MOBI LE W RELESS COVMMUNI CATI ONS DEVI CE W TH MULTI PLE RF  TRANSCEI VERS USI NG
A COMVON ANTENNA AT A SAME Tl ME AND RELATED METHODS Field of the Invention
[ 0001] The present invention relates to the field of comunications
devices, and, nore particularly, to nobile wreless conmunications devices
and rel ated nethods. Background of the Invention [0002] Cellular

communi cations systens continue to grow in popularity and have becone an
integral part of both personal and busi ness commrunications. Cellul ar

t el ephones all ow users to place and receive voice calls nobst anywhere they
travel. Moreover, as cellular telephone technol ogy has increased, so too
has the functionality of cellular devices and the different types of

devi ces available to users. For exanple, many cellular devices now

i ncorporate personal digital assistant (PDA) features such as cal endars,
address = booksmopask WIRESESS! COMMONTCASTONSUDEVICE! WITEN UL PIACWECES MRy
al so al | ow user sthanscEeVaRE! YysINAEA A2 @OMMORC ANTRNRIAC RirT ANisaMIRITTMEE MBI | )
messages and access the |nternglyy gedass lNetpdopet work and/or a wirel ess
local area network (W.AN), for exanple. [0003] Even so, as the
functionality of cellular conmunications devices continues to increase, SO
too does the demand for snual | Fieddviedeshehlalrentdomasi er and nore

conveni ent for s to_carry. One challenge 1 this poses for, cellular
devi ce nanufaépgﬁgﬁs isT%8e§¥&ﬁﬁﬁ§ &ﬂﬂ%ﬂ%ﬁ%qlﬁﬁlﬁﬁ%ﬁﬂQﬁa iﬁ%ﬁi4u%#a1ing

communications devices, and, more particularly, to

mobile wireless communications devices and related

methods.

Background of the Invention

{0002] Cellular communications systems continue to
grow in popularity and have become an integral part of
both persoconal 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 sco, 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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characteristics within the relatively limted anount of space avail able
for the antenna. This is particularly true where nulti-frequency band
operation is required. Some w reless comuni cations devices use nultiple
antennas to cover nultiple radi o frequency (RF) bands. Thus, as the nunber

of operating uenc nds creas SO to _dqes. the nunber of antennas
that are req%ﬁ}gdpo PésﬁFhE ﬁ?fnﬁﬁvﬁSF H@nﬁgggFﬂFngolslnclude all of
t he antennas @egyghcdgt@neéﬁﬁbsetheﬁebebhqaelaeeh&eee%geeetﬁn@quency bands
in sonme enbodiments due to such space constraints 04] When t he nunber

of operatlng freyacheyiphnas wishipi £hg §ﬁﬁﬁﬁlv§éwelé@n¢@ﬁt@@@ﬂﬂﬁnﬂi | e
wirel ess 2§§QE§2EbQQ§aQ§¥' §§ %h%'aH%%nﬁas'%ﬂ'glﬁgtgﬂg%lcﬂl Gqyer the

frequency band such deviceés I't nm ult in a
desirabl e natthuandhaneemnatlgaranEECyabhndfopbeatue@uencye@@nded and sone

trade- offs need to be nade between the frequency bands [ 0005] One
exanpl e of anggﬂﬁlglﬁﬁ %ﬁﬁaCQVQPBnFagéBHSfSﬁvéﬁgFaPFﬁgmBQéﬁﬁﬁﬂt|pIe

frequency bangﬁteﬁnagleeleéeérlﬂuyt§p18a&ea&oNQre@ueﬁ%yoa&ftoheeweﬁ et al.

This patent is directed to a planar Inverted-F antenna” for conmunications
devi ces, suchThgsradpotefephohes, Ofthaﬁrﬁédheté§ewwﬁnﬁﬁ ﬁ@ﬁ@k@le frequency

bands. Ml tiple shonal Leeds sxtenuLr oma conductivs clensale e

respective spacéd-apart oca i ons respect|ve
m cro- el ect r oneghanédal Asyst eas((MOVB) t &awtabesbar@oebe©UEl¢aiIy connect ed
to the signal feeds and are conflgured to selectively connect t he

respective sighatufeeds!t 8 gFBanAnbE RRScFREHLERE tPnProvide

operation in all desired freguency bands in some
embodiments due to such space constraints.,

[0004] When the number of operating frequency bands
is fairly small, some conventional mobile wireless
communications devices will use a single antenna to
cover the freguency bands. Yet, in such devices it may
be difficult to obtain a desirable match and antenna
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 freguency bands 1s
disclosed in U.S. Patent No. 6,662,028 to Hayes et zal.
This patent is directed to a planar inverted-F antenna
for communications devices, such as radiotelephones,
that radiates within multiple fregquency 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



addi tion, each MEMS switch can be opened to electrically isolate a
respective signal feed. [0006] Such antennas may be advant ageous for
operating over different frequency bands at different times, and over a
relatively small range of operating frequencies. Nonet hel ess, there may be

applications i .Which it 's irable. to provide nu frequency
oper ation at Pﬂg ggﬁﬁ 't FRE gﬁgvéwl§ APy N FEE " SFadde of frequenci es

but while stikheprevi-ding é":so'l@'t@t Vel peemmaet artennaenfiguration
suitable for wuse in handheld w rel ess communi cations devices. Brief

Descri ption oflOPREIDr awSHEE 2pOGOTRSFMEY P& §dda§m@§mq% fs1tock di agram of

a nobile wir Lcat.i. i i r gxenpl ary
enbodi nment . gégg%tgﬁg%gegshé ?%6%@%\%%8 ae%l% b% ary p(ﬁ% anr% enna for
use in the WI tehess eannvriecati ard addwieds safa 1Al @ahge{ Q0 YpddaEimyis a
graph of return |l oss ys. frequency associated w a flrst feed point of
one i npl errenﬂfé?ﬂﬁﬁnﬁﬂet‘sheNﬁﬁgéHﬁ;e&F’ Flt%%e i . ARE L £ 3t P yridph of

gai n vs. frequeney I%S%Cu@%@@awehtbh%rfdvrl%ie h8ad inGirdq indhe antenna of
FIG 3. [0011] FIGS. 5A-5C are top views of the antenna of IG 3

il lustrating sprub&ted elritbst sdinst tilbet isows carer S0GFaNHZY 180WeMHz, and 5

GHz, respectlvl the firs i gnal, feed.point.. . ] FI GS. 6A-6C
are graphs of gl éﬁl 39 Atenna. ra tD at |holnlepa?ctelﬁn rfotyrl(:&%l ahtenna of FIG

3 at 900 MHzrel800 vz, camﬁaﬁt%,temelﬁpmf\i@%aujﬁmgsdﬂmaﬁ]d Stor

use in handheld wireless communications devices.

Brief Description of the Drawings

[0007] FIG. 1 is a schematic block diagram of a
nobile 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. BA~5C are top views of the antenna of
FIG. 3 illustrating simulated current distributions at
900 MHz, 1800 MHz, and S 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.



signal feed point. 3 [0013] FIG 7 is a graph of return loss vs. frequency
associated with a second feed point of the antenna of FIG 3. [0014] FIG
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

i4vul at ur i i;bu usi ng the
n”?)e(ﬁldﬁgoi n?ﬁftc'ooﬁg]rg F%jcgﬁé%ﬁléfa %%%gh Jg S% & hul ated ant enna
radi ati on pat tferagdeorcit ssantiennsd ofifl G Sea@dn. ﬁéerﬁ-ﬂi{cnmr&@g the second
o] rLﬂoo%g] Fl 11 is a graph of return loss vs. frequency
r}aer{ oi nt of the antenna of FIG 3. [0018] FIG 12
myvs. fFrrfuency. sgsp%g@t e d point of
By g A- & C‘%HD bk f%&%%@fhe ant enna

of FIG 3 il |afAIuEEY Ry Siimll dited) sapoehtfekdtpdbut | ohstiae a@tdnGrzof5s. 2
respectively, using the third signal feed point. [0020]
radi ati on patterns for the

is a graph of
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GHz, and 5.8

FI GS. 14A-14C are dgraphs of sinulated antenna

antenna of Fl GOMEt 2. FICGHA % 2 G aiwly 8 G, akespestb¥elye. usi ng
feed point. [0021] FIG 15 is a graph of return | oss vs.

3&%&&%% élff%{i‘ﬁ:ttr? 8t P htdbit ¥ Heut kon enhaZ of 5 iz 3.

the third si
frequency ass

t4H

f FIG 3. [0019] FIGS 13C are top views

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.
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[0022] FIG 16 is a graph of gain vs. frequency associated with the fourth
feed point of the antenna of FIG 3. 4 [0023] FIG 17 is a top view of the
antenna of FIG 3 illustrating sinulated current distribution at 1.54 G
using the fourth signal feed point. [0024] FIG 18 is a graph of a

si mul at ed ant rad| ttern far the an na of

using the fourth SI gnal aéfe(’gd 13& it .2 [%5\1 N=| é?% ?sarbt%rérhaen%ﬁ 8%1%1 ock
diagram illust rlﬂﬂlmr%)mn‘ﬁj ariymcionpanentsrdof dise t ibddreoiobt | B, s rel ess
comuni cations_device of FIG 1. Detailed Description of the Preferred
Enbodi ments  [B0261% T hedetr desthdpit ot9d RRieE with reference to the
acconpanyi ng o gs, | [ r.ef ggrbcﬁ mﬂf e, shown, However,
manym)dl %/f ereﬁ{t@gr?godl neE:lttdémnlwa@y lbsg aﬁs%d{ﬁgn thus the égjescrl ption should
not be constr a@dh@szllqrmptae:ctaml tiver erfbrodimentsa sef FOE ¢ h3 her el n54 Eafﬁherh

t hese enbodi ment.s OVI ed so th this disclosure will be thoroug
and conpl ete. Lrke n jjfesrlgtn@% aﬁ(@e gl%?féh‘is t hr oughout, and prine
notation is ug@d2asg i ndlgqaj e 151 larselaments biodsi fd8fendn enbodi ment s.
[0027] Cenerally speaking, a nobile wireless communications device is

di scl osed her & ﬁ%r@ﬁlﬁﬁy eXa fdy £ HREIGY andba wmoh G ermalbarri ed
by the housi g Andhavdagnm RtAld Yl spasedrgpart signal feed points
t hereon. Moreover, the device nmay urt I nc a plurality of wireless
radi o frequency (RF) transceivers carried by the housing and coupled to

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



respective ones of the signal feed points of the conmon antenna. Each

W reless RF transceiver may also have a respective different operating
frequency associated therewith. Furthernore, the device may al so include a
controller selectively operating at |east sone of the 5 wireless RF
transcei vers to a vantg&eggsly use thet cQ ntgntenn%rat a me tinme.
[0028] The deVi&&' W8y alsd iNeTde 4 %dit® A 2 St rat® carti ed within

t he housi ng, aBambhe ORI -anterRRaaMYn@onpri se at | east one conductive
trace on the dielectric substrate. The common antenna may al so have a
reference vol t8§88leed pdientdevige Ferhwrleo el udsmiprflidntaitial dray conpri se

a patch ant e”%b@%‘fiﬁl@% %tarﬂi%@stwli%@ﬁns 9o th%ﬁ_{seﬂrg{: 1 DI e al tgyo‘}r'c!&oar{ ly, the

patch antenna nmay have a generally rectangul ar i meter. way of
exanpl e, the attkeast maye cehgirimey atndlasteE aneplaoraludtyl wdf tstaotes adefi ni ng

an exterior ¢ .antenna ortion and an interior comon antenna portion
therein s SUEhLISGHSLEISE GHOSGHAte SOy BEITHE Y (8 Sn ¢ he

interior commpBvanberadRRHHORo12R¢/OF Rl kRastt . ang-wfetlig-si gnal feed
points nmay be on the exterior commopn antenna portion. [0029] At |east one

of the wirel eS$TRPIt ARJSOSEY BBY QPP IS ca ac @l tfharanteast diamimyg fasy
exanple. Al so of, anpl.e,. .the different. tin ci es may
b TS e S OB N S

be wthin a range of "about e erent
operati ng freguéeronesmagveadief zeemnic addry daomcir s mgsocingdted: £ ef ew t h.
More specifically, the different user functions may include at |east one

o ey Confti b5 Peamvlem Fecirant ang o Lot may dicihdE

plurality of slots defining an exterior common antenna
portion and an interior common antenna portion therein.
As such, at least one of the signal feed points may be
on the interior common antenna portion, and/or at least
one of the signal feed points may be on the exterior
common antenna portion.

[0029] At least cne 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 fregquencies 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
moblile wireless communications device 30 for
communicating with one or more communications networks
31 illustratively inciudes 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



transm ssion, data reception, and data transm ssion, for exanple. [0030]
Referring initially to FIGS. 1 and 2, a nobile wreless comuni cations
device 30 for comrunicating with one or nore comruni cati ons networks 31
illustratively includes a housing 32 and a commpn antenna 33 carried by

the h th i cat twork(s) 31
my be 5 6 colbhl ot RePRbPREArGY i FATBIE Fodal o 64 HotUIEE | LAN) . f or

exanpl e. The ¢oaRpn @pkesrandle.i hustbakionely tieneleudss a plurality of
spaced apart signal feed points 34a-34n thereon. [0031] The antenna 33 is
"common" in thélsghsatingty incilsdegapedlbyad ipivurcd] iSRRG wikedtess radi o

frequency (RE) 55§n§88BV§B%n%§a3§%b3ﬁﬁ Qheg %Ilular and/or wreless LAN

transcei vers) aPso carrie the usin and coupl ed to respective
ones of the smgﬂan]feedThpoantenﬁéa334nsoPcbhmamﬂnnm1unuesanﬁeB&haEach

wireless RF transcejver fera as a re ective different operating
 eoueney ncsbbrmacehiREaPbol B BT AR 2 ol S e, Ha i i s

Furthernore, the)devhp8c39vERY 38LSB5hNQlUe ,acantneld emd3e t hat
sel ectively operates at | east sone (|.e., two or nore) of the wireless RF

transcei vers B53e38Ast bAHNdEaAN&gEATSIY ) usd stheagarhesh byarittendew 33 -r@t a sane
e e US20aBeLaln oyl B aHR,c IT: AR8% NI (IRAN SHANL ANd or stop

tinmes are synchronlze nmer el at there is sone overlap in
time. Al thougheointssBaal-84heocrotae bhamomhentemwmx(ﬂaeﬂﬁdﬁhrwmmbhuﬁs oper at e
mul tiple transceivers 35 at all tines, i.e., the controller nmay in sonme
RE transcelver preferably has a respective different
operating frequency associlated therewith, as will be
discussed further below. Furthermore, the device 30 may
also include a controller 36 that selectively operates
at least some (i.e., two ¢r more) of the wireless RF
transceivers 35a-35n to advantageously use the common
antenna 33 at a same time. As used herein, “at the same
time” does not mean start and/or stop times are
synchronized, but rather merely that there is some
overlap in time. Although, it should be noted that the
controller 36 need not operate multiple transceivers 35
at all times, i.e., the controller may in some
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 beard (FPCB), carried within the housing 32, and
the common antenna 33 may include at least ocne
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.,



i nstances operate only one transceiver at atinme, as wll 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 conmon antenna 33 may

i ncl ude at Iea%t, %ne, gonductlve trace on the diel ectric substrate, as wll
Byt Hos

be appreci at ed O gyt echd e M5 i 1 yiouUHiE wontlr ol | er 36

and wirel ess BRohinanseehveks %%t?»ft@te Widrdmd $0.the6ar3d ek dy dde pe
dielectric substrate 37, as mnmay ot her conponents such as a displ ay,

keypad, etc. . CArwhieeh owi tlheb@amesﬁ%adtfmrtthﬁmlbﬁws However, it shoul d

be not ed that n._ant-en 33 rie on the sane PCB
with the wi reltgsglg1 %%nqtgrrasns%tgel \r/}g’rns a§g§% n Oannt /oolrlecon d&i]l in all

enbodi ments, améodAyenst, eatdbagarinatN i Iehmd el orf raar&@(treartsi on of
the PCB, or otherw se nounted adjacent the PCB within the housing, as wl|
be appreci at é42B§ EKXESESIRN 0dd tlht‘F tHy rardt, JOF3{1 9% BREYr*Fhnce with one

enmbodi nent , tggaggmnth%n%@n%l%ﬁl@%&e ,gb arlaté aldy lidear antenna

(e.0., inverted F antenna nonopol e, etc he errbo ment illustrated
in FIG 2, thepporeoatadt &ynahddd sk lpatthn aﬂteem having first and

second sIots deflnln -an exteri common .ant.enng paortion 42 and an
interior migﬂaéit enn&npg‘ SRR Pi"é'&ét S ten%o% n%teeacor%aﬁ a
single sl ot Olnfeheat tsanmtawob%I et s ulRyt e iusiad, 11maxtmexnwmml eng s, As
seen in the illustrated exanple, the common patch antenna 33 has a

general |y redPdRgLPEr FpapitReren WWHERgt 1¢thd wildt H- I rstieg SHeent

illustrated in FIG. 2, the common antenna 33 is a patch
antenna having first and second sliots 40, 41 defining
an exterior common antenna pertion 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;, L3, 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.



L1, L3, although other shapes are al so possible. [0034] In the exenplary
enbodi nent, the common patch antenna 33 has a single reference voltage
(e.g., ground) point 44, and four signal feed points 45-48. The reference
vol tage point 44, along with the third and fourth signal feed points 47,
48, are positigned on the interior commobn antenna portjon 43 ] e the
first and s_ec,[glq Sleed E&entfslrﬁ, el B ﬁ]i%t}'l%df%n 4}1931%%%%30@ conmon
antenna portiQn 42,23 ;shoWr iR d i r i onHVEVETed AEF1 M 1S aREMN, SaaRd
nunbers of feed points “are al so possible, including nultiple reference
voltage or ghemgdhsoilnt snd4L, At inanl dgvanhageneserbbdi Aeaestednsoor

nore of the signal .feed, paints 45-48 .could also be selectively coupled to
a reference V(gl%‘fl&gg]&r &?l%&.reéis[o(?&%’]acl% 551" Hn Sse%%ont %I%rt‘%/elﬁrb? 41 al so

define a plumsad.ityymef degheortdniseefdimeddy v dllssMndWarhyd |engths L2
and L4 that may advantageously be selected to tune the desired operating
frequenci es of‘etl§éeghtténifa ig®n SHfr i he 1LY PorY i ARS nel§h

substantially kel j \;feg, ' f @ﬂgﬁp&y Q%&{Jat il e other
structures rra?tih%frlatusg%ge&rrulaﬁe% p ggglg%élr{r% réreq ency ands%s will be
appreci at ed by richpsecyskidriced ias tdhiel larde 4@08631ated cdoymiomosat enna 33

advant ageousl y pr.qvi des single multi-feed antenna that may be used
i nst ead of asﬁll&afldi ty* (Jf?hediaf rent antennas as in sone conventi onal

handsets to pri@oiagg nul triid IRAURNC Yarhaditha GEradv Ok addihss TRYp pooviee
advant ages such as space _savings, sinplification of the handset design,
and avoi dancé &fingllectigidgrfadad dnesrierdte 1EMYe used instead of

a plurality of different antennas as in some
conventional 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)
s 41
Ly 4.9
Ls 14
Ly 7
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[0038]

By way of example, the different operating

frequencies in the present example are within a range

of about 9200 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,

second plots 50,

First and

51 of simulated return loss vs.

frequency for first and second simulations are shown in

FIG.

shown in FIG. 4.

3, and a simulated gain vs.

frequency plot is

The simulated current distributions

across the patch antenna 33 at the above-noted

frequencies are shown in FIGS.

5A-5C res
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used for one or nore of voice conmmunications (i.e., cellular phone calls)
and data conmmuni cations, such as Internet or electronic mail (email) data
comuni cation, as will be appreciated by those skilled in the art. [0039]
The operating frequency characteristics associated with the first feed

point 45 are ikhuskr ahedgaiif Ba@®e 3rb.r MM PH A LAY 4L the exenplary
configuration operation the antenna 33 is tuned to provide operation at
900 MHz, 1800 WAZpeghdvslieHshewa dn 488t iGPe-&onnecti on of appropriate

wireless RF tn iver 5 fir f.eed i,nt 45. FEirst and second
pl ots 50, 51 o#eg?gglatezh%efégﬁ%ﬁggge§§&xnf§é 3£H€§1¥%%df¢%%f”bnd second
si mul ati ons ar epshewnnign frElGendy aid 2a 4% mMzAat ed ngaidt o6 .r Sheguentys pl ot
is shown in FIG g. The sinul ated current distributions across the patch
antenna 33 at tfie ADEFRERGYed SifdGiencided raves -s HeRauenm,Gs imsd-Bed

respectively, éQr%@hkenggFQ%h@igﬂﬁt%hgssg%ﬁng%df%%&%%% i%%&ygiﬁ?QS used

respectively shown in F A-6C. [ 0040] e second feéeed point

for an operatPA§tEragueasycohtedayiGHz usSingultheed erenar fdecas poivs. 46
frequency, si a gai.n_vs. frequen si,mul ated _current distribution,
and sinulatedngktéﬁgg ?gﬁﬂﬁFPsx agStFE%HQ &?sggﬁ 'e&fmf%hghs@ﬁg-ﬂﬁb second
feed point 46 ratpehtsvélequsinylaretshews i rEkCech Bin% 430d (1Q

respectively. Simlar tg the first feed point 45 the third feed point 47
is also used fbriffir 58°OpRPALENg7 fFeddéRcySBENdSr Whirsls aper2tingHz, 5.2

T Cautney S ol 4 ) BRI PLAER 58 Vo, ERSSUY Bl A 80 sl ve
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 device 30 are now
generally discussed with reference to a hand—held
mobile wireless communications device 1000 shown in
FI1G. 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 cutput

devices may alternatively be utilized. A processing

11



[ iati [ i [ hird feed
simul ated antenna radiation patterns associated with wusing the t

point 47 at these frequencies are shown in FIGS. 11, 12, 13A-13C, and
14A-14C, respectively. Furthernore, simlar to the second feed point 46,
the fourth feed point 48 is used for one operating frequency of 1.54 GHz.

Simul ated returdewioss 18060 fg espienCinedi Wil L €0t 981 MoV S: nd F ESHENGY 4 4
simulated current distribution, and sinul ated antenna radiati on pa%?erns

associ ated wi t FUFHRS OREHaRT e die ot 1480 ?Iidtfhlil? diiaql@yllczfQOe shown
[ : : j er_exe
conponent s uhi ol iy Ra >3 (HERRRE 1HE Kol QOGP perp et b

£
conponents which may be included in t above- _ _ % are now
general |y di scidsediwintltey dfefilences tvoelal hand:thel shve r@bi | §pais€l 85Sor

comruni cati ons vi ce .1000, shown _i FIG 19. The device 1000 _
illustratively t?%clmt?g) ;lea RN ri‘dibl"zool,“ & KPP 1900 EHEE Bewuwehut  devi ce

I i j i i ferably a
1600. The out putysdevi eeicshewpds 1@0b 3R ahd 600, which is pre
full graphic L%. Qther types of out pu?ﬂ} devices may alternatively be

utilized. A prd@838ing 1 Vit 1180030 créau ﬁimc@?ﬂ.wn?gdﬁef%gg@rtt&_ﬁiim, 1200
i I b he  k d. 1400 an IS y .
o ocessi ng. deved ﬁltagg%%(]:{tgnt%rnoI(:é\seﬁ)jt%ﬁ:e “operatl h V2Pt o &P 9600, as well

processing device 1 ( ( _
as the overaIICépmﬁaﬁﬂdnh@bsiMQesﬁﬁ@dﬁhﬂkﬁMJﬁiﬁﬂx¥%¥gdhr onse i a
actuation of ke&s on th%,keyagd 1400 by the user. [0030] The housing 1200
may be el ongat 8d%VePELESFEPD X8 r mgyF To M gtdver & | e 8 i st plase

(including cl awshehlingousinaest rt‘é@;tture?&)r Ef}%% KRG, By d gl ude a  mode

selection key, gf other hardware or so tther(;)roocressing 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



swi tching between text entry and tel ephony entry. [0031] In addition to
the processing device 1800, other parts of the nobile device 1000 are
shown schematically in FIG 19. These include a comrunications subsystem
1001; a short-range comunications subsystem 1020; the keypad 1400 and the

di splay 1600, akobgywi(RAMYt haBoi.nprh@wiRul: 48 GB%yNnah060, e A08Qq 1AP0 and
1120; as well aﬁ nmenpry devices 1160, 1180 and varlous other device
subsystens 120¥7¢ FREiAGLARE 1gevIGy BOGO b mrtefrscabing thet BRMEL SRR

communi cat i ons rge hawi.ng I C ications .capahilities.
In addition, tﬁgggggile f %v %%c%gﬁg%gfggéﬁéﬁiﬁigég ﬁﬁé%§§;ﬁﬁ4ﬁt to
communi cat e wi thsobtheratdnpuses teys trems: tiic s, hen dditer netec {30320 fOper at i ng

system sof t war e ecuted by .the, processing_device 1800 is preferably
s?ored in a pg?gfg?gﬁtangFEa%éﬁgﬁ as 0Rs 13098, oxediey dEtdGe BRC0 .ndy be

stored in ot hepréMpes raf nBBMEEY @%V!aggi,ic%t&*&n%s tHA e @ad QY JRmory (ROV)
or simlar storage elenent. In addition, systemsoftware, specific device

appl i cations, BfVpaet sSPeRakéens, nayche asenporarinidy vdicaded i nto a vol atile

store, such as : o 2 RAM_. 1180., myni cations

si gnal s receiv%%mﬁ§£§?%ggh§%i?éagéVfggngéyoérsg%gé%§t&ngggﬁthQHRﬁme118o.
[ 0033] The pro@es$tﬂ91690ider18@0mahnfaddU&anIhOadbﬁ%i@@@r%I?@Qs%ﬁ%ﬁem
functi ons, enablgs execution of software applications 1300A- 1300N on the

devi ce 1000. A-"brEBREETH Hegaget oF THppPPRALIFafS chhae Yo et dols teddied
devi ce operati@nsin§Usbndsadahaeandn ¥ obeR ;4 preferably capable of

organizing and managing data items, such as e-mail,
calendar events, voice mails, appointments, and task
items. The PIM application is also preferably capable
of sending and receiving data items via a wireless
network 1401. Preferably, the PIM data items are
seamiessly integrated, synchronized and updated via the
wireless network 1401 with the device user's
corresponding data items stored or associated with a
host computer system.

100343 Communication functions, including data and
voice communications, are performed through the
communications subsystem 1001, and 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

13



communi cations 1300A and 1300B, may be installed on the device 1000 during

manuf acture. In addition, a personal information manager (PIM application
may be installed during manufacture. The PIMis preferably capable of
organi zi ng and managi ng data itens, such as e-nmail, cal endar events, voice

mai | s, appOIntMBODSma?nﬂnbiﬁﬁe bt%Gﬁmuﬁﬁ%aEHMn%pgl' QR i1HA! SO
preferably capabl e sendi ng and receiving data |t N via a Wrel ess

net wor k 1401. ﬁ?é#@ﬁaélyo pherPEM dath ithemdomie exgoamagssITAdnteegr at ed,

synchroni zed a t i Wi.I el ess rk 1401 with the device
uger s orresg%ngpgg g% ae?t%nélgtgFgalSF ggéﬁglaﬁﬁg it %3 host conput er
system [0034] cQanminbtgaions HuBEbr@RS, ahBChudiongedai@eand o te

conmmruni cations, .,are performed through the comrunications subsysten11001

and possibly tHibght¥hel eh¥rfiehigelcmiani canmond caibioyst amtvinks,
CO”““”'Cat'O”SS§@QS¥§t§MP§OO%DMﬂC|gganaaW?§g§ﬂvﬁﬁsl5§%y. %D% nsqkiter

1520, and one or nore antehnas 154 n-ad
connunlcatlon30§@©SyBYBﬂ$1Oﬂldaahsendn0bmdesnatpb@&essbbghneé%fggt%ggglas a

digital sign SSor SP) 158 d | ocal oscillators

Thg specifig 3%5|gn Rd" T %)n%ﬁYa? 5 F Ut lESﬁnﬂﬁF@a?P@n@°§&B§ysten1
1001 is dependéaticponodde TeoMbPicat 1enscBelYObKky Whisghpkhe mobile
device 1000 is intended to operate. For exanple, a fobile device 13 1000

may i ncl ude a.%%Wﬁ&ﬁﬁ%%leﬁ% stbsyscempdcatdessgnsdnte rdpesard wisth t he

Mobi texT", Dats;dCT3cP8 &@Peral, gacket Radi o Service (GPRS) nobile data
connunlcatlons netmori and al so designed to operate
[C035] Network access requirements vary depending

upon the type of communication system. For example, in
the Mobitex and DataTAC networks, mobile devices are
registered on the network using a unique personal
identification number or PIN associated with each
device. In GPRS networks, however, network access is
associated with a subscriber or user of a device. A
GPRS device therefore requires a subscriber identity
module, commonly referred to as a SIM card, in order to
operate 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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with any of a variety of voice comunications networks, such as AVPS,
TDWVA, CDVA, WCDMVA, PCS, GSM EDGE, etc. OQther types of data and voice
networks, both separate and integrated, may also be utilized with the
nobi |l e device 1000. The nobil e device 1000 may al so be conmpliant with
other communi catiigeng sStrangar ds SUeh B d %Mhé@?&wd{l\ﬂr%w# Cyrd 0035]
Net work access requirenents vary depending upon the type of conmunication
system For ex&fsIc€ssied (Ehe -Mplsidude tartl aDet aPAD arsi Work st herobi el 58¥i ces

are registere n e I i N i que personal Jdentjification
number gr PI'N gggogitrraét étgl%vgﬁm%ﬁ%ggca?opt}%v%@e? Lﬁrng)% %ﬁ#g,%%mver,
networ k accessdigitadsael ahed oy Coraesisal,l befeettseru®fch-devd &6, A
GPRS devi ce th%nﬁfore requires a subscriber identity nodule, comonly
referred to asta 8FKE4r d AP 1didat 1on o5k rtatas . 26 IGPRS mettlvor k. [ 0036]

Vhen requi red aeknnnk cbRAbS! Faklon 0 40Ct fnatiandagedyres. gave been

conpleted, the nobile device 1 may sen recel Ve comruni cati ons

signals over Bhéegoambhblati on network 1401. Signals recehvsd tLromth_e
comruni cati ons rk 1401 .the antenna 1540 are routed to e receiver
1500, whi ch pr&gﬁégg fo nsﬁgﬁé%lgﬁpﬁpﬂgﬁﬁﬁﬁﬂiu¥%éﬁﬂ@ﬁ&%QRR&P%%nverslpm
filtering, chamhghaselecheonsrellesn andviRyAlRe: Hravidde @halipg to digital
conver si on. Analogito-digital conversion of the received signal allows the

DSP 1580 to péfforifhotefRofprekeoimranisadtitons 152t ifnrs exsughie as

denodul ati on a@QiH@CQ?b@Qed'E acé&ﬁhhﬁ%a%ﬁ%%%rBiﬁ%é?§y¥%:%ﬂéjgg%eiver

transmtted to the network 1401 are

: 1500 and transmitter 1520 may be adaptively controlled

through automatic gain control algorithms implemented
in the DSP 1580.
[0038] In a data communications mode, a received
signal, such as a text message or web page download, is
processed by the communications subsystem 1001 and is
input to the processing device 1800. The received
signal is then further processed by the processing
device 1800 for an output to the display 1600, or
alternatively to some other auxiliary I/0 device 1060.
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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processed (e.g. nodul ated and encoded) by the DSP 1580 and are then
provided to the transmtter 1520 for digital to anal og conversion,
frequency up conversion, filtering, anplification and transm ssion to the
conmmruni cation network 1401 (or networks) via the antenna 1560. [0037] In

addi tion to pragesshagiceMicealionsdis N Suddle 3R 1580 pravides for
control of the receiver 1500 and the tlransmttuergi%SZO.s'For ekgéa?rg/plag, gai ns

appl i ed to conff@AFeatic6r8Isi geaios dingt sebrsemdiorar mals5@0 sandbet ransmi tt er

1520 nmay be adapth nt.rolled hru{b ut tigc,.gain caontrol

al gorithms i rrp?eiﬁe%ﬁ%ﬁtgﬁngﬁhl&h%sge%ﬁg%. 1 W] 38%@@%&%’0 ni cati ons
nmode, a recei védspdrgnabPOsuely adsa bextutimssage ior wehk-gpage downl oad, is
processed by the comuni ¢ati ons subsystem 1001 and is input to the

processi ng devFEE"EBO62THE Sy BeEPved O Tsiegna lies tichet sephéhepr ocessed by
the processingiqdgviee $80Q £af18R0pLRY ,t%nfeh%u%gcgdow PP dleo

alternatively to sone other auxilirary |I/O device devi ce user may
al so conpose da#alitenmsptbachvadce- caiill redssagesnfusimeg itde keypad 1400
and/ or sone ot 5540@““ I irgry [ Q. device 1060, such .as a touchpad, a rocker
switch, a thunb-wheel, of Soff8 6tRERPETECBIUNRSGHE 18y iSePs YAiE Tt omposed
data itens mayethlehebectmananictbtedn pu€kebhe te@MMANIQL IRRS Jetiwyk 1401
via the comunications subsystem 1001. [0039] In a voice comunications
node, overal | 2BperSbfbnPEPxinataevyeters eubseadcesl| yhsioh Ineed odthe

SSL a communi f?a;g%{g@gf,ég‘%gifg BXCERh; 102! db8IBEYC ] ral00dhp 3" ¢ (A R0 2
range communications subsystem may include an infrared
device and associated circuits and components, or a
Bluetooth™ communications module to provide Ffor
communication with similarly-enabled systems and
devices.

{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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transm ssion are generated by a m crophone 1120. 15 Alternative voice or
audi o 1/ O subsystens, such as a voice nessage recordi ng subsystem nay

al so be inplenented on the device 1000. In addition, the display 1600 rmay
al so be utilized in voice conmmunications node, for exanple to display the
identity of a calling party, the duration of a voice call, or other voice
call related information. [0040] The short-range conmmuni cati ons subsystem
enabl es conmuni cati on between the nobil e device 1000 and other proxinate
systens or devices, which need not labessarily be simlar devices. For
exanpl e, the short- range communi cations subsystem may include an infrared
devi ce land assocuicatiedesicommungatnd dconpomeptisng:or a Bl uet oot hr"

comruni cati ons dul.e to provi.de. for . c nication with.sim/) arly-enabl ed
o ana? MhelFentiSicS RS EROR el af e Rl hErER 1)
cone t at tehe arfiradeesarfcrom,ea sdsbid REd bdint, BRd AtirdTadd Mnttih €aid PRAGT bf §facddhe
t eachi ngs in the foregoin descriptions and the associ at ed

resente _ [ ,
dr awi ngBart e peipbsags clpgirically C@ﬂ@féﬁeéltcg@eﬂx aeidsaloentigsestiatdons and
ebodi ment s 4k bt SHEEE hilotRqbdicl HARLCNL EAlNS coBERR Rlpdk AR dRPEAIed
clainms. 16 Clainms 1. A nobile wreless communi cations device conprising: a
si ngl e sadpturgupossmntdeamsd skl fegd poipls wnahidtsinglef conpgumd anfeand, whegimadach eed
poi nts

Phi ra PSR o Blvenginsftirea it SREuBR B R RS R g™
el ect r ittepdvivh; @ddnect ed directly to said single contiguous antenna;
a controller configured to selectively use said at least one of said spaced apart signal feed
points by operating said at least one wireless radio frequency transceiver electrically coupled to
said respective ones of said plurality of spaced apart signal feed points on said single contiguous

antenna at the same time.

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 resonates in a plurality of frequency bands, and wherein each feed point is used for at

least one frequency band in the plurality of frequency bands.

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

antenna has a rectangular perimeter.
5, The mobile wircless communications device of claim 3, wherein the antenna is tuned to
respective operating frequency bands associated with respective locations of said first feed point,

said second feed point, and said third feed point.
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at | east one wireless radio frequency transceiver electrically coupled to
respective ones of said plurality of spaced apart signal feed points on
said single contiguous antenna, wherein each wreless radio frequency
transcei ver has a respective different operating frequency associ ated
therewith; and a controller configured to selectively use said at |east one
of said spaced apart signal feed points by operating said at |east one
wi rel ess radi o frequency transceiver electrically coupled to said
respecto ve dihesmobfle saickspéanrabiitatioos dopacedlapdr whsicgmald doaedupiantesnaon
said single contiguous antenna at the sane tine. 2. The nobile wreless
connunf8§?ﬁ§ﬁs device of claim1, further conprising: a housing; and a
dielectric aphgilipbesleRl whaeinwatihilo: ifahid peaal BOslowhas 8tinddiod usdingl e
contiguous antenna conprises at |east one conductive trace on_ said

di el ectifqledes apadthapd a hsightrped whereinecagh disreagion ivietrgisd dacnabirsabyngle of claim
1, Vme'bght'i};ou%ﬂé St % Fes GO étgius@féﬁte?ggﬁ%%a‘fﬁ%cﬁﬁf?a@t es in aplurality of

frequency ‘bands, and wherel n eac Is-used for at | east one
frequency band in the plurality of frequency bands. 4. The nobile wreless

has o Poct andarapbarehet epigicio R iR e bR FLARTH AR "Gevi co

of cl aistie@ed whakEle Raill REghdoatiR@k Snteied rédnate espatdctadeopeREna fieqgnty.equency
bands associated with respective |ocations of said first feed point, said
second feed point, and said third feed point. 17 6. The nobile w rel ess

comunigcat i qRg nfeWoE cRfm ¢! Bhdin salth@1akihns 3k 6hig Vel SUQHR) @é&;lh&w

conprises: a plurality of slots, wherein each slot in said plurality of

sl ot s Haascaivdisriensélbarttiaasceiviencl udes a wi dth and a hei ght; and wherein each
dinmension is selected to enable said single contiguous antenna to resonate
at a selected operating frequency. 7. The nobile wrel ess comuni cations
devi ce 9of cITae mobile whelegd donaaghicaionedsii@ivfickhimsle WhetetitsatdOpleriibl & fsal d
single cont.i Hous antenna to resonate at a sel ected operating frequency.

8. Thepﬂﬁ$ﬁég Bycaly gprncsted ihsaidsingle SPRHEOUS @4E%0ne of said wirel ess radio
frequency transceivers is a cellular transceiver. 9. The nobile wreless

comuni cations device of claim1, wherein said plurality of feed
10.  The mobile wireless communications device of claim 1, wherein said different operating

frequencies are associated with different user functions.

11. The mobile wireless communications device of claim 10, wherein said different user
functions is are selected from at least one of voice communication, email reception, email

transmission, data reception, and data transmission.

12. A method of operating a mobile wireless communications device comprising:
selecting, by a controller, a plurality of transceivers electrically coupled to a number of
feed points on a single contiguous antenna in said mobile wireless communications device; and
operating a number of said selected plurality of transceivers at a number of different
operating frequencies at the same time, wherein resonating said selected plurality of transceivers

avoids an occurrence of electromagnetic interference.

13, The method of claim 12, further comprising;
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points is physically connected to said single contiguous antenna. 10. The
nobil e wirel ess communi cations device of claim1, wherein said different
operating frequencies are associated with different user functions. 11.
The nobile wirel ess comruni cati ons devi ce of claim 10, wherein said
different user functions is are selected fromat |east one of voice
communi cation, email reception, email transm ssion, data reception, and
data transm ssion. 12. A nethod of operating a nobile wrel ess

comuni cat i arkctely caingoajulrsigilagntigebwahicngs toyidadifferrht apletating f@qpdnoical ity
of tra celve s.electricall oupled to a nunber of feed points on a

si ngl e fae tdé‘H?fh“qnﬁ g%ﬁ‘@ CPRIGHOPSIEEWA: opmuni cat i ons devi ce;
and operatl ng a nunber of said selected plurality of transceivers at a
nunber of different ogperating frequencies at the sane tine, wherein

r esonatlfng @QF@’@&C‘@@F%H6Pﬁ&h¢rt%ﬁn¥ﬂ*51ﬂ1€anscel vers avoids an occurrence of
el ectromagn

conpri si ng: gélﬁ&\)egﬁt%& ?3%?53??’%‘ gﬁ Eﬁt‘}%g gglgg‘n |r§&é§ela{1‘%ﬁgﬁ!m 1((:)S sai d
differ elmu@p@angrrgmfenwweﬁcbérgﬁl altdhmdtlngif agphdone pigt mheiddinpbngintigsowf sai d
single tnt| guous antenna. 14. The nethod of claim 12, further conprising:
sel ecti {}é’fl?/a tuning said single contiguous antenna to sai d different
operating frequenci es through defining di mensions of |length and w dth of
at least one_slot in said single contiguous antenna. 15. The nethod of
clai m 12; M@Fé}eﬁlogéﬁfalatmfl?e‘?’]éeﬁﬁméﬁé ST} OPpiating fiequsacisy we Wit Arage ange

of aboyk ;AAQYhEMHD (@b 68FHZ. 19
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