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BACKGROUND OF THE INVENTION 1. Field of the Invention: The present

i nvent i orwoaBab®ass t o ant ennas, and nore particul arly towards/wsogiumhe band 5
antenna for nobile computer devices. 2. Description of Prior Art:

Typically, a wired cable is used by a |aptop to conmuni cate with anot her
processi ng device such as another |aptop, desktop, server, or printer. To

comuni cate with i . i na is needed. Fig. 1 shows
two possibiliti e@”Wﬁ%ﬁ%&lﬁ%@fﬁﬁéﬁﬁrﬁ%ﬂm@&wwm& ed at the
top of a laptop display 100 for better radio frequency (RF) clearance, or
just outside (dash |ine fRACKGURONND OF BHEINIENTIADput er Menory Card

I nternational Association (PCMCIA) card 101. Usually, the laptop will have
an optinum \Hieldlofdw Ipeerdtionmance i f the antenna is nounted on the top of

t he di spl ay gﬁg However,.an external antenna wil| generally be nore
expensi ve and SPSEERLPEFHIoNgelgieh i antenas aad mate partignlanly towardsimdual-band

Al t 8r natany@hy fordhobiRicehipaler Qbviededded antenna generally will not perform
as well as an external antenna. The commonly used nethod to inprove the
performance of an enbedded antenna is to keep the antenna away from any

met al cg;rponﬁt of.thef !agt OE. Dependi ng on the design of the | aptop and
the typée of 1 104 ance between the antenna and netal conponents
could be at IBashl}WWiredtdble & 13 BRI 15 25Hhih a

8P redbdBle 2 uSOPUGa ROITH ; 3’?35‘, Rl AREAAG B8

i npl enent ations. Two antennas are typi ugh applicatio

i npl enerdevieg senhesanobankpwpedgsbop| fHrer, driprinte. Tasanmuhieatewdtloot £wired ar e
placed on the left 200.and,rjght 201 edge of the display. Using two

ant ennascofl?l%cgg%’c?nc?flte&ﬂ%15&???8?‘41%’%1IS OW%B%&OSS’PH@@BIOSBR%’Q’@ apisnaBd by t he

di 9pl ay AmteiasBarthd REALOBSHhE REp RTAMHIEF PR 00N Yehbd %

communi cation system As a rgg)ult, }?hg s?zg of thg Fap?%?%qgg%C (gFParger to
acconmoddtaeaned og jisé antaidgl(dasbriimatfor antenamosflacfersomal Coupuater Biegmooyn€amnt enna can

be pl aced. on..one ,si de (20 01 f the display and second antenna on
t hept opehiﬁglag?nﬁ ﬁés‘%ﬁ‘?&na@ CR%‘H@ 0?%{} foér é‘t‘ﬂ“éfnﬁ‘g laplop will have an optimum

wireless performance if the antenna is mounted on the top of the display 100. However, an

external antenna will generally be more expensive and susceptible to damage than an internal

15 antenna. Alternatively, an internal or embedded antenna generally will not perform as well as
an external antenna. The commonly used method to improve the performance of an
embedded antenna is to keep the antenna away from any metal component of the laptop.
Depending on the design of the laptop and the type of antenna, the distance between the
antenna and metal components could be at least 10mm. FIG. 2 shows some possible

20 embedded antenna implementations. Two antennas are typically used, though applications
implementing one antenna are possible. In one case, the two antennas are placed on the left
200 and night 201 edge of the display. Using two antennas instead of one antenna will reduce
the blockage caused by the display in some directions and provide space diversity to the
communication system. As a result, the size of the laptop becomes larger to accommodate

25 antenna placement. In another configuration, one antenna can be placed on one side (200 or
201) of the display and a second antenna on the top 202 of the display. This latter antenna
configuration may also provide antenna polarization diversity depending on the antenna

design used.



configuration may al so provide antenna pol arization diversity dependi ng on
the antenna design used. -1 WD 03/007418 PCT/ US02/ 16646 Advances in

wi r el ess wormmeidesat i ons technol ogy are devel opi ng rapi dl y PCTHEsS0216646GHz
Instrunent, Scientific, and Medical (ISM band is widely used. As an
exanple, many |aptop conputers will incorporate Bluetooth technology as a
cabl e repl acenent between portable and/or fixed el ectronic devices and

| EEE 802.1 I b f irel | | t wor K o f
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Infrastructure (U N|) band can be used. U- NIl devices can provide data
rates up2ReP sompysrs will incarperatetBlugtpeth terbinplegdy a7 cablelteplactmant betweenna

operati 1S : i.n sband .antennas .with one feed
have so:@rggll\?gﬁygégg&g@gért%% ?%V-%eggg%%gélza tS?hI@iqu[}gﬁwlrgfﬁﬁ%ﬁagﬁ%ns. 10
As i 1 elreegorke (WILAN)alfiaBI892 4D Agvipé RARES 2 HEHL BRE] PACHERIdE n? kG AENIBEY Y
popul ar , and i ncreasingly cogBIex a need exists for a conpact integrated
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integration into a portable processin evice. AC

of the idewmnd f@m duabbarmidredina ob&&tiﬂ@%oﬁﬂbﬁid@@ihmhﬁlégi ITRf-BYnd dfRdrlas SUPpPOr t
frame for grounding a conducting elenent, a first and a second radiating

el ement &k @?Fdﬁe%hﬁvreéﬁmﬁé%‘ﬁ%ﬁ%Pyerfm\dﬂélﬁechﬁﬂelﬁla%&m@éwlmaﬁpdicattﬁmnducti ng a
sigpal conpr4{si fi . nt for carrying.a signal connected to the
Sealnd radi aine arS cohfRinERIRE ARRhe b3kl oEN S B Sty dhre g gt

conduct iang inceea3ihgborongsléE d Hedd EXists FotP@nipat( iafBratetOdub8artd 4riénna 'Pﬁviﬁg cond
radi ating el ements are concentric with the first radiating el enent

di sposedcdiicedrosts #nd rebiddpgerfermanes-ng el enent. The first radiating el ement
is one of an inverted-L antenna and a slot antenna. The second radiating
el enent is one of an inverted-F antenna and a sl ot antenna.

SUMMARY OF THE INVENTION
The present invention relates to an antenna for integration into a portable processing
15 device. According to one aspect of the invention, the antenna includes an electronic display
metal support frame for grounding a conducting element, a first and a second radiating
element extending from the support frame, and a conductor for conducting a signal
comprising a first component for carrying a signal connected to the second radiating element
and a second component for grounding the conducting means connected to the support frame.
20 The first and second radiating elements are concentric with the first radiating element
disposed within the second radiating element. The first radiating element is one of an
inverted-L antenna and a slot antenna.
The second radiating element is one of an inverted-F antenna and a slot antenna.
An impedance match is achieved by positioning a feed conductor towards a midpoint
25 of the length of the second radiating element for increasing impedance at a lower band and
towards a closed end of the len‘gth for decreasing the impedance at the lower band.
Preferably, the means for conducting the signal is a coaxial cable having an inner feed
conductor connected to the second radiating element and an outer conductor connected to the

support frame.



An i npedance match is achi eved by positioning a feed conductor towards a
m dpoint 25 of the length of the second radiating el enent for increasing
i npedancewatosaot4osver band and towards a cl osed end of thedrarsgt/echier
decreasing the inpedance at the | ower band. Preferably, the nmeans for
conducting the signal is a coaxial cable having an inner feed conductor
connected to the second radi ating el ement and an outer conductor connected

to the supp -2 3/ 007418 PCT/ US02/ 16646 . The first and second
radi ating el gﬁr‘%ﬂ&é%@@%ﬁ‘%‘%@s@&?%@&@%ﬁﬁ FPPed FhsEmially fee 6PFaf’ﬁ8?g\§pport
frame. dippoftiffanie. Tnelfist apMNstchAdliaaiating eRMRABHS sids@nBMBSEAR 341 Misposed
transversely di sposed on the support frane. The antenna includes a

dupl exefn d§HERATEHAMS t wo conmuni cations systems and the 5 dual - band

antenna for 1.5 L:] t i ul t anegusl y. Accordi ng to, an
enbodi nent o?ﬁ'?ﬂg%niaéégeigge%ianci}l\éﬁetx?[g%?%ﬁcf\te| tt&'&Cg{T}é’&‘lr}i‘fﬁtl@Hﬁ Sgeé‘?‘sraé’ﬂd]é% nt is
pr advi dedudlsbahd giteghador eadutitingat o Bdtde kighuManédusly. di sposed on the back of

an electronic display having an integrated dual -band antenna, and a feed
portion extefFHging fan papedimsat fdhe prepestt invention, Ay integratet aatstemna. . 0 The

ant enn aaﬁ{I{g@ﬁgﬁ"ig gfovfi&é Hﬁﬁdibg % ggﬁ&ﬁti%gﬁ %hfef’c{illlé%gﬁ?&‘dgl}a isé‘%gﬁﬂlgh)gggég At he

[t
. d
conprising-a t conﬁonen conducting

feed poelettamiadisplay Bedngeh inteyrped éindl-bhad agemianshdWiceld posAdHEhing means
connected to the RF foil opposite the feed portion. The neans for
conduct PHEINTSS ghele fosmipecdodatiatenaabl e havi ng an i nner conductor 5

i : dto.the RF
comect e oL AR P A0 01 OB FPLOR By

posi t i ofitshgorapdreatifoe onttucting thegigmadnacdiédipahfteed brtiohent angédndof t he
ant enna arrangement fé)_r i ncreasi ng i npedance and towards an end of the
| engt h $ORPUSE}Ien giongding dhe Gapducingdaneans connected to the RF foil opposite the feed

portion.

The means for conducting the signal is a coaxial cable having an inner conductor

5 connected to the feed portion and an outer conductor connected to the RF foil opposite the
feed portion.

An impedance match is achieved by positioning a feed conductor towards a midpoint
of the length of the antenna arrangement for increasing impedance and towards an end of the
length for decreasing the impedance.

0 Preferably, the antenna arrangement further comprises means for conducting a signal
comprising a first component for conducting the signal connected to the feed portion and a
second component for grounding the conducting means connected to the RF foil opposite the
feed portion. The means for conducting the signal is a coaxial cable having an inner
conductor connected to the feed portion and an outer conductor connected to the RF foil

5 opposite the feed portion.

An impedance match is achieved by positioning a feed conductor at an open end of
the length of the antenna arrangement for increasing impedance and towards a closed end of
the length for decreasing the impedance. electronic display metal support frame for
grounding a conducting element, a pair of radiating elements extending from the display

0 frame, and a means for conducting a dual-band signal comprising a first component for



O Preferably, the antenna arrangenent further conprises neans for
conducting a signal conprising a first conponent for conducting the signal
connect edwoo3ntmif eed portion and a second conmponent for pgrasnziiaegs t he
conducti ng nmeans connected to the RF foil opposite the feed portion. The
means for conducting the signal is a coaxial cable having an inner
conductor connected to the feed portion and an outer conductor connected to

the RF foil. S| he fee ortion.. An. I. dance tch i§ achi eved by
posi t i oﬁ%&“g?g %g% é@%ﬁ%f&%cﬁartﬁ%ﬁ rsg?fl osﬁg?flderﬁglahggafﬁ‘@nﬁsé‘ﬁngtaﬁe‘iﬂ“at he antenna
ar r angewemporiedt for Resurdiigitte ESRRCEICAcARAROBIAIS 1R GiNsedagRd of the

| ength for decreasing the i npedance. el ectronic display netal support frane

for grounding a conducting elenment, a pair of radiating el ements extending

fromthe display O fragpy t,i dual - band si gnal
conprising a first comon%ﬁ%%?%%%f%@é‘&%ﬁ&ﬂ 16646 carrying
a sfgnal conpegées dmbddit@erits bbthe pRetesarRMeion a4l 8t UAGHBLEFRH Sn Al @ Second
conponent for_ groundi ng the conducting means connected to the display

franme. BRABLWIHESERETCR tOthegRcaHPRIDRBAITNGSES Pref erred enbodi nents of the
[ j QR W i bed bel i detail, with ref
present '”Veﬁ%%lwgiesQﬁ%pg@%#%ﬁerlwﬁf?ﬁg@?gﬁéﬁ s: et ai Wi reference

to the acconpahyi ng draw | apt op conputer with

external ant eignasilustias adaptdp bsrhpiReOsitiRslbOdhRAJEPRBAAE, W th sl ot enbedded
ant ennas; Fi lg_. 3.illustrates two slot dual -band antennas di sposed al ong a
w

pl ane of theFig 3pllupjrates ove plahduakdend anterpas disnesed abnngi amimne afithe Hieplpy esent
I nyent i fglﬁg%‘%gdlﬁﬁg%%ﬁja‘?}%‘?&iglsengthllgrg%f}{lgﬁ}%lgﬁtband antennas transversely

di spose rane acco 3 embodi nent of the pr esent

i nvention; FFg. 43llistiatés twabios diaMbahd¥aeédRs trndeRkyRRGHsans L dsspilyong t he
pl ane of the display frane according to an enbodinent of the present

i nvent i AMe pecqrdige t@an embedimgntaf thewrepany sveriéors dual - band ant ennas
transversel nyE. $ RRREDteO B d n’ﬁlerted-F dual-band antennas along the plane of the display

frame according to an embodiment of the present invention;
15 Fig. 6 illustrates two inverted-F dual-band antennas transversely disposed on the
display frame according to an embodiment of the present invention;
Fig. 7 illustrates an inverted-F dual-band antenna according to an embodiment of the
present invention,;
Fig. 8 illustrates a slot dual-band antenna according to an embodiment of the present
20 invention;
Fig. 9 illustrates a slot-slot dual-band antenna according to an embodiment of the
present invention;
Fig. 10a illustrates the operation of an inverted-F dual-band antenna according to an
embodiment of the present invention;
25 Fig. 10b illustrates the operation of an inverted-F dual-band antenna according to an
embodiment of the present invention;
Fig. 11 illustrates the operation of a slot dual-band antenna according to an
embodiment of the present invention;
Fig. 12 illustrates the operation of a slot-slot dual-band antenna according to an

30 embodiment of the present invention;



di splay frame according to an enbodi nent of the present invention; Fig. 7
illustrates an inverted-F dual -band antenna according to an enbodi nent of
the preswoto3emention; Fig. 8 illustrates a slot dual - bardTaISvE MGG
according to an enbodi nent of the present 20 invention; Fig. 9 illustrates
a slot-slot dual -band antenna according to an enbodi nent of the present

I nvention; Fig. 10a illustrates the operation of an inverted-F dual - band

ant enna accogdj ng. n. e di t of th resent inyention; 25 Fig. 10b
i |l ustrates F éIil%gielgg?ﬁe%ﬁosggq%%oql%rea??%g Vet oF: 1o\ d Eé‘?l?fberﬁg%?‘agtng to
an enbofitheprdsetfintdmtiopy esent invention;, Fig. 11 illustrates the operation
of a slot dual-band antenna _according to an enbodi nent of the present
i nvention; FFig 14 dlystraigs possitde canfigueatiensief asrangsnna byilioen axl BF foiliadcotstimg

ant enna C | % : i nent of the present invention; -4 WO

03/ oo74&@%%3‘5@5@%&”%“5%?@5?%| ustrates possible configurations of an

antenna accoFi} h§iltstrals & FOBiniidthent&tfontdd€orBRI6 Ah cmBYEIRidnOHf thE Eﬁﬁ?ser;t‘l
oi

illustrates possible configurations of an antenna built on an RF I
accor di Hy°"4®¥L an enbodi nent of the present invention; 5 Fig. 15 illustrates

Fio 16 1s a b o FROCrPS e fr AaSRRO NP R it DRl lesoacor oi ng

to an embodimeandf thé pichent iveaserd; | nvention; Fig. 17 is a graph illustrating

the nmeasured _SWR at 5CGHz _band according to an 10 enbodi nent of the present
i nvention: Fig 17 % a graph illustrating the measu?ed SWR at 5GHz band according to an P

10 embodiment of the present invention;
Fig. 18 is a graph illustrating the measured radiation patterns at 2.45GHz according to
an embodiment of the present invention;
Fig. 19 is a graph illustrating the measured radiation patterns at 5.25GHz according to
an embodiment of the present invention;
L5 Fig. 20 illustrates the orientation of the antenna for radiation pattern measurements in
Figs. 18 and 19; and

Fig. 21 illustrates a duplexer according to an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The antenna according to an embodiment of the present invention is designed for the
20 ISM and U-NII band applications, but can be used for other applications such as dual-band
cellular applications. According to an embodiment of the present invention, dual-band
antenna performance is achieved by adding radiating elements inside a signal band antennas.
As a result, the size of a dual-band antenna according to the present invention may be no
larger than a single band antenna. A dual-band antenna is capable of operating in either of
'5 two frequencies, for example, 800 MHz and 1900 MHz, 2.45GHz and 5 GHz, etc.
Fig. 3 illustrates two dual-band antennas parallel 301-302 to the display frame,
disposed substantially along the plane of the support frame, in the x-y (width-height) plane.
Fig. 4 illustrates two dual-band antennas perpendicular 401-402 to the support frame,

substantially transversely disposed (in a z plane relative to the x-y plane) on the support



Fig. 18 is a graph illustrating the measured radiation patterns at 2.45GH#
according to an enbodinent of the present invention; Fig. 19 is a graph
i1l ustratwogsbbmisreasured radi ati on patterns at 5.25GHz aecoruprigei® an

enbodi ment of the present invention; 15 Fig. 20 illustrates the orientation
of the antenna for radiation pattern nmeasurenments in Figs. 18 and 19; and
Fig. 21 illustrates a dupl exer according to an enbodi nent of the present

i nventi T PREFE ODI MENTS, The_ant enna

accor di SATo R LISEEa SR O RABIAKEEAC LY SIPROES ARYPEREGPEGTE he 20
| SM and fdit & thelbacicotxhplispRly 308 8an Belinchided REpHEEThnl Dkendh BHaIBPBE | Cat i ons
such as dual -band cellular applications. According to an enbodi nent of the

pr esent PPRGEHeYIgANtennay mpy kel implamertad derenflioe varibeindustaeldesigodiebds. Atidi ng
gt 2t Bt RLEHR Bbbh ARl 0C R ORRe SANG AU ERNRSS p B Ethle ol st 78 O

a dual - nna accordi n 0 the prese I v

thah a siagdkeémplnenedtegertser, Br etamipl§adraRl RNoed-F afRRADARI Dfe i@drng 1N
either of > 5 two frequencies, for exanple, 800 MHz and 1900 , 2.45GHz
and 5 Ghlpt antenna maynted o the sgpae flewie’s two dual - band ant ennas paral | el 301- 302

to the displ - ' Lal ly a h ane of the
support frarrg%{r %phﬁ?ﬁgni-%é%aﬁ% g%h@ﬁg;ﬁ%%é%aa%gfk%&ﬁagerﬁed% F[E}g?r}aaﬁ.gg t wo
dual - bandl-a02 emhG -AEr peybe tiedar shéin 40 gs. G dnld®. THE pREetted-FaRRNNa is about
substanhh?l |y trangver sely di s;)osed (in a z plane relative to the x-y

pl ane) thidenstippb? tlot anteppaos) betony fregrenosiand.dbamveredfentemaehasant enpa_ I
| - , | . i oi
| s qrountyest @bt Rl o ggngg 5o MDA @ VAR AR i AHARY 10Ter BlbnGhdl! RO

on the back of t can I nc par an “antenna.
Par al | etheatot petepemn dioc bdthrslc ah@ mvagedvB welsion dual-bariintshnads papéetiange @atchhe

I ndustrigl. design needs.. The parallel and perpendi cul ar antennas have
simlar a%l%?“l‘egi’%g‘?%’é%g.t Pé?qdng}e,towé thepsnirido Histeapmisapedanqemy toyearm the aent ed
t oget heg, déc%ras%@'mhgdan@e qﬁgiol“%gagmerted- F antenna and a perpendi cul ar

sl ot antenna nounted on the sane devi ce.
Referring to Fig. 7, an inverted-F dual-band antenna according to an embodiment of

I5 the present invention includes a ground plate 701 provided by the laptop display frame, a
metal support structure or other RF shielding foil on the back of the display. The dual-band
antenna, including inter alia, 702-704 and 708, may be formed of a single thin wire or
stamped from a metal sheet. The inner conductor 705 of the coaxial cable 706 is also
illustrated. The outside metal shield 707 of the coaxial cable 706 is connected to the ground

20 plate 701. The antenna structures presented in this invention can be easily implemented on a
printed circuit board (PCB).

Fig. 8 illustrates a general configuration of the slot dual-band antenna according to an
embodiment of the present invention. The slot dual-band antenna includes the elements of the
inverted-F antenna and additionally element 801 closing an outside loop.

!5 Fig. 9 illustrates a general configuration of a slot-slot dual-band antenna according to
an embodiment of the present invention. The slot-slot dual-band antenna includes the
elements of the slot antenna and additionally element 901 closing an inside loop.

Fig. 10a illustrates an operation principle of the inverted-F version dual-band antenna.
H+L1 is about one quarter wavelength at the center of the lower frequency band. Increasing

30 S1 (moving the feed line to the right) will increase the input impedance of the antenna at the



For applications where space may be limted, a dual-band inverted-F
antenna, e.g., 501-502 and 601-602 maybe used as shown in Figs. 5 and 6.
The i nverwed3®oam enna i s about half the length of a sl otcantsenmads At t he
| ower frequency band, the inverted-F antenna has to w de standi ng wave
ratio (SWR) bandwi dth, but the gain value is usually |ower than that of
the slot antenna. For both slot ‘and inverted-F version dual -band ant ennas,

i mpedan hS,: eved by..mving.the fe line to ter to
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| ower beasiice Refresonate Qretl@erﬁblgt thé.lowér baR¥ erd+¢H-3) islbsdut BAOGuARE a0aeqgR Or di Ng
to an enbodi nent of 15 the present invention includes a ground plate 701
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or 5 st anpebk dogedacoiditlg t6hisefollowitg rlelmellish@pkrhﬁithétlﬁgh 4Rl alovipedge axipl
cable 706, is also, illustrated. The outside netal shield 707 of the coaxi al

cabl e 7HbinFEasedhn Bppesdantes moymegdge Ralovm te|dgersaseghe imprdange; awharoingedgur es
present E(é%'tﬂb %ﬁ'o? td\%}fﬁ"ﬁllg F0: 448 TndeEasE AR Jén?f)eélz{m% Whg thedthed stlm% gt el fyi reuit

board ( trates a gener configurati on of

dual -bamgamlﬁmmeaemrhinagldtms éftthe aﬁaﬁﬁlamaﬂhuaﬁdé he present invention. The
sl ot dual -band antenna i ncludes the elenents of the inverted-F antenna and
add| ti onal | yFel aduahbasbantenmagceeyding to thegirersnt @M?fltlo%thﬁllkzputgnpttdan@ﬁt r at es a
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odi nent o resen i nven eS|

i ncI udegeighteH. lﬁirmmamltesbanﬂ i &k@maam effvd tiRnelafolibhigsofalkymsle apent 901
cl osing an|n5|deloo 2 10a il lustrates anoeratlon principle of the
i nvert eff ﬁlc\?‘étﬂlgff %bﬁeﬂ’ﬁﬁlfo AGEiztband antennaanay nej bgilerisamsras theieelationships/ el engt h
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f eed Ilnetot erl I NCrease’’t eda t“enna at
the -6dWDHaRd &Qéﬁrﬂa&c&ﬁ'&l@&@i’ﬁd{ﬁ@%t inventn daarbadoh@kdcaghﬂg garrover will

ac PSI evee}'&pfé(ram;se%ge{log f’ltheecéxperllr?lgrrltgggﬁ Qr?d rtelg(ta]oés%?gstfgr ((ijlfffelr_e%lt :Mntlerlmas would be
obvious to one skilled in the art in light of the present invention.
Referring to Fig. 11, an operation principle of the slot version dual-band antenna is
shown. In this case, 2H+L1 is about one half wavelength at the center of the lower frequency.
Referring to Fig. 12, an operation principle of the slot-slot version dual-band antenna
20 is shown. In this case, 2H+L1 is about one half wavelength at the center of the lower
frequency band, while L2+2(H-S) is about one half wavelength long at the center of the high
band.
The antenna impedance and resonate frequencies in antenna structures in Figs. 11 and
12 are tuned in the same way as described with respect to Fig. 10.
25 Fig. 13 shows possible antenna constructions stamped from a metal sheet or fabricated
PCB. These including the inverted-F antenna 1301, the slot antenna 1302, and the slot-slot
antenna 1303.

Fig. 14 shows examples of slot, slot-slot, and inverted-F dual-band antennas

according to Fig. 13 built on the RF shielding foil 1401 on the back of a display. To ensure



reduce the resonate frequency at the |ower band. L2+(H S) is about one
quarter wavelength |long at the center of the high band. Separations S and
S2 det er rwoasioha1s nput i npedance match of the antenna at pCraSor/gds4band.
Referring to Fig. | Ob, generally speaking, inpedance 5 can be changed
according to the follow ng rel ationships at the high band: noving edge A up
to increase the inpedance; noving edge B down to decrease the inpedance;

and nov ft.or eed t increa

i rrpedan?:ﬂeégdn%gggs e thﬁgR%‘lsﬁlee ({sa?g fotld h%e ellgfeCIFlécrygg’F Qi g ietlé)é‘icghat"ﬁe
bandwi dgésd afndwsn@nmnaatm obahﬁumm&sppe?qrra@ siuglid band ant enna according
to the present invention, the input inpedance to match is effected by

factors incl ﬁgpq@mgﬂ@.@@pmhpqhglent ofethe presem invsAEors daplcb@d aatenned dands t he

hei ght r fs B he .rel at.i onshi ps,

f or exa%?lng%{&? EE for é’{L q%@psé%gggr vedﬁgﬁr@%@; “tﬁt?étﬁﬂ ?ﬁ’ Mna may not
be 5 he seamplas. Qmelreednatcbﬁmhlanso 000 3655 YaehtGheRuRBibnd 03G AN EH G 2.
Therefore, determning the input inpedance nmatch for a dual -band antenna

accor di R 191% %llbfrteéléﬁﬁxam%ﬁf p gHalchand B@te@w@bﬁ%@fl@nr@"fﬂ( PEB. While a
experi . i | hi for |ffere

ant enngg&mbg%JFgg%gaﬁqBV| ous a@ﬁ{kg%%lhsﬂpﬁg%&ﬁ glsg%g&zir R éﬁ Stgp oPﬁ

pr esent badkyidatl50hwilRedteifecniie botefmigper himaase. DiResteih wnb@maa@bpdrﬁy of the slot
version dual -band antenna is shown. In this case, 2HtL1 is about one half
wavel enRHlUSHve HaeHan{os cXymPleneOPPENer frequency Referring to Fig. 12, an
opefation pr

shgfvvn I n thF{ség'cleﬁsag{dqu-ﬁlE tlﬁésg{g ‘!f;)(f one ar&/a&?le ate)%gqt I_@% 81

the | O\AmSpécltiequelearhamﬂ Jhawveidugh R2HSWIR &)ndwsdtnluowveoﬂe meﬁ{z\mmel engt h I ong
at the center_ of th gh_ band. The antenna i npedance and resonate

f requenth & QHZQﬁp@ﬁ}%elgﬂ;}@@t LS8R pafermagendwidthy pithe $6Hghand uned in the sane
bl
vay as (epes Bt bl £aRRchy bonEbd Hhvctd, Hbond B phOUE AGSR B 6 g oo

i ncl udi wghtobammmeﬁted F antenna 1301, the slot antenna 1302, and the
slot-slot antenna 1303. Fig. 14 shows exanpl es of sl ot slot slot, and
i nvert ed-F ddab! c&éhw%memgred dual-band antenna gain values at different frequencies.

2.4GHz | Freq. (GHz) | 2.35 2.4 2.45 2.5 2.55
Ave/Peak -1.8/1.8 -0.9/1.7 -0.5/2.3 -0.6/2.4 -1.4/2.0
Gains (dBi)
5GHz Freq. (GHz) | -5.05 5.15 5.25 5.35 5.45
Ave/Peak -0.7/3.2 -0.7/2.9 -1.0/3.3 -1.7/3.3 -2.9/1.9
Gains (dBi)
Table 1.

Figs. 18 and 19 show the horizontal plane radiation patterns at 2.45GHz and 5.25GHz
respectively. The antenna at 2.45GHz has both vertical and horizontal polarization, but it has
20 a substantially vertical polarization at 5.25GHz band. The effect of the laptop display on the
radiation patterns is obvious. The solid line is for the horizontal polarization, the dash line is
for the vertical polarization, and the dash-dot line is the total radiation pattern. In the radiation
patterns, H, V, and T refer to the horizontal, vertical and total electrical fields respectively. In
the legend of Fig. 18 and Fig. 19, the number before the slash (/) is the average gain value

'5 while the number after the slash (/) is the peak gain values on the horizontal plane.



according to Fig. 13 built on the RF shielding foil 1401 on the back of a
display. To ensure -7 WD 03/007418 PCT/ US02/ 16646 the antennas built of
RF shi el awog3foisis have desirable efficiency, the foil nmatecralsoshaus d have
good conductivity, such as that of alum num copper, brass, or gold.
According to an enbodi nent of the present invention, dual-band antennas can
be fabricated on, for exanple, 'a 0.01" GETEK PCB. The GETEK PCB substrate
has, for 5 exa 3.98 dielectrig constant and,.0.014 | oss.tangent

measur ed froﬁllgg?é%@lﬁs l_f’%tog_oéﬁﬁt?amf:ﬁ&? Vlfg’s F%“%?H??ql%?[ﬁhﬁﬁ %Bxanpl e of a
dual - bangaanémanasHodd ihG@kd. 98 a8d 1@5]i€1|§t1%@§,toﬁ/\hl dpRnand Ei{e%gﬁrb%hﬂ&ﬂ tﬁ’fB I's

ed. e

shown, a_ si n%l e-si ded PCB can al so be us Renovi ng t he i

. _ trip on t
backsi déispy 200} -LP05and the besst2006:2040isindegyess.f or nence. The strip can be

made of any nduct ive terial, for exanple, C er. LOFigs. 16 and 17
show t he rr\eangfeclﬁld‘!Il gSI\(NE\{ %‘fzr{?1 Hsén%ﬁfigﬂhbgngf’mf%qg aaﬁ%?%:g_,gorb%@g)?e,

r espect iniglepenton aptiaailas befaUed dmmMBRBanheidtahvaRver the 2.4 Gz
band (2.4-2.5GHz) conpletely. The 2:1 SWR antenna bandw dth at the 5GHz

band ( simmtancoysig-Bor lapsop pplicatiense thetlgw band fos Blegiooth BikE,/802. 1 tthet hand can

be conp 1.0 | B 1 5 1 shaows t he. npasured
dual - band Ca SRR SR L bian3Rhd RsFPb 80 7y K aendl O chabipiiony (o)
2. 35 2. 4yodlde obvibud 1Hbne AiiddRaake arlinBight 8f the pBsdntinvdigh2- 3 - 0.6/ 2. 4
-1.4/2.0 Gins (dBi) 5CGHz Freq. (GHz) -5.05 5.15 5.25 5.35 5.45 Ave/ Peak

-0.7/ 3.2 -0. Haying descrippprefernedgnhogimentppflangntegesitedsdualiBand anddsine far  Fi gs. 18
angd, 19 .adi.ation patterns at 2 45G4# and 5.25GH
F o et HIRH bR SR Rleathd Wod BB AR PRM)EI T i WGFTDB0e o
pol ar i zskilledin thelbrt it 1iglAST the above teachings. It is therefore to be understood that changes

may be made in the particular embodiments of the invention disclosed which are within the

scope and spirit of the invention as defined by the appended claims.



'0 a substantially vertical polarization at 5.25G4# band. The effect of the
| apt op display on the radiation patterns is obvious. The solid line is for
t he hori zwotoalooppes ari zati on, the dash line is for the vePCIramsb2/16646

pol ari zation, and the dash-dot line is the total radiation pattern. In the
radiation patterns, H V, and T refer to the horizontal, vertical and
total electrical fields respectively. In the legend of Fig. 18 and Fig.

19, thegﬂ@?@ R‘%E{e the slash (/) is the average gain value !5 while the
nunber h (/) is the peak gain values on the horizontal plane.
-8 WO 03/007418 PCT/US02/16646 Fig. 20 shows |aptop orientation (top view

corresponding to the radi ati on neasurenents shown in Figs. 18 and 19 when
the | aptop i opeﬁnéﬁﬁfnﬂﬁ@ramg@tl%‘ét%éﬂoﬁ% P@P@plna)deme,lcommgnd t he

base 2006-2010 is R r| n

antenna and a dup?lgglgg?&]ir‘mg&g%la}ég{ef Suppgrtl np erreﬁ{oéladglﬁ aﬁgﬁaliwg‘flgﬁleé‘?el“&uit
board, two conmmuna dabt Mds sSysideaBiaGadcl@ent exfontin tﬁtﬁﬁ ort Bthmb 2id!
appllcatlons the | ow band for Bl uetooth (I EEE 8 11hb) a? the 2. 4GHz | SM

bami and the hi gh? Beftctop forcepgudting 2 signal eompnisig a %rah@pmmmetrfommumtu ons

ovent | AL e D80, find Aokl BRRefb ot op Tt o DRt e te

dual - banndndammnaaﬂs@bnneb&dlt@pﬁd)@ppﬁph‘amatl ons, |t ls not ed t hat
nodi fications and variations can be nmade by persons skilled in the art in
light of the above teachings. It is therefore to be understood that changes

ey be mde b1 NgDRGLLEAL ATOOLITENS 10l SRS LAY CRLON Sl scl oned vt ch

are within the scope an e |1 nven

appendecorgk@iiosuith- tEe et Gﬁﬁﬁﬁlézblc&ndﬂﬁﬂs al\ﬁlﬁﬁﬂﬁle sWtd rh@aGhdd1B@ehtl s: 1. An
antenna for integration into a portable processing device, conprising: an
el ectronic display netal support frame for grounding a conducting el enent;

gngj rst and 3 Sec?ﬁ'éjar{tégfaaott‘icﬁ%nql, Wﬂ%}n fX 1?srturj-écf1§mg e‘fe%énrt]?s gn%pdqort frane;

inverted-L antenna and a slot antenna.

4. The antenna of claim 1, wherein the second radiating element is one of an

inverted-F antenna and a slot antenna.

5. The antenna of claim 4, wherein an impedance match is achieved by
5 positioning a feed conductor towards a midpoint of the length of the second radiating element
for increasing impedance at a lower band and towards a closed end of the length for

decreasing the impedance at the lower band.
6. The antenna of claim 1, wherein the means for conducting the signal is a
coaxial cable having an inner feed conductor connected to the second radiating element and

'0 an outer conductor connected to the support frame.

7. The antenna of claim 1, wherein the first and second radiating elements are

disposed substantially along a plane of the support frame.

-10 -



5 a conductor for conducting a signal conprising a first conponent for
carrying a signal connected to the second radiating el enent and a second
conponentwbas/ogruerindi ng the conducting nmeans connect ed t @CrThESITuBpOr t
franme. 2. The antenna of claim1l, wherein the first and second radiating
el ements are concentric with the first radiating el ement di sposed within
the second radiating elenment. 0 3. The antenna of claim1l, wherein the

first radiati,ng elenent is one o n .inverted-L antenpna.and a sl ot
antenna. 4. ?hg ahﬁgﬁﬂtgnﬁOfgql%{ﬂi’fvﬁle\r/ﬁ\%ﬂ@ﬁﬁ“twg sgeangfadipting g?‘l’“ﬁ@tséﬁeerrent i's
one of afbstinMUBY tr@ekvErsalaPOFePdkha siipRtt Bdtenna. 5. The antenna of claim

4, wherein an inpedance match is achieved by .5 positioning a feed
conductor towards a m dpoint of the Iength of the second radiating el enent

for increasipg i dance at | omer .band and towards a close nd of the
length for decr eAst ARCEREOS Cﬁ%ﬁ’dﬁﬁﬁ%heéfowmm%ﬂﬁﬁplﬁé?{pf.on%.C%efdgtBEi‘_Xﬂt enna of
cl ai m 1 comfifin@afiodshsteR8AGd tHrduaPBsHdCntdn@a tdiQrank@itahg htswd bah@axi al cabl e
havi ng an i nner feed conductor connected to the second radi ati ng el enent

and> 10 samulgge@slyconduct or connected to the support frane. 7. The antenna
of claim1, wherein the first and second radi ating el enents are disposed
substantially along a plane of the support franme. -10 WO 03/007418

PCT/ US02/ 16646. 8 Anflihegaitdédihiéhnafarehg@ninlconifi@sigi:n the first and second
radiating el ements are substantially transversely di sposed on the support

frame. 9. The ant @saedustiveREjsmelding fmk disnosedomthediaglyobarnielpeteonis displanect ed
to two I J d e dual -band antenna for transmtting
LEOATHR A R0 S SUSh T TR o

at two ban aneous _ “AN integrated antenna arrangement
conprising: a conddedd peetiGFe:abidihgpdargaliycdckosdaspsPeming d & Bagka.of an
el ectroni c display
10 11.  The antenna arrangement of claim 10, further comprising means for
conducting a signal comprising a first component for conducting the signal connected to the
feed portion and a second component for grounding the conducting means connected to the

RF foil opposite the feed portion.

12.  The antenna arrangement of claim 11, wherein the means for conducting the
15 signal is a coaxial cable having an inner conductor connected to the feed portion and an outer

conductor connected to the RF foil opposite the feed portion.

13.  The antenna arrangement of claim 10, wherein an impedance match is

achieved by positioning a feed conductor towards a midpoint of the length of the antenna

20 arrangement for increasing impedance and towards an end of the length for decreasing the
impedance.
14.  The antenna arrangement of claim 10, further comprising means for

conducting a signal comprising a first component for conducting the signal connected to the
feed portion and a second component for grounding the conducting means connected to the

25 RF foil opposite the feed portion.

-11-



havi ng an integrated dual -band antenna; and a feed portion extending
partially across a hole formng a slot antenna. 10 11. The antenna

arr angemewo oedomhiei m 10, further conprising nmeans for comduaisongseas si gnal
conprising a first conponent for conducting the signal connected to the
feed portion and a second conponent for grounding the conducting nmeans
connected to the RF foil opposite the feed portion. 12. The antenna
arrangenent of claim 11, wherein the nmeans for conducting the 15 signal is
a coaxi al cable having an inner conductor connected to the feed portion and
an outer copnduc %%gﬁ ' RRQStsttbecdndaetingahd i on. 13.
The antenna?grraigéﬁéﬁgﬁo cg%ﬁﬁ¥%g§agﬁé§€?%ﬁgn inpedance_natcﬁﬂ?s

achi evegdndlys POsdxidl @bl gaving ee ihnepewhdottor canpactedty the Asedportian B aEtTengt h

of the antenna 20 arrangﬁ: nt for, i chfﬁsigg)inpedance and towards an end
of t heconshugton comectgd e tg %ﬂtcﬁ’@“lf‘aﬁgﬁ SAER™™ 4. " The antenna arrangenent of
claim 10, further conprising neans for conducting a signal conprising a
first conponent for conducting the signal connected to the feed portion
and a secondéconpaaantniaarageuetdiodglaihd0cvheiontanimpadanss Magitigct ed to t he

25 RF foil opposite the feed portion. -11 / 2/ 16646 15.
The anteiipweddyPosgeres? fﬁ?deﬁqnﬁf‘ﬁf’iﬁt,a“mg? 85\1/(}\‘1)0&%%9691 ﬁ%s tﬁ%&(‘%{gﬁduct ing the

signal is a coaxi | WARRNa (16ded ¢ad oF theqsptls fedetreasie f eed
portioﬁn§W§m§%?gt?%?ggg%ﬁg%%¥%?gg%ﬁﬁ@?ted to the RF foil opposite the feed
porti ofhe ikpeddite. ant enna arrangement of claim 10, wherein an inpedance
match is > achieved by positioning a feed conductor at an open end of the
| ength of the antenna arrangenment for increasing inpedance and towards a
cl osed end of the length for decreasing the inpedance. -12
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