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W

| e co-1i neaCommpastriBsnable Diversitg W dennk he

vention relates to tunabl e antennas that are

||\\hmm] The present invention relates to conpact yet
I'n

600003y r anged both vertically and spatially as nobile

diversity antenna. Background [00021 In urban and/or
i ndoor environnents, theféld ef bivertiomot a cl ear
|[ooge] of - si giike prREINVERAnt; Lite nd receiver in a
:ﬁ’i reless |i nK.pI nst efadfl élgﬁae%% %n‘i{ﬂngpaﬁ _%568?%} c‘?'hneaf antennas.
SR e, Hednypntion télptes tpambisleaafonngs fhanare|atralBidGoth vertically
t he reflections can introdutce

: .f ..
88 Spintely ag%g&tﬂ?rcriéveaséﬁ'%’ﬁ?mﬁttenuati ons, and even

phase shrfts,
distortions that can destructively interfere with one

anot her at the aperture of a receiving antenna. As a

result, performance probl eBackgsummd as dr opped
connection, poor connection and even | ost connection,

002 ' This is especially true in nobile
gmﬁﬁﬁﬁf;%@;%%ew%gr SRVERES) e s cpfeni o m leaniine-of-sight
etaveon ttanemitiey @ind Rededveti 1hY: mka el ess _sche .

tilizes two or more %%ﬁgg{mi %ﬂgfaﬁeé?ﬁeﬂ S are being

{
iﬁ elcrggtql?ﬂf {nﬂggaée H%F_hﬁ ib.e?g(; ﬁnaJ%)f being ireclrﬁvedt ;Eabl{f(fbf ;ql_‘nr(:,;@e reflections
he; 6l ah of ,.a wi.reless link,. I's
bdi irftiiduCd ﬁgﬁﬁ ff%ﬁéé & deeﬁ,%'g,s atignugtions, apd <iepedistortions that can

i s because ant

destraetively igerforat witln ®ne fandthei G ek ddePt P of 53’??&?%i§1é%ﬂt§nna. As a

_ ~receivin ntenna_w || experience a
IF%?IQ i ogﬂﬁ%ceéﬂf)?]ie%ﬁnm. asTdrapped; donneetionapbenednnestion and even
lextrdhhedtioh N4t | Vi ference .and resulting in

a deep fade, e?tﬁ_ ﬁ%%éﬂ%i‘g%é lg:egéf ‘agng%& mahile cemmunieasion when
%WH@]FSWWG’QWW“ ur> omnthe iriove EDHRrMYhnfdRa_ 4 wireless scheme
tﬁé‘t{}t‘{’g)ﬂfzéf o ol grtréal L0-noi se ratio. _Thus; a suit abl e

conbi nat i on PO ‘36‘8??3% _?qtl(‘i?naf et igatingwhese naulti atiaeflections
te dmppoway e gaalitp %ﬂtrelihﬁiﬁ% Bf 3 WikRLE zﬁ}cgjﬁ\s?részbecause multiple

ag_poo% nherently, a diversity antenn
S{sik ond % agceivgr scvanal obsengtians of a signal from a transmitter. Each

Tecerving antenna will experience a different interference environment. Thus, if one

antenna is experiencing destructive interference and resulting in a deep fade, it is likely
that another antenna is not experiencing destructive interference and has sufficient
signal-to-noise ratio. Thus, a suitable combination of the outputs from two or more

antennas can provide a robust link in a wireless network.

[0003] Inherently, a diversity antenna requires additional hardware and integration.
Due to the commonality of the signal paths, a fair amount of circuitry can be shared.
Also with multiple signals there is a greater processing demand placed on the recejver
which can lead to tighter design requirements. Usually, signal reliability is parambun':
and using a diversity antenna is an effective way to decrease the number of dropped

and lost connections in a wire]ess link.
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d anount of circuitry can be shared. Al so “wilt! iple ' '
: signals there is a greater processing demand pl aced on
the receiver, which can lead to tighter design
- requirements. Usually, signalyreliability is paranmount
and using a diversity antenna is an effective way to
decrease the nunmber of dropped and |ost connections
in awreless link. Date of receipt: 12 Novenber 2008
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0 Despit'e devel opnent in diversity antenna,
diversity anémmadhat inawableyet epmpagt.i al  diversity antenna
that is tunable yet conpact. Summary [0005] The
follow ng presents a sinplified summary to provide a
basi ¢ understanding of the present invention. This
sumary i s not an extensive overview of the invention,
and is not intended to i dePdMAkey features of the
invention. Rather, it is to present sone of the

OB TR S P et
$f0h pldseintddRieh] THRSuBeEE I¥ nétrmeniiémsivepveiele of dre invention,

el ongate and cyljindrically tunabl e gntenna. he ., .
andt ismed intendednigpidentifynksy f(eytuawfo&le BHVeRtiopt Bﬁt};efrv}blsoP present
nmor e _ant en r : £ar: aiibed lude to
GRS JPARA SRR o SR fom s o el

thelde@héd ddsyripfiorathiai Rl followni r el ess conmuni cation. An
advantage of the antenna is that it is slender and
conmpact. Another advantage is that the phase shift

PR | 5 i Giabs BE elonbak ahli &ylMdically tunable antenna.
%ggaﬁ?r%? g{&%%,l?&&%’gg%f I'n ong e%‘oodi rrer}lrt of t%,e
Pheaneinaiintmableamnualyp and/nnby @ mopern RsHo o aore ARSARAS are arranged

B £ Sl o SO ER B BHSARO af JRIEAT o1 v i

By @rfmEMERiond A6 /Vashedafthe apttase issthatlit iscsbeneer and compact.
I sposed co- axially below the substrate core; [

erein
Angthedatvantaige ésithat theephase shift eotpas peegaied anﬁncanyérrﬂ%ﬂble by a
on ao(i#ui ntdri cal surface of the substrate core and an
EFATO"Uer of parasitic antenna patches are forned
on a cylindrical surface of the bandw dth

[0007] In one embodiment of the present invention, the tunable cylindrical antenna
comprises: an elongate substrate core; a bandwidth adjustment sleeve disposed
concentrically with the substrate core; and an elongate phase shift core disposed co-
axially below the substrate core; wherein a predetermined pumber of antenna patches
are formed on a cylindrical surface of the substrate core and an equal number of
parasitic antenna patches are formed on a cylindrical surface of the bandwidth
adjustment sleeve such that the bandwidth adjustment sleeve and the substrate core are
operable to be rotationally displaced so that the antenna characteristic is varied

azimuthally during tuning.

[0008] In another embodiment, the substrate core comprises a core or sleeve and a

support sleeve, said core or sleeve is made up of strips of two materials with different



adj ust ment sl eeve suBdte bflradeipt: heranﬂmem?v }msmﬂ/SGzoosmomu :
sl eeve and the substrate core are oper abld /0§ gVl 8 7 U414
rotationally displaced so that the antenna

characteristic is varied azinuthally during tuning.

[0008] In another enbodinment,3the substrate core

conprises a core or sleeve and a support sleeve, said

Girlerira contiae Withi(BE G Redie, BLrangba i, e Gupeter to form a
éfhgmﬁf!al 2008). RV AP RQ34RAN ddtcHes@id foeirleldd the $idpbid tkeve.

ectric constants, wth the strips being arranged
in an aIternate manner to forma cylindrical core or

Guf S S LR TRl o s

Hﬁ%%& %B&eﬁﬂfcewfth' & GﬂrﬁlHeivé EsaidButet! lleevestamprises strips of two
di 'sposed concentric w t he support sl eeve,. said

mateaalsswahvcaffcmprdmje@ngtqomggnt@f witho thearips | baing rppged in an
z?l'ter}‘la% E%Ln&' L gdl{strgte BRFAERE Snd Whttep slebfe Dby be fotkEhI8GN unison.
arranged In’an ternate nmanner. The substTate

core/sl eeve and outer sleeve nmay be rotatable in

uni son. 0010] In another enbodient of the

nte
wme]htn EodirasRt oG Rbe S PriipR IDYgLpr> the phase shift
Clvtheéhch pdicteanteniat T anoth
ant e‘%dr@ﬁEF% agﬁg?[zﬁhgglrlrﬁbé 3§§§§fea t he pt?}aﬁds% %hl ft core Ao
enbpdieas the phase. shift sheevmmpnings @ marmteﬂeewg anfl rpemeandering line
support sl eeve di sposed concentric th th € GOk

SYRPETLS. eegg 1$PRIHLOgrendiie Jith the c?f&c?é Ty FLFTE (r%ﬁa pgve is made
ﬁ{) oF Biferite %ﬁﬁ? s OF Bh& ﬁfelécﬁldm&%ﬁhl@'aﬁd AOmbAiRlerBA NEey 4r8 formed on

nes are on the neanderi ng‘ﬁl I ne_sup ort
ﬂieemeandesmg Hmehaxpppﬁesleeype/s@qhemt &Oﬁéﬂ‘?ﬁér%me?li‘f’&flng line

ort sleeve ar I
SUBER G Ene e kb B 59 e poe i of
LidRalafnbANMa ahfent@id akicaing tuniig) The Tdubstsatbsiutartsteeve or phase
out er sleeve or phase_ _shjift outer sleev

Sluﬁallm‘w;pem g}@y&@ggta@bl)ad@glgqu,m %,gee}rhmpe rm}/eéﬁlqnoto the relevant
R e AR o Bhser L RRYE, O Bhase shi !

eve I'n"anot her enbodi ment of the
present invention, the tunable antenna conprises a
serles of antennas. t another

nt, two or .
RN & apgt heltqgrmgglplgelg & gresent iy ﬂﬁ’efg‘ gtgnai)lesgg?r}x%l comprises
diUGESH AL M @leﬁﬁdo@lfler [8sHotinRdrit OfvPér bR &F th¥ini@ble antenna is

arranged as a spatial diversity antenna

Brief Description of the Drawings

[0012] This invention will be described by way of non-limiting embodiments of the

present invention, with reference to the accompanying drawings, in which:

[0013] FIG. 1 illustrates component structures of a tunable antenna according to an

embodiment of the present invention;
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non-limting enbodi nents of the present i |

with reference to the acconpanying draw ngs, in which:
[0013] FIG .1 illustrates conmponent structures of a

tunabl e antenna accordi ng togan enbodi nent of the

present invention; Date of receipt: 12 Novenber 2008
12.11.2008) PCT/ S&008/ 000414, YLJ/6U LUl 6 UY 41 :

[o&w]o 5124 hysirpiae PW&&P’F&%@&B‘E SRR the g shown in

Fegbstrate core of the antenna shown in FIG 1; FIG

2B i’llustrates a strycture of the substrate core. o .
FIG2Biltustreies 8 sovgtuierof thegubgtrate-peze of the gntenye shews in FIG. 1;

0 tructure of bs

oa hspfeisincthé: Buchdf of H3hiee 660t B e slinBUhGRAH FIG.
1tReorBing 36 Bhothev@iddiment] (F@HSdrefenGinvantidd; ust r at es a
structure of the substrate sl eeve of the antenna core
shown in FIG 2A or 2B; [0016] FIG 4A illustrates a

thaadi ' in
(TR Y1 5 PR TRt Qlbghilf SRENCONRe SHE, dfe shown
FsGeeNergBown in FIG 4A and a substrate core
according to anot her enbodi nent of the present
invention; [0017] FIG 5 illustrates a phase shift

' Rth bfjultident dleeveQFkBd arftérdna sBéwn in FIG.

[@Fﬁgér\’a{‘%gugﬂﬁi%gﬁgﬁaﬁ?e of hdtﬁﬁg phase shift core of the
lantenna shown in FIG 1; FIG 6B illustrates another

b el BB A oA RSB DG 0 Bl
cbtd é&%%{dﬁ{get% aAofhef tBBodimeaNd AR preseti@ivention;Fl G 1
according to anot her enbodi nent of the present

invention; and [0020] FIG 8 illustrates a diversity

(ARSE 29035051 S BB RBR B P e

[0018] FIG. 6A illustrates a structure of the phase shift core of the antenna shown in
FIG. 1;
FIG. 6B illustrates another structure of the phase shift core according to another

embodiment of the present invention;

[0019] FIG. 7 illustrates a series of antennas shown in FIG. 1 according to another

embodiment of the present invention; and

[0020] FIG. 8 illustrates a diversity antenna according to yet another embodiment of

the present invention.

Detailed Description

[0021] One or more specific and alternative embodiments of the present invention will
now be described with reference to the attached drawings. It shall be apparent to one
skilled in the art, however, that this invention may be practised without such specific

details. Some of the details may not be described at length so as not to obscure the

4.14



[0021] One or nore sPeteifrceimric Nakdngren2008 (13,11.2008) PCT/SG2008/000414 1 4
enbodi nents of the present invention will now be

described with reference to the attached draw ngs. It

shall be apparent to one skilled in the art, however,

that this invention may be prasgtised w thout such

specific details. Sonme of the details may not be

?eglélﬁt%qk}f ?‘Qgte | \?)g ﬁ%lgrrersl%@ 8@%1%%}%%_1’%% %;Jurn%ratlshgr s%iraites(,e of Iflumerals will
Ped L HEAGEYAOR4ARS fikdres SvhieR ¥R o thekaBase s@ilar features common
r&fqtgr nce, common reference nunerals or series of

M BY &Y SR ||  be used throughout the figures when

referring to the same or simlar features conmmon to

the figures. [0022] FIG 1 shows a tunable yet conpact
c[po22InEHs. hrshewna fi@@blacyedrcdimpgctt co-tinearearbermianHI(t aabrding to an
t he rese inventi.on. As shawn in , th .
B podiERR ohfbe BHeI8 v omr ARSI Bt F1Ghr o dheobasy Aptgmna 100 s
Sinadé up 'FShred cOHAMIAkPLERES ol Qfbstrate RARI WSO M bandwidth adjustment
adj ustnent sl eeve 180 di sposed concentrically around

t $leeveuliBOtdisposedenmeenttiOallyaaroural thhaubstsk ¢are ¢ 50;end Rihase shift core

di sed co-axial Ly, bel ow t he subs te core 150.
[Bﬁg‘%qu_sf’ co'%laﬁﬁg:é}sowalhﬁﬁlﬁ@raﬁe‘tceor%ﬁ(g 150 according to
one enbodi nent of the present invention. The
substrate core 150 is made up of a dielectric core and

R A

1 10P2Y BHe-eihshovyer subsizate sared S0 meerding topae eppbpdigrent af the present
S , o) S 0
LG, T Yol core BEHMRIC B b0, BAGECE R e antenna
| pateheisil&#4 prifited sithe tyladdeicalefadhOa i s made up of a
core or inner sleeve 152 and a support sleeve 153
surroundi ng the core/inner sleeve 152. As shown in

2 t i r v ' j .
B4 G F shORER bR fop? 430k ReBRERe B dAbe! EiBidiflent of the
apreiseax iralehtord i T3 pcabsraiocdrol Adaisaphdendy oLators loe énrer sleeve 152 and
Each inner sleeve 152 .hag three strips each .
o SRR T S PP URADG B gt SR HEh ATy TG 2B, the
oS A6 192 2hA ub i AER G yolbHE ARG £, B3 are altematey
direll :R4dlly dispd¥8d & forin Hcyliabtcd) aketd FRh ke klelve PSICRAS three strips
antenna patches 154 printed on its cylindrical
sefr fagl dieléatriomatezizb egéprtnt eatthstripris equedlypdispiéved at Bdout 60 degree
are printed on_an_ inner cylindrical surface of the . i
stiish gegpest wecachiogber. The uppert slesvp d 4P rie gt thin pelingdsr of gadielectric
ri ntned on_an outer

D s B B B T A 8 8 v

surface. In one embodiment, the antenna patches 154 are printed on an inner cylindrical

surface of the support sleeve 153; in another embodiment, the antenna patches 154 are
printed on an outer cylindrical surface of the support sleeve 153. The support sleeve
153 is rotationally displaced about the inner sleeve 152, as shown by arrow R, so that
the effective dielectric constant seen by the electromagnetic (EM) field around each
antenna patch 154 is determined by the amount of overlap between each antenna patch
154 and the dielectric materials 1,67 of the inner sleeve 152. In this way, the antenna’s
gain and radiation pattern characteristics are adjustable or tunable by turning the

support sleeve 153 relative to the inner sleeve 152.
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152, as shown by arrow R, so that the ef f 6Et]

di el ectric constant seen by the el ectromagnetic (EM
field around each antenna patch 154 is determ ned by
the anmount of overlap betweeg each antenna patch 154
and the dielectric materials 61,62 of the inner sleeve

152. In thi , ¢ antenna's in_and radjatdon .
OB 1o s rabais of ReSRFacesic (p Potain pRacI Y By simple
pe{ttfhr Ht&hat BeancthIPR"E aP @S 6f fatch htbAddsVR Jef ahdiRer, I8/ dipole

sl'eeve 152. Date of receipt:” 12 Novermber 2008
patdPanténm@008) PCT/ S&R008/ 000414 6 [0025] In one

enbodi nent of the antenna patch, the antenna patch 154

is a sinple patch antenna; in another, it is an array
[00d6] PRIG: R @ Bl asubsirateydire 2808 Aedordihg té ancthel ¢gmabcliment of the

patch antenna. [0026] FIG_ 2C shows a_substrate core
presmbinyendoniikhg substeaiveare 1 Sehrisgundasin olihe aheve ypaisaipcore 150a

nvention. 50h.: i t .
O B 5 U LR Ao o ot nne
siddve 1601 Br ord eab@difieht, il qiten dleaveilds doasadialgrojectiasof the inner

i nner__ sl eeve_152. |In_one_ enbodi nment, e outer sl e
19635 153. I AR ETRPCGR bt MRS TP R 16 obife st 53 fre the
sahf: %r}hg{g)&jth%r sledfe ﬂSﬁliﬁ Ghdthér SRb&TiMmenS esth diéiBctric material

out er sl eeve are the’ same as those of the inner
e458s e Ville Iuder dleevarniashie rdifferandiromnthose af thedinatesieeviec152. In one

material 84,85 of the outer sleeve 155 is different
erthbastimentoof thé subsiratervere 46w vibe 1imner pad owter sloaysylilgnkdS are

f the substrale core, 150b, the jnne ng .out ex.
rofitallc S SBoh FRETIeSRACT o Mty aupb loRfiC £ hif | fimmopsd etween
thk Oinh&e afd RRMErt sIS¢REVES21B3, A hhd Sadiies Rafedinait\vien effective
the inner and outer sleeves 152,155. As in the earl.ier

digleptaigicenstant sepie b theleM fiald arpupd saeh antenng patchp4 dpadjupipble by
h fi a n t 4al.Sq: . .
ok Yol 415 8 WP, AR RS Sk Sglot materies
elaé%,tag,ﬁg] 8f R MherdotePflekveNE SMAth@EnhbddiniBitefHedhser sleeve 152 and
81,82, 84,85 of the inner/outer sleeve. In another
the whted sleevd 153 fre nohrtatalsde éevmsdb2 and the outer sleeve
155 are not rotatable in unison. [0027] FIG 3 shows
an i nner or outer substrate sleeve 152, 155 accordi ng

[ob%r; 3Rt he Irs:lll%ﬁgm Rk offer siiSstiREELaE e 19DVETBt 4cRBrdif¥S to another

shown in 3, the inner/outer sleeve 152,155 is
embatimpit b6 1the poesaple inveniéen. 1A% shewa iByFTGidh i el inseréaujer sleeve

I&f,lﬁ% gs! ?r|1a %t l:r>}|' %orming apertures 156 in a cylindrical sleeve of a dielectric

material 1,64 where air in the apertures 156 has dielectric constant €; or €s.

[0028] FIG. 4A shows a bandwidth adjustment sleeve 180 according to another
embodiment of the present invention. As shown in FIG. 4A, the cylindrical surface of
the bandwidth adjustment sleeve 180 has three equally spaced parasitic antenna patches
184. When the bandwidth adjustment sleeve 180 is rotationally displaced with respect
to the antenna patches 154, as shown by arrow R, characteristics of the EM field
around each antenna patches 154 are adjusted by the amount of overlap between the
antenna patches 154 and the parasitic antenna 184. These characteristics may be the

antenna’s bandwidth, gain and directivity.
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diel ectric constant 82 or s5. [0028] FIGPUN sHow '
bandw dt h adj ust nent sl eeve 180 accordi ng to anot her

enbodi nent of the present invention. As shown in FIG

4A, the cylindrical surface t he bandw dt h

adj ustnent sl eeve 180 has three equally spaced

parasitic antenna patches 184. When the bandw dth

adj ustment sleeve 180 is rotationally displaced with

e n tg " )
FICEi I8, 5 ACOETOR PRGGRS! 6128 BN Woresting
alotien kmbpdinan ol thd pﬁafsmtadymioad nbyhas lembadiment, the substrate core
overl ap betmeen the ant enna s 154 an
b i emplesildrgal vore o a6 dedisbiutuitd Wﬁ@st e bandwidth
écﬁﬁsunéﬂé 886R $3@A iMddld? thd %hﬁlea&d dBbinAGE idibtric Padterial. Other

recei pt: 12 Novenber 2008 ((12.11.2008)
RaHUdAEROB/ IO ¢d-dine@Ghtenpa [ats Bade wpvofy conpipaiipps pf thecbandwidth

B 18 Rl SRR IS Ry o

i nvention; in this enbodi nent, the substrat e core 150

|saS|ane cylindrical core or sleeve of adlel %B_i
19030 FEG. Sushows a mheseoshifiwprs hi0 aefoudingdnangihgl abediment of the

bidsdle qgve 1013 ?ﬁ% ? o3s I1 iah sdh l fihdGcalRbRYS 6 leeve of a
BREY i men 0 e co i near nna are na

auele@&mcmatvnaat@mﬂ& oflindfeal barfleé of ithe phi;sel shrfemres]lléeare printed

180 and_vari ous enhodi nents_ qof th substrat .core
duracaab sPresd SogenrEne Bnesnil BY TRRme wdering ey 141111 of

Gitfeld; inﬂﬂle Jﬁﬁérseﬁ@?)?hmm of atsiighal %ﬁéﬁ@ﬁdmg to an antenna

Irnvention. he phase s core 110 is a si
patth id4iis ahadeodifferant Stoge that of aenoﬂfmr eAemrdmglyr;réh@ phage_ shift of a

e LA A5 Sab 3 S SHERRTR8 3 ey St o

%ﬁ%odlﬁénfsoéﬂ'ﬁl@ Qo TRRM0IS MY dré RRde ]u%l@ﬂéolrnlﬂnzﬁfons of the phase shift
ferent nunbers of neanders, the phase shift of

a
sirgridD andrthe shovedsubstrate care Exadipoh andlar hendwidth gdjysizent sleeve
S% ferent fromthat of another. Accordingly, the phase

‘ft of a signal received at or transmtted fromthe
antenna 100 is varied azinuthally. O:her enbodi nent s

of the co-linear antenna are nmade of conbj natl ons
B0311hE1GheA shews & phaseshit aore 140 agageding 4 &0 ent of the

ﬁ%ﬁéﬂt %589811ibRO A s ARA6A" in AR WAd e Flladts LR Wors ?@é’ & made up of a

cylindrical core or sleeve 112 formed from a composite of two dielectric materials and

a meander line support sleeve 113. The structure of the phase shift core 110a is similar
in construction to that of the substrate core 150a shown in FIG. 2B except that the
meandering lines 111 are shown instead of the antenna patches 154. Thus, by
rotationally overlapping the meandering lines 111 with respect to one of the dielectric
material of the cylindrical core or sleeve 112, the phase shift of an antenna 100b is

made adjustable.

[0032] FIG. 6B shows a phase shift core 110b according to yet another embodiment of
the present invention. As shown in FIG. 6B, the phase shift core 110b is made up of the
above phase shift core 110a and an outer sleeve 115. The structure of the phase shift

core 110b is similar in construction to that of the substrate core 150b shown in FIG. 2C



accordi ng to anot her enbodi nent of the

i nvention. As shown in FIG 6A, the phase shift core
11 Ca is made up of a cylindrical core or sleeve 112
formed froma conposite of tgw dielectric materials
and a neander |ine support sleeve 113. The structure

e@&é&?@@\eas gaq%gh{lé él?lg%;i 1 flm | S ol n{eggro ié@ fatgan P]atches 154.
Agﬁnwﬁotgt%nea %QErléﬂi‘:%g e %eaﬂ@@ﬁ@elliﬂe@ ail lvﬂ&ﬁreé;iebt &r ene of the

nst ea he antenna patches 154. Thus

dlekecmclmatamaly oﬁm@rnhamhrfg sleene Mesidetiemase %oﬁﬂzﬁﬂ% 100b
ﬁg} {?g one of the dielectric material of the

lsé’%dle [ecore or sleeve 112, the phase shift of an

antenna .100b is nade adjustable. [0032] FIG 6B

shows a phase shift core 11 b ordin 0 . .

[0038}t Irethe ahovriemberiments, b}h@@}%‘é@iﬁfcilspﬂsegttﬁ%hzn%tk@d@mwmem

slfehvg 18%0 eqlrﬁive fae th@i%ﬁ?traw ble £50,B50L1h50b, &e. ARMS H]Ehs@fshlft core

hase t core 11 Ga and an outer sleeve
11dL510aJObs bfcumufaetemstntshm‘ thbmeﬁrmm 100, 106@;&1@0171 efc.Cpichgas gain,

simlar in constructiqn tq .that .of the e.Cco
barsloticiéinbedm MALEy @asa g P e Fsiade AR A Sddition, by
p%gigxg tavé ofkné gﬂt%)uh 0P8 BacH ofheP8nd corhbieig Ahbloutputs

except t t he “nBander | ng lines 111 are shown

of thettwadntehnadye smnabwﬂh hightsignebtorBalse ratigas thalgy le.
rotationally overl apping the neandering lines 111 wth
respect to one of the dielectric materials of the
3AsFIGhy %B%\% ﬁﬁ‘éﬁteﬁﬁa? 200 Recokdiag pb agehehéhbodimentnof the present
ant’enna 100 I's made aJustabIe [0033] In the abo¥
irvebigoti. mdines ,antepna o269 | Hn afprryeddu '@)p| SREMAEINEN SCHRATR QF hantenna

h Y& i€ h) e RSitFe$fhe Bhtenna 200
B80T, it s Rk Mk 2508 i

1sléffeécﬂ%erﬁ5&b210efc@ suppdjmngcttmanmas oththeaprtein aatennas and
100, 100a, 100b,_etc. such

eecingo g, SHEhL SERET] Pociry prgina, W0pge 1008 “RE s own
c%g-%l&gttlé’atwr%c;eﬂ' ?ghﬁﬂtﬁgipa a Placing two of the

ennas spatl y apart from each other and conbi ni ng
the outputs of the two antennas, a signal w th high

naI-to ol se rati.o i s obtaj abI 0034] .F
o 3w o e o oSS Ol Sl ety paced
gsrttﬁﬁerﬂlﬁgsﬁﬂ)tZOO' RY aRfpr&R qudlfy afde REIbARY of af tinkeidl wireless
y connecting segnents of antenna

communication; the signals from separate antennas are summed up, for example, to

[0031] FI G 6A showbpataofreais: 2MNoFdmben2088 gzn%&s) -}’%T{ng‘l?s(‘}“&‘%;‘q § i

w

maximize signal-to-noise ratio.

[0036] An advantage of the present invention is that the antennas are compact and
disposed in a vertical and cylindrical manner. Another advantage is that the phase shift
mechanism is integrated in the antenna 100,100a,100b, etc.. In contrast, the phase shift
mechanism in a conventional system is located separate from the antenna; in addition,
the phase shift mechanism of the present invention does not employ tuning diodes,
selector networks or adaptive coding algorithms. Another advantage of the present
invention is that each of the bandwidth adjustment sleeve, substrate core and phase

shift core is rotationally displaced by a gear-motor drive 190 in relation to each other.



100, 1 00a, 1 OOb, ebaye ofiraceiperi2 @®vdnef 081215 2ORRIT/SG2008/000414
antenna. In the centre of the antenna 200 "t4/3%féd4t 9 <~ VU U
menber 210 for supporting transm ssion |ines of the

patch antennas and neandering |ines. Each segnent of

t he antenna 100, 100a, 100b hag its own characteristic
receiving or emtting pattern. [0035] FIG 8 shows a

di versity antenna 300 forned by arrangi ng.two

[e9331 !\Hhilg, g}ggiéi@q en&péimen%tf@ﬁﬁ age%de%@efloagww&ated, it is
i@l by t%?fj ey %ﬁhéést YnHifiéatldnSK vhrfati¥nt @8 S&mbinations thereof
commmuni cati on; the Signals fromseparate antennas are

ouliThel migde foithee prespiteinvemtionnsvithoi degdrting|frany-theissepe of the

b BT ek R eSS oAl i i
p\6ﬁ§iﬁliectﬁ5t dtYbRUAtERa PRENRI be NBH REtheadivanitpd@tenga of the
that the phase shift nmechanismis |nteqLFted in the .

medenn vention. I aguher 1e:0tple, cthe . antgnnacppighes Are dep@ibed as being

hasg .shift chani sm i onyent | I ' :
FESE a3kl RS OGRS G YB3y g
HaaRBosiihd; lariRating) 25850 bnl dte aRodesible.i nvention does

not enploy -tuning diodes, selector networks or

adaptive codi ng al gorithnms. Another advantage of the
present invention is that each of the bandw dth

adj ust ment sl eeve, substrate core and phase shift
core is rotationally displaced by a gear-notor drive-
190 in relation to each other. Date of receipt: 12
Novenber 2008 (12.11.2008) PCT/ S&008/000414 rLt/Ju L
U 0Oc. VVUW14 9 [0037] Wile specific

enbodi nents have been described and illustrated, it is
under st ood t hat many changes, nodifications,
variations and conbi nati ons thereof could be nmade to
the present invention wi thout departing fromthe scope
of the invention. For exanple, three antenna patches
have been illustrated and described. It is possible
that four or nore antenna patches be used in the

di versity antenna of the present invention. In

anot her exanpl e, the antenna patches are described as
being printed; however, other nethods of form ng the
ant enna patches, such as by etching and depositing;

| am nating; and so on, are al so feasible. Date of

recei pt: 12 Novenber 2008 (12.11.2008)

PC7/ S&008/ 000414 . L~
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10 CLAINMS: 1. A t ubabbfgewipk:ilaNovegdbr 2908 @Ahk2008) PCT/SG2008/000414
conprising: an elongate substrate core; a bandw dth
adj ust ment sl eeve di sposed concentrically wth the
substrate core; and an el ongate phase shift core
di sposed co-axially below thg substrate core; wherein
a predeterm ned nunber of antenna patches are forned
on a cylindrical surface of the substrate core and an
‘nunber of parasitic antenna patches are forned
on a cylindrical surface of the bandw dth adj ustnent
sl eeve such that the bandw dth adjustnent sleeve and
1.t he Asuhﬁbteaiyhndncaé antesnDEENRENRE:t 0 be rotational ly
di spl a m&}hat t he. antenna characteristic is varied
azi Bt HeH PG CPihi ng. 2. A tunabl e antenna
accgy ﬁéﬁ&%&ﬂ a‘?lh@'trﬁéﬂt sloMve ldaipbsddnensetitddal iyt weitle theesubstrate core;
conprises a core or sleeve and a support sleeve, said
adore or sleeve is nade up of strips of two materials
wi th di.fferent e shiatd dige;
bei i PP st LSt ipRR b aRleny plfoning b
Cyl | WHEreRPd Qét@rr@ﬂhe@ hﬁmber (ﬁrwitdnhe patchesrareafquaed e ayliadrical
formed on t%e support sl eeve A tunabl e an

fe
suafaco of |thg sulbstrates porecand ap A3l W cg" B3P ST mrr}i fBatches are
foirlélg Vgu Bﬁﬁ@eﬁ SRRCEYE the BinbWidh %dﬁﬁm tsle%lveesneh that the

e g eeve conpri ses strlp two mater] i
batdhatdli ddestentt deetecand it sdsbriarecse aw pnerﬁwé 19 be ,5%‘fat1°na1 y

be|n arranged in a al ter.nate nner
‘%:tg? ariagng QP rl'#lg 15 \'ﬂ’ilg sd%ES gr at e

cor e/ sl eeve and outer sleeve are rot at abI e | n uni son.

5. A tunabl e antenna according to_claim
2wher i tanablaanteena adcopding o elpin  y whereingng S’étlﬁgé?e goge gpmprises a

mul tiple of .,the predet fs trips of two
ol ese Hd S Teen bl LR D Sbey sk up of srips
nlafSialy a5@0biFeradtadiefectribh esimtants, heith phastipshbding curanged in an

conprises a nmeandering |ine associated with each
ahxevrggn rmaniog tte m@@é{ﬁﬁnca Zcor\eoggl £ye éhe aatenn® pa?clﬂes are

e bh 10 MpoRldevE2008/ 000414

C

3 . A tunable antenna according to claim 2, further comprising an outer sleeve
disposed concentric with the support sleeve, said outer sleeve comprises strips of two
materials with different dielectric constants, with the strips being arranged in an

alternate manner.

4. A tunable antenna according to claim 3, wherein the substrate core/sleeve and

outer sleeve are rotatable in unison.

5. A tunable antenna according to claim 2 or 3, wherein a number of pairs of strips

are equal to or a multiple of the predetermined number of patch antennas.

6. A tunable antenna according to any one of the preceding claims, wherein the

phase shift core comprises a meandering line associated with each patch antenna.
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according to clains 6, wherein the phase'shi?Y €40 <~ UV V41
conprises a core or sleeve and a neandering |ine

support sl eeve disposed concentric with the core or

sl eeve, said core or sleeve ijg nade up of alternate

strips of two dielectric materials and the neandering

lines are_formed on the neapdering |line s orf. .
3] oovh MR EER AORBInEGH SRS Gy RheTE R IS EMABPILEPY Ragmprises
LR BF LleSleSaM Iﬁtéé‘r{d%{élﬁ% BRL Sugpdriagedve dibbadohYentric with the core

I splaced so tha hase “shift .of the signal from )
drtebeenn; it aoreor\sieeve ds thadé np of aliemgte stgps ¢f twendiglestric materials

S BB g e i REEA R o o

the A& HBHR hnd hRHGerind lifle Sappbroviceve atecop@ablbetonye rotationally
made up of alternate strips of two dielectric

" displaceidzsoghatahe phase shif] of thosignal drome theraaienga isovagiedidyripg tuning.

wherei n the phase shift core/sleeve and outer sleeve

is rotatable in unison. 10. A tunable antenna

giccor di fugabile aafymenkceling ® okind-R, futher esompriding an outer sleeve

substrate outer sleeve or phase shift outer s|leeve is

dispased sPyceafris Witkicthp | racasglering Sre PRt Slegve, ity Spigrovtey sleeve
I :plaase shift

%églr?%#g Hgé@gfa@%ﬁisﬁ%g&%@éﬁ%@%ﬁm%ﬁgﬁ sing a series

of el ongate antennas according to any one of the

o, ot EpHDe SRR Acspans o T S RREE A PT Srrogeydslecve and

Sér QevkherdRsiawIe dh Beiséd.ai ns.

10. A tunable antenna according to any one of claims 4-9, wherein the substrate
outer sleeve or phase shift outer sleeve is rotatably displaceable by a gear-motor in

relation to the relevant substrate core/sleeve or phase shift core/sleeve.

11. A tunable antenna comprising a series of elongate antennas according to any

one of the preceding claims.

12. A diversity antenna comprising two or more spaced apart antennas according to

any one of the preceding claims.



