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PROCESS FOR OBTAI NI NG A THI N LAYER OF | NCREASED
QUALI TY BY CO- | MPLANTATI ON AND THERMAL ANNEALI NG The
present invention relates to a process for producing
a structure conprising a thin layer of @ sem conductor
material on a substrate, conprising the follow ng
"stages: 5 carrying out inplantation of species under
a face of a donor substrate from.which the thin

| ayer must be made, so as to create an enbrittl enent
zone in the thickness of the donor substrate,

pl acing the face of the donor substrate in close 10
contact with a support- substrate after it has

under gone i npl antation, detaching the donor substrate
at- the enbrittlenent zone, to transfer a part of the
donor substrate onto the support substrate and form
the thin layer on the 15 latter. And the invention

al so concerns structures obtained by using such a
process. Inplantation of species is understood to nean
any- bonbardnment of atomc or ionic species, likely to
20 introduce these species onto the material of the 2
i mpl anted substrate, with a maxi num concentrati on of
the inplanted species situated at a preset depth from

et BssSHAR BRI Yol YT er e eaed 8 s e
al r eadyy kneWnMPITASTATDCRSERS OLHESNARTGNKERAL TMgpe ar e

an exanple of a  process of this type. These processes
correspond to a preferred enbodi nent of the '

in%ﬁgtiggesent invention relates to a process for

producing a structure comprising a thin layer of

semiconductor material on a substrate, comprising the

following stages:

. carrying‘out'implantation of species under a face of
a donor substrate from which the thin layér must be
made, so as to .create an embrittlement zone.in the
thickness of the dono; substrate, |

e placing the face of the donor substrate in close
contact with a support  substrate after it has
-undergone implantation,

s detaching the donor substrate at the embrittlement
zone, to transfer a part of the donor substrate onto
the support substrate and form the thin layer on the
latter.

And the invention also concerns structures obtained
by using such a process.

Implantation of species is understood to mean any-
bombardmeht of atomic or ionic species, likely to

introduce these species onto the material of the
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More anpl e details concerning the SMARTCUT(r) process
10 are to be found in the docunent
"Silicon--On--Insulator = Technol ogy: Materials to
VLSI, 2nd Edition', by Jean- Pierre Colinge from
Kl uwer Acadeni ¢ Publishers? pp. 50 and 51. Such
processes advant ageously produce structures 15
conprising a thin layer of sem conductor material.
impinaseStEsusturetetanibh af mah mitpedSdnaen ioh of the
.~ Insulator, for Silicon sur |solant, according to
impdiaisd spespesd THghrsedt étni doPsgyEt THRPYesbremhghe
suthld a4l e Lo SPONC REORERBERaBRC g lsed Tor -
applications inthé field of mcroelectronics, optics
andrarceieonicds. tNew, tihe spesticnadi dnsreindlbeve are
surface state of the structures used in these fields
alrgaddii? Wty very strict. .25 The roughness of the

thithd ay&lcdSsdd ST egARBCURAr 8YpLERYeNiaeh Rnble of a
certain extent conditions the quality of the

- pragpponefit Siwke chymiel-| Beess epredesAeshecomigspeifelo a
The roughness.is_gener Y. d either by an 30
pre St NoNness: h 8 0oneT ehly 1 GYBLETREd

'c va nown - as (Root Mean Square
acoRIr Ngnp De t et ENDE | Gbnasranyn) ther SMARTCITEC tradcedss
power density known as PSD (Power Spectral Densit

areyckdr dishg feenchel En§ihes e BT H) . %}w“&n" &-or

Teéﬁnéﬁ%%ffrﬁgke aidnd: & O4ghes s, gpetif icatd ongyWhiLdh -
must exceed 5 Angstrons Iin 5 RMS value. The
Pigmughdedsngeasines Khuwee dopeemi oremsl bfhems, appni G0
anécgfg m croscope AFM (Atomi c Force M croscope,

Such processes advahtageously produce structures
comprising a thin layer of semiconductor material.

Theée structures can  be of S0I type (Silicon On
Insulator, for Silicon sur lsolant, according to widely-
accepted English Eerminology).

The resulting structures from such processes are
used-for applications in the field of microelectronics,
optics and/or optronics.

Now, the specifications of the surface'state of the
structures used in theée fields are generally very
strict. _ ) _ .

The roughness of the thin layer is in effect a
parameter which to é certain extent conditions the

quality of the components which will be created on the

structure.

The roughness is generally expressed either by an

'average quadratic value known as RMS (Root Mean Square

according to the English acronym), or by a spectral
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“according to the English acronym). Wth this type of
instrunent, the roughness is 10 neasured on surfaces
swept by the point of the AFM m croscope, _ranging .
froml x 1 pnt to 10 x 10 n2, and nore rarely 50 x 50
.n2, or 100 x 100 pnt. The3roughness can be
characterised, in particular, according to two
nodal ities. 15 According to one of these nodalities,

poddE TAMGINESS kiSwsaigh t cpdie himbwd r eqsieneyrand Density
corresponds to small- sized swept surfaces (of the
acepg@inagfta xhe Bng}ishcesraniiglto the other of these
nodalities, .t hn 3 dS ' o.he d.ow f
an '%oW?%388n%§a%§g%%o%§§eb g%??%@éstpaﬁgé?if% 1 ze Js
spéeiribhardder ehilth xmud@ pn8r osxo®ed).5 Thegstrdms in
abovenenti oned "hi gh frequencies" and "I ow
RM$ rebiéPici es” correspond therefore to spatia

frequenci es. associated with the roughness neasuri

25 e SREGTTFEat FERTRSS ATt POMERIE of vBRanS o an
atdiEl &l TRRE RYc¥e¥cehbel g at(ntenexanpbecks Mihereiasss,

a |owfrequenci es roughness, corresponding to a swept
aceerdiee ob texEnolagh peWopFlghness at hi gh

fr nci es. i s.i artic esi t LO.

goo q%étéﬁgfidgggeg EEM/?%%Eﬁﬁégggét F%%/fggﬁgéﬁ%ggs e
med Oird@Vidiessurifaceef bwreptesbyparte culcdnity wifienthhe AFM

~aimis to bond another substrate onto the free , g
migrpeeere of *EREIPAI U et . *THe Wi FF a¥er & WY diVar 7

moPgtﬂfgﬂybﬁlO}\/ﬁeSgﬁf(ﬁn S tighskeropragesses (for

exanpl e of SMART ryY type) have surface roughnesses
wi tThe atoeghgensr aklny g eaharachanissgeciiii caytorzalar,
acggggigg ané%gn%gdgfggkg%bove’ in the

According to one of these modalities, the roughness
igs said to be high frequency and corresponds to small-
sized swept surfaces (of the order of 1 x 1 pm?),

Aécording to the other of these modalities, the
roughness is said to be low frequency and corresponds
to swept surfaces larger in size (of the order of 10 x
10 pm®, or more).

The abovementioned “high frequencies” and “le
frequencies” correspond therefore to spatial frequencies
agsociated with the roughness measuring.

The sgpecification of 5 Angstréms RMS given
hereinabove by way of indicative example is therefore a
1ow—frequencies roughness, correspbnding to a swept

surface of 10 x 10 pm’.

Low roughness at high frequencies is in particular

desired to obtain good gate oxides.
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absence of application to the surface of the thin
| ayer of a specific treatnment. 10 Finishing steps are
therefore generally utilised on the structure v
follow ng the detachnent stage, so as-to inprove the
quality of the thin transferred | ayer. Mre precisely,
it is especially an object of these finishing steps
to gumout all the roughnesses, that is, 15 including
botfh¢ heohibaR=beauenehes ¢ %65 @9 Wh&iness) is
| owfrequenci es roughnesses. These finishing steps

of gemeeneby pakbigvéasly openatibensisudls & bond another

hem cal - hani cal i shi j to th
=ufEIR R GOF ElenPesP rRahe aP P EaN AR e kP
anngad | BGin aphgea@nealidly, arexisetdondedy daheorknown

sequence. A first type of known process for decreasin
trapsfarePrOGERAESS %‘éﬁr%@gp%%eﬁf cSIERICHIR cape) have

su f%ééh%%% e 88 SUEhace 10f o heehdidh 1 @Y gheaarTisan
ype of process effectively reduces the “ roughness of
spébeffceeisnsf apeclof ashe viehitd onsyer hbyeidebpwasi ngnaltihe

wavi ness, and .especially those at the _I st , .
aDY SR AL BOPRCALIE K e S ar i hEaha P Enr BT e
of CAUSESi B defest ek f or exanpl e by cold working) in
the thin layer. 5 In addition, it conprom ses the

uni Fiorishinafsteps freetbgredoscopenesaliivh Uteidrsgd Pn
articular und f.orm. ordi h I
cnf LGP Ty SEECHIG ey, 1Y a oo
im?ﬂ@ﬁ@ntﬁé iMmalhey &fceke whénetthes$arftadelaferhe thin
a

al PETTRTPYECt B Stich: ENBopEPPERIAG.LY! B g otE Of these
finishing steps to gum out all the roughnesses, that is,
including both the high-frequencies roughnesses and the
low-frequencies roughnesses. |
These finishing steps generally make wuse of

operations such as chemical-mechanical polishing (or CMP

“according to the English term Chemical-Mechanical

Polishing), kiln annealing, rapid annealing,

"oxidation/deoxidation seguence.

A first type of known process for decreasing
surface roughness comprises chemical -mechanical

polishing the free surface of the thin layer.

This " type of process effectively reduces the

- roughness of the free surface of the thin layer by

decreasing all waviness, and especially those at the
lowest frequencies.
However, chemical ~-mechanical polishing  causes

defects (for example by cold working) in the thin layer.




been proposed to treat the surface of the structure by
anneal i ng i n hydrogenat ed at nbsphere. 10 The docunent

EP 954 014 prgposes._a fini shing-—process enabling the
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roughness of a thin layer, transferred according to a
SMARTCUT type process, to be decreased, said

finishing process conprising, following the

det achnment step, a thermal annealing in reducing. 15

at nes phed £t cont aiini ngotydsagess Ther nali &mveaty ngfi rthe
reduci ng at nosphere containin dr ogen _enabl es

‘ h : _h '
Ex qfurfi e Gt O HEnR; gRRr éaﬁéﬁcﬁég %ﬁgggﬁhgggeyr}})ﬁormlty
t | D hsikkgat nent does not
e o LT ek Po Rt ah bR e P T o eot 1 cquenci es
r outeres s s seBveatigesni srenstirdler | pugaented: htr the

bee roposed in_FR 2 797 .713 to onbi ne _t : .
Ca%ﬁf#hé%ﬁttgﬁpggrgﬁc§ufﬁgég“?r%%&%e%?¥ega%ﬁ %%Fﬁﬁ%iﬁeln
an Wepdyest ofayreat ment acting on distinct 25

roughness frequency ranges. A step of rapid thernal

anpeal kAg dIceeducing tat nbsphereaMmspudlilshdnga siep lofs

chem cal - nechani cal polishin %CNgggr thus carried
beafu(bTSRPESSt &Fs TRy LBFSERRQGFShEH DSRE hEFFUGHPEs: Y

anrfghﬂﬁrgeg{ﬁq&yéf 0€Y3 3OmbaPHEse .| N the case of such

treatment, annealing in reducing atnosphere benefits
smibtehi nipaunest ghEB f PBfuehtfesprongirsssés (fsipatshiing

pr e%%%o?e%{laﬁ?%?’égf%%g g\"g %ﬁé‘gg‘g) ’ \(/?/I%iuf:hall Zr léﬁir%lr e WG
£ rdroVe dFeguencyordheg chemhcaharechati egbepalricshistg it be
de%é@iyggids e 38 o decreas ng Lhe, Lo I quensy,
the detachment step, a thermal annealing in reducing
atmosphere containing hydrogen.

Thermal annealing in reducing atmosphere containing _
hydrogen enables gumming out the high—frequencies
roughnesses by surface reconstruction.

But this treatment does not allow total elimination
of the lowest-frequencies roughnesses (5 ~ to 10
micrometers) .

It has further been proposed in FR 2 797 713 to
coﬁbine two different types of surface treatment, each
of these two types of treatment acting on distinct

roughness frequency ranges.

A step of rapid thermal annealing in feducing

atmosphere as well as a step of chemical-mechanical

polishing (CMP)are thus carried out, said steps being
distinguished by their effects on different frequency
ranges.

In the case of such treatment, annealing in

reducing étmosphere benefits smocthing the  high-
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But as it has already been seen, chem cal- nechani cal
polishing is intrinsically associated with certain

— . di sadvant.ages. It therefore appears that the processes

known for 10 inproving the quality of the thin | ayer
of a structure of the abévenentioned type are
associated wwth Ilimtations or drawbacks. An ai m of
the invention is to effectively elinmnate these

£ relglnAldOnso disadvantages) l5eMoe sgecidég€akthyn 3
anot her aimof the invention is _to enable effective
Angstedmrent it ricughers sof bbehenbwb of r £§4EAdyJandviness,

.hi,gh-freguenc 0 'es, wWithout recourse to
Wh}&bpaf§b£&ﬁ§1fé%f%%ﬁséég§%%$%?'the invention.is
t herhef OEB el danpreeatiiea120 pgldalditinof itche efffiicacious

superficial |ayer, where inprovenent of the it
Do §ffet SIRRIPARLIT e k¥ BT TRENSHr PRUETFBtighness

ang ji-mpravenmept ha o the M AT Mhkkof ddenf hi Bhkayerl -
as well as reduction in the density of defects
mecqtbtr?asigrmli mdahiesh 28 t hisn iayeinsToaddli evesenbakedi meith
e inyvention proposes, according to a first aspect,
Ce@&ﬁﬁﬁxﬂ%ﬁ?éﬁﬁn $ducing a structure conprising g thin
|aX%Pﬂﬁe§@$@§@”ﬁFP&@&sTﬁﬂiﬁi&hempﬁbdﬂﬁﬁégakﬁown for
- conprising the followng 30 stages: inplantation of
impgeadinss , timdaradifycefofthe dbhér 1St rate2 AidHcture

or "NLED tNEpLOLAChBYBRAUS! cheMdRre SO AfdOL L&A € it h
enbritt! énent zone 1 n the I ckness of the donor

11m&ﬂxﬁﬂdﬁgxorrﬂfHWHka$e face of the donor substrate in
C|%%Fa;éﬂggﬂghgwiébghgyggogg gb%%%%% iv%ﬁ%e%ffﬁfggie
these limitations and disadvantages.

More specifically, another aim of the invention is
to enable effeétive treatment of roughness, both low-
frequency and high-frequency, of structures, without
recourse to CMP type polishing.

An aim of the invention is therefore to improve the
gquality of the thin superficial layer, where improvement

of the guality is understood as:

¢ decrease of the surface roughness and improvement in
the uniformity of the thin layer, as well as

e reduction in the density of defects present in the
thin layer.

Ta achieve these aims, the invention proposes,
according to a first aspect, a process for producing a
structure comprising a thin 1ayerr of gemiconductor
material on a substrate, comprising the following
stages: '
e implantation of species, under a face of a donor

gsubstrate, from which the thin layer must be made, so
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5 undergone inplantation; detaching the donor
substrate at the enbrittlenent zone, for transferring
a part of the donor substrate onto the support
substrate and formng the thin layer on the latter;

10 characterised in that: ? the i npl antation step

i npl ements a co-inplantation of at |east two

different atom c species so as to mnimse the

dowcbr eguencd esnr cughnesisbsnant t kenkeviel thé (e ckness
structure obtai ned after detachnent; 15 and the

PF ok sAPRPY hEPPEERBIFFESes a finishing step conprising

| east gne rapid therpmal a in [ S
Bt R m 9 MR g r SaSenaogar ouBRREats, h “HiTee
devehcof whehst muctdiip it ai pestabter defaeklnmerit. 2Gs
Preferred aspects, though non-limting aspects, of

yidepgoresiMaedBEara§™o the first aspect of the
invention are as follows; .the h ogsn. a [
%%%$%§n%rel¥%_iﬁ%thtg&bs L€ o yg{.gﬁma @%ﬂ%ﬁﬂéﬁ@ment

darimg Saidinplantation
sbage; £3% taairkfudragenaapditeldinispedbasrarsmbstrate

i npl anted sequentially; the heliumis inplanted
PRForthe ﬁH@Pﬁ%&r&yﬁﬁtr%qﬁa%E%ef%FmFﬁ%ISng&%ﬁai%ﬁﬁer

' s Lally between 0.7. 1016. cm2 and 1.2.10 16
éécﬁgg %%QE%ﬁé dose of 30 inplanted hydrogen.is

Subsbanmictairisdietivedrhat): 7. 1016 . cm 2 and 2. 1016 .

cm2 ; _the rapid thernal annealin RTA) is carr.ied
Gt BIPASEBROBaEHES orBLTIEATE 680 EoRAIP L ST EcdeT of

dc 10180 secQRdSgi fferent atomic species so as to
minimise the low-frequencies roughnesses at the level
of the structure obtained after detachment;

and. the process further comprises a finishing step

comprising at least one rapid thermal annealing

operation so as to minimise the high-frequencies

roughnesses at the level of the structure obtained

" after detachment.

Preferred aspeéts, though non-limiting aspects, of

the process according to the first aspect of the

invention are as follows:

the hydrogen and helium species are co-implanted
during said implantation stage;

said hydrogen and " helium species are implanted
sequentially;

the helium is implanted prior to the hydrogen;

the dose of implanted helium is substantially between

2 2

0.7.10%.cm” and 1.2.10".cm and the dose of

implanted hydrogen is gsubstantially between

0.7.10%.cm™? and 2.10%, cm™?;
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the RTA annealing is carried out in an atnosphere 5
conprising a mxture of hydrogen and argon, or in an

at nrosphere of pure argon, or in an atnosphere of pure
hydrogen; said finishing stage can al so conprise at

| east one operation of sthbi i sed oxidation StabOx of
the 10 structure obtained after detachnent; said

St abOx operation successively inplenments an oxidation
OREr 2bpeR, raRraRnealidhoNes alRDN) abd aarddéexi datt @t a
operation; said annealin%koperation is carried out

HerPagatwse BF hBakEweal &AW Hersd urtéo8r Cardimird 160E°

rj .finishing step, the RTA anneali ng
%%e%%g?%ﬁgéan be carried out prior to the StabOx

raddony oosand f4 nishi g, 5169 Gk COAPriSse Amosphere
gﬁ%rai?gyag?égggl%ﬁA}étégcx sequences; duringn%hg
fompshihggstemitterSt abOhydpegati emd argdikedirsd hen
carried out prior to the RTA annealin

ti :
SEROSPRATEN P P CFPoriph | S8 dnpPaPSEERy St s PuTe

,ﬁ%apggéBTA sequences; the StabOx operation(s) can be

replaced by a sinple oxidation operation, said sinple
oxidatfiion sbperat sbagecomwy i 31 Hrg SATDKLES DN pErht IVIF

ByeEeBiaR dBt oS0 DpRTAL | GRS TR actaPRSce T LR

Se? tion. :I-n accordance w

apptibenrasppehinkle afteantdcinclmes rel ates to the
structures created by inplenenting the process

agtdr dbtgbox t mpdiatsiomspeeecessiviely - implements an

oxidation operation, an annealing operation and a
deoxidation operation;

said annealing operation is carried out during two
hours at a temperature of around 1100°C;

during the finishing step, the RTA annealing
dperation. can be cérried out prior to the StabOx
operation;

said finishing " step can comprise a plurality of
RTA/StabOx sequences; -

dﬁring the finishing step, the StabOx operation can

likewise be carried out prior to the RTA annealing.

operation;

said finishing step can comprise a plurality of
StabOx/RTA sequences;

the StabOx operation(s) can be replaced by a simple
oxidation operation, said simple oxidation operation
comprising an oxidation operatiqn. of the structure -
obtained after detachment followed by a deoxidation

operation:
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invention. 5 Other characteristics, ains and
advant ages of the invention will energe fromthe

followi ng detailed description, and w.th respect t0 ——

the attached figures, given by way of non-limting
exanples, in which: Figure 1 shows PSD-type
roughnesses neasurenents nade 10 in the centre of
various structures, and illustrates the reduction in

| ol r agEERERES S oVlRRe SICE IR cASPESR rbetBar AR
Inventron, relative to that which | obt ai ned by

thesi nptecéher mbcbrédangentoof thiee REAsttypeyspkst Figur el
. shows RMS roughness neasurenents and illustrates the
Invefii®®on in | owfrequencies roughnesses which can be

carri.ed out b he .process _accordi;n 0 e esent

i n\%ﬁjfﬁ%n?hﬁﬁécgﬁ:i%sﬁlfﬁdutalr?sec851958‘3%‘6&1 ayaﬂ% st%gp;the
inZht HQuresilda andre arfrann the rEplasedtat | astailed

anal ogues to that in Figure 1, and illustrate the
degqgirt i@, | APFouGHIesESBBEEFné@ by1e h8tLAFERE: dntgures,

. tivel he. - at th
s S IEEELES Shatgipycis amand st L1

a1dy y&ggkam@f he, Pr a¢ess caceer di gé@ b eimpq%grgnting

Ige ™ : ( has al ready been
exghiaknad,sHdigs | PYBNty 98 roehBhesske hiresurediseitisomeafe
structures conprising a thin layer of senm conductor
Bt &tical CHRCBE s@FpOFAT IS 1§ BFeCT YRSt heRd ayleiHeidis
gg%algg LRy detachment, ale @ﬁéf%%l PG OBk s which
substrate previously enbrittle by 1nplantation of
gpachbes cakhel et raict Use can] ishngebhbralprooe sanyraaggpaliofg
structure conprisjing a thin |ayer , of se 'cond¥§t r

i Oeg%

§0 rhdter PAPSERta YIFHCE e pbSea 1yt He ekbdrngfiich 8
obtained by simple thermal treatment of the RTA type;

_.f Figure 2 shows RMS roughness measurements and

illustrates the reduction in low-frequencies
roughnesses which can be carried out by the process
accofding to the present invention, and this without
" recourse to a CMP step; |

. Figures 3a and 3b are similar representations
analogues to that in Figure 1,- and illustrate the
reduction in roughness obtained by the invention,
respeétively at the centre of a structure and at the
-edge of the same structure.

As it has already been explained, the invention
relates to the production of structures comprising a
thin layer of semiconductor material on a support
substrate, the thin layer being obtained by detachment
at the level of a donor substrate previously embrittled
by implantation of species. |

The structure can, in- general, be any type of

structure comprising a thin layer of a semiconductor
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environment (free surface). In a non restriction way,
the thin layer of sem conductor material can be
silicon Si .silicon 5 carbide_SiC—germani um<ces—
silicon-germanium Si Ge, galylium arsenic AsGa, etc. The
substrate support can be nade of silicon quartz, etc.
A layer of oxide can' also be intercalated in 10
bet ween the support substrate and the thin | ayer, the
mate¥irt ur O hetef G fastfred BEIRFD séRi cohdifict GtgEnal
[ t O structure according to the
enﬁ%ﬁ#@%ﬁ%cﬁg%‘é& %‘re%%%o%gmt or-On Insulator), gnd in
parin cld arnen SGestrictipe, fely,exdaid elthith Theyer of
i nvention can ajd in.inprovi the, gual ity .of thel.
SeRHFANPUGEPT of MACEF Bt uFE bt neﬁlg§7c8f’i | Pdirng HH1een
cathansf egiproceesriniie IARTGU{ i fohypermdiiilinn tdisse,
scope of such™a transfer process, the invention could
gabbihﬁmaaﬁenn@dA@é?mfiQﬁ%l ly to 20' decrease the
royghness. of _one or t her t two. surtac Of o ;
sethq}%naﬁgﬁ&rar?a esfliléﬁ&é?i %l%ﬁa%%gg’gﬁgmoﬁetégggﬁgﬁt e
quihez| evek.of the enbrittlement zone, or fromthese
two surfaces. Wthin the scope of the process

accor diFiEf ¥ o Athe 095l &f8ht FRRNEONINYGRFalated  1n
betJRLANGA AN, SLEP: O LSRRG A% Wbl the alm of 1a06eqt it

an enbrittle t zone is carried out by co-
stiuptantatiloerefoat |Bastedwdehid erentegpecneiaisderon-

. a face of the donor,supstrate, 3 al so ft.er
sndiel SERmo AL R T chbr PECT oG Gobes S FFREER) b5 the
Engl EBhDYa ¢ APh§mt el canaeatbrgons Thepleested. and in

particular a SOI structure, for example) .

The invention can aid in improving the quality of
the thin layér of a structure obtained by utilising a
transfer process of the SMARTCUT® type.

Within the scope of such a transfer process, the
inventibn could be implemented beneficially to
decrease the roughness of one or the other of the two

surfaces of semiconductor material originating from

- detachment at the level of the embrittlement =zone, or

from these two surfaces;
Within the scope of the process according to the
present invention: ‘
e the implantation step of species with the aim of
creating an embrittlement zone is carried out by co-
implantation'of at least two different species under

a face of the donor substrate,

" e also, after detachment at the embrittlement =zone, a

finishing step by ~rapid thermal annealing 1is

implemented.




11 In accordance with an enbodi ment of the i nventi on,
t he hydrogen and helium speci es are co-i npl anted under
the face of the donor substrate in order to formthe
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enbrittl ement zone. 5 Preifrably, t hough not
exclusively, co- inplantation is carried out by
sequentially inplanting heliumthen hydrogen. By
experimenting with co-inplantation, the applicant has
obser wedartmtnadevwtiohi apl embadiorersf ofothel foweasdon,

hydr pgen resul.ted.i.n transfer of the thin [ It
thea¥P6§%%£%“|%98|%gﬁjﬁgﬁg%%%géeFeﬁﬁﬁ\ﬁfi%ﬁ?%%gg ?a#; &t
thef ofdei B itH ambabro stydf©gen aboder Meor eform the
preci sely, the applicant has observed that the

embfrig§lEnenés Z8Srhi ch this i nproverment in roughness

Se%%fe]:%d:)tlhyg,f ”?f]teuf%gggunc%eor respondst 9etihe co-

frequenci es t spatial frequency roughness,
imptikattdtsion hes chredquehches feneealuantws 11y r démpédnipying
t.he ' gin the scope of the process according to

. Wt
helﬁﬁ@‘%gig§éﬁ¥ TA¥EHti on, the face of the .donor
subgt r atBep Wi it 205 has wiRder gane- SRl &Pt apiehi on iche
t hen placed in close contact with the support
appddlgemitat dasTheokhkpworedubsihaht eths t Ben 1@@5&@[’&?@&15’@ t 1o
l.evel f ot e itel ty zone, nsf-er.ti :
nel 3B 28 MRSl hntTRR. " PE° nreta SO TR C ALY chin
layeR@ fwdnh 225 ddigddi Nev@yest onotknkabt erlathese to the
stages of close contact and det nt are _known to

' ch
t ragysd S feritl XS rid R TlotRRR o]ﬁggmg?ﬂ phene-

tr e RI-AGe3SLS vt 90er- APOVEas DehachRal t&afk th
thggg%o?ggge caﬁfied out by therma?S 30 power supply,e

fregpienarias wtbyhal atecthiahs cahpraeréoanat inhgoughness seems

the most pronounced correspond to the frequencies of the

lowest spatial frequency roughness, that . is, the

. frequencies generally well treated by the CMP.

Within the scope of the process according‘to the
present inveﬁtion, the face of the donor substfate‘which'
has undergone co-implantation is then placed in c¢lose
éontact with the support substrate.

The donor substrate is then detached at the level
of the embrittlement =zone, for transferring a part of

the donor substrate to the support substrate and form

the thin layer on the latter.

These stages of close contact and detachment are
known to the expert and are used conventionally in the
transfer processes mentioned above. ,

Detachment can therefore be carried out by thermal
power supply, optionally by a mechanical action at the

level of the embrittlement zone.
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| evel of the enbrittlenment zone. 12 The process
according to the invention also conprises a finishing
—~8&8p, wWhereof the object is especially to mnimse
the high-frequencies roughnesses at the level of the
structure obtained after detachnent. Such a
finishing step conprises at | east one stage of rapid
thermal annealing. Rapid thermal annealing is,
und@&est doeEesFreamIcsFici nhnnkal i idie (t havepsion also
far oV, i od seve 0 onds. - :
ce §§§%§¥E?%n§€%?§%£%%%ds§?LPh a%E%%ﬁ?%olﬁg% atn&gﬁﬁérQF
espBddllanneal igwy i s ncionnmmirdey dedilgnat ech bhyht e duen cREA
anneal i ng (correspondjng _to the English agronym i d
RS el Fhg) Ve 6 ELPr FEOHFCRER yr}erﬁig ter
detbhgsljucture, the structure is annealed at a high
tenperature, which can be for exanple of the order of
906@CH 0a13000GsHngl tep60-empURds s RFA ahredt ngne
£ is carried og&lin a control%ed 20 atnosphere. This
stage plykaPd % ek FHBSPRERS conpri sing a mixture
of rREydEogeRand aPsul Digads ahdesphebd @b e rapid
argon, or even an atnosphere of pure hydrogen. The
anngpA imsheal t1Rf st dgePER IpaFEce AVET rddieEioghet mpveral
sedidgee sauohaeseof thediin layer seasauidally iy a
surface reconstruction and snoot hi ng. And, as
contend i dred sanbisghie RFA anneal i ng especially benefits

reduction of fhe roughness at high.frequencies I _
A dSHEPORIATRL Thg sE8! IS HEIaRCEas pPBSERE. it { hBe term

RTA annealing (corresponding to the English acronym

ro

Rapid Thermal Annealing).
To carry out RTA annealing of the structure, the
structure is annealed at a high temperature, which can

be for example of the order of 900°C to 1300°C, for 1 to

- .. 60 seconds.

20

25

30

RTA énnealing' is carried out in a controlled
atmosphere. 'This atmosphere can .be an atmosphere
comprising” a mixture of hydrogen and"argon, or an
atmosphere of pure argon, or even an atmosphere of pure
hydrogen.

The RTA annealing stage in particular reduces the

surface roughness of the thin layer, essentially by

surface reconstruction and smoothing.

And, as mentioned earlier, RTA annealing especially
benefits reduction of the roughness at high frequencies.

In addition, the crystalline defects present in the

thin laver, and generated in particular during

implantation and detachment, are at least in part cured

by this RTA annealing.
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30 thin layer, and generated in particular during
i npl antation and detachnent, are at |east in-part
cured by this RTA annealing. 13 The proces$ according
to the present invention obtainastrLéture with a
thin layer of good quality  does not therefore utilise
CwP, though it does reduce both the high-frequencies
roughnesses, as well as the 5 |[owfrequencies
r o@@e@gegessm@mm@ the tmeocpggsgaéorl@r\fﬁglttl@rt hieo
e ent n S re
obé) é stPMg?%£8 “ﬁgﬁérémﬁg#eof gﬁé %Boﬁ quality
do@ﬂequat e:mmbmrmahlthue seWI a:an usmﬂr@dgm sm hldnaelsaymdmcne
cro- or,. optoel ectronic rFI i cati ons. Accordi ngthe

both, kbgarhi- Ereaarnents sfé:z 297 ng2Sstyk! can
1o GQIRE1 88 AbubkRAsk-eRe stabilised oxidation step
(It kew se referred to as StabOx hereinbelow). 15 A
St dln@xl egteapt 139 CltaS‘-SImHMf%/S%IS@dCIOlIda-TH apsf éhe present
cess, . follow ng. the detac stag part.i cul arI
inPRCES o PRGUre Al ckneoeuar ke YR Rap e B n
laydugiRa-ddre daesidqyapicdefiect age2@ateei ahar cam@pauhﬁole
interface between the thin |layer and the support
witdubysiage thdensdyirnl pyera i% aBERTIr agE WBRGOHECEtronic
aPEESJh @:{ % the succession of follow ng operations:
ernmal treatnment conprising successively:. 25 >
oxmd:a:tominmj the stvaeiane. elmkmd:hnelx&dasamd finishing
classically known to the expert, can for exarga 1b
abilised

= %ﬁﬁru@éﬂou@%ﬁP comprise a least one

~oxidation step (likewise referred to as StabOx

hereinbelow) . _

A StabOx step is classically used in a transfer
process, following the detachment stage, particularly
for: _

e regulating the thickness of the thin layer and
reducing the density of defects; |

. reinfofcing the interface between the thin layer and
the support substrate.

Congequently, a StabOx stageVWill be similaf to the

succession of following operations:

e thermal treatment comprising successively:.

» oxidation of the structure.

v such oxidation, classically known to the
expert, can for example be carried out by
heatiﬁg said structure to around 900°C in
gaseous oxygen.'

v following this oxidation, a layer of oxide is

then formed on the thin layer.
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heating said structure to around 900C in gaseous
oxygen. 30 / follow ng this oxidation, a |ayer of
oxide is then forned on the thin |ayer. 14 >

anneal i ng of the structur At around 1100C for two
hours, in an argon atnosphere. This annealing
sinmultaneously allows: / reinforcing the interface

bet ween the support 5 substrate and the face of the
donanneabshgat€ tihki ehrivasunedertgeneumdl B &1 ¢ ofer atde
/ curing certain_defects generated duri t he .
i rrp#‘%‘ﬁf%t i oﬁnanandeﬁggﬁﬁenta%ﬁofé%s?re a %?)%(Sl dat iR ing

opeg b PPan¥biL i s1takwki:ed out 10 fol l owi ng thernal
treatnent, so as to withdraw the .|ayer of oxide
for med diRimECTRENGXitHat | brtoperat | batwsgeh the support

deoxi dat | %%¥€?¥G%p£ﬂ- £20: b8 PLEOTIRY PYsubstrate

i mrer si ng ure for several mnutes into a
sol ut i ornwlef ch | es hyddeegaeked iapl 0% oRQYEnidor

exanple. 15 It will be noted that the oxide lLayer
formed de¥He &&ddton ﬁﬁ?%ogﬁﬂﬁﬁﬁﬁﬁih@u¥lng the

under | yi ﬂa%mil@awaﬁra.nguabegcﬁ%ﬁ@l kRBgekt. Wi Il also
be noted that a part of the thin layer, in the _
o Vi cidepgidbtivs frapesatfiace, mhitdher efsrecazgied out

c med during such_a StabOx operation. By.

E T EERed G 8 Lo Ck TSP B Mhar (710 Pe 17 nidkPigay che
St 8Per | Hf 3G &k OfctRelih@uRTAgSERR. ok8aplieaesperation.
according to the present invention in particular

persick: deenibdabhennt kaPWONPEE defedad! ihe B iqymed by
Smp EL00 s 5y FRUESE VB A B2 BIRSEEUCLALS o
solution of fluorhydric acid at 10% or 20%, for example.
Tt will be noted that the oxide layer formed during
oxidation helps to protect the underlying thin layer
during annealing. ‘

It will also be noted that a part of the thin

layer, in the vicinity of its free surface, is therefore

consumed during such a StabOx operation.

By implementing a StabOx step, during the finishing
step, in additionrto the RTA step, the process according
to the present invention in particular permits:
¢ the concentration of defects in the thin layer to be

reduced even more, and
. Athe structure to be brought to the planned thickness
for'the_finished product. | '

In effect, as mentioned already, the RTA annealing
aids in reconstructing the surface of the thin layer,
and in rectifying certain defects in the thickness of

the lattér.
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for the finished product. In effect, as nentioned

al ready, the RTA annealing aids in reconstructing the

surface of the thin layer, _30 and in rectifying. .

certain defects in the thigkness of the latter. 15 If

this curing can, in certain cases, be partial only,

then carrying out a supplenentary StabOx step enables

the material conprising a |arge part of the defects

| oddt ehin theiizi by dm teertade sasfesoe be Parfidal

thin _lLayer and i.n th hi ckn | att b
C”ﬂﬁ%no&g'. Tﬁﬁgrggpﬁésgghdsgstéﬁﬁbféﬁééﬁéﬂgr5%%%%%% %&eP
enddies qualki t Maokrtibe StéometisengTh s lwagieanpast tde the

rocess according to the 10 present invention, i

defifiteh loeakedi 4 i st ehctohpYi 0&s the RFEst éﬁréﬁgeatof

‘thd §a5in %é&aaﬁg steRnd S Hhanefar eor pakti ¢HLAELY to be

advant ageous n there is a gradient of
remgosentration for the defects increasing in the

~direction of the f f the thin |ayer,.
15 g PPEAREPESHSonE ALt orf Bf el EBPECTRNERE 1 Lt

qualiidpidy e dbi-scsuréace. It will be noted that the
total thickness consuned by one or nore

' StTEK/ devsdal | opf selgiencesoeansheacaavdindgedas| yhe
cont.r ol ' rd Selinplnate.all th .
R R M
a Weaoediepg 410d aaparlidaat ashy adwbokagemys, eibodihremtfore

of the invention, a Stab step.is carried out _durjin
PaRRETIAHIoh AGUETAGERNG pYReh LE o RTAStSpRo28himid
corlBE AR seqygncec hesuldesrddt Pet t Bkreasing in  the

difection of the free surface of the thin layer, and a
significant concentration of defects in the vicinity of
this surface. |

It will be noted that the total thickness consumed
by one or more StabOx/deoxidation sequences can be
advantageously controlled in order to eliminate all the

defects and to bring the structure to the desired

- thickness.

According to a particularly advantageous embodiment
of the invention, a StabOx step is carried out during
the finishing stage and prior to the RTA step.

Thig RTA/StabOx sequence results in  better.
6xidation uniformity when the StabOx step is carried out
directly after detachment, without implementing it
before the smoothing RTA step.

In effect, when a RTA step is implemented prior to
a StabOx step, the surface roughness is less and the

surface of the thin layer is more uniform.
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oxidation uniformty when the StabOx step is carried
out directly after detachnent, w thout inplenenting
it before the snoothing RTA step. In effect, when a
RTA step 1s inplenented pﬁi or to -30 a StabOx step,
the surface roughness is 8ss and the surface of the
thin layer is nore uniform 16 In this way the speed
of oxidation is close to that obtained when a
polirshedi stwactuhe $seedi di sedidandoins isf wlicker for ehat
the sane,at any point in the structure. ln.addition, .
obtia e Bhltisdr WO PISH oERECEREEr v r i fbTr bl 1o
fuIesard Nchdesdhd Nat ayey H8YHAYihot hBTArrhetare .
consumi ng its thickness (during the
St dbox/ @eédkF daki on isequete) beThiugefailg) | t@ heChispe the
i nt stin t ' | _ay, i rei ard .y .ti
crygRE e canEREte | BRebrhR SRl | PuRRcL et (i b
rRTH)Or exd@aplee toopsmabnyol escmot thprévieaus| y{durkdgandhe
rest ppped, by RTA annealing. In accordance with other
Staé?@bgﬁ?%%’ﬁ%%aﬁo‘i‘h%eq‘il%%‘ﬁ?r on, the finishing stage
CORfY;iSeg sat of easthONGoRTAi ARRLALIARy aRHeRAN KONHISIn
of one of the following 1S sequences: RTA/ StabOx (as
layearstigli peussed)arlyepdricti andfvkeveransRMAL$PaLOE its

sequences, (the nbodi_nent__ex le.dis d
thlhcg?%é?%saf tleg(f g&l’f‘gﬁiysi %ﬁr FHE: gges%clgon?&?% St &t
prVAE B 0xu &4 U e8¢ 5 t APp & abpXRBAAannealing.

St abOx/ RTA/ St abOx/ RTA. = When_ the finishing stage

corft i SRECArARBESt GHEMddPENSRal SePed MRttt ©fas the
in&éﬂkf&h}h%h%a%%ﬁqgﬁﬁn Té%é%@“%bﬁﬁr%%égogém%kast one

sequences are repeated several
RTA operation, and can consist of one of the following

sequences:

e RTA/StabOx (as just discussed};

e repetition of several RTA/StabOx sequencés (the
embodiment exémple discussed hereinafter comprising,
in succession, two of these RTA/StabOx Sequences);

¢ StabOx/RTA;

. StabOx/RTA/StabOx/RTA.

When the finishing stage comprises .at least one
additional RTA treatment (as can be the case when
RTA/StabOx or StabOx/RTA sequences are'repeated seve:al
times), the additional RTA treatment allows continued
polishing of the free surface of the thin layer. '

Said additional RTA treatment can also be carried

out at a lower temperature (for example 1000 to 1100°C)

‘than initial RTA treatment.

It is therefore possible to reduce the thermal

budget of the repetition of the seguences mentioned
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25 tines) the additional RTA treatment allows
continued polishing of the free surface of the thin
Iayg;,dSald addifianal RTA treatnent can al so be
carrie out at a lower tenperature (for exanple 1000
to 11001C) than initial EWA treatnment. 30 It is
therefore possible to reduce the thermal budget of

the repetition of the sequences nentioned 17
herkdneibsatsovebby Pertermimg RTALRr e AGRSTOSHT | oRlr 1OWET

e tegggﬁg%gre: According to a particul ar enbodi nent of
“Fﬁ invention, a so-called sinple oxidation operation
i SAckodihiged odit ian phacei oflar St aybodsmemntsuchfas the

. mentioned above._ This sj e oxidation operat] .
inventdessi vel ySOCS%}?QeSS%\IﬁBi&i datt %tjs?%ggopaenrq&"tgfon 18

card8d datd shagee oFhe tdhieiumt budgetuehnakherralismed
be.” reduced since 10 the second StabOx operation

aboteher mal anneal i ng over two hours approximately) is

not ytilised. _-The reducti.qgn in I i
AT TERgeB48P 1 REE P 4 ond G Corat 1 ATt er o el
cortldedfl art G hEasidnicithiget andieal debkedatiedusipget.he

probability 15 of generating, defect f disl [
t yFaeorthermpal | Rudopk ﬁﬁElc€9§Fagﬁ6%¥§ﬁﬁi%ggggghégﬁﬁﬁg

of_the st € s . dagd g d
e T N | Sh B ST Roe han | e ol T e T onl a6 FRe “Srabon
houttse pappr @timd tel yichiaé méor what L daedrent i oned

her ei nabove, An enbodi, t of th .
st oo dti AT | on i 1| i ot Heter bed o Heftt i 17

. ow be~described in-det ai
angﬂﬁﬁéggﬂQMﬁiQYtﬂ@E afc noMedwdn thagcexamplheénts applied

to the structure to be limited, reducing the probability
of generating defects of dislocation type or slip lines
in the crystallographic arrangement of the structure. '

The oxidation stage followed by the deoxidation
stage can therefore replaée-the StabOx ‘step in all the
chain formations mentioned hereinabove.

An embodiment of the process accoraing to the
present invention will now be described in detail
hereinbelow, by way of non-limiting example. ‘

This embodiment relates to the production of Si,
S2, S3 structures comprising a thin layer- -on a support
gsubstrate.

The thickness of the thin layer of these respective
structures is between 50 and 2000 Angstroms, the total
thickness of these structures being around 700 pm.

These 81, 82, S3 structurés are produced by
carrying out, during the implantation of species step,
a co~imp1antation, of helium then of_ hydrogen, with

respective doses of:
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Thi s enbodi nent relates to the production of S1, S2,
S3 structures conprising a thin layer on a support 25
substrate. The thickness of the thin |ayer of these
respective structures isibetween 50 and 2000
Angstroms, the total thickness of these structures
belgg agognd 700 pm These S1, S2, S3 structures are
produce y 30 carrying out, during the i nt ati g

» btlipeci e 5tEY, -ca %oampﬂaﬂ%?ﬂ%ﬁgofo h%l‘gﬁrhf't%%l gior

rQge _respective doses of: 18 heliu

%ﬁ%.gg %g?ﬂ%kgﬁeénd hydrogen, 0 . 9 . 1016. CNFE for

o 1h0®iSh, Stoust wnes el idma Gydr®gen]016.9.¢0¥2 amd for
hydrogen, 0 . 9 . 1016. Cw2 for the S2 structure; 5
heei 8 sDrugtureib. cm 2 and hydrogen, 0 . 9 .1016 .

CM2 for _the strpcture. .By. way _of co (1800, -2a S
. %’t‘ﬁ}awurgoi%-bﬁd&é‘bd 2 ihﬁéré? At o%'c??’qﬁ;d?%&en%
ahones wkthcaudase of 5.5.10 16 . cm2, that is a dose

almost three times greater 10 than the total dose
|?15=1Yan‘t¢®ﬂ @ | BgTRAT i APPantaat PHn STAUSSHIGh AdvaHiolred
. _of .t - n [ i q LS dj osgd ,
VIiMf¥ﬁ¥¥éﬁ%¥$%%ﬁb§ﬁ; ?ﬁ%%%& o# %goggbrotﬁﬁgteﬁy %féfhéﬁ?
5_5_n1rdlan<;:ﬁtf,daﬂ&lﬂ eiat bveldse ahpbsint bhires Gfimessigrgater
type of species. 15 This redyction translate [ '
Charb s (A Gtae TADIGREAS: DL P ReCe 2R RPRAPREAD) oM

COSl S ASRACT A4 MALD oBr @HUCLILOA @l aSithlGidl e@sechnigue
. conprising a thin layer on a support substrate, in
is pditicdulisad biiemeanswotha redustépn phvcess fgrtore oF 3

SMVART i
ap;aq%}arg%g%f} nt %éﬁ:' 1:21'(1)_e Thll%pﬁg%%dadv&gégge,r dare gxamlig
implantation of a single type of species.

This reduction translates by reduction in the

implantation time, and finally in costs asgociated with

production of structures comprising a thin-layer on a
support‘substfate, in particular by means of a tragsfer
process of the SMARTCUT® type. | ‘
| This known advantage, for examﬁle disclosed in-the
document by Aditya Agarwal, T. E. Haynes, V. C. VéneZia,
0. W. Holland, and D. J. Eaglesham, "RBfficient
production of gilicon-on-insulator films by co--
implantation of He+ with H+", Applied Physics Letters,
vol. 72 {1998), - pp. 1086-1088, in which it is

‘established that the co-implantation of hydrogen and

helium aids in decreasing the doses that have to be
implanted. |

Tt has to be noted that it is also stated in this
document that the supefficial SOI layer obtained by co-

implantation of hydrogen and helium exhibits roughness
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docunent by Aditya Agarwal, T. E. Haynes, V. C
Venezia, 0. W Holland, and D. J. Eagl esham
"Efficient production of silicon-on-insulator filnms
by co-- inplantation of Hegg with H+", Applied Physics
Letters, 25 vol. 72 (1998) pp. 1086-1088, in which it
isd eﬁt?blished that the co-inplantation of hydrogen
an el ium ajds in decreasi t he doses that have
CoMRRTARR b eAnt Mad e HE HEGd PhatawEs SREraged by
imptAHes 4 Sh thE Su 30 HeeusEas that the superficial SO
ayer obtained by co- inplantation of hydrogen and
helThem exbichinesitr oufiheiess diGaorgrd abbdove t hdpesdf et

surface .l ayer_.obt.ai ned by . i npl ant ation.of |
thﬁ‘ﬁﬁoé%@een.sgﬁggéocaﬁ%ﬁi j G8Y dis&Ussec %r%%vel oejsé{?l% ace
roddigiai or edhei ng abouimphynt apioMenenid ia sotkdeei Hoes
roughness, due to co-inilantation and a fortiori goes
notgte el Hyl HT pPopesexekpl bRt 4T oR T oFUSlcRTaf térrdet) .
yv%ﬂiﬁgf%&gggf?ﬂ%gvtﬁbﬁhetgesgﬁbptH%%dyaﬁﬂ¥%n of the
i nvention, folTow ng the co-inplantation“step, as:
inwditeiasy, mefbildredng hetlod as sioe istpdpsiteft ichrosestept actas
- .10 Iacin%Jand detachnment are carried qut,.then a
2 17q3 6 ARG L LEPER  COnp | SHAG AL | BaSPSa RTATISESas g act
plégﬁﬁﬁxhﬁ@edeééaﬁﬁe§%1a§@,c§§ri§ﬂ SultUCttWees.a ASRiishing
roughness mneasurenments of each of these structures
stager eotpme svinch &he ldagtof 2arRTR-M Siccrascdése. obggin the
. Figure ho t the different spectral.
flj?ﬁ%gi%té%%tsﬁgf ?Eegggﬁéﬁﬁégg'of each of'thep81, S2,
S3,pstH4 sblighhekes. meEhaiahsaissaeodxi sadtownoifn tiieese

diagramin Figure 1 is theref ' '
stqqqéhﬁﬁg wwm@%dgg@cwigésthgrgigrgftg% 3 %{kﬁk éﬂééﬁé.

Figure 1 shows. the power of the different spectral

constituents of the roughness of each of the 851, 82, 83,

-84 structures.

The abscissae axis shown in the diagram in Figure 1
is therefore the spatial period (in um), which describes

the roughness frequencies observed, from high

- frequencies {(to the left of this axis) to low

freqguencies (to the right of this axis).

. These measurements have more precisely been done at
the edge of the structure, that is, at the level of the
zZone, where detachment is triggered during the‘

detachment step, with this =zone consequently having a

generally relatively severe roughness.

Figure 1 shows the result of such measurements on a
swept surface of 40%40 pw® (this surface of 40%40 puw’

therefore corresponding to the maximum  frequency

- according to which the roughness can be observed}.
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20 the roughness frequenci es observed, from high
. frequencies (to the left of this axis) to | ow
frequencies (to the right of this axis). These

nmeasur enents have nore pregi sely been done at the
edge of the structure, that is, at the level of the 25
zone, where detachnent is triggered during the

detachnent step,. with this zone consequent having a
gerhigBTSy rdl at TR ?ﬁﬁerééF%ﬁbhnggg. |%ﬁﬁé§ﬁ9% ows
ro desUbbrpbesUahaBEB U gOENISS ONS@ sEwAptusdEef acd tefr
0*40 pn2 (this surface of 4040 |in2 30 therefore |
thecorR B pobBeagrestt hefnahrum Fiebsleiey &EEBr dPhg t6¢1d
whi,.ch the roughness can be observed). 20 Figure 1
Stﬁ%ﬁﬁ%ﬁ%%é shows the difference in roughness between
the SirS2, c83yveSAstilttintesteaf tdére tdhegiRidss of the

treatment of the finishing step of said structures.
84 A $EFYECRERve BT AT e&}agﬁe Bl ghhEE a{#a@iﬁ%n szPSf
h dﬁ#ﬁtgfbﬂ%?ﬁsically made by inplantation of
yﬁ%; ogen alone. Three other curves Cl, C2, C3.
i | [istereat eotther rougheessCodt sCRuct GBes 1dilussraged Sdhe
respectively .10 produced, py t pr.oce a i
ro Ptesé isrﬁféh%%?s cgsr%b’l niér]%3 caon-cfn'p an%%%rp%r?&g‘r},tgqy
prddthannegyi nghe Thesrddy eeasdsyesngl , t62, t3 present
~correspond to different doses of co-inglanted -
invegeci By, FHuFRIng char epernsasipReanfalitr e0Pgel 489
Vi Gty anglysLs glrlbe fiaguend e e9MPLbeildpond  to
roughness, and denonstrates the advantage gai ned by
dififerassabbads onf caetoplangetospheipeesent i nventi on,
of co-inplantation wth. RTA _
Figure 1 characterises the fracture facies via

analysis of the freguencies comprising roughness, and

demonstrates the advantage gained by the association,

" according to the present invention, of co-implantation

with RTA.

Figure 1 effectively confirms that low-frequencies

‘roughness of the 'Sl, S2 and 83 structures produced

according to the present invention is substantially

lower than that .of the S84 structure produced

" conventionally.

A net decrease in roughness for spatial periods of
Subsﬁantially between 3 and 15 pm is observed in
particular.

Co-implantation therefore enables low-frequencies
roughness to be limited, while high-frequencies
roughness is equivalent, or slightly less, in the case
of implantation of hydrogen alone.

The succession according to the present invention

of the co-implantation/contact/detachment /RTA  steps
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Figure 1 effectively confirms that | owfrequencies 20
roughness of the Si, S2 and S3 structures produced
according to the presenL.LﬂMﬁDLLLles substantially

| ower than that of the S4zstructure produced
conventionally. A net decrease in roughness for
spatial periods of 25 substantially betmeen 3 and 15

rved in artic Co- ati Lon
Qﬁ%ﬂ% i%%ﬁlﬁ?ug eFFedﬁEﬁ%}égs ?oug g% eﬁethan
1n|ﬂHEt@QseWBE|%h@'&Bmﬁﬁ@%wﬂﬁ%§§léﬂughneﬁé h&plantatlon
equi valent, or slightly less, in the case 30 of

Of|hﬁﬂ29ﬁ%ﬂ|Qﬁp%ﬁ/%?@?%@%ﬁd%F@ﬁ%me¢héR§%C§E§§Fon

accQqr nt

Cor Tl W7 o EONP AL /et Aee T RACSTAgE 4gn doses
of tties etoremplloowed cughubss Whnc@anxnmu&&ﬂltMeaﬁese of

than in the case of the knowH UCC%SSIOD of the
heliight abt att'en SEA™MRIr BYERRI-6 eﬁEﬁﬁ?acW?H%?aé?ﬁﬁ?ﬁqﬁiﬁg

lomﬁtﬁ:@quéﬁciés al SQyRRSSkbh 8wke ¥YARY thatri BRhaRAlkicamklly
doses™ 5 of the cO-inplanted species (in particular

nottetb dose of heliumin the exanple presented here)

A BRI | ont 125 ot EHEAECEIH ngoLo. tHes | Procort

accndidreab afhd hprevs@msslna@nmmr dicng iled hieepe esearite
i nvention detailed here, the finishing step
£ irdsthoms e St eipartOTR G the RIPRSEY e TOBudcEs i Step.

sucdAleX, . RIABPY Sk3ROL 51 ey & 481 $bkngd 1StA%&ing

conprising repetition of two RTA/ StabOx sequences).
stabe As tdmbassahgeadydpedn tsliown, sfich QW©|n|§Hmd§tabOX
stage al |l ows:
sedquelnces

As it has already been shown, such a finishing
stage allows:

e consuming the thickness of the thin layer and

reducing the residual implantation defects under the

surface after detachment;

e consolidating = the thin layer/support substrate

adhesion interface via annealing carried out during
the StabOx stages;
e bring the structure to the desired thickness for the
‘finished product;
. éontinuing to smooth the surface by way of additional
RTA treatment.
Figure 2 makes comparison of RMS surface roughness'
of the structure of type 83 obtained by the embodiment
according to the present invention to that of the surface

of the structure of S$4 type obtained by a conventional

process.
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0 consum ng the thickness of the thin |layer and
reduci ng the residual inplantation defects under the
surface after detachment. . 2.0 e conselidating the thin
| ayer/support substrate aghesion interface via

anneal ing carried out during the StabOx stages; O
bring the structure to the desired thickness for the

sh roduct n | 0
R S PR B DL o
mldf&i@fogc@n@aéep@ﬂgoﬁuawsc&ur fceﬁ:elm@ughpeés andf 4(“@0 p.m
structure of type S3 obtained by the enbgﬁlnent
bo%ﬂxﬁﬁwﬁhﬁ;??ﬁ?%% @ﬁeg%ﬁtSFﬁvgﬁvraﬁ f§ PRatt 6F @fe thelr
sUrface 30 {&1& hensté UGt UEenREnS41 kYRS 10Raided by a
conventlon process. 22 Roughness neasudrenents have
beénldbn@uxsllg @ndAFNbfnbcddgaﬁﬁg sieeBMAg Angeftacioss) .

10*10 p a n? _both t the centre of the
thest‘?ad‘é? ujr%sggg \%él TS ta P 140 Y blge T OPS gmegs g sured
forvhene desac t éiﬁfddﬁﬂ&ﬁf e(ﬂrher%ddT Eihgur Bazs(ams tofe

ordinates in RVS Angstrons) the bars in the first
seqsirghe PEROW t AEPFOEBRRe FOHRIRRA Bd MePEIRate 637t ype 5S4
tyﬁﬂréggdg rdthereas the bars in the second plane
represent roughness neasured for the S4 type
stnmnuugﬁumi@JrEFﬁ@ﬁwde@xeaseeindeonghaesEnfmaugﬁme§§
for the S3 st ucturg i's observ qér eciaél% for | ow
SLIYCRYER  §F eqRBAEIESY: Fi GITRES BT ar Sparial
fré Lsentations simlar to that of Figure 1, and
lustrate the reduction in 15 roughness obtalned
accfbgllmﬁﬁgs t dat lsndr eberirg n¥eprespntations similar to

that of Figure 1, and illustrate ' the reduction in

" roughness obtained according to the present invention,

respectively in the centre of a structure and at the
edge of this structure.

Figures 3a and 3b allow comparison of the PSD
roughness of a structure of the 83 type obtained by

implementing the invention to that of a structure of the

'S4 type obtained by a classic.process both at the centre

of said structures (Figure 3a), as well as at their edge
(Figure 3b).
| The swept surfaces had dimensions of 40%40 pm’.

It can be observed in each of Figures 3a and 3b

‘that the roughness of the structure 83 is less than that

of the - structure 54, especially at low spatial

- frequencies {(in particular when the spatial period is

between 3 and 15 um).
Roughness uniformity which is better for the S3

structure than for the S4 structure is also noted (the




20 respectively edge of this Figures roughness of
inplementing in the centre of a structure and at the
— . structure...—3a and 3b all ow conpari son a structure of
the S3 type of the PSD obt2@ ned by the invention to
that of a structure of the by a classic process both
at the centre .S4 type obtained of said structures
a)...as t dg e
aiAFLAEET%) 105, Mekbegorgt LIBLEERADeRe( FLaEe FhY. phe
cemﬁwebﬁfobbersedstwueauheobﬂagﬁﬁﬁﬁcﬁﬁwahﬁ Bbtenhatetihe
rou hness of the s ructu%re S3 is less than that
I

of
t Pt B 8h, TE8&5ecFaF yPEPCESW sBEFP&fimg to the
préé@ﬂyeﬂﬁv@ﬁtibﬁ PahEL§ULRE When dihey Spat | AbpReEdRdwh Sch
between 3 and 15 pm). 30 Roughness uniformty which is
5 allwews er significasy sreushneest ha f obe t meeggnted (in
tructure_js S he 23 differences in
paﬁEl 8#%¥ta£ & megrg Sgg% é and the centre of the S3
St riuct tis s atﬁeefﬁzﬁ;@nﬂ&eiry ai tesvat €dbm IHndwan notedcment

that the process according to the
which is “curative”, to the extent that 1t 1ntervenes to

“take up” with a given roughness.
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present invention constitutes an original approach

which 5 allows significant roughness to be prevented

(in particular at |lowfrequency). In this the
invention differs fromknawh treatnment which is

~"curative", to the extent that it intervenes to "take

up”" with a given roughness. 24 CLAIMS 1. A process for
producing a structure coapiwéng a thin layer of

sem conductor material oma substrate, conprising the
foll owm ng stages:  carrying out inplantation of

speci es under a face of 5 a donor substrate from . .
whith th® PRPAEFSyECTMRSIOBE 1 ihde, S50 Ak o CPERFESaRY
eRbL tidwient £z eReiidbddigcdhi gkpessa0f dnhes defBEtrate,
substrat’e, placing the face of the donor substrate in

compovieingohhactolMliowiandg §imuas substrate, after it has

| angg@éd%% f%gﬁgﬁgg{&gg{f'ed out in an atnosphere of

10 undergone inplantatiaon, detaching the donor
SABSTAD QHE t REPAABEAL SPERES=t Jopfinat ehage of

Rardo¥r t BEHLALRAE oS UlSI 881 ORt @net R&1ITUPPAYEr must be
substrate and formthe thin layer on the Ilatter, 15

vlaieact epi a1l ta tdekatehen nphlni bl onest agensaryi eshe

t, CO | t ation of ea two different atomc
gg‘é& S?orggésq:tq'be nﬁh?ﬁl% s%g%}ﬁj%r?%éﬁ frequenci es
g‘i‘&gﬂ seseat rhRe I s¥el 0L (St I Uelidie okt aipedq148e

fter detachnment; and the process further conprises a
tomitshitng wi®p @onprbpemg atsubsdstatene rafgier t hek mahas

"\
detaching the donor substrate at the embrittlement
zone, to transfer a part of the donor substrate onto
the support substrate and form the thin layer on the

latter,

: characterised_in that:

¢ the implantation stage. carries out a co-
: impiantation of at least two different atomic
spécies so as to minimise the iow—frequencies
roughnesses at the level of the'structure obtained

after detachment;

- ® and the process further comprises a finishing step

comprising at least one rapid thermal annealing
'operation carried out 1in an atmosphere of pure
argon, of pure hydrogen or comprising a mixture of
argon and hydrogen so as to minimise the high-
frequencies roughnesses at the level of the

structure obtained after detachment.
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argon, of pure hydrogen or conprising a m xture of 25
argon and hydrogen so as to minimse the high-
frequenci es roughnesses at the level of the structure
obt ai ned after detachnent 2525 2. The process as
claimed in the preceding claim characterised in that
the hydrogen and helium species are co-inplanted
rlng d Lantatio C -
o1 2 P BB O 3188y In IS BOSSSRE oo,
chéﬁadtdrﬁdkﬁgemnanduhelth&\dﬂp@r@genaEﬁuinhéamUEd species
sequentially. 4. The process as clainmed in the
ar%w%&%&ﬁ?%ﬁ%ﬁ%@n?uriﬁgcﬁé?gcﬁ@Pﬂ§€datﬁth§Fe&he hel i um
is inmplanted before the hydrogen. 5. The process as
claimed in any one of Clains 2 to 4, characterised in
t hat. the[‘hh)qer@cﬁea%sﬂpttantédihedi am the pradestiang icddaim,
bet ween, cm,2.and 1.2 1 and
ChifRiEALaah dBsE T | bt AntaatRpir b Be1STh spdfiee
aréﬂ%ﬁ?fﬁﬁﬁé&|gé@@éﬂ@gﬂle7 1036. CM2 and 2 . 1016 .
CM 2. 6. The process as clained in any one of the 20
preceding clainms, characterised in. that the rapid

th rnal n ) kS ri t

tenper at%%ee@%&g@?%\s%é Sggéﬁgﬁd %368% fﬁtecaedln Odalm'
cheoalsisdd Thetpavcers aeldbal ded implamtesheoefortdethe

25 preceding clainms, characterised in that said
hyd9gedhi ng stage further conprises at |east one

operation of .stabilised oxidation StabOx of the

structure obtained after detachnent. 30 8. The

pr écess W chadpaedsi ast vd aprededimmpry apig of Claims 2
te far C§§gé§gglégdthattﬁakdtﬁta%g%eog%rﬁkmﬁ d% d helium
is substantially between 0.7.10%.cm™? and 1.2.10%.cm™?,
and in rthat the dose of implanted hydrogen 1is

substantially between 0.7.10%.cm® and 2.10*°.cm™.

6. The process as claimed in any one of the
preceding claims, characterised in. that the rapid-

thermal annealing (RTA) is carried out at a temperature

of between 900°C and 1300°C for 1 to 60 seconds..

7. The process as claimed in any one of the
preceding claims, characterised in that said finishing
stage further 'comprises at least one operation of
stabiiised oxidation StabOx of the structure obtained'

after detachment.

8. The process as claimed in the preceding claim,

characterised  in that gaid StabOx operation
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successively inplenments an oxidation operation,. an
anneal i ng operation and a deoxi dati on operation. 9.
The process as clained in the preceding_claim .5
characterised in that sai @sannealing operation is
carried out during two hours at a tenperature of

ar ound 11000 10. The process as clained in any one

t h t t
_ Suc?% %I ni SKI ng:;L tlfg%&t%ea@z g)ng{lnea%l Ir?gl og%;r atafjé(;igdrpg an

anrceaYireg opgrprion sondt hedeSkahdex iopeatrant.ichl. The
process as clained in the preceding claim 15
characterised in that said finishing stage conprises a
pl uy al i tyh Of 5 RIAL S a99<c§s%h@aceﬁl the eI QEESS] fn,
clainmed in any one of O ains to 9, characterised in
chatrntaursed tha fithiaghi repsd ag@nn@alttng Stas@ation is
t|on l,s_carried qut rior to the RTA. _an i
cazdied vah. SI18S TRE HUREE T hs oFaTREd R the T Around
11qU%@ed|ng claim characterised in that said finishing
stage conprises a 25 plurality of StabOx/RTA
sequences. 14. The process as clainmed in any one of
G 3igrs Irhd Qoo fhigr a6t %rl'a%%@d' Mo h@ﬁysahg Hienicshiing 7
stage also ‘conprises at |east one sinhple oxidation
to(ganhaxﬁptamu$b301slnhhe odudamgomh@pémﬂmahlng stage,

sin n_oxi dat i operation. o structure
e HTEE | e RS A PR 1! S BRBeBy PHE aBb P Ratco e
St AHIBE (Pé&htloﬂ5 The process as clalned in the
~ preceding claim characterised in that during the
finishing stage, the RTA operation is carried out

p“ %:regorlhsea';%:ééé@é Oéhgﬁxfnéaninl@heﬂbere‘?!e‘%&%s Aim,

precedlng C

—characterlsed in that said finishing stage comprises a

plurality of RTA/StabOx sequences.

12. The process as claimed in any one of Claims 7
to 9, characterised in that during the finishing stage,
the StabOx operation is -carried out prior to the RTA

annealing operation.

13. The process as claimed in the preceding claim,
characterised in that said finishing stage comprises a

plurality of StabOx/RTA sequences.

14. The process as claimed in any one of Claims 1
to 6, characterised in that said finishing stage also
comprises at least one simple oxidation operation, said
.sim@le oxidation operation comprising an oxidation
operation of the structure obtained after detachment

followed by a deoxidation operation.
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characterised ih that said finishing stage conpri ses
a. plurality of RTA/sinple oxidation sequences. 10

- 17. The process_aa_gLaLﬂﬂdzﬁn O aiml4, characterised
in that, during the finishi"ig stage, said sinple

oxidation is carried out prior to the RTA annealing
operation. 15 18. The process as claimed in the
preceding claim characterised in that said finishing

t conprises a lurality of sinple oxidation/RTA,
:egggﬁtes. igPr$F§?$u3?uFia%P86u&8dt@? PRECFHOREs§ 1ad ™,

cleh 8h 6BEri 2041 LrANYhepPe RiritRe PRECEAINGHGhA Brage, the
characterised in that the thin [ ayer exhibits a snal

RTAw- IR eiiehen esis r ctaghinesd, drtingulcar | yoa esddghnessple

oPEasured by sweeping a surface of 40 x 40 pnt,
substantially conprised between 4 and 5 Angstrons

RVB. 25
1l6. The process as claimed in the preceding claim,
characterised in that said finishing stage comprises a

plurality of RTA/simple oxidation sequences.

17. The process as claimed in Claim 14,
characterised in that, during the finishing stage, said
simple oxidation is carried out prior to the RTA

annealiing operation.

18. The process as claimed in the preceding claim,

- characterised in that said finishing stage comprises a

plurality of simple oxidation/RTA sequences.

19. A structure produced by the process as claimed
in any one of the preceding claimsﬂ characterised in
that the thin layer exhibits a small low-frequencies
roughness, particularly a roughness measured by. sweeping

a surface of 40 x 40 um®, substantially comprised

between 4 and 5 Angstrdms RMS.




