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Met hod for texturing silicon surfaces and wafers
thereof This invention relates to a nethod for

woOenunsstg a silicon surface and silicon waf er sBCmade0d9y000092

t he met hod. Background The worll d supplies of fossi
oil are expected to be gradually exhausted in the

| | owm.ng decades,. This ans that_ ouy, mai h energy
Uthel kg xRy SticoBair [y A HEVENEEERE + op! seed
within a few decades, bath to cover the present ner gy
Thisduveationrelates tp RemeBRAigr fereragse siligon j§ar @%B%ﬂe Sificod wafers
@ade by tibemathdd. | n addition, there are rai sed many
concerns that the use of fossil energy i s increasing
BAGe? gﬁﬁ&lgreenhouse effect to an extent that nay turn

r esent con t1o
flﬁee?v GBI e B ERETR ai9uflly gifiited in the
oblordes Aecades. éhds nivans grag ove mbﬂ@gmdumipathvalbsfecentury will
Hde t6We r6plns&t eltﬁﬁda eéw idesdBeNboth @ @oFetche P&y energy

éo%‘éh%@tloﬁ 2R HRL cdeh M inc ! Cl}l(!hreégegl%:ﬁ %rgéfhc?eme%rdt h wth

C
nmor e energy an t e pre

AR e P LER e PP PRE S 530St e s
ineteasingdhe paréh greepbowtsrgfEadt o @ ewienhthat olagdprpdawgerous. Thus
theeir8ght fssampelod. of THsil ARBSAR] FRENEBly Be tepBacéadly energy

Po%trfgé%angler%h%t@?e %et’rLeQ&;ab? elujld S.ls a}%éﬁh& 'f(gr odr dplfr&ggf?and environment.

rea ar ceI
ORF Patenelby girkt 15 Ston i, Ricr OBy eﬁhts%%' St ¥hstty more

preogn thantthe pravemiedridagny fogem@idpllgcreaﬂefladelmane@teegv g@nsumption.
Hbkah&e s@lbﬁcﬁbé&bﬁidlgﬂ’lh@fup 10CDHAE B R X fbﬁ)ﬁv@&dbé buipetitive

é)vﬂﬁ %@1%% #ézef Wy %%? LRl ﬁlsl r\ﬁ}aﬁeﬁ ‘?o x{ga tlf ﬁler \?é‘éggotentlal of

e PabsSor ption
frhéfspk?étcéu trl‘?i@‘)b?ﬁtﬁ ed@&hﬁdo a hi gher degr ee. In

order to maxim ze the efficiency of the cells they are
Mext oif thd splas gghe aronrodneoiromonenredonnlii-grystalline silicon. Due to

a@highrsefﬂae@ X EORthe Guil¥ced@PABEdd Pihe@Ppotvoliicematerials is

ﬁgu?l 1?%5&586 ﬁ@é’tgﬁ ?? eglgdn%% t@é Eb%ogﬁgltlcﬂ{ {)Pﬂ)[cg{?l% La{(ﬁ%r% %nd thus
g the QT GORGT I8 BB G911S. Al EPUERSUTIRES GRPrOVes the absorption
Wwiitle afflat euifacenifidcantlie mdanhing dehth. to lzlrﬁlghenmﬁreé Mn obédrito
E !ZQ WieSe %Ye‘?lcgl'b?'tﬁe Sel?saﬂheg a?ea‘&i: anka § aﬂg/ Rovered
1€

I ne s uti o Ve uni orn1 IS utr.o
ARPO{IHE BE}O%HO?t?ﬂﬁ)‘i’ﬁba%Hf@btﬂ}bg PREPUTMPHYS trig §E§n

for t he behaviour is that dissolution of

Buioriact ystalline Si is due to the orientation of the

'E&tﬁﬁﬁg Ogr ﬂcgﬁ Wa;ligl%rlg gﬁeseﬁlﬁ§ dogé lbg %h%?c%l %{cihtl%mb&%tr strong
dkalane sl Wgorpsnor ind mlxture of hydro uor1c a01d and nitric a01d
Unfortunately, both techniques have their clear disadvantages.

Etching in alkaline solutions give a non-uniform dissolution of Si and thereby an
inhomogeneous texturing. The reason for the behaviour is that dissolution of multi-
crystalline Si is due to the orientation of the surface grains. Thereby, the reflectance
of the light becomes relatively high. This problem is solved by use of etching in
hydrofluoric/nitric acid which gives an isotropic etching, which is orientation
independent. However, the handling of the acids and the treatment of the wastes are
costly and environmentally hazardous. Also, this process is difficult to control, the
wafers are more prone to damage, and the process is more expensive.
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hydrofluoric/nitric acid which gives an isotropic
etching, which is orientation i ndependent. However,

woheoohassdhi ng of the acids and the treatnent oPCTN®2009/000092

wastes are costly and environental |y hazardous. Al so,
this process is difficult to control the wafers are

t o, damage, , and t he ocC '
URGeH 01 tsClosSuhr bing orgeder SHeae dRYINE frgting gecessions on
thesilédan gefacd byiapegisoiopihetchinges f QHsscdwtiethef gisilicoprvater
thes i ACL nayk ad118Wes @tyr@msstrei&mtaﬁng th HaaR! diEhiap sofutidn of the

ailéant‘fogﬁq WSS LU AITESE o L UG Bty A0 HHUHARRE o
wHtaestatde? ko 8i'e hAethOf“@@é% §ogna.2 Vrie zegptheofiriingthenpigs
arﬁscﬁ:bcilﬁc aed ny wpebyided a3 aV(ﬂiehﬁgﬂ e®(fhlﬁ)g BrdoesHenhanded by the
a Iotsség ggalfnglgg]iglezanysottr%p@&%hl dﬁg rﬁk?gé;l e§s1 ns w1th sharp
/gggneéﬁﬁﬁmgee@eﬂgotf% ﬁ%b%h‘f’ rﬁgqré tog§mo he surface area of
theirscassiops givhg hhungled ©1F edgrr pationd oﬁthcerec@sﬂms iforsed by the

MitdrshiecRefRAESIcARNErs, while the isotropic etching
i's reported to snooth the surface area of the

'?fg% gl%gflrgﬁrge gérﬂlrre alidup G?gllf?{og C%ﬁ %@erggr tfuﬂ&?orff)f ]%&@ntlal pH and
EPRPCEABEST & %%083113/ wﬂam%aafis fia med 733 PHE fEicad efié the
Panbtixothiagfanppf] ench a$ shekh anBigueepeThe diagsam inees the potential
£I§ﬁfﬂ'r@ﬁﬁoﬁ§‘ EbrRIQAhSmi N 'ﬂ@&tl@hs an’t}f%ﬁ: eﬁfu@hlﬂ%ﬁﬁrdoﬁaﬁlons

he Pourbai x diagram[1] such as shown in Figure 1

i"—fﬂé afb A Eé‘i&lgh‘b%ﬁwée%es iPRIEDL A LD dQé‘c'r{b%E %ﬁr tR8Fornfla:

ectrochem cal reactions In their equl

condi Th n reacti on between Si angd \wat er
can b%f*ggg%ﬂ bgﬁzojog'FﬁJr%%r mul a: S| + 2H2O = oo+ am

The for this reaction

lg‘? eﬁnz é}lum EOtgnqéaé'f bﬁ%u%g?ten: (2) The potenti alj .
Eqn. 2
e B PRl g e g, 1. S o'et.'sSSIZE{SS ove

line. Belowthe line Si is stable fr

TR%PPF&?H Ala F9B 2 SHo s M é?waiéwy fmcwé l%rqpﬁeﬁeﬁ@do%b?%\ﬁqm the
dlagrems,dhgsl Sh@, rsestattle aboveSth@R litre HREo WShEBint Sites (@plefrem a

ﬂﬂ%&x%dﬁ%ﬁ%ﬂ%ﬁ&h%fvw es with the pH log (HST®B ) -
15. 21 At a concentration OFHSIi B equal to 10

.ﬂHM%H@. R r% Orlgg séiﬁs%ﬂeﬁezgﬁoﬁ' nes denoted a and b

resent t ydrogen and t he oxygen

evol ugion, ct QRS- I pectlvely The potential -pH
rangegbd) ? k@ééllﬁis represents the st abk ity

TAL 9198183 concentratlon varies with the pH:
log (HSiO57) =-15.21 + pH 4

At a concentration of HSiO5™ equal to 10™* M, the pH becomes 11.21. The lines
denoted a and b in the diagram represent the hydrogen and the oxygen evolution
reactions, respectively. The potential — pH range between these lines represents the
stability range of water.

At low pH-values the equilibrium of the reaction Eqn. 3 is shifted towards left
giving SiOa.

The oxide formed at pH < 10 is stable in aqueous solutions except for HF-solutions.
However, at higher pH values SiO, reacts with water and forms different silicates,
H,Si05, HSi03™ and Si0O5%". The solubility of the silicates is dependent of the cation
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At | ow pHvalues the equilibriumof the reaction Egn.

3 is shifted towards left giving Si Q2. The oxide
wobanmad3sas pH < 10 is stable in agueous sol uti 8a%/N02009/000092

except for HF-solutions. Howsver, at higher pH val ues

EII gzqrgeaﬁltss with water and fornms different silicates,

[ i and S 2 The sol uybj | i

prepentdnitbe selytigapardialinese Wfé‘sc%?ﬂtadﬂwugeaé’\éﬂt fqefffﬂf fike Na, K etc.
theafi liddtenarelwatat kdliblae sol uti ons containi ng al kal i

nmetals like Na, Ketc. the silicates are water

O%Eé%%ft@jtn%ﬁﬁ,y@ of the | nventl on The objective of

I nnovati.on i s ro

Tht oBicpTia T obir SPOVRHTRE B Ot AT PR i ha bk %9"“’“
wadrs twhocts alonets wke challsalovd efeBing sohetimms\aatariichiproviges s1 1con

w%fé}ﬁ‘ 'v&flﬂPQEfglnYﬁéa% Notvef tefteix Wity carnparad el wadervafigjest to present

resenf chem cal etchin rocesse Th
%%P%&f?‘i?é? TOPHE“S nvent i on may begogt ai ned Ey thg
ures as,.set. forth'n .
The phierRS a6 Mgt iy bE RECEREL AP e Raflred Mfset forth in the
deesiptioptdfche afventien baloshend/ar Ilfh@lelmﬁtcﬂ%ﬁlsi s based on

the realisation that by inposing a potential above the
peb@iptidd of MRtifWtan of water during etching of silicon

feres tion albasecf(p th%qjeyl'ﬂaﬁ% t ‘ﬂ?}r }%Sllﬂ b B6Rntid1 Aove the
TSRk g e ! S PR A P2

proto
stabwgmp%erttwé o§ pzyagﬁr c{uHJélgvgéqc}gpgg ls*lg:@g W 1 1]11&?1@]'&6 solutions,
thdratwiilot4tpobe figneedsixlybec aed ptotoss atoihg vdeesiriak, lowering the

E—Pﬁrtﬁe \%'Aﬁ:] Qﬁfa{c‘érﬂﬁg AhRL&! t}ﬁl@ %stlﬁfp%gl&l%rhssﬂﬂcfeﬁﬁ wabeg

surface

e o e Sr bSO e e
chiment dédmetypHsuﬁicaéﬂtkywtﬁxmgnamd thusghe pratbh goBiatoay éhlqcla}lly lower
f% f)ﬂntg a@llolﬁafdrﬂl%t@ﬁ |o'f”sta‘B[bS81d:2L€\IeH€iﬁ stroh@ aBdiliae eblutidheaBurther,

ese t ed.
i oSSt e PRRCHL RS RO hAR O SICh hreas are
nbb praieétod bydhel cwireit mﬁwdtréom;b@éwh% Séxdc\mlh us;}aetsHeJect to
ﬁ‘% b?Qh@ Qik‘eﬂlh@ BolufibHSThushehdige ¢ffa Righipgierpol eml;ﬂrahg alkaline

egfrhug%ts? ogs é rsfﬁ?t ﬁ‘xt gathl' %xgrn 3)%0 ?ﬁérﬁ%ﬁlc%vﬁflﬁ ‘%sd'f' oltn:}g alkaline
sebitipmis §n S meredseEPRIC LEHRDPIE BN %magqq@ogs ﬁg rgcter than
JoavegeiR0 dhetival a&hﬂfg inhdiral tensodutiomsn Ahug Heerboadic polarisation
a%gﬁﬁl?l'l % ({ﬁlequ@dﬂ aﬁgésbﬁdrﬂﬁ%enezméj&chfﬂé‘%ﬁﬁ@q{’a‘fer.

I on accor I nventil on causes

égte ”ﬁrﬁg% %tggghnpqe ent sx{‘%n%Il ?%la e-gtw% th&hdd b %kturmg silicon

A e N
tmwhﬁ@tbﬁm%mﬂwwfs,esmhere the nethod conprises: -

d 1[’ﬁ’fﬁér§h@thte Reafemfigng allelar selkadn atepfol It iaod at pH >
-1a%p13§1ﬁg a potential difference between the wafer and a platinum electrode in the
electrolyte in the range of + 10 to + 85 V.

The term “anisotropic etching” as used herein, means an etching process which
involves different etch rates at different directions in the crystals of the silicon
material, and thus provides a surface area with an enhanced surface roughness.
Thus, the term “isotropic etching” as used herein, means an etching process which
takes place at the same rate in the different crystal directions of the silicone material
and which provides a uniform textured surface. The term “textured surface” as used
herein, means any surface that have been subject to treatment for enhancing the
surface roughness.
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- applying a potential difference between the wafer

and a platinumelectrode in the electrolyte in the
woamyaisd74+ 10 to + 85 V. The term "ani sotropi @CT/NO2009/000092

et chi ng" as used herein, neanég an etching process

whi ch involves different etch rates at different

directions .in the crystals of. the sili co

rmt eri al .
Thaderrhia KpHBYFAIBEOR. S Redcie TSR dRC AR S st ali metal
hgdirokadeinr waighnissnplFhobsuitdbée tlEnincoimpoundpfar realohg g alkaline

6’1] tlHﬁ‘?Hcl'[lﬁése'b‘ﬁt iRANEN AN &L $HORY RYOK ERE0MNK DAk es
ace at thé sane rate in the different crystal

T‘ﬂ% r’c&‘ﬁ{l L‘?@t%nﬁgl &ﬁﬁreﬂcle*’ Qﬁ&dni?érgf'n' ﬂ{eaﬂg‘g M&&Bc@[@ﬁﬂe@&trlc

m textured sur ‘1.ex

PRSP b B e KPR or 1 VA Sl B RO e lpetricel
fheentsnlye catumbcharg@fntmnona‘ prinetththecither, alse kagmnaase

e[&ﬁ%;h{bgﬁ% fggfeuﬁmm ﬁle'@ab{iﬁg&??f Ql'é'pﬁﬁentﬂﬁ d&ﬁ@@nt&reﬁb Biven in
Vi Biee e Ry Bosfecdind? dpfa Grbsl e sk Mty
maki n the al kal i ne solution includes, but is n

T|hierﬁ1§t g tagcorg;r@_fo @q/enm@gr(éw 2% omﬂgsn?o&srﬁurtlace texturing
ohpolient waferslitfaft erzanGeintlysedised thereflastaneg afdngpming radiation,

afdli frh @y ﬁgﬁmdaﬁgsﬁl%ﬁhﬁlc%gkﬁé @ff@fén@?tdf@me batnaais &Rt is believed to

h be d t
b@loé’éath?%hV%F% E%w’flg %vcﬁ]?éﬁlgnﬂﬁlst cﬁarggef ?g?r: gﬁe poi nt

to .the other el ectronotive f

Trvdmiuan PricatabioasdpSeBRit aroh o arsicus Sfev Yiaeate
denondpbsitineexi water taqrrkiong aefl ey godgasld the loblamtieg reaction:
el ectrode of platinum The nethod according to the
mverﬁHz«m r@p:vmlﬁs%aehonogeneous surface(Shext uri ng on
silicon wafers that significantly reduces the

Wailk ¢ied ginicen &f andiEetiyndissorekdini A1kalimnsblutionss:
significantly enhances the efficiency of the cells.

Thi s gff ggt yipebel i eved to be obtai ned bg)t he

foll ow ng mechani sm The inposed potential above the
stability region of water are believed to create

Rish opprsisinsitale plecoan ke swfaseotidhe PEhen heyyelcgasalgye 10 the
Slﬁemil@' EWb Npat @ dain cate BHRDh svater alnd4ﬁdi‘m-lsﬂ4c£e-(151)s On the other

hanlfiuﬁ tfng %uisf%lﬂ! ci:e ltg% ﬁ&glqhg ?%%/éﬁ&%?e%é@&){ g?r'ohﬁée‘s riﬁotons

RSB JOORE {1FGPES Baceen e SUHRSH I TGTF i X 1 pEBe &h the surface;
taboverallOrebbigorSisddestidbes] byEfQn 3, givemebsvd. nmedi atel y with
water and formsilicate-ions. On the other hand, if
Thediess1t86h od8Nghd Yoringtioh @t Ji0e ok e facaistinivially supposed to

t?ﬁgp?ace?ﬁl c49%18£§§ \Qfﬂg é’@fe‘f&*t aq\(‘ﬁ‘%n{at@ﬁ)npwhllﬁﬁ (IIGfO)o Purther,
thiee Tsveh e (ake AEERLH Diage A8JEFHIBERTYIE inF OBy yesction is most
iatxoe. THdrebyli thew artaare phssBiatad dbyfformeioroof SF0.Sindxllomw
§ib&1845d AGEnihg) bPhddrBY hikas UPROSEFEchQeaction rate slows down on the
passivated areas; thereby, pH increases and the oxide is dissolved and anodic
dissolution takes place. The process fluctuates over the surface and thereby causes a
non-uniform dissolution, providing a more homogeneously textured surface than
that obtained during conventional chemical etching. The high polarization activates
the grains with a less favourable orientation from dissolution point of view; the
current intensity increases and thereby the area is locally etched and passivated. The
process goes on until a stationary state is reached.

The SiO, formed on the surface in the alkaline solution is only stable as long as the
pH on the surface is locally low enough, pH < 10. Due to local fluctuations of the
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take place on crystal planes with a preferenti al
orientation, which is (100). Further, these reactions
woabw/isa74i al | y pl ace on | ocal areas where thePOXyg@RM09/000092
reaction is nost intense. Thefeby, these areas are
passivated by formation of SiO2 and all ow di ssol ution

(etching) .of nearby areas. The oxyg reactio te
cureils o RAY hEETHERSY Fabeaios il Apcegyital fats, o _
degeeibedsestationlarytstateys detaireddilestibspdetiamhtanndilee formation rate

o? h:?ﬁl@ e L1t PKESx il FBAned B IR REARE Hebbfmby BbRusOMEthickness is
a_non-.u

e surface and there causes i form

dgpendsni en ,P%Pgﬁq&pﬁgg% tﬁg F@aﬂo%%ﬁ%%té% ion, i‘/mfl ét)l( ’ﬁerméa(frature.

surface than that. obtained during conventional,. -
ThRGHSG RIOBLB g RAES Iiogh O S ThsrcaReeT G of fhe OFF -
igtsaindsheidmperaties;sthe alisuhaivngatsrinereaats withfthoMH content and
hESELALL BRI L et bASHET BB A0 et

S . i ) .

CpHEERT St g 1 B Hetr o RRS B R PRORApRIFE RlL: gofbatial
vetsas expasure tivtee dlkalimonspmpationy; fd tonperpbire Jlpyewer; i is probably
nbf §n1§| diRl sie]? 8f §&¥_akﬁe}t&@ witicl9 EiVBé aSitbbgabl teomgings Thiefqkl the
.on the surface.is . .
PGk P £ fe o ianle PAEROHPRAi A il poEn Al be
ableni@dfied by sspefl eRBEONJIQWIpdgeand{ ordrinh PXPAIMERISt o, as

descri bed, a stationary state is obtained; the
Inicssod flnsimn Na Xt on KPH ie theorllvali comppaert. Bpssihlp garappeders
eﬁﬁﬂ@;l'iﬁg Teinkxhelee htigbaren cél’flﬁnﬁwﬁd‘)r&iﬁe tieedkaie solpoibousnges

ts L.ckness .i s : , . '

st PR SR IF BBl B PENE Bl P8Pl B e o
abpusH) wei g taraboyt 4&weaghi Vailkspli; Thejhpibigmnerabireypy be from
aBOUCENEC abitorabohit TheCbut-wilbtypicailg Hehia the mpegeatremebout 30 °C
t{) 280193 SSOS%.UAé H{érrllﬁﬂhgd,'tﬂg gﬁgi d %ﬁt’i‘alt&?osgﬁg %tf@rnindadqﬁlatinum

eratures or der et ext ur t i .
CREBE §lecirofly 13y ’éltgﬁrr%.‘?'@t ?mc+o]ﬁ)o'°n’£% &’n}é%ﬁ’vghl{y 1??3@' bein
thheangedroreabbopo? &ph§> VThe paraneters are: potenti al
versus exposure tine, alkali concentration, and

T @goairtine bopelagisation tiine, phodhais|tie iameosiby tiomeofSibe wafer in
T
U KRR A ok iy e e
thytedidecrodses ovittomckensinglaigle camebhtration) bdthésmppertapatsd applied
ﬂdggrftl l%éﬂérei;i@é.ﬂ?grhlﬁggle%ag@eﬁfangése%ﬁ}glﬁfﬂblo\e@,gcgtﬁ @RPHMure times
| | | . .

et B Bt ek PottG EoKh abayara Bt T ot LS B gn the
rabgeifrofh sleiug Bt i9haboktid ) miputes Bastthe aetasmetels givey ahove, the term

tpBLeak hyphed {&irﬁﬁl? than@ese Bovmdatovire bt whb@hte% t 0
about 40 wei ght%al kali. The bath tenperature may be

&%@%ﬁ?ﬁﬁfa%’;aglvgﬁ%faggoﬁsa Bﬁ?ﬁ%g?&d?g tgé'glldtMiEE e%c\l’]ﬁlig?ﬂhidyfor a

HLS TRt AE g BT A (HOPaRtreh > AEPREL I L g et damaee
freqbufiasamd bous e abobestentié swigcepexiin layes of sywaferpnhhe pre-
é"céﬁ)in%‘f)eﬁga May Paly bihl1-2 ¥eddnak ky abeuti 30 mttute§rigpeddingon the
gxk%gr% of+d231(1)natg%s -512133 t}}{'ckness of the surface oxide layer of the wafers, the alkali
concentration and bath temperature. Typically pre-ething periods are about 5 to 10
minutes.

The imposed potential, and thus current, may be pulsed in order to enhance the
electrochemical pit etching effect. In the case of NaOH or KOH as the alkali
component, the potential may be pulsed pulsing from 85 to 20 V, the alkali solution
may be from 2 to 40 weight% KOH or NaOH, and the temperature may be from 30
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The exposure tinme or polarisation tinme, which is the
imrersion tinme of the wafer in the al kaline bath when

woheodpessamt i al difference is being applied, isPdeperno@®do0os2
upon bath concentration, bathé6tenperature and applied
potenti al di fference The exposure tinmed decreases

cr ea bat concentration, bath erature
T e B G s e Al T AT BIcE LD A IOR FlURe BGHS fg limited
to aP@eBU@mmn@tﬁwe R5 @0k pdkalk eolutime srommy O the 4f)mmrght% KOH
o"i‘l?@é@Hlar{H t@h‘fp%rdi@ret Qofﬁ@ﬂfo sovec 515'[131%1181 ltbom 10 — 20 V at 10

T L R Ao S 086 o
8540V in g -alfhivei t%oKOITb‘PYyNtl@Hb of rﬁr@@e%&m@@t% tgssagpration of
KOH @hsadHt terdpéranat£B s —py° @ hndns oa,gﬁmn pluysihe from 85 to 20 V in

f W%?%t%rkblh—leoﬁgggﬁ QFer{%lU Q/% ht aﬂfrafg%ﬁ P? H or NaOH
%ﬁwerﬁwr%@rﬁ 05 Gy erieliem P0e & ghﬁhﬁé)@éh%ﬁwﬁ?w OF K0y aF NaOHL

of eventual surface oxide |layer of the wafers. The
Thedavetiongvibius @biaip thapame rayeulatie sedwivgs as readBHNO;
p2Ocd¥h Mbiit&dith d&peMUe ngorerentyiienexhentrieddigdanagest-affective alkaline

e&ﬂilﬁgpﬁlﬁﬁog aljich%l {ﬂl%ﬁ)@%fggr% &ﬁﬂ??oc%fss Eé}ﬁréﬁagﬁftﬁer the porous

concen

syigreatiPy, lgres lﬁqeﬁ Jupagicderdroghemy 99 lagizpfjon dncreases the
avsowptiens.of Tight dupost faot that itakefravtidntihdesx mutmater tharethe index

o*%ﬁslrm!eé?& He&r et%hs i %ﬁh@m&tm &HES Qf?e'"'t%m:&ﬁ{to Rtlount by

. the ca
Bt kapice egﬁgl&ﬁléﬁfeon PRI anT e w%@d:}? BRIt e oxide

afre dep@flenivo20e Pararheter): KEL i+ cendantiatinn npotemigalf tepmpe2atupe and
&Yook giitdo KOH or NaCH, and the tenperature nay be
from30to 70 OC. Exanples of suitable paraneter
]g.;{rbfr#atl ons includes, but are not limted to:

Bt Entgurs pul si from 85 to 20 V, alkali solution
Rigeip 15 &Bowba%glgﬁt% RESHE bY]- NaOH, and tenperature
from30 to 50 C, potential pulsing from10 - 20 V at
Rigure 246 awdilNg IigsaeDrploof ABCH sakiebrt wafse rhmageifafativg 3009X
C, potential pulsing from85 to 20 Vin 2 - 10 wei ght%
HEhteot isNa@itrographrsbhowiy aveiadint Waich is abemahilyretdfedkK@piweighto

@O%@d@&ndt AREAGEY E}‘?@)s%pe timreOPR%urea) s ROT BYUN &la 1ﬁcat10n
- 10 wei ght % KOH or

n m 85.10 20

%%@&@g\ﬁéﬁgjﬂ%@/"t{% saturation of KOH or NaCOH at
tenperatures 10 - 30 QC or fro Ctot
Eighre4 Bra ReiogiaPRSOAV 182 Waltiel 1i°gﬁs RFY- Ftcgﬁ%? %{)Fagwes in 30
whighta O Hav 6 0rahitieernt polatisédtprd9 hinetddrt N0V 3Pprwe @3 5 at 650X

RinititoSRl Qfatuhmowlﬁagmcaegﬂrent al friendly and
cost-effective al kaline etching solutions and w thout

lilgﬁlfﬁog bl %ﬁ%ggfaltpﬂ sm) ]xgﬁﬁe vxéaq \Rfﬁ ch if Pf)fa?ﬁéd i BB él&%KOH at
P

ace a |ng el ect

b %f@rz%& m&w@m@%& ﬂ?ée~3 Pt PEiuIgr) [i$ @fhf%

hhgnifiagtiort at b) :tts320@’r>{rmagnxfmatmniex is smaller than the

i ndex of Si used for wafers. Thus, its anti-reflection
PigoRes 19 emiadgrdphksbowiing 8 vadeowhichldy pre-etched for 10 minutes in 20

weight% KOH at 40 °C, then polarised for 5 minutes at 50 V. Picture a) is at 320X
magnification and b) at 3200X magnification.

Figure 7 is a micrograph showing a wafer which is pre-etched for 10 minutes in 10
weight% KOH at 50 °C, then polarised for 10 minutes at 50 V. Picture a) is at 320X
magnification and b) at 3200X magnification.



10

15

20

25

30

35

t he choi ce of polarization paraneters. The structure

and the thickness of the oxide are dependent of the
woar@messgus: OH - concentration, potential, teRpPEMNDR2009%00092

and exposure tinme. List of fiQures Figure 1 is a

Pour bai x-diagramof Si [I]. Figure 2is a SEM

m crograph of a ut silico fer. at ni,ficati .
Py 1p GRIF LS TSSIR YIRS AT A WSO TG o R ar TS fiptes in 5
wehtheDERt 50 UE,chen po0ises feht O/smikores 805 CVaRirtyE 2) is at 320X

ARG oA %REBYREIFA0TE madBnehisHiRng) 1S at 1150X
gnification and b) at 3200X nagnification Figure 4

F@rég% G et £b1§§}fb%iﬂg 28w ¥RF i sibliigsclrfer tkiatks in 5
or m nut e 3 ght % K t .
wstaTs KB Fof0 6 ViR a0 Eeporomiay Hopr 3p o 257 o pe-etching).
PESOX ayagat 3200aniagnifanatiob)andtb) 57 GROKX reagmifitatian. on.

Figure 5 is a mcrograph showi ng a wafer which is )
FolranddeehicmogdHhvahiotin dea K@Heawhish i€ proetched fdmivEgutgs in 2
W%ng%h\(“/ K01 R Ro &t CRERPblarfSeq iHF § nfthutes a@pulb#{d0fom 50 to 30 V.

metgni f1.cat | nd b). at. 320 hi{-cation. Fi
PIGiNE i b 5B eRBUT<AY R R P aRP ek g eatsphgvhe
néighbdlr aremoefed. i n 20 wei ght % KOH at 40 C, then

polarised for 5 mnutes at 50 V. Picture a) is at 320X .
Figgeilfliis atmiorogamgh oveing 32005r megehi sl mragtelogdl foFil§umim minutes in

' o6 IKRQSKT SBOW Bfor O fflniltSs & & Wtliaden at 50 V
4?3@%‘8@%%3“ 25’?%@%@%%5% 55" Mhen o
foor HHRSERE PIGFITE S 75 g’ﬁlgn F®°0pi cture a) is at

320X magni fjcation and b) at_32Q0X . ..
FhgsRi 1 18 atmisrosTrRfushovginga Walsr é’%qaéf Sprestichiadnlyr 2 i g2
wiliglee KOpreserPChed ther pakrizedat €3 far 19 wii. e ke &t at

' mb pelarised for 10 mnutes at 50 V. Picture
12)90$Sma%}ﬁgﬁox magni fication and b) at 3200X

P@?‘%i 1f3il\ig t %&?%grgfél? Hﬁ@w&g’ a?w@fépp?é—%%héﬁ BoSH AW RE 28 weight%
l 5 t 5 0

KUOH A8575 o theb oBuI-SriY Yo REHOAIN (RS AR § 99 00X

niddmificaicet ching). Picture a) is at 320X magnification

and b) at 3200X nagnification. Figure 10 is mcrograph

R fensi NGisa MBS spewhirt hed@dpd €roed & khemimily®tetieduvesr bxped to
Lo, 0 Gort1ien; ' b samPldult BSFigts.

A B 0 S g 0P Y LSS b sanfles e

(TR 0P8 B B RO RARLAGLIR SRR 3

] _ ¢ m crl}égr@p t th
wtighi%h KQHWAT & 1Qmish The nefatians K8 @m.d0nipand 40 Ay jeigsent the
ibA-efch &jtBNt % KOH at 40 C, then polarised for 0.5

mnutes at 85 V and then at 50 V

Figure 16 is a XPS- spectra recorded from a sample pre-etched for 10 min in 20
weight% KOH at 40 °C, and then polarized: 5 min 20 V; 5 min 50 V, 0.5 min 70 V;
5 min 50 V; 0.5 min 70 V; 3 min 50 V; 4 min 20 V, 200X. The ion-etch depths are 0
nm, 20 nm, 40 nm and 60 nm. This is the same sample as in Fig.17 a-d.

Figure 17 a - d shows SEM-micrographs of a silicon wafer that has been pre-etched
for 10 minutes in 20 weight% KOH at 40 °C, then polarised for 5 minutes at 20 V, 5
minutes at 50 V, 0.5 minute at 70 V, 5 minutes at 50 V, 0.5 minutes at 70 V, 3
minutes at 50 V, and 4 minutes at 20 V. Picture a) is at 320X magnification, b) at
3200X magnification, ¢) at 17000X magnification, and d) at 35000X magnification.

Figure 18 shows a comparison of measured reflectance of incoming light from
silicon wafers. Upper curve shows wafer chemically etched in KOH, middle curve
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for 5 mn. The picture is at 3200X magni fi cati on.
Figure 12 is a mcrograph showi ng a wafer which is

wonreatistted for 5 min in 20 wei ght % KOH at 50 €Cama2009/000092

then polarized at 6 V for 10 Rin. The picture is at
| OOOX magni ficati on Fi gure 13 i s a m crograph show ng

waf e re-etch n wei ght % K
Bl BtreRle ol ot age BPp e f s Vel Shihel peSaine o
the inveatnmagni fi cation. Figure 14 is a XPS-spectrum
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re etch nute
Aoy e oth s has i Eisige 3, WS 2 BN R se By
vagrofisatmomof 200HX. 71016\1:;1ctarmhmtf%&aathesmoxifuct@orsofrwnfw%by cutting
sflicofOca¥ts 13 cﬁhwtﬁsarﬁibrﬁﬁvy,weﬁﬁ Gt hBh B @im alg Bt fracturing of

R R T Phha H50Ag e i

igsedertedragni fi cat i on Figure 18 shows a conparison of
measured reflectance of incomng light fromsilicon
Theef waters Wepeexpoged o shienss salugions hemagang K B eheendentrations

wdd ﬁltﬁl&ka&lg@ tﬁdﬁ@@h@wa watghf%t BHe (@ﬁp&é‘tﬁl}e mfge fwas@Wto 70 °C.
cur,v accor n

R e s dBRErerts B0RE =PRuRRhEdolfed [y waisdip the

gt 2060 86 ritsanpteniial qum@ase&dabthsyn {legysagtple and a platinum

®xpedridiEitosleV Altef Yipiguiditeahimpté wak wiltkirdwy,esvbkedin de-ionized

\JJ&g? %gfﬁ%%arvlflﬁ? ?%u%ng’lha%lﬂl (ﬂﬂé’hoﬁl ?%aﬁﬁqﬁﬂ %Fera'ﬁg R I_P;qtentlal was

nventi ve |

sawgqhe iot Bnmediatily ﬁftswghflraa’rn t%o‘ﬁ%‘feéllhwéh dléﬁ?‘é%?ﬁ){ 8& ¢his is
it chiticgl. df was dowoin svdbetospienest dissodutadikaf theexide.
solutions. In order to denonstrate the influence of

HlettitaRedink ckagplesBhbwarin theFigupagl aphy asf summarized in
'@b‘l%f E&é\ﬁrﬂlﬂe]ﬁé Qx%ré gﬁgtp%kfo?ﬁl H%Vc‘itl{]ﬁgraﬁl%%} s@%r&ﬁglﬂﬁ% se shown

1@,{56 thledlhese @Fedq;q{@mpgt bdave Hiis &ﬁaqac%ec? ’Eh%% (te}?estechmcal application

of electrochemical texturing will be within the body of the parameter sets used in
the experiments described in the figures.

Some of the samples were pre-etched in the exposure solutions before the potentials
were applied. These experiments were done in order to clarify the influence of
chemical etching at the open potential before polarization. During the pre-etching
the oxide formed during sawing of the wafer is dissolved. It is concluded below that
the need of pre-etching is dependent on the exposure parameters.
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procedures for renoving any kerfs and remains of the

sawing fluid to forman untreated wafer, such as shown
wono®igss7e 2, which is a SEM mi crograph at PCT/NO2009/000092

magni fi cati on of 3000X. The P cture shows that the

production of wafers by cutting silicon casts is

caused by an abrasive wear nmechanismformng brittle

fracturing of the silicon. The surface of as-cut wafer
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of, el ectyrochem cal ., texturin be wi.thin the body
olfztwe pi\ra ter% élsed |n e exp\g!rsgjrrerts 5 6
ctibéd i thePi)lagmeés. Some 2% the Sanplles dere| 6

72

pre-etched I n the exposure solutions before the
potentials were applied. These experinents were done
in order to clarify the influence of cheni cal etching

at the open_potent.i bef qr, rization, Dur.in

b sopen Lot el ool e 1oL a0 g L1

evetfedrwa for.ditsesadposdre Wwas 1sminnc) d@dght% K@WH At$0 fheStrong

hg/@ﬁ%eﬂfe\l%'hﬁuﬁ{ &hi G&e'r@edjﬁpé%@dﬁm 1rﬁﬁcaftl'h% BB Pre& formed oxide is
)

RET T seoh Patigngs BRARsHSER YR lelggegpﬁgs?cgéa%e Si; the

pexpoBUstenoars. Figune Aa,is obtringd dining xobing ths §10Q), andt(ddA}yplanes
vmiﬂt!' 0BTt QYO sUrk BronYVEISE 19 RsATeY! eﬂh@fdre?ierituiﬂ nd Ndi watédteation

Ulsgg &rhgps ggsee rrpﬁ%tgeq%om ??1?1% i b%??:g WJ\!%? tfr ?Hz &@%ﬂl%rlﬂ this

I ne
ke Wey cagigh & fegeavgribe sym @Q?r fegfs ?Tén ‘HF%WVGH& ng
etching the (100) and (110) planes while the flat
Bhrecmsape ehéworim Figurd  wasarresetclmsefor Sppiy it 1 weightVorieH at
FONC A Kt ﬁ]aﬁﬁ&ﬂfolr N0tRinSat OBSE. At W nhgnifvagiont(B0X) it

racti ver. t. h
%HS%f ﬁﬁ%t th iﬁ:ﬁ‘@%e FH%O g 1?315; &‘3{‘1&%‘% 'tré]suﬁtm%él d&g?er\f@ﬁnanon The
glaa/mﬁgr” q‘h@leg:@asﬁptsels dndarapge gitgdOgim- Mglepl?lé %rtlgﬁ%ﬁcanon
(1900EX)TiFighre A0shoeisghiOmiebipits are formed in the craters; the diameter of
the pit openings is about 200 nm. Below the pitting mechanism will be discussed in

the light of oxide formation.

The influence of pre-etching is demonstrated in Figure 5. It shows a sample exposed
to the same electrochemical parameters as that in Figure 4, but it was not pre-
etched. The potential was applied immediately after exposure to the solution. It
occurs that the surface is not homogeneously etched; a relatively large part of the
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50 C and then polarized for 10 mn at 25 V. At |ow
magni fication (650X) it appears that the surface is
woOgomriepi7eal |y textured resulting in crater foPAENOZNNG/000092
The "dianeter" of the cratersl@s in the range 2 to 10
mm At the higher magnifi cation (17000X) Fi gure 4b
he crater

Sggﬁ}f‘%{% e?c&e aﬁ 8? P {s ()S%Vé?ﬁls tgx%{ {fl% pr oemhné%éemoveséh sureface oxide
fileanyd facnlﬁgtmébmﬁtlgmqqss be d| scussed in the i ght

of oxide formation. The influence of pre-etching is
THenbigutasdt dl G shawv glectrosherhicak¢tohimga pseivphed éx pdybdng o
ddﬁ@alﬁ@gﬂo%feséﬁ&ﬁhﬁﬂbﬁﬁbf ROBTRL @055 afd hadightVs Ffe@{yécﬁwely In

orﬁnrgt:glat bltt%l Vav‘r’slf’ﬁcgfo{1 treta{lggtggstﬁ dats é)%%elg eo{(‘-gle\ﬂa%sl n%lce Waf’y R ‘9 %ﬁie other
RaANCterfe T@arsﬂal@ée plrowipin Rigiiry @ ieas s a}rl@@cl RS Walght% KOH at

ex
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e Keppesjhand § demoapiate thali iehing 1 48 padts veight”okOH gives
Qcegtbleguefataisttuasrgo b tieke hasa;g thepte-ttchBigp @&se iedsed to 10

r e
é’fﬁlgmé H%‘ffﬁl nﬁg@ r¥slﬁegg\4%y1’hg?er&{y é’%%@% J@R@Qﬁﬁﬁfdﬂ%ﬁe were
A#b° 6 Y0 \oqrd Qéllnﬁégesthan in Fig. 4) I'n order to obtain
the sane isotropic texturi ng result, as shown in
IETRAGIESTAS Were glag DREOBBSG i1 5 tesighity K&M veithouh ppt-plehing. A
I\eiﬁtivagt.%gddcbﬁbﬁﬁlg\éff@t S@isYchithed exXPO3A ra€tet rRindtest b Figure 9.

;H;B@'@{;er ’_@:‘%gf H?e ﬂﬁﬁ{cg %%CL#IQdSA%ﬁHQtt&ﬁRer} e the ell current
t

Pﬁ’ﬁt %ESS%W@Q%&QSW%P#E@ 5P 22 sap ?rna 0ut30 s.

t hese cases the pre-etchings were increased to
Tie wigragephs i EpEe L) arg fromhe stBpsaxpsedto %WE%@ KOH at
ENEC plo vaisipzétetchizdtfon® m@ polafiz@CforsDMévanst dt®onVmtieken for 5

d“’('ﬁ‘t]:"vé’fﬁ"nﬁh?s' @a@z@l‘?g {u&fdl‘é dsom gﬁ{tgh ?Tﬁép'ﬂg?wever the

w t hout pre-etc ative odd - etc

FASTRRHIG ihedaress Tsvaithepame Fonh 92y 8p&hqse fignest fn higher
KObevarcenatignssatdawer tfmpcdratusest f ace was et ched. At

this tenperature the cell current becane high so that

Frivén thel dbage iviaobdenrsahsoirefdteiing @nhartce tBS diésafutien process. At

I Htﬂ mg’%)%ggg ’}rdmC ni’i%é&gg ﬁﬁ?ﬁt&iﬁ}rf Eﬁ%fn&elg cﬁ{r%atflﬁg% felatively
%’Pé é\f"cﬁ&inﬁ é’eﬁ?flrﬁlon%g‘i’ apiinizs tﬁspr%ef%wgsté@eat 50 V
and then for 5 mn at 30 C. Even in_ this case the

Bigpreatlksheyes B tppperaphy aBeceiebingias Régheyoltagee 8¢ ﬁét@}essample was
prie-dtéteedefoe NOdniar igak Walshit% IO Hatet 0 p»lnbﬂfeg)poasnieldczs &5 V for

z%l)tu@b@%gc hid m%n%(vet%a—t C%T\i/:/ 25115 i E}I {h%\/l‘ﬁﬁrent was very high

atures [
i {%‘fﬁnﬁteér%ﬂyﬁeegﬂ%@@&&hﬁf}%ﬁ%@%&% ighy It appears from
the figure, magnification 3200X, that the surface is heavily etched. However, the

optimum topography can probably be reached at lower KOH concentration and
lower temperatures. The experiment was done in order to demonstrate that desired
surface structure can be obtained even at high potentials.

Experiments were also performed at low voltage. The Figs. 12 and 13 show surfaces
after polarization for 10 min at 6 V in 20 weight% KOH at 50 °C and 85 °C,
respectively. The samples were pre-etched for 5 min and 2 min, respectively. It
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hi gh tenperature, 70 C, it seens that the necessary
pre-etching tinme is relatively short. No attenpt has
woOeery/1dsa1e to optim ze the pre-etching tine. FPQuUN®20db/000092
shows the topography after etthing at high voltage, 85

V. The sanple was pre-etched for 10 min in 42 wei ght%

KOH at. 40 nd t ol arised at 85.V for
R R T e S
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the voltage the current becone high. It appears from
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enough to allow formation of SiO. The results
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%Weci exidgithiskaessipd ePiical |y et ched neither at 50 C

nor at 85 0C.in spite of the fact that the .

Eigneeht shawothedt ecup igom the spplerasoshopa igtBigurg, 4. The

dkige ¥ thidkg tisdnr thedelfiMeks sheodlbatratethely figk matﬁ aheeus the pure Si-
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VB erehin stepsi apceherds Sh5 Higkest PhE ?a?ﬂ/Yhere y be

detempihed.rTtof etok iddpthafare madkdd mrthattigulre dt appeass thibhenly the oxide

ggﬂqu réd@r éﬁ”ﬁéﬁl a%sk Pg@:ﬁﬁ@ts@cﬁ%ﬂ@ drigf | @hulHROSURRgOA frer

# tnrna B et i ySEBEy ek gt 70 1o LhBRSI e &f Shis detected.

At thia btchebptld‘éld ifiteomty of mmehwm hasldeopppdl éo half of its

ﬁﬁféfn@tﬁﬁ%% i é(ﬂiél'it?oﬁgls ukB8 a9XhASuleifakO 8% Riel thickness. Thus, the

Caek%%é '@ﬁ%nﬁ ?f:] gxe O)zﬁlcgﬂe %%Selg _‘du(rel‘zllggefl?ﬁt%roc?glg%casf efcélﬁ%%of this sample

istinttee igsil0ite @9 n. It A go be PoimdedauidhRHReLGHdk prIsROY be

Hoofeheolts BLitRcKifesSHONSs toise Sbrodpis peket tdIalldw aizsoh@ion of Si.

?ﬁf;pf:‘;fﬁ%eﬁpﬁﬁy@s L‘leed: Ot ﬁedﬂlsc-gpgrgo[ﬁbg@ﬁ 1§(%t%£[518 If&[t?lﬁﬂgﬂrocess
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platinum counter electrode.

The aim of the experiment, which results are shown in the Figures 16 and 17, was to
demonstrate the possibility to manipulate the surface morphology and the oxide
thickness by variation of the cell voltage. The sample was pre-etched for 10 min in
20 weight% KOH at 40 °C (the same as Figure 6). During exposure the voltage was
varied vs. time as follows: 20 V for 5 min; 50 V for 5 min; 70 V for 0.5 min.; 50 V
for 5 min; 70 V for 0.5 min; 50 V for 3 min; and 20 V for 4 min. The total exposure
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réabrided. Ahihst meritﬂel XY ged sUERUhAS dFpPSEtEhaIlf ifshBadixihe value.

ﬁglccek ess, erérréuosl e aver age utgﬁiycwgss of the oxide

ot fed “dur r%g Xi P oehem cal ng of this sanple

.S | he ran oi nte

%%E{an@l%wﬁﬁ%ﬁg% E sy oS te 7Ty sRhEE e iirzed a

e us pobantisby dbs shme anerpholagydb lf@wddﬁr\@@wmrpm the ssfiface. The

F‘i%hﬁeselﬁﬁ%hmﬂﬁtsw{xr\/tﬁét hépParse drtetdvae h HEOMABY 5tBA0 pm. Within

i calels}\‘eterd Rlof P&l akd nI%tel%r grﬁlgﬁg’r ]il"rgs %% g&é?ﬁéjd ea(ﬂaen of these

etralzesmmraw@ e‘ht mgg margnp%@aémmaﬁguqeﬁ aa manﬁo '&sﬂ %& b70 0 and
HoooiXespaitives it dppewaf that andopliatdre fonmoolinttese pits. The
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ness
t\hé|mlacg@ogenﬁeu%éwm®tm50fm><é P el lﬁﬁlﬁggqsteﬁdhat edges of
theipdista?e Keddraied 49 XG4 tidgessankthasthel Quyzen Bactiburtalg place at

éﬂ%ﬁ? eTEQ ﬁlsgglluggﬂ@a%?plg ﬁnetge \7‘%11‘[{/5 ?frﬁleac?%tfeiﬂ "hﬁ%"@etalls of the

We?&nl%nhﬁﬁ“o? Woflfﬁd‘@léatﬁfn 50 V for 3 min; and 20

V for 4 mn The total exposuretine was 23 mn. Figure

€ G epdurcaR@lfled XPS-spectra. In this case the
’SMTtHcerdbﬁSdalta) therefiechate d}@W‘ﬂlstth)e “4@vahenigridef thehéght, is shown in

H%I!H%I ]l%aITh? %1&@&%&% Qlli(?wgl{eqa @e bfh g%@ U %irrpl%t Upper curve

e, 0X
ehiry e G el y ﬁ%@ﬂialéﬁaﬁge) (PR Stk disssir e
candgtindry is4Batneh thé’h\elfﬁﬁl‘ylmdlmedglt RBG ScECril ®day, employing a
&ﬂﬁf‘éﬁﬁl&%l%ﬂ&&%@ eQ:fhn{ o%@é@ lT8e ROV aF &&06 (AY) Ysa(FBtﬁ’M%d after

tentials. .

Pt GV o oy @ﬁi%’% N 3% gL RGoPh A e Bo¥ible to
loveer slee taflectanse gorsiderablye In favget 509 omp@avaienathithe reftasgance of
08 gongiRda8mple Lshedeaa9e1 /8 batiak Sedoridd BonpPikeSalidlfe etched

ealed The opening of these are 2 mmor snmaller. At
%Fé hagnlflcatlons figures 17 ¢ and 17d of 17000 and
35000X respectively, it appears that mcro-pits are
formed in these pits. The "dianeter"” of these
mcro-pits is in the range 100 to 200 nm The
mcro-pits as they are recorded by the secondary
el ectrons mght be an effect of the inhonpgeneous
Referendsut i on of oxide on the surface. It is suggested

fhat gprges P%tuﬁahb@ m&ssoiamcg@@l%%sﬁmmleﬁh%Aqu@s@sss(ﬂunons
ﬁg%é rﬁlous];ton Tex sg% reaction takes place at
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their roots. The dissolution takes place in the centre
of the crater. The details of the nechani sm have to be

wonodeadsowt | ater. Refl ectance neasurenents TheCT/NO2009/000092

recorded data, the reflectangg versus the wave | ength
of the light, is shown in figure 18. The m ddl e curve
shows the reflectance of the as-cut sanple. Upper
curve is achieved froma chemcally NaCOH

Cﬁ%ﬁk@éi ne) -etched surface. This surface condition is
that of the wafers produced at REC ScanCel | today,

enpl pydigy gorgg%ﬁﬁgg isggfbgi &Jﬂgfg Gller&HNhB@oR BREFRes: The

| ower _ curve ned after polarjzatjo S

gi venimmersae eearpiess %@ﬁahﬁ%“ﬁwg’? akp r?o&\bmﬁf it

i s pospplyime: 4 polentiel diffieeence flebeteanibe vefasandbr abitipuni electrode
fact i@fhe?@%@%ﬁ%@ﬂﬁfg@ drherd &f Lgstwance of the

pol ari ze nplfe 1's reduced to 1/3 of that recorded

frf Qﬁo@hﬁg@%&%ﬁgﬁq surface. Reference 1. Marcel

Polr bai X, A ; trochem cal . Equilibrja in
Aquebhragisriseqd sndat m&@%@lmwrw’é@ ate ﬁ%ﬂﬁ\l"l@@nior more
Met hofl tHeofolloevihg compowidsi EOQHWRDETE, N Hrandt ke@bret hod
conprises: - immrersing the wafers in an al kaline
Zgif.?Métﬁo@hcwrﬁngtG,cleaﬂldl or 2ppl yi ng a potenti al

¢ RRRAFERRS IO R Rl gl B3R gg.gut :

Vbt hETHEY 8 AR9UE BYR DS Ao ERh LR B P famoappt D fig about
al kaBoneinstdsuti on is a water solution of one or nore

of the foll ow ng conpounds; LiCOH RobCH NaCH and KOH.
3.4.Mptdadd acesrtibigitg cliincd,aim 1 or 2, characterised in

t hat ch%&c&?is@& ot B ik AR%e Qﬂ&tﬁbﬁ‘ist PROBNGENEOPMolution with:
about m nut e gp to about two égrs, preferabl%glﬁ blv i
the r&ABECTHFabieNdRINEADEUL S WekilYe AlfaliuR jp saturgionypr¢gEbly m
accortlk rapgedrarh abont3,0 whimhtlétteabeetd( weighato alkali,

al kal ig3g, &QlJE-A0R fdmEatiEh oot WaHRek vbicen pyéftfibly from
concegt rtg%d frgm ﬁbg}t? 2 weight% alkali up'to

sat ufaPton gﬁ%ﬁ oy 'n the range from about 10

wei ghtths polaalyingt tim€s aweifgdrndsoat Raninutes thabput Ehpepwesrand
from_aRoubplidl Sotbiitidl AcAdiehe wafde andreflefifihycobihMelectrode is in
abOUtthég Qangg é(g)m %881‘1%%2?9 toQFSS V.

5. Method according to claim 3,
characterised in that the alkaline solution is a KOH- or NaOH-solution with:
- concentration from 2 to 40 weight% KOH or NaOH and the bath
temperature is from 30 to 70 °C, and where
- applied potential is pulsing between 85 and 20 V.

6. Method according to claim 5,
characterised in that the concentration of the alkaline solution is from 10 to
40 weight%, the bath temperature is from 30 to 50 °C, and the applied
potential is pulsing in the range of 85 and 20 V.

7. Method according to claim 5,
characterised in that the concentration of the alkaline solution is from 2 to 10
weight%, the bath temperature is from 30 to 50 °C, and the applied potential
is pulsing in the range of 85 and 20 V.

8. Method according to claim 5,
characterised in that the concentration of the alkaline solution is from 2 to 10
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- the polarising times are frombout 5 mnutes to
about 30 mnutes, and - the applied potential across

woheoowassgs and a pl ati num counter el ectrode i SPCI/NG2809/000092

range from about +20 to +85 M4 5. Method according to
claim 3, characterised in that the al kaline solution

is a KOH or NaOH+solution with: - concentration from .
2 t o W ghide cihe drikCiammperagaeHs Afan tLRdo B4t eadples apnlicd potential
is fropulthd M the rAge &8s me2®V- applied potential is

pul sing between 85 and 20 V. 6. Method according to

cl @i Mretho8 RRE&Eh S Io5Q8int B, t hat the concentration of

the al kaline soluti is from.10 4 i ght,% t

bat nctasut el i O oihesh e 'l Sl iom 101
pot er0i wpightopthestatly tampersfare Brigemoy0 ¥5taie tmaling pgint of KOH-
Met hegt NaOH Blgbr, @né kigd 4ppliedPoasraiil e pslsthel id théaingehsd 85 and
concgﬁyvation of the alkaline solutionis from2 to 10

wei ght% "the bath tenperature is from30 to 50 C, and

th ied potentjal 1s.pulsing.in.the range of 85

and? 080T R G B Bt ghilfs "o ' €

char aberacierésgdiin thaidhe waEers srcuibi 9@ e eprefetalieg period before the
al kalpotent&Qlisihppslied By beipmimdmesseiOnahghliAlint Relubiah Rvithout

tenp j 10 to 30 C, and the applied
pote%%@gﬁhgéﬁ%5§%ﬁﬁ%"in the range of 85 and 20 V. 9.

Me cgordi ng t | ai 5, characterised in that the
coigﬁﬂFﬁﬁﬁﬁ%ﬁ°ﬁﬁhgﬁ%&%F%2P1ne solution is from10 to
40 wethgraotgriserdn ihatiihe repetebingrrerios Yarigmizom ¢-3 seqords to about
boi | i3tgmpaited, peéfetdBtp frobiadhdus al tot i(omined t he appli ed
potential is pulsing in the range of 85 and 20 V. 10.
Met hod according to any of the preceding clains,
characterised in that the wafers are subject to a
pre-etching period before the potential is applied by
being i mrersed in the al kaline solution wthout

appl ying the potential. 11. Method according to claim
10, characterised in that the pre-etching period
varies from 1l-2 seconds to about 30 m nutes,
preferably fromabout 5 to 10 m nutes.



