MOBI LE W RELESS COVMUNI CATI ONS DEVI CE W TH MULTI PLE RF TRANSCEI VERS USI NG A
COVMON ANTENNA AT A SAME Tl ME AND RELATED METHODS Fi el d of the Invention
[0001] The present invention relates to the field of comunications devices,
and, nore particularly, to nobile wireless comunications devices and

rel ated methods. Background of the Invention [0002]Cellular comunications
systens continue to grow in popularity and have becone an integral part of
bot h personal and busi ness conmuni cations. Cellul ar tel ephones all ow users
to place and receive voice calls nost anywhere they travel. Moreover, as
cellular tel ephone technol ogy has increased, so too has the functionality
of cellular devices and the different types of devices avail able to users.
For exanple, many cellular devices now incorporate personal digital
assistant (PDA) features such as cal endars, address books, task lists, etc.
Mor eover, suchyoBinE -WIRELESS) COMMUNTCAPFONS SIEVICH\WIGE SULDIRLE REss| y
send and recei vep@\@fdE BREKs 'Hs1NEG CABCONMOR SETESNA NAIT o CEAME t TEME nt er net

via a cellular network and/or apwy RE¢agEposiTHopsa network (W.AN), for
.exanpl e. [0003] Even so, as the functionality of cellular comrunications

deyices contipues to increase, so too does the denmand for small er devices
whi ch are easier and nore convEiebdtof otheskEnrgertienrry. One chal |l enge

[0001] The present invention relates to the field of
communications devices, and, more particularly, to
mobile wireless communications devices and related

methods.

Background of the Invention

[o0002] Cellular communications systems continue to
grow in popularity and have become an integral part of
both personal and business communications. Cellular
telephones allow users to place and receive voice calls
most anywhere they travel. Moreover, as cellular
telephone technology has increased, so too has the
functionality of cellular devices and the different
types of devices available to users. For example, many
cellular devices now incorporate personal digital
assistant (PDA) features such as calendars, address
books, task lists, etc. Moreover, such multi-function
devices may also allow users to wirelessly send and
receive electronic mail (email) messages and access the
Internet via a cellular network and/or a wireless local
area network (WLAN), for example.

[0003] Even so, as the functionality of cellular
communications devices continues to increase, so too
does the demand for smaller devices which are easier
and more convenient for users to carry. One challenge
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this poses for cellular device manufacturers is designing antennas that
provi de desired operating characteristics within the relatively limted
anount of space available for the antenna. This is particularly true where
mul ti-frequency band operation is required. Sonme w reless comruni cations

devi ces use |.tiple antennas t.o cove [ Lo drequency (RF) bands.
Thus, as thenéﬁlﬁfct)é?oso?S o%err att g’ ar%q%%‘ﬂ%%/é brggh sfﬁécl?%ases, so to does the
nunber of antgMiam ihptarddeniaguiied. pAsvade edes tred topayatnotg be possi bl e

to include all of the antennas required to gr,ovi de operation in gl(l)fdesired

frequency barfyar s ehodi Hemy e Folattfethate™tondt #EPRE
[ 0004] Wien t@ﬁ%waﬂ?@p@rfgg ng, d requency. bands is ﬁé?afﬁiauﬁgau, some

convent i onal w rel'ess conmunications devices will use a single
antenna to cavere téies fe eguiencyf bamasncyeband nopecht devi tesreguiigdbe

difficult to obtain a desirable natch, and antenna gain [ | of the
frequency bantf¥ie SRS tTAHRYHF L IS he®dV T o  Be ﬁ%dnég%e%ag%n t he

frequency bangds. {0005 e exanmhec 0h18 shag ef a8§e8NGy SYRFpnbased. f or
operating over nmultiple frequency bands is disclosed in U S. Patent No.

6, 662, 028 to Hayes &t e MhikepaebneresatingcteaIvenay pPanRd? inverted-F
antenna for comuni cations devices, c adio hopesy ihateradi ates
wWithin rmulti pltréC’fﬁ?aé%%%’nc@O b s?e%T]??p{g%ﬁé?gngr %‘g{égg gxt ena froﬁﬂ a
conductive eles@iiréd. respectéyel spactedmapandt|beaposnasbld tespective

plurality of mcro-electronmechani cal system \gI\/ENE) SW tchea are
el ectrical |y xmhede eafl ¥ o°f henej ypbaprPreddse Ry aF et RoRFPYLPEd to

sel ectively C&?&?%%iﬁ eéPfﬁ&éé’fr%&g?%qB@ﬁ% bAn@50UAdsBmeRF Circuitry.

In addition, "eac swtch can be opened to electrically isolate a
respective sigmabdfreed:s 0006t Sushchnspanascangtibaind®ant ageous for

operating over different freguenc XB}gands at _differen i a er a
rel atively snﬁ??ééLnge %ki“e%p)%?%t?% ?Feaaeﬂ&eégglﬁgnefﬁggggg,y pggré may be
applications & whishyifnks1 desbhabkentvenpionblemsblitie- Wieqiessy operation

at the sane tinme and over a fairly Ia(ge range of frequencies but while
still providieguaunetatioesydevhpast vahieHEg oftPgurPatPoRTEE £8bl e for use

Dravi ngs. [ 000TTH G TR d e ARk dSE) GEk uPBorar o s oo 6w el ess

conmuni cat i onse devf tecibt accoodhate wi thsamebérempltahy asgheditenng.
gain over all of the frequency bands, and some trade-
offs may need to be made between the frequency bands.
[0005] One example of a single antenna system used
for operating over multiple frequency bands is

) disclosed in U.S. Patent No. 6,662,028 to Hayes et al.

ﬁ This patent is directed to a planar inverted-F antenna
for communications devices, such as radiotelephones,
that radiates within multiple frequency bands. Multiple
signal feeds extend from a conductive element in
respective spaced-apart locations. A respective
plurality of micro-electromechanical system (MEMS)
switches are electrically connected to the signal feeds
and are configured to selectively connect the

respective signal feeds to ground or RF circuitry. In



[0008]FIG 2 is a top view of an exenplary patch antenna for use in the
W rel ess communi cations device of FIG 1. [0009]FIG 3 is a graph of return
| oss vs. frequency associated with a first feed point of one inplenentation
of the antenna of FIG 3. [0010]FIG 4 is a graph of gain vs. frequency

associated with the first f oint.of th t f.EIG 3. [0011] FI GS.
5A-5C are toff e §9 M%%W%‘f&h %5336‘% ?ﬁ%??%?ﬁg si mul <[3.t ed Lurrent
distributionsadcO00-Mizy 1800:0Mza 28epSctize segpett fewedy, using the

first signal feed point. [0012] FIGS. 6A-6C are graphs of sinulated antenna
radi ati on patEQQG&] f or Fweh ot lepmie df NEY P 324V 2BDRIRRLS ?L%éo Mt, and 5

Griz, respectiyel s Ugh Nud o] tEstest 0BRLohEREy PRRALs ak0BIBEELENLT 15 2

gr aph of ret Ut 1 0%
times, and over a relatively small range of operating

frequencies. Nonetheless, there may be applications in
which it is desirable to provide multi-frequency
operation at the same time and over a fairly large
range of frequencies but while still providing a
relatively compact antenna configuration suitable for

use in handheld wireless communications devices.

Brief Description of the Drawings

[0007] FIG. 1 is a schematic block diagram of a
mobile wireless communications device in accordance
with one exemplary embodiment. _
[0008] FIG. 2 is a top view of an exemplary patch
antenna for use in the wireless communications device
of FIG 1.

[0009] FIG. 3 is a graph of return loss vs.
frequency associated with a first feed point of one
implementation of the antenna of FIG 3.

) [0010] FIG. 4 is a graph of gain vs. frequency
associated with the first feed point of the antenna of
FIG. 3.

[0011] FIGS. 5A-5C are top views of the antenna of
FIG. 3 illustrating simulated current distributions at
900 MHz, 1800 MHz, and 5 GHz, respectively, using the
first signal feed point.

[0012] FIGS. 6A-6C are graphs of simulated antenna
radiation patterns for the antenna of FIG. 3 at 900
MHz, 1800 MHz, and 5 GHz, respectively, using the first

signal feed point.



frequency associated with a second feed point of the antenna of FIG 3.
[0O014]FIG 8 is a graph of gain vs. frequency associated with the second
feed point of the antenna of FIG 3. [0015]FIG 9 is a top view of the
antenna of FIG 3 illustrating sinulated current distribution at 2.45 G

using the secepgsignal piged7pebnk: okABROLE! GordOn 08ogkaph of a siml at ed
antenna radi ation pattern for the antenna of FIG 3 at 2.45 GHz using the

second si gnal ffegdepoynasspO0aTRal Githlai segogdagkeds PPénir Rl 68§ vs.
frequency assocj at ed mntg hird feed point of the antenna of FIG 3.
[0018] FIG 12°% Pg €48 8ph 6? éaln vs. frequency associated with the third
feed point of [bbesant enpacof sFkLG a3grbB1QkFLESn 13A- E3Cqakadyop vi ews of
the antenna Ogssociated with the second feed point of the antenna of
FIG. 3.
[0015] FIG. 9 is a top view of the antenna of FIG. 3
illustrating simulated current distribution at 2.45 GHz
using the second signal feed point.
[0016] FIG. 10 is a graph of a simulated antenna
radiation pattern for the antenna of FIG. 3 at 2.45 GHz
using the second signal feed point.
[0017] FIG. 11 is a graph of return loss vs.
frequency associated with a third feed point of the
antenna of FIG 3.
[0018] FIG. 12 is a graph of gain vs. frequency
associated with the third feed point of the antenna of
FIG. 3.
[0019] FIGS. 13A-13C are top views of the antenna of
FIG. 3 illustrating simulated current distributions at
2.1 GHz, 5.2 GHz, and 5.8 GHz, respectively, using the
third signal feed point.
[0020] FIGS. 14A-14C are graphs of simulated antenna
radiation patterns for the antenna of FIG. 3 at 2.1
GHz, 5.2 GHz, and 5.8 GHz, respectively, using the
third signal feed point.
[0021] FIG. 15 is a graph of return loss vs.
frequency associated with a fourth feed point of the
antenna of FIG 3.
[0022] FIG. 16 is a graph of gain vs. frequency

associated with the fourth feed point of the antenna of

FIG. 3.



FIG 3 illustrating sinulated current distributions at 2.1 Gz, 5.2 GHz,
and 5.8 GHz, respectively, using the third signal feed point. [0020]FI GS.
14A- 14C are graphs of sinulated antenna radiation patterns for the antenna
of FIG 3 at 2.1 G4z, 5.2 GHz, and 5.8 GHz, respectively, using the third

signal feed p@babsg[OOZ%][EI.Gnl?si 8 Ropr apBwOL £ ehur Ank@ssavesr Freguency
associated with a fourth feed point of the antenna of FIG 3. [0022]FIG 16

is a graph of 3gaillhussratisquenmplasedcicaraednii th stisébhigaonh atedd Sgoi nt  of
t he antenna oéHFI G .3. kOO%BLF% 17 gg ?et ﬁp viie\ta_/ of the antenna of FIG
3 illustratin _§iHﬁF89e5 Eutr PRt dP$BPPBut F6f BP*I 54 Gz using the fourth
signal feed peooba)][ 002#)ELG1818si s grapapbrok aismumdkatiednzeheana
radi ation pattern for the antenna of FIG 3 at 1.54 GHz using the fourth
signal feed pspffation pattern for the antenna of FIG. 3 at .54 GHz

using the fourth signal feed point.

[0025] FIG. 19 is a schematic block diagram

illustrating exemplary components for use in the mobile

wireless communications device of FIG. 1.

Detailed Description of the Preferred Embodiments

[0026] The present description is made with
reference to the accompanying drawings, in which
preferred embodiments are shown. However, many
different embodiments may be used, and thus the
description should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough
and complete. Like numbers refer to like elements
throughout, and prime notation is used to indicate
similar elements in different embodiments.

[0027] Generally speaking, a mobile wireless
communications device is disclosed herein which may
include a housing and a common antenna carried by the
housing and having a plurality of spaced apart signal
feed points thereon. Moreover, the device may further
include a plurality of wireless radio frequency (RF)
transceivers carried by the housing and coupled to
respective ones of the signal feed points of the common
antenna. Each wireless RF transceiver may also have a
respective different operating frequency associated
therewith. Furthermore, the device may also include a

controller selectively operating at least some of the



[0025]FIG 19 is a schematic block diagramillustrati ng exenpl ary
conponents for use in the nobile wireless conuni cations device of FIG 1.
Det ai | ed Description of the Preferred Enbodi nents [0026] The present
description is made with reference to the acconpanyi ng drawi ngs, in which

preferr ed embadi TENLS @ & SAoND. | JRMEVES o I S 44 SLEAL, STDGE) ent s may  be

used, and thus scription shoul'd not trued as limted to the
enbodi ment s seimd@f tantheted nat Ratdwie tiwse enbodi ments are provided so

that this disclosure will be thorough and cpn(FJSe%e. Li ke nunbers refer to
li ke el enent st44FBlughouthe HRIVIFS MANA RS P TEIR el TS 1TTTCH e sinil ar

elements in diff&rente ié@%ﬁhi@oﬁﬂ GRNgE Bhd Y SREAUKE o@D | e

Wi rel ess comuni cations device is disclosed herein which may include a
housi ng and aarcoenmom reay erwepchse | &d byasheomousdnduahtivhaviaee opl ural ity

of spaced apart signal feed ints thergon. Nbreover h i y
further incl %be aé]pefnlatﬁ%tf‘?lt?/ %‘?b%rrae?%Ss %d?%@?%q%%%%éngﬁg%ytggﬁgei vers
carried by thehousi Aorarch EOURbEELdO FEsSPEsdine. onestRérnbee signal feed
poi nts of the conmon antenna. Each wirel ess RF transceiver nmpy al so have a

respective didderantanpRReg i MY feeHRehty asBIEFat @Elt?%’é‘?eb\ﬁ“_t’%?g FF t her nor e,
the device may, al Oozllé’%ﬁ?t? &&P@HP'b'/lc?oeslgéfﬂ&l‘fféﬂfpeﬁﬁé'E[B‘%a:eéﬁ | east

sone of the WTeless ansceivers advant ageousfy use common
antenna at a sHethenria Meay [0O28] dhgetieva Ley magchbsguiacl pdeimedérl eByri c

substrate carried within the housing, and the ci)mmn antenfa ma% conpri se
at |east one THMREIFERMBIacet b Fhel 83 eREFi 8180DERY at BEIHAR Rommon

antenna nmay ﬁimmf@‘y%f ef E5EHC8e ¥ Ph1R9Cat eeFc PRI L. chmbResRDERNat he

common antenna may cohprise a patch antenna having at |east one sl ot
therein. Mre@ariocudad|3n fheephtrhcamnennanhapnaaperhigenthareyn.

t I i meter. B f th t_Qt I i nclud
2plurality OF° TGS MR A Exobr1Bf EouHah SHEanRa Ebr(Toh Dhd an

interior conmam @y efmide PO6E T OBmhERr £hlenAs puebionl hedgbroae béashe
signal feed points may be on the interior common antenpa portion, and/or at
| east one of M &f ghk¢ $teabofped Reynbe BAYtRE eRt EPPoPXESAHBA ant enna

portion. [0029]Alod €asteRg l%dbgnyvi rel ess RF transceivers
[0029] At least one of the wireless RF transceivers
may be a cellular transceiver, for example. Also by way
of example, the different operating frequencies may be
within a range of about 900 MHz to 6 GHz. Further, the
different operating frequencies have different user

) functions associated therewith. More specifically, the
different user functions may include at least one of
voice communication, email reception, email
transmission, data reception, and data transmission,
for example.
[0030] Referring initially to FIGS. 1 and 2, a
mobile wireless communications device 30 for
communicating with one or more communications networks
31 illustratively includes a housing 32 and a common
antenna 33 carried by the housing. By way of example,

the wireless communications network(s) 31 may be a



may be a cellular transceiver, for exanple. Also by way of exanple, the
different operating frequencies may be wthin a range of about 900 MHz to 6
GHz. Further, the different operating frequencies have different user
functions associated therewith. Mre specifically, the different user
functions may include at |east one of voice j cat i Il reception
emai |t ransmSSioh Ot 1¥e ftt ot a%ﬁr%g?%g?ir%@né;%%!s%%n%,eﬁ@%xaml e.

[ 0030] Ref erri pxgan)ni tic lakdp HH CIhd @nthéy antwtnd e3NM rel ess

comuni cations device 30 for communicating with one or nore conmmuni cations

networ ks 31 idllsatreativeay i e Ueras 2 ot hyl B2 AhdSRECo MR ant enna 33
carried by the Hﬂgxigy W@?éog4§w§@@I@he§g@nmﬁreless communi cat i ons
y be a el Tular

network(s) 31 network and/or wireless |ocal area network
(LAN), for expog8¥l TheTlonmremmn edPal 33 ¢conment ainvehy sersedekat

plurality of spaced apart signal_ feed points 34a:34n thereop, 031] The
antenna 33 i st® detmthPTeh Bhed e thay ¢ V%r%h%?édrﬁgl% gf%%g %? of

wirel ess radifaﬁyf%&gﬁgab£&§%stﬁgﬂsssﬁveésg35ac§5nui@rgamd¢eflular and/ or
wi rel ess LAN transceivers) also carried by the housing 32 and coupled to

respective onesrafeshelAN gnedn$eedvens htalsdacaunief Pretkenhensandenna 33.

Each w rel ess transcej ver,_prefer a resp i Lff t
operating fréﬁggﬁgé(a§§§%?§t%§ f%%?%gn¥%$ %%gﬁjﬁf Egédgggﬂéiegéggrther
bel ow. Furthessmites 34e-3lewi 68 Sfe NBymabsoanbehnde3a. cBathoklieel8sst hat

sel ectively operates at |east sone (i.e., two or nDreL of,%Ee mﬁ£eless RF
transcei vers RBat BB ¢l velvaprafepakly B3e 2hEeEBRAbAVENtEhAET98 at a sane

tine. As USG%&%&&%Ih%TE%%éﬁgg gnssg£8§§tgge§h@95wm%ap stagt 1anggor stop

times are synchronize er nerely that there is sone overlap in
time. Althoughisdissédufarbeenobetiovhafutrhkecnareol the degvaced3Aomapper at e
multiple transceivers 35 at all tines, L.,e he contral ler Lp.sonme

i nst ances ope?at® b%?§U€%eat?%ﬂEE8?§8F g? Bh?%ngf §§%ﬁ§FF bggg%ﬁkggiated by
those skilledyi mdhee asbme[ 0932] Thewdeyi-cRo38) abgothkl usteatsweRy i ncl udes
a dielectric substrate 37 gFIG. 2), such as a printed circuit board (PCB)
carried withihramecebuerng332-38ndtehad¥anrkBacaHEeNnES83thay CPREPde at

| east one conduct j a n LgLechLi gsHbgLrata, astwWehk Bg
appr eci at ed b§n€%%§% %ii%ﬁeg F% %hgigéf.g$ygfcallyrtﬁe controller gg and
wirel ess RF tfansceidyessndbamdan wthktabad/be sappi édmey ele diel ectric

substrate 37, as may ot her conponents such_as i splay, .keypad, etc.,
which will beSdrsreeaefur PHEr TBENGW, m%ﬁé\‘/et’t,%aig't BReTT dSb8OR5t ed that the

common ant enng, 33; Agedn npt e gaERbaGnONithensane BeBnwickh thetwihel ess RF
transcei vers 35a-35n and/or controllér in all enmbodi nents, and may _i nstead

be carried oncanteohlaer36raaederbEnspPenase mHAtPEBS SXapSKEANESE Rount ed

adj acent the PCB within the.hogusi i1 i by those
sk%lled in th%ta?xi plmes, i.e., @gé %gnWEoll%§ ﬂ@@rﬁ% %%ﬂg y

| instances operate only one transceiver at a time, as
/ will be appreciated by those skilled in the art.

[0032] The device 30 also illustratively includes a
dielectric substrate 37 (FIG. 2), such as a printed
circuit board (PCB), carried within the housing 32, and
the common antenna 33 may include at least one
conductive trace on the dielectric substrate, as will
be appreciated by those skilled in the art. Typically
the controller 36 and wireless RF transceivers 35a-35n

will also be carried by the dielectric substrate 37, as

may other components such as a display, keypad, etc.,



[ 0033] I n accordance with one enbodi nent, the common antenna 33 may be a
substantially linear antenna (e.g., inverted F antenna, nonopole, etc.). In
the enmbodinent illustrated in FIG 2, the comon antenna 33 is a patch
antenna having first and second slots 40, 41 defining an exterior common

antenna portion 42 a n interior n _antenna i 43 therein. It
shoul d be npf”g‘&cphé’tﬁg %en&!legcéllsﬁedg Yhor €t hfgotwvx'gq{squ(ﬁ%sgrrfayl e used in
ot her enbodi gBRLSd A $LERd RHe tHd usinhadrehirveamal 3 trieedcomtorbepat ch
antenna 33 has a generally rectangular perineter with | ength and wi dth

di menlsi ons hg,arm?dalomh@ﬁ@h seieePGhapdd dhe aliseisossiti e, [0034]1n the
exenpl ary enhodi_nent. e N t SNa 133 has, i ngl e reference
voltage (e.g. ,raélrs&?ﬁa)etr%oi%% %21(?‘3423013;8 Si gna]]31 feed points 45-48. The
reference voldmdgeipeintts ,44ndineng Wdteddéd htam: s drow ttetsd gred  f eed
points 47, 48, are positioned on the interior_compn anteg%td portion 43,

whil e the fifgamen@xeasieT &fd i ME 4™ AT PISITTYNeE on the
exter!or CommA AURNKNUAE N AR RS HOWRKL ingf s piBCas@nLs and numbers

are al so possi Ie,.lpc uding multiple or ground points 44. Additionally, in
gﬂgv\gr_ nolr::aeafpmi‘e@flsa:ct@rdglbj eﬁtquls]:i@slltmd sigl ech¢ v@&fly. coupled to a reference
in . eed points, reference voltage i 45- 48
could al so vélq%ééglgro&ﬁﬁ.acﬁm%ewlf' sSt7%nt soeC?:long §’I of's Lf% ioln al so
define a pl urglddnh0133 @k pasd i Dnsuskeddmech Dyy i thdwsr lditddia ate. ¢ engt hs L2
and L4 that nmay advantageously be selected to tune the desired, operating
frequenci es dimverdeshtferandte3gia SmNATote $&Y hor il ohke ngfPpeiment

substanti al | yilrl.ul readceté) & gﬂi.i/Gen Hpenat ig@m{\ SAUSNSYn Dansgl, igmglllga@émer

structures may ?rﬁtuence mul'ti pl € ‘operati ng érequency bands, as will be

appreci at ed yhddise iskiildedimst ndiré¢econd slots 40, 41 defining
an exterior common antenna portion 42 and an interior
common antenna portion 43 therein. It should be noted
that a single slot or more than two slots may be used
in other embodiments. As seen in the illustrated
example, the common patch antenna 33 has a generally
rectangular perimeter with length and width dimensions
L;, Ls, although other shapes are also possible.

[0034] In the exemplary embodiment, the common patch
antenna 33 has a single reference voltage (e.g.,

) ground) point 44, and four signal feed points 45-48.
The reference voltage point 44, along with the third
and fourth signal feed points 47, 48, are positioned on
the interior common antenna portion 43, while the first
and second feed points 45, 46 are positioned on the
exterior common antenna portion 42 as shown in FIG. 2.
However, other placements and numbers of feed points
are also possible, including multiple reference voltage
or ground points 44. Additionally, in some embodiments

one or more of the signal feed points 45-48 could also

be selectively coupled to a reference voltage/ground.



[ 0036] The commpn ant enna 33 advant ageously provides a single multi-feed
antenna that may be used instead of a plurality of different antennas as in
some conventional handsets to provide nulti-frequency band operation. This
may provi de advant ages such as space savings, sinplification of the handset

design, and avoi dance of elgectromagnetic interf
are often assb®93rkd mﬁ?%eu§+ﬁ@tn%$ i5%50§§t%%ggée?ﬁ?cﬁgg%iggg§?§$§§ Egagne

anot her . [ 0037] 3w pi Nge PO¥E t D&l 6Srt Soh Br @88INa8, bgi MilahedWopr atnich
characteristicggof one ?nplene§t§§$on of the above?not d pat.ch an n%a
confi gurati onlengthsole Bnchrles&hesdmayt a%@@tégﬁ@“ﬁétye%et 5 4R D dtch

The general ShAbE FRTUSTTATEd TROFTENS. SAYHuRIrere of The Bareh ant enna
structure uses3nséhe 6fnuhat iegspareipnevindgdbenshabtentiaBdlyow. Table 1
D nension Value (mm L1 41 L2 4.9 L3
related to a given operating frequency band, while
other structures may influence multiple operating
frequency bands, as will be appreciated by those
skilled in the art.
[0036] The common antenna 33 advantageously provides
a single multi-feed antenna that may be used instead of
a plurality of different antennas as in some
conventibnal handsets to provide multi-frequency band
operation. This may provide advantages such as space
savings, simplification of the handset design, and
avoidance of electromagnetic interference (EMI)
problems that are often associated with using multiple
antennas in close proximity to one another.
[0037] Turning now to FIGS. 3 through 18, simulated
operating characteristics of one implementation of the
above-noted patch antenna configuration will now be
presented. It should be noted that the patch structure
) used in the simulations has slightly different
dimensions than the general shape illustrated in FIG.

2. Dimensions of the patch antenna structure used in

the simulations are provided in Table 1, below.

Table 1
Dimension | Value (mm)
Iy 41
Ly 4.9
Ls ‘ 14
Ly 7




14 L4 7

D nension Value (mm) W 3 W

Dimension | Value (mm)
Wy 3
Wo 3
W3 2.8
Wy 3
Ws 3.1
Ws 5.5
W 4
[0038] By way of example, the different operating

frequencies in the present example are within a range
of about 900 MHz to 6 GHz, although other frequencies
may also be used. The different operating frequencies
have different user functions associated therewith.
That is, certain of the operating frequencies may be
used for one or more of voice communications (i.e.,
cellular phone calls) and data communications, such as
Internet or electronic mail (email) data communication,
as will be appreciated by those skilled in the art.
[0039] The operating frequency characteristics
associated with the first feed point 45 are illustrated
in FIGS. 3-6. More particularly, in the exemplary
configuration operation the antenna 33 is tuned to
provide operation at 900 MHz, 1800 MHz, and 5 GHz via a
selective connection of appropriate wireless RF
transceivers 35 to the first feed point 45. First and
second plots 50, 51 of simulated return loss vs.
frequency for first and second simulations are shown in
FIG. 3, and a simulated gain vs. frequency plot is
shown in FIG. 4. The simulated current distributions
across the patch antenna 33 at the above-noted

frequencies are shown in FIGS. S5A-5C respectively,
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3 WB2.8 W3 W31 W

while the gain patterns for the frequencies are
respectively shown in FIGS. 6A-6C.

[0040] The second feed point 46 is used for an
operating frequency of 2.45 GHz. Simulated return loss
vs. frequency, simulated gain vs. frequency, simulated
current distribution, and simulated antenna radiation
patterns associated with using the second feed point 46
at this frequency are shown in FIGS. 7, 8, 9, and 10,
respectively. Similar to the first feed point 45, the
third feed point 47 is also used for three operating
frequency bands, which are 2.1 GHz, 5.2 GHz, and 5.8
GHz. Simulated return loss vs. frequency, simulated
gain vs. frequency, simulated current distribution, and
simulated antenna radiation patterns associated with
using the third feed point 47 at these frequencies are
shown in FIGS. 11, 12, 13A-13C, and 14A-14C,
respectively. Furthermore, similar to the second feed
point 46, the fourth feed point 48 is used for one
operating frequency of 1.54 GHz. Simulated return loss
vs. frequency, simulated gain vs. frequency, simulated
current distribution, and simulated antenna radiation
patterns associated with using the third feed point 48
at this frequency are shown in FIGS. 15, 16, 17, and
18, respectively. -

[0029] Other exemplary components which may be
included in the above-described de&ice 30 are now
generally discussed with reference to a hand-held
mobile wireless communications device 1000 shown in
FIG. 19. The device 1000 illustratively includes a
housing 1200, a keypad 1400 and an output device 1600.
The output device shown is a display 1600, which is
preferably a full graphic LCD. Other types of output

devices may alternatively be utilized. A processing

11



5.5 W 4 [0038] By way of exanple, the different operating frequencies
in the present exanple are within a range of about 900 MHz to 6 GHz,

al t hough ot her frequencies nay al so be used. The different operating
frequenci es have different user functions associated therewith. That is,
“certain of theloperatisp fiequentca tisedryibieinselde flosuOneg o120®r en®@f i ¥0i ce
communi cations (i cel l ul ar phone call s%loand data communi cations, such

as | nternet orc%klf@g‘?"}lok?ﬁ%w‘?ﬂ?ltfé%rﬁﬁ?ma‘aa% Cormdintleat Forplag HWF99- be
appreciated byridigse, &ddied ddvibe pido LOOB2RTLE pRELSLING; by egrency

characteristics associated With the first feed point 45 are illustrated in
FIGS. 3-6. MrégatiseidnrlgQoi ms heekkenpl @ny confaylrapé omt dperafi on t he
antenna 33 is tuned .t rovide o tion at 900 1800 MHz, apd 5 GHz
via a sel ecti vteheco“h%be&?po e%*c%pgfé)g’rija?er?\??%rl‘%%s ‘nb-?FaT‘?‘é?l'%{_:%ri‘v‘é s 35 to
the first feeddp@ n 4he H&éﬁa@nm@@qudupéo@%]{ép, 51 of si rru! ated return
| oss vs. frequency for first and second sinulations are showmn in FIG 3,

and a sinul at elP@H I vs.The depienieya pt R0 ima s Hemre leng Ged 4ve Thieca] hyil at ed

UL ot o VDS 6 O SO PRI LRI, . (L6 g ot o
clamshell housing structures). The keypad may include a
mode selection key, or other hardware or software for
switching between text entry and telephony entry.
[0031] In addition to the processing device 1800,
other parts of the mobile device 1000 are shown
schematically in FIG. 19. These include a
communications subsystem 1001; a short-range
communications subsystem 1020; the keypad 1400 and the
display 1600, along with other input/output devices
1060, 1080, 1100 and 1120; as well as memory devices
1160, 1180 and various other device subsystems 1201.
The mobile device 1000 is preferably a two-way RF
communications device having voice and data
communications capabilities. In addition, the mobile
device 1000 preferably has the capability to
communicate with other computer systems via the
Internet.
[0032] Operating system software executed by the
processing device 1800 is preferably stored in a
persistent store, such as the flash memory 1160, but
may be stored in other types of memory devices, such as
a read only memory (ROM) or similar storage element. In
addition, system software, specific device
applications, or parts thereof, may be temporarily

loaded into a volatile store, such as the random access

12



while the gain patterns for the frequencies are respectively shown in FIGS.
6A-6C. [0040] The second feed point 46 is used for an operating frequency of
2.45 GHz. Sinulated return loss vs. frequency, sinulated gain vs.
frequency, sinulated current distribution, and sinul ated antenna radi ati on
patterns associcate®ty WRAM)USI I8P t leoreeaoineh f eats poi dia ¥b wdcdhresd fyyequency
are shown in FIGS. 7, 8, 9, and 10, respectively. Simlar to the first feed

poi nt 45, the 't rMPHidéd Foiifte 4BY LIS PUsTP It thride P Al

fr equency bandgmody ch aie. i B & Hee LS, & B 1Bl aled return
| oss vs. frequency, sinulated gain vs. frequency, simulated current

di stribution, idrd cpendtatrer sy temnal uradi iadnon gatlbbrnseassociat edf wit h

ing the third d point. 47 at th enci hown i .11,
I Mah tac | Rt RS FEb | aiman 3 oA 67 S G 1P dd e K econd
feed point 46,thedaitied erd ot phBi dax used diodt ashoRer atd g f requency

of 1.54 GHz. Sinulated return loss vs. frequency, sinmulated gain vs.
frequency, si rdfvitesd aparadritond styudutd vrdatmdsd moited ant enna radi ati on

patterns assocj W _t.h usj thir d poi 48 t-hi s frequency
are shown in goﬁﬂ%atﬂé}%ﬁ?‘%&a{%ﬁﬁ ﬁei%%’ctrf%lr%ﬁ J[rb%lfd]]&?ie?n gt%eerrpl ary
conponent s whidevirgy 1000 idud e Gnd riu et axoy errdesdd i thash deyimersishar e now

general ly discussed with reference to a hand-held nobile w reless
comuni cat i ons-HEATRE ITT0FERERT | PG 2Pl icafel eviee 29003t bkad ati vel y

i ncludes a hoyging, d : V. The

out put devi cqufhow?li%gaq%]% splay %%%ﬁcﬁ%%ﬁ%%ﬁbﬁ%ﬁgjl £ gr aphi c
LCD. O her typegaofizuguindendrzesimpydaid ertrats vedyclheasutatmazield, A
processing devi.ce 1800 is contained within the housing 1200 and .is coupl ed
bet ween t he k&PEH _ Eoﬁvfﬁﬁﬁ'héfodi%eplwll%ocﬁppﬁﬂéﬁd?% si HY! g'éi‘ﬁ)%e 1800
controls the qperal.i aheOfpihegHiSRian H0L BSsyehte Bsrddley vgiadle
operation of the nobile device 1000, in response to actuation of keys on

t he keypad 1400 Wendiaausad ME30]iTte drdusidem00iaey Werelasmat ed
vertically, o n J q_rlg shape i | | anshel |
housi ng struc'lthl?r es)g@!?%e 'e%l}aé?en%yglﬁ%cl ude a rm%aeéésecée%gél g%%iey, or ot her
har dwar e or safklandres flgr iswdgdategl betyweeirdredxde®ny wdhteed eplromhent ry.

[0031] I n additi,on.to the processjng device 1800, other parts of the nobile
devi ce 1000 ald *onGaT SEHARK dATY WiFFIQS FVifReEThd ude a

comuni cat i 0N o3YRIYIRIMNEOYhLt 2 iSROHd -J11a8) COMTRHUL Lot d Qs wulasyst em 1020;
t he keypad 1400 and the di'splay 1600, al ong with other input/output devices
1060, 1080, 11h0GtagdmplX@r syswsd. as menory devices 1160, 1180 and vari ous
ot her device tenms 1201. .The .nobi evice 1000 is. preferably. a

Dwo- ey RE_ comtomidar | o ONTB RN g R e nt e B £ ftTbns
capabi | i ti es. v caddichin@inidahe o laardeyd o A0 yhiefefraldhe has t he
capability to communi cate with other canputer systens via the Internet.

[ 0032] Oper at i RGTEYELEM IO na St dP Dy ¢ possibly through the

short-range communications subsystem. The

communications subsystem 1001 includes a receiver 1500,
a transmitter 1520, and one or more antennas 1540 and
1560. In addition, the communications subsystem 1001
also includes a processing module, such as a digital
signal processor (DSP) 1580, and local oscillators
(LOs) 1601. The specific design and implementation of
the communications subsystem 1001 is dependent upon the
communications network in which the mobile device 1000

is intended to operate. For example, a mobile device
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processi ng device 1800 is preferably stored in a persistent store, such as
the flash nenory 1160, but may be stored in other types of nenory devices,
such as a read only nmenory (ROVM or simlar storage elenment. In addition,
system software, specific device applications, or parts thereof, may be

tenporarily | 0806dmbRt @naivakati kenshoieativel asdsheteandonlaccess nenory
(RAM 1180. Commruni cations signals received by the nobile device may al so

be stored i n €RE1BARKLER0CPETOSE3] THE hptdce Ysirdegeyi &ateFAC™ Praddition to
it ti i . | i :SQf licati
e ncperatl nacsyaten unsious. snal o pxecuian, ol oo e app | caton

1300A- 1300N on vice ter set o i cations that
control basi ccdemuaecapepaii arswosksh asiddatlascandsignesl comop@redtd ons
1300A and 1300B, may be installed on the device 1000 duri ng manufacture. In

addi tion, a p¥t&BnaRYi RfoPndeirds tWardgdPiEs WP EPPILCLLESY MaFH5d SSist al | ed

during manuf aeheheasTmp?, MriptaP! @fpiaablic hapallces ofc M, 9aiaa NG rand

managi ng data itens, such as e-mail, cal endar events, voice nmails,

appoi nt ment s, Oahért aykeist eifs daTlhe aRidVivapple cattiwmrkss dloddy mreagfearadts v
capabl e of sendi,n nd receiving data iteng .vi.a a W.rel ess ne rk 1401.
Preferably, tﬁBdPgﬁgﬁgfﬁ%FSengagféﬁfgaﬁﬁa %}H@ﬁ%é?&?% ?méﬁﬁ%ﬁgéhized and
updat ed vi a t RevWiceehe9s .nehwoebl4Ql daivtiltet N®oteviase alsey ' cor respondi ng
data itens stored or associated with a host conputer system

[ 0034] Communi €81P#A ahnEiithn 9t hiedc [C@ETwWE igattd oad SEGFINEBR IEBmANGt &S ons, are
performed thr t 0 i.catjaons subsystem 1001, and possi bly through

t he short-rangéggbnggg%égpﬁgﬁé %ﬁ%@ystenl The communi cati ons subsystem 1001

i ncl udes a regendsn 1508etaoirkansmicstserethdFerard onvamyr dagrendintgennas 1540
and 1560. In addition, the caommuni cati ons subsystem 1001 al so . ncl.udes a

processi ng noHBPE, t8GchYRE & IdCGFTHIN IS HAN e orf YDSHEESD, Whd | ocal

oscillators ¢h@shob6@Lx TRE $RGHRACC &SIk ANGhYIRlemRAldOmef the
comuni cati ons subsystem 1001 i s dependent upon the conmuni cati ons network

in which the mebiiktededi ca LOEO niegwiortkendda @ opdratee PERGIOEManpl e, a
nobi | e device, 1000 may . i.ncl ude, a coanﬁj ations sub Xﬁﬂ 0 designed to
operate with tlﬁgn%ﬁtgilf:é%ﬁlonﬁ‘tuénbfﬁa%ror &fer?esrsﬁmlézz%kdzt S{J}eg)a ervi ce (GPRS)

nmobi | e dat a cas¥wuakCalrnoGPRIENSRIWET k s3Nthoales@ rdesiggned- i aaperatiess wi t h any
of a variety of voice comunications networks, such as AVPS, TDVA, CDVA,
WCDVA, PCS, ~ GBRECEDRESdevd thophsubspddedt HatP v al G Hetdwrks, bot h

The mobi | o devce. 100 Fay STee BS GombIT SRt W Lh SUha Coe et fons
st andar ds suchodsl8GESMomBGRRY WWESrretdc.td @G35 NetMworake cac cigs S rdajuitrenent s
vary dependingperate on a GPRS network.

[0036] When required network registration or

activation procedures have been completed, the mobile

device 1000 may send and receive communications signals

over the communication network 1401. Signals received

from the communications network 1401 by the antenna

1540 are routed to the receiver 1500, 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 the DSP 1580

to perform more complex communications functions, such

as demodulation and decoding. In a similar manner,
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upon the type of comrunication system For exanple, in the Mpbitex and

Dat aTAC networ ks, nobile devices are registered on the network using a

uni que personal identification nunber or PIN associated with each device.

I n GPRS networ ks, however, network access is associated with a subscriber
or user of a demjeels ACHRS tew sei thed ef Or ens eqet weska1sobsgréber identity
nodul e, comonly referred to as a SIMcard, in order to operate on a GPRS
net wor k. [0036P%W§§$%Quﬁ?eﬁ m&@%ﬁﬁt¢@g@%@r%ﬁ¢@@e@} ¥t that POR pPBRedures
have been conp| t pqg: [ 0 o

communi cati ons S|gné? {Eéer e Cd%ﬂ%ﬁl%g |%%§%% E@Qiﬁ g%§8 §é¥nals

recei ved fromdﬂgﬂtﬁﬂﬂﬂﬂnanﬁldgmbdmﬁ@wmkoﬂ40ﬁr@guéﬂ@yanpea@ﬂvéﬁéﬂoﬂre
routed to the receiver 1500, which provides for signal anplification,
frequency do R orRMR 4 153 PR cdRAnkFaRBREeF 100, tetEhe and may al so

provi de_anal og:drgneh Cideorf UMRISLOMN 4d02} 99 h0c bkt ! vegnugesi on of the

received signal allows the DSP 1580 to perform nore conpl ex communi cations
functi ons, su@hﬂasndemdﬁﬂlatlon and decoding. In a simlar manner, signals

to be transnit 0 rk 1401 are rocessed nndulated and
encoded) byt HOBEH 1580 b ARG eI oY VR AL RS CHENERARER PRar 1550 1 or
digital to analighLiyvelrsd @sp frsgpeneyv ide §ofYer SoéRProf | b efhag,
anpllflcatlon and transm ssion to the comruni cati on network 1401 (or

net wor ks) vi a R%Wﬁ%rﬁﬁ?ol%@ Tryp37gansadyr ¢ ¥ oh529- pF@ée%ISiiImgle,
connunlcatlon e% 1f%§£%§P f%§’i8ﬁ§ é éngfgt£glt é recelver
ansn1 or

1500 and the ter exanp gai i pplTed to connunlcatlons
signals in thaaﬂﬁxandﬂtﬁﬁﬂﬂhﬁﬂuhﬁrxﬂﬁnnmaﬁrbé5£@apayvékyadamtrNBlyd
controlled thr?agh %htonatlc gain control algorithpms inplenented in the DSP
1580. [0038] I it A ARAT Gt oS GRIYerOh 3 BIRT Vel sigpbemerted as a
text nessage Qmn WeR pRge 1dawl oad, is processed by the communi cations
subsystem 1001 and is input to the processing device 1800. The received
signal is theHQQAQHmw ﬁhbceskédlEWMMMm#ﬂ&RiQm$r@p@@vi@erQQQDVé@r an
output to the q] 12y 16 % natlvel to sonme ot her au |I|ar¥ /0O
devi ce 1060. A &%VICG eraﬁhf' é%ﬁﬁ%% dﬁféW? e%%gesﬁ%% ¥
messages, usi pgoidessdery pad tha @ candirorcsoien Ot High s petixéh i BOYL | 464 deyi ce
1060, such as a touchpad a rocker, switch, a thunb-wheel, or sone other

type of input ‘@& he ARAseSS AR T 1esl 889 tHed BRCeiwe@mi tted over
Lhe commuini Caions NSlaqhenl 404 el (1% SOMRI Sal {0 YDsyst g 1001.

t
[0039]In a voice comuni cations node, overall operati vice is
substantlallydgwnmbaﬂSO@ ﬁh&?dataununnunumaﬂumn®l$mtmy B&@@ptothat received

signals are output t ker 1100, .and si Is fo ransm ssj are
generat ed by g LN Hgﬁ yi p Some dther au I%Eary f/é é%v1ce i&%b.

A device user may also compose data items, such as e-
mail messages, using the keypad 1400 and/or some other
auxiliary I/0 device 1060, such as a touchpad, a rocker
switch, a thumb-wheel, or some other type of input
device. The composed data items may then be transmitted
over the communications network 1401 via the
communications subsystem 1001.

[0039] In a voice communications mode, overall
operation of the device is substantially similar to the
data communications mode, except that received signals
are output to a speaker 1100, and signals for

transmission are generated by a microphone 1120.
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Al ternative voice or audio |I/0O subsystens, such as a voi ce nessage
recordi ng subsystem may also be inplenmented on the device 1000. In
addition, the display 1600 nmay al so be utilized in voice comruni cations
node, for exanple to display the identity of a calling party, the duration
of a voice calllte@ha®tifr veaicee stalahudi®) ated JubsyfgtRinOn.s Q04 the
short-range conmmuni cati ons subsystem enabl es communi cati on between the
nmobi | e devi ce VPOG® A9¢ SeUife i qROFKiimet & ubptsdrest,omade i lees banhi ch need not
necessarily b il ar vices.. Far .exa t-he rt.-ran conmuni cat i ons
subsystem nayﬁfnﬁé%nggltaegieiorr\)f r%zireeéi%tyé\%ceqwﬂd alghsc?gil?lglléelfrnc’i ?Cgluel ts and
conponent s, oHiapBlayetl&otohiia yc ahadniveatutdris et ulre o g ovi de f or

comuni cation with simlarly-enabl ed systens and devi ces. [0041] Many

modi fi cat i ons CRREVSEET 1oRSodoent £AK I9%8BHE 10 (HS™iawd 16¥ one skilled in

the art havi ng 4 lﬁ%'lg %ffi f tI1(§1 ing ??ﬁ'?—}t%%ri 4 t}ae\; rCeEgoi ng
descriptions an& tﬁe%gsso%igﬁé& dﬁéﬁﬁﬁgéc ?%E%e ore, It 1s understood that
vari ous nodi f icedtli,orns amteentvodiceentasd lane liatteesnded dmndiei amel uded wi t hi n

the scope of t pend claims. CLAIMS. 1. A nobile wireless

cormuni cat i onégﬁégﬁce, %g‘ﬁprsi%ﬁr g--ange co%%ﬁagol@d}ﬁisdm)’ssetﬁ? enna havi ng
a plurality oknsbaeal coe@nR@aftisnsprES@eaDaHe dbn RAR WiIRerLolg ectly on
said single contiguous antenna; a plurality of wireless radio

frequency trafgdectdes, pegeinaitieelsyss amediar fdesdwratoy Whigis deiakmot
etectrically goupled 59,1 gapechivg ones, of Saldd PlUallLy. o, spaced apart
A s di sing ﬁ%ér H

signal feed points o € conti guous antenna, ein each W rel ess
radi o frequenegnyransaaiuvéicatdens Gublfsgfsardm R dlndigda equeancir sl

associ ated therew th; and . a controller configured to selectively
operate at | e4€V1i§6menEf a85PF IFtEAaIGitFUdft sniandl SRR S Q&fuehey

transceivers bo,bURSHA &ofiilelie QRO HRNE 1RNUENRA J0L B Q¥,de operation at

respective different operating frequency bands of "said operating wreless
radi o frequencypmmpansesiiver ¥idh sheidamd v-emablzd Eywes ey landni r el ess
conmuni cat i ong device of claim1, further conprising: a housing; and
evices?
[0041] Many modifications and other embodiments will
come to the mind of one skilled in the art having the
benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it
is understood that various modifications and

embodiments are intended to be included within the

scope of the appended claims.
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a dielectric substrate carried within said housing, wherein said single
conti guous antenna conprises at |east one conductive trace on said
dielectric substrate. 3. The nobile w rel ess conmuni cations device of
claim1l1, wherein said single contiguous antenna conpri ses: a
plurality of slots, wherein each slot of said plurality of slots has
di nensi I§ﬁ.a wi dth and a | ength; and wherein each di nension of said
pluralify of slots is selected to enable said single contiguous antenna to
resonate at a selected operating frequency. 4. The nobile wreless
connunicathggs %®¥ice of claiml1, wherein said. single contiguous antenna
él?.o

has a peri vreless CARmRICA s 5¥ice, WMPHIRENphi | e wirel ess

communi cat i ongngevbiieushs flt@inmdvi ighitydflightl fedd PlinBRPadspaend sl ot of
the plurality % sl Of‘gg dsefi ne anwgg{ag{i or1 yg)orstgﬁloneang lgn ??lt er?or portion

wi t hi n feorpeachathenrdisttly an caid simglescontigndug antesnant enna. 6. The nobile
W reless co ni cations .device of claiml1,.wherein .at | east .one of said
ol ural i Ly of RITAIRLRISlEe dadip Sisustiey tepstiee: o dvirdess rieip figfiugncy
tr ansce&af@éeiveraecmnw&gﬂ&i i rESleBiPFe REBEHE plutQp ofihtéParatt sedrdi m 1,

|

wherein said respective different operating frequencies are within a range
of abouicedpdntyidn said sergi-pontiggoustmtennavharcinicad] wislessortorfragaenayns devi ce of

claim wherei,n e di.fferent .operatjng freque band of said at | east

S o e R e AR hbRGRS FEREDE DAL BRRAR AR S f rbnt Caser
function. 9 cohieriembntigurell tesscstivelgopERtLaléRNSonttert saRl firalitygdfm 8, wherein
said different user function is voi ce communi cation, enmnil reception, ennil

t ransmi \sigﬁ;]loss,ra(ﬂatﬁ@qu@w manm;vegﬁatpaurtersaidsmgg cortiguops gienmaderayidecat i on.
10. A net at | ile wirel hcat ice..
oo T o SRELFL Ry TROAL e B BBy R YR SRl

g, W reless radio

f r equenaqubndnemsterairsatthesdmd gkl y coupled to a plurality of signal feed
points directly on a single contiguous antenna in said nobile wreless

conmuni cat i ons devi ce; and
2. The mobile wireless communications device of claim 1, further comprising:

a housing; and
a dielectric substrate carried within said housing, wherein said single contiguous

antenna comprises at least one conductive trace on said dielectric substrate.

3. The mobile wireless communications device of claim 1, wherein said single
contiguous antenna comprises:

a plurality of slots, wherein each slot of said plurality of slots has dimensions of a
width and a length; and wherein each dimension of said plurality of slots is selected to

enable said single contiguous antenna to resonate at a selected operating frequency.

4. The mobile wireless communications device of claim 1, wherein said single

contiguous antenna has a perimeter of a rectangular shape.

5. The mobile wireless communications device of claim 3, wherein a first slot and a
second slot of the plurality of slots define an exterior portion and an interior portion within

a perimeter of said single contiguous antenna.
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operating, by said controller, at |east sone of said selected plurality of
wi reless radi o frequency transceivers having respectively different
operating frequency bands at the sanme tine, wherein operating said sel ected
plurality of transceivers avoids an occurrence of electromagnetic
interference. 11. The nethod of claim 10, further conpri sing:

sel ectigvel y Themhdtgletvirst@s Bomarpratibnsalctlick beerih 10@pRéraini adeabr @guency band of
said si n%l e contiguous antenna through defi ni ng1| di mensi ons of |ength and

wi dt h Gridapluplityaf Verekess Fashio fraqueariitransagiyers don el tensestehna. 12, The

met hod of claim 10, further conprising: selectively tuning said
single contiguous antenna to said nunber of respective different operating
}‘ requerici es Tﬂxh][nml@lblvdmﬂcfsﬁbmgrriuahgtidmsabdic\a/ioﬁthixdil nwhaemrsaid espeatipd ural i ty of
eg portions of a plurality of slots within said.sjingle contiguous antenna.
13. An diifprentapgrating fregugsicles atg widhin adangsahaho w200 MEZ 1o (57 si %g: a
single contiguous antenna configured to operate at a plurality of different
operating frequency bands at the sane tinme; and a plurality of signal
f eed p@int s Bpacsdleayisldss Commuamatiomstdeeice dif cleat [1ywberesiadadch diffegdne cont i guous

antenna, wherein a | pcation of each signhal feed_point of said plurality of
si gnal OP@@H%?IF%@% Qﬁsﬁ@sa‘éeaé%ﬁonk?f‘glé%%%séﬁ‘ﬁﬂ&peﬂ}‘%‘&ﬁé%BiFeBﬁF?gs n sald

pl ural icgbfe%ngg{ofaedigg,%np&%f%w&l_frequency bands that corresponds to each
respective signal feed point; and wherein at |east sone of said plurality

of signal feed points are selectively excited to operate said single
cont i guous ten in sets of operatinpg.fr en ands .., ..
glé. e moq)?]e wireless communﬁ:a{xons (ﬂ:glce o? gf’éum %ngerem said different user
function is voice communication, email reception, email transmission, data reception, data

transmission, or data communication.

10. A method of operating a mobile wireless communications device comprising:
selecting, by a controller, a plurality of wireless radio frequency transceivers
electrically coupled to a plurality of signal feed points directly on a single contiguous
antenna in said mobile wireless communications device; and
operating, by said controller, at least some of said selected plurality of wireless
radio frequency transceivers having respectively different operating frequency bands at the
same time, wherein operating said selected plurality of transceivers avoids an occurrence

of electromagnetic interference.

11.  The method of claim 10, further comprising:
selectively tuning to each respective different operating frequency band of said
single contiguous antenna through defining dimensions of length and width of at least one

slot in said single contiguous antenna.

12.  The method of claim 10, further comprising:
selectively tuning said single contiguous antenna to said number of respective
different operating frequencies through defining length and width dimensions for a

plurality of leg portions of a plurality of slots within said single contiguous antenna.
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corresponding.to said selectively excited signal feed points at the sane
time. 14. The apparatus for nobile wireless conmunications of claim13,
wherein said single contiguous antenna is a planar inverted F antenna, a
patch antenna, or a nonopole antenna. 15. The apparatus for nobile

wi rel ess conmmuni cations of claim 13, further conprising: a plurality

of sl ot 3. wheteippaRas fosmhebilOkirsRicophdiimtdtions, dbmpligihg: has di nensions of a
wi dth and a |l ength, wherein the dinmensions are selectéd to enable said

si ngl e cont i GHIEe eantisneis antsnpe syHuEeddp opersid @b etpdualty of diffanentf r equency.
16. Th [ | .ess_cpmruni cations of claim 15, wherein a
< PBRREAGHEhOY bRl et hEN RS R

first sl sai Eﬁl)rfurality of slots define an exterior

portion and amplurali®rofeignpiofeéd prinishaved aparp GbinREILbthef disettld ofishid! sehgle
contiguous antenna. 17. The apparatus for nobile wrel ess comrunications
of cl ai RPAHBUOHABHEINE sai d singl e contiguous antenna conprises a plurality

o ot et oo Bl Lt oL AP B DL AR T o

di nensi ons, wherein sal eng | !
| eg porti onsdakanides £6dt@dd op@atiit REqHcNS Bdhd9 RESRT pIhlitY 80EBR)t band of said

single conti %ggrgtsinga f%c?uréggy bands that corresponds to each respective signal feed point;
and
wherein at least some of said plurality of signal feed points are selectively excited
to operate said single contiguous antenna in sets of operating frequency bands

corresponding to said selectively excited signal feed points at the same time.

14. The apparatus for mobile wireless communications of claim 13, wherein said
single contiguous antenna is a planar inverted F antenna, a patch antenna, or a monopole

antenna.

15.  The apparatus for mobile wireless communications of claim 13, further
comprising:

a plurality of slots, wherein each slot of said plurality of slots has dimensions of a
width and a length, wherein the dimensions are selected to enable said single contiguous

antenna to resonate at a selected operating frequency.

16.  The apparatus for mobile wireless communications of claim 15, wherein a first slot
and a second slot of said plurality of slots define an exterior portion and an interior portion

within a perimeter of said single contiguous antenna.

17. The apparatus for mobile wireless communications of claim 13, wherein said
single contiguous antenna comprises a plurality of slots that define a plurality of leg
portions of length and width dimensions, wherein said length and width dimensions of
said plurality of leg portions are selected to determine an operating frequency band of said

single contiguous antenna.

19



