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WO 2008/ 135804 PCT/1B2007/ 002570 1 | nproved process

for preparing cleaned surfaces of strained silicon
wo-2@Bd33sh4 t he | nventi on The present invention PE/E2067/002570

to cleaning layers of straimned silicon (sSi) denuded

5 by selective etching of a layer of silicon-germani um

(SiGe) in contact with the sSi Iayer as used in the

fabr cation of sS rained. si on _on insul at or)

II“EB,’Q"P d%¥°§%$§%ﬂﬁ?[ﬁPa'('99(§é?a sidarces ¢ §tr?5!‘§9 silicon

wafers Background Art 10 A nunber of techniques exi st
for preEarl ng such wafers. One exanple of one of the
Fi i current techniques for fabricating sSO

I ayer OP&@‘E ined l*oﬁ Etésht% cl%ri?ﬁjd;%ty r%nofogt@ﬂ%dgeﬁégxe(sso denuded

raine |co el axe
byt sedactiVe etmmgr@(aflayermfslhamn gemuinamn (%G Lippmntact fvith the sSi layer, as

ETIOERE TN D AL O T P TR

(Sh@s) @hassulater) uyse whRd.i cul ar exanpl es of 15
i npl ement ati ons of such fabrication techniques are

described in United States patent application US

B&ngugéa\flg? and I nternational patent application WO
11.

The finishing step of such wafers
i nvoh vembar skfechniaues existhion prepasive Fuel wabersePnaienemele of one of

the Wﬁos%' c??ec‘:@/ %Drr@ﬁibﬁécﬁﬁlhp& f(ﬁo?éﬁrléaQﬂ S§§dlc&n5%@]¥‘f§ape wafers is the

after er thereof rec iver
praduictmetoicanmx]hm flayemof Ista“arhdd rsdncdn $asi)son eefaxed SiGe by itvamsfer thereof

t chi n m cal .
o AP upRaft TS Rmet, p 3k R st oot § afige® fhsvate) using the
Srﬁén&@k@“%cﬁh@ué&&tpﬂoéﬁf@f thef déé‘ Hedi m&ogﬂrhcttgl@ Pagtfiu)ar examples of
ositions that_ have been found to be pabl e of

%\Wtw@ssqrcw fabgration; teehaigugs: aw%eﬁf&@e ¢niied ) States patent
aaaa%oh Ufzon%mw ané\fxﬁ@rnatdaﬁal p%?érﬁ%bbch%tn@ﬁ v\ro 29(54?906311

whi ch renoves per a er of SiGe, a clea
stepThﬁaﬁnﬁbpooﬁiﬁpa‘D Bycfb@vaJ@edlnwiveﬁ @eselerzilveeaﬁ@b@g procedure to

ehﬁﬂﬁétla CcH{a &i6e g@%t @Ubﬁ%ﬁ'n'glo 3@ %@lgﬁﬁﬁ eﬁ?jft?ol Il%gléml%r PRereof to the

e surface he™s
"racdivect swbstratec bnah gletathinlest Eﬁo@etHea'yiewnor"TMstrhteaSelegtlve etching is a

crB U eHgck ety which el e letfiain e rao e (RSE AT 4G e without

attdtkmgThé aemsiyeﬁrldflst‘rgmeh a¥edn (sﬁ)l SorRp&diticieltR&t hae bekk found to be
cl eani ng step eneral conmposi tions contai ni ng

HBRPBAHPYIOHE SHBLE telechYaiRE” RtHo EHIROR / SoPa/ HRIHtues.

kno ® " r
o eé&&rgéfm@ e%rl]els&hlgi %ng@“whl%ﬁ%m‘(b&gggﬂfﬁ%er%g et o? iGe, a cleaning

step Imayi apprqpoietelPhe usednimpider hy dedoice @ertpelawccu"éannrbatlm end surface
de?é’éci% ﬁh 'Efu? g%njrﬁjcﬁég? tpg%%rgeﬁgﬁlgﬂ? Ia%%lztzo‘ﬁggp@tsg eFiaveCFEglalﬁg f)f the SiGe
layerl The dvarting coipbsition must thus be chosen such as to enable cleaning of the sSi
surface while avoiding etching of this strained silicon layer.

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 NH4OH, 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/1B2007/ 002570
WQ@2088/13880£r nat i ve treatnent nethod proposed i nP@iB20a7/002570

States patent application US 2006/ 0264008 conprises a

step of cleaning the surface of the strained silicon

I ayer wth an aqueous ozone sol uti on rat her than

ot T eI AR RS b S0 Nt Bicaton Us
2008J 62608 @Umf)hfésm SepoF Rdafify tAE sll}fa@eebﬁ&fel éﬂ%nﬁdcﬁlicﬁﬁ layer with

of the Si Ge |ayer and 2) oxidative cleanin
an AYYEoHs oa@ajscplﬁtl% saldgu an Ydng m%%tct@amaa\nr@r@dure, following the

st%e]ug@é‘&,yé b{@,,@r&qﬁ?ﬁfgﬁga&%per ally, the oxidative

eaning step I's fo y a step of rinsing wth
dei oThezwdemb’@tnedmthWreceswistdpsaqﬁ 1¢splestive efehing lofithe SiGe layer,

o2, QTR BT AP B B et b e
mamgfagedng pr(ﬁ:essetf Geterblly, the duicetivehdeahing siepdndolongd by a step of

|ncreﬁ?s§ %E{z)veed of operation of integrated
rNSINA it deiopgelbWatehar anet er s bei ng equal , the operation

s peetheOivafer twiH h SdxPbsdd s$i RS dBRFhaY miap WeeasddB MOS transistors.
nobi |It%§_@0f charge carriers, both electrons and

Woress i the) semgrenducten dndustry ey ipeffgethrensianyy engaged i py effort to

rebiti& ﬁéeduﬁ’mﬁan%ﬁ@hﬁ@%cﬁédsb(?cﬁ? B@bﬂbbﬁﬂuér{ prﬂ\te SeWtirefits. Other
a silicon-germani um 15 sur e, IS O ave

parametels beitd pqulathedpearalion sphehof a trpmistos isl mfcreaﬁed,doy increasing the

8" oL Ot ks BP0 BRI whPof screving
thishiz Wltbéllﬁg (Bfe?ﬂ’am%dagu'iﬁmm \tvﬂerslnaslmn tg{cnev(\jnp][wsantilicon-germanium
vent o \ oun t he ree o ef ect as .
SuHBEE 5 s Vacsve e Groaily Seiced SHATRHTAC I\ PUFFTGcRe doubling of

cHaﬁ%e Epser mebiRtyfvath fBSeRO hbedl] rRRERe® BMEsAERtd Siiseh/aa.
ers obtained. 20 In addition, the present inventors

hav eCRse@INge et axiating Hechgiologvils this erego i Bresent invenigrveipve found
thQﬁ’ tl{élr élé?jr?éibf d@fre&gga%ﬁﬁéasu%&%ﬁ@@D @lh ectd)Fenlaths hl%her than is

e y renoved In certa areas, other ‘zones,
dasfralée for'the lagplitationsogénvisiaged fasrthé wafers pbtainedbeen

b
e 5, SRR TSP SR Sy, ol
refriovad bygimor lshamds?samz Idstéésau's:aithbﬁgl@ smmﬂns ccontomlnem aémovdtkin certain
strai ne SI1I1CO ayer . 7 er teelsa
arghd, b SDES L TREE T RBPHE o er SIpe bust. 1E hgs bashdRgerved that these
|sl§ﬁ@§$nay E—J?f s?oﬁ@%eélﬁﬁj? 5B NhedsuiRed dé’f‘ec‘ti‘%@arshreﬁo Germanium
pro uce sSi ayers sh OV\llnga m ni num anount of

atesf fsera Heh elélﬁadSamayadlmJﬁﬁ ke e cetaminake el gkipingg @dlicon layer.
f t
FPher, H{etsgeglfan% q’ﬁ‘éé{ %@st@rboggnf%ﬁl?enrg %ﬁﬁﬁﬁcf&ﬁnst%é,oé >glaraopmg steps.

processes o ective
and 'Ef)er@ﬂhdﬁureerecﬂaamangeemaecﬂhmcnnb\terprbmdeesﬁhtawﬁ showing a

minimam atn%)ou o% Qfdee R éfsn.gncﬁ a mmlmum 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 2008/ 135804
PCT/ 1 B2007/ 002570 3 Summary of the invention The

WEe@sasisod nvent ors have now surpri singly foundP@iEB2007002570

IS possible to achieve |ower surface defects and
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
eps. The present invention is thus

di r eqhgdhrbdng nﬁ\}ern‘c:&rs A G’é%wtﬁlrﬁ’rliﬁy?& fth'gﬁ ?c?% pddsible to achieve

waf ers conprising at east one hee |
layeri swfacgedefects Land( &idGedd aesidual | SiGerbyoh pmcessi o@dprising a second

PEEheh 3Pl b BT 00 b RS ppiBre e bt firt and o
soedndadiectiveetcls istepst he steps of: 10 (a) ' a first
sel ective et hof tlonaII

t i Ge |
by o he AR Ren e . QHERd fos Thet RABEtS SiBgHhod of treating

Mér@&oﬁ‘@h@iﬁ??a@deaéﬁbﬁé ’surféé‘e) laQélymehcoﬂfgérﬁ%luﬁa @iﬁ@@nﬁhd a layer of
sel ective e ste Eresent i nvention Is al

sHpinge sEEPN ($SA 1R é@@tﬁ@i Vé@pth,etSI o layendhe sSivipves Hve@srﬁmﬂsed by etching
I of the present

ormete%‘tégl e ﬁe%“&%‘%ﬁ“&tl o%%?gf'he I nvention In

one éaﬁboajlf"Mrﬂelectlve eteh ofetheocSiGadayardopigortatly tfhlwadelsieah oxidative

i nve e first 20 selective etch step (a) is
carr?fgéeﬂgt&%’th an etching solution conprising a

m xt (is)e aofnsingatdp usirerdelorfizdddf&ie) , hydrogen peroxi de
(H20§ and hydrofl uoric acid (HF). GCenerally
appr HNgi §P8cess conditions for use with such a

sel egdy a/gec@hglge@gﬁ\/ételt@ﬂstgyrl ng first selective etch
step rise a concentration of hydrofluoric acid

( HF) Tfac pa@sen Bwentipngs alse, iragtesh inrrosacond agpasy tavaj wafer which can in
pgﬁgkl%r Be %b(alqe%%ﬂ%e tethBd bind q‘ﬁ%/gegr &Eﬁ(tldw eferred 25

I ment Irst current érred enbodi nent,
an acetic acid / H202 / HF m xture is wused in

prop j. . vol ume, corresponding to 49

% : { &% : 3(1% ]e ento a second currently

pr ef & oad e!fmﬁwdhmmn tl‘amrrlaﬂ'&ijl atcarrl'lrcy fo HROBresertiFinvention, the first
ure ortions vol une,

5@'8%%"@3 Ihéfqu?q%olssc@rr\%cb/gut gﬁhvﬁrb/g Chlj‘_l 1%}%0}'/13@n‘lzprlsmg a mixture of
aB&fteidd (UH TP hidbEerh %@R&fc@t quéz)dé’rfd Redrbfforic! 4t (HF). Generally
sel ective etch'step Ts at |ea

appropriate process conditions for use with 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

wQenosassmls and at nost 500 seconds. | n additiPCT/IB2007/002570

wafer rotation rate in thetrange 400 rpmto 2000 rpm
may be appropriately used. WO 2008/ 135804
PCT/ 1 B2007/ 002570 4 In an alternative errbodl ment

according to the present invention, the fir
sel edd A) eltemaye §m89d'(r@pt AECORCnG fastegariesant mvgntm,\the first selective

Bl $tbp QBF s édrﬁéd ofif! u§ﬁ€r A ébtldtﬂﬁ‘\ and: tah%t%],?gbh?c% and then an SC2

sol ution. The present Tnventors Rave: i
S@“U‘Q@Ti VEE Pﬂﬁé@ntﬂmﬁerﬁ@‘smalvem effecteohsapveld dhatuREAl sblutions here may be

d I
S B et SR 85 5 087 o LY T PRk can aiso be
applieeld’or the setord sdleivé éich step @)f urther alternative

FoSom 3 ther AR e gt on g TaRtuRes0f oG acid ) HatyHF / HiSOL,
iV fdla!m?@ prépurtietes ofIsd f7 1y hjeoyf \Pdh%e Sc%th‘et us‘é@ & R fi r§tts%l‘éctlve etch

Such a mxture can al so_be USG for the second

S?@ (@h154¢h adpixkre camalsa pe used fdhe Aesend ﬁ@'ﬁ@tlvel qich sep (d).
et hedl oae Cé?ﬁHHdﬂQ At0 |ﬁ 103 ﬁ‘geﬂﬁﬁneccbmf tcd % gnl{ fﬂ(/eﬂtlon the first

10 sel ective etc 5t ep I's contli nued be
s@lective efeh \&tﬁpcfa)n%agmwedmeysmda\me point at Wdrmiemleasurement shows, or

oSEAIATARTER! 5300500 BRI e A ey remove

frofn) (at Hmshwmexegjmsjo@ e smwfe&;msed'EBl surfideasthis ﬁhase is referred to as

«efe over.-etch" but does not

SELFLEETOES Bt fodbetot mhteen T aisingh PrOses g dn thasense that the
rddyents’ @REeMé $helSafle 38N the fifRBBIeaSve Stch Reed (d)St the “over-etch” is a
sel ective etch step (a) the "over-etch" is'a 15

CRHRUPHOM DRV D &Yeo AtPTIENE qfo%@m@tf defiegtignbi(FRD)deareasporsing to SiGe
rdritn). /-?Péffe@l%ﬁ%ép MA8aduPing* mt#rﬁﬂg heqéate{%lq fghe Hagrgeet L‘fsreg to detect

nmeasuring the intensity o
theoentk peint. Altdroativety, pothet ablmtoérmgweweb}y:ptlve‘ ett:hesolut:on at a certain
Y selec i.ve etch solutio
@fheriufe % oBmle S Sc bitiGess Etedfchas 3Rk ot tme, has been
preersel\;/edhtamlaed b ofrevious Exgdrimentd) abe Qﬁhdrpomf efctheef; r}Zt selectlve etch
Previ Qus exper,i

. % 3% r[_Ents end- poi nt

{ehe A e et T Bk Boviluiie cypr-cla St $ap ke celculated with
al R9tGEbId rdleéﬂeﬁeoﬁtce?‘t@hﬁh Al eo@medteet C\Dhl@ﬁ a}ﬁtéptloﬁﬁlnlrp?he present
calculated With a reasonable degreé of certainty.

invgkian, epayhhelp fipiredvice §0§§jlple¢|?r|'@|mqgenelheargﬁn@éﬁm etching. The duration
i j " QSSi '

o B 8y R BT BRERLL End RBIATRL K o ot mos
60squ>e1|der ally appropriately selected in the range of 0

seco ds to_ a

25 |
int Qr?gt ﬁlghogo@(ea]:dl%éﬁeegﬁ%ﬂgd p?E8k onﬁv@ﬁt pl@ﬁﬁawventlon an

oxyatilat dachirg stapiidearfibe put SfteatHe Mot Suldctiv tebth §tBE (8), "Bk oxidative
sel ective etch step (a), this oxidative cleaning step

clganingy Siepsiing SAlugpn @E SR (§5) dissalved {rewaien imat @ncaniration in the
réfdB O 15 s 8150 Bpi&t 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



10

15

20

25

30

range of 15 ppmto 50 ppm at a tenperature of 17C to

35C, for a period of 5 s to 300 s. A currently
wpe@Basised treatnent tine for this oxidative cPEHIB20¢/002570

step is about 15 30 secondsi An appropriate wafer

rotation rate for this treatnent with ozone lies in

the range of 400 rpmto 2000 rpm In the case . where

an oxi dative, | is indeed carried out after
e gl Sifacth o6 Sicke fbugtr@qy plag remeye oRekie ©Xides @ S1 and Ge

pRGEfteon the dssupfickeved, though this should not be
construed as |imting the invention, that the second

sel ebt thedTamawenipf shamethad ansprdingDozithe drasBBwention, the deionized

Wg%bﬁﬁ’gt%m%@‘g &caﬁng X 832 gga:ﬁgkrgju@%lié)eiilr o?é@ll mi{q%-e@tronics. A

gmaﬁdb'mppmprlag_sdmﬁtlors ufh thecinsingrstehis dfiabfeasbb Ishamﬁ dtimeost 3 minutes.
X Nt Tl 1

AJEIRRM, Bt BRattiphindlof iR nif e $fnys egus 15 sconds, at 2

tepiponstaredofLE2Ci li))ﬁd"QI A Wrferally BbSroprigte &RdfeOrt&ton rate for rinsing step
(!ﬁeneral |y appropriate duratl on of the rinsing step is

fis gk lept 00 rameang, A mast #BAY M nutes. A currently
pr ef B dehbERMERtin EHé’%eﬂR{d ak%l%lr@' t tﬁbgyééééﬂt g%/%ﬁtlc}&? the drying

about 15 seconds, at a nper at ur
ofgetaR (&) Waér@gr@ﬁrusmgea ﬂgwe?f inest ges suchr@a gitfogen 1o argamg The purity

0
onz)Peen‘éodlcdn'@ﬁ?) ths al?‘heéé% od acg%&éf"ﬁ%%'oa}%ggn t?er&,aé'ﬁrkhe usual
parammeters onsedt t’ce,/f askitiedg préhﬁtnorﬁerf]t @p rhicjoelectronics.i dd @ut appropriate
W 0 nert such as nitrogen or .argon.
e Ry ry ke pas e strTEd oBinGia omE osihed ahgRiiote warer after
iy . o pueEitiyaprefarredn@ry B procdtaViBvdte drying the ﬁ/@dféﬂﬁélﬁé Sreated in
used b¥ skilled practitioners in mcroelectronics. In

t"‘éPnscé‘Bi) F?%Pé'“gé‘ﬁfﬂﬂéﬂrgéﬁ-t nitrogen gas is supplied
usi ng &é@ﬁ%oﬁngﬁsiﬂﬂﬁ@%§ﬁ6d ggééﬁ'cﬂﬂg[) td@eE&Iht AVERS ign, the second

rinsi n% A current erre Nng process I nNvo
selpafive gteatendHy s b@mﬁg Quteﬁartfeameﬁchm@ solwtors camgrising a mlxture of

oBERREHAC R Dok o RRIBRE b g M cenray

apEbpriEte venehthtiat ephydidpfiucsiccaid (HFY dudhg Whé becand eklebiivegetch step

(3 SHeBH, EORBA 2Bt 38 rihsk 4l heey Reiens Adarerdfiprangaie temperature

du:’rm hé KEdondAceny étl:ﬂ. ytepqaprsca@néa@t 2OR0AHPAt &t i6pPC., Of
rofluoric acid (HF) during the second sel ective

et c hCtceming theyyduragiont off &g seengsseleding efeh raten (Ao the preferred
e I Pk i r

N, Wbatiofl BRRIE 0L SERREEON! GhRnhif BaEfetel Bngfchdly in the

CO&’FEMtanwm!nmdu@omcmgpmﬂmg dumisliureof afeticraeids@thBAOH), hydrogen

PAEHEE ) SRR S 5, BAEVEHE SSer BB 3 gt 40 secons.
A farttge currehthbpieférred di@ration of step (d) in this context is of at least 10 seconds
and at most 30 seconds, more preferably at least 15 seconds and at most 25 seconds,
and a duration 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 (e). One
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context of an etching solution conprising a m xture of

acetic acid (CH3COCH), hydrogen 25 peroxide (H202) and
whyasosisupri c acid (HF), is at | east 5 secondsPemntB2ae7/002570

nost 40 seconds. A furthere currently preferred

duration of step (d) in this context is of at |east 10

seconds and at nost 30 seconds, nore preferably at

east .15 seconds a t 25 seconds, and a
SRR PO mioaIee B B URBer HAdStbe dFaPingr R o) comprises the use
oP2EbILEAH 8 d26n8POL)UNRES in WateP e a STRRANIBAN o%étqeégi‘eﬁ ppm and at

nmet hod according to the present I nvention, e secon

mogt 2QPRiv: Ak tespRatatreel Ftdpasidy°®andiat mest 35°Cofdraestiodyof at least

53 arnH%’Ehﬂﬁt%@ and then a drying step. GCenerally
appropriate process conditions are those descri bed

abovin thercasqeherans isecpndtaqulatiyd Xleanidg lstw idrinyderd catrid out after the
e SR UE b 1 S OLC o ' B e s
notnbeecdristroed bl Gin‘ﬁt&tg)!ﬁﬂ ingeition] thae tIR! sdtohd eRidathe tléanlr&% may make

AR G BOAE (ROPRO BPIFED SH o CHEEED ARGy this means inibi

cd?it&lﬁiﬂ&ﬁor@!?@b&@ic[@%fe bdisgh.further oxidative cleaning
step (e) conprises the use of a solution of ozone

(03) Inowrses@nmmﬁﬂt Wnthermethod ageardivgite alhe preseft inveritionsthe further

opdat BBAfa Bren (B9 HHavobk fBhed by 3 EFBSEAN hda ifl stepsGenerall
appropribtepravess caillions afe those Idesoclbeda ahbrmﬁer sheseasimglstep (b) and the
i N p.is ied out after
dl&ﬁlg%%sdegczﬁ%t?@[ﬁ&ﬁeﬁ’&&&e@tnﬁ% $or exanpl e using
0ZOnEhe presérs IFm”tItGN eslalsd lareghd ﬁTa%eédr@Jét ! ‘?‘I’efﬂﬁ@ta h,%ferdwhlch can in
ued as ljmtin i nventi on a e secon
pq{%t@q I?ev%t@f"%% 'ﬁ‘g Ogsﬂfé he priegent; Pvantiol f ace nor e
hydr g piwrbd %céoﬁ*cﬂlﬁgl% ' En%ﬁ@ntoﬁ‘ﬂlg?ddnoBre?é}glalgycﬂﬂrées at least one

neans i nhibit contam nation by particl EOSI
surtace payeh of éFFBtB‘éd raligen ($91),tsaid ﬁtﬂf&ﬁ@da\@fmﬁrﬁi gving a thickness of at

Ie%t@%nﬁe@?é@%bﬁ%? cfsP?Oé “gﬁ&ﬁétre ?Fqu\%blzfleoe‘f\}vgégpi@ﬂanometres and
3an§nqirgat@segad mfmralﬁy B%owaagummf:?&feetqdﬁ@@%lue@@(ﬂ)bl)@ Oﬁg um of at
[ e described above for the rinsing step an
m?ﬂ?(ﬁ)&%ﬁ%p?ﬁ (c) that follow the first selective
et c it SOD hiave is HRQlepdr@ffiAt ad déé@*ﬁédQH U§20ﬂ6§(§26dr0083 Withth detection
in a second aspect to a wafer which can in

thasheld celf Drih o b 26 MRQBSHIEMEEs Fan Hot exemplee bprregéwwnth an SP1-
aﬂd%?’a%’é 'o‘PnKLA(A‘T%?rTﬁ@"}ﬂé%gF@nén‘E Ed?r?pr%?‘ctﬁ@tt]‘létg&%ﬂt {;)Prl]_PD (small

preferably conprises at ast one ‘sur
defeqts)i anslAR (Ipigen defesS).) Thesaidiffesentfgrowps afydafeats, dlSﬁngwshed by size,

oGRS EBEE Pl 57 oF DB hSh s o, so0

is anshm 0 LnarmmeAp £R,is poskilsle &b efs@bm/trfeh@mtamvé WRAObF the defects by
def ect g val ue SOD @0. 40 m of

Scannlng Electron Microscope measurement, where it has 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 p 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

waledosasison threshold of 0.40 m The neasur emePCEHIBR2807/002570

for exanple be nmade with arr SP1- apparatus of
KLA- Tencor. The neasurenent conprises the detection of
LPD (snmall defects) and AP (|l arger defects). These

di fferent ou defects, disti i shed by_ sj
PBNAET. o TSE b b BB BES b D FoAELt 16,0h 20 T is thus made
pd3LipRBy the y@geht ms@emntl cles (dust). SOD is a sum of

LPD and AFB possible to discern the qualitative

ki ndno@ Rrﬁf@rreéf@ﬁb@"nynt svafersi argoring: o dhe Mresest dmjgation have a
SBT3 POV s P AR SOIERL B, Il ISR e micro
eleasonitd feeld hren grastueed wmth;asetabzmﬂao@lsaas; 'ﬂlﬁ pnetfe“reﬁ maximum of 200

celites PO R0 s R S B bR ) TRl et on

I epr Yesfiers aceordmgstbdhé phdsent inpEriopngankrally ehow o gface roughness of
rior art The present inven

obseryv waf e >
ati st 1n§ raffgf@m@a SPFfa‘f f{?p%‘a’f 2\ - JB SPRTOPEEES @'Bo‘ﬁ'@e”ts the

deffect %fehﬁfy fshé’ssfthéﬁto 3 padicled /crﬁhﬁ)r@ﬁbtﬁmnh Qfdr @' donsequence of the
met hods,” only selective etch step, are in the region

209 defexts limisy e 8.6\moridess/cmd S@dhe ROGmBRefEY/ 002570 7
t t -
gggu\)t(@ffgsrg E(glﬁg% ﬂh@%r@%w%%e\ﬁgwe%n@yallglIga@gyé)trsﬁgﬁed silicon on
inpu@ee {sSOIhvncture. The \aafprseﬁrer pedferentialyi ofstainedwaf ¢nes SmartCut®

ccording ta the L nvent have Lanmeter of
e A oo aRPBEE, wiBsEY 8 anRiE: s abE fansferred from
a @brioe GUbstré &5 & rédeptdrSi BulRIsObstfate by Gidansiof an biigk thyar.e
produced in these standard sizes. The preferred
maxi mum of 200 defects per wafer is appropriate for
Exfthpleg00 mm and 300 nm wafers. \Wafers according to the
present invention generally show a surface roughness

of Te ieliowing Aablgsindisetes Featimenigcangitionsethet weng fested in the
frdPhed R ﬂﬁegﬁébagtﬁ?\f‘éﬂ’ﬁgg'f@e%%@ !R/Sfeégglfe?e%btgﬁaé 'b% Yhd §mart Cut®
tedummqﬁoerfetm-tmg 13801 06 SEHO0 tyhef wiafess,| asniléskrilbatifdd. ékample in United

o 0T e, ML SRR vt o

m&rdelemﬁm@@ usé, NSallatle on(h&Charkat &s1BdilitoR . of ThieroaRdcabaic Juslity” with
ferentially obtained by the Smart Cut t echnol ogy

e
Cﬁ)@r@ PEVPNEY diameter WhibdodanhaedRs we étagéa*@)kﬁlwg of
sSi/SiGe is transferred from a donor substrate to a
receptor Si bul k substrate by nmeans of an oxide | ayer.
15 Exanpl es



The follow ng table indicates treatnent conditions

that were tested in the framewrk of the present

w0 pooensisen. The treated wafers were obtai ned bRCT/IB2007/002570

Snmart Cut

type wafers,

(r)

techni que fors fabricating sSO or SGO
as described for exanple in United 20

States patent application US 2004/053477. Wafers used

were silicon bulk wafers for
avai | abl e on the nmarket as

m croel ectroni cs use,
"silicon of mcroelectronic

stgpial 1 Ty" [Wrdddss adiHilerm Or Eg dijamexer wWni Chex @day | afdehparative
the two gtandard sizes. WO 2008/} 135804 Ex.1
| WaerTdidnB200mMm002570 8 Bt ep 3BV ocess dmbai | § Example 1 300
Ex. 2 EX. |Rcagemp@emitiesve Adedc Acid MafmerExdi)anphetié Aoa BP0 (As Ex. 1)
200 300 3GOdReagent i gemt®i/iHes pAcetic Ac| b:T: (/ASHFE(.
(@nfirsiacet i  CARIEBIrFIOTSAS  Ex 15/ﬂ /1bang H202 / HEM1H2e9- 7 | HF:
sefegyveEiP st| concentrati o §° ‘1}’7‘@1')/1 by 1/ l\alzf[soov <?8¥ =
sel ectivg etch vol une 50: 18 % by "49: 49:2 %
by wt. WeT@REdratukeNPe at Uée@c 25C 256630C] 26Go-d I ME[__s6°C
300s 2609 )S 260s Oyer mbgh Tinme2eddd S| 30 080 S| 30260 s
Ovgeagent i|demd:ities 03[ 25 ppsin|(Asokx. ) (#ssEx.|1) 30s
(As Ex. 1)Reagai Werttitiase| &ma®5 Dbrvinc | e@aiERg) ST eAs Ex. 1) (As Ex. 1)
Oxdgficeent r gtahdns: Tenpefat uP&Y 17C 25C 30C| (As Ex. 1
clepningstep ) |Lomagntgationsy o (As_Ex. 1 (b Rihsing
Tenper at Lqr Wef)nr* n 5 n)25'°f§3n: i r\%o oot (As Ex. 1)
I’rp lme | T ZU0CTPUT 2(:11\ ”v -‘: II.E?E)%CI o1 flz_‘\éQllr :\r:: I(XS Ex. 1)
( ifihgS lw’I'th eratur; cT P Yo Jdp N TNA[ ™ 20°C
deiBmie@ irhd? fp 2BgE TP[T- {06k D' YT 10
wéiélQlB!w Flgw rate 20 lifre/mn 20flitre/mp 20 litre/mn
- 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: H,0, / HF:
selective etch concentrations: (15/15/1 by 1/1/1 by vol.)
volume) )
Temperature: 25°C 25°C 30°C 26°C
Time: 20s 10s 25s 10s
(e) Post- Reagent identities | Same as first | Same  as | Same as first | O3 25 ppmin
second and oxidative first oxidative DIW
selective etch concentrations: cleaning step | oxidative cleaning step
further Temperature: in Ex.1 above, | cleaning in Ex.3 20°C
oxidative before step | stepin Ex.2
cleaning step Time: (b) 20°C
Post-second Temperature: 25°C 20°C 50°C 20°C
selective etch Time: 20s 30s 110s 10s
rinsing using
DIW
Post-second Drying gas Same Same Same N,
selective etch Wafer rotation conditions as | conditions conditions 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 2
above
Results SOD 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
wW@apwsHEB® /| HF: H2O2 / HF: sel ective etch PCT/IB2007/002570
concentrations: (15/15/1 by 1/1/1 by vol.) vol umne)
Tenperature: 25C 25C 30C 26C Tine: 20s 10S 25s lo s
(e) Post- Reagent identities Sane as first Sanme as
Sanme as first 03 25 ppmin _second and oxidative first
oxi dative DIW sel ective etEAMencentrations: cleaning
step oxidative cleaning step further Tenperature: in
Ex. 1 above, cleaning in Ex.3 20C oxidative before
1st eph gnethof rofEseatingl wafers gompEsingi ateleagtbpne Garface layer of silicon-

oG8 A0, HVSHR B SrahBE A5, A5 ROSygbE R B e,

sIPteyer being ekpddey ibp gtdirm Gahe SEmﬂay@amedrhEthod ebmptising the steps of:
etch otat.ion conditi s condjtion L
cond 1 arirshSSEHE StimeT abs ke et cohtione iy Bilowegtgan oxidative
as |¢]'ea‘m,fgs§tepn first drying Flow rate step (c) in

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

Ex 1( gb%U%s"QQﬁtePr‘r’S'Eﬂ deionjzed wabfve 2 above Results SOD

val d}g 28y 250 3500 WO 2008/ 135804

PCT/ EZ 7?002570 9 CLAIM5 1. A nethod of treating

waf ed3 acernd slasvaietchstep. one surface | ayer of

silicon- germanium (Si Ge) and a | ayer of strained

silicon (sSi) in contact with the SiGe |ayer, the 5
2.sSi  Aayethod eicogydieg to <kt ly whieedin tige Aifst sélectfie@ecH stypr(a) is carried

ol i RCHIFE ROUHSR Rameiiad |saiTe gs: dcaHis el (GHhraqey hydrogen
peRbixide (190, Yanid MdrofilcpirRicRIHEY.€P;

3. A method according to claim 2, wherein the concentration of hydrofiuoric 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 (O3) 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 (c) 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
wa@ewenstisng to claiml1l, wherein the first sel ecCTEB20071102570

step (a) is carried out wibh an etching solution

conprising a m xture of acetic acid (CH3COOH),

hydr ogen peroxide (H202) and hydrofluoric acid (HF).

15 3. A nethod according to claim2, wherein the
7concArvethed ascardingyter o obelpiensat itd !i, HiFHereid uhe r&gcmrltbselectlve etch

<5018 5G] e T ARy g gy gt et s

(GH;EO0H} ehyeicadenepeetide ¢H,0p) dra) hydsofhtorit @eidt(HRRC and at
nost 60C, and the duration of the first selective
etch step (a) is at least 20 seconds and at nost 500

820 saewibed actordind'®l d1gith AosidTeihfige t@qc@ﬁtsfamin & tﬂ‘dF@’lu@arlc acid (HF)
to 3, wherejn an OX|dat|veceann ed

dysing heserondselactive etheter (d)Ve akleast Qc,@%ﬁ)o @agi aumqs@,l%% by weight,
ttﬁeoﬂeH{prb@ur‘éfd&%@nﬁﬁe(s‘e@éndjkéié&tvé%@d é:p"@) & at fég%\: 20°C and at most

concentration Of [ east 15 ppm an

6(1C, and &g duration of @te sacong Seleetivetetaty stepr(d) &statﬁeaﬁt Ksmpnds and at
d of at least 5 s and at nost 300 s. 5. A

mt)g{?t@sdeeacc%rdl ng to any of clains 1 to 4, wherein the

step (b) of rinsing with deionised vvater IS carrled

o0t Kool A0 8ty b5 . "Bt BByl of the secone
satmftm@dtcacse@n @) nYatt18adkY setorfdsdinBBt dsP3@ sedthigs.ei n the
drying of step (c) is carried out using a flow of

i nert gas such as nitrogen or argon. WD 2008/ 135804

(f’ CT/ A ﬁ%@l@gd 9&8@?&; to-Hlaifn Aianﬁlanﬂ (?rl BEtHe %N %glective etch

cl ai s 5, wherein t ‘e secon Ive etc
steri(d)iis at:lﬁaﬁﬁ &Se@gmd%rtdﬁtmﬁt%tsemcsol ution conpri sing
a mxture of acetic acid (CH3COOH), hydrogen peroxide
(H202) and hydrofluoric acid (HF). 5 8. A nethod
llacc ok dietiypd accotdingo/claimhid, én whichehe doxaeibh batheosecoid selective etch

h af | orl aC| d, (HF) during the second selective
St‘e%g '§?§ andg | east 0.05 % and at nost 10 % by

wei ght, the tenperature during the second selective

etch_ st e‘g ({)dg ds ‘| east 20C and at nost
13 he ATIAebACEIINhE SBE O §BS Acoi Lo V&%ﬂnéhe;setqmﬁ setect!ve etch
st8h ()88 filoned BY AMHHEIM WeRthnd FRRfind'GegeCconds.

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, wherein the further oxidation 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
W@ adjositsssed | east 10 seconds and at nost 30 secPeEB20A2002570

A net hod according to claim9, in which the duration

of the second selective etch 15 step (d) is at |east

15 seconds and at nobst 25 seconds. 11. A nethod

according to claim10, in which the duration of the

second selective etch step (d) is about 20 seconds.

01 I

%,h erélwr?ﬁeirheHsb?ecglg dcacfg’ééagte [gltgel \E/lg'faétt@é{%féfr of sg'hlgﬁsi §ilikéh dshi), said surface

layes| ofcafi dhawing @ whidksessgofsatdpadirid nammqtrasgar@t @tpmoats.lom nanometres,
[
e 3] F EFREE GEDA P ¥oPa ™ ) M o k(g BBl het Drer
further oxidative cleaning step (e). 25 14. A nethod

1 oph (e R, Y S 1R VTR A B e GRS B dbout 200

miliibetrés draibbliesommilitgtdsg a sol ution of ozone (03)
di ssolved in water in a concentration of at |east 15

ppmand at nost 50 ppm at a tenperature of at |east

7C t ; | ;
18;t rr%g{éfé? ac@&%ﬁoﬂg?tégla.uﬁ%% rrdgt 12‘3 g\@% dé'rﬁ] aﬂef\géﬁg gcl)rm)qégég a strained
silipon @indsulatar (skRBrstrusturee further 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) value 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

mllimetres. 18. A wafer according to claim16 or

claim17, wherein the wafer conprises a strained 10

silicon on insulator (sSO) structure.



