PROCESS FOR FABRICATING A SILICON-ON-INSULATOR STRUCTURE FIELD OF THE
INVENTION The present invention relatesicon-on- insulator structure comprising a silicon layer, a
buried oxide layer the thickness of which is 25 nm or less, and a support substrate, and to a process
for fabricating such a structure. BACKGROUND OF THE INVENTION
Silicon-on-insulator(SOT)structuresare frequently used in CMOS applications. Such structures
comprise,from their usefitlcsttaceto thar boforside sa thioosihon tasgr.ao@ried layer made of a
dielectric material that is typically an oxide, fogexagmmpieeSi02, generally denoted by the acronym BOX
for Buried OXide; and a support substrate. The thicknesses of the thin silicon layer and the oxide
layer may vary dependi n the intended applications. In particular, the thickness of the thin
silicon layer is reduced? @é‘?hf&n@é@ Wﬁﬁt%less even 20 nm or less, and especially to about 12
nm in order to allow wtﬁt@r@@“&ﬁ@@@D%Wy@eﬁ?ét@ﬁegoﬁ)ostrécuﬁé%%%%’tained, which
structures have thesadvartagesat-significantlyceduciigopesaticidl instabilityand cormsiderably

improved perfoirpance selativado yg_}%txargfg@lIeg{ﬁ@%@b(%ﬁi@h&@gp@e@ SQily steuctures in which

the thickness of tfe thin SI|I80I’] Iager sO%l%ouﬁJQS@rngnm Jamely: law dypamic pewer, low leakage
current, high transistor denS|t "R ese structures, UTBOX (UTBOX standing for Ultra-Thin

Buried Oxide) stmﬁm%aWnE‘écﬁltFatﬁ Bifi&toxide layer, show great promise because the
extreme thinness of this electrically insulating layer makes it possible to apply a voltage to the back
side 2 of the structure ¥aEXERINEDIderoESsIRTWRITHPNSIlicon layer) and therefore to precisely control
the operation of the device; -on The ters: tultathin” is(paderstooddeuneandiaving &thickness of 50 nm
or less. fregquently uged in CMOS applications.

Such structures comprise, from their useful
surface to their bottom side: a thin silicon layer; a
buried layer made of a dielectric material that 1is
typically an oxide, for example Si0;, genexrally denoted
by the acronym BOX for Buried OXide; and a support
subsgtrate.

The thicknesses of the thin silicon layer and the
oxide layer may vary depending on the intended
applications.

‘ In particular, the thickness of the thin silicon
layer is reduced to a thickness of 50 nm or less, even
20 nm or less, and especially to about 12 nm in order
to allow what are called FDSOI (Fully Depleted 80I)
structures to ke obtained, which structures have the
advantage of significantly reducing operational
instability and considerably dimproved performance
relative to what are called PDSOI (Partially Depleted
80I) structures in which the thickness of the thin
.siiicon layer is about 70 to 90 nm, namely: low dynamic
power, low leakage curyent, high transistor density.

Among these structures, UTBOX (UTBOX standing for
Ultra-Thin Buried 0Xide) structures, having a ultrathin
buried oxide layer, show great promise because the
extreme thinness of this electrically insulating layer
makes it possgible to apply a voltage to the back side



The fabrication processes of structures having a buried oxide layer with a thickness of between 25 and
50 nm are at the present time, quite well characterized and it is possible to produce such structures
with a defectivity level that is compatible with subsequent component fabrication. However,
UTBOX structures with a buried oxide layer having<a thickness of 25 nm or less, and particularly of 15
nm or less, can cefrently orlyribe fabeicatéd svithtepdefectivityidevebteatisnot basiiédmpatible with the
requirements of garupesent manyfastuiersne reblare precigely: s defectivityds duesto a bubbling or
blistering effect thatis.Qggerved ajthe;banding interface located between the thin silicon layer and the

mechanical support, in % e case of‘arl SIO'E s:lLJItg,s.tr%te fgbéié:%%d gging thge%rgg t Cut Tm process.
Figure J. shows the variation i the aeFecaflv]iiy as a function of the thickness of the BOX layer

expressed in am?® “RTRETGERCHbi) SHEWT T 5§ Graph is the number of bubbles counted on the
surface of an SOT strugture Saraigheaftonthpthiresiiesn yeshas Yeerefansféifed. 2  In the case of
structures in whighithe:BQxXia¢erhas a thickhess helowchbaun ghatohedezane} sthertsubbling is so

widespread that i §s imppssible.to copnt theyhubbles. sen#Figures,2A to 21 illustratesthe main steps of
a first known process for fabrica&inga% ch a,structure ersng_lg)ii?g tpg S%Egggmsgr&gess. With

. C acterlz . 5 o) .
reference to Flgureafb\, an oxide layer 2 is formed of the SUrface of a donor substrate 31 from which

the thin silicon lay&FWiFBESFartsretred. %eﬁ\%@éﬁjz%elﬁrfslfo?%%%,dti\dgﬁf??&%%r% ponding to the
thickness of the thirtlayeEs tabrifranskrrad thrédadh 15e ©Xdde layer 2, for example by implantation of
atomic species (represented-by thetamows intEigutm248). witWitlerefevened tod=igdee 20, the donor

substrate 31 (by m@/@gf the.oxide layer &) andtheseceiversubsirate -are bydrophitieally bonded by

molecular adhesion, ; - This onding.step,is followed by abgnd:girengihening, anneal intended to
increase the bon@ strength. Next, a supply of engrg;i', for fx%ﬁ)ée tkéermaa.l eggr%)[ causes the
donor substrate 3P EdEinthe wBakR $oRe 3 * Y Ihgeheral the bondstrengt e%ing anneal is

carried out at a |swrteRperature ((ESTat a tehfperatifi @ bERTSET200 attd 556ERAFitallows the
bonding interfacertobéstrengthened and the cleaving of the donor substrate to be initiated in the

same step.  After thepen-transiered.part ehihe denossubstrate has baes detached, a

silicon-on-insulatgy, sgruetyre (Figyre 20,15 abtainectto which canveptiengkfinishing teeatments (rapid

theLmal annealin iRTA& sacrjgfici%l oxida{iggégéc ) qfr)gta“pé)eligd, ét&gse 1Hble,e}'{mesnltfilc():eip}tg intended inter

alia to smooth th&30FFEe of THe thin Semiconductor ayer and reﬁalr impf’antatlon-re?ated defects.
layer and the wmechanical support, in t

e cage of an 30I
substrate fabricated using the Smart Cut™ process.

Figure 1 shows the variation in the defectivity as
a function of the thickness of the BOX layer expressed
in nm.

The defectivity shown in this graph is the number
of bubbles counted on the surface of an S80I structure
straight after the thin silicon layer has been
transferred.

In the case of structures in which the BOX layer
has a thickness below 15 nm (hatched zone), the
bubbling is so widespread that it is impossible to
count the bubbles.

Figures 2A to 2D illustrate the main steps of a
first known process for fabricating such a structure
employing the Smart Cut™ process.

wWith reference to Figure 2A, an oxide layer 2 is
formed on the surface of a donor substrate 31 from

which the thin silicon layver will be transferred.



The one or more RTA treatments are typically carried out at a temperature above 900C. In the step
of bonding the two substrates, water molecules present at the interface contribute to the bonding of the
surfaces. However, during the bond-strengthening anneal, water molecules diffuse through the
oxide layer 2, and above all through the thin nativezoxide layer on the surface of the receiver substrate
1, and react with the silicorwetthe semicortilctordayer8sdnd above all 4 with theesiticon of the
receiver substraig.l.the reaction beingitke followingexidationeeaction: 2420+ Sizb 502 + 2 Hy

This reaction thegefore praduces molegples, of iudrogenias whigh are fgappedipdhi buried oxide
layer, the buried oxide layer thus actin% as a h;{drogenagas re erv:ofir.S ntggwgverégn the case of an
ultrathin oxide Ia%r, Hi& 576t thiick ‘—’é‘“r:]%%gﬁ t5%t6re all of the ﬁyarogen ggs molecules.  The
buried oxide layérthergfore FEcBHigsFaturated and can no longer absorb the molecules of hydrogen
gas. The excess accurmilatesrat tieehoading integface vAsbre ihgerfmates defestsate This is because,
as soon as the temperaiure.af thedonded struekirelaxeaeds abauti3066s theshydregen gas subjects

defects present af the banding, interface,top ecfarming.Bubblesy Fhiseffeetis described in

the following articles: "A model of interface defect formation in silicon wafer bonding"”, S. Vincent et a/.,
Applied Physics f%ﬁ%?&,@& 101914, (2009), and "Study of the foimation, evolution, and dissolution of
interfacial defects in silld&FPwafePBorting s R inckht & F8hal ¥ Apptied Bhjics, 107, 093513,
(2010). By carryingoottear apneutztalteripsrtdrs of BetwEeRr386€ afdta00e e generation of

hydrogen gas is limiteskand thus the bubbling effect is prevented. Thus, after the cleaving, a

structure with a very Ioweq{%f'ectié(itysim ined  enEPWever; the handipgdnterascasstill needs to be
adequately strengthened and the SQLé“gg&ﬁ%E? Sst'ﬂ%)%%%g% 1o be finished without, allgwing bubbles to

appear in the finisﬁfanrgqgt’ep%?useit temperatures of 900C and above, hydrogen gas is soluble in
silicon. After #f& €Iy >the objective is therefore to increase the temperature to 900C
(temperature above which hydrsjenoutgelses frepardhe sRsmapidly anneal  is

carried out at a low temperature {(i.e. at & temperature
between 200 and 550°C) and it allows the bonding
interface to be strengthened and the cleaving of the
donor substrate to be initiated in the same step.

Lfter the non-transferred part of the donor
substrate has been dJdetached, a silicon-on-insulator
structure (Figure 2D} ia obtained to which conventiocnal
finishing treatments (rapid thermal amnnealing (RTA)},
sacrificial oxidation, etc.) are applied, these
treatments being intended inter alia to smeoth the
surface of the thin semiconductor layer and repair
implantation-related defects.

The one or more RTA treatments are ‘typically
carried out at a temperature above 900°C.

In the step of bonding the two substrates, water
molecules present at the interface contribute to the
bonding of the surfaces.

However, during the bond-strengthening anneal,
water molecules diffuse through the oxide layer 2, and
zbove all through the thin native-oxide layer on the
surface of the receiver substrate 1, and react with the

gilicon of the semiconductor laver 3, and above all



S enough to set the structure andthustoprevent generation of defects at the bonding interface.
However, after a conventional RTA treatment micro-bubbles are observed to form in the structure and,
although these bubbles are much smaller than those observed after the known process described with
reference to Figures 2A to 2D, they make it impossible to use the structures for the intended
applications.  yERis iSaxeesultiof: thenfact thatcuringdhe REA thestemperatute wasaot increased

rapidly enough th%?éétﬂ%r?t%{H% and prevent the hubhling:effectea o+ Itis therefore still necessary to
develop a process that prevents bubbles 2fr(I)_lm forming in the case of structures the BOX layers of
which are 15 nnfoFiss irf thickngse2and-in Barticular 10 nm or less in thickness. To prevent H2
from forming, documeMAED 2048049196 'dascifRLe SBEGRETFOCeBS P ePs dtiwhich are
represented in Figuresgd top3k, whAkth referencesteBiurs:3Aan dxidéddyer:21ds formed on the
surface of the dongy.substiate 3Luur: Asweskizane 32jsformersat a.depiy correspending to the
thickness of the }Lhigljgé%@ to berg%&s\f%r{gq, through the oxide layer 21, for example by implantation
of atomic speciesyirep sented by the arrows in Figure 33\)1. ith reference to Figure 30, an oxide
layer 22 is formed on tHe'§tiHfite dfthETeceRt sol?éjsf-irﬁte prre le&t,%%%tﬁffrf Hesion
(oxide/oxide) boding istisad thebonetthe Bbfer Silsitfate 52 toliF Fecéiver Sbstrafe 1, the oxide
layers 21, 22 beingilosated attheuniterfaossand together forming the buried oxide layer 2 of the SOT

substrate.  After thishending: stepsthesonofstbstiate s eleavatbres Thispracess achieves good

results in terms of defectivity in 5o far.asitbe.H2-ganeraiing feaction is{imiteskhy 4ae presence of the
two facing burieda oxide layers that orm aatbarrie to_ wat r-moleculeig@urs}_%@.@ 6. nesapecifically, these

molecules cannott8act tié Bxiagriicon mterface, the si f?:%%lggidatlon reaction cannot take place and
the generation oftFI2RFEEHES IS &SV prevented.

This ig because, as soon as the temperature of the
ponded structure exceeds about 2300°C, the hydrogen gas
subjects defects present at the bonding interface to
pregsure, forming bubbles.

This effect is described in the following
articles: Y2 model of interface defect formation in
silicon wafer bonding”, $. Vincent et al., Applied
Physics Letters, 94, 101914, (2009); and “Study of the
formation, evolution, and dissolution of interfacial
defects in silicon wafer bonding”, $. Vincent et al.,
Journal of Applied Physics, 107, 093513, {2010).

By carrying out an anneal at a temperature of
between 300°C and 400°C, the generation of hydrogen gas
ig limited and thus the bubbling effect is prevented.

Thug, after the'cleavimg, a structure with a wvery
low defectivity i obtained.

However, the bonding interface still needs tLoO be
adeguately strengthened and the S0I substrate still
needs to be finished without allowing bubbles to appeax
in the finishing steps.

At temperatures of 200°C and above, hydrogen gas is
soluble in silicom.

after the cleaving, the objective i1s therefore to
increase the temperature to 900°C (temperature above

which hydrogen outgases from the silicon) rapidly



However, bonding substrates by way of their respective oxide layers 21, 22 has the drawback that the
bonding interface is not completely closed, i.e. when the structure is observed with a transmission
electron microscope after the finishing anneals (RTA at 120000 for 30 seconds), the interface between
the two layers (represented by the dot-dash line 28 in Figure 3E) may still be seen. This
incompletely closedustertacesisdiatite te createretecincal profiems thatecouldanterdere with the
operation of the gleciranic devicesifonmed inoron the siugiirent ex f@-produce a bond having a

closed interface, the Apliant has deyelopectan axidesio-silion boading.process, be. a process i
ed fo

which the oxide layer inten orm the BOX I%E/er is forme onlys(t)n ork%of the tg/o substrates

leaving silicon oR#h8¥rce rfac®BFETE Bther Su KaG

Strate. *™ 16 %roduce Sueh a %61nd, and with a view
to closing the bontligierfades s KeRHI® pRistnaativatéthe Sirfale ot the'sxide, the plasma

activation being inieadeddo increase théxdbondsirengtiprocddewev@s sucheash aetivdtion increases the
amount of water present, at thesintarface angktheeeforg rigksfurtaar-amplifytng the bubbling effect that it

s desired to preyent, .. Erbediments of the invention, seelk o define: a process for fabricating a

silicon-on-insulator structure having a burjed ogidgglay%gtcpte %(élgﬁg& aof Whigﬂ is gmznm or less, and in
r bliste

particular 10 nm or les$ affowifgthé TSmatih of Bubblas o rS dué to hydrogen to be prevented

or at the very ledStiFRPEER TS ABré prediBBRERSFE prRSE Breteraisly ddinpifides an
oxide-to-silicon bord &toreertosobtadn Brevrmpietehy closdd Bagdmifiptérface without excessive
heating of the structurerbeing:requited.sioseoyet, saidprecessispreferablydimdristralizable on existing
SOL-struoture pradusion ines. pmbedmenis st inugnianalsg seskingroude
silicon-on-insulafoy structure comprisin ried oxide layer havin ickne nm or less, an
in particular 10 N o?‘fe%‘si%’ﬁ”&ﬁa%%heg %%{erzi/aré’\‘?f%u%%lé}i“ é:?écﬁ\r/i%t élgRQIJ%pF%SE%%ﬁIPTION OF THE
INVENTION i accBta5RES WitPaf aspectrthtSivatition %a procesE is Br8lidet for fabricating a
silicon-oninsulateistrisore comprising a silicon layer, a buried oxide layer the thickness of which is
smaller than or equal te@Sray @t a.suppertSwbsitate, sSaicdpracessccanplising s following steps:

(a) providing a dgngr.suhstyate cmpdsing said-siicon tayer andsaid stppert subsikate, only one of
said substrates bein% covered with said oxide, layer; ..~ (b) forming, in the donor substrate, a weak

. re% eseﬁ ) urF : . . i
zone bounding the'silicon layer; plasma, actlvatlnzg said oxide. layer; .
With referende to Figure 3A&, an cxide "layer 21 is

formed on the surface of the donor substrate 3I.

A weak zone 32 is formed, at a depth corresponding
to the thickness of the thin layer 3 to be transferred,
through the oxide layer 21, for example by implantation
of atomic species {represented by the arrows in Figure
3B) .

With reference to Figure 3C, an oxide layer 22 is
formed on the surface of the receiver substrate 1.

Next, molecular adhesion (oxide/oxide) bonding is
used to bond the donor substrate 31 to the recelver
gubstrate 1, the oxide lavers 21, 22 being located at
the interface and together Zorming the buried oxide
layer 2 of the SCI substrate.

After this bonding step, the donor substrate is
cleaved.

This process achieves good results in terms of
defectivity in so far as the Hy-generating reactiom ig
limited by the presence of the two facing buried oxide

layers that form a barrier to water-molecule diffusion.



(d) bonding the donor substrate to the support substrate, the oxide layer being located at the bonding
interface, said bonding being carried out in a partial vacuum; (e) implementing a
bond-strengthening anneal at a temperature of 350€ or less, said anneal causing the donor substrate
to cleave along the weak zone; and (f) applying,tothesilicon-on-insulator structure, a heat
treatment for repairing %%fect% at aztfmpergﬁure abovc?L 9005: - the transiéion from the geaving
temperature of step (e) 16 thé defect-repairing temperature of step ) being dchieved at a ramp rate
above 10C/s. 8 OX1fRéTéhhooRidE 1§ LRUERstoba I fid preserttédabimransiitorraioxide (Si02).
The expression "pantialvacakn bisamdesstdotte meanthatithe hdndingrstepdsitagriedout in a
chamber in which the pressire.is:helew atmospheric pressure, and in a moisture-free atmosphere i.e.
an atmosphere containipg less than.100 ppm of water. Accoyrding to.an embodiment of the
invention, the bonding gt]cgﬁeéfr%loysbf Iﬁg?lt?a% vagﬁ%)r%lég téet\sfvegﬁyo.l“él% 10%¥mbd3%1€plrreferably of

between 0.5 and“fERTAr T & more Breterably ofPmbaf 0 iFaikarily Sfantageous for
the anneal of thetbendrstreligihieriingstép t6 bé ain apheal ataletrstantaénfratatufe #ing between
300 and 350C of:hefweemb ard 3bdiiirs inilengibser2atiopalty additionahBiecharieal energy may

be applied to cleaye he dongr supsitaie.dusng.or affer e bonding dopeal s Agxygen plasma is
preferably emplo#/eg in st%% ]gc) 305 actlvatlr(lj% he (?:)%de ayer. eover, the thickness of the silicon
a

| o]
layer, immediate yzaﬁe(r: transfer’ of tRe Thik rayer by the' ﬁ]%rrff &ﬁﬁ %?885%15, 2 Sld\Fa“ﬁcfageously 600
nm or less and ptéf&taBly iESHetReshZY 0am Bl 510 nfe Preféidily Beingreqlia®Hr 830 nm.

According to an embodiynent df thémvention, the thickness of the oxide layer is 15 nm or less. The
formation of the weak zgne-preferablycanaprjsesimplantingatermic speciesntathe degor substrate.
There is also disclosegl a silico -om-inﬁulator%Hucturet%omprisingg silicgn I%er a bu{ed oxide layer

. Cﬁe e % eC I‘cha ﬁrO cMms T Couw . Anter I‘% W1 . .
the thickness of which'is 25 nm or less, and a support substrate, said structure being characterized in

that the defectivilyP5t FRARICOR Mftehs G- URFECPALSITE TS 66%r 1858 e ddtditly f&7a preferred

embodiment,saidhe structure.
To produce a bond having a closed interface, the

Applicant has developed an oxide-to-silicon bonding
process, i.e. a process in which the oxide layer
intended to form the BOX layer is formed only on one of
the two substrates leaving silicon on the free surface
of the other substrate.

To produce such a bond, and with a view to c¢losing
the bonding interface, it i1s known to plasma activate
the surface of the oxide, the plasma activation being
intended to increase the bond strength.

However, such an activation increases the amount
of water present at the interface and therefore risgks
further amplifying the bubbling effect that it is
desired to prevent.

Embodiments of the invention seek to define a
process for fabricating a gsilicon-on-insulator
structure having a buried oxide layer the thickness of
which is 2% nm or less, and in particular 10 nm or
less, allowing the formation of bubbles or blisters duse
te hydrcogen to be prevented or at the very least

minimized.



structure is a 300 mm-diameter wafer. 9 The thickness of the silicon layer, after the SOI substrate
has been finished, is advantageously 50 nm or less, and preferably 20 nm or less, and even more
preferably 12 nm. BRIEF DESCRIPTION OF THE DRAWINGS Other features and advantages of
the invention will become clear from the following detailed description given with reference to the

appended drawings in yyhich: Figure 1 is a graph illustrating the vayiation in the, defectivity as a
function of the thickness of thg rB(_:(‘))% &a%/%r'in Sag%g%w-onisul%% s?rﬁ%%?f%; %Cfmgff-:‘lssfﬁ to 2D illustrate

the various stepsih a first RiowA ProcesSTor faBHtating"an S6TStructifte; Obgﬁi]glhresaBA to 3E
illustrate the variGGERIEIEHYa SECHRPKMSMTPRGess t6r R atifi BRSO T SFaERIES  Figures
4A to 4E illustrat&dhé Vagiovs dteps #it e pracesefordabraatineedn SOT structure according to the
invention; Figure Skcissachistogram steiwing theplbond strengthias a fungtiedofdbe pressure during

the bonding of therstibstratesiand1e Gigues5i3isa grph Mustiatingdheeptimization of the
pressure of the bpnding in a partial vacuum with respect to the post-cleaving defectivity. In order to

make the figures easiet tq understand, certain very thin layers %%/)e been enlarged and the various
s o 15 o EPAILLLD b PTER O THE

. . VLS
layers in the figures are therefore not drawn to scale. D

INVENTION ThelabfcatishEaliticoRsoh-HsifiatSi-Sraeire haV My A biimsl oXid& ¥y dhat is 25 nm or
less in thickness %#fll Fow BEdedenibedy 2 TFhifeltnssifctrd stBictife od dord? substraiatis provided
from which a silicowriayerlmtendéd taforner  less, and having a very low

Ybubble” defectivity.

BRIEF DESCRIPTION OF THE INVENTION

In accerdance with an aspect of the invention, a
process 1is provided for fabricating a silicon-on-
insulater structure comprising a silicon layer, a
buried oxide layer the thickness of which is smaller
than or equal to 25 nm, and a support substrate, said
precess comprising the following steps:

(a) providing a donor substrate comprising said
gilicon layer and said support substrate, only one of
said substrates being covered with said oxide layer;

{b) forming, in the donor substrate, a weak zone
bounding the gilicon layer;

(¢} plasma activating said oxide layer;

{(d} bonding the donor substrate to the support
substrate, the oxide layer being located at the bonding
interface, said bonding being carried out in a partial
vacuum;

(e) implementing a bond-strengthening anneal at a
temperature of 350°C or less, sald anneal causing the
donor substrate to cleave along the weak zone; and

(£) applying, to the silicon-on-insulator
gtructure, a heat treatment for repairing defects at a
temperature above 200°C - the transition from the
cleaving temperature of step (e) to the defect-

repairing temperature of step (£} being achieved at a
ramp rate above 106°C/s.



10 the ultrathin layer of the SOTwafer,mustbe transferred. In so far as the final ultrathin layer
results from thinning of the layer transferred after the cleaving, the thickness of the silicon layer
transferred from the donor substrate is substantiallydarger than the thickness of the final silicon layer

of the SOT substrate. tndhus:teformsthesuktrathin layeeeksiicen of an SQT substiate, i.e. having a

thickness of 50 nNMLQOF '%Sq@eaﬂécg@i%%&%}%g@d@iqﬂ%ﬁs pf 600 mm or less is transferred from the
donor substrate. The_donor substrate m% be a 'ng‘lfe-cr)ﬁstgl bulk silicon s%bstéate.
%ﬁ§i§? derstoo t

Alternatively, the donor suebsteréPer?nsasylgé} a e su%%‘[lra?e, .8t Lrﬁ‘ﬂ'iay consist of aomultilayer of

various materiald'SRE shiffate tyerStRhits cBhistisEs theSinge-Gystal-Siliéorr R/ %8 be
transferred.  \Afth 1Teféncelte FR}UFE S anickidesyer 2 i5tforRieedn thersirfaceof the donor
substrate 31. &84did oxide |layet 2tsirtehded tefomsthe baried exidelayerobtrhSCET structure.
Said oxide layer therefareihas adbicknrss of @5 pawoblessaand-preferably a thickness of 15 nm or
less.  Specifically, the.surface of the donoesubsiraie,31dpayhe thermally.oxidized,
Alternatively, the %(é Ignaysk%e?gle ?g%g_eg ;or aex%gggl% é)}/ c\f}ggnlil%al vapoyr dc%PeoeSziztiOE' (f:VD).
Alternatively, said oxide ?ayer could'be ?ormed on tTﬁe receiver substrate, by exposing the silicon to

the surface of th&d8ndf SuBSiate. P* SHowaver, s preterabietor tidOxite 1878r 238%e formed on
the surface of th&BBROFTBsHARS S128speially viHdT the weak zone is formed by implantation of
atomic species. This is Pecaase e implamtdtiorsidthenaackieve dthroudgie thenoxidd |ayfer 2. A
weak zone is foimed indhedlanorsupstate rihis weak zare definingrthessitieen layar tode transferred.

constant temperature lying between 300 and 350°C of
between 5 and 15 hours in length,.

Opticnrally, additional mechanical energy may be
applied to cleave the donor substrate during or after
the bonding anneal.

An oxygen plasma 1s preferably employed in step
{c) of activating the oxide layer.

Moreover, the thickness o©f the silicon layer,
immediately after transfer of the thin layer by the
Smart Cut™" process, is advantageously 600 nm or less
and prefexrably lies Dbetween 270 nm and 510 nm,
preferably being egual to 330 nm.

According to an embodiment of the invention, the
thickness of the oxide layer is 15 nm or lesgg.

The formation of the weak =zone preferably
comprises implanting atomic sgpecies into the donor
substrate.

There 1is also discloszed & gilicon-on-insulator
structure comprising a gilicon layer, a buried oxide
layer the thickness of which is 25 nm or less, and a
support substrate, said structure being characterized
in that the defectivity of the sgtructure in terms of
defect clusters is 60 or less.

According to a preferred embodiment, said
structure is a 300 mm-diameter wafer.



11 Figure 4B shows the weak zone 32 being formed in the donor substrate 31 by implantation of
atomic species, for example hydrogen and/or helium. The implantation energy is chosen so that
the weak zone 32 is formed at a depth substantially corresponding to the thickness desired for the
layer 3 to be transferred, i.e. a thickness of 600 nn# or less, preferably a thickness of between 210 and
570 nm and even morepeefenabdyadbickngss ohabett 33thnmt ayeHowewder the fbremation of the
we:;]tk zone ri]s nogrestricted.tp.an implantation p{@gggged, The wepkzonamay glsede fhar;ned by ar:y
technique that can introduce atomic species into t Qnor su te i pth, for example
a diffusion technﬁmueo%gyeﬁg used: pg%ﬁﬁare;grge%ent% ,gi’au?g %QC tﬁ%ga%r?ogrﬁsfgs%zte 31 is bonded
by molecular adRESER1B YeddiveT substrate 1, the oxide layer 2 being located at the interface.

The receiver substrate 1 is typically a silicon substrate, optionally covered with a native oxide.

Thus, oxide-to-silicon (BPrEr SEstrateTEoRIVET STRStEREYOBEing is obtained. Alternatively, as

indicated above, if the dopor suhstrateds nekeoveredawithdbe oxige layer 2 huthesdts silicon surface
exposed, the oxide.layer would be fgrir%gg on the recejver subsiate 1,and ag.Qxidedgsilicon (receiver
I .

y
substrate-donor gﬁ%gtratgf\?v%ﬁd also be obtained. B emploglng uch a bondcipe%step, there is no
risk of an interfa& AR T CopiEt8ly dfosa bgﬁgegﬁéﬁﬁedﬁn contrast {3 the case of
oxide-to-oxide béndirgnas nMiénfi®A€d in the introduction.  Before the substrates are brought into
contact, the oxide layer 2 fiegated an the surfgeemi the Homorstbsiratd:81 issnibjectad to a plasma
treatment.  Prgferably, gaicbplasrajjs ar 02 plasma: but aplasma kased-nasaxygen, argon,

nitrogen andlor gl g2y 2136 beemployadod2on sSaid plasmadieatiart activates the surface of

the oxide layer and increases the bond é;éreznaqtt}L luslggtséeggg V\‘/frggg gﬁg substrates are brought into
contact with a view to borfdifg theént s carried SUTIRS Parfal VAUt ]%Jenera Iéﬁ room temperature.
Specifically, the SulfstFate e BHIRRSRF dre BracetPin-aachatbar 190 th Skt Sfwhich may be

depressurized. - Pigures 3A to 3E illustrate the various steps in
a second known ©process for fabricating an S80I
structure;

- Figures 4A to 4E illustrate the various steps in
the process for fabricating an SO0I structure according
+o the invention;

- Figure 5A 1s a histogram showing the bond
strength as a function of the pressure during the
bonding of the substrates; and

- Figure 5B is a graph 1llustrating the
optimization of the pressure of the bonding in a
partial wvacuum with respect to the post-cleaving
defectivity.

In order to make the figures easier to understand,
certain very thin layers have been enlarged and the
varicus layers in the figures are therefore not drawn

Lo scale.

DETAILLED DESCRIPTION OF THE INVENTION

The fabrication of a silicon-on-insulator
styructure having a buried oxide layer that is 25 nm or
lezs in thickness will now be described.

To form s=uch a structure, a donor substrate is

provided from which a silicon layer, intended to form



Indeed, the Applicant has observed that carrying out the bonding step in a partial vacuum, and not at
atmospheric pressure, allows the formation of bubbles to be substantially reduced. Preferably, the
absolute pressure of said partial vacuum lies between 0.1 and 100 mbar and preferably between 0.5
and 10 mbar. Even more advantageously, thel®pplicant has demonstrated that a partial vacuum
with an absolutegyrgssure-at & imbaeadewsihe psesanae of watesat the banging intsrface to be
minimized withoyt adversely affecting the bonding quality, i.e. sufficient bond strength is preserved to
allow complete transfer, of the Iaiyer and thtlhseto fs\.voq non-frans ferreqL }ofggs leglgl%nerated in the

SOT structure. In aInnsé? su%gtraafg, non-tranls:}%rregi1 zones NnTZs are holes in the thin silicon

layer where the iigBn halsifetRansired i the' Fecdiver Sabstrate” 95%%3%0@" 4fe generally due
to the bond betwetsathgansferred lajér ahdeRe recefver stiiistratéddtdséing sStPaig enough.
Therefore, whenyeguemg-ihe amestnt ehwatesatthesinterfaces care sivauid bettakehyto ensure that the

bond between the substrates js stong.eppHghs ocFerbergre, the atBasphs@-otthe chamber 100
is moisture-free, j.e. a&@n&ggg@gge&ontaining less than 100 ppm of water. This very low moisture

content and the partial vacuim compensate for the additional water molfculeé c%ntgguted by the

plasma treatment. 13 TEPhuECtHe Bthdutit df%éfl%?%%é%%iﬁé ifterface can beé minimized
(without howeveBtgdusiiestiezhamber f watsf HileuldS i F6RF 8in&E theboRBinGill not take place
in the absence of.water) avhile; byovirtuevef:the plasmadreamentzaontl thaPisrstrarig enough to

prevent non-trangferced zopes:is htainedron Rigure sy dlusiratesthe.bond strength w (expressed in
mS/m2) for various preggure yvalues B applied n fhe chamber 10Q.duripg.tbebonding. ~ This

histogram shows the,resu?ts%cf trials in ' which a donor substrate with a 10 nm-thick oxide layer that was

or was not subjeéﬁeﬁ’ﬁ“&n%ﬁ’ﬁﬁﬁﬁﬁ activation was bonded to a silicon receiver substrate at various
pressures.  For eacHrd&Rrpaii tid eft-haR8 coflfARTONEENRNIRR theidaseRiher® the bonding
was carried out withquisirier plasins:treatmentiofdhe substratey, wierssissthe right-hand column

corresponds to the casewheredhe-honding was-preceried byhan B2y asmaltseatment of the oxide
layer covering the,donor sybsirate., .l may.beseen thal; when the-bondiag is gagsied outin a partial
vacuum, the bond strength iS lower than when'the bonding is carried out at atmospheric pressure
(1013 mbar).  HBWEVEF e bond strength varies little between 1 and 100 mbar and a satisfactory
value is obtained when'd plaskes treaftfifent s dpgiEdicithe dhoPstibsraty Underthese conditions,
bonding in a partia weedurr does noritatRteoN TR doMEwWEVEE iKaRe alisence of the plasma
treatment, the bond strength is:ioadow=grd the aembetroidoh-transterredczeneés sigedficantly

increases. FiguresaB-illustrates the varatign.in the post-cleaving defectivity D (in terms of the

number of bubbles and narkransierred zones),as 2 fypgtion,af the AressHEe P appligd in the chamber
100 during the bonding oafltﬁe Slibstrates, ,
nm or less and preferably a thickness of 15 nm or less.

Specifically, the surface of the donor substrate
"31 may be thermally oxidized.

Alternatively, the oxide may be deposited, Ffor
example by chemical vapour deposition (CVD).

Alternatively, said oxide layer 2 could be formed
ori the receiver substrate, by exposing the silicen to
the surface of the donor substrate.

However, it is preferable for the oxide layer 2 to
be formed on the surface of the donor substrate 31,
especially when the weak zone is formed by implantation
of atomic species. Thig is because the implantation is
then achieved through the cxide laver 2.

A weak zone is formed in the donor substrate, this

weak zone defining the silicon layer to be transferred.



14 This graph shows the results of trials in which a donor substrate with a 10 nm-thick oxide layer
that was subjected to an 02 plasma activation was bonded to a silicon receiver substrate at various
pressures. After the cleaving of the donor substrate, bubbles and non-transferred zones were
counted using a visual inspection method. It i@y be seen in this graph that the most advantageous
pressure range (in termps @f-post-cieaving-defechivityies betweenzQ. 1anchiOEmbard A pressure of

about 1 mbar is the O&I@a&@ﬁgésug%%gﬁe@niaag the presence of materwhilg-alsominimizing the
defectivity. Furthermore F| re 5A co n%is that a El essgjfe a%IOlW as 1 mbar is not disadvantageous

in terms of bond ﬁreng‘j‘t&ﬁt éDFnere?orpe In rms ?ects It ma}:y therefore be concluded
from the above that, to oBtaiTR ERiFESty %Bﬁﬁ%n’n%ecﬁéﬁferénsﬁuﬁﬁl% défatt'6R'the one hand and

NTZ defects on thenetherdfand iigis néesssdry bath to darrydsitihe beR8eftaEPaHIal vacuum of
between 0.1 and-:0@48bandqireierably-akahoutclknaar, aaditosgdctivate tihe siefaee of the donor
substrate beforebang by-means.of.a plasima treatmentikne sAftek theysubsirales deand 31 have been

brought into contact | a%rkd strengtl %@@&Qe%greﬁéqw@éﬁs cargied.out that alsp hasithe effect of

initiating the clea?/lng ‘of the ‘donor stbsirate 31 in the weak zone 39. For this purpose, a tool (oven)

other than the bSHERgI00F IFPEEEET 20K cBording B THE iRV REGHCtHiE heT treatment consists of an
anneal carried out at aHenfyeraturéd o 350CT65HE38 aﬁﬁtm*é%?)hgﬁé’ﬁre%%ﬁ?e 15 |pREparticularly
advantageous fardke:cleawiagtio iaitiaterdt=ntenstantdemperature lying between 300 and 350C.

The temperature of therganealynustaet ke Joa iew (b exarmple lpwestyar 26063)drcause it would
not 15 sufficientystienglien Inehardgagwould evelarsleaddlo nopdransigrred ganes being forme.

Said anneal lasts a number of ours preferably from.5 to_15 hours. Du&ing this anneal, the
i iTiusion

cleaving of the dBRBF SFRSHatd 3T 1R tfin Svés zén@téjz SAttiated P e

technigque may be used.

With reference to Figure 4C, the donor substrate
31 is bhonded by molecular adhesion to a recelver
gsubsgtrate 1, the oxide layer 2 being located at the
interface.

The receiver substrate 1 1s typicaily a silicon
substrate, optionally covered with a native oxide.

Thug, oxide-to-gilicon (donor substrate-receiver
substrate) bonding is obtained.

Alternatively, as indicated above, if the donor
gubstrate is not covered with the oxide layer 2 but has
ite silicon surface exposed, the oxide layery would be
formed on the receiver sgubstrate 1 and an oxide-to-
silicon (receiver substrate-donor substrate) would also
bae obtained.

By employing such a bonding step, there is no risk
of an interface that 1z not completely closed being
obtained, in contrast to the case of oxide-to-owide
bonding as menticoned in the introduction.

Before the substrates are brought into contact,
the oxide layer 2 located on the surface of the donor
substrate 21 is subjected to a plasma treatment.

Preferably, sald plasma is an 0, plasma, but a
plasma based on oxygen, argon, nitrogen and/or helium
may also be employed.



If required, the cleaving may be assisted or triggered by applying another energy source, for example
an additional source of mechanical energy. Thus, for example, a blade may be inserted into the
weak zone 32. As will be seen in more detail below, applying such a low-temperature
bond-strengthening anneal, combined with bondirig in a partial vacuum, unexpectedly allows the
bubbling effect observed in the final SCI structure to be reduced. With reference to Figure 4D, after

the cleaving the structye; formed.hy the Lecaivier substrate I the.oxidle-layer 2:and e transferred
layer 3 is .obtained.,'d To form thﬁ]fgr;lalr%gér sstrlé%téjrgﬂgsy@}g%glir%klfigure 4E), various finishing
treatments are ceq oUt-on the thif Siicon %yer. er these tréatments have been carried out,

the final layer 3' is sub3&htighyEnidRer i tne fy B8P3 that Wk ﬁgﬁsfgﬁ%‘ﬁﬁht Mdréover, an RTA
treatment is carriszhoatto rapdir defdcts inthédageng' therS4iR weamient Bypically carried out at a
temperature aboye:20QC, {erexampte atabouy 1200@0om cRayprewentbubbles forming in the final

SOT substrate, it is impadantia-taach the fempsiatire-eldbe RIA teatmensvery sapidly.  Thus, it
s necessary to pass fram the fempergture gfhe hond-sienaihening and deqylyg aaneal to he

temperature of the treatment at a ramp rate o atleast 10C per second. This is because a
temperature rise3RBE REHHE T4Bf allows the structure to be set and prevents the formation of bubbles.
16  This treatment ni@@bedarriéd oBRna eha e e qoipiset #hth Brfihfrafsd 1B, allowing the
treatment tempetaitire- plateaintd be reaehed.in a veryrshert time:dtmaydod exampketbe carried out in

an oven or an epitaxialeacior. preOnce-a tamperaiure.af ahoutH00G isseashedathere is no risk of
bubbling occurrir]%bgcau%g,3$98¥ Jhis temperatyre, outgassing of the hydrogen gas occurs. The
RTA treatment typlcal?y Tasts for about number. of seconds to a nu ber,o% minutes,.for example

between 30 seconds aRdTS hiifates. “2° ARRF Thid e BTt tis azg;rﬁ’ﬁ&r ANWRAE Tamp rate is used

to return to roomvefyErattike sineathesiydfodeni®ss difflisetlBeyodth@ bohEiiy iiterface and is
therefore not capabiesf:gencrating bublibsr -

Even more advantageously, the Applicant has
demonstrated that a partial vacuum with an absolute
pressure of 1 mbar allows the presence of water at the
ponding interface to be minimized without adversely
affecting the bonding guality, i1i.e. sufficient bond
strength is preserved to allow complete transfer of the
layver and  thus to avoid non-transferred zones being
generated in the S0I structure.

In an S80I substrate, non-transferred zones (NTZs)
are holes in the thin silicon layer where the silicon
has not transferred to the receiver substrate. These
defects are generally due to the bond between the
transferred layer and the receiver substrate not being
strong enough.

Therefore, when reducing the amount of water at
the interface, care should be taken to ensure that the
bond between the substrates is strong enough.

Furthermore, the atmosphere of the chamber 100 is
moisture-free, i.e. an atmosphere containing less than
100 ppm cof water.

This very low moisture content and the partial
vacuum compensate for the additional water molecules
cantributed by the plasma treatment.



The influence of the transferred layer 3 has also been demonstrated by the Applicant. Comparative
The greater the depth of the

trials were carried out with weak zones of 32 to 275, 330 and 510 nm.

weak zone, the smaller the number of bubbles observed after the cleaving.

However, the closer

the depth of the weak zone is to these limits, the greater the number of micro-bubbles observed after
the RTA treatment. The optimal thickness of the weak zone seems to be located at about 330 run.

Moreover, it is importa {0 noie hal fhe. compinglion oL aondiog, . a-pasial yacuum and a

low-temperature bond-strengthenln%anneal results in an unexggcted im

UG L

bubbling.  Sp&&ficay, THEABGicant Kas Shgerved hatimp

%E%vemen

t in terms of

emenﬁﬁg, in-the known Smart Cut

either bonding ircd periiahvaRefs ek e ofRteRTFEr afiifeSoridiéréngthering ahhedrdoes not
sufficiently reduc_:mlhe bubblingn thEheltable-beloiv dentonistratésaheinynergistie effect of these two
treatments, relatiyestoa knguwn:- 1d-Smait Cutl piecess.and @ SmashGuekrpriocess in which only

one of these treatments.is carried Qut.. .- Jhe fable shows,at vatieus points in the process for
fabricating an SOT su strate, the numbjrelrlof bub%lgg cogptted sin%a vﬁjxalrilnsgectign method and/or

usty

using a KLA-Tencor 35@%6‘ecti8% tool:- I gny case,

Re s&T struéttire |sgbr‘odu'6ed from a silicon

donor substrate ¢6veRSE#th al?5 MTARICk oxife IFr ARt ImBRETRY S0 a%th*fFm & weak zone at a
depth of 330 nmaanilifedmia silicorcresdiver $dstEaw.rRrocessiSegiRAown Smart Cut TM process

This histogram shows the results of trials

in

which a donor subgstrate with a 10 nm-thick oxide layer

that was or was not subjected to an 0, plasma activation

was bonded to a silicon receiver substrate at various

pregsures.

For each data opair, the left-hand

colimn

corresponds to the case where the bonding was carried

out without prior plasma treatment of the sgubstrates,

whereas the right-hand column corresponds to the case

where the bonding was preceded by an 0; plasma treatment

of the oxide layer covering the donor substrate.

It may be seen that, when the bonding is carried

out in a partial vacuum, the bond strength is lower

than when the bonding is carried out at atmospheric

pressure {1013 mwhar).

However, the bond strength varies little betwsen 1

and 100 mbar and a satisfactory wvalue is obtained when

a plasma treatment is applied to the donoxr substrate.

Under these conditions, bonding in a partial vacuum

does not lead to NTZs.

However, in the absence of the plasma treatment, .

the bond strength is too low and the number of non-

transferred zones significantly increases.

Figure 5B illustrates the wvariation in the post-

cleaving defectivity D {in terms of the number of

bubbles and non-transferred zones) as a function of the

pressure P applied in the chamber 100
ponding of the subgtrates.

during the



Smart Cut"m process with bonding in a partial vacuum (1 mbar) Smart Cut Tm process with low-
temperature (300C) anneal Smart Cut? process with bonding at | mbar and 300C anneal
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This graph shows the results of trials in which =
donor substrate with a 10 nm-thick oxide layer that was
subjected to an Op plaswa activation was bonded to a
silicon receiver gubstrate at various pressures.

After the cleaving of the donor substrate, bubbles
and non—transfefred zones were counted using a visual
inspection method. '

It may be seen in this graph that the most
advantageous pressure range (in terms of post-cleaving
defectivity) lies between 0.1 and 100 mbar.

A pressure of about 1 whar is the optimal pressure
for winimizing the presence of water while also
minimizing the defectivity. Furthermore, Figure 54
confirms that a pressure as low as 1 mbar 1is not
disadvantageous in terms of bond strength and therefore
in terms of NTZ defects.

Tt may therefore be concluded from the above that,
te obtain a satisfactory compromise between bubble
defects on the one hand and NTZ defects on the other
hand, it is necegsary both to carry ocut the bonding in
a partial vacuum of Dbetween ¢.1 and 100 mbar,
preferably of about 1 mbar, and to activate the surface
of the donor substrate beforehand by means of a plasma
treatment.

After the substrates 1 and 31 have been brought
into contact, a bond-strengthening heat treatment is
carried out that also has the effect of initiating the
cleaving of the donor substrate 31 in the weak zone 32.
. For this_ purpose, a tool {oven) other than the
bonding tool is used,

According to the invention, this heat treatment
consists of an anneal carried out at a temperature of
350°C or less at atmospheric pressure.

It is particularly advantagecusg for the cleaving
to initiate at a constant temperature lying between 300
and 350°C.

' The temperature of the anneal must not be too low
(for example lower than 250°C) because it would not



(embodiment of the invention) Post- cleaving (visual inspection) Several hundred visible defects
(essentially bubbles) A few tens of visible defects (bubbles and
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sufficiently gstrengthen the bond and would
therefore lead to non-transferred zones being [ormed.

Said anneal lasts a number of hours, preferably
from 5 to 15 hours.

During this anneal, the cleaving of the donor
substrate 31 in the weak zone 32 is initiated.

If required, the cleaving may be asgigted or
triggered by applying another energy source, for
example an additional source of mechanical energy.

Thus, for example, a blade may be inserted into
the weak zone 32.

As will be seen in more detall below, applying
such a low-temperature bond-strengthening anneal,
combined with bonding in a partial vacuum, unexpectedly
allows the bubbling effect observed in the final S80I
structure to be reduced.

With reference to Figure 4D, after the cleaving
the structure formed by the receiver substrate 1, the
oxide layer 2 and the transferred layer 3 is obtained.

To form the final 8CI structure ({(illustrated in
Figure 4E), various finishing treatments are carried
out on the thin silicon layver.

After these treatments have been carried out, the
final laver 3 is substantislly thinner than the layer
3 that was transferred.

Moreoveyr, an RTA treatment is carvied out to
repalir defects in the layer 3.

Said treatment is typically carried out at a
temperature abcove 900°C, for example at about 1200°C.

To prevent bubbles forming in the final SOI
substrate, it is important to reach the temperature of
the RTA treatment very rapidly.

Thus, 1t ig necegsary to pass from the temperature
of the bond-strengthening and cleaving amneal to the
temperature of the RTA treatment at a ramp rate of at
least 10°C per second.

This is because a temperature rise that is this
rapid allows the structure to be set and prevents the

formation of bubbles.



NTZs) No or very few visible defects(no bubbles) No or very few visible defects(no bubbles) Post-RTA
(SP2 and' visual inspection) - Extensive micro- bubbling observed by
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Thig treatment may be carried out in a chamber
equipped with an infrared lamp, allowing the treatment
temperature plateau to be reached in a very short time.
It may for example be carried out im an oven or an
epitaxial reactor.

Once a temperature of abouc 900°C ie reached, there
is no risk of bubbling occurring because, above this
temperature, outgassing of the hydrogen gas occurs.

The RTA treatment typically lasts for about a
number ©f seconds to a number of minutes, for example
between 30 seconds and 15 minutes.

After this treatment, it is unimportant what ramp
rate is used to return to room temperature since the
hydrogen has diffused beyond the bonding interface and
ig therefore not capable of generating bubbles.

The influence of the transferred layer 3 has also
been demonstrated by the Applicant.

Comparative trials were carried out with weak
zones of 32 to 275, 330 and 510 am,

The greater the depth of the weak zone, the
smaller the number of bubbles observed after the
cleaving.

However, the closer the depth of the weak zone is
to these 1limits, the greater the number of micro-
bubbles observed after the RTA treatment.

The optimal thickness of the weak zone seens tO be
located at about 330 nm.

Moreover, it is dimportant to mnote that the
combination of bonding in a partial vacuum and a low-
temperature bond-strengthening anneal results in an
unexpected improvement in terms of bubbling.

Specifically, the Applicant has observed that
implementing, in the known Smart cut™ process, either
bonding in a partial vacuum or a low-temperature bond-
strengthening anneal does not sufficiently reduce the
pubbling.

The table below demonstrates the synergistic

effact of these two treatments, relative to a known



No bubbling

Smart Ccut™

process and a
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Smart

cut™

proce

visual inspection No bubbling observed either by visual or SP2 inspection After sacrificial oxidation
(SP2 inspection)

g8 in

which only one of these treatments is carried out.

The table shows,
for fabricating an S0I substrate,

at various points in the process
the number of bubbles

counted using a visual inspection method and/or using a

KLA-Tencor SP2 inspection tool.

In

silicon donor

any case,

substrate

the S80I structure is produced from a

covered with a 25 nm-thick

oxide layer and implanted so as to form a weak zone at

a depth

substrate.

of

230 nm,

and

from

a

gilicon

receiver

Xnown Smart

Smart Ccut™

process with

Smart Cut™

procesgs with

Smart cut™
process with

bonding at 1

™ bonding in a low- mbar and
Procegs Step cut™ .
partial temperature | 300°C anmsal
process .
vacuum (1 (200°C) {embodiment
mbar} anneal of the
invention)
Several
A few tens
Post- hundred o No or very No or very
. . of wvisible o : L
cleaving visible X few visible : few visible
defects
{visual defects . defects (me | defects (no
_ . {bubbles and
inspection) {essentially bubbles) bubbles)
NTZs)
bubbles)
Extensive No bubbling
Post~-RTA micro- observed
{8p2 and bubbling either by
" visual chserved by visual or
ingpection} visual gp2
inspection inspection
fter
sacrificial ]
. No bubbling
oxidation - - -
obsgerved
(8P2
inspection)
Final S0OL a0 < 60
substrate interface




observed Final SOS. substrate - AC < 60 interface 18 (SP2 inspection) closed

(8F2 closed

inspection)

These data show that, for the known Smart Cut™
process, bubbling is already very widespread post-
cleaving. The bubbling was therefore not measured in
subsegquent steps of the process for fabricating this
S0T gubstrate.

For the process in which the bonding was carried
out at a pressure of 1 mbar, a significant decrease in
the bubbling was observed post-cleaving.

However, the level of bubbling was still too high
and therefore the bubbling wasg not measured in
subsequent steps of the process for fabricating this
301 substrate.

For the process in which the bonding was carried
out, in a known way, at atmospheric pressure, but in
which a bond-strengthening and cleaving anneal was
carried out at 300°C (or less), bubbling was not
chgerved.

However, after the RTA treatment, micrc-bubbling
was  observed, vigible to Lhe naked evye, over
substantially the entire surface of the S50I substrate.
The term “micro-bubbling” is understood to mean small
bubbles present in a high density.

Although small, these bubbles are not acceptable
for 90I substrates that are so thin and therefore the
bubbling was not measured in subseguent steps of the
process for fabricating this SCI substrate.

Tnerefore, applied independently of one another,
bonding in a partial vacuum and the bond-strengthening
and cleaving anneal alleviate the bubbling effect post-
cleaving, but defects appear in subsequent steps,
especially during the defect-repairing RTA treatment.

In other words, applied independently of one
another, the bonding in a partial vacuum and the bond-
strengthening and cleaving anneal simply seem to modify
the bubbling effect, but do not allow it to be
suppressed. '



These data show that, for the known Smart Cutml process, bubbling is already very widespread
post-cleaving. The bubbling was therefore not measured in subsequent steps of the process for
fabricating this SCI substrate.  For the process in which the bonding was carried out at a pressure of
1 mbar, a significant decrease in the bubbling wasiebserved post-cleaving.  However, the level of
bubbling was still too high and therefore the bubbling was not measured in subsequent steps of the
process for fabricating {his Sg)gggggérate.co mg?.org%tgg pr%%%%%in which the bonding was carried out, in
a known way, at atmospheric préssure, but in which a bond-strengthening and cleaving anneal was
carried out at 308EXRBMHess)2bubbifty wiBhot Bseriad. HEREVEF, afdt IRERTA ?r%ratment,-bubbling
was observed, visiisiteathergaket: ey® Ioversubstantialfy thetdfthiacsa¥ace 6F e SOI substrate. The
term "micro-bubllingsiisritndersteodtamiead small bubbles present in a high density. Although
small, these bubbles arg,not-aceeptable for SO & substratpssthat are sedhigandsthesefore the bubbling
was not measured In gylbsequeptsieps b progess fop fabrisaling s SQLaubsyiate

Therefore, applied independently of one another, bonding in a partial vacuum and the
bond-strengthenﬁ'}beaﬁ Iclé’ﬁi;ﬁfé &Rn&% &iETiRE the bubbling effect post-cleaving, but defects appear
in subsequent steps, e$pectdlfy dbfirylthSdefest-rePaihg RTA e ARTENM-V 1T oth®r words, applied
independently ofreresanethetnthe dromeingfin departial vausimiand tAaHomdstidngtifening and
cleaving anneal simply.seam-temedify theubhling-effeetdnd daunpt allow it to be suppressed. 19

In contrast, combining fhese, two treatments allows. at the end of the eplicpracess for fabricating the

SOT structure, a satisfactory level of bubbling to be obtained. The sacrificial oxidation step carried
out after the RTA treRtMERHT S5pEcially allows the useful layer of the SOI wafer to be thinned.  In the
final SOI structure, the Fefédtivity i§ PRE&SurethiR tERAEDT MRt aaSRrS CTHE FE8Tbf this
measurement is galled atda ¢daANWPACY desAKiMRT encor SREinspécloRi66FRas¥sed to make this
measurement.  schlhis xespect: e teadeemay refer to document FR 2 911 429 which describes a
method and a system for detecting defect clusterse  pmlementation-etine process according to the
nvention allows 0. 321 SUNCLIPNAYINY Adeectiiv. GRrepssely temaz AlAlpeLglusters, of 60 or
’ exﬁressed in terms of defect clusters, o©f 60 or less,

to be obtained.



20 CLAIMS 1. Process for fabricating a silicon-on-insulator structure comprising a silicon layer, a
buried oxide layer the thickness of which is smaller than or equal to 25 nm, and a support substrate,
said process comprising the following steps: (@) providing a donor substrate comprising said
silicon layer and said support substrate, only one of said substrates being covered with said oxide
layer; (b) forming, in the donor substrate, aggalggone bounding the silicon layer; (c) plasma
activating said oxide layer; (d) bonding the donor substrate to the support substrate, the oxide
layer being located at the bonding interface, said bonding being carried out in a partial Vacuum;

(e) implementing a’bondE&teEiGtheniffannesbat aaBilserattire 83566751954 Satd 3 ifeal causing
the donor subsirate toreleavemidng the weak zbnerandyer (f) applyirigdo the diticdmvwrinsulator
structure, a heat treatment far repaiging.defects ahatenperature akowe,9@0C «éheztsansition from the

cleaving tempegatute of step (e} to e defectyepairingdemperaLits of siep.() belng aghieved ata
ramp rate above 1&;/5. 3 Process accorglng to Claim 1, wherein the partial vacuum has a
pressure of BEMWEEIH-0 FYGAD0 mbar, preferably of between 0.5 and 10 mbar and even more
preferably of 1 mbafa) B8rPrédéssiaccordinprreither BrIamhs 1 aRe B Héfdn theditheal of the

bond-strengthening step-isan anneatat a constant -2 ktempetatdre lyinhybetween 808zt 350C of
between 5 and, 15 oursinength. . 4. rogess according {gone,0kclaims 1 to 3, wherein additional

mechanical energy is applied tpcleave the donor substrate. 5. Process according_ to one of Claims
1 to 4, wherein an 0Rjgen BIASHRS is efbloyed in (g?en[? {o) osfuakjcgff\:/raﬁﬁa 'the oxide ?g(yer.mne

bounding the gilicon layer;

(¢) plasma activating said oxide layer;

(d) bonding the donor substrate to the support
substrate, the oxide layer being located at the bonding
interface, =s=aid bonding being carried out in a partial
vacuum;

(e) implementing a bond-strengthening anneal at a
temperature of 350°C or less, said anneal causing the donox
stbstrate to cleave along the weak zone; and

(£) applying, to the silicon-on-insulator structure, a
heat treatment for repairing defects at a temperature above
900°C - the transition from the cleaving temperature of step
(e) to the defect-repairing temperature of step (f) being

achieved at a ramp rate above 10°C/s.

2. Process according to Claim 1, wherein the partial
vacuum has a pressure of  Dbetween 0.1 and 100 mbar,
preferably of between 0.5 and 10 mwbar and even wore

preferably of 1 mbar.

3. Process according to either of Claims 1 and 2,
wherein the anneal of the bond-strengthening step is an

anneal at a constant



6. Process according to one of Claims 1 to 5, wherein the thickness of the silicon layer is 600 nm or
less and preferably lies between 270 nm and 510 nm, preferably being equal to 330 nm. 7.
Process according to one of Claims 1 to 6, whereirz the thickness of the oxide layer is 15 nm or less.
S. Process according to one of Claims 1 to 7, wherein formation of the weak zone comprises

implanting at@é‘?dﬁé?a?t%?e'”E%/E*]qegd%%%%‘é%ﬁ%% and 350°C of between 5 and 15

hourg in length.

4. Process according to one of Claims 1 to 3, wherein
additional mechanical energy is applied to cleave the donor

substrate.

5. Procesg according to cone of Claimsg 1 to 4, wherein
an oxygen plasma 1is employed in step (¢) of activating the
oxide lavyer.

6. Process according to cne of Claims 1 to 5, wherein
the thickness of the gilicon layver is 600 nm or less and
preferably lies between 270 nm and 510 nm, preferably being
egqual to 330 nm.

7. Process according to one of Claims 1 to &, wherein
the thickness of the oxide layer i1s 15 nm or less.

8. Procegs according to cne of Claims 1 to 7, wherein
formaticon of the weak zone comprises implanting atomic

speclies into the donor substrate.



