WO 2004/ 042779 PCT/ EP2003/ 013148 | Method of detaching a thin film at
noder at e tenperature after co-inplantation 5 10 Technical field The
.present invention relates to a nethod of detaching a thin film froma
substrate. It relates advantageously to the case of a transfer of that thin
film from twe:embstireate, referred to as source substrat gerkfofssRPort
referred to as 15 target substrate, applicable in particular 1n the case
where the target substrate is made froma different material to that of the
source substrate (the term heterostructure is then used). This target
substrate can just b e thin film
will later be detachet=—cgav 2 : fixed, for
exanple, by 20 nolecular bondlng, bxmqm@HQQths surfaces to the target
substrate, then a thin film of the source substrate which extends along the
target substrate is detached fromthe remainder of the source substrate, on
whi ch the procedure may then be iterated. The invention has applications in
particular in the fields of mcro- 25 electronics, ncro-mechanics,
integrated optics and integrated electronics. It makes it possible, for
exanple, to produce assenblies referred to as structures in which the thin
film which is of a material selected for its physical properties, is
transferred to a support in order to forma stack of several |layers (two or
nore). Thus, the advantages of the nmaterials of the thin filmand 30 of the
support may be conbined. The transfer of a thin filmmay in particular make
it possible to associate in a single structure parts which prim facie have
WO 20041042779 PCTJEP2003/013148 2 inconpatibilities such as a |arge

di f ferenceld n t her mal Teghaiegl figldcoefficients (for exanple: silicon on fused

Wga SAQ SIC on silgqhes&liGnlention relates to a method of detaching a thin film
from a substrate.

It relates advantageously to the case of a transfer of that thin film
ﬂdnmemmmmmﬁdmmdmasammemmﬁmmjoasmmmnammdwas
15 target substrate, applicable in particular in the case where the target substrate
is made from a different material to that of the source substrale (the term
heterostructure is then used). This target substrate can just be an intermediate
support from which the thin film will later be detached.
Conventionally, the source substrate is fixed, for example, by
20 molecular bonding, by one of its surfaces to the target substrate, then a thin film
of the source substrate which extends along the target substrate is detached
Q from the remainder of the source substrate, on which the procedure may then
be iterated.
The invention has applications in particular in the fields of micro-
25  electronics, micro-mechanics, integrated optics and integrated electronics.
it makes it possible, for example, to produce assemblies referred to
as structures in which the thin film, which is of a material selected for its
physical properties, is transferred to a support in order to form a stack of several
layers (two or more). Thus, the advantages of the materials of the thin film and
30 of the support may be combined. The transfer of a thin film may in particular
make it possible to associate in a single structure parts which prima facie have



The target substrate is not necessarily a bulk support. 'Thus the invention
al so relates to the case in which a single thick |layer is deposited on 5
.the inplanted face (or on the face to be inplanted); after detachnent, a
"self supporting” thin filmis obtained which may then, if useful, be fixed
to a bulk tvwoeeioepupstrate. Thin filmis conventional | ypasigRhgsioends t 0 nean
a layer of which the thickness is of the prder of a few tens of angstrons
to several mcrons. Athick 10 layer is thus a |ayer having a thickness
typically of at |east several microns, or even several tens of mcrons.
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The detachment of the thin film from the remainder of the source

15 substrate is based on the observation that an implantation of chemical species
in the source substrate may induce the formation of a zone of-defects at a given
depth. These defecis may be micro-bubbles and/or platelets and/or micro-
cavities and/or dislocation loops and/or other crystalline defects, disrupting the
crystalline quality of the material, of which the nature, the density and the size

20 are strongly dependent on the species implanted as well as on the nature of the
source substrate. A heat-tfreatment may then be applied to enable the

Q development of specific defects present in the weakened zone, which will
enable the detachment of the thin film from the source substrate to be obtained
later. This has in particular been described in the document US-5 374 564 and

25 developments thereof, such as the document US-6 020 252.

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

30 and, on the other hand, from a technological point of view, to reduce the zone
damaged by the implantation.



production of silicon-on-insulator filnms by co-inplantation of He' with H",
Appl'i ed Physics Letters, Volune 72, Nunber 9, 2 March 1998, of trials
.carried out by applying ions of two types, that is to say a co-inplantation
of the two 5 species hydrogen and helium in a silicon substrate. The
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low total implanted dose.

It may be noted that this document describes an experimental

approach and gives little importance to the target substrate.
Similar teachings may be found in US-2002/0025604 which concerns
20 a low-temperature semiconductor layering and three-dimensional electronic
circuits using the layering. Such layering method includes several steps. First
hydrogen and then helium are implanted at doses between 1.10%%m™ and
4.10"%m™ with a range that is close to each other. Implanted wafer is then
bonded to another wafer. The bonded wafers are then annealed at low
25  temperature between 200-250° for 1 to 48 hours and annealed at 400-600°C for
1 to 10 minutes so that a portion of the wafer is detached. This document

concerns layering silicon on a silicon substrate.

The problem is posed in a very different manner in the case of
heterostructures, that is fo say in the case in which the materials of the source
30 and target substrates are different. In this case, one of the major technological
problems encountered is the presence of a field of very high stress in the
various layers in contact, during the heat-treatment such as that during which



WO 2004/ 042779 PCT/ EP2003/013148 4 the detachnent of the thin filmfromthe
remai nder of the source substrate occurs: this stress field is due to the
-difference in coefficients of thermal expansion between the various
materials brought into contact. Thus, in the case of substrates with

di fferent thwonmdsnexpansi on 5 coefficients (heterostruchgffraceddizias

I nportant to manage to achieve the detachpent at a | ower tenperature than
the critical tenperature at which the heterostructure will be degraded on
account of the aforenentioned nechanical stresses. This degradation may
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few hours, to desitabie tdecdieteathientml-treatmpent demperaturenio avoid the breakage or

15 any damage of the heterostructure {(and/or of the two substrates obtained after
detachment) and to maintain a good quality for the transferred layer.

The same need to be able to use a relatively low detachment
temperature is met when compounds are formed in one of the substrates (for
example in the future thin film) and are liable to be degraded during a heat-

20  treatment which is foo aggressive.

One way to reduce the temperature of obtainment of the detachment
is to "play" with the implantation conditions. For example, an excess dose of the
implanted species makes it possible to reduce the thermai budget for
detachment, thermal budget being understood to mean the pair Length of heat-

25  treatment/Temperature of heat-freatment.

Bruel et al. (ECS Spring Meeting 1999) have thus shown that if the
source substrate is a wafer of silicon, a dose of hydrogen ions implanted at 1 x
10" /em?, instead of at 5.5 x 10"®/cm?, makes it possible, for a limited duration of
heat-treatment of a few hours, to reduce the detachment temperature from

30 425°C to 280°C.
This approach, although reducing the thermal budget for detachment,

uses an implantation at high dose which may represent a significant drawback



30 425C to 280C. This approach, although reducing the thermal budget for

det achment, wuses an inplantation at high dose which may represent a

-signi fi cant drawback WO 2004/ 042779 PCT/ EP2003/ 013148 5 from an i ndustri al
poi nt of view (high cost). Furthernore, it is of note that, due to the high

i mpl ant ed dowe,2044a270l8 srupt ed zone (conprising defects rebpipsholPizidie
I npl antation) at the surface of the transfgrred |ayer is thicker and the

| ater processing operations necessary to elimnate that disrupted
superficial zone 5 may be nore restrictive (greater renoval of material,
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fixed to 25 a CAr sub € an r coe I'Cl én

expansi on are d:arbietersebstratepr @Jcbdmdtngv&) g Haventars this esabkesothat detachment
heterostr ucltsur %‘e&BQP tture o e re ucede by g\ﬁ% in comparison with the case of implantation
of H" alone. The invention relies on two steps: co-implantation (in which the

hydrogen is introduced secondly) and a pre-annealing of the source substrate.
The invention relates to a method of detaching a thin film from a
source substrate (for example fixed beforehand onto a target substrate,
20 advantageously of a different material {o that of the source substrate), which
does not require impiantaﬁon doses that are too high nor the annealing of the
Q source substrate after'implantation {and, where the case arises, before its
bonding onto the target substrate), while permitting the detachment at a
temperature sufficiently low not to induce, when the source substrate is fixed to
25 atarget substrate and when their coefficients of thermal expansion are d ifferent,'
prohibitive mechanical stresses on the heterostructure constituted by the two
substrates, andfor not to risk degrading components which may have been

formed on one of the subsirates before detachment.

30 Presentation of the invention
To that end, the invention provides a method of detaching a thin film
from a source substrate comprising the following steps:



substrates, and/or not to risk degradi ng conponents which nmay have been
forrned, on one of the substrates before detachment. 30 Presentation of the
-i'nvention To that end, the invention provides a nethod of detaching a thin
film froma source substrate conprising the follow ng steps: WO 2004/ 042779

PCT/ EP2003/ O%8%d6doafr782) 1 npl anting ions or gaseous speci ?é'r/hﬁzobﬁtﬁsfa@“rce
substrate so as to formtherein a buried gone weakened by the presence of

defects; b) splitting in the weakened zone | eading to the detachnment of the
thin filmfromthe source substrate 5 this nethod being characterized in

that the inplanting step. c rises, on th ne .hand, a sub-s accor di ng
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eln

i mpl antation of the second species beli g made at a dose |ower than the dose
of the firsf spusmethoddbring chayveciepked iithat is carried out at a second

tenperature that is |ess thafhnet @ﬁ’l%%aiﬁt?ﬁlg?@ﬁﬁ%%;g’h%gmg %nhnggnblsg

S
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Zone i n whi ch detlFBANDyRT N4 olFBF hh HHBESNUAN HaRRaemsnagtih oS SUpaL |
defects, the ot hefccblitghasewhich BHOsBEéndapetiRseadMbted MY Cdbctp | défeerotie the
extension of the speciflic defects designated previously, in particular by C

i _n@easi ng lPhei r imptagtathithe ireRlaniadion pf Brechirehsteninefno mele ahA awffieienbAots t he
fN'ner' ea: pteﬁ;eis’rmfgﬁ}tg'{rﬂg,néigﬁéfﬂe;ta%l’tnﬁéeﬂbfﬁﬁé"E'FHE %ilH S 3 AT UmpératFBIGnd st | Y
implantation of the second species being made at a dose lower than the
dose of the first species, and
- the splitting is carried out at a second temperature that is less than the first
15 iemperature.

The invention is thus based on the implantation of two different
species, characterized by different levels of efficacy to jointly form a weakened
zone in the source substrate. One of the implanted species is chosen so as to
localize the zone in which detachment will later occur by the formation of

20 specific defects, the other is chosen to form a gas reservoir which will promote
the extension of the specific defects desighated previously, in particular by
Q increasing their internal pressure.

Preferentially, the implantation of the first species, creating defects

which promote detachment, is made firstly whereas the implantation of the other

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

In other words, implantation is advantageously carried out firstly of
the first species, which has a high level of efficacy in creating a weakened layer

30  (weakened is undersiood to mean the formation of specific defects of the micro-
cavity and/or platelet etc. type), whereas, in this weakened layer, the second

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



25 species, made so as to |localize that second species in the zone of the
defects. created by the first species, is nmade secondly. This inplantation
order makes it possible to obtain a nore favorable detachnent dynamic. In
ot her words, inplantation is advantageously carried out firstly of the

first speci eswowhisslip7has a high | evel of efficacy in creagj ned
| ayer 30 (weakened is understood to nean t-he formation o#’éfs}gg@?%g}& ef ects

of the mcro cavity and/or platelet etc. type), whereas, in this weakened

| ayer, the second species, of |lower efficacy in form ng weakeni ng defects,
I's inplanted using a 2004/042779, PCT/[,EP2003/ 013148 7 der ate dose.
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of which are wel known, but it 'shoul d be understood that other species may
be Aised. 151Fur eksrhepieilablectospisgrassplydiillethe defaels aiely sl beyereater U the ch
makes it possi : ' i enerate a pressurizing effect. A

radi cal di ffereﬁgza%%'ﬁ§#stﬁ%g|¥%%@%é‘"\?‘z}m&t h respect to the experinental
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Wit hin conventi pitn, bevel sholld e anderstedd Ihae cbd spbeiss/ maly ber used.
hydrogen. The inpl anted dose of o . . )
15  Furthermore, the second species is advantageously helium which makes it
possible to efficaciously generate a pressurizing effect.

A radical difference of this method, with respect to the experimental
technique described in the work of Agarwal, is that the dose implanted of the
first species is sufficient to form a weakened zone enabling detachment at a first

20 temperature: the dose of this first species thus remains within conventional

o levels of the order of some 10" atoms/om? for hydrogen. The implanted dose of

C,) the second species is moderate such that all the atoms of the second species

substantially find their place in the defects created by the first, and/or they

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

25 propagation of splitting; and the detachment is carried out at a second
temperature which is less than the first temperature.

In comparison with the document US-5 877 070, in which the dose
recommended for the species intended to generate defects (boron, for example)
is much less than the dose of the hydrogen (typically between 0.1% and 1% of

30 that dose) and in which intermediate annealing is imperative, the method of the
invention teaches proportions that are the inverse and requires no intermediate

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



ED t he second species is noderate such that all the atons of the second
speci es substantially find their place in the defects created by the first,
--and/or they <create the |east possible other defects liable to be
unfavorable to the 25 propagation of splitting; and the detachnent is
carried out gipgogReENd tenperature which is less than LpgebbdoShizias
tenperature. In conparison with the docunegt US-5 877 070, in ich
reconmended for the species intended to generate defects (boron, for
exanple) is nuch Iess than the dose of the hydrogen (typically between 0.1%
and 1% of 30 t .das ' ol | ek [ INng Jis | rative,
the mot hod of  LRESER-OENERS AL ELa SEIGrRY b eflieralle fel® LBeBth g
requi res no indetathdiedt)e heat-treatnment (even if, of course; such an

i nternedi ate heat treatnent renai .2004/ 042779 PCTUEP2003/.013148 8
possi bl e provi ded tha?ﬁ imay ke ﬁ%{]m%f‘?ﬁqcﬁﬁ 8l% trep P'at_ﬁ‘ﬁ?'/@”ﬂd’% a?;gve
conmence det agiyrasdad UBL2002Y0028604 BV Bk fabbthat fHeSsamehA @Petick iehfplanemd: he
teachi ng of above discussed US-2002/ 0025604 by the fact that the second
species is PnpRalpved dese thap tagvdirstiere emhrhathihe isplitingnig, carrigd t oratatt de
splittirng is ¢ ' Fat Lk e 'rfba% e t |
splitting woul gérg%%;'ﬂgs@éas ?‘gsﬁﬁ?%g? #r@lélf?égtﬁ spSEé[Pe%&gﬁa{% a(}é%'gﬁibfgg%c I n
practice). Accflirdispgcies oplydbboutddOpe gvpracticsy. of t he i nvention (al ready set

pecies 19 tarriod out AGRPE o RiFord BlevikiteoiaMBaRBkEd @redgd sahsidir i ng

of this first spHcp&sibigce@binegdogatherafter that of the second species, -

t he source substr.at !%d’h"s made froma nmaterial chosen fromthe group 15
co sting 18f serdMPkHing: o they ftpti sReGlegt i§r carmied rRptebeipPiRs that 0%6’1"%/&999@% line
or ~~anor phous; a gRpjegonductor can thus be chosen fromcolum IV of the
Periodic Table of the El ements, for exanple silicon (which corresponds to a

case of great tecHnirgdantingpet thindiest spegiesris gearvieshiawhafter dbad ob ki ceepndf

species,

t he dose

- the source subsfrate is made from a material chosen from the group

15 consisting of semiconductors and insulators, single crystal, polycrystalline or
amorphous; a semiconductor can thus be chosen from column IV of the
Periodic Table of the Elements, for example silicon (which corresponds to a
case of great technical importance) and/or germanium; a semiconductor of
type -V (for exam'ple AsGa or InP, in particular) may also be chosen; an

20 insulator may also be chosen, for example lithium niobate (LiNbQs) or
lithium tantalite (LiTaOs) in particular,

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

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

- the second species is helium, which interacts in a particularly efficient
manner with defects produced by an implantation of H* ions, and which

30 efficaciously enables pressurization to be made of crystalline defects; the

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



type Il11-V (for exanple AsGa or InP, in particular) may al so be chosen; an
20 i nsul ator may al so be chosen, for exanple lithium niobate (Li NoG3) or
lithiumtantalite (LiTa®3) in particular, - the first species is hydrogen,
advant ageously H+ hydrogen, which is a species which can be easily

I npl ant ed | wouneddssos substrates, in silicon or anot hemperalpzeoziotsgssi i r st
speci es (hydrogen or another) is inplantel at a dose of the order of sone
1016 atons/cnR2, which is currently a typical dose for an inplantation of

hydr ogen al one, and corresponds to well-known nodes of inplantation, - the
second species ig el éths/dMﬂ %ndh“i%%f@éﬁ}a?|mﬁ|aﬁtdﬁéhtdo%é'|ﬁ'vbﬁo@ §u|§ét§&%}s
manner with defects produced by an inplantation of I ons, and wh

ef ficaci ously enaifd tarsps easyuloiinglemantt o be made of cryst al line defect S; the

) b, 5450y a GRRAS) T 3 s 851 B PE Sl sbeta e °
i mpl ant ati on dosslicom wadiooud enedsf litat emmpoumdd (dxites| Taddadss, tatc) mHeeiestt .
generally, but this also

ies | | t h b t
o "CsF1i Lort ana Binsratie (R 1 owtiBhisaliing “welie J achiared b s B9 wrhe ' °
first ™5 tewperaép&@@idﬂ@ﬁthé@frd%f@bospga igpidwsmﬁgjtéh%@éﬂﬂw@\iﬁ@am@farl ust

the first species) is of the order of Bé i cal splitting tenperature,
in particular f®F hM‘}'@Q@@éﬂ siligor) AN HR)sesh ﬂ%pg@@ﬂﬁdﬂﬁélﬁ‘ﬁeﬂa?ﬂﬁ@"@ﬂﬁat for

whi ch spl i €t ng jof g Uaidiedy B Ribs Wb of thd BRfer diaodt, WiRnKedps o 300C

whi ch keeps the es at a beara even In ca
si gni ficant di ffmelnmecallﬁrcbetah/aebearatﬁed@@ felvem emeasebf Blgerflnamt difgmenseon of

t he two supst anc Str hef. in the
wi:ened lzjﬁne %%&'88”%‘}3 F?‘%Hc'é'ﬁﬁlogﬁ}ee@aﬁ §'8na°fﬁ-éer8§:{) dsbﬁhaﬂ%gg form ng
rding to neegheapurdendidystrath il before sfphftﬁillg 6 WP aebkened Rehes Dbmﬁéd bg it S
foll owed by a step of thernal stabilization of the bondin 15 bet vveen t he

target substratelMpRNMeRelachi i 13 1tHget syhstrals gfaming, Agegiding dopgeds pBm
single crystal omtdRlYifhy 8t fidlisispdrpt eri al

- the splitting is followed by a step of thermal stabilization of the bonding

15 between the target substrate and the thin film,
- the farget substrate is made from single crystal or polycrystalline material
{for example of sapphire) or is amorphous (for example fused silica, glass of
any kind or even polymers), it being noted that sapphire and fused silica are
cases currently of real practical importance,
20 - the target subsirate is of fused silica, or of sapphire, which correspond to
cases currently being of real practical importance; but generally, the target
substrate may be any single crystal or polycrystalline type, or even be

amorphous (for example types of glass or polymers).
- the difference in dose between the two species is significant, that is to say
25 that it is preferably at least 10 %,

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

30 -~ invariant form, before splitting within the weakened zone, a stiffening layer
is deposited on the implanted face of the source substrate,




(for exanple of sapphire) or is anorphous (for exanple fused silica, glass
of ‘any kind or even polyners), it being noted that sapphire and fused
-Silica are cases currently of real practical inmportance, 20 - the target
substrate is of fused silica, or of sapphire, which correspond to cases

currently bewaxe@fossel practical inportance; but generalployppbdd§oispizoet
substrate may be any single crystal or poljycrystalline type, or even be

anor phous (for exanple types of glass or polyners). - the difference in dose
between the two species is significant, that is to say 25 that it is
preferably at |east 10.% - preferabl .he source substrate and the target
substrate are brought %Eﬂpﬁ§RPﬁﬂP%"%8H§3§t by direct bonding. (it is known

how to deal well w th Afugs, fegtuRSEART Sdvntadesedtahe envEplibdivily abpedefrom the
controlled, which makes this means of fixation particularly easy to

i npl enent ), 30 fellawing; slesaiintionp GenpBY ovay ShIifustraiye wonninyting & n&#hzone,

a stiffening | | | t Magalr .face of the source
substrate. WO %f%ﬁepg&étg%@%%ﬁ@%zngg\%dﬁgT% mﬂjl{%m[;‘)'escri ption of the invention
Ai s, featubes and adventipes bfist hediagvamt obra \soutceaspbsirater smackhiese of

fol | owi*ng descri pti on, gi.veln %{l way of illustrative non-limting exanple,
with reference to the aérEBﬁ'B 95"ng drawings in which: 5 Figure 1lis a

di agram of a source subsFififre 2 NsCOUBRE @bw bIMRbafdl AfteP bondiigdts ea Zatdeta
| ater view of sanme after bonding to a target substrate; and  Figure is a

view of sanme in course ofubdfaeiaisht of a thin film 10 deriving fromthe
b . Fi el
source substrate. Figuf eF#L{r??sisang\@ ﬁj?Hﬁ%ﬂ’hﬁ%e;%é&écmgwf%%” $ildhi con

advant ageousl y oxi di zed o S ace e covere
pr ctive 10l ayer 10, i ndeoungéoofthbaongestystrateed to an i npl antation

treatment synbolized cpyd NP AREOWofs GOSuBRNE' 9, PlorPQIRREATR oHob NS
advantageously oxidized on its surface 4, which may be covered by a protective
layer 10, in course of being subjected to an implantation treatment, symbolized
by the arrows 2, for example by bombardment with ions or gaseous species.

15 This implantation involves, at the same given depth, two species, one
of which is adapted to form defects, for example H™ hydrogen, and the other, for
example helium, is adapted to occupy the defects formed previously or
subsequently by that first species.

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

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

() Commencement is advantageously made by implantating the first
species, hydrogen in the example considered (even if the second species may,
as a variant, be implanted first). The second species is then implanted at a dose

25 which advantageously just allows it to fill the defects generated by the first
species and/or which creates the least possible other defects liable to be
unfavorable for obtaining splitting later.

A buried zone 3 resulis from this, weakened by the presence of
defects, principally generated by the first species, to the development of which

30 the second species will contribute, in particular by its capability to pressurize

those defects.



15 This inplantation involves, at the sane given depth, two species, one of
whi ch is adapted to formdefects, for exanple H+ hydrogen, and the other,
-for exanple helium is adapted to occupy the defects formed previously or
subsequently by that first species. The inplantation of the first species is

carried out wbaevapishd Cci ent dose 20 for it, by itself, ﬁT gﬁp‘l”ﬁ# gter
detachnent at a first tenperature (see bel qvv) Wnereas the dose o

second species is lower than it. Cormencerrent i s advant ageously made by
i nplantating the first species, hydrogen in the exanpl e considered (even i f

the second species nay. as a variant d first) 0
species is then inpl antRsaWERKENS g Z%dﬁﬁp vgﬁ\&ﬁ}eaagg%'sybﬁtétp QCfF
to fill the defif§¥imn g%ﬂré‘%ﬁﬂstmle?élﬁamdéﬁ@ théﬂ@%%&gan&/mcmﬁmﬁhun@rmﬁ@s the
| east possible other defects liable to unfavorabl e for obtainin

splitting |at einUfAe@ulaﬁ‘féﬁez?cﬂﬁéthaﬁB@ﬁm%fth?éfﬂiﬂtfiﬁﬂsth[m%ﬂ‘é@\16'9 q‘P)it‘esence
of defects, ér%'a@asl YocO& ebaiete ?M[tér%oﬁ'ofﬁfe (rBES4 G, to the devel oprent

of which 30 t e second specl es WI contribute, In particular by its
capability $o pressur |Fz|guret2|deyeaem‘teca stepdIraD #i 60arEe GIOThERADO3FMIGL 48

11 The- weakene I|mt [ h ource_substrat. f thin
film5 and a sg'f)l%%%rrag? %Ef]ﬁc@? b@"g&N’;%aﬁ(ﬁﬁefégg%ystjﬁlg?dM| 'E%fqggr%;hﬁé df the
source substrataegetfeuﬂ,a&traltem@dﬂfmmmé by Hiedthhdleduthinmbonidig remai nder wi II be
able to serve as source substrate for an iteration_ of the ocedure

Figure 2 represents a lat ap ladefr iStRp: t WEheWuPRE eﬁermd@%em@a mgnt s'?ﬁ%ﬂrate
contai ni ng_the,gudds§ V\Té%ﬁﬂﬁéhtzef‘%e I fiin f?lh{“?ﬁ'm}?ghet r%nﬁé&ﬁ&en‘lo\”tﬁ@ %ur&é‘rget

substrate 7, for exa I rect nolecu n-a later st ep,

\ h@o?f | ?nn?{? |O nedhsteads awne@pﬁaeéﬁnwteybinrfggur@e'téoys%mlwngdetthe mieakenesd u{ hgs
represented i n%w%ut@g%’bﬁ‘gi s'%l | H‘éﬁné&:ﬁ{c?ﬁ%‘ﬁ%}%ﬁé}% L&%ﬁgaﬁ%“ ?ng‘)lﬁﬁ? I ng
is carried out splittieg bwlamat/ertmenaitﬂmaed afier impdantbibon ohsclbly thplfirdttspegiesoul d
have been obt aer%dse%Bﬁg temggra?ure ri tﬂg s?e],cp gfoléigetlu)é é Eeeagh}aﬁe[ge% gl(f(i Egvsver by at
least of the order of 200°C 1o that for which detachment could be obtained with
15 the implanted dose of solely the first species; thus, if the first temperature is of
~the order of 500°C the actual splitting or detachment temperature is
advantageously at most 300°C, Of course, these temperatures persist for
reasonable periods of treatment, typically between a few tens of minutes and a
few hours (for example up to 3 hours). In other words, the thermal budgets
20 (temperature-duration pairs) are industrially realistic.
This detachment step may comprise, in addition to a thermal effect,

O the application of forces for example mechanical forces; in such case, what is
stated in relation to the first and second temperatures also applies in the same
way to the application of forces, that is to say that the first temperature would

25 enable detachment after implantation of solely the first species on a given
application of mechanical forces, but that detachment is obtained at the second
temperature by the same application of mechanical forces.

This detachment or splitting step is advantageously followed by a
step of thermal stabilization of the bonding between the target substrate 7 and

30  the thin film. This step may include some time at a temperature above 1 000°C,
preferably at about 1 100°C; this treatment may be conducted at a constant
temperature, or at a varying temperature (for example oscillating between two



This second tenperature for the step of Figure 3 is advantageously | ower by
at 'least of the order of 200C to that for which detachnment coul d be
-Obtained with 15 the inplanted dose of solely the first species; thus, if
the first tenperature is of .the order of 500C the actual splitting or

det achnment t epRbgdseye i|S advant ageously at nost 300C. hese
tenperatures persist for reasonable periogs of treat nen?“@%‘f"?:@i”ﬂ{? bet ween

a fewtens of mnutes and a few hours (for exanple up to 3 hours): In other
words, the thermal budgets 20 (tenperature-duration pairs) are industrially

realistic. This detac t A ri se,. in additipn.to a therml
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case, what is dibah@idgiof tiefilatl lapsr fiom thetakgatsubstgtesecond tenperatures al so

applies in the same way to the application of forces, that is to say that
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advant ageousl y St e her Il ] ks i ng
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sonme tinme at achastgeoapolyerystative (for @xamplepserhicontilistod) calkoen bt ZAOEGhotidhi s
treat ment may Zfe conduct.ed atfq const@(g_%| temperature, or at a varying
tenperature (f &7 EXARPEIVRRT 985S PDEPFSRCwo WO 2004/ 042779

PCT/ EP2003/ 013148 12 mahMpfds |t helps to prevent defects at the bonding
interface or to prevent disbanding of the filmlayer fromthe target
SL@ rate. 1¥he source Aetpsdingtte a firghyemimdipantyohbednventione ensihstratep pé Si
generally of r LAk i r ex led.x

sem conductor)?ﬂzq(ﬁg@e%@b@%@%tk%ﬁ orrn%;ﬁ{/eg?’élst% Ei(?:f ioﬁeﬁ?r)ggr\;%cr?l ﬁ%?épﬁ(r)n&sle As
for the target 280bwh rrate b implasteduipitiaby ofitha hydebgen aatortsy undemim@antatisn t o
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pol yners, etc. the E¥@iMdrRSof 45keV — 2 x 10" He/cm2. This source substrate may next be
15 joined to a farget substrate of fused silica (~1000m) by direct bonding. The
difference that exists between the coefficients of thermal expansion of these two
materials (2.56 x10°/°C for silicon and
0.5 x 10°%/°C for fused silica, at ambient temperature) makes it necessary
to perform a heat-treatment for detachment at low temperature, typically being
20 around 250-300°C. A heat-treatment around 275°C next induces the growth of
the cavities localized at the peak hydrogen level, the helium atoms participating

®

in the pressurization and in the development of those cavities. Final splitting at

the level of the hydrogen profile leads to the transfer of the Si layer onto the

substrate of fused silica, without breakage or degradation of either of the

25 substrates derived from the heterostructure after splitting (the fused silica

substrate having the thin film of Si on the 'one hand, and the initial Si substrate
having had the superficial thin film peeled from it on the other hand).

According to another embodiment of the invention, a substrate of Si

(~300pum) comprising a layer of thermal SiO; on the surface (for example

30  400nm) may be implanted initially with hydrogen atoms under implantation

conditions of 95keV - 6 x 10" H/em? and then be implanted with helium under

the conditions of 145keV — 2 x 10"° Helem?. This source substrate may next be




ED 10 According to a first enbodi nent of the invention, a substrate of Si
(-700m conprising a layer of thermal Si02 on the surface (for exanple

-200nm) nmay be inplanted initially with hydrogen atons under inplantation
conditions of 30keV - 4.5 x 1016 Hcn2 and then be inplanted with helium

under the cftphdpse of 45keV - 2 x 1016 He/cnR. This s gat e may
next be 15 joined to a target substrate ofysfused silica ?HE%%E)@W&{/ di rect

bondi ng. The difference that exists between the coefficients of thernal
expansion of these two materials (2.56 x1 0"6/C for silicon and 0.5 x

10-6/C f f d s nmhi_ent t
perform gr hezl;tsecfrr] { ﬁ.‘f\rg{aéﬁﬁ’b eﬂﬁ%%%@%”%%%@ﬂg@@?ﬁ nﬁfﬁ@?@%}f% DSei ng
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partici pating substrate bgfase dopding; e d G thakedsls bebyerihthegsoafligiens of
cavities. FnakngiH) 5{9551&1@; of thBSe k¥ Phatsfiall *e.@fsbxs@lb@g@nfowsm‘cbheanhe@%d0 the

transfer of th % er onto the substrate of fused silica, wthou
br eakage or Sdegfadat sapphife, &t @memftemerawa wiRlesdt secehsary dal the sase rof

het t t t It f t t hi
(T or 6o T8t tSlodlies 10 Inbirdi | H> Fitablicadifhng 110 detadhat' 8 hg M "
supe[1 fici ?r{) Ei hlteml?erb’]snre @pmny Ib?mgl hs@lﬂ‘uadgef[é@‘t({]eﬁi h};hat;ﬂaeatnm;ﬁéﬂrdmmg 200°C

t her enpodi nen I nvent | u ra ] (o]0) I SIn
2V ayer of ¢ hemadi indiess s PN iR caviFt PoaRaRA e e bR haehahe

i mpl ant ed i ni tinalilit 2tbrhd padtidlpad |rﬁﬂ1§fﬁeér§1ﬁ2@tldm&|ﬂttﬁé Id@Oel@ﬁm@hi bﬂﬂés@f
95keV - 6 x 1016 Hcn2 and then | ant ed hel i um under

tions 18f f£avles Eingl sp!lita%amvechwrow @@W@&sﬁ@b&er H@@Sfﬁhyf m—,@(tSl be WO

042779 P
( 500prr) by dIC-ngEF %ﬁondggr}g%ﬁ%ﬁugggér‘t@b oﬁt%r@a PQ)? g%&?ﬁ&?ﬁaveﬁggn' e
deposi t ed on t sebsiatéacerivéd tfrom sthﬁpmﬁtemstructba raitee Mctbunmrtbo(rﬁub rsappfiine

diff h ' bet f f ' f
hese. two.mat ePPanEc Do b i 67 81 ph TGS Kb, SREhRE g PP
sapphire, at amibmagthatielﬁ@em@émlst)thmﬁmqoeelemﬁwme dvertta@dy.ase of  thick

substrates, to performa heat -t r thfor etachnpent at | ow
15 it may enote that in the two aforementioned exampies the dose of

the second species is at most equal to half of the dose of the first step.
According to a further embodiment a silicium substrate comprising a
layer of thermal SiO2 (of about 200nm) may be implanted first with Helium
atoms under implant conditions of 100keV at 1.10'® at/cm? and then implanted
20  with Hydrogen at 52 keV —4.10'"® AT/cm?® This source substrate is then joined
to a handle silicium substrate. A heat freatment around 275°C for less than 15
Q hours in conducted to induce growth of cavities localized at the peak of
hydrogen concentration level, the helium atoms participating in the
pressurization of the cavities by their migration. Final splitting at the same low
25 temperature is obtained and leads to the fransfer of a silicum layer on the
handle silicium substrate.
tn variant forms which are not detailed:
- the source substrate is another semiconductor of column IV, such as
germanium,
30 - the source substrate is a semiconductor compound, for example of [lI-V
type, for example AsGa or InP in particular.



tenperature, typically being |less than 250C. A heat-treatnent around 200C
next induces the gromh of the cavities localized at the peak hydrogen
-level, the heliumatons participating in the pressurization and in the
devel opment of those 10 cavities. Final splitting at the hydrogen profile

| eads to thewbnenmiere of the Si | ayer on the sapphire s b .t hout
breakage or degradation of either of the 1g$ubstrates der?@@g ?bpg?#%e

het erostructure after detachnment (the sapphire substrate having the thin
filmof Si on the one hand, and the initial Si substrate having had the
superficial thingf] Lt | not ed
that in the two géoérdt;ﬂ#é)%tg P%%E%é%%qsgs%}é?ﬁé%gggg [%?P%R%tﬁgcgc%ﬂ sp@@?‘es IS
at nost equal  t osbel s hiNbiheorddbaOnfin péwtictilar,st step. According to a further

nbodi nent ilici b { | Sj | f. | Si_02 (of about
200nm Ty be 1 miIeAHEE RPTEIe s FRARETLAENAIURE ol RN Bae 28R ons of
100keV at 1.1016tpt tpgdt audtiabels maRbaTdme GnoterWrhdrphios egReridtsueh 4eY -

4.1016 AT/cnR, Thjis source substrate is then joined to a handle silicium
substrate. A heaflogs efhardan lssd slice pLEomMs? POYRST .t han 15 0 hours in
conducted to ind ciavd Li ﬁ’FFéH t ; en
concentration | eﬁﬁﬂﬁ%gﬁétgﬁg\aﬁ %ﬁr}rﬁ pgrtl é'?%%??ﬁg}c"f Eﬁ?rﬁgék%%xs%@uréﬁ%@a on
of the cavities tgnstdismanomietarathic deposited kypdnyt apprgprate technigueeof depogis,

handre si 1| ci om SbslP9eE corRERSiscfh & AR Slpsliis g Bt Tep@§Ehed, "

sour ce substrat ecasesanot her sem conductor of colum 1V, such as gernmani um
30 - the source substrate i.,s .a sem conductor, conpound, for, exanple of IIll-V
Sy, Tor Bkanp) DoABtest sHbgtass: BiTasPreseth s 1apbo gD ammadate uppor.
PC#-EP2003/ 013145 14 - the source substrate is an insulator, for exanple of
ni obate or tantalite type, such as LiNoO3 or LiTaQ3, ,in particular, - the
target substrate is made froma crystalline material other than sapphire, -
the target substrate is made from anot her anorphous material such as a




5 glass other than fused silica or froma polyner, - the target substrate is
a sinple stiffening |layer, for exanple of oxide a few tens of nanoneters

t hi ck, deposited by any appropriate technique of deposit; it no |onger
corresponds to a bulk target substrate #6 in the represented cases. 10 -
the target substrate, when present, can just be an internmedi ate support. O
15 CLAIMS 1 A nethod of detaching a ClbAIMS il mfroma source substrate
conprising the steps of: (a) inplanting ions or gaseous species in the
source substrate so as to form therein a buried zone weakened by the
presence di deffenethodvdfetetaanirigng kidm filmn fromoapourse subsipdtarbmpgsiag tihe stepspeci es
that is aqﬁ,pt ed to form defects and inplanting a second species that is
adapted to ‘occupy the defects, wherein inplanting the first species is
carried out at (a) mgdantmgfibhs ioegaséauspepatics idahaconmet sudfstrateesd s rtoffolmm at a

first te r(]ara,ture jﬁ t he abEencd;SaD Oth t he Secofn%[fs ecies, and wherein

i mpl ant i % TRE LRUISH Foup BEPRNGUDY NG PIesgNS o eSS i npl ant dose | ower  t han

an i npl ant dosevheteit raplahtirg) cemprisesSmphanting B)firgtdpeticsnpat is ddaptedetaifemed zone

| eadi ng t%g*egcfs detachnment of ' ource sg‘l?estr
e

the thin filmfrom, th te,
wherei n t B BTG B saeend ArPres Dt G edaPEaC bhaCt R It BEER: hat i s
less than the wHersih implap@igather first aaecifésrtetcfamédcrgutgéetafaddﬁerlgufm;iérfnit@ pkirhim from
a source substrate rising.the steps ,of. (a) . anfing ions or. gaseous
oot oe i HeRRbEHTo BBl %t &Gy YEBEa RS in el anshos oL g SerBl SoRrie
weakened hkydt he presence of defects; and (b) splitting in the weakened zone
| eading to the detachnent of the thin filmfrom the source substrate,

wherei n the i &AM GP'ERUNG HGnTHGPEASPRGIBT SnEarrigd AUt At ab IBIaRS dese RweT i s

adapted than an implant dose of the first species; and
(b) splitting in the weakened zone leading to the detachment of the thin film from
the source substrate,
wherein the step of splitting is carried out at a second temperature that is less
than the first temperature.

2. A method of detaching a thin film from a source substrate comprising the steps
of:

(a) implanting ions or gaseous species in the source substrate so as to form
therein a buried zone weakened by the presence of defects; and

(b) splitting in the weakened zone leading to the detachment of the thin film from
the source substrate,

wherein the implanting step comprises implanting a first species that is adapted
to form defects and then implanting a second species at substantially the same depth as
the first species that is adapted to occupy the defects, wherein implanting the first
species is carried out at a dose sufficient to permit detachment of the thin film at a first
temperature, and wherein implanting the second species is carried out at a dose lower
than the dose of the first species,

wherein the step of splitting is carried out at a second temperature that is less

than the first temperature.

3. A method according to claim 1, wherein the source substrate comprises a
material selected from the group consisting of semiconductors, insulators, single crystal

materials, polycrystalline materials, and amorphous materials.




to formdefects and then inplanting a second species at substantially the
sane depth as the first species that is adapted to occupy the defects,
wherein inplanting the first species is carried out at a dose sufficient to
permt detachnment of the thin filmat agirst tenperature, and wherein

i npl anting the second species is carried out at a dose |lower than the dose
of the first speci es V\/nerein the step of splitting is carried out at a
second terrperatur IS an t he rst tenperature. hod
according®%o cl Fr’ih?. e\ﬁﬁ@p@ﬁ 'I?E“'Boﬂ?%@""st B SPYrse Uk ‘?F‘%’@E”st "ﬁ'ﬁl"@}\( al

sel ected fseminohb@ctgrsoup consi sting of sem conductors, insulators, single
crystal materials, polycrystalline materials, and am)rphous materials. 16
4. A method according to claim 3, wherein the source substrate conprises

G oup IV ssem gomeihet @cserding té\clakh Bodh@emand stdcé 8ubdtritdtdmpiideersficon.t he
source substrate conprises silicon. 6. A nmethod according to claim 3,
wherein the source substrate conprises a type 111-V sem conductor material.
7. A nethed acgomdthd dorli®y © daim\Bewréraint the s%gweC@b%tm@td@ﬁ;ﬁrségmywes an
i nsul at or s)ect ed fromthe Proup consi sting of LiNbG3 and Li TaG3. 8. A

met hod acd eaacwuetpémﬂeﬂa wherein the first species conprises hydr ogen.
9. A nethod according to claim8, wherein the first species conprises

hydrogen H ignic. 10. A nethod according to claim1, wherein the first
species i i rrpl%meér&f’daﬁc%{"'@l'agéooqla'”bﬁoﬁ{he‘ﬁlGh%tSBH'é’Pc?l@St@tf COMPHSER o

accor di ng ids|tbradefBcledth Bidgrblis c&RGARE of PRBIZANG IR, Ses hel ium 12, A
nmet hod according to claim1l, wherein the heliumis inplanted at a dose of

about 1 x 1016 to 5x 1016 atons/cnR. 13. A nethod according to claiml,
wherein tihge fi W&e@h@ﬁ%@é&&lmg\% bI%m@l?O\HFaerEQQh@ﬁrst @;5&|é§”&n$|ﬁ%8§‘ﬂy&r6§@?rat ure is

| ess than about 300 met hod according to claim1l, wherein before the
step of splitting in the weakened zone, the nethod further conprises

bonding the i m RBiRH dcBsrir tolchfim S Wiefein HEXFEY SHeBiek LomphidgedIRfarsytSHT at e.

ionic.

10. A method according to claim 1, wherein the first species is implanted at a dose of
about 10" atoms/ecm?.

11. A method according to claim 1 wherein the second species comprises helium.

12. A method according to claim 11, wherein the helium is implanted at a dose of
about 1210 to 5x10" atoms/cm?>.

13. A method according to claim 1, wherein the first temperature is about 500° C.
and the second temperature is less than about 300° C.

14. A method according to claim 1, wherein before the step of splitting in the
weakened zone, the method further comprises bonding the implanted face of the source
substrate to a target substrate.

15. A method according to claim 14, wherein the target substrate comprises an

amorphous material.

16. A method according to claim 15, wherein the target substrate comprises fused

silica.




15. A method according to claim 14, wherein the target substrate conprises
an anorphous material. 16. A nethod according to claim15, wherein the
target substrate conprises fused silica. 17 17. A nethod according to
claim 14, wherein the target substrate 1Gonpri ses one of a single crystal or
pol ycrystalline material. 18. A nethod according to claim 17, wherein the
target substrate conprises sapphire. 19. A nethod according to claim 14,
wherein t soyrce, sybstrate and.t t ar get ubstrate are br.ought into

"t mat e ddnt ol PRy ARRIANG IR SR 19 MAEAR o TR B TR RS e 41
wher ei n afingte dristalsir @plyofystaflinetmatedgl. t he met hod further conprises thermally
stabilizing the bonding interface. 21. A nethod according to claim1,
wherein before the step of splitting in the weakened zone, the nethod
further cdspri $esnefeg@bsacconiihga tetdldifnen7ngvHedgierthentdriet suvgitadantoechpriees of

t he sourc%aa&%%trate.

19. A method according to claim 14, wherein the source substrate and the target

substrate are brought into intimate contact by direct bonding.

20. A method according to claim 14, wherein after the step of splitting, the method
further comprises thermally stabilizing the bonding interface.

21. A method according to claim 1, wherein before the step of splitting in the
weakened zone, the method further comprises depositing a stiffening layer on the

implanted face of the source substrate.






