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WD 2005/ 055307 1 PCT/1B2003/ 006351 PROCESS FOR

| MPROVI NG THE SURFACE ROUGHNESS OF A SEM CONDUCTOR
WONGERSSBhE present inventionlgeneral ly rel at esPCDIR2063/006351

surface treatnents. of 5 materials, and particularly

the treatnment of wafers to be used for manufacturing

conmponents for applications in mcroelectronics and/or

pé&%é’? LBG! LAbGSve H‘Hﬁ esrtﬁ?‘g %‘S@/Hb]tg%geoﬁ R"gﬂ&c%bucgo;tz WAFER

concerns a process ucrn roughness o
free surface of a seniconductor waf er, said process
conprising a single annealing step for snoothing said
free surface, said single 10 annealing step being
carried out as a RTA under an atnosphere of pure
argon. The term"free surface" refers to a wafer
sur f dte pheseht 'inventiorpgseatally refates toittee semfaceohneatinients. of

malteHals S PRBICHESY ANt of wegerilp e Wgesl TR yfacturing
rl‘ﬁﬁohénté" fol apSlicaRBAS mﬁw|ér6@fé‘cfr5ﬁlc§%Zﬂ?ér&fdt%\ecﬁ@ﬁcs

vention can 15 advantageously enented 1 n
conbiMerei precigei thqonmmasrkisnf oonceaks na prbcess Ifcazyeedsucmg the

roSLfﬁ% asR‘E ﬁcrlfbed Efthe atent FR ﬁ 661 47 ag

Hhes i &R SUERABt OF i A BETREAN HC‘Q&oWé‘ ?ﬁ‘{ process

cor'n YiSihg| é’%?ngle“aﬁh@@lﬁfgsstbﬁﬁbp dHfdoReing said fae @uﬂgéeof;alﬁ héingle
ove nmentioned patent Is known as the Snart -

anm@lmsatep beinghearied oué ps salREA T seT@Ni aimqspheneeof p_we argon.

foll b S der urface

of o enrn et uft i oBfers i 2 RalE “sUBREvhi B bdeed o
the' tower andiromelent (thus QiffdringC @BnPra SurfaceNdeMigtrbyu@n inner

in an inplantation region of the top, Contact of the

'nt$fﬁ§ﬁ%h‘?f@@eﬂd}ﬂ°\ﬂﬁwf3@f@é@élt‘ﬁm wafeBtrate - al so call ed
" basg, 2\51" geeaagﬂrﬁ)%gerﬁ]th?rdnqp Iféno c?éjscﬁ'@ﬁoﬁu tth nvention _ can

|nplant ion order ran bas
advdi]ﬁagammslyobeamplbmeptedhmcctbmlsmbtb@mn&m @@Wm fohenaklng thin

layBE} LGN i deSCHRP Shde PBIENHALE 6 4Th i bstsombination
is %Qﬁu%%@&p@%th@%ﬂ%{u@}%%l

A process reproducing the teachings of the above mentioned patent is
known as the Smart-Cut® process. lts main steps are schematically the
following :

e Implantation of species under the surface of a semiconductor donor
substrate — also called “top” and made e.g. in silicon or silicon-germanium,
in an implantation region of the top,

e Contact of the implanted top with a receiving substrate — also called “base”,

¢ Cleaving the implanted top at the implantation region, in order to transfer on
the base the part of said top which is located between the implanted region
and the implanted surface, and thus form a thin semiconductor layer on the

base.
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By "inplantation of species” is nmeant an inplantation
of one or nobre atomc or ionic species so as to

WO niososRIeE such species iR the material of thePCT/IB2003/006351

i npl anted wafer, with a nmaxi rum of the concentration
of the species at a determ ned depth of the inplanted
waf er, and generate an enbrittlement zone. 5 The case
where different species are inplanted is generally
referred to as "co-inplantation”. The depth of the
enbpy tiigkamationr 8N 8pédied’nNs rhamitadi afplaRfaBbnict che or more
function of the nature of the inplanted species, and
atomither e gpeeies isppsaiet iatrpduce puch BEpecieeit the Mateyiai «fithe

. N er., sh .refer t u .
impidgE well, hith P SpabEbs i iedMAEhbe the Species ata
deteotihad degthoyf the dhplanteBnmdfer, Gutd (generatp @nmrbeittksnerAnmdnien
this text the termof "wafer" furthernore %%ﬂerag I|y
r ef Bhescase whore difforant spemies AER WNRJANIREnS OenGivly s6terred o
QL0 rt-Cut(r)-type process or not). Such
as Cev{/a éérhlétc%gﬁ al so be a wafer of bulk material. 15 In
al | Tlradepth dfliee grbrtiamenbimet invibe ahplahted watenid afunation

: to jnproye th roughness aof the free.surface of the
of the,3pliS oF edmptanied Sheiey. RS TR HATRAGIO%hn be
achpeyfd 1ol ReehBic ttbfin T WFBREsRalPfrofdictos wid aaicture
(mean roughness),” but al so by increasing the
comprising enkiyey tehstdedr onghhase ibstrateheas gbfaired byosywly a
Sma&qflt'm%ati ons such as nentioned at the begi nning of
At TEG Propes: roughness specifications for the free

surAing & Bis tde thei@m af svafedgadhy@iiote gerieedls, referd thhemy

quality of the free surface of the wafer is a

layerpgpbsfEateorwalen whatever its ergin f(§marhe U oS tRFO&RSst fenob).
SuchGWB?&F%QB%ls‘%&E. é‘#éf&%ﬂ%?eeria?.” the wafer. It is
e.g. conmon to find roughness specifications of max. 5
Andsit albeases) thengenerdl olgectivecof tredinvbation duidghimapsove the
measur enent s arecggg rally nade with an AFM

roughnessyy dbe feewria CM¥Pte, the roughness is
MeagiiE eHjcRive BF AGE%ing HRREEErRYN be achieved :

- e By lowering the roughness of the surface (mean roughness), but also

e by increasing the homogeneity of the roughness over the surface.

For applications such as mentioned at the beginning of this text, the
roughness specifications for the free surface of the wafer are indeed very
severe, and the quality of the free surface of the wafer is a parameter which is
critical for the quality of the components which shall be made on the wafer.

It is e.g. common to find roughness specifications of max. 5 Angstroms
rms.

It is specified that roughness measurements are generally made with
an AFM microscope.

With such device, the roughness is measured on surfaces scanned by

the tip of the AFM microscope, the size of such surfaces being possibly



the tip of the AFM m croscope, the size of such
surfaces bei ng possibly WO 2005/ 055307 3
wEADsBE3003/ 006351 betweens e.g. 1x1 n2 and 10RADIBA)3/006351
someti mes 50x50 nm2 or even 100x100 nR2. Roughness can
be characterized in particular according to two main
nmet hods. 5 According to a first main nethod, roughness
is said to be "high frequency roughness" ; it
corresponds to scanned surfaces of about 1x1 nR*

betwdeR0ed) NG xk 0 hiPe HidefoxTBi %@E&ﬂ_@tim@@ugb@ﬁrﬂ% of abden
to be ™l ow fl}lequency roughness"; it corresponhds to
10000 med surfaces of about 10x10 n2 or nore. The

speci fication of 5 Angstrons given above as an i
i || Rebehnessncar beiehaaeieligeh 3 PAHGUA aaardigg iy two main
metfdysr esponds to a scanned surface of 10x10 n2. And
waf ers which are nade by known processes
5 ( SmAccor@ing( tg -4 ypet rpaincesthaat, , roogheesds ps essddttoabér ddgh

surface roughness which are higher than specification
frequsiicy TAUOHRERE! off SATRBRAEIS IPrPoRRECH BURRESA APob ] At

) t i Aot !
Accnbedinty 18 TR ofEC Indh ndflo2 gl 3 &la 16 be
“Iowtﬁreaaene;ntqugﬂmesmhﬁtec:qrrgsp_dadg teescanierl sisfaceal of ahoat rrak10
G WP SReR L b b ATSHBI RN 16 SPav i a0 TeRsiaIonds
an . . ) r
0. a rogRELL R OBReRT TR ab MGl Rl L 1 St

20 Aherwafers vaatient madéosy kaowhnpnrgesseh (SmaatOetitispe
w th other known surface treatnents, in order to
Process thertheadpiesenb @y igessurfass reuahsess uvaich e higaer rean
' d ; t s X
speciiofip WRRCas Hheftibch abbhe Millie, aBREn BF o SOGRIE Litkce
treatimrenheuéh bsistpddishiog apferatimh 25 cl assi cal ther nal
treatne

5 L CRbgRIhg, IS PACHIS S ckoses AP HIERLAD B0 ot
undefybds & “Bhsdicaefemal HEStment (e.g. sacrificial oxidation).
But such a surface treatment does not bring the roughness down to
specifications as mentioned above.
It would of course be possible to multiply successive steps of classical
20  thermal treatment and/or combining such treatments with other known surface
treatments, in order to further reduce roughness.
But this would increase the time needed for such a treatment, and the
complexity of the process.
A process as described in EP 1061 565 is an illustration of such
25 classical thermal treatment. This document discloses an annealing step carried
out over a long period (about 60 minutes) with a high temperature.
This annealing is followed by a cooling under an atmosphere

containing hydrogen.
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This annealing is followed by a cooling under an
at nosphere containi ng hydrogen. WO 2005/ 055307 4

wWEMsOB3003/ 006351 Accorddng to a second knowrCT/1B20030§06351

a surface treatnent, a chem cal nechanical polishing
(CWP) is applied to the free surface of the wafer.

This type of treatnent can indeed reduce the roughness
of the free surface of the wafer. 5 In the case where
there is within the wafer a gradi ent of concentration

of A&d %% 'aré”ercéﬁé 'kﬂSth)VﬁH g6a thgacaréadfont tdicBemical —

secon known surface treat nent can
mecfnamcsai@phshm é@MBWIa applisdta thefico sutace okthewaieim to a

B

surfdceedtiewbfegan possi bly 10 conpr om se t he uni form ty
of the free surface of the wafer 'prtlclar t

uni dhgicage yrherp dhere; is writhis ther Wﬁf«% asQ gg@p(;n ration
of de-lfgijlfs c@&ﬂ?tdmfér&é’“&ﬁ@%ﬁﬁ?\/\#}ee th@cé&éﬁﬁotggé AKnbWROS e

require erally be the
treatme can forttienmdsre alhivmthie Iabmmmu@hrliaaesmafmauows tougregion

nent | oned aboy 5_Accordin a third known type of
assogiAtehioAn 7 ?%’ Q%F%'Ptg?t?n exposed to a rapid

th lthi@n T r n ibl
B thid @@léé]ﬁc{‘%tyégtﬁ?r O‘Wﬁ s@fa%@ ir@@‘trﬁ@ﬂ can possibly

at nosphere known surface
comprosus e untfhlmnlv;abérthe §rean$11:féa®dof theawaffgrgin particular the

f 1100 to 1300 C,
umfoamﬂ?ﬂgﬁ\g%‘chggﬁp tIt?ecsét' ace [ﬁﬁhgm about gne second to

a femist@ambatk S€FORASrMAE iNeRRIsEH NG dnoirApditdrit paisshirants
of this third type of surface treatnent, the free

requised.fwltieh ooultgenarally bes thareate bokier 40 RbteigflowHeUgRReFs
vl ARSI EaRe o = X 0o gerer ey,
gasascdrttiel, toH, thindr knds®, ty;ﬁElbf h&&ﬁac@dréﬁtﬁ;en‘t) theJSvafer is
171 965 gives 'an exanpl e h vari a 1 P61l
expoSe8 1o gaiidnema Arpsaue A, PBdF4 sanalsd HnosplRe.
hy diQBRMhRE ERPEEERwn surface treatment, the wafer is annealed in a
high temperature, e.g. in the order of 1100 to 1300° C, during a time which can
run from about one second to a few tens of seconds.

According to a first variant of this third type of surface treatment, the
free surface of the wafer is smoothed by a RTA of the wafer in an atmosphere
made of a mixing generally containing hydrogen in combination with reactive
gases (HCI, HF, HBr, SF6, CF4 NF3, CCI2F2, ..).

US 6 171 965 gives ‘an example of such variant. EP 1061 565 also
discloses a RTA (carried out under an hydrogen atmosphere).

In this first variant of the third known surface treatment, the reactivity of
the mixed annealing atmosphere allows etching of the free surface of the wafer,
which reduces its roughness.

This first variant can be regarded as advantageous.
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In this first variant of the third known surface
treatnent, the reactivity of the m xed annealing

wa@resspizer e al | ows etchingsof the free surfacepPCf/IB20€3/006351

waf er, which reduces its roughness. This first
vari ant can be regarded as advant ageous. WO
2005/ 055307 5 PCT/ 1 B2003/ 006351 An enbodi nent
di scl osed by EP 1 061 565 corresponds to this first
variant of the third known type of a surface
" eRhBiModint Risti 9*@5“1 064 5§r5°‘cb§re§;§6r§dsefb oMb firSt
an at nosphere emat i cal conpri ses
variany df thgeinird Bncmmwrof aasmnfauetta-tatm@nbf such vari ant

der framthe fact at the  annealing.atnospher
e epaBOdimERe A T fach Hihan L Bipepags ich
systérﬁ&tlc\,’%fl%m‘ﬁﬁb@@hy@mb@nbe anneal ed can thus be exposed

he”action of  such atnosphere (such elenents can

be Hoyeverh@ Hmitptiere abf sudhevaiigndrdariyes Hro® Hgptasédhatothe
e treated, walls of the annealing
anneaﬂﬁg{%ﬁpggp%%ié%re%\gt At hus be necessary to use

addElenishdd omeamM thdro i dieeCsufaed ofethenwafes. whilthsist ¢émdse
to further conplexify the process. And the reactivity

annegfed H‘é‘“rﬁh&@d bt RERQIRS doclie actien i sue yatmesphere (sdch
elem%ﬂ s by d8 '% g@&%&gf%fg&%wé?e '\%1 is g@@%d"tﬁ tROYlFECce B
be traekedswallsad)fetha ampealirig chamberl.l)ation (for e.g. feed

enclir@n QusLBpLyPcoesnly 10 uise BAAPRAI Beater G Pigre Such

elerrx%ﬁ{bsfrwtehdsﬁﬁﬁﬁﬂh@tesmfpfm FRCPRfEe¥gri ant of the third
known type surface treat ment, the wafer is exposed

t o AndRtie me@kdw:tamfahmgbérammpbﬁredm affst poBblyt ugbRr

mat er i al fer. t he
degrg% S?Wﬁ%f?tgtsn%t m&'& C&/& Qogﬁ%]%lémgtr?% surface
of [Finéhemiors, shsH véﬁéﬁtﬁ‘fzar{i’meb@@ﬁfmé riepédific iibstalldton (for
anneal i ng at rmsphere isin this case typically

-e.9. depflothed apnealing device with the different gdases, and/or ensure

security....). This constitutes a further constraint.

According to a second variant of the third known type of surface
treatment, the wafer is exposed to a RTA under an atmosphere which does not
attack the material of the wafer.

In such variant, the smoothing is not obtained by etching the free
surface of the wafer, but rather by reconstructing it.

The annealing atmosphere is in this case typically composed of
hydrogen mixed with argon or nitrogen.

EP 1158 581 discloses such a surface treatment. The treatment
disclosed by this patent systematically comprises two different annealing steps,
one of them being a RTA. These annealing steps can be carried out in an
atmosphere containing hydrogen or argon.

The two annealing steps disclosed by this patent aim at smoothing the

free surface of a wafer. The decrease of low frequency roughness is illustrated
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hydrogen m xed with argon or nitrogen. 25 EP 1 158 581
di scl oses such a surface treatnent. The treat nent

waoele@siosssed by this patent gystematically conprPGEB2IN06351

di fferent annealing steps, one of them being a RTA
These anneal ing steps can be carried out in an

at nosphere contai ni ng hydrogen or argon. The two
anneal i ng steps disclosed by this patent aim at
snoothing the 30 free surface of a wafer. The

by the985€838mATof 1ol T SOMRNSMehO WeHRIe FSpaficilbl URbWatIes cHELt
2005/ 0565307 6 PCT/1B2003/ 006351 by the | ast col um of

of a segsind annedlinthafterghe &TtA- which in particul ar shows the

ffect of d | ing.. h o4
accPar e RoRERT L iy BRfnk Agb X TA AR Pl s eppefatr 1)
lead€ aoparawi frequency toegHRed® oft 1,60 fireansnBy Haigd thiss RIA
1,60 nmrns. By having this RTA 5 followed by a .
followemh b guriseaeriitadditionabanragling te. dow f'IeSHﬁF‘PSééI}Q'?WSS Is

brou{;]}?(n@nv@fﬁ;éé@eslggggg%hgwn[‘.nomx(@ ues of 0,28 and 0.30

hus teaches two successive
anngéRl nndgs, 5&1hehfis riebchesineal isugebsdivey annfaingButhe Higst
fact that ét} process disclosed by EP 158 581
anneg(iag being I(Iz‘y 10 conprises two distinct annealing

t k ; ' .
S G@Eﬁ R 1%%} ﬁﬁﬁgh?r 5653 distiBbed BhYEPOrHB @%}‘ﬂskéﬁeﬁ%@éuy

An object o vention Is to irnprove the known
compigefsdue distirat manealiny steps seakesssigih procesmidlaivsly vgvand
[t would i ndeed be advantageous to further sinplify,

com ﬁ)éed and ease 15 such known processes. Furthernore,

it MRWhedt!oFahdenaiBAtia e dkiprove R ksevPeisiabk dredtinent
lines such as the ones that can appear in the

processpst al¢iogs mehtiened pbeYaire of the material of the

o o 68 PR Bk Ebug 6 R S, Pk (e bace
suchneanepriotesdesa Smart - Cut (r)-type process). 20 Such

S Pt el S 1S B Sdvdntageaus 16 reduca Holsible siip

g

lines such as the ones that can appear in the crystallographic structure of the
material of the wafer, in particular after a thermal treatment (such as the thermal
treatment applied to the wafer to cleave it in a Smart-Cut®-type process).

Such slip lines can be generated by local differences in the heat budget
received by different regions of the surface of the wafer (this being even more
the case with annealing devices presenting cold points).

In addition, the hydrogen used in this variant is a volatile gas, which
leads to the fact that significant amounts of hydrogen can be used - while it is
constantly sought to diminish the cost associated to the surface treatment of
wafers.

Finally, it would be particularly advantageous to implement a process
fulfilling the above mentioned objectives, in combination with a Smart-Cut®-type

process.
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received by different regions of the surface of the
wafer (this being even nore the case with annealing

wWa@leasO8S0pr esenting cold points). |In addition, P€TEB2003/006351

hydrogen used in this variant is a volatile gas, which

| eads to the fact that significant anmounts of hydrogen
" can be used - while it is 25 constantly sought to

di m ni sh the cost associated to the surface treatnent

of wafers. Finally, it would be particularly

adyanL R4 Brirj\gj[;g_)éﬁ RINANRgRH@S 86Ritioh Uh fdrdén romicke the
above nenti oned objectives, in conbination with a

objeciBrem metivried) altoyee process. WD 2005/ 055307 7
PCT/ | B2003/ 006351 WO 03/ 4 brings:
ol s SRR RUROSES hoert PRaesny e 15 sREKF AhASaMe:
carricBRRN @s aTRTA HReHERTe Higeel siFRSphefecat treat ment whi ch
is a single annealing, carried out as,a,RTA under Rce

pulSeichr geratmenbsisherls. asivaniagepreatdfent EBRIEYPS SU
n . as I 3 s i
ougrfBEEONEAGE Beirs skt (6 B SHalpasie, FiuNedCabore I
referdnie to efisgrapcitigwesot her techni ques. The goal of the
invention is to further jnprove this, last . .trea nt .
BaedSd ot Beinva et LR A e B R
valitfed, it ien AR arbdny AUEHAS IR RodnhRide pthecsurface

er, some onogenei ties sti remain in the
rdughnédribf e teatedughieessorog dnharhegengitiescatilbferpaie in the

fer, A t | of t ' ti is th t
JRPitien pbitehbes ST b5 ehifes SUFEMRE wat o surf ace.
I't A sruripdeedodiedr ngrd ihhadtionn i§ hehugertspémpiove obuglimeess

surface treatnment of 15 the wafer the objective is to
homogeneitybyet thereafaceurfaee. nean val ue of the surface

ot RIS B o BEEGRe of Ao hgos et o
the WRRSPOBRNGIBSHVRSISRBSTIt ity @y esdudeetheuntan erabfe ohthenatiréace
roughness of the wafer.

Indeed, it is also sought to obtain a roughness distribution which is as
homogeneous as possible over the surface of the wafer.

In particular, it is desired to avoid obtaining a treated surface which
present different regions corresponding to different values of roughness.

To reach the goals mentioned above, the invention proposes a process
for reducing the roughness of the free surface of a semiconductor wafer, said
process comprising a single annealing step for smoothing said free surface,
said single annealing step being carried out as a RTA under an atmosphere of
pure argon, characterized in that before the RTA a chemical cleaning of the
wafer surface is carried out so as to reduce the amount of preliminary pollutants
on the wafer.

Preferred, but non-limiting aspects of such a process are the following :

« said chemical cleaning is carried out immediately before said RTA,
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In particular, it is desired to avoid obtaining a
treated surface which 20 present different regions

weorosespondi ng to differegt val ues of roughnesBCT/IR2003/006351

reach the goals nentioned above, the invention
proposes a process for reducing the roughness of the
free surface of 'a sem conductor wafer, said process
conprising a single annealing step for snoothing said
free surface, said single annealing step being

RTA under an atnosphere of 25 pure

saé(?a%ﬁmngﬁ%?ﬁ(?% |e200'% n that before the RTA a cheni cal

the IFRReR cRANRg dd?q‘ﬁprls‘é@fae$0$%frﬂfzﬂow%cb§rd$€dhmn so as to
reduce the anmount of ?r elim nar pol | ut an

fonttfeeBC1 Pradfi ¢he eonceantratianin Maeau ang%@bte@i QO%f“?@ﬁéE‘ gnd

re t e f W ng : said chem cal cleaning
HE@Q S?HW@ nou q‘ﬂ“)ré Pately before said RTA, WD
th@%ﬁep%@g sﬁc@@%Hﬁ@@@@!&%ﬁﬁﬂhe respiedtived eandendrationa in

cl eani ng, he RCA cl eanin conprlses a SC1 bath
mﬂtﬂcukam@ngﬁyoéNSG@%aﬂﬁ H2G2pre hée aad béth t he

foﬁag%eé@ Iﬁgl&';] rc]:p%)/ler%cd I ww%ﬁf WQ cﬁ"%q{' 146f and

H30bii§ pawiehf®¢ e, bad & %and the respecti ve
concentrations in nol ecul ar wei ght of NH4OH and

tharwafer $taaral siticon sutfece tlagersa Hae ﬁe&nﬁ?@t'%ﬁeéﬁ%m@tl%ﬁ n

| ecul nd H202 i s between
m8.[23’.f rg/ﬁbglgo% ’?'HQ %éq p@kﬁas a $V'licon surface |ayer
th8nem Ea%tur%sfﬁﬁﬂwte' €1 CRACDE bath ienstieen 20 andI8eCal ar
wei ght

both HCl and H202 are 1 % the tenggr%gﬁ q
theowafehdas@ siticeh sufataiayer andethaeempeoathiri fad an

silicon surface layer and the tenperature
%rbah] a@b?’ 'and SC2 bath is 70C, said cleaning is a
Sé—ﬁcpéaﬁﬂ@ 8% HR 2lednfig,t he HF bath the concentration in

nmol ecul ar wei ght of HF is between 0.1 % and49%
for the HF bath the concentration in molecular weight of HF is between 0.1

% and 49 %,

for the HF bath the concentration in molecular weight of HF is 20%,

before the RTA the atmosphere of the annealing environment is purged in a
controlled manner so as to establish a controlled purged atmosphere
containing argon mixed with a secondary gas which can be hydrogen and/or
HCI, allowing further reduction of preliminary pollutants on the wafer,

said RTA in a pure argon atmosphere is carried out at a temperature of 1150
to 1230 °C,

said RTA in a pure argon atmosphere is carried out during one to 30
seconds,

the process is carried out on a wafer obtained by a Smart—Cut®-type
process,

the process is carried out on a SOI wafer,
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for the HF bath the concentration in nolecul ar wei ght
of HF is 20% before the RTA the atnosphere of the

w@eweakisng envi ronnent isgpurged in a control PEHIB2003/006351

manner so as to establish a controlled purged

at nrosphere 20 containing argon m xed with a secondary
gas which can be hydrogen and/or ~ HCl, allow ng
further reduction of prelimnary pollutants on the
wafer, said RTAin a pure argon atnosphere is carried

t t { i i
- 8 Hrofss s SIS Ao arsebt Whto! fatidd Surfacaforivsice
wnﬁg? C%'Sccfgfégﬁﬂéﬁosn whtmclﬁtre(seelsaw pe%carri ed out on a wafer
obt ai ne a Smar r r ocess
i s Qlbgrr ag@ﬁycé@tof dhe dn‘g@thﬂaﬁglpgg\[;%g? gg%gweg’?ol%v\ﬁﬁé

I (,@gqess& wpickarried out on a
descr@%fu ﬁ%ig Eé;‘\%%ﬁéeéogﬁf ace ayer in SiGe with a Ge
Figoreceista gémdral s ed:hersaﬂmd; aapremntam% inGphgitudinal euit of an
the invention sh nt . frOﬁwthefoIIovvlng

arqealing pharpher WB'&FE GeR ‘f' éH e YePi¥dr awi ngs on
e FiYfieDisa ? ﬁpﬁ |ﬁ’l&§treatlf18 tfe Bed %'f r(ﬂlb@'m%%‘%ﬁ@ihétﬁby a RTA

epresen fon1n ngrtu cut "of an anneallng
carhedhbetrfomthemhvemtmrbenwssbbonwaﬂee i nventi on Figure 2
is a graph il]ustrati

he .d h ,
. Fighiend facaiOBprallsetietng e Eueloncls of BmRsHatart ron cBhed
Olﬁl d%fé‘n‘ﬁ/ﬁ%?é[{herg'oggﬂﬁeao’r Pﬁ a graph illustrating the

EvOl Ut i oR 0 ture“for a RTA carried 10 out
. F;gméen e graprs Dllmetretlrmg tipsegolatigorof tefipgateres farsa dghermal
illustrating t eevoLa i on of terrperaturefor a

trqq{g}q%pccqrqdl@gttﬁ@,ﬁlterg edmehe’ e BYPEBodi ment of t he
. FugU e%”ééb%ﬁd 5tﬂu%{r 2 ;%ﬂgh:?@ss! !jistfﬁ}u'héh eza\fehwa%gb@am

I on WO respective vvaers t he waf er of
whfiegs)rthe 57aaﬂanauf flgurerﬂ:te hgeing uadpgancan gore RTgOMRTRoYithout

prﬁgml e | rgg&ﬁ@%nﬁkpﬁ ﬁ&@% B@f{g%&v\?fvﬁg rtherr%BFeeuég’ergone a
preliminary treatment before the pure argon RTA.

Figure 1 schematically shows a non-limiting example of an annealing
chamber 1 which can be used for implementing the invention.

This chamber is to be used for a RTA thermal treatment, carried out
under a 100% pure Argon atmosphere.

The chamber 1 comprises an inner space delimited by walls 2. It further
comprises a reactor 4, a carrier 6 for carrying a wafer to be annealed, two
networks 8, 10 of halogen lamps and two pairs of lateral lamps (not
represented).

The walls 2 comprise in particular a lower wall 12, an upper wall 14 and
two lateral walls 16, 18 located at the opposite longitudinal ends of the inner
space.

One of the two lateral walls 16 comprises a door 20 for

introducing/retrieving the wafer into/from the reactor.
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prelimnary treatment before the pure argon RTA.
Figure 1 schematically shows a non-limting exanpl e of

wa@mpoodtstsat i ng chanber 1 whi ch can be used f orPCT/1B2003/006351

i mpl ementing the invention. This chanber is to be used

for a RTA thermal treatnent, carried out 20 under a

100% pure Argon atnosphere. The chanber 1 conprises an

i nner space delimted by walls 2. It further

conprises a reactor 4, a carrier 6 for carrying a
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introduction and extraction of the wafer into and from the reactor.

reac

It is thus understood that the RTA of the invention is a single wafer heat
treatment, the wafers being treated one at a time.

Non-limiting examples of devices which can be used as an annealing
chamber of this type are e.g. the device "SHS AST 2800" sold by STEAG®, or
“Radiance® devices from Applied Materials.

It is reminded that the wafer 50 can be any type of wafer, be it
monolayer or multilayer, comprising at least a surface layer in a semiconductor
material (such as e.g. silicon or silicon-germanium).

The invention can be used for improving the surface roughness of
wafers 50 of any origin

In particular, the invention applies to improving the surface roughness
of wafers of the SOI (Silicon On, Insulator) or SGOI (Silicon-Germanium On

Insulator) type.
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The carrier 6 supports a wafer 50 which is to undergo
a RTA under a 15 pure Argon atnosphere. This carrier

W@205853302 i nto reactor 4,11thus allow ng i ntrpOUTB20€3006351

and extraction of the wafer into and fromthe reactor.
It is thus understood that the RTA of the invention is
a single wafer heat treatnent, the wafers being
treated one at a tine. Non-limting exanpl es of

devi ces which can be used as an annealing 20 chanber
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And the different enbodi ments of the invention can be
50. applied to a

As mentioned above, surface 54 can have been generated by the
cleaving step of a Smart-Cut®-type process.

In such case, the wafer 50 comprises under the working layer 52 a
buried oxide layer, which itself covers a support substrate.

On Figure 1, the thickness of wafer 50 has been exaggerated in order
to show layer 52.

As mentioned above, the invention implies a single heat treatment of
wafer 50 comprising a RTA carried out in a pure Argon atmosphere.

Such RTA comprises the following general operations :
e Introducing wafer 50 in the chamber 1, said chamber being “cold” (i.e. less

than 400°C) at this time,

e Establishing in the chamber, at a pressure which is equal or close to the

atmospheric pressure, an annealing atmosphere of pure Argon. The
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waf er 50. As nentioned above, surface 54 can have
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constant’ tenperature, during a durat i Fom
the Rgﬁout one second to a few tens of seconds), Shutting

PR G R L s S e

15 than ‘Iappknaxfod‘fedldl@nteﬁtsé(bwlllﬂaﬁﬂsr@tﬂeﬁ@@éésﬂg Jaw In this

e art| cul arly i nportant that the argon
Egr t@@f pwg)ose he argon used must be treated in order to be purified
before its introduction within the annealing chamber. Commercially available
argon indeed does not present the high degree of purity which is required for
the invention.

20 The purifying treatment can be carried out by purifiers and/or filters on
the alimentation line which brings argon into the chamber.

An “attack” as mentioned above can correspond e.g. to a formation of
SiO (which is very volatile) in the case of a Si working layer exposed to an
annealing atmosphere containing a low quantity of oxygen.

25 The applicant has determined that such single heat treatment under the
form of a RTA made in a pure Argon atmosphere significantly improved surface
roughness of the wafer.

In particular, such RTA improves roughness much better than what

would be obtained by a known thermal treatment such as sacrificial oxidation.
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10 purest possible since the applicant has determ ned
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anneal i ng atnosphere could generate an attack of the

material of the working |layer during the RTA. "Pure"

argon is thus understood in this text as argon

containing less 15 than 1 ppm of other el enents

(pol lutants, other gases, ...). For that purpose, the
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representative of the surface roughness.’ ‘

In the case of Figure 2, this haze is measured using a KLA Tencor®
Surfscan 6220 : the haze is thus here referred to as "haze 6220".

The observed diminution of haze is at least comparable to the results
that could be obtained by other RTA techniques, e.g. RTA under an atmosphere
comprising hydrogen mixed with argon.

More precisely, the haze is divided by a factor 6 to 10.

And in the case of the RTA of the invention, such advantageous results
are obtained without the drawbacks exposed in introduction of this text, in
reference to these known RTAs.

It should also be noted that argon has excellent thermal conductivity
properties.

This tends to favour an homogeneous repartition of heat in the
annealing chamber, and consequently :

e A more homogenous roughness distribution, and
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of each wafer having been neasured before such RTA
(dots in the higher part of the graph), and after

W@ e@h/058B#7 (dots in the | oper part of the graphCT/IE20@M006351

figure 2 the higher curve thus corresponds to a haze
measured on the surface of SO wafers as splitted
(imediately after cleaving), and the lower curve to
the same kind of neasure, after the sane wafers have
undergo a RTA under pure Argon with a 30s constant
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possibRafo RIERA i H?P?o@(@@é |s@1‘ﬁﬁacbhr©ugﬁhessmﬂubelmfey in terms of

properties. This tends to favour an honbgeneous
roughf@gahpmqg@ﬁel@yf heat in the annealing chanber, and

cons n 0 RIS indeed b
COT e Bblohos, 26 s AT RARgEe R manams ndecd, be
poss@ledtd‘fbmgin QFW?]ffer tsheface s'\ktmf;omlel rpglqnﬁdmvmlé sligbgly thigher
RTA used in the inven |pn PWs .a Vv
roughytess than pHhee r%QJPF%\é%J%'r fPH flaf &N Eei‘ﬁggﬁga@% 53 CW‘
the Céﬁg& o1stl|‘1‘é SPOLp} éf%r bt ai ned with practically no

rosron of materia he wafer 50, but rather by a
Such possible varlatlons ln surface roughness are due to the préesence

of pollutants on the surface of the wafer, before carry outing the pure argon
RTA.

Indeed, it is reminded that the RTA annealing of the invention is a
wafer-by-wafer annealing.

In an industrial exploitation of such annealing, successive wafers will
undergo the RTA in the same chamber, one after the other.

Therefore, when a wafer is introduced within the chamber to undergo
RTA, it is desirable that the atmosphere of the chamber be as free as possible
of elements (such as residual gases) produced by the opening of the chamber
door when introducing the next wafer to be treated..

The atmosphere of the chamber after opening the chamber door can
indeed contain gases such as 02, COZ2, etc.. as well as H20 vapour. Such
remaining gases are undesirable in the chamber for the next RTA to be carried

out.
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above. The applicant has indeed observed that if such

specific RTA (as generally disclosed in WD 03/005434)

was very advantageous, it was still 10 possible to

further inprove the surface roughness of the wafer in

terms of roughness honobgeneity. In the absence of
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15 TBemnit 'Bgéﬁﬁﬁedgé ff’kh eqy ‘openi ng the chanber and
ARTOSihd § G981 pALESE NG PR SRPCOT the
A cooling (phase 3.3).

In the initial phase 3.1, the ramp-up is carried out with two main steps :

A first step up from 400°C to a pre-stabilisation temperature of about 750°C,
A second step from the pre-stabilisation temperature to the RTA
temperature (between 1150 and 1230 °C).

During this initial phase, a purge of the atmosphere of the chamber has

been carried out, in order to evacuate undesirable gases.

This purge is a classical purge, with an evacuation of the atmosphere
introduced within the chamber together with the wafer, and the establishment of
a pure argon atmosphere.

The table at the bottom part of figures 3 and 4 indicates the process
step, as well as the gas composition within the annealing chamber.

In the case of figure 3, the atmosphere is thus composed of pure argon

during the whole process.
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wafer to be treated, it is thus necessary to purge the
at nosphere of the chanber before carry outing the

W@ eoos/058B87 on anot her waf erig Figure 3 gl obal | y PCT/IB2003/006351

illustrates a single annealing carried out as a pure
5 argon RTA (this constituting a base for the

i nprovenent proposed by the invention). This

anneal ing conprises an initial phase 3.1 of the heat
treatnent whi ch corresponds to a purge of the
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;
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CONBRH bféﬂhr‘f‘ér%l"bd?lu?é?ﬁs AR lﬂ“?aﬁi‘&@lﬂ?% nativt bRieleCa$ the
of figure 3, e atnosphere is thus conposed of pure

wafeastgiﬁape auothey mﬂ@tammL@hmai@etscarbons

The invention therefore provides a preliminary treatment before the
pure argon RTA in order to eliminate the undesirable effects associated to the
preliminary pollutants, and improve surface roughness even more than with a
pure argon RTA (in particular in terms of homogeneity).

Two main embodiments of such preliminary treatment are proposed.

Each of these two embodiments corresponds to a single annealing,
carried out as a pure argon RTA. These embodiments propose two respective
preliminary treatments to be carried out in association with such single
annealing.

These two embodiments can be implemented as alternatives. They can
also be combined together.

According to a first embodiment of the preliminary treatment, the initial
purge of the annealing chamber is combined with a controlled enrichment of the

atmosphere within the annealing chamber.
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purge has allowed to evacuate fromthe annealing
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in surface roughness after the pure argon RTA. The
appl i cant has however determ ned that the pollutants
which can 5 generate variations in surface roughness
after the pure argon RTA can be not only elenents
present in the initial atnosphere in the annealing
ChagielomMiimeAl SALRISIENS PFRURSRNT 0N The waf er
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For t e purpose of clarity, such el enents

pr eSkatseoonday gagfean keint padculan BydIRoeR. H60I @ e of
b thvarr ations in surface roughness after the pure argon

RTA shall herein be referred to as "prelimnary

pol bt ﬂ?@u‘e 4, Yhe SUmbneag! §as narhydpogdnit(sed sablanbelew the

gartr cular a native oxide on the wafer surface, or
grappl-her pol | utants such as hydrocarbons. The invention

t he Q | e the
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treatnment are osed Each of these two enbodi nents
betweenr(bﬁpodcﬁs%to a si ngl e annealing, carried out as a

pur rgon RTA. These en Odl nt
ot KRRy g R h e i eSe B B TGl Bhe cpopiied
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enbodi nents can be i nplenented as al ternatives.

depeml@ryg eathe dtiod hydragenti@lem hegecpadary gas.

It is to be noted that with the injection of a secondary gas, the “initial”

phase 4.1 is limited in time to the purge and the initial raise in temperature —up
to the pre-stabilisation temperature of about 750°C (this temperature being too
low for a smoothing to occur).

This initial phase 4.1 allows to eliminate (or at least drastically reduce)
the preliminary pollutants.

In this embodiment, the preliminary treatment is carried out in the same
general operation that the RTA itself.

It should however be noted that this initial phase 4.1 does not
correspond to a pre-anneal, since the temperature is very low (less than 400°C
— and sometimes even significantly less, since this initial phase can be carried
out at temperatures which can typically be between 100 and 400°C). Phase 4.1

is a controlled purge phase.
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treatnent, the initial purge of the annealing chanber

WO 20080630 hed with a controjgl ed enri chnment of tPET/IE003/006351

at nosphere wi thin the annealing chanber. WO
2005/ 055307 17 PCT/1B2003/006351 This enbodi nent is
illustrated on Figure 4. In this first enbodi nent,
during the initial phase of the annealing (phase 4.1
on Figure 4), the chanber is not only purged, but also
fil > Ql {: r 0 S go
andO B0 ol o PESBBISAGH, toRitpaaRg. ot GBRLhC1esbrghg he
atmcspberedafr thegelsamiber isechangpdrsd asltarehhynlategaihsemd,ary)gaa,
m xture of both. figure the s i S
and Rate Goeni e 0 ABISPREISIoTHe a0 (TR TA JRTPETatUEe

haB& 4RS! Al Pihe RPAHSER Adgjween 0.5 and 30 % 10 Mre
P aprecl?igsely, el t he sgcon%ary gas i s hydrogen, the

"cohhe RTAds pssandiatly dhe sdroel as Bhe bet coberl afpveoin
% | econdary,.gas is HCl, the "controlled
referﬁpg%fﬂtﬁqu(sﬁﬁ @ﬁsﬁ?’g?ﬁ between 0.5 and 5 % If the
SeCF’lﬁQW ¥ &ﬁﬂlng%)r%s@&méfn@s ®he Pyseegen iesiildcto phhse 3.3
‘controll ed proportion” shoul d. be between 0.5 %

menh@ﬁﬁdan;ﬁ@fﬁé@m%@élgblé@%een 5 and 30 % depending on the

not A BOSARET bt gbeblf i R 87 re bhish Bnbge 3
favorsi met e¢lmhihatigrh @$ ¢hd . preliminaiyrpbigtaints (in martieulameatper geide)

and the initial raise.in tenperature - up to the
fromjhe wafersuriesas dWing BedeiiakRilase dt- %about 750C (this

t em%%ﬁ_ﬂfasvhﬁn gk eZQuérP‘ﬁ{élﬂflpémr;é MRAAEMY AR then be

occu |t|a Kase to elimnate (or
subjextt tb @gsurecargen iRBA: y10rt edlycwil theheugln@sm@fn’diewafer surface
rel imn

ol t nbodi
be sBPisRENreduseRa it ByTtgtnore tihsoudieSsgulicrarotogeneous
over@nehaldranrfhbat the RTA itself.

This is illustrated by the following table, which shows surface
roughness after the pure argon RTA for two SOl wafers (wafer 1 and wafer 2),
and for three modes of roughness measurements — from a scanned surface of

2x2 um? to a scanned surface of 40x40 um?,

AFM roughness (Angstrém rms)

2x2 pm? 10x10 um? 40x40 um?
Wafer 1 : 1.5 5 7
Standard roughness region
Wafer 1 : 6.2 11.7 13.7
High roughness region (no
preliminary treatment)
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25 I't should however be noted that this initial phase
4.1 does not correspond to a pre-anneal, since the

wWo eoppesBdure is very low ghess than 400C - anpiCT/IB2003/006351
sonmetines even significantly less, since this initia
phase can be carried out at tenperatures which can
typically be between 100 and 400C). Phase 4.1 is a
control |l ed purge phase. WO 2005/ 055307 18
PCT/ 1 B2003/ 006351 Once this pre- stabilisation

VVak%?ﬂpCldtUlc has—been lcabn ttheTatmosphere—of the
anber is changed soljas to- %I imnate al’'l secandary

Wholgagafer anfhcbave a pure |argon at nosphere for the ranp-up
to the RTA tenperaturd (phase 4.2) and the F

itself (phase 4, 3). 5 The RTAis essentially the sane

b
75 S0y PP AR g5 R g OB
beforprthe are argoniRTAim lar to phase 3.3 nentioned in

%Ef:ﬁ{?iaﬂﬁ% cpgg g pearcheribisiun GlTera FaiRAs 4.1 10
. AR ({.!a%gﬁhégg fé@ldr@%m%g@?acg@ LGSR ek oAb e,

ve OoXl the wafer surface,

o AdHighhgugiveedsretioal’ withas subktantially h@ner rdl.@hnegs under gone
such prelim nare/ treatment can. then, ject _to a
e

purfdgWe o iliRsiatesnihe EPM SIGTE plsm{ytlpaw § Sirfacgeof a
wafe?’\’%fttﬁﬁg%{[ré sﬁn GerA! ﬁﬁ tda%‘t gﬁﬁﬁ.‘cﬁ arePsiiows the haze

fur rmor e IS roug geneous 15
repartitien ovdréheafafer sufacace. Th| s is illustrated by the

t nel Bt oHTen of TBNEF Sers semerentaRiy of The afelet T
mentifkearabéle, a@ﬁ‘F\aEQfot UREBRIAB RS gﬁéllrhmé@ﬁﬂééﬁnent before the

measurenents - froma scanned surface of 2x2 n2 to a
pure geggom@tAsur f ace of 40x40 pnR. 20 AFM roughness

(Ar]g%er oWerrrE)Ba}t 0] lgung 5%10 % s%@raﬁ\oéu%gn%?%es the distribution

of haze values (directly related to roughness values).

This figure shows that the roughness values are widely distributed
(from 5 to 120 ppm - see histogram).

And the upper part of the figure exhibits a higher roughness region 52,
located in the lower central part of the wafer. The region 51 is on the contrary a
lower roughness region.

The wafer illustrated on figure 5a is thus associated to a wide
distribution of roughness, and to marked higher roughness regions.

Wafer 2 of the above table has undergone a preliminary treatment
(according to the first embodiment described above).

This wafer is illustrated on figure 5b, which is a representation similar to
the representation of figure 5a for wafer 1.

It can be seen that this wafer 2 does not exhibit any “High roughness

region” — after the pure argon RTA the low surface roughness is indeed evenly
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Wafer 1 : 1.5 5 7 Standard roughness region Wafer 1 :
6.2 11.7 13.7 Hi gh roughness region (no prelimnary

wo e@abssnt) WO 2005/ 05530%¢19 PCT/ 1 B2003/ 006 35RCT/1B20€37006351

2: 1.5 57 Wole wafer surface In this table, wafer 1
has not undergone any prelimnary treatnent before
the pure argon RTA. The surface of this wafer |
exhibits two different regions : 5 A "Standard
roughness region” with a surface roughness kept at a

distrib@fgglt (2% ?}Iliea af@fh@gi%agm é’r‘t’:gp]l%ﬁ@e h?%b@% msttﬂb ?\qulljesrt ef

ﬁguréBb).roughness di stri bution over the surface of a
wafer after ure arr%:;on RTA. The up part, of th

e
figlfite sliDigaph dreRment fefavs adVaRTASPEHS [ Tngigpficantly
enhahHEs ?&%hnég)s H’&%op@,ﬁ(ﬁg 50 illustrated in figure 5a is

representative o ‘'waf er 1" nmentioned above, as
it Ihais Awtheomdesr gongesient, pbetausiendr yakaseawdnanmltagbebbrtdae

neceliiy RPes b hodt Ao aidRhr iR R this Tt
val N&%r&lﬁg 16 &t secandl é\hBQd%rﬂt Q) G séllnw%rvq%atmﬂeﬁt Th¥icsr

figure shows that the roughness vaPues aré w del %/
to thejipsite prgenddTA (tme viafey is @um@@tngw a peligningrytteaptaent camied

out up 3 R BEG pfmS Bee B G4 Wetrsg: “cant r
Darfﬂer@fagahe thaerfer ddrebs ngéxmﬁlér pﬁoogh e oo fimitingeof
| ower roughness er 1llustrated on

the seppg PE”‘@&“Y%‘“PHM% Sﬂ%ﬁ&%@éwaf% Andiiitfan haverhean ebigined
byagfnefrpégfm%épr&%@s.to mar ked hi gher roughness regi ons.

The cleaning is carried out immediately before introducing the wafer in
the annealing chamber.

This cleaning allows the elimination of the preliminary pollutants. This
improves the roughness observed after the pure argon RTA - in particular in
terms of homogeneity.

The cleaning is preferably a RCA cleaning, or a HF cleaning.

A RCA cleaning comprises two successive chemical bathes.

A first bath is made into a SC1 solution (aqueous solution of NH4OH
and H202).

The applicant has found that the concentration of both NH4OH and
H202 must be between 1 % and 5 % (molecular weight).

More precisely, for the preliminary treatment of a wafer having a silicon
surface layer (e.g. a SOI), preferred concentrations are 1% for NH4OH and 2%
for H202.

A second bath is then made into a solution of SC2 (aqueous solution of
HCl and H202).

The applicant has found that the concentration of both HCl and H202
must be between 0.1 % and 5 % (molecular weight).
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Wafer 2 of the above table has undergone a prelimnary
treatnment (according to the first enbodi nent

wale®sisizet above). This waher is illustrated oPCT/iRPI03006351

5b, which is a representation simlar to 25 the
representation of figure 5a for wafer 1. It can be
seen that this wafer 2 does not exhibit any "Hi gh
roughness region" - after the pure argon RTA the | ow
surface roughness is indeed evenly WO 2005/ 055307 20

PCT1h82 éllsgﬁ6%$ the g@ﬂrﬁihgf# tt‘?%aetﬁ\'en{ B k&' h#v?r?gf aldlicon

particular the histogrami ower part I gure
surfaéb )layefiie.gpaed Ol peaferréd eahomnttations theid YatbrahClaged d$o &y
HZOét significantly enhances roughness honogeneity. 5 It
's furthernore conveni ent, because it takes advantage

of TrieteniiREABRATOF tREIIH eha%@séws%dmp%TérabNObetween
additional step is thus required. According to a

20 anb8ond re@rgdmef@eahly (o’f)"@rﬁ@ pwalertiavingye sitieen swiace lgyeor

or P e T ookl Rl endon BkPETR2 B oap og

prese]hemtnglwafémmﬁang of the wafer surface. 10 Here again,
t he_wafer can in particular (though this is non

| i niha apligant h%fogeéﬁeabmet wqeﬁv'emn ehiF aniseh beobetigen
0.1 "/\"’358 ﬁg Cﬁ?% e'i:yﬁé?'@vé@%iess ﬁrrgf?éjn wh¥h3s well- ada &)ted {

eaning I1s carrie
20%n wnedlately before |ntrodu0|ng t he mafer in the

anneal cha er. 15 This cl eani al |
el L;’?g Batho lH@ pregre YnQ?yCQF%‘F‘? (P erOTh?%mperature

(abodtrgybgyes t he roughness observed after the pure argon
RTA -"in particular in ternms of honbgeneity. The
cl dartiotiy casespﬂ%@éram yiFaclraning)).ethri aiggning canHe combined
two successive

with §hSR8 sitbs, oyt A Rsf WA ki Behlifie” Mhr iR g Epould
prefefdliybe @Bné agEeMescleghingi on of NHAOH and H202).

As mentioned above, in this second main embodiment also the wafer to
be treated can be in particular a SOI or SGOI wafer.

It is to be noted that in the case of a wafer having a surface layer in
SiGe, the concentration of Ge in said layer should preferably be no more than
20%.

Moreover, generally speaking (be it for the RCA or HF cleaning, or for
the other possible types of chemical cleaning), the parameters of the
preliminary treatment under the form of a chemical cleaning shall be set so as
to have a less aggressive cleaning for a SGOI wafer than for a SOl wafer.

Such adaptation of the cleaning for a SGOI wafer is obtained in
particular by :

e Adopting cleaning agents which are more diluted, and/or

e Setting the temperature to a lower value for the cleaning.



The applicant has found that the concentration of both
NHAOH and H202 nust be between | % and 5 % (nol ecul ar
wWowi0gi053307 More preci sely, for the prelimnary PCEHE20EM106351
of a wafer having a silicon 25 surface |layer (e.g. a
- SA), preferred concentrations are 1% for NH4OH and 2%
for H202. A second bath is then nmade into a sol ution

of SC2 (aqueous solution of HC and H202). The
appl i cant has found that the concentration of both HC

o B ZerB0q ity cds35h8R° Beflyd (R0 g0 IO kER RV the

Qen@%%ﬁﬂxesydﬁkﬁmeﬂh&Vﬁ@dﬁN@@@@ﬁy treatnent of a mafer

havi on_suyrface preferred
conibtefichas R s Teneh s aha et Bpatettinbona k6 these
embbéeimertatsgire for the SCI and SC2 bath shoul d preferably

between 5 20 and 80C, nore preferably 70C for a wafer
5 e EW@lﬂlfH@thér Tsﬂdlur:e@nalmrface layer. A HF cleaning shall in

e e .native oxide 02 t han can be
* pres &En@ d#% Q ’nSBPF§H% e cabghness fregian is

otbbatvetjhﬁtﬁ@ﬁéﬁ?éﬂré@bﬁrbf%e W%féWSt be between 0.1 %
and 49 % (nol ecul ar wei ght). A"HF concentration which
Is well-adapted is 10 20% The HF bath shoul d
preferably be carried out at roomtenperature (about
20C). In both cases (RCA and HF cl eaning), the
cl eaning can be conbined wth rinsing steps. However,
in the case of a HF cleaning, no rinsing should 15
preferably be done after the cleaning. As nentioned
above, in this second main enbodi ment al so the wafer
to be treated can be in particular a SO or SGO
wafer. It is to be noted that in the case of a wafer
having a surface layer in
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Si Ge, the concentration of Ge in said |ayer should
preferably be no nore than 20 20% Moreover,

w@emwsnsd3dy speaking (be itsfor the RCA or HF cPERIB20¢B/006351

or for the other possible types of chem cal

cl eaning), the paraneters of the prelimnary

treatnment under the formof a chem cal cleaning shall

be set so as to have a | ess aggressive cleaning for a

SGA wafer than for a SO wafer. 25 Such adaptati on of

the cleaning for a SGO wafer is obtained in

particular by : Adopting cleaning agents which are

nore dil uted, and/or Setting the tenperature to a

| ower value for the cl €uAIM$E WO 2005/ 055307 22

PCT/ 1 B2003/ 006351 Bot h enbodi nents descri bed above

aI | ow to further inprove the general process disclosed

3 [ h f Qs ess a

ofl* A RPET ot otk A0k FAlRgal 57 G RE6 S

Eversémncbmmlcta)red\taferd saidh dprobesse comnprisingdBssinpleuaedeling

particul ar, no, higher roughness r. on. i

Phe YBRALmPSpISFoRY HReURREr 59 W o807 GBS E St

F’CT/éaﬁian%QPGSe‘Sla 54 “@cférlanpra@rﬁ%ﬁhér@r of egus ngrgon,

t he roughness of the free surface of a sem conductor
vvaf ewharededzepﬁ trethes beforip the R4 a1 cheminak Clgantg ofrige wafer

r snoot hi ng _sai
anne%H gtggrr\gg Ry S ga%% ﬁgﬁgg%ggéea%gnﬁgg rr@lénﬂlnary
qusgﬁ tpgfexfér gon, characterized in that
before the RTA a chem cal cleaning of the wafer 10

surface is carri ed out so as to reduce the anpunt of

I
oo AL BRI RS, 85 TcrdorBrpES s ot sl

t hat clsgrhidal cleanmg is carried out immediately before said RTA.

3. Process according to any preceding claim, characterized in that said

cleaning is a RCA cleaning.

4. Process according to the preceding claim, characterized in that the
RCA cleaning comprises a SC1 bath followed by a SC2 bath.

5. Process according to the preceding claim, characterized in that for
the SC1 bath the concentration in molecular weight of both NH4OH
and H202 is between 1 % and 5 %.

6. Process according to the preceding claim, characterized in that the
wafer has a silicon surface layer and the respective concentrations in
molecular weight of NH4OH and H202 are 1 % and 2 %.
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wa@kasss3echar acteri zed in t4gat sai d

chemcal cleaning is carried out immedi ately before
said RTA. 15 3. Process according to any preceding

cl eani ng | BCHIHRO#S/006351
cl eaning. 4. Process according to the preceding claim
characterized in that the 20 RCA cleaning conprises a
SCl bath followed by a SC2 bath. 5. Process according

to the preceding claim characterized in that for the
SCl bath the concentration in nol ecul ar weight of both

NHAOH,  aid *é?ﬁ%éréiﬁ bghwesR 1PP/9ﬁ{éd Brde Ppe&edily OChsifms,
accord?ng to e pgecedl ng clarm characteri ZQ I n
t hat chiracteriaberin tiast far $hd SEarbatintiieacentenitionna naglecular

respective_concentrat | in nolecular L ght of
N OHEIgH OFBOB HPband hﬂ&%'sfﬁﬂe?&ﬁéo(%ﬁ’%g%%? 24
PCT/ 1 B2003/ 006351 7. Process according to one of the

three preceding clains, characterized in that .for the
S® Faotesshacoondiogrorthei pacedingulaivy (Characiizgst Ingthat the

bot h and 02 is betwee %0 9 0 : :
Pr oc SEL TR ARG ERe HeLEDitng kol borlodhtrations in
char aedietdizeleight bhiedthtH®l antafeO2kas 1&%si | i con surface

| ayer and the respective concentrations in nolecul ar

wei ght of both HCI and H202 are 1 % 9. Process

acgorglj t f .t i i i i
o SRoBRs sSRndite R (F SR REL A FidfnSoeharacigyized
and $Chadahd térapbetwedor 2@ 86d arfi0SC2 1ath i beteeen 20 and
according to the preceding claim characterized in

t hat 80he- wafer has a silicon surface | ayer and the
tenperature for the SC1L and 15 SC2 bath is 70C. 11.
Process according to claim2, characterized in that

sai @l Rrbesss accdrding toHRecpreaading. claim, characterized in that the

wafer has a silicon surface layer and the temperature for the SC1 and
SC2 bath is 70°C.

11.Process according to claim 2, characterized in that said cleaning is a

HF cleaning.

12.Process according to the preceding claim, characterized in that for
the HF bath the concentration in molecular weight of HF is between
0.1 % and 49 %.

13.Process according to the preceding claim, characterized in that for

the HF bath the concentration in molecular weight of HF is 20%.

14.Process according to any preceding claim, characterized in that
before the RTA the atmosphere of the annealing environment is
purged in a controlled manner so as to establish a controlled purged

atmosphere containing argon mixed with a secondary gas which can
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characterized in that for the HF bath the

w@emwsesizpat i on i n nol ecul &5 wei ght of HF is beP@BEBR003/006351

0.1 %and 49 % 13. Process according to the preceding
claim characterized in that for 25 the HF bath the
concentration in nolecular weight of HF is 20% 14.
Process according to any preceding claim

characterized in that before the RTA the atnosphere
of the RARNEGEH NEhdPEV HC‘?”QF(FWm?Sfurtﬁéf gegdudtidnof preliminary
control I'ed manner so as to establish a controlled

pur gedlyantstaroiheheafer.cont ai ni ng argon mixed with a
secondary gas whi ch can WD 2005/ 055307 25

PCT/ 1 B2003/ 006351 be hydrogen and/or HCl, allow ng

f urs. Pedcasehicbirdig @ aBly @rédedney ylanrnodcnanaat@hze@m tﬁm said
waf er. 15. Process accordi ng to any

qﬁpr ecedi ng
char B3¥ein acurerargnaal@apRNETe IREAT] qupata t mg@ﬁature of

at no pea@rried out at a tenperature of 1150 to
1230§@§@i§12§’r o@ess according to any preceding claim

characterized in that said RTA in a pure argon

at nosphere is carried out du one to 30 . 10. :
ol Rhacoss ACcRI RS e i LoThng Srecaarnd dali sqid
char pgies rrLZae guhan af a'trho%pqneré 35 I dffle® lHthihrith\@ﬁ@ o 30

obt al ned Smar type process

Pr oceesomiscor di ng to any preceding claim
characterized in that it is carried out on a SO
wafer. 19. Process according to any of clains 1 to 16,

cher ped&slsZastording rtétariytprl5=§ed|ﬁ§rc!'ein<if|0| chbtactrizedSeChat it is
wafer having a surface |ayer in SiGe wth a Ge 20

conc eafriegtow wnwheferi abtaiagd by igapimadeeut -type process.

18.Process according to any preceding claim, characterized in that it is

carried out on a SOl wafer.

19.Process according to any of claims 1 to 16, characterized in that it is
carried out on a SGOI wafer having a surface layer in SiGe with a Ge

concentration which is less than 20%.



