AN ARTI FI CI AL DI ELECTRI C MATERI AL AND A METHOD OF MANUFACTURI NG THE SAME
FI ELD OF | NVENTI ON The present invention relates to an artificial

di el ectriworatsn7ssl? and a nmet hod of manufacturing the saoe/SGBACKBRAWUND
Artificial dielectric material mxed with randomy distributed conductive
fibres is a well-known conposition. Howkver, various problens exist

affecting dielectric lgsses in ' L figcial di I\ material
m xed with random‘vl &%F'Fl‘ﬂ&'e@%ﬁﬂ@k‘?@@ﬁ%ﬁé@A@&M&ﬁﬁﬁ b@r Art)
i I lustrates randomly distribupfANOFAERURIGHTHESANE2 in a conventional
artificial dielectric material. As shown in Figure 1, the distribution of

the fibres in the material is not uniform sone parts of the materi al
consi st of nore conductive fibres than other parts. Al so, after m xing,
some conductive fibres nmake contact with one another to create conductive
clusters $04.FIEBDIOEINVENTIORY consist of a different nunber of fibres. The
overall effect of fibres and other fibres or clusters having different
di stances apart and non-uni form concentrations of fibres is an increase in
di el ectric | ogrepresent ineermtidnerelatbs td An tdntificial rgidlestric apatesianaad aanethbdtdie
permttivity of 3 c{i electric material, e " represents the imaginary part of
the pernmitti JVPESHBFUIRR "H¥¥PFal , which is related to the rate at which
energy is absorbed by the material (converted into thermal energy, etc.).
Hence, e1" is a neasure of dielectric losses in a dielectric material. The
response 8t dielectric materials to external elect romagnetic fields
general ly deBAOKGROUND frequency of the field. In order to achieve small
| osses (i.e. small e ") at a required frequency for dielectric nmateri al
m xed with conductive fibres, it is

Artificial dielectric material mixed with randomly distributed conductive fibres is a

well-known composition.
15
However, various problems exist affecting dielectric losses in conventional artificial
dielectric material mixed with randomly distributed conductive fibres. Figure 1 (Prior
Art) illustrates randomly distributed conductive fibres 102 in a conventional artificial
dielectric material. As shown in Figure 1, the distribution of the fibres in the material
20 is not uniform, some parts of the material consist of more conductive fibres than
other parts. Also, after mixing, some conductive fibres make contact with one
another to create conductive clusters 104. Each cluster may consist of a different
number of fibres. The overall effect of fibres and other fibres or clusters having
different distances apart and non-uniform concentrations of fibres is an increase in
25 dielectric losses in the material.
In the complex representation of the permittivity of a dielectric material, ¢ "
represents the imaginary part of the permittivity of the material, which is related to
the rate at which energy is absorbed by the material (converted into thermal energy,
30 etc.). Hence, ¢” is a measure of dielectric losses in a dielectric material. The
response of dielectric materials to external electromagnetic fields generally depends
on the frequency of the field. In order to achieve small losses (i.e. small £”) at a
“required frequency for dielectric material mixed with conductive fibres, it is
necessary that the length of the fibres in the dielectric material be much smaller
35 compared to the wavelength at the required the frequency.



necessary that the length of the fibres in the dielectric material be nuch
smal | er conpared to the wavel ength at the required the frequency. The
creati on wh 200uwswrs affects uniformty, anisotropy, an®Crscred®9est3ohe
dielectric | osses of the material by increasing the resonance width of e "

Wien fibres make contact with each otRer, it is equi val ent to increasing
the length of the fibres. This increase in length undesirably |eads to the
shifting of resonance | osses to a wi de frequency range, in particular, the
| oner frequenthe treatin of dustddi affemits umifdrinity,i dnisdroppdarsd instemisss ltfeey dietgctric

di fferent distance art. . the.frequ idth of .resanan 0 i
further incr elaiﬁfa.ésfﬁﬁ‘? n}ah%rga bﬁﬂ%%?%r’r@] gfésosgéagggt“gétﬁhog ‘ng?‘lrﬂ ﬁ%? ?(’)ﬁ%gf

di el ectric | asmest withasash dghdry i (g1 eqaiyalbetnd, inéraagieg theclehgth, oftthe fibmase iThis
frequency range, and can.affect the fahricatjan of diel nic rials for
devi ces sich 'ﬁgfea?eel"e@P?ﬁ“c”’ld%ﬁE%%Y ?e&dgﬁgctﬁ Fh'ﬁﬁ'ﬁtcgnrga%nagt%%.loséggazé% Yv@r?al ly,
| ow | oss di el fe®juency raayerin phictilar, the bnen requerely irahdel. bcadditin, pith yibtepraade,

pol yet hyl ene, ,or,_the |ik i e are relativ i i ..some
appl i cati ons BYSER aﬁ'ingld@:e{??qéﬁsir%ch iaglag’, tﬁgﬁ?ﬁhénsggﬁé%éﬁcf? ?%aag 'eor?g%r’s',s

bei ng heavy ifsrtcemipcdased Alh thesdegiobbiscakedead do the rapmiificatimnedfodieleskticst s

to provide an artificial .dielectrli | a t _ane of
t he above- meﬂ??s(?ﬁég ap‘?’@%If'éeﬁggngjﬁ\?&R%’HﬁB%&'g@%ro& atoggg\ﬂmgﬁ‘fi&%ﬁergé%épga@? B the
present i10vendffeahthet fabrication @fr digledieid raatedals ifoi devdtesdswiheas diatectma danseas,
conprising: a.plurality of particles adhered together, the plurality of
particles con%@?éf'gantgxa?se?tgbtri c material; and at |east one conductive
fibre enbedded in each particle of the plurality of particles. The

plurality of rtigl ({?éi . t ' LYE or
an adhesive c(g%‘B/ P@?"%BV'W éggra e?clggﬁ?q‘la?\eq%%gf?g{?gfé@%%’%og? F}ral)lgap%?f ﬁdb@?ﬁb €
pol yur et hane; padyethydsy®x gt the like, in use are relatively heavy in weight. For some applications

15  of the dielectric materials, such as dielectric antennas, being heavy is considered an

undesirable feature.

A need therefore exists to provide an artificial dielectric material that addresses
at least one of the above-mentioned problems.
20

SUMMARY

In accordance with one aspect of the present invention, there is provided an artificial
25 dielectric material comprising: a plurality of particles adhered together, the plurality
of particles comprising a dielectric material; and at least one conductive fibre

embedded in each particle of the plurality of particles.

The plurality of particles may be adhered together using a rubber adhesive or an
30 adhesive comprising of a material in a group consisting of: polyurethane; and

epoxy.

The plurality of particles may be randomly distributed in the artificial dielectric

material.
35



The plurality of particles may be randomy distributed in the artificial
dielectric material.The dielectric material may have a density in the range
of 0. 005 wo 2009lig8sonB8. The dielectric material may be a PoasGpai7ywo®nBo The

f oam pol yner may be nmade of a material in a group consisting of:

pol yet hyl ene; pol yestyrene; pol ytetrafl 8oroethyl ene (PTEF): pol ypropyl ene;

I th ; d sili .. Th nd-t o-end t  ofs h
particle of tHE PpePEEmaertal mahave pdenibinee noe LIRS des (o 5

Each particle of the plurality of particles nay be substantially
cube-shaped. [Each conductjve fibre be substantially needl e shaped. The
conduct i ve fiﬁ?%g‘r‘?%?trf%'\"i'@{e&'af BRY e %nﬁ}laﬂh80|}'g}?ée of 0.5to 5 nmand a
dianeter in the range of 0.005 mmto 1 mm The at |east one conductive
fibre mayhe nmpde .of a material in a group consisting of ;. Copper.: Al umenium
Ni ckel ; S vet?e JRMGBP meéa@ﬁypg?t'f‘%?eé ‘gff At ﬁ‘@t%rl'%r'gl 't §°5P gg?%'?tfﬂges% ‘may
conpri se at |gagéthylenecopuiyestyrenef i folgtetrafiuaogibgicne gRTEF)aypolyirepyend;east
two conductive fibres naédts) arranged parallel to one another. The array

may conprise AOYYEHENE, @-array may conprise 1 to 10 col utms. The at
| east two conductive fibres may be oriented such that the conductive fibres

' |l el h ' ' i ,
| 2ast o corborgeos oy S ey R ot Beodt Birneh & PR Al RGeS, oy s

in one roM arreay bairstheramgdeyofd.Siodsmeh.wi t h respect to the conductive fibres
in another row. The at |east two conductive fibres may be oriented such
that the conductive fibres in one colum are parallel to the conductive
fibres i n andEduhrpatiidieiofithe plurality of particles may be substantially cube-shaped.

Each conductive fibre may be substantially needle shaped.
15
The conductive fibre may have a length in the range of 0.5 to 5 mm and a diameter

in the range of 0.005 mm to 1 mm.

The at least one conductive fibre maybe made of a material in a group consisting of:

20 Copper; Aluminium; Nickel; Silver; and Gold.

Each particle of the plurality of particles may comprise at least two conductive fibres

arranged in an array.

25 The at least two conductive fibres may be arranged parallel to one another.
The array may comprise 1 to 10 rows.
The array may comprise 1 to 10 columns.

30

The at least two conductive fibres may be oriented such that the conductive fibres in

one row are parallel to the conductive fibres in another row.



The at |east two conductive fibres may be oriented such that the conductive
fibres in one colum are transversely di sposed with respect to the

conduct i weof2oivogssorn anot her col um. The at | east two cenwEGROK®0d4B3br es may
be evenly spaced apart. The at |east two conductive fibres may be randomy
spaced apart. Different dielectric mat effials may be used for different
particles in the grtificial, djielgctric terial. Dfferent terials y be
used for the t%ﬂﬂﬁ?sit\%o F?’bdr”é:bv‘? ﬁbrgs maryrsHie %%?P%dcﬁu%gﬁag ﬂ??‘l‘éorgcg’ﬁﬁ\(?cft?qn\a/séma
fibres in a seeord perirarshersely disposad withi respdct th tHeecdnductivesfitzes al andther
accordance wth another aspect of the present invention, there is provided
a method of n&Mufacturing an artificial dielectric material, the method
conpri sing: enbeddi ng at | east one conductive fibre in each particle of a

plurality of part.icl t he, pl.ural i f._particl i Sl j tric
mat eri al ; %nd edﬂé??ﬁié”? 8‘6’5{‘%& © @?{Sg }é]at?frbgl qriei}{egjfSq’%%r%?al%eegéq%%c@'g?ﬁrﬁ?%ﬁg
artificial di@aleatiumeargizalichto thélvendudtipe tbresiirbamtdhergotimn.east one
conductive fibre in each particle of the plurality of particles may

conprise stacking one or nore rows of conductive fibres in parallel
arrangenent aftk atieasttworoordustiestilses mayltbe alieetedsiuch ¢hatdheecoraductivecibresiat

ot Tonst. two oot aie, BoferBap HsPord withy RRBEHER, i ofBAR o e

conpri se 10ut tanughdrivelustracked rows of conductive fibres and sheets of the
dielectric material to produce the plurality of particles. The nethod may
further conprise mxing the plurality of particles so that the particles
are randonl y Thesatiédsttvealconductine filbvesmdy beteivénly spacediapadct ri c materi al .
BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the invention will be

better understood and readily apparent to one of ordinary skill in the art
fromthe fol | v atdeast iva eonduetiver fibpes may bbyandoynlpspaced apart.
15

Different dielectric materials may be used for different particles in the artificial

dielectric material.

Different materials may be used for the conductive fibres in a first particle and the

20 conductive fibres in a second particle in the artificial dielectric material.

In accordance with another aspect of the present invention, there is provided a
method of manufacturing an artificial dielectric material, the method comprising:
embedding at least one conductive fibre in each particle of a plurality of particles,
25 the plurality of particles comprising a dielectric material; and adhering together the

plurality of particles to form the artificial dielectric material.

The step of embedding at least one conductive fibre in each particle of the plurality
of particles may comprise stacking one or more rows of conductive fibres in parallel
30 arrangement and two or more sheets of the dielectric material such that each row of
conductive fibres in parallel arrangement is disposed between at least two sheets of

the dielectric material.

The method may further comprise cutting the stacked rows of conductive fibres
35 and sheets of the dielectric material to produce the plurality of particles.



exanple only and in conjunction with the drawings, in which: Figure 1
(Prior Art) illustrates randomy distributed conductive fibres in a
convent i omel2o@va7sforci al dielectric material. Figure 2 ilPCuscret@sosandom
orientation of a multitude of particles_in an artificial dielectric
material according to an exanpl e enbodi Aent. Fi gure 3 illustrates results
of nmeasurenents of transm ssion coefficient vs frequency for an enpty
wavegui de, a waveguide filled with the artificial dielectric material of

t he exanpl e eTHzoehetmad nhdyl lﬂ:ﬁrtrremtcanlnpr‘rsth@dmga tie phoaldy wh\pedidetesd ithatethewi t h
aconventional rtificia t artlcle in
an artificialP ?se%rprr?r&éqpﬂy §Pf§1u{e ce rdﬁ% qgnfi%ggégle%ﬁch&%%n b

Figure 5 shovvs a particle in an artifici aI dielectric materi al accordi ng to
an al tern%te exanpl e enbodi nent. Figure 6 shows a particle in an artificial
dielectri¢ material according to another alternate exanple enbodi nent.

Fi gure 7 shovBRIBFEDESERIETION @pEHEDBAVINGS e di el ectric permttivity of
an artificial dielectric nmaterial conposed of the particle illustrated in
Figure 6.Figure 8 shows a particle in an artificial dielectric materi al
accor di ng t o Embodierentd bEtheaneerdionnil dechdtteati unsierstodd gnd eeadilyrapparemicto
frequency depend . i R fq

dielectric na(ﬁle%r :3{611 (':rgJ tsﬂﬁidﬂ tﬁ Jeedr?{”rb@rtﬁl c éé‘%l Hjuvgrth}eg\t e%ghnﬁhéh f Wég of

Fi gure 1(]0$hcmsmmeoelyemw inreeojunetion WIthIﬂEQIraomm imwhighhuf actur| ng an
artificial dielectric material according to an exanpl e enbodi nent. Figure
11 shows the steps involved in the process of manufacturing an artificial
di el ectric ndfigureall dBdar dirtigillustraiast readomiyardistabuied ockneduative HibTes LiFDa

DESCRI PTI ON conventional artificial dielectric material.

15  Figure 2 illustrates random orientation of a muititude of particles in an artificial

dielectric material according to an example embodiment.

Figure 3 illustrates results of measurements of transmission coefficient vs frequency
for an empty waveguide, a waveguide filled with the artificial dielectric material of the
20 example embodiment illustrated in Figure 2 and a waveguide filled with a

conventiona!l artificial dielectric material.

Figure 4 shows a particle in an artificial dielectric material according to an example
embodiment.

25
Figure 5 shows a particle in an artificial dielectric material according to an alternate

example embodiment.

Figure 6 shows a particle in an artificial dielectric material according to another

30 alternate example embodiment.

Figure 7 shows the frequency dependence of the dielectric permittivity of an artificial

dielectric material composed of the particle illustrated in Figure 6.



An artificial dielectric material according to exanple enbodi nents of the
present invention is lightweight, irrespective of its dielectric constant,
and has |wo2disal7esotri ¢ | osses. The artificial diel ectri eCmsiGeoi7abo436 t he
exanpl e enbodi nents can be nade froma plurality of randomy distributed
particles adhered together. The plurali gy of randomy distributed particles

is made of a lightweight dielectric terial. The ran of densjties of the
| i ght wei ght dii8{"ect rsf’gw?mﬁ peftigle B30 g‘@”‘ﬁ'ﬁb%@'%@‘%%@?@ e '"Petgs?noz'ﬁeé
needl e- | i ke cHMeenstd bxsnple Rrbodnetibedded within each particle. Were there
are at |least two conductive fibres enbedded within each particle, the at

| east two conductive fibres are in an array |ike arrangenent, i.e. having
one or nore riggurerfashowsdhe frequensy denendence ef herstidlgctrippempitiviticefran artificial

fibres e"%eddcﬁaeanvg&g{aﬁbr%@e&np@geﬁi&kﬁe ﬁrﬁcl@ﬂhsﬂ&e&ﬁfﬁé&r@é’."ith one anot her.

In the exanpl e enbodi ments, each particle is represented as a cube.
However, it is appreciated that the shape nay vary in the actual
i mpl ement at i dfigurddiCasbawge thes bigps titohaiidsinr thb utrocassodf mkhpufactadog nvatifididr es

of oach examiaeabuRE ol B sRBRIRRLS) el Ciney T

I ncl ude the sanme nunber of conductive fibre(s). Furthernore, as each
particl e nbeadgubhel sReV atd ¥Rpk iiVohed R B [bERY- bfi BnarhENEE BRMrtifdidihout
al l owi ng any contact between t,ﬁe conductive fibres, conductiveclusters are
prevent ed fr dli¢lgetieimaterig! aaqerding in ANAthes €5a%PP SeRANMEN n reduct i on of
dielectric | osses. The array-li ke arrangenent can be a 1, 2, or 3

di mensional array. ln_the ex e enbodi nents, the conductive fibres in
array-1ike arPg mpﬁ%@ﬁgﬁ&rt icle are randomy oriented with respect
to the conductive fibres in array-like arrangenent in another particle. It

I's appreci ated that the conductive fibres nay be ful .enbedd wi thin each
particle Po piegaiiiabdislecis majsgiabpceardingde @mP|eo?'é‘bXﬁ"Weﬂﬁe°fg‘g‘ret ﬁ’r{?F"é"qf rom

contacting invention is lightweight, irrespective of its dielectric constant, and has low dielectric

losses.

The artificial dielectric material of the example embodiments can be made from a

20  plurality of randomly distributed particles adhered together. The plurality of randomly
distributed particles is made of a lightweight dielectric material. The range of
densities of the lightweight dielectric material can be 0.005 to 0.1g/cm?®.

At least one needle-like conductive fibre is embedded within each particle. Where
25 there are at least two conductive fibres embedded within each particle, the at least
two conductive fibres are in an array like arrangement, i.e. having one or more row
that include the conductive fibres. All the conductive fibres embedded within each

particle are not in contact with one another.

30 In the example embodiments, each particle is represented as a cube. However, it is

appreciated that the shape may vary in the actual implementation.

Advantageously, the distribution of the conductive fibres is uniform as every particle
making up the artificial dielectric material of each example embodiment is
35 substantially identical, that is, they include the same number of conductive fibre(s).
Furthermore, as each particle embeds the conductive fibres in an array-like

arrangement without allowing any contact between the conductive fibres, conductive



exposed tips of conductive fibres within other particles. However, it is

al so acceptable even if the tips are exposed. Wiile, it is possible to have
tip to tiwocoewmEsdo7i n this case, the probability of suclkrCT®GRert0004s0stil |
significantly smaller than the contact of randomy m xed fibres to form
clusters in the nethods of conventional /manuf act uri ng of artificial

dielectric materials as described previously | L] ustr -
artificial di2SEEAR pfﬁi’fe@é}l eﬁonk%g CCor Elﬁ'ﬁgadtvghtgﬁée&esﬁla}enﬁp% an%égﬁamngmf. The
plurality of digedttic basepdhe achpdikeB2angenidnt cam beé BilcRadr Idielensionalarrayt er i al
200 is randomy oriented. There are 4 conductive fibres 204 enbedded in
each particle 202 in the artificial dielectric material 200. The array

ar Ir angenent dh théﬁfxa{in;ﬂemdmodi'meats‘, ither eandRi0tive fibresnin digaytlike ariangementriowseand 2
columms of 4 even spac IV ol i ta i th
one anot nér . Fetih e RERRMIE REHED . esPRECH BerPSupfle REESIASTRY, ' §

nm and t he siarangémeatdh apather particles about 1.5x1.5x1.5 mm The particles can
be made of a | owdensity polyethylene foam Figure 3 illustrates enpiri cal
results of measurenents of transm ssion coefficient 302 vs frequency 304
for firstly, laisheppreviatedcthahdhd aondustiee)dibtes miay Hoea fully zembgddgd dwithin leaeh

t hi ckness, 2 0 , .
wavegui de fi I?qgga(f@\n%t ;ﬁre%/ %{elq%(p?%dl @a?f%gﬁg{@tgﬁbge snﬁgrg)re [ %ﬁ?ﬁ(g%gg %?ogr{tjérlgm%inﬁe
(curve |2,1g3063)<posaw tiphi ofdicgnductiee Jiones weithingdtiorr  particled. owevar, dit eilsealspi ¢
materi a avi 1] ' - ' .
dielectric ma[&g?étgﬂg%g%% 'f?%)é( enégrggt;1 gggcelg\f/gveﬁllghf gg)é),gg'HI;e\sltgth ‘ée g‘gﬁ;ehpng %Crt,
type and | engn Hhisfcasenthecpiobabifity fesuchnebriant is Hith signifigaato smaber thensthey

pol yet hyl ene § I f J{Ch ' ' t L ki rence
s in the rretcﬁg%mo? F %ﬂgpﬁé%{e:d%@éﬁ'ﬁ%%ﬁgFlg%t??% ﬁ%t@%ﬁhgﬁgggggﬁ\{eghgiﬁerat e
curve 3, 308 manufaaitiringtal adificiaydieleatlicmatenalx aa desdibed prayintslyve fibres with

| ow densi1gy pol yet hyl ene foam as is done conventionally. On the other

hand, the method used for manufacturing the artificial dielectric material
200 ensures tfigure gadlusipetes ian artitigialydielectric material 200 according to one example

embodiment. The plurality of identical particles 202 in the artificial dielectric material
200 is randomly oriented. There are 4 conductive fibres 204 embedded in each
particle 202 in the artificial dielectric material 200. The array arrangement of the 4
20 conductive fibres 204 is two by two, i.e. 2 rows and 2 columns of 4 evenly spaced
conductive fibres in parallel arrangement with one another. In the embodiment, the
length of each fibre can be about 1.5 mm and the size of each particle is about
1.5x1.5x1.5 mm. The particles can be made of a low-density polyethylene foam.

25  Figure 3 illustrates empirical results of measurements of transmission coefficient
302 vs frequency 304 for firstly, a hollow rectangular waveguide with a size of width,
10mm, thickness, 23mm and a length of 400 mm (curve 1, 310), secondly, the same
waveguide filled with the artificial dielectric material 200 (Figure 2) (curve 2, 306),
and thirdly, the same waveguide filled with a dielectric material having randomly

30 mixed conductive fibres (curve 3, 308).

The dielectric material used to generate curve 3, 308, has the same number, type
and length of conductive fibres and the same volume of low-density polyethylene
foam as the artificial dielectric material 200. The difference is in the method of

35 manufacturing. The dielectric material used to generate curve 3, 308 is



consi sts of the same nunber of conductive fibres in a non-contact
array-1like arrangenent. The value of the transm ssion coefficient is a

di rect ilwo=best7ssen of the dielectric | osses in materialPeT/SGh@7roesdts in
Figure 3 show significant inprovenent of performance for the sanme wavegui de
filled with the artificial dielectric nBterial 200 (curve 2, 306) over the

performance of the sane waveauide filled it | el.ect ri Leri I n
randomy m xe'BaELBﬂ%fUrcetdi \Pé’ friaﬁa%'gg'( CnPJIIL’(I\'}]g ém Sg%@.u(a \;;/e o{l)ﬂsrg? \%g (I:(ﬁ'!r’\%'h%& 386,
and curve 3, pibthyleneFogor, @s3s dome conentaally.nan thehethdi hamd, ding methodt dred
transm ssi on coefficient val et | A
frequency. V\Véhm@BH%gﬁf'H%Y eﬁ@ﬁcn%oﬁ%ﬁcﬁﬁc @%ﬁer%n?%dégéé{ﬁ%%%\%%%g?@a}ﬁ% t(gglyt hat
curve 2, 306, cdmaistss whlthe | sasse fu(mbee .of | emduttivanfiyres dB) a uporeeontant drraydikency
of 10 G—Izg(waé/rfln a teﬂt 30m). In contrast, when conparing curve 1, 310, and
curve 3, 308, 0sses up to the frequency of 10 GHz is on average about
5dB. The particles in the exanple enbodi nents of the present invention are

made using a ' L: | : ' ' :
pol yrer s madel A b ARctuisb G B AR R bl e bR AR 9SS
0. 02g/ cm 3. lih matesaipr Bua easelis irhBigust B show gégnifisant improveraerd abfrerfaneancgl s,
such as Pol Y sy fi8NGmd BhVdldeHiel Wil hd whBE! G EIEERL mAha ROBRYNGES; 306)
pol yur et hane silicon, or the li1ke, may be used to make the particles. 'The
size of edch quer theperfarmanee ok thepsame: wovel uidenfillegayith dielastricamatghalgthayingo  of

t he wavel engt%ﬂ@_@&%xﬁéﬁ'ﬁg@ﬂ/e%é@{thm :{@ggpency. Hence, at an operating

frequency of parti s about the size of 1.5x1.5x1.5 mmare used. It
is appreciated that the average end-to-end neasurenent of particle size,

for any shapegy BEigh Ihe 408, 4if ofidd) D B0BNirt PRuFAIIENO kaR MU int frel O S
mm It is appr)}ec?%t ehbt(‘ﬁ‘at the é’?%fjec em{:;t'h rr'a')g b@ui n°t he rgnge of - about
0.5 to 5 mm difference in the transmission coefficien etween the two curves increases

values
15  with frequency. When comparing curve 1, 310, and curve 2, 306, one can see that
curve 2, 306, has small losses (i.e. less than 0.5dB) up to the frequency of 10 GHz
(wavelength 30mm). In contrast, when comparing curve 1, 310, and curve 3, 308,

the losses up to the frequency of 10 GHz is on average about 5dB.

20 The particles in the example embodiments of the present invention are made using
a low-density and lightweight material. For instance, foam polymers made of
polyethylene, with a typical density around 0.01 to 0.02g/cm’. It is appreciated that
other foam polymers made of materials, such as polystyrene,
polytetrafluoroethylene (PTEF), polypropylene, polyurethane silicon, or the like, may

25 Dbe used to make the particles.

The size of each particle in an example embodiment may be set at about 1/20 of the
wavelength of the selected operating frequency. Hence, at an operating frequency
of 10GHz, particles about the size of 1.5x1.5x1.5 mm are used. It is appreciated that
30 the average end-to-end measurement of particle size, for any shape the particle

may take, can be in the range of about 0.5 to 5 mm.

it is appreciated that the fibre length may be in the range of about 0.5 to 5 mm
depending on the operating frequency, and the diameter of each conductive fibre
35 may range from 0.005 to 1mm. To further reduce the weight of the material,



dependi ng on the operating frequency, and the dianeter of each conductive
fibre may range fromO0.005 to 1mm To further reduce the weight of the

mat er i al ,woredesat7ssoe fi bres with snmaller dianeter may bePuIsd2eabpece to t he
limtation that the skin depth at the operating frequency nust be nuch
smaller than the fibre dianmeter. The enbedded conductive fibres in the

par i cl e cane i, BRASLLAIMLANY FRAINHLY bo RLELIAE o hipl RS A0ER e

copper, silver, m nium  ni cke

configurati onsklm)ﬁepthet theropgrating frequenoygeust be nufchtsimallecthdn the fikse diapreder. i n
each particle can achieve different dielectric constants for the material.
To achi eve higher values of the dielectric constant, the nunber of fibres
in each partithe dnsbedded ecanddctiveolfibeass 81 ythe t partcies @28 bewmede afreres hl@h'Yt he

di el ectri C{:'] COodsHybve rﬁQSrlalyrfPﬁE%t%cé cﬁ%;?esr élﬂgﬁgﬁﬁ BRFdidiGhenicRel o??iét [<€: alr ‘ ay

the array 1i ke arrangenent i ment, each row o
consi sts of a row of conductive fibres arranged in parallel to one another.

Each row can }elﬁf]%o ut'ﬁfo Blo QHQJ%‘?{a Ikef LL iR rldhtlor e BN Ve QBrésamdom y

spaced apart e di st ance etvveen t I’ bres 1 n adj acent rows can al so be
evenly or ranchohi garigiecenl aelpeve diffeveat dietpctiic canstants ioF &e matarigl. do aghievgr r ay

can be ori enttﬁ?heﬁ%ﬁsh?ﬁ theGiefobfit Sonstand e " Byreof'fﬂ)ré%afrfile!aé* pafticle is

transversely spose i nstance, arranged perpendicularly) wth respect
to the fit esmcrﬁa%ﬁcbt@@mver@w ﬂona@lm\t%dﬁw%n‘ﬂﬁi@ﬁsrr@ tthe cdiglpctaip| canstant. thee

array can inc) r%fﬁﬂJeQWe&ft\ %Wgtrég&eﬁl bres arranged in parallel to one

anot her. Each columm can 1 nclude different nunber of fibres that are evenly
or randomy spaced apart. The di stance between the fibres in adjacent

col ums can af,Sfie ta‘?ra?"iﬁeléha‘ﬂbeﬁéﬂldé’f”ﬂhﬁ é@ﬁ%@e%@@&ﬁnenﬂ_%cﬁ'r@w the array

different col ums the array can be oriented such that the fibres in one
col uim are i reqpaists <Pfé'1 row oftqoaﬁwwé@r%s @Taieed dy peralie! tp 9ae anether. Fachigwd

15 can include different number of fibres that are evenly or randomly spaced apart. The
distance between the fibres in adjacent rows can also be evenly or randomly spaced

apart.

The fibres in different rows of the array can be oriented such that the fibres in one
20  row are in parallel or transversely disposed (for instance, arranged perpendicularly)

with respect to the fibres in another row.

In another embodiment, each column of the array can include a column of
conductive fibres arranged in parallel to one another. Each column can include
25 different number of fibres that are evenly or randomly spaced apart. The distance
between the fibres in adjacent columns can also be evenly or randomly spaced

apart.

The fibres in different columns of the array can be oriented such that the fibres in
30 one column are in parallel or transversely disposed (for instance, arranged

perpendicularly) with respect to the fibres in another column.

It is appreciated that the number of fibres in each row and column may range from 1
to 10 or beyond. In one embodiment, each particle can have a 10x10 array of

35 conductive fibres having 10 rows and 10 columns.



perpendicularly) wth respect to the fibres in another colum. It is

appreci ated that the nunber of fibres in each row and colum nmay range from
1 to 10 owolkegm1s’o7l n one enbodi ment, each particl e canPoase2e07h004k@ ar r ay
of conductive fibres having 10 rows and 10 col ums. Sone confi gurations
illustrating the array |ike arrangenent 10f the conductive fibres are herein
described with reference to Figures 4 and 5. Figure 4 shows one enbodi nent
of a particle 400 that includes a single row array of three needle-Ilike

conductive f'é’érﬁ% Eénrg;é,réiloagruﬁjsﬁaﬁgowa aﬂrar}arkralawa«agéﬂ@mtm e ICBRULEHES fibrRT

rows of fibres 06 and his en each row can include two
evenly spacedareinereis deseriged withreferense %ﬁg@ﬁéﬁta“dﬁ]e second row 504 and
fourth row 508 are oriented such that their conductive fibres are
substantially perpendicular to the first row 502 and the third row 506. The
propertied arfigfrecurhomsongsrebrdimen obf RERICIIAPR KabiRclugeh R SHIRAIONAHEYA' t he

artificial diglRHdebe-IkRi@hidtise @6e84dbNg to the exanpl e enbodi nents is
herein described with reference to Figures 6 to 9. Figure 6, illustrates a

particle residing in an alternate enbodi nent of the present invention. The

particle 600 ﬁ@;&eas Sheds praﬂhfwsodt@slnol@é% féurnmr@t fibbedTBOE 504, 806 %mtype
expanded pol yethyl ene with a density of about 20 kg/ nB. The nunber ?el r ows

602 is 1. Thé%r’rﬁéh'so?”%o‘?ﬂﬁﬁcméa"l‘ imfede we qVﬁnIgam?c[agv\f/qrgs n arpal

di stance et %Eé?\fgaﬁiieafs itk é*eeaﬁhmdw %64 hh&F&stH ﬁ)\AﬁQ@B’brelorrﬁﬁtedT&Q;H #agiheirof
each conductive bre is about 5mm and the di ameter of eac a?qoB}ee&tl ve

fibre i s aboutonduglivs fibfgs ?WeSLfPéfaé‘lt'?'éYI pereerfiear onbedissidaw: Y% Irdg
copper. An arbinfgoei al dielectric nmaterial created by randomy m xing
together a plurality of particles 600 has a density of about 51kg/ nB8. At
an operating frequency of about

The properties and frequency dependence of the different configurations of the
15 artificial dielectric materials according to the example embodiments is herein

described with reference to Figures 6 to 9.

Figure 6, illustrates a particle residing in an alternate embodiment of the present
invention.
20
The particle 600 has a size of about 1.5x1.5x1.5 mm and is made of a foam-type
expanded polyethylene with a density of about 20 kg/ m>. The number of rows 602
is 1. The number of conductive fibres 604 in each row is 2. The distance between
adjacent conductive fibres is about 1 mm. The length of each conductive fibre is
25 about 1.5mm and the diameter of each conductive fibre is about 0.025 mm. The

material used for the conductive fibres is copper.

An artificial dielectric material created by randomly mixing together a plurality of
particles 600 has a density of about 51kg/ m>. At an operating frequency of about

30 10 GHz, the real part of the dielectric permittivity of the material, &', is 1.25. The
imaginary part of the dielectric permittivity, £”, (i.e. dielectric losses) is less than
0.001.

The frequency dependence of the dielectric permittivity of the resultant dielectric
35 material composed of the particle 600 in Figure 6 is illustrated in Figure 7. Figure 7



10 GHz, the real part of the dielectric permttivity of the material, e \

Is 1.25. The imaginary part of the dielectric permttivity, e , (i.e.

di el ectriwol2o®398307i s | ess than 0.001 . The frequency dep@msdesosoeBot he
dielectric permttivity of the resultant dielectric material conposed of
the particle 600 in Figure 6 is illustrhted in Figure 7. Figure 7shows a

plot of dielectric permttivity 702 vs equyenc . .As _one can see
from Fi gure FNOVR& ‘ﬁ%%?f (iﬂ%ffa?t"BPef'Wg'VaY gbé:cY? ?’ieeu%bcsﬁaﬂzi) }BgyA? SNGIRBSEC
cons_t?tn_t at fffoaﬂtregmh ¥ hame ral §arz of ?’Hvadiellag'impéry?imiait)t iofalrdost! extstdnt at
permttivity e " has a s val.ue of. approxi e 0.001 at 1PCGHz and is
barely visi bIf?qf‘ﬁ"‘iy@“fji%é“z'laﬂil'ﬁd?‘@g§?g%qrﬁ%f{£ﬂﬁ%‘fcﬁc %erﬂ}itl{.'i"ﬁ’cf eR%B sp]gﬂi di ng
i n anot her alvagiertbppriipRéyeio1adt 10G6IzRING IS PrelyVisité irdthe fighee. particl e 800
has a size of about 1.5x1 .5x1.5 mmand is nmade of a foamtype expanded

pol yet hyl 8ne with a density of about 20 kg/ nB. The nunber of array rows
802 is 2. Theigugiseilluefrates rdpartitie 80D resiging 8 4nbihee aldrnater éibsdiwentsofdthe The
di stance bet ween fg&acent conductive fibres is about 0.3 mm The |ength of
each conduct iPFESSM BV8MO8- ahout 1.5 nm and the di aneter of each conductive
fibre is about 0.025 mm The material used for the conductive fibres is

copper. An artificjal djelectric eri C ed by randon L Xin
together a mil'fiR] eégbg“éﬁﬁ ﬁ'F%?Pg%%“thﬁéﬂag’g:%mr? ?ng's gﬁgﬁt%&nﬁﬁm'&ﬂe At
ggr (r)npte{ at1_otng éxp@:ﬁﬁbﬂt I‘pvy%eﬂ‘fy_léklﬁ \x&trlz? démyroeiléom%?tkgpm?t Tae dheibecbfrér]an rﬁws
ivity the_material e i S (L. he i inary .part, of. the
dielectric p@?)%i'? ?i vhe wmbem of Co(‘ij‘ét'.vecfﬂaéqse%%' 'f‘cealcgs‘Eé rgg)ro%g?.e‘lge f’ﬁgﬂ?cﬁ. 001.
-cli-'hel f requencwedmwlmmmt odndubtivediitebe st about PSrmint The idngtrodf éaeh coadudtivant
ielectric erjial c osed qof, the rticle 800.in FLqure 1S A trated
" F oure. o TerysAbost TRATE ardng Algfetir driat Frauslle RIS abotiRyipe Rt
frequency ( Gine ridtérialAsed fe thacorsiaetive finnedHsgopmer9, the real part of the
dielectriic permttivity is alnost constant at frequency band 2-18GHz. The

I magi nar;}gpart of dielectric permttivity e " has a snall
An artificial dielectric material created by randomly mixing together a mulititude of

particles 800 has a density of about 68kg/ m>. At an operating frequency of 10 GHz,
the real part of the dielectric permittivity of the material, £ ', is 1.46. The imaginary
part of the dielectric permittivity, £, (i.e. dielectric losses) is less than 0.001.
20
The frequency dependence of the dielectric permittivity of the resultant dielectric
material composed of the particle 800 in Figure 8 is illustrated in Figure 9. Figure 9
shows a plot of dielectric permittivity 902 vs frequency (GHz) 904. As one can see
from Figure 9, the real part of the dielectric permittivity is almost constant at
25  frequency band 2-18GHz. The imaginary part of dielectric permittivity ¢ ” has a small

value of approximately 0.001 at 10GHz and is barely visible in the figure.

Figure 10 is a flowchart 1000 illustrating a method for manufacturing an artificial
dielectric material according to an example embodiment of the present invention.
30 At step 1002, at least one conductive fibre is embedded in each particle of a
plurality of particles, wherein the plurality of particles comprises a dielectric material.
At step 1004, the plurality of particles is adhered together to form the artificial

dielectric material.



val ue of approximately 0.001 at 10GHz and is barely visible in the figure.
Figure 10 is a flowhart 1000 illustrating a nethod for manufacturing an
artifici avodn@logssori c material according to an exanpl e ecsdz2oennoed t he
present invention. At step 1002, at |east one conductive fibre is enbedded
in each particle of a plurality of partilgles, wherein the plurality of
particles conprises a dielectric material. At step 1004, the plurality of
particles is ln@nethedexararle saogimensrihe prasess of maryfagtuinadhe eftificial diglesirical .

anot her examihgicRaRAINER the KiBFINgISRERSSs QfodRRLfgsibyai no the artificial

dielectric material 1nvolves the follow ng steps, as shown in Figure 11. At
step 1102, copper wires of simlar Iength and di aneter in parallel

arrangenent giiesigprgdsiesh fdp@r Qﬁ&%ﬁ@mﬁﬂ?‘i’én‘@trpﬁna @?dﬁiété(rpi‘ﬁ pafRrRNdAtngement
pol yet hyl ene Each row of conductive fibres in paralle|l arrangenent is

di sposed Pn ¢ REdgdded r%we@wme&fgawtyeﬁexn%ﬁ?w\y@ hyle Bﬁn’é@ﬂl‘ row of

pol yet hyl ene.coRlni&ivk Yibred if fbapetuepérré‘r@emehvm@bea@ﬂesbmeéryst iey$taine sheetd! aced
in position to forma base | ayer per wires in parallel

a
arrangenent i% e de@a-tmﬁe?xmeﬁcn%w&tv"% tFI'fé“X (?psg%ﬁtf%{cf@a’aftyﬁ%éx d

| ayer. Ther eg{diyRinyléheot phiced i€ Bbsifidn fooRFh tayeaXRANNER, 8 ebw oF bu;bpmwes
pl aced over and adhered to the exposed copper wires so as to cover t he

exposed coppé? PRr3lekarrangemeant is ParebAer A theseshinetheipr surface alieRase nore

rows of qeppasyap Trsreast, shtedrsshebt dfGaamityReepanasd palyedlsaé iyplassd 6wt be
stacked one on top of the other in the simlar fashl% At this st&&e%the

user can decid¥ ashefasiofhe sxROsEdCEPRRIViIFES S Fto GoveEthE FXPPSRd FIPRRE

di el ectric maf giorékhart bige mmbeeo@éerr\mv& i8fdeRRBP o FoRS @recsoppedwaad anbe
orientation of each row of copggr Wi I E The tHI cknﬁs of the I \/E%ght
Y! &

diel ectric netefisAl foaMm-tyRscepraderhelygfaYiGRe fan Re Sigked PRS 086% can
al so be adj ush @b s.Fﬁﬂala@bmeNet\tpﬁeétstéﬁ efe @er 488 ae¢ife on ittie llﬁa@méetoinseffowme

sheet s of foamt ex ene are used . to sandwi ch four .rows of

copper Wi pes \A(Iﬁ?é?/%% p@gr}‘ gt d%lectrc material, ?he number of rows of copper wires
desired and the orientation of each row of copper wires. The thickness of the
lightweight dielectric material and the distance between the parallel copper wires

can also be adjusted.

20 To achieve particles as described in Figure 5, five sheets of foam-type expanded
polyethylene are used to sandwich four rows of copper wires therebetween. The
sheets of foam-type expanded polyethylene and rows of wires are stacked in the
manner described above. Adjacent rows of the four rows of wires would be

deliberately placed perpendicular to one another.

25
To achieve particles as described in Figure 8, three sheets of foam-type expanded
polyethylene are used to sandwich two rows of copper wires therebetween.
Adjacent rows of the four rows of wires would be deliberately placed parallel to one
another.

30

After stacking the sheets in step 1102 to achi>eve the desired particle design, the
stacked sheets are cut using suitable tools and machinery to produce the particles
at step 1104.

35



sheets of foamtype expanded pol yethyl ene and rows of wires are stacked in
t he manner descri bed above. Adjacent rows of the four rows of wires would
be del i bewat2edwo7gdoaced perpendi cul ar to one anot her. ToPatlsiGewe/opasoi cl es
as described in Figure 8, three sheets of foamtype expanded pol yet hyl ene
are used to sandwi ch two rows of coppeeri res therebetween. Adjacent rows

f the f ' ld b | i ber at el I d | | el
anot hor . A t At o bigthg PRdeeias gopiregiapep 105+ BES KBRIZORNNE desi r ed
particle design, the stacked sheets are cut using suitable tools and

hi t d t ticl t step. 1104 t I
par i cl s pr daaer 8- BRaBRdere ires par e Pt SREoatiitn BporiEe
r ialndomdy m X ezhdpalibived lte gry. IThetdzied MiRitireafoems @adatid andifickal dielentivematedakitie

tq dry. The dri . xt f | i ' '

mat or' al - Srnceug e orar S Jh0F o8 Glicshahén bl st bl

adher ed t ogetvaeioud sizéofonusaini diffesesti applicdtions.use in different applications.
Exanpl es of the type of adhesive used in the process are rubber adhesives
or adhesi ves consisting of polyurethane, epoxy or the |ike, which have | ow
di el ectric | aeaplesDepthedtypg ardhesivapsed datthe pradess hare dubbercadhiesivasitasr i al ,

parti ol 66 | n TheonEunp P e, BB By Shck ol b6k

exanpl e d@bodossents. It is also appreciated that different materials nay be
used for the conductive fibres in one particle and the conductive fibres in
anot her particle in the sane artificial dielectric material according to
t he exanpl e dddpeddingngdhe Epplicpti@sofdhe distestrigopatedalt it imaprreciated éhakdifiefenti al

di el ectric mgp Ehflé RS GLdaGot QirkRsht BAAERE §n BIEPAM CERiSiaPliSIeBlE WANBYS
| enses and diel'éciti c ant ennas.
according to the example embodiments.
15
It is also appreciated that different materials may be used for the conductive fibres in
one particle and the conductive fibres in another particle in the same artificial

dielectric material according to the example embodiments.

20 Examples of some applications for the artificial dielectric material according to the

example embodiments are microwave lenses and dielectric antennas.

It will be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific
25 embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects

to be illustrative and not restrictive.



It will be appreciated by a person skilled in the art that nunerous
variations and/or nodifications nay be made to the present invention as
shown i n wbeospaesofi c enbodi ments wi t hout departing fromCTise26101000430 or
scope of the invention as broadly described. The present enbodi nents are,
therefore, to be considered in all respdfts to be illustrative and not
restrictive.CLAIMS 1. An artificial dielectric material conprising: a
plurality of particles adhered together, the plurality of particles
conprising a gLastric material; and at | east one conductive fibre
enbedded in each particle of the plurality of particles. 2. The artificial
dielectric material as clained in claiml1l, wherein the plurality of
particl es are adheagdrtificigedibiettric satgriahcoraplisig:adhesi ve or an adhesi ve

conprising of a material i .group consi sting of: polyurethane; and epoxy.
S e ardh f1 cral apbraly otheriiect e Bogher hechinafiof Bl omeRollagh o
the plurality ofdigeadttic alagsial; andandom y distributed in the artificial
dielectric material,., 4. The artificial dielgctric terial clainmed in
claims 1, 2 or 3, HreP; e ﬁ%‘daf%ﬂeeﬁ?“?ieé“ dgpi"éIeanﬁspaglcgeeﬂgﬁ}eyplﬂ?mﬁh%ﬂ
range of 0.005 ftpartidgledg/ cnB. 5. The artificial dielectric material as
clainmed in any one of the preceding clains, wherein the dielectric nmateri al
is a foampolyner. 6. The artificial dielectric material as clainmed in
claimb5, 1gherei 2. t Tiee adificialpiiélyctec materiahde clafmed imedi@mi Blwhereia tige plupality of
e oy e, BatiRS "kl MihefR! (SiRiner *0sihg P& bBL! Ahdie Wibh eBadsRE=D)

’ comprising of a material in a group consisting of: polyurethane; and epoxy.

3. The artificial dielectric material as claimed in claims 1 or 2, wherein the

15 plurality of particles is randomly distributed in the artificial dielectric material.

4. The artificial dielectric material as claimed in claims 1, 2 or 3, wherein the

dielectric material has a density in the range of 0.005 to 0.1g/cm’.

20 5. The artificial dielectric material as claimed in any one of the preceding

claims, wherein the dielectric material is a foam polymer.

6. The artificial dielectric material as claimed in claim 5, wherein the foam
polymer is made of a material in a group consisting of:
25 polyethyiene;
polyestyrene;
polytetrafluoroethylene (PTEF);
polypropylene;
polyurethane; and

30 silicon.

7. The artificial dielectric material as claimed in any one of the preceding claims
wherein an average end-to-end measurement of each particle of the plurality of
particles is in the range of 0.5 to 5 mm.

35



pol yur et hane; and silicon. 7. The artificial dielectric material as clained
I n any one of the preceding clains wherein an average end-to-end

measur enewo 2069/ig880h particle of the plurality of parti clPe3/SiGRod7voadde r ange
of 0.5 to 5 M 8. The artificial dielectric material as clained in any one
of the preceding clains wherein each pa??icle of the plurality of particles

I's substantiall be-shaped. 9. The artificial dielectric nateri .
claimed in any éne arﬁﬂ%géfeé%«gr(ﬁ W@gé'ﬁgﬁsr%?'rqﬁaé? 8P¥|°8%8Lth8@ﬁ%§§{qg\?ééa@|§bre
i s substanti al | whaesdéschsfraiiee of thé plufdliy aff garfidles ialsubistehtedly culoe-stedapedi al  as
claimed in claim9, wherein the conductive fibre has a length in the range
of 0.5 to 5 mMmand a dianeter in the range of 0.005 nmmto 1 mm 11. The

alrt i ficial diel@ctThecartifidialrdicdctdcsmatesinhasdclaimedriy aonen®bf thhereuedmgdilaigs,
cl ai s, erein_the.at |east qne.con L,ye. ki ' g&q‘e of a material in
a group consi st ?”&]'Sreb'} ?aceo%)ﬁgi"&vglf@?ﬁ %:éﬁ%dﬁ,agig%?dlgip er, and Gold. 12. The

artificial dielectric material as clained in any one of the preceding
clai ns, wherein - 1.0,Cl i ) i .0f rti i.ses _at
| east two conduéﬁ'iaﬁnrel’ ?Drﬁ@(‘f'%sd 'eg?(gélcn@g%"imné%ﬁg'ﬁ%éa@ _c|a?§_gt, &f'ﬁé'%z'} ﬁé]ml& épgﬁ‘%

di el ectric mat efibral hassa ¢drgithrirdthierrangeaph0.52p Swihvem @nd a Giemeterlie disg range of
conductive fibr r ed parallel to one another. 14. An artificial
dielectric mat ersi%gs nﬁ"é%ﬁ%ﬂﬁéd in clains 12 or 13, wherein the

10
11. The artificial dielectric material as claimed in any one of the preceding claims,
wherein the at least one conductive fibre is made of a material in a group
consisting of:

Copper;

15 Aluminium;

Nickel;
Silver; and
Gold.

20 12. The artificial dielectric material as claimed in any one of the preceding claims,
wherein each particle of the plurality of particles comprises at least two
conductive fibres arranged in an array.

13. The artificial dielectric material as claimed in claim 12, wherein the at least

25 two conductive fibres are arranged parallel to one another.

14. An artificial dielectric material as claimed in claims 12 or 13, wherein the -
array comprises 1 to 10 rows.
15. An artificial dielectric material as claimed in claims 12 or 13, wherein the

30 array comprises 1 to 10 columns.

16. The artificial dielectric material as claimed in any one of claims 12 to 15,

wherein the at least two conductive fibres can be oriented such that the

conductive fibres in one row are parallel to the conductive fibres in another row.
35



array conprises 1 to 10 rows. 15. An artificial dielectric material as
claimed in clains 12 or 13, wherein the array conprises 1 to 10 col unms.
16. The awoi2besizsdo7di el ectric material as clained i n anpcorse2af7/0004a0 N5 12
to 15, wherein the at |east two conductive fibres can be oriented such that
the conductive fibres in one row are paFQIIeI to the conductive fibres in

anot her row. 17. artjficial dielectric terial as clained i ne of
clains 12 to 15,1];' EFWC'?hg'e!‘ngPe'QQ%”?b\BS g%mm g PPBroégg%@ﬁnlozg%Fiﬁ)’ent ed
such that the comdrdi ithe 4t leasts twao conductivey fibres taaanbe esrisated dustpdisadthai t h
respect to the conductive fibres in another row 18  Th tifici

di el ectric mat ercpgc?ucﬁge J'I%Eaﬁsn@d PR FQWyar(?ngrSBsfveEﬁeM #EPE?CFW%&SC% (%at?tlgi e he
at | east two cordudidctivefibrediresnatiaar rbe. ori ent ed such that the conductive
fibres in_one colum are parallel to the conductive fibres in another

colum. 19. The artificial dielectric material as clained in any one of
clains 12 to 15/18wher eitificibhdielttricomateriahas claimdert in asy bnérofclaime 12etootd.ent ed

such that the conductiye fibres.in on . re t Vi I i,shoged

wi th respect to"\fhﬁée"?;otﬁ%iu%t Ilg\a}gt M’Qorcgggﬁ’cﬁ&%%%%r&gof’%ﬁ!eﬂ%.es%ﬁej ﬂzéﬁt?‘ i cial
di el ectric mat ecoaductige bras rie dne molmn anecpavéllet tathescor@uctivelfibresvineammtinert he
at least two conductive fibres are evenly spaced apart. 21. The artificial

dielectric matefPal as claimed in any one of clainms 12 to 19, wherein the
at | east 1tOwo conductive fibres are randomy spaced apart. 22. The

artificial dielegtgic er . L. i iAWY ir® t i n
cl ai nB, wher ei nqgi f#ee?gﬁg'gééj'g‘eg@%rrﬁé@h%f%r |Ca, S a}negaghefﬁﬁlﬁﬁ??%?gn?j’
particles in thehardin ftheiatl ledste lvex toonduciise efiires .cap3be Tirentadt shdheithat the

dielectric mat erc!)r%uc%e ﬁi)l%isqﬁ%niencoﬂn%n %PeetrgﬁsJeps%l)pﬁﬁﬁgsfgdn\gitﬁ lr@ép'érﬁt to the
conductive fibres in another column.
15
20. The artificial dielectric material as claimed in any one of claims 12 to 19,

wherein the at least two conductive fibres are evenly spaced apart.

21. The artificial dielectric material as claimed in any one of claims 12 to 19,

20 wherein the at least two conductive fibres are randomly spaced apart.

22. The artificial dielectric material as claimed in any one of the preceding claims,
wherein different dielectric materials are used for different particles in the
artificial dielectric material.

25
23. The artificial dielectric material as claimed in any one of the preceding claims,
wherein different materials are used for the conductive fibres in a first particle

and the conductive fibres in a second particle in the artificial dielectric material.

30 24.A method of manufacturing an artificial dielectric material, the method
comprising:
embedding at least one conductive fibre in each particle of a plurality of
particles, the plurality of particles comprising a dielectric material; and
adhering together the plurality of particles to form the artificial dielectric

35 material.



wherein different materials are used for the conductive fibres in a first
particle and the conductive fibres in a second particle in the artificial

di el ectriwormasar7sslz. 24. A met hod of nmanufacturing an ar trfrisczed7/odeded ectri c
material, the nmethod conprising: enbedding at | east one conductive fibre in
each particle of a plurality of particleé, the plurality of particles
conprising a dielectric material; and adhering together the plurality of
particles to formthe artificial dielectric nmaterial.25. The nmethod as
clainmed in claim?24, wherein the step of enbeddi ng at | east one conductive

fibre in each pgrtigle o the ur a [,ng
one or nore romgg'o:rﬁgdn‘atb(?f’ﬁfe ?Wﬁcj XIa%&a%[')gleheq(Hearranqgmeor?tt br?gE@&gétor
nor e sheet s of tdast sheedopductive fived iaréaah padicle dflifee pleeality of partiofescomguises: ve

0 G8 Db ! haMg TRl RS SRR Rl bl YBarlh

the dieleltric mater e net
conprising: cutting ahe et ackete sbeats of theodidiectricveateridiresh dnat edebaow aff t he
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10 26. The method as claimed in claims 25, further comprising:
cutting the stacked rows of conductive fibres and sheets of the dielectric

material to produce the plurality of particles.

27. The method as claimed in any one of claims 24 to 26, further comprising:
15 mixing the plurality of particles so that the particles are randomly distributed

in the formed artificial dielectric material.



