WD 03/ 055534 PCT/ GB02/ 05853 1 MEDI CAL FI BRES & FABRICS The present
invention relates to fibres and fabrics containing silicon for use as

nmedi cal fwresssad fabrics, as well as to 5 novel fibres aad/dmbossss
suitable for these applications and- others, and to nethods for their
production. The production of fibres and fabrics is an ancient art. Fibres
suitable for textile use possess adequate |length, fineness, 10 strength and
flexibility for yarn formation and fabric construction. The first fibres
avai lable for textile use were _ohtain fromaninal and plant sources.
Cotton, wool, jute, silk ancf“?fqré‘)@l‘af&gg%a %Pé"lggst con?mn nat ur al
fibres. Nylon, rayon and polyester are common synthetic fibres. 15 It is
now poss! Dirfi! BrEROLPULILRC UL ALIDR S I 9500 OudAkesce LOK AR ©

using techniques used to produce woven neta 'l ery and Deni €r-grade
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may have a Varfi ety of" ne I'ications epen upon their precise

nat ure and OMIaﬁneﬁofr@B(mnél <35df£‘|>3eﬂrr€ts S&Mcﬁabrl%ttr?dy Hage: geietal

surgi cal apphikcahhoRfax fBle t8YAYPLIRS S tSbMneSs, ndthireadgiskesBShesLod,n the

cardi ovascul ar
rayon and polyester are common synthetic fibres.

15
It is now possible to manipulate ultrafine fibres into fabrics,
for exémple using techniques used to produce woven metallic
jewellery and Denier-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 surgical applications, for
examples as sutures, threads or meshes. In the cardiovascular
fields, they may be incorporated for example in artificial

heart valves. Orthopaedic prostheses such as tendons and



fields, they may be incorporated for exanple in artificial heart valves.
Ot hopaedi ¢ prostheses such as tendons and WO 03/ 055534 PCT/ GB02/ 05853 2

| i gament swotmlos®es products in the formof fibres and fabriPcI/GER@sESBEY nmay
al so have percutaneous/ cut aneous applications such as in shunts and
artificial skin. 5 The particular materials currently used in nedical
textiles include nodified natural polyners, synthetic nonabsorbabl e

pol yners and synthetic absorbabl e pol ymets. However, npbst commerci al

pol yner textile fibres have various 10 additives (such as dyes, antistatic
agents, dellisiamgnts, utphimeoPradrtseis)ththiformnay fihfse anfefabrics
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applications. . hough sone ng¥ be. bi odegradable, it is difficult to
ensure that® FPbF 9ngD S ATESELERRE r°Kthani cal strength at too early 15 a

stage in the tissue replacenent process. The applicants have devel oped new

redi cal fi bies a0, LextL Leser 1A8GOLAHAL Y LBaPLESRNL; ddiveaLipnLahere is

provided a fibre or ric conprising silicon use as a nedi cal
fibre or fdHFﬂ@deA§°ﬁ§E%F4m9%§uﬁaltH%Jiﬂﬁﬁﬁf'§WPFE%ﬁlCr%ﬁ%%@?OFBa%4%nentaI
silicon ngdArmlsWahehsyricretientbonehbdiier pokghete avoi dance of doubt, it
does not include silicon-containing chem cal conpounds such 25 as silica,
silicates or silicones, although it may include conposites of

seni conductiawgveirl, i most cormviersdan phlyrest daixtige afeoyprs yme veekawd c or

met al nbase&dllttlvgay@ué@ agwdlyége H@p@@gt%ma@eﬂgyctaéhgm% Lheon where
concentratiqons up to_th percent |evel of elenents i ke boron or
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particul ar advantages articu res and
fabrics canthat fribdgeedo vﬁlctth losgi ghely am@@ﬂcaéswrzm@fptaépé@m early

i ncl udirg bama@ahabtﬂuétmssdeegeb@a@érhérwp%cla!sedegr adability or bioactive
properties.

The applicants have developed new medical fibres and textiles.

According to the present invention there is provided a fibre or

20 fabric comprising silicon for use as a 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”,

crystalline silicon as “c¢-Si” and amorphous silicon as “a-sSi”.

Silicon has several particular advantages for use in this way.
35 1In particular, fibres and fabrics can be produced with a wide
range of desirable properties, including biocompatability,

resorbability or biodegradability or biocactive properties.



WO 03/ 055534 PCT/ GB02/ 05853 3 Furthernore, such fibres or fabrics may have
sem conducting properties, which nmay be particularly useful in the context
of certawo appisscati ons, for exanple, in inplants, prothesesxcEndsssshe

| i ke, where controlled levels of electric current may be 5 applied to
stinmulate incorporation into the body. As used herein, the term"fibre"
refers to a unit of matter having length at |east 100 tines their dianeter
or wwdth. 10 The term "fabric" may be défined as thi n, flexible and porous
mat eri al s made by any conbination of cloth, fibre or polyner. .Cothis a
thin flexi Brethefeascal sHaHe#R%AA o F2PRAES yofth haé’&nﬁ?i“é}e/%n@c&&ﬁ‘f?i nuous
strand of birbpestiddy ThechRxpigssd garthicoaetiyelisefefledis tioe nedrareixdl of which
when used _in_vivo l.icit a_ specifl kol ogi ¢ r on r lts in
the format CSA A" & gLﬁ al%é?r\}\%’enfﬁ velx%éng??és%lle %ﬁ&aﬁgt’ aﬁ%%lg%teasl %%go

" Bi oconpat ithkeliks wdedeheprtrokddrlevedsnaf etiedteighiceRrerh Mavhio§ film

form ase agpeptabl e fahutigte i thdlrdaast o8 0lBro iy @gugal applications. As
used herein, the term"resorbable” relates to material which 25 wll

di ssol ve at normal physiological tenperatures (37C + 1C) in sinmulated body
fluid, ovemsaupediltogkedfn,t the, téom ‘Bidnpl’'erefersipd @ 8nweeks maitergeneral |y

at |ess th%ﬂv%néﬁ%%ﬁbthsg hé&%@ 1@9qﬁﬂkgukgelp d R te3S 8, MYaGONPr i Ses a

solution of rea grade salts I n delonised water so that the ionic
concentration 30 reflect that found in human plasma, as shown in the
fol | owipg Thabkerd,» Qibraltenaat by elefidedmay €O i Nexdbsknuhdatedspgnovi al

fluid, sweat, urine, o t her body flui.ds. Ln_simnul at. h , th
mxture is “l?ﬁ]effé?g%l W%Jepg’ys?BYO%?%ba "HHValues ?%’3%&%@8. gg&?“ﬁ%‘ee Zpgbl y ©
or gani cal | \Clotisi hg 4 drhiex &pkeb3S natidnidiorgaet fndmviayome AN thd

hydr'ochl or i &k dos VIO Q3/tQ70334 FGH (B @98p3s. 4 Table 1

15 The expression “bioactive” refers to materials, which when used
in vivo, elicit a specific biological 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 period 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 following
Table i, or alternatively 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.



Concentration (mV lon Sinulated Body Human Plansa Fluid Na 142.0 142.0
K5 050M1.515 Ca2525 HC®B- 4.2 27.0 HPO4 - 1.0 1.0 Cr- 147.8
103. 0 S¥0-0305630.5 WO 97/ 06101 describes the formati on @CTEEBRZOSSF3I N a
formin 5 which is it bioconpatibile, bioactive and/or resorbable. In a

particularly preferred enbodi nent, the silicon used in the

nvention is

porous silicon. Porous silicon nmay be classified depending upon the nature
of the porosity. M croporous silicon cdht ai ns pores having a dianeter |ess
t han 20A, nesoporous 10 silicon contains pores having a dianeter in the
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WO 97/06101 describes the formation of silicon in a form in

5 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 20A, mesoporous

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

500A; and macroporous silicon contains pores having a diameter

greater than 500A. 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

15 for biocompatability, 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

20 medical fibres and fabrics is mesoporous silicon, which is

resorbable.

The silicon fibre or fabric which is the subject of the

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

25 these form further aspects of the invention.



and preferably porous silicon mcroparticles, to a preformed fabric. This
may conprise any of the known fabrics, but in 5 particular is a

bi oconpatwblos/ofsabsi ¢ such as cotton, |inen or a bioconpatrchicBosysisBet i c
fabric. Preferably the silicon mcroparticles are bound to the surface of
the fabric by coval ent bonds. This can be achieved in 10 vari ous ways. For
exanpl e, hydroxy groups may be fornmed on the surface of the silicon, for
exanple by treatnent with ozone in the dresence of U V. light. These may
then be reacted with surface groups on the fabric directly, or nore
preferabl y,Int ooy empgdinens, bélieprtiurtalinded filresa fodasfrven gilrip.

Exanpl es of; )lanstch éw?ﬂegaééaswlmbd@@&tawﬁg M B desaicbefatPidRs,
00/ 66190 and WO 00/ 260 jcular, the mcroparticles a£?(rrpesé1nd by

reaction wiat aEreE%ﬁTth%d’OGf’uFo? P YEEPKERESESY )F° fhBFE
| eavi ng gr dAgpriech asid rmalyet:bmpysséamw oR itheakndévmldiabyigseubut sich as

Cl_6al kgl eng, ac'lgui% Pl t] %%égmgz;‘kﬁi{géag@%g SHER A5 JRY, enenednd: X is a

reactive fdnctiona i/ such as in particular chioro. The
reaction i Pingomaprirlefhastedipytapptopriate i nput of thernal energy or
light. This reaction converts the surface hydroxy groups to groups of

formula -OR and .R are. as deflndabov Su q gaction
With for exd egwg’g?’f%}&e q&rc(?)r(lymb(r:%u%asrtoln%t Re® fabr CPSC% ld r%lég él n the

silion m crapate ¢kerbedomoeyadentl kends. bdhad can tﬂfﬁe %lhlrlfeéréé by an

al kyl etjger Ja&'gusmgﬁubsg%qug%mpi@acwd}wys geHipabhyy &fd eckRdai Hn athe
organi ¢ solvent such” as toluene or an al cohol such as Cl 4al kyl - al cohol s,

at el evat e85 aEnpEr BrtrddioPsr EXBNPTIERIE PHeCFRITIRCG &fpér 8F0FR Ot the
sol vent. WRH¥3/25534e RGT/UGBA2L068B63 'ﬁ'le-E’iiUSlaQ Enet her raspeet! eithhe

i nvention comyrises a.fabri ¢, neying.siil9,M SEoRALd i8S LBEY! POLE) ed

therein. In
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 Cjsalkylene and in particular C;j,alkylene
such as propylene, and X 1s 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 solvent such as
toluene or an alcohol such as C;-;alkyl alcohols, at elevated

35 temperatures, for example at the reflux temperature of the

solvent.



particular, the silicon mcroparticles are covalently bound to the fabric.
5 The inclusion of silicon mcroparticles, and particularly porous

m cr opar twoloe®ssse4 | | enhance the bioactivity of the fabripcT/dRozibss8NOr €,
silicon particles may be added at a sufficient density to bring about
particle-to-particle contact 10 which is able to provide an electrically

continuous pathway. |In this way, the fabric may acquire sem -conducting
properties which may be of use in the ntdical application to which it is
put. 15 Suitable fabrics include bionedical fabrics such as cotton, |inen

or synt het i thysolay fershenisgleatay £ behabsurdpdiion cempoisesaligsédrbabte. I n an

al ternati ve, SBQALARNLon Si1ld6PArkEcl 88 OIRY it threi2Q firhre, which may
then be processed_into fabrics, either alone or in CO[‘E})I nati on with ot her
types of fiBficPharsi ¥he i IChPeB L GERATEY €GP T s&©é elnézgﬁf BPOR2, *r they
may be in tHee faeticof a conposite of silicon with other materials. 25 The
preparati on of some silicon and silicon conposite fibres is known. For
exanpl e, Japanese patent no. JP9296366A2 descri bes the preparation of
conposi te T éfclibgben caf ed 1yoai Rhe¥ORAPGFLcdepdRt (R IGMLIARLY Si/ Si Ox
films onto pOlYRSHEErfpdFEic1e30 QR18PEMEME: @hedb pOAyEStANY sifl tEON M xture.
Pure Silicop fibres _of varying cr.)ststal | i nec&pqlrfecti an h%v edala%o been

real i sed by imbef PbF 8T qTds o3P E HGre>cFJét T $i99°%8h fibres and

t heir prepasatfiignecatedenesty itvetbriiog a@xanplpayycBeM Epe didgieetonatact n
Cyst. ﬂaes-wn¥éﬂ3ﬁgokb1§1toFBEE@&aéoﬁé £1998)i.cahAyt Bbge fRINR @ aly 8¢l bl e

containing nolten Si 1s connected to a graphite nozzle that WO 03/ 055534
PCT/ GB02/ 058%3hip savs BRe tibrdifapay drfitkiify SGle - Cend ¢ o 1o PEEReEF T on

having a |wioH %@9Sbéyer igh isuthacgedensl appandabigh whemieal it is
put.

15 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
20 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.
25

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

30 or spinning of a polyester/silicon mixture.

Pure Silicon fibres of varying crystalline perfection have also

been realised by a number of techniques

35 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



reactivity, pulling of single crystal fibres is difficult. Three types of
cruci bl e die arrangenent were designed and 5 tested. Single crystal fibres
of di anetwo mnsishe range 100-150 mcrons and | engths up tPeTABMIOPESEE gr own
successfully. The maxi mum pulling speed achi eved was 1mi m nute.

Laser-assi sted chem cal vapour deposition (LCVD) has been shown 10 to
provide a higher growth rate synthesis route for a wide variety of
inorganic fibres, including silicon. In % he LCVD techni gue a | aser beamis
focussed onto a point inside a reactor to initiate chem cal vapour

deposi ti onachst ke Wie edisbendedinine digser DuBytomidiignt Rélieds thaiti@dae t he

same speedgq {ecdoidgPesyhi Ohr fAle tesgBAL hﬂ(ﬁ‘qul.s;}‘f |c|ﬁéﬁhl:§ll’ea| | sed. For
exanple, wth the net hods descri by P. ? glo ne et : Phys
A57, p97- 1662F18985Y AY4ieBA P b?lepggT oW K313 é 5% 6° %6?‘#& wer e
achl eved ughmge st yare ogfasrpcélsselrcela)far:iaﬂgbaentamtel\ldieswﬁ@Iagbr power up
to 200myv AL, g&@resltdg‘let %@B@EQ&%&%‘% %ff égémetéf”i% Qhep%b{?@l&diirs%s of

26-93 mcron dianeter were” realised h varyi ng degrees of crystall |n|ty
Silicon fi BEesoRavnh|eaIEEENIP el |8§€H‘ Wrﬁherws Wﬁéafué &Y- diS® osed in
the early parRehuRfipiR1S.N4AgpReEdanch W eEhaiss Lini/m2utdppl . Phys. Lett.
4,p89-90 (1964). Here the V represents a vapour feed gas or gas m xture,
the L represents a liquid catalyst and the S represents a solid fibre
product . | Aashkirsassrettrod chemisat heapsiuwte dgbosheiopt GICVRAt ARy stesh Gdloes t hat

primarijhy detgrLaiNge thaileskl Lo ihfe diarBtels e 3Cosyathesd s of both
crystalline silicon mcrofibrés and nore_ recent l%/ﬂ nanow res, has been

denonst r at F3TGEERGOE FROTIRRAGI BLPTHDI d e UERBI B SR afdd EPF e’hs the
vapour phasecheaghan . 1as'5hebeaﬁr95 attcsmsrmﬂyonebaaqnb:eﬁ:r lipstepoats of

silicon "whiskers", "nee " il s" ti. 4 ength
(under 10 é:r?é_’l)c as tF’%vllnewe %% 6\% ‘%g%%%o ogés{tgloq‘ \A\/\H{e éSC:otﬁLgJ 1970),
Edi ted by ARIPtheviaser TheBYVElSVPrEg h*dt? shsitdabe aklapiatsaaet épmsaﬁ)rtd@ucu on

of shorng V@e%@s@@?é@“rep&v BR2LED8SHus &ibre is realised. For example,
with the methods described by P.C.Nordine et al in Appl. Phys.
A57, p97-100 (1993), silicon fibre growth rates up to
30mm/minute were achieved using silane gas pressure 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. In 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 example,
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 length (under 10 cms) as reviewed in Whisker Technology (John

Wiley & Sons 1970), Edited by A.P.Levitt.

The VLS method should be adaptable to mass production of short



silicon fibres for air laying or wet laying. Incorporation of silicon
onto/into pre-existing fibres / yarns should be nost suitable for weaving,
knitting wod3estssoi dery of structures of nany netres | en@r/GEn2868s3con
mcrowires and the preparation are described for exanple by J.J.Petrovic
et al. J.Mater.Res. Cct Issue 2001. In this nethod, an optical FZ Si
growm h systemwas adapted to generate mcrowires by the "Taylor mcrowre
techni que". The 10 naterial to be procesgsed is nelted within a glass tube
and the softened glass with the nolten material mechanically drawn out
into a finéiwifFenihikres forapifelmeme 6Tt HEF bRYHHEw AFCBFPOTPtimIctgl ass
fibres. Theimekhnghtmpevapuseeoistiig glingss nepdsd ghexteesk tiest1410C
melting point _of.silicon, where t 15 met.hod was, appl i.e e sidicon.
In this stddy" ]C%réogﬁ e‘i’seé_’Wngbrlﬁrldrﬁllcgt%1§fdm§§lbﬁ%le<jcfr\%ioghgﬁglgcﬁ%seo% toeflni ng

t enper at ur @aoly Me4EB3OC lamdta-wor ki ng tenperature of 1900C. A pure Si charge
was | oaged into evacuated tubes that were then heated to 1900C using

hal ogen | anps .and nechanically pulled. Flexible 10-25 20 m cron di ameter

C
Dol yoSi 1 CroEP BT bR Tedt AR U1 HAPRERES Lot HodSaE¢BRE T fitbus | engt hs
up to 46 crxamplf.betker.eetabvit BBE alr.ams MBreneReEngrt4Iss8442@R1. ( I994)

descri bes desi fabr.i I ing - ul ible" ribbon
cabl es fortt&gg %é{;}ﬁg'%'\léﬁmoﬁﬁg%%gggigﬁ é?%%ég((sjﬁ?%f%?vﬁ%r %E%%%%&‘SLS{), ected to
phot ol i t hogieaghyte degr owigesnPH o g TaYd oFu Mt FEP e et theicBnd@p®si t iBif t o

dtef ihnelt)he ma%@@ifﬁ§ thade woeﬁggéggp@emlﬂt)édf h@@hﬁg a)}‘g‘l_al@)é u&?@gara% (t)mfeogl
etch-stop and _a fast_ wet et o dissol ve the underlyi.n r. es
as thin as SPESRFEr SRS lég‘ f"%ﬂe crﬁog er‘zﬁ‘aﬁleffﬁ#: W\%?%ynﬁcg&&@sgﬂa%@ Ovug? yi ng
the boron dinftbusi Oin¢ enjper dhuresamildy mennelltkoi statard dablesg coht ai ni ng
20-30 m Cr%@takgﬁggg%@% gfdil%g_»%g. dﬁ%&rmﬁ}&ngfrt@m?@p&me%% RREV fed " enhanced

flexibility in't and | ateral rections”. An inage of a 5
strand ri bbeedscabl ex¢teesat thet 94 20¥natelnasgshoint tod ishlusenatvdrefdeesinki | ity.

Such dgsi 0% had 1,800l % 1o550F. and f kAl WLALRs; TARG NGy cor 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 1800°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 subSequently 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



WO 03/ 055534 PCT/ GB02/ 05853 9 from 60-250 micron. Fibres produced in this
way have good flexibility as illustrated in J.F. Hetke et al., Sensors and
Act uat or swABA233999- 1002 (1990), where a single 15 m cromrcTidBrlosEBrand i s
shown bent through 180 degrees. 5 Although there are such exanpl es of
silicon fibres, fibre arrays of a formand structure suitable for nedical
fabric construction are novel, and as such forma further aspect of the

i nvention. 10 The applicants have found fhat fibres may al so be produced by
cutting a silicon wafer using a saw wth a sufficiently small bl ade and
pitch, for f&eanpPe2e0 msiaroe-onFbPARR RERIUgeI2E0 ntikoWaYpPEER. IPPEf er abl vy,
mul tiple p&r:@xliﬁ!uﬁ@ Sas'i]lc'infu@ltﬁl‘EdeJi Ni il i&‘.ﬁieﬂfgéeet}l\kﬁlﬁi’, B@nﬁ@ffﬂ andonb |ike
structure, ich a or__ .t r ion. of multiple tiibres. In a
particul ar I%,}\:Qb‘raéf”é? rlgéc/i\ﬁzearﬂ?@&i_ﬁg%?, ?férv\%ot)sugﬁe&e)rr%-slji e]‘esillﬁsulg%ﬁrr_c’e% are
produced, aridckt hepanditier wbawaedbent atlperyebndBeufiegrermner. I n this way, the
fibres gf one conb forms a waft and the fibres of the other 20 wafer forma
weft of a fabric |ike structure, Cut fjbres may. be subject _to cleaning for
exanpl e, ulArROBAR LRI ERAGT SUSRIFEFTP T RIEnG I 110 ne@%ﬁ’r#ﬁlse by ERI sot ropi ¢
wet etch t arreever savfoamge sapdétird Gushapeet her areasisagde€aboic of t he
fibres. 25 ARt MR1N0ds d 9l 6 0dugh Nt SIJG0B:RL 214 100LCQUROSL L4 T1br es
may be used however“For exanpl é, hol I'ow anoi phous si'licon .crofi bres may
be obt ai nedthsy ibvanrthena fibre, such as a polynmer, nmetal, ceramic

(i ncludigng glass) fibre, preferably wth a hollow core, wth silicon and

particul arly anorphous or 30 pol %al |icon.., This nmay be %chi evad fﬁg)r exanpl e
by sputteriﬁbe 51999&8?1?7?1@}’53 F&R588r B IS SO STH&EGUBRTT ¥ he
initial fidreicgnabeidissolwegdr heavy ng sewhelikbwa sswffpledestoy spollysil i con
m crofibre.,l, eSFHBryT%w&{', B, PQLARLTL &Y 19-mide8hI Sfhad fadd'§ bBsLAAL-dd bre
is a bioconpatible material, for _
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 structure. Cut fibres may
be subject to cleaning for example, ultrasonic cleaﬁing, and/or

etching, for example by anisotropic 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.



35 exanpl e a bi odegradabl e suture, dissolution nmay not be necessary or
desirable. WO 03/055534 PCT/ GB02/05853 10 In an alternative enbodi nent,
silicon fwbreess=se forned by threading together silicon lpeadsBiRos$S6r m
flexible chains on a resilient thread or wire, which is preferably a

bi oconpati bl e or biodegradable suture. The resultant structure, which is 5
novel and fornms a further aspect of the invention, is therefore simlar in
structure to strings of beads found in j!8wellery. Individual silicon beads
may be of various sizes, depending upon the intended nature of the fibre,
or the fabrlncaprativemhtitee embpabmenty Fédieranplleresheads fangedevn a

macr oscal €,tpfakd XN o t¥fe rf 5N cOn HdAASHB EHrAli BIBLY1e LRalhesh Gases,
they may be forned b driIIing hol es. t hr.ough agpropria%elg sized silicon
granul es arf Sl%bﬁ’é'%q%/]érrﬁalcﬂ/otrh?" 581 n Ky JGgRTE R 7 13 BAPCPREAT ST wire.
15 Where micer bscatgrdtads aneurequi Tred, resod texanpt maafure;, owhil¢h is

m Cron.SFSOOnrgv% ngﬁdgf% & ’fugrgﬁgraé el E)%b{:%e p:[r?\%tql%nt,)yis therefore
phot ol i Tt hography and surfacé m cromachi ning. For exanple, a silicon

menbr ane neyjimBéasuppot B toreatdi sEpingmIoé Sarfack D WudRvakier%i | i con
ogi de Zgr f mivIa_@apQ@mﬂ‘c% @éaﬁpl xﬁa%fbé'l[bft egri&@s réiﬁze@r;s daﬁéncpi’rfe;‘ er ab:c y )
about m crons _in, depth can_ then etched into .t pper surface of the
nenbr ane dem8x5HﬁI%PT§%J%§ &?§u5?c%Fﬁ%mel%58to??fﬂgbﬁg% ic ?%%%??f A
further siltheorfromnbrane may t hen be deposited over the surface, so that
the 25prench forns a central cavity. This structure can then be etched
phot ol i t hographically to the desired depth, representing the dianmeter of
the desiredBesdamPyef RIASUFSYaRE AF |F MAFEPEFRET tFBNEKETPOR *F tHE™ si de
of the centg.al teavhhyin Rirdrd@er.channgissemaysbe, etithedawhivehfchesthedys are

substanti al | v ,30 _pe ndi.cul ar . to the trench [ ace .0 [ r bead
shape. Cncéhﬁﬁﬁénﬁaégﬁ%%ﬁﬁlgﬁg? gﬁ%r%P%ﬁﬁﬁééglég%%?éggJégk %anﬁ%%g i
subsequently threading through the resilient thread or wire.

15
Where microscale beads are required, 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 photolithographic 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, to 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 dissolvable

surface may be removed.

35 These production methods form yet further aspects of the

invention.



suture passed through the central cavity, the dissolvable surface nmay be
renoved. 35 These production nmethods formyet further aspects of the

i nvent i orwvoW®0fR38955534 PCT/ GB02/ 05853 11 Fi bres and conpa3ide»205438 s
obt ai ned usi ng any of the above nethods may be suitable for use in the
invention. Preferably however, the fibres used are porous, or contain
porous silicon beads and these can be obtained by porosifying the fibres
or 5 strings of beads produced as descrilbed above, using for exanple,

met hods described in US Patent No. 5,348,618 and Properties of Porous
silicon (I EEbreg7amy deyppstteafiaigs datadngdr Bsihg AnYeRboBRFeO¥her ef or e,

the i nvent i QRHBEOVIAE S sulaBBé ek afseprigpant ngmaemmus Bréfeaﬂsrblfy bre,
whi ch nethod conprises fornlng% S|I|con fibre, Epar ggug one of

the nelt 5§WFWﬁ§ TR ErPEESi 8 HeRE8 Sy apbl Conepos i on VLS
met hods, casbkidegaod ecse thei be ¢btﬁxnﬁﬁ mwtepra$lﬁylnqnt@ﬁoﬁak¢ﬁﬁnQR; met hods

descri b§d AR By ADE! 1 eg&ssacéé Oraldribag Lol liseag, cber example by

anodi safi on or

ppl 1 cants have oung gtﬁg rous
silicon fibesrkay Tﬁﬁhﬂﬂﬁoéﬁééalﬂ??ekﬂlgf BFtErENT ng 'medoBof o fi |l ns on
silcon 20 w&&ekitlakmbﬁIdo&5u€a¥1b3c$mrnﬂﬂ:usemgs@onwenu1oaahamﬁthods, for
exanpl e by anodi sation of a silicon wafer in hydrofluoric acid (HF) for
exanpl e 40wt % HF, and et hanol, suitably in equal volunes. Fibres may be
cl eaved nedhawu@attyculan‘e@b&dpmenbythQﬁﬁﬁﬂaemgtbﬁeﬁﬁﬁvéﬂ°§ BEPYH®UGe, for

exanpl goof n?etﬁlJo%SéfZErééHJﬁ%e Eefows;@ﬂ%nafgbaés Wildemewhbeh may be
covere filter The { be prescored or igrlbed efore t he
br eaki ng i SCEWEER Eﬁﬁmlqgoﬁoﬁ%leoba§ BZ8/ ¢ pBPHUECEIAT E8nCRont i Hithg

fibres and med® bﬁbniﬁ@,EU&Sdm?meblaﬁddaﬁhémndalfU&p@@mfdﬁgd$e¢la8péh¢VQﬁ/ t he
invention. Fubstanthal |aRYLG 3! LGP #1885 £ b0 EXRAII G 291 ok engt h
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 glass

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.



greater than 100cm are also novel, and these also forman 35 aspect of the
invention. Preferably, these are porosified as discussed above. WO

03/ 055534wB@3/0&BeL/ 05853 12 As used herein the expressi orCTaaBRnssssi al |y
pure” nmeans that the silicon is at |east 98% pure, nore suitably at |east
99% pure, and preferably 100% pure. 5 For the purposes of the invention,
fibres consisting of or conprising silicon can be used directly as
sutures, if they have sufficient flexibRlity and strength. The factors
required to achieve fibres having high levels of flexibility are

di scussed fAs tised bhetoim the Akpeesatévelspbsthryizdly Parefnyeanedtiait o

fabrics or s Rs1iHSh NG e 1858088 GfuANY metet HSi 1HRY1QF aRT REESSESILOMDN i N
textil e manufacture. These include spinning, enbroidery, weaving,

knitting, BtHicdi A§Y BT9reFabdndi-Ag® Ri*T21 aying, wet 15 laying, and
| am nating. The possibility of applying all these various techniques in

t he product f ics. faqr di S Qv de ortunjity to
achieveqco&%ﬁgfgﬁ-é?ﬁ%%??bﬁ%ltggdigégﬁﬁﬁghs?%ﬁg%gt%ﬁ%g%ggﬁ?eé£ is my be
parti cul ar Iserpzépihgisiligont gan Bpprsehtdicwstly ofs eSHmFIee - WhENtR e fabric

iS_sI used to @@%aﬁs%c%é}%tbq&«%lxgwm%hy_ Q}lﬁ%t’f&ﬁ@@ﬁ. V\DM'_le?_flé%tl@_ﬁfgf eEgetked
iliconis a tou ut, bri e.material, and porous silicon is prone to
cracking. 1%° iBTHENE " A PEVAGIt RATD pisivsas ?%b#ié?lQﬁ%% Be®pFoduced whi ch
are strong dnduskeri phetrenobghowo be 25 weaved into intricate patterns.
Most nafgural fibres such as wool, cotton and flax are not long enough to
be processed into cloth wthout further treatnent. They are converted to
usabl e t hr Fed-BPe&ipebesdansdy 88 SVEHitedi AREC WRRE IS5 BFe¥2BR® fir st

| ai d out pajsldebntocponeranat hay 6t catdedbrapdotadsicdcimpgat ber into a
"yarn" (as trateg f.or exa@HIe i{hg§£&ge 2_hereinafter. ér§ych

ilg'ﬂs manufacture S Splnnin embroi
processes nay- arSo"BRIEHPITE t 6 T brey conprr TG S 15EaN.
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 silicon 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 patterns.

Most natural fibres such as wool, 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.



35 Substantially pure silicon yarn is also novel, and fornms yet a further
aspect of the invention. WO 03/055534 PCT/ GB02/ 05853 13 Enbroi dery

i nvol ves wia3fsssaat i on of stitches on a base cloth, whiclrcmeeB/0sd5at t here
is a high flexibility in design. The base cloth may then be dissol ved away
after the stitching process is termnated. This process may be
particularly good 5 for m m cki ng naturjg fi brous arrays such as |iganents.
There is also potential in fracture fixation where |oad bearing threads
are arranged optimally with an open nmesh for tissue in- growth. 10 The
weavi ng pr SEEESiAgEYi FELLeE the eFPHRA TP 0P Tt AbLEEhRT &e® BBEE of°Wlenents
to produce whichahebfs dite: ehefrenis caliiem fleatipilisy sef dé@\mnflTlsé usual |y

in a paraIIeI sar ﬁ@gemngltt ot 08 egg ee%s%g%r(}t oF (Ie][,etq,let he,' g\ﬁ“" t hen

i nterl ocks @ th® crea . e planar structure Weavi ng
does not . ¥Foceqai ke t@mmhrdfi bFPlid |IRpAdsiski mgy ba rerdilgpiler heciead cal

loom the wabqihkerdsy rMytehh elﬁpédﬁraﬁ%yy gac@sag melgfa&nehaged Thold  of
cloth will be. The threads run t ) W res ni.ng vertically
Shich can BE ABTBqPBRLBmE dovn - BRoH hi e Thas Whetal 1oy B0F P ng. i n the
m ddl e t hr awgleadki ehet teravgyep 2Pt ymally wish By speplmesrechanttabue in-
arrangenents jt,is possible to raise every alternate ring, neking a space
for which the vveft can pass. The weft is carried by a "shuttle" or jets of
air/water. Wien the weft has passed through the warp it is pushed down

tightl MOagaﬂHbgnﬂebk}Qn@rﬁﬁ@&é& trageade v tHe drnterbadbngd idee tfwl’oanEpal-Hﬂ@e rings

carrying the vvar reads gre now_ _depr sed t ttl around and
the second >9& I% E%T%te% £ BEPIBFSt ‘i ﬁaﬁ oot e fasgL 8 i ndustri al
| oons oper'aiaecpztt iar sehddS00 qgastsesuauénﬁlrwtl@ aBQamJeem faalrengemesiual | y

di splay |ow,gl %@Q@Bhoﬁl%né"'cghlgﬁe%é NGye £l %ﬂghhmtTmMmywk}@Met@e variety

of 2D and 3D topograp dependi ng upon the type of weave used, and
typi cal exafffiredoarseatbe|ha rseHaE&Ie PLERRUrSE TR éF%r n %P9 PSR it r ed,

the 3D15 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 runs. 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 like 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 modified by for

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

electrically conductive and can thereby be used to selectively



t opography of a particular fabric can be nodified by for 35 exanple

| ocalised nelting of the fibres during fabrication assenbly. The silicon
fibre networos/os3s3a conposite fabric is electrically condectiomasghican

t hereby be used to selectively WO 03/ 055534 PCT/ GB02/ 05853 14 heat up
intersecting polynmer fibres to forma nore rigid mated lattice. Knitting
is a continuous single elenment technique illustrated 5 for exanple in
Figure 3 hereinafter, in which a seriesl®f |oops are interlocked
vertically through t he repetition of knitting stitches retained on sone
ki nd of toékaéruprEwn?rsﬁm§lnenB¢$¥me%nﬁN9mg§ht©ff%ﬁ$ﬁté@rﬁaSth% maqisual |y
inferior tqgkRatefrom weaving but their flexibility and stretchability is
greater. 10 Braiding is a process that utilises sinple interlacing of a
single set of elements with out any type of link, loop, warp or knot. It
is differemniatedgfiom wearingohy $irylwarpesmenvi techasqueheliestratad by

i nterlaging bei g??%fgqﬁd&qggggl3og%%§ﬂ§&qlEy 1R diflue sRatkeros Brgidi ng

is frequently C ai ti'ng, or interlacing. Fibre bonding is a
t echni que @@ﬁnﬁﬁF?r%@ﬁ%ﬁq|V6Fﬁécﬁ%bﬂLRRHQﬂ$hthelE?EEFRFﬂQEWthE%+Y?FTﬁ(mjucts
where fibr %‘ttlQ'cfilebrﬁeif@itriéw ohss&Qe geney atredoby beatraide .Solventsnsiid - | ayi ng

and met-layln chni ques |tab e for rmng _fabric opLyvery short
fibres. g“ﬁ’g% f kqlht g regl%sr 6> fea :ELE ol%%e%lorr $Or 23% bfr% onrgae bei ng
deposited omaalngvbug theditr Z3egibpbitfwrancedtdrtohabpi fiGiymia goeeterd

structype of randomy oriented fibres. Simlarly wet-laying uses a mxture

of fibres and water, which is deposited on a, noving screen befgre bei ng
drai ned t o FEGHRAIWED, 2 RFRSEPPIRPRH HetMe&s FoTPes s ifF 85 8%edt o dry. 30
Finally, |aynaki Bgtist aMaenat potmisag ainyongpéadfilkirtky lanpt hearpisimg an
adhesi ve. knot. It is differentiated from weaving by the warp serving as
the weft, and by interlacing being in 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 1is

20 generated by heat or solvents.

'Air-laying and wet-laying are techniques suitable for forming
fabrics from very short fibres. 1In 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



Alternatively, silicon and particularly anorphous or 35 polysilicon my be
coated onto a pre-existing fabric, for exanple by sputtering or continuous
vapour dewodBwsss4 (CVD). Suitable fabrics nmay conprise amgTadBoRhsssEnown
fabrics, but in particular is a bioconpatible fabric such as cotton, |inen
or a WD 03/055534 PCT/ GB02/ 05853 15 bi oconpati ble synthetic fabric such as
pol yester gauze as described above. Once coated in this way, the resultant
silicon coating may optionally be porodPfied by stain etching as is known
in the art, and described above. 5 Any or all of these techni ques can be
appl i ed i n bilegoppatiileld Gyntoetiabfiksiaseghi Ast bel prdangalafedti on. Their
appl i cabi | idagcrliBe@M¥oRA t idnbbabos8s8 GEREALSwHPONRd&-Rallubat Ofithen
silicon fibres being used, and the requisite gro erties of the final 10
fibre or fé%ﬂaiténﬁr%ﬂ%c‘tl?“l@é‘@tlwsbﬁkﬁ’%’??qsrﬁéﬁdt8 bRCIHK ST M8 aBcblnt when
sel ecting tdiwwnt ypetid drthr andeqesceibdd adeyeparti cul ar case, and the

t echni qye used to convert this to a fabric include stress, 15 strain,
tensile fracture strength, nmalleability, and work of fracture. Stress is
sinply | oadtmperrupit of ddeseniteshpiapgnEasr PPaprPl e dith the Braprssidre
amount of si# et,ehiyndesed Gad tper pH8sdn2Q lvengt bn( a T8di10)pplh Eaet BIYyY
materials are stretched/ conpress

d by enor sly varyi egrees b
ext endi ng/ cOhpPEsBrTE FortFesaseT Ep%rb‘¥5r e &ngngﬁgX?té lf% Osr}?rtgfs %?lr%?ryn, t he
Young' s nodilres beinng susxd,Nam@ bhe Pagquimisedescpebebes lnd 'thei fimeks" or

elastigq flegRi Lityaplic Vdeecfrom7Pa for rubber, 1.4kPa for nost 25
pl astics, 2MPa for steel to about 1.2GPa for dianond. Tensile fracture

strength is the stress needed to break/fracture a material (N n2 or Pa) by
stretching rdctos wRl&w nedd s Bensaxert ahity akeutindMRsed arelecdingryhe

concrete, 30 50MPa_for plastics to 2GPa faor. steel, me. val.ues for
materials uSEE P4 FabBFT T GHE %40 aa?Yepaaﬁ%éLr uflg§58 %’ (acnéitle ttg{%

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 (cotton
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



and silk). For brittle materials, fracture strength, FS, is controlled by
critical flaws and given by the Giffith equation; 35 FS = (2VE/~c) "0.5
WO 03/ 0558843035843B02/ 05853 16 Wiere E is the Young' s no@ualrics0285858s t he
fracture energy required to formtw new surfaces and c is the critical
flaw size. 5 Malleability refers to the extent to which a netal can be
mani pul ated before it breaks. Work of fracture is the total energy needed
to generate a fracture structure (J/ m3%. For ductile materials Iike
copper 10 and al um nium val ues range between 104 and 1076 J/ m2, much
hi gher tharhelre Er ée tha facegérengiulurhe 2Vnipotinet FXAT G epSROSIYY nakes a

material Mg fikexi bb ok QB! 8w YouNGicesmadyl Us)s bie dlrs@ibakesidd weaker
(lowered 15 fracture strength). For brittle materials strength is |[imted

by critical®>$§rface flaws which initiate crack propagation and fracture.
Al t hough textile materials generally conprise non- porous fibres, there are

exanpl eg of fahrics. ! i,NLPANOIRLE 81 81 P9 £Snet@IC caHCHe MR Eri Al 1S
HPZ cergm' gdaflﬁ%ragg%%}b%ee%%%pgﬁog?tg s 20% avérage peore \(/:\/l dth is 1.4nm
Si ngl e crystaliruparkd BefereoA thRse@<Young' s nodul us of 162 GPa and a

fracture strength of 7GPa. The introduction of nesoporosity in p+ silicon

has been sho t ignificantl ecrease Young's_ nodul us rding to the
equat i on; i’g’vr% g%( ?Lﬁgc*f(ulbe ~P) téﬁago ael(raeenﬁrigg P%%g?%l%? _i%?eneggggi ?y in the
range 0.1 tfra@thre sbruespondidig 2d- 9F 0 BEWLporoateyialyallyks aePPHW as

1GPa cap hegpChifYRdwh) NGRPULASE tetiRiS hahe 30a MeTomasAbnedusi | i con

structures wll general Ty have the’ mechanical properties of bulk silicon
prior to tHeigherpshari ¥he atis6n SURORET T2 i con fibres, like glass fibres,

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 initia£e 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 p+ 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 1lGPa can
be achieved in high porosity material.

30
Micromachined silicon structures will generally have the
mechanical properties of bulk silicon prior to theif
porosification. However, silicon fibres, like glass fibres,
get significantly stronger when the diameter drops below 5

35 micron.

For glass the important defect is usually the surface crack.

In a brittle crystal like silicon however, surface steps can



get significantly stronger when the dianeter drops below 5 35 mcron. For
glass the inportant defect is usually the surface crack. In a brittle
crystal |Iwke3mssisscon however, surface steps can WO 03/ 055%84/¢¥02/0&802/ 05853
17 act as initiators of crack propagation by locally increasing stress.
Thus it may be preferable to reinforce the surface of the silicon fibres
used in the invention, for exanple by resin bonding. 5 Polycrystalline
silicon may be used in the invention, ahd therefore whenever the term
"silicon" is used herein, it may include this form Polycrystallinity does
not | ower stteagtinitgreeirdedt t treadurirapadahepyyPioflochélyr APrrBiRdari es
exceeds 10 thatsof e gryshal bd e idr@pplapesre i%iflircar ke asmrfdveus£si | i con
may be bi ol ogically acceptable or. hioactive,.and ft herefm(r)lrf enever t he
term"siliEBR" STEUREFOREFPRY (i 1" FRCPREEC T hi T SFRTERT e35 Spadi fi ed
ot herw se. bohBid@. achi eve sufficient flexibility for use in nedical fibres
and fabrics, non-porous silicon fibres are suitably less than 50 -mcron
in dianeter. Porosifying part of the fibre will inprove flexibility at a
gi ven di amPrdichyistabemeasalaerRitth P2 SRIpart thE IV VSEFG88: 719 con fibre
will not bepbubkyre bitpdrgicadaht ecditi “saulidohaves sudest artrieah) yitgmeat er
strength, .and thus be prefergble in .certaip sj tiQn rto
avoi d the SUFFHE8 Pty uﬂr%émr'rec 8#1?’%%“ ﬁ%&ﬁés d&(g%%od\?& ﬁfﬁttg?o%jﬂr(:%{ g%porosi ty
into the fidmoegidedethativerfachaanergy tdfe thgr faeen doaindagigsurdcedpr ef erabl e
in ordep tQRPLeVEne Sé:ry%r&gtlhfr;w{ér&%ﬂla@kege 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 prepared from

subst ant i aldiyipHk ey Sarhd diduki BieScat enay be biologically acceptable or

bioactive, and therefore whenever the term “silicon” is used

herein, it may include this form unless specified otherwise.

15
‘To achieve sufficient flexibility for ﬁse in medical 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 prepared from substantially pure silicon fibres are

novel and form a further aspect of the invention.

35 In yet a further aspect, the invention provides a process for
preparing a medical fabric, which process comprises weaving,
knitting, embroidering or fibre bonding substantially pure

silicon.



novel and forma further aspect of the invention. 35 In yet a further
aspect, the invention provides a process for preparing a nedical fabric,
whi ch pr owess/sssapri ses weavi ng, knitting, enbroidering ecTi¢emesssendi ng
substantially pure silicon. WO 03/055534 PCT/ GB02/ 05853 18 Fi bres and
fabrics constructed fromsilicon or silicon conposites may be

sem -conducting. Thus the invention further provides an electrically
conductive silicon or silicon conpositd®fibre or fabric. Such fibres and
fabrics are 5 particularly useful in nmedical applications since the
seniconducﬁﬁhgenaém#ef%ﬁniywsCbb?tERRRFQﬂﬁ§PWiBHI&Qﬁp(ﬂT sgilé€PRi cal char ge,

where these@besueed hdy tResapy -cédhditnigCul @hud ofe Ginveuthon fuliHes is a
sil k based fabric which conpriiis sih#hmarg th{eads %p%ihg%%resistivity
silicon 1PTOFALEF MM VR IERT CRASO M " Pn 4 UMt er “aspect the invention
provi des a duaihedté ofibenkancehgiti ssiiehgfopras awd clebrdiciodreonpri ses
applying 10, 2. RaILENY ddbAgednthennoly Rp3eELCOOMIGNG kARMI ¢ compri s ng
15 silicon, an& passing controlled Tevel s of el ectrjcal current through
sai d fabri cSeMRiCHPECHIRP MAFICEs 2450 siGh F8A%abbYer 1R Qariety of

nmedi cal  appldcgat EQNSchdx e, exaBpk ethd @dbrares uabi chn havwerdpar.gerpores 20 (>100
mcron) for_ cellular pnfiltratipn c be. use f ol L Qr i ssue

engi neeri ng>" é'fubﬁ]é Jf.)?rrﬁf Y 5iu1gge?en%br cat:)Lr%i gaglf%)lﬁstfa:% Cﬁl%%éggl‘f%%%g above
provi des foromgxcepsi okt wadpexhbehis yanst 12B repogyrapy sA81FRBYy may al so be

of usejpon ardNapaed CuFOsifiesas . where the mesoporosity of the fibres
provi des bioactivity whilst the macroporosity of the textile pattern

directs and allows bone in-growmh. 30 The electrical conductivity of the
textile is ®lwoiaf abenefindr dspeert hopandientappl pcatidas avmertbodsf@ogenesi s

s controllgg by applicalin.eh, Al Miedoebshbll sal £AL9Ry tovasi ve
patient in need thereof, a semiconducting fabric comprising
15 silicon, and 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 biocactivity 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 or increase the

lumen of a vessel. Essential stent features include radial and



growm h stinmulators that utilise a wire nesh cathode are currently used in
spinal fusion. 35 A stent is a nesh-like collar designed to serve as a

t enpor ar ywoas/opsssaanent i nternal scaffold to nmaintain or iPoareGEResishe

| umen of a vessel. Essential stent features include radial and WO 03/055534
PCT/ GB02/ 05853 19 torsional flexibility, bioconpatibility, visibility. by
X-ray and reliable expandability. It is_an exanple of a widely used
inplant that is currently engineered fr # mal | eabl e but non- bi odegr adabl e
materials such as netals. A silicon or silicon 5 containing fabric as
descri bed &savéonahyt ¥asiipithby hadRiCFPatiRdsat Bt SHtSEPIPAFY | RYIZT 3 ef erred
fabrics wound gempabse expiandepiBitapl e frohEsannckpgrlle alfl ¥ podelys fsears for
eluting dru | ocal ly.. These fornms uld. b 0ssi bl hng I or
partially d‘é’giﬁggsﬁ?%dﬁ ﬁuEFeégt%é edl\ggs{élreieﬁgg g %I{l/en,lalleir?gtg%g.b%%, IJ‘c_%hoducti on
of the stemtisdesradabirematessabs esuPplascaeitansf orP tHd ifabr PESS T bed

above %S i3 ofchexi R er £18¢t LeUgSs &0IbREUbRvE Nt RE§ A0 thENBas @S OPOr 0Si ty
of the fabric enableés tissue. in-gr gd&z?}gﬁgltl on, the fibres used are

owth, |
pref er abl e RESPeaEEN by t PRy CUMES FPSTHGTS TR LENSP™ FeSS of f er
| ower i npedanaegrklabDs dRirms0ad Sprie: itdld ywebyohs giomdsedori edbttonductivity

and  stabl |4ty MLED {5 T TRALLARL AL G BEVHESSoId Sy EaPEy dd  may be
pref erabl e 10 °Usée |%r S conprising a non-por us.Jﬁeavﬁy 0 doped silicon
core, W threyyéeddy Befduonilager FHmeshas Pesarigt @S atBdRF th an
ultrathpon gafRirabnCcoAting sebnésmetal such as platinumor iridium The
fabrics descri bed above could al so be used to produce 25 "w apped" in-vivo
drug delivery systens. For instance, they nay be used in the |ocalised
delivery t @ curtedrapessildfe applbcgairrorforothehfalenicapsigisaribad pibove

drug-el uting ael l:§., L0 d NESR L 6ASESEo LI RAIRLED L Lf the conposite
formulation 1s  essentral. , ,
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 T"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
pSi particles that dissolve 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.



30 In a variant on this application, they may be used in "wapped" ex-vivo
drug delivery systens. In this case, it nmay be preferable to use a fabric
that is awgmensssd with drug-eluting pSi particles that dipeTaBoe/05833sweat .
In such cases, the core 35 fabric need not be biodegradable and is a
medical fabric only to the extent that it does not irritate the skin. WO
03/ 055534 PCT/ GB02/ 05853 20 An extensign of such applications may incl ude
textiles wherein the silicon within thé%ibres or fabrics is i npr egnat ed
with drugs to treat the skin for dermatol ogi cal conditions, which can be
i ncor por at eh @=tEBAPPR sl SMchhERPHE ea%iags Magpiretide dissddtry YoeiHe skin.
ljnl addi ti O]I;hhdes %ﬂi&bb{j@ﬁtrﬁﬂm tﬁ'l@bfﬁ.ﬁﬁzé_iac_& bertu&ﬁdisﬁ Oi’mpirmbﬁtlla;t'sedwiﬂ’pi cal
elivery o rugs used to . treat ondi tions.,suc s_ant..-.i ory
drugs, usedtH¥% ?8a?’re%ﬁ tHY tsi% 7 g?ﬁtésel?m(?rtoilﬁgf‘%Jge(.:orl%ltlﬂéjgg’f\?gﬁ?rhug
di f f usi on tdmrobghihherskiatesowird cbepxseafl iwi thpar dress drgawaeréisdal |
mol ecul gs | ke shliehcoacid are Bai Agyididd, usgdn Sppiconguctihng: EaludL as
descri bed above night be used in an jontophoresis-type design for
t ransder malb%léﬁe\?eg?r bPcq e EPBHB?JecCtﬂ]e‘é’.eqSth%r‘épsedjtsﬁdc PI §=¥nduct i ng
properties &nditeochabsuers deseribedrl ahoe yakesgs hamssuitoahlkeat or

di stri but edarncqj{rvix%r. ks.for egoq:cti;)isgglllcgti mul ation. In these applications, a

fabric is vvrappeélcap%hrrll%sa target area and can be used to electrically 20
stinmulate an array of sites simultaneously Non-occluding garnents, or other

vear abl g st pad L8 r-84CH; 88,5 R ehesuoh handagascofiod wawaaleadiagnosti cs nay
al so incorporate _the fabrics descii bed 'a;hﬁg(e. ng.e. t he .fdabri c,used, in 25
particul ar BIFLIfShascEReR mfaddr ARAESU Sy BE Shd Gt A2 PEFaPFYRTy open
lattice as dhimuskel pssamladralurtiagmbbbhidraat idescribee| sbafe gikight alpel '

flexibilit 0 r . ili.co i 1 UELen n o] AL, S-process.
PR en;%g%{ﬂglaggl %anp%o%!esﬁ By BSs 1 LUELENEL YN 488G 10kt By P
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 garmehts, 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.

A 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.



i ncreased area coverage. The widely distributed porous Si 30 conponent acts
as a large clean reservoir for collecting excreted biochem cal markers. A
rel ati velwoobesysgarment (e.g. teeshirt plus porosified meraiBoansgsseal
grade particulate polysilicon) may be enployed as 35 a one-shot sweat

coll ection device for analysis after strenuous physical exercise. WO

03/ 055534 PCT/ GB02/ 05853 21 Reservoir particles can be renoved fromthe
fabric of the garment or the like, aftéF wear and sweat incorporation by
ext ended sonication. Markers collected within the nesopores are then

subj ect ed Ressruptarrhririailysi san dehimeqeesdafren thedlapgac ektfheti on.

Bi ochem calghymshebde &d 16, PaFtdLlesr aWhi She B 6 URberabiyndgfiviti sed
by techni ques described in WO 00/006190, _are SU|1aq%€t%ncluded in the

garments. THECBERT COMhFA08 - nafar 15t CPhESFhRET i ) ScIPFIRAES 10

enhapced sweattngnyéubjéqmeﬁrtgaét&ﬂqan@tboa;géisk&qbnnampesaaﬁmer Joul e
heat i ngsof s%'i%eﬁlc'é:ﬁ%sclfﬂi%‘?f ! Qi@éxéxdlc%&g' CHL e 'J!Lﬁcoﬁapgii&f Qs patch

li ke structure can locally raise tenperature to a sufficlent ?eyel to
pronot e sweRECBr aBRiNIGIerakdy eoriedtisen. PRghF FRRHIUE Sc AF SEELPRE ove el
subsequent loy /bvemdp daseinMebblpaiidicles oh PR Ogtsersdddscon. However, this
may be applied nore widely where |localised heating of the skin is
required. In that case, the silicon used may or nay not be porous,

provi ded t Teef abmiconducgdviecoatuce iafy the Aabuie.alPp Aaratlhodted col |l ecting

sweat ygi NG hAhseh eGUAYS: v33 WLt 838 MBLEPLOfod QGahl YelibRidigeskin
fornms particular enbodi nents of . _the invention. Hollow silicon, containing

fibres as JO¥¢Fi Betio\rE thaysibEcquimEEPYIBES 2t RAEFLCYLI~Br R fRabrics for
use in fl exabkagei sALgH O akE 08t hedtmek ganl Not&l By casee frenpégitwead | s used

are housed 1n central, ghanncls of folloW UESOPOLOYS.Jidres,  Suitably the
fabric has a refatively open architecture, I'ch ~encourages
vascul ari sarildrcaieund Agsdmny thiprean be recovered subsequently from

15 reservoir particles of porous silicon. However, this may be
applied more widely where localised heating 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 porous 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 antibiotics.
Thus these fabrics may be used in absorptive dressings. Also

35 polycrystalline silicon may be particularly useful in fabrics

used to facilitate wound repair.



30 The porous nature (both nmacroporous and nesoporous) of the silicon
containing fabrics descri bed above may be utilised in wound repair, for
exanpl e twodslossses drugs such as antibiotics. Thus theseprrCalmBoessssay be
used in absorptive dressings. Also 35 polycrystalline silicon nay be
particularly useful in fabrics wused to facilitate wound repair. WO

03/ 055534 PCT/ GB02/ 05853 22 Yet.a further specific application of the
silicon containing fibres described abd%e is in the production of X-ray
opaque yarns. Silicon is relatively opaque to X -rays and therefore could
be used insteéad ERTEPRT EREFERLcC PR 1ofhPENtRRIsTI B COBN AN R N%ast 50%
by wei Eht afihaki ﬁé&@]}!ﬂma'fago{r@ 1enderchet bsv]ausuﬂdhrciosngd—yagp@m@ép be used
as markers in surgic swabs or. sponges. ere the fibr rics

di scussed aB5GVE i n%fﬁjo"eonpélsoﬁgg%?l‘pe(la@gr? A3p6r o?Js)Es—ﬁalycsor??lgt gllg%geg%oerr?s up the
possi bi | i t ycaulat be hesedrdystbedustdtiforcusirentr pbbymsrsof whighriesly of

subst anges..Ag Wl Lt A RNBHEBREEULL LAS ¥ pdEUES . siid tXBY ol REhdKde
fragrances and he |1k Particul ar” exanpl es of such substances. are

the I1ke. np
essential s SUfRicteHey BRAEPAGFAMS ATGFofsS nBY- fihfe 18 CHEFAPRULI ¢ 15
ef fect. Thusaleopr es@tdesi.nvention i s particularly advantageous since is
allows fibres and fabrics to be produced with the desired conbined
bi odegradabil ity and nechani cal properties for a wide 20 variety of
appl i cat i ortherge thenf dormfucti AgbpbeurdlssiussRe akeYe clgir LisedParPew="F or t he
possi bijgi t YhdHf-pdi-shsi HLtide, ehestspopl phangepbss foiMBd,Cahatofh@Xtmay
Furthernore, in the case of the faprics, .the d?si rabl e effecés ~ofldual
porosity (5 &S°fi EPB BYO'hESIePDF ot 13 GEIEhE P oTdy 1S RSel ves Teths
produced f ars exanpheelbyiellacbrodheys catheat chiyngnchutkt freagrepoessand
det er M ned e Se4CT 1 OO A 483V ARS] VoL AR uBEN YR 0 80 L DB ¢ {01

exanpl e bi oactive open neshes can produced for bone in-growh and ot her
conpl ex 2D % 3@hich may be fragrant and/or may have a therapeutic

15 effect.

Thus the present invention is particularly advantageous since
is allows fibres and fabrics to be produced with the desired
combined biodegradability and mechanical properties for a wide

20 variety of application. The semiconducting nature of the
silicon used allows for the 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 electrochemical etching, and
macroporosity determined by selection of weave design) can be
achieved, so that for example biocactive open meshes can be
produced for bone in-growth and other complex 2D and 3D
topographies achieved depending upon the intended end use.

30
The invention will now be particularly described by way of

example, with reference to the accompanying drawings in which:

Figure 1 illustrates diagrammatically the structure of woven

35 fabrics,

Figure 2 illustrates diagrammatically the structure of yarns,



t opogr aphi es achi eved dependi ng upon the intended end use. 30 The invention

w Il now be particularly described by way of exanple, with reference to
t he accommpeangissg3drawi ngs in which: Figure 1 illustratespdiragpoanmasi cally
the structure of woven 35 fabrics, Figure 2 illustrates diagramnatically

the structure of yarns, WO 03/055534 PCT/ GB02/ 05853 23 Figure 3
illustrates diagrammatically the structure of knitted fibres, Figure 4
shows mi croscope inmages of porous c-Si APcrofibres of 5 smallest widths
(a) about 100 m cron (x200)(b) about 25 m cron and (x200)(W15 an,

el asti cal | Figsne 100LiHsgronen atagiaretieedty e qird5uSRods T EScope

i mges of (MAbraspartially sawn wafer (x 3) (b) a sawn silicon beam array
(x 32) and (c) an etched 10 silicon beamarray (x 100), Figure 6 shows a
m croscope image of a porous c-Si microfibre of smallest width (a) 20

m cron (b) Figuirer dnshawd micyoacopel inagesand Ppbres (Swdl Blandt Herff fafcat i on

shown), 815 Sr=9YEEr w§m}/§ @)cgeéﬁepﬁ)d RBGLSn Ol x YO £h)C aBoust £8IGh1ERH W th
(a) a 200 mcron thic & weft_ and (b, cé 00 micran, t and 300

mi cron thi cﬁ@%?‘?o%&%)l e“s ﬁé\ﬁﬁflc?blﬁfilbifﬁ‘rte slﬂbﬁ’éo%w&rd(?s%éB’ée g of

pol yester gauze coat ed W|th 10 micron thick layer of sem conducting

silicon (scale s gvml)lcb uggcgﬁéhl?@%e)%wghgg?ﬁg 9 241 8W oga‘;,llgewééglf ace of

t he poI yest r~gauze aft coat e correspon I ng 25 Energy
Di spersive 0% Bay (DE[»()S@{IE@tlrlaﬁPn(é%@l‘ agRgwiy B e 16)i §rafterftdr ged

vi ew ofjgpolyiaster gasgediRr ek abbey stain etching (a,b) (scale shown) and
(c) the EDX spectrumof the fibres, 30 Figure 11 shows a scanning electron

m croscope i mage of a silicon coat ed (a) biodegradabl e suture (b)
al um ni um Wigirand shows a microscope image of a porous c-Si microfibre

of smallest width (a) 20 micron (b) 4 micron, and (c) a
multistrand 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 coated with

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

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

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

Figure 10 is an enlarged view of polyester gauze fibres after
stain 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

(c) 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) .



(c) hollow glass fibre, (scale shown) and 35 Figure 12 is an enlarged vi ew
of a coated suture and fibre illustrating the retained flexibility of the
struct ur ewpasabs34 shown) . WO 03/ 055534 PCT/ GB02/ 05853 22CTEmnpsss3 1
Preparation of Extruded poly-Si fibres and fabrics obtained therefromPoly
Si mcrowres of dianeter 5-25 mcron dianeter are first 5 nade by the
"Taylor mcrowire process". Here, a poly or netallurgical grade silicon
charge is nelted inside a glass tube by*a local heating source and fine
wire drawn out through an orifice by nmechanical pulling. The wire so
produced i £xagkéatbhed in silica which is renoved by HF-based treatnent. 10
The wires anRphReRi ¥RVen edetubibedoryiairdedekNhAd 2P :0Rsi 3beaifesi gn prior
to porosificaiign in a HFbased solution. For 5- I0 m cron dianeter wres,
full porosﬁﬁf&é&ﬁ8ﬂ is achievable wth stain-etching techniques.
Anodi sat i orpcdfy Babmicroweidesf pdnildmetar rleiSstiierdy @oingteirngke Ciyst al

Sili ConSCO@a%eaFge%H%t VR R%P?@Pre %%Celsgl"ls.%/l fOLe L1 gL, bibre

net wor ks. anp reparati on of Reinforc I con fibres 20 Bundl es of

silicon comdsiltBroipResIrasicegar et dihabasmiemadtedelstiided Fhatkanpl e 1,
candbe procegedyl aL?oéambh@etaatigbelgoufﬁ Nl Fiing wefé nakandiong techpjrues
used to convert .hi rittle ass. into trenme tQu fibregl ass.

Al t hough t H&' Orrégil%eugs/ TH ilﬁ?g légjslnr?dy ﬁ?‘geﬁr%)els%r%%t ug?gth% interface
25 bet ween sheatdebi ¢onsahidca wairksin X wed byt HE-hsss -tmegitment nt er f ace)
w1l aqp as an effective barrier to crack propagation across the bundl e.
Exanple 3 30 Preparation of Extruded polyner/Si powder fibres A readily

ext rudabl e B YAEESi 87¢ i a" MOSRBed W t1FDGFofgatded 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. BAnodisation 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 ©between 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 Preparation of Extruded polymer/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 biocactivity, 10-
35 60wt% for improving yield strength and 60-90wt% for conferring

electrical conductivity to an insulating polymer, for example.



silicon powder to forma conposite that can still be processed into fibres
at noderate tenperatures. The level of silicon incorporation is between
1- 10wt % fwo oBmskiss ng bi oactivity, 10 35 60wt % for inprovi RgTYGBARASSSEr engt h
and 60-90wt % for conferring electrical conductivity to an insulating

pol ymer, for exanple. WO 03/055534 PCT/ GB02/ 05853 25 When a bi odegradabl e
pol ymer such as polylactic glycolic acid,_ (PLG) is used, the conposite
textile retains biodegradability. Wen an establ i shed textile material
such as DacronT' is used, the inclusion of pSi powder can be i ncorporated
as one 5 adth$? Gh&iodeerrdable @8%?&%\‘?0%&@@%&13%%‘? FIILtFi 8akfy
conducti ng priGATENS SHEd, ahdpaloyansitaectartiie yaeat ys e:btamearg&aduseﬂhty
textil es obtai ned are not bi odegr adabl e but coul d be _rendered

sur f ace- bi ST & By CRBW TRArRIEEXE1 18 PR UM SHdFiChoAS PA%F Brantt ¢rpds
Preparati ontigd ir@liuenoan®t paiupobpaky Stah aan m@&g&tbt@@ aComeercial ly

avai | abl POk r/sili 2 flbres of dla ters in ran 200, m cron
with a hsgl I owa/lzz%roéla(%f Sararet & CRTThe rTfan c%leémfoo ﬁ?%‘?%%eellesc(%ﬁlf:?%{n%oat ed
along its I@wmﬁQvnmnghPQEwmﬁnﬁ*ﬁh@bsﬁpopglzannhmm¢ oFhpslyzrethd eaghbeved by

pul i ng the,sdd brg ki 8ok, @ MReUURLSRYE LT dJag/rGYBLehanherc /g weth
deposition at room terrgerat ure/ el evated tenperature respectively. The | ow

thermal st abF P45 rUpORAEILAELVE] BY st Heﬁvﬁléoaﬁ A PTaRGPPRBER fi | s
which can be carried out at 20 roomtenperature. The core of the fibre is

then reppved, % lesqakl ng in a suitable sol vent/HF- based sol ution.

Por osi f| cat nce agal n be by stal n etchl ng or anodisation. Since
m crocr acksE¥¢R# ' £ A & ' q li ke

supercriti C@émwxftcl%i&yngv@ﬂ%ﬂl%ngfﬂl éﬂ:/sn@thrés Pé?pfllfaﬁ\telt@ﬂsoin

M cromachi ned pol %g(ﬁ]es Utrat b fibres can be rgallsed b %

repetitive tR® g636 StANAHE T 8 FHEBN R BT RAf 8F ST BIES Tt Hhefye

subj ect ed toangurf-ace okéxat iign fipeskyeShtetbpdingi dns hemgtonmedhihni ng and HF-
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 microcracks limit fibre strength, improved

25 drying techniques like supercritical processing are beneficial.

Example 5
Preparation of Micromachined poly-Si 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, micromaChihing 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.



i nduced rel ease. Porosification is carried out by stain etching either
before or after the HF-rel ease step. The maxinmumfibre length is defined
by waf er wopaa®sss4 and fi bre 35 cross-section by poly-Si | agerGRobiosdsaess and
mask design. WD 03/ 055534 PCT/ GB02/ 05853 26 Exanple 6 Silicon
incorporation into preforned fabric Commercially avail able silicon powder
(metallurgical grade or solar grade purjty) is nmechanically mlled down to
submicron 5 particle size and then rend@red porous by stain etching in an
HF- based sol ution. The porous powder is then subjected to UV ozone

treat nent tE23;pder8te surface hydroxyl groups. Their replacenment by

3-chl Orhoproﬁﬂ_ldogp).ngéﬁgb&%ﬂl%nt ﬁanoapmﬂsmb ddbysabusi:ng (3 chl oropropil)
trimet oxys‘rane al ent .10 bindi ng Vi o t I nkages to
commer ci al | YPAVA" ﬁggf‘% ‘%aéblrai %hcoré R0, (mF?'—ﬁg{nulp aei 59‘%‘%‘%“ c fibre,
is then acévleredrbye couiiubasi mnChﬂnbEﬁllhmgllﬂébéeﬂ@m Afot SHEBUEFIR ent

reaction ti t(l%lg sgz@%é t%fenlakg@ie]s@@lad&@sl 9? Q%rbeetlé‘ﬁ@gg i@ 4gnove
physi sor be I eaving only coval ent | gon powder

bound to th’é‘psk?ﬂsﬁécéo%‘f‘ti‘t% f o Boro‘E§<aﬁﬁ¥1d€r71§| FP%MW@&F& r52i%h into
Preformed Yeisnhd\amcponontS taf gmreﬁr%essdum friyiatr-ex pt ecpzmaﬂs byThéér process

20 descri bed, | 1, Loan 'es Lo2ob 3ol APREY. AauRd LeXHId.P JdhbEgsq dpat have
al ready beeh spun 1 n o arn pr ovi ectrically conductive
pat hway wi tls¥ina Brbhéompqnmddmtﬁaﬁ?ﬂyoxmldrmr dCPeld) e FRVELPRY. 25
Exanpl e;¢8 l\@iﬁéufgemlacsﬂwl Ry heid uezalaagas aid l@o%gaazalﬁy ld¢a0ng8D2a iS a
finely woven silk fabric, %%lna gfrom ht %Qﬁt’l conblg{g‘s gol d,
silver or ch¥pehwSERPsET KCG At & fsé'ﬁlr that 7 ani®sot Fopi cal | y
conduct i ve. adihe=wwsar py36o-cionsitstts onf ipaballiglg diodlkenfr edldfSerThnbaghieht s

varp. the weff i i5 WOYENWidh A ikl Lbreasdhal has bessh Wa.arpedyidy a

to remove physisorbed pSi powder, leaving only covalently

15 1linked silcon powder bound to the surface of the fabric.

Example 7

Silicon Incorporation into Preformed Yarn

Non porous or porous 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 silicon in silk organza

Silk organza is a finely woven silk fabric, originating from
India, which combines gold, silver or copper with silk threads
into a 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.



foil helix. In this enbodi nent however, low resistivity silicon fibres are
35 used instead of the foil wapped fibres. The spaci ng between the fibres
results iwoa3mssssectly orientated strip of the fabric funeTwBmesssske a

ri bbon cable. WO 03/055534 PCT/ GB02/ 05853 27 Exanple 9 Preparation of
porous silicon fibre Porous silicon fibre was obtained by cleaving a
mesoporous film on wafers over a glass slide covered in filter paper. An
80% 5 porosity and 64 mcron thick fil mias fabricated froma (100)
oriented p+ wafer (0.005+-20% ohm cm nade by anodisation at 100 mllianps
per squareEzempier?re, for 20 minutes in equal volunmes of 40wt % HF and
pure et han@'rep‘a’%)ﬂl&@rdfblgﬁﬁtohbesbﬁi&@n (Iflbtrbe waf er al ong di rect| ons
paral l el or perge cul ar%7 the 1 b "_and then E ver.

the aligned°s84e Bt :-Y 487V sorﬁ?e o?’t {Leiwﬂ? ey - %5 Fes bro e away
fromthe diccedafehs povexanplless a$blcs¢1mve|rndFugufielf¢m\MBQﬁrsth@ o4 cal

m croscgpe ao%ggéyaéné?&o n{I%QBhf‘cr‘P?él& @1190‘ wtag bf@érfﬁateeegk&agyl é00)
Cross-section m cron w dt

th.
fibrous st méteE}Fég Bt &/FhaY jopBP%DSZQQBG*%’“ |86‘P o@?‘??/)byaﬁ&OSFB%l?rbaFh?eo%ye
Fi gure 4(c)nillsianps hesr opfuacal cemﬁﬁ@s&op&omrragemniuﬁelse 1haegeal fibre bent

on a car bon ad to |“ uﬁ%’t rH@,te u)]fé ee)ghl?alnol d&g 1thr ation

of por ous 1967 ?lbr an a rnative netho porous s Ilcon re was
obt ai ned by£ @thageamﬂoawodnsaﬁim%fpasf&\%eél PT RATREGABCPLRE 7 rﬁhﬁ ures

like that shpwa,l p1EEouly bk birgskﬁdg%v@fr ahé éﬂﬁdhéﬂj apgkesr 25 g@ﬁ was

given a series of 45 cuts usin f 225
nicron. ThisigeesPBe BPEr rlay gP ““Eiu)p%&il glirﬁﬁ? ”&ar&glrﬁf“ Eain% 0

appr oxi mat ecHigngehadZnes aa:nadshbentiamgmnlgazrec&ogsaslec;hoon_opﬁ@xago m cron. 30
These beanﬁnf%%&%cghgnlﬁ éﬁ %EEQZBQ ﬁgéﬁf¥¥yyt§oﬁl8§I¥£Blésnof

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 eye. Figure 4(c) is another optical
microscope image of the larger fibre bent on a carbon pad to

illustrate its flexibility.

20 Example 10
Preparation of porous silicon fibre

In an alternative method, porous 51llcon 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 isotropic 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



acetone and then an isotropic wet etch in 70%nitric acid, glacial acetic
acid and 405 aqueous HF at a 5:1:1 volune ratio. This step renoves saw
damage amaoios/osssed t o define cross- sectional profile of fchreamnsssbe
generated in the next step. 35 The etching solution was continuously
stirred and etch duration was 7.5 mnutes for the data shown here. Figure
5(b,c) shows the beamarray in plan-view before and after such an etch
where the width has been reduced from 285+/- 5 nicron to 25+/- 5 WD

03/ 055534 PCT/ GB02/ 05853 28 mcron. The wafer segnment was then further

cl eaved i nmacgonpar Pomeratesmbedndet KasutbgrefWrtteheisaVRAsi?Fech adj acent
to the endg . Qbuthechnotiiudi Bgrbeai®s Jikhphepaaak i O ifeh aapadisaticon. An
anodic potential of 1.0 Volt W\(;\‘é aé) lied for 5 5 m nut %sfiog 40% aqueous
HF/ et hanol Y& 78§ Vbl Uife PrBEFWEEN t3E™ ¢ usBeREBRF X Y iCt ire and a circul ar
pl ati num craieidiketact i ngnasnotihe wetdrodel Ofl §-0heolowas Rabiied fidre Sbeans
were i rsed | e, &l t syhktin | rpepledensid i es
causedngfhemlﬁ’élltgfsi ﬁﬁs“t%o%gellgglﬁlgn%%/egggargoiqblr{gého?y l%%h’é'%zq wi dt h_ defined 10
by beam di rsiesieadsd agieruatodesapfon Tl aks PARTAPERIFAGYES FEHELIGF be
possi bl e t aHdickicabhy. applly kaw 16wsr andl fdedsihe aseand welten immstddd dirent | y
hi gh current densi to cayse "lift-off",. as | I 1.LNn

product i on Gt ﬁglec;c%%l%erfbr gﬁgsr??%irﬁtj\‘/ﬁ?olhég%a lé?%% idge&%g\eg?%- ((::% S Sow
exanpl es oftre 2Bintiinn w delanidate xorfibregecinanifrememddsh aemnsd st rand
fibre ngspagt inehy o1 R08Qidied antshAgatdisigiethed. As a result of the

anodi sation ‘conditions 20 used, the porosity of these wholly porous
structures is in excess of 60% Exanple 11 Preparation of woven silicon
structures 25 athaelsawhagiwnd iet chubg ¢ gqeessibdests | el iaidyeapasy used to
deronst r at ect heenftegghgléiletsy a?lf %ﬁ 3! Qgswl%l%'nlth.goﬂléﬂ tl:rl.&%en_ Sﬁgﬁsi@ ger
struct ures. “'Suidre “Séétons “of wafers were sawn “into conb-l.ike structures
and gi ven etetcauseat' hefit<°ff8 ,r eguée 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 anodisation conditions
20 used, the porosity of these wholly porous structures is in

excess of 60%.

Examgle 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 300, 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.



t hi ckness to 300, 200 and 100 microns over nuch |onger lengths. 30 Figure
7(a) shows an exanple of a pure single crystal Si weave where both warp
and weft WwolsesssBbave 200 mi cron thickness. Figure 7(b, c) pemmm2as$S3 weave
containing weft fibres of 300 mcrons and warp fibres of 100 m crons

t hi ckness. The latter 35 have a pSi coating derived by stain etching as
described in Exanple 12 hereinafter, which gives thema brown colour to
the ,e ye . WD 03/055534 PCT/ GB02/ 058539 29 Exanpl e 12 Preparation of Si
& porous Si coated fabrics, sutures and threads A range of fibrous

materi al s ViExe@péantdrnal |y coated with 5 sputtered amorphous silicon in a
nodi fi ed Bl@z@asaBakn ROX siCaabetos U Ppethteidt Raboids, 44dxt25namel anar

magnet r ons arr anged concentrically around a central substrate rotation
stage. Coatid s by sputtering froma 99.999% pure Si target doped wth
boron at 5x8G=b8&cof fikndust meteatgbs Wrowercosébrmal BOGWAtgdlvibase pressure
of 10"-& t QI +@0chOMhSAHNL aL IRSPheNe Lhoaxidca Bidds abkapgen and a
substrate tenperature off 50 C. The substrates were rotated at speeds, of
bet ween 0. (tPZSeEnEILPATHE HHSeECHAd SUBPGIBIPLANAT CRAGTHBER | 534 fishor k
to : rrglrova:clma:ieﬁaeﬁ:m;&ylsargi:o@mat aokettiakresstohteontiageon tbagdecomercial ly
avai l able p ester uze nier 1 o] i Oonm 1
m cron and r%lngr"éﬁsgabo&f Ssplc"l%l con.’ 9 |(jg%;£g%§)('§,§g% %ﬁ%eg%g‘ﬁ?g% t he gauze
Wi th the thiidkebprogoat i 11} i@/ dufiBristyattdret farget avorsr Seéxpbi P9%r. ahe

coatingg 20, &y ¢-Lounde tor adheservel]  artviemivhenchi Sehdspera Knosx s -shown.
Figure 9(a,b) shows SEM i mges of part o

f the copated Ze an Figure 9(c
the correspornditig EDXESPe @YUM SHBWHRY % quWelrégEFe %ffgasgbxfgen%i‘ﬁ tﬁe (o)
coating. 2Mdtraxpeseerswdtaces ef $ipwedaldfi setwaen 4 0@ Snendor k wer e '

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, even 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 corresponding EDX spectrum showing a low level

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) show the
corresponding 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
was 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 1ll(a)), a



found to have such a Si coating. Figure 10(a, b,c) show the corresponding

i mges and spectrum of the sanme gauze after partial porosification of the
coati ng byossasss3et ching. This was achi eved by i mersi onpafi/aBie/ofsbric in
a conventional stain 30 etch solution containing 1 part by volume of 70%
nitric acid to 100 parts by volune 40% HF for 60 seconds. A 90 second etch
was found to cause partial delamnation gf the pSi coating. The porous
nature of the coating is evident fromtl‘?@ rai sed oxygen and fluorine

| evel s in Figure 10(c) and the presence of 35 sone cracks in Figure 10(b).
Ot her exami‘feg?lof( adpipi R )c AEEd (BT Jreé®) i nchateey I1555dEyPEUaE suture
(the mul ti fidwes t(Figade afl (k)guaad1d€lagy) ,siamg® 68+85H5 53 yREF/ GBOR2¢9H5853 30
metal (al um ni - wi.re ( Fi gur. ( I i t ubes

(Fi gure 11?9(: )d%?r%éy%t hteée s‘%g‘lr‘Ji‘gS%eg’%t‘?%%%l %31?9’%’% ?g]?ueésé@e%f ?“ﬁgsi red, the

gl ass or nEtWiseaHeBELYrostdigerired Y HisgegueppPyrryd afes §61 vert anay
using an ap{PEisah9dseF M Hic acslChonSyimad, 0bhdohiraidfior agl &sssr and
hydrochloric acid for alumnium Figure 12 is an optical inage show ng the
fiexibility oA suture and pol ymer fibres are maintained after Si
coating. 10 Exanple 12 Illustration of the sem conducting nature of

medi cal _fabifse GOMpLI 2} 1Sichh CORaJhEs NGy RHECr SLEH06AN 5t buctg e of
Figure 7(a) was rendere 5 partially nmesopgrous b apspl i cation of anodic
el ectrical Pitare PRIeBRAYNSFOILHRESS oR T2 TR LR <6t ﬁ%%%lf. DFPRRYPANd
followildg this process the structure remai ned sem conductive since porous
silicon is Jj tsellfe m conducting. 20 The gauze coated with porosified
silicon of was cathodically biased in sinulated body fluid.

Prior to coBtiusgrattihe ghiute issmétendudiind ywathrg| af imgdicady faprees fl ow
is thus resifd.Glsqdqt Qii&surface coating. This and the higher

The woven pure silicon structure of Figure 7(a) was rendered

15 partially mesoporous by application of anodic electrical bias
in equal volumes 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 1mA 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



resistivity of the anorphous-silicon conpared with that of 25 crystalline
silicon resulted in a bias of 30 volts being needed to maintain a current
flow of IwhAoskssegh the fabric. The conductivity of the gauzasBvansdsg rai sed
by using a nore heavily doped (10720 B/cnm3) Si target in the sputtering
30 process, or by rendering the Si coating polycrystalline by |aser

anneal i ng. Exanple 13 Preparation of Fl e3>ii ble Si chains of beads 35
Spherical polycrystalline Si granules of'"dianeter 1-5nmare comercially
available in ,k% guanti ties fromVMVEMC Inc, USA. After nechanjcal sjeving
these are <i%idleaphhzrwth dhorPdeRANPIE FXTANPRI SR ABEB fHitr on

di anet er hadwh %ot hemo WD (3310585849 LCT/ EBE2L068531iBdaddlligedenhr@tigh each

and batche iven_ap jsotropic ] : o] r agege.
Subsequent S’Tolqr?és’arlsaf?igﬁlor‘f’eer??ggf tﬁgg%%g&%’s L%gﬁlgo%eéégweﬁeggé:thag using a

| ead wire atteasieddcad litHengedibae- | i PAGHE@Y PeEesSiPatian g&r 8shtf ionis
achi eved 5 iy $hahne €1ciH{1@r00n8A0Lh 624 Gk iwgl AYcanddtliieg ipRgwPtevid e t O
link a chain of interconnected sghergsd E?‘anpl e 14 Preparation of Flexible
Si chains ofiHi ér GBREISL M 0P ACEPPRBR - War &t S >t her mal |y oxi di sed and a 15'0
mcron thick Si  menbrane bonded to that oxide surface. A linear array of
rectangul arpfrenches are then deep dry etched to a depth of 50 microns
into that SE i and in-filled with a spun-on resist. This step

defi nes whatrsgarptheroee Eiexipde| Si eopnmrl P45CcE0Be3dhead. Fol | owi ng

surface el anadiiSabhoRa fed i edRririg] 1 anethdrseb0Gndnh cI B ditirok Shiokndt ane
is wafer bonded to the array. . Phatolithographical def i deep dry
etching ri dﬂ?’%WSuéﬂn%%é tth% gt é”s(llcsi?-%f% cr%ljct gr gyrtl%a% %g%tyhggf 250

m crons is témrangudpri edemites grg Fheeateew day gached ntora fe§éhaPftelt he

resist chapnel, di sgeti Ot HY %o%%@ﬁgdgﬁackﬁiﬁihgehiﬂf@ﬁ > sph@l-BANs

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 (<50 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 oxide 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.



into rows of aligned particles. The resist channels are then |eached out
by solvent and a suitable mcrowire (<50 mcron 25 dianeter) threaded

t hr ough avolosasts3one chain of aligned particles running acr@s2nsss3wafer
dianeter. Wen the entire array is suitably threaded the wafer is imersed
in HF to dissolve the underlying oxide and rel ease the 30 particle chains.
| sotropic etching can be subsequently u;gd to renove sharp particle edges
and stain etching to porosify the surfa€es of every particle in the chain.
WD 03/ 055534 PCT/ (B02/05853 32 Clains._ 1. Afibre or fabric conprising
silicon for use as a nedical fibre offadBfic. 5 2. Afibre or fabric
according to claim1l wherein the silicon is bioactive silicon. 3. Afibre

or fabric accordi ngutg glapimh Meretistihe Sidansolluls J£80mBakLEL

silicon. 4.7°A fibrée or fabric according t aim1l erein the silicon is
bi oconpat i bligre1srs5falr¥¢hbre or fabric according to any one of the
precedig clainms wherein the fibre or fabric is a sem conductor. 6. A

fibre or fabric accordin any one qf the precedin cl al i.n_the
silicon is Porods Irlec8rg|. If%b“‘/'y aﬁclo?fgf'%g&o FEEH " lagrcl?)?elrhg e\gggﬁgF%nG
wher ei n t heisidibeohive ssieisopor ous silicon. 8. A fabric according to any
one of the preceding clains, 25 wherein the fabric has silicon

m croparticles incorporated therein. 9. A fabric accordin% to clai.m8
wherei n thedsi | iEdAPIf eF opAE1T 136 0EAERE oI BRI 1oBhRESED Fihrdd L6P t he
fabric.10 30idlQGesBArbhbre &f1ifaly.i ¢ according to any one of clainms 1 to 7

4. A fibre or fabric according to claim 1 wherein the silicon

is biocompatible.

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 according to any one of the preceding
claims wherein the silicon is porous silicon.

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 to 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.



which is a fibre and the fibre is forned of silicon. 11. A fibre or fabric
according to any one of clains 1 to 7 35 which is a fibre and the fibre
conpri seswa cop3esite with another material. WO 03/ 055532CPEGBEGBEAS05853
33 12. Afibre or fabric according to claim 10 or claim1l wherein the
fibre is formed into a fabric. 13. A fabric according to claim 12 which
contains only silicon 5 containing fibrgs 14. Afibre or fabric
according to claim 12 wherein the fabri ¢ conprises fibres other than
silicon containing fibres. 10 15. A fibre or fabric accordi.n tlo any one of
Claims 12 (14 B bFe o | BURTE PSCOBRANAELP 520 A 7, © EHET dilder y.
weavi ng, kiHddelingtndraivdiangs Fobmed bk rrg,fadrtel ayi ng, wet | aying,
and/or lamnating fibres. 15 16. A fabric having silicon mcroparticles
incorporated therein. 17. A fabric according to claim 16 where the silicon
m croparticlds & €aboial epcdsdinsue® Fdaimel 2 aBiriich. coptagns RYgr Sddisen
parti al lsy p&;rg_légng}ll]i ggnLontaining fibre. 19. A fibre according to claim
18, which is a porous silicon fibre. 25 20. A nethod of preparing a fibre
according to claim19 which nethod conprises nechanically cleaving a
mesopor ous 4] mmrEidresbki tavr imfeercor8@nglto Ameirthdd whepeepditiengakriitbre
according to_clai_m.19.whi t C L ] sHddscon fibre and
t hereafter c%m&ross?fsy?h%\p%ﬁi%tshi%?i Eg%n ggﬂiﬁngto&géﬂggg%ffdli ng to claim 21
wherein the silicon fibre 35 is fornmed by nmelt pulling, Laser-assisted
cheni cajp vapour a depRsi bi-0faht/RDccovkSngetosls; teabitnglaimsacr ithi ¢idal
Fi'brous nnﬁgggéﬁn %gbglgrfgn%lyaQng'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 is 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
déposition (LCVD), VLS methods, coating of sacrificial fibrous

material or micromachining.



WO 03/ 055534 PCT/ GB02/ 05853 34 23. A nethod according to, claim?2l or
claim22 wherein the silicon fibre is porosified by anodisation or stain
et chi ng. wb43/8ssBabric conprising fibres according to cl aiPerk&nsssBai m 5
19. 25. A nmethod for preparing a fabric according to claim24 which
conprises spinning, enbroidery, weaving, knitting, braiding, fibre

bondi ng, air-laying, wet |aying, and/or 10 |lamnating fibres according to
claim18 or claim19. 26. A substantiall?y pure silicon fibre of at |east
100cmin length. 15 27. A fabric conprising a fibre according to claim 26.
28. A fibr &3ccdy dek§odoaeral b tor ggaiuab% CEdEil Ag YR arRf27

wher ei n t hesiSiilco60RibBe PO @aFostilfiedby 2hadd sahiort dwdstfadm ptepingng a
fabric according to claim 27 which conprises spinning, enbroidery,

weavi ng, knitting, braiding, fibre bonding, air-laying, wet |aying, and/or
| ami nat i ng ¥4.br & fabsérdrogptsigianifdbres 2¢wuding &p eladmifsorasispm A
met hod fsor qyoducing a fibre conprising silicon, which nethod conprises
coating a mcrofibre with silicon or a silicon conposite. 31. A nethod
according to claim30 wherein the mcrofibre is a 30 biodegradable suture.
32. A net hatb ac@midithgdt doel prepadfinghear €abridieaguccdahpbre ¢kxims@Bubl e and
wherein in g .subse tep,. said m f 1 i | 1y sqn partially

di ssol ved téb%#% 8%§%g£%§H%ﬁfﬁh?ﬁﬁn?%ﬁ%ﬁ?#gég g?ﬁ?co%’&%”&%ﬁ?%bn conposite
mi crof i br e.brag3ling, nEiberl RRREGNGir ng1i¥ olaN digm F2twhaYeidr t3HE/8%i d sol ubl e
mcrofify e isuihRldiay. £ 0O3/L65534nfClb @BREM5853r SDadd.19A net hod
according to any one of clains 30 to 33 wherein the silicon mcrofibre

obtained is porosified. 35. A fibre or fabric according to any one of
clains 1 to2d7 A substantially pure silicon fibre of at least 100cm in

length.
15 27. A fabric comprising a fibre according to claim 26.
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. A method according to claim 30 wherein the microfibre is a

30 biodegradable 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.



5 wherein the silicon containing fibres are reinforced by resin bonding.
36. A fibre or fabric according to any one of clains 1 to 17 or clains 35
wherei n twe oBioksses or the fibres used in the 10 fabric arechrsswobas 50
mcron in dianmeter. 37. A silicon containing fibre having a porous core and
a non- porous coating. 15 38. A fibre according to claim37 which is a pure
silicon fibre. 39. A process for preparing a nedical fabric, which process
conprises weaving, knitting, enbroideriﬁ& or fibre bonding pure 20 silicon
fibres. 40. A process for preparing a silicon fabric, which process
conpri ses cift-ti iy methpasaceertinds ECoABY sPRE n AaLBF 80 FDri ¥Pe&iPes of
paral l el cufie sheLBbA, mBfkhdiBker ¥yeeyim tie poesyitaed. 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 inteyweavi Mbre80od2falkripr ecessdangoraiany toechii edafgnsorl &Pailih 41
whereingth jl:i.c t | fds e erOinfdRa bt gEEAVI Ng.
43. A p?ocgggﬁﬁgéo? ?ng{to C g%ﬁFggﬁaﬁ%HES%e?hggiiIicon 35 th?eads are
porosi fi ed RFEM9i-nt er weavi ng. 44. A method of preparing a silicon coated
fabric, which nethod conprises coating a fabric wth silicon. WO 03/ 055534
PCT/ GB02/ 05853 3643 A-MBLION aceotding L0 &lpipAdevberaid) 1hs ggaling
is effected by ‘Sputtering Of conti1nuous”vapou ébp05|t|onn 46. A net hod
accordi ng ter cllaims435 ovhetediomtys flleres ren tride Sikrewlusaft 18 Fh€on coating
i's porog figdid7ard $bi caiu oot fdctahric Ghiai-aabl e by a method according
to any one of clains 44 to 46. 10 48. An electrically conductive silicon or
silicon conposite

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.

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 to claim 42 wherein the silicon

35 threads are porosified after interweaving.

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

method comprises coating a fabric with silicon.



fibre or fabric. 49. A fibre or fabric according to claim48, which
conprises silk warp threads and low resistivity silicon containing weft
15 t hreadwo0 0305558 si |l i con fibre conprising silicon beads eomrGBiResEs3
together by nmeans of a resilient thread or wire. 20 51. A silicon fibre
according to claim50 wherein said resilient thread or wire is a

bi odegradabl e suture. 52. A silicon fibre according to claim50 or 51
wherein the silicon beads are of from®% to 5nmin diameter. 25 53. A
silicon fibre according to claim®50 or claimb51 wherein the silicon beads
are from 104500 Binetbad apcelidirist &e. chaim A Sivhegsant Fe CRICAIditig to any

one of cl aidmrRRletiOpdlspddamianesbh et iSidousoRapeatsaeyosipapaus. 55. A
met hod for preparing a silicon fibre according to claim 50, claim51 or
claim52, which nethod conprises drilling holes through silicon granules,
and passi ngi@ r gsimeitantl dhceadtigr t35chiir 4hrooughathed hovesrefior g in a

plural sy of. granytes: ¥0.03038A34; POH.GR024 5853 37 56, A method for
preparing a silicon fibre according to claim 50, claimb51 or claimb53,

whi ch nethod conprises forming a plurality of beads with a central cavity
on a di ssol ¥abl en suritasechytrphatplrithogtapiayld myr adnetingd aaaesgidingnt
thread or 5 wire tgroughclcai\ﬁilst iﬁstion éai d plurality of beads, and
thereafter o S¥81 Vi ﬁgosal o SUr face. % . A nethod according to claimb56
wherein the dissolvable surface is a silicon oxide surface, forned on a

silicomorafgf . D AcrhiBBiDPd-aHtidiB0sini &drioh 8619E0k! @npdzhteher ein
the plurality of beads are fornmed by depositing a silicon nenbrane on

sai d di ssol ¥ % °SufPREES: et ching an el ongate trench into said surface,
applying a further silicon nenbrane to said 15 surface, and then etching

channel s bo&@.pe&Fgﬁgyec%Eakaﬁgiéugtcording to claim 48, which comprises
silk warp 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 claim 50 or 51 wherein the
silicon beads are of from 0.5 to 5Smm in diameter.

25 .
53. A silicon fibre according to claim 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 31

30 wherein the silicon beads are porous.

55. A method for preparing a silicon 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.



parallel to said trench. 59. A nethod for enhancing tissue growth, which
met hod conprises applying to a patient in need thereof, a 20

sem conduwwoiosgsSsabri c conprising silicon, and passing comcraBoedsdsevel s of
electrical current through said fabric. 60. A nedical device conprising a
fibre or fabric comprising silicon. 25 61. A nedical device according to
claim60 which is selected froma scaffgold for tissue engineering, an

ort hopaedi ¢ prostheses, a stent, an el édtrode for neuro-interfacing, a
"wrapped” in-vivo drug delivery system a "w apped" ex-vivo 30 drug,

del i very sy&ft-em? derbgdcipr dhEtnaiaged Hblifnk Fibre areRf?irtdaltostimiiati on,
a non-occl g ng1ganmentor palGh 68, Weidagethen sveptisiagresihgsa a topical

dressing which i.s, optionally . absorptive,, or._an X-ray opa n. 35 62. A
subst ant i alqurﬁﬁfgysg%i%%#syé’rl%g a-g A T wior s 8%n%/ac?lnsls%(§%§§?%. WO
03/ 055534 PQH/EBe2b05853to 38 graphyi | irturedushngi ai resdremtagbsead mrt o

cl aim 63 vvﬂﬁir&i Rhr808H OLa i i@ PYRe sS4 IS0 iR CS r A Ead )t i ned with
textile fibres. 5 65. Afibre or fabric conprising porous silicon, wherein
the silicohe=eatipredhet i F2adstpst3fifce such that the substance is

slowy released fromthe silicon. 66. A fibre or fabric according to claim

65 wherel n SA1d » 10 GUBSLANGEA] &, & PRILIRCONNLEAL (CORRRUAL, B A Lagr ance.
67. Use of & fibre of fabric corﬁ_al ning siltcon as a nmedical fibre or
fabric. 15 $8faddse iacaosilimpnt oxépai subiasthefermnethen nediidaicori BrESHr

fabric jos a suture, threads or nesh for medical application. 69. A nethod
for collecting sweat from an Ciindi Vi dugl . sg%)d t hod gorrﬁrges.i ngc-happl yi ng
to the skin*®f thdSHadPEGEFIPD0F SHATR RBNPT iSiNT pér SIS i€6n, and
| at er recoveriryglittieof 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
15 surface, and then etching channels both perpendicular to and

parallel to said trench.

59. A method for enhancing tissue growth, which method
comprises applying to a patient in need thereof, a
20 semiconducting fabric comprising silicon, and passing

controlled levels of electrical current through said fabric.

60. A medical device comprising a fibre or fabric comprising
silicon.
25
61. A medical device according to claim 60 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
30 drug delivery system, a medical distributed 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.
35 62. A substantially pure silicon yarn.

63. A silicon containing yarn.



contents of pores within the silicon. 70. A nmethod according to claim69
wherein the fabric is in the formof a patch or bandage. 25 71. A nethod
accor di ngwom3okss4n 69 or claim 70 wherein the fabric is PemaRIASESEI Ng as
a result of the presence of the porous silicon, and a current is applied
to locally heat the skin in the region of the fabric so as to pronote
sweating in 30 this region. 72. A nethod of locally heating the skin of an

i ndi vidual, said nethod conprising appl3§}i ng to the skin a sem conducti ng
fabric conprising silicon, and applying a current through the 35 fabric.
64. A silicon containing yarn according to claim 63 wherein

one or more pure silicon fibres are intertwined with textile

fibres.

5 65. A fibre or fabric comprising porous silicon, wherein the
silicon is impregnated with a substance such that the substance

is slowly released from the silicon.

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

10 substance is a,pharmaceutical compound or a fragrance.

67. Use of a fibre or fabric containing silicon as a medical

fibre or fabric.

15 68. Use according to claim 67 wherein the medical fibre or

fabric is a suture, threads or mesh for medical application.

69. A method for collecting sweat from an individual, said
method comprising applying to the skin of the individual a
20 fabric comprising porous silicon, and later recovering the

contents of pores within the silicon.

70. A method according to claim 69 wherein the fabric is in
the form of a patch or bandage.

25
71. A method according to claim 69 or claim 70 wherein the
fabric is semiconducting as a result of the presence of the
porous silicon, and a current is applied to locally heat the
skin in the region of the fabric so as to promote sweating in

30 this region.

72. A method of locally heating the skin of an individual,

said method comprising applying to the skin a semiconducting

fabric comprising silicon, and applying a current through the
35 fabric.



