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PROCESS FOR | MPROVI NG THE SURFACE ROUGHNESS OF A
WAFER. The present invention generally relates to the
W@ okasss0s reat nents of materfals, and parti cul B€T/YB20682006380
treatnment of wafers to be used for manufacturing
conmponents for applications in mcroel ectronics and/or
opt oel ectronics. Myre precisely, the invention
concerns a process for reducing the roughness of the
free surface of a sem conductor wafer, said process

conpr i siPROCESHFIOR HIPROVING THIP SURFATR®OUGHNRES
free surface, said single anneallng step being carried
out as a RTA under an F%MEE -of pure argon. The
term"free surface" refers to a wafer surface which is
exposed to the outer environment (thus differing from

a suﬁ'ﬁacrﬂeslerﬁﬁ myentign agenenallr relatesr foatiee Batfaeetrdatments of

maldHAR carel RRILEVRHY 3% TealiBent dwalesh to bR Useddar RpwuGaRyring
corﬁﬁohéﬁ’ﬁk Wﬁp@i@alléhscfmﬁldﬂééléé’t'ﬂo%é BBBI(?‘P ro%fﬁéctfcﬂ{ ics.

nmaki ng thin'layers, such as descri at ent
2 68M04€aoreci$elygnhsumeDM|amqems ias pnagesisi fnrt rerwucirigs the
rocess I roduc

rouB BB s W7 RS “RUESR el o b WSteho sa:sprocess

corhPRsiBg® $in téﬁr)eemhgcétéﬁ forl élﬁoﬂﬂilﬁq shidPPed Ehrface, said single
schemati ca the foll ow ng antation of species

anngalisg Sttmb@mgmc@ed)autaa%e under an atroaspheresf puse argon.

i1 T8 G R BrBRE R vl ShriaE Gy o eposed o

thet opter éh\rlto?ﬁmﬁerﬂf (thbs diffelingtfeeimt ap suithée addfived ByNan inner
substrate - also called "base" Cl eaving the

intgriagehatwaen o layers ef anpultiayat wefen.egi on, | n order to
trangkef o the ?ﬂéﬁrleﬁﬁefr[%ﬁg the! RALAIAN U “Rybtion can

| ocat ed between I an region i mplra
advenitdgeis|yalpel |mbl%nérﬁem|m cohibination with @tho@ési; wemaamg thin

2y Pt 8¢ GRCUSChie Ut PAGPEF R DAPE 467 (MwDR Sisbaumbigation
is nd8 lifRirigthe Q4BEE of HdintBRASHS 1 n the material of the

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

o 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,

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

o 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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i npl anted wafer, with a maxi rum of the concentration
of the species at a determ ned depth of the inplanted

wowedosnss3ehd generate an ertbrittl enment zone. ThECTHRE03/006380

where different species are inplanted is generally
referred to as "co-inplantation”. The depth of the
enbrittlement zone in the inplanted wafer is a
function of the nature of the inplanted species, and
the energy of inplantation. n this text, the generic

tergy "lH@faﬁﬁatlo‘ihéf bpd&dLris trﬁeémearﬁﬁﬁ[ﬂéﬁﬂéhén e él* Hﬁ)rél

layer transferred on a base substrate, as obtained g
atomiguehioaicSpradiesCae @s)tot ipiiedyneosisis spevies irhthehrr@tar@ltoftt e

ol 5T, 0 5, g5, B, AS0EL At Bl B«

deterfribned He;ﬁhto(f the inYRantet 9RESS and geablate §Hcd”mbnmiﬁn”[ zoae
also be a wafer of bulk material. n all cases

gendietassnyerel diierent spRCIeHatenimpianted i een%}lb\r/@‘efrﬁg to
as“cé%%@? spef the free surface of the wafer. This

Ive of i nproving the wafer can be achieved : By

I O\Néhel degpth béth@elrgb‘rmmﬂemfzdnben sl fraplanieaeaafer is a function

¢reasi ng the eneity of

h
of the: et F‘gg )ﬁé@gl’%@ SE?‘F@%@PH&'&%G” %ﬂEPE@gﬂR%&?ns such
as Iﬁfeﬂﬁé 9884 Rk Pgﬁerﬁ:egé ﬁf %IJEBIIS rbexto the strur?ture

roughness speciffcations for ree surface of
compriaingr adager trdesférmedr gn sebese, substiatehesgoblaingd by sunh a
3 "E;He”?@ﬁyrface of the wafer is a paranmeter which is
ma B R'8FThe quality of the conponents which shall

be AFROR 1B ke thfedim oft “Watere f@fhé?r%?f@rgeh@reflllyrr@fers to any
roughness specifications of nmax. %st rons rmns. IS

layer spiesitiate @r weder, vbaigiasdis mlﬁSm@@ dyee perrassl q>rynot)
ih h d th
such B taT a8 UL AL TritEle Scanned by the tip

of It hal Adddstrities @@ﬁ@m objéwtivei gfethef insestiors iy fadaprdvei ihg

possi bl ybetvveen e.g., 1Ix1 mmP and 10x10 m 2, sonetines
roughsess 0! HieoiTer Suas 0D HACD.

This objective of improving the wafer can be achieved :

e By lowering the roughness of the surface (mean roughness), but also
» 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
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Roughness can be characterized in particul ar according
to two main nethods. According to a first main nethod,

wWo owghssss is said to be "Bigh frequency roughPEBBE2003/006380

it corresponds to scanned surfaces of about 1x1 mm®
According to the other main nmethod, roughness is said
to be "l ow frequency roughness”; it corresponds to
scanned surfaces of about 10x10 mm2 or nore. The
specification of 5 Angstrons gi ven above as an
betwebhUstd.agkenyh# &ndouakne sm>Whécthetinies cBOXA0 um® or even
corresponds Fo a scanned surface of 10x10 mm2. And
10080 .whi ch are made by known processes
(Smart-Cut (r)-type process ot other) presenpt free .
Sur Raamestgia b8 srereire n ShBRURGIrS e o P A
methdeh as nentioned above, in the absent of a specific

surface treatnent such as a polishing operation. s
Accheenrdiggt to a ffirsts maimomethogdpaodghnessuig s@id to be “high

he. waf "cl assi cal” b.
frequdr £ ridhriess ot CBaEbRd b RBaTh RaeiRs §aboul IFT I
SurAé@&dhpe%nﬁfét SIRes maih PrdtRed t heugimeaRnes ssaieWo tise

speci ficafions as nentioned above. t would of course
“low fireqpesey tiughnessiulitt ¢qstappends s seannest sustaces of lapest 4ax10

t her mal reat nent..and/ pr, copbi ni ng such tre P
g THOR The SRiebTat Bt8 AreRardifer H68e 5§ 3h Thtration is

; ' L BE1 @ae phife

a rogHreSe it HpRall g HeiBashds s dcahhctBulficd D TORREH

of Ahe afecesghictA greomeds las kdewor piosdssas EPmartgbul” SgEe

is an illystrati on of such cl assical thernal .
procese & righer] Risenick dentui e [UGLEeEn Wb atengabpbdhan
spechiRafibs GRH! a@URENRNLNEbERE, | RdtHe2BBYENtoEr Bl Spddfo swifhbe

a high tenperature. This annealing is followed by a
treatowolt sigh asdgrolishingtapssatinsy. e cont ai ni ng

1Y AP B o Rt kot REER A, HDf e Bfeftho B bt ' eer
undergiéd adcihssitetHarerl Foaihesit (04. shaiflorfl exidafibhp type of

treatment can i ndeed reduce the roughness of the free
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
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 1061565 is an illustration of such
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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surface of the wafer. n the case where there is within
the wafer a gradient of concentration of defaults

W0 nsessing towards the sufface, this second tBEEIE2D03/006380

known surface treatnment can furthernore allow the
abrasion of the wafer down to a region associated to
an acceptable default concentration. But this second
type of known surface treatnment can possibly

conprom se the uniformty of the free surface of the
waf Accdrding paatdecohdknbiwe type bba sutfgceireaineertha chamssal —

Th d wbacgk i t
mecfiaicd pelefing (GHFS iapiselo dos freh sHaeeeof ENAEH. whi ch
wout s Qgﬁ@r(ﬁ'tlle)étrkﬁgnf REn GRAGSed PodRicEethet BugRhId of e free

roughness val ues such as nenti oned above. According to
surfagetdiithelwkfeswn t ype of surface treatnent, the wafer is

exposed to a ra t er nnea

con tﬁel cage gsm%g 6ﬁ%rreels e Wa errgag%g{egléﬁtfof %ﬁgsent?atlon
of dSfHukAFRrddsfRf RHrds tthe s\/)ﬁé@é this ssvamdl §Pe iof knolingburface

tenperature, e.g. in the order of 1100 to 1300 C,

treatenent sgnauttherenaiii allpve dve ebragion ef bR wvafehdowacina fesion
assotcﬁa:{‘%(}?)hl g&% ?goqggjgga@?acég fgdo a first variant of

ype o rea ment, the free surface

of Bhie thisf eecorsd St?pet bedkriywvra difacef tlehemeatf ean poasibly
at mpsphere nade o

a m xi ng gener r{% cont inqi%?
comwm%éla@ uniTerami REthefreR syiTaceaet e Weiledn RaRculag-the
US 6 171 965 gives an
unlfde—@atyrgfg% Egﬁ%#Féfgpgngf%g%ng}%m 565 al so discl oses a
RTATIQieaainawbdclou&; furttierrmom ingchasgd nif anmispdrtard) polishing és
e third known s rfac

fi A
requlr VRIERIGN Sope e gk A ardd S dbtaib SR lbnness

valudd §@saehehtioePibdte free surface of the wafer, which
reduces its rou hness This first variant can be

r egAeairdingstoady a@@@M@ tepe efpsfacentreaimarto el Wafeers
cxpb el ARG ARG A AR PhEES GO afosbire

enbipcthi¥efird typbdRIPkndwre Suiffacoiréatinenty the vaifeosErgrealed in a
high \?ernggrature 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 1 061 565 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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systematically conprises hydrogen. However, a
limtation of such variant derives fromthe fact that

w0 b@sasssesal i ng at nospheresdi s reactive. El enment BCDIB2663/006380

than the free surface of the wafer which is to be
anneal ed can thus be exposed to the action of such
at nosphere (such el enents can be e.g. the surface of
the wafer which is opposed to the surface to be
treated, walls of the annealing chanber. ..). t can

t hyug, bmpoaresfadiscibsedidg BRI DBOBEE coresspohds o ahecfirst
~such elenents. This tends to further conplexify the
variangrad des hirdAm@wnHpe ehasHiaeg rgptnieid- ni xed at mospher e

can 0 d e d d fuvihi
e pABRGERL b RTACls SARAGuERTRNCH AN oo WO
systewriticalit corapriseedyesident. e a specific installation (for

e.g. feed the annealj ng device w th the differen
gag&",’evé’ﬁd? migliofy %‘! §a%'b Mefignt \.g‘.eS“.'esl' E"iog' é%‘f’lg?&t B}aésthg
anne%lﬂ{ed%lﬁ?’orsgﬂgl%tié%éﬁtivefo‘ccor ding to a second variant of

nown type of surface treatnent, the wafer
i s EHepestsdother ah&TAhenftee sunfasenob e ralahivdtchigastonbe

k i al of fer. h '
annediofn s SohOABBEY; ed by b oho e Faetre Ltk

elem&htsidAf bead 8T thelutfabaldntie Wifer QdEISsIdpposad to the diréace to
anneal i ng atnosphere is in this case typically

be trestegosalls dthéganeajieg ahianderwi--h argon or nitrogen. EP

1 158_581 discl 3 :

L, 0RARSh) B BRESSY D, P AL ABRIER it suor
elem&MBPThis ésndsvo fdithéresnplerifnital progesst eps, one of them

bei ng a RTA. These anneal i ng steps can be carrlﬁd o[#t

' AN ErenBisHRCOL 8 BRIKEh GURG SPGB rEas SPdatrsim dUd ey
degra?d@&?hé 'agf%%}i]tg Q)f il \ﬁg%eqs\ﬁﬁichbg‘ tBlseRatpaEsiAdn at

snoothing the free surface of a wafer. The decrease of

| ovFUrthesmeres ysuchugdiiees scans netéssitatea estpscifich instalkation (for

o0, S5 ReGrbHk s’ it B st ab D AR
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 1158581 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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I ndeed, according to this patent a single RTA
("exenple conparatif 1") leads to a | ow frequency

w0 owglosisss of 1,60 n rns. By having this RTA fed1/B6e/006380

by a subsequent additional annealing step, |ow
frequency roughness is brought down to val ues of O, 28
and 0.30 nmrns. E 158 581 thus teaches two successive
anneal ings, the first annealing being a RTA. But the
fact that the process disclosed by EP 158 581

by theYastesohirhe af table angfrthisesatemio whicht innedrtieuriaeshowsg) thet effect

makes such, process Iat|vel y long and conplex. An
ofas&gpgatanafaatr}geaﬁeﬁmh 6n is to inprove the known

kgt SERIRl B1pSIBRES i s (s anaspone )

fy
leadss pe el km cfr@meaacg uohglmessn ofJ r1o@@eerms=uBy Heving dhisi RTA

ot b2, BB R A R B AT R s i

brouwtmm&qwlmfco%éﬁ@btmnmfrrﬁ&e material of the
waf er, particular after a thermal treatment (such,

as EW]e1t1ﬁ§r513dl thysedeashns dppl seacessien@nigplngs, othe first

it a Smart-Cut(r)-type process). Such slip
anne?irﬁié&gg@ |B‘E'A‘gener ated by local differences in the

heauthdgatt thee ee prodasddistlesenbyreli1aaso i syétematlcally
surface of the wafer (this being ﬁven nor e the ca q
COMpRiSeR t\qﬁrdé%tmchana%ahneééew BXUREI SHGNIPReFOISRILP!Y loRg an
com ition, the hydrogen used |nth|s variant is a
‘vol'atile gas, which |leads to the fact that significant
armﬁkmtobje@t offt ik tug@ntlorans e impeale thehkmawn tsuifgce treatment
const an sou o di m ni sh the cost associated to

ProcessesSsth mep %‘? A0V wafers. Finally, it would be
parg W&i@fﬂdée@@@%@&ﬁ%éo&@td TR pRfyP 5PEES Band ease

fulfilling the above nentioned objectives, In
such kopwinmaocesseai th a Smart-Cut (r)-type process. WD

O eatoh LERRE A 2R A ARS 9B P o
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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Thi s docunent discloses a heat treatnent which is a
single annealing, carried out as a RTA under a pure

wa@e@snsavshrosphere. Such treat nent reveal s advaPCHIE00006380

as it inproves surface roughness w thout being exposed

to the drawbacks nentioned above in reference to other

techni ques. The goal of the invention is to further

improve this last treatnent. Indeed, if such treatnent

greatly reduces the nean value of the surface

r ougbNes084i34 Bﬂngé ef /i anRous SRioNNIRosEgE i intdat the
~still remain in the distribution of roughness over the

objediives meetioned Aeoveaf er. A further goal of the invention

¥ kPSS PRI IAREL o i

carrigiesRRcd RTA widdrhkepwupigaeatiespheent of the wafer the
obj ective is to not onlo%/ to reduce the nean val ueug{
t heSUusilir firaimesligFpvesls ANVEREAARRUST . 2% ndeddProves; SULIASH

rougl%fééghWitBBUP%%m%o%gpgﬁnﬂe% Iralvbh kY irREhti¥neah absvésin

honogeneous as over the surface of the wafer.
referengedotatioed tachniques.s desired to avoid obtaining a

t ted e which t.diff t '
corthesaRAat 1 Dyt s R Rt Do B R da iRkt ent

r eaffled19f ARAl thodiRRht GRaty 2ARs th@endahaite BNthe surface
proposes a process for reduci ng the roughness of the

faugbness phthe teatedswaiecosduetiohomageneitienstl pproaissiy the

fiRERUtSh BRrdiohbas S IBE S AR 3 ik Maee, oot ng carri e
OUtA afurideRToslndgr tah iavemiphes etiafs por émprayen,roughness

characterized in that before the RTA the atnosphere of
homageaely auar thegvafpys¥éafitent is purged in a control | ed

g??rgl‘;?riﬂé(?ee@%rf\iﬂdsattﬁﬁliﬁ ?lﬁ}ﬂf ﬁefé%@ fid bfﬁe%ﬂr@%g treatment of

phe oW ng Teductlon of prelimnary
the vl thicaotbjsctive ishie natfanly tiPredumer the, meat vabre bf the suidace
aspects of such process are the followng : during
roughnigsg of ik W8f8Ted purge the tenperature remains bel ow

75Qfdedrit gal§é‘is@u%ﬁtntbréﬁtb%da PO §HhsBRIitABRES R IMAIch is as
remal ns bel ow 400 C,
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 the atmosphere of the
annealing environment is purged in a controlled manner so as to establish a
controlled purged atmosphere allowing reduction of preliminary pollutants on
the wafer.

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

¢ during said controlled purge the temperature remains below 750°C,
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said controll ed purged atnosphere is conposed of argon

m xed with at | east one secondary gas, said secondary
w@a®sossps | se hydrogen and/ or HCl, the secondeC/IRPaE3/006380

is hydrogen and is introduced in a controlled

proportion which is between 0.5 and 30 % the

secondary gas is hydrogen and is introduced in a

controlled proportion which is between 0.5 and 5 %

bet ween the controll ed purge and the RTA the process

dGHEPEiS BSntfollfeB RAGStHE RnipRiRuHPrdni &A% Below 400°C,
pre-stabilisation tenperature to the RTA tenperature,

sa;ducdntr@llep g atrgoszivaré edcarposead eof qgoe naxepwith at least
o @ogere said pre-stabilisation tenperature has a
[\‘/%F'% NGEV9R5ut 750 C, before the RTA a chem cal

séib%é&brﬂ&r@gaé B@m E@"n t(;faﬁ‘éﬁd!o? H@arried out so as to
further uce t prelimnary pollutants on

thehgeonadany, gassiai mydRTgxan ana ipintrodacedin at cardpsied eprpgortion
Wﬁ 'ﬁ out a taﬁn erature of 0 to 1230 C said RTA
j¢ha E &0 050A"dNo%phere is carried out during one

thbosé%:gnéﬁ’?éﬁﬁésls hrgg? Sgd gﬁﬁﬁsmtﬁ)d@%a e @éﬂtrdnedaprwéﬁron

obt ai ned type process, the process
Wh@hd%lb%/@@n&@aod %sa or SGO wafer. Qther aspects

f th t hal | f the foll
e e SRR HUAOF A Gt dRERTB {He RIPEOThGOT ot a
tethiefiture rB@UIE flomS a2 pisBRbilsafell atRmairealb the RTA

representation in Iongltudlnal cut of an annealing
temtnergiere, whidolampmanp beingseairiec ovhie 4 pyierargen atmpsgligre, 2

o4 o Rt Sl LA SRR SRR RIS,
bébeé ﬁ@mm%edhemlgél%!é&nﬁg bﬁth% WaRPRUHhEL'H EatiEa Q)u‘t k6 as
evol ution of tenperature for a RTA carried out under
toa‘n rtaenredptathe anopoire pieljoinanApelutants onsthe vg?rfglph
Séllﬂ 5%1{1% ;Iat? grggn %Yn%g;gt'lne?g lsogzartnggpoug % grtgmperature of 11560
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 SOl or SGOI wafer.
Other aspects of the invention shall be apparent from the following
description, made in reference to the drawings on which :
Figure 1 is a general and schematical representation in longitudinal cut of an
annealing chamber which can be used in the invention,
Figure 2 is a graph illustrating the decrease of roughness obtained by a RTA
carried out for the invention, on a silicon wafer,
Figure 3 is a graph illustrating the evolution of temperature for a RTA carried

out under an atmosphere of pure argon,
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treatnment according to an enbodi nent of the invention,
Figures 5a and 5b illustrate the roughness

waele@®s054308 | on aver two respective wafers, the Relf/EB20e006380

figure 5a having undergone a pure argon RTA w t hout
prelimnary treatnment, the wafer of figure 5b having
furthernore undergone a prelininary treatnent before
the pure argon RTA. Figure 1 schematically shows a
non-limting exanple of an annealing chanber 1 which

. E%)‘Fe bejsus %‘#aérp“lldsﬂc@’ﬂ?@ﬁ‘é leQEILtiBE dfeRipetfbre 0 & thermal

anber 1S to be used for a RTA thermal treatnent,
treaimént @coardingriden %mtmd)%eptméthﬂrllg‘(ﬁntléﬂnospher e. The

+ FRURS Ba e Bonriesde wipBaesbitiotior Bbf BySyeticite
weldrs Ythedvateaf AGureosd Aading Qﬁ]'d@ﬁt?orieV\@ pﬂﬁi WEgdfﬁR&A wdh et
hal ogen | anps and two pairs of [ateral (not

predigtieay eatmentyihe waielrgf figurerhbr having Wrtbefmpiﬁ%deraone a

dt | at | I
pledharV et BotBE S aled RERS, {10 nal “ends of
t heFlgmleel‘ sshagaticalyestidws Bendnaimitiat esma@mplaldf anlénnealing

nprises a door 20 for |ntrodu0|ng/re1r|eV|ng t he
chamiagtel, whidh 67p DerHSeREOF ERRlemeTING e BYenioNs mada of a

quaﬁli,g lcﬁHn‘%leY"hé gcb b%xﬁsef{bdﬁ)rlé) REiA g@r%l ‘(r)éaﬁﬁéﬂfe%ﬁrr@aeout

| at er Fovi at each of these
undelr at H086 pwed A@oh&atmb&phempect i vel y with a gas inlet 21

tJet 22. Th t .22 s |
C neTis SEvahen heomaresa e sarre AclDte PueBiEret @lper
com;?r%esEé‘(iQaé’[@F Wpralkcﬁlfne?aé aebarh@#iPa KafdiOtd bel Afirdafst, two

respectively above and under Teactor 4, between said
netwpeksc tBor 1Ginal thadodesmeampadang pbwo wedirss ainthtawl lggys (not

net k of halogen |lanps 8, 10 conprises in this
rep“ﬁﬁ%ﬁ%ﬁnent seventeen | anps 26 col lectively di sposed

or tmgwawé b ¥okrpricBen lp@ﬁ@ﬂutewhl I6@vker @il Sl 20En uppet wall 4 4Tded
Fal rs of lateral |anps (not represent ed on Fi gur e
two l@)era wallg éﬁoéﬁdomtedlatehhetqpnqséellemﬂgtuldm eRds 8 Gegipner

spacE?aCtor 4, each | anp being on one

One of the two lateral walls 16 comprises a door 20 for
introducing/retrieving the wafer into/from the reactor.

Reactor 4 is made of a quartz tube which extends longitudinally
between the lateral walls 16, 18. It is provided at each of these lateral walls 16,
18 respectively with a gas inlet 21 and a gas outlet 22. The gas outlet 22 is
located on the side of the lateral wall 18 which comprises the door 20.

Each network of halogen lamps 8, 10 is located respectively above and
under reactor 4, between said reactor and the lower and upper walls 12 and 14.

Each network of halogen lamps 8, 10 comprises in this embodiment
seventeen lamps 26 collectively disposed orthogonally to the longitudinal axis of

reactor 4.
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side of said reactor. Each of these |lateral lanps is
| ocated near the |ongitudinal end of networks 8, 10.

wah@sos3308 er 6 supports a Wafer 50 which is toPCHTE0EN06380

a RTA under a pure Argon atnosphere. This carrier can
slide into reactor 4 thus allow ng introduction and
extraction of the wafer into and fromthe reactor. t
is thus understood that the RTA of the invention is a
single wafer heat treatnment, the wafers being treated

oneTié tdol bQiPs droBtdraMidrhps (RsaIEresestbd dgvi Eigaremt)Cre
can be used as an anneal i ng chanber of this type are

dlSpcmegidpalﬁéeld@\ihgéowgBHSIn&saxmoeast@r é §9cf8m@(he)n9 gh one
side ERAARGR A5 ar AR W et ed hpyyaina

end bﬁqétwomyg)lmyer or multilayer, conprising at | east a
surface Iayer in a sem conductor materi (su

e. gTh&CRITIEE R BHPPSIrtsi 2 YafglePPrati s, 1o qr%énﬁéﬁf’rtdﬁﬁ a
pure %r@egtlﬁégghb@r?ﬂlbn&&@? @Hfélﬁ%e.nf&véém&sa Qﬁué"@‘ll@ﬁlﬁwg
5 i'n n particu nventi on applies

mtrod@ctldmmrm\/e)n@ctlbxe ofsthdwaﬁarnrdugihdémnﬂfe wat@rs of the

Oﬂ it Sw%ﬁh‘:uléti‘ga?g@%@{g‘% 7 %ﬁ)@\ q?,rﬂé%sﬁ(]gn @regglggﬁe\&g%g ih‘ég}
treatF‘Fé‘?\'P tﬂ@ﬂ/@fé}%%eﬁ@treé}lédqm@'@(ratmﬁyt (r)- type process.

I'n conbination wth such a Smart-Cut(r)-type
pr olesdintiting examplesof devicasewbisbdanobe iuspd &8 Ay anhealing

onar L G GR35 Ty PR S R i B BTERES, o

“RadifePlddvRes on? AppliedMiéedisor e, the inplantation of
such Smart-Cut(r)-type process can have been_done

b
co- ltnig| eamindedrihaf thwqfef Soean p farr bive ShIIES. %ﬁn't
h t
monéléggﬂ)lgm% ti a%&é? ccﬁ'ﬂph é%gg@%sg%%dr%cgqggrqg dap }Mgﬁgtaygtr?r

matdridl ?s&ﬂ%&ﬂe 8 rBlﬁ(ﬁﬂ‘l cmasmcoﬁ gélhﬁ:\nann} i cant. And the

di fferent enbodi ments of the invention c
g g he su?fgce rouBR

i ed
t o &he invention can be used for improving t

#1 ess 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.

And the treated wafers can have been obtained e.g. by a Smart-Cut®-
type process.

Indeed, in combination with such a Smart-Cut®type process the
invention can be used for improving the surface roughness of one or the other
(or both) free surfaces generated by the cleaving step at the embrittlement
zone.

Furthermore, the implantation of such Smart-Cut®-type process can
have been done by co-implantation of two (or more) different species. An
example of such co-implantation in combination with a Smart-Cut®-type process

is given in the application FR 03 09304 in the name of the applicant.
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waf er 50 conprising a working surface |ayer 52 made in
sem conductor material (e.g. silicon or

W@ pdosos309er mani um , sai dill ayer havi ng a free BUF/{iBR0€3/006380

54. Layer 52 is referred to as a "working" |ayer
because it shall then be used for making el ectronic,
optic or opto-electronic conponents on the wafer 50.
As mentioned above, surface 54 can have been generated
by the cleaving step of a Smart-Cut(r)-type process. n

Suﬁﬂdc@gediﬁ%rléﬁt \@@{b%fdjrﬁé)nt@%mmesmsemﬁbam he wppkédto a
a e

| ayer uri oxl de |l ayer, which itself covers a

waferspmnprisings woskieg s@rfacs tayee52 madedniseptisensiisiosrmaterial
50 has b ted i t 52. As
S e e e T T

treayarend i9kteferbarto ™ aomorkingnmysr Bétausw itishalloibeni be
a pure Argon atnosphere. Such RTA co

rises th
used ol mokinggelgeiaTial oRlisepapPinelectioin COBIRIERAG ARIRP Weer
50 in the chanber 1, said chanber being "cold" (i.e. less
than 400 ) at this tinme, Establishing in the chanber,
at A3 RicpSiBhE® abbivehsusacBdl can heiveskeero generated by the

atnospheri c pressyre, an annealing atnosphere of pure
cleavingdep ora SMATESet rYPERROHSSo be set to a | ower val ue,

F T MR ch EsBT el \A{?gert@@ AhmsRbalider ARESFstking layer 52 a

I nCcr easl ngS he tenperature 1 n the chanber at a rate of
buriedbgide 120, which iself eovérsed supponesubsyatene hal ogen | anps

22 Bl T GRS AT ARl g

to shaWidler@p. (from about one second to a few tens of
seconds), Shutting off |anps 26 and cool | n%, bg air f
ci rAsutmentioned ehevawetherinentioat impliegtae sthdles By BPafapd ©

C - i ' li
wafer5Q, FoBfisiP aE LA cBfe il & e WM HSEIRE, 2001 12,
t heg @hORA UBRbriees tHesfonow gl ggresslidpeeatiinsce t he

applicant has determ ned that the presence (eyen.inlow
e Introducingiveafpr 69 inthrehambaet §alé®f@m%%erm)aﬁq\fﬁ$ ctiealess

th3XYATPE) Linldfngnneal i ng

 Establishing in the chamber, at a pressure which is equal or close to the
atmospheric pressure, an annealing atmosphere of pure Argon. The
pressure can also be set to a lower value, from a few mTorr to the
atmospheric pressure, .

e Increasing the temperature in the chamber at a rate of about 50°C/s by
selectively powering the halogen lamps 26, up to a RTA temperature,

e Maintaining wafer 50 in the chamber at a constant temperature, during a
RTA duration (from about one second to a few tens of seconds),

 Shutting off lamps 26 and cooling, by air circulation, the wafer 50, at a rate
of several tens of °C per second, and according to any desired cooling law.

In this respect, it is particularly important that the argon used be the

purest possible since the applicant has determined that the presence (even in
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at nrosphere coul d generate an attack of the material of
the working |ayer during the RTA. . ." "Pure" argon is

W@ boes/osa3oer st ood in this tiext as argon cont ai NPCIYIB20633006380

than 1 ppm of other elenments (pollutants, other gases,
...). For that purpose, the argon used nust be treated
in order to be purified before its introduction within
t he anneal i ng chanber. Commercially avail abl e argon
i ndeed does not present the high degree of purity
low ctﬁ'é'nﬁhe Sf DB GHehS  (shdHead mVSéﬂlbLﬂBr olyHRnpiH tﬁeyérﬂﬂaahng
nt can be carried out by purifiers and/ o
atmospherercoulshgeteratel amstiacit ofdhe Inaterialtnfdhe warkins laaMeg @iring
-nto the chanber. An "attack"” as nentioned above can

the ‘respond e.g. to a formation of Si O (which is very
vol giud e3rgbn ib hﬁu§@ﬁﬁen@ioo@i B thietdsit g hrgoar cantpioirdidss
an anneal i ng at rmsgmclere containing a | ow quantity of

than 3 ppge Af othre elgppnts taaliutaats, @dhesg@sRed - Yhat such singl e

hea\*orﬁﬁ?ﬂ%ﬁgﬁée Lfﬁ'éj EF fgan e d%{]%toée foiila d%ﬂﬁfr 10 @ Ritied

rove
befor‘eomﬁmmw{)n tvhmnwalheranneahraj tchamibar Csmniiera“a'Ay available

ove rou hness better th at woul d be
argoR RORAHdP TS, el RISSaP! Bl docr e D2 kR4 oS for
t |C|al oxi dati on. Andfurtherrmre the uniformty
he lrﬁ%%hlf(\e wor ki ng layer is nuch better than with a CWP
tr eﬁ*tmpmfym?gneemnt aan berqarmescb out by petifers ansigeiiliers o
rat on of a tenperature of

the aliPERtafigg ipg M Seb BRACS-Tga RN e CharBaE s T e maan
r oygh ek a8 Rdtioe dANRENSH EfredpoRd R4 toQa fédihation of

figure, the horizontal axis described di ferent

Sio (mdﬂ@hss venhe volatile) dn teacaseadfea Havorkinooleyar g¥pesatE an

A e Lt X AT

t heTtyy apdlilcanOiad d@terrinadtthat duichhsingle hedetréditasent under the
form %? [cer?]S %]addse ltnoa Surheaﬁ%orrrnea%%%rsgr?er%n&gn|f|cantly 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.

And furthermore, the uniformity of the working layer is much better than
with a CMP treatment.

The RTA can comprise a constant temperature level having a duration
of 1-30 s, at a temperature of e.g. 1100 to 1250°C.

Figure 2 illustrates the mean roughness diminution obtained by such
RTA.

On this figure, the horizontal axis described different wafers, the haze
of each wafer having been measured before such RTA (dots in the higher part
of the graph), and after such RTA (dots in the lower part of the graph).

On figure 2 the higher curve thus corresponds to a haze measured on

the surface of SOl wafers as splitted (immediately after cleaving), and the lower
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the surface of SO wafers as splitted (i medi ately
after cleaving), and the | owercurve to the sane kind

wobtoomessw e, after the same wafers have under geCHIBR00%/006380

under pure Argon with a 30s constant tenperature at
1230 C. t is specified that the term"haze" refers to
an optical signal diffused by the |ight of wafer 50,
in response to an excitation light. This haze is
representative of the surface roughness. n the case of

curveg @al%e(slém of h;%é@ur‘es affBRHr £iné! flafdts hakb Andenfos RTA

can haze is thus here referred to
underapuré Hagen 62 30§rh@”nstb@§éeméar@wm ﬁiuﬁ%@ncof haze is at

|
oy 136 SERCREATT IR o o8 e R AR} o ol Gt
the |@;wpc5ﬂ A18r Bdr pgeBspansed tov drb @rdjtation Migte. piteei Bme/ is

the haze is divided by a factor 6 to 10. And in the
repregentativs ok the Wﬂcgﬁoum%ﬁventl on, such advant ageous

n?fr(%% g?%fg r??of i 2 s F% id H\% @U?é@f’@&hé EXPRSTENEA®

In reference to these known
SurfsEIM6220° sitheltlaredib suditeraotietetiiatasdhgom682@’. excel | ent

2 THreRAAnGEs, S BiHan P PBe &1 Shieet PmPRBTIRBAIS it
that cBl) nessﬂ‘g—ﬁ WB@ungﬂeﬁhnlqués g eR‘FRW@HQH%tmosphere

roug tion, and  a dimnution of the risk
comporklrglhwird>gefremjxefhmtfsp@cxnf| c RTA used in the invention

all ows a ver sno t Lee~surface of
%ﬁf%ﬁc's?wsﬁ}?&‘q}%\%% ‘i é?é@ﬁé o zpmot hing is
?btp’e}id‘ﬁc{hwctase RF 85 REA! dihe mv@hﬂ@m csucafadvahwgeam oésults

he water 50, but rather by a reconstruction_of th
are (mhalﬁade\mthm& fhev drawbaeks LepReeddneintragustion gf this text, in

f t na treggﬁ%nt of the wafer surface before the
reter &:P bed above. The applicant has indeed

ObSte&N@ﬂdtehQé bef neteghthaparjdn haiRBAcékent gearenall donductivity
di scl osed in WO03/005434) was very advantageous, it
propegies.sti | | p035| ble to further inprove the surface

rOUghOeRFq9f tof REVIRT Bh hOmbGERBoWY repartiion of heat in the
annealing chamber, and consequently :
« A more homogenous roughness distribution, and
e adiminution of the risk of slip lines.

The specific RTA used in the invention allows a very good smoothing of
the free surface of the wafer. It should be noted that such smoothing is obtained
with practically no erosion of material of the wafer 50, but rather by a
reconstruction of the surface.

The invention furthermore implies a preliminary treatment of the wafer
surface before the specific RTA described above.

The applicant has indeed observed that if such specific RTA (as
generally disclosed in WO 03/005434) was very advantageous, it was still
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roughness honogeneity. n the absence of such
prelimnary treatnment, it could indeed be possible to

wobdoaiss3es waf er surface wyfh some regi ons havi POI/EB2003/006380

slightly higher roughness than other regions (such
"rougher” regions being typically located in the
centre of the surface of the wafer). Such possible
variations in surface roughness are due to the
presence of pollutants on the surface of the wafer,

bef ) ' h | O
possipentn el o ohs e TR EP ARG Phdhe nGERE e
rougw@sg%p(ygg@@,@g _annealing. n an industrial exploitation

0

such annea ir;g, successive wafers w || unlger%o thB
RTANi et Bbsenase Of hauebepreligneanit treatmaid, ¢ feyld indeed be

Jher ef 5 r .S i r i i : high
s ERELOHR, Dy YR QRS b ey i
rougiiaseshhe otharfretives (hatbeoudrerasdiorsebaing fyrislly lecated in

el ements (such q?s resj dual gases) produced by the
the ceplga Phiesturiace of thgateTHoor when i ntroduci ng t he next

waf @l ﬁoské?oA% "vtgﬁé@%ﬁ in ShFral TOSgHIRSS #6 duBgothaphssence

after open anmber door Tan indeed contain
of pajjaterds suctheasuriRe @Che wafer, beforevsarryaeutingGheapigr argon
Such renmai ning gases are undesirable in the chanber
RTAfor the next RTA to be carried out. After openi ng the

chapBssd, ands GERAM tHat aBai RTAT drfealing rafdtiet inventidn ihe
wafer to be treated, it is thus necessary to purge the
wafeabywghreannesiinghe chanber before carry outing the next

RTA on t her or .. Firaur [ v K .

& g BRRSIE eBlcanokis? SHEn APlelif. ucbbrive niier: i
undef@NiHel RTA i thePsdras ehbmbet, lvmei after dveothrerr. proposed by

the_invention). This annealj n%gc\l\{;\ﬂﬁrl ses, an.initia

|
phakhergiore.ophema wafer is indidwe RANE ShARDEE [y S NHEaP
RTAPH I8 Afanid hALAD SRASE She?l of ife ERATBEF be 3Rdrdeat Mssible

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, CO2, etc.. as well as H20 vapour. Such
remaining gases are undesirable in the chamber for the next RTA to be carried
out.

After opening the chamber and closing it again after introduction of the
wafer to be treated, it is thus necessary to purge the atmosphere of the
chamber before carry outing the next RTA on another wafer.

Figure 3 globally illustrates a single annealing carried out as a pure
argon RTA (this constituting a base for the improvement proposed by the
invention).

This annealing comprises an initial phase 3.1 of the heat treatment
which corresponds to a purge of the atmosphere of the chamber, and to the

ramp-up in temperature from the “cold” temperature of the chamber (i.e. less
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ranp-up in tenperature fromthe "col d" tenperature of
the chanber (i.e. lessthan 400 C - it is indeed

w@p@siosizesl t hat the tenpersature sensor used f oPCT/IB2003/006380
bui |l di ng the graphs of Figures 3 and 4 indicates a
fixed value of 400 C for tenperatures which are in
fact less than 400 C, and the actual val ue of
tenperature only for tenperatures which are nore than
400C). The initial phase 3.1 is followed by : A RTA

than qu]bn—gut§ b?eg’@ s?#ﬁ%‘ﬁ%’t g]eztbmp’étratﬁ% d&3or Qsed\f@ﬁ@hlldﬁrgg

initi hase 3.1 , the ranp
the gr@@hs oéHiguwds Sant 4 indicatesma ﬁx@cbsalue q&%ﬂr@ﬁorstp@quﬁtures

400 bi.l.j sat
ey 90 BREL T SR S IR el SOt
tempér%ﬂF@ég%}d:hearbq‘nér’@%BTAOO‘QIWer ature (between 150 and

. During this initial phase, a purge of the
at ﬁd)emmhale)f@ﬁetiih‘elscﬂ@ﬂ%@i bwas been carried out, in

er to This purge is a
A Tg%‘é‘i"@&ﬁ[vﬁ@é@ 52% aiaggﬁg gﬁcof t he atnosphere
AEBBI‘@EEQQ&B wighhi n the chanber together with the wafer,
t est abl I shment of a pure argon at nDs here. K The

t albh thedinitiahphdsst 3.6 nthearemposp 15 GRIRed o8t Wi Mo main sIaRSs

roce as wel |
AR sl nEsmariir: R BRealis iR ERSERIRSS 4l r20c,
Al %c%dm&e EHRdm Stﬂé‘Uﬁrecéw!ﬁ‘iﬁ%tﬁmoﬁemﬁeeatafegom dmel MRTA
rocess. he initial purge has all owed
tememtaw@eMéemM@%endﬁﬁéﬁl ©hg atnosphere pol lutants

e e e G o

been QaHRIIBAER drBat toldichatd widesirablelyaskscan gener at e
variations in surface roughness after the gHre ar

n
RTA rtt&anung@ lﬁcﬁ cl@ﬁﬁryabp@r%nwgh Aeswuatigngidne rﬁtﬁ"PgPhe"e

i b th@ks@basenent of

introdio BRI el dheliferaBER e} i e W ARY in@bbRLE fafien

a purblm?(waémosipheté]e anneal i ng chanber. | ndeed, the

g‘}o Qﬁr{qagt%g}e 2’? tsheoggt%r\{"iegar% %? IthrVe%nS Vgntdhzl aIII[l]dIC&rlltlegltﬂJB &85@595

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.

And the initial purge has allowed to evacuate from the annealing
atmosphere pollutants which could generate variations in surface roughness
after the pure argon RTA.

The applicant has however determined that the pollutants which can
generate variations in surface roughness after the pure argon RTA can be not
only elements present in the initial atmosphere in the annealing chamber, but
also elements present on the wafer surface even before introducing the wafer in

the annealing chamber.
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anneal i ng chanber before a pure argon RTA, sone
variations in roughness are still to be observed on

wo besosset ed waf ers. For tihe purpose of cl ari t PCT/HR2068/006380

el enents present on the wafer surface and which coul d
generate variations in surface roughness after the
pure argon RTA shall herein be referred to as
“prelimnary pollutants”. Such prelimnary pollutants
can be in particular a native oxide on the wafer

surihaséd, thé appliteint Ras bbtares tisi ebea withyalt indteal ba@ offthe
invention therefore provides a prelinmpary tregtnent

anneplingckamber hripee apyehatpA RHA.ciaes Vedatnsin gy iars are
still tiggloﬁtsgﬁ}téh%netﬁgefr%ta?eoaﬁlﬁf%?é ated to the prelimnary

nprove surface roughness even nore
t haforvthi ipuepaser e c&m‘tpns&'ﬁﬁel(amntmprtasem an tinenwta&rrﬁyrfﬂce

h ty b t |
and WhER, PR ORI RS TEAURRGT FREGEsS D oe isoBl ReAcen
RTASRGN RERANHS I&érf%rr@d $6 BESrefiiiRA bolutaf@rri ed out as a

pure argon hese enbodi nents propose two
r es$>laxd1 pl&%rrpmwbupullnmnjzs cardenivrparticdabe rativei @dde@n the

ciatio l.e ann g. These two
Wafeéﬁ'ﬂ)‘%@‘?%ﬁ?ﬂ’% RAya fsnﬁﬂcbn‘%rn Yaes a?gg%ﬁ$er natives. They
canrid %ﬂ/el?lﬂoﬁotﬁ’@féi&‘é Fﬂﬂ/ﬁiel%eé prafeiH= nepdtment foefere the
enbodi nent of the imnary treatnent, the i nlééJ ?o the

pure pugeie RIA Fh@rd@nme@ mrrgat@ Nmme@eSI@b&%ﬁﬁﬁﬁéoaaﬁpﬁlﬁt
preti§fREL Pol§ufa bl PRy C Syl FABRREDE kepliuh0iukhontn =
pure Birgsi RTA. (impaditslaf Irft@tmembhdmngefoeltydurl ng the initial

Chahwe Mais SU0ABIEy S0 AYBBP TN & SGAmELar A PROSEY:

Contia] B SRS SRRt smneaing
carrlsceoohdarayptgasargan FbBAl Theszr einbadianertty greppse, twacrespeetive
prehr%{%nzgtqu gst Rﬁbgé 5 %\r%epﬁg lahgsssoec?%%%arv%trgas%chs 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.

This embodiment is illustrated on Figure 4.

In this first embodiment, during the initial phase of the annealing (phase
4.1 on Figure 4), the chamber is not only purged, but also filled with a controlled
atmosphere comprising argon and a controlled proportion of a secondary gas.

The secondary gas can be in particular hydrogen, HCI, or a mixture of
both.

On figure 4, the secondary gas is hydrogen (see table below the

graph).
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graph). The "controll ed proportion"” is generally
between 0.5 and 30 % More precisely, if the secondary

W@2a®5/0553p8/dr ogen, the "comtroll ed proportion” BEDIB2d03N®6380

between 0.5 and 30 % f the secondary gas is HCl, the
"controlled proportion” should be between 0.5 and 5 %
f the secondary gas is a m xture of hydrogen and HCl,
the "controll ed proportion” should be between 0.5 %

and a percentage between 5 and 30 % depending on the

ra‘rhg “%ﬂ%&ﬁl%@?ﬁééﬂﬁgén”ii@géﬂ&aﬁ@@@&%ﬁm.gwd 30 %s to be

not e I njéction of a secondarﬁ gas, tPe
*i Mdré aprecisblysaf 4ha $acondatyt gasi s hydeges. dhe sopgelled

and the initigl raise in.pepmperature - up to the
PropopiiQiL s’*PQB'ldlrhes%?a‘WgﬁntOeiﬁ'éq gb Pe of about 750 C (this
L ePEALHESdRY ast Zso Hemwthercentsotizat proppriian”osiayl . be

This Initial phase 4.1 allows to elininate (or at
betwdera@ b amdds¥.cal | y reduce) the prelimnary pollutants.

n b S enbodi o LNE Il teNkhd Scontrolled
caﬁﬁhg ¢ e&BPg?&Eg{]%selss%ﬁ%ﬁ%gngm g%eelfr gtﬁ iaoprr{@lt' Et;ﬁ tor?eroRfrA
propdrﬁ@r@" dhould BEB8EledD Oy & ahé anperedntagat batviesninapd A0 %,

1ase 4.1 does not cg_gr§srg&}nd to gl&re- anneal , since
dependiag oaripe ratiuydragepdil) IohSEEE8eNAP400 C - and
302{?%"[8%% fidfen tﬁéﬂwgﬁ 'tﬁé‘ﬂ{a{éé‘tidne%a sSbosdary s, th tiniibl”
phasé can be carried out at tenperatures which can
phasé wpi salrhifeddie thet wete L0ge and thednitiyl. rafeds denpperatdreg— Up

control | ed purge phase. ce i - L '
to the BrrpERblSRT npants ssenan /e PREhREraAToRD too
,wa&rhagm%tm@ ereed so as to elimnate all secondary
gas, and fave a pure argon atnosphere for the rang- ug
t o TtHisiritieh phesp e helows gcpﬁh@é\aiﬁ* for. atdaast drastgelyi BLEte)
Eﬁﬁ.hase 4. ﬁ?j Ihe RTA is essentially the sanme as the
the pEAIRY AYAM S hove in reference to figure 3 (phase
3. 2) thiichddiment, @8opidiitimdaseaimdneisdrridbopt indes sane

is simlar to phase 3.3
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.

Once this pre-stabilisation temperature has been reached, the
atmosphere of the chamber is changed so as to eliminate all secondary gas,
and have a pure argon atmosphere for the ramp-up to the RTA temperature
(phase 4.2), and the RTA itself (phase 4.3).

The RTA is essentially the same as the one described above in
reference to figure 3 (phase 3.2).

Finally, a cooling phase 4.4 ends the process. It is similar to phase 3.3

mentioned in reference to figure 3.
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mentioned in reference to figure 3.n this enbodi nent,
the secondary gas injected in the initial phase 4.1

w0 200605530$e el i mination of8the prelimnary pol PCL/EBRE3/006380

(in particular native oxide) fromthe wafer surface,
during the initial phase 4.1. A wafer having undergone
such prelimnary treatnent can then be subject to a
pure argon RTA : not only will the roughness of the
waf er surface be significantly reduced, but
f fuid hﬁ§ BRIt diPb S, Ewgémﬁ@%rw?bé uri;@cte@n@mmma phaee 4.1
er surface his is | ustrat ed th
favorsﬁ d)lhé eliminatioabdfethevprietimingiy wollytants ¢a W@U@Haré@@t'\éﬁ &jde)

from {psrhtensu gt Spie i i BhaE 47, cughneas . o
Meas WS Ahing uﬁdbfg@wécsaﬁheplreﬂmrfmetren‘tn@mﬂ canthen he
scanned surface of 40x40 m 2. AFMrou ?fhs &,Ap%gst rrPce

subjeph’eg a pure @rgon BIA0: Reieonyilb thafouahng 4 gt the\vg a

be sngral gaﬁﬂl‘é(grgdgg@@nﬁisfuﬁﬁgﬂrﬁ(?}e%fsefoubhnegs %/ll%e%olﬁogeddc@lé

€gi'on (no prelimnary-treatnment) Wafer
over thebwsfer sWisdee waf er surface n this table, wafer 1 has

purdiay BoAReAEaY dopr sevnd | BB vt el pfytece
roug ﬁﬁ’é‘t%ﬁ Aefet ?ﬁﬁ? gh rd QngoﬂrﬁTA fortwoo BN Apfers” @ugenesad rve@ﬁeo @),

a surface roughness kept at a low level, A "High
and footrgbeemdesegﬁ mghmmrr@asumqﬁs i-alrpy ;sgRted surface of

roughness. . e 5 st rates the roughness

2x2 pay'siorg seannes %M@Peﬂ%ébéw ce of a wafer after a pure
argon RTA. The upper part of the figure shows the haze
repartition over the wafer surface. The wafer 50

illustrated in figure Ha is representative of the
vafer 1 AFM roughness (Angstrém rms)

2x2 pm? 10x10 pm? 40x40 pm®
Wafer 1 : 1.5 5 7
Standard roughness region
Wafer 1: 6.2 11.7 13.7

High roughness region (no

preliminary treatment)

Wafer 2 : 1.5 5 7

Whole wafer surface

In this table, wafer 1 has not undergone any preliminary treatment
before the pure argon RTA.

The surface of this wafer 1 exhibits two different regions :
A “Standard roughness region” with a surface roughness kept at a low level,

« A “High roughness region” with a substantially higher roughness..
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menti oned above, as it has not undergone any
prelimnary treatnment before the pure argon RTA. n the

wo owsnspest of figure 5a, 1&n hi st ogr am summar i PEBTE20E3/006380

di stribution of haze values (directly related to
roughness values). This figure shows that the
roughness values are widely distributed (fromo 120
ppm - see histogran). And the upper part of the figure
exhi bits a hi gher roughness region 52, |located in the

| owediure €Y lilRIstrasst thef roulgRnaes dfstriblitienregir dhe Fsllrﬁaseocbf a
the contrary a | gwer roughness regi on, The wa

wafer; pfteis @ rRire Arean fR iy ENeaPPeT PRlisO &@oﬁsataﬁeﬂ“qve the,hgze
reparﬂhéﬁ Eve)r%e%fé’rfs&%% hness, and to marked hi gher

ness regi ons fer 2 of the above tabl e has
u n crmegwaf@r eﬁQo iilestrated an Yigtiree 58 rie mepreaetativé 0f the “waker 17

montiop i QbAB o 3P T BSISON R FBIPrEU RSP 5 SELAR o the

pure&dBn'l@fAto the represent ation of figure 5a for wafer
can be seen that this wafer 2 does not exhibit any

" Hilgtthe msrganmsofrfwr@ @4, an distegrahsumpmasizes @aﬁwdlﬁﬂﬂbtﬁlﬁ@

of g Yo e (ARl S A S Sgram i the

| ovigtis ARylte @hofvsOthae thE) roudhtedty 9hiugs narey widebatdistributies
t hus advantageous as it significantly enhances

(fromr plegheBRMhaiasdustentam).-« is furt her m)re conveni ent,

e A 2 0 )

locaté@iineddwercentralipagt dftha vefen rT(ﬂreeEgrmdl Bﬂerstomﬂwet duntrary a
prelimnary treatnment, prior to the pure argon RTA the
'OWGWPQP”¢S§ €9iected to a pr elimnary treatnent carried

OUtTH@g%LfSF Nfush2ién °c§ e @%&% QL U32B58ECiAedt Be AafRfe

surfac re again, er can be in particular
distrifutiomugfirouphrsesss andio rnarrlketd highef rdUgbnes&)leﬁS t he

bt APissc 15 S srhimie. BG % fpioroPBe b Tainal vRERAen
(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
distributed on the wafer (see in particular the histogram in the lower part of
figure 5b).

The preliminary treatment is thus advantageous as it significantly
enhances roughness homogeneity.

It 'is furthermore convenient, because it takes advantage of the
necessary purge phase before the RTA. No additional step is thus required.

According to a second embodiment of the preliminary treatment, prior
to the pure argon RTA the wafer is subjected to a preliminary treatment carried

out under the form of a chemical cleaning of the wafer surface.
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The cleaning is carried out immedi ately before
i ntroducing the wafer in the annealing chanber. This

web@ansisgs al | ows the el infhation of the preli nPEEIB2003/006380

pollutants. This inproves the roughness observed after
the pure argon RTA - in particular in terns of
honogeneity. The cleaning is preferably a RCA

cl eaning, or a HF cleaning. A RCA cl eaning conprises
two successive chem cal bathes. A first bath is nmade

' ntl—@er@ in, 39¢ WedtahasupqustiqahntheuyhothisNs4oA fimiting of
e appl i cant has_found that  the con%ﬁntr |ond
the smpmomemwmmoaha S ap St waler ardul 6AN Days g SR Ne

oy & BRGNP Ebhont of & waf or having a il i con

surfraceehaiyigris carrgd aut Sohedigtelyfreforedntrodioding the wefsy in
are 1% for NHAOH and 2% for H2QO2. A second bath is
the at‘ﬂ%@t Wgaﬂ@mt?ﬁro a solution of SC2 (aqueous sol ution of

afibn BRShd PrAlEhih&gt pdllaeants. This
concentrat %al&%tf@&iﬂ&ﬁ ann H2029rmst ét}z FiJetWeen 0.1

impraesnitieSroughnedseobsevedwaitghthe pusr arganeBTAet y PREICUaein
§$I|mna treatment of a wafer having a silicon
termegf hYIBRIESNr (e.g. a SO), preferred concentrations

ar erdeibaning@ priférabled RCAEIEBRIngher 4 Bifpteaning.e for
the SCl1 and SCB bat h shoul d preferably b;ﬁw&en 20 and

80 /&R%ﬁeapm@f@r@msys?\@p@Uﬁeﬁssafe\/@teéwc
S lA?g%}l ath ?g\ﬁa({ R o deiifed t@)ﬂn@gﬂ%géurf%luh@n of NH40H

parti S hatTVe O an can
and W2@gENt on the wafer surface. The appl i cant has found

that th trat f HF t bet
46 bioq RepBRAN: drasvaigAinat e eoberREoRge! BT P S
Hzo%“%dst%g th% 2 UK 5198 eaagmaa@aw d preferably be

room t enper at ur
More premsely, 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
HCI and H202).

The applicant has found that the concentration of both HCI and H202
must be between 0.1 % 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 HCl and 1% for
H202.

The temperature for the SC1 and SC2 bath should preferably between
20 and 80°C, more preferably 70°C for a wafer having a silicon surface layer.

A HF cleaning shall in particular etch the native oxide SiO2 than can be

present on the wafer surface.
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(about 20C).In both cases (RCA and HF cl eaning), the
cl eaning can be conbined with rinsing steps. However,

wo pooshsssesase of a HF cl eaRi'ng, no rinsing shoubdr/1B2003/006380

preferably be done after the cleaning. As nentioned
above, in this second main enbodi nent al so the wafer
to be treated can be in particular a SO or SGO

wafer. t is to be noted that in the case of a wafer
having a surface layer in Si Ge, the concentration of

Ge The applitahehgs f(ﬁlh@ttlhlét ﬂhbecfcﬁf@h’!ratédgeoﬁHF ;mnﬁ tf]ehbetween
20% Nbreover, genera speaki n e it for e .
0.1 % enfEOcted Bpiaeylar yyeighy)- /¥ H@p %meﬂgamwbw@ ig sadﬂ% Is
o9, cheni cal cleaning), the parameters of the prelininary
treatment under the formof a chemical cleaning shall
be Bet Hfo bath shohldvereferbblysbagmressiont atl mam rgmperatare

(abofheves Blmbaly Faves (BBA A B Floagtital ia 9eRning Ein be
combiféd wthl rﬂfsirg) stepSAQBWERS f BRNEAS GOS8 MFScleBhiRl, Abfinsing

nore dil uted, and/or Seft!ng the tenperature to a
shouldopreferablyne dane after the elganing. Bot h enbodi nent s

or s bETpBar o, il ekl STBRANTrk AR Ger o

be treatel e bedH panrRsifaref S8l veEe0oitwarat.ed by one of these
enbodiments i : Even further reduced, and Mre

evehis/tapamoteslithad inithe saseicda weferiA g ReFuUrasEgiRyes &
sicel S8 AR Y % b 505Ut LR RIPhe hemors togn
20%the free surface of a seniconductor wafer, said
o SRS enee T S abiaces PR 07 T g, or for
e 68 BebiRecRpLdsothutta EEpBo e AR Wo
prelinainans paainend fundee thnfosel ohg chewiical miearting shallibgesgt 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 :
» Adopting cleaning agents which are more diluted, and/or
e Setting the temperature to a lower value for the cleaning.
Both embodiments described above allow to further improve the
general process disclosed in WO 03/005434.
In particular, the surface roughness of a wafer treated by one of these
embodiments is :
e Even further reduced, and
e More evenly distributed (in particular, no higher roughness region is

observed in the central region of the wafer).
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in a controlled manner so as to establish a controlled
pur ged at nosphere all ow ng reduction of prelimnary

w@elosossng s on the wafer. 22. Process accor di ngPCDIB20€3/006380

preceding claim characterized in that during said
controlled purge the tenperature remai ns bel ow 750 C.
3. Process according to the preceding claim
characterized in that during said controlled purge the
tenperature remai ns bel ow 400 C 4. Process accordi ng
to any preceding claim characterized in that said
control |l ed purged atnosphere is conposed of argon

m xed with at | east one secondary gas. 5. Process
according to the prece@LAMSE ai m characterized in
that said secondary gas conprise hydrogen and/or HCl .
6. Process according to one of the two preceding
ChabdEys GBAT AGhRINE Slel NoliftedsheofSaRONHREY WidfackS of a
hydrogen and is introduced” in a controlled proportion
wiserticdrsiubter weafier,0sa@ld JTdcass epMprising oSG @bnaaling SEP

lLaim 4 5, . terized i h

5 o S PR Sl g S SRRPARY oo
PoAPAL td RTANMARY drb aleddRtRie @f puandrdonftchBrackerizeesin that
accordi ng to any g{)ecedl ng claim characterized.in

t heforadbadtin thieatiopsphsre & thriegeealily eMAroRMETiHe Purged
oIR8 SPR MR PG Pa RS dp SBiEtf & FREoM PR maspLere

s alléwingmedugtidredmgretimindrg gobutbnisrorathewafear gon

at nosphere. 9. Process according to the preceding
claim characterized in that said prestabilisation

ol eﬁ%%g@& lérc‘éoﬂ?jg'%?o ¥ioa g?e&fdi @ldim 7 eRaracteled fh @RgB8uring

according to preceding claim characterized in

t baid drftailed poiegdRihg tenyfesaiucarerobinamiely 660tthe waf er
surface is carried out so as to further reduce the
‘anount of prelimnary pollutants on the wafer.

3 PR6ESS a66Rbfgn® e éféf;_egfn@?@l@irﬁ,gcﬁérébmrized in that during

characterized in that sai _ .
said controlled purge the temperature remains below 400°C

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

controlled purged atmosphere is composed of argon mixed with at least

one secondary gas.

5. Process according to the preceding claim, characterized in that said

secondary gas comprise hydrogen and/or HCI.

6. Process according to one of the two preceding claims, characterized in

that the secondary gas is hydrogen and is introduced in a controlled

proportion which is between 0.5 and 30 %.
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RTA in a pure argon atnosphere is carried out at a
tenperature of 150 to 1230 C. 12. Process according to

wa@epspsseedi ng claim chalRacterized in that saPd/BRAI 06380

a pure argon atnosphere is carried out during one to
30 seconds. 13. Process according to any preceding
claim characterized in that it is carried out on a
waf er obtained by a Smart-Cut(r)-type process. 14.
Process according to any preceding claim

7%'8%6@5&3?56(;6?%@ o tchiin Atorl 5 @radtedzalin dratah&Gecondary
waf er . ) o
gas is hydrogen and is introduced in a controlled proportion which is

between 0.5 and 5 %.

8. Process according to any preceding claim, characterized in that between
the controlled purge and the RTA the process comprises a temperature
ramp-up from a pre-stabilisation temperature to the RTA temperature,

said ramp-up being carried out in a pure argon atmosphere.

9. Process according to the preceding claim, characterized in that said pre-

stabilisation temperature has a value of about 750°C.

10.Process according to any preceding claim, characterized in that before
the RTA a chemical cleaning of the wafer surface is carried out so as to

further reduce the amount of preliminary pollutants on the wafer.

11.Process according to any preceding claim, characterized in that said
RTA in a pure argon atmosphere is carried out at a temperature of 1150
to 1230 °C.

12.Process according to any préceding claim, characterized in that said

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

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

carried out on a wafer obtained by a Smart-Cut®-type process.

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

carried out on a SOI or SGOI wafer.



