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

rayon and polyester are common synthetic fibres.

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

20

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

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

as a new application of conventionally woven and knitted

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

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

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

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

heart wvalwves. Orthopaedic prostheses such as tendons and
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Although some may be biodegradable, it is difficult to ensure

that fibres do not lose their mechanical strength at too early

15 a stage in the tissue replacement process.
The applicants have developed new medical fibres and textiles.

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

20 medical fibre or fabric.

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

¢rystalline silicon as “c¢~Si” and amorphous silicon as “a-8i”.

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

resorbability or biodegradability or bioactive properties.




5 novel fibres and fabrics suitable for these applications and ot hers,
and to nethods for their production. The production of fibrldJuly?@06abrics
is an ancient art. Fibres suitable for textile use possess adequate

| engt h, fii s, 10 strength and flexibility for ya r i,on and fabric
const ruchoglﬁ%g he first fibres available for textil e%ggfg%\g\g&g& obt ai ned

- from ani mal and plant sources. Cotton, wool, jute, silk and flax are today
t he nost comon natural fibres. Nylon, rayon and pol yester are common
synthetic fibres. 15 It is now possi3ble to manipulate ultrafine fibres into
fabrics, for exanple using techniques used to produce woven netallic
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used gorg ﬂédb_tg%fiﬁal lmbppclﬁ%abﬁrm%rmé HoQ, simlar purposes. Use
of fabrics as biomaterials was initially viewed as a new application of

conventionally woven and kn| tted textiles. Over the past few decades the
‘devel opnaat usdd heofihi, Sthe ateath pﬁiwrraﬁﬂsf thre yoioced siehget echnol ogi es, 30
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These pro u ave variety o I cal applications, depending upon
their precise nature and form For exanple, 35 fibres and fabrics may have
genenal gHegtcxal “mhbcaﬁaiplb& déﬂl’nedemrﬁlﬂlﬂs fiexdblerast, pbhowads or neshes.

n the cqedlaasGAr L, L) don S oEe REoLACOLBOL LYok heiexampl e i

artifici eart va o aedi prost eses su endons and 11
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form of fkbhpeseansl doabihksas strand of fibres.

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

material.

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

biological applications.

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

‘25 will dissolve at normal physiological temperatures (37°C + 1°C)

in simulated body fluid, over a pericd of time, for example of
‘up to 8 weeks, and generally at less than 2 weeks. Simulated
body fluid in this case may comprises a solution of reagent
grade salts in deionised water so that the ionic concentration

- .30 reflect that found in human plasma, as shown in the 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.




and they may al so have percutaneous/cut aneous applications such as in
shunts and artificial skin. 5 The particular materials currlddBi®2048ed in
medi cal textiles include nodified natural polynmers, synthetic

nonabsow?fﬂg pol ymers and synthetic absorbabl e pol ver, nost
commercl a %%F‘?rrer textile fibres have various. 10 aé’gﬂcl%%&sgg%guch as dyes,
antistatic agents, delustrants, photostabilisers) which may reduce their
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applications. Although sonme may be 4iodegradable, it is difficult to
ensure that fibres do not |ose their nmechanical strength at too early 15
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i ncl udi ng bi g 11Ty, TesSoriani i Ty [or bi ogegiradgbility or bioactive
properties. 1%%@55534-2@1/-@8@2#@5&53—34u”hermre, such
fibres or fabrics may have sem conducting properties, which may be

particularly useful in the context of
WO 97/06101 describes the formation of silicon in a form in

5 which is it biocompatibile, bioactive and/or resorbable.
In a particularly preferred embodiment, the silicon used in the
invention is porous silicon. Porous silicon may be classified
depending upon the nature of the porosity. Microporous silicon
contains pores having a diameter less than 204, mesoporous

10 silicon contains pores having a diameter in the range of 204 to
5004; 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.




certain applications, for exanple, in inplants, protheses and the like,
where controlled levels of electric current may be 5 applid 4 Toly 2006 | at e
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the presence of U.V. light. These may then be reacted with

QZone in

surface groups on the fabric directly, or more preferably, they
may first be functionalised with a reactive group. Examples of

15 such functionalisation reactions are described in WO 00/661%0
and WO 00/26019.

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

effected by appropriate input of thermal energy or light.

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

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

35 temperatures, for example at the reflux temperature of the

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

absorbable.

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

or in combination with other types of fibre.

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

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

Accordingly, a third aspect of the present invention provides a

porous or partially porous silicon containing fibre.

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

~or spinning of a polyester/silicon mixture.

Pure Silicon fibres of varying crystalline perfection have also

been realised by a number of techniques :

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

containing molten Si is connected to a graphite nozzle that




S particular is a bioconpatible fabric such as cotton, linen o{
bi oconpati ble synthetic fabric. Preferably the silicon m crléﬂaytqogﬁes are
bound to the surface of the fabric by coval ent bonds. This can be achi eved

in 10 vgy %y‘yays For exanpl e, hydroxy groups may %@T;&B%gsson t he
surface of t silicon, for exanple by treatnment with ozone In

presence of U V. Ilght. These may then be reacted with surface groups on
the fabric directly, or nore preferably, they may first be functionalised
with a reactive group. Exanples of 15 such functionalisation reactions are
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reactor to initiate chemical wvapour deposition in the direction
of the laser. By moving the substrate at the same speed as the
15 deposition rate, a continucus fibre is realised. For example,
with the methods described by P.C.Nordine et al in Appl. Phys.
AS57, p9%7-100 (1993), =silicon fibre growth rates up to
30mm/minute were achieved using silane gas éressure of 3.4 bar
and Nd : YAG laser power up to 200mW. At fibre tip temperature
20 of 525 - 1412 C, poly-3i fibres of 26-93 micron diameter were

. realised with varying degrees of crystallinity.

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

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

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

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

The VLS method should be adaptable tc mass production of short
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of dianeter in the ran% 100-1 . . .
needs to exceed the 1410 meltlng point of silicon, where the

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

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

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

method in continuous lengths up to 46 cms.

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

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

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

realised by varying the boron diffusion temperature and time.

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




m crons and |l engths up to 80mm were grown successfully. The n‘tax' m
pul i ng speed achi eved was 1nm m nute. Laser-assisted chenild PIX ur
deposition (LCVD) has been shown 10 to provide a higher growh rate

synt hest,g/o%/ggsﬁ for a wide variety of inorganic fibregsycghsisggdi ng silicon.

In the technique a | aser beamis focussed onto a point 1nside a
reactor to initiate chem cal vapour deposition in the direction of the

| aser. By noving the substrate at the. same speed as the 15 deposition
rate, a continuous fibre is realised? For exanple, wth the nethods
described by P.C Nordine et al in Appl. Phys. A57, p97-100 (1993), silicon
fibre grcdweh $§&268 mirrdon. 3Diareni priducedrin abhs exsydhewd wyodi | ane gas

pressure Mbkx3nihiR3 as aNdulErat¥AGH | ASCHePAVRE HD. ! @eREMBNGLAL fibre tip
tenperature i bres, of. 26-93 mi cron di aneter

20 of 2525 - 1412 C, ol&/- Si f
were  rediORERTPRG PRI VA §PHG W%y ¢ bae )t YBRTR FaF FRHHS 90 FPBon fi bres have
al so beerthiehlstseddbis tshewVliEntethodighadso diegceesed in the early paper of
R S.Wagner and WC. Ellis in 25 Appl. Phys. Lett. 4,p89-90 (1964). Here the
V represents a._  vapour feed gas or_gas _m xture, _the L r,ﬁresents aliquid

cat al yst n8°tHe tBeF e FrEs 8Nt eX28R1 5% Of i B BPotRES It Ris method it is
t he 'si ze mafrayhefitet fdrrc atdl stetuctnopl|setisabhratforpredimrl | fakddtter m ne t he

resul ti nq b P& tdbAMBIL hovd 1€ 38 SY UESESPE Bidhetr ¥siRhl bpe silicon

m crofibres and nmpore recently, nanow res, has been denonstrated using, for
exanpl e, *P§olPea$1PRe catal yst and silane as the vapour phase reactant.
TherdOare al so many related early reports of silicon "whiskers", "needl es"

and "fil NLSo 5 hatiLvel r )w@S reviewed in
. _?H?e 1iQ % dsgﬂéits f’%.%r% a](:_é{:p%% %chtfé@ﬁ by,
Wi sker echn%q olgyrl1 %(%%n gv%ey_& ons g w di t,ec;lp y A P. L%w tt. The VLS
net hod sHit#hE géhproabralien Usass Hrgyuttton sftidieretiy svaty 2006 WO
03/ 0555341263/ £2B0BL HEB5308 &tdniptena fisbmesrdrobladd anaya mpsemiwedn | ayi ng.
I ncor por gtion of, . sillG¢ %ﬁ/l t . Rhe= Xl gkl De fARLES #n ¥arns should be
pitch. P b . 1
nost sw%tlabFe for vveav&gg, nlptlglrsr:ag and enbror dery o? structures of
15 single wafer to form a comb like structure, which allows for
the production of multiple fibres. In a particularly preferred
embodiment, two such comb-like structures are produced, and
then interweaved in a perpendicular manner. In this way, the
fibres of one comb forms a waft and the fibres of the other
20 wafer form a weft of a fabric like struéture. cut fibres may
be subject to cleaning for example, ultrasonic cleaﬁing, and/or
etching, for example by 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,




many netres length. 5 Silicon mcrowires and the preparati ?n glre2 8§scri bed
for exanple by J.J.Petrovic et al. J. Mater.Res. COct |ssue Sdply 20 this
met hod, an optical FZ Si growth systemwas adapted to generate m crow res
by the g qmicrowire technique". The 10 materi al cessed is
melted w t#l”%ga gl ass tube and the softened glass w ?ﬁG? J“fgfsrél?’l ten materi al
mechanically drawn out into a fine wire in a simlar nmanner to that of
drawing of optical glass fibres. The working tenperature of the glass
needs to exceed the 1410C nelting pabnt of silicon, where the 15 nethod was
applied to pure silicon. In this study Wcor glass (Corning 7913) was used
whi ch haSnaaISQflﬁ:eﬁﬁilg.vTeeéﬁlﬁcﬂ.hﬁhe, afilid&53FGbaas arewdokiedigbyenper at ure of

1900C AsRiLES EOAGR, Yos Ladpen) tho-auasalal.! bosa! bala ner e {hen

heated to | anps an ani cal pul |l ed. Fl exible
10- 25 20 rﬁﬁklﬂtﬂﬁltdi:}a’?ﬁ-ﬂdelarp‘bl’iﬁ-'SPhﬁl’bllévﬁ”F%%rﬁB}!é asyh?%ﬂe,"ia%é‘alﬂby this
met hod i nrcsmdequaﬁ@oleeegtme UPTh® ¥Gultdnt étﬁadﬂeirlee wical 1s| EEE Trans

Bi one E&g 3 4 3{% ‘(3%1[918@1:“ %% ngﬁét ﬁv |(__,gln,:‘_§a:lpl Jon and

testing Exi on ca Use’w 't m cropr obes.
St andard Sstﬂlm éPSSMUSEbﬁ%@ﬁZéHHQ% ofhiptastsi €yt aahyewq}ééﬁy bor on dopi ng
and nul tilhetesiali §idepasbéddnmbp wiehitneatites sod¥sesdédaidingre subsequent|ly

floated off b u bor ch-s n Gld® dissolve the
under | yi né %g%%gbpag&e %h‘lnne Eafggﬁg %rjn Elﬁ%fiftaa)@%&ap?ot EIGC as 20 mcron
wer e reéhPS%’@Foby varying the boron diffusion tenperature and tine.

Mul tiwt rand cabl es cont ai ni ng 20-30 mcron st rands are al so described

her e, t hese I‘OVI dg enhanced fmlagmsbéa |net heﬁ? rag c?nL and | at er al
dlrectloo'rejﬁ‘#p F 3% 08 Py T )Eﬁe SRS Ko 2 knot was

shown t o 0. ﬁlt@t%@tmfdl@mﬁmm t §n traf@hcm,gnbemw badidsgedfbyl- 5¢ros and
total w %&Bﬁli@ﬂbﬂ&s Jt%réhkﬁﬁl a%@@@pﬂ@t@@!{oﬁfi@34sﬂqgomxﬂ5853arﬁi from 60- 250

m cron. FI sgghé%ggy éhreadlngllhromqy tH%Vgeégilent thread or wire.
15
‘Where microscale beads are reguired, fér example of from 10
microns-500microns diameter, they are suitably prepared by
photolithography and surface micromachining. For example, a
silicon membrane may be supported on a dissolvable surface,

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

.25 trench forms a central cavity. This structure can then be
etched photolithographicaily to the desired depth, representing

the diameter of the desired bead, tec form substantially
parallel trenches on either side of the central cavity. Further

channels may be etched which channels are substantially
30 perpendicular to the trench to trace out the desired bead

'shape. Once this has been done, and a suitable thread or

suture passed through the central cavity, the disscolvable

surface may be removed.

35 These production methods form yet further aspects of the

invention.




flexibility as illustrated in J.F. Hetke et al., Sensors and Zbgéors
A21-23,999-1002 (1990), where a single 15 mcron thick strér{ﬂ hown
bent through 180 degrees.. 5 Although there are such exanples of silicon
fibres, whighhKssarrays of a formand structure suitabherbgh |cal fabric
construction are novel, and as such forma further aspect o

i nvention. 10 The applicants have found that fibres nay al so be produced by
cutting a silicon wafer using a sawwith a sufficiently small bl ade and
pitch, for exanple a 75-mcron bladdland a 225-micron pitch. Preferably,
multiple parallel cuts are fornmed in a 15 single wafer to forma conb |ike
struct ur &ibwhs cindatdnpusiterfibrke grtedued iwringfamulofi Phe abphres. In a

particul glly oy ﬁfﬁgrgggm@g@%ﬂfg@nﬁse i WOr 1S GRvE QM. | Keretbkuieigir es are

pr oduced, and n 1nterweaved in a perpendicul ar manner.../n this way, the
fibres offoBRECG0MBS fHPRES TR ATERPTORE f‘inoF8§t%1fn PRECH REHSB wafer form a
weft of aehabrdms bhése shhusd wbeaifi bl brmsifping kbestddjrestor o cl eaning for

exanplse, &E&Egss%@i BefidsCB b&\gzedaQQ/@Jsc%Béa %govéorus%anﬁre by ani sotropic
wet etch to réenove saw J.%ﬁld /or to shape the crgggr? gectlon of the

fibres. Zxamplfor mﬁﬁ‘ﬁ?ﬂfd??%ﬁ oélﬁd‘?snﬁag?mb&ﬁ o? Ay P onposite fibres
- may be usedpboyiréest Hoabuexaililcen (WHE 09eAMar phaug .Sektiagon  microf i bres may
be obtained by boating a fibre, such as a polyner, netal, ceramc '
(including glass) fibre, preferably wth a hollow core, vvlth silicon and

particul &0 § RASAERLRE SBPOdENeES| FRETaLosR, CHSi SNTRAFIBR HONEESRE for exanpl e
by sputt efeitRgd @t pﬁ@gfﬁmﬁgwsmranewlldepﬂsﬁhren WiGVD) metdigdsequent |y t he

et o brismbhfad  Bobi ) 3opliiety kR, ¢ IapanLLmragprmo% e polysilicon

mi crofi bre eporos esired the initial fibre
is a bi omﬁsamlmlegndtaéﬁraass#saﬁdsasheés%aﬁbw@%uﬁu%ﬁ?@@ﬂ%h%l EC¥RRrur e,

di ssol utiap A8Yhodaet &&tlﬁ@C@ﬁ%&E:ylﬂ.{cﬁlQan&bhe mdtlerdal yor2006 WO 03/ 055534
PCT/GBOZ/Q%%QmaChlning methods described above, and thereafter
15 porosifying the silicon, for example by anodisation or stain

etching.

The applicants have found that porous silicon fibres may be
produced directly by cleaving mesoporous films on silcon
20 wafers. The films may be formed using conventional methods,
| for example by anodisation of a silicon wafer in hydrofluoric
acid (HF) for example 40wt% HF, and ethanol, suitably in equal
volumes. Fibres may be cleaved mechanically, for example by
breaking them over a solid edge, for example of a giass
25 surface, for instance a glass slide, which may be covered in
filter paper. The wafer may be prescored or scribed before the

breaking is carried out.

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

invention.

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

discussed above.




10 In an alternative enbodinent, silicon fibres are forned gﬁ thréading
together silicon beads to formflexible chains on a resi | 1édpy29P@ad or
wire, which is preferably a bioconpatible or biodegradable suture. The
resul t ture, which is 5 novel and fornms a fu ct of the
|nvent?@h02$%g%herefore simlar in structure to str?ﬁ@gﬁ%ﬁggﬁads found in
jewel lery. Individual silicon beads may be of various sizes, depending
upon the intended nature of the fibre, or the fabric produced therefrom
10 For exanple, beads nay be on a magroscale, for exanple of from 0.5 to
5mmin dianmeter. In these cases, they may be forned by drilling-holes

t hrough appasey inatéely t%bzéﬁbr%lski&ﬁ)n‘sﬂbeBﬂt@.ﬁlW%uré“hﬁﬁi&leﬂﬁéﬁ/ t hr eadi ng
t hrough t lﬂe relsllclohent % punl;leér ore §Uf)ﬁ?b psp as% g@ds are

required,”Tor exanp % of YoRs er, they are

sui t abl prFépa?ﬂ‘@dpwferphbrdlqu%hB‘g#%phy and surface m _cr OITB.ChI ni ng. For
exanple a silicon nenbrane may be supported on a dissolvable surface, 20
such 3‘ i con_oxi de ?nur ace, 'I; enc ﬁsb exar‘rp g 500 microns
and pref Pﬁb RF BEBRS 0 °hi HH%A8YEN 88pt 1 Egﬁ EHE S b9 é’tfcﬁ d into the upper
surf ace cbmphiesimgndilamenf can dranpic diyectd vdry Se-tt@h‘ﬁﬂg igr thawt ol i t hogr aphic -

pro;:ess navattgﬁif{f@héidzgﬁt%bﬁﬁ r Z€ sRBYnd t{ﬁen B @see&}stTﬁeq@iflfgd tpe
surface, _so_tha renc a centr a iS structure can
then be %8t E?Et?vﬁhg St ﬂ%‘ﬁf’gpﬂf%? °&h5§ﬁ’8§ﬁl?ié%¥ representing

t he di ansierugfedt hertdesi belbwhead, to for m subst anti al I y par all el trenches
on eijfpher side of the central cavi ty. Further channels may be etched which
channel s _are sul;stg}pt ié%IIy 30 endicular to the trench to trace out the
desired B aHEpEY GREE T § h%. VEEERD dove, T3 °s [UiYRABFe thread or
suture passeg drer ougwrther cenyt phl tizawmefyr prheeshiessobrrdil én surface may be

- removed. 32:MNEKGnRERAUCE! ORnEEL NAQS whOTIPiNREnd UiehBES i R3RECt s of the

i nvention. S o . . , .
weaving, knitting, braiding, fibre bonding, air-laying, wet

15 laying, and laminating. The possibility of applying all these
various techniques in the production of fabrics for medical use
provides the opportunity to achieve complex 2-dimensional and
3-dimensional topographies. This may be particularly useful in
certain applications, for example when the fabric is used to

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

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

25 weaved into intricate pattérns.

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

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

processes may also be applied to fibres comprising silicon.

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

_further aspect of the invention.




11 July 2006 WO 03/ 055534 PCT/ GB02/ 05853 11 Fi bres and con‘gﬁ g{] bres
obt ai ned using any of the above nethods may be suitable f E]é’ 0P t he
i nvention. Preferably however, the fibres used are porous, contain

porous whlehpRess Peads and these can be obtai ned by p96?/§h§éfd$§§ the fibres
or 5 strings of beads produced as descri bed above, using tor exanple,

nmet hods described in US Patent No. 5,348,618 and Properties of Porous
silicon (1EE 1997 Ed by L. T.Canham). In a particular enbodi nment therefore,
the invention provides a 10 nethod 18f preparing a porous silicon fibre,

whi ch nmet hod conprises formng a silicon fibre, in particular by one of the
mel t pul [Emhygoidexyeinadgiest gt fhendttiain ofpthitciepoi gilasy EVE), VLS

met hods, g@ahinanef isackhiiciial afmﬁm@§emlq&tﬁllrpeesmrprQﬂechl ni ng net hods
descri be above and thereafter g or osi a")r/ﬁt 9 t he ? {]I con, for exanple by
vadh g 5

anodi sat P8R 0T 4Pl LERHRHGLSTR Bre¥ hefife SEAEHE Fhat por ous
silicon fnrbpe@ rey téeninpteduc 8tidi proceby Mny bk ageadtagubasoperedis fil ms on

silcon ZQoMﬁﬁﬁckJ&%aftuwﬁ fmseo@@ J&@gsdsd&l Ag m;tamemg .Onghe et hods, for
exanpl e hy anodi sation _of a_silicon_wa %/1 drofluoric acid (HF) for
I

exanpl e &GWF' S5 HEC S 3t ﬁ%n%‘ia‘:tgﬁ?t%laifrl?% “BgHaI Lo oPTATESY Fibres may be
cl eaved rbchads @akl yxrahged eotauiphelpwithr sralopay ndwdntovarisgugoind edge, for
exanpl e Qfogtl ass 25 surface, for instance a glass slide, which may be
covered |n filter paper. The wafer may be prescored or scribed before the
breaking is carried out. Porous‘or partially porous silicon containing
fibrdé amte @avfiahrpos-easeraymicks ariek aststichifgrafi &wb usdpeertaspect of the

i nvent | Oréet%eteaeﬁé@s' ¥opﬂ7'fo%u§b| é%@rg& br @e éperme%a@m%dof length
greater than Ocm are al'so novel these al so forman 35 aspect of the

i nvent i on¥app ef‘e‘*‘r 88T \AoWphEEStar BSYRIYs LR 2 PaRel I SEFRWETRbbve.

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

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

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

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

operate at around 200 passes a minute.

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

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

electrically conductive and can thereby be used to selectively




11 July 2006 WD 03/055534 PCT/ GB02105853 12 As used herein E?e 5@85 ession
"substantially pure" neans that the silicon is at |east 9é/}5]éf Yo nor e
suitably at | east 99% pure, and preferably 100% pure. For the purposes of
the i nvgnt.i fibres consisting of or conprising sil.i be used

di rect |§’Q’£§B§§a fur es, if they have sufficient flexi b:l)ls:‘”t%%ﬂzé(%gﬁstrengt h. The
factors required to achieve fibres having high levels of flexibility are
di scussed further below. 10 Alternatively, they may be converted into
fabrics or yarns wusing one or norelef any of the nmjor processes common in
textile manufacture. These include spinning, enbroidery, weaving,

kni tti nghebt aigdiiAgerfddtify haniginag, fidires| By ifogm avetordSricyd ngtedand

| am nat i JThe possibility of applying all these various techniques in

t he produactiron of fabrics for nedical use provides the opportunity to

achi eve conpl ex 2-di mensi onal and 3-di nensi onal topographies. This may be
parti cgl ankyrigetisl aidbnt%ﬁaﬁdlﬁ? Bifg letahdiiNEechniquexahplsrahen t hedf abric
is us to_ 20 assist_in-bon r qpen, ‘ p red.

Sili cgn ifgrae}faénﬁ’gﬁ Jb’htﬁﬂ‘rlf?% glergra %rf'ltgF’ alnng‘e' gg(?%ua\gggll: ?%g.frf irfggpe%r one to

cr acki ng.aret interhenked yerpiéailigthtraghperorsPribries cEdRiFEL1pd oduced whi ch
are Stror},gilea;;les{) &eﬂme@heﬂ%&i& kOnd @ £2Bode e rint.0 THE riedal e patternﬁ. _
Most natural fibres, s a .+ COL r.e g enough to
be procesSEEdH 8§c)frb%%e\c}vi f%b\(l):\%?gflusrct sselrgf%fggtf%%% %C_)Tﬁlgg}t afrkglgconver ted to
usabl e t Weeuthdpul Hhaidefielkipdhht aRmB0sErAtThRrhYL L éFeIFqa5RfEs are first

| ai d jgut parallel to one another ("carded") and tw sted together into a

"yarn" (as_,iJlustrated for ex le.in Figure 2 hereinaft . Such

of ocess ST 18 BAREBT oot ires EaREF CrUTISHIR o o

Subst ant isdhbie peteotidlieponty atithi eutaleoy vupeelf kink.f dpoRy WErPePT furt her
aspect ofgpbbe ifventdiiFerddrilte 2P 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 is

20 generated by heat or solvents.

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

drained to form a web, consolidated between rollers and allowed

to dry.
30

Finally, laminating is a way of joining of one fabric to

another using an adhesive.

Alternatively, silicon and particularly amorphous or

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

' . particular is a biocompatible fabric such as cotton, linen or a




WO 03/ 055534 PCT/ GB02/ 05553 13. Enbroi dery i nvolves the for §f
stitches on a base cloth, which neans that there is a hi gﬂ fl}‘]é’%o @Iity in
design. The base cloth may then be dissolved away after the stitching

processyh9sh@Ey nated. This process may be particul a‘zki’lcﬁﬁhﬂﬂss@ for
m m cki ng natural fibrous arrays such as |iganents. ere 1s also

potential in fracture fixation where |oad bearing threads are arranged
optimally with an open nesh for tissue in- growmh. 10 The weavi ng process
requires the interlacing of two sepdfate sets of elenents to produce a
fabric. The elenent called "warp" is set down first, usually in-a parallel
arr angenmibcomﬁdtebsecsmdhetmrﬁﬂbrmlshzeﬂ ad@oiyester ghere iast erl ocks with the

warp to ct{e?%%%e}:ﬁh éx% bfic®! Aaka St ‘dfﬁ%‘r@a VeRYi NQ.ude8% 39licop require

t oo nmuch . |I|t a si hani cal [ oom the warp threads
run off §°@B+‘P%Fﬂa§s°%]@@a¥§ytt%?ep?¥?ﬁl§ﬁ%€| bpFteinrethdth &% Ff be. The

t hr eads ndnBwh ot #rtsetn@fdesceised mbomeng vertical ly which can be noved
up andg down. Each wire has a snall eye or ring, in the mddle through

whi ch"the warp 20 yarn runs. By sinple nmechani:cal arrangenents it is

possi bl e Ay °oF AldevbVidiopeatedrngnes rqaﬁg?e nﬁalﬁadal%ﬁae«am&fmmfth the weft
can pass oleﬁQolV!%fst ub&d Gar the pryert "ishuhti@'. orhért applicaditiwat er. When

‘the weft hag,passed [/ ough, LhB.N! Robh e RYSDEChARND Jirghtdy against the

prewouth a co e rings carr t he warp

t hr eads afrlérﬁ%\belaép‘#ﬁf@seand tithe §mm{s%etwerta%m#dt%m&%9ﬂg second "pass"
bet wen aiset &f rbbrPagdsodsctade. The fastest industrial |oons operate at
around 200 passes a mnute. 30 Woven fabrics usually display | ow el ongation
but high breaking strength. They may have a variety of 2D and 3D

t opogr aptfactorepluidh mpadpbn Rehdakgpensp arepratushal SEReCtiygi B2 exanpl es

are ill l@b&aéﬁchbﬂe Ffé]ith'i@eé- heesy rba&:ftﬁeﬁlaﬂ fcaliseﬂLHzfdedhet he 3D topography
of apartlcglar fabric far fq%r’rgjcg ocal i sed nelting

of the fit5FaBIHH |uﬁ§df*ii’or‘:f’ﬂ‘éeﬁtnggl%stsoeﬁb%%f’nfh 19 6n 4|15re network in a

conpoi t estirabni ceingile fracture strength, malleablllty, and work of

fracture.

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

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

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

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

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

35 FS = (2VE/"~c) 0.5




el ectrically conductive and can thereby be used to selectrvel 11 July 2006
WO 03/ 055534 PCT/ GB02/ 05853 14 heat up intersecting pol yme fI!ﬂB!rQQQ to form

a mre rigid mted lattice. Knitting is a continuous single elenent

t echni trated 5 for exanple in Figure 3 her in which a
seri esq'gﬁ ’gops are interlocked vertically through tﬁ%ﬂrﬁééﬁs‘.‘%. on of

knitting stitches retained on sone kind of tool or frame. The tensile
strength of knitted fabrics is usually inferior to that from weaving but
their flexibility and stretchabilityéis greater. 10 Braiding is a process
that utilises sinple interlacing of a single set of elenents wth out any
type of lynake ﬁqepthworan@rs meB@lus,| 2vi s ditef erserduirat ekryyom weavi ng by t he

warp servi %315%'1 5 O%mattf"grand nyidﬁt egj}gcgf ng bel Q:Q:.!:I'caﬁ] ¢hggonal or

general | ¢ ng 1S frequéently called plaiting,
webbi ng erizenterl acr ng. Fibre bonding is a technique commonly used in the
producti on of Iarge vol unme health products where fibre-to-fibre mating is

20, gener qLsdeyNeal oL SOLYARLS e MY LA BN St chgeng are technl ques

sui tabl e romvery I'n air laying, the
fibres amanipekhtedt befareailt Imer&wm bef ore ber ng deposr ted on a noving belt
25 or perforated drumto forma soft vveb structure of randomy oriented

fibres | a t-1ayi ure of fi wat er, which'is
deposi te§J mﬁ ‘L‘r‘%\ﬁmﬁéres&%egge ‘E")'-rL ee % hos eai #egar ?‘gr?%{l% a web,
consol i détredtivet \wEencrwliel éﬁém’&rhd aquo\PSEthJEQ)méF?rlaQG H¥mlepPer ani nating i s

- a-wayyof Jrai Qimxﬁtmork%meQFfaqugb%emhh@mwehamm aghresi wach
Al ternativel Ly, l'icon articul a(rﬁg)é anor phous or 35 polysilicon my be

coated oftigh ﬁrptrl'@neiﬁl%t rﬁﬁ ? &, 1%

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

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

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

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

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

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

35 micron.

For glass the important defect is usually the surface crack.

In a brittle crystal like silicon however, surface steps can




exanpl e by sputtering or continuous vapour deposition (CVD). Suitable
fabrics may conprise any of the known fabrics, but in parﬁﬂ@@W@po§s a

bi oconpati bl e fabrlc such as cotton, linen or a 11 July 2006 WD 03/ 055534
PCT/ GBOY/B88834 5 bi oconpati bl e synthetic fabric suchP@XGBBS8Et er gauze as
descri bed above. Once coated in this way, the resultant silicon coating
may optionally be porosified by stain etching as is known in the art, and
descri bed above. 5 Any or all of thegge techniques can be applied in the
production of fabrics used in the present invention. Their applicability

in any pacti £uliak+£886 sae@%wge&gﬁm&tw qoealimn%téaﬁ% fibres being
used, and the requisite properties of the f r fa?rlc pr oduct .

Factors WHFER nedb ¥t d-HB2¥d rPreﬁF’éab&(?cBﬂn’fvereﬁcgeﬁhe ﬂ“ﬁ Fh&* type of
fibre regbersdicomafibyear tbedliar thasimveanibn, hdort exdmplguey ugsednt o convert
this to g,fahtd.c include stress, 15 strain, tensile fracture strength,

mal | egbi l'ity, and work of fracture. Stress is sinply |oad per unit area
(unit§ of Nn2 or Pa). Strain is sinply the anount of stretch under | oad
per unit PR0ydensghhliee saticjn mBiyf berert imttdrel dhsemtriengt amd ched/ conpr essed
by enor m?.géJ:é/fo\é%r Mﬁé}%&%@{;ﬁ@%é}m eﬁlﬁ'&%“%&%@&%@ée\&% fo¢ q;e@ The

correspon rati1 o stress/strain Young' s nodul us éunl of NnR or

Pa) thus 1&@%‘&9‘1 bB&s tipgm st PerEEStaldindFudqes nef S5t § Vng varies from
7Pa for pubhsied thdlkdtafhoe ermsigy26f pﬂhasgrm bavdarfigrs sgesddst 0 about 1. 2GPa

for _Ei?amgngt oensl! & sftéf Jz%ectﬁl- 51 S the stress needed to _
break/fracture a mateéri a by stretching it. It also varies
consi derably about 4MPa for ordinary concrete 30 50vPa for plastics to

2CGPa f or sshErir: ySemdrphahsiesifieon mat eei Blelogsedliy fabptaisieape 40MPa
( | eat her %i%%cizwe, Cc:PttIE'lg?? %_%gw enek lc: I‘ I;:;'nt t‘L::a_.]_ r’g%tner lgltﬁ fracture

strength, cont Cri tel‘rca ans and gl ven by the Giffith
' herein, it may include thls form unless specified otherwise.
15
To achieve sufficient flexibility for use in mediczl fibres and
fabrics, non-porous silicon fibres are suitably less than 50
micron in diameter. Porosifying part of the fibre will improve
: flexibility at a given diameter but decrease strength.
20

A partially porous silicon fibre will not be fully
biodegradable but could have substantially greater strength,

and thus be preferable in certain situations.

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

30 partial sintering of a wholly porous fibre.

Fabrics may be prepared from substantially pufe silicon fibres.
In a fourth aspect of the present invention, there is provided

35 a fabric comprising a substantially pure silicon fibre of at

least 100cm in length.




equation; 35 FS = (2VE/~c) 0.5 11 July 2006 WD 03/055534 16 Wiere E is
the Young's nodulus, 2V is the fracture energy required t3lfgy#0Pdo new
surfaces and c is the critical flaw size. Malleability refers to the
extent to which a netal can be mag;atpul ated before it breaks. Work of
fracture is the total energy neede 0 generate a fracture structure

(J/ m2). For ductile materials |ike copper 10 and al um nium val ues range
bet ween 024 fafich 26p6ctd/ h2, praseht divgheion wanvides fbreeowsysf e energy. The

i nt roduct,i e, of; ROLESI I FEKES: A HBLELEBLe JDILEy ) £Xisbl&viblower ed Young' s
nodul us)” but also makes it weaker (lowered 15 20 25 30 fracfure strength).

by critiEHttERgf SEBTPFIRIENF LT FOPBULPHBREePUTenGHGFERr B Se  where
porosity Single crystal and a fracture Al though PCT/ GB02/ 05853 For
brittle materials strength is [imted flaws which initiate crack
propagation and textile materials generally conprise non there pores. are
exanpl es of fabrics that contain




One; such material is HPZ ceramc fibre is 20% average porﬁ wdth is !
1.4nm "bul k"™ silicon has a Young's nodul us of 162 strengt Yol 200pa. The

i ntroduction of mesoporosity in p+ silicon has been shown to significantly
decr eas®0OWyasse4s nodul us according to the equation; BCI/GHRO5853p "2) GPa
GPa where p is the relative density in the range 0.1 to 0.7, correspondi ng
to 90 to 30% porosity. Values as low as 1GPa can be achieved in high

porosity material. M cromachined siljcon structures will generally have the
mechani cal properties of bulk sili cott prior to their porosification.
However , slllcon fibres, like glass fibres, et _si nlflcantly st-ronger
when t heFiPsie B H?%Sb‘é?‘bﬁﬁrg ‘%‘% THoRy SHLEG8Y ©F1 459 PRe i nportant def ect

i s usual tympdrei teisr hag eoec Isank-corduciihgi tTHus er g&rtHl aISPR‘ét st itden however,
surface ﬁkeyénmavéﬁtgéﬂ )ér@@Q@eéAQnO%iQééﬁféaﬂ?Tb&Bﬁ%%@S@lmoact as

initiators of crack opaajonb I n si ng S Thus It may
be pref ePBLT 8Dy &7 0&%&8 % ¥f£ Stuﬁﬁ gji reéoﬁ“? %‘r%eg' tised in the

i nvent i oare feartexanpt ey hlysefle:smm mbdmdangappaleatm'rsysﬁatbé ithee sili con may be
used in Lhg; &gﬁ’cﬁﬂéel% éﬂgre afi%%%sr%t?\@st&hsuﬁﬂr{no%sn licon" is used
i's

herein, 1t may 1ncl u e form Polycrystallini t%,does not | ower
st rengt hel?ﬁ?ihcaédcﬁaﬁ@esu‘r’l?%etﬁﬁ%‘? G coPSEh ety FBFRRounlar i es exceeds 10
that of paetiduysiafordt a€t such pl Astesic Jisnal arlky based rﬁmbuscsmiiqbon may be

PeD) OB Y aaR R B arpPkBRELAY Sand b RELELONA UNERFYEL, LN LT

"silicon""1s u “hére] ude drhi Unl 883 speC|f|ed
ot heldi seontifining weft threads.

Thus there may be prov1ded a method for enhancing tissue
growth, whlch method comprises applying to a patient in need
thereof, a semiconducting £fabric comprising silicon, and

15 passing controlled levels of electrical current through said

fabric.

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

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

flexibility of 2D topography.

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

in-growth.

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

35

- A stent is a mesh-like collar designed to serve as a temporary
or permanent internal scaffold to maintain ox increase the
lumen of a vessel. Essential stent features include radial and




To achieve sufficient flexibility for use in nedical fibres anp brics,
non-porous silicon fibres are suitably less than 50 mi cr ort LAY F%fret er .
Porosi fying part of the fibre will inprove flexibility at a given dianeter
but dec rength. 20 A partially porous silicon not be
fully Dbio @g%%ﬁable but coul d have substantially greg?g%ﬁy@$%%gth and
thus be preferable in certain situations. 25" In order to avoid the surface
failure nechani snms di scussed above, introducing porosity into the fibre
core rather than at the surface codPing would be preferable in order to

I nprove strength. This could be realized by selective anodising of a
p++/n- fitereiosalpdlyxibiliont idgeofparinidity posouditybre Xorag0 parti al

sintering Qfya MAGL! ¥ RQEAYS: slchbr exc FabLh G Ye ke Br epagdubspm
substantially pure sil'icon fibfes. In a fourt peit of the present

i nvent i or'?-mptlﬁ’é? &has Jp?&\‘)‘FE%VH:lé’Seﬁg’f%FFE ‘E‘i?H‘pF‘?Js]ret?ﬁ Rtf&PBhtially pure
silicon fdibdegtfdable nragsiall0Gonhias mehgid. hlsﬂlﬂopnzer)@lﬂiaomn afifth

aspec t enti 9k bidEpaki ng a nedi cal
fabri rg m%?‘é:ﬁ{%ggg%%ﬁ\éo% r%s}é:@%%\(}?’%"@ %(rglf??llﬁn H e}rarbrlm dering or fibre

bondi ng ﬂi!i’reées‘ﬂqnéan fPaBFé%ulaﬂPﬁ%ﬁ%Fr?g0%3%063‘7 SA"PBCEFPEB02/ 05853 18
Fi bres amdotagrddasle anans uaidepakt bmisi bbeon dbrss [focorluttiggposi tes may be

e - CONHGLE NcalhlS nBLa A ASPRE Do Bibe:BEIBANG! YA LEN provi des an

el ectrica con ive'silicon or silicon conposité fibre or fabric. Such
fibres amrﬁammosow E1biean CPERY PeudeITRior FROTReal™ &85 i cati ons since
the 19enmgeadeeidnngs naleuseerd.ons for good distribution.of electrical
charge, where these are used in therapy. A particular formof such a

fabric is a silk based fabric which can conprise silk war p t hreads and | ow
resistivi® yfugppo%@ﬁssible application for the fabrics described above

is in flexible electrodes for neuro-interfacing. The
macroporosity of the fabric enables tissue in-growth. In

15 addition, the fibres used are preferable at least partially
mesoporous, which means that they offer lower impedance. In
order to ensure the very high electrical conductivity and
stability which is important in such devices, in this case, it
may be preferable to use fibres comprising a non-porous heavily

20 doped silicon core, with a porous silicon layer that has been
electroplated with an ultrathin conformal coating of a metal

such as platinum or iridium.

The fabrics described above could also be used to produce

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

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

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

to the extent that it does not irritate the skin.




10 containing weft threads. Thus there may be provided a nethod for
enhancing tissue growh, which nethod conprises applying tld J&yp%ﬁoﬁent in
need thereof, a sem conducting fabric conprising silicon, and 15 passing

control | s of electrical current through said j Fi bres and
fabri csh@g)s}(g%é%ri bed above have a variety of nedical "Cg’g’gﬁ"’%ﬁsﬁ'i ons. For

exanple,, fabrics which have | arge pores 20 (>100 mcron) for cellular
infiltration can be used as scaffolds for tissue engineering. The use of
the different fabrication technique® |isted above provides for exceptional
flexibility of 2D topography. 25 They nmay al so be of use in orthopaedic

pr ost hesemn whesnsiloheof rasnpasmsickyiafs mhe frditde prapiileesihiereactivity

whi | st t 0 j & J ext id t.er n_di al | ows bone

i n-grow E&eB %%%ngél%lrl?/é:g% fc%%a%c%% \fiatgi:/P%tf l%hgmlg%ei???%id ?’gq2| so of benefit
i n or t hopHdWsctABERE At B IS e SO0 4RH LA s CPRAGARF ol¥real by

appl i cati e 0k Htrpbbatiedoel @aiprisead wibRigeirebaumsd wephicre grow h
SULMULAL 045 LOR) edl bhL S8 W 112 JBBEN 531 DOAP AbLes G BIiX-Usggl 11 spi nal
fusion, 35 A'S rﬁ I's a nesh-Ti ke coﬁ_ér esignedsto serve as a tenporary
or per manghtspatEthapcakigefof Picsl e lAVarn Or 9rHET ¢98e tThér*fluinen of a
vessel . Es&rntidds steRtad eatirveSlhnndtede dadisgl usedl thltdadty 2006 WO

03/ 055534 k / 9. i.onal flexibility, bioconpatibility,
vi si bili t@ﬁ%&%ﬁé@%@%ﬁf&’% é{'ga%':cg' expandability. It is an exanple of a
wi dely used inplant that is currently engineered from malleabl e but non-

bi odegy aded¥severireigi al srdeh BsolBh ik sAisiddugarb@rusetlircon 5 cont ai ni ng
e SRR RS Bor b L Eboelaclt piliest, saay, P el o
forns fordiﬁfg§¢¢KJ Semiconducting fabric as described above might be ‘

used in an iontophoresis-type design for transdermal delivery

of large biomolecules.

15

The electrically conducting properties of the fabrics described

above makes them suitable for distributed networks for

electrical stimulation. In these applications, a fabric is

wrapped around a target area and can be used to electrically

20 stimulate an array of sites simultaneously

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

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

30 component acts as a large clean reservoir for collecting

excreted biochemical markers.

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

physical exercise.




drugs locally. These fornms would be possible using fully or gﬁ,rti gl |y
porous silicon fibres as described above, in the 10 produétliJ 05t he
stents. A further possible application for the fabrics described above is

in fleﬁﬁg?ﬂ)%lgﬁctrodes for neuro-interfacing. Thet hggﬁjgﬁ@gﬂggggty of the

fabric tissue in-growth. In 15 addition, ed are
preferable at |least partially nesoporous, which neans that they offer

| ower inpedance. In order to ensure the very high electrical conductivity
and stability which is inportant inisuch devices, in this case, it nay be
preferable to use fibres conprising a non-porous heavily 20 doped silicon

core, W RBs@r@iOdsSrSidlesOdhn By eFeniRall Masm RRENFarRkiecsy @pkated with an

ul trathi na%%p; oromal: S as(i n%f%f a m%t gl}d Ssuck% as cQ:l gtr‘i_:l{l.um Br iridium The
fabrics J85EF1HE4 Hboveé ol EeaI S bE UsBF A o PrEEEe 25 Phr apped” i n-vivo
drug del ie¥eeydes serheatipor iMaskerk ecoliteled mayhie thseresoporde | ocal i sed

delivery at-e endnvedbi a8 & RAndHPARa0fs fOkeENG RBSaPZ-at i on of
drug- el uti ﬂg? cel | In these cases

. b tihilit f. th it
for muPat FERYPL BEERHCHr . DIOSTHEEAYi HR° Gn=t MG aBBI T EAF Ton, They may be
used in 'wiicppaw" preferebiy ddriylideledvey yteppoienes deactied ¢RI it may be

preferablog/6s1409¢ ard ARk tsiyhahel RicAUIRBHLaWhddEsdr ug-el uting pSi _
particles that dissolve in sweat. In such cases, the core 35 fabric need

not be bi odegradable and is a nedical fabric only to the extent that it
does not Thersdrdicendindigki matuke Ji|the? 086 WDa0S¢ (585 31taREF/ GB02/ 05553 20 An

ext en@i 0'&n9£r_1<§=.1a0 Bwé&%@nigcél.{i %&écf&?j)éailngi&%ibﬁ?%f | &S nWBHRERrudde Sil con
within the fibhres.,or fabrics.iis immregnated with drugs to-treat the skin
for der mgPBi'%d'le@éim%d’rdeP?oﬂ%,lc%iq@ﬁr B sFe 1 R p6PHTed™0? conpri sed

wi t hi n dbesdaggerappidhelibe ditrectune tentheadlkynrailse begetrrowmre such fi bres

?nd Iabritgsa%fiefewqgvéprtol praldraedul APieabuddglhvaty of drugs used to
rea collection. Again this can 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 porecus nature (both macroporous and mesoporous) of the
silicon containing fabrics described above may be utilised in
wound repair, for example to deliver drugs such as antibictics.
Thus these fabrics may be used in absorptive dressings. Also

35 polycrystalline silicon may be particularly useful in fabrics

used to facilitate wound repair.




conditions such as anti-inflammtory drugs, used to treat arthritic joints
for instance. 10 Passive drug diffusion through the skin cddigd0%sed in
particular where small nolecules like silicic acid are being diffused.

Serm conO@#Pe4f abri c as described above might be ud&d/GR2E5HS3

i ont ophoresi s-type design for transdernal delivery of |arge bionolecules.
15 The electrically conducting properties of the fabrics described above
makes them suitable for distributed petworks for electrical stinulation.
In these applications, a fabric is wapped around a target area and can be

used to @beci riuzehéy s%gcf?fidnékélﬁcﬁﬂ.cﬁar baYeHd ssiiesm coAthimngously
arabl struct#Jéfs such as patches or
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cl ean reggLyOidy EQSnge@l |l ecting excreted biochem cal markers. A relatively
cheap garnent (e.g. teeshirt plus porosified netallurgical grade

particul ate polysilicon) may be enpl oyed as 35 a one-shot sweat collection -
devi ce f Bhemnahysiibrabter febrénsoifscuphydiabeake ekerlodseporidisigky 2006 WO

0310§§53 obk %gr%g 2439%@&3 %h§e§§iz¥§'u'ia PRd tﬂo%k%]ﬁﬁ:@r PRaf &RREfagrom t he

fabric o arnment or ter 'wear and sweat |nc951porat| on by
ext ended %dl“ﬁeéia P’érFl°Wa’F€f@éa§ecﬁfl%é{a§&eWt°ﬁl ﬁ“‘?*’ﬁ@“t‘?@%p(ﬁ'seé"e re then
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by technlques escrlb
oils, which may be fragrant and/or may have a therapeutic

15 effect.

Thus fibrés and fabrics can be produced with the desired
combiﬁed biodegradability and mechanical properties for a wide

20 wvariety of application. Tﬂe semiconducting nature of the
silicon used allows for thé possibility of distributing
electrical charge in a medical context. Furthermore, in the
case of the fabrics, the desirable effects of dual porosity
(i.e. micro or meso porosity of the fibres themselves as

25 = produced for example by eléctrochemical etching, and
macroporosity determined by selection of weave design) can be
achieved, so that for example bioactive open meshes can be

produced for bone in-growth and other complex 2D and 3D

topegraphics achieved depending upon the intended end use.
30 ’ '
In a seventh aspect of the present invention, there is
provided a method of preparing a fibre according to the
third aspect which method comprises mechanically cleaving a

mesoporous film on a silicon wafer.




00/ 006190, are suitably included in the garnents. The sem conductive nature
of the fabric also facilitates 10 enhanced sweating via el atdp 6

el evation of skin tenperature. Joule heating of the silicon mcrofibres in
particular in a bandage or patch |like structure can locally raise
tenperature to a sufficient |evel22a0 pronote sweat production and
collection. Again this can be recovered subsequently from 15 reservoir
particl esn g poglods aspect ont ‘fﬂiwwvesezntt h'jrzsrena;'loxbe theppl ied nore wi dely

where | lAised Qg@ettlél@g of 15 aﬁhg r%qgl %g%ﬁ +hat. case, the silicon

used may or may n orou the |s sem conducting in
nat ure. O IA Aepéid h@flCBOIﬂQE@md @gmsms Foirngng i ssitldchni fdee as wel | as a

met hod ofnd @ﬁ@kéyf&%abwssmlmgf %stg?j{jéoinqul ar enmbodi ments of the

invention. Hollow silicon containing res as described above, may 25
suitably be enployed to formfabrics for use in flexible immuniosolation

net wor Ksgn LNnt BEs %@s%%ctfé?fedl&np?c@kéﬁt usgdn@ignhoused ko central channels
of hol | ow nmesoporous fibres. Suitably the fabric has a relatively open

ar chi t edtigvédedhi cibrédfic 6eiied ngasthl e iassprdinartoutieet®¥sd fi bre. 30 The
porous naijace. (both macroporous and nesoporous) of the silicon containing
fabrics described above may be utilised in wound repair, for exanple to
deliver drugs such as antibiotics. Thus these fabrics may be used in

absor pt ime adeessi Ngpech §0 G pRkYERY StrdlchicnénsidHaenipay be particularly
useful in fabrics used to facilitate wound repair, 11 July 2006 WO

03/ 0555 P4 BEFPEED D831 2D REPArAng 7 (TREF1€paet 5L "appPi Wit i on of t he
sili con Lemhahsbde: wﬁlhbheéorﬁ?tﬁﬁ@ébbé‘ﬂlrﬁﬁ@l\ge bfbididdis, preswiaig,on of X-ray
opaque arns. Silican is %%ﬁat veI opaque_to, X -rays_and therefore could
be used KHSELRH Sl Eur s ALFAF AR IS5 CAME N at | east 50%
by wei ghindgbrbpaniinatsulphas e racf:emiﬁfg tbhene st ficiaeptty. opaque to be used
as markers in surgical

In an eleventh aspect of the present invention, there is

provided a substantially pure silicon fibre of at least

100cm in length.

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

aspects.

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

a silicon composite.

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

.a non-porous coating.




swabs or sponges. Were the fibres or fabrics discussed above jncl ude

- ~porous or 10 . non-porous silicon, this opens up the possﬂb#ﬂW@?o hat they

may be used for slow release of a variety of substances. As well as
‘pharmaceuticals or drugs, they may include fragrances and the |ike.
Particul ar exanpl es of such substas%%s are essential oils, which may be
fragrant and/or may have a therape c 15 effect. Thus fibres and fabrics

can be produced._w th.the desir conbi ned .bi odegr adahi | ity and nechani cal
propert i elgn faor%lgwevﬁn & 56%%?ioefghgfpﬁ%%‘?rﬁlcétnivgﬂgg - e%éqg%fnec%snducti ng nature
of the giroivédadusaikcaiekowsorf grrepheipossidiilliicby Odbidicst whbelii ng el ectri cal

charge in, a g‘sgl S r‘ig,%tseéﬁtti%;& %h%ﬁn}?{ €nd 1 LAE, £a35;00, L& fabrics, the
desi rabl & effect ™ot "dual porosity fl.e. mcfo or neso porosity of the
fibres thengekwes wyri25 pfosucddefioruexaripireiby siddintechesiigal et ching,
and nacr.Qpo i m l ectiq desi gn) can be
achievedfQ%oEgﬁg%a¥g$%g§g%%fgj%%8§§t?@éé5%%%Eﬁ%s %%ﬁ%an be produced for
bone i n- greowehdaeilast kérecoipl-ex 2D and 3D topographics achi eved dependi ng
upon the intended end use. 30 In a. seventh aspect of the present
invention, there is provided a nethod of preparing a fibre according to
the thirdd gspestesgtirchspetthod cbapriese domant&al/l hekeald ng a

MESOPOr O ofi gy 0N 1 t8bhi 6PN MRERAng 1 JUli¥-0a008.42R £hBr20, € ghth aspect of
the present invention, there IS provided a nethod of preparing a fibre
accor di nghieht RethachicearhsiRectcontii et drefaiad ccunph isiddcPdrming a silicon
fibre and thereafter porosifying the silicon. In a ninth aspect of the
present invention, there is provided a fabric conprising fibres according
to the tHPr & SasPaenthnagPe@Eneh hBpaetewmtt hpveitesent thaventS on, there is

provi ded oot fAn i BERPESdRE RababE | H1RGGAHYE NG LOnEREod as

defined above.

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

together by means of a resilient thread or wire.

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

holes formed in a plurality of granules.

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

dissolving said surface.

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

comprising silicon.




si xth aspect which conprises spinning, enbroidery, weaving, Kknitting

brai ding, fibre bonding, air-laying, wet laying, and/or IéﬁlHHﬂHNQ flbres
according to the third aspect. In an el eventh aspect of the present
invention, there is provided a substantially pure silicon fibre of at

|l east 100cmin length. In a twelftf, aspect of the present invention, there
is provided a method for preparin % fabric according to the fourth
aspect C i 0|der weavi n ittin brai di ng,
fibre bgﬁﬁ'g G&QH%’%%%Ogg Q%EQQ O% e presé? ]'VgﬁF%% 1ﬁ§1 |brgs accordi ng
to the tmnpdlaﬂﬂéiwabﬁthntaﬁgecpsreIsnkacbhlY&Benth aspect of the present
invention, there is provided a nethod for producing a fibre conprising
.silicon, which nmethod conprises coating a mcrofibre with silicon or a

si licon denposveriy-thiadfanmscdent htlaspeesent idwenpieserthdnevénti on, there
i's proVvig idi having a porous core and a

non- porougggég??ﬁgSq%%c%3q£ﬂk%6ggggﬁﬁﬁﬁ'a fifteenth aspect of the present
invention, there is provided a process for preparing a silicon fabric,

whi ch  process,SaMRELEes, GllHdRYo2 {id %treégﬂlt 3 %600gn Sidhan; yafer  to
forma series of parallel cdts therein, and interweaving the resultant
silicon @ﬁpéa@%dlﬁ1fab§%b%%zﬁﬂhrapl90mqﬁaspé9d@QﬂHQ§rSéi%@ﬁﬂﬂ(Jn In a sixteenth
aspect omh@b@npr@@eealwwm@ %pré&%rt%dl FitRTPGEedaR-dBiad of preparing a
silicon coated fabric, which nethod conprises coating a fabric with
~silicon. thAtathevakebenth s seeriniraleaspreberm thAvehtiem:- there is
provided a silicon coated fabric obtainable by a nethod as defined above.

. I'n an eighteenth aspect of the present invention, there is provided a
silicon fPBr LN FIHIPRSVRYL S10W BBnPHEEERIlashnciassd iPed gt MW BY neans of a

resilientexhf$Rgddwdih WekBrence to the accompanying drawings in which:

Figure 1 illustrates diagrammatically the structure of woven

fabrics,

Figure 2 illustrates diagrammatically the structure of yarns,




In a nineteenth aspect of the present invention, there is provided a
method for preparing a silicon fibre as defined above, whildHul¥e2088d
conprises drilling holes through silicon granules, and passing a resilient
t hr ead pre. through the holes formed in a plurality of granules. In a
twentie t?"é@f?gi:‘t of the present invention, there is PE¥WH@¥% met hod for
preparing a silicon fibre as defined above, which nmethod conprises formng
a plurality of beads wth a central cavity on a dissol vabl e surface by
phot ol i t hography, introducing a resigient thread or wire through cavities
in said plurality of beads, and thereafter dissolving said surface. In a

twenty-figighraspeetuofrdtls PRSamhatiBeNny iR sthedmireSof phaviéted a nedi cal
devi ce cof] rrissi ng a fibre or fabric conprising silicon. 11 July 2006 22c In
a tvventy-sec%n’d aspect of the present invention, there is provided a
substantially pure silicon yarn. In a twenty-third aspect of the present

i nvent | o][mgtﬁberqe sh8ws Ri@¥bgeshea iﬁ&%}é&@@_ SSRJudl B0 rd,iar:?;iblrasaoﬁ }Negt y-fourth
aspect. of t resent inyentiqn ere is r e re_or fabric
conpr i’si nsé“afjg?%uglgﬁ? cén, Qb%(%’e?‘g{) nmtcﬁgnsf’f%%ggxéfsaqﬁo%rée%ﬁngfgﬁ‘ with a
subst ancearslu¢k200Hal athelsabbiadArebént 3POwkirren| ekisedibyori®€hl silicon. The
invention will now be particularly described by way of exanple, with

reference_to the accompanyi ng drawi ngs_.in which:, Fi.qure 1 ilLustrates
i her onverlont |5 sPRES Thrtbpiths sRGmogn Tahd PRiciady! Sah ol 12152
di agr ammatzi 8al [b) eheawt sddicgre befimyarmay, (4 B2Jubkyd 20062WB1FBLE55534

PCT/ 02/ H38adn 23ak! 4K 3Ixildoystrates diagrammatically the structure of
knitted fibres, :

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

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

warp and 300 micron thick weft {scale shown},

20 Figure 8 shows microscope images of polyester gauze ccated with

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

Figure 9 shows SEM images of view of the surface of the
polvester gauze after coating (a,b), and the corresponding
25 FEnergy Dispersive X-ray {(EDX) spectrum, (scale shown)

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

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

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

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

-shown).




Figure 4 shows m croscope i mages of porous c-Si mcrofibres_ of 5 snmallest
w dt hs (a) about 100 m cron (x200)(b) about 25 m cron and (U(Z‘E’Q)Q@Q? an

el astically bent 100 mcron wide fibre (x20), Figure 5 shows m croscope

i mges partially sawmn wafer (x 3) (b) a sa LLJ beam array
(x 32) ‘gég& éfﬁan etched 10 silicon beamarray (X 1@%{’&@%@% 6 shows a
m croscope inmage of a porous c-Si mcrofibre of smallest width (a) 20
mcron (b) 4 micron, and (c) a multistrand fibre (scale and nagnification
shown), 15 Figure 7 shows m croscope4i mages of woven c-Si structures with
(a) a 200 micron thick warp & weft and (b,c) 100 mcron thick warp and 300
m cron thkekpyefit (scale shown), 20 Figure 8 shows m croscope inmages of

pp| .yeSt e, rgau::ZaQ:'%gacg q-.‘.x .r&é]ed 1 -ﬁr pt hi .C;;\i%dI 205 gfob%:%% .gndUCti ng

silicon : t he surface of

the pol yBsrefrafauze after coating (a,b), and the correspondi ng 25 Energy

Di Sperfsi \Pef.%-ﬁia)hieg&?ﬁ)re%]P@ﬁtdiﬁﬁE?éﬁGabs sherun) d%QneEln_ng% i?ré@l an ﬁnl a;gedOI

Vi ew pol.yest gauz ibres after stajn etching scal e shown) an

(¢) t%e I?B%XED greu%y%’ﬁort'ﬁ’ész"?" red Fratre %Trghﬁv}gggy sc,’)(]::anni ng el ectron

m cr oscopetriaggictl gradestiliicon dvavedit Ayelsedderrdeablodasst ure (b)

al um ni uRBLBE MYy ANdocd CheBOldOWott &S 2nbi Bk WiseadRuwahawnknasey3S Figure 12

is an enlar Vi ew of g?co%tled ture ,g{}lﬁ(?' fibre illustrating the retained
)

e

f1 exibil iaf‘yg’é’f TR L I TERITE (8%‘2 09 S hHR Y FT 159 B A%ETs S0 03/ 055534
" PCT/ GB02/s08888 R4 nExdlighewiidh dépareaoved oy HExbpssiedrpaimensSi fibres and
fabrijgs obtained therefromPoly Si mcrowires of dianmeter 5-25 mcron

dianeter are first 5 made by the "Tayl or. m.crowi re process”. Here, a pol
or Tﬁe wires are then wovéé, pnitte%yor braldegvgnto ppropr%ate poly

design prior to porosification in a HF-based solution. For 5-

10 micron diameter wires, full porosification is achievable

with stain-etching techniques. Anodisation of fabric made from
15 low resistivity poly/single crystal silicon could alternatively

be used, especially for thicker fibre networks.

Example 2
Preparation of Reinforced silicon fibres

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

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

propagation across the bundle.

Example 3
30 pPreparation of Extruded pelymer/Si powder fibres

A readily extrudable polymer is first blended with porous
silicon powder to form a composite that can still be processed
into fibres at moderate temperatures. The level of silicon
incorporation is between 1-10wt% for inducing bioactivity, 10-
35 60wt% for improving yield strength and 60-90wt% for conferring

electrical conductivity to an insulating polymer, for example.




nmetal lurgi cal grade silicon charge is nelted inside a glass 8y a

| ocal heating source and fine wire drawn out through an orlllfJub’é)OB

mechani cal pulling. The wire so produced is sheathed in silica which is

renoved Qy ased treatnment. 10 The wires are then n itted or

br ai ded 0?)_?53£pr opriate design prior to porosifi caﬁv}@#%%“sgﬁHF- based

solution. For 5- 10 mcron dianeter wires, full porosification is

achievable wth stain-etching techniques. Anodisation of fabric nade from

15 low resistivity poly/single crystz2 silicon could alternatively be

used, especially for thicker fibre networks. Exanple 2 Preparation of

Rei nf or cethei lai bdmiehirbdan e2fo Boredl eaciofass pblwaittonyigebt e fadises, prepared

for examphaaay sdaneh DO LonboAmRl Cedei 183008 BT OEERIEdUG cUCH L ougher

forms using resin bonding techni ques use to convert highly brittle glass

into extr¥@nl pnt etighlisizdegbalile Mhtmoiaghsudie asr Bacrenibed naed, bregl ass may

i tself betrl?é ik €s10hN&s 'ﬁ%t:.e?&?&‘tfr %éf\b:?é %8&5&%t§§'d§gﬂeand the resin (as
e

with t gass resin nterface) act as fective barrier to crack
pr opaght i 8PS SFﬁ% WU RIPRIMSECAAD| WeR° Pr FPEF RS ISAE BB uded
pol ymer / Scompimwtibng fpobyessAsueladis pobxdnindabl @ polysmityilsnd iaret bl ended with

por ous sa;éucoee,p%\aqsraét%ﬁ% B2 GOIRANIALEIAIRN OBl Shhih e, Processed

into fibres at erate tenperatures. I'I'con . incorporation
'i's bet weeFF RerBM B RFST bﬁﬂﬁﬁ?h‘@? Bi¥ okt |]\?|Vf-‘§75 @OSBFW%”F*GPW'WW ovi ng

yield strength and 60-90wt % for conferring electrical conductivity to an
i nsul g i n@@@?gn@r, for exanple. 11 July 2006 WO 03/055534 PCT/ GB02/ 05553

25 When a adabl e pol yner such as polylactic glycolic acid (PLGA) is
used, theP¥sRFEAEIqNE of HALloK Fmqrphqus M YEAEEGPANIEEERLiO9Hen an est abl i shed

textile nﬂin@d’elraiaHb_PChvﬁS_aBaéI’;ﬁﬁfﬂlﬂery§1li&edfibrfe|§eof nilzmeters alh pSi powder
~can be | nEt'% Q‘%Bg‘é %-9‘&0 (x)nr:]L%ron with a hollow core of diameter in the

range 5-100 micron is first coated along its length with

15 amorphous/poly silicon. This can be achieved by pulling the
fibre through a vacuum sputtering/CVD chamber and with
.deposition at room temperature/elevated temperature
respectively. The low thermal stability of polymers restricts
their coating to amorphous’ £films which can be carried out at

20 room temperature. The core of the fibre is then removed by

soaking in a suitable solvent/HF-based solution.

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

25 drying techniques like supercritical processing are beneficial.

Example 5
Preparation of Micromachined poly-8i fibres

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




5 additional step in a conmmerci al sequence. Were electrically conducting
pol ynmers such as pol yaniline or pol yacetylene are used, té)ltJque@ ®bt ai ned
are not bi odegradabl e but could be rendered surface-bioactive by |ow

| evel s n addition. 10 Exanple 4 Preparation

anor phoﬁfsolﬂg,c()]%g;gfl icon mcrofibres Commercially avail g%[dgg%&?yrrer/ silica
fibres of dianmeters in the range 20-200 mcron with a hollow core of
dianeter in the range 5-100 micron is first coated along its length with
15 anor phous/poly silicon. This can e achieved by pulling the fibre

t hrough a vacuum sputtering/ CvD chanber and with deposition at room

t enper at ukxenpdéeedated tenperature respectively. The {ow thermal stability

of pol yneﬁﬁllc@ﬁt{dc%Eﬁorattll%hr1&9@&3’:@90%dam:ﬁr&0us films which can be
carried out at 20 rooOnTtenpera The core of e fibre is then renoved

by soaki FITERCH Y FEDIELSBI 11' H@%’é’?éd(%‘?ﬂa&f‘i‘%ﬁf-calboﬁ?ﬁef PEation can
once agai selzr byadst piuri tet)Chs Ngedhianiesiddi sallan dodh nee snbekaronacks |imt

fibre stronalbae JMEORH cfan dotdel SELBLOUSS skhi BT t%ﬁa processi ng

are benefici al. nE e 5 Preparation o cronmachi ne fibres
U trat hi niF3red St?&H R e2PE RAFOHY ?‘?’f(éief-“eb’ettlhﬁ’v%‘klkét%‘? tOBHVSt andar d
silicon vedeestidminent eca gpaetdiev ehyfsicbheaioaglt groupusrt f ameei@xi dat i on,

oly-Si c r05|f|cat|on
0oLy, SRS D SIATRENILG, R Wyl B lerees

, ore or ater t he -rel ease
‘st ep. The‘-‘s%ixi(?'ﬁﬁhlPF‘Eﬁ%’PWéhg‘EW"i%heP@fﬁl&éﬂe by PR ®r- dFavRsdt and fibre 35
cr ossiGechimiinyvipobyeSil kayer ]IJJ&Ikﬁ&_{éES:S amﬂlelrasklneshrgmab]lk July 2006 WO

03/ 055534, RCT/. Gg%ogggc%ltg%lgx | =N $.S % orggl n,i nto preforned

fabric Com*rer &f i con po ur gical grade or solar
“grade purdghppeved brft‘eéﬂ'a]mcé‘&PFPImlFll B@iﬂdé\ﬁ/nt?]dle@ﬁbmpeﬁtﬁﬁ s@fﬂﬁﬁ?‘i‘%l e size and
then rendesRAdiporiauws . st 8i RodsCALNQLd®R) gbnification can be used

to remove physisorbed pSi powder, leaving only covalently
15 linked gilcon powder bound to the surface of the fabric.

Example 7
Silicon Incorperation into Preformed Yarn

Non porous or poroﬁs silicon fibre prepared by the process

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

standard textile material.

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

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

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

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

fabric functioning like a ribbon cable.




HF- based sol ution. The porous powder is then subjected to 0zon

treatnent to generate surface hydroxyl groups. Their repl alééﬁjé’rﬁooﬁy

3-chl 0ropropy| (CP) groups is then achieved by using (3-chloropropyl)
trimet hRquoﬁ e (CP-TM5). Coval ent 10 binding via pr gy et her |inkages to
comercl'al Ty 2Vai | able fabric, such as cotton, |inefCoeBE "t hetic fibre,
Is then achieved by co-i ncubat ion in boiling toI uene. After sufficient
reaction tine (e.g. 2 hours at 110C) sonification can be used to renobve
physi sorbed pSi powder, |eaving onl yg7coval ently 15 |Iinked silcon powder
bound to the surface of the fabric. Exanple 7 Silicon Incorporation into

Pr ef or mre@x¥as1e on porous or porous silicon fibre prepared by the process
20 descrlPQg aﬂarh@é iy I%gous LS f%%gped around textile fibres that have
al r eady rovide an electrically conductive
pat hvvay WeE PR s 1icon £ibke praédemfr‘ﬂaﬁﬂ Py <lieamiing @ mexerIreufatem al . 25
Exanpl e @nMedmdrsr e@éﬁ@eg@a&s leaéldda;@@eamrslfllkt@f gapea. Sahks@y ganza is a
finelyJ V\D\é%QSlscHa da‘% or| gtfl Indlad\t@/mch g |nes gol d,
silvef of°Copper *1 §‘i FEOR I hr &5 nY%s R\ 2% sotropi cal Iy
conduct i weientes paryr3g ¢6rX154tr30bfohmasml [maldeshy lenpHigidsn athielgh this
warp, theivefdmpsi §eﬂ\£§®@rw&éﬁt§m§tﬂé§ tbfeaﬁmahaﬁemﬁ &ﬁﬁﬂ wrapped in a

net al f0| h hel | ﬁAwr]C% f% Q fwegj | ow, L esi %FI VI 1Ly silicon
fibres are 'st'ead of f% Pf' BB FiBF 8L PR3 % aci ng bet ween
the fibreg t@%matfsrlarioalgc@me@@nbys ceirahielt ed perpgpdofuldretofddinic

f unctiponivggedt kg ;8- rarnmne&&meamlgl o¥dL Ve DQ8 1 YR D366 FT34 FGEHsEB02/ 05853

27 Exanpl Pre aratlo orous_.silicon fibre Porou SIIIC n fibre was
obt ai ned ® gf{‘g‘i prego]pao 85 ’?ﬁ?’l’:ﬁ? broke sway Erom the dited

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

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

20 Exzample 10
Preparation of porous silicon fibre

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

rectangular cross-section 150x380 micron.

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

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




on wafers over a glass slide covered in filter paper. An 80%J5 porosity and
64 mcron thick filmwas fabricated froma (100) oriented 16*1“%3‘093
(0. 005+- 20% ohm cm) nmde by anodi sation at 100 mllianps per square
centi 20 mnutes in equal volunmes of 40w ¢ ure et hanol .
Upon s”gévibgjlmgggsg%‘he back of the wafer along directi ong%ggr}sg%gse or
perpendi cular to the 10 "wafer flat" and then breaking over. the aligned
edge of a glass slide,sone short ( 1-10 mrs) fibres broke away fromthe
diced chip. Exanples are shown in BRgure 4 which show optical mcroscope
i mges at x200 magnification of fibres of rectangular cross-section (a)
95- 100 migGkenWM dhb Yd¥er2feq@ntSwad ahen sfther disevedbimgesastructures are
fully porgusol80%.nRA98! L¥duRNfl QUL GodiiS s Y onThflictnd(€) |5 anot her
optical ‘mcroScope inage of the larger fibre bent on a carbon pad to
i |1 ust r attdej e8dq [ofxFha Proyrudind Breans e 12 0P1mPaBAY N 67 of porous silicon
fibre In apdabdsionat iae apBdioBot @RS osi1iccoalt ivaseappisiedbfat sed by
et chipg and anodi sati qn of iligon,c -1 t es.. | 1 ke that
_shovvn%i n"ﬁnﬁg?se (2?% a?H%"“e%g‘\gO%?’l‘Aé@ F%cﬁq& glr)riétgnéeﬁ. %%%_e?h?/vas gi ven a
seri es ofsufBerdpds sEERFYTre I8 7 ek iArdelabingBectioiRi e 35tERH BF 225 nicron.
Thi s creatrRdcathddiel aYork tisdINRAEL ath1Fi BEl €nc bYahalvebeaimmeatedppr oXi mate
length 1ams A0d., 8 eal anghl Al .61 OAR: 986h! QR-LROXARR1PI &Y QBuedl) These beans
wer e then subjecte 5 uftiassnre o ea I'ng in _acetone and then an
i sotropi chgepSktfdAmg to7gedanimate atifdbreg|efctalfa@etidthErFiRR 40% aqueous
HF atiga %ylbdai QliEBsiodki fnd ahbbsssiiop temdves 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
m nut es fAor anhaltanatisieowht oudd 5 qeselBle te) inHdrd Ly tawpiBelti array in
pl an- vi evy het 9f e300 @fet 8ha Sl  Ans@tra b vhaneni b eungith deasieen reduced
from 145+/- 5 nquoQ tQ 25+/-,5ﬂ111JqJ% 2006 MD 03/05?534 PCT{B02/ 05853

t 11ft s is:well know e i

o cause -off”, a n in t production of p

15 membranes from whole wafers.

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

wide and the end of a multistrand fibre respectively, obtained

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

excess of 60%.

Example 11

Preparation of woven silicon structures

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

eye.




28 mcron. The wafer segnment was then further cleaved into a _narrower
conb-1ike structure with no bulk silicon adjacent to the dAd¥lyA00¢he
protrudi ng beans, in preparation for anodisation. An anodic potential of
1.0 Vol plied for 55 mnutes in 40% aqueous HE/ et hanol (1:1 by

vol une) {vlg}\&ﬁ&/sesg% the suspended structure and a cir cuPSFGHHEFHum cruci bl e
acting as the cathode. Only the lower half of the beans were i mersed in
the el ectrolyte. The resulting high current densities caused the psi filns
to delamnate as fibres of uniformiedth defined 10 by beam di nensi ons and
anodi sation tinme. As an alternative, it would be possible to initially
apply | ovexaéplé et densities and then a sufficiently high current density
to cause gl LEL ol " A3 s Spdfuds kno -8 ahoeri%y)dsuu%.llrg a%fd psi 15

menbr ane o WHoTe—waf-ers: gtie a=C row—exanpres—of a 20 nicron

wi de, a 4£h¥eaéspn wi de and the end of a nultistrand fibre respectively,

obt Si neﬂ A l:t&h@g_dfhfﬁ;ﬂﬁiﬁhﬁﬁtm‘i&llla sl lebn ffrofali@y aREeaakittn condi ti OPSG(Z)OO/
used, e OSi of .t hese., who por oys, st tures_is.,in excess o 0
Example CPUPFoiss APPRoN SRR st I SRR e LS8 s awi g and

et chi ng pireéesswénred waghabove BGx125en plrnagenpmnstrane arhangedsi bility of
weavi ng pidheeStdiica 0y f4-BG88 a UehBsal ABEErSld et iRs. sSHeAre sections of
waf er s ogtigw‘lqasigto cggb-.l i kgrgtrucégugggﬁs agdegg.v% etclglot reatments to
reduce thrcKNeSES Y FHY-S0TRAE G0 “ar SronE bver FaER T SREET | engths. 30
Fi gure 7(fbshrows ah elanpdemsB wigutbestanged powsst gkt Sit W@8¥e a where both
warp mnd vaebtpddsBues d1aye~2H0dreCran il SRS atidsputee Hebsgloshows a Si
weave cor}’\t aining weft fi Qres %f 1:300 m crons _and \éy%rg flgﬁ)_lrges of 100 m crons
thi ckness’ “The Taft&" 359havEREthee FoaPPTRf8Er % y in etching as
descri bedubatrdbeanpéee r2theskiatasperds whildtwgeres 0B&ma br own col our to
the eye.p. 13emilskc 2006 supported on a custom-built framework to '

improve uniformity and control thickness of coatings.

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

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

of oxygen in the coating.

25 Rll exposed surfaces of the multistrand fibre network were
found tec have such a Si ceating., Figure 10{a,b,c) show the
correspending images and spectrum of the same gauze after
partial porosification of the coating by stain etching. This
was achieved by immersion of the fabric in a conventional stain

30 etch solution containing 1 part by volume of 70% nitric acid to
100 parts by volume 40% HF for 60 seconds. A 90 second etch
wvas found to cause partial delamination of the pSi coating.

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

35 some cracks in Figure 10(b}. .

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




WD 03/ 055534 PCT/ GB02/ 05853 29 Exanple 12 Preparation of Si_ & porous Si
coated fabrics, sutures and threads A range of fibrous matldriulZ00er e
conformally coated with 5 sputtered anorphous silicon in a nodified

Bl azer sw%ab@ %gﬁ coater equi pped with four, 400xl25mn pl anar magnetrons
arranged c h trically around a central substrate r &€ ﬁ3%05§5l3age. Coati ng
was by sputtering froma 99.999% pure Si target doped wth boron at
5x10718/cm3 with the target power set at 500W a 10 base pressure of 107-8
tors, an ionisation atnosphere of 5x00”- 3 torr of argon and a substrate
tenperature of 50 C. The. substrates were rotated at speeds of between

0. 0025 amgktal. (Dainmhsmg &hde SUFipare ed (@N) A Ilbenglasis| fidreammaork to

i nprove pf.or pdat nt i 0, t] 15 ommercially
avai | abl e%btoe(l;y,epﬂslt%fégglu%g’ (éeni"té:pé‘ﬁ(%?’%?‘r%s%t‘%g‘g)t’& grc%lak{% “with 200nm 1
m cron arFongSHe@voﬁ%e OFLagF | 9% G L2l FinferéoB (SETHFLEIRSW 8%gnent s of the gauze
W th the dubselesitlycCoatdidgonrsll deapnelingt &n tdpproptiaiteesodedxi bility. The
coat i ngs eV E=To by a-kpot as shown.
i gur o oAty o4 by UEflGrRe e BpP alasef Sl HBRoo gL MR ebP oL o e 0 0)
t he corr cSFBABWY EDX spectrum showing a low |l evel of oxygen in the
coating. 25 All exposed surfaces of the nultistrand fibre network were
found to i i Ei 0, . t orrespondi ng

i mges an %\ég%ﬁbrcgrsna% Olp%ggés%%glaagu%e{?rwgf‘%eé& ggg%}%aqg%r%git%‘%cati on of the
coating FptEraiandepehmey. fipies apadraiairesed afyer Miecs?bdof the fabric in
a conentional stain 30 etch sol.ution containing 1 part by volunme of 70%
nitric a '%mtge l]200 parts by volume 40% HF for 60 seconds. A 90 second etch
was founi’*’l—ﬁp-c-a-use partial delam nation of the pSi coating. The porous

nat ur e ofllfiMatratdonnef jtheogemnica ¥AGE fi Qf T PEACE | uori ne

|l evel s i nedmb@uéshgl @{ Cdccand the presence of 35 sone cracks in Figure 10(b).

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

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

silicon is itself semiconducting.

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

25 crystalline silicon resulted in a bias of 30 volts being needed

to maintain a current flow of lmA through the fabric.

The conductivity of the gauze can be raised by using a more
heavily doped {10720 B/cm™3) Si target in the sputtering

30 process, or by rendering the Si coating polycrystalline by
laser annealing.

Example 13
Preparation of Flexible Si chains of beads

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

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




O her exanples of silicon coated structures include a biodegradabl e suture
(the nultifibre thread of Figure 11(a)), a 11 July 2006 WO 133m
PCT/GBOZ/05853 30 netal (alumnium wire (Figure 11(b)), hoIIOM/gIass fibre
and R&s Jur e 11(c)) and other single strand polyner fibres. |If
desired *2ss or metal interior structures may §§y§§%‘§?ﬁ3ly be

di ssol ved amay using an appropriate solvent, 5 such as hydrofluoric acid
for glass, and hydrochloric acid for alumnium Figure 12 is an optical

i mge showing the flexibility of thel suture and polyner fibres are

mai ntai ned after Si coating. 10 Exanple 12 Illustration of the .

semi condw&ﬂugdrt&iruﬁghca‘ad&edmaiatf:a&r igi¥en CAMTABLBEdIG.cSEhérd@al The woven pure
o o PR fnlle R Eodh e 1SROMRE T e DALY oFosop0r GuS by

application of ano ctrical bias ™ in é vol u 7 and

et hanol . Bikeisngs dedlewrd Sui Horeadhng, predsess e S%%@F‘Eﬁ“"é’etdeﬁal ned

sem condugid medﬁdarl](c:@ugﬂr@:.lilbﬁd i eareias pbﬁ&l:ff:.&&fﬁcﬁﬂlild%l:@gecti) 20 Tge gauze
coat ed; rosi.fied sili 1 [ iased in

si nmul at edb 38 %2 r?let}lc m%r"lro?g?%s%fgé@ q}é’rl%g % %éﬁ%g?@ggel‘g%lter |¥8al |y

i nsul at i nblnkAﬁyC*tE\}F‘r ehtintesarrnectRéisSPhegsericted to the surface coati ng.
This and the higher resistivity of the anorphous silicon conpared with

t hat of %? crxstfgli ne silicon resulted in a bias of 30 volts being needed
to mai nta1-ﬁ—§—eu|=rent flow of 1rrA through the fabric. The conductivity of
the gauzeERepara : s F 2dgloped (10720 B/ cnt3) Si
talrgelo l [hfs{l@.1§&utwragéi:nﬂs %Qe aClQQSledlrseQYazﬁcﬁ%dQ%O rhg.c'&:b? @m@?sﬁ': : ng ble S
pol ycrystal lLi ne eal.l.ng anp reparat i 0 exible Si
chai ns” of "B&538° %ngﬁﬁetro 55? °d‘|l§/13r§/‘%’i P ngAg g anurés < %] di aneter 1-5mm

are rectangular trenches are then deep dry etched to a depth of 50

microns into that Si cecating and in-filled with a spun-on
resist. This step defines what will become the hollow core of

15  every bead.

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

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

25 diameter) threaded through at least one chain of aligned

particles running across the wafer diameter.

When the entire array is suitably threaded the wafer is

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

remove sharp particle edges and stain etching to porosify the

surfaces of every particle in the chain.




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

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

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

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

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

partiXl esis vasbitgbaeri9icbhe waf.er di aneter. Wen the entire array is
suitably threaded the wafer is imersed in HF to dissolve-the underlying
oxi de and rel ease the 30 particle chains. Isotrogi c etching can be
subsequerftd y @sé&Paeo OF efrbFé csrAoF dpag t i Icdatt de Wharri s A s dEEARNg to
porosi fy iheiossuchaees.of every particle in the chain. :

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

claims wherein the fibre or fabric is a semiconductor.

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

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

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

therein.

9. A fabric according to claim 8 wherein the silicon

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

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

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

another material.




11 July 2006 WO 03/ 055534 PCT/ GB02/05853 32 Clains 1. A fi bre or fabric
conprising silicon for use as a nedical fibre or fabric. 1FulyR0Po pre or
fabric according to claiml1l wherein the silicon is bioactive silicon. 3. A
fibre according to claim1 wherein the sili S resorbabl e
sili cog{voﬁ}%ﬁ% bre or fabric according to claiml \AﬁgT/&PﬂZ@ﬁ%‘ silicon is
bi oconpatible. 15 5. A fibre or fabric according to any one of the
preceding clains wherein the fibre or fabric is a sem conductor. 6. A
fibre or fabric according to any one3of the preceding clainms wherein the
silicon is porous silicon. 20 7. Afibre or fabric according to claim®6
wherein tie sl fine orSfamdopacausiisyltoc @lai.10Act abkdie dtcording to any
one of 't NfheRl e ANBuGlRilBrormea WHES &l Babfie fabric has silicon

m croparticles incorporated therein. abric according to claim$
wherein the silicon mcroparticles are covalently bound to fibres of the
fabric. B30 1@ f#odficbaecardihgbtd cladeardivigch coanyimnendy clldicos 1 to 7
which 4 s e fibre is formed of silicon. 11. A fibre or fabric
accor ng%nfghgél%ggﬁgb% clainmse 1 to 7 35 whichis a fibre and the fibre
conprises a conposite wwth another material. 11 July 2006 WO 03/ 055534
PCT/ GB02/DAh853& Bibre or fabric according to claim 12 wherein the fabric

-comprises fibres other than silicon containing fibres.

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

and/or laminating fibres.

15 16. A fabric having silicon microparticles incorporated

therein.

17. A fabric according to claim 16 where the silicon

microparticles are covalently bound to the fabric.

20
18. A porous or partially porous silicon containing fibre.
19. A fibre accordlng 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
deéposition (LCVD), VLS methods, coating of sacrificial fibrous

-material or micromachining.




12. A fibre or fabric according to claim10 or claim1l wherein the fibre
is formed into a fabric. 13. A fabric according to claim 12 L 3%63%0nt ai ns
only silicon 5 containing fibres.. 14. A fibre or fabric according to
claim1l Ln the fabric conprises fibres other than silicon containing
fibr es_%{ﬁ’)ﬂ?}ﬁﬁkﬂ fibre or fabric according to any ond OB APYE 12 to 14
wherein fabric is obtained by spinning, enbroidery, weaving, knitting,

brai ding, fibre bonding, air-laying, wet laying, and/or |amnating fibres.
15 16. A fabric having silicon mcroyarticles incorporated therein. 17. A
fabric according to claim16 where the silicon mcroparticles are

coval ent 138.boandetitod hecdedimigc to 20218, 21A qroeDaim @2 phedeial the porous silicon

cont ai ni fi ; s i C i ; i : Wh .S a porous
silicon r%%‘rcgﬁelegjr O?élgorrllé% ﬁ%%e(ao? g’gé’g%‘é‘%ugﬁg‘l’g og]i %?aemgg%%{rlél:gﬁg to claim19
whi ch nethod conprises nechanically cleaving a nesoporous filmon a
silicon vief.er o B8b2ikc cAmpeidiag bibesepatdiagng td kileimcsosdicigimo cl aim 19
whi ch s nmethod conprises formng a silicon fibre and thereafter porosifying
the silicon. 22. A nethod according to claim?21 wherein the silicon fibre
35 is formed by nelt pulling, Laser-assisted chem cal vapour deposition
(LCVD), M5S net hetisod ¢oatpigpatingacEubiid alccbrdimuioc dmitigfraal or

m cr omachi.ni.ng . Y, 5 4 PCT/.GB02/ Q. 34 23. A nethod
accor di nm’{lé’?%‘f“é’ﬁ%g% sopflq’g?ﬁ%%%%?ﬁr n"’%ue"%?éi %?1322‘? ‘ibre is porosified
by anodi g‘H—'tailéhn%r Ipae rPandé g ngir2kayimgy avet ctagdhpr 231N f i bres accordi ng

to cl B mikkhigstHlQiftAbres according to claim 18 or claim 19.

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

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

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

claim 27 wherein the silicon is porous silicon.

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

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

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

composite.

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

30 Dbiodegradable suture.

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

soluble and wherein in a subsequent step, said microfibre is

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

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

microfibre is hollow.




5 19. 25. A nethod for preparing a fabric according to claim24 which
conpri ses spinning, enbroidery, weaving, knitting, braidi Hd,Jubi%ﬂoé

bondi ng, air-laying, wet laying, and/or 10 lam nating fibres according to
claim 1@0 B sfdihm 19. 26. A substantially pure silicon fibre of at |east
100cmin ength. 15 27. A fabric conprising a fibr ePSE/EB‘PH‘?SFFQ to claim26.
28. A fibre according to claim?26 or a fabric according to claim?27
wherein the silicon is porous silicon. 20 29. A nethod for preparing a
fabric according to claim27 which ssonprises spinning, enbroidery,

weavi ng, knitting, braiding, fibre bonding, air-laying, wet |aying, and/or
| am nat i nge.fi br gscaec aeeivdgnl ocs ladyMbdd o fC k84 #is1 90 Ofo GBawiern 25 30. A

met hod f op, PLOALGING; & f4iBre SQURLLS N0 311 GoRy Whi ch  method compri ses
coating a mcro i br & th-o§t 1Tcon of & Srficon conposite. 31. A nethod
according to claim30 wherein the mcrofibre is a 30 bi odegradable suture.

32. A metdnd aceosd Bg FHrékbaadBoIAingeELiaRyt fik BECENdimer & £ 1750l ubl e and
uent ste sai d rofibre is Egrtially

wh idn i S |
di ggg:i’l’ea}}}e%e%q eeqSlig]lcéth t&hnéﬁ%g]%rﬁg a%rgf?fomgho%{y g:lre|sl Con conposite

0 producin pho icon
m crof i brieend389. A net hod according to claim32 wherein the said soluble
mcrofibre is hollow 11 July 2006 WO 03/ 055534 PCT/ GB02/ 05853 35 34. A
met hod acacsordi ng.to any.qne i.n

of clains 30 to 33 erei he si.licon '
m crofi bré obfaf H&E & (’Jgi??ceotf%lﬁ%.t%af’?’b?'}f \gg (flg lrfnlsc!L a%oczir—’di ng to any
one of clai wiaimg @51vherdinhthreifabré®e i ithe ofibrentusiedi ky YHebres are
r ei nf @y oY% ResHUh e n3Brof i BEEm&¥erfabric according to any one of
clains 1 to 17 or clains 35 wherein the fibres or the fibres used in the
37. A silicon containing fibre having a porous core and a non-

porous coating.

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

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

20 silicon fibres. 1

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

25 silicon threads in a substantially perpendicular direction.

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

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

silicon threads are porosified before or after interweaving.

43. A process according tc claim 42 wherein the silicon

35 threads are porosified after interweaving.

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

. method comprises coating a fabric with silicon.




10 fabric are less than 50 mcron in dianmeter. 37. A silicon containing
fibre having a porous core and a non- porous coating. 15 381July2086 e
according to claim37 which is a pure silicon fibre. 39. A process for
preparipg a nedical fabric, which process conprises weavin knitting,
enbr oi dBPI%YESHH fibre bonding pure 20 silicon fibreRCTE8%0A83r ocess for
preparing a silicon fabric, which process conprises cutting a first and a
second silicon wafer to forma series of parallel cuts therein, and
interweaving the resultant 25 silicag.threads in a substantially

per pendi cul ar direction. 41. A process according to claim40 wherein the

cut fibreg.arg meuBhestcdritheaiNgiind/ ohe&dichicne hakene oy after ,
I nt er weav cess accor di ng to claim4Q,.or claim4l wherein
r r

ing., 30.42. A pro
Lhe. s | 120RCET BXAEPIEBR08 0% FPRLTHRNr PRSE SRS L T br waavi ng. 43, A
process according to claim42 wherein the silicon 35 threads are

porosi fi egs af hehedH3LEEMEAHIRG - td41afn MRt BOA-0finPE§PArBIn &t | | con coat ed
fabri WhIle t hod conprlses,coatl% a%Labrlc with silicon. 11 July 2006
WO 03/°05555% /EBg’ﬁ"(i‘Sgggt%"@ 48 P FEEHSY according to claim 44 wherein

the coating is effected by sputtering or continuous vapour deposition. 46.

A net hod accopdifig be CdAdd ¢44pQlc 6hadiRafde WALLEMBLANRE acBoFfdl t ant silicon
coating is porosified. I n coated fabric obtainable by a nethod

e 47. A sili go
accor di ng® £8Y &y 8he EIAtm® 4% to 46. 10 48. An electrically conductive
silicon or silicon conmposite fibre or fabric. 49. Afibre or fabric

accorgy ngd.,o ;ﬁhaélré‘c%ﬁicé{ﬂycﬁoﬁwﬂ%][i%éesilié&ﬁ ko5 i ddH @8HSosRd | ow

resistivity silicon contai'ning we
fibre or fabric.

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

50. A silicon fibre comprising silicon beads connected

together by means of a resilient thread or wire.

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

resilient thread or wire is a biodegradable suture.

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

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

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

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

30 wherein the silicon beads are porous.

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

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




15 threads. 50. A silicon fibre conprising silicon beads connected

toget her by neans of a resilient thread or wire. 20 51. A JilJpBA06i bre
according to claim50 wherein said resilient thread or wire is a

bi odegr adpdleessspt ure. 52. A silicon fibre according t or 51
wherein the silicon beads are of fromO0.5 to 5nmin 13:1?&1?0?}633'3_‘925 53. A
silicon fibre according to claimb50 or claimb5l1 wherein the silicon beads
are from 10-500 mcrons in dianeter. 54. A silicon fibre according to any
one of clains 50 to 51 30 wherein the silicon beads are porous. 55. A
met hod for preparing a silicon fibre according to claim 50, claim51 or
cl ai m 52, 3&hi ¢h method Eoconpriasdny dr isilicen Hdbes adderdimsh toi £lxin gr anul es,
-and pa_ssimg @mgﬁiéi ot ciérmeagl Qhidh Medd B Qeghf‘oﬂa@h ssformed in a
plurality of g S, g 200 Vg 03/.055 34 C%%Z/ 05853 56. A
met hod f of P ‘hfg a2 ?I"T n® {9 c@é’ﬁ&?nﬁ“tao (‘:f%‘? claimb51 or
cl-ai m 53, Swaéﬁ *Pr:etmm@t)bmmlgrsm f onhrodpcangph uresliiligntothbesmdorwi th a

central CaMiel ¥hBSudh @b%&e\éa@hesala%imﬂw PPQl@lk ! hagr aphy, introducing a
resilient threggﬁ/ wire through cavities in said plurality of beads, and
[

t her eaf t eFdF8 dr?ﬁsggf’d‘gsﬁ?’f G8*E28%- A et hod according to clai m56
‘wherein'the dissolvable surface is a silicon oxide surface, fornmed on a

silicon vgfera h8tndy @%Ebﬁ@kngcemdila@ﬂ 58 wﬁqle%ﬂh%eoalgéc%gbﬁg wherein the
plurality of beads are_for Siti ng a silicon nenbrane on said

- di ssol vablBI8EF it & Sé}b‘}ﬂ"nax SPBIRfHre FOFRRLIPD At DI1iEaR F'ad§rF ace,

applying a further silicon nenbrane to said surface, and then etching

channel s dgot hApﬁaﬁmdlae%@amgotaraqalﬂag@ldre L6 %%' fndfgAChhe 59. A nedi cal
devi ce corrprlsm a fibre or “fabric conprising | 1 con.
lurality of beads are formed by depositing a 3111con membrane

on said dissolvable surface, etching an elongate trench into
said surface, applying a further silicon membrane to said
surface, and then etching channels both perpendicular to and
parallel to said trench.

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

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

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

62. A silicon containing yarn.




60. A nedical device according to claim59 which is selected _froma
scaffold for tissue engineering, an orthopaedic prost hesedl Jalysd08ht | an
el ectrode for neuro-interf acing, a "wapped" in-vivo drug delivery
system w o3ERpped” ex-vivo drug delivery system a pgradigedhssed Sstributed
network for electrical stimulation, a non-occluding garnent, patch or
bandage for sweat diagnostics, a topical dressing which is optionally
absorptive, or an X-ray opaque yarn. 61. A substantially pure silicon yarn.
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63. A silicon containing yarn according to claim62 wherejn .one or nore
pure sili6en B Bibicar eonkAEHNg Hern ACRTEEN (1013 it Pas "I A A fibre or
fabric couarisifg-PphAYS 15k EbEMbreBesfd Nnkherwisidd @oth itexicipe egnated with
a substance such that the substance, is slowy released fromthe silicon.
65. A filfibres- fabric according to claim64 wherein said 10 substance is
a, pharnmaceuti cal conpound or a fragrance.

5 64. 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.

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

10 substance is a,pharmaceutical compound or a fragrance.






