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WD 2005/ 043615 1 PCT/ FR2004/ 002779 Method for

sel f-supported transfer of a fine layer by pul sation
after inplantation or co-inplantation 5 10 Field of
the invention The invention relates to a nethod of
transferring an ultrafine film(the termthin or

ul W2eI5/48615m i s 15 al so used) using sel f - sugSF/FRA004/002779
propagation of a fracture initiated by a pul se of
energy. It has applications in particular in the
fields of mcro-electronics, mcro- mechanics, optics
and integrated electronics. 20 State of the art As is
known, splitting a thin filmnmay be achieved by

i mpl antation of chem cal species in a source

dept h. b UPE Io/ @
pl atel ets and/or mcro- cavities and/or dislocation
| oops and/or other <crystalline defects, locally

di srupting the crystalline quality of the material;
their nature, density and size 30 are strongly
dependent on the species inplanted (typically
hydrogen) as well as on the nature of the source
substrate. A heat-treatnent nmay then be applied to
enabl e the devel opnent of specific defects present in
the weakened zone, which enables splitting of the thin

filke h q bstrate to b hi d later.

e R o6 PboEr S RHETEnS et Fro00ar 002779 im -
particul ar been described in the docunment US-5 374 564 ,
and devel o nt r.eqQf , h nt. -US- :
252. Fonevoie doystiice r by ho g MREHER be Beargtbering
anaBaluHyrd Bisendtilmes (the- fnedthdnceor apdtrathin film is
Sibyabi easy) hi fxalm] £ WG F6a SUPSHLELESoR! B¥IR fracture

into contact have _
initiated by a pulse of energy. It has applications in
particular in the fields of micro-electronics, micro-

mechanics, optics and integrated electronics.

State of the art

As 1s known, splitting a thin film may be
achieved by implantation of chemical species in a source
substrate, for example of silica, to induce the formation
of a zone of defects at a particular depth. These defects
may be micro-bubbles and/or platelets and/or micro-
cavities and/or dislocation loops and/or other
crystalline defects, 1locally disrupting the crystalline
quality of the material; their nature, density and size
are strongly  dependent on the species implantedv
(typically hydrogen) as well as on the nature of the
source substrate. A heat-treatment may then be applied to
enable the development of specific defects present in the
weakened zone, which enables splitting of the thin film

from the source substrate to be achieved later. This has
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different coefficients of thermal expansion. Mreover,

it is known in the art (see for exanple US -

2003/ 0134489) that, in the case of a fracture obtained
by thermal 10 neans, and under certain conditions, t he

latter &kgferentlally commences at a |l ocalized E ace ,
orWORP0SMAIES, whi ch can somet Pmes | ead to surPaEERIEHA/002779

honogeneities that are reflected in the formof a

"mar bl ed" type appearance. These irregularities also 15
appear in the case of a purely thermal facture when
atltrﬁfﬁ)ii‘tﬂgcuDaQVBééﬁagébebeﬂ ipplaet idpguaeney JIIGSB74 564

es such a drogen in such .a nner as
f eﬁﬂq i ‘fig ELPlf'?@eflﬁ:éct eiq’ifr e%\‘lcﬂr ato ‘}ﬁ%na?%ém?ﬂE Us-s o020
t hgyanel budget (tenperature-duration) subsequently 20

applied to the wafers. Wen the sp Ihttlng i's produced
at high t%ﬁﬂﬁﬁ%ﬁures??QEPEﬁPP§ nERL155pFExi Riting thermal

S5Hrea BRI st ROMLAGRRG opl TabuPtod| €85 ceeBlinMesituations,
encountered, nention_ should be made of the roughness

ofEQIhee %P LR eWhENWERE USRS S| SFONIRG Rt qapFact have

fidim dd et erpedr dbi bRfst BE thiendl eSRlarsticng. N-IB't*eﬁaver it
renders the followng treatment steps_ nore diffic

(fist ERawpl én the ( phhst(@ece £y | FrafRie He po|%05<P€e/00134489)

Myt there ithed Ehgk ObfCrystlddtifre d@hea&ﬁeael Bg thermal
created durin the foll ow ng treatnents etc. %he latter

FRSST nor @09 n  ARASTost CeET@ids (E8RE e-#épﬁa

Lﬂl&iﬂ@ﬁéﬁtﬂ&‘ll){r sebehddées oft d'affﬁb%@.tllﬁéﬁerﬁila&)s on the
anot her technol ogi cal problem encountered is t

pM@ﬂﬁ%e YRIEH | ef@Mof SRS HiISh stfedsed§n fHgface non-
Vadndferhé] e N tBADt Agke db_r@fn@cttaa heat tHieat S¥m of a

due t q§ difference 35 in the ¢ ficients of therma
pS‘Eﬁ‘é)t? y ofYPfie FRPEEHSTGS: 20@:3?9(55@36]?5“369‘1 larities also
PGB;E%Z@O%DO%@ caBeer pal sa plaged  nteerhmagt . f3btGre when .

nma nduce the at n of the heterostructures
(R RS £B1 (T SECUrE oY aiPBhgBrabgr ehigRose of

t kan sepemiés caducH engzer afpdrogebhi Srdegatiat honmaRyer as to

t%%c1lléét %He fracture thereof or to minimize the
thermal budget (temperature-duration) subsequently
applied to the wafers.

When the splitting is produced at high
temperature (typically near approximately 500°C), among
the technological problems sometimes encountered, mention
should be made of the roughness of the surface as well as
the degradation of the film transferred during the
thermal splitting. This renders the following treatment
steps more difficult (for example: the transferred film
must be polished more, there is a risk of crystalline
defects being created during the following treatments,
etc.). Furthermore, in heterostructures (comprising a
superposition of substrates of different materials),
another technological problem encountered is the presence
of a field of very high stresses in the various films in
contact, during the heat treatment, due to the difference

'in the coefficients of thermal expansivity of the various
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5 breakage of one or both substrates brought into

contact and/or be the unbonding of the substrates at
the bonding interface. This is the reason why it nay
be desired to achieve the splitting at |ower

tenperature. 10 One way to achieve splitting at
t B0 3615 i s to "play" witR the inplantati 853T/FR2004/002779

conditions. For exanple, an excess dose of the
i npl ant ed species may increase the weakening of the
i npl anted zone and cause splitting at | ow tenperature

byapeeyYhding palrac@d erml c:bitfa@rcce THpid ttinag M@l the
be effected by afp external force .that ,causes
{RRIFAGBEEPE | Ok he MoakBREATOSFEACHHEEF t He t HiBE | alRprmal

| spdetachgd oceener ald ya aﬁéﬁperaeaket he h@&ntthaﬁﬁ&al Britical

particul ar the docunment US - 6 225 YIgCEA?L ia
|Fr%'6PF§ﬁFuF6 no?]élFha@egFéiiaEl@Pve‘ﬁaysubE aFallig b the
gb¥e8khEBl HH abhONoeOMIHH O8shstatsSs NBouahky it contact
treatment tenperature_that conditions the subse

CBREY PFORS dF1%s RIRIIH B OF hEDENSHPEAFAE e Sehe| bgnding

t bgrdvrakieon of that treatnent, which is reflected in
the ther rral budget concept (see FR-2 767 416 - CEA);
as for th&lpPovisi dhcof IREERENI YRY ehler JIRY | g sdesired to

apehiede taE @pqmai;@n Yag ‘1euel! ekmperatype .t ool (see
WO 02/083387 - SO TEC). .30 Thus Henttinen et

al
(2000) [ 1Pn§hdﬁéfd tPapchipve P Lirid sabsth etpgpgrature

wager tof sidliagon, A tdpse e M&Q@[‘ti&ﬂs caﬁa@awﬁsat For
1 x 1017 H/cn2 (i.e. 5 x 1016 , enabl e

sprRPPLRg b"a SHRasHhi GRS oPée ‘él?ef erlmpdé’rrftcﬁqﬂ ﬁé’etcﬁ-és may

f ohtewhRe Sﬂwswehkéﬁﬁ.ﬁgntof aghkoringlainted al’z@ﬁb and cause
SUbit rate, b% pl asma chem cal activation,

2BB515E3BY5 at PéF?“FRﬁGE‘H’FGG*Z’?‘?Q %Yeé%ﬁ%"gl%lfnﬁ%céi‘f t fpEernal
bopdag at anbient tenperature of the source substrate

onto the Eaigehﬁgbsrﬁé}?t eals%ndbe effected by applying an

external force that causes the fracture in the weakened
area until the thin layer is detached, generally after
heat treatment. See 1in particular the document US -
6 225 192 (CEA).

It is important to note that, for a given
substrate and given implantation conditions, it is not
only the treatment temperature that conditions the
subsequent conditions of splitting of the thin layer, but
also the duration of that treatment, which 1i1s reflected
in the thermal budget concept (see FR-2 767 416 - CEA);
as for the provision of mechanical energy, it is applied
for example by a "guillotine" type tool (see WO 02/083387
- SOITEC). |

Thus Henttinen et al. (2000) [1] showed that, if
the source substrate is a wafer of silicon, a dose of
hydrogen ions implanted at 1 x 10'7 H'/cm® (i.e. 5 x 10
H,/cm® ), enables splitting by a mechanical force after
performing the following steps: treatment, as for the

target substrate, by a plasma chemical activation;
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anneal ing at 200C for 2 hours. The mechanical force
utilized cane froma blade inserted at the bonded 5
interface to initiate the splitting. This approach,
al t hough reduci ng the roughness of the transferred

"surface (by of the order of half with respect to
iﬂh‘éﬁ

conVeafy I5plitting solutiors that are pur @G},T/FR2004/002779
thermal and w thout plasma activation), involves 10

sl ow and jerky propagation of the fracture wave. Thus
Henttinen reports that each forward novenent of the

bl 2d@anlie gd&aﬂ REAE PyPRAJBONEA NG & f4rsianie tbmperature of
stabilize over a certain distance after two m nut

Thit&et y FOUSF Sne SHESICEAIC S pPREA ngPehetéFGrE ggbstrate, and

consinghy igl | ALr ofltige @0 bl adenbtien. t henedgrsceidiel force
structure and noving this blade f orwar d over vi rtual

y
2l MEafized boRmed STt 7 o, DHAAS | 1BSCEGEd] Ayt the * bonded

al QRgeririe ek anad izgnre tHh&diardaimpsi sted splitting'
is sonetinmes used, since the_role of the tool (such as

a 20 bl ade) F8ifo FRRIHRAM e FEEhPPSBt&K§Mﬁ%R9fF%ﬁ16ﬁéghness

edge ofhe ttheysdfdctd eshipribe qQblelor HHS d¥®8r 0bf half with
fracture leads to the foll owi ng_"defects, at the future

SUFEEPECTr e&® b OPNETSHOME] n&P@PtQNQStIﬁQ4WﬁHQﬂS oghat are

Cre W‘%e@?f ek e AMOD- BN S KOG Z Y @usril a@@w@@ib@hermnvolves
of "the final product), for exanple related to a | ocal

bofdPHy ¥Rer GeTSb PSRPAGRE1oNespEctth® £KBCFEEE ofafde Thus

| ntehfag@enaédortd Rend it s DekICEbPRa Bl In@oleﬁehe sifatthe blade
off the 30 transfer, - |ack gf uniformty

fr dGAERCTY SUthREI)EFRT 1O h‘?cﬁﬁ@gguEF t étt HiSn sGakmlized

tr anefelr e@rtialn RAEldHaHdara fue: ttvd heidumed ure wave
assisted chanlcally, hus irre Ia!lrrn,E ?é fits and
n

starts, L8f St hdrn'RfeceSSi t AssdarH 1ligping éierefore
20@5&1@4@@135 6f PGHIRMAH {24 7Dlade from the edges of the

structure and moving this blade forward over virtually
all of the bonded structure, as if to "cut it out" along
the weakened =zone; the term 'assisted splitting' is
sometimes used, since the role of the tool (such as a
blade) is to propagate the fracture wave from one edge of
the structure to the other.

This type of fracture 1leads to the following
defects, at the future surface freed by the splitting of
the thin film:

- crown defect (non-transferred zone, at the
periphery of the final product), for example
related to a local bonding energy too low with
respect to the rest of the interface, and to
the introduction of tools to start off the
transfer,

- lack of uniformity (low frequency roughness) of
the thickness of the thin film transferred, in
particular due to the fracture wave assisted
mechanically, thus irregular, by £fits and

starts, which then necessitates treatments,




10

15

20

25

30

35

such as polishing, which it is however generally

sought to avoid, - difficult industrial inplenentation,

given the wuse of a tool which acconpanies the

propagation 5 of the fracture, which inplies an

individual treatnent of each structure (or wafe

MorBEVEPS/043618 a5 peen found thaf, if the ther malT&%/FRZO04/002779
budget is too |low, the transfer of the thin filmis of

poor quality, whereas if it is too high, fracture of

one 10 of the substrates nmay occur in the case of a

het er ostruct usechlt ds t pelebbiegcl eawhidiat il t hesry however

there is a na ow t L ting paraneters
(of course I{; ggawgg?’t Lgﬁﬁdlgsl g% a| n particular the
doses i npl- andeﬂflt:hétnamdusurflariatBnphdamenthon, given the

anneal i ng 15 terrp rature ; S NaRto

const tues. atSHeghy Soorel Sk s Rl pel " Hitthgat ion
expl oi tati on. ofbsthef firhesardr, avm}arck]s amep lfimsndann el vidual
case of the ti infilmin horm eneous
substrate (ng{g &mgpﬁgpg 88&50&86 Cﬁﬁlffgrl & (@%e for

exanpl e). MdbrErerespl i iti hgsobeteme ﬂdfumdfthm:; sibf the thermal
coyrs | so et erjn ned the choice em .
spg’é‘}%se%iﬁﬁl r‘ﬁoedflo‘ft \?Vgé AT ] O\V gi Eﬂm is of

hydma;gerqma;l beper ahleyeaismilfanlteoh,s btuido ohlngh ofiteonsre of one

el CRanD TP O e UBY heoRate of tuo el f GrER O 2

chémtxeaioﬁpamtaﬂe Thux Adar waher¢fatre (d998) [BRtfoimd theory

engnfa er% t]hs agtﬁg%%?apwgﬂ&lf)g%tfg%t OS(i‘qDr oegfearL S'ng@?am‘é@ers (of
r edlmmb,e apjpakedt ty die tcmmctns:ibrﬁsﬁ er ént pacultesuﬁ:aaye:dle doses
LR T e B e Ot TR A 51 oy dmpeaing
Si -U&nummulressul eiteg )i;n mowi ghhidensatyowfeps atehetitutes a
t y@f‘eaw Wrts Ya fnS! £6r oinélggtf){gfrexploitat ion.

Most of these drawbacks are found in the case of
the splitting of a thin film in a homogeneous substrate
(with a single componeht material (SOI, for example).

The splitting of the thin film is of course also
determined by the choice of the chemical species
implanted.

It was indicated above that hydrogen is generally
implanted, but othér options have been proposed, in
particular by implanting helium.

Combination may even be made of two different
chemical species. -

Thus Agarwal et al. (1998) [2] found that the
fact of implanting both hydrogen and helium enabled the
total implanted dose of ions to be reduced, apparently
due to the different roles played by hydrogen and helium:
the hydrogen interacts with the Si-Si bonds broken by the
implantation, to create Si-H bonds, resulting in a high
density of platelet type defects of a size of the order
of 3-10 nm (termed H-defects of platelet type), whereas
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35 of 3-10 nm (ternmed H defects of platelet type),

wher eas WO 2005/ 043615 6 PCT/ FR2004/ 002779 hel i um

whi ch does not act chemcally, leads to the appearance

of a lower density of |arger defects (size greater

than 300 nm approxi mately). The heat treatnents
enWQ20e%1043615 hat article are 450C for 20 ni n ARCI/ERZ)08/002779
for 20s, which necessarily inplies the drawbacks

menti oned above in relation to splitting at high
tenperature. This hydrogen-helium conbi nati on has al so

beeR 1 j$kildi §hidH &oEBr enbheoset i CleBEUIETy, bYleads to the
Cerofolini et 10 al. (2000) [3], who note t hat

pr 8PPEAILARIGONOEf & hdoWerecEannasY gPdat eRTARFh dafeects (size

IW@&@@J@% ofneh Rl l&m\ta@pmmﬁwtéiﬂys ofrHY dr&geN c raBement s
that the heat treatnment coul have different effects

ac edvdisrga methéﬁp@rrétll@rl@ o sthe ° @nfesl iy ®Et wekn750°C
159§r250§059ad3wﬁ9c1§ 13 Jeduehiiq 8{ ' nlﬁ\%ﬁlggnbeihé)f Srafdbacks

annealing in the range 3 | eads on the
comemrl;@rtecsi andPe¥eeadd i rrekdatothunber , Siertdaing at  high
anpealiig pve 550C tends instead to reduce t hat
nunber agal n. However that article does not deduce
practical &&HE ubveneJdeReheflivm agotplpdeion nadmerlso been

Ob*s%lua' résathm Ei |n{85ré3ft19@8f|eﬂi@£lt)ﬁaﬁh€r Pagy i @Hréfoﬂ.{‘nl et

relation to the state of the surf ace) for a "noderate
cost.. MZQQPéCt [3F / t Heho nm’ﬁeidonthgtt PEesYrhratipe of the

dr gubacks dﬁéé:rQPSQtéPOVz@chEtH@rﬁnﬂladfﬁﬂéE&cﬁ{|%f Iqa@lum than

invention relatés to a nethod of transferrlng hin
fi Matbhdthaanobehydrpoen. &d eFthqtovat%r%%?‘ét Féa(llnﬁnt could

Orﬂﬁ&etodlﬂﬁéréﬁEaf%ﬁ&bc@§Ch§8b8§&1§$reﬁéestﬂﬁent%%@%&ature
mat erials having large coefficient o ansi on

di Fhesedces), BRBEA¢ARIbe PEGVWELPectld 143G vel§2&Hd tO0 2
| ek itdie ﬂﬁ‘f @ﬁbs RinflRG Spoye- ﬂUlb'o‘i‘ﬁissF"é.ﬁﬁéé‘Dl&j in the

the thin |aye artlcular by preventing jerking
théaﬂ&%ﬂaﬂé gAdron the contrary go an 1ncrease in
that number, whereas annealing above 550°C tends instead
to reduce that number again. However that article does
not deduce practical conclusions therefrom as to the
manner of obtaining thin films of good quality (in
particular in relation to the state of the surface) for a
moderate cost.
An object of the invention is to alleviate the
drawbacks described above. |
More particularly, the invention relates to a
method of transferring a thin film that can be carried
out at low temperature (in order to 1limit the high
mechanical stresses when using materials having large
coefficient of expansion differences), that can be
effected collectively and 1limiting the defects cited
above during splitting of the thin layer, in particular
by preventing jerking of the fracture wave. In other
words, an object of the invention is to obtain, for a
moderate cost, thin £films of high quality, thereby

avoiding at the same time the drawbacks of a heat
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wor ds, an object of the invention is to obtain, for a
noderate cost, thin filnms of high quality, thereby 35

avoi ding at the sane tine the drawbacks of a heat WD

2005/ 043615 7 PCT/ FR2004/ 002779 treatnent at high
tenperature and those related to the wutilization of a

t 0OVOR2005/843615t ed splitting, and those rel at e®PGHFRA004/002779
addi tional treatnent for reducing roughness after

splitting. 5 Presentation of the invention To that end

the invention provides a nethod of self-supported

tr anefmafc aat himghi | feRsEPs P8 'aeld Wheke 1Qlated to the

source substrate i$ prepared, - at least a first
spatilds Z6tt §shsObr ag&9dln £OF | p§E14566 smliftGiRen and those

deplh disd Rl aft eghid it {5l 1 SPHESEmENPSESRL @edictiRg roughness
respect to a face of that source substrate, that “first

spé&ﬁ&?kﬁﬁ%ﬂ}%ﬁﬂ&ned to generate defects, 15 - a
stiffener is applied in intinmate contact Mﬁth t he
source substrate, - a heat treatnent is applied to that
soFresennticon of ‘%{e dnyiepdiQenperat ure for a given

time, so asd Ochgf e%fn% éH@Stl%'%'n%' iloh %ré-@fd@é V@N method of
depth, a buried 20 weakened zone, wthout initiating

théetlffmﬂicmp@fpﬂeichltﬁ@nscffelt hef hian ftihig fidmpyaseqa@ding to
engfig¥%H.S applied to that source substrate so as to
provoke the self-supported splitting of a thin film
defi nit sgupeeweehstheteaés munEPRKEdburi ed weakened 25

|ayerat“ﬁEQsEeﬁpﬁﬁksEosﬁE@légngan%hsoﬁrtBQSSQQT%?flrst dose
substrate. Self-supported spllttlgg defined here

as bebng givemplderEadd vitRiant |h%t5h@5n§@y§ce substrate
split§ipg, re%?@:'tartd 0y t PateOkirai tipd byow@rsé mBLEsRedke, that

treat ment at nperature, but possibly induced
by a f 6Pt WPPRBLES belng adapted to generate defects,

- a stiffener is applied in intimate contact with the
source substrate,

- a heat treatment is applied to that source substrate,
at a given temperature for a given time, so as to
create, substantially at the given depth, a buried
weakened zone, without initiating the thermal splitting
of the thin film,

- a pulse of energy is applied to that source substrate
so as to provoke the self-supported splitting of a thin
film delimited between the face and the buried weakened
layer, with respect to the remainder of the source
substrate.

Self-supported splitting may bé defined here as
being a complete and virtually instantaneous splitting,
similar to that obtained by a simple heat treatment at
high temperature, but possibly induced by a tool without
it having to follow any kind of fracture wave (if there
is a tool, it comes at most into contact with the
substrate and the film, without following the splitting
interface); this is thus, in other words, the contrary of

an assisted splitting. It may also be referred to as a
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it having to follow any kind of fracture wave (if there

is atool, it cones at nost into contact with the

substrate and the film wthout followng the splitting
interface); this is thus, in other words, the contrary

of 35 an assisted splitting. It may also be referred to

as VeO\M30061943615 8 PCT/ FR20081/ 002779 PCT/FR2004/002779
"sel f-supported” phenonmenon. Two species, for exanple

hydr ogen and helium nay preferably be co-inplanted,

as described in the application FR2847075 or the

appldeqat i N 044 B e dde | npl antation of a
plurality 01‘p species can_be concomtant or not. The,
heat treat ¥Rt SREFIGSt Y i eXaRERt ByeH0Sey aBAoseAIHE, maY

pr 1A develkopnept imgli aptxat al | 4ge defeetSoed N e  the
weakened areéa without in so doing |eading to 10

s pEPFarEsts arhe FRABAIN5: t PRg. Lt RRRIHFEH e e WRi-I0R /944976 ;
Sulthiec! el b N LOr 0eRer Bl er JPEBAN 6Al ShEEIERS can be

are too high in the su sum ng that the
soporE oS HeSty &tfe ntd/ or any target substrate include
material s rhavigg veryedihbgEent xﬁiﬂ&@nﬁ Qlvant 1
expansion.Tﬁhis Is 15 ﬁhy tﬁe nﬁﬁ odIs a transfgﬁn agecusly
metoe$ede ci r PRMAt ea thee|davslapmardw eenperatatéipgordefects

gr §3f ernkhape 200Ge N 488 GASIAUL 2 1% | LEONAGYREL Z1eading to
heterostructure, for exanple). According to the .
i nFOfNiteneqUfe Eharnale S 1t3HME ne@hby predRegatuge ovill be

a SRIfriURRANted dy asbtr €o g8n¥aYee ALLBLNLRE1! @kthR@sses that
has been initiated by an enérgy pulse applied . in a

fr &9 et@P eRiCthi SR pkhse BT R aRSSHRIFPoHAIAL e source

obtRinktirdite PARAPARNQHy | BRFGBE atd My t i 1 HEDSdé IR erials
energy, nature of the species, current, _order of o
| MPRHIG i GHEY (1 LEREPBLI SORSE ClRRt SOIR ewBRpgion. This is
rehahi Ve oSkl @38 | Ast hg depiRs Pért hgechbSt red@uptinde at a
i npl anted species (in the case of inplanting a ,
pl dredatidy e 1ot Jéﬁméc’fg%r&y?rwa%néraﬂoarﬁéﬁﬁa 3hdPe S08CC, yin the
an¢a sPRYOR isitiel ddreahnertz (Hotexatpherheaf toeadr@hible) .
woul d According to the invention, the fracture is
obtained by propagation of a self-supported fracture
~wave, after the latter has been initiated by an energy
pulse applied in a fragile area (this pulse being local
or global). To obtain this phenomenon, implantation
conditions (dose, energy, nature of the species, current,
order of implantations (if there is more than one) and
relative positions in the depth of the substrate of the
implanted species (in the case of implanting a plurality
of species), implantation temperature, etc.) and
appropriate treatment (for example heat treatment) would
seem to enable’ shaping of the distribution, the
morphology, the size of the crystalline defects
(cavities, platelets, microbubbles and macrobubbles and
other types of defects) that form the fragile area. It 1is
precisely the work of shaping the fragile area that seems
to enable the result of self-supported fracture to be
obtained.
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seemto enabl e shaping of the distribution, the 30

nmor phol ogy, the size of the crystalline defects

(cavities, platelets, m crobubbles and nacrobubbl es and

ot her types of defects) that formthe fragile area. It

is precisely the work of shaping the fragile area that
sedV® 2005043601 e t he result of %el f-supported RGIIFR2G4/002779
to be 35 obtained. WD 2005/043615 9 PCT/ FR2004/ 002779

The invention consists in pronoting weakeni ng

conditions close, in their nature, to the conditions

obtai ned i #nkhe jevent i9h tQ%hgﬁétgraﬁhur?roWbﬁﬁﬁgt weakening
going _so far. The additional energy is then provided

by CONBAEAPSISONSILOAEd t LBn BRe BRerRAtWEe t heendhef §Pndltlons
duebeamtep heathd r eabABNbr b nidu CFJ:Saét'fl?ré” OR2gRLLENgoing

supported fracture. Self-supported
pr 6pagdeiton dihe headdbeienal wekRerFiganssSt hekent proWaded by

ne&%%ﬁ%xohala a&itwﬁ F&VfOF@rQ@&fg NarlQd LHE WAVEPY during
advahcing a too repeatin |n|t|at|on ener gy,

pulthe. h@@b talreawp@ntantarf@atl@d@cms the iprepaganieor of a
gpg%ﬁkhg %F%&%gﬁgfya@%ufé;propagated over the whole

e surface of the wave in less than 1 second, or
even of théeéfdéﬁpﬂbnﬁﬂir@¥®P®@®bh@n(Sﬁée§§e ipracture wave

grﬁéﬁgﬁett@ﬁ't 100 Bgé k‘eftor nek Sup%g;: Stdipaéé’lsQ’QOtHE‘ pP8Bagation

possi origino ted
sepf- s@@ﬁorﬂ@&ﬁfrb&tu@@vém@#mgfr®n1tﬁ@lnapnrer§Peﬁﬁén9 the

bugi,ed idefiget Sengﬁﬁgar dOn gepgani gbrﬁewcl el ure of

to silicon) has s at under sel ported
frﬁéﬁurvemz@n‘éb%u t3+50n§h@ﬁe @1@¢IS|ftr>aC§ﬂlr@ef\§éV§ is propagated

(MbGEOCrALKSyhE Ui dfeSehe PLALELEES o M ERODYRBLESIH less than
macr obubbl es, etc.) is estimated to be fromO0.03 t

0. B35e66nds @ EVFEroh, tidepFder 265 Oa?eméfllﬂﬁécéﬂéer speeds

of Zeb@e% SHWR 9 0P Gl /ANS, fdith rdven uﬁ)ﬁﬁf‘%dlﬁ‘nnby
these defects, as a Eercenta ge of the total 25 area of

the waf er, OP§ cBPPR&LEE t OTBSIRr 7 2519 S0t - shRpRgFted (or
vakees - @h@@@ﬁtt%fd)St Feaetutrbe yeakened-ci eandl ghhture of the

buried defects. Research (on germanium, but applicable to
silicon) has shown that under self-supported fracture
conditions the density of defects (microcracks, cavities,
platelets, microbubbles, macrobubbles, etc.) is estimated
to be from 0.03 to 0.035 per square micron, their sizes
are of the order of 7 to 8 square microns, and the area
opened up by these defects, as a percentage of the total
area of the wafer, is estimated to be from 25 to 32%.
These values characteristic of the weakened area might
seem similar to characteristic values noted 1if the
fracture is obtained by thermal means, but different from
those obtained after weakening treatment that
necessitates assisted mechanical fracture (in which case,
the percentage of the area opened up is more of the order
of 10%) .

At least the condition cited above as to the area
opéned>up is preferably applied (it seems to be the most

important; it seems that it may be generalized to a range
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seemsimlar to characteristic values noted if the

fracture is obtained by thermal neans, but different

from those obtained after weakening treatnent that 30
necessi tates assi sted nechanical fracture (in which

case, the percentage of the area opened up is nore of

t heWar 205/04361510%) . At | east thkOcondition cite®CIBR2004/002779
as to the area opened up is preferably applied (it

seens to be the nost 35 inportant; it seens that it

may be generalized to a range WO 2005/ 043615 10

PCT{ F5R0040902¢ 49 36£om 208610 320 ropheheeaPRERPLERERted by
conpl ement ed by either or both of the conditions as to

t heetiehert 9roPothe ofsithe sondid igsfe@s. torthefepsity or the

othgizgfggcgﬁeoaegggggs are not 5 excluded by this
interpretation, and in particular the chem cal nature

of the bond@finCPHESSubsitha% nelfefE® promswalsafe are not
OCCUL & BREEG Oy h%hEEBenﬂE@é‘Pﬁ‘ré’Ea £bh: supPothedarticular the

fracture wave.” I n ot her words, e |nvent|on séens to
conshenical 1@ tushoef n@hﬁeaﬁk@wﬂﬁgl@on@% gnbsgrase, may also

th re 0 f¥gﬁ# I O 0 in j a -
of e’%ﬁ%@ﬁ%ﬁ fr’tgtgturéeé,&vmt Oéut ‘g’g. nghgo ?glrédb'lr%ée}ﬁﬂp Ot self
adosepppuFednérgytiset wawe. prOV|ded by |npu|siona

addi tion of gnggggr lbraust che s toWeSnsist in

not ObVIOUS for 5 the pérson s |IIe |n t art to
ar rpn@m@tlggcweali@mm SeRdadiemisng o sse flfsu@b%ﬂ egature, to

fraghar %ohﬁltﬁgon%btcﬁiﬂﬁ%e@vﬁ@ thet Ralsel &l {ndAM  fracture,
seemin itself to be extrenely desirable. The person.

Skl‘f’il-’é]@loil'ﬁ t#eingt  seedidhg tB9 npdelid ix@l henegdgyl t §s then

ﬁ?@@ﬁ&ésab f&ﬁﬁh%é?onﬂhgaﬁd@%&%nb%%nenéﬁﬁfed to
fraglllze the substrate nore, for exanple

i ncreasi ng ¥ﬁemﬂﬁ§rﬁﬁle@@@@@ﬂzﬁﬁpﬁﬁﬁﬁn%QNW§$¢W%%t@€VlOUS for

striged ur gebapded Jxg 1tihey Stihfepge subsirale. Aditde at  such
person_skilled in the art woul d have been able to
ver§¢yditions enabling a self-supported fracture to be

obtained, even if that result might seem in itself to be
extremely desirable.

The person skilled in the art, seeking to improve
the results of mechanical fracture, might have been
incited to fragilize the substrate more, for example by
increasing the thermal budget input to the implanted
structure bonded to the stiffener substrate. And the
person skilled in the art would have been able to verify
that, by increasing the thermal budget, the force
necessary to propagate the bonding wave was indeed
reduced. However, he would not have been able to observe
the self-propagated fracture wave phenomenon, which is
produced only under particularly favorable conditions
(see below). In particular, the person skilled in the art
would not have thought to continue weakening as far as an
ideal point that precedes the moment of thermal fracture,
as under general conditions of implantation and of heat
treatment, that point is an unstable point that it would

be hazardous or futile to seek to achieve. In particularx
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25 that, by increasing the thermal budget, the force
necessary to propagate the bondi ng wave was i ndeed

reduced. However, he would not have been able to

observe the self-propagated fracture wave phenonenon

which is produced only under particularly favorable

cowd RO0SV38I5 (see below). In particular, the PETEHR2004/002779
skilled in the art would not have thought to continue
weakening as far as an ideal point that precedes the

nonent of thermal fracture, as under general

COEH'HﬂﬂﬁSCQEe'@@z¥35¥iéﬁhf6@ 8k hﬁ%%rdé%?ﬂdﬁﬂﬂesthﬁés51ng

point is an unstable point that it would
hatht donnssralile i peine, s@skl tohexsfere. tha pgdiaymayl afracture

V@%EOQW 043013 L1 PCHeREDOU 2 79 céng%m?%cﬁféaﬁh of the

ri cation of heterostructures, passi i'S unsta
pof hnalapgoduetefldnkechaa Hareres uddee t g keasing heat the time

t d k
Fol Bhe SRRt U R e st At Phe B pecnanical
t i origiof stheeflr aot bhe, behdelkde sybisggrass sof
thef”D”EChﬁB 8?!118&{69' N d OLEd 2 el h%}ﬁ@”gééso# skilled in

substrates. "Accor y, and at nost
sktheedr¥th wohddarhavieulekpestedxpbetedchdatcarfenuous force

j f
coBLERseHey, X SprOBgEREEL ik SRR DS AR, tess.
ha@hng G—l@j @ﬁnt\ﬂe:ul@asdme woulfi ikvehdrdsingpl gbjective reason
PT P50 gﬁ%{f\e‘%l‘i S%' 8?@4‘1 CRLeryd P ranneal:.ng

art y the catlo an i mpul sion
f or(@*éemmme | pa@oro axtsel fOébpw@dt &Y frhet @P@ll\ﬁ@\téonl@f an

ol SR P R oA e f PRt "5 853 E P PR PE racture

trasound, etc
(1'¥8¥f,. mechani cal shock, traction force, etc.). This

pul se is prgferally {:Héallnﬁglsf’é}gal agﬁ@?g§g%ﬁ1§ii’cation may

p lied by a tool noved briefly wth a

¢i BIPALTR| EhermR} | BOGK. ewétgpaosmddva?ﬁcag)eogm yocalized
apf@ih@ér‘ NmeR@ahAERI 8he i, OtrEdh 2 fdike PWHE] .

layer, Iimted to only a portion thereof

This pulse is preferably localized, and
advantageously applied by a tool moved briefly with a
small amplitude. This addition of energy is
advantageously applied in the immediate proximity of the
buried layer, limited to only a portion thereof,
preferably to a peripheral portion thereof. '

This pulse may also in particular consist of a
localized thermal provision (for example applied by a
laser pulse) or an external stress (for example in the
immediate wvicinity of the weakened area, at an edge
thereof) .

For reasons of simplicity of implementation, the
fracture may be obtained at around room temperature (0 to
50°C), for example by application of a mechanical shock
localized to the border of the assembly. However, this
particular embodiment is not limiting on the invention,
and 1in certain situations it may be preferable to

initiate the fracture at a higher temperature, for
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preferably to a peripheral portion thereof. This pul se

may al so in particular consist of a 25 |ocalized

thermal provision (for exanple applied by a |aser

pul se) or an external stress (for exanple in the

i mredi ate vicinity of the weakened area, at an edge

t h&Y@Aany5/043615 r easons of sinpl €ty of inpl eneRGY/FBAO04/002779
the 30 fracture nay be obtained at around room

tenperature (0 to 50C), for exanple by application of

a mechani cal shock |ocalized to the border of the

asgghie HQWRMRY 3dd¥s, particul ar enbodiment is not
limting on the invention, and_in_certain situations

it may be preflrablesiny aBseryYed atdathethe aengraYatPalse has
hi gher Lemrelad Ulsrd i WiAA005£043618142ating the fracture
PCT/ FR2004/ 002779 exanpl e around 3000C. It has been |
ob&EgeWhierat thhe lafdegy Jnf seohas vayat Hpfalized opening up
ef LRCUHNENESSeF Phcd NhET 8hkNA 8 TIACEKE efr&@yfeW@s?er . Thus
the latter led to a very |localized opening up 5 of The

i nBerdhnak Rrewde@vby of blisder rme etPaler orTRGEe generally
Sh%‘h?r pE?é(bg?gnbytf%t—?l e oy Pei h8QLes Ot HET BrBBAGERA of a

any action type ce, induces the propagatlgn of a

selselduppmpcat et daantainerieef felciesielyely§ the

conpl ement gy t‘IH@aégffﬁ]_Bjéelitnﬁnﬁgf? cQYnen? 10 ¢dprigaMout in

e
of the application ermal budget, the latter is

| eddher hBATheOk hdheal 2BRddERLAPBesREr P t §heEBRaAI noefget, the

frackyrs. 1The suckacepghatendf therpabstp@ifed OB4Essary to
after fracture has high-frequency and | owT1requency

r o@FRess dde Mradipised over the prior art. This
result is paeligweidy Rrareusedihar dlisd e formed after

frequencies, in particular with the absence of
f r dCPEEENRaVRS RighsfrequeRaYt ARE tRvs fregyigncy goughnesses

|'i nkgedved hevdactnéhatrior dAte oot €xte8filthes particularly
i nvention, the_fracture_wave_propagates canti nuousl

y .
20 BROPRSRCSCer kST arid S RN SEYRIS I GRakefedPREyeFUlar with

(Wiheh absence of fracture waves. It is assumed that this
result is linked to the fact that, in the context of the
invention, the fracture wave propagates continuously,
without jerks and within a highly weakened layer (which
would facilitate the propagation of the wave in a
preferential area within the weakened layer), compared to
what is obtained in the prior art.

Under standard implantation conditions
(implantatioh of H' of the order of 5 x 10 10 at/cm® from

20 to 300 keV in silicon - Si) the self-supported
fracture phenomenon is observed only for narrow operating
points, which it may be difficult to - reproduce
systematically.

On the other hand, under different conditions, in
particular, the operating window to obtain the self-
supported fracture phenomenon is wide, which means that
this phenoménon is observable for a wide variation of the
parameters for obtaining the fragile layer (parameters of

implantation and of the additional heat treatments, in
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woul d facilitate the propagation of the wave in a
preferential area within the weakened | ayer), conpared
to what is obtained in the prior art. Under standard
i mpl antation conditions 25 (inplantation of H of the
order of 5 x 10 1016 at/cnR from 20 to 300 keV in

si W ©2005/049615 t he sel f-supportesl fracture phePQTEFRI004/002779
is observed only for narrow operating points, which it

may be difficult to reproduce systematically. 30 On
the ot her hand, under different conditions, in

articula he eratl g nd 00 [ eIf
Bﬁgﬁﬁgaﬁﬁrgctuﬁg pheﬁ%né%%n 8§%&Ad8959 Qﬂﬁnﬁ%ads wﬁep the
thllmpmaalualtr&mnn |asnbsexvabdcezfmplmm'deomarmtxcli@n of defined

t he araneters, for o Ln{ng._t fragile

(pSPRﬁ%FéP?Sof %’%e? rrpg?iﬁ ‘g\li oﬁn§28r g‘fl}te agydﬁél on Wperature

heatroffdidat neifit s thien %@d2®@6h643615e33mﬁﬁf/FE&GQ&&@@Z?iéapted

par icul ar). Thi s t.he cas r_.exa

PRBPRRER] R 1% SR Gk AT I CAReT B8P o L0 important

condi tniakes ¢isee naehod) fugymﬂ Mbsnaﬂmidedpﬁfatunaaccurac1es
i ncl udes ada

profi.l e of . tEe addi ti.on treat % h

P g0, SvRkL e REoREn: BEC"Bhe | iR tnd | QAT eI Whiln are
| maetantbleq mm«rddmsenﬂlnxprammﬁmbylShasvgsedtlnggedness
i nac aci_es nd varlatl he .oper at.i

DnaBEipRizee e UBE' B A HethSaPREt nditnes of wafers,
pr aatihee, thars gméarrmwgwdﬁess aaut ber istesidalrel yssmafice in
th%v\gfeé{i%%ofe recbcatCh§E§ %%f{ie %‘Etucs?tﬁeerhattsp eé"@fSoss1ble
m tooerexct fwnitdsti ncdtlstways pbssiblehds bebnapossild efracture
LogVey [y Lhaldil vgs RessLble fo.00LaLn,Le LEBRLUTE water

over a batch sing -a wa
namapupaﬂamnomooto®lkélkhaﬂjﬁnscdosemosadvnosomewﬁﬂn3815. It

15w‘9@5 ajhﬁ noted thale t uebg%grﬁ?”%‘é%%%%ra\éé}hgc% ”ﬁ@?ﬂg@rﬂént the

od corresponds S ntially to
| npﬂeéh@dt cotrespdrsts sFubstetioidsl 1y ntot hbe tomdsto implement

aceRedbRg ok0 9Re RAHdSH! ar

In other woxrds, according to one particulaxr
aspect of the invention, the latter proposes a method of
fabricating a batch of substrates including the following
steps:

- implantation of each of the substrates,

- weakening treatment of the substrates as a
batch,

- application of energy pulses simultaneously to
each of the substrates (collective treatment).

It seems that it should be noted that, according
to the invention, the substrate is weakened and the
weakening "energy" does not need to be maintained up to
the moment of application of the energy pulse. It may
even be added that provoking self-supported propagation
at high temperature is not recommended in the case of
heterostructures, as the stresses arising from
coefficient of thermal expansipn differences, that are

released at the moment of fracture, could 1lead to
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aspect of the invention, the latter proposes a nethod

of 20 fabricating a batch of substrates including the
following steps: - inplantation of each of the

substrates, - weakening treatnent of the substrates as

a batch, 25 - application of energy pul ses

Si MW 2008/04361% to each of the Bubstrates (col | BET/RR2004/002779
treatnment). It seens that it should be noted that,

according to the invention, the substrate i s weakened

and the weakening "energy" does not need to be

mai ot Qi ped ugftghgos,glggtgggggt of application of the
ener gy pu% even be added that provoking

sel f - suppori%d *ﬁ(ﬂﬂﬂﬁﬁh ostrgsshingh tBaper ad@gerdsngotto the
recoipendedn i nyhRe . Ca36-1Qfy h@éﬁ&?@lé%t%eﬁmﬂ%ﬁt@cmn, the

stresses ari SI ng rom coe I Cl ent t herma expansi on
d| finplareed tpteaar e185 rwdadlaenred at vieh® noferengly without

%%Jd_eeqs, 0 36

%%%%% i?ggz rea&%%%ggfaﬁﬂﬁ'su§§fra?gg' hl?seven' tox

vvor\t¢1r}€t hé g n@nmmlngc@@menr@twetsm ng ngpAiitsang observed
rt-ai R, cardi | aptat i

|rrpd(:1%§in(t§l:d %r gja ?2 Vé% ene%{ %}% s?{jonﬁ%&!vﬁt{gﬁcure as defined

gerkeg kv hy pmet:bet MRt bﬂnﬁttlﬁ@lf'aﬁwnwfse®véﬁlfl@|tln9 is

veri/nwa g‘ 'él 1%”%&#&&% 6804 Ul%'ib?@&g prieich %ﬁﬂ (such

af t'er nnea ow t enperature as
bel &) &n1m6ﬂhﬁn1ﬂﬂll1 Ckuﬂat-s@bﬁorﬂéﬁeéplPftlﬁ@elsweakened

in|£¢§gf¥5@¥ Skgpl ngg?éyon of i npul sional energy

(such 10 as a mechani cal shock at the |evel of the
weakened iTherfarecqieRcexanpl elpis Taee cohgesfiénans: of

this are signifilcaptyattiig QH%H@WrKEMtHQOWhBEaﬁH%g step may
anneal ing step may  be very wde: the maximumlimt fo

theb%IuV%%-’Yoﬁ’léﬁ 't e MR whERER| @raﬁhéamargm@n of this
pushes. ‘pé‘&]léeﬁlhgn%ﬂ’i'@él(ﬁ{ eyen PeshaNIYackXi at Slond hivdy (or
isentirely_ favorable to EL
even no” longer exists); this is entirely favorable to the
industrialization of the process,

¢ there is no assisted splitting since the self-
supported fracture enables the fracture wave to propagate
instantaneously and without jerks over the whole of the
area of the wafer; it is not necessary for any blade to
penetrate between the substrate and the future thin film,
which avoids damaging the layer transferred by the
splitting tool. The self-supported fracture also clearly
improves the topology of the surfaces exposed in this way
(for example with 1lower roughness (especially at low
frequency)), and avoids crown defects, which renders the
whole of the thin film usable, including its periphery,

e the fact that it is no longer necessary to
introduce any tool is also favofable to the
industrialization of the process and to collective
treatment of the substrates by batches of wafers.

In that, at the latest at the time of the heat
treatment, the source substrate is placed in intimate

contact wvia said face with a stiffener or target
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i ndustrialization of the process, there is no assisted
splitting since the self- supported fracture enables

the fracture wave to propagate 20 instantaneously and

wi t hout jerks over the whole of the area of the wafer;

it 1s not necessary for any blade to penetrate between

t heweutgdsi0as@sand the future thi:m film  whi ch RCTTRR2004/002779
damagi ng the layer transferred by the splitting tool.

The sel f-supported fracture also clearly 25 inproves

t he topol ogy of the surfaces exposed in this way (for

ex i h Cicrey 1@t He@W ; ;
frg%%%n6¥%§ av0|§g g?%%%éﬁéﬁgcng mﬁ]g%eiendgrslmprOVIng
t hechavhenergy @ﬁebcpm‘ihngu batveanl éheSﬁcsulaashgateg

periphery, rhile Taghbhat '1slgeBfatonoen neceseatyeher  is

30 |ntroduce any t I's al so Tavora
|ndu$¢amaagagnsbﬁ of chespnoces< ramd tomﬂﬂqquSﬁRillne or

b C f jwafer
TRy Lal Uips el o 28 R A MRERCS, dgppiice in
t h@m&@elsnbsoram Ebeplfazed dfn amEnmmhowss worratal, like
2005/ 043615
s 5 SepfSs obrote Lot P8, E5eRebRtte Tl catnent
cont ri but eSsACQOTHIRDVI ngp tr@n@nermrbicmbmlmg brdvieehageous
t h ét rc?f,t %ﬁolhﬁ.ﬁ}réﬁEggh Sugsg[{ﬂfﬁlqrtyst Iofef eg$Ec1§s are

advant ageousl|y rom m)nocry ne or
polimp iantedi ne corceniipatlyuch @8 si Dth@ﬁwésesappl‘iﬁ"hles may

in a‘@&%ﬁ&é‘ é‘&us bo éﬁ %gwhegtgenawﬂyayéggﬁt Shthe1ium.

like xanp Int rmo used sifica
Accor di ng tdvret3@eewsly ar Iy adent ggeeus,t f égliran.of in the

t he-d Jwegki @gwdx%g‘?ériﬂr@ﬂfd{n Oé%SPﬁﬁléﬁtéﬁfonloh o@étne%ay be
concomtantly or otherw se s hay a dvant ageously b
co-inplamtadi JPrEtempdlogelnafid FerMimwith a relatlvely low

Ad%@@@@??h&all? bhergase e Neld Umsdyn fire H?éﬁle) of pearing
hydr ogen- hel i um co-i npl ant ati on, hydrogen nmay

.mﬂ%un@km@pr%h@Faml Togen fexhiPhieh & r@1%b|v@ﬁ§lpaﬁy for

creating a weakening layer. At the level of that layer,
helium may be implanted at a relatively 1low dose
(typically of the order of 10 He/cm?, or a few
10** He/cm?)

When the source substrate has been bonded to a
target substrate, the low-temperature heat treatment (the
temperature is nevertheless sufficient to obtain good
solidity of the bonding interfaces) has the effect of
~allowing the splitting of an ultra-fine and very smooth
film (roughness of the order of a few nm), initiated by
an exterior pulse. The advantage of co-implantation is
obtaining maximum weakening of this area at the
temperature sufficient for the solidity of the bonding
interfaces without this meaning having to reach excessive
temperatures that heterostructures would not be able to
withstand and without either being obliged to use very
high implantation doses (which is a known means of
limiting the wvalue of the temperature necessary to
develop the weakened area) .
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15 dose (typically of the order of a few 1016 H cnR),
bearing .in mnd that hydrogen exhibits a high
efficacy for creating a weakening |layer. At the |evel
of that layer, heliummy be inplanted at a relatively
| ow dose (typically of the order of 1016 He/cnR, or a

f ewyo2QoslubG147e/ cn2) . When thegsource substr atpCTRR2004/002779
been bonded to a target substrate, the | owtenperature

heat treatnent (the tenperature is nevertheless
sufficient to obtain good solidity of the bonding

interfaces) has_the effect of 25 allowng the splitili

of an ul L1 SR TEVGn FRASAFSS TS h o0 PRTRERS e SY o ateed at
t hahey deimeofl eard vbuith) onénvatr bt bynsaptexter odfsetting the
pul.se. o-jnplantation.is obt

The .advant age.of c inin
aATIHHARHISR LS LLRPS dP6a SO t FBSCL8RpdAY (PE iMplanted
sufifni caent ofdert heowsol idi iy cidvdre-dymwlislg 3 the case of a
i nterfaces wi.thout this ani ng havi to reach . .
o Caadtos Sndlorne, vad | Ratradens bel ube sPeatRaanganion. it
be i@|pﬁ'df@ra\MlFé15hii@nﬁn1ﬁrEi1w‘deadea;ietﬂ(ﬂ\%rdlﬁiil@ ﬁh{(é.tg.ed
to use ver [ ant ati on. doses [ is a kn
roans of - Aty (Rb dsags P erisard g red & Warogen-
nem/iiamy to-inpldereltdprt henwenkeded caheapub¥Orate, a heat
2005/ 043615 16 PCTlI FR2004/ 002779 The t speci es,_ ar
R IR b P HER e RO R0 (i AR ke Shosen.
var;aPt conﬁh$k§ i@oﬁféset@mm@g&bﬁe :nbkagmﬁéﬁmrably of a
profiles. .-The two species may be inplante i n.any,
or FACTHAL | 1CHR SRy atTRloRET TGP 5 oPR 5 tnsulators,
Si Imcc@e risrstrlatres angdlydirygealidneunoeo- amptrphdasi orthus it
it _is refﬁrablefto i Iaqgfthe degggr rofile fir%P. larl
| n "PAct® ar"'P2a%t "Riveh ProceedPnitto uagarsgeﬁ. BRdiiamar Y
codemgfantiatli orexampalsi | ieonsidhisbnat &quta hat may also be
treat nment. tenperatuge fr 00C.t o 400 y..be ch n
o BxieR e B S e BIAgVED e el 08 it s £rom
chaden ITDméefpoodguctior I avid masakaftdiss,such As-Ga or InP,

moRgeryshal i NG 1 POL Y& Y§iAi8 OF AR PhoYS. ES I ectric
materials, for example LiNbO3 and LiTaO3.

The heat treatment may also have a profile
adapted to reduce the time of that treatment, as is for
example disclosed in European patent application No. 02-
293049 filed on December 10, 2002.

In fact, the temperature range depends
principally on the nature of the species implanted and on
the mnature of the material constituting the source
substrate, and on the nature of the stiffening substrate,

especially in the case of a heterostructure.

General description

Aims, features and advantages of the invention
will appear from the following description, given by way
of non-limiting illustration with reference to the
accompanying drawing in which: _

¢ Figure 1 is a diagram of a source substrate

during implantation,
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may be chosen fromthe |V sem conductors; a
particularly beneficial exanple is silicon but it nmay
al so be 15 germaniumor Si-Ge alloys. It may al so be
materials from the I1l-iV famly or I1-Vi materials
such As-Ga or InP, or in 'insulative material such as

f enpo280064361c materials, foriexanple Li NoOB apGI/FR2004/002779
Li TaG3. The heat treatnent may al so have a profile 20

adapted to reduce the time of that treatnent, as is for
exanpl e di scl osed i n European patent application No.

02- 2930490f'ff L2 Ebfgngeia&gr.ggg%'oknigagkte%hﬁuttgng in
t enperature range depends  prirncipally on"the nature o
t he species ilmptamaed amdndact25 {bendahg) e ofithhe a target
mat eri al constitUtinﬁ the source substrate, and on the
nat ure of theS%??$¥% ?hg Substrate, especially in the

case of a metRigsteudt dsea Gdrer af descdupinonsBlistmeg of a

features and advantages.of.the ipvention w.ll a
fromthe fol | ingtii8oaPrivoie BTSN RS albrogiBR8Erate.
non-1imti @ggureudt reliusorshetd a efelbbevcate ol héor example of

accaonpanyi ng.drawi ng in.which:.. Figure 1.is i agra .

of ISR, TR TP tat gt ntke e T while
20 /1043 Gl o L T/ Ee28N41 0P 2dHAOat iBhgurea2 menta lhraperesented
view of it_after putting in intinate cantact (bonding)

i B F RO Bet Fabe SR e S P ESget T oG b prs o
dugiamgosd isitdaiggsof a 5 thin filmderiving fromthe

source substrate., Figure.l th 0 a substraj.

for exanpl§%6 sPPpégﬁ%g &éﬁtag§g§2V§@0xi%€zé% 2%$m%%sdepth’
sudimpdetatiftnd e ofbeengfsubfecspeciesarwhihphant st iaglapted to

boBEIASS WAt Tne 3t CioTd chidegen corEfATabTy Mn cne

i mfloamt atifon H'nvdbwes, an aagi perfdepeld embodiment of the
invention, this implantation may be a co-implantation of
two species, for example hydrogen - helium. In the case
represented, the two species are implanted to the same
depth, but alternatively it is preferable for the first
species impianted to be that whose profile is deeper, for
example the helium before the hydrogen.

Specifically a start is made by implanting the
first species, i.e. hydrogen, further to which the helium
may be implanted. However, the inverse order of the
implantations may be preferable, even 1f the two
implantations are not made at the same depth.

A buried =zone 3 results from this, weakened by
the presence of defects.

The weakened zone 3 delimits, within the source
substrate, a future thin film 5 and a substrate remainder
6, that 1is to say that which remains of the source
substrate after splitting of the thin £ilm; this
remainder will be able to serve as source substrate for a
new implementation cycle of the procedure.

Figure 2 represents a step during the course of

which the source substrate, containing the Dburied
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i mpl antation of a first species which is adapted to

generate defects, for exanple hydrogen, preferably in

the formof H+ ions. In a preferred enbodi nent of the

15 invention, this inplantation my be a

co-inplantation of two species, for exanple hydrogen -
helwgmood/udechs case represented the two specimSI/RR2004/002779
inplanted to the sanme depth, but alternatively it is
preferable for the first species inplanted to be that

‘whose profile is deeper, for 20 exanple the helium

bef ore the, hydrogen. .Specifical a.start is, mad Yoo
i nﬁﬁegﬁ(teﬂ?éi t%%nef ?rstlss ;?ét"’}cees(f i|°?//e.ltr?yﬁ‘?‘é:geenll,’ fﬁﬁ’fﬁerlntlmate
t 0 calmitelr tt heibkl aumormesdnd it afihed. offoveeveargéhe substrate
i nyerse order.,of the. inplantations na e preferabl .
ev&n itfmh%ai% b¥5%11rﬁ§lc nt“}ﬁ]ieoch’g1 eb%%‘?lﬂidew ?thgunCtlon
sans depith.ofA dutieifeaone 3 results fromthis, weakened
by the prﬁfence o% de ectg..The weakene

£c8

. 3. .
dolim s B CRPRCLRESGOUPEE ‘SUbbhRA APEYSAGL JPR-Gth 1L, on
filohed Al Randbsehabier demieldpment0 & tihatweakéniagyof the

th%t whi ch_renmai ns of ﬁ%he souy ce bstrate. after .

. . , : . bonding
sp ulrﬁeﬁg ORYERe thi ANE 190 Fh?s ost:}berfal ﬁﬁ%ﬁi'wl hHe? |
ablszetfo s€s veakens @il subsébate domiscd idatiion of the bonds
i mpl enent ati on cycl f_the procedure. Figure 2
[ BFSUERL SO HRTHE hEDUr SISt SUE R ¢ he
sour ce subsiord eparontaiarhy, t thdbut ergde VO 2065/dF436h5s heat

18 PCT/ FR2Q04/ 002779 _weakened zone 3, _is pl aced
{ adE R 1111 nareo BonFhet welh a¥2BRebs Bondith
f acmidfald € afgetdsudisipiaie the weaiemed yzdaye di r ect
nol ecul ar an.' funct | i h 0 .

stiffener. % %‘?a\ﬁﬁ)%g\tt rrle%tg‘?\ggflrﬁ%ﬁ-eé%%h’eéavﬁ%%g out at a
Wi Itlemparativdree onizosmmdf remabhe dewngeoR®®fC-dfo0tlly preferably
we i n f burhed~lL b ~3, on t :
ha%ﬁ?ﬂvhgﬁgh %%%’angbgtgpgﬁgsc%akgﬁgplgcégggﬁg e typically
codolsiednt P6n f feRe Hoonds Berwesramola c@ dubsts at €hus, the

and {358t SuBﬁHb@Eg' (temperature—duration pairs) are

industrially realistic.

ﬁéf%tures

In Figure 3 there 1is represented the step of
splitting of the thin film 3 from the remainder of the
source substrate, by means of the application of an
impulsional provision of energy, preferably brief and of
limited amplitude, for example in the form of a shock or
pulse.

It is for example constituted by‘ a mechanical
stress represented by the arrow 10. _

The splitting obtained is self-supported in the
sense that, in particular, there is no movement of a tool
along the weakened layer.

This local provision of energy is here limited to
a part of the buried layer, represented in the form of a
corner effect corresponding to a shock applied by a tool
such as a blade on (or proximal to) a portion of that
buried weakened layer; but it may be of any other nature,

for example a couple parallel to the plane of the buried
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10 More particularly, the tenperature of this heat
treatnment is chosen fromthe range of tenperatures
sui tabl e for devel opi ng the weakened zone. This
treatment is advantageously carried out at a
tenperature chosen fromthe range 200C- 4000C

pr ef@nadr/p436id fromthe range 360C 350C, for a PAIW/BR2G03/002779
typically chosen of a few hours, for exanple 2 hours.

Thus, the thermal budgets (tenperature-duration pairs)

are industrially realistic. In Fi gure 3 there is

re e%i% %i? %Bv%% %gééﬂgi té éth%.Hﬂg %Ufm of a
e re der o sourc strate y means

of pmrleseamﬂ isretli orargfular amlji’sm@mal B}pr‘owwgn%f the method

ener.gy r y bri a [ d i

exg)rj;‘pltéhg %Irf?e%golror%pof Efae hoc‘gé oF f r[ll’]{lg t% %Eﬁﬁ MP{Ch is

exdmeled cbiyst ithet ed ey - auwdmmdcalsplsttrtegg r épr e§éwt e@urled

by t [ r-ow The splitti Q

sel'f gg{l?%‘pg?te “lb'n {iﬁqe Bgé%éggghaﬁﬁ&%%l lcyulg ntaﬁérehas a

|srmmngesmema(ﬁonsidnﬁabkycﬁ@S$hEhaEaWEhhdthayepnvamtional

Thi Pr oy of,.e [ re | t

parst%llé)“%g%ﬁe ’bg'?/l%{ao ayietl_r', Hrg(e’%%(1 s%ﬁ%&d%edﬁgaﬁ& fo ?rov:.de a

copaeat iefufleat ¢aﬁﬁ¢$ﬁmmdim¢ t ahe sh@&ﬁaapﬁl|edam¢ﬁ£rred nor

to a p n I .t f -

nao RS, L ReBEE P o ol e O " sPAE e 7o 2

natwaam:h 350t@ngexahpte as toog| esgzikartattimg ti® tlsel;ﬂ -@wpported,

sl buc oq, 10,2095/ Q43015 10 ECTPROODIANT Tac e of

ened ayer a nt
pulfmc@ﬂlmmalvearﬂgmla]re amlgeueleataysurfag@ wavele and that,

me 0 I Bywent 0 ce, pf ay fid
tsll% ftfh teggd 3% t 2 sn[g?%glgﬁ%gortgd ésﬁ;}fl tting i nertrhg newly
buﬁlr@@t@d/veakéﬁéqeﬁon@r(l Hepr&dVEc aNaNARaRint Paitwpen  the two

?A%rt)s hgs aeafl?“%}‘iﬁfesso@a @H@S'Mﬂﬁ ylla%‘% th@ﬂe%t his no
conventi on sol utions, wthout havi ng been
ne@@gg@@@Qy@q”Q@|g@easurfaces thus freed which therefore

have a very smooth surface state, induced by the self-
supported splitting.
The source substrate 1 may not only be of
silicon, but more generally of any appropriate known
matefial for example a IV, III-V or II-Vi semiconductor,
ferroelectric, monocrystalline or polycrystalline or even
amorphous. Thus the source substrate may be:
¢ another semiconductor of column IV of the
periodic table of the elements, for example of
germanlum, v

¢ a semiconductor of type III-V or II-VI such as
AsGa or InP, in particular,

¢ an insulator, for example of niobate or
tantalate type, such as LiNbO; or LiTaC3, in
particular.

The target substrate may be of a wide variety of
materials, to be chosen according to needs,
monocrystalline or polycrystalline (for example

semiconductors, for example from among the same materials
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particul ar treatnent of the surfaces transferred nor
substantial ("coarse") polishing after splitting. It is

10 worth noting that, since splitting is

sel f-supported, there is no real propagation in fits

and starts of a fracture wave liable to generate
SuwWeQeosedssss and that, sinc@0here is no novRGEHRER2004/002779
any tool along newly created surfaces (or relative

novenent between the two 15 parts on each side of the

buried | ayer) there is no degradation of the surfaces

thug TEgedenhi &bt sr%m&@%ram.ve &rV@5¥nSWRQthéHEﬁ@§§ (for
state, 1 nduced by the self- supported Sp||tt| ng
sowremplshstVRES 10Fmyd ¥RAS onPy LeobymeDps) si [4En, ibutmay in

f any appropriate knowmn material for
ED%IIQ:SL a]]a{/ )iielol-v or I1-Vi sem conductor,

fer roel ect *i c& @BVStRyILAE maéezgnaéosyehygﬁasapﬁélléﬁ,
even amor gho g LP¢i8QUEEe FURBLERARS BAYRE:!
anot her senlc%ﬁdaggor o? c um OV o? E %g Serlodlc
tabl e of tMe @l ekBRis, sfcalff@;aarrgl éayﬁr,gémammplea of oxide
sem conduct orof gype Il M |y ;{Icksuchdé os{\g@a Ofpy  any
InP, in parti Sul ar, an insulator, for exarrp
ni obat e or 3gppuapaliate k?p@n §§§hna§3@|N@Q&Sﬂadmlttedly no
Li TaGB, in pf&ﬁ?gf Horx e% 'éﬁ%ﬁﬁ&etg@ eke Qfbstrate
a wde variety o mat eri al’s, e chosen according to
needs, nnnoc@?stbﬁlFM@eoFepﬁﬁyéﬂygﬂaﬂnlﬁée(ﬁéﬁwéﬁﬁﬁﬁle
35 Senlcon@gﬂfgs be HLM SHDNg o Eg@ts@ﬂ%strate may
materi al s WD 2005/ 043615 20 PCT/ FR2004/ 0027
t h@SsolBEE sibstifdegmastiatfensybshndEghotmoyf gihich the thin
exaple ity Pesc Qfﬁ@fe@fe@%ﬂf@@)flﬁé‘yssuﬁsf@é(tén
particular be: a crystalline material such
sapphire, 5 of fused silica or of another glass,

Examples

Co-implantation

According to a first embodiment of the invention,
a substrate of Si (~700um) comprising a layer of thermal
Si0, on the surface (for example 145nm) may be implanted
initially with helium atoms under implantation conditions
of 70kev-1 x 10 He/cm2?, and then be implanted with
hydrogen atoms under implantation conditions of 30keV-
4.25 x 10*® H/cm2. The deeper profile for the implantation
is thus performed first. This source substrate may next
be joined to a target substrate of Si (~700um) by
molecular bonding. A heat treatment around 350°C for a
certain time (for example 2 h) is then applied to the
structure. If the heat treatment is suitable, for example
as disclosed 1in the European patent application 02-
293049, the window for obtaining the self-supported
fracture phenomenon is of the order of a few hours (i.e.
a weakéning anhealing from 2 to 6 hours). Then, with
scarcely the commencement of insertion of a blade between
the bonding interfaces in the form of a shock, self-

supported splitting at the location of maximum hydrogén
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a sinple stiffening layer, for exanple of oxide a few
m crons thick, deposited by any appropriate known
technique (this admttedly no |onger corresponds to a
bul k target substrate 10 of the type represented in

“the drawings). It is worth noting that the target

subdD 2065043615 be just an inteRhbedi ate substraPE€TVFR2004/002779
which the thin filmis later transferred onto a final
substrate. 15 Exanples Co-inplantation According to a

first enbodi nent of the invention, a substrate of Si

(- 48Rk 2aRAICS NeAid aYEr +Bk ttr}%fr{?ﬂer $HP2¢a8 th8n film .of
surface (for exanple 145nm nmay be i nplanted 20

| nPLI AOBP Vi BRFFE étlbﬁﬁraﬁéer Thigsl dieas drrials with co-
Coﬂﬁgﬁ.hﬂ Sti%h 7QkeV- 3?&1@ Hﬁﬁem ’he‘iri%ﬁ hen, bethe source

nte Wi t hydr og under 1 nplantation
coﬁdbﬁﬁ'—é‘ﬁ§eoﬂ11'3iﬂ@‘e\ﬁhel Q@nsiln@%s HoEnheTHaveswgen led to a

preéukeshggo&%%d My qqk%hb@gxtls cthug pechgrmed fhpat. quasi-

Thi's sour substrate nmay 25 'be joined to a targe
subsstansapecgis (SpAGHEing, mpliédul ar gondiinyous haag plane

”ﬁ?&?gﬁ%t%%“”d 290G HOT B LGN 1A N Wa'\TFe (foéeﬁfagﬁbﬁorted

then app |ed to the structure.
t r déad heateds vl diflee, anfcbro%x@mrpmpuhgl@n@bl esengynadgdetion,

Eu{vﬁ@@ﬁ”h@.@t & St PN 02 38, 298949, ok h VEM.EQH surface
e se JI[ %ln

for obtaining t f-supported fracture p enonen
i supflugRE ign@er of ca fel haveiding e impPif@akenivagiations of

anggakhpg rroQ{glr&és% 6, Qi S%rér@ﬁF&reW E8m féacebypkesresswe

conmencenent insertion o de bet
boAELAGhMENErf dBecanget Ivd ok of t511§hoverv@ub=éwn@5 splitting

Sumgnaeg $ Rl i yat) dhe dAGal ng of maxi mum hydrogen
05/ 043615 21 PCT/ FR2004/ 00277 concentration

| eads to t RBSt FANGEESS Qhethdi FUFfa®e of ranpipntedt peasured

t apgetn sHbstrhdi@entus (bfes@ ohfiical oMk NuGeroscopy), of the
i mpl antati on of hydfogen and heliumin_the source

su8§ti?-§t8 Luddertd P RRFETONS RSt handndkntPyntreguepcy (by
a profilometric method), of the order of 10 angstroms RMS,

of that transferred surface are substantially less than
those which may be obtained in the case of H-implanted
alone (32keV-5.5x10'°H/cm?) followed by a heat treatment
at 500°C (roughness at high frequency of the order of 75
angstroms RMS and roughness at low frequency of the order
of 26 angstroms RMS).

According to another embodlment of the invention,
a substrate of Si (approximately 700/,Lm) comprising a
layer of thermal SiO, on the surface (for example 200nm)
is implanted initially with  helium atoms under
implantation conditions of 70keV-2x10%°He/cm?, and then
implanted with hydrogen atoms under the conditions of
30keV-3x10'°H/cm?. The deepest profile is thus implanted
first. This source substrate is then joined to a target
substrate of fused silica (approximately 1000um) Dby
direct bonding. A heat treatment around 300°C is then
applied to the structure for a certain time (3 h, for

exampie, or more if the weakening treatment is adapted.
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5 self-supported splitting, i.e. a conplete and quasi -

i nstant aneous splitting, with a continuous and pl ane
propagati on of the fracture wave, self-supported,

initiated with the aid of an inpul sional energy

addition, which had in partlcular t he advant age of
ade&W@S/Q{ﬁﬁﬂéce 10 undul ati ong2 i.e. of avoi diltfgl/FR2004/002779
i mportant variations of surface roughness after

fracture, conpared to progressive detachnent. Because

of this, this inmpulsional splitting inplies thereafter

|e$15hé39|lsd\ﬂf@r Thei h@ughneste of sthacsurkacBack to ambient
transferred neasured 15 at hi gh frequeqby éb% f 3
f or' RATEGEPYPY BranFe OhrdePlfhe4PR LY 58CaREE Yor}é'lserte
RMBe tayebratt t1gav fHS@ﬂ@J:@H?Y thyerpagés| opnbri @mfsatrla@a), with a
of the order of 10 angs

ronms RMS, of fhat transfﬁar%gei ,
sumeeReite BUbSEantd & 1 y3 &89 Han Sehbss RRPERefayfid tting
obtgl Nethd NbhemaAseopf thhd ¥Eﬂd§%n20p@bﬁﬂﬁe leads to the
(32keV-5. 5x1016H cnR) foll owe a heat treatnent at

500¢ ¥hRFhn&ds attheh. & f'r'-@éﬂ}engifl‘&f PReCorldes drusefd silica

angripEa RV andnbaHoieskadfe | O eggdeBeY odf dfeeither of
order of 26 angstroms RVB). “Accordi ng to anot her

mﬁzﬁ mevPsHrates | AegAvesh, frog sthepdigtpregirugture after

mgﬂowmgel ytﬁ@ﬁugeaprsﬁlf@aasdb@t&rat@‘ hae&ﬁgl the thin
Si 02 on the surface (for exlggle 200nm) is inpla

ed
|n|ﬁ1|]é‘l‘l?/ WPt hORe thEm Ao e ifhd 21 FrBFaHPéFilé ' Supstrate

COTKH\flrgj“ShQE Hee Vs dy éQﬁ%l@Aw%hlaﬁdfimn ceeiantesh it on
w th hydrogen aagpgwﬂnder he conditions o go

-3x| e dedpfst PPYFIPESFs tR
I Wﬂix&iﬁ@ﬂerféd St melibus.reaow@elawbswett;@n@y t Bgn gr@fielbmetric

to a ta ubsfrate of fuse ica r oXi
%@ 8?$e %hﬁon&ﬁai 4re%?§§ﬁ$°ﬁ?ogﬁggsoﬁé Low
| s ﬂﬂtequemgp)l [ aﬂdt @yt rwt@ﬁwcturreef mrlcﬁ:o:sefdmi n(odf mth(eS order

5 exa re.if _the weak t
s SBb e RaRS S, B3 dhsth ) FOF FRSE04 %‘32%@% Tanserred
zﬂtsﬂrﬂxcmgamgtdubéﬁantiaﬂrybaebstQﬂﬁﬂblehbse which may be

temparaiie: Dy meaas fadk Plode Qi ¥ TSALES Y hRBe e oxey-
5.5x10%°H/cm?) annealed at 400°C for 2h using the

progressive mechanical splitting method at ambient

he surface

temperature (roughness at high frequency of the order of
90 angstroms RMS and roughness at low frequency of the
order of 40 angstroms RMS) .

Germanium on insulator

The above information may be generalized to the
situation of a source substrate of solid germanium, with
the following weakening parameters: dose 7 X 10 H/cm”2
with an energy from 30 to 200 keV according to the
thickness to be transferred, and annealing at 300°C for a
certain time (typically from 30 min to 1 h, 1i.e. an
operating window of 30 min).

After this heat treatment specific to these
implantation conditions, the density of the wmicrocracks

present at the level of the implanted area is estimated
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bet ween the bonding interfaces and inparted with a

novenent pul se (i.e. a shock), self-supported splitting

5 at the maxi mnum of the hydrogen profile |leads to the
transfer of the Si thin filmonto the fused silica
substrate, w thout breakage or degradation of either of

t W0 3005304381 Ls derived from tha het erostruct uPETERE004/002779
splitting (the fused silica substrate having the thin

10 filmof Si on the one hand, and the initial S

substrate having had the superficial thin film peeled
fE8mﬂé £ omtBGOQthdeHEQ- g?esﬁﬁgggn%ﬁ%fyh} elr sizes
surf ace ransferred, measured at ow frequency by

paoki lcdivetlié corderhod (fofta hd eguereofmittomsystandstR/Barea
at._| 1 r.equ at.om LGLO p 0
Rt g EREKe BRSeRe T K FREE e aR b R g Otoral
t eapsf efr dthe suafaceliar Ersubgbarita a32¥. | Bse thamachegéstics

ich be | ned i e c of |l ant e
\(Nggkev- .5x1‘6§%—%&%§) a%ﬁge‘gl ed?{%& 400%5# or 2h %gﬁn%% to
t hba2acpesgsessisv eolsetraad cathespl ithei nfjraetloe &ts obtained
arpLent 1 11 eMPaY gt “&ff#é?é‘ﬁ@”e ot Y ”o%‘%%%{}{’ aOfhfter a
t he“order Yot 9 angstrons RVM5 and rFoughness a ow
f wegltemdyngoft tdmtmayrtder f 02840 CangsflbomsnRVBhi1i26 implies an

' ] |_ator. ove: i nf t] ma
I L R e
salred gewmani uorwi ekampie,f othew ageacakprinieg up by the
sF-14 23 1 ' 1 th r 0

R PEBSEhtsy B Rahe T e (B BE B O Fken of
t theswefeed, and annealing at 300C for a certain tine
(typically from30 mnto 1 h, i.e. an operating

wi ndow of 30 mn). After this heat treatnent specific

to these Sidplcent gni dnsgdadiorf ons, the density of the

roa s oot aTat W 200ty JERth 0B ogi e oS

t Babe ficem K@ I® 0PO3BrEELTTgdarte® ML thehigberesiose,
for example at 30 keV - 1.10%7 H/cm® and then to apply
heat treatment at 350°C for 30 min. It is possible in
this way to obtain a 1 to 2 min window for the appearance

of the self-supported fracture phenomenon, nevertheless
without leading to thermal fracture.

AsGa on insulator

The following conditions are applied:

- implantation 5 x 10 at/cm?; at 100 keV
approx.,

- annealing at 250°C for from 3 to 30 minutes.

The self-supported fracture phenomenon may be
observed when the weakening annealing is conducted in a

window from 3 to 30 minutes.

References
[1] K. Henttinen et al., Applied Physics Letters, Volume
. 16, Number 17, 24 April 2000 ; pp. 2370-2372



are of the order of 7 to 8 square microns, and the area
opened up by these defects as a percentage of the total

area of the wafer is from25 to 32% The

characteristics 5 of the weakened area may appear

simlar to characteristics observed when the fracture

i s Wi 2108043618 her mal |y, but difd%rent from t hosBCT/FR2004/002779
obtai ned after a weakening treatnment of 280C - 15 m n,

which inplies an assisted nechanical fracture, in

whi ch case, these values 10 are lower: for exanple, the

ar epp opemedauigabim it het micr onplamxédr E‘Enfg@ﬁﬂi S Lle@s_érbharvolume
1090 of hedﬁotal area of the

i nsul ato YIRS d2r ¢ 3 peh }%%BMAd@BM/%@Bﬁhéoﬁgocess

it [3py,GforF examtetfobenpreder red 0 MR AD41 8 N ece and
dose, for ex%gg{e at 30 keV - 1.1017 H cn?2 and then to

apply HEMISYRAMENE7 At ~3508Pfor 30 min. It is

possi bl eopn 144 somay to obtain a 1 to 2 mn w ndow for
t he appearance 20 of the self-supported fracture
phenonmenon, nevertheless wthout |eading to therma
fracture. AsGa on insulator The follow ng conditions
are applied: 25 - inplantation 5 x 1016 at/cnR; at 100
keV approx., - annealing at 250C for from3 to 30

m nutes. The sel f-supported fracture phenonmenon may be
observed when the weakening annealing is conducted in a
30 window from3 to 30 mnutes. References [1] K
Henttinen et al., Applied Physics Letters, Volunme 35 .
16, Nunber 17, 24 April 2000 ; pp. 2370-2372 WO

2005/ 043615 24 PCTI FR2004/ 002779 [2] A Argawal et al.
Appl i ed Physics Letters, volune 72, Nunber 9, 2 March
1998 ; pp. 1086-1088 [3] G F. Cerofolini et al.
Materi al s Sci ence and
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Met hod of self-supported transfer of a thin film
according to which : - a source substrate is prepared,
- at least a first species ofé ons or gas in a first
dose is inplanted in that sou ge substrate at a given
depth with respect to a face of that source substrate,
that first species being adapted to generate defects,
- astiffener is applied inGLaMBate contact with the
source substrate, - a heat treatnent is applied to that
source substrate, at a given tenperature for a given

tine, so18s M&thdd est esedtbsigpyritall \rrathsthe @fved thin film
depth, a buried weakened zone, without initiating the

tQﬂ§pden§p¢¢twhhﬂ? of the thin film - a pulse of energy
is applied to that _ sour substrate sao as- to provoke
the sel f- supportea S% 1% ﬁaﬁﬁ of B RIS filmdelinted

bet ween t-he dftaceaandat Ferbur kpdcv@akeneibng ayelgaswWiihha first
respect to the renminder of the source substrate. 2.
r@@ﬁﬁodSaw@%mw& e &hat maurcehsuheterie ed Pnoinae demid with

bur?’ of L8 e Faygfl?gé@ %Lgr% Séﬁ%'s't RRL! &E‘A Plrég‘espeues

d-weakén accor |ng to
drdnacheapredl i dehakats hiefudese of energy is applled
in the formof a |ocalized thermal provision.
Met hod accoﬁﬂﬁﬂﬁ-F8n€¥a%%1ﬁpp%%%%dékéPF%@ﬂt?nC?¢EﬁCttﬂﬁ§h the

RIgSe 0k L QY. is applied in the formof a single
movement of a tool, the nmovenent being brief and of

smal | anp4 i taudehedd. Mptdadtheaccoridi n@plpdledal mo2, that source
in that the |ocalized provision

h t d of
FHBRESFE. 280, Pogivah, fEnBarRTare AEon T Eal t SipckeP ns £
aregetphaendstaaneavfy t e b egiwapkegseth, a buried weakened

zone, without initiating the thermal splitting of the thin £ilm,

- a pulse of energy 1is applied to that source
substrate so ag to provoke the self-supported splitting of a
thin film delimited between the face and the buried weakened
layer, with respect to the remainder of the source substrate.

2. Method according to claim 1, characterized in that
the pulse of energy is applied to a small part only of the
buried weakened layer

3. Method according to claim 2, characterized in that
the pulse of energy is applied in the form of a localized
thermal provision.

4. Method according to claim 2, characterized in that
the pulse of energy is applied in the form of a single movement
of a tool, the movement being brief and of small amplitude.

5. Method.according to claim 2, characterized in that
the localized provision of energy is applied in the form of a
mechanical shock in a peripheral =zone of the buried weakened

layer.




| ayer. 26 6. Method according to claim1,

characterized in that the controlled energy pulse is
applied globally to the substrate. 7. Method according

to any one of clainms 1 to 6, haracterized in that the

pul se is applied at a ten‘perat2 re at nost equal to

about 300C. 8. Method according to claim?7,

characterized in that the pulse is applied at room

t enper at §r.e MeghoNkrkedratedr o nglaim ahy dImrastegiag@dsin that

rized in th t the heat tre t ey
ctglﬁduftoélg gf?‘ﬁateneggfyect $~8pentiip %p]p% eda &ﬁ%é% the
Ysetatbe total area of the weakened ar ea in the
substrate. 10. Method according to claim?9,

char act erfi-zeldetthipd haccordiccheh® tam@at st ofs ekricsct &dto 6,

that the enS|t of .defects .is furth refrom
50538 beb b e o B P TP ATT T corBimrgtuse =

tmbse_l g 1f aBoaikmdec. char acterized in that the heat
treatnment is conducted so that the size of defects is
f ur t her mr-e Msithope agraeding o t ol B gliardraffctespged 1pn that

(':Yﬁtg‘ggtég."f’sr giip:gb(‘il =f_SYradir t%&PQLQéJQel to L1,

erize estl éner with which the

source subsmétiel | acpbadRd | Bol RinymabLe COEt aclainiss & to 8,
target substrate, the heat treatnent contributin

.q%ragth@l%ewe bonbiidly eher g5t befsRaRnthdse Cﬁﬁ’ﬁélf:ga@e§° that
li%fe%gh agt' QQeLOfP n@'ﬁﬁlgo £ rc?E:tt%r' %Sgai rhlrzéaabf the

the targe su strate 1s of an anorphous material.
Metkededcaoradiimg the shlastmak?,. characterized in that

t he source subs teis f silicgn.,and the tar .
substrat &%s™ eB%‘ uewPs “1”[9(:5‘0 al%?hoﬂhﬁﬁ%‘b"? Giirgd o that

&hdl Med?, teBAEASHET1Z ebddhckBAl sot BRat AFRET ASADSHT &€ defects
is of a nonocrystalline or polycrystalline material.
is furthermore from 0.03 to 0.035 per square micron.

11. Method according to claim 9 or claim 10,
characterized in that. the heat treatment is conducted so that
the size of defects is furthermore of the order of 7 to 8 sguare
microns.

12. Method according to any one of claim"l to 11,
characterized in that the stiffener with\ which the source
substrate is placed in intimate contact, 1s a target substrate,
the heat treatment contributing to improving the bonding energy
between those substrates.

13. Method according to claim 12, characterized in that
the target substrate is of an amorphous material.

14. Method according to claim 12, characterized in that
the source substrate is of silicon and the target substrate is
of fused silica.

15. Method according to claim 12, characterized in that-
the target substrate is of a monocrystalline or polycrystalline

material.

16. Method according to claim 15, characterized



16. Method according to claim 15, characterized 27 in
that the target substrate is of silicon. 17. Method
according to any one of clains 1 to 16, characterized
in that the first species i% hydrogen. 18. Met hod
according to claim 17, characterized in that the first
species is hydrogen of H+ type. 19. Method according to
claim 18, characterized in that the first species is
in §pRENERR HRrIetdeybshbfatichdsopfepibican-few 1016 H cn®.

char nctari 2T R tERE Ll R Plpiatan e o 1o

cH3@6ebdri SR cireThakt NtiRe siaerd sgosess tild hiydeegal. speci es
bei ng adapted to occupy the defects generated by the
first dfecheghogjac 54 Becetfithd o CBRARRTSPLZed in that
hat erized | ' he c of inplanting two
th%pgg?gtté %%‘ﬁ‘deosf pge%pa%%%rgﬁgatﬁfo%'ofi | es, the species
havi ng she vderpéragrafding t6 claih arst,edhbraster?2:d in that
Met hod according to claim20 or claim 21,
thendrizet eFPetes nt g hdPleRESdebnd dpRti s Ghe midegmetag, fev
10Nb%pggzgccording to claim 22, characterized in that
the second species is inplanted at a dose of the order
of few2010Me theldc nd;cdredagt tan die doseodf dllkeémbi ristto 19,
ecies, 24. Method one of clainms 1 to

di t
ChIFACtETLREd adflor FORY IG0STRar T ha EblPRe WRISPEEfe F 5 Second

spgaeRar edh f £ 082 @& ndradRkl, akh €H0sedd Apesent CRAMEt Y apted to
and insulators, nonocrystalline, polycrystalline or
ocgitpl phlvei sdafetadrsi gener2sed bt hbd btewr dipegies- cl ai m 24,

char acteri zed . n, t hat he source substrate,i ar%g .
from azgat eﬁ?%rfo%hgggﬂr o ?ﬁe C%la\}mse%ré’conc 6% g%%&ﬁ oin

tHet, hogn acey didaget 0ol ainp12otiahar eed erdpzedesn whet offset
. the source substrate is made fromsilicon. 27. Method ,
impd @BEAT HRP tRY iidics 28he chre ke iardndi Ahe hagePeheprofile is

i@qghggdspﬂsgtr_ate is made of gernmani um

22, Method according to claim 20 or claim 21,
characterized in that the second species is helium.

23. Method according to claim 22, characterized in that
the second species is implanted at a dose of the order of few
10'® He/cm?, less than the dose of the first species.

24. Method according to any one of claims 1 to 23,
characterized in that the source substrate is prepared from a
material chosen from semiconductors and insulators,
monocrystalline, polycrystalline or amorphous materials.

25. Method according to claim 24, characterized in that
the source substrate is prepared from a material chosen from the
IV semiconductors.

26. Method according to claim 25, characterized in that
the source substrate is made from silicon.

27. Method according to claim 24, characterized in that
the source substrate is made of germanium.

28. Method according to claim 24, characterized



28. Method according to claim 24, characterized 28 in
that the source substrate is made of AsGa. 29. Met hod
according to any one of clains'l to 28, characterized
in that the heat treatnent is perfornmed at a
tenperature chosen in the ran 200C- 400C. 30. Met hod
according to claim?29, characterized in that the heat
treatnment is perfornmed at a tenperature chosen in the
r amgeha30@Be356@ cSkubberhbe tawdei b§ AsGa! ai m 29 or

cl ai m 30, char acterized in that the heat treatnent is

conduct ed?§ or MeEPH 0RFRRABIRG 26 PoBPE CHS5 Hours2imep 1 to 28,
'\/ati&%f!:t%‘%‘i%él NG, tongd a'tHézlhea‘EhaElaé‘ét%{eh%edlé Nobbfbrmed at a

the source substrate is prepared froma sem conductor
nme¢rgrd et uref chypen lin tWe B83ngdvirdocd-aeeddi ng to claim

24, characterjz in that the squrce_substrate is
pr epar ed Worﬁe«fﬁ""finé‘ﬁf:%%]rn%ﬁ&sé’ aF?‘o?r?th%’ar@FGSﬁlzed in that
consipdding QfackkMPOBsapdr kbt B-at a temperature chosen in the
range 300°C-350°C.

| 31. Method according to claim 29 or claim 30,
characterized in that the heat treatment is conducted for
approximately 2 hours to 5 hours.

32. Method according to claim 24, characterized in that
the source substrate is prepared from a semiconductor material
of type III-V.

33. Method according to claim 24, characterized in that the
source substrate is prepared from an insulator chosen from the

group consisting of LiNbO, and LiTaO,.



