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10 BACKGROUND OF THE INVENTION

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

15  Generally, embedded antennas are preferred over external antennas for mobile
communication devices for mechanical and ergonomic reasons. Embedded antennas are
protected by the mobile device case or housing and therefore tend to be more durable
than external antennas. Although external antennas may physically interfere with the
surroundings of a mobile device and make a mobile device difficult to use, particularly in

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

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

mobile device antenna design is to ensure that the antenna operates effectively in
1



different positions, since antenna position changes as a nobile device is
noved. Typical operating positions of a nobile device include, for
exanple, a data input position, in which the nobile device is held in one
or both hands such as when a user is entering a telephone nunber or enui
message, a WoPed+gBd¥ffiuni cati on position, in which the 5 iMJWA22488Ze may
be held next to a user's head and a speaker and m crophone are used to
carry on a conversation, and a "set down" position, in which the nobile
device is not in use by the user, and is set down on a surface, placed in
a holder, or stored in or on sone other storage apparatus. |In_these

posi tions, tdfEerers epsidonpeAge AHaHd Positer Henges ay haob ke s meved Hypiekdr, and
t he storage apparatus can all block the antenna and degrade its 10

per f or nance.oPRPtiRoPRFHIorhe! avkibile deded Belupe fapnexagels o2 Bt mgsitisedr by t he
user when in the set down position, the antenna should sti]l operate in
thi s positi othi¢hothamopidndavice drild & onegmbari eads wah &5 yhea susekisSRisTiBdrbedded
antennas tend to performrelatively poorly, particularly when a nobile
devi ce is ifelgPhpps Eempe MiLAHaRFHECH 3sTHGEOFPMMEIINVARIIRe éb P difgIt o an
aspect of the invention, a nultiple-band antenna having first and second
operating frediledeNceratids EmsKl ©asisy § figad indyninepkes MIABICIHPROG L6 EFSL ed
primarily wth the first operating freguency band, a second patch
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10 performance. Although the mobile device is not actively being used by the user when in
the set down position, the antenna should still operate in this position to at least receive
communication signals. Known embedded antennas tend to perform relatively poorty,

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

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

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



operating frequency band. A nmultiple-band antenna system according to

anot her aspect of the invention conprises a nmultiple-band antenna and a
nounting structure. The nultiple-band antenna 5 system has first and
second operating frequency bands and conprises a first patch structure, a
second pat chW@emwetdtrle el ectrically coupled to the firstPqiaaehngosytture, a
first -slot structure disposed between a first portion of the first patch
structure and the. second patch structure, a second slot structure disposed
bet ween a second portion of the first patch structure and the second pat ch

structure, a feedin ﬁOInt | ec rlcally | ed o the 10. % “eseon
structure, éﬂﬁm%eghgu 8 Hoi tmﬁtegﬁF“ aFW@ ﬂﬁf PBTphY patch
structure, mhe[el t he E irst patch structure and the first sIot structure
f or m maj or ﬁﬁﬁ?%%ﬁ ﬁwﬁﬁa "Meceiving structures for the first operating
frequency band, second patch stru t he Se ond
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10 first patch structure, and a ground point electrically coupled to the second patch structure,
wherein the first patch structure and the first slot structure form major radiating and
receiving structures for the first operating frequency band, and the second patch structure
and the second slot structure form major radiating and receiving structures for the second
operating frequency band. The mounting structure comprises a first surface and a second

15  surface opposite to and overlapping the first surface. The first anct second patch
structures are mounted to the first surface, and the feeding point and ground point are
mounted to the second surface.

A wireless mobile communication device incorporating a muitiple-band antenna
is also provided. The wireless mobile communiczttion device comprises a first

20 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 paich structure



associated primarily with the first frequency band, a second patch
structure electrically coupled to the first patch structure and associ at ed
primarily with the second frequency band, a first slot structure di sposed
between a first portion of the first patch structure and the second patch
structure a0 Wt ed primarily with the first frequdgyCARAISENd a 5
second slot structure di sposed between a second portion of the first patch
structure and the second patch structure and associated prinmarily with the
second frequency band. Further features and aspects of the invention wll
be described or will becone apparent in the course of the follomnng

det ai | ed degeiorite GAmanly B BF o Semrepy bNdor sepd prebwinesrerslegticplly s a top
view of a nultiple-band antenna according to an enbodi nent of the

i nvention; Fciogi?lechtoi tge §rsh ottty pucEBRratd dseociAs\prisfarihwithntfict ‘iefﬂ“é-ffﬁ"éi‘ﬁfl‘chnt enna
of Fig. 1; Fig. 3 is a bottomisometric view of the nultiple-band antenna
of Fig. | arhdnha firstslohsirustyrradisposastichipes ﬁEFéP‘EfF@“ Ofpbﬁf‘rsﬁpqt@ sHuEeE APSomet ri ¢

view of the antenna and nounting structure_ of in an assenbl ed
posi tion; Fi% 5350Wd§a%§héFIE‘§%fﬁ§é‘?;t‘ﬁs%9é?d Rff"%%lbf"“f‘ h}é‘ féfﬁ‘tféf‘r‘ﬂﬁ%?céﬁép%%i i ng
structure along line 5-5 of Fig Fig. 6 is a rear view of a nobile

devi ce i ncorFOPAEhY e ?fm%‘?dpfreé“*%aﬁde%w@@ﬁﬁ@n oA AT IEUF Gt ure of
Fig. 4, and Fig. 7 is a block diagramof an exanple bile device. 4 WO
2004/ 049501 ISCTIRAPHERI DS EL ] apseTAlrd BERBESER) BFisesqnd frequency band.

Further features and aspects of the invention will be described or wili become

apparent in the course of the following detailed description.

10 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
15 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;
20 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.



Structures in the nultiple-band antenna descri bed herein are sized and
shaped to tune the nultiple-band antenna for operation in nmultiple
frequency bands. In an enbodi nent of the invention described in detail

bel ow, the nultiple-band antenna 5 includes structures which are primarily
associ at ed woonesof a first operating frequency bandcandhegesend
operating frequency band, thus enabling the nultiple-band antenna to
function as the antenna iota multi-band nobile device. For exanple, a

mul ti pl e-band antenna nmay be adapted for operation at the d obal System
for Mbile communications (GSM 900MHz frequency band and the Personal
Conmuni cati on System (PCS) 10 Didenlielfie PERGRIPTIONose skilled in the art wll
appreciate that the GSM 900 band includes a transmt sub-band of

880- 915MHz and aSretwivie tsuipubipldadd 5HGBONedz:ibedrigreithere PES! afdrshepgemecy band
simlarly includes a transmt sub-band of 1850-1910MHz and a receive

sub- band of W@30w 1'9YOMEtband knwidal foal orate apprégilatedudryy bhsse kit ed in
the art that these frequency bands are for illustrative purposes only.
Such an ant exnbadimay pindeeinderbien deSerited iigdetdi! thelovp ehatnenliipe-bandesntqpad r s of
operating frequency bands. Fig. 1 is a top view of a multiple-band antenna
accordi ng t dncirdepsityodiiarevhichgire prvearily pegegiatgdomith arigeof mbirstiopgraungdreducant enna 10
includes the structures 12, 14, 16, 18, 20, 22, and 24, as well as

mount i ng borberd 9@ a sp@nd Ipera@p, fr@ygency hendzdus THElireharvHpbiondgnoga t9g, 30,
32, 34, and 36 are used to nount the antenna to a nounting structure, as
wi |l be 20 feeser pbéd apigniauing hewltideandintobie Howge nFa enpopletd owltinlettandi g. 4.
The mul tipl e-band antenna 10 includes patch structures 12 and 14, sl ot
structures an@nignoky1®, adapied faywpergtiostat thetGletend Spem o Meahilg commupigtlioRs ant ennas
are popular for their low profile and virtually unlimted possible shapes
and sizes, aA8M) {98MEht fequerebibpid pdutifiec RersenainS opouuiion sogem (PCS)

PCT/ CA2002/ 001842 )
10 frequency band. Those skilled in the art will appreciate that the GSM-900 band includes

a transmit sub-band of §80-915MHz and a receive sub-band 925-960MHz, and the PCS
frequency band similarly includes a transmit sub-band of 1850-1910MHz and a receive
sub-band of 1930-1990MHz. 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
15  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, 22,
and 24, as well as mounting bores 26, 28, 30, 32, 34, and 36. The mounting bores 26, 28,
30, 32, 34, and 36 are used to mount the antenna to a mounting structure, as will be
20  described in further detail below in conjunction with Fig. 4.
The multiple-band antenna 10 includes patch structures 12 and 14, slot structures
16 and 18, and tuning structures 20, 22, and 24. Patch antennas are popular for their low

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



allows themto be made to conformto nost surface profiles. Patch antenna
pol ari zations can be linear or elliptical, with a main pol arization
conponent parallel to the surface of the patch. Slot antennas are used to
enhance the field strength in required directions by changing their

ori ent ati onsvo @penatiing characteristics of patch and sl atcranmzennasiare 5
est abl i shed by antenna shape and di nensi ons. Principles of operation of
patch and slot antennas are well-known to those skilled in the art to
whi ch the present application pertains. In the nmultiple-band antenna 10,
the patch structure 12 is a first structure associated primarjily with a
first frequeteys Bamdo PHMAtH ©IFORRED NP BITRCHER m%n%%ﬂhﬁmTﬁap BBHef at es.
The patch structure 12 j.s.generally C-shaped, including t en or.tions,
at the I eft-“a&Ae ipFagRE oligiial St PolEe TE?@O&?%%&@&?@W 3*1 %n the
view shown in Fig. 1, and an adjoining portion, alang the top.of the

Ul L il o baril Biferid e GrbE dhrte St et fhavert SRR fe” 12
have a nost pronounced effect on antenpa operati chargcteristics in the
first froquettipBallar CEERAIRS (HRETABE GArTHBHEHOR BY “Fhaoy frpes S
frequency. band, .as well as anten ain in the first frequen and. O
course, in aFﬁS?bhsﬁ'Eﬂ Y Hienps eéﬁ‘?&'ﬁ%ﬁﬁgﬁc%rlﬁgmﬁ)?{%ﬂ?é%’ﬁ%g}lp‘rﬁ&gangé’r@ of the
ant enna associated_mﬁtn one fne uen@ ba&d ma |.s0 affecttotpggmgperating
frequency baFa"Sr2 ¢ K& LROEHAD hO5F oK %bw F i ReV N H1opP &R 58 Bnna 10,
the effects of the right-hand end portion of the structure 12 on the
second oper &8 f requency band are not as significant, as will be

described in 20.f rthqﬁwgﬁ%?él e%%gihséggﬁggtﬁgﬁﬁgﬁHEtuQFﬁ%ﬁSL&” second

structure associ 4t & p¥ _ 0 ifig” fr equéncy band of
AR o e S A L S
6 10 operates. The patch structure 12 is generally C-shaped, including two end portions, at the
left- and right-hand sides of the multiple-band antenna 10 in the view shown in Fig, 1,
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
15 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 antenna, although
in the multiple-band antenna 10, the effects of the right-hand end portion of the structure
12 on the second operating frequency band are not as significant, ds will be described in
20 further detail below.
The patch structure 14 is a second structure associated primarily with a second

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

patch structure 12, operating characteristics of the multiple-band antenna 10 in the second



WD 2004/ 049501 PCT/ CA2002/ 001842 frequency band, including frequency and
gain, for exanple, are primarily affected by the size and shape of the
second structure 14. The slot structures 16 and 18 are simlarly adapted
such that each has a dom nant effect on one or the other of the first and
second frequemeip+biedds. The sl ot structure 18 is 5 posikdigmedoionisthe
mul ti pl e-band antenna 10 and di nensioned to affect antenna operation in the

first frequengyndaag, 1Wrg%a‘§eq§JQ%y%h9%alﬁt{oP€§Mﬁe 18 Jrgnd@shftd-pued @nd

di mensi oned to primri | fect antenna operation in the second frequency

band. The |gngt.h, ﬁ@ggFﬁ@smﬁhg&EwQﬁeﬁ@Ch slot structure 16 and 18 not only
v

sets the respecti requency bands of the slot structures 16 and 18, but

al so affects therhg@;op m%rmte dqfs 3} EmH ed Qulindi 8381 Q dbh-SAUeNCY
o 1R N

bands. For exanple, anglng gth of the slot structures 16

and 18 may Jgrps Que e ANHERNA, Uﬂh@ﬁ st B%&tsggo%ﬁrf}ehbe%%ygéHd%‘_hTffJ‘ﬁot%ﬁB& e gruc“”es

12 and 14 are's orted alon nul t|p

antenna 510 ;Blo%u%e rl %E-q‘%ﬁa& %%Er{}ggﬂ}@r&lﬁq%lén%&‘g;eigf?efcf’%& %rjﬁ't?orpat ch

structures FiRe hi's provi y In the

design of g o gerqaérl%y LE0S. AN ED0A J0.40 Khe N, pos dmg@%on@w%

di mensi ons ' he”s truct bres
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20 have a and 18 may improve antenna maich, but sacrifice gain.
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
structures 12 and 14 along the line 39. This provides flexibility in the design of the
15 muitiple-band antenna 10 in that the positions and dimensions of either or both of the slot
structures 16 and 18 may be changed without significantly degrading performance of the
multiple-band antenna 10,
Tuning sﬁuctures 20, 22, and 24 arc wsed for fine-tuning the multiple-band
antenna [0. Although connected to the first patch structure 12, the tuning structure 20
20  forms a tuning tab for the second frequency band. As described in further detail below,
the left-hand end portion of the first patch structure 12 is a shared portion which is used

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

second frequency band, However, the dimensions of the tuning structure 20 have a



7, WD 2004/ 049501 PCT/ CA2002/001842 dom nant effect on the second
frequency band. Thus, fine tuning of the second frequency band is
acconpl i shed by setting the dinensions of the fine tuning tab 20. The
tuning structure 22 is also for fine tuning of the second frequency band.
By changi ngvobhe+besgth of the tuning structure 22, the marciro@ndisgai n of
the second 5 frequency band can be tuned as required. Fine tuning of the
mul ti pl e-band antenna 10 in the first frequency band is provided by the
tuning structure 24. The tuning tabs in the tuning structure 24 affect the
overall electrical length, and thus the operating frequency band, of the
first structdeménabReffecBwnehe sehanddrequeney binde Abisofire wihing biethe sehendifrequdsey t uni ng
structure 24 also affect the 10 dinensions of the slot in the tuning

struct ure 2dand ispecomplisheg by enttingoherdimpesias phige Fanigrinpfab 2he antenna 10 is
normal ly performed at the same tine, so that effects of fine tuning of one
band are conpensdhetinhy stdjtus 22 iigpisonfer Bre toirg of baisergnd freaverayrbesd.f BY t he

ot her band. Referring nowto Fig. 2, operation of the nultiple-band antenna
10 wi || be cHewingi hedeigh fofithehemingestaiciure BP.gthe 2ngieh andpetie orh the et i ¢ vi ew
of the multiple-band 15 antenna of Fig. 1. A feeding point 38 and ground
poi nt 40,5 wiflchuanes padtchvee hingres reag'dor es 42 and 44, are shown in Fig. 2.
The feeding point 38 and the ground point 40 form a single feeding port
for the nultipl eFlsandniantoéiba mubilagiad anipgpaliled ha fEstniiupry ediite, the
ground point 40 is connected to signal ground to forma ground plane for
the nulti plreavired By et BRpRSIIOureidd EhsduTeseldbsig tisduning ggieivse Horifsrelet o one
or nore transceivers 20 operable to send and/or receive signals in the
first and se¢TAYcestEsidmE. Ky, thaprpiging fepuanpubindy efttha it SREWHA % r equency
bands, established as descri bed above, are received and radi ated by the
nul ti pl e- bakyeariteuahdhe gimeapiors efctheolpeigiethectuging igpctpsg 24 also affect the

10 dimensions of the slot in the tuning structure 22, fine tuning for both operating bands of
the antenna 10 is normally performed at the same time, so that effects of fine tuning of
one band are compensated by adjusting one or more tuning structures for the other band.

Referring now {o‘ 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

15  antenna of Fig. 1. A feeding point 38 and ground point 40, with respective mounting
bores 42 and 44, are shown in Fig. 2. The feeding point 38 and the ground point 40 form
a single feeding port for the multiple-band antenna 10. When installed in a mobile
device, the ground point 40 is connected to signal ground to form a ground plane for the
multiple-band antenna 10, and the feeding point 38 is coupled to one or more transceivers

20 operable to send and/or receive signals in the first and second frequency bands.

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

the first or second frequency band is received by the multiple-band antenna 10 and



the first or second frequency band is received by the nultiple-band antenna
10 and 8 WD 2004/ 049501 PCT/ CA2002/ 001842 converted into an el ectrical
signal for a correspondi ng receiver or transceiver coupled to the feeding
poi nt 38 and ground point 40. Simlarly, an electrical signal in the first
frequency bangl2ospb@koii s i nput to the nultiple-band ant errmaconeiaasthe
feeding point 38 and ground point 40 by a transmtter or transceiver is
radiated fromthe nultiple-band 5 antenna 10. Wen operating in the first
frequency band, the structures 12 and 18 of the nmultiple-band antenna 10
radi ate and receive signals polarized in directions both parallel and
per pendi cul apnveged Ineo patiadrist sipel re cd@espondingoeddpe patrinveivwarmgledtto enhance
the gain. In the second frequency band, operation of the nultiple-band
ant enna 10 itk fegdibgtpaint Balahd gsiund Ipaint 40.n Sirhilslyc ars electhoavesigasl, intthe fist r uct ur es
14 and 16 are the major 10 radiating and receiving conponents. Therefore,
t he mul ti pl drchamdy bntderineh &0npf foeths muliptechead astegnall via tn$erdmgipomt ahd
reception relative to known antenna designs, since it uses a conbi ned
struct ure ofand gpatd hoinafll by k dtanamttermdrandtechr inondatebfropehamiligleybaahd
basically radiates and receives signals polarized in nost popul ar
di recti orfs. ahtanitahils Whemnapesatinha thefifsbfreqane ehid, theestryeietes pR endl B dlathel ant enna
10 is less affected by orientation of a nobile device, such as in the data
i nput posi t inowtipl¢-bamdwaoiess Komdiatmiasditerave posistpobnizedandiredtionsth pywite! posi ti on
descri bed above. Performance of the nmultiple-band antenna 10 is further
enhanced whend pdipendignteetnie fashsoemitre 2 b @-apeentd manettp goftapeedhagrishown i n
Figs. 3-5. Fig. 3 is a bottom 20 isonetric view of the multiple-band
antenna of Fig. In tadcemdafmtaenta mdinetergos tof ube ondiiplehagd apichra A0tipp
isonmetric view of the antenna and nmounting structure of Fig. 3 in an
substantially similar. In this case, however, the structures 14 and 16 are the major

10  radiating and receiving components,

Therefore, the 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-

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

Performance of the multiple-band antenna 10 is further enhanced when the
antenna is mounted on a mounting structure as shown in Figs. 3-5. Fig. 3 is a bottom

20 isometric view of the multiple-band antenna of Fig. 1 and an antenna mounting structure,
Fig. 4 is a top isometric view of the antenna and mounting structure of Fig. 3 in an
assembled position, and Fig. 5 is a cross-sectional view of the antenna and mounting

structure along line 5-5 of Fig. 4.



assenbl ed position, and Fig. 5 is a cross-sectional view of the antenna and
nmounting structure along line 5-5 of Fig. 4. 9 WO 2004/ 049501
PCT/ CA20021001842 In Fig. 3, the nmultiple-band antenna 10 is shown
substantially as in Fig. 2, and has been descri bed above. The nounting
structure 5o sopnebar abl y nmade of plastic or other di edcgatazicomateri al,
and includes nounting pins 52 and 54 on a support structure 53, and a
preferably snmooth non-planar nounting surface 60. The nounting structure 50
also 5 includes a fastener structure 62, an alignnment pin 64, and ot her
structural conponents 66 and 68 which cooperate with housing sections or
ot her parts of almBpid éedesmipdebind anlainehl 0 it thewamtten@allyss inf§g. 3l dmsldhas For
exanple, the alignnment pin 64, serves to align the nmounting structure
rel ative to baepdastrived almveanbh¢ exodaingceuatire A id prefertiysnale b pldicatriotygr
alignment hole. The fastener structure 62 is configured to receive a
screw, ri vetdidactratringeriaf, asd @pledestroubOngapitavnt ié onp syrpbri glretinigt. @nda t o
anot her part of the nobile device once the nounting structure 50 is
proper |y al ipgigeably Fmeothulonippine- awding rudmeab01 0 The mepetingr atvbprentfunalbed to
the nounting structure 50 before the nounting structure is attached to
ot her part s imfludssig frsterer molitire 63 emiabgnmenhpin Hdl and piher Haatira aerapanant1 66 and
nmounting structure 60 conprise an antenna system generally designated 70
in Fig. 3. 25dfhehisbariping yWinkpusing sasdoBor giher pios p? 4 oyabide deiice ewRighpor t
structure 53 so as to be received in the nmounting bores 42 and 44,
respecti vel yhe antrang is irstafted. t Foplesaripin dhe dignmemaini@. sesvep ¢ iligindite®OWMBRE nount i ng
as indicated by the dashed lines 56 and 58. The nounting pins 52 and 54
are then prefrestabliiatiyeftormed of @ mokilstdevise whisbdndieflep 6i avppBing sligniiede gr ound
point 40 to the support structure 53 on the nounting structure 50. The 20
nounti ng pi melesThe fasterma simppjure 6is cortagupideo raseivh a sarevstrRby At BB o el t ed
to overlay a

10y 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 lmounting structure 60 comprise an
antenna system generally designated 70 in Fig. 3.

15 The mounting pins 52 and 54 are positioned on the support structure 53 $0 as (o
be received in the mounting bores 42 and 44, respectively, when the multiple-band
antenna 10 is positioned for mounting as indicated by the dashed lines 56 and 58. The
mounting pins 52 and 54 are then preferably deformed to mount the feeding point 38 and
the ground point 40 to the support structure 53 on the mounting structure 50. The

20  mounting pins 52 and 54 may, for example, be heat stakes which are melted to overlay a

| portion of the feeding point 38 and the ground point 40 surrounding the mounting bores
42 and 44 and thereby retain the feeding point 38 and the ground point 40 in a mounted

position.
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portion of the feeding point 38 and the ground point 40 surrounding the
nmounti ng bores 42 and 44 and thereby retain the feeding point 38 and the
ground point 40 in a nounted position. 10 WO 2004/ 049501 PCT/ CA2002/ 001842
The top side of the antenna system 70 is shown in Fig. 4, in which the

mul tiple bard ant/ersma 10 is in a nounted position on thearouarpi2zigisss r uct ur e
50. As shown, the nounting bores 26, 28, 30, 32, 34, and 36 receive the
nounting pins 27, 29, 31, 33, 35, and 37, which are then preferably
defornmed as descri bed above to retain the multiple 5 band antenna 10 in the
mount ed position. The nultiple-band antenna 10 |lies substantially against
t he snmoot h surfadke 89 sidaehthesurtedsystamt Wes sipumtin Kig. $tinwdticlr &e 50ItpRNe
surface 60 in Figs. 3-5is an arced surface, although other surface

profil es maybanhstead 1B6& nsedounfdepositionph thy rhonéeg 2Ecurg’0. 363 sewn, thad 34 are
surrounded by bevel ed surfaces, as shown in Figs. 1-4. These bevel ed
surfaces sermantitg pfifssit 2H30d3% giarnd 3bheceivoulmt hengtindpies 27,139, 1M the
surface the nultiple-band antenna 10, such that the cooperating nounting
pins are | ocad 8@ Werlbwetthen mefefblyedefimedhes Aescritiep|aboysan detaiit bh EtPE- when t he
pins are deforned to retain the nultiple-band antenna 10 in its nounted
posi tion.5 Dépehditang: LUipde ménstedippsitiern| THeimmldrde-bavA gnterns d8digs ppsemlliobi | e
device in which the antenna system 70 is to be inplenmented, a snooth

fini shed pr@giing tfegmopheudire Shrvhes youeipd 7o thermayating suetare S5 Thasect her eof

m ght not be crucial, such that nounting bores need not be displaced from

t he surface 68fin Fige 3riib 81 prasl werrg, divesraher ourfapparofiistimay Hgtepbieseds, 42 and
44 are such flush nmounting bores. As will be apparent fromFigs. 4 and 5,
the nounting st r Geg upwtingborps26s BHotOh32. Bt 34wse srtogpded by bpyelqd; seifRess: a5 t he
portion of the nounting structure 50 which includes the nounting pin 37
tapers away shownintiss Fembhaselervelsd surpsessgive sedisgionr displase e grounting bores

10 from the surface the multiple-band antenna 10, such that the cooperating mounting pins
are located below the surface of the muitiple-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 systern
70 is to be implemented, a smooth finished profile for the antenna system 70 or particular

15  parts thereof might not be crucial, such that molunting bores need not be displaced from
the surface of the multiple-band antenna 10. The mounting bores 36, 42 and 44 are such
flush mounting bores. As will be apparent from Figs. 4 and 5, the mounting structure 50
is smooth, but not flat. In particular, the portion of the mounting structure 50 which
includes the mounting pin 37 tapers away from the remainder of the surface 60, such that

20  the mounting pin 37 lies below the other mounting pins 27, 29, 31, 33, and 35. This is

| evident from Fig. 5, for example, in which only the mounting pins 29, 31, 33, and 33 are
shown. Similatly, the feeding point 38 and ground point 40 are disposed below a surface

of the multiple-band antenna 10, where a smooth finished profile might not be important.
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20 the nounting pin 37 |lies below the other nounting pins 27, 29, 31, 33,
and 35. This is evident fromFig. 5 for exanple, in which only the
nounting pins 29, 31, 33, and 35 are shown. Simlarly, the feeding point
38 and ground point 40 are di sposed below a surface of the nultiple-band
antenna 10, wihengvasanooth fini shed profile m ght not bedmpaptzantss2 11 WO
2004/ 049501 PCT/ CA2002/ 001842 Thus, a multi pl e-band antenna nay incl ude
of fset mounting bores such as 26, 28, 30, 32, and 34, flush nmounting bores
such as 36, 42, and 44, or both. The nultipl e-band antenna 10 may, for.
exanpl e, be fabricated froma substantially flat conductive sheet of a
conduct or s Ukhs,asmdioppband sateum munpcleild ofEet mamtingbeyed weh esithgd Slatpi ng or
ot her cutting techniques, to form antenna bl anks. Munting bores may be cut
or stanped asdthdlubi mpksingbees wrmeBs, 62, ant #4. bekbthi.nt o the flat antenna

bl anks. Antenna bl anks are then deforned into the shape shown in Figs. 2
and 3 to conf or ¢ ontlhglemuntitegnas tiPugenr éorsexanmly, ebndebricated frefdf r mat i on
of an antenna bl ank could be performed while an antenna is being nounted
to the nountsibrepngeiyuldat spedusive stie of G Foadusion GuPoISNOPES HPHINgMe SIHE" 61 nt 40
are bent at 46 and 48 to position the feeding point 38 and ghrdoun_d poi nt 40
rel ati ve 5t o golde using slemping 1 Prheg gutting techriqeasiEr fopa dnierns biprkier MawtigE |

bel ow. As shown in Figs. 3-5, the nultiple-band antenna 10 i ncl udes bent
portions 46 bogadnardeiht ehstpreradestthes Bipgks s fraed: (ve diibedinkythpdichint=@82 and t he
ground point 40 to the first 15 structure 12 and second_structure 14. The
first structblanks. 12nisner blaeks ger thed deformed e the shansrahpya dn gigsi 7 80d $UPf ace of
the structure, which conforns to a first surface, the surface 60, of the
mounti ng st carouR & BO mverng Kecwin 10 pABeBrivalyadenitgon of psaniepng planky ynt ed
position. The bent portions 46 and 48 position the feeding point 38 and
ground poi ntcould be performed while an antenna is being mounted to the mounting structure 50. The

10 feeding point 38 aﬁd ground point 40 are bent at 46 and 48 to position the feeding point
38 and ground point 40 relative to the structﬁres 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

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

20 surface of the mounting structure 50. The feeding point 38 and ground point 40 thus
overlap or oppose the first and second structures 12 and 14,

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

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

12



on a second surface of the nounting structure 50 opposite to and

overl apping the first 20 surface of the nmounting structure 50. The feeding
poi nt 38 and ground point 40 thus overlap or oppose the first and second
structures 12 and 14. As those skilled in the art will appreciate, the bent
portions 46 vamebo4dBwadd electrical length to the first andisecndiss:
structures 12 and 14, providing a further neans to 12 WD 2004/ 049501

PCT/ CA2002/ 001842 control antenna gain and frequency for the first and
second frequency bands. Also, as shown nost clearly in Fig. 5, the bent
portion 48 orients the ground point 40 opposite the second antenna el enent
14, which i nfIbelaEany e 3ad ifrﬁ%tﬁ&@/ fi@ét‘*\ﬁégﬁf g second frequeacy basds.i plse- ¥and
antenna 10. The di stance_ between the ground point 40, which fornms the 5
ground pl aneshern kst qlearly il haircbearitoBin 48 pocnta i srgvad seleiitpreesiadieur e 14
affects the capacitance between the ground plane and the nultiple-band

ant enna 10, ﬁﬁﬁ?r‘éhafitﬁmf‘LFrJ"rP’e“éflf“eé"théChanréﬁiﬂ’fas JatanacdgecenByueen pHepindegai n and
mat ch can thereby be enhanced sel ecting the di stance between the ground
pl ane and tH@”Hﬁ?ﬂ?%1@“%ﬁﬁ&osﬂW%éF@Pﬁ”ﬁéww&ﬁ&fﬂ@§@é@ﬂﬁ§ﬂ1Wﬁcﬂﬁﬁ@ﬁgﬁons of

t he Squﬁit structure 53 accordlqg Fig. 6 is a rear view of a nobile
devi ce i ntory?d tWﬂﬁ‘%H@3ﬁﬂF?#ﬂpé B%ﬁﬂméﬁﬁéﬁh@eSﬁﬁﬂdﬁﬁﬂﬁﬁFﬁéag??ﬁe?ure of
Fig. 4. As wll arent to those skllled in the art, the nobile device
100 15" nor nePYIQE CPAREY A1/ OIS UFUH HPROHOVSIA HAVTIE TrbhL, rear

top, bottom ut and out put devjces such as a

nd side surfaces ta
di spl ay and %ﬁta“%éiﬂ}‘ﬁ%{ﬁ Btn ‘V@y‘rﬂi‘f&}i’ aﬁeén%&%#wdi At Gt BEeR PhEHARISE ¥ r ont
surface of a bl|ﬁ eV|c§§ % np gﬂand m crophone for voice input and
output are t5i5reE T oS et e e Bl b sl vey

the top or bot% S} rface, t he nobil e V|ce £§UCh nobil e devices often
i ncor por at e AP EE TR ¢ é’&etf(?%%o”esltr@%tt“ie @‘i‘??ﬂ”ﬁ Y-energy radi at ed
10 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 froat, rear,

top, bottom, and side surfaces. Data input and outbut devices such as a display and a

keypad or keyboard are normally mounted within the front surface of a mobile device. A

15 speaker and microphone for voice input and output are typically disposed in the front

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

devices often incorporate a shield which reduces electromagnetic energy rad.iated
outward from the front of the device, toward a user.

In Fig. 6, the mobile device 100 is shown with a rear housing section removed.

20 Internal components of the mobile device 100 are dependent upon the particular type of

mobiie device. However, the mobile device 100 is enabled for voice communications

and therefore includes at least a micrdphone and speaker, respectively mounted at or near

a lower surface 80 and an upper surface 90 of the mobile device 100. When in use for
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outward fromthe front of the device, toward a user. In Fig. 6, the nobile
device 100 is shown with a rear housing section renoved. 20 Internal
conponents of the nobile device 100 are dependent upon the particular type
of nobile device. However, the nobile device 100 is enabled for voice
comuni cat i oms 200an@séiher efore i ncludes at | east a m cr ophanrevandospeaker,
respectively nmounted at or near a |lower surface 80 and an upper surface 90
of the nobile device 100. Wien in use for 13 WD 2004/ 049501
PCT/ CA2002/ 001842 voi ce comuni cations, a user holds the nobile device 100
such that the speaker is near the user's ear aqf thﬁﬁnicrophone i S near

0% 1eh TrbiF

the user's 6§t ROMMRHECHRPSR Fsg5iokh thempedisdiing! bitf @A ICE™ and i n
particul ar between the antenna 10 and the Ironﬁhgf thq ggbil% devi ce 100.
5 Gener al | y heaiserseiar HI tBsmisranbaRs:s BOF 1 GRFr oA ol PRI &v FER S A s 100
wi th one hand when engaged in_a conversation. such, the. top ar
portion of thfempilsidedcyds Hepardqylnr belgen Wﬁéntﬁwm“#iﬂﬁl féq"f)%tﬁi‘e éﬂ'é’@hna 10,
is relatively unobstructed when the nobile device 100 is in the voice

connunicati&ﬁ“ﬁ%gmtionz t hereby providi ng enhanced perfornmance conpared to

known ant ennas and bile devices. 10 I.n a.sim.lar nanner, . tion of
t he nultﬁple-ban@aﬁggﬁnﬁéﬁﬁhﬂﬁhaﬁﬁmﬁPﬂﬁo%Of?5%@#H%”ﬁﬁ8ﬁ%f§&é@§&hgﬁ ot her

Cliah s, key ot BT GARRER oLt ot bt 1 O Rogsr Bmerolf Houle2Rs “on 2"
I W R T R RN R S R
devi ce, positioned on a |ower 15 sect.ion of the W%Q | e device,  and, thus
supports or SAEFALO? e Mot YA EPBRVEFAOR PRI SO GeVRENNE (2] ?ﬁat t he
top rear Se%tcx!fc?r%ar?ge CE)rrrllgarg})ttc))iklngwg gr\{t!ar%gs arn rrrr?'clobﬂg déjvl}]frc)eEJ.St ructed. Many
10 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 2 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
15  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
mobile device holders and storage systems engage only the lower portion of a mobile
device, and thus create no further barrier to the multiple-band antenna 10 in the mobile
device 100. In other types of holders or set down positions, the multiple-band antenna 10
20 may be somewhat obstructed, but not to any greater degree than known embedded
antennas.

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

6, not only radiates and receives in plurality of planes of polarization as described above,
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nobi | e devi ce hol ders and storage systens engage only the | ower portion of
a nobile device, and thus create no further barrier to the nmultiple-band
antenna 10 in the nobile device 100. In other types of holders or set down
positions, the multiple-band antenna 10 20 may be sonmewhat obstructed, but
not to any gveabensieiagree than known enbedded ant ennas.pctiuapoztobm.s2

mul ti pl e-band antenna 10, nounted in a nobile device as showmn in Fig. 6,
not only radiates and receives in plurality of planes of polarization as
descri bed above, 14 WD 2004/049501 PCT/ CA2002/001842 but is also |ocated
in the nobile device so as to be substantially unobstructed in typjcal use
posi ti ons ofbut kelsaodsialed injBgineedile PaYieq 191 a8l pe t@“téiﬁt/é‘ﬁﬁﬁgu%%f’dam%% to
aspects of the invention are applicable to different types of nobile

devi ce, i ncluwsdpasions @itheaRehisidevictiat a conmuni cation devices, a 5 voice
communi cati on devices, a dual -npode comuni cati on devi ces such,a% nmobi | e

t el ephones havi niluHipiee pIMAMNERES PSRRI BTEGHE] e {1 Veniop aFstRAIPYiYi t al

assi stants (PDAs) enabled for wireless comunications, wreless enmail
communi cat i shifeaeny ipesol Bebile|dgpes ndidinge Ek EEINRLD FAACEN TSHETEREVFEN® wi r el ess
modens. Fig. 7 is a block diagramof an exanple nohile device. %q The

nobi | e dévi ceicy ooy nisatniafieirstie? AHeleRi4l <O CAEHY PRI EE 2 i) udes
a transceiver nodule 711, a m croprocessor, 738, a displ.ay. .7%2 a :
non- vol at i | delpRbRpRSyhaviEg data OIRBHFRAEE e §°‘W€ﬁﬁ¥’ya(%ﬁ9$al7 tal 3585131 hor e
auxiliary i nggt/out put (1/Q devices, 728, seri,ﬂl ort 730, a keyboard
732, a speakBPAYFAblY iof wirplgHEBTEREAlADS SHEES CipY @‘E'PW’P‘@P%%QCWCGS’O

comuni cati ons sub- Si/St em 740, and o%her devi ce s%b- ayst ﬁngk .gfzr.ml The
transcei ver FRRRATESSKIOP SORBIGHSERS i e ipsess BATRMsantennia® Tk AP S
an example mobile device.
10 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 accéss memory (RAM) 726, one or more auxiliary input/output (J/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.

15 The transceiver module 711 includes a multiple-band antenna 10, a first
transc;aiver 716,_ the second transceiver 714, one or more local oscillators 713, and a
digital signal processor {(DSP) 720.

Within the non-volatile memory 724, the device 700 prcferablly includes a
plurality of software modules 724A-724N that can be executed by the MiCroprocessor

20 738 (and/or the DSP 720), including a voice communication module 724A, a data
communication module 724B, and a plurality of other operational modules 724N for

carrying out a plurality of other functions.
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transcei ver 716, the second transceiver 714, one or nore |ocal oscillators
713, and a digital signal processor (DSP) 720. Wthin the non-volatile
menory 724, the device 700 preferably includes a plurality of software
nodul es 724A- 724N that can be executed by the m croprocessor 20 738

(and/ or thevapskRof20331 i ncl uding a voi ce conmuni cati on nodulEa®24M84a dat a
communi cation nodule 724B, and a plurality of other operational nobdul es
724N for carrying out a plurality of other functions. 15 W 2004/ 049501
PCP/ CA2002/ 001842 The nobile device 700 is preferably a two-way

comuni cati on device having voi ce and data conmuni cation c%sgbllltles

Thus, for exanpl éhe fRBilgdrigee’ @y ivedersdy 2 tWﬁV"aé‘d’r?WHJi“Eé‘E‘é‘ P M4Vil%i ce
netmork such as any of the anal og ital celluyla e&i nd may
al so connunﬂ@é?é“%@@?anﬂéF&”Wéﬁﬁﬂ?ﬂ“mﬁhngoﬁE@xﬁﬂge&&i@ oy M@B 30@ are
depicted in Fig. 7 by the comuni cation tower %1 These VOICF %np dat a
networks  NMEYDEERBEAELWEL B YRGH REXCTO AU HAIBY 1P tlfsil%g’gsoéé%’?i geiwar
infrastructure, such as base stations, épetmo Qtro a etc., or they
may be i nt eglertoskh M BAYRIS REFRTRAF AN B Slatarict BN af“? HeBLVUR? 716 and
714 will normally be configured to conmunic th di ff nt networ ks
719. 10 TPhe % %Fﬁécée@l“&g gdleeco’m”“fcé‘“(ﬂ’stgﬁa 61}OI%C rl?ﬁﬁffn“lobcﬁtag \%%? A ?a( net wor ks
719, and includes the first transcei er 116, the %gon% transg ekggr 114,
the one or ey SEHPC GELFYOfCATYY RIS §H8gﬁ%§“31§1rfﬁ% (e ? 720.
The DSP 720 is used tq send,and  recejve S|%nan§ aqg from M EDE e
transcei ver SPHUE. AR oHq RONURHES RIS §F A5y PN Phd E%H??dp %ﬁT%F flon to the
transceivers 714 d 716. and ﬁ% |cat|ons geyr 15 at
a single fréﬁﬂ%ﬁ%ag°%F“5f%§%ﬁ;g§ﬁéﬁéaﬁégfga amVPé lgmppég H?WCMQ qglngle
local oscil ld?ftferent networks 719,
10 ' 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
15  at a single frequency, or closely-spaced sets of frequencies, then a single local oscillator
713 may be used in conjunction with the transceivers 714 and 716. Alternatively, if
different frequencies are utilized for voice communications vérsus data communications
for example, then a plurality of local oscillators 713 can be used to generate a plurality of
frequencies corresponding to the voice and data networks 719. Information, which
20  includes both voice and data information, is communicated to and from the transceiver
module 711 via a link between the DSP 720 and the microprocessor 738.

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

component selection, power level, etc., will be dependent upon the communication
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713 may be used in conjunction with the transceivers 714 and 716.
Alternatively, if different frequencies are utilized for voice

comuni cations versus data communi cations for exanple, then a plurality of
| ocal oscillators 713 can be used to generate a plurality of frequencies
correspondi ngot@spdeovoi ce and data networks 719. | nf or nmtirosroomiseh 20

i ncl udes both voice and data information, is communicated to and fromthe
transceiver nodule 711 via a |ink between the DSP 720 and the

m croprocessor 738. The detailed design of the transceiver nodul e 711, such
as frequency bands conponent sel ection, power |evel, etc. 15"0 be
dependent upﬂfhw?rﬁ%7l?o1ﬁfﬁ?i?‘b%lnﬁ}l?‘lﬂ 987530/ Bop ) e iP10RsET ERLBEPPE0TS 42
networks 719 in which the pobile device 700_is m{ nded to operate, For
exanpl e, t he"i3ehyes BRfver | hial et uﬁifﬂ?ﬁawrﬁ&lw@ @iﬁg&@wgpg f%zf*tgnd 716
designed to operate with any of a variety o catgdon i such
as the Nbbi tBYTHI bPorISat TACTRIT SRR |ﬂ&£W&§% 2Bl MRPEh RELTRT  AMPS,

TDVA, CDMA, PCS d GSM . O h 5t f bot h
separat e and“??i{eég?aactogﬂl‘““f?ﬁ'fﬂ”;{e%“ F’)’Sﬁﬁo T{)g@& g\ﬁ&ﬁe\@hge@g@ }%\ch’é‘?ﬂ cg 700
i ncl ud di t di the t ...net k
715t St DO RS T IR R R % P S o
exanple, in the l\/bbl%) X, and % alTaAC dat a net wor k nobi | e devices are
regi stered o‘i”lhetr%‘é’cﬁ’é’ Jayicg dYhigely ‘iﬁﬁlc%@p?’lﬂjé%{faf‘?cég?l on number 10

associ ated with each nobil e ,devic dat a net wor k g net wor k

access is associ ‘2"63"% YR ﬁ‘eéﬁlﬁ ?P?%@P‘q;rg e é‘?ceﬁffre%“rﬁﬁ'ﬁ?tf ot g\f?%é[b A GPRS
dov oo LYPICRL LU HELLES 108 FRIELLRE Aol PBS AR Mol o0 1
nOn, et vor I L £2C L LUeH Nl SR s UGG b0t e
10 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 reduires
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 mobiie device will be unable to carry out any
15  functions involving communications over the data network 719, other than any legally
required operations, such as ‘911" emergency calling.
After any required network registration or activation procedures have been
completed, the mobile device 700 may the send and receive communication signals,
including both voice and data signals, over the networks 719. Signals received by the
20  antenna 10 from the communication network 719 are routed to one of the transceivers
714 and 716, which provides for signal amplification, frequency down conversion,

filtering, channel selection, etc., and may also provide analog to digital conversion.

Analog to digital conversion of the received signal allows more complex communication
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15 functions involving comuni cati ons over the data network 719, other than
any legally required operations, such as 911' energency calling. After
any required network registration or activation procedures have been

conpl eted, the nobile device 700 may the send and recei ve conmuni cation
signals, inedadinygsboth voice and data signals, over tMRETHAANBRE4Z19.
Signals received by the 20 antenna 10 fromthe conmunication network 719
are routed to one of the transceivers 714 and 716, which provides for
signal anplification, frequency down conversion, filtering, channel
selection, etc., and may also provide analog to digital conversion. Analog
to digital domrerspush apfistiddemedulsiiouendsiegaiing tabp ekormest wingdhgPal 720

communi cation 17 WD 2004/ 049501 PCT/ CA2002/ 001842 functions, such as

di gi tal denddakimilapmaenss statleth hsdgrensnibed webansiwasll 7 IBaraproesiecdpsEud’p®. In a
simlar manner, signals to be transmtted to the network 719 are processed,
i ncludi ng redulatien ol enmerling &udicrpple. foytheRERPRGandge thee POYBed PSR ar e
then provided to one of the transceivers 714 and 716 for digital to anal og
conver si on, the &sesiels Uy adrivefasidigial 1 apilpg 6p1VELion afi§AuEHY MRIPBYF i

transm ssion to the comuni cation network 719 via the antenna 10, In

addi ti on 3t o e SEIMNGCII0R 6 HFAIHTIHeN &n thsi gpaun@icaiions nesprk7 319 dlaglhe pr ovi des
for transceiver control. For exanple, the gain levels applied to
comuni cat i dABiegi¥al s in the transceivers 714 and 716 may be adaptively
controlled through automatic gain control 10 algorithns inplenented in the
DSP 720. Cther t Padiionjeprosshps dic camguricatimesigdlil Ge H5Ed20 gl iPFptdedent ed i n
the DSP 720 in order to provide nore sophisticated control of the,

transcei ver [PFIEIPGS! ven qonti Borsxpippypr Bt &t Iy oly applisd Br coruminiFainliigat iting

controls the overall operation of , o
the transceivers 714 and 716 may be adaptively controlled through automatic gain control

10 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 medule 711.

The microprocessor 738 preferably manages and controls the overall operation of
the dual-mode mobile device 700. Many types of microprocessors or microcontrollers

15  could be used here, or, alternatively, a single DSP 720 could be used to carry out the
functions of the microprocessor 738. Low-level communication functions, including at
feast data and voice communications, are performed through the DSP 720 in the
transceivef module 711. Other, high-level communication applications, such as a voice
communication application 724A, and a data communication application 724B may be

200 stored in the non-volatile memory 724 for execution by the microprocessor 738. For
example, the voice communication module 724A may provide a high-level user interface
operable to transmit and receive voice calls between the mobile device 700 and a

plurality of other voice or dual-mode devices via the network 719. Similarly, the data

18



t he dual - node nobil e device 700. Many types of m croprocessors or

m crocontrollers 15 could be used here, or, alternatively, a single DSP
720 could be used to carry out the functions of the m croprocessor 738.
Low | evel comunication functions, including at |east data and voice
communi cat i oM 20takespler f or med t hrough the DSP 720 in theeCiCAameawimver
nodul e 711. OQther, high-level comunication applications, such as a voice
comuni cation application 724A, and a data conmuni cati on application 724B
may be 20 stored in the non-volatile nmenory 724 for execution by the

m croprocessor 738. For exanple, the voice conmuni cati on nodul e 724A may
provi de a higghusizationgedulg YE&R frase providerabish-levs! upeinswifccamgrablec®rve voi ce
calls between the nobile device 700 and a plurality of other voice or

dual - mode degpdiRgsang; racoieg ¢t wethkas z10ail Besspgearfilgs, otgaeizel dafarmagign.\gort

2004/ 049501 PCT/ CA2002/ 001842 communi cati on nodul e 724B may provide a

hi gh- | evel U¥emMmasHESy tlhe Betyprarthh mebiegdevics dAQ prya Blutlived ether frja demicgs such as
e-mai |l nmessages, files, organizer information, short text nessages, etc.,
bet ween t he Wolbf PEveREy 7 e 700 Aifd Méergarenessor 758 ghso dutirasts dabaotpis\derée  vi a
the networks 719. The m croprocessor 738 also interacts with other device 5
subsyst er’s, SuRRHCES Sttlieasdhe giselyy 722 the po- YUY B B4nBadiAM 728, tht he RAM
726, the auxi-liary input/output (1/0) subsystenms 728, the serial port 730,
the keyboar du¥iisry ipmgoutgieliPs subpgsiers, H8. fiesPdpmeRd36:38e kevheard 137+ b ange
comuni cati ons subsystem 740, and any ot her device subsystens generally
desi gnat ed &BeaAT34SHRENEPPRORE 730 RS TOBTRN S HEIIMUPIFAENg SubRY e} %f? pd

comuni cation-related 10 functions, whereas_other subsystens may provide
"resident” ORY BRESEYiIPE BIDPTIFES iEeslly drpdgnatstys 76ome subsystems, such as
keyboard 732 and_di splay 722 may be used for both conmmunication-related
functions, such 39nerffeip niybsyse@st Shrus sitgBigs of PEFAAS FPEEMBIRAIGYEflatgd

10 functions, whereas other subsystems may provide “resident” or on-device functions.
Notabl ¥, 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
data communication network, and device-resident functions such as a calculator or task
list or other PDA type functions.

15 Operating system software used by the microprocessor 738 is preferably stored in
a persistent store such as non-volatiiec memory 724, In addition to the operation system,
which controls all of the low-level functions of the mobile device 700, the non-volatile
memory 724 may include a plurality of high-level software application programs, or
modules, such as a voice communication maodule 724A, a data communication module

20 724B, an organizer module (not shown), or any other type of software module 724N.
The non-volatile memory 724 also may include a file system for storing data. These
modules are execuled by the microprocessor 738 and provide a high-level interface

between a user and the mobile device 700. This interface typically includes a graphical
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data communi cati on network, and device-resident functions such as a

cal culator or task |list or other PDA type functions. -15 Operating system
software used by the m croprocessor 738 is preferably stored in a

persi stent store such as non-volatile nenory 724, In addition to the
operation syg® &m0+ ch controls all of the | ow | evel fRITEIA201E0BR2 t he
nobi | e device 700, the non-volatile nenory 724 may include a plurality of
hi gh-1 evel software application prograns, or nodules, such as a voice
conmmruni cation nodul e 724A, a data conmuni cati on nodul e 20 724B, an

organi zer nodule (not shown), or any other type of software nodul e 724N.
The non- vol apinpenereproriged7tbrpugh shs dispjayi HEl edeanainpytioatpylyermepandng progidet i ng
data. These nodules are executed by the m croprocessor 738 and provide a
hi gh-1 evel ithioeghf tie euxiliey WeeTR8a thedeybaarid712h thersptpk e’ e vid e PTOGOPIPRE s
interface typically includes a graphical 19 WO 2004/049501

PCTI CA2002/ (16887 opewstipiyetam, peofit devdretzhplisaléins phaodilespprapprtythoreofamay an

i nput/ out put conponent provided through the auxiliary 1/0 728, the
keyboard 73%¢ tehporaigrdiased 74 a splatile sorgy seeto ph &AM 7286for Taseer GpeipdRt ng
system specific device applications or nodules, or parts thereof, may be
t enpor ar 9l y Neseriet ropives! eonyeinigalipresignalsraay diedis EpaRNy ToBdioRAM S0 r
operation. 5 Mreover, received comunication signals may al so be

t enpor ar i | y bsfogy regmangniyawitreethem fop Hleesypen Mgashil yPaFTeN Aga wehttBea file
system | ocated in a persistent store such as the non-volatile nmenory 724.
The non- vol &epvelatie mpamery 734 melhepront ypilisnesmey, 73Homay &g dmplearentsd &1 Fj ash
menory conponent, or._a battery backed-up RAM An exenplary application
nodul & 724NetHatle. iy Fisdh Mo doBpRent et By beckedop Hg&‘ce 700 is a personal
i nformati on manager (PIM application providi ng PDA functionality, such as
cal endar event s, ARPHETHEERPLCatigh POREK NHE, Moh P 1pxdad) eato 7199 oblic

10 device 700 is a personal information manager (PIM) application providing PDA
functionality, such as calendar events, appointments, and task items. This module 724N
may also interact with the voice communication module 724A for managing phone calls,
voice mails, etc., and may also interact with the data communication module for
managing ¢-mail communications and other data transmissions. Alternatively, all of the

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

The non-volatile memory 724 preferably provides a file system to facilitate
storage of PIM data items on the device. The PIM application preferably includes the
ability to send and receive data items, either by itself, or in conjunction with the voice

20 and data communication modules 724A, 724B, via the wireless networks 719, The PIM
data items are preferably seamlessly integrated, synchronized and updated, via the

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

20



may al so interact with the voi ce conmuni cati on nodul e 724A for managi ng
phone calls, voice mails, etc., and nmay also interact with the data
comuni cation nodule for managing e-mail comuni cati ons and ot her data
transm ssions. Alternatively, all of the 15 functionality of the voice
conmmuni cat i o¥O pEHIeN1724A and the data comruni cati on nodUV@A2IRABISHRY be
integrated into the PIM nodul e. The non-volatile nenory 724 preferably
provides a file systemto facilitate storage of PIMdata itens on the
device. The PIM application preferably includes the ability to send and
receive data itens, either by itself, or in conjunction with the voice 20
and data corhvshvorpteronsiend teesdy 7@4ung appiBred\siy dern fies dnfarieme gssorigiedwsitks 719.
The PIM data itens are preferably seam essly integrated, synchronized and
updat ed, vi & pafigulanyiserel ess networks 719, with a correspondi ng set of data
items stored or associated with a 20 WO 2004/ 049501 PCT/ CA2002/1101842
host conput er syShenpbikeiferiehy0tpaatiiorhy manndlbyrsgraspniazd wéthathopt sudtraby t enrs
associated with a particular user. The nobile device 700 may al so be
manual | y symédsmenhezéayioni70R in ap duerfasy stadin which soupdasibe sania! Pt Y¥eof7200 in an
interface cradl e, which couples the serial port 730 of the 5 npbile device
700 to tHRe dJeabilgfeviysri00 &F the geriahpet okie heshfysere Herspdd! pewr'd0 78y asade al so be
used to enable a user to set preferences through an external device or

sof tware appidi &aepadle, aosct & dewaTeEaICet REQughpHl prampodensdal seftWaaAN f or
installation. This wired download path may be used to | oad an encryption
key onto thaéPRlisgiaeor gypyplopd oferpppiicatiaompduiesyatNder intallitiek chkihgited
encryption information via the wirel ess network 719. 10 Interfaces for

ot her wi r ed dawardRIEh Pay b usedyo kad g srarpsan key ehie teolsiice vdush igé 5o, in
addition to or instead of the serial port 730. For exanple, a USB port

woul d provi desuggnmethod than exchanging encryption information via the wireless network 719.

10 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 (o a similarly equipped personal computer.

Additional application modules 724N may be loaded onto the mobile device 700
through the networks 719, through an auxiliary YO subsystem 728, through the serial port

15 730, through the short-range communications subsystem 740, or through any other ‘
suitable subsystem 742, and installed by a user in the non-volatile memory 724 or RAM
726. Such flexibility in application installation increases the functionality of the mobile
device 700 and may provide enhanced on-device functions, communication-related
functions, or both. For example, secure communication applications may enable

20  electronic commerce functions and other such financial transactions to be performed
using the mobile device 700.

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

received signal, such as a text message or a web page download, will be processed by the
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interface to a simlarly equi pped personal conputer. Additional application
nodul es 724N may be | oaded onto the nobile device 700 through the networks
719, through an auxiliary 1/0 subsystem 728, through the serial port 15
730, through the short-range conmuni cations subsystem 740, or through any
ot her suitabVe®ubeystem 742, and installed by a user i rpQileangnessel atil e
menory 724 or RAM 726. Such flexibility in application installation

i ncreases the functionality of the nobile device 700 and nay provide
enhanced on-devi ce functions, conmunication-related functions, or both.
For exanpl e, secure conmuni cation applications may enable 20 el ectronic
commer ce f unebiceins mertleol Hemdsuehdd tn drcmigfoptacemeratidi ohishtvoll peefgedy or ned
usi ng the nobil e device 700. Wen the nobile device 700 is operating in a
dat a conmunifetgiter procese the, received sgoilMedowpugnathe depleh 723, o, dlerwrtiydsdage or a
web page downl oad, will be processed by the 21 WO 2004/049501

PCT/ CA2002/ G01ifa2 /Ot desins €38 versenaddudbie device JAQImpy aloe epappopiodattigems, such

m croprocessor 738, which will preferably further process the received

si gnal for ostpeit mesagehasids g5l kaybord]32ovhictals peafaighly ¥ epplete glpadnumanki | i ary

| /O device 728. A user of nobile device 700 may al so conpose data itens,
such as Sendeybopddadgedn hedWERT Netke pivaeiiohaatylgil epmplste siobfemgnt y a
conpl ete al phanuneric 5 keyboard laid out in the QAERTY style, although

ot her styl ekedfoardpish et Be kiptaAVRBAKsS Y Ik ephasr kfsisedi ciseagipyte e shile DVORAK
style may al so be used. User input to the nobile device 700 is further
enhanced wi tdavige Bl0us Brthenenganced withjiagiyyality of eeiliapekO rogcesyiBBcWhigaay i ncl ude
a thunbwheel input device, a touchpad, a variety of sw tches, a rocker

i nput  swi t difludatacthunpprehcgbifpiis éayicgat UCkRIfsa Vit ObywiHEs: (AsFkeEdIPY hen be
transmtted over the 10 communicati on networks 719 via the transceiver
modul e 711. switch, etc. The composed data items input by the user may then be transmitted over the

10 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
that received signals are preferably be output to the speaker 734 and voice signals for
transmission are generated by a microphone 736. Alternative voice or audio /O

15  subsystems, such as a voice message recording subsystem, may also be implemented on
—the mobile device 700. Although voice or audio signal output is preferably accomplished
primarily through the speaker 734, the display 722 may also be used to provide an
indication of the identity of a calling party, the duration of a voice call, or other voice call
related information. For example, the microprocessor 738, in conjunction with the voice

20 communication module and the operating system software, may detect the caller
identification information of an incoming voice call and display it on the display 722.

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

device 700. For example, the subsystem 740 may include an infrared device and
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When the nobile device 700 is operating in a voice comuni cation node, the
overall operation of the nobile device is substantially simlar to the data
node, except that received signals are preferably be output to the speaker
734 and voice signals for transm ssion are generated by a m crophone 736.
Al t er nat i ve wor@aoositaudi o UO 15 subsystens, such as a WilTo@Anmesssge
recordi ng subsystem nay also be inplenented on the nobile device 700.

Al t hough voice or audio signal output is preferably acconplished primarily
t hrough the speaker 734, the display 722 nay al so be used to provide an
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10 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.

The mounting structure 50 is also shown for illustrative purposes only, and may
be shaped differently and include different, further, or fewer cooperating structures than

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

Layout of the multiple-band antenna is similarly intended to be illusirative and not

20 restrictive. For example, a multiple-band antenna according to the present invention may
include slot structures of a different shape than shown in the drawings, and need not
necessarily incorporate fine-tuning structures. Similarly, as is typical in antenna design,

the dimensions and positions of antenna structures can be adjusted as necessary fo
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10 For exanple, although described above primarily in the context of a

dual -band antenna, a nmultiple-elenment antenna may al so include further
antenna el enments to provide for operation in nore than two frequency
bands. The mounting structure 50 is also shown for illustrative purposes
only, and mayo?Peehdped differently and include differeantr/CAnenonesn; or
fewer cooperating structures than 15 those shown in the draw ngs and
descri bed above, depending on the particular nobile device in which the

mul ti pl e- bang, @ﬁ’sta%%@et‘f@cd SR SYRad dedite ngntgl Eﬁ 88 QBBEECdr%ngy, t hat

t he nounting structure coul d be integral mnt I'e ‘dévice hou I hg or

ot her conpenenp®d, oh Aetermlthh@cEgticEe | nst ead of a separate conponent:
Layout of the nultiple band antenna is sinmlarly intended to be.
illustrative andiirnotgh 20 mespleibetd MeentkEA0 iexaNHee onahdhbbhatplgauhang snt enna
according to the present invention may include slot structures of a

di fferent gshimpenqunting sinevatharyrehef sanirn gecludingsoneed rivess, andediesbas, ifbry
|ncorporate fine-tuning structures. Sinilarly, as is typical in antenna
desi gn, 5 t kE2@PFedl RerdraEe B Ewse skibes intheast enna structures can be adjusted
as neCessary to, 23 WO 04/04 PCT/CA2002/001842 conpensate, fo

effects of othet® H%BF?%% BpeE %dﬁ%ﬁ‘ﬁﬁﬁtesba"fiﬁeieﬁ‘&ﬁ Hyframanplanag c?ﬁdua?‘éepl ay,
for examl g,.00, éttﬁsgttaab%beatl L Bt of B2l BN B SpPa ANt enna

10 i s mounté mountin using

types of f e%ge a’ in' A 99 L& E‘Jvﬂt( [fa%‘tg gjzé or g %}6? b}ltggtldncrjtl tgt.rhmq%e

exanpl e, pparent” to those tion,
fabricati orprﬁtmg B@déﬂékfftthg LevhanrdvanieBna sl@sttfafeoéﬂdaet@'ll@gn?&wgw Wglokiver sheet
as described above sinplifies manuf acture of the nult e-band antenna 10,

but thgo i R¥edictdfronBa substidle WRYwE @6dsitiCiIRthatioe tebmﬁqmrtu cular, or any
ot her, fabrication technique.
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Printing or depositing a conductive filmon a substrate and etching
previously deposited 10 conductor froma substrate are two possible
alternative techniques. 24 W Caim 1. A multiple-band antenna having
first and second operating frequency bands, conprising : 5 a first patch
structure; a second patch structure electrically coupled to the first patch
structure; a first slot structure disposed between a first portion of the
first patch wsgiglsigt:ure and the second patch structure and having a dista
end portion and a proximal end portion; and 10 a second slot structure

di sposed between a second portion of the first patch structure and the
second patch structure and having a distal end portion and a proxinml end

portion; the proxjnal,.en rtions, of t firs I ctures
Bei ng. " substant i 41 1o BEPARPEEMeBRE NS Bk ahd SonRBpBRARE R By ShAY | 01
of the first and . 15 second slot structures diverging fromone another. 2.
The nul ti pl &BRRd*8nt enna of claim 1, wherein dinmensions of the first patch
structure and the first slot structure primarily determine the first

oper ati ng frequerichist pedeltistrugsiites of the rmul ti pl e-band antenna in the first
operating frequency band, and 20 i npedance of the nmultiple-band antenna in
the first oper atiasgcdrdgspienstyuchaa diectBicallheoupldd tophefitzapatcantrerma; of cl ai m
2, wherein dinensions of the second patch structure and the second sl ot

structure primarij Yirdefl@r BriRurichissRe® sbtwede b afitsh ot venty fhangatcigai n of
the multipl e-band antenna in the second operating
structure and the second patch structure and having a distal end portion and a
proximal end portion; and
10 a second slot structure disposed between a second portion of the first patch
structure and the second patch structure and having a distal end portion and a
proximal end portion,
the proximal end portions of the first and second slot structures being

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

15 second slot structures diverging from one another.

2. The multiple-band antenna of claim 1, wherein dimensions of the first patch
structure and the first slot structure primarily determine the first operating frequency
band, gain of the multiple-band antenna in the first operating frequency band, and

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

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

operating frequency band, gain of the multiple-band antenna in the second operating
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25 frequency band, and inpedance of the nultiple-band antenna in the second
operating frequency band. 4. The nultiple-band antenna of claim1, further
conprising a feeding port, the 5 feeding port conprising: a feeding point
electrically coupled to the first patch structure and positioned to
overlap the first patch structure; and a ground point electrically coupled
to the second patch structure and positioned to overlap the second patch
structure. Xednenckhdandl tihliepednateanf ahaanolfipbd-windh intendreriei thet feeofid r st
patch structure is a substantially C shaped structure conprising a first
end portion,opRratiRgerRduand tagdtion, and an adjoining portion coupling the
first end portion and the second end portion, wherein the second patch
structure is electrically coupled to the adjoining portion, 15 wherein the
first slot structure is disposed between the first end portion and the

second patch, strugcture,. and erein the.secaond slot structure is disposed
Dot ween' 1 ho T secalls BRMPFoMGRIGHA of FirS de D SOERTSPF adriing Pt e
mul tipl e-band antenna of claimb5, further conprising: 20 a feeding point
electﬁicalIﬂb%%W$P§HC®BP$ﬁ@gsecond end portion and positioned to overlap
the second end portion; and a ground point electrically coupled to the
second patch str uceedieg anat cisogictlly papledotoche fik patchstreetosrmhdgmsitioned
structure, wherein the feeding point and the ground point conprise a single
feeding 25 tpovériapfithé Aest palchisph@uRane! ant enna.
a ground point electrically coupled to the second patch structure and
positioned to overlap the second patch structure.
10
5. The multiple-band antenna of claim 1, wherein the first patch structure is a
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 patch structure is electrically coupled to the adjoining portion,
15 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 ¢laim 5, further comprising:
20 a feeding point electrically coupled to the second end portion and positioned
to overlap the second end portion; and
a ground point electrically coupled to the second patch structure and
positioned to overlap the second patch structure,
wherein the feeding point and the ground point comprise a single feeding

25 port of the multiple-band antenna.
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26 7. The multipl e-band antenna of claim6, wherein the first patch
structure further conprises a bent portion electrically coupling the
feeding point to the second end portion, and the second patch structure
conprises a bent portion electrically 5 coupling the ground point to the
second patch structure. 8. The multipl e-band antenna of claim7, wherein
the bent portion of the first patch structure and the bent portion of the
second patch structure respectively position the feeding point and the
ground point at a predeterm ned distance fromthe 10 first patch structure

and the second pafeh SitHEbME anBnnd ¢ ki 6P lvRiPaR dna SN BacR T stbbfién 1,
wherein the first operating frequency band is a dobal Systemfor Mbile

n th 'f d 1< .
R S e S R S
T R R I A R e A e

sub-band of 925- 60MHz. 20 11. The multipl e-band antenna of claim 10,
wher eisn t he cpagitngibggeneyg poih i the spganidgetehstiue@rsni t sub- band of
1850- 1910MHz and a receive sub-band of 1930- 1990MHz. 27 12. The
mul tipl e-band antenna of claim1, further conprising a plurality of tuning
structures. 13. The multiple-band antenna of claim12, wherein the
plurality ofg, tuniThg multiple-band antenna of claim 7, wherein the bent portion of the first
patch structure and the bent portion of the second patch structure respectively
position the feeding point and the ground point at a predetermined distance from the

10 first 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 Personal Communication System (PCS)

15 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- 60MHz.

20
11. The multiple-band antenna of claim 10, wherein the PCS frequency band
comprises a transmit sub-band of 1850-1910MHz and a receive sub-band of 1930-

1990MHz.
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5 structures conprises: a first tuning structure connected to the second
portion of the first patch structure and conprising a fine tuning tab for
tuning the second operating frequency band; a second tuning structure
connected to the first portion of the first patch 10 structure and
conprising fine tuning tabs for tuning the first operating frequency band;
and a third tuning structure disposed in the first portion of the first
patch strudur e, Tieonpitijgé-band ahtenhn @f dlgitn flouttheni cognprisimgs e qinetligpef at i ng
frequency band. 15 14. The nultipl e-band antenna of claim11l, wherein the
first patch ghihpeldtgregnd the second patch structure conprise electrically
conductive material selected from the group consisting of. copper,

al umi num silver, and gold. 15. The nultipl e-band antenna of claiml,

i npl emented in a wireless nobile 20 conmunication device selected fromthe

group consi sting.qQf . dat 0 nj cation. .devi.ces, Vvoice ¢O ni_eati.on
devi ces, duzsilb: no&[g‘edg\)’?t@?%@%}’{gan? 6’? ‘6%%\{3616” KRG tﬁ?/d’ﬁ%rgim%oﬂﬁ%ﬁr}lc%ti ons,
cellular tel ephones, wireless email conmunication devices, nobile
t el epHones KHYPHEFSEQIRIIEF mMuni cations functionality, personal digital
assistants (PDAs) enabled for wireless communications, wireless emai|l 25
communi cati on dew 6e$,tuzing swiuctete senroddnts. theed@d portiah tdfpthe -frahpatgint enna
system conprising: a nultiple-band antenna having first and second
operating f sgguencahdo@ngsisingCOffin tudinpdtab Jortuhingshe pRbGh opdratind freqiency
band;
a second tuning structure connected to the first portion of the first patch
10 structure and comprising fine tuning tabs for tuning the first operating frequency
band; and
a third tuning structure disposed in the first portion of the first patch

structure, comprising a tuning slot for tuning the second operating frequency band.

15 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
20 communication device selected from the group consisting of: data communication
devices, voice communication devices, dual-mode devices enabled for both data and
voice communications, cellular telephones, wireless email communication devices,
mobile telephones having data communications functionality, personal digital
assistants (PDAs) enabled for wireless communications, wireless email

25 communication devices, and wireless modems.
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a second patch structure electrically coupled to the first patch

structure; a first slot structure disposed between a first portion of the
first patch structure and the second patch structure having a distal end
portion and a 10 proximl end portion; a second slot structure di sposed
bet ween a second portion of the first patch structure and the second patch
structure having a distal end portion and a proximl end portion; the
proxi mal end portions of the first and second slot structures being 15
substantially parallel to one another, and the distal end portions of the

first and segond ghaitiSiblued WS WNREDERS iR one another a feedi ng point
electrically coupled to the first patch structure; and a ground poi nt

electrically cou ] ?{c - j g t%ﬁ&§t
pat oh st ructure. SniolieRRARERIh R elhe pporlll Splf sebdet
receiving structures for the first operating frequency band, and the second
pat ch structYFPSH¢ t he second slot structure formmjor radiating and
receiving structures for the second operating frequency band; and a
nount ifng structure corfpliisspaigh strupurg; first surface; and 29 a second surface
opposite to and overlapping the first surface, wherein the first and
second patch struct ur es secomdnpatnlh edrucoure heedtiicaly sovflet o &red fidiepstin t he
f eedi ng point and ground point are nounted to
structure;
a first slot structure disposed between a first portion of the first patch
structure and the second patch structure having a distal end portion and a
10 proximal end portion;
a second slot structure disposed between a second portion of the first
patch structure and the second patch structure having a distal end portion
and a proximal end portion;
the proximal end portions of the first and second slot structures being
15 substantially parallel to one another, and the distal end portions of the
first and second slot structures diverging from one another
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 and the first slot structure form major
20 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:

25 a first surface; and
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t he second surface. 5 17. The mul ti pl e-band antenna system of clai m 16,
wherein the nultiple-band antenna further conprises nounting bores in the
first patch structure, the second patch structure, the feeding point, and
t he ground point for receiving fasteners to nount the nultiple-band
antenna to the nounting structure. 10 18. The nul tipl e-band antenna system
of claim17, wherein the nounting bores conprise offset nounting bores in
the first patch structdgeeomf fiséice bpponita ts aid evelapping threfifst sisfacpat ch
structure. 15 19. The nultipl e-band antenna system of claim 17, wherein the

fasteners conprise nOuRdrEAGHOHRS a6l SEQREPaRM difiBtubdsr 3¢ nﬁj&hfe@% R flrsk he
second surface of the nounting structure and positioned to be recelved by

the nmounting bores. s&@aceTﬁ?d érteinp h @%?&EF %E(fgt%)ﬁﬂ& ?)mn(?farézinl%hm

wherei n the nounting pins conprlse are

retain the nultlple ban nt%pna on the nounting structure. 21. The
mul ti pl e- band ant enfs %’% eM'6f% cl aim 16, installed at a top rear portion
of a wireless nmobile conmunication device. 25 30 22. A wreless nobile
comuri cation device conprising: a first transceiver adapted to transmt
and recei ve conmuni cation signals in a first frequency band; a second
transcei ver 1ddaptide moltiptcabmnd antemmd gysei v ckommidn ivdetdio the ngitpls-band

antenna further comprises mounting bores in the first patch structure, the second
patch structure, the feeding point, and the ground point for receiving fasteners to
mount the multiple-band antenna to the mounting structure.

10
18.  The multiple-band antenna system of claim 17, wherein the mounting bores
comprise offset mounting bores in the first patch structure offset from a surface of

the first patch structure.

15 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
20 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.

25
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5 in a second frequency band; and a nultiple-band antenna connected to the
first transceiver and the second transceiver and conprising: a first patch
structure; a second patch structure electrically coupled to the first patch
10 structure; a first slot structure disposed between a first portion of
the first patch structure and the second patch structure and having a
distal end portion and a proxinmal end portion; and a second slot structure
di sposed betageen A vsetsnthopie tommudicatibe dédicstompripat ch structure and the
second patch structure and having a distal end portion and a proxi mal end

portion; the prox f@] «&ReeiPA JdapRE tQfrabddsir bitd RteidfdoBRRANA 1S Hhndb gt Ures
being substantially parallel to one another, and the distal end portions

of the fi rsf’irs@lﬁ%u%ﬁ qul ot structures diverging fromone another. 20 23.
The wirel ess nobile conmnuhi cati on device of claim 22, further conprising:
a housing substantial |l y encl osi n(?aQtFﬁtée wi rel ess nobi.l e communi cati.on device

and havi ng front 2 €3¢ 55 VBT tQrfERnsPHand Jpeeive omipHBICalo igRals

mul ti pl e-band antenna is mounted in the wireless nobile 25 comunication
devi c& adj adeateqnd fegpensydandandsur f aces. 31 24. The wirel ess nobile
comuni cation device of claim23, further conprising a keyboard, a

di spl ay, a speaker muliple-bami entomiro nenroted ttedheifirkti nartshavér amt theusdcand.

transceiver and comprising:
a first patch structure;
a second patch structure electrically coupled to the first patch
10 structure;

a first slot structure disposed between a first portion of the first patch
structure and the second patch structure and having a distal end portion
and a proximal end portion; and

a second slot structure disposed between a second portion of the first

15 patch structure and the second patch structure and having a distal end
portion and a proximal end portion;

the proximal end portions of the first and second slot structures being
substantially parallel to one another, and the distal end portions of the

first and second slot structures diverging from one another.

20
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 surfaces,
wherein the multiple-band antenna is mounted in the wireless mobile
25 communication device adjacent the top and rear surfaces.
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5 25. The wirel ess nobil e comunication device of claim?22, wherein the
first frequency band is a dobal Systemfor Mbile communications (GSM
frequency band, and the second frequency band is a Personal Conmunication
System (PCS) frequency band. 10 26. The wirel ess nobile comuni cation
device of claim22, further conprising: a fine tuning tab connected to the
second portion of the first patch structure for tuning the second
frequency band; a pair of fine tuning tabs connected to the first portion
of the first patch structure for tuning the first frequency band; and 15 a
tuni ng sl ot Mi spoBedvivetwansbildw@npainicatfonfdenelofiBiang 28ahstheNcdhigriding st
portion of the first patch structure for tuning the second frequency band.

27. The wi rQJe9§($arm%ﬁaﬁ%%Ume§,%H%ﬂng ihSRe RloufileliviTlige theSRhif Shugtel T OM the
group consi sting of . ata conmmuni catil on devi ces, volce conmuni cati on

devi ces, 20 dual -node devices enabl ed for both data and voice
communi cations, cellular telephones, wreless email comruni cation devices,

mobi | e t el ephones, havi data.. communi.cations. functionality, persopal
di gi t al ass&gt antsréw(‘ﬂﬁ%gﬁs E’ﬁg’d’f’ SHMIRYIICAROR SEYICE ‘i}o?]rﬂﬂhaéal"%%& e E’éF ess
emai | communi cati on devices, and wireless nodens. 32

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

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

frequency band.

10 26. The wireless mobile communication device of claim 22, further comprising:
a fine tuning tab connected to the second portion of the first patch structure
for tuning the second frequency band;
a pair of fine tuning tabs connected to the first portion of the first patch
structure for tuning the first frequency band; and
15 a tuning slot disposed between the pair of fine tuning tabs in the first portion

of the first patch structure for tuning the second frequency band.

217, The wireless mobile communication device of claim 22, selected from the
group consisting of: data communication devices, voice communication devices,
20 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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