WO 2005/ 043616 1 PCT/ FR2004/ 002781 5 Method for the catastrophic transfer of
a thin layer after co-inplantation 10 Field of the invention The invention
rel ates, to a nethod of transferring an ultrafine film(the termthin or
ultrathin filmis 15 also used) at |ow tenperature by the nmethod of co-
inplantation. It has applications in particular in the fields of

m cro-el ectronic L cro-mechanics, optics and integrated el ecfronics. 20
State of théN%IQSQéP%%3§%%mm, splitting & thin film 4&52Qﬁﬂﬁ Y 1by

i npl antation of chem cal species in a source substrate, for exanple of
silica, to induce the formation 25 of a zone of defects at a particular
depth. These defects nmy be m cro-bubbles and/or platelets 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-treatnment nay then be applied to enable the devel opnent of specific
defects present in the weakened zone, which enables splitting of the thin
film 355frorMethod ofpxcthebsatasbrophie trdmsfed ofitarthim WWy€eH05/ 043616 2
PCT/FFQOO4J§§E¥?Q.égiéﬁ#f%g;%gﬁéﬂbjecting the defects to pressure. This has
in particul he docunent US-5 374 564 and devel opnents
t hereof, such as the docunment US-6 020 252. 5 Splitting may be nade,
generally further to heat treatnent, by applying an external force which

i nduces fracture in the weakened zone until splitting is achieved

10
Field of the invention
The invention relates to a method of transferring
an ultrafine film (the term thin or ultrathin film is
15 also used) at low temperature Dby the method of co-

implantation. It has applications in particular in the
fields of micro-electronics, micro-mechanics, optics and

integrated electronics.

20 State of the art

As 1is 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

25 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, locally disrupting the crystalline
quality of the material; their nature, density and size

30 are strongly dependent on the species implanted
(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

35 from the source substrate to be achieved 1later, in



of the thin film Wen the splitting is produced at high 10 tenperature
(typi-cal ly near approxi mtely 500C), anong the technol ogical problens
encountered, mention should be nade of the roughness of the surface as well
as the degradation of the filmtransferred during the thermal splitting.
This renders the foll ow ng treatnment steps 15 nore difficult (for exa

be
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defects being created during the following treatnents, etc.). Furthernore,
in heterostructures (conprising a superposition of substrates of different
materi al s), 20 another technol ogi cal problemencountered is the presence of
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typical ly, he breakage of one or both substrates brought into contact
and/ or be the unbond$myi of i hdiemaybdler aiete atgéherddhgi AgrtBBri nioerHete. Thi s
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made of the roughness o©of the surface as well as the
degradation of the film transferred during the thermal
splitting. This renders the following treatment steps
15 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),
20 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 wvarious
materials placed in contact. This may induce the
25 degradation of the heterostructures if the thermal
splitting occurs at a temperature higher than a critical
temperature. This degradation may, typically, be the
breakage of one or both substrates brought into contact
and/or be the unbonding of the substrates at the bonding
30 interface.
This is the reason why it may be desired to
achieve the splitting at lower temperature.
One way to achieve splitting at low temperature
is to "play" with the implantation conditions. For
35 example, an excess dose of the implanted species may



performng the followng steps: treatnent, as for the target substrate, by
a plasnpa chem cal activation; cleaning of RCAL type, bonding at anbi ent
tenperature of 10 the source substrate onto the target substrate, and
anneal i ng at 200C for 2 hours. The nechanical force utilized cane froma
bl ade inserted at the bonded interface to initiate the splittin

Thi
approach, al WRodgRS/BAdELARY t he roughness of 15 the ?@%ﬁ£$%@@@68%%?$%ze (by

of the order of half with respect to conventional splitting solutions that
are purely thermal and w thout plasnma activation), involves a step of
pl asma chem cal activation followed by RCAL cleaning, which may represent a
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Moreover, it is inportant _to notethat, due to the high dose of hydrogen
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the transfer2BPeehdnfni#tfi49H i &pr 2 hours. The meChanl rce
utilized came from a blade inserted at the bonded

interface to initiate the splitting.
This approach, although reducing the roughness of
15 the transferred surface (by of the order of half with
respect to conventional splitting solutions that are
purely thermal and without plasma activation), involves a
step of plasma chemical activation followed by RCAl
cleaning, which may represent a significant drawback from
20 an industrial point of view (high cost).

Moreover, it is important to note that, due to
the high dose of hydrogen implanted, the heat treatment
after bonding must not exceed 300°C, the temperature at
which thermal splitting could occur, in which case the

25 aforementioned advantage of the reduction in roughness of
the transferred surface would not be achieved: a step of
plasma chemical activation, followed by RCAl cleaning is
thus indispensable for reinforcing the bonding before its
thermal consolidation according to the technique

30 described by HENTTINNEN.

It is important to note that, in fact, it is not
solely the temperature of treatment which affects the
later conditions of splitting of the thin film, but also
the duration of that treatment, which has resulted in the

35 concept of thermal budget (see FR-2 767 4le - CEA); as



poor quality, whereas if it is too high, fracture may occur of one of the
substrates in the case of a heterostructure. It can thus be understood that
in_ principle there exists a narrow wi ndow for the 10 operati onal
paraneters, (related, naturally, to the conditions, in particular the

i npl anted doses, the nature of the materials, the tenperatures of
anneal i ng, et@.2005h0d36hBs narrowness cdnstitutes a HEBA/FRZGMEORE L f or

i ndustrial exploitation. 15 Furthernore, the nmechanical splitting often
consists of introducing one or nore blades fromthe edges of the structure,
as if to "cut it out" along the weakened zone; the term'assisted
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10 operational parameters, (related, naturally, to the
conditions, in particular the implanted doses, the nature
of the materials, the temperatures of annealing, etc.},
but this narrowness constitutes a heavy constraint for
industrial explcitation.

15 Furthermore, the mechanical splitting often
consists of introducing one or more blades from the edges
of the structure, as if to "cut it out™ along the
weakened zone; the term 'assisted splitting' is sometimes
used, since the role of the teool {such as a blade) is to

20 propagate the fracture wave from one edge of the
structure to the other.

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

25 - 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

30 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

35 starts, which then necessitates treatments,



5 of the fracture, which inplies an individual treatnment of each structure
(or wafer). Mst of these drawbacks are found in the case of the splitting
of athin filmin a honogeneous substrate (with a single conponent materi al
(O, for exanple). 10 The splitting of the thin layer is of course al so
determ ned by the choice of the chem cal species inplanted. It was

i.ndi cated ab Qez@%éf0ﬁ§@169en is general Py inplant edRCHERAPef0@HtGbns
have been proposed, in 15 particular by inplanting helium Conbination nmay
even be made of two different chem cal species. Thus Agarwal et al. (1998)
[2] found that the fact of inplanting both hydrogen and helium enabl ed the

20 total inplanted dosgyef, i ons t%othsmel%lgqed,wﬂpeﬁrerﬁﬂy due tesddifer

different roles played by hydrogen and hellum the hydrogen interacts with
the Si-Si bonds brokendgpegRdly sprghtaticodvoid create Si-H bonds, resulting
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according to the tenperature
determined by the choice o©of the <chemical species

implanted.
It was indicated above that hydrogen is generally
implanted, but other options have been proposed, in
15 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
20 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 S5i-H bonds, resulting in a high
density of platelet type defects of a size of the order
25 of 3-10 nm (termed H-defects of platelet type}, whereas
helium, which does not act chemically, leads to the
apparition of a lower density of larger defects (size
greater than 300 nm approximately). The heat treatments
envisaged in that article are 450°C for 20 min or 750°C
30 for 20s, which necessarily implies the drawbacks
mentioned above in relation to splitting at high
temperature.
This hydrogen-helium combination has also been
studied, in a more theoretical manner, by Cerofolini et
35 al. (2000) [3], who noted that pressurization of the



chosen: anneal i ng between 150C- 250C | eads to a 5 reduction in the nunber of
Si -H bonds, annealing in the range 300C 450C | eads on the contrary to an
increase in that nunber, whereas anneal i ng above 550C tends instead to
redquce that nunber again. However that article does not deduce practical
conclusions therefromas to the 10 manner of obtaining thin filnms of good

quality (in art [nrelation to the state of the sur

noder at e COSWS é&ggz@?g@igof the inventifn is to all &k t%ﬁéﬁﬁﬁ?Qéég%ﬁcks
descri bed above. 15 More particularly, the invention relates to a nethod of
transferring a thin layer leading to |low roughness of the surface of the

transferred |l ayer, and not involving high nmechanical stresses in case of
mat eri al s hagéngchs ghadi Grenereesvith extpansinpDaRQacoehf ioF erdlSiunl ntigdmer

words, the object,of ,the invention is,to opbtajn, ,for noder at.e cos thin
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prepared, - a first species of 1ons or gas in a first dose Is 1nplanted in
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generate def®@ts %%?gggég%%ﬁgéa%&fuﬁ%%&sgggbggégghngegﬂgﬁéf ﬂUt%‘%
defects) - amswnéfenef icsbepphireg ithimtifblms conf acdondt hgidleity (in
particular in relation to the state of the surface) for a
moderate cost.
The object of the invention is to alleviate the
drawbacks described above.

15 More particularly, the invention relates to a
method o¢f transferring a thin layer 1leading to 1low
roughness of the surface of the transferred layer, and
not involving high mechanical stresses in case of
materials having high differences in expansion

20 coefficients. In other words, the 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 treatment at high temperature and those related
to the utilization of a tool for assisted splitting, and

25 those related to an additional treatment for reducing
roughness after splitting.

Presentation of the invention
To that end the invention provides a method of
30 catastrophic transfer of a thin film according to which:
- a source substrate is prepared,
- a first species of ions or gas in a first dose is
implanted in that source substrate at a given depth
with respect to a face of that source substrate, and a
35 second species of ions or gas in a second dose, that



source substrate, 5 - a heat treatnent is applied to that source substrate,
at a given tenperature for a given tine, so as to create, substantially at
the given depth, a buried weakened zone, without initiating the thermnal
splitting of the thin film 10 - a localized anount of energy is applied to
that source substrate so as to provoke the catastrophic s Iittin(g2 of a
78hith

thin filmdefPn?PBa8/Ba&BREEN the face and’the buried HeBKEREQOHAY

respect to the remai nder of the source substrate, that thin film having,
opposite 15 to said face, a face of which the roughness is less than a
gi ven threshold. Catastrophic splitting may be defined here as being a

conpl ete and vifitwal |apd idRHSNRPUISM dd D GenStdi & allefOct Han@bERENEd by
a sinple heat treatnent at, 20 Qg&} tepperature, but possibly induced by a
tool without (XIRRA RPITFDNCGRBARAIRERE O FGHURY SRR 558G Here is a

tool, it comes at sgRsteh8E0 iGONEAPLiBGL id hentsmbgkr atenedet t e thi | the

w thout follow ng the s |lgtiQQ interface); this is thus, in other words,
the result of & Cat® ‘?dﬁﬂic propagation of a fracture wave, which is to
say theb5contfary lnédaantassisert spl idppiniged Byo seéhhtsupppordedspoopagaej on of

the fracture ve, it.1sS U hat [t s ne ary.to_gssist the
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fracture wave iy addRAGRRA qyieghad&e ivvpﬂdleatoifn hensuEd ?Pfsﬁi‘ftt‘_"ﬁr‘{ in
er o

| ess than 1 second, even of _the or one m1l1secon speeds greater
than 100 m's) fdr Wiearkdtidr SidHt o 300 nm 35 One possible origin of the

sel f - sypported f aro ¥ 20D/ MS3616 8f PeRLFR2004/ G218k ratastKpphisirésact ure

stens fromthe nature of the buried defects, Research %n ger nani um but
applicable to substrate so as to provoke the catastrophic splitting

of a thin film delimited between the face and the
buried weakened layer, with respect to the remainder of
the source substrate, that thin film having, opposite

15 to said face, a face of which the roughness is less
than a given threshold.

Catastrophic splitting may be defined here as
being a complete and virtually instantaneous splitting,
similar to that obtained by a simple heat treatment at

20 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 result of a

25 catastrophic propagation of a fracture wave, which is to
say the contrary of an assisted splitting.

By self-supported propagation of the fracture
wave, it is understood that it is not necessary to assist
the propagation of the wave by advancing a tool or

30 repeating the initiation energy pulse. Also, an important
feature of the invention is that the fracture wave is
propagated over the whole of the surface of the wave in
less than 1 second, even of the order of one millisecond
(speeds greater than 100 m/s) for diameters up to 300 mm.

35 One possible origin of the self-supported (or



silicon) has shown that under C-splitting conditions (that is to say ... TO
BE COWLETED)t he density of defects 5 (m crocracks, cavities, platelets,

m ¢r obubbl es, macrobubbles, etc.) is from0.03 to 0.035 per square mcron,
their sizes are of the order of 7 to 8 square mcrons, and, in what appears

to be a nore characteristic manner, the ar ea opened (Er%bé]&t hese defects as
a 10 percent #8e2BP5{A43PdFal area of theBwafer is estPHR{ER2P84/8@218bm 25

to 32% These values are simlar to those obtained if the fracture is
obtai ned by thermal nmeans, but different fromthose obtained after
weakening treatnment that necessitates assisted nmechanical fracture 15 (in

which case thgggsYabpRScfr effRECure. JE2BE COMGRETER). n&fuplUrse, ekaer
effects or causes are not excluded by this interpretation; jn particular
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energy is thﬁQcPB Mbﬂ sgyt%}ggaf %1 ?‘gﬁ'tbog30ftoen%r%3§'r5e%[e§ pé?&é?&'y’

the invention I's ase 0 atlon two dif’ Spec one of
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preventing, PR thTaée of
obtained if the fracture is obtained by thermal means,
but different from those obtained after weakening
treatment that necessitates assisted mechanical fracture
15 {in which case these wvalues are more .. TO BE COMPLETED).
Of course, other effects or causes are not excluded by
this interpretation; in particular the chemical nature of
the bonds in the substrate may also promote the
occurrence of the self-supported fracture wave
20 phenomenon.

In other words, one aspect of the invention seems
to consist in promoting the weakening conditions close,
in their nature, to the conditions obtained in the case
of thermal fracture, without going so far.

25 The additional energy 1is then provided by localized
additicn of energy.

More precisely, the invention 1is based on the

implantation o¢f two different species. One of the
implanted species localizes, depending on its
30 implantation energy, the zone in which splitting will

later occur by the formation of specific defects, the
other corresponds to a type of atoms trapped in that zone
which will promote the extension of the specific defects
designated previously, apparently: by increasing the
35 weakening of the implanted zone at relatively low



inplantation of a silicon substrate by hydrogen, the Si-H dissociation
(thereby pronoting the H defects of platelet type) and putting those
def.ects under pressure. 5 The heat treatnment tenperature is advantageously
chosen so as to pronote the defects of platelet type w thout however

inducing thermal splitting. This tenperature will be sufficientlg | ow not
t.o generate WPghOOméeAAALEal stresses in9 he substratBCBABREE@O4Ne038kce 10

substrate and/ or a possible target substrate conprise materials having very
different coefficients of expansion. It is for this reason that the nethod
is a nmethod of transfer occurring at a relatively low tenperature (no
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exanpl e). |tNeedRAIEALs HpEsea hat e cenbepradet shrilml thedgeeused out

in theigforegppsipaed doedy®nt FRpossdpl@7 446gks NOLLAPPLLRT | Ablpisd he
case of co- | Iantgtlon wth a heat treatnent "at low tenperature in 35 the

condi ti ons sPAtBELa4F! i eP2VIRYI2008£EY 3616110 SpERFR2 0t lobcAents of

expansion. It is for this reason that the method is a
method o©of transfer occurring at a relatively 1low
temperature (no higher than 400°C to avoid the escape of

15 the  helium, in the case of hydrogen-helium co-
implantation).

It is worth stressing that, according to the
invention, by co-implanting two gaseous species, such as
hydrogen and helium, and by thermally weakening the

20 structure at low temperature (below the aforementioned
threshold of 400°C, or even below 300°C), it has been
observed that, in a completely surprising manner, the
nature of the splitting is changed; weakening the
implanted zone is achieved to a very high degree without

25 generating purely thermal splitting, regardless of the
annealing time (no splitting observed after 24h of
annealing at the low temperature defined above), by
contrast, splitting occurs catastrophically, by simple
provision of energy localized in time and in space (such

30 as a mechanical shock at the weakened interface, for
example). It would thus appear that the concept of
thermal budget set ocut in the aforementioned document FR
- 2 767 416 1is not appropriate in the case of co-
implantation with a heat treatment at low temperature in

35 the conditions stated earlier.



The consequences of this are significant: the operational w ndow of the
pre-weakening annealing step is enlarged: there no longer exists (or it is
consi derably offset) a maxinum5 bound for the duration of that
pre-weakening annealing; this is entirely favorable to the
industrialization of the nethod, There is no |onger assisted splitting
since the c#Pa20PdhPta6ifacture enabl est® he fract ur PURARR2 QA £ Q0B 1
propagat ed i nstantaneously and without fits and starts over the entire
section of the wafer; it is not necessary for any blade whatsoever to
penetrate between the substrate and the future thin film which

consi derably 15 |npr@H@sc$$§b&&gﬁ%ngo fehpe ﬁﬁ%cﬁfﬁgtkbgé tfreed (thus with

| ower roughness), and avol ds “crown ects, es t e entire thin
film usable, |nclud1n§hﬁt5056¢ﬁ§ﬁ@ﬂ9l tHéndart of nbhe| dwRTVeRKEHEY o

introduce a tool is al s@n2@1fiavor abkg tpst%llart@éarl ahiezal i BB Of orhdier

nmet hod. The inventors do ,not yet have cl ear planatlogs for thi s, new

ki neti cs. G ven that, 5?‘1I5§r5es(1° attt e rﬁﬂ?&h Rhlve eth @ (PR TERt | t he

source Substrate is pI aoechd nfdaflt ithet educoviant 4y saed fmc@—méltemng

stiffener or target substgg ﬁ%heat trea% eﬁ ont.ri byt ﬂerV|ng

the bondi ng energy bet REET ﬁggé 8% r dt%esC The®t dc QEﬁﬁf %N

energy is preferably 30dapplriied iizattiba bdrMh@fm&t&hmbk or pulse. It may

advant ageously be appl ﬁ.%grlgy 13 10l Jp ?é 95%1\404 v-eaﬁ]}} tgaar;dé S‘.t}pél ef
Sous] y in

and of small anplitude. i S advanta appl
proximty of the bur|eﬁaﬁéﬁéﬁophﬂﬂlﬁéécéwwﬁ ﬁ@&@%ﬁﬂtthﬁ 3 huRe |vaater,

prefergply to a periphepal ppordihitdde iNOra0Ran@4361% 1dnd without

fits and starts over the entire section of the
wafer; it 1is not necessary for any blade
whatsoever to penetrate between the substrate
and the future thin film, which considerably
15 improves the topology of the surfaces thus
freed (thus with lower roughness), and avoids
crown defects, which makes the entire thin film
usable, including its periphery; the fact of no
longer having to introduce a tool 1is also
20 favorable to the industrialization of the
method.
The inventors do not yet have clear explanations
for this new kinetics.
Given that, at latest at the moment of the heat
25 treatment, the source substrate is placed in intimate
contact by said face with a stiffener or target
substrate, the heat treatment contributes to improving
the bonding energy between those substrates.
The localized provision of energy is preferably
30 applied in the form of a shock or pulse. It may
advantageously be applied by a tool imparted with
movement that is brief and of small amplitude.
It is advantageously applied in the immediate
proximity of the buried layer, limited only to a part of
35 the latter, preferably to a peripheral portion of the



PCT/ FR2004/ 002781 |l atter. This provision may in particular be constituted
by a localized thermal provision (for exanple applied by a |aser pulse) or
by .an external force (for exanple in 5 the immediate proximty of the
weakened | ayer, at an edge of the latter). In fact, tests with a

co- |nplantat|on of hydrogen and heliumin the source substrate in the

condi ti ons ofO 2R@5{ @%ﬁfﬁon have | ead tld catastrophiRCEOTRZ2QGHP02 WAt 10 is

to say to conplete and virtually instantaneous splitting, with a continuous
and pl anar propagation of the fracture wave, initiated with the help of a
very low |ocalized provision of energy, which in particular had the

advant age ofjavekging surface undulations, that is to 15 say avoiding |large
variations in surface roughness after fracture i ngarison W th

progressi ve splittimgtHu@ToVd StRfs mé&%at‘“céﬁa‘%‘ﬁ%ﬂﬁ’& Bl i ST H S es

| ess poli shwgaaflbebwarz@ﬁ ﬂﬁenmlwtcbnﬁms:sn Bgrt babmpl eC g iappasent | y
20 seen1d|ff|c It to dgﬁi n&ﬁpod guaganteiiqﬂv%$m/ £oughness further to
splitting at?l of féngdtt oD BrAERRALCHRRAS oht LT &R 1w

t enper abure ‘mknell ﬂmmedi:.aéerrprbmmhtpvvofufthmMelaﬂdeylesiolljayelmnchmgarbeéd@@n
source subséfa{g afgt£g£get substrate due to a weak bonding 25 interface.

Nat ural |y, e nmefhod according to the invention may wi thout detrinent
utilize a plasma ackhvBaton beshes Weabt aowe-dinptlize tairifcac exf thydreoggaced

in contact, by heleqmr@ﬁttﬁ& EBGrE@C@%'b%'%%aCE%SCIﬂ beﬂebkor{a@m‘n@%fthat

activation is not i1ndi spensable. Preferential ly ntation of the

speci es cre%??n@nﬂépéép§\MﬁYﬁlb?éﬁnﬁ@:ﬁﬁ?@%??@PhECnﬁ@éléﬁﬂéﬂrtqﬂﬁt

i mpl anjationiof the segond speshHs1¥teE chahg ”&QQt%@ill@S tﬂnémedarz@a&@at
second speC|es |n the zone of the defects crgat%. the first . s ECIFS

Advant ageousFRI1 R E%e 3 of SAMTEGHOUHaRR r propagatio

the fracture wave, initiated with the help of a very low
localized provision of energy, which in particular had
the advantage of avoiding surface undulations, that is to

15 say avoiding large variations in surface roughness after
fracture, in comparison with progressive splitting. Due
to this, that catastrophic splitting implies less
polishing afterwards.

It is worth stressing that it could apparently

20 seem difficult to define a method guaranteeing low
roughness further to splitting at low temperature without
plasma activation, since a low temperature would not seem
to allow sufficiently solid bonding between source
substrate and target substrate due to a weak bonding

25 interface. Naturally, the method according to the
invention may without detriment utilize a ©plasma
activation of at least one of the surfaces to be placed
in contact, but in contrast to the technique described by
HENTTINEN, that activation is not indispensable.

30 Preferentially, the implantation of the species
creating defects which promote splitting 1is made after
the implantation of the second species which is made so
as to localize that second species in the zone of the
defects created by the first species.

35 Advantageously, in the case of silicon, that



WO 2005/ 043616 12 PCT/ FR2004/ 002781 first species is hydrogen (preferably in
the formof H ions), which is inplanted in standard concentration
(typically of the order of a few 1016 HcnR), it being recalled that
hydrogen exhibits a high efficiency in 5 creating a weakened zone. At that

| ayer, the second Eem es (preferably helium, playing the role of atons

trapped to pF8mdPBS¢A&3Fdfmmtion of the eakening defCBAER20Q4[ (2Bt ed at

a relatively |l ow dose (typically of the order of 1016 He/cnR2, or a few 1016
He/cn?). 10 When the source substrate has been bonded to a target
substrate, the effect of the heat treatnent at |low tenperature (which is

neverthel essrsubti Gipalt &ls0 Dbt ayam?eﬁd %ﬁ'e'f‘é'ﬂa%l@;f ihechendidig. | ot epf aces)
is that the atogs of th second helium species diffuse into the 15 defects
dr

created by therf o@BﬁC Thé Smaxi Asskerlithg Stottdated GRPEHALT 3 et At i vel y

| ow t enper at ytgpeoabl ¢s ofSpthét iolgidro b rBdLewf 1@ﬁ5 UHt/r:a-)‘; netf iheimdpi ch is
of very low_rou ss, (of the, order m/nn) ia d _.by an external
Force 50 THECFRRLES: HATT o bEdan « e o ® whidn r SEFEci Sl Er

t echni qbie desceabgdgbya Herdd keresd |zonduﬂ:At|tthatnolayecessﬁhg tsecatdy out

e, sy KAL) 1,0, PN SEONS L p fFore

ef f ect e co-1npla ssSil e To Achieve
maxi num weakenéppedf that proretst tike téﬁpmaalune odf f itdicentwédakeningdity

of the bondi erfac t Li-nvol ifi I c sma
89fekbpks &@ %CR%HE@H alnvol\ding ;3ddit inal guo gg,zgs}&a(pi)a

chenical activation and hernDre t he |nvgpt|on I to better
roughness of °£hEherardesr péd 9|I%q/ﬁm BOOEOPPELY SR WHEH Mhat obt ai ned by

thermalgsplitting. Agvamt &;%%OU%&’rcé he upeeead eSPess epeehornexas®! @ o hel i um
is inplanted_at t

f but t it
may be i npl ahf €8 tsﬁgngF@EFer ?f? e&é;?ﬁ 5%5¥q%§%E#R I%Wﬁgﬁhéﬂg |an |

temperature (which 1s nevertheless sufficient to obtaln
good solidity of the bonding interfaces) 1s that the
atoms of the second helium species diffuse into the

15 defects created by the hydrogen. The maximum weakening
obtained at that relatively low temperature enables
splitting to be made of an ultra-fine film which is of
very low roughness (of the order of a few nm), initiated
by an external force.

20 The radical difference in this method, with
respect to the technique described by Henttinen, is that
it is not necessary to carry out excess dosage of the
hydrogen which can greatly damage the implanted zone. The
effect of the co-implantation makes it possible to

25 achieve the maximum weakening of that zone at the
temperature sufficient for solidity of the bonding
interfaces without involving additional processes (plasma
chemical activation and RCAl). Furthermore, the invention
leads to better roughness of the transferred film in

30 comparison with that obtained by thermal splitting.

Advantageously, the second species (for example
helium) is implanted at the same level as the first
(hydrogen) but as a variant it may be implanted at a
greater offset depth (for example) in the source

35 substrate to reduce the zone degraded by  the



35 substrate to reduce the zone degraded by the WO 2005/ 043616 13

PCT/ FR2004/ 002781 i npl antation. This offset |evel may be clearly distinct
framthe first, for exanple nuch deeper in the source substrate. In this
case, it appears that a small part of the second inplanted species is
trapped by the defects 5 encountered on |ts inplantation path. In fact,
co- |nplantatW%n2%Qébpé§6é tenperature of3200C to 406@3%?%%9%%6%%%781
Preferably, the source substrate is of a material chosen from

sem -conductors and insulators, 10 nonocrystalline, polycrystalline or
anor phous. Thus it may be chosen fromthe sem -conductors |1V (a particularly

attractive e%ﬂﬁP&ﬁthﬁléh"QQ&sbu&ffée@HYe&bionQﬁr B@r%ﬁ@dﬁﬁyﬂdf%tﬁﬁb@||0ys
in particular least in this case, %geréﬂggerature of héat 15 treatnent
C

is advantageB%%Wy‘%ﬁbsghr?E'tH%”?aﬁﬁ@mﬁ cdegPEferdbl $hen $HEEFange
300C- 350C, f@ﬁbsxﬂm-)ée Ihothd sdwaadd ,onitof appé£rs honas Gt wmiaadl Ipawd she
order of %ﬁ é? . TYe g rce substrate naﬁ al sa be g sem - conduct or
mat eri al of T- \?etc)%1 (3{"8? % '?‘r%l EPRSIER ot 26° o ?1%{1?%?? ng

mat eri ab pr eércabhyechdsen itsnimphengabupncpaphtsing Li Nb0O3 and Li TaOS3.

The heat treatnent Ry al§gcQave a Of'égudﬁgfgéf9t£8nrEd%%%th% thg of
that treatnent, as is for exénp I scl ose ur opean patent application
No. 02- 25 2bemmeratnsd of Zﬁ@eﬁbé@ 400°2009. bench@@en the tenperature range
depends princi pal | YPPé‘féﬂ‘?ont U{sﬁeogohbeese%b%%alt@p' iantad anghoori dhe
nature of the material constituting the source substrate. 30 The target
substrate orCBpFeRener ﬁ%?“‘advaﬁﬁ&@e@@@ﬁycéﬁé§en i n2Rfe forAoHlalrPBhor phous

materiab, prebéeeabyytaniihe, f gganwirfarsed Sid i @3 aklewprels.i tTHRY also be a

nonocr stalllne or
y ay be chosen from the semi-conductors IV (a particularly

t he

attractive example 1is silicon but it may also be
germanium or Si-Ge alloys, in particular).

At least in this case, the temperature of heat

15 treatment is advantageously chosen in the range 200°C-
400°C, preferably in the range 300°C-350°C, for example
for a duration of a few hours (typically of the order of
2 to 5 hours). The source substrate may also be a semi-
conductor material of III-V type (for example As Ga or

20 InP) or of an insulating material preferably chosen from
the group comprising LiNbO3 and Li Ta03.

The heat treatment may also have a profile
adapted to reduce the time of that treatment, as 1is for
example disclosed in European patent application No., 02-

25 293049 filed on December 10, 2002.

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

30 The target substrate or stiffener is
advantageously chosen 1in the form of an amorphous
material, preferably in the form of fused silica.
However, it may also be a monocrystalline or
polycrystalline material, of silicon or sapphire, in

35 particular.



pol ycrystalline material, of silicon or sapphire, in 35 particular. WO
2005/043616 14 PCT/ FR2004/ 002781 General description Ains, features and
adviant ages of the invention wll appear fromthe foll owi ng description,
given by way 5 of non- Iiniting illustration with reference to the
acconpanyi ng dramnn9 h: Figure 1 is a diagramof a source substrate
during i npl afPatPBa/ O4&ﬁ§ﬁre 2 is alatekdview of it BETARPNA4IMELTH 10
intimate contact (bonding) with a target substrate; and Figure 3 is a view
of it during splitting of a thin filmderiving fromthe source substrate.
Figure 1 thus shows a substrate 1, for exanple of 15 silicon advantageously
oxidized on its surface 4, while being subjected to an inplantation
treatment, represented z the arrows 2, for exanple by bonmbardment with
ions or gaseous spet®RTakARSerIPLLPBion invol ves, at a given depth, 20
impl antation of a flmﬁmssp@da&%m chnbs adeiietyd cﬁenehét eiedeeisn for

\

exanpl e hydro refer | or m of | antati on of a

second spe0|§gfff85pe8§a%%l ﬁg} L %dd?ﬁc5&8§b9nth@&ggﬁeﬁﬁﬁt%ayln t he

case represenfednobeilimipeéciges idrimadtmatanired eith herefireeclbedeptch, the in a

variant form the ggg?ﬂg 395&%35 %3 vhg@%gnted at a depth different fromthe
ept h.

first, for exanp 1 greate ‘Comrencenent is advantageously made
by |an anting the fe¢rSigspeci bsisi . @. dipdrmegenoif urt Renrce whilsttitdize 30

hel i um may occupy the @g&ngslﬁglgggggqgn as fromits inplantation. However,
the inverse order of the ‘inplantations is possible, even if the two

i npl antations are rbt FFE¥ECal tife Ssddedeptigw of It after putting in
10 intimate contact (bonding} with a target

substrate; and
¢ Figure 3 is a view of it during splitting of a
thin film deriving from the source substrate.
Figure 1 thus shows a substrate 1, for example of
15 silicon advantageously oxidized on its surface 4, while
being subjected to an implantation treatment, represented
by the arrows 2, for example by bombardment with ions or
gaseous species.
This implantation involves, at a given depth,
20 implantation of a first species which is adapted to
generate defects, for example hydrogen, preferably in the
form of H' ions, and implantation of a second species, for
example helium, adapted to occupy those defects. In the
case represented, both species are implanted at the same
25 depth, but in a variant form, the second species 1is
implanted at a depth different from the first, for
example at a greater depth.
Commencement is advantageously made by implanting
the first species, i.e. hydrogen, further to which the
30 helium may occupy the defects so created, as from its
implantation. However, the inverse order of the
implantations is possible, even if the two implantations
are not made at the same depth.
A buried zone 3 results from this, weakened by
35 the presence of defects, principally generated by the



A buried zone 3 results fromthis, weakened by 35 the presence of defects,
principally generated by the WO 2005/043616 15 PCT/ FR2004/ 002781 first
species, to the devel opnent of which the second species will contribute.
The weakened zone 3 delimts, within the source substrate, a future thin
filmb5 and a substrate remainder 5 6, that is to say that which renmai ns of
the source sWBs2P@pL04BEEF splitting of Yhe thin fil BCTATR20GMEATRE Wil |
be able to serve as source substrate for a new inplenentation cycle of the
procedure. Figure 2 represents a step during the course of 10 which the
source substrate, containing the buried weakened zone 3, is placed by its

face 4, int Ofiféiﬁ%ﬁeci%‘,t agh Wid @e%&b%ﬁm%?ﬁd!cﬂﬁ fagePl tRet &8&ng
substrate 7, typlcalli by direct nolecular bondi ng, whose function s that
of a stiffendPeCi8SAvheht CPPBALABRE -is then applied which will, on the one

hand, enabl e devel oppreat weh kbhedweakani Bg Rf1 inlig s, buri edih ayde FSowek on the
ot her hand, when a bondin

step has taken place, enable consolidation of
t he bonds bé?REEﬁaE%urée%EGB§Frﬁgénaﬁ&ﬁpapg@PQMﬂxﬁﬁhﬁﬁﬁa%ﬂ)W&W%ﬁnéer
particubarlyg, t hehdtenmnay ater esafy tthst heaticH r eaimadmnts | sfchoken dawrad he
range of tenperatures suyitable for devel oping . .the kened.zone, that is to
say the Si?EPB%%ﬁgg?n F#éeﬁfe§%% 1 T'Fs t tﬁgﬁfnis ééghntdagﬁﬁsly
carried out memain@értemnpér heusblehdasemservematshescange AMEHEAC0' for a

preferably L%inﬁggﬁ%égggt%ggqg§§$%8§% %ﬁ% sfﬁgéaﬁ'gn typically chosen of

a few hours, for e ours:. er mal “budget s
(t enper at ur e- dur at | oL @are s¥ dePrasaiist r¢ astyepr ellliisid cthgo correiege® 3

there 1§ reppgsent edrihe séepcof selsittrbicdg of cdbeathimgfikme3 fsomdde
remai nder of the squrce substrate, by nmeans of the application of a |oca
weakened zone 3, is placéd by its face 4, into intimate

contact with a corresponding face of a target substrate
7, typically by direct molecular bonding, whose function
is that of a stiffener.

15 A heat treatment is then applied which will, on
the one hand, enable development of the weakening of the
buried layer 3, and on the other hand, when a bonding
step has taken place, enable consolidation of the bonds
between source substrate and target substrate,

20 More particularly, the temperature of this heat
treatment 1s chosen from the range of temperatures
suitable for developing the weakened zone, that is to say
the Si-H bonds in the present case.

This treatment is advantageously carried out at a

25 temperature chosen from the range 200°C-400°C, preferably
from the range 300°C-350°C, for a duration typically
chosen of a few hours, for example 2 hours. Thus, the
thermal budgets {temperature-duration pairs) are
industrially realistic.

30 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 a local
provision of energy, preferably brief and of limited
amplitude, for example in the form of a shock or pulse.

35 It is for example constituted by a mechanical



provi sion of energy, preferably brief and of limted anplitude, for e

in the form

of a shock or pulse. 35 It is for exanple constituted by a

xanpl e

mechanical WD 2005/ 043616 16 PCT/ FR2004/ 002781 stress represented by the
arrow 10. The splitting obtained is catastrophic in the sense that, i

particul ar,

there is no novenent of a tool along the weakened |ayer.

| ocal provisjon_of e is here limted to a part of the i
represent ed % %9%5?@?38¥? a corner effett correspoﬁﬁ?éf%%ﬁﬁgéﬁﬁgb?
by a tool such as a blade on (or proximal to) a portion of that bur
weakened | ayer; but it may be of any other nature, 10 for exanple a co
parallel to the plane of the buried weakened |ayer advantageously applied

otrasspubpecsénseal byavgsl arrenplotude. By virtue of the nethod
of the invention, t face of the thin f.il

whi ch i reed.by the
catastrophic splittihgSi PRne bt edPreiEkendd ?8§35%Fﬁpgﬁgctf3e the
substanti al | yepsanahat hasnapartughiess Rhecendisdercaldordmess tdfam wiodl t he

in the form

conventi onal

particular trea

algﬁhg%%gg?e?ﬁghgau}%%érhaving been necessary to provide a

sur és'transferred nor substantial ("co

n
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er,
pplied
ed

upl e

arse")

polishihg after splithimglotalipregiasenhofoenegavhats, fsineelgpitiadity is
cat astrophi cg bQ?Eeof'%HE)H&%ﬂe&"ﬂQﬁQ@éhﬁ@gtg?éh£éda@ﬁ ?%@Tﬁbﬁﬂ AL

wave |iable
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acture
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of any tool SPBABYnEBREGCEr CRTEESPONHAGesq it FRPEK| PBEPABEEMDYt DetIREN t he
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25

30

35

eakened  layer agggﬁgggeously applied in the form of a

pulse of small angular amplitude. By virtue of the method
of the invention, the face of the thin film which is
freed by the catastrophic splitting in the buried
weakened zone (in practice substantially planar) has a
roughness Ra considerably less than with the conventional
solutions, without it having been necessary to provide a
particular treatment of the surfaces transferred nor
substantial ("coarse") polishing after splitting. It is
worth noting that, since splitting is catastrophic, there
is no real propagation in fits and starts of a fracture
wave liable to generate surface waves, and that, since
there 1is no movement of any tool along newly created
surfaces (or relative movement between the two parts on
each side of the buried layer) there is no degradation of
the surfaces thus freed, which therefore have a very
smoeoth surface state, induced by the catastrophic
splitting.

The source substrate 1 may not only be of
silicon, but more generally of any appropriate known
material for example a IV or III-V semiconductor,
monocrystalline or polycrystalline or even amorphous.
Thus the source substrate may be:

e another semiconductor of column IV of the

periodic table cf the elements, for example of



nmonocrystalline or polycrystalline or even anorphous. Thus the source
substrate nmay be: another sem conductor of colum IV of the 35 periodic
tahl e of the elenments, for exanple of WD 2005/043616 17 PCT/ FR2004/ 002781

ger mani um a sem conductor of type Ill-V such as AsGa or InP, in
particular, _an_i nsul ator, for exanple of_niobate or ant aI%}e t%g such
as Li NoG3 or"Pi 3883/044%1Barticul ar. Theltarget subst?%EeFﬁﬁﬂp Lwi de

variety of materials, to be chosen according to needs, nonocrystalline or
pol ycrystalline (for exarrpl e 10 sem conductors, for exarrpl e from anong the
sane materials as for the source substrate) or even be anorphous (for
exanpl e types of gl assge@mapQliijers); thus it my in particular be: a
crystalline materi al such as, sapphire, of fused silica or of another
glass, a sinple stitféniFRd uckqy @ aﬁb’P@ Jfl foxl geuch pawWASERs oF
nanoneters thick, depodntrediby paany capprgpri ate known technique (this
admttedly no Ionger cQrrespon o a bulk 20 target supstrat f the type

represented in the drgMnn s S£$§t?% mo%?ﬁ not *hat © ?henﬁgﬁﬁgt substrate
may be5just an inter rr@dm;taéas@bstmaee fauarn wascHL M0t hon Ifiifla®si s it er
transferred onto a final, gybstragte. 25 Exanples According to a first
enbodi nent of the inve t|on a substrate of Si (-700pm conprising a |ayer
of thermal Si02 on The sargaéespbéicréiéanmaef e Aayide ivignig@itedf 30

initially whhtbelhug at ofl, undes | NMphaRkat | Oy CaNEIAONS to needs,
monocrystalline or polycrystalline (for example
10 semiconductors, for example from among the same materials
as for the source substrate) or even be amorphous (for
example types of glass, or polymers); thus it may in
particular be:
¢ a crystalline material such as sapphire,
15 ¢ of fused silica or of another glass,
¢ a simple stiffening layer, for example of oxide
a few tens of nanometers thick, deposited by
any appropriate known technique (this
admittedly no longer corresponds to a bulk
20 target substrate of the type represented in the
drawings) .
It is worth noting that the target substrate may
be just an intermediate substrate from which the thin
film is later transferred onto a final substrate.

25
Examples
According to a first embodiment ¢f the invention,
a substrate of Si (~700pm) comprising a layer of thermal
Si0; on the surface (for example 145nm) may be implanted
30 initially with helium atoms under implantation conditions

of 70kev-1 x 10 He/cm?2, and then be implanted with
hydrogen atoms under implantation conditions of 30keV-
4.25 x 10'® H/cm?. This source substrate may next be
joined to a target substrate of Si (~700um) by direct
35 bonding. A heat treatment around 350°C induces the growth



of 70keV-1 x 1016 He/cnR, and then be inplanted with hydrogen atons under
i npl ant.ation conditions of 30keV- 4.25 x 1016 H cnR. This source substrate
may next be joined to a target substrate of Si (-700pm by direct 35
bondi ng. A heat treatnment around 350C i nduces the growth WO 2005/ 043616 18
PCT/ FR2004/ 002781 of - cavities of platelet type |ocali zed at t he dr ogen
concentrat i ofi® p%%Q5/%%6?‘1§I ium atons pl a]ﬁ the rol e offC a(b%% her eat
and create a maxi mum of defects of platelet type at the appl | ed
tenperature. After a certain 5 tinme (for exanple 2 hours), with scarcely the
commencenent of insertion of a blade between the bonding interfaces in the

formof a sheekcacattasls ophi @1apkilleli Ngypat 1bbalkoeat i Hn eheMfdraBdlydr ogen
concentration | ead to the trans&gF§ or; the thin filmof Sii onto theqﬁtarget
ur

10 substr at €€ oﬁ’ﬁ%“?ﬁ% hds 5Kt h S r BRSPSy rRERY nddur 815t
frequency (bytamsrrmafapedetme@eescmpw credtd he mademunf o45 ctecfeﬁﬂsartgst romns,

d I f | hod),..of th d f
angstroms,  BRASner phbasnBEs P BREL {EPaRSH B 8l NG f Al o @ fis7tain
subst anbi al | yihess tfan t rosapdld ch 2mayhberebt ai nedthn s$bercabe ofthe
bl ant ed gbendaRkaY. BeOHGLOMGIR)c 01 boued Bitgcfaludy aabiml o
ow ghness

500C (roughness at frequenc t he order angstronms an
at high frefuepefaetst e bh@elfoéfﬂ ?5 én@éﬁ%)catwmldl rip g taiut her

enbodi nent oétt*&%el NWEAHY Uh o8 SbShia ehPdr er(aEBh%éh%%%ll}én?’Q@FHQs
conprising a er of thermal Si02 on the_suriace (for exa

i mpl ant ed i nF®i &?’I‘Iey LA 45 i fn &P6ndifuefilin nﬁﬁarﬁlat‘?%ﬁo Wﬁ&l tqad-'r%etof
70keV- 28l 016$-ieb§ﬂiat@nd Th@n 25ugmabaet edfw tthehy driogeitaat A nieirdde
conditi ons of BOk% f g ﬁTQ ourcE substrate is, thecedm ned to
a target subST?aTES0f ad"s ccaue(réc&'pr nat 8Py 13665° THy T HIERY londi ng.
A heat treatoEnthar ouddr3@FC4Andures0 ahgsgromsh ehdcawi tlices fofeqplextat et
type local'z?gyaﬁrg?glometric method}, of the order of 10 angstroms,

and amorphousness o©of that transferred surface are

is

15 substantially less than those which may be obtained in
the case o¢f H-implanted alone (32keV-5.5x10H/cm?)
followed by a heat treatment at 500°C (roughness at low
frequency of the order of 26 angstroms and roughness at
high frequency of the order of 75 angstroms).

20 According to another embodiment of the invention,
a substrate of Si (approximately 300pm} comprising a
layer of thermal Si0O; on the surface (for example 200nm)
is implanted initially with helium atoms under
implantation conditions of 70keV-2x10%°He/cm?, and then

25 implanted with hydrogen atoms under the conditions of
30keV-3x10'°H/cm?. This source substrate is then joined to
a target substrate of fused silica (approximately 1000pm)
by direct bonding. A heat treatment around 300°C induces
the growth of cavities of platelet type localized at the

30 hydrogen concentration peak, the implanted atoms of
helium trapped by the hydrogen defects favoring the
formation of a maximum of the defects of platelet type at
the applied temperature. After a certain time (3 hours
for example ), by means of a blade only scarcely inserted

35 between the bonding interfaces and imparted with a



30 hydrogen concentration peak, the inplanted atons of heliumtrapped by
the hydrogen defects favoring the fornmation of a nmaxi mumof the defects of
platelet type at the applied tenperature. After a certain tinme (3 hours

for exanple ), by means of a blade only scarcely inserted 35 between the
bonding interfaces and inparted with a W 2005/ 043616_19 PCT/ FR2004/ 002781
moverent pul ¥8 ¢P08/0438k8ck), catastrophic splitti ngP@/FRAROMSIHIMA 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 the 5
substrates derived fromthe heterostructure after splitting (the fused

silica substmnayembayi palkke (ttherl d15Rbek) P caakheophe chaipd. i Bichd het
initial Si Egstrate haV|ng g%}he superf i,al thin filmpeeled f£0n1|t on
the other hahBf. "#Ke™Buffinds ARG EDy B, éf folﬁ*aé{]%fté?r Ured at

| ow frequencygfbythps ofSiil otkeini cfilet bado( ofthé hefuareder soflitéd ammétﬂmﬁe,at | ow

frequency an he r. of 75 angstraq h| fre ncy) d
anorphousnes‘é"lgﬁgP q%:e%ﬁ(s SET surg{a cerdrértegnsub an?f’ ?y Iegfg t%%% t hose

whi ch may besobsaraeam n d&érived caseranf Hthepl ahetdrabbnect82keV-sfter
5X1016FVCHQ)§ §59 1néheﬁﬂﬂ%gE%§%Hves§?§9§n'§E%]Eﬁ%ﬂét'ﬂg$l h?HeaI KH h

t enperat ure s at h frequenc e order 0 angstrons and

at | ow frequ hé&ﬂ of SHe Y cFé?e o@nﬂoha%‘ﬁgsﬁflénﬁ}‘le Ao iRdfadr ehicegubgugate

Henttinen et ha{zln ApRId e@'h@h)éﬁb%%fh%&b@r Schifo! @iem2 eje@ed\'uf@&ﬁ 3¢ &4 April
2000 ; pp. 2370 2 Argawal_ et al . Ag?llled sics, Letters, volune

72, Nunber 9ths Na?EleLliggéiamer 1086 10861P8PeES F. Oer of BFi niSkLage
Mat eri abs SCt@HﬁSféﬁdedEnglelwnemg 871 1ow2000 q3énPP. b1V P2OLilometric

method (of the order of 14 angstroms at low frequency and
of the order of 75 angstroms at high frequency) and
amorphousness of that transferred surface are
substantially less than those which may be obtained in

15 the case of H-implanted alone (32keV-5.5x10%%H/cm?) using
the progressive mechanical splitting method at high
temperature (roughness at high frequency of the order of
90 angstroms and at low frequency o¢f the order of 40
angstroms}.

20

References
[1] K. Henttinen et al., Applied Physics Letters, Volume
25 16, Number 17, 24 April 2000 ; pp. 2370-2372
[2] A. Argawal et al. Applied Physics Letters, volume
72, Number 9, 2 March 1998 ; pp. 1086-1088
{31 G. F. Cerofolini et al., Materials Science and
Engineering B71 - 2000,
30 pp. 196-202



WO 2005/ 043616 20 PCT/ FR2004/ 002781 CLAIMS 1. Method of catastrophic
transfer of a thin film according to which : 5 - a source substrate is
prepared, - a first species of ions or gas in a first dose is inplanted in
that source substrate at a given depth wth respect to a face of that
source substrate, and a second species of ions or gas in a second dose,
that 10 fir 0 G436 g adapted to gnerate def eEEI/EREOOHL002883nd
speci es being adapted to occupy those defects, - a stiffener is applied in
intimate contact with the source substrate, - a heat treatnment is applied
to that source substrate, 15 at a given tenperature for a given tine, so as
to create, substantially at the given depth, a buried weakened zone,

Wi thout initiating the thermal splittin %f the thin film - a localized
anount of energy is applied to that SGESEE- 20 substrate so as to provoke
the catastrophic splli.t tgthodfofa ddtddstfidphidel t radefebep peenthha fage and
the buried weakened layer,. with respect to the remainder of the source
substrate, tATat°Y% 1Y 59 H Hg, opposite to said face, a face of which

t he roughness assbesse 26bshaata fsvenepareshol d. 2. Method according to
claim1, charagtey. I . hat e.local ize royj si_on ne ig.applied
to a small pa%tq%ﬁ%gpokg?ﬁgggufégdlﬁggké%édgﬁgy ¥# <3 Eg%ﬁgd(%%%%r an to
claim2, charatretanreedi in 3dhahatsaured ogubszedtpr eti shorgioferendegyhi s

applied in the,;fprmgheat! 6ali zedd N ndlar oyl stONsufst MetBodaagegr ding
to claim?2, characterized in that the |localized provision of energy is

applied in theSeFBPf SPegiRSV&fent OPRalli Iaf i Bk andsionshufiPsanpthatde 35
appl i eh by meapsret 8pk80és being adapted to generate defects and the

second species being adapted to occupy those defects,

a stiffener is applied in intimate contact with the
source substrate,
- a heat treatment is applied to that source substrate,
15 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 localized amount of energy is applied to that source
20 substrate so as to provoke the catastrophic splitting
of a thin film delimited between the face and the
buried weakened layer, with respect to the remainder of
the source substrate, that thin film having, opposite
to sald face, a face of which the roughness is less
25 than a given threshold.

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

3. Method acceording to claim 2, characterized in

30 that the localized provision of energy 1s applied in the
form of a localized thermal provision.

4., Method according to claim 2, characterized in
that the localized provision of energy is applied in the
form of a movement that is brief and of small amplitude

35 applied by means of a tool.



WO 2005/ 043616 21 PCT/ FR2004/ 002781 5. Met hod according to claim 2,
characterized in that the localized provision of energy is applied in the
formof a shock in a peripheral zone of the buried weakened |ayer. 5 6.

Met hod according to any one of clains 1 to 5, characterized in that the
stiffener with which the source substrate is placed in intimate contact, at

latest at tM0 ML & he heat treatddnt, is a taP§ey FBGREAr/A0E8inhe

heat treatment contributing to inproving t he bonding 10 energy between
t hose substrates. 7. Method according to claim®6, characterized in that the
target substrate is of an anorphous material. 8 Method according to claim

6, characterized ins, Hm.ttr{da;e §@¢6§@1§@b§br@umms of éhéf&@aeaﬂgeah@nt ar get
15 substrate is of Met hod accordlng to clajm6

fu )
characteri z&ddth t }i*haf %% gBFO‘éhB%?’PaPé L egPY, Jrﬁ)n‘i%?]y%?%l fRn&hsy

pol ycryst al |fioxen matfer hal shdék Mef had peeopHepglt ozehai o, tehar satreedzed in
20 that the ta etc§¥ﬁ§trate is of silicon. 11. A method according to any
one of clai 8 Yetaracteri zed in that i npl anting of the first
species is carried 6ou1Me9:fkto@r atdra:trdmfng h’eosenpndnepem eslaiks Method,

according tQany Qne i0f. £1:3) 5, #Lfsen FELR 1A Sdn! Eh%h%uﬁ:ﬁg source

substrate is prepared froma na er|al rom sem conductors an
i nsul at or s, swhsddEyst allg imlacgsbl yrerimtmatgecortachmorphobatess. avkethed

according t%dﬂéﬁﬂ“é@ tﬁ@aﬁ@§£eEké§@me§Q 'HéfE“téfGé§0HﬁE§t§HPétr%B% 'S

prepared froma material chosen fromthe [V sem conductors.
accordi ng t &eA%i HrERMERdr abRtrio8ting t k&t LRBTSFINGe §USstPSP@1P§ nade

fromsid i cornelly Mitheénned@sd rgibse ratesqne of clains 1 to

7. Method according to claim 6, characterized in
that the target substrate is of an amorphous material.

8. Method according to c¢laim 6, characterized in
that the source substrate is of silicon and the target

15 substrate is of fused silica.

9. Method according to claim 6, characterized in
that the target substrate is of a monocrystalline or
peolycrystalline material.

10. Method according to claim 9, characterized in

20 that the target substrate is of silicon.

11. A method according to any one of claims 1 to
10, characterized in that implanting of the first species
is carried out after that of the second species.

12. Method according to any one of claims 1 to

25 11, characterized in that the source substrate 1is
prepared from a material chosen from semiconductors and
insulators, monocrystalline, polycrystalline or
amorphous.

13. Method according to claim 12, characterized

30 in that the source substrate is prepared from a material
chosen from the IV semiconductors.

14. Method according to claim 13, characterized
in that the source substrate is made from silicon.

15. Method according to any one of claims 1 to

35 14, characterized in that the heat treatment is performed



35 14, characterized in that the heat treatnent is perfornmed W 2005/ 043616
22 PCT/.FR2004/ 002781 at a tenperature chosen in the range 200C- 400C. 16.

Met hod according to claim 15, characterized in that the heat treatnent is
perfornmed at a terrperature chosen in the range 300C 350C. 5 17. Method
according to claim15 or claim 16, <characterized in that the heat treatnent

i's conductedW@ogooéb%?%ﬁiﬁately 2 hours 4% 5 hours. RETARHIW R ng to

claim 12, characterized in that the source substrate is prepared froma 10
sem conduct or material of type IIl1-V. 19. Method according to claim 12,
characterized in that the source substrate is prepared froman insulator

chosen from ABeagf&Hpe999§tét¢nas@zﬁ Lh Nok8 aadlge Lo J@€8-4456°@0. Met hod
according to any one of claims 1t 19, characterized in that the first

species i s hydrogen. 21Mef9§f’ﬁooa‘é%‘?:‘6?3d?%gtf’o it 20, IEFHRIETERA i n

that the firsh spaei ehel hditdrogenmdnt! i yperrdZnelibbiiod acagishnudsd claim
21, characterhzed 20 | P

that th pecies is inplanted at a dose of
the order ?%ﬁp1b&6£??cﬁ%pg%3§0§@¢ﬁ%ﬁg @Cording to any one of clains 1 to
22, chabacterized inl1haMethedseaondrdpegi e | slhéhi ubd o4, cMeihod 6,

accor di ng  OcfLPLIL 2P - CRALACLALL2PH2RLD LhAL FURSAONLREN S d

i npl anted at "a"dose o °t W
the first saeppresimately 2 hours to 5 hours.

18. Method according to c¢laim 12, characterized

in that the source substrate is ©prepared from a
10 semiconductor material of type III-V.

19, Method according to claim 12, characterized
in that the source substrate 1is prepared from an
insulator chosen from the group consisting of LiNbO3; and
LiTa0;.

15 20. Method according to any one of claims 1 to
19, characterized in that the first species is hydrogen.

21. Method according to claim 20, characterized
in that the first species is hydrogen of H' type.

22. Method according to claim 21, characterized

20 in that the first species is implanted at a dose of the
order of few 10'® H/cm?.

23. Method according to any cone of claims 1 to
22, characterized in that the second species is helium.

24. Method according to c¢laim 23, characterized

25 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.



