1 Conpact Tunable Diversity Antenna Field of Invention [0001] The present
invention relates to conpact yet tunable co-linear antennas. In
particular, the invention relates to tunable antennas that are arranged
both vertically and spatially as nobile diversity antenna. Background
[0002] In urban and/or indoor environnents, there is often not a clear

| i ne-of -sight between transmtter and receiver in a wreless |ink.

| nstead, sone signals are being reflected along nmultiple paths before
finally being received. Each of these reflections can introduce phase
shifts, tine delays, attenudtompect dndakleddivdirsityrAntensat hat can
destructively interfere with one another at the aperture of a receiving
antenna. As a result, performance problens, such as dropped connecti on,
poor connection and even | ost connqg:tio\ri/;[| ar e experienced. This is
especial |y true in nobile communicatiof SWHER Y wirel ess device and its

antenna are qgooie NDVehePrkehsint dhtRAIEARE 1o BodbdcE lyESEin Sl efEned: Aatennas.
utilizes two or npre antennas, is effective at mtigating these nmulti-path

reflections lpdaftisglapvhe iventerarclatss tarienably anagrines that are arapgedkbal yerticalky
This is beca%g%g%ah&gg ﬁmbfl?ﬁ%%ﬁgaﬂtfeﬁﬂd a receiver several observations
- of a signal froma transmtter. C receiving antenna wll experience a
different interference environnent. Thus, if one antenna is experiencing
destructive interference and resulting in a deep fade, it is likely that
anot her antenna i s not experiencing dgiﬁckgf@ﬂild/e interference and has
sufficient signal-to-noise ratio. Thus, a suitable conbination of the

o ot ST 5P SR SR PR L bl W T it o>

net wor k. [ 00 eren rversity urres a
har dwar e and betveegriginkitter abd@ededver e acRireRBAliIhk YInofead, h@n& gpadls pat bkdng a
fair amount of_circuitry can be. s Also with multiple signals there

: har ed, ) _
is a great er "'ProtdAy YL 8BS Relvrr BRalbhkeipggespives, Bach of these retlections

can introduce phase shifts, time delays, attenuations, and even distortions that can
destructively interfere with one another at the aperture of a receiving antenna. As a
result, performance problems, such as dropped connection, poor connection and even
lost connection, are experienced. This is especially true in mobile communication when
a wireless device and its antenna are on the move. Diversity antenna, a wireless scheme
that utilizes two or more antennas, is effective at mitigating these multi-path reflections
to improve the quality and reliability of a wireless link. This is because multiple
antennas afford a receiver several observations of a signal from a transmitter. Each
receiving 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 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 link.



which can lead to tighter design requirenents. Usually, signal reliability
is paranobunt and using a diversity antenna is an effective way to decrease
t he nunber of dropped and |ost connections in a wireless link. 2 [0004]
Despite devel opnent in diversity antenna, there exists a need for a spati al
diversity antenna that is tunable yet conpact. Sunmary [O0005] The
follow ng presents a sinplified summary td& provide a basi c understandi ng

of the present invention. This summary is not an extensive overview of the
invention, and is not intended to identify key features of the invention.

Rather, it i t f. the | ti ts of this i i
I a gener al 1001 OFRIRLe R ERT da ¢t @nisai's; etk tover pAol thaon 1 0

fol I ow. [OOO&ivel§iB ff@SEMat iIMBIMIE PO C@fr@g&tdes an elongate and cylindrically
tunabl e antenna. "The antenna is tunable nmanually and/or by a notor. Two or

nore antennas are arranged to forma spatial diversity antenna for
inproving quality and reliability of alink in wreless comrunication. An
advantage of the antenna is that it is slender and conmpact. Another
advantage is that the phase shift core Susmmhdiyegrated and can be rotatable
by a gear-notor unit. [0007] In one enbodi nent of the present invention,
the tunable cylindrical antenna conprises: an el ongate substrate core; a
bandwi dt h adj0Mshehe fellewing resspis seimpliBert smempryap|pyovide A besie usdasending

core; and an gl shift re. disposed .co- axi.al. 0
substrate co rog ;ﬂ%\?\%g%egﬁt ﬁp\%ﬁg?% g(l é)tl Sesrugnlgnrll%réf 1rs1 ﬁlﬁg%r} S ?\Rélg% :f? ?}‘1%12{"&2{?’8 ’

formed on a eylliindoi tddndsdid ad@ti®f kéhEeadtbsbf @eCinb@itRnaRdthen i@l prossnber
of parasitic antenna patches are formed on a cylindrical surface of the

bandwi dt h  adpustoidhs inyprisEeconerits ehis Mentisana srnsraligy LS Resta IFREG & and
t he substrat@mggﬁgkﬁ&gmxgggﬁ@gﬁgn%qungotationalIy di spl aced so that the
varie

antenna characteristic 1

[0006] The present invention provides an elongate and cylindrically tunable antenna.
The antenna is tunable manually and/or by a motor. Two or more antennas are arranged
to form a spatial diversity antenna for improving quality and reliability of a link in
wireless communication. An advantage of the antenna is that it is slender and compact.
Another advantage is that the phase shift core is integrated and can be rotatable by a

gear-motor unit.

[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 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 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



azinmuthally during tuning. [0008] In another enbodi ment, the substrate core
conprises a core or sleeve and a support sleeve, said core or sleeve is
made up of strips of two materials with different 3 dielectric constants,
with the strips being arranged in an alternate nmanner to forma

cylindrical core or sleeve and the antenng patches are formed on the
support sleeve. [0009] In another enbodi ment, the substrate core further
conprises an outer sleeve disposed concentric with the support sleeve,

sai d outer sl|de¢driesapsianeswvish thepgripd being armangast inalis alirndic dadnperr nform a
dielectric c - i e styi bei ng.arranged .in. an rnat e
manner. The 3&@%@?%?8ﬁ§%%g%éggg@gﬁ%ﬁﬁﬂgﬁﬁgghgﬁ%g@%nﬁgynggf%g?§%§ﬁ ein
uni son. [0010] In another enbodi nent of the antenna of the present

i nvention, the ghase shift _core conprises a neandering |jne associated
with each patl@%hie enater cpbadistanbrthe sHbbaieneate Turtha Gomagses Al OHeE §legve

comprises a ¢ %%éarco%k&ﬁ%{@ dy,@ s{efﬁ%‘?tdﬁé L A9:did Dfier ?l‘é@x%%&ngﬁls@&&ﬁp%? ed

concentric wt he core or sleeve, sald core or sleeve Is nade "up o

al ternate st mggiadd witho ddifetrecdielectrivat@isiaalss vatid thehetripe cetter hmgnged nesarar e
formed on the neandering.line support sleeye, such that the re/sl.eeve
and neanderi Ag°M™ tr‘?énarglﬁbg%‘rergﬂl%ﬁ“@ f%?laevs;ﬁégameétsﬁ@%v@daax bt ’é’ﬁt%ﬁ%dnl gpuson.

di spl aced so that the phase shift of the signal fromthe antenna is varied
during tuning. The substrate outer sleeve or phase shift outer sleeve may
be rot at abl y [¢f18plmeeethtryerabagbmentrndittioe antennactdiathe presews inveatior) e ghase shift

substrate core/sl eeve or phase shif.t core/sl.eeve. 01 I anot her
enbod ment of S INESE MAOGRPRoNTe ARACEGHABIG SohE A BURRR JBdnotper
series of ankgbbéigment,thy PhaingHifl breebiNFHiAE At coré WP sREVETRAE aGhednligridgunabl e
antenna is arranged as a spatial diversity antenna Brief Description of

t he Drawi ngs SpOItecyRidisppsadesonteniriquith thecerese slebed stif opggyorofieeyeis Mpds t i ng
T oor et > Gb gh el SHHNr hIY SRAICAR miteldls b BeSRERabithd es ARBMRANY N0
the meandering line support sleeve, such that the core/sleeve and meandering line
support sleeve are operable to be rotationally displaced so that the phase shift of the
signal from the antenna is varied during tuning. The substrate outer sleeve or phase
shift outer sleeve may be rotatably displaced by a gear-motor in relation to the relevant

substrate core/sleeve or phase shift core/sleeve.

[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 to an

embodiment of the present invention;



[0013] FIG 1 illustrates conmponent structures of a tunable antenna
according to an enbodi nent of the present invention; 4 [0014] FIG 2A
illustrates patch antennas on the substrate core of the antenna shown in
FIG 1, FIG 2B illustrates a structure of the substrate core of the
antenna shown in FIG 1; FIG 2Cillustrgtes another structure of the
substrate core of the antenna shown in FI 1 according to anot her

enbodi ment of the present invention; [0015] FIG 3 illustrates a structure
of the subst rl8@¥l sﬁplé‘we&é iBpstiares paish entsanasomehe hgwhratersoreRifEhe anerw sh@yn {r0016]
FIG 4A illustpates a bandw dth adjustment sleeve of the antenna shown in
FIG 1; FIG 4Billustrates the bandw dt h adjustnent sleeve shown in FIG

4A and a subsiiGaB illenaes aceatttiend thOsudReib esre @RGNMARE skfwi IREIOr esent

i nventi on; [00175 FIG 5 illustrates a phase shift core of the antenna
shown in FI GFLE: 2€abussptes papthestiuciuge of die subsiratst qoue pLihe apfenpndhopwds1Ghi ¢
core of the gniepng, I 4 X i strates another structure
of the phase s Ci{}ﬂtEl gp%@@%ﬂ?ﬂa@ggn%%ogr@oet rgs%ﬁt 13%%@?1hent of the present
invention; [0019] FIG 7 illustrates a series of antennas shown in FIG 1

according to _an odi ment of the present invention; and [0020] . FI G
8 illustrat eé&igg&@éréiﬁ@trﬁtﬁf %ﬁﬁ‘i‘é?“éf@@gﬂtﬁ %‘ig“faée %ﬁveﬁgéﬁ%}m“@ﬁﬁ?ﬂ%ﬁgﬁw Iy
the present imgenkicepp; Detail ed Description [0021] One or nore specific and

alternative enbodi ments of the present invention will now be descri bed
with reference to the attached drawings. It shall be apparent to one

[0016] FIG. 4A illustrates a bandwidth adjustment sleeve of the antenna shown in FIG.
1; .
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;

[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



skilled in the art, however, that this invention nmay be practised w thout
such specific details. Sone of the details may not be described at |ength
so as not to obscure the 5 invention. For ease of reference, common
reference nunerals or series of nunerals will be used throughout the

figures when referring to the same or sin%lar features common to the
figures. [0022] FIG 1 shows a tunable yet” conpact co-linear antenna 100

according to an enbodi ment of the present invention. As shown in FIG 1,
t he co- | i nearn¥¢ittonnzoreee: ¢isefencde aopnadn tefireee comesht o1 serist ofusimeras wilh

substrate cor ; andw dt h adj.ust nment. | eeve 180 .di. sed
concentri cal I@e ‘}asggﬁ%@’@}?&g%gi%“ﬁ%ﬁ he(?orr6 = %%),%O @ﬁ&”&e Bﬁggjélsag%aﬁ{resc%orr%morilo
di sposed co- axitld fiyurkel ow t he substrate core 150. [0023] FIG 2A shows a

substrate core 150 according to one enbodi ment of the present invention.
The substrate core 150 is nmade up of a dielectric core and three antenna

patches 154 Rbéﬁ%qﬁj(}pq E}Q)SNSCQ' ltlinﬁgfei g%l co?ﬂrt%%ﬁgﬁiinéaqoeg’x% ll?O gc@ox% B &n

substrate core 150a according to anot her odinent o h prese
i nventi on. Thentodbsémt af eheqoeentm@enticn. ABARoWP i10FI@ 1¢ dreecodlindanmeentml [@éve 152

and a support sleeve 153 surrqunding the core/inner_sleeve 152. As shown
in FIG 2B, thH¥e ‘fﬂwﬂ’i‘ihf%q %)éls%m%étr}l@glﬁaid% supstrale corg | % ao?a"ﬁw&gﬁiaédué@ﬁnf c

material s El ,sk2ve hgd di@ﬁ(%e@l:&rﬁ:‘éﬂ@fcgllby aroﬁﬁ'@tlﬁ%h@étﬂﬁié QrSPapatd B%Pﬁs‘érsmf?core

cylindrical sleeve. Each inner sleeve 152 has three strips each
di el ectric mdtl@dispsedicorXjallythebove thehsubstratgedrs 1&qual | y di spl aced at about 60
degree wth respect to each other. The support sleeve 153 is a thin
cylinder of a dielectric mterial E3 and has three equally spaced antenna

pat ches 154 pod20t GUGODA ishGwsy bibddate ¢ate 159UWct@ERg tb BnOBBb&ITRRAH JTRRY pf)reﬁe*ﬁﬁ
antenna patches 154 are printed on an inner cylindrical surface of the
support sl eevvengon. The gibstrafe coerbdtismmade upd cadickniie pue eheshresanigpea

printed on a\r}}S{gHgisggzl%Jnit%{j%{&glcgﬁ%fcgf&r a](‘%e.t he support sleeve 153. The

support sl ee i's’r ion I'spl’aced about the inner sleeve 152,

as shown by arrow R so that
[0024] FIG. 2B shows a substrate core 150a according to another embodiment of the
present invention. The substrate core 150a is made up of a core or inner sleeve 152 and
a support sleeve 153 surrounding the core/inner sleeve 152. As shown in FIG. 2B, the
inner sleeve 152 is made up of strips of two dielectric materials €1,¢, that are alternately
and axially disposed to form a cylindrical sleeve. Each inner sleeve 152 has three strips
of each dielectric material ¢;,&9, thus each strip is equally displaced at about 60 degree
with respect to each other. The support sleeve 153 is a thin cylinder of a dielectric
material €3 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 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,e, 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.



the effective dielectric constant seen by the el ectromagnetic (EM field
around each antenna patch 154 is determ ned by the anpbunt of overlap

bet ween each antenna patch 154 and the dielectric nmaterials El,E2 of the
i nner 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. 6 [60025] I n one enbodi nent of the
antenna patch, the antenna patch 154 is a sinple patch antenna; in

anot her, it i[602%h laroreyenofodpatmthofatht enteasa pachytke amomhgraichi 154 5 asidiphol e

pat ch antenna FI G %C shows a substrate core. 150b accordin

anot her embodi aﬂ%‘rﬁn%%"}’ 1 REMONFR JBi AN dRiaY ipétﬁg aRigRNASy BsY St APRNEln s Ja.%ﬁjc??‘? s
made up of thetdhewensubstrate core 150a and an outer sleeve 155. The
outer sleeve 155 is simlar in construction as the inner sleeve 152. In

one enbodi nent, the out er sIeeve 155 is a radial projection of the i nner
sl eeve 152.

155 are the l ? ﬁos eW%ta Stuﬁgtmiq?l HEF Clé F)éétv%)rq@% 0 aﬂ“ﬁ?fo?ﬂ@ roés[negﬁt/e

each di el ect rpresemheasm@h THedsubBrat cbikel 50V iemadd eseafethéa'éoxvesmsttétewettst)er om
t hose of the inner sleeve 152. In one enbodiment of the substrate core
150b, the i nfdf 2Ryt lesve dpaelhe onsp sieew hr%els sustlan Wotaasiryction; asdhe wineh

e | moyo s BUPERTh ot ERNGailRL HOLED: {28 1SRISE L PR R ont fiond DREF AN

outer sleeves 152,15 rer e Ive
di el ectric cohsvan{2.deen dmbotheeEMhEididlectde wmhatsaﬁhhanhenrmcwtﬁtarksne is

djustable b th f rl t th h 154 dth
EAD B TS S A A B e R R SR R
enbodi nment , tsh@ bp%r‘f‘%%g%&ﬁlg% %rtg%fetteﬂtefrBHLt ﬁoseseteﬁt\éen%tér%l@er 1%9:[ In on

rotatable in un| son an | nner or er SU strate sl eeve

152, 155 accokgibbdiniedt MOhd &ubstRAP RBIdTEBYb, Ofhe t iABerPARE 80fer | REQEY 1M 15AHrS hOWn
in FIG 3, the inner/outer sleeve 152,155 is nmade by form ng apertures 156

in a cylindrretatabls|isemisonfvith wisedcete thecsupport sleeve 153, which is disposed between

the inner and outer sleeves 152,155. As in the earlier embodiment, the effective
dielectric constant seen by the EM field around each antenna patch 154 is adjustable by
the amount of overlap between the antenna patch 154 and the dielectric materials

£1,€2,€4,€5 of the inner/outer sleeve. In another embodiment, the inner sleeve 152 and

the outer sleeve 155 are not rotatable in unison.

[0027] 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,&4 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.



material El,E4 where air in the apertures 156 has dielectric constant E2 or
F,5 [0028] FIG 4A shows a bandw dth adjustnment sleeve 180 according to
anot her enbodi ment of the present invention. As shown in FIG 4A, the
cylindrical surface of the bandw dth adjustnment sleeve 180 has three

equal |y spaced parasitic antenna patches -184. \Wen the bandw dth

adj ustnent sleeve 180 is rotationally displaced wwth respect to the
antenna patches 154, as shown by arrow R, characteristics of the EMfield
around each antenna patches 154 are adjusted by the amount of overl ap

bet ween t he r Sltl ¢_ant.enna 4. e
oo actori oy BEeP N8, BH QISR IHind b SRR A Rk e Ea IERRR 100 0o OFRE o
[0029] FIG zbaoéieombadlmenabf eley;ﬁtase@omaﬁfﬁorgon lthip @adboditieannae tdrarcwes di ng

to anot her e]g%odl ment  of t(ﬂg gr esent _invention; in this enbodi ment,  the
substrate corgV 18¢Rle sydndrspbeqrgor sepyeced @ élé]reétr@rm%t%@v‘éhléﬁf the bandwisdh ri ¢

mat eri al  whi | gtustdig i RaRgw g u n [ or
di ssim |l ar di e{uesctrl c mat er?gf rﬁ%te gi% %%édﬁengﬁ f d%i%e conﬁﬁeﬁ%gfogl%{rgnna
are made up cﬁﬁnhﬁdmmoﬁ basodinethentbamcue didde vadj fustrﬂmmlosi; efthe bhaOwitd

vari ous enbod] men ft str.ate core 150a 0030 5 shows a
phase shift cnguéni 3 %Vc?rﬁ&aﬁg V?H"‘é?n%]ﬂl?‘i)é]fm%‘ﬁ%%% Str% FF]EI% S-lég‘ént

i nvention. The phase shift core 110 is a sinple cylindrical core or sleeve
of a dielectric material. On the Q%/Iindrical surface of the phase shift
core 110 are [f3Phidd. Stshewe aenipaxl shiftsyonc &0 amanteg 'rtmgncbth:rre@nliommers;offtber m ng
meandering |i rent, . punbers

STt of o sPhRgibetbd P bl bR LA R g e TRER A Kt 0t SRR LR en
fromthat of dmh@iﬂﬂ@mate@mbdbldﬂfbgé}ymdhbﬂ fbaseosthefghasd skaft @)‘r@'ﬂﬂb afeelﬁr@rlté/ced at
or transmtted fromthe antenna 100 is varied azjinuthally.

enbodi ment s &% feially-spased dpeanderdnh nesr & lrrﬁélt,fonbméfm%ﬁﬁ‘lfi*ﬁahﬁl%rﬂs} ldfl1a pk

phase shift joane %%b@&%f%f@%@ Vihe %'ﬂg)&t dft §r £Q5fal ]c%%s;;()%gplgqg 4/ Qhtenna

bandw dt h adj ust nent sl eeve
patch 154 is made different from that of another. Accordingly, the phase shift of a

signal received at or transmitted from the antenna 100 is varied azimuthally. Other
embodiments of the co-linear antenna are made up of combinations of the phase shift
core 110 and the above substrate core 150a,150b and/or bandwidth adjustment sleeve

180.

[0031] FIG. 6A shows a phase shift core 110a according to another embodiment of the
present invention. As shown in FIG. 6A, the phase shift core 110a is 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



[0031] FIG 6A shows a phase shift core 110a accordi ng to anot her

enbodi nent of the present invention. As shown in FIG 6A, the phase shift
core 110a is made up of a «cylindrical core or sleeve 112 forned froma
conposite of two dielectric materials and a neander |ine support sleeve 1
1 3. The structure of the phase shift core 1 10Cais simlar in
construction to that of the substrate corg 150a shown in FIG 2B except
that the nmeandering lines 111 are shown instead of the antenna patches
154. Thus, byexcerstthati tbaandapdesingr lirgspl Id gare lsbowe drrteadi afgthe jantegna patcheist 194

respect to on 1 ctri - erial of the lLindrical core qr
Foove 112, vrethth dElteRyErbi Gop TRE hiinBipd [Ees 0B ie0 8t BEVE Migoaz)
FI G 6B showslide@hiasatsiisfdf teopiesd 30h saecol il NG, e phete shitobhar artsipad 00Nt
of the present invention. As shown in FIG 6B, the phase shift core 110b
i s made up of'S PREe adiB¥ephase shift core | 10a and an outer sleeve 115.
The structure of the phase shift core 110b is simlar in construction to
that of the substrate core 150b shown in FIG 2C 8 except that the
meander i ng | i[0@8S] 14 theaabeve hmbndinreatse byl rabtidiaby disbroing thabaldesdih adjustnigai n

by rotational 0 I ing the andering lines 111 with respect .to one of
Che Cdrel ect i1V BLrRaR Bt terubafecosn it Lhdale ol pmbies o Shfiees
shift of an gn ) -Tal he:.a :
enbodi nent s, bg’q? DR1 I e “3“%&5‘3% %'S*h? Rifennn 10530 gbﬁba BB as pain,

180 rel ati ve beudwidéh, bedys widtheplooe ehifis0d 156etivisOlre nertde admsabler Inphidgmnsby f t
core 110,110a, 110b ... characterjstics. of the antenna 100, 100a, 100Qb,
cto., such adtshit™o Bafiararie BeHiRat o sadeo B e QARG O SURE
are nmade adj wstiahe.anleAnaddisichONwitPYighR|AGI- Qa0 istdbeaidMi&nnas spatial l'y
apart from each other and conbining the outputs of the two antennas, a

signal with high signal-to-noise ratio is obtainable. [0034] FIG 7 shows
ah 2nt emne. 29888 £5 3 St By FIREL ATRRELAECh, Syl SpBagREm:orWvsRier
invention. The antenna 200 is formed by connecting segments of antenna
100,100a,100b, etc. in series to form a slender antenna. In the centre of the antenna 200
is a feed member 210 for supporting transmission lines of the patch antennas and
meandering lines. Each segment of the antenna 100,100a,100b has its own

characteristic receiving or emitting pattern.

[0035] FIG. 8 shows a diversity antenna 300 formed by arranging two spatially spaced
apart antennas 100,200 to improve quality and reliability of a link in wireless
communication; the signals from separate antennas are summed up, for example, to

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, 100a, 100b, etc. in series to forma slender antenna. In the centre of
the antenna 200 is a feed nenber 210 for supporting transm ssion |ines of
the patch antennas and neandering |lines. Each segnent of the antenna

100, 100a, 100b has its own characteristic receiving or emtting pattern.
[0035] FIG 8 shows a diversity antenna 3@0 formed by arrangi ng two
spatially spaced apart antennas 100,200 to inprove quality and reliability
of alink in wireless conmmunication; the signals from separate antennas
are sunmed ugf0¥brWailengpeeifict embadinienisz davd dgrean - describids end atllustraf®036]is An
advant age of r nvent i i.s that. t he antennas Tnac

di sposed in ék@g??wgiﬁagﬁgﬂﬁfﬂ%ﬁggig%@“%?hﬂ%%ﬁmﬁﬁ%wﬁe%K5§®§W§§g§gf%mgﬁgt

t he phase shidotld beahalei ®ntiespicsdneghadigidni Withdie dphieinpardQ0the | scOftb of elie. .
In contrast, .the ggﬂfe shift mechanismin a conventional system.is | ocated

separate fr od?ffq’i‘éi @ iXamPlenthaA{sIA patcherehayp s dipratcchutdhiesriaieol 1t he
present i nverokGhe ARRSIPLr SHRE Oaﬁlténﬂﬁl' ghil B0&Red ixﬁ%eeﬁf\@lrsit?%h%flé(%f Qe
adaptive coding algorithnms. Another advantage of the presen Invention is
that each of présentomrventiait Hn ahotiet meample| deyv entemnsbpatciadseare alescried gshlzseg

shift core is_rotationally.displaced a gear-notor drive 190 in relation
to each otheppn%d’ 85@%?’&Wﬁigggﬁéﬁpf3§“gﬂggﬁiWﬁﬁ?@lﬁﬁv@&ﬁgé ay by s and
||l ustrated, ahl digosiciRdRishARG. LRl RN AhABARRe, MOdifications, variations
and conbi nations thereof could be nmade to the present invention wthout

departing fromthe scope of the invention. For exanple, three antenna

pat ches have been illustrated and described. It is possible that four or
nore antenna patches be used in the diversity antenna of the present
invention. In another exanple, the antenna patches are descri bed as being
printed; however, other methods of form ng the antenna patches, such as by
etching and depositing; |amnating; and so on, are also feasible. 10



CLAIMS: 1. A tunable cylindrical antenna conprising: an elongate substrate
core; a bandw dth adjustnent sleeve disposed concentrically wth the
substrate core; and an el ongate phase shift core disposed co-axially bel ow
the substrate core; wherein a predeterm ned nunber of antenna patches are
formed on a cylindrical surface of the Sﬁgstrate core and an equal nunber
of parasitic antenna patches are forned a cylindrical surface of the
bandw dt h adj ust nent sl eeve such that the bandw dth adjustnent sleeve and
the substrat bAMMSsre operable to be rotationally displaced so that the
antenna characteristic is varied azinuthally during tuning. 2. A tunable
antenna according to claim1, wherein the substrate core conprises a core

or sleeve and.a suppomblesyBital sabthacOnPriohes! eeve is made up of strips of
two materials with different dielectric constants, with the strips being
arranged in an al PSIHREE SHRTWFE CFYS form a cylindrical core or sleeve and

the antenna patchesyagidd AiiGhaADtAR SURROS LoReffkAly Rin fhd UASRLE ARt enna
according to claim?2, tur r-conprrsingan outer steave i sposSe
concentric wiahh t he support sleeve, said outer sleeve conprises strips of

two materials with ielectric constants, with the strips being

i fferent :
arranged in an alap§?9§’§f“8 pﬁﬁgﬁr?g%ﬂ cofe digppssd snraxiadithslovaths selsitatetgs o claim
3, wherein the sulglctat § prQERIH|RENEMBEI,r A Gh g?ﬂgﬁﬁvage gn%g{i 9&%&?9&%&2

uni son. ewe 5. A tunable antenna according to el n
nunber of paisegagsf olsthei pbstrae eowqual an @qoal munmher tdfphagastfc srtenmar pdetcerand ned

et g o1 S b A Bindal M08 D g BoRBN T SAREEAY o2& Wt B Bhe ' 1
bandwidth adjustment sleeve and the substrate core are operable to be rotationally

displaced so that the antenna characteristic is varied azimuthally during tuning.

2. A tunable antenna according to claim 1, wherein 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 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.

e
5. A tunable antenna according to claim 2 or 3, wherein & 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.



phase shift core conprises a neandering |ine associated with each patch
antenna. 11 7. A tunable antenna according to clains 6, wherein the phase
shift core conprises a core or sleeve and a neandering |ine support sleeve
di sposed concentric with the core or sleeve, said core or sleeve is nade
up of alternate strips of two dielectric gpterials and the neandering
lines are formed on the neandering |ine support sleeve, such that the

cor e/ sl eeve d nmeanderjng line support s|leeve are operable to be )
rotational | yaﬂdi s é‘&@ﬁle tﬁtﬂﬁ%@@@ﬁﬁg%l‘f?a@@ﬁg}ﬁ; ?\themn {*)‘ﬁ &hay GhIA) CoFG eRpIEES
antenna is vaf¢dofuedvaGntl WhaGderir: lifd &Hﬁ&%@e@efﬁiﬁﬂ% RREHGH Pt &gl m
7, further conprising an outer sleeve disposed concentric with the
neander i ng | i Heslesuppoid cast e vlesvenss thadsaipdofoalteenates stepy ef tvvedinigetiadeatealef

Iternate strj diel ectri jals. 9 A tunabl t
according 1o Lhararg Gl iRt bRUORELER U Frordlrieh LICRPESHATVO0ER 18l cove

i's rotatabl e thel curt/s@Re ahd. méburddenadliRe aHENDNAIRCE ArdbpGatl® t8ME RRidblly
clainms 4-9, wherein the substrate outer sleeve or phase shift outer sleeve

i s rotatabl y Girsiedse st bephase hifhet thosignali from thel aatanom isvarieh duning ewingt
substrate core/sl eeve or phase shift core/sleeve. 11. A tunable antenna
conprising a series of elongate antennas according to any one of the

preceding cl & ms. A2unaBledhnteiti dotoRie BN alag@MRr futh@cdnfistly A LAtes Rieed
apart antenn%ﬁ according to any one of the preceding clains.
1sposed concentric with tlie meandering line support sleéve, with said outer sleeve

being made up of alternate strips of two dielectric materials.

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.

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.



