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TREATMENT. OF EMEE%FATES FOR M CROELECTRONI CS AND SUBSTRATESIOBEAI RED4 BY

TH S ﬁﬂmmmﬁﬁm invention relates to the field of processes for the
treat tes .intended for % He manufacture of conponents for

m cr oel ect r«osaiée's and/ or for optoel ectronics. The invention also relates to
the substrates obtained by this process. 10 Mdre specifically, the

invention rel at espgoctds for! fHef TRERPRER®SOFOSUBESRATAY PuRStrat es which
are whol ly sem conductin i nsul ating

ol |
(for exanple of dﬁ%@%?@”gd%@g%c%G%BSEHBﬁ?R%TQFaéQTﬁFNg %onductl ng or
insulating 15 layers. They can b@HISHHRGIESS 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
more or Sl ess advandde siragwstion thelatesepar &hieofie2d THerpgomessies, over a

certain denidk fnm LPEaBHERRCE oo diASte NP iAags OFoLhERE sHbRyates. a

| ayer of materia | east parti constltuent o)
conmponent s %ﬁ%{k%doén QRS TedE  TAFs mlegré?emqqrw&%qaeﬁ Py HeXdenot ed

by the expriasddredo r\mféd ngI‘Héﬂlyeirﬁ'veJﬁlﬁorﬂuadléd’ Aeldiess WaiKi Rhd ayer and
in particular that of its sur for example in terms of roughness,

condi ti ons HRAL T ecshé’ké % tEHtPTRSPSF esearch is being carried out
to 30 Loprove the quate tspetifidcsl wpy kthg hayehtﬂiheréoeux@enttowaﬂﬁl 53528,

for exanpl e, prpvides ol i shi progce e surface of the
wor ki ng | ayerep‘tldg pgl ihed With ggrrol géﬂ% ré'ltb q_‘lro"“nq:as a"%}ltl 8E f Which is
paraIIeIt(whdﬂkysnﬂémuﬁpn¢uNEW@g pﬁbrshEHQmpégulpi |@Mﬁ¥ﬂﬂﬂb,<86 such as

wor k har d%ﬂ{cﬁglﬂefl%élaﬂfhgi he 4y ere pimgd erd @l yndardying the fol i shed

surface. An aimof the invention is to inprove the uallty of t hi s working
| ayer bot h IR &F rdughiadk afd ﬁﬁmtlépf?@lu&f:lé@nc‘éﬁt AW oD Hef ect s.

7 Januasy 2Q0fers 2 ThRWS @M ive ashibewed taccopdi rw;hit@atfae Layentin by
virtue of a, process for he treat rrﬁnt of substrgt es E) P%croel ectroni cs or
art

opt oel ect r SHIRS LSihri s & a WEPRPHS | af8r afPl&88t2 Y$3) corffosed of
an oxidiz Ssxaiﬁte:ametsar |ca>lmprrisa.mg| eashhonegeheblusi r st acesyuréehi s qracess

conprisi ng: M%tégc 8l 201 e‘gcg&eﬂégs  Uork RIS IR ST al
constituti I’l e wWor aln surrace ness each
substrat e, at more or less advanced stages in their preparatlon
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 1is to improve the

quality of this working layer both in terms of rough-

MR

*G00002*

ness and in terms of concentration of defects.




10 - a stage of polishing the face which has been subjected to the first
sacrificial oxidation stage, and - a second sacrificial oxiglatdargn2sbage for
agai n renoving material constituting the working |ayer on the polished
face. 15 When a layer of material conprising defects exists over a certain
t hi ckness fromthe surface of a substrgte with an unsatisfactory roughness,
the first sacrificial oxidation stage nakes it possible to renove said

thickness of this dgieetscAnpsi sbRYeb8ydehccdlainge e ,thfehllsmféﬂtsiron
sacrificial oxidation stage, which does not necessarily result in the

conpl et e repdVEIrBEet RE éef%‘%&cecstﬁnp??%l?@el LyertmgBReCEl ISP bRt nake it

possi bl e ei f@@r i@ e fd i edttl dk r eguceptbeleongbness ofompei simgace which
has been subject ed €5 to | The flrsg S grificial Xi dati on gf e is then
useful Iy cofpfEhiht LAYy a p&??gﬁlﬁﬁr %83 YWHPERR&Re S FhoEsiBie to
obt ai n the mbethramgi*iness dthe lsasandosacraff i thaliroxfdaeson Siibge

subsequent | e, in a way analogous to the 30 first, to
renove in p% ?8 Tﬁ9§$ é into which the polishing stage has

i nt roduced defects an@/oﬁlﬁﬁé r et hiddcigrl t hex #datiencol$adsi ngfPayer.

Hovever, staghbPnghacbiiBlf eeﬁgeleauﬁge@héuwom,ngt he yeaughnass, of the
face of the substrate, after the second 35 sacrjficial oxidation stage, is

satlsfactor9eéhﬂl%oﬁbéfPEFetV}th?ﬁé ﬁgeeﬁ?htﬁébﬁbFRFﬁg layer in mcroor

opt oel ggt roni ¢ appl i cat vs@asge Bre galyisshiiny whehfabe mhjieh thaofbéde def ects
generated b

t he oI| ound nerally_has, a 7. Januar 2004 - 3
t hi ckness o¥ ubegted Eﬂﬁoglﬁ§gbﬁ§8aggh?%§i éx%§95908fs%§98(|a wil
advant ageousl y be renavedecbde|53031dﬁcﬁhé secqguidtsagy i fitage okedati on

st age, over?ﬁgjfhit %%Hl%%i %t Inpaeéé’ﬁ%l 49(9n€\%fﬂgtﬂ'9 Orfle uddkil ti‘ér'?l I

under st ood i'nvention consi sts a conbi nati on of sacr
oxi dati on apd potiBhlhghsdafase-Each of these stages participates in the

renovaly of the partygint hg VPJ}kc,lflg JAYRELEQHRNI SkHpansexgesgsFetyshi gh
concentration of defects, the 10 t%ﬁegpsacrH;|C|al oxi dati on st
i

optionally Bé%?FElﬁgﬁﬁmfnﬁ?étéb%c PYSi F 19 TRPaPHEAGCsr ?ﬁé 8defects
gener at ed byubb@r@@blshnng Sha@msaﬂﬁsfamuumﬁSroegnneesaduanaageoas than a

pol i shing al one. as .i.ndi.cat ove, ial
oxi dat i on sfgﬁﬁlﬁéﬁégl Pxﬁggglﬁpe%%a%?eﬁgﬁgst égggﬁéﬁ%to m% ﬁb
pol i shing hasidnthddboedsdefethds Hbﬁevércomnrﬂﬁensoﬂéyeﬁt makes it

possiblg to limt OHB%VQ%WTU&hf&feCﬁl&s@J tQﬁcEQ'fll%li'a'lg JRigatsohecause,
if there is a relatively thick [ayer of defects the start, a |lengthy

pol i shing i §tABBessHryFH ndgrdetto P%ﬁ%§§aF%lY|ﬁ' oF A% , €8 engt hy
pol i shing gpnetal kgmbeaul tof ithen de’ﬁ:é@tﬂ-fcdiﬂfprﬁmq ylafet hi gknesalli?hl S

disadvantag;gbtﬁaﬁgP Zg@gpre mlg% 16¥%tél $h§u£fi859 gg.ﬁ%enggrial to

be renoved he po |s ing s s longer
This is in paeunnﬂqhnaéEe@ésehMuaunﬂﬁﬁqthkﬂbsbaﬂ)Qﬁﬁmeﬁﬁbéécﬁééches 150

to 200 gyn | tirQl, 48008 NYaBokirsRiag SLOMAIONY t Beag¥ecid | eheal the
process and resu t I1na roductivity. first
usefully complemented by a pollshlng stage which makes

it possible 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 sacrificial oxidation stage makes it possible to avoid these

di sadvantages by linmting the polishing essentially to thatansaigh20®s
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 concgn%rqtion of defects. Furthernore, by
reduci ng the polishing needed, the defécts generated by the latter may be
devel oped o r .&C . 7 Janya 2004 - 0Cess 4

accor dance g??%kﬁﬁgspggsgkgﬁﬁﬁﬁwnlon % %sghaﬁggéﬁﬁlggggpbl%,agyng:specific-
conbi nat i ono6f metegdalconit bt pAyankapensvilig heat eenayedy acriiytisal

oxi dation agd byhpolishbRd, $8cPPEPENaR Dokt 1wh | ayesgdf ismpsoved
quality, that is to sa§1mnth a redﬁcgd Cﬁnigabrﬁtlon of defects and, in
addi tion, wrbhchRedpt Phi ReEVSEPT 488 foBBHNEEEY #his is achieved while

retaini sg a unifornrgubglsr atehddi cknesssesdd anthpti mimeef fircrencyon 10 The
process according . to the invention.is advantageously emnl gyed to jpprove

t he qualityc8?ségﬁﬁrﬁ%n§'Vﬂ?@?lﬁ% e°%f°ng8F£§§ﬁ81%étégﬁa ,%%ﬂﬂ?éé?)
silicon. |npbthishtagestiekesf.i Baclsacfi thesal striest ipartlis igtedgs conpri ses a
stage of oxjfati t i.di | i i on of
the thi cknegggokgﬂﬁ%%dg?e%{eq rrpq'ftl Sﬁﬂ?%t@ﬁ%@n%%&g?%% o?ﬁdﬁa%xi dation
of the mateghal exhgsséxrdiyzelrighhe wweEid rddars | @fal dwdEeRESon Bhage

advan2Q ot agggushd GRAMHIiIfSRS A S8 PfoRxkdabkon i drka 16Xi ghzebt £- mat eri al
over a certain thickness of material. i nt.o whiich the polishing. stage has
i ntroduced BaFiRfs BRACa SPsGe fdrcadddki ddti dhSr TIRAHRNG i & F ¢ nide

oxi di zed. 28e€eBsequentkyteth®yprtbeepslachandi Bgaye.t he i nvention

advant ageousl y conprises, .in addition, fare [or. after t ol | shi ng
stage, a stage of a néﬁliﬁf% %?%nﬁ%?ra?gFglfaggg %83%8%%anne§??ngéthe
substrate i po3@sbangi edang. bEhose tdve polichied sbaye, tthe oxedenrdon stage

of the g I SL282¢kibh 618k x0HaAabO Riihd i AMAPSUSOURS Vi aPERb e Of
form ng, before the end o f%ls annedl 1 ng stage, an oxide, | ayer which
protects thé&hpenteadier ofntme Wubah r dthe dPOLAGhANT eRef ailpbFefBrReds 35

‘the. anneal gageckB .t hicweiase, thetwximierd Ayet paReectis thessasps nder of the
substrate fromcertain har i

nful effects of the anneal.ing, such .as the
pitting pheﬁ&Wéﬁoﬁ“ﬁﬁ?br@%ﬁmgPltﬁ5%§ﬁ ac¥ ofPeePP Fﬁ%ggﬁrcgﬂﬁﬁ%tﬁ?s when
the | atter Beeaaseeal ed unterea is7 danwelwt2064dy- ShipsnoXageri ngf

at nosp e itrogen, n uu | k8 1 il Bs PRLELLBG enonmenon
takes p ace&?%gfﬁg ggégﬁgg %F%?ﬁbnggﬁéﬁl;%gﬁﬁ%%¢ﬁﬁhgﬁ?tﬁ% hatteragg bar e,
that is to $8y eW@Rritto sradeveovidred I the bkt defat fachqa1.a lengthy

polishing generally results in a lack of uniformity of
thickness. 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 1is 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.




However, conversely, the annealing nakes it possible to repair defects
brought about by the oxidation. If a stage of annealing {h&raEst £89% is 10
carried out after the polishing stage, the oxidation stage of the second
sacrificial oxidation stage is advantageously capable of form ng, before
the end of this annealing stage, an oxjde |ayer which protects the

remai nder of the substrate in the sane way as was 15 described for the

first sacrificial eofdatjQreste i 0RTH R RAthP i | Pratin@n is al so
advant ageously enployed 'to inprove the quality of a working |ayer, nade of
material wHnOENts afotthass | Pgkesi dtz ansS 1hie 1 Y cdnfPRGALGN I

par-}li cul Sr nat iz t be \(/:\#]@é s tc{]@]ﬂ@@ir}?t idi(mn %gmbd%figblﬁtd&i?l bebyusedI

wi t hout distinction, et her the so-called oxi.dizable terjial.is easily
oxi di zables(?F’?fthlcéa?s]iI)?x&%a&il?&blﬁpga%r PRIFELADI ai i a3t aft ages of
the inventiwvarkind hepeneofippapentedn quedditng ttteatdetsai ked s2y deddri ption
which fol | avs,  FHELMVEMIGN W10 2! 50 beoPeLer Jnder shoathat i ef er ence
to this descrrption, considered Tn conjunction with'the appende dr awi ngs,
in which: wililguaes opAimd zed repr Eseat rovghaiessge Thiia 36 amsiav@k (seen

in cross seafiQn) rd¥niRGnkt Sa t LAGIEERY S¥pscihEst aRadidBNt apll tdie process
according to the invention;, - Figure 2 is a diagramrepresenting the _
densities SPHIHIMMREL @MY and of defects generated by 35 the.

inplanggtion in a sphst rgtecpsepanedobyinge eb t hdeal tierveattiive f arars of the
Smart-Cut process, as functi.on o he distance with respect t he

sur f ace borﬁé?%@%?ﬁ?%gytﬁgqlﬁﬁ%t %Pi oh"PEOYE 54 arﬁufgd Y. é? -EpFi gure 3
repr esent s war larganilgngm ofnatdee pifocegsdikzbbder anetlebyaFi gusecl; as Figure 9
is a diagram I(%gnrepresentation in cross section of a substrate 1 which
has been subjected 5 to an oxidation stage in the context of the process
illustrated by Figuie %his Ragee Shes Blushgrasmiticirdprextiate®n of the
changeybn ags4hs &éﬁlﬁrﬁ%na' LRSS PEEt b¥eHadubhng ft Rehesesondi sastefi ci al
oxi dation stage of _the process 10 illustrated b Flgurg 3; .- Fi gurg 6
represent s "N HEYhnPYLAM St 2e88torfy BRELAPRetE ofHE h&NHATESS atkor di ng

to the invemi®n; defdddiHddmpdisingli aghaerdbilc repdesent atsitageof d6 the

section wrierFRElERT Ak Fod BEERYEah BRec i BB Coond sacr f i al

oxi dation stage in Boeorstamrel weahrifiécprdcesidatien r stegshbya®ygre 6; -

Fi gure o d?@Q&@&Q@iicakBMpEggégseQ}S §@§%go 6hangs ;ida a8 cHIbsif at eneSeen in

cross section, durinhg its treatnment by the technique known as the ?ecco

t echni que; oxidizablé material over a certain thickness ©
material 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 the 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



- Figure 9 is a diagramrepresenting the surface density of defects
reveal ed by the technique 25 illustrated in Figure 8, as’/aldnidwi 8A0%f the
t hi ckness of the layer remaining after the first stage of this technique;
and - Figure 10 is a diagranmmatic representati on of the change in the edge
of a substrate during the second 30_§§§r1ficial oxi dation stage of the
process described by Figure 6. The present invention is described in a

det ai | ed wgy,Bgh QWi Agt NecipsEhd b€ i t1ydd M higengontcdudf angr ocess
for the rranu?act,ure 01g substrates 35 known as the

| Kk Snmar t.- Cut gro%%%s. A
speci fic whleofl id@ryi FR1suPitikd et verenPRcE8KSFs Rfidkd o5Bd *for
exanpl e, i BatBe FOGIMENorrRiR, f8Et4¢RAlar WhikAnudtey PdOder| fisi baaepr ocess
for the manufacture of substrates conprising r.Qr.,a i B fil.m of
seni conducf:g?gor}%ngoofsthewﬁ‘ef’aclets.l c &5 %g" %‘é’gng‘i&h i%glg?tgrtnati ve
forms, 3hea®lSmart-Cut process conprises: - a stage of inplanting atons in

an inplantation reg er f, a ﬁ:q{% (ofelaTa (WTexgTe]s ffBikes atStage of
bringing the face glfo(a%hvleér}\clj(/af é:?mfi\%q\%ﬁlqcyl‘f has been su jg(?}tl\/gd tgst he
i npl ant at i pesisabdei ntiarat sepahr actedeck sa BEAY sudRevrht ePYandhe a stage

of cl eavi ng,tibgwafer at the level of the inplantation region in order to
transfer, onto said backing substrate, the ortingof t he wafer situated 15

bet ween the surfacdfnhidth $eRIDeert subPBEREANE0 THE | APPATERS SN *hd t he

i npl ant @t i @A rre@idonoand d ity dehet Qod DI $ih Bnd histalgel,m the a dxdiydert igfn

sem conduct or _on sai d,packing suybstrate..The.te nt i t "is
under st ood st%é‘gfo antgﬁy ﬁ%ﬁBBadn%%%r%)Flﬁ %%1 c&glrdég%@ sébec %sq ichis
capabl e of aidviantcigEiongs tthesepspéei et i foamigder i befokeh theonpentqfati on
maxi mum f or, . t.he ﬁ{g{ d I S s hal IS WIBEHMH PRI Siddlat ed at
a predeter rtﬁhnl%dsag‘ep elclvﬁhét?aeé%'ec?gﬁggyﬁg %gﬁr,%ar ded smﬁ‘yace. The 25 atom c
or ionic spesiadndey | ofr obeedsHRsbrahe nbferthf WAM® al2&ne?Py WiT ch is

al so di §tridugsd ko U2 v MRt Thect 0Pl ankat bendetibhe atom c species in
the material can be carried out by virtue of an ion l&%%m i_ml ang

an
i mpl anter by i mrer Sih PROGEPP g i@ 9B3d-? hePfi KBV HéPer "acfée%vi ng" is
under st ood ddvdRaiyasys Iy achpioyeld t he | ippaoved ttet eguallidty t hé I@vel of

t he concentr at,i,on Xl mum _iin_thj i 1 i; pl e ,es or in
Lhe oror o P oyt maderrp? TREferEaL Qinddlf LD ABECILRPEEY B0

al ong a oxidizable. In the continuation and in particular in
20 the claims, the description “oxidizable” will be used
without 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;




35 crystallographic plane of the inplanted material. In a specific
application of this process, a layer of silicon on insulat&nuaglysa0khown as
SO, is prepared.. 7 January 2004 _ g Several ways can be envisaged for
preparing a |layer of silicon on insulator according to the Snmart- Cut
process. According to a first way, it ies-possible, for 5 exanple, to cover
a silicon wafer on its inplantation face with a |layer of insulating oxide
and to use a backi ng BifgsteaBerepaoesertsphe aampedmmfositheoprofor the

transfer. Aggggdwguggﬁ%&%giczggd,ﬁ.gﬁérgi t.is possible to 10 have a conpletely

sem conduct 'ng" | ayer™w STtr r_réd either onto a backing substrate
covered with an insul Bigugel dyds ;@ dhagrammaipletraBreseltakiqny bAcki ng

substrate (8¥O§SQHQE£§2}n fecar dipg th@ 2 thivih WeY¥had IbéénPOEBhBLEelO 15
have an insulator on the sem conductor wafer and to transfer a | ayer of

this wafer EPtREr oxiSahipBclGtRPISuBBL R COIERRta QD ddifer BEOGRER
insul ator of10Qkerate@npyetreburengyl ating substrate. After cleavage and
transfer, an SO strugture i nsferred onto a. face_of the

Zg with adLaéer tr% & de
backing substrate i 5 bbPFRed iF a?19t8YEE™ A Gt TRPETFIRR BT t Rfs | ayer
correspondi aget ehangkedvage subftaeetel t(sesnt hien pelvspeageves tlordsg t he

process in gecordance Wl b, | Be.PLESeRl dRuenl | R0 dUGR. { Beokgughness of

t
this 25 cl eavage surface and ensity def ec ansferred
| ayer. ItheséldebésasedahybEigevealBed by various techni ques (known as the

"Wight", "Secco" aﬂ%’i?ﬁ%ﬁ%ﬁ' "rdcduigues and t g dddirdt onpEheananes of
their 30 inventors). Only the defects reveal ed by the Secco technique wl|
be consi der 88C80BsefURABLPENEey 8L al tBROOBFRERES ofCFREIINGceds albrding to

t he i nventi eavenhkhiobe descri bed below in Fhe speci fic but nop-liniting
Ctructure. Such an SOFLSBFRUAL e fs TBSFETORGE of SEF SHRRLT ERODy Ofn Fi gur e
1A. 1t onsithespebdacsibst ot @ lcagaait iconps i sestardacki ag s2bsdde tef
silicon, an(seZnJaPHanxx%994section) 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 édge 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.



g _insulating layer 4 made of silicon oxide and a thin |ayer 6 of
siljcon on the backing 2. The insulating |layer 4 is sandiiZmedrye20@én t he
backing 2 and the thin layer 6. This insulating 5 |layer 4 can originate
fromthe oxidation of the backing 2 and/or of the thin layer 6. After
cleavage and transfer of the thin |ayer 6 onto the backing 2, the free
surface of this thin layer 6 corresponds to a cl eavage surface 8 which

exhi bits a roughnesgtwhijgh ig 1 rbgeggm 3 t ockedugBnuFdcicheenorge over a
certain thickness, the thin.l exhi bits, fromthis clgag\r/a%“surface 8,

a
a region ofS ?E’E‘E‘Eeizcoﬂ‘ﬁ&él\é@f et L2¥ee 85f Gct' i) ehii L8 tThe stage
of inplantidcondtotsraod dyetbe thedvi Aigcésearing of f of 15 material, for

exanpl e). These d_efgg%grgleg%r%gresent ejid |£|SF!39gr n%t&@et I}%II rma{e

triangles. They w | rred Y6 0ol ow as i np FARtAt Tonm Ana ‘cl eavage
def ect s 321. SrTthetg@n’er abrored$s copprbtasion and cl eavage defects 21 IS

illustrated di agranpegi calslc?éggy t he di qglbqglnltqnﬁo FigWe 2. JK] enms, for

exanpl e hydrogen at ons, d wth acertain energy are stri but ed in
the i npl ant BEPHARERT &PN| nrqueor\\,. anglery af fReRir PdcedsiIRMAN@RCECEertain
depth Rp wifhrsgspect to the inplantation face 10 Thi s surface corresponds
to the 25 maxirruminthe rofllgof t he, conc tlonélé\tl(%%ez g
implanted in the mafefi alta3&e uneE 9 B9 tt d 2t&n h#&Shect to

t he i nmaloantedifncehdd. Béendi stibjbotean ob ttiee coneehdnie t Don N( kntof

| npl ant ed ailg T?PS“EOEPE&”&XEH‘W Hibwﬁgegugétéa%“%&e Rp 30 from the

face 10, grada y décreases over -a certain distance on
either side of the suafategeFof elamyiag ftdve awfiamlantthe ohevél hglir ogen at

300, nm 11 Endi ShA18RcE 18RPLEYIRL by diiimien elddercs] deped Biatouever.

as illustrated b ure 2, maximumin 35 the density of .defects D(x)
as a functl}éﬁcb#nghés%”(ﬁ‘%@rfréﬁﬁt HOFHAINPEd iR e vaders sitvated at a

di st anqe Debe%ébnraﬁpﬁctsu&@abl@ Swhﬂ@lhafﬂa%d baeg 1&1bj/k§\¢t§é‘dl %d esBet han the
di stance Rp, Januyary 2004 - It(ﬁat%ul d be noted t it will

possi bly be“ﬁ@&@%ﬁﬂronl r‘-f‘“tdnet}(‘,%ntl T AT THn2Po Jlrh‘p?ﬁﬂ?rt he
atonms W th asogfeatern ehengyiduriong & Neyemardf: Gemjraudsstohaoni saaide

cont ext of %Qgﬁgngcgaﬁggg?tgﬂen it 5is enployed in conjunction with the
processes o rror ar So as to be able to renove the anount of

mat eri al exhi bi ti ngThehigrreondamlaatiing Dakymsf det ednslagiiodd etqi ning a
final thy n haygr aﬁlwadérﬁl&aﬁcﬁlﬁeﬁeswe%ﬁdmﬂn&ss1oilanAss;té&éé agh8lER occurs

inthe vicinity of the surface sjityated at the di stance gmth
i mpl ant ed fate ‘?(Pabtlﬁee Ahj JAtEP I ettt SPESies) Hie fBE’I 8XtA~t he thin
| ayer 6 transthar meddrdentiret backhagiduml forushee wmperisdooint hat st he

"vicinity" n es 1 at on, di_st
appr oxi mat eﬁ§g§qggéél en y g‘ﬁ§§huh>e/rﬁé;%g ?‘tat%giecfif sa}St g?gg%at t he
di stance Rpmimge fGemtturvl anreppeendtocdie ibpmbar nsurfape. pdhe

si tuat e beppeRict be ijpliantgibdace 10 andr-ddecsyr {Res ’éhbuﬁ\ta%ratalt he
depth Rp fromthis 20 inplanted face 10. However, it can also instead occur

in the mai n¥iRMt h@NpaPhespyual’bdcheydid BRECs uARSEEIOPERS: oD Y nE dept h

Rp fromthemasrmh]amtemﬂ‘eac_ﬁnpiihnmﬂbm espethet atdmis lsps)é@ilégdlhamelo As
illustrated b¥] g re 1A, after cle valg gndtr nsfer thEIgH|% 25 ted
gt g

face 10 is 18 SidbdPEn§ e & YsUHFRcE 8°Fs ¥ et §an
i mpl ant at i onmphdntkeeavage tepéahse?] bgr einherss foundni ra théaswgi o@ngt

defect 5012 §HEUALRE | NG QUrf I U 1 P nd M Bs CLABYAIELSH tB Reln any
fracture of the implanted material at the level of the
concentration maximum, in this material, of the

implanted species or in the vicinity of this maxXimum.

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 SOI, is

prepared.



According to a first enbodinment of the process 30 in accordance with the
present invention, this conprises the stages repr esent ed iI9dnUREY 0¢Yhi gr am
in Figure 3. This process conprises a first sacrificial oxidation stage
100, followed by a polishing stage 200, itself foll owed by a second
sacrificial oxidation stage 35 300.._Egch sacrificial oxidation stage 100,
300 is divided up into an .oxidation stage 110, 310, followed by a

deoxi dati on stage.gg%efgylwg§§hd@ﬂcﬁ@i@ﬂvgggg@drﬁbrSggebgrpﬁ@f@rably
carried out at a tenperature of between r71000 and 7 ,anuar¥ 20(%4 - 11
1100C. The l®¥edat i 9h 18311898 c£P belREPRER our HP AT Hr y Pout®@Cor by the
wet route. dRattha ™ gragesss.the oxidation 110, 310 is carried out, for

exanpl e, by heating the substyate under, oxygen .gas._B . t route, the
oxi dati on 310, 320 Csc%’écflrri%d£8uta by Heat ‘l’q%g’thlg stbs P%ngﬁi’ n%é)ﬁ:

at nosphér e etangles, wibh career avapblicBy tadedr yorodte cmpdhantediggst route,
the oxidatipn.atgosphes 1630, 50 b Lhardiath ol ddy oshlori Gacil

accordi ng to conventi onal t hods known to. a person skilled in the art.
The wet rowackingrshbstadtas ifor nexedides, alfPo Rate cPistHHIZGRR,

structure, fewerpdefectsespich as stacking faults, "HF' defects (an "HF
defect is the nane given to a defect whose presence js reveakﬁg q¥}a 15
r

decorative hal o i n A¢CEMRAAES oxi d8COPS HEa B 1§t riktt BPESA eat ment
of thigost rugéare complbakhyofsdmittafdumrimeg atager ahdchhed itamndEach

deoxi dation_sta 12 320 1s preferabl arrl ut, | | yti.qQn.. This
sol ution i s‘?el%ggeﬁégfi?ﬁ, ©55%4 6133%?]”2'6/0 %i‘}é?%?gﬁgr i(:((:)lvag(‘:t?é [ lse%llt&{]iaorh. To
renove a thbusahat ingstegeal orhcusamda angspiletrelyf indwdatine kadkstrate 1

is I mrer Sediﬂl?h%&&ggt%%??l Ké;'{p_n j[]g%]é§%er al mnutes. The substrate 1 is then

subj ected to shing s 0. This polishing 200 is carried out
by the chenical - mecha@etdingofie accorbFtg eyt ethnikfue®ORAIRA St tQ person

skilledg n phgeardn AhkBLatbe RS I ¥heNgséRdcohBcsbbstwaatier 1and stbj ect ed
to the second sacrificial oxidatiqn 300. This 3Q is angl og.\%ul? L .the first
sacrificial tH3RgEEF of 1HRYCHhEEpdiihi HGFE60 ToMteH balES, i PREEHLS
‘sacrificial sgyseastonistage ®AGo Ifveredreibui igsmbeoiraloranshin a

particul ar defect-conprisi maf er | change in the substrate 1 during
this pro35 Egggf?geggp?ggggggﬁn igggé%ﬁéggéally in Figures 1A to 1F. After

the first oxidationA§taege clE@vadmsscanbed ENBAETr anabBx i | AFERCHRTEs for ned
inthe gcigity of §hoer! aavagsrsurd@cendolFigratld) - ofhicheoxbdekiayer 14
substrate is obtained in all cases, the free surface of
this layer corresponding to a cleavage surface. It is
then advantageous to use the process in accordance with
the present invention to reduce the roughness of this
25 cleavage surface and 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




7 January 2004 - 12 5 10 15 20 25 30 35 silicon before oxidation. After
the first oxidation stage 110, the substrate 1 is subjectedrnugpry 2004

deoxi dation stage 120 targeted at renoving the oxide |layer 14. is
represented diagranmatically in a nore detailed way in Figure 4. This oxide
| ayer 14, with a thickness Eo, has a.ggeater volume than that correspondi ng
to the oxidized silicon. The "ghost" of the position of the cleavage
surface 8 iimsiQpRraseNt dyep H OneGed & daltiednl i oebde | tanghoal dHig poi nt ed
out that the sum OrFthe t.hi ckness .E1 .of the thin layer 6 of silicon

remai ni ng BENde SR iy THE 2K IHIE $he oxi de layer 14 and of the
t hi ckness Eo of sal'Idheoxndeu[Layenngagegrefht és tdamdwhehedi dderte@rEZ of the

thin | ayer §]fe ?g&igggcl#sbgg q;*bé henkirst ?g.gr ief I chpd 5 oxidafi an t he
regi on of |y gener ar not corrp13 etel y reno
Fur t her bor davetre 4 rean a@rmugmesér@m the @Kéd@ég@ns@rff ade @acéhltqﬁ)ugh

reduced by2th'a§xdf/'orr3t o$2CEhE! CERENOX1 830N 100Af1.5éf|| TERGS AR high
(Fig. 10 . The substrate 1 is thus subjected to the poI i shi ng stage 200. As
r epr esent e XdnEfeFmRE | £BE (ERIR Fﬂ@ﬁ?é 1D, OPF@ ﬁt’i‘lei PR BD0 % e it |

possi bl e tcr-.xfeertBa&:féeducaftrteursnughmasswirei:hesfbaeréupb@@e Of_oth£ t hin
| ayer 6. On _.concl usion is very

al t 200 h h
low. MeasureEddr sk f?)‘f‘r‘?c fB'E] r}g’ﬁ 0.2 tﬁf’ggbf}garﬁﬁ%sln%ssﬁ t he
order d0 1iAsr mm:a(mmsi i £d he:ahrmymmmthdfmncen@,r essiean " oate mEEin

square"). hﬁg@ chanj pel i odu wor rdeni ng
defects 15 u\r,g:er tsne' poli shelcti gﬁrfgc%(fe% o@eréghgg%?%fn tn}'u o*h gterl al .
The work hatleaiaus | swidpatdedtr of chagdPng phr adefeess skieh adhesr

pressure ofgdhig ol '§Pé”9d@§@c@@ e st rabeidg tBReWediaQfe thhs pad,
and the like. The work hardeni def ects 1 visible at the su%;cace by

m croscopy J(HEH](?rﬁtc“’f%rééOWFcr oBy, FRf éiﬁﬁ‘ﬁllé‘? i te3el 1D Atdt rat ches
whi ch ape inatfacitalcompesed implld gnneheseofdefyst @l adef exdpsraductedan be

in Figure 1 in the form of triangles. They will be
referred to below as implantation and cleavage defects
21. The generation of implantation and cleavage defects
21 is illustrated diagrammatically by the diagram in
20 Figure 2. The atoms, for example hydrogen atoms,
implanted with a certain energy are distributed in the
implanted material in the vicinity 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 from the implanted face 10 is situated at a distance
De, with respect to this implanted face 10, which is
less than the distance Rp.



7 January 2004 - 13 displayed by the nethod of displaying of Secco type.
However, in addition to these work hardeni ng defects 15 @ge¥arured2B894t he
polishing, there still mainly remain inplantation and cl eavage defects 21.
These conbined 5 defects are illustrated diagrammatically by Figure 5. The
wor k hardeni ng defects 15 generated by 4 he polishing are represented by
dotted lines and the inplantation and cl eavage defects 21, renmaining after

the first sacrificigl gxbdaki ofe 19Q+aRd thgtPald SRiNG 290ss fh ey 1Ge
represented by triangles. The substrate 1 is then subjected to a second

sacrifici alNRFEIRAGYon Boothar genéex&t Afenthg ngP YRRt ABRer 8 IEEHHENSI ng t he
def ects 15 wgenesabms wader 4 hgrehfeet evferigie @orisdi 16e2Whant-due®

i ni inpla 6 aft I Fi gs. d 1F). Thi, d sacrificial
oxi dati on JOP e n i ot EHer ReNHeRt: Sohvas PEPARIPRG FPER dipol | Shed
surface5 t hes f em@lsyeﬁad_m _oi:ohﬁmnth:innl ayieth 6thaf traro&sddwe déoxtih:ﬁhati on
stage 320 (Flgy, 16he Oy PhLS (3 SBLI Shae! Ay LanaRReSHe CAnBARE! Yt on of

this first *enbodi nenf of the procéSs I'n accordance Wit e present
i nvention, eatembak atexhibitbhgai Red hiigth agomeentsratéenre HEwhieh 25 the

concent r at i @oe e deherts +OcAlRiABIR ERXET Bnlths 10901 aF eptysnd esed

According to a second enbodi nent of the process according to the invention,
i |1 ustratedd®SL Ul KNeBTH sacrificial oxidation conprises a stage of

a][meﬁl 180 ing (130,A%3Qhe0ffrtahf&1ﬁléb_ séE@biEs 1iﬁASth/& thibhﬁri%y(rj_%tf erodi ment

of the process_according tq the invention, this second.enbodipent is

descri bed BOHTH %bhﬁgﬁ?f?i 8 ith ]t%t%eftf-}‘bj?rﬁpog&es Ja{%f?eré%e#o t he
manuf act ur efate SID, sthecmajexit3b of Thbhet eafidcrmehdi ngl cdareot Esumay

t hermal opeyat| Lpt en o'rmE%y éatsjee ual Lt i o] teri of the
wor ki ng IaerI‘;fl %BQThﬁ%ﬁang\gaeh nég 1 E'e% cgn%{é&a(eﬁgaiba%g{@ne%t %%rri ed
out at a comsstnbet epperatoerd dhadt hearvasipiltgnpéegsurmet |REERE | atter
case, the sdrJppualyq2O9fe- 344 ragneal i rg k30 puEHY caafplbfoﬁﬁﬁét@ﬂYout, for

r
exanple, with a gradual increase in the tenperature between two, val ues or
with -a cycl PEub%eletatY oRNpeR TR t id SCerplr &G edeP B St LS. 28 The

anneal i ng 18Qe 339tascer rper abley fddtierk otdn ahskeast davuyarin ahea
tenmperature of greater thap 1000C and re particul Xi gately
1100- 1200C. ™&Fh8 Hhn ‘é?iBar%ﬁ}g&?ﬁegsb%?é’fegg‘aﬁﬁhye ?a“?éiuyerﬁ%ag%‘gu%ggr a
nonoxi di zi ngnadt niephenefathi ssttwasphersd cahecorpptBe R géwomi thagen,
hydrogep angnbpentdiferQbed 1) Xt oGPl NGRE GBSCE1sENE IGA | 88cd30, 330
can al so be carried out under vacuum Consequently, in order to_protect the
r emai nder O;ntm@qrw@pmayé¥ ghe part situated béyond the surface

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
300 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 bxidation 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



15 during the annealing 130, 330 and to avoid the pitti n% henonenon
described above, the oxidation stage 110, 310 of each saCrigmu@ril 26%4 dati on
100, 300 is preferably carried out before the annealing stage 130, 330.
According to an advantageous alternative formof 20 the process according
to the invention, the oxidation begingwih the beginning of the rise in
tenperature of the annealing 130, 330 and term nates before the end of the
latt'elroi The, s§gee. Ofrtﬁéncr?eflldartg&;%oll@;%ogtl_fme @ﬁbsbrﬁatcealﬁr%dgahesw )
possible to repair the defects generated in the thin.l ayer g the
precedi ng stRgedryr TN SprdcelE ftg‘re et nﬁﬂH%ECt e %lﬁ% §|;¥par?°§{tjiéc}n of this
substrate lghdbogipatiosullaoly310hd sareeatied) sttagef®30.ex38®lcan We carri ed
out for a tine_and at a te Q_per S t cryst d ct such as
stacki ng fatf?Er eF efeEPE,S%%‘get ﬁ‘é%?ﬁe?&g&er atg(eécfxi n%&heg{1 in 1falyer 6
duri ng the sbage, othéooratabinonf 328eh38Ri de lcayeiets oavte e3Py this
annealing. JALS AMGAlIN0 stage 3802 dR0s@ahd | enhigedBouekhi brdeet he
Strengthenin

advant age o g the bonding Interface between the thin | ayer 6
transf erredvaperng Bhe thear 6Xrgut TPRbReset aRy i t8%ha¥RFngt2utShe Wity of

defects rengiRagibA theddpHelcay8an6 disdiepe agrirye eatilch depdeased after
t he 7 January 2004 - 15 ‘treatnent of thetsubsLJ1rat echl CPQ/ %‘b&@l {._grnative
form of theCPLBEASsagEdoPEFRGLHTt A€ SRR (G r ated by  Hi glife 6.

El ectrigal aepsukeneskslnedeinatheedrout in 5 order to conpare in
particul ar the inprgvenent, in el ectri o] ti;es i d by the
second sacrificial g%ledé‘feltonrgégs ‘Iloset hi[f%%gkgggnggés l?epfgggﬁ?ggég'

di agr ammat i ¢akby tite FegyseaV)ivapatirvctareyr aviresIfEretsr cdedasn t he

free surfac : t ayenypr 1Q of SUbstpat esiElr Wik gBchavigs okhkave not
been subj ec?gggﬁgggheﬂg{e&c&on’d sacrifi cieal oxi dation 300. In P%ﬁ hlacases, t he

capaciti ve semgcudivensitulatdeiectavBodRi BESSERCEs 1¢onfo% Y| 8yer of

i nsul atifg Q¥l-deativbonaed aqn tthe fderdiad antidd éhetHé sbinskayer 6 and

of an electrode 13 positioned on this layer_ of i at;i ng_oxl 11 The

br eakdown vélutrégea%’g%"suf'éﬁa&ﬁ‘ef‘ﬁes%%c&klé it?%ﬁu%€$ﬁ%t ares®i ?s%t engagorrpar ed
with that mpgswosduericapadid)ivenst thet drigs.produced on a "defect-free" 20

material, that is t LN @e%f#%ﬂ("%%ﬁ@fha@@m 3bgen; subire¢kedpait her to

i npl antation or to eavage . _ n-found that the_capacitive
structures meadueed cort time sS@utsitanuctThies St EH PRvES nof Obe&f 28R ect ed t 0

a seconglysacrif{pcial x4 daljen r3QR Alc Wated hmiaitiesn. 2Fosubgrecteda o a

second sacrificral oxidation 300 ich fqrns and .renoves 50. of i de
exhibit a hitgarsanceqtiensEVeraai F ?B%B&eﬁl&ﬁ}nﬁo“ﬁ%aﬁ%ca%’glc@ f veth@(
structures phediteedeon ais defmetsédedh matodr ial solmeiens fole seyFI@ i ve
structures pr.odyced on the SO structures 30 which have been subjected to a

second sacr iFi'¢l4l° 'oxi dati on 300 which forns and renoves 200 nm of oxide

exhibit a frequency Tfe f iuhaterqts eakdowh) WARBh PY¥PIBMAPEFabIE Wt t hat of
the capggitiyg sSifiug] WeEsqd’ PYCedne’ doidefitsly f268" i Faicarrirdled Thet not i on
of 35 frequéncy of failure covers the fact tpat there.is ob c<’arv1__eétlch_

unpr edi ct abBy, ~ &l ngheRéCRésPECBANLRE LcapQEFEi VECSPF Al Hr e%° destti bed
above, a br apkfawn, kngdercd he sareore okl 11edsimsthdeacbnvent i onal

conditions of use, Vg.ttthera %%retagglflggggsncéloo,lnt%tehe'.: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



7 January 2004 - 16 words, there are virtually no nore failing capacitive
structures produced on a material which has been subjectédR¥@HQYSé8
sacrificial oxidation 300 which forns and renoves 200 nm of oxi de than
failing 5 capacitive structures produced on a "defect-free" material. This
shows that the thin layer 6 after havipg been subjected to the process
according to the invention, with a second sacrificial oxidation 300 10

conprising ag %@ﬁ(’ééé}ﬁ:é’a?*od WY S erpves1 @ $Hf b Glovt dé&&kmw@
material, exhibits vi rtuaII re defects. The conceﬁ tion of defects
can be det er®i F@WRE H I’é‘zﬁ?n@x% emiByeFi e Bt RoFEFER®SF S8eco 15
type, the cnaposatlgmaaj‘ezvmvemums kma/m that pessoespdadieg ito theeart.

Thus, startln f.rom an, Cl substrat.e COQ e of 2000 f I n on
4000 A of s g&ﬁe& lﬁogtaﬁhgrd ?}é fhi g fohre dngf‘glPﬁg ef %ﬁ%s by

virtue 0% acdelawkigen sofr feexEc & thgperepredeéntse@0in riiedre nd FogudetBed| t

conpri ses: t ag S i r t S trad e for 12
to 23 secon S%FE a g%lgﬁ?gggb?%% P%Hﬁ;g?g ?EPO? g? ﬁgﬁ%tgﬁﬁlf%% F%e1900 A

of silicon thémkness B ohythes tade nbr¥e¥ api @fy blsPrcrepaipiegch 25

this thin |%lé@ive@nattﬁehelﬁéM§E€!LnQefl%§l%§ in the wAkerd:alad Coaper siag, inter
alia, those generated he poli Shing 200), .until holes 19 corresgondlng

to the site&ng ‘E’ﬁes"eh%iefté't:‘tcé“t?p%sn Eat héallr‘i]suPéf fig tayRy
St age Bl@hi eftc@Rgi Stlsamnth@maﬂﬂcﬂg]éshe Bubsifr attes lthﬂnalfaytén:om uoffi ¢ aci d

solution in _aqrder t en| ng themin the insulating layer 4, the
hol es 19 pr(?&&é‘é:é’ri %et%?eréproé%léﬁ é) stage; - a Stage C which consists in

agai n i nmmersi ng 35 tAfeesubsthat efirsh aosdldatiiom ofstSamzo typPe i fherder to
‘renove the rgxr@tr}%q:re of the tsnbgsg@éﬁr @oa%d 580958969856 §th’§gé"0|19§) 19 in

t he backing 7 January whi ch consists in
agai n i mer siargated absenawing jthe Cﬁyldi%flrwli ol‘hm d solution in order to

conpl eteby renove thg i BsHEaLENEnl ferthe first sacrificial oxida-
tion 100, the region of defects 12 1is largely but
generally not completely removed. Furthermore, the
initial roughness of the cleavage surface 8, although
reduced by this first sacrificial oxidation 100, still
20 remains too high (Fig. 1C).
The substrate 1 1is 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 hardening‘ 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



" The holes 19 remaining in the backing 2 are 5 sufficiently large to be able
to be counted under a mcroscope. . It should be noted thatanuheyt?(0% | ayer

6 thickness remaining after Stage A has to be particularly well controlled

as the determnation of the 10 density of defects by the technique

descri bed above is very sensitive theH_ 0. Figure 9 represents counts of

hol es 19 thus displayed as a functlon the thin layer 6 thickness

remai ni ng aétsgglai&geb UREE CF;“ onﬁ%gg}‘?c(yf 1§eggg been

subj ect ed to" ond acrl |C|a OXI onpani e n anneallng
330 in accotekanerm il addipiovete thesediAgkt @atrﬁ@mlmeﬁieimt

speci fi cal | yon&5: €8¢ NbROitHe Cﬁ?ifﬁﬁ)?ﬁ‘gs tt(ﬁe%edeé‘@iil/ ﬁglﬁﬂ/ecﬂeﬁn{ﬁq{ erm ned
under a mcroscope for“a thin [ayer hi ckness renmi ning after Stage A

it shoul d bERIRIEFEHOY st Fﬁ@a’t’ﬂgﬁné%eﬁ%tst hidknelRedt 1P iM&hi ni ng

thin | ager ferddes mre dﬁimgﬁr@t@ddlﬁm@matﬁmlﬁ Obya Kiaeents at i on by

vol unme of defects ch W || a 5 OVer th n thl(%pe§§ of the

thin 25 | ayer®6"°tfe @59?8&8&&% §:Lf‘r oﬁaﬂ?r?g ge théaasp g Yoward the

hi gh vaJue51ﬁ@rakbimépnﬂsedtdduhkndsseedr@mmenngndfthefimgkadtaThe upper

curve corre rp,hed 3650 A
§P§R3% %h? ?ggégnggwﬁfg% %ﬁ 2 i M iy fwgﬁ%]ff! @

of transferre as been subj ect sacr|f|C|aI
oxi dati on vm@raﬁn@aalnwud@mmmglﬁgo ambf thA rpqlawrlra 2108|r| ARl by a

p0|lshhmg (fggpgéggtgéobﬁ ptibhynekayer 6) in order to result in a thin
| ayer 6 of before treatiment by the Secco, techpi gue set out 35

above. A strong ri sEhe oRAPS tERE Sl olw VEI FBeTY FURIRFERIDYEP & (TR sses
'remai ni ng gféer £ Stage onsd@bseﬁvezloon tﬁlrcgef:éﬁveatl trersove@gesem ative of

t he surface defectf induced.b§ t he $ %%hlng § ener nuar 20 4é- 18
The | ower cORGRTLdr ESPBAGSE % tar 9°8§ 8& o ¥ ¥ubstFate 1
with 4300 AeﬁfettanffEhee@oﬂhbhih@yQDOGand(ﬂhdﬁﬁﬁmnﬁnnmﬂﬂnm&l@mtabefore
treat mnd by Bﬁeaﬁrﬁc%‘ie%‘b% fefils OBH Po\fﬁe tt‘ﬂlBhQaq;élceéSaﬁtéﬁcor di ng

to the |nven I on conpri si ¥|rst sacri |C|al oxi dation 100 wt
anneal i ng (£tadVaAEY GBGQA oﬂDtﬁpﬁ L&yer 6), followed by a pollshlng 200

(removing 950 A of §hig kayrendblkadRd flyialsesonthtsast i30Ei o @.xwafei on with
anneal i ng 300 (renovi

% 650 A of 10 thin |ayer fﬂ?i-? order al ag resul t
inathin|g998f &%fthO5F14sY 1 FQWE¥Ghd HAT T stFofg & i RR f% ?d the
| ow val ues EQrfhben |tdyer f bek histlifeaseeso f etrhieni tigiaf feyest dge Afwhikch

appears,{ n e RSN G4 h i S ear.ed. efo rtually
no m)rf?dlS sdg?e(%t% nga Qlicet @étﬁg@ngﬁgﬁi gg 20§¥h€i6q§m%)r%<lgnggl ayer 6
after the s@bstoaVermunhsebeen subj ected to the process according to the

invention. It is al g nodjoediidiat ockheriaser] eyel eabolifieh@wess cuhee |ies
approxi mately one order of magnitude beIo t he base 20 | evel of the upper

curve. Thi sPEQRSBE atR r iAGHAES hdithct PRRatPHRITRT AOVSTHIL Y t Re
r esi dual deEGBBSratbgunamIﬁbﬁaim@dhelthphamSﬂn(Btmumtdr®n1nhwh¢bbaV|ng

has be ac ed by virtue of ess.jh ,aCco c h resent
i nvent f‘j(;sn gh Theonséluer ta%%tl enS| 6%' g-'cscollaeftg‘c er;iref‘lgs&r S’(?Egnétﬁ 28
substrate 1bahnchrha$lbeeﬁdymmdected to the process according to the

:nve”t '60t”h' Sk' ess tRARP A nt02 LB SRS d LERpEAIhERL T 8BIENET piréRisai Ng thin
ayer I CKNess.
Y according to the invention, illustrated by Figure 6,

each sacrificial oxidation comprises a stage of anneal-

30  ing (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



30 Thus, in the case of the preparation of an SO substrate 1 by the
Smart-Cut process, a layer of silicon conprising defects77g&meayedldy the
pol i shing 200 conprising a concentration of defects corresponding to
surface densities of Secco defects of greater than 35 5 x 102 cm2 w |
advant ageously be renoved, by virtue gfy .the second sacrificial oxidation
300, when the thin layer 6 results froma substrate with, for exanple, a

thin layer al?i‘ne%!lllrfzj)nlm h 33¢0\e«1aduefsét déﬁﬂsléoy out7 J@dswareyaa@% 19
Anal ogous resuibts woul. d Ee obt ai ned Wt{}h & E % er of

epi taxi ed 45 dh, IBrINRL| dBHTERTEAIRY %eFe‘H%F%gBﬁ oPe6rest q ed "I ow
COPS" sili (msrn,uéd”lators wothay am tdycalicc)w deosliytodbn” CbESWeEndeftemt s (from
the acronym of the11 XD ess l1(i)nt%he§)r Oiginated Particles"), or of FZ or
CZ silicon ‘eve def ects. Surprisingly, it has

addi tiohal ly be fOLﬂHl:E t banepHd ngecbAb, erdtftli Asntprefenebhy oy ig&tor di ng

to the 10 i Y551 18°0a 2ROV TBKeRrbl rBRRTEDIG Ll mile the
so-called ' MJ% % hiellr?lgﬂengn of the gb erdded o>?| dtgq form ng the

i nsul at or 4 HY Gf tEHedt hi RorQyer Pertigidagdye &N s &Y ses with
SO substrajmilm@ﬂp@red with the processes of Smart-Cut 15 type of the
prior art not conprisin cond rif oxi dat.i on. 300 b

det achnent of debri®@n ilagesigﬁl’gl%%l A5 £PH ?F@bg oxi de and

fromthe thiut | alyxelrerG.aTmcmodemm@e ata&suplhleu:st raThdsdlaagrr@ﬂmem:al ly in

Fi gure 10A _the | I f d ulhatr 4 and the
thin | ayer (Baexﬁ°’§¥§ ?‘h q}l Fst goésﬂac‘rall.l 5'% oxl ga'lttli%n l"i&d%ﬂ a bevel ed
appear ance x| ng¢atuget h?ef eﬁgesef qaﬁe%ubghﬁataémlealm t180of 388cHcaR t hese

| ayers 4, 6, }?g@ B € Raidiid! %'ty gl rof vIaEﬁuInr ar@éﬁéé@@leﬁbw, | aper 6 is
25 capabl e separating fromthe substrate 1 during e various

t echnol ogi caFde¥ adés PHOERELMaRlE adiamas e el &t r‘bth‘?c t&’rl”op 8¥PECt? oni ¢

conmponant s @@riﬂi@SEhéUB&he&na&gl 13owey®er , and itbl wsioiat eﬂue rpft*gimi@ 10B,
after 30 the second sae#elfl ci.al :bdatl on 00 OdodE i s

particul ar BRCRABSEPH st‘?Fellﬁﬁn VEr 6t %s G l|°nnua ﬁ of H):e | ayer
-of enbedded3dai deff ormmg theaamsiﬂcaia)k 4oxTHas ibas] cedPy nEs iispossible

Lo avoi d g Breacnrs ot Pl hogoLdoenal S iy | el 6136, whi oh i

brittle and easi 'e fromt enbe oxi de formng the
under | yi ng 888ul éistC@lorAﬁltheUPl RSt %@%‘&&ﬁ@%nﬁéﬂ?ﬁﬁﬁ?%vﬁf & pPbcess

accor dijng t@héh%ﬂo%\é%%tlé)ébmm are d@%rubednabame releat exi@atpphi cati ons
targeted at eggagvbggh ge begl%QH%&yc%Q %ua rlse in temperature of
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



quality of thin layers 6 of silicon on insulator which are obtained by the
"Smart-Cut" process. A description has nore particul arly’ bEawagiyvef0sf the
second enbodi nent of the process according to the invention in the 5

context of its application to an SO structure conposed of a thin |layer 6
of approximately 2000 A of silicon anjan dnsulating |ayer 4 of 4000 A of
silicon oxide. In order to obtain a thin layer 6 of this thickness, it is

necessary teorédbhént H¥deRgesuBsoratLyl 1thgntneemgyte<rfna3;av|@etﬂmno7m and 100
keV. In order to obtain thick | a ers 8 it owll npl ant
these at omsth®r grgggﬁﬁy,aqq%del,ng 3&’ w%rhvean%l%e g gigg%ﬁowe\&/ t he
nore deepl yriferat 6us are inplanted, the nore spread out will be the

di stribution of theEfQQF%?%gfntﬁéﬁé&¥E % %ron A ff&é@e hayerip and the

nore spread out al so™w t he conce Fects relating to the
i npl ant &t i oard@he tiohiedarsee ofn dphstievdpri Sihgy weevemeee B& rididved by

the process,ageordbay boobaeREes et AGHHAPN thet heedh Xngrpater. The

t hi cknesses nentioned above are therefore in He IH¥ |n1t|n t al so
be understoéacﬁﬁ&tQﬂkgﬁ%¥%bs% QUecdrdi iyt oSPre § eﬁﬁrﬁ?% %@ployed

in tEe contagggggmghbeeaappl|@atl@ﬁ@ur@enerMdapadjﬁiwﬂocessuaﬁunesordrng
to the invention is of s tiinme _t hat e e r surface
| ayer whi | e"PEEaPTORY A af??ykﬁ?etﬁg &hﬁerﬁvgnghéaggﬁgaﬁgg%ggngnt|oned
above 10t hefemxmchtrmuesofl t wiei ph obess cxmplnam ngo&n beareasihpestade 130,
330, the anggalf,no ean havecd; 9t apabihadrebhesbouni ch can even make it

e

possi bl e to Irnprove t hi's un ying material. The process
according to the |nﬁentr@@thas<h%%m5des@hﬁbedcaﬁéﬁétbyetakﬁﬁﬁuFﬁ%r%ase of

silicon as iklyskrati W gxeapbgibul it nust cléiﬂrplm sép0od thated hat 35

whi ch has been set out above |s ntirely ap ble to terra t her than
silicon, inipadeddrgr Bds %% Clats! chthHﬁtgF?ﬁléu EREN 58 of an

embodi ment thhhqaqreqcess—:uai:c(of daﬁge’ﬂ.ectlﬁedlen\léintpmthamd&éeondéhc;lsl bed

above in Janua i 21 whd%hleach sacrificial oxidation conprises
a stage of ﬁﬁ?&lPﬁglPﬁg 25808, 8¥49%ddever . it nust be understood that it

woul d not be depart iThg MK@mhdmymNMqi;aﬁetmﬂaﬁuﬁﬁﬂu@@nthﬁsénp9péﬁé of the

sacrificial (qx.dat éﬂﬁ%&}éé) | 88 anﬁBa§@h'W&ﬁﬂfﬁﬁétThéésuaéaobdlng to
ot her |nplenentat|ona exanples o the process accordip i nyention,

only the ficepasitifye se%%ﬁRF%RkﬁﬁfrﬁFﬁﬁuﬁiﬁdaben %onp8F§§§ %rﬁﬁnealrng
st age apgl ogRu4s i1t hathdesid | bedsapovematefrial 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 1is
observed, unprediceably, 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



© 7 January 2004 - 22 CLAIMS 1. A process for inmproving the structural
quality of a substrate (1) for nicroel ectronics or 5 optbelaEergnzedd the
substrate conprising a working layer (6) intended especially for the
production of circuits and at |east partly conposed of an oxidizabl e

sem conductor material, said | ayer being exposed on one face of the
substrate and possessing first defects (21) 10 near said face, the process
conpri si ng: werdsfi ndterswacaréd i viakuaiilgatnoomstepfai@@hgf arapamichdvey from

t he surface rkj r ) C i1 _thi S h stituent
mat eri al ofsgﬁggpgfggr gggdg?gﬁeaég s%ne%%%%?ﬁglfigégz efg%¥i ?5; , 15 - a
step (200) ofubpettedi ny thaserand cfaamid igwradi ngxidgeionhB€R Hasicihder gone

the first sagpjbi ciglg oxp&ation sbep (h00)or thexsald shap generatdyg second
defects (15), especially work-induced defects, in the working |ayer near
said fack; 8ARASHLIVE sSIINFWEES fiRTAMUSSE daPlon ast e YERA ~ ¥7€ agai n

renmovi ng frgatkbeasurface of the working layer (6) a certain thickness of
the constituent materi,al of the |att and ,at Jeast so of the second
defects (15) . 25 2$E?ﬁe dﬁ%s%h%% gﬁ%:ﬁh}q %N%ﬁn1lg%5ﬁ£%ﬂﬁ%ﬁ?%ed in
that the fibsensaanilijexitadd oxtdat ithe stEypdddd)) sooprdseg atsubstlee (110)
of oxidizing_th 1 CcO to ial, . | eas : t 30

t hi ckness o nyﬁﬁgiﬁg}erggﬁﬁco%tgg%géggth%g¥?%£?£h%$ec%§8%%ﬁ €$aﬁ%ﬁ% subst ep
(120) o¥0 r epompHgsihg mat esnngaking %9 diwhégh Fempyesprapcessidgienti med in

either of thejpkaesdi NG rAAVRNRIER SHEET exrfiphiaiaryi dQQh Iy - #3 ®baéNs,
characterized in that the second sacrificial oxidation step (300) conprises
a substep (386RCEF-oxidizing the oxidizale material, over at |east part of

the thickness of matrgel aormitaidtitg the dec€edlds 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
remove the remaindér of the thin layer 6 and to
propagate the holes 19 in the backing 2; and



5 defects (15), and a substep (320) of renoving the material thus oxidized.
4. The process as clainmed in either of clains 2 and 3, chaFautagyi 2804 i n
that at | east one sacrificial 10 oxidation step (100, 300) furthernore
includes a step (130, 330) of annealing the substrate (1). 5. The process
as claimed in claim4, characterized iyy that each oxidation substep (110,
310) of each 15 sacrificial oxidation step (100, 300) is capabl e of

formng, before the epdsehgbh® apReahi eenstiers( 150, a§3@h ianepgioey | ayer
(14) protecting the rest o? t he subst ocess ,as cl ai ned

rat r
in one of tHe psdPSFRFI di m? cha &ré’ é’é)d:ncn taﬁétf:1 ?g &1o%¢ ihteri al
i's renoved ewddr atd higigbsise by gem‘rrertmélannéﬁmat\lﬁé Iayé'he4 process as

clainmed in claim§6, é‘lath%cit eri égd g r}nc?w %ye\t_hgf | 5i s fenoved

over a thickness of rE)et VEETT 40 neans o e second

sacrifi 6i al swiki Yai¢wnl vt grE300)o 3@ 8abheprte.ﬂ:e§§ f@urftﬁﬂl sadfAg 2

substrate (rHCEd§ &roel ectronics or optoel ectronics, conprising a working
ed

| ayer (6) inten especi al I% for the production of circuits and at |east
partly conposed of Ha oxipeml@bllke serPteMduthat nbkeri i satavsaydt Dbeing

AIVENDED SHE.EElckrYeé'@mi@hﬁéﬁﬁ% Yaft@# ssaewad BAsONES Obet nﬁaﬁ@:@s—bof thﬁ
substrate, fhe, proces ris anting ato eneat

one face oflar%énm %Hsduccf 1‘@? m‘i‘%nd'e}bgt ‘E?%g‘tﬁ)ﬁ‘%%tb@’? kl(?'lgBStrfeayer, in
an i nphant adéndit egbsndefeatst apy ofhér taghnggubatdefsace beld tdboweafiss which

has undergone the i a to intimte contact with a support
substrate (‘2? S%ng?{ %fuéig]égb{;ng the wafer, in the 10 inplantation

regi on, in order toFigansfér peprestnthe GRURES orfto tied esupp8r ttRumst rat e

(2) and form sPNatbg LatterrufRcthbn biel rEHé)thDH tllaee\ﬁommlém@és(& - a
first sacrificial OX|dat|on step (100) for renoving romh surface of the
wor ki ng | ayeemaining1gften a?‘FPCI%Q:kﬁEssS%’fStt’Wé:ec%n%tf"Pﬁé t “r?al of the

latter;1s anhstepnb20Pecdf Ndjshieay tbah fsreomf dderiwidkialy dayea-which

has under gopg Lhe bl Lt SAH 8 2K 48hEa1:84PR 40 0% ' a808r dance

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.




" 20 - a second sacrificial oxidation step (300) to again renove fromthe
surface of the working layer ( 1 ) a certain thickness of Jhheaepnsid4 uent
- material of the latter. 25 9. The process as clainmed in one of the
preceding clains, characterized in that the working |layer (6) is made of
silicon. 10. The process as clained_iggclLaim8, characterized 30 in that a
| ayer of silicon having a defect concentration corresponding to surface

?ﬁnSl ti esdof def fecfr%ef)f 1%3&: e'E:utrI’\)?_»n 5o§589poﬁms2 t6 rpeRYaedefyngeans of
e second sacrifjcial oxidation s
.A@. Ay @ AFREF1RE RPTACK B A?UWF&@‘SLé)Ai g\ .WA‘?gf E.rﬁ\,“?ferred
,Ejﬁ%faﬁl Aﬁﬁh Axylirf § which has ?een subchted ]before tfeatment] | cal
P ch a] cal cal ga calc aljcajcalc
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/' (y **<
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SSTTTTTTTT#F?F%% 15 % c%a ac%a]q%la A']c ’f@ f ‘;7 ?ﬁa ca ca] ca] ca
] ca] ca] ca] d@]\ncaz]adaqezfa]ﬁxar] c*al}r,la] tayexn] 6apbap&apéa}a§a]r@at]aealm "72*72-72.7
a\ p\ WM\ \ M r gbbbgecesi | ig{o ¥apkd_z]] cakep] cahgpheal calsad ca]rgaas] caj ca] ca
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NNNO0000OP r r rANSB& niak ) |t el calicdjwelica] & cd ca) ca] ca
] ca] ca] sa] calalcn] pal gﬁaiﬁaéaabga]tqﬂ C@dlcladrclaiq:aé 6@] £8] eakcaloMiisnEss
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cal | zXz_z- Jddgxsaicor7ding] ca] (tm]eca]]mee]rua]cna,] chi cakcallea] cgjtciajesh] ca] ca) ¢
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2Ul ca] caU] o] cH12] {C%Té“ £a] ERTBAP La] 65 caTEa] CARCHE T ST @ 104
L4& () -4! " @& iPAHCGHGES (§rdh @Ghd 0%hQUeRta)l 14hPahd@yed&m ) the@d D8I {g - | <" 10%
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0%HHE' () - 4’ a@ ¥y -vigth 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 ecm™ 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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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
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 1layer 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 1is
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 brittle 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



" 10// 10//! S"10% /& ()--

IS 10% /& ()--11°S'10% /& ()--1"S'10% /& ()--! F S 10% / & 32 ® ER04( (x) a*
. *oN, 1! v " 10%& ()-5

. ©"109% Ut U8 ()-5!] "109@Z& ()-5!~v"10%r & ()-5F@0% & ()-L! 10% & ()-

"10//*+Nl o yVE v 17"10%, & () - 5P82016@&t&f() 5""10% ' & ()-5
‘"10%t&' 5 "10% t & 51""10% t & 5r../ 11111 [uVay!' F 1 109%& () -
3y10%&() g%%§ﬂagw)o ]Ep£%1 ayers 6 05)3111con on insulator whlcg)

10, , ! "10% akie( Jotftdik0a &j)tlﬁé/mﬂﬂ&}éu@?\@fdcéﬁk 108 a&sEriptibAf 109008
§)2rr?3{ 4];?)/;%%256‘%# %a%gm 1 )(/)béen gll%%l/u&o(g ttllé( sFeclzon egrgaodl-
10HH " f ni 10%ei& (9 £) that m%ﬁe(s)s Ydardndi0gams' the) | davertlioss>&h ( xhe! 3° f mi' 10

ot hove® () et 1S e atery, R R a TE

- <<<xV7-4 9f f3"tigoy layer 6 of approximately 2000 of silicon on

& () @! " f 3'5H0 %i&t@éﬁ lfa%'élzo%/\/&f( )4 0@ 1{35%0‘@1'\1&4&1 @xxaé 3" FRYMVE () -
" 3" 109& ( 2 @<b=c=d=e=t =z==q>uS1! " @] " 10%T& (

|" 10999& () - /& ) 2P by (§hlf10¥W%Rﬁz o Tafs thickness, it is

10RR! " f3"10%@%&s( ax@ q%é\’? 'ét@lb"lﬁ%[&ar()eﬁél‘g@ of

"1009 " " 100 0
| 1006580 () R SR 2 a@q}@% STSRAoE (52 6198 0SSR ) <y 10
%?&f&)rég 1@%@@4@ 610it M&ll]ﬁb he cszfary to Egélant theZ? atomslo%&
|6| |1:OY' $1oc(ye)&'"?3 eliié\?lpé%&g%? JSSY ég’b %Aﬂﬁ/%é@dn\ﬁg}?éﬁ -
However, the more deeply the atoms are implanted, the
more spread out will be the distribution of the con-

15 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

20 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

25 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

30 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

35 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



"109%& ()- @'k "10%& ()- @f910% & ()-9!310% & ()- 10 10
101 A Y $109%&’ () - 6#0COPPBQQ-RzX6uSl! | FO "10%t & ()- @' " 1098s% 0% ) 0
S "10% t & ()-@!'t° "10%r& ()-@!v: "10% & ()-@

'10% p&' () - @~RSSTTTTTTxj\ N/ L! 10%W& ()- 10tt 10tt 10tt!9S 10%t& ()-!q
'10%t& ()-@!" "109RRE ()-@ K "10% 2% €)- @TTTTTTTAE\N/ L! 109%V) 10%V&' () -
1098’ () - 10%V&' ()- 10%E ()-9 s10%V&' ()-3y910%v& ()- TTTTUWKa?\ N/ L!
10!, 109K @ueﬁrrm& @erifmmwwl@atl@mnmwxs)es 33160 )oh

10%E: () - a

10MM 100 él}m}:’ ¥ t]r%t‘e J1t AT (JRPEEER Y Ar hem
JLyl ze 10';4&&(:)46‘4 wwlzdw (lae 6d9P'Zf§@%&f(rPn6”'al}¢ zsggp@{ &!f? YeBRLO%R () -
&l invention if he sacrificial oxidations

10%&' ()-_ W >aabbwX6M ! vyl z ow 0&

of
y yl 7" 10% & ( | 27100008 ()61}

yI 7" 10%> & EPIBFLGPE: f@%ﬂ‘?r(r)e%]*U’%I é%?.@%)OE t“? 6@5(5295&:‘%’!%

" 10965& () - BinpPemdA¥Bti pnal1Ent)ed ! ofO%he()pr&:B@Qle&%ordlng to

10'7'7| x ylz" %g‘y@o& 6|\/Efg| hl Uj /k%ﬁl Ic S 09&' éé 9/«& i 6! A S

"109% ()- 6! X e inys e on sacr:L 1c1

"109%& () - 6k@k{1ﬂpk}tbhkl dmﬁtiséw%m&a(r)nﬁlgmﬂsﬂo/&t(a)g%@me%&b@)s- Lto

10% & ()-  that described above.



10 10 10!'|'S '
" 109%& () - 6JmmPnn/ oApPqWU3USL! i~ " 109DD& () - 6! 0 " 10965& (Y- 633earoed0t ug: () -
- 6!n""10% h' h& ()-6! "10%h& ()-6!x "10%r .

r& ()-6PqUr TsUsVsWfsms9trS11t! 109&' ()-G ML0% & ()-L! 10% & ()- 10VW 10WV
1OVWVs‘"10%MM&f()-6!x‘"10%HH&f()-69tm¢u|g%v_
wwUer S1!°3"10% & ()-, !} 3"10%& ()-,!~3"100& ()-,!} 110%& ()-Gt 1109%& ()-G
k “110% ()-G wax| yFzGzHzl zwi [ ML! *3"10% 10°° 10" 10 °!.°/ "10% & ()- !x/
"109%& () -
P73"109%&' ()-,! 3"10%& ()-,lzXz_zzf{{@G}[omL!! f3m' 10% "& ()-5! f3m 10% " & (
)-5!"f3n 109&' ()-5!tf3nt 10%& ()-5f: 10%& () - L! |
109 ()-G | }~$WUBML! ! f3nf 10% * & ()=5LFE.f3nt 109& ()-5!n"f3n 10%RR& ()-5!}"f
3m 10%>& ()-5!s f3nt 109%65& ()-5!" %v+v& ()-5uSl! ~ , Frf 109RR& () -5 Kk,
Fni' 1092?& ()-5f: 10%& ()-& , 109% ()- 10" 10°°

gt '100 I ' 100 UR I '100
"0)-5ix Bt 10%dd o Y EOEd uBesVERe) e s RdnliRe We ey a1 1 100
Pt P& ()-68p I"1$Hhﬁﬁi¥§86lk K1l0%) o &of) - 6Nm@®¢ﬁbé}ectrQ@9¢&f() of0 10
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)

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 layver near said face; and

20 - a second sacrificial oxidation step (300j 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
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10%{&}() ox@dation step (300) comprlses a substep (310) of

oxidizing the oxidizable material, over at least part

of the thickness of material containing the second

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 1is
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
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a semlconductor wafer "intended form the working
5 layer, in an implantation region;

- a step of bringing that face of the wafer which
has undergone the implantation into intimate contact
with a support substrate (2);

- a step of cleaving the wafer, in the

10 implantation region, in order to transfer part of the
wafer onto the support substrate (2) and form, on the
latter, a thin film forming the working layer (6);

- a first sacrificial oxidation step (100) for

removing from the surface of the working layver (1) a
15 certain thickness of the constituenf. material of the
latter; .

- a step (200) of polishing that face of the
working layer which has undergone the first sacrificial
oxidation step (100); and

20 - a second sacrificial oxidation step (300) to
again remove from the surface of the working layer (1)

a certain thickness of the constituent material of the

latter.

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

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

of the second sacrificial oxidation step (300).
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