; €3ePR6TP N i uon~n 3 June 2002 PROCESS FOR THE TRANSFER OF A THIN FI LM
, ACOVPRI SI NG AN | NCLUSI ON CREATI ON STEP Techni cal domain This invention
‘relates to a process for transferring a thin filmof solid material. In

particular, this pro mlm mmumjsed tg transfer a thin fil m3Qjune®002?
material onto a suppm Ium of a5 solid material of the same nature
or a different nature. Stgjg-of prior art Document FR-A-2 681 472
(corresponding to patent 10 US-A-5 374 564) describes a process for making
thin filnms of sem conducting material. This docunent divul ges that the

 mpl ant at | on BROGESEOR, L TRANS BEEN OF nfio THIN, BIEA, CONRRIES BYC AN

sem conducting materi al can fiusestbrR tagapRtoANsaekpa | ayer of mcro 15
cavities or mcro-bubbles (also denoted "plateletS') at a depth C:0:,~?
tC~ tile average utU-eCW ic~iiy~" (li(~) U ' the inplanted ions. The
concept of Mrediniceal tdesaibvi ously includes mcro-cracks. The thickness of
the layer of _ mgcro-cavities is determped by the 20 inplantation
conditions. T1f tH& subdtyEte 93 pufe?ﬁpssi nt I fat eacontlg%cotcﬁ§ h &%tiffener
t hrough its trpiaitedidface andhanheéii linr eafnenbliisl appltieed adt. a In
sufficientl ' er Lot C{LO curs ween t :

m cr o- cavi tiy%gsg%{r]c‘éﬁég’m%%g g%%@??geg gégabgtpﬁggt E’g f%%tsnem coahnglul}ftrl1 ng
substrate intolnwefpaalsid fineseryad thmpe seni swemdutt iargraddded bofAdiang to

the :stikfengly; andiaecand y ddhe diimeinder that, nds t G tidiErerent
SeT(11CA 7dLl CtJl rl ~ substrate. Separation takes place, at thce lo;~at ic~r~

ofi~ the 113 cavil ~ie; O L111CrU-bulnl~i<,s. ~I'lie heat 3C~
treatnment is au~~li that the: intc~racr.IC~11 |~~:t~,cen tl:t mcro-hubhl es
cC,r mcro-cayit i _~~~, ¢l ~~<~t~ai ~~y rl~r= 4! | *C00002*

tate of prior art .

Document FR-A-2 681 472 (corresponding to patent

10 US-A-5 374 564) describes a process for making thin
films of semiconducting material. This document
divulges that the implantation of a rare gas or
hydrogen into a substrate made of a semiconducting
material can cause the formation of a layer of micro-

15 cavities or micro-bubbles (also denoted “platelers”) at
a depth close to the average projected range (Rp) of

the implanted ions. The concept of micro-cavities
obviously includes micro-cracks. The thickness of the
laver of micro-cavities is detrcermined by the

20 implantation conditions. If this substrate is put into
intimate contact with a stiffener through its implanted
face and a heat treatment is applied at a sufficiently
high temperature, an interaction occurs Dbetween the
micro-cavities or the wmicro-bubbles separating the

25 semiconducting substrate into two partg, firstly a thin
semiconducting film bonding to the stiffener, and

gsecondly the remainder that bonds to the semiconducting

substrate. Separation takes place at the location of
the micro-cavities or micro-bubbies. The  heat
30 treatment is such that the 1interaction between the
micro-hubbles or micro-cavities o eated y rhe
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(a2 3 June 2002 inplantation induces a separation between the thin film

. 1and the renai nder of the substrate. Therefore a thin filmis transferred
ffoman initial substrate to a stiffener used as a support for this thin
film 5 This process can al so be appl |%ed to the manufacture afjmetdoge film
of a crystalline or non-crystalline solid material other than a

sem conducting material (a conducting or dielectric material). If the thin
filmdelimted in the substrate is 10 sufficiently stiff in itself (due to
its thickness or due to its nmechanical properties) a self-supported film
may be obt ai; %qaﬁftrae&ohhentaru%@ t0gn JBiseckn descridied dinqdocunent
FR-A-2 738 67 Docunment EP-A-O0 767 486 proposes an _inprovenent to 15 the
process di vangedhe wrahRder FREACNGEIURTDI #BRAt | onEPEDHBVES Acddrding to
docunent EP+A1Q 764 486 (S8 608 Ukdh , ahheipiecass gdiMytggdebyrgdogument
FR-A-2 681 472 has the fall owi ng di sadva Pt ages, The chaqice of the thickness
of the fil mStd IEENEFanSEsr P&y § SRRk 2RF delyt 8etBiDf F&4dBom The t hi ckness

of the fgl m to beikr e@etersrse@a(rpwrﬁpwc&mn@dl?ab ane maeugendidreons for
separation O_ the filmf.r mth initial strate are inter-related. The

pl aneness oPfthe filth sdrfgce® t%l r?éfé’saFfal & pdFat PR S YETEdi Sact or y,
and t here 25odlddnomawseyricfl netindal nhag a wardioronddc ckngessaokrdatlhi(a film

during the tr fer I4TRLQuE RN S by docunment EP-A-0 767 486
consi sts of pglr (():‘r?‘rhrl g%t%héﬂ%oln i plant [?Gfplglna?g depth Rp in a porous |ayer

of silicon forméd owhe hebsiur f 4ddmof deldmiitedn. isubshe atseibsthiat ¢ 0is30
i mpl ant a4 i Ogu“f%‘i%%%n%'iy nor e£psehn 1%%%1&“ Péuéy t(ap%?s df?ﬂ%bk%)esé otrﬂe

extent that rnicro-cavities an} year por us
por ous | ayedUfhit® |1é;y%ermei0§latwlcd?ﬂ%@wfeae%t %eﬁﬁéfasﬂpﬁé’fﬁﬁ%lﬁélm

structure. Hﬁ@elbesmalrml@néﬂté@ntﬁen@ﬁa&q@&%x SepReal 104, - | This3 i3 caused
inthis fine poorg}us Iaye{ in accordance %Ii e B 12A40 ’> , T, 3 3 June
6

2002 nechani§icdedEq Bed 97 FEUnelt ER: 472. Therefore) there are
two gone effect S)pchmr‘esﬁtl yzfduea o7 @7 zalé @frommr% caeat edrbyeacper aus

silicon E?enecrhaétl s ‘?P onpdly du%lacqlneergtone rRIACaVI Liggs generated 5
bet ween 1T he pore e srra %erfec I con zones as I'n the process
according t@%@@m@fﬁt FRVE 2 681ca7dinThé&refdn@imene BPopoSed Si/npPBévenent

consi sts of UINGARR GYS [@¥EIpAL-OP ad Dval barebyWabbuaete! IFscontr ol | ed
uni formthi cknes after&}epﬁ{é}aﬁl on, 10 The process di vul ged_ by docunent

EP-A-0 767 IR it SRCPORBRYGCSI | i dBF CFRE 6 ®dr of the
porosity is ta;epafmemxeegﬁ; eqﬂalthtao f&e‘lmertad; bens)randticatrdd Equavajeem:t to

renovi ng, silj can or ter fromj ep ti'Qn zone, whi ayse
weakem‘%% fdetgﬁe 15C’PElf Fi aCm A rmre stfslgn&f?%“éﬁt Oi?rpfglcl)eer%:feEL mtg t?ﬁ? process
reveal ed by tdeowfemr &£R- Acgregspandingul o b&rtlo eaducehe hicokideds oofs t he

m cro-cavitigs layel, obiaingd kynd opimpkaphatdn. ; Ihisahs JMate dag Jroposed
inthis 2 0 invention .
are inter-related. The planeness of the film surface

obtained after separation is unsatisfactory, and there
25 is no way of maintaining a uniform thickness of a thin
film during the transfer. The improvement proposed by
document EP-A-0 767 486 consists of performing the ion
implantation at depth Rp in a porous layer of silicon
formed on the surface of a silicon substrate. This ion
30 implantation -causes an increase in the porosity (pore
density) to the extent that micro-cavities appear in
the walls of the pores of the porous layer. This layer
is then considered as being a tfine porous structure.
Under some implantation conditions, separation is

35 caused in this fine porous lavyer in accordance with the

B 12940 3 TJ1,



Description of the invention The inprovenent proposed icy this invent ion

. 1S made possible due to creation of an inclusion or a set of 25 inclusions
inthe initial substrate material, in order to confine gaseous conpounds

i ntroduced during the ion inplantation3step. An inclusion is & juAkvwap20f
material for which the properties are not the same a” the properties of the
substrate. material fromwhich one 30 or nore thin filns are to be
transferred. Inclusions may be in the formof a | ayer that extends

appr oxi r mat el arallel to the surface through which oil t Iminplantation
i s done. The@é 56Pbﬁ@ desfFHaRRA a ¥Bri élgpument  FR-A-2 681  472.

of shapesandtheérdf oeasi ensmay walky it Bf oM ¥fecrs; £0fsPRPOJBLELS
several hundreds of. microneters E 13940.3 JL 4 3 June 2002 The ro e of

these inclusfoRs i°d tRPERE S PYr & pIEAESd SgdSEas eonRpsakdsn The

radi us of acstep, Ohnﬁhe&eomﬁagscﬁﬁ?eﬂ@SaOBohbedﬁﬂé&&a@ﬁeghﬁehggggégonsth
e case for e

made. In th| here i s no_renoved , js t

process di vu gedé%f1 BEURBAESEPIA] e?@?a eﬁi?%ﬁd%bgkc%ﬁcéPH?ﬁgaﬁo this
|nvenU(N1con@rt@espmqnes$nanmqr&mﬁp t@aﬁu@MMﬁmHSFmiAtQHBHM hmgl usi ons
in the '”'t'FﬁePQPéféat@hgaéﬁ%kggedAl%%Q%%-#ﬁ”t Shﬂﬁilo confgﬁég?gfqhe

i npl anti ng gaseous cohpound as-or
presence of E%@¢%@|éﬁyeﬁoﬂWEdobDaLngatHbﬂmmevwouh st epe Chus@st £obf égenent

of 1mpl ant edugassansceosRauRgs, cfae gbbhebeney of these inclusions is
related_to their_power to confine gaseous npounds. I nclusions may be

formed ¢Pose t o Hperrocasy c@ﬁf’f‘lélgleélbl}éyd@mqvmélrh'él ERprResend6 7t hede

i ntroduces cosnddrmesmead @helm%ﬁﬂﬁﬁib&OBEO@@$bdMtQiﬂléoH'Sﬁﬁﬁpegré§¥er
which is nuch thi nner t han. can _be obtai ned usin e process
accordi ng t o known BPI°Thi % pFoBubEECEBVEES) © éﬁﬁgnﬁébéfveﬁﬁﬁlﬁ%m%hted

gaseous conpduids dse pueferndbhy tmapp@mdﬁuﬁ$esh&i&bnandkomﬁméfugqthe
zone influe b. h i led the nel hbor haod of _t
'ﬁ?ﬁ% ¥nd §éSa59gEBi %%%e(WH &S %% % g?gﬁ%ﬁ1?ﬁr fer)

inclusions. This preciseé sit1on neans
fract ur &> cafdeyyuced at and/or near the |nclu5|ons The result is a

relatively |ow SﬁllrfnﬂﬁQar0§9§W§§§c§Btt h§m F8GEHERL Fl&”h%{? G ogélggto tgg
a 0oses

conf i nenent O%ﬁ%2<%ge $rocess enab he use of low i

necessary f % 2 ureCURFRAI FR- Atl%e 6@&nf471%n@ﬁ’t11@fp@ctt0du’eed@€tthe
presence of tmckrsisnsofyame aflliceo t hevibeesnll hudgediht HELEQSER Viod 01 the'
fracture t 1t tent th nucl eati o nd,growt h of cavitiés lea~ing to
fraC| ore |§H{Pnc£1(;etua?8&0erpd Tﬁ{éha‘avaﬁ?ac fle Q %Am?rﬂ@loésefda 1P (Hhig TS f
ad~l"'7 3¢~ iuweﬂﬁ%qﬂu 1C t ili ¢c'~ 111 mdl 1 ~'f1 uhc'' 1. G" I~; ~~ 10

3 , Tr )

Description of the invention
The improvement proposed by this invention is made
possible due to creation of an inclusion or a set of
25 inclusions in the initial substrate material, in order
to confine gaseous compounds introduced during the ion
implantation step. An inclusion 1s a volume of
material for which the properties are not the same as
the properties of the substrate material from which one
30 or more thin films are to be tfansfefred. Inclusions

may be 1in the form of & layer Lhat extends

approximately parallel to the surface through which (he

implantation is done. These volumes may have a variety

ot shapes and their dimensions may varv {rom 2 few {ons
35 of nanometers to several hundreds of micrometers

B 12940.3 JL



5 3 June 2002 |imt on the maxi mumtenperature rise. For exanple, one case
. IS the heterogeneous gluing of materials with coefficients of expansion
that differ by nore than 10% Therefore, the purpose of the invention is a
5 process for the transfer of at |east,one thin filmof solid3nghebosb
delimted in an initial substrate, characterized in that it conprises the
followng steps: - a step in which a layer of inclusions is forned in the
initial substrate at a depth corresponding 10 to the required thickness of
the thin film these inclusions being designed to formtraps for gaseous

conpounds whi ch wirhle 'rgukseguetdse bimd Pt aphedis- ta sSubseguentasst eR).f or

i npl antation af Hheks jd 15 gaseous co oundsT in a mnner to cqnvey the
gaseous speci 85 A0 KhedFAFer° of °MROMHSSons, Pﬁeqﬂigi%ﬁofnﬁFéﬁpédCﬁhseous
conpounds bei nhesuf f t eapst deparaliseoh=heh&onmmiuan off nilesogadtisaordd kel'y
to forma fracture plane_along 2 0O ich trhet himf i _lrnc art i.~e s
epdl: a tcd f ™%l t Fgﬁﬁi € 10f "B %S sdfs 1t B Thed sPEH S8t Gitmplast | ng
gaseous, speciies than dasecdiar ithedhrant esa~diuagednplyadivziimemh te IEreagy0 of
these gaseous-gpegiges that is such brat their mean depth of 25 penetration
into the substrate correspondu to the depth of t_he layer of_ inclusionw

It can al:~o0 : cafheeprowess tarcardingd ame athon eneeggobn chesegales=cus

speci esthat i $,24Gh;ithat, thely mRandepihof pensrt 'fa@fnlingl%nlchbfsz'oﬁqbe_i%u' s
trate is close to thelayerofinclnr,:iton:~ this ~0 inplantatir~n being
associ ated wi {€a dnLFwAdi oRUPGRATaEPeABAY 184~ al |2 ~SHRSRIUSHgr WHakRC~n w~
l=rec~ znpg, akboweilsth~JG | ifplaMtingl gdsdoust cdmbbundslitrdde VLY. b, 1
(L ;I’otagr) %j? gg?g %g %rial. The presence of inclusions
formed during the previous step causes confinement of
implanted gaseous compounds. The efficiency of these
inclusions is related to their power to confine gaseous
15 compounds .

Inclusions may be formed close to a perfectly
controllable depth. Their presence then introduces
confinement of implanted compounds within a disturbed
layer which is much thinner than.can be obtained using

20 the process according to known art. This produces
several advantages. The implénted gaseous compounds
are preferably trapped at the level and/or within the
zone influenced by these inclusions, called the
neighborhood of these inclusions. This precise

25 position means that a separation (transfer) fracture
can be induced at and/or near the inclusions. The
result is a relatively low surface roughness at the
fracture. Furthermore, due to the confinement power,
this process enables the use of low implanted doses

30 necessary for the fracture. Finally, the confinement
eftfect due to the presence of inclusions can reduce the
thermal budget necessary for the fracture, to the
extent that nucleation and growth of cavities leading

to fracture is encouraged. The advantage 1s obvious

98]
(U]

for transferring film structures in which there 15 a
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The inplantation step may be perfornmed fromone or several gaseous
conpounds i nplanted either sinultaneously or in sequence. The initial
substrate nmay be conposed of a solid 5 part supporting a structure conposed
of one or nmore films, in which the saigd film-of solid materi alyxasiodee
delimted. Al or part of this structure may be obtained by epltaxy Thi s
structure nmay be such that the remai nder of the substrate, which may or may
not be 10 an epitaxy carrier) can be reused after the thin filmhas been
transferred to transfer another thin film ' The layer of inclusions may be

formed by a fli{im deposhki Gkt BEINI Guapehia i@t t AesecoNsFst @fyag@lear ating
col ums or generatl ng gr 5 Inclusions may have a_chem affinity
with the sai #"§aseoifs n#)%%nag%elrﬁgﬁﬁglob’ﬁ‘s Tyt | %anfléef\:i*é a“ﬁatrkhnet ric
m smat ch bet weest ftild ematserd falexipms 1gn ttieat ndiﬂée:’mbyl apel ahdnsalst.rate

regi ons adjacent . to_it. This paranetric 20 S tna on5|st uF a
charge in the si 7 eagfc?rr)%t altlel “he pp‘%ﬁ ANET erg}i nﬁaﬁgeénl %r{t r)}st al?ine

orientati®n @Ir(mra:essas planetpar akrkels fiear tdfe sur flaeetofortchethimnsfiémr edt

structure, r%%te%dlatqht h(f:ef { lgient of th?é?gh qxp%r&%lq:l etween

one of - thef’% e Thit material (an r ot her
i ncl usi ons | a?:@malmyeralzsacﬁ ben fthamdltbyccaﬂmlez-:ﬁhﬁfB qbkef 6pldrohngg Sé:ewbst rat e

layer. It may also heee‘egfﬁ?g Pwithe 4 ”P£§é£t%tf' %cofusel&ﬁ@naé I rdhed

substrate layer. These enents rnay tie -inplanted 1 n one or several
steps. Inplantati oﬁnoﬁ:htehé%télae]ne?ﬁ]%s%@t%ea’ésél deralby Hegs A EH RNt

c~ apaB: Q%f '”C(rj ea?t'oEQﬂl'lfet h%cﬁiﬁﬁé‘ancmeéi ays, theht?ﬁﬂatflﬂhﬁattmﬁge

possi bl y being done L=cfuoe) ayriry an te antation

e E L o s Rt g e 0menl 19 CLggMandraks ciahy: ~ ;-1
t i naf ~h~-P 1g’aseeluso cpdhinds Wi dunew2DD2 * bnblsesiuens, 1 ywhiksh
encour ages subsequent. ,GoRfd |d1ement of gaseous conpounds. This heat treatment

is done at a tenperature and for a period such that it cannot be used to
make a fracture over sweseawene istcdrusfons Brdlayerat e jofcl beeomaidayer

may al so,he obtai ”%@s@bu@eako P%%h%m of, the fihas) and/ UoRyeAPRING NG
stresses to the fil'ns) in the tfilmstructure. The inclusions |ayer nay al so

be obtair_ed by a PESCOMS FRICEDIIRHR diFf LABAT PechRICGUYSS oRent itdifed

above. dose of implanted gaseous compounds being

sufficient to cause the formation of micro-

cavities likely to form a fracture plane along

20 which the thin E£ilm can be separated from the
remainder of the substrate.

The step of implanting gaseocus sgspecies can be

carried out with an implantation enerqgy of these
gaseous species that 1is such that their mean depth of
25 penetration into the substrate corresponds to the depth
of the laver of inclusions. 1t can also be carried out
with an implantation energy of these gaseous species
that 1s such that their mean depth of penetration into
the substrate 1s close to the layer of inclusions, this
30  implantation being associated with a diffusion heat
trearment to allew the migration ot tpre amplanted

specles tu the layer ol o diusnioins.

R 12640.3 JL



The gaseous conmpounds may be ' inplanted by bonbardnent of the conpounds
chosen anong neutral conpounds and ions. It may al so be done by a nethod 15
chosen from pl asna assisted diffusion, thermal diffusion and plasm
assisted diffusion conbined wir_h thegmal diffusion and/or a§§Hﬁé%@0Py

el ectric polarization. Inplantation nay take place normal to the inplanted
surface of the substrate, or at a certain '?0 incidence. It ndy be done us
ing rare gasps, or other elenments. The process may conprise a heat tr

eat nent c, 1=c~~~ capabl e of weakening the substrate at the inclusions |ayer
t o enabl e separ affhen ibethsesrathen t htepf inhmn &ed @25 fdwmednbiraderonef darhe
substrate. Thi t tr is a L ith a gi r mal whi ch
depends or. Eﬁgeggﬁious%%%§$ﬁ%f.budggbg%&ggﬁ duriJ{r%tfy;t?%élt‘%rgocesse.q'%?%ﬁI
particul ar, shmslfeaecusdat rmeEntin seEigiedunt of the tenperature rise(:,)

i nduced by heat thea iZNeM$ s BbWrale MmagOrheSADIYEQr I £C;ddhliiPri um
is not achieved, a;zclu as tenperature rises resulting fromthe inclusions
formatiorP . : PG CantMBPOY henY, tRhSLIUCtuFe. FFPOSpg PL ~one, cormmore

c. ~npounds agd1R@at it eatidENthd Vol i heat | 89108 £ekkiAd @lusithee

su~~strate, ion.c=:-:any-~l s~ iclr ~x~~ fox' 3~~ ~ Il -antat z un, or
reir?for cc~@F&éWﬁt89r C P?}ugog,;ﬁﬁf%l ?ércﬁh%s-ﬁs%ﬁwsﬁﬁﬁ?quﬁY.' ©~ ~ 0
3,Ti.. dbBalued 28020l tanRg.on Thixupportctlher afgr é>d hsacheahat

ireatnent may.be zerq if th i d eni.ng can. achi eved _by ot her steps
in the proce%ge Ffmﬁ&?dﬁé'é%%ﬁ%ﬁ%dﬁgéﬁﬁﬁ%?§ithﬁggo@?Yigg e QP%tEFb or a
negat i velQ enper apirtexylThté srfiaeakerinndeaccendedgatfserheienvehti hofiils such

that it enabhes separation Al the dhidnydddfad romthe, regpingerof the
substrate with or without the use of mechanical_ stresses. This heat
treat mnent may beTHBt ai#eRl by fpul BeluREalR s ngiay obPeexiiast | Ryordeditle

qui ckly 10 i gepeaseibhe teapehaguee. Forrexample, thes pulses Heatiorg may
be of the RTA (Rapid Thermal Annealin or, RTawﬁsgpld Thermal Process)
type. The pr§EBEEHaP9alCss "Withrise Hp-ih WFthSthe thin filmdelinmted

in the suhstrat eIngelpytonat andp iheEtviaTed e chentiactl wethiaisyppoith onhe whi ch

the thin fil il | af i s separated fromthe remai nder of the
substrate. The Fiﬁﬁg%gﬁsbékfﬁﬁoqﬁﬁgi intimate contact directly (for exanple

by waf er bondi ngfnefushrosgmaah addedadie it @n i al pareneht igomiseatchent
step may be Waruglent AnLehbHaEEE1! 1R RONR Detueen ke ihisn f4)8rdghym ted
in the substrate and the added on _sripport . nghanlqu stresses nay be
exerted duri REPS&RALE BPE&PNENdAEP2BBRbEr etP het heat LFe&t nBAE2MEEY 1T
contributee 2hikaasepar akiyonchetvween tiie thi ahkihke and t baer esdizades fof the
substrate. The pkgﬁﬁss according to the.invention is artggulgéhé.suitable

for the tranSfé&r A0Ehi REANTS Fi | MAFER ant i n, CETal SSUB t8€ |1t

rc~~~y al so erientation along a plane parallel to the surface of
the transferred structure, a difference in  the
coefficient of thermal expansion between one of the

25 films and the initial material (and/or other films).
The inclusions laver may also be formed by a

technique for etching a substrate layer.

It may also be formed by the implantation of
elements in a substrate layer. These elements may be
30 implanted in one or several steps. Implantation of

these elements may be assisted by heat treatment

capable of {dincreasing the efficiency of traps, this
heat treatment possibly being done beloure, during
and/or after Iimplantatrion. This heat treatment may
35 modify the morphology and/or compositinn of i he

B 12940.3 JL



30 applied for the transfer of a thin~filmnmade of a Il ~CV sem conducti ng
mat.erial (for exanple AsG), froman initial :;i.~hs>rai-c. ThE thin fi Im
mxv i t sr,l i 1.ec_~rnposecl oL ~ thin filmsi~r.uc.ture. It |ndy

| ~:~I'Vi' been a~ least partially treated ~>efcre its t.ransfg june200Xrnln,
3; r,ver all or part ~~f YhHfi Imt )~e t:3-~n;-i ~~-rr~~l, yr L' I ~ 9
Qo . 3 ,Tf_, 9 3 June 2002 integrated circuit or to form over all or
part of the filmto be transferred) an optoel ectronic conponent on it. 5 10
15 20 25 _i O Brief description of the drawi ngs The invention wll be
better underisiciagiafier weadhngniche rhellsovduigs sesett ptbafingineent asrt a
nonrestrictive exanpl e, accanpani ed,. by the attached draw ngs in which: -
figure 1 i s GReG5s. SEBPPRAP vi ch'b Ro8UbstT St O FBF ned ohoah i 9 al ' |

support on whingdermtsmy t andngidechnigpel 0d waeth tohgrowta Eahnost et ure

conprising a layer of inclusiqns to_colu ry gromh; - figure 2 is a
cross-secti6ﬁ§¥va8m/%?Qé §%b§fﬁﬁﬁgﬁ.orﬁ¥ rogp§% i%ﬁ%%%ﬁs §ﬁ%ﬁbr *GI° which a
sputteribg tlegtari.que is used to grow a filmstructure conprising a | ayer of

i ncl usions due tq%egrﬁ%’i&éigﬁg"“ﬁ:y T fm&jg%l{gé §eafo~1§€af‘n$z]f1.eb lagl, . arr;s
S:-rowing the variation in e gr g paranmeter of a crystalline conposition
as a functi dirgatnfenttheo £oprenfilmfs anaefiépenbyi arpddiead sitradwes to

conmposi tionjepe FA QW E P i5 @& PSP SeELhOPgleVi ew of a substrate on which
i ncl usi ons are generates by etching;
he inclusions layer may also be obtaired by a
10 combination of the different technigques mentioned
above.

The gaseous compounds may be ' implanted by
bombardment of the compounds chosen among neutral
compounds and ions. It may also be done by a method

15 chosen from plasma assisted diffusion, thermal
diffusion and plasma assisted diffusion combined with
thermal diffusion and/or assisted by electric
polarization. Implantation may take place normal to
the implanted surface of the substrate, or at a certain

26 incldence. It may be done using rare gases, or other
elements.

The process may comprise a heat treatment step
capable of weakening the substrate at the inclusions
layer to enable separation between the thin film and

25 the remainder of the substrate. This heat treatment is
applied with a given thermal budget which depends on
the various thermal budgets used during the process.
In particular, this heat treatment takes account of the
temperature rise(s) induced by heat treatments in which

30 thermodynamic¢ equilibrium is not achieved, such as
temperature rises resulting from the inclusions
formation ctep and/or the step of implanting gaseos
compounds and heat treatments involving heating or
cooling of the substrate, for example such ao for

35 implantatiyon, or reinforcement of the bond forces whon

R 1:)1(:)40.3 \.TIJ



- figures 6Ato 6D illustrate the process according to the invention in the
case in which a thin filmis transferred onto a stiffener; - figure 7 is a
cross-secr_ion~~l view th~-ouglu sub strate that cart be used to obtain an
~, C7T structure using the process acc?rding tr r_rm7.1~17r" Brjune 2402
Det ai | ed description of enbodinents of the invention P~ ~?2~~9r).~ |ri,

10 5 10 15 20 25 30 3 June 2002 The substrate fromwhich the thin filmwll
be transferred may be a solid substrate (forned froma single material) or
a conposite substrate, in other words formed fromfilnms with identical or_
di fferent chéniegl oand/ Gupgputsi.calTheatefese thcs useanstrmaythengemerat ed in
the ini tial ymmberial): LI cll ATl Ya0)n 15 SUT UGl ual: chanog, i Rebhe initial
mat erial (crystalline structure, cryspap i ne orientation, Iogaply anor phous
fields, m sstrgsmanerttha pretcess,. a dhamyge pa adkiehgdi bl anpflyieg a

(densificat g, ;06! YshifeOlc A8 U 10, BERENGL! Qg il AL | 080l vari ous
ions, ionic etching and/or selective chenical and/or electrochen cal
et chi ng on yeeEralinKayeeeor@ird) to. FNehaRyentd othel £hénicdal tvak uldé or

chem cal bopgdsnidapifg £ffiedn SOMPRST Lhan \V@ni@t f04, effech ndgfael_ an
interface of a previously glued structure) nucleation and/or growth of

preci pi t at e®f &he Suhstiftee oritser| Ydahondt dhisal LRef of nBerbAsiCRdt er f ace
effects) ffaekegkecheat togpatnmemdst urdrdayeast Wntdy didef epbik igeef f bgi ents of
eapa: uspon, e fegﬁ ?f stresses generated bet vJeen consecutive | a ﬁrs,
etc.) pulse eating, for “example 1in order to qguickly
10 increase the temperature. For example, this pulsed
heating may be of the RTA (Rapid Thermal Annealing) or
RTP (Rapid Thermal Process) type.
The process may also comprise a step in which the
thin film delimited in the substrate 1is put into
15 intimate contact with a support onto which the thin

film will bond after it has separated from the

remainder of the substrate. The film may be put into
intimate contact directly (for example by wafer
bonding) or through an added on material. A heat

20 Lreatment step may be used to reinforce Lthe bond
between the thin film delimited in the substrate and
the added on support.

Mechanical stresses may be exerted during and/or
after and/or before the heat treatment, to contribute

25 to separation between the thin film and the remainder
of the substrate.

The process according to the invention is
particularly suitable for the transfer of a thin
silicon film from an initial substrate. Tt may also be

30 applied for the transfer of a thin film made of a 1TI-V

semiconducting material (for example AsGa), from an
initial substrate. The thin film may itsel!  be
composed ol a thin film structure. It may have been at
least partially treated before its transfevr, (o form,
35 over all or part of the film ro he transferrsad, ap

B 12940.3 JL



A nunber of techniques fox preparatio:z or treatnent of materials in filns
can be used to nmake inclusions in a zone relatively parallel to the
material surface. Tot exanple, in tern-~s of aPplic<~l.ir_nms tl~r~_

acl vanrage of this type of _ process ig ttidt it enables a sufyynkrabe
change for one or sPVeral stacked filns, for a struc:~ure r_~:at is part

ia~ly cr c omple .cly ~reat.c~:i un order t-o nake a mcrr~-e~_2ctronic
etc. Fc~r exanple, this; :~~~~umy .. a=._ i t~'| Ccise In 4Jh7 :'J~1
~lf~t""~ .1l ~umMi 1c,u ~n~—~,3 .TL, ~UC~}~cil7E "11t:, ~-r serlscm

| e vriy inpokeonbties iciranit mx totferm, mpver ahlt-of part ¢©f ZIhgune 2002
to be subjegfed @ heat-freatoppls, that Jhe diddaly HUPPOLLmbSHHARDIE O
resi st (excessive tenperature, excessive difference in thernal expansion,
etc.). The ¥&rious techniques for deposition of filnms can 5 be used to nake
stacks of one or several films, in which the filmconposition, their
stress, structure and anpholo%y, can easjly be varied. A filmdeposition
nmeans addi nBrand/ 8eseaidptdor @Y ety nds ous possibilities can be used
to generate inciysi ongiviemttie 1Qiinitivd mderénl bederecbba skgpern which
gaseous congou ds are ianaf ed, Interfaces .filng% and their

nei r hbor hoo F§§188ncépﬁed13 OB edifetith P Lo d&t et s Bei iy 2°Pone of

i ncl usi ons, rehicehcadtveas ¢xapslé or gaseogsmnderpounds ittpd antedadheidng t he
second step,of the p s. There are many deposition techni ques chosen
as a functi8%a8%g?ﬁegﬁb&%§g§5f the materials to be prepared. Materials may
be anorighous, polﬁégygﬁaﬂlﬁ@eaoﬁﬂﬂﬂﬁnﬂ%ﬁﬁkﬂﬂahevl¢WWogoﬁesabﬁﬁwéaﬁions,
deposits nust be ggrg%ge h&n?pbBaX_ﬂhi@BQPQE@%p%d@% hebgr oganeons) 5 ' ' he
nost frequently used deposition techniques include depositions by_ion
sputtering, deposFPHEASTBYRIGr e&8FPBAIE vafor USREset8t HFGH of | dwim
pr.Pssure, assistegdrontiel cagprStacthgbla Plasm,oflepoesl ts0basbyuepkecul ar
bet, 25 depositions.by epitaxy in the |iquid phase, depositions assisted by
| aser abl ati on. Tﬁ@lFéﬁa§BU9Féﬁtﬁg t echni que enabl es col utmar~. growth with
differam orientafignyeard isi zesroBHesedizesnlandiori eht at sohstraae Le
c-ontrolled ~i E ~zelacid Tlg or. 30 % 0Si ressur t erature and
enercJy coodit:_oﬁgkﬁ n co unFHaryugf%ﬁfﬁ, E%’ é%?bmﬂgp ﬁﬂgﬁﬁg.o t~le
Cnl L:1dr::; 1~ spuspsadngo tecanicpgc~fs juped- Lp ' gegow a'| §alp | .
which get | urc~eosRQL XA R ilsn e TdRduct § On@f u¥0chs~RueNR)L til nB,

an.argon pre=;cure ut the ~;rayTjI_ ~F ~;1jafTl"1 :7r~S dllr ~I~1C~ Chu
dP~i i ~Si ~ ~C~YI , BFFPYa PRI 9O~ ntu~; i~ et -~
20 - Ffigures 3 and 4 are diagrams showing the

variation in the grid parameter of a crystalline
composition as a function of the content of an
element introduced in the composition;

- figure'5 1is a cross-sectional view of a substrate

25 on which inclusions are generated by etching;

- figures 6A to 6D illustrate the process according
to the invention in the case in which a thin film
is transferred onto a stiffener;

- figqure 7 1is a cross-sectional view through «

30 substrate that c¢can be used to obtain an &80T
structure using the process according to the

invention.

Detailed description of embodiments of the invention

B 12940.3 .T1,



F, ;:?~~1U 3 ~TL. 12 3 June 2002 growth. This effect nay be used to

i npose specific nmagnetic properties on the deposit wth respect to the
initial support plane. Zones at and/or near the end of the colums that
have been stopped in their growh ar (§ exclu5|on zones. Fi gargink 2002
illustrates a substrate thus obtalned is formed froman initial support
1, which nay or may not be conposite, on which a thin filmstructure 2 is
grown by sputtering. A columary growth was provoked 10 inside structure 2
to build up a layer 3 of inclusions that will be used as a trap zone for
the gaseous conmpeypds Sf@ e Acmp! apbRd.wIhen! agal | @mef Eheqf raciyre,surface

within or around the trap zone depends_on the efficiency of the traps

created. 15 THiahsfeposedi 8@vt ehniqueCtad Huks pradeicd fgraach faomedt um

si zed grains J{iFRYIQs Chktlealilaiine, o POl CEyapRlslitre @ﬁb@@él@@ousmaw&wr at es)
with very easily. controll abI e di nensi ons. For  exanp if Tmis the nelting

tenperat ure &PAde Fer&edal ’E%’“behﬂt‘l‘sdeﬁéy‘t ed eﬁtaéﬁésl‘ﬁo@%%@&@%‘% ure T

~ucl ~ thag thednatdm TéJM@%Wl@aﬁ,nﬁﬁﬁﬁééages growth in crystalline
grains. Further |nfolrrallon about this subject given in the article I

A G IIrRF; ;> andI§5' S ¥w Pakl i dhed 9% %@t n 381 dtkﬁil me-Fdurdal |

25 ?19 (1977 matekaial s petweenl g by nsyare al so inclusic)ll zones fox the

process according to this i ure_2 qu ustrates,a substrate thus
wau 4!

nvention. Fi
obtained. It is forted %t%r%os?t%n% non- cor pCSItle |n|t| 5t sujpafl) ctrt 5
on which a the n f chtymsal]rinee:tal:eueitulres cerysral Bngpetrtier vat i da.anul ar

growth ' ﬁas provo e %wdc %%E%%Bre 6f£818!s“ I drﬁ‘losﬁl nCIma{Ja;floa{'b_s | ayez~

7 “har w traps- 1=or C-:1

ot l|j~W||| J?(‘}C«,'t’\lrrplanted The position of thefracture
surfact _ ~~I tile dnd éﬂiéﬁgb’]-'l% Zwe ﬁh&%@.'@ﬁa QE&ZULP@ Eabndi@itcadionV W t
ht: C 1-~L~S sr, urE:ateu. 7

inclusion of gasldurlng productlon, implantation
of wvarious ions, ionic etching and/or selective
15 chemical and/or electrochemical etching on
several layers, etc.);
- a change in the chemical nature or chemical bonds
(doping effect, composition variation effect, use
of an interface of a previously glued structure,
20 nucleation and/or growth of precipitates, etc.);
- more or less local material deformations
(interface effects, =sffect of heat treatments on
layers with different ceefficients of expansion,
effect of stresses generated between consecutive
25 layers, etc.).
A number of techniques for preparation or treatment
of materials in films can be used to make inclusions in
a zone relatively parallel to the material surface.
For example, in terms of applications the advantage
30 of this type of process is that it enables a substrate
change for one or several stacked films, for a
ctructure that ig partially ovr completely treated 1n
order fo make a micro-electronic component, a sSensor,
etc. For example, thig ne«d may be very imporuvant in

30 the case in which the transierred Film o1v structure is



15 20 25 30 a ¢c. J J 13 3 June 2002 In general, filmdeposition techniques
car. be used to obtain filns with perfectly controllable thicknesses. Tt is
t hen possible to make thin structures conposed of single or nultiple filns.
Fil m deposits are made without any cgystalline relation (w thylfe2002ti al
support and/or between filnms) or in epitaxy (honbgeneous or heterogeneous).
Furthernore, the termfil mdeposits nust include deposits of nultil ayer
films conprising buffer layers and/or seed |ayers, in order to form
crystalline structures. Note that in the case of honbgeneous epitaxy of a
filmon a supporbeof stbgesand nabur}eet:xt het:'rmtaﬂémte (iHatt t t&xésthL)namBy be
the location of inclusions G?seous co ds subse uent | nted wi ||
be | ocated at’“&RAfor ﬁgaru?%F |errfa hes SSTyuct cfhréé“?%gﬁ%dléT one or

nore filmns oemnwwsﬂde<miﬂﬁﬂﬁenﬁe|rm?tMsrmmlzenpansgonenetc tthe physica

and/ or chem cal ot %rraggo&gm%%é%l &gge@k&al ;& é& bgt@@Fn fllns

variation in crystal e ori en 'n"the ¢ Fayer
structures, &fkfiwnseg fror gabeouﬁxudﬁpouﬁdsonhaﬂnfMﬁbvebelln@iém$ed1kater,

atc.); - tlng,thesses ﬂrm%?ﬁ&ftiéﬁsetﬂngﬁc%ggs ag&%lfcr&ﬁfef aAGRe

generated (due to a m smatch crystalline neshes erence 1 n
coef fi ci ent s TOrDhisdagRl, exPANSAGH LM heei Mearifeste nifcr bl IBugiemess tion

i ncl usi ons OEne%b%neaaal%heéndt/B@n fhRABEA saoffim mat etHeale t 8 ous
deposi ted, inclusians of r__tﬁﬁﬁc $~~neou~' ~~., W~~"or, exanple, a

nuftl--layerp§FF& ?pmﬁ?cﬂQQFLFESSEHSABS&P9§t&”7tﬁ%uaf i
Imi s dfe~ | tlEld’.la.l. " plataired f r before t .t | pitddmal ier ~whikdl | igaseous

~ai:f,, ~~i urss U or ses~-~era f| alled huffer and/L f E d
| Gyers. The CP? “ndsléfe lmplan Hférfa%gsr ? % ? '“nﬂ ~z 1

1~-m-~; ImﬁntmbqnboedﬂS) Iponeetnbéfdare —spbbemﬁknulb'Cpbmsudenﬁd m W
L<t Tl g belr}dt%egoﬁ @f* Om&uéions,l%ﬁ glk%%@%og Lhgpknig.al

support. The role ers 1s to provoke varitations in

crystal line SRSEMA |<emnse)%md%| Pm@ ap&ed ocﬂuwég stifPace s hetpPatod] et ,
particulasly the thedqlsane with respect to the initial 5 support I n thls
case, a stress agﬂ/or di sl ocations zone, is ner.at ed will be used to

adapt crystalline ' méshed" © TIPS Yz 0 %p?§1F685te AsEED Fﬁ@sf?ﬂﬂﬁs a
ment i oned. den@hacdepﬂsiuhqnnaﬁuﬁnmmicuhdumatﬁglaBaCu6>belpwegaweﬂs t hus

e epl ax! S0 TH3 10 andLoly GCE bUbTGE-LavesinInese hufler |

|l ayers are in epitaxy on a sapp |re subst'r
mat chi ng i npegestalldrgt.i onFot 43m @ﬁ@1%96é1Q0§1>dﬂ%ﬂﬁ¥ﬂﬂ|méséx in the

plane) &gt hgaspiepli M8, As:8, hi@hnRlgdssus! ase horbPbeehaces)or Wiy n the
most frequently used deposition techniques include
depositions by ion sputtering, depositions by reaction
in vapor phase at high or low pressure, assisted or not
assisted by plasma, depositions by molecular Jet,
25 depositions hy epitaxy in the liguid phase, depositions
assisted by laser ablation.

The 1on sputtering technique enables columnary
growth with different orientations and sizes. These
sizes and orientations «an be controlled depending on

30 the deposit pressure, temperature and energy
conditions. In columnary growth, the growth of some of

the columns ic stopped to the henefit ot othelr colunmis

which get larger. For example, in the production of Co
(Zx, Nb) films, an argon pressure of the ordev of 30
34 mrorrs during the depositicn . encourages oo lunhary

B 1204003 JL



15 volune of the filnms nentioned. This 45 rotation may be elimnated in
sone zones by interposition of a very thin MO filmw thin these zones.
Further information about this subject is described in the article

"Bi Epi taxi al YBCO Grain Boundary Jose@hson Junctions on ZO 53'JBhQ:‘20@Qd
Sapphire Substrates” by S. hi COLLTTI et al, pub7_ished in the ysi ca
Journal C 269 (1 _996) 255-267. ~.zother exanpl a ilelated to .stre~~ses
caused by m smatches between crystalline neshes would |ie chem cal vapor
phase depositions (CVD) of Ss_ (1_T)Gex fi Ins on a 25 silicon support. The
stress will deowentrol tieds asfa@clcunchbon f tbhedcancenhpakieoNnsge®ific
cJermaniuln in the, filmconposition. .Figure 3, shows how the grid aglararreter
PR vari es asm%lg’?ﬁﬁi:?pHﬁOB?rrTEﬁ%Sgé’Fhatrﬂ%n#%%%%le%t‘P’hfpoﬁefgl?eicrjrgttﬁé e

conpo:,itioninThialssuppera~pBénatrakghtes lkitnentl oirs reawzathe _endp 22 nm
deprn~_Ililm_on the ataom ercentage of Ge . Anoth exanpl i st _h~
ezi ~ecicl ~ %Qe_cgiympsntglfaev?@%re- %gﬁ‘e%l %%?p?p?éd?~%%ef:r g}.)r@“gi‘h are
tre...., & . eethtstentzonebe dec r ._ silicon fi Lm( for exanpJ a doping
by begot: ~~t 10%.f~~ 10~.: : Lted e y ed

Y i 1 o oored0Ee § {1 BROPRECH! ) CRRARALEG Bl oreild L ST L w
.~ ?' ) C plel fprmed |fyom an initial suppori rl.. which may 'or may P,
1~9,9n. 3 , ~Inor fe 3ohHeei4Q02 Junghien ef dhe congenteati-eny% of jhoron
atons as an atom c_percentage. The slope of the straight line 11 is_ equal

to -0.14 nmYIVeWRoRYd ST 9HdIUde PhETIHEEFY T PHER u¥Pen LIV CHshi cal
nature. 15husi@s Tde Sstihatdeposi ted oM a3 Skh | §0DagEpPPar to fANchd hedt dnHver ed
wi th an encapsul atiirhigjtfi | m mai gt ains a strong sensi gi Vi t%}Pto an%/ oxygen

r

that may be presedfiit h@® gBFEer 221 cth Hhd 28PFf u5sRE t WPBUdHFIFRYSI | i con
at the time ofmpolafier heatbéreampdahtethe | ndheed lefdfaacitorl0 o5 ttwheenerat e

a stressed zpn c?wﬁ‘{réeguwgc{e%ﬂﬂﬁﬁﬂn% ZQne N ¢ )éarEQJ.a?J Yordd1€y %hecfﬁti on of
stresses during filmdepositions s the “Use of “deposit1on parameters such
as the deposéniohepeéssarencyhefdepesirines t5epémrperature, the deposition

power, the corm%‘M;L,oaegfostﬂa@pﬁep@ééﬁﬁp@u@t rRsphers, t preudhet he gt o of
t he part i al pressures_o carrier aases, neut r al gases and reacti ve gases.

Tt is known that st1EEs naySifEdte a I3t™Te of MG CItiessiGitor high
tension in thel 2Ordepaseihed dd | ammordeperdi aggbomehetbis)m depnsiteton
pressure. The_ articl MATE t.al. entitled” nges A n, st.ress and
Coercivity aﬁ??e}hﬁ\?ﬁg% ?F?gﬁgf Bg%r?glrsﬁhogluss' COELCEIL Z?fca%;eThﬁﬁ I 1We
DeZ~osi tec7tly RmeltinGputterpegafuEeM MIA tbaf . maSsvfigrd, Ebni tle

Ki ngdomy 25 Septenbel, 14: 18epbs 987 onCOPLAbASatUFEheF isnfgr mahLon ghout this
subject. Thus, | n the case o? a deposition by cathodic sputtering of Co
(2ar, No) fi¥#Bi%a |'BIIPresBHESF t hE- or derCRFAOH FHF mTdFr "W 1 % ad to a

state oL conpresskonipg tgreidd ] m Wireheeasinfolmb€trbh afoountessurd of the
order of several tens c-~f i

state or= r_onsi €< ¥ gP‘l’:re%;glrn\rlfqglrlgﬁtg?%fereﬁ 151)2?—%8%39 5’%&1%7‘?"@% t}g'r\g‘IeJ, E; = ;
; }i~t_ ! ) :LEAMYvaukildtshegn is thesethby Shéidr gonra?~dooxypalun densi t, ~
inc i ug%~| .'i’f'9| (H§7f7)i. lr&@lrﬁté %Ew‘e% (Hréi)rfs :arefghso; i~n'c;hisiton T ~c
zones for the process according to this invention.
Figure 2 illustrates a substrate thus obtained. It
15 formed of a composite or non-composite initial
support 5 on which a thin film structure & is grown by
30 sputtering.‘ Granular growth was provoked inside
structure 6 to build up an inclusions layer 7 that will
be used as a zone of trapc for gaceous compounds toa he
lmplanted. The position of the fracture surface at the

inclusions zone depends on the efficicncy of the traps

J
3

created.



RI 279 Q0. 3 ,~11a 16 3 June 2002 magni tude of the stresses is such
that they can cause bond defects of filns in limting cases. The term"film
deposit" includes any heat and/or physicochem cal treatnent carried out
before or after S the deposition, in der to induce these eff ig2 t he
deposited filnms. Inclusions may al so ~be generated by etching. Etching by a
dry nmethod (ionic, reactive ionic) and/or a "wet" chem cal nethod

(sel ective etching, anisotropic 10 etching) and/or an el ectrochem cal

met hod can be used to nake sel ected sizes of cavities open over a very

smal | surface argp.oJase caytihes oy s A% Oy bauLl! Led L | adgh with a

trap materi al e ‘'gaseous  compounds necessary tor the tran
Techni ques ftar et ehtﬁgnrmf thiilrsyer wiftbct urksr hayt be use@mbrtgbl@]eﬁe

i ncl usions, RrGlsd&ss asngteqsby gt | alod@sking ESCh'?daQ@S ayef all or

sone of the surface of the platelet (conventlonal techni ques in
mi croel ect r G LURfusTOMPOF8d pass BN 1tto Bt cWBE HPHE £WleE verEd Kl |

| submi cr ni Qe @NeN NI AR Y Wi it Slarnfyacwyslt@m S | 1 eomaidgide. An
i nsol ation technique i~ ysed_through a ma on %WPOSItIVE or negati ve

resin film IW%%QOF%ezéﬁlt§altquﬁ@qrtagPa/Pr|9%’ SRy theMSbe OF tHHr awn
chem cal |y pixddeyelnpabgadaptied ¢ Bétbl‘zr@gl’eﬁéloﬁhmsed Hux tHhesrore upen

zones, an ei:ching techni que usi,ng an accel heam_ calJed ionic
gt teeh Fo o ErRu R, Jhst e e aarsRiter R AR hen
this surfacedydmm i §iteposcorgrasinbe Swrfiface olapess| | eanddYad | ggedt. tram

i~er_o pos | r tch t I e e o ngs
nade) Hgﬁng g¥4r 9|éﬁ%§n|gﬁ1P%%$¢(égy%k§ihlf%9 Strhe%pgegl ﬁ%ﬂfﬁrlC& n
~f 'ry ~oClutecy Ja_IVEth@oca&@ DE' homwgteErmms repPtaxy~oat a. He:lmsldn-@ on

et ching speeg; s, por eoﬁ h:"he N sanfd | ntadu'P:e : tg{eeatl‘%ftéf@ébé he(ﬂftr'@e
etv1111 1C ~ spc_~.d t~hc~n :m I 3

June 2002 mﬁé?%%%ﬁ WéyIEﬁgé?EthéﬂC?ﬁéOBpéﬂin@?cééﬁéFéFéd|l¢%%ﬁ9%ﬁtr|de

film compounds subsequently implanted will be located at
15 and/or near this interface.
These structures formed of one or more films occupy
all or part of inclusion zones, given:

- the physical and/or chemical nature of the films
(chemical interaction between films, variation in
26 crystalline orientations in the case of multi-
' layer structures, affinity for gaseous compounds

that will be implanted later, etc.);
- the stresses presentl in these vairiovus films and

interfaces generated (due to a mismatch of

8]
)]

crystalline meshes, the difference in
coefficients of thermal expansion, the interface
micro-roughness, 1inclusions of elements other
than elements of the material to be dJdeposited,
inclusions of heterogeneous phases, etc ).

30 For example, a multi-laver structure can bc made in
which at 1least one crystalline film 1is deposited,
separated from the initial crystallince suppoit Ly one
or several films, called bhuffer and/ovr seed lavers.
The crystalline orientations in the crvatalline (ilm

may be identlical or different to the orientalauns of

(a9
n
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Figure 5 shows this type of enbodinent. It illustrates a substrate 13
conposed of an initial 5 support 14 covered by a silicon fi Im15 . The
film1l5 is coated with a very thin filmof silicon nitride 16 in which
smal | openings 17 axe forned. Openi ngf 17 were used to obtaig gRAuidgoes 18
in the silicon film15. Depending on %e di mensi on of the openings 1/ nade
in 10 the silicon nitride film16 and the thickness of this film16, it is
possible to deposit a material 19 in cavities 18, the chem cal nature of
this material being favorable to trapping ( f or exanp; _e t~ taniumf.or i

is Better effheCcthi@ageouspRMOUNdshél ob1exarphe 0oy 1baj apkanted
during the later inplantatjon, step., Subseque openi ngs made by the

q ly,

deposit of BOI BFOVIkEy YT bhstruet od ‘Tﬁi’%t@lgiﬁé?t G STt G Ry SVRECcessary,
l'i ke flolr exam): e din tba};@?seopf aHd ansﬁelflaag a &t ruete e piap@qiéﬁcrade ina
crystalline si|icon 2 ilm_.Si ar7.y r.lnder sope conditions,  heat
treat nents Bﬁﬁﬁ}c‘égﬁ’fggl &4 "ak?%ngéﬁ‘élﬁe e B EOCf 46 Itiq?eat endfbeing ~~ome
cavit_~&s, suppyen.to Thoshils re@seavid i esressn thel /o odessocaaedondi n<~ to
t-lie invent i~ ~rl) these etching zones w. be consi dered as_heing
i ncl usi ons, “28%and >t rgﬁgefrc?‘reteg%j(seg‘ﬁ%l%orrp‘évﬁrhl%s |%r?pl altjnsteeéd3 | 5% er fagfﬂﬁ | usi ons
may al so becyeseadleédebyelsdlels .i niltaht azdoa. iEnploaatta@d onldse boobahdnent of
neutral r_~ n : S i r 0 s -

- F%Eﬂ%vg%neioﬁegn pot &ne dgﬁégfkf&nQ?Q-%§ﬂ§%€§ﬁauéfl

~=~,rt~T- r Inclusions at a specific :7e Ir. _égaatccl
el Ement . Fo¥Ba@pParfticditonpunds, ©3uecadsni eParexipalvcl @ar 3r%8tGrdi Irg
eitc ctig of ahBgort cab, UBhfFAW 163ers a- ! ThEx@ bhEReeONShAsLAarénifhhe
process acc~~rclioc~ othr- .. invention, the snit iai mat ri% =,
ccrm; ~de; ~eSPHCREY| PB Phe 2PRITRT § SYPSEERRGt 18 £ R Rigne (1102).

L1172~ c: 3ruésA=1RitkHiidg-~Cmposes, 4l motjatilont ~0f~45P i of; dhe-paype . 71 ~
18 3 June 2003,1n-one.on several, i gl apfaticns, These . mlarctatjons my
possi bly be assi sCES &t ng cr ‘bet ween ¢éac |np‘?'an?ati on By hea f'Feat nent .
The i npl anted conpéghdssandsassolcist edodeirtestiaces ber f oundricl osketo 5 an

aver agq I ojgetid RN4S K0 ie! Hakeneener atgds appear; as, & di speder at a

smal |l scale 1n the local order of the material. Their norphol ogy and size

may be nodi PEellBiiRasedt AdatRIMR AREPSr P¥i Aglrerand idiatulef prevery

impl antati ophoh MBE® FaAMm GFitthih f fBEeHt 200 el emanirt o Exa8Pharicansi der
t he production of Sili cg}n on insul ator (,SO) .materi al s.i?r}p thg.SI MOX

(Separ at i on®BYUF Mot afiibd S5 Ok gt proieds M npl&nt3dti o of Bkygen at
120 keV is EpltawedlbywhEat Greeat nBatndarki ghe ktismpeJatnigrte offsor oexanpl e
about 1300Q)._t.o~nodi fy. . QpolQgy. @ngd. hor ghol o9y (ot he- at ed
i ncl usi%ns.c‘)’ﬁ'%goi n%r}\(gan?gpﬁggggf oxysgen a%@a%wgdoggtgéb@gdﬁezgéoé?m/ cn)

within a siPrebhsbedrdn ¢he prodice damnrlod ddd alkoypizat2§7at a depth
of 250 nm (typi £a8btROrt higkhpess 8Q.1ta 00 voMstrdiiss | ayghskg dgfective;

cocnt_ai ns 8 FREDANFSI HAAS SRy (VG th eI BHE S Fesb Farks of "eHaRoet er s))
dependi ng onaphe ipalsant @dpdsseiohs tiueDy especti (,rebe; toltbe artacle by
2> oL A 80 " Ui ThLp,Bured, O G hyens foygpd.by Low
Technol ogy fundtbew c&S, tHeecteoedntSationvet 94- wdrmgnogn) 82, themlarly,
the interfagesnof -LRLS<AXiide | ayerpWthet hg UBReLsf | IMBwX e grig
parameter PR varies as a function of the germanium
concentration x in the composition. The slope of
30 straight line 10 is equal Yo +0.022 nm depending on the
atomic percentage of Ge. Another example is tLhe effect
of stregses related to the degree <of doping in a
silicon film (for example doping by beron at 10" to 107

atoms/cm’) deposited on a slightly doped =1licon board

J

5 Figure 4 shows how the nctwork paramcter PR varies as &
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30 nore or les s rough depending on the. inposed r~ear_ treatnents .

Typically) the ~ inr erface rouc7hness may 1:>e cwnti~~ll~c.l wthin a
raoc~~; c. f- ~~i-rwrc-..~lus ut ~m~c;nc~tw~; to a few nanometer~, . :~s
r?2s~rii~c=c3 int-rF, ,~rt-;~ ~1 enggl_l ed "Ci.->nact-eri-Ffdume 2002 y~
~t_~~a-;ic ~oicr.: ~"Nicm::~Cc~~ry aL tim SGL Layer "I'o~~;m;.-;~~hy
ir5L,o,v,,~Z~nw,1 PW:~ 13 [~ 7~10 . J ul, 19 3 June 2002 Material s"

by C. GU LHALMENC et al., published in the Materials Science and

Engi neering journal B 46 (1997) 29-32. This inplanted |ayer and its

i nterfaces Viuncthieortoni gtreedazcrt NGt aoni ncl wsi borgones t oonf aserrant 5

zones for gasems. GOOPOUEsGL P! Aled dypLng <t Asesond; ghep 10hel N9, pr ocess

according to the invention. Heat treatnents maX al so be Used to generate

i ncl usi ons P t lg&vadi tFal mRitkti M- suppPsrt CerlAn alseeasticbn@e oftiche

llayers of thefddge strushunedtiofe 39 thansfenr edacfps . exapple forpssilicon,

"hi gh-1 ow hltg,h" heat treatnments are _uysed to precipitate oxygen present in

the mat e?i alflaim adeBeeiFre Ppth. SIS Fept WPPTEy fichl Fiel v eHest omet er s

ITE the cgse vm;)t}l5 @?Hpcéﬂéé?éhlaei?@ i cem;labt ?ﬁlgﬂcib?/n&owralts&*ﬁon%l l'ing.
is is done applying _a tenperature cycle typically consisting. of a

constant hi gif W etir ECabdve 1@6Yﬂfnf&3]a&eé‘ayya'ﬁec&fﬁs?%%?tl o‘%he

t enper at ur e “beltewrd0QE feartt) t hat afbf hesegondranighi ghet egpet abur et2 0

<-~bove 10 0 C. rrr.order_of .-magni tulle o f t ucply o i -~ n be

eval uat ed s&glre[ i%nldnef (oma He ot £ alg%ntréaﬁé?ia%ﬁ‘x ngwe( b?‘)dﬁ'c‘edv\hee §Di s the

coeffi cxleniis ofocaiehefrate ~m atretsseel heatet cedtlrener et empanetivmes and t

is the diffugjeon ti_r.e at this tenperature. This layer generated by heat

25 treatments 1s considered as being an inclusion gone. As another exanple,

heat treatments 24 PEKABRASE : of etdlsl eISREFEALICHN Bf tHer &tFRSs duaniala in

fi_Lms deposiitied Q¥paByt 088s0fid henaetiinds oieddoned: LoV earBiéserd heat =

treat men! ~ above SO00C fc~z a,si |.icon o::rcie 30 fi | mdepositPC3 by CVD,

can reduce tT1%E* cofipr e§§lﬁon {RILEEIOBr PIRESULS entiTel gi,ePé’rs%\}é)ﬁ’

t ~: ansf 8 m itenpdatairesr othe kepositl oh SFoldlf| ; ThE etompositionl of AE~y~I
Pl nvV~' 51 i~ "7 (lz== ~Prr of,. hehd~, rior_is con;

~i derewi to egleeg ~§F§§§§%EE§I tﬁlt—‘rj%%bhggte i %Eﬁé¥8§ fEth. gg%:ﬂ) ~C3fi tgl.el .

lo Ovate: - Paaporal |Pressurea Pt cra¥rien . Jaseb.: sweutrgl | ppseso atd

1" ?~34~. ~ . lthactive gases. It is known that stresses may create a

?5

state of high compression or high tension 1in the
20 deposited films, depending on the film deposition
pressure. The article by A. MATERNE et al. entitled
“Changes in stress and Coercivity after aAnnealing of
Amorphous Co (Zr, Nb) Thin i?’-ilrrgs Deposited by R.IF.
Sputtering”, E.M.M.A. conf., Salford, United Kingdom,
25 September 14-16, 1987, contains further information
about this subject. Thus, in the case of a deposition
by cathodic sputtering of Co (Zr, Nb) films, a low
pressure of the order of a few mTorrs will lead to a
state of compression of the film, whereas a high
30 pressure of the order of several tens of mTorrs will
cause the same material to be in a state of tension.
Tt has bheen determined by a chemical analysio that thic
variation 1ig caused by the argon and oxygen density

included in the [ilm ab the time of the Jdeposil. The

R 12940.3 JL



20 3 June 2002 degassing effect or a densification effect. Simlarly) a

| arge thermal expansi on between one of the filnms and the initial support
(or the other filnms) can cause a high stress state and | ocally generate
stress 5 inclusions,. which encouragegdrapping of gaseous cogpaHed®o2For
exanple, there is the case of the silicon film (100) prepared on a
sapphire, R plane. Coefficients of expansion are of the order of 4.105/K
and 9.10-6/K respectively. Since the stress is very 10 localized within the
t hi ckness of filnms around the interface, this results in |ocal deformation

of the mat er'n@e{gnﬁ:meoﬂl sh@r Red-ddxdhi ssWaychs ensi deepdcas heiuk an
i ncl usions z ne ép%Fps;o .according to.the invention. 15 Another way

of inducing BF1+its Jr’ﬂlth?% F&°€6-deposit a very highly
stressed film on The baek suriflacedebokhe™i nirddlaldesdippant , heaabldnwy o

nor phol ogi cal .def or on (ccopcavit r convexity)., e.filmstruycture is
thelr[: def glr medhY Sﬁh%narbl ( 2 rg%?;*enéggd Czaorr%lﬁfx &‘ee%ﬁ??ﬁ%ﬁ uPE & eg"ﬁ ni IrI cJ

the filmbsr ftlHemiépbﬁmet:‘tcrransifreranecﬂier ntd hEn@uoeesheaeC@rchaﬁgst ar hehe
invention, is;an inclusions zone for C-y.'uSE: uus ccnpourrds inplanted

| at er on. ﬁegorgkceéslsé glcnior ding to the invention conprises a 25 second
step after the ge’lhe.’rlaxsmsﬁ mane | usilens e t eemeter¢dl byncertwd.ndrhi s

second step ISR Spf ! AP ARLRHAON. OlodAseolss cOMDOURGS ICAt oy d:0n5) at

a depth cl ose to t ayer of inci_usi_ons denerared W the p-evious step.
' These gaseous ‘Tat"mehepinnd~Meblok~bis¥aeh i vaochyhibans aélflstotﬁéwﬁésence

"t inclurpon etchﬂh@/) paﬁay@fpahe élnec’ﬂtbb.%@@éxh%aﬁpﬂe/throd 9E oM BeC o fséc?ﬁ
~ , NhCccCC: , o ry |~~y e

mcr_o,~, ~v~_tie.~  mcro-bub Ies,or I
transfer fra_ctt%r@ak‘?hl?%wq ~: AtAFS %tp CFN&§18§ a%ﬂ’l‘?%véﬁ’etrhrau@’leirﬁ Jm

pl ane : ~urfacmaltl $urbéce; breamt ThHese-cavitiek: M@yt dr dnb$ nE?l é cW
IJVI|QrII tlIIrn lr) ~lg ~li

t E~1 ~ ~ ~ffd'dlef§] lffe§ JunéePl ZBO%rcf—il?frﬁéF%% %rlld/for H%%e<'§5'ta“’teroeu,“':t rrent
and/ or by el mmwdspmwammnfor ntedetranefef.i npl antation by

bonbar drreat - ( neutqr@éhrﬁqmwn@éraw&{lﬂgpnﬁmt&h%gega%@%ceg%s>Ws are
5 inplanted at the average projected range) IS

characteristike o‘FS?‘F\etPnﬁleé‘Iﬁréttl%nlIé‘Fl%‘l‘@%fOB? tH‘é’r@I eent eFfplEEtiedah a
gi ven target bﬁhﬁéﬁfﬂzﬁB ma@kuﬁgl &rgcaimm@eds@yrwanll lza: chomenosucthd hat

the depth Rp corres gg ei/e {] t he mcortljs one or 1Q is such
Lhat the depii 588 o8¢ t BRERP TANELEF | IRTTGTENE Sl a1 G FRar™
t r eat nent thermcl:mm]gecusre:dntccs)al | ot e specsesosﬁpbémtw agttcthhe loeviel  of
the i”C'ﬁ'ﬁi xﬁo'{}%rtyo m%ﬁt?sugﬁb L%QWPQHQHSn y OrE mBy, 0py, b rare
gases suc |nplante e sane tine or in
sequence. surface film of glllcon nitride. An insolation
technique is used through a mask on a positive or
negative resin f£ilm. In scme zones, the resin film may
then be withdrawn chemically by a developer adapted to
25 the resin used. In these.open zones, an etching
technique using an accelerated ion heam, called ionic
etching, can be used to make openings in the silicon
nitride film. When this surface film i1s deposited on
the surface of a silicon film, it then becomes possible
30 to etch the silicon in line with the openings made,
using tetramethylammonium hydroxide. This chemical
etching 1a very celective 10 the coxtent that the
s1licon etching speed 1s more ithan 100 times greater

than the nitride etching spead. It 13 thon noszible to

B 12010.3 J0L



Figures 6A to 6D illustrate the process according to the invention in the
case in which the thin filmis transferred onto a stiffener. Figure 6A
shows a substrate 20 (for exanpl e formed oL a structure of thin 20 iiln(s)
on ull initial suppor'~) , conpr|5|nq7un i nclusions zone 21 ﬁghggqobz one
of the methods described above. The inclusions gone ic; 1 no~ at a
dista ne fromthe SLrf~. Co ~'2 of the substrate correspondlng to the
thi_"1lille~ s of the thinf i Imtc be 25 transferred. Figure 6B
i:lluctrates the icon inplantation step. Gaseous conpounds are inpl;~nted,
for exanple 0 f n h . e rf of the
substrate. Tﬁ%k en5|8?2¥g 1£Eé§§ &§%8~ﬁ§%ué§ggbgé? gaﬂurﬁ%gfgﬁtﬁtQ%
depth p i:~ nitrddet ¥flidm.30 thel r average prc~j~ct~d r_ancle Rp

cenrecr. ~orlus tgfﬁﬁ% | e Ls‘%%v&é'st@éle Qﬁiéé"“'é}? b@ﬁ%‘éﬁm%ntcf ap ~{r.e€

witti rli rill ~ | Jel sF~~ ~ynl =sI17/nC~~s T i
~) 11L~~=~ f r i1 lusicasitas e§ asslﬁ)émqfevmm% CREPQFIhc @t . rut wwlr ~ltc

°U i's bogl d =g Rt e qftééa‘,gr@srby yuibcéﬁrfw 1Haql5l -lm@n G3i1nC 15 Pl
"1 1. C rma Cll ~t Zct |~ E' r a ~ ' 1111

c~| | ' ~ -is fcqateq ‘Mlth a l"ﬁir&i thin falpn. °~f glltcoﬁ ?z‘tsﬂjiﬁnelozooz
used for bondmnwmf@hsgmaaqe aﬁeﬂmdgbhel'ﬁtbfréer&frrﬁéﬁ W t@l@éhlhbg addi tion
of an internedi ate %%%er ure 6D |Ilust tes e se arati aon,

subsequent t §S&fF &5 tC?Y%%iﬂﬁn a%n ﬁnéf 1T °5f Iq5reqU|red
t her mal budQEEp@mdde@prdmedhabdwmeﬂsldduﬁfftger@pemhemﬁepBVahw@@ firact ure

enters 1100 the LI aney, There! ¢ak the LAR! k3l substrale, copsiala, of

thin filnm 25 ener a femai ning part e traps
zone is shovvlfllllm th@ 1@td|a@r awsss kdenst st |d@g>0@flttm@ seyarital ré@u ons.

However deF)e%@Jvrlgzl% hhe C@?&,cﬂémi@éllrﬁé.@hﬂecé?ﬂpl:ﬁﬁ ﬁl'att@%rlath)’kﬁq ng to
the thin f|In125, to the renalnlng art 26 of the, substrate. In e case

of |nplantat|@N°5¢k6é%eBBs el FPRETDN, ¢ f@ftﬁéa@BﬁﬁouEHEaﬁﬁymdl§Pﬁsé¢¥b a
depth cl ose tgetihe deejpﬁélc@f yae dod U(Scbzﬁﬁ&)m@y adant i agathbeedid:fsiron time

and te ature.. G a dlfoSI n_|aws applicable to adapt
t he dip?ﬁéloﬁnﬁéﬁﬁﬁ %gﬁﬁg' f %%fn%ﬂ?f%%%%%lgﬂ QSSBEpand hydr ogen P
atnosphere at a EUbE@hgddﬂﬂﬂz'~obe©aabbedm&ﬁe llor mthye gdspoendl efes
trydng-.: n{;ifru% th@ Sd AR 8l abo“xfhr’éo(ge Regar sl e58:0fa.}

|nplantat|on ~tno quantity o ant ed gaseous compounds nust bca
suf ficient tn§CG§ﬁﬁnY[xﬁ¥k¢nfﬁﬁc@§ﬁmRﬁ?ah@/éhed@ﬂﬂ%mﬁ%nﬁ Sranffear o 25

Cavities, m gro-bubbkast(ie piiat phekSmadar thna féopeadl near 4 it
|nclu5|ons des ri bed, .abave. tatlon conditions ose, _energy, target
fig- o)

(
t enper at ant3 gt Dename~GP e EUPEFr y PER TSN ti al
s nat _ex~i aI @Jnderrqet:)sn,trﬂl(led t emratdhraee ardd omaiad)n tof ifeddliglad ,

closing some cavities, or even to close Lhe cavities.
In the process according to the invention, these
etching zones will be considered as being inclusions,
25 and traps for gaseous compounds implanted later.
Inclusions nay also be generated by ion
implantation.
Implantation by bombardment of neutral compounds or
jons 1Iin a . material can generate a laver rich in

30 inclusions at a specific depth of the i1mplanted

element. For implanted compounds, elecctronic and
nuclear etarding effccts cof the targetl matcrial are
then considered. In the process according to the

invention, the inittial material i1s consider=d ta be the

35 target material. The implantation proces.. mdy be done

B 12940.% JL



- tlLe thermal budget supplied by the inmp~antatinn, - 11'W.T ,?fit LII"'~

of 1'~1JP ?Inj~l ~T71.~ ~~ rjd~;r?011~: ;n"~l'lL~nl~~n7:y - t he thern:a 1
budge t supp.f_ iad :~ubsequc nt~t-. ; gf aingj ~f any) , |~~tu . 3
~lr_, 23 3 June 2002 - the thernal1@energy) budget suppli eg Jore 2062
weakeni ng heat treatnent, - any mechanical.stresses. However, inplanted

doses nust be |less than the 5 maxi num dose determ ned by the occurrence of
exfoliation in the material during inplantation. The efficiency of
inclusions is defined by their confinenment power on the gaseous conpounds

necessary for, the transfer n5|d conc ration of ese
conpounds cl ddk V& thE |ngﬁﬁ. on%ms ?ﬁé’o%3Se gﬁﬁ?%% lWBgaﬁigflSHS this
effect is il lmastraekilyla rieductisenskrdt héluridich ofrt heekwpkant atictn
profil e due H%Eﬁ‘hl Qggwyong ntrggégn f ol Tpl3nt ed com$9und§p%lggnd the

i npl ant ati on "Rp. exa consi dér “a structure 6 be fFanst&rr ed
conposed ~f &d@p@um@ﬂlanﬁ<daibcﬁaﬂmigtm%¢@@@dwohlab3|Epcod supper tto A

first ionsimlantatlon. ob.hydiagen egual bo, 3. 1016, Lol with ag cener oy of

100 keV designed to g % te |nc usl ons, res In a concentration
1'' 0 of hydr GpPeagt ahe aaveiagedasptat of lﬁmabl mScR Iteat nt ridad meacails

carried out tyRiLaldy eheahawlerdadC fofne2r NRYE ,hoqlolgq, igndlesi ge_gdt 0
nodi fy the norphol Qgy.of the 11-1Cl11Sliall S ( cavit .leS) . zZt 1.~

fi~l: 1d trl &% PoPREipdyebycdtR@f il ac%ert;%v.aﬁ soxissm%r dpﬁa{ﬁr.f t he

25 i rrpl ant at ini] thad hedmplent: av 1dh a &f ghetie dosgmas bp the dasgeebnthe
process ﬂh gg?ﬁ¥§gocunent FR-z~-2 681 472. Tlle inclusions zone

correspo | ayer of growing mcro-ca~rities. A second inplantation
of 2.10 H'/cna\mdﬁ cdoearapifd | crent itierendtd epaofinactione cfl osestildcod0

o AT LUSLO0R, A T e L0 DR cLUBE OB h]
i (~ tt7~-~hy), Mplagyaties| < —omf@e@o IEFiad et ] entEmp ket poseh bbé
| ocation of Wgatza-1dd hass 18 %Phlwé’ch_bplhga?'t(t?éaPtneﬁEelaet alihover a
vary -~ uI ~ 1L 3J LfIIC% Tit! S~: u L'=;TIE JJ O
1.11F ' Lp)' temperagure {4 F@r examéia:apout:iBOQP to modify,t
topology and morphology of the generated inclusions.
The implantation of oxygen at a low dose (about 4.10"
0'/cm?) within a silicon board, can produce a thin
oxide layer typically at a depth of 250 nm (typical
20 thickness 80 to 100 nm). This layer is defective; it
is more or less continuous (présence of silicon pipes)
and 1l contains silicon islands (typical dimensions a
few tens of nanometers), depending on the implanted
dose. In this respect, refer to the article by B.
25 ASPAR et al. entitled "Ultra Thin Buried Oxide Layers
Formed by Low Dose SIMOX Processes”, Proc. 6th
Internaticnal Conference on 507 Technology and Devices,
Electroch. Soc., Vol 94-11 (1994) 62. Similarly, the
interfaces of this oxide layer with the upper film are

30 more or less rough depending on the imposed heat

treatments. Typically, the'interface roughness may be
controlled within a range of a few vtens of nanometers
to a few nanometers. as desrribed in the article
entitled "Characterization <y Atomic Force Microssopy
35 of the S01 Lavyer Topoyy aphy in Low Doge S LMOX
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24 3 June 2002 rmade and/or the filmstructure used. Simlarly, the

roughness of the fracture surface will also be reduced due to confinenent
of the inclusions and therefore the fracture zone. 5 In general, it is then
possi ble to reduce the dose to be i nted necessary for ”Uéhﬁﬁk oand/ or

devel opment of mcro-cavities and/or reduce the forces to be exerted and/ or
reduce the energy budget of the heat treatnent to induce fracture. 10 The
transfer process designed to obtain a final filmstructure on a support
assunes that the initial material is added onto a second support during a
third step. Miher&amsac&nig:nadBIaHm$MEN¢ byt waler oddiisxhedrithebegh a
bond | ayer. art. st ner. In
both types O%ESgﬁ act |%i§§] éﬁTeé#BHK£ %ggﬁgénﬁitg% hBB

necessary u2Pnd2a IGWLSeam@dammﬁdIﬁaMenr&nﬂrmﬁm iﬂhesfaceatweﬁﬂ best be
adapted so ' es_pot ent _m Lby apd.fra h
mechani sns Egﬁ%ﬁggigain? ia?8£ﬁ¥er%gl f#§1§?¥FBhav§g?b bggﬁkﬁgghgﬁ%
account S n ZheeshéDWagaSGQQ@tcmmn&%nﬁ%/xMPiann@@ dwelingather sedanidng a
fourth step E@ t ? tBEORCoceds: accdrdfﬁ&zSgréﬂglﬁﬁb€h91§§ tranSferred i~
suf . f|0|eut y stl f and/or thick and thi's step 1s r~~t necessary, a 'self
25 supported” sHpaktutEeatPeRtle &FYai MeFUurihg vhedt r bAsf @EneTALS, in the

exanpl e of anstUgbHEE :GPVEREd W iy an §h@8r&bhm téh;ﬂ@oiftf aas_rf elrz{ edet:o a

silicon support, a te ra ure of t=rie be sof f ic~
m-nr Lo 30 E@Fﬁ?ofﬁga e}a¥§£§~ﬁﬁf h% dFﬁﬂthEﬁBFﬁyr@héF%rEEn t he
oxi de ﬂK1n1aﬂdnbherseB|con support- will exceed 0." ,~~ m. The tourth step

in the process I rrin= file -uct uy, ah
romntl [ert t20F wiranrad 1 f' pRdbBnyt P il ARan B, 'RBLe L,
~j ~~' t~r|ttrEaémen§$ aHElusem to dpbrecipitipted ¢xygern Vrgsent25ig June

2002 functi QHeOfmaE@@rfﬁ' Cé@ncay Qfpdder i Cl i qns Cr%tle:d a%?@hdoﬁ of
i npl ant ed gaseous conpoun s, thermal conditions for inplantation of

initial nmatBYPAFala¥d t Rer nBBYconBi Frometess bohﬁlngtPS théaﬁPnaI0§uppr

S Mite-lSThemBﬁaE:ri/faeaD.MEﬁb must 1hecsuf ficHeind® cagge acipaBEHIEkEN the
initial naterhg Th| thuss$ﬁ$ oke§ §arat|on of _an unused part. of the
¥ u¥ uf

initial natBR anFOWlpﬁg i Tu BLY *88nPact eI TH 'S f Fhat Ssupport .
Thi s separatypictakgs pbaeescinge ¢b tshectBsltayper bfighr appedecanpoends.

Under the copgiLi C_’L'!ﬁ(f&cfor@b 9ol,8dl Ny | Bverla ot the dJ | PLsbeLL elbce

(single layer or ayer) may b rans erre omer racture
t her mal bud@@ﬂOWhaﬁofﬁerﬁﬁﬂ 5@&@@F§Kﬁééﬁé§§mﬁqﬁﬁ%kﬁ#%@oé@@@eaeé@¥§|ng to

prior ard. LkRodefipubgcthean order of magnitude of Lhe deplit » can
' be evaluated starting from the diffusion eguation x o
(Dt)"* where D is the coefficient of diffusinn at the
heat treatment temperature and t is the diffusion time
at this temperature. This layer generated by heat
25 treatments 1s considered as being an inclusion zone.

As another example, heat treatments are known to
enable adaptation of the stress level in films
deposited by any one of the methods mentioned ahove.
Thus, a heat treatment above 500°C for a silicon oxide

30 film deposited by CVD, can reduce the compression

stress, or cancel it entirely, or even transform 1t

into a tension. [See A SLINTANT et al.., J. Appl. Phye

5L (8), p 4197 (1980)]. This type of behavior 1is

considered to be caused by the reactlions of the oxide
25 to water wvapor. It may be interprated as heing o
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15 separation thermal budget, it is necessary to take account of. the
efficiency of the generated inclusions and the gl obal thernmal budget that
is input to plates during the various steps of the process, nanely during
generation of inclusions, inplantati and bond of the 2U I fhljinalogmt eri al
on the stirtenlng support. Furthernore, part of the energy necessary for
the tr ansfez of structures nmay be ' input by heat tr atrnent and/or b~

me, ans of stresses, for exanple relxtec~ to final support stiffening
effect, related to the 25 application of _ shear, bending, tension or

pressure M I£s5es1apRl# ask@l 9Re. OfchBi E0RRE I @@feyﬁe efﬁ%ﬁaaﬁ the

sane nature as that described irl ogocuneot FRA-2 748 . In_this case, the
ni ni mum dose& OfAXPE sERABNRENEXBARGLION LW SR %%n‘t’ﬁ Ghﬁlﬁc‘tl&i‘isg akk
sect>n~. .0 vHe ePnicrhlt Rapy o)rtf‘ (9Eelth® %&éﬂqefg§ﬁs@-b0ﬂ&1\’\’6bﬁae”}§ ra i
pout fi c |enr creatlon arzdi or grow h of n-cavit:i.es to induce

~ ul ~i ; ~i ~bigh wStERSEoznStEEe t|2ng L~ ]tocﬁ B et %aertt_t ~~ptress . .
;surface5 flll"I‘C,ualEF_l.orﬂs L~ LIWhllCl‘l c' bhcGudabil t:TEﬂﬂtiLM\_/glt dE nTZ_;a@ed’usl ~: j~
~:;'C:~ .= ~C ~~| ~~| ~tc ' trIFO' |l V~f ~2.'1 ;:~ 1L

= i~ SqERpUNgs . R ok SEATHLH Eherﬁ *s éh§ Juﬁéezofb% otﬁteau ned.
The initial §1]h$td’rﬂtél3& i 6160y nmtaqiaatetd ngnf raomsapsihlllr@on Pl atledret. 31 on a

face on Whl fikm 50, hi osi:t ed,, st rongly
doped (about Q{‘s !rjnk) e%g}agﬁ%béq r%g?ﬂ%ie y ep |%P B g'llhOS /tlpl m 32
is itself C@r@r ea \l\/Dt hKa s¢$peonlvelm 33 abooe 3302 nmttrl{ﬂs@k igl ivghtrl y doped

(about g 1031%&1%%&”%91@1&0@1% aEHlékﬁ@sErogﬁceﬁ Bt{sepézt@%!d Fpal 1y,
the film33 iIs coated I m 34 abgut 400 nmthick and wth a

free surfacér%rfﬁreerlot%l@hl yeaabéa st i doRefli | ARBor MRt oBct O hs Hife

i nclusions zpierile substdate SDstsrbbenigubmild aghy oltshe:cgﬁﬁwseccormound
i npl antation step through s#rface 35. I—Iyév gﬁa is inpla a dose of

5.101 at ons/EMPCHY A aife F 4y Bf “80°k Bfoaﬁﬁi‘er"f‘tcctog iAatifte. The
surface 35 ithe hewaraderto bond to a silicon pl ate by wafer bonding

retnforged by heglodiaalgeot At £28Ging 20 JLMESornThe gtggel T ch the

initial, of subStrate 30 I sep arate Into twe~ parts ri ses a heat
treatment, tHewsiuns eheytef dteﬁéshéata trezat nekeh i t ﬁtF§§E€ét fidm jave

fracture b~ ~lddCpadapt aer bycé he ft henaaliditiedgekupgui-at,. | eRaBpdngenper at ure
This.final heat treatnent induces a fracture

of the various heat in
in the 25 i MYLRAC ajs‘lﬂfs‘{)%ﬁat e‘%e{a?r’aﬂﬁ}B? cl'GRBCRY1ENe PEI mCERVeiHE¥inal heat
treat ment neghd yp?llciai I ystbetczdmrasat tBbAC ddformefihus pssi bleald yobtain a

structure faormed of | Laht] v, dop n _film.(f.i ol Qithe initial
auhstratg) osntraes,seflcénn%xﬁéle a erggI ﬁ H.x%% Cont l(n né}r:ﬁli:?tl ar glubstrat e),
whi ch is attfdche to ke S¢I$1@%ﬁerﬁa§slnTﬁéehpgﬁF?Séop\éﬁOé—’qltf@brFCf itha 32 wa~>

u~;ed for ~onfjdandnt of the ihdaaivmd 'zone for gaseous compounds
Lmplanted later on.

The process according to the invention comprises a

25 second step after the generation of inclusions in the

material concerned. This second step consists of

implantation of gaseous compounds (atoms, ions) at a

depth close to the layer of inclusions generated in the

previous step. These gaseous compounds are conilined,

30 by means of the presence of 1nclucions. They

participate in nucleation and/or growth of the micro-

cavities, micreo-bhbubbles {or "plateletz', necezsary tor

the transfer fracture. This implantation may be

achleved through the plane surface of rhe Stiucture to

be trausferred by bombardment and,/or by plashia assisled

(oS}
L
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The process accordin~--~ro the irlventior is pax.ticularly att-racti~~e for

t~h~~" t _ran:>fer ¢c~~ :rrocr _~l,~es ~J 117 ~nl rI 1 C1-1 011 CGC r s ~
V~21lczit1l.1222 81 Il 1l s~ ?21~u~1W: SI | i;) ~<.1I~1t. '
i.~~Co! '"~~=71 ., ~r1_ 2?13_June 2002 heat treat§90he 2002 _

tenperature as high as the tenperature involved in the process divulged in

docunent FR-A-2 681 472. The process is also useful ir. the case in which
the structure to be transferred is 5 conposed of materials with different
coefficients of thermal expansion. Finally, it is inmportant to note the

fol | owi ng adyamt,agenobnhe Pecess oG dimght oahBeor N¥eNtiercrieisurface
of the transf?rred fi.lmstructure is a 10 di sturbed zone obtai ned during

the fracturBCIPR&Z%EA1-Ekness of this disturbed zone may be very small due to
the use of a | ayar thkt aadkomn fcliogd drix dtheon ney usobsrinesonf neati-he dose of

i npl ant ed gaseous_conpounds. This thu ives a | ow surface roughness of the
15 transfer FSH‘ngF%Et u?%ﬂgggfncjeo’??h sstc}?erse%t 1 S it e&of“(%’otuﬁle&j%i §'F buti on
of m crd cavinpileated mitcr atleubblesaukt 1o idetdedi clamess oRpt he matier i al

during the transfer, B 12~9C 3.~fl~ 28 J I . Process for
t he transf e?iegft%atlﬁ e%}é r%%ge%ﬁisgkfi Ior% ('2% gggéc%%?%t%éerw%i T8I Prited in
an initial sbeselament20)nplehdreattiay igzeatlven ttharget . coiperséoreheahol | ow ng
steps: 5 -a;50eRnkMCl R AL P bACkUBLERS 2 diPad OF B gl cihe
initial subét Fatél at a deﬁ%h g%r rlespondi ng to the reqLu}?_red t hi cke ess of the
thin film BReSONRERMIdNstDelh§ dedisgnedt t 6PPorMAldp<LTHo0r 2@aSedds
compounds WhkChswikhl sHhsequast | yepehi npkantedselOto - @hsUbseguent rstep for
i npl antation oé t he said SEous, congound(sg, in a mantnger to convey the
gaseous spetf&sYPRPB5rhé | USFOR nBESi SHEAEIERT (HEEH0R8IBP HRg
i npl ant ed gaseoausl @onpdendspbeiirg sifplanead tar cahee idéeeloramt iche of
m cro-r_avit] lLi;kely to form a act D e ich.the thin
film (25) céh%glelsslg)%ar“a & ?Pom g3112(—:1é;ée'rnai h&gsr,%fé‘t ﬁéhggggﬂr&atﬂaézgf
may not be rare gases such as H, F, He. They may be
15 implanted at the same time or in sequence.
Figures 6A to 6D illustrate the process according
to the invention in the case in which the thin film is
transferred onto a stiffener. Figure 6A shows a
substrate 20 (for example formed of a structure of thin
20 film(s) on all initial support), compr ising an
inclusions zone 21 formed by one of the methods

deccribed above. The inclusions zone ic lncated at a

to
(@)

dictance from the surface 2 £ tho cubstrate
corresponding to the thickness of the thin film toc be

transferred. Figure 6B illustrates the ion

s
i

implantation step. Gaseous compounds are implanted,
for example by bombardment or diffusion, through the
surface 22 of the substrate. The density d of gaseous
compounds as a function of the depth p is such that
30 their average projected range Rp corresponds to the
inclusions zone 21 which becomes a trap zone with &
high densiry of  gasemus compoinds Figures T
illustrates a step in which the surtace 22 of substrate
20 18 bonded onto a gstiffener 23 with thoe addition of

35 an intermediate layer 24. Other techniques may also he

B 12940 3 JL



2. Process for the transfer of at |least one thin filmaccording to Caiml
, cliai do Ler ized Irl LiiaL t.iie step of inplanting said gaseous species
is carried out 20 with an inplantation energy of these gaseous species that
is such that their mean depth of pengbration into the substraygnéd 2002
corresponds to the depth of the |ayer of inclusions (21). 3. Process for
the transf _er_of at least one thi:-~ ~~5 filmaccording to claim1,
characterized in that the step of inplanting said gaseous species is
carried out with an inplantation energy of these gaseous species that is

such that thgkegmean Clﬂ:ﬁicﬁrfg fepenetiabicen int andl lkGe~lsd it rdndri 75+ ()
JS CIO)St: LU ~JICId~E 1 gg&lmcl a:aldlsS ~

i nt ~l ant at i oR*FRoRL| fRE e Wi alat FFW?ﬁG%tﬁeéﬁuﬁPéatneh?urF~~
~1'~7TWI T11€3; Tmuémc@é the |msparanted S@E@pl Julssdquertithe tb ~ay~_~r
~~1 i 3. June 2002

nc: 0
4. Process f%PpFﬁgrf?E%sfgea% aﬁrﬁééﬂﬁ nea%hln fldn%ﬁﬁ%ﬁdl%g t%h ny one
of claind 1 reqgB8irebardstmidlzeduilgethats t Aescniibiedl =subst r at elri stiobaposed

of a solid p pp n tr in 5. film
of sclid natﬁgé ?ghug%&éegaé?Lgkgbgz %ﬁééggﬁéséygggﬂﬁhékgraﬁﬁ#g EP%Ba t hin
filmaccordi agnee clBienefoxhar hbeedinddd dln swWastrateorcopaistesf aheasaid

structure is.pbhai pedmby26pi Bamam@ %roocmf%tfbﬁeﬁé@nsw ghaa Lhin
film 10 according to one of clains 4 or 5 characterized in that the said

structure |sf§@éhnﬂﬁgtEﬁﬁgirgﬁalndgpeoft¥ﬁﬁssdﬁ§ﬁ?aﬂ§ (WRHPER dy the may

not be am epitayyafabki ebhseanibg beUTRD Afdirdthe tdyiohsl m B@ﬁe@@?n

transferred, _for nother tgln filmtransfer, 15 7. Proi SS fog eatransfer

of a thin f|Pﬁ?§8 oPHi ARG £8%afi§55ne 16f MVt H T CE P tRAT att ePF2edin t hat

t he i ncl usi onentiaygr tios tftor negdidyfalmi 129, depostbi ahet ecdim nieng 8paProcess

for the tran?gegfof:hF Sng?g% LLm 2U according to claim7, characterlzec~ in
a

that the inclusions consi sts of generating col ums.
In the case of implantation by gaseous diffusion,

15 the compounds may diffuse to a depth close to the depth
of the inclusions, by adapting the diffusion time and
temperature. Classical diffusion laws in (Dt)* are
applicable to adapt the diffusion depth. Thus, a heat
treatment under an argon and hydrogen atmosphere at a

20 ratio of 9:1 (called Lhe Iorming gas) enables hydrogen
diffusion in silicon at about 350°C.

Regardless of the implantation method, the quantity
of implanted gaseous compounds must be sufficient to
participate in nucleation and/ocr development of micro-

25 cavities, micro-bubbles {(or platelets) starting from
and near by the inclusions described above.
Implantation conditions (dose, energy, target
temperature, implantation time) depend particularly on:

- the initial material (Larget),

30 - the nature and location of inclusions,

- the thermal budget supplied by the implantation,

- the nature of the implanted gaseous compournis,
- the thermal budget supplied subksequent to gluilng
(if any),

B 12940.3 JL



9. Process for the transfer of athin filmaCCudlIICI tGdaim7 , c:harac
terized in that. i _rie inclusions layer (7) consists of generating grain 25
joints. 10. Process for the transfer of a thin filmaccording to any one of
clains 1 to 6, characterized in that ,4he said i _ncluslons | m ca
affinity wwth the said gaseous ~onpc&?d~._30 11. Procc, ss fg?ygﬁgzg?gnsf_er
of at-_hinfilmaccording to any one of clains 1 to 6, characterized in
that the ~~ai cZ inc7uspons cri~~-imca f r~s;n :a ~ ~~~u~.n~r r-is m
srreat<~h ol- the materi ai formng the i nc i usior.s layer meth rcgion~.;

cf jLhe substrate_ubheh 8harsdfacraedsy)C~ Ridged e3ships Tba p30 Endune

2002 12. Process for the transfer of a“thin filmaccording to any one of
claims 4 to 6, chavagkepirgdhiest Hareatmeithcel usi ons layer is formed by a

techni que of etchipg,ankayghiCkld) Lfresdhstrate (13). 5 13. Process for the
transfer of a thin f|In1accordin% to any one of clains 1 to 6
-6

characteri zed i nHPHEVEEhe PHELARFEAs T258F iMUFbr RR BhESSpltaaat £BF of

el ements g n gakawam of gbBe substeahened4. Byocessefl or obBartearsf er ogf a
thin film210 accotdln%ptq clajm 13, characterjzed.in_that the said

i mpl ant at i on®8fOLieREAPs 1% EEEi MR e 17 Rat ARHE AT of The
i ncreasi ng thefeticacencyodf thactinapsnsl5. iBrocdssiherd t heyt ranaker of a

thin filmaccordi.ng to . claim13, characterized in that the 15 norphol ogy of
i ncl usi ons iSoﬂganPSBtbyP%W%Eaf”%rgé?né%ﬁ?e%%f o g%%“#%rnfﬁgsF§5Xsfer of
a thin film &ocor thag tvanafeone obnglidemsng t bhe, characteritied i nft hat

t he incHH§iogﬁ?%§yggTbgu ggmay%éénﬁguggetfééﬁégg%)go of the filrn(s) in

the filmstructure. rocess for the tra . a thin filmacco~~ding
to any one of clahnshe-1ceseG oEhdact empzedtpfirRat thesi idifemsi oas | ayer

i N obtai ne~~; by,apphtzaat iwtg,'i £-fratneeses tontheyd | np)aeh the fihm
structure. 25 18. Process for _the transfer of .a,thin f|In1accord|ng#to any

one of clai mMMPLpBtE¥IONIREAEY 671 IVEJ G FhALIPRE FREEEERUE tuPhpBiznds
are i npl ant edmpy ahesbarcimindunds c afpammdd st fhosetp lameg: neut Re/_ cespounds

and ions. 'i%l 19. ProCPss for the transFe~~ of =~ thin fil. maccordi.ng to
any oneﬁg% c Eﬁﬁglf’ﬁ(fﬁﬁflc %ragteﬁﬁﬁﬁﬁiPﬁFi:EPat?“{vaﬁ§9%§8§§gd
c~nr nL~ountt sompesednlat| ant@dé baym atlmeckt Bd0; driloseneneantpHastm assi st ed

di ffusion, theqmebndishig3jan @ &nd;izLet S8 Gl de fsh cokf hydikBhen
comhineci w.i_h 1~ ? ~~_ =" ~),. ~,1T. .
egual to 3.107 H/ch® with an energy of 100 keV designed
to generate inclusions, will result in a concentration
QO of hydrogen at the average depth of 0.y puym. A heat
treatment is carried out typically at about 350°C for 2
hours, and is designed to modify the merphology cof the
inclusions (micro-cavities). Tt is found that the
layer containing the cavities is thinner than if the
25 implantation had been done with a higher dose as in the
case of the process divulged by document FR-A-2 681
472. The inclusions zone corresponds to this layer of
growing micro-cavities. A second implantalion of 2.10°
H/cn® will be sufficient to enable a fracture close to
30 this inclusions zone during ceparation heat treatments,
for example at 500°C for 1 hour.
It is very easy to understand the advantage aof
continement and possible location of micro-cavities,
micro-~-bubbles {or platelets) over a Vary small

35 thickness due o the thickness of the inclusions oone
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31 3 June 2002 thermal diffusion and/or diffusion assisted by electrical

pol ari zation. 20. Process for the transfer of a thin filmaccording to any
one of clainms 1 to 19, characterized 5 in that it conprises a heat
treatment step capable of weakening $he substrate in the ing Jfer2602 ayer
to enabl e separation between the thin film (25) and the renai nder of
substrate (26). 21. Process for the transfer of a thin film 10 according to
any one of claims 1 to 20, characterized in that it also conprises a step
in which the thin film(25) delimted in the substrate is put into intinmate
contact witha&isuppaybr( 28)et @ivhi ot tlecdhd nukiddn wi I9i rddrd-1af t et hist
separates with the remai.nder (26) .of the 15 substrate., 22.. Process f.or the
transfer of EP%?%?F??|ﬁFaggﬁr&%%EH%f%n%ﬁﬂgﬁ © gﬁ%ﬁaé@é%ﬁfﬁﬁ fﬁg?ﬁﬁ? t he
sai d i nti mtéueond acvnifinebteaitnedt yhavafreclbsndneg.anZB. tiRaoeksse f ohet he
transfer of @.é@én fiLn%éO according to any one of clainms 20 to 22,
characterized 3h- that“the heat treatnent step that weakens the substrate is
donme by pul se heatiggneRdl, Piscdss from ties Crlabhsf 6o afeduicd hilme fdesm
according to.anypane Qf £laigs 1,60:23a Gharast erhzed 25 5idh thatai b,

i ncludes the use of neé%anlca stresses to contribute to separation between
the thin fildeentoRnentefd Fdar vfcahid iAfsaR@al @ Zsdugsplileat forces the
process accofdli Bg teBANVe®NEnaf ot didiide ERe24ddyheptingnsf ¢/r ofna thin
silicon film30 froman initial substrate. 26. Application of the process
accor di ng t o"2Rt yCHRRUBENE| EPnAPPUES £5ACEYTRhe trar:sfer of a thin f lilll
UL I'TI-Yosem concuet igiGrisear i @lrisc&tséi’tdi@gi@ﬁéﬁ} am%i it aln sabsﬂ@%e. 3;

1 "'940.3 JL_.., 32 June 2002 27. ication of t rocess according to
any one of cthihsStHSE% S 0“2 hé tsrﬁpégr)%?retr of “a "t n&?%m%?’tesejr?l%b osed of
a structure mederoflt hsnafideds.or2® aApptd¢ead i snppbrihayriogess @letoddi ng to
any one 5 of i B t ar ac i b t t{,he, td I s at

| east parti a?‘?%ﬁt regﬂquo%%?%barug@i %gmgghtefgﬂls‘#%r%g% }[og ?V(Sirﬂr?]mo}%gg _M%'r part
of the film®® BEXOUEHST 8r RN ah@¥Rtegr atléd BRFEUITNBN ¢t Lheo. Eppli cation
of the processpEeeer didg At any oge b ofewdal s ITd 0p24h chapastesEzed in
that the thin film .at |least_partially treated before it was transferred
to form on %?Wt%?tﬁg r&EG T | %BEBg)trgh Pt afitep may be

opt oel ect r ometcogpopentiog Bt low temperature heat treatment. This

treatment must be adapted so that it does not prevent

micro~cavity and fracture growth mechanisms in the

20 initial materaial. It will héve to be taken into

account in the thermal budget ﬁecessary to induce the

fracture during a fourth step in the process. If the

structure to bhe transferred d1s sufficienlly stiff

and/or thick and this step 1s not necessary, a “self-

25 supported” structure will be obtained during the
transfer.

Thus, in the example of a structure covered with an

5i0, film to be transferred to a silicon support, a
temperature of the order of 200°C will be sufficirent to
30 reinforce the wafer bhond. The gluing energy hoeotween

the oxide film and the silicon support will exceed 0.3
J/m .

The tourth step in the process for transferring
fi1lm structures requires a heat treatment tor which the

35 time and temperaturc are dofined, particualarly as  a
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R7 ? ~~10. ~ 1L .A@Af9. AF. AhYr. ALF . Al . A3 . AF. A3. ALF% A9

r.AY_. AY% Ayl L. A. AL3L. ALF. AL3. AyY. AF% AY_. AF_. AY% A( r. A F9. A@

. AF. A9Y% AF% A3L. A@. Af F

bi | si gnmzyz{vql fa\ W ca] ca] ca] c*a] ca] cg]éj‘ca] ca] ca] ca] ca] ca] ca] ca)Gaa eebza

U c”a]c”a U c”alca]lca U cralUca U ch cal] calU] ca] ca] cRa] ca5| sy

I @APOQM vl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] c: a]
ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! MNOPvwWJIK
fg]"~[}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]ca]ca]c
a] ca] ca] calga)GalHsp] 68] eakcal cal £adc@) calZ[thidmstiz GEvahgb\ WM ga] ca] ca] ¢

a)J ca] ca] ca] ca] caA ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c%] ca)] ca] ca] ca] ca] c"a]
ca] c”a] ca] € osé 0f ~ implanted “gaseous - compounds, thermal

" X#HSSSSSYIRU A OBBRSV e o X Hinplantat L Bh VA ObLKE] cal cel ga] erlal Gal ca] ca] ca]

o o] ba] baPes] CHRAIEL Gl Eat s A8 5588 /BABALhE: Fon ey Ginal support

; ]>??]+@ ?WW nbet Y]jc]deea}rm]tc ajuesd ciag ]cahﬁ aL cak;aa] ca) Eﬁﬁﬂé&]&g} K/I
a] ca] ca] ca].cal.ca).ca] ca] cal.cal ca] ca] calcalcalca] calcal ca!
dNNNNN@'TT‘aU%L()]\M\Aﬂ fﬂﬁf \/%‘E:Jp%% %@ V(J;‘% g}eéé%a] c ééﬁ] gtgﬁuga]pcréi‘é%hec% a] ca] ca]
c™a] ca] ca] capeajaca]wa] cé] @al capeagdafeajtcafcdlea] tajcapt ajea]eald VF V- V2V6V
OVEV[\\\\ Rl Q] | : c . ‘ \
dddd([jddd_e]s%d\f\rlq?/]gtg‘%iig 2?@\]] ggfléa]tgg]ecaréa] %R%Tacgfc"‘gf Eg] c%l]‘eca]fclar]%]"a] calc”a
] ca] ca] ca] calrewjda] M aflehf c/ s abl @a] dalem] PdpcE] caloereci P Wia || r

S. S6sCphS_3a888SSH" Y 242 ot fdmdni d_ZWcal.calaal calghalicalsal cal cal ¢

a]J ca] ca] ca] ca] c*a] caV] cajca] ¢”*a] caV] ca] ca] ca}fca] ca]tca] cal] ca] ca] ca] ca] ca] ca!
d3wy according to the invention, the Ii1lm structure (single

]o" r ]<{ v]ql f ?\My]e&a] &a] palletalegkes] Gx]&’dﬁabéf&}r‘éaﬂsff@ﬂﬁ@a‘kfaﬂgca] Cla:]‘“ﬁ:f‘f] Cf‘] Cf‘] Cf‘
caljca]ca calcal]calchalecalcalc cal W>[ ] . cajca]ca]ca
ca] c”a] ca] gt{:}%a(’cg}ucraeu %ﬁ%‘&%ia}agg};(‘?g} cctg’}a@a] %ﬁ%%%%a%&g}g\ég]sgé%%ga%gcsﬂ%/a] cal]calc
a] ca] ca] calica!tna 2645 SA)zupkfdi Vg | ca] palca] ealca] dal cElfdaliced)|wde] ca] ca] ca
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generation of inclusions, implantation and bond of the

20 initial material on the stiffening support.
Furthermore, part of the energy necessary for the
transfer of structures may be "input by heat treatment

and/or by means of stresses, for cecxample related Lo a

final support stiffening effect, related to the
25 application of shear, bending, tension or pressure
stresses, applied alone or in combination. The effect

is of the same nature as that described in document FR-
A-2 748 851. In this case, the minimum dose of gaseocus
compounds to be implanted during the second step of the
20 process is the dose above which there is sufficient

creation and/or growth of micro-cavities to induce

cul fFlclent weakening of the platelet pavalloel to the
surface.

Figure 7 1llustiates an application of rha process

35 according to the invenlion when an SOI stiuciule i3
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obtained. The initial substrate 30 is formed starting
from a silicon platelet 31 on a face on which a silicon
film 32 about 50 nm thick is deposited, strongly doped
(about 10 atoms/cm’) by boron produced by epitaxy.

5 The film 32 is itself covered with a silicon film 33
about 350 nm thick, slightly doped (about 5.10%
atoms/cm’) by boron and also produced by epitaxy.
Finally, the film 33 1is coated with an S8I0, film 34
about 400 nm thick and with a free surface 35. The

10 highly doped silicon film 32 will act as the inclusions
zone.

The substrate 30 is then submitted to the gaseous
compound implantation step through surface 35,
Hydrogen is implanted at a dose of 5.10" atoms/cm®’, at

15 an energy of 80 keV and at ambient temperature.

The surface 35 is then made to bond to a silicon
plate by wafer bonding reinforced by heat treatment at
250°C for 30 minutes.

The step in which the initiql of substrate 30 is

20 separated into two parts comprises a heat treatment,
the efficiency of the heat treatment with respect to
the fracture being adapted by the thermal budget
(duration and temperature of the various healt inputs).
This final heat treatment induces a fracture in the

25 initial substrate, at and/or close to the film 322. The
final heat treatment may typically be 2 hours at 253°9(C.

It is thus possible to obtain a structure formed of
a slightly doped silicon film (film 33 in the initial

substrate) on a silicon oxide layer (f£ilm 34 in the

30 initial substrate), which is attached to a silicon
mass. The highly doped silicon film 32 was used for

confinement of the fracture.

The process according to the invention is
particularly attractive far the transfer of otructures
35 in which one or several films must nol be subjected o

b—
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heat treatment at a temperature as high as the

temperature involved 1in the ©process divulged in

document FR-A-2 681l 472. The process 1is also useful in

the case in which the structure to be transferred is

5 composed of materials with different coefficients of
thermal expansion.

Finally, it is important to note the following

advantage of the process according to the invention.

The surface of the transferred £film structure is a

10 disturbed =zone obtained during the fracture. The

thickness of this disturbed zone may be very small due

to the use of a layer at and/or close to the inclusions

to confine the dose of implanted gaseous compounds.

This thus gives a 1low surface roughness of the

15 transferred structure, since it 1s directly related to

the distribution of micro-cavities or micro-bubbles

within the thickness o¢f the material during the

transfer.
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25

30

1 49166488 (M) , characterized in that it comprises the
following steps:

-a step in which a layer of inclusions (21) is
formed in the initial substrate at a depth
corresponding to the required thickness of the thin
film, these inclusions being designed to form traps for
gaseous compounds which will subsequently be implanted;

-a subsequent step for implantation of the said
gaseous compounds, 1in a manner to convey the gaseous
species into the layer of inclusions (21), the dose of
the implanted gaseous compounds Dbeing sufficient to
cause the formation of micro-cavities likely to form a
fracture plane along which the thin film (25) can be

separated from the remainder of the substrate (20).
2. Process for the transfer of at least one thin

film according Lo Claim 1, chdracterized i1n Lhal the
step of implanting said gaseous species is carried out
with an implantation energy of these gaseous species
that 1s such that their mean depth of penetration into
the substrate (20) corresponds to the depth of the

layer of inclusions (21).

3. Process for the transfer of at least one thin
film according to claim 1, characterized in that the
step of implanting said gaseous species 1s carvied out
with an implantation energy of these gaseous species
that 1s such that their mean depth of penetration into
the substrate (20) is close Lo Lhe layer of inclusions
(21), this implantation being associated with a
diffusion heat treatment Lo allnw migration of the

implanted species tu Lthe layer of inciusions (721) .
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8. Process for the transfer of a thin film

20 according to claim 7, characterized in that the
inclusions layer (3) consists of generating columns.

9. Process for the transfer of a thin {film
according to claim 7, characterized in  that the
irniclusions layer (7) consists of generating grain

25 joints.

10. Process for the transfer of a thin film
according to any one of claims 1 to 6, characterized in
that the said inclusions have a chemical affinity with
the said gaseous compounds.

30 11. Process for the transfer of a thin filmn
according to any one of claims 1 to 6, characterized in
that the said inclusionsg criginare from 3 pavianerric
mismatch of the material forming the inclusions layer

with regions cof the substrate which are adjacent to il
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according to any one of claims 1 to 6, characterized in
that the inclusions layer is formed by implantation of
elements in a layer of the substrate.

14. Process for the transfer of a thin film

10 according to claim 13, characterized in that the said
implantation of elements is assisted by heat treatment
cadpable of increasing the efficiency of the traps.

15. Process for the transfer of a thin film
according to claim 13, characterized in that the

15 morphology of inclusions 1is modified by a heat
treatment.

16. Process for the transfer of a thin film
according to any one of claims 4 to 6, characterized in
that the inclusions layer is obtained by heat treatment

20 of the film{(s) in the film structure.

17. Process for the transfer of a thin film
according tec any one of claims. 1 to 6, characterized in
that the inclusions layer is obtained by application of
stresses to the film(s) of the film structure.

25 18. Process for the transfer of a thin film
according to any one of c¢laims 1 to 17, characterized
in that the gaseous compounds are implanted by
bombardment of compounds chosen among neutral compounds
and ions.

30 19. Process for the transfer of a thin film
according to any one of claims 1 to 17, characterized
in that the gaseous compounds are implanted by a method
chosen traom plasma assisted diffusion, thermal

diffusion and plasma assisted diffusion combined with
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electrical polarization.

20. Process for the transfer of a thin film
according to any one of claims 1 to 19, characterized
5 in that it comprises a heat treatment step capable of
weakening the substrate in the inclusions layer to
enable separation between the thin film (25) and the
remainder of substrate (26).
21. Process for the transfer of a thin film
10 according to any one of claims 1 to 20, characterized
in that it also comprises a step in which the thin film
(25) delimited in the substrate is put into intimate
contact with a support (23) to which the thin film will
bond after it separates with the remainder (26) of the
15 substrate.

22. Process for the transfer of a thin film
according to.claim 21, characterized in that the said
intimate contact is obtained by wafer bonding.

23, Process for the transfer of a thin film

26 according to any one of claims 20 to 22, characterized
in that the heat treatment step that weakens the
substrate is done by pulse heating.

24. Process for the transfer of a thin f{ilm
according to any one of claims 1 to 23, characterized

25 in that it includes the use of mechanical stresses to
contribute to separation between the thin film and the
remainder of the substrate.

25. Application of the process according to any one

of claims 1 to 24 to the transfer of a thin silicon film
30 from an initial substrate.

26. Application of the process accovding to any one
of claims 1 to 24 to the transfer of a thin film of
ITI-V semiconducting materials starting from an initial

substrate.
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