WO 2010/ 050892PCT/ SG2008/ 000414 1 Conpact Tunabl e
Diversity Antenna Field of Invention 100011The present
invention relates to conpact yet tunable co-Ilinear

v b@a i In particular, the invention rel at
tunab?@ggntennas that are grranged both verﬁ?@glgmmmmﬁL‘
spatially as nobile diversity antenna. Background

[0002] In urban and/or indoor environnments, there is
often not a clear |ine-of-sight between transmtter

and recei ver inG%ﬂ%)@ﬂfﬁﬁmﬂénﬁvmgﬁ§y%ﬁg sone signals
are being reflected along nultiple pathsn%efore

finally being received. Each of these reflections can

i ntroduce phase shifts, del ays, attenuations, and
even distortions that céﬁkH%@@Y%%@Fvely interfere with
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a result, or nance obl ens, such
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comruni cat1 on when a ess device and its antenna

are on the nove. Diversity antenna a wreless schene
that utilizes two or nore tenn is effective at
mtigating these nultl-paPW”FgPP ctlons to inprove the
quality and reliability of a wireless link. This is
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o%gervatlons of Qﬁ frqn1a g nsmtter. Each
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experi enci ng destructive interference and resulting in
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sufficient signal-to-noise ratio a sui
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.can d to

ei Ver
RS SO R o P IoF QTP Yo o e Fach
anekiwisg age@mdwmemjeﬁmcamt @Lﬂ@@nﬂ Bitaftr@lé estilorgeWaYnh® if one
decrease the er of ed and | ost connections in

zi“%“?aeﬁé%%ﬂ%eﬁﬁk GW@G’]}@‘F 5O APET9saitre 0B Ogp4ade. it is likely

that ancther antenna is not experiencing destiuctive 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 receiver,
which can lead to tighter design requirements. Usually, signal reliability is paramount
and using a diversity antenna is an effective way to decrease the number of dropped

and lost connections in a wireless lnk.



2 [0004] Despite devel opnment in diversity antenna,

there exists a need for a spatial diversity antenna

that is tunable yet conpact. Sumrary [0005] The
wiodokOWogvg presents a sinplified summary to pngbgﬁw@m4H
basi ¢ understandi ng of thezpresent invention. This
summary i s not an extensive overview of the |nvent|on,
and is not intended to identify key features of the
invention. Rather, it is to present sone of the

i nventive concepts of this invention in a generalised

f ganm] AJesPitd ﬁ@sl'el}kg:%\énﬂ i 8eal Aok, dBSErdikd @Mebd @y & Spatial
to foll ow The present invention provides an
eflisersit @teawaﬂ@ywﬁwmb Cd/gr fquRaghabl e antenna. The

antenna is tunable manually and/or by a notor. Two or
nore antennas are arranged to forma spatial diversity
antenna for inproving quality and reliability of a

link in wreless connunlcq%l An advant age of the
antenna is that it is slendér and conpact. Anot her
advantage is that the phase shift core is integrated
ajagbsg drhefellovang padstres byin@li@eésumh@ﬁo provide e[ BB 1hdtmtanding
one, embodi nent . of hhe esent jnvention, the t%{gble .

‘geP% PRSI B A3 CBRBERS Bt 3h SEPBRY A8 VEghed iRg fiyention,
Ccédeis ndt baadvd & Reagfyusshneftres be @ueintinsipeSRaher, it is to present
concent |caIIy with the substrate core;. and an

elOBH RS BIERe SANGOPISS iais drspien Solsnarlish fgmbe iyelude to

ttﬂ@d&hﬁ%ﬁd@%%ﬂ&@ﬂﬁt iswhengln a predetern ned nunber of
antenna patches are forned on a cylindrical surface of
the substrate core and an equal nunber of parasitic
b T8 |
?lﬂe Eglﬁﬁaﬂﬁ%ﬁ%ﬁeigg%@? 26 aglg%\}(gx g’@éca'ﬂ@ @k 1@0@1@“[{1&%@ affnna.
bEredmtctithisddjabistrnamnlls ale%qréayalnzﬂowm gwe uvb storednéenoy age araged
l.e a I S

e el P R A SR Fud PR aliBFre i in
t winéleny com¥Dni2 0y %&ﬁ@ﬂﬁ@/@%&ﬁ&hﬂ@ﬁﬁa& it3s sim&leea:ﬂd dognpact.

I ant th.t
SRR A Bl o o LS P P Lo e o dpaibls by o
afedr-ber anit.enna patches are formed on the support

sl eeve. [0009] In another enbodinment, the substrate
core further conprises an outer sleeve disposed

QORTE N fon6 MbbHintcRe o URPAtiens ifeMBn, SR Klnd 6y1inalies Wienna
conprises strips of two materials wi th different

cFoBIPEIESst 138 elengait riubstrag Fﬁlet He banduwigyh phnshgendr slegvgedisposed
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out er sl eeve may be rot ata e I n unis
axially below the substrate core; wherein a predetermined number 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 anfenna 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



100101 In anot her enbodi ment of the antenna of the
present invention, the phase shift core conprises a
nmeandering |ine associated with each patch antenna. In

wRiARhseebodi ment, the phase shift core CO?@*@éﬁﬁwﬁ&u4
core or sleeve and a neandgring |line support sleeve

di sposed concentric with the core or sleeve, said core

or sleeve is made up of alternate strips of two
diekgctric materials and the nmeandering lines are

f SEREUICHIHES, et thersiiig Jeiwearsappbin as kisevas msooh to form a

t BAtndtibe c&Roebisd ReNE 1aNEe A5kt A9 f%)l%ﬂé?.@?ﬁhﬁﬁ%% it sleeve,
sl eeve are operable to be rotationally displac o)
that the phase shift of the signal fromthe antenna is

Vbt ' b e rate. quter sleeve or
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c s e 0f nha hift core/sleeve. [00Q11] In i
O e B Gr huRL T BYEe b et i o
t dablienanibe Mhe seotpe ceeslcaveidicttr fbe’NESMAStatabR i Blison.

anot her enbodi ment, two or nore of the tunabl e antenna
is arranged as a spatial diversity antenna Bri ef

Des ] i IptahetherintiodtndX 81ihe fieh00di%he PhissntiiNEaRL. AR ﬂﬂia:%]ej shift
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MRS, the ki G & Q 8 4. H
(OO B LS oty e BN it e
sWHRYT dewe dispescd fcordsatrigrvitnthe cok owslebve, BdiGeort or Fb&e i2Bade

i ; Cct: . trate core of the
LGS S R E0LT e o
she wesradesing fling hwppubskeeat eudothet dfe the'sikatceniamsdidiing line
[ .acc ' to. anoth rhodi.nent of the .
a0 B, e SRR O LR, i e
signat fromethobntthver Sulged dintngSlugBYE TR sitIRaB LA RRRO6Ehase
Ssﬁ&%"@utc!:rnsleg\lfe%aayz Q‘e %Q:atgbl?i displaced by a gear-motor in relation to the relevant

substrate core/sleeve or phase shift core/slesve.

[0011} In another embodiment of the present invention, the tunable antenna comprises
a series of antennas, In yet another embodiment, two or more of the tunable 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 1o an

embeodiment of the present invention;



[0016] FIG 4A illustrates a bandw dth adj ustnent
sl eeve of the antenna shown in FIG 1; FIG 4B
illustrates the bandw dt h adjustment sleeve shown in

wh) fa10/4h0and a substrate core according to ali*@*r@éioosmo414
enbodi nent of the present gnvention; [0017] FIG

illustrates a phase shift core of the antenna shovvn in
FIG 1; [0018] FIG 6A illustrates a structure of the

phase shift core of e antenna shown in F

HEO] S %féflé§ff%‘ﬁsoﬁﬂFFi’ra‘%fW%§&“Jf%3%‘F“%%01E)Hé\‘g% a@ﬁmfﬂts%wn i
gquej;accordi ng to another enbodi ment of the present

i nventi on; [0019] FIG 7 illustrates a series of

dR Ce p b istwByRS TS & the S"é’é%%"? ench gl e 2aipwersbewn in FIG. 1;
qBosh MRRL QL afdifr BEESERbr RGN ERR oA dhd H929) sﬂ:dv&ﬁ inFIG.

iI'l'ustrates a diversity antenna according to yet
anochrdimgdorbadiarembodimentad thr mswentinyeiient i on. ' Det ai | ed
Description [00211 One or nore specific and

alternative enbodi nents of the present invention wll
roevsh &1de dustoed asittubiureaffahembgrdiositdve obitht acthed core shown in

It shall be apparent to one skilled in the
R s i nvent i

that this invention may be practised
wi t hout such specific details. Some of the details may

&Eﬁ@g %é&%%éb@@%q&%@éw%ﬁ@@ﬁ%&gmg E—:vé c())f tgep Snfehng s}.tlor*]»\?n in FIG.
L .
FIG. 4B illustrates the bandwidth adjustment sleeve shown in FIG. 4A and a substrate

core according to another embodiment of the present invention;
[0017] FIG. 5 illustrates a phase shift core of the antenna shown in FIG. 1;

00181 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. 1t shall be apparent (o 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



5 invention. For ease of reference, conmon reference
nunmeral s or series of numerals will be used throughout
the figures when referring to the sanme or simlar

weatasegpcommon to the figures. [0022] FI G pErshowsodiig
tunabl e yet conpact co-linear antenna 100 according to

an enbodi nent of the present invention. As shown in
FIG 1, the co-linear antenna 100 is made up of three

c stru res: a substrate core 150; a
bR 5 o6 0 I8 Qungim el e oS o feries of mumerals will
caraeed thiaghdyt tey Oeinet We SRSl B8R G@icor kB ar %ﬁu% common
pB hift core 110 di sposed co-axially bel ow t
%@?HS *Score 150. [0023] FIG 2A shows a substrate
core 150 according to one enbodi nent of the present

invention. The substrate core 150 is nmade up of a
dilREC Gl shpws arinabler ks cappadirre-lnett sk Opsdontlig to an

OR LByl d el bl‘é%ﬂt ﬁl%xftﬁ’)ﬁeAs %:]9)%4111 GG 1ﬁ B SHoms ﬁﬁl%ﬁ 200 s

substrate core a according to anct her e
ofnadp &p o dlyen porionvteln sirenuresT hesubsitasd cat d 5800 BanliGhh djustment

Q@VGUI%? glgspgscﬁ%lé&c fr xcélwqaﬁ 5unsdl tF ﬁ%ag.?z c@‘? g 8@ é’m# g %8&3%}11& core

sl eeve surr eCorelt

s RdvlispasedtGaxi2lB; bdidxethemuisnatslce&vléomz is made up of
strips of two dielectric materials 81,82 that are
alternately and axially disposed to forma cylindrical

s ey eFI(Eadhshbwa e KulsSh&e V@ ¢ 15@ adtasdifidiolRe ShbbBBeiof 83 esent
t hus eac strip is equally

R S 05 st g0 o g atioutn Ae & disiesenc v ahg iace intenna

Opdtetics 1 INEriKbPBRHe cHIRBNA shFstel S @ thin cylinder of a
dielectric material 23 and has three equally spaced

antenna patches 154 printed on its cyllndrlca

SpoifacEG. i $B&s %@Q&la{'ée&'i (%rac@&rd% B&h&h&‘?ﬁi élment of the

are printed on an inner cy I cal face
s@ﬁﬁ@?WV§ﬁE@VEhQ§®NMﬂmmambﬂhesnedbm@oﬁ@mmﬁonhﬁmahbeﬂnﬁand

PRLGER shedk £ surrounding the corefinner sleeve 152, As shown in FIG. 2B, the
inner sleeve 152 is made up of strips of two dielectric materials ¢,e, that are alternately
and axially disposed to form a cylindrical sleeve. Fach inner sleeve 152 has three strips
of each dielectric material &y,¢, thus each sirip is equally displaced at about 60 degree
with respect to each other. The support sleeve 153 is a thin cylinder of a dielectric
material e3 and has three equally spaced antenna patches 154 printed on its cylindrical
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 ébout 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 diclectric materials £y,8 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.



printed on an outer cylindrical surface of the support
sl eeve 153. The support sleeve 153 is rotationally
di spl aced about the inner sleeve 152, as shown by
way 70@ostke2s0 that the effective dielectric cepskaniosmnonsis
seen by the electromagnetig (EM field around each
antenna patch 154 is determ ned by the anount of
overl ap between each antenna patch 154 and the
dielectric materials 81,82 of the jnner sleeve

19928 ligne embodimeninpas agisnne Bl A FEEHPefsht G o simole
fp h %{31%{ i érﬁﬁ’hé’i‘rl@ isB8 M % @pkeﬁcﬂj Antthaa ) §€tkéﬁoﬂnbir R84 dipole

e suppoft sleeve 153 re ve to the inner sleeve
DBigh antyy®a2010/ 050892PCT/ SG2008/ 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
cmfozﬁat“mh 20 blerweas subistnaiy etre 4 A8k henoyding toj smoeiémpigidement of the

ant enn 0261 FI sh u r . .
BEot AR et ARG it SRBal o PR B SeEpde 150e
Iaﬁk‘i/ anbuen sledihe | FUTSE roatee sleercel 5135@ Binigar mrad@lsmpciimh etshfhe innel
ove strat core Oa an eeve 155,
S 121 D e 0n S R P e R S e SR gy o e
sSRBRS 153 eeve eﬂa@adlmleﬁt aneliaednod aeihls of iR uielee®d Ve the
155 is a radial prqjection of hﬁe |n er sl eev

152. In .
AP BRI RS 6V 1 SEUR Peothet aRtodinn Faqhrelgilfig materal
%%%egieth%%teqrs?cetr@ E%§ ?Jsr@lff@l%n{ hose hg’gK (ffrfﬁ(, hﬂl@legiee?\)eeﬁ)\ﬁe In one

n anot her e ment ectric materi al

2tbh3dneht bhehoutietas! @ﬁwesa&&hb Singhir f fr@r @ndr :ﬂee@m tibD48s are
of the . inner slieve 152. one enbdﬂg t of
Seipeble dp anispr avihgewpectip éhfa BT skere high é%@}é@sed between

1R2 koo 48 Ruidt AR €53 ISUMAS QN oW ERLiEreSRRMmMES, ﬂﬁeeffeotwe
support sl eeve 153, whi'ch is di sposed between th

idplestticaenstonitsern Y BeA6higld propgg eachquicpna pechda is ahustable by
%;1?391% Nr oeligp &k a%‘éﬁ 1Y€ aftbGlCeh e ?543 %HS ﬁﬁn&ml\%&ﬁe RMerials
t he M r %U e

ield a ach antenna patch
adpustcabll ehdbpntdimianieant Imﬁnc@lvcerehﬂapdﬂaehtgvdmnndresleeve 152 and
antenna patch 154 and the dielectric materials
the, quier sleews] by arg Ret IPRIFBIeHUET. 5| eeve. | n anot her
enbodi nent, the inner sleeve 152 and the outer sl eeve

155 are not rotatable in unison. ) )
j0027] FIG. 3 shows an inner or outer substrate sleeve 152,155 according to another

embodiment of the present invention. As shown in FIG. 3, the inner/outer sleeve
152,155 is made by forming apertures 156 in a cylindrical sleeve of a dielectric

material £1,e4 where air in the apertures 156 has dielectric constant ¢) or €s.

{0028] FIG. 4A shows a bandwidth adjusiment sleeve 180 according to another
embodiment of the present invention. As shown in FIG. 44, the cylindrical surface of
the bandwidth adjustment sleeve 180 has three equally spaced parasitic antenna patches
184. When the bandwidih 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,



[0027] FIG 3 shows an inner or outer substrate sleeve
152, 155 accordi ng to anot her enbodi nent of the present
invention. As shown in FIG 3, the inner/outer sleeve
Wi ddsosob s made by form ng apertures 156 i npgyrsgao0sm0041s
cylindrical sleeve of a dielectric material si,$4
where air in the apertures 156 has dielectric constant
22 or 25. (0028] FIG 4A shows a bandw dt h adj ust nent
sl eeve 180 according to anot her enbodi nent of the
present invention. As shown in FIG 4A, the
C[Méésﬂ dhcal Skt %cgmsme tBecRandWCaL R AdiHhRDL SLRRUE to
as three e l'y spaced parasitic antenna patches
1egthemptpbodiment r’fbrvvp@ﬁqmt Heyputiminim this pabedmagothe substrate core
r 1%6}%] la gﬂl%gé Xylgldﬁ%] %Sl%dqb\ﬂeg\hs Sy %@ﬁg i Qneﬁcgﬁi anhgn nﬁ@ba%mdmdth
atc arac eristics
tdui@s‘rEMnt iskebee a8l u,mnhaéfaoﬁ tianstaemna piatimbes digh4iria meaterial. Other

Seg%bg)ﬁélge%isg%f t% 2 ao ﬁgali' gtéter%ga Egc\:/ %{al % &gnoﬁgmﬁlgﬁxa& h% ogq{eega%%idth
chiprsacdne slesiei 168 anhyarlvas thisvdangenoihs subamnawiat h50agioh.

and directivity. W) 20101050892PCT/ SG008/ 000414 7
[0029] FIG 4B shows a tunabl e yet conpact co-Iinear

F06RNNAGLOQRoRE £ PRkl RBiAL QraN 0l RedordRd @dinweRt cfbodif@nt of the
present invention; in.this enbodi nent, the subst raa

oBpENtIgEetion ol Ry RRFFCSIL CPadA P dup sEtle cgindgral ¢ gsrslegve of a
diiob&GE afer ARIHI ’ch@lcymfthicﬁlt sukfage B?ﬂ@vﬂh@lﬁehshﬁ@hé&%tlﬁﬁ Nke printed
sl eeve 180 is nade of the sane or dissimlar

sk eawaliysppest erdaaderingrlines dndiydiopring snesndarig lines 111,111a of
CCHH%\ eﬁ‘t‘éﬁﬁ&%&tﬁ W@ t %se“s% %Bf % glrépél NAk; ésgagﬁdlﬁ’é tof A&ntenna

ustnment 's vari ou
epm:@dithacmfdlffhentsﬁmntthsatcé apother. 15@ardiigdh . th§ QB8O shilt of a
S n%n[ah éercmé/e at 01 ng%a'sﬁaenftesd:] En&n & Sgtr(],]ﬂ;ll’c} %@dé ?]s?\rraglﬁ@ %.Tj%ngltfball]lg.s (e)lhel
sd"nul:fotlmmmseoﬂi}h@ ch-Sin@ar anmm{aeaxe ywladadpiof abmbakone of ﬁieqﬁms: shift

of a electrijc era t cylindrical. s
ot b e hferubaleaoie hardth AlaipLireiR e SRR pleove
spaced rreanderi ng lines 111. By form ng neandering
lines 111,111a of different nunbers of neanders, the
phase shift of a signal corresponding to an antenna
E@G:ﬁf‘ ﬁ-é"f( A Shdmdepidid fhex et 116.00cbiidly t@fanﬁﬁﬁtclﬂ%dlmem of the
ccordingly, the phase_shift of a signal received
dneaen‘falﬁgqfﬁtww& shomw tthBlGarfreriha phog shit ¢oip 1&Qp is mace up of a
r
anﬁl%%i%%ﬁgé% Dlrm & 11?@9%% %%Hn g%@% Jhe ?Pﬁﬁul c‘haﬁgéce msaﬁugls and
wm%nmcllmamdpztdnbslmo\l 3. Jib strvcitie of dreaﬂhﬁmﬁwf&blé@ﬂdﬁ gimilar
bandvvl dt =
cﬁg éxucs%n ?al H%to ?% ﬁnf 18!&5?12%’60%)%% QHOi Ql%%\;lrJ ix tl%‘ 2%)&@;9"\5&1 the
enmmlh‘%nlm@f 1I]haxqorsmm1nsneradeoﬁ |U:03n mmémaspmmu Ib4FITBus, by

GA .th t core.11 .
oy RAFTGBRE b MY T TRt St sh s liggetc
Ghatb\ oftited egindiical ratees ddese AN, the pharddiit bf B astemPOrd0b is
sl eeve 113. The structure of the phase shift core 110a
igadgiagiustablei n construction to that of the substrate

core 150a shown in FIG 2B except that the nmeandering
lines 111 are shown instead of the antenna patches

1{5&32] ThUsSB Byovrset lmamhsﬂ baye GLQr &%p@»ﬂﬂ@OUﬁ%h@é\aqdﬁ@em of
r | aﬁflnv%ﬁtfo A?g‘l n B e oY H’lgbeshﬁ‘é@&@ (HGH s made c up of the

e cy dfical’ eore eve
pibasc*epi@hq: fhiftgbreahl Oarané anautOCioeves] adée amqimﬁ @lﬁ Iﬂ@ phdse shift

core 110b is similar in construction to that of the substrate core 150b shown in FI1G. 2C



[0032] FIG 6B shows a phase shift core 110b according
to yet another enbodi nent of the present invention. As
shown in FIG 6B, the phase shift core 110b is nmade up
wof 20tigog@bove phase shift core 110a and an OF@@@GﬁM@ﬁMﬁt
115. The structure of the phase shift core 110b is
simlar in construction to that of the substrate core
150b shown in FIG 2C WD 2010/ 050892PCT/ SG2008/ 000414
except that th nder i iines 111 are. shown |n
ek i SRR BEOHES A STy ¥ graemEnd) TRFres 14

ayah] lﬁpﬁtd‘ﬂ:nﬁlﬂﬁox%ﬁ%}:dﬁ e) %ehhdbﬁﬁg l-lilttgs Mﬂhﬂthﬁ%é}féetctb oin® of the
one of di el ectric materia t he phase shift

dicksesyie nm_rmia@ thg phasqhils aleefﬁ.lfl% lb'% therphayrserhel apgaisnag100b
age. adiw %@ble [0033] In the above embodi ments, by
rotati naI y displacing the bandw dth adj ustnment
sl eeve 180 relative to the substrate core
1 1
P9 1o g e bRl Yylou AR Sl YR Sindwiaty adfustment
166/ IG0arelA0b o eliccsubstsae boras Sg,éﬁ@ﬂ 136hneloi ahidfor thesenshilt core

U} B S B D g0 SRS st o i
BIHISARR et RAlida], biasaplafttind dissttieRg hldlhmradﬁlﬁtdbledlﬁ‘midmjtmg by
t he outputs of the two antenﬁas, alési nal. w ,gl fout
Blaging we 8L R wenpay sratially St HoRaBr Oth?*oﬁ@zﬂon rrtang © outpus
ShAWSy A Eht&Ha8 PN rd DRitRBIER sidhA1Go heisa b esbranddadi ment
of the present invention. The antenna 200 is formed by
connecti ng segnents of antenna 100, 100a, 100b, etc. in
gﬁﬂé esrd. o %1%W§‘aﬁ aﬁjceﬁﬁkfj%o eﬁ’:@&‘ﬁﬁl}éaw ah&hdheneaMidng oPtheti&ent
nna 200 is a feed for supportin
inventemi sThonattémes 204 @h@lﬁlﬁt{chy amlelﬁ‘ﬁ@ﬁ s¢gpents of antenna
T@%‘ﬂﬁ%}gébﬂg deé%ﬂﬁ?eim s &9 &'i a@EndaD B AOLSRBRT the antenna 200
, S own c At acteristic recel ving or
& tfeddngepadit 2 fox[mﬁﬁﬁ]mg:h@asnﬁssgjmh@savfdhw @aish taptennas and
ante na 300 fon arran t, S e
pderine Hnes, a%g 1}[ ooefi %pr e {ee\rlt\%au %I%tl){}@%’i{n%b B¢ 195 own
b@#wﬁbmhctamﬁﬁngbﬂcmmﬁngpmumfeIess conmuni cation; the
signals from separate antennas are sumred up, for
exanple, to maxim ze signal-to-noise ratio. [0036] An

2RYANFRY S Dbwhk BRIRESS QRfenta MBI BySarialgibg the spatlaliy spaced
ant ennas are Cﬁact and di sposed. i

a vert i cal |
By AEeTeRl | haelo IR Rt aldy at AEOI ol a D wireles
%glgﬂ%%%ﬁid‘n Olgﬁeﬁgﬁﬁb ﬁ‘mn s% bk SAFRh Rk RuhBed apt Iﬁﬁrb?(ample to

a, 10 ontrast t he phase s
mesheEnd smalm-aomwgnu onal systemis |ocated separate
fromthe antenna; in addition, the phase shift
mechani sm of the present invention does not enploy
{ooss] n4n didogssge s@tteqncncnmmwmok gs dleat dlekapitennes ersdéamgpact and

Iﬁg%’s%%%nhgg%rﬂ fail:la ﬁ%ln élﬁ% aggﬁ 9\%\0%51 ad%rﬁg@qg tﬂamﬁ@'ilﬁlés%@lnft

siebisdnfsal 8 isenatednd tiehasens N0 100a Oﬁ@b eE.. dmt@ttltasmﬂalelp}mse shift

di spl aced by a gear-notor, driv ation
SBEhanE Y 2 COWiﬁfb%’é@@gg%ﬁ ?18 BdAg antgmla, R addition,

the phase shift mechanism of the present inventmn 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, subsirate core and phase

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



[0037] While specific enbodi nents have been descri bed

and illustrated, it is understood that many changes,

nodi fi cations, variations and conbi nati ons thereof
WMl hse, made to the present invention W theptscanosmosts

departing fromthe scope o§ the invention. For

exanpl e, three antenna patches have been illustrated

and described. It is possible that four or nore

antenn‘g i@%tChes be used in the diversity antenna of '
t K3 7hr W soplie rmhodimanis dave Hisen esearmplied, anchallesttsdnat is

PaldeResd ahg ﬁiﬁﬁgp th ?Ejs, arﬁocﬂ%aﬂgns? r\jaﬂht%;s ﬁﬂvﬁﬁ%ﬁnaggﬁsh%%reef
met hods of forring the antenna patches, such as Dby

etoblsh hey made t@ehe ieseriginvendion naithovy ; depavting droon fheasepe of the
l SQ ¢ i \ RCTL 962008/ 000414 .10 ., . .

Sk o U0 LLALESARRETT BRORRLARNUg g
28s#elp ribatr fpu2 04 Mof2Et@Ra TRjchds bé usethabihe diyihiitydst@ak of the

n Rrksing. an el pngate substrate core; .a .
ara o ROR; e GrBale o EpRUdtGiE ol iftbutryes e
vitrinkedt hewstesithatreetials &if fantng theitagatechhasehshidyt eiching
cone di Sfposed. CP- axi al Ié/ bel ow t he substrate core;
and depositing] laminafing; and so 6n, are also feasxeble.



wherein a predeterm ned nunber of antenna patches are
formed on a cylindrical surface of the substrate core
and an equal nunber of parasitic antenna patches are

wioasimedosn a cylindrical surface of the bandpigtdroosooosis
adj ustnent sl eeve such that,the bandw dth adj ust ment

sl eeve and the substr e.ar perable to be
rotational ly displ ac%&fégﬁgba?eﬁﬁ\@gant enna
cmea\&ctbwgedntes'naﬁﬁneuBazeamohaaﬂ Febrarp@on 0{2ed2. 1)
A tunabl e antenna according to claim1l, wherein the
substrate core conprises a core or sleeve and a
support sl eeve, said core or sleeve is made up of

gt ri pé tefabloygylindricel argdnga vimarisdict f er ent di el ectric

const adiSugaW¥ diBsilaeeosd 1 PS being arranged in an
alternate manner to forma cylindrical core or sleeve

and t heahtidhrdiysircehslgevgrdsmosrdnecdcaniriealle vétiphesebstrate core;
sheeve. 3. A tunable antenna according to claim 2,
further conprising, an outer sleeve disposed concentric

wi th FHEORgERIrTe sBifeevedisrogsdrotiidly telavelre sebsiie Faes

St ri pghatintayredsdr@ircanSmpét dt sichhepaties qgeetbﬁﬁédrdnod eylindrical
rapnged in an

copstants, wth the strips, bein r

P LB ROre SwiEFor ST e R BN EP o Raeii|a seg HeAg 16 formed

¢t ai ayliBdrioaheméicn dfhtke baHastidiAtadjeicdl Skeervachmdth Okt Bindwidth
. rotatabl.e i.n _unison. .. A tunabl t enna

NG A R RS <47 e s Hahmel PP R e

o aptepigpdanteditidieraint adirekledy didngmbiagi al s i s equal

to the predeterm ned nunber of patch antennas. 6. A

t unabl e antenna according to any one of the preceding
&1 ai s tunghlerasionna pesoplinisie odimf &, vdoren dompbitescoge comprises a

FRARHSLEATald AGuRRSOGiAL edidd D FaRRvPAL & f
VIO 20107 050892PCT] SC2008/ 000414 * ~ a8y BF Bftps of two
materials with different dielectric constants, with the strips being arranged in an alternate

manner to form a cylindrical core or sleeve and the antenna patches are formed on the

support sleeve.

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 the number of pairs of
strips of different dielectric materials is equal to 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.

AMENDED SHEET (ARTICLE 19)



11 7. Atunable antenna according to claim®6,

wherein the phase shift core conprises a core and a
nmeandering |ine support sleeve disposed concentric

w folno/dsbez2core, said core is made up of alteppakerons/voodis
strips of two dielectric materials such that the
dielectric core and neandering |ine support sleeve are
operable to be rotationally displaced so that the

phase shift of the signal fromthe antenna is varied
during tuning. 8. A tunable antenna according to

Cﬂ ai mA? tungfﬂé E:ﬂﬁ&a%@é@&h ana191n6 %he?em %ga fe, Slq t c%%sc%gnpnses a
concentric he nea Ine su

Vioteang & raeaadering lige émp@nw@ewgdlm@ mc@ftrnawle rmacpe:, said core is
shddeRp &f alt‘c%tedétx‘ﬁis%tt\rvb Gl & fn@w!cﬁa[s sgchhtﬁ‘at tﬁ@ ggle@ﬁlc core and

ant enna accordi ng to claim 8 wher el n ase
JOTRAL g dipeE SurpartSleprarg preshic foderratationally élsphcqgimoghm the phase

E0ift o thaIBRI QoANhEHARANRGGRKEH MGidzQuaRy one of clains
4-9, wherein the substrate outer sleeve or phase shift

outer sleeve is rotatably displaceable by a gear-notor

isn r eLAatun@bieta'mtm aﬁcﬁhﬁk@m@ cRUMIST, I AkBerC WSSl eME o@Er sleeve
11.. A tunabi e ant enna

TR PR e dh B ATE RHPGRASE bl tHthguepslecve
&nipg omde op of lienpret@diafgwe lidietBic malstialsA di versity

antenna conprising two or nore spaced apart antennas
according to any one of the preceding clains.

9, A tunable antenna according to claim 8, wherein the phase shift core/sleeve and

outer sleeve is rotatable in unison,

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,

I, 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,

AMENDED SHEET (ARTICLE 19)



