frequency band, the first antenna el ement 10 '
el ect r omagreeting aleingntsCiOupd @sastsbown at 94 and 96, further improves the performance of

the antenna 90.

15 The first antenna element 10, as described above, may exhibit relatively poor
communication signal radiation and reception in some types of mobile devices when
conventional design techniques are employed. Particularly when implemented in a small
wireless mobile communication device, the length of the top conductor section 16 of such
an antenna is limited by the physical dimensions of the mobile device, which can result in

20 poor gain, The presence of the parasitic coupler 80 enhances electromagnetic coupling
between the first antenna element 10 and the second antenna element 60. Since the second
antenna element 60 generally has better gain than the first antenna element 10, this
enhanced electromagnetic coupling to the second antenna element 60 improves the gain of -
the first antenna element 10 at its first operating frequency band. When operating in its

25  first operating frequency band, the first antenna element 10 electromagnetically couples to
9



9 55 SEP 2006 WD 2004/001898 PCT/ CA2003/ 000876 the second cond c%or .
section 76 of the second antenna el ement 60, as shown at 98, and{ 2 SEP 2006
el ectromagnetically couples to the first conductor section 72 of the second
antenna elenent 60 through the parasitic coupler 80, as shown at 96 and

94. The parasitic coupler 80 also inproves performance of the second
ant enna el SHRRPYOBIRO at its second operating frequ@GEFANATIR087G n

part i ol ar el ien PALRSLE LGicRONBY G B chllhPUBn i 3 Gk IgTRANCLI © coupt i ng

with the secon enna el enen as | ndi cated a rovides a further

conduct or {Reapthh&bricR %ﬁﬁl%f foMthd lﬁFst SGaRRd sRbP 3 HeCIRAA aftthaiBY

effectively be transferre resulting 1n a nore even current distribution
N the sec e a7t SiidepheithuPs0 HskSiapsmanat | ¢ coupl ing from both the
second antenna elenment 60 10 and the parasitic coupler 80 to the first

ant enna el enentThd fhrRifilcoapler@0disS RBFEE perlfdnh@ed of it sécBl anBa@eRMendnt enna el enent
60 and the parasitic coupler 80. This provides for an even greater

capaci t y f 69 atSirswoddiopaatiogifrequertcy bling.t hiphtitulan nbhei paratitivecospde 86 dhraugk enna el enent
60, in that current can effectively be transferred to both the parasitic
coupl er 80 itasldctromegneticr cotpling twith rike seednd rpipna PBmeMcA a5 hwticged o8k, ant enna
element 60 is in operation, for exanple when a 15 communication signal is
bei ng t r an$rigeserglurthen gondesiqytip which cprentoig rthesieeond artengp elemeng @0 m8¥ wel | as t he
spaci ng betgeen the first and second antenna el enments 10 and 60 and the
parasitic COUPYeEy begErnsigsh Tegpting b2 moreaven SvERj ikt bRtinaE Jhe 58P"Bet ween t he

t | ts 10 60 d.th it | 80. T di i
ot enn, o BRSBTS R e 1G5 ) s o
I t:nl0 - I t O within thei
o ementcl0. . MASLEREAR SUSH SuUEly Bl BRLaNIR30 V1 L1, el

antenna el iERtanterh? elerhetﬁ%(}isag@ B0 ParR e SADR: ) g@@&w@el@ fR BV frodpr aSi ti C

coupler 80 are shown In F 8 as parti al overlapping, It will be

appar ent t ahcity ForddnloSthil@bintet ANRAELTRNLS secdn @fBnng |RABHIH, mnQHLT | ap to a
greater or |lesser degree. Therefore, other structures than the particular

current can effectively be transferred to both the parasitic coupler 80 and the first antenna

element 10 when the second antenna element 60 is in operation, for example when a

15 communication signal is being transmitted.
The length of the parasitic coupler 80, as well as the spacing between the first and
. second antenna elements 10 and 60 and the parasitic coupler 80, conirol the
electromagnetic coupling between the antenna elements 10 and 60 and the parasitic
coupler 80. These dimensions are adjusted to control the gain énd bandwidth of the first
20  antenna element 10 and the second anfenna element 60 of the antenna 90 within their
respective first and second operating frequency bands. Although the first antenna element
10, the second antenna element 60‘and the parasitic coupler 80 are shown in Fig. 8 as
partially overlapping, it will be apparent that in alternative embodiments, these elements
overlap to a greater or lesser degree. Therefore, other structures than the particular

25  structore shown in Fig, 8 are also possible.
10



25 structure shown in Fig. 8 are also possible. 10 5 SEP 2006 WD i
2004/ 001898 PCT/ CA2003/ 000876 Wth respect to the second ant ennaled eWehtZ08D
of the antenna 90, the gain is further controllable by adjusting the

di mensions of the stability patch 74 and the size of the gap 73 (Fig. 5)
between th (%i rst and second conductor sections 72 and 76. For exanple, the
gap 73 mas’v @Oémsg%ted to tune the second antenna &CEAHIEHt o a sel ect ed
operating 5 fr Wy i formance at

t he operating ﬁequgncéemggc%c?ﬁ%ﬁ%&é&‘?@oﬁ%?ﬂ@%?ﬁ&%ﬁ%gﬁg{; the stability
patch 74 angntdfddle by adMsBngifl EhdnSithsbPe MBIy Rkh 1184 R ofilgpgdance of the
second antenna elenent 60 in order to optimze inpedance matching between
the second (Bpts edgees the AR Nind 6 odidndasbraécieds 72 hddCrol For\éxanfpléCiie ga@s t he
transceiver illustrated in Fig. 10. 10 For the first antenna el enment 10 of
t he ant ennd&39ay tehdjugal ® fuse fheirstdomd acanmd elahdne do Iy a seleljiadsdperatpgt he | engt h of
the top conductor section 16, by using a neandering line structure 54, for
exanpl e,5 adrequsnnurbanidrbyRiptmiziag antenna gedi 4nd @erformoanemiyt Wt apergting Hequeicy st oper at i ng
frequency band of the first antenna elenent 10, 'the length of the top
conduct or $ard Ip additipn e dimgysioat pisthe gbdingppich 7dfand pap i arsseelegirt enna el ement

10. 15 The dinensions, shapes and orientations of the various patches, gaps

and ot her “S1Thin iwpul pedancengf th, secendiRiernd rsgiawt S0 BHI AROPREL ween t he
first and secqgnd antenna elenments 10 and 60. and the parasitic coupler 80
are shown f’%?e%'ﬁc"l nﬁ%q?hﬂr‘&{?’f'\‘}"ge sﬁ%‘)gigm%‘ﬁﬁ i’f’,me“taq’?d‘“‘frwp%gj%m #1%8d to achi eve

desired ant . 1151 Al t hough the first antenna elenent 10 is
shown in tﬁgm%ngcfglg{@%%%ﬁz% lé;'letr)itenna 90, any of the alternative 20 antenna

el ement g 20, - G0 niefth ofmbit 64 A%, Sk IR b IRAGy SOTE OF the

features of these alternative first antenna nments, cou be used

instead Of afijifting ihé BhgtPEHIRNBRcondle@NREHon 16) by (XdRG me iRy 1AL sthig@esecONd ant enna
el enent 60 and the parasitic coupler 80 may also be used in alternative

enbodi ment 4, for example, as shown in Fig. 4, In addition to adjusting the first operating frequency

band of the first antenna element 10, the length of the top conductor section 16 also affects
the gain of the first antenna element 10.

15 The dimensions, shapes and orientations of the various patches, gaps and other
elements affecting the electromagnetic coupling between the first and second antenna
elements 10 and 60 and the parasitic coupler 80 are shown for illustrative purposes onl}';,
and may be modified to achieve desired antenna characteristics. Although the first
antenna element 10 is shown in the multiple-element antenna 90, any of the alternative

20  antenma elements 20, 30 and 40, or a first antenna element combining some of the features
of these alternative first antenna elements, could be used instead of the first antenna
element 10. Other forms of the second antenna element 60 and the parasitic coupler 80
may also be used in alternative embodiments.

Fig. 9 is a top view of a further multiple-clement antenna, in which a different

25  structure of parasitic coupler is implemented. The multiple-element antenna 91 includes
11



Fig. 9is atop viewof a further nmultiple-elenent antenna, in igh pb
different 25 structure of parasitic coupler is inplenented. The SEP 2008
mul tipl e-el ement antenna 91 includes 11 0 5 SEP 2006 WD 2004/001898

PCT/ CA2003/ 000876 the first and second antenna el enments 10 and 60,

descri bed above, and a parasitic coupler 82 having a structure as shown in
Fig. 7. TheVQHPH¥IPE ¢ coupl er 82 conprises a fol ded PCEEARNIEWBYS havi ng a
first condu ' ' d, c tor section 8 In the

mul 1 plo- ol ShaeiEfebndlucigs Blfer 19 S0 ERRAES S n R bl ' [
parasitic c : | i1 ?ﬁ@ﬁ rl a portion of
the first aﬁﬁgﬁﬁ%a§%€ﬁ§ﬁ§sﬁgﬁfikg?§gpé 0 @?%%@%5%&%@%%%@5@@% coupl e the
parasitic COHgkBT haBidg WitshcdniRrof debedh 3R ANNRBNELRIRIE sedtfdn 865 tRhown at 97.

The second conductor section 86 of the parasitic coupler 82 is positioned
adj acent  t omeéltiylk-ainehl MMRAnaD1PAE filsQidndattortsbfios @LENEE RALIGNGApI@lseeNt . 60 in
order to electromagnetically couple the parasitic coupler 82 with the
second aht epsitioned sljmeatt oy ogeslaps kpoitimddfake firel aatend 2lemAlt 10 @Lgder tohe first and
second antenna elenents 10 and 60 are el ectromagnetically coupled in the
mul ti pl e- el YesEevagneticain peppld the pmmsitiedipden 82 ovith the 9idst attévpa clowspt 100y bet ween t hese
elements is not as strong as in the antenna 90. In the antenna 90, the
parasitic cHe &P7-gdhe seeond saductas setipni$6 ofiiie paresitis opyles 82 isrpesitisaedond ant enna

el ements 10 and 60 and therefore acts a 15 bridqe to tightly couple the
first and sYCHAYCaMleNRHPe|2LREM1e SHepdatienta, Slepgt 40 iR RS 991, however,
the parasitjc coupler i s nqgt position bet ween the first gnd second

ant enna el%%%%agghﬁhﬁﬁﬁﬂﬁ op ﬂ%ﬁc?ﬂ%§Q§V£gFfﬁﬂﬁBﬁngékﬁﬂﬁ '#ng bet ween the
first ang sgsQRg.cantenna elements 10 and 60 is weaker. The antenna 91 may
be useful, tor exanple, when sone degree of isolation between the first

and second ant el TR M iklkihin? % HE%) L8 oo RERAIARD O ¢ e

antenna 91 is otherw se substantially as describ ove tor 'the antenna

90. Fi?. 9. 1Ccobpiedath®biBASSIBBnt MkeBNY 90fas fniSattllk b9, Bk S5uBliRFBMLenAENNA Shown i n
ig.

elements is not a;s strong as in the antenna 90. In the antenna 90, the parasiﬁc coupler 80

is positioned between the first and second antenna elements 10 and 60 and therefore acts a

15  bridge to tightly couple the first and second antenna elements 10 and 60. In the antenna

91, however, the parasitic coupler is not positioned between the first and second antenna

elements 10 and 60, such that electromagnetic coupling between the first and second

antenna elements 10 and 60 is weaker. The antenna 91 may be useful, for example, when

some degree of isolation between the first and second antenna elements 10 and 60 is

20 desired. Operation of the antenna 91 is otherwise substantially as described above for the
anterma 90.

Fig. 10 is an orthogonal view of the multiple-element antenna shown in Fig, 8

mounted in a mobile communication device. Those skilled in the art will appreciate that a

front kousing wall and a majority of internal components of the mobile device 100, which

12



mounted in a nobile comruni cati on device. Those skilled in the art w !l
appreciate that a front housing wall and a mgjority of internal{ o8pBnétis
of the nobile device 100, which 12 0 5 SEP 2006 WD 2004/001898

PCT/ CA2003/ 000876 woul d obscure the view of the antenna, have not been
shown in Fig. 10. In an assenbled nobile device, the enmbedded antenna
shown in Fi‘%?z"ﬂ"df"’}s%s not visible. The nobile device RSHCAPMINIREs a case or

O 1S otioftl ofbelel BB lic the bk, naS0 @y ek Fig, 461! fy o ke 1 0P Ml 108,

a bottom wa nd- si de , one o own at 104. In

addi tion, iRk, fie SE%IGEE addiBs hOGiHEES0% bl Visile,  F @NSCei ver 116 and a

second transceiver 114 nounted within the housing. A portion of the top

wal | 108 is Dbrrokeibisdsict Q00 xades b Rse RPMbisRR h¥ing! NEoRMaBRA 90 | ocat ed
behind that wall in the view shown in Fig. 10. The nultipl e-el enent

ant enna st rshooin)) b exadhll 107) @ ltapctall 408 diesttbrh exii 106 andatsigd velk, loheof whith isubst rat e 92 on
whi ch the antenna 90 is fabricated, is nounted on the inside of the housing
102. The’ submiraat®. IR adiitign,ttheusobilhdevive 100 ipdhelesed finstBransceiver étrrad ar e f ol ded from
the original, flat configuration illustrated in Fig. 8, such that they

ext end ar oudefend traasciiveri lde mopptddapithinghe housies. b ipprtien ofethd top WAb Ui ing 102 to
orient the antenna structure 90 in nmultiple planes. The top conductor
section 16 BEeHaaY o P&l t%erﬂoawnaftbq@W@m901@atﬁ£beh%ﬁ%\t@ﬂdwh% W% si de wal | 104
of 15 the h usi.rﬁg JIQZ and extends fromthe side wall 104 around a bottom
corner 110 19" {"he® ‘Bott om wal | 106. The ports 12 and 14 are nounted on the

rear wall 103 t . housi.n 102 and connected to the flrst, transceiver
116. The secon h%nlfqgtmlleéeee e@%%nﬁ%nn%amggwt ﬁ(g T dgnﬁn%e Qr[fml g Ciéell'ercnmfarl y fol ded

and moupg eqp RS 393 wggﬁ tal.]fél g;gﬁgzg% s thiirled\@ Im'or%mt%l%ﬁ 18 Adiad FncRbushp® housi ng 102,

such that the ports 64 are nounted on the rear warl 103 and the
first and 965omesGaRLUoLRY hSaklhARE-hred Mot Sard i T RUA kS tigily, t he si de wal |

104. The feeding ports 62 and 64 are positioned on the rear wall 103 of
t he housi nglatlzigaatoncineaed ia g 8 sidi thabBEORENd £raNS BRI iNVRE sukfhdh. of
the mobile device housing 102 to orient the antenna structure 90 in multiple planes. The
top conductor section 16 of the first antenna element 10 is mounted on the side wall 104 of
15  the housing 102 and extends from the side wall 104 around a bottom corner 110 to the
- bottom wall 106. The ports 12 and 14 are mounted on the rear wall 103 of the housing
102 and connected to the first transceiver 116.
The second antenna element 60 of the antenna 90 is similarly folded and mounted
across the side and rear walls 104 and 103 of the housing 102, such that the ports 62 and
20 64 are mounted on the rear wall 103 and the first and second conductor sections 72 and 76
are mounted on the side wall 104, The feeding ports 62 and 64 are positioned on the rear
wall 103 of the housing 102 and connected to the second transceiver 114.
The parasitic coupler 80 is positioned on the side wall 104, A portion of the

parasitic coupler 80 lies between the top conductor section 16 of the first antenna element

25 10 and the second conductor portion 76 of the second antenna element 60.
13



The parasitic coupler 80 is positioned on the side wall 104. A p r%iggjqﬁq
the parasitic coupler 80 |lies between the top conductor section®l t ég
first antenna elenent 25 10 and the second conductor portion 76 of the
second antenna el enent 60. 13 0 5 SEP 2006 WD 2004/001898

PCT/ CA2003/ 000876 Al t hough Fig. 10 shows the orientation of the

mul ti pl e- e¥hPHOBH enna within the nobile device PSHCAINMYMGUI d be
appreci ated tha, e A -y s, dependi ng
oon the. type ot R ioRRRR W B R ibolelel B b

subst ant i alybieGeVde! 106 ol PR appicfifa tdEe DRhI0MRy W8 ibsted A ifdMnENNA May be

nounted directly 5 to the housing. Many nobil e devi ce housings are

fabricat edwhy, a@ppinat @oP@He! Spel daousdizEfor dkdnpeh et & a@BlchRbicoVan i nt er nal
conponents of the nobile device have been placed. Oten, the housing
sections i athtantialyscofitinass tpedde] i baoml walld, bdnteisrhdy®8 monted [irdcthe | udi Ng a
portion of the top, side and bottomwalls of the housing. Unless the

por t i on Sof tot thehdugipg. Menydmebiladekico dbismps e Fdbscaled it fegarsteparts heusé Nng section i s
of sufficient size to accommpdate the 10 antenna and the substrate, then
mount i ng ofttaghed tepsthemmkendntermt somponentsFifgthe 1Qbilei dgkice haye beea plagedactical . I n
such nobi | e _devices, the antenna is preferably attached to an antenna frame
that is inPEgy e hapsing sertionsdarided frow serdompnd it el seean gsh insudifgdi | e device, a
structural _ne r in the bi |l e deyjce, .or another conponent of the nobile
Geut oo BFEST G s PO Sas Pt Bt GGt Beepart idint i ng. or
attachnment of the antenna,is preferabl 5 .acc l.i shed i an adhesive
provi ded of eo?ndaﬁtﬁ nl“é‘(agﬁt“gth? eaer%guﬁ%l% ergté nXe{s, Oths fgmé‘gsr%'()t%aecﬁ .mnfogaste. @gi ch the

Al Er g S B S Al FER Rl or B Mlnpd NSnBHREL D Bl bR

mul t i pl e- el 'enent ant enna sifown i n Inte

T ustrati y@eded! ROSESmOWk ¥Yevicld) Bie Ridnhd # bR 1eBbG TRIAheda hERRMa Fdmor Ot her
simlar antenna structures may be nounted on different surfaces of a

nobi | e dev iteeis Gliteg?® Biitheor d@iphed @0 BO mb@ikAi ifkille tOmoMN RS a sh@tifal Ng surfaces on
which a nmultiple element antenna is nounted need not necessarily be flat,
per pendi culmaitiber i thempbifeadetice; ul abtharapponerdnf te trdhileadeniesy Whesothe

antenna is fabricated on a substrate, mounting or attachment of the antenna is preferably
15  accomplished using an adhes'iye provided on or applied to the substrate, the component to
which the antenna is mounted or attached, or both.

The mounting of the multiple-element antenna 90 as shown in Fig. 10 is intended
for illustrative purposes only. The multiple-clement antenna 90 or other similar antenna
structures may be mounted on different surfaces of a mobile device or mobile device

20 housing. For example, housing surfaces on which a multiple element antenna is mounted
. need not necessarily be flat, perpendicular, or any particular shape. An antenna may also
be mounted on fewer or further surfaces or planes, and may, for example, extend ;tround
the comer.l 12 and onto ‘the top wall 108 of the housing 102.
The ports 12 and 14 of the first anienna element 10 are connected to the first

25 transceiver 116, and the feeding ports 62 and 64 of the second antenna element 60 are
14



be nmounted on fewer or further surfaces or planes, and may, for exanpl e,
extend around the corner 112 and onto the top wall 108 of the hdu§i pigP 1085
The ports 12 and 14 of the first antenna el enment 10 are connected to the
first 25 transceiver 116, and the feeding ports 62 and 64 of the second
ant enna el nent 60 are 14 ,0 5 SEP 2066 WO 2004/001898 PCT/ CA2003/ 000876
connect ed t0° LB ond transcei ver 114. The operatll’Gﬁ’CéF““?t’W@mel | e device
100, al ong coMedeby Mﬁsaaoﬁ@&an@a%ﬁﬁp%d obd 0P G/ lie ddvite SRS V%Eleghlg Tor e

detail belowwith reference to Fig. e device In

nul ti pl e- elaikeRy tird REPRARG infsde B, WRALSH i RYre d&ﬁr below v ¥IMeEs b€ @ data
communi cati on device, a voice comunication device, a dual -node
conmmruni cat il idevi ce such as a nobil e tel ephone havi ng data conmuni cati ons
functionality, a personal digital assistant (PDA) enabled for wreless
comuni cat i ons, A anobili degice mswhinirai hulddewienmnC aitdnomnis diepléneated may, dorwi r el ess nodem
operatid? in conjunction with a |aptop or desktop conputer or sone other
el ectrom c cHemple e pdats gommanicativn ddvicg. a volee icommurishin ldedéeag dmbmede a nobi | e
comruni cation device. The nobile device 100 is a dual-node nobile device
and i ncl ud&smARuRiGatens deyisgefuchyge y @obiier teleghongy l@rla@rderee@mni%@s a di spl ay
922, a non- volat e nmeno 924, random access nenor 926, one or
nore auxil i WW"F%&W?&"{%%@’W "f?lﬁﬁm GEY eradled 5 W“&"’%é?’f“&‘l‘“‘“ﬁ'i‘?ﬂi 2930, a
keyboard 9 a er 934. a mcro ort-range W rel ess
communi cat ﬁvdfr?ls?ss CTE? S O%Crlﬁwﬁ?l@r a ﬁg"s%’?ﬁ%’l 08331“581@%“"%%93’{“8@ 942. The
transcei verazgppogtawes@%ﬂc @ﬁgr%ga itk lorlfliciEeg Al enna el ement s 10 and

60, the fir trans e Second LFanscer ver 114, one or nore

| ocal oggill at ofig 1943 piRPEa dgrﬁn SHaGdbid coﬁnﬂﬁ’i@éﬁorp&egﬁc?sﬁlgﬁmggﬁg\)iccg20

The, antenna el enents 10 and 60 are the first and second antenna el enents

of a multipbe-iel £HeNimod tnRBitA deWdd &1 BbS®s| NGlHI@%r anddk agih! i,¢ 20 coupl er
(not shown), such as the parasitic coupler 80 or 82 described above.

microprocessor 938, a display 922, a non-volatile memory 924, random access memory

(RAM) 926, one or more auxiliary input!output (I/O) devices 928, a serial port 930, a
keyboard 932, a speaker 934, a microphone 936, a short-range wireless communications
15  sub-system 940, and other device suB—systems 942,
The transceiver module 911 includes first and second antenna elements 10 and 60,
the first transceiver 116, the second transceiver 114, one or more local oscillators 913, and
a digital signal processor (DSP) 920. The antenna elements 10 and 60 are the first and
second anterna elements of a multiple-element antenna, which also includes a parasitic
20 coupler (not shown), such as the parasitic coupler 80 or 82 described above.
Within the non-volatile_ memory 924, the mobile device 100 preferably includes a
plurality of software modules 924A-924N that can be executed by the microprocessor 938
(and/or the DSP 920), including a voice communication module 924A, a data
communication module 924B, and a plurality of other operational modules 924N fof

25  carrying out a plurality of other functions.
15



Wthin the non-volatile nmenory 924, the nobile device 100 preferigé
includes a plurality of software nodul es 924A-924N t hat can be e EPe&ﬂﬁéy
the m croprocessor 938 (and/or the DSP 920), including a voice

conmmuni cation nodul e 924A, a data conmmunication nodul e 924B, and a

plurality of other operational nodules 924N for 25 carrying out a
plurality JYO¥P4WI%% unctions. 15 05 SEP 2006 WO 20FET/GA08H@s7s

PCT/ CA2003) 00087f hbile ANe! 180 q&egfafe@bl}qub S bdufahitdiby advich WNiRY

comuni cation device having voice and data communi cation capabilities.

Thus, . for evonsTah@®datd ERRIBIELE cagiitee HRY, foB¥mlQ WIHDLEAERicOYRY a Voice
netvvork, such as any of the analog or digital cellular networks, and may

al so conmuninayatogumwiete everlavaicer@tvek, lsuch &R @ny6fi theeanglogl oddigial agisywor ks 5 are
depicted in Fig. 11 by the communi cation tower 919. These voice and data
net wor ks nagivods, ané pay stoconmnmicateiovetaidata netedrvo Tesroikis and gats sapedriat e
infrastructure, such as base stations, network controllers, etc., or they
may be int e #pisid infi Lhbithaepmmupication toyer 919 cThasrvkice Ed dhia tatearkscei ver 114 and
116 is nornal ly configured to communicate with different networks 919. 10
The tr ansce’f’*\‘)’eg ° SRURE g omgupication petwerks gsivgofeRare infresaugiyre: fuchias batst wor ks 919,

and i ncl Ud?ﬁ% t he tf| gst transcei vell{ 116, the second transceiver 114, the
one or noré IS‘lsalnew SO B P ey Jpay bentepsaipd guya stpgle viSIesso20 s used t o

end and r nal d fromthe transceivers 114
an 116, aﬁr% pr ovE%g%geﬁvt%?g{“ d%w Sn"a?mal?ﬁc?g r%dr 10 CPRcafe, g I1\{4 an 116.

| f the voi cgradidhedal®a ofomuni cations occur 15 at a single frequency, or
cl osel y-spaced sets of frequencies, then a single local oscillator . 913 may

be used1on conj TRGish@avertdbliid 1€ id §:BNB BN Wil iRNEbABo1cALier nati vel y, i f
different frequencies are utilized for voice comunicatlons versus data

conmmuni cat iindhgles thé Gist el 116} e Nednd krtisetbvbrl Y140fhe bRCE m@SGdchl at ors 913 can
be used to generate a plurality of corresponding frequencies. Infornation,
whi ch i ncl udekatdyo k3, vanid ke 8RR dat aThienDOP A0 iiOMsed to send and receive
communication signals to and from the transceivers 114 and 116, and provides control
information to the transceivers 114 and 116. If the voice and data communications occur
15  at a single frequency, of closely-spaced sets of frequencies, then a single local oscillator
913 may be used in conjunction with the transceivers 114 and 116. Alternatively, if
different frequencies are utilized for voice communications versus data communications,
for example, then a plurality of local oscillators 913 can be used to generate a pluralitf of
corresponding frequencies. Information, which includes .both voice and data information,
20  is communicated to and from the transceiver module 911 via a link between the DSP 920
and the microprocessor 938, |
The detailed desig‘nl of the transceiver module 911, such as operating frequency
bands, component selection, power level, etc., is dependent upon the communication

network or networks 919 in which the mobile device 100 is intended to operate. For

25  example, in a mobils device intended to operate in a North American market, the
16



20 is comunicated to and fromthe transceiver nodule 911 via a |link
between the DSP 920 and the m croprocessor 938. The detail ed dqugggpfﬁmpe
transcei ver nodul e 911, such as operating frequency bands, conponen

sel ection, power level, etc., is dependent upon the conmunication network
or networks 919 in which the nobile device 100 is intended to operate. For
25 exanpl e, W@ {08 | e device intended to operate PRTEAMSHRPE™Ameri can

rar ket Neandiud 18 567 A00fka SO0 IRIFLS BT CA200340R08F0 1 ansce ver

114 may be designed to operate wth any !oi a variety of volce comunication

networks, sueeibrassubth@ dBbieET oo Dadlet ¥ Aletile iR chifmélitAonGRINEHET cation
net wor ks, AMPS, TDMA, CDMA, PCS, etc., whereas the transceiver 116 is

confi gured AMPSTOM, EDMAWPCS) etch vhérbiRthedhafiscei @O NIBUN chfidute@ o siRfaw0r k and the
GSM voi ce comruni cation network 5 in North America an possibly other

geogr aphi cavithrthgBRRSglata Adminamivation uetvyrtk ariatbdGIM avi@eeimaiicatich hétwaikd 116 i S
configured to operate within a different operating frequency band

associ at 2d Neh fresica epnessibly other sogrdphioplyesionsf Altrartatislyk sach baneskivers GSM and  GPRS
networks, or different operating frequency bands for CDVA networks, as
descri bed a4 18 fefonfignedole operatg ayifhingp difigisnicepemtingnbeanency badh separate and
i ntegrated, naé?fﬁﬁf be utilized with a 10 nobile device 100. Dependi ng

upon t he t g% HPRE Grrelotes tirss Riepds, syoh as GRY adORRSgevedrent s for  t he

bil e devi ge. . al . | in the. Nobit d Dat aTAC
data networ Bl Rl g Gkt by P CoRICHRIeH o festrle Mot Rmao) ng & uni que
I denti fi catyQpor d %%Bic%ﬁ%%ﬁ)tg@g%ﬁsﬂﬁgkgnﬁ% atéﬁ)ngwe%o%g%/tﬂﬁ%wﬂhg CPRS data

net wor ks, however, networ i'S assocl W a subscri ber or
user of i@ radbhd&vderpce. A GPRS device typically requires a subscriber
identity nodule ("SIM) in order to operate a nobile device on a GPRS

net work. Local DepeddgupdheQyps of REVBAN:GavbiRI0 1D URC b VSquirbden®d) MaY Dbe
operable, wthout the SIMdevice, but a nobile device will be unable to
carry out. ameyméhileddvicon80 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
15 access is associated with a subscriber or user of a mobile device. A GPRS device typically
requires a subscriber identity module ("SIM") 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 functions -
involving communications over the communication network(s) 919, other than any legally
20  required operations, such as ‘911’ emergency calling.
After any required network registration or activation procedures have been
completed, the mobile device 100 may the send and receive communication signals,
including both voice and data signals, over the networks 919. Signals received by the

antenoa elements 10 and 60 are routed to the transceivers 114 and 116, which provide for

25  signal amplification, frequency down conversion, filtering, and channel selection, .for
17



i nvol vi ng comruni cati ons over the comrunication network(s) 919, obher t han
any legally 20 required operations, such as '911' energency call ﬁbSEﬁfﬁ&ﬁ
any required network registration or activation procedures have been

conpl eted, the nobile device 100 may the send and recei ve conmuni cation
signals, including both voice and data signals, over the networks 919.
Signal s rectPPEHEB t he antenna el ements 10 and 60 PAFEARMSH®BI6 t 0 t he

transcei ver sahdidh 2 L;@.alo@/][a% Iﬁi?na@rc%&&. [Qki02 B EkiAN Sy drfddecat i on,

frequency down conversi on, ering, and channel selection,. for 17 0 5

SEP 2000 \i€eRRO4iRA18R%s Rhoké GARPIOS/ BRRBIGHGX iktoss, sh W6l digids anal og to
digital conversion. Analog to digital conversion of the received si gnal

al | ows nor edegodnbitiex ardaleetding eolbel @Ffofd @iingOhs DSB Bh RS sighilgi haaher, denodul at i on
and decoding to be perforned using the DSP 920. In a simlar manner,

signal s to dignals tocha granisiittedifrdnn thennbbile deidei I0@arelpradessed, inoRdiag Modaladmessed,

i ncludi ng nodul ation 5 and encodi ng, for exanple, by the DSP 920 and are

t hen pr og/i Fad epepdigg o pxample. byt tharidPefMWemd ate] them prgvidetiGtof e oflitigi t al t o anal og
conversion, frequency up conversion, filtering, anplification, and then
transm ssi offI$FPIETS {14 and 146 ifest digitaln for RlAg: cavesTiem frequency rupgonversignaddi t i on t o
processi ng ﬁhe CO nLcatiﬁg signal s, the DSP 920 al so provi des for

transcei ver™ &0k fiticaor, and thepransmussiqn via is pssociated atemaglamentd ot % conmuni cat i on
signals in the transceivers 114 and 116 aptively controlled

t hr ough autonatF%QE%P%“ggﬁ?? @e%FE%?F%ﬁﬁ%g?%gﬁﬁﬁgﬁﬁﬁngWVPﬁéstp 920. O her
transcei ver | 0L : .50 1 .epented in the DSP 920 in
order to pr%@?§%£%%$§*§%5 I gﬁgggbdgg%ﬁﬁgg?B%Phgﬁ%%&§ﬁ§ﬁ§%33$br nodul e 911

The 1 ClEPrRGR&Y 119384 RI6Sh&! tﬁbidéiati%l?w}‘ @&E&le@'&gougtp QJt&NngJﬁ§ glif! Corf¥ie ][ al |

operation of 15 the dual -node nobile deviece 100 ny-types o
M Cr opr 0C e SagfitmOimplEmeiteiGH the DIP bR, Vthes Bhtls@iviCeoktHe SodiRinl colld alsed| t ernati vel y,

a single DSP 920 could be used to carry out the functions of the
m cr opr ocessdmpl@Bdted liroiv DSY SR0 mosTHa 1o prddidcomort Wipisticals® contrBlCdf Ui Ng  at
transceiver module 911.
The microprocessor 938 preferably manages and controls the overall operation of
15  the dual-mode mobile device 100. Many types of microprocessors or microcontroliers
could be used here, or, alternatively, a single DSP 920 could be used to carry out the
functions of the microprocessor 938. Low-level communication fuﬁctions, including at
least data and voice communications, are performed through the DSP 920 in the
transceiver module 911. Other, high-level communication applications, such as a voice
20 communication application 924A, and a data communication application 924B may be
stored in the non-volatile memory 924 for execution by the microprocessor 938. For
example, the voice communication module 924A provides a high~leve1- user interface
operable to transmit and receive voice calls between the mobﬂe device 100 and a plurality

of other voice or dual-mode devices via the network or networks 919. Similarly, the data

25  communication module 924B provides a high-level user interface operable for sending and
18



| east data and voi ce communi cations, are perfornmed through the DSP 920 in
the transceiver nodule 911. Qher, high-1evel comunication appl.ficatSEhdils
such as a voice 20 commruni cation application 924A, and a data conmuni cation
application 924B may be stored in the non-volatile nenory 924 for
execution Sy the m croprocessor 938. For exanple, the voice conmmunication
modul e 924APIEAMES a high-1evel user interface ofEFEAIEY0’ ransnit and
recei ve .voi : S WeER %%q@'l b lity of other
voi ce or ddgﬁfl@cfe’ﬁlglﬁsces anﬁa e éﬁ’éﬁ?ﬁ%‘“ﬁ@#&%ﬁg@ gﬁg@%&é@% mlarly, the
data 25 conglnk&edn @0 o li&iR2A8 Rl qvgﬂeﬁy af N ahie iBlicebl S erfhe | Nt er f ace
operable for sending and 18 ,0 5 SEP 2006 WD 2004/001898

PCT/ CA2003/ni&61Pob€ssdi ©8%L4186] ifteradknkieh ottfetl Gvic SubGrstiry, buchRStEO@STay 984, | €s, or gani zer
i nformation, short text messages, etc., between the nobile device 100 and
a plural it yheobon-odldigr maloted2dctie RAM. 929 hie autlicy Dpitonps F40) sBid@ieak so | nteracts
wi th ot her device subsystens, such as the display 922, the non-volatile
menory 924 92§ e ssRiAipog 98), the keybaardd3R.ittesgeaken$Bdt thexipiopitong 986,0de shabsyst ens 5 928,
the serial port 930, the keyboard 932, the speaker 934, the m crophone 936,
t he short - "8hGemewsieaions celsystms 940 by anve pthay A% vigh qubsyipme t ssearalljevi ce
subsystens general | desi gnated as 942. Sone of the subsystens shown in
Fig. 11 pe LRrdEs nication-related functions, whereas ot her subsystens
may provide "resident. or.on-deyice,functjons. 10 Not abl one

subsyst ens, sugﬁm%égﬁW%S%@V58§ﬁ m@?ﬁ'gﬁd lﬁ@%HPS%WﬁVm§ﬁ§m§P5 used for both
communi cat g el 3k £k S#&%Bﬂsﬁﬁnsa C&ﬁa% ‘%{Hd%{c‘ 0904 Egétfun%%é age for
transm ssion over a data co Ri'Cation network, ang device-resident

functi ofs %ﬁﬁy,@@m@suﬁ@t&ﬁﬁl QLIP%; theqc@ﬁﬁard 938 bind theq{isgﬂgv BB i ¥RE functions.

Operating system software used by the m croprocessor 938 I's preferably
stored in QomodicRRn IR RctiSs Buéh o8 BRBing s ek esAR oV Rngthibi R of@ADry 924. In
addition to the operation system which controls all of the |owl evel
functions @hta tdagnuaiddiioh Rerdlel,iab@deVitOresiidRCiuitfihs wvh af 4 daulator, task list,

or other PDA type functions.
Operating system software used by the microprocessor 938 is preferably stored in a
15  persistent store such as the ném-volatile memory 924. In addition to the operation system,
which controls all of the low-level functions of the mobile device 910, the non-vola;ti}e
memory 924 may include a plurality of high-level software application programs, or
modules, such as fhe voice communication module 924 A, the data communication module
924B, an organizer module (not shown), or any other type of software module 924N,
20  These software modules are executed by the microprocessor 938 and provide a high-level
interface between a user and the mobile device 100. This interface typically includes a
graphical component provided through the display 922, and an input/output component
provided through the auxiliary I/O 928, the keyboard 932, the speaker 934, and the
microphone 936. The operating system, specific device applications or modules, or parts

25  thereof, may be temporarily loaded into a volatile store such as the RAM 926 for faster
' 19



menmory 924 may include a plurality of high-level software applicatjon.., .
programs, or nodules, such as the voice comunication nodul e 924&,3&,@' 2008
data communi cation nodul e 924B, an organi zer nodul e (not shown), or any

ot her type of software nodule 924N. 20 These software nodul es are executed

by the m crﬁg{g)r ocessor 938 and provide a high-level interface between a
user and t ¥ W18 devi ce 100. This interface typi PETIC)R20HEYItes a

graphi cal c SR NorebVef) YdcBIRA do ont i i nput / out put
conponent gjragvi ded t hrough th@%ﬁni%ﬁ}%wgg?&%ﬁ%ﬁg%ﬂgd ‘932, the
speaker 934the RAM 926Ebefdid FeiABAI SyrilROihen] Rea P8Rk 180G 5] flisteiPeCi fi c devi ce
applications or nodules, or parts 25 thereof, may be tenporarily | oaded
into a vol attir¢ euchtagrie sumeohbladis ntelery RAM IR6E nbmvolatik shékory 38 BaySte SEP 2006 WO
2004/ 001898 PCT/ CA2003/ 000876 operati on. Moreover, received conmmrunication
si gnal s mayimplementddefon axprprde, ay 4 Klash memmneabmpanentt dn @ baRadyb&REL-upBAMII € per manent | y
witing themto a file systemlocated in a persistent store such as the
non-vol afi | e nefbi*prpioy applipasionerule 243k that mayheriesded @@ 4hemmpiletievicei npl enent ed,
for exanple, as a Fléﬁs mepory conmponent, or a battery backed-up RAM 5 An
exenpl ary aPBi & RIoB I'I%H’G‘F‘E TopnagRy @RG: 2pplicytiop draviging SPAckcHorelf nobi | e devi ce

100 is a per.sonal . infornmati on nanage P application providing PDA
functi onal istu‘a], @ csaheB%I 5_3%’&1’8??35‘?#%3%‘{1?&‘, ’%pﬁ‘hﬂ?@’r‘ﬁ SUNGRY P®sk Ttems. This
managi ng. phane (AP e v GGl NodB3/R I ol e S St wi th the
data commungfigtetQn cmﬂ & ket YRR A e QiR | nications and ot her
data transm ssi (;;nsl.1 Aiﬂtjie]r r%atii;el y,ﬂggf}Pco Bﬁ%ﬁ%ﬁnﬁg@%gﬁaﬁgeof t he voice

comuni qat i il cometidiRne 4 e ddi\BinGiadRns ms&vgﬁt&iﬂﬁm@m‘s&gﬁm 24B may  be

integrated into the PI M nbdul e. The non-volatile nenory 9 referably

provi des a dfitle eoicyommumitation il 9244 fd Mk MiP@RmuRfatiBl MbRbeuE hgTs and ot her
data on the nobile device 100. The PIM application 15 preferably includes
t he abil it yeintegwied ihtcthedPIMeneluee data itens, either by itself, or in

The non-volatile memory 924 preferably provides a file system to facilitate storage

of PIM data items and other data on the mobile device 100, The PIM application
15 preferably includes the ability to send and receive data items, either by itself, or in

conjunction with the voice and data communication modules 924A and 924B, via the

wireless networks 91‘9. The PIM data items are preferably seamlessly integrated,

synchronized and updated, via the wireless networks 919, with a corresponding set of data

items stored or associated with a host computer system, thereby creating a mirrored
20 system for data items associated with a particular user.

The mobile device 100 may also be manually synchronized with a host system by
placing the device 100 in an interface cradle, which connects the serial port 930 of the
mobile device 100 to the serial port of the host system. The serial port 930 may also be
used to enable a user to set preferences through an extemal device or software application,

25  or to download other application modules 924N for installation. This wired download
20 |



conjunction with the voice and data conmmuni cati on nodul es 924A and 924B,
via the wreless networks 919. The PEA data itens are preferably] 5 SEP 2008
seanl essly integrated, synchronized and updated, via the wrel ess networks
919, with a corresponding set of data itens stored or associated with a
host conpu stem thereby creating a mrrored 20 systemfor data itens
associ at edﬁ%"ﬁ%a?}ﬂggarti cul ar user. The nobile devi c&@TERMYHYPIEt so be

manual |y sypainmenbe edd v fohd & HEFhtion Y&t B Y devite 261ifhGis b Hred@Mice 100 in an
interface' cradle, which connects the serial port 930 of the ' nobile device
100 to t he wseth¢dathampenchangifg eiveplimmsitfosyasdncoter 1 REreBAI domhuf@fidn BR0 may al so be
used to enable a user to set preferences through an external device or
sof t war e apfferfacss fop pther 2red dovinivadipaihs imeja tie provided imthp ol tdevivs 100dtul es 924N f or
installation, This wired download 20 0 5 SEP 2006 WO 2004/001898

PCT/ CA2003/ tf988% S 9 etpadas theiserial moe @30 oFor exaniplers Eniversylfeiiad Buk@yBont o t he

devi ce, ghich is.a mre secure_ nethod than exchangi ng encryption

i nf or mat " onPB\PEMAES ajinterfagedta @ SgilaRy pavipRtd newsonel cateputer prater desiees f or ot her wi red
downl oad pat hs Hﬁé{tiol%el'doéo"i ded i.n the ile device. 100, in _addition to or
i nstead of the Serial porte aeycahqaypodales, desN may be Jardod pato fhe qpobles] Bus (USB) 5

port providgs; I f ' simlarly equ pped personal conputer or

ot her devi c%?wéi% J%%r?g‘%ﬁ?%{% tzaé}}r%ug%f)npﬂx%lg? ﬂ@ﬁﬁféﬁ% g@ 8’?}3@3 t]Fﬁay be | oaded

onto the noRkd gnv| s MOr hr h.an auxiliary 1/0

subsyst em 928, %frrt\r ou:fgh?\{ﬁ;l hgg Siogg#g?&;%}u{%@@%,s@%%%‘u%@’ ?rhea?h%"ryt -range

comuni cat i s sitHIS yidiyesia 944) andQfistalil b 1YUORerIN Yhe n9&~%ﬁ8§%§b5§%ms ubsystem 942,
0

and installed by a user in the non-volatile nmenory t he RAM 926.
Such f1 i bihé iRAM | 926.5 SicdhWasebilBP R is6rHaie0 BpplidBbR lidsaldien Rekeages the
functionality of the nobile device 100 and nmay provi de enhanced on-device
functions, fuectienslityiof sheinmhily devia¢ €00 ahdimay provise enBincdiOdnhievibeOfincB%ATPl €, Ssecure
comuni cation applications enable electronic commerce functions and ot her
such fi nancioRmutipagppsiglatefl ofvgctions, dpebqsier For memhpiesi egird hvemmmdidatiéy devi ce 100.

applications enable electronic commerce functions and other such financial transactions to
be performed using the mobile device 100.

15 When the mobile device 100 is operating in a data communication mode, a
received signal, such as a text message or a web page download, is processed by the
transceiver module 911 and provided to the microprocessor 938, which preferably further
processes the received signal for output to the display 922, or, alternatively, to an auxiliary
/O device 928. A user of mobile device 100 may also compose data items, such as email

20  messages, using the keyboard 932, which is preferably a complete alphanumeric keyboard
laid out in the QWERTY style, although other styles of keyboards such as the known
DVORAK keyboard or a telephone keypad may also be used. User input to the mobile
device 100 is further enhanced with a plurality of auxiliary FO devices 928, which may

include a thumbwheel input device, a touchpad, a variety of switches, a rocker input

21



15 When the nobile device 100 is operating in a data conmunication node, a
recei ved signal, such as a text nessage or a web page downl oad, k% SEP 2805
processed by the transceiver nodule 911 and provided to the m croprocessor
938, which preferably further processes the received signal for output to
the display 922 or, alternatively, to an auxiliary 1/0 device 928. A user
of nobile AERPUOB rmy al so conpose data itens, sRSA/CAIOEWEES 20
messages, U§ji .h - Whi [ ete
al phanuneri c tﬁ%;%og?éé%*?‘%%&ggtégf ﬁ%ﬁgﬁé‘%ﬁ%@%‘%@%&“ﬁf 8@? ot her styles
of keyboar d@an&tigh masuld 1€. known DVORAK keyboard or a tel ephone keypad may
al so be used. User input to the nobile device 100 is further enhanced with
a plurality of Wheni thé aibileldeRcetidUiicaBra@@Bn aWaice Borifhication Glod€lenea t hunbwheel
i nput device, a touchpad, a variety of switches, a rocker input 21 0 5 SEP
2006 WO 200#ADGE88& dPEE MOAR AO®E QO0B W alydihild to it data mbbg exxepipaised data itens
i nput by the user may then be transmtted via the transceiver nodul e 911.
When t he? nobieived genalscase pOBably tsparmat tonte ispeaker \934 eml edermignals fori on node, t he
overal | operation of the nobile device is substantially simlar to the data
node, exceptar{iRsson ap paeRied &Y & imigiephene o136 Piterhative ypige lok 2wtin B0t to t he
speaker 934 %nd voi ce si\%_nal s for transm ssion are_generated by a

(

m cr ophone Y%E A Pt 3541 Ole Mets1ee Eecoffing sHatyaemy ey alsp b pleawrted auch as a voi ce
nmessage regprdi.ng.sub may al so be [npl epented on the nobile device
100. %!tho&gel'n (\’Pglg%eé"c%?%;ég}fo hs‘ic’}géﬁﬁli aug‘ﬁfﬂﬂ‘r’? tﬁrp?%eé’glil?ﬁ?malbsgﬁrrpl i shed
primarily tpﬁ]‘éﬂg‘ﬁ“ﬂgﬁ"%‘%?tﬁfps’ gr 39,3653 d}splgxt glizzlgiya o0 Zezusguayo al S0 atl)le used to

provide an 1 i‘on“of the i1den a calling p%{?‘fly, t he duration

of a voige iffidation Pthe RlhBF orURhGR: pard), the dﬁr&ioﬁ%?yvogcgtﬁf FottePice Ea?r exanpl e, the

m croprocessor 938, in conjunction with the voice comrunication nodule and
the oper at irelgediifoinibn Ofok YRkfle, thBMicrdRb@br 93818n 6@Juh&ion witl@Bldidel cat i on
information of an incom ng voice call and display it on the display 922. A

shor t - r angecnmnnmiaandnC abiuk ands the Sypsia@iE S4bn | Sitadrs Omiynadusstled tabert he nobil e
devi ce ’

identification information of an incoming voice call and display it on the display 922.
A short-range communications subsygtem 940 is also included in the mobile deﬁce
15 100. For example, the subsystem 940 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” and
“802.11’; refer to sets of specifications, available from the Institute. of Electrical and
20  Electronics Engineers, relating to wireless personal area networks and wireless local area
networks, respectively. |
This written description uses examples to disclﬁ:se the invention, including the best
mode, and also to enable any person skilled in the art to make and vse the invention. The

invention may include other examples that occur to those skilled in the azt.

22



15 100. For exanple, the subsystem 940 may i nclude an infrared device and
associated circuits and conponents, or a short-range RF communi ctti 8&P 7855
nodul e such as a Bl uetoothrm nodule or an 802.11 nodule to provide for
comunication with simlarly- enabled systens and devices. Those skilled in
the art will appreciate that "Bluetooth” and "802.11" refer to sets of
specifications, available fromthe Institute of Electrical and 20

El ectroni cs Engineers, relating to wirel ess personal area networks and
wirel ess |local area networks, respectively. This witten description uses
exanpl es to disclose the invention, including the best node, and also to
enabl e any person skilled in the art to nake and use the invention. The

i nventi on nmay PPYAPHIBRE ot her exanpl es that ~occur to those skilled in the
art. 25 22 0 3%8¥¥ 2006 PCT/ CAGe100s75 W chin: 1. A nultiple. el ement.
antenna for a multi- band wi rel ess nobile comuni cation device, conprising:
5 a first antenna elenment having a first operating frequency band; a second
antenna el enent ~ ha\iuige-gensacoemaa Gpermaltitag virckgusdhiky cobaeitasand posi ti oned
adj acent .the first antenna el enent such that the second antenna el enent
magnetical |y doigpFemissg the first antenna el ement; and a parasitic coupler
Posi ti oned adjacent the firs n na El nt .and the second 10 antenna
el-enent. for?enhanﬁéﬁamg?gc°ﬁ%ﬁ%§%§§i coup |n6m%€tmeen-the first antenna

el ement and the $@&RRGnAR{ SRt RMBEER bookd bRM@R fi@ncpahdShd i C Coupler. 2.
The multiple elenment antenna of claim1l, wherein the fast antenna el enent,
the second ampbsiéomedadipbeaniinfist saoe eleeenphwrliathitt thecsewod) piam éhmert posi ti oned on a
singl e substrate. 15 '

elestromaguetically couples to the first anienna element; and
& parasitic coupler poshioned adjacent the first antenna element and the second
10  antenna element for enbancing electromagnetic conpling between the first antenma elemcnt :

#nd the second antenna element theongh the parasitic conpler.

2 The mv_;lﬁpfé-element antenma Of claim 1, whersin the first antenna element, the
: secbnd antenna element, and the pa_xasili'c eoupler are posikoned on & single subsirate,
.18 -
N 'i'ha multiple-slement antenna of cleim 2, wherein the substrate js a flexibie
dieleottic substrats, ‘ l

4, Themultiple-element antenma of clalm 1, wherein:
20 . - the first antenna eiemant comprises a feeding port and & top conductor section; and
& portion of the top conductor section Is positioned adjscent the second anterma

element and the paragitic coupler.

3. The multiple-sloment antenns of claim 1, whereiﬁ:

P



3. The multiple-elenent antenna of claim2, wherein the substrate is a .
flexible dielectric substrate. 4. The nmultipl e-el enent antenna ofu & akh dilh
wherein: 20 . the first antenna el enent conprises a feeding port and a top
conductor section; and a portion of the top conductor section Is

posi ti oned adj acent the second antenna elenent and the parasitic coupler.

5. The multiple-elenent antenna of claim11, wherein: 23 05 SEP 2006

PGT/ CA03/ 00876 the first antenna el ement conprises a first port connected
to a first conductor section, a second port connected to a second _
conductor sect] and a third conductor section connected to the first
conduct or secﬁpﬁﬁm% N

t duldfn §1&%&%ﬁ&9?%&h% ekl ¥ sbihGialcof St POrt and the

second port are configured to connec e first antenna s elenent to
conmruni cat i ONSecidnl €4dbokd Poit cemickedoto P Gavdnt Gdchdfor dedrien, bl o Eraeiagtact Or section i s
posi ti oned adj acent the second antenna elenent and the parasitic coupler.
6. The mul ti plsedmermaed iefn fEhmondun seetopgnd hesecopg rapdasirsectionn 0 t he ficit conductor

section has on el ectrjcal ngt h: the electrical ngth of the first
conduct or secti onﬁ’Ie s%%“’f‘e“ﬁ%%dgf“od??gta&ehm?% afce oﬁe g"fth’%“"’fmi*rst ant enna

el ement to §MeLans Smiindddfcca@f NI cations circuitry; the second conductor
section has a second electrical length; the third conductor section has a
third el ectrical kgodph bf thedind coudictorivestiondsppriiine kbiwet hesdond eyt h and the third
electrical length are selectﬁg to tine the -first antenna elenent to the

first opendug “PROHILHER L7 The multipl e-el enent antenna of claim 1,
wherein the second antenna elenent is an open fol ded di pol e antenna.

8. The multiple-element anteima of claim 5, whereln:
10 the first condnetor seetion has an electrical lenpth;
the edectrical length of the first conductor section is selected to match impedance of
the fiest antens element to impedance of ths communications civeuitry;
the second eondurtor section has a second eleotrical length:
the third conductor seetion has a thind electrical length; and
15 the seeond electricnl Tength end the thind electrical length are selected to tme fhe

first sntenna eletent to the first operatiog frequency band.

7. The multiple-clement antema of claim 1, whezein the second antenna element is an
-open folded dipole antenna.
20
8 ‘The mulﬁple—ale;ncnt antenns of elaim 1, wherein:
the second antenna eleent includes a top losd; and
dlmqnsinus of the top luad 4re selecied to tune the second antenna element to the

second oparating frequency.



20 & The nultiple el enment antenna of claim1, wherein: the second antenna
el ementi ncl udes atop | oad; and di nmensions of the top | ead are sel @dt &fF#t LS
tune the second antenna elenent to the second operating frequency. 24. 0 5
SEP 2006 PCT/ CA03/00876 9. The nultipl e-el enent antenna of claiml,
wherein the second antenna el enment includes a first conductor section and
a second conductor section. 6 10, The nultiple-el enment antenna of claim?9,
wherein the first conductor section and the second conductor section
define a gap. 11. The nmultipl e-el enent antenna of claim 10, wherein a al so
of the gap is seh@sddst0 set a gain of the second antenna el enent 10 12.
The multiple-elenment antenna of claim9, wherein the parasitic coupler is
positioned adjacent the first conductor section and the second conductor
section. 13. THe nilstuutiplesimtent patprm ofrelaam havherbin 6 adcord Sntemgielmenitn t he fir st

antenna el enent_ |j 5 sitiponed adj acent one of the first conductor
section and théncfgéfﬁsdwgﬁﬁﬁ%'{%?ﬂ§§E+"?‘8’Fﬂ“"“§$?“°’ﬁhe nul tipl e-el ement antenna
of claim 13, wherein, when the first antema elenent s operating in the

fast opening frequency band: the frost antenna el enent el ectromagnetically
coupl es to the M®neemultifieedt sienma2dclmn Bomatkio he SRR AMGs luge second
conductor section; and the first anetna el enent el eotronagnetioally coupl es
to the ot her of'®fepfed qopdedier sectiopBis@€8r section and the second conduct or
section through the parasitic coupler. 25 05 SEP 2006

11 The multiple-clement antenna of claim 10, wherein a size of the gap is selected to
* geta gain of the second antenna element.
10
12. The multiple-clement antenna of claim 9, ﬁherein the patasitic coupler is
positioned adjacent the first conductor section and the second conductor section,

13.  The multiple-lement antemma of claim 9, wherein the firat antemma element is
15  positionsd adjacent cne of the first conductor section aud the second condactar seclion.

4. Tho multiplo-element antenne of claim 13, wherein, when the first anfenns element
is operating in the fimt operating frequency band:
the first antenna element electromagretically couples to the one of the first
20 comcinctor gestion and the second conduttor seotion: and
the fiest antenns element eleotromagnetically couples 1o the otker of the first

conductor section and the second conductor section through the parssitic coupler.



PCT/ C 03100876 15. The nultipl e-el enent antenna of claim 1, wherein, when
the second antenna elenment is operating in the second operating [f fefiE@ndio
band, the second antenna el ement el ectromagnetically couples to both the
parasitic coupler and the Ent antenna elenent. 0 16. The nultiple el enent
antenna of claim1, further conprising a third antenna elenent having a
third operating frequency band and positioned adjacent the parasitic
coupler. 17. The muitlple el enent antenna of claim 16, wherein the third
antenna elenment is 10 positioned adjacent the second antenna el enent. 18.
The multiple-c lgﬁﬂﬁos ntenna of claim 16, wherein the third antenna el enent
i's positioned;ad e filipeleRBenf dabefde o BhiR M) b VR the sbdndl ShyenskN
mul ti pl e-el ement antenna of claim1, wherein the parasitic coupler
conprises a sddpsit & npeidiglindestoond ppglatingdomennc ey the dofondniennieidnientpl € el enment
antenna of claiml1, wherein: the parasitic coupler conprises a fol ded
conduct or bayi FR§FHHTHF ¥“°?PBH&EP&%P%@E?WM%E'§W@§%6M conduct or
section; the first conductor section is positioned adjacent the fat antenna
el enent; and the, second conductor section is positioned adjacent the
second ant egnajée! anemilipl:2Bmd: MedkRf R0 Al TokpARR DBRI Suedh. The mMitiple
el anent antenna of claim1l, wherein the parasitic coupler conprises a
plurality of siemelkbuingahiydopertiog Btameynienl ad Posifigned adjatetttipl patatticement  ant enna  of
claim 21, wherein the plurality of stacked 5 parasitic elenents conprises
a plurality ofm'f?[]‘&t aposed conductors. 23. The nmultiple el enment antenna of
claim21l, wherein the plurality of stacked parasitic elenents conprises a
plurality of end-to end stacked conductors. '

17.  The multiple-clement antenna of claim 16, wherein the third antenpa element is

10  positioned adjacent the second antenna ¢lement,

18.  The multiple-elément antenna of claim 16, whemin the third antenna element is

positionsd adjacent the first antenne elerent.

1 19,  The multiple-elemont antenna of claim 1, wherein ihe parasitte conpler comprises @

substantially steaighe conductor,

20.  The multiple-slement antenna of claira 1, whereln:

the parasitic ooupler comprises a folded comductor having & firet condyctor section

20  and asecond conductor sepfion;
the first conductor section i positioned adjacent the first antenna element; and
the second conductor section is positioned adjacent the second antemns slement.



to 24. The multiple element antenna of claim 21, wherein the plurality of
stacked parasitic elenents conprises a plurality of offset stac SEP 2005
partially overlapping conductors. 25. A nmultiple-el enent antenna for use
with a wirel ess nobile comuni cation device 1s having a first transceiver
and a second. transceiver, conprising: it single dielectric substrate; a
first antenna elenent on the single dielectric substrate and configured to
be connected to the first transceiver, a second antenna el enent on the
single dielectric substrate and configured to be 20 connected to the
second transceipepaondely second antenna el enent positoned adjacent to the

first antenna 3 emRiintfkedtnsit Aitdmelolfuivd £ FREH iR PirR MO dnghh RRFs

el ectromagnetically couples to the first antenna elenment; and a parasitic
coupl er posi ti cinedly gntddparasidenignentsdi el ectric substrate adjacent the first
antenna el ement and the second antenna el ement for enhancing

el ectromagnetic coupling 27 0 5 SEP 2006 PCT/ CA03/00876 between the first

antenna el enentyang tgﬁ?pﬁ O anfdiiz G RB:xCh1E TRk rﬁH@P arasitic
coupler. 26. The nu et| p e-%g'f?egrrgnt antenngl’o Q%ﬁ g‘?% 4 °1\tz\%§lfe in the
mul ti pl e- el esre iasioéleRRsohmises Dplsatitydf jdkpail catiducloitast one i nsi de surface of

the wirel ess nobil e communi cation device. 27. The nultiple el enent antenna
of claim 25, wherein the wireless nobile comrunication device is a

dual - band wirel,gss bi cO i catipon device, an erein. the first

ant enna elenenﬁgisﬂﬁﬁﬁgﬁ%%mgy$lrsf&gﬁgr tﬁhﬂm¥pﬁa@@ﬁgﬁgﬁﬁﬁﬁ and the second
10 antenna el erpaitie dmede2Bimfsel Optdetiy 8GN ARGkl bbbt €JUency band. 28. The
mul tiple el ement antenna of claim 25, wherein the wireless nobile

comuni cation device is selected fromthe group consisting of: a data
conmmuni cati gn ' :
10 24, The multiple-elessent antenns of claim 21, wherein the plemlity of stacked

parasitic elements comprises & pluality of offsst stacked, partially overlapping

conductors.

25. A multiple-clement anterna for use with 2 wirgless mobile communication device

16 having a first transoeiver and a secuufi transeeiver, comprising:

] Sir;gle dislectric substrate;
& first zuienna element on the single dielectrs Suhsrxate and conﬁgmﬂ to be
connected to the first transcedver;
a second autenna element on the single dislechic substrate and configured to be
20 comnecied to the second transceiver, the second antenna eloment positioned adjacent to the
first antenna element such that the second antenna element electromagnetically couples to
the first antenna element; and

a pasasitic coupler positioned on the single dielestric substrate adjacent the first

antenny elernent &nd the second antennd element for enbancing electromagnetic coupling

21



devi ce, a voice communi cati on devi ce,

a dual - nrode communi cati on devi ce,

a
mobi | e 16 tel ephone having data comunications functionality, a peris&hal 7805

di gital assistant (pDA)
emai | conmmuni cati on devi ce,

enabl ed for w rel ess comruni cati ons,
and a wreless nodem 29. The nultipl e-el enent

it wireless

antenna of claim 25, wherein the first operating frequency 20 band

conprises a 900OMHz commruni cati on frequency band,

and wherein the second

operating frequency band includes both bn 1800MHz comruni cation frequency
band and a 1900MHz communi cation frequency band. 28

10

16

PCT/CAOZ/00876
between Ghe first anteana clement and the second antenna element through the paresitic

coupler.

26.  The multiple-cloment antenoa of clalm 25, wherein the multiple-clement antenna is

mounted on atleast one inside surface of the wireless mobile comnmunication device.

27,  'The moltiple-tlement antepna of claim 25, wherein the wireless mobile
communicativn device is a dual-band wirefess mobile communioation device, and whersin
the first antenna element is tmed to a first opesativg frequenoy band and the second
anienna elemnant is tined to 2 second operating frequency band.

28. The multiple-clement antenpa of claim 25, wherein the wireless mobile
communicafion devies is selected from the group consisting of: & date commmpication
device, a voice communication device, a dual-mode cormunication device, 4 mobile
telephone having data communications functionality, a personal digital assistant (PDA)
enabled for witeless communications, a wireless email communicstion device, md a

witeless modem.

29.  'Tho puiltiple-clement antenne of claim 25, whereln the first operating frequency
band comprises & P00MHz communication frequency band, and wherein the second
operating frequency band includes both an 1800MEHz communication frequency band and
& 1900MHz commmication freguency band,

28



