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WO 2008/ 135804 PCT/1B2007/ 002570 1 I nproved process
for preparing cleaned surfaces of strained silicon
wb8h/8isel he I nvention The present invention %Lrﬁ%%gmozsm
to cleaning |ayers of strained silicon (sSi) enu e
5 by selective etching of a layer of silicon-germanium
(SiGe) in contact wwth the sSi |layer, as used in the
fabrication of sSO (strained silicon on insulator) or
SGO maproved prgcessdior prepirtngeleanedisustacas of striaymear silicon
waf ers. Background Art 10 A nunber of techniques exi st
for preparing such wafers. One exanple of one of the
Relsit of élid Bwventiom current techni ques for fabricati ng sSO
odu tion of an

Iogygr p’)é?e'ﬁﬁﬁ‘&%{'g? |féef§ﬁ?? aj“”a a\feéﬁ gggﬁgﬁig? ”W (SSI) denuded
W ﬁlé&’eé etchfhg e lawbﬂs'ﬁ‘fbn@@ﬁ‘lbﬁhmr@@é) RP&drtad Wath the sSi layer, as

er of Si2 on a silicon substrate) usi
gnﬁﬁ%ﬁbr@ﬁop@f SERL kraise! s*'&%roaduw PR Ir(élaponggermamum

(gﬁ;@rdﬁaﬁgm@gmeﬁ%kl cul ar exanpl es of 15
I npl'ement ati ons of such fabrication techniques are
described in United States patent application US

g&gﬁﬂ}ﬁ@ﬁg and International patent application WO
200470063T1. The fi ni shi n% step of such wafers
i nvol A 8dmbersed teehnigueeseax st pt;ep@rmamb waferse Ongi axamele of one of

?%&tcﬁfel (€ Eurpeth Stediri os?‘ﬁp\f&ur §é¢f&nséé¥$¥j{3teewafers is the

ter tran er thereo rec i Ver
repdudion &f lameactive layen oMrailmﬂthCbns(am;nr mlaxedﬁGedWitmsfer thereof

ch
iy 3oyt st S SR e 00+ o din’ Aoty using the
ﬁcﬂgamﬂut?gtethe?%em pi'cayleg thé C%Elr@d hiaﬂrcgtmttum Resthiular examples of
. OoSlL L) ons ve . pbe oun 0 e a
EBIRPRHgS o6 it e catien SecBRLRF o cRELSEIa Uit States patent
d\gﬁﬁ&tbn S J004108BEH7. arfef Irmérném.al mér&cappv@ush WO 2604006311,

i ch renoves the upper |ayer a cl eani ng

step gy '@ﬂwﬁ%pﬁt@a@éﬁw%&@f@@d'nvmveSfcﬂeﬁelta@tlveeatye@g procedure to
RS the SR RMALIRBAP B RIkiIBA qaye?%fgﬁfn%‘ﬁg@r ereof to the

the surface of the strained silicon

EQﬂeé/@t"l substeate mndgdesechmant Giose theajeanor’ “rﬁtbstra@aﬁehghve etching is a
FRAPHR NG P UE0ED AW Gy RETRIE o e winou

atthclsn@tl'reanexetayen ofi stmmeﬁaijieon (S8l Somppsditiasitbat have beew Found to be

BFRERE @B RGNS SRR FORPEEH DR He0 P e

Kk nomft?etﬂm&etetmﬁermd]” sﬁ:@\ Wthl‘B fentne® Ithdeswdﬁe& dayel bfiSlGe a cleaning
ep of cl ean u ean
S By SR PBRA e oo e g dedics Frise

M;%armnﬁ%cm él}d surface
defiatstbrtheosuME¥EOL: tHé%%mearsﬂicﬁﬁ 'lag@f AW (selective?@iehiAg of the SiGe

secaond cl eaning step usin (Standard d ean
laysr- khegieaning cppppsition must € us be chosen such as to enable cleamng of the sSi

mﬁ

Ll

’1

surface while avoiding etching of this strained silicon fayer.

This post-selective etch cleaning step generally uses compositions containing
oxidants, but not containing hydrofluoric acid (HF). A known method, termed "RCA",
comprises: a first step of cleaning using an “SC1” (Standard Clean 1) solution (or APM,
ammonium hydroxide peroxide mixture) containing NH,OH, H,0,, and deionized water,
_'and a second cleaning step using an “SC2” (Standard Clean 2) solution (or HPM,
hydrochloric peroxide mixture) containing HCl, H,0,, and deionized water.
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hydrochl ori c peroxide m xture) containing HCl, H202,
and dei oni zed water. WD 2008/ 135804 PCT/1B20071002570

woAlsAbhisgs native treatment method proposed inpdhksifdmozs7o
States patent application U5 2006/0264008 conprlyses 3

step of cleaning the surface of the strained silicon

layer with an aqueous ozone solution, rather than

usi ng the RCA cl eani ng procedure, fol | owi ng the step

of sefralieroative Teatrmgnbmethed [Bogeset! dy binited States prikel application US

?@ﬁﬁgo%gorbgﬁsegr O&Sﬁgf grrﬁﬁ? ggei gt)rfa%gloﬁﬁé ¥t§anﬁéc‘? Qih&)g) layer with

yer ve Cleani
éhequdpes wged solutionp setheretitan asmgdba ROAt aﬁeamﬂgvpmeedure, following the

ERR Y Rl B REF BR S0e 80 "o st 4 of 1 msing i th

dei onTieedafeabetainedy thafoescess sthpsof B)xsmmab s&hmghﬂsthe SiGe layer,

it Eh oS oot e G bF e T bhenunt. SROGRfygor device

mBegErgadring ptestts, 0Bdnetally, tr@dmtmeteéhmgrmpm%md by a step of
[ ncrease t.he speed of operation of integrated

SNV deleRizRG Watshr anet er s bei ng equal , the operation

speedrf waref WS hi$ eRposed dsh %ﬁ@&ﬁﬂﬁtn&y Md?CB@%§éd191 MOS transistors.
mohility of charge carrjiers, both electrons and

\CRSE mv@)e sepliepdugay insiyetrnage 6‘f e%h icanstengly engaged dn gy effort to
feb@cdifR dhesdibrR! Mlnér‘ebééﬂ'gé spABg o8 'OB%I%tlbh g?’ﬂwte%%féﬁrbu‘éﬂ its. Other

a silicon-germanium 15 surtace, is O

peserBelsrsoaing eazh dhe onerafien seed of i traalrs@togus mcr@aseclobv increasing the
ﬂSMﬁ}gio@Qhé’r e cERRIIBoGREELRInsTRE éhbé%eg”g{)!% S5 why? of achieving

refPaxed st con can be Concer ni ng
thiseiselyyi $hd nse tof cdraiedgsilidon, minersirasitiegn, tgrewprmensmcon germanium

R P LI R 5o e brefey bl HhRE i RS coubiing of
dhargedmsiar alpbdlity odth trbspeatpiol ol mta)(ed rssrtaamﬂbé obschied.
esent inventors

waf ers obtai ned. 20 ddi tion,, the

e GREaDadRe fxetng ooy 8 Yisialtht Brdeyt MYeRedtve found

thit weu deigredl ¢f JUFQESas ﬂﬁas&r@éwéﬂd)i) ?duhh@ﬂ@"fe@b)@%ma’:ns higher than is
Fel ved in cert ? other zones, in

‘éﬁn&i OF%‘% é?iggat“méﬁn@ﬁ@ e ti?ieéﬂa erp ebRinedpeen

0bs ey edkiBA tﬁer\:%?ent liRIARAS hERY olSRNeRSR the! SGBIOHEL completely

35% of the surface defects neasured. Germani um atons
remgkeds b Rrigrsarh pepresagy. Histeedsalthoyglo Skradis complatelv aerovagein certain

aedsdio Fl%g 25hds %P@ff%:&y‘?% ndé® &%é@?émsi rl‘f%%s 'bgleﬁ%%er{?@cy that these

disturb subSéquen cdt1on
islgrajssmay Tdoerespmkietoefabmw BQ(nrauJﬁwmeasunfwd daﬁeclm en-stlretjo Germanium

REFS 1o SR, PSS AR AURE 6, S B Be, Shpineg licon tayer.

Firtitesf, uthtée llsiam!semay Ngjstpro Gassegaertt faeﬂcatimansuaps ok.gardoping steps.
processes..o sel ective etchi
PG e e P it o G5t 08 APA T o PPd oSt ngEars showing a
reiRinfin BRoURbBUZBCcC ATeEBRhH @mifmum amount of residual SiGe. Any further
cleaning processes other than prior art processes of 1) selective etching of the SiGe layer,
and 2) oxidative cleaning, need however to be chosen so as to minimize consumption of

now exposed parts of the sSi layer.
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30 now exposed parts of the sSi |ayer. W 20081135804
PCT/ 1B2007/ 002570 3 Summary of the invention The
WHesRNksshpvent ors have now surprisingly foundpbqgkzdotwuzsm
I's possible to achieve |owgr surface defects an

reduced residual SiGe by a process conprising a second
sel ective etch step, such that rinsing and drying

steps are inserted between a first and a 5 second

shimenary of tiet iobersioaps. The present invention is thus
directed in a . first aspect to a nethod of treating . .
it or 978 rfsefe ety PRES bows Sy lRplRuRd fiat Thls pksible to achieve
dowérc surfaper dersits ndSiedeed Rekidial S bpfa peddedd RBMprising a second
si]igcon ESSI% in contact with the Si Ge Ial%/ér, t he sSi
|S§eEkveRiLh gtelx apnsingchevingrstenseare;inserted pepveen pefirst and a
neetdHeibelRY éth B@pshe steps of: 10 (a) a first
sel ective etch of the SiGe |ayer, optionally followed -
by an T6%iRieseny dnvepliainis thys siregred imy frst iaﬁ%ﬂ%éo &t wpthod of treating
Ydreg cﬁﬁa‘gﬂﬁhé%@ |3t Bhe sur%;tk 18Ye¥ | R LjlicANGerthhin fﬁ@grgnd a layer of
et . 15 e al so

selectiv h step present I nvention I's
dtrelaed silicam(sai) Jecamert adibetbe SiGe layarathersSivayetbeirghedpased by etching

' ' o ,of the present
F)ﬁfc/liéﬁ?%ﬁyeggl{ugmeg{ga @@'F[bgm‘%&w&he Invention In
one efdodi fisshtselectivet ¢teh métthe GiGe ayerdi apgioballyt follovpdebe ah oxidative
i nventyi first 20 selective etch step (a) is
carri élggﬂ]m H\%ﬁt h an etching solution conprising a
m xt u(l® efrinsing atdpausingidiidnZed @04l , hydr ogen per oxi de
(H202g) a(gd. hydr@fl uoric acid (HF). Cenerally
appro t'l)i W@gppg ess conditions for use with such a
sel ectd)wescebidseiedtive b sthp. i ng first selective etch
step ‘?g conprise a concentration of hydrofluoric acid )
(HF) Riespilgyergiopss alsg gtigcted Imd second appes) tosi wafer which can in
phidliaPbobthinadthl themabRodioh tie SresdrR Mventiod. ef erred 25
enbodiment. In a first currently preferred enbodi nent,
an acetic acid / H202 / HF mxture is wused in

DI 0P OPLARPDALrbiir! o he Bielifihd! e, cOrresponding to 49

%: 49 % : o by Wel - Ina second currently

pr ef eky ede embodimeshtip the restbed eccaudiog to XD presemFinvention, the first
] ' sed . [N 1 by vol u .

CRUBHE St tell G 9, SRR i Blonig shyih MR & mixture of

gestieragd (CHapOOHY hyalrageherapexide (H,0,)damd hgdrofgorici dacd (HF). Generally

sel ective etch st i s, _at |east . . .
appropriate process conaelgons for use vﬁgh such a selective etch solution during first

selective etch step (a) comprise a concentration of hydrofluoric acid (HF) of at least 0.05
% and at most 10 % by weight, about 2 % (1.5% to 2.5%) in a currently preferred
embodiment. _

In a first currently preferred embodiment, an acetic acid / H,0, / HF mixture is
used in proportions of 15/15/1 by volume, corresponding to 49 % : 49 % : 2 % by
weight. In a second currently preferred embodiment, an acetic acid / H;0, / HF mixture is
used in proportions of 1/1/1 by volume, corresponding to 32 wt% : 50 wt% : 18 wt%.

A generally appropriate temperature during the first selective etch step is at least
20°C and at most 60°C, and a generally appropriate duration of the first selective etch
step is at least 20 seconds and at most 500 seconds. In addition, a wafer rotation rate in
the range 400 rpm to 2000 rpm may be appropriately used.
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20C and at nost 60C, and a generally appropriate
duration of the first selective etch step is at | east

wo 25RA95ds and at nost 500 seconds. In additi %g 1R2007/002570
wafer rotation rate in the,ange 400 rpmto gd rpm

may be appropriately used. V\D 2008/ 135804

PCT/ 1B2007/ 002570 4 In an alternative enbodi nent

according to the present invention, the first

sel ectlh e altetnativesempodimeni a:cmﬁmgl tedth® presersti img:nBH) the first selective

SR ug,i first, an SC1 t he n SC2
St TS 5 it 8 5, BEh O et it BeF 2pipon and then an sc2
csbmeowe‘nhet h@berﬁ@vﬁ\m@dmm@mm éf%ct obB3rv&P thatt REA dofitions here may be
seli?t |%/?$eéﬁt ch CE‘ as vve oxi datjve_cl eani ng
N % °r5° Ve cteanipe. This pg@@éﬁ@ can also be
%rgrglﬁatfovme@e@cbhcﬁieﬁh&éjétch kfépE(df urther alter nat ' ve
odinment, a m xture of acetic acid / H202 /

H2SO4 In ajTHrthen aliermative eaedimeshs Bixturs of agtiq aqd l HEsz/yHF / H,S0,,
ViPtiTe pPetbriishse?ad /118 fﬁg by | 'vbﬁﬁ'nes Sérfﬁé b xﬁi fol €& i r%t delbctive etch

(a). Such a mxture can also’ be usé e secon

Skapda)-iSueh atraiktuse e3n qisp be useddpetherdsertidsstactive etch siep (d).
met hog, 3RE UribloRthdr®, ﬁuhﬁl?%@ﬁ%‘%c&c@lﬁgttgqae )p'i’él‘g { lq(/éﬁtlon, the first

10 selective etch s 'S con
E@Eﬁweaﬁttcmme@r{ammlen%bemvthﬁ muint athelticke easlirement shows, or

B APl O O BB e B B e remone

&b (ah @aabmnm(mgﬂmd of)Sthe s1onf @xpesedldsi s:.lrlﬁdeHFhlts $)hase is referred to as

X tch . but ot.
FS5PEleB OB o o Premat & Wt prgss sgan g sense that the
rdagents asgeats thesethaaeir tme ﬁ‘m!@:ﬁvé etchhgtep (#)St the “over-etch” is a

EHRERAN PEYodedionRomaRt fosapoBt deiratim (RO evesppRsing to SiGe
(eriivhl. FOferleaBBEb Rtkab@ing He mtéﬁef@Vc#l reﬂe%téc?lfdh? %égrfﬁét li‘s'ég to detect

nmeasuring the intensity of reflected
Hs @t geint. Altegnadively,piithe abiliy @M@Neveqeiﬁctlver efchesolution at a certain

fﬂ?{\ﬂei'étﬁreofo ?en%\)éeﬁGé eke Stﬂ'ﬁéﬁnﬁg gtarag%d;'gﬁ %n?‘ﬂ{:tc';@n%fs time, has been

certain temperatur€ to reno
Pr@ﬁlﬁﬁlkédﬂeﬁﬁg‘ﬁmeﬁum{:prQVWUSfexDenmenthameb@Ehpoumr ai:tl'memryt selective etch

t&%ﬁe %{)r r Sfcﬂ fﬁ'l Ellgtéléﬂgftgﬁ@(%&ﬁlﬁ ﬁ'{e( %\5&-'%&%1 al? hg Licuiated with

a n*samnable ndegreee ofit canfaintyn Aheovgrestckt, clhish ast@tmnanmbme present

L h e PR S5 Bl b, e curation
mﬂme Mvmtch’me/gér@i‘a?[ytapﬁgl‘o@ﬂbﬂ.@@ feReaddih ehé FiMQERE @%ﬁtdrﬁﬂs to at most
he duration of the ™over-etch

i sing from etching
(?ai rP%'ally appropriately selected in the range of 0
SeCOfIﬂSoﬁé) cMibdiMadnt, 69 tRECRARASd aRotdhd*i6 t%@bﬁr%&ﬁnﬁwentlon, an

in the nethod accordl ng to the present” i nvent

Qa@daa&@ clpaning stam s Fariedput aftenthe Bat selective teteh step (4); tis oxidative
SR 445 LBhG s @ Blozahd |5y ULHOL ¥Ewaldk 573 BceSflon in the

a solufion of ozone sso In wate
raagrceinty pprnéa S0pprhat a temperature of 17°C to 35°C for a period of 5 s to 300

s. A currently preferred treatment time for this oxidative cleaning step is about 15

seconds. An appropriate wafer rotation rate for this treatment with ozone lies in the range
of 400 rpm to 2000 rpm.
In the case where an oxidative cleaning step is indeed carried out after the first

- selective etch step (a), for example using ozone, it is believed, though this should not be

construed as limiting the invention, that the second selective etching step not only
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range of 15 ppmto 50 ppm at a tenperature of 17C to
35C, for a period of 5 s to 300 s. Acurrently

{)%tﬁ%ﬁ%&%t reatnment tine for this oxidative cI ??ﬂhﬂﬁme}zsm

ep I's about 15 30 seconds.. An appropriate wa
rotation rate for this treatnent with ozone lies in
the range of 400 rpmto 2000 rpm In the case where
an oxi dative cleaning step is indeed carried out after
réraofesr residual diskritdsVef §iGe bat eray(algo rdnveeyassiblecoxiddsne Si and Ge

i eved, though this should not be
gg%gﬁt}%@eé?] r%‘?f:?l ng the invention, that the second
sel ecli ve fedrsdviag ostmn@ﬂmd%bMdmg)ta@t%éél@éﬁgﬂlenn?n, the deionized
[ I sl ands" o

PCT/ 71002570, 5 remmves,_res
](BE@ inHinsio st (S it 85 SpRdaEd Gplife dorgse o mierg-ateetronics. A
UEWQI apphopriae é@htlcﬁﬂéff tAB finsihf stpas bf ATENR rSkSh&fd dtRost 3 minutes.

nmet hod accar di ng the present invention,

6é?U6fﬁP‘23éaref%de’%re§tmﬁw tmedar fis PIWginsggstemis(abput 45 seconds, at a
edrRe L &‘Ufﬂ"tttﬁ 60O, Nggnéralﬂdﬁ% t?br%kée\%fep 'Fbtﬁﬁon é:te lf_’or Jinsing step

&Tenerally roprlate urati'o e rinsing
) inpt lkad SO0 5pm aad @t MOSHBRAO 1BMAi nutes. A current I y

; e r '
o £ SAATER, 5y i bl Gl R e g
ofstep 4¢) iy capied sk using aviiive pf mrla%asmmcln as entfcgggr(n) rarrasgdrg The purity
L
BiE sk, Bl 573 480 R0 S0 dpPhp Al AR Bk wae
pammetemnuseﬂhdafydrskllla? prh&ttm‘neﬁt dp ﬁﬂdtroeléctﬁmrcbl €W Qut appropriate
w of iner sych as nitra a
R ofre gy oot BupPBEL G o oade srsdhe GhgRbthe water atter

‘isihga pp twntlﬁtp?éf,érr@@ @PANg rPodady RvbiDEs HSHRY theﬁﬁéf@ﬂﬁé;ﬁé Sreated in
ractltloners in mcroel éctronics. In

used by, ski I{
%%BEQ/ (R3Fsest wsin ﬂ'ﬁ'@%‘i’ﬂ”@?ﬁ nitrogen gas is supplied
usi ngInEtm@%ﬂJo@lnﬁ’é?ﬁ' id 'ﬂ%jmfeﬂ{odcb:g&g’rﬂﬂgttﬁ‘% Sdnt ﬂf\feﬁlﬁ?n the second

rinsing. A current] y preferre fng process 1 nNvo
sgz}e}r;py@ eﬁq;est%](@( |sbc@rr,|ﬁ§l prtewith q@n ﬁtchimg splusios camprising a mlxture of

éceaéﬁaékc@o?lgnh{crré?ﬁ”p&aﬁde L@szjr:&noeWb‘?Qﬂ taud Lgfgenerany

met hod accor rese vent on
@@rmlata/@or@emrat@neﬁ hydmﬂuma:amd (idit) duingvthe laemnd eselebmvagetch step

t
Rl TR R Aotkshl 46y Mol ol Bprapgete temperature
cﬁnﬂgg (cIH|F$ec0nd gplewiva Ietc'bzl stepfa) cl:epaitlt iﬁase ZOngmtr rlﬁést ;60“(Qf
rof luoric in econd sel ectiye
ot ch OPighbg ) raldR of dhe etniE sSEARE i n (P the preferred
rheimeding Biliratidh %ﬁbﬂitﬁt' 40/ sagiMdaP Al é\!rﬁen%l?"ﬁ?@fe%&rlﬁn%éj Uﬁdtﬁﬂy in the

the second eI ecfive etch step (d) is at |east
chptenp Gt a1 Grsnng P CARPHFRg guRiire Af aFCcIEIOsEEBRAOH), hvdrogen

RO 40 R 19 BTG SecRSRYE mog 40 sconcs
A faiRer cyresrndlls Ipyefered Haration of step (d) in this con%:/exlg:J is of at least 10 seconds
and at most 30 seconds, more preferably at least 15 seconds and at most 25 seconds,
and a duratfon of about 20 seconds has been found to particularly appropriate.

In one embodiment, in the method according to the present invention, the second
selective etch step (d) may be directly followed by a rinsing step and then a drying step.
Generally appropriate process conditions are those described above for the rinsing step
(b) and the drying step (c) that follow the first selective etch step (a).

In one embodiment, in the method according to the present invention, the second

selective etch step (d) is followed by a further oxidative cleaning step (). One
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context of an etching solution conprising a m xture of
acetic acid (CH3COOH), hydrogen 25 peroxide (H202) and

‘%?{3‘%&6%95' c acid (HF), is at least 5 seconds g‘r}ﬂsﬂﬁmuuzsm

seconds. A further currently preferre
duration of step (d) in this context is of at |east 10
seconds and at nost 30 seconds, nore preferably at
| east 15 seconds and at nost 25 seconds, and a

@pprapiiae poceab chaice2fr sieis dadiseriaiiabies Gleérﬂﬂ@ dtebC{e) compnses the use
I n_one enbodi nent,

rt | I ar (53 e
0ER SBHAE B PaRR DT BSR4 G o of et IsgBloHuppm and at
Bbss 5O ﬁprh} stea engleratliRiof(alled¥RY79eea i zft@ﬁédt)BS*@'beH‘%@n&&’ of at least
rinsin 5 and then a drying step. General | y
gﬁ’pﬁ’@ "%isg @F%cess conditions are those descri bed
aboverr @le dabewhifsd Baofl %&:daﬁ\@ clédifhd g%ijsrl)ﬁﬂé&j c‘%‘ﬁ&l out after the

g‘ﬁ%that follow the first selective et ste
@ seleeivaaieh stem (dnor axample usteazanadt lsdvehm@dptiwghfcms should

hBﬁ’B‘@EdrBﬂueJ E§ u%?cﬁ'l e imRhE6, tH?c E%Qco?mtde&tiéa@/? %am&q may make

urt er oxidati've cleanin
U‘E @mgmimmrepmdmmmwommmce axrfatioprandthy this means inhibit

%&%@%&h@n%ﬁagﬂe tfbnf urther oxidative cleaning

step e uSe of a solution of ozone
(03) i @mmhndhment,v\mttbe niathed swocing toathe @reseht atentivas the further

PRARRE B8 Trep Vo] ey BBl [ETRE B0 AT g stepseneraly

approptiaid prrmsﬂs c@aditisns &elthosd&saﬂﬁd ambeé forahé eAsiAgl step (b) and the
$x1 da%é V@ ﬁ.laggqnl gc besg IS lnde caErl ed out after
WY SIERLGh gwithe grst selpctive & (?ﬁ?p For exanpl e usi ng
ozoneThel fresemit iviehitoreld aldon@ibtedtiRiaSseebY bshech®) a RRifer which can in
IBC)%O{FH-‘;E[ Lé\?d as in the i nvention, that the second

bggi '&4#%1%‘ hoghREthepresept iR¥eNti9r f ace nor e
hy dr gp iNdférCadcbf f Y
reans AT O e [RERnOeRGYP ProfdenlY s at least ane

F¢ layae ok isirdraifigon (st paid ﬁgtffqa@dlawg@fr i rhgvmg a thickness of at
IE&&%OM@&@Q%M’% PMO@%&B%M%?%@F%%&WS@“@ Hanometres and

step (e) OWE ep and
3 @amg:etrﬁ@rand@eefemlw sﬁowa;a;wopmﬁ ctafmmmszslmcsm @ 048 um of at

l‘ﬁé}ﬁﬁﬁ(aét%cg%%f E?d above for the rinsing step (b) and

drying t) that follow the first selective

et ch The SO bere lsThBedetemﬁﬂm a$ taseAbadoin U$2@16$@264U08?Mtﬁ(h detection
can in

'n ﬁllie%oﬁq asrgecrii to a wafer whic
R Bd (oD AB Bt kP GRS LS DR SATVIRe DRy Badhwith an SPL-
dppuiRtsi 6N KLA-TOREG! TRECAEEPEMER E&Iﬁpuﬁ%ﬁﬁet?ét@étﬁﬂt ?Pfﬂpo (small

ayer

referably conprises at |east one 'surface
C@f%s REd Ai’uﬂﬁf%rd@(@éﬁ)) Thesg; diffesents grewps @f;ﬁ!ﬁfecﬁs, cwngunshed by size,
0 AR (R LARSYof oY s, s00

iAGUTRY HRihendAPedt |sawdsmiedbed[sﬂehytlmhq1thvs &kindobf the defects by

SR BlebriPMicY e RERUR A6 WAk 1B been detected by the present

inventors that 95% of the remaining defects (after the second etching step) are
topological defects of the surface and 5% are due to particles.

The SOD values observed for wafers according to the present invention represent
a considerable improvement over those observed for prior art wafers. The present
inventors have namely observed that typical values of SOD @ 0.40 1 after the first, and in
the conventional art methods, only selective etch step, are in the region of 4000 defects
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15

20

20 nost 200 defects per wafer. The SOD here is as
determ ned as described in US 2006/ 0264008 with a
\?85@(%}15% threshold of 0.40 m The measur ement-Sas&7w02570
or exanpfe be made with an.SP1- apparatus of
KLA- Tencor. The neasurenent conprises the detection of
LPD (small defects) and AP (larger defects). These
di fferent groups of defects, distinguished by size, 25
hertwafend rediectioopofl 8QD caluesl e ecfastof lwblabsut £5 at 20 dines Is thus made
E‘%ggg‘%%?ti vv?l I nflsv rticles (dust). SOD is a sum of
BPIGSEN I g'%%’&r ble to discern the qualitative
Ki nd Inf atgrefected! @tlaqcim%ntscmg:rmi w:&ﬂhgtigome%tﬁﬁmqﬁmﬂon have a
easur epent ere | as_,be et.ecte e presen .
TRl SF 80t 200 §ifimehres RRetRub Ao S MW HER oY eltechs R R dhe mico-
sle@rnftsefictdhbRgp@idarad @ thesé eRALSE §ads. dBEasib@rell rhdkmum of 200
rface and 5% are due to particles. 30 The SOD val ues

eF DEIVETEY IS \ARPEIPH ARG PRt B0 1M RE 3PP BYB N Ry ent i on

repr eg@ffiérs aBedv@ing 6 SR PleBerit TR/AKSTB B erWLEhoW P 8 face roughness of
observed for prior art wafers. The present inventors

#dpest y fopissA0RIAg swiacetof gilgak 2anubsaRmromiEt: @nbodments, the
@Jf{:& rdeh%@cig !|és§tthar?p.%s¢aggctéé“}“mfz GGV ?%b QR watht @T%ggrﬂénce of the

on se tive etc , are in the region o

wé&@s Nnaitoeia). 6 paaigies PAT] foBHE0200002 5% der. 7 per waf er .

Are ' : . t t [

o' £ BBy 68 VS Reh Biniv 2B » Sls sicon on
inswatort i(s50T) Istruetupe. eTier maders rdo® direferdntialiyaiobtainesc byt 1SgnartCut®

tq the present jnvention have a, dianeter. of qQut 200
‘ﬁfq?'l"fbr%ﬂsé%e"é?“s HRERIongH, WikrebY,the ecking of sy E@,‘S trafiterred from
aadrer substratdi® arecegtor Si Rlileaibspatiety rhéRlsbf an@xidedsies.ed

in these standard sizes. The preferred maxi num of 200
defects per wafer is appropriate for both 200 nm and
Bimplesvaf ers. Wafers according to the present

Invention generally show a surface roughness of at

nost 1heafdlipgingo Fabégsie%iﬁa’% drestmentc songditignspihat 2wase ftepted in the
/ . ’ ; AL
AR gﬁfh% dreRag i&;@ﬁr@. %rhé‘ ?reat%g 6{\%‘%&5 %f% P&}égba by &% Smart Cut®

.3 particles or a
tedmisigien rigatingheSOLI0r SGQI Wpe wrfers) asnidescribed fw. example in United
| nels I
S8 YR TRt DB0dRRTII) s WP LR SHRACIN warors for
raictoeiecionics usep audikabler or{ §®0Mprket s Csilinoa. of Thizrosidcaosic guelity” with

ferential ly obtained by the,SnartCut,(r) . technol ogy
R0RFaC ity anier WiEh o aicing Toh s aidsnay of
sSi/SiGe is transferred from a donor substrate to a
receptor Si bul k substrate by means of an oxide | ayer.

15 Exanpl es



The follow ng table indicates treatnment conditions

that were tested in the
The treated wafers were obtai ned b)ﬁ,
techni que for fabricating sSO or
as described for exanple in United 20

\gﬁ‘éﬁ&h &%{d

mar t
type wafers

framewor k of the present

( t] @ E%i07/002:370

States patent application US 2004/053477. Wafers used

were silicon bulk wafers for
avallable on the narket as

m croel ectroni cs use,
" si I i con of m croel ectrom C

O 300+ Tetef vﬁl eh Yy TaEES n
the two st apnrb eﬁmdézes %@&O 111 35¢ 6%, Elk# Comé’: qative
TWeAEl didpdets [ mAI02070 8 O] P BhOTESE Ughgl 195 EXagpgl € 300
EX. 2 BEX. J ReiEhetiderttitiost] Aekticlacia Vel @k EXNYTEIAk i HEHE YV (As Ex. 1)
200 300 3(Ginfreagent i dpnHid,/zas: Aceti c Aci|di,0, (ASHEN.

{e) Fiktet i c |Aonantiatipnhs Ek. (18/)51 and| H2Q2 / HR//HA0R. £ | HF:
gelprtiveielct |concentr at i onsVOIUSWEBﬁlS 1 by 1/ 1j/3:5py8 H%dvy .
sel ective |etch vol une, w ke p 18 % by "49: 49:2 %
by wt. wei Wléi’n\ erat-ﬂ:r%!'”e' At %C 25G 252'%0630{: 26€ Q:,Ql e 565G
300 s 260 S‘ﬁﬁu S 260 O&Bh s et T T3gg8- 30s §¢0§ 303 260 s
B etclReagdimd: deNt i t1 es 03zadd Ppm 1 Bo& AS |EX. 36k (A9 30s
Ex. 1) (Ad Resgenflijientifiasi d@, evppraind IAMECH)edni (AGESHEP| (AsEx. 1)
eddrtent r atjiapts: Tenper jat ur@W 17Q 25C 30C|(As Ex. 1
f5aRiag stos | 2gacentratiansy Agl Eyx db)y Rinsing
Tenper at ur Em Lt c ”'K"" usli-neEei-onfize 8L Bi-redHAS EX. 1)
an o J2ss ", A Dol\ﬁq (As Ex. 1)
Sbaa.'g T eh’npe?at% ter (B Bryingigs 2 Neg> T 55c
Qé,o,{,;,_@HcI 00—Tpm Lol LT PIIT ZUsHJ; TP LD AL ET
W@miwif-lowrate 20 litire/ mn 20I|tre/mr20I|tre m n
- Drying gas N» N, Ny =
Wafer rotation 1500 rpm 1600 rpm 2000 rpm -
(c) Drying speed
Flow rate 20 litre/min | 20 litre/min | 20 litre/min -
Number of passes 2 2 2 -
Reagent identities | Acetic Acid/ | (As Ex. 1) Acetic Acid / (As Ex. 1)
{d) Second and H:0, / HF: Hz0,/ HF:
selective etch concentrations: (15/15/1 by 1/11 by vol.)
volume} ) ®
Temperature: 25°C 25°C 30°C 26°C
Time: 20s 10s 255 10s
(e} Post- Reagent identities | Sameasfirst | Same  as | Same as first | O; 25 ppmin
second and oxidative first oxidative DIW
selective etch concenirations: cleaning step | oxidative cleaning siep
further Temperature: in Ex.1 above, | cleaning in Ex.3 20°C
oxidative before step | step in Ex.2
cleaning step Time; (b) 20°C
Post-second Temperature: 25°C . 20°C 50°C 20°C
selective etch Time: 20s 30s 110 10s
rinsing using
DIW
Post-second Drying gas Same Same Same N,
selective efch | Wafer rotation conditions as | conditions condifions as 1000 rpm
drying speed in firstdrying | as in first | in first drying
Flow rate step (c) in drying step | step (¢} in| 20 litre/min
Number of passes Ex.1 above {c) in Ex.2 | Ex.3 above )
above
Results 80D values 150 200 250 3500
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Nunmber of passes 2 2 2 - Reagent identities Acetic
Acid / (As Ex. 1) Acetic Acid / (As Ex. 1) (d) Second

%,{ HF: H2O2 /| HF: selective etch PCT/IB207/002570
ROd0 T (15/15/1 by 1/ 1/1 by vol ) vl Ge3ue02s

Tenperature: 25C 25C 30C 26 Time: 20s 10S 25s lo s
(e) Post- Reagent identities Sane as first Sanme as
Same as first 03 25 ppmin second and oxidative first
oxi dative DIW selective etallAfiMfcentrati ons: cleaning
step oxidative cleaning step further Tenperature: in
Ex. 1 above, cleaning in Ex.3 20C oxidative before

$1 ep Atragthbd dExtréatingensrerg csheising B ledsP)ondOdurface layer of silicon-
25C 20C 50C 20C selective

Post - sec Tenperature: 2 2( D : .
B BT o1 ¢ Bt aeasSTicon {S9th iy GE¥a W ihe SiGe layer, the
£5) telyeB BEAG expdsit BY e8ARg AR 5188 Tayer TRe Mhetiift @RipréRg the steps of:
etch Wafer_rotation conditions as conditions o
condi @) oAdfras seledive ginh oliia Pigedpyeid optiorally fellowed; ygan oxidative
as i Ndddnirfstbpy first drying Flow rate step (c) in

drying step step (c) in 20 litre/mn Nunber of passes

Ex. 1 (gbcﬁ/'énfﬁ@%ﬂhuﬂg deigiizeg! wige 2 above Results SOD

val u 0%!9550 3500 WD 2008/ 135804

PCT/ | 3)08‘9'/’%0 0O 9 CLCAIMS 1. A nethod of treating
waf er(d) 8 sagnnidsielegtivet etttestep. one surface | ayer of
silicon- germanium (Si Ge) and a | ayer of strained

silicon (sSi) in contact with the SiGe layer, the 5
&Si | Ayesthoe eogrding bsdainby, wharbinrtpe ditsttshieciiieGach aigpi(a) is carried

AT O St Bothi rigtind) £t gt s acld eaRg hverogen
feyoside (HOg)adriceydraflueRdadig(1SH)EP;

3. A method according to claim 2, wherein the concentration of hydrofluoric acid (HF)
~during the first selective etch step (a) is at least 0.05 % and at most 10 % by weight, the.
temperature during the first selective etch step (a) is at least 20°C and at most 60°C, and
the duration of the first selective etch step (a) is at least 20 seconds and at most 500

seconds.

4. A method according to any of claims 1 to 3, wherein an oxidative cleaning step is
carried out after the first selective etch step (a) using a solution of ozone (Os) dissolved in
water in a concentration of at least 15 ppm and at most 50 ppm, at a temperature of at
least 17°C and at most 35°C, for a period of at least 5 s and at most 300 s.

5. A method according to any of claims 1 to 4, wherein the step (b) of rinsing with
deionised water is carried out for a duration of at least 5 s and at most 3 minutes, at a
temperature of 15°C to 60°C.

6. A method according to any of claims 1 to 4, wherein the drying of step (0 is
carried out using a flow of inert gas such as nitrogen or argon.
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(b) a rinsing step using deionized water; (c) drying;
and 10 (d) a second selective etch step. 2. A nethod

‘9599([8?5?@ to claiml, wherein the first sel eC{PBfﬁB%%UUZSTU

step I's carried out wit{h an etching solutio
conprising a mxture of acetic acid (CH3COOH),

hydr ogen peroxide (H202) and hydrofluoric acid (HF).
15 3. A method according to claim?2, wherein the

G’onCentmeﬂhb@mcéﬁrdfﬂgctbcéﬂywrdléinﬁcﬂ tb GHﬁI}]ereﬂ'PfHen&ch& se[ectlve etch
H%jgsel ective etctg step (a) is at ieast 0.05 % and
SEPrisBL IS 1R HULMIHEN Edhing SRR amw&snam@ Pitengeof acetic acid
{aH;ED |l@ﬁfd) pRkedeSHe0,) @Y Hydrofilh (H9C and at

nost 60C, the duration of "the ?I rst sel ective
etch step (a) is at | east 20 seconds and at nost 500

QO Sef oftiRod decoriniBlbo Q\Wﬁé%r{‘&et &n?éﬁfra%n 6 ﬁ*c%ﬂ%aric acid (HF)

o 3, wherein an OXI eaning s
auﬂngaWéacqwesefach@ etgb s@@t(dw dtlegist etogp%(aam aignasy 18 % by weight,

8! dahpRRi e cﬂﬁﬂgech% Qﬁéonﬁ' s%ﬁeg{t\\/ee Gk % aep\'\fot) s? ?%'-Jgt %%rﬁ and at most

concentrat | m-an
ed°CGa aﬂéﬁmdm’aﬂmmoﬁtheeaecorﬁssdlmm ettfiGten(t) d¢ anleast B54Conds and at

ﬁrgg%%‘g)d&gaﬁ&d of at least 5 s and at nost 300 s. 5. A

ccording to any of clainms 1 to 4, wherein the
step (b) of rinsing with deionised mater is carried

ut f pr rati east, 5 a st 3.

B mur R 0tagd aotdie & oty 287 ciaBicS, 3 bh 1B Sratian of the second
saiictiodletah stapddNG &t ®agh 0 SdcoRdiPbritBatimés 38 se¥pgeei n the

drying of step (c) is carried out using a flow of

i nert gas such as nitrogen or argon. WD 2008/ 135804
T/ ]ﬁ%@deo&gé'ZIQg t6Hafm QAerWhEH hé‘ﬁﬁl%ﬁgh ﬁgtﬁeoseﬁgﬁld Qéiectwe etch

cl ai s whérein thé second selective etc

sten (d)ds @fd??ﬁtég sgerndgand abmost 2hsesgndsel uti on conpri si ng

a mxture of acetic acid (CH3COOH), hydrogen peroxide

(H202) and hydrofluoric acid (HF). 5 8. A nethod

Jdccor mathod@cedrdingntd clainh 0,6in rwhidinethe alucation rofi theosecoriid selective etch

f; HF) during the second sel ective
et c{?(3 %Md{%g)@‘é&oﬂd{ | east 0.05 % and at nost 10 % by

MEIght t he tenperature durlng t he second sel ective

h d | 0C, and .
Phe. duPERrPosr oG Al dob Tl ke 8 seqdil selectve etch
s&!p (B assfollGwerkinom dﬁsnagwteptand adHing Stepeconds.

13. A method according to any of claims 1 to 11, wherein the second selective etch
step (d) is followed by a further oxidative cleaning step (e).

14. A method according to claim 13, wherein the oxidative cleaning step (e) that
follows the second selective etch step (d) is carried out using a solution of ozone (Os)
dissolved in water in a concentration of at least 15 ppm and at most 50 ppm, at a
temperature of at least 17°C and at most 35°C, for a period of at least 5 s and at most
300 s.

15, A method according to claim 13 or claim 14, wherem the further ox;datlon step (e)
is followed by a rinsing step and a drying step.
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10 9. A nmethod according to claim7 or claim8, in
whi ch the duration of the second selective etch step

| east 10 seconds and at nost 30 sec
“S%dﬁﬁgﬁﬁccor ding to clai , in which the dgggltﬁmoﬂl%ozsm
of the second selective etc 15 step (d) is at |east
15 seconds and at nobst 25 seconds. 11. A nethod
according to claim110, in which the duration of the
second sel ective etch step (d) is about 20 seconds.

h f cl
fiter oh HAIH SODRET o6 EFCTiE S Br versti e gy 160n (), sed surface
[l sPUSH hiing arthidRhdig of e meaaﬂg :ﬁn&wﬂréwaﬁd &P mobB10@ nanometres,
hod a ord| to any of clains i 11, wherein the
%ﬂifb @%ﬁtﬁ m vaie 30 @ 0 dp nmy om meshedOisipfagts per wafer.
further OX|dat|ve cleaning step (e). 25 14. A nethod

accordin? to claim13, wherein the oxidative cleanin
bt ep A wefermageording| toogldim: He weergindhe avafer hagea eliapetsr ep about 200
Aifimdifes REBOAS0R inlRlrRe, @ sol ution of ozone (03)
|sso ved I'n water concentration of at |east 15
ppm and at nost 50 pp”l at a tenperature of at |east

/C : Cuf0 ' e .
B oot a8 el & ASh £ oeufh B3ty SplpSe 2 srained
gilicow loaiinsulblor (s8QI) etracttitee f urt her oxi dation step (e)
is followed by a rinsing step and a drying step. WO
2008/ 135804 PCT/1B2007/ 002570 11 16. A wafer
conprising at |east one surface |ayer of strained
silicon (sSi), said surface |ayer of sSi having a
t hi ckness of at |east 5 nanonetres and at nost 100
nanonetres, and a sum of defects (SOD) val ue SOD @

0.40 mof at nost 200 defects per wafer. 5 17. A wafer
according to claim 16, wherein the wafer has a

di anmeter of about 200 mllimetres or about 300
mllinetres. 18. A wafer according to claim16 or
~claim 17, wherein the wafer conprises a strained 10
silicon on insulator (sSO) structure.



