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WO 2005/055307 1 PCT/1B2003/006351 PROCESS FOR IMPROVING
THE SURFACE ROUGHNESS OF A SEMICONDUCTOR WAFER The
present invention generally relates to the surface treatments. of 5
WRIHOFARS3%hd particularly the treatment of wafers to be useBGHfB2003/006351
manufacturing components for applications in microelectronics and/or
optoelectronics. More precisely, the invention concerns a process for
reducingFthe roughness of the free surface of a semiconductor wafer, said
BrEcEss "eBniBrRIG & shig S BrmeRIiRg S f5r Shbotfig SHtCHeR WarER
surface, said single 10 annealing step being carried out as a RTA under
an atmosphere 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 between two layers of a multilayer
wafer).-As, it Wi %ﬁ %Rﬁ[. f 3’pl riptiqn, i tion can 15
advantg‘é%o%\‘s% e imp eﬁ%né%gq ﬁ?%:ﬁ m?k%%g%%%BM ga%'ﬁ%eesgr oarpnrﬁ%i”‘kﬁ%gc’f

mmﬂri@eg@,dsmﬁi@é%sm&aamm whtenfer @ belused {enenghusaring
CSRIPHIRAO Ror S RIS T hai SRERb IS RO S RIGRS Ss.

reproducing the eachin%s%o_f the above mentioned patent is known as the
Smart-MeEPpRIEESS Yis i iMYRIPRre Y RIRtR AP EssS 2fpFolRAnpigy the

rd0yHastatia ohepgeies YuAardhapusfasendicaRRIBIEPNEHFAP! GaRP! process
subsirate - also called "t? "and made e.qg. in silicon or silicon-germanium
BefibRopr BB

{RIERo[P" BACRIG: HAF RS SRith single
arecalingosteb bt ig catéedcalicas" b &EA, uRtdeCiraaing thtdrenifiniae nped.

the im tation region, in order to transfer on the base the part of said
Lom e R e R e b S R Seea o

thaurtade! snvitonsienn Ehiken difatiognfrootorelagerfacetdeflmese Bw@n inner
irRO9RRRINE MR IR0 RR Rt fRY viaaNtation of species” is

meant an implantation’of one or more
As it will be apparent from the description, 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 process reproducing the {eachings of the above mentioned patent is
known as the Smart-Cut® process. Its main steps are schematically the
following :

+ 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,

+ Contact of the implanted top with a receiving substrate — also called "base”,

« Cleaving the implanted top at the implantation region, in order to transfer on
the base the part of said top which is located between the implanted region
and the implanted surface, and thus form a thin semiconductor layer on the
base.
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atomic or ionic species so as to 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
VN BHR&RLAt zone. 5 The case where different species are ﬁﬁﬁé‘?ﬁ@a” 186351
generally referred to as "co-implantation”. The depth of the enbrittlement
zone in the implanted wafer is a function of the nature of the implanted
species, and the energy of implantation. In this text, the generic term
"wafer" shall refer to the structure 10 comprising a layer transferred on a
baseBylistpieiaR o iairdiby’ Juchaanb mann@lLttivpecpraoess. mockin
ato S B e e G ey ST BT e
substrate or wafer, wha BVer its origin mart-Cu ?rfptype process or not).
impGunted' waller, edth atsorbaimwnafef diduwinoandktion St speeisstisd a

defsﬁ@ﬂ@d 8@@@%@&5 @éﬂYe%P%%%bi?éﬂdéQQﬁ%\fSt% Kuohness R free

surface of . This objective of iniproving the wafer can be

achielVRicasg whesasiffereniosrprirsareritnelanigdde eanaphoriareddp
as Rdtiptptantiioincreasing the homogeneity of the roughness over the

surface. 20 For applications such as mentioned at the beginning of this

text, tHes FeREhAEYE shbstiemrnie et iedyinued HelRs 1§ aingion

of tidesidnecsyireiepmarand shecisbiyiohtherfeegyiiaptatdtenwaer is a
parameter which ig, critical for the quality of the components which shall
i L s R e

coroprning 3 Angstivansf@Bednm leidbspecifibditate, reaghriebethéasavsments

S g;@_@&l@q&_ S? with an AFM microscope. With such device, the
mroughne |ﬁ%s\/‘}r?l?>e%ags§3red on surfaces scanned by the tip of the AFM

micrdsed e fifeterddig iioh eueies hathe paysitionslizceBts5387Y3
1ay£’r9§dk%%@%3@%§@, whatever its origin (Smant-Cut®type process or not).
Such *wafer” can also be a wafer of bulk material.
In all cases, 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 :

© e By Eowe'rin'g 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 io find roughness specifications of max. 5 Angsiroms
ms.

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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between e.g. 1x1 m2 and 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
WO BEOSRGA frequency roughness"? it corresponds to scanné§ SLBRYLE06151
about 1x1 m2 According to the other main method, roughness is said to

be "low frequency roughness"; it corresponds to scanned surfaces of
about 10x10 m2 or more. The specification of 5 Angstroms given above
as an illustration is 10 a roughness which typically corresponds to a

besrumed guriage RO m*?eﬁnwafe@m@imreammw KRPWBven
rocesses (Smart-Cut(r)-type process or. other) present a free surface
10 6&%@1%5 which are higher than specification such as mentioned above,

in therphppnkes aspasdicarei g MUl asRpmiShgvo main
m ogegatlon. 15 According to a first known type of a surface treatment, the

f undergoes a "classical" thermal treatment (e.g. sacrificial
oxidafios)rding sachk afisstTacsiiraatihed! doegmaidyring Sagiraugbaedsgh

down t ificati tioned above. It would of N
fre R ooy L o EHOR D S DRSSy Al PR
and/ohaamiigintpsubl trethtmentsinvitihettioel, knovghissdade taidtmentss
o her redu . But thi Id | the fi
o e R Y R S R r B6 T6rct0
nrocessras Hesspibelicatisr df 664An§eBanayMestshtive a$ sudiiug@Sation is

= e Ay e b e S R A g e,

This #mseatafgris diioveardyzadeolipgander aroassrespkSneartdhttiding
prd&\ég@%?rbt}%g %Qegééﬂ?‘régqyeé @ﬁé&%z%%ﬁlqggjwhzch are higher than
specification such as mentioned above, in the absent of a specific surface
treatment such as a polishing operation.

According to a first known type of a surface treatment, the wafer
undergoes a “classical” thermal treatment {e.g. sacrificial oxidation).

But such a surface treatment does not bring the roughness down fo
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 1061 565 is an illustration of such
classical thermal treatment. This document discloses an annealing step carried
out aver a long period (about 680 minutes) with a high temperature.

This annealing is followed by a cooling under an atmosphere
containing hydrogen.



10

15

20

25

According to a second known type of a surface treatment, a chemical
mechanical polishing (CMP) is applied to the free surface of the wafer.
This type of treatment can indeed reduce the roughness of the free
Vgﬁﬂ%fgg%?ﬂ%e wafer. 5 In the casé where there is within the RfaFdB2p03/006351
gradient of concentration of defaults increasing towards the surface, this
second type of known surface treatment can furthermore allow the
abrasion of the wafer down to a region associated to an acceptable
default concentration. But this second type of known surface treatment

car; pRss) himgl@l %ﬁ@é&@}?ﬁh@%ﬁ?ﬂﬁiﬁhﬁ%ﬁ@tf@?&%@f@@éﬁh%g—
wafer (in particular the uniformity of the thickness of the surface layer).
e A RIROOR Gl GRS ABEa AR RSSO R i
requiiéds wipiehoivibatdrgentetally ihéctive cakedn thedendghistsenddihe free
su 88&%?&1%5\”‘4 Iyes such as mentioned above. 15 According to a third
nown type of Surface treatment, the wafer is exposed to a rapid thermal
annellithe(REEA)Whedethereoistiitiid Himvabeeregiadiamg ofiepagseisation

of KBRWSHERESIHG MERIs 1he WalRIcEs ANSeRleshs ApBiIGR KBNRalisee

e.g. in the order of 1100 to 1300 C, during a time which can run from

trezisitt ian Jerbatmera RiWethe ciasisnaef AheanaderiAgv® Aideaifint
asgfdbiedhsadvpesitauréassriipedarphtagofiee surface of the wafer is

smoothed by a RTA of the wafer in an atmqgsphere made of a mixing.
ool TS TRy R o B AR KRl Golbebenaly
corrifroBe Sfebufifofniity 3pfCed2frae . pudSce b kb6 walueitapatanipietiof

Lmiiuch v%?%g]t.t%P 1061 5%5 als'ﬁaCZS‘éjlgr oses a RTA (carried out under an

%/rgnrft en a?mo%[f)@\eesrse i 1S TPSt vatiart of the third known surface

treatriist, dfeevieabtidtfwthdrnonxdecerasesiig atnioporerd ARiFRING is
.req?ﬁ%ng\/ﬂ{c“]ﬁi&ﬂ@ %%H@Fﬁlé%ﬁ) W ELe WFHJLHICORHS IRV IB0ERRess

his first variant cahn be regarded as advantageous.
values such as mentioned above.,

According to a third known type of surface treatment, the wafer is
exposed 1o 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 fo 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 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 iis roughness.

This first variant can be regarded as advantageous.
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WO 2005/055307 5 PCT/IB2003/006351 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
WRHESHREY which systematically®*comprises hydrogen. 5 HB{E{R4#05/006351
limitation of such variant derives from the fact that the annealing
atmosphere is reactive. Elements other than the free surface of the wafer
which is to be annealed can thus be exposed to the action of such
atmosphere (such elements can be e.g. the surface of the wafer which is

OpPOARJAHHGSIracR: IR sk sy treptad avaligP e NG this first

champber....). It can thus be necessary to use additional means to protect

varignt e’ iefhuRdnens ieso @ SUriRes E6AIPIERN Y the process. And the
reactimitihiaf thebodxadratnosphere caihmigo qaskibhnfuthesptiegsadeich

ome.d {aults of the wafer, which of course is undesired. 15 Furthermore,
Sysiﬂgﬁﬁ{fé &ﬁ?%’%eescg@f%%na specific installation (for e.g. feed the
anneblineedayieelimittatbe differett gasest aiwlilorsefrsoretrsefanityhal). ifhis
an Ce%\?ﬁ"é&ﬁ%%}'ﬁ@% Fé)é&{\;gint. According to a second variant of the third
kho S [

type urface treatment, the wafer is exposed to a RTA under an

atmobitieesto et dbamdtex dragapk fere neftdial wethe whirdy. im tude
annédIggtdhe SNeoRUNg,isqRkoRipiRRA ByBichingdhe reenssrigs ofthe

wafer, but rather by reconstructing it. The annealing atmosphere is In this
elepgis AR Efecdiisossdese Al HieyatanmghitorRrgsardriftfoiirssiep
be &cHRSHFbIsFloseamRySHiReesireafment. The treatment disclosed

by this patent systematically comprises twq different annealing steps, gne

of than BRI FPPAD RS A 1R, SUSICERh B i) R b
eleatendspliésdeasaiyaonindhky drogplexdiyaigoprocess.

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 instaliation (for

.e.g. feed the annealing device with the different gases, and/or ensure

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

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

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

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

EP 1158 581 discloses such a surface treatmeni. 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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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 2005/055307 6 PCT/IB2003/006351 by the last column of

WaBRSSPHis patent, which in pafticular shows the effect of - SdBaF/ 06351
annealing after the RTA. Indeed, according to this patent a single RTA
("exemple comparatif 1") leads to a low frequency roughness of 1,60 rim
rms. By having this RTA 5 followed by a subsequent additional annealing
step, low frequency roughness is brought down to values of 0,28 and

by SRR sMSET hled 23 IHBUsateachas dWhshadesRiy e riWe Bl gsidite
first annealingiif?ein a RTA. But the fact that the process disclosed by EP

of aReeRd AngaiRg R 80dprises two distinct annealing steps makes
suchjprieedsadedativiglidanig satbriamyele RTAlferboftleecimmpatilii Yo
. improve the known surface treatmept cesses, such nentione
1@3(%300?/6? |t%518‘1ﬁ e He %h Van a%%&%; tonmr{r%sr';%pﬁ%\{%% %ﬂd@ aﬁg_A
follayeard by % subisdmsnh geidiiessbanreatingratope Jamimadenien lBEghness is

broAMARNARERUBIREE U5 PaST IS Sl liags such as the ones that can

appear In the crystallographic structure of the material of the wafer, in

parti€ifarlaied Bheival teaghesntpsucigsepepepnnealiegimdhe first

ann@gpﬁ@%%g wafer to cleave it in a Smart-Cut(r)-type process). 20 Such

ip I b d by local diff in the heat b .
robelich B oAt 3 GFECBFHSHRSER oY the waTL i Bl ol

conpaistihecarsnritaannsiaing«lsyinakdgy esentinoeals ptittslylioadditidn,
the hydrogen used in this variant is a volatile gas, which leads to the fact

CCm’t’ﬁaet)%ignificant amounts of hydrogen can be used - while itis 25
constamthpputighittte divemgtntie toinpesaitie diowieRuiisecieetmasht

pro@és@@g?gﬁch as mentioned above.,

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
freatment applied to the wafer to cleave itin 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 bs 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@’utype
process.



Finally, it would be particularly advantageous to implement a process
fulfilling the above mentioned objectives, in combination with a

Smart-Cut 2-type process. WO 2005/055307 7 PCT/IB2003/006351 WO
W88 5% brings an advantagedus solution in order to meet ¢R@B2003/006351

objectives mentioned above. This document discloses a heat treatment
-which is a single annealing, carried out as a RTA under a pure argon
atmosphere. 5 Such treatment reveals advantageous, as it improves
surface roughness without being exposed to the drawbacks mentioned

aboygdngefereneeraath an teetaitgs Um0 frihedeventionds ties
further improve this last treatment. Indeed, if such treatment greatly

objerliMER SAMICRRLAPPAfIe of the surface 10 roughness of the treated wafer,
SOMEHRhesAgaeNe itiesistidlsrarait inctitendistriliidiors Gf sgihressantd.the

surface of t afer. A further goal of the invention is thus to improve
carnﬁa@%%%g &Baé e >9 %’\?e?‘ﬁ?f v?/% eregﬁﬁ‘ragc'e. It is indeed reminded that
in theumirspectived thevsaisaceiireaiagenusf B tHt WARPYRE oBEERR is
muqﬁgngg&‘)wh@g%‘?%ﬁ@ﬂ&m@@@ \Bluof dhasBiRge MeamaissBbike in
afer. Indeed, itis &

also sought to obtain a roughness distribution which is
refegnaedmetiaidetini®ipdssible over the surface of the wafer. In particular,

it is gegireshioAYRIhoBIAHING B Hraietinprarstwbicht Boqmesent

oo BN e B e o e

rmﬂgébeafqhghms_cofnmrtrse@eriahembgmiﬁmpﬁlummﬂerﬂs@id
PiRsess pomprising & sindle Annealing sten far,apgothing said free

annhealing step being carrie ou"g as a RTA under an
atmospheteaf 2B@uref athen rrentioterizednivsthia biEIoreVPe RIFEESS

horﬁ:@gee'ma%y 8{%?%%@?%&1&%6.

It is indeed reminded that in the perspective of the surface treatment of
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 particular, it is desired to avoid obtaining a freated 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, characierized in that before the RTA a chemical cleaning of the
wafer surface is carried out so as to reduce the amount of preliminary poliutants
on the wafer.

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

» said chemical cleaning is carried out immediately before said RTA,
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wafer surface is carried out so as to reduce the amount of preliminary
pollutants on the wafer. Preferred, but non-limiting aspects of such a
process are the following said chemical cleaning is-carried out
WRAI8HP5RERT before said RTA, W® 2005/055307 g PCT/IB28§3 /57883406351
said cleaning is a RCA cleaning, the RCA cleaning comprises a SC1 bath
followed by a SC2 bath, for the SCI bath the concentration in molecular
weight of both NH4OH and H202 is between 1 % and 5 %, 5 the wafer
has a silicon surface layer and the respective concentrations in molecular

e %ktg % NI—I|S49H@ %EeHzn% are 1 % and 2 %, for the SC2 bath the
Concentratibh i molecurar \ﬁéight of both HCIl and H202 is between 0.1
e REPEcHEnthe seaieribes aSflitoatbievead pyrab Heeespective

f%?"t‘ﬁé*%;fflt@%@ri%}%%@fégﬁg@agﬁi%ﬁéﬁ@&%ﬂx&l&lt%&%%ﬁi@ﬂ Undhe

temperature bath is between 20 and 80C, the wafer
Haoasiliebvesorfatedagdr @nd the temperature for the SC1 and SC2 bath

e’ QoS AL CIeARUAY I Arhlle ﬁ!ﬁ%?iﬁﬁd kRefoedheckife Rathcdifrations in

concentration in molecular welﬁ of HF is between 0.1 % and 49 %, for

el agriasveighs eoNEYRFAAEH [RRABIBGILFRRIEIT &F HF is 20%, before

fhie (R Athe iRopRhess A SBANRARIRMAONBIGHE & e Tl and
controlled manner so as to establish a controlled purged atmosphere 20

Bkt RsH Ok 8With %:secondary gas which can be hydrogen
ad{psre Ghsal owliperiwiRetcedystiemefines ssinanypo lboteststerione in

-{%%%5{%@@@%&&%%@%%@2@ %Sigrrfg(ﬁ’: F():l? rrélz(:g%L:lt :':rr?osphere is
tartiedrepsidusing 6re3eBand SC2 bath is between 20 and 80°C,

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

said cleaning is a HF cleaning,

for the HF bath the concentration in molecular weight of HF is between 0.1
% and 49 %, '

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

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

said RTA in a pure argon atmosphere is carried out at a temperature of 1150
fo 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 wafer,



25 seconds, the process is carried out on a wafer obtained by a
Smart-Cut-type process, the process is carried out on a SO] wafer, 9
the process is carried out on a SGOI wafer having a surface layer in SiGe
with a Ge concentration which is less than 20%. In one aspect, there is
provided a process for reducing the foughness 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

© ohe Brhfedade AR %r%@fﬁ%fﬁiﬁﬂ Helhig £R3REBI0d I Ee with
before the RTA a chemical cleaning of the wafer surface is carried out so
Ge cepcanteigrewhichrifolgssdhareRfithary pollutants present on the wafer

In BHEEELEAUNBIAS R BIoNHELADYBEESE Bh A RRABRAECASIEPMERCOf the free

following description, made in reference to the drawings on which ;

. . h;
surfagg Ri R Semig QI WIS CRRIR RIRSH S8 SRIGRHEIRG 7 AMeiRyRNBRRINGLEtER for
smootiirgedaling: shaateeswbishgrebesiipd isiporbingimnied@ngsZiRIA under

hill i d f h ined A ied .
on s R R LA BB A S oo
of thetharievclutfacedt teanpeiatut s darsat B g e auoundef preliatmegppelietants

prese {BHr 2109 ré:dgf’érc%d' is a graph illustrating the evolution of temperature
or a thermal treatment according to an embodiment of the invention,

Othguaspseiant the inveméientbat bgrarprrantiivmidhaleiowiogetgrainion,
maddVATRR e RO LW RgRarARg ndergone a pure argon RTA

“without preliminary treatment, the wafer of figure 5b having furthermore )
- Figitaefoneenpreliand 85 aoatinraiienassatalionindonglisingout sfapannealing
clshe@aiealy shewe afiantimiénewamnle of an annealing chamber 1

which can be used for implementing the invention.
+ Figure2isa graph?llustrating |?he decrease 0?‘ 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,

» Figure 4 is a graph illustrating the evolution of temperature for a thermal treatment
according to an embodiment of the invention,

+ Figures 5a and 5b illustrate the roughness distribution aver two respective wafers, the
wafer of figure 5a having undergone a pure argon RTA without 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 1 which
can be used for implementing the invention.
This chamber is to be used for a RTA thermal freatment, carried out 20 under a

100% pure Argon atmosphere.

The chamber 1 comprises an inner space delimited by walls 2. It further

comprises a reactor 4, a carrier 6 for carrying a wafer to be annealed, two

networks 8, 10 of halogen lamps and two pairs of lateral lamps (not

represented).

The walls 2 comprise in particular a lower wall 12, an upper wall 14 and two lateral walls

18, 18 located at the opposite longitudinal ends of the inner space.

One of the two lateral walls 16 comprises a door 20 for
introducing/retrieving the wafer into/from the reactor.
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This chamber is to be used for a RTA thermal treatment, carried out 20
under a 100% pure Argon atmosphere. The chamber 1 comprises an
inner space delimited by walls 2. It further comprises a reactor 4, a carrier

“@f&”é’ﬁ?ﬁ?fﬁg a wafer to be annedfed, two networks 8, 10 of fi{Btféf/006351
lamps and two pairs of lateral lamps (not represented). The walls 2
comprise in particular a lower wall 12, an upper wall 14 and two lateral
walls 16, 18 located at the opposite longitudinal ends of the inner space.
One of the two lateral walls 16 comprises a door 20 for

introgucingiredrievinosthe waler i omuihe, IRRAISx A2 00RIRBERRNYLO
PCT/IB2003/006351 Reactor 4 is made of a quartz tube which exb%nﬂg
ofo

betysprilirialfrabalisettmididmpiouiied 6t £5°7 R BIoVRiBlPLA IR
18 feapedaieraiwnlls 48s iHidespenityelyyustivatgneiehd lgascatia2auidet

22.Th  outlet 22 is | d he side of.th | 18 which
oA LS TP ALTI8 S RALH MO S PARGEn T b 20 o ocatec

respdeire hetbokethdogeddangactrd, ibébased smpacthetyrahayerand
undBELAY -ﬂfﬁ%%&’e%{l%aﬁ(ﬁ A o kAR B@&%’Péhg’ﬁﬂé‘é%%lléa@paﬁwﬁ’ 10

comprises in this embodiment seventeen lamps 26 collectively disposed
orthoGashalnetyarie dbrigtogamalampesob, ikhaemarises TR hisograhedinent

sevalfiah PROLIRREREDIEH L SA RO LAy disRRSRA GRTaNR) tdbef

longitudinal axis of reactor 4, each lamp being on one side of said
reafdakcfor. Each of these lateral lamps is located near the longitudinal end of

netwaiies 8wd QpilRe GRIBRSIBI SRS ISrRWASErSWEICoIs Rigurdergoame
oo P S IR RN on
sidrafnstiie readtor Haihtbfithusd datton dainat e RERbHtae iredntigiivdiaal
en dsm%tw&tﬁé Qe‘?é treatment, the wafers being treated one at a time.

The carrier 6 supports a wafer 50 which is to undergo a RTA under a
pure Argon atmosphere. This carrier can slide into reactor 4, thus allowing
introduction and extraction of the wafer into and from the reactor.

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

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

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

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

In particular, the invention applies fo improving the surface roughness
of wafers of the SOl (Silicon On, Insulator) or SGOI (Silicon-Germanium On
Insulator) type.
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Non-limiting examples of devices which can be used as an annealing 20
chamber of this type are e.g. the device "SHS AST 2800" sold by
STEAG(r), or "Radiance(r) devices from Applied Materials. It is reminded
WRLAHEREer 50 can be any type!6f wafer, be it monolayer dr B AAFIS!
comprising at least a surface layer in a semiconductor material (such as
e.g. silicon or silicon-germanium). 25 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 (Rilicer @eaiswiater: Aar GRl(BlEOBERANRRRIYTLPE SHeEHDIL®-
yﬁﬁe. WO 2005/055307 11 PCT/IB2003/006351 And the treated wafers

t
tYPEAKAFEHE been obtained e.g. by a Smart-Cut(r)- type process. Indeed, in
combivtatiel) WithestrtfratmaniBuioetype SoeesSutfehimyeptimesanthe
inv ur?t?gnfgrrllmbperg\s”ep@fm%n%%%\l{ﬁ%r%ueg Qﬁﬁéé?oio%@ﬁqﬁéég%b HEroP 4L Btk
ree surfaces generated by cleaving step at'the embrittlement "zone.
(or Fapthefraereytfaedm ganeadion dfstivh SeminCEiep tpbdhsrcuabstament
-orfidve been done by co-implantation of two (or more) different species. An
example of such co-implantation in combination with %Smart-Cut(r)-type

proceddtheregvdhanithalapplieatieh fROPOTEbRH thEPHFRCEEEhEN
haP Rl Bhediferaphemhedmens ef theteyaniereaapscripliad

ox to a wafer 50 cgmprisintt; a wor_kin _surface |layer 52 m: de®1”n
UBRFC ORI S AERA TR R N SRECRIMGH O B Germantifet), <URg iRfRgGess
is ghearig ﬁée&ﬁuﬁﬁﬂe m.dm@iﬂstrefﬁm tof &&mﬁpﬁ@ﬂnﬁﬁg" layer

e A AR A T R S e
wafarrfilceospdsindhaveotdeg goTrralegdnbthmade in semiconductor material
{e.q. silicon or silicon-germanium), said layer having a free surface 54.

Layer 52 is referred to as a "working” layer because it shall then be
used for making electronic, optic or opto-electronic components on the wafer
50.

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

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

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

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

Such RTA comprises the following general operations :

e Introducing wafer 50 in the chamber 1, said chamber being “cold” (i.e. less
than 400°C) at this time,
« Establishing in the chamber, at a pressure which is equal or close fo the

atmospheric pressure, an annealing atmosphere of pure Argon. The
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cleaving step of a Smart-Cut(r)-type process. In such case, the wafer 50
comprises under the working layer 52 a 20 buried oxide layer, which itself

covers a support substrate. On Fjgure 1, the thickness of wafer 50 has

O 2003/05330 : . PCT/IB20437006351
eén exaggerated in order to show layer 52. As mentioned aCbove, g0

invention implies a single heat treatment of wafer 50 comprising a RTA
carried out in a pure Argon atmosphere. 25 Such RTA comprises the
following general operations : Introducing wafer 50 in the chamber 1, said
chamber being "cold" (i.e. less than 400C) at this time, Establishing in
PRRSEHEEMERT, alsa dressefretwvidcihvigcequalier dtose to fhe atffwrsploetice
RiassHReranRaRsAing atmosphere of pure Argon. The WO 20051055307
12 PCT/1B2003/006351 pressure can also be set to a lower value, from a

*  IRsiedsingr thethemagrriurshénidisrabaunben miraamte ticatmabsRiGie by
sereham bRl RGaiR bR BREEIY BAE kg Rawsiigg the halogen

lamps 26, up to a RTA temperature, 5 Maintaining wafer 50 in the

* Mpiirireceiemstin o shamber, alARPasRTARITRATERI O BRG]
RTA st Hréntemdansrf Sesanie) o RAHEERS SfsEPRS6 and cooling,

%ﬁ@'r circF%\ation, the wafer 50, at a rate of several tens of C per second,
NEIRAGRS 4R PHESRAIRDIMNgITIcylation tBepwater: 59 pakactiply
Ofngeortaa) ; tﬁﬁnatgh??aﬁgo@@mddt t,Qﬁlm&@'ﬁH[ﬁ(ﬁ ma@%&@j%ﬁhg iaw.f

a as determined tha resence,(even in low guantities
oltohpellr%e‘ ements ?g%c'ﬁ gsﬁ%%%%t‘ﬁﬁ?&&&@ﬁ) i %tﬁgeaﬂfﬂgiir‘ﬁe‘; T e
pur WHM@Md@amﬁwmﬁaﬁmmmm@bop tesewss Kiogelayer
ow SUERASERIferRAGAHOR0 i MR DN I esAraan,

containing less 15 than 1 ppm of other elements ants, other gases,

atmosphese geaiharsssatalss attpok okt matetiel nbitewiriinddayeduring
the RuAfied

"Pure” argon is thus understood in this text as argon containing less
than 1 ppm of other elements (poliutants, other gases, ...).

For that purpose, the argon used must be treated in order to be purified
before its introduction within the annealing chamber. Commercially available
argon indeed does not present the high degree of purity which is required for
the invention.

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

An “aftack” 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.

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

in particular, such RTA improves roughness much better than what
would be obtained by a known thermal treatment such as sacrificial oxidation.
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before its introduction within the annealing chamber. Commercially
available argon indeed does not present the high degree of purity which
is required for the invention. 20 The purifying treatment can be carried out
Y WEFHE And/or filters on the dBmentation line which brin§§ HFE#?313#8351
the chamber. An "attack” as mentioned above can correspond e.g. to a
formation of SiO (which is very volatile) in the case of a Si working layer
exposed to an annealing atmosphere containing a low quantity of oxygen.
25 The applicant has determined that such single heat treatment under

the 'prﬁﬁ]@hﬁﬁ%&@ﬂ%ﬁﬁ\f&ﬁﬂ)ﬁé?ﬁggﬂv@mﬂépé}%rﬁsgiﬂﬂm%%r than

improved surface roughness of the watfer. In particular, such RTA
withragriR&estigeiless much better than what would be obtained by a

k”0“%3‘%%&??@8%?%@%6&%@%@@%&ﬁatiﬂ@_ti@ve{W@ziag%éﬁﬁéﬁm
13 PCT/IB2003/006351 And furthermore, the uniformity of the working

of 13RpigtAjenprRdrthahe With ¥ CmP P85t ment. The RTA can comprise a
constaglitepapisitaedens) hmangreudhraissndinfitulors ohtairteinperatohe
ngf e.g. 1100 to 1250C. 5 Figure 2 illustrates the mean roughness
iminution obtained by such RTA. On this figure, the horizontal axis
descibethiifigrza; thaforsizbtdiapds dbsathonafiereniimpissantitebatfed

of SR Far RS0, Klels Inae nSUrpRI el aatt, AR

ower part e graph). to On figure 2 the higher curve

of ttreugrephie spdraiistsucha¥ B nideisurcoPWRE RAHACH S BSBMvafers as

splittesh(tpRe diatehnifter ceUnals AR ERpIPWE to IR dorResame dind

the A S SARPIIRD AR ASDL 0 TSC ETED ALaHE"

curl@me 'hazaime Rk terancapticg| signahdisisediayetththe lightsofovafgil 0,
umijgrrgagg B\?So%)v?i%%xgggt(i:%% slgps% igmgerrl%erésat 1230°C.

It is specified that the term “haze” refers to an optical signal diffused by
the light of wafer 50, in response fo an excitation light. This haze is
representative of the surface roughness. _

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

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

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

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

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

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

¢ A more homogenous roughness distribution, and
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representative of the surface roughness. In the case of Figure 2, this haze
is measured using a KLA Tencor(r) Surfscan 6220(r) : the haze is thus
here referred to as "haze 6220". The observed diminution of haze is at
WEL088MPrable to the results 20 that could be obtained by GIHBFRY 6351
techniques, e.g. RTA under an atmosphere comprising hydrogen mixed
with argon. More precisely, the haze is divided by a factor 6 to 10. And in
the case of the RTA of the invention, such advantageous results are
obtained without the drawbacks exposed in introduction of this text, in 25
reference to these E%?v%/]n |‘?TAS. It should also be noted that argon has

A miNuReRd e R i

nduéﬂvnf/asproperties. This tends to favour an
homTigespen-rBfartised ibftheanientien afineaimyeaemstpraprining of

the fg%%ggggggggg tﬁ%&«%m@%m RESRAYS FRHghRasHstHPYtiem AR O

T/1B2003/006351 a diminution of the risk of slip lines.
with ThefsatificRTRreRen iAftHEAIESh HiRwWesTer) gt SAtBEthmY of

recdi@rliesrwface Qirthewafer. It should be noted that such smoothing is
obtained with practically no e,rosell_on of mjterjal of tthe wafer O@Q(hg%# er

by a! Berdpien B IR JOHRNES. A REPIIDEROA GHRE e impfies a
surfcelisaipaniHeagisaint R thecsaipedsabiace before the specific RTA
descrijbed above. The applicant has in bge that. i ific
AR R S b A
gendralys Skl dssIbIe OFOBEB N revevrRy RIRENAERRNIN 5SS
posg\i/ﬁferté)n AL ?@%ﬁhﬂ@%yﬁ%%g%%égsﬂ}ﬁ ghsapsrOfisuems of
P ent, it cou

reliminary treat Indeed bé possible to obtain a wafer
roughnessd witegadyregions having a slightly higher

In the absence of such preliminary treatment, it could indeed be
possible to obtain a wafer surface with some regions having a slightly higher
roughness fhan 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, before carry outing the pure argon
RTA.

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

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

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

The atmosphere of the chamber after opening the chamber door can
indeed contain gases such as 02, COZ, elfc.. as well as H20 vapour. Such
remaining gases are undesirable in the chamber for the next RTA to be carried
out.
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roughness than other regions (such "rougher"” regions being typically
located in 15 the centre of the surface of the wafer). Such possible
variations in surface roughness are due to the presence of pollutants on
WRSLEAE380f the wafer, before cérry outing the pure argon BRT/ABAHdEa¢HS1
it is reminded that the RTA annealing of the invention is a 20
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

] efore, when a waer
e B S T e

wafefpénihg dfaptedhdnipehefoserersamtiodneigg the nelkeonpfesT® Bk the
cha¥gaiasiolbeAHNOspIsaldherenRabarafier RRASNG the chamber door

can indeed contain gases such as 02, C02, etc.. as well as H20 vapour.

such '9ErRanMgRR¥elusicatitiasiiaBle mrirralRARRIEer CieaseRt BHFA to

argdre RameghisOcoutiWing 093866307 e PpiR20GHO6SEIscAlltely the
inved ierr]léng the chamber and closing it again after introduction of the wafer to
Per ated, it is thus necessary to purge the atmosphere of the chamber
befolthisaanyneating thenpeikeRBA dmtmhgthesevafér oF it en8ay | disatignent
hidlHSHALSS GhL WS ABNRAINY GadT ! R WA Hisy
W lconstitu%t?ﬁ(gjggt])ggé;e f%rﬁ%%ﬁ%v%r%gn @%%c?ﬁﬁeb%%%\iention). Tﬁ'is

ramgrifie Bty aeprigtise dram itheal gidistempesttiie w8 4harahmneifr Wiactess
tharCAUPIPANCS (AR PYIGR ShiteiMAsRBsis-chilie shatnPab-adedheing

ramp-up in temperature from the "cold" temperature of the chamber (i.e.

the praphehBiswesc andstimiicaiepadined ualverd AR felarirRmps gl es
whidtseetfor Rilding #henorapts, ehdigses8 andatbindioriesadived yalyeonf

temé'groa unf'gg tﬁm&eé%urrneosre than 400°C).

The initial phase 3.1 is followed by :

» A RTAduring 1o 30 s (phase 3.2), at 1150-1230°C,
* A cooling (phase 3.3).

In the initial phase 3.1, the ramp-up is carried out with two main steps .
s A first step up from 400°C to a pre-stabilisation temperature of about 7560°C,
¢ A second step from the pre-stabilisation temperature to the RTA

temperature (between 1150 and 1230 °C).

During this initial phase, a purge of the atmosphere of the chamber has
been carried out, in order to evacuate undesirable gases.

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

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

in the case of figure 3, the atmosphere is thus composed of pure argon
during the whole process.
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which are in fact less than 400C, and the actual value of temperature only
for temperatures which are more than 400C). The initial phase 3.1 is
followed by : 15 A RTA during 1 to 30 s (phase 3.2), at 1150-1230C, A

B8l Eptdse 3.3). In the initial piase 3.1, the ramp-up is CBFAEB2HY W1
two main steps : A first step up from 400C to a pre-stabilisation

- temperature of about 750C, A second step from the pre-stabilisation
temperature to the RTA 20 temperature (between 1150 and 1230 C).
During this initial phase, a purge of the atmosphere of the chamber has

been garrigd out. in order to evagua desirable.gases. This purge,is a
clnoo iy % Wiedh BUUGE S AAIa L R SRR e, D B
aimpgptreEnpeliuiegiahehiphtitawdvafeeraiadvieadisnbiissudaco rRBhneste
aftH IR LAINARRINERE:Al he table at the bottom part of figures 3 and 4

indicates the process step, as well as the gas composition within the

anneAiRPERYFABE N MvexeE Beirgiracs thatdhsorpiieasts wish can

gernaEROsRRIRIHRLIe AIGSte AUt e WhsleHoeresaydn RARSIAREEE hdb
anCe:i'I'/IBZ 03/006351 And the mnmlgwf?e has allowed to eV}cua e from
oM & YARE |Hbe§?ﬁ1to'§p é"ﬁ'@ﬁlﬂgﬂ? f&w'@o@lﬁ 6'%?1%? 8 VAR

alssuinentsyghsassoatter thdgpueiamgon &1 Bafbhe iappticainights hafeevar

the%%mmgghtﬁﬁg e pollutants which can 5 generate variations in surfac_:e
roughness after thé pure argon RTA can be not only elements present in

the irlRitgestnios prelsantthassohresing bty wilit aidoitibpvepesof the
aniSRRNEIhIBE WaIEFSHTRES SRR ?ﬁ*ﬂf%ﬂ?ﬂ@@ﬁﬁ&%ﬁ%%ﬁﬂr%ﬁ%ﬂﬂe&eafe

_annealing chamber. Indeed, thé applicant has observed that even with an
stillifpdg phrge e P the tiaaiednya¥Bamber before a pure argon RTA, some

variafgnhi sOHsHYREess 3fty, such elements present on the wafer surface
and which could generate 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 poliutants such as hydrocarbons,

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

Two main embodiments of such preliminary treatment are proposed.

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

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

According to a first embodiment of the preliminary treatment, the initial
purge of the annealing chamber is combined with a controlled enrichment of the
atmosphere within the annealing chamber.
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still to be observed on the treated wafers. For the purpose of clarity, such
elements present on the wafer surface and which could generate
variations in surface roughness after the pure argon RTA shall herein be
YOr&WEE5E3% s "preliminary pollutafits”. 15 Such preliminary JSHUTEAE3EARS1
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 pure argon RTA in order to eliminate the undesirable
effects associated to the preliminary pollutants, and improve surface

onaES RXBDME S of ek Araon TP (10 partcuar i

term omogenel wo main embodiments of such preliminary

treatriveiisfesbroperdimetadiribo tha B itibriRR afthan R BRI BTES fo

4. 1%oRiRE _RMERINGn AR At B8R RURArBRnSRDAIIZH Rt embadisiients
propose two respective prehmmar;&r ggﬂaﬁments o be carried 0## in

atrpasRhars GRNRIF GG SRIABIA SRTRARR §r R hb R RTSBOAENEE 2an
be impirmectediay aieroativesinThayiadar highdyeophiBineddoygeduee. of
bo ccording to a first embodiment of the preliminary treatment, the initial
urge of the annealing chamber is combined with a controlled enrichment
of theO80faummsphiite withimdheyagaediingychagsbe (sveC Do SFEsBE0Ne 7
gr# '!'/IBZOO31006351 This embodiment is illustrated on Figure 4. In this
rst embodiment, during the initial phase of the annealing (ggase 4.10n

Figurd 9, “aeeicoitan mspporionoimppedl heivers Meandig? 2controlled

atmo3pbRY P EEIPING JRE0BRAAAPHES!IGE PRRPOGEIAN B Seoatmaluy
gas. 5 The secondary gas can be in(é)artlcular hydrogen, HCI, or a mixture

ProfoRisth. HRYE hehpiRea ey & is hydrogen (see table below the

graphj. the secondary gas is HCl, the “controlled proportion” should be
between 0.5 and 5 %.

If the secondary gas is a mixture of hydrogen and HC}, the “controlied
proportion” should be between 0.5 % and a percentage between 5 and 30 %,
depending on the ratio (hydrogen/HCl} in the secondary gas.

It is to be noted that with the injection of a secondary gas, the “initial”
phase 4.1 is limited in time to the purge and the initial raise in temperature — up
to the pre-stabilisation temperature of about 750°C (this temperature bsing too
low for a smoothing to occur).

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

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

It should however be noted that this initial phase 4.1 does not
correspond to a pre-anneal, since the temperature is very low (less than 400°C
— and sometimes even significantly less, since this initial phase can be carried
out at temperatures which can typically be between 100 and 400°C). Phase 4.1
is a controlled purge phase.
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The "controlled proportion"” is generally between 0.5 and 30 %. 10 More
precisely, if the secondary gas is hydrogen, the "controlled proportion”
should be between 0.5 and 30 %. If the secondary gas is HCI, the

WA Broportion” should be Between 0.5 and 5 %. If tHEZA8HHFAAF3S1
gas is a mixture of hydrogen and HCI, the "controlled 15 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 injection of a secondary gas, the "initial" phase 4.1 is

limiteglindinggido e Buigrana N GINiRLIAIRe RIS MASAEHBy lodhe

pre-stabilisation temperature of about 750C (this temperature being too

atmesphrreophibmebambgtdsoetarperhrointidrppliRiB A Al GReCRBMHTSte
andOR Al QRliFE astN B iRaYsRAré R PIRETRPARYUPON BRI R 1A thignperature

l‘lembodimenr%jta, thegPreIimlnary treatment is carried out in the same general
(PhESE AR E RT ASRELRN38 Ashould however be noted that this initial
phas&ike 1RINESInOEssenttsigofitbiGanmse antieal csiacddbaiben pavatiereins

ref%fe{Xclé’% f{esrse tgt?%%og% 5 and sometimes even significantly less, since
IS mitia 8 ase tan be c‘a?fied out at temperatures which can typically be

betwddral)G ansltgon)afhdstends iba pomestel [sustelphtsehwge 3.3
me%ggﬁégﬁﬁg%%ﬁé%qg 4[5@%%/006351 Once this pre-stabilisation

temperature has been reached, the atmosphere of the chamber is

chandeiisoesrbeiénaiihdie aesendnt97% Hyeded hale dpiadebrss 1

favaiasPeararatidheRMe-RPHheR PAIRIMS e fireDRS141R): arfE)e
fro R'&,‘A itself (phase 4.3)..5 The RTA Is esseéltlally the same as the one

ErbRIGTaB RS S ARG R HRIR®E (bihase 3.2). Finally, a cooling
phase 4vhfendsathegoinetsgolids sighlgirtdiphase 3r8atment can then be

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

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

AFM roughness (Angstrém rms)

2x2 pum? 10x10 pm? 40%40 pm?
Wafer 1 : 15 5 7
Standard roughness region
Wafer 1 : 6_2. 11.7 13.7
High roughness region (no
preliminary treatment)
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mentioned in reference to figure 3. In this embodiment, the secondary gas
injected in the initial phase 4.1 10 favors the elimination of the preliminary
pollutants (in particular native oxide) from the wafer surface, during the
WiRa919A3¢ 4.1. A wafer having tsdergone such preliminary GEHAEHI06351

can then be 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 15 over the wafer surface. This is illustrated by the
following table, which shows surface roughness after the pure argon RTA

Wa‘grf two-SOtwafers-(wafer-and-wafet-2),-ang-forthree-modes-of 7
roughness measurements - from a scanned gurface of 2x2 m2 to a
Wheleawatsd sifégee of 40x40 m2. 20 AFM roughness (Angstrom rms) 2x2 m2

1OxTO M2 40x40 M2 Wafer-t—-1:557-Standard Toughness regiom Wafer
1:6.211.7 13.7 High roughness region (no preliminary treatment) WO
200558 0Akie, PERTRIB20UBI00B3BNERGSTRE 215 & IMTEe ent

befd iReindhigdalig:avafer | has not undergone any preliminary treatment
before the pure argon RTA. The surface of this wafer. 1 exhibits two

differb RUgRSOf MR walahd SPISIMOLERLRILIPIINNS a surface

« FOutiaRess kenhiasowdrelwith d o4 ehngnssegiapt avithiew level,
éq}%stantiall higher roughness.. Figure_S? i Iuﬁ;[rates the roughness
* BB AEBE S AN AN A aubstantlaly igher roughness..

Figure 5a illustrates the roughness distribution over the surface 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 lHlustrated in figure 5a is representative of the “wafer 17
mentioned above, as it has not 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 relaied to roughness values).

This figure shows that the roughness values are widely distributed
{from 5 10 120 ppm - see histogram).

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

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

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

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

It can be seen that this wafer 2 does not exhibit any “High roughness
region” ~ after the pure argon RTA the low surface roughness is indeed evenly
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wafer after a pure argon RTA. The upper part of the figure shows the haze
repartition over the wafer surface. 10 The wafer 50 illustrated in figure 5a
is representative of the "wafer 1" mentioned above, as it has not

WhHR5AE Any preliminary treatré@nt before the pure argorf R EfII¥AR3ST

lower part of figure 5a, an histogram summarizes the distribution of haze
values (directly related to roughness values). 15 This figure shows that the
roughness values are widely distributed (from 5 to 120 ppm - see
histogram). And the upper part of the figure exhibits a higher roughness

distRRUIRR 2 IRFAISRINLBE AWRLGENLR R RIHEMAIRHENGENIRRP LIS

on the contrary a lower roughness region. 20 The wafer illustrated on
figufigGR3-5a is thus associated to a wide distribution of roughness, and to

markesehiglagnlieaghRessresions iNafelR Mltthpaho s tablgihasicantly
undergone, a re&iﬁminar treatment (according to the first embodiment

enh3BSERBRUGRRERR {IOPMITREIRY is illustrated on figure 5b, which is a
reprdseigtaticthestnilar teordethenteresaniaticn pikbgueitantagavadér thelt

n be seen that this wafer 2 s.not ibit any "Hiah roughnes
necBR3? SRR AL AT S ERS (R B et IMISHINRSE
evenAcwding 16/955807D OrRIETHIBRT0T/ tios 35dlirdisarp tteetoanhevieifer

to theS5I: RASRAURA ANRNRLRG A iR e L RaiRfinda iR ahe P Barried

prellminarg treatment is thus adv_antageous as it SI'?I’II icantly ‘enhances
out iR IRBRbE SHEMICE RIRRIRGETHErY SR SEARGR, because it takes

advapigeghii)ehaQrTeraBh Y 4¢ Ritasa Reierudieuid . AR admivensd
the%tf%ﬁ) is thus required. A-Ccord":ﬁ to a second embodiment of the

RRIRLIATREGRIOR DG & REPLIARG MR F AR O EEPRIRIRIRRY
by 4cSanarelitnifleyydneatresnt carried

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

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

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

A RCA cleaning comprises two successive chemical bathes.

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

The applicant has found that the concentration of both NH40H and
H202 must be between 1 % and 5 % (molecular weight).

More precisely, for the preliminary treatment of a wafer having a silicon
surface layer (e.g. a SOV}, preferred concentrations are 1% for NH4AOH and 2%
for H202. ‘

A second bath is then made into a solution of SC2 (aqueous solution of
HC! and H202),

The applicant has found that the concentration of both HCI and H202
must be between 0.1 % and 5 % (molecular weight).
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out under the form of a chemical cleaning of the wafer surface. 10 Here
again, the wafer can be in particular (though this is non limiting of the

sco}ge of the invention) a SOI or SGOI wafer. And it can have been
WELHINESBY a Smart-Cut(r)-type Hrocess. The cleaning is cRfféFgle006351
immediately before introducing the wafer in the annealing chamber. 15

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 qlgsi8inge AR CRGREMIMIARER FESIMEN BUESSHHMEHERA SA hadhes.

20 A first bath is made into a SC1 solution (aqueouos solution of NH4OH
surtapg IBYAR-9nd Sl cIRf s GoRRRnERIRBRS BIRdritr iR st TeriRioH

H2a@mnd H202 must be between | % and 5 % (molecular weight). More

s A SR e A

20 amteRye, fmor2f2fekekty GOUbitthd srien naaittg intdliecsotution®f$E2
concanto8AE Shell i e DSt e TR BLOT S 0N Tl B

pregant leie therwedig sy riege 2005/055307 21 PCT/1B2003/006351 More

PrecipgdysiafidaRt eSS TINAIMARAHE  UreEAMMRIST HaMinehastibeoncarEase
01 layer ﬁﬁ a SOlI), preferred concentrations are 1% for HCI and 1% for

dubmplaraiarRisthe ASUT sanesobasion whishits prefcadaed is

20%hetween 5 20 and 80C, more preferably 70C for a wafer having a silicon
surfage Jayen ARG SR DA Rhalin garicular eich the native oxide £102
{(about 20°C).

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 shouid
preferably be done after the cleaning.

As mentioned above, in this second main embodiment also the wafer {o
be reated can be in particular a SOl or SGO! wafer.

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

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

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

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

» Setling the temperature to a lower vaiue for the cleaning.
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present on the wafer surface. The applicant has found that the
concentration of HF must be between 0.1 % and 49 % (molecular
weli h%. A HF concentration which is well-adapted is 10 20%. The HF

ﬁe}g St preferably be carried at at room temperature EHOTRIFEIF!

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 15

preferably be done after the cleaning. As mentioned above, in this second
main embodiment also the wafer to be treated can be in particular a SOI

or SGEMNVaERTL R ti c f ayl
surfEce layer in SiGe %ﬁeagﬁ%%?ra%%%f %isi\ﬁ s%iﬁﬁw%}s%@ e the

PE “b%q‘n%ﬂ%‘?é Pﬁgﬁoﬁﬁ%‘?%oreover, generally speaking (be it
for thnRBA ANt Fske anifgeordaghRe OiTes ReFsite fvesPhrhemigdse

mclﬁgimrégrs the parameters of the preliminary treatment under the form of a

emica clse’aning shall be set so as to have a less aggressive cleaning
fovenI@Ghewattudbdnaior a SOI wafer. 25 Such adaptation of the cleaning

ra.S afer is, obtained in _particular by ;. Adopting ¢leaning agents
5l e SR ope KHIRG RS A Era iR 5B Wee R U
fhanerekiarting cowd= 0aB0666R07 22@CT/IB2003/006351 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 : 5 Even further
reduced, and More evenly distributed (in particular, no higher roughness
region is



5

10

15

20

25

observed in the central region of the wafer). WO 2005/055307 23
PCT/182003/006331 CLAIMS 5 1. Process for reducing the roughness of

WO 240 Surface of a semiconductor wafer, said process cothfifigiPigH006351

single annealing step for smoothing said free surface, said single
annealing step being carried out as a RTA under an atmosphere of
purified argon, characterized in that before the RTA a chemical cleaning
of the wafer 10 surface is carried out so as to reduce the amount of
preliminary pollutants present on the wafer surface. 2. Process according
to the preceding claim, characterized in that said chemical cleaning is
carried out immediately before said RTA. 15 3. Process according to any -
preceding claim, characterizgdamalkat said cleaning is a RCA cleaning. 4,
Process according to the preceding claim, characterized in that the 20
RCA cleaning comprises a SC1 bath followed by a SC2 bath. 5. Process

1@@5&%@%%&59&&}# ng&laiBlgHIasteizaddn thad fayuheSCdrbath
the concentration in molecular weight of both NH4AOH and H202 is

beRFBEFCP AL WAt 558IdP RIPESS S GBRRAGTRS tie PRIBIMHIERIRY

Ch@[@ﬁtﬁﬁzﬁﬁdﬁtmﬁg %d‘ﬂ%@ébﬁéo@ ,Sﬂi:-ﬁ@.rhﬁ#g' facs h’%@fn@rﬁébfbeing
reSé)ec.tlve concentrations in molecular weight of I¥H4Q§| nd H202 are |
% SRGIOhOW43G ?’r%-gésé'%%rafh@rl‘a‘%ﬂﬁ'&’?r@ e *ba@é@%g claims,

ch@tﬁm:‘dsﬂﬂhe'ﬂ mmodb&fers% mtﬁet@enﬁemtm%éanihg bteeuiaifer
i th HCI 202 t 0.1% 5%.8. P
ot e i 0 e ek 08 Aot el prednary

pollutants present on the wafer surface.

2. VP.rocess according to the preceding claim, characterized in that said

chemical cleaning is carried out immediately before said RTA.

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

cleaning is a RCA cleaning.

4, Process according to the preceding claim, characterized in that the

RCA cleaning comprises a SC1 bath followed by a SC2 bath.

5. Process according to the preceding claim, characterized in that for
the SC1 bath the concentration in molecular weight of both NH40H
and H202 is between 1 % and 5 %.

{' - . -
6. Process according to the preceding claim, characterized in that the
wafer has a silicon surface layer and the respective concentrations in
. molecular weight of NH4OH and H202 are 1 % and 2 %.



has a silicon surface layer and the respective concentrations in molecular
weight of both HCI and H202 are 1 %. 9. Process according to one of the
five preceding claims, characterized in that the temperature for the SC1
and SC2 bath is between 20 and 80C. 10. Process according to the
preceding claim, characterized in tha#4he wafer has a silicon surface layer
and the temperature for the SC1 and SC2 bath is 70C. 11. Process
according to claim 2, characterized in that said cleaning is a HF cleaning.
12. Process according to the preceding claim, characterized in that for the

HF7 bath e cencentation in speleeulaniyeiohtolbfdsbetweanbddt cd in

and 49%, 13, Process according to the recedin%}clalm, characterjzed in

that for thEFE A e heeRtraRBremt RoIBDISIFESRt BEIGR i€ Z5g. HE!
14. Processidttdt cirigrtassmOptéeedn§ BWaim, characterized in that before
the RTA the atmosphere of the annealing environment is purged and

filled with a controlled atmosphere containing argon mixed with a
sebondary" YESWHIEH ¢4 Wc%‘%’é%%‘%@%ﬁa% PeSITEYH63/80E 86 1N pwarer
hydrogentamdi el salfensngyker tiver feducientobpretmamatosaiutantsular
on the W%gg%f%@g%! acgaidingdQ any preceding claim, characterized

in that said 5 RTA in a pure argon atmosphere is carried out at a
temperature of 1150 to 1230 C. 16. Process according to any preceding
clatin, characteszechmdingt saiheRTAle Gvpupesesgow almosplobeeaigerized in

carried oyt qurRg.ane. 1030 rJ0isesends,d £cBIRGRSS AGGRIANG haRY-c.

preceding claim, characterized in that it is carried out on a wafer obtained
by a Smart-Cut-type process.
10. Process according to the preceding claim, characterized in that the wafer

has a silicon surface layer and the termperature for the 8C1 and SC2Z bath
is 70°C.

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

cleaning.

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

13. Process according fo the precading claim, characterized in that for the HFE

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

14. Frocess according to any preceding clalm, characterized in that before the
RTA the atmosphere of the anngsling environment is purged and filled
with a conirolled atmosphere containing argon mixed with a secondary

gas which can



15 18. Process according to any preceding claim, characterized in that it is
carried out on a SOI wafer. 19. Process according to any of claims 1 to
16, characterized in that it is carried out on a SGOI wafer having a

VR AUSLIEIEr in SiGe with a Ge 28 concentration which is IS4 96351

be hydrogen and/or HCIl, allowing further reduction of preliminary
poliutants on the wafer.

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

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

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

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

17.Process according 1o any preceding claim, characterized in that it is
carried out on a wafer obtained by a Smart-Cut®-type process.

15 18.Process according to any preceding claim, characterized in that it is
carried out on a SOl wafer.

19.Process according to any of claims 1 to 16, characterized in that it is
carried out on a SGO! wafer having a surface layer in SiGe with a Ge
20 concentration which is less than 20%.



