|14 January 2006 METHOD FOR REDUCI NG SURFACE RUGCS TY4 Jgﬁu%}{&ﬁ
‘inventien relates in general manner to the surface treatne materi al s,
and in particular to treating substrates for fabricating conponents for 5
m croel ectronic and/ or optoel ectronic applications. Mre precisely, the
invention relates to a nethod of reducing the roughness of the free
surface of a wafer of sem conductor materi al, said nethod including an
annealing step in order _to smpoth said free surface, 10 The term "free
surface" is used to miarA9e FOR RERUCING SA’RH&F&RHHPWH exposed to the
ext ernal envi I‘Onmﬁétprdse'h‘tﬁmmtvléasﬁohOr@lhﬂenst am‘ @@ﬁe&uﬂfm&na\mt@ isin
cont act t f f anot her vvafer As
. expl al ned beFl QS %é? %Cvenatcﬁmgr?tcgﬁ ]Bat?rlaf rfer?t ed 1&91?%1%%? cu%arly
advant ageoutrebtlitn@wutbsuﬂathasgfnmnﬁelp;matlr@rmnp@ﬂeohsw@h a net hod of
fabri cab nont Bge Ll tBobic dridyers ogtosRIloAntcapITRLeILAL OF the type
described in French patent 81 472 reproduci ng the
t eachi ng of the YBEYRIGGIEE1Y20thec iRt ian Kifdwhess tohe BRbReduttr)
met hod. In Qé&ihbﬂﬂg tné Srd’(ﬁjﬂﬁe%be@ﬁ e @Seef dd:awse oF stepref oaplanting
atons beneath a subs'tlrate

(& f s Ondlﬁh material (in

particul ar S%ﬁ“f‘?%’é 'ﬂ‘:tq]h %eirr’rf} antat dif d”JubBtrate; 25 a step
of putting &heeahphqritegp swbstriaretd dmootintdaiat €reensacfaseth a stiffener;
and a shep of cl [ t i_npl d.substrat n i on zone so
as to ?pansfer t pgc%ergctrr} gﬁfrofe Fﬁ%gsubs]tsr au[S%cfhé)t “ﬁeéﬁsfbgg%gg%%%%men t he
surface tha@fv@s‘-\'@fﬁlsuﬁ]l@@t éd eppoapd dm alh&)mmn@ﬂeehﬁprgmfaﬂon zone to.
the stiffenefy é&%lea@t feQr BNgnfe b Phde T4l Pl haYeh 96 isembregguct or

thereon. The term "I npl anti n% atons covers any borrbardrrent of atom c or
i onic specﬂ’é%t}éLﬁll%lﬂUé“fﬁ&e Pht fBOblRehgafgg or 'some other element).

As explained belbw, the invention can be implemented

15 in particularly advantageous, but non-limiting manner, in
combination with a method of fabricating thin films or
layers of semiconductor material of the type described in
French patent No. 2 681 472.

A method reproducing the teaching of the above-cited

20 document is known as the smartcut® method. 1In outline,
its main steps are as follows:

© a step of implanting atoms beneath a face of a
substrate of semiconductor material ({in partlcular
) silicon}, in an implantation zone of the substrate;
5?/ 25 - a step of putting the implanted substrate into
intimate contact with a stiffener; and
- a step of cleaving the implanted substrate in its
implantation zone so as to transfer the portion of the
substrate that is situated between the surface that was
- 30 subjected tec implantation and the implantation zone to
the stiffener, thereby forming a thin film or layer of
semiconductor thereon. |
‘  The term "implanting" atoms covers any bombardment
_ of atomic or ionic species suitable for introducing said
35 species into the material of the wafer, with the

implanted species having a concentration maximum at a




35 speC| es into the materlal of .the wafer, with the inplanted species
“having’a concentration maxi numat a 4 January 2006 2 degegantgrgdosiept h
within the wafer relative to the bonbarded surface, so as to define a zone
of weakness. The depth of the zone of pweakness is a function of the nature
of the inplanted species, and the energy which 5 is associated therewith
for inplantation. In this text, the generic term"wafer" is used to

desi gnate 4 beotht MATadAYeL, (EARSLRLT GHebY el ide SEREREUL (M) type method.

The waf er sem conductor material) can thus be
associ at edbaibarded tsuifass,, sandspb8sidfine & oG Of BFF\E?GS? nt er medi at e

layers. The terfhe Waifth JfS t@sbSQoHéegflxﬁeéﬂ%s@ gseat ruastiontof cover any
waf er, layer, or filmof sem conductor nmaterial %HCh as 5"'89&1

regar dl esstBf DABEFRO oMot M PEpREdWEPET 1 4rs BKeh!r GHGLEEY BY
Smartcgt (r)stypsoseited thetre@ioh) €or imphdtatdsms bei ng t hat of reduci ng

t he roughness f the free surface of.th fe Jor ;ap athons of the
type nenti oned tfthe 5& 3 n#‘ﬁggg?e% é?]é\@t %atfhe r(%% Er%gsis speci fications
20 associ adedigmahe tihe ffide sur layes btameferrehby $EED asevere, and the

qual ity of éad?%t?h&f wafers is a pararreter whi ch determ nes the
quality of S%%Et%nent sﬁ% made on the wafer. is thus corr?})n to find
n

roughness speC|'¥'l'|1%d'tqf@r¥s (whdcphhae made ‘h%ts%‘)é&é@d’”gt&ﬁg?ﬂ:‘é in root

nmean sguar gan(£H%s BRleocRaLabnpssnNRask £Me:S and geseinlyy perforned
using an atomc forc m Ccr,0Sco Wth that type of apparatus,

roughness pLsapatih & e§0 &Htgﬁ‘ngé@Eet BX®%te scanned by the tip of the
{AFM mi cr oscope, th@vwmngwarfeas is' ahsorasge ih iher present(pakt,x 1 pmto 10

pﬁ]X 10 p”%oagngPﬁﬁuI%% % SQaQQ}f §9 ki é¥'§%ﬁ§@oﬁggcggkx 100 pm.
material such as silicon, regardless of whether or not
15 the wafer has been proauced by a Smartcut® type'method,
the object in all cases being that of reducing the
roughness of the free surface of the wafer.
For applications of the type mentioned at the
beginning of this text, the roughness specifications
20 associated with the free surfaces of wafers are very
A severe, and the quality of the free surfaces of wafers is
a parameter which determines the quality of components to
'be made on the wafer. ,
It is thus common to find roughness specifications
25 that must not exceed 5 angstroms (A) in root mean square
{rms) value
Roughness measurements are generally performed u51ng
‘an atomic force microscope (AFM).
With that type of apparatus, roughness is measured
30 on surfacés that are scanned by the tip of the AFM
microscope, covering areas in the range 1 micrometer {pm)
"x. 1 pm to 10 pm x 10 pm, and more rarely 50 pm x 50 pm,
or even 100 pm x 100 pm. '
Roughness may be characterized in two ways, 1n

35 particular.




- Roughness may be characterized in two ways, in 35 particular. 4 January
2006 3 In one of these ways, the roughness constitutes gaangayeos " hi gh
frequency"” roughness and corresponds to scanning areas of about 1 pmx 1
pm In the other of these ways, the raughness is said to 5 be "low
frequency"” roughness and corresponds to scanning areas of about 10 pmx 10
pmor greater. The 5 A specification given above by way of indication is

thus for roughagsgngosf eaponding st 0 tReSeaRgIMER Wonk® iRt ¥s18copm 10
Waf ers produced by known nethods of the Smartcut(r) type or sone ot her

( } 2 " yp .

met hod) pr &8dAEdsuPt 3R et THARFIIHEE s SO8IDPLST ARMB LAHESPIRESgFBat er t han
sp;aci ficat is%ﬁ&n@ﬁgtﬁﬁeasf’r&ﬁl}dmﬂﬂ: apeai ki gqlma,bﬁve, unl esls tEe surfa](c:e of the

wafer is subjected to specifi reat ment, such as .15 polishing., A first
~ known type of rréf‘hf)%ief%tﬁ“?re i Stehé'aygmaé%er?uoq}é’ﬁﬁ s$%0 5§§f‘é?s consi st s
in subjfect beg"ilhe frederndyd "wowhersisoral" cdeaspaneist renscéangngsacri fi ci al
oxi dati on) t t nof.. .t hat oegpnot gnable the
roughness gfgg/g:gﬁgk?%u%e%frou tlodgrv[\'mgt?og%%ée}%fej:vel %f the above-nentioned
speci f i cat sBARSLEAFRhboRy gL vean e by Fartderindidipddorod§hhBYS, it is

possi.bl e t @o@nN¥bEgHResH U SAM MBI gNUBLET s@in Z-apRie ¢at lang of such
conventional heat "treatnents, and/or .conbining themwth other known
t ypes of mePhBl; that leads to a method that is | engt hy and conpl ex. %

Thus, 1fpor exanphefeFurOReATALENkndan heOifddS6EE dheckasescatPet hod of
temper at ar EYEST BF | G By o dT G nBEF TSHE At febiter L dAESPAPRG  hydr ogen.
(A 'second knéwaalype diamnetdeogreatsicsthannsperjBctatigns of the
-‘ magnitude specified above, unless the surface of the

wafer is subjected to specific treatment, such as

15 polishing. '

A first known type of method for reducing the
surface roughness of wafers consists in subjecting the
wafer to "conventional™ heat treatment (e.g. sacrificial

. oxidation).

20 However, treatment of that type does not enable the
roughness of wafers to be brought down to the level of
the above-mentioned specifications.

Although, in order to further reduce roughness, it

"is possible to envisage increasing the numbéer of

25 applications of such conventional heat treatments, and/or
combining them with other known types of method, that
leads tb a method that is lengthy and complex.

Thus, for example, European patent No. 1 061 565
discloses a method of that type, teaching lengthy

30 annealing (about 60 minutes (min}) at high temperature,
followed by cooling under an atmosphere containing
hydrogen. : | N

A second known type of method consists in subjecting
the free surface of the wafer to ghemical—mechanical

35 polishing.

' That type of method can ‘indeed enable the roughness

of the free surface of the wafer to be reduced.




the free surface of the wafer to chem cal - mechani cal 35 polishing. That
type of method can-indeed enabl e the roughness of the drieauayzbege of the
wafer to be reduced. Y 4 4 January 2006 Wien there exists a defect
~concentration gradient that increaseg towards the free surface of the
wafer, that second known type of nmethod can al so serve to abraid said
waf er down to a zone that presents an acceptable 5 concentration of

def ects. Howev t..Secon n . BL € ¢ he drawback
of conprom si ng"_h%%ﬁen%lrﬁr%o%%gg f/go?m@#e&??e(ggné%%? ggégéféfﬁ§%f er. That
dr awback i shabdinewraeswenagdpatlye Brerintuface1ofpbhestHRri s perforned on

the surface,9f §@@01¥@f1§{own?-§yp@091f%@§1&?0&§§%’1%0i Bepvéefotareagh
roughness levels of the kind nmentioned above. A third knobv\getype of net hod

- consi st s i PR OYRERT PV B8 GafeRet LR SEEaPM NGCTHIET & control | ed 15
at nospher egcokBontrasidrapifd deliees®l annealing (RTA). Below in this text,

this formof anpealing i referr to either hy i C A or in full
as "rapid ther "I'e‘éerf%eeﬁ%laﬁgs.ec?ﬂgt LY i YRF togpgeoﬁoﬁrséﬁ%%%%ﬁe wafer is
anneal ed e adrdwlggck erfperapuor] sivhg ctheaynifioeminyt € thegeredout 1100C
to 1300C, erd 0 econd (s) to 60 s. In a first variant of this
third typeélg f%%?h%%%éenfwaéﬁgfrpl e of which is to be found in US patent No.
6 171 965, the Thale dnavback &5 Pade \igese ivhaingolREde IBOHYE pRf f or ni ng RTA

of thegwafes: Ll & YIPSPREHEn CONSTd MRS BY anal ¥ipee, geseral ly
conprising hydrogen in conbination with reagent gases iHC HF. HBr, SF6,
CF41 NF3WWQEI9HZE necessarynlpnpkder i@ ILAGHACUGINERRE tATT o tYhe of

(met hod, = 36né hieiragaieeaionketlyabbvé he m xture constituting the
B A third known type of method consists in subjecting
the wafer to rapid annealing under a controlled
15 atmosphere, known as répid thermal annealing (RTA}.
Below in this text, this form of annealing is
referred to either by its acronym RTA or in full as
"rapid thermal annealing™.
In this third type of method, the wafer is annealed
20 at high temperature, which may lie in the range about
1100°C to 1300°C, for a period of 1 second (s) to 60 s.
In a first variant of this third type .of method, an
example of which is to be found in US patent
No. 6 171 965, the free surface of the wafer is smoothed
257 by performing RTA of the wafer under an atmosphere
constituted by a mixture generally comprising hydrogen in
compination with reagent gases (HCIL, HF,'HBr, SFer CFyy
NF;, CCl,F,, ...).
In this first variant of the third type of method,
30 the aggressivity of the mixture constituting the
annealing atmosphere enables the free surface of the
wafer to be "etched", thereby reducing its roughness. .
That first variant can present advantages. '
However a limitation lies in the aggressive nature
35 of the mixture of gases constituting the atmosphere used
in such a method, and elements other than the free

surface of the wafer may be exposed to the action thereof .




{

.

anneal i ng at nosphere enables the free surface of the wafer to be "etched”,
t hereby reducing its roughness. That first variant can prjasedry 2e08/ant ages.
However a limtation lies in the aggressive nature 35 of the m xture of
gases constituting the atnosphere use in such a nethod, and el enents
other than the free surface of the wafer may be exposed to the action

"thereof 4 January 2006 5 (the face of the wafer or the structure to which

s bon at f from aid. free surfac nt Wafer, and
sorretl mes g %ziﬁ na ﬁa%esk} ﬁttmccarlllrtehgé1 @ei‘)‘fr“‘lec{elgsary to take
addi ti onalbmm&scmﬁat Facksr apapt Boom rgpichdsmeelsenéacs, of heheby tending to

‘make the gRrhod £Yen.REEneOTR &3 ¢ HlCLAGONGSST KhinbOF the M xture used

can, under sone CI rcunstances, SO Wor sen ects Iin the wafer, and that
can likew se reluiGad dddist P@n&?cﬁ%@fmﬂ stakfoaﬁG%Fh%?%rr%ea%‘ﬁ%&fs vari ant

using gn aﬁ@%ﬁd&cﬁh@omhgéeemﬁ&w afhedididyetentii ggses, mskare of whi ch
are -reactiyve, uires an installation to be provided for inplenenting

such a netHyl’ IWHI L &V MPEPatPHRIS® conpl ex  (feeds for different gases,
saf ety measur esthe .aggrebsiAttiynet erientraitdtonre asght can, Eundgeasomat ent  No.

1. 061 565 corresponds to hat f e rd met hod.

I n that i Jr%‘%%‘h At on, éré%éf%e?fnée |nl%at5§t‘?’r%lgg}ﬁer%ﬁ%ﬁl§%ﬁal way's

contai ns hyadr ogigrewilse a‘egecmda@@ltmabftnetwenh’ﬁrd type of nethod, 20

the wajer is S%Jr%@fe%o%@ REAL NG S AJTBRPUEY nhat ingoes not have the
In

function of attac e’ mat er he wafer. |In that. variant,
snoot hi ng qtgnqqygle{r@smatde HBt Obf di BfRRMNg da%eShr 8M8UPE AtRIGR 3FR wafer, but

of rebuil dfébg:u&%tf}@qw&égcsnoinémwﬁm tonbkhptoeased fde anneal ing

at mospher e, IS typical I'y u % ggidr en mxed with argon ni trogen.
Fr ench patthi tllé’ﬂt FBﬁ g‘?‘i 5’ nafpatively ot Pex
{feeds for dlfferent gases, safety measures, ...}.
15 An implementation taught in European patent

No. 1 061 565 corresponds to that first variant of the
third type of method. In that implementation, RTA is
performed in an atmosphere that always contains hydrogen.

In a second variant of that third type of method,

20 the wafer is subjected to RTA under an atmosphere that
does not have the function of attacking the material of
the wafer.

-In that variant, smoothing is the result. not.of
etching the free surface of the wafer, but of rebuilding

25 the surface of the wafer. _

In that case, the annealing atmosphere is typically
made up of hydrogen mixed with argon or nitrogen.

French patent application No. 99/10667 in the name
of the Applicant discloses an example of that second

30 variant of the third type of method.

European patent No. 1 158 581 discloses finishing
treatment which always comprises two annealing
operations, including one RTA operation, said annealing
operations being performed in an atmosphere containing

35 hydrogen or argon.
The two annealing operations taught by that document

both serve to smooth the freg surface of the wafer. The




of the Applicant discloses an exanple of that second 30 variant of the
third type of method European patent No. 1 158 581 di schQafsary 2006 hi ng
treatment which al ways conprises two annealing operations, including one
RTA operation, said annealing operatigons being perforned in an atnosphere
containing 35 hydrogen or argon. The two anneal i ng operations taught. by
- that - docunent both serve to snooth the.free surface of the wafer. The 4
' ow freque

January 200g8$c€§q¥g££ Qﬁ!&ﬁ%guggg&n%ogg%ﬂ%gygﬂ?%ﬁﬁug%rgkgﬁf%?ated by the

| ast col urh A i'ch shows™ in partfcular the
effect of the asontblammeaifi Rgblepar aniomt clo@went t WeiRTASBPEFation. 5

Wih RIA Lgabip0lcflQ0ere %@@Qé{:%g\’@h@%rﬁj driafhiigguency roughness
I's 1.60 nm rms

after trea nanonet er s By 1 npl enmenting the two

anneal i ng Bperations aldeghndbhe nRTA doRRFERIONt he | ow frequency roughness

is sigaificant!|y: QY edeaiRanhi A0odd vatsrsawftiFe28xanplesland 0. 30 nm
rnms. The teaching of EP 1 158 1 is thus focused on performng two

_ 58
successi vel el BEFHTE Yo UIBBERF nGTbS* GHTREEIT Ny ‘Gher e snoot hing i's
char act eri zedo byamongteduct(inen nsl ows§ r egpbeesniriouplihesspe with the first

~of 15 those_two, anneal i ng.operat| of i ve t hg,,met hod taught
by EP 1 15§n%%ﬁl+%9 ?Qﬁ%ﬁ%lﬁgﬁy%%%ﬁgﬁh@ﬁaﬁﬁkéggEﬁégaﬁg’tgh?nplgnent since it
al ways reqfiregeengw @wgbalkissg iepeiaribheanoly shvidviedy. r¥AEREAGent i on seeks

to pr@gidevgfuégxgp%f_ n;mgQﬁghgndZQ_g@tﬁgdﬁmgpntioned above. It would be

advantageous to sinplify such nethods further. In addition, it would. also
be advant ageousTh® teaghidag gayER| § plp8 nedl thatthish f1R5HE5A PR t he

{crystall og;lsélpft'bﬁn%*ég HioUGleeeseive heparieidmd of dnlvetwaherbyin particul ar
as aresult of heat freatment (Sush; 8s.fhal vl chmght be

reduction in low frequency roughness), with the first of

15 those ﬁwo annealing opérations being RTA.

However, the method taught by EP 1 158 581 is
relatively lengthy and expensive to implement since it
always requires two annealing operations for smoothing.

The invention seeks to provide an improvement to the

20 methods mentioned above. '

It would be advantageous to simplify such methods
further.

In addition, it would also be advantageous to reduce
any slip lines that can appear in the crystallographic

25 structure of the material of the wafer, in particular as
a result of heat treatment {such as that which might be
applied.to the wafer in order fo cleave it when
performing a Smartcut® type method).

It is known that such slip lines can result from

30 . heat being received non-uniformly in different regions of

. the wafer (ﬁhere this is particularly troublesome in
furnaces presenting cold. spots).

Furthermore, the hydrogen used in prior
implementations of this variant is a gas that is

35 relatively expensive, whereas effort is continuously

 directed to reducing the costs associated with wafer

treatment methods.




- nmethod satl

applied to the wafer in order to cleave it when perforning a tcut.O
type nethod). It is known that such slip |ines can resu?l‘lagﬁ“'iﬂﬁig@ heat

bei ng received non-uniformy in different regions of the wafer (where this
is particularly troublesonme in fur haces pr esenting cold spots).

Furt hernore, the hydrogen used in prior inplenentations of this variant is.
a.gas that is 35 relatively expensive, whereas effort is continuously

directed to redugin he' costs .associated with wafer treatnent nethods. 4
January 2006 7 FERARIY. |16 G01E B BRrEAcHlarty SOvaNatedts o e,  abl o
- to i npl enenédbke ned hixdp batersf \d metthioel aboiefpeng i one hboly-eetet liomed

combi nat| onoiLh 8 [Btoggh AL 0%, SR SURLERGVEE: o SGlBagshd®rein is a

yi ng osSe nee fIrst aspect, ere’1s provided a
met hod of re¥ieei ng the roughness of the. free surface of a wafer of

sem conductor G- BdBHeRdin isSAhSnBEL hod conprising a stage of annealing in
order to snooth sajd free surface, the nmethod being characterized in that

the stage of2rERLGIHY ERSY "8&dSurf ace roughness conprises a single

snoot hi ng annealing operation inplenmented. in the formof rapid thermal 15
B e e b bV o, 2 90n Preferred
al so conprisesgttesd aff dliendrpel surZ8cst efsa watkesteD semiicupidadttiong at ons
R e L R s T Tt et e
substrate 2Blgmite imdaklt saddnfaece arhaeestilid emirhodaiging
characterized in that the stage of reducing the free
surface roughness comprises a singlée smoothing annealing
operation implemented: in the form of rapid thermal
15 annealing under an atmosphere made up exclusively of pure
argon. \
‘ Preferred but non-limiting embodiments of the method
are as follows: |
~+ the method also comprises the following prior
20 steps: , o
v a step of implanting atoms under a face of a
substrate from which the wafer is to be made, in an
implantafion zone of the subétrate; .
v a step of putting the implanted substrate
25 into intimate contact with a stiffener; and
v a step of cleaving the implanted substrate in
the implantation zone in order to make the wafer out of
- the portion of the substrate that is situated between the
-surface subjected to implantatidn and the implantation
30 zone, and transferring said wafer onto the stiffener;
_ the rapid thermal annealing is performed with a
high temperature dwell lying in the range 1100°C to
1250°C, for a period of 5 s to 30 s;
_ | the stage of rapid thermal annealing under pure
35 atgon.is followed by a polishing stage;
the polishing stage is followed by a sacrificial -

oxidation stage:




/| a step of cleaving the inplanted substrate in the inplantation zone in
order to make the wafer out of . the portion of the subsuugh@m%bggeis
situated between the surface subjected to inplantation and the

i npl antation 30 zone, and transferringgsaid wafer onto the stiffener; t he
rapid thermal annealing is perforned with a high tenperature dwell |ying
In the range 1100C to 1250C, for a period of 5 s to 30 s; the stage of

rapid thermal annggld ngiukdehgPYt8ge3Sa Pl AU foimled ianadcbysaipati shing
~stage; the polishing,stage Ls_fol?owed by a sacrificial oxidation stage:
4 January 2006 8 5 10/1§?C€#ﬁ%q¥ﬂh<9M1H§t§Pﬁges are perfornmed in succession:
/- sacrificial oxidativOrragid apie@nizleaifkadDngahndwgy wider agdgiom;ar gon;, /
pol i shing; and J-sacrjficial .oxidation;, the stage of rapid thernal
anneal i ng under pure é%%&ﬁq¥9gFoPP8Ved by the follow ng stages: /
sacrifi%ial oxidatiorf sdcypdlicdhilngxidatipnsacrificial oxidation; the
fol l ow ng successigp %Eaﬁgaggsrééigeﬁﬁégmg¥ta Aéaﬁqpbduhggrnghrgnneallng
under pure argon; /_ poli’shing; an rapi d thermal “annea i hg under pure
argon; t FErgmdes doldgped bliekhal fahletinh@tasgés pure argon-is preceded
by a stage of sacrifivigdcr@fidakioBxidhf€ost age of rapid thermal annealing
‘under pure argon is %pllowed by a stage of sacrificial oxidation; and 20
e

the stage of rapid tKemfHi*S8ARgal PRY under argon
10 . v sacrificial oxidation;

- the following succession of stages is performed:
v rapid thermal annealing under pure argon;
¥ polishing; and
v' rapid thermal annealing under puré argon;
15 - the stage of répid thermal annealing under pure
argon is preceded by a stage of sacrificial oxidation;

+ the stage of rapid thermal annealing under pure
argon is followed by a stage of sacrificial oxidation;
and |

20 - the stage of rapid thermal annealing under argon
is preceded by a stage of sacrificial oxidation, and said
stage of rapid thermal annealing under pure argon is
followed by an additional stage of sacrificial oxidation.

In a second aspect, there is provided a silicon |

25 on insulator (S0I} structure obtained by such a method.

Other éspects, objects, and advantages of the
invention appear better on reading the following
description of preferred implementations of the
invention, given with reference to the accompanying

30 drawing, in which:

Figure 1 is an overall and diagrammatic view in
longitudinal section of an annealing chamber enabling the
invention to be implemehted; and

Figure 2 is a graph showing the reduction in

. 35 roughness obtained by ihplementing the invention on a

silicon wafer.




i's preceded by a stage of sacrificial oxidation, and said stage of rapid
thernmal annealing under pure argon is followed. by an adghtd9n8be st age of
sacrificial oxidation. In a second aspect, there is provided a silicon 25
on insulator (SO) structure obtai nedgby such a nethod. O her aspects,
obj ects, and advantages of the invention appear better on reading the
~following description of preferred inplenentations of the invention,

given wi th ref efeneedr hieeash 2rPany NG %ﬁa%ﬁ:@ﬂn@gldﬁldﬁh‘é:m Figure 1 is
an overall and diagrammatic view In ¥on i tudinal section of an annealing

chanber en’élbﬁ%gci”hé’e ISREEN R ﬁnf%llb’etlr"r‘ﬂpleéﬁ?ﬁ'ﬁtl@do atd MR D is a graph

show ng t hehamiskietl @habn ind5theUgesSiebttal @edliaylem@ﬂmmnti ng the
i nvention on a _silico vvafer,f4.Janfr 20069WtQ ilener initially to
~ diagrammatic Figur EPmOEhdpefRhnt 29 8h- FIAT T T hg? exan%?e of an

anneal bng undh@nb@rpdreemlgbnngtmhephmmsiimm ttbebBTAnptemwiwedl. The chanber
Lo RO e A AR RIN AL LAR, PLAGS JiiIdSe8 DTS ALSODALAPSPhE! @

usi ng the RTA tec he ¢ conprises an enclosure 2, a reactor
4, a substaa%léo@amtiemcatrmyrestr@v\o6ariirveg@réfa%apégbﬁl%%slam@ 10, and two

pairs of sgdejdany tlBepaReL0SHr §ide COMYS.S€S in particular a bottom 10
wal | 12, a top Wal | 14, and two side walls 16, 18 Sltula%ed at respective

| ongi t udi nal enth® SMHREVERCE oSPRRT 1985 ik PR LEABIRF ¢? RHRTTY 16, 18
i ncl uges awgnt e120.a Ela@ waact 04, dans LaNsiideuwadibyla, quart z t ube

Tespect] Vet arais PLLYRELIEE S LR IB IRl L fhy AR the
(gas outl et222.0fhef ghs emtibewaz'?s|156,S|1t&1a1n@:duciasmeqst€le2®val | 18 that has
‘the gate 20. The,Ara¥sod 419:0Loa PR 3PS ALSrELt Hated

extending longitudinally between the two side walls 1%,

15 18. At the respective side walls 16 and 18, it is
provided with a gas inlet 21 and a gas outlet 22. The
gas outlét 22 is situated in the side wall 18 that has
the gate 20. ,

The arrays 8, 10 of halogen lamps are situated

20 respectively above and below the reactor 4, between the
reactor and the bottom and top walls 12 and 14.

Each array 8, 10 of halogen lamps comprises
seventeen lamps 26 disposed perpendicular to the
longitudinal axis of the reactor 4.

25 The two pairs of side lamps (not shown in Figure 1)
are situated parallel to the longitudinal axis of the
reactor 4, each on one side thereof, generally at the
longitudinal ends of the lamps 26 in the arrays 8, 10 of

, halogen lamps.

30 The substrate-carrying tray 6 slides inside the
reactor 4. It supports a wafer 50 that is to be
subjected to a stage of annealing under a hydrogen-
cbntaiﬁing.atmosphere 100 and enables wafers to be
inserted and removed into and from the chamber 1. A

35 chamber 1 of this type is sold by Steag® under the name
"SHS AST 2800". ' -
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20 respectively above and below the reactor 4, between the reactor and the
bottom'and top walls 12 and 14. Each array 8, 10 of hal ageRud-apbgs conpri ses
sevent een | anps 26 di sposed perpendicular to the |ongitudinal axis of the
reactor 4. 25 The two pairs of side |ggps (not shown in Figure 1) are
situated parallel to the longitudinal axis of the reactor.4, each on one
side thereof, generally at the |ongitudinal ends of the lanps 26 in the

arrays 8, 10 of thalogenel aithey cileTBRoSUpstLAt SPRLybBO (ray 6 sl ides
that I's to be

inside the reactor 4. It supports a wafer 50 t; subjected to a
stage of afifBaribgtedider enfrddoBeRLeE oRY AH iy ¥fodpHeF 100 and enabl es

vafers to REitinsgyseds@ntbti@nadingt andr{somayee ehamber 1. A 35
chamber 1 of this tgge is sold.by Stqu%r .under .. the ﬁ%ne ;'S AST 2800".
% TeiiFled SHRRAL X net Mieiert® 86°hay B2 Pdonst it ut ed

i n. genér al noanbatibin@nyammiargl.e- 1 ayer or nmulti-layer structure having a
surface | ayer o sem co ci Qk rj uc S, siLi i n; preferred but
5 non-limting %%nﬁ%r??cnﬁﬁ¥£%ngg%ﬁe%g$%%€ %é:()ﬁ g@%egff?%el$nvention is
to reducerediece oulghnesegtofessheff khe Eue¢ aper fofceswdhsachsarface | ayer. The
invention capebesi Pl epented to reduce the 10 roughness of the free surface
of a wafer 50 that has not been subjected to any prior treatnent, and al so

to wafers that ThRVEN RN BbhcaMnbe bYPLpetted %G e2ARERt SN n particul ar,

di ff enent y@%@mﬂé% 4. e IPeeNbLRacanpi Va IWa e ockhat | uaé%dxvaﬂt ageous
nmanner to reducing. the 15 roughness of the surface a structure
And/ or of BER pTierted it ARYOBRAREt DS miath) BrPnt n LR a

(§ﬁructure tisapoaradsben mparihedubar sipycahipd WWnegptamenmeshod of the
Smart cut (r) typﬁi particular, different variants of the invention
' apply in particularly advantageous manner to reducing the
15 roughness of the surface of an SOI structure and/or of a
substrate of semiconductor material from which such a
structure is obtained, in particular by applying a method
of the Smartcut® type. o
Thus, in the context of the Smartcut® method, the
Zb invention can advantageously be implemented for the
purpose of reducing the roughness of one or the other of
the two surfaces of semiconductor material obtained by
cleaving.the zone of weakness made during the ‘
implantation step, or for reducing the roughness of both
25 of these surfaces. '

The different variant implementations of the method
of the invention described below by way of example are
applied to treating wafers 50 having a useful layer of
semiconductor material 52 (e.g. made of silicon), said

30 layer itself having a free surface 54.

| The layer 52 is said to be "useful" since it is to
be used foi making electronic, optical, or optoelectronic
elements on the wafer 50. '

As mentioned above, the free surface 54 may be a

35 cleaved surface obtained by implementing a Smartcut®

method.




Thus, in the cont ext of the Smartcut (r) nethod, the 20 invention can

advant ageously be inplenented for the purpose of r educienddig 2088/ghness  of
one or the other of the two surfaces of sem conductor material obtained by
- cleaving.the zone of weakness made duning the inplantation step, or for
reduci ng the roughness of both 25 of these surfaces. The different variant
i npl ementations of the nmethod of the invention described bel ow by way of

exanple are apghbRdthe L4eat i Maker 8020yt A& defied ayer of

sem conduct or nmateri al 52 ‘(ﬁ%g made of silicon), said 30 | gyer, tsel f

avi ng a1 g Sherscat Banethadi J0Rs v ars S0aranbhipes REAT Wihce it is
to be useaisedulmakiog & ectbnicr] oxptieCahyeprigioeleestardmigca el ements on
the wafer 50. As nenti ng:tdabeove, the free surface 54 may be a 35 cl-eaved

surface obtXPREATHGYi AP eI ng a Smartcut(r) method. 4 January 2006 11
When tHe wafer 30 Bboahd 3@ wdssiataiod obabi edEiyurg He theart cut (r) net hod,

t he waf er : LS e I - L i de | ayer
itself covgﬁl%q%ﬁgggsﬁgp%ﬁsﬁ&&s%%?t ngegg%nl?yﬁgo%ﬁtggqgnggggt%ood that in

Figure 1 tHK® sPRFckhesdsefuk Havgar o2 80dhass bEesr SHdgea®dd in order to

show t he useful thayervée: aif ddrs tfHL@eb§UiﬁlﬁP&ne§fbedT%'ﬂeﬂ?eﬁﬁﬂ on can thus be
i-npl ement e er 50 under an 10

ds%lelgby perform ng an ETAs%?e.ont e wa
at nospher e PEFIREMENGr R RIATHE AGR G2 ERe aWALST i MY r 9ure argon conpri ses
t he stigps aomskphéng ohH:purmd acigag.t he wafer 50 in the chanber 1, with the

chanmber being cgld en t wafer..is Inserted;, 15 intr ing.an anneal i ng
at nosphere of p@b% ga\{tf]-a h or}‘iar?tnéletal%énghg &t %'frea aprrgé)snsﬁ(r%g'%gﬁﬁgﬁ to or close

(\f.‘jo at nosphéei stppessensistlinghoul d al so be under st ood t hat
- placing the wafer 50 in the chamber 1, with the

chamber being cold when the wafer is inserted;

15 - introducing an annealing atmosphere of pure argon
into the chamber at a pressure equal to or close to
atmospheric pressure. It should also be understood that
this pressure could also be set at a lower value, lying
in the range a few millitorr (mTorr) to atmospheric

20 pressure; ‘

- switching on the halogen lamps 26 so as to cause
the temperature inside the chamber 1 to rise at a raté of
about 50°C per second, up to a treatment temperature;

e + maintaining the wafer 50 in the chamber 1

L 25 throughout the duration of a high-temperature dwell; and

- switching off the halogen lamps 26 and cooling the
wafer 50 by means of a flow of air at a rate of several
tens of degrees Celsius per second, with-temperature
varying in application of any desired relationship.

30 In this respect, it is particularly important for
the argon that is uséd to be as pure as possible since
the Applicant has found that the presence of small
quantities of additional elements (such as oxygen iﬁ
particular) can lead to the material of the useful layer

35 ~ being atfacked (by forming highly volatile S5i0 if a

surface area of silicon is exposed to an annealing




‘this pressure could also be set at a |lower value, lying in the range a few
mllitorr (mforr) to atnospheric 20 pressure; swtchi ng 4Q)ant&g 20bes ogen

| anps 26 so as to cause the tenperature inside the chanber 1 to rise at a
rate of about 50C per second, up to.g2treatnment tenperature; rmaintaining
the wafer 50 in the chanber 1 25 throughout the duration of a

hi gh-tenperature dwel | ; and swi tching off the hal ogen | anps 26 and

cooling thgemWabgeroG it MBRA%RE 8 Ehovi Ofufiditgt o balgenl seyeral tens
~of degrees Cel sius per second, with tenperature “varying in application of

any desire8%PBP&R} onship. 30 In this respect, it is particularly inportant

for the argon thataps iused hasb&casdpth&t asugpssiskbgesbice the Applicant
has found that Ehe presence o I ntities of add})&ggn?h el enent s
0

| f smah qua e
(such as oRVGEALINY PEITS & BFCERACF AR ()Mt hé e eF e

€ usef ul
| ayer 35 bebnghatsackiedhebyreer sungahe ghd yro dbcatdelcee8s@dif a surface area

of silicon_i s6d.Jo an annealing 4 January 2006 12 at nosphere that
i ncl udes asgﬁgﬁf?guan yit'ty of oxygen, for exanple). The Applicant has found

- that such a st ageeofeswiseabitagnaddeeraniatpmepifedaroPfpkelar gon enabl es

the 5 roughpess Qhalifs ithee sHE! 268usPiéR e Kwgheasedrhstgakhi cantly. The
results obtained were i'n particular of nuch better qual téét{:‘lan t he
n

. R .
reduction PR PBERHRESAEAY BAnCOBEBblMHEF EABRP LT IEBNGENEFDhal
treat ment sweht@snhest t1Q GheatifEbiadf okh@aisianr ithipei.al oxidation type. The

ualer vert to bhte b dAeE i BTt pal FERT NG KPRTalFoR  Sanailage of RTA
(_.umder pur ebatgen owan danpoudd, beoLf 1Be exafgpt eiera highet enbgeatede dwel |
havi ng a d%aéig&f)éhi%gso&;%é@ién.a“d a treatnment tenperature lying in the
The stage of RTA under pure argon may comprise, for
15 example, a high temperéture dwell having a duration of
5 s to 30 s, and a treatment temperature lying in the
range-_lldo“c to 1250°C.
Figure 2 shows the reduction in roughness obtained
by such a method. More precisely, this .figure sets out
20 the improvement in "haze" obtained by applying a method
of the invention as described above.
In this figure, the abscissa axis relates to
different wafers, with haze being measured for each wafer
before applying annealing of the invention (top
Lo 25 measurement) and after (bottom measurement).
In Figure 2, the top curve thus corresponds to haze
as measured at the surface of SOI structures after they
have been cleaved, and the bottom curve felates te the
same measurements performed after RTA under argon at
30 1230°C with a high temperature dwell of 30 s.
The term "haze" designates the optical signal
diffused by the surface of the substrate 50 in response
to being excited by light. This hadze is representative
of surface roughness.
35 This characteristic which is representative of the
" surface roughness of the substrate was measured in the -

present case using equipment of the KLA Tencor@’type, and




‘range 1100C to 1250C. Figure 2 shows the reduction in roughness obtained

by such a method. More precisely, this figure sets out 42@nidre200e€r ovenent
in "haze" obtained by applying a method of the invention as described
above. In this figure, the abscissa ax3s relates to different wafers, with
haze bei ng neasured for each wafer before applying annealing of the
invention (top 25 neasurenent) and after (bottom neasurenent). In Figure 2,

the top CU&Y%EQ%&P&J#%‘%&%®% Z€ £ n@ShARASHE & Auddie isuthaee of - SOT
after a

structures ve been cl eaved and the bottom curve relates to

the sane nmbakededet §f}§érIT9<§rer¥§608f BPZ?{TQ? %hder argon at 30 1230C with a
hi gh tenperat ure: dwl IbeOfse3@ $hathenbersaudezen dediagrakesot bhe opti cal

signal diffused by the surface of the suhstrate Le n to beln
exgl ted by?}iYreunHiat,dse comppggp i@eﬁ?a@?%eresouf sur?’gceéfgguéﬁne :

- Thi s char ashesisdd dbwhitdlerd KTReprebanyaes v ef of &mPlsauRﬂ‘ACend@ughness of

the' substrate was neasur | t 31?%1 guipgept of the KLA
Tencor (r) ?n atmos eJénﬁauaerng O%‘E%gﬁ%{) ?ﬁ ﬂ?dséggn%GZZO?‘S? nodel : the
haze as rreasur é@bx% pines selapeltbd bl}lpr*h*éem@ﬂérﬂéhd@zeh&?éréﬂem S|t can be

seen that {he,sedyedipn dﬁl%aebwgofaét@f oRTHEYTRUN thhab.is conparable to
the results that can be 5 obtained by other RTA techni %ueg for exanple RTA

under an at nosHHETE ARERSIY - a LRPXEURRE BRI HYRE dRfdiosh on. More
preci sgl y1lrﬁ\|f@1ﬂ1m{ QBN ¢ @ob@iBl@Otdse@Ms taxlaze wiehnghdsvi ded by a

factor of ab to Adyant ous| nment.i ng he nethod of the 10
_invention IhJa sl‘?‘f lpc?ifg BRd ity ngg?na‘f%js%{% ‘%‘ gtt ﬁl gh level of

(qual ity V\hhdar@tﬁ)/r&tcﬁla’h:g)vteh&eﬂ_lamtlgt tonprlanerRTmrmbfabwesrel ating to prior
RTA techni ques., LLGUar 518EBCE 80000, | Al naehieBbnagaEletor  of

heat, using an arf rﬁ)sp ere 6f puré argon ena
of heat, using an atmosphere of pure argon enables heat

15 to be spread in a manner that is as uniform as possible
inside the chamber 1, thereby reducing the slip lines
that can be obsérved when implementing those prior
methods.

As mentioned above, the invention can be implemented

20 solely by the stage of RTA under pure argon: this stage
makes it possible to obtain a considerable improvement in
the surface state of the wafer 50.

In addition, this improvement is obtained with
practically no material being removed from the wafer, but

25 on the contrary with the surface 54 being rebuilt and
smoothed. '

Several variant implementations of the invention are
described below involving not only the stage of RTA under
pure argon, but also additional treatment stages.

30 In a first variant, the stage of RTA under pure
argon is followed by a stage of polishing the surface oﬁ
the wafer 50.

This polishing stage is implemented by conventional
chemical-mechanical polishing.

35 It serves to remove material from the working layer
52 situated close to the free surface 54 and which might

still contain surface defects.




15 to be spread in a nmanner that is as uniformas possible inside the
chanmbet 1, thereby reducing the slip lines that can be Dhsriaveooshen

i'nmpl enenting those prior methods. As nentioned above, the invention can be
inplenented 20 solely by the stage ofy RTA under pure argon: this stage
makes it possible to obtain a consi derabl e inprovenment in the surface
state of the wafer 50. In addition,. this inprovenent is obtained with

practically no terl %Ontgie %gﬁaggovgq fét?){aéanrbg \@@%eqm Qyt aie on the

contrary with t Suitace el ng rebul snoot ed Several vari ant
i npl ermrent aenmmrs xﬁ il dwere mpitonn &y eby de e isdd nige ISEAIE nVBL Vi 3SR 0ot only

the stage Bm-fv!ffentp%%u@&egm butqal so addistdienal bixeaieest stages.
30 In a f|r t varian he stage of RTA under pure argon is followed by a

stage of pePTRHIGH WiHd Waééeéme“t’%e waf er 50. This polishing stage is

i npl engnt ed by m@um@aaﬂlalcb@mu@aiome@r@v cal mlehshdngo 35 It serves to

renove material from | ayer 52 sSit ted free

surface 5.4 vﬁﬂ%f#ﬁ?e&ﬁts tb?fg'lﬁ"l %Et%‘?%aléhraf ace E%Fe Eﬂgﬁilﬁ@uary 2006

14 Tn a. sesiosgk varWhsnt mt;ﬂems:hagagoth&med:erorpwtféeraagﬁmar‘sCfﬁ*é | owed not

only by a RaliSA! N ARG malUbethSoc PYe i SHRPRURN G npight 1RGAl stage of
cor% ned W th hea

sacrificial  oxidation : _ treat ment. The-sacrificial
oxi dati dn stagre 45 thet eldeding skegeice any defects that might remain after

the fohlowi ng #iage - MR LAPLETEREINY deyd Merprieesakher a Smartcut O
met hod defects may be associated with the 1nplanting stage or the

cl eavi ng se¥HBtHY HiEk A0 R PaPxHI3 R GiF<®t-age conprises an oxidation
(step and a de- opidlatdAn tye@PmeRibei henltd rRalaeMetiv@enntReposed bet ween t he

oxidation step and the de-oxidation step.
The oxidation step is preferably performed at a
15 temperature lying in the range 700°C to 1100°C.
The oxidation step may be performed by a dry
technique or by a wet technique.
In the dry technique, the oxidation step is
performed, for example, by heating the wafer 50 under
20 gaseous oxygen. '
| '~ In the wet technique, the oxidation step is
performed, for example, by heating the wafer 50 in an
. atmosphere charged with steam.
_ In both the dry technique and the wet technique, in
25 conventional methods known to the person skilled in the
 art, the oxidizing atmosphere may also be charged with
hydrochloric acid. '
The oxidation step leads to an oxide 60 being formed
covering the surface 54 of the useful layer 52.
30 The heat treatment stage is performed by any heat
' treatment operation serving to improve the qualities of
the material constituting the useful layer 52.
The heat treatment may be performed at constant
temperature or at varying temperature.
-35 With varying temperature, heat treatment 1is

performed, for example, by progressively raising




oxi dation step and the de- oxi dat i on step. The oxidation step is preferably
perforrred at a 15 tenperature lying in the range 700" C4Uanuiatp2088 The
oxidation step may be performed by a dry technique or by a wet technique.
In the dry technique, the oxidation step is perforned, for exanple, by
heati ng the wafer 50 under 20 gaseous oxygen In the wet technique, the
oxi dation step is perforrred for exanple, by heating the wafer 50 in an

‘at m)sphere char oth the dr o nd the wet

t echni que, tFPPC ’%at %’&‘ff"lec?ﬁg}:wﬂe}’ﬁg'ﬁ%s’k Wlt E%%Bp!é%'glgnéask| lled in the °
art, the oqscch]zlengr@t myspihienédlpayetlam ltewccrv@rlgeélv\ﬁtﬁ hydr ochl ori c acid.
The oxidation ﬁ}%" he%%dzfteggg\@ﬁlﬁxéﬁe? e6Qtsb | G AbTEdne FRYAREAGE he surface

54 of the usef ayer t tr atnment s 8 LS perforned by any
heat trealt¢asi Up@aa”ttl gt seterpgrav s prighen f8agua p@l%s M9 the materi al

consti utipgrd fkﬁafti%wlaﬂl@vygrroéad ﬂ@o*@&{o tipeatgent may be perforned at
constant tenperature or at var ? %%%T %B eé %| ng
tenperature, hedtis rhé’é’ttr’r@ﬁteatg‘e ¥t Y BRERPIRS %F gt essi vel y
raising 4 demust iz himbepsneret Ui de tivsse reotripe i g el aegc,mDr Wit h
tenperature., oscillatin cI| ally bet t S he heat -

treat nent %{fa 5y g‘réjrr%g& g(érfo‘:r)rmel e‘teqi I‘_ﬂ\(,avszhél%/{%ngg g?'?{lg?Séla- t enperat ure
hi gher thaqnaa@@OCwandheEtnmmeapaentduﬂlardeCaMUQGtrfg?@@@dtw 1200C. Thi s heat

‘treatpgnt is.pieferably performed under a non-oxidizing atnosphere, which

~nmay conprise argon, ni trogg gdr ogen, etc., or indeed a mxture of these
‘gases. The heatA ks srederapay  al8e o6l GHWY FE@Pi #SaP2BIOREEAm Al so

& pref erabl y,ridie Qxigat heRtstepatfeRerdiged

In this way, the oxide 60 protects the remainder of

the useful layer during the heat treatment and avoids the
15 phenomenon of pitting.

Pitting is a phenomenon that is well known to the
person skilled in the art and occurs at the surface of
certain semiconductors when they are annealed under a
non-oxidizing atmosphere such as nitrogen, argon, in a

20 vacuum, etc. It occurs in particular with silicon when
| it is bare, i.e. when it is not covered at all in oxide.

In an advantageous variant, the oxidation step
.begins at the beginning of the rise in temperature of the
heat treatment and it terminates before the end of the

25 heat treatment. 7

The heat treatment serves to cure at least in part
the defects generated during the preceding stages in the
method of fabricating and treating the wafer 50.

More particularly, the heat treatment may be

30 ‘performed for a duration and at a temperature such as to
enable it to cure crystal defects, such as.stacking
 défects, "HF" defects, etc. generated in the useful layer
52 during the oxidation step. '
The term "HF" defect is used to designate any defect
35 whose pfesencé is revealed by a decorative halo in the
buried oxide which is éituated under the useful layer 52

{when the wafer 50 is an SOI_wafer obtained by a




. prior to the heat treatment stage. in this way, the oxide 60 protects the
remai nder of the useful |ayer during the heat treat nenu,@ngbrg\zgosis the 15
phenonenon of pitting. Pitting is a phenomenon that is well known to the
person skilled in the art and occurs the surface of certain

sem conductors when they are anneal ed under a non-oxidizing atnosphere
such' as nitrogen argon, in a 20 vacuum etc It occurs in particular with

silicon wh @ba ' oyer ed i pxide. In
an advant a?‘ §C\'715r| Al ?‘ijr\e 8 '?%I'::;lt |hoen w§t 35 %‘eél %gegtt?% éj"lbaeglr{r:nl ng of the
rise in temzhavdr eydfofheorheacidreatnent and it term nates before the end
of the 25 heat h%eﬂEQP”Er%Jﬂﬁen'{e%tlsU E?&H@HESS%Q%J&&%%@ lleast in

part the defects generate uring the preceding stages in the. nethod of
- fabricati ng?e&ﬁéotfﬂéamﬁ@et}?@@@éﬂerln%@rf%?e Padt | Refigan, thend aest

treat ment %&m@%@%&ea&@m@omeortran@l,@éatb@ntn@ds;aar@dte@rnﬁtatwe such as
to enable |t to cure st al ects, such as stacking defects, "HF"

defects, ef®d § ﬁeFHPBﬂr Jrlmi’h%J 5@5? layer 52 during the oxidation step.
The term "HF" dehectetsxideridro sdtepl dsapeedayaldef quirf3mashdse presence i s
reveal ed b% g gegorati ve halo in the buried oxide which is situated under
t he useful )'7] Y (when the wafer 50 is an SO wafer obtained by a 4

January 2006 16Bgnuay cof (¢yampichodhe abletriohel ped divdraf IvogiCtreated in a

bath ofo hydeal! uBihe 0! g T Jeghs! reat FEpinPhetePrananlce e advantage

~of relnforcm ding Interface, e.g. between the Ia er
t.ransf errede@eﬁﬁngn@hbhww(éao &f TeHetBARFRRA FRYSHRAMO AL ﬁ’&lfiﬁe

(suppor ti ng ¢aubshEat ehe Therse-nxiidatiippeat en sscprefasabldonper formed in
sol ution. By ma¥ Of eglgylvarfgy% S% gtggggég ofhggg(géégﬁd variant
described above are p;eceded by an additional stage of
15 sacrificial oxidation of the surface of the wafer 50,
this sacrificial oxidation (identical to that described
above) preferably being combined with heat treatment.

The Stages of RTA under pure argon and of chemical-

mechanical polishing in this variant are identical to
20 those described for the other variants described above.

As for the above-described sacrificial oxidation
stage, the first and second sacrificial oxidation stages
both comprise an oxidation step and a de-oxidation step.

The first and second sacrificial oxidation stages

25 and the heat treatment steps are analogous to hose
described for the second above-described variant of the
method in . accordance with the present invention.

'In a fourth variant of the invention, the stage of
RTA under pure argon is followed by two stages of

30 sacrificial oxidation of the free surface of the wafer
50. '

These sacrificial oxidation stages are identical to
those described above and are preferably combined with
heat treatment as described above.

35 In this variant, an additional chemical-mechanical
polishing stage is interposed between the two sacrificial

oxidation stages.




1Q acid solution at 10% or 20% A few mnutes suffice to renove one

t housand to a few thousand angstrons of oxide 60, when 4tJaouaryf280650 is
di pped in such a solution. In a third variant, the stages of the second
variant described above are preceded;by an additional stage of 15
sacrificial oxidation of the surface of the wafer 50, this sacrificial
oxidation (identical to that described above) preferably being conbi ned

with heat treat gant. cTRg, NAGEROLRTA UNRIBULE 25R08.aRdsobechent cal -

mechani cal olishing in this variant are identical to 20 those descri bed
for the ot R&R vaﬁiﬁanwr@@@qrb@&eaaévéorm% qrorth%élaé%véodeyéfihbed

sacrifici a'th@é'ed@tabogtaﬁsagﬁvﬂn@e:Lfltéﬁﬁ)o@é‘tﬁj acensh saekl hi ci al oxidation
st ages botgg |se an oxidation step and a de-oxidation step. The first

~and second© CWE? hapd i iRt 18PagEsSt ¥ and the heat treatnent steps
are and ogous tmnh5531xue3&nnbem bﬁrthéelmﬁﬂﬁndnabmweadesfncbem vari ant of

t he ”Ethogﬁéﬁaﬁﬁgﬁh E%ﬁé f@:ﬁérf &eé the é§¥3é¥1ofl@ ngégh variant

of the inv on ure argon I's by two
stages of 30 éubnchletéme(m@ @dﬂdénldenth@alrtﬂaQhﬂﬂﬁad@sgrlbﬁé waf er 50.

These Sacthbia|aﬁé'ﬁéﬁh%&é%%%g?scéﬁﬁlhgﬁWhi%ﬁhmk& tiBasRedescri bed above
and are refera nmbined wt eat treatment as described above. 35 In

this varlaﬁfteénwéﬁﬁht?Qﬁuﬂaﬁﬂﬁéﬁpcaﬁ fekiefichito 3B $RARE &Page is

|nterpgsedabﬁbgpngréh@fqux§@Q@bhlC|aI _oxi dation stages. 4 January 2006 17
In a fifth variant_of the invention, wg st a s of A un ﬁfre argon
thaget 8

are performed ot AeSHEIEMN 86 qPF ot ﬁa9F er posed
{bet ween theneatebematmjsﬂﬁgé$amﬁcahepsist|vqxxﬂm&gas SeWBraeéthh vari ant of

L oot 9P BRI 0, 95 ER, AR R PRS00 e s face
sacrificial oxidation.

15 In an eighth variant of the invention, between two
stages of sacrificial oxidation of the surface of the
wafer 50 (which stages are still identical with those
described ébove, and preferably combined with heat
treatment), there is interposed a stage of RTA of the

20 = wafer under pure argon. .

It should be observed that the different variants of
the invention as described above all make use of a single
annealing operation for. smoothing purposes. .

This single smoothing annealing operation

25 corresponds to rapid thermal annealing under an
atmosphere made up solely of pure argon. -

Some of the variants may also make use of other

_ types-of annealing, with those annealing operations not
serving to smooth the free surface of the wafer.

30 | In particular, the heat treatments associated with
the sacrificial oxidation opefations serve to withdraw
material and to reinforce the bonding interfaces, and not
to smcooth the free surface of the wafer.

Although the sacrificial oxidation operations may

35 have an effect on the roughness of the free surface of
the wafer, it should be understood that this effect is
not in any way comparable with the effect that is




above, and is. preferably conbined with heat treatnent), after which the
wafer 50 is subjected to RTA under an 10 atnosphere of pueBUalygeed In a
seventh variant of the invention, the order of the two main stages of the
sixth variant is reversed, wth RTA uynder pure argon being perforned
before sacrificial oxidation. 15 In an eighth variant of the invention,
between two stages of sacrificial oxidation of the surface of the wafer

50 (whi Ch skageged Sy lshidBRbhGg! Whilh (0058, d8srEhbednaove. and
preferably conmbined wth heat treatnent), there is |ntergos d a stage of
RTA of t heabQvendferrafidsr thar dour §EATUERCE HOANIInEESoBE ek bR THAL t he

- di fffarent g@ff@é& Sopfthez !%fie]@veﬁt is@@ntﬁﬁicﬁtﬂﬁsrniab&érabov_?_ al | yrakf use OI ha
single anneali operat.ion.for. snpothing purposes.. i S Si. snoot hi ng
" anneal i ng opera p&&aﬂéé’poFla‘gn?’ée?'é‘?f?cépﬁ@ﬁﬁ&?ssnﬂgaﬁ?ﬁgpgn%er an
at nospber esnafiecaipsa elafeaf cpur beargduce®dne woffachervafi ants ?2my al so nmake
use of ot t f..anneal.i . W 0 an LAg.pperati ons not
Bl 3 AP AL SRS Lot A AR, SURRG 0 e

serving t I | ree surrace o n particular, the heat
t r eat ment sredgoicn dé wift khet bedeaceffa cfagtaxiofatfoWheper at i ons serve to

Wi t hdr aw ﬁ@}f&r@:ﬂngfa@@atqiheitﬂﬁgreesg)@@t baneli g, dentahf Beegadandonot  to -
snmooth the free surface of the wafer. Although the ssg{jl éiﬂa' oxi dati on
oper at i onsthytalss 1pa gags dPf €t FERNERP I RIGhACss Zof 2P h ee surface of

the waper, it shoulsdabeourdarstioft phstiddliasr ebbecthesteaching any way
"ot hi nge W SS0EES HESTahE P aRBE E AHOVE RS SHeliEE The |ow 1 equency
(_r_oughness sdcthE dinde oxddatdon shtibéywafreved rehsitgnisf qoahe manner. Thus, -
ﬁﬁghggh'ﬁ’yd%%a{r“ﬁﬁ?*%?ﬁ'{tbgugtmegf Qr[lo(_t,{}girfg[_ee 5 surface of a wafer can be
In particular, the teaching of French patent
15 No. 2 777 115 relating to such heat treatments included
in a sacrificial oxidation operation and mentioning the
possibility of using an atmosphere of argon cannot be
transposed to the circumstances of the present invention
in which an essential element lies in heat treatment in
20 RTA mode.
A characteristic which is essential and common to
all of the variants described above is thus that of the
method of reducing free surface roughness having only a
s single smoothing annealing operation that is implemented
L 25 in the form of rapid thermal annealing under an

atmosphere made up exclusively of pure argon.




by a sacrificial oxidation technique, whereas the reduction is of the
order of a factor of 10 when perform ng RTA (in this rebdmuary2006rence can
be nmade to the table on page 19 of French patent No. 2 797 713). 10 It is
also stated in particular that the tepghing relating to the heat
treatnments associated with sacrificial oxidation satisfy a need that is
"quite different fromthe aimof smothing. In particular, the teaching of
French pat No. 2 777 115 relating to such heat treatnments included

in a sacri C|a oxi dation operation and nmentioning the possibility of
usi ng an at nospRihedopb fargdncéntnbhe beoughmgsspefedheo frre 6bréamst ances of

-the presentsi NIMEMNIORE %@mWEbﬁHuéBo?sﬁé%Effﬁl LelseMBintnekheg i n heat treatment
in 20 RTA node. A characteristic which is essential and commpn to all of

" the vari aff ¥ RIgstiNdhad ShBEeeCf s2PRERL iMAatiThondeE tReFRBALHET SREHuci ng free
surface rofighnest faas, NghenhgtBod Shaghe c&mdtle&gzaaneal tngtopﬁeatl on that
IS |nplene ted 25 in the fogﬂ1o% rapi d %}erna nneal |n und gr
at nospher € Histe Up [ELRFAROVENS GFEPUTE HGorf oW f&ﬁﬁaf? B508 TQ CLAINB 1.
- A nmet hod dfircelducmogthhegr enghadssg obpetee forednplefaotedofinathaf er of
seni condu ling in

Cf S TR %gﬁ@ Fﬁggﬂggﬁg@%ﬂﬁ%ﬂ{d@hﬂg% a%héggﬂf-}}eafﬂg&é

order to snpoth sai ei ng aracterized in that
the stagefedddgdivadyt pé Pnee sugdace roughness conprises a single
snmootfg ng anneal i ng operation inplemented in the formof rapid therma

anneal i ng under an atnosphere made up exclusively of pure argon. 10 2. A
nethod accor dt §tedt RECPFELRY FY Eﬁ%uﬁﬁeCQQ%ﬁﬁaéﬁéFerd inthat it also

{conpri ses dihgrfc@lelr@weadinpthet st ePbso dbnpraReel thepkaniongngt ons under a
face of aprlor steps:
- a step of implanting atoms under a face of a
15 substrate from which the wafer is to be made, in an
implantation zone of the substrate;
- a step of putting the implanted substrate into
intimate contact with a stiffener; and
- a step of cleaving the implanted substrate in the
20 implantation zone in order to make the wafer out of the
portion of the substrate that is situated between the
surface subjected to implantation and the implantation

zone, and transferring said wafer onto the stiffener.

25 3. A method according to either preceding claim,
characterized in that the rapid thermal annealing is
| performed with a ﬁigh temperature dwell lying in the
range 1100°C to 1250°C, for a period of 5 s to 30 s.

30 4. A method according to preceding claim, characterized
in that the stage of rapid thermal annealing under pure

argon is followed by a polishing stage.

5. A method according to the preceding claim,
35  characterized in that the pollshlng stage is followed by

a sacr1f1c1al oxidation stage




15 substrate fromwhich the wafer is to be nmade, in an inplantation zone
of the“substrate; a step of putting the inplanted subsaDYRAE® intinate
contact with a stiffener; and a step of cleaving the inplanted substrate in
the 20 inplantation zone in order toogake the wafer out of the portion of
the substrate that is situated be_tween the surface subjected to
inplantation and the inplantation zone and transferring said wafer onto

the stiffeper, %étﬁod%ggé{g%ug%@ N0 o [:i‘ﬂmgrf-cq%ﬂ@g claim

characterized in that t annea I's perforrred with a high
t enper at ur hawarteryrag im that %gf@lﬂweegt 5ta2%@@r¢ Reefparabd of 5 s
to 30 s. 3QndsuAcaBLied: accordlng to preceding claim characterized in
that the stage of ra d ther nneal i ng under pure argon is.followed by
" a polishing stageSBC "ig to the preceding claim 35
charactseri zed in t.ﬂﬁidtﬂ&eﬁﬁﬂl shinwg lsinageandsrf phtewedydyy; a sacrifici al

oxi dation stage, # qgar 200 20 6. A nethod accordi ng to-any one of
claims 1 to 3, chars ter ed1|n that the follow ng stages are perforned
in succession: -sageirifidcidl meidtiom. rapid thermal annealing under pure
argon,; polishing; and sacrificial oxidation. 7. A method according to
any one of clainms 1 to 3, 10 -characterized in that the stage of rapid
thermal anfdeaRi REthederCEREBNG don any PRl Bhedldis bk Q130w ng st ages:

sacri fiipci akhaxh8ebtPPed iPAUHaNItME AR 2 &% rﬁpmlim@mdl oxi dation. .8. A
met hod according.to a one of cl ains ? charalg:t etr ﬁEd |n that the
(fol | owi ng §BE€%gé’i‘%n @E%tpaﬂ’e% argon 1s folloWwed by the To

stages:
sacrificial oxidation;
- polishing; and,

15 « sacrificial oxidation.

8. A method according to any one of claims 1 to 3,
characterized in that the following succession of stages
is performed: '
20 - rapid thermal annealing under pure argon;
- polishing; and

+ rapid thermal annealing under pure argon.

9. A method according to any one of claims’'l to 3,
25 characterized in that the stage of rapid thermal
annealing under pure argon is preceded by a stage of

sacrificial oxidation.

~10. A method according to any one of claims 1 to 3,
30 characterized in that the stage of rapid thermal
annealing under pure argon is followed by a stage of

sacrificial oxidation.

11. A method according to any to any one of claims 1 to
35 3, characterized in thatlthe stage of rapid thermal

annealing under argon is preceded by a stage of

sacrificial oxidation, and said stage of rapid thermal




-

is performed: 20 rapid thermal annealing under pure argon; pol i shing; and
rapid thermal annealing under pure argon. 9. A method a#deneanigd@® any one-
of clainms 'l to 3, 25 characterized in that the stage of rapid thermal
anneal i ng under pure argon is preceded{py a stage of .sacrificia

oxi dation. 10. A nethod according to any one of clainms 1 to 3, 30
characterized in that the stage of rapid thermal annealing under pure argon
is foll owe . rificlal i j 1 0 ccording to
any to any Bigafiq Rl pRAPIAdGH Ao MM by An AT e RE T age of
rapi d t her Fhpganabas 2yl Uil argotntiiopr eceded by a stage of sacrifici al
oxi dation, and said stage of rapid thermal 4 January 2006 21 annealing
under pure grgon is_foll owed by an additi onal %%gge of sacrificial

oxi dat i on. 142 Ar ;pOEFErugtyrg aRFadied fud wredhnet REGCEELBPAFAG to  any
precedbng &hfipreceding claim.






