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METHOD OF ETCHI NG A SI LI CON- BASED MATERI AL Fi el d of

I nvention The invention relates to a nethod of etching
w@2@logxen- based material. Background Art Sel eRCT/G82007/000204

etching of silicon-based materials to create silicon

pillars is known to be of Qhenefit, for exanple, in

creating anodes for lithiumrechargeable batteries.

One such approach is described in US-7033936, which is

i ncor pitatHODhOFF FCEINCe AeSHACONRASERN MATBRIALS
docunent, pillars are fabricated by creating a mask by
depositing hem spherical islands of caesium chloride

= Ll Jcon substrate surface, covering the substrate
—éggg—lggi%—nr%udingtheislands with a film and
TPS ‘?ﬁ’\yérﬂﬂ)nttl%f‘at&etﬁ;' aﬁ%?i%ﬁ{ idd*6 et éﬁlhg%f éiﬁ@oﬁ% warlﬂgie?ﬂlt he

['m covering t ace m a mask
with exposed areas where the hem spheres had been. The
substrate is then etched in the exposed areas using

n etching and the resist is renoved, e. g

SR Bt O i Oy AR SR B

b Bf YRt 5 SaREN ARGl 0@% SR FRisehreenls,
bittdeiesYane Juch apfgROack 1E’de§<ﬁ%e%f‘1‘ﬂ @S+70@@‘936'\@h@h' igls, 14
(2002), 1164-1 7, Adv. Functional Materials, (200 3)
intBrpdvate?d Heebimuzr Ige;ferﬂ:ﬁé’e mzc@ﬂmgﬁd)/thld\Mmmtspﬂlhﬁs are
fa&é004) 73-76 . Pen et al. have shown a way to_ nake

icatest by erestipg agnaske d@gfosal%bmheﬁ@alnélands of caesium
a sili CO

SR Sl Beh A e Bl 3 griethe “Bhfbuuitace, Muding
thRAkMhiOwith 8 Akt Red réhov e HeRdspherical structures (including
the film covering them) from the surface to form a mask with exposed areas
where the hemispheres had been. The substrate is then etched in the exposed
areas using reactive ion etching and the resist is removed, e.g. by physical

sputtering, to leave an array of silicon pillars in the unetched regions, 1.e. in the

regions between the locations of the hemispheres.

An alternative, chemical approach is described in Peng K-Q, Yan, Y-J, Gao
S-P, and Zhu J., Adv. Materials, 14 (2002), 1164-1167, Adv. Functional
Materials, (2003), 13, No 2 February, 127-132 and Adv. Materials, 16 (2004),
73-76 . Peng, et al. have shown a way to make nano pillars on silicon by a
chemical method. According to this method, a silicon wafer, which may be n-
or p-type and has the {111} face exposed to solution, is etched at 50°C using
the following solution: SM HF and 20mM AgNQOs. Pillars are formed at about
20 microns/hr and pillar heights up to 24 microns are reported. Apart from
height, no other dimensional data is given, such as mean pillar diameter,

packing density, or surface uniformity. The method is only carried on chips of
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the follow ng solution: 5M HF and 20nM AgNO3. Pill ars

are fornmed at about 20 m crons/hr and pillar heights
Wa@Ipooro8A42 m crons are reported. Apart from hei BOT/GBR@7/000204

ot her dinmensional data is given, such as nean pillar

di anet er, packing density, ,or surface uniformty. The

nmethod is only carried on %hi ps of about Icm 2. The

mechani sm postul ated in these papers is that isolated

abRgehysras sn@haﬁishypéstara@ecpm%égéﬁﬁg@p%%é ¥ @ePRslat&d on

the silicon surface in an initial stage. In a second
natoeestersiod siiverare edentodésshi desosited dnfthe ailzma sofface in an

silicon surrounding them act as |ocal el ectrodes that
initaalsdagendn é|Sé%(t>mb$t9g¢ dhe silveitmanechitarn and the aens phsidigen

L L e
b B L T

whithndisfuse @fwayefrém the etching @ﬁb toJeavd theMilic @b ReddrBlihy the
the formof nitrate salts, could be used to form

sibier noooclpsier i the ﬂQrmFmH@rseIt iskuggesteyethat Getats othet than

Ed., 44 05), 2737-2742; t
Slg’@ﬁﬁ & N&tzf‘gﬁ .8,0 é d&%sa 33@31?313’91@ tﬁ? &0t of 36r%salts could
b%ﬁggygg, %tﬂﬁgoﬁﬁ"i‘fagé s simlar to that described in

e ea I'erpapers oy Peng et al but the nucleation/
silver nanoparticle deposition step and the etching
step are perforned in different solutions. In a first

K( Reneg entrk Qh])lgcsw»e@hem hitJ Ed044c(ﬂO©5)' Q7pV-@7dd; amd K. Peng et
sol ution of 4.6M NO3 for 1 nminute,

alse‘é rEynet. cMafrg) 1&(8906)3 36%&94@&11&&@@@ @tﬁhlagdmfth@démt is

sigiplaffud, s deStiet & B8 ieR Dincs B huta éf?%%&e huciain
sig)'ce):k lnﬁgé%ﬁﬁc%b(%fosﬁloﬁrb‘f'e&ﬂaﬁﬂ ﬂfeoéiéhl'n pghgi erﬂﬁ‘ﬁlleﬁkiﬁm

0Ot nmin ameter,
diffepenttsetutidris| Tarasfist @ugtcawon) nteph@ sﬂibbﬁ}ch@b tse;ﬂhwmm
sc}hrl]t(ieon of 4.6M HF and 0.01M AgNO; for 1 minute. A second (etching) step
is then performed in a different solution, namely 4.6M HF and 0.135M
Fe(NO3); for 30 or 50 minutes. Both steps are carried out at 50°C. Pillars of
about 6 and 4 microns in height, and about 20 and 20 to 40 nm in diameter,
respectively, are reported. Pillars are grown in the {111} direction on the
{111} plane. Neither the pillar packing density (surface uniformity), nor the
size of silicon chip used are disclosed. The silicon wafer may be n- or p-type.
In these papers, a different mechanism is proposed for the etching step as
compared to the earlier papers, namely that silicon underlying the silver (Ag)
nanoparticles are removed and the nanoparticles gradually sink into the bulk

silicon, leaving columns of silicon in the areas that are not directly underlying

the silver nanoparticles.
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{111 } plane. Neither the pillar packing density
(surface uniformty), nor the size of silicon chip
waoe@d/osais2 di scl osed. The silicon wafer may be PET/GB2007/000204
p-type. In these papers, a different mechanismis
proposed for the etching step as conpared to the
earlier papers, nanely that silicon underlying the
silver (Ag) nanoparticles are renoved and t he
Tﬁ@x@qparﬂeealfslsng}@idﬁﬂiaw 1ﬁér€!§sédrﬁéhsit &f %ﬁrs%hhllﬁ@;?oved
l eaving colums of “silicon in the afea t are-not
uniforeaity i piltterdistiibgtidiels addidonia wagdd beclesizabloes éndréase
a need for higher pillars, increased density of
theispeed of aﬂbﬁrufﬁﬁnw@m (Qli¢h1ﬂ§} rﬁwsllemlom,lheaause the approaches

r|bu
ifrEbed 38 Petg s sl or i Moot 110 Aee 65 apRicatihhof these
cause the approaches described in Peng
mgﬁégggétrlc ‘to the {111} face, the applicability of
t hese approaches is limted. Disclosure of the
I nvention The invention is set out in the clains. A
Diseldsoge 0f theoluvdagon i bed accordi ng to which an i nproved
chem cal nethod is provided for creating silicon
pillars on a silicon-based substrate. Starting with
whi.ch_may .b gut 1 to 15 cm) taken froma
Tﬁ?ﬁ?"@&ho&ﬁ é?t Olﬁﬁngl?e ﬂ&g{l‘cﬂ sem conductor material, one
side of the chip is polished, while the other S|de is
di stressed (roughened). The plane of the wafer
Acuethedpondw desctibed adéiflingrto{wiich anriygiraledtledrpical method
silicon. The silicon nay be doped, e.g. using any
isquavide ifonercaipgisHisoagaliars onca whn@mhﬂéecésmbs&r@tﬁ n-type
or p-type as desired. The typlcal reS|st|V|ty of the

SEue A BB Parcn o B ol 1S PRE R RBHE T

wafer, in standard semiconductor material, one side of the chip is polished,

while the other side is distressed (roughened). The plane of the wafer
corresponds to the {100} or {110} crystal plane of silicon. The silicon may be
doped, e.g. using any conventional doping agent, to make the silicon n-type or
p-type as desired. The typical resistivity of the silicon chip is 1 ohm cm plus or
minus two powers of ten. For example in the case of n-type silicon, the
resistivity is typically and approximately one ohm cm and it will be noted that

the doping level is not critical in the embodiments described herein.

Before being subjected to the method of the present invention, the surface may
be rendered uniformly clean and hydrophilic using an RCA-1 etch (namely
water: 88 ammonia: concentrated hydrogen peroxide, in the volume ratio of
1:1:1). In the next preparation stage, the silicon chip can be protected on its
back (rougher) side by a thin Au/Cr coating (e.g. 10Au/1Cr, ca 200 nm thick
film).
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resistivity is typically and approxi mately one ohm cm

and it will be noted that the doping level is not
wa@edioziogrb2 i n t he enbodi ments descri bed herei n. PGEGBR@®7/000204

bei ng subjected to the nethod of the present

i nvention, the surface may ,be rendered uniformy clean

and hydrophilic using an RéA—I etch (nanely water: 88

amoni a: concentrated hydrogen peroxide, in the vol une

t i . 1 r . | . .
TEBIS mhiod Lompbl i SREP PRONS B0 SEkal i
waiclediRyrete ifbitdl deposits &edbimed 68 the siliod/suffface aad 2sddand

thick film.The etching nethod conprises two stages.

sthige if thestctwal ghing ofi tid sdbsirete. i Thewarrringiost pé thesentwalstages
.deposits are formed on the, silicon surface and th
ins aecondrnce D the presenidpyention eai iyt mase ugtovmypilla: array

- T A Q e two stages in accordance
lﬁwgfbﬁé%%‘?g%@%?‘;dv@gﬁton results in a nore uniform
pillar array in ternms of both density and height. The
first nucleation stage forns discrete netallic

The st nisclexmionetagefdrasealisdretehretallid depusitdloa thesuifaed of the
conposition of the aqueous solution used in the
sitigeneblr¢ eleratcalsomposition eitilripgrasusiselutiomused inghe v/ v

of, an al cohol, e.g. ethanal; typical alcohol contents
ngeleion SEERER BRC BRDOGITEILSY, & g, 15 to 40%

ti I %oV L t
vl ufed P, RRoth apaRnd, S cthapBp oAbl bfiol Qftats of he

(M boldtioh lawos ite 480%,@.g.6.500 4% Coptidndllyf aboueSare & v/v,
about 6.8M (Exanpl es of typical concentrations are

4. 5- baged an e totad vobume ofthe wheleagugopeselutien; t hat

4.5

gart Lger B’é#% Capdiplitodt geidy 6 R0 haMa SPbS AR R ot
the gsm (Examples of typical concentrations are 4.5- 9M, e.g. 6.8 to 7.9M;
it should be noted that 4.5M, 6.8M, 7.9Mand 9M solutions of HF or a
fluoride salt correspond, respectively, to the inclusion within the
solutions of 20%, 30%, 35% and 40% by volume of concentrated (40%)
HF);

- 5 to 100mM, e.g. 10 to 65mM of a metal salt that will electrolessly
deposit in discrete areas on the silicon substrate in the presence of
fluoride iomns, the salt optionally being a silver salt, e.g. silver nitrate; the
concentration of the salt may be 12.6 to 24 mM, e.g. 24mM. (It should
be noted that a12.6 to 22.1mM solution is the equivalent of a solution
containing 40 to 70% of a 31.5mM silver solution and a 24mM solution
is the equivalent of a solution containing 40% of a 0.06M (60mM) silver

solution).

The temperature at which the nucleation reaction is carried out at may be 0 to

30°C and, for example room temperature (20°C). The nucleation reaction will
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solutions of 20% 30% 35% and 40% by vol une of

concentrated (40% HF); 5 to 100M e.g. 10 to 65nM of
w@2emsdissalt that will electrol essly deposit PEI/GB2007/000204

di screte areas on the silicon substrate in the

presence of fluoride ions, .the salt optionally being a

silver salt, e.g. silver nitrate; the concentration of

the salt may be 12.6 to 24 mM e.g. 24mM (It shoul d

o@&;ﬂﬁgﬁﬂiy teha wﬁfu% ﬁ) §Qohds, BIVROSust@fe iy Hu contact with

equi v a solution containing 40 to”70%

tiElsubgivhel foy aF to aboti Dhnangtes, 24.rd¥onoll Othiomtdss Tﬁlﬁnclusmn
equi val ent of a solution containing 40% of a 0.06M

of emawphgl levi retizasiol and e adthnd camnyped ewiihe n@plampmstag@eat a

relHav i o WA BRI Potrh (4 ApRRAPBPE EBiSo By thRfdiect Of Slowing
B tﬁé‘tché}glcra? BRICBR LRSS AR o roni ik By

seconds € 1n conta

depdsts! @besifvas, Mlcachfev@a%ti Iﬁére@v’éﬁl}ﬁ‘ﬁaac@d @ﬂlﬁr?% 10
m nutes.” The 1 nclusion of an al cohol .g. ethanol and

sulseqaeitlyodbtamredyi ng out the nucl eati on st age at a
relatively |ow tenperature, e.g. at roomtenperature,
has the effect of sI owi ng down the chem cal processes.

Eence re. e trlbu 0 1the t al |ésr
éec e is;61C Eﬁ’l ﬁ?b&'rﬁl}P Silicon 1 r@aléspagg rme he
scmuhbﬂme@f@th%te@agﬁg %Eggleﬁg&sgpgtﬁ%me ?fdﬁf‘é%@ﬁtdtosthétg&‘sgﬁ%n

etchi ng, during icon pillars are forme

thehencledtioni stapeu $etheisantewlei@hisnged| thgseodiyd Laching) §t@?@
or different to that used in the nucl eation stage.

maydolaweonsgstamlessly ifromy sheailirst faudeadinnd stageohidrigy overadle
g]ia}é&fg%lél Wf1ﬁs2 agaggzéq?r?(f st\égésr 8 @a%@%ﬂ‘}' Jlsﬂtle engulgllle t5I tg@O

minutes. If a different solution is used, the first nucleation stage may generally

be 5 to 10 minutes. The solution used in the etching stage may be:

- hydrofluoric acid (HF); the concentration of fluoride ions may be 4 to 15
Me.g. 4.5 to 8M;

- a metal salt that can oxidise silicon in the presence of fluoride ions; the
salt is optionally a silver salt or a ferric salt; and preferably silver or
ferric nitrate salt. The concentration of the salt may be 10 to 40 mM e.g.
20 to 30 mM, for example about 25mM.

Alcohol is not necessary in the etching stage.

The etching stage is optionally, depending upon doping density, carried out at a
temperature higher than that of the nucleation stage; the temperature increase
between the two stages may be at least 20°C, e.g. at least 35°C; the etching
stage may be performed at a temperature of 30 to 80°C, e.g. 45 to 75°C, such as
60° to 75°C; within about 45 minutes, pillars of consistent height of about 70 to
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duration of the first and second stages is generally
in the region of 5 to 50 mnutes. If a different
w@elahsnm2 i s used, the first nucl eation stage PEEGB2007/000204
generally be 5 to 10 m nutes. The solution used in the
etchi ng stage may be: hydr% luoric acid (HF); the
concentration of fluoride "fons nmay be 4 to 15 Me.g.
4.5 to 8M a netal salt that can oxidise silicon in
75 rh%c?élfsslﬁ% lﬁfanfil(}‘% mhiffodsqh %lmaxh@t%r 23 Be 'aéhl‘é%d Oﬁ?é Li¢hing
a silver salt or erric salt; and preferably silver
stape hedy be conducasdefos al shorith pefiod O tiebutahe odlunmes sl be
may be 10 to 40 nMe.g. 20 to 30 mM for exanpl e about
slaamdl Al cohol is not necessary in the etching stage.
The etching stage is optionally, depending upon dopi ng
density, carried out at a tenperature higher than that

18 o8P RIRPHIARLE L3R Tarc Ml RELREY S§icoAHiRARnay be

aesma be

uk@(ﬁ§§ th32fnodb Her @hﬁﬁhﬁﬂlo%t&%ar%@é(blé HaRter Qﬁ@@me&hvéntor
enperature of 30 to 80C, e.g. 45 to 75C, such as 60

bébev?eﬁ(ﬁhau/ﬂie bilivoatmliarsdanneversidy rerct mathslibiurodnss stidaout

hei qtgt of about 70 to75 mcrons in height and 0, 2
beingrgaken Hp or dptireyeds SHsqroyihng geed CW?é:lté’tr@Fﬁq‘i@nsﬁ%é‘

Y et EREeiShatse Sl BRI R Ind bl e
sRERSH Fn? hﬁ’éﬂ' Igzﬂt bf %B@&Ftl%‘%]ﬁﬁ'ﬂ RdsGRR bREh ERhEd @@Yoﬂ?ﬁ silicon

used as t node or a I'umion rechargeabl

fibadd. dhy sabstege biiehd Ex\eeéﬁtdhvmmtﬁﬁﬁ&s pdeiculal apphbatmnm the
E@l lars can reversibly react with [ithiumions w thout
elpeinodepoblithiumponrcelest r oyed, thus provi di ng good
capacity retention over a |large nunber of
charge/ di scharge cycles. Alternatively the pillars may

'ﬁ{% pillar surface density (fractional coverage) may be described by the
following ratio F:

F = P/[R+P]
wherein P is the amount of silicon present as pillars, and R is the amount of

silicon removed.

For a fixed pillar height, the larger the value of F, the greater the reversible
lithium ion capacity per unit area and so the greater the electrical capacity of
an electrode. Also the greater the value of F, the larger the amount of silicon
material that may be harvested to create silicon fibre. The pillar packing
density F is maximised by the nucleation stage and the applicants have

achieved fractional coverages of up to 40%.

In the process described above, F is typically about 15 to 20%.
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sheared fromthe part of the substrate that has not
been etched to formsilicon fibres. The substrate of
w0 b@7/083SENt i nvention finds particul ar appl i cBECT/GB200M/000204
the electrodes of lithiumion cells. The pillar
surface density (fractional, coverage) may be descri bed
by the following ratio F: = P/I[R+P] wherein P is the
anmount of silicon present as pillars, and Ris the

L R S L
sﬁbs‘tﬂatelmmpﬂsmgmltécﬁng&he siticon 0B etrad Gvitioa SORitighedtagr

the electrical acity of an electrode. Al so the
eghing ﬂuomd@a@dqu utfnde salthe sﬂ*amg@at atibamatsohol. dhe silver salt

silicon terial that rra;i, arvested to cr
IS PICE SLUBID - SHIET Bitages TS aher gLtee §P@5¢ntote @{e solution
SR B I B 383, A bR B e rce

whitth i%rélflil?@aﬂel‘i’tec%% diRRE nARAY %oné:eﬂnsatifo)‘lﬁhciﬁé hYlaP&ﬁHﬁoﬂ of 12.6

to 20%1 n one enbodi nent, the invention provides a

tor22.hadMbsiledratitrag. ahs ifluiocidla asitbmiay aoenpriverityidsogan fluoride
contacting the silicon substrate with a sol utlon of an

Wélpé% pwgteflt inotheseluiands betweanod ) BeanslA Q% by wqlppey baggdion

c§hiepBr) R or 240G SRt sul BT Lo R St feefdtion
iné%ﬂegﬁﬁl%@o 08 6.8 6 bquI?/ Ag&n4he }é}lg%%ﬁi tcPAFRAHN a

tlono nitrate chis

c@tpenwatientin tiee fnsl ddh&tornoﬁ 7.91t6 ICWh)¢fitexatipdn40% (Hie
final solution of 12.6 to 22.1 nMsilver nitrate. The
cénagatiationan it fmyl &ﬁmﬁmn ¢l Modrldigericohial anayibe ﬁmagel the
0
C&gg{}en bggxtetgetg% 1na 50 ut1(|)§ n?aeytl\)l\éeﬁlnth%(%z{%gengff' to 26% The

solution may also include water in the range of 10 to 30%, e.g. 20%.

The method may include the stage of allowing the substrate to stand in solution
at a temperature in the range of 10 to 30°, e.g. 20°C, for a period in the region
of 5 to 50 minutes, e.g. 10 minutes. The method may further include raising the
temperature of the solution to a temperature in the range of 20 to 75°C for a

period of 40 to 45 minutes, €.g. 45 minutes.

The method may include subsequently adding further silver or silver nitrate,
e.g. 5 to 10% further silver or silver nitrate, such as 6%. When the temperature
is raised, as mentioned in the preceding paragraph, further silver may be added
upon raising the temperature and the two further amounts may be added at each

of 10 and 20 minutes subsequently.

The etching may be performed on the {100} or {110} plane.
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concentrated (40%or 22.6 M HF, which is equival ent

to an HF concentration in the final solution of 6.8 to
wW@20/08857. in the range 35 to 40% ( HF concent PEL/GBRO07/000204

the final solution of 7.9 to 9 M, for exanple 40% (HF

concentration in the final gsolution of 9 M. The

al cohol may be ethanol, the content of which in the

final solution may be in the range of 15 to 40% The

T‘glg '11'1'\'ién‘?i3)n@é’ /ﬁfoi@déd“ﬁi SteBed\&itiebn 'sﬁbéti’t&e R PA ni’e@héd)as

The nethod may include the stage of
daédrmadra@owe substrate to stand in solution at a
tenperature in the range of 10 to 30, e.g. 20C, for a
period in the region of 5 to 50 mnutes, e.g. 10

e met ho f her i nclude raising the
EB@‘?‘XW& %FX%IHB%%ﬁ%W%% fesclal ng%r e in the
range of 20 to 750C for a perlod of 40 to 45 m nutes,
e.g. 45 mnutes. The nethod may include subsequently

Eg(gﬁi%@ﬂurther silver or silver nitrate, e.g. 5 to 10%
urther silver or silver nitrate, such as 6% Wen the

tenperature is rai sed, as nentioned in the preceding

par agr aph, furth S|Iy e added upon raj sin
A vloa iSO 4TI 7 1EME 4 00 ¢ b £k a,lrglg,a % been

béa‘%jﬁ?%% HE§Eatsd sPREi pﬁ#%dhtéc?ﬁaig’ﬁ@w g0l oo T

pgb@gggﬁ@fﬁe bENGR 180 56/n3 BF RA RMHSS s@itieh CIRe céinbb@f%n of the

ate made by a nethod as descri bed above.
efcblidovdlagon wasexanpl es il lustrate the clai med pr ocess.
Exanmple 1 A clean silicon sanple (ca. lcm2, 2 - 5 ohm
cm ni2ypel HEi(@PYal that has been back coated as

gescﬁéjmldetﬁypgl%z)hol? pl aced, face up ( {100} face), in
35ml of 31.5mM AgNOs.
which corresponds to an aqueous solution containing:
5.7M of HF;
5% viv ethyl alcohol;
22mM of AgNOs;.
The sample is left at room temperature (ca. 20°C) for 10 minutes in order to
obtain uniform nucleation of silver on the sample face. As discussed below, the

ethanol (or other alcohol) is essential in its modification to the HF chemistry.

The etching stage follows on from the nucleation stage. In the etching stage,
the silicon substrate submerged in the above solution is placed in a constant
temperature bath at e.g. 75°C for 45 minutes; in other words the solution used
in the etching stage is the same as the solution used in the nucleation stage.
Depending on precise conditions and especially the duration of the method, this
treatment etches the silicon and results in pillars of 20 to 100 microns in height,

typically 60 to 100 microns, in height.
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pol ypr opyl ene beaker with 50m of an etching sol ution.
The conposition of the etching solution was:- 12.5n
w0782 2. 5m et hyl al cohol; 35m of 31.5mWwEnyNB3007/000204
whi ch corresponds to an aqueous sol ution cont ai ni ng:
5.7M of HF; 5% v/v ethyl ﬁ%cohol; 22mM O AgNG3. The
sanple is left at roomtenperature (ca. 200C) for 10
mnutes in order to obtain uniformnucleation of
silver on the sanple face. As discussed bel ow, the
et hanol (or other alcohol) is essential inits
sadiplé gation to the HF chenistry. The etching stage
follows on fromthe nucleation stage. In the etching
stage, the silicon substrate subnerged in the above
solution is placed in a constant t erature bath at
Auogiting oo ateative apach Neatey DarBeEhILAPREHn
458 sbﬁ the etching stage is the same as the sol ution
used in the nucleation stage. Depending on precise
-condDphP OOGNIA €SP 2 AV id e filil sbjueidnyf the net hod,
this treatnment etches the silicon and results in
-pi | | 47 $Snmdfcopo. HF (T0@Mnindhe fimal splhiedpmhat , typically 60
to 100 m crons, in height.Exanpl.e 2 Agcording to an
'alte?ﬁ%ﬁﬂ@@ogbg¥%ﬁ@ﬁﬁig?gﬁ@lﬁ§u99¥haﬁgnastergsolution
t hat ;gonsj,sts of : 20m 0. 06M AgNO3 (24nM in the fina
'solu9§6ﬁ§$§5 ) (

(50ml total). One of the following procedures () to (c¢) is then carried out:

(a) A clean silicon sample (ca. Icm?, 2 - 5 ohm cm n-type material that has
been back coated as described above) is placed, face up ({100} face), in a
polypropylene beaker with 50ml of the above master solution at 20°C for 10
minutes. Directly following on from this, the temperature is raised to 53°C and
at the same time further silver salt is added, in this case by adding 3ml of 0.6M
AgNO; solution is added. After 45 mins, the chip is removed and rinsed. The
resulting pillars are ~85 microns high, which is 50% greater than obtained

without the second addition of 3ml of 0.6M AgNO; solution.

(b) A clean silicon sample (ca. 1em®, 2 — 5 ohm cm n-type material that has
been back coated as described above) is placed, face up ({100} face), in a
polypropylene beaker with 50ml of the above master solution at 20°C for 10
minutes. Directly following on from this stage, the temperature is raised to
53°C for the etching stage and at the same time 1ml of 0.6M AgNOjs solution is
added. After 10 minutes a further 1ml of 0.6M AgNQs solution is added, and
after a further 10 minutes another 1ml of 0.6M AgNO; solution is added. The
total time at 53°C is 45 minutes, resulting in uniform pillars 85 to 100 microns

high and 0.2 microns in average diameter.
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17.5m cone. HF (7.0Min the final solution); 2.5 m
EtOH (5%v/v in the final solution); and 10 M H20
w@ 2@mosiist al ). One of the foll ow ng procedur esPCHGBR@?7/000204
(c) is then carried out: (a) A clean silicon sanple

(ca. lcm2, 2 - 5 ohmcm g%d)ype material that has been

back coated as descri bed ve) is placed, face up (
{100} face), in a polypropyl ene beaker with 50m of
t he above master solution at 200C for 10 m nutes.

Directly followng on fromthis, the tenperature is

Sueh $@thdradddfasafdilabr hiteats adMtibh ikayf be hiade duiringethe course
salt is added, in this case by_ ad inIg[;(h%r[% of 0.6M

oAgNGECkingstagsnforexadyde,. atAhe ap™ 25 menutei ¢f the
renoved dri d. .-Th [ L4 il , -8 .
eHo, B g ST ob e oiins T i
W tho - il
R R D e P
ohmcmn-type material that has been back coated as
descri bed above) is placed, face up ( {100} face), in
(& Acloaprsilydresaeniie dbaerlconi’t H0Dhm cofn-type mbtevial texthas been
solution at 2Q0C for 10 m nutes. Directly follow ng on
baclopeated 8s desegibedabevekisdacedu faceiup G{épﬁiéaqea, B30C for
t he et ghi t t.th t ni of
PaljReRPERa e PG oaieo! AR ARV E gl e Fefor 10
(o, : ) ’ ‘
npffhieRapd M CFRLB I nED (o ROFRE PRI SegPurhish
mias, 8stdedmplbehd @rapodedns fatlo®80C is 45 mi nutes,

resulting in uniformpillars 85 to 100 m crons high
and G0mlwatemns i n average di aneter. Such further

addi tiaons ilver nitrate solution my be nmade

duri A@f@é%}é@@@a}]@zh{é@e@eﬁ. ng stage, for exanple,

at t Iﬁ Sﬁtib%%ﬁg_h and 35th mnute of the
Uniform pillars of 40 microns in height are achieved in 45 minutes. F is
measured using SEM analysis and is approximately 30%. Variation in the
concentration of Fe(NOs); results in a variation in pillar diameter between

about 0.2 to 0.6 microns.

Continuous or step-wise addition of Fe(NO;); and / or AgNO; solution during

the etching process gives both improved uniformity and increased pillar height.

It is found that the approach of the present invention provides an increasing
pillar height of approximately five times that previously obtained and
significantly improved pillar uniformity over several square centimetres. As a
result, silicon based electrodes can be fabricated with uniform height and
packing density across wafers of 10 to 15 centimetres in diameter.
Alternatively the pillars can be grown for subsequent detachment or

“harvesting” for example for creating a battery anode as described in more
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reaction or, for exanple, at the 10th and 20th m nute
of the reaction. In this process, the fractional
w@oweisysy F, is calculated to be 15 to 20% (BQT/EB2007/000204
clean silicon sanple (ca. lcm2, 10 ohmcm n-type
mat eri al that has been ba coated as descri bed above)
is placed, face up ( {100} face), in a polypropyl ene
beaker with 50m of the above nmaster solution at 200C
d§t9ﬂ i %@b&@%ﬁéin%r@%&%tta?gnéét%ﬂ @?om%v BRN(ISP* Atrhethod
or the etching~stage, which may, for exanple, be
of futpicatdg dibréotdropesed A viliowat @ 4 silicoh-bakedMubdrizd (aNAGhSr
(aq); and 17.5m 40% HF. Uniformpillars of 40 microns
useninhathiihm reehargestlebaiterias. s sorasaigned . herewithypngddnseiporated
usi nﬁ S%IEJ(\?A anal ysis and is approxi mtely 30% Variation
hergin BY relSHAAt rati on of Fe(NOB)3 results in a
variation in pillar diameter between about 0.2 to 0.6
m crons. Continuous or step-w se addition of Fe(NO3)3
11339 VeeR ToedNEt SR MERIbrooT A 8icbh6], ESClMple faC(QﬁSﬂkanol,
gi ves both inproved uniformty and increased pillar
suodl gghgthamdl, irstheauctbatibatstapheroapies @amimbdér efrelvantagesit
i nvention provides an increasing pillar height of
approximately five tines that previously obtained and

signi.ficantly inprove Ll Lar uniform.t.y o ver al
FRAS0D IR b RLN B L8 B PR n 1 P
uffif8ich SAYESIGRRIS IARE FRAL OlabbAolted AR durAen).

packing density across wafers 10 'to 15 centinetres
Thiy ldhdy®t £morduhiforaspadlyisthidutioh lofipsllasn be grown

for subsequent detachnent or
The effects of ethanol addition can be further understood when considering the
composition effects. In particular, varying the ethanol concentration (by
changing the water/alcohol ratio but maintaining the total volume at 50 ml) has
an important effect on pillar height, which is believed to occur at the nucleation
stage. Thus if the concentration is increased beyond 5% v/v (i.e. 2.5 ml of

ethanol in the 50 mil total solution amount), the tendency is to decrease the

pillar height. Further data is set out in the table below:

Effect of ethanol (EtOH) concentration on pillar height

Vol. EtOH (ml) Nucleation Pillar growth Pillar
in 50 ml total Time Time height
solution volume | (min)/temp°C | (min)/temp°C | Microns*
5 (10%) 10/20 45/20 20
5 (10%) 10/20 45/45 35
5 (10%) 10/20 45/70 40
10 (20%) 10/20 45/20 13
10 (20%) 10/20 45/45 22
10 (20%) 10/20 45/70 20
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"harvesting" for exanple for creating a battery anode

as described in noredetail in the co-pending UK patent
w@ppiiogas: on 0601319.7 entitled "A nethod of PCT/GB2007/000204
fabricating fibres conposed of silicon or a
silicon-based nateri al andliheir use in |ithium
rechargeabl e batteries.", C0-assigned herewith and
i ncorporated herein by reference. It has been found
thgb(qb%ﬁlnclu5|opagb an |al cohgfpp for |exanppe a|Cl-4
al kanol , "such| as ethanol .| in _the nucleation step
pr 0vi(de%)a nunber 1@R0advant agés/45Fi rstly, +0 terns of

nucleation eflffects__the ethanaol additilon gives a nore

un2OAABTSi | ve depd@Dtion in B0 rst, vitQl, geri od

(ca 10 cpoeceonde durat i and
e Hy=

Thice | andc O—A—BO
L] COUoS U (@Y TUT C

uni form spatial distribution of pillars. The effects

of ethanol additi - r
SOl e e RS VSRR e Reonas
The rrbfbl?lgte}rgﬁreﬁhf@ﬂ@éle&@@ PR afd @llet ManGhBRO6MAidedt higher

wat er/al cohol ratio but maintaining the total vol une
natlebfomrtemparatiass ang tndsai imfehemtbedievps tHeae ishgreater control

which is believed to occur at the nucleation stage.
of gspriotesshwhem Heiagree tompeEatiyechos sk aueleyiéristagsJf yor a 10

St e BB B T L5
t@?@ fo&ﬁ'ﬂ); i g%ﬁdﬁ%%tu'&%)aﬁ%, AN el rhid8d "t@gbﬁl ?arcﬁ"hﬁnutes

concentration on p

thetheidting 628, GlenttBepEhatheight efiflant 30 nueloast Between 70°C
occurs very qul ckly, <10 seconds. The roomtenperature
and G58@} thd ppilad lagightawdl ba-6@mictens. t hose obt ai ned at

hi gher nucl eation tenperatures and thus the inventor
believes there is greater control of the process when

[ t t I ' . .
Pt D5k Th 23 s For el R U AR A5 miduces
Pif$arf %hcto ALOMARFOAE PR Shi e (2 b&er2Skihirked! Ok fBaBoH Bt the
for nucleation, and thén raised to 5Q0C for 45 m nutes

increased height observed by using this method is the inclusion of a small

amount of AgNO; (1ml, 60 mM added in 50ml solution) in the Fe(NOs)3

E=AAAYARAv L] Ul AT 1T U

etching solution.

If the etching stage is carried out at 80°C for the same time, the pillars,
although forming initially, are destroyed. However, if the etching time is
reduced for an etching stage conducted at 80°C, then pillars are apparent. This
last result may arises because there is some lateral etching that results in a
tapered pillar structure and the ratio of the lateral to vertical etching rate
increases with temperature. However, the precipitate collapse in pillar
formation at 80°C is more likely to be explained by the loss of protective

adsorbates on the {110} plane.
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for the etching stage, then the pillar height will be

-30 mcrons. Between 7Q0C and 750C, the pillar height
wowdo7/oks52 60 microns. Pillars in the range of P@BGB2007/000204

m crons in height can be obtained in 45 m nutes.

Pillars up to 120 m crons ':;,1 hei ght have al so been

obt ai ned. One reason for tne increased hei ght observed

by using this nethod is the inclusion of a snall

18T Hat AENSR el bflopifP iicA@oi8thnicB iP O ra3@EW.1 6k ¢ to
?ﬁg @E(I\I&B)S etghi ngOpslogllJti on. If the et cllrﬁi %g stage is
19600 dled cavhasto 8f8E. f Alsotthe psmess wionks fartetipnt had p;type
al though formng initially, are destroyed. However, if

sltooncin iy 01 ot craangs.p i hcen B bipnsiosgd to eich
SRIVRLSS By 3B (1358, B Sero PRI s W fajec
{?hg r L)%?He% Ia%r%)vs{tﬁ Z)lf :sgfbohr%n%chﬁ@? El%daléﬁ bb&ryed bH e i?l @nFlane

eral to vertic etching rat

1168 EBardiand shesBendinddent aniglest apirexinaelyp s atoethe
collapse in pillar formation at 8Q0C is nore likely to

sbfaexplane.ned by the | oss of protective adsorbates on
the {110} plane.It is found that the I evel of doping
in the resistance in the range 0.1 ohmcmto 1,000 ohm

ESETRE2a B TLDRFbi P 08 oREASEEG AEHE L aBblo e vt
pﬁ’zﬁfe}’@n fild gﬂn hafe HsARrs R U ot ok @hhslv gref blanbasé er
than n-type silicon.” Furthernore, pillar growmh is not
prodideddFtuchdrifi} vettied pilGrevaibefgrewhionchedtld li¢s withs

are al so observed on the {110} plane includin illar
papigcyadsorpaies PRdee gk10)Aacesgl eo@rtclap%%%ﬂermttgﬁ ;grti%a{t@(’}

;dﬁiéf%rﬁfﬁglﬁfl ane. Etching on the {100} plane wl|

“that are at a right angle to the wafer

Harvesting of silicon fibres is generally carried out using ultrasonics, because
harvesting using a knife gives a large amount of particulate silicon in addition

to the fibre material.

The etching process can also be carried out either on very large scale
integration (VLSI) electronic grade single crystal wafers or rejected samples of
the same. As a cheaper alternative, photovoltaic grade polycrystalline material
may also be used. An even cheaper material that may be used is crystalline

metallical grade silicon.

It will be appreciated that the pillar structure created by the methods described
above can be used in any appropriate implementation including silicon anodes
for use in rechargeable lithium-ion cells. Although the structures described
herein are termed “pillars” it will be recognised that any appropriate pillar-like,

fibre-like or hair-like structure is embraced. It will further be recognised that
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pl ane. On the {110} plane, pillars at a 45 angle to
the wafer plane are produced. Furthernore verti cal
w@rdorasHszan be grown on the {111 }, with protBCL/iGB2007/000204
adsorbates on the (110) faces. The etch rates are in
the order {100} >{ 111} " 10}. Harvesting of silicon
fibres is generally carried out using ultrasonics,
because harvesting using a knife gives a | arge anount
o }t)aﬁﬁﬁfe'té%b‘ k@t Sutabbi € efn b vasdi bk applopriatearid tiae the material
material. The etching process can al so be carried out
ceh thenddeyurd putesiieos baser mateel atithoappropshte doping to, for
el ectronic grade single crystal wafers or rejected
esamplee ¢ spiiconngerRAMIMABIXA€heaper al ternati ve,
phot ovol tai ¢ grade polycrystalline material may al so
be used. An even cheaper material that nmay be used is
' iBbbi- iadlidd tsild silicon
e LR PR e AR G o onst,

o Bk dgliceskdsed ehtahigvenchan dxlicsegeinmardng mpnopor atye
i mpl ementation including silicon anodes _for use in
otlesr appoeatite ndik tule.umhe snbsete Sromaminelugilaryare created may be

structures descri be erein.a terned, "pillars"”. it
O D 60 S0t o 100 Q1) AR i o b St aloy
foi ﬁre-l %kee ar. 2 ﬁidel ke structure is enbraced. It wll
qfﬁ 1908, e’ﬁf‘%%?eg Sed™t hatt he paraneters set out above
can be varied as appropriate and that the nmaterial can
extend beyond pure-silicon based material wth
Qthpr slgohelk enaiobé nged im, plhce obathapdleandeothet ¢tebing agents such as

ermani um ni xture. Reference herein tq silicon-based -

ki salt sugk po aBpeRBIEIPeEds M5y REIHEE- si | i con or

ot her silicon-based material such as a
silicon-germani um m xture or any other appropriate

%l;f/ﬁ%gﬁd nREaSBASEE Bbeh FA108MWRkehade! featfor, 8.g5T eat ed
Si+ 6F +4Ag" = (SiFg)” + 4Ag
Other soluble silver salts may be used in the place of silver nitrate and
alternative metals with soluble salts especially nitrates providing a galvanic
exchange reaction may be adopted, for example a metal that is near to or less
electro-positive than silver. Nucleation requires metal salts, while etching can
use either metal ions or non-metallic ions such as hydrogen ions or nitrate ions
(or both) provided that their reduction potential is in, or near to, the range 0 to
0.8V, on the normal hydrogen scale. The articles by Peng et al mentioned
above mention alternative metals that may be used in place of silver. Metal ions
that have a potential between +0.8V and 0.0V (vs standard hydrogen electrode
(SHE)), such as Cu?" ions (at +0.34V (vs SHE)) may be used instead of the

silver ions).
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n- or p- type, ranging from100 to 0.001 Chmcm or it
may be a suitable alloy of silicon, for exanple
O her al cohols may be used in pl aceCD{B2007/000204
et hanol and ot her etching agents such as fluoride salt
such as ammoni um fl uori de ymy be used. . Etching and
nucl eation are both gal vani'c exchange reactions, e.g.
Si + 6F + 4Ag+ = (SiF6)2 + 4Ag O her soluble silver
qu@hhs may be used in the place of silver nitrate and
native netals with soluble salts especially
nitrates providing a gal vani c exchange reaction nmay be
adopted, for exanple a netal that is near, to or |ess
el dctr oPpbl;@ﬂlQC\/@f chléiﬁgsﬁ gilieon SW&H%‘E‘P@WW‘E&WF‘%“@ the
metal salts, WE 33 gh gcan us e|t metal ions
or non- FHICRP SRS Vil A QGWC?P Ons or nitrate
ions (o& BYf kiRl %Ydﬁleéjﬂhﬁﬁﬂetsﬂﬁ' r reductl on potenti al
is in, or near to e range 0 to 0.8V, on the nor nal

hydrogen sgahlealt Bapaisletof @ll@srdlyssRiepgsicionalf thenidtarethe
above nention alternative netals that may be used in

pl ace of siliconin tiveprebenasref flweridenions, angot enti al

bet ween +0. 8V n 0.0V (vs standard hydrogen el ectrode
(SHE) ), "s@Bpl 2+ ions (at +0.34V (vs SHE)) may be
used i nstead of the silver ions).Cains 1. A nethod of
etching a silicon substrate conprising contacting the

si bi con &Hﬁ?ﬁd@ﬁ@clﬁhﬁéﬂ ﬁﬁclﬁﬁﬁqcmswm@hlﬂhé afetalfsaltds a silver
fluoride acid or a fluoride salt, metal salt capable

of el ectsamqﬁmrﬂﬁpeﬂwenmmram the netal on the silicon
in the presence of fluoride ions, and

3. A method as claimed in claim 2 in which the silver nitrate content of
the solution is in the range of 0.2 to 16%, e.g. 0.75% to 0.7% by
weight.

4. A method as claimed in claim 1 or claim 2 in which the metal salt
content, e.g. the silver or silver nitrate content, of the solution is in
the range of 5 to 100 mM, e.g. 12.6 to 24mM, for example 12.6 to
22.1mM.

5. A method as claimed in any preceding claim in which the fluoride
acid comprises hydrogen fluoride whose content is between 3 and
20% by weight, e.g. between 8 and 20%, for example between 10
and 15%, such as about 12 or 13.6%.

6. A method as claimed in any preceding claim in which the etching
fluoride acid comprises hydrogen fluoride whose content is between

1.5 and 10M, e.g. between 5 and 7.5M, for example about 6.8M.
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an alcohol. 2. A nethod as clained in claim1 in which
the netal salt is a silver salt, optionally silver

wozarasas2 3. A nethod as clainmed in claim2 i nP@hGBR007/000204

the silver nitrate content of the solution is in the
range of 0.2 to 16% e.qg. f 75% to 0. 7% by weight. 4 .
A nmethod as clainmed in claim1 or claim2 in which the
netal salt content, e.g. the silver or silver nitrate
content, of the solutionis in the range of 5 to 100
mM e.g. 12.6 to 24nmM for exanple 12.6 to 22.InM 5.
A fret hody awtlmidedsnadainend iaranyppreceding glatipinmwhichwhe elcohol is
the fluoride acid conprises hydrogen fluoride whose
cont ent ethenpbt ween 3 and 20% by wei ght, e.g. between 8
and 20% for exanple between 10 and 15% such as about
12 or 13.6% 6. A net hod as clained in any preceding

imin |
ﬁéuor | dgh& ose n-at r}f I%ﬂée&lhﬁg cBfihCinCRmRh! tﬁ@%lcohol

hy fogen between 1.5 and

10M e. gontRat WaRThSraRE of. ugi\ﬂo 40% vexastoie, algodito to 40%, e.g.

6.8M 7. A nethod as clained in any precedl ng claimin
whi ch t BeodlOfbsvichias 16tth@0F.. 8. A nethod as cl ai ned
in any preceding claimin which the al cohol content is
in the range of up to 40%by volune, e.g. 3%to 40%

e. 5 to0_40%. su
cl g[ rredp? e gﬁ%ﬁ% éeigle ng c aPl%g gﬁéﬁ%?éﬁngnsh% the
stage of allowing the substrate to stand in solution at a temperature

in the range 0°C to 30°C, e.g. 20°C.

10. A method as claimed in claim 9, wherein said standing step lasts for

a period in the region of 5 to 50 minutes, e.g. about 10 minutes.

11. A method as claimed in any preceding claim further comprising
raising the temperature of the solution to a temperature in the range

40°C to 75°C.

12. A method as claimed in claim 11, wherein the substrate is allowed
to stand in the solution at the raised temperature for a period in the

region of 30 to 100 minutes, for example about 45 minutes.

13. A method as claimed in any preceding claim further comprising
adding further silver salt, e.g. silver nitrate, or a ferric salt, e.g. ferric

nitrate, during the course of the method.
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stage of allowing the substrate to stand in sol ution
at a tenperature in the range 00C to 300C, e.g. 200C.

wa 0768382 hod as clained in claim?9, wherein sPCHGB2007/000204

standing step lasts for a period in the region of 5 to
50 m nutes, e.g. about 10 f’,nutes. 11. A nethod as
clainmed in any preceding claimfurther conprising
rai sing the tenperature of the solution to a

teqper anrfetl’l(‘}H Ldh8alReeE 48Rk 1BowH&Ein thé anfourRtoiake sidver

claiimed in claim1l, wherein the substrate is all owed
to standaltor tfmlcssraltwddeah isin theeangs ofd. 1ttori% byt weight, exg.
a period in the region of 30 to 100 m nutes, for

exanpl e 2hpvutl %abynveighles. 13. A nethod as claimed in
any preceding claimfurther conprising adding further
silver salt, e.qg. silver nitrate, or a ferric salt,

€. 9 Ogerfglh?eg[ﬂé% %ﬁ%@m@d‘fd aﬁirhg%i W #Befin tefurther silver

as clalne aim 13 wherein the

amount  Qhitidp€esid 4@ is aaliéd o ad emousat Gl increxbed thessilver or
the range of 0.1 to 2% by wei ght, e.g. about 1% by

wei ght . fasic domentratomef teasomeibn by 2iraMnto® wM,1e48. 2.85
wherein the further silver salt or ferric salt is
added i mMhtoaddomMt hat i ncreases the silver or ferric
concentration of the solution by 2 mMMto 6 nM e.g.
2.85 nMto 5.45mM 16. A nethod as clainmed in any of

cl gigs ]Ao’nﬁ as \’Sﬁ%ﬁegﬁp ﬁf@f'blaﬁﬁs qkabmsl when dedendent on
which the further silver salt or the ferric salt is
added uptaint &l 9 Ng, ilwhichrthe fattheresilver salt or the ferric salt is

added upon raising the temperature.

17. A method as claimed in claim 16 in which a first amount of a silver
salt or ferric salt is added upon raising the temperature and then at
least one further amount is added, e.g. at 10 and 20 minutes

subsequently.

18. A method of etching a silicon substrate as claimed in any of claims
1 to 11 wherein the said contacting step forms a first stage using a
first solution and the method further comprises:

a second stage comprising contacting the silicon substrate with a
second solution comprising a fluoride acid and a ferric salt, e.g.

FC(NO3)3.

19. A method as claimed in claim 18, wherein the substrate is allowed
to stand in the first solution for a period in the region of up 15

minutes, e.g. about 10 minutes.
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17. A nmethod as clained in claim16 in which a first
anount of a silver salt or ferric salt is added upon

WO 2003/083)52 he tenperature and then at | east oneP€TIGBR@7/000204

anmount is added, e.g. at 10 and 20 m nutes
subsequently. 18. A nethod §f etching a silicon
substrate as clained in any of clains 1 to 11 wherein
the said contacting step forns a first stage using a

fipat SOl Wit AElatiéd FEL1ARE 18Wit ek heRiP fies®eond stage is

second stage conprising contacting the silicon
subst r atcensudtbd at s etopstatoe ubowtlm@n'bthesfmg stagélagride
acid and a ferric salt,

. 19. A s
cl ai med tmp@namrmnl the wange @% ﬁOttﬁ %Gbgqrrea&amplé E[gltP ?Me‘g
to standlnth i st solutlonfor a period in the
regi on @pclags 75 about 10 minutes.20. A
nmet hod as clainmed in cI ai m 18 or 19 wherein the second
st age is conducted at a tenperature above that of the

ICI%?Zt Stﬁ%eth%d%s chihRARA A ldﬁ%lmfhst et ZNgRein Bk §kond
for exanple 45 to 750 such as 60 to 750C. 21.

A et hodtses is candeded ft)ranyerufd ml theregiba afct020 Sheimites, for
the second stage is conducted for a period in the

regi on @Kaﬂmng@@ 4 HIVERS. f or exanpl e about 45

m nutes. 22. A nethod as clainmed in any of clains 18

to 2 1 wherein the second solution includes a silver

sabb, e.g métHocf‘Q% @1??‘13?& iﬂ@rg; 8t @l%ﬂ\{k flg?to A WERBRAhSecond

claimed in any o urt er conpri sing
solution includes a silver salt, e.g. in an amount up to 60mM.

23. A method as claimed in any of claims 18 to 22, further comprising
adding a silver salt or a ferric salt, e.g. Fe(NOs); and/or AgNOs, to
the solution during the course of the method, especially to the

second solution during the second stage.

24. A method as claimed in claim 23, wherein the amount of further
silver or ferric salt that is added is an amount that increases the
silver or ferric concentration of the solution by up to 10mM, e.g. 2

to 6mM.

25. A method as claimed in claim 23 or claim 24 in which the silver or

ferric salt is added to the second solution in two or more occasions.

26. A method as claimed in any of claims 18 to 25 wherein the
substrate is allowed to stand in the second solution for a period in

the region of 40 to 50 minutes, e.g. 45 minutes.
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adding a silver salt or a ferric salt, e.g. Fe(NO 3)3
and/ or AgNQO3, to the solution during the course of the

woreaohosiisespecially to the second sol uti on durP@mGBR@®7/000204

second stage. 24. A nmethod as clained in claim 23,
wherei n the anount of furtfyr silver or ferric salt
that is added is an anount that increases the silver
or ferric concentration of the solution by up to 101V
€. 97. 2 OonRMdd &claitndtBinaf) @ecediab @ i whivh8t@dngts
claim24 in which the silver or ferric salt is added
to the pedondedohihé ¢h00 nplane ootharpt K0 Joglaas oot { 6.} A
nmethod as clained in any of clainms 18 to 25 wherein
the subPtangte is allowed to stand in the second
solution for a period in the region of 40 to 50

m nutes, e.g. 45 mnutes.27. A nethod as clained in
anyqpre ad i I :

BT o S Se BieB o EOr DS rhth Bl CLARE A any
28. An gfegaa;gﬁlgsﬂhhﬁ_on substrate created by a nethod as
claimed in any preceding claim 29. A lithium
rechargeabl e cell conprising an anode that conprises

an _etched silicon substrate as clained in.claim28..
29.  Alithium rechargeable ceﬁ comprising an anode that comprises an

etched silicon substrate as claimed in claim 28.



