1 TRANSFER METHOD OF A THI N LAYER | NCLUDI NG AN OVEREMBRI TTLEMENT STEP
Technical field 5 The present invention concerns transfer nmethod of a thin
| ayer of a substrate, called source substrate, on a support called target
substrate. The invention finds applications in particular in the fields of
m croel ectronics, mcronechanics, 10 integrgted optics and integrated

el ectronics. For exanple, it enables the production of structures in which
the thin layer, which is made frommaterial selected for its physica
properties, is transferred on a support in order to forma stack with
several l|ayers. 15 Thus, the advantages of materials of the thin | ayer and

the support nay be COW*PRR&QFEEWETH@@SW ROTHIN 3YSER GIReRRING Anabl es
parts to be conbined in € sane

i nconpatibilities such as a S|gnDNEBENBRdﬂHﬁéWEWHbSﬂEHPmathernm
expansion 20 coefficients. State of the prior art The text that follows
refers to a certain nunber of docunents for which the conplete references
are specified Z2ocahilche eiglef the description. Among the nethods
generally used for the formation  of thin layers, in particular a splitting
net hod may be nmenti SR&d PEAIenknbirehéer cracsams tSirsieuimethgd of a

ilTustrated by dagumant,dl)or Bi133K8c3aEW 2 called source substrate, on a
support called target substrate.

The invention finds applications in particular in

the fields of microelectronics, micromechanics,
10 integrated optics and integrated electronics.

For example, it enables the production of structures
in which the thin layer, which is made from matérial
selected for its physical properties, is transferred on a
support in order to form a stack with several layers.

15 Thus, the advantages of materials of the thin layer and
the support may be combined. The transfer of a layer
especially enables parts to .be combined in the same
structure that a priori present incompatibilities such as
a significant difference in the thermal expansion

20 coefficients.

State of the prior art

The text that follows refers to a certain number of
documents for which the complefe references are specified

25 at the end of the description.
Among the methods generally used for the formation
of thin layers, in particular a splitting method may be
mentioned, well known under the name “Smart-cut” and

illustrated by document (1).
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The "Smart-cut” nmethod is essentially based on the inplantation of hydrogen
or another gas in neutral or ionic formin a substrate in order to form
there an enbrittled splitting zone. 5 In the case of a flat substrate, the
splitting zone extends, approximately parallel to its surface and is

| ocated in the substrate at a depth set by the inplantation energy. The
splsiitting zone thus delimts a thin superfi€ial layer in the substrate
that extends in 10 thickness fromthe splitting zone to the surface of the
substrate. A second step conprises the adhesion of the source substrate to
the target support so that the thin layer is integral with the target

support. The attachmaie of shhprleuthi mtdwd 19 EBechargeh ySUPPEs BRY diake
pl ace by neans of glue and/or through a bonding layer. It may al so take

pl ace by direct impleaHadricadhesi dwdregeen odrheasobberatgas sanf ageutnalt her
surface of the target orf. In this. latter,case, ,however, . it is

necessary for %%nt fe gﬁrgﬁac%% tahatgu%ﬁgraégi r g toof%%\(,a\r%é) hhPEM et heFR an
properties suchea®rdaad dd ajpleissiaid 2amve surface roughness. A last step in-.
t he met hod consists of fracturing the substrate along the splitting zone

to separate Yhe thi nImFhayeaserem pt fiate sehitrattenthenarad titdinggrzane
Dt R b bSRRE o PR TBLT Uk U3ST gd gy
supply in the fdowatfeda hiat theat sRibistrBtE3378: 3 EW depth set by the
implantation energy. The splitting zone thus delimits a
thin superficial layer in the substrate that extends in
10 thickness from the splitting zone to the surface of the

substrate. _

A second step comprises the adhesion of the source
substrate to the target support so that the thin layer is
integral with the target support. The attachment of the

15 thin layer to the target support may take place by means
of glue and/or through a bonding layer. It may also take
place by direct molecular adhesion between the substrate
surface and the surface of the target support.

In this latter case, however, it is necessary for

20 the surfaces that one desires to adhere have certain
properties such as good flatness and low surface
roughness.

A last step in the method consists of fracturing the
substrate along the splitting zone to separate the thin

25 layer from it. The latter then remains integral with the
target support.

In the case of the method described by document (1),
the fracture (or splitting) of the substrate is caused by

energy supply in the form of a heat treatment.
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3 The inplantation conditions define the splitting zone and govern the
separation of the thin layer fromthe substrate. Now, it has been observed
that too great an 5 enbrittlenent of the splitting zone after

i npl antation, although favourable for separation, causes deformations in
the surface of the thin |layer. The deformatiqgns are presented in the form
of *blisters and forman obstacle for attachment of the thin layer to the
target support. 10 This enbrittlenment that is too great nay be linked to
hi gh-dose ionic inplantation or to | ower-dose ionic inplantation conbined
wi th annealing. Too great an enbrittlenent may therefore induce the

appearance of bli st efife oniriglearsiitfiase addndieidms e fasidy sinke ddeitddng
enbrittled zone is near the surface. In certain applications it is desired
to obtain self ZUpAIEHEIIEH fFasSepprptien phathgafhie depysratfabm fihen

the source substygig Wdhout being previously attached to a support. 20
These thin filns may then be transferred later to different target
supports and, in partNawyl arittohasppbeies wihdembddh thet soubee giHesiy atgn
may not be adhered before separation of_the thin |ayer, for exanple, for

reasons of eomSERMINGISIGI t REr il eXPARSFERICHGNS cRERES. TP Ilgntathikon,

Pl och b Encn PR PRSI, ook pal DL0R0SE" AL ons

the separationiof the eurdiacal cfibsheattthin oregetrhi ITHe | deformations are
presented in the form of blisters and form an obstacle
for attachment of the thin layer to the target support.

10 This embrittlement that is too great may be linked
to high-dose ionic implantation or to lower-dose ionic
implantation combined with annealing. Too great an
embrittlement may therefore induce the appearance of
blisters on the surface all the more easily since the

15 embrittled zone is near the surface.

In certain applications it 1is desired to obtain
self-supported thin films, that is, that may be separated
from the source substrate without being previously
attached to a support.

20 These thin films may then be transferred later to
different target supports and, in particular, to supports
with which the source substrate may not be adhered before
separation of the thin layer, for example, for reasons of
compatibility of thermal expansion coefficients.

25 On this subject reference may be made to document
(2) which proposes a method derived from that of
document (1).

Document (2) proposes a method enabling the

separation of its original substrate from a thin film
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B 13378.3 EW4 which is self-supported. For that, it is necessary for the
i npl ant ed gas species to be found at sufficient depth and/or that, after
the inplantation step, a layer of material is deposited that enables the
structure to be 5 made rigid to obtain separation at the level of the

i npl anted zone w thout having blisters. The iJlustration of the technique
for- formation of thin layer by splitting of & substrate may be conpl et ed
by docunent (3) which suggests conpleting the fracture 10 (splitting) heat
treatment of the substrate by exerting nechanical bending, tensile or
shear forces. Docunment (4) which also describes a nethod based on the

principle establysiel by desufeniphditsaowsdhathdde ilthel smhebedgelrwsedr
to cause the fracture of the source 15 substrate depends on thermal budgets
of all the heat the ebipdanEed ngasedrefiehe tookec & osumek atatx &l edeent depth

| Mol antati on up g4 fdActure. Thepmal budoefrd s pndersioad 4o be the o of
IW%a? men ﬁair. 20°Y

duration of heat treatnent/tenperature of réa 0" fn~a
certai n nunber aiategpialTatisondepdsited nebassasyables ashenbderacthire |tayepe

of a source substrate with a target support that presents a_therm
expansi on cgef Magdentt 1@ ¥% efont OPF8HNt h2gPdFat kel s Al cdhsubdevsde. ofn the

these applicati ofigp1ddtH8N26RL | WithbGEYR 9in§5b§§9589ﬁ.the structure
obtai ned after assenbling the source substrate and the target support,
with a heat treatnerffthei thlastiretrnen mfigehesufefdhriiente t Hogudioamtadd ort hef

separation of tm%fﬁ"Ta§8¥e%J'é%Tf€¥ié§“5%ea substrate may be completed
by document (3) which suggests completing the fracture

10 (splitting) heat treatment of the substrate by exerting
mechanical bending, tensile or shear forces.

Document (4) which also describes a method based on
the principle established by document (1) shows that the
thermal budget used to cause the fracture of the source

15 substrate depends on thermal budgets of all the heat
treatments imposed on the source substrate since
implantation up to fracture.

Thermal budget is understood to be the duration of
heat treatment/temperature of heat treatment pair.

20 In a certain number of applications, it is necessary
to assemble a thin layer of a source substrate with a
target support that ©presents a thermal expansion
coefficient different from that of the source substrate.

In these applications, it generally tricky to

25 subject the structure obtained after assembling the
source substrate and the target suppoft, with a heat
treatment with a thermal budget sufficient to guarantee
the separation of the thin layer from the source

substrate.
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substrate. B 13378.3 EW5 One solution to this problemthen consists of
nmodi fying the inplantation conditions by carrying out overdosage of

i mpl ant ed species. Such an overdosage in fact, enables the thermal budget
of the separation 5 fracture (splitting) to be reduced. By way of exanple,
when the source substrate is a silicon wafer a dose of inplanted hydrogen
lons of 1 x 1017/cnR instead of 6 x 1016/c for a heat treatnent

duration of several hours enables its tenperature to be 10 |owered to 280C
from 400C. The solution consisting of overdosing the inplantation however
I's not always satisfactory because of the difference of the thermnal

expansi on coef fici enppnet hal10RY oI Ho baineen grepBest £RéR aBBnbhets of
support. In 15 fact, the thermal budget necessary for the separation may

be such that itmodufgsinghetbepaimplantatiohe cemditiers L GfE Migisbr out
and/ or the break of the subsirate.and/ o he.supp | n_t hej n

al ternative sol QVPEA°SE9&? én§@ﬁ5&§¥{oﬁﬁegbagét§%%ﬁ{tﬁé téﬁ?gﬁéééﬁétui?
the target suppgpttyndenaties eftirct wHehdT eriendget easpanshen sepsirsttsoof

thinning down the source substrate before the fracture (splitting) step.
This solutidn, Suggssred (spldétdment ts)pehdiRdrged. 25 presents the drawback

of an additional thingning opetat] d co i jigni £ Lcant

material. The use of%¥é8%§ﬁi§% %%ﬁhﬁgg%oﬁﬂgépgﬁgii%gHgﬁé Yuue e 15030
silicon wafer a dose of implanted hydrogen ions of
1 x 107/cm?® instead of 6 x 10'%/cm®? for a heat treatment

duration of several hours enables its temperature to be

10 lowered to 280°C from 400°C.

The solution consisting of overdosing the
implantation however is not always satisfactory because
of the difference of the thermal expansion coefficient
that may exist between the substrate and the support. In

15 fact, the thermal budget necessary for the separation may
be such that it causes the separation of the substrate
and the support and/or the break of the substrate and/or
the support in their bulk.

An alternative solﬁtioﬁ to avoid a separation

20 between the thin layer and the target support under the
effect of differential expansion consists of thinning
down the source substrate before the fracture (splitting)
step.

This solution, suggested by document (5) however,

25 presents the drawback of an additional thinning operation
and that of consumption of significant material.

The use of mechanical forces for separating the
source substrate from the thin layer, such as mentioned

above with reference to document (3), also enables

B 13378.3 EW



source substrate fromthe thin layer, such as nentioned above with
reference to docunent (3), also enables B 13378.3 EW6 reduction of the
fracture thermal budget, especially in the case where the materials in
contact present different thermal expansion coefficients. The exerting of
mechani cal forces on the source substrate and/or the 5 target support is
not:- al ways possi bl e however, especially whéh the nmaterials used are
fragile or when the splitting zone is not enbrittled enough by ionic
inplantation. Finally, the techniques of thin | ayer separation and
transfer, described above, involve a certain nunber of 10 constraints and
conprom ses. Th nsirajant re..l dd i by 2 fs
mat eri al s used f%&u.?g?%ﬁt ﬁ)efn s%?cgréggg? r%atﬁer,{é]?ﬁéeitgygalé%/eré%ﬁedé%%% arlrglet
support. 15 St atieseotsef whbeei nhenmadre riled sprigseruntianvempreosehtsdi ifegeoak

of proposing a transfer nethod, of a thi .ay.er, not esentin n
difficulties antlfFRetati SKE2BFLPRe pr&E Nisren %éﬁﬁve.e %rgﬁéggoanis

in particular tg.PhoROES]SUELr8esPIOCEedHE WG IS8Rba tradecednagven EAEO,
thermal budget to obtain a separation fracture of the thin |layer. Another

goal is to Pproposegenh adppbet tisamsferalwestsh@pbofikis mowseer onegreaigédy
support, in which th

Support’ presentahi FBPoRE ERAPHA UERShhcort KA Qanticr ofnt PS8Rk Frips
goal is to propgsgeaitransfempretBedd enough by ionic implantation.

Finally, the techniques of thin layer separation and

transfer, described above, involve a certain number of

10 constraints and compromises. These constraints are

imposed in particular by the type of materials used to

form the source substrate, the thin layer and the target

support.

15 Statement of the invention

The present invention has the goal of proposing a
transfer method of a thin layer, not presenting any
difficulties and 1limitations of the procedures given
above.

20 One goal 1is in particular to propose such a
procedure which uses a reduced, even zero, thermal budget
to obtain a separation fracture of the thin layer.

Another goal 1s to propose an adapted transfer
method of thin layer on a target support, in which the

25 materials of the thin layer and the target support
present different thermal expansion coefficients.

Still another goal is to propose a transfer method
in which excellent surface state of the source substrate

(without blisters) may be preserved so as to allow good
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in which excellent surface state of the source substrate (w thout
blisters) may be preserved so as to allow good B 13378.3 EW7 adhesion
with the target support, with or wi thout binding support (glue), and by
enabling a very enbrittled splitting zone to be obtained. Lastly, a goal

of the invention is to propose a 5 transfer, nethod enabling a thin |ayer
to be obtained on the target support after'%ransfer, whi ch presents a free
surface with | ow surface roughness. To reach these goals, the invention
nore precisely has as a goal a transfer nmethod of a thin layer of a 10
source substrate on a target substrate including the followng steps in

order: a) inplantatl o8y ofitANSHE t82YeTPRIPPD L) LI IS QUK CRi tsolst bahaing
as to formthere a zone, called splitting, = which delimts said thin |ayer
in the substratsusporte, (g3ue) ,trarsf erbyf ehabdédngce asubmrvt eewhriftled

target support d the interl ockjng the thin layer with the target
support, c) sep%?giFBﬁngfz?ﬂg ?Rihe|8§%P1PF8n1the source substrate al ong

the splitting zone, 2QstDy¢ord ogaNCeow tthd he nvewediononispri®r propisep b)
the method includes: formation of a filmthickness with material between
the splittify zonenafidrt Rethad frakkinthea &st rA¥eBsuEA OfatoRFRined on

]Eglr Ct(ﬂ:sfsi : rsn ?g@%t%e%gé:hgfa’suspg%)?étré%?a%’%e e PEAE£8r! T Ml hNigs T 4 Na Ok deE
surface with low surface roughness.

To reach these goals, the invention more precisely
has as a goal a transfer method of a thin layer of a

10 source substrate on a target substrate including the
following steps in order:

a) implantation of ions or gas species in the source
substrate so as to form there a zone, called splitting,
which delimits said thin layer in the substrate source,

15 | b) transfer of the source substrate on the target
support and the interlocking of the thin layer with the
target support,

c) separation of the thin layer from the source
substrate along the splitting zone,

20 In conformance with the invention, prior to step b)
the method includes:

- formation of a film thickness with material
between the splitting zone and the surface of the
substrate such that this thickness is greater than, equal

25 to or near a limit thickness in order for the film to be
self-supported, and

- overembrittlement of the splitting zone (16)
caused by heat treatment and/or exerting mechanical

forces on the source substrate.
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- overenbrittlenent of the splitting zone (16) caused by heat treatnent
and/ or exerting nechanical forces on the source substrate. B 13378.3 EWS8
According to a first production nmethod of the invention, the step for
formation of a filmthickness consists of carrying out inplantation step
a) so as to obtain the splitting zone at said thickness, the film 5 then
bei-ng formed by the thin layer. According t& a second production nethod of
the invention, the step for formation of a filmthickness consists of
carrying out a step for formation of a layer called thickener on the thin.
| ayer, the thin layer and 10 the thickness layer then formng the film

The limit thickness gf-dheifg! mbs hherlhiseknesedueralii Nenddibdt réEt Ugget 0
be made rigid to obtain separation of the filmat the splitting zone

Wi t hout appearimoentofosur frice btept efar formattlons dfmia £51mhi EhiekBeshat

bl | f- d fil ' . s thi '
par i cul o on® SUHERT SaPtprater g BhY ety “ERERACPER e Moo

separation condigiHNns Qﬁqe%tspwitiﬁg e@®| et ssshdaxHikndsw) eade i Ailm
tenperature of the heat treatnment. 20 According to an advantageous method,
the inventi bn thewn betnadéermeed pyothet £BAN Bav8te step b), of all or

ot oee o SEAThs " EACTRCTRLR O McePBlookeekan™ 6r  th

perfornmed in stgpvéntismy tMee ptape fuowerdimattion of a film thickness
consists of carrying out a step for formation of a layer
called thickener on the thin layer, the thin layer and

10 the thickness layer then forming the film.

| The limit thickness of the film is the thickness
enabling the structure to be made rigid to obtain
separation of the film at the splitting =zone without
appearance of surface Dblisters. It is this limit

15 thickness that enables self-supported films to be
obtained. This thickness depends in particular on
mechanical properties of the materials, but also on
separation conditions of step c) for example, such as the
increase in temperature of the heat treatment.

20 According to an -advantageous method, the invention
also includes the production, before step b), of all or
part of microelectric and/or micromechanical and/or
optoelectronic components. _

The separation of the thin layer from the source

25 substrate performed in step c), may take place under heat

treatment, mechanical forces or these actions combined.
Now, as a result of the overembrittlement step, the
thermal budget and/or the mechanical forces used during

step c) for the separation fracture may be specifically
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treatnment, mechanical forces or these actions conbined. Now, as a result of
the overenbrittlenent step, the thermal budget and/or the nechani cal
forces used during step c) for the separation fracture nmay be specifically
B 13378.3 EW9 reduced. This has the goal of not causing the adhesion
between the thin filmand the target support to break, even in the case of
a dirfference in thermal expansion coefficiefts of materials pl aced in
contact. 5 Another advantage of the invention is to suppress or reduce the
mechani cal forces exerted on the parts in contact and thus to avoid their
deterioration. The separation is thus made easier. It is advisable to note

that the overenpddideRiTenthidOnslsePchs Beh1l id t gt bydila rRf f 8ES dfhesion
constraints of differential expansion insofar as this step is carried out

before the trandbledwesh tbleesélvice Subnt pade Wre t hargesr AIPRAPPOED (tegk,
b). According tg_an advantagequs _aspect, th 15 overembritil nt. . ste

i ncl udes heat treatheht &sheeg %latsﬁ ogfet ﬁerérla)lefebﬂ%%? d‘r%eaif%érrrfl%gﬁ o aenqs@'an
to 50% and preberailolgieatel Mdriis pladde Dyvesahtadbermal  budget
enabling the separation. The overall thermal budget considered here takes

20 into account not &WAFhate FB@NEIIRMentRe pERYBRARED WAt KPn SURPLRSS QX
rameork o SORSREISLAL EoMVERL Rorlll, Shasarmieceraogite e
depositing natemk@t%dﬂ1tdnﬁtiﬁhuéayem batwtdn sheps deterioration. The
separation is thus made easier.
It is advisable to note that the overembrittlement
10 step is not limited by the effects of constraints of
differential expansion insofar as this step is carried
out before the transfer of the source substrate on the
target support (step b).
According to an advantageous aspect, the
15 overembrittlement step includes heat treatment used with
a thermal budget greater than or equal to 50%, and
preferably greater than 60%, of the overall thermal
budget enabling the separation.
The overall thermal budget considered here takes
20 into account not only the heat treatments performed
within the strict framework of the method of the
invention, but also comprises possible heat treatments
used, for example, for the production of components of
for depositing materials on the thin layer between steps
25 a) and b).
As mentioned previously, steps c) and the
overembrittlement step may include exerting mechanical

forces.
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25 a) and b). As nentioned previously, steps c) and the overenbrittlenent
step may include exerting mechanical forces. B 13378.3 EW10 These
mechani cal forces conprise, for exanple, the application of forces in the
form of nechani cal pressure and/or mechanical stress and/or forces in the
formof gas pressure. 5 The separation heaj,treatment may also be chosen
sufficient to cause separation of the thin Tayer during step c) by sinple
di stance between the source substrate and the target support or a total
separation only by this heat treatment. 10 The inplantation step a)
enables the formation of cavities in the source substrate |ocated within
the splitting zone.THéwe caechieescadr fvcecacompessel, pf@t ebgbmplle, the

m cr obubbl es) may .be presented_in different forms. They 15 may be
spherical and/ c?rf}iﬁ’act%o%]n%rb W?_t ﬁoﬁFetshil&ng%% g‘Pr‘BnW TerbamiGadt eI ES
spaci ngs. Mrequi/ot Me@avhibes stBYs§08haYBrarbre8sIas RIASE AN/ F S4B
of gas derived frominplanted ions, attached to the atons of materi al

form ng the walR&EsHulithe cavities, or containing very 20 little gas gp

T M R SR A A W G

coal escence of salffiariqray ttof chlige pdrESiodhercadLsEeNce 16hds CRUSHSy

the step c) by simple distance between the source substrate
and the target support or a total separation only by this
heat treatment.

10 The implantation step a) enables the formation of
cavities in the source substrate located within the
splitting zone.

The cavities (or microcavities or platelets or
microbubbles) may be presented in different forms. They

15 may be spherical and/or flattened with at thickness of
only several interatomic spacings. Moreover, the cavities
may contain a free gas phase and/or atoms of gas derived
from implanted ions, attached to the atoms of material
forming the walls of the cavities, or containing very

20 little gas or even no gas.

The heat treatments undergone by the source support,
and in particular an overembrittlement heat treatment of
the method, lead to the coalescence of all or part of the
cavities. The coalescence thus causes the

25 overembrittlement of the substrate in the splitting zone.

In addition, this phenomenon énables a free surface
of the thin layer with low surface roughness to be

obtained after the transfer and the separation fracture.
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25 overenbrittlenent of the substrate in the splitting zone: In addition,
t hi s phenonenon enables a free surface of the thin layer wwth | ow surface
roughness to be obtained after the transfer and the separation fracture.
B 13378.3 EW 11 The layer of thickener, for exanple fromSi, Si02, Si3N4
or even SIiC, covers all or part of the thin_layer. The thickness of the

t hickener layer to obtain a film t hi cknesstts chosen for exanple in a
range from3 to 5 10 mfor a SiQ2 thickener. It is advisable to point out
that a |ayer used as thickener layer may be a layer that is also used in
all or in part for the production of electronic, optoelectronic or

mechani cal conponentghOnihhersye acRi OkendP, t B N kah@Yer £rihe dnveBtpoon
al so concerns a transfer nethod of a thin |ayer of source substrate

i ncl udi ng the fBlsNeworg evsirepiCa) conpranedii er afaitonefokhgadtsizeclagern
whi ch del i m & B PRI ERSerof n tthe PAUBEEPEF e O eorOh) Y b ofar Bt Bn
of the thin |ayaiidkmsss hes senbsensuuyt r akampliendin he sphhgéi r@ene, 28
in conformance with the invention, the nmethod includes prior to step b):
formati on ob a X¥Q [pym tfoxlkneSOmitthi aketrerri.al  between the splitting zone and
the surface of the substralgushdnal this hickngrs,l s ogger har
equal P yer use
thickener layer may be a layer that is also used in all
or in part for the production of electronic,
optoelectronic or mechanical components on the surface of
10 the thin layer.

The inventibn also concerns a transfer method of a
thin layer of source substrate including the following
steps:

a) implantation of ions or gas species in the

15 source substrate so as to form there a zone, called
splitting, which delimits said thin 1layer in the
substrate source,

| b) the separation of the thin layer from the
source substrate along the splitting zone,

20 in conformance with the invention, the method
includes prior to step b):

~ formation of a film thickness with material
between the splitting zone and the surface of the
substrate such that this thickness is greater than, equal

25 to or near a limit thickness in order for the film to be
self-supported, or |

- overembrittlement of the splitting zone caused by

heat treatment and/or exerting mechanical forces on the

source substrate.
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25 to or near a limt thickness in order for the filmto be

sel f-supported, or - overenbrittlenent of the splitting zone caused by
heat treatnment and/or exerting nechanical forces on the source substrate.
B 13378.3 EW 12 The invention enables very significant overenbrittlenment
to be obtained that may go up to 80 to 909’$f the conpl eter separation as
a result of the presence of a thickener. s thickener is deposited on 5
the surface with the goal of increasing the overenbrittlenent. O her
characteristics and advantages of the invention will appear better with

t he description which wll follow, in reference to the figures of the

encl osed 10 dr awi ngsrhe'l'hl S desehitllonon i SefbkeBaspur el yeby way sifgnificant
illustration and is not limting. Brief description of the figures Fj ure 1

is a d|agrammﬂqvﬁﬁﬂmhﬁkﬁﬁkﬁm%P%oE@c@e Phtaiped fitatarfeRy | #asHPaltds
operation for igpl antati %% b bggzerF'ggkgr%tH% aeQFagéa”PééhEtSGSE'Oﬂh@f

a source substrate 0 gure illustrates t ormati on of
t hi ckness | ayerpre¥kencdi gir @ khiclemkagr Imisat itth isderieon b$ depmﬁuned on

substrate of Figure 2 and illustrates aB overe rl%Flenent st ep. Figure 4
is a di agrarmatiie secttbhre? a Withuct GRE foﬁﬁ@ h trat®e of

Figure 3, overembrittlement.

Other characteristiés and advantages of the
invention will appear better with the description which
will follow, in reference to the figures of the enclosed

10 drawings. This description is given purely by way of

illustration and is not limiting.

Brief description of the figures

- Figure 1 is a diagrammatic section of a source

15 substrate and illustrates an operation for implantation
of ions.

- Figure 2 is a diagrammatic section of a source
substrate of Figure 1 and illustrates the formation of a
thickness layer.

20 - Figure 3 is a diagrammatic section of a source
substrate of Figure 2 and illustrates an
overembrittlement step.

- Figure 4 1s a diagrammatic section of a
structure formed of the source substrate of Figure 3,

25 transferred on a target support.

- Figure 5 1is a diagrammatic section of the
structure of Figure 4 after separation fracture of the

source substrate.
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25 transferred on a target support. Figure 5 is a diagrammatic section of
the structure of Figure 4 after separation fracture of the source
substrate. B 13378.3 EW13 Detail ed description of a nethod for use of the
i nvention The description that follows is related to transfer of a thin

| ayer of silicon on a target support of fusgg silica (inmproperly called
quartz). 5 However, the invention nay be us for other solid nmaterials,
whet her or not they are crystalline. These nmaterials may be dielectric,
conductor, sem -insulating or sem conductor. Likew se, the target support
may be a final or an 10 internedi ate support, such as a handl e, nassive

substrate or npbkihkagargsgbstipation bF Ramettlddrfort esdRihathd ahwent en
advantage of fOr the transfer of layers ol non-sem conduct or,

ferroel ectric, piezo8hecdesetimtdianalhatichohsovsr 185 redahae, toi NseBsfsr
[11-V sem condugtors l.AR silico i | e

an initial siIié%nasJ%ggya?%yégég$hglqﬁ§%%bfhtnﬁegsgéggi%%nggg{i%% gpggﬁ
hydrogen ions iafictebedimpirbbealyowall2d Fuastizypl antati on corresponds to

step al) 20 of the method. The inplantation, carried out for exanple w.th
a dose of & x 1016/ BRPCERA- atiénetyyeRELID REY, Rsapped s mihen §plid

m crocavities 14,{n,$UBStr afSedfet Jt JRBEN Byt NE-OT 4850517000 A These

materials may be dielectric, conductor, semi-insulating

or semiconductor.
Likewise, the target support may be a final or an
10 intermediate support, such as a handle, massive substrate
or multilayer substrate.

In particular, the method may be taken advantage of
for the transfer of layers of non-semiconductor,
ferroelectric, piezoelectric materials such as for

15 example, LiNb0O3, or III-V semiconductors such as AsGa,
InP on silicon or SiC.

Figure 1 shows an initial silicon substrate 10. The
latter undergoes implantation of hydrogen ions indicated
with arrows 12. This implantation corresponds to step al)

20 of the method.

The implantation, carried out for example with a
dose of 6 x 10%/cm® and an energy of 70 kev, enables
formation of microcavities 14 in substrate 10 at a depth
on the order of 7000 A.

25 This depth also corresponds to the thickness of the
thin layer 18. The latter is delimited at the surface of
the substrate by a zone 16, called splitting, comprising

microcavities 14.
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25 This depth al so corresponds to the thickness of the thin layer 18. The
latter is delimted at the surface of the substrate by a zone 16, called
splitting, conprising mcrocavities 14. B 13378.3 EW14 Prior to, or
preferably after, this inplantation the superficial thin [ayer 18 nay be
subjected to other treatnents, known in thepmselves, for the formation of
el ectronic, optical or nechanical conponents®in this 5 |ayer. These
conponents are not represented in the figure for reasons of clarity. In
this case, these steps are taken into account for overenbrittlenent.

Li kew se, for better readability of the figures, the different |ayers or

characteristics reprgsgiyt et arer N9terdPabePr g5eatedraceongipl@rita ta amitfior m
scale. In particular, the very thin |ayers are represented with an

exag%_erﬁt ed t]tmqihem“sis:ia:.ﬁ giha 2, lalyieeh 8rrespones tHRIRCEe@p $Qr UL Hf

a thickness of_t rocedure, sho t.he Ltin 15 .

silicon oxide 5 SA Igtﬁ'hi é‘l?r? S ﬁ ttfrhaenggéd)g‘?é%? , g%)%f gr@ggt e#’ﬁgg{r"ﬁlgﬁmqf on
the thin layer ch&cthihid@yeroptifcasl | ica®n nedhimical orcomporpret slepiosi tedi dy
a plasma- assisted chem cal gas-phase deposition at a tenperature of 300C.
The t her mal 5 budgater arthesR sePmReNeRES 2EBYNOY AGBLESERE o idardif & vfure

plisters duringghe, 8beRntolor PLAdUGEON £ ihid hegkagsknele Lavgs lre

silicon oxide acts as thicken the thin |ayer I n ot her words,
it has the goaltaien pireeddgumief HDsrmadvencnbribelenentt ayer under the

effecp Likewise, for better readability of the figures, the

different layers or characteristics represented are not

10 represented according to a uniform scale. In particular,

the very thin layers are represented with an exaggerated
thickness.

Figure 2, which corresponds to the step for use of a

thickness of the procedure, shows the depositing of a

15 layer of silicon oxide 20 with a thickness on the order
of, or greater than 5 pm, on the thin layer 18. The layer
of silicon oxide is for example deposited by a plasma-
assisted chemical gas-phase deposition at a temperature
of 300°C. The thermal budgets are chosen so that they

20 avoid the appearance of blisters during the step for
production of the thickness.

The layer of silicon oxide 20 acts as thickener of
the thin layer 18. In other words, it has the goal of
preventing deformation of the thin layer under the effect

25 of later heat treatments.

Figure 3 corresponds to the overembrittlement step
of the method. During this step, the substrate undergoes
treatments aiming to embrittle the splitting zone 16 even

more.
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25 of ‘later heat treatnments. Figure 3 corresponds to the overenbrittl ement
step of the nethod. During this step, the substrate undergoes treatnents
aimng to enbrittle the splitting zone 16 even nore. B 13378.3 EW15 1In
the exanple illustrated, one proceeds with a heat treatnment that is carried
out at a tenperature on the order of 450C for a period on the order of 12
mn. This thermal budget is preferably high $ than 60% of 5 the thernal
budget necessary to obtain separation only by annealing. Such
overenbrittlenent is possible with sufficient thickness of the film it is
observed that the heat treatnent causes partial coal escence of the

mcrocavities 14 andd hene 10xambiétinyusopetdd, buei pgoickiesisopartat iaorhedthe
t hi ckness | ayer 20 which covers the thin layer 18, prevents its

def ormati on and-A4RtHRRY | EBRAr , 1pr 6PEREES nRUTF odtat P ort TIPHIF SR s O r-iite
absence of this | e:%# b‘idé(?"tggr-oor‘g'%g'ﬁdeﬁ%eod ]bgjelrﬂﬁéﬁel%rén?or appeps R{‘M.h a heat

treatnent at 4 e or h, Which cOrresponds

only to a heat treathentti&bngl bhageof ikhprbeatrableahiiRier RECASSEIY SOI
the separation. The heat treatnent may be followed by a polishing 20 step

of the freeSsurfcethprnat brdgrenepcPagary289j otaino SRRt Qthenly by
[ouanness o U ARE, 0P SEPaREr LPIBhECUIY TLuLagE o
- sufficient thickness of the film.
It 1is observed that the heat treatment causes
partial coalescence of the microcavities 14 and the
10 splitting zone 16.
During this operation, the thickness layer 20 Which
covers the thin layer 18, prevents its deformation and in

particular, prevents the formation of blisters.

In the absence of this layer, blisters would be

15 likely to appear with a heat treatment at 450°C after a
period on the order of 2 min, which corresponds only to a
heat treatment 10% of that of the heat treatment
necessary for the separation.

The heat treatment may be followed by a polishing

20 step of the free surface of the thickener layer 20 just
to improve the roughness of the surface so as to prepare
for molecular gluing.

Figure 4 shows the transfer of the source substrate
10 on a target support 30 which, as it happens, is a

25 quartz wafer.

The transport is carried out so as to place a flat
surface of the target support in contact with the free

flat surface of the thickener layer 20.
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10 on a target support 30 which, as it happens, is a 25 quartz wafer. The
transport is carried out so as to place a flat surface of the target
support in contact with the free flat surface of the thickener |ayer 20. B
13378.3 EW 16 Mol ecul ar adhesi on forces exerting at the |evel of the
surfaces placed in contact ensure the interigcklng‘ (attachnent) between

t he- source substrate and the target suppor 5 When such a nol ecul ar
adhesion is not possible because of the nature of nmaterials or the quality
of the surface, the transfer may take place through a binder or glue. The
mol ecul ar adhesion forces may be reinforced for 10 exanple by heat

treatment and/or sumnNcecWILpPabdahesisn Ifordde exarplagi ldtusthat edveandof
because of great differences in thermal expansion coefficients between the
silicon and tHo&uaprEaceRe maged r & nePRLRSt caNSWE® obibeatinterlocking v

| ow tenperature,, Ctb rPE)de]Be $1e200Cnel Yok cel Ss it thf ﬁﬁ r&fhr ;C rggﬁf

treat nent may contr| ute to |n ucing constraints suc
t he substrate|anﬁnrtobtalned along this zone. Figure 5 i 11 ustrates step

c) of the t hod whi h rrespon a fragture of the source
substrate. The fra i aé‘é’cﬁaﬂ % héa‘g'bqsiltqr? ngdoMPangossible

separates the tHBd’ads?é/eéf 1§hér9mth% ro@f”@ﬂaﬂ!é!ﬁh@?étoﬁfthéh%u@iqsttyr Y dfe
This latter part then may be reused f
surface, the transfer may take place through a binder or
glue.
The molecular adhesion forces may be reinforced for
10 example by heat treatment and/or surface preparations. In
the example illustrated, and because of great differences
in thermal expansion coefficients between the silicon and

the quartz, the heat treatment is carried out at a

relatively low temperature, on the order of 200°C, for a
15 period of 20 h.

This heat treatment may contribute to inducing
constraints such as; the fracture of the substrate may be
obtained along this zone.

Figure 5 illustrates step c¢) of the method which

20 corresponds to a fracture of the source substrate. The
fracture takes place along the splitting =zone and
separates the thin layer 18 from the remaining part of
the substrate 10. This latter part then may be reused for
example for a new thin layér tiansfer.

25 The thin layer 18 remains integral with the support
30 through the thickener layer 20.

In another example, not represented, where the
thickness of the thin layer is extensive enough to avoid

deformations, the thickener layer may be omitted. The
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exanple for a newthin |ayer transfer. 25 The thin | ayer 18 remains
integral with the support 30 through the thickener |ayer 20. |In another
exanpl e, not represented, where the thickness of the thin layer is
extensive enough to avoid deformations, the thickener |ayer may be
omtted. The B 13378.3 EW 17 thin |ayer if7then directly in contact with
the target support. By way of exanple, the use of a substrate of Si C may
be nentioned, that is inplanted with approxinmately 200 5 KeV so as to
obtain a filmof approximately 1.5 mw thout thickener. In this exanple,
the overenbrittlenent may be obtained wthout thickener. The fracture of
the source substriat elapyr béscatisertl dhyeexéit ity aontabaniwgialh f ehee ey
by a heat 10 treatnment. In the exanple illustrated, a razor blade (not
represent ed) mEyPPOLthserted by hand at the level of the enbrittled zone.

The invention applies, Raf gl A€ [t &Qﬁ o%5ap§QQBEEEQ@ Qfe %fdﬂdh%
which t 0

| ayer of silicon on the fused silica in e principal concern is
have a transpakentmestppoed, witthata $eniiguncarctet wayér apwtoxayatatiuddo
conponents._20 _DOCUMENTS CI TED (1) FR-A-2 681 472 (US-A-5 374 564) é2)
FR-A2 738 671 F6¥. ASQ 738 3oub) oRtRirFraa fijmg @61 approximately 1.5 ‘um

without thickener. In this example, the overembrittlement
may be obtained without thickener.

The fracture of the source substrate may be caused
by exerting a mechanical force and/or by a heat

10 treatment.

In the example illustrated, a razor blade (not
represented) may be inserted by hand at the level of the
embrittled zone.

The invention applies particularly well to the

15 production of a thin layer of silicon on the fused silica
in which the principal concern is to have a transparent
support with a semiconductor layer that may include

components.

20 DOCUMENTS CITED
(1) FR-A-2 681 472 (US-A-5 374 564)
(2) FR-A2 738 671 (US-A-5 714 395)
(3) FR-A-2 748 851
(4) FR-A-2 767 416

25 (5) FR-A-2 755 537
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(4) FRA-2 767 416 25 (5) FR A-2 755 537 B 13378.3 EW18 I!1111J I1111]
~~[JlI 11111 11 1111 * CL MS CLAIMS 1. Transfer nethod of a thin |ayer
(18) of source substrate (10) on a support target (30) including the
followi ng steps: a) inplantation of ions or gas species in the 5 source
substrate so as to formthere a zone (16), | |l ed spli+tting—which
detimts said thin layer (16) in the substirate source,

source substrate on the target support and the interl ocﬁ[!lmmﬂ im m! Imr
| ayer with the 10 target support, c) separation of the thincla *
fromthe source substrate (10) along the splitting zone, characterlzed I n
that it includes prior to step b): formaQLNIMHE a filmthickness with
material 15 between the splitting zone and the surface of the substrate
such that this thickness is greater than, equal to or near a limt
thickness in order for tW%JdéfEfchéﬁhoéebf SURRAN ethy&nd(18) of source
overenbrittlenent of the splitting zone (16) 20 caused by heat treatnent
and/ or exerti ngubpsthmtiecal(10) orares aonsupeosburtargatbst(Bal e. inclpgingd the
?ﬁgogghpgeto Of@fTS%fﬂ% slégg}he separation of the thin layer (18) from

a) implantation of ions or gas species in the
5 source substrate so as to form there a zone (16), called
splitting, which delimits said thin layer (16) in the
substrate source,
b) transfer of the source substrate on the target
support and the interlocking of the thin layer with the
10 target support,
c) separation of the thin layer (18) from the
source substrate (10) along the splitting zone,
characterized in that it includes prior to step b):
- formation of a film thickness with material
15 between the splitting =zone and the surface of the
substrate such that this thickness is greater than, equal
to or near a limit thickness in order for the film to be
self-supported, and
- overembrittlement of the splitting zone (16)
20 caused by heat treatment and/or exerting mechanical

forces on the source substrate.

2. Method according to Claim 1 in which the
separation of the thin layer (18) from the source
25 substrate (10) is caused by a heat treatment and/or by

exerting mechanical forces.
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25 substrate (10) is caused by a heat treatnent and/or by exerting
mechani cal forces. B 13378.3 EWI I!11G 111211 1UJ2 (i1 11 1"1 19 L S
3. .Method according to CQaiml or 2 in which the overenbrittlenent

i ncl udes a heat treat th a thermal budget enabling the
separation. ﬁﬁLﬁ’EﬁEHM to Caim2 in which the heat treatnent
for separatlon | fficient f causing, during step c),
separation of the th|n | ayer (18) by sinple distance between the source
substrate and the target support or a total separation only by this 10
heat treatment. 5. Method according to Claim1l in which step ¢) and the
overenbrittlenment stxep i MRl execdbradngoreelidim theokoram D ahdethastiecal
pressure and/ or nechanlcal 15 stress and/or forces in the form of gas
pressure. 6. TOXSIEIPLHGRGTTt alt’ﬁ?-Hdﬁéyé’r hazy bressneaé %%%ttféte @10)
including the f NG, S or gas species in
the 20 source Sl%rg‘i[gl’ ateg ase ]Tm#naﬁ?]ere a %%%8?16) gal I eg

splitting, which delimts said th|n | ayer (18) in the substrate source b)

separation of the thin |ayer (18) fromthe o ce sy bstrat.e, (,10 he
splitting zone, 25 i%t co ecFr}tﬂftlt %‘:9\?’5 1pfe 59 Jr’%n t'fie "H%Jtéfbd)ch
prior to step @reaft(?(féfﬁ_t'P@roéeﬁafr'altﬁbhhhﬁ!(nélﬁ@séht ttorméeersakffle%merfdﬁte

splitting zone and the surface of the
causing, during step c¢), separation of the thin 1layer

(18) by simple distance between the source substrate and
the target support or a total separation only by this
10 heat treatment.

5. Method according to Claim 1 in which step c¢)
and the overembrittlement step include exerting forces in
the form of a mechanical pressure and/or mechanical

15 stress and/or forces in the form of gas pressure.

6. Transfer method of a thin layer (18) of source
substrate (10) including the following steps:
a) implantation of ions or gas species in the
20 source substrate so as to form there a zone (16), called
splitting, which delimits said thin layer (18) in the
substrate source,
b) separation of the thin layer (18) from the
source substrate (10) along the splitting zone,
25 in conformance with the invention, the method
includes prior te step b):
- formation of a film thickness with material
between the splitting zone and the surface of the

substrate such that this thickness is greater than, equal
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substrate such that this thickness is greater than, equal B 13378.3 EW
['1iaG ilil! Ilvii 11111 2 O to or near a limt thickness in order for the

filmto be self-supported, and overenbrittlenent of the splitting zone

(16) caused by h r or exerting mechanical 5 forces on the
source substrate.IﬂmwﬁﬁmﬁamE ng to Calm1 characterized in that the
step for formati om0 S consi of producing step a) of

i npl antation so as to obtain a 10 splitting zone at said thickness, the
filmthen being fornmed by the thin layer. 8. Method according to Claiml
in which the step for formation of a filmthickness conprises the 15

production of ad apernest! gdltifiekengicknd@s Gm tdwddhi fot ayre, flihe tHy be
| ayer and the thickener then formng the film 9. Method according to
Claim.1 conprissildfgsupParaddidaidn, the production before step b) of all

ggngg;;nffs_ mi cr oel ect [ Onl o AN O e {1 STATPCRA €8l 2084 PE«1RY! OPLRE T OTY Y

caused by heat treatment and/or exerting mechanical

5 forces on the source substrate.

7. Method according to Claim 1 characterized in
that the step for formation of film thickness consists of
producing step a) of implantation so as to obtain a

10 splitting zone at said thickness, the film then being
formed by the thin layer.

8. Method according to Claim 1 in which the step

for formation of a film thickness comprises the

15 production of a layer called thickener (20) on the thin

layer, the thin layer and the thickener then forming the
film.

9. Method according to Claim .1 comprising in
20 addition, the production before step b) of all or part of
microelectronic and/or micromechanical and/or

optoelectronic components.
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