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invention relates to a nethod of detaching a thin film
froma substrate. It rel ates advantageously to the
case of a transfer of that thin film fromthe

substrat e,
support : e?a?tu% after

applicable in partl cuI ar dd3|n{d1@1téﬁt5re where the tar get
substrate is made froma different material to that of

the source substrate (the term heterostructure is

then used). This target substrate can just be an

intermedi ate support fromwhich the thin filmwll

| ater be detached. Conventionally, the source

substrate is fixed, for exanple, by 20 nolecular

bondi ng, by one of its surfaces to the target

substrate, then a thin film of the source substrate

whi ch extends along the target substrate is detached
fromthe remai nder of the source substrate, on which

the procedure may then be iterated. The invention has
applications in particular in the fields of mcro- 25

el ectroni r chani cs, integrated optics and

i ntegrate Wm: Ir@%?gs It makes it possi bl e, for

exanpl e, THe prexdnt énesrstpmbldlates rtef @ metthodoof dstaching a thin film
structures in which the thin film which is of a

feererd sbsd@t@cted for its physical properties, is

transfer rf?el&fés ? ?éoué?y 95 QE‘% éa%efQFH‘tﬁaI%fé‘tCBf &at thin film
sever al ayers ? nore t he advant ages of
tfhemntat enibatrateyfrefdneed tu as fspu meammbsmt@f tot a@UQgpﬁcreferred to as
may be conbi ned. The transfer of
Tarastcubah aterrb icalp b et otk whpf IR et substrate

FJC%#EE% 0@%@0% ﬁlﬁ%’?‘érﬁhm@'iér@ thagiae dfape YEURBONEAId Athe term

2 inconpatibilities such as a | arge
dhdteerstruckure s them uaed)emimmrgat sulstrate icentjgsthpan infermediate

3®%ﬁ fl’OI’?]IVlII'I]I(C)r? ﬂnn ??m Wllﬂaterct? §%Ch§ac on silicon,

Conventionally, the source substrate is fixed, for example, by

molecular bonding, by one of its surfaces to the target substrate, then a thin film
of the source substrate which extends along the target substrate is detached
from the remainder of the source substrate, on which the procedure may then
be iterated.

The invention has applications in particular in the fields of micro-
electronics, micro-mechanics, integrated optics and integrated electronics.

It makes it possible, for example, to produce assemblies referred to
as structures in which the thin film, which is of a material selected for its
physical properties, is transferred to a support in order to form a stack of several
layers (two or more). Thus, the advantages of the materials of the thin film and
of the support may be combined. The transfer of a thin film may in particular

make it possible to associate in a single structure parts which prima facie have



The target substrate is not necessarily a bul k
support. ' Thus the invention also relates to the
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the inplanted face (or on the face to be inplanted);
after detachnment, a "self supporting” thin filmis
obt ai ned which may then, if useful, be fixed to a bul k

Lﬁ%@ﬁﬁ}a@i ﬁ%t?%%hggﬁya {éaé/é bmegé’relﬁgeoi?lvtﬁﬁhﬂw&%a\@lon coefficients (for
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mcrons. Athick 10 layer is thus a Iayer havi ng
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observation that an inplantation of chem cal

i puRRREtigu i f&'@b@t?l&?@%‘y Gy theB, frossaith gwcare% to a bulk

z ts at a given depth. These defects may
b%qgr?tggfuob%b[fab |l es and/or platelets and/or mcro-

cavi ti es @hi film i sémmttlbnally angsrséowt! o namea layer of which the
cryst al I i ne_def t he

qm!ﬁ B9 0P OF M PSS! ToWb o PLANGHETIS LG FB VTR icrons. A thick
ar i/ tryfad ﬁér}fefy gﬁgltﬁfcﬁnéég g@g&eénxd&pmgs t?eﬂ@rélhﬁlicrons, or

C|es I mp as on ature o
sewmeemrbistemtcﬂmlérdmat-treat ment may then be applied
to enable the devel opnent of specific defects present
in the weakened zone, which will enable the

det achnmengopte Jgtr@ ﬂ.,glm.oiﬂé,wg,{cpm,bhgrg;our ce substrate
to be obtaine l'ater. This has in particular been

descri bedThe deatachiveninehthesthip fimv freey thendemader of the source
t here such .as ocune

ggl\ét?sl,t%% IS Slsﬁﬂtoé‘t %f ogs(eé%aq?gs{hgggﬁ mpéari}ag?%g? gfsmlcal species

nlﬁ”ﬂ%%ré@?&@@ﬁ%’te rﬁé@lr@@bé tRé Soriiadidnest 4 Fordef defects at a given
specific field . I'n that context the problemto

r éemh\é elhesey G‘ﬁ‘-iﬂt}ﬁ Iryay da edigtebublkles npndiar alatelets ocardfor micro-
| f
B BB OB [BR and 6 SRR €FichNp Bl disrupting the

nB§Bidithe §0aRPGF the nidterial e wHie the hawime athe denSIty and the size
technol ogi cal point of view, to reduce the zon

dareagieendly denendenl anthe: srasiesipianied sorelhas on the nature of the

PSUEEPS0RAIR R plaliamdll nRHATHER: 0693PHHa S Fnable the

accotln
development of specific defects present in the weakened zone, which will

enable the detachment of the thin film from the source substrate to be obtained
later. This has in particular been described in the document US-5 374 564 and
developments thereof, such as the document US-6 020 252.

The implantation step has been the subject of numerous research
projects and studies in the specific field of SOI. In that context the problem to
resolve is generally to reduce the implantation doses in order, on the one hand,
to reduce the costs of manufacture by reducing the time of use of the machine,
and, on the other hand, from a technological point of view, to reduce the zone

damaged by the implantation.
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carried out by applying ions ®f tw types, that is to
say a co-inplantation of the two 5 species hydrogen
and helium in a silicon substrate. The authors

oot ant edl 40 CoAiRe" AgaM AR 97T YRl drdecdt, in Eficient

%%Hhcné\ﬁ o dilinbh oh-ihbelagrnfilens rat Ic@ﬂmphmtaﬂbmrtﬁewe with H™,
pecies is maxinmum and it_is at that |ocation t

p@pplm;h?hwﬁcs)ﬂ_eﬁtﬁés Malume; gy Mimbep8, 2%@%19%5‘ trials carried
t%hﬁrs AR cg{)laagf ‘é\QSItg;S%‘;rtth id EHJE?WaﬁEg Bpfinthdish of the two

b@péd@é 2! Hﬂi@;e‘nl a68d heliem, Umasemoml sulﬁb‘eatecd‘ﬂmauthbmatspec:lfy that
it is thus possible to reduce he t ot al | an

bheaintriantgtionmreties &f dee typ | rg@d,s,ﬁ)ep@s p@hﬁg jocgeﬂged at the
SR R RE ABRp D ont B P RAT i 1A SIS is maximum

1848 /icirRathaandcdtion that @rop@gaton; obthels;ahtﬁﬂg@m&rt@ lnduced. The
and I x 1016/ cn®

He 15 the SO . The detachpent is . .
oD AT L 20 o e Bl The el SRR Seces
dWébu rPérﬁ‘ dyeagtgpémgt%% lédteWstFﬁelﬂQﬁ%@ch@tTﬁév Somment that

I'bes an experinmenta approach and °gi ves
| it ig treus passiblartoaedioce the tadalgiotplanted idaseddy sifattoaof the order of

teachin may. be found in, US-2002/,0025604 whi ch
c%‘ﬁ%@%g‘;‘at@%’g’ tI%SVVS? DRSSP @ nduct or | ayeri ng

and thr eepy gkéﬁaftlcgr@ly, ml@@bb@ﬁbﬁt di%bfo%ébttﬁalé'%!hglob\h@oses (7.5
ayerl net hod | nc U e severa

| ayer i n
Fﬂ@?fcm%yiarangeh xat® /Dhgd'iﬁelqujm(éﬂe lemplHiransdt a¢ 1@ 1%2@3 He) on

V‘g@g %q%gétggﬁ}n@pﬁberdtheprpb %ﬁ%@n &gamsgllal fegﬁ;?x’%gﬁﬂé r3%0 C) with a

b@qﬂ%qlaﬂ,g,méa@bsé\(afer The bonded wafers are then
anneal ed at | ow 25 tenperature between 200-250 for | .
to 48 houltsmaydbannetededhalt thipodepmasiiodeserihgs g experimental

m nut es, so t hat r. | t ached.
THPRBb g gives BB RoRAde i 1f WRtask SRR, ST o

substr at eginfiig teachhghisy BwfRehdiin WS-200R/0H26664 evtiich concerns
manner in the case o het er ost ructures, that is.to

saylawtarpeerelise BeMigangNCiofel aﬁfﬁf"é@l%?ds threard 'Qqeé}ﬁﬂ'l?é electronic
R0 LB T SRS B n gL e tcpo. i
t RpdPgenease tﬁén ahdliued (breflm{ﬂarﬁehlghdemmmtweem he10'®cm and
vzrﬂgqys %ﬁlgfehr; ;canr}géoa;ﬁ?g;, cglsuer Itcg] eac otﬂg? tln%prlgr?tegewafer is then
sfic U
bonded to another wafer. The bonded wafers are then annealed at low
temperature between 200-250° for 1 to 48 hours and annealed at 400-600°C for
1 to 10 minutes so that a portion of the wafer is detached. This document
concerns layering silicon on a silicon substrate.

The problem is posed in a very different manner in the case of
heterostructures, that is to say in the case in which the materials of the source
and target substrates are different. In this case, one of the major technological
problems encountered is the presence of a field of very high stress in the

various layers in contact, during the heat-treatment such as that during which
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difference in coefficients of 4hermal expansion
between the various materials brought into contact.
Thus, in the case of substrates with different thernal

e SI o caoeffi taro -5 R

B TeRimeBt kb FUE T, (S BRI shie subsirte
|(§l¥éﬁfrst eHpesAdY Eeldhad duseterthéi differdriepén adosfficients of thermal
which the heterostructure will be degraded on account

ogxpamsiatt befgmﬁtﬁh@n/@m%mﬁéﬁﬂ@mbm%@htéa@e%on T s
degr adat | %bi%? c%@é' &5 Hteénwﬁlt?edlffact anglrr%l expansion

one or bo ates roug Into con

t BsefhisiBAtsr %@%rb@@mm upbigndgregortntl Got mnariwgmlling achleve the
interface. For exanple, in a heterostructur

cdstpeheient 2k 4 lesyerrieaweratyre (han &he CritsaligRaraiuse At which the
L8 SR ekt ST ook ifecnanica

bstesderge Tols tbgrasiakioh matesypicdilyt tesulian dhesldreakagﬂ of bee or both
subjected to a heat-treatnent at 5

deusteates brepaht dafeccantrct r?@éi(Qrt'PéB?r?é‘g?tr?%r%té‘?%f‘g ynponded at
ayQ @oﬁ({?ﬁ%m’cgﬁg&?an Jexc ﬁ’gﬁé]ylﬂ%m%ﬁﬁ udtd¥® comprising a implanted

het'er ure e two substrates obtained
adliytratd ef 8¢ borded taadudenl siicansaisirade gibediejactiment dfdhe Si layer

the transferred | ayer. The sane need o be able use

o Ehdesss §iie o BYEale meReo M PEREa: [HR:OreaRAgE Al Sibstrates

C‘?nfﬂguﬂgt%r@étﬁj t?’rre”%d s'uB BRR % 4 h‘%a?—l#ﬁé‘éiméh?%t (560"’0 It is thus
uuretlnfln)an are liable to be

degslaaclﬂei tdueidnge dhé dwat-treatmeriatameperaturecty agoid dbe breakage or

cBHaramaRe of Meniesturan0r of B RAG sUpfirfep pptained after

?@ﬂaﬁmﬁ%tn &Rﬁ“ﬁm‘aﬁdt@nﬂ% gb&d g8XRYRbEthedrarRIGRSEFlagepe
anted speci eS nakes it possible to réduce

Uhe t her ihe bratnet néas todke aatieciel Useher relatialrigew detachment

b d t ood

C tergRTE 1R ine whin EeRfbduBEisPRelior RN lle, AP Bl spstrates (for
( Efamply Ir\nﬂwé\/hﬁhféﬂ%ﬂ%ﬂ% ahavaret latsle Sbovd delgpdded dubeg a heat-
source substrate is a wafer of silicon, a dose of

hirdaiooent Wivek ig 99l 2ggressive. 1 x 1017/ cn?, instead of
o0 AR Rk o pE R b5 tachment
t RetodpiAc Wenthetigpraitation eorddidns. For example, an excess dose of the
implanted species makes it possible to reduce the thermal budget for
detachment, thermal budget being understood to mean the pair Length of heat-
treatment/Temperature of heat-treatment.
Bruel et al. (ECS Spring Meeting 1999) have thus shown that if the
source substrate is a wafer of silicon, a dose of hydrogen ions implanted at 1 x
10"7/cm?, instead of at 5.5 x 10'®/cm?, makes it possible, for a limited duration of
heat-treatment of a few hours, to reduce the detachment temperature from
425°C to 280°C.
This approach, although reducing the thermal budget for detachment,

uses an implantation at high dose which may represent a significant drawback
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thermal budget for detachnent, wuses an inplantation
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drawback WO 2004/042779 PCT/EP2003/013148 5 from an
i ndustrial point of view (high cost). Furthernore, it
is of note that, due to the high inplanted dose, the

3580 A TG P00, R g e o
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necessary to elimnate that disrupted superficial zon
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ment "involvin ormati on of hydrogen
traps (i nApatterddéato b@dune, tl'reatelnm‘eraphesqﬂdﬁtashment is described

om theonaiBPabUS A7 5%@?{%%%5 et AhgttiReS Ry, GERATna firsty

the SRM&R @Vgﬁllr{cﬂ"f‘ttﬁe 3 afléh St éydﬂoggnoﬁ‘épér{#n tphaer’ucular boron,

operation o annea ondi n
S eaon, epﬁd)sphan@etmtwgm‘t rarseslc @cduodme;gthatb i$ He say elements of

R e oS PSR 4 SBES . r
' EB r@%co_toéh ogferéﬂbna&%\‘?or Jrk}?eéllﬂpedgfb@‘bbﬁdilhgsonHeté/&lrce and

ntation (in which drogen is
i tﬁrgeﬂlwbdtramson@rkqo)'dlagdtoa tlpe einsentors ithig eﬂablh!é #sudegachment
substrate. ein entlon%@(? ates to.a me

ARG o-0UTR FPAUCRH B 3 Souisde et Mg Bsq gf implantation
g@@' §Ioﬁbxq1#1eb%ﬁ/@ﬁﬁ6]ﬁ'ﬁéhe‘énbﬁ tivol Stepst celipplamdton (iROwhich the

vant ageously of a different material to that of the
s bydiogesus dntratuged amon@ly)ja@@ arye-angaling of s seitraeisyhstrate.

doses that., are too hi h 200, e

sour ce sugg?r'gf’%mﬁ?r{ @Fﬂgﬁ%ﬁ%ga%&é g ffij film from a
Ca8Qrcdf 's%%§traféef(ﬂfreekélﬁpleb<m6dn%eﬂﬂéﬁarﬁdleorﬁt@f @ettarget substrate,
substrate) ermtting the detachnent

at
t adpentagapeslyuiffa féefeng/maéwmdp that |Qﬁdth%e‘50u\mféﬁubﬁtéate) which
squrce substrate e S a
wABRe R TPOuBEH FplaRiacl hoceR 21 2 B Blarr oS finddifha of the
disbliffee Blibstrateohftéi irhpantmionadep! wﬁérfeeﬂ@&aee afises, before its
het erostructure constituted by the two
bonding onto the target substrate), whlle permitting the detachment at a
temperature sufficiently low not to induce, when the source substrate is fixed to
a target substrate and when their coefficients of thermal expansion are different,
prohibitive mechanical stresses on the heterostructure constituted by the two
substrates, and/or not to risk degrading components which may have been

formed on one of the substrates before detachment.

Presentation of the invention
To that end, the invention provides a method of detaching a thin film

from a source substrate comprising the following steps:



substrates, and/or not to risk degradi ng conponents
whi ch may have been forned on one of the substrates
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that end, the invention providés a nethod of detaching
athinfilm froma source substrate conprising the
followi ng steps: WD 2004/042779 PCT/ EP2003/013148 6

a) inpl ané)isig%é%r%lns %bsgﬁsqea%lé%ﬁ %‘i)%icg%r fingtgtessc(;on@%' 'stbstrate so as

substrat e erern'a

weakanaBeiin hririedespreogealerdealmcthe; preseres bf téfegts; n

t he weakened zone | eading to the detachnent of the
thin fil rRsadiinchin dwumeakened zoaedesding o Hha Astpchment of the

bei eri j t the inplanting step
c@%ﬁlf@ﬂgha@% {41@8%ﬁg8%tg%§, a sub-step according to
witiciethdd beihgsiheeadsrized innthhtint ed which is adapted to

form defects and, .on the other hand, substantially at

the same depth, theduplattiog step carhrisgs:en Wi eRedand, a sub-step
sec i P t > . i

"co BRI APLTFS! HRSERY IBIARAT i aospted to o
madelefdécta apdf bhdhertthetolsand, tsubgtamtiatly abltlemmeame depth, a sub-step

detachnment of the thin filmat a first tenperature, .
and aCRRAINgpicahiE R §FCE REAH™ %‘{?&é‘?‘ést%é?q?b‘p}‘rag@fec"s IS
at ri ; f ol | @Sffici

o BRI AR of sty bl RggAc asfiont dose
t enpe parmite atdmet, detadhesanttdfahetthin filinr st a first temperature, and the

tenperature. The invention is thus based gn the

| T BABINAGH 8 TraeaPed GPERES. BHiBei Ba0C dlan Abve loyeg than the
by %%Egj’f%fi}s@éﬁééie&faﬁéf' cacy to jointly forma

weakene zone i1 h the source substrate. One of the

i npltiesplitting dég icagiadsogthatsa sesonditemperatureathiat & telse than the first

zonﬁ%}ipn \M}i ch detachnment will |ater occur by the
f or NETPEIRYE- 20 specific defects, the other is chosen

to form arg@asniafRnv e thidibaked bh theOMMbIaNtatiBA of two different
extensi on of the SEE‘CIfI c defects designated

psradies siharadtariped by differenblevelsnef effisacigta jeitly form a weakened

I PSR o TR AL o] SRR LR so as o

gl?btéﬁm ,ezrdn'é Raehih rdgthohrivbst @als [4tee doent iyt ahé Gormation of
specific defects, the other is chosen to form a gas reservoir which will promote
the extension of the specific defects designated previously, in particular by
increasing their internal pressure.

Preferentially, the implantation of the first species, creating defects
which promote detachment, is made firstly whereas the implantation of the other
species, made so as to localize that second species in the zone of the defects
created by the first species, is made secondly. This implantation order makes it
possible to obtain a more favorable detachment dynamic.

In other words, implantation is advantageously carried out firstly of
the first species, which has a high level of efficacy in creating a weakened layer
(weakened is understood to mean the formation of specific defects of the micro-
cavity and/or platelet etc. type), whereas, in this weakened layer, the second

species, of lower efficacy in forming weakening defects, is implanted using a



25 species, made so as to |localize that second species

in the zone of the defects created by the first
wWGep@eines79 i s made secondly. This inplantation PCTHEP2003/013148

makes it possible to obtain anore favorable

detachnent dynamic. In other words, inplantation is

advantageously carried out firstly of the first
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O I nduce ach
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place to participate in_pressurizj the cavities
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Claﬁﬂémttaﬂohtmfmeiﬂmspecmeffect of pressure in the
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| ayer. Nelk® fiFRtispssiesiis gar&t@gngelgq}ygreqﬁﬂ R ONEH
ts%?%ﬁ Igr @g@:e\?ﬁrm ?F‘H &ﬁéﬁ) ge gb:dt)%éé)v\ﬁf ?ﬁﬁ{le\lnnﬁéhow@l‘ vlheare well

I{jS forms, for

ckeatied boy tthehouhaipl@ntta‘tdemtood thad fothert sppeesegnayrriee used.

s Vit i S BN T By o
S gﬁ?@ be éhél%té"@' Q&Sﬁfrﬁlﬁg?éﬁectknom but it

ers too that ot her speci es may be used.

15 Furt heArrade,al tiileremesootithip swdtbed, with desprcide dbe |experimental

heI bﬁﬁu\éhéec%@ggeiplt%pn\ﬁgrg SIJ .R Srvy@q %Jh@&%%%#%éXm lanted of the

Oflrst Q‘)ém@@ﬁé“@tﬁﬂc?@hﬁ 1) ﬂoﬂﬁ@@bak@ﬂé&@o@é @ﬁébm‘ﬁ:ﬁd@tbchment at a first
techni que described in the work of Agarwal, is that

20 tmenmamrewpmerctoee of thindirst spe@legﬁé@se@m%n%mme.@ﬁwentlonal

2overuPa RO g a8 PRl T REPRAL 2 frlafel dose o

I gRRsEONY $pedies meréitéééucmtﬁﬁebﬂ tieé atdres of diee setond species

sone 1016 atons/cnR for hydrogen. The |rT(E)I ant ed dose
obubstantially find their place in"the efects create

by the first, and/or they

create the least possible other defects liable to be unfavorable to the

25 propagation of splitting; and the detachment is carried out at a second

temperature which is less than the first temperature.

In comparison with the document US-5 877 070, in which the dose

recommended for the species intended to generate defects (boron, for example)

is much less than the dose of the hydrogen (typically between 0.1% and 1% of

30 that dose) and in which intermediate annealing is imperative, the method of the

invention teaches proportions that are the inverse and requires no intermediate

heat-treatment (even if, of course; such an intermediate heat treatment remains



the second species is noderate such that all the atons
of the second species substantially find their place
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create the | east possible othed defects liable to be
unfavorable to the 25 propagation of splitting; and
the detachnment is carried out at a second tenperature

A e PR B S5, Miherelye et commence
td{aadm@ngrecomrended for the species intended to
generate s much

efects (boron, for exanpl [ | ess
than the #6883y be nofed ﬁb@&%@%ﬂ‘%‘?‘%ﬂg‘%ﬁfﬁ Jr%ttﬂ%éﬁa%‘.'ﬁ%"f above
0 . ! . . l
AR eRLU S0 b et ek B SShcHd SRk I implanted at
tedotves ¢gosEpahamn othe fifsatora, eandhehandiee ssplidtid) rieqearried on at a
no i ntermedi at heat - t r eat nent ven if, of course,
SREIPRRTG RS TE Hul et Tk ARG alRichSongs &5 3 fesult of the
?@@/ i i possi bl e provi ded
?ﬁgﬁé&é@géggwgﬁf |cic'2ﬂ?ﬁfééﬁl%  tenperature not to
commence Acrdinignenreferred pmyisienaof the inkantiahi@ready set out or

nmet hod differs fromthe teaching of above discussed
@tgmﬁﬁﬂ&%@@"ﬁ&m@ﬁ@éct that the second species is

i-nTJ'irﬁPLa%%n%t of thé frsiepesigseist bamictihguf ibefdreOtfat éMthe second
e spl

t hat | Itting is carried on at a tenperature |ess
t haspebtiespne at which splitting would occur as a

o ot it of uhigiel ShetRarFeiphRAPY A4, g the second

[ nngébi@g, (already set out or not), possibly conbined
together: 10 - inplanting of the first species is
car thedalice bayhstigte Hat madet fiems éc sarferiabsbpaen fromy the group

t e OBpisHe 8 sbBlidordusihe 389 S ialore S Sy gl pRlEFYstatine or

nmadenidrpibas;Tat sarhisbnghicise gah rthus tie chosem frakh column IV of the
consi sting _of sem conductors and insul ators, si ngl e
cr ySesicdigbablergfdha blements: formmmppgallicon (which corresponds to a

22898 S EEL RAr Y SpRSIEEA S SRRk, B e0hcHhBuctor o

(whitygde bW @sipexatapleoAaGacarsiaPofin gaditularg oy allo be chosen; an

! nﬂp?r{stu?gt%(re)mg{)délgé Ige? Irc ogieH,mforaeiaenrrwip‘feoqi%ﬁrt'nornic%ate (LINbO3) or
lithium tantalite (LiTaOs) in particular,

- the first species is hydrogen, advantageously H® hydrogen, which is a
species which can be easily implanted in numerous substrates, in silicon or
another,

- the first species (hydrogen or another) is implanted at a dose of the order of
some 10'® atoms/cm?, which is currently a typical dose for an implantation of
hydrogen alone, and corresponds to well-known modes of implantation,

- the second species is helium, which interacts in a particularly efficient
manner with defects produced by an implantation of H* ions, and which
efficaciously enables pressurization to be made of crystalline defects; the

helium is advantageously implanted at a dose of the order of 1 x 10'® and 5



type I11-V (for exanple AsGa or InP, in particular)
may al so be chosen; an 20 insulator nmay al so be

w@ bwges779 or exanpl e |ithium ni obate (Li NoG3) BCT/EP2003/013148

10

15

20

25

30

lithiumtantalite (Li Ta®3) in articular, - the first
speci es is hydrogen, advantageously H+ hydrogen, which
is a species which can be easily inplanted in

PIU:T'S?{ Rgg eaé%éfcrﬁ ‘gﬁmcr‘n i §'dsu§Pﬁ7ﬂ|§el?§1teﬂf6ﬂt e indPa lodshﬁjbstrates

en or anot I's inplante
dosandfthtisés easleto mfplemenb 1016 atoms/cn2, which |s
dos for an..i ant atj on

tl |
ryc6GrIy; BHL s AR hies o gRL BMendRe 3¢ e aubgrate is of
| MpIsARbAL Ao “of Bi%e S(ﬁCIPéq@o @i (oxidt, | dHbideBi @c.), the first

interacts in a particularly efficient manner wth
def ¢emperatoctuibdt figr whidhnpplitingtwauiddfe taehiaved, wihdust the first

h ffj |
TN TECT i R ——
advant REeeHeh n isflitbANkAd thé sBcd9g Qerﬁ}neFéi@reP(tH@tr fo@fwrﬁctx splitting
1016 and 5"WO 2004/ 042779 PCT/ EP2003/ 013148 X

at ons Ach@lly wiairded osit)ais Usseathampf e ardernofddR@ G, rwhlch keeps the

pendrema e forteR 4 o Pehi el P Bk T SRt diference
t he LRRMESS i B&EfidieRts &F tRérmalidxpaABioANst/tRé tWh sabstadites,
its conpounds (oxides, carbides, etc.), the first 5

t emplee a0urce gubisirate is; bafire pABND N thgy Wﬁ@feae@@one bonded by its

SEMENERAD Dbl 4Brbb SyoRBBL B Oholdrg 7 neea an

par fhtethadiatd oF filiduppen, i n silicon) and the second
tenperature (that for which splitting is actually

car thespdting |szqll@w§dt by 6ten 196 theeal sabdigaition m.tbﬁ bonding

kee@%g\éggq ti&e 'sQf’E)l rg%r%fetl?etth"ﬁwﬁ rable | evel even

|can I ence bet ween t he

coefiihé ¢hrjet %ubfstréﬁ@ersnmladeﬂp@rnsmngleotzrybfw drvgolycrystalline material
substances, - the source substrate is, before
spl .(ﬁqneﬁgmn& pheanrhited e ds am%ph%éfeaewﬂptesfused silica, glass of

' "pla"ﬁ E)iag@ertu gog/ﬁﬁéarlggfﬁtbéf@%ﬁ@d fhat fs%hg‘*nﬁ]@ and fu%ed silica are

accor |ng 0 nee ternedi ate or

t he capés tuiragtly of fezll bmmdalbmp@rtshee, of ther mal
stabilization of the bo g..1l5 between the ta

subdhe sargehsybstiater igi of ﬁﬁ silicay 1F Qfa93fRh '@um?fgtcerr%pond to
made 5L, ReRf) Defily of Alal Prabftlay GhysHahsd: NSutGERIAR), the target

substrate may be any single crystal or polycrystalline type, or even be
amorphous (for example types of glass or polymers).

- the difference in dose between the two species is significant, that is to say
that it is preferably at least 10 %,

- preferably, the source substrate and the target substrate are brought into
intimate contact by direct bonding. (it is known how to deal well with the
parameters which enable solidity to be controlled, which makes this means
of fixation particularly easy to implement),

- in variant form, before splitting within the weakened zone, a stiffening layer

is deposited on the implanted face of the source substrate.



(for exanple of sapphire) or is anorphous (for exanple
fused silica, glass of any kind or even polyners), it
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currently of real practical ingortance, 20 - the
target substrate is of fused silica, or of sapphire,
whi ch correspond to cases currently being of real

practi cal Dﬁﬁn‘grB 88%{?@?% gﬁal ly, the target

substrate ryst al or polycrystalline

type, or gied f@@turé‘é‘f@hamn(efgﬁs eximepheertirewilohppear from the
gl ass or polyners) the difference in dose between

t fodowing siesciiption, sglge@rmf wehof ilustative m@w-gwﬂngz@xample with

ctiveate hele o aRtvifa chaDe Wule oL ar e br dught

into inti Mg, eont ata DyiagidrRChi RONbuUNGe §iistiade kimOWdurse of
how to deal well with the “paraneters which enable

solidity toibplagdatianel | ed, whi ch nmakes this nmeans of
fixation particulgrl eas to | ement ) .. 30,- 10

vari ant fg rﬁLgLHng b”y ‘?%{I\Hﬁ vrﬂ Hang hdftgle BREALY to a target
zone, a stifs{;g8irA@: bﬁaer is deposited on the

i npl anted face of the source substrate. WD 2004/ 042779

PCT/ EP2008/ Fi@1rés3 |31@ vizeg of isptrieoin edursé ©f idetaohment of a thin film

Al ns, features, an nt ages of i nvention wll
appear fromcﬁﬁ'g'“gf g SEUEETHAS Eftaf% gi ven by way

of ill UStF@h‘ré’W”‘?ﬁ\]é '%6W§9ae>§@6§{r§te Wt Hfor r@faﬁﬁﬁl@CQ)f silicon
to the accdnpanying draw ngs in which: 5 gure 1is

aadvamagammﬁly axsliradcen #sisutface ¢, whlqtumas@eocfovered by a protective

Bhar 17 i Sareg a5 Subbrlra®' 4 intbiNzfion 18Hia Ryt Symbolized
OhrredRe o Saithisie B balabaeimaiivief iods dhigaséblisispecies.

errving fromthe source substrate. Figure 1 thus
shovvs a slbistimplantatiorf iBvolgangl thesfamg givesslepth, two species, one

COVBRR TR PPl DRI GrEitay T e A fyefy o g Biner, fo

SERhBBlE thdlignAnis 'H@I'aﬁfﬁcﬁttbOﬁcétﬁpﬁyﬁttﬁ@ntiefe&t@‘r‘ﬁo#mé@dpreb}ously or
the arrows 2, for exanple by bonbardnent with ions or

gasksamienty biydbat first species.
The implantation of the first species is carried out at a sufficient dose

for it, by itself, to enable later detachment at a first temperature (see below),
whereas the dose of the second species is lower than it.

Commencement is advantageously made by implantating the first
species, hydrogen in the example considered (even if the second species may,
as a variant, be implanted first). The second species is then implanted at a dose
which advantageously just allows it to fill the defects generated by the first
species and/or which creates the least possible other defects liable to be
unfavorable for obtaining splitting later.

A buried zone 3 results from this, weakened by the presence of
defects, principally generated by the first species, to the development of which
the second species will contribute, in particular by its capability to pressurize

those defects.



15 This inplantation involves, at the sane given
depth, two species, one of which is adapted to form
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exanpl e helium is adapted toldccupy the defects
formed previously or subsequently by that first
species. The inplantation of the first species is

5 LQI ? d ?ﬂﬁ%at gﬁ#@{igf\'egg{igﬁrﬂﬁg \{Vﬁ@ipf fie é&urg@%ubstrate a future

tﬁl'ﬂpﬁfn%“suérﬁj aSePshateommaindbes etat i1t Q@;‘Bﬂwaftfwmble remains of the
second species is |ower than

t
asmaneaagxbetuetq/aﬁh@m@tgghmﬁm gfr]%gtthﬁ*gﬂmhéhqs, r,%rﬂamder will be able to

eci es, drag f
PRS0 SRS QP i PR SRR e |
f' IfSt) Tltlguﬁ@@ftcbré@@ﬁts% step tdueingi tie! eoured @‘twhlonhﬁo‘ehe source
whi ch advant ageously just allows it to fil

demtmira;egﬁwmrwtrw bufied fweaéﬂenegp?&ﬂeeés éma%rbywiﬁ fape 4 with a
{ {
R aeET R £ SRR BT SRpEFhoRE R DL E 04"

zone 3 refpuld Saferosidphi withvetakaye dnteymebiater ksatrteeatofent being

defects, principall enerated by _the f t
t DeceRsatsy BEinshEM RNt op" ke chin @Mﬁe@éﬁ%ﬁ%&%ﬁ@%ﬁ the source

\S%Lélésétfé%g id EQH%?&U%§§& %ﬂ%%ﬁ ﬂﬁg 49/[% S 27%"’§Hllltt|r¥gylnttﬂe weakened

Pﬁ?’?&%ﬁiﬁ%&&tﬁ@& cégieﬂheuv\aalaeimwbrzterrméiammda|thal1 ghat for which
within the source s r.a f ut .thip fi 5 .
SRty cavl RevmPRRR AbEAIEREer dnpEnGaliPn hheolRhi e ASE species.
r [

I s er S 3800 o L o asmateowor oy o
g!%gsouf the ondes tof 208°E do thaat fot hiahi detachmemd cpubic@@@bmined with

i gure re t d

HIC AR RBeS R0 SUIBY g 0! SRR NG { ARG O Negperature is of
mﬁﬁé;egﬁgrzgf‘e?od)‘%lﬁfe”%t@al 'Sbﬁttﬁ‘l?c%r“' d@tééhrﬁentt aeSflerature is

trate or exanple by direct nol ecul ar bondi ng.
| adeahtageousy ept, nvast haQd°® Cangbf i caursene thegee temperatures persist for

h b
{ Fasore %t PSR SaE P Rl PREVES, Pagw ps dl inutes and a
SRR HARES (ot &?Jrﬁbl@duﬁ’% AholLR &F VMEdworRdd;i Bl Biedmal budgets

by sp |tt| ng In the weakened zone. This splitting is
c demiperatune-datation paiks) areinsiistially éealigdie. t hat for which

splitting. Ou'%ppg Eg@pe@gg/aéoﬁpns%f i ad RN 8thOhal effect,

of sol el y
the application of forces for example mechanical forces; in such case, what is

stated in relation to the first and second temperatures also applies in the same
way to the application of forces, that is to say that the first temperature would
enable detachment after implantation of solely the first species on a given
application of mechanical forces, but that detachment is obtained at the second
temperature by the same application of mechanical forces.

This detachment or splitting step is advantageously followed by a
step of thermal stabilization of the bonding between the target substrate 7 and
the thin film. This step may include some time at a temperature above 1 000°C,
preferably at about 1 100°C; this treatment may be conducted at a constant

temperature, or at a varying temperature (for example oscillating between two



This second tenperature for the step of Figure 3 is
advant ageously lower by at |east of the order of 200C
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the inplanted dose of solely tiBe first species; thus,
if the first tenperature is of .the order of 500C the
actual splitting or detachnent tenperature is

t@%%);ﬁﬁ?@p%é@ Spl%?&%t ag%%é% sc,%n %lu'b%ﬁdmpo fitéiface or to prevent

tdiSSamEAG of thedfilealalygr ﬁemmertaﬁgétswbs’eam of mnutes and
a few hours (for exanple up to 3

vvor ds, thehe ﬁ@wﬁmsubﬁagtﬁ $ m%on@‘t %Wﬁilea%ﬂﬁ'@%@msrﬁ generally
irs
el e%nm gocﬁ{%‘fé'%%{/vﬁ Médécf‘%ﬁ Eozt%% ﬁ?k@#'m @&P{E@)ﬂﬂuc’[or) single

t&19siapbl podicrgialiifie bpreves émorpéwaBpAe ftretlwatargai substrate 7, this
forces; in such case, what st at inre

ey e of At SiEaRaot Bviseials iodhS ShesabreBia fp beds. single
Sﬁg?ta{ ?&ycr&gf‘allﬁ%o{fblcéiérﬂ&oeo% J{ﬂ%rg?lgﬁctg?égaér &verf BeSorphous

atur e det achnent

a(fféreéxarﬁplbatypes bf)gllaeé os pblinyershetcf)i r st species on a
given application of nmechanical forces, but that
det achnenEXa@PMR ai ned at the second tenperature by

the same Applyf tf ? f%t BRJMAER of ﬂ{é:ﬁﬁlenirbhsa substrate of Si

det achrment “or s step i s advant ageously
f ei7l0oWwed) bam@nsmgeya kafyet hﬁriﬂm:rmet &Obuarattherswfaqeh(a‘or example

?ﬁé‘(?ﬁ% rﬁ%“ﬁ?@m@? (ﬁﬂ&%t{ap}\zm r@tgﬁ%g%an oms Lépcper implantation

(5%‘?{&%1 £3GRAYE 4 l%QOIQ)@ Rir6f Shdllen Bé lrﬁ[bl‘éHiedlwﬁlQ(ﬁghum under

rea ment may be con uct ed at a constant
t‘&mp@mr&tmmcs ob45|eEIV a Zaryd %Ue(@n?peifblsmwrw @Hb%tk%tﬁpﬂéy next be
oscillatin bet

poiNachiy) @3iaigat S 5ot m\pg\éoggtg OLV 04¢. @prna t%yr dirggt, bonding. The
d&lfff%?é eat'haE Eﬁlsﬁ%léj(w&@n'tﬁé %béﬁi‘é%n@é of thephavéxpansion of these two

dlsba n I'mlayer fromthe target
smammais@ 56hd 056 fos sdigbstangt e 1 nay not only be of

S o e ARl LSRR SRS AR cssar
h&b%‘éﬁh LheROhySMEnt 361 dSRCRMeRY an I@W@érﬁb@tﬁure%ypfu@aﬂly being

e target substrate 7, this may be of a wde va
oéromﬂe%%@ﬁ @oAH@aéﬁ@@@ﬁeatawdnyﬁ (Y n@wgduw%@eegrowﬂh of

BBl R ARl B B fetug g pariopating
t}hoﬁ% Sfes8LASSion amPliry Ry Sevetbpmpnt Bk eoBkeasavities. Final splitting at
the level of the hydrogen profile leads to the transfer of the Si layer onto the
substrate of fused silica, without breakage or degradation of either of the
substrates derived from the heterostructure after splitting (the fused silica
substrate having the thin film of Si on the one hand, and the initial Si substrate
having had the superficial thin film peeled from it on the other hand).
According to another embodiment of the invention, a substrate of Si
(~300um) comprising a layer of thermal SiO; on the surface (for example
400nm) may be implanted initially with hydrogen atoms under implantation
conditions of 95keV - 6 x 10'® H/cm? and then be implanted with helium under

the conditions of 145keV — 2 x 10" He/cm?. This source substrate may next be



10 According to a first enbodi nent of the invention, a
substrate of Si  (-700pnm) conprising a |ayer of
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be inplanted initially w th hydrogen atons under
i npl antation conditions of 30keV - 4.5 x 1016 H cn®
and then be inplanted with heliumunder the

SR 4 (s G PP FSUOT) ST A ver o

obxidieseill Sphcbm?ally( hﬁz@@Olp@Qn jepisited t o athdi agrfaddeof the sapphlre

o B ool et s SE5l 543831 ostriens o
x@gr@g@g@qm bﬁmés@ggvoon%ténew (8/56 {mﬁ/*@$§rdsrﬁbé)¢ GRd 5 x 10"

emper at ur es it necessary fo perform
/1@ didr baeppHines ret a‘mbledbltanpemhmreanﬂakﬁs iterrqmesaawr én the case of

Iy b nd 250-300C. A t
%p' B SRR a0 . RETIEE (o hERLERTAN ol o dotAChBENt at low
| Reddratfe aﬁ H&ﬁ}l]ﬂ%lfg ydy fr&ﬁﬁzb@\@' A Hééﬁ-t#é@tm@m AQIRd 200°C

partl Cl patl t he pressuri zation and
dw&llmuhefgm\?vﬁsef thaevccawtm loFalized &nhetptaakdwhogemlevel the

e Slorge poiRanidn T piaseurieatin g bhfie dEVEoSheR! of those
abmg ARSI Pt dﬁsrr%%%et pPofile 1 1A% t@fthéf’[ﬁar?e5er of the Si

strates derived from the erostructure af

slpyert o tigp (sanrmmfa&d@tratee m@mﬁ@h&eameeomgragahmoif gither of the

fil f Si th dth i tial i )
IS oot i Rad'd NEGRRRTET AT ek dine, gapphire
f & WBtiate BRVH Qhét’[hlﬂrfllﬁﬁﬁﬂsﬂ oA\GI6e bAlE HANO aﬂﬂQhB&rﬁltlal Si substrate
enbodi nent of the invention, a substrate of Si

(hatophpd doerprpeiiaig! thin slfe pested Farprieen Heother hand).
surface (f matyﬁa%&gtlgg éh%tolgé]tﬂg A a?@r%npe%tlpan{i %%\ﬂﬂ)les the dose of

initiall tons under

cipRddconn spetied i aVmosbedudiGd halll af e abde oh#e fist step.
[ n’pl anted with heliumunder the conditions of 145keV

- 2 X 101/6CQ%¢I69120 W@%@m@‘%@ﬁ%ﬁ%‘t@w%&ﬂe gamprising a
ngélgt%/tﬂ 1%7679 (lfzfpngQ %6%268%’?05 irﬂﬁlgn é%i first with Helium

sub stra sapphire

bataeigndek lhﬁﬂ@ﬂ cﬁndltmﬂsdﬁ 130ke\Vogt 1 OGEﬁybycdnémdttben implanted
deposited on the surface,of _the, s h| re strate

¢
betl iy dfeaR ALP2 KA nﬂfﬂ!r T - 3RS s SHBRREHS thgn joined
CRes fh'aﬁ{jfen% @cn% SJ{%?’T%;% A SI a(?l‘?\eﬂf af ‘32'797“@) for/IeCss than 15

materi a icon an x 10
flasursappleonductatl wntimdunde tgemuﬂa‘ralfmaa/)tlemkwhzed at the peak of
necessary, in the cas

hick substrates, to . . .
plRYdragen a2 99BSentration tegfo eqdielfie fongs |Qﬂ&8mpatmg in the

pressurization of the cavities by their migration. Final splitting at the same low
temperature is obtained and leads to the transfer of a silicum layer on the
handle silicium substrate.
In variant forms which are not detailed:
- the source substrate is another semiconductor of column IV, such as
germanium,
- the source substrate is a semiconductor compound, for example of Iil-V

type, for example AsGa or InP in particular.
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tenperature, typically being |l ess than 250C. A
heat -treat nent around 200C next induces the growth of

wWao be4os774 i es | ocal i zed at the peak hydrogen |RUBEP20031€13148

hel i um atons participating i nl¢he pressurization and
in the devel opnent of those 10 cavities. Final
splitting at the hydrogen profile leads to the

Lr aﬁ%u?eé%% EBgtrﬁe is f?:\”tblI & ?)@agalﬁ’élﬁrcﬁ rﬁé@é’cbrcﬂttgntahte type,

age or atlon er of the
SUb§l§ékﬁé§£lNh‘®$ MEE!TTaICert ﬂmﬂhelaer ostructure after
detachnment (the sapphire_  substr havi,ng t thi .
11 heokrast SIS Gissdafian v stning Fiatpdp! &fiet thah sapphire,
subgtr d mateasl egeh as a
fro fﬁrget Fﬁ%t drﬁgﬁg M%ﬁﬁtﬁﬁgbﬂggblﬂﬁ ed that in
thegrawe oarﬁ@rtlaamrﬂmeoemsmcamaﬁprreapotyllmrdose of the
second species.is at nost e to hal f_of t
Ehet Fupsrdratads & s eiffennd e SreiaREnpl altie a few
silj lté@Hnl &af deposit;
{of 5T EBEAPHCU PSR By Ry Bbpfoprate ey o dop
at oﬁmmﬂmﬂm‘erl cptespondsridi & ik tafgel Gokelvate as. lmdh@ represented
at/cn2 and then inplanted 20 with Hydrogen at 52 keV
- 4C3%3B AT/cnR- This source substrate is then joined

eanfjustast ah iéim@dibte support.

ar ound%g%tes@orﬂa%eggﬁe?ﬁgﬁs%gf hoﬁ‘rjs in conducted to PP
i nduce growth of cavities localized at the peak of
hydr ogen concentration | evel, the helium atons
participating in the pressurization of the cavities
by their mgration. Final splitting at the same | ow 25
tenperature is obtained and | eads to the transfer of a
silicumlayer on the handle siliciumsubstrate. In
variant forns which are not detailed: - the source
substrate is another sem conductor of colum IV, such
as germanium 30 - the source substrate is a
sem conduct or conpound, for exanple of II1l-V type,
for exanple AsGa or InP in particular. W 2004/042779
PCT/ EP2003/ 013148 14 - the source substrate is an
insul ator, for exanple of niobate or tantalite type,
such as Li NoG3 or LiTaG3, in particular, - the target
substrate is made froma crystalline material other
t han sapphire, - the target substrate is nade from
anot her anor phous material such as a



5 glass other than fused silica or froma polyner, -
the target substrate is a sinple stiffening |ayer, for
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deposi ted by any appropriate tlachni que of deposit; it
no | onger corresponds to a bulk target substrate as in
the represented cases. 10 - the target substrate,

when present, can just be a iAr] nmedi at e support. WO
2004/ 042779 PCT/ EP2003/ 0131 CLAIMS 1. A nethod

of detach ng anéthbR bf | MBtAEKIAY aaSthir Clins Yleshr at eource substrate
conprising the follow ng steps: inplanting ions or

gmpusngwb@if@bwlmgstﬁ@ssour ce substrate so as to
formt her ei

b K d .hy
et B, SRS ESGANEY Dl g3 o
the det a%‘r’i‘r‘?ﬂ{er@fn 4 Bariddizone fdakehe@myting psessmR of defects;
substrate this nethod being characterized in that -

t he i npl aptiiting inttbe veeakenedezoneoleading tnthehdat@chment of the thin
sub-step or di,n h a first species is
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specieeond 3speriemthieity aeads @ity dasecoyyah than the dose of the first

charact er.i z¢e in that inplanting of the first species
is %1 9Blt after that of the second species. 4. A
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temperature.

2. A method according to claim 1, characterized in that implanting of
the first species is carried out before that of the second species. |

3. A method according to claim 1, characterized in that implanting of
the first species is carried out after that of the second species.

4. A method according to any one of claims 1 to 3, characterized in
that the source substrate is made from a material chosen from the group
consisting of semiconductors and insulators, single crystal, polycrystalline or
amorphous.

5. A method according to claim 4, characterized in that the source
substrate is made from a material chosen from the IV semiconductors.

6. A method according to claim 5 characterized in that the source
substrate is made from silicon.

7 A method according to claim 4, characterized in that the source

substrate is made from a semiconductor material of type llI-V.
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15. A method according to any one of claims 1 to 4, characterized in

that, before splitting in the weakened zone, the source substrate is bonded by
its implanted face to a target substrate.

16. A method according to claim 15, characterized in that the target
substrate is of an amorphous material.

17. A method according to claim 16, characterized in that the target
substrate is of fused silica.

18. A method according to claim 15, characterized in that the target
substrate is of a single crystal or polycrystalline material.

19. A method according to claim 18, characterized in that the target
substrate is of sapphire.

20. A method according to any one of claims 15 to 19, characterized

in that the source substrate and the target substrate are brought into intimate

contact by direct bonding.



16. A nmethod according to claim15, characterized in
that the target substrate is of an anorphous

woredoenialre 17. A met hod according to cl ai m 16, PCT/EP2003/013148
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interface. 22. A nmethod according to any one of clains

1 to 4, characterized in 5 that, before splitting in

t he weakened zone, a stiffening layer is deposited on

the inplanted face of the source substrate.



