; Y& (e3el BBC\ FXFhl 6RI TIf wf MANUFACTURI NG PROCESS FOR A STACKED STRUCTURE
COVPRI SI NG A mmﬂg LAYER BONDI NG TO A TARGET SUBSTRATE DESCRI PTI ON 5

TECHNI CAL FI htion relates to a process for manuf ‘ ﬂ“
Stacked stru m Iﬁwm‘ ing a thin layer bonding to a tar get\mu\m “ﬂm“ “““
¥he invention is*Msparticularly applicable to the field of sem cop@setors.
$TATE OF PRI OR ART Docunent FR-A-2 681 472 (corresponding to Anmerican
patent 5 374 564) discloses a process for manufacturing 15 thin filnms nade
of a sem conducting material. This docunent divul ges that inplantation of a
[are gas and/or MURII‘E; ARCARSS FQfhde $HA rsm ng materi al

coul d creat e 3mh

m cr o- bubbl es—ot— : - ' fe . S
average penetrati on depth of the |rrpl anted ions. The |rrpl ant ed face of this

substrate is brought into intimte contaci with a support acting as a
stiffener. Furthernore, heat trea applied at a sufficiently

hi gh 25stenperature to induce an interaction (or coal escence) between the
m cro-cavities or mcro-bubbles causing a separation. or fracture of the
sem conduct THQHNTUGALr BLBLPnto two parts, nanely a thin sem cunducting film

bonding to the s ffener and, secondl ]Ehe regt of the 30 sem cogductl ng
substrate that 1Pn i t8VEQFh°Be rEEVRFED ast@ dohat i RGPSEBSt raf8Tor

support. Th@anufacturing a stacked structure comprising a thin
layer bonding to a target substrate. The invention is

10 particularly applicable to the field of semiconductors.

STATE OF PRIOR ART
Document FR-A-2 681 472 (corresponding to American
patent 5 374 564) discloses a process for manufacturing
15 thin films made of a semiconducting material. This
document divulges that implantation of a rare gas
and/or hydrogen in a substrate made of a semiconducting
material could create a weakened layer that could
contain micro-cavities or micro-bubbles (or platelets)
20 at a depth approximately equal to the average
penetration depth of the implanted ions. The implanted
face of this substrate is brought into intimate contact
with a support acting as a stiffener. Furthermore,
heat treatment can be applied at a sufficiently high
25 temperature to induce an interaction (or coalescence)
between the micro-cavities or micro-bubbles causing a
separation or fracture cf the semiconducting substrate
into two parts, ramely a tnin semiconducting film
bonding to the stiffener, and secondly the rest of the
30 semiconducting substrate that may 1in 1its turn be

recycled as a donating substrate or a support. The



t 2 separation takes place at the location at which the mcro-cavities or

m cr o- bubbl es are present, in other words along the mcro-cavities |ayer.
The heat treatnment is such that the interaction between the 5 m cro-bubbles
or the mcro-cavities created by inplantation causes a separation between
the thin filmand the rest of the substrate. Therefore, there is a transfer
of athinfilmfroman initial substrat® as far as a stiffener that acts as
a support for this thin 10 film lonic inplantation refers to any neans of

i ntroduci ng previously defined conmpounds al one or in conbination. Some
exanpl es areepeniatibonbardeentpladid f asi ohe etlocats oThi 8t pmidcieds mag al so be
applied to the manufa solid, material , other than

f
a seni condu®tFRG™ ﬁﬁYé%ﬁé%e(%fc%ﬁﬁﬁgtPﬁgbgksdﬁgﬁ%cpfﬁéeﬁﬁfeﬁﬁélftpﬁ & may or

may not be gpygtal LilRgg Thirse fihimkpBycheisiBgl e 1lagywer, of nuhéi RQakayer
(for exanple see docunent FR-A-2 748 850). This process can be used to nake

platelets teeabxanpl elel eztelonittaualtifty SOtewaicdrion abeaneart r 46€i ve
ot X, LI ADSEBLELRG, 85 hgon LREM ontg a-shiteon substeateqoovgied by an
oxi de I yer. 25°TRE &rticl e”"A new charact er rzation process used to qualify
sa filns" DMpkbnbhEEb@E%uuﬁeéﬂaprthhéﬂonﬂbEt@eSn Ritec. tVOh . £99m3, p.

| 73, discloses that an SO wafer .Wade according to this type O process
Cai n be bon#d &REo ZEFoxPHi £88 SURTHR Subst FaFEet ?ﬁ@fr&@ﬁqefﬁﬁaﬁter t he

silicon Sub§£5§5§e9a%fbe§n theroved hremotkhe, SO n el g and fomed t gsoxi de

| ayer by neans o 3 selective chem cal attack (for exanple based on
HF) is anotfier $© wakéd flienle rarthatverdted asi |4 corpdaettim Séncehtihethiege face
of th| fllg%;s the face that was bonded to the buried oxide | ayer of the
initial 5 This procedure was used because it was possible to
exam ne defects IBnRBe sldapp&mtéucm The fUHPOoSEoof 4y s gludy wasrto
identify the position of defects within the filmthickness, rather than to
make a new sntueducénglPrielartlyl e fdmed | @@mpevaﬁaatalmne)f odef éot s in

surface Si ne BOX inte e platel e
publ i shed i'ﬁo%.’ﬁ‘ TP oc. \/%?3897‘%%{%%@(11 Pandl(s ‘%ﬂ“ @Jogy and
application§if@ugﬁégy gosadi ng" by A J. AUERTCN—HERVE et al. published in

15 This process may also be applied to the

manufacture of a thin film made of solid material other

than a semiconducting material (a conducting or
dielectric material) that may or may not be
crystalline. This film may be single layer of multi-

20 layer (for example see document FR-A-2 748 850).

This process can be used to make platelets, for
example electronic quality SOI wafers, at an attractive
cost, by transferring a silicon film onto a silicon
substrate covered by an oxide layer.

25 The article "A new characterization process used
to qualify SOI films" by H. MORICEAU et al published in
E.C.S. Proc. Vol. 99-3, p. 173, discloses that an SOOI
wafer made accordi . to this type of process can be
bonded onto an oxidized silicon substrate. The result

30 after the silicon substrate has been removed from the

SO0I wafer and from 1its oxide layer by means of a



15 EEC.S. Proc. Vol. 95-7, p. 12 disclose experinents with bonding an SO
waf er obtained using the SIMOX process directly on a silicon substrate or
Fure silica substrate. This process conprises a single bonding step and is
ol l owed by renoval of the substrate from20 the SO wafer. The purpose of
these experinments was also to exam ne defects in the silicon film A
gimlar approach was used in the article entitled "Utra thin silicon filns
directly bonded onto silicon wafers" by F. FOURNEL et al., published in
Materials Science and 25 Engineering, B 73 (2000), pages 42 to 46 to nake a
di sl ocat i onSRELRSIR S rcatier br fhBecyl dferderiatyd avensed t Ahn HE)l miand a
nonocr yst al Li i , wSuhstr at A ntG ¥ Cel, "is) ¢
~' ~" 4] C~c."' ab%%&%x]r §C?f &%‘gi_éﬁﬁ;&léﬁzeé&?rit% orsgaltq:%&nr?a glljfn the fmeans of
obt ai ni ng t heet Hired afmre 30f i hhihe fitlackied tdta uCd ek etAst deser idaediday t he
i nvention. 4 cugent, FR-A-2 725 074 (caqrresponding to American. patent 5
863 830) di €1 dses geupv sSX B Wﬁ%c?gritﬁ'bé)aléltl?;gétlur%o%or‘f’ﬁ’fﬁesq-ng a
thin sery CO@QQ%tll?EoEé&HkBOWéQQ R Lakgelsesubstrate. Jaudigddy..dhe thin
5 filmis bonded to an initial substrate 'oy a first bonding energy. The
thin filmiexghénet rémsdetrs ednf rigm t heélinbni dlilsubst Tate porpbeet arfget
substrate by, applying tear off forces.to overcone the first bondi ng energy
and bonding¥8%gth%£VﬂYn %33 m%h 9H8nﬁéF§ett§6 FUBEL TR OﬁaigeEﬁFﬁ%filn1nay
be transferyednby reansroimanHidierdmdi abgtRErMHPU! 88 OhmaSibst r &g that in
turn is separated fromthe thin filmby tearing off. This process requires
that the boRBFHgtEBEErgi es at the different bonding interfaces associated
with t thin 15,f Ll . ra .enab essive tearing
ot Tha® b qugf’ﬁno@mﬁggé]s%o%f&e@%t Eggggégr@ﬁ, Ll ) by
i npl ant ati oaupfagascauseanpEun@Nx Qrendridce nat nehavachestslees"i »yt o use
a20 crystalline stop |ayer toenabhle chem cal (selective)attack

whi | es_upporMi n&gDﬁ)tgn(ﬁ:ﬁ' yetal IpiulkPérllszE’Féir_,Jthchl'ﬁy &E@&of &3 1i c8A2Phis stop
| ayer is anpnogrystald i nehayer - 0bnABERL Y2 %hed A@aqrcaej]tqr{gaytge@aég ed

siliconlayer, a layer obtained by epitaxy of25 ystalline material wtha
nature diffeoerdingl ooy hénat.ur AUBERTRNt-HERVEI | &t f &l .ex anplle sBiexCelinX)

anonocr,ystall nel ayer ofsilic de par.ous, fornmed. promthe solidpart of

t:~e s_J i cgri_L“'_&_sgbsFFgfe. §]‘?r]l"_%gé'§?nipquglzga ?]n%?(e_e ?Hm%’ﬁtﬁnﬂﬁgﬁoys stop
layer if30 héndsSngean resit owdepesidr amnrecrysiad ! kne f9iMo0rprocasthis stop
| ayer. It does not provide any infornmation about the use of an internedi ate

substrate. d¥¥¢¢hlyhe Rnovh pFdEEsSSN orSHEKINRES hi AT| ayparre of séitast ures,
cal od the shigel,processand desclibed s FRAL 80 472,800, bgoed on
separ ati on ste@ndhdr id ofeltowttebynlaantved avarhet dbadifdftiecubtoho obtain
some structures wi.th specific properties, d/or these structures cannot be
obtainé \MthaSOI watler. Tﬁ% Burpose éy]these experiments was
also to examine defects in the silicon film. A similar
approach was used in the article entitled "Ultra thin
silicon films directly bonded onto silicon wafers" by
F. FOURNEL et al., published in Materials Science and
25 Engineering, B 73 (2000), pages 42 to 46 to make a
dislocation network in an interface plane defined when
a thin film and a monocrystalline silicon substrate are
put into contacrt. Tne article doss not p-o7ide any
information about the means of obtaining the thin layer

30 in the stacked structure as described by the invention.



10 sufficient quality. In the follow ng cases, the direct process cannot be
easily applied and the technical solution to be provided as described in
this invention is not sinply an adaptation of the process. A first case
Telates to the manufacture of 1~ structures of thin and/or very thin
stacked filnms with a crystalline |ayer present on the surface of an

anmor phous layer. A first exanple is the manufacture of filns wth

thi cknesses |l ess than a few tens of nanoneters, for exanple 20 nmthick
silicon films on 20 20 nmthick SIQOz fil ns bondlng to a solid silicon
support. Bondi ngleerEens éﬁeﬁt%wv??éﬁh%nt¢®r¥%§@Q@@$P%utPn@mﬁﬁeceeparat|on
step in the %re%t pr, gﬁﬂ)wQ} dﬁ géat ?Uf 9&9 ess uses
a separat|o step |nv ving ‘a enperat eat ?P xanple

25 | ess thaa 5@@&ucttiies mairatslmg step teyn Ol‘sémycdﬁwcﬁucb’e’ n@chanmal |y
assisted. A second exanple is the case in which thin fllntstructures W th
specific prBpePLngs BN 2 shpfeet2 s %Pb%ﬁﬁ@%ﬁ traltitiehtss atthee~FapByat uves

great er $hap;the 1eMeratay s of shealnt § £ai Meuts, 30 appli,ed pr ey us! y

during or after t |nn|ng one o e substrates used or exanple using
t hi nni ng bybbhding6edierggt. pﬂ&ﬁﬁﬁﬁ%JlBbhhmngsdEﬁ@mtBram@feexadpfeomuch as

bubbl es inf|ated,w, an then occur_to the detrinent of the auality
of the stru%ﬁﬁreln %ségonﬁu%ﬁgéar§1aﬁe% td'S het Hefiif act P2t b?ts sPYuctures

in which boggdpngifar ¢es hefor erd hee separ atkerotkeRHeS - dthepdhli gy process
are very |l ow. For éxanple, for sonme surface preparation conditions before

putting intenevgyacind cleadimng lodvelkhef thencdﬁﬂ@newm mahaf acdugéng
process, .t hat _geperates a,gi ven 10 surface r ness t he, hond bet ween t he
el S0hportIShERERe sl i F ATRER YL R RS 1Y ARoPerrEa has o
very | ow engfgyan ThetseRaicatit@n skepmdmiphea th eGuHytacess ksathemn

i npossible. Athird case relaxes to the nmanufacture of stacked 15
struct ures BErfatisr i ERAFBFCHILER™ heNobhincifdnits BY CrReralo e@(%énm on are

too di fferg?lt | brbhesdi frfe AN b@t’h ﬁgh hﬁoﬁB% ehes f diherm

expansi on he"hateri al om wh mto be transferred 1s nade
and t he nat@rfﬁeremtthemﬁumg smpenfaces teeduigited hei 20 hbwed wnih fai

bef ore .sepa n d|r process_jf a heat treatnent is applied to
Che bord. | oL BxaHpTE, B8 VSl HECTSSEL B ST | CHASITl SHUEHTT L T or whi ch
the ratio b@@y@f@%tggfgoeff|0|ents of thermal expansion. is 2. 25 A fourth

case relates to e manufacture of structures in which bonding forces after
the separ atl o_n sTep u§ie|¢gmtilqeledi rletmwrproeess BRI beddosy omorer yaseow. |t

wa_ i =ub_=~ v?. ' CC~¢ ~~~j_the stacked structure to
Farmai 1 ow STREHTTHE s@jart 1 0 SHEp Bis: FEP LHE 4 18t Opr SHRE W hoss bl y
even | ower dhapoilimesforogenegessar ytafmr csepaatdrast isechi d had use a
20 crystalline stop layer to enable chemical (selective)
attack while supporting a monocrystalline layer,
typically made of silicon. This stop layer is a
monocrystalline layer or an epitaxied layer. It may be
a doped silicon layer, a layer obtained by epitaxy of
25 crystalline material with a nature different from the
nature of the thin film (for example Si Gei-y), a
monocrystalline layer of silicon made porous formed
from the solid part of the silicon substrate. This
technique cannot make use of an amorphous stop layer if

30 it 1is required to deposit a monocrystalline film on



separation w =1 be possible at the bonding interface later. This is
applicable particularly when several treatnents can reinforce the bonding
interface. In a first exanple that for exanple corresponds to a 5 renovabl e
fa-get substrate so that it can be reused, thinning by sacrificial
oxidation of a silicon surface filmof an SO structure at 950C causes an
iLncrease in the bonding energy greater than 1 J/n2 which is not conducive
to subsequent separation of the stacked 10 structure of the target
substrate. In a second exanple, thermal diffusion of conmpounds, | ocal

oxi dation, ®&hés, Sﬁéy>bbah%€esséﬁy dergreat é@PVGﬁ£Sd#E/o#nﬁﬁémhéy@ﬁs whi ch
is not a pogbgh¥e pglﬂgefg% ﬁﬁpﬁﬁigk%%dﬂateh%Lﬁ;gﬁ%&% structure since these
15 operations parF|C| € in ferntorcing the “Bont i'ng energy. It may al so be
desirable to havmahvem)e I]evxbenfllrbgeerserﬂgyf imakhegf ithdln stapetsres for
exanple in the case in which it is required to nmake a deposit on the
structure, $hF4cHBpBSIt Beileg rthyhtirectebsedes6 AifhatetriPadail or sone
of the gtackgdasyrugsyre and Lthe tarQ %Hbsaga Baehi fn¥Pak: bRt KT ace then
acts as a stress accommodati on ar ea. T isis port conpl I ance

appl i cati omoketulsah @mnauwgeweshtatﬁmnmhnaﬁapbmteaﬁdS$apkedt25n

structures made f het er_ ~equs mat The use of terials with
di f ferent naturg /OFOF %hﬂTD gb?l&%ﬁ 8P ﬁe?nﬁ@’o ﬁﬂ gg}f%b§UE
dielectricsgomeiddig Ggee Rerdicie def ewhﬁhdeggaéimbedpr theidisrect 30
process. For exanple, the bonding of a silicon filmcovered by a silicon

nitride filandiprh Bhesei cORrUCBURESr | @enhp: ~bet sebEanedri Wyth sh=i con
L' I'm flpequeﬁ'&i’c%&%Ogﬁgﬁtﬁond'ﬂgt%%_%(btlﬁomq{[ ar{aesef SH e d&f?@éfjat ed
uring the separation ep Irm'thé direct proces I s case ilrr~1is

a substrateposcaséi ldamion Ueacked S st apetiueel cavier edhen tdehsuckace by
the nmentioned film A sixth case applies to the manufacture of stacked
structures $lWhieh EOpW§s§§9ﬁ%ﬂﬁﬁtﬁs a“€RERGESHN ithe Hat Liev Rt &t er i al

may occur. for, ﬁgagp%ﬁlys HEaH§%€5£§B§ ganpgL, ggogégg in direct process due

to 10 inconpatibility mnt the thernmal budgets. Thus a stacked structure
conposed of a siAiconrsil mcamepaltalditas f i ton abtiea gidnudarctwafer pfoduces a

silicide above 200C t ha n gV ood_bo bon rades t hi gher
t enper at ur 655 rlf%?“%‘?(%ﬁﬁ% %EBBV@FM@%O‘@}@% gﬁ”ﬂ‘s (%n%g‘r Ar & typi cal Iy
used to oxige Grpd4dTDMé i I Taydr Or;ﬂﬂésé@treﬁuCet}héS étﬂtﬁéﬁé@SS@fAn&ﬁ her

exanpl e applies to optical aﬁgllcatlons in which a netallic mrror may be

added to a HIPTREPUShbRYSBY nDl EéLPSr eHeAGLAg 1sTANe Mamiiat wie rof cannot
be 20 heat {rgated, gEhtGQE?E%EB%%%sabq%%éiféﬂ%ﬁe”§ of: (o %%Agmuofherwm
e

budgets tha coul d"be us I'n" the separation process woul d be 1npossible
The direct romestsecannbor abnayslbezlsen tbickke idtiacked fliemaet r2@t ures

i ncl udi t he conservyati on, of 25 specific surface, called the front face.
It hi Q07 edBoct L aiar S10a "hi FT5 SpoBSERGI 5Ot Re NGt P bfS WSk

StrUCturesBdhd@ﬂé*ﬁéfet§s|akéffhe$ IT%Qhebtiy irewHaled -during the
~M-.S " i-~i ~C~ vy .1~ v. ~or exanple, the surface

roug_ zness&ﬁpéﬁﬁigﬁmuéﬁ@fe %hlﬁﬂéﬁ dorBgtt HeroFeeet PHdcEssCant ébet he
separation glten wll, need to be,Ledyced depeodir g oo thgcpbanned.,

involving a low temperature heat treatment (for exaﬁple
25 less than 500°C); this separation step may or may not
be mechanically assisted. A second example is the case
in which thin film structures with specific properties

vz subjected t©o neat treatments at tenperatures

o

greater than the temperatures of heat treatments
30 applied previously during or after thinning of one of

the substrates used (for example using thinning by the



9 application. Ir_ the case of silicon, this reduction in the roughness may
conventional ly be obtained by chem cal -nmechani cal polishing (CW). For many
materials, for exanple "hard" materials, thus polishing 5 is either not
suitable (ineffective) or takes too |ong (higher industrial cost). This is
the case of a structure thinned using de direct process termnated at the
surface using a sapphire, SiC or dianond film for exanple. The surface

M cro-roughness of the "hard" 10 filmhas to be reduced to satisfy the
required application. For this type of material, polishing by CW takes a
very |long tHABEEd PRgicesent. anBorGbnanfiedeatey SPrpsl¥asiils dwch hes
structure 15, 4rys0i thEgULLAt O coRtrgls The gxtra gost Lnyol yed [gothen 1~
very high iT an épi-ready type quality s T0 be achi evéd. W can also
mention thedeanifraatucé aehestaekedysbrrucher esruatwitiech one of the filnms is
provided with one differer_t characteristic on the two faces. This is 20
the case if the &trd8FGRE obB&Cned Sy “Bfe diY edthSr SRTEEL TSHPFE se’fa

sur f acesi ncoppatiblesw tbnth%pﬂéwne%otﬁ%%gtﬁar&@% Seﬁglfﬁf:!eon ehep. For

exanple, due to its polar nature, a nonocr alline SiC m has
charact eri sséparhbiothetspr asdepftiomedf aget | prabeconpased ami nl gw of

silicon ato en one face _(called an Si_ type surfac and t he, surface of
The other 1 oes s ke H0° o oA Biohe T E e PPt orey
~ G L4iil L peford. 'pitting _€nto _copthét -ldleddidg, . 16w . of~lahe~ L. 1t

o ft'ec~ Si type surface .s avail able. However the transfer of 30 an Si C
film for exanpPecysiAghrRacivréer pocEss tRaceehrpaated By &ieeange ?n
the r_apure 10 e i % ANi i type
si nce ? i's ?@%%é%% ayghﬁggéséhdti% é%%%ig%ggg%%RTEéFe o%@}t%&é$§%§ face is
5 transfer d&yydtbeedgreetrapiogesslat@Mt ayles . fidh tbedeswiacefesrad face is
easy to polish by nol ecul ar bonding. of the C txge,after The, sane is true
for a Descridti 6n BETYhetqthvEBAEFEY-  The separation step in the

direct process is then impossible.
A third case relates to the manufacture of stacked
15 structures of materials for which the coefficients of
thermal expansion are too different. If the difference
between the coefficients of thermal expansion of the
material from which the film to be transferred is made,
and the material of the final support is too high, the
20 bond will fail before separation by the direct process
if a heat treatment 1is applied to the bond. For
example, this is the case for silicon and sapphire, for
which the ratio between the coefficients of thermal
expansion is 2.
25 A fourth case relates to the manufacture of
structures in which bonding forces after the separation
step using the direct process must be low or very low.

ths
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stacked structure to remain low after the separation
30 step using the direct process, possibly even lower than

the force necessary for separation, such that



This invention overcones the disadvantages of 10 prior art and provides a
means of creating a stacked structure conprising either a filmwth sone
specific properties, or a filmwith a |east one surface with specific
proberties. The invention is based on the surprising fact 15 observed by
the inventors, that unlike the direct pyocess for which the thin |ayer is
bonded to the target substrate and then thinned, all the defects nentioned
above can be avoided if the initial substrate is thinned before the thin

| ayer is bonded to the 20 target substrate. One or several internediate
supports neeépababéouset tlb bPRveresthese bondimg Heddimionningesteps.
Therefore, th ur pose.of the_inventi i for, n o ing a
st acked strt%?fﬂgé 2~§§(l) ri%si ﬁBpé gﬁéggt %%%f%‘?%gfg e%hﬁgﬁdg%ge%gia t ar get
substrate, €paptihshdy dae fodOfbAge steps ba)dimy nehtenfatea thim hayer
starting froman 1_1el1"1 ...~ 15t~ .. ~t, t_1~t.|=""_|l~yc=1i:".-"V-""~~ ¢
.. ~ ~adf&ast edeKRBPEEr stthednt ake T f aB8aMBOSh) SOHESSMY e 59 st @cont act
face into b i ntact it of..an.inter:r. ~edi ate s , the
struct urrse 0 %géﬂg%fge%%ggg\gnpg%?ﬁﬁgg%t ﬁoﬁa}:}e}?&t ﬁitnn?%g tgfv tﬁg@?ﬁ{:{“ al
substrate, chitnhimgi by cfaddief igaiad iokidat icubstr at esitloi@xposerateee face

of the thin_|]ayer call the second 5 cqontact face and opposite the first
contact 1 ace: Lty Obusb 7Ry Ta SFALETURS: R Cabat GIBRS A% THS bondi fg
contact w tihat JopesthPache oyt hersspcondrgant act Jiace, wi hen stirsuch gt e

obt ai ned bei ng conpatibl e Wlt% |'at er renmoval of all or sone of the

i nt er nedi ateonidueipport9 epubemavgntof sgparagdsonparal ofthite shdeked~edi ate
support.in order, to obfain_ihe i ta tructure.. Thinpni in.step c)
or rerré\gal ?%r%‘ffe]f)‘%) 8§n Eé% aﬁ%@%@hn%@%%&&a | e ofIneI i‘?ri n% ?J?lgdt he
initial 15 substr@l e ofhéheal nt el nBfiat en support . codmppadids cul alocal
separation, fracture (b¥ the creation of an area weakened by the

i ntroduct i 2 gERRouSTEonpBENdDE MREIEIRCAl CAndF8RtcReM & 2@FRAck. It

may be possaf' & Ho neussd e suksirate apd the BUBPOL Ve g;%@%gi Ngo PN 20 the

t hi nni ng and renoval type.” According to one particular enbodi nent, the
target substemdmatsomn| pfa tEmpor stpckepporstfurtuhe t bBinckayethesde sai d

steps o the process being entirely ar, pagt!yerepeateds, Lhe farget,

enerqgy. It may also be desirable to have a very low

bonding energy in the final structure, for example in

the case in which it is required to make a deposit on

the structure, this deposit being highly stressed

20 compared with all or some of the stacked structure and

the target substrate. This weak interface then acts as

a stress accommodation area. This is a support
compliance application.

A fifth case relates to the manufacture of stacked

25 structures made of heterogeneous materials. The use of

materials with different natures, for example silicon

or thermal oxide {(various dielectrics, metallic

\

. . o . .
e~ ~ - P L e e e [ - S - -
materials, sermicoaductors, sugzuconcactors, ebce.) may

cF

cause bonding defects demonstrated in the direct
30 process. For example, the bonding of a silicon film

covered by a silicon nitride f£film, with a silicon



25 the initial substrate or the internedi ate support. Thus, the process
according to the invention can be used to transfer the thin |l ayer from one

support to a::ot::er s~~pc;=~ as :rGy ti.~:~s as n~::essrf~ tc cbhtGn a
stacked structure with the required characteristics, 30 and particularly a
stack wi th technol ogi cal conponent |evels. 12 The conpatibility of the

said structure =n step b) a:~d/or in step d) may be achieved by formng a
thin layer in step a), in order to avoid bonding dafects during thinning in
step c) and renoval in step e), S respectively. This conpatibility nmay be
due to the hilgirshkied fiilzckinessl ofcaher tig i | ayercandf oimt hé rrgtienitdly or

mat eri al s making up the saj.d thin |ayer. The nature,of 5he in%erne iate
suppor t andf8FrEHECF§r &t t %ﬂ%?'%]?ﬂﬁﬁeﬁﬁewf?ﬁlgﬁe FRPASFAFEFY may be
10 chosen tguavalgd &y s8serRaibhi kictky riel ated beracphasewnge aoh the
materials in the resulting structure. The nature of the internediate
support andt8ist késear getf Hdbsits @t W eaitactt vt t Aitheorhinskagéed may be
chosen a ~aaoi d i.nc i bil] rel t .het er ogeneity of

t he mat es‘)?i a is:EE?lﬁ%tgﬁg F%gélrteir&néms)t%%&ctsﬁrréf%C‘Fh?%%?ﬁr,gne(]?fsu‘tr&r?’eecl{ (r)lfglglrmrfedi ate
support and/or thestatgetcasubsigrtied tcaiaciantfacthestbfnstayeed may be
chosen to avoid any inconpatibility related to a difference between the
coef fi ci ent §EEHCEYTERerfal VekPandi RS tHETIR P Fredi e Sifppbrt TBAd t he

thin layer.Jo,enahle this.compati bidtycdhe thimbayer and/ or sthe

i nternedi ate support and/or the target substrate nay conprise at |east one
addi ti onal hmayeriwish cantatt Pace(syd Tm t kiigecdsepribekose dtiep dp, 25 the

addi tional |ayer be .provid ith all or par f at |east, one
componll. TRECHAATLPORAFY. afer g hBe. cOfpGabd BPSERTSxi do BPOS. @

pol ycryst al bt aexsh! | 6@ @it ude N.corigbsUS ofi | hCOIs1.113RPS @1mnd g) may be
such that the roughnesses 30 of the first contact face of the thin |ayer

and/ or the paléadednaté lsumict ta apeliess wWRAARTt Fadngfinesseslbeide13 the
second cont ggL,, face, gad/ qr the Larggl  5- bStyale respectively, Lhe,
y S S

conpati bili o~ the ructure o €p d) "belng obtained by putiing the
second contaetréaee oittheighén | ayepetatorbondi Agr comkaablandabyvd renoval

of the internediate support. The bondinﬁ contact of the first coptact face
and/ or 1Phe SOGORAWESREacE fiRe CTTRREATRFR Fyperadini eveny theo¥hd

compatibiligy & steRp bri8Rd/ on SEEReH) FBY FESWEL 1o e s 08

treatnent enabling 10 bondi ng contact. The treatnent enabling bondi ng
cont act mayAhethechaskemplehempphleandior ¢pnicapolamhiicatiosertimn of an

nLer et oty e, BeL gD COLL eI SORLon, 208 Pl LIe LD | e

by molecular bonding. This metallic mirror cannot be
20 heat treated at temperatures above a few tens of °C, so
that thermal budgets that could be wused 1in the
separation process would be impossible.
The direct process cannot always be used to make
stacked film structures including the conservation of a
25 specific surface, called the front face.
In this respect, note as a first example the
manufacture of stacked structures in which it 1is

3 — - * de e - EEETRCr L30T . -
t to xolish tThe suriazce film c¢btoin

()]

~1 4 <A PR \ ;
CALIT1C:L 2. 20orx

examp.e, the surface roughness of the structure thinned
30 by the direct process after the separation step will

need to be reduced depending on the planned



15 treatnment or a chemcal treatnment, or any conbination of these
treatnents nay be applied. The treatnment nay be applied at high tenperature
due to conpatibility of the structure. Advantageously, step b) and/or step
d) may be put 20 into bonding contact by nol ecul ar bondi ng. The surface
polarity (related to the nature of thedgeltoms on the surface) of the first
contact face of the thin layer may be different fromthe surface polarity
of the second contact face, the conpatibility of the 25 structure of step
d) being obtained by putting the second contact face of the thin layer into
bondi ng confBBt1GRLACNhe tldr Jéte AR rat eS1bherhy Eekdvapdeftion in

N N Bt I~ I N Tt © B I g 1~ t cZ: G~ ~= .. aT
the thin Iag:/}elf tkl?ac%u%khnuﬁess%egg% s a r}%égi#%%éé.i#ﬁe % stofoutc ur}ée(El pY-
conpati bi | i tyematheévadcranstep d) ppayshengbt ai(asieh) by putt Eng t heasgcond
ccntact face of the thin 14 |ayer, intg bonding contact with the target
subst _~ate W‘Fﬁréaﬁﬁndifﬁg" EXEFEY Sapplaodpt | -G ore posstBty PebYALDEf the
target subsigaterabtemstep, g)apAdvanhageasshye)t hirs thondi ng,gnergy is |ow.
An internediate step may 5 be inserted between steps c¢) and d), consisting
of maki ng elehehes | indhetsesdbndcedht act flTes ofis hghehi walsgyerfand/ or in
the target S{_stst at e, th(—;}1 setd('jucture (%%t ai ned after stssp dé bei ngtcarrpati bl e
with the presbREE Sf (He WK%Y 8P eREntd® THEEEC bl EFETSS el BB 16 Evi ti es
or all or patttbe conpReNt §s{AhCrOS [N 0N CSSiopbrond Ginored CF) 1aNd may be
made with a certain surface topol ogy. Before step d), an internedi ate step
may be provieedesdanBilsti nghef satfEGemitig peraidisie s of delret bhpzel'ate at

| east e |z area t s nd n t ce,. st ) ti . ast one
of thegg arfe%grﬁi n%lgtsbo%%i ngjcégonlfg%ltl&?\n&t hfctghe staa%rlgs\sgrydsutglgllt ra?%ggsl'ﬁégt rinmmng
operation nmeypposstbby.t akeopl abésbefypree sf epaaprialdt groltilhirenonwal step
e) , the areas) of the layer that are not in bonding 20 contact with the

target subst¥ate ?E%Ri n? on'EhE | hPRY et Bt e SQUpptrRiSRE tay2be t FARsferred

later. Step,)rdBYibg dope Eb@&"sh”iggf rom a tHebstyat g gover eds byV@£y| east

one layer of material. In this case, after step e), the process may

conpri se a &t&Epi@+leonsi spintgodf. elThg nextng thetl dywo lokddtertag¢ncoveri ng

t he sggrateegién ﬁ% aﬁ Ag:rﬁgrdi_ngvto one_preferre .@nbodi ment: - Ster; a
' C ~Te ~iTt~

Jli: SPYTREANW 'FPT, FUEHIYY D g - S RonBunds
in~o the i nddnadvatbstrate through one 30 of its faces corresponding to the
first said contact face, to forma weakened | ayer
We can also mention the manufacture of stacked
structures in which one of the films is provided with
one different characteristic on the two faces. This is
20 the case 1f the structure obtained by the direct
process comprises a surface incompatible with the
planned used after the separation step. For example,
duve to its polar nature, a monocrystalline SiC film has
the characteristic that the surface of one face 1is
25 composed mainly of silicon atoms cn one face (called an
Si type surface) and the surface of the other face is

composed mainly of carbon atoms (C type surface).

1

1C aszunes tiaat & free

[}

Ccentinued grewtn 1o epitaxy on
Si type surface is available. However the transfer of
30 an SiC film, for example using the direct process, 1is

accompanied by a change in the nature of the surface



15 separating the said filmfromthe rest of the initial substrate and
possibly leading to a fracture of the initial substrate during step c) , 5
- step c) consists of making a preferred treatnment to obtain the fracture
inthe initial substrate at the weakened |layer. This treatnent my be
thermal and/or nechanical. The initial §ubstrate may be single |layer or
pulti 10 layer. In particular, it my é nprise an epitaxied |ayer. The sane
applies for the target substrate and for the intermnedi ate support.
According to one preferred enbodi nent, at |east part of the internedi ate
support nmaydoe rtemptednbygt evels i nffheduictiitoire lof fgasesus feamounds fei t her

t hr ough thetﬁhigyla er after creati a copt?ct ar throug{ t he.cont act
face of the it ermedVRE e 3lGHort Wef ol of - af t&F Pt tHy i t°i RESBEndi ng
contact withithe §icstarcontiactefiage f bbadthhp myecultd spaddihion. of 20
gaseous conpounds form ng a weakened | ayer enabling the renoval of all or
part of thelhRreim&di-at EéNSuppsee, pessi by céver E8CbyCa EVPm of TERE thin

layer, by fgaghuke, Ly t‘tgliaes (ﬁ.aﬁ%g,’gi }gokg‘ad' £r ”?ﬁrié‘@an?{pj{)gr{r{@yf% reused,

for exanple, 'as a new support. si bly, e stacked structure obtai ned
at the end GkNstlepee) is thinned on the side of the first contact face.
~ i .-, pLL,C ==~ 1li-.-.~l::Sc~ r~'"1"y COhd G"'.lul~~y a:l'~

t her ef or e high cost initial substrate, for exanple a 30 300 nm di anet er

nmonocryst al beBerspkicfNof dhel Ah&iRdoat € support conpatible with the
initial 16 substrate in the sense of step b), for exanple a
monocrystal | i ne Shitscodnyghdtiont e ermase sy Hie SidDsaxvaet4g¢sn aft ar get

e BTG 0 e 0 o RS e el

qual ity than™i silrcontin einitial Substrarte F exanpre Tl _
| ayer conprisingtairki cmmxisitPnel bee AoBOCE Y&i alvl the sind copeOLEQENaAt i Ng
fromthe initial substrate. Simlarly, the target substrate may be ot her
than silicoRFORETERESendPf at hel PR okess, & hd SASIEm Wbt aiSNeéd ary ol he tar get
substrate |§péE§gi¥eE¥og§9gigggl|ty. Furthernore, the initial substrate may
be made, and the internediate support will be reusable or may be
sacrificial depefdengioventsoqgualstparedoshn Euet hennprésiag SE&cor GAs
InltlaHSSUbgéggggédanbglC%he inventors, that wunlike the direct
process for which the thin layer is bonded to the
target substrate and then thinned, all the defects
mentioned above can be avoided if the initial substrate
is thinned before the thin layer 1is bonded to the
20 target substrate. One or several intermediate supports
need to be used to invert these bonding and thinning
steps.
Therefore, the purpose of the invention 1is a
process for manufacturing a stacked structure
25 comprising at least one thin layer bonding to a target
substrate, comprising the following steps:

a) formation of a thin layer starting from an

e T2

initizl substrzte, ths fthin layes nzving & Ifres Zace
called the first contact face,
30 b) putting the first contact face into bonding

contact with a face of an intermediate support, the



15 or GaAs internediate support, or an SiC or GaAs target substrate of

| ower quality than the initial substrate material may be used, the thin

| ayer containing SiC or GaAs originating fromthe initial substrate. The
thin layer may al so be a layer of a material 20 fromSi, GaN, Si C, LiNb0O3,
Ge, GAS, InP, sapphire and sem conductors. The invention provides many
advant ages i ncluding the foll ow ng: 2511 A nonocrystalline filmwth good
tcrystalline quality can be transferred, while the stop |ayer for thinning
the internedi ate support is an anorphous | ~~~r . - A recyclable
internedi at etsupport reyabeecusddil) danpexdnd ewbyh chetknghiihaibgondi ng
energy, if the _cost of .the int rn%diate substrate (quality, nature, etc.)
17 is hig' n® THE§,1815&F30FV3F§F§iﬁe SiCinternediate support nay be ~:sed
to transfer a high egshnang/ obrhi ghaquaddity mMonoeryst ablbserSEE fitbm As an
exanpl e, the bonding energy may be controlled by checking the 5 roughness
of an addit ¢spabel aydrrass gg@@ AepbbPt é81ien Lyt il legefhor seacrbe
internedi ate_ s rt.. As_ar, r.nat i, ntral. the hondi ng energy of
the int rneﬁ?%#%gguéﬁgst?nﬁto%gégéQ%I§§%b§%6%§sf%ﬁgéFg:&%%Qa consunmabl e
fi-~m (for exanphe pntexhge)a ofadee surfage Iafed hissibisht-errediate support
torecycle it (lift-off technique). - It is easy to choose the thickness of
the final bePR@dnexi denbpcthevihber Abdi Ak8SFayBrrtdi efecEPfc, SREPAFI I c,
etc.). 15 -angaef' neipl e ofot he dpMetd og, By, Dg lrngdc{:]ﬂogfiq?ﬁ.é made of
ot her r~onocrystalline materials nmade of sonething other thah silicon at

| east for owmetbf lblterf itemoval tbe stlacked stmecodr hd niphetmediate the
process ,may be used to apply a sapphire, SiC, GaN, 20 LiD b03, Ge, GaAs,

| nP fiIQ]Oﬂ?%p%ﬂ§t5upport. - This sanme principle may be applied to target
substrate types gfhgeméhan <d i gon, 14t exanmpl & fuahkeZz OftafvegulsEra: . e,
and advant ageously a | ow cost substrate (glass, plastic, ceramc, etc.). 25
- This procesgreaay be apperediot ebaaynt fpe 6k 1demitaskedcsitayatiung. f or
example to 111-V,, . 11-VI and I em,condu r.to [ n r.pitride
filmor any ~ t %h%n?l?gylg €¥e.r§)f8? ﬁéﬁé?a? }Boéiééfgviﬁ%g.P%él ~J a
i 1:.a S ;;any: €echhigu8 Adapdiie3 rof eliminating the initial

15 substrate or the intermediate support. In particular,
separation, fracture (by the <creation of an area
weakened by the introduction of gaseous compounds),
mechanical and/or chemical attack. It may be possible
to reuse the substrate and the support, depending on

20 the thinning and removal type.

According to one particular embodiment, the target
substrate 1s only a temporary support for the thin
layer, the said steps in the process being entirely or
partly repeated, the target substrate being treated as

25 the initial substrate or the intermediate support.

Thus, the process according to the invention can
ke used to transfer the thin layer from one support to

ssary tc cotain a

0}

.
s wen, timss 25 nac

93]

anothner 3uppert
stacked structure with the required characteristics,

30 and particularly a stack with technological component

levels.



Zr Oz, SrTi03, LaA103, MO, Yba;~Cu_,Z, Si O ~Ny, Ru02 or 30 other
materials, and particularly piezoelectric, 18 superconduct ng,

iinsul ating, netallic, ~yroelectric, nonocrystalline and other nmaterials. -
This process may be applied to materials with surfaces with polar
characteristics. S - This process may b§ applied repetitively to materials,
for exanple to obtain conplex nufti-IaQ r structures. - The manufacturing
principle for a nonocrystalline filmalone, for exanple silicon on a 10
final support, may advantageously be used in an application in which the
final support is TheStadagtatie Miidy, adf |Eastsone processed on yrproegssed

| ayer. This nonocrystalline filmof transferred silicon then itself becones
the subj ect 28C/P&chhdl 6§ic®al A5t BFY iBF 0PGEFSVE1P Y r EREEIAIcoMpShémt . Thi s

principl e, ilfa\'etri§nr%|%ee%tega,cqmq bgrysed £or 1 3D; §t agking, £f sLechnal ogi cal
| evel s of conponents. - The process according to the invention can
conpensat e florisgvetrhainoypes of ishepnpat i birdd t kesovala 20 peran celar

production. QOne or .several internediate.su rts_may,have to be ed to
achi eve 5?hi S T Iy'subsTglrlast eg?mPﬁgéétlEgggstm@f egeangu?ntteor néz'leat e

supports nayibesskackedh siuneddr esg 2bnBri ehidesardydd onaedi/bhe dnaw ngs
The invention will be better understood and ot her advantages and speci al
features wi MPtEEESke @1 eBATEFESH Sr @aI¢IDY 1Pt (Ehe j sadd, 10in | Layed~sC t' ~1,

;'tf;Lhea*BéigreEWnﬁtgzgrgﬁo% V\H(g:;h 1 hEaLhakl ¥e.eXaRh8 £ 2C5RADAYI ed by the
target substrate in contact with the thin layer, may be
10 chosen to avoid any incompatibility related to a phase
change of the materials in the resulting structure.
The nature of the intermediate support and/or the
target substrate in contact with the thin layer, may be
chosen so as to avolid any incompatibility related to
15 heterogeneity of the materials 1in the resulting
structure. The rature of the intermediate support
and/or the target substrate in contact with the thin
layer, may be <chosen to avoid any incompatibility
related to a difference Dbetween the coefficients of
20  thermal expansion of the intermediate support and the
thin layer. To enable this compatibility, the thin
layer and/or the intermediate support and/or the target
substrate may comprise at least one additional layer
with contact face(s). In this case, before step d),
25 the additional layer may be provided with all or part
of at least one component. The additional layer may be

composed of an oxide or polycrystalline silicon or

Steps a) and ¢) may be such that the roughnesses
300 of the first contact face of the thin layer and/or the

intermediate support are less than tnhe roughnesses of



19 - Figure 1 shows a cross-sectional view of a substrate called the
initial substrate to which this invention -s applied, - Figure 2 shows a
cross-sectional view of the 5 initial substrate covered by a material |ayer
and to which an ionic inplantation step is applied during inplenentation of
the process according to the |nvent|on,1 - Figure 3 illustrates the step in
which the 10 initial substrate is put |ﬁto bondi ng contact through the
material the material layer with an internedi ate support according to this
invention, - figure 4 illustrates the step in which at |east part of the
initial subsheateedeon@l| iqumatad decer dimg/d5 tthe hitsrigerensi:bagratéi gure 5

illustrates th f creati bondi tact with a face of a target
Substrat e, FRTGHON 4pssci LS | Gyar- antbr i fo 1o thts PROBALIGR. OFfi gure 6

shows the siagked)stpachyr %&mlaierwdﬁgygmﬁhﬁ; PtREEST ARROr dbAgate the
i nvention. Detalled descrlﬁtlon of e nts of the invention Several
exanmpl es offage e &het: hRsn| mafry oANel | PpeddegcriBetctr égd eRdnpl es

are varBatlfgﬁoggl Héog§§§6ggaﬁggg ggg?g% of t he i nvention,

consequent |y rre ing this process using an
exanpl e and mnthThefeb@m@EnQC)d@@ﬁﬂ@@ bftothe r firdt: contactuvhhde. ..
CG!1'JS S-~CC: g o~1.~"~0 a 725 ~mthick, 200. mm di anet er
silicon maf%?dﬁp¥orﬁ@%g %@c?ﬁ i APRFaFtsub’tPatel Fake 2thinthkaY®ftial

substrate 1aé1§1é’%‘i§¢;2€14et%a§dt Gbﬁmb@%%%l@flt@oqm@t@b flﬂatand?&téé‘@é nment to
create an oxide layer 3 (see figure 2). nmufti-layer can al so be ‘used on
substrate Id) may result from <the use of a treatment enabling

10 bonding contact. The treatment enabling bonding
contact may be mechanical-chemical and/or ionic
polishing, insertion of an intermediate layer between a
corresponding contact face of the thin layer and the
intermediate support or the target substrate, or a heat

15 treatment or a chemical treatment, or any combination
of these treatments may be applied. The treatment may
be applied at high temperature due to compatibility of
the structure.

Advantageously, step b) and/or step d) may be put

20 into bonding contact by molecular bonding.

The surface polarity (related to the nature of the
atoms on the surface) of the first contact face of the
thin layer may be different from the surface polarity
of the second contact face, the compatibility of the

25 structure of step d) being obtained by putting the
second contact face of the thin layer into bonding

contact with the target substrate, and by removal of

Lad LIITELI
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the thin layer that thus becomes a free face. The
30 structure compatibility achieved 1in step d) may be

obtained by putting the second contact face of the thin



The next step is an ionic inplantation of the initial substrate 1 by
gaseous conpounds 4 passing 5 through its face 2, and therefore al so
passing through the oxide |ayer 3 as shown in figure 2. For exanple, the
gaseous conpounds 4 may be hydrogen ions inplanted at an energy of 75 keV
and at a dose of about 6 x 101 atons/cnz. This thus induces a weakened
layer 5 in the 10 plane parallel to fadé 2. The part of the substrate 1
between the face 2 and the weakened layer 5 forns a film®6. The assenbly
formed by stacking the film6 and the oxide layer 3 fornms a thin |ayer 7.
The thin | ayaye? hast@ toee iracecdbt8ccaluiedth t hieef itestgetonsavktkace. The
first contact face 8 is cleaned to make it suiggble for,nplecular bond, for
exanpl e by HipPefarRRiOHd neeRded LEPHIRE 1At es ffF Pty fydeBpHALe, and
it is put iptoreantact,hy Jmlacular 20-bonding W th aqhageatdopkignot her
silicon wafer 10 called the internmedi ate support as shown in figuie 3. In
one alternathye dpldicat i emeray| aperl (adhedhvéntgeinealiles d ayeer mey.) that
can cause bpnding with the .internediate suppor y be applied to bond to
The said 258uphrtt e Kallial Vol S B hett (Bt hePREe sk rpate 1 and
the internmeghat ggseppaichtkO irs Shbj ectefldt ecatzCitlaarald sf vheeaMlh~u~, -~
~~cxa:':~yJ_cc, t-_~aL Li: ~c! Li".cnt, 1 n order to separate the film®6
by fracturel@¥em t3edB0r r difai f86r Vapy¥et heyhfittiadie subser apbracryse figure

4) . 21 T i 6 Lnhs attachgd to it [ e or 0 and
has a free $§Eé&§§5 Aé?ggfagggﬁ Iy?ﬁthéﬂ%ﬂﬂf Iaiﬁé |€éboﬁggg o%?% t he
i nt er nedi at prssppoet o0 dnel bsideieifeareced .by @hdsgh el ememnrer atay ebbeat

treatnﬁ t. EEQending on the tenperature, the nn~ecu|§r bondi ng ener gy
e er

bet ween ’t heS8Vt Wb Par t sChay f Gt texanfl®e be RF 't he of of P8P h3 .
(microelectronics, optronics, etc.) and may be made
with a certain surface topology. Before step d), an

intermediate step may be provided consisting of a
trimming operation in order to isolate at least one
15 area of the second contact face, step d) putting at
least one of these areas into bonding contact with the
target substrate. The trimming operation may possibly
take place before step a). After the removal step e),
the area(s) of the layer that are not in bonding
20 contact with the target substrate remain on the
intermediate support and may be transferred later.

Step a) may be done starting from a substrate
covered by at least one layer of material. In this
case, after step e), the process may comprise a step

25 consisting of eliminating the layer of material
covering the substrate in step a).
According to one preferred embodiment:
- step &) 1ncludss the incrodudcticn ¢f caszous
compounds into the initial substrate through one
30 of its faces corresponding to the first said

contact face, to form a weakened layer



The free face 12 of film®6 is then snoothed by a surface treatnent, for
exanpl e by nechani cal -chem cal 10 polishing, or annealing possibly under a
partial or total hydrogen atnosphere, bonbardnent by isol ated or
concentrated ions or chemcal attack in order to renove all or part of the
film®6, thus freeing a face of the Iayqr 3if the layer 3 is sufficiently
selective with 15 respect to the internédi ate substrate. It may be covered
by a film13 that may be nufti-layer, and the free face of which forns the
second contact face 14 (see figure 5). The film 13 may be obtai ned by
deposition, by heasepp&atmast , thy cRéd chilmr Egomenthe 20 esttc. o Af ttée t he
second contact face_14.has |.eane it i t. 1 nta_hondi ng cont act
with a target subs%PéFég?S.g$%§t%8%% ng?dbepP%Fﬁ%&Vbe&eg%lgghigﬁ a
tenpera~ure heat treatmere. 2 Hre i oheriedi atebsuppost kl-iirsy t Berpr enoved,
for exanple by grinding together with a chem cal attack. The oxide |ayer 3

may al so be.rennveﬂ)to obtain the "r~..~ " _a._. kC" St t L ~ LL:
r~ S’ 1~ %t%? ¢ Lonsilsts & Gathng a §L§f€rred_tfe§tmehts_~-
target substrate 15, the film13 and the film®6.” 30 According to a first

al ternative enbodi renptihie fillen 18aphyrbe ia 2 enminhi £kl oxibdetirayer
pr oduced 22 thernghgﬁ cn tge sgraace 12 of the filmo. The target
substrate 15 may b8 & BF3SFMFEon®dfd "oxi di zed on the surface (for

exanpl e over 20 MR} sOrt MMtmdit t Aky aasecnhkbRabonthdfodf i hBrAanoBathe target
substrate 15 may be 5 reinforced by a treatnent at 1100C or a nol ecul ar

type bond. Asebefwtielaborfiarfiatpodsivbl beusthgdbd aldiest veror mgdtiabl e
mat eri al, or ot her. _type. ] rial (.S ygml .t hen give.a_bi qual ity
stackeaostrﬁ%9§¥é mhFPe g%ﬁ?%?gggfhe%ébpggkance o?l%€bbr%segfg?ﬁég§onding

10 interfaceaydhe intres nedinat eppuppsr tfd ther ermvyed yulgstrwiagahal | owed
by a chem cal attack in a tetranethyl amoni urn hydroxi de (TMAH) or potash
sol ution, theroki@einbgérediphénsSaOPPAG as a chenical etching stop |ayer

for the silicon. ' Ld ayer 3 j i g i ng h hloric
aci d based solut%g?§§%%ébf?ﬁglﬁﬁﬁicﬁ%§£§§gggf{%ﬁgﬁgﬁﬁgggaépﬁgd %gégﬁinning,

for exanpl epast ngfsade firdiedmenkiaat | nppdrti maly blei cdaresz=dfbH0then may be

bt ai ith . d i f ity. 20 A di ng t t ti
enbad ent . - TheoBNrHbE eyt S RGP GRTPAGSARI (9o CubST PR FESa00 nm

thick. Hydrogen atpfe- apetkedpl arégedingder thatrsage condichirongnasthefore.
After separation of t he silicon film6 fromthe rest 9 of the initial
substrate Igonhece~ faden 83 s thie nasd erbypdéddspl eubposicr beferal oxi dation

(9 30 0 SHEyE, RO on SR g 00 g AR, Ty SSR ppaghect face
re~. ~-..ii~conthgtc.faceof- _the. -thini Eyed), .thes addition of
20 gaseous compounds forming a weakened layer enabling the
removal of all or part of the intermediate support,
possibly covered by a film of the thin layer, by
fracture. In this case, the intermediate support may
be reused, for example, as a new support.
25 Possibly, the stacked structure obtained at the
end of step e) is thinned on the side of the first

contact face.

1

.y Lse a Vvery good guality and

¢

The process  nu
therefore high cost initial substrate, for example a
30 300 mm diameter monocrystalline silicon, an

intermediate support compatible with the initial



can then be applied without creating a risk of bubbles 30 appearing a~ the
bondi ng interface. 23 Athird alternative enbodi nent can give a | ow
energy bonding interface on the target substrate. In ordar to achieve this,
the surface 12 of film®6 reveal ed by separation of the film®6 fromthe rest
9 of 5the initial substrate (see figuH% 4) is snoothed, for exanple by
nmechani cal -chem cal polishing. This thernally forns an oxide film 13 (see
figure 5) with a thickness of 1000 nm The free surface of film13 is then
roughened with an average RVS val ue equal to 0.6 10 nm for exanple by

et chi ng usi s toe hydof Ither | 6easied 861 utten flor, 12X nirresip 1 t &

cl eaning, the se tact _f. 9 ] t ar.get _sub ate 15.
Thi s targetm%ﬁﬁ?%%%ﬁgﬁﬁgjgasﬁﬁﬁggﬁ%éu%g?ggpggghégnhgsa%av bggn %ééﬁized on
t he surface,oxlizld of i Bxanpl e atrged dapddt roft lMMHaND £1 s IsWriyace IMay have
been roughened to an average RVS val ue of 0.6 nmusing the sanme chem cal
treatment a®MaBOUSEAYFHALERBES i imM I TRE blcﬁ%%gqéﬁgrlgy i shagaptdbl e as a

functions of ihe dgluged: foughness andacheat [ 1epl MRl L BAK 2L thi's

stage, it is possible for the bonding energy to be [ower than the energy
necessary fdraysatisdmptdsynexeduticom ofxithe dir edte pnocessystallllédiet he

th hold b I, . .The.sili i nt di at t 10.is.th 25
reroved, fof Siam e By GLPRGLAG t obEPRer WiTh CREICH aftBekAia

sol ution of sTMAhla@11 Ot agle theq@t deulkayeiatd aghiyngpas 3k helChithgnst op
layer. This o~:ide l'ayer 3 1S ell?i:In,xt~Q"';: s" -~ "L~riiil". ~ L?~.i:~
all~"':~~CpilliconyC &t dihgoendt pdn tdyed RURCEIhal tidi EkhesobsRifieldm 6 i s
adapt ed, 30 hy thjnnin for exanple by.sac icial oxjdation._,..2~ This
alter namgveoérrbgfa?rre%%qest casﬁlénﬁ eragtfe prlgdu%kl‘lﬁé av?]%aéofol mqélavlvi*ttlﬁf'an

appr oxi mat e Fuhtitekress<Qf 20 iMnwind wWids tvedte gaod bai haas t g ndThaebondi ng
energy with the target substrate 15 is low, so that the 5 filmcan be
recovered afnNtREMEAd 3SR t HMHRUessW byl separ atiedsatriém tHe tBRYet PSubstrat e

15, Advant ageoysleyciB9f or BopBRafipbm | 5nr eCONEr edhud tidys PQSSI blgsko make

n
all or part of a conponent, exanp?e for m croel ectronic,
opt oel ect r oRucth&é@mplret, ool t AiLC applGaiet | bnstoalf eubsenrsdres, ancsicC

Advant ously, according to another application, .this t of stacked

ST UGt e WPEN G BT Crie S oROBE 860 o A& T | FREBeBEFEFons or
transfers. ApgtBertappid cablep Qfuaifits, athLf nahibve dis £l akgdst@alkgh cost
15 substrates. According to another alternative, an attenpt wll be nade to

reuse the inbtealadndaynts neskdt etBabshiat dgyeAccdiaigning t kg or
alternatiVeGaAQeokggﬁkgkiﬂ%f%&o%&%h%eig%%gaﬂfs@ﬂg%fyggjty and/or high cost

The thin layer may also be a layer of a material

20 from Si, GaN, SiC, LiNbOj3, Ge, GaAS, InP, sapphire and

semiconductors.

The invention provides many advantages including
the following:

25 - A monocrystalline film with good crystalline
quality can be transferred, while the stop layer for
thinning the intermediate support 1s an amcrphous
layer.

~ A recyclable intermediate support may be used,
30 for example by checking its bonding energy, if the cost

of the intermediate substrate (guality, nature, etc.)



20 nonocrystalline silicon, for exanple a 300 mm di aneter wafer. The target
support may be nmade of |ower quality nonocrystalline silicon, or |ow cost
pol ycrystalline silicon. The obstacl es overcone using this process include
bondi ng defects or the appearance of observable 25 bubbles in the direct

process. In step d) in the first exanplig, the free face of the thin |ayer
may be bonded directly to the target substrate, for exanple ir_' the Cct~~
11 vi:i'."l. CG'.c GrlcatiCl ~ :UWul=Ea Qi~C...::Z n" ~ bonding. In

a second exanple, in step d), the free 30 face of the thin layer or the
ta-_get sub&frabéedfmy belitovered P lawrowitdd flinem Sier éraapredietenabl e
bondi ng 2 e Low,Gost, ta-get, sub te. thses L1 e l e, the
oxi de nakes§F§B8%ES|a&ék%b%gﬁﬁgfﬁyt%e §%¢%€f€ ?%g%eg%%ndééggh ?%ggtarget
substrat e wihklbeymadeofrypolaicriyst aBiCneéidinl.i cohs anl netdmsla) t ensative to

the process, the internediate silicon substrate may be | ow cost, for
exanpl e pol?8P9$P8IIPH§?gﬂh 8 t iRhal Syt 1% r Rxanpheckhlde 5P€Si 02 for

surface ssmpbhiAde sW Id s adyantagequsiy be, geposict ed n dhed ntegmedi ate 10
substrate. Also in this alternative, the internediate substrate nmay be nade

of hi gh quathey t$iiln clawvet tow bh tthen betedvedi ageossrprortecovks at, for

exanple using _a lift-off technique .or i npl ant ati on of gaseopus_15
conpounds f%?FSﬁBﬁgbyeseﬁgrafPo Ty ﬁ%&zexéﬁﬁﬂ%“%y %F?%%ﬁniﬁge Bé?er step

b) based oniatéahehyatewshepdirtg energyul® ensbl eesepaystdien, +§onsexanpl e
by nmechani cal or pneumatic nmethods, etc. In all cases of this alternative,
the initial2hFeRsS202RELEl FiyTaddCer SHagR ot Ubidlat@ e exahpre 300 mm
di amet silkcqnr,: W | t 0] recov. or; ,ex _luskng
gaseous CcorBountr TPt At Pt ire S 25 L6 SEESrelt oy bt e Fbat. of
the initialtsobsigage.in step c). 25 A fourth alternative enbodi nent car

provide a | ow energy hondi ng interface on the target substrate_so that the
filmcan be releésgd éﬁijé§t%ﬁg%?ogﬁ%stﬁtéhécé.e?? of_the fipal: 35 -

_ =~ - Lfribdd~oRide ~or the - intermedidtel 1&veri!(dicie&ricl " -
;. t, ~r: J11:1 : t has many points in common with the previous 30
al ternati venethakbkscjtepossible to apply a nunber of treatnents to the film

fixed Hg the targe&hé”B%EE%&Sie O%Gthe invention may be applied to

layers made of other nonocrystalline materials made of
something other than silicon at least for one of the
films 1in the stacked structure. In particular, the
process may be used to apply a sapphire, 8SiC, GaN,

20 LiNb0O;, Ge, GalAs, InP film onto any support.

- This same principle may be applied to target
substrate types other than silicon, for example quartz
or any substrate, and advantageocusly a low cost
substrate (glass, plastic, ceramic, etc.).

25 - This process may be applied to any type of
semiconducting film, for example to III-V, II-VI and IV
semiconductors or to a diamond or nitride film or any
other type cf filnm, for exzmple oxides suca as Al;05,
Zr0Oy, SrTiO3, LaAlO3, Mg0, YbayCu,0,, SiOxNy, RuQO, or

300 other materials, and particularly plezoelectric,



for exanple techr_clogical stens for making el ectronic conponents including
hi gh tenperature heat treatnents. These heat treatnents would nmake it

al nost inpossible to separate a filmfroma substrate produced using the 5
direct process. ~nle have already seen that it is pcssible to achieve a | ow
energy bond of the filmon the target ? bstrate, for exanple an energy of
0.5 J/n2. This type of bondi ng energy n be achi eved despite heat 10
treatnent at a tenperature exceeding 900C, by maintaining control over the
roughness of surfaces before naking contact to ensure that RVMS val ues are
greater thapupedommduTiesey eneliyi es2 aked t henscohpati bl eysoetlieatt rtilve
"processed" fiIn1caaaaﬁ4releqﬁﬁdtégﬂp¥mﬁggarq:ion of the target substrate
after appli@ﬁppgﬁygf e 'Te ol gl Cal™%s éﬁ§ifﬁ make conponents. It is then
possible to recoverrihe bakgelsssubsyr ake,apdl Cdu My hes e dvantage
considering its cost. Consider the 300 mmdianeter silicon substrate as 20
an exanpl e 8flriakiegh Wédst PodrdetChaiirtretiestigfy the filmpart of the
substrate can be_re for. c n S gt (0 r-tant. to
recover:fhe initialygg stgéfégg%dﬁg$yt%%§iﬁ&%ﬁﬁéﬁ%g?épgﬁﬁﬁgggﬂaﬁd}gr t he
target substwateia25,A foft lexandrenatbveclerdindi rmentp liesk appliccabkbgeirn t he
case in which the free surface of film®6 delimted in the initial substrate
i s such thaPfttfHELYFPEct bond Cu c; ta~get Sip i S~:raLe 1s 'v~r'i 'vvGa~:,
G L Exa: ~.iJla d~ re t0 ngugimessesieyer airigasiione oksthe tyo
surfaces to be 30 put into contact. The bonding energy on the target 27
substrate iwonhenyshsuflfine ehilmo adoalsl,e Separcataimprd eof st héchbnl muusieng tl:e

directI@roc Sss..,This prohlemis sol¥ed gé reg?ring the first.contact face
8 to make it 8ait aB®HGT bordlihg, 2FOF" EEBF by the d&positibn 8f a
sacrificial apphicadfibar itrhewhooh C thepl@intat | gmp;ﬁ@@@, iandy bytancadget i onal

snmoot hing or planarization step. According to the invention, an

i nt er medi at ¥150ppér depstuSaE HOICEHERTIE HRIeDTEUbsiYete pBBSEDl y
covered by ' a 1Q.Gfor 4$Q91 %QQ t-hi i slightly
r oughened 8@% gékggaéfggée(?3}HEQgﬁp e ﬁﬁ% aﬁpg%éggggqﬁg%ggg?Egegaual to
0.2 nnm. Theetantst hae ondiewy isf appthedlogiaatustapes vt hoadéowtooughness
val ue Hﬁsults in a sufficiently high bonding energy so that the step 15 in

whi ch tifie fFFA7BSI 8 SEPRPRESE T r SMichE T MTIRC substates | $°pBasFBre | ater.
Once the sepgsanloqsias feemachi euedngaohi gademeratune heal1dreat ment

may be applied, for exanple to reinforce the bond or as a function of

oper ati ons @9mpecessary for the target applications (diffusion of inplanted
el ement, oxide fllqtdeposited Iater¢ eéc.ﬁb_ﬁ su{face.treaﬁnent, for
exanpl e mechani cal - CAemi BAPCPaFi sAFC2ES BrnotestaF I HPVPAF{CBf FAB

reveal ed susdmapenohttheohi |guwapdr at gdedrom iihsoplattiali 1ISWisiy ate. a25 After
cleaning, the free surface of the film®6 or the additional film 13, called
the sedBnd R¥REAEELEACEPIAIVSE bohded S0 Phe SEYFEBM tHPgRENSEbRERate t hat

for ~xaii~lgRLorVs ndy Rave th BeNudkal t30hshRavaekhis VO .~ ~ t."Ilck
- Initial substrates, target substrates and

intermediate supports may be stacked structures.

25 Brief description of the drawings
The invention will be better understood and other

advantages and special features will become clear after

h

reading the 2llowing dsscription, given &3 & non-
limitative example, accompanied by the attached

30 drawings among which:



oxi de layer, the surface of which is made rough by 30 chem cal treatnent.
Bondi ng may be varied by a heat treatnent, but it remains low. At this
stage, t.": e 2s bondi ng energy between the film®6 or the film13 and the
target substrate 15 (or possibly its surface layer) is |lower than the
energy necessary for snooth execution EF the step in which the filmis
separated fromthe 5 rest of the initi substrate. The internedi ate
‘support 10 is then renoved, for exanple by grinding and chem cal attack and
the oxide layer 3 is elimnated by chem cal attack. The final thickness of
the film®6 is nodifFéduby thinsieigs faor ccedplse iy owdr i fiigival o0 a

oxi dation. This, thicknes y.be 50 r=mwith,ver ood uniformty.
Advantageoung?tfﬁFg f??f ¥ IFEFna&?bE&@JWISW%gaﬁéE 2n kﬁéﬂ}n%¥?5
surface roughnessieh tacapp2ier,8 corresponds to a topology etched on the
initial 15 substrate or on the initial thin layer or on the target
substrate. An oxirdeF¥Jurg 13 (skeW$i gur EX3FSHFERLACPRILCKAERE ff 1006 nm may
be made,; fo ol . y fac f. fiJ-m e face

t opol ogy;, t}aré?%gggsesr%{ge{%% aﬂgge%%gbl%é;t%e%cf%ree%ltglprgéﬁgg, a%gc)f/ gg 20
reproduced ahithi sast emnifor iexdnplteathyra chem cak etphihgdt réatimgt. One
application, exanple is the case of ducts placed at the bonding interface
with the ta%@@%ggﬁﬁgﬁFéPa arff capdsi e BrogﬁaﬁdlﬁfQRﬁﬂyﬁb oft he*8¢ructure
by circul atiQpeRfignfluid. Another exanple 25 in another field is the
production of a texture at the bonding interface of the target substrate
for photovol tai c-appli@enti ohs.iFursthertas e, thehi steppoliogywhithy the. i~ a;
e A L3i~c~; ' O ~3rLi~ ly Wi ~ilc L3rgct substrat and may or
iy notilbe Tobbren By ORiaAoret ~BHY Ay BonihgS  BHREHS P itk ve
embodi ment @héf el Sriom the prd:ous) ahbhoenatimen i Ant epttd hgednies nedi at e
support can be recovered. This solution is attractive since the

i nt er nedi at euBRppbracrerdiangl aehhi® tAVANEEPRain 5 quality to enable
separation of films;andelus 1693k can dhembes Lghs nFon;examl & dhie process
according to the invéntron may advantageously keep the bondi hg energy of
the initialpsubsbrfatetheontoitheli rtgrataditat ei suppamtinegeal docerdahge j ust
hi gher %han the threshold, 10 energy necessary to separate the filmfromthe
initial®subs? r&eS FRESBbhAPng energy of the initial substrate and the
intermedi ate suppord; Sy bg contpgkhedcby eheckdng, t Be surbaeenfoughnesses

and heat treatnents used, if any, in addition to the separation“treatnent.
bonding contact with a face of a target substrate,

through a possible layer according to this invention,
- figure 6 shows the stacked structure obtained by

20 the process according to the invention.

Detailed description of embodiments of the invention
Several examples of the use of this invention will
be described. Trhese examples are variations on a
25 process for embodiment of the invention, consequently
we will start by briefly describing this process using
an example and with reference to figures 1 to 6.

vlew tThzouga 2
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725 pm thick 200 mm diameter silicon wafer 1 forming
30 the initial substrate. Face 2 of the initial substrate

1 1is oxidized to a thickness of 400 nm by heat



15 Considering that the internedi ate support can be recycled, it is
possi bl e to use expensive substrates as supports (conpatible with the
application), or even substrates that are specially prepared to facilitate
separation at the first bonding interface. The 20 internedi ate support may
be recovered after bonding to the targef substrate using a "lift-off"
techni que, or by nechani cal and/or pneuﬁhtic separation, or by using a
process in conbination with a gaseous inplantation, these techniques

possi bly being conbined with each 25 other . A seventh alternative

enbodi nent itregppladrdable paraticwarbyida theecale (srewfiighrriehe )f.r eéd surface
of t:=a f~l:u.sepa-atac iro:a ti.e iui~ al sui~nrate -s difficult to polish
or if its s%ﬂtﬁ"rﬁ“ﬂ-@yﬁfaﬁa&ﬁ hdt® Pt et 5 terta direct process.

3~ The surface raughngsstof sf&bnsi Hbtaai nednby thepdinest iprocess dyequently
has to be reduced depending on the planned application, after the

separati on stépiadonveRsiterglel vyl abiecihads s - checacpold smasgiing 5

eossi bl ver .far eri_al qr ~ P "h ".materials

(sapphi ‘rese, H%}p%,&(%harrlotn%??% %m?, ta%ﬁd: %ho 5% ?rneg %Es%i ?i%g?lﬁgt etrhéra W%P
appropri at e threoto:efdect hyerf or apolstsdmgia Fibmref shar drsat exaglpisi,nce it
was devel oped for the sane material in massive form 10 or because the
quality is FASUfFAIGRNT, COPPPENERefeMPY £& HICKARER™ uhPPREr ARy adérestt ), or

it takes tog.l ong {phigh ppcheagey the manuf agbuLi Rg Gl dhe ipwention
solves this problem nsider the exanple ct an initial substrate 1 15

formed by aawefier/ cof® .noitcrsy sthald i edwapphi recakehedr Lepeat boan[ thed2] and
pol i shed, on 1ihe surfa(i \y'th an eegi taxial quality. The wafer nmay be covered
agai n h RiPAGePasE diE &6n I6G%& - The initial substrate 1 is inplanted

by gaseous conpogRdszfer eExam eslydragen.; 204 hedhetgei $ap0 OXiage | ayer,
the inplantation energy may be 60 keV for a dose of 2 x 101' atons/cnR. In

the presencéhef wsplxned |l@yer, bhefdumd aat afibn éner gyfltis eAseebded to

t ake account._of the thickn of I $.0Xi L ayer., After .preparatign of the
i npl ant ed f%&%mﬁ%{ ?t?\’réc’t%agnglgctt%%cg)l?mtﬁi Fﬁ%étitaesé %fjfgatele%esé p§t into
contact by mekeeubathhendian@wi7t.h thes itHiar nedjet €7 sppost Frébe fagpphire
filmis separated in or close to ire ;~re~;:ene,:i ICrar. After this

separ ati®on, 8i £atsedesrfed itstosCaitRE 36 Sapphire filmwith | ow

m cro-roughness. FNEeCf‘Pf‘é alk.ehedi-cal s ROLT 8hi NG i3 uelay | 089 fHcaPRLY for

this type 31 of materital, and the quality and uniformty of polishing a
thin filmisudcgbileul tfdio covntlealulathe lbhmaéct [Froocessxgmphet bey appl i ed
since the su

drfage grual ity IS pty of the epliaxial, type ot the Luplied
hydrophile, and it 1s put into contact by molecular
20 bonding with a face 11 of another silicon wafer 10
called the intermediate support as shown in figure 3.
In one alternative application, a layer (adhesive,
meltable layer, etc.) that can cause bonding with the
intermediate support may be applied to bond to the said
25 support.
The assembly consisting of the initial substrate 1
and the intermediate support 10 1s subjected to a

& h=at tr

[
m
[§H]

- - +— 9 — N .~ s vy T e~ o~ .
Zeparaclon treavadeinls, LTS XaTOe acitent, 1n

order to separate the film 6 by fracture <from the

30 remainder 9 of the initial substrate 1 (see figure 4).



5 extra cost is high. The sapphire initial substrate is sold by the wafer
supplier with a face that is already of epitaxial qual=ty, consequently the
i nvention can be used to obtain a stacked structure conprising a filmfor
which the free face (or front face) is this initial 10 face with epitaxial
quality. Therefore, the separation step,between the filmand the rest of
the initial substrate is nmade after putting the initial substrate into
bondi ng contact on the intermedi ate support through an additional initial
15 film After separation, the free face of the sapphire filmhas a certain
roughness. ANeayferlmpf6 negeeinag  afbrcheanpPethel apérrarddiade s ispdsi t ed on
the free fa i : i pol i shing enabl es pl anari zati on of
its surfaceﬁ%%?$g¥q%%ﬂ%gﬁgg%Bﬁﬂﬁg%qﬁais surface and 20 the correspondi ng
surface of the tadgeihtadsivdly (the exairpl éagade df isi [bheoaed tdhesecond
step of creat%g%ta bondi hg con~act is gchieved. Rempval of the internediate

support revédts HHETMRGiae 1$HROFack’ of Nt heSsAPpREPECEF RYorR tHE

addi ti onal iRidjedlathidem TRiag 25caddihbapal initpdleddd /g mypdvaniageously
be a silicon oxide film In this case, it may be renoved by chem cal attack
to rel ease thkapemativale ,f ridmt facecwiat;bongding enexgyrbetween; thesd C
~tas =~ Wi =i o=t~ o~ i~ Wis el rer=,~,~ 1/

c=.: 1 oxi dgwloaffjgrr,tst Moy Ifaoyrerexr'?édflbee breen(%\;y\/et}ebfrc eel?ﬁoc(:%?qﬁ %{Tack. 32
An eiahtz alternatieverdde €ase 1N Wi chi trheesf iilsmudidf esiendrigbar aet eri stics.
in the state of prior a~ 5 ePitaxy on the film®6, (material with an Si type
GaN film efbB&damenttTSABPPNT cabidE t 8XpBPHRoVeBERNERIFaéeshEMiRath is is

t he casg nment.i A f C i gr. j1n, f anpl e nmde of S C face
and C t@be ngggﬁngé FQ% é%g%% e, r1é%%%¥%£} S?éggébg¥r§%e |§£€o$§red by
an oxi de | ayetadbautdddfemmathiosiohetlee |mbribatdidéhisubgt riadel ased mplrant ed

t hrough the oxide | ayer by hydrogen atons with an,energy of 120 keV and at
a dose of B8CRNEETTEAFEGEAR. OFTHE S TNt BC 3T FHReCFSCEhER Fadeve

hydrophile gnd i3 pir-4 nb@ ¢apt agtif of, mohgsulabbapding: pid hoengytace of
an internedi ate support, for 1~ exanple covered by a 1 umthick oxide
| ayer. A sepayeftri éh i1f eahmedtaysepal ates siid ifdilemtflyonse hecteve @fithhe

initial bstrate, T SiC fil th bonds tqg the .int i at t
s uskigie. The SLG.TIRLDeR,bende 4G dhe. ot erd aig,suggor

mechani cal - gheBireadl by a film 13 that may be multi-layer, and the
free face of which forms the second contact face 14
(see figure 5). The film 13 may be obtained by
deposition, by heat treatment, by chemical treatment,
20  etc.

After the second contact face 14 has been cleaned,
it is put into bonding contact with a target substrate
15. The bond may be reinforced by a high temperature

heat treatment.
25 The intermediate support 10 1s then removed, for
example by grinding together with a chemical attack.

The oxide layer 3 may also be removed to obtain the

] fad 1
- . F -
I CE .l

]

- -1 1 R — 1 . 2 T4 n o s o
ztacked structure shown in figuare ¢ a~d compos

(D

target substrate 15, the film 13 and the film 6.
30 According to a first alternative embodiment, the

film 13 may be a 20 nm thick oxide layer produced



20 polishing or deposition of a filmenabling planarization) makes the new
free surface of the SIC fil msuitable for subsequent bonding. This free
surface is made hydrophile and is put into contact for nol ecul ar bondi ng
with a corresponding face of the 25 target substrate. After a hick
tenperature heat treatnent intended to %7ei nforce bondi ng, the val ue of

mol ecul ar bondi ng energy car. be equal to or greater har i ~~ /m= . The
intermedi ate support 10 is then renoved, for 30 exanple by grinding

foll owed by chem cal attack, the oxide |ayer 3 acting as an etching stop

| ayer. 33 thiarmd Ly tdre bkei derfayer 13 iof ridre olednb§ . at fack trsigrft a

sol ution bas ydr.of | uori.c_ aci e_final thickness.aof the filmis
adapt ed, forS%ngggr]rrﬁhcee ulggl n‘éa% ?%i%%(?%ggﬁe%}i??‘é%t ﬁ%ﬁt .g:’%dllr%etdhiosn eﬁ}}eer native
enbodi ment , saffiaral (ficknessobd dher f20 mmB) equahoto 100 rRMiiss «ehiegi ned
with very good uniform.ty over a large part of the structure. The rel eased
surface of thée fRI0R cBfr édpdnds’ t‘bntl%%esﬁtafrﬁéé SHRSHHTE ¢ o O cBAYI Mfed

growth in epidtiapey, Oy A ninth alternative egbodi gent 5;apphi-aklg do the
case in which it 1s desired to recover the Internedi ate support dnd in
whi ch t he fblomdl.or Aanéafotde Bohas)g has pasesbiet hsdnbf eneadhesive
characteristics. This_ alternatjve is a speci %Ise case of t{e previous 15

al t er nat i veOTAITRF CRRES s ! cORsi ITE SETEEpal ¥PEndPt hB'3EE5h3g f r om t he

rest 9 of theiisniddedd sHhshr atied seenf aur At @ANst HOkEQT BRI-AREAtION st ep
is carried out through the surface 12 to induce a weakened area in the 20
i nt er medi at #hddlssavatisling itheomerdaracadelt t popal e ager $hdepeosidtied on t he

i at oM e ad . . on
may b6 3 by GFBHER R antBFi GR AL R o W B e -Cubstr APACHEE Hh ener gy

of 140 keV grdnating doselobw8dx 1Py6 25 at@rasiidwl foradthe-iexanpl e ef the
materials nmentioned in the eighth alternative and in which the internedi ate
substrat e i 5ehiaBesfySpamonfun g~jhydfoxgide _3{TMAH)C 130p| , ; Potasihy. =G iw
WL g 0503 1=636L. Mid hothgesggond contact facengThe i ntenapdigbe
support 30 |ss theﬁ éeptar at%% ??om ?he st acked stru%?u:% andgrrag@qggl

recycl ed. Retoliény eftophéayeirerfimeditatee 811G supporThis oxBdeetanom Gal |y

very 2 ackive Lhthe ceoe ol & BLotess [, produetionof ap BeliImon o
hydr of | uorignac+dnsal Wtk ofndde bienadilhd 16N is adapted by thinning,
for example using sacrificial oxidation. A final
thickness of 50 nm may be obtained with a very good
uniformity.
20 According to a second alternative embodiment, the
oxide layer 3 formed on the initial substrate 1 is 400
nm thick. Hydrogen atoms are implanted under the same
conditions as before. After separation of the silicon
film 6 from the rest 9 of the initial substrate 1, the
25 film 6 is thinned, by example by sacrificial oxidation
to 30 nm, and is covered by a 5C nm thick oxide 13.

The second contact face 14 1s bonded to the target

1]

e

{n

trate 15. Treatmants regquiring a high temperature
can then be applied without creating a risk of bubbles

30 appearing at the bonding interface.



5 thickness 6 is adapted by thinning, for exanple by sacrificial oxidation.
A tenth alternative enbodi nent applies to the case in which the film and
the target substrate have at |east one characteristic that nakes the direct
process 10 inconpatible. For exanple, it may be the case in which the

di fference between the coefficients of thermal expansion of the materials
fromwhich the filmand the target subgtrate are formed is too great. For
-exanpl e, silicon and quartz, silicon and sapphire, silicon and 1~ gallium
arsenide, Si and InP, Si and Li Nb0O3. A heat treatnment used before or during
t he separation s@epthyvbheadteenbtpweceembcausestei¢mmr g&ﬂmaratiamwat t he
‘contact interface ar fajlure of gne of the t el enent i nto bondlng
cont act . ZOeﬁ8Fgék§ﬁ%W§'thé“§?5 Frﬁg‘ﬁblE?emgﬁrHEtaﬁq ﬁ%iesubsf?ate 1
conposed of agsid i gen wakekeovered by ’r@le‘lon@rffaEet hijgk @xi de;hayers 3. A
weakened | ayer 5 is created by hydrogen i npl antation at an energy of 75 keV
and with a deyeadfds by EELG ratoms) chi2. tiRhet tbmt @ctrémcehe5resks Sbeorfded to
an intergyediate support 10 t [~ tlble ef.ficient, of ,thernal
expansmfﬂE Th® |51Wéﬁ;%®d?é?3 §ﬁbﬁo%§ee %ﬁyg%ogﬁeﬁiu?$%%&P%%fe?
C:.~~.".iCdexgampla ~. bk J-mecbanrééllchémﬁbélLl pdlalMEmg F' =cc: Thiikeat , : T~;
c:|I LS can then be a pplled These heat treatnents enable an 30 increase in

t he bondi ngtéﬁémgﬁlvaﬁo@wsmn eaide AlhMgA3qualeet yfisBpa atl oWibBt @een t he
filmand th iti u a e _tl pagatioon has
been made, EE% Wngi ﬁgurgh%§c§€é% 58 fggﬁeg& Kﬁjﬁffgéeatreatnent
mnimzes thEesumbnghenad(mibugbnes&eﬁaqaIRM@ vAl tier esureflaceo poepar ati on,
i f necessary, the stack 5. s bonded onto a target sgpstrate for which the

' coef fili eRP of £ % p&FSBH e Y b WY D P\SéPSntafrl i t RBAEBELEPELENt of
expansi on Ogc&He 81 bt abn suhst r ate, nf grrexanpl macequaetléawln@app@hge

pl atel et and the |nterned|ate support is renoved, for exanpl e

gri ndi ng, chenDch |ifde of 14 ete. Aooteer éxammmﬁoftahgsttenth
alternative c 25cau5| . bo d|n |n S&Eg|@® i n.which th§ ener gy

cor r esponds H §8 F t 0°t he t BShdHF Swhitch &t ep &) SBBnnot
occur. Befoé@b§§@§t@)tﬁﬂt|@5W0né5elm@éﬂ“é&l@ﬂzeaobneﬁﬁﬂp|§u9fah¥¢r09€n

is made in the internedi ate substrate or in one of the additional |ayers in

this |H@ernﬁﬁraﬁ@%ﬂﬂkﬁrb@eﬁﬂﬁ@mbh fdcel Q%0 1R s |ﬁ§ﬁaﬁﬁﬁﬁ%ﬁ?wmﬁv i nduce
a neakened }aygr Joldt Nidugilipld at g oph MUChd usepaiali o vi¢ fhake place

20 during step e ernedi at e substr can then Dbe recovere and
reused. &rm&angex@mms&mmaghbﬁ¢obnamﬁedﬂmdwt|antwas sskst riadresthbensel ves
conposed of a_ stacked structure, for exanple a silicon wafer covered by a

nitride | ay8+l®51dlt hdhgh PoRe ing FReTibs S ALRAP e a5 53| T bRt hafer
covered by grthhgk ; 'p@a%regofré%ms oxhdes TBgrcaslddiciant, o rt hgymal

expansion of the nitride fil
20 At this stage, 1t is possible for the bonding energy to
be lower than the energy necessary for satisfactory
execution of the direct process, called the threshold
bonding energy.
The silicon intermediate support 10 is then
25 removed, for example by grinding together with chemical
attack in a solution of TMAH or potash, the oxide layer
3 acting as an etching stop layer. This oxide layer 3
is eliminated v ecchiny usiny a hydrofluoric acid
solution and the final thickness of film 6 is adapted

30 by thinning, for example by sacrificial oxidation.



c:'a~ 1"~ grE ate~: t.i_v;:': i .~ ~%1ii, 4i::1:. tile CWIilLIC1
~ 1t O thermal expansion of tl:e OXIde filmis less than 10-5/k. 30 A high
terr~perature heat treatnent used during cr after the direct process, for
exanple to thin the silicon 36 filmby sacrificial oxidation, is not
conpati bl ef orsonme bondi ng ener gy COﬂdIéIOﬂS bet ween t he nltrldeand5|llca
films. In this case, the process accor |ngtothe i nvention solves the
problem After step c),the5 thin layer is treated at high tenperature to
thinthesilicon by sacrificial oxidation. After step d),anadditional nitride
| ayer (Si3NQ isThade onltkenbiesrace egloodiamentii n ﬁayercapdbﬂhe t axfget
éubstrateiscov&red by an_.oxide_fi In1(S wo | a ersgg al so be

i 3G

deposi t ed oR*PRECHPEe 3 dcd Bt fh ]Qiiéy%r%%F¥?é3T rGe 8Pt e. The

final stacked storoucimresar m@wortﬁ@qt Ogé(B@ thiimaeehilgyer Phe sbbheang
supportedby the two films with very different coeffjcientsofexpansion. 15

Accor di ng t BNERIE EvéRt IThal tfermeat vielo 3@ thakact erigti cSehhbafakés the
di rect proc i bl h ge ocC ri fil m For
B3 ?§ﬁna8;c g% L& 58y Dg & phags W&?cﬂ S¢ EJé ﬁﬁ%uebstrat

exanpl e, a pa il mput info contact a SI i co enabl es
bondi ng by Eeparaglar5|lldk@m 20 duee to ademtt treatniestratea tedperature

above 200C. _  However 900 his silicide degrades, for exanple nmaking it
i mpossi bl e %SVﬁEFPSFHPﬁlé’aCSi)#%?%I 'S dgtlplB‘n g?epr%ﬁo‘fﬁ)‘tf@l'l n itthe 18i r ect

process. ThﬁonY@@é'OﬁoSQh¥ﬁ§ this Ryoblemte Z@fAfhercHﬁ§bﬂgn§ thieg | ayer 7
conprising a silicon fil on an internedi ate support the silicon film

is thlnned axagpdeE by sé@rlflC|®40D&¢h@@tbﬁnland t heopaal eatrenic, ~ Li _iu
~J W~ ~t.~=J. - itvln ~eyz.gnooLh the free face 12,

and forls BAOEPVBRTE LGt 1 AEPSECFEE RN Per ePBncaias.  THE™RGAE ( reSEaent Lo
forma bondaséhchbheotiarget a&iﬂb’i{d'laige ts khenhewdedl ixdtemper atnre 37
bel ow 87~C, and the bond wi | good auali tv and the silicon filmwll be

the right tﬁygﬁn@§sstaqﬁp¢lgpmps ure with low bonding energy can
be used to make film depositions or transfers. Another

application of this alternative is related to high cost
15 substrates.

According to another alternative, an attempt will
be made to reuse the initial and intermediate
substrates. According to this alternative, the initial
wafer may be made of high quality and/or high cost

20 monocrystalline silicon, for example a 300 mm diameter
wafer. The target support may be made of lower quality
monocrystalline silicon, or low cost polycrystalline
silicon. The obstacles overcome using this process
include bonding defects or the appearance of observable

25 Dbubbles in the direct process. In step d) in the first
example, the free face of the thin layer may be bonded
directly to the target substrate, for example in the

in wnich  the eppiicaticon reagulres concicting

]
]

ca
bonding. In a second example, in step d), the free
30 face of the thin layer or the target substrate may be

covered by an oxide film, for example to enable bonding



5 10 15 20 25 30 1. Process for manufac~uring a stacked structure
conprising at |east one thin |ayer bonded to a target substrate (15),
coreprising the following steps: a) formation of a thin layer (7) starting
froman initial substrate (1), the thin layer (7) having a free face called
the first contact face (8), b) putting.the first contact face into bonding
contact (8) with a face (li) of an i nt éPrredi at e support (10), the structure
obt ai ned being conpatible with later thinning cf the initial substrate, c)
thinning of the said initial substrate (1) to expose a free face of the
thin. |layeropal tbd thewsecosd conteet fates{dsl)e and dpposihte t Henfilr st

contact face (8).d) putting a,face.of a.target substrate (15) .in bondi ng
contact with* P£P§astgﬁﬁrt _Td?hgwgﬁﬁbna%coﬁ?iﬁfbficé“i1E¥Pcpﬁb égﬁucture
obt ai ned bekngreespald bbe wbhhbehateerd rem®vahrgbtaldudyt soe eil1thees

internmedi ate support, e) renoval of support (10) in structure. at |east
part of theMpfieePhedrarerysderl lidcobtdiifdhe sai d stacked 2. Process

cccord B0 Lo LR L Rogr ACLOLERGAGe! kot eyl 0ok, URLLAT o3 only
t1 1 C p~. CCcintermédd&tB~] senttorl wustparid y magpept ed, ow he dsar,getffogubstrat e
being treated as_the initial substrate or the internedi ate support.
example polycrystalline. An additional layer, for
example made of Si0, for surface smoothing, will
advantageously be deposited on the intermediate
10 substrate.
Also in this alternative, the intermediate
substrate may be made of high quality silicon. It will
then be advantageous to recover it, for example using a
lift-off technique or by implantation of Ggaseous
15 compounds followed by separation, or for example by a
technique after step b) based on a fairly low bonding
energy to enable separation, for example by mechanical
or pneumatic methods, etc.
In all cases of this alternative, the initial high
20  quality and/or high cost substrate, for example 300 mm
diameter silicon, will advantageously be recovered, for
example using gaseous compound implantation in step a)
and separation from the rest of the initial substrate
in step c).
25 A fourth alternative embodiment can provide a low
energy bonding interface on the target substrate so
that the film can be released and the target substrate

i B L S U . I
- nacive gnccalrsnt, walch

[$1)

4.

(V]

can ke reccveced. Irnis alc
has nany points in common  with the previous
30 alternative, makes it possible to apply a number of

treatments to the film fixed to the target substrate,



39 3. Process according to claim 1, characterized in that the conpatibility
of the said structure is obtained in step b) and/or in step d) by formng a
thin 5 layer in step a) so as to avoid bonding defects while thinning in
stet cl and during renoval in step e), respectively. 4. Process accordi ng
to claim3, characterized in 10 that the said conpatibility is the result

of the thickness given to the thin |ay and/or the material or materials
making up the said thin layer. 5. Process according to claim 3,
characterized in 15 that the nature of the internediate support and/or the
target substfiat eexamgbdat acichwidiodies it hsnebaydior i sakhoger 1 tasoriiac avoi d

inconpatibility related, to, a ghas%ecggnge of the materials of the structure
obt ai ned. 26 BPOEEECEs st Rt tR tg NEGhe I TR E 2 e ale e i FE@ AT t he

nature of thgdsat efdRdi at-e sHRRRL! AN Ormbhe tiar 981 nSEPStiRle i 160Nt act
with the thin layer, is chosen so as to avoid inconpatibilify related to

non 25 uni f domistgpagfattched nt éni glrom @ thd strae upecdbcailneding. tPreocess
accordiqg t%icla%n13, c@g;acterize) inthat ti.e ~1G-".,.ure G tfl~
Interl | IF~~“1 EFS: PEEE°> p i . ~GW an:.uj G tCde target substrate in
contact with theykhi navayernlirea3@d chesen. t$@tas itt0 awoi goisRGRTRAt it ity
related to a difference between the coe~ficients of thermal 40 expansi on
of the inteprBdedte Buppor teMmEdvr bome taf géhesubsltara, Hel theE e n

:gyer- 8. PEB@%%%a%%PorgéPgé&%ﬁ?fér%§1eﬁﬁﬁﬁﬁftS%i%?ﬂsiBéQZFhatT%H% th,'-n
yer and/ or € I'nt’ér nedi ate support ‘and/or°‘thé 't arget "substrate
conpri ses) aypkeast ouhddd t easahyl ayei Wet haoheeoed Nies €0y adkeaf-aces.

10 treatment at a temperature exceeding 900°C, by
maintaining control over the roughness of surfaces
before making contact to ensure that RMS wvalues are
greater than 0.6 nm. These energies are then
compatible so that the '"processed" film can be released

15 by separation of the target substrate after application
of the technological steps to make components. It 1is
then possible to recover the target substrate, which
may be an advantage considering its cost.

Consider the 300 mm diameter silicon substrate as

20 an example of a high cost target substrate. Only the
film part of the substrate can be reused for the
components and 1t may be important to recover the
initial substrate and/or the intermediate support
and/or the target substrate.

25 A fifth alternative embodiment 1s applicable in
the case in which the free surface of film 6 delimited
in the initial substrate is such that the direct bond
cn & target substrate is very weal, for exarmpl:s due to
rocughnesses over at least one of the two surfaces to be

30 put into contact. The bonding energy on the target



9. Process according to claim8, characterized in 10 that the additi onal

| ayer before step d) is provided with all or part of at |east one
conponent. 10. Process according to claim@8, characterized in that the
addi tional layer is conposed of an oxide or 15 polycrystalline silicon or
anor phous silicon. 11. Process accordi to claiml, characterized in that
steps a) and c) are such that the roughness of the first contact face of
the thin |layer and/or the 20 internedi ate support is less than the
roughness of its second contact face and/or the target substrate, the
conpat i bi | i tylsft 1afee st uEhare Ingusté s i@nthdingeodp ¢ nedrbyapdoni myf t he
second cont agt_ f i.nt: i ng o 1 the thin layer and by renoval
of 25 the iﬁ%ﬁ?ﬁggﬁbfgigﬁggggiE%f%¥ﬂ;%%%g§%§%bcording to claim 3,
characterized i nTHilct probtlerc W&: ' s0lubdg KON gesparikyF +the 1fizdwe i
CO=It Gv.-i_. ~aCE.' and/qgr the second contact face of the th:~n |ayer 30
enabl i ng t h&o&didF CohPati i | FPy Marsst ep BUHRRG: £RY PANLIRY d)f9% a

resist of t@alrh%ﬁeosz@ %m@aaggegi@@@hl 39 Dondh PYr cONL ACE: 143 rQcess
according to claim12Z, characterized 5 in that the treatnent used for
bondi ng contéet ii®ndloseémpdleoietdon n séewbi natidon banoag t helditeatrment s

i ncl udi ng nechani cal - chem cal _and/ or .ioni ¢c,_polishin i hsertion of an
internediatgmpgﬁgﬁnﬁétﬁéenp aBSﬁ%éé%ngcengpthe #Hg%”VgVEQ &y 3#5
correspondi A vER tiikingr nediiatte: SupQlie Osuphert af getissapstbat exafgate

treatment and chem cal treatnment. 14. Process according to claiml,
charact eri z&d Sid t9eat $Hes bonek ngoesaPart Conesesh 1) andpsidst dgver is 15

achi eveg, by ,oml ec di 15 P a di o ¢laiim.l,
charac?g}izéggrn %%%?W?%Q sur acgmpoF§§??§ o%ﬁgﬁev??#it %on géﬁhﬁégé of the
thin | ayer gpobaenkty rejraiett touthecaative efkanpd e20vidtonsn oaveliagesur f ace)
is different fromthe polarity of its second caontact face, the ,

conpat i bi | i EfSofvalie sttt uk® OnZstidp d) BBEng 36t Hihded BYNPURFi A§ t he
second cont gﬁglﬁéﬁeo‘ﬁf a @%Jﬂyélé lavar anthd heohnget s sybstratesiate bondi ng

contact, an ue to the renova
in a sufficiently high bonding energy so that the step

15 in which the film 6 is separated from the initial
substrate is possible later.

Once the separation has been achieved, a high
temperature heat treatment may be applied, for example
to reinforce the bond or as a function of operations

20 necessary for the target applications (diffusion of
implanted element, oxide film deposited later, etc.).
A surface treatment, for example mechanical-chemical
polishing, smoothes all or part of the revealed surface
of the film separated from its initial substrate.

25 After cleaning, the free surface of the film 6 or
the additional film 13, called the second contact face
14 is bonded onto the silicon target substrate that for
exarple is cocverea by an approxirately 1000 nnm thick
oxide layer, the surface of which is made rough by

30 chemical treatment. Bonding may be varied by a heat

treatment, but it remains low. At this stage, the



25 of the internmedi ate support of the first contact face of the thin |ayer
that thus becones a free face. le;. =0C-Wa:cQdi?lgtd da.i.~"~ _,

C.ar,-W:tc~IG-:1.1 that the structure conpatibility achieved in step d)
is 30 obtained by creating a bonding contact of the second contact face of

the thin layer with the target ~)2 s tra~e with a bonding energy that
enabl es renoval of the target substrate after step e). 17. Process
-according to claiml, characterized in 5 that an inter-nediate step will be

carried out between step c) and step d), consisting of making elements in
the second dwmdiong f aperef tewafim tayefiamd/ororhéhearfetimsiBstaate, the

structure ohtai ned e [ c Lble.with tl resence of the
said 10 el e?rceh% gfaigé.é P%%%geggag%cgsd{aga ggggpg?#] f}éﬁsc%élr‘g%tc%r ?lzagge“ﬁn t hat
an internediiad eLstep tisapetior ordrhef neecstapydfor comsitst iex@ ftiart ri mm ng
operation in order to isolate 15 at | east one area of the second contact
face, step @®Ff pbhei et Leadthisife BRet Hesd at2asabitd Yschdf AghcditGact with

the target %@ﬁr%@- 4% Process) accordipgeto cl a't.nfnfl, 1GRAA tug@'t?eed in 20

that the step a) is done starting froma subsfrate ) covered by at | east
one | ayer ofsupmtcert alO (3) .ti28n Pewmcess, afoor dkagple blaigmii@inchamact eri zed
in that after ste

L1 Lhat ol er SLep €)LD, PLoGeR cOSe & S PP 2o ponst oLt of
a). 2.. t' YlGemivadS AGa&k Cai Thal §ihal ani'ckidsGot endfrlal 6. s _ - J O
20, characterized in that the initial substrate (1) is 30 made of silicon,
and the | ay&oddffipst erbal BYINRARY, cov@rs ieX3mpimdebBf Sikirééh caxrilde.
10 oxidation. This thickness may be 50 nm with very good
uniformity.
Advantageously, this fifth alternative will be
used when the initial surface roughness of faces 2 or 8
corresponds to a topology etched on the initial
15 substrate or on the initial thin layer or on the target
substrate. An oxide film 13 (see figure 5) with a
thickness of 1000 nm may be made, for example thermally
on the surface of film 6. The surface topology, that
does not initially enable the direct process, may be
20 reproduced at this step, for exarple by a chemical
etching treatment. One application example is the case
of ducts placed at the bonding interface with the
target substrate and capable of inducing cooling of the
structure by circulation of a fluid. Another example
25 in another field is the production of a texture at the
bonding interface of the target substrate for
photovoltaic applications. Furthermore, this topology
nay be mads esclusively or partiazlly ia the cazrget
substrate, and may or may not be covered by additional

30 layers.



r 43 22. Process according to claim1l, characterized in teat: - step a)

i ncl udes the introduction of gaseous 5 conpounds into the initial substrate
(1) through one (2) of its faces corresponding to the firsr said Contact
face (8), to forma weakened | ayer (5) separating the said film(6) from
tl:e rest (9) of the initial substrated@nd possibly 10 leading to a
fracture of the initial substrate during step c), - step c) consists of
eking a preferred treatnment to obtain the fracture in the initial
substrate (1) at the weakened layer (5). 15 23. Process according to claim
1, characterized/ nsthah atlteasitpert egbodiasnit edirédease Supporths s
renmoved by the j.ntrod I of _gaseou 0 unds_.ei ther. through the thin

| ayer aftergﬁéghq¥% %f%%ﬁ?%%%? o%%ﬂﬁ% ?gggﬁt%ﬂ;%ﬁﬂﬁéﬁﬁt?ag R&oﬁﬁm

i nt er nedi at easuppor reheferedar afrhes pidlutgont iisntor hensh dge centae~ with
the first contact face of the thin layer, this addition of gaseous
conpounds f &Pfi ni e TRRkEhe?d FEPRPTENAR i3y EhETEBRDVHIt of & aFRréRipart of

the inteymedi,ate SURRPT 24, cading c @l ;
charactg{izgggﬁﬁt?hggpt%E?%$%c§e%§%$EE§§u?g oﬁgg?hégggti?igkéﬁé 8 qStep a)

1:~ tiiiit_toen & hhipb.S=. HerGexauple,L the: prioce@G :acalxrding o . 30
25. Process gccondi%%.to clainll,cghanactepized ig t hat ét uges an initial
substrate nh8& of"V _t Mot yst T RIIHT Ton, X8R i ntRFne PQgéngupporp
made of monageystaldd nensi linGan.ala akgetasabshiat eeymde, et pehygkystal line

or nonocrystalline silicon of lower quality than the silicon in the initial
substrate. support equal to a value just higher than the threshold
10 energy necessary to separate the film from the initial
substrate. The bonding energy of the initial substrate
and the intermediate support may be controlled by
checking the surface roughnesses and heat <treatments
used, if any, in addition to the separation treatment.
15 Considering that the intermediate support can be
recycled, it is possible to use expensive substrates as
supports (compatible with the application), or even
substrates that are specially prepared to facilitate
separation at the first bonding interface. The
20 intermediate support may be recovered after bonding to
the target substrate using a "lift-off" technique, or
by mechanical and/or pneumatic separation, or by using
a process 1in combination with a gaseous implantation,
these techniques possibly being combined with each
25 other.

A seventh alternative embodiment is applicable
particularly on the case in which the free surface of
the f_.1lm seraratec from the 1dnaitial substrate Is
difficult to polish or if its smoothing quality is not

30 sufficient after a direct process.



5 20. Process according to claim 1, characterized in that it uses an SiC
or GaAs initial substrate, an SiC or GaAs internedi ate support, an Si C or
GaAs target substrate with a |ower quality than the initial 10 substrate
mma~erial, the thin layer containing SiC or GaAs originating fromthe
initial substrate. 27. Process accordin% to claim1, characterized in that
the thin layer is a layer of a material”fromSi, 1J GaN, SiC, LiNb03, Ge,

@GAS, | nP, sapphire and sem conductors.
AaAALA AAAAAASAAAAAAALAS AALAY.A A%A A A Ay. Ar. ASr.
A A Af. A ASy. Ay. Ah& yeupafase. Arduginiedy. A Afilms obtained by the

cal oal ca) capispel] SEA LR ARRETAE UL Pl o gk el g cakpekaghetl o TR,

S on the planned application, after the separation step.
Conventionally, a mecharical-chemical polishing 1is
5 rpossible. However for many materials for exanmple
"hard" materials (sapphire, SiC, diamond, etc.), this
polishing 1is either not «really appropriate (not
effective for polishing a film of hard material since
it was developed for the same material in massive form,
100 or because the quality is insufficient, or if there is
a thickness uniformity defect), or it takes too long
(which increases the manufacturing cost). The

invention solves this problem.
Consider the example c¢f an initial substrate 1
15 formed by a wafer of monocrystalline sapphire with
orientation [1-102] and polished on the surface with an
epitaxial quality. The wafer may be covered again with
a layer of silicon oxide. The initial substrate 1 is
implanted by gaseous compounds, for example hydrogen.
20 If there is no oxide layer, the implantation energy may
be 60 keV for a dose of 2 x 10 atoms/cm?. In the
presence of an oxide layer, the implantation energy is
increased to take account of the thickness of this
oxide layer. After preparation of the implanted face
25 (first contact face), the initial substrate is put into
contact by molecular bonding with the intermediate
support. The sapphire film is separated in or close to

The wezaxsneld layer.

After this separation, it is desired to obtain a
30 sapphire film with low micro-roughness. Mechanical-

chemical polishing is very long to apply for this type
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Therefore, the separation step between the film
and the rest of the initial substrate is made after
putting the initial substrate into bonding contact on
the intermediate support through an additional initial

15 film. After separation, the free face of the sapphire
film has a certain roughness. A layer of material, for
example a layer of Si0; 1is deposited on the free face
and mechanical-chemical polishing enables planarization
of its surface. After preparation of this surface and

20 the corresponding surface of the target substrate (for
example made of silicon), the second step of creating a
bonding contact is achieved. Removal of the
intermediate support reveals the initial front face of
the sapphire film or the additional initial film. This

25 additional initial film may advantageously be a silicon
oxide film. In this case, it may Dbe removed by

chemical attack to release the initial freont face of
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oxide layer, this layer may be removed by chemical

30 attack.
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5 epitaxy on the film 6, for example made

(material with arn Si type face and C type face)

GaN film.

of §SicC

or a

For example, an initial SiC substrate is covered

by an oxide layer about 400 nm thick. The

10 substrate 1is implanted through the oxide

initial

layer by

hydrogen atoms with an energy of 120 keV and at a dose

of 8 x 10*° atoms/cm?. The implanted surface is then

made hydrophile and is put into contact for molecular

bonding with one face of an intermediate support,
15 example covered by a 1 pm thick oxide layer.

separation treatment separates the film from the

for
A

rest

of the initial substrate. The SiC film then bonds to

the intermediate support through the oxide layer. A

surface treatment (for example mechanical-chemical

20 polishing or deposition of a film

planarization) makes the new free surface of

film suitable for subsequent Dbonding.

enabling

the SIC

free

surface is made hydrophile and is put into contact for

molecuiar bonding with a corresponding face

25 target substrate. After a hich temperature

of the

heat

treatment intended to reinforce bonding, the value of

molecular bonding energy can be equal to or

tharn 1 J/m*.

The intermediate support 10 1is then removed,

greater

for

30 example by c¢rinding followed by chemical attack, the

oxide layer 3 acting as an etching stop

layer.
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film 6 from the rest 9 of the initial substrate (see
figure 4), an 1ionic implantation step is carried out
through the surface 12 to induce a weakened area in the
20 intermediate substrate or in one of the additional
layers deposited on the intermediate substrate or the
thin layer 7 depending on their nature. It may be a
hydrogen implantation in the intermediate substrate
with an energy of 140 keV and at a dose of 8 x 10%*
25 atoms/cm? for the example of the materials mentioned in
the eighth alternative and in which the intermediate
substrate is made of SicC.
The tarcget subscrate 15 put inte bonalng conzact
with the second contact face. The intermediate support

30 is then separated from the stacked structure and may be

recycled. Recovery of the intermediate SiC support is
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target substrate are formed is too great. For example,
silicon and quartz, silicon and sapphire, silicon and

13 gallium arsenide, Si and InP, Si and LiNbOs;. A heat
treatment used before or during the separation step by
the direct process causes either separation at the
contact interface or failure of one of the two elements
put into bonding contact.

20 For example, the starting point can be an initial
substrate 1 composed of a silicon wafer covered by a
400 nm thick oxide layer 3. A weakened layer 5 1is
created by hydrogen implantation at an energy of 75 keV
and with a dose of 6 x 10'® atoms/cm?. The contact face

25 8 1s bonded to an intermediate support 10 with a
compatible coefficient of thermal expansion. This
intermediate support may be another silicon wafer
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coevered Dy a 200 nm Thick oxids layer. E
can then be applied. These heat treatments enable an
30 increase in the bonding energy, which will cause a high

quality separation between the film and the rest of the
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%écgfﬁﬁeparation, 1f necessary, the stack
5 is bonded onto a target substrate, for which the
coefficient of expansion may be very different from the
coefficient of expansion of the initial substrate, for
example a quartz or sapphire ©platelet and the
intermediate support is removed, for example by
10 grinding, chemical etching, lift-off, etc.

Another example of this tenth alternative consists
of causing bonding in step b) in which the energy
corresponds at least to the threshold energy below
which step c¢) cannot occur. Before step d), an ionic

15 implantation, for example of hydrogen, is made in the
intermediate substrate or in one of the additional
layers in this intermediate substrate through face 12.
This implantation will induce a weakened layer in this
substrate, 1n which the separation will take place

20 during step e). The intermediate substrate can then be
recovered and reused.

Similar examples may be obtained with initial
substrates themselves ccmposed of a stacked structure,
for example a silicon wafer covered by a nitride layer

25 although the target substrate may be a silicon wafer
covered by a thick layer of thermal oxide. The
coefficient of thermal expansion of the nitride film

R T ;e ey am A . ~=3 o RIS
ray pe greater tihen £ x 1077/k, woll

tn

fficizax o
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thermal expansion of the oxide film is less than 107%/k.
30 A high temperature heat treatment used during or after

the direct process, for example to thin the silicon
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5 thin layer is treated at high temperature to thin the
silicon by sacrificial oxidation. After step d), an
additional nitride layer (Si3Ny;) 1s made on the free
face of the thin layer and the target substrate 1is
covered by an oxide film (Si0;). The two layers can

10 also be deposited on the free face of the thin layer or
on the target substrate. The final stacked structure
corresponds to the thinned layer of silicon supported

by the two films with very different coefficients of

expansion.
15 According to an eleventh alternative, the
characteristic that makes the direct process

incompatible may be a phase change occurring in a film.
For example, a palladium film put into contact with a
silicon substrate enables bonding by forming a silicide

20 due to a heat treatment at a temperature above 200°C.
However, at 900°C, this silicide degrades, for example
making it impossible to perform a sacrificial oxidation
step at 900°C in the direct process. The invention
solves this problem.

25 After making a thin layer 7 comprising a silicon
film 6 on an intermediate support 10, the silicon film
is thinned at 900°C by sacrificial oxidation, and the
vallaaivm film s than desposited after the step to
smooth the free face 12, and forms all or part of the

30 film reference 13. The heat treatment to form a bond

with the target substrate is then made at a temperature
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face called the first contact face (8),

b) putting the first contact face into bonding

10 contact (8) with a face (11) of an intermediate support

(10), the structure obtained being compatible with
later thinning of the initial substrate,

c) thinning of the said initial substrate (1) to
expose a free face of the thin layer called the second

15 contact face (14) and opoosite the first contact face
(8),

d) putting a face of a target substrate (15) into
bonding contact with at least part of the second
contact face (14), the structure obtained Dbeing

20 compatible with later removal of all or some of the
intermediate support,

e) removal of at least part of the intermediate
support (10) 1in order to obtain the said stacked
structure.

25

2. Process according to claim 1, characterized in

that the target substrate is only a temporary support

id steps in ths p.ocees beiny

w
s
I'(|

fcr the thin layer, ths

by

entirely or partly repeated, the target substrate being
30 treated as the initial substrate or the intermediate

support.
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respectively.

4. Process according to claim 3, characterized in
10 that the said compatibility is the result of the
thickness given to the thin layer and/or the material

or materials making up the said thin layer.

5. Process according to claim 3, characterized in

15 that the nature of the intermediate support and/or the

target substrate in contact with the thin layer, 1is

chosen so as to avoid incompatibility related to a

phase change of the materials of the structure
obtained.

20

6. Process according to claim 3, characterized in
that the nature of the intermediate support and/or the
target substrate in contact with the thin layer, is
chosen so as to avoid incompatibility related to non-

25 uniformity of the materials in the structure obtained.

7. Process acceording to claim 3, characterized in

o~ R, B 2 .
rt and/or thne

J)

that thrne nature o the intermediate suppc
target substrate in contact with the thin layer 1is
30 chosen so as to avoid incompatibility related to a

difference between the coefficients of thermal
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expansion of the intermediate support and/or the target

substrate, and the thin layer.

8. Process according to claim 3, characterized in
5 that the thin layer and/or the intermediate support
and/or the target substrate comprise(s) at least one

additional layer with one or more contact faces.

9. Process according to claim 8, characterized in
10 that the additional layer before step d) is provided

with all or part of at least one component.

10. Process according to claim 8, characterized in
that the additional layer is composed of an oxide or

polycrystalline silicon or amorphous silicon.

11. Process according to claim 1, characterized in
that steps a) and c¢) are such that the roughness of the
first contact face of the thin layer and/or the

20  intermediate support is less than the roughness of its
second contact face and/or the target substrate, the
compatibility of the structure in step d) being
obtained by putting the second contact face into
bonding contact with the thin layer and by removal of

25 the intermediate support.

12. Process according to claim 3, characterized in
Ttnea. the ponding contact o0f the IZirsc contace face

and/or the second contact face of the thin layer

30 enabling the said compatibility in step b) and/or in
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step d) is a result of the use of a treatment enabling

bonding contact.

13. Process according to claim 12, characterized

5 in that the treatment used for bonding contact 1is
chosen alone or in combination among the treatments
including mechanical-chemical and/or ionic polishing,
insertion of an intermediate layer between a contact
face of the thin layer and the corresponding

10 intermediate support or the target substrate, heat

treatment and chemical treatment.

14. Process according to claim 1, characterized in
that the bonding contact in step b) and/or step d) is

15 achieved by molecular bonding.

15. Process according tc claim 1, characterized in
that the surface polarity of the first contact face of
the thin layer (polarity related to the nature of the

20 atoms on this surface) is different from the polarity
of 1its second contact face, the compatibility of the
structure in step d) Dbeing obtained by putting the
second contact face of the thin layer and the target
substrate into bonding contact, and due to the removal

25 of the intermediate support of the first contact face

of the thin layer that thus becomes a free face.

g

1€. Frocess according to claim L, craracterized in
that the structure compatibility achieved in step d) 1is
30 obtained by creating a bonding contact of the second

contact face of the thin layer with the target



" 10989& () -

" 1098& () -

43] ¢" "Heading 53] c" "Heading 63]c" "

vS "109& ()- - YF10% % & ()- |y !'109%& ()-vU3;! &4 0% P& () -
#9%40% % & ()- fyl0% % & ()- MLO% % & ()-109%40%0% {i SY7! 10989&' ()- gt | vU3;
 &A0%PPE () - #940% % & () - Ty 11098&' ()- Py '1099& ()- Ty "109&' ()-

Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Headi ng

93] c"A "Default Paragraph Font”"Qu$*0J7<BIfQOQUZ[a gvl)rxL~HIBG TA
" $&(*, . 02468: <>@BDFHILNPRTVX : Xo/ wW_ Q=z
whb4! #D( ~-r137N:. =nPAEl LPI TW Y che s uwz{ ggga " AP%-<Xj X. %B% s9y

6Ti mes New RORENARLISE Codrl & Jhmho r Y98k d

%gﬁtgemova_

1" #S%E ( () *+ine @1 26 LB st rate after step e).
<=>?@\BCDEFGHI JKL QRSTUWWKYZ[ \ | ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

5

10

15

20

25

17. Process according to claim 1, characterized in
that an intermediate step will be carried out between
step c) and step d), consisting of making elements in
the second contact face of the thin layer and/or the
target substrate, the structure obtained after step d)
being compatible with the presence of the said

elements.

18. Process according to claim 1, characterized in
that an intermediate step is performed before step d),
consisting of a trimming operation in order to isolate
at least one area of the second contact face, step d)
putting at least one of these areas 1into bonding

contact with the target substrate.

19. Process according to claim 1, characterized in
that the step a) is done starting from a substrate (1)

covered by at least one layer of material (3).

20. Process according to claim 19, characterized
in that after step e), the process comprises a step
consisting of eliminating the layer of material (3)

covering the substrate (1) in step a).

-

21, Procass acrording k¢ any one of claimz 1S or

(3

20, characterized in that the initial substrate (1) is
made of silicon, and the layer of material (3) that

covers it 1s made of silicon oxide.

Headi ng 73] ¢c" "Heading 83]c" "Heading

L' #$
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22. Process according to claim 1, characterized in

that:

- step a) includes the introduction of gaseous
compounds into the initial substrate (1) through
one (2) of its faces corresponding to the firsc
said contact face (8), to form a weakened lavyer
(5) separating the said film (6) from the rest
(9) of the initial substrate and possibly
leading to a fracture of the initial substrate
during step c),

- step c) consists of making a preferred treatment
to obtain the fracture in the initial substrate

(1) at the weakened layer (5).

23. Process according to claim 1, characterized in
that at least part of the intermediate support 1is
removed by the introduction of gaseous compounds either
through the thin layer after creating a contact, or
through the contact face of the intermediate support
before or after putting it into bonding contac:t with
the first contact face of the thin layer, this addition
of gaseous compounds forming a weakened layer enabling

the removal of all or part of the intermediate support.

24. Process according to claim 1, characterized in

that the stacked structure obtained at the end of step

o~

. o d e oy - S -
e) is thinned c¢cn tne sid Bl

rh
m

trhe firsct contaco

+h

[(}]

O

25. Process according tc claim 1, characterized in

=

that it uses an initial substrate made of
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monocrystalline silicon, an intermediate support made
of monocrystalline silicon, a target substrate made of
polycrystalline or monocrystalline silicon of lower

quality than the silicon in the initial substrate.

26. Process according to claim 1, characterized in
that it uses an SiC or GaAs initial substrate, an SiC
or GaAs intermediate support, an SiC or GaAs target
substrate with a lower quality than the initial
substrate material, the thin layer containing SiC or

GaAs originating from the initial substrate.

27. Process according to claim 1, characterized in
that the thin layer is a layer of a material from Si,
GaN, Sic, LiNbOj3, Ge, GaAs, InP, sapphire and

semiconductors.



