10

15

20

25

i

WO 2005/055308 1 PCT/IB2003/006380 PROCESS FOR IMPROVING
Wi SREACE ROUGHNESS OF A WAFER. The present inveptigR»003/006380
generally relates to the surface treatments of 5 materials, and particularly
the treatment of wafers to be used for manufacturing components for
applications in microelectronics and/or optoelectronics. More precisely,

the invention concerns a process for reducing the roughness of the free
surface of a semiconductor wafer, said process comprising a single
annealing steP RS BB StRRg MR POENGTRLE SAREAGE RDAHBEMEGS
step being carried out as a RT/b#nﬂ%rr}g@osphere of pure argon. The
term "free surface" refers to a wafer surface which is exposed to the outer -
environment (thus differing from a surface defined by an inner interface

petweeTHubIRuBI haemtt e AR ety MR aPRRERL O IR nts of .

description, the invention can advahtageously be imp in

medanissatsi watis Wesbe herbieatareny ofivadgesy dp iz hisedtfssamasdiiacturing

RS BABNEREY %;ﬁﬁi’c%&@hﬂlﬂﬂf&rﬁ‘é‘f&?@@m@%@&%@%&gggp foe

scope of the invention). A process reproducing the. teathings of the above
mentioM@s Gﬁ)ml@fkndm dRVEEISM AT rsp R qesE:ass nfiain rstpsing  the
righeRhematcally t%%ezosm?(‘%n%f "%2'%@&%%‘ ALk '%,?fa%'é]g erStI?r(?] JRrocess

surface of a semiconductor donor substrate - also called "top”'an

cempiigisgicosiogisilisbnagdngasirmfoirs enoivtipleg tsdidnfregisnrtddbe daid single
(@]l My g pénﬁ Qt [ KeGaIVi frate - also called

a"base",é %féélace?eév g tﬁie?n%gr%e% %ﬁt eélrn%p aﬁ‘ﬁﬁgﬁﬁr%a%%ﬂfﬁ”&@é on.
to transféedenmhéfze sthiapaitrefasidacp whfeh suidsatedhietwizeaxpesed to

HRlantedseql the imp u , and thus form a thi r
semic%ﬁduﬁ%ﬁgﬁ%n?ﬁqgg béag%?ﬁiﬁ ﬁ%?ﬁ 8"Surtase” de meén by an inner

interface between two layers of a multitayer wafer).

As it will be apparent from the des-dription, the invention can

~advantageously be implemented in combination with a process for making thin

layers, such as described in the patent FR 2 681 472 (though such combination .

is not limiting the scope of the invention). )

A pro,éess reproducing the teachings of the above mentioned patent is
known as the Smart-Cut® process. Mts main s{eps' aré schematically the
following :

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

» Contact of the implanted top with a receiving subsirate — 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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WO 2005/055308 2 PCT/IB2003/006380 By "implantation of species" is

wHeH @3 ipaplantation of one or mgre atomic or ionic species §8ﬁ§ﬂ%03/006380
introduce such species in the material of the implanted wafer, with a

maximum of the concentration of the species at a determined depth of the
implanted wafer, and generate an enbrittlement zone. 5 The case where
different species are implanted is generally referred to as
"co-implantation”. The depth of the enbrittlement zone in the implanted

- wafedys“mvfphactiationf shemasies of thedmplantechtnescitsn antihe energye
implantation. In this text, the F(1:1eneri(: term "wafer" shall refer to the

f .
atoril, B P0G GRERTHSMES 1y B BAHEro R oTPR BSS I RS BROT Of the
implahtathedbyr sucitha aSSmaxirfiti{ biy e prosesmitdatirin dhishexdfheitermtoh

et e R DL s SN Br L CBLE ) CUH e ~2f
- alsoTeeacwederhbhyBiffoatatialddekn albdagsanted generdrabiectivered to

the invenigm is,to improve the roughness of the free surface of the wafer.
as CI%”@BE]‘E R/%nof improving the wafer can be achieved By lowering the

roughhesiepifingf shufaebrimenenonghaesshdihplsatedyaiersintttion
o RS AL A THFE SHARNGE T AR L i Celhoations.

for the filee stisacarat thensnier @imindpsRverhapveserans the ostalityok
comfHESo o A TSN TP nal G it PR (@8 P A oeragen
Smaﬂn@m@g@wgﬁs@ml‘icaﬁons of max. 5 Angstroms 2_5 rms. It is specified

icrbRUb B TR LU dB e i e LS R PRe eneiPln Glrda any
layeSCanbesdy or wafer, whatever its origin (Smart-Cut®-type process or not).
Such “wafer” can also be a wafer of bu!k material. .

in all ca'ses‘, the general objective of the invention is to improve the
roughness of the free surface of the wafer.

This objective of improving the wafer can be achieved :
= By lowering the roughness of the surface (rhean 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 frée surface of the wafer are ilndeed very
severe, and the quality of the freé surface of the wafer is a paramefer which is
critical for the quality of the components which shall be made on the wafsr.

It is e.g. common to find roughnéss specifications of max. 5 Angstrdms
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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the tip of the AFM microscope, the size of such surfaces being possibly

Ww\eAE3/28354 055308 3 PCT/IB20032006380 between e.g. 1x1 pad @eeho3/006380

10x10 m2, sometimes 50x50 m2 or even 100x100 m2. Roughness can
be characterized in particular according to two main methods. 5
According to a first main method, roughness is said to be "high frequency
roughness" ; it corresponds to scanned surfaces of about 1x1 m2'
According to the othé-:‘r main method, rpughness is said to be "lay :
betwegBuehdy rbt§hHEss"andorf@I8neT 0 SARRETEEELE8bEEho RIS
100@@(9&1‘?‘7@6' The specification of 5 Angstroms given above as an :
illustration is 10 a roughness which typically corresponds to-a scanned.
surfibeighnesd Cai2 hendhredeteriwhid irafmtigdie bW prscdysesnain
meﬂ{gggart-Cut(r)-type process or other) present a free surface roughness
which are higher than specification such as mentioned above, in the

absémasrdnpelsiiasiirice asammihodudeushnpsiskingaipetatisn. imjgh
freq%ﬁg%ﬁgxggf kSt #%%\%Eéﬁ%ﬁﬁ%c %%ﬁgﬁﬁ%cﬁrgﬁlﬂggfg 5?%%%@ x1.um*

assica al treatment (e.g. sacrificial oxidation). But
suchhandbice teatheenottaes netibrimethedoughigisedowistasaid to be
Tow Egisaions ap mentioped above, IlWRUId o GONISEAEROSPIIGHR 10x10
© muﬁlp?y(s: dRESE sstép’s((;)qe Cagsich termal treatmant and/or
umcomhimiaguchgeeifimits vith Athestiomegiserfatoveessraents) straiicieis
to further reduce roughness. But this would increase the time needed for
2 rogRAS 5 VAL SAIMAE ESTRTSIRh B b U A BhdOE I B
desaingdiinrER 1MdhSapdsraadbusiaknpet syaitatsalassicaltieatialpe
treatment. This document discloses an annealing step carried out over a
ProcRiy BErIHEbBIRET I MUIES) mﬁazpﬁigﬂtfemb%%atw@?*?h@%r?ﬂsaﬁﬁgfﬁ?“
spedpitaed RyehcaslingawideranaimesPietBe absent of a specific surface

treatment such as a polishing operation.
According to a first known type of a surface treaiment, the wafer
undergoes a “classical” thermal treatment (e.g. sacrificial oxidation).

But such a surface treatmént 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. o

But this would increase the time needed for such a tréatment‘, and the
compiexity of the process. | | |

A process as described in EF 1 061 565 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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containing hydrogen. WO 2005/055308 4 PCT/1132003/006380

wicaosdingd® a second known type of a surface treatment, a chamigahoasonssse

mechanical polishing (CMP) is applied to the free surface of the wafer.
This type of treatment can indeed reduce the roughness of the free
surface of the wafer. 5 In the case where there is within the wafer a
gradient of concentration of defaults increasing towards the surface, this
secon% ?'%/ e of known surface treatment can furthermore allow the

abraSii B TSN ARPCABR W HAGRHOLR SBHTRRRI H5 A gBLe EhRaNIcal —

medtefaubicaNeaRiGATIMIB W Hisracenthy preokiinRiws stiffropdreatment
can % ssibly 10 compromise the uniformity of the free surface of the
ol AT

wafet i Patficeidre forAyeaRe irkre berrrobnmaseabyep free

surfhbisdirawhagkds furthermore increased if an important polishing is
required, which would generally be the case in order tg obtain low

rougHhl& SEaR SO ERANI risHBhEL BB VRTel R At adia Pl pgrg ration

of deTauR tyieecabhiy fRaedreateiuthecw afRisi S WP B0 &f Rk etfabe
annealing (RTA), under a controlled atmosphere. In this third type of

treafmeih @i rEReHe A'eve Darahesicnesletn YalRsHdeMb e RirEegion

ass8hH LA deEaithb Y darhdfGbncdingignime which can run from
about one second to a few tens of seconds. 20 According to a first variant

of thiSUthirldypeesPaGrif¥RarehndiRhe SHacurisgatBiank warer Rossibly
confaaibedHy anifidrhal e wafarda anatpespheaie Wwade ahagari®@ar the

enerally containing hydrogen in combination with reactive gases (HCI,

unifomiyef tag-Ehiekngsery teeprtacs 18¥9B-171 965 gives an example of
suchvagaa @R AR RERalRHLRS Hisdasea arRTA FREIRshOYIAIRIRIRRs

hydrogen atmosphere). In this first variant of the third known surface
reqwg%qn%lwgl}h\@ gcggwgfily be the case in order to obtain low roughness

values such as mentioned above.

According to a third known type of surface treatment, the wafer is
exposed {o a rapid thermal annealing (RTA), under a controlled atmosphere.

in this third type of known 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 atmasphere'
made of a mixing generally containing hydrogen in combination with reactive
gases (HOI, HF, HBr, SF6, CF4 NF3, CCI2F2, ). N

- Us 6171 '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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¢ A . . .
the mixed annealing atmosphere allows etching of the free surface of the

wiVaiesnwhigh reduces its roughness. This first variant can be 'ﬁgﬁﬁ%%‘oﬁsso

advantageous. WO 2005/055308 5 PCT/1820031006380 An embodiment
disclosed by EP 1 061 565 corresponds to this first variant of the third
known type of a surface treatment. In this embodiment, a RTA is carried
out in an atmosphere which systematically comprises hydrogen. 5
However, a limitation of such variant derives from the fact that the
annaliekpkediospiedis dassdtive. Eferh &t dBfectitas i dedaimsctrst

Variam%’ﬁg e(hYYE‘ERd&@?ﬁe gfegmesgﬁg%%:ﬁ%g%mwexposed to the action of

such atmosphere e e.g. the surface of the wafer
whitth tbisppodedinaht surRitA ts Tabiedeabdnwalsadmegphenealifgh

.o daodt € tﬁlkm ecessary to use additional means to protect
syste&ﬂ%ﬁ@%ﬁg%@ﬂéﬁ%ﬁ%s en%@em'

to further complexify the process. And the
reattivitpusirthe fimitdionmoisshiste varcaibsipogemhliaaitiee frgrdbet the

anheﬁﬁHﬁea‘?ﬁxf@ét%ﬁe%ﬁg‘?é%{RfeWhiCh of course is undesired. 15 Furthermore,
such varian €

can necessitate a specific installation (for e.g. feed. the
anrieingrde vidhawithane digfeftan gastasarnf/dhenviafer sebigttyis. JloTihe

A LU NG N AU S
elemetitiosph & awdithedastacet o hatwwafethehichtésiappptesi imaibe svdaen o
be tr I A e ik Snneaing atmosphere i n thi
casl typicafysoneposedssahydrogee nasiddionitl angenriitgisctosiep
slemdrt3CTiie HIRFORRAHEP SRBIags AR pigRkde treatment

And the reactivity of the mixed atmosphere can also possibly further
degrade some defaults of the wafer, which of course is undesired.

Furthermore, such variant can necessitate a specific installation (for
e.g. feed. the annealing device with the different gases, andfor 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 smcioth’ing 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 freatment. The treatment -
disclosed by this patent systematically comprises two different annealing steps,
one of them being a RTA. These annealing steps can be caried 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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disclosed by this patent systematically comprises two different annealing
viERPs/98Rf them being a RTA. These annealing steps can bgCattietl s /a06380
out in an atmosphere containing hydrogen or argon. The two annealing
steps disclosed by this patent aim at smoothing the 30 free surface of a
wafer. The decrease of low frequency roughness is illustrated WO
20051055308 6 PCT/1B20031006380 by the last column of table 2 of this
patent, which in particular shows the effect of a second annealing after the

by ther legheekinmet drdieiottiisppasanh vihigh Retientanphovsniparatiect
ofa%éc@?@%ﬁﬂ@aﬁ% gﬁgpﬂécpéfg\qghness of 1,60 nm rms. By having this
R I

TA 5 followed By a subsequent additional annealing step, low frequenc%/”)

roughiréeeds apeetdino dewriapattne Sofiogs Bidd seempleneomparatis

1ead@BJr&hH%%@%@‘ﬁ%?%%@ﬁ%@sawa}',ié‘@sgilﬁer HSt BY IR, PRIRI RTA

RTA. But the fact that'the ess disclosed by EP 158 581 systematically
foflowd@upaiwbﬁm@mm@}ﬁﬁﬁ@hﬁﬁ@geéipg_ﬁt@pemmw@a@w@@@!ﬁvéﬁﬁ is
broudA® A5FndBrIRIGXs SRRILERATINRIRKERHRAN IS to Improve the known

surface treatment processes, such as mentioned above. It would indeed
be aduAnthd88 Bt flitthelenstimity, Wpectumegssive apnr@ingRovthe first

annBHCRSEEH %rﬁlﬁg\more, it would also be advantageous to reduce
possible slip lines such as the ones that can appear in the

crystBilddghsfitckthaittive prasesmaisdiossidheywaier 58 paiticyeiertatically
I .
o S L R R SV
comgd@srated by local differences in the heat budget received by different
regio Surface « Avater (this beir i
e e R, e timent
progasarsvatiahtas meotitledyabpwahich _
It would indeed be advantageous to further simplify, speed and ease

such known processes. _

Furthermore, it would also be advantageous to reduce possible slip
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 Smaﬁ»Cut(@wtype
process. '



leads to the fact that significant amounts of hydrogen can be used - while

wib isnedpaanstantly sought to diminish the cost associated to the Sptes8s005350
treatment of wafers. Finally, it would be particularly advantageous to
implement a process fulfilling the above mentioned objectives, in
combination with a Smart-Cut(r)-type process. WO 2005/055308 7
PCT/1B2003/006380 WO 03/005434 brings an advantageous solution in
order to meet the objectives mentioned above. This document discloses a
healf@a@HEeREABChiis gssimy Rdanntadieg, scapfiedpounasrdeR Ta tegérihe

obiePHIESHAaN: @8%%%‘%[&' 5 Such_ treatment reveals advantageous, as it
improves surface” roughness without being exposed to the drawbacks

menfibiﬁeébabmmfrtrﬁ irslorence &@@tﬁwaﬁoﬁﬁiqwé’s:hrheag@iagdﬁ tenealing,
carriElY 80190 I AE RRLIMNOwe s iastisgige. Indeed, T such

treatment greatly reduce an value of the surface 10 roughness of

5 the feated Vesonesd mesisiadim ce@rasidegesiliissenssin ih tepdstadutiiface

rougiRRENSHEOVE" HRgaY" %%%c}h?owﬂf\%r' ArIihgngo Qtﬁeﬁéav%f%'sm

thus to improve roughness homogeneity over the wafer surface. Iltis -
referggietbrethindedhhiquiesthe .perspective of the surface treatment of 15

the walepe AENFRIBNOIS XA G MeRR Al AL e

- surface ougnness o e wafer. Indeeq, It Is also sought to obtain a
roughdees dfssibbticeaivhicih semhhoriogendbasasapostiiteoblies gisface

ct ¢ oy it '_ - ohtaining a treat
0 PR WY e AR e RIS AR e
stitlsLibiorn of ey a5 reastihkesyoaisenmé ttierwafeibove, the invention

géﬁﬁzﬁﬁ%ﬁrf%fazgﬁjé’ciﬂgéﬂﬁéﬂ“9?”%’?35‘”H}ei SHASuGhAess
homogeneity over the wafer surface. _

It is indeed reminded that in the perspective of the surface treatment of

15  the wafer the objective is to not only to reduce the mean value of the surface
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 pariicular, it is desired to avoid obtaining a treated surface which

20  present different regions correéponding 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

25 pure argon, characterized in fhat 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 poliutants on
the wafer. |

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

30« during said controlled purge the temperature remains below 750°C,.



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 25 pure argon, characterized in that before the RTA the
atmosphere of the annealing envifdnment is purged in a controlled
manner so as to establish a controlled purged atmosphere allowing
reduction of preliminary pollutants on the wafer. Preferred, but

rAMHEEHNE aoRr6RQTRIGR Betesharatie ieinuingbeRv(Bodacng said
controlled purge the temperature remains below 750C, 8 during said

GO eUp-BlEa D8 daBRARIYFR A TRRIRmBBIYM M Yrgoraith e alest least

purged atmosphere is composed of argon mixed with at least one
R RBGPPYRY 938id secondary gas comprise hydrogen and/or HCI, the

OFARERBNEER S A LEREB ARSI JEACMeR i controlied proportion

which is between 0.5 and 30 %, the secondary gas is hydrogen and is
ifiRBeeeadA™ BaRtd vd mepd A inRicRdy erdvie encomraiigd proportion

Q)@ﬁv&ﬁqg WQ&V@!@%M%%W the RTA the process comprises a

temperature ramp-up from a pre-stabilisation temperature to the RTA
téreperetncg ryagdsdmpydpogein gucdrisddtoediimedpiare acgtrobda pspherton

said pre-stabilisation.temperature has a value of about 750C, before the
R S Reeeh B

Re wafer surface is carried out so as to

fhatesspdbeacthmralianl mgheraﬁmiﬂaéwgﬂuwtgr@&ébe mfﬁirisf%'ﬁfé .
RTA in a pure argon atmosphere is carried out at a temperature of 11
PR R AN ORI RIS aRGRLAR B eReI o Bori R Ane

tea{peranrdsaid apipoes DiireabeHaiibania walaechtpnesibyshere,
Ssrar}g r;)rgystgé)bE lspgtié)rwr(%g?nssérature has a value of about 750°C,

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,

said RTA in a pure argon atmosphere is carried out at a temperature of 1150
t01230°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.

In one aspect, there is provided 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 and filled with an atmosphere allowing reduction of
preliminary pollutants on the wafer composed of argon mixed with at least a

secondary gas.



the process is carried out on a SOI or SGOI wafer. In one aspect, there is
provided 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 sirgde 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 and
filledOtitbrass porRsphere inllewtnth reskicienaplo arelinTioantine iy iR gn
ge wafer composed of argon mixeﬂ with at least a secondary gas. 8a
R R0 Bt PRI EBRSS I B DGR ORNRIRR Tollowing
dagaription, anpsieiarafel e iaditarrapiagseativhithorgildmalisd of an
general. and schEmaticaI representation in longitudinal cut of an annealing

AHUGBEPQA ML EaR B YRGEHRdhe MYyERions a graph
itigtiRtipgstheypashengst eftioy aho aesRRISiNEOrBY thRIA SBIEIREPHY BRTA

the invention, on a silicon watfer, Figure 3 is a graph illustrating the

SRR W RniheraREten R BestigerWalBt under an atmosphere of
iRl 308, S\Vra gRGRIRRERAE hE eTABRONORB3E  afi iSr4 IR R AR ed

illustrating the evolution of temperature for a thermal treatment according
o BB IAEROSPIRI $0ERUEN ATBRlires 5a and 5b illustrate the
roughness distribution aver two respective wafers, the wafer of figure 5a
having undergone a pure argon RTA without 5 preliminary treatment, the
wafer of figure 5b having furthermore undergone a preliminary treatment
before the pure argon RTA. Figure 1 schematically shows a non-limiting
example of an annealing chamber | which can be used for implementing
the invention. This chamber is to be used for a RTA thermal treatment,
carried out 10 under a 100% pure Argon atmosphere.
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The chamber 1 comprises an inner space delimited by walls 2. It further

wePIDRIRgs A reactor 4, a carrier 6 fgr carrying a wafer to be anpgalegh #¥¥Qs380

networks 8, 10 of halogen lamps and two pairs of lateral lamps (not
represented). 15 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
« FRActoY 29 Repait Alismaiieohe eueittitrtbefveicipesdandsior a thermal
longitudinally between the lateral walls,16, 18. It js provided at each of
{RRL TGRS, e FERBELDRBN M AYRUen 21 and a gas outle
. ﬁéu?&@@@ﬁé&i aﬁgﬁé{@?@drgagﬁﬁﬁﬂ?i@cm?ﬁ@wr@g@i%msrwp@mﬁve
comprises the door 20. Each network of halogen lamps [ ate
VElp DB e TS Y B ARSI R B Rl BB A th
peseniang tiepemwal| e wark A4 figash SiehuetkpfirtieganiampssBgdte a
comprises jn this em%o iment seventeen | s 26 collectively disposed
R REEEELS Eﬁﬂiai RUE FIAEI 4. WO 2005/055308 10
PCTABREHI/ Q638 {Thaveh ok ssohistanalitmyg pxérop ke pleaantethealing

Figure 1) are disposed parallel to the longitudinal axis of reactor 4, each

~chayg 6&#&%9%@%@@%}@5@?@?@??% et hteral lamps is

locatggigeabinedpngitbdizalead ol ne DK sBrdil Srébteaitjerdiried out
supports a wafer 50 which is to undergo a RTA under a pure Argon

uNdgr Ao Ha RUFPHY SR RIMQRPERIR into reactor 4, thus allowing

introdetigianseextasien eishamwaier ipacenddliomdteyaaater2titsftitier

understood that the RTA of the_invention js a sing| We{fer heat tre trge?t,
COMAHUSFAfErSA5GIY e fetREHE F J?Tm@’ildf}@oﬁ-%?ﬁ{g gxg%ﬁfé'g@@?e » WO

netdleMsesWhich sarHbfoysed rivait aBRealin® pairs of lateral lamps (not
represented). '

The walls 2 comprise in particular a jower 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 latéral 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 longitudinaily
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 hélog‘e.n 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 arthogonally to the longitudinal axis of
reactor 4.



10

15

20

25

30

H

chamber of this type are e.g. the device "SHS AST 2800" sold by

wollafaiasRr "Radiance(c) devicegdrom Applied Materials. It ig +eyRgehos3so
that the wafer 50 can be any type of wafer, be it monolayer or multilayer,
comprising at least a surface layer in a semiconductor 15 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
SOl (BikcdwdpairsudttejanB GDIKSiljpoh-Gerewmmited On Hgmsuldfordre
. type..And reated wafers.can have been obtajined e. .
s o A P L SR e it peing on one
sid eSoiadiC eaditp & prboekthttwe iatentldancas bdessddordarfioviog giiedinal
en dsgp%lee ro gn%s of one or the other 25 (or both) free surfaces
genefated by the tleaving step at the embrittlement zone. Furthermore,
the infipkactation 6fssygioB8marta@iatyiievinratess itanntiergobedildonadsr a

osimplantation of two (or. mqre).different species. An pl syeh. .
P R el AT AL i - AT RS aodedd o o wing
introyiermion thedepdtaxioon oF h@3:aF80 i tred irone tbktheaajaplicant. WO

2005(p55308 41 PCTIAG003(000360 And the diferent eTBgmEnS Gl
the inventiorn can bé applle&‘ 0 a wafer cofnprlsmg a working surtface
tredayenfhnadddrs deingdnehictd omatatialtiesg. silicon or

R I BB AL S esing
chamikingfeleisttppic aopticer ihptalelint 6Bl HBT0RBAES enlthbEEE/S56°, or
Reelig S o1 LA S Bhscess. o e

It is reminded that the wafer 50 can be any type of wafer, be it
monolayer or muitilayer, comprising at east 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. _

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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In such‘case, the wafer 50 comprises under the working layer 52 a 10

wBuiggaxide layer, which itself cayers a support substrate. Ongrighishs/oos3s0

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. 15
Such RTA comprises the following general operations : Introducing wafer
50 in the chamber 1, said chamber being "cold" (i.e. less than 400C) at
thistimdethE stiflalishingrishtiinotiain bef the dpressonespRidiispgliafor 2
close to the . atmospheric pressure, ' SRIER ial
ol SR8 LD A AT Bk e oy T fer
(e.g. &illewn tor thitcatrgespheiicpessdiayenhedegiagre wiiaserattire in the
chamber rate of about 50C/s: by ' Veri I
lamp8¥8, Up o iffﬁﬁfﬁae%éé’ra ur“@?rﬁﬁﬁft%f%g%v%g%%}omg@ gﬁf&b%er
usedalor coasiantdenteniauoplidwingpio 23 RIBNITICAIBATROMSaBOUNEnEaTer
second to a few tens of seconds), Shutting off lamps 26 and cooling, by
50. air circulation, the wafer 50, at a rate of several tens of C per second, and
accovslingsisiionydieticae caolifagdai4 |nahidayepdech igenataierrly the

important that the argomused be the purest possible since the applicant
cleayjgd BT&BR?H:%'(%EW{%QH?‘SYE?&@&?E’\% in WO 2005/055:;%8 11@ .
PCTAL1B2R031666880 viafer bantitiom)ifashordsieiientyqeies e o< 8
.p rticgl%oque&) 'n.{%elllanr\l]ea‘;gndg 5(9%8 fI8.£9uld generate an attack
'bu”eéf%r% &Hal ﬁbe" BIKIRGTEY &r during t i

e RTA. "Pure" argon is thus
undeyateiglive thistexhiakaegerot orakining kes e emapxeggriRérdineprder

ele;%e_nts_ jollutants, other gases, ...). For that purpose, the argon used
to shQWdENE Heated in order to be purified before its introduction within the
annealingsshianiab nidomntiescinlpratiaiiabtpliies a single heat treatment of

wafer 50 comprising a RTA carried out in a pure Argon atmosphere.
Such RTA 'cofﬁp‘riées 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, _

« 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 température in the chamber at a rate of about 50°C/s by
selectively powering the halogen lamips 26, up to a RTA temperature,

« Maintaining wafer 50 in the chamber at a constant temperature, during a

RTA duration (from about one second to a few tens of seconds),

‘e 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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aFgon indeed does not present the high degree of purity which is required

wor 2ébedsngention. 10 The purifying{geatment can be carried oupby/s2063/006380

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.
15 The applicant has determined that such single heat treatment under
low tieandifinsofod RiTar elateiisa(pues Asgorpatticgpherysiificdmlyannealing
atm%g%@dcétﬂéaﬁgnéP&Q'H}?%&Qéﬂ'b? m@f%a@r%r{g %rvgﬁlﬁnlé%%%er during
improves roughiness much better than what would be obtain a
the kildvn thermal treatment such as sacrificial oxidation. 20 And
furth e,.the uniformit ki i t Wit
CMP e e TR L R T P Colan e
thamawvimgreoi otaeio alesnanB(polutanisn pératugessise.g.)1100 to 1250C.

SR GES R U o

- beforgzésonsadudliateithiinghseennaalisgrebdrelize SuehmRTRIalytaiailadle

i f 4 . Of
ks SRt g s R ey
the bweatigne surface of SOI wafers as splitted (immediately after cleaving),

came R . Caen el B Bt e s n
the plirasatgonitie ay80H toingtamrtem peatheeciabdaC. It is specified that
e SPTBgs: ETRIRNAPIER S MSEL L T e
SiOs(mfaich rsuybyessiatile) in th% case of a Si work‘iﬂg layer exposed to an
annealing atmosphere containing a low quantity of oxygen. . _

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.

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

The RTA can comprise a constant femperature level having a duration
of 1-30 s, ata température 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 inthe 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 SO! wafers as splitted (immediately after cleaving), and the lower



In the case of Figure 2, this haze is measured using a KLA Tencor(r)
wPESERB:62200the haze is thus Rere referred to as "haze 6221/ IB®03/006380
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 10 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
curveespbsestiminkiodustioreadihes séter therefurenvaiorssekisioror PAS {5
It should also be nated that ar t | conductivity
Uﬂderp‘?(‘)'ﬁ% t&‘?%ﬂﬁéﬁ%@ § gg%ﬁp %P}t?%s?n%gz%?gu? rggggr'tition of heat in the
anierlisgahfedbibtsthe tomssoaesitiyciamioraropiogesians! rdiigsresy
distribytion, .and .20 a diminution qf the risk of.slip lin h egific RT;
the ll%[?éd ‘i)ﬁ tﬁ'ééf%\r/eﬁémlglléﬁvsg 5’31“\?’(3,‘:?;1 good{ snéﬁﬁ#%“o? qg%f?;@esﬁ%%{e éfé
5 repretiumisdier of $eositfbecnataghtiedssuch smoothing is obtained with

practically no ergsign, of material, of waf erRyAa T néor@)
recﬁhgﬁﬁyc%%eoﬁh%%ﬁﬁa%eﬁg tﬂoﬁégﬁseﬁt%n urt ngr%ﬁégre implie's%
Surfspeelisina® tthathent isftthes Wafereferfeceibeforbare §8elific RTA

RTA 8o R OHa LDl Tk N OSGOS ) L it
that dowldsbstiB M 20CH/ @ESRIRTAHPCTHIB2ENFADEIBA nsissibk A MGRABETC
10 comBRHURIH U ShUENCa B dich prelminary treatment. t could
indégdrberpoksibietiredttainiadiaderdsbyfadaoiith Gnfdregions having a
SIS S Tough AR e TRSNABR, (SHEh avsHhegamRioesurs
are obtained without the drawbacks exposed in introduction of this text, in
reference to these known RTAs. _
15 - 1t should also be noted that argon has excellent thermal conductivity
properties: . , o __
This tends to favour an homogeneous repartition of heat in the_
annealing chamber, and consequently : -
¢ A more homogenous roughness_ distribution, and
20 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. ‘ o _
25 " 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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the centre of the surface of the wafer). Such possible variations in surface
wipsgnessiare due to the presence, of pollutants on the surfacgof {&Soo3/006350
wafer, before carry outing the puré argon RTA. 10 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 15 RTA, itis
poss%ﬁ%'r?&'%%%#hﬁﬁ%ﬁh@f@&f&@@ Ghaphesde s freepsposaitienel of
elements (such as residual gases) produced by the opening of the
rougbingsHBRraRE@eNEH¥N introducing the next wafer to be treated.. The
atmesphere gfdhechamberafterapsning theshapheridedisaniiagegdbe
contain gases such as 02, C02, etc.. as well as H20 vapour: Such 20

possiinaininggines Wrltirneien i GRIeAIFBEPHPAYIHeR: HTRMY Bigher

' rougFRIEES R AIEF %@H?Q(g‘u%ﬁh%ﬂ@ﬁéﬁ%ﬁi@ﬁg‘géﬁr@?}&éﬁw located in

introduction of the wafer to be treatéd, it is thus necessary to purge the
the camesphiie seracechbinddvahaibre carry outing the next RTA on another

wafeg, 2g Figuie)s glohalbhllystates @ shdipnnealipgcarietheutasance

pure argon RTA (this constituting a base for the improvement proposed
of ppjutestsneentin sarfasaridhmyaanphsty s Hiyapphagete Rifergon
RT Ai]eat treatment which corresponds to a purge of the atmosphere of the
chamber, and to the 30 ramp-up in temperature from the "cold"

tempefeetle if mewonindsdrihal ibes REAverpeelinssosdha gnvention is a
wafé?%ﬂ%?%(m@eﬁﬁ%.than 400C - it is indeed specified that the

temperature sensor used for building the graphs of Figures 3 and 4 .
indidrenaifistestijal e pteibbio e et RAtRAINg, 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 poésib!e
of elements (such as residual gases) produced by the opening of the chamber
door when introduicing the next wafer to be treated..

The atmosphere of the chamber after operiing 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 o purge the atmosphere of the

25

30

chamber before carry outing the next RTA on another wafer. _
Figure 3 globally ilustrates 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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which are in fact less than 400C, and the actual value of temperature only
wdotesmpgEatures which are moregthan 400C). 5 The initial phagq-2sbdds /06330

followed by : A RTA during 1 to 30 s (phase 3.2), at 1150-1230C, A

cooling (phase 3.3). In the initial phase 3.1, the ramp-up is carried out with

two main steps : Afirst step up from 400C to a pre-stabilisation

temperature of about 750C, 10 A second step from the pre-stabilisation

temperature to the RTA temperature (between 1150 and 1230 C). During
than 40 Mitia lhAasssa pusgHiel thatimdephezebitheahsrnbeetider bedding

carried qut, in order to evacuate undesirable gas, j rge |
the ORRLS £ BiHES SR SIOALA Do Ao orad & epdiapures
whichitaimthe-chamhestogette, wild the welies) antlthofdsmipisheatostyaor

pure argon, gtmosphere. The tahle at the bottom part of figures 3 and 4
’i@mP%‘i‘d%?é&’H\‘g"p%%g'%%f%féﬁ‘f‘a‘iﬁgve%ﬁ?as the gas composition within the

anrelimgiahpider3ln tbdatrseedfitfigure 3, the atmosphere is thus
composed of pure argan 20 durin , cess. And the initial
A B]—r@éjﬂ%gaﬁcf%éﬁ ﬁ)ggbﬁéﬁa%eﬁﬁr%%%&éa?ﬁg Ii% atmosphere pollutants
»  AWERSadgenerpte variations in surface roughness after the pure argon
RTA. the applicant has however determined, Q%&at the olig\;tants which can
25 fetherinbigpharms ih SR ABEPIG AN S8T AL e PRV G RT A Ran
«  ABRDORY fliFRENtE QRS8R b iniialaimospbritiie badbneatiogC,
' chamber, but also elements present on the wafer surface even befor
o Ainseshnsingstap wisesn inthBe arerslabiisaianbdpiveraots olsate1e3 1A

teg,’ﬁ}g{%%%%%ﬁl 380 Ingesd thesapriigant has observed that even with

ini rge of the annealing chamber before a pure argon RTA, some
varlayeng thisduiishebware a purge of the atmosphere of fhe 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 esta‘blishment 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. -

 And the initial purge has allowéd 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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still to be observed on the treated wafers. For the purpose of clarity, such

welementsyeesent on the wafer surface 5 and which could genetatgr2003/006336

variations in surface roughness after the pure argon RTA shall herein be
referred to as "preliminary pollutants". Such preliminary pollutants can be
in particular a native oxide on the wafer surface, or other pollutants such
as hydrocarbons. The invention therefore provides a preliminary treatment
before the 10 pure argon RTA in order to eliminate the undesirable

effedirifigdotimaiphaRB! PrsiphFRINER aRYS aWiNAprovak aHRR Of the

anndSHEENEHBEHETBE HANNWIRRPRIEAAIARTAERRRTICWAIGRHS M are
of homogeneity). Two main embodiments of such preliminary treatment

still b prissued emthedramad WittEmbodiments corresponds to a single
anngainge L REEGPELASR AR artprRd Arddetepmiodiarentsurface

propose two respective preliminary treatments to be carried out in

and YREHABIOTENSRIP YGRS HI 2T R4y SNBESHISE BRI EH AN
RTATBRIGMRAE 5 Riemalivs as FPRYiGARa R R etaambined together. 20

According to a first embodiment of the preliminary treatment, the initial

purgS et elifRBEMPeHABE BokRIRdANIE Rt sislive axideribibe
waf&f d8r-RENGSBASE YUl S SRIERUNG GRRANInd his embodimentis -

illustrated on Figure 4. In this first embodiment, during the initial phase of

the ahrednrgniipasbessfare eraviger 3)PiedBiERbdraaRRInReRIgdde
purddkGhtP RirRdiv iR PR MR o B MASRIRIESHAMRN IS &Y ¢RRBENEEd to the

controlled E)roportion of a secondary gas. The secondary gas can be in

prelisaifR RAHERBlR AR IMEraY ikaiiacs: TergNeaSiGYRN 4Tere dbebnuiR 2
pur%%ﬁgﬁrgﬁ{éﬂ%%p%%%%mwmM&g&ﬁ@g@two 2005/055308 17

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 carred 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 controlied 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 fable below the
graph).
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The "controlled proportion” is generally between 0.5 and 30 %. More

wyeoisalysifighe secondary gas is fyydrogen, the "controlled propefi@ates/o6380

should be between 0.5 and 30 %. If the secondary gas is HCI, the
"controlled proportion” should be 5 between 0.5 and 5 %. If the secondary
gas is a mixture of hydrogen and HCI, the "controlled proportion” should
be between 0.5 % and a percentage between 5 and 30 %, depending on
the ratio (hydrogen/HCI) in the secondary gas. it is to be noted that with

the ifectimmobledavopdaipnjde apaeialbaPeitrshdse andisiinfted in
time,to the purge an inifial fRise AN [IEPeLaligroseh (Ot “controlied
pre-s Sbiidatioh ?ﬁm(éfeﬂr}éﬁéreg %#Lga %u‘#? 0C (this em;%?;ture being too
proplomiciot shemiddibibghreeochid. aneiSthital phase 4.1 allows to eliminate (or
at logsharastealluIRiUER) (e RIETRIERARILIBR r3RIALIS should be
embodlment,(fRe preliminary treatment is carried out in the same general
betwamer&tidmtidd he RTA itself. It should however be noted that this initial

bhase i) JOGRARK, CHILSSROMNIR ALPEP RIIBA AR e tempetdiidied
very low (lessthan+4 - and sometimes even significantly less, since .
propihitidnitishphiskehatbeeafidd % and i PRIFRRRIBrES WERRR Sar g pitall
be between 10Q. , IS ledspurge phase. Once
dep%%i% egg?gbeﬁi@ﬁ%ﬁ@%@%’?ﬁ?&éﬂ%ﬁ%ﬁ%@ %r?z atmosrr)j%erEf_{(?)gt gt
the dhisribebésratiaddbdtsuitistie dhfeietinn i SceopRYaga%iothaRd!
ure argen at h - th - Adre —
R L Al R A P
to trsame asabiisatien ésrseadtalsoot b aeidiedte (iR trEBRFHHER eyd too

low |pall‘¥m%c&1%q§%og&s(ﬁﬁ4 ends the process. It is similar to phase 3.3
entioned in réference to figure 3.

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 io a pre-anneal, since the temperature is very fow (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). F’hase 4.1
is a controlled purge phase. N

 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 essenfially 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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WO 2005/055308 18 PCT/1112003/006380 In this embodiment, the

weenasgasggas injected in the initiaBphase 4.1 favors the elimingtronshib®ossso

preliminary pollutants (in particular native oxide) from the wafer surface,

during the initial phase 4.1. A wafer having undergone such preliminary

treatment can then be 5 subject to a pure argon RTA : not only will the

roughness of the wafer surface be significantly reduced, but furthermore
_ this roughness will be homogeneous over the wafer surface. This is

illustreteis ieyribedionenting eagrsondal Saswaletiescs tbadniiaboanss thd
favot%u IR 2RO B SPhivaisss (WairitArrd waferriduldP daelBroxide)

ree modes of roughness measurements - from a scanned surface of
fromZke patosaideapnderingtheeioitiabrhbesazt- A-M roughness (Angstrom

rmS}gZﬁ?anPtH&H{% RING A PR MV Blelihink® SréoBidiflagan then be
gion

roughness re afer176.2 11.7 13.7 High roughness region (no
subjpeblimmatyereager Warepbonlysveit g HoMohaesS stk e R RSt e

R RS 00h UOICERRE TN RISIETRR YOIRAIRAS! ukf BETRERiBgdSus
be S!\é%gﬁé gsrgﬁe surface of this wafer 1 exhibits two different regions : A
overbamdded sotigeaess region” with a surface roughness kept at a low level,

A "Highiro o Wi SHRSIRALR habIghen tghBREWs VWdrface
2005/ l 5 8%@%(%?%82503%%63?8% Fi E!ﬁre 5a illustrates the rosughness

rougisesisuaer dver pheesangareldY A irsrbrartePh walerarlgeier T enthd/apper)
and RAEAIDG TIEE SPYRHIfeB8%Reasurements ~ from a scanned surface of

2x2 um? to a scanned surface of 40x40 pm®.

AFM roughness {Angstrém rms)

232 um? 1010 pm? | 40x40 pm?

Wafer 1 : | | 1.5 5 7

Standard roughness region

Wafer 1 : 6.2 1.7 13.7
High roughness region (no

preliminary treatment)

Wafer 2 : 1.5 5 7

Whole wafer surface

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

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

« A “High roughness region” with a substantially higher roughness..
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répartition over the wafer surface. The wafer 50 illustrated in figure 5a is

webiRseataive of the "wafer 1" 5 mentioned above, as it has ngbmmo03 006380

undergone any preliminary treatment before the pure argon RTA. In the
lower part of figure 5a, an histogram summarizes the distribution of haze
values (directly related to roughness values). This figure shows that the
roughness, values are widely distributed 10 (from 5 to 120 ppm - see
histogram). And the upper part of the figure exhibits a higher roughness
regidriche loadteslinthe tbwe‘pughnasgamtsaﬁbluécmwerrﬁwregmmé a

waf@ e CANNAL QT%{ ﬁ’%fﬁ“gﬁﬁ‘g%g? e %f?f @%Wsoﬂwfég%f‘ze

5a Is thus associated to a wide 15 utlon rou hness, and to
reparidice gvigHee veaighsogeaeegions. Wafer 2 of the above table has

e A SRR Sl e R IR meRfr 1

his wafer Is ilfustrated on gure IS a
mertigpredemhavenasniila@soah emé@rsgaﬁtaﬂwmfﬁlﬁgma*@@ﬁmmémf@@ ihe
puréﬁﬂg that this wafer 2 does not exhibit any "High roughness

regfon” - aftér the pure argon RTA the low surface roughness is indeed
evenly toisteweategashahBonegebdsan inigagismeasutimerisidasg dne idiskébution

of hg%ge\&{ﬂ?é% an%‘{}{@g@@%% pgﬂ(ﬁjﬂ@gs\;s%i @l) ent is thus advantageous

as it S|gn| ancesr geneity. It is furthermore
conv’éhaerﬁgb&a&lws tdhat ﬁm/am@meﬁmgahmg@rw\pde@e pistgouted

tep is thus required. According to a
(frorg:%%njﬁ @r{%}ﬁmentﬁgﬁg reliminary treatment, prior to the pure argon
RTAANE W@f@pp@ub@ebtﬁdhe fguedimindbiitradtigieen wargbdesy wgion 52,

locag%cggo@gafggr% O@%ﬁ@}g@gﬁ?@g@ HRNRIFLRHIALoN e contrary a

lower roughness region. _

The wafer illustrated on figure 5a is thus associated io a wide
distribution of reughness, 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 fo
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 suface.



10

15

25

Here again, the wafer can be in particular (though this is non limiting of the

wesone efdhr invention) a SOI or S£8OI wafer. And it can have tie@ﬂmzoes/oocsssn

obtained by a Smart-Cu$'-type process. The cleaning is carried out
immediately before introducing the wafer in 5 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 diaringainOiteRGiecamire iodppiade niibeuddaisive BREAEEING Of

the %ﬁﬁgﬁﬁﬁﬁ%{@@%igiﬂs%%%éféwiﬂﬂé%ﬁ%@@w@m Shtained

and he applicant has found that the concentration of

by atinhenH2a0PHand HegZsaust be between 1 % and 5 % (molecular

a silicon su layer (e.g. a d concentrations are 1% for
the avmegalingrehasbdor H202. A second bath is then made into a solution of

SC2(ARIBAUR RGN Ol BIAAIEN Y AN DrARRNGRN UABAMA This

that the concentration of both and H202 must be between 0.1 % and
impevey Hvetlghnesghthvordpaiisicdhe fonnie capaem iy trEafAEHERE In

t ﬁ \6 @')icon surface layer (e.g. a SQJ), preferred concentrations
erm\gr?ﬁho%rqgg? nd 1% for H202. 25 The temperature for the SC1 and

SC2 Haercktaoniy ieafertapablystiRCA doamu®oe amhbreigastiiably 70C

for a watf J ilicon. surf . j Ml particular
etch't S(%’:l}\%%}g@e%@fﬁgé %ggn%}e{%r%sfggt%nt 'E%vgfgeﬁuggrface. WO
200500863081 iPORdB 200310863800tution (aqueous solution of NHAOH

and H202).

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

weighf)e Jc?e%ﬁcﬁg; Péec%ﬁﬁé\ﬁ 6@%@@%@%‘(&@%%&@%&’ﬂ%%ﬁbé%‘é?gn

More precisely, for the pr'eliminary"treatment of a wafer having a silicon
surface tayer (e.g. a SOY), prefefred concentrations are 1% for NHAOH and 2%
for H202.

" A second bath is then made into a solution of $SC2 (aqueous solution of
MCI and H202). | |

The applicant has found that the concentration of both HCI and H202
must be between 0.1 % and 5 % (molecular weight). -

M_ore 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 suiface layer.

A HF cleaning shall in particular etch the hative oxide SiO2 than can be
present on the wafer surface.
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The applicant has found that the concentration of HF must be between 0.1 _
w3 209,63 (molecular weight). AZHF concentration which is wehragapiegossse
is 20%. The HF bath should preferably be carried out at room
temperature 5 (about 20C).In both cases (RCA and HF cleaning), the
cleaning can be combined with rinsing steps. However, in the case of a
HF cleaning, no rinsing should preferably be done after the cleaning. As
mentioned above, in this second main embodiment also the wafer to be
treatétie applisimbhatcisiand @] tbeScmandfeionoft i tebsetratdeeieaen

O e LRI O RneTuiRe S s
200/‘gene_rally speaking (be it for the RCA or HF cleaning, or for the other
POSSINE (¥he ahi PR HERRANY e RARRIEIBLR o oot REGHEIRI
chemica

treatment under the form of a cl_eanlng.s all be set so as to have
(abauieg9Hghtastinth creaning RéiA 00| Wafeleraingdr AhsOiaamerdseen be

confHARIRIAn %@]ﬁgk‘?@g&'ﬁ%ﬂ&&/@?% m%f%%&oaé@@%ﬁ' éﬁbm@% Aising

Adopting cleaning agents which are more diluted, and/or 20 Setting the
showdrpieienaiitda tenemiteuth fosltrndiganing. Both embodiments

descyi I f ' | process digclosed |
WO B e e ey (e ey
be teadast tasbedmpativatents BOIRE B0l fwafrsr reduced, and More

cve TR LS LB OB s R
SiGe, the conceniration 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 adabtation of the cleaning for a SGOI wafer is obtained in
particular by :
e Adopting cleaning agents which are more diluted, and/or
¢ Seitting the temperature o 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
« More evenly distributed (in particular, no higher roughness region is

observed in the central region of the wafer).



1. 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 e annealing environment is purged

and filled with an atmosphere allowing reduction of preliminary pollutants

on the wafer composed of argon mixed with at least a secondary gas. 2.
Process according to the precediltq_ﬁ!ﬁ\}@, characterized in that during

said filling of the annealing environmentwith the controlled atmosphere,

the temperature remains below 750C. 3. Process according to the
preceeiagsslinme clangatey erdindbabidigsaidfitingr afdhaiasnratisiovafer,
envi it roll t re. the temperature remains

pelov A o B e e yortace.
seca#hANgles FBRHisestBpivige ranigd rHGES 5. Procerdescrordimrpehere of
clainpke chayactetizeddiibed the seqopdary oae IRTWdiegenmbsbisere of the
'ntrog%eeaqi@ ae%?ﬁct)rrﬂuggﬁp{g pé’ﬂ%%% ngjw%h %ﬁlgae %ﬁﬁn %Sa%qgasp g@é 2a?fio.wing
6. Process dccording to claim 1, ¢haracterized in that fhe Secon ary gas’is
hydrisseRtienPiPiatrpiaseacl s RSP SRt IR G FEas8tmeed ith at
and kag: £secessaacgasding 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
témperLRai aseRtiagip-Ins PearRdinarfaio GhaastpiizacrybistdHitbptrddilling
8. Prsicessaeeaitinioiiheriacedingelasarehedastaozeskia, thad saisberature
pre- ilisation t rature has a value of about 750C. 9. Process

accor:é w?gljutgc?) éﬁ@wp?r%%quing claim, characterized in that before the RTA a
chemical cleaning of the wafer surface is carried out so as to further
redupectees according to the preceding claim, characterized in that during said filling

of the annealing environment with the controlled atmosphere, the temperature

remains below 400°C.

4. Process according to claim 1, characterized in that said secondary gas comprise

hydrogen and/or HCL.

5. Process according to claim 1, characterized in that the secondary gas is
hydrogen and is introduced in a controlled proportion which is between 0.5 and
30 %.



amount of preliminary pollutants on the wafer. 10. 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 T. 11. Process
according to any preceding claim, characterized in that said RTA in a

pure argon atmosphere is carried ou%%iuring one to 30 seconds. 12.

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

carried out on a wafer obtained by a Smart-Cuto-type process. 13.

PE[O_ %eas(écc?arggr%iw a Sg@ﬁ@ipe%%%@eﬁggéa%[e{%?dt %tgggétnlc?ary gas is

carried out on a SOTl"or

10.

11.

12.

13.

hydrogen and is introduced in a controlled proportion which is between 0.5 and 5
%.

Process according fo 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.

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

stabilisation temperature has a value of about 750°C.

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.

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.

Process according to any preceding dclaim, characterized in that said RTA in a

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

Process according to any preceding claim, characterized in that it is carried out

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

Process according to any preceding claim, characterized in that it is carried out
on a SOI or SGO! wafer.



