; e3e{{l| 6TqAntenna Wth Miltiple-Band Patch and Slot Structures FIELD COF
THE I NVENTI ON This invention relates generally to the field of antennas.
More specifically, a 5 nmultiple-band antenna is provided that is
particularly well-suited for use in wireless nobile communication devices,
general |y ref erred, t o, i@l vifip [P PARH 3R Ioc SUEHy RS, Porsonal D gital
Assi stants, cellular Pe ephones,pan W reless two-way enmail comruni cation
devi ces. 10 BACKGROUND OF THE | NVENTI ON Mobi |l e devi ces havi ng ant ennas t hat
support nmulti-band comruni cations are known. Many such nobil e devices
utilize helix or retractable_structures, which are typically installed

outside of a nobile device,Egﬂﬂaéﬁgﬁﬂéﬂiﬁﬁﬂiﬁgﬁtennas installed inside of

a case or housing of a device are also known. Cenerally, enbedded 15

ant ennas are prles srvestoroiedateseganeratiyito dret Beldad afignnasoiibes spoenigallic at i on

devi ces for nechanical and ergonom c reasons. Enbedded antennas are

pr ot et ednblyiplchgandeiidnaa depiooklcd aba 9 patioulkilpovansitidoelior @& weedsst o be
nore durabl e than external antennas. \Wereas external antennas nay

physi cal Injohilt @infrRlificaoh el igs, SidAUNRRER 19 heRidRDh&iHay kesahtnmake a
nobil e device difficult to use, particularly in limted-space 20

envi r omment A S ent, flewer such.challenges. |n.sone
types of%%o%?Féﬂgéggggé?Qﬁﬁaﬁgeﬁgﬁq%%&%“%ﬁ%%%dgl E??%% JP@%N%ﬁﬁ gsign
techni ques provide relatively poor comruni cation signal radiation and
receptioﬁ?ng?myﬁﬁ@Pdﬁwﬂgértain operating positions of the nobile devices.
One of the biggest challenges for nobile device antenna design is to ensure
that the antenna 1 operates effectively in different positions, since

ant enna position changes as a nobile device is noved. In addition, where
oper d0i on of a nobil e JdBRACKGROUNDt OBITEIHREYBNIIHQNS r equency bands is
desired or required, physical space limtations often preclude the 5 use of

separ at e ant enviasild 8&vi@aghvRRahanhRgHal SepeRMultansld SYMIRY:HGS aFedi Ng to
an aspect of the invention, an antenna having a plurality of operating

fr equency RARASVERMRLSGSHTe bvicds RiE Helik Yy i tdbClitlBies QMibPYfLd for 10
of th p a |{y of opera

operation I n respective ones e ur i ng frequency bands,
and a second .pl ural.i of, structures, .each configured, for operatiaon in nore
t han onec[g[?w"i‘lﬁ’el %h?‘il?é]nlswed)ff aolﬁg?ljft 5%0% & E‘U@ﬁc‘?’%beéiﬁﬁ% antennas installcd |

inside of a case or housing of a device are also known. Generally, embedded

15  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.
Whereas external antennas may physically interfere with the surroundings of a mobile
device and make a mobile device difficult to use, particularly in limited-space

20  environments, embedded antennas present fewer such challenges.

In some types of mobile devices, however, known embedded structureé and
design techniques provide relatively poor communication signal radiation and
reception, at least in certain operating positions of the mobile devices. One of the

biggest challenges for mobile device antenna design is to ensure that the antenna




A mul tipl e-band antenna according to another aspect of the invention has
first, second, and third operating frequency bands, and conprises a first
patch structure 15 associated with the first operating frequency band, a
second patch structure connected to the first patch structure and

associ at e j - s ] | oper ati ng
frequencﬁﬂﬁg%%ﬁﬁ%£§Y$§?8§ %ﬁggﬁgﬁg@%?é&ggéggggdgﬁggmggﬁnégg?%2#&g%rtion of
the first Qatch structure and the second patch structure and associ at ed
with the *ﬁ#@ﬂs%ﬁﬁ?gting frequency band and the second operating frequency
band, a second 20 slot structure disposed between a second portion of the
first patch stlpugddiienafifieichepgaderndipat @abidg dericar & apdtiple serIratdd wit h

t he second operating frequency band, and a third slot structure disposed
bet ween dfrd¢quenay lpaods indesokd toheeduined plpaicehspate lictitatiensaofiert preclsée tred pat ch
structure and associated with the first operating frequency band and the

t hi r d sopaisabl Rgpafdie ety fhaach operatifpUiéduencyl @atiur es and aspects of the
invention will be described or will becone apparent in the course of the
foll owi ng detail ed description. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 Fi g.

is a top view of an antenna according to an enbodi nent of the invention;
Fig. 2 is a bottomisonetric viemEE@@g@&EEntenna of Fig. 1; Fig. 3 is a
bottomisonetric view of the ante g. | and an antenna nounting
structure; 10 Fig. 4 is a top isonetric view of the antenna_and nounting
structure of PrEOrding fo 28 2:psdnd g B¥tionoan anfegna fayiigaa @aktyselet i onal
view of the antenna and nounting structure along line 5-5 of Fig. 4, Fig. 6
i s a rearopeiamg ofrequengb bhelsdenmmprees acHrsp phatlitygoft Mencantewnafigurdd & nount i ng
structure of Fig. 4; and Fig. 7 is a block diagramof a nobil e device.
DETAIIOED dpefaich Rl bpcStiveiohity @8 tha pRdlRPnaSopdestki hefhehey dhidsarnad s zed and
shaped to tune an 20 antenna for operation in nultiple frequency bands. As
descri bediel fhdf HULEY ofi@hihlrel ehlieoriuRl SRBFLAG] iflESrdith ot raNd.
antenna structures,” each configured for operation in nultiple operating
frequency ;bands.. In_an di nent . of the invention described in detai

bel ow, aﬁﬂg%ﬁgﬁﬁfpfﬁ%Pg%%gggmgﬁﬁﬁgrity of structures which are primrily

associated with one of a first operating frequency band, a. second operatin
X murItlple—band antenna acgord?ng to ga:nothelg aspect%f the 1nvent10n%1as I;lilrs’c, P g

second, and third operating frequency bands, and comprises a first patch structure
15  associated with the first operating frequency band, a second patch structure connected
to the first patch structure and associated with the second operating frequency band
and the third operating frequency band, a first slot structure disposed between a first -
portion of the first patch structure and the second patch structure and associated with
the first operating frequency band and the second operating frequency band, a second
2(  slot structure disposed between a second portion of the first patch structure and the
second patch structure and associated with the second operating frequency band, and
a third slot structure disposed between a third portion of the first patch structure and
the second patch structure and associated with the first operating frequency band and

the third operating frequency band.




25 frequency band, and a third operating frequency band, as well as a
plurality of 3 "shared" nultiple-band structures associated with nore
than one of the first, second, and third operating frequency bands. This
enabl es the antenna to function as the antenna in a multi-band nobile

devi ce. For e I t.e I ' e d obal
System for Mbobi eeﬁ%ﬁ%sﬁ%gtﬁgg%g%%n%gﬁwﬂ%L?Fi %Sgﬁgéfgéll g'glng%cobﬁe

GSM 1800 (1800N frequenc and, als nown .as the Digital Cellular
System ( ?ﬁﬁggﬁﬁ%ﬂ§9gﬁﬁﬁﬂ¥ﬁ§ﬁﬁuﬁh t@%ﬂ&@@@@“@ﬁQOON+&) frequency band,
sonmetines referred to as the Personal Communi cation System (PCS) frequency
band. Those skilled in the art will appreciate that the GSM 900 band
includes a transmt sub-band of 880-915MHz and a receive sub-band

925- 960MHz, 10 the DCIBRIBHLDERCRIBEMN SFriiHRDRAWIN(GSdes a transmt
sub-band of 1710-1785MHz and a receive sub-band of 1805-1880MHz, and the
PCS fsequency mand isnglwislaged dff anshichns Wochand & bi agiddimentbobanrd of
1850-1910MHz and a receive sub-band of [930-1990MHz. It will also be

appreci at;qd. by those skilled in the art that these frequency bands are for
illustrative putposes only. Such an antenna nay be designed 15 to operate

in different, .an 0ssi bly. nore than ree, operating frequency bands. Fig.
1is atop Vi elﬁ,g%f%é’ﬂm&ﬂ{]%ﬁ et&&é(ber“ﬁ?%tge %teﬁ??p%{r%%’d]i’nent of the invention.
The antenna 10 .i ncludes the structures 12, 14, 16, 17, 18, 20, and 24, as
wel | as nount ifig s @sbotiem sgmelie vigw offg awenngHd Fguhtandghaptedndne, 30,
32, 34, and 36 are used to nount the antenna 10 to a nounting structure, as
will be deswitingetud@0re;n further detail below in conjunction with Fig. 4.
The antenna 10 includes patch structures 12 and 14, slot structures 16,. 17,
and 118, and tWbngissd fopGst@sic Fwadfthédntdial ahd apuennasnaieepopig.a f or
their low profile, virtually unlimted possible shapes and sizes, and

i nherent i L,exidbfoiddhodicah allows themto be made to conformto nost
surface profiles. Patch antenna polarizations can 25 be linear or
elliptical, with a.min | ari zat.ion onent rall el th rface of 4
the patch. S oétlg'a%tmg%ﬁéoé,s Q'g?celoﬁgleHeWOOfgtﬁ?%\t g ﬁJEe)C?Flloél @n%%t(rg%cﬁ%rf%hﬁ‘iynrg required
directions by_changing their orientations. Operating characteristics of

pat ch anglréeIS(i% obhtsefinas are established by antenna shape and di mensi ons.
Principles of operation of patch and slot antennas are well-known to those
skilled in thdiarf isoawbirchiewhef pr embie dvagpincempiasingpbet aitema fml t he
antenna 10, the patch structure 12 is a first structure associ ated

pri mesi | ymovrdtingGtractireafRégnicly abdéind i n which the antenna 10 operates. The
patch structure 12 is

Fig. 7 is a block diagram of a mobile device.

DETAILED DESCRIPTION

Structures 1n antennas described herein are sized and shaped to tune an

20  antenna for operation in multiple frequency bands. As described in further detail
below, an antenna includes multiple-band antenna structures, each configured for
operation in multiple operating frequency bands. In an embodiment of the invention
described in detail below, an antenna includes a plurality of structures which are
primarily associated with one of a first operating frequency band, a second operating

25 freqﬁency band, and a third operating frequency band, as well as a plurality of
3




generally G shaped, including two end portions, at the left- and right-hand
sides of the antenna 10 in the view shown in Fig. 1, and an adjoi ning
portion, along the top of the 10 antenna 10. The size and shape of the
patch structure 12 have a npbst pronounced effect on antenna operating
characterd gli.es I R. i rating. fre n n t tual
frequencySﬁ%%ghgnbagéﬁﬁﬁggnpreaugﬁ%§ §§H§¥1@gﬁﬂ%ngégogﬁFéﬂﬁ%ggﬁﬁﬁ in the
operating fr ency band. O course,_in any antenna such as.10, changes. in
a part ofa“tdhtzﬂgrﬂpé’ Ealeenat Bdii ¢ This raallpe firettiy BaltdURaomh P B1%¢ £ ect

ot her operating 15 frequency bands of the antenna, although in the antenna
10, the efntemedn afnulidand mabiladevice Bor ewmple, apantennagarhecpdepied @rands are
not as significant, as will be described in further detail below The patch
struct ur eopbéation at Ske CRlbbsIt ISystemr doit Mbbileurbnkemidadohd r(SSMaOOOMEIZ uct ur e
12, is a shared multiple-band structure. Qperating characteristics of the

antenna 1feduendP bhike the €GN 800 ArEioNaES OfbqlcBEly Wahdl 4166 RBWahas tidiCt ur e
14, including frequency and gain, for exanple, are affected by the size and

hape of t I : ' f e @i i e patch
:t rgct ur eﬁ%ﬁ[aﬁ%ﬁﬁlﬁ@ﬁ&é&%&(@%ﬁ&i éé@?%@{ B%nm’i%g %H%eﬁg’mgé‘? E((i*,]%ouo(eafr%[gE baﬁds.

As those skilled in the art will appreciate, the patch.structur 4 has a
ol ot vel Geiens b s el S R e R SR Rt Y (€T yands

and is tuned to optimze either one or npre than one of its operatjng

f r equencylresaseey banke dhete seifledintke ag Wil appseciate Shatr g GRMPGH Baskand

structure, associated with nore than one operating frequency band. The
| engt h andclibies avtdbdmiosult-hendbO8BIEIMHetand e dbeimotulphind §23-864NMBzf r equency
bands of the slot structure 16, but also affects the gain and natch of the

ant ena  1@e iDCY HegBerddyestue neyilhan deludeoa xR eub-sdang Mot imgswId h and
| ength of the slot structure 16 may i nprove antenna match but sacrifice its

gain in LR ORELALIAGIAE I IRON1RANAE, ASAOR:CH Mohlhcl1ng Bl ghract ure

16. 10 At e slot structure 1 S connect he sl ot structure

16, the slot structure 17 i imari | i dwth a si e rating
frequenc ytradlziﬂjéi. S#ﬁbeané i arﬁé%%%%%é?mfl I?(g yl§ ?@'ﬁ%‘?@%@t & sy g@é a%(g ﬁf nant

ef fect on performance _of _the antenna 10 i n one fr_eque_ncg band. For exanpl e,
the sl ot SPOuPMH=z 7 Ihadl alsgi b aprntialsd | bar thesg soHed Aadhs pE BRGNS ruct ure
16, and enhances the transmt gain primarily in one 15 operating frequency

band. | n emenethoaideerd foofllustrativenmepodes pnlvt Hich paraatenng nfay dguksicpedand of
the slot structure 17 is also a highest operating frequency band of the
pat chisst riseiperaee ih4liffédgli, agl phreibsy Mbresthinitired, epAtihOfrtdiensy bandst ructure 16
reduces the size of the patch structure 14 and thereby further enhances

this operati ngmtﬁ.r QARERCHp DABY: o2 Bn TEenBh AccSlitiCtd 8 diibéBmdAOLNEAe Shar ed

structure, in that 1t is positioned in the

invention. The antenna 10 includes the structures 12, 14, 16, 17, 18, 20, and 24, as
well as mounting bores 26, 30, 32, 34, and 36. The mounting bores 26, 30, 32, 34,
and 36 are used to mount the antenna 10 to a mounting structure, as will be described
20 1in further defail below in conjunction with Fig. 4.

The antenna 10 includes patch structures 12 and 14, slot structures 16, 17, and
18, and tuning structures 20 and 24. Patch antennas are popular for their low profile,
virtually unlimited possible shapes and sizes, and inherent flexibility which allows
them to be made to conform to most surface profiles. Patch antenna polanzations can

25  be linear or elliptical, with a main polarization component parallel to the surface of
4




antenna 10 and di nensioned to affect antenna operation in nmultiple

frequency bands. Wereas each of the structures 12 and 16 has a dom nant
ef fect on one correspondi ng operating frequency band, the | ength, wdth,
and |l ocation of the slot structure 18 have a nore distributed effect in

mul tiple frequen bands. For exanple | Us nt of. the.6 . ..position and
i renai orc B RS ABREs dEeRLR T o0t FElS T R n R oo, b

mul ti pl e-band antepna i.n mpre than one frequency band. The, patch structures
12 and 14%f glﬁ&ﬂ?@ﬂ OHPHAYPISheOPSAE s hargptarisges qf patply and sloh Aatenens; s
operable with different shorting | engths between the patch structures 12 5
and 14 alapestatlished eargennaThipse gdoliingessorfs) Exinbiplestof operati¢recbess¢handof t he
antenna 10 in that the positions and dinmensions of either or both of the

sl ot st r uwtdtunesnrb @adwdiBkneyn e thHohangeilicdf @r tlexaftpioe wihich nipy @vaegai n i n
operating frequency bands associated with the slot structures 17 and 18,

W t hoyt sjpgﬁggtjoﬁ%@ﬁgﬁs_degradi ng performance of the antenna 10. 10 Tuni ng
structures 20 and 24 are used for fine-tuning the antenna 10. Although
connected to t I t .ot I g . may form
a tuning tab f%ﬁh%%%fqgr%éﬁl? P {rcgeléﬁ—é#g% ]3)231% fP‘ﬁaSErH %gaosgéecﬁ%{%ﬁ%ﬁﬁ ﬁ guency
band of the fi rg_t at CQ st_ruct_glgerﬁlz. As gescri bed, bel ow, the |eft-hand end
portion of'} A& FPUShCY, nayhigh fhgramtepnal opgistisc(ldg PAShSUPEUE fgSpoi nt of
the antenna 10 and as such is used whenever the 15 antenna 10 is operating
in any ofgenemslly Cethaperd yndbeiag tworeisd payiensg aisthe lpd- ané rizht-sand sidrg 9 B® adapt ed
to have a dom nant effect on any of the operating frequency bands of the
ant enna lftenkik @ it thei igw ehiowen ahFign 1 opdraat dditgnibp @qrieme ylobg e top ofdwonpl | shed
by setting the dinensions of the fine tuning tab 20. The tuning structure
24, howev@tennati ot hend sigh hnd 8ghe ITh Phich QBuburd B hawd &Gkt Ponklincdias a

dom nant effect on the operating frequency band of the first patch

struct ur T i : I 3 i 2 f ts the
overal " Gseon ARl YBRh 2 L Eh A0 b LG B T the
first patc tructure . I n one enbodi ment. of t invention, the antenna
10 T Bovreh ey e b FRUESeBrish s WAk b RS gRirag
frequency bands. The first patch structure 12 25 is associated with the
first opewsiating freauensahapd.p S gousndn saY spgnatuch astPuchanees inp pat of
associated wth the second and third operating frequency bands, the sl ot

st r uct ur éhd @niecsnasswciaktdedithi vie fivgudncy shand nmay hilsodaffperethemgpdrateguency
bands, the slot structure 17 is associated with the third operating

f r equancyrrdansty tands 6MBe Shtehns althiighhie theSintdhna3 6 OBk affeets F the stlaefd rst and
second operating frequency bands. The first operating 5 frequency band is

e et SEAG AT LML e A AN SH bR = e
for further detail below.
The patch structure 14 1s a second structure that, unlike the first patch structure
12, is a shared multiple-band structure. Operating characteristics of the antenna 10 in
20  the frequency bands associated with the patch structure 14, including frequency and
| gain, for example, are affected by the size and shape of the patch structure 14.
Adjustment of the dimensions of the patch structure 14 has a more balanced effect on

its operating frequency bands. As those skilled in the art will appreciate, the patch

structure 14 has a relatively wide bandwidth encompassing its operating frequency




use in a GSM GPRS nobi |l e device, for exanple, the first, second and third
frequency bands may be GSM 900, DCS, and PCS, respectively. Those skilled
inthe art will appreciate that the inventionis in no way limted 10 to
the GSM DCS, and PCS operating frequency bands, or to any specific inter
relation . e : ' L4 . St re in the
ant onna 1000 Eand i Bfied (RAHHEREY ciiRP 30 BR0R Bhe hdbi it SRR BT Cormon
bet ween thedfirst and second patch structures 12 and 14. In this case, the
first paﬂ%W'§tructure 12 is configured for the first operating frequency
band, as above, and the second patch 15 structure 14 is configured for the
first frequencihedpicsiasirahdingso fshiaénuytineahand srwsircaassedstad Pols bet ween
structures and frequency bands are al so possible. Referring nowto Fig. 2,
oper at i ormefe thhe et erenaing0fraquchepdanies crlichdgibnadduthchevidtedfaible. slfti g. 2 is
a bottomisonetric view of the antenna of Fig. 1. A feeding point 38 and
ground paitittudd 6 Woit dhly £&P et fraiRenBUIRHNES MO SRS sthictaRd 648ut Adceafsdeeywn in 20
Fig. 2. The feeding point 38 and the ground point 40 forma single feeding
port for . i oy i i iC £ ound

! thD &8N 0LRA '}ﬁ‘%iéip of e rhnre'ﬂﬁﬁaio [é'p {tﬂoeg? ﬁeﬁggﬁcj&/rebgﬁ I Clor EJZUF[%@E

point 40 1s tonnected to signal groun ound pl ane the
antenna 1 and .t he. f.eedin oi.nt .S .CO ed to one or nore transceivers
oper abi e PSR HeNFANE ™ BR 5o Mol bl BB e e BEF e PRh ekl bands o
the antenna 10. .8  Signals in the operating frequenq bands, established
as descr i Bty gaingp dhe aperpingyiraaiene u brndscassomyated & itinthe shod, stractuyg,

el ectromagnetic signal in one of the operating frequency bands is received
by the antéenna 10 and converted into an electrical signal for a
correspondi ng receiver or transceiver coupled to the feeding 5 point 38 and
t he ditound poiAlthet@h the Riok afrligtureal? &l @ehedtedko Hicgslad stiuttrad 60thet dlet
operating frequency bands input to the antenna 10 via the feeding point 38
and the gnouRd B9 Bt ARy sl RS Whth! £indle bIFNFELEYHent? Hafdi afigd from
the antenna 10. In the above exanple, when operating rn the first frequency
band, the;. u 1 nd-18. aof the.an na 10 radi a receive
signal s ﬁ%&%ﬁ#é%ﬁgfﬁmlﬁo%%ﬁgb FgﬁsEﬁgfhE%QFﬁ'{gﬁdgﬁﬁlﬁgﬁﬁgﬁgﬁ%ﬁng to the
patch structure 12 in_a co-operative nmanner to enhance e gaj.n. eration
of the arfPiHa 1900 0HC fREIQYTREL aftr ?Wpéleﬁth%ﬁf%ﬁaﬁ%ﬁﬂég‘a?gdéﬁﬁ@%nti al l'y
simlar. In the second frequency band, the structures 14 and 18 are the

maj or r adiodrizagom Adn thedphhmgiueo Hp oneé Arlancesibie manimis galniprgndrtlggueicy  band,
the structures 14, 16, and 17 are the main radiators and receivers. 15 The
ant erida Xpeoitibgr Sequepcw\badd.si gnahe tansirslimhesi of tindnveatept thenopehtaig ve to
known ant enna designs, since it uses conbined structures of patch and sl ot

antennas frequency band of the slot structure 17 is also a highest operating frequency band of

0

the patch structure 14. Adding the slot structure 17 to the slot structure 16 reduces
the size of the patch structure 14 and thereby further enhances this operating
frequency band.

20 The slot structure 18 is another shared structure, in that it is positioned 1n the
antenna 10 and dimensioned to affect antenna operation in multiple frequency bands.
Whereas each of the structures 12 and 16 has a dommant effect on one corresponding
operating frequency band, the length, width, and location of the slot structure 18 have

a more distributed effect in multiple frequency bands. For example, adjustment of the




whi ch work co-operatively to radiate and receive signals polarized i n nost
popul ar directions. In this manner, the perfornmance of the antenna 10 is

| ess affected by orientation of a nobile device in which it is installed.
Mul ti pl e-band operation is also 20 supported in a single antenna with one
f eedi ng on P8k LR h 0, d.S,fHrt hange en the
ant enna ﬁgkﬁgﬂﬁﬁgdﬁon a&ﬁbﬁﬁﬁ%n§°§$%§@?§9§ %%ggﬂﬁ&ﬁgﬁaa@?gs. gg&QFig. 31is
a bottomis Hgiﬁ v@eM/of thg ant enna of Fig 1 and an antenna nounting
structuré™ HE?EQ patenng Bmetedhal QIEdISaIERsYdP it he ant enna and mounti ng
structure of Fig. 3.in an assenbled 9 position, and Fig. 51is a

cross- sect i onaloRaeh Fructuies hheahd4 aanshartsdrirlonggths tlingciumeligl dngthei ne 5-5
of Fig. 4. In Fig. 3, the antenna 10 is shown substantially as in Fig. 2,
and has beémne é8cs ofreablabothealiffdiant shodintg Imggtst bareter the pRtchstipeteferidbl y made
of plastic or other 5 dielectric material, and includes nmounting pins 52

and 54 ormnd 1SR the Hnk BO UNEs pwvided dleRibMMY M tHRAIsS1gh{oAGR: HlermbE) MOUNT i Ng
structure 50 al so includes a fastener structure 62, an alignnment pin 64,

and ot herthattﬁélﬁés&’t'icﬁﬂs afi@ HH:?&H%R)% oP SR dr 6&n W \tlfe%cﬁ%ﬁﬁ@c&?e% §7%ht g I ng

sections or other parts of a nobile device In t he ant enna

installed, Ekor e le, the alignment pin 64.serves to.align the unting
st uet ur e Tparh 00 eSompia g dpe IR apin B pealE e ) o drsrine
cooperating alignment hole. The fastener structure 62 is configured to
recei ve aW'gk?Y@ fot sjryeipreg 1 / g d e, WHEPW snificantly @%ﬁ@ﬁ@%ﬂ%ﬁ%gg&% ucture
to another part of the nobile device once the nounting structure 50 is
proper | y aafdngmdéd. The antenna 10 is preferably nounted to the nmounting
structure 50 before the nounting structure is attached to other parts of
such 105 a nobiTwiktestiuetiresTiearAliiidedra asciOfonfifle-tiitngnbe RhicAga $0.r Althowgh 60
conpri se an antenna system generally designated 70 in Fig. 3. The nounting

pins 52 aRfn&4edbehdast baon ath@ilc t1NemS YRRRY bnktdrHob W& B3N 3Quiifg t be
received in the nounting bores 42 and 44, Tespectively, when the antenna 10

IS positi - ' ixndi | i 58. The
mount  ng 30 igrenb BB o W Ftede PR SRR g TS SRR
feeding point 38 and.the groynd point. 40 tq the support structure 53 on the
ount | ng SEPUE L ABEESOTRE BRIGT: BRGTERHE e neteroo Bagrst polch GBI, be

heat stakes which are nelted to overlay a portion of the feeding point 38
and the dgrosrenssiedtto adeasking prinidefibe eptennroltharidnas ssel issusad végaewrs thend
thereby retain the feeding point 38 and the ground 25 point 40 in a nounted
posi tlson.anfedna 1THe opaptisg de awf of [te fi@ntanpdanyst Fhe Tthing stsiawwe 2nhcd g. 4, in
which the antenna 10 is in a nmounted position on the nounting structure 50.

As shown,thiidie: sHapRHIt68aR0s 86mAfnt Sithct 38 anP4f thANGeRPin @'ﬁ‘eﬁhé&ﬁ:ytﬁaﬁdsf@ﬂl nting
pins 27, 31, 33, 35, and 37, which are then preferably deforned as

descri be ty r in - I g ik The
ant enna %89 .é%m5u‘s$%§??%f$§f§§%§ﬁs e%ﬁgggﬁ %%gfﬁg&&%§%°§@§ﬁ%§- on the
nmounting structure 50. The surface 60 i,n Figs. 3-5 is an arced surface,

al t hough Sg{tlflgﬁ%ea@m?gmgﬁsr(ﬁggﬂﬁ? ﬁ'\‘“infgeté]? 2ﬁ‘ncl udi ng faceted and ot her

non- snmoot h nounting surfaces, may instead be used. The nounting bores 26,
30, 32, and 34 herBNEgEshugingeit ByWBsettdhe Behtrhand end pertian efBsANERR gs.
1-4. These bevel ed surfaces serve to offset or displace the nounting bores
f rom2fhe 1$uhisax domhenaelifeshnn tHoopesatoly fidpmendyheandodpke atst pgichotmeiurg pi ns
are |l ocated bel ow the surface of the antenna 10 when the pins are deforned
to retai n2t hghanteingaatd Gomfing tihe MOLAE SHuPQE] DI Giffecidepensiengd] wRonickhe
physical limtations inposed by the device in which the antenna system 70

i's to be 1ifgh B RIne oS ReduehdySHR, of the first patch structure 12.
In one embodiment of the invention, the antenna 10 is a tri-band antenna
having first, second, and third operating frequency bands. The first patch structure 12

25 1s associated with the first operating frequency band, the second patch structure 14 1s
7




15 profile for the antenna system 70 or particular parts thereof m ght not
be crucial, such that nounting bores need not be displaced fromthe surface
of the antenna 10. The nounting bores 36, 42, and 44 are such flush
nounting bores. As will be apparent fromFigs. 4 and 5, the nounting
structure y g 14 ' [ ' f the
nDuntingzgggﬁ%%%ggﬂggga%$§%aﬁ%@?%%@%ﬂ?#%iﬁ%@%&ﬁﬁ%ﬁgﬁﬁ ggbggggbggé&ay 20
fromthe remainder .of the surface 60,.such that the noyntin in 37 lies
bel ow t h® GERERLEATLi thh 4Fss RY 15 oppiatingodycnryandsy HesIPSRE B hE ¥ r om i g,
5, for exanple, in which only the nounting pins 31, 33, and 35 are shown.
Si mi | ar | yassqowded aeth ity Buidnepastinghdregragncbapdi vnd 4be st diuspeedd el ow a
surface of the antenna 10, where a snooth finished profile m ght not be

i mpor t antassokimisd wathrthé ffirg| apd bacehdasyteeating fieqpedcly banidec I Tieefirsf dsedtingount i ng -
bores such as 26, 30, 32, and 34, flush nounting bores such as 36, 42, and
44, ors bofdhuerddie baid RMiR thleding fuingtk@tRte24, had iabfuhfiat eachufopo &
substantially flat conductive sheet of a conductor such as copper,

al um num,,.sh i

form ant ennalt%‘ﬁhe e ﬁ@ggconﬂ%gt%tié Sﬁtenggé})iggg)aﬂ& ?Bpgﬁ aﬁt%ﬁﬁd;i NerldEs ques, to

anks. Mbunti ng re cut or stanped as the blanks are
formed, or dril | t fl at antenna bl.anks. Antenna.bl.anks are then
def or med T (GRVHRsEmoRs e, BiteEmBiea il b, o/ BhhABT iR e S ount | ng
structure 50. Alternativel deformati on of an antenna bl ank coul d be
perfornedmmﬂ$F@Y§ﬁC§ﬁ@§HﬂégC§:%@ﬁﬁaiﬁﬁﬁﬁﬂéﬁbto the mounting structure 50.
The 10 feeding point 38 and ground point 40 are bent at 46 and 48 to
position the fBwdéskllpdimthe3dt wildappresiatd theo et indértiopliain ve way lvhiged
structures 12 and 14, as described in further detail below As shown in
Fi 9s5.103- Sp thbeGSvl ®TR) 4 POSI sidesinpedtqupndt bans, 46 tandydpeuit CGhter-
respectively couple the feeding point 38 and the ground point 40 to the
first strugliyh ﬁe%e&%e%uémdszﬁs;sb'ﬁﬁﬂéﬁ Fithbacl Bfydobib 5 uRldoticbn g, 12 and

the second structure 14 conprise Irst surface of the antenna structure,

whi ch co r fir surfa the,suyfa 60, of the mounti
o oot PR, fhel 6150 buclid R B8auch (I bR LARE S QrmBlont PEuEBMRI A

portions 46 and 48 position the feeding point 38 and the ground, point 40 on
a second @grieand BHCh ABUGHIEHHLF Gdst R { paich stugiToVLR appi ng
20 the first surface of the nounting structure 50. The feeding poi nt 38 and

t he grourrgnpeimed 20 thenfisst operating fpquensydiaad: he abovesandibe s P&dr uct ur es
12 and 14. As those skilled in the art will appreciate, the bent portions
46 ard AStadarel4dd cordiguredefigtihe fiost ttheuéidyshandnaidseodrd fsgnectylirapd. 12 and
14, providing a further neans to control antenna gain and frequency for
their assOGiAds8stikiRE BeREEn RN Sres and frequency bands are also possible.
Referring now to Fig. 2, operation of the antenna 10 will be described in
further detail. Fig. 2 is a bottom isometric view of the antenna of Fig. 1. A feeding
point 38 and ground point 40, with respective mounting bores 42 and 44, are shown in
20 Fig. 2. The feeding point 38 and the ground point 40 form a single feeding port for
the antenna 10. When installed in a mobile device, the ground point 40 is connected
to signal ground to form a ground plane for the antenna 10, and the feeding point 38 is

coupled to one or more transceivers operable to send and/or receive signals in the

operating frequency bands of the antenna 10.




25 Also, as shown nost clearly in Fig. 5 the bent portion 48 orients the
ground point 40 12 opposite the second antenna el enent 14, which

i ntroduces a capacitance between parts of the antenna 10. The di stance
bet ween the ground point 40, which forns the ground plane of the antenna

10, and the segond, S fIChES 4 ALLAS NG 6ARACHLANEE REL VBRI Lhe or ound

pl ane and the afitenna rn arféects antenna galin and mat ch.
Ant enna gain d mat n t hereb enhanced by sel ectjng the.di stance
ot ween LB ArE B8 e MR G SBCCAEENSEE SR RT AL O s, ons. of
the support structure 53 accordingly. Fig. 6 is a rear view of a nobile
devi ce | ndSFHBCaEPapLEH bandh éfhh%?e]é[ﬁé tyothet prtermst # O cndr eongertqd gntogn As wi | |
be apparent to those skilled in the art, the 10 nobile device 100 is

nor mal | y dedistarsigml fgr #rotrespedding trbdeiven dndumiseegven aoupigd fto dh¢ feademyr , t op,
bottom and side surfaces. Data input and output devices such as a display

and a skeypagt 98 deeyiearudl fopUuR! KynitmiNtadclvbttibAINsiERe ihr &t oS i ace of a
nobi | e devi ce. A speaker and m crophone for voice input and output are

o1 ol | Vo SRRSO BELEATA 548 8o PLASEPALANELYl 5 WE D o
o B b o el R e S TRy BASIRL 1 2 o0 St

100 is showmnm with a rear housing_section, renoved. Internal conmponents of
the nobile devifcthe18epvsr exuplendbar UWSHRNEnE B diruffaduengpags. i | e

devi ce. However, the nobile device 100 is enabled for voice 20

comuni cattiuehsesahl] thenéfl8rad thevehtedies 1 Atradigasind aesdicr siphanpohndedspeaker ,
respectively mounted at or near a |l ower surface 80 and an upper surface 90
of the noditdcHomteith @afliel anthpdrpétidise tbake YAt SreQEID G2 t@BFerativelser

hol ds the nobil e device 100 such that the speaker is near the user's ear

and the mhehRPROREhIRe B LalNCOPSRfiors oMY thtentR®1 P HelscRonPYbE MRt ar ound
the nobile device, and inparticular 25 between the antenna 10 and the

front of Oi%é@e%ﬁ%n@s %es\ﬁibgt%néizgg'hsh%‘lﬁar £ %%lorlﬁl ﬁeﬁuaeﬁlgﬁ \";\)ﬁngcﬁ ltﬁesstﬁlchjg% r

portion evice such as 100 w one ehgaged’in a
conversat'on.%ﬁ} such, the top.rear portion of the nobile device 100, and

thus the ¥heBfind 5 s MAatdAng Ao FeeTiRg SHmRARATLS HRdnBbilte BBV ce 100
is in a voice conmmunication position, thereby providing enhanced 5
per f or manEwueaTizand othe strikgtown 1antte andis7 atsdhermigin radigtors awdbrecsinera. si i | ar
manner, the |ocation of the antenna 10 shown in Fig. 6 renains unobstructed
in otider posi tTlenatainat Heoffabiproded spaallitsmitionexdnipteptioairalagveaat a

known antenna designs, since 1t uses combined structures of patch and slot antennas

which work co-operatively to radiate and receive signals polarized in most popular

directions. In this manmer, the performance of the antenna 10 is less affected by

orientation of a mobile device in which it is installed. Multiple-band operation is also

20 supported in a single antenna with one feeding port.
Performance of the antenna 10 is further enhanced when the antenna is
mounted on a mounting structure as shown in Figs. 3-5. Fig. 3 is a bottom isometric

view of the 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




i nput devi ces such as keyboards and keypads are typically |ocated bel ow a
di splay on a nobile device, the display tends to be positioned near the top
of a nobile device. 10 On such a nobile device, a user enters data using

t he i nput device, positioned on a |ower section of the nobile device, and

t hus supppy i.d h that
the top reafrtl%jEl 51}&1? §f1E '? ht rgﬁv%&fozn%gbk%n%f){hgnag?eﬁgy %%%éot%rﬁﬁhg ggl.lak%ny nobi | e
devi ce hol ders ge systens engage only the | ower portion of a

mobi | e dé@ﬂ@@““ggg ?h treate no further barrier to the antenna 10 15 in

t he nobil e device 100. In other types of holders or set down positions, the
antenna 10 naylnpEgsdnibaratenspdrigchenn whtariisllytas iankigg?ettehaddbofitee t han
known enbedded antennas. Thus, the antenna 10, nounted in a nobile device
as shown descritied.abBye.ndhe ommtingd;trattesa Shdk prefeablesndde qfl plasiici dryotbér pl anes
of polarization as descri bed above, but is 20 also |located in the nobile

devi cg saii@scttie nRerfl DAIdaRE Inatd MotnlRsHing!SL @Ad 58 dnyPEgPortUiRicR@s b3, ons of
the nobile device. Antennas according to aspects of the invention are

appl i cabl gst o rﬁﬂuglﬁi?%%ﬂffa&ey BES P %%%@E%{&tﬁl% 50 NdoUBlcABics faofasfcgé’r”p le,

data conmuni cat1 on devi ces, volce CO i cation devi ces, ual - no

conmuni ca n d |ce such, as e,.25 tel ephones hayi

connunlcé%W8 &% 8W5FPE9H1£DP§ Hﬁﬁfa?ﬁﬁwﬁr°%E%?E?§‘?9‘Eﬁég“%¥%hs)
enabl ed for wireless conmunications, wreless enmai] c¢onmunication devices,
or | apt opfogPeraEKifluhousmEssetians oy ethshmaris afis raghils)dsxice i whiak theppfenia j s o

bl ock di agram of a nobile device. The nobile device 700 is a dual - node and
mul ti pl e-ibarstilisdb Freedevile shanligndranh pinudlessresstio ahgt gieveeunimgsiractiel, a

m croprocessor 738, a display 722, a non volatile nmenory 724, a random

acces® nmesRiiye (RANJart/@ba nsitlcadeviverehidhdthdlidusya toupetatipgt Pighmeh? )ledevi ces
728, a serial port 730, a keyboard 732, a speaker 734, a mcrophone 736, a

short-range PhkelaatcePBYM 6allRR% t%%ce%iléE%E?e%ﬂ%veﬁefjo%h%te@l@ﬁ/toce
sub-systens 742. 10 The transcei'ver nodul e 711 includes a antenna 10, a

first trapsge hver e
OSC|IIatorsg%Eﬁlnmnéggs&uam §E§§3ﬁ55 E%gggssg? %g%%(¥%8tﬂgﬁgwh%%?he
non-vol atile nemqry 724, deV| 700 pre erabl es allty of
sof t war e %8%%5871?45&0?%% 1gagd- ¢ dfepgnigngc (9 &y 1 e{a;il?gy %V‘ﬁ%rgb or

738 (and/or the DSP 720 |nclud|ng a voi ce comruni cati on nodul e 724A, a
dat a conmueNTEAEiSEHC eforzabe mongting prusiak it yitashedtonesherapsats o isathal

nodul es 724N for carrying out a plurality of other functions.
15  amobile device. The antenna 10 and the mounting structure 60 comprise an antenna

system generally designated 70 in Fig. 3.

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

20 pins 52 and 54 are then preferably deformed to mount the feeding point 38 and the
ground point 40 to the support structure 53 on the mounting structure 50. The
mounting pins 52 and 54 may, for example, be heat stakes which are melted to
overlay a portion of the feeding point 38 and the ground point 40 surrounding the
mounting bores 42 and 44 and thereby retain the feeding point 38 and the ground

25  point 40 in a mounted position.
10




The nobile device 700 is preferably a two-way conmmuni cati on devi ce having
voi ce and data conmuni cation capabilities. Thus, for exanple, the nobile
device 700 20 nay communi cate over a voice network, such as any of the
anal og or digital cellular netwdrks, and may al so communi cate over a data
networ k. The vgj epi c: in.Fig.

conmuni cati on 5&@ Q@%ggﬁ#ﬁg@§&€§#§%H2§§S%gﬁg“%gﬁagﬂ%5“%%3%%£%§§%§rate
comuni catj on networks usi.ng separate.infrastrycture, such as base

Soattons. 10, BrindroRRT poRHEP of T boutingd SHER D bl Shobg e BT e o
single 15 wrel ess network. Each transceiver 716 and 714 is nornually

conf i gur €reso2G Sndhi daeed 3f resetiefthe monntingping 2Rs3 12 83, 3T Hadt37andedi ver
nodul e 711 is used to conmunicate with the networks 719, and includes the
first tramsdkinerefdrily ddfemnsecandedcribat aboweeto tekdin thhenomead) notle 5 | ocal
oscillators 713, and the DSP 720. The DSP 720 is used to send and receive
si gnalss hﬁmﬁﬂ&i?bgﬂbﬁheﬂkJﬁﬂéﬁﬁiMﬁﬁﬁsZ&ﬁu@ﬂ@h?%@mﬁﬁdmb%uﬂh&ybdam&%ntFO
information to the transceivers 714 and 716. 1f 'the voice and data
conmuni cat | Sl kEq BV of
frequencﬁ%@%ﬂgkgﬁqgégﬁﬁb ggf%%gﬁn%ggiIiatg?ﬁg%S&%gi%%%'égggggﬁggﬁﬁﬁunction
with the transcejvers . 714 and 716. ternati.vely, if different 10

F'r equenci WEAEE STV Ta SERSF Sy or i R Gereyapd UG PR oot

comuni cations or comuni cations in different networks or types of network,
for exanpPemingsHiaces) mpyinstepd B¢ ussdeal oscillators 713 can be used to
generate a plurality of frequencies corresponding to the voice and data

net wor ks 719. Thefmpwmingdoresdti, 36, 32 ehdidé srdxotfounddidcley baveledasueta¢asf or mat i on,
is conmunicated to and fromthe transceiver nodule 711 15 via a |ink

bet we@n tdnewhSR FIZ0 1andThdre bl €ledpirgaes s@ve B38ffselhe digiat tiedmdesign of the
transcei ver nodule 711, such as frequency bands, conponent sel ection, power

level ,  etifres rSmABPIRASH thURARAHNF0C AAURACEL (cBFp RRINCHESnTbIpihd apthi ch the
nobil e device 700 1s intended to operate. For exanple, the transceiver

modul e 7]1%031@&/ élg&ltﬁg gurﬂc%%??}?é é’n‘%grlsna71|04w é]ndthg :R%hdfrg id?ﬁagxglﬁ}%gq fe?eﬁﬁ & 20 wi th

S
any of a ‘varie Yy of “conmmuni cati on networ Ks, °S a exr or

Dat aTAC~ npbil e data co ni cation netwrks, AWPS, T .. CDMA, PCS, and
GSM O heﬁmwﬁzg TBftS UALCARISHOR-c LeRRRE Yon t@%?hy%@gg?%%ownoa%gr at ed,
may al so be utilized where the nobile device 700 includes a corresponding
t r anscei vsrthadevichm which tesant@ng sygemf70gs faelkk epleperted. @ smpoth §oshespondi ng
operating frequency band. 16

15  profile for the antenna system 70 or particular parts thereof might not be crucial, such

that mounting bores need not be displaced from the surface of the 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
20  from the remainder of the surface 60, such that the mounting pin 37 lies below the
other mounting pins 27, 31, 33, and 35. This is evident from Fig. 5, for example, in
which only the mounting pins 31, 33, and 35 are shown. Similarly, the feeding point
38 and ground point 40 are disposed below a surface of the anfenna 10, where a

smooth finished profile might not be important. Thus, a multiple-band antenna may

11




Dependi ng upon the type of network 719, the access requirenents for the
nobi | e device 700 nay al so vary. For exanple, in the Mbitex and DataTAC
data networks, nobile devices are registered on the network using a uni que
identification nunber associated with each nobile device. In GPRS data

net wor ks, ; e I $2850G1ate | . L.her or user
of & robi P angeyiter miyRRLYRbs 36GERE B0 SR ORGSR BB BREL GRET (01 1Y
nodul e ("SIBTA Mhlﬁh i,s.required in order to operate a nobile device on a
GPRS net iSrK: 4338444 o¥ B98h- net wor k communi cation functions (if any) may be
operabl e, without the SIMdevice, but a nobile device wll be unable to
carry out any Fhengrtpwies 19 Mm@l Viphgxaepieu e dabiietrs flomoe eubstatiadlyt Batnet wor k
719, other than any legally required operations, such as 911' energency
cal | i ng. cahtwitivarsheeteofua rodduvadrworck asegipper, alumimumy; sdedr watgolh ysmgcedur es
have been conpl eted, the nobile device 700 may then send and receive
comuni Cakdr@iing beo@kiScutlimiCletithings DO tHmy ohtemshidathdnfitia p8bs nyede t he
networks 71 9. Signals received by the 15 antenna 10 fromthe conmmuni cati on

net vork T Alnhi il £ OnARG Bl KRR ANGARKY TS (TRl itk oh

provi des for suc unctions as signa Ication, frequency down

conversio filterin channel sel ectipn nd anal og,to, di gital conversion.
Sl 00"t itelyla tiikeark wPR AR B O st BV L R SR R EB s o
communi cation functions, such as digital denodul ation and decoding to be
per f or medh© B8 R sErypdupSS. 7@b¢m@thveiy, Sefarmahonah A anteang hlank cppld
transmtted to the network 719 are processed by the DSP 720, which

nodul at epeslodneh cddesant mrewiagindiesng frountesst dnphe mamtng sencipreod9.dekhet he
processed signals to one of the transceivers 714 and 716, which perform

such loperfa¢dianpoins 38| tgrburidopdniad®greCloshy ar 36 @nd 48r@giesitioy the fedmger si on,
filtering, anplification, and transm ssion to the comuni cation network 719

via the %iﬁ@&eﬂrﬂﬁgg&nd]p%int A0 fdelib Me SRuBRLREE2SANO14.NE GBI fAl i On
signals, the DSP 720 al so provides for transceiver control. For exanple,

the gain evels, @ %&&d to communi cation signals in the transceivers 714
and 71 6 nay Pe 8 aptively controlled through automatic gain control

algorithns inp]lenented i.n the DSP 720. Ctagr 5 transceiver trol
2l gori this coUttRRMEgn ég%-ﬁp%él?-ﬁemt@awi 19 ipladesdhsny DerioRs b ard 4% &'Mifovi de
more sophisticated control of the transceiver nodule 711. The
m cr opr odesseliverggoyetheriagdiyg peinhge endife srowmd prist 4he o Sirdisfruelper at i on of
t he dual - nrode nobil e device 700. Many types of m croprocessors or
m cr déont 2ok sscondudtaichec uded Therfast sttyctadt EY nad ithelsycond sivrgire 1EASP 720
coul d be used
comprise a first surface of the antenna structure, which conforms to a first surface, the
surface 60, of the mounting structure 50 when the antenna 10 is in its mounted
position. The bent portions 46 and 48 position the feeding point 38 and the ground
point 40 on a second surface of the mounting structure 50 opposite to and overlapping
20  the first surface of the mounting structure 50. The feeding point 38 and the 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 control antenna gain and frequency for their associated frequency bands.

25  Also, as shown most clearly in Fig. 5, the bent portion 48 orients the ground point 40
12




10, to carry out the functions of the m croprocessor 738. Low Il evel

comuni cation functions, including at |east data and voi ce comuni cati ons,
are perfornmed through the DSP 720 in the transceiver nodule 711. O her,

hi gh-1 evel conmuni cation applications, such as a voi ce conmuni cation

appl i cat io?@o Oifej@;el &@&éﬁ%ﬁ%ﬁ@ﬁ%ﬁﬁi@%&ﬂ @88!1&%%‘% g@a&%'ée TRy, stored

in the non-v e nenory execution M Croprocessor 738.
For exanpl e, e voice co nji.cati qn nodul e 724A praovi des, i gh-| evel user
i nt erfacéjaBtﬁé’%g\lﬂ @t?n&atlﬁ)a:@%l ‘ilS%IFﬁT breanibe grvng ROt 49; B’Bﬁ%egéﬁﬁ? HE nobi I e
device 700 and a plurality of other voice or dual -npbde devices via the

net wor k- 72roundplang af the antépma dg and Swmspdrshstrusirpdduiftects2hs cppasitpfés a hi gh
| evel user interface operable for sending and receiving data, such as
~e-mai | mEssecpashe ghhuhd Ipkme aad glanaamai 19 ohioht inamyn Hfeotstantext gamssdges,

etc., between the nobile device 700 and a plurality of other data devices

via the neiver ksitehhd gain@ndhafcAREAGBSERY bd 38hACE® by NEREMES theWifthn@t her
devi ce subsystens, such as the display 722, the non-volatile nenory 724,

t he RAM il4 i vy e seri al
port YSOF%?ﬁ§%D§§§%§?EEQ%§?3$ gﬁég%% er1§85§?$%%ﬁgyﬁ%(%?§%§p55%2ﬁ§36, t he
short-range comruni cati ons . subsystem 740, and any ot her device subsystens
genera||j%H@Ef8H§FE8%§§B%H@Pg one of the subsystens shown in Fig. 7 perform
comuni cation-rel ated functions, whereas other subsystens nay provide

"resi dent” or I6&- Beli tdcurew ahg mobpdenics ncermarainssistaignasidh as
keyboard 732 and di splay 722 may be used for both comruni cation-rel ated

f unct i onspowuinl sisicent ef iFng 4 tfexwillbs spgarehioto thoamskillsdiinrthowsr the dat a
conmmruni cati on network, and device-resident functions such as a cal cul ator,
t ask 1l0i stmolsle @viter1080Aoy RS keianaMsy ckddeeatwillgn ansueine sabhwaratused by
the m croprocessor 738 is preferably 10 stored in a persistent store such
as the nqps;Vv i : it rakd y whi ch
ot ol o o1 B CPEn B dfftee CpRE b ARy bk BT RSN

non- YOl a.te{nld%. TR ¥y lzezy%oanr%ya L n8r|1ﬁlaq§ Hal'%&ltg({ %Mntry thgffrorrlllt glpr_feltc \6?!21 ﬁggi}ewar €
appl i cation ‘prograns, “or nodul'es,” such as a voi cé comuni cati on nodul e
724A, a data communi cation nodul e 724B, an organi zer nodul e (not shown), or
any ot herdetie; ¥ b EPBKEISHI TR RPDRBE TV OICEARPUITAE GHIPHLE\AET Bpily RPERSL 724 al so
may include a file systemfor storing data. These nodul es are executed by

t he m cr opilockeyorriz@g onalicrproeiyde the lob gh bbéwesuifptee pf ieandelewssisea user
and the nobile device 700. This interface typically includes a graphical
conpdsentSueh audtt Rdddvides wido e dicspbaye 7 2Rieldnthichnreldngustdlafopisenet@nponent
provi ded through the auxiliary 1/0 728, the keyboard 20 732, the speaker

734, and dnb@yTh@irRRRARRrd 30m thESroaPsf Bt UPEcS Yok &Ma iBeci fic device
applications or nodules, or parts thereof, may be tenporarily | oaded into a

vol atile stor g, 1§he1 s dedfe180 if SSHAIwAPE IRk hokind RoRGY Rimovefcel ved

conmmuni cati on

Internal components of the mobile device 100 are dependent upon the particular type
of mobile devicee. However, the mobile device 100 1is enabled for voice
20  communications and therefore includes at least a microphone 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 voice communications, a user holds the mobile
device 100 such that the speaker is near the user’s ear and the microphone is near the
user’s mouth. The shield 95 extends around the mobile device, and in particular

25  beitween the antenna 10 and the front of the mobile device 100.
13




signals may also be tenporarily stored to RAM 726, before permanently
witing themto a file systemlocated in a persistent store such as the
non-vol atile nenory 724. The 19 non-vol atile nenory 724 nmay be

i npl enented, for exanple, as a Flash nmenory conmponent or a battery

backed- up RAM Gé@rﬁggmsgf Hol8PRYdG téo%@orﬂ?f’#!ﬁobﬁ%%fcg% ?l'g%&?“h aded onto

the nobil e device IS a persona or mati on manager application

provi di ng PDA unctionality, such as, cal endar events,. appqi nt ts, and
Pk | t ortie BERT S R@eg sATORIGIED AR LSl (90 198t PtofBF s Riun cat 1 on

nmodul e 724A for managi ng phone calls, voice mails, etc., and may al so
i nteract divics 10e andtthue dimemean | dnisnistitively 7euplstreredaidigni they rechils |
comuni cations and other data transm ssions. Alternatively, all of the
funct i onalevicg 60 tihenvei wicec enmmunngatiow rposivebu) ehérgehA paorddib® ¢rhenchslt a
comuni cati on nodule 724B may be integrated into the PIM nodul e. The

non- val atger@rBisRIpmpaddrb Rhera Ritinidk Qi gRbiladévit®. systemto facilitate
storage of PIMdata itens on the device. The PI M application preferably

incl udes the afid il S8R0 A AcKBECRe dakind | §TBow Rl IS Pipidiiel T, or

in conjunction wth e voi tée an ata comruni cati on nodul®&s 724A, 724B,

via the wireless networks 719. T 15.PI M dat a ..t are ef erabl y

oo oes! BoBHTETr DL ARe Soriims b Ba Tibbde dlsiat 990 Vi Sinll FFE 2B et wor ks
719, -with a corresponding set of data jtens stored or associated with a
host conplPérdegicss sieh askeyeasydscdderpryls araivpical e dpcsipdhstavy 8 disgRy M t ens
associated with a particular user. The nobile device 700 may al so be
manual | y ayoblle devizedhevdishlay thoistto degiositioned bgarphatdimgf ¢ meobdevicgiee700 i n an
interface cradle, which couples the serial port 730 of the nobile device
700 t1@ t h@n st amdletdedfce! Hasdrasiters Ystharing ihe iger idevicposdsitibadd way al so be
used to enable a user to set preferences through an external device or

sof twar e 13t iAbh 8Phe Mot ddowa! &a%ﬁt%ggoﬁ%lﬂo%tthé)w@gwtﬁﬁ of N for
installation. This wred downl oad path y be used to | oad an encryption
key onto phedeyice. far 238X Gual QREAVLASE MBLE. SREULe AELf0d than
exchangi ng such encryp?lon 2 I 6T mati'Sh Via the wteless hetworks 719.
I nterfaces Lor ot e&ﬁmﬁred 0 Ioagggfths ¥a¥ be ggovided in the nobile
devi ce 7080PHICki MAY FEbYF devise datfleny and slorage; sy prergp . OMEb e xanpl e,
a USB port provides an interface to a simlarly equi pped personal conputer.
5 Additi dewkr pgipbh edeinebilesliuicesarrizhng eragicine foghercrtaertte thhantpwsi i% devi ce

(=

15  inthe mobile device 100. In other types of holders or set down positions, the antenna
10 may be somewhat obstructed, but not to any greater degree than known embedded
anfennas,

Thus, the 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, but is

20  also located in the mobile device so as to be substantially unobstructed in typical use
positions of the mobile device.

Antennas according to aspects of the invention are applicable to different
types of mobile device, including, for example, data communication devices, voice
communication devices, dual-mode communication devices such as mobile

25  telephones having data communications functionality, personal digital assistants
14




700 through the networks 719, through an auxiliary I/O subsystem 728,

t hrough the serial port 730, through the short-range communi cations
subsystem 740, or through any other suitable subsystem 742, and installed
by a user in the non-volatile nmenory 724 or RAM 726. Such flexibility in
appl i cat ggBA'sgéﬁa%llel of Y I AL GRRR: gtlilo%s 1\9ir£1%£]sctﬂlﬁp@rﬁfﬂni%ﬁotnh&vggg ile
device 7 and “nmay prOV|§e eRNAnced on-device functl ons.
connunication-relq%sd functions, or bOIhPUEQr exanmpl e, _secure %ﬁ) ni cation
appl i cat i BréP1aR A5 desEioR GOMgWE Y8isis rrith 455 JReHd Bthelr Sst i nanci al
transactions to be perfornmed using the nobile device 700. Wen the nobile
devi ce 70Uagramgpembilsgerivea data communi cation node, a 15 received signal,
such as a text nmessage or a web page downl oad, is processed by the

transcei ver nokhel mobildldeviet Po(oigi adéthl-noode hed mcitipler lond 3aabile /BB cevdnidc h
preferably further processes the received signal for output to the display

722, @r, jatlh&&snatiansdetver tRodile UXI hi AlcYoprbLssRVIFRe of dBplakh HBEr2 Bn-MObI | €
device 700 may al so conpose data I1tens, such as enmil neSsages, using the

e gty o DL s B PRt e,
DVORAK : : .. Us [
the nobi PP e, (78b Pef Fihdr el hRE daour rorit i § S5Pbft Gtk Lary 1 0

devices 728, which may include a thunbwheel input device,_ a touchpad, a
vari ety GRicEphpRhd30, hshasbreage Wifplass spamicagipRs subhgys 3etddthel it ens

i nput by 21 the user may then be transmtted over the conmunication

net wor ks déiRewvilasydmng v4hscei ver nodul e 711. When the npobile device 700 is
operating in a voice conmunication node, the overall operation of the

nobi 11g devi ce Tig tednbedivditrh@duly 781 HcludEs & anfehen URtafRDAscEXEEPLS, thet hat
received signals are output to the speaker 734 and voice signals for

Lransm SXe0thdhandenes 3h8d oRY drfofl 5 APROARAEAS 718 &I RAkioNE WRh&e or
audi o I/ O subsystens, such as a vol ce nessage recordi ng subsystem nmay al so
be i npl enent ed ?Q F?g &Dbile device 700. Al though voice or audio signal

out put iénﬁgﬁgg § %Cconplished primarily through the speaker 734, the

di splay 722 may_al sQ be used.to provide an 10 indication of the identity of
a cal ling partYithihiedigmyrelaie dnemonol e t%%ldPch%rthH?Y%‘r%m@ d¥ldss|a el at ed
information. For exanple, the m croprocessor 738, in conjunction with the
voi ce cormunlityatfisoffwarcdupéulzo 7K Aa At Het opebatiagyted yytthermeesPpREsseor may
detect the caller identification information of an incom ng voice call and
di spligy i138o@nd/be tith BSPay20f2idiclullmgle SBRE tconrmngdctiomuodudat/RoAs aslaksyst em
740 is also included in the nobile

communication module 724B, and a plurality of other operational modules 724N for

carrying out a plurality of other functions.
The mobile device 700 is preferably a two-way communication device having
voice and data communication capabilities. Thus, for example, the mobile device 700
20 may communicate over a voice network, such as any of the analog or digital cellular
networks, and may also commﬁnicate over a data network. The voice and data
networks are depicted in Fig. 7 by the communication tower 719. These voice and
data networks may be separate communication networks using separate infrastructure,

such as base stations, network controllers, etc., or they may be integrated into a single
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device 700. For exanple, the subsystem 740 may include an infrared device
and associated circuits and conponents, or a short-range 12F comruni cati on
nodul e such as a Bl uet oot hTM nodul e or an 802. 11 nodul e to provide for
comuni cation with simlarly-enabl ed systens and devices. Those skilled in
the art w; p Late t “Blu of.hy" d." "r sets of
speci fi c\z,ivfnllréc}%%, H‘Lét\e}@# 'abIE%l r%%%%%gérl ﬁé?l %n@t (ﬁgf lsEggﬁ?%l?ych&gﬁgecﬁiﬁgct ronics
Engi neers, relatin .%o. i rel ess personal area networks and w rel ess | ocal
ar ea net%ﬁ?ﬁ%?n?%%%g pﬁg%ﬁyﬁﬂﬁﬂd§ ftten description uses exanples to

di scl ose the invention, including the best node, and also to enabl e any
person skill edfherifftﬂﬁ@el‘é@rtm@@ﬂ?rﬁkglfaﬁ%ﬁdd@éopﬁ@@@te Wilthhida tieBYerkT HE%i nvent i on
may include ot her exanples that occur to those skilled in the art. For
exanpl e, adtihdudds ite ol hadcabavel Grhareacohy tiansdeher d b4t Extoneforandrei - band
antenna, a multiple-elenent antenna may al so include further antenna

el enent s 1heal DsEillRvtde] §, Ghd GREDMP PI). | ThEWIP YIRD 4hbeas scr@anenepieands.
Simlarly, even though the antenna described herein provides three

operati ngsigg{a E;H %H&}‘roﬁ%g %ranéégweﬁr‘ﬂﬁta%hiﬂp%n& E) Oﬁrﬁ‘abﬁ@ &ﬁﬁ?@lﬁﬂ%ﬁ%ﬂ 139
frequency bands are used are al so possible. exanpl e, an antenna that
t 900. p i ght. b d i ile devi t hat
onl y GSVHODU G VERS T4 209ThE HEURCPIAG 228 AOROPE B e S AGI of ppnEe

itlustrative purposes only, and may be shaped differentl% and incl ude

di f f er entiTedueReynar clogly-frited sévopEtmienties. Stepdcingle pophasi B dd3 &M%wn in the
drawi ngs and descri bed above, depending on the particular nobile device in
whi ch t heébernsked ip benj iantidnavitie thedranscaivaps @b andedl 6.1 Altshativelyaif soffgyent

appreci ated that the nounting structure could be integral with a nobile

devi qe 15rdh@usdi@garerutliizaerfot oo nenim@ficdiioas Vet elatdevig@uhisii®@adorof a
separate conponent. Layout of the multiple-band antenna is simlarly

i nt ended &g A&itdibHs tif AifenPReWIRks bESIEdsCoft ¥ewoRiO! fof*AMRpR, tBen a
mul ti pl e-band antenna according to the present invention may include sl ot

S uot ur 68 Bl 2 RIS 3RS LRTR RRY LLAS RAMI9T BNt Aged not

necessarﬁ1y I Mcor por a ne-t u res. as'rs typical in
20 antenna design, the dinensjons and positions of antenna structures can
be ad] L SEeRoT e da W%M&%&;&% peioekty 010 dpfamedonvgEhasBPE devi ce
conponents, including a shield or display, for exanple, on antenna
char act ervose and dapy in Hom,He cemmanisated 00 ped froomtbe dragseeivee nrpsiulet Tidg
structure 50 using nounting pins, other types of fasteners, including
screus, mniiyvelisk bamdeadizd3$P &30 addothe 2bcrepmopdser 738.1 | be apparent to those
skilled in the art. 23
The detailed design of the transceiver module 711, such as frequency bands,
component selection, power level, etc., is dependent upon the communication
networks 719 in which the mobile device 700 is intended to operate. For example, the
transceiver module 711 may include transceivers 714 and 716 designed to operate
20 with any of a variety of communication networks, such as the Mobitex™ or
DataTAC™ mobile data communication networks, AMPS, TDMA, CDMA, PCS, and
GSM. Other types of data and voice networks, both separate and integrated, may also

be utilized where the mobile device 700 includes a corresponding transceiver and the

antenna 10 is configured to operate in a corresponding operating frequency band.
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In addition, fabrication of the antenna 10 from a pl anar conductive sheet
as described above sinplifies manufacture of the antenna 10, but the
invention is in no way restricted to this particular, or any other,
fabrication technique. Printing or depositing a conductive filmon a
substrate and et chi.n revioys| oS { 5.copduct or £rom upstrate are
two possible &??%P%ggi 8gﬁé§ﬁw$%8g§8w%ﬁ¥ﬁﬁ%1gpﬁ%ﬁgmpgﬁgﬁmgﬁﬁggﬁbﬁéantenna
structures i, si ngl e antenna have been descri .above. Those skilled in
the art WRPISaGsceciiQimaY AP VeRe. ok /EreIRn ihdhg fﬁe&%&ﬁ el RCRE 1o g
particul ar type or nunber of shared mnultiple-band structure. In alternative
enmbodi meresverks tthebilerdezines ore registeyebae theymeverk usingem nalqse ideatifiedionor nore
10 or fewer antenna structures, are shared multipl e-band structures. The
princi pl esmntes cisdeedederith Badhinynobils oddveceaiin| GBRIS t dutanicennis, honpiet,si ng

ot her types of structure than patch and slot structures. 24 W Caim 1.
A mul i pliRnbaRthcastk 89 AGoR@aNdRGit hisBbacriB&CHMEser 3N rhébileddARRY at Grasf requency
bands, conprising: 5 a first patch structure associated with the first
operatin : . Cln +~CQRNAQC 0 the first
pat ch stgﬁ%ﬁﬁﬁgﬁgﬁérgzggﬁi% @@ﬁﬁﬁgﬁagﬁgpggggﬁbégg@f&?ﬁﬁglFﬁ%'%gﬁég band and
the third erating frequency, band; a fi sl ot . structure disposed between
2 'Tirst SBRE B oBFoima TOPLT d5Aenon ci (Gt SRHRIK: HE°SeLb T ER st r uct ur o
and associated with the first operating frequency band 10 and the second
oper at i ngoRpEHuEAtiep fBagtipns a(lfs@dgﬁéaYslp%pp@ﬂblacwuh@ﬂoﬁl@p%%ée\ﬁ%vb@éﬁ a second
portion of the first patch structure and the second patch structure and
associ at adohilet devideewdkbondaldpas atirnguf rey hertynd arvd]viah doramuhicators| ot
structure disposed between a third portion of the first patch 15 structure
and tibe spepid Rad ehwaiE UDY, Wikerahsh @gsmgmt Rquited bpdritRors] fich @RPSI AL ng
frequency band and the third operating frequency band. 2. The nulti pl e-band
antenna Qi &lai éﬁngherein: the first patch structure conprises a first
end portion, a Second end portion, 20 and an adj oi ning portion coupling the
first end port'ﬁn and the(feqpn endt rtion'.tqg secon Fa ch géructure IS
electrically AP et HEVRET oF 5T Eﬁ‘S‘OBo‘Ft drcé)lﬁ? 1B FTEYS 870t " ruct ure

i s disposed ?et en the first_end portion_and the second, . .
completed, the mobile device 700 may then send and receive communication signals,

including both voice and data signals, over the networks 719. Signals received by the
15  antenna 10 from the communication network 719 are routed to one of the transceivers
714 and 716, which provides for such functions as signal amplification, frequency
down conversion, filtering, channel selection, and analog to digital conversion.
Analog to digital conversion of the received signal allows more complex
communication functions, such as digital demodulation and decoding to be performed
20 using the DSP 720. In a similar manner, signals to be transmitted to the network 719
are processed by the DSP 720, which modulates and encodes the signals, for example,
and then provides the processed signals to one of the transceivers 714 and 716, which
perform such operations as digital to analog conversion, frequency up conversion,
filtering, amplification, and transmission to the communication network 719 via the

25 antenna 10.
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patch structure; the second slot structure is disposed between the
adj oi ning portion and the 25 second patch structure; and 25 the third
slot structure is disposed between the second end portion and the second
patch structure. 3. The multipl e-band antenna of claim2, further

ising: 5ga feed int electrically d ' d
port on o ndds MG % OFbTerFLRH A Tbe SERGERRR, B DRRy7AS 3halnd o v

el ectrically connected to the second patch structure and pOSi%I ned to
over | ap tHeVidecolfl BaReriver r ¢niigh e Fofh exampie.s Hie f 888 MRy cpoidne I%Cﬂdwt he
ground point conprise a single feeding port 10 of the nulti pl e-band

ant enna. odnuirecatehtsigrals-ibdhel tramsceivers W ad dilmmhay beiadapvelyenpirdldidng: a
first tuning structure connected to the first portion of the first patch

st r uct ur ghngh cadmgly gsinf @ntibunigegitirhe ihpicr@nehehathicNDSPr Eue®iterband; and
15 a second tuning structure connected to the second portion of the first

pat ch sst ekl or 2BEr G drEHS dofiBraldoibl fehiéNEndd [Sthe TGP 850 RPodiee@UENCY
band. 5. The multiple-band antenna of claim1l, wherein the first operating

[ equency bandnloke LI5S 008 Lo RUTLP IO MRRL LRaBRMIYNT cal i ons G900

frequencypr and, second opera requency band is the Digital

Cel l ul ar Syst (DCS) frequency band, and the third freque band is the
per sonal  ConmuHIecaKT Ofas%tre?ég @F%S)ﬁg]fyr%%f%ﬁ“c%ﬂdb‘gﬁﬁdséﬁe NEILPPERY | ce,
conprising: 26 communications circuitry operable to communicate over
first, sedoter ahadl-miede dmobBeueédiese bAds; Mans &ypesil of pREIQEPEPSs efina
coupled to the communications circuitry, the nultiple-band antenna

conpr i si ngicr&oatrdlilgrs toyidbe hisal ewe touy Steassioclyal adglsi DEP THE cduld bt ueger at i ng
frequency band; a second patch structure connected to the first patch

tSL_r Ugbur Qoa{h_@'ryawtoﬁieaﬁﬁl@tiwst Bf the nSeopRtcQBEBRI NGvilkeduestmubiantbnand t he
ird operating

functions, including at least data and voice communications, are performed through

the DSP 720 in the transceiver module 711. Other, high-level communication

applications, such as a voice commumnication application 724A, and a data

communication application 7248 may be stored in the non-volatile memory 724 for

15  execution by the microprocessor 738. For example, the voice communication module

724A provides 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 communication module 724B provides a high-

level user interface operable for sending and receiving data, such as e-mail messages,

20 files, organizer information, short text messages, etc., between the mobile device 700
and a plurality of other data devices via the networks 719.

The microprocessor 738 also interacts with other device subsystems, such as

the display 722, the non-volatile memory 724, the RAM 726, the auxiliary

input/output (I/O) subsystems 728, the serial port 730, the keyboard 732, the speaker
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frequency band; 10 a first slot structure disposed between a first portion
of the first patch structure and the second patch structure and associ ated
with the first operating frequency band and the second operating frequency
band; a second slot structure disposed between a second portion of the
first pat tructure and the second patch structure and ociated with
the secon 1§heolﬁ5'é(fr8?}f°ﬁ5 nﬂlﬁegﬁe {14 ?Or&’??ﬁnlﬁatfcfﬂsrsﬂfg?fsﬁ‘n 2’?5&&(‘3‘%’ di sposed
between a third portion of the first patch structure and the second patch
st r uct ur ePtBefdlcyics subsystems gergralihdesignated asgétat i ng frequency band and the
third operating frequency band. 20 7. The nobil e device of claim®,

wherei n: the f$ams¢ obahesubtystentsusteovooaprhiise? mrformstonmmdnipattdn-siaieda second
end portion, and an adjoining portion coupling the first end portion and
the secon@neitthsPRhére@NothbNubs $EENH NP REVIGE FHBIAE dromtdRede fugieddry,
connected to the adjoining portion; the first slot structure is disposed
bet ween t g o) c : ; t he
secon? sI%?mép}ﬁ%?§?§m$§£%#b%%§2§lﬁgﬁﬁggg@?%gagij%#ﬁ?%gh%gﬁ%ﬁgﬁdéﬁﬂ t he
second patch structure: a he third slot structure is_.disposed between
he secontiibngpbibithfonfited ofokli S8’ TG R, B eIRRRE" 85 1
device of claim7, wherein the nmultiple-band antenna further conprises: a
feedi ng PEHIFEUSIBQVET & dptacosgRiEettion nebvekeand deatceipsidpyr pgipng sich
positioned to overlap the first end portion; and 10 a ground point

el ect ri cadslacatauater taskl Listp or dtbesRIzArsipelmetonst r uct ure and positioned to
overlap the second patch structure, wherein the feeding point and the
ground poi nt cOpaulime sostahnglfevdieeded ®ypiet midroprocessad TBPlie-prafechbint enna.
15 9. The nobile device of claim®6, wherein the nultiple-band antenna

furthey cQbmRA s aSperdstbit’ SéreluBh BY 18 AULTHNERIGARAGS B 1R aHi@iohith She PO ti ON
of the first patch structure and configured for tdning the third operating

[ equency han A30n2 SEAO0ININGr BNURLMISE GRS Robhe a3Eend

700, the non-volatile memory 724 may include a plurality of high-level software
application programs, or modules, such as a voice communication module 724A, a
data communication module 7248, an organizer module (not shown), or any other
15  type of software module 724N. The non-volatile memory 724 also may include a file
system for storing data. These modules are executed by the microprocessor 738 and
provide a high-level interface between a user and the mobile device 700. This
interface typically includes a graphical component provided through the display 722,
and an input/output component provided through the auxiliary YO 728, the keyboard
20 732, the speaker 734, and the microphone 736. The operating system, specific device
applications or modules, or parts thereof, may be temporarily loaded into a volatile
store, such as RAM 726 for faster operation. Moreover, received communication
signals may also be temporarily stored to RAM 726, before permanently writing them

to a file system located in a persistent store such as the non-volatile memory 724. The
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20 structure and configured for tuning the first operating frequency band.
10. The nobile device of claim6, wherein the first operating frequency
band is the d obal System for Mbile comunicati ons GSM 900 frequency band,
the second operating frequency band is the Digital Cellular System (DCS)
frequency banc] he third fr%guenc band s theF Bsonal
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computer.

Additional application modules 724N may be loaded onto the mobile device
700 through the networks 719, through an auxiliary I/O subsystem 728, through the
serial port 730, through the short-range communications subsystem 740, or through
any other suitable subsystem 742, and installed by a user in the non-volatile memory
724 or RAM 726. Such flexibility in application installation increases the
functionality of the mobile device 700 and may provide enhanced on-device
functions, communication-related functions, or both. For example, secure
communication applications enable electronic commerce functions and other such
financial transactions to be performed using the mobile device 700.

When the mobile device 700 is operating in a data communication mode, a
received signal, such as a text message or a web page download, is processed by the
transceiver module 711 and provided to the microprocessor 738, which preferably
further processes the received signal for oufput to the display 722, or, alternatively, to
an auxiliary /O device 728. A user of mobile device 700 may also compose data
items, such as email messages, using the keyboard 732, which is preferably a
complete alphanumeric keyboard laid out in the QWERTY style, although other styles
of keyboards, such as the known DVORAK style or a telephone keypad, may also be
used. User input to the mobile device 700 is further enhanced with a plurality of
auxiliary I/0 devices 728, which may include a thumbwheel input device, a touchpad,

a variety of switches, a rocker input switch, etc. The composed data items input by

21
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5  that received signals are output to the speaker 734 and voice signals for transmission

are generated by the microphone 736. Alternative voice or audio I/O subsystems, such

as a voice message recording subsystem, may also be implemented on the mobile |

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

primarily through the speaker 734, the display 722 may also be used to provide an

10 indication of the identity of a calling party, the duration of a voice call, or other voice
call-related information. For example, the microprocessor 738, in conjunction with
the voice communication module 724A and the operating system software, may detect
the caller identification information of an incoming voice call and display it on the
display 722.

15 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
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

20 “Bluetooth” and “802.11” refer to sets of specifications, available from the Institute of
Electrical and Electronics Engineers, relating to wireless personal area networks and
wireless local area networks, respectively.

This written description uses examples to disclose the invention, including the

best mode, and also to enable any person skilled in the art to make and use the
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10

in which fewer operating frequency bands are used are also possible. For example, an
antenna that supports GSM-900, DCS and PCS might be used in a mobile device that
uses only GSM-900 and PCS.

10 The mounting structure 50 is shown for illustrative purposes only, and may be |

shaped differently and include different, further, or fewer cooperating structures than

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
15  housing or other component of the mobile device instead of a separate component.
Layout of the multiple-band antenna is similarly intended to be illustrative and
not 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
20  antenna design, the dimensions and positions of antenna structures can be adjusted as
necessary to compensate for effects of other mobile device components, including a
shield or display, for example, on antenna characteristics.
Although the antenna 10 is mounted on the mounting structure 50 using
mounting pins, other types of fasteners, including screws, rivets, and adhesives, for

25  example, will be apparent to those skilled in the art.
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10%&' ()-0*10%& ()-)(}109%& ()-% 109%& ()-#"10%&' ()-g$goggh”h_h hahaSE7 ! 10
10 10 wéy ¥shidded & (histpartich®FRof Janyt other, fabrication technique. Printing or
10%&' ()-210%& ()-010%& ()-ahhiifiijdESE7 ! 10 Pf
10%& () -, Bpd&itide (3 -cb@3tivk- Mlm on a substrate and etching previously deposited
5  conductor from a substrate are two possible alternative techniques.

Multiple-band patch and slot antenna structures in a single antenna have been
described above. Those skilled in the art will appreciate that the invention 1s in no
way restricted to a particular type or number of shared multiple-band structure. In
alternative embodiments of the invention, only one type of antenna structure, or more

10 or fewer antenna structures, are shared multiple-band structures. The principles

described herein may also be applied to antennas comprising other types of structure

than patch and slot structures.
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10%&' () - sSLO%R' A )mulfifle-band antenna having first, second, and third operating frequency
bands, comprising:
5 a first patch structure associated with the first operating frequency band;
a second patch structure connected to the first patch structure and associated
with the second operating frequency band and the third operating frequency band;
a first slot structure disposed between a first portion of the first patch structure
and the second patch structure and associated with the first operating frequency band
10 and the second operating frequency band,
a second slot structure disposed between a second portion of the first patch
structure and the second patch structure and associated with the second operating
frequency band; and
a third slot structure disposed between a third portion of the first patch

[5 structure and the second patch structure and associated with the first operating

frequency band and the third operating frequency band.

2. The multiple-band anterma of claim 1, wherein:
the first patch structure comprises a first end portion, a second end portion,
20  and an adjoining portion coupling the first end portion and the second end portion;
the second patch structure is electrically connected to the adjoining portion;
the first slot structure is disposed between the first end portion and the second
patch structure;
the second slot structure is disposed between the adjoining portion and the

25  second patch structure; and
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a ground point electrically connected to the second patch structure’ and _

positioned to overlap the second patch structure,
wherein the feeding point and the ground point comprise a single feeding port

10 of the multiple-band antenna.

4. The multiple-band antenna of claim 1, further comprising:
a first tuning structure connected to the first portion of the first patch structure
and configured for tuning the third operating frequency band; and
15 a second tuning sfructure connected to the second portion of the first patch

structure and configured for tuning the first operating frequency band.

5. The multiple-band antenna of claim 1, wherein the first operating frequency
band 1s the Global System for Mobile communications GSM-900 frequency band, the
20 second operating frequency band is the Digital Cellular System (DCS) frequency
band, and the third frequency band is the Personal Communication System (PCS)

frequency band.

6. A mobile device, comprising:
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band,;

a second patch structure connected to the first patch structure and
associated with the second operating frequency band and the third operating
frequency band;

10 a first slot structure disposed between a first portion of the first patch

structure and the second patch structure and associated with the first operating

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

frequency band and the third operating frequency band.

20 7. The mobile device of claim 6, wherein:
the first patch structure comprises a first end portion, a second end portion,
and an adjoining portion coupling the first end portion and the second end portion;
the second patch structure is electrically connected to the adjoining portion;

the first slot structure is disposed between the first end portion and the second

25  patch structure;
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5
8. The mobile device of claim 7, wherein the multiple-band antenna further
comprises:
a feeding point electrically connected to the first end portion and positioned to
overlap the first end portion; and
10 a ground point elecirically connected to the second patch structure and
positioned to overlap the second patch structure,
wherein the feeding point and the ground point comprise a single feeding port
of the multiple-band antenna.
15 9 The mobile device of claim 6, wherein the multiple-band antenna further

comprises:

a first tuning structure connected to the first portion of the first patch structure
and configured for tuning the third operating frequency band; and

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

20 structure and configured for tuning the first operating frequency band.

10.  The mobile device of claim 6, wherein the first operating frequency band is
the Global System for Mobile communications GSM-900 frequency band, the second

operating frequency band is the Digital Cellular System (DCS) frequency band, and
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