WO 2009/078807PCT/SG2007/000430 1 AN ARTIFICIAL DIELECTRIC MATERIAL AND A METHOD
OF MANUFACTURING THE SAME 5 FIELD OF INVENTION The present invention relates to an
artificial dielectric material and a method of manufacturing the same. 10 BACKGROUND Artificial
dielectric matgripd sixsgkyyith randomly distributed conductive fibres is a WFE‘E‘??&%Q%%@Q@?SMO”' 15
However, various problems exist affecting dielectric losses in conventional artificial dielectric material
mixed with randomly distributed conductive fibres. Figjure 1 (Prior Art) illustrates randomly distributed

conductive fibres 102 in i%§ %&%@E@%ﬂ%ﬁ%ﬁ%@ﬁ%%% A3 %ﬁéﬁ%&gﬁsgz o

distribution of the fibres

conductive fibres than other parts. Also,MASLURKINGEENE Ao BalkEfibres 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 25dielectric losses in the material. In the complex
representation; of the:peramittiMbeaiacgieiectric 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
(convened into thermal energy, 30 etc.). Hence, c" is a measure of dielectric losses in a dielectric
material. The respoPR@EHEIEEMPRIATAIEHHEES ty Stamirdediptrmgroaicheldngeneratipdeends on
the frequency of thefieldcln-atderteachieve small losses (i.e. small c") 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 35compared to the wavelength at the required the frequency.

BACKGROUND

Artificial dielectric material mixed with randomly distribuled conduciive fibres is a

well-known composition.

However, various problems exist affecting cﬁeiéctric losses in conventional artificial
dielectric material mixed with randomily distributed conductive fibres. Figure 1 {(Prior
Art) illustrates randomiy distributed conductive fibres 102 in & conventional artificial
dielectric material. As shown in Figure 1, the distribution of the fibres in the material
20 is not uniform, some paris of the material consist of more conductive fibres than
other parts. Also, after mixing, some conduciive fibres make contact with one
another v 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  dielectrnic losses in the matenial,

in the compiex representation of the permilivity of a dielectric material, ¢~
represents the imaginary part of the permitiivity of the material, which is related o
the rate at which energy is absorbed by the material (converied into thermal energy,
30. etc.). Hence, ¢" is 2 measure of dieleclric losses in a dieleciric material. The
response of diglectric materials to external electromagnetic fields generally depends
on the frequency of the fisid. In order to achieve small losses (e small ¢") at a
‘reguired freguency for dielectric malerial mbed 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 freguency. '



2 The creation of clusters affects uniformity, anisotropy, and increases the dielectric losses of th
material by increasing the resonance width of a: When fibres make contact with each other, it is
equivalent to increasing the length of the fibres. This 5 increase in length undesirably leads to the
shifting of resonance losses to a wide frequency range, in particular, the lower frequency canoe. In
addition, with fibres and clusters having different distances apart, the frequency width of resonance
losses is further increased. All these problems also lead to the amplification of dielectric losses in.a
wide frequency band, in particular, the lower frequenéy canoe, and can 10affect the fabrication of
dielectric, materials for devices such as dielectric lenses, dielectric antennas etc.  Conventionally,
low loss dielectriCﬁgtgg&%gJor instance, solid blocks of polystyrene, polyethylene, or the like, in use
are relatively heavy in welght%o‘?“é%ﬁ’i% et shesdtielsctaamaterials, such.as dielectric
antennas, being He# & Eonsiemiel an imdesireple:fealug. 20 Anged fthgrefoFe exists 10 provide an
artificial dielectric-materiahthataddiesses atleast Pr?_g of the ab‘{)ve-me%ti%n-e‘ﬁ’gﬁ?&ﬁ@?ﬁ%.“"@@MMARY
In accordance Wi%%é%ﬁa%pg%% the present inventon- tHEFEA8 s diridehatn antifieiatidielectic material
comprising: a plurality of blocke adRErsA5llemsts tiveptusaiitingfdilosks-eamprising g dielectric
material; and at IEBS{HHY EoRduttveribreembesidediiapach blggk of the, lurality of blocks. The
plurality of bIock&Eumfﬂ)m&ﬂ@@‘ﬁgr@Q%ﬁE%ngéggﬁa rubber adhesive or AR R tRraemiprising of a
material in a growgpﬁjé%%%e%f: Bfﬂ'% Lethane; a g%p stﬁff@%?ﬁ% 6f ecksrmaisberandomly
distributed in the artificial dielectric mateitalP"aPiems aiso iead to the amplification of dislaciic
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Converdionally, iow loss diglectric materialg for instance

polyethyviene, or the lilke, in use are ratativel
15 of the disleciric materials, such as disle
undesirable feature,

» soiid blocks of polvstvrens,
y heavy in weight, For some applications
SIS antennas, being heavy is considerag an

A need therefore exists to provide an artificial dielectric

matenal that addres
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at i=ast one of the above-mantioned probiems N
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SUMMARY
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dielectric materiaj comprising: a plurality of blocks adhered together, the pluraiity
of blocks comprising a diglectric material; and at least one conductive fibre
embedded in each block of the plurality of blocks.

P
th

The plurality of bl i
20 y ocks may be adhered together using a rubber adhesive or an

adhesive comprising of a material in a group consisting of: polyurethane: and
epoxy. |

The plurality of blocks may be randomly distributed in the artificial dieleciric
material,
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The dielectric. material may have a density in the range of 0.005 to 0.1g/cm3. The dielectric material
may be a foam n polymer. 5 The foam polymer may be made of a material in a group consisting of:
polyethylene,; polyestyrene: polytetrafluoroethylene (PTEF); polypropylene; polyurethane: and silicon.
Each block of the plurality of blocks 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 0.5to 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: 20Copper; Aluthinium; Nickel; Silver, and Gold. Each block of the
plurality of bIocksTﬁm@i@MMmﬁéeaﬁﬁ%E%Mi fibres arranged in an array. The at least two
conductive fibres may be arranged parallel to one ano ﬁer. ﬁ%“&ﬁ%%%%é%ﬁnﬁgmi to 10 rows. The
an-ay may comp%i%g é'g:l:sg 10 columns. 30 The at least two conduive fibres may be oriented such that
the conductive fibrés i 6na roWF eabEraNékte fhercansivsiive fibres in another row, 4 The at least two

conductive fibres may be oriented such that the conductive fibres in

polvethylane:; polvesiyrens: pofﬁeﬁaﬁuameﬁwyiane {(PT
bolyurathans; and silicen.

TGUp consisting of

By polypropyiane:

The s 0~
. ve'rag@ end-to-end measurement of each block of the plurality of block
may be in the range of 0.5 o 5 mim. )

Each block of the plurality of blocks may be substantially cube-shaped

=ach conductive fibre may be subslantially needis shaped
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The conductive fibre may fiave & length in the
in the range of 0.005 mm o 1 mm.

/ange of 0.5 i0 5 mm and diameier

The af lzast one conductive fibre maybe made of o maieria

e lin a gr isi £
20 Copper Alurninium; Mickst: Silver; and Gold T oS of

Each block of the .
plurality of blocks may compri )
arranged in an array. y comprise at least two conductive fibres

25 T five fi
he at ieast two cenductive fibres may be arranged parallel io one th
i € another,

The amay may Somprise 1 to 10 rows.

The aray fmay comprise 1 to 10 columng
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The at isast two conductive fibres may be oriented such that th

ones T i
e Tow are paralis! to fthe Conductive fibres in anothar row



one row are transversely disposed with respect to the conductive fibres in another rdW. The at least
two conductive fibres may be oriented such that the conducfve fibres in one column are parallel to the
conductive fibres in another column. The at least two conductive fibres may be oriented such that the
conductive fibres in one column are transversely disposed with respect to the conductiv9. fibres in
10another column. The at least two conductive fibres may be evenly spaced apart. The at least two
conductive fibres may be randomly spaced apart. 15 Different dielectric materials may be used for
different blocks in%g artificial dielectric material.  iff accordance with another aspect of the present
inve.ntion, there is' Peciitdest tvmethadoatarimng [ rtificial dielectric material, the method
comprising: esrbesiding atleast.one t%gndﬂ%%%g %%%%eiﬁ%%@@éf% srerakeief Bloeks,; 25the
plurality of blocks, comprising a dielectric'm ?@’rml%@d%@?i?@ﬁtﬁgeﬁnﬁuﬂﬁ@@hﬂ@gyﬂogg@%s to form
the artificial dielectric material. The step of embedding at least one conductive fibre in each block of
the plurality of blocks may comprise stacking one or more rows of conductive fibres in parallel
30arrangemeént arie:twe:25 MR e-5Reels.0kibe dielectric material such that each row of conductive
itk c&n aFIEHE b siedtsbthedialestricrmaterial.

fibres in parallel agra ent is disposed betw
& Q&ﬁr@n are parale! o five conductive fibras in ancther molumn
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10 another eolumn,
The at least two sondustive fibras may be svenly spaced apart

The at least two conductive fibres may be randornily spaced apart
1S =] .
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Different dielectric materials m
ay be used for different by i ifici
- ocks in the artificial
Different materials ina i
2 y be used for the conductive fibres in a first block and the

conductive fibres in g second block in the artificial dielectric material

in accordance with ancther aspast of the ﬁ)resent inveniion, thers s prowi
method of manufacturing an artificial disieciric material, the ,mﬂ;“s;ﬁ i uwé%cg i

embedding at ieast one conductive fibre in each block of 3 ;;iur;fity ;f blocic:o i
25 the plurality of blocks comprising a dielectric material; and adhering toge’thejthe

plurality of blocks to form the artificial dielectric material.

The 5 i
tep of embedding at least one conductive fibre in each block of the plurality

of block i i
§ may comprise stacking one or more rows of conductive fibres in parailel
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The method fi i i
may turther comprise cutling the siacked fows of conductive fibrag

and sheets of the dielectric material to produce the plurality of blocks



5 The method may further comprise mixing the plurality of blocks so that the blocks are randomly
distributed in the formed artificial dielectric material. BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be getter understood and readily apparent to one of ordinary skill in
the art from the following written description, by way of 10example only and in conjunction with the
drawings, in which: Figure 1 (Prior Art) illustrates randomly distributed conductive fibres in a
conventional artificial dielectric material. 15Figure 2 illustrates random orientation of a multitude of
particles in an artificial dielectric material aLtording t8 an example embodiment. Figure 3 illustrates
results of measurements of transmission coefficient vs frequency for an empty waveouide, a
waveguide filled %%1 the artificial dielectric material of the 20example embodiment illustrated in Figure

2and a wavecuigée filled RiitA Y e Al ser tificiay tieleotarynatatals Eigue 4,shows a particle in
an artificial diele&figihaterridacdoingtla-an-example.amkediment. 25 Figure 5 shows a panicle in an
artificial dielectric material according to an alternate examplfe%ér?]%g}gf:r%hﬂé:ﬁ?atﬁ”aklours 6 shows a
particle in arfartificial dielectric material according to another 30alternate example embodiment,
Figure 7 shows ggﬁgge(?ﬁwﬁ]__ cy, dependence of the dielectric permittivity of an artificial dielectric material
composed of the partTc Y] ué%ﬁ%?g§ i Bl RGP RFanIB087078807PCT/SG20071000430 6 Figure 8
shows a particle in an artificial dielectric material according to another alternate example embodiment.
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Figure 9 shows the frequency dependence of the dielectric permittivity of an artificial Sdielectric
material composed of the particle illustrated in Figure 8. Figure 10 shows the steps involved in the
process of manufacturing an artificial dielectric material according to an example embodiment.

10Figure 11 shgwsdlagsaieps involved in the process of manufacturing an artificial QWI(?%%C material
according to another example embodiment. DETAILED DESCRIPTION 15An artlﬁméﬂ Ielectric
material according to example embodiments of the pfesent invention is lightweight, irrespective of its
dielectric constantFand has %‘ow dielectrﬁ losses. gﬁe artificial dielectric rgnaterial,of the example
embodiments can be fade from & 29 plurality?8f 7 i&bané)%?&ﬂﬁd?@&%ﬁrt?ﬁ%@%ﬁ%é?ea'}%tag her. The
plurality of randoniijedigtisstietnbaichediisamade of a lightweight dielectric material. The range of
densities of the lightweight dielectric material can be 0.005 to 0.1g/cm3. At least one needle-like
conductive fibre isrggnbeddadawithineach-Raricien¥¥here 2hhateare pLisastiyacondyetive fibres

embedded Witgin %%?Q particlgs,r.tt?e at least t\clf/%con%%?tlvi?uflbres are. in an array like arrangement, i.e.

having one or more fow that Include the %eéjng UCTVE filsTe S URTTAIFE Ebigtiife fibres embedded within
each patrticle are not in contact with one another. 30In the example embodiments, each particle is
represented as a EiBEs HEvbwrs ittie aispretizabedhiat the shapesnmhynzanyantthiegetuakiiicial
implementation. Adyantaganishy thedisthhytionofthecondugtie.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 s numper of conductive fibre(s). Furthermore, as each particle embeds the
conductive fig(fges i%gi‘;rﬁear%g] ?ff%sfa gnﬁ%‘?ﬁe’ﬁi/% (it JHowiRGean P ESPRACEGE NS AT E6Rbuctive

fibres, conductive SRIESPI0 0BG E SOZN TS OE4RM: Embodiment. _
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DETAILED DESCRIPTION

5 An artificial dieleciric material according to example embodimenis of the present
invention is lightwsight, imrespective of its dielectric constant, and has low dislectric

josses.

The artificial dielectric material of the example embodiments can be made from 2

20 plurality of randomly distributed pariicles adhered together. The plurality of randomly
distributed particles is made of a lightwsight dielectric material. The range of
densities of the lighiweight dislectric material can be 0.005 fo 0.1g/em®.

Al least one needie-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

particie are not in contact with one ancther.

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

appreciated that the shape may varv in the actua! implementation.

Advantagecusly, the distribution of the conductive fibres is uniform as every particle
making up the ariificial dielectric materia! of each example embodiment is
35  substantially identical, that is, they inciude the same number of condustive fibre(s).
Furthermore, as each particle embeds the conductive fibres In an array-like
arrangement without allowing any contact between the conductive fibres, conductive



clusters are prevented from occurring. This advantageously results in reduction of dielectric losses.
The array-like arrangement can be a 1, 2, or 3 dimensional array. In the example embodiments, the
conductive fibres in array-like arrangement in one 5particle are randomly oriented with respect to the

conductive figrgsde arsayslike arrangement in another particle. Itis appre%ggégﬁg}gb% (_‘%gnductlve
uctive

fibres may be fully embedded within each particle to prevent exposed tips of con Ibres in one
particle from contacting 10 exposed tips of conductive fibres within other particles. However, it is also

acceptable even |f th s are expased. Whi passible 10 ve ti tot ontactl ase, the
probability of such co?ntrégc "is Still” gﬁn?f?c%ﬁtl@%r%%ﬁ% 0@?@ eabr%% ggfg l?’ ranld n*ﬁ%%t é br?es to form
clusters in the me@%@‘@é?ﬁ%ﬁ%@ﬁﬂﬁ%%ﬂﬁ%@ﬁ&ﬁﬁ@%? ﬂl@eéfﬁtdﬂﬁ%‘%rﬁ%scnbed

previously. 15 Figure 2 illustrates an artificial dielectric material 200 according to one example

embodiment. Thepiyalis ofidenlicalnaricisn207.n he.aiical disloqtic MatedaL20 isandomly

oriented. There are 4 conductlve fibres 204 embedded in each particle 202 in the artificial dielectric
material 200.5ThePBFRP FFEIGERMSHY SHripueA Qﬁiéo%ﬁ%ﬁ%%m%sc?@ﬁ@“f%g%ﬁ% &E@YIHdws and 2
columns of 4 evenlyzspaces:Corrdudirestibies 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 c be made of a low-dens lene foam. 25Figure 3 illustrates
empirical results gf i%ea%’u?gﬁtgﬁ? &gt t%%§ﬁﬂgg%iﬁecg fﬁ&éﬁ%% \@/ e%%??é%ﬁgdﬁ’ fﬁ@?fj‘/, a hollow
rectangular wavegaitidenithpsesize efnekith (P winactideidesib2s imesn deain Gerot480cing (curve 1,
gcl)gg segor;]@!%/l tmﬁ@@s@@ W@ye@pig@galﬁﬁiﬁvi%ﬁ@@ f&ﬁiﬁ%ﬁia&@@egwﬁc@@t%@m (ﬁiggz%@as (curve 2,
and thirdly, the s wave illed with a ric. material havi mi
conductive flbres?cure IE;F 9#? %Fésl fric ma ere&?use g WSSéj%afte %%‘F’%aép ?%B%C?ia e same

number, type andﬂe%k%ﬁ%o%@f%%%@aﬁ%ﬂwém %ﬁﬁﬁhé*@?ﬁf@ﬁﬂ@eﬁwfﬁo%fh%éne foam
as the artificial diglgatie siateriRkA00nikie aifferenceris ibierseihng pkibmabtasikitgndihe

dielectric material usegh(g, ORRCIAIGRYLY §idle 308 RatlVQ LO03LQLAR0 B 1SR20071000430 8

15
Figure 2 Hiustrates an artificial dielectric material 200 according fo one example
embodiment. The plurality of identical pariicies 202 in the arfificial dielectric material
200 is randomly oriented. There are 4 conduclive fibres 204 embedded in each
particle 202 in the arlificial disleclric material 200. The array arrangement of the 4

20  conductive fibres 204 1s two by two, Le. 2 rows and 2 columns of 4 evenly spaced
conductive fibres in paraliel arrangement with one another. in the embodiment, the
fength of sach fibre can be about 1.5 mm and the size of each paricle is aboul

1.5%1.5%1.5 mm. The particles can be made of a low-density polvethviens foam.

25  Figure 3 Bustrates empirical resulis of measurements of fransmission coefficient
302 vs frequency 304 for firstly, a holiow rectangular waveguide with a size of width,
10mm, thickness, Z3mm and z length of 400 mm {curve 1, 310), secondly, the same
waveguide filled with the ariificial dielectric material 200 {Figure 2} fcurve 2, 306},
and thirdly, the same waveguice filled with a dielectric malarial having randomily

30  mixed conductive fibres (curve 3, 308}

The dielectric materal used o generale curve 3, 308, has the same number, type
and length of conductive fibres and the same volume of low-density polyathyviene
foam as the arifficial dielectric material 200. The difference is In the method of

35 manutacturing. The dielectric material used o generate curve 3, 308 is



manufactured by randomly mixing the conductive fibres with low-density polyethylene foam, as is done
conventionally. On the other hand, the method used for manufacturing the artificial dielectric material
200 ensures that each patrticle only consists of the same number of conductive fibres in a non-contact
array-like 5 atvangesesis-The value of the transmission coefficient is a dirggt-ilustatian.ef the
dielectric losses in materials. The results in Figure 3 show significant improvement of performance. for
the same waveguide filled with the artificial dielectrictnaterial 200 (curve 2, 306) 10over the
performance of the samewaveopide fligdwithdiglecticmalgualshavingdandamly mbedgonductive
fibres (curve 3, 308). By abserving curve 2, 306, and,curye 3, 308, in Figure 3, one can see that the
difference in the trBRERTSEER Co8HIERIR SGSE DETNSER e %3@8@%ﬁ3?€§§%@?@%tfﬁsﬁ%quency.
When comparing dorvesiyfdtioriandheanifcs 3bdedine maledeicinecunres hBeschasriinfalitbsses (i.e.
less than 0.5dB) ugsiaithe Fequenay-al A0:BEZ (navelenata 3mm)idn-conirashiiencomaaring
curve 1, 310, gnd gigrravegm 3&8, the losses up to the frequency of 10 GHz is on average about 5dB. 20
The particles in the ex%p?e eémbodiments 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/cm3THeisappie diaiedritiakohecdemoepoly mdarsaadssaticraietalsissahasgeelystyrene,
polytetrafivoroethylepe (1R, BNRIRPYISAG. RALIEINaNS AICANBIiG ke Jnay Ahedised (o

make the particles. The size of each particle in an example’embodiment may out 1120 of
the wavelength of fid &ctaee ¢ 8pstatif g reqiiehtip. RIlkEa HpiSRIGHERBARY Fed i &f ABGHZ,
particles abott thesgizaref defxdbxtdahmearenused.viidsiap pitediatitid that 30t hezgvenagereng-to-end
measurement of pé%@gﬁi@ég@@g@@@@@n@g (Béﬁij&'& g@%‘take, can be in the range of about 0.5 to
5mm. Itis 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 35may range from 0.005 to 1mm.
To further reduce theoveightpfctheentatddi@al and curve 3, 308, in Figure 3, one can see that the

diffierence in the transmission coefficient values between the two curves increases

£y

18 with freqguency. When comparing curve 1, 310, and curve 2, 306, cne can see that
curve 2, 306, has small losses (l.e. less than 0.5dB) up to the frequency of 10 Gz
{wavelength 30mm). in conirast, when comparing curve 1, 310, and curve 3, 308,
the losses up to the Tfrequency of 10 GHz is on average about 5dB.

20 The pariicles in the example smbodiments of the present invention are made using
a low-density and lightweight material. For instance, foam polymers made of
paiyefhy!ene, with a typical density around 0.01 to 0.02g/cm’. It is appreciated that
other foam polymers made of materals, such as  polyshrene,
polytefrafiucrosthviene (PTEF), polypropyviene, polvurethane silicon, or the like, may

25  be used to make the particies.

The size of each pariicie in an example embodiment may be set at about 1/20 of the
wavelength of the selected operating fraqtsency. Hence, at an operaling frequency
of 10GHz, particies about the size of 1.5%1.6x1.5 mm are used. it is appreciaied that

30 the average end-io-end measuremernt of pariicle size, for any shape the particle
may {ake, can be in the range of about 0.5 fo 5 mm.

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



WO 2009/078807PCT/SG2007/0004.36 9 conductive fibres with smaller diameter may be used
subject to the limitation that the skin depth at the operating frequency must be much smaller than the
fibre diameter. The embedded conductive fibres in the particles can be made from highly
Sconductive gaterials;qfak instance, copper, silver, gold, aluminium, nickel,grfhe,like, Different
configurations of the array like arrangement of the conductive fibres in each particle can achieve
different dielectric constants for the material. To achigve higher values of the dielectric constant, the

number of fibres In.gaal} ARTHEIE R APELRESALCRARVEIBY [ ACIiRNE IOWENNAILRS, Ghibglielectric

constant, the number res in each particle is reduced, In the array like arrangement of the example
embodiment, eacH i et WW%@?@%??B?%F&W%?E%WH‘E:%@@ﬁ%/%@ﬁ‘?r%ﬁ i FREfE! to one

another. Each row 15 can include different number of fibres that are evenly or randomly spaced apart.
The distance betwegn e liBres inadiacsnl raws:can also heeveniy:ar randomly spacedqpart. The

fibres in different f th be oriented such that the fibres in, 2 i llel
ranovorscly chepoGUE (BT EARRES L TG B B SR 2NAF Pl LT RS T D8 MK hroter row.

In another embodiment, each column of the array can include a column of conductive fibres arranged

in parallel to one an@ther: GaghGAlwRe samincluge RR differgetumberef flresthat aseevenly or
randomly spaced %g%gt. The, distanc .betv%/ﬁ’?n t eﬁfil?res in adgga%%sn columns carn agso&ggeevenly or
er '

3 n I8 arent dislecinc or the thalena
randomly spaced apart?aﬂﬁwee%rgg I different columns of the array can be oriente §icli fhat the

fibres in 300ne coligfiraraiigpardiiel sietealisyepselgriishosed irer ilsiBree aranysalekéndicularly)
with respect @ thes{ibsasdn anetheseglumnachieve lower values of the dislectric constant, the

number of fibres in each parficie is reduced.

in the array like arrangemant of the example embodiment, each row of the array
consists of & row of conductive fibres amranged in paralie! to one ancther. ach row
15  can include different number of fibres that are evenly or randomly spaced aparl. 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 orented such that the fibres in one
20 row are in paralisl or transversely disposed (for instance, arranged perpendiculariy)

with respect o the fibres in anothar row.

in another embodiment, each column of the array can inciude 2 column of
conductive fibres arranged in parallel fo one ancther. Each column can includs
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 orenied such that the fibres in
30 one column are in parallel or transversely disposed (for insiance, 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 bevond. in one embodiment, each particle can have z 10x10 array of

35  conductive fibres having 10 rows and 10 columns.



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 35conductive fibres having 10 rows and
10 columns, 10 Some configurations illustrating the array like arrangement of the conductive fibres

are herein degeyihgaslwith-reference to Figures 4 and 5. SFigure 4 shows %%ig éof a particle
400 that includes a single row array of three needle-like conductive fibre igure ows a

particle 500 that includes four rows of fibres 502, 504,606 and 508. in this end, each row can include
two evenly spaced fibres in a parallel 10 arrangement. The 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. Theogprepertiesratd-& dgsendyditpendenite:ofitheaifierent ¢entigusatibasiofdhe

15artificial dielectrig.materials acearding tadhe examale 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 polyethilgne withavd emsitrofeioei20 kghniGe e Humbeudéyevws8B2dw aridhe number

of conductive fibreg804da8a%5Rk-"oMmin:ivE B distance between adjacent conductive fibres is about 1
mm. The length of each conductive fibre is 25about 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 byigafsod i dHptidethed dpluraiigest purticles 00tk Wdeity566 avdut 51kg/

m3. At an operatingfreguensyeafiabatk row can include two evenly spaced fibres in a parailel
10 arrangement. The second row 504 and fourth row 508 are oriented such that their
conductive fibres are substantially perpendicular o the Tirst row 502 and the third

row 506,

The properiies and freguency dependence of the different configurations of the
15 ariificial dielectric materials according fo the example embodiments is hersin

described with reference to Figures 6 to 9.

Figure 8, iliusirates a particle residing in an aliernate embodiment of the present
invention. '
20
The parlicie 600 has a size of aboul 1.5x1.5x1.5 mm and is made of & foam-type
expanded polyethylens 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 betwesn
adjacent conductive fibres is about 1 mm. The length of each conductive fibre is
25  aboul 1.5mm and the diameter of each conductive fibre is about 0.025 mm. The
material used for the conduciive fibres is copper,

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

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

The frequency dependence of the dislectric permitlivity of the resultant disleciric
35  material composead of the particie 600 in Figure & is Blustrated in Figure 7. Figurs 7



30 10 GHz, the real part of the dielectric permittivity of the material, is 1.25. The imaginary part of the
dielectric permittivity, E. ", (i.e. dielectric losses) is less than 0.001. 11 shows a plot of dielectric
permittivity 702 vs frequency (GHz) 704. As one can see from Figure 7, the real part of the dielectric
permittivity issgénasi,sepsiant at frequency band 2-18GHz. The imaginary Raskehdisiestde permittivity
E" has a small value of approximately 0.001 at 10GHz and is barely visible in the figure. 5 Figure 8,
illustrates a particle 800 residing in another alternate'émbodiment of the present invention. The particle
BOO has a size of about 1.5x1.5x1.5 mm and.is m of a foam-t 0 anded polyethylene with
a density of abouts%‘f{%/a m .t‘? é% %Eﬁ?n%ce?% a‘é’r\‘g ?éb\,%s\’ggﬂf?g@%ﬁ;& ﬁﬁ%ﬁ r(%‘fgc:%ﬁrlgdﬁ%(:rtii\%%‘ibres 804
in each array row & Timidistarite healvees gbjEertderitocivefibrés 18 Mo060 FMANTHe length
of each conductive-fieris,abant-11aeMn and thesdiametet sf@askeopeuatiefilgrenssabent0.025 mm.
The material used for the conductive, fibres i r. 15 An artificial dielectric material created by
randomly mixing tg%%gﬁ'ngraf ‘?ﬁ%’iﬁ?&%"é%ﬁ@ﬁéﬁé% ngégabagér%ﬁi% %?@g%%%ﬁ %% E'S 1 m3. Atan
operating fregtiency of 10 GHz, the real part of the dielectric permittivity of the material, , is 1.46. The
imaginary part of thigughe ke atiieipasafistiviyicls G chelgiolin: |aases) isHessthambdabie20:T e
frequency dependg@ggﬁg“@&g&l’ectric 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 25frequeneybards1iB88Hz sEheimagindriidit 0f dietestriCip enmmittivity: 6L drasyassmall
value of app%X'm@?&%@%@&é%h&@%@&@é@w@&!ﬁé@ the floure Figie. 19 52 flawshart 1000
0

illustrating a method for manufacturing an artificial %electric material according to.an example
embodiment of th&Jr&sént IR/BHAGHT S0°RTUED1 60T LB BBRUIREVE fibfdT"EikPedded in
each particle of a phinakity afipeticlesdwiteedihntisd phiralit). dfpartidle secuthprisestadiedectiie material.

At step 1004, the plisality:of particlps isadheipshineethents form.bratifisia) sigleaiiematerial. WO

2009/078807PCT}§96 rrzzgt%%%%()gs%é%grjﬁ%e conductive fibres is co;}ﬁxer.

15
An artificial dieleciric material created by randomly mixing together a muliiiude of
particies 800 has a density of about 68kg/ m®. At an operating frequency of 10 GHz,
the real part of the dislectric permittivity of the material, ¢’, is 1.46. The imaginary
part of the diglectric permittivity, 7, {i.e. dielectric losses) is less than 0.001,

20

The freguency dependence of the dielectric permitlivity of the resultant dielectric
material composed of the partlicle BOO in Figure 8 is Hlusiraied in Figure 8. Figure 8
shows a plot of dielectric permittivity 802 vs frequency (GHz) 804. As one can see
from Figure 8, the real part of the dielectric permitiivity is almost constant af

25 frequency band 2-18GHz. The imaginary part of dielectric permittivity £ has a small
value of approximateiy 0.001 at 10GHz and is bareiy visible in the figure.

Figure 10 is a flowchart 1000 illustrating a method for manufacturing an artificial
dieleciric material according to an exampie 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 dislectric material.
At step 1004, the plurality of parlicles is adhered fogether to form the artificial

gielectric material.



In another example embodiment, the process of manufacturing the artificial dielectric material involves
the following steps, as shown in Figure 11, At step 1102, copper wires of similar length and diameter in
parallel arrangement are embedded in between sheets of foam-type expanded polyethylene. Each row
of conductivé¥ibressivgsarallel arrangement is disposed in between at leasictwersherisogithe
foam-type expanded polyethylene. Firstly, a sheet of foam-type expanded polyethylene is placed in
position to form a base layer. Next, a row of copper Wites in parallel arrangement is placed over and

adnered (0 the tofRsukie il RaseubdAYel D Breallel AL aIGe! AL TRV RR RxpRnded

}
polyethylene is placed over and adhered to the exposed copper wires so as to cover the exposed
copper wires. If mBFAFRASAGDRPLespeitrasTs Shadirel FHFe Idws of copper wires and sheets

of foam-type expanded polyethylene can be stacked one on top of the other in the similar fashion. At

this step, the usersgansdecide, onihe:MaRral tuse fordheste wisgsand,the-phtweightdielectric

material, the pumber of rows of . copper wires desired and the orientation of each row of copper wires.
: sl Sonke I

The thickness of thé figh Welg?ifﬂdle%ecet?fé ?giea? 12l e IR ERbEEY e paralidPEGEper wires
can also be adjustetiogiFe Helsielerpaiin agarwewseriedisndErgliretbiMivs  stidetst aivosmetype

]?xpanded polyethydane ﬁf@rug[%@ @@gﬁ@@d wEJa,;g@W@“@ qfi%%pgrép{g&scwggp @%%&gfe%heets of
oam-type expan lene and rows,of wires are stacked in the manner ﬁescrl ed above.
Adjacent rows of%%% %%Pké %@v@sse(%% v?her%g? ould Bvécdgfgéﬁa%ea@ap%%%ﬁ 8}étrpaeﬁﬂd¥c 14 B Shother. 25
To achieve particlBLELHE RTHPTER dtdagethrve sieb ebefohin- tip doexpaisdedbhbilgdthstene are
used to sandWichiawe.ronsafeopperwiressiieicheiwvean Adiacent pewsielidhe fourRyspf-wires
would be deliberayely places paalllio, ane apoiber, 20 Afie stagidng the sheefs In step 1102 (0

achieve the desired particle design, the stacked sheets are cut using SUITADIE Toolerand machinery to

produce the partit1dE%E g5 LIS SHEST0VESD 7P EaTSE 20079 000E38 SAPRESHIEEE EDE, all the
particles produceshizestey) bbf4tare enpeededndbmlyyvidtstan biQBadbe emdemiyonabed pagicles in

step 1106 are cogiaddihian adhsn!ve ARcallowed aloco i dUsd MbMIE fars 2. spli artificial

dielectric mggerial. The 5solid artificial dielectric material may be cut or further adhered together to

form varioud Bize¥¥6F (¥ i it SPR AP HEREHR Maeisin SiesrGmbRy WP SiHESINe W& in the
process are rubbé&esititesivedisr atigrisiives dorsistingvofgiolyupethaines. eplextrecithestikef, which have

low dielectric 10logs@ssight dislectric material and the distance between the paraliel copper wires
can also be adjusted. '

20 To achieve parlicies as described in Figure 5, five sheets of foam-type expanded
polyethylene are used o sandwich four rows of copper wires therebsiween. The
sheets of foam-type expanded poiyethylene and rows of wires are stacked in the
manner described above. Adiacent rows of the four rows of wires would be

deliberately placed perpendicular to one another.

25
To achieve particies as described in Figure 8, three sheets of foam-type expanded
poiyethyvlene are used to sandwich two rows of copper wires therebetween.
Adjacent rows of the four rows of wires would be defiberately placed parallel io one
ancther,

30

After stacking the sheets in step 1102 o achieve the desired paﬁicie design, the
stacked sheets are cut using suitabie tools and machinery io produce the particles
at step 1104,

35



Depending on the application of the dielectric material, it is appreciated that different materials may be
used for different particles in the same atrtificial dielectric material according to the example
embodiments. 15 It is also appreciated that different materials may be used for the conductive fibres in
one particle gpd 1hgsapehuctive fibres in another particle in the same artifigial dielectric material
according to the example embodiments. 20Examples of some applications for the art|f|C|aI dielectric
material according to the example embodiments are ¥icrowave lenses and dielectric antennas. It will
be appreciated byAQ ggrs%g,ké]ﬁg int iecj%g fr %Iung&ﬁr%s yaK! gtl%n% 2 Q{Of modifications may be
made to the present invention as Shown in the specific S embodiments wi out oyepartlng from the
spirit or scope of the invention as broadly described. The present embodiments are, therefore, to be
considered in all respeets 1Bbihd usirative rmnddeirtiesitiglive:p 1408 1A MS:tkd Avitasificimkdiglectric
material comprisingy « pllalibHRlodkR.adere gneiner epAluaLblocks comprsing a

dielectric material; and _at least’one conductive fibre embedded in each block of the plurality of
blocks. 1D2. The SHificAi gl UriecsEHIPR d9mas WE%W?“W@%%%@%@F@H@O%CKS are
adhered together usingssingisier dhesivemntapaliifadisive 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 15p| I|t f blocﬁ_ggls randp dlstrlbuted in the artificial dielectric material. 4. The

|

artificial dlelectrlc 3? 2 S5iheg A JAREE 550 IMIRR BT AR dehRehaRRRl Fasa a density
in the range of o_@@@aw@:ﬂgm,mg of gskyur@ihan&a epoxy of the like, which have low dieleciric
10 losses.

Depending on the application of the dieleciric material, it is appreciated that different
maierials may be used for different particles in the same artificial dielectric material
according to the example embodiments.

15
it is also appreciated that different materials may be used for the conductive fibras in
one pariicle and the conductive fibres in another parficle in the same ariificial

disiectric material according to the example embodiments.

20  Examples of some applicalions for the arfificial dieleciric material according to the

exampie embodiments are microwave lenses and dielecinc antennas.

it will be appreciated by a person skilled in the art that numerous variations andfor
modifications may be made {o 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, 1o be considerad in all respects
to be illustrative and not restrictive.



205. 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: 25polyethylene; polye.styrene;

polytetrafluoroethylene (PTEF); Polypropylene; polyurethane; and 30silicon. 7. The artificial dielectric
material as claimed in any one of the precedinc claims wherein an average end-to-end measurement

of each block of the plurality of blocks is in the range of 0.5 to 5 mm. 15 B. The artificial dielectric
material as claimed in any one of the preceding clainis wherein each block of the plurality of blocks is
substantially cube-shaped. 9. The artificial dielectric material as claimed in any one of the preceding
claims, wherein aglisgegnductive fibre is substantially needle shaped. 10. The artificial dielectric .

material as claimed in claim 9, wherein the conductive fibre has a length in the range of 0.5 to 5 mm

and a diameter in the rgng%f%‘iaq.QOF rpin to 1 mm. 10 11. The artificial dielectric material as claimed in
any one of the preceding claims, < o4i¢ Material comprising:

5 ‘ & plurality of blocks adhered together, the plurality of blocks comprising &
dielectric material: and ’

at least one conductive fibre embedded i
ed in each block of .
blocks, of the plurality of

0 2. The artificial dielectric material as claimed in claim 1, wherein the pluraiity of
blocks are adhered together using a rubber adhesive or an adhesive

R - N
omprising of a material in 3 group consisting of: polyurethane: and epoxy

3. The ariificial dielectric material as claimed in claims 1 or 2, wherein the
15 . - - . ,
piurality of blocks is randomly distributed in the artificial dielectric materiz|

4 e ariificial o . . .
The ariificial dislectric matenal as olaimed in claims 1, 2 or 3 whersin the

tieleciric mataral has a densily in the range of 0.005 to 0.1gfom®

50 5 T e . .
. The arifficial disiectric migierial as claimed in any one of the preceding

claims, whersin the dielectric material is 2 foam polymer

8. The arificial dielectric materiaf as claimed in claim 5, wheraj the
polymer is made of a materia) ina group consisting of; | S e foam

25 polyethyiane: '

polyestyrens;

poiytetrafiuorosthyiene (PTEF);

polypropylene:

polyurethanes: and
30 silican.

7. The arfificial dislectric i i
riificial dieleciric material ag ciaimed in any one of the preceding ciaim
ot et et e = el s

wherein an average end-to-and Mmeasurement of each block of the plurality of
blocks is in the fange of 0.5 to 5 mm, e



wherein the at least one conductive fibre is made of a material in a group consisting of: Copper;
Aluminium; Nickel; Silver; and Gold. 2012. The artificial dielectric material as claimed in any one of the
preceding claims, wherein each block of the plurality of blocks comprises at least two conductive fibres
13. The artificial dialectic material as claimed in claim 12, wherein the at
least 25two 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.  16. The artificial dielectric

material as claimed in any one of claims 12 to 15, wierein the at least two conductive fibres can be
arallel to the conductive fibres in another row.

oriented such that the capduigiive fibres in one row are pe
35 16 Ehie matenal as cfésm&d in any one of the precading claims

arranged in an array.

wherein each block of 1 j i
he plurality of blocks s substantially cube-shaped.

) - - , . i P
l ' g Egl: 4 ¥ SRR iai”i :,
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10. The artificial di fric i ;

; rifficial dieleciric material ‘as claimed in claien 8, whersin the conduci

fisre has a s i o , e ) o
ngth in the range of 0.5 1o S mm and a diameter in the f

0.005 mm to 1 mim, ) e

10
1. The arificial dislestric i i
the artificial dielectric materia) zs slaimed in any one of the prec ging ciai
whersin the at least one o five i y o .
sonductive fibre is m
atie i@l |
S of a material in a group
Copper;
15 Alurniniurm;
Mickel:
Silvar: ang
Sold.,
20 T2. 7 ficial dislectric i
The artificial dislectric material a8 claimed in any one of the preceding cia
§ . | 2 S DrEs Slaims,
here:n-each block of the plurality of blocks comprises at least fwo
conduciive fibreg arranged in an array.
13. The arfificial dielecki }
. he arfificial dielectic matenal as claimed in claim 12, whersin the (]
v , whers at iz
5 two conduciive fibres are arranged paralis! o one another =
4. AN artific ' tric far , y
artificial dislectic matarial as claimed in ciaims 12 or 13, wherej
arvay comprises 1 to 10 rows, | e
15 _ i .
. An artificial dislectris material as claimed in claims 12 or 13, wherai
0 aray comprisas 1 o 10 columng, | T

8. The artificial d i i
riificial disiectric materal as claimed in any one of claims 12 15

Pud

W i ) et
herein the af leagt two  conductive fibres san he onented such that th
conguch i i . ) . )
ve fibres in one row are paralie! fo the condyctive fibres in another row
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17. 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 transversely disposed
with respect to the conductive fibres in another row. 18. 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 column are parallel to the conductive fibres in another column. 10 19. 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 condictive fibres in one column are transversely

disposed with respectqibe,gaaductive fibres in another column. 15 20. The artificial dielectric
material as claimed in any one of clai’r"%gsC 5 (SN SRR dn | aast ove combuiretivefires are evenly
eﬁ%ﬁf

spaced apart. 21. THES il @feﬁ@@ﬁﬁc%t@ﬁwwimimm@myg@ng@&@n@% 1019, 20wherein
the at least two condubteifibrs=ardrrandomly spaced apalL.22..1he agificial dielectric material as

. : . : o S I Enfhss e .
claimed in any one %mwg%pég%%g%vyherem different diefectric matariafSshe-isader different
blocks in thesartificial dielectric material. e artificial dielectric material as wherein different
materials are used and the conductive fibres in a second claimed in any one of the preceding claims
for the conductive fibfeSh aifideipdieterpaneienn the ariificial diglectric rgﬁtq‘ri,al. 24 A method of
manufacturing an awifigial diglestrigiuaterial,. %@%&QO | comprising: ~ em 53&??‘?9’% [Bast one
conductive fibre in %gg&%lgg% Q,La %Iurality of blocks, th& iy dteiBERS B8 Nsprikirig=a dielectric
material; and  adhering together thé BrUFRIHDEBR skl forrihthecaiifisias Gislecticmaterial.

cofumn,
10

19. The ariificial di e i i
arfificial dielectric materiz| as claimed in any one of Giaims 12 1o 45

| d such that the
conductive fibres in one colmmn mre vansverssly disposed with regpest {0 the
conductive fibres in another colurmmn, )

whersin fhe at jeast WO conduciive fibres zan be priente

20. The ariificial dislestric material as claimed in any one of claims 12 i 40

wharein the at lezst two conductive fibres ars evenly spaced apart

21. The ariifizial dislectric matenal as claimed in any one of claims 12 i 19

P —_ .
0 wherein the af least two conduciive fibres are fandomiy spaced apart

22. The ariificial disiectri : j i |
o eiectric material as claimed in any one of the preceding claime

wherein different dielectric materiais are used for different blocks
artificial dielectric maisriai

in the

25
23. The ariificial di i } '
ariificial dislectric material ag ciaimed in any one of the precading claimg
' ‘ ) o L
wha i |
rein different materials are used for the condusiive fibres in = first particle
L] L g

and the o off i icla
onductive fibras in 2 secongd parficle in the artificial dielsctric tnatarial

30 24 A method of manufactuning an artif
comprising:

cial dislectric material, the method

embedding at least one conductive fibre in each biock of a plurality of
blocks, the plurality of blocks comprising a dislectric material; and

adhering together the plurality of blocks to form the artificial dielectric
material.

{3
(44



'17 25. The method as claimed in claim 24, wherein the step of embedding

at least one conductive

fibre in each block of the plurality of blocks comprises: 5stacking one or more rows of conductive fibres
in parallel 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. 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 blocks. 27. The

method as claimed in any one of claims 24 to 26, further comprising: 15

mixing the plurality of

blocks so that the blocks are randomly distributed in the formed artificial dielectric material.

25, The mathod Bs

least one conductive fibre in each block of the
stacking one

n

Or more rows of conductive Lls;
and Wwo or more sheats of the disie
conduciive fibres in Daraile!
wo shests of the dislers ic materig].

i{ 3 2{;{ ] ifm ji!ﬁig K}zi ES Mau e I :aHNS 5 i =

cutiing the stacked rows of condy

material fo produce the plurality of blocks.

27. The method as claimed in any one of claims

mixing the plurality of blocks so that the bio
i the formed artificial dielectric material.

15

Siamed in olaim 24, whersin the Shen of

chive fibres ang sheels of the dies}

embadding at

plurality of blocks coimprises:

Tes In paralial arrangement
Sme material such thar sazh row of
arangesmant is disposed betw

22n at lsas

L Yetipte

24 to 28, further comprising:
cks are randomly distributed



