;e3e.\F6T. U, MANUFACTURI NG PROCESS FOR A STACKED STRUCTURE 5 10 15 20 25
30 COVPRI SING A THI N LAYER. BONDI NG TO A TARGET SUBSTRATE TECHNI CAL FI ELD
DESCRI PTION This invention relates to a process for nmanufacturing a
stacked structur emm’ﬂmmwwmwma thin layer bonding to a target substrate.
The invention is appl i cabl 3 to the field of sem conductors.
STATE OF PRI OR ART Dogtiaent FR-A-2 681 472 (corresponding to American

patent 5 374 564) discloses a process for manufacturing thin filns nmade of

a sem conducting material. This docunent divul ges that %&ﬁgantation of a
rare gas and/ or hmﬁmeIHGqﬁm;ﬁsp FORG2 ACKED;! g materi al

could create Eqm&g'iﬁ% ANt RAYERO BODIRY 30" ATTaREET \SUH AR E
m cro- bubbl es—(or—ptatefets) at a deptiT approxi mately equat _to tie average
penetration depth of the inplanted ions. The inplanted face of this

substrate is brought into intimte 3 it h a support acting as a
stiffener. Furthernore, heat treat&@%@ég

, applied at tIy
hi gh tengerature to induce an interaction (or coal escenc m%mwﬂ
m cro-cavities or mcro-bubbles causing a separation or rac

seniconductiﬁﬁcgﬂbgﬁLaFéEPﬁto two parts, namely a thin senlcdﬁH&ctlng f|Im

bondi ng to the st& fgner aggt gond£¥1%9§ res{oof éhedg %ggduc%éng
e g Su

substrate that may i'n |ts arn recyc donat i rate’or
support. Themandfacturing 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 dimplantation 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 of the semiconducting substrate
into two parts, namely a thin semiconducting film
bonding to the stiffener, and secondly the rest of the
30 semiconducting substrate that may in its turn be

recycled as a donating substrate or a support. The



5 10 15 20 25 30 separation takes place at the location at which the
mcro-cavities or mcro-bubbles are present, in other words al ong the
mcro-cavities layer. The heat treatnment is such that the interaction
between the m cro-bubbles or the mcro-cavities created by inplantation
causes a separation between the thin filymand the rest of the substrate.
Therefore, there is a transfer of athin filmfroman initial substrate as
far as a stiffener that acts as a support for this thin film lonic

inplantation refers to any neans of introducing previously defined

conpounds al 8ARasptiAnconisat PdRCeSore dtdnplesahieni aifi cwbémbar dhent

di ffusion, e hi S ; 0] | t nyf ac of a
thin film na{qgcgg !S:%f’?{i?%%t :orl a lg%ﬁe]? ?ﬁgﬁga a?éém %%%%%%?ankna glﬁ(lggl (a
conducti ng owodidsl eatlbing nedrer | ah)cthatawhyies nhyyaet be dhestahéane. This

filmmy be single layer of nmultilayer (for exanple see document FR-A-2 748
850). This pFBEesEeRAN be uS¥H t & ifbke tHiPat aPEESACTOP exRRPYECRI bR % oni c
quality 3O waferspBh188 atbractiye cogicrbycivansierriagea-shlicop film
onto a silicon substrate covered by an oxide |layer. The article "A hew
charact eri zatnphaptetéss wsedeso auadpdyasornf bphweehy tHe NMORITCEAULRt al
published in_E.,C.S. Proc. Vol.,99-3, p...173, discloses th an SQ wafer
made accordiﬁadt$%ﬁhf§5q&p%Pth5r§&§§§§§§$'be %%%ﬁ%goﬁﬁto%éﬁrgxﬁﬁ?z%d
silicon substrahefeThefr esulhiaf te11m hersml iaxonisubs I ats@blars dreena s enoved
fromthe SO wafer and fromits oxide |layer by means of a 3 selective
chenical attfek ppoR ékdmfleactasddtord) S darfBtRarisdonaets wikhnan
inverteduﬁilkggﬁ filmsince the free face of this filmis the face that was
bonded to theé buried oxide layer of the initial SO wafer. 5 This procedure
was used because Ibnwas possldteatoexameaferdef etds iany hemsihisconofi | m
The purpose of this study was,to jdentify the positiqn of defects within
(he i1 m & hi GRRESSICTREN R AT bY miee i oovFSTPALE AP e 2 06 Tar 1ol es
entitled "Evabpgt hanieh,def egbgei Negtinbaes Shraeafodi é BRohmd eihage, i n
SIMOX platelets” by M SUDQU et al. published in EC S. Proc. Vol. 97-23,

p. 119 and "8LMXsteohnektegy and applications to wafer bonding" by A J.

AUBERTCNBNERVE etT%Es pﬂgiééggg I%@y 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 SO0I
wafer made according 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

SOI wafer and from its oxide layer by means of a



15 EEC.S. Proc. Vol. 95-7, p. 12 disclose experinents with bonding an SO
waf er obtai ned using the SIMOX process directly on a silicon substrate or
pure silica substrate. This process conprises a single bonding step and is
followed by renoval of the substrate from20 the SO wafer. The purpose of
these experinents was also to exam ne defects in the silicon film A
simlar approach was used in the article entitled "Utra thin silicon filns
directly bonded onto silicon wafers" by F. FOURNEL et al., published in

Mat erial s Science and 25 Engi neering, B 73 (2000), pages 42 to 46 {o nmake a
di sl ocati on ﬁ%%ﬁEFRVFnCgﬁmlﬂﬁéf%ﬁﬁﬁﬁﬁe#épﬁe?ﬁﬁﬁﬁlﬁhégsédtm91WEXn%énd a

monocrystal | hpgtabli aoyy spbsdral,ecar e PuinidiOeg08t a¢konTree @rLi ghe does
not provide any 1 nformation about the nmeans of obtaining the thin |ayer 30

in the stackedestreet feecao dedtis bedlbyishshenfews dhat wadokondatd FR- A-2
725 074 (coryespgndi to Aneri can.patent 3 830), di scl.oses a_process
for nanufacté?iﬁ%“% ggfﬁ%?uﬁ?“%%ﬁp}ggﬁﬁg %Et%gﬁ S %%%B% ué@ﬁngw?rgﬁTbonding
to a target sHbstratecedtdi aldy, uke tbhebaSsEi | i sakongedstigian toiti al

substrate by a first bonding energy. The thin filmis then transferred from
the initial supsiratdafeate iar stibst ¢t e fByMappl Fhag RruEmosst f ofor ces

to overcone fi ondi ng.ene bqugn f. L t hicn f] t he
target 10 su%gﬁFat%E&%£i§g¥ﬂi%%fi{%¥%g§g%e rang¥§?fgggbygﬁea%%£§?9§n
i nt er nedi at ewbthtimnitid af bimsubdtokalea st,hatatinet uthains tsepasatedch fnem t he

thin film by tearin% off. This process requires that the bonding energies
at the diffePfEREChBRBI'Ng i nterfaces associated with the thin 15 fil m nust

be well gontrollegdrhto £naht e SUGERITICR t earhNda0lbn e beehricgue; Known as
BESO does not use separation of a thin filmby inplantation of gaseous

conpounds. Omerékcet §imaiearclFdrEOXerindtad@dss tro YNO¥ phateletal | bre stop

| ayer to enafl e ] cal el ecti.ve) attack iLe supporting ag-_

nonocryst al | neqﬂgig,é%y%?CaPP§l%§éSQﬁl%i??QO%I ?ﬁgg‘sﬁg%”la%%rzﬁé a
monocrystal | pne 118yemdr saMepi tashedlbgyeandl tappay 2 iardopesl sakeeon

| ayer, a layer obtained by epitaxy of 25 crystalline material with a nature

di fferent frBANERBIRatRY e ofl -t hAUBRRAON-HERVForebxaiipl ePSPAESNeR) 1ng
oo Vol | BB L BEoRl S 2On. MO Porous 07086 Lrgm B,e8 g of
| ayer if 30 bbntdsngeqgun redl t sadeposikitaa mazhoes yisg althenes TMAX¥n pnoceSs
directly on a silicon substrate or pure silica
substrate. This process comprises a single bonding
step and is followed by removal of the substrate from
20 the SO0I wafer. The purpose of 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 contact. The article does not provide any
information about the means of obtaining the thin layer

30 in the stacked structure as described by the invention.



this stop layer. It does not provide any information about the use of an
‘internedi ate substrate. Wth the known process for making thin | ayers of
structures, called the direct process and described in 5 FR-A-2 681 472 and
based on hydrogen inplantation, nolecular bonding wwth a final support and
separation in and/or close to the inplanted area, it is difficult to obtain
sone structures with specific properties, and/or these structures cannot be
obtained with a 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 tHP§umﬁVEnEgﬁﬁ‘?s7ﬁétQ$4mﬂ%P%%?%ﬂﬁﬂﬂ%ﬂq(ﬁP(ﬁmQ¥kﬁiﬁocess.

ATirst caseptelbates 683t BeoTRRHIRALLR of D SIJUCY o Aled Y 0 A OF

very thin stacked filns with a crystalline’l ayer present on the surface of
an anor phousal agerucAufrer stcoapanpliad s a he manufectivandfctfidgrs v trh

t hi cknesses ]l ess.than a few tens_of nanoneters, for _.e l e, 20 nm t hick
silicon fil n%?{ﬂalﬁg % nfh t ARSI G295, ebondiJ{ﬂgu_tlci"l)ﬁ:L sol itﬁesiﬁjc%n .
support. sBonding def edchE thenahremientdy revealed dubiyngat hej separation
step in the direct process, which can be denonstrated when the process uses
a separati onPSREpnNIneBR¥Eg a-hewthdmpdridiuries Hdwmn treaisiatr 4 ofr@xanpl e
25 l ess than 00 ;.. thks iLan step gﬁy nQ necha ically
assisted. A Eggon n%%%%%leéﬁggﬁﬁékgaséq nqgﬁxﬁy% r$fi%%é§;ruc ureg W th
speci fic proagppliyeagareasulyfect s d@s heat otveeabhentheatt itrerpes@atdi 0

greater than the tenperatures of heat treatnents 30 applied previously
during or afBBRTEHi niitg RINBAY oLt hehgubsh it sl lise@( EBR eS@§fe using

(hinningoby LhgscrBefll! Gt AGess) s BRndhpIndehechsrel oo LA puCh. as

bubbles inflated wth gas, can then occur to the detrinment of the quality
of the structlir &an Aisgcomddiade r el atresn iouldeo masubsdctrate ofhbtstimct ur es

in which bondi f, bef th i . . Che d
ooy TooP Bl B aTBr LAY SOk S CLLEE Sl PRt e

putting intorgoBt aebceslsearidig.rdLVieha®©f t h8epeaapagerhcrgRisaciur ¢ mg
process that generates a given 10 surface roughness), the bond between the
final suppor€@liffirere FameHayd ngnpeafeces assdgiaheaco wetlhr 4Rsf e has a

very | owcene T, eparat.i st i dir ect SS
inpossiﬁ?e. ;ggﬂir Sggsegéelg g% t%g?kgo%gﬁﬂfé% ur%ﬁ% %té%kéﬁ£€§ ©
structures oteamtegi afs.for which the coefficients of thermal expansion are

too different. If _the difference between the coefficients of thernal

expansi on of the WBEer @GRS ERCYRe A8 mBode t7aRST erPdd i$SPade,

and the mategigh gt ibhe Jf;jné' £FHRPOEL 110 K005 i Bt £ 4 185,20 JpONeh Wi bl T ai |

before separation by the direct process if a heat treatnent is applied to

the bond. ForowranpHe, tRine iof tilte case fahrarsidicustdnmd sapghe resefar whi ch
the ratig betweep the,goelflci entg, of f hel iR . XRANSIAN 1 8sfrective)
attack while supporting a monocrystalline layer,
typically made of silicon. This stop layer 1is 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 SiyGei-x), 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 1s required to deposit a monocrystalline film on



25 A fourth case relates to the manufacture of structures in which bonding
forces after the separation step using the direct process nust be | ow or
very low. It may be desirable for the bonding energy of the stacked
structure to remain | ow after the separation 30 step using the direct
process, possibly even lower than the farce ' necessary for separation,
such that separation will be possible at the bonding interface |ater.
This is applicable particularly when several treatnents can reinforce the

bonding interface. In gg{irst exanpl e that for exanple corresponds to a 5
renovabl e tab3ef SHESt ¥ S0 t Rat F¥CTaChePrRYLE], A nhihgrBgtLion

sacrificial gxidatign gbeaosi hhCOArsVREAsEthi kULt raReSA structure at 950C
causes an increase In the bonding energy greater than 1 J/n2 which is not

conduci ve to subs@gtbntthsepareii onrofethe ftrackekin® shioctlenexd ohe
target substrate.. ln a second e I t hermal diffusi.on, of c unds,

local oxi dat PORLCEPESS iy BEhadubsat i o DF 8ECSH1E06r oid Got el ayers,
whi ch issnotrr-pegitéye point frer sepadat ban Widibgest abketastatcbHy e since
these 15 operations participate in reinforcing the bonding energgz [t may
al so be desiFabpeutdrh&®r@H NEeryitowlbdridialy eRePgyti RrcheSepaadtseRuct ure,

for exanple %H ggg/ggs%ﬂdgéMgéjk'% iﬁ?igggggegrgg,ﬁq%Ej_ depesiL,op the
thi's y Wt

structure, eposit being hig stressed 20 conpare all or sone
of the stacked stbhtzinream theuchugets subshraspecThis weadpenteeface t hen
acts as a stre acco dation area. This is, a support conpliance

appl i cation.? a?PFthtgggg rEFﬁ?géufﬁsthgaﬂﬁﬂﬁfaE?ur%bB?lgggck%ﬂtES.a
structurgs nmagder9fibgterogenequs mat eheall T s e 1Bt Ehd aiSrabth
different natures, for exanple silicon or thernal oxide (various

di el ectrics, PReEaPFi cCampeti v, esarilobnapetldedsupefcordactveghnecel) nmay
cause bondi ”9??8%8{1%‘3‘3 nstraled.d na%hgeghgﬁﬁgd?’anrt%cigssS;}n{r:&[lt?éﬁrml ©
il y e m WwWth a

t he bonding of "a srlicon m covered a sifrrecon nitri i
silicon 8 nstnbdesfimbiyi haekiapoueibngod shki pepckiskm frequently

i ntroduces bondi ng defects that are easily denonstrated duriqg:the
separation step i fi th&IGitr ec®S5 ock®%2TER t hPs 88, ™A E S stbstrate

or a filmorsa, gtagked BrStUHiG Wk LoV erety 0Bnt he ssulface oy ddey Rt i oned
film A sixth case applies to the manufacture of stacked structures in

whi ch a phase chargeabtinechiageri nprdeenht upe otha naeefaed¢ nefy oegcur. For
exanpl e, Songmg?ﬁﬁghglia@%Q?OtAb%i%%%défgﬁgféﬂ¥s[¥ﬁgx§§%£%§%%&ke of
films with thicknesses 1less than a few tens of
nanometers, for example 20 nm thick silicon films on 20
20 nm thick SIO, films bonding to a solid silicon support.
Bonding defects are then frequently revealed during the
separation step 1in the direct process, which can be
demonstrated when the process uses a separation step
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
are subjected to heat treatments at temperatures
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



10 inconpatibility with the thermal budgets. Thus a stacked structure
"conposed of a silicon film a palladiumfilmand a silicon wafer produces a
silicide above 200C that can give a good bond. The bond degrades at higher
tenperatures, for exanple above 15 900C which is the tenperature typically
‘used to oxide a silicon filmin order tq reduce its thickness. Another
exanpl e applies to optical applications in which a netallic mrror nmay be
added to a silicon sheet by nol ecular bonding. This netallic mrror cannot
be 20 heat treated at tenperatures above a fewtens of C, _so that therma
budgets that9tbafl BEGEER) in tHREEPardef ¥Rt Pr oE_Es SRBHPdChSE YGRS bl e.

The direct processscapipiaglyaysibe used to.dmke.sdacked. filmpstrygtures
i ncluding the conservation of a 25 specific surface, called the front face.

In this respédetriment af ahéigselékanpfethheshuanataceure of stacked
structures in whigh igcgﬁddifficulge gt%oli%h tQ E;surfac filn1obtg%ned.
For exanple, the ur face rouﬁﬁﬁgss 5 hE stPuctdife K gfyﬁfqn/? e

direct psocessratterethe sepanaticin sbepdwnly needcks bepsesiised weapendi ng
on t he pl anned 9 application. In the case of silicon, this reduction in

t he roughnessehayaEbaveftPENAISI I hobt &l PR bYr eBefP c al Sndeamni ke -

l'i shi _ - , " " .y hi
Dol i Shing 5 1S i TR 0 CUraBle (1ol Tos: | Ve Por 1 4kBe 1o6 Ty {hi g

ect or takes too 1ong (higher
i ndustrial cosfdreThiwsttiisng hentasecofitacst ructasreintdyi ndedelsi nf tties di rect
process terninated a% the surface using a sapphire r dianond film

$ { SiC g (
for exanpl e. STARCREPF aFEHEEFSIFIRGhRESESHS t et hdPReT26°Fi PmHaeh o be

reduced 190 saghishyet RoubBaLissed amR! iKeHd OPetF@Ent Bhe MR I0fsupd St al |
polishing by CVWP takes a very long time to inplenment and the uniformty of
pol i shi ng ondk@etber gengratiiaogvarhatd 95 cube folvoner e tHsbarzedost

i nvol ved is n_15 y hi.gh i epi - ead | i s:to .he
achi eved. veﬁggnaﬁlgéggennhgneb%ga 'nufggghr%e%%9§¥g§§eéﬁé ru%%uré&?ir1

whi ch one ofdihectiprsceéssptovided wnpbseneldifferent characteristic on the

two faces. This is 20,the case if the structure obtained by the direct
process conpri ses’at8uFfaC@8SPnEEABAERbIFE Wilth MR EcETed UsetFaf %t the

separatiign step,cEQbe§X3M It dtieaid kLS RN NBRAIN Boc rTRRRGRYSI A | i ne
SiC filmhas the characteristic that the surface of one face is 25 conposed

mai nly of sitheovmaitenpanaioneatacéopcdilfddrantsi thfpdhsurdisdcdreme t he
surface of the_ other .face isfgg 0 of _carhon at.ons

surface). Cb%??%%%ﬁ é%%%ﬂﬁo?n eg??égg gﬁ§g% 3 um@?qﬁﬁﬁl%Pféggnéggtype
surface is avattéabhe. fHomewRt chhehkr &isfer c0foe3Q ramsSicG ddd ms fpadexanpl e
using the direct process, .is acconpanied by a change in the nature of the
surf ace and the material of the final 'support™is toc 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.
It may be desirable for the bonding energy of the
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



10 due to turning over. The init the Si type since this type of wwth SiC
‘and i s easy to bond Therefore, the free face is 5 transfer by the direct

process. GaN layer. ial free surface is of face is easy to polish by

nol ecul ar bonding. of the C type after The sane is true for a Description

of the invention This invention overcones the disadvantages of 10 prior art
and provides a neans of creating a stacked structure conprising either a
filmw th sonme specific properties, or afilmwith a |least one surface with

specific properties. The jnvepntion is based on the surprising fact 15
observed by BRBAFAV&RPorsiltnae WMRTKEPtheadi rett process ortSht RSt he

thin layer is,bgpded tg;ithe 4 apgel 1sybstr aderand,1hen, t hhanedse @bl he

def ects nenti oned above can be avoided if the initial

substrate is thinned

before the thikeaatagstsi sdwondethforehetd terghitngsubstenface One Ior gevera

i nternedi ate suggorts ne
st eps. ThererF ,

manuf act ¥ri ngefoshBtked Stgdtct BiBs2ra€en®d Sthgtatid eash ore tdisedipyer

d .b
EE S E T { hEST nvEHETRE! & OLFERBRTdY o

used to_invert these bonding %99 tQinning

bonding to a target substrate, conprisiqg t he follomt%g_steps: a) formation
g

of a thin | ayBinBiLaAt Yy FaomErriat t Pt

bR r afed t

i PayeRChaving a

~ree face cabbed phehi kol GOMAct, kA, 34 IdING hedidslecontact

face into bon
structure obthenetbrzbinmy eorpsayi bheeatieh khber 1 hiddm?ngeloich hesi nmot al
e face

si?%a?h%gfirst

substrat e,
of the thin

Ing contact with a face of an intermnedi ate support,

FajahCTkPT el ndCEBRANE™S o ORPAR T B oibe AT ke

contact ffipacestructure of the target substrate. In a second

15

20

25

30

example, thermal diffusion of compounds, local
oxidation, etc., may be necessary to treat all or some
of the layers, which is not a positive point for
separation of the stacked structure since these
operations participate in reinforcing the bonding
energy. 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
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
structures made of heterogeneous materials. The use of
materials with different natures, for example silicon
or thermal oxlde (various dielectrics, metallic
materials, semiconductors, superconductors, etc.) may
cause bonding defects demonstrated in the direct
process. For example, the bonding of a silicon film

covered by a silicon nitride film, with a silicon



d) putting a face of the target substrate into bonding contact with at

‘l east part of the second contact face, the structure obtai ned being
conpatible with [ater renoval of all or some of the internediate 10
support, e) renoval of at |east part of the internediate support in order
to obtain the said stacked structure. Thinning in step c) or renoval in
step e) can use any technique capable of elimnating the initial 15
substrate or the intermedi ate support. In particular, separation, fracture

(by the creation of an_area kened hy the introductjon of gaseou
conpounds), ReERaRPCc Illé{‘n&/té\lgﬁgh«?rﬁv@arll“&ttaac?&ﬁﬂorh%“%’ p@”s%‘?‘b?rétf% reuse

the substrat enapdqhibessuppelihg dREFRRAING It 20-d hes 4 1 Pnidies - & €8QVa
type. According to one particul ar enbodi nent, the target substrate is only

a tenporary duppopt ther seraxaiion agbep tife W ddsreps Pmorkespr océ8s bei ng
entirely or rtly repeated,, the target .suhstrate bein [ eat 5 the
initial subs'?r%zjitse%grsgt’ h% &%tlénr r%%diaatsgl%ssutpr&%ret .ogl'hausfl]trﬁeérpr%c%g%gg%%or di ng

to the inventienctarebeowseddt ont tapskarrhke bl Rhkeayehtioawdore 1gupport to
anot her support as many tinmes as necessary to obtain a stacked structure
with the requiredPcKarkaét &4iSst ifeP 1136 &d Pt it BT 28 stacktarkad

t echnol ogi cal¢coppanent slevels-n 2125k dbility et ke saidy
structure inggtegmg) an fgrﬁ%rfst%pgg) may be acﬁ%evedcbﬁnﬁbrﬁing aethin

| ayer in stepaéhrei nobrdermbbeaveld nmondicngudef ectBoduekagptlei, nngmgei n st ep
c) and renoval .in.step e respectively. Thi.s conpatibility may be due to

5
the fini shed™fHFERALSs S%hf]ﬂg ﬁﬁ n Y5581 HhdPdrethe RAPEFPSI BFCmat®ri al s

maki ng up t hensaidathibalkayer withe Bakurenetmbhe bobgeosdi at eTeuppPOst
and/or the target substrate in contact with the thin |ayer, may be 10
chosen to avérac¥ed i rdeMsunsi | iegresed edofo a plfddd candgel Bt/ t he
materials in_the_r | td. ) ciu ; e inte i

support and/ B%lgtﬁceﬁtﬁglr gfelggnsua{)rg%]r%t éﬁ}ﬁgggnpggggmp%%‘ﬂ%ét % né{rggéérﬂ,ﬁgnay be
chosen so asabevavoRdlOaay thconuatn biglivky ael@bed thwrikh het Bhoegebendy of
the materials in the resulting structure. The nature of the_ internedi ate

support and/ 8F9ERESSar G5t BhBEEFat ESPROEBRYAEE  wi tATt NB*FRPHE| a¥RP Ve may be

chosen tg aveipd anyHiteonpatih | teypeehatied t9pacdififerance hetyrenet he

coefficients of 20 thermal expansion of the mFer medi ate support and the

thin layer. Fo endbrent hfdlmonpati brfery, toheredinpel ayes aplloknese.

i nternedi ate sup art and/ar the_t nget ﬁubstr te gayacom)réég at | east one
r y tase, 0

addi tional | AYSFIFt hSERPASt FRR&C R tAPst PRI oret 508 dfl 25 the

addi ti onal Iah@bhnaynhﬁagnqxidaiﬂMﬁﬂﬁaylbéwadﬁﬁd 0d @AtsdBosén oskeet
conponent. The additional |ayer may be conposed of an oxi de or
pol ycryst al | Pie ®348Tbror Pahet phous §i§ cBatallic mirror cannot be

20 heat treated at temperatures above a few tens of °C, so
that thermal budgets that could be wused in 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
difficult to polish the surface film obtained. For
example, 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




Steps a) and c) may be such that the roughnesses 30 of the first contact
‘face of the thin [ayer and/or the internedi ate support are |ess than the
roughnesses of 13 the second contact face and/or the target substrate
respectively, the conpatibility of the structure of step d) being obtained
by putting the second contact face of the thin layer into bonding contact
and by 5 renoval of the internedi ate support. The bondi ng contact of the
first contact face and/or the second contact face of the thin |ayer

achieving the said conpatihility in step. b), and/or step d) may, result from
the use of aaPPZéFﬁ%ﬁP enagpiﬁ el§aﬁﬁhdﬁ%d;%%ﬁﬁ%ﬁn.tﬁ' ¥%%%$%%ﬂ? efRabl i ng
bondi ng cont agk M lmdEEhankgd! - cherial i Ad/1gf 1881 ¢ RAlHISRINT, b

insertion of an intermediate | ayer between a correspondi ng contact ¥ace of
the thin | ayehenapgadhBerheaigedi at eosuppdne or (EMB)target Eabstrmeey or a

heat 15 tre : a m t.r eat " y. conmbj,naf i of, t hese
treatnents ﬁ%gP%%lggﬁriggg f%% tht%%ﬁ¥}né§gﬁé¥2ﬁﬁﬁﬁ ég?%% ﬁ?bhs?éﬁgerature
due to conpalkbklithgrofndthesstitalelar einddvaot agepuslry taddeap 4o abdhgr step
d) may be put 20 into, bondin ontact by nol ecul ar bondi ng. The surface
polarity (relBte8efo th uﬁEFg?i ofCthe- at ordlioh tife $&ief aEéFSof Ofhedfir st

contact facesebytbherbhivhiaywel HBYnbe id f &L enttf ramdhe SHéEﬁEﬁaQQ?arity
of the second contact face, the conpatibility of the 25 structure of step

d) bei ng obtatnédebysputa¢agushrgseacaapromeact Si@cerofdidmondi Ailayer into
bondi ng cont act W th #he thg@t S strat.ecj and b rennva% o& t he "

i nt er nedi at e* SHpFEFEPEFom the FiF e Cont e 1ot BT he T nire | aJ3F 9t hat

t hus bedomesfalir edalsacao Thee 30rsitidel ur e oComPatiida i thhachieyedréa step
d) may be obtained by putting the second contact face of the thin 14

| ayer into b®REI-AG2EBAPact VWP htRRE ttalgetoSupsteaialn 1P lal Boiidl ngyener gy

255;ﬁf;iate %Hb pﬁéﬁé 'eaFeUBY2' Qénéhef&ﬂége£o$”fﬁéiéﬁgn?ft§§d3t€9ee)-
geously, this bonding enhergy s 'ow. An internediate Step nay
uniformity of polishing on the structure is very
difficult to control. The extra cost involved is then
15 very high 1if an epi-ready type quality i1is to be
achieved.

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

200 the <case 1if the structure obtained by the direct
process comprises a surface incompatible with the
planned used after the separation step. For example,
due to its polar nature, a monocrystalline SiC film has
the characteristic that the surface of one face is

25 composed mainly of silicon atoms on one face (called an
Si type surface) and the surface of the other face is
composed mainly of carbon atoms (C type surface).
Continued growth in epitaxy on SiC assumes that a free
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



5 be inserted between steps c¢) and d), consisting of meking elenents in the
"second contact face of the thin layer and/or in the target substrate, the
structure obtained after step d) being conpatible with the presence of the
said el enents. These el enents may be 10 cavities or all or part of
‘conponents (mcroel ectronics, optronicsjpgetc.) and may be made with a
certain surface topology. Before step d), an internedi ate step may be

provi ded consisting of a triming operation in order to isolate at |east
one 15 area af t he second cont act faﬁe, steg,dé p tting a% | east one of
these areas PHEo HontihgrRInPEEE wi t h € hé L& get t PAE&2CFhe 5t rP1mi ng
operation mayhpossi Hloppd akenpd acgibek@ir Yeprade Abt@hsihed egoveinstep
e), the areas) of the layer that are not in bonding 20 contact with the
target substWatk rekai mreh the gafer edikerd sipponelasdlamy bendinmst erred
later. Step 2} DBYcDe dopgStarLing Lrom assupstrate coverad, by, gl east
one layer of "nmatérral/ In this case, after stéep e), thé procéss nay
conpri se 5a stepn2feecobyi shiengiakcel iproaatsisng tihe: |sayer iof tmierfad govering
the substrate in_step a). According to one preferred enbodinent: - step a)

i ncl udes t heCRHt 18¥6€Eti on o~ gaseous compounds into the initial substrate

t hrough one 30 of its faces corresponding to the first said contact face,
to forma weakened | ayer 15 separating the said filmfromthe rest of the
initial subsPescziptdopoofi he Hoyehtgono a fracture of the initial
substrate during ep O, 5.- step.c) consists of maki referred
treatment to obt a?hlghe lfn’rvgéltt&roél i e it i éﬁs}lesubd;fsr %gang[i‘%%se V\C/Jegkened

| ayer. THi s preatmenit maydbe el anfltansmechasieatindhe i stddiadd
substrate may be single layer or multi 10 layer. In particular, it may
conprise an EpFHEkHES IGERATISEHHY sankhapphi sl ¥or ViR 5 Get SReBstt@t e and

for the int ePE‘?%E?E_@Leéypp ta Accofdingnt o ong pref gt ed exnadi nenty, at

| east part o e intermedi ate support nay be renoved by the 15
i ntroducti onspécgd@seopsopempaands either through the thin |ayer after
creating a contac

or ,through the cqontact face _of the internedi ate support
before or after p&b?inan?nFﬂ?B bb%dﬁﬁﬁ“%%nfﬁbtt&ﬁthsFHBrfF?gg cofthct face
of the ti¥ n bB¥ekwebhi pyaddhbi Obn@éntors, that unlike the direct
process for which the thin 1layer 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 1layer is 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
initial subkstrate, the thin layer having a Iree face
called the first contact face,

30 b) putting the first contact face into bonding

contact with a face of an intermediate support, the



20 gaseous compounds form ng a weakened | ayer enabling the renoval of al

‘or part of the internedi ate support, possibly covered by a filmof the thin
| ayer, by fracture. In this case, the internedi ate support nmay be reused,
for example, as a new support. 25 Possibly, the stacked structure obtained
at the end of step e) is thinned on the;gide of the first contact face. The
process may use a very good quality and therefore high cost initial
substrate, for exanple a 30 300 nm di anet er nonocrystalline silicon, an

intermedi ate support coppatible wiith the initial . 16 substrate ip the
sense of steﬁtﬁygtFB? QggﬁﬁpédabﬁﬁHSCFﬁﬂR%Q¥ NG P G bsth R RSver ed

by an Si 02 oxkdenkikAy+aatasgstrsybstrate made of polycrystalline of
nonocrystalline silicon of |ower quafity than the 5 silicon in the initial

substrate, for exahptiinhénghi afl afbe cempd siimg tsidli conlosdi gt on the
nonocrystallipe silicaqn _originati fromthe.initial t.hate imlarly,
eﬁg?ge Leen rigl Eé@?%&é Hhﬁg lagekt%ﬁgﬁé (;i% %?ﬁ%nd

the target sU ate may be 0o an silicon: € €en € process,
the fil msobtabnedct0ranet hadt apgetisubsheatrerss thamraver Yageod quality.
furthernore, the initial substrate may be nmade, and the_ internediate

support will be reuseBFelsg iy fBeCsakfi f1kS al-od&séndPRESERFEs HuBPi ty or
cost. f”rtheﬁgﬁéﬁn?ancg%EEQE G@f@h'”é%éaie§§95t§§%€1 3P Sfe 15508, f@AS

i nternedi ate support, or an SiC or GaAs target substrate of |lower quality

t han t he i nitoatasubsiact,e ¢ esitaluamyrebeoisedned hbetimion ¢ayext tohe ai ni ng
SiCor GaAs orjginating fromthe initial substrate. The thin |ayer may al so
be | ayer of B ndebAraI TP o & SLeaeE SN | PR G G TR,
sapphirqoandsgggbgepductors. The invention provi des nany advant ages
including the following: 25 - A nonocrystalline filmwth good crystalline
quality can be trahsferesdl i | ett HexsttopPrafercd oithehi hint pgnenhbate

Lok e 2 SSTURBEE! LSRRI LAYEE d SERMELANLE AL e
cost of the interwedhategsdbststaie d)quat | tymonat ude, seep. ) dah use
any technique capable of eliminating the 1initial
15 substrate or the intermediate support. In particular,
separation, fracture (by the creation of an area
weakened Dby 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 is 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
be used to transfer the thin layer from one support to
another support as many times as necessary to obtain a
stacked structure with the required characteristics,

30 and particularly a stack with technological component

levels.



is high. Thus, a polycrystalline Si Cinternediate support may be used to
‘transfer a high cost and/or high quality nonocrystalline SIC film As an
exanpl e, the bonding energy may be controll ed by checking the S roughness
of an additional |ayer of Si02 deposited on the thin |layer or on the
internediate support. As an alternativejjo control the bonding energy of
the internedi ate support, it would al so be possible to use a consumabl e
film (for exanple an oxide) on the surface 10 of this internedi ate support
torecycle it (lift-off technique). - It is easy to choose the thickness of
the final buried 6RPdECBPALRBILALEr REITACe FaFerS TR W& rit, StRR aPl i c,
etc.). 15 - incip f fihe lpventi e Pkl ed: Lay. made of
ot her nonocr%ggéPFiEgin%FS iéﬁseﬁ%ge%%? §§%£?%?%gh§fhgéfgh%% gif?%%% at

| east for onéapérther fekep ia t hénstacked $tructaired. bbndpagt i@efactst he
process may he_used t.0. apply a _sapphire,, Si.C, GaN, 20. Li,Nb03, Ge, GaAs, InP
P P ont o angtEiBgor L APRY a0 BPELT By o Blmadl LM SEa: oF bt
substrat & typespetherethan sithigoncoh®st EXAIPEE GHsaf t BeOrddny tsubshé& at e,
and advant ageously a | ow cost substrate (glass, plastic, ceramc, etc.). 25
- This processnigpeBe apgiakagseso ffy type ofhdenm déwadct iafy /91 mther
exanple to IlLzV, sLk- - 1 or k. to.a: gi d ptride
filmor any %%ﬁggl%%pghbﬁmgF%giﬁig}%gggﬁg%eu%x?ﬁgg %%% §§Rﬁ128%¥8%f02,

SrTi 03, LaAlDBe My&xu¥bax€fiy(Zhe Si Oxtyrm&ud2teor S@ppvher amd ot al sheand

particularly piezoelectric, .18 superconducting, insulating, nmetallic,
pyroelectriCFQHBEBCFVQFSFPFﬁel&n&OHFﬁéF|%h itSs thinriaysyro e’y Ry be

appl i ed fgo meheLbal $oMANbiHrdREesnMbhba POb Tl 1 haraeheblstdCs Pnasdhis
process may be applied repetitively to materials, for exanple to obtain
conpl ex nul t cheager &frddteur meterihe manmuftdet ureaglpihoci pteudonre.
nonocrystalljpe filmalone,. f exanple siilicon on a 10 final support, my
advantageouskgebenﬁ gaeinogn g%%li%% ?E%e?ﬁam%icﬁu?%%r in%?gé%%por ®is a
structure w thragttl eapkteatepiocessedcar winpr atessedid ayefsr , Thisy be
nonocrystalline filmof transferred silicon then itself becones the subject
of technologFEQPe§téﬁ% 28 &rgepvedbd any incompatibility related to

15 heterogeneity 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 to avoid any incompatibility
related to a difference between 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
amcrphous silicon.

Steps a) and c) may be such that the roughnesses

30 of the first contact face of the thin layer and/or the

intermediate support are less than the zroughnesses of



15 create a conponent. This principle, if it is repeated, can be used for
3D stacking of technol ogical |evels of conponents. - The process according
to the invention can conpensate for several types of inconpatibilities in a
20 particul ar production. One or several internediate supports may have to

be used to achieve this. - Initial subs{fates, target substrates and
i nternmedi ate supports nmay be stacked structures. 25 Brief description of
the drawi ngs The invention will be better understood and ot her advantages

and special features will becone clear after reading the follown
descri pti on, tiFveir & &ﬂﬂ'@ﬁ%a%?GE Kt e, coﬁﬁﬁﬂ?@d %@bﬁWEégﬁtached
30 drawi ngs aaBpgc¥hiiveth; tHE dbakbid0 i35, 3@+ Ehaursttushows ar

cross-sectional view of a substrate called the initial substrate to which
this inventi®heps dppbeedy obtiagmes! 208 hews ta ner osle seeciondal cxitedeof t he

;gLfggiaffgﬁ%égéecﬁ?v%%%f.P%ig qﬁ%ﬁiéath%ye§oﬁ@9n Ofﬁﬁﬁ%ﬂnﬁnak8”i§% .
p 1s appliéd duringinplenmentation’of the process cordi ng
to the infventé@dval of the intermediate support.

The bonding contact of the first contact face
and/or the second contact face of the thin layer
achieving the said compatibility in step b) and/or step
d) 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
the intermediate support from the first contact face of
the thin layer that thus becomes a free face. The

30 structure compatibility achieved in step d) may be

obtained by putting the second contact face of the thin



- Figure 3 illustrates the step in which the initial substrate is put into
"bondi ng contact through the material the material |ayer with an

i nternedi ate support according to this invention, - figure 4 illustrates
the step in which at |east part of the initial substrate is elim nated
according to this invention, - figure 5jjllustrates the step of creating a
bondi ng contact with a face of a target substrate, through a possible | ayer
according to this invention, - figure 6 shows the stacked structure

obtai ned by the process according to the invention. Detail ed description of
enbodi nents 6RYERe FHvRNPPEAI8EV T tXAanPlES oFfh? héaggetof SERFE 3 v ent i on

N oPe Cescribads Hases RXASRLESy ABOYBELALLANGCAN AN BARSSLEfEyal

enbodi ment of the invention, conSequently we will start by brie

descri bi ng t bifs theotesgeatsisndpsarradcargditearmtap tdh + ef Rdlexceageofisgures 1 to
6. Figure 1 %gggskgrgjpss-ggcéional %%%w thégugu ar72§i%n1tqgck %90 nm

di aneter silicon warer £ for?n% the ii'ti a sufﬁl.%terzlilfe LaE&. S TRt he
initial subspbeatendetSe@Xishtzaeskd 0saelldi cknessndf KBQ0 asnhbysheay o20
treatnent to create an oxide |ayer 3 (see figure 2). A nufti-|layer can also
be used on sUB&iPgt &lEMeTHe ekttt epeFINANCPBRRELI APICantdt i B ofhime

nitial substoote Liby gasequschampongs. 4 RaRsiag S tBrgudl: He:fage 2

and therefore also passing through the” oxi 3 as shown in figure 2.
For exanpl e, obheigaseouas teanpatrgs 4)mapdinchydragsat imis iwptlant edeat an

ener of 75 keV and at_a dose of about x 1016 atons/cne. This thus
induggs a weRKEREHCFaydr &% nSehd fgeﬁﬁ & par A'FRF EGFREE 52 MaphePBart of

the substy at ea¥ikebween the faggi12 andt he weakened dayer Sohpshdnesfilm6.
The assenbly formed by stacking the film®6 and the oxide layer 3 fornms a

thin layer 7.(MTRECEARRLIAYSES7 hABLAEOREEE, f REC15 Brchl FéY the fmade
cont act facewélﬂeé'{:é&tgﬁﬂt acly £.3¢2 §o%<§1<9 ?”e%éd@odg‘?kgtéé Yyl taphe for
) 10 ende 0 nake It

nol ecul ar bon for éxanple by a prepar I nt

sufficientlyihydrophibee aBdept maypubei npoochHatact cbysiwtenyl asf20abondi ng
with a face 11 of another silicon wafer 10 called_the internedi ate support
as shown in FrgliFéng. PReouel @t dfnaPrd98ragl i t8PL8Re 21 ay&@Stadhesi ve,

mel tabl e J aygreat&r ) chatsCadh fausachendi ag-ai th Lhe gnt efediat e;support
may be appliege?o(ﬁgné to ?ie saig 25 support. The g%segb?y coﬁgfs??ng of
the initial debstramne blanthesre antasnediat bosdppgr tcolac subjrectied to a

separation treatnent, .fqor exanple a heat treatnent, .in order _to separate
the film6 b§aFg§§t&H§%ﬁﬁ§%ﬁTmaf%e rimming opeéeration may p0581be

take place before step a). After the removal step e),

the area(s) of the 1layer 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 a) includes the introduction oI gaseous
compounds into the initial substrate through one
30 of its faces corresponding to the first said

contact face, to form a weakened layer




30 remainder 9 of the initial substrate 1 (see figure 4). 21 The film®6
remains attached to the internedi ate support 10 and has a free face 12.
Advant ageously, the thin layer 7 is bonded onto the internediate support 10
and is reinforced by a high 5 tenperature heat treatnent. Depending on the

‘tenperature, the nolecul ar bondi ng energy between these two parts may for

exanpl e be of the order of 1.5 J/n2. The free face 12 of film®6 is then
snoot hed by a surface treatnent, for exanple by nmechanical -chem cal 10
polishing, or annealin ossi bly under a partial or total hgdro en

at nospher e, bonbardﬁ%ﬂgrg§lpgol eédSGchéﬁgéhtFE?%dt?ﬁhsr%? cR&ni e attack

in order to renove ali:9f)pash,efrhbe f£BH16§QEQP§1 reesfgifgf ace of the
layer 3 if the layer 3 is sufficiently selective with 15 respect to the

i nternedi ate substrérecturensyf b&heoveredidy suddtimar3: t Harimgy deep
mufti-layer, and thg free face of which forns the second contact face 14
(see figure 5). The ?fln113 may be obtai ned by deposition, by heat

treat ments, by cheni gakpt ceacoBBi st20 oft GnalAfiera the: secondl coedaaént ace 14
has been cleaned, it is put into bonding contact with a target substrate
15. The bond nay betPePRtéiEed Ry B3 YA e eAPetdfuridHes! t FeashBate 25 The

i nternedi ate supporgtlgh%swgggg égﬁ@gggr.for exanpl e by grindi ng together
with a chem cal attack. The oxide |layer 3 may al so be renoved to obtain the
st acked structur eTshewtnigntanir emfyared conposat ehd/le treegesnscdstrate

15, the filmJ13 and, the. film®6. 30 Accordjng tpo first alternative,
enbodi ment, FRE 11 1%L mefAREEAER oVt hPER SRS | APei Tor GaUCBAL £ 20

thernal Iy onigbersurfage d2rofctgrfilim Bmafhe-dmd@ie SUPSt£81 €a:lDefry be
made of silicon and oxidized on the surface (for exanple over 20 nm or
not. In thislasse, tHedoaamef abpilmes3 ar t heet frgoets bistatatel5andy be 5

reinforced by _a ea . 0 nol ecul ar type bond. As before,
bonding is p%ggi%ﬁg %g?%%mgﬁlé%%enggogF'neltable mat erial or any ot her

type of material . Athbgdwayl dtd hemegi yeefehirgl quddddimeaitacked sieasture
whi | e avoi di ng the appearance of bubbles at the bonding
part of the intermediate support may be removed by the

15 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 contact with the first
contact face of the thin layer, this 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) 1s thinned on the side of the first
contact face.

The process may use a very good gquality and
therefore high cost initial substrate, for example a

30 300 mm diameter monocrystalline silicon, an

intermediate support compatible with the initial



10 interface. The internediate support 10 is renoved by grinding followed
by a chemcal attack in a tetranethyl ammoni um hydroxi de (TMAH) or potash
solution, the oxide layer 3 then acting as a chem cal etching stop |ayer
for the silicon. This oxide layer 3 15 is elimnated using a hydrochloric
"acid based solution. The final thicknesggof film6 is adapted by thinning,
for exanple using sacrificial oxidation. A final thickness of 50 nm nay be
obtained with a very good uniformty. 20 According to a second alternative
enbodi nent, the oxide layer 3 fornmed on the initjial substrate 1 is 400 nm
thi ck. Hydr ofBRSGEBRE atB | WF afiFFUnd Fﬁ@Féahg'cogaFti%ﬁgmﬁgebe?ore.
After separ apbABcOfsthe18hki com f&bM Gupsandthe k8Skr8dofp{heyd nitibal
substrate 1, the 25 film®6 is thinned, by exanple by sacrificial oxidation
to 30 nm an@xidecdidimed DhytarFot narbpatcrRtexmadel DL el gerydice tbinact face
14 is bonded_to the target,substrate i5. Tre nts_-requiri a high

t enperat ure 8gn n%%neonc esgcaaplp Ted %Q%?%SSE cor%a?%%gra 15K of EEI%BI ettslh%O
appeari ng at stbecbandnngHhentiatftacel suRStAatdijr doal teeamatliev e renbadiment can
give a | ow energy bonding interface on the target substrate. In order to
achi eve thisla¥fE SAMRICS YW of L{FRT6 Feveal @d BPesapnatToitdtlihe film6
fromthe rest; ;06,5 theihphit fhgSubstyat ebsee fhgHie 4) Lgyspotbed, for
exanpl e by mechani cal -chem cal polishing. This thernally forns an oxide
film13 (seeStingleels) wkthh atéhgeknessbsfrd060 may The foekesurflage of

film13 is then, hened with RVS val |, to 0.6, 10 f
exanpi & by ePEhiRGTAST A & RO bf FSr PECSEFd s oSt ort ool A hut es.
After clmani B, the secepd cenbaebatacei d4 diseborded t gobhe §asoety.

substrate 15. This target substrate is a silicon substrate that may have
been oxi di zefushhehwosgr f 46€, 1153 tigl EvdFFIra tco e Ydd)st imaste | 000 nie | t s

surface may [ - ug 0 an -aver,age e qof O. msi ng the
same chenicapﬁgggggﬁgﬁﬁgasQﬁgggﬁgéd%ggg'tH@gfiF%?iéshghe%%bnéﬁﬁg eﬁ%rgy is
adapt abl e assactufidtiiad ofde¢pendihdgcedn oughizessqandiayheabrtreadsent, if

any. 20 At this stage, it is possible for the bonding energy to be, | owner
than the eneffytREEBSESr y ForSEat PEF A yliekletdt i SHPSFTRRE” didfect i pr ocess,

cal led tifie tBreghalsd shandinigy ienes gsyu%gcr@c,siéjccgﬁ sREegEd e @yp@%t 10 is
then 25 renoved, for exanple by grinding together with chem cal aitack in a
sol uti on of FMpBtortpotefshlovde awiadétlyaydrard bbei igidsadn stlkedingtst op

| ayer. This oxide.layer 3.is elimnated etching using a h q%. | uoric
aci d sol utiofi? ﬁal?;eﬁﬁﬂuget%ﬁ% he@%eoFR¥Pl%FgeFSQ&ﬂ%§%§}?§; ﬁgt%¥nning,
for exanpl e byasaerifhiahakngxifdal @Re in24ial substrate.
The thin layer may also be a layer of a material
20 from Si, GaN, SiC, LiNbO0Oj3, 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 1is an amorphous
layer.

- A recyclable intermediate support may be used,

30 for example by checking its bonding energy, if the cost

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



This alternative enbodi nent is capable of producing a final film6 with an
"approxi mate thickness of 200 nmand with very good uniformty. The bondi ng
energy with the target substrate 15 is low, so that the 5 filmcan be
recovered at the end of the process by separation fromthe target substrate
15. Advant ageously, before the filmis jfecovered, it is possible to nmake
all or part of a conponent, for exanple for mcroel ectronic,

opt oel ectronic, 10 photovoltaic applications or for sensors, etc.

Advantageousl%, accordi ng to anot her apgllcatlon this type of stacked
structure wit I%%ﬂ%ondiﬁﬁ“ﬁher&y BoAYE Yﬁ§@élﬂ8ena§écf|4?ﬁ%ﬁmﬁ%¥%?%ns or

transfers. ApghbBsttappli eat weROkd hirsr@ldsr natd i IS el i@t o, figh cost
15 substrates. According to another alternative, an attenpt wll be nade to

reuse the |nquaéhtan@anQ¥MﬁﬂﬁkﬁkﬁQnﬁ$¢ré@ém- A@k@rdnn@xamgﬂﬂs the
alternative, Lnitial fe y he hi gh uaI and/or hi gh cost
H}S %er\'\@ Ifna b% | & ae% TUHN erq 1;r1'|;|

20 nonocrystarlrne si i Con; for Yexanp 0 e di neter e target

support ey beugndesef doven gdaliictipneonderyest abki 188 051 ldep@initeyd | & cost
pol ycrystalline silicaon. The obstacles overcone using this process include

bondi ng def eEPE &P ithel AffeaPBned 5¢eob§%§%%mﬁ49%ﬁ§fbﬁBBP@§trn thfe 2firect
process. In §§eerﬁgtwet heof | 8h t@6AMP8e  RRIJi8) fq thesthip | ayer

may be bonded directly to the target substrate, for exanp e in the case in
whi ch t he apphteamedmateqwmp@©r¢ondUntwmngomusngbel@C@ssédmndxemawple in

step d), the_free 30 ce thin er or the, tar et substr te may be
cover eh’ by ol GalGUTPPLE, 0P GESTIEE n s S-St 1t B hEias Y o
30 interigedi gke giild caaté@ﬁéaﬁ.an&@ neypderd owoCosdayd s QR thﬁlf@%ﬁpst
target substrate. In this final exanple, the oxide nmakes it possible to

snooth the stffBB&dE6)be bonded and the target substrate will be made of
pol ycrystal line SL'&%OQS easy to choose the thickness of the final

buried oxide or the intermediate layer (dielectric,
metallic, etc.).

15 ~ The principle of the invention may be applied to
layers made of other monocrystalline materials made of
something other than silicon at least for one of the
films in the stacked structure. In particular, the
process may be used to apply a sapphire, SiC, GaN,

20 LiNb0;, Ge, GaAs, 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 advantageously 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 fiim, for example oxides such as Al,0s,
zrO,, SrTiOsz, LaAlOz, Mg0, YbayCuy0,, SiO«Ny, RuO; or

30 other materials, and particularly piezoelectric,



In this alternative to the process, the exanple polycrystalline. An

"addi tional |ayer, for exanple nmade of Si02 for surface snoothing, wll
advant ageously be deposited on the internmedi ate substrate. Also in this
alternative, the internedi ate substrate nay be nade of high quality
silicon. It will then be advantageous tggrecover it, for exanple using a
lift-off technique or by inplantation of gaseous conpounds foll owed by
separation, or for exanple by a technique after step b) based on a fairly
| ow bondi ng energg ta enabl e separatiqgn, for exanpl e by nechani cal or
pneumati ¢ mefHBASCOBAECLLRYa11 105868 W Frhi SN rhifat i VYT ePeSFhF+Fal hi gh
qual ity and/ genBiahseast isdbshhabehekOnae%anphe 300 mm di aneter silicon,

wi || advantageously be recovered, for exanple using gaseous conpound

i mpl antation in stegre)s apdosepar Maonoer gprtliec ese ol tEerdals tvath
substrate in . ALfour al [ di ment can provide a | ow
ener gy bondiﬁgkﬁggé%fgégkoﬁoégé Fégégﬁkgégsﬁgggé so that the filmcan be
rel eased Sand the targeissubséicede ey beer eappeied. fbpstatieengtive
enbedi me: ~t, which has nany points in common with the previous alternative,
makes it pos®fbPEIRGSapptSt a SKGMRES of Ot rIdtdteNt SOPBLERe PP T1X¥8 t 0 the
target substgatgeoryréd€_ for exanple technol ogical steps for making

el ectroni c conponents including high tenperature heat treatnents. These
heat treatnments woul d fhke it r@lnvdsictivyiossi bl eninciapar ate ofil mérom a

substrate produced ugiﬂg.the € §$reit %roc ss. Ve have al%ead seen_that it
i's possible P8 gEhYave-a  ow eh g? BETA of°t h&*F"Pm on°t %p?%régi a
substrat@, feinaxamh@artgnemgyy of a@vinddg@oudhys bype wefedondi ngagner gy

can be achi eved_despite heat 10 treatnent at a tenperature exceedi ng 900C
by mai nt ai ni AGPEBREESPNOVIEY YiECR olifRndsldiadf SWRPREls 1Beféor 8t HARERES cont act

to ensure that % r I hes gi e e then

conpati bl e sgagﬁg?tt%%g%%rg%%%g&§§£%¥¥%$§gﬁqﬁgn$g%§%sedeEﬁﬂﬁé'se%%?gtion of

the target swmbstrayetafiléneagpllinc&tfi diraofs fider ede chinal aagi calerst pseld nake

conponent s. is th ossible to_recover_the t rggt substrate, which may
i

1 n S
o e ant BEEOR o the ISP AT (Gt CCChRe} BBECR he S56B it SR T 11 I con

substratg asc20,88 gxasRbenehta hitgh ostidanget, substy ate. &pbyréhe film
part of the substrate can be reused for the conmponents and it nay be

i mportant tocracheerusete foun t 3Rl stabkindt @ fakg/cdmolieg liastlerascd g eoSuppor t

and/ or the tggge%ngHggtrate. 25 Afifth alternative enbodi nent is
applicable in Re"cas8 in which the free surface of filmé6 delinmted in the

initial substrate-i sTeechpkbatstheadtbedinhontdoontiet afgeénsiubatrass is
very weak, for exanple due to rou%_nesses over, at | east aone of the two

surfaces to BEMBERSALS M cUMHAL THRSHoRdi A CORPRYY 2o A HES atyet 27

20 particular production. One or several intermediate
supports may have to be used to achieve this.
- 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
reading the following description, given as a non-
limitative example, accompanied Dby the attached

30 drawings among which:



substrate is then insufficient to enable separation of the filmusing the
"direct process. This problemis solved by preparing the first contact face
8 to nake it suitable for bonding, for 5 exanple by the deposition of a
sacrificial film after the ionic inplantation step, and by an additional
snoot hing or planarization step. Accord?@g to the invention, an

i nternmedi ate support is used, for exanple a silicon substrate possibly
covered by an oxide layer 10 (for exanple 100 nmthick) and with a slightly
roughened contact surface (for exanple with an avera%e RVS, val ue_equal to

0.2 nm. The fact ™t hBtIBbRdi hg I¥%ppla edr 8752868 lwi YRS | 8fv rdughness
val ue resul t s haca,8uf fdLiem | ynhBi i dondi nguenergyesad hghithe step 15 in
which the film®6 is separated fromthe initial substrate is possible |ater

Once the sepanuenbhohassbeenlaeHi eved, a high tenperature heat treatnment
may be applied, for ex | e,to_reinfarc he bond.or_as a function of
operations 20 necesggﬁﬁgg%rzth%h?%?géﬁ gﬁ%f?cgg?gﬁ%nfgiﬁ?ﬁ?foﬁ%ofgb%planted

el enent, Soxi gdeitibh deposidae | abeeredt @y . a Amstteirdee trepd reand fof
exanpl e nmechani cal - chenmi cal paolishing, snoothes all or part of the reveal ed
surface of tRBIERI mMRBepdited FHIRTTT IR t S&ePsubst rapel 128 Aweing

cl eani ng, thenfgreauntags ofof he ki m o geothe addidiqngl fibm 13, called

t he second contact face 14 is bon on e silicon target substrate that
for exanpl e isvenuéped by an approximately 10G nmthick oxide | ayer, the
surface of which is de rough hy 30 chem cal treatnent. Bondi ng be
vari ed by a heat freg?ﬁ%ﬁ?, %utl'%uﬁQﬁﬁﬁ?ﬁslqgﬁ A ePhiénst%Bé?hthgag 28

bondi ng gner gy i betneaddte-ddd M6 gt hiemdd | BvAdiagd cbhe aldr getrsudstrat e
15 (or possibly its surface layer) is lower than the energy necessary for

snmoot h executhen sftamiealst 6pei male et héavprmYiistisepar atelde et ate 5 rest
of the initi t iLnt er pedi Jpport 10 is then renoved, for
exanpl e by g?#ﬁé?gg éﬁgggﬁgﬁgcgp gbggckﬂggaﬁgﬁg’oxide | ayer 3 is elimnated
by chem cal attack. fIerk ralilhickiesss ofhé hetépl tmb wihd amoditf | ek by
thinning, for exanple by sacrificial 10 oxidation. This thickness, my be 50
nm wi t h veryPQBBdCﬂhi?%%nﬁpﬁﬁlﬂ&véﬁgﬁﬁgﬁﬂ§iy}stﬁ#§mﬂpﬁFﬁ@M%§ﬁ?ﬁﬁ+%% will
be used mhen.thenini thaknsyphace roughness of faces 2 or 8 corresponds to a
t opol ogy etched on the initial 15 substrate or on the initial thin layer or
on the target substritigurén Soxiidéubiticateld (tke fitpreod) wrehbtanghizkness
of 1000 nn1n$§ @e nadeé fortexa | e thfrnall on the surface of film®6. The
surface topo a 8hat ot ndtithi i a ?geen | & th8T8Frect" ?%%%%%2 may be
20 reproducedhabuthi 8 pbepibfier 1ayarphecbydanghesi eak set ekieng ibheat ment .
One application exanple is the case of ducts placed at the bonding
interface with the £aggee Sulshawst &hgnc SOUGHHR | MR THBIR NBY of t he

structurg by, girgubatian.etoaqhhyi do Anat har.axample

Detailed description of embodiments of the invention
Several examples of the use of this invention will
be described. These 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.
Figure 1 shows a cross-sectional view through a
725 pm thick 200 mm diameter silicon wafer 1 forming
30 the initial substrate. Face 2 of the initial substrate

1 is oxidized to a thickness of 400 nm by heat



25 in another field is the production of a texture at the bonding interface
“of the target substrate for photovoltaic applications. Furthernore, this

t opol ogy may be made exclusively or partially in the target substrate, and
may or may not be covered by additional 30 |ayers. 29 A sixth alternative
“enbodi nent differs fromthe previous alygernative in that the internediate
support can be recovered. This solutionis attractive since the

i nternedi ate support is an element with a certain 5 quality to enable
separation of films and its cost can then _be high. For exanple, the process
accor di ng totifﬁéti“ﬁ%nttpoﬁrﬁﬁffeaé@aﬁtxé@@odsaly;?q(%ep(%er?e HeHtfing enerly of

the initial ﬁH?ﬁﬁiﬁsgﬁgrggntQﬁsbnbéfﬂéghakﬁ SUBReLhLcgayal to a value just

hi gher than the thre 10 energy necessary to separate the filmfromthe
initial substrateThFhendzondisigrenésgyanf itdreld niitpdlangalistomat efanidhe he

i nt er nedi at e, support e controlled by checking the  surface roughnesses
and heat treéPhEE?i ugg%égf?t%ny{ ﬁﬁ’a&&%@?&ﬁ tSOERSuggBar t i DR E 0%t nent .
15 Consi deripgrbhgh the imier nediahe sHpperbrean1ke reeEwed, thtohsh

possible to use expensive substrates as supports (conpatible with the
appl i cati on) ther cejée shiigan a? edst IFROVWAr el lspBEIEr ¢ y2pr epdie X aEi | i tat e

separation a he f.ir Qgggiqg jnter epn.T it ergredi 2l rt may
be recoveredEg%tgﬁsggﬁﬁing 0 t(%ytgrégg Eﬁbg F%?g%ﬁéﬁhg a.f$§%§-€? "

t echni que, oatbwnneclkanjycalf ahgl/ beVpaedmati @ skpsr atf oaboot by xusiat§ a
process in conbingtign with a gasequs. inplantation, ese techni ques

possi bl y beiﬁ@oﬁézﬁwged W&ﬂﬁ égHﬁ FHANS, @ W@%ﬁﬁﬂﬁ& A ¥erhat? vele

enbodi ey iﬁlggglFggghge@a%gi@gk@rby on the case in which the free surface
of the filmseparated from the initial substrate is difficult to polish or

if its snoothing Ghel phyti & fndhe3®uhsftiradicent kafttverera Wia etacerdcesd. 30

The surf h f films obtained by the direct f tl
nas o b r ellfed FORENtH nd 2R e raied agditact on "AF &y oTHELY

separation stepmeGoMAENELABAEhY, thdreehani Al agheniheal opodié Shiay@d s35
possi bl e. However for nanﬁ materials for exanple "hard" materials
&

(sapphire, Stermgi anshdn deyer, "t-hi NSolbGhdm dRYer ef thiet dotreeafp§e
appropriﬁge éngglEEEeEBEV?iEQE BBEF%EE”Qa@eti|”‘Of hard material since it
pe

was devel o or the sane material in massive form 10 or because the
quality is insuffifoeenfiror kbntherte faca Bhitknedsaneidf oro takdef 8tt), or

it takes too Iong ﬁéhic i ncreases .t he nu act%ring cost The i nvention
sol ves this PPOBbPR f dePOtRE ULl RS an 1O i SF BRbSt r e 1915

formed by a p@&gargfti%nowﬂﬁttéldédﬂe sepphi g kWi th iari ens gt Foi A+ 192] and
polished on the surface with an epitaxial quality. The wafer may be covered
agai n with ahldyephéflesi | andn idxi de. PiHe LALP|I AoBLdSE r Hve MOLSCRAPrant ed

by gaseoyp C%%H%%%%S’wigﬁ %}a@BLS hyprgggnanother 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 dintermediate support 10 1is subjected to a

separation treatment, for example a heat treatment, in

order to separate the film 6 by fracture from the

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



20 If there is no oxide layer, the inplantation energy may be 60 keV for a
"dose of 2 x 101" atons/cnR2. In the presence of an oxide |ayer, the

i npl antation energy is increased to take account of the thickness of this
.oxide layer. After preparation of the inplanted face 25 (first contact
face), the initial substrate is put intgjcontact by nolecular bonding with
the internedi ate support. The sapphire filmis separated in or close to the
weakened | ayer. ﬁﬁter this separation it is desired to obtain a 30

sapphire filmw th,l ow m_craq roug c ni cal,chem ollshln IS

very long toﬂ'}tppﬁf gt o\rg thﬁls?ltn;? e a§ cgf 6ehrl ajinternr%e£ uséltll???/rgnd

uni formty ofopehtisheBgaastbenfhickmps di ffl cult to control. The direct

process cannot be applied since the surface quali tﬁ is not of the epitaxial
[

type or the inpli88VSPERBPAUESY i hi FRINTHE XAPPHi res i HPPP@I‘?‘ seibserate is
sol d by the ‘é"ﬁéeﬁnﬁggﬂghgét\%‘ hy ?or@CG_LOt haly 1% arler‘?ﬁ%}’ té‘xlkf%h

qual ity, consequently the imventon can be used to obtain a ’stac

structuré cotpmpsiraguacfi | nedor whiedtndret free f @epepdinfrononfaceheis this
initial 10 face wit egitg i al qual it Tt}glrefore t he seéaaratlon step

bet ween the FFIRFAARAUE g?t IOF SEHe SR L RS e R BReRT
putting the tpbtpakrsuhstr abe kRbRAphengdiengrceRtask-der bhe i nt @r/m'?dl ate
support through an additional initial 15 film After separation, the free

face of the sapphihe fflrlem hece Eér Pai Iflrléuﬁnk%sthﬁnl éV@IOt@fedrrétkér@al for

exanple a la Si depos ]%95
nmechani cal - ﬁg%‘lfgg I ng eng%? s%rﬁiggrl thl on ot sl sur Ig%:%é Af ter
pr epar atlidon pblnbh$ngur fcar:e aamzéa&(lrtd1epoesnb$pormhat@r sur f paetahlt hert ar get

substrate (for _exanple nade of siljcon), .the second step.of creatin
bondi ng cont Lete 2|f r@éﬁo&% aﬁ@ﬁﬁ&?éﬁr‘éf %arﬁdéq’er‘r’é?d BY e 18Q3544C %‘?g/eal s

the initial gpaBEntageeqf 15'&% %%p@?ﬂe'hﬁcfa'l' Badihe pddiddongd Fahsval film
This 25 additional initial filmnmay advantageously be a silicon oxide film

In this casealit omaypdst r@fmt:ba By lehém cetuat foekirg pelfease ahethaitial
ront Tace of UBe SeREpl pelLlnalls (Lo lut, gge, !5 Sugrag by, an oxice
al ternatjisve kBepeage t8 Wheh e diddaLid f engndc ehay.act eristing§. }bél the
state of prior a:
covered by a film 13 that may be multi-layer, and the
free face of which forms the second contact face 14
(see figure D). 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 is then removed, for
example by grinding together with a chemical attack.
The oxide layer 3 may also be removed to obtain the
stacked structure shown in figure 6 and composed of the
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



5 epitaxy on the film®6, (material wwth an Si type GaN film enbodi nent is
"applicable to is provided with faces with This is the case nentioned .t for
continued gromh in for exanple nade of SiC face and C type face) or a For
.exanple, an initial SiC substrate is covered by an oxide |ayer about 400 nm
thick. The initial 10 substrate is inplgnted through the oxide |ayer by
hydr ogen atons with an energy of 120 keV and at a dose of 8 x 1016
atons/cne. The inplanted surface is then made hydrophile and is put into

contact for pol ecular bonding with one face of an.intermedjate support, for
8 exanpl o cHUBFEALbY 471 W EHIHe S e § By Ere RiLBparat 0F £r ebdmant
separates theubsthnteomst Rayr 8t maket BE isiticdn SURStatE: zehe i Ehdil m

then bonds to the internediate support through the oxide |layer. A surface
treat ment (forréxanpléoreehanPéal orrENEalnm0 oFolnchi nglortideposds¢on of a

filmenablin I L i eg . t f .th ilm
sui tabl e forgggbggggeﬁg;ng%ngg $Higﬁ¥$§§é%%$fa%g£%ggﬁg elﬁygFgéﬁ%%e and
is put into cehhActcédrbpohecukatmeondiang MO0 Ca caora esgordi Ingr fagee of t he

25 target substrate, After a high tenperature heat treatnment intended to
reinforce boREPg, f'ReP¢ Pﬁg'op%ﬁéﬂéguﬂérgﬁﬁiﬁﬁi?<Hﬁ%ﬂﬂ/%%ﬂ?%ﬁ?%hﬁ%l to or

greater than,l Jd@..he kateraedi e SURPOLLLAP IS, ddhensr enpyed; jfor 30

exanpl e by grinding followed by chem cal "attack, the oxide layer 3 acting
as an et chi n§hssopoudygerthen 3g1Fenal Ityigh heuakitdy Isdperkedl i strempyved by

attack using _a.sol ution.bas on_hydrofl uoric . acid. The final thickness of
Che 11 m 1 o uRaD el TR : ARy Sl APRERR S i s RSt T e RO SET mot i o
al ternatiigve epbedraeatl, ardé nahtkbhekness cfugiketfilm 6sequadoved 169 nmi s

obtained with very good uniformty over a large part of the structure. The
rel eased sur#aéRI6RIt hefP112WeSr r 3ponds t §RERE CSdr f aBET3GKt ablB f of

continued growth i B+E0hLAXYH1dR A }Q; |41 nat hyey enbodi nent i N
applicable to t 8 cgsg %n %cﬁ itqﬁslgggired t& recgver t he i%%é?%ediate
support and solwhioh,t ltdef idsmderlaper o tiierd idas)nhassf aceshemidcal

different characteristics. This alternati,ve is a ecial case of th
orevious 15 SFEatRa F6BD APVEE RS Lhp Straf fons Bud o imarmHshast he
filmé6 frsom {Bect eptngtel hggnbniat E@Idr%é@ﬁtorﬁtce dsiee dd HH esdut Ponionic

inplantation step is carried out through the surface 12 to induce a

weakened ar eBhén fiihe 120t hinlkerensli af e fddbstd ai® edaphedndyofthheniuldi ti ona
| ayers depos%ted on thg in&ergedigtersgbgigfteogi t?fothin Igye£.7al
dependi ng on Phei T*f%Pure. "7t %ay e’ a hydrogen |%% antatior in thé

i ntermedi at ethubgheate o t Boamnenesgy bef ddbakeddandtat & 3§ ofo8dx 1016
25 atons/cnR for the exanple of the materials nmentioned in the eighth

al ternative BREEPA™MAYch the internediate substrate is made of SiC.

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 50 nm thick oxide 13.
The second contact face 14 1s bonded to the target
substrate 15. Treatments requiring a high temperature
can then be applied without creating a risk of bubbles

30 appearing at the bonding interface.



The target substrate is put into bonding contact wth the second contact
face. The internedi ate support 30 is then separated fromthe stacked
structure and nay be recycled. Recovery of the internmediate Si C support is
,34 economically very attractive in the case of a process for production of
an SiCfilmon a silicon target substrage. The oxide layer 3 is renoved by
etching using a hydrofluoric acid solution. The final filmb5 thickness 6 is
adapted by thinning, for exanple by sacrificial oxidation. A tenth
alternative enbodknent,a plies to the case in which the filmand the target
substrate have at Ieggfrgnéa%ﬁﬁﬁ%ﬁﬁ%ﬁ?an£;q eak &8t hE1dFr et PPHcess 10

i nconpat i bl eenEQ?ye?b%mHiQrg inf@yrdect Be aase wrw chubbe ditferepge
between the coefficients of thermal expansion of the materials from which
the fil m andordert akget ashbeveat ehase fohaedsisfeoe gt2atof Fofikranpl e,

S and b, SORRGeE koS PATREARTY Phuliond 40T et SN R n The

separati @n step hyithe ldi s@cét pioscegsceauSemrel ther i sepaicaidrdy at fshe
contact interface_or failure of one of the two elenents put into bonding
contact. 20 EIAMBXSnplRY t ME TN P¥iHiClan pelaghitfidti al subBifate 1

conposed of angihhey Wafkels coveredidys 84003 nsLhi ¢k axide )l 3, A
weakened | ayer 5 ?s greageg by hi%?ogen %%p an?gt?on gg Sn%2n3¥§§‘o? 75 keV
and with a dbbécghebsx of0I &t oms/ cnmZheTheresonsactadacef 2518 m sl bonded to

an internedi ate support 10 with a conpatible efficient of _thernal
expansi on. Tﬁbgni%agqmﬁﬂ%ﬂeyk paptgﬁﬁﬁagg h%?f%?l?SBRlMéﬁépgcgvered
by a 200[0nm hhi cke OXi dah@Y@r - bileat: dHigRt MBRL §gCa tbhen beiApplisdi - These

heat treatments enable an 30 increase in the bonding energy, which will
cause a hi ghagqidl i s9lgebar aticoh Bét weenutge. fi | hfded t héeppsngof the 35

initial substr t separati has been de, the.stack shown in
figure 4 canggggggtggﬁﬁéégi sﬁfcﬁ%e f?ea%%en OHﬁ%?ni%éb t}§530$?5%%t

m cro-roughneabsetatil n16. Af tmrisurdfacetpr epdsarbes, it ngcessaiyont he

stack 5 is bonded onto a target substrate, for which the coefficient of

expansi on majUB&tyar§ dﬁFﬁéﬂgﬁY PR8mM OFEc o ¥F eF et OBf tdeatist BRCSf t he

initial gubskpat ex 1 exahPle defUrr b Oro&APRALT e plat ehgte-and hhe
i nternedi ate support is renoved, for exanple by
have been roughened to an average RMS value of 0.6 nm
using the same chemical treatment as was used for the
film 13. The bonding energy is adaptable as a function
of the induced roughness and a heat treatment, if any.
20 At this stage, it 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 1intermediate 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 Dby etching using a hydrofluoric acid
solution and the final thickness of film 6 1is adapted

30 by thinning, for example by sacrificial oxidation.



10 grinding, chemcal etching, lift-off, etc. Another exanple of this tenth
“alternative consists of causing bonding in step b) in which the energy
corresponds at least to the threshold energy bel ow which step c) cannot
occur. Before step d), an ionic 15 inplantation, for exanple of hydrogen,
‘is made in the internediate substrate ob4in one of the additional layers in
this internedi ate substrate through face 12. This inplantation will induce
a weakened layer in this substrate, in which the separation will take place

20 during step e). The internedi ate substrate can then be recovered and
reused. Similar eX8hpl es?hb§TBRT6BEai nBBCGA LRSI hi ti &F subRRFates tPknsel ves
conposed of grshackad &t rUGEUr €1 F9r 6 €%aFR! &nd dihomMal ern covgLed by a
nitride layer 25 although the target substrate rmay be a silicon wafer
covered by acfhi@R Irayexnadf wihbr vairyoxdaled Thefeoeityci efftheofbomeingl
expansion of the nitride filmnay, be areater an ~ .x 10-E/ . ~ile the
coefficient %?efﬂgrwé%ge§%§ngﬁgﬁ%gfSP 5%5?ﬁ eH%Iﬁ%i%?w%§¥>ﬁﬁﬁgjfﬁ%/k. 30
A high teénpefaiur ecdieabet readseitedised duhéngrer aft ethd herdicesst pyocess,
for exanple to thin the silicon 36 filmby sacrificial oxidation, is not
conpatibl e f8PP&5AE1IBBNdI ngTeRer gy tEENdi t itGHBet wesiRHeE i ri del and
silica filnsg I , t Ces$s a¢¢ordi :£3% inyvention,; sol ves

t he probl em %#EEFQ§§8%§§ ) t%é?%?%%ﬂn ayer isﬂ§rg%%e é? ig%%teh%erature
to thin the sobstbhebytsacrake ciall oxdrmdatiagn. Aft ea stepponentpn afdrti ona

itride | S| [ d it he f f f the thin | dth
ar gt subst FAPEPEE Covefah by b GRPOLSTF AN (2l 02). CHCTHE TEyR S can 10

al so be 1@ep$§h&>egv@mtam@ fregpl aget0bnkhe $hin fayer Snours he target
substrate. e final stacked structure corresponds to the thinned | ayer of

si li con suppbfvedtageeneliwo aciaomsiimiat it ¥ eppoaheE e @Rl ic@dfifaroi ebltts of
expansi on. 1 cardi n ter iV ne characteristic that
makes t he di?%@? gﬁgéﬂggagﬁgoﬁgg§¥gpégn§b qu&%h§88&2ﬁ8ngﬁmbé%ﬁr#?ﬁg in a
film For exmepleedatpahb&ei dmlii ldepauti dinhe eonttacinsddds a Shhd€oar
substrate enabl es bondi ng b¥ form_ng a silicide 20 due to a heat treatnent
at a tenper afBPelapbyen206C LW EFI TR 1960ES R etqd itQ delHegraties, for

exanpl e @aki gg kL ~Lppessible to performa sacrificial oxidation step at
900C in the direct process. The invention solves this problem 25 After
maki ng a thin | ayBec@rdonpritsi rapatsit | gbbefndhiBe pnaan attegptediat b
support 10, the siljcon_filmis thi Eed a1.9009_by sacrificial oxidation,

and the;xﬂl%3i~ﬂﬁ %InFPstﬁﬁﬂ?%ep Pt ed HFtet t h8" teﬁquﬁﬁﬁ)%?F?he free
face 12, andsfipstBaddsd.or aApabrdohgt ke IGifd landeafreranes kns iher heat

treatnment to forma bond with the target substrate is then nade at a
tenperat ure 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 bubbles 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

case 1n which the application requires conducting

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



37 below 870C, and the bond will be good quality and the silicon filmwll
“"be the right thickness. 3% CLAIMS 1. Process for manufacturing a stacked
structure conprising at |east one thin |layer bonded to a target 5 substrate
.(15), conprising the follow ng steps: a) formation of a thin layer (7)
starting froman initial substrate (1),,¢he thin layer (7) having a free
face called the first contact face (8), b) putting the first contact face
into bonding 10 contact (8) with a face (11) of an internedi ate support
(10), the structure obtained being conpatible with |ater thinning of the

initial subsPRatBhec)lehi fififly JPHAFE s&@StRiRtieal subBt rees (15123l expose

a free face ghkahpget hithd aygr cal hadetbhe; seqond; 45 contacknbaer (442 and
opposite the first contact face (8) . d) putting a face bondi ng contact

w th cont act shafeceldap, 2 konpadi bhd wilteh tareet i atbshediat evisiuppoet, e)

removal of af _suppert ¢10) i dE structure. of a target substrate (15)
into at Ieas?aégrB%oPoéﬁglgsggzélpﬁes§#%88Pure obt ai ned bei ng renoval of

all or sgme of thenleaghipartadtethgtinternedi ateher tprobésasn thensaid

stacked intermediate silicon substrate may be low cost, for
example polycrystalline. An additional layer, for
example made of S8Si0O, for surface smoothing, will
advantageously Dbe 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 gaseous

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
can ke recovered. Tnis alternative embcdiment, which
has many points in comron with the previous

30 alternative, makes it possible to apply a number of

treatments to the film fixed to the target substrate,



25 2. Process according to claim1, characterized in that the target
substrate is only a tenporary support for the thin layer, the said steps in
the process being entirely or partly repeated, the target substrate being
30 treated as the initial substrate or the internedi ate support. 39 3.
Process according to claim1, character% ed in that the conpatibility of
the said structure is obtained in step ? and/or in step d) by formng a
thin 5 layer in step a) so as to avoid bonding defects while thinning in
step c¢) and during renoval in step respectivel 4. Process according

. €) y. .4
to claim3, EREr &M AedtPANIOlPHAFALhSTEAS EBRPAGKENG 151 PSTERRIFesul t
of the thi Ckesaglogbx%e tj]%él%mj | @y et eRApdLQE yi-he Hg%ittelrﬁ?éa%ﬁeﬁ@é?“ al's

maki ng up the s thin lTayer. 5. Process according to claim 3,
char act eri zefihenelhdaiat t tdet man us e wofu lidhand it el hredilatos tsuppor $s antdéor t he

target substrate in contact_wWth_.the thin layer, is chosen so as to avoid
inconpatibiIFPySF&%ﬁéi?t%)%% agﬁo%han58b8%¥ﬁﬁg|ﬂﬁ%§#%ﬁ e 8Eruct ure
obt ai ned.5 2046-cRrOpg@SSecdecOrding to claim3, characterized in that the
nature of the internediate support and/or the target substrate in contact
with the thin | ay#e, hgvehosdénesgeyassesnavbhdti nebnphsi bPPssyLEel ated to

according totbT4rHes & CRaPaci B AR PRt R FHE daer oot T T3t dFhea ate
support and/ gubtheatar, gefosubstngtle ian centacty wof hotBe Fhuh. | ayehniss 30
chosen so as to avoid inconpatibility related to a difference between the
coef fici ent stypet ek nponding energy” can be achieved despite heat
10 treatment at a temperature exceeding 900°C, by
maintaining control over the roughness of surfaces
before making contact to ensure that RMS values are
greater than 0.6 nm. These energies are then
compatible so that the "processed" film can be released
15 Dby separation of the target substrate after application
of the technological steps to make components. It is
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 Dbe reused for the
components and it may be important to recover the
initial substrate and/or the intermediate support
and/or the target substrate.
25 A fifth alternative embodiment is applicable in
the case in which the free surface of film 6 delimited
in the initial substrate is such that the direct bond
on a target substrate is very weak, for example due to
roughnesses over at least one of the two surfaces to be

30 put into contact. The bonding energy on the target



40 expansion of the internmedi ate 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 internedi ate support and/or the target substrate
_conprises) at |east one additional |ayer with one or nore contact faces. 9.
Process according to claim8, characterhzed in 10 that the additional |ayer
before step d) is provided with all or part of at |east one conponent. 10.
Process according to claim8, characterized in that the additional layer is
conposed of an_oxide or, 15 polycrystalline silicon qr anorphous silicon.

11. Process EBESFﬁ?ﬁﬁIﬁf(ﬁégqnﬁﬁgEﬁg%%b?%FiE@dQW?QW%HS%H%E%F%SHaﬁé c) are

such that theneoyghpessiol the Hiikskccerbaelksface of the thin layer and/or
the 20 internedi ate support is less than the roughness of its second

contact face and/ &hifheprabgen suhstyakesdt iy compapirbingi t phef £hest
structure '”céb@@c@) %%?@989b&$'RgﬂebyiP”%EH@%bﬁﬁe §$§829¥%§9k90tf5§ce I nto

bondi ng contact wth e thin Tayer and by fenoval © iI’rit er redi at e
support. 512. eRrnopées bgc carali dgpdoi €1 @ mo8, achkaradifdrdizad filmhabftere

bondi ng contact of the ffirst contact face and/qor the second contact face
of the thin Fifer 1801&nablPhg tAESRI dSEBRpat FBFI i PY i Al st@pdbyiandtor in

41 step d) ignBokfinbt 8F hPamise: Plr Pl T eI enablirag nondingcfant act.

invention, an intermediate support is used, for example
a silicon substrate possibly covered by an oxide layer

10 (for example 100 nm thick) and with a slightly
roughened contact surface (for example with an average
RMS wvalue equal to 0.2 nm). The fact that bonding is
applied on a surface with a low roughness value results
in a sufficiently high bonding energy so that the step

15 in which the film 6 1is 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
example 1s covered by an approximately 1000 nm thick
oxide layer, the surface of which 1is made rough by

30 chemical treatment. Bonding may be varied by a heat

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



13. Process according to claim 12, characterized 5 in that the treatnent
"used for bonding contact is chosen alone or in conbination anong the
treatments including nechani cal -chem cal and/or ionic polishing, insertion
of an internediate | ayer between a contact face of the thin layer and the
correspondi ng 10 internedi ate support okgthe target substrate, heat
treatnent and chem cal treatnent. 14. Process according to claiml,
characterized in that the bonding contact in step b) and/or step d) is 15
achi eved by nol ecul ar bondin g.to claim

. 15. Process.accardin i 1
characterize@qq?HW%neQ?ﬁg%ugFEHéeBoﬁgF?tglim OheP% i FBE ddnfact3 faBE of the
thin layer (pelarddpgdelAalnd tod hes n@éyrﬁo%iwfazesagegﬁaeﬁewyéﬁurface)

is different fromthe polarity of its second contact face, t

conpati bi litysoflawss ditharctire ¢rexyeprefepeiny bbrapmedtbyepatuiagnt he
second contact. face of the. thin.l ayer, and.the target _substrate in bondi ng
cont act, andoéhe@?% Fﬁg r enova lf% JF“%hglﬁﬁtér Fg?éaESSpii?H%f%gﬁe first
contact fscerefstt heft hithd ayefidiwl thussbegcoses a fhee facermdfiabPs~ocess
Gccord=ng to claim~., characterized in that the structure compatibility
achi eved in @RIt ild 3G duteh N’ Er 50T ngraDbhidPYigIdedneaes 8ndtr ~e

second cont ackface: 0fa et | BT Wil g dargels o2 substiaps with a
t hat ena e

bondi ng ener gy | es renoval of the target substrate after step e).
17. Process abeoridialg atratial m Thechianadt éhiizédeiss ®ft Hate ahi imt ér iredi at e

step will be carrdi.ed oyt between.,step ¢) and step d),, consisti of . maki ng
el ements in %ﬁ%%%d%§6nt§%fn?hgg’of%Pﬁe tHig" .ewb%ndfﬁFF%ﬁgcfaﬁget
substratgy thgistaruciure obiai tedcrhéss aboPLE) SEimg wonpatd bl egwbth the
presence of the said 10 el enents. 18. Process according to claiml,

charact eri zednilf et van internediate step is perforned before step d) ,
cone1StLn9 O 2 PRSI 0040 S0 LaRLALELLSR L ggst e or e
i nto bondi ngueeat atiermittte tine tiarlgedustdsd rsdwghness 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 example 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
may be made exclusively or partially in the target
substrate, and may or may not be covered by additional

30 layers.,



19. Process according to claim1l, characterized in 20 that the step a) is
“done starting froma substrate (1) covered by at |east one |ayer of
material (3). 20. Process according to claim19, characterized in that
_after step e), the process conprises a step 25 consisting of elimnating
the | ayer of material (3) covering the bs~rate (1) in step a). 21
Process according to any one of clains 19 or 20, characterized in that the
initial substrate (1) is 30 made of silicon, and the layer of material (3)

that covers it is nade of silicon oxide. 43 22. Process according to
claim1, charactefiZekth eh&ernatdyep aPPAETees dife 4w r 68468t i BRe of

gaseous S CORPRURSs! Mt dedid | oh substrale (R oLhcouahonaddrof it

faces corresponding to the first salid contact face ( orm a
weakened | ayean( e separueiad. t heTlsas d sbilluhiEd) isomtthectése (9dno¢ t he
initial subsﬁﬁate %ndnp%§shbly 10 leading to a%fracture Rf t he i@itkal
substrate du ﬁg &Y &f ce) e estsepr%3r%oﬁ§i &°s o BT n‘g’g”};i pr%f%??e%ll

treat ments togehtatp the diaaateuresddrdtdieod nofi ak 1agbgheatie s( Yot e
weakened | ayer (5). 15 23. Process according to claim11, characterized in
that at |easthpirteofhigl. i ntkrmredarelsup PECEeRDbVEF Iy diRg to

i ntroduction g .conmp ds _gj g r t hi ay, r
creating a c%ﬁ ac?ﬁggﬁ%éggthgg gha?hégggﬁ%ggg acéQ%¥§tkéb%rn€§%§%%§te
support bef oereogyafdfertipat ndginl inthestoath ngntonttaet imtdrmdeiftest

contact face of the thin_layer, this addition of seous conpounds._ form ng
a weakened | yBPOEhaBAPAY tRe r ¥RdVa Jélﬁtaf‘f%}erpgiﬂ}arbftski%e%ﬁ?g?%‘ai ate

SUpport.ij0  energy necessary to separate the film from the initial
substrate. The bonding energy of the initial substrate
and the intermeciate 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 in combinaticn with a gaseous implantation,
these techniques possibly being combined with each

25 other.

A seventh alternative embodiment 1is applicable
particularly on the case in which the free surface of
the film separated from the 1initial substrate is
difficult to polish or if its smoothing quality 1is not

30 sufficient after a direct process.



25 24. Process according to claiml1, characterized in that the stacked
*structure obtained at the end of step e) is thinned on the side of the
first contact face. 30 25. Process according to claim1l, characterized in
that it uses an initial substrate nmade of 44 nonocrystal line silicon, an
‘intermedi ate support made of nonocrystakhine silicon, a target substrate
made of polycrystalline or monocrystalline silicon of | ower quality than
the silicon in the initial substrate. 5 26. Process according to claim1,
characterized in that it uses an SiC or GaAs initial substrate, an Si C or
GaAs int er medi at eT8GppBYELaGR GBI Of ar Helms uhitiadredy BN athewer
quality than ni ri h i ning
Si C or GaAs 8&?3 Eatéfnﬁﬁ%sgm??%i&%ﬁ?ﬁmta;%ubtgc% rgtge%e%@éélgrg%e s&g%tc rdi ng
to claim1, oharhet e;rllazrercbd nappht caheon hi aftayerthlas saepiagﬁe:ricnf atemt eri al
f;;ﬁliba ig gaNVeﬁkgon%ﬁNQQB Ge. mggﬁ‘hlcgf— gaBE %QHJ%;JJﬁFndUCtorS
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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 weakened 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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/s10% & ()- %g 1(I)naterial, and the quality and uniformity of
polishing a thin film is difficult to control. The
direct process cannot be applied since the surface
quality is not of the epitaxial type or the implied

5 extra cost 1s high. The sapphire initial substrate is
sold by the wafer supplier with a face that is already
of epitaxial quality, consequently the invention can be
used to obtain a stacked structure comprising a film
for which the free face (or front face) is this initial

10 face with epitaxial quality.

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; is 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 be removed by
chemical attack to release the initial front face of
the sapphire film. TIf this front face is covered by an

oxide layer, this layer may be removed by chemical

30 attack.
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5 epitaxy on the film 6, for example made of SiC
(material with an Si type face and C type face) or a

GaN film.
For example, an initial 8SiC substrate 1is covered
by an oxide layer about 400 nm thick. The initial
10 substrate 1is implanted through the oxide 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, for
15 example covered by a 1 pm thick oxide layer. A

separation treatment separates the film from the 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 enabling

planarization) makes the new free surface of the SIC

film suitable for subsequent bonding. This free

surface is made hydrophile and is put into contact for

molecular bonding with a corresponding face of the

25 target substrate. After a high temperature heat

treatment intended to reinforce bonding, the value of

mclecular bonding energy can be equal to or dgreater
than 1 J/m?2.

The intermediate support 10 is then removed, for

30 example by grinding followed by chemical attack, the

oxide layer 3 acting as an etching stop layer.
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5 In this alternative embodiment, a final thickness
of the film 6 equal to 100 nm is obtained with very
good uniformity over a large part of the structure.
The released surface of the film corresponds to the
surface suitable for continued growth in epitaxy.

10 A ninth alternative embodiment 1is applicable to
the <case in which it 1is desired to recover the
intermediate support and in which the film (or one of
the films) has faces with different characteristics.
This alternative 1is a special case of the previous

15 alternative.

After the step that consists of separating the
film 6 from the rest 9 of the initial substrate (see
figure 4), an ionic implantation step is carried out
through the surface 12 to induce a weakened area in the

20 intermediate substrate or 1in 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 1in 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 SiC.

The target substrate is put into bonding contact
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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5 thickness 6 is adapted by thinning, for example by

sacrificial oxidation.

A tenth alternative embodiment applies to the case
in which the film and the target substrate have at
least one characteristic that makes the direct process

10 incompatible. For example, it may be the case in which
the difference between the coefficients of thermal
expansion of the materials from which the film and the
target substrate are formed is too great. For example,
silicon and quartz, silicon and sapphire, silicon and

15 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
covered by a 200 nm thick oxide layer. Heat treatments
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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- 10 coefficient of expansion of the initial substrate, for
example a quartz or sapphire platelet and the
intermediate support is removed, for example Dby

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 1in one of the additional
layers in this intermediate substrate through face 12.
This implantation will induce a weakened layer in this
substrate, 1in 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 composed 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
may be greater than 4 x 107%/k, while the coefficient of
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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some bonding energy conditions between the nitride and
silica films. In this case, the process according to
the invention solves the problem. After step c¢), the
5 thin layer is treated at high temperature to thin the
silicon by sacrificial oxidation. After step d), an
additional nitride layer (SisN4) 1is made on the free
face of the thin layer and the target substrate is
covered by an oxide film (Si0O;). 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
palladivm film 1is then deposited 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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1. Process for manufacturing a stacked structure

comprising at least one thin layer bonded to a target
5 substrate (15), comprising the following steps:

a) formation of a thin layer (7) starting from an
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

10 contact (8) with a face (l11) 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 opposite the first contact face
(8),

d) putting a face of a target substrate (15) into
bonding contact with at 1least 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
for the thin layer, the said steps in the process being
entirely or partly repeated, the target substrate being

30 treated as the initial substrate or the intermediate

support.
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that the compatibility of the said structure 1is

obtained in step b) and/or in step d) by forming a thin
5 layer in step a) so as to avoid bonding defects while
thinning in step ¢) and during removal in step e),

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, 1is
chosen so as to avoid incompatibility related to non-

25 uniformity of the materials in the structure obtained.

7. 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 1is

30 chosen so as to avoid incompatibility related to a

difference between the coefficients of thermal
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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) 1s 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

15 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 1layer 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) Dbeing
obtained by putting the second contact face 1into
bonding contact with the thin layer and by removal of

25 the intermediate support.

12. Process according to claim 3, characterized in
that the Dbonding contact of the first contact 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 is
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 to 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 1ts second contact face, the compatibility of the
structure in step d) being 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.

16. Process accorading to claim ., characterized in
that the structure compatibility achieved in step d) is
30 obtained by creating a bonding contact of the second

contact face of the thin layer with the target
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substrate with a bonding energy that enables removal of

the target substrate after step e).

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 1least one of these areas into 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. Process according to any one of claims 19 or
20, characterized in that the initial substrate (1) is
made of silicon, and the layer of material (3) that

covers 1t is made of silicon oxide.



10y5y5 10y5y5!} &4! 10%5y5& () -! &4! 10%I5u5& ()-!}1 "1 10965& () -: ue_wU30P1
11198 10%<<& ()- '\L9% 109& ()- !'yLSI10%-& ()-!LSI 10947& ()-1y 1109 ()-Y

IN 110% ()-Y QuM[M 1!L% 10%< 10EE 10EE

10EE! } L4! 109EE& ()- 2! L4! 10%@8% () - 2! xL+! 10%<& ()-! L+ 109%@@& () - MSg" <ML
T111d9 110%">"& ()-1i9 10U C & ()-! X94510% " & ()-10% & () - |

ML0% & ()-y10% & ()-58 z[ 9ML

22. Process according to claim 1, characterized in

that:

- step a) includes the introduction of gaseous

5 compounds into the initial substrate (1) through
one (2) of its faces corresponding to the first

salid contact face (8), to form a weakened layer

(5) separating the said film (6) from the rest

(9) of the initial substrate and possibly

10 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).
15
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
20 through the contact face of the intermediate support
before or after putting it into bonding contact 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.

25
24, Process according to claim 1, characterized in
that the stacked structure obtained at the end of step
e) 1s thinned on the side of the first contact face.
30 25. Process according to claim 1, characterized in

that it uses an initial substrate made of
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26. Process according to claim 1, characterized in

that it uses an SiC or GaAs initial substrate, an SicC

or GaAs intermediate support, an SiC or GaAs target

substrate with a lower quality than the initial

10 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 S5i,
15 GaN, Sic, LiNbO3, Ge, GaAs, InP, sapphire and

semiconductors.



