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- The' i nvention rel ield of processes for the treatnent of

substrates .intended f§6¢he manufactur € of conponents for nicroel ectronics

and/ or for opt oel ectronics. The invention also relates to the substrates

i his process. 10 More specifically, the invention relates to
gﬂ‘muﬂﬁm M &procﬁéﬁséofoﬁr@ﬁtl ?ﬁEﬁQQEN‘I‘ab?S sWBlsq"hA&Es woel |y (i
for exa siligcaon i ng or

ex anyFoeorsf quartzw RO Engg BBH%S§eﬁNBfEQ%§F§€EHg Obﬁﬁ#@%#d%&tlng or
insulating 15 layers. They can berELHsERGIESS on which a | ayer is deposited
(for exanple an epitaxial layer) or substrates conprising nonhonobgeneous
structures, such as substrates conprising conponents or conponent parts at

nore or 5l ess advancite simgestiont helatpsepar &hicorficdg Terrres@%¥2S over a
certain depth f ﬁgkﬁggﬁiﬂgﬁﬂc%fﬁS&gsé %ﬁ% ogﬁtgﬁggdoEogh%ﬁésﬁgﬁﬁiates a

| ayer of nma e?l | east constituent of _the
conmponent s ba«oﬁmdoofn conperenrtes fh’lrs m?a‘y%@e%\?q:‘l:r%%b%%qé@ﬁlt/IOf bEC%enot ed

by the EXprggéééFb MQég'ngTﬁéye{nveﬂhfoﬂuaéléa ofel&tesWor&i nghéayer and
in particul a t Its surface, exanple in terns of roughness,

condi ti ons %?@ﬁtEﬂt?%eOEBﬂb%%%nPg tbﬂﬁt?ﬁﬂﬁ SPesearch is being carried out
to 30 iygorove the quetétypetithialngykithg liawemt ifive wolcurent ta\088¢ 53528,

for exanple es_a |.i shi h
wor Ki )r(lgrr})ay‘éjrg#t }5’ | i BRh@g® Oﬁ%%ﬁl rglr?%rgzilﬁé v@*&%%%g §;5<'{h§%g’f O%Mﬁlécﬁ i's
paral | el t owhbil by susémdeontioneiem, d@qnﬂnaKPmR&ﬁHthlrﬁt&&@@@b 85 such as

_vgrk hardephpg: gef eeb1at Bnbhe (E3¥er oRhnBRLET b8! yndeELY] nErt hELBel | shed
surface. An arm Invention 1s to Inprove th qualltgPof t his working

| ayer both campesﬁg off r Gughhiesk dﬁ@lﬁ?%¥99ﬁg%ﬁtﬁﬁhc€mn' PBhabiNdef ect s.

7 January ZQQ?erSZ THd P @M | Be ACHIBYEER 866 Ol ngh&ehtm mwm a8 by
virtue of a ocess for the treatnent of substrq}es for glecggonlcs or

optoelectroﬁPE@séBﬁﬁrlsfﬁﬁra VOFRTRGS | ayt  at"HPe4st part|§1ly conposed of

an oxi di z 5sabkerguater i @dmpni sind easinlomogEnedies r sftagedunss s plgbess

Conprising:as substrates comprising components or component parts

at more or less advanced stages in their preparation.

20 There exists, over a certain depth from the
surface of at least one face of these substrates, a
layer of material which, at least partially, is a con-
stituent of the components produced on this face. This
layer will subsequently be denoted by the expression

25 “working layer”

" The quality of this working layer and in
particular that of its surface, for example in terms of
roughness, conditions that of the components.

Continual research is being carried out to

30 improve the quality of this working layer. The document
W099/53528, for example, provides a polishing process
by which the surface of the working layer is polished
with a roller, the rotational axis of which is parallel
to this surface. However, polishing results in defects,

35 such as ‘work hardening defects, in the layer of
material underlying the polished surface.

An aim of the invention is to improve the
quality of this working layer both in terms of rough-

ness and in terms of concentration of defects.



--a first sacrificial oxidation stage for renoving material constituting

t he viorking | ayer over a certain surface thickness of eadhJanbtsty at0®4 10 -
-a stage of polishing the face which has been subjected to the first
sacrificial oxidation stage, and - a second sacrificial oxidation stage for
again renmoving material constituting_the working layer on the polished
face. 15 Wien a layer of material conprising defects exists over a certain

thickness fromthe gyifagenofisa sislviedl &ddu iy W athsf astenyisaughness,
the first sacrificial oxidation st age rraF‘es it possible to re]g%gegai d

t hi ckness oPYt HistHEr Ot -2 PPPFRFRgI PRy ENe I3 aadWanT of nFuPF

sacrificial fexi daidBde Bé@BEon NbE Clorloeptoetl ertressars | gompsilstiinign &he
conpl ete renoval of .the defect-cqnprisi.ng .l ayer enerally d ngt make it
‘possi bl e ei ’f’ﬂ’é?lf’g $AYFECiRdn e;?s(r%eﬁ?cre J‘ta%‘elyr ocuog%n%sé;fo(?%t e 5838;:6?226 whi ch
has beers subpket evht2Eriali ton The fleast saoe foEi ditheoki ddieices st §§éSi s t hen
usefully co t .a:pal.i shing stage which makes it possible to
obtain the gglsjlgggg rggﬁlg%—ﬁgsl@g'me second sacrificjial oxidation st age
subsequent |y nakes rtapodsitfite, sachifwgiahal o¥ddation hesBI¢i r £PT to

remove in paphbeihagr mae diddercdddta eMiiGly thee RRbipiMdQglsyégeohas a
i ntroduced defects and/or the remi nder_of h%u%ef ect-conprising |ayer.

However, st 8PEFAGDt AP fRCRe HiGhESSorts FEE a%%te roughness of the
face ofig he substratea aft®fe the pertosding saer ifface athixoh dasdsobesnage, is

sati sfactor nd co tible w.th .the use.of. the J 5 | ay. i } Cr oor
opt oel ect roﬁ?“ 355%?52%1% %r?se wﬁi‘f‘ﬁésﬁ S W LR NE n;arl?jorsﬁaﬁeo’f n‘%{% def ect s
generated by the poki shi rpcmed f ;i igeinerasl | yohbdagion? §§ﬁ98r_yfm0_4 - 3
thickness Ogﬁgﬁgatreém&ﬁq'gb @Qtériﬁn%%ﬂg%ﬁtthﬁin% layer wot x MRGeMiadle i | |

advant ageous e renove virtue of the second sacrificial oxidation
stage, over oa theckeddshed F&Gfeen 400 1 and 1000 5 It is thus understood

that thesinvention gersi Sks ohyarcosbi naiton of sasdpdisiml ofdatison and
pol i shing stages. Each of these st esﬂparti Ci Fate in tlprefarlcegov%l aof t he
part of thee#dekSnPIYye? SERA ﬁgma S&Bs5F I }hf% ghieohcentratt on of
defects, thgubdtsecendvselr ian chasaoks dattony stragghowmssonathg gamstei pati ng
nore specifically.in _the repairing ects e dnlis

pol i shi ng stsgé’él%f‘fﬁl?lprooxclecgagﬂlldslpn%?geg%%%%%agg%uggtg ngﬁq% S“SF chs hing al one.
Thus, as i ndiadat ¢hiatkmess tdfe tdeicorie S8 tz@IMIF €3 19 ok@¥RFt on st age makes

it possphle to rendyg, thgdegi @hiisht orphieh thecppkishing fasidadigduced
defects. However, furthernore, it makes it ,olssi bl e ﬁg | mrL_ ot her har nf ul
effects of tH@JSal i €Rifl. RS PethAERRSSaL Y hErEYLS 4% efFBEi VATV t hi ck

| ayer of 20 defrectrerdivdheost ahé, dafkengtbyppdkiski Agyvies nepmssally n or der

to renove it, In int_.of fact . gLk | ishi I SWds in a
lack of uni fOSH tFEO%ofmet‘}fﬁ c}(ﬁe Cs)?’gll'hlgg %?ggggalﬁﬁag%g%g‘g}%re@]iyncﬁ ea5|%1gl y
critical asthee téughmess off neher pakfpeebevistovieas 2beerc reRERCERE t hus

as the @g' | sy nge st age becoges dangericilll Sok$dhR iBAr té€adar ilsheckase when
the thickness to be renoved reaches 150 to 200, nm |n addit.iqn, |engthy

pol i shi ngs S1S§Wdwh EHBPERBEDERENDYF & ROPTRERY SHEIFeNYCH FA¥F2I 1 i n
productivityt Pwsdivsd to obtain the desired roughness.

The second sacrificial oxidation stage subse-
quently makes it possible, in a way analogous to the
30 first, to remove in particular the layer into which the
polishing stage has introduced defects and/or the
remainder of the defect-comprising layer. However,
starting this time from a polished surface, the rough-
ness of the face of the substrate, after the second
35 sacrificial oxidation stage, is satisfactory and
compatible with the use of the working layer in micro-

or optoelectronic applications.
The layer in which the majority of the defects
generated by the polishing are found generally has a



30 sacrifjcial oxidation stage makes it possible to avoid these

di sadvantages by limting the polishing essentially to tRatamidmh 2094
-necessary to reduce the roughness, since this first sacrificial oxidation
stage has contributed not insignificantly to renoving the 35 part of the
wor ki ng | ayer conprising a high concentyation of defects. Furthernore, by
reduci ng the polishing needed, the defects generated by the |atter may be

devel oped oRpgclEsser 0ol foated JARHANG02404 cOlésemuqr%ceﬁlbper

accordance wth the pres I nvention thus nmakes it  possi ?\; a specific
conbi nat i onodf matRialoNsidt iadyantagaaialiy hat Eemavesy e vEFERs

oxi flf'itl on ﬁafi byneol sebbRa, hkach.tfa.lcriga_ 5owatkicagnl a)sell?ggf,fl ﬂspéeveg _
qua|ty,ta to say with a redycgd co tration of defects and, in
addi tion, wit e e85t Cri Dedeer a?g)g’ f%&d‘}?ﬂég’rsb.or%ﬁs i s achi eved while
retaining a unifor mIS.:ubs:Tsr at ehthi ckmees sanddan WEt nubhef f ioventyonl0 The

process accordig Lo Lie, | augnhholsL5 Al aueas] 1y cgpl axedohoahgPr ove

the quality CORSASRS ng | ayer e of erla such "as
silicon. | nppﬂllsme sttdged i rBackaefi fihgise VAR | Bﬂr%CsPé‘g@Scéﬁprl ses a

stage of oxigati d#éf*H%<¥%é“§§?%eoﬁﬁkﬁé'@brﬁYﬁ§ QEyE?a%bmérE@thon of

the thickness o I's defect-conprising material and st ag §Somdatlon
of the matedhal QNﬂﬁﬁﬁ%MQﬁﬁxxhlqme SRRERAtEaEI PRI cPAI SQFE&FFon gge

advan20; § ageiddiny CONPFi SESial Sb&gaanloQXiitaidé)nopfibhalmyl ghazahlod -mat er i al
over a certain.thickness of mat %Je%&nto V\:h h t he oI i.shi n%fstq__gl% has

i ntroduced && et &ﬁ&%asﬁgﬁﬁﬁ |dh?|o 8f fﬁg Fateri alt hus
oxi di zed. 2%e@eryeyantdnstddépridoegsobicsoimy ngtaeet he i nvention

adyant ageousl y corrprTlhsi S, H%P?ﬁggjstl qQQ, l?rgl_;%fe ﬁ@éﬁﬁa&é%@é thg Hol izshi ng

stage a stage of annea € SubStrate a st annea Ing the
substrate |$d&l&h¥mgedl©ue b&horse tae 9@ﬁ#§ﬁ¢ﬁ§sﬁ§ﬁk€ t BBeodefi%n st age

of the {i rS;sa%aﬁrq]fdfdla'omad@ﬂ)&nséaﬁgemhﬁeadzenb@g%qmbyt%aa@ta{oafeof

form ng, before the end of this anne ng stage, i de er, wh h
protects th&henmiegdon ofintre ¥hbshr a’EBedLP‘?%Jgs%’tn‘Feg&"’l l&ﬁ!’i

the. anneal 'd’éfedtﬂstm&é?@éﬁ, Fhetbeirde reaydrt prakest $tt b@srs&bﬂlendﬂr of t he
substrate from.cert

ef f ect f _th n uc t;he
pitting pherofion® g%%@ Q&mgi heggﬂé?%ce%ogj%%r g%%ggﬁn coﬁaﬁgtors when
the latter arecamweal edf uderrea iy Janumlatotily Shighoxiates n@f
at ”DSph?ace L Eécﬂ:ﬂ? N LY n1st‘é"if‘i:““”8 fodgthe Fb&@)shfﬁ@' S PiddddukpRenomenon

takes p case o [icon in artlcu when "t he Iatter H? bar e,
that is to sidy RHERT] ttq)srr%tov@ovéFed t RodRitdeCht Bty 4

conver sel y, gdwe svinapl d&rge rakes tbspossi bhe &0 lmepaiof dﬁf:etcdm:bmugmt about
by the OXI(k%hlc ness. This disadvantage becomes increasingly
critical as the thickness of material to be removed
25 increases and thus as the polishing stage becomes
longer. This is in particular the case when the thick-
ness to be removed reaches 150 to 200 nm. In addition,
lengthy polishings slow down the execution of the
process and result in a fall in productivity. The first
30 sacrificial oxidation stage makes it possible to avoid
these disadvantages by limiting the polishing essen-
tially to that which is necessary to reduce the
roughness, since this first sacrificial oxidation stage
has contributed not insignificantly to removing the
35 part of the working layer comprising a high concentra-
tion of defects. Fufthermore, by reducing the polishing
needed, the defects generated by the latter may be

developed on a lesser scale.



|f a stage of annealing the substrate is. 10 carried out after the
pol i shing stage, the oxidation stage of the second sacrifi¢aita®xi2d8¢i on
-stage i s advantageously capable of form ng, before the end of this
anneal i ng stage, an oxide |layer which protects the remainder of the
substrate in the same way as was 15 degcribed for the first sacrificial
oxi dation. The process according to thé invention is al so advantageously

enpl oyed 10 i mprovepldie fualddy ofn @ AR dhdSY Qi dRIGH Rydl whi ch

is not easily oxidiza continuation and in particular in 20 the
cl ai ns, therdestrion | bhus oppdesatiite PR3Py RBd2WSPSGHE IE F9RYT on,

whet her the,sorGal lbgd gxhgbzabbengméerhgl irs eamblinexidazablielorbyot
easily oxidizable, OQher aspects, ai and advant.ages %&hthﬁtinveq§ion\MIl
becone appat@itiotrizhdiond Pet dPFedPPs R ldﬁq’on i BRFol' ows. The
inventi gn wdikal§oldgebebifernmpidercst apthvittyh refizt emee tioo 2dy swith
description, considered in conjunciiao ] append 1 in
whi ch: - Fﬁ%uf& YR ocﬂ¥p?%€F%€%§% fﬂ%m%%gﬁ%ggin a.%OggUS%%¥%;e zheen in
cross sect ividh dani roptiisi z2edaswefiacby roughmsts serbBai fredts cAch iRV ocess

according tqg { [ isan - Figure 21 s fstkagban i £PEeseat iang thHe
densities o }Q%I§%¥%ﬁ%g€lnsaaﬁgﬂg$)defegtg generated by 35 the.
i mpl ant at i ovptimamsebEieherCyYr epared by one of the alternative forns of the

Smart - @4t process, fgea pYBebkan akbcRidigst ace tMd h IesPeeiot 0 18e
surface bonbarded duri n?ryt he i Ia(gt ation; 7 Ja%qggry 2% 6f -aFi gure 3
represent s AAWVIREAREIREHY of L YRGS HIPESY Pat &of byT R guie 2L -2Figure 4
is a di agr ag@pkisgr epigsentneddon dfh oxdsH zeddted omatskraajubsspghe aswhich
ha$ been subjected 5 to an oxidation stage in the context of the process
illustrat edsjogl’f:?ﬁure 3, - Figure 5 is a diagrammtic representation of the
change in a substrafe (Wden tasper gt E¥eFtdEEayg fifd alecORYIBREPf i ci al
oxi dati;@n S%ﬁQSeOfco € iRLecesss dlyd | besthalad iy RiguFke 3oxidkbaple 6
represeéents e“organi gram of a sectond enbodi nent _of _the Tgl{? cess acgor di ng

to the invenatenial mvgw eal leagtyi agPotdOrc PepFBSert 3 25 the

. productionggf sa CaPESEE L NEnSELSIChYr € it exriibst natie (seerstiagecr oof

section) which has or has not n_subjected ta {. econd sacrifici al
Pafil St

- be
oxi dati on sE8g¥1PATAEB0 & W CeSEH I St rated by Figure 6; -

Fi gure 8 di agrammat Thel | gecepd esentrs flig 220 chadgeipn samst pdv@n-seen in
Cross sfeti P_Qgegﬁrs'lg}g !éo%ftxfdi%aetémné bytLhe teghniguesdinoyn aget hendecco
-“Brgurée’9 is [

t echni que; : agram representing the surface densit% of
def ects reveanfiddzpplene nafkeemidbe 2yn | L3t r SEEF2LR Fi gt e<®e5%s &% unction

of the thickRes$ial into which the polishing stage has introduced
defects and a stage of deoxidation of the material thus
oxidized.

25 Consequently, the process according to the
invention advantageously comprises, in addition, before
and/or after the polishing stage, a stage of annealing
the substrate.

If a stage of annealing the substrate is

30 carried out before the polishing stage, the oxidation
stage of the first sacrificial oxidation stage is
advantageously capable of forming, before the end of
this annealing stage, an oxide layer which protects the
remainder of the substrate during at least a portion of

35 the annealing. In this case, the oxide layer protects
the remainder of tﬁe substrate from certain harmful
effects of the annealing, such as the pitting
phenomenon observed at the surface of certain

semiconductors when the latter are annealed under a



of the layer remaining after the first stage of this technique: and -
Figure 10 is a diagrammtic representation of the change’i HRRmeredd@4of a
-substrate during the second 30 sacrificial oxidation stage of the process
described by Figure 6. The present invention is described in a detail ed way
below in the specific but non-limtinggcontext of a process for the

manuf acture of substrates 35 known as the Smart-Cuts process. A specific

way of car kggél%g%(lgﬁtfltr{be SERbEpREkeP! peeSBodéenfli slgeigd, vhotuumxamrd, in the

docunent F 1,472. 7 January 2004 It is rocesi for .t hethe
manuf act ur &£h& Eikel r affld sc bt S gPReNaPeresr 4% Pt &f°
sem conduct s PNei Pi cbheiih fpagas.cuicnorwhey tbeodetdkri tis ddawemnati ve

fornms, the 5 Smart-Cut process conpri.ses; - f. lypl NG @t ons i n
an i npl ant &hdn +8gith gﬁﬂer’ﬁ"f"f ate df° an%%m%gg’tr?%%?t gvglt\l'/\g?eo?{?%? a stage of
bringing thaf.ace of the wafer 10 which has been subjected to the

implantation into int;j co | a Ki ponsabstgatgakand; it a stage
of cleaving the vvaffgorw%?éﬁehe e@‘g%r%\%iy%tﬁgéi npl ant ati%n rz%i(mgn i n order

to transferpossitileai Hobaskpad rsusiafeftes t REOPEhti oRPOUY h fE0€si t uat ed
15 between fhg;surface which has been subjected to the inplantation and the
inplantation region and in order tgo forma thin filmor 2L 8YEL o{s

" 1s

sem conduct or on sal#l backPEEIEULSEr afENeRHe 1% r P npt RAT T HY- At ofe!
under s§@od ¢£r2cdeamtanyfherbatnepblakhdhgni stagej orhe spetdatiahich is

capabl e of introducing,.these spegies int terigl: s th_a nteation
maxi mum f orSt#2%e %%peg'irl?s isr?‘ctoﬁ\cg r?gtcé"rjif%% [ gar%g\)%qttr%&% bg?'% %si %ﬁat ed at
a predet er nadesn tepedusd yh qegsyielet o6 thermbndar ded one f hbe. efk 25 atonic
or ionic sp J‘fgsah eh?&ﬁSdgﬁﬁ%k]”ta%%J@tﬂ}"@f whibnhapreneegy whech is

al so di stributed about a’maxi e I nplantation of the atonmc sgeci es in
the materi atemabndercaef i dheousupptratue igf RS ofaBRrafid I3t ¥F° an

i npl antjey by EAPELSHORokNtAePlFaSER, sakdiFA dika Iddielatiim term "cl eaving” is
understood to nean any fracture of the, i

the concentration nARPMRROGEPS HSCNE jell?(gg:tgnz) %t@\{eernr%%%,?teagggé%?\égl o?fi n
the vi cini t ¥a9hntBgsomBiymismp Iy edf rtact ump moes ibe n@@@%ttﬂi |g£ o€cur
appl cati oniBHRiAPs EFEbsdm e ] Bor TS CE T con o | retl arey . i aa fknown as
SO, is prepatddzable. In the continuation and in particular 1in
20 the claims, the description “oxidizable” will be used
Wwithout distinction, whether the so-called oxidizable
material is easily oxidizable or not easily oxidizable.
Other aspects, aims and advantages of the
invention will become apparent on reading the detailed
25 description which follows. The invention will also be
better understood with reference to this description,
considered in conjunction with the appended drawings,
in which:
- Figures 1A to 1F represent the change in a
30 substrate (seen in cross section) during its treatment
by a first embodiment of the process according to the
invention;
- Figure 2 is a diagram representing the den-
sities of implanted atoms and of defects generated by
35 the implantation in a substrate prepared by one of the
alternative forms 6f the Smart-Cut® process, as a
function of the distance with respect to the surface

bombarded during the implantation;



7-January 2004 .8 _ Several ways. can be envisaged for preparing a | ayer of
silicon on insulator according to the Smart-Cut process. 'Aé@¥#ahNg0P8 a
-first way, it is possible, for 5 exanple, to cover a silicon wafer on its
inplantation face with a |layer of insulating oxide and to use a backing
substrate, for exanple also made of silgd con, .for the transfer. According
to a second way, it is possible to 10 have a conpletely sem conducti ng
| ayer which is transfEigedeeidt reprasents Fackirgasidsamaeé &beeP&@-With an

ouart) . SR R R g R e B A o oY he to 15 bave an - Lo
i nsul ator on the sem Edgyuet ér ifaf ar ddRgregmatdsf EPPECFaYEAt 4PNt s waf er

ei ther onto a.hacking iswbsis af &sigsetdt &l 5060VRT REsWokbn! Bl jalcWedr onto
a conpletely insulating substrate. After. cl eavqge and tr@lgsferr, an SO
structur® 26%midh SXELEREAONy aPERERr dd ohPB £IUHF of Ofhe Back Ty S fost rat e

i's obtainedjnnuatiatasedy Fienfreea;surface of this |ayer corresponding to a
cl eavage surface. It is then _adyvantaggaqus. .t et LA.a rdance
RS & 1 bute S et s PEp B RERR A BpKEE

with the present inve roughness” o ' eavage
surface andthee atensjd yinf adefubsttsaite t teear ahsf perepecijare) THesidIef ect s

can be revealed i - i.qu @@#h a "Wight" proecsp” and
" Schi nmrel " t%g%hn%)%%%@ a%é{%g‘il}&{iﬁg et?’?ﬁom t he ngﬁreag%ofa@tl hgi r 0r i nventors).
Onl y t hk0 defiddis traetes & Bigwee Secco technique will be consi dered

subsequently. Several pgrRQdl et seplebBRLPr 0GERS a6£HENiGPakO ©ife iavention
w Il be described below’.n the specific but non-1li n‘itir%% cont ext t_g)p;ethe

Smart-Cut priGeedsl 3smbgRliment o the e pdRITH of* WP SO %t ruet UFE Such
anj SO ' strugGtnvedrdi®om;epr esent ed di agrammatically in Figure A It consists

Shotary Sona © 5 "M REREE'Toher UMARRIRE Srk it of |,
6 of silfcorthen glwelbsciomepR. a capacitive structure on a substrate
(seéh in cross section) which has or has not been
subjected to the second sacrificial oxidation stage in
accordance with the process illustrated by Figure 6;
- Figure 8 diagrammatically represents the
20 change in a substrate, seen in cross section, during
its treatment by the technique known as the Secco
technique;

- Figure 9 is a diagram representing the sur-
face density of defects revealed by the technique

25 illustrated in Figure 8, as a function of the thickness
of the layer remaining after the first stage of this
technique; and

- Figure 10 is a diagrammatic representation of
the change in the edge of a substrate during the second

30 sacrificial oxidation stage of the process described by
Figure 6.

The present invention is described in a
detailed way below in the specific but non-limiting
context of a process for the manufacture of substrates

35 known as the Smart-Cut® process.
| A specific Qay of carrying out the Smart-Cut®
process is disclosed, for example, in the document
FR 2,681,472.



The insulating |ayer 4 is sandw ched between the backing 2 and the thin

| ayer 6. This insulating 5 layer 4 can originate fromthé drhdary A90df t he
-backing 2 and/or of the thin layer 6. After cleavage and transfer of the
thin layer 6 onto the backing 2, the free surface of this thin [ ayer 6
corresponds to a cleavage surface 8 whith exhibits a roughness which it 10
is desired to reduce. Furthernore, over a certain thickness, the thin | ayer
6 exhibits, fromthis _ id eayagpravdsace Bora thg omaiufietests 13£f These
defects are_defects created .during the stage of inplantin 0 nd by the
cl eavi ng (tﬁﬁgpﬁﬁagFF SOTRE AR Al 1 YEF %fan?)l EﬁgnTh%elslégdgkecgt%g&are

repr esent edcondicgoreoh bnet b fhvernroffatceisangl es. They will be referred to
bel ow as i npl antati .cl eqv efect.s 2 T at} of +y

i npl antation and cl gg\?ggglg‘gf Ztc%ag&é% {jg itllilsuélrta%d gl a%rg%grgﬁcépley by the
di agram3 n 20aftglné 2propesst eeppPrigeséxanpl e hydrogen atons, inpl anted
wWith 'a certain enecgy ar%t(yg%tri iy ed _-j_,ﬁpigl@tj_ﬁﬁl angedmBat efinal gy t he
vicinity of a surface situated at a_certain depth Rp with . respect to the

i npl ant at i oAMPAEB LRG 10PN Eengf‘ac"é“‘é"o’Fréspgﬁﬁg 13t e SEMHSERAGAT t he

profile of wh€eg@ncentration N(x) of atons inplanted in the material as a

function of the distance wth respect .tao the inplant f . e

di stribution of the_cgnc%ﬁ??%t it %%)%Fg&f’gi n%?%n{%a(faeat g%s g%%u'gw%tfﬁ}g

maxi nu0 si whdatkd aksa besnansebBec3ed r dm t lidef adepl@ntgrtddual [iyntdecr eases
fromthis s ver rtai j ; L i d f the surface.
For exanpl etﬂl gﬁ‘%éc% i%r?&%g(r;cftaﬁﬁgrb %ﬁ]yg r?g%)n%lg%gé?}g%t%'m g?ﬁi s distance is
approxi mately 80 nm-oR sitdes of deleavipd Hoaeyeferasti thesthemedd 9y Figure
2, jthe maxi pW@ i3 dd2& ideNsidyi Ol e 6688r DEY) taand fe)Cldntid Qfaitdhe dept h

fromthe inplanted face 10 is situated. at a distance wi th respect to
this inpl anPE@FK A% TEPSWRRER | FNesBOFRAR™ h%gd%’tean‘&?%ﬁ. Sitpafiftiary

2004 - 19 bktshkew dthe miwthddatwhitchni hhspdssibl wulbg emgeseksstoy,then t he
context of the.invention, to inplan i t engy during
the Smart - CH'HA c@rs?:slotnhaar‘lnfgnt?’l%ea%%%%%g{é?&?h\cé)‘s?éqgglcgésri?%ngE\Ahen %y 5is
enpl oyed i nteorfjommctd drhim tHiltheopracésyes of semigonsiuchar oo ¥xLd o be

able to re . e, e Material exhibiting a high concentration D(x)
of def ectsn%l%lktelm%et al ni nrg aefi nal _thin | ayer 6 having the desired

! ! ! g

thi ckness. 10 As t h&he akfife OtBRFANFANThA LI hi tbf oFNERESERPHa
si t uat eglp at nidae disy apeRbRRMeem tde hophast ed- f Bewid O spiled emnjwiidly of the
defects 15, ,21 are L und - %.in the,thi n | a ery Geéréemsf.%rtroedm%){lépigfe
backing 2 . 4% TRERICHE IMderSroRWTHAY HES I WHIS™ doeS nbt - heces1s
sarily indi ecattdr aa reghoantistibbutreciappr ok matkégeegperdlesntity omi it her
side of therfRRbiyltughed alaiiifufl HARe EPrudBEdl IAC! Ul & falet ol ead

e p

occur in the mainint part situated between the inplanted face 10 and
the surface™inasht@&PEl Yhehdasway fFontbhi Posdarpsdatud 3cke 10°
However2sit sadidd SO | 1sh Padspesilesi Ast hatraidndad it patltie Shatat eal beyond
the surface situated at the depth Rp fromihe inplanted face 10 . .w{h
respect to t"’f‘?ité‘1 i it arﬁrt?&qyace'ﬂf(fh AsTT 1 1sT? at%%ﬁ“ﬁ“'@%ae ?é?méftger

cl eavage anchaxiamsd .erThé hémpiphaationt exf flte a@omscf cyped ieetilethand t he
cl eavage surface 8 is free. The | antat i l.e ge,def ect 4 are
thus found i'N relarleg?%ﬂ or d%?ﬁ%g&l%%gﬁ_tkggt gg_qitrgfejt ﬁe{eﬁv?(r:li ﬁilﬁ (ﬁ)?gt hi s

cl eavage surifgpdearg.enccandiimplente i byt iowesdileentinf at Hl§FRes3dndo in

accor dagge WHA {16 Pregent e LRYeRLEAR ng S L UMM SO N SLABRE any
represented In the organigramin Figure 3. This process conprises a first
sacrificial fxddationcst hje towlardigabvirateyial paki §t1i’iengl‘°s‘fr%ge° 0608 t sel f

fol | owed by cbrixaaonch a8k i f ngxaluexi dathon wiiage B2t8@@al,Eacdt saehkfi ci al
oxi dation stage 100, 300 is divided up.into, apn ' oxidatign stage.110, 310,
fol I owed by FUSETITEN FBRCIESgLT 20N 3§ Vvicinity of 'this" Rd%imun.

This fracture does not necessarily occur along a

35 crystallographic plane of the implanted material.
In a specific application of this process, a
layer of silicon on insulator, also known as S5O0I, is

prepared.




Each oxi dation stage 110, 310 is preferably carried out at a tenperature of
bet ween 700C and 7 January 2004 - 11 1100C. The oxi dafi®&nuery, 2849 can
-be carried out bythe dry route or by the wet route. By the dry route,the
oxidation 110, 310 is carried out, for exanple, byheating the substrate
under oxygen gas. By the wet5route, thg oxidation 310, 320 is carried out
by heatingthe substrate 1 in an atnosphere charged wth watervapor. By the

dry route or by thesyel 4 pUlRyst haaxi Hat iR idamephese paepaliiagbea char ged
wi th hydro-chloric aci dr,ac,corgi ng to conventional nethepds known to.10a
person ski 1a¥e¥ n phe atitliARD wePnr odfS U@t R e FEAFAENTt 5%t r ddiftes, i nt o
t he crystalg,ﬁa[@t.s(t;lﬁ@@tplf@ceéseyver defects such asstacking faults, "HF"
defects (an "HF" defect is thenane givep tqo a defe rese is
reveal ed by al5decdtGtPTeIRdI 50 ¢ Rt EhoddYad B gé g%%tsi'{%d )g(?xfeuc-ture
after tmseataeanhpdE, t hios tvarct ar eiilicarbatdfexf hpdr dfisucimel astaiioand t he

| i ke. Each dgoxi dat.i.on st 0,320 1 L& allygar thad Qut yise sl ution.
This sol utioh°Fs” tg’r %xglgna&eéjzﬂg 1 n%‘?lggg)éﬁég’?!oﬁyﬁorrc a%?]du_ssol ution. To
renpve at hoosakingo sewdrate,hofieandce®ampte ofs S6f B3dQle Oft heslibSPPate 1 is
i mrer sed infgyc@hg spLHtegp for several minutes. The substrate 1 is then
subjected to the 25 polishing stage 200. This pol., shing 200 . ca£ri ed out
by the cheni cal - nechRERPEAENFO &c FRMY ¥BYL edthni ﬂqﬁe?%‘ﬁd\ﬁieto 9 person
skilledg n fheeakt .coMdiitdine pohisbhagelDfg Lhgesubdtiradt eid tsasabj ected
to the second sacgrificial oxidatipn 300. This IS - e first
sacrificial f%k’Fﬁ@t F&lrr%f(’fo.o e ?)ogiag‘fﬁ‘ﬂa f@bsg‘o%[trel bu esr?egj\_fl)m'u‘?h&gaéﬁ
sacrificial insullating d=yge DO, 0800, at compimbaly nenswlatingdbpak-

patticul ar defect: i.Si material,y The change in the substrate 1 during
this pro35 %régsg}lgggggﬁgsé%?éd glﬁggrr%azr)rrrati cally in Figures |Ato 1F. After
the first oxidati onAscegdingo, teescr tBéddaid®, &% okfdPISH @9 Ps for ned

in the { ci H%{% ofp, t e sHhigdvageosurdaee sBnildotdublor Thaseoxialed | aper 14
7 January 2004 - 12 1s_represented,diagrammatically in a norte 2&t§iled way
in Figure 4trapp§esxiaielpi§sr oy, thifh “%%‘ﬁ c?hgg TEQN Y™ 2 P§FEATEr Vol une
than that cgppesparé NG del ff el ©Xi dorzededi Mithn.inkheldtghoset oftphe
position of the 5 cleavage.sur.face ' resented in Figure 4 by dotted
lines. It sﬁ8ﬂ‘P&el§§l|éfoilﬁ‘%élc}a G ﬁéi%éttﬁregtgeﬂ'm of the thickness El of the
thin layer 6 of silaftenr embéavage banseehrahdfehsulady | QL | HFEMCAYES t he

oxide |gyer  14,and Efffoe?et %géﬁgféﬁeéo Srsand exbae Jrayere 1back ity gr eat er

t han the thickness i thin Jayer_ 6 of sili gon bef or e i ((jaat ifon.
After the fistbetaat@atiorridiged 10 ¢he capeSubsPPafEct S8 di5fetted to a
deoxi dat i ontstiagel dpdr t abgetegoatiihgnms ng eawdigde sayBacdd. IL5 iGn

concl usi on the first sacrificial oxjdati 0, .t S YL LOfydef ects 12
is largely %&F“g@ﬁ%’r eﬁ/genoolis c%onplllsé? e??grékmgggé.g Fur {gﬁ:ecionorae, tk‘lﬂel Initial
roughness ofthehepxd savagényentaca 8;0 aredvagh thedueewabyeshi 95f ithsys

Sacrifif£E“ dfgéygdéjnsﬁqgacﬁtighd the density of defects in the
transferred layer. '

These defects can be revealed by various tech-
niques (known as the “Wright”, "“Secco” and “Schimmel”
techniques and the 1like, from the names of their

30 inventors). Only the defects revealed by the Secco
technique will be considered subsequently.

Several embodiments of the process according to
the invention will be described below in the specific
but non-limiting context of the Smart-Cut® process

35 applied to the preparation of an SOI structure.

Such an SOI.structure is represented diagram-

matically in Figure 1A. It consists of a substrate 1

which comprises a backing 2 made of silicon, an



20 remains too high (Fig. 1C). The substrate 1 is thus subjected to the

pol j $hing stage 200. As represented diagrammatically in Ei ¢@REHD2%0Re
-pol i shing 200 makes it possible to further reduce 25 the roughness of the
free surface of the thin layer 6. On conclusion of this polishing stage
200, the roughness is very |low. Measured-with an atom c force m croscope,
this roughness is of the order of 1 ~1 rns (rnms is the acronymfor the
expressi on fHaMat@an dgyare”d . mddeHovevenilizarheoktdé - machaai ddiipol i shing
produces rk hardeni ng. def ect ol i shed surface 17 over a
certain depth of éraqferlglaf%éqrﬁeg%]‘?kg%ée{r#ﬁg?fs dependent on changi ng
paraneters, such asTheée ipisedadriadof lanerpdl i 3§ ngapddighedn bek¥Reubstrat e
Lo the wearol HigiRgd.2 aBd Nend | kein Theywer ks hardesi nhdlefaciing 15 are
vi sible at tf e surface by mcroscopy (atomc force mcroscopy, for exanple)
in the Bor Mavesct ateme’T hALBALAr EXPR 56t oxdsgddod &t atﬁ"leg%aeﬂf%“%f

crystal defgctsafichsmanthe tRidanvayyr2004 -aferdi spbayage byatdie net hod
of displaying of _ Seccq type. wever, 1 n.additi to thes r k deni ng
defects 15 ‘@"eﬁ‘fé?%?redogy ‘%‘E‘F’e B‘g‘g’i‘s PHGE thePBESt ﬂﬁe n%‘i”'ﬁﬁi‘/ggg%éi nmé

i mpl ant at i ofiré@id sulrefavageodeficts 2hinThésgeconbi e e spefnalst s tar ea

11 ustrat edg,f’%%eé%é‘@h'f;l%glcley s%hFi'chreexéibiT% %[4689%%%@ nehdef ects 15

e
generated b ol Tshing are répresented I nes and the
i npl antldt i obs ande &l vadageo defeduce 21, Frepe ANpEe af t @Ye¥he? f i F¥L34Rri fi ci al

oxi dation 100; aadothe pehishivkd 200iagde 10 r eRHABAMGd birdrii apghss. The
substrate 1 is then subjected to a second sacrificial omg ti 0£h300

targeted atcleavrRdag sWeface it ed al oGy i SifngehECHSEf elfs 15"GEfer at ed
undler the effesttof hhe paldrfivyg 20f-@pedt haurensi nithg | nptage ald£ti on and
cl eavage defects 21 of the thin.layer_6 after cleav 1.gs. d 1F).
Thi s second™@RtPPFHRY a2t MatPdn SH00tiE zfnléalaS’glonégl ?gg?%ghgi rosifé.) @vvever,
starting f reatarpal j sifed sexémpke) t h&Hasee dafeate afre heephPAehager 6,
after 20 the d%ﬁq@!fnﬁt a@ﬁeg%l&fl 9r 1E}iaRYhLBit SrrRepatiiafiachary

s Tl

roughness. usi'on of t F1rst enbodi nent of the process in
accordance wefarred poediiow nveniMBhankasdps @t A1¢3VasR aFREESHSth an

SO StrUCtuéf.i@h@hg%he%QtH@%(3¥“¥Mﬁféﬁﬂéﬂﬁéﬁ ged eel savagéhdetbicnsl ayer 6
has been greatly reduced. According to a second rrbog rrenc}.aofré he.process
accordi ng t 81t Hes i AvdHEFEARTSA |(§§$ﬁ?‘&f&abﬁcﬁfg&r§%, i@‘é‘ich AT il
oxi dat izm cempukseg.a Jtrge dfomsneafod0 ienpnEpl3), BBIJoedént hetomsstrate 1.
implanted with a certain energy are distributed in the
implanted material in the wvicinity of a surface
situated at a certain depth Rp with respect to the
implantation face 10. This surface corresponds to the
25 maximum in the profile of the concentration N(x) of
atoms implanted in the material as a function of the
distance x with respect to the implanted face 10. The
distribution of the concentration N(x) of implanted
atoms about this maximum, situated at a distance Rp
30 from the face 10, gradually decreases from this surface
over a certain distance on either side of the surface.
For example, for an implantation of hydrogen at 300 nm,
this distance is approximately 80 nm on either side of
Rp. However, as illustrated by Figure 2, the maximum in
35 the density of defects D(x) as a function of the depth
X ffom the implanted face 10 is situated at a distance
De, with respect to this implanted face 10, which is
less than the distance Rp.



As with the first enbodi nent of the process according to the invention,
this ‘'second enbodi nent is described bel ow i n conbi nati on W8RUERE 24084 ¢ - cut
-process applied to the manufacture of SO structures. 35, The term
"anneal i ng" denotes any thermal operation intended to inprove the qualities
of the material of the working |ayer_6y9This annealing |30, 330 can be a
heat treatnment carried out at a constant tenperature or at a variable
tenperature. In theItatsttﬁrulcziaSBe trhﬁtedhiﬁltuaw 3613141 pbésitieabeng 130,
330 can be carrl ed_out %r exag{;cl &, %h grlaq]ual icrease, |nwég

t enper at ur e"BEETRRRY t Wby S/ he Esgl FEVSIEYIh i TR 53R Y eg t wo

t enper at ure’shealadtotnlse wWiitke. a5 gheatameahéngy 180rid80 tilse pBwaetably carri ed

parti cul ar 1 BrapPsPothantiad GRIRKIFE OF SHERLCh ddR o g cuor e
preferaBly &ar emedop®doutn ue@d] uRatdmaxi Wi ghndhe nPEpREsEesTHL hhfospher e

can conpri SgyabgoRyti téegee t dpegeh A de bha-drdike OEhé Amdutite 8 these
gases. The annealing 13 33Q can al so be carried out under_yacuum

Consequent | §2& ?ﬁlé}deﬁxf‘&b&rt&t"@ct & hehighmi F@BCeBt 5 ahi P (Bl er 6 15
during the aspeatsnghill, r3d@iandgt @ adeiad theipildyey phraoimyonhdescri bed
above, the gm dat i og stﬁﬁe 110, 310 of each sacrificial oxidation 100, 300
is preferab ? éﬁ??l }al “B&tore the anneal | ng stage 130, 330. According to
an advadrit ageous al t Bsnatievef factmoé 20cuie prrocels aro@emtryg *H the
| nventi on, ?fQEédéﬁ't‘aBt*éﬁg'alF 1‘.’&‘1% 8& Regi Ry ng- E & &ln ah'Eed
tenperature o e annealin term nates ore e end
l.atter. ThefaeggdOof %e‘&%‘ﬁ‘h@l"moo%i@q Hée%%"éﬁr&@e ﬁ125aﬁ‘ak§§upﬁl

possi bl e tojhepakr thie defwot ss gepghatedrkd bhed hiHe lByekifgdaring the
pr ecedi ng sta%gs of the roce s for tH% r(anufacturecimd preparation of this
e

substrate 1M Chak HRRealVitd dit¥ge 99R° B3IB PENSSE carried
out forism tlsaelapd ahdachem 3& pefegisre s@thtftﬂaﬁtedysh@brdaﬁmu:e,ly such as
stacking faults F def ect s, t he .I'ke gener a n yer
during the SHHg&2 g?“?‘i?’rra% of og gac %m g& Ie%}}éerh%gtgr eéir]tg%%?ér(gda%y this
anneal i ng. Thes disteaken@®rst difee | 80acBB0eaddint iigviigad 3scewhi bnt $hehe

advant age Oina%r eﬂgfthengaett hﬁm&%émé‘éﬁ a€Re b@ﬁlg@gﬁt%aeffa@'en 1loayer 6

of the

transferred during the Smart-Cut process and its The density of
def ects rem@Pfi ngh¢ n St A9 nSP’a'yéFeé i 3t hd¥® af&PY gr ErifectédSed after
the 720lanuapYa’d®ed fakle 10ecatoweieef, tihe eubstanestce inbyeaheo@:lomr native
form of theigr cheessmgg%orﬂl] ng,t to the |nv r{}a{toend'lo at&geb)éulijf%lgee 6

situated at the depth Rp from the implanted face 10,
with respect to this implanted face 10. As illustrated
by Figure 1A, after cleavage and transfer, the implan-
25 ted face 10 is found embedded and the cleavage surface
8 is free. The implantation and cleavage defects 21 are
thus found in the region of defects 12 situated in the
vicinity of this cleavage surface 8.
According to a first embodiment of the process
30 in accordance with the present invention, this
comprises the stages represented in the organigram in
Figure 3. This process comprises a first sacrificial
oxidation stage 100, followed by a polishing stage 200,
itself followed by a second sacrificial oxidation stage
35 300. Each sacrificial oxidation stage 100, 300 1is
divided up into an'oxidation stage 110, 310, followed
by a deoxidation stage 120, 320.
Each oxidation stage 110, 310 is preferably

carried out at a temperature of between 700°C and



El ectrical neasurements were carried out in 5 order to conpare in

particul ar the i nprovenent in the electrical properties doAeridrt ¢@08y t he
-second sacrificial oxidation 300. To this end and as represented
diagrammatically in Figure 7, capacitive structures were produced on the
free surface of the thin layer 6 10 ofygubstrates 1 which have or have not
been subjected to the second sacrificial oxidation 300. In both cases, the
capaci tive $iHHCEUr @y Séﬂ@ié‘%?@n"?‘l@@t e PX deanl Ibd scaerpededudf Byl ayer of
i nsul ating oxrde 11 fhor on_the free surface of the. 15 thin_| ayer 6 and
of an el ect EBfe dry p’E%‘i‘%q oﬁEdchn the sWRLy &P - RYI EPI ng&’akl H_"Y%: The
breakdown vehtageidBasehed 100 tj*nm;elsapaﬁrledeoau:r,ucﬁqrr esxamspléenbyonpar ed
with that asur ed on_capa ive str ure u on " defec ree" 20
material, tRSEEFEIt o"RGy Sé‘%‘?att ea&l \?\’%e ﬁxggggt %esen S jgglt ed&,EIEt her to
i mpl ant & i oBoakel, 0 thkeaviget ibn |3510t,he'3|2Q‘ dundatisted heueabrcheaténg
structures du e.Sq . struc h t gHBRected to
a second sa(e:?llg‘fl%’l?% Plga)‘(%%atll %“36“6’ ogEﬁlgégn@ﬁgve&ﬁen@gS Vgﬁ%{] ct eg to a
second sacr Vapoiral Bxi ddte o300 IRMEEh PEr nRY arfdh'd efiRfes T5G! £h8xi de

exhibit a hi,gh 'étflro‘?qu@E}ﬁd/SJ%ef@i e 4bseakovehathen capaci hy‘deo-—
structures produced fect-free" material ; ereﬁs thE“S Ea%l tive
d

structures FPReQETAEd 36 ﬁélc\‘?@d]é’tgrlf(ﬂlﬁ%%"%"btm% RabRodEe ected to a
second s@cCr iaf p%lr@onoélkd.a.ﬂ.le@n i30@ nehiaatt .f or ns and rermves 200 nm of oxi de
exhi bit a frequency fa| ure br eakd l@udsh that of
the capacitive str ué['?’ﬁr r53ﬁlced %\Mycf-e ree q{r;rg?ér%?g%u ‘Fhe notion
of 35 frequanty ofhé aclrystaa&,dmees Sttirelcﬂame it hﬁ@wﬁﬁerc@ﬁe&t(ﬂ)sé\dqéd as

unpr edi Ct ablog, IO LAPe L EStHEON dbLeLARAGN Venst I udtds gesqméoed

above, a bréakKdown,” under the sane conditions as the conven;l é
condi tions SBmMesEivdn ta @efLAPAt! MEQFENBECISNT hbF Te¥CIAR a?*)’ 2004 - 16

words, {her e R itidialdde N e é@béd@@dcaﬁmet b¥e tdler Bourssrypr-oduced

on a rrat erial which has been subj ec Eecorﬁd sacrlfl mgg RX|cg@t| on
300 which f %S aR8tfENTVES R RETPET i Mg 5 capaci t1ve
structures m@m&ﬁmm@ di&;f)e,ctarfd etehe rﬁentleau al. . This shows that the thin

| ayer 6 after havi n%baocﬁgn sub g&gg tqsgel(}aee[ pigges%ﬁpcggdlﬁ}&g&gm

invention, with a s CI‘I |C|a oxXI ion 300 10 conprisin
anneal i ng 3&&mm swnovessalwuien ci Bhi st EPEREESE 3 /neftr i Hf2 Eé]ﬁn bits

virt Ua'% ng éjzﬁf 8654S hyd¥ £ONSEINE I aldien ob1deiesl s manrbaotet exm ned
by di splayi n t virtue of_ a solution of Secgo 15(#ey§?<§ t he

conposi tion OIWrﬁf?fh te KRNFFab &PPEsase skPPFEECTR derp Ehe
starting froumeSAle subssr aeel sednposeshai 2080 1ot isin ifzon 2evea0dd A of
silicon oxide, qbstandard techni que for displaying defects by virtue of a
sol uti on of "S&t Yype is illus 20 trated in Figure 8. It conprises: - a
Stage A which consi stei nsulbserateg theisubéheat e sulfisicted t ot23 EBEonds in

a soluthgn 34 £E600nS YBeabB_ 00der it £1651 43004 02080A A @dr sidd contfrom
the thin | ayer nore-rapid to selectively etch
by the chemlcal—mec anical route ’ac¢cording to tech-
niques known to a person skilled in the art.
After the polishing 200, the substrate 1 is
subjected to the second sacrificial oxidation 300. This
30 is analogous to the first sacrificial oxidation 100.
The polishing 200 contributes, with each sacrificial
oxidation stage 100, 300, to removing material and in
particular defect-comprising material.
The change in the substrate 1 during this pro-
35 cess is represented diagrammatically in Figures 1A to
1F.
After the first oxidation stage 110, described
above, an oxide layer 14 is formed in the vicinity of

the cleavage surface 8 (Fig. 1B). This oxide layer 14



25 this thin layer 6 at the-crystal defects in the material (conprising,
inter alia, those generated by the polishing 200), until 7"hghegany 2004
-corresponding to the sites of these defects open onto the insulating |ayer
4: 30 - a Stage B which consists in imersing the substrate 1 in a

hydrof luoric acid solution in order to.etch, by wdening themin the

insul ating layer 4, the holes 19 produced in the preceding stage; - a Stage

C whi ch congicsts. il A0R Ly | BVRLShifaBchieySUbs! ahsrd bBtaisebubiagn of
Secco type in order to renove e remain e%’ of the thin layer 6 and to-
propagat e t He Holgara of i nThhe Bxékendayerantd, YiShnagatipistowess s - 3

St f’ige DI whi msPOQSigSEéaﬁé‘r a%iliihn\ierq”r%éhn&ﬁéle &u!@&b&.@ba_dlnigln aohyﬂfeofT Ihuori c
acid solution in order to conpletely rempye the jnsulat.ing |ayer 9. e

hol es 19 re&iidifgd ns%ﬁécﬁﬁckiﬁbe 2 EE‘ng SLﬂIi{]i Ei‘%nﬁo}ﬂtdr%d’e %g B:z"eabl e to
be countgd widervaydr QupsEopes isl tepheskdtbd nat #dguirat 4t by tdvitrtddayer 6

t hi ckness remai ning._after Stage A has .to.b artj qul y | GO |l ed as
t he det er ni mati%ohr of[%t f}ﬁ‘g%eﬁgi R Ghe §8'?s ‘{)Hyagfhgf_l echni qag .eﬂ';egri bed
above is verphissasids vBi t hér ¢he. tHhigur da9erep egnsdlécant sefalipingg 19

t hus displa ctil : ihid- | ayen 6 ¢l ckpegs neri-ning after
Stage A on su g?%g?e§H§ &h%@ﬁgﬁébgeofgiS haveénot been subjec?gé to a

second sacridndi &f okh@at #lbhckoesacdonpahi eply aFidhedPYRy 350 1P

accor dapge vq'ztéhﬁ&e PhAGeShACERL 8kABsEO Hoheoff NYBSt ittiin Magespecidf cal |y,
as each point, corresponds to a . density of defects determ ned under a
m croscope fOFLEEhitPFALRO%PIBE TP ckness remaining after Stage A it

shoul d be understoodafbhat thaet hifirert t hexidatckoesssoagehi dhlenaittierg t hin
‘l-ayer 6, the re defects,.are displ d¢ Thys, : e i y
y Lg?%r%?c V\A-:LF| sougjjcéacta%lc? to' 'Y (%({]oq{lc?at(ﬁ%}p El‘:ﬁg 0?2(5’

volume of det onstant” over e entire thickRness of the
thin 25 | ayerafgetédd aorrespohngngheupwédeudhverolBe decreasing toward the

hi gh vahyes for thin,)ayer 8 fikngssehd eFBL 8 NG i cSkageokiddhe upper
curve corresponds to neasurenments carried out on sybstrate ié{W‘th 3650 ~

of transferretoso 1M n Ithfer r69MARChOBasi®ERFESuli%ectdd LtBrdeSEcrPitci al
oxi dation W §in&PRERY i NEotr e@BMpNetedq P.redovdd.n |Bysthémof®] | ouke by a
Pol LS, (LERALEP, Bo0cplog PR AL el UL ! S84 Lipfohl
above. A strpagucedebyowdrics tfierstonsgariéschiel whidatdper WA hi ekhblses
the sur Pace Herath 3 Fag ey P e 55T shi ng 200 7 January 2004 -
The substrate 1 is thus subjected “"to the
polishing stage 200.
As represented diagrammatically in Figure 1D,
the polishing 200 makes it possible to further reduce

25 the roughness of the free surface of the thin layer 6.

On conclusion of this polishing stage 200, the rough-
ness is very low. Measured with an atomic force micro-
scope, this roughness is of the order of 1 A rms (rms
is the acronym for the expression “root mean square”).

30 ~ However, a chemical-mechanical polishing
produces work hardening defects 15 under the polished
surface 17 over a certain depth of material.

The work hardening is dependent on changing
parameters, such as the pressure of the polishing pad

35 on the substrate 1, the wear of this pad, and the like.
The work hardeningi defects 15 are visible at the
surface by microscopy (atomic force microscopy, for
example) in the form of scratches which are in fact

composed of alignments of ¢rystal defects which can be



--18 The |l ower curve corresponds to neasurenents carried out on a
substrate 1 with 4300 $. of transferred thin |layer 6 whi ¢hjdramriyedf04
-subj ected, before treatnment by the Secco treatnent set out above, to the
process 5 according to the invention conprising a first sacrificial
oxi dation 100 with annealing (renovin 50 $~ of thin layer 6), followed by
a polishing 200 (renoving 950 .~4 of thin | ayer 6) and by a second

n layer

sacrificial joxidatign.,wt n L 0 {r. Js 6, w0 ~1 1
6) in order?3FR 2y gsyulgh?n%ge%t}ﬁqﬁ ?gyé’glsg’q%ylg‘%még. Slegcioso?%%ld t hat
the strong Hoseveowaid gHdiltdwnyibuddeser wankn haxdaning Heferkssekd

remaining a arehd i 3BREALS ithdhe YRPEI GidivA yhasemh s@ppeared.
There are tﬁéﬁéfg}zg&v%&t ﬁ?ﬁﬂ%y%%% m)rebiS defects 15 iggdce by the

pol i shing 20UPLANEAEiRBr IAMY ICdpavagear defethe stdst FRE&C1 ‘ﬁ%’ébb‘é%ﬂ

Sﬁbi eCLeﬁbt aetfitjetslr WRsS i@Qlﬁ@tQ‘hlﬂ.gdt widigrdmweedcanly | lblyi SFagsDe Ndt | c](cad
that the base |eve the | ower curve |Les approxi,mately o r o
magni t ude bEPRBWWORk &fs"éy%r}%v%?f%?t? h uSSé‘gr ?Ire\sirer%yl'h%‘/hse gé?lP%gﬁ
attributed tagt hed acéptésenbedt by rdemhesd binebeandsittheal ivplanta-
originating,from.the inpl antatj dJro . V] e hi eved
by virtue oFlPHeaBr 0((::<%‘s@sglvi%l eaéifg% ancejlv(,i ﬁ]éﬁleﬂpﬁséaﬂge?ﬁ%%%t ?gﬁ.QEZS The
surface densatyiéficSedcooxiedatien mdfdurand othehePalibshiBge 200whi 86has been

subj ect t [ReaS$vA¢GAdi1gst.0 the invention is less than 5 x 102 cm
Z over e gﬁ%)?(réggr ange of rer?aiggi r?g,thi n layer 6 thickness. 30 Thgs, in

the case of the prep&fatsWhsicfatah LOLSs R% afBPIeH e thd Osnfar F2EAN %pr ocess,
a layer of ghlirG@nc6aNPr bXiika tdehec39ogenaraeeddby athe rpmbivshigngtBe0
copprising a_concentration of defect or.respend] rf depsities of
Seéco def ecf@t&f l&ﬁeaﬁoé‘?‘plflrﬁa]r{’%St%e xafgicg i g%wi 4$&a%a%¥aﬁggggl ;E/H%e
removed, by efifieicite off tHehepskeicaniche a0 fand athexkdmaioangodmpwaatat-he thin
| ayer esults fro a LED, shonexa g i@ 1hior! ayakrteflr silicon
W th aGJr%w et en@l%}%&é 7&§£¥1\4ﬁ%§.y %084 - 19 Alnal og%ug resul t§ woul d
be obt ai ned odiealvadieor (Fdxasplld and HifM | ayer of epitaxied silicon, of

silicon anneal ed undgy; vl Qued 9dcofr SO &Rl brddat o¥h COBE" isi inedw~ that is
to say with a low density of "COPS" 5 defects éfrom he acron _Tglfdt_he

expressi on 'dOMsst &P G"‘ieg%/ﬁ%%El'PMeé’leés")?t%’r‘ BIFZESM & & §

mnwth a
| ow | evel ofsuyGARS, dehecttrecSuspristaigby¥, tihe habiaddiavieonably aféefround
that thg,second enbodi nent of LACcess fAccandi ng. i i pe 10 dpvention
descri bggl a&g\?e Cﬁ%%’séﬂl%%sgfépg !t%g%el %96%31?@ t h%xso- ca?l ed 'faedge falls"
phenonenon dfadtiveryermseddeweoxi de forning the insulator 4 and of the thin -

~ layer 6. This edgeyfaLbgcplignenenan anisesiwstth SPosimhsit abes thepr epar ed
Wi th the processes of Smart-Cut 15 tyﬁ:}of the prior _art not. conprising a

second sacriFGQGeRS 0iNdafFEATIBOCBY YHE détSchRERTSBE dEBYTREERY pdtticl es
ori gi nati ng furyaide enbeddettaiinde andif raym 068 shirnckayer if. wWiHich i s

because, .as ,i,l lustrated diagrammtically_in Fi e , ayer
enbeddet®20 ¥ d‘éOPS?%gﬁattlﬁg TR PERsRYs ) PHEC chilly fet B6C Y t
after the filbbesin sporatfliyimédoxedati on 100, a bevel ed appearance close to

the edge of the subsflaleyingThe bi Befbn@aehnRluiiete JranHs ghodesnrd nore
particularly that of the transterred thin [ayer 6 is 25 capabl e of

separating faerRTdNGulist r ihe 1LRRER WP he MWdristure tesk hh¥l gt ¥ stages in
the manuf actdy&, ofael ££1 £ 081 CoRl daRE BRI eehbenise sCRMAREY SoDranhesk-

substra%gs 1'i'ng (130, 330) of the substrate 1.

As with the first embodiment of the process
according to the invention, this second embodiment is
described below in combination with the Smart-cut®
process applied to the manufacture of SOI structures.

35 _ The term “annealing” denotes any thermal opera-
tion intended to imﬁrove the qualities of the material
of the working layer 6. This annealing 130, 330 can be
a heat treatment carried out at a constant temperature

or at a variable temperature. In the latter case, the



However., as illustrated in Figure 10B, after 30 the second sacrificial

oxi dation 300, oxide is fornmed, in particular on the tip7ofanhecy %0Q4| ayer
-6, as a continuation of the |layer of enbedded oxide form ng the insulator
4. This basically nmakes it possible to avoid the presence "of a tip at the
edge of the thin layer 6 35 which is_bfgtile and easily detachable fromthe
enbedded oxide form ng the underlying insulator 4. The first and second

egbodi melnt faﬂi{xe&t@n _rqca:@gs ggtgor@g,?gé,bo @@gri@a_er@idt;),ﬂ ‘ﬁbkcke;%@];&,jcri bed
above relate, to applications targeted af. inprovin e - anuary
2004 qual i tYiER BhigtacRd: ser:’iﬁag%ﬁ I ?r&of:lhﬁg%feﬁ‘?ﬁlrgttbllrevﬁec &t Bt ai ned by
the "Smart - dluepr oeesswikhdeseri pycbbchasseidéapdon culetweerbeerwgi ven of
t he second gnbodinFnt of th& egocggfeaccording to the invention in the 5
context of FESPEPPFIESETT of"Fo Structure conposed of a thin |ayer 6
of apprdxi mately 200Be~Rarofeasiingod3dn ad3fnsif apicr§erapdy 4CHFrUSB0 ~1 of

si |1con oxidgy | 0e0ndRtel 9n0Rai e hi Nediipbrandd Shigrddicknensn it i
necessary to |hp ant hydrogen atons with an energy of 10 between 70 and 100
keV. In ordéP0PoCobt anA t hoke | RAKSBILa%LIK) | [8he nRRRES%(HY2ES Y npl ant
t hese atonsifppeideepty, that is to say with a higher energy. - ~ However,

the nore deeply the _atons are_ jnpl gnted, e nore spread.out will he the
&1 G B Herane| aper el

distribution of theTBEn1aReHt+ Out se-ht 5 g9er-8 and the

nore spreadoQit whéer wial | nbrokhdiedngerdtaisned . ddhdet satmbaphayget o t he

i npl antation. The thi.ckness of d r.si terjal egpved by
t he processcgecéFﬁpﬁdﬁﬁ)%ﬁﬁgnre§%§%5§%€gnb§8%gagﬁ!%¥ﬁ€ﬁjﬁg ggk%rggter. The
t hi cknessesanmemititoner abowdhesme gaseef olhe mmeeabingi AdOirng3¢tcanl | al so

beyunder st 0gq sLhatet Ng; PFPEGSSo @ CAUMIY kA .| NEBRLIeCR RN Yhe eRpl oyed
i‘'n“the context of other applications. Generall

: y, the proces 5 accordi ng
to the i nveREKHER i 80 oPupsEdackhei neehaRRder | d&ber ethd ﬁéﬁﬁVé g sur f ace
layer whi | ei@tigignivhe tdhenmindg y180, t Beounger |16 ngvard ethal piAsingnt i oned
above in the enbodi nent of the process conprising.ap.anneall e 130,
330, the anRESMONEOEN ﬂ%@%rébgg r%%%‘f‘?’l ng?lgff%’é?da f% csgénaﬁeﬁitﬁr%rgke it
possi bl e to3umpr oye tkachual sayrofichad urmerdatiimwp naléPial .30he psocess
according to t i nt | . n i aboye, Pynd akiBget R8ocase of
silicon as iﬂﬁe&‘seetrraa;ﬁ“slveéag}alﬁp@?egﬁﬁt big? %(r}h%s:ﬁ%e und%gt%%d tthe t hat 35
whi ch has bé&9 .secoud iy &0 fengflvenfagpprpcabite s tidteer faF8 @fher than

si |icongoi n Ay thEak&ds OhBe6 re@igCorsluehieng imdiicH 5. the exddatd cof an
embodiment of, LNe Rr OGS R G HhnEnd Ot NEnLNYSULT 91 AR RER RSy bed
above in gi g g
the annealing 130, 330 and terminates before the end of
the latter.
The stage of annealing 130, 330 the substrate 1
25 makes it possible to repair the defects generated in
the thin layer 6 during the preceding stages of the
process for the manufacture and preparation of this
substrate 1. More particularly, the annealing stage
130, 330 can be carried out for a time and at a tem-
30 perature such that crystal defects, such as stacking
faults, HF defects, and the like, generated in the thin
layer 6 during the stage of formation of each oxide
layer 14 are repaired by this annealing.
This annealing stage 130, 330 additionally
35 exhibits the advantage of strengthening the bonding
interface between tﬁe thin layer 6 transferred during
the Smart-Cut® process and its backing 2.
The density of defects remaining in the thin
layer 6 is here again greatly decreased after the



7 January, 2004 - 21 which each sacrificial oxidation conprises a stage of
anneal i ng the substrate. However, it nust be understood tThdeniarywd#i0d not
- be departing fromthe scope of the invention if only one of the sacrificial
oxi dations 5 conprises an annealing stage. Thus, according to other

i npl ement ati onal exanples of the procegs according to the invention, only
the first or the second sacrificial oxidation conprises an annealing stage

anal OQOUfS teréa@ﬁnedesalfl bed ah@verate 1 Ianugiey 2DPdrnaive CEAbMSOE. A
process for jnproving the 'structural val ity ubst r

ni cr oel ect rBhFc?rd’rc SHptBePEH PO Cs, b enelguﬁgg%gfle lbﬁ %lgalt%a a{)gor ki ng
| ayer (6) iptigndedeespecially for the production of CIrCUItS and at | east

part|y composed of an ¥l qi.2abl foseMLEARKVE! OlolB! CELAL: o8al dukaven bel ng

exposed on one face 0 € Substrate an possessing first defects (21) 10
near sai®d fecdert Ho prowpase cénpHatigulan thesdmpaovemesital 1Hx{ &t i on

step (100) %%cft%ff%\é'ln%zfdﬂéﬂws Sé'éﬁ@ﬁﬁo@{eahﬁywﬂﬁ Ngetay@r shexia certal n

t hi ckness o constituent materi al IHgtter and at | east

the first défieded (@miydagion FO0Qtep'q 266)1Sofe | PBAi r?gstﬁﬁPrFe?@@t%% the

wor King | aya&agmaﬁﬁafta%aqu@er gene rigufe st saapa&itiaé oxsitdaicitarest ep
(100), the sai

ste enerat i ond def cts ecj a
wor k- i nduc e Sd&f é?ﬁcgd‘?‘?‘?f?t?l‘é \{I]YBFKI 9 &t ?‘1% r % fa'gne £ 5’%%6 6 a
second B@Cr ioffi cduths toxd toked | Dnwhtiep (rame) éor hayai mcrherrlweng sfupgpcities surface
of the worKki ng Ihtaéyesrec(o@d asa%%Tﬁﬁ'} dihi gk i & 3de. constituent material of
e

the latter ast sore secon efects (15) . 25 2. The process
as cl ai med | n cI ai mIn chathct eedged: i n thaat ARPFGIGEVe o0 FHUGtHIre

oxi dation step(1HYs CHMBLkEE S8 SbSTEp 1(sll<9<)m s&Xi difzianglrber of
sefi conductor material, over at |east part g t hi ckness .of hth| S
nat eri al comﬂﬁq%QR}Q9uP¥+¢%t éeﬁ&ﬁﬁ?%) thfd 5%ﬁﬂﬁﬂ%£ €926 &% enovi ng

the matesi altHibus) Dy di gednd3ofThe mmzessocse; t3 aposdtinnedt ler tfig he
precedi ng layer of insulating oxide 11.

The breakdown voltage measured on these capaci-~
tive structures is then compared with that measured on
capacitive structures produced on a “defect-free”

20 material, that is to say a material which has not been
subjected either to implantation or to cleavage. It is
then found that the capacitive structures produced on
the SOI structures which have not been subjected to a
second sacrificial oxidation 300 or which have been

25 subjected to a second sacrificial oxidation 300 which
forms and removes 50 nm of oxide exhibit a higher
frequency of failure (breakdown) than capacitive struc-
tures produced on a “defect-free” material; whereas the
capacitive structures produced on the SOI structures

30 which have been subjected to a second sacrificial
oxidation 300 which forms and removes 200 nm of oxide
exhibit a frequency of failure (breakdown) which is
comparable with that of the capacitive structures
produced on a “defect-free” material. The notion of

35 frequency of failure covers the fact that there is
observed, unpredicfably, during the tests on the
capacitive structures described above, a breakdown,
under the same conditions as the conventional

conditions of use, with a certain frequency. In other



AVENDED SHEET 7 January 2004 - 23 «clains, characterized in that the
second sacrificial oxidation step (300) conprises a subst’/egap@ag) 2604
-oxidi zing the oxidizable material', over at |east part of the thickness of
material containing the second 5 defects (15), and a substep (320) of
renoving the material thus oxidized. -436The process as clainmed in either of
claims 2 and ;~.~ 3, characterized in that at |east one sacrificial 10

oxi dati on s{epde}0Ghe¥¥) afar tHemuald y ned udesea &ilpind 36ap880)ive
annealing the substrate (1). 5.. The proce . ¢l ai I n i

characteri zégrf’ﬁ h&t e %ﬁ?d&ﬁe at i 0h saubsrﬁ %&?31{]0 ‘gﬁg‘fﬁofﬁégch”bégn
sacrifici al sabijdatiedn tst ep (SER®NABOSIcrifiapabl exddatdeni niP0 bshdFB t he end
of the anneal.i st (1 ), | de kayer, ;L4) eckhngihhRe rest
of the subs Pl'arﬁ'g (1 .d20§gfno§§g przgfg)egﬁﬁ asogl ai%r}r{elgii%i n tg%éeﬁ of tf{aﬁglggecedi ng
cl ai ms, Thacapeeiitize i rsEmatureayeProfuggteriodl i3 refBfeatoberea

t hi ckness of,,gk83%ar, than 100 ~ by neans of the second sacrificial

oxi dation step (300). 25 7. The Rroce s as, ¢l ained i%(ﬂ

i m6 .
characterized in thdbis |SHRYS of DAkt &M% TR0 dA¥TE ov%&%rtﬁ‘ﬁg%ﬁgss of

bet ween 400 pheeand d@¥Pectdy neans tdfe t hpreeesnd saxrdrddigical oxi d&bheon step

(300). 30 8., A pracess far .fabricati a at.e (1), far . m croalygct roni cs
or opt oel ectFIFEEC ot n as%x():ro{(}’?ing sl%alg%gﬁfrl%té)%ll n%oé{ﬁgg&meog'pe_?iogl ly for

t he protdict icempofi sdirrc L saandaiingedsO peridly rempoesedaoBudh igkeditzabl e

sem conduct gy, ML EId Al .o Sai L ayeLy bei agn MYENDED, SEERT 1yl Aolamiediey 2004 -
24 exposed dor]f one o t?’ue faces of the substrate, the prodocess conpri sing:
efects.

fn} The concentration of defects can be determined
by displaying them by virtue of a solution of Secco

15 type, the composition of which is known to a person
skilled in the art. Thus, starting from an SOI sub-
strate 1 composed of 2000 A of silicon on 4000 A of
silicon oxide, a standard technique for displaying
defects by virtue of a solution of Secco type is illus-

20 trated in Figure 8. It comprises:

- a Stage A which consists in immersing the
substrate 1 for 12 to 23 seconds in a solution of Secco
type in order to etch 1100 to 1900 A of silicon from
the thin layer 6 and more rapidly to selectively etch

25 this thin layer 6 at the crystal defects in the
material (comprising, inter alia, those generated by
the polishing 200), until holes 19 corresponding to the
sites of these defects open onto the insulating layer
4;

30 - a Stage B which consists in immersing the
substrate 1 in a hydrofluoric acid solution in order to
etch, by widening them in the insulating layer 4, the
holes 19 produced in the preceding stage;

- a Stage C which consists in again immersing

35 the substrate 1 in a solution of Secco type in order to
reﬁove the remaindér of the thin layer 6 and to
propagate the holes 19 in the backing 2; and




"a step of inplanting atons', beneath one face of a sem conductor wafer
|ntended to formthe working 5 | ayer, in an inplantation’réghery -2084st ep
-of bringing that face of the wafer which has undergone the inplantation
into intinmate contact with a support substrate (2); a step of cleaving the
wafer, in the 10 inplantation region, i order to transfer part of the
wafer onto the support substrate (2) and form on the latter, a thin film

;Orm ng the W]g)rkl ngalay@tfa(g@ waaﬁt:hr &iors@csfttél ﬁ:nalagamrﬁaimmrsm@ (100)

or renmoving fromthe surfgce of t r ki er, (.1

t hi ckness ogh?hes%"sﬁ?‘i%e it ef V% rt]ﬁgo %/t &S+ CP goﬂ%tﬁ%b %)‘? of

polishing tbatlefate obmpmetwa:ykiragokrayehev\/anstmllaasngndeygarné .the first

sacrificial oxidatig stegié;OQE gggagg cggg q&i kiﬁ? 3 Q§édat|on
wor a

step (300) to agai n 8move 7 om’t he-sur the yer a
certain % hi skﬁésswhtﬂ.ye orge | toeerke rrﬁbélel atO ofoer heopatedr ur&@rg aThe

process as #@kggg Eg one of the precedlng clalns characterized in that
t he worki ng Tayer ? is made of silicon. The_ process ai clainmed in
claim 8, characterliéd gbophdt hke anpiper & Pa§|IF98n RR¥PngltaYgér elt

concentrati QHlEQhé@%p%é‘ﬂli@gSWﬂt@Gﬁ seagét hehanf def ant spattgeeater than
?séoiozAK/rEnNiﬁl SngEErrgXid %ntroEie%f trS]e %gconge%%%’nll.];lla IJ.%ln Oélfdakhg.n st ep
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[ {vql gb\ V\]cgﬁj‘g&'\/\%g&fczﬁlcae] cg]ecgj cajca]ca]ca]ca]ca]ca]c ﬂ caj cag] ca]nca] cal] ca]
ca] ca] ca] cal] ca] ca] Fajpralecd] cappRepeRa’s counts of ‘ho

I'190$6&6/ 636§ g&%g, Blza””F%H%@% BrERMDOMAEMANMONTIAL | supkiakibea] cal cal ¢
a] ca] ca] ca] ca a b?rl‘?ca] cal ca] cal] ca] c%é 0%4 caglcalaca]rca] cal ca
U ca] ca] ca] egredninsh agel B (91 sTRIELRETTA
zupkf a\ W caheakcalal sad s akaplealed] eal ca] satondicabbeaFtalaa) oxlidalcal cal] ¢
a]ca]ca]ca]ca]caggca]ca S Cafcg]g 5n annealing 330 in accordance
with the process according to the invention. More
specifically, as each point corresponds to a density of
defects determined under a microscope for a thin layer
20 6 thickness remaining after Stage A, it should be
understood that the thinner the thickness of this
remaining thin layer 6, the more defects are displayed.
Thus, for a concentration by volume of defects which
will be constant over the entire thickness of the thin
25 layer 6, the corresponding curve ought to be decreasing
toward the high values for thin layer 6 thicknesses
remaining after Stage A.
The upper curve corresponds to measurements
carried out on a substrate 1 with 3650 A of transferred
30 thin layer 6 which has been subjected to a sacrificial
oxidation with annealing (removing 650 A of thin layer
6), followed by a polishing (removing 950 A of thin
layer 6) in order to result in a thin layer 6 of
2050 A, before treatment by the Secco technique set out
35 above. A strong rise toward the low values for thin
layer 6 thicknesses.remaining after Stage A is observed
in this curve. It is representative of the surface

defects induced by the polishing 200.
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10 thin layer 6) in order also to result in a thin layer 6
of 2050 A. It is found that the strong rise toward the
low values for thin layer 6 thicknesses remaining after

- Stage A which appears in the upper curve has
disappeared. There are therefore virtually no more

15 defects 15 induced by the polishing 200 in the working
layer 6 after the substrate 1 has been subjected to the
process according to the invention. It is also noticed
that the  Dbase level of the lower curve lies
approximately one order of magnitude below the base

20 level of the upper curve. This can be attributed to the
fact that better removal of the residual defects
originating from the implantation and from the cleaving
has been achieved by virtue of the process in
accordance with the present invention.

25 The surface density of Secco defects measured
on the substrate 1 which has been subjected to the
process according to the invention is less than
5 x 102 cm™® over the entire range of remaining thin
layer 6 thickness.

30 Thus, in the case of the preparation of an SOI
substrate 1 by the smart-Cut® process, a layer of
silicon comprising defects generated by the polishing

. 200 comprising a concentration of defects corresponding
to surface densities of Secco defects of greater than

35 5 x.102 cm? will advantageously be removed, by virtue
of the second sacrificial oxidation 300, when the thin
layer 6 results from a substrate with, for example, a

thin layer of silicon with a low defect density.
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silicon, that is to say with a low density of “COPs”
5 defects (from the acronym of the expression “Crystal
Originated Particles”), or of FZ or CZ silicon with a
low level of “COPs” defects.
Surprisingly, it has additionally be found that
the second embodiment of the process according to the
10 invention described above makes it possible to elimi-
nate the so-called “edge falls” phenomenon of the
embedded oxide forming the insulator 4 and of the thin
B } layer 6. This edge falls phenomenon arises with SOI
substrates 1 prepared with the processes of Smart-cut®
15 type of the prior art not comprising a second sacri-
ficial oxidation 300 by the detachment of debris and
particles originating from the embedded oxide and from
the thin layer 6. This is because, as illustrated
diagrammatically in Figure 10A, the layer of embedded
20 oxide forming the insulator 4 and the thin layer 6
exhibit, after the first sacrificial oxidation 100, a
beveled appearance close to the edge of the substrate
1. The tip of each of these layers 4, 6 and more par-
ticularly that of the transferred thin layer 6 is
25 capable of separating from the substrate 1 during the
various technological stages in the manufacture of
electronic or optoelectronic components on these
substrates 1.
However, as illustrated in Figure 10B, after
30 - the second sacrificial oxidation 300, oxide is formed,
in particular on the tip of the thin layer 6, as a
continuation of the layer of embedded oxide forming the
insulator 4. This basically makes it possible to avoid
the presence of a tip at the edge of the thin layer 6
35 which is Dbrittle and easily detachable from the
embedded oxide formihg the underlying insulator 4.
The first and second embodiments of the process
according to the invention which are described above

relate to applications targeted at improving the
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order to obtain a thin layer 6 of this thickness, it is
necessary to implant hydrogen atoms with an energy of
between 70 and 100 keV. In order to obtain thicker
layers 6, it will be necessary to implant these atoms
more deeply, that is to say with a higher energy.
However, the more deeply the atoms are implanted, the
more spread out will be the distribution of the con-
centration of these atoms in the layer 6 and the more
spread out also will be the concentration of defects
relating to the implantation. The thickness of defect-
comprising material to be removed by the process
according to the present invention will then be
greater. The thicknesses mentioned above are therefore
in no way limiting.

It will also be understood that the process
according to the invention can be employed in the
context of other applications. Generally, the process
according to the invention is of use each time that it
is desired to remove a surface layer while retaining
the quality of the underlying material. As mentioned
above in the embodiment of the process comprising an
annealing stage 130, 330, the annealing can have a
repairing effect which can even make it possible to
improve the quality of this underlying material.

The process according to the invention has been
described above by taking the case of silicon as illus-
trative example but it must be understood that that
which has been set out above is entirely applicable to
materials other than silicon, in particular other semi-
conducting materials.

An example of an embodiment of the process

according to the invention has been described above in
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annealing the substrate. However, it must be understood
that it would not be departing from the scope of the
invention if only one of the sacrificial oxidations
5 comprises an annealing stage. Thus, according to other
implementational examples of the process according to
the invention, only the first or the second sacrificial
oxidation comprises an annealing stage analogous to

that described above.
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CLAIMS
_1. A process for improving the structural quality of
a substrate (1) for microelectronics or

5 optoelectronics, the substrate comprising a working
layer (6) intended especially for the production of
circuits and at least partly composed of an oxidizable
semiconductor material, said layer being exposed on one

- face of the substrate and possessing first defects (21)
5,} 10 near said face, the process comprising:
- a first sacrificial oxidation step (100) for
removing from the surface of the working layer (6) a
certain thickness of the constituent material of the
latter and at least some of the first defects (21);

15 - a step (200) of polishing that face of the
working layer which has undergone the first sacrificial
oxidation step (100), the said step generating second
defects (15), especially work-induced defects, in the
working layer near said face; and

20 - a second sacrificial oxidation step (300) for
again removing from the surface of the working layer
(6) a certain thickness of the constituent material of

the latter and at least some of the second defects

(15) .

25
2. The process as claimed in claim 1, characterized
in that the first sacrificial oxidation step (100)
comprises a substep (110) of oxidizing the

semiconductor material, over at least part of the
30 thickness of this material containing the first defects
(21), and a substep (120) of removing the material thus

oxidized.

3. The process as claimed in either of the preceding

AMENDED SHEET
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5 defects (15), and a substep (320) of removing the
material thus oxidized.

-4, The process as claimed in either of claims 2 and

- 3, characterized in that at least one sacrificial

10 oxidation step (100, 300) furthermore includes a step
(130, 330) of annealing the substrate (1).

5. The process as claimed in claim 4, characterized
in that each oxidation substep (110, 310) of each

15 sacrificial oxidation step (100, 300) is capable of
forming, before the end of the annealing step (130,
330), an oxide layer (14) protecting the rest of the
substrate (1).

20 6. The process as claimed in one of the preceding
claims, characterized in that a layer of material is
removed over a thickness of greater than 100 A by means

of the second sacrificial oxidation step (300).

25 7. The process as claimed in claim 6, characterized
in that a layer of material is removed over a thickness
of between 400 A and 1000 A by means of the second

sacrificial oxidation step (300).

30 8. A process for fabricating a substrate (1) for
microelectronics or optoelectronics, comprising a
working layer (6) intended especially for the

production of circuits and at least partly composed of

an oxidizable semiconductor material, said layer being

AMENDED SHEET
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25 9. The process as claimed in one of the preceding
claims, characterized in that the working layer (6) 1is

made of silicon.

10. The process as claimed in claim 8, characterized
30 in that a layer of silicon having a defect
concentration corresponding to surface densities of

-2

defects of greater than 5 X 102 cm™? is removed by means

of the second sacrificial oxidation step (300).
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