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construction. The first fibres available for textile use were
obtained from animal and plant sources., Cotton, wool, jute,
silk and flax are today the most common natural fibres. Nylon,

rayon and polyester are common synthetic fibres.

15
It is now possible to manipulate ultrafine fibres into fabrics,
for example using technigques used to produce woven metallic
jewellery and Deniér—grade stockings. Nylon fibres created by
spinnerets for example have diameters of about 25 microns.

20

The use of fabrics and other fibrous forms as biomaterials
dates back to the early Egyptians and Indians. Linen strips
and sutures were used with natural adhesives by the Egyptians
to draw the edges of wounds together. The American Indians

25 used horsehair, cotton and thin leather strips for similar
purposes. Use of fabrics as biomaterials was initially viewed

as a new application of conventionally woven and knitted

textiles. Over the past few decades the development of
sophisticated polymer and fibre processing technologies,

30 nontraditional fabric forms and fibrous products have also been
employed.

These products may have a variety of medical applications,
depending upon their precise nature and form. For example,

35 fibres and fabrics may have general surgicél applications, for
examples as sutures, threads or meshes. In the cardiovascular
fields, they may be incorporated for example in artificial

heart wvalwves. Orthopaedic prostheses such as tendons and




The present invention relates to fibres and fabrics containi Ig silicon for
use as medical fibres and fabrics, as well as to 5 novel filBr8y298@ fabrics
sui t abl WOB{03Bese applications and, others, and to BEIYGRIAESSEDr their
production. - The production of fibres and fabrics is an ancient art. Fibres
suitable for textile use possess adequate | ength, fineness, 10 strength and
flexibility for yarn formation and fgbric construction. The first fibres
avai lable for textile use were obtained fromaninal and plant sources.
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15 a stage in the tissue replacement process.

The applicants have developed new medical fibres and textiles.

According to a first aspect of the present invention there is
provided a fibre or fabric comprising silicon for use as a

20 medical fibre or fabric.

As used herein, the term “silicon” refers to elemental silicon
material which is a semiconductor. For the avoidance of doubt,
it does not include silicon-containing chemical compounds such
25 as silica, silicates or silicones, although it may include
composites of semiconducting silicon combined with medical-
grade polymer, ceramic or metal phases. It may also include
doped semiconducting silicon where concentrations up to the
atomic percent level of elements like boron or phosphorus are
30  incorporated into the silicon lattice to raise electrical
conductivity. Porous silicon may be referred to as “psi”,
¢rystalline silicon as “c¢~Si” and amorphous silicon as “a-8i”.

Silicon has several particular advantages for use in this way.
35 In particular, fibres and fabrics can be produced with a wide
range of desirable properties, including biocompatability,

resorbability or biodegradability or bioactive properties.
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15 The expression “biocactive” refers to materials, which when used
in vivo, elicit a specific biclogical response that results in
the formation of a bond between living tissue and that

material.

20 “Biocompatible” as used herein refers to materials which, in
thin film form, are acceptable for use in at least some

biological applications.

As used herein, the term “resorbable” relates to material which

'25 will dissolve at normal physiological temperatures (37°C + 1°C)
in simulated body fluid, over a pericd of time, for example of

‘up to 8 weeks, and generally at less than 2 weeks. Simulated

body fluid in this case may comprises a solution of reagent
grade salts in deionised water so that the ionic concentration
- .30 reflect that found in human plasma, as shown in the fellowing

Table 1, or alterpatively it may comprise a simulated synovial

fluid, sweat, urine, or other body fluids. In simulated human
plasma, the mixture is buffered to physiological pH values (7.3
+ 0.05), preferably organically, using for example

35 trihydroxymethylaminomethane and hydrochloric acid.
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WO 97/06101 describes the formation of silicon in a form in

which is it biocompatibile, bicactive and/or resorbable.

In a particularly preferred embodiment, the silicon used in the

invention is porous silicon. Porous silicon may be classified

depending upon the nature of the porosity.

Microporous silicon

contains pores having a diameter less than 204, mesoporous

silicon contains pores having a diameter in the range of 20A to

5004; and macroporous silicon contains pores having a diameter

The nature of the porosity of the

microparticles or fibres of silicon used in the invention may

vary depending upon the intended use.

Factors such as the need

for bilocompatability, resorbability and biocactivity need to be

balanced against the need for mechanical strength and other

physical factors discussed more fully below.

In particular the silicon used in fibres and fabrics for use as

medical fibres and fabrics is mesoporous silicon, which is

The silicon fibre or fabric which is the subject of the

invention may take various forms, some of which are novel and

5
10
greater than 500A.
15
20
resorbable.
25

' these form further aspects of the invention.




4 Table 1 Concentration (mV) |onSi nmul ated Body Human Pl anmsa Fl uid
Nal42.0142.0 K5.05.0 Myl.51.5 Ca2.52.5 HCOB-4.227.0 HPo41.d1JelyG0947. 8103. 0
S040.50.5 WO 97/ 06101 describes the formation of siliconin a formin 5
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preferre odi ment, the silicon used in the inven porous silicon.
Porous silicon nay be classified depending upon the nature of the
porosity. Mcroporous silicon contains pores having a dianeter |ess than
20A, nesoporous 10 silicon contains pores having a dianeter in the range of
20A to 500A; and nacroporous silicon contains pores having a dianeter
greater tmadndMbodihatnasilieonl céiaip@h@stiibyedftdrhase mircraparticles or

e sen iReht £ e St ehRedd\ By} I A0: [RY o5 VALY, AEBERAAGoLEON the

i nt ended 0S8 or |oconp
r esor babidnidt prefedabl v aorpys tsiLacer nisreparisilasc @ ag%qf-é’me-‘ﬁe need for

mechani caﬁalbgu enq}lmsaﬁg} ebHEi sePhyp idFakné a@{oo?siahr&eufssaﬁt aare fully bel ow
In particular the si on_use res an abr | r s, 20 medi cal
fibres akd® %é%‘?llafslfs %ég%cmboagﬂ'{s’f%l a%(]:%ﬁ = % ¢h COt(Eg?ég'or ab?]g. The silicon
fibre or bflabpm@hmierﬁmné?h@hﬂec fabreet of the invention may take various
fornms, sonme of which are novel and 25 these form further aspects of the '

Inventl(Nﬁre%erégiyytgooallcon microparticles are bound to the surface

of the fabric by covalent bonds. This can be achieved in

10 wvarious ways. For example, hydroxy groups may be formed on the
surface of the silicon, for example by treatment with ozone in
the presence of U.V. light. These may then be reacted with
surface groups on the fabric directly, or more preferably, they
may first be functionalised with a reactive group. Examples of

15 such functionalisation reactions are described in WO 00/66190
and WO 00/26019.

In particular the microparticles are bound by reaction with a
compound of formula (I} :
20 X-R-Y
(1)
where Y is a leaving group such as trimethoxysilane, R is a
linking group, such as Cj.calkylene and in particular Coqalkylene
such as propylene, and X is a reactive functionality, such as
25 halo and in particular chloro. The reaction is suitably

effected by appropriate input of thermal energy or light.

This reaction converts the surface hydroxy groups to groups of
formula -0-R-X, where X and R are as defined above. Subsequent

30 reaction with for example surface hydroxy groups on the fabric,
will result in the silion microparticle becoming covalently
bound to the surface by an alkylether link. The subsequent
reaction is suitably effected in an organic solwvent such as
toluene or an alcchol such as C;.;alkyl alcohols, at elevated

35 temperatures, for example at the reflux temperature of the

solvent.
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for use in the invention are prepared by incorporating siIlildsky200
mcroparticles, and preferably porous silicon mcroparticles, to a
preformed fabric. This may conprise any of the known fabrics, but in 5
particular is a bioconpatible fabricgsuch as cotton, linen of a

bi oconpati ble synthetic fabric. Preferably the silicon mcroparticles are
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with a rB83epgve® @hﬁuﬁab%rrpl es of 15 such functionalisation reactions are
described in WD 00/66190 and WO 00/26019. In particular the mcroparticles
are bounahbyifiQastib o Wshbicon marmmmiesf oamd| martipuldr¥ R-Y (1) where

Y is a leaving arou ar?]cli tﬂe s u ar @%Xstﬂ%%‘ioa&fvit? L4 nkgeng group, such

as C1 6alpkyf)ene and 1 ene such”as 1ﬁropyl ene, and X is
a reacti ebrimct |Féﬁﬁ?ﬁwresﬁﬁl§§n PHtHSHF Y P 394fEi ¥ulfar chl oro. The
reaction éu%fﬁ&!iér&bhynsﬂ.ftfye% aftiby appiopataidei-opitarafcldieromibcener gy or

light. Thi t f
'9 B )ee‘.a.‘sca Ie' fo Bgﬁ%m% taneefé'gtégg 2% bREdnGLY ﬁ»f& groups o

formul a - are as uent 30 reaction
with for I@xahﬂgﬁ eragur fhec Eabyidy ORY {PVUFS W%’ﬁémﬁ‘éﬂﬁm& Pr%qrru?%sult in the

silion mygheRady BkeodREeMNGneoNad &l ¥ppliedntod aot hriguriftace by an
al kyl et her I| nk. The subsequent reaction is suitably effected in an

organic &Gtvent such as toluene or an al cohol such as Cl_4al kyl al cohol s,
at elevated 35 tenperatures, for exanple at the ref |lux tenperature of the

sol vent. suitable fabrics include biomedical fabrics such as cotton,
~ linen or synthetic polymers, which may be absorbable or non-

absorbable.

In an alternative embodiment, silicon is incorporated into a
fibre, which may then be processed into fabrics, either alone

or in combination with other types of fibre.

The silicon fibres used may comprise silicon alone, or they may

be in the form of a composite of silicon with other materials.

Accordingly, a third aspect of the present invention provides a

porous or partially porous silicon containing fibre.

The preparation of some silicon and silicon composite fibres is
known. For example, Japanese patent no. JP9296366A2 describes
the preparation of compoéite fibres, fabricated by either
vapour deposition of thin Si/Siox films onto polyester fibres

~or spinning of a polyester/silicon mixture.

Pure Silicon fibres of varying crystalline perfection have also

been realised by a number of techniques :

Single crystal silicon fibres and their preparation are
described for example by B.M.Epelbaum et al. in Cryst. Res.
Technol. 31, pl077-1084 (1996). In this method a crucible

containing molten Si is connected to a graphite nozzle that
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put. Sui thabs easf ahe i mpenetéfidanhi airedi Daé Hoahdlosn stticasheeidor, |inen or

synthet i ool MiBLge, WhisGh Sabe ARObRANIe oL, Ngs ahsOr babl e | n an

alternative enbo ., silicon is Incorporat Into a fibre, which may
then be PEBERYLEY iRRdirabet cdnads (HEFtal dieredris AiEBilhati on with ot her
t ypes of Thiés eypdbeoBicueisid idbe es-naagemeray weoalesignad landon al one, or they

my Be in.the Of 185 L8 G aSlihdtGQN; W) QLAGY 1FBLAL] al s
Accor di ngl_f/?&g ESE{I& ggggc%ngﬁﬁ%%% c>pr esentt ?ni’/%mnth on l]ﬂfe[)vi des a porous or
parti al | PLpBeRsuSnd| 19neEAS canttai RPTR VRFBr & OVEhegRessaratYi-onT®8F sone silicon
and sil i @aRimeTPasiigy bpbé®achievdd@an. Inimymiaxenpl e, Japanese patent no.
JP9296366A2 describes the preparation of conposite fibres, fabricated by
ei ther vapour deposition of thin Si/SiOx films onto polyester fibres or
spi nni ng Leferrassiyeat ePrnicale AP IgPesipgre (VD) cBAS MSEReSB varyi ng
crystial | kBeppesibecd iHiighBaveratsoratheepmtioalisseshdey rarnrurbae of techni ques
Single crystal silicaon fibr and their.Dpr tion_ar ri bed for
ol o BYEEE Bt f20ahse GRrely 1bhi RLSRRI A 0N he B8R T 000 00
(1996) . rackmiamenet p¢raberudishfecussedt ants RgPoIt éAsBle iBs connected to a
graphi t e rgeezdre tbhfditiate chemical vapour depesition in the direction
of the laser. By moving the substrate at the same speed as the
15 deposition rate, a continucus fibre is realised. For example,
with the methods described by P.C.Nordine et al in Appl. Phys.
AS57, p9%7-100 (1993), =silicon fibre growth rates up to
30mm/minute were achieved using silane gas éressure of 3.4 bar
and Nd : YAG laser power up to 200mW. At fibre tip temperature
20 of 525 - 1412 C, poly-Si fibres of 26-93 micron diameter were

. realised with varying degrees of crystallinity.

‘Silicon fibres have also been realised by the VLS method, as
disclosed in the early paper of R.S.Wagner and W.C.Ellis in

25 Appl. Phys. Lett. 4,p89-90 (1964). Here the V represents a
vapour feed gas or gas mixture, the L represents a liquid
catalyst and the S represents a solid fibre product. 1In this
method it is the size of the metal catalyst droplets that
primarily determine the resulting fibre diameter. The _

30 synthesis of both crystalline silicon microfibres and more
recently, nanowires, has been demonstrated using, for ezample,
“gold as the catalyst and silane as the vapour phase reactant.
There are also many related early reports of silicon
“whiskers”, “needles” and “filaments” of relatively short

35 1length (under 10 cms) as reviewed in Whisker Technology (John
-Wiley & Sons 1970), Edited by A.P.Levitt.

The VLS method should be adaptable tc mass production of short
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Due to nolten silicon having a |ow viscosity, high sur f acd ' d@<A08% and
hi gh chem cal reactivity, pulling of single crystal fibres is difficult.

Three tyB%ss cruci bl e di e arrangenment were designe sted. Single
crystalei ﬁrsggs“of dianeter in the range 100-150 m c?gﬁ;&g%zn%agﬁgengt hs up to

80mm were grown successfully. The nmaxi num pulling speed achi eved was

1mm mi nute. Laser-assisted chem cal vapour deposition (LCVD) has been shown
10 to provide a higher growth rate $ynthesis route for a wide variety of
inorganic fibres, including silicon. In the LCVD technique a |aser beamis
f ocussedsohitwnaf porast fonsiige layingact et tlaying! | dheoxdrgnttat afapour

deposi ti g iddnt BRr&liime6t hiULexQbcidie chBSEy -/ ?é(rr{@\éh&m& he gubstrate at the.
sanme speed, as_the 15 deposition rate, a confinuous fibre is realised. For
exanpl 6, SUHRIet [ MECHOUE FBLETHoansyPIBReL BTG Phe" B kF=Ph Yppl . Phys.
A57, p97mdfp me19838)lengthi con fibre growh rates up to 30miIm nute were
achi eyed using silane gas pressure of 3.4 bar and Nd : YAG | aser power up
-to 200mMN_ At fibre tip tenperature 20 of 525 - 1412 C  poly-Si fibres of
26-93 mi CHOTFOR BHEFMRTRE A FRAIRERATAF 1P 74P ViSRG HRYT 485 of crystallinity.
Silicon kkinpde have alPstrddenet edl.i gedatnr.Rhe. \Ac® Iesdr0@00hs Idi scl osed in

the earl yypapekngd RoSoyeanar rand WG ldy3cls 22 é@ﬁltedpbcys- Lett.
4,p89-90 (1964). Here the V'represénts a ~vapour fee as or gas m xture,

the L reprRE&TEsmECIMGER Py dbal Ve lghrharevsss é:ﬁF’é%je‘f‘H%g -a§8lid fibre
prodi@t . mhtedikilSto et pedcedseldsis helsedeviadhihhe giebal twat ahg sthedr opl et s t hat

pri Mar | | %o AR ek B3l hb IMer! hRES: (1B Rl ATy HapWiesi s of both
crystalline silicon mcrofibres and nore recent] y, nanow res, has been
denonst r AP audithg), wirsr e dafpielar garpensa kit HafiREgna si | ane as the
vapour pbpsi-aiegriantfibrdder eharerklisg tenperselmt ed €ar hyaseports of

silicon "whiskers", "needles" and "filaments" of _relati veIL}/ %hort
needs to exceed the 1410°C melting point of silicon, where the

15 method was applied to pure silicon. 1In this study Vycor glass
(Corning 7913) was used which has a softening temperature of

1530°C and a working temperature of 1900°C. A pure Si charge

was loaded into evacuated tubes that were then heated to 1900°C
using halogen lamps and mechanically pulled. Flexible 10-25
20 micron diameter poly-Si microwires were synthesised by this

method in continuous lengths up to 46 cms.

J.F.Hetke et al. IEEE Trans.Biomed.Engn.41, 314-321 (1994)
describes the design, fabrication and testing of

25 "ultraflexible™ ribbon cables for use with CNS microprobes.
Standard si wafers were subjected to photolithography, deep
boron doping and multidielectric deposition to define the
cables that were subéequently floated off by using a boron
etch-stop and a fast wet etch to dissolve the underlying wafer.

30 Cables as thin as 2-3 micron and as thick as 20 micron were

realised by varying the boron diffusion temperature and time.

Multistrand cables containing 20-30 micron strands are also
described here, and these provided "enhanced flexibility in the
35 radial and lateral directions™. An image of a 5 strand ribbon
cable tied into a knot was shown to illustrate flexibility.
Such designs had lengths of 1-5cms and total widths ranging




35 length (under 10 cns) as reviewed in Wisker Technol ogy (Jo iley &
Sons 1970), Edited by A P.Levitt. The VLS nethod should be ! B(n%% eto
mass production of short 11 July 2006 WD 03/ 055534 PCT/ GB02/ 05853 8 silicon
fibres %r03%5§ 34 aying or wet laying. Incorporation ob~rgighddsgey onto/into
pre-existing tibres / yarns should be nost suitable For weavi ng, knitting
and enbroidery of structures of nmany netres length. 5 Silicon mcrowres
and the preparation are described for exanple by J.J.Petrovic et al.
J.Mater.Res. Cct Issue 2001. In thi% method, an optical FZ Si growth
system was adapted to generate mcrowires by the "Taylor mcrowire

t echni quektomTé(e-250 mitmemni. al Fikarebepprduced siod this syt bavenigekken a gl ass tube

and the ﬁ@&i@ﬁq@ygé@&sll%msefaelm 1R PRd QL1 &1 m%ehamscahay drawn out
into a fine wire | ar manner. to that of a%d%@f(‘,’@ optical gl ass
e

fibres. TR&EHR ﬁﬁl'f?e'ﬁﬁg?ajtq.ﬂze(ﬁ)?gq)ﬁewﬁ?%%§ SH d the 1410C
mel ting pdiick ofrasd|i<ehpwnlieng theouh hed hiedress. applied to pure silicon.
I n thiss study Vycor glass (Corning 7913) was used which has a softening
tenperature of = 1530C and a working tenperature_of 190 A pure Si charge
was | oadéd tPRYE EDEERIATEIS T ESARERS Rér B8R ﬁ’g’&t"f@d f?’grfgooc usi ng

hal ogen |zampgs arfdantefrannd astnyucput¢ ehitébbxifbkendd.c285 Qdriecr on di amet er
POl Y- Si MoGkediSpVEle nS¥0E N3OS diknt Mgy 2MBALAGA, 1 Sl bauous | engt s
up to 46 cms. J.F.Hetke et al. |EEE Trans Bi omed Engn. 41, 314-321 (1994)
descri be§hFhén‘EFé§FQ'h fabrication and testing of 25 "ultraflexible" ribbon
cabl &9 for use with CNS mcroprobes. Standard Si wafers were subjected to

hot ol i t | h t
phot ol | 9Qr 8o IEe hav00F AIARLRC 00 A/ Ll Ehechiiducdapost tion to

at wer e subsequent usi ng a boron
et ch- st oFU&R#NG of 513508 vafen “tsénﬂlas%‘l”v‘él"irhé B cr§P iy ®8FEF. 30 Cabl es
as thin aSade3ard f6¢h,adr asxdnpleka 5 -ADcIBC bOAdSVENE a 225-micron

. pitch. Preferably, multiple parallel cuts are formed in a

15 single wafer to form a comb like structure, which allows for
the production of multiple fibres. In a particularly preferred
embodiment, two such comb-like structures are produced, and
then interweaved in a perpendicular manner. In this way, the
fibres of one comb forms a waft and the fibres of the other

20 wafer form a weft of a fabric like struéture. cut fibres may
be subject to cleaning for example, ultrasonic cleaﬁing, and/or
etching, for example by anisotiopic wet etch to remove saw

damage and/or to shape the cross section of the fibres.

25 Other methods for producing silcon or silicon composite fibres

may be used however. For example, hollow amorphous silicon

microfibres may be obtained by toating a fibre, such as a
polymer, metal, ceramic (including glass) fibre, preferably

with a hollow core, with silicon and particularly amorphous or

30 polysilicon. This may be achieved for example by sputtering or
continuous vapour deposition (CVD). Subsequently the initial
fibre can be dissolved, leaving a hollow amorphous or
polysilicon microfibre. This may then be porosified if
desired. If the initial fibre is a biocompatible material, for

35 example a biodegradable suture, dissolution may not be

necessary or desirable,




realised by varying the boron diffusion tenperature and ti qﬁ Nlil %strand
cabl es containing 20-30 mcron strands are al so described dP¥ 2000 g 1 hese
provi ded "enhanced flexibility in the 35 radial and lateral directions”". An

i mage rand ribbon cable tied into a knot oillustrate
Ofm%/?sﬁ% : vvg '{0?9%96% 83

flexibility uch designs had | engths of 1-5cros an w dt hs rangi ng
11 July 2006 WO 03/ 055534 PCT/ GB02/ 05853 9 from 60-250 mcron. Fibres
produced in this way have good flexibility as illustrated in J.F. Hetke et
al ., Sensors and Actuators A21-23,909-1002 (1990), where a single 15
mcron thick strand is shown bent through 180 degrees. 5 Although there
are such raxanpliesrdtisiel b@osuiieht psillibdi eibaes ayre 66rmeed bym and structure

sui tabl e r n ct.L0 r sasnsych forma
further a§s1|%£eac':{]§%1 fg&%#h%?n%/%lnltcﬁg‘néé%% %‘h fbﬁp %%%\r%tq % ﬁg%/% fgrdnéc; that fibres

may al so i prasfutleerasy or cids nghirts iip eaa%\f 2 BiagP s th a
suf fi ci erll yisseradatleadat@nsd prhe hreshintafixagphee/Sumiictr ds bl ade and a

225 MCT Qvo PGl o RLLEE MGy TULAPLE AR Bhh &Gl S1i borgRA T a 15

singl é Warer— t°6 f orm a co ructure,
product | GAmBIaImint $ BIUSTRFD e STEHNGS 9&r Peas APRRH ;}Peﬁ%‘l‘eﬂé&ryenbodl ment, two
such commbieiuelr sltido8Soedds RaQHE od, varidust fiedesi, naegsemangd in a

per pendi G, Iar ngg%xhdeldn th WaYe, r}gbré %trreig?é)ffagggrfzp%gpl )y ms a waft ‘and

1i,S

the fibré: V\%er orma we e structure.
Cut fibr é@em{rgrombe subj ect to cleaning for exanple, ultrasonic cleaning,
and/ qp etching, for exanple by anisotropic wet etch to rem)ve saw danage

and/ or t% sha}p &he cross secbtl on ofmatchg ga bre]§or %Sargfl ds f or
pr oduci ng °8i 0K 6 A8 B conpost '8 “Fibr as Be tse however For
exanpl e, R8I '¢<D\ﬁmnbm pﬂh@mst@r-l i Gonthasieceatesyr éBeYrmaYbbe oﬂ?tralieﬁe‘w by boating a

fibre, syeh Ahfholes through appropriately sized silicon granules and
subsequently threading through the resilient thread or wire.
15
‘Where microscale beads are reguired, fér example of from 10
microns-500microns diameter, they are suitably prepared by
photolithography and surface micromachining. For example, a
silicon membrane may be supported on a dissolvable surface,

20 such as a silicon oxide surface. Trenches for example of up to
500 microns and preferably about 50 microns in depth can then
be etched into the upper surface of the membrane for example by
a dry etching or photolithegraphic process. A further silicon
membrane may then be deposited over the surface, so that the

.25 trench forms a central cavity. This structure can then be
etched photolithographicaily to the desired depth, representing
the diameter of the desired bead, tec form substantially
parallel trenches on either side of the central cavity. Further
channels may be etched which channels are substantially

30 perpendicular to the trench to trace out the desired bead
'shape. Once this has been done, and a suitable thread or
suture passed through the central cavity, the disscolvable

surface may be removed.

35 These production methods form yet further aspects of the

invention.




polymer, netal, ceramc (including glass) fibre, preferably V\ﬂa(t ra?% hol | ow
core, with silicon and particularly anorphous or 30 pol ysi i1l J8 2096, s may
be achi eved for exanple by sputtering or continuous vapour deposition

(CVD) hsegegntly the initial fibre can be dissol ﬁg%?'ngahollow
armrpho‘?? o@ H“gm ysilicon mcrofibre. This may then ggﬂggér’om ied if

desired. If the initial fibre is a bioconpatible material, for 35 exanple a
bi odegradabl e suture, dissolution my not be necessary or desirable. 11
July 2006 WO 03/ 055534 PCT/ GB02/05888 10 In an alternative enbodi nent,
silicon fibres are forned by threading together silicon beads to form

fl exi bl e baensndncamposese | fidrest dvt@ddedrusiing eanyoiEchhg gbpreferably a

bi ocompatbhas fayDbo ARIEAIADIB SUAIGE: clE nbestlldnant eireugbLy €, whi ch s 5

novel an or s further aspect of the invention, is th Je_ore simlar in
st ruct ur @WEveL F‘H@sflt‘i’f'-'eﬁe‘ér"t%’ PEBRPEOH®] KieCPRFREY PPRHS, PAGATC™Si | i con beads
may be ofbewds i 0idS tBéske £an dep @bdhiged bpopondmfym@rtdiedfmar@r of the fibre,

or the f%@&&g%sDerH& ep%?&%ceefdr qm désQrEQéd %@G@' @sibgagds my be on a

macr oscal e rom 0. 5mmin % I.Ln these cases,

they may et nﬁ’ﬂtlﬁﬂfis geF Frikeg h’él‘@sPﬁF‘?%gﬁ a?nﬂ'ge f% 38fy sized silicon
- granul es megersiisefjuarbhy dirieadi (MEEt hpUFE bhel TeSehhaant thread or wire.
15 Where mcroscal e beads are required, for exanple of from 10 '
m crons-500m crons dianeter, they are suitably prepared v){aes

phot ol | t HogPaRA LRI GRPAGHNSTRECERRREERFRI fGe EBYSLLSRIIRS) flicon
menbr@nNe m@yod S PpaRitiad opcrodsssialivabl Eitsel faceh @étwdch as a silicon

oxi de surface. Tre g@q,%t %oglﬁ@ﬁg%&%é g‘?ﬁ#&lé%% rans anghpr ef erably

about 50 ThErons in can t Into t e upper surface of the
menbr ane Medt BXdApie IRperaazristedcrhergcel HROES| 14084F i (& ocess. A
further syls §8thods, coating of sacrificial fibrous material or

micromachining methods described above, and thereafter
15 porosifying the silicon, for example by anodisation or stain

etching.

The applicants have found that porous silicon fibres may be
produced directly by cleaving mesoporous films on silcon

20 wafers. The films may be formed using conventional methods,

| for example by anodisation of a silicon wafer in hydrofluoric

acid (HF) for example 40wt% HF, and ethanol, suitably in equal
volumes. Fibres may be cleaved mechanically, for example by
breaking them over a solid edge, for example of a giass

25 surface, for instance a glass slide, which may be covered in
filter paper. The wafer may be prescored or scribed before the

breaking is carried out.

Porous or partially porous silicon containing fibres and
30 fabrics are novel and as such form a further aspect of the

invention.

Substantially pure silicon fibres, for example of length
greater than 100cm, are also novel, and these also form an
35 aspect of the invention. Preferably, these are porosified as

discussed above.




menbrane may then be deposited over the surface, so that th? 25 trgnch
forms a central cavity. This structure can then be et ched 11 July 200
photolithographically to the desired depth, representing the dianeter of

t he de to formsubstantially parallel ei t her side
of the cen?ra&ﬁcaV|ty Further channels may be etchggﬁgﬁé%ﬁﬂghannels are
substantially 30 perpendicular to the trench to trace out the desired bead
shape. Once this has been done, and a suitable thread or suture passed

through the central cavity, the disgelvable surface may be renoved. 35
These production nethods formyet further aspects of the invention. 11
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i nvention. Srabt t%e 1’| res - us or ous Br contain
por ous sPWEorﬁndbea%i@rahélYth@%eP@%m be obt ai ned by po_rosi fy| ng the fibres
or 5 strings of beads produced as descri bed above, using for exanple,

met hods descr.i bed in nt._No. .5,348,618 and roperties of Porous
ST11 0 CPECAOGPRIPE, oF F CARREMLORY nElbesar ETAFRF ool ment  her of or e,
the i nvertmpnigingvéiddsoa cdr) beeptsrst] dakeprlapasi suruaeporigushey|icon fibre,

Wn: ;:h rrﬂhaeg LOTBEL SAS fﬁ.@iiﬂl’l@t? Sid 's@?éhgft'hbrerhé RaPBSHd GH @ &w one of the
nme pu

e[-.assi ste apaour N ion (L VLS
met hods, tc?ogfk?’he&e %lbsrférP?YJﬁgaFl% éﬁ%’ﬁg rﬂftg}? g‘FtC Y fi*Er omachl ni ng net hods
descri bedlab‘éﬁﬁ@d &uxkhelrebeldw.er 15 porosifying the silicon, for exanple by
anodijgati on or st ai n etching. The appli cants have found that por ous
silicon fibres ma roduced directl cl eavi ng meso orous films on

sil con 268MREFEEY JFﬁ‘e tlhgﬁf%ayrrﬁ? FEEGE d 8i ﬁ@br&ﬁﬁv%tYaS met hods, for
exanpl e lmgpiamodiesat ingreobf aanyi bi cire wafer prochydsof:burem én

textile manufacture. These include spinning, embroidery,
_ weaving, knitting, braiding, fibre bonding, air-laying, wet
15 laying, and laminating. The possibility of applying all these
various techniques in the production of fabrics for medical use
provides the opportunity to achieve complex 2-dimensional and
3-dimensional topographies. This may be particularly useful in
certain applications, for example when the fabric is used to

20 assist in-bone growth, open meshes would be preferred.

_ Silicon is a tough but brittle material and porous silicen is
prone to cracking. It is hence surprising that porous fibres
can be produced which are strong and flexible enough to be

25 weaved into intricate pattérns.

Most natural fibres such as weo}, cotton and flax are not long
enough to be processed into cloth without further treatment.
They are converted to usable thread by a process known as

30 spinning, where fibres are first laid out parallel to one
another ("carded") and twisted together into a "yarn" (as
illustrated for example in Figure 2 hereinafter). Such

processes may also be applied to fibres comprising silicon.

35 Substantially pure silicon yarn is also novel, and forms yet a

_further aspect of the invention.




acid (HF) for exanple 40wm % HF, and ethanol, suitably in eﬁ ? g]\éﬁ%urres
Fi bres may be cl eaved nechanically, for exanple by . Dbreaki g vl ver
solid edge, for exanple of a glass 25 surface, for instance a glass slide,

whi ch ”ﬁbu/ﬁssﬁﬂver ed in filter paper. The wafer may,pe-BraseQred or
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silicon containing fibres and 30 fabrics are novel and as such forma
further aspect of the invention. Substantially pure silicon fibres, for
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pure, nore swt at | east 1\2%1:1 gregera % 100% pure. For the
pur poses “8Ft s %‘httlh8ﬂ DY |dBF§% §‘?"§¥| FH§e0f 5 St si ng silicon can
be used drreetd )Lsatse:stumgte@ﬁ This henpcehavenys b fpaiténblddloxgbedi ty and

strength foIhﬁmtl%fk&% %artﬁgé'i rﬁ@roag aa%QySV&JhI Rs esi Aavhig hirgdrd evel s of
flexibility |scu§L further below 10 Alterntlvely, they may be

converted® fi '°b° PQB??E‘? Fnyﬁaﬁar?%ur‘ﬁsqlﬁfdtb?fé YO Frore@oPSHN Yot the maj or

pr ocessesheceatrrenartaextd | @timabiyctithean Ppesaendshc Fodaisguanimg,

enbroi derggeyeyeavi ng, knitting, braiding, fibre bonding, air-Iaying, wet 15
| ayi ng, and | am nating. The possibility of applying all these various
techni ques in the production of :fabrics for nedical use provides the
opporluniThy ¢erwabi preesonpdeen r2s dilrenstanialciandf 3wdi seprshbaal

topograpfye%g onyig kg B%rdhbgu; afawlysefmla LikmeR€r Lk gappl i cations, for
exanpl e when t rrc 1s used assi st in-bone growth, open mashes
woul d be ﬁFEPerJTSeaEt down first, usually in a parallel arrangemeni:

the second element called the "weft" then interlocks with the
warp to create the stable planar structure. Weaving does not

15  require too much fibre flexibility. 1In a simple mechanical
loom, the warp threads run off a roller as wide as the finished
bolt of cloth will be. The threads run through a set of wires
running vertically which can be moved up and down. Each wire
has a small eye or ring, in the middle through which the warp

20 yarn runsg. By simple mechanical arrangements it is possiblé to
raise every alternate ring, making a space for which the weft
can pass. The weft is carried by a "shuttle" or jets of
air/water. When the weft has passed through the warp it is
pushed down tightly against the previous thread with a comb-

25 1like frame. The rings carrying the warp threads are now
depressed, the shuttle turned around and the second "pass"
between a set of threads is made. The fastest industrial looms

operate at around 200 passes a minute.

30 Woven fabrics usually display low elongation but high breaking
strength. They may have a variety of 2D and 3D topography,
depending upon the tYpe of weave used, and typical examples are
illustrated in Figure 1 herein after. If required, the 3D
topography of a particular fabric can be mbdified by for

35 _éxample localised melting of the fibres during fabrication
Iassembly. The silicon fibre network in a composite fabric is

electrically conductive and can thereby be used to selectively




Silicon is a tough but brittle material and porous silicon.i rone to
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mechani cal arrangenents .it is possible to ,
' the weft,gand Y interlaégng being En a diagonal or generally

15  oblique pattern. Braiding is frequently called plaiting,

webbing or interlacing.

Fibre bonding is a technique commonly used in the production of
large-volume health products where fibre-to-fibre mating is

20 generated by heat or solvents.

_Air-laying and wet-laying are techniques suitable for forming
fabrics from very short fibres. In air laying, the fibres are
fed into an air stream before being deposited on a moving belt
25 or perforated drum to form a soft web structure of randomly
" oriented fibres. Similarly wet-laying uses a mixture of fibres
and water, which is deposited on a moving screen before being

drained to form a web, consolidated between rollers and allowed

to dry.
30
Finally, laminating is a way of joining of one fabric to

another using an adhesive.

Alternatively, silicon and particularly amorphous or

35  polysilicon may be coated onto a pre-existing fabric, for
example by sputtering or continuous vapour deposition (CVD).
Suitable fabrics may comprise any of the known fabrics, but in

' . particular is a biocompatible fabric such as cotton, linen or a
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t hread Woleholszonb 25 Iike frame. The rings carryingg piRses;t hreads are
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set of threads is nmade. The fastest industrial |oons operate at around 200
passes a mnute. 30 Wbhven fabrics usually display | ow el ongation but high
breaking strength. They may have alyariety of 2D and 3D topography,
dependi ng upon the type of weave used, and typical exanples are
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Brai di ng fiisres ;heeéés‘éset%a?n@ltﬁﬂel §%‘§11§|lﬁﬁlféfqpr?lf§%?%@ifn§h%fflaa singl e set of
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is frequéMCItyr&:adhllehl pedi £PriRp tabebbingg aecdumterhertisfgecting the

type of fibre required in any particular case, and the
technique used to convert this to a fabric include stress,
15 strain, tensile fracture strength, malleability, and work of

fracture.

Stress is simply load per unit area {(units of N/m2 or Pa}.
Strain is simply the amount of stretch under load per unit

20 length {a ratio). Different materials are stretched/compressed
by enormously varying degrees by extending/compressive forces.
The corresponding ratio stress/strain, the Young's modulus
(units of N/m2 or Pa) thus describes the "stiffness"™ or elastic
flexibility. It varies from 7Pa for rubber, 1.4kPa for most

25 plastics, 2MPa for steel to about 1.2GPa for diamond.

Tensile fracture strength is the stress needed to
break/fracture a material (N/m2 or Pa) by stretching it. It
also varies considerably about 4MPa for ordinary concrete,

30 50MPa for plastics to 2GPa for steel. Some values for
materials used in fabrics are 40MPa (leather), 350MPa (ceotton
and silk). For brittle materials, fracture strength, FS, is
controlled by critical flaws and given by the Griffith
equation; _ |

35 FS = (2VE/"~c) 0.5
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is a bioconpatible fabric such as cotton, linen or a 11 July 2006 WD
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pol ye te#ﬂ%@%%& Y HesEri goea;hgb%}g%e)e.an Ogléew%logtg élt%lt i's way, the resultant
silicon meodapikaFedahebpe dhditepkbe porosified by stain etching as is known
in the art, and described above. 5 Any or all of these techniques can be

applied i he_ productiqn _of fabrics ed in.t i nvention. Their
appl i cabi“{‘l’lrﬁ‘y"f i%agg‘g}repérst Fféeulté’?a%a%nésr ip‘genegsgdugga_ﬁ%ﬁgg&r?ataure of the
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t echni qué*g8&d "t%‘ncﬁ}ﬁ‘?/ et?l‘i“%fa??j 'EWric include stress,

The introduction of porosity makes a material more flexible
{(lowered Young's modulus) but also makes it weaker (lowered

15 fracture strength). For brittle materials strength is limited
by critical surface flaws which initiaée crack propagation and
fracture. Although textile materials generaliy comprise non-
porous fibres, there are examples of fabrics that contain
nanometre size pores. One:such material is HPZ ceramic fibre

20 where porosity is 20%,'average pore width is 1.4nm.
Single crystal "bulk" silicon has a Young's modulus of 162 GPa
and a fracture strength of 7GPa. The introduction of
mesoporosity in pt+ silicon has been shown to significantly
decrease Young's modulus according to the equation;

25 ' E = {120 x p ~2) GPa

where p is the relative density in the range 0.1 to 0.7,
corresponding to 90 to 30% porosity. Values as low as 1GPa can
be achieved in high porosity material.

30
Micromachined silicon structures will generally havg the
mechanical properties of bulk silicon prior te their
porosification. However, silicon fibres, like glass fibres,
get significantly stronger when the diameter drops below 3

35 micron.

For glass the important defect is usually the surface crack.

In a brittle crystal like silicon however, surface steps can
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Similarly amorphous silicon may be biologically acceptable or
bicactive, and therefore whenever the term “silicon” is used

herein, it may include this form unless specified otherwise.

15
To achieve sufficient flexibility for use in mediczl fibres and
fabrics, non-porous silicon fibres are suitably less than 50
micron in diameter. Porosifying part of the fibre will improve
flexibility at a given diameter but decrease strength.

20

A partially porous silicon fibre will not be fully
biodegradable but could have substantially greater strength,
and thus be preferable in certain situations.

25 In order to avoid the surface failure mechanisms discussed
above, introducing porosity into the fibre core rather than at
the surface coating would be preferable in order to improve
strength. This could be realized by selective anodising of a
p++/n- fibre or poly-Si coating of a wholly porous fibre or

30 partial sintering of a wholly porous fibre.
Fabrics may be prepared from substantially pufe silicon fibres.
In a fourth aspect of the present invention, there is provided

35 a fabric comprising a substantially pure silicon fibre of at

least 100cm in length.
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surface crack.




In a brittle crystal like silicon however, surface steps can 11 July 2006 .
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|l ocally increasing stress. Thus it may be preferable to reinforce the
surfacevop3/ossses silicon fibres used in the inventi on,PATEGBRIOSSHP| e by resin
bondi ng. 5 Polycrystalline silicon may be used in the invention, and

theref ore whenever the term"silicon" is used herein, it may include this
form Polycrystallinity does not |lower strength provided the-surface
energy of the grain boundaries exceeds 10 that of the crystal fracture

pl anes. Simlarly anorphous silicon be, bi ol g ic%ybxnacceptabbe or
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preferable Tn certain situations. 25 In order to avoid the surface failure

mechani sEESHHEEas sSBRPTIEDORETS HRPHR FEENYSHOrds it iMt0o Bhe fibre core
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strengt he. Thi 5, 6auld, bey roall 260, Dy Seleal ve a0l g 0f 18oaP++/ n- fibre
or poly-Sim coating of "a whofFly porous 11bre or partial Srntering of a
whol 18/ pormtesi finlgr wefEatimieasismny be prepared from substantially pure
silicon fibres. In a fourth aspect of the present invention, there is
prOVIdedThus there may be provided a method for enhancing tissue
growth, which method comprises applying to a patient in need
thereof, a semiconducting £fabric comprising silicon, and

15 passing controlled levels of electrical current through said

fabric.

Fibres and fabrics as described above have a variety of medical
applications. For example, fabrics which have large pores

20 (>100 micron} for cellular;infiltration can be used as
scaffolds for tissue engineering. The use of the different
fabrication techniques listed above provides for exceptional

flexibility of 2D topography.

25 They may also be of use in orthopaedic prostheses where the
mesoporosity of the fibres provides bioactivity whilst the
macroporosity of the textile pattern directs and allows bone

in-growth.

- 30 The electrical conductivity of the textile is also of benefit
in orthopaedic applications where osteogenesis-is controlled by
application of distributed electrical charge. Invasive bone
growth stimulators that utilise a wire mesh cathode are
currently used in spinal fusion. -

35

- A stent is a mesh-like collar designed to serve as a temporary

or permanent internal scaffold to maintain ox increase the

lumen of a vessel. Essential stent features include radial and




35 a fabric conprising a substantially pure silicon fibre of ‘g{ ﬁast
100cmin length. 11 July 2006 17a In a fifth aspect, the présIH 2908 vent i on
provides a process for preparing a nedical fabric, which process conprises

weavi ng 4 ng, enbroi dering or fibre bonding pu fibres. 11
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fromsilicon or silicon conposites may be sem -conducting. Thus a sixth
aspect of the present invention provides an electrically conductive
silicon or silicon conposite fibrel8r fabric. Such fibres and fabrics 5
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nat ur e altoawsodadr fyeaqitbidisy s ichoteomprtdbilalwcvisidllitaryy&-raere t hese are
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A further possible application for the fabrics described above
is in flexible electrodes for neuro-interfacing. The
macroporosity of the fabric enables tissue in-growth. In
15 addition, the fibres used are preferable at least partially
mesoporous, which means that they offer lower impedance. In
order to ensure the very high electrical conductivity and
stability which is important in such devices, in this case, it
may be preferable to use fibres comprising a non-porous heavily
20 doped silicon core, with a porous silicon layer that has been
electroplated with an ultrathin conformal coating of a metal

such as platinum or iridium.

The fabrics described above could also be used to produce

25 "wrapped" in-vivo drug delivery systems. For instance, they
may be used in the localised delivery to curved areas of an
organ or for the encapsulation of drug-eluting cells.  In these
cases, biocompatibility of the composite formulation is
essential.

30
In a variant on this application, they may be used in "wrapped"
ex-vivo drug delivery systems. In this case, it may be
preferable to use a fabric that is augmented with drug-eluting
pS8i particles that dissclve in sweat. In such éases, the core

35 fabric need not be biodegradable and is a medical fabric only

to the extent that it does not irritate the skin.
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such as

used in an iontophoresis-type design for transdermal delivery
of large biomolecules.

15
The electrically conducting properties of the fabrics described
above makes them suitable for distributed networks for
electrical stimulation. In these applications, a fabric is
wrapped around a target area and can be used to electrically

20 stimulate an array of sites simultaneously

Non-occluding garments, or other wearable structures such as
patches or bandages, for sweat diagnostics may also incorporate
the fabrics described above. Here the fabric used,‘in

25 particular for non-occluding garments, may be one with a
relatively open lattice as this helps maintain normal hydration
levels of skin and flexibility compared to the silicon chips
currently used for this process. It also enables vastly
increased area coverage. The widely distributed porous Si

30 component acts as a large clean reservoir for collecting

excreted biochemical markers.

2 relatively cheap garment (e.g. teeshirt plus porosified
metallurgical grade particulate polysilicon) may be employed as
35 a one-shot sweat collection device for analysis after strenuous

physical exercise.
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bandage or patch like structure can locally raise temperature
to a sufficient level to promote sweat production and
collection. Again this can be recovered subsequently from

15 reservoir particles of porous silicon. However, this may be
applied more widely where localised heéting of the skin is
required. In that case, the silicon used may or may not be

porous, provided the fabric is semiconducting in nature.

20 A method of collecting sweat using this technique, as well as a
method of locally heating skin forms particular embodiments of

the invention.

Hollow silicon containing fibres as described above, may

25 suitably be employed to form fabrics for use in flexible
immuniosolation networks. In this case, foreign cells used are
housed in central channels of hollow mesoporous fibres.
Suitably the fabric has a relatively open architecture, which
encourages vascularisation around every fibre.

30
The porecus nature (both macroporous and mesoporous) of the
silicon containing fabrics described above may be utilised in
wound repair, for example to deliver drugs such as antibictics.
Thus these fabrics may be used in absorptive dressings. Also

35 polycrystalline silicon may be particularly useful in fabrics

used to facilitate wound repair.
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currently used for this process. It also enables vastly increased area
coverage. The wi dely distributed porgus Si 30 conponent acts as a | arge
clean reservoir for collecting excreted biochem cal markers. A relatively

cheap ga&eens f@tHer tpESHELd a%bﬂﬁc@@o@ﬁbff'% sTBiddd wept&alingr ade

parti cuI %gl sill] con% ‘é‘%/ rr@lo d.as .35 a &g shgt sweat col |l ection
devi ce f C%EF’élbffit POY] r&niBu é’ﬁ?g?%t&lme?(fe 8. °B¥Ful y 2006 WO
031055534*a9ﬁ3§|7 GBORigH858 Al=Révelycinagpar to & esaymmndetherafipad from t he

fabric ofohie begaéé@%seéa& he lth&ecuﬁfeber amerén%ﬁ\&ﬁa&usmcor poration by
ext enged soni cation. Markers coll ec opored(:)%:t are then

subj edt eF°PERR é‘ﬁd]a"ra(ftaﬁ%?f W §’ef%16‘ﬁrﬁfq88§1‘ﬁ'? FB?‘p}Batseo Veht" Kt racti on.

Bi ochem thbhyswifabientdy| omamepértbelwsd asimackheny elrpsefered y deriviti sed
by technisgues [esgsifed in WO 00/006190, are suitably included in the
garnents. The seniconductive nature of the fabric also facilitates 10
enhanced sweating via electrical elevation of skin tenperature. Joule
heati ng @hetéhehsi filoen of dlabiibs e@ia'qmspad tabout aindlude pdpandage or patch

l'ikeygtrygh o‘?‘.oﬁél J.JQ.E@IU %H &g' etRd lﬂ’o%sn.lgﬂzﬁ.ys vhid Cﬂlfe'}t mkgvel to

pronot ¢ sweat production an i_on. 6F9a|n hi's can be recovered
subsequeHFI‘iﬁeldr &9% 1‘35}°P’e’é@15\?6?r°5a? t"ia(‘,:ll@EY PERARCEFT i doh ¥eMowever, this
my be appilimetas@itdcut delry dnhes o dreyahiyddchedd ifrggointdre agldi n i s

equl eCend Nihdal. £33%uddle BLinb EON USEGeBYn0adllX UPL NenPPLOUS.

provi ded bricis sem ng In nature nmet hod of col |l ecting
sweat usPhiFt Which @@um%]lféragggnqulgg may have a therapeutic

15 effect.

Thus fibrés and fabrics can be produced with the desired
combiﬁed biodegradability and mechanical properties for a wide
20 wvariety of application. Tﬂe semiconducting nature of the
silicon used allows for thé possibility of distributing
electrical charge in a medical context. Furthermore, in the
case of the fabrics, the desirable effects of dual porosity
(i.e. micro or meso porosity of the fibres themselves as
25 = produced for example by eléctrochemical etching, and
macroporosity determined by selection of weave design) can be
achieved, so that for example bioactive open meshes can be
produced for bone in-growth and other complex 2D and 3D
topegraphics achieved depending upon the intended end use.
30 ’ '
In a seventh aspect of the present invention, there is
provided a method of preparing a fibre according to the
third aspect which method comprises mechanically cleaving a

mesoporous film on a silicon wafer.




met hod of locally heating skin fornms particul ar enbodi nents_of the

i nvention. Hollow silicon containing fibres as descri bed aBéJ@yZH@@ 25
suitably be enployed to formfabrics for use in flexible immuniosolation
networks. In this case, foreign cells used are housed in central channels
of holl ow nesoporous fibres. Suitzdaly the fabric has a relatively open
architecture, which encourages vascul arisation around every fibre. 30 The
por ous nat wneefdotth aspecbpef ous amdsems dpoeotsdn ofthere isilicon containing

fabri cs desarihed 2hova DRV, D NLLT sed dn WOYNGL LLRG o fOT example to

del i ver 'drugs such as ant 1 b ot1cs. hus "t hese rics may be used in
absor pt i 8 rdr asp¢¢igsthishsoe I hobyper ystalfornéng 4 idacaaytBeeparticul arly

usef ul ind %h@k&éfteqsgqrwﬁ@%l khat & ) V;ﬁ%d repair. 11 July 2006 WO
03/ 055534 PCT/ GB02/ 05853 22 -a further specific application of the

silicon containing fibres described above is in the production of X-ray

opaque :Mﬁ%nﬁlnéﬂ|'d%%@ctsonhélb¥@§¥n@9§ﬁ%ﬁt§8n tHea%siand therefore could
be used instead of the current polyners, which hust 5 contain at |east 50%

by melgﬂRrQ¥Pdﬁﬁr¢Lﬁﬂb§&?pﬁ%@&¥%ﬁingeﬁtkﬁeS rifertding it &hel Yhpphque to be used
as mar kefspekB.surgical swabs or sponges. Were the fibres or fabrics

di scussed above include porous or 10 . non-porous silicon, this opens up

- the possibility that they may be used for slow release of a variety of

subst ances a eénwla{s,pe@s, phafnmeeut ksl mvehtdbHgSshddeeysmay i ncl ude
fragrances and_ the |ike. Particular exanples of such substances are

essent i &AFOVoFEY 2 \Mﬁt@ﬁdnﬁ?/r B SPRAGRArR fa"ﬂ?éf/lﬁra?féﬁ/rdr’r&\‘i’e 9 Hfer apeutic 15

ef fect. skhus £$;hxrca5 wath f adig 14$ e asp Dth PO dugeEL Wdry, t heatlas),red conbi ned

bi odegradabi | ity ,and mechapjcal ,properties for. a wide 20 variety of
appl i ca?ﬁ“&ﬁ e %r&hd(’:BﬂdugJﬁﬁ‘?gbﬁ % Gfrrhaying, wet %EYl

and/or laminating fibres according to the third aspect.

In an eleventh aspect of the present invention, there is
provided a substantially pure siliceon f£ibre of at least

100cm in length.

In a twelfth aspect of the present invention, there is
provided a method for preparing a fabric according to the
fourth aspect which comprises spinning, embroidery, weaving,
knitting, braiding, fibre bonding, air-laying, wet laying,
and/or laminating fibres according to the third and twelfth

aspects.

In a thirteenth aspect of the present invention, there is
provided a method for producing a fibre comprising silicon,
which method comprises coating a microfibre with silicon or

a silicon composite.

In a fourteenth aspect of the present invention, there is
provided a silicon containing fibre having a porous core and

.a non-porous coating.




silicon used allows for the possibility of distributing electri char ge

: cal
" I'n a nedical context. Furthernore, in the case of the fabﬂﬂé@ﬁzpﬁé
desirable effects of dual porosity (i.e. mcro or neso porosity of the
fibres thensel ves as 25 produced for exanple by el ectrochem cal etching,
and nmacroporosity determ ned by seéﬁﬁtion of .. weave design) can be

achi eved, so that for exanple bioac Pve open neshes can be produced for

bone i n-grow h.and her _conpl 2D and 3D. to raphics achi eved dependi ng
dpon ¢ he dmfenibieafty Gerse Ry he Pt en BB O R e Tr coant
i nventi omproviiéed a raoeevi ted rerepethod ofsigriepar faigeia, f whieh according to

the thir C R d. C 1 1.S€es chani.cal | v ¢l viﬁg a
nesoporo&%o%?P§1%ﬁﬂ%h%? r%%%%g’ ép?iﬁﬁtjﬁﬂia2668%§£§¥ﬂﬁcgﬁ‘%|gI{h aspect of
t he presemt fomwmeatsworiest héreatad lepr ovislethexenpt hodl ghtpreparing a fibre

accor di ng. Lo Lhg LI 141 85ALGL, LGN el hagconprisgs forming a silicon

fibre an ereafter porosifying the silicon. nint h aspect of the
present iperertdoeylatheiseesionrovi ded a fabric conprising fibres according
to the third aspect. In a tenth aspect of the present invention, there is
provi ded a nmethod for preparing a fabric according to the sixth aspect

whi ch comfsr esésxbernim rgreehinioitier preswdyiimyent ket tthage by aiding, fibre
bondi ng, Altihayi NhethBh LA NGariA§dlol;liamhnabing flapres, according to the
third aspect. In an eleventh aspect of the present Invention, there is
provi ded vAishbgednd arrprpine coptinen fidhrdcovitlh 4iddsen. 100cmin | ength.
In a twelfth aspect of the present invention, there is provided a nethod
for preparing a fabric according to the fourth aspect which conprises

spi nni ng,IReAbFBY LN thedsR e, OTkhPE tRFRPCNSr ANWEHG,O™ i BRRTDOITi ng,

air-layi peovi@bd | 2WiNGcon coated fabric obtainable by a method as

defined above.

In an eighteenth aspect ¢f the present invention, there is
provided a silicon fibre comprising silicon beads connected

together by means of a resilient thread or wire.

In a nineteenth aspect of .the present invention, there is
provided a method for preparing a silicon fibre as defined
‘above, which method comprises drilling holes through silicon
granules, and passing a resilient thread or wire through the

holes formed in a plurality of granules.

In a twentieth aspect of the present invention, there is
provided a method for preparing a silicon fibre as defined
above, which method comprises forming a plurality of beads
with a central cavity on a dissolvable suxface by
photolithography, introducing a resilient thread or wire
through cavities in said plurality of beads, and thereafter

dissolving said surface.

" In a twenty-first aspect of the present invention, there is
provided a medical device comprising a fibre.or-fabric

comprising silicon.




and/or lamnating fibres accordlng to the third and twel fth aspects In a
thirteenth aspect of the present invention, there is prOV|dJHYéKWéthod f or
producing a fibre conprising silicon, whi ch et hod conprises coating a
mcrofibre with silicon or a silicon conposite. In a fourteenth aspect of
t he present invention, there is pr vided a silicon containing fibre having
a porous core and a non-porous codting. 11 July 2006 22b In a fifteenth
aspect of; the ention, h i rovided. a Process, for preparing
a S|I|conr#§bF?%§§ﬁﬁgchgg 3 é% O%onprpgggeéknﬁnvenglo?irs anﬁsa second
silicon mabendedoaﬁmbatan@%ﬂﬂespofepaﬂabbely&mﬂs t herein, and interweaving
the resultant silicon threads in a substantially perpendicular direction.
I'n a sixteenth aspect of the present invention, there is provided a nethod
of preparliong Bweidyi-¢bhrd oxtredtf abr tlee prelieoh Iretehedosongrersesscoating a
fabric w pect of the present invention,

there |spkgy§§%agﬁgglg? ?é%ﬁ“%@%?gﬁ #Eﬁgw c obtainable by a nethod as
defined above. In an eighteenth aspect of the present invention, there is
provi ded 1 ai L&Al -frb B, CAIRIESL AT [-eolnbaatdenepafeahiRd. toget her by
means of a resilient thread or wre. | & a ni net eent aspect of the present
inventi oRrovhee@ 3 $ibpe o dedracneemiod S pewgyer SAgieesilicon fibre as
defined ;aboven MR chipedhad gﬁﬂpé%&%dd&hﬁla{@uﬁgksﬁcé hremgh silicon
granul es, and passing a resilient thread or wire through the holes forned
~inapl UBREt IS UgPhALTRs.S PhOHLY wiakerees Brgedheosiliompresent i nventi on,
there is provided a nethod for - preparlng a silicon fibre as defined

. above, which nethod conprises forming a plurality of beads wth a central
caV|ty Oﬁhﬁ H@gﬁﬂﬂlpabw S uopa ke E@;tlcularly described by way of

example, with reference to the accompanying drawings in which:

Figure 1 illustrates diagrammatically the structure of woven

fabrics,

Figure 2 illustrates diagrammatically the structure of yarns,




phot ol i t hography, introducing a resilient thread or wwre through cavities
insaid plurality of beads, and thereafter dissolving sai diJulf%08. In a
twenty-first aspect of the present invention, there is provided a nedical
devi ce [sing a fibre or fabric conmprising silicon. 11 July 2006 22c In
a tment@?)rsﬁgéé?ﬁﬁ aspect of the present invention, thef&TCEMEEHRyi ded a
substantially pure silicon yarn. In a twenty-third aspect of the present
invention, there is provided a silicon containing yarn. In a twenty-fourth
aspect of the present invention, thesge is provided a fibre or fabric
conprising porous silicon, wherein the silicon is inpregnated with a

subst ancerigued 3 ihakstes UDRIAEARaLiTaSlpWNne EEreaaed &F amittas silicon. The
i nventi Onfi\té‘rlel now be particularly described by way of exanple, with
reference '£6 the acconpanying drawi ngs in which: Figure 1 illustrates

di agrammatically the structure of woven fabrics, Figure 2 illustrates

di agr anadiigaak |y shb@s Skilceebed Shaysy RS, pdrbubllbys 2RA6r¥BHa35055534

PCT/ 2/ 05853 23 . Flgure 3 jillu ates di i y, i he structure of
e t Lo PROPEE TP oo shos Thb dtGeel BURITEL SRuEYad Metby
m crof i brassl ¢6%2003 (shedr edesWailAy Keit 3BdULicron widsr Sabxx 2689 bh) about 25

m cron and (x200)(c) an elastically bent 100 m cron wi de fibre (x20),
Figure 5 shows m croscope images of (a partially.sawn wafer (x 3) (b) a
sawn si |l i%@ﬁrﬁeg;ﬁf‘ﬁ'ﬁ VA @ éﬂﬁge(sc)o)faﬂa)etac%%t l%ys‘f ‘Tncgﬁg%ream array (x
100), Fi gim &)6(shewsawn ridicycbpeniamge f R)pendus)casietishedof i bre of

smal | g5t Whdbhn (Rhn20-#ByCr@mddy), 4 mcron, and (c) a

Figure 6 shows a microscope image of a porous c-5i microfibre
of smallest width {a) 20 micron (b) 4 micron, and (c) a
maltistrand fibre (scale and magnification shown),

15
Figure 7 shows microscope images of woven c~Si structures with
{a) a 200 micron thick warp & weft and (b,c) 100 micron thick

warp and 300 micron thick weft {scale shown},

20 Figure 8 shows microscope images of polyester gauze ccated with

10 micron thick layer of semiconducting silicon (scale shown),

Figure 9 shows SEM images of view of the surface of the
polvester gauze after coating (a,b), and the corresponding

25 FEnergy Dispersive X-ray {(EDX) spectrum, (scale shown)

Figure 10 is an enlarged view of polyester gauze fibres after
“'gtain etching (a,b) (scale shown) and (c) the EDX spectrum of
the fibres,

30 _
Figure 11 shows a scanning electron microscope image of a
silicon coated (a) biodegradable suture (b) aluminium wire and

{¢) hollow glass fibre, (scale shown) and

35 Figure 12 is an enlarged view of a coated suture and fibre
illustrating the retained flexibility of the structure (scale

-shown).




mul tistrand fibre (scale and magnification shown), 15 Fi gure 7 shows

m croscope i nages of woven c-Si structures with (a) a 200 1h78lydR08 hi ck
warp & weft and (b,c) 100 micron thick warp and 300 mcron thick weft
(scal e 20 Figure 8 shows nicroscope images o r gauze

coat ed ‘\?\nat%%gsisd mcron thick layer of sem conducti ngi’gﬁfo’*}%zgﬁés?scal e shown),
Figure 9 shows SEM i mages of view of the surface of the polyester gauze
after coating (a,b), and the correspondi ng 25 Energy D spersive X-ray (EDX)
spectrum (scale shown) 30 Figure 1Q4is an enl arged view of polyester gauze
fibres after stain etching (a,b) (scale shown) and (c) the EDX spectrum of
the fibreggampigure 11 shows a scannl ng el ectron mcroscope inage of a .

silicon CP(J):ate L 1 gré b) n%l gégrrycgn%g@arlegnd (c) hollow

gl ass fi bres—tstce . e : geda—vi ew of a coated
suture a&‘é}_.f_ﬂm il ustratl ng the retained erX| bi | ty of the structure
(scale @bmymél mi&réwméSZQ@@lmwaf 8555341 PG §B0e582 24rdxanple 1

Pr epatr atlog ob I’:E)ﬁ %ﬁ EO wire rr%% gnd f b]r:| (ofS} obial ned therefrom Poly
Si miar oerehNg| ATRYCRF BEFEVAES PES & amet 8FF%r & PYTSC" 5 nade by the
"Tayl or megrblinodcpt Cﬁ?@Sls"SllHéPE chezgsl §s greltmdt aiside gi @dﬁsgrade silicon

charge I&uﬁelﬁye@ Ila@aﬁ@aeatﬂlga%surééﬂagdbyu@e acal gheat birg taesige and fine
Wi re drawn ouI th ﬁ%ﬁn an, or.i chani cal puI l.i n The wWire so

pr oduced s EHESt ecﬁagﬁailcgu ln@h | 0% dRETetP BYOREDadld treatment. 10
" The wi r eshapthachdn sihien, wikitht Ledeaxovied dbyldid -baserd é&pp@m@mﬂ:at e design prior
to pqgposification in a HF-based solution. For 5-

The wires are then woven, knitted or braided into appropriate
design prior to porosification in a HF-based solution. For 5-
10 micron diameter wires, full porosification is achievable
with stain-etching techniques. Anodisation of fabric made from
15 low resistivity poly/single crystal silicon could alternatively

be used, especially for thicker fibre networks.

Example 2
Preparation of Reinforced silicon fibres

20 Bundles of silicon composite fibres, prepared for example as
described in Example 1, can be processed into much tougher
forms using resin bonding techniques used to convert highly
brittle glass into extremely tough fibreglass. Although the
resin used-in fibreglass may itself be brittle, the interface

25 Dbetween the silicon and the resin (as with the glass-resin
interface) will act as an effective barrier to crack‘

propagation across the bundle.

Example 3
30 pPreparation of Extruded pelymer/Si powder fibres

A readily extrudable polymer is first blended with porous

silicon powder to form a composite that can still be processed

into fibres at moderate temperatures. The level of silicon
incorporation is between 1-10wt% for inducing bioactivity, 10-
35 60wt% for improving yield strength and 60-90wt% for conferring

electrical conductivity to an insulating polymer, for example.




10 micron dianeter wires, full porosification is achievable wth

stai n-etching techniques. Anodisation of fabric nade from 19 Jpkxg006
resistivity poly/single crystal silicon could alternatively be used,
espeC| t hi cker fibre networks. Exanple 2 Pre i f Rei nforced
silicon FMB&%%320 Bundl es of silicon conposite-fibregeh%%gﬁg? d for exanple
as described in Exanple 1, can be processed into nuch tougher forns using
resin bondi ng techni ques used to convert highly brittle glass into
extrenely tough fibreglass. Al though2the resin used in fibreglass my
itself be brittle, the interface 25 between the silicon and the resin (as
with the ghess- bbsiegradadler patwlerwshién aat pabyiaktef fEsicbvee atibi er to crack
propagat i r e n 3 uded

pol ymer/ S?ﬁp%\?\dgf %?S%Er eég}éAqlrng%%%&% ng%ftrl:égag?%lg‘gaé%e%e%ag%?ﬁ%%& bl ended with
porous sthércen puwléished texvile mehpoisilt eutthats Dasra(Y |is beeqyr ocessed

into fi brase %Cm@&%as ptsgnpgwémsﬁ beﬂlﬁc&leafo L@k 2 bhgon incorporation

i s bet en 1- 10wt % f uci ng bioactivit 0 35 60m¢@6for |nprOV|ng
yield ?Fg&tﬁf’%]d Séep W%?'H?ereaﬁ% e?erquﬁ@cea FoeFe SHeCEBHRIAYi vity to an

i nsul at i ngorpimlcyjmg polpteraxangh eas bdlyaniy iR60F YOI PBIATIE84 RET/ R0/ 05553
25 uhen aublodegradael] S, 0buael, SUED ASRALIAGL! 6 0legh e acTd (PLGA) s

used, the conposite textile retains en an established
textile nERWEFEY BHEACHDILACT OIETIY '?-%‘“' Jsugls "tfhéljr%ﬁﬂfhéﬁwlﬂ‘ pSi  powder
can be incorporated as one 5 additional step in a comrercial sequence.

Wer el egitdgally conducting polynmers such as polyaniline or

pol yacet used, textiles obtained are not biodegradable but could
be ~rendeREapasation af Holder; greonphopa(pqlyyal icas meeyqfdmresnddi ti on. 10

Exanpl e %ﬂn&ﬁ&i@lﬂﬁﬁvﬁlatiﬂ)“ﬂyﬁﬁﬁyﬁnﬁua/ piuresi bf GliemeterOfinbr es

the range 20-200 micron with a hollow core of diameter in the

range 5-100 micron is first coated along its length with
15 amorphous/poly silicon. This can be achieved by pulling the
fibre through a vacuum sputtering/CVD chamber and with
.deposition at room temperature/elevated temperature
respectively. The low thermal stability of polymers restricts
their coating to amorphous’ £films which can be carried out at
20 room temperature. The core of the fibre is then removed by

soaking in a suitable solvent/HF-based solution.

Porosification can once again be by stain etching or
anodisation. Since micrecracks limit f£ibre strength, improved

25 drying techniques like supercritical processing are beneficial.

Example 5
Preparation of Micromachined poly-8i fibres

Ultrathin fibres can be realised by the repetitive use of
30 standard silicon wafers that are repetitively subjected to
surface oxidation, poly-Si deposition, micromaéhiﬁing and HF-
induced release. Porosification is carried out by stain
etching either before or after the HF-release step. The
maximum fibre length is defined by wafer diameter and fibre
35 cross-section by poly~Si layer thickness and mask design.




Commercially available polyner/silica fibres of dianeters in_the range
20-200 micron with a hollow core of dianmeter in the range 13 JyF0/% cron i s
first coated along its length with 15 anorphous/poly silicon. This can be

achi eveggisphdld ing the fibre through a vacuum sput %g{r}d}géfgﬂg chanber and
e

with deposition at roomtenperature /el evated tenperadatu spectively.
The low thermal stability of polyners restricts their coating to anorphous
films which can be carried out at 20 roomtenperature. The core of the
fibre is then renoved by soaking ina suitable sol vent/HF-based sol ution.
Porosification can once again be by stain etching or anodisation. Since

m crocracksanpileid fibre strength, inproved 25 drying techniques |ike

super cr | {6AleoRr 085501 3k ARNELLE Ao EXATR © 5 Preparation of
M cr omachi an be realised by the

ol y- ) L

repetiti v‘é"“ﬁ‘?égbafllYSB"as‘tléHaﬁrﬂlEiCPPcEﬁ’l"’\ﬁéf grecalharaisad 9Reet PEi vel y
subj ect edsdlmr gurdeaperimgi)datimechapdtalkly ndbpesidbvorte shonianaehi ni ng and HF-
i nduc r osl fi i i j W ching either
bef or & or areee® (ha TR o onse ioged Herofd iy stlln Bebhing AncHh "< et ned
by waf er B ZREELrSCIREIR br ENSPEPHERYWEE| bh HgnppRiesFed &PePVt hi ckness and
mask desi gaunelfireltingn? GO géhk D30 ShbStPEFdXRY2/ §EBp3 . 26rHaéanpl e 6 Silicon
i ncor por at/ i X I C iall.y i i con powder

atdARcLidf By e %ggf?%éﬁogyyé q é&ggg?{,%sa;k tﬁééﬂ APl &d %1

st
(metal lurgical grade” or ] I iS me amcall¥ |l ed down to
“submi cr onUSIPIp bF19hd PECRKOPE L AN IR ERCF ¥ dare I GFoFEs bFoR N etching in an
HF- baskd sioldihgonia phepylokensr dwntiaged ot barnesdbi ot @daitadld o0zone
t r eat ment .ge te. sur e oxyl + Thei [ ycenment by
3-chlor op?%bgﬁ ! r%? g?_oééﬁfggﬁfs {%g'h g%tﬁ g%g%?%;c g’(‘s%ﬁrr‘?g %%pécr%ﬁor opropyl)
tri met hoxy@iiedpe QycpoTivspbatimlienbodlg ngi kefusgevi fiFespSHEidchert | i nkages to
commer ci atdasraymidiabl f2.g. 2 hours at 110°C} sonification can be used

to remove physisorbed pSi powder, leaving only covalently

15 linked gilcon powder bound to the surface of the fabric.

Example 7
Silicon Incorperation into Preformed Yarn

Non porous or poroﬁs silicon fibre prepared by the process

20 described in Examples 1 or 5 is wrapped around textile fibres
that have already been spun into yarn. This can provide an
electrically conductive pathway within a fibre of predominantly

standard textile material.

25 Example 8
Metal replacement by silicen in silk organ:za

Silk organza is a finely woven silk fabric, originating from
India, which combines gold, silver or copper with silk threads
into & fabric that is anisotropically conductive. The warp

30 consists of parallel silk threads. Through this warp, the weft
is woven with a silk thread that has been wrapped in a metal
foil helix.

In this embodiment however, low resistivity silicon fibres are
35 used instead of the foil wrapped fibres. The spacing between.
the fibres results in a correctly orientated strip of the

fabric functioning like a ribbon cable.




fabric, such as cotton, linen or a synthetic fibre, is then_ achieved by
co-incubation in boiling toluene. After sufficient reacti&ﬁﬁﬂﬁﬂ@oée.g. 2
hours at 110C) sonification can be used to renove physisorbed pSi powder,
Ieaving“@ﬁﬁmﬁﬁﬁyalently 15 linked silcon powder bound to the surface of the
fabric. MPre 7 Silicon Incorporation into Prefor ™84 En por ous or
porous silicon fibre prepared by the process 20 described in Exanples 1 or
5 is wapped around textile fibres that have al ready been spun into yarn.
This can provide an electrically cgmductive pathway within a fibre of
predom nantly standard textile material. 25 Exanple 8 Metal replacenent by
silicon ipgamblek gorganza Sil k organza is a finely woven silk fabric,

ori gi nat iPQQ ;;a(ypo I nldi W V\Qisg_fiiggmi%eg gold, silver or copper with silk
t hr eads ﬁ#ﬁj‘%&%ﬁ%‘%ﬁf—wopi cally conductive. The warp 30
consi st s Fetoynsaliedn fibke t4ise al5a1rEdr Byigh<@NiBY \GampSoRBEUGef1m | s woven

W.th a sidnkwidreagvéhal ghass keese Waeped i ra168t dapef Oi lanhedd x. In this
enbodgnen%rggi ver . eresiﬂkkgLH%JsiLico bergs g£§n2§21H¢ed i nstead of
the f3il PFappadff bed* T 8356 W hitheah Tt R 518 3 8Tk s in a
correct | pragitast at edrisur i(p- 5 HARY dhabenl Madacky cmieAgsatilee at LP®bon cabl e.
11 July 2006:Bs086050p3de REehtGROZ/)5863 2 mEXardy en9ediiz@parati on of porous
silicon fViOQre Porogoswtgsl b}‘,cond fi Qreet\f\{%s $bt ?} ned t;Tyl c}leat\ﬁienga mesopor ous
film on “Varsrs overs §F A% SPFaS 0t ed PR™ TR "Dapar -2 Rh 80% 5

por osi t y ednths®#afier raienghitiectibns wagal kbl iccapexbenddemlarn ¥00%he ori ented p+
waf erjo( 0.QQbar 9% @ HAL FheBHR2RYRARAEL SEd Qi Gledl @8ge B4 ki @E per square

CentlINEt%ﬁidéfESméosﬁgflgﬂef—idqmggy ibres broke away from the diced

chip. Examples are shown in Figure 4 which show optical
microscope images at x200 magnification of fibres of
rectangular cross~section (a) 95-100 micron width (b) 25-30

15 micron width. The fibrous structures are fully porous (80%
porosity) and brown to the eyé. Figuré 4(¢) is another optical
microscope image of the larger fibre bent on a carbon pad to
illustrate its flexibility.

20 Exzample 10
Preparation of porous silicon fibre

In an alternative method, porous silicon fibre was obtained by
etching and anodisation of sawn silicon comb-like structures
like that shown in Figure 5(a}). The edge of a 3 inch diameter
25 wafer was given a series of 45 cuts using a 75 micron wide
blade with a pitch of 225 micron. This created an array of
supported single crystal beams of approximate length 12mms and

rectangular cross-section 150x380 micron.

30 These beams were then subjected to ultrasonic cleaning in
acetone and then an isctropic wet etch in 70% nitric acid,
glacial acetic acid and 40% aqueous HF at a 5:1:1 volume ratio.
This step removes saw damage and is used to define cross- '
sectional profile of fibres to be generated in the next step.

35 The etching solution was continuously stirred and etch duration
was 7.5 minutes for the data shown here. Figure 5(b,c¢) shows
the beam array in plan-view before and after such an etch where
the width has been reduced from 145+/- 5 micron to 25+/- 5




vol unes of 40wt % HF and pure et hanol. Upon scribing the back . of tge waf er
al ong directions parallel or perpendicular to the 10 "waf er 1FP#2008n0g t hen
breaki ng over. the aligned edge of a glass slide,some short ( 1-10 mms)

fibres. ayyey fromthe diced chip. Exanples are .L.Figure 4
whi ch sﬁg\%gﬁg%tl cal mcroscope i mages at x200 magni f?@gﬁﬁ@ﬁdso fibres of

rectangul ar cross-section (a) 95-100 mcron width (b) 25-30 15 mi cron

wi dth. The fibrous structures are fully porous (80% porosity) and brown to
the eye. Figure 4(c) is another opti2gal mcroscope inmage of the |arger
fibre bent on a carbon pad to illustrate its flexibility. 20 Exanple 10
Pr Fpar at islRroh. paneUsare! sementi ie thenafushker ¢ciaaivee imebhead, porous
silicon fj t.ai,ne [ .angdi sati 9 silicon
comb- 11 KB PTE e i B BRI B L] BB S en e & & 3 nch
di amet er t5 apderfnble §roEFrddng peams  oftn AAFeparatifdi A9 a 75 mi cron wi de

bl ade Wi tdhoaipidioh.ofan23hodbiC potentikilsoereat gdlanvaar eppliell featiEport ed
singl g crystal heans, of a i l.engt 00BN apgul ar

cr ossssec Jingﬁeslgﬁlxg@% aﬁugglg{l%ég?ﬁl%é}s%quégré’zmre ghg%{@%%j ected to

ul t r asoniseiseeedef BHTRGFUre cEIcoAe S 1Rl 3l M8 oFFHEPES STETBE AT in 70%
nitric aaind ca@lciel alorgeths 13Ged NG 48%mObeats wdte aimmerSed ih vol unme

ratio. NS PLaR 1 ADYes, S AU AIAGL 130 LS HRE D81 ffld REuELPSS- secti onal

profile ot’rhefl res e generate THe next step. 35 The etching solution
was cont itgon8} yEidms rice debarinate et fikreo et Wasformsvidiiucesingt the data

showngheng. pEigWikerddng) asAwWsai tdg daeamarray in plan-view before and
after such an etch where the width has been reduced from 145+/- 5 m cron

to 25+/- 5 11 July 2006 WO 03/055534 PCT/ GB02/ 05853 28 micron. The wafer
segnment s anheitefrnativer &t cwvdd Patposaibkarteohriticdhp-4HPkE K% ucture with

no bul k sidrrenh AHSCRI 2h® then'a sufficiently high current density
to cause “1lift-off’”, as is:well known in the production of pSi

15 membranes from whole wafers.

Figure 6{a-c) show examples of a 20 micron wide, a 4 micron

wide and the end of a multistrand fibre respectively, obtained

using this method. As a result of the ancdisation conditions
20 used, the porosity of these wholly porous structures is in

excess of 60%.

Example 11

Preparation of woven silicon structures

25 The sawing and etching process described above was used to
. demonstrate the feasibility of weaving pure silicon fibres
using larger structures. Square sections of wafers were sawn
into comb-like structures and given etch treatments to reduce
thickness to 306, 200 and 100 microns over much longer lengths.
30 " |
. Figure 7(a) shows an example of a pure single crystal Si weave
where both warp and weft fibres have 200 micron thickness.
Figure 7(b,c) shows a Si weave containing weft fibres of 300
microns and warp fibres of 100 microns thickness. The latter
35 have a pSi coating derived by stain etching as described in
Example 12 hereinafter, which gives them a brown colour to the

eye.




the ends of the protruding beans, in preparation for anodisation. An
anodi c potential of 1.0 Volt was applied for 5 5 ninutes irldob%86eous
HF/ et hanol (1:1 by volune) between the suspended structure and a circul ar
pl ati nuWoCJs}d%s's Ie acting as the cathode. Only the Iovver hal f of the beans
were i mrerse the electrolyte. The resul ting hi gRCEGBPERES 3 densities
caused the psi filns to delamnate as fibres of uniformwdth defined 10
by beam di mensi ons and anodi sation tinme. As an alternative, it would be
possible to initially apply low curament densities and then a sufficiently
hi gh current density to cause "lift-off", as is well known in the
product i aaxadplegz 15 nmenbranes from whole wafers. Figure 6(a-c) show
exanpl es 0f de and the <enNd of a nultistrand
fibre respe = v . STHC il . fesait of the

anodi sat |§5&£_E.‘éﬁ:1d|t|ons 20 used the porosity of these whol Iy porous

struct ures rlaﬁgé rbf EXSRNS aét&Q%lsEmraok:enﬂamBn@pafo&Tteamﬁﬁq woven silicon
structd %? M sgg\n ng .ang ec;to%hhrllga R QCE S gﬁscri bg %bove was used to
dem)nstra e the eas%l P51 o NtV ihJoPtr eSS PIREER PRHIEE  using | arger
structur é@.atsqtﬁﬂﬁéps%tt*ﬂléhsf%#rrv\é?‘éfr@%r@%@waqmﬁ:m@ﬂ)rﬁ;rﬁm@ structures
and gi verboat:elhutlrca@mmbh ﬁn%(c)h I’Fc,%dﬂﬁﬁ ;mbgs@i@t%sioﬁ&i%gostﬁm ?nd 100 mi prolns
over nge t hs i gure an..exanpl.e o pure single
orystal  Souuay e g Bopeetig, A o oL P MR S b BERE T o0hed 01

t hi cknesitRikppoa ¢ B3P~ éﬁbmf‘iiawgih obgv bangsiit m‘frﬁmgewtt 50P¥r es of 300

i cr ops aﬂ%@eV@feﬁssEt@r&S 1@f~ al%rm cg@&%nwﬁﬁl@ae%ms heré a;ft 85185- have a psi
coati ng er | ved st ai n et chi ngd ﬁ:escr ﬁl 12 hereinafter,
3 C20 *WO 03/ 055534

whi ch gi vesofﬂ r%?’b\ﬁﬁdc%lsdi}i’ls gmpeé’s'/aeturflo% q

PCT/ GBO2/=068E3at28 were rotated at speeds of between 0.0025 and
0.126mm/sec and supported on a custom-built framework to
improve uniformity and control thickness of coatings.

15
A commercially available polyester gauze (denier 100, mesh 156)
was coated with 200nm, 1 micron and 10 microns of silicon.
Figure 8(a,b) show segments ¢of the gauze with the thickest
coating and demonstrate the retained flexibility. The coatings

20 were found to adhére well,éeven when tied into a knot as shown.
Figure 9(a,b) shows SEM iméges of part of the coated gauze and
Figure 9(c¢) the correspondlng EDX spectrum showing a low level

of oxygen in the coating.

25 Rll exposed surfaces of the multistrand fibre network were
found tec have such a Si ceating., Figure 10{a,b,c) show the
correspending images and spectrum of the same gauze after

partial porosification of the coating by stain etching. This

was achieved by immersion of the fabric in a conventional stain
30 etch solution containing 1 part by volume of 70% nitric acid to
100 parts by volume 40% HF for 60 seconds. A 90 second etch

wvas found to cause partial delamination of the pSi coating.

The porous nature of the coating is evident from the raised
oxygen and fluorine levels in Figure 10{c) and the presence of

35 some cracks in Figure 10(b).

Other examples of silicon coated structures include a
. biodegradable suture (the multifibre thread of Figure l1l{a}}, a




Exanpl e 12 Preparation of Si & porous Si coated fabrics, sutures and
threads A range of fibrous materials were conformally coatdd J#%39065
sputtered anorphous silicon in a nodified Blazers Bak box coater equipped
with foyr, | 25mm pl anar nmagnetrons arranged concentrically around a
central w&?ﬁ@%g%te rotation stage. Coating was by spﬁFi”&Bf)%‘Esﬁ%r oma 99.999%
pure Si target doped wth boron at 5x10718/cm*3 with the target power set
at 500W a 10 base pressure of 107-8 tors, an ionisation atnosphere of
5x107- 3 torr of argon and a substraie tenperature of 50 C. The.

substrates were rotated at speeds of between 0.0025 and 0.126nm .sec and
suppor t ednetal a( Clust iUk te f (EaReria (bo) , ingLieweyLasisf Oibdet ynand contr ol

t hi cknes cpat i .ngs iadl il ab yeshel gauze (denier
100, rresﬁtu(%%%) ?ﬁ%ggclola(gczgi%\ﬁ)ﬁwg%%n%ng%?#%agﬁ %ﬁa&% m CI‘(%I:IS of silicon.
Fi gure 8(% BF St Sty fdies Ut mehal gidibeELoF (FF-PREWESS BREst  coating and
denonst r adlwstheentayabsed skberddlvay Yusiheat cpbirogaiate selventpund t o adhere
wel |, '€V i i J S WN Ei .5h SEM i mages
of part e opns CheBdel B dadl o i ng HyALb SR e R X Spectrum
showi ng @B 1¥el of oxygen in the coating. 25 All exposed surfaces of
the multistrand fibre network were found to have such a Si coating. Figure

10(a, b, C)Fi%_;t191¥v 145 & r@g@@&f%ﬁgeimqﬁ ?‘ﬂ{gl E}E}S&%ﬂi‘iﬂgz%ﬁ]?ﬁa?am gauze -

after partial porosifi Ion of "the coafin stain et This was
achi eved SfFursmaids Pohvist £ HergsaBre draimtaieesh @éher ociialcodtdi9n 30 etch

sol utjigon containing 1 part by volunme of 70% nitric acid to 100 parts by
vol une 4Q%_HF. far, 60 seconds. A 90 second etch was found to cause parti al
del am na%—r—ggajé?—qlghe pSi coating. The porous nature of the coating is

evi dent fYdHeE¥rtion| af gicendngtinguneture pfypedicah Hiahwies 10(c) and the
presence @mprdSi0aR1dacks in Figure 10(b). O her exanples of silicon

coat ed Stfﬁécagééﬁsphgglégyicgh structure of Figure 7(a) was rendered

15 partially mesoporous by application of anodic electrical bias
in equal veolumes of 40%HF and ethanol.'During and following
this process the structure remained semiconductive since porous

silicon is itself semiconducting.

20 The gauze coated with porosified silicon of Figure 10 was
cathodically biased in simulated body fluid. Prior to coéting,
the gauze is electrically insulating. Any current flow is thus
restricted to the surface coating. This and the higher
resistivity of the amorphous -silicon compared with that of

25 crystalline silicon resulted in a bias of 30 volts being needed
to maintain a current flow of lmA through the fabric.

The conductivity of the gauze can be raised by using a more
heavily doped {10720 B/cm™3) Si target in the sputtering
30 process, or by rendering the Si coating polycrystalline by

laser annealing.

Example 13
Preparation of Flexible Si chains of beads

"~ 35 Spherical polycrystalline Si granules of diameter 1-5mm are
commercially available in kg quantities from MEMC Inc, USA.
After mechanical sieving these are size separated to for

~example 1.0 mm diameter. A 500 micron diameter hole is then




bi odegr adabl e suture (the multifibre thread of Figure 11(a)) a 11 July
2006 WD 03/ 055534 PCT/ GB02/ 05853 30 netal (al uminiun) wire (AFPRA®9611(b)),
hol |l ow gl ass fibre and tubes (Figure 11(c)) and other single strand
polymer fibres. —If desired, the glass or netal interior structures nay
_subsequg]rﬂqgl;‘} SB¥ di ssol ved away using an appropri at e $6FGEBRUSF such as
hydrofl uoric acid for glass, and hydrochloric acid for alumnium Figure
12 is an optical imge showi ng the flexibility of the suture and pol yner
fibres are maintained after Si coatijlg. 10 Exanple 12 Illustration of the
sem conducting nature of nedical fabrics conprising silicon The woven pure
silicon sdfiigearhrobghi gisheard dhtvBss EARERT £ isdbrymskt bmddiyatiesopor ous by
applicati +0 t bi I Ly % and

et hanol . %}r an}‘e% ug o‘%llm%l él'lﬂg Chi sé‘lﬁos gglgglﬁ%neé?r ug?ﬁl?éeytr érgral ned

seni condd&qli%el%lﬁ?ééo‘p%ﬁf Msth%ﬁaldﬂéﬁn 45§n9t§elefads‘é¥ﬁ€t:é‘ﬁﬁﬂféﬁdn§° 20 The gauze
coat Fd Wi tHe peaDslf Leslkisiyl Ecore .of phigidiepdosiFicatadrhadi adlieyedi ased in

si mu e | yi Pri or t he I ri.cally

nsul ot i SR PR T S TSR Wig: £ o R F RS S KT Chati g
This and ¥ ﬁl‘@}TPéP of eliterFeRnaFtef %H#@raﬁmr phous silicon conpared with
that of 25 crystalline silicon resulted in a bias of 30 volts bei ng needed
to mai ntaér;ma curtent flow of 1mA through the fabric. The conductivity of
t he gauze-caﬁ—%e—ral sed by u5| ng a nore heavily doped (10720 B/ cnf3) Si
target i G, ' - 6ha £ ¢afgng the Si coating

pol ycro/stzalélum@orbyqaféﬁsg tﬁ@ﬂﬁk%.llyn&uu@ééﬁpéﬁi 131P0 eparah i 0 cef sEl exi bl e Si

chai s of beads 35 Spherd qal: pRl¥erystalli ne, 9 granyles of diameter 1-5mn

rectangular trenches are then deep dry etched to a depth of 50
microns into that Si cecating and in-filled with a spun-on
resist. This step defines what will become the hollow core of

15  every bead.

Following surface planarisation and cleaning, another 100
micron thick Si membrane is wafer bonded to the array.
Photolithographically defined deep dry etching right through

20 the Si-resist-Si structure to a depth of 250 microns is then
carried out in a linear array pattern orthogonal to the resist
channel direction. This step divides the linear Si columns
into rows of aligned particles. The resist channels are then
leached out by solvent and a suitable microwire (<56 micron

25 diameter) threaded through at least one chain of aligned

particles running across the wafer diameter.

When the entire array is suitably threaded the wafer is

immersed in HF to dissolve the underlying ozide and release the
30 particle chains. Isotropic etching can be subsequently used to

remove sharp particle edges and stain etching to porosify the

surfaces of every particle in the chain.




commercially available in kg quantities from MEMC Inc, USA. After

mechani cal sieving these are size separated to for exanpl el ljuly 2606

di aneter. A 500 micron dianmeter hole is then 11 July 2006 WD 03/ 055534
PCT/ GB 0(5%5%3431 drilled through each and batches given an _isotropic
cheni ca ¢h'to renove drill damage. Subsequent |i REYPBEBEHnent of
holes is followed by threading, using a lead wire attached to the nedical
linking fibre. Partial porosification is achieved 5 by stain etching or
anodi sation using a conducting Pt wi32e to |ink a chain of interconnected
spheres. Exanple 14 Preparation of Flexible Si chains of mcrobeads 10 A
silicon wafer is thermally oxidi setieeimd a 150 mcron thick Si  nenbrane
bonded to that oxide surface. A linear array of rectangular trenches are
then deep, dry etched to a depth of, 50 m.crons into that Si coating and
in-filledwth &"¥BFURT oRPHESFUPIIFRNG HldFoRfrnBEe \ifaf Brtic@becone the
hol | ow catigrefor ¥abevery bead. Foll owi ng surface planarisation and

cl eanigng, another 100 mcron thick Si nenbrane is wafer bonded to the
array. Photolithographically defined deep dry etching right through 20 the
Si -resist2si & FIRFUPE 1RPTACRIAW BRI 250 ARER In¥hPEShER® THAFPRd out in a
| i near arisapipattisoensirilchagonal to the resist channel direction. This step
divides the linear Si colums into rows of aligned particles. The resi st
channel s are then |eached out by solvent and a suitable mcrowire (<50

m cron 25-di afefEtye PRrih¥da 2FABAGRT ato Icéast lonbekal Ahefsiditrghed

partiXl esis vasbitgbaeri9icbhe waf.er di aneter. Wen the entire array is
suitably threaded the wafer is imersed in HF to dissolve-the underlying
oxi de and rel ease the 30 particle chains. Isotrogi c etching can be
subsequerftl y fs&tPie oF efiFa cshRAFIPAT tic Icéatti de ¥ RerRE s e S idd€RARNg to
porosi fy iheioccompatible.

15 5. A fibre or fabric according to any one of the preceding

claims wherein the fibre or fabric is a semiconductor.

6. A fibre or fabric acceording to any one of the preceding
claims wherein the silicon.is porous silicen.

20 |
7. A fibre or fabric according to claim 6 wherein the silicon

is mesoporous silicon.
8. A fabric according to any one of the preceding claims,
25 wherein the fabric has silicon microparticles incorporated

therein.

9. A fabric according to claim 8 wherein the silicon

microparticles are covalently bound te fibres of the fabric.
30 -
10. A fibre or fabric according to any one of claims 1 to 7

which is a fibre and the fibre is formed of silicon.

11. A fibre or fabric according to any one of claims 1 to 7
- 35 which is a fibre and the fibre comprises a composite with

another material.




surfaces of every particle in the chain. 11 July 2006 WO 03/ 055534

PCT/ (B02/ 05853 32 Clains 1. A fibre or fabric conprising sillifaly 2008 r use as
a nmedical fibre or fabric. 5 2. Afibre or fabric according to claim1
wher ei ngfheosilicon is bioactive silicon. 3. Afibre or fabric according
to clai_rnl(;/0 g%éin the silicon 10 is resorbable sil FEYTBYUER i pre or
fabric according to claim1l wherein the silicon 1is bioconpatible. 15 5. A
fibre or fabric according to any one of the preceding clainms wherein the
fibre or fabric is a sem conductor. 3. A fibre or fabric according to any
one of the preceding clains wherein the silicon is porous silicon. 20 7. A
fibre or fabracfineobdi fuprtic et@indibgwWierceaim tlldeosidiadonllii s nesopor ous
silicon. : i e.,a6cqLdj 0 0 f.the preceding clainms, 25
wherein t §r§§£??§ ﬁg@gg? i%%%“ﬁié?@%ér??% es i ncorporated therein. 9. A
fabric according to claim8 wherein the silicon mcroparticles are

coval ent | y3.boantatrdcl abc@iial tdhelbahrix vhid cbtaind iobile oilikabric
accordin LA claims 1 to 7 whichis a fibre and the fibre is
forme Qx%?ﬁ%%%ﬁlggﬁfgﬁd“fibre or fabric according to any one of clains 1
to 7 35 whichis a fibre and the fibre conprises a conposite wth another
mat eri al .14l1 Aukjpr2006 3¥BA3/ 86&EFAng to claim 12 wherein the fabric

-comprises fibres other than silicon containing fibres.

10 15. A fibre or fabric according to any one of claims 12 to 14
wherein fabric is obtained by spinning, embroidery, weaving,
knitting, braiding, fibre bonding, air-laying, wet laying,

and/or laminating fibres.

15 16. A fabric having silicon microparticles incorporated

therein.

17. A fabric according to claim 16 where the silicon

microparticles are covalently bound to the fabric.

20
18. A porous or partially porous silicon containing fibre.
19. A fibre according to claim 18, which i1s a porous silicon
fibre. -

25

20. A method of preparing a fibre according to claim 19 which
method comprises mechanically cleaving a mesoporous film on a

silicon wafer.

30 21. A method of preparing a fibre according to claim 19 which
method comprises forming a silicon fibre and thereafter

porosifying the silicon.

22. A method according to claim 21 wherein the silicon fibre
35 is formed by melt pulling, Laser-assisted chemical vapour
deéposition (LCVD), VLS methods, coating of sacrificial fibrous

-material or micromachining.




PCT/ GB02/ 05853 33 12. A fibre or fabric according to claim10 or_claim 11
wherein the fibre is forned into a fabric. 13. A fabric acé&ﬁﬁf 960 clai m
12 which contains only silicon 5 containing fibres.. 14. Afibre or fabric
accor di gg LAs im12 wherein the fabric conprises fibres other than
silicon contarning fibres. 10 15. A fibre or fabric d%%ﬁ?ﬂyﬁﬁs%o any one of
clains 12 to 14 wherein fabric is obtained by spinning, enbroidery,

weavi ng, knitting, braiding, fibre bonding, air-laying, wet |aying,

and/or lamnating fibres. 15 16. A fabric having silicon mcroparticles
incorporated therein. 17. A fabric according to claim16 where the silicon
m cropartixl eq sethebuatering bouncino2l ke tabin @2 Werkdn Hgor ous or

partial | y,; Sdo j i PoTa : i hre :ar.ding to claim
18, whi chS]ngEgH;fol?J&%s%s)i oiq:g(g)%ﬂ%‘ai %?e;.dot%rggiﬁg&ko%e%%%é] 8?&%?1Eegf)ari ng a fibre
according to claim19 which nethod conprises nechanically cleaving a
mesopor oust.f i lrmesir iz csinpbidngweltetes 360catlind tetdiatm afs pr eparieng a fibre
accordj ngdo claim19 which nmethod conprises formng a silicon fibre and
thereafter porosifying the silicon. 22. A nethod according to claim 21
wherein the silicon fibre 35 is fornmed by nmelt pulling, Laser-assisted

chem cal ampow méefpasifbi OfrepaCihY ,a Yhisx ietlredsdimgoatiaginf2sacrifici al

fibrous  dBLETLaho:Qtel SIQHBED! Whlfosdehy] UhinAG8S MQ:Q2A055534

braiding, fibre bonding, air-laying, wet laying, and/or

10 laminating fibres according to claim 18 or claim 19.

26. A substantially pure silicon fibre of at least 100cm in
length.

15 27. A fabric comprising a fibre according to claim 2é.

28. A fibre according to claim 26 or a fabric according to

claim 27 wherein the silicon is porous silicon.

20 29. A method for preparing a fabric according to claim 27
which comprisés spinning, embroidery, weaving, knitting,
braiding, fibre bonding, air-laying, wet laying, and/or

laminating fibres according to claim 18, claim 19 or claim 26.

25 30. A method for producing a fibre comprising silicon, which
method comprises coating a microfibre with silicon or a silicon

composite.

31. B method according to claim 30 wherein the microfibre is a

30 Dbiodegradable suture.

32. A method according to claim 30 wherein the microfibre is

soluble and wherein in a subsequent step, said microfibre is

wholly or partially dissolved to producing a hollow amorphous
.35 silicon or silicon composite microfibre.

33. A method according to claim 32 wherein the said soluble

microfibre is hollow.




23. A nethod according to, claim21 or claim22 wherein the_ silicon fibre
is porosified by anodi sation or stain etching. 24. A fabri c“c'é)‘}i!b}qoéi ng
fibres according to claim18 or claim 5 19. 25. A nethod for preparing a

fabric ‘ding to claim24 which conprises spinnin enbr.ooi dery,

weavi ng%ﬁog[ﬂggéélng, brai ding, fibre bonding, air-| ay?ﬁy,cﬂ\%'{ssqsayi ng, and/ or
10 lamnating fibres according to claim18 or claim19. 26. A substantially
pure silicon fibre of at least 100cmin Ilength. 15 27. A fabric conprising
a fibre according to claim?26. 28. Asfibre according to claim26 or a
fabric according to claim27 wherein the silicon is porous silicon. 20 29.

A met hod Far pregedddngceorddany i to anGObAk RF £0aGisABMN Y 33Whhedei®ONPr i ses
SPi nni ng. o GRE p] MG ¥ NGAKE NG kBLLL 1 10pc BLgiding, fibre bonding,
air-laying, we aying, and? or am nat Png Fipres accor di ng to claim18,
claim19 or claim26. 25 30. A nethod for producing a fibre conprising

silicon, shich ri®thod e S@SHreaali A adyndnd OFi dramel L hessialzi con or a
silic onposite. 31. A nethod.according.to claim Ln the
micr oﬁqbrwe el‘qg”é thyys %ﬁ?@g?%&ﬁ%ngu hres s rﬁu?rr#botrﬁ%g %%%ﬁ?ng to claim
30 whereibrendipgqri crofibre is soluble and wherein in a subsequent step,
said mcrofibre is wholly or partially dissolved to producing a holl ow
anor phous, . 35 si.l.icon_or_ silicon conmposite mcrotibre. 33. A._method '
Sccor i b0 & GRS RS SR OHP S GRULTE O bt o dThol | ow. 11
July 200607\GLaB1) 35 5@ HedT/ (BR0 240585 3 5hg L ibAesntseddincdwr di ng to any one
of clm Mee3@ik0ard3 1068k sd R csbhi GO Bh&t2f. 1 bre obtained is porosified.
35. Afibre or fabric according to any one of clains 1 to 17

37. A silicon containing fibre having a porous core and a non-

porous coating.

15 38. A fibre according to claim 37 which is a pure silicon

fibre.

39. A process for preparing a medical fabric, which process
comprises weaving, knitting, embroidering or fibre bonding pure

20 silicon fibres. 1

40. A process for preparing a silicon fabric, which process
comprises cutting a first and a second silicon wafer to form a
series of parallel cuts therein, and interweaving the resultant

25 silicon threads in a substantially perpendicular direction.

41. A process according to claim 40 wherein the cut fibres are
subject to cleaning and/or etching before or after
interweaving.

30
42, A process according to claim 40 or claim 41 wherein the

silicon threads are porosified before or after interweaving.

43. A process according tc claim 42 wherein the silicon

35 threads are porosified after interweaving.

44. B method of preparing a silicon coated fabric, which

. method comprises coating a fabric with silicon.




5 wherein the silicon containing fibres are reinforced by resin bonding.
36. Afibre or fabric according to any one of clains 1 to 3¥July2086aj ns 35
wherein the fibres or the fibres used in the 10 fabric are I ess than 50
mcron jn djanmeter. 37. A silicon containing fibre having a porous core and
a non- PO ¥oating. 15 38. A fibre according to cfgpﬁg§W5 ichis a pure
silicon fibre. 39. A process for preparing a nedical fabric, which process
conpri ses weaving, knitting, enbroidering or fibre bonding pure 20 silicon
fibres. 40. A process for preparingsg.silicon fabric, which process
conprises cutting a first and a second silicon wafer to forma series of

paral | el gt s at R&ih@uNacIiingt €4 Weavh A {herd@sehé at¥at2hgsid i con threads in
a substan#fal té/d erge%(%l cular directi on. 41. A ‘gr%%e%s I_?.CCOI’dI ng to claim
40 wher ei HEREECHY THBTES1ET £ SOBTBEPUT " BPBANTTRY%aMdT6r et ching before or
after interweaving. 30 42. A process according to claim40 or claim4l
wherein the &ihdiGRA LbESAgHE DRl bed koL Weralh &ind Nt er weavi ng.

43. A process _according to c[aim42 wherein the silicon 35 threads are

por osifi é‘i?sﬁi‘faé‘r% Fhf’e?‘%%e&f??wgrfg &ﬁ.p"ﬁoﬁéghﬁg of preparing a silicon coated
fabric, which nethod conprises coating a fabric with silicon. 11 July 2006
VD 03/ 055534 RCT{1GBOR/ 05853 36:A% oArdRbR0M MLGORMLRE hocsiang 44 wher ein

the coating is effected by sputtgrlng or continuous vapour deposition. 46.
A et hod e @8¥ fg°t FEREFnf 44% 7%l ai m 45 wherein the 5 resultant silicon
coating is porosified. 47. A silicon coated fabric obtainable by a nethod

accorﬂbr“hs. An electrically conductive silicon or silicon composite

fibre or fabric.

49. A fibre or fabric according to claim 48, which comprises
silk varp threads and low resistivity silicon containing weft
15 threads.

50. A silicon fibre comprising silicon beads connected

together by means of a resilient thread or wire.

20 51. A silicon fibre according to claim 50 wherein said

resilient thread or wire is a biodegradable suture.

52. A silicon fibre according to c¢laim 50 or 51 wherein the
silicon beads are of from 0.5 to 5mm in diameter.

25 .
53. A silicon fibre according to ¢laim 50 or claim 51 wherein

the silicon beads are from 10-500 microns in diameter.

54. A silicon fibre according to any one of claims 50 to 51°

30 wherein the silicon beads are porous.

55. B method for preparing a silicen fibre according to claim
50, claim 51 or claim 52, which method comprises drilling holes
through silicon granules, and passing a resilient thread or

35 wire through the holes formed in a plurality of granules.




to any one of clainms 44 to 46. 10 48. An electrically conductiyve SI|ICOI’1 or
silicon conposite fibre or fabric. 49. A fibre or fabric ddJd8hd#0R

claim 48, which conprises silk warp threads and |low resistivity sil | con
cont ai niygeswedsty 15 threads. 50. A silicon fibre co i con beads
connected together by neans of a resilient thread g&dﬁé@g’@g& 51. A
silicon fibre according to claimb50 wherein said resilient thread or wire
is a biodegradable suture. 52. A silicon fibre according to claimb50 or 51
wherein the silicon beads are of frm 0.5 to 5mMmin dianeter. 25 53. A
silicon fibre according to claim50 or claim51 wherein the silicon beads
are from 39 530 methed feri pretagipg er sifdcomn Kbk careokdbne tacebaidi ng to any
-ontehozI fC' ,”B:159mt5215l~ cmmgr QJhE.cBhﬁ‘etEHJd e&ﬁblta%aglsf&a&ngqar ous. 5551A

met hod for, i bre_accor 0.C , claim or
cl ai m 52, pv§£ E cfn%@&ai%#dﬁ%gs% CERFFTT i SRY 8 f’ﬁ?%‘ﬁ'ﬂﬁb T1icon granul es,
and passiwfacﬁeieyml@mpliﬁhoeaabfm: gty inhroaugsitbenthdhesad orned in a

plural i t yuife ghﬁ&k&r?%avi-@a.e?suhﬂ 20060 034955534 .32 PGH GB02/ 05853 56. A
met hod for reg rlrlﬁéaoi i con, |br$ according to claim 50, claimb51 or

cl ai m 53, RHFPEA Tet G PRES SPGFAfHg a plurality of beads with a

‘central ‘cavity on a dissolvable surface by photolithography, introducing a

resilientst.hr %aﬂlegﬁod wcesralh{gowmcaaw 5 %erelﬁaérg RissAkbbYe of beads, and
t hereafter | Sso] vi ngHsE face. 57. A nethod according to claim 56

" wherein tsﬁ“éf gFesti Va °°§hP¥3a‘Ef’esF§f%FeS| Fremid &% acsddrraciteror ned on a

silicon wafer. 58, A nethod according to claim56 or claimb57 wherein the
pluralitysgaf Beadendd @cbOrdRg BY H8RRSHS 1410 <2 fih I97CAR MBAPEADE

plurality of beads are formed by depositing a silicon membrane

on said dissolvable surface, etching an elongate trench into

said surface, applying a further silicon membrane to said

surface, and then etching channels both perpendicular to and

parallel to said trench.

59. A medical device comprising a fibre or fabric comprising
silicon.
60. A medical device according to claim 59 which is selected

from a scaffold for tissue engineering, an orthopaedic
prostheses, a stent, an electrode for neuro-interfacing, a
"wrapped" in-vivo drug delivery system, a "wrapped" ex-vivo
drug delivery system, a medical distxributed network for
electrical stimulation, a non-occluding garment, patch or
. bandage for sweat diagnostics, a topical dressing which is

_optionally absorptive, or an X-ray opaque yarn.
6l. A substantially pure silicon yarn.

62. A silicon containing yarn.




on said dissolvable surface, etching an elongate trench into _ said surface,
applying a further silicon nenbrane to said surface, and tiHdHEA®AI ng
channel s both perpendicular to and parallel to said trench. 59. A nedical
devi ce q@mlbsssNg a fibre or fabric conprising siliGiceadoessés medi cal
device according to claim59 which is selected froma scaffold for tissue
engi neering, an orthopaedi C prostheses, a stent, an el ectrode for
neuro-interf acing, a "wapped" in-vivo drug dellvery system a "w apped"
ex-vivo drug delivery system a med¥cal distributed network for

el ectrical stimnulation, a non-occluding garnent, patch_or. bandage for
sweat di &gnosti eslicon 6pNEMINIAYCEITHRECRAFEHG O Sg‘ﬁ"bﬁﬁl yeshdor pti ve, or

an X-ray pagHe,yar Buréjsllécéﬁ'bﬁfb%egl 2+d VinRUEEwiSicdi 4Ofh taxnilé2. A silicon
containing yarn. 11 July 2006 WO 03/055534 PCT/ GB02/ 05853 38 63. A silicon

cont ai ni fgbya#n according to claim62 wherein one or nore pure silicon
fibres are intertwwned with textile fibres. 5 64. Afibre or fabric

~ conprissi ngt pOYA)liS_bﬁéHxC(I@brMQi’c@bBléﬂﬂg porbh§ W1 1iSoh TRREBAH echaM th a

subst ance_.such that the s t ance slowy re f silicon.
65. A fibrerset lfmlf"%reagél@g?‘gl"ﬁlg 8 & basltr%né?l yv%célr gﬁ%gg’fdg%goéagﬁgst ance is

a, phar mcdeusileely cehpoiadd foem sLher aghesme.

65. A fibre or fabric according to claim 64 wherein said

10 substance is a,pharmaceutical compound or a fragrance.




