WO 2007/ 126897 PCT/ US2007/ 007694 MODI FI ED | NVERTED- F
ANTENNA FOR W RELESS COVMUNI CATI ON RELATED

WQRRPLZIEATT ON [ 001] This application clains theP@EOSI0T/007694
of the provisional application, titled "Mdified
I nverted-F Antenna for Wrel ess Communi cation", filed
March 28, 2006, Serial Nunber 60/786,896. BACKGROUND
FI ELD OF THE | NVENTI ON [ 002] Enbodi nents of the
invention relate generally to radio antennas for
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conmpact printed ci rcuit board (PCB) antennas for

subscriber units of conmuni cati on

systens and ceIIuIar mnr eégpgggﬁgﬁﬁggtlon syst ens.

DESCRI PTI ON OF RELATED ART. [003] It is widely known
[001] hEhis appkcatian ctaims ithe banefit obthe pagiisionalapplication tided
"Mo&HE 1 AIRANEA hfennh f6Hl WireRRs Ebnfifildiadidn® fﬁﬁumicﬁ %31 4006, Serial

carry signals at is, an antenna 1s typical
Numbes6Qfh8a89%% transmit and recei ve signals over a range

of carrier frequencies. The antenna is a critical

part of all wreless c@RuRGERIUNTS devices.

Typi cal ly, antennas should neet very stringent

r equi rements regardl ng size, efficiency, wde
FIELQ% ®PBberation, ability to function

eff|C|entIy mhen space is at premiumand a | ow
[002]‘raEuibadi1mHnitsn@f the iiveniomkdlate ganarally wakiiqamemmis fadonvizeless

comn 3“%‘?%?1?%‘?5 Qe:n gxléec tagﬁ?euz?{ﬁ% n%r%kocgﬁ{g% f% énﬁenngnare?ate to low
cost ¢drapart pnmcdrcixedrt boanit(BOB) antenpas for sebsdriber writsanfiivaradess a
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result of a ground pl ate effect ut|I|zed in the

éﬁﬁﬁﬁﬁgb D ARguced currents forma mrror inmage

es a ra |at|ng e enment on the ground plate. Eventually
fective size of the antenna shoul d include a

[0031) aIttls deeﬂhE“‘Q'Y'bEhﬁ‘& apfennas GRR be psedhto transmikarylfiersixe plectromagnetic

radial8h bf 8értdif Bege&hcidsUb caY §}gﬂ@§ trihG: B! &fantbraiids typiciIsatésigned to

currents are very suscep tible to any conductln
transgyigRdeceiye sigBals Pk PEnge P@FﬂiBFh%‘S%PCBF‘th Lhe Apenpays a critcal

part Ji’]{kﬁlt ﬁmﬂﬁm?mmmf ty llcambtv ﬁh&nh?@slﬁﬁlcf MESRREE stringent
(0] e I ntea an nna 1S 0] €. ant enna
fe‘l"'F‘?fB?ﬂtéFﬁ%af‘E% Sae5 Q‘CE%BBH% Hi“éd‘%fitht ‘Pfe°P&€\H°8eab‘¥g§ye‘° function
efficighfly Wiheh @paded s aEprofii AR aNbw ienufiduritg dost. Small space, usually

available for an antenna, dictates antenna choice, which may be a printed monopole

antenna, an L-shaped antenna, a planar inverted-F antenna, a printed disc antenna or a patch

antenna.

[004] Small size of printed antennas, usually a quarter of operation wavelength, is the
result of a ground plate effect utilized in the antenna design. Induced currents form a mirror
image of a radiating element on the ground plate. Eventually the effective size of the
antenna shéuld include a part of the ground plate which includes significant part of induced
currents. On the other hand, induced currents are very susceptible to any conducting
elements placed in the neighborhood of the antenna. The commonly used approach to
improve the performance of the printed antenna is to keep the antenna away from any

conducting components of the device. The minimum distance between antenna and RF

1



WO 2007/ 126897 PCT/ US2007/ 007694 conponents,
considered safe in the 3 GHz frequency band is equa
wao 200ab2asp7 of 1cm  Violation of this rule resuP@BUSIN0E007694
significant inpedance m smatch between an antenna and
a transmssion line, efficiency |oss and a resonant
frequency shift. [005] Another factor, which
significantly effects antenna perfornmance, is the
conmuni cati ons device plastic casing- Plastic casing
comp%hgrﬂk,féoﬁ@iﬁue\‘i sgf]ef iﬁ%§3 A fﬂeé&'ﬁcy Bhhd &l GRaVtoBboli\S¥ 1cm.
antenna. Nevertheless, In an"attenpt to niaturize a
Violagienof ghis tidls irgpults in a sigpiftcantciampogangggnisgiatghebpiween amantenna and a
transHRE0R el YERIENRy T6E 28D BsdiafStriduchy Sfifr. [ 006] Al
actors, descrl%ed above, make antenna design
procedure extrenely conplicated and difficult. In
[005]e Anpther facten vhich sigaificaptly gHests antopnp perfermange. 33 thet j on
comn@fniéRidnS dEVies BREGY casﬁlfg%mgep@aﬁ%w kigniheami ¢l effects addistion

into account, but also devices plastic body shape and
efficienaycofithe aptean NeveRhelptts i Atanplidp miBifyiredrdavise deggners,
practi@ﬂllf,rﬁo_exﬁ{ﬂ FedVB Y@ PatSb i esPR PCHARIA plaSiCEovaP. COSt s,

portability, and possibly aesthetics. These design

criteria are parficul arl rel evant to portable :
10061,; AL Factdrs enBfr oV Er el e A draNen RS gl pepplicated
and diffichite Iy e pirticylardai €, .nob b g QVBTB sizecandiposition of @idiv frequency

factor of .po ble wireless ¢ ni gat.i on .devi.ce
(RE) Sapdnents sodld Sotaken it afipuat P A SRYisc st Pody shape and
materfyl dii¢le@ria lcbistam0 IOtherdesi ghr ozitelendingi aigergraaaiyeneed to be considered,

ortability. higher ta dwi gt h nd better_ signa
such RSPy poreping aT Cess Rk T Bl G Pacularly
relevait 36 poRable WiYB1&6 @dmhAmBEifioRdEVidER DAY 410 AF 68 4narBitk ko the general

. | PTI e TH 4] Enbodi nent s . of. :
Dbl VAR VSR g1 25 OB AT BRI BN P gigvices poses
particduldrichalierges deaaennpi designaiditochiyaconsnoedy ae/degranding igreater

por 05 5L SRR Al B RS

devicks ad sysmdmadi ment of a nodi fied i nverted-F antenna at a
corner of a printed circuit board. [009] Figure 1B is
a top view of a second enbodi nent of a nodified
inverted-F antenna at a corner of a printed circuit
board. [0010] Figure ICis a cross-sectional view of
t he grounded copl anar waveguide illustrated in
Fi gures 1A-1B. [0011] Figure 2A is a top view of a
third enbodi rent of a nodified inverted-F antenna at a




corner of a printed circuit board. [0012] Figure 2B is
a cross-sectional view of the third enbodi nent of the
wore7fizese? i nverted-F antenna al ong the radi at PeyUS1001007694

[0013] Figure 2Cis a top view of a fourth enbodi nent

of a nodified inverted-F antenna at a corner of a
printed circuit board. [0014] Figure 2D is a top view

of a fifth enbodiment of a nodified inverted-F antenna

at a corner of a printed circuit board. [0015] Figure

3A is a top vieygp "C’ﬂlb'r?ﬁ'gloé"fﬁfﬁ  fied
i nvert ed- Fpant enngiFgr%ng an e gei:o aD.g{r'}ﬁh]t ed circuit
- . - | A .
007 ot ALEY: MR 3 Sy B ERBRSRES) s 0B R
descripticarand ascompganyieg deiings that are ysed jogbesratepphedimpnts ef the

inverfliohOfin YiEWaRinR: S€venth enbodi ment of a nodified
I nverted-F antenna along an edge of a printed circuit

[008]° oﬂﬁg:e iR Qslﬂop':\jiw Iof afirktenfbdd@eNd Y Mbdifidd $h¥Hel-F antenna at a
enmbodi nent of 'a nodified inverted-F antenna along an

comes @f @ psinted ¢irquittkoardsi rcuit board. [0019] Figure 5 is a
top view of a pair of nodified inverted-F_antennas in
[009); Hagprs H iss2 o vigws of peecapdiembndimertef aoppdifid inverted-F antenna at

a corN@ T @rilfed Eiedliit¥bardnes for use in a CardBus
application. [0020] Figure 6 is a |linear antenna

[0010 FighireOfC {s0ai¢rob@stictibfal vigw ofF tterbufdtidesdpimatwhvétiedt illustrated
. .from h&ground pl ates with grounded copl anar
in Fi ide feeding lines. 3 WD 2007/ 126897

0ot gy iR e i kg ekl BB B G gnisona ata

comezofl aprinsadsdigmititmiard) swit chi ng di versity technol ogy.
[0022] Figure 8 is a high Ievel block diagram
[0012]Giguct 2B) is dherossseetinaal deswv gfi thef thifd gmbedbnenm of the mydifiedh

inve,geﬁgfrlg%%{% M{)E(gtﬁeer%m}%gg%b. [0023] Figure 9 illustrates

Feturn Poss of a nodified inverted-F

001 ERR"C Va bp i) BPU TRt BhORNFREMS 4 mBRfled iBUERAE antenna a
a corpergifarpringéd cinenifboard.i el d radi ati on pattern in a

horizontal plane for the CardBus nodified inverted-F
[0014]rFignre=212 kroavepi viewiof a fidthemb@bment ¢f ymodified inverted-F antenna at a

corndrlof 4rintd £ Sr&itard. of the far field radiation pattern

in a'vertical plane for the: CardBus nodified
[0015)WighteeTh s AMPAIOR of AU EMbEHBIENR oPa modified inverted-F antenna

along an edge of a printed circuit board.

[0016] Figure 3B is a cross-sectional view of the sixth embodiment of the modified

inverted-F antenna along the radiating stub.

[0017] Figure 3C is a top view of a seventh embodiment of a modified inverted-F antenna

along an edge of a printed circuit board.

[0018] Figure 4 is a top view of an eighth embodiment of a modified inverted-F antenna

along an edge of a printed circuit board.

[0019] Figure S is a top view of a pair of modified inverted-F antennas in the comners of the

PCB with grounded coplanar waveguide feeding lines for use in a CardBus application.

[0020] Figure 6 is a linear antenna array of four modified inverted-F antennas extruded

from the ground plates with grounded coplanar waveguide feeding lines.



[0026] Figure 12 illustrates a wirel ess conmunication

network with subscriber units enploying enbodi nents
wo@Roorhssspnventi on. [0027] Figure 13A il ustratBGI/ES2007/007694

wi rel ess universal serial bus (USB) adapter including

a printed circuit board with enbodi nents of the

nodi fied inverted-F antenna for use by a subscriber

unit. [0028] Figure 13B illustrates another wrel ess

card or adapter including a printed circuit board

Eied. -
ooz} PR TR ik AP AT DR A0 e 5 anc o
systeth usimgswicdhing divessitysechnatagyi ncl uding a printed

circuit board with enbodi ments of the nodified .
[0022])Kignrechiisr high davehblopk dgranziinpluding the antennaldegigh £f Figure 5 and a

sym&ﬂ&%ﬁ%ﬁiﬁhﬁﬂu@uﬁhﬂeﬁ%§ to forma nodified inverted-F

according to one enbodi nent of the invention.
[OOZ%IOIQEMe J-i1i8trhef § rg?d]ﬁeofﬁmﬁ 188brdenbaifRl iPRetet!F 4diénna for a
rawi ngs indicate I'ike elenments _providing simlar
CardBumtmtsﬁ gitewiy bodesneh anillusirated in Figughdter st ood t hat al |
rawi ngs of figur provi ded herein are
l0024l| Flagter L} illpatrades be&e‘somp yarfigld gadiatign pattegy g%ﬁ M’*}mmal plane for
the CafdBRGhodified ablerdl-F SliéiR, shbAen Pdurésensi ons of the
el enents. 4 WD 2007/126897 PCT/ US2007/ 007694

[00235)5SeRHN muswaaakhﬁﬂogmb &k feta téacnﬁudm@tehefﬁememcal plane for
i nyention _i led I nyerte enna for
the CarqBysduedi 'E‘Sﬁiﬂﬁf‘&gt“r BYennpBOWB AN £18YC Prver t ed- F
one

udes a. s bstrate, .a.radi ati

too2y FighRord Milriiete URIRF hutnideR i Hpuriger @ inis
emplgyiagrehbpdahentoof the inwdngion. | ayer of the substrate, an

extended feeding strip, and a feeding transm ssion
[0027]i Flgurem ilfusgdieng Wiraless mMnperh s¢rial buﬂﬂySB)aadapter including a

e IEN ' rep |

pnnt%&o%rcanar a(?(\?va sté e%?ﬁ(;géﬁi{i%g%\f%’ the ﬁl&%ﬁeg llJIﬁI r{ﬂ&maafor use by a
subsaxibeeyguit.de ( GCPW, and placed together mnth t he

extended feeding strip on the sane outer |ayer or on
[0028]; FigureckdB illwswataspnatheroviselessoraré pr adapiasinglpding gprinted circuit
board #¥ifiez RFREAL B HnSAABEEHRHAF dfihaddi ating stub

direct roug the exte eeding strip for the

[002§]aﬁ§uteaﬁ@irllukt?§t@§ A %cﬁﬁn&lm'l&ikg&laéﬂaﬁm @Pq witeRss ER8 %d"lﬂilng a

stri'p_and via hole for other ocatlons
Pﬂnt‘Fchflé‘?%tatPoa&M’“bt%@?OdHGP@F ogmsétl?‘a%e tweﬁg

metal strips in anﬁParea of the no |f|ed verted

10030] Fighpra! Lzl HALne i RTACESH E efiéamrt?&-F antenna

accoﬂtﬁgd@on’ét&nmﬂn@:ttmm&ngmmﬂed capaCItlve stubs tune
performance paraneters of the antenna.

[0031] Like reference numbers and designations in the drawings indicate like elements
providing similar functionality. Additionally, it is understood that all the drawings of figures
provided herein are for illustrative purposes only and do not necessarily reflect the actual

shape, size, or dimensions of the elements.



[0033] In the foll ow ng description, numerous specific

details are set forth. However, it is understood that
wepdvod2asent s of the invention may be practi cedP@i/UkI®OT/007694

these specific details. In other instances,

wel | -known circuits, structures, and techni ques have

not been shown to avoid obscuring the understanding

of this description. [0034] One enbodi nent of the

i nvention may be described as a process which is

usually depicted as a flowhart, a flow diagram a

structure di agrampgycRpIosk di agram Al though a
fl omchart nmay describe the operations as a sequentia

rocess, .jman f the operations can .perfqried in
(0033} A5 embodisnent oh s RIESFAL IveRtiomE A TP gifediherishdopntgna for
wireleficopftmtatuis TRyYmbéifie@ inwited Faflenrfa 1ﬁé]ﬁd&§§sdlﬁtrate aradiating
term nat ed V\/ngn its O era |on ar e, ggngl et ed

stub BPB EEgg)rWUB ?q, %%8 elSBl Blﬂ raogpgm piate on an outer

layerOf BiecslibbRate far@tERdbdFee i sthiprand 4 fegding tfaismnssaiu lore, The
etcC. 40035h Enbodi men t of t?e |nvent|o i ncl ud q 1
feedipg frppyrigsipp Jinp may. be 1 “e‘ﬂ?fﬁe & ¢ queestEp H}?di‘SP’Pr Ut GRPIanar

wave\gurdel(epwy; ofgRouaed Gﬁplelhaieﬁzfvagﬂiﬂg RGCPW Y, iagd plased fbgather with
ast to.a

conmmuni gat 1 on t
the e{ienacRonE AR ML SaF OGle 0% PT BB SRR dhigil P SRS outer
layerG@f airguleithyk BEubsiriagd #sicoansardiioathé Irzﬁiilatingo&mlli dbemly through the

exten%’ltF((il &%%Pr}s%étgg g?lf tg‘ﬁ R/éyer 10ﬁatg(pl}e (r)r tfhI gv.feg% %Qisfegdl: §L strip and

via heledbr other Ialger kdcaronsi @asintemthl apé Dthnr carec sulmuataalayers have no metal

ren1 e, Light ackage E Ci i1
srip 0y i ot ek Bt 2B647 B Bls BBy Btence
feedihg stripn & heronemranam tgeounelsd Eapaciivetstbbsrtgnelparbormiangg parameters of
th N% ﬁéple I nput Multiple Qutput (MMD) or adaptive
€ ant {1

ant erina array technol ogy applications. Exanple

applications with a small form factor include o
(0033} Inghe &adlawdng desosiptign numeerquCspedifiesletals ase petifotihnlgweper, it is

unde%géﬁ tKatg?ﬁﬂTdulngﬁ@ro? e IQOé{tldﬁﬁﬁbee?gf'a@GcédD %lﬁ)thesé YPecific

erm na apters as wel uters
detailse Iy othep iristanses, |w¢dbknce’m @rcamsmtt(rﬁu faAsi tq‘camqvpﬁ haginot been

showji2d av&@ldb‘é&ﬂ{né?thg ‘ﬁﬁécrst%ﬂéﬁn REEHOB&cngtight al assistants
(PDA). [0036] |ed inverted-F printed circuit

oard aptenna h good mat ching. a desi
[0034) (2pe sragm‘flemnr ShbeRYLon A he %ﬂcrg'?qdiﬁ 3 wryc dﬂm'éﬂlsuauy
depiciéd akCd fI6WEhART, a fidv @la@fen, ANtRStURE iagrdm, o armatxeﬂxagfmn Although
the inyention, the dified inv

d t
a flow B HAY FLriDg th OPArTI I E: BreasPG Al HEE <MaPy b Operations can

be pepforined th paralieli dr coaédrtentlyn IR additiba) the order o€ the operanons may be re-
eq? glnents of the inventjon, the nodified inyert
arrangg:

(PLOTESS s ieratpated e dls opgEaliops arg pmpleted édpmss may

correSporeiitbta hedd, a program, a procedure, a method of manufacturing or fabrication,

etc.

[0035] Embodiments of the invention include a modified inverted-F antenna to radiate
and/or receive wireless communication electro-magnetic signals in a wireless
communication system. In contrast to a base station (BS), the modified inverted-F antenna
is designed for wireless communication subscriber stations (SS) that may be either fixed
stations (FS) or mobile stations (MS). In a typical subscriber station, the dimensions and

performance are at premium, due to the tightly packaged RF circuitry and the requirement



[0037] Each enbodi nent of the nodified inverted-F
antenna includes a feeding transm ssion |line and an
wezdoenzisg? f eedi ng strip that may be i npl enent eBCT/IS2007/007694

different ways. The feeding transm ssion |ine can be

i npl enmented as a mcrostrip line, a strip line, a

copl anar wavegui de (CPW or a grounded copl anar

wavegui de (GCPW. The extended feeding stripis

formsd on the same | ayer as the feeding transm ssion
for oy G offkceliaitih FirsvhRlr Bl MRSl BIGHE lipur o)
or adapti erentennarafray neuhoelogly apphcativds.f Esampleapplieatidas with a small form

nt t
factof PR B8 aters i bt BR-aRdmdd Bers Bl ltpputer Memepy Card
IntererﬁoﬁElBAswcmaen QP@MCIsﬁ)canchHSMatrmnbhg@pEermas whk apPERtop
K FoYVAST I

compu gé %éﬁ?gteﬁ \[%tteg%i aﬁ\\%ﬂ |dg§5&)[ %é %@g}e'%iﬂn%g, ?Zﬁlel{ﬂgr PRdHes, and
persoextcmgﬂldcbsmemdtsr@Dﬁ)rl p, and radi ating stub are on the

sane |layer of a printed circuit board and can thereby

R SARRALEEHrifBd EhBEE bodd JRIARE hal ERRHRARAI and

[003&]%5 hegPr%gntl on, ﬁn feed rl n mél and extéended g and is
desxgﬂe@&rrﬁgcls applisatiprs wherauaptwﬁ reircpisgyeansl qtherrptrugtirespre in close
prox ﬁrﬁ@ rlgq rﬁ%ﬁ&g Io? EHllBodHiEnttg]btsthE "i’r?\%ntﬁnli‘ Qhd ﬁﬁ)@ﬁﬁ@i 1|nkl&?e(fip Qntenna

on one a er ¥ coup le to
h

is formé.tmonﬁ gr mcwew ﬂ%ﬁf pranteq girgwt heard B pemhpt of other
embddhahis bf B iNGddtidn, HBAR&ifiES {RehbaF d?l@é’ﬂnta‘?s Fdrﬂxedjaﬁm gfan edge of

top view of a first enbodi nent of a nodif

the pripigd cirgpt hoargdnt enna 100A is illustrated. The nodi fi ed
i nverted-F antenna 100A is an integral part of a

[003 T Edth@inboditentiof IRam@diEl¥A inéttddUE afgna imdhiles afeeding

dlelectrlclay d an .out er cqnductive t al
transiigotan g And AEETCEd Foboing SR That ey RegElhved Hdikferent ways.
The feédifts trlﬂs’}ni?sieﬁ linb ﬁaﬁ ubg_h?ah%medi a@b&ﬁi&:i‘dl:stnﬂ) Hy€ra stﬂ% gge, a
ener al t he noai e I nverte a
coplafiat whvegnide GPR) r govnted Sonluty Wareriids S36PR07 B cxtended
feedldg StripGe Forénedi oncthe/s Ao #agcg bs ahbrfwﬁmg)ﬁmshumam fise and coupled
strate ne e (o] nventi on
therelg, etk B, SEine e R ugarmiesi o Hpe Selecie s UG raRanEheHge on the
perfomascedd¥.tBe fodifiedahes¢rsed-F ainenna dinkiead, the vwaetaf dhd-feeding

s R 8 S35 % Vit el RERICGH 5 4088, pogt a0 whae
layer§ eédhler@B tlmesl gmnlst ﬁemshemnmuﬁens atoaviilablev dn seinalenibsgdiments of the
mvcngton hgrfenée ne I?e:%te% <f f] ealtne S?lll ela%ﬁ 5&1?%1{13@% f.\éegt%hr tlh;glggme layer

el ect Fi e e hasw S
of a printesd cistuit bamrgdand caii thyrebp\be lremihlor\cenn@}ed togethat. t krothemd

embodht}ﬁelﬂg %{ fHe 1H9é Zlo?r &‘é'}t&ﬁ% fif® 3’?& é)itgr?d gt cgg% gv!gi?)hr{a/ én different

nore groun
layers fmbsthemfehd radnatlrsgﬁtulm ahﬁhnsrqase tthrefeédmmmeraind ememdgﬁ\feeding

e i 35y TR RSB P ot

metallized walls.

[0038] Referring now to Fig. 1A, a top view of a first embodiment of a modified inverted-F
antenna 100A is illustrated. The modified inverted-F antenna 100A is an integral part of a
printed circuit board 100’ including a substrate dielectric layer 101 and an outer conductive
metal layer 102. The pattern in the outer conductive metal layer 102 over the substrate

dielectric layer 101 generally forms the modified inverted-F antenna 100A in an area of a



radi ati ng stub 112, one or nore grounded capacitive

stubs 105A-105B, a shortening leg 115, and one or
worerog/12sound pl at es 104A-104B fornmed in the nep@l/UBBYE007694

102 on an outer |ayer of the substrate 101, as shown

in Figure 1A. The one or nore ground plates 104A- 104B

are to couple to ground. [0040] The radiating stub 112

has a first side edge 122R, a second side edge 122L,

and a top edge 122T. The ground plate 104A is forned

e EgR 0 AP EG B b B RE AR o e

inverniva, the dimessign ofiAde @ Amplicietery end theliimedGsn ©0BBs @QBanidlimeters.
f £ 1 f it

e SRR 61 B Becief B B sl sun

and z grouadddngpplaauyavagwddifseding lineg théearne euter comsfustive metal layer

102 BB BRRELL e 3 051 HIBRSRRIL PPty Wi o

the dieletAri¢c sutstrbtetiapartially govered prerthycthe pattern andahe pnesor mdrgegrounded

108A., The GO e of .t [
copaiR€ okt TFTE S Bt HP e i ncle MIRRU RN exiend
or encexichintoghesdiclecmicdvimdawel®9apart fromit by the

dinmension X as illustrated in Figure |I.A [0042] The

[0039Pfhd l(-i'ﬁg.lf%éa\ig{/ér%qill: afth R (G0 Al BMMudel kil Sibsirhtedikl8&ridtayer 101, a
ext ende eedal

e ng strip 113B as illustrated in Figurée
radiatingstubrl 12hore eramere graundpdsisnarid ve Hpbu A 1QvBga shrrtening leg

115, a6\ or thé ﬁuﬁ@ﬁla‘&qwm1M§Mea$ﬁ e thi@f1aybd P85dn an outer
The grounded copl anar wavegui de 'é‘FCI:PW 110 incCludes a

layeraf the sbstratei 191 assshowngdndagere dd.- | Bre ongror mprgrgroundplates | 04A-

1048 &8 tgtoupis idhdhRs. 104A-104B, each being separated by a
gap 114." To conplete the GCPW 110, the printed circuit
oard 100' ha roun late, 12 (shown j n Figur

to0adFhe prtiping il 7oiaa esh ut S PR Rrorond g pB L, and a

top e_?_Eé* umd.enaé Ell%unﬁ phite 244 ti¢ fdim&l d ipdsed Iﬁﬁatlt; ARngahs ﬁlils’t 4ide edge

e, groun is. isolated fromthe centra
1221%’1“?‘1‘g‘cﬁwggd%%ﬁéé%‘?ﬁ%ﬁﬂe%gﬁoomm 113A by the

di el ectric |l ayer of the substrate 101. The central
[0041} Theodel 3mobs: grounpdedd-apacititestubx 1 @54ld 65B eatinddrarh mifpyst edge
113B. The wi,dt f, e ral . ' . .
108345y A0 IoRh s SRANERL L fot 490 I B ciin
stub.f Thejbeipht leef the onber miare gesmdedcapanitivestubs 10hArHBspaintd toward

- per f ' 6! § -
e T R e
perpaulipilagottie fitseedged] 08A. nThe sagbnd edgeatO8Ehef agreund plate 104A is

sobs1 6t Bl DRGNS Y UL i

by thedimgngion Keasilusteatddrip Hguie 14.2 at an opposite end. The
| ength of the shortening

[0042] The modified inverted-F antenna 100A further includes an extended feeding strip
113B as illustrated in Figure 1A. In this case, the grounded coplanar waveguide (GCPW)

110 is the feeding transmission line.

[0043] The grounded coplanar waveguide (GCPW) 110 includes a central strip 113A
bounded on left and right sides by the ground plates 104A-104B, each being separated by a
gap 114. To complete the GCPW 110, the printed circuit board 100" has a ground plate 125
(shown in Figure 1C) on a second metal layer 103 (shown in Figure 1C) and under the

central strip 113A and the gaps 114. The ground plate 125 is isolated from the central strip



leg 115 is chosen to provide a fifty (50) Cm active
i nput inpedance for the antenna at the junction of
W0 b@7@BIV 110 to the extended feeding strip 11BG/USM07/007694
the antenna presents itself as an inductive grounded
stub, the input inpedance of the antenna has sone
i nductive reactance fromthe netal form ng the
radi ati ng stub 112 and the shortening | eg 115. Prior
art attenpts to reduce this inductive reactance, such

11335 Y AN B GERATIERS e S0P b A9 e o e
extend¢d fectimgastuip 4 h3B.gTbe mddthmif shecenitral etntpelelﬁAI andgbe gaps 114 are a
functf&ﬂ%??ﬁ§§/§té}lzrr@ff of h‘[% (%JEJ% rfgedg.\g}l&lggoﬁﬁ‘lg Sikel c@ﬂﬁﬁﬂﬂ@anon

rring now to Figure 1B,
chamteqund tbwpoffoanmm theediblediriedayers pf therppbistfate do1.
i nverted-F antenna 100B is illustrated. The nodifi ed

[0044] el dxBdlidkd m&ﬁﬂ%ﬁn 4@BBRaGpRs [CHirAdiatihg 816 T3 3t 8k end and the
ne formed on the sane outer | ayer of the substrate

centrad trith E3A ehan eppasiie and.sThe sharieaing leg 44 isreruplasifoithe.ground plate

104B1a0%RE Eidladd aﬁtrsmanglggﬁ m§ a§hrm)h%s1tk @nl NEhERGNgt Sfthe shortening
i nverted-F antenna = 100A but has only one graounded

leg 1 khisshpsante pspYide 2 GHtyHE0) Rfmnackivei Py imredance fefcthe gptenna at the

junctidfdf §1e HCPW 4110 8 theRix@in@ed B48ing dirip N1 SBEXRTRE aﬁﬁénna resents
enbodi mrent, the edge 122R of the radiating stub

itself s ap iactief sTupred $ebghe e imeedsnes of G 2atenpa E%S%wducnve

reactdnd@frodn flﬁﬁn&ﬁgﬁ)n%zr?g-ﬁh@fradx%g $tall i1 82 R the! ShBrténih 8 ek51 15. Prior art
beyond the w_dth of the grounded ca‘?amtlve stub 105

attempﬁsttg r@%eélbléégiucgve [esgtenpe. Gp el 2%,py, parrewing Azaprhetyeen the end of

radlaﬂlﬁg/aﬁs afd theagtbemiplateld BiAsendind tha &acﬂhtaigesiﬁs tdwma e ground
dified inverted-F g_‘ntenna 10 A ae‘fl ses Si
plate, haye beeTL TERIK HBYICCS ﬁ‘&}ﬁ%a" effest gpan| '?gp'glzmauhgnpedance
description of the el ements of the nodi fied inverted-F
[00453 'R efexitin g 1dMBta Bigoet 1B raapp aieadof ®sedoad eatbedirher o€ winigdified

e S 3 R LB 3508 ey Hshcop g g

transmiseivaline fofmedhbe ﬂfc&aﬁﬂﬁﬁter[lﬁ)ﬁ#&f théasubstnste dn iverich thesantenna is
formfdgr el ements of the nodified inverted-F antenna are
own in the drawi ngs. The shortening leg 115 has a
width WL and length L1 as shown. The 8 WD 2007/ 126897
(00462 treuspdifizd dovesed-F anteninat 008 issirpilarto thesmodified ipyastedsE antenna

100A hgs W\l t&e%o@ﬁeﬁ?%m\étst %§L§Wﬁga Gvildih éﬁﬁl a ]sNPace or gap S

lati ng st 112 fromth ortenin

with gmlefil\ plate 10404 Hythis exemplarsgmhodimen) the edge 122R of the radiating

' 2T of
s (20 L 50 B8 BT o o

. - e -
radiating,gtyB estendis beyond the witkh g10f the,groupdesl ¢ppaqitiye stuhd 05 into the space
s. shortening leg 115. The positioning of the antenna in

the dielectric window 109 along the B dinmension is

[0047? S(Stﬁgll'\;ugg ethe modified inverted-F antenna 100B has similar elements to the
modified inverted-F antenna 100A and uses similar reference numbers and nomenclature.
Accordingly, the description of the elements of the modified inverted-F antenna 100B is not
repeated for reasons of brevity, it being understood that the description of the elements of

antenna 100A is equally applicable to the elements of antenna 100B.

[0048] Various dimensions for elements of the modified inverted-F antenna are shown in
the drawings. The shortening leg 115 has a width W1 and length L1 as shown. The



by the length L2 of the radiating stub and the
di nensi ons $4, gl, S5, g2, S6, and W from the edge
wo@Roovhsssel el ectri c wi ndow. [0049] From t hese oPCDUK®NT/007694

di mensi ons, a space X nmay be forned between the top

edge 122T of the radiating stub 112 and the ground

pl ate 104A or edge of the dielectric window 109 in a
nunber of enbodi nents of the invention. [0050] The one

or nore grounded capacitive st ubs 105, 105A- 105B may

radiatgrgéggpq\is h3s Q?er%hh %ﬁ ahgg w1flg\t 9«29215 sﬂ%}aven £ ag&staﬂ&dF ! the

sone an esl| gns
radiagjagstubrl 13 ;fmm ﬂg: sBortpningileke bl 9, ithet ¢)€§ergd¢sl|ft:¢dmglsmp 113B 1s coupled

i nf,or. h
to th%rafilanqgtsl %21 lgfra%us#uv% i)% ‘fi’iloglgigsc%qu%é %&%ﬂagi gp( ﬁlelectnc window
109 aleng the Asdnmqmsmlﬁs\pstabhsheg by tag lepgthdi haf theghoenipglegtlle. The

posn%fg%én&etﬂe gﬁgus 3 t}‘g d?etl it gérﬁ{oﬁ\n ?Od Qng 'ﬂﬂ:rl? %ﬂh@&nérﬁﬂ established
by the ngthihi o6 the O0SHE sma;mmge dlhe:rﬂa@mg 54, &1.85, gReS6, and W1 from

the e déﬂﬂgaff&?@(% Lidie, Stubs, the length L1, and the

e radi ating stub 112, the distance D
bet ween the one or nore grounded capacitive stubs and
[00491HEromatdiess orrshendimensionsnayspice anayt b fosmed bepyaeRdhe top edge

122 fid FRfatiRg sl 1 12 yx% the %rodnﬂ eplﬁgqb“\‘m' edfe Bhﬁie dielectric window

I mensi ons ~h and D, ffective length of the
109 ip penugnberof emgp@amwf tbagaf@mlme stubs (e.g.,
S4+S5+gl +g2; or S+g) al ong the edge of the ground

(0050} 'ﬂ‘ieeow m&%rﬁfbixlﬁied\@af)iblﬁﬂﬁsthl@snmﬂql(ﬁA-tlbﬁB rn%%ﬁ étich A@ve a height
stub 112 may_be an i ortant

t uni n
h; a widthegygl ar%s%zqnq HEW Y SPRERB §a§ qﬂf“atq‘?é'g"s the gap
or spﬁ@ﬂg Sugrovidyditie Enaﬁmeﬁmmm&pﬁ ih WhicH ¢zt aGapiod spacmg S1

berwesitDF G PTGyt £y DA e RSEIEE APyl P & £55 or spacing

S6 bt thtgrodhdeldRapsbinvNSLB 165B AR Hfe s‘hehbm\wg leg 00K 3aydeused to
L2 = 14.2mm F = 4. 4mm L1= 5. 1mm
Pf°VW‘heW1m“af"§ﬂ’ﬁ’i‘a W= 2.3mm S5 = 0.8mm g2 = 4mm gl
= 2.4nmm and h = 1.8mm [0054] In this case, the
[0051;]ul§ad>waigahd henlght:h of thel gzoarrded @hpacitianstéths, thediengthdil; and the width

W20 {z}dlzﬁmgls yuti) f]h g} e&lg %c%é lﬁlbﬁpweﬁeggﬁé; 3?3 {:x{ rgnogesn%?)ou%ed capacitive
stubsi andeb radiéatingfsatb 1 K2 mhh be deerrogtedifon thessquetign Prall - W2 -h. In
addit\ﬁ%\.lﬁ%%gégﬁnﬁng%?g @%‘AB%\%&%@ gﬂ”@&[ ve%a%c %9 9T7"Js Jrgegcﬁ%ore &rounded
capaditive shube (esg. 0S4+t gltigat @'cS-lfg) alarigahe p&n ¢fi the grrivmdiplate and

F . ,
paralkj1 $v1th tﬁe fen%hl’?%teﬁly lﬂ? ?{1? ?;2 }qgag;i)e tlmP%ﬁ‘ggéd\}r%&g in tuning the

antenna.

[0052] In one exemplary embodiment of the modified inverted-F antenna 100A illustrated
in Figure 1A, a 3.5GHz Antenna for a CardBus Worldwide Interoperability for Microwave
Access (WiMAX) application, the dimensions are as follows:

[0053] A =9.4mm; B =20.8mm; L2 = 142mm; F=4.4mm; L1 =5.1mm; W1 =W2 =
1.8mm; S$4 = 2.3mm; S5 = 0.8mm; g2 = 4mm; gl = 2.4mm; and h = 1.8mm.

[0054] In this case, the substrate dielectric layer 101 is an FR-4 dielectric material with a
dielectric thickness of 0.7mm. Additionally, the feeding line has a fifty (50) Ohm

impedance. That is, the microstrip line, coplanar waveguide, or grounded coplanar

9



[0055] In the exenplary enbodi nent shown in Figure 1A
the top edge 122T of the radiating stub extends
whegonzbsvhe wi dth g2 of the grounded capaciti VRCHUSH07/007694
105B, the space S5 between the first and second
grounded capacitive stubs, and up to a mdpoint in the
wi dth gl of the grounded capacitive stub 105A. [0056]
The radiating stub 112, the shortening leg 115, and
the extended feeding strip 1 13B formthe shape of an
wavelgu1d%r¥v gh&vérq Exljgct&f" th?.%] dill?%%{ow%gélcll_l&?&f &)rli:t]l{all ngé‘lﬁ sabstratc the
FR-4tdielastnic tmatenal rvadea thickalescof @ egmepithatribiisa fifty) (339 Ohm
1mpeﬁ§r{ctea' n frequencies to carry wireless comuni cation
stgnal s. [0057] The one or nore grounded capacitive
stubs 105, 105A-150B (See stubs 105A-105B in Figure
[00551Anzhel exernplamoembedimegushewnsn FigirerhA, she topredge A22T of the
radlaﬂﬁg1 E&B@Féﬁﬁs BEydnidGhd G/Y(ﬁﬁg@q)f fhe ﬁﬂ&?c vt 5RO 1@‘5Bathe space
Ing e ment- £ o tune rforma arameters of the
S5 betweemthg. firstand qufd)gxna qsaaaaﬁw etu s,iand|upde agpidpeainsin the
ARGV nput i npedance, |low |oss
w'dﬂpngﬁoﬁ gg‘l&gi(%gﬁ aneggnelir‘,tl‘ﬂgscé antenna radone, RF
onponent s effect mul ti pl e nutual - ling j ence
(00563 T rdiasing Lt Ehdh, O QUERIDg 108 Hi a8 e SHAERSK g Sckip 1138

form 84 %98 of Bf invRRE&F i@ thd fhetdl @ayef @02, Mentd fh‘é,na@ibl 1ﬁverted-F antenna.
magni 1 and ant enna rad%rgélon tern

The {APRRLF GPETTAY S48 BEPHihEst B eivh &5 HEMgEneiy adiation of ertain

frequeh€iB fechrbapRElets soenmiinibatickgnali5A- 150B to i nprove
performance of the antenna The one or nore grounded

b
00 TEFRE b FamPiipunded ppskd S SRPENGT 4 PRRLIOR e pobs L05a-105B
in Figurpddaaekstalh 103 heFignteelB)anodifigootuae thie pafamgncaioftthd inverted-F
anter)lrn(ggfaCI I g9 S%&n?ﬁ% enfenﬁ%ﬁﬁ‘né'gg#or%? & E%t%‘n%te{rygf the fantenna The

HCeS® § i mpétlance o e ant enna

perfofthand¢engarametersiacinde adlrﬂastt ione of Gteateawtemeaif thé¢ {nput impedance, low
onent s ext ernal i

toss ARG Bl ekt e SO, RPQEhAEn G fhten fulupte

mutuabcmqgmgunﬂmiwccaapmmaimsmmubﬁeqwcy,lxmdalm&mdneg bitaveen the

anterlhd raLﬁ E}E@{ng.gg]m\%‘g%h ?f% gﬁfn%je Em& ght%ﬂﬂgrdd%t% BﬁtctéJ'ne Gther

manner one or nore groun
pararpetprsonay also bt tiedaytthe gnerer mors grgundedeapacitive pabs 105, 105A-

t
R A G5B Wi U AT s
105, 4@pAdiSOBiintrodudes mnenuere;@ctaem that i5i tggmsfnrmed ¢y iipaginpedance of
the a3l ofp@m&ﬁofe%oﬁ’ndegrc‘QHMtl% ﬁﬂﬁs £04,905A- 508 Qifpehsate the

posi ti oned ant enna radone, onponents effect,
reactaprgs of the mnupnepeaht!@rﬁféhmt&am éeuﬁt) ithegintrifsic j@duei ysfeactance of

tRESRAARA re Adt SHEQRENs indhc¥Pby Biiferdm @R Bofnal
its copifrR A CARRS uierod (00501 The tuni ng. by Herdd o ki

influgnees Thecene oimes rgaowalyd gepagj esttaks P, 1f2A3RBdpngthe

perfd?fiance of the inverted-F antenna in a lossless manner.

[0058]) With the one or more grounded capacitive stubs acting as tuning elements, the
antenna achieves good low-loss matching performance. The tuning provided by the one or
more grounded capacitive stubs considers real design surroundings and compensates for a
ground plane effect, a closely positioned antenna radome, an RF components effect, and a

multiple antenna mutual-coupling influence on the antenna’s resonant frequency.
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or nore grounded capacitive stubs 105, 105A-150B t hat
are used, as well as by the dinensions surroundi ng
wao b@7geaonded capacitive stubs 105, 105A- 150B, PCT/US2007/007694

including the previously described di mensions of the
hei ght h; the width g, gl, g2; the gap or spacing S,
$4, S5; and the distance D. [0060] The one or nore
grounded capacitive stubs 105, 105A-150B achieve a
substantial inpedance nmatching between the antenna

[005 laqtjtgxﬁgfghq%§§lglea Ec? %r}gﬁé}ée%% gl\eltg{nréa may be 8@%&%9 byethc number of one

or mgiecgmdmédcapaﬁmd stebss108) 105.Q5,50B0h4A%- k8 0Bed, jps orellchs by the

subst ant i al edanc t chin r nge..of
ametEt St inelPE NG EgrClYe shbsrlo) FRAET Sty O e
previbhsly desiribed dimaemsionsoaftthoheiglysit; ehe width @og brg2afthd gaptdrespacing S,

ounded capacitive stubs 105, 105A-150B
54, s%r Sﬂdglg sﬁ%%%%h al inpedance nmatching, they also

substantially maxi m ze the gain magni tude of the
(00601 Tksore ovi mhrsigroundegidapacitive $tybs HIS, UOARAF HYH anhicyictacivhstantial

lmpeﬁﬁlﬁe%ét%ngggl&éﬁ thg &Hﬁr@asar% thd cﬁ@s%ﬁ rfécgﬁﬁjg ﬁﬁé QW;r adw1de relative

trate the exenplary performance of a nodif
frequengebansuprtozdA% riHkeat i, 006 of nrprﬁegteen@ﬁmgmawa éﬁllbs 105, 105A-150B

prov@gﬁwégﬁfn st rﬁ%ggﬁgﬁ@glﬁ%@ t ended ? gggsmg?,rﬁ%s 1%
arourid the caﬁe@\ﬁreguw of the desitgd sgRMUNCHLOR SHsteme Mprcgver While the one

or mégebg?(t)%tﬂ]dt%dgg?é&ﬁv@ﬁh@@m 165‘1&91'30% proviad §GG§aﬁtfa] impedance

g by the one or mult
matchinguhex @lsosyhetpntially maxiglze| s gaingnagnitgs, of met wt%lad‘ffhout

si gmﬁ@ﬂﬁ%ﬂﬁﬁe&fmémo \Wntehh@ radlgﬂﬁgﬂatt-gh‘? Figufed L | MBQLABEELbAbW

grounded copl anar waveguide 110 is_al so matched by
111'15‘&3“5Glecm‘ﬁmpﬁﬁed’ﬁFf@E“@TCGé’értaW%d‘ﬁﬁd"‘dﬁ§§ﬁl'\]fea“ﬁFn“et rcuitry,

such as the antenna switch, signal filters, the input
[0061]1"PRéI SO OBinD Erouli@ed ol fir &avagmhé {(Gepw)arnao, Whﬁ:houtlpdés the central

L dan of the 3] As descr bed
strip 1[5, Gt G Satended RO Gt |12 SteAly 1 grd et Front the
radiatifi ktubi 192 ofaye aepia Aintennh iepediticofs substatdiRlly miatthed\dy the one
plif rel ess .si ut. fr mth
or miFd grbwbeefanpiaciyse s TokADshs TR i SLoRH imreighee s cerw
110.(LNA) may couple to the end of the end of the GCPW
110 to anplify signals received by the radi ating stub

[006%6\;%? ﬁé Mﬂ%’% B¢ thd% ﬁéd g@%?ﬁzlr de 370 3 UIEM Btched by

pass t er OW- pass
a 50 fsmntlmpedm of ec@w@demasb@e REeaircuiiey, amlewntae an@ntlh gwitch, signal

r l
e OB B I il 3 ispdmcs of

powerpmigrf or both transmitting and receiving signals
as well selecting one of a plurality of antennas for

[0063] ABABickibedth gRdter deiallVeldvfa tranf@tivg PBwer amplifier may couple to
the end of the GCPW 110 and amplify wireless signals for transmission out from the
radiating stub 112. A receiving low noise amplifier (LNA) may couple to the end of the end
of the GCPW 110 to amplify signals received by the radiating stub 112. As described in
greater detail below, an antenna switch, an RF band-pass filter, or an RF low-pass Filter
may be coupled between the antenna and the transmitting power amplifier and the low noise
receiving amplifier to multiplex the use of the antenna for both transmitting and receiving
signals as well selecting one of a plurality of antennas for transmitting and another for

receiving.

11



11 WD 2007/ 126897 PCT/ US2007/ 007694 [0064] Referring
now to Figures 2A-2B, a top and a cross-sectional view
wo@Roov12d8pTd enbodi nent of a nodified invertedPEI/US2007/007694
antenna 200A is illustrated. The cross-section of the
PCB illustrated in Figure 2B is along the radiating
stub 112. In this third enbodi nent of a nodified
i nverted-F antenna 200A, the feeding Iine is on a
different layer of a printed circuit board 200' from
That
[006{]%&&8%(%&%% ?H&@ Aa ng a o(fp arfcpae gajé)?grgn% %@\? o? a%rd
emquimt:ntcn‘f atrhedifind mated{l’natttem@ ws‘\el,s ltllmramdt éﬁmrn@ysebeon of the
is r
P flBaREif ¥ite 28 0 op BB Rl Y 12, iR LhBbment of 2
modifi¢@ mferttﬂré* anetinki 200 A, mpeﬁee@dg fine anorea dffezogdayes oﬁ epmmted
%Q& 0 [ .
c1rcuitr$o ;ﬁ%h#ﬁ%[ g{l g?&%’lge{hg; dl%‘leu%tgé[f?g el r% elﬁderll%&mq}% &pposite outer
layerfoé edmﬂgldyenBCBlfmalm of thecarttenmae dn this désegthstaniqpna ey be
ayer 202 on a second
cons’%%‘t%grag%{rﬁggg%ﬂei&& mEg?rat S&T opposite the

first outer surface. [0066] Wth the feeding |ine 213A
[0063nis illvstrated imBieyrg 2B dthggadipting,stph 3 2 Pfaﬂwamgﬁeé fverted-F

antenn@Y80A @Meﬁ(in Elﬁdﬁﬁi hidehl ﬁyép 184 forhRETRAG 3t Buter surface of the
different |ayer e feeding |line 213A and extended

substrase dielgtrig lfaw 121_135\ ﬁefyi"eﬁa\m 2134 apdyan extended; freding sprip 213B are
formddih tRY s¥ad et 14yér200Ich { 3cbid Sdeér Qirfack e tHY dubkeste 101,
circuit board 200 The VI A contact 216 is a
opposiis the firstWiassPEase t he substrate and is coupl ed
bet ween the extended feeding strip 213B and the
[0066]aWiithtthe gaeﬁirighmbm 3@sandsthe ielx{euﬂéd &b&ﬂgismlﬂ?mﬂ éorziéd on one layer

and t| %@gf%g& fggg gp %éjd%fstﬁnb ¥er, ﬁvg?ecﬁg% E)r(l? 229.3 and extended

feedin @slicipt2138 mhy boupl@ td theradiahing stublill2 by endy dfayda-hoke (VIA) 217 of

singl e agroun ate 2 may, b row
the oo 8 200°, Foe Vo RttacEar Pls A pgiee polt i fRe Abstrae ana
is coupledibeaw2én therextdnided femtirgg sttip218Bald tige tadiaging 58 Lirddkesris

t he, ar.ound ate 204 separated by the dielectric |ayer
lnus%idi%ﬁ%rgtzravel y forms a mcro-strip I ine 210 al ong

the length of the feeding |ine 213A 0068; So t hat
[0067hWithghe faeding linect13dard thaesiendedBodingstripe? 42 formedyon one layer
and tg%fydﬁit I.P)ef £ Rffned 8n a'@ff@%emsfa?%rpﬁ sﬂxrg e'?r%@hd gia?é S04 ﬂlay be

In the area of era

y
provide@ by the msmb ele?gmpagd themntenngiap i ilugited mwFlafqu% In this
case, @E@feteaﬁg 1ine %3 B GHidEr afet%am mtetzoz%{,w@d b@&h@m&&mc layer 101

feeding strip 213B wh IS cou otheralatln%
effectiyell farms aymicrpsitpline ) alops theolpngth of the fepding ling 213
Figure 2B, the second ground plate 205 in netal |ayer

[006@@0 that thehfddifitd Blveted-Fatatha2D0Atcah feﬂm:ﬁ\V&y exdige dﬁdre are no

meta stnpsl 0 mgtt pl%te%%%%ngyotﬁerﬁg)%glir? eza%eA'a of-l;n gtlonngdstgb ?i@ and the

shortening leg 115 forming a portion of the modified inverted-F antenna, but for the

extended feeding strip 213B which is coupled to the radiating stub 112 and forms a portion
of the antenna. In Figure 2B, the second ground plate 205 in metal layer 202 is substantially
spaced apart from the extended feeding strip 213B by a spacing 214. The second ground
plate 205 may overlap with portions of the first ground plate 204. Metal can be formed in
the metal layer 202 almost anywhere but not under the antenna or in the aperture of the

antenna dielectric window formed by the absence of metal in the metal layer 102, unless
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pl ate 205 may overlap with portions of the first
ground plate 204. Metal can be forned in the netal
wo 2002126802 al nost anywhere but not under the aPCEORROT007694
in the aperture of the antenna dielectric w ndow
formed by the absence of netal in the netal |ayer 102,
unl ess 12 WD 2007/126897 PCT/ US2007/ 007694 addi ti onal
tuning is to be provided. Additional tuning of the
antenna may be provided by the second external ground
..pl 205 in [ . . itlve .
adicfpf infls o8 e BEOVRSl D cifion i iflg B BERBiRE A5 e rovided by
the s@and lekeimaligréundpdate 205 dnclpding oge ouneel gravaded ¢apiagigive stubs

i} el

formg o biptat 89t ob] tuer R Ioa SR R (REBAL B Borc Bpmded

capagibvk $tubsl 103, h¥A1188BF ant enna 100A and have the sane
ref erence nunbers and nonmencl ature. Accordingly, the

[0069ESHek Blehi2Rtsf thd&Rifflda AP ted-Phnielifa POGA hidmilar to the modified
i'nverted-F antenna 200A is not repeated for reasons

invertsid-P apignng 1004 apd havy the gems refsrenen armbers 296 somepelapie.
Acco?%in%fy? tHe! eS& Btfon GHth&Rlefiiiéhtd 8P e o flEd | dvEra® B dnfehdh 200A is

hese el ements of antenna 200A. [0070] Referri ngﬁ’
not repegfed Jorvegagnsof beevity, itheingyngersfpest thatihe drscaiptonof fhe elements

of anRFR2400RNS SqilydippliPabid tPfledd EMERE oF afiehRNDEDA.
2000- 200D are Il lustrated. In each of the nodified

inverted-F angenna 2 -200D,. the feeding_Line . 213A
[00701Referrngpoy Lo wafesgﬂqgﬁea RRIViEr e PR ARG It embodimss of a
modi?iﬁ@&ln&frlfeﬂfﬂ A\frseén%ia fzga)mgmgbaarml 81 1wsq§€f§1r ing eh¢hef tﬂﬁ Qloalliﬂimgigvened-F
t ngth o . eal dne . ue to t [ oun
anterigno00E o, The fedfining ) I 1o Pt ) BL e g Bencd-F
antenh@ ROO[\QQF’e]:}ivSTbQ’oﬂﬁﬂgfai tﬂi&rd-éﬁ@ﬂirﬁﬂl@daﬂmgmea&gﬂ@ﬁﬂﬁﬁﬁﬁéﬂin g line
are simlar to.the LE] inverted-F tenpa 2
2134 Gab% B B 7R nd Sod ecdie Ffite sp B0 S R
The grounded capacitive stub 105 of Figure 2C has a
(00713 Themgdified invetraecl antennps208C- 200D arel samger ©ithé sodifseddaverted-F

of ht i
R IR ThE s LA fo 3005 Wi
capagitivestpb 360 Jof Fgurt 8Clhas govidr § anba apass ovigap Rdo ¢heolarat surface area
of bR TP IE, Eee Bt YS) A g i g i
no spafe ot gap $ fick. a3+0go shallorgesusfaceatealof heegroundiplater2G4D). e the
e ey 580G Y7 B ot o
the rasliating snaly Siltstantiglly extendsviard g pviAd CFﬁ@i\P greunded GapacHive stub 205
with sﬁrged %,%wxoéetag& {hé‘i{)}fgéd Biufhdlihe osmagmé h8AD et fon-

top edge of the grounded capacitive stub 205 over a
overlgnmggaa‘hmazls, thafirstedge 422Ryofithe rgdisting siyb klRds pyrallel with a top edge
of thé2 818%1%&&2&%51‘1\?@ Qeubl I3 VR h khsifartiaY pirk 88 itE wAdth %rlgﬁ?or the space X.

_ -200D have simlar elements to the nodifive
[007 ety tpgidsé:.:mg rlgm%ga%q él?/gl?gEE %n&e%gmséégé-QBOﬁ ?\fa% seirr}ﬁiear elements to
the modified inverted-F antenna 200A and use similar reference numbers and nomenclature.
Accordingly, the description of the elements of the modified inverted-F antennas 200C-
200D is not repeated for reasons of brevity, it being understood that the description of the
elements of antennas 200A is equally applicable to the elements of antennas 200B-200D.
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Accordingly, the description of the elenents of the
nodi fied inverted-F antennas 2000- 200D i s not
w0 epearas’ f or reasons of brevity, it bei ng unde€BHUS®A7/007694
that the description of the elenments of antennas 200A
is equally applicable to the el enents of antennas
200B- 200D. 13 WD 2007/ 126897 PCT/ US2007/ 007694 [0073]
Previously, the enbodi nents of the nodified inverted-F
ant ennas were forned in a corner of the printed
10075} gHichelyy e kRIS or st BBk Sbrle A B wore formed i«
comgyof tieeprimsed cucdit boradd Ho[v&@éﬂ,]thdfaerbéﬁ"teidngvmm -F entEngasrcooyld also
- t | view of a sixth
be fog'ﬁ%&égllmr}gﬁbgggggpt#gaxﬁ?%}l?cﬁ\?}e%% F antenna 300A are
illustrated. The cross-section of the PCB illustrated
[0074)R¢feinen®Btq EiguresipA-BBea tepiang 2 engsseespionabviey of p5jxth
emw%gm of aexﬂp&a%' H‘?mereh PafBihad 300 hRRbdReed Y &88section of the

|ng [tTne 1s ona different |ayer of
PCBleFsmamlnlﬁiwﬁﬁBdéalQ!l&b@fa@#tmﬁﬂt%il%f t he antenna
That is, the feeding line is on an interior |ayer of

[oo7s]hﬁ. tﬁfsl&wo"ahﬁe&fof@ Hudifiel #Y\eirteBFBantérid 230028 tl@eme@ﬂllﬁﬁ lingison a
formed on an outer surface of the substrate. ln t

differeqt layer ofea pranted Aucyihhoad S0BnEPEEhaPLke BRIPRRA- TRt s, ghe feeding

line 1@ Bn an rﬁa@eﬁb} @:Voff{blb stistat of| DBdfilayds POB Whilé tHeshtérha is formed
ure 3B, dlatlgwstublzof t he

on an ek ekaciof e RHEte0 BRTACRe e ATERA HEY PF FOpapdps bein

formbd@¥R b mld1a98r subkirate! outer surface of the substrate
| ayer 101A. A feeding line 313A and an extended

3B b f d I
oun S g3e RAAESEbe shE Bi i RO B R oy
antenh@ BOOArid fmmemlemtlmjﬁtso metaidam 103 oatalfhsbguter sirface of the substrate

laycrﬁﬁgwg(%[f?%ﬂzé léﬁ'l c? an xtlcj:sé % ﬁ?ﬁ%ﬁ%&ggq‘o%w in

anotHee adtitaldayeir 362 bbheeawhbstnhed di‘emdumlgysns riopB andd 0d €mnd connected to

. l.ayer . for the antenna, netal plates on other
radla}lﬁ% ngé'rg{’?‘ga ﬁ%\vm ded under the radiating stub 112.

That is, unnecessary netal is to be avoided in the
[0077) Bigorst 3B dlustratés w.crossviestion of the PGB 30Q along: the gediafing siub 112,

But fot ?&Je?ﬁ\glhﬁ: mer&%dgﬁ‘ @dur{g@ng ré?\‘dlr}gﬁ @ag@l‘ ?Jrﬁ‘nﬁé)ﬂ'i% an®ini€! metal

| at es can f or med et wee ielectric ayers
plateg pn jopher fpyescare ﬁ@lbfb amﬂewciﬂr thesxadiating sibgldi2. {khat is, unnecessary

mcta?ﬁrm |b@ta$ox'i;l@§ u{jﬁl%'cﬂaectﬁt wWihl@oWw CBosVer, P thethrid 6@&1@@ of the
device. [0078] As illustrated in Figure 3A th

dleleaW@ewnﬂowynﬂefr ‘ﬁ‘é@f(&}'\s‘ﬁ@ plate 3¢/ thelt metalplates gan h be formed

betwbdd diklebtrRaayéts 3Pfh the SE&UHAdREErGARALTaYérMA obddiS complete the design
105A- 105B coupl ed to the ground plate 304A are

of the, PGB WY forp wirsless fAeVidfodi fi ed i nverted- F ant enna.
However, as the antenna is
[0078] As illustrated in Figure 3A, the antenna is formed along an edge of the printed

circuit board 300°. Grounded capacitive stubs 105A-105B coupled to the ground plate
304 A are provided to tune the modified inverted-F antenna. However, as the antenna is
formed along an edge, the space S4 is substantially large, even extending beyond the PCB
300°. As the space S4 provides no positional information fo; the grounded capacitive stubs
in this design, the space S6 between the grounded capacitive stub 105B and the shortening
~ leg 1135 is used.
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formed al ong an edge, the space S$4 is substantially
| arge, even extendi ng beyond the PCB 300'. As the
WG paea26847 provi des no positional infornmation fRPCT/UR®07/007694
grounded capacitive stubs in this design, the space
S6 between the grounded capacitive stub 105B and the
shortening leg 1135 is used. 14 WO 2007/ 126897
PCT/ US2007/ 007694 [0079] The el enents of the nodified
i nverted-F antenna 300A, 3000 i ncluding the shortening

[007%1?’1311&%1@51&&% tﬁéjfn%hifﬂ:@ E&e%f%% %ti@g%md)@ 300€ iindIRE fhe

capacitive s appear to
shortening lei bl 5, rtlmnasimmgrsmmu%m theame Ar MOre greymdad cappcitive stubs

1054 ‘éHé’B %ééeap @éb@ex&ﬁ&eﬁtfr %G&‘d gyl%?e”*}a1 Sﬂ{‘e%lé]aﬁhg' Stub 112 has a

and a top edge 1 I S case,

first gd@ edge 1922& @ seoun side edgerk2@Ls prd 2 tprogsizet 1230 dy thlh gase, the
grou;u!l gﬁte 1S%Eﬁeci-§?a€f H% Bt)n% e fiRPsid€ @8 122RTb&fnok bR top

lating stu h the feeding |line 313A
edgedﬂ@ﬂﬂﬁ@@@ﬂ@#ﬂéé“ﬁe’e@ ng strip 313B forned on an
interior layer and the radiating stub 112 forned on an

[0080}JWifh dhéy&rduig hﬁélﬂzw bd fiateRteh@dd feelilify stfip gdBB goxhﬁem&m an

and extended feeding strip 313B may coug % ,
mteqoaéﬁyaf pretheragiating stgh 11gagrmed & 39 SUTGhRYFF Gldhe substrate 101, the

feedlﬂgmle Rt ZR%B%&&:n'dBd r&m@mﬁ BB ﬂ@kouﬁmlmermb 112 by
e_extended feedi strip,313B and_ t

way gt 3 ¥ 1A phigh is amefallizedrholem the Stﬁsgrafeeloéscotl@ % {W§Fp fhe extended

feedlhg@tﬁpestﬁxd theeadiddry 06l 11D es RXlieatieed ﬁﬂeigmgast rip
3B fornmed oh one Iayer and the radiating stub 112

d,o .diffe r_,nor te

[008%@ At thgg eb%ﬁ]pé 8"/‘? ém kbe)yg?% geeﬁg}gaﬁ%nﬁé?gg ?31836% on one layer
and the mﬂhﬁhrtgfmulalll Zformed Adi differeat layer, ohéer monel grdulnd ipidtes 304A,

nt er nal s.,of PCB structu S [
sose G50 o 4FE T RS Pl Ien BB AR, o
addnndﬂau irieradlddyérs oF PO esicBite andeB@s ah outenlayec asg, betfhsned on
substfgzgtgqgg It Iapee ot 1ﬁustra?e 1WPPe uarg:ie1 ?Agar glﬁlsa'g plgnlrtgts:cgs% &hes%ée}n g line
313Albetiveet the(grbmycbpkate};@fé\owhﬁdéﬂﬂ&amd\n@bqr outar hayea asd sgparated by

v 5375 10D LABAND Pk, e 3 b il o e
&mdmgwmeéaaAeffectlvely radlate, there are no neta
strips or netal plates on any other layer in the area

[0089f sb Bfat ﬁ‘ﬁ:qh@&'ﬁgg lﬂ%dﬁ&tem%(bhe SoU Ezﬁ‘ﬂéff@:tllv@lg' radiate, there

formng a portion of the nodified inverted-F anténna,
are ngupetalgitripser mesal plates @napy @theg 1avter inpths poga th% Fadiating stub 112

and tﬁ@ gﬂh?éilnﬁ ek N85 tefhidk aPorediiéx thé %&ﬁ‘ﬁ'ed ﬁi’\lﬁﬁc@FF&ﬂf&hQ Mbut for the

he ant enna. However, a_ second tund Rl ate (
{'

emrsq?ewmd%ﬂpe 3 dBorlich ifcpupleddp his ingsgtdbe [l angi g & portion

of thé lﬁﬁ’tteﬁﬁd’?’ O%Xﬁé%%}g% ‘é\éd_lqﬂd ResUnidPste Ghotishewh) E&ild BE Prvdded in opposite
ate e

exterrx)or surface and may overlap with portions of the first ground plate 304A, 304B. The

second ground plate 205 may further include one or more grounded capacitive stubs in a

metal layer to further tune the antenna.

[0083] Referring now to Figure 3C, a top view of seventh embodiment of a modified
inverted-F antenna 300C is illustrated. In the modified inverted-F antenna 300C, the
feeding line 313 A is similar to that of the modified inverted-F antenna 300A effectively
forming a strip line 310 along the length of the feeding line 313A due to the ground plates
304C and the dielectric substrate layer 101°.
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second ground plate 205 may further include one or

nore grounded capacitive stubs in a netal |ayer to
wo eoovhzis9t une t he antenna. [0083] Referring noRCT/US2007/007694

Figure 3C, a top view of seventh enbodi ment of a

nodified inverted-F antenna 300C is illustrated. In

the nodified i nverted-F antenna 300C, the feeding

line 313Ais simlar to that of the nodified

i nverted-F antenna 300A effectively formng a strip

I

[008+]I ’Pl?%%%glfgegﬁﬁgerfeg{e% Lﬁt@%i‘@dc CTQ%H ]glgt% tﬁg nlddf'ﬁed'3 4\3&%? antenna
300Asbipdtas anh' ¢magpu11®1i capa_cﬁtlmtma 005.17568 El'ibunded caPaCItWe stub 105 of
. 7 4 N
R PG4 58 a5 g PR T e s
antergat30Aa 300A but has only one grounded capacitive

stub 105. The grounded capacitive stub 105 of Figure

[008ﬁ%h@§wﬂe Vihe 'iﬁbc@ﬁéﬁ‘ﬂv@ﬂ&pﬁgﬁt&ﬁa 486C Rat bBiadilar %leYI?eran to the
arger, simlar to that of S4 of antenna 300A. [0085

mod:@pﬁ anverted-F ariennactf0n and ysgsimilarreferenceammbespad menc ature.
Acco?éhﬂ%i edeeem on (ffqhé @ememdiffm@doumee%edféa-ﬁ Bh@RAR 300C is

use sim reference nunbers and

not rm@dcfpratqams of Reaviyelitrhging, undeestepdstbat the dgseriptiop (o the elements
of anBnRABOOA i9Eqidly PPRLINICEH B LRt bf AdiaMRBC300C is

not repeat ed for reasons of br evi ty, | t be| ng
nder st ood that. the descr| n of ment s
[0086] Referipmenmq KighEf i WP yf P %F’éh ’é’FBh‘éfrﬂ e%rﬂed
inver®dtL B Bﬁt?nﬁ@@@ 1shﬂ@s‘3h ﬁlled?ahﬁ eHer mﬂ@fﬁeﬂ\miegt.eﬁ{méaﬂt&;rﬁ 400, b @fb&mded
vi ew of an t i_nment of a 1 J.1e I.n ted-
coplaft WANSE Aol 1 EIe et e fgng s fanp gt st £ B ploments
of thaaitenmed Gi04e férngdan ﬂﬁ#ﬁfhm@ﬁhﬂfa& nder 10 60 thetkanikldutérssurface of the

s AL B ot o o R S ] 1

is oné aidkal PRit@bn klﬂaylﬂterﬂﬂ 2rothek BRtes ddyRr 6fi§udstratetd &618n te dréwnded
substrate, |l ayer 101. The large area netal plates 404A,
coplapgnWaxeeide. o inded and at |east there is one netal
plate on the internal or other outer |ayer of
[008Z)Dis¢ elaments ®f ther modified gnvuned dtianten 400sappaantedhei edeuded from the

f
gromgfggx%appear {64%31%6)&11% 53‘&245%91% hl?gtheQ%rﬁétgﬁ%ftﬁ?QQE%B% to be
extruded frof DB graund plite 04Bi Atrelong of hipre grbunded capiicitivierstpbs 105A-
r m t he ground pl ate
10532%%&’5%3%9%? h?mm?ée;eér ourﬁlgg%ggg%géi tive stubs 105A-
105B appear to be extruded fromthe ground plate 404A
[0088l048 djusmatedin Higure:f the aptepna fPQisformerbalong en seeeofthe printed

cucufthoﬁﬁﬂMﬁi Otfodite@aBacRfive 18bPT0TN QdSB ‘ébﬁ Bito h\‘éfgﬁ@und plate

0'. Gounded capacitive stubs 105A-10 coupl e
404AE ﬁ@ P@?‘GQ%‘%‘P&? the inverted-F antenna 400. Howevcr as the antenna is formed
along an edge, the space S4 is substantially large, even extending beyond the PCB 400°.
That is, the ground plate 404A is along a side edge of the radiating stub 112 and not a top
edge of the radiating stub 112. As the space S4 provides no positional information for the
grounded capacitive stubs in this design, the space S1 between the grounded capacitive stub

105B and the center strip 113A is used.

[0089] Details of using the grounded coplanar waveguide 110 as the feeding transmission

line were previously described with reference to Figures 1A-1B.
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404A are provided to tune the inverted-F antenna 400.
However, as the antenna is forned along an edge, the
wepaea2847 i s substantially | arge, even extendi PQI/D8200TION7694

the PCB 400'. That is, the ground plate 404A is al ong

a side edge of the radiating stub 112 and not a top

edge of the radiating stub 112. As the space $4

provi des no positional information for the grounded

capacitive stubs in this design the space S1 between
[0096]“1@[095&%“ %‘ﬂ%r iR fd i)t"lggngﬁ ﬁ% %ua‘;xlikﬁmaﬁ %ﬁb &Fe similar to the
modified Md&b@tml(\%,@gﬂpa}rg tllq_mreﬂ:rgmfeemunbgs and nomenclature.
Acco‘iﬂﬁlf]g Sdegéhptldnrlff tﬂ@e%l%&%gy%ﬁgﬁgﬁ g&ggg;&“l‘t dhtenna 400 is not

énce to Figures IA-
repeategrioysASory Qfdmgmy if brig@ pndgsstood that the deseriptiamefithe elgmments of

amerﬁ.agogmgwﬂl rz{béﬁ&&tﬁgtd:ﬂé% aeig.gné%? gﬁ{?ﬁmﬁa ylar to the

F antenna 100A an ave the sane
ference nunbers and nonmencl ature, Accordingly, the

[009Heé€¢lflﬁmﬂbh veiledigure 4illuptepessa Blurality ofrgeaunded Capacitive stubs

105A-10S8 ISR tRMfRaTa 40%1b: ﬂi‘l@fedﬁé sp@.etp@ia 50", biegRiAa d&d
brevit bei ng understood t he deSCTIEtIOH of

capagitjge @Péﬂr@ﬁwyae usgd instend. suRh/As| 1§S'193mh!>}' GieygptBcabl e to
these el ements of antenna 400. [0091] Additionally,

(00923 Réferririghitve toiFiguteS,ahdin@hna cirbuit ad & wnm‘n cgfracpmdaﬁmrcmt board
aclti

500 fgf gﬁa n argg{bsg\ggpleﬁ% ap%g%?gdﬁgtr;tg&gTb? gs‘%dé@q mcludes a pair of
modifiad) apieitedd F Hteitnad Gﬁlmlmnl@@dsﬁd’lﬁiﬁaﬂ of §i¢FCBS The antennas

so1; 36 a2 ach B e o8 e i OB deboriad prdvfoutly i fespect o
Fi guﬂ_aalaor ahd imdhde (g_il'_c;]luﬁigd capnnm%glw fé&ixﬁég En@ﬂﬂﬂﬁ&f 5 l(l)B f(()jr each

. trate e | NCl udes I1r .0 |
respertiytEiar i SIS oD Rna0 T avoa s s BEng 9t 5 TA S 1B Sre formed
in thd daeneHGEal [hyer ard the same shifkirtebdhtfaca rasthaachtha inodifiedthednverted-F

f 0A d b I
anterfigs SEASOLET Aoud, o e g smyREs e theh SO DAV IR Share one
grouridepidierfi®4l donpled 3d the- radidBng @mbegm? lrldeme_ cclta_tls&rvamgeana“he
Th e, feedin es .
aacinlo} g, ST Bfes SPRARRIHE FAUES Bl 1 i fPundeiSRmssitorsis 105-
105Bsafreacls aiitsomaat € surface as that of the nodified the
i nverted-F antennas 501A-501B. Note that the nodified

[0093&@&%}5(3% rﬁ)g\a FRHRS, gg%te%% %r&hgﬁﬁﬁgﬁo?qg%%& @bt board

ifatirng stu
600 ig Jlustrated usqdmbeg atimear andennaj arax|60g o fer medified inverted-F antennas

400A5£>&ﬁ9 595%&5@4 @oﬂrwaftu} Shddifee Hin? stkgaﬁg aﬁaﬁg&g 46UA-400D are

st ubs each antenna. erring now

extruged &p@dhé ge)unémlﬁm 0601 B cORTA-R As 66868 @ndare each an
instailel SHeRarftbAHalli oo c&@@t‘i&d olnﬁy hithRb al;&E fFFiglfd MdE% zﬁ'ltenna

i near ant enna array 2 of four fied I nvert ed-
400A;4Q0D) respectively includes grounded coplanar waveguide feeding lines 610A 610D.

The linear antenna array is located at one end of the PCB 600 with antennas 400A and 400D

along an edge thereof. In this case, the parameter S4 for each antenna is very large.

[0094] The grounded coplanar waveguide feeding lines 610A-610D are formed in the same
metal layer and the same substrate surface as that of the modified the inverted-F antennas
400A-400D. Note that the modified the inverted-F antennas 400A-400B share the ground
plate 604A coupled to the radiating stubs 112A-112B to conserve space. The modified the
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400A- 400D on a substrate 601. The four nodified
i nverted-F antennas 400A-400D are extruded fromthe
w@re@anzbspt at es 604A- 604B, - 605A- 606B, 606A- 606BCHOM20aT/6)7694

each an instance of the antenna 400 descri bed

previously with respect to Figure 4. Each antenna

400A- 400D respectively includes grounded copl anar

wavegui de feeding |lines 610A-610D. The |inear antenna

array is |located at one end of the PCB 600 with
mverl%ﬁtIEMQﬁna%%GC%ﬁg%% %h%l é?&gn a&d(gﬁBt ?fé?ifto tﬁeFraHthﬁig stubs

the paraneter each antenna 1S very | arge.

112CE0(2§11] The grounded copl anar wavegui de feeding |ines

610A- 610D are fornmed in the same netal |ayer and the

[0095] mex?ffgwmxﬁﬂfeg JCHA hi Evé'lfbl(wked Apdidsic? Qyit@lﬁ? mc(ljudm g

i nver ant ennas 00A- D. Note that the

the antepna Giggujtiof 33 gurg ftase na‘y dsrmeﬂ!o Oibespstem Hingraedinfjsure 7 uses
sw1tcmn§tcﬁv§9{‘ﬁe€9ﬁlﬂb§)ﬂwhﬂe thesyseh Aldsfsed iy F%ulelg 2x@ MIMO
conserve ‘space e nodified the 17 WO 2007/ 126897
technplogyUs2007/ 007694 i nvert ed-F ant ennas 4000- 400D share
the ground plate 604B coupled to the radiati ng stubs

[0096} 13 @1%& B, tHeQA8difiefRaiveite i Fariéiak G0 EABO18Saré fédkdSas part of the

hi gh ock di a f tens | cIu n
printeggleebo 4'2‘5}? A rEpiipd plsng 703 i ruplect e v ghaces 505A-
SOSBSa\’lﬂttEé%ﬂdréd@idJﬂH thtd FOFwgHO6 iftciiing S gmhndugl coplanar

di versit 25{;@ g@%llethe systemillustrated in
Waveﬁ?‘&ﬁlf%edgygeﬁ’bq Ag t echnol ogy. [0096] In

Figure 7, the nodified inverted-F antennas 501A-501B
[0097 r’HmefIﬂng@dbleawirpbsx subsciiter sypemrfugtiecincludes arhbarenhaz®dich (SW)

710, ar} il? tx%ng%é\%l'}qg'&géé dargiﬁ eﬁa}ﬁgb?xgglagglééan 8¥1 Igﬁ %‘3{‘19 ggggrated circuit

(ASI@) ohprotessot &l4 QqnlplddgogctthelgascstWQdTb@ phtamar switcheljif) id @ double-
ot ALl R854 R 8 PR
signal S\ the't&@:,xvxag sighal. I'EesRE trapsce{VERX] 2 Mudeamnipa'ucular a power

amph?%gf%g% Mﬂs% Algﬁ}ﬂ? B?d::s I(*v& abilgé g&%}ﬂhgld ﬁ%é t.o rﬁzﬁeeive

rocessor cou toge
signalasn t%ﬂuss-\bamt ASIC( 14 ds andmﬂﬁlenal pmbgrammtcettnhwdwiﬁg with the

R BB 7905 AL SRS A2 L AR M gy wey o
digital signgls@intbe othephans| udes in particul ar a power
anplifier (PA) 720 to transmt signals and a | ow noise

[009%"@1!\ Eﬁ&ﬁbnzfl Manﬁzgasg ?iltE?Sleéﬁ/ RF 16W 358! filter'h8y B&ssupiédBetween

s a m xed integrated circujt
the aptgang ‘F‘&’c‘?‘ﬁ gawrmu%eowwnlzﬁg 839\?@11 thexgeejyinglowdioise amplifier
722. anal og signals on the one hand and a digital system by
way of digital signals on the other hand.

[0099] As mentioned previously, the system of Figure 7 uses switching diversity
technology which is supported by the ASIC 714 and the antenna switch 710 which is
controlled by the ASIC. As previously discussed, the RF transceiver 712 includes a power
amplifier (PA) 720 to transmit signals and a low noise amplifier (LNA) 722 to receive
signal. The switch 710 is used to select the antenna providing the best signal quality for
both transmit signals and receive signals. The switch 710 is then used to toggle between
coupling the PA 720 and the LNA 722 to the selected antenna in order to transmit and

receive signals over the same antenna.
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[0098] An additional RF band-pass filter or an RF
| ow-pass filter may be coupl ed between the antenna
w@ea7ts9t ransm tti ng power anplifier 720 and P¢EUS2007/007694
receiving | ow noise anplifier 722. [0099] As
menti oned previously, the systemof Figure 7 uses
swtching diversity technology which is supported by
the ASIC 714 and the antenna switch 710 which is
controlled by the ASIC. As previously discussed, the
[001&9 tr anﬁFﬁilg‘t’xFer 8 zl]tgnioﬁffkédqﬁ%r?e(ﬂ DA enn A3 114 F6¥B GRMliso formed as
Ot S s and 0

mt si W nol se anp
part QfLam)nth gireyit beard80Q. Adarga groungtiplang 80508 coupjed to t!ilsegaound plates

5054 90§I? L&& ¥het é?lﬁreﬁ S&Wplgfe%%x'&%\ft e 285tingSih8 BRdunded coplanar
quality for transmt signals and recel ve

wavegpghafpghngheessw({ﬁgﬁl(?&o is then used to toggle between
coupling the PA 720 and the LNA 722 to the sel ected

[oomnt ennathé pRiggfle Wardlésa @ﬁwchb@:"%stei&ﬁﬁth\é? inclHes lrésygétﬁfe pairs of
the sane antenna. 18 WO 2007/126897 PCT/ U82007/ 007694

antenngswifghes (3 V) §10/a-840Bapd Ripuansceiyers{i B 28 -8R Aleng with a

MIM@Bde Hahd a@f»ﬁcaadoﬁ%pé&ﬁaﬂ%gated raﬁehu @Asmpsnmdagled to;fw,emer as
circuit board 800. gl& groun pl ane 805 i s couple

shown, ThedalfreS Fntenpe awggheséﬁ HHBargsnglerpolendpuble-giry RF
switdbksit BEadh(u¥ thé RiFQkinstdivérs BUPALIIQB 1|il61uﬁé@i#1ﬂ§ﬁ’cm&m PA3IN0 to

wansi AR i LN RS 18y < o MIMO s P ASIS 814 s

mixet e?aapinte@a@a cirbuifinterfdtigiwith ¥ RE iRasdeBdks 830K-8808 Et»y way of

nscei vers T 12A-8 ZB al o wWth a
a“a“’&a%%‘ the, A9 "GB?PB 5%%@??3{3&“? 4 é‘(frya‘{fggg‘&] rstﬁﬁ‘ials on ‘l‘\'/omhef
hand( ASI C) 814 coupl ed together as shown. The pair of
ant enna sw tches 810A-81CB are

j,ngl e- Rol e ow RF swit S. ch of. the
100170, RS EiriBH B BR, e syiith o7 Mg ks fhink A2 Mo
techrtobogyt whih ms sup@ngadib; tlamAiSKhSLcNm&ﬂﬁ anenne switckes 810A-810B

n S and A [ ]
whicf bl E 3By MRS, BAH et Jem Bt s ldped 01 are
s1muttarmossig|use,d m BaBAisA0Bcdye sigyalef ThaMIMQ tesehandASIC 814
cohettenﬁ% Qpﬁbn)%g gl-he%g g@aﬂ'tg L@éatg %%?%%Wﬁnﬁ%}h%h grlattegrlla could
mdl\'ph@llvom196 the system of Figure 8 uses using 2x2 M MO
technol ogy which is supported by the ASIC 814 and the
[001@3]t egg?éﬁi@nhﬁ BOSA 8 EAPRHIB an¥dhing RwAtER swﬁlttﬁ:%gﬁ %eb%rounded

. In this case, both of the antennas
copl@%waﬁwq 2 uAntenpa §O1R és qqupleshiprantsnng switely 810B through the

gromﬁieﬂ%bﬁnar-mﬁvéﬂum m Prafefvel €1844s caPI&] @ Unkehna switch 810A.

onbi nes these sjgnals to g{ene rate_a better signal
Trangqqarﬁr é}%]ﬁésrc%mleélntﬁamg@up gwi ch 810B. In this case, the antenna switches

810A-810B do not switch between antennas 501 A-501B. Instead, the switches in this case

switch only between transmit and receive in coupling either the power amplifier 720 or the
low noise amplifier 722 to the antenna in order to transmit or receive signals. That is, the
switches 810A-810B are used to toggle between coupling the PA 720 and the LNA 722 to

the selected antenna in order to transmit and receive signals over the same antenna.

[00104] Figure 9 illustrates a graph of the input return loss of a modified inverted-F
antenna for a CardBus printed circuit board such as illustrated in Figure 5. The modified
inverted-F antennas 501A-5-1B of Figure 5 are designed for a 3.5GHz WiMAX frequency
band on the form-factor of a CardBus pluggable card.
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i ndi vidually provide. [00103] Antenna 501A is coupl ed
to antenna switch 810A through the grounded copl anar
woerwegeisgde 510A. Antenna 501B is coupl ed to anP@mnmsz007/007694
switch 810B t hrough the grounded copl anar wavegui de
510B. Transceiver 812A is coupled to antenna switch
810A. Transceiver 812B is coupled to antenna sw tch
810B. In this case, the antenna switches 810A-810B do
not swi tch between antennas 501A-501B. Instead, the
(00163 tcheg, e dolilifiu&iiss thémr;uﬁ HLI&%&Y\@%&&{.&‘?%HU Gyrye 902
and recelve 1n coupling elt e power Ier
illustates the inpfup vetno loss oftbe iafieana m argdome aswn'éxmhom it.
order to transmt or receive signals. That is, the
[0016¢) t cheg Bd&he w&e@r& H&aﬂ Rat i OGS sPaket malocﬂemiehag
the PA 720 and the ? the selected antenna in
radiagpp ghat {softengisedite C%‘ﬁ?d af"é eeqtvé agjagieana frgppen virpmental elements.
FiguNB MRstrdtf0d Bonded BH6%Ver hih hﬁk@ﬁl’i@ﬁ&ﬁoﬁ lglﬁlﬁf‘a ?fug%ﬁlﬁe wireless

input return loss of a nodified inverted-F enna

adapfep Far& 13008l Fpsqrml%ﬁ theradgrae wc?alrwswcwoé@veﬂng over the entire
prmtéd ¢irsit Bagdlinlcudh ﬁ%ﬂfeeanamnz'ﬂgnm?ldldeQﬁ thd ﬁMgéﬁ 031 U§B adapter
antennas 501A-5 of Figure 5 are designhe
004.5GH W MAX frequency band on the formfactor of a
Car dBus pluggable card. 19 WO 2007/ 126897
[0010°GT/ US2R{cdriishffa@4he Emi&s&mqbss\@r%&bml dnd 02 EBg1irl ©, the

refurn | oss he .ante al one, Cur
presqnPF gt FoBS ¥ee! S*rermaiiﬁ’l.cﬁe'a‘feﬁmﬂ??a e dngs R} GoRTe s Ratching
perfo2maAct0 Bn ifesiithog ﬂmllﬁ'ésdnt:e of 80addmje d\/df aistomedifiedanverted-F

shel | or Hlf ﬂ S tra(ﬂsgaren
antering ymproveg NfRaY "\ga‘?ﬂfz?f'%?\cet & e?%te'(‘)tfaf en used to cover
and protect an antenna from environnental el enents.
[00108]gur e R&Bming new taFiesires klaatohil , tBadrés offar field radinbompatterns for a

Cardﬁ%%%é’,{ﬁa]z%é%nur 3 &@k&ggﬁﬁlﬁ%ﬁﬁﬁg&gs %gcﬁg& BF tlflegfggﬁeld radiation

pattegoiner harizootad pl anh doretht iGaed Bysrdesigadncludingithe b’@drfded inverted-F

Anteh%%l a gh&‘\gn & %@8%%” ﬂ’F%\E% E)%lﬂ{égl%g 3 cggnl't o o ﬁ'{eﬁllap ﬂgﬁ%& ation pattern

in a vegtical plalng $or tha CapdB@designdngdodingfmadifjed mvgﬂed-ﬂ?eantennas shown in
argsence of a radone over the. nodified inverted-F

antenna does not degrade its matching performance. On

t he contrar t resence of _a radonme over the

(001084 f i efhe ﬁ%@ﬂ"éd’n nna fesiah af Figgroy 8as upd wwdekaihey

measBRM NS TOR &nﬁerﬁﬁ%&%éﬁ@ﬂéd usiig uﬁﬁfded 1@ VAVEguide feeding
Figures 10 and 11, charts of far eldralatlon

line feap?%% thersgpmeputerdaysas thefiadiating d%':?ﬁg wsgletermined that the
measu}édthslurcatcﬁdate&gﬂﬂ o€ theCCArdbisSAhRhRS d@mg.haf Figafe 3,hficlbdihg the

[d radiation pattern in r nt "ane for the
modlé&& %éswwnaﬁcwm%mm@?mﬁ dIFF'g‘ ls?ﬁ@ rted-F

[00110] Referring now to Figure 12, a wireless communication network 1200, such

Figu

as that based on an Institute of Electronics and Electrical Engineers (IEEE) 802.16 standard,
with subscriber units employing embodiments of the invention is illustrated. The wireless
communication network 1200 includes one or more base stations (BS) 1201 and one or

more mobile or fixed subscriber stations (SS) 1204A-1204C to communicate both and voice -
and data signals there-between and over the Internet Protocol/ Public Switched Telephone
Network (IP/PSTN) network. Once a SS 1204A-1204C is registered to the BS 1201, it can

connect to the Internet through the BS that is connected to the network cloud 1203.
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Antennas as shown in Figure 5. Figure 1 | illustrates
a chart of the far field radiation pattern in a
wo egoritzab7 pl ane for the CardBus design incl udi PQI/US2007/007694

nodi fied inverted-F antennas shown in Figure 5.

[00109] The CardBus antenna design of Figure 5 was

used to take these neasurenents. Each antenna was
nmeasur ed using a grounded copl anar wavegui de feedi ng

line formed on the sanme outer |ayer as the radiating

=14 t : .
001 £14 %1 o the WEnGE SR bed A1 erRES U BeeBlln wireless
commppigaorbsystems eperating wish fiegekricy ddndninaaccerdarceawith AREE 802.11,

mEﬁgze?y qﬁk@ﬁdﬂd Y (;2& }Eﬂﬁ%gﬁq%é énQIEéieilulaL Qgﬂﬂrmmcatlon standards

ri nom1to a wreless communicatl o

EEE&QM-Q and 892, a;ﬁe stasdarmesmb@dr omerdaces fier fixagk andonoblle ,
broa@aglg 19&(]&5‘&5&@&% Etgrg% ﬁs@%ﬂ@ﬁ%@?@%‘% %r%/ ?(E?’[é&ﬁ‘g glg[%ﬁo?]ohtan Area
Newm‘rk): PrEWIAI Wi depArdasNetworlet whilesthereTire diffarentesandards for wireless

SRR NGRS yi s 1O (03 A0 REnRkPalbfS e
802. bﬁwbtphub known a3 Biyetoqtisgnd IBEH 802 Ad dhielyisdoomimascWi-&i to the
foth and voice and data signals there-between and
over the Internet Protocol/ Public Switched Tel ephone
Networ k(1 P/ PSTN) network. Once a SS 1204A-1204C is
001121y st e Bg PHBted HECB‘S beaugs with the aptenpas eseribadherein may be fixed
and deRigREd fito biRLBsbe . Bﬁlt&ﬁﬁhvél? e gﬂﬂ&HQﬁlrchﬁ Holflls with the

networ k cl oud. 1203. 20 WD 200
antenpas fesssibed hersincway be pireesd intg éheaﬂ{béﬂ?% ugiide bperipe a part thereof
as w&lﬁﬁﬁbéinglﬁ?pldgﬁdmt st@ vith #?@ﬁréﬂt Ef%sﬁ?b&l 18113 Thatt) is, éhe radio
communi catl o stens _operating w re uency anas
devigewith Ht?rraa%gawy tPapischaying the anteppgspdesppbertherpippmpay be
pluggidle. 16 tRE WdreldsEEEmBtrichion s§iemaebb llﬂ'llfb‘traféamlgﬁﬁﬂ 10fhe

st.andar.ds FEE 20 4 and 802, 16e st andar ds
subscyiheg stafjgn A??‘{Am w?ea@ég le virelgssadapiesd Pl Q:

br oadband wi rel ess access systens respectively and
[00113Jese aRefeirmg MW t¢ Mijurepti A-1aB, pluggabléleidio déyicex ar\ANistrated

a5 @ P Bpss M i PR Taferand: v deyorives

hereianThese plhggabld valliq dodads afdebeiNaitemrak aresparticalarly bkdful to operate

0, 0 | E Ogy: .
sovs i Fath) ol R 28 B08 300 s S5 0 b, ot
WiMAX ane WigdlessiBroadrad(3Viliro)spetificativrsnnas descri bed

herein may be fixed and designed into a subscri ber

[oomni t. Aﬁgﬁwm vlﬁlsypateg hew bRt EEverid er.afn bb@%vﬁfa) %&Je%r 1300A

ant ennas descri bed herein may

mcluémsmwed cigenit beagd 1304 H’é‘he?"ﬁ&dtmfﬁé p%ei\e m@@f wé inveged-F antenna

for u&eésw_m éiﬂg&ﬁ%eﬁ 'ﬁﬂltus{ﬁg atthpitBr P3ORAl fnBluRBS a PHIPRABIEMdio portion
uni at IS e rad
1301 and a cap portion 1302. The pluggable radio 1301 includes the printed circuit board

publ

1304 that has an antenna portion 1305 at one end and a USB connector 1303 at an opposite
end. The radio 1301 further has a housing 1306 that covers over the internal printed circuit
board 1304 that includes the modified inverted-F antenna. The housing 1306 is transparent

to radio signals and acts as a radome to protect the antenna on the PCB 1304.

[00115] Figure 13B illustrates another wireless card or adapter 1300B including a
printed circuit board 1314 with embodiments of the modified inverted-F antenna. The card

1300B includes the printed circuit board 1314 with an antenna portion 1315 at one end and
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device with the printed circuit boards having the
ant ennas descri bed herein may be pluggable. In the
woweehssg7 conmuni cati on system 1200 il | ustr at ePICTHYS2007/007694

Figure 12, the subscriber station 1204A includes a

pl uggabl e wirel ess adapter 1210. [00113] Referring now

to Figures 13A-13B, pluggable radi o devices are

illustrated that include printed circuit boards

having the nodified inverted-F antennas descri bed

e l e, r

a conng(itgxh Efia ls3 zg{?azn S@ %ig’:gﬁﬁ}%ar ?%Sflslﬁ? ﬂ?l\.{% r? 3 PéKj f.ltuljgéers a portion of the
PCB sihis arrafleme dousing h3168: covents ngerttbe mwlﬂeaaﬁvm-ﬁ @ntennas.

I T T T —

such & BOMCIrg¢onnettosCatlBus epmecwr,e@e uni versal serial bus
(USB) adapter 1300A including a printed circuit board
[0011:5304 W EL e&mﬂéjh&%ﬁé 1860A h8ooBd} t'éx?qnﬂn@ééﬁﬁlttﬁg size or form factor

ant enna use part of a subs ber unit. The

of thezradn daviaez@uhal they aasry pprtaRlgabhe mogifies ipyertedH anteppa that is
forméH & lgaéic Eghhte%wlﬁ&! Poarl d&ké{ﬂ%kﬂx@vﬁ@g% @so]ﬁ’&x]’ncs referrcd to as

I ncl printed circuit board™ 1304 that has
beingsiprintadd qyrdhﬁ P& as3nprintedbanternal) imwell suikd teéhﬂ%émil Form factor
appli asat an opposite end. The radio 1301 further has a

ousi ng 1306 that covers over the |nternal printed
circuit board 1304 1 hat |nclud(1@ghe nod
[00137}y e t SRetErTHHE RO P FrEnEe HodSPRgHonshBlork dﬁgaa{g Bﬁ?éﬁf“‘ess card

1400tikc16ddp @ pringhibdi ﬁ:u&l’lﬂ)aﬁl: 140 15%itR nictii¢Einvertéd-Pla@fennhd1§01A-501B

the P 00115] Figure
s 13Ty e uncliopepok g or eSS aa%f‘g%ﬂ ipglyges a functional
block digrafli $ftheé MIMOMaselbaid ABIC 89 preliduslyldestiibed w1th reference to

e R B T S et 2 S fecor 140

of the/édrl 1200.2The Bovihepi 1400 islpldfgable Mb®a Aide Rdifkty 8fldidfdal devices to
aoog§%26897 PCT/ US2007/ 007694 a connector 1313 at an
provi GS8 CRMEPUNCaB/R L) | i ¢ housi ng 1316A encl oses a
portion of the PCB while a radome housing 1316B
[00118)}ver s Bigare 1B armdirdﬁaadllhstmmgexbr&eantlém asform a modified
t he
imverBGE PR 4599hel e RluPeatihs BuefBit ' 22 povo
connect or, CardBus connector, etc. %590116] Each of the
[0011&] apt er ¥paBSTAR tlopprosess 4500 fomms: adiclegtricayeyionea first metal layer
t
having ! el ek (BReK 13901 TR, B8 Process 1500 Rl d Bl féRckond
metalf lgyerean the disdeatrigfayente qxpesr @ diclqctriqwvindeysbeingpart of the dielectric
layer! ‘éﬁﬁfck' 1*39@) Prie %ﬁf&% Has §Paﬁﬁ&in§%§1ﬁ Sidedesst mdte %?ourﬁféﬂ @Qpacmve
printed" on t as a iprlnted antenna") 1s wel
stubsspagedapag frore the radiating sypmlhgongor ﬂmsﬁgmpaﬁ%ﬁ@acmve stubs
extend 3Rk AlFi-REIGRE ok Bk MOVeoBnd b Sardtel vt 4 61ak ie@REbS ik RSdiating

diagram of a wireless card

stub

[00120] Then, the process 1500 forms a first ground plate coupled to the one or more
grounded capacitive stubs (Block 1530). The first ground plate is part of the second metal
layer and coupled to ground. Next, the process 1500 forms a shortening leg having a first
end coupled to a bottom of the radiating stub (Block 1540). The shortening leg has a
second end opposite the first end is coupled to the first ground plate Then, the process 1500
forms an extended feeding strip coupled to the side edge of the radiating stub spaced apart
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1400 including a printed circuit board 1401 with
nodi fi ed i nverted-F antennas 501A-501B is

WO bdonseasat ed. The functional bl ock di agram of PBEEUS2007/007694
wi rel ess card 1400 includes a functional bl ock
di agram of the M MO base-band ASIC 814 previously
described with reference to Figure 8. The M MO
base-band ASIC 814 has an interface to couple to a
connector 1402 of the card 1400. The connector 1400

I der |
from tl’?e &xoglgg%g l% gﬁ%& #5464 Pnl (%f}%%ﬁhx% 8(8!{,?%? ’E_grl&enqlzé/ %%??nscf tgle
extenﬂb(bfwldarg stiip hrestouptedriggethgntodens af Fobape f orm a
nodi fied inverted-F antenna according to one

[oo1Afbodi nRet: @l ﬂr&eesk ‘Tyﬁmf'drﬁﬁ a seEShdLSbuhP Blatexpakdd aﬁzﬂ?from the

process 1500 forms a dielectric |ayer on a first net
first grayed plarpiBlogk BSG0)+ sThesaq‘—f:@ra;tgroeBﬂ@ @mpledmgfounﬁr@@d a

secorfdl &ﬂeocfsthém&ﬂfg'?é% Bppide thd itk efid. S?ﬁéﬂ" ‘i’he ?i% téds 1|5@U §6rms a

he dielectri'c Tayer to expose a dielectric w ndow
feedlb& lingcoranled tsfthe nétedd@l eedingstnp Bleek { FIQc I hedogling hingis a
grouRidli’cB ﬁn&aéa@eghgﬁ HAlvi Sdnid) S g P dOlpafiFhdin HeOHRESSund plate
capac t|ve stu spaced apart fromthe radiating
and thg monfm@ueﬁ@lm fcmreg Paiivd @apt apecProress 1900 bsthen terminated.
extend froma first edge of the first ground plate

[0012%' al | eThy\piobesd 15006s @ﬁkgﬁes@ﬁtahbs pf@essablfaﬁn tisd mbdified inverted-F

[ 00120, Th the process 150 or s |rst
antenlsﬁ SHTEL o AgBignElpre SaayPe Hehlso f9r e 35731031th of the
modlﬁwmeﬁshmdﬁtéﬁ.a&)rcuﬁlaedéschs&d gpowend pl at e is part of

the second netal |layer and coupled to ground Next ,

e pr 50 rteni ving .,a flrs
o1d] Loufi Semaendit Bimnsn ehie e lofly ¥R Brahnens.
thoseldf4Bdinarktuekils nothe arti anl reesgnizsthat the éovendor inarpimisdd to the

emboiifsnts fiterBPS Jul s BB RC R pddfearBaghPSufeRgR wicin the

spmtsamdlspomfphe dppendedielaimhsl eTheldescadptiomis thagliodte regarded bs

ilusts ,%89% a q{ﬁlz &0 2007/ 126897 PCT/ US2007/ 007694 from
e e |ﬁr11 %g (Bl ock 1550). The radiating stub,
the shortenlng | eg, and the extended feeding strip
are coupl ed together to forman F shape. [00121] Next,
the process 1500 forns a second ground pl ate spaced
apart fromthe first ground plate (Block 1560). The
second ground plate is coupled to ground and a second
end of the shortening | eg opposite the first end.
Then, the process 1500 forns a feeding |line coupled
to the extended feeding strip (Bl ock 1570). The
feeding line is a grounded copl anar wavegui de havi ng
a central strip spaced apart fromthe first ground
plate and the second ground plate formng a pair of
gaps. The process 1500 is then term nat ed.
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[00122] The process 1500 is a representative process

to formthe nodified inverted-F antenna circuit.
w@\dai7nzasorl processes nmay be used to formthe REr/US2987/007694

enbodi nents of the nodified inverted-F antenna

circuit as described above. [00123] Wile the

i nvention has been described in terns of several

enbodi ments, those of ordinary skill in the art wll

recogni ze that the invention is not limted to the

enbodi nents descri bed, bu em,{%e practiced with

nodi fi cation and aIteratlon inthe spirit and

scope of the appended clains. The description is thus

t opipgt s o0 d8%s:as illustrative instead of limting.

23 WD 2007/126897 PCT/ US2007/ 007694 CLAIMS What is

clainmed is: 1. An apparatus conprising: a dielectric

substraAﬁabpmhﬁgcanﬁn&ﬁltg surface; a radiating stub on -

thef rst surface of t electric substrate; and a

£ 13l FERE FaviaR A0is RS surt ace of t he

dl ﬁaﬁfahh'g@;twmsmeatra shﬁfae@omhe diele@¥fiO wiitshtrate); brd f i 1 st

St afpuBuptash ap e B Rt of I e FREHSPREIE REcale ® ground,
the ﬁedt gfmrna fite u:mle%g @Ra 6t fﬂoveg@h?bai éapatlurve Stubs fspucea ap&t from the
tus of C r
radiafji SP. i bie G ot e paL At gse Shlin b hunberG g parameters

first edge of the first ground plate parallel with a
siZle edbiee appardtes ofclaian il ngherasn the or@:, or'ﬁhere@parcbﬂmpas:ﬁtive stubs

I u 160 i .
exter@.l r%t éé&%%ﬁ {m[ gﬁ%ﬂ? Pla?e g{l%{nﬁngrtﬁ‘a %dggétﬂx%;rgdlatmg
stub.and an extended feeding strip coupled to the si de edge

of the radiating stub spaced apart fromthe

shorte ”i‘ﬂ@a;}p%gatué"ﬁpélﬁﬂn{‘ 1'6%hdr 28hkising: st ub, the

shorteni ng and the extended feeding strip are
c ugogigningdeg having 8 firgrand gaupled kayp bottgm of ke eagiptingrstib; and
Of and i 8ed f&élﬁﬁﬁétﬁptcﬁﬁpléﬁ & Eh%'licf&edg%%f tSrafiabin g Qf® s%ﬁééd apart

opposite the first end is coupled to the first groun

from gheashorteninglegs velseindhe sadigting|stbythe sherteniag les, #pe ithyg gxgended

feedifig SEPOURE c QPN beRlRE B RPRAGRT ape! fromthe first
ground pl ate, the.second ground plate to couple to

g r uggp,s%ng@vggﬁrgse H] ¢laym : he S %{“etls r}len o gmgzieg Sae ge%gnd end

opp051te the first end is coupled to the first ground plate.

5. The apparatus of claim 1 further comprising:
a second ground plate spaced apart from the first ground plate, the second ground
plate to couple to ground, and wherein the shortening leg has a second end opposite the first

end is coupled to the second ground plate.

6. The apparatus of claim 3 further comprising:
a feeding line coupled to the extended feeding strip.

7. The apparatus of claim 6 wherein the feeding line is a grounded coplanar
waveguide having a central strip spaced apart from the first ground plate and the second

ground plate forming a pair of gaps.
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end is coupled to the second ground plate. 6. The
apparatus of claim3 further conprising: a feeding
wo ove/12689pl ed to the extended feeding strip. 7pCT82007/007694
apparatus of claim6 wherein the feeding line is a
grounded copl anar wavegui de having a central strip
spaced apart fromthe first ground plate and the
second ground plate formng a pair of gaps. 24 WO
2007/ 126897 PCT/ US2007/ 007694 8. The appar at us of
i m 7y round plate on a
sé%ond s%%%%ggh%¥8ﬂﬁ&h§?e ég?ﬁ%@bhgﬁ trate opposite
t heethiridresoundsplateaoas secored siifacd of thadidleptrist substoate oppriséte the first
0 [
surfaéset, rtl%t%%%rt l.?\lrlbe%gtg tb g?%lg wgrogkﬁ_ljﬁg ﬁgg(ggrr g?g gfa%{ Ltgtfelarl iﬂFﬁ central
strip gndihe pairof ighps.ext ended feedl ng stripis forned in a
second netal |ayer on the second surface of the

digl ectﬂ&aﬁapﬁﬁsr Gt RaiftPP Otlebelin tHeCexkdddRl fecilinid A6 is fifhed in a
the feedingline is a mcro-strip line coupled t he

seconghinetablayer eethesgcandrsupfagmef the diglectric ﬁ“ttsﬁétes‘mf’@ﬁ’éle Wétﬁaﬁt

surfaééiﬁﬁ& tl'%nfe&lﬁﬁg?ﬁe e midtbiagsin c&.tiﬂedjio%@ @Rfeh&ed feeding strip and
substrat e he apparatus of claim9 further

formedyimihe seqend metaldavar ondheisreons swifaqsiaf the diclechin whskatehe

dielectric substrate coupl ed between the extended
f exdli NOTEd iﬁgaraaﬁu:loﬁdmnmmrﬁtdragn@hmg 11. The

ap ar a f claiml er.e flrst round
gt ufirogagnn peaiaPE tedbelptyt subie fouRiGSegpeen the
extenﬁb@fefekifrf‘gtst@pQhﬂldleﬂh&hﬁngﬂabed apart fromand parall el
with a top edge of the radiating stub. 12. The

appar at of cl wWh [ n u
c glglam t’r@eeapsptara[tﬁs 5% cJIaxm F(v% 11]i Hl% f(i)rstg%rg[m fa?e ?isv e&gsrg%edge
perpeadicelutito glefﬁmmdgb@f ftlner ﬁtst gnbged (platet spaced apart gpmmldi parallel with a

topegéggﬁp Pf%‘%f Ao Quth. owards the radiating stub, and the

I's parall el mnth the single grounded
capacitive stub such that a top edge of the radiating
stid exThmepparpsysoefc-laine] wherdin thsfonetns reom greunged gappstive stubs

isa sﬁ% Gﬁ&dacaﬁgéﬁee Wuf) Qxfeh&m%'ffcﬁﬁ ¥ RO GHtRe fids? gro-[ltﬂa plate

atus of claim1 wherein the one or nore grounded

pomtmﬁawmds\rhe adws@g stub, and thegpdigting pybds parpHel with thesingle

grourﬁﬂg cApRAT Wuld SRpARG ©p I%agé Bf the rﬁlytbn % §tub @R@hh@i)eyond the width
apart, and extendin romthe Tirst edge of

d
of thq ﬁeglpugr@ttndgﬂ stRdnte aam@c?)wlhgh%@rﬁt sindPlatee radiating
stub, and the radiating stub is parallel with the
first anik spacdtes GF Qaiftle&herein the one or more grounded capacitive stubs

is a first grounded capacitive stub and a second grounded capacitive stub in parallel, spaced
apart, and extending from the first edge of the first ground plate pointing towards the
radiating stub, and the radiating stub is parallel with the first and second grounded
capacitive stubs such that a top edge of the radiating stub extends beyond the width of the
first grounded capacitive stixb and a space between the first and second grounded capacitive

stubs, up to a midpoint in the width of the second grounded capacitive stub.

14.  The apparatus of claim 1 wherein the first ground plate forms a dielectric
window in the surface of the dielectric substrate that is encroached by-the radiating stub and

the one or more grounded capacitive stubs.
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capacitive stubs such that a top edge of the radiating

stub extends beyond the width of the first grounded
w@apaaedspve stub and a space between the firstP@mntis2007/007694

second grounded capacitive stubs, up to a midpoint in

the width of the second grounded capacitive stub. 14.

The apparatus of claiml1l wherein the first ground

plate forns a dielectric wndow in the surface of the

dielectric substrate that is encroached by-the

caphai t o SR BCbip? 3308 DAL BB g eggcond

groumisplatﬁfenammlactus vdndewan thessurface ef thetdirledtiie subsyrataithet is
encrdlLAR P RS EEGADINA TR O B (ROR il CORIER L,

encroached by the radiating stub and the one or

m)[@ gr AUREtAREd 6ampAsihgve stubs. 16. A nethod
conprl Si nglplform ng a dielectric |layer on_a fifrst

nelorming dielests layerorr 3 Hest metyl dayeg havipg a irsigsustagest ¢ er n

Of foRmARCOPH PR bAA sécRNBMEA Thd ol 1Rt Bfeldctric 1a2¥191'b dxPose a
expose a _diel ectrl c wi ndow part of

me]eﬁﬂél”@@f’?‘i" beingynart ofithe diglactrig hma&er@nsm haying p myliating;stub and

one d#Mbre QRSUNAEd BRBRitHl/cRMiaPpaElAatifrotf tifd MMBRtHRIARS and
apart fromthe radiating stub; and formng a firs

griommingn Arskeroyng phae £RIRIAG 10 THE OB ORBIOEE gﬁoaaﬂ%eppacmve stubs,

the ﬁGs’i@?&irId' plfte beipSpart dfitRe Eddohll nbtAURErRhateupled &ggmaa
o the second netal |ayer and coupled to gr ound.

nmet 16 rein.the on .

o Bhnae ire iR sty R REEI oh ¢ Pofose W&?edeaad’éﬂ&fve stubs
extertdl”fﬁoxfllarfﬁtt aige wfithepfint gropad pldieparall¢lhwizh a sidle edge ef tife radiating
stubthe radiating stub. 18. The nethod of claim 16

‘further conprising: formng a shortening | eg having a
first end coupled to a bottomof the radiating stub;
antB.f or Fhaxgethodef{ ctamekd fugthdr enmprisingy coupl ed to the

2 SF B el 1 AL 0054 coBRE L8R d i o

and shortening |l eg, and the extended feedl ng strip are

o Pty AR ok Qi RBufed REE <ok g oF uEigBAtn R s
spacestapadi fram tthreswonpemgém wlspr@oulm @dlqtmgtsn@ fhershorgpipges, and the
extermkaff&du?gosm bR mqog&hfﬂte'fahﬁﬁnﬁ:%s r conprising:

formng a secon roun te spaced art fromthe

fi r st ground plate, the second
19. The method of claim 18 wherein the shortening leg has a second end

opposite the first end is coupled to the first ground plate.

20. The method of claim 16 further comprising:
forming a second ground plate spaced apart from the first ground plate, the second
ground plate to couple to ground, and wherein the shortening leg has a second end opposite

the first end is coupled to the second ground plate. -

21. The method of claim 18 further comprising:
forming a feeding line coupled to the extended feeding strip.
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ground plate to couple to ground, and wherein the

shortening | eg has a second end opposite the first
wepa7itzsepupl ed to the second ground pl ate. 21PCTH82007/007694

met hod of claim 18 further conprising: formng a

feeding line coupled to the extended feeding strip.

26 WD 2007/ 126897 PCT/ US2007/ 007694 22. The met hod of

claim 21 wherein the feeding Iine- is a grounded

coplanar wavegui de having a central strip spaced apart

pI 2 et P?P%n He%odg(;foc"l'ﬁ% ﬂ %greﬁp%tfg%%§§ P&?% gioﬁh'&l?‘?i col%lanar
wavegpidelhavingra @mmal stsnprsgaceﬂcnpmtrfg)m therfigstignpuod pthtpand e second
9““@1?ﬁfoﬂgm§§£Isﬁfﬂpgﬂﬁhe dielectric layer opposite the

sur ird ground plate to couple to
ground, the third ground plate under the centra

st33.p affe hitehRPdf c1f EERFthedbomptising®t hod of claim 23
wherein the extended feeding strip is forned in a

s ctosmingthird grayed Pisie e sesopd surfacerafdbe diglecqrifelayer opposite the
first ﬂir?dce Cthé tifird gronhd plate RARRPIE B grB@nJ tHeSthird bR Slate¥ber the

feeding Tine is a mcro-strip line coupled to the
Ce"trék%t@ﬂ&é@ﬂ?ee@di aPrip and forned in the second netal
| ayer on the second surface of the dielectric
subgt r aThe m&thodldtel4ihi 2B WhereirCihdiefteAded fetditgystrip is formed in a

secofEBiay FayEh an HiAAFETY SEG BL NG SCo s Bttt it Da s
surfaex tapd dielfeedingi 1@ 1Shrmxbroaﬂdp111|he coapleato thg extended Peding strip and
formd BL AR SFEPTE el Brer o hE Seo T aHE A o Be dipeeeit AREReng

a transmtting signal and processing a receiving
si 2mal ; The tmeghnsloafi clam 2binsthedceroptisieg:base- band
r r t Ll Si

F SREABRRY et BLRAREG: tin DR o O Ble AR sub BBl Ll

between tfhwekmhdbdafamdmg stiigp and ansadlamnmgum gnal and the
. receiving signal; and an antenna circuit coupled to
the switch to transnit the transmtting signal and to
r e2@i ve A IS MeUNRASIBE'si gnal , the antenna circuit

c oasaée%dﬁa précedict!t6 phdcess %be'hﬁégi?nﬂl@VﬂhB Bask- &Hdsgrocessor
surface, a_.radiating stu on rst surface of the

genefRtipg @dransmiing signak @1 RIREFssing a receiving signal;

a transceiver coupled to the base-band processor to process the transmitting signal
and the receiving signal;
a switch coupled to the transceiver to switch between the transmitting signal and the
receiving signal; and
an antenna circuit coupled to the switch to transmit the transmitting signal and to
receive the receiving signal, the antenna circuit comprising:
a dielectric substrate having a first surface,
a radiating stub on the first surface of the dielectric substrate, and
a first ground plate on the surface of the dielectric substrate to couple to
ground, the first ground plate including one or more grounded capacitive
stubs spaced apart from the radiating stub, the one or more grounded

capacitive stubs to tune performance parameters.
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a first ground plate on the surface of the dielectric
substrate to couple to ground, the first ground plate

WO p@bazhisey one or nore grounded capacitive stROBUS2007/007694
spaced apart fromthe radiating stub, the one or nore
grounded capacitive stubs to tune performance

paraneters. 27 WO 2007/ 126897 PCT/ US2007/ 007694 27.

The system of claim 26 wherein the one or nore

grounded capacitive stubs extend froma first edge of

t fir Lt [

t @ r adﬁzﬁ %ﬁg&%gg ﬁ%ﬁﬁ gg Q;}ﬁeﬁée11 %es%ee rr(? 0 % gglﬁunr]ﬁ(% gv\ﬁg;cmve stubs
extend feom afiesiredee of thei first gnound plasoparellel exith asidh gdgenf thg radiating
stub.| €9 having a first end coupled to a bottom of the

radi ating stub; and an extended feeding strip coupled

to the side edge of the radiati ngi stub spaced apart
f 8 t hEheststentaf ¢laim & gvhegia ths atenna Gizgyit{pithef compyises:

t heshohehingNég Ravifga iR @ntiRBusI¥E emsi ssuoﬁa%@@wﬁdﬁahhgmmb and
are coupled together to form an

s \Pateatanged &ealmﬁ P fAPled ko %‘ﬁéldﬁﬁ?ﬂt? @E r'wga#'égnﬁ a@bépaced apart

from maﬁeﬁﬂg 1?3 Rélerdift thé J%alafuhg%tube 7 slh%n@ﬂHg h&s ah@ theEktended
first groun | at e. . The system of clarm ’6 wher ei n

feedl%@ﬂam?ewl together WPFH@F‘ E##pei ses: a second ground
pl at e spaced apart fromthe first ground plate, the
sexgond THedysGm of élhign 28 whetkih thel shogeing deg Radch saefidend opposite

t he short eni has a.second end opposite the first
the figsh, 8“‘?%? cé’BBGIdé% ﬂfeog‘ishémé‘gﬂ 8%&6 ground p Ip gt e. 28

30. The system of claim 26 wherein the antenna circuit further comprises:
a second ground plate spaced apart from the first ground plate, the second ground
plate to couple to ground, and wherein the shortening leg has a second end opposite the first

end is coupled to the second ground plate.
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