A METHOD OF FABRI CATI NG EPI TAXI ALLY GROMN LAYERS OF
MATERI AL Technical field and prior art The present
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epitaxially on a conposite structure and to the

det achnment of such a layer fromthe structure. Mre
precisely, the invention relates to the detachnent of
the support fromthe remai nder of the conposite
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el ectronics. It is thus necessary to transfer tﬁ

Ia?@?dopneﬁlgﬁﬁgﬁlF?dEFBﬁhal scale. They are fabrlcated by
heterocepitaxy on substrates or structures that are

adapted to produce crystalline growth with a minimal
defect density. Possible structures for heteroepitaxial
growth are composites provided with a thin seed film that
has a lattice parameter that is adapted to the parameter
of the material to be grown epitaxially in order to
minimize the formation of crystal defects. The support
substrate for such structures is selected so that its
thermal expansion coefficient is close to that of the
material to be grown epitaxially, thereby avoiding
cracking of the epitaxially grown material during cooling
thereof. Such growth structures do not have the
properties required for optimal use in devices for use in
optoelectronics, optics, or electronics. It is thus
necessary to transfer the layer of epitaxially grown
material to a target support with more appropriate
properties (thermal and electrical conductivity, optical

properties, etc) or to detach the epitaxially grown layer



material to a target support with nore appropriate
properties (thermal and el ectrical conductivity,
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grown |layerfromthe support when it is sufficiently
thick to be self-supporting. Tke support nust always
be detached fromthe remai nder of the growh
structure, in a manner that is non-destructive for the
supp@mtthe gﬁﬁ@brtOwaéhommitstQubelteéyengdthEUKopeabe
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St%ﬁggﬁgnégﬁg 1%tggggcéo % 8on££8| Sgerface located between
the substrate and the oxide bonding layer deposited on
the wafer. That phenomenon encourages weakening of the
bonding interface until the support substrate unbonds
completely at its interface with the bonding layer,
thereby liberating the wafer that is integral with the
bonding layer from the support so that the integrated
circuits can be used.

International patent document WO-A-02/084722
describes the fabrication of a substrate that can be
released via a specific interface, or intermediate layer,
having mechanical strength that is kept to a controlled
level, compatible with subsequent release. Said release
may take place after forming the components on the
substrate or an epitaxy step. That interface is created
by treating one of the surfaces to be bonded to control

its roughness or its hydrophilic characteristics and to



| evel , conpatible with subsequent rel ease. Said
rel ease may take place after form ng the conponents on
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created by treating one of the surfaces to be bonded

to control its roughness or its hydrophilic
characteristics and toall ow assenbly o f the

substrates with a force that is sufficient to carry
outlibe aabsmqmgnbfsthpssbbstrhabsiwichnpaﬁbbbe wheh is
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(boro-p ho-silicate glass) type material that can
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naggiggﬁﬁk% es Egaalgﬁsn?hggerent fromthe first

m erlaWO Ah2005/074022 describes the fabrication of a
"liberatable" structure since the two principal layers
may be liberated from each other by an external action,
for example a mechanical action. Bonding is achieved via
a reversible connection obtained by forming a layer of a
first material comprising within it a second material
such as silicon or germanium that is capable, following a
heat treatment, of generating nano-particles that are
different from the first material. The layer of first
material may be formed from deposited or thermally formed
$10,. The bonding force procured by that type of
connection is not modified during subseqguent heat
treatments. The connection may then be used to liberate
the two substrates by the action of a mechanical force.

The detachment solutions described in those

documents cannot be used with structures that are



material may be formed from deposited or thermally
formed SiC<2 . The bonding force procured by that type
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treatnments. The connection may then be used to

i berate the two substrates by 4 he action of a

mechani cal force. The detachnent sol utions descri bed

in those docunents cannot be used with structures that
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cangot ; he %8 Qteﬁoﬁlgégréﬁéegnne tﬁfsﬂéﬁaﬁQEEQEaQE
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t ogoyeak; +Lhe éaﬁﬁeﬁtbéubékﬁ@ae hbskeaheenBl ABment of
detached from the seed filmat_ an

durin
epPEARGIPRBEESS. t@@nﬁﬁ?906F FHESFﬁééﬁt EnC?ﬁégoaqed by
'Daﬁply@ﬁgaaﬂsappropeﬁaeGEthBEmabobedQEﬁt|omﬁdfact, when

di sadvant ages_and it{, prpoposes Iut Q | ow .
epﬁ?aélgg gFoﬁfﬁ We%kpagﬁlcu Or eEF%F %F becoming
grdapathed/EmomntbenpesdtélémrQCtanEstcmapdusnng ahe

th assupport substrate produced wth
na%g%?%%g1?ﬁg% ﬁgve hi gh thernmal expansion

coefficients (7 x 10 6 K 1 or nore over the

tegﬁﬁmafyrgfrgﬁgelﬂogﬁﬁlgﬁnsideration (2 00Cto 1200
gd wher ei n bondi ng_bet ween t he %h nfilma 4
the supB Pt TRVBREF 9P e85 chPaBY 68X 6P™ G £ §t3ﬁ8Vﬁgm?ﬂElOne

st iess@saandgtheahénper atopesesnpl eyedtion allbeasty a

prggeggxgéﬂegrB%EhOdlgfpggkigéyarmgklSa@erggﬁggfrom group
III/N, on composite structures comprising a thin film and
a support substrate produced with materials that have
high thermal expansion coefficients (7 X 107 ' or more
over the temperature range under consideration (20°C to
1200°C)) and wherein bonding between the thin film and
the support substrate is capable of withstanding the
stresses and the temperatures employed for at least a
predetermined period of epitaxy, while allowing
detachment of the support substrate by rupture of the
bonding layer at a predetermined moment, i.e. before or
after the end of epitaxy, or at the same time as the end
of epitaxy.

This aim 1s achieved by a method of fabricating

materials by epitaxy, the method comprising a step of
epitaxial growth of at least one layer of a material on a

composite structure comprising at least one thin film



det achnment of the support substrate by rupture of the
bondi ng | ayer at a predeterm ned nonent, i.e. before
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the end of epitaxy. This aimis achieved by a nethod
of fabricating materials by epigaxy, the nethod
conprising a step of epitaxial growh of at |east one
| ayer of a nmaterial on a conposite structure
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m crocavities buried in the bondlngglayer of
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SoEar B trsbloshan et PRl heREE By R HAEg £iim,
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noh@ﬁdlng 80 ééﬁéménéﬁlaﬂténdtﬁ@ grgashmepit aky ther sgprort

theysareatbNenasrlhe, end; ef a@pit ax¥. avoid deformation of
the thin film and detachment of the support substrate
over a limited period and then to activate the formation
of microcavities in order to provoke detachment of the
support substrate by rupture of the layer of oxide of
silicon at the desired moment, i.e. before or after the
end of epitaxy, or at the same time as the end of
epitaxy.

As explained below in detail, using a bonding layer
formed by LPCVD deposition with a thickness that is
greater than that of the thin film prevents plastic
(irreversible) deformations within the bonding layer.
Thus, the formation of microcavities in the deposited
bonding layer of oxide of gilicon does not lead to
delamination of the thin film nor does it buckle the
surface of the film, even during heat treatments at a
temperature that is higher than the oxide deposition

temperature. Following a study, detailed below,



As expl ai ned below in detail, using a bonding |ayer

formed by LPCVD deposition with a thickness that is
WOR08HR024t han that of the thin film prevents FRCIEER2809/050086

(irreversible) deformations within the bonding | ayer.

Thus, the formation of mcrocayties in the deposited

bondi ng | ayer of oxide of silicon does not lead to

del am nation of the thin filmnor does it buckle the
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|Spgg?ggcgggtdgglngggéggé o?lthat temperature. The
composite structure of the invention comprises a
deposited bonding layer of oxide of silicon that is
designed not to creep readily at the temperatures and
25 stresses to which it is subjected during epitaxy. Since
creep of the oxide results in the formation of
microcavities, it 1s possible to initiate the formation
of microcavities at a predetermined moment during epitaxy
or thereafter by applyving a heat treatment at a
30 temperature that is above the oxide deposition
temperature. This heat treatment can obtain creep of the
bonding layer of oxide by increasing both the temperature
of the oxide and that of the composite structure, causing
the generation of stresses due to differences in the
35 thermal expansion coefficients.
The bonding layer of oxide formed by low pressure

chemical vapor deposition has a thickness that is greater



creep of the oxide results in the formation of
mcrocavities, it is possible to initiate the

WO 9pM209n of microcavities at a predet er ni nedGRERAYI/050086
during epitaxy or thereafter by applying a heat
treatnment at a tenperature that7is above the oxide
deposition tenperature. This heat treatnent can obtain
creep of the bonding | ayer of oxide by increasing both
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ep?PéR?Xﬂé %&rgF@Hno@PtﬁFlﬁ tenperature bel ow the
20 oxi de depeshthenttesapeeatuUseep may also be carried out

after the epitaxial growth step. This applies in
particular when epitaxy is carried out at a temperature
below the oxide deposition temperature.

In one aspect of the invention, the heat treatment

25 1is carried out for a period that can of itself provoke
detachment of the support substrate. Under such
circumstances, the heat treatment that can initiate the
formation of microcavities is carried out for a pericd
that can develop the microcavities sufficiently to obtain

30 splitting/fracture at the bonding layer of oxide.

In a further aspect, the detachment method further
comprises, after the heat treatment step, a complementary
step of applying a mechanical separation stress at the
bonding layer of oxide to provoke detachment of the

35 support substrate. This complementary step may also
consist of a chemical attack of the bonding laver of

oxide to provoke detachment of the support substrate.



In one aspect of the invention, the heat treatnment is
carried out for a period that can of itself provoke

WORUHMRIENt of the support substrate. Under sPEH/EP2009/050086
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debaehrBRt ehehheasuppebl &@Q@EE@E@nEhbhgh Wa¥de of silicon
because .of the grlor fornathon 0 crocailtles , the
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pr@%ﬂé%@ﬁéa%%bﬁchégtfEQE&%hEﬁEeofdtﬁE|Qégék'6@eoﬁﬁée of
ECS. .In accordance with one aspect of the invention

thélﬁé?ﬁ@dd?HPFHé?dcéwp%P@eEIGEPPS? FBeBéﬁaﬂngaPQrstep
of adgspsit ibaabhonnheabntiifgt ARAt 6F the bappbr@fsabsdeate

of _si.l.icon d os'te .b oW _pres hen1c va
GeBBel PRoto BEnB BB nG o BeRT oFiEnEaStpborp - TRLs
suﬁehsafecandborheattheebbmdnngstapecah thethbhinihckemse

ThkﬁedﬁgﬁF%réﬁéEéoﬂeﬁgéﬁo% ﬁétEﬁQtdngEéEgﬁ bysbhep ¢

i néréase the tenperature avior o osi t ed .
oxBéél@PﬂsVPEcénvvﬁstbevf§rmﬁélpﬁrﬁﬁtméﬁréﬁaVltleS This

”1§E@§aMhh'e§f EEbés§é§9 C@@dubE peeessaky, oreduee the
rati 0 of the thicknesses o# ihe thin f|In1 nd of

t he
depBsFERBASPyePLof Ex R of 147 PEENCf ThESEREPF LD layer
i cati ohibeabrt seatgent step is carried out

The densification heat treatment step is carried out
at a temperature that i1s higher than the temperature for
deposition of the bonding laver of oxide but over a much
shorter period than that which provokes rupture of the
layer of oxide of silicon.

In accordance with one particular characteristic of
the method of the invention, the thin film may be
obtained using the Smart Cut® technigue. The method then
further comprises:

« a step of implantation, by bombardment of one face
of a donor substrate using ions to form, at a
predetermined depth in the substrate, a layer of weakness
defining the thin film in the upper portion of the
substrate;

+ a step of bonding, by placing the donor substrate

in intimate contact with the support substrate;



at a tenperature that is higher than the tenperature
for deposition of the bonding | ayer of oxide but over
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of the layer of oxide of silicon. In accordance with

one particular characteristic ¢ the nethod of the
invention, the thin film my be obtained using the

Smart Cut(r) technique. The nmethod then further

conpri sesa: st@prepd@EabnmbﬁataEiane by ihombamndimntoatact

one.face. of a don sub tr sing.i.ons to

o Bab R F Rl aloiBR e s AP ke R e oY, BPA eREpl0ak bR ThvRr o
weakaksssdefpninag thethhi dohvkneithsthetapper portion

of the sybstralgync-2 %&@R QfpQQE@bHQaszthQekeglg%Qc of

donor substrate Iin Int e su
subBer apBengistepthe H@%écﬁhﬁﬁtméy bﬁepfﬁﬂHCﬁﬁ|W9Fﬁ

ContaCt-WhtBtébeoﬁuﬁﬁﬁﬁﬁngwbﬁyrBEQng@Mg5§|thbﬂgs@bstrate
the | a nor sgbstrate

|nlﬁEBoFBSH%étﬁn?ﬂ“&aBBrWFEglSg cﬁ&PQEFErF& PELBEt he

|nvent|ena thept hinthihmimgythe gooducedbytihte aostepm the
ho Hd ng, by bringing a donor substrate into

|nF|nate contact with the support substrate; a step

of thlnﬁfh@fthbedbﬂ@ﬁl§9b§tﬁateat@tﬁﬁrﬁfthénﬂhﬁﬁ film

Aftetpt he-heondhngnstepPing ﬁégpb@fcggﬁgéﬁgout at a
stabilization annealin e carrjed out at

teﬁﬁ@PﬁFﬁFéf?hé?anlﬁl ﬁ%Pthéﬂa?hB?aétaﬁhWEﬁCFhEhe oxide
OXbﬂesQﬁlﬁbhl@Qndé§o§E@@§IWEthhthmutrﬂbaﬁQGQéBtagﬁearlng
Ee gb n thg %e203|teg Ia%er of oxide. In
ti ?ep?ﬁé FhveRt Fon Fe? %%% to the production of
at | easinopertaygetanf bhaaryyeteinaryglateguabethery

tYQ§R§u£t4¥hzﬁgaiﬁl}égggagﬁégﬁ PCB aﬁlﬁgg% A%g?g ry, or

n accor one ect
th@uaﬁvéﬁ@rﬁntypﬁeléﬁ(Va&nﬁlIéﬁémﬁmatgréa&rﬁé@hoaﬁ el

a piegdert etAtARd or InAlcan.

In accordance with one aspect of the invention, the
epitaxial growth is carried out for a predetermined
period corresponding to the formation of a thickness of
semiconductor material or a cumulative thickness of a
layer of semiconductor material and thin film of at least
10 micrometers. This thickness is sufficient for the
layer of conductive material, alone or with the thin
film, to have a sufficient mechanical strength and
flatness, if it is not manipulated, to withstand the
conditions for epitaxy. Thus, a new epitaxial growth
step of the same material or another III/N material may
be carried out in the same epitaxy equipment.

In accordance with another aspect of the invention,
epitaxial growth is carried out for a predetermined
period corresponding to the formation of a thickness of
semiconductor material or a cumulative thickness of a
layer of semiconductor material and thin film of at least
100 micrometers. Such a thickness means that it is

possible to form a layer of semiconductor material or a



peri od corresponding to the formation of a thickness
of sem conductor material or a cunul ative thickness of

WO0pHY0240f semi conductor material and thin fiAGHER0050086

| east 10 microneters. This thickness is sufficient for
the |l ayer of conductive nmateriaP, alone or with the

thin film to have a sufficient nechanical strength

and flatness, if it is not nmanipulated, to wthstand
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i nventi ene epibaxiakageowkhihe @é&ékegfo%blﬁa&lélly grown
predet erm_ned period correspond |n% to the formati on of
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thin filmof at |east 100 m croneters. Such a
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epahaxaakhyhﬂéﬁwno@eﬂh@ogdggbee gabetir-akemay hecbendede
ort bef ore hlngﬁthe support

to a et
oHerhabEe PR aR By B Ae KB EhES PR PR tur es

I A to | b Bteudkeagr apmat ttosebbironalf vhewstshewcagrtike out

pro t|o f site structure, epitaxy and
de% ?eg 1?h§8gggport substrate in accordance with

one |npkeﬁeguaﬁsoaAotOtB@ et ponamnELgar eegtiignal views
{'9%@@@5& QEet §oaﬁeg§oﬁaaﬁlsdceﬂbogmtéllekﬁéthéetoepltaxy

I.gures G are di agr anmati ¢ sectional vi ews
shéﬁﬁnéeFﬁéhﬁﬁﬁﬁu@flEﬁeoﬁuﬁp@ﬁﬁp6§Pﬁér§F?u@PEF€g epitaxy in

ephtayydandedgt aghappthet tLhplsuppestisybsEr ahe dut/bAgion;
epltaxy I n accordance with another inplenentation of
t hé"Pnventi on; and

¢ Figure 4 is a flowchart of the steps carried out

in Figures 3A to 3G.

Detailed description of implementations of the invention

The present invention proposes the production of a
composite structure allowing both the formation by
epitaxy of layers of type III/N materials of good quality
and detachment of the support substrate from the
composition structure before or after the end of epitaxy,
or substantially at the same time as the end of epitaxy.

To this end, the invention proposes a novel concept
of a composite structure comprising a bonding layer of
oxide located between the support substrate and the thin
film and in which the formation of microcavities can be
controlled. The composite structure of the invention
means that microcavities in the bonding layer of oxide
can be controlled both as regards preventing their

appearance during heat treatments applied to the



Figure 4 is a flowhart of the steps carried out in
Figures 3Ato 3G Detailed description of

WO ¥pVeRedHt ati ons of the invention The present AGIERPIIR0086

10

15

20

25

30

35

proposes the production of a conposite structure
all ow ng both the formati on bylepitaxy of |ayers of
type Il'l/N materials of good quality and detachnent of
the support substrate fromthe conposition structure
beé@f@c@ﬁr@fbéfotéeaﬁﬂdd@fiﬁﬁihaXYQaQt aupskambhabﬁyche

at _the sane ﬁlne as_the eng of egi ¥ g .
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§n§pgﬁgx¥u% g&ﬂéégé %QSEE f8r Eho p8Enéf Sdxpansion
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of sem conductor material bonded to a sup
subS¥Faie VFE¥ea BSnHFﬁ@SPayﬁrtB? 6§FB€tB¥esPVléﬁﬁllcatlon

beppegnnhthe supponensubstrate and the thin film the

thin fi .

ther mal "EXBaNEPOR SolhF! CPARE OF o7 RELT6oK 2 Br ChbFETeRE
oVErom semWeoaturesmbmgenotaﬂb@@ét®812®O 6CGchnaer depphire
toige?gpkggﬁgageagg §50§6E3b8s%§ﬁﬁé ek §B£ﬁ3§ h%%EPeof

structure cation of eat treat .
bofdi Ag PﬁosS@b§@ﬁabésc@ﬂsﬁﬁPéFPEI§fdﬁ#ié?@ﬁthP@nﬁhe

si kL 59Pr8FeShl/i €081 bbdeadSi&h . f§HChsa§h§§pﬁBbé§shBy to
(0] orm a

particular, it _is not 033|b# & I a 0

D XFOERoF 161 PTLOR BY Cobeunbt PoncgpOSi I} cBniFrofh Prbechniaue
supstrate pYather sphanxédathenichl {rspbhudepesessany
to(abbreviated to PECVD) or low pressure chemical vapor
deposition (abbreviated to LPCVD). This is then a
"deposited oxide" which, in contrast to a thermal oxide,
is not stoichiometric (the oxide deposited has a
composition of the type SixO,H:). Further, this deposited
oxide is less dense and does not have the same properties
as the thermal oxide. Even after densification
annealing, this deposited oxide of silicon is still
temperature-unstable, in particular during high
temperature treatments (> 800°C).

When a composite substrate, formed by a sapphire
support substrate on which a thin layer of sapphire is
laid, is heated to prepare it for GaN epitaxy, for
example, microcavities appear exclusively at the bonding
layer of deposited oxide of silicon once the oxide
deposition temperature is exceeded,. They are visible at
the surface of the thin film of sapphire by the formation



formthe oxide of silicon by deposition using a
t echni que such as plasma enhanced chem cal vapor
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chem cal vapor deposition (abbreviated to LPCVD)

This is then a "deposited oxideZ which, in contrast to
a thermal oxide, is not stoichionetric (the oxide
deposited has a conposition of the type SixOYHz).
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coapastie mbdecbﬁréeﬁormatung tbsaspbaeqmenmodseof

(pBLEBKNL. LR, IGRELA <<t PR OLDT: 0D ROG Ve RRORLL -

nlcrocaV| ies W e deposite ayer of oxi
ofdsfbrm@hlhas1Be@ha@b§é¢veaedtbzn§ m@ﬁpépQ@GFQn of the
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The appearance of m crocavities in the oxide

si PEcenmaa)eBecekpFarRea; b?n@hét§r5ﬁ§PFPoﬁofFBﬁ1éﬂltlal
el gshte bpRde @ﬁedgﬁﬁéﬁﬁth@nwtaharaWﬁSt|PlﬁﬁdECOﬁeformatlon

defogu Egogn %@%ggegs1£Eesdggor%ggggﬁtbl%teElaﬁ ﬁ the
oxide cannot regain its initial state once the mechanical
stress is withdrawn. The transition to plastic
deformation occurs when a threshold for the various
parameters is reached in the oxide. This transition is
linked to the temperature, to the creep characteristics
of the oxide of silicon and to the stress applied by the
difference in the expansion of the bonded materials and
of the oxide. The creep temperature of the oxide of
silicon is one of the characteristics of the oxide that
indicates the temperature beyond which the oxide changes
from an elastic deformation mode to a plastic deformation
mode when it is not subjected to a stress. Temperature
increases the amount of creep of the oxide. Thus, the
level of stress to be applied to provoke the formation of
microcavities in the deposited layer of oxide is lower

when the oxide has an intrinsic capacity to creep easily,



deformation is characterized by a nodification of the
initial state of the oxide, for exanple under the
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initial state once the stress is withdrawn. Plastic
deformation results in irreversgbl e deformation, after
whi ch the oxide cannot regain its initial state once

t he nechanical stress is withdrawn. The transition to

pl agbbeidef or aBLi ep egeuUrsmphentarthapshokbd {9E-bheis its
vari ous garaneters is reached in the oxide. This

t r ShEFPi 6A™PS*FFHkEd to the tenperature, to the creep
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tenperat ure beyond whi ch the oxide chan rom an
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creep easi | enperature appl
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ConLEOokithevbeoenathan of pkepecayi biescbA &egobee@angy low
| ayer of oxide so that the onI actualiéfaegear at

tthaé§PF@dCP?WéC? ur#Rg o eB?F Fepi t & FRefgLPCvD,
necessaeyute use baphcatdeposctredpoxi Greobxpekiments
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5565 sI'lrcon dur
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epkhéxyor gféléepbseCﬂ@&r8@§v§wgge%t bBet BBRBEALULSyer and
behavi or of oxides obtained by different depositiagn

t eERAF qbBSSanBT ABST Bi S8 oveReB®t hAE LARNERFdEY of P8I APEER1TtION
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al so te%ﬂgdfgffggﬁng three types of oxides of silicon were
tested for bonding of a thin film of sapphire onto a
sapphire support substrate:

« oxide of silicon produced from a silane precursor,
deposited at 300°C by plasma enhanced chemical vapor
deposition or PECVD;

» oxide of silicon produced from a silane precursor
deposited at 800°C by LPCVD (also termed HTO silane, HTO
meaning high temperature oxide) (1f the oxide is
deposited by PECVD, and thus at a lower temperature, it
is not termed HTO silane); and

« oxide of silicon produced from a dichlorosilane
(DCS) precursor deposited at 900°C by LPCVD (also termed
HTO DCS) .

Microcavity formation is less significant with HTO
silane and HTO DCS. In contrast, microcavity formation

is more significant with the oxide of silicon deposited



can reduce its capacity to creep. The experinents
carried out by the Applicant have shown that the
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on the formation of mcrocavities in the bonding | ayer
and that these properties can bé influenced by the
deposition techni que enpl oyed and by the precursor
used. The following three types of oxides of silicon
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it is not terned HTO sil ane
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i stapbendiiggaifi cant with the oxide of silicon

deDOSItﬁQQM EEQ&EbggﬁeélthﬁcthketBeﬁpeﬁggaQSatbas pm thick
creep of the deposit oxi des is nore ficult
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oxide of silicon deposi
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cogprhshiged 9cS10Mpbhi €k EhhnctbhBhobts8pphbte QR, R before

Sa@Q?é&Engugggréogg?ggfatebondlng stabilization anneal
carried out at 1050°C for 1 hour does not lead to
delamination of the thin film.

Furthermore, since the formation of microcavities is
linked to the stress due to high thermal expansion
coefficients of the materials of the structure, the
invention also proposes reducing that stress by forming
(by transfer or by mechanical or chemical thinning) a
thin film with a thickness that is less than or equal to
that of the deposited layer of oxide of silicon. Thus,
mechanical stresses, derived from the difference in
expansion during heat treatments carried out on the
structure before or during part of the epitaxy, may be
limited so that they do not exceed the plastic
deformation {(creep) threshold of the oxide of silicon at
the temperature under consideration.

As an example, the Applicant has carried out tests
which showed that when a film of sapphire with a

thickness of 0.5 um was transferred onto a 0.3 um thick



with a 0.2 mmthick bonding | ayer of HTO DCS oxi de of

silicon, a bonding stabilization anneal carried out at
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the sapphire film In contrast, when the HTO DCS oxi de

of silicon with the same conposbte structure is

anneal ed for 30 mnutes at 1200 OC in a nitrogen

at nrosphere (N 2) before carrying out bonding, a
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approximately 0.2 um to 0.45 um.
The formation and development of microcavities in
25 the bonding layer of oxide formed by deposition result
from applying a thermal budget. The temperature/period
couple corresponds to the thermal budget of a heat
treatment.
In addition, when the epitaxial growth is carried
30 out at a temperature that is higher than the temperature
at which the layer of oxide of silicon is deposited, it

is possible, as a function of the temperature of the

epitaxial growth, to determine the period after which the

oxide layer is sufficiently weakened to be broken, for

35 example during epitaxy or by extending the heat treatment

after epitaxy, or by a complementary mechanical or

chemical action.



relative to the thickness of the deposited |ayer of
oxide of silicon in order to reduce the stresses in
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than with a non-weakened bonding layer of oxide, i.e. not
comprising microcavities.

Detachment of the support substrate may also be
obtained by means of a chemical attack of the weakened
oxide layer, for example using a dilute hydrofluoric acid
(HF) solution or BOE (buffered oxide etch, which includes
concentrated HF). Without the microcavities, the oxide
of silicon takes several hours to dissolve, while in the
presence of microcavities, separation between the thin
film and the support substrate is achieved in a few
minutes or a few tens of minutes.

When epitaxy is carried out at a temperature that is
higher than the temperature at which the oxide of silicon
is deposited but with a thermal budget that is
insufficient to achieve the necessary development of the
microcavities and obtain rupture of the bonding layer of
oxide, the heat treatment must be extended beyond the

epitaxy with a thermal budget which means that formation



det achnment of the support substrate is obtained by
rupture of the thus weakened bondi ng | ayer of oxide.
WOR08Y939% nay be obt ai ned by devel opi ng the PCT/EP2009/050086
m crocavities formed by extendi ng the heat treatnent
for initiating formation of th&7m crocavities.
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budget of 1100°C for 2 hours. The complementary budget

to obtain fracture is thus be 1200°C for 2 hours. If the
temperature is lower, the period must be increased to

25 accomplish the formation and development of microcavities
to fracture.

Thus, a composite structure fabricated in accordance
with the invention can withstand temperatures greater
than that for deposition of the oxide of silicon for the

30 epitaxy of materials such as materials of type III/N
including GaN and other ternary or quaternary alloys.

The composite structure of the present invention is
particularly suitable for materials with high thermal
expansion coefficients (TEC), i.e. a mean of 7 x 107° K™*

35 or more over the temperature range to which the structure
is to be subjected, typically 20°C to 1200°C. In
particular, the structure may comprise a thin film and/or



heat treatnent thus depends on the tenperature used.
The tenperature/period couple, which defines the
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formation, has to be nodul ated as a function of the

stress brought about by the dii$erence in thernal

expansi on of the materials constituting the conposite
structure and the deposited | ayer of oxide of silicon
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implementation of the invention is descrlbed with

reference to Figures 1A to 1L and 2.

Before carrying out epitaxy proper, a composite
structure is produced that can allow both the formation
by epitaxy of at least one layer of material and the
detachment of the support substrate after epitaxy.

Production of the composite structure for epitaxy
commences by depositing a bonding layer 12 on one face of
a support substrate 10 (step S1, Figure 1A). 1In the
example described here, the support substrate 10 is
formed from sapphire (Al;03). The bonding layer 12 is a
layer of oxide of silicon deposited by LPCVD with silane
as the precursor gas (HTO silane) at a deposition
temperature of 800°C, a pressure of 1 torr and for a
period allowing the deposition of a layer of oxide

approximately 0.4 pm thick. The deposited oxide of



primarily conposed of Ni, Cr, M, W/(Haynes(r) 230(r)
Alloy Is not used for the thin filmwhen the filmis

WO ¥0UM36d for use as a seed |ayer for epitaxy)PCTHP2RPOS0086

As is well known, as a function of the nature of the
crystalline seed layer for growth (thin film ,

various binary, ternary, or quaternary Il /V, or Il
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| egst gane sl ayer -6h ﬂgtehbald@ﬂg1EB@ddgyagﬁg§aeaethh@f a
support substrate after epitaxy. Production of

t he
coﬁﬁa§ﬂ€é6§ﬁﬁ98tapgeﬁérCéﬁrﬂsiyoesnﬁén&%§089 for 30 minutes
depasht hagragbandingspayee 42 asmopphbtace plreasayppaktep
suggarate 10 (step SI, Figure IA) . In the exanple

irbed here, the support substrate 10 Is forned
from sapphi denpAl 2aBytrdhe bondiag Fayeriglsis aaleyept

Ofd8§59€505rswgagﬂ eposhL edy by EEQMDkaQQnéH'aQE RS own
RO ot P ane)
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Inag Qﬁéﬁggggtion energy in the range 30 keV [kilo-electron
volt] to 200 kev. Implantation is carried out at a
temperature in the range 20°C to 400°C, preferably in the
range 50°C to 150°C, for a period of 1 minute to 10
hours. These implantation conditions can create, at a
predetermined depth that is less than the cumulative
thickness of the oxide layers 12 and 13, in the donor
substrate 11, the layer of defects or weakness 3 defining
firstly a thin film 4 in the upper region of the
substrate 11 and secondly a portion 5 in the lower region
of the substrate corresponding to the remainder of the
substrate 11.

The surface of the bonding layers of oxide 12 and 13
is planarized by chemical mechanical polishing (CMP) to
obtain a surface roughness of less than 5 A [Angstrom]
rms [root mean square] over a surface area of 5 X 5 um? to

thereby facilitate the subsequent intimate contact step



at mosphere (step S2 ). A layer of oxide of silicon 13
is also formed on a donor substrate 11 of sapphire.

WOTHBIN939%r 13 is a |ayer of oxide of silicon dEFEEPWPS0086
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by LPCVD with silane as the precursor gas (HTO sil ane)
at a deposition tenperature of2@00 OC , at a pressure
of 1 torr and for a period allow ng the deposition of
a thickness of oxide of silicon of approximately 0.5

mm {SLep S3, A ﬁggée fﬁ%urébelée§§§li§9 OXTH§SOfafter
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The assembly of the two substrates then undergoes
splitting annealing to provoke fracture of the donor
substrate 11 at the plane of weakness 3 and transfer
proper of the 0.4 pm thick thin film 4 onto the support
substrate 10 (step S8, Figure 1F). Splitting annealing
is carried out by ramping up the temperature from ambient
to approximately 600°C. As is well known, the
temperature and duration of the splitting anneal are
defined as a function of the implantation conditions and
in particular as a function of the implantation dose.

In addition, a bonding stabilization anneal is
carried out at 1050°C in nitrogen for 1 hour without
deformations appearing on the surface of the thin film 4
(step 59).

The surface of the film 4 may then be prepared for
epitaxy, for example by polishing to obtain a surface
roughness of less than 5 A rms over a surface area of 5 X

5 um? (step S10, Figure 1G).



thereby facilitate the subsequent intinmate contact
step(steps S5 and S6, Figures 1C and ID) . Thus, after

WO9P/eRPH4g, the cumul ative thickness of | ayer PCIZERAY/050086
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13 is 0.45 mm O .05 mm. Next, bonding is carried out

by bringing the face of the HT@Lsilane |ayer 12 into
intimate contact with the layer of HTO silane 13 of

t he donor substrate 11, the conbined |ayers 12 and 13
form ngaa bendbrgskayetnofigxirdel25 asteppS#ireFsguueture
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of epheakibing gaywhhéaybe pbepavedlforhave a more complex
structure, termed the electroluminescent diode layer,
which is constituted by several materials such as GaN,
InGaN, or AlGaN formed in succession by epitaxy.

Once the layer of GaN 15 is formed, its free face is
bonded to a final support 16 of silicon via a metal
bonding interface 17 (step S12, Figure 1I). Next,
complete detachment of the support substrate 10 could be
carried out. Said detachment is achieved here by
applving a mechanical stress to finalize detachment of
the structure at the cavities formed in the oxide during
the epitaxial growth step but that are insufficient to
provoke spontaneous separation of the bonding layer of
oxide 25 into two portions 25a, 25b (step S13,

Figure 1J).
The remainder 25a of the bonding layver of oxide and

the thin film 4 are removed from the surface of the GaN



epi taxy, for exanple by polishing to obtain a surface

roughness of less than 5 A rns over a surface area of
WOR000/02004P (step SIO, Figure 1G.As can be sed€T/EP2009/050086

Figure |G a conposite structure 14 is obtained

conprising the support substrate 10, an oxi de bondi ng

| ayer 25 of HTO sil ane deposited by LPCVD and a thin

filma4 of sapphire that may act as a crystalline seed
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boggﬁggrLagggsgLate during epitaxy is described below.
Production of the composite structure for epitaxy
commences by bringing a support substrate 20 formed from
sapphire (Al;03) into intimate contact with a donor
25 substrate 21 formed from sapphire each covered with a
layer of oxide of silicon deposited by LPCVD using a
silane precursor gas and wherein the surface has a
roughness of 5 A rms over a surface area of 5 X 5 um®
(step 520, Figure 3A). These layers of oxide of silicon
30 are not densified, their combination forming a bonding
laver of oxide 30 with a cumulative thickness of
approximately 0.5 um.
The donor substrate 21 also comprises a layer of
defects or weakness 23 that is obtained by implanting
35 ionic species under conditions that can readily be

determined by the skilled person (implantation dose and



oxide 25 into two portions 25a, 25b (step S13 , Figure
IJ) . The remai nder 25a of the bonding | ayer of oxide
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the GaN ayer 15 by chemnmical etching and/or polishing
(step S14, Figure IK) . The remai nder 25b of the
bondi ng | ayer of oxide is also renoved fromthe
support substrate 10 that can then be recycled, for

exanpl g, | 0: f O Puar NeW SOPROSI Ler 8t FusbYEeoE OFnEPEL aXY24 of
as _descCri bed above (step S15, Figure IL) . The parti al
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of 30 LPCVD silane, .5 micrometer thick) and a thin film
24 of sapphire 0.5um thick that could act as a
crystalline seed layer for growth.

In the example described here, epitaxial growth of a
layer of gallium nitride (GaN) 35 is carried out on the
thin film 24. Epitaxy is carried out at 1100°C for 2
hours that could produce a layer of GaN of approximately
100 um and rupture of the layer of oxide of silicon 30
(step S23, Figure 3D). The split structure is left in
place (the support is not removed from the remainder of
the structure) and epitaxy 1s continued to obtain a layer
of GaN 35 of approximately 1 mm (step S24, Figure 1E).

The remainder 30a of the bonding layer of oxide and
the thin film 24 are removed from the surface of the
layer of GaN 35 by chemical etching and/or polishing
(step S25, Figure 3F).

The remainder 30b of the bonding layer of oxide is
also removed from the support substrate 20 that could

then be recycled, for example to form a new composite



approximately 0.5 nm . The donor substrate 21 al so
conprises a layer of defects or weakness 23 that is
WO UINREH by i npl anting ionic species under cd€dVER2BHHS0086
that can readily be determ ned by the skilled person
(i npl antati on dose andenergy) kR order to obtain a
thi ckness of the film24 of 0.5 mm. Bonding is
carried out by wafer bonding. The assenbly of the two
substiiates < Her epdergges sa dspldrt ety saareal (step s26,
prgﬁoke f&gﬁture of the donor substrate 21 at the
pl ne “6f Kness 23 and transfer proper of the thin
film24 onto the support substrate 20 (step S21
Figure 3B). The splitting anneal is carried out using
a tenperature ranp-up from anbient to approximtely
600 OC . No bonding stabilization annealing is carried
out. The surface of the film24 is thus prepared to
act as a crystalline seed for growth for epitaxy, for
exanpl e by polishing to obtain a surface roughness of
less than 5 A rnms over a surface area of 5 x 5 mR
(step S22, Figure 3C) . A conposite structure 44 is
obt ai ned conprising the support substrate 20, a
bondi ng | ayer of oxide of silicon 30 (LPCVD, sil ane,
0.5 mcroneter thick) and a thin film 24 of sapphire 0O
.5rm thick that could act as a crystalline seed | ayer
for growmh. In the exanple described here, epitaxia
gromh of a layer of galliumnitride (GN) 35 is
carried out on the thin film24. Epitaxy is carried
out at 1100 OC for 2 hours that could produce a | ayer
of GaN of approximately 100 mm and rupture of the
| ayer of oxide of silicon 30 (step S23, Figure 3D)
The split structure is left in place (the support is
not renoved fromthe remai nder of the structure) and
epitaxy is continued to obtain a | ayer of GaN 35 of
approximately 1 nm (step S24, Figure |E)



The remai nder 30a of the bonding |ayer of oxide and
the thin film24 are renoved fromthe surface of the
WO 2206992684 GaN 35 by chemical etching and/ or pdGTEER2AQP/050086

(step S25, Figure 3F) . The remai nder 30b of the

bondi ng | ayer of oxide is al so26enbved fromthe

support substrate 20 that could then be recycled, for
exanple to forma new conpositestructure for epitaxy
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20 predetermined period.

2. A method according to claim 1, characterized in that
the heat treatment is initiated at the same time as the
epitaxial growth step, said epitaxial growth step being
25 carried out at a temperature that is higher than the
temperature at which the layer of oxide of silicon is
deposited and contributing at least in part to said heat

treatment.

30 3. A method according to claim 1, characterized in that
the heat treatment is carried out after the epitaxial
growth step, said epitaxial growth step being carried out
at a temperature that i1s lower than the temperature for
depositing the layer of oxide of silicon.

35
4. A method according to any one of claims 1 to 3,

characterized in that the free surface of the layer of



3 . Anethod according to claim1 , characterized in
that the heat treatnent is carried out after the

WO29P/e020% growt h step, said epitaxial grow h P&GT&FP2009/050086

being carried out at a tenperature that is |ower than
the tenperature for depositing2tthe | ayer of oxide of
silicon. 4 . A nethod according to any one of clains 1
to 3, characterized in that the free surface of the
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8. A method according to any one of claims 1 to 7,
characterized in that the material of the bonding layer
(25) formed by low pressure chemical vapor deposition is
an oxide of silicon formed from precursors selected from
at least silane, dichlorosilane, and TEOS.

9. A method according to any one of claims 1 to 8,
characterized in that it comprises, prior to bonding, a
step of densification heat treatment of the layer of
oxide of silicon deposited by low pressure chemical vapor
deposition on the bonding face of the support substrate
(10) and/or on the bonding face of the thin film (4).

10. A method according to any one of claims 1 to 9,
characterized in that it further comprises:
+ a step of implantation, by bombardment of one face

of a donor substrate (11) using ions to form, at a



characterized in that it further conprises: a step of
i npl antation, by bonbardnent of one face of a donor

WO29p%9R6e24e (11) using ions to form at apredetP&ARERIBRP/050086

depth in the substrate, a |layer of weakness (3)

defining the thin film (4) betwgen the inplanted face

and the | ayer of weakness; a step of bondi ng, by

pl acing the inplanted face of the donor substrate (11)
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bondi ng tab| ['i zat'i on anne carried out at a
Otenperature of nore than approximately 900 0C . 13. A
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characterized i.n that t bondi ng | ayer of oxide
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material selectedef mm@& OgeegzeNg@go&lf gﬁstﬁgk' oMLY orm the

material s: sapphire
HaReéB(£}1230(r) Alloy. 15. A method according to any
one of clainms 1 to 14, characterized in that the thin

4 constituted bya terial selected from at
ggl( )@espoghchar gagnéo g?a?m 10 or cla?m 11,
characterized in that it comprises, after the bonding
step, a step of bonding stabilization annealing carried

out at a temperature of more than approximately 900°C.

13. A method according to any one of claims 1 to 12,
characterized in that the bonding layer of oxide formed
by low pressure chemical vapor deposition has a thickness
in the range from approximately 0.2 micrometers to 0.75

micrometers.

14. A method according to any one of claims 1 to 13,
characterized in that the support substrate (10) is
constituted by a material selected from at least one of
the following materials: sapphire, LiTaO;, LiNbO;, MgO,
and Haynes® 230® Alloy.

15. A method according to any one of claims 1 to 14,
characterized in that the thin film (4) is constituted by



materi al s: sapphire, LiTaO3, MyO and LiNbO 3 . 16. A
nmet hod according to any one of clains 1 to 15,
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(15) is one or nore binary, ternary, or quaternary |11
IN materials . 17. A nmethod aceérding to any one of
clainms 1 to 16, characterized in that the epitaxia
growh is carried out for a predeternm ned period
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17. A method according to any one of claims 1 to 16,
characterized in that the epitaxial growth is carried out
for a predetermined period corresponding to formation of
a thickness of semiconductor material or a cumulative
thickness of the layer of semiconductor material and the

thin film of at least 10 micrometers.

18. A method according to any one of claims 1 to 16,
characterized in that the epitaxial growth is carried out
for a predetermined period corresponding to formation of
a thickness of semiconductor material or a cumulative
thickness of the layer of semiconductor material and the

thin film of at least 100 micrometers.



