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PROCESS FOR TREATI NG SUBST mm&wﬁ M CROELECTRONI CS 7l NBYSARY, 204D
SUBSTRATES OBTAI NED BY. THIS invention relates to the field of

processes 5 for treating substras@&*intended for the manufacture of

m cr oel ectr 'd:lp{;ﬁfg opt oel ectroni ¢ conponents. Tthlrpg.ﬁabi/e?ngso

relates to the substrates obtained by this process re speciftrcally, the
invention relates to the 10 field of-proecesses for treating substrates that
are entirely sem conductors (for exanple silicon) or entirely insulators,
or alternatively suBBP¢BESsFPRATREARENGt SBBSBRATRBKFOR BREi conducti ng or

insul ating | ayEeR6ELEBEREN TBY P@D@‘s@ﬁ?r%% SobOTHRYES bETAERES! ed 15 a
| ayer (for exanple an epitaxial la rS or substrates conprising

nonhonogeneous structures, such BRAASSs conpri si ng conponents or
parts of conponent sTied IFEntoron essl agvaneedchevel s1af offthgirbcpiseddct i on.

Ther e e§| st to a,é:ertal d@ t@ fro thgﬁﬁo surfC ce of at | east e face
of thes2 su fts)s]fra?ea -l a@%? of er‘r%ltje SIGHi ERE. ﬁ? 8RS ASERERaOYy, makes
up the consti ¢uné ecofonhe ajlxir/ptme:vntsoeg)kapazrcamliaamd;ﬂmbcmém This |ayer

will be referred tth§r§P%%%E9thya198 gﬁﬂﬁﬁiﬁioﬂo Wor ki nglay8 e 25 The

quality of this workin ayer conditions at of the conponents. eI‘:Sfforts
are conti nRR3A R4 iy nﬁd@ tRreFpidve the quality of th| s working | ayer.

Thus, attenpts are M@ﬂ@ @pé@lfpcéﬁplwetﬁ@elﬁuaﬁaﬁ@nr edghress tof i s
worklnglaf %? reduce the %[rentratlono defectsmthe
of-% it

t hi ckness ayEFOC?FS?E A 10Fent BRP S HBERENI TRAT p@%Sshi ng
met hods carerget usked t@emedaoelut:hersurfaﬁ@rroeglam@és of st hecowy ki rg: | ayer.

35 It s alsh khowp Lhshighenkealsreahaninal hahlShiag L PeboL auss can be

used to reduce the concentration certain ( rn the working |ayer
when a con&&tTith oPfgr &di 8RRCkf ?ﬁes‘éelﬂ?e@@éfﬂ%c%km%tsc?r insnlpdrigery 2004 -

2 5 10 15 1%yers. These may be substrates onto which is deposited
15 a layer (for example an epitaxial layer) or substrates
comprising nonhomogeneous structures, such as
substrates comprising components or parts of components

at more or less advanced levels of their production.

There exists, to a certain depth from the

20 surface of at least one face of these substrates, a
layer of material which, at least partially, makes up
the constitution of the components prepared on this
face. This layer will be referred to hereinbelow by the
exXpression “working layer”.

25 The quality of this working layer conditions
that of the components. Efforts are continually being
made to improve the quality of this working layer.
Thus, attempts are made both to reduce the surface
roughness of this working layer and to reduce the

30 concentration of defects in the thickness of this
layer.

It is known that chemical-mechanical polishing
methods can be used to reduce the surface roughness of
the working layer.

35 It is also known that chemical-mechanical
polishing techniques <can be used to reduce the
concentration of certain defects in the working layer,

when a concentration gradient of these defects exists.
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25 30 35 increasing in the direction of the surface of this layer. In this
case, the chenical -nechani cal polishing abrades the workilhganagey 248#n as,
far as the zones, deeper than the initial surface of the working | ayer,

whi ch have an acceptabl e concentration of these defects. However, it is

al so known .that chem cal mechani cal pobishing causes a degradation of
certain properties of the working |ayer and a reduction in the capacity to

produce SUb_L%’;Cg].aé%ll’((fR if 7§ge13c§lf’é'@tf& 2 o#61+926) surf&c@asof hys, sheen

proposed to replace them cal mechani cal polishing, in particular when the
wor ki ng | aylétY&onsi8t §hdf Ga5%onthe Fherahcaﬁn@sphﬁgleaér &Rrehima

hydr ogen- coitad dé $19 tatemcpﬂei:eg (ERy2r762ov36 a&ndf&?R 2s76€h826)on),

anneal i ng, nder a Eg encont ai rtlrc % gm)sp of su?strat es conpri sing
a working | %/eerre’&oﬁ Bt NG ot 513 ton"hag“En 9 f‘e}o&t BPEraGTci Y $ie surface
roughness, whmq:iartheubar dry recoaptabtei ngdriwerdiddcion supffaceshease wel | as
a role of certain crystal defects. One aimof the invention is to
further i nprove t?te quality of the working layer. This aimis achieved,
according to the | N¥e#RY®R, bjytnedss GilsP prkeess fshatr eaghiemicubstrat es

for the m il £6i¢HN §o1AsHARIPELEGEESNI LS diedatdSat M onCOBRT | &d i Bn WOr ki ng
| ayer on at | east, pne o% H%elr ges, .this process c%gprl sing, a step of

f
cheni cal - neCHZT Tt € Hof R rf ﬁ‘é’ e AT hcR SRS IR IKithgt i ayer
char actléri zeabaanithat tict aﬂ:soduoeprrsﬁstacaﬂeesp of FRnRedlbng3Bndesind
reductive atfmosphe { ?efore the polishing step. It is well known that
chemni cal - nechani cal polishing causes certain defects in the material |ying
under neat h the pol i sheblagurthace haah iBropepred to g‘e\pelarq%eclwnhenhm form

thi cknesse%éﬁhéﬁﬁcsybwta_t&&n@ndlhn peFdd oMl &F  Qherhecwar ki dgkl 7
January 2004 - However, surpris l'y, . L.he Appl i cant, has found t at by
precedi ng tlr?ey%lfreﬁf’ﬁﬁfsﬁﬁcﬁefnl%all ct?cﬂg'l Y ePepTRSAH 1AW ORRER FhGD

operatiLédn uinder ahyéueigénveoatabspher etmephenley ¢BR 2hdoequalict yand t he
ol e anneay tho hulPaf Yo by RIS DRy, S OP S artiedtno ©f
cheni cal - ne%QfaﬁfﬁJera}n%ol p&mcrghare  aveifdedsulipt sates pecpppritsianann@al i ng

operation urtstarln@ ttegleetlcy&l@imp@ebe r@ﬁl@éd&@a@lﬁlea;be@frfet& ngke the
surface of t Cs“v\zorkrn Iayer simoot h %ﬂlshl ng tine required to obtain

a sati sfactSIPFGGhnERE | $99 ered’iﬁ: S reBul PETHE D estY
accor difig tmactcfrestmcemtmg)nthakesaliithmssubfeceo ascreakk tbe groduetion

capaci ti es Oé'er{%'fnlér%éﬁgi'c i Qctﬁ the polishing time limts the
tho

negative ef? ect he poli1shrn such as se nmentioned above, or the
| oss of uniform ty Qe t ALBkrds Shehi ewverhienl 1§ &6 SartiiRh HRRTP®RI shi ng

| asts a |Ortgqélq@lﬂﬁwsoftﬁleeq#@.};kiﬂg 1ayéelr ns of roughness of the 20
wor ki ng | ayer, aft carryl ng out the process accordi té'h venti on,
“gen

is particularly ad U ThE rd %\é% mead\ii RSI 1y
carri edSoutiryenmesors, of barn ateans f arfce ai crooSTopEs Wftolr thtseaypagof

apparatus, Jfie ¢ ,ouglness i %H@e%ﬁyéfgegécepoetsesoecasg@ eP¥ctPSnilR Of fhe

atom c force m croscope, goln roml o 10x10 nore rarely,
50x50 un® drn%rmommrhwngTﬁeWPéﬁgnﬁeéeyeetnO@e acthalf%t%%*erPIZ%dOfl n

particul ar ,tragicor dfaeetso tvrnur@delsroééger didengrd gy of at hesegodes, the :
roughness ng‘gels S be, h| h- fr%}%gler% roug ness and corr%cpondg
scanned ar én%‘? l%c’r cOPdi My t & Sfifot FEF £3Ce hese nodes,
t he roBghneds: i svcszakxh@o beyéoy\rfr:eqmeowrrioegthness ahktcoriespabds to
-scanneol ar eg; pcglg%e o(rzrlder(lj(;’;fp 10 0 aP{t(?rgsSHd%'sf em gg% gglc_ggnl cal

pol i shi ng an anneal i ng un a reductive a phere are dis |nQU|shed by
their eff ecttananphfind erepforangkes pbliskfuenstes: Thus, anneal i ng under a

reductive atnospherg progot %11 known that chemical-mechanical
polishing causes certain defects in the material lying

35 underneath the polished surface and is liable to give

rise to nonuniform thicknesses of the substrates, and

in particular of the working layer.



7 January 2004 - 4 snoot hing-out of the high-frequency roughness but is
" less efficient for reducing the undul ations, which are, rlaRBpary 2004
| ow f requency. Chem cal - nechani cal polishing, on the other hand, nakes it
possi ble also to inprove 5 the | owfrequency roughness. By neans of the
process according to the invention, |aew_high-frequency roughness can be
obt ai ned, by neans of the annealing operation under, a reductive

at mosphere, and sngll ypgdul %”‘%’ih m&qy,a éﬁetxgﬁl%ahewhfarseqy&mﬁa

roughness, can be obtai ned I ng eratjion. Now, |ow
hi ghf r equefbgtr ohlgjhnéE@Cfi@lnﬁnd‘élﬁr%nt‘élllelf‘b‘l?a b‘f‘%‘?l’r‘ﬁrhbc@goop%%%%%hn%m des,

and | ow undukgt i Qoch! oyn f ragHanchd ougliiess)od Suadeant agepsgusbetei t is
desired to bond 15 another suhstrate tq the t&eg SQ%éagg of thg wor ki ng
layer. In &8BPPPBRTEs i effedt BA%r ot&behnggg, 1tKe ProcdSs Het6HdPng to the
i nventi®n makes ibeposm'pbbeetlo medaceefliectdmeént r bhaon by ceimpla defects
in the 20 wonkip gg eyc?r e f'&%%gh{xge anealhug Q[?%@t lgn Eﬁger a

reductive 59 nakes 't poSsi begi n reconstructing the surface
of the morhamgfhéyereéﬁdct@ hehl cert simpdef eceBemihcahemerhaRhedsd of the

wor ki ng laﬁ?ﬁlSH@W%veéretBW%l@%ﬁl'”ﬁh?@nlgﬂlMegqu@r&m% aRRehleyagt hel ess,
if the chem cal -nechani cal polishing gperation |§Fcont nued for |.ong

enough, |tOQPFéﬁéopenHPQFrofathéeﬁHPéﬁyél eLMeFPERRE alPsr g8 ﬁﬁéﬁgrtlon of
the def@ct E)elglilnthﬁa Mgt O Nt 19é tsthébeeofurﬁmeﬂmfkir@ Woy ki ngmbaydér. and in

he thi ck ith 30 | 4 1
| nventi on HB% MR DAY LAy ARVAHE adedle URERCEnd: o e BRorerdasi ng

i nvention a eois here~rs an I ncr
concent r at ronggnadisent si rkhuse dedecterion B$ tehere¢pebtsurtthecePsPCceiSE wor ki ng

| ayer, and 2 birghn TEyonCth‘t ragd Onlﬁ%e%agﬁtsmaketshe lr@glpasgibuel s teur f ace.
The conbined 35 effect of healing the defects, neal i ng operati on

under a r edBEERRS Cat HB. pABII NP CP@W% rrat E?l aﬂCP&bV?IHe 5818 shi ng
operati®n, ralduewson id Jﬁ{war;:blz_@@ﬁng S5tipertitmlasl ytlrfe‘faetgia\tavreenoval of

t he def ect h f f t Ki
rregnseofect ”Sﬁglf%ﬁt)tfgsr?%acgg'?dl Rﬁqtlg trlﬁ% ;sgr |eo(r% anﬁ\Ms%{ rgari%gltl ?ﬁ[
obt ai ned wiablova,woeki rfdies Lagper mﬁosmlcﬁmdmltw i 9f s Ut Dhreen s amdllcié?rpatl ble -

with the u%{%n%fratlll'ys A NGHAY §fhd rbcmicgmlgeqtawu G QLroer)t’@fr{\@Ct ronic
applicatio The reductive atnosphere, advantag e glﬁ{\;gﬁgg ris dr ogen.

This reductive atnd&pifer £548 s‘BJalJOltpY'efJerﬁeﬁ?F’ﬁFI? Sal orjf' SThus, the
reductive &b&m&m@eﬂayﬁﬁ]lﬁfunrwmaﬂﬂybﬁgleﬁﬁbhydrpgenesHowememdlng

advant ageous| % :ﬂBﬁH ﬂﬁﬁﬁ%&[ m xt ure of
hydr ogen alﬁé& épeoil%\{]e%@i%h xfiusr I's pre erlZ¥1t| a 15 an H2/ Ar ratio of
20/ 80 or of 25/ 75 Thet h ravighsests t himeasyyenaris hy@rr@gen genqguplgdy

suf ficient ca@ng @t rebt Oy 0mQ%n§' o figAnhrohlt, Hyrod rTrdiQ:r.Qifsthﬁé argon,
the m xture is a better heat conductor. {h%en ancenent ,of
Xt

heat - condudithy THicher YRR sO5f 2PRE T3¢ YR FRUIRRESFheS Ff?&%ed
const ras nt $>n0n alrle@ssulbgnatedl By S thesultdip | fa i | ertoyeiner atdore of

detects of mlcrdlg; %andgaypgctfwn§ XReuRE moxtymogufesgnheﬁn&péros've

whi ch resul s in Iéss i've aftac certain
rarely, 50x50 um or even 100x100 um The roughness can

be characterized, in particular, according to two
modes. According to one of these modes, the roughness

30 is said to be high-frequency roughness and corresponds
to scanned areas of the order of 1xl pm?’. According to
another of these modes, the roughness is said to be
low-frequency roughness and corresponds to scanned
areas of the order of 10x10 um?, or more.

35 - Chemical-mechanical polishing and annealing
under a reductive atmosphere are distinguished by their
effects on different ranges of frequencies. Thus,

annealing under a reductive atmosphere promotes



~ 25 Advant ageously al so, the process according to the invention additionally
conprises a sacrificial oxidation step. This sacrificial oxeaaersnZ&iep
conprises a step of oxidizing the working | ayer over at |east a portion of
its thickness and a step of 30 deoxidizing this oxidized portion. The

oxi dation and deoxi dati on steps can be,carried out after the polishing step
and/ or before it. A sacrificial oxidation step i s advantageously carried
out to inpr u t y cof ria
constltutln%rY Eﬁ%h éﬁé 6 a;g%arglgﬁnﬂg |8ﬁ%?§%%eadrﬁ§gg§%3|zed or
not readlIy1Q§ﬁcﬁﬁﬁkﬁl¢m¢tﬁ@rtéﬁduﬁe¢®lﬁ@%l@m@uhﬂﬂlphspawb#§hl@ﬁan t he

claims, af%%%ﬂéfc'@o%”@fkﬁdéHbﬁte@h@hhba@emecﬂaﬁé%ﬁqry A% trirky,
consi dered as achi evabl e whether or not the material. of the working |ayer

i s readi |y 9%i 8Pgedtisichhardt h@akssi s n@oéﬁﬂbéﬁcﬁlﬁ"cl bP JHRFAYON steps
partici pat eshé NLswendyedqaeide poidghmssof the 5 morklng Iayer conprising an
excessi ve concentraélon of defegts Fbmever sacrlflcb |dqh{on st ep,
subsequent to the poYlsﬂlng step, nDre %pe0|?|ca?Fy par |C|pates I'n
del eting t heneemtbewr, defket s derErdirmgiupphe polvughians st epn 10 e

sacrifici al ,;oxi dathonpst %anssoof' ehésa%earllﬂel eég?éf@@:?oﬁf fieeks of the
pol i shing operation. Specifically, arelatively | ayer of defects

i s present %§d¥%%l§?af%thﬁﬁhﬁﬁfquﬂﬁnghlﬁ@a%inﬁu¢§u}%ﬁh??%d th-Fentfe it.

Howevenp a tppg oA i sbwngrbqﬁanggnef@ldméés r eslalnt sben ébtatkeaf Bhi ckness
uniformty. ThIS d tical the tq]cker tqg mat eri al

to be renVETARd %ﬁ %Eﬁe P8268P1Pﬁe B%gfgﬁfﬁa “st 88% ast €Y FdHHET nor e,
| ong pol i shf ngaopecnt irowghglecw domnfuhéamgataildhnofObhelpnOQESEOQQd 20

 nduce a | igitathon i ddie productiion capagiiyei By | Nugueidg.an

sacrificial oxidation step int process according to the |nvent|%n t hese
dr anwbacks a¥@uUeRpeded By |4c}ﬁamtr?gaet% P hihg petat i bAdedSemi2tly to

that whisch asoflegui reibsitaateduce the roughneasfathe 25 saeriockihg

oxi dation step contributing appreciably towards renoving the part of the
wor ki ng Iay% Y%onprising a high concentration of defects. Furthernore, by
reduci ng the polishing adstjiiied, tohel def edifedathepsbyrgeabnased nelyebe -

devel oped qg.g-sg@l ge&oﬁelﬁgalts tﬁ\gvgm@ﬁegeﬁl Yhale$0:1 th o 44 AeRSScgccor di ng
to the invention conprises at |east one heat treatnent step, the step of

oxi di zi ng tFRIVGRr Kk |G8RGediatd Whar PifedoBitabBf oA@TRAESendNof tRACh of

these heat BISrkiggt mﬁ"}eﬁl e@edlffl(ai’a(i&ly,tOtﬁéOt&@fﬁealhﬁgl’eqbef)étihﬁ wor ki ng
| ayer. Under %hese co % t g at tr atnE@; can .al fé ég& %
partially h&ar®tnd 58 1V8eﬁér858 “8ur "RGChe %’&gilon s January
2004 _ 7 _ velvemshygeobishy &hsosurfacer adestheiceorling tewvere arml/eh@ton

addi tional | ye ePNMRIIS8S A L8P0k qmme@ﬂénghue@%@s@ reduetieveyaiRPaghere
after the polishing step. 5 Advantageous g al so, the process accoidlng to
n

t he |nvent|%%Y%6npr5%%§vﬁrsteb of i mpA Lt gc%ﬁoﬁ%nb%dePeon% Fhtdtof a
waf er, 2isn ameveptheilakspn zdne, the st epenficpllamienpanieaflacepol isheéngaf er,

whi ch has “8€§£9998nthe Ingogg gﬁégn’fé 'I%AEHI nSSEEaCt1$‘thfows
removal of the material comprising a large proportion

of the defects in the region of the free surface of the
working - layer and in the thickness of this working

30 layer. The process according to the invention is thus
particularly advantageous when there is an increasing
concentration gradient in the direction of the free
surface of the working layer, and a high concentration

of defects in the region of this surface. The combined

35 effect of healing the defects, by the annealing
operation under a reductive atmosphere, and of removing

material, by the polishing operation, allows a



_ 10 support substrate, and a step of cleaving the wafer in the inplantation
zone, in order to transfer sone of the wafer onto the suppdanruaiibt004t e and
forma thin filmor a thin layer thereon, this thin filmor this thin |ayer
constituting the working |ayer which is then 15 subjected to the steps of
anneal ing in hydrogen and of polishing. _Advantageously al so, the process
according to the invention is carried out on a substrate conprising a

wor ki ng | aﬁ@ft@@ﬁih@lyngaﬂﬁec&lw gengusl oo Bt RE| %iefe%!lsThrLﬁ s&{d conduct or
material is, for egagB SI|ICO? Advgntageous%{ and in particular
i f the wor kFAYOPay SnEreesSyFLere the oLk ERT o a%ﬁﬁeallng under a
reductive atnnspheBg |meaasr|eﬁ ottheac paidiess t acaodaawy proacedihe

descri bed, §9En%§ tghngcunentlﬁg %b@QEné 6w ﬁcorqi :ﬁg%tghf

procedure, "thée su sfrate s I'ed at enper a ure of %e
1050C &nd 18386€, whersea qealiensief sdfimdento and ewomprsibfleniwiites, under

a_hydr ogencgantalai bg DSRS0 AeGOEdIN h9o2001 bet rarlyantageous

vari ant of the 5rocess according to the 1nvention, the step of annealing
under a reBBEPPYECEERBSFhBPRLLS2EAPRPed out according to another known

procedure descrlbedhefor gxaapt evei n Qmmﬁmﬁﬁeﬁp 91 adkEht AgEOEi g to this
35 ot her proc dure %edsubstrat i.S anne und drogen contalnlng

atnospherecog rls?enp atar& ot é?ﬁbeﬁe o lVflO&%“hﬁH’ 2}$°| ess than

threelﬁinupesfepﬁeteaébyycpmptessSthagOSQ seconds and even 7 January 2004
g _nore prefera@hﬁs'”HH@“%&&EHEtJEré!mé@ﬁﬂ@ﬁé cZfl $e0t pLogedure

corresponds to a rapi d_anneal 1 ng operation, also known as anneal i ng
(RTA bei ng®fhe &BP&nyniivdrogae- ex RQUSY DR RapF W ANAFRIURNYIeal i FB§. 5 The
anneal i ng epauati®s cakmbepBake edsoutcoatpocs@@staﬁ taerfﬁ@rﬁ\lhf@, @f vari abl e

t enper at ur with te rature s es a cowmbi nation of .s

vari abl e rgxaéggeﬂccggg #69°% 0 @gg aﬁ&ﬁﬁﬁr AdVAnPA§ESTE N AR E t ﬁ@ of t he
proceds acsor dli@rt orathio i pferd 0630 ohe of e@Sdfl Sanriath ngatmader afreductive
at nospher e $car gi,gd, out Lgecor g ggoggnanolger known, proged {glgﬁ§cr|bed

for exanple, in docugent FR 2 76 According to this ot rocedur e,
the substr&PBCPREEAREGPedO Poaphhdmt E5Camt whPBh pPEdTdEs ug r%l en plasma.
The advantaggoﬁt tthe myipaife anreaki ngeddids lhréatthecéaaﬁctb@t thﬁeanneal i ng

t enper at ur W, This_t erature typica n a r ge, fromroom
tenperatur% bgngg §Pteddc %&%thﬁl aéo???ﬂﬁggé9%r @ﬁtﬁﬁ%ﬁ) FP?con 20
whet h&O t heiahneal i npduegs undée a . bhydrogén- cnnnsnnaun}snlﬂpsphethels

carried oububBtaatend aangalidy,pperali o 3Radnaeal fogopReigh opein a
hydr ogen pl asna or carrled out. 1 n_an anneal |ng operation of RTa type, it

has sever af€EpFEEt &1 Thekdingthard hyee-29his; RS nPEgMititaF®f 18he native
oxi de at thessuillbase dm‘rrtdaﬁ_mr kiioch ayesultsainetachidys ofeldet sirkicon

(SiH2 and eipg.v atll adlng to a reduction in the average
t hi ckness gitgﬁg agr |ngafa g%fegg a healing of certain defects by

di ssolwi ng the oxy@dmaptegepisdvesalenl other pxdakesmablcsosdgaly etof playi ng

a stabi|izipg I ohgoRR Al  abbiehvslal yielehlsys il al SOsacss pIpeLRing and a
reducti on of the roughness 3 t he surface of the working layer, with the

appear ance®%t ?E%?%cess%ﬁpthquPdhlCS§G§PélCla? JaRBAfAgtoons Step

comprises a step of oxidizing the working layer over at

least a portion of its thickness and a step of

30 deoxidizing this oxidized portion. The oxidation and

deoxidation steps can be carried out after the
polishing step and/or before it.

A sacrificial oxidation step is advantageously

carried out to improve the quality of a working layer,

35 whether the material constituting this working layer 1is

a material which 1is readily oxidized or not readily

oxidized. In the text hereinbelow, and in particular in

the «claims, a sacrificial oxidation step will be



. _ g _JIn particular, the disintegration of the silicon oxides w th hydrogen
greatly facilitates the reorganization of the silicon atdnd2PRr¥ #d%urface
in particular, the silicon 5 atons, activated by the annealing operation
under a hydrogen-contai ni ng at nosphere, mgrate at the surface until they
find thensel ves in an energy configurgtion corresponding to an increased
stability. Thus, the silicon atons present in excrescences have a tendency
10 to m gratgsiBhRefa¥is! hehi MApi Rl SindRYer! BE $IRP fe GRS LD dpder a
hydr ogen- cont ai ni ng at nosphere has a_tendency to reduce the surface
roughness. the vegking tR¥CKeaSi K20 l¥ePralhZB8Ef ects, the effect of

dijssol ving the OXKE@@hproﬁfC}tm;jet ?icﬂaﬂigdugotm éaﬁ::@%fiiﬁiat{]\m d)ﬁicii&tp&:citi culharl y
advant ageous in the case o ef ects_known as 'COPS' e_acrony or the
oxpr 650y onSErySt aPoBETGIRAE PAPt | EFBOY ngnekter CRPFt P oct s Art:

col | ectd onsookihgcumaemhcahprieing the eacdesiok adreverundrieth tofa few

t housand aggfs_%%ggs I Ny8l,26-and whose 20 ;qnignted wak bs v s Whi chS?gg oriented
in crystal planes, are stabifized w th oxi des in a thi cl%ness.o he order
of not nor eubRgAVgENtewtPensh®f RMgstitios. stieese meop geeeéficappsar in.
particul ar phR+&€iPlltie@ONin AGEDEEL NG tReaRAFRICcASPERdct & hgehBYRBEHON IS a
25 substrate for the mcgroel ectronics or optoel ectronics industry,

conpri si ngP¥ \R/Brekipﬁglﬁévé*ﬂ SFeR- | east one of its faces, this substrate
havi ngL®een obt ai ned sfdweifiacisdeporidehion cakepeaian chimposi shheg on t he
free surfagg, gl LhgMor kLogolayer ogharggl er Leed i that obl 39,33 al so

undergone a Step of annealing under a reductive atnospher re the

pol i shi ng Spepifdcadr yaspdctss, reaist ey ddviatlt abrgebf of heefAGEAt F6n wi | |

. becorme appacedhtont eal g dhe, det pbh@dpdesenifg i etmwhigh rbglliews. The
invention wll also be 35 better understood with the aid of the attached
drawi ngs, iR WFYC -1Ei gliPESY® Gt agr iQ:%lli)“sIh%\/\E}angFBﬁ§Ftlgt¥i nal
Cross s®ect iresulan exianpl & oflaakcharfbertHiorkness Jamnafyr@2004.- I@iscarryi ng

out each steR, 8L ANGA | 091 UNGRE A dYET QMRRGRNIAI R0 AlTRSRRET @pe0f Lhe
process accordi ng to the invention; - Figure 2 diagrammatically shows, in
cross 5 sedeitemiallong@a pranerpeppeddi édar thals t sthdi nlsnepaceshea

substrate F@_ﬁ@@li@l@uw&@ﬁ_ i L §stseat MeicHrdR Pr 088§ | PoaGeBidaNCce Wi th
t he present invention; - vgl qure 3.di aér;ram‘ratl cal in_cross, section
r

|y shhows
al ong a pl BRETAEHSERI THPAr 2PEY (ST Fe IRt 5TR f 8feLnS BEBSEPAL 80 the
course®df iihducreatnehimbyaaivari ant tiet hperquhuoeiss | cagEsdrtdanc&yw t h t he

present in&%@&io%;ci-nfiagtgaecﬁiﬂ'@ﬂaf”&%'@@M §@9§5mi RhE PIHRRE I on
al ong a pl ane perpendicular to its nmain surfaces, a substrate in the
course of PESOrdiadst ehtthy hmvehetonar Fapse ofirgnbagkscess iayodétest dance

with the ppgsanmiidivRNtie; pol e Spdiagienmabieakliy13hows, thatcr oss
section ol o g e pergendcular {polls IS BUiLacess, @ Wstrate
25 sacrificial oxidation step contributing appreciably
towards removing the part of the working layer
comprising a high ‘concentration of defects.
Furthermore, by reducing the polishing required, the
defects thereby generated may be developed on a smaller
30 scale. '
Advantageously also, the process according to
the invention comprises at least one heat treatment
step, the step of oxidizing the .working layer being
carried out before the end of each of these heat
35 treatment steps, in order to protect the rest of the
working layer. Under these conditions, the heat
treatment can also at least partially heal the defects

generated during the oxidation step.



yet another variant of the process in .accordance with the Jpr esent

i nvention: and - Figure 6 diagranmatically shows, in crosk ‘@@CaF8n%%bng a
pl ane perpendicular to its main 25 surfaces, a substrate in the course of
its treatnent by yet another variant, of the process in accordance with the
present invention. Five enbodi nents of7the process in accordance with the
present invention are described bel ow, as 30 detail ed exanples. These five
enbodi nents are il |Adstarateerbdied low adsexangiesprbatswui tamnﬂrdmygl it ting

nature, '”él{he] conLext 8L they #£ggiﬁ%strat JJiieQn on i ngulgtor .

substrates e Silicon on insu or s s are 35 al so referredto as
SO subst r @&nsealling hiwndent ert , ndsmqiricises 2 eewhgrry toftae | mhention
finds a pargdcidirdy sdyant ageous application 7 January 2004 - 11 in the
manuf acture of SO substrat es gﬁyprocesses of a particular type, known as

SMART- CBIT pr ocesseS G FRY Pl\ﬁé?y o¥h@ aPEPERESoLACE AR - BIT process

i s descri bethd n ipateganti drR aoﬁ@h%‘é% & I stépe @pntleiglaqftltd@e rdvafsact ure of
SO substrate oces;ggroduces subs S, conpri sing a

CUT .
wor ki ng | ayer c%%s:grf:l ngfof? sYREEdn SR SHe. HT& %a,ﬁ‘ntejr%rbf Z9Phirs %ili con
| ayer restiskeon & | @lecicly i tbel afere abSo Kmewwafed he whaiyar dfasuri ed

oxi de. 10 SGinadiegarel pe! ongndhhich Val afisindhe ST akacess

conprlses - a ste ant 1 ng atons a senlconductor
waf er, 1Pn a‘-’rPHHﬁﬂ%n%‘é‘P?BﬁaE%nean?Sa- Sd:%?te?)fo?l%?‘éhﬁl%gtbﬁew\ﬁéﬁé’r idubj ect ed
to the | npl@id airmelanh et iéh NBOLe fONhaskdwirt Roa tsupREel SRS roaf_t G:he'ind - a

step of cleavin er in the i a Lon z0 i n_order ransfer
the portion’ o’% ’%0 ﬁ%%ersq%%tedng}a?géah €t RL er‘rec%rérbeasﬁg elct r?o t he

i npl ant at i ovr aad thhie | bpyent aheeronene;hiont bhihe fodind CSIUpprlB suist rate and
to forma tilfedi1dBn O dhd BY, r h%f ol kG 2 ?Qg@?”-whigﬁe £XPIEr ON

"inplanting atons" neans any onbar nmen t 0 tom c or ionic species
which t3 caij&bleecf‘cﬁdlﬁ?rBHBmSﬁQBPtSh@fe R bENg nt® AyAEPEFPalRndMth a

concentr at iyl ie@ximgm for these species in th| s material, this maX| rrum
bei ng | ocated at azgéven dept h {el at.i ve tp bonbar ded surf ace.

atom c or ionic 30 SpEetEaIRPReht Addieed Pﬁté)ﬁ%eesr?at%?‘?gf:dwgh tal% energy
al so di striths etdnwenthdn aisaxianmiedrheut nphant atubsrt reftet omptohs tngpeci es

into the ”%%6@&1&@”1@ E%Bh@@s@% bef@a@%ngc&;ad&%lbméf@éﬁm er, a

plasna i mer.sj on |np er, etc. term eavﬂg nmeans an fracture
of the Prrp|Tamt%osw<“e9ril%HC%?r rﬁ%t%heén%?at feR ARETRLEy FHLERPE-materi al,

of the inplanted spdvastffedllsle anedi,onawd tihi Spdmed durar Thifs racture

does not working layer consists of silicon, the step of

annealing under a reductive atmosphere is carried out
according to a known procedure described, for example,

25 in document FR 2 761 526. According to this procedure,
the substrate is annealed at a temperature of between
about 1050°C and 1350°C, for a few tens of seconds to a
few tens of minutes, wunder a hydrogen-containing
atmosphere.

30 According to another advantageous variant of
the process according to the invention, the step of
annealing under a reductive atmosphere is carried out
according to another  known procedure described, for
example, in document EP 917 188. According to this

35 other procedure, the substrate is annealed, under a
hydrogen-containing atmosphere, at a temperature of
between about 1100°C and 1300°C, in less than three

minutes, preferably in less than 60 seconds and even



7 January 2004 - 12 necessarily occur along a crystallographic plane of
the inplanted material. Several approaches may be envi sagedanwapy e¥@ie an
SO substrate according to the SMART-CUT process. 5 According to a first

- approach, a silicon wafer is covered .on its inplantation face with a | ayer .
of insulating oxide (for exanple by oxidation of the silicon), and a
support substrate, for exanple one é]é made of silicon, is used for the

transfer. 10 Accor 0 a _second pr e S rely made

of sem cona‘eeﬁopr(e%@ g‘lkﬂiycolﬁ*) i % r§% %?Pef&yelst%e?{%nt oﬁgléuogﬂgk

substrate paveredrs tdoarésmyerdsf tonsul napid oran@rﬂadla:lgsuppgrﬁtéebﬁt rate

which is entigely %{m‘deaé)fth.gsghgggi#g&or(R@Aaggll%glirgyaééga,n)t,ﬁcgggfdl ng to a
aye

third approach covere an insulating layer is transferred
ei ther ont 6he supFessiom&aride ThesgadoPePed Lie@n -i nsul ator, or onto a.

supportgsubstrate \Mmechaﬂuse@mﬁ%ebyse@rad@oﬁf R lkﬂéubatr&rledAfcb@E akeavage
and transfer, an SO substrate 50 with a ég t[:ansferred ont 9.Qne face of
the suppor CAFSTat & TOFE L Fad Pl aTT*EAREE, FREPPFBLEVEGfald™F this
| ayer Corre;%@@milaiglrteo ateleayager25a surdnacima tAfdrer ofl earages t hedsubstrat e

50 is freed of. cfiD ¢l eaned and rinsed according to the usual techniques
a e 'ranges.

used in mcroré1 r oni 1Tn this case, it is advantageous to use the
process accor di ng teadrsinw ehpi oie'lt oanedibes tel B 3gRRMhedS 4R e sai d

free sypfacy anghk theodegsi EMceﬁcd@ﬁ eebs tha ti ddenstertrd kagpr .oficcor di ng
to the process 1.n accordance with the present jnvent,ion, the § scubstrate

50 under go@R ALY of"ARFedl ﬁ\%d‘i‘ﬁ]td’e‘f 22 FBABRPPYE dihoSpher&d1®tand 35 a
pol i shing H&pithg Fao aéﬂ:otherenbmdwnermsome betk dyetidved t hefwt ep of

anneal i ng under .a reductiy er. Jaguary.q2Q 4 E 13th carried
out accor difitf B-She ﬂTAd%g%@ée ur gthdezgc?'r e %ab ggg %\n e Te of a chanber

for carryi mftmr protefurd, anheasihgtoatier ia peagelede 1& r?d%&ﬂfe?rtélsloo 5

aCCOfdhﬁg‘%hféﬁfﬁ?&ﬁ&wé@eguﬁﬁdrbéehlby§£ﬁ§teﬂhbna6wg%&%gb 6@“§h£@anber 1
conprises an enclosure 2

. .a reactor hol der waf er
arrays of HalRRyeRfl éﬁ*ﬁ?aélnﬂolé‘r?&t% ﬁgﬁrgb (f‘fag?%lte Itgﬁ’psa ’ﬁf"]T]h%g
encl osure Zdrpapedturall ars cobpwi seshasbotenpewakre?, iz t opymeddlliyt and two

side valls 15,18 o respectivsl v bgealahatathe. | odibudinabgends of the
encl osure 27V Gd ¢t THETSI e wal TS 16 conpri ses a door .

With a working layer consisting of silicon,

20 whether the annealing step under a hydrogen-containing
atmosphere is- carried out in a long annealing
operation, an annealing operation in a hydrogen plasma
or carried out in an annealing operation of RTA type,
it has several effects. These effects are:

25 - a disintegration of the native oxide at the
surface of the working layer;

- an etching of the silicon (SiH, and SiH4 being
volatile), leading to a reduction in the average
thickness of the working layer;

30 - a healing of certain defects by dissolving
the oxygen precipitates and other oxide walls capable
of playing a stabilizing role on certain crystal
defects; but also

- a smoothing and a reduction of the roughness

35 of the surface of the working layer, with the

appearance of terraces at the atomic scale.



15 The reactor 4 consists of a quartz tube extending |ongitudinally between
the two side walls 16, 18. Each of these side walls 16, 1B,JanespgcZiifly,
is fitted with a gas inlet 21 and a gas outlet 22. The gas outlet 22 is on
the side of the side wall 18 conprising 20 the door 20. Each array of

hal ogen lanps 8, 10 is respectively |ocated above and bel ow the reactor 4,
between this reactor and the bottom12 and top 14 walls. Each array of

hal ogen | anps 8, 10Q. conprises 17 25 | s 26 _arranged. perpendi cular to the
ongrtudi nal - axi s o thBeFESgRbf e TR W e FEOSRELPRL e thRor
repr esent edlilidRirgupgidesarwel tlocaydd oganal greatbyt Hedidrdiated naheaxi s of

the reactor.oy £AGN AN AR Yililich T or, globally at the
| ongi tudi nal ends of the 30 | anps 26 of the arrays of hal ogen | anps 8, 10.

The substrat e- hol deétt et 65&F53RR i ht hearbhewbrr4. Fhesuppdiesnt he

ﬁugst rag es £ Cﬁc&ﬁ@aitléﬁen@?go%ﬁé UgdﬁF?Qihbehéﬁ@@a@%%ﬁgﬂﬂfﬁléﬂggu_nder a

ydr ogen- cont ai ni ng at nospher e and allows themt e ced in or

r enoved frgﬁﬁa%’egec’ﬁa ALY ATRBRP RS Bt f“’r]ng§a$§peac{i stRoI 8353%?5/«3 under
t he nane " SHS IASTtR8P0"find 7thamualye004 -anldendhey f cve fégbaditient s of the
process. acgordi i fde dhvepti 5G4 b lLQw,, ar pli to the
treat nent of S%%%%é%t eﬂs&S co%%rrcl% ng da \%grall%?r%q\%yaye?hgg’i tgg]lef havi ng
a free surfdcelTm ?ﬁP@Sf%@%@ur#%oéXSEeP’@acé?eg\P&’@ guitagensin ai ned,

as desgpi bath abaveatRy £ateYidg iquted SWARTEIAE WaQGesshe Ungedp t e wor ki ng
| ayer 52, the substrate 50 conprjses a |ayer, of buried oxide 56. Under the
| ayer of bt TET oXiUe BBt Re I ERT LIRS SR PaSubstrat e
58. 10 The tpardameteriso greducd orhd heuf fyee endoghmesd s of t he process .
according to the i ni.j i J CL i . be rr ond to.
“fine product” appIn‘?/%at}.%gﬁgq%lﬁgge\%ﬁlﬁ%%p?%%u%%gfgﬁgeh%gecggbs&?%t es whose
silicon on §hktfttat 6f Hayeplving, thee epYIehgPusciRieate?, apgd sid®r 2000 A

t hi ck, 19hergasdd hgal ayeisopabtitgUakDsUbal BNt 28ebisahAULHA0RA sA td¥ ck. To
prepare SO wor ki ng |_ayer 52 and/or .a thicker

substrat es havin t hi cker
o of bUITHE bk SRS P moFaRE ot { b oBEFATNEN CRF IiPehErbESBgy I | | be
carried outGryst20 Ordginfbedt Pertaydresof. ,Tletsam tCGPecHesernpl amed to be
| ocated de 1o, £ haget *ﬂ‘écﬁﬂﬁg?%ﬂ%@hs%&fea% {1 L0 G FaSR & teh |1 al so

have to be taken into account t e deeper the atomc species are
i mpl ant ed, B ¥ed etpatterfe thowppndpangstassar \in oSt evptedafarse| eavage,

25 in gopdercteri€gdi WadlsaCcGRAAD! greorearntald o ok rdetatt pilidhdde working
| ayer 52. The rﬁergsgn for thi.Ehi s that the deelger t he at?m'g1 specjes are
i mpl ant ed, 32 FbPRIEHESH HERPoP*AE Sadfbct i VR SHRRST nBfeddEs O R%or ding to

the first ewmbodphemorer dpragseat €dw 3@nsn ¢ ganegslroms sulfbesat ' BPT s
subjected, aftgLin ﬁégflvggepé;_,@pc‘gi?}:hgnS(&/%\Rg'iggmp_r ocess descri bed above
I ‘a step o

and a cleaning operation, to anneal i ng under a reductive

. P .
at nosphere 100, and®¢fReRdindatet 8poshegndfPesfts nébRandantdon shi My 200. 35

Bef or e2bhesqub or st €pFort hehé ontiitdeatd iy difi ctef 86t pthfd lidttteh M@ Ki ng
| ayer 52, in the region o ee s#r.fac3254 andatthgleraos%ghness Pf' this

f.the fr
surface are Unsa f%fa%?IBP{}.lSln? NELDES §/n§0 yer)gn one ©
its faces, this substrate having been obtained after a

step of chemical~mechanical polishing on the free

surface of the working layer, characferized in that it
30 has also undergone a step of annealing under a

reductive atmosphere, before the polishing step.

Other aspects, aims and advantages of the
invention will become apparent on reading the detailed
description which follows. The invention will also be

35 better understood with the aid of the attached
drawings, in which:

- Figure 1 diagrammatically shows, in

longitudinal cross section, an example of a chamber for



~ The step of annealing under ‘a reductive atnosphere 100 is carried out
according to the RTA-type procedure descri bed above. The 7sUepuafy &ff@dal i ng

under a reductive 5 atnosphere consists in: - placing the substrate 50 in A
a chanber 1 such as the one described above, this chanber being cold when
the substrate 50 is introduced; - int£8dgcing, at a pressure equal to or in

the 10 regi on of atnospheric pressure, a m xture of hydrogen and argon, in

proportion | .u of o] rogen r - AN 0, by
l'ighting t 89%¥¥§8eﬁtarr%§é56f lEt%&e G%er%%‘?%%gﬁé&i %RQ RE ¢ an{é(g?&i?‘qat arate
of about 15oB@8E@ipéngsedambrhgre,o & t that peotesenpecangiang -tkeehéng t he
substrate 3Q,bRctiRe,;chanber 1, for 20 seconds, at the treatnent .
tenperature, this treatnent tenperature advantageously being chosen between
1200C and 1230C and pFégBESbl ¢ bhiafr Al il 20 FP90E, add - C¥RFEching of f
t he halsngee%ek:@r_m& 2|Gala:ﬁ£b co?lipganby pieﬁ:@_@hatigqma@f ad , iath@ Zmbﬁlr ate 50,
at a rate of several ten egrees .centigrade per _second _and, varying
accor di ng tsBriﬁ&eFénﬁerséﬁiﬁ%erardca%g@ UrdErs ¢ h%gel)ﬁ%ngr??iéﬂgptwgyh r api d
heat i ng andheooplriorg ssaips ,a carvd da nsleomti tét ededy psteagat timverdniesl i ng
operation under a r_edggg}_&g ag mcﬁﬂlﬁfa@m{élp &epﬂge% the royghness yirtually
W t hout renoving materidl. The thickness of material renoved iI's fess t han
20 A. The S@ctdetct i®hPnih the PdaABRAnePSIPSNEdsadeiral |50 achFevedaby surface
reconstd UCku@Fa2Re , SNG4t el tH@ncdyr£8 ChE NG s| Bradeinkhenpyt he
crystal defects 59 i ncqt silicon of, the worki ng Iage}[] gé genera ed during
the i npl anfat’Pdi38d i i der BpetartdndCCardanse| Bhs Cpartfyieal ed by
t hi s annealinwgnagemat i on under a reductive atnosphere 100. The
concentration of these. ctg 59, .1 ,ﬁrpgt 109 Jipued 52, i S
reduced. Consequent| y?lgﬁggt h?ck%e%%lnao mﬁ%%igyl aéyer 52, ?Lélve?'rbl%% January
2004 - 16 S@téRnt hetkUrtendr aPl8Reof PgaPeddd g ars thp gi Bt FgiBe

acceptlfs)l esgir&ag%@chd.sddﬁggm@wre,tr}i]@eccf)%%et@ﬁ-t ithi .ﬁraaﬂ&ehitn@yzper ation

is perforne er a reductiye atnmosphere , according to,the

procedur e, a§°g?‘§\¥en‘f%”p?%‘ba8§t itg'r‘? ﬁp?%%s%tﬁﬁc@cﬁoré%ﬂ‘% nwﬂé‘f‘ed:% down as

far as theplragentofinwenitdengxi de 56. The anneal i ng step under a reductive .

at nrosphere 100 descri Eggug ove offe EaMix?éff’{i At ages; lcrrois% readily
[ or 10 t 0, i

conpatible with a hi roducti on capacity e substrates , IS

easy to us€eCEdRNbe AT ed® oubPlineh F@aPpicdlayi ngt@quipfenttadi®t c. The

roughness ssrgaresyl lay syessed aithws toutes nsrof tkhe rdiafthehenes bet ween
t he m ni num hei ght_.and t he. msnt(i n;;em qgi ght neasur.ed during scanni.ng of the
measul

15 surf aceYfho<8 Y Gtifhnggsire . PEPCEFS, tdandCoP a2P55t “hidn squar e

(rnB) val ugheTpeegiehfteiaven tieinseemd he m ni rum and naxi num hei ghts will be
denot ed herei nbel ow bgiéﬁ-rg' 6f r@m%@%ﬁ{;m;g’%%k-é@&gy" )in Al &5t he step
u ,

of anneal i ng under a reductive 20 atnosphere t he roughness neasured

during scafRF&&O8f R1BMY un® aPéaPPs PEFRSEHITGRB0 9 13155 Raids (i.e.

from yal garghcesgatersudrHA) # tehabostir20 6%, itB Br¥atalemesby and the
roughness neasure reduced . from 50

dur i ng sca ni f a 10x10 un area | .
Lo 95 5 1595 ARo1et BriFREndl SheorbPgraara) Tran-B0CA 46 0. 50 - in
P-V val ue) the present invention.

Five embodiments of the process in accordance

with the present invention are described below, as
-30 detailed examples.

These five embodiments are illustrated below as
examples, but without any 1limiting nature, in the
context of the manufacture of silicon on insulator
substrates. The silicon on insulator substrates are

35 also referred to as SOI substrates.
In this context, the process according to the

invention finds a particularly advantageous application



The polishing step 200 is carried out by a conventional chenical -nmechani cal
pol i shing operation known to those skilled in the art. Starfeinugrwi 2404 30
surface which has already been nmade quite snooth by the step of annealing
under a reductive atnosphere 100, a polishing step 200 on a thickness of
200 to 400 ~ only is sufficient to brggg t he roughness, and nore
particularly the | ow frequency roughnés to a 35 satisfactory val ue.

Typi cal |y, sphe fougtyiesscalter %bih's@%stsfate%mbgpgw o sl deBA TS, i

this measurenment i's carrie during scann 7 January
2004 - 17 rar&adcudearn I’Cdmeabdmowﬁ CC LSMARTrrFéJTi f PERCSSABAsuUrenent is carried

out during scanni ngyQf ;aarl@ﬁclﬁamew ess IBk%gDﬁJ;' shikng SR so nakes

it possible to remove fromthe worki'ng |layer 52 the material lying 5 close
to the freBr8Gersced S5ASHTE IR rirsiRg et &t &£ 581 W& 'second enbodi nent of
t he pra&ess accormnu;tﬁhéPMt¢ﬂn@xﬁ|cwmlstheprﬁsﬁﬁfadtuﬁeF|gmresal By way

of exanpl e, V|ously 6ri tr SO type
obt ai ned aPP%%t&r% eavage %8& gg o#%%ﬁgg%kﬁg$%f§#g%}o%g§s 2éscr|bed
above and zoripedmiimy opevatkbng AeyerdiSig cansidtsirgpconhdsébhbodinmemt , t he
substrate a@dl sfa%éblépé £0 &L n@fﬂwﬂ §599ruggg£1ﬁgreﬂugt i14g,At Mospher e

100A , . then to a chemc 15 mechani ca go 1Shing step 200A and“finally to
a sacrificedl %ﬁﬁ%ﬁ&?%ﬁrs?éEOSQ@QWﬂNﬂﬁn HemH@W%ifﬂ%ﬂbPFé%Pnéﬁ@1§20A The
steps 1§ ammeal i ng under a reductive atnmosphere 100A and of

chem cal - mechani cal_ pol.i shing, 20 200A i_.n fhis_enbodi nment are J |caI to
t hose descri bed f0|}\‘f[D %nrgst RSB et .1 The VEALAPTO¢i af P oxi H&% on step
300A is |nC@ﬁﬁeérpoeﬁ@n@wmpmh@e@efects 59 renalnlng after the polishing

step 200A. These def ects. g@ylﬁ%iﬁgt{ﬁ?nhggﬁe whAR th%tE%%e fyom the

cl eavage, or may have been genera during t i shing step 200A, etc.
The sacrlfﬁcﬁﬁmkﬁﬂQﬂﬂQQﬂfsﬁ%ﬁ?%ﬂkﬁ@|%ﬁrﬁﬁﬁﬂﬁﬁﬁ%ﬁl%ﬂl%ﬁﬁﬁatlon step 310A

and a geoxi dation step 3884 oFhelhedhnd raad rm@feﬁzgébgeaeédbctbweﬂfe t he
10A and_t he deoxi.dation QA., The OX|dat|q: step

oxi dation 30 33
310A i s préf® flflﬂ%y ¢t i et out B & errnggg g Wi& wedn 70BE %Y 1100C
The -oxi dat isopsstreyr e31@GAdan be carried out via a dry route or a wet route.

Via a dry route, the q;idg%ggn fdep §§e§;9 I's Gy rigdeout, jfor \gxanple, by
heati ng the substrate 50 under oxygen ia a wet route, the oxidation

step 310A R&PdaMGadd Butzondr éﬁaﬁﬁpér HVDh%éfP%§e¥hEh§uB§FF&P@ 50f under an
at nospher e telkangefbr located between the surface subjected to the

implantation and the implantation zone, onto the said
support substrate and to form a thin film, or a layer,
of silicon thereon.
The expression “implanting atoms” means any
25 Dbombardment of atomic or ionic species which is capable
of introducing these species into a material, with a
concentration maximum for these species in this
méterial, this maximum being located at a given depth
relative to the bombarded surface. The atomic or ionic
30 species are introduced into the material with an energy
also distributed around a maximum. The implantation of
the atomic species into the material can be carried out
by means of an ion-beam implanter, a plasma-immersion
implanter, etc. _
35 The term “cleavage” means any fracture of the
implanted material at the concentration maximum, in
this material, of the implanted species or in the

region of this maximum. This fracture does not



7 January 2004 - 18 with water vapor. Via a wet or dry route, according to
conventional processes known to those skilled in the art,7 tthauaxydz@i4e

at nosphere can al so be charged with hydrochloric acid. 5 The oxidation step
310A results in the formati on of an oxide 60. The heat treatnent step 320A
is carried out by any thernmal operatiqn intended to inprove the qualities
of the material constituting the vvor‘kilr?g"l ayer 52. This 10 heat treatnent
320A can be carried out at constant tengeéa{fre or. at vgri ablg ttzgerature.
In the | at PECESREF IR HENE 2129 n2ntT 826 QIEEPPIEAPHERE Por T &anpl e,
with a graduwgdldmoseasecefidhe tenperature between two values, or with a
cyclic oscillation 15 t we u tc._ The e t..step 320A
is preferably carri%%v%ﬁafl a%BPéﬁng%ér ﬁ'ﬁy g)te a?ntesgi%t E%e%ab vereiOOOC and
more parti éul &Y sbtpeate 1a0001PDoT. t THh e AR T EdiTre MT &3%)® 320A i s

preferably 20 carrigd-oui; Ades @ #1QReXi A3l Jforfl "RSBAR@onThea fdospher e
for the heat treatnent 320A can conprise argon, nitrogen, m]r;%drogen etc.,

or al ter nativeF9VETRFAXtRM e 166 t HBREARERREON ThECReat 1 th edt meAYSB20K can al so
be carried oy ndetg vaskide 26f & efeialyle also, dhielaxidgat icoh sitep 310A is
carried out_efor e) t he heat treatFent sgeEtBZO?. o nxtahi e.waokhethle oxi de 60
protects tHE et or HS RoPRPRGTFay8PSartRy £RE REAMP Fedferft” $20A and
prevents theghenbnenbihcodf, pistusgd Toe phenonemehenf pitting is 30 well

known g those Ski'AéﬁFi&&ﬁéet%fka LLoOREULD RS SHr flage rofuehid ai n
sem conductors when they are anneal ed under "a nonoxi dati vé at nosphere, such

as nitrogentS argoni redemadR uldy IRVIGINBIIERL | (PE hed e stficon in
particul ar yheistderdadt tertlier | aint35abaseppbre. hy\dflﬁ@tid&t@aScdsmezoe(di de coat
at all. Accordin 0 _one advant agepus variant, the oxidation s 10A
begi ns vvitH“tﬂb gt PYS9F Thet™SY 3gﬁﬁar‘)§ ﬁ{}f-alguppgﬁger%%%sréﬁ)%%r ease of
t he heat tndatctenti820énthdelyni slads beffor éntshid aded of (ftd# s ¢weampleeat nent .
The heat tr fent 320A mekes it possible to heal, at least partly, the
defects generated during the 5 preceding steps of the process for

manuf act uri ng and t2@G@FRENY hEOs@hstiitd PP Bl par thiadifarfFYVerde heat
treatment 320/h Can ke scArdtiefy Oldyéer ig tiym syl mdd ael enper ainye such that

crystal defects are thereby heal ed, such as stacking.faults, "HE" defects,
etc., 10 gehdiRte Fﬁgﬁﬁéa%& f’ElLr?é’ | T ‘%{-" né‘ntsﬁé‘a%%irdatcfrong% gp 310A.
The term "HF" debpeottr ef snlsstvabedefwdtichhwhose presseimeely s medeal edfby a

decoratphve flal ¢ d#cthe buried oxide 56, after treating the substrate 50 in

a hydrofluoric acid bath. 15 The heat treatnent 320A al so haﬁ t he_advant age
of reinforcing the BbFeF nGliefvédeacends sragedmdlre PRt wldn THRSHLJEF
transferrecbcauniih t he UaaRsf ek dan stfea rSMAREGNEJT phecesacandothetsapport
substrate 58. The deoxi datiaon step,33QA i r ef er,ab rri 2 t in

sol ution. ThRPR%HY u i‘lor?%irg,tef o}sefg%pallg,ed: %ﬁ)%agrl 2%)%%%&0 céuo’rgf:%gaci d

sol ution. AsYeiree nueles Buisi chayerr epowrespomdbne thousandcieageager al

thousapd angstfons. Ohre¥rde Rhvaye | MPRESISHBItha tiibsh rake Hlkdd sych a
sol ution. dust, cleaned and rinsed according to the |usual
techniques used in microelectronics.
In this case, it is advantageous to use the
process according to the invention to reduce the
+ 30 roughness of the said free surface and the density of
defects in the transferred layer.
According to the process in accordance with the
present invention, the SOI substrate 50 undergoes a
step of annealing under a reductive atmosphere 100 and
35 a polishing step 200.
For all the embodiments described below, the

step of annealing under a reductive atmosphere 1is



25 During this second enbodinent of the process according to the invention,
“the following will be renmoved: - at least 15 A of silicorl Promathe20Adr ki ng
| ayer 52, during the step of annealing under a 30 reductive atnosphere 100,
- 300 A of silicon fromthe working | ayer 52, during the polishing step
200, and - 650 A of silicon fromthe rking layer 52, during the
sacrificial oxidation step 300. 35 The’total thickness of working |ayer 52

renoved during.the process accordin t i nventian, in,this,second
enbodi nent C&F 1&Eﬁua U*{Oagggaglggg tAg fgﬁeg}ﬁg aPToFfR u§§cocﬁ%s%ﬁb%%l§rrent of
t he procesabaeearding to the 7 January 2004 - 20 invention wll

advant ageousl y make;\mi tex%%%ﬁieblo% Lo ienmvws 899 ';)C% x E}h%lougag)l gt%Bcol | at es

t he roughnesses neasure ter 'the various steps second enbodi ment
of the 5 ppdcesanaeadiding welarthe fnvargduttiviecl atmgpphess schffed10x10

Eun2 ar£a sccording to the RTA procedure, is illustrated in
scannedP- Vi nsP- Vr nsT oughnessr oughnessr oughnessr oughnessUy Uy U ) (A) Aft er

cl eavageSO@fLﬂG‘G@ 50/ 100* 500/ 1000* 50/ 100*Af ter the st epl0/ 301- 1. 540- 505- 150f
anneal i ngunder ar eclugts veatnbsephel e ddipfisss t kel O@n8-1bshl@1- 2pol kshi ng
step. 200After thel0Q.8-1.5101-2sacr.i fJ ci al oxi-dation p300 *: _ After

cl eavage, K& S agé i%s Ss‘%ljbsgtoruag "t %ft&%%ew?ggghnégssi?%gnnagﬁo[ab‘\és, rrgtgsured

si gni fi cantilayl agierh lampsst i ¢ Of encle twicc pedaspef B3 drablaeps - Roughnesses

rreasu(rjﬁgi after the pari iz 1LAS 0fs t he, second arpodi nephpeiskhe Brocess

according to the invention. The third_enbodi ment of the process_according

15 to the P& ofell Lépr dseted /il Fildurdnd. tey idfeofwakafpllér and as
for the presedi pgspabedisEnt Lodattddss &ar rhed DuhgoBudintbstermde oE of SO

type obtained after the eayage st of. t he RT- r . cri bed
above and 5%51 &4 ogS%ee;aa't ?OJheg Ozf?) f%%f esrlé%ewﬁﬁ%v%gégegggﬁgl%%%l eani ng
operation, a Weculisirate 50 is subjected to: - a first sacrificial

oxi dati®n step 301 onbined 4 thsa beatitigat ment 3218uartd Stepeof
anneal i ng %@%255?Jé“&gﬁéf@i§§%§¥f3E§£¥¥§2£I¥§§ twg Q?an&¥1§20ﬁs,
18. Each of these side walls 16, 18, respectively, 1is
fitted with a gas inlet 21 and a gas outlet 22. The gas
outlet 22 is on the side of the side wall 18 comprising
20 the door 20.

Each array of halogen lamps 8, 10 is
respectively located above and below the reactor {4,
between this reactor and the bottom 12 and top 14
walls. Each array of halogen lamps 8, 10 comprises 17

25 lamps 26 arranged perpendicular to the longitudinal
axis of the reactor 4. The two pairs of side lamps (not
represented in Figure 1) are located parallel to the
longitudinal axis of the reactor 4, each on one side of
this reactor, globally at the longitudinal ends of the

36 lamps 26 of the arrays of halogen lamps 8, 10.

The substrate-holder wafer 6 slides in the
reactor 4. It supports the substrates 50 which are
intended to undergo the step of annealing under a
hydrogen-containing atmosphere 100 and allows them to

35 be placed in or removed from the chamber 1.

A chamber 1 of this type is sold by STEAG®

under the name “SHS AST 2800”.



- 21 - -a'chemcal -nechanical polishing step 200B, and - a second
sacrificial oxidation step 302B conbined with a heat tredtdereaBe®904%5 The
steps of annealing under a reductive atnosphere 100B and of

chem cal - mechani cal polishing. 200B in this enbodi nent are identical to
those described for the first enbodi_mgnt descri bed above. The first and
second sacrificial oxidation 10 steps 301B, 302B are made up, like the

sacrificial oxidatifgp stepe3QRRARNMIIRed AbeYR, WYfodds HXhdabraingt ep 311B,
312B and a deoxidation step 331B, 332B, The first and second sacrl ficial

oxi dati on §t°ep%h%0iﬁve§§28n'arﬂfst%9‘?éjat e1PBat AERt ARRIJLB2EB, 8828, are
15 simlar thredtrese abfeasyI destydthec dor SDhec@@pﬁﬂdlﬁ@del wetrkingescri bed

above, rocess. .in cordance w hthe gsent i,nvepntion, Durlngthls
third errboéﬁ%’é%t g? £He S ocggé’l&gcoar dlt‘FﬁSet 0 e Thventi gﬂ,u? h&*FS1 | owi ng
will beb20 snerfaced:54 6502 ~cbéasageconrfrom pheanoerki ngsl a@gscriRedduri ng
the first sachid i g @l cQ¥iLgahhor 3t ep ShdBr-cut®Ss:48&8s 15uagk $hld con from

t he worki ng Iayer , during the step of annealing under a 25 reductive
at nospher e WEBUENS BOCRL-1°5F Shei eBRsStrohft AE GEFRFA§SFayer-ay2r @fring the

pol i shing $hef «2008xia8d 56 65@nde9f tSid | COPef r om thig- ol kKbrgakayey, 52,
during the second sacrifi oxi dation ste LQ 302B.. 30 The% tal thi ckness
of worki ng 1'ﬁ%?y«s"s‘r St r‘f‘?‘fbp]fjrfée?)r%c%‘é% Aot HhGFI BT t 1S i nvention, in

this thdord enbodi m—’:lme psregeakrto giboent 1600 trebl 8ie cairbatdbmenties
r-oughnesse r r us .S S co nt of
the 35 procsipef;g@g%c H?ts‘% éé}ﬁeﬁl@{r&/ nt%fao;t% %ﬁ‘ﬁéﬁn’gl\%?eaugégﬁﬁe . 0x10 ~un2
area scanné P-oieﬁ%lbe ripglowz JaRriErSsSpYUY -te2 “fine product”

roughnessr W%ﬁﬂfbﬂ@neﬁﬁégéghEQ%%A ﬁﬁducts" are SOI substrates
cl eavage500- 1000*50- 100* 500- 10Q0* 5Q- O*A

{ he250- 500281306 40CRT: 661 r 40SE F‘FP Féﬁ)‘%Fdatfo‘ﬁ stEP30 AR t he
st ep2015 1. 540r&0552 Pofi saraisal it ngondel amd:lkct iwleataros phiee e 16QBAf tcef

theloo'8'1é§ﬁ?é%pghgﬁ hggrsgﬁpﬁggBAﬁéﬁE 4000 A hick. Aftgﬁe are

t hel00. 8-1 secondsacrific oxl dation step302B *: eavage t he
surface i s S rotRgt¥aaes t hevibtghn&sd ckemn e tkd ngedsiyiedd & giidiant |y

with an atgm Ctﬁﬂf}@@rm!?é?éiwp@f SbE&Iale@ ZOxR@téghn%sﬁeslm%&wm@{ter t he
vari ous steps of fthe tgnbgl ﬁ‘% iment o roce%s accar di ng to the
vent s on. SRS h b BACHER: FESFElr ebbht oS nepFoare
20 order for the layer of  atomic spec1es 1mplanted to be
located deeper down than the bombarded surface. In this
case, it will also have to be taken into account that
the deeper the atomic species are implanted, the more
material it will be necessary to remove after cleavage,
25 in order to regain an acceptable concentration of
defects in the working layer 52. The reason for this is
that the deeper the atomic species are implanted, the
more the width of the defective zone increases.
According to the first embodiment, represented
30 in Figure 2, a substrate 50 is subjected, after the
cleavage step of the SMART-CUT® process described above
and a cleaning operation, to a step of annealing under
a reductive atmosphere 100, and then to a step of
chemical-mechanical polishing 200.
35 Before these two steps, the concentration of
defects 59 in the working layer 52, in the region of
the free surface 54, and the roughness of this surface

are unsatisfactory.



10 5. By way of exanple, and as for the precedi ng enbodi nents, it is
carried out on a substrate 50 of SO type obtained after tNWEPERERVERY step
of the SMART-CUT process descri bed above. After the cl eavage step and a

cl eaning 15 operation, the substrate 50 is subjected to: - a step of
anneal i ng under a reductive atnospheres180C, - a first sacrificial

oxi dation step 301C conbined with a heat treatnment 321C, 20 - a

chemi cal - nechani calTheol | shepg stfep 200651 amg - vadsecornsl saedutidival

oxi dati on c jned wih a, he reat nent 322 January 2004 -
23 The stétﬁgl%g’%q%%ﬁe%mnglsﬂn e’%ﬁa&r et uct‘%‘(\:/goﬁ }r%%pﬁcér gh?LOBéAa%HPSf
cheni cal - nB¢legedide sissahibaf 200040 this enbodi nent are identical to

those described forryhe §iest epbodismat: descrifed aboye. 5yThe;first and
second sacrificial oxidation steps 301C, 302C are made up, as for the

sacrifiti aP TSRS h e S$00A Hescri bed above, of an oxidation step 311C,
312C and a deoxi dat- grilsd apy 3BUE, s382€rathe shi rist. anéhswsond1Saeldh i ci al

oxi dati on %(% sLeps 03n0elcde3(():%cbe nd_t he he%thsitrea maﬁtB steps 321C, 322C, are
sinilar toothosa alPEady d&EdPrbed® Ot hd & 0B EREB 9 &&4¢ri bed
above, of whenprtdeessibiatragoordanice witttodumedar esent invention. During this
fourth enbodi nent aof ¢ ; i o] i pyenti gn, e

followi ng will be re%%dg@ﬁﬁ's%gcq%géﬁl@%% %%1 ?%oggf ?%mqt écthvt%or ki ng

|l ayer 5> 48CLRG tPE stBESEheZdfe R oRP Wikler 2a MHedirars vef ahysdpieene 100G,
20 - 650 Aagld Hiddeon fkoprbperwebksngyl ayaunm?, o duss9ghiAechkhStto
sacrifici aL7 gxidation step 301C, - 300 A of silicon fromthe working | ayer
52, during tsﬁeaﬁtﬁolns’hi ng step 200C, and - 650 A of silicon fromthe working
| ayer 52, 25 during tihe et ,sdey i Iightingxtdat hehogkep 13626 ZEhe t ot al

t hi ckness Qhev\ogéq,ﬂfgrg@,yﬁé 23 tg{g)v(tggalﬁg%nq’lt hg. PLOCGESS: aggo%gon& to the

g
invention, in this fourth enbodi nent, qual to about 16 able 3

col | atles t RE FoRGinSSSENdre dUrt& aaftiera Ienth R AL eps of the fourth
embodi ment of the prokessiAgCchd nguboriheei MENLh ORhel XdhMnB8rarga
scannelefogrEu% area

scannedP- Vi s P- rgm;?%ﬁaﬂ%%%r%ﬁghﬂé%srtoﬁ%%esrﬁ oFGIRSFAEEY ) EH5Af t er
cl eavage500r&00enl- 100e506r2000e50- A90atageotbby st dplirB01-chds4l 505- 150f

anneal i ngupdele@n 1200°C and 1230°C and preferably being equal to

20 1230°C; and .

- switching off the halogen lamps 26 and
cooling, by circulation of air, the substrate 50, at a
rate of several tens of degrees centigrade per second
and varying according to the temperature range.

25 Under these conditions, with rapid heating and
cooling ramps, and a short steady stage, this annealing
operation under a reductive atmosphere 100 reduces the
roughness virtually without removing material. The
thickness of material removed is less than 20 A. The

- 30 reduction in the roughness is essentially achieved by
surface reconstruction and smoothing rather than by
etching. In addition, the crystal defects 59 in the
silicon of the working layer 52, generated during the
implantation and <cleavage operations, are at least

35 partly healed by this annealing operation under a
reductive atmosphere 100. The concentration of these
defects 59, in the working layer 52, is thus reduced.

Consequently, the thickness of working layer 52, over



7 January 2004 - 24 reductiveat nbspher e100CAft er
t he10- 301- 1. 540- 505- 15fi rstsacrifi ci al oxi dati on step301CAf J8puary 2004
t hel00. 8-1. 5101- 2pol i shing st ep200CAfter

t hel00. 8- 1. 5101- 2secondsacri fi ci al oxi dati on step302C *:

After cleavage, the

surface is so rough that the roughnessecannot be measured significantly

with an atom c force m croscope.

5 Tabl e 3: Roughnesses neasured after the

vari ous stwpschf thiee daurdnit emthioch nefit deffecttlse §8 otessocaccreaitngtoo t he
i nventi on.),dhe fid gtt@b%b()diém dh%eﬁepmﬁggnéﬂe Fi gyee A0.6. (By¢way of

exanpl e,
substrate Goisf aseﬁatlyﬁs @l@@&‘aﬁé@nafltserpemfé?@%h\}blgée%t@pr@@‘u?héVSMART cuT

process de§@ﬁb5§ﬁleaeovqo$fteacEE@d%@avetgﬁ stge and cheaBbAdrdd
t he sgbstrate 50 is subjecte . - a_first step of anneallng

oper at i_on,

under & r eQERYED

and as f t he rece enbo

it is carried out on a

S atHodsFa e o 19F t@&(ﬁﬁﬁﬁ%ﬁloﬁeéﬁﬁﬁ%%ﬂ d8FPShng step

200D, and @f6wn ass€ao@ndsstap Qbyamnealbngluﬂdealmereductlve at nosphere

1020 The stepe, of AINGANLAS WOLS Y o ShEDDEY SedLD 12D, 20 o

chem cal
t hose descl@@edeﬁétlbﬁé faboste @ﬁﬁﬁﬂ&nﬁﬂny othganady yn Ladds -

to 25

2§ i5 10 15 20

During thigefhilh eshpdiciente ofithes Prages pARRRAIIAG Eophbecynyeation, the

follomnng will %Frennve - less than of silicon fromthe working
| ayer 182, BRI S§OSie 355158t epSorasindd i R§E undaP L% TREFISR &P%pspher e
101D, with already-existing equipment, etc.

15

20

25

30

35

The roughness is generally expressed either in
‘terms of the difference between the minimum height and
the maximum height measured during scanning of the
surface whose roughness is measured, or by means of a
root mean square (rms) value. The difference between
the minimum and maximum heights will Dbe denoted
héreinbelow by “P-V” (from the term “Peak-Valley”).

After the step of annealing under a reductive
atmosphere 100, the roughness measured during scanning
of a 1x1 pnﬁ area is reduced from 50 to 1-1.5 A rms
(i.e. from a value of greater than 500 A to about 20-A,
in P-V wvalues), and the roughness measured during
scanning of a 10x10 pym® area is reduced from 50 to
5-15 A rms (i.e. from a value of greater than 500 A to
40-50 A in P-V value).

The polishing step 200 is carried out by a
conventional chemical-mechanical polishing operation
known to those skilled in the art. Starting with a
surface which has already been made quite smooth by the
step of annealing under a reductive atmosphere 100, a
polishing step 200 on a thickness of 200 to 400 A only
is sufficient to bring the roughness, and more
particularly the low-frequency roughness, to a
satisfactory value. Typically, the =roughness after
polishing is from about 0.8 to 1.5 A rms, if this
measurement is carried out during scanning of a 1x1 umz




- 400 Aof silicon fromthe working layer 52, during the polishing step
200D, and - less than 15 A of silicon fromthe working Ié@éﬁn52¥YdH¥Mng t he
second step of annealing under a reductive atnosphere 102D. The t ot al

t hi ckness of working |ayer 52 renoved during the process according to the

invention, in this fifth enbodi nment, i equal to about 400 A. According to
one variant of this fifth enbodi nent of the process according to the

i nvention, a heat treatne uch,as .t Ko al.r, A .$¥¥héHt ;
al ternativdf§?a 85(:;@%9%@%)(%5% gnac% Si r%ggq;\?\%/ltsgz a Léeat tTeatment, such
as those atzsoridedcpilbedunbngescennipg Phseri@WlP kB t34E&Fi ft h enbodi ment

described above. TaRkg o‘i‘i's'h@:hgs dche ravghaessemaneasuredass epléhe
various steps of the fifth enbo

i ment of the 2ro§%ss at%o.r ingxlto t he
i nvent i on.to ¥erRyfariFordohe werking ERyeraréa [o€aiEdrosdo Eih2%ar ea
scannedP- Ve msFe Vessrauginesssaughnessuodglinesspetghngs saffeets 59.
cl eavage500- 1000*50- 100*500-.1000*50- 100*Af ter .t hel0- 301-1 - - 15first
indBP SR | SRR RIE er 8L0FBRY Ggrooros acddrdiis

st ep of anneal i ngun ere f ter
t he100. 8- 1t51@he2polviesttiing siteplO@Ddented hén08igures5B801-Bseddndost ep

of anneal i n%gggﬁggar edyct L@’F&H’&fsoﬂﬁr el0eD 15 Athericleavage, the gurface is

so rough t ss cannot” 'be measur ed s%gni ficantl %(@vm' th the

"roughn
atonic foréébﬁf:éla(wco%é. of M etypeRORjIHidSSes2hb8EurtdtP aFt8AVRAE vari ous
st eps 1af tbeﬁgi féh empbodinmrT-cfT® her proses slearnaididigabovehearidivent i on.
This fifth odi nent of the process according 10 to the invention is
particul ar Fieﬁﬂ\%gﬁ’t 25&53&WRen the surface roughness after cleavage is
reduced. This is thecoasidnion peeti chlisr whecontie iemicahitegiton i $hearri ed
out W th Seyerl. Qnerej s, (Hhfedvda510) aAndiilea il SoUEH alnaboriac speci es
or alternatively when the 15 cf eavage 1s acconpani ed by nmechani cal
constrai nt se@RRt2 VP48 @agsphere JadiPdAr 208ken 27tocL A MsCReMASHlGcess for
”Satil@ spBehaaties 1( 5@011‘1%1}&1;6 r@‘@ép-ozbeﬁtr@ﬁi&s Djrna)lplpﬁl eotlr(ani cs( ’
i ndustry, 5 conpr.ising on, at _|east one ei r .faces a.wrkin yer (5
in which c8RPEHERTS re°i‘h$%5ﬂ%’d 5§ e ?@%@ac,onﬁﬁr%e%r 8&@?’5 ‘J?:ogrrlﬁraﬁ:si ng a
step of chefmeealecha®iodal polishing on the free surface (54) of the

wor ki ng |ayer (52) phi ch 8lso 6eMmLbses 13ngt eRied0 annealdnRg junder a
reductive atnosphere (100, "100A, 100B, 1Q0C. 101h, 102D), before the
pol i shing st@espPeae 266A2 ool fpochepdggyl-mechanical ' polishing

20 200A in this embodiment are identical to those
described for the first embodiment.

The sacrificial oxidation step 300A is intended
to remove the defects 59 remaining after the polishing
step 200A. These defects 59 may arise from the

25 implantation, from the cleavage, or may have been
generated during the polishing step 200A, etc.

The sacrificial oxidation step 300A is made up
of an oxidation step 310A and a deoxidation step 330A.
The heat treatment 320A comes between the oxidation

30 step 310A and the deoxidation step 330A.

The oxidation step 310A is preferably carried
out at a temperature of between 700°C and 1100°C. The
oxidation step 310A can be carried out via a dry route
or a wet route. Via a dry route, the oxidation step

35 310A is carried out, for example, by heating the
substrate 50 under oxygen gas. Via a wet route, the
oxidation step 310A is carried out, for example, by

heating the substrate 50 under an atmosphere charged



2. The.process as clainmed in claim1, wherein the step of anneali%% under a
reductive atmosphere is 15 carried out in |ess than thred HPRBRES, 2004
preferably in |l ess than sixty seconds and even nore preferably in | ess than
thirty.seconds. 3. The process as clained in either of the preceding
clainms, wherein the step of annealingl8nder a 20 reductive atnosphere
is~carried out at a tenperature of between 1100C and 1300C, and preferably
bet ween 120@Cham@tE230@Pak . Thiex~preebssrasiryl giovde,i rmaorerding heopr ecedi ng
cl ai ms, whij rl en i shi S (200 0A, 200B
200C. 20005 ,Bhé'gé’t% 20?’((&%_11)0‘55?%’1%%;’ 3f5%)b”' 800 Hhoas é?ﬁlégév%ré‘?ln?ﬁgyer (52)
over at |edst a %6 19w adFive satRpeRreES . Can ?Héopgﬁté¥@¥ﬁﬁ%lﬁiﬁﬁd in one
of the preggdirdghdloaiids acdi.ch al so conprises, before the polishing step 30

(200, 0A, 200B, 0C, 200 .a ste 311 11C) of. oxi di,zi ng,{ he worki ng
| ayer (2§2) over at %Ig’gastoﬁlg%fzf?‘&n 0%‘?(35 ?P‘npgkne’)s%s.‘u]é? Thér‘proﬁégs as
cl ai med i nfeirtmagrnonf ofl ainmex4dend05, which al so conprises at- | east one

oxi de removal 35 sugp (3A0A 3318 3926, 33160n3320)ca T SIS REORESS s

clainmed in one of clains 4 to ich, "al'so conprises at |east one heat
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step of annealli ng de re I t er.e, ( . aft t he | i shing
step (200, %(%%(?A, 5&%8%860 gggégi(gng r?%e prlosceicg,%@alse%cl gbﬁlrtr:éd Fﬁ(%one of

t he precediergmpdegl avith whi diracowgr i sesraaseepf tihepl AamPegaguses under

one face obedws@her tvd) amidey ant&tiop;Zene; acgbepcof opkaghngilhe face of
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support® subStrEEE, ST V2 1SSy St<l eaving the wafer in 15 the inplantation
zone, in order to thhansheatsoneeeitniche watep oBROAt héssupperfierablistrate and

forma thin_fil. r thin layer. therean, is thin fi this. thin | ayer
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mixture of these gases. The heat treatment 320A can
also be carried out under vacuum.
25 Preferably also, the oxidation step 310A 1is
' carried out before the heat treatment step 320A. In.
this way, the oxide 60 protects the rest of the working
layer during the heat treatment 320A and prevents the
phenomenon of pitﬁing. The phenomenon of pitting is
30 well known to those skilled in the art. It occurs at
the surface of certain semiconductors when they are
annealed under a nonoxidative atmosphere, such as
nitrogen, argon, under vacuum, etc. It occurs in the
case of silicon in particular when the latter is laid
35 bare, i.e. when it has no oxide coat at all.
According to one advantageous variant, the

oxidation step 310A begins with the start of the
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» < :15 The heat treatment 320A also has the advantage
of reinforcing the bonding interface, for example
- between the layer transferred during the transfer by
the SMART-CUT® process and the support substrate 58.
The deoxidation step 330A is preferably carried

20 out in solution. This solution is, for example, a 10%
or 20% hydrofluoric acid solution. A few minutes
suffice to remove from one thousand to several thousand
angstroms of oxide 60, by immersing the substrate 50 in
such a solution.

25 During this second embodiment of the process
according to the invention, the following will be
removed: _

- at least 15 A of silicon from the working
layer 52, during the stép of annealing under a
.30 reductive atmosphere 100,
- 300 A of silicon from the working layer 52,
during the polishing step 200, and
- 650 A of silicon from the working layer 52,
during the sacrificial oxidation step 300.

35 _ The total thickness of working layer 52 removed
during the process according to the invention, in this
second embodiment, is equal to about 950 A. In general,

the second embodiment of the process according to the



> MS gR3 y109& ()-! 109 ()- 10!! 10!! 10!!!1"039'10%!& ()- 'S 39' 109%& ()-
t39' 10%W& ()- SUX[ » a d dEQR3 7 January 2004
y10%@ 109& () - @ 10%& ()- @ 10%&' () - S109& ()-S 10% ()- s10%& ()-d g uK;
<}[9gR3! * 109& ()-*! 109%& ()-*! 10%&' ()-*!109%& ()-*| 109%& ()-, 610%& ()-<-./0?
EuS1!'t “YZ"10%/[/& ()-4! pYZ" 109%NW8. (39 410% & ()-! 10% & ()- 10 |

invention will advantageously make it possible to
remove 800 to 1100 A.
Table 1 collates the roughnesses measured after

the various steps of the second embodiment of the

5 process according to the invention.

1x1 pm® area scanned | 10x10 um’ area scanned
P~V rms P-V rms
roughness roughness roughness roughness
(A) - (&) (A) (A)
After cleavage | 500/1000%* 50/100* 500/1000* 50/100*
| After the step 10/30 1-1.5 40-50 5-15
of annealing .
under a
reductive
| atmosphere 100
After the 10 0.8-1.5 10 _ 1-2
polishing step. -
200 ]
After the 10 ! 0.8-1.5 10 1-2
sacrificial
oxidation step
300

*: After cleavage, the surface is so rough that
the roughness cannot be measured significantly with an
atomic force microscope.

i0

Table 1: Roughnesses measured after the various
steps of the second embodiment of the process accoxrding
to the invention. |

The third embodiment of the process according

15 to the invention is represented in Figure 4. By way of
example, and as for the preceding embodiments, it is
carried out on a substrate 50 of SOI type obtained
after the cleavage step of the SMART-CUT® process
described above and a cleaning operation.

20 After the cleavage step and a cleaning
operation, the substrate 50 is subjected to:

- a first sacrificial oxidation step 301B
combined with a heat treatment 321B,

- a step of annealing under a reductive

25 atmosphere 100B,
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steps 301B, 302B are made up, like the sacri 1c1a
oxidation step 300A described above, of an oxidation
step 311B, 312B and a deoxidation step 331B, 332B. The
first and second sacrificial oxidation steps 301B,
302B, and the heat treatment steps 321B, 322B, are
15 similar to those already described for the second
embodiment, described above, of the process in
accordance with the present invention.
During this third embodiment of the process
according to the invention, the following will be
20 removed: .
- 650 A of silicon from the working layer 52,
during the first sacrificial oxidation step 301B,
- less than 15 A of silicon from the working -
layer 52, during the step of annealing under a
25 reductive atmosphere 100B,
- 300 A of silicon from the working layer 52,
during the polishing step 200B, and
- 650 A of silicon from the working layer 52,
during the second sacrificial oxidation step 302B.
30 The total thickness of working layer removed
during the process according to the invention, in this
third embodiment, is equal to about 1600 A.
Table 2 collates the roughnesses measured after
the various steps of the second embodiment of the

35 process according to the invention.

1x1 pm? area scanned | 10x10 um®’ area scanned
P-V [ ms - p-V | rms
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Ssacrificial
| oxidation step
301B .
After the step 20 1-1.5 40-50 5-10
of annealing
under a
reductive
atmosphere
100B
After the 10 0.8-1.5 10 1-2
polishing step
200B
After the 10 0.8-1.5 10 1-2
second
sacrificial
oxidation step
302B
*: After cleavage, the surface is so rough that
the roughness cannot be measured significantly with an
atomic force microscope.

5 Table 2: Roughnesses measured after the various
steps of the third embodiment of the process according
to the invention.

The fourth embodiment is represented in Figure
10 5. By way of example, and as for the preceding
embodiments, it is carried out on a substrate 50 of SOI
type obtained after the cleavage step of the SMART-CUT®
process described above.
After the cleavage step and a cleaning
~15 operation, the substrate 50 is subjected to:
- a step of annealing wunder a reductive
atmosphere 100C,
- a first sacrificial oxidation step 301C
combined with a heat treatment 321C,
20 - a chemical-mechanical polishing step 200C,
and
- a second sacrificial oxidation step 302C

combined with a heat treatment 322C.
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oxidation step 300A described above, of an oxidation
step 311C, 312C and a deoxidation step 331C, 332C.

The first and second sacrificial oxidation

10 steps 301C, 302C, and the heat treatment steps 321C,
322C, are similar to those already described for the
second embodiment, described above, of the process in
accordance with the present invention.

During this fourth embodiment of the process

15 according to the invention, the following will be
removed:
| ~ less than 15 A of silicon from the working
layer 52, during the step of annealing under a
reductive atmosphere 100C,

20 - 650 A of silicon from the working layer 52,
during the first sacrificial oxidation step 301C,

- 300 A of silicon from the worklng layer 52,
during the polishing step 200C, and

- 650 A of silicon from the working layer 52,

25 during the second sacrificial oxidation step 302C.

The total thickness of working layer 52 removed
during the process according to the invention, in this
fourth embodiment, is equal to about 1600 A.

Table 3 collates the roughnesses measured after

30 the various steps of the fourth embodiment of the

process according to the invention.

1x1 um? area scanned | 10x10 pum?’ area scanned

P-v rms P-V rms
roughness roughness roughness roughness
- (A) (A) (A) (&)
After cleavage | 500-1000~* 50-100* 500-1000* 50-100*
After the step 10-30 1-1.5 40-50 5-15
of annealing
under a
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first
sacrificial
| oxidation step
301C
After the 10 0.8-1.5 10 1-2
polishing step
200C
After the 10 0.8-1.5 10 1-2
second
sacrificial
oxidation step
302C

B

B,

Z D\

*: After cleavage, the surface is so rough that
the roughness cannot be measured significantly with an

atomic force microscope.

5 Table 3: Roughnesses measured after the various
steps of the fourth embodiment of the process according
to the invention.

The fifth embodiment is represented in Figure
10 6. By way of example, and as for the preceding
embodiments, it is carried out on a substrate 50 of SOT
type obtained after the cleavage step of the SMART-CUT®
process described above.
After the cleavage step and a cleaning
15 operation, the substrate 50 is subjected to:
- a first step of annealing under a reductive
atmosphere 101D,
- a chemical~-mechanical polishing step 200D,
and '
20 - a second step of annealing under a reductive
atmosphere 102D.
The steps o0f annealing under a reductive
atmosphere 101D, 102D and of <chemical-mechanical
polishing 200D in this embodiment are identical to

25 those described for the first embodiment.
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removed:

~ less than 15 A of silicon from the working

5 layer 52, during the first step of annealing under a
reductive atmosphere 101D,

- 400 A of silicon from the working layer 52,
during the polishing step 200D, and

- less than 15 A of silicon from the working

10 layer 52, during the second step of annealing under a
reductive atmosphere 102D.

The total thickness of working layer 52 removed
during the process according to the invention, in this
fifth embodiment, is equal to about 400 A.

15 According to one variant of this fifth
embodiment of the process according to the invention, a
heat treatment suéh as those already described or
alternatively a sacrificial oxidation combined with a
heat treatment, such as those also described above, can

20 Dbe inserted into the fifth embodiment described above.

Table 4 collates the roughnesses measured after
the various steps of the fifth embodiment of the

process according to the invention.



U& () -i pwWUSAPL! sY" 109AJU& () - ma! Y" 109AJU& () - ma! ~ Y" 1098JU& () - md! A Y" 10% U
U& ()-md!j Y" 1098JU& ()-md!. Y"10% U U& () - miTuSe! 7 January 2004
1098B& ()-! y3! 1098B& ()-!y3! 1098B& () - sSMLOYBE ()-!41098& ()- 10UU 10WU
10UUX; uSe! 1098B& ()-)?Xka 1098BB& ()-! 1098B& ()-! 1098B& ()-! 109BB& () -
$9%@&xNLUS6 109BB& ()-)?xka ! 109BB& () -¢ L09BB& ()-(! 109BB& ()-!

109BB&' () - &0: DNOPxN1uS6 109BB& ()-)?Xka ! 109BB&' ()-! 1098B& ()-(!

1098B&' () - 10%BB& () - PSV[ J‘§<Pf§l}l€fu§'§ea1%‘@§§f'e&) )1'62%@ pmﬂg%@?&séénned
() - 109BB&—O—H] NiERES -

109BB& () - . oy xNEsb—H9B8& =) P Pka T 10988 () -!
109888 ()| 1098B& ()- ! | LOURRE. (- KNLUSE 100aBE, ey RS |)- !
1098B& ()-{(! 109BB& ()-! 100 B& () -?uS A)m% 109 ’?Xka(A)lof%BB&' ()-
1098B& () - [ APTBB&1E)vadD YBH% (oo US0 560760 L O JBER XKa 5 GLO@eB | ) -
1098B& () - | T0%BBE (dite 10YBBE o-Boa U B 5&1(&-)50) 7Xka 50YBB& ()
109BB& () -| ¥a¥BB:{dp oEOYBB& ()-a?ulS6 109 109BB& ()-)?Xka 10%BB& )
109BB& () -| 104BB& (Jng 104BB&' ()- *xN1uS6 109BB&' ()-)?Xka|! 109BB& ()-
109BB&' ()-! 10uBB&E (39 -! 109BB&' ()-*|t, G B&' () - ) ?Xka
109BB& () -| 109BB& t)ve 109BB&' ()- 10 0%
109BB&’ () - ) ?XkeEnosphe®Bs’ () - 10¥BB& '[() - BEMPTUaxNLuS6 .
109BB& () -)2Xka 101P0o@BB&| () -! 10%BBK 3

109BB&’ () - pbc@étan?uss 10% 1b9BBS £ 0%35&0()- 109BBk Y ) -
109BB& () - | ROYEBBENE) SEeRwyz~a?uS6 1 0YBB&' () -

109BB& ‘Laméﬁi%__u; NAWS : (ka——1008B& () -
10%35&'8 10%@%&}“1 YBB&’ §§ VIR ot s iodss )
“ o6 1094& () SSCRAGTER 01 Ls 1098 ( 109%t&' () -
@mov& ()b ' ATHYER O - 10#10#10# QoL 10% #. & ()- /-%Y8vu4
8" M 10%&' [) - yeXyu it A%6&[()-. ) 1 . it 109%#& () - . |
m 1098 () -] - ! Jimd<9@dZ& () -. WF| [: v4 $‘m'10/#&'()- x|t 10968 ().
Tt 109#& ()-.  nigb@%e& ()-. 8 ni 1094t& () m10%t& ()-.")*4y]= h

8?(1%5‘& (3& ()- g;/ﬁ%wuvag%}eg ’e gi%%}éﬁ& Epe WE%%(S ﬁéo(l;s )SP@@QU%‘ 1 BYEkg: ()-h
10%EH#& () - ht KOYESE,Tihe VVKYnbBy be mela shOMEH® i(Grilf i 1GMEAY (Wi)R@Me h
109E#& () - h_ 10YFH#&. (1-h 10YELS: YOyl = h 109E#& ()-h 109E#& ()-) 2@ :
h 10%5#23()51%9’{%?%&%%?-'&9{55&%’?5Zﬂv—i}— h 109E#& 8h 10%EHE! 8%@@
h 109&#& ()-h 109%&#& ()-h 109E#& ()-bF*h 109E#& ()- h 109%&#& ()- h

Tooera ()~ h10UERE Clon AR aes) ““a‘?m#éﬂ“’*ﬁ%‘%ﬂéﬁ?%%ﬂ
Tovse (). RETPRERE Hhe Eikimtod ity iy TFe, Ay

109E#& () - vie* the Ohnt@sEH8h() - h 10%E#& ()-h 10%E#& ()-h 10%5#& ()-h

p—
1

109E#& ()-)?2@®: !"#fJ*h 10h 10% 109&#& ()-h 10%E#& ()-h 109%&#& ()-h
109E#& ()-h 10YE#& %%‘ )?@@: #$,-./0-bF*h 10h 10h 10%E#& ()-h 1Q9&#& ()-h
109E#& ()-h 109&E#& THin fadthe mpodigent gaf <the-praresth 40RCI8IEEE () - h

109%E#& ()-h_ 100 #& 10YEHE! UEHE () - 10%% .
OPUVWKY~bF* A% C‘io i’(?(%é‘f )2 a(‘ﬁa 16%#%? ye 100 ' (}-5h
109&E#8: () - )@l@ca&’ngnr pa‘xf@’ihul@h M‘@&}(e) implGoEAE {9 hlaoe@#&le)d h

109&E#8& () - hy JOYERE h ) h
109%E#& () - h %ﬁﬁ% E ?%é#&%% ?%‘J‘éﬁ@ AI?* hw@iﬁoi%ldh %&%@&#f‘ﬁ”&h
109E#& () - RS2 09K (?tﬁmmc%e;qﬁ&’e(qlerﬁ 109E#82 L} SFn@Eli vedver WAPh 169848 () -h
10%E#&16) - he 103F4§e () 1B 1%@ﬁnﬁénibé0‘%ﬁﬁ& Herc)h’é@caﬂ J*BoR8hri 0%t s
109%E#& () - h élg@z#%é) b 109%4&"()-h 10%#& ()-h 10%#& ()-)?@@: ~bF*h 10h
10h 10%E#& ¢ 10%4%°1) - h 10%&#&' ()-h 10%&#&' ()-h 10%E#& ()-)?@: ~bF*h
10h 10h 109E#& ()-h L109E#& ()-h 10%E#& ()-h 10YEH& ()-h 109EH#& ()-)?2@D :
~bF*h 10h 10h 109&#& ()-h 10%E#& ()-h 109E#& ()-h 109&E#& ()-h
109E#& ()-) 2@ : nyX7*h 10 S(Y"10%#& ()- S| &L0%#E& ()-( OO 10%#E& () - s
SOL10%#& ()- h 10YEH& ()-)?@®: *c6789| [ NAdh 110X#10X#10X# * S(Y" 10968 () -
S S(Y" 1096#& ()- ~S(Y"1006¢& ()- ~S(Y'109%6#& ()- S S(Y" 109#& () - 9HOB| [ ;
NA4h 110SF,14"10% # & ()-* S8 ,14"10% # & ()-* ,|4"10%& ()-*

14" 10%+8 ()-* S:10% # & ()- S' @10% # & () - Bod| [: NA4h 110

SO, 14"10% # & ()-* °,14"10%& ()-* SA,14"10% # & ()-* °,14"10%& ()-*
N, 14" 109%& ()-* 1 4" 1094& ()-*1"# BNAGh 110 S.)?Xf~ A[3 10% # & ()-XI A 3
10% # & ()-XA[ 3 10% # & ()-XA[ 3 10% # & ()- XAl 3 10% # & () - X#$(, 045d: Nadh
110) ?2XF~ A[3 109% # & ()-XA[3 10% #' & ()-XA[ 3 10% # & ()- XA 3

10% # & ()-XA[ 3 10% # & ()- X56@T~_d: NAdh 110) ?2XF~ A[3 10% # & () - XA[ 3
10% # & ()-XA[3 10% # & ()-XA[ 3 10% # & ()-XA[ 3 10% # & ()- X_ ekopgh>Nadh
110)) ?2Xf~ A[3 10% #' & ()-XA[ 3 10% # & ()-XA[ 3 10% # & ()- XAl 3
10% # & ()-XA[ 3 10% #' & ()-Xq_5NAdh 1) ?Xf~ Al 3 10% # & () - XAl 3

10%&E#&1() - htdO%Eé&lG))velﬂxtlQa%% (%ahti@ﬁ@#&l@ adv&@8 - ag 'é@&lsl\/l‘d@réhl? Bhz0h 10h



“bF*v~ 10VE#& ()-v~ 10VEH& ()-v~ 10VEH& ()-v~ 10YEH& ()-v~ 10VEH& ()-) ?#, 5~
v~ 10%E#&' ()-$U&' (~bF*v~ 10%E#& ()-v~ 10%EH#& ()-v~ 10YEH#& (Jamwary 2004
109E#8&' () -v~ 109EH& ()-v~ 109EH#& ()-)?#, 5~ () 36>AEVV6*v~ 10v~ 10VEH#& () -V~
109E#& () -v~ 109EH#& ()-v~ 109EH& ()-v~ 109EH& ()-) ?#, 5~ EFUWKYF J*v~ 10v~
100~ 10%E#& ()-v~ 10%E#& ()-v~ 100EHE ()-v~ 100EH#& ()-v~ LOYEH& ()-)?#, 5~
YZ_" abc~bF*v~ 10v~ 10v~ 100E#& ()-v-= POUEH& ()-v~ 10VEH& ()-v~ 10VEH& ()- v~
109E#& () -) ?#, 5~ cdnqy| vV6*v~ 10v~ LQYEH& ()-v~ 109EH& () -V~ 109EH& () -V~

109E#& ()-v~ LOYEH& ()-)?#, 5~ fJI*v~ 0%~ L0YE#& ()-v~ LOYEH& () -V~
109E#8& () -v~ L0YEHE ()-v~ LOVEHS () ) 2#, 8= by~ 10~ 10V~ 109#¢ ()-v-
109E#8& () - v~ 10%E# (§> v~ #&' 1 %t; 24 5 ~DF* 10v~
10%E#& () - V= LovEngh (PEYSeTBotot %/ eﬁoééﬁg (1%’511%1%~ ~pF*y~

10v~ 10v~ rmn@tgexgewmaﬂw#&' )oxv~ 10@5#@@%50110@@#&' )Lm/dustry,

OYEHSE 10L& ~

Of%E#&'?S g’ﬁ%’f?@%‘:?)o) Eﬁ%\éﬁt 4{:% o(f)lo’:’lxtleiilg@#a&?é% v~ ’fﬁ? 8 ¥~-

109E#& () - vlan@%z#@%)) wlm()cosnp#nent\s@xvev~lnbenﬁed3"‘190

o bt e LESaA) L ) st
xvU4v~ % & 0 - 0

fr, 3]18fy&k#é&e‘fl'3@f)i %%gl@%} EAngyon gt Gé%?)suég& Ué%/L Pt e

S810% & () b k1 1@ SALOMERASR) -, 1f wh 2 BRIAIPAR’ (Jondfrifse® SALOMRERE 6F-1 ~ @

S&10% 09 190! A

s&lotyg% fﬁ?ﬁﬁi&ﬁ’%} ()glf%‘ﬁ‘gﬁ/‘gﬁ%%ej?‘é&% 94&%‘5%30%%0%

S&109%&h&&' (}0ABabceGRy UALLD, 102M) 109&e&ore- * that 19%(#&h4)1g* $M9%<#&' ()-

f111006#& ( zé@&kft@@g)&kf&éﬁ&kf&oé fé@f{g&k#&& ()- +’?k|[ vUdv~
" s 0%<#&'$ Sni 1096K#&" () - *f sm' 0%<#&' () zif ) s 0%<#&' 0:*
* St 109#& 43 -+ Shi'S 0PKRESE- A5k 2 WisH ai e

step of annealing under a reductlve atmosphere 1is

1, wherein

15 carried out in less than three minutes, preferably in
less than sixty seconds and even more preferably in
less than thirty.secondé.

3. The process as claimed in either of the

preceding claims, wherein the step of annealing under a
20 reductive atmosphere is carried out at a temperature of
' between 1100°C and 1300°C, and preferably between

1200°C and 1230°C.

4. The”prOCess as claimed in one of the preceding

claims, which also comprises, after the polishing step

25 (200, 200A, 200B, ZOOC, 200D), a step (310A, 312B,
312C) of oxidizing the working layer (52) over at least
a portion of its thickness.

5. The process as claimed in one of the preceding
claims, which also comprises, before the polishing step

30 (200, 200, 200B, 200C, 200D), a step (311B, 311C) of
oxidizing the working layer (52) over at least a
portion of its thickness.

6. The process as claimed in either of claims 4
and 5, which also comprises at least one oxide removal

35 step (330A, 331B, 332B, 331C, 332C). ;
7. The process as claimed in one of claims 4 to 6,
which also comprises at least one heat treatment step
(320A, 321B, 322B, 321C, 322C), the step of oxidizing
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322C), in order to protect the rest of the working
layer (52).

8. The process as claimed in one of the preceding
claims, which also comprises a step of annealing under
a reductive atmosphere (102D) after the pdlishing step
(200, 200Aa, 200B, 200C, 200D).

9. The process as claimed in one of the preceding
claims, which comprises a step of implanting atoms
under one face of a wafer, in an implantation =zone, a

step of placing the face of the wafer, .which has

- undergone the implantation, in intimate contact with a

support substrate, and a step of cleaving the wafer in
the implantation zone, in order to transfer some of the
wafer onto the support substrate and form a thin film
or a thin layer thereon, this thin film or this thin
layer constituting the working layer (52) which is then
subjected to the steps of annealing under a reductive

.atmosphere (100, 100a, '100B, 100C, 101D, 102D) and of

polishing (200, 200A, 200B, 200C, 200D).

10. The process as claimed in one of the preceding
claims, wherein the working layer (52) consists of a
semiconductor. '

11. The’pfocess as claimed in claim 10, wherein the
semiconductor is silicon.

12. . The process as claimed in one of the preceding

claims, wherein the reductive atmosphere comprises

- hydrogen.
'13. The process as claimed in one of the preceding

claims, wherein the reductive atmosphere comprises
argon.
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