1 A METHOD OF FABRICATING EPITAXIALLY GROWN LAYERS ON A COMPOSITE STRUCTURE
Technical field and prior art The present invention relates to the fabrication of 5 layers grown
epitaxially on a composite structure and to the detachment of such a layer from the structure. More
precisely, the invention relates to the detachment of the support from the remainder of the composite

structure after epitawyringseby enablingiheisunportiobe 10recyslad, Angkthe epjtaxially grown layer

to be released or f final support if it is not self-supporting. Group I1I/N materials
are endowed Witﬁ%@%gﬁgge%%%%)%%?operties, such as a wide band-gap, which 15 renders them

highly advantagetiteiot TRt if thtis2BRtddIdeFoRES, and electronics. However, such materials are
not available in bulk forfenprmerities Lmveianieters,dredtspricss thiat niedur thattthey cah be used on a
large industrial sqalpe They.asgfabyicatee: by 2 heteroepitay=ar substrates,eestidetures that are
adapted o produgg crystalling arawihwih aminimadefeet density. Bossihle, structgs for
heteroepitaxial growth are composites provided with a thin seeé 1Im tﬁat has a lattice garameter that is

adapted to the p&RIEATElet 5% of the At B be Grotvi Bpitaxial iAOrasPis HinmtizERRe formation
of crystal defectszTHieeslipgoiP8ubstatefor Sudrstpdctoles oswlestiedess tatdtsiirermal expansion
coefficient is closeftoethatof thernateral-tbbe grawniepitaxiallysdberaby avoiling 30 cracking of the

epitaxially grown,material guring.caqling.thergot Such grawih structures.dg not have the properties
requ”edforOpum@J%%?g%d%¥§52§%2%% Ignto a final support if it iz not
self-supporting.
Group III/N materials are endowed with particular

electronic properties, such as a wide band-gap, which

15 renders them highly advantageous for use in optics,
optoelectronics, and electronicg. However, such
materials are not available in bulk form, in guantities,
in diameters, or at priceg that mean that they can be
used on a large industrial scale. They are fébricated by

20  hetercepitaxy on gubgirates or structures that are
adapted to produce crystalline growth with a minimal
defect density. Posgible structures for hetercepitaxial
growth are composites provided with a thin geed £ilm that
has a lattice parameter that is adapted to the parameter

25 of the material to be grown epitaxially in order to
minimize the formation of crystal defects. The support
substrate for such structures ig selected so that its
thermal expansion coefficient is close to that of the
materiazl to be grown epitaxially, thereby avoiding

30 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, coptics, cor electronics. It is thus
necessary to transfer the laver of epitaxially grown

35 material to a target support with more appropriate
properties (thermal and electrical conductivity, optical
properties, etc) or to detach the epitaxially grown layer



optoelectronics, optics, or electronics. It is thus necessary to transfer the layer of epitaxially grown 35
material to a target support with more appropriate properties (thermal and electrical conductivity,

optical propegiss,&lgiR5{0 detach the epitaxially grown layer 2 from the sppposhyhemikis sufficiently
thick to be self-supporting. The support must always be detached from the remainder of the growth

structure, in a manner that is non-destructive for the support in order to allow 5 it to be recycled.
European patent EP-A-0 898 307 describes how to unbond a thin wafer covered with integrated
circuits bonded to a support substrate that provides the rigidity necessary to the wafer for easier
manipulation duringrtive H0:treatmentstthatbave to be carfied outonithetintegrated tircuits. The

document describes uabending.atithg bongirg intgrface hetween the wafer.and the support by use of
an oxide bonding layer errﬁPeeer% PECVD. Thatoxide ha%Ehe @%cul'%ari% of havingi?%rlzlngg:ecies that 15

: g
diffuse to the bon mé} ihterface under the actiori of ahieat treatment (600C 6135 carried out after

bonding stabilizatishahnealifgardEh e Hesrettréamehe ERad bt oR tRENFEgFed chlits. Said
species develdp until a gaks4ds fermed add constitutes 20 bubbles that diffuse and that are concentrated
locally at the bonding intefface,d&. the inteHage lacajed xetween the sybstrate,and the oxide bonding
layer deposited on the wafer. That phenomenon encour es w k ninLg %{th bon irég interface until
the support substrla’ut}lt;}?aﬁ1 or?d;g %%oﬁfﬁ%%trely(f a‘{ﬁgel’nte‘??a%e V\J/iﬁ?t%serf_)ior€13 mcé%)(/:gr%hereby liberating

the wafer that is iIffEGIAPHiIththd BTG fayStHrom ahE shPporRorihat e MEgratdd Sivtdits can be
used. Internationahpatens goeument VeO=AB2/084722 B89 dascribesithé fabricatibrrofig sobstrate that

can be releasgd via-a.spaeifie inteacenakinteunediate layeschaving sechanicalsteangthghat is kept
to a controlied 'eV%'ir%%@P@é”?'e Wit sybsequent release pald [glease,may fake place after forming

the components on the ) )
bonding interface between the wafer and the support by

use of an oxide bonding layer formed by PECVD. That
oxide has the pecdliarity of having 0H species that

15 diffuse to the bhonding interface under the action of a
heatr treatment (600°C to 1350°C) carried out after
bonding stabilization annealing and the desired
treatments carried ocut on the integrated circuits. 8Said
species develop until a gas is formed and constitutes

20 bubbles that diffuse and that are concentrated locally at
rthe bonding interface, i.e. the interface located between
the substrate and the oxide bonding laver deposited on
the wafer. That phenomenon encourages weakening of the
bonding interface until the support substrate unbonds

25 completely at its interface with the bonding layer,
thereby liberating the wafer that is integral with the
bonding laver from the support so that the integrated
circuits can be used.

International patent document WO-A-02/084722

30 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. Sald release
may take place after forming the components on the

35 substrate or an epitaxy step. That interface is created
by treating one of the surfaces to be bonded te control

its roughness or its hydrophilic characteristics and to



35 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 3 allow assembly of the substrates

with a force thaf ig,sKifigignt to carry out the subsequent steps but that is grrpRateMitsubsequent
release. Said release may be accomplished by an external mechanical, chemical, and/or 5 photonic

action. The mechanical strength of the interface may be reinforced if necessary by heat treatments
while remaining compatible with subsequent detachment. WO-A-2005/034218 describes bonding a
substrate and a 10 superstrate of silicon, each of which has a thermal oxide layer formed thereon. An
intermediate layeraof oxidesEsiibdn isoforried eflonerafttrent’its doped with pPhosphérus and/or

boron to form a P$GAphespher-siticaterglass).er PBSG (here-phespho-siticate glassktypesl5 material
that can be deformeg lasticall. Aralvinga beatireatipentiodhe dniiuie Al o 100C causes

the irreversible formation of micro-bubbles or microcavities.in the bondin Ia er. Said nﬁeyro -bubbles

may be used for a¥/arty of 8Ffficatior arfd i 28 parltiarib \wedker e bSﬁ&l’ngaJﬁ fAce to allow
the structure o berdisiFrntiedac t IWO-A-PROSIOTADRY. §éscrivesang fabfidatioreof a "liberatable”
structure since theiiwo:pracipahiayers=may:be libeeated froneeachathebly aaaxternal action, 25 for

example a mechanical agfign. Bopaing @@ﬁ@%@gﬂ%&ﬁ%&%@s Gennection obtaiped by forming a

layer of a first material comprising within it a second material such as silicon or germanium that is
capable, following Ché: 5]tFnent of generating nano-particles that are 30 different from the first

material. The layer of firﬁ%&eﬁﬁpﬁ@%@ﬁ&m&ﬁﬁéﬁﬁﬁpé&Wh@ﬁw foied 162 2The
bonding forcemprocurgd-hy-that & pefofscannegiionds stot afodified iduring subsegueat heat tieatments.

The connection may,then be.used toiberate 35 the twe substiatesby the-action gf.a mechanical

- force.
: silicon is formed on one of them. It iz doped with

phosphorus and/or boron to form a PSG {phosphor-silicate
glass} or PBSG (boro-phospho-silicate glass) type

15 matrerial that can be deformed plastically. 2Applving a
Leat treatment tfo the structure at 900°C teo 1100°C causes
the irreversible formaticon of micro-bubbles or
microcavities in the bonding laver. Said micro-bubbles
may be used for a variety of applications and in

20 particular to weaken the bonding interface to allow the
structure to be dismantled.

WO-A-2005/074022 describes the fabrication of a
"liberatable" structure since the two principal layers
may be liberated from each other by an external action,

25 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 nanc-particles that are

30 different from the first material. The layer of first
material may be formed from depeosited or thermally formed
$1i05. The bonding force procured by that type of
connection is not modified during subseguent heat
treatments. The connection may then be used to liberate

35 the rwo substrates by the action of a mechanical force.

The detachment soluticns described in those

documents cannoct be used with structures that are



The detachment solutions described in those documents cannot be used with structures that are 4
intended to carry out epitaxial growth and that comprise materials with high thermal expansion
coefficients such as sapphire, lithium tantalate, eté In fact, the bonding force obtained with the
methods describdedn thosecdgeuimenits-is ¢gul losxtoelle abfewduring-héat tieatmertsyto vwthstand the

thermal em%@@g%ﬁgﬁwﬂn%&@@$ bﬂ@@mer@@gﬁ@q@@f, %@ﬁﬁh@%?&%ta@(ﬁéa wglestand the
stresses induced by the crystalline lattic rameter_differences. With such materials, too low a
bonding fgﬁl:%pr%é‘g%é thalctl?atﬁgigc“)l&l qu%a%]t—ilgg?%gﬁt’e f(?r%é:p'ltaxy gélnngfalg% forn{%& ncg)rO (I;laé?ll & moment

of detach&EREBf the@REPHSR SubstEE be EBtrollBE BYABDIyirSETaphropriatétheriaP Badget. In
fact, whembondiagtis taeweak; thesupporbsulestiate ridks bagorhingdetadedifeorndhe seed film at

any time q}irﬁlgs%ﬁp't@?yeo_ro@ﬁéa?ﬁélimr@%’yﬂéq%ﬂw%@@sSegmpﬁﬁws (}Eﬁheﬂ_@l\é‘?”t'on aim
to overcomgtthg Fbﬂ}/e-én%rglon%g: dls%gl\ﬁrﬁag%s@%%d g Droposes a %Iutl‘l?n %Igwm%e%lhamal growth,
in particufglr of materals From’group [II7N; 0N %ompo& e structures’co prisiﬁﬁ iR Tim-aid a support
substrate PrEQRERFWitH RfiiEals thaf hat&RighdhERRa &R siohoeiftfent®ELRMOEEK-1 or more
over the témpeeatare-tange undencansideratiore@04 to, 1200€)  and wheyeindienrdifgpbetveen the
thin film apd{he support subsitale is,capahle, ofwithstanding e stiesses apd e legperaiures

employed for at least a predetermined period of epitaxy, while allowifig detachment of the support
substrate %Wﬁﬁ%’re &fthe Sgﬁhin@que?l%\?slﬁed%ferﬁﬁ%ﬁ?ﬁ%@ﬁt, O b&fdte S ERPTNe end of
epitaxy, of'abiHersdrfie Bme enthsehdast epifax§rr LYABSOréing &PRiaBpésttst thé1preseht invention,
there is peswitipst-a methied dfabricating matssies by epitexy dae metteq cemprisingpsiep of
epitaxial growth pf.atleastone igyerof:a, material gn.a campgsits,strycture, the, goraposite structure

comprising at least ope thin film 5 bonded to a support substrate, a bonding layer being formed by

'~ depositiorr bEfivéBH RS UpporEibstrale BAG %n film, the thin film and the support substrate

having a mean thermal expansion coefficient of 7 x 10-6K-1 or more, characterized in that the bonding

layer of oxdfxis isrmes khowipressusesehemical vapor deposition (LPCVD) of a layer of oxide of

silicon on the boggif?gé%%lqghgwe suppart substrate and/or on_the bopding face gé&'l e thin film, in that
IC I

the thin film has a thickness that is less than or equal to_the thickness of said oxide layer, and in that

the methFPRERITBE ARSI b atieit CAAHREGat ¥mpetatltd RaTe RigRer fihthéBmperature
for deposiihgthe tayeepfioxide of sificorwahd fora predétemikred pefiothateTimbsbyusing a
composith%ﬂsu@tuwlﬂ}th ﬁ laﬁﬁré&@&&_' f_l‘(&fé”@@ﬁ: I@@@@@yé@r@lvc% @ﬂﬁgNiH‘ %Hﬂ@(n@%ﬁzﬁfhat is f
greater than or equal fo that of ¢ in_film, it is possible to.cantral the omenon of the formation o
microcaviﬁ'gé? bugriealilrﬁ> the on"”d‘lﬁg%ﬁ%#?)f cé«r e fé%%%lg‘%é% ela%?rt?aetfc%n%;lsq ggﬂd%[%ac ment of the
support stibStateiROrBEL infaRR 16 59Bid efkiafidR™of the Hin’filmt&nd HetachmefMBitthe support
substrate @vera lithited peripd amdithen toacgeatethdsformation ofaierocavitiesan vtdekcto provoke

detachme ob the) SuppeH skhstraterbyduRira of thelayerofoxidegfsilicen af thedesied moment,
i.e. before or aféegéhes%%% gf ggitaxx,s or at thegiame 'm% agﬁg ggg ff epi%ig%/(. st lAsSe>é%lained ‘
below in detar, using a bonding ?ayer formed y?.P& D dlep05| BN WitlT a thicknSss that 1s greater
than that 8Fthe A filrPrévents prstiC iR eta1Rtbld)Uefstinali6As witRin BAEBEREHFE 18, Thus, the
formationef mickbcatitiep in:theydepesitéed bending iayer df oxiderefrsilicon dokrs notijsachto
‘delaminatigp.ef-the:thin filg%;nor gogs ithuckie, e surface of thesfilm, evepduring hgat tregtments at a
temperature tgat,cis hri%her & an the o>éide depositi%nt mperature. F%{ICowing %studr%/, %etail d below, 6
concernin%ﬁﬁe?er%ﬁeré}ﬁre bEfAVIor of IaiL/éres'of oXiae b silicdn & fuhction of i ep8 ition
techniquesErhpRyEd, e Ajplicaft FasdefelithePthabteposition b§R P can produce oxides with
a temperature stabilitrihakis desento thabefaxides abtainpddyahermalaxidation, Fukbess to
withstand stresses, dug I the |arge, differepce: st%%&tmaowﬁ%?ﬂfépwogﬁéﬁwm of the

bonding Iar[)ﬁgr of oxi%%gf silicon and the hi%h expansion coefficients of the materials of the composite

structure, TRE thifRESE of HERYEFOFSKide of Siffbn K grER&Ffahor e§F& & thaldt ti thin film.
This means & thanstrdssesTapplied aitiestoriinglayar domurphigheemperattrr epitabdet growth can
be reducesbagavalias herfiskof-plastitngefosnations oseiEag dnihis hending layer.



In order to detach the substrate at a predetermined moment (during or after epitaxial growth), it is
necessary to apply a heat treatment at a temperature that is at least higher than the temperature at
which the oxide of silicon is deposited, during a pr%determined period that is a function of that
temperatirendbel campasitaipisuettresateoradingdo emiodiniénts of dyeinvertioycdnprises a
deposited bonding Jayer;of pxidefsilicon that isdesigned naiocrgen readily atihe temperatures

and stresseés to which it is subjected during epitaxy. Since creep of the oxide results in the formation of

microcavities Tt is Poesibie b it BRForh&tHHERRT o SRS R S pradétatmidedrdthent during
epitaxy ortthereaifer byrapphinga heaterbhimértdt a teinpetatute thdt i¥abovethe vside deposition
temperatig, Thistheat freatment cagobtaia cisepofiiie bagding byepofiexide By ingreasing both the
temperatyre of the oxide and that ofhthe comlposite structgge cauging the &elgg\r]%t'on offstresses due to
difference®in tp'lg‘fheﬁﬁglségﬁbra%sign chefficients. *¥“The @gr?d"]r%g iLayrér of oxide formed b)‘?1 low

pressure ékearaical 9apoPYdpssition hasid ifickhnesarthat fsegrdaesid ¥lan #3€ thickdes$ BFthe thin film
and is preferabbyip tharsngedtem aparoximately 8 2Ambnigiemetedde 0.45 Agnandmere

preferablyfigltge range *ﬂ%ﬁoxgaatelg O:t% A@]itg 0.4}1% gm, %Th&%%géiak%rgwthi%te partially or
ot ) of silicon and the development

oL L
completely contribute to the hea trea ment to obtain creep of the oxide ,
of microc&hdés. The S6impérattre diRing ebithkiargrofth Rathen RitHe? themihe oxiiedegosition
temperatwBalknamiag tais iempetatired d4s possthie tadeterminetthe dmei afferavhicladevelopment of
(he microauiies 2 quel thatdsuicently yiepkeps tha,gride layer to.igelide (upture Epitaxy may

be carried out'to provide only a part of the heat treatment necessary, for rupture of the oxide layer.
However, 8PRARY MddFalsEBR catfe®but Grer aBEtitl thaf carPprotiute ruptife of tAE oxile layer; in
~-similar vepy & dan<ierdomtihusehaftat rupture of the layer so as to produce the desired thickness of
epitaxially grownpaterial,,, ;Ee geat treatmentstep mayalsa,he cartied oyt afterdhe epitaxial
growth step. This applies.in articg ar thgn epitax {;Dcarri d out %{ a temperature elg\pl/ ttee oxide
depositior?f@rf?ﬁerg & 1598 é RHKS ir% ntof e inve io"ﬁ%‘fhe Reat treafteRtis cafried out for a
period that sargokidatfproveke datackmvent otthe Soapporesubshatet Whderfsudh. cirtimstances, the
heat treatgest that candpitiate the-formation obmictesrvities isgarriedeoutferaperiod thatcan
develop the. microcavities sufficiently. to,obtain splitting/fracture at the bonding layer of oxide. Ina
further em%b%ﬁ%gralf -ﬁ%'e}“ 8gta%ﬁrlﬁleﬁ){imé{ho%Qﬁrt#e?%%/lrﬁl&isg%y aetjfer?r% ﬁé{a:lﬁ?egn@lgr(?tlgtg ,a
complemérftarsten bRappigihg e ditanital 36paREBN Stredd st tHe'BBRAIRg Tt bf dkRle to
provoke detachmgat of theisuippoIt,substatevdhis cosfrementasy: step mayealst tongistief a chemical
attack of the bongling, layeL of oxide ta provoke detachment.afthe SUppoULsUbsirate; 8 ¢ o g

Eitherway,becauseofthepriorformationof microcavities, the heat treatment can weaken the bonding

layer of oRE& $8%hatHhciitePsphiting 5 thehtR adiRFobtaiBa bl e HanaF 6PERShicaF &ction.
The materal obthieboridingtayepforméd tydbwepressufe themgapyapor depbsitioa fssatrvxide of

silicon formed:from pregursges selestad from silangedigiforasianeand JEOS e  dagceardance with
one embodiment of the inve%%%n, the methad further comprises, prior,to bond ing, %gtegz%

densificatfBRTHEAT treatient'dt 17e fay8F oFoxXide of éiffcoh p%gitéaé) By Fot pre5urdchenfical vapor

. depositiorseméhe-boveding fadeofthé seippertistdsirate and/or on the bonding face of the thin film.
This densification, bead tkepimaatstencan futther drerease thademperaturscbetiador Datherdeposited
oxide of silicon vis-g-vis.t rmation of microcayities. Thig step can, it necessary, reduce. the ratio of
the thicknélsggegégéi t%gtﬁf?m% m andi%fsthe degosited Ia)E/Ler of oxide of silicon. Tr?e densification heat

treatment 'st&HFis thffedBut 508 tditperafurdThat FERRPRER tHRhARE 1omPdratie I8P d8d6sition of the
bonding layef oforidédng owveia muchhshortergérigd trarethat whithsprovdiesiaptias obthe layer of

oxide of sijgomi crocavities in the deposited bonding layer of oxide of
silicon does not lead to delamination of the thin film nor
doeg it buckle the surface of the film, even during heat
treatments at a temperature that is higher than the oxide
deposgition temperature. Following a study, detailed below,



In accordance with one particular embodiment of the method of the invention, the thin film may be
obtained using the Smart Cut(r) technique. The method then further comprises: a step of
implantation, by bombardment of one face of a dofor substrate using ions to form, at a predetermined
depth in thesubstrdtega ldyer cfavpakressdefiiabale tin filh ihabe upperporionds thefsubstrate;

a step of bondingbyplaging.the dongr siibstrate indntinate; epntact Wit thessupppitsphstrate; 9 a
step of detachment of the thin film n%rcontactwn thehsi:pp rt substrateﬁb spllgggg%t the layer of
weaknesg%&?méé’ﬁ%ﬂw%aa&no RlibstAE T ¥ Accordanc W%Séf)%ﬁlcué embodiment of the

invention gthedbindilrprialese prodaced gmperadsep ofbahdihg Ly Bivgingl® dshstsibstrate into
intimate coptaghwith 81 supRpsksubistiateiea ByStemet-tinning thesdaner substaterte form the thin
film. After the bonding step,a step of bonding stabilization- annealing. be carried out at a
temperatd_’r% tﬁvajt%glﬁlg %%ﬂhsaﬁﬁé)gtsgtswh%&gthté%xiég%f sﬁﬁg&eis e@géfee vc\jnefhc?ﬁ %ﬁﬁgreo%avities
appearing-i#fthd deépdsieiiayerofRidge. on Iﬁﬂ?aﬁfﬁélﬂéﬁ%‘hwbb%in’?gﬁs BPitliRdent@riSElates to the
production f akleast ane layariefdinanideniasy, lor gluaterpaydype || b andil AN materist such as

GaN, AlGaf, InGa. arInalGaN. ., Inaggoraance with gee grbodiment of the. invegtiqr, the

epitaxial growth is carried out for a predetermined period corresponding to the formation of a thickness

of semicohBfictéPiffterRf o tdmuRfive thidkiiels bFa BYRRbELerhidtRd R¥or Fr&Raldhd thin film
of at leasttHa:micrafnetehe Thisihickfiedsnis suffitiensfomthetsyertdfedonduictive statesak alone or with

the thin filg, 19 haye asufficient mechanical streagth,andflatness, ifit ispot iRulategd-to withstand
the conditions for epitaxy. Thus, a new epitaxial growth step of t % ame material or nothgr I11/N
material &y b8 chfred Be 1 the %ﬁ%eekg?)ité&‘ficgﬁ%‘?pg;ne s v iccgt%laﬁt Fwith &lother

- embodimpitstithe inleftivnasgitndalgrowtristeariad bbtforaasrédaterdinerperiod corresponding
to the formation efa thickaess:of sericanduatomaierakar=a eunidatye thickaess ahardayer of
semipondrltjlc'%?é rrlq_‘at r(% i:inrq thicr)l rfiIm Pf g}: Iegsti%ogc @é&roggé%§h§gchi% thi'csknggsc means ythat itis

possible t8 101 a IZ\/er ot Semiconductor matériar of a

to apply a heat treatment at a temperature that is at least
higher than the temperature at which the oxide of gilicon
ig deposited, during a predetermined period that is a
function of that temperature. The composite structure
according toc embodiments of the invention comprises a
deposited Dbonding layer of oxide of silicon that 1is
degigned not to creep readily at the temperatures and
stresses to which it is subjected during epitaxy. Since
creep of the oxide results in the formation  of
microcavities, it is possible to initiate the formation of
microcavities at a predetermined moment during epitaxy or
thereafter by applying a heat treatment at a 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 thermal expansion coefficients.
The bonding layer of oxide formed by low pressure
chemical vapor deposition has a thickness that is greater



10 "self-supportedn material layer/thin film assembly, i.e. that is sufficiently rigid and strong to be
manipulated without the need for a support. he free surface of the layer of epitax ally grown 5
semiconductor material may be bonded to a target support before detaching the support substrate.
Brief desdription bhthe fihdresnFigurestiAtbd L ahe diagrabmmaticsestonp@E®sA9lshowing the

productionof a compgsite strucire, SRAXY pRdetachmens of the syRBeH swbstate in agcordance

with one imp7l%mentat|on 0 thr(r:f ig\éentlg_%; gllga%iz IS .anflowﬁhartroaf rtlhe steaps %%rriggn a(E)uetE in Figures IA
to IL; 15 I'—Olgures@b{ to 3G aré alagra matic sectivnal Views ghowmggt%e pr%%uct}fon oFa cgmposite

structure, ®paxrang detdchmént of the support substrate during epitaxy in accordance with another
implementation afitbe kyeptian sand2@Figures4 épa flewchait-efithe sfeps:cagiagbaetia Fjgures 3A to
3G. Detailed description of implementations.of the invention Th t invention proppses the
productioﬁ %?dérzjgb c%rﬁ p(%ﬁe g_'trﬁljactul?é3 %:FTowrirji’géE %%{lﬁet g fo?r%at?okg\%‘%}%eppig%% %%Ia;}%frs (jgtﬁty%pe /N
materials &F §686d gtialfty hhaUetdcHinéittor 458" SdrpBE BibStiatd rbRPEFR ComissSsition StRucture
before or afieptheand-ef enitakygoresulistantially at-the-$ame: tintesas thesnekofepitaxy.t80To this

end. the Ryeniion AARSESR ROYRLEODEERLYIA CORROFIEIrUAITE compbingaDonding layer of

oxide located between the support substrate and the thin film and in which the formation of

rnhmmaﬂﬁéséﬁ@ﬁéble to detexrmine the time after which development
of the microcavities is such that it sufficiently weakens
the oxide layer to allow it to rupture. Epitaxy may be
carried out to provide only a part of the heat treatment
necessary for rupture of the oxide layer. However, epitaxy
may also be carried out over a period that can preduce
rupture of the oxide layer; in similar vein, it can be
continued after rupture of the layer so as to produce the
degired thickness of epitaxially grown material.

The heat treatment step 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 embodiment of the invention, the heat treatment
ig 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 period that
can develop the wmicrocavities sufficiently to obtain
splitting/fracture at the bonding layer of oxide.

In a further embodiment, the detachment method further
comprisesg, 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 support
substrate. This complementary step may alsc consist of a
chemical attack of the bonding layer of oxide to provoke
detachment of the support substrate.



controlled. The composite structure of the invention 35 means that microcavities in the bonding layer
of oxide can be controlled both as regards preventing their appearance during heat treatments applied
to the 11 structure before and during at least a p(gartion of the epitaxy and encouraging their formation
or even thigictievelopment durineeepitssg or tindreaftdbwith anicwio detbetmaht ofthe stipport

substratey 9Ehe £9nposite struature geEpPrisesatdeast:onethin filmnfsemiceadusteianaterial bonded

to a support substrate via. @ bonding layer foxige of silicon between the support substrate and the
thin film, %”@ftﬁﬁ fﬁ% a%}ﬁ]’[%% sﬁﬁpg’r{lé{ﬂ:bs%rzﬁéj Lfi\:tiﬂiﬁﬁg A %%r? Rler}ﬁ\afgxp%%%%nrfda éé%ﬁﬁcient of 7 x

106 K-1 orirherenevkriatengsdraliuie 2an§& of e 163 208€ %A @fder to be able to reach a certain level

of stress in the stristuray=applicatior of aheat Heamment. Whepdonding-twa substrateswf materials
ditferent 15 oM silcop,or.2licon cabiels (i), sueb aspapahing,n paigulap it st paseible to form
a layer offoxide oirsniconeby consumption of sificon from the substrate by thermal oxidation. It is thus

necessary 3 Rsith thEWXidE GRSy d&gcSioiudieR techifdgife 26t468 88 pRishiz8nhanced

chemical ¥agomaegosition (abbreviated to PECVD) or low pressure chemical vapor deposition

(abbreviated to LRCVR) Thigisdhen,a pdepgsited uides which, ingontrast to g fhermal oxide, is not

stoichiometric (the oxide deposited has a 25 composition of the type SixO%Hz). Further, this deposited
oxide is 1645deREEARY dbEE ot haVeP iR SHE properties astheifhiaFoxide. EveR aftér
densificatiemandsatmgi this depesited oridlensfsiiconds stil:tempenature-iristablel fepanticular during

high 30 temperatye deatpentsd> 800w pressure chemical vapor deposition

on the bonding face of the support substrate and/or on the
bonding face of the thin film. This densification heat
treatment step can further increase the temperature
behavior of the depogited oxide of silicon vis-a-vis the
formation of microcavities. This step c¢an, if necessary,
reduce the ratio of the thicknesses of the thin film and of
the depcosited layer of oxide of silicon.

The densification heat treatment step 1s carried out
at a temperature that is higher than the temperature for
deposition of the bonding layer 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 embodiment of the
method of the invention, the thin £ilm may be obtained
using the Smart Cut® technique. 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 f£iim in the upper portion of the substrate;

+ a step of bonding, by placing the donor substrate in

intimate contact with the support substrate;



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 35 layer of deposited oxide of silicon onceé the oxide deposition temperature is exceeded,.

They are visible ‘at heSPRcSF tHEHRTHATBE sapphifesy thdtidimtio 13 Bf if@Férdfbte blisters
which "buckig! its serfaveramiendaicomeditablelfor ejiithky bevgusatthetdyrfaseisho Ager smooth
and the |ajitieg pakpneterisedistonteth & hadnisrocayiiesae darger when the thermal 5 expansion

coefficients of thematexjals used.are high, compasgd with thatof thedepasited oxige ot silicon, at the
temperaturr(lag ergggh%d d%#ilrég E%_E){ilclzatxiori of Itnhe c%nemosite %t(r:u@%u%ai%rhd_uring its subsequent use
(epitaxy).31n generacﬁ, the Tormation and d%veﬁ%ment%?cig microcavities within the deposited layer of

oxide of silicon Has?he&f Bsetfed HPBAYImpersturd e i8edify the BRI S d& Ssition
temperatdretc 1iThémpbearpiotadt mividcay s s iRPoxite BiRHIEEA Meay be explained by the
transition from an kb elasfic naadetofdeidrmationdo aqptastic masketafdeformatidorwhiciis thus not
reversible.;Elastie;dgformation is characterized by a modification of the initial state of the oxide, for

example under e action ofﬁ mechani(clal stress,_an its retyrn to tpg 'nitiag%o state &gg#he stress is
withdrawn. Plastic Elgi%,rmaﬁor? resu]?t%nm T versﬁ)%e éformation,saft r which the oxige cannot regain

its initial SEEPONCEAREIRBCIRIRG SirBgs TAitRFaiA T TiE trafStiod o Plasil8ERRNELSN occurs
when a tHrBsitold for BHalgfous ZEpdrhmetets istachediRehesiide. THis faRdif6RisiMked to the
temperatdreptsthieseteep charactenisticsoafthe tikide cisiiean ang td thetsteessappkaed by the
difference, i the expapsionof the bonded materials and of the oxide. The creep temperature of the

oxide of 30 silcop s one.gldhg sharaciaristen o e e that indieates the temperara eyond

- which the oxide chariges.from ag elastic deformatlonlmode to %pkljastlc deformation mode when it is
€ 0

" not subje&ted tBaSHESs TBmperdtire iRREasts the Amotntof cred) 5B the S48 Fhus the 35 level
of stress B¢ appREdto FidBke He f0fmatish ofIrﬁHéEa\ii‘t?é'seiﬁ]tﬂg dePposhed Fyertdxide is lower
when the kigethas agaNrinsic capadiBatd.creep easily,

In accordance with one embodiment of the invention,
the epitaxial growth ig 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 £ilm of at least 10
micrometers. This thickness is sufficient for the layer of
conductive material, alone or with the thin £iim, 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 i1in the same
epitaxy equipment.

In accordance with another embodiment 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 1s possible to form a layer of semiconductor
material or a



13 especially due to the temperature applied vis-a-vis its creep temperature. As a result, to control
the formation of microcavities in the bonding layer of oxide so that they 5 only actually appear at the
desired time pduidog/or2atier epitaxy), it is necessary to use both a depositegaidenobizitigon where
creep is difficult to provoke and to reduce the stresses applied to the oxide of silicon during high
temperature treatments applied prior to or 10 during epitéxy, The Applicant has studied the
temperature behavior of oxides obtained by different deposition techniques and has discovered that an
oxide of silicon deposited by low pressure chemical vapor deposition, also termed LPCVD, 15 can

reduce its capacity f°creep-FReExperments atred BUEDY Qﬁé%dﬁlﬁnﬁﬁﬁ\?g@ﬁgwnjthﬁt the
properties of the okidethave astibswirtial kifluehgédbridie formationtof riierocavities mtth@ bonding
layer and that thesgiprepetties.ean bednffuencedbythae-deposition 20 technique employed and by the

precursor used. The follopﬁﬁ@?g three types of cQX!ﬂj@StheS"iC%‘e‘Q’eB% tested ig{rjfgong)ngjp&%thm film of

sapphlre onto a sa| lre support substrate: oxide of silicon roduce roma silane precursor,

25 deposited at 3 S EHEACEA iRl \?fp&?%%%%lt%h Br PECD; O3 b silicon
produced from a sﬁ@f@p%&%@ﬁ&é@@s@ﬁeaﬁgﬁ@@m [EREYD ¢diso termed HTO silane, HTO
meaning high temperature oxide) (if the oxide is 30 deposited by PECVD, and thus at a lower

temperature, it is not fermed HIQ silang); ahdpe 9xide pfsilicon produced from a dichlorosilane

(DOS) precursor deposited at 900C b{ LPCVD (also ter. d’ned HTO DOS). .
o Figures 10 are diagrammatic sectional views

10 showing the production of a composite structure, epltaxy
and detachment of the support substrate 1in accordance
with one implementation of the invention;

s« Figure 2 3is a flowchart of the steps carried out
in Figures 1A to 1L;

15 « Figures 3A to 3G are diagrammatic sectional views
showing the production of a composite structure, epitaxy
and detachment of the support substrate during epitaxy in
accordance with ancther implementation of the invention;
and

20 « 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

25 composite structure allowing both the formation by
epitaxy of lavers of tvpe III/N materials of good guality
and detachment of the support substrate from the
composltion structure before or after the end of epitaxy,
or substantially at the same Time as the end of spitaxy.

30 To this end, the inventicn proposes a novel concept
of a compesite structure comprising a bonding layer of
oxide located between the supporf substrate and the thin
film and in which the formation of microcavities can be
controlled. The composite structure of the invention

35 means that microcavities in the bonding layer of oxide
can be contrelled both as regards preventing their

appearance during heat treatments applied to the



35Microcavity formation is less significant with HTO silane and HTO DCS. In contrast, microcavity
formation is more significant with the oxide of silicon deposited 14 by PECVD deposition. It thus

appears thatgreen of the deposited oxides is more difficult to provoke whey-{hgy akg.fpesited by the
LPCVD technique. In addition, the temperature behavior of the 5 deposited oxide may be improved by

using an oxide of silicon obtained by LPCVD deposition that has a density that is as close as possible
to that of the thermal oxide. To this end, a densification anneal may be applied to the oxide of silicon
deposited by LPCVD prior 10 to bonding. With a composite structure comprising a 0.5 um thick thin
film of sapphire onsa sapphire Supporsubrsirafe withya H:2 UsxnthickbpndingdayerfoftH®0O DOS oxide

of silicon, a bonding,stabilizatign anneal cariedoutat 15 9006-for d-howr provakes,camplete
delamination of th%ggggglre film. In contrast, when the ng@@(gasfggge »P:ﬂt tgrillica(?n with the same

composite structure’is AnHeaTed fo’r%ﬁﬁnﬁt%%tftg?éo )C in 4 nitrogen atmospherté“:]‘(ﬁ&) efore
carrying out bondif§ & BehaTHy StabllizatisHRReal 2B8&riéd But at 12050C for 1 hour does not lead
to delaminatiah of the thimfitmc omFeurthermorepsineedhe dopmatias obmidregavitiesds tibiked to the

stress due to high thermal expansionerefficients ebthexmaterials of the struciperthe 25 invention also

FNOposeSrEduunQJ98é§¥§§%b¥J§”2”EEnding layer of oxide of silicon between

the support substrate and the thin £ilm, the thin f£ilm
and the support substrate having a mean thermal expansion

10 coefficient of 7 x 107° K" or more over a temperature
range of 20°C to 1200°C in order to be able to reach a
certain level of stress in the structure by application
of a heat treatment.

When bonding two substrates of materials different

15 from silicon or silicon carbide (5iC), such as sapphire
in particulaxr, it is not possible to form a laver of
oxide of silicon by consumption of silicon from the
substrate by thermal oxidation. It is thus necessary to
form the oxide of silicen by deposition using a technigue

20  such as plasma enhanced chemical vapor deposition
{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 net stoichiometric (the oxide deposited has a

25 composition of the type Six0,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-unstaple, in particular during high

3¢ 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 i1t for GaN epitaxy, for
example, microcavities appear exclusively at the bonding

35 layer of deposited oxide of silicon cnce the oxide
deposition temperature is exceeded,. They are visible at

the surface of the thin f£ilm of sapphire by the formation



(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 30 expansi agwmgzgﬁat treatments carried out on the structure beforeﬁmmgﬁ%&égf 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. 35As aR g£xample, 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 15 bonding layer of HTO silane oxide of silicon deposited by PCVD, delamination of the film
occurred after a heat treatment cawried put at :3006Hord hawtckeonttast, whetzc8. 3w thick film of

sapphire was transfeged,onto 5.3 bonding layer that was alsa.Q 3.um dhick of HTQ silaneoxide of
silicon deposited by LPCVD, no delaminatio occur{e_d after a heat treatment c$r,r|e;d out at 1100C for

3 hours. In general*8nd T &cEofIEIRE Wit the iventibn the Righer the therma Si

i 't expansion coefficient
10 of the material of the tHirefifmi, dhedhinhet fismasebe teafive o e Hickies¥ dfthe deposited layer
of oxide of silison is:greles ieoreducerthe-steessesdn thestructisre: Assan:examaples the dgickness of the

thin film should be significantly reduced.relativetothat.of the L dgposited layer of axide gfsilicon

when the thin film is formed from lithium tantalate (LjTa03) that.has a thermal gexpansion coefficient of
A\ dud b £Xped

16 X10-6 K-1 at amBient TRPEFAtiFe Inaccordance with he iivention; the thickness of 20 the
bonding layer of oXeET6RAEE by 1IRCVIY e pasifio 15 Brefé bl P BfeXaing e ffém approximately 0.2
um to 0.75 pm and; meie fceferablyrindgaesande frane approximately £h2 paete:QASwem: The formation

and development gf-micragavities in 25 the bopdingslayst of exide-fopnedby.depesitign result from

applying a thermal Judger,, The lempgtatigelpeniod courle,cotresponds fa the ermal Rydget of a heat

the oxide of silicon deposition femperature.
The appearance of microcavities in the oxide of

silicon may be explained by the transition from an

15  elastic mode of deformation to a plastic mode of
deformation, which is thus not reversible. Elastic
deformation is characterized by a modification of the
initial state of the oxide, for example under the action
of a mechanical stress, and its return to the initial

20 state once the stress is withdrawn. Plastic deformation
results in irreversible deformation, after which 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

25 parameters is reached in the oxide. This transition is
linked to the temperature, to the creep characteristics
of the owide 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

30 silicon is one of the characteristics of the oxide that
indicates the temperature bevond which the oxide changes
from an elastic deformation mode to a plastic deformaticn
mode when i1t is not subiected to a stregs. Temperature
increases the amount of creep of the coxide. Thus, the

35 level of stress to be applied to proveoke the formation of
microcavities in the deposited laver of oxide is lower

when the oxide has an intrinsic capacity to c¢reep easily,



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 gf4he gRiaxIAlI growth, to determine the period after which the@xigle, iayedissufficiently
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. 16 When epitaxial growth is carried
out at a temperature that is lower than the deposition temperature of the oxide layer, to allow
detachment of the support substrate after epitaxy, it is necessary to apply an 5 additional heat
treatment step witl: aitbermal budget that cae at deastiaitiate=thedfotmation of Adieracavities in the
bonding layer of o@ggég o@g&g&ggg@n the bond between the support substrate and the thin film;
detachment of the support substrate js obtained b¥ 10lr turegofrthet;[pus wetakened bonding layer of
oxide. Fracture may be obtaified By déveloping the microcavities formed by extending the heat
treatment for initiafi§ foredation 6FthemiciBcafied Idowever fractGretmMay lso-ba obtaiféd by
applying a 15 snechabnical strass, for exampte by intreddeingaebladérbetwdenthe suppefitsubstrate

and the_ thin film or by @QQLYEQQ tensilg fgg@ésgrag&qugol@@@ tgglg_gsg twe,elements. Jtisthen possible
to obtain fracture mare easily, mote precisely and In a,mppre logalized MANSL. ang to

reduce the stresses applied to the oxide of silicon

during hich temperature treatments applied prior to or

10 during epitaxy.

The Applicant has studied the temperature behavior
of oxides obtained by different deposition technigues and
has discovered that an oxide of gilicon deposited by low
pressure chemical vapor deposition, also termed LPCVD,

15 can reduce its capacity to creep. The experiments
carried out by the Applicant have shown that the
properties of the oxide have a substantial influence on
the formation of microcavities in the bonding layer and
that these properties can be influenced by the deposition

20 technigue emploved and by the precursor used.

The following three types of oxides of silicon were
tested for bonding of a thin f£ilm of sapphire onto a
sapphire support substrate:

¢« oxide of silicon produced from a silane precursor,

25 deposited at 300°C by plasma enhanced chemical vapor
deposition or PECVD;

e oxide of silicon produced from a silane precursor
deposited at 800°C by LPCVD (alsc termed HTO silane, HTO
meaning high temperature oxide) (if the oxide is

30 deposited by PECVD, and thus at a lower temperature, it
is not termed HTO silane); and

o oxide of silicon produced from a dichlorcsilane
(DCS) precursor deposited at 900°C by LPCVD (also tewrmed
HTO DCS) .

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

is more significant with the oxide of silicon deposited



20 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 oxjde.lanek,f9y example using a dilute hydrofluoric acid 25 (HR)splpfinaoasRSE (buffered
oxide etch, which includes concentrated HF). Without the microcavities, the oxide of silicon takes

several hours to dissolve, while in the presence of micragavities, separation between the thin film and
the support substrate is achieved in a few 30 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 witha tirrmat birelges thatds insufficiehtito acliieve the netessaydevelsprent of the 35

microcavities and ghjain Jupture of the bondinglayer efFexide - theshealdieatentsnusirhe extended
beyond the epitaxy with 12 thern;:al C{)%ggeél\{vhigg,%rkse%{ mation 17 of the microcavities in the
7 T

deposited oxide Ia%?car(?%%sclorﬁmu Gntil rupture occurs. This thermal budget is a budget that is

complementary to that of #he?&}5tEesd/OTh paRUFESTEyardS eI peratire thaf must be higher 5
than that of the epitaxy if the datecdfidevelppinent ob e adcrocavitiends 26 bexditrareéd. The period of

the heat treatmentthys depends-onthe mperaiarecgass Thedemperatareéperiatbeeuple, which
defines the thermaﬁllgugget to becalp(PSIigd a}‘gr gwé%rgggyiéy %”Fﬁ%)@’ has.tg be 10 madulated as a
|

function of the stressf?brojuahfel Sb6ut by the ditfference in thermal expansion of the materials constituting

the composite struetiirésand B d8pssittfiaydr SEBRHE ST EHCSh aﬁ?ﬁﬁ&%éﬁf’%egﬁnent‘aﬂd the ratio
of the thickness ofathp thiadilovtothe layédef 05 oxidel 6bsilidonorakeeds o SEFNPlerd siticture of a
SapoS (sapphjre on,sapphike)fype that has a thin layer of 0.4 um bonded by a layer of oxide of silicon

with a thickness of 0.4 u%d%go%:%gﬁa%osso&%qgi&g&@g&&cggm?g@g% with sijane as;fhe,precursor

- gas and densified 20 at 110 urs in nitrogen. The structure is used to ?ltamally grow 100 um

of GaN, requiring & izl Blidyet SHARBOES P2 KolidPFhe ConThBRIENtal Bliddét 15 obtain fracture

is thus be 1200C fer 2hours..If then thick bonding layer of HTO DCS oxide of

silicon, a bonding stabilization anneal carried out at

15 900°C for 1 hour provokes complete delamination of the
sapphire film. In contrast, when the HTO DCS oxide of
gilicon with the same compesite structure is annealed for
30 minutes at 1200°C in a nitrogen atmosphere (N;) before
carrying out bonding, a bonding stabilization anneal

20 carried ocut at 1050°C for 1 hour does not lead to
delamination of the thin film.

rurthermore, since the formation of microcavities is

linked to the stress due to high thermal expansion
coefficients of the materials of the structure, the

25 invention alsc 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 egual to
that of the deposited layver of oxide of silicon. Thus,
mechanical stresses, derived from the difference in

30 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.

35 As an example, the Applicant has carried out tests
which showed that when a f£ilm of sapphire with &

thickness of 0.5 pm was transferred onto a 0.3 pm thick



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 temperaflres greater than that for deposition of the oxide opgifig@n{RiHags30 epitaxy of
materials such as materials of type IlI/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 10-6 1{-1 35 or more over the temperature range to
which the structure is to be subjected, typically 20C to 1200C. In particular, the structure may comprise
a thin film and/or 1b@iiie sappettsubsiratd forariddfronPsapishire (RR03F (rECwi TS5 sefoBK-1),
lithium tantalate (Lika03) (TS ohilfa% 16-6 Kel)r hibbO3 (T G ©f A5ea1684:- Kxl) andddaynes@ 2300

Alloy (TEC of 11.8 X 10:6 K:1). é’&@?*ﬂéﬁ%‘iﬁ“@er%b@'@ 5 primarily composed.of Ni. Gr. Mo, W

(Haynes@ 230EO A on Is not used for the thin film when the film is intended for. use as a seed layer for

epitaxy), or MgO. "<Rs fs Wefl Kibw 285 furidtion oftfEHatare Sfthe Gyitallie ssed Tayer for
growth (thin fiflm), vadcusiiobina@ycternbfy; orafiaterrany HyVasr HiyAck of HTO silane

oxide of silicon deposited by LPCVD, no delamination
occurred after a heat treabtment carried out at 1100°C for
3 hours. In general and in accordance with the
invention, the higher the thermal expansion coefficient
10  of the material of the thin f£ilm, the thinner it must be
ralative to the thickness of the deposited layer of oxide
of silicon in order to reduce the stresses in the
structure. As an example, the thickness of the thin film
should be significantly reduced relative to that of the
15 deposited layer of oxide of silicon when the thin film is
formed from lithium tantalate (LiTal;} that has a thermal
expansion coefficient of 16 x107° K™ at ambient
temperature.
In accordance with the invention, the thickness of
20 the bonding layver of oxide formed by LPCVD deposition is
preferably in the range from approximately 0.2 pm to
0.75 pm and more preferably in the range from
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.
Tn 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 gilicon is deposited, it
is possible, as a function of the temperature of the
epitaxial growth, to determine the period after which the
oxide laver 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.



semiconductor materials may be formed. In particular, the composite structure for epitaxy of the
invention is intended for the epitaxial growth of GaN, MN, InGaN, AlGaN, AlGalnN, BGaN, and indium

nitride (InN). Jhe ds,gRitaxially grown layer may also be composed of a stagk,ghihRagjaEious

materials, in particular to constitute the active layers of an LED. A method of fabricating a layer of
semiconductor material by epitaxy comprising prior proggction of a 20 composite structure and
detachment from the support substrate after epitaxy in accordance with an implementation of the
invention is described with reference to Figures IA to 1L and 2. Before carrying out epitaxy proper, a
composite 25 structure isireduegd that.edn altowdioth the formatidoroby: epitary of at least one layer of

material and the detaghment.of the sHpped subsirate after epitaep s Rroductiongbthe.composite
SUbstrate 10 (op &, TS TR X dese e s T s o SUBSatE 1o o formed
from sapphire (AI2B3PSTHE bBnéintfray8P1 338 layér dF0XaE of SftEdn dR positéd FLPCVD with
silane as the precwddi gas{HT hsitane) iz depasitior35+teniperature wi:800C; @presshee: of 1 torr
and for a period alleyying the depesition:ofa: layer of exide-appraximratel-04-urthicks The deposited
ox_ide of _19 siI_icontiﬁ éh%% ggngifie?al%;/e p I%/inﬁg& Cgignsli{ic_:(?trian 3@5%&95{&‘30' Q teatblozocpc for 30
minutes in a nitrogen atmospll*ne?e step 2%. Alayer of oxide of silicon 13'is also ormed on a
between the support substrate and the thin film;
detachment of the support substrate ig obtained by
10  rupture of the thus weakened bonding layer of oxide.
Fracture may be obtalined by developing the microcavities
formed by extending the heat treatment for initiating
formation of the microcavities.
However, fracture may also be obtained by applving a
15  mechanical stress, for example by introducing a blade
between the support substrate and the thin film or by
applyving tensile forces or shear forces to these two
elements. It is then possible to obtain fracture more
easily, more precigely and in a more lcocalized manner
20 than with a non-~weakened bonding laver of oxide, i1.e. not
comprising microcavities.
Detachment of the support substrate may also be
obhtained by means of a chemical attack of the weakened
oxide laver, for example using a dilute hydroflucric acid
25 {HF) solution or BOE {(buffered oxide etch, which includes
concentrated HF). Without the microcavities, the oxide
of silicon takes several hours to dissclve, while in the
presence of microcavities, separation between the thin
£ilm and the support substrate is achieved in a few
30 minutes or a few tens of minutes.
When epitaxy is carried out at a temperature that is
higher than the temperature at which the cxide ¢f silicon
ig deposited but with a thermal budget that is
insufficient to achieve the necessary developnment of the
35 microcavities and obtain rupture of the bonding layer of
oxide, the heat treatment must be extended beyvond the
epitaxy with a thermal budget which means that formation



5 donor substrate 11 of sapphire. The layer 13 is a layer of oxide of silicon deposited by LPCVD with
silane as the precursor gas (11TO silane) at a deposition temperature of 800C, at a pressure of 1 torr

and for a pergg alleniagihe deposition of a thickness of oxide of silicon of dpaRRsesimately 0.5 um
(step 53, Figure 13). The deposited oxide of silicon is then densified by application of a densification

anneal carried out at 1200C for 30 minutes in a nitrogerratmosphere at atmospheric pressure (step
54). 15The donor substrate 11 also comprises a layer of defects or weakness 3 that has been
obtained, in known manner, by implanting ionic species such as hydrogen ions or co-implanting
hydrogen and heliuh ions, carriedasotidtiasimplaniatiobedose inchecrange L XvEG1 Zatoris/icm?2 20
[atoms/square centigeterliod X-kQL7 atgms/emZand with animplankation enegyiadhedange 30 key

[kilo-electron voIt] to 50% é(gghglp[spol%nt%t&np& %dggfgﬁyt@(g alemperature én é%h range 20C to 400C,

preferably in the rangeg to for a’perio 1'minute to 10 25 hours. These implantation

conditions can cre&ie, ta“t%r%ﬂe?&nﬂﬁ%%tﬁ%ﬁ?ﬁ@%ﬁﬁhrtﬁe%}ﬁﬁui&‘ﬁ% tF?%kHé%SFthe oxide
layers 12 and513, irtthe dowor substiate ¢ thsclayef of defacis or aeakaess Sogefiting firstly a thin

film 4 in the upper regioniefthe 3P subksirate Id-and sesanalyaaportiones tikthelower region of the
substrate corresponding t%heg ’%%'”Qﬁu F e éHE%"%E‘? lcé’xe « hg-surface of the-bonding layers of

oxide 12 and 13 is pﬁanarlze emlca mec anlcal olis é ; P) to 35 obtain a_surface
ové

roughness of less PSR ATGRIR s Fodt hie §%u?1%%et§i’35%?35 x5.41112 to
thereby facilitate the:§gbsequeniténtinpale ecntact st@p::zm@mpg 55afd SErFigdes 1 ahd 1D).

Thus, after polishing.the-oumaulative thickaessaf layer 2 aneskd ioR45un A5:pin-Next, bonding
lscanmxioutbyt):%%nggg%g@%ag in thermal expansion of the materials

§ constituting the composite structure and the deposited
laver of oxide of silicon during heat treatment and the
ratio of the thickness of the thin £ilm to the layer of

15  oxide of silicon. Take as an example a structure of &
Sapos (sapphire on sapphire) type that has a thin layer
of 0.4 um bonded by a layer of oxide of silicon with a
thickness of §.4 pm depcesited at 800°C using the LPCVD
technicque with silane as the precursor gas and densified

20 at 1100°C for 2 hours im nitrogen. The structure is used
to epitaxially grow 100 pm of GaN, requiring a thermal
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 depogition 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 cf 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 rangs 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



5 the HTO silane layer 12 into intimate contact with the layer of HTO silane 13 of the donor substrate
11, the combined layers 12 and 13 forming a bonding layer of oxide 25 (step 57, Figure 1E). Bonding

is carried ouR,p(y WaghRonding. The principle of bonding by wafer bonding.&@,is:Welldspawn per se and
is not described in further detail. It should be recalled that bonding by wafer bonding is based on

bringing two surfaces into intimate contact, i.e. withoutthe use of a specific material (adhesive, wax,
low melting point metal, etc), the 15 attractive forces between the two surfaces being high enough to
provoke molecular bonding (bonding induced by the ensemble of the attractive forces (Van der Weals
forces) of electronituiatenaction betwben atoms wrmmete ciitasiofsthertivorsurfddes 1o bElBEhded). 20The
assembly of the two substyatesittien undergaas spItiRg anneatingtwproveke-fragtureg of the donor
substrate 11 at the pla f weakness transfer prapek of-the 0.4-lam thi infilm 4 onto the
support substrateglg (:&fﬁ 58%%%% 1D:i plgljt%nn;L gan%ga ingqg;h 5 %gﬁiae%&ﬁtg E}%&%ﬁ%ﬁ up the

temperature from &mbient (6%pproxitat .IY(B(%@C. Rs ls welHAowTe the TRBERTaFE afd tifation of
the splitting afneab aiedefitgd asrahmefionfofithe ifplaiMation coHditioas@nbidpdriicatar as a

function of the impjantatien.dase. 80in addition; a bonding stabilizationannest is earsied-out at 1050C

in nitrogen for 1 hqur without_deform ti%ns R ating on the surface of the thin film 4 (step S9). The
surface of the film%%%aﬁﬁe%%eaprse%%rea %c?r §5 ep?ta;%b, fo?%&(,glrhp e b%%ol'ishing to obtain a surface

roughness of less than 538 r& dUeth SHPARE afdh Bf 5 X5 b (step 518, Rijuie§eyt e

crystalline seed layer for growth (thin film), various
10 Dbinary, ternary, or guaternary III/V, or III/N
semiconductor materials may be formed. In particular,
the composite structure for epitaxy of the invention is
intended for the epitaxial growth of GaN, AlN, InGaN,
2lGaN, AlCGaInN, BGaN, and indium nitride (InN). The
15 epitaxially grown layer may also be compesed of a stack
of these wvarious materials, in particular to constitute
the active lavers of an LED.
A method of fabricating a layer of semiconductor
material by epitaxy comprising prior production of a
20 composite structure and detachment from the support
subgtrate after epitaxy in accordance with an
implementation of the invention is described with
reference to Figures 1A to 1L and 2.
Before carrying out epitaxy proper, a composite
25 gtructure 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

30 a support substrate 10 (step S1, Figure 1lA). In 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

35  temperature of 800°C, a pressure of 1 torr and for a
period allowing the deposition of a layer of oxide
approximately 0.4 um thick. The deposited oxide cof



21  Ascan be seen in Figure 10, a composite structure 14 is obtained comprising the support
substrate 10, an oxide bonding layer 25 of HTO silane deposited by LPCVE and a thin film 4 of

sapphire thatypayarbasa S crystalline seed layer for growth.  In the exappieslessingd here,
epitaxial growth of a layer of gallium nitride (GaN) 15 is carried out on the thin film 4 (step 511, Figure

1H). Epitaxial growth is carried out at 1050C for 2 to 3 fwurs in order to obtain 10 a layer of
approximately 10 um or more of GaN, for example using hydride vapor phase epitaxy, HVPE. No
delamination was observed after said epitaxy. Since the GaN epitaxy is carried out at a temperature
that is higher thanghat fordepositiomotitiesdxides! of silieon 1 ¥8 Hite thetatest biidget sapplied by the

epitaxy contributedte the bugdget necessary fortheodevelepment af micrecavities. Howevesrthe
microcavities created are not sufficiently developed to accomplish the weakening of the oxide layer
% ere %&ﬁg . .
20 epitaxially grown layer 15 mag/ alsg have a more complex

that is necessary for detachment. :
structure, termed the elebtrofiiheSterntdidte taydr WHidH isconstitdted by S&V&Tal MHatérials such as

GaN, InGaN, or AlBaN fornéd irrsbecdssiont byapitakyeoncehhe layEarof GaNsL s f8rHaEd, its free
face is 25 bonded e a-final suppos: 16 efsiligepvia adnetal bonding interface: 12 fetepb ki &igure 11).

Next, complete defaciment of the, supoast sybstyate 10.could be cartied, out.Said detachmant i
plying a mechan X

achieved here by ap y anical stress to finalize detachment of 30 the structure at the
cavities formed in £ 0XidePdurind P SBFai & growth step Bt fidlt a?‘e?ﬁeﬁffﬁgeﬁg o provoke
spontaneous separatoriabtiia boadinglaget bl okideszs info 86 Portichs 254 25b ttep 513, Figure
1J). 35The remaingep25a:afthe bpnding jayer of exidsandigure 18). The deposited

oxide of gilicon is then densified by application of a

densification anneal carried out at 1200°C for 30 minutes

in a nitrogen atmosphere at atmospheric pressure (step

sS4} .

15 The donor substrate 11 also comprises a layer of
defects or wedkness 3 that has been obtained, in known
manner, by implanting ionic species such as hydrogen lons
or co-implanting hydrogen and helium ions, carried out at
an implantation dose in the range 1 X 10' atoms/cm’

20 [atoms/square centimeter] to 4 x 10" atoms/cm® and with
an implantation energy in the range 30 keV kilo-electron
volt] to 200 kev. Implantation is carried out at a
remperature 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

25  hours. These implantation conditions can create, at a
predetermined depth that is less than the cumulative
thickness of the oxide lavers 12 and 13, in the donor
substrate 11, the layver of defects or weakness 3 defining
firstly a thin film 4 in the upper region of the

30 eubstrate 11 and secondly a portion 5 in the lower region
of the substrate corresponding to the remainder of the
gubstrate 11.

The surface of the honding lavers of oxide 12 and 13
is planarized by chemical mechanical polishing (CMP) to

35 obtain a surface roughness of less than 5 A [Angstrom]
rms [root mean sguare] over a surface area of 5 X 5 um2 (e}
thereby facilitate the subsequent intimate contact step



the thin film 4 are removed from the surface of the GaN 22 layer 15 by chemical etching and/or
polishing (step 514, Figure 1K). The remainder 25b of the bonding layer of oxide is also removed

from the supRE&tsubsisate 10 that can then 5 be recycled, for example to igrha RELERFIPOSIte
structure for epitaxy as described above (step 515, Figure 1L). The partial development of

microcavities during epitaxy of the layer 15 prior to bonging between the two 10 materials with very
different thermal expansion coefficients (sapphire and silicon) means that the thermal budget to be
supplied to result in detachment can be reduced. This can also prevent the generation of stresses that

are too high in the structuresduring the; 15splittingsheat teeatment,. saighstresses pessibly resulting in
Shattering of e bondTaRtctre,,. Anglier malemaniation of the matiod of ftiieging a layer of
epitaxy’ | ( i ' i n

semiconductor malferlajﬂ Xy in accordance with the invention and comprising the prior 20
production of a coﬁrﬁ)o%itg%tfﬁ%téreoaﬁé détachment of the support substrate during epitaxy is
described below.  Prodigction bbthéicampesitestdedire fér epitdxyicormmentes byasingiig a
support substeate 20 foemed fror.sapphirefAl203)dnte intimate contagt with-a donar 2substrate 21

fOHnedeHnSappwg§ggc%§og%8xéwﬁgﬁg 13 of the donor substrate 11, the
combined lavers 12 and 13 forming a bonding laver of
oxide 25 (step 87, Figure 1E). Bonding is carried out by
wafer bonding. The principle of bonding by wafer bonding

10 is well known per se and is not described in further
detail. It should be recalled that bonding by wafer
bonding is based on bringing two surfaces into intimate
contact, i.e. without the use of a specific material
{adhesive, wax, low melting point metal, etc), the

15 attractive forces between the two surfaces being high
encugh to provoke molecular bonding {(bonding induced by
the ensemble of the attractive forces (Van der Waals
forces) of electronic interaction between atoms or
molecules of the two surfaces to be bonded) .

20 The assembly of the two substrates then undergoes
splitting annealing to proveke 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

25 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 functicn of the implantation dose.

30 In addition, & 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

35 epitaxy, for example by polishing to obtain a surface
roughness of less than 5 A rmg over a surface area of 5 X

5 ur® (step 810, Figure 1G).



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 nm2 (step 520, Figure 3A). These layers of oxide
of silicon 30 g Abrsnsified, their combination forming a bonding layer of Sxige i aéitk@ cumulative
thickness of approximately 0.5 pm. The donor substrate 21 also comprises a layer of defects or
weakness 23 that is obtained by implanting 35 ionic spegies under conditions that can readily be
determined by the skilled person (implantation dose and 23 energy) in order to obtain a thickness of
the film 24 of 0.5 um. Bonding is carried out by wafer bonding. The assembly of the two substrates
then undergoes a 5 splittig asmedito prevokerfractme of Hife donopsubstidte 21 atthieylane of
weakness 23 and transfer greperneithedhinfiler 24 onte the syppertsubstrate- 20 {step=321, Figure
3B). The splitting ggpf&éi%gar&ifggo%a%;éigg gﬁtegp%gwrg ramp-up Q'Eggg Meg&to&;}_%proximmely
In

600C. No bon stabilization;annéaling is carried out. The surface of the film 24 is thus prepared

to act as a crystallEséed T Yréwiiic &hitaSG Rt exanipie by Belishily & oBtain a surface
roughness of fess thare5 A 15rmssevst a stifacd areavPBHés um?2 (step 322, Figure 3C).
In the example described here, epitaxial growth of a

layer of gallium nitride (GaN} 15 is carried out on the
thin film 4 (step 811, Figure 1H). Epitaxial growth is
carried out at 1050°C for 2 to 3 hours in order to obtain

a laver of approximately 10 um or more of GaWN, for

[
<

example using hydride vapor phase epitasxy, HVPE. No
delamination was observed after said epitaxy. Since the
GalN epitaxy is carried out at a temperature that is
higher than that for deposition of the oxides of silicom,

15 the thermal budget supplied by the epitaxy contributed to
the budget necessary for the development of
microcavities. However, the microcavities created are
not sufficiently developed to accomplish the weakening of
the oxide laver that is necegsary for detachment. The

20  epitaxially grown laver 15 may also have a more complex
structure, termed the electroluminescent diode laver,
which is constituted by several materials such as GaN,
InGaN, or AlGaN formed in succession by epitaxy.

Once the layer of GalN 15 i1g formed, its free face is

25 bonded to a final support 16 of silicon via a metal
bonding interface 17 (step S12, Figure 1iI). Next,
complete detachment of the support substrate 10 could he
carried out. Said detachment is achieved here by
applying a mechanical stress to finalize detachment of

30 rhe structure at the cavitles 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 2b5a, 25k (step 513,
Figure 1J).

35 The remainder 25a of the bonding laver of oxide zand
the thin film 4 are removed from the surface of the GaN



A composite structure 44 is obtained comprising the support substrate 20, a bonding layer of oxide of
silicon 30 (LPCVD, silane, 0.5 micrometer thick) and a thin film 20 24 of sapphire 0.5um thick that

could act as qv(ér)ﬁ;%g}@ﬁeed layer for growth. In the example describgdhers spitaxial growth of
a layer of gallium nitride (GaN) 35 is carried out on the thin film 24. Epitaxy Is carried out at 1100C for

2 25 hours that could produce a layer of GaN of approxiately 100 um and rupture of the layer of
oxide of silicon 30 (step 323, Figure 3D). The split structure is left in place (the support is not removed
from the remainder of the structure) and epitaxy is continued to obtain a layer 30 of GaN 35 of

approximately 1 mos(step 324rfigiher )= Thevemainden30a of the hending layer-9f axide and the
thin film 24 are renﬂv&gljéo%gp'e surface of the layer of GaN 35 by chemical etching and/or polishing
(step 325, Figure 3F). 35TE11e remainder 30b of the bonding layer of oxide is also removed from the
support substrate 20 that €otld fR&H BE FEcyfcled For EXEmpte to RSt &fdw Conipoiite 22 structure
for epitaxy as descfibéd attivevigtey 528, Fifure 8@pres substrate 10 that can then

5 be recycled, for example to form a new composite

structure for epitaxy as described above (step 515,
FPigure 1L).
The partial development of microcavities during
epitaxy of the layer 15 prior to bonding between the two
10 materials with very different thermal expansion
coefficients (sapphire and silicon) means that the
thermal budget to be supplied to result in detachment can
be reduced. This can also prevent the generation of
stresses that are too high in the structure during the
15 splitting heat treatment, said stresses possibly
resulting in shattering of the bonded structure.
Another implementation of the method of fabricating
a layer of semiconductor material by epitaxy in
accordance with the inventicn and comprising the prior
20  production of a composite structure and detachment of the
support substrate during epitaxy ig described below.
Production of the composgite structure for epitaxy
commences by bringing a support substrate 20 formed from
sapphire {Al;0:) into intimate contact with a donor
25 substrate 21 formed from sapphire each covered with a
layver of oxide of silicon deposited by LPCVD using a
silane precursor gas and wherein the surface has &
roughness of 5 A rms over a surface area of 5 X 5 um’
{step 820, Figure 34). These lavers of oxide of silicon
30 are not densified, thelr combination forming a bonding
laver of owide 30 with a cumulative thickness of
approximately 0.5 um.
The donor substrate 21 also comprises a laver 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



CLAIMS 1. A method of fabricating materials by epitaxy, comprising a step of epitaxial growth of at
least one layer of a material on a composite structure, said 5 composite structure comprising at least

one thin film Qendaddo.a support substrate, a bonding layer being formed y;dangsiienetween the
support substrate and the thin film, the thin film and the support substrate having a mean theimal

expansion coefficient of 7 x 10-6 K-1 10 or more, characterized in that the bonding layer of oxide is
formed by low pressure chemical vapor deposition (LPCVD) of a layer of oxide of silicon on the
bonding face of the support substrate and/or on the bonding face of the thin film, in that the thin film
has a thickness 1%#hatds lessthenmrrequal dbthe thieknessefsaid oxidetayef,idmd bhéthaf the
method includes a;heat freatment carried out at a temperature that is higher than the temperature for
depositing the layer of oxide of silicon and for a predgt rmine ggrggﬁgoﬁz. A method according to
claim 1, characterized inTRAfthechest tHdthmant iS Thitiated &t the sameé time as the epitaxial growth
step, said epitaxial growtHstep beirgp Edridd Slitatd feriperdtife-firat IS RiyHer ek i 25
temperature a whigh therlayer ehaxide aofcsiliconvisidepositedane cdntribatidgratieast in part to said

heat treatment. 3.Séﬂg%@gg&ac?prgi@gttgeclgmgecggra,gggjé@sig that 304he heat reatment is

carried out after the epitaxial growth step, said epitaxial gro step_being carried out.at a temperature
that is lower than %%%e?iu%ﬁoi; aéiﬁosiﬁ%%it g Iffegr%},\%‘?(?desﬁf) Eﬁé%n.séﬂab i?ﬁarﬁ%tho% according
to any one of clainis £ FTharddterzed 1% that thedredPdurface st fengyer of carried

out using a temperature ramp-up from ambient to
10 approximately 600°C.

No bonding stabilization annealing is carried out.
The surface of the film 24 1s thus prepared to act as a
crystalline seed for growth for epitaxy, for example by
polishing to obtain a surface roughness of less than 5 A

15 rms over a surface area of 5 X 5 pm’ (step $22,
Figure 3C).

A composite structure 44 is obtained compriging the
support substrate 20, a bonding layver of oxide of silicon
30 (LPCVD, silane, 0.5 micrometer thick} and a thin film

20 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

25  hours that could produce a layer of GaN cf 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 Ifrom the remainder of
the structure) and epitaxy is continued to obtain a layer

30 of GaN 35 of approximately 1 mm (step S24, Figure 1E}.

The remainder 30a of the bonding laver of oxide and
the thin film 24 are removed from the surface of the
laver of GaN 35 by chemical etching and/or polishing
(step 525, Figure 3F).

35 The remainder 30b of the bonding laver of oxide is
also removed from the support substrate 20 that could
then be recycled, for example te form a new composite



26 material formed during the epitaxial growth step is bonded to a target support. 5. A method
according to any one of claims 1 to 4, 5 characterized in that the heat treatment step is carried out for
a period thategn Daeke, detachment of the support substrate. 6. A methggd@aggaisiagigsany one of
claims 1 to 4, 10 characterized in that it further comprises, after the heat treatment step, a step of
applying a mechanical separation stress at the bondinglayer of oxide to provoke detachment of the
support substrate. 15 7. A method according to any one of claims 1 to 4, characterized in that it further
comprises, after the heat treatment step, a step of chemical attack of the bonding layer of oxide to
provoke detachment of:the:sepgaert sabstrates 20s 8dAsmeilimdiaetardng to-any Rhé of claims 1 to 7,
characterized in that the-maierjal of the bonding layer formed by low pressure chemical vapor
deposition is an oxide of silicon formed from precursors selected from at 25 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 30 oxide of silicon
deposited by low pressure chemical vapor deposition on the bonding face of the support substrate
and/or on the bonding face of the thin film. 10. A method according to any one of claims 1 to 9, 35
characterized in that it further comprises: a step of implantation, by bombardment of one face of
a donor substrate using ions to form, at a



27 predetermined depth in the substrate, a layer of weakness defining the thin film between the
implanted face and the layer of weakness; a step of4onding, by placing the implanted face 5 of the
donor substrate in intimate contact with a face of the support substrate; and a step of detachment
of the thin film in contact with the support substrate, by splitting at the layer of weakness formed in the
donor substrate. 30, ¥:sA method according to any one of claims 1 to 9, characterized in that it further
comprises: "_t_of bo di 1%) brin one f ce of danor substrate into intimate contact
with one face of Eheszf‘s su po r% s}%e a% %-1 as ep o %ﬂi‘?ﬁ%ﬁ ﬁqe dORGr substrate to form the

thin film. 12. A m‘é‘?ﬁt&tﬂféﬁéaﬂjlﬁg ?6%?&ﬁn§6f€%fﬁ%%11 ey B0 characttf28H iftRat the bonding
layer of oxide forimed:bydéwepressersi ehemical vapureepositiorrhasarthicks®ss in the range from

approximatety 0.2dnjssameterste Q7o micemeters. 2p 3. Adagthoshaceordingrta any one of claims 1

to 12, characteri e h S tsu nstjt ial el d from at least one
of the following r%a%éﬁaﬁpsags% h%%g%TaOS %%%%%g% : L%%%%yﬂ%nngzat%%og)?ﬁ oy. 30 14. A

method accordingto R BPfe FRbirs P R0 1% WRata ﬁzéb‘ﬁ)ﬁ’ &tﬁ‘ébtﬁ’r_ﬁfﬁl i€B8nstituted by 35
the thin film, the thin film and the support substrate
having a mean thermal expansion ccefficient of 7 x 107° K™*

10 or more, characterized in that the bonding layer of cxide

is formed by low pressure chemical vapor depositicn
(LPCVD) of a layer of oxide of sgilicon on the bonding
face of the support substrate and/or on the bonding face
of the thin £ilm, in that the thin £ilm has a thickness

15 that is lesge than or egual to the thickness of said oxide

layer, and in that the method includes a heat treatment
carried out at a temperature that is higher than the
temperature for depositing the layer of oxide of silicon
and for a predeterminéd period.

20

2. A method according to claim 1, characterized in that
the heat treatment i1s initiated at the same time as the
epitaxial growth step, sald epitaxial growth step being
carried cut at a temperature that is higher than the

25 temperature at which the layer of coxide of silicon is

deposited and contributing at least in part to said heat
treatment.

3. A method according to claim 1, characterized in that
30 the heat treatment is carried out after the epitaxial

growth step, said epitaxial growth step being carried out

at a temperature that 1s lower than the temperature for

depositing the layer of oxide of sgilicon.

35 4. A method according to any one of claims 1 to 3,
characterized in that the free surface of the layer of



28 a material selected from at least one of the following materials: sapphire, LiTaO3, MgO, and
LINbO3. 15. A method according to any one of claimssl to 14, 5 characterized in that the
semiconductor material layer is one or more binary, ternary, or quaternary IlI/N materials. 1/7

54,5613 11
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35

material formed during the epitaxial growth step is
bonded to a target support.

5. A method according to any one of claims 1 to 4,
characterized in that the heat treatment step is carried
out for a period that can provoke detachment of the
support substrate.

6. A methed according to any one ¢f c¢laims 1 to 4,
characterized in that it further comprises, after the
heat treatment step, a step of applying & mechanical
separation stress at the bonding layer of oxide to

proveoke detachment of the support substrate.

7. A method according to any one of claims 1 to 4,
characterized in that it further compriges, after the
heat treatment step, a step of chemical attack of the
bonding layer oi oxide to provoke detachment of the
support substrate.

8. A method according to any one of claims 1 to 7,
characterized in that the material of the bonding layer
formed by low pressure chemical vapor deposition is an
oxide of gilicon formed from precursors selected from at

least silane, dichlorosilane, and TECS.

9. A method according to any one cf claime 1 to 8,
characterized ian that it comprises, pricr to bonding, a
step of densification heat treatment of the layer of
oxide of silicon depeosited by low pressure chemical vapor
deposition on the bonding face of the support substrate
and/or on the bonding face of the thin f£ilm.

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

of a donor substrate using ions to form, at a
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predeterminéd depth in the substrate, a layer of weakness
defining the thin film between the implanted face and the
layver of weakness;

* a step of bonding, by placing the implanted face
of the donor substrate in intimate ceontact with a face of
the support substrate; and

» a step of detachment of the thin f£ilm in contact
with the support substrate, by splitting at the layer of

weakness formed in the donor substrate.

11. A method according to any one of claims 1 to 9,
characterized in that it further comprises:

« a gtep of bonding, by bringing one face of a donor
substrate into intimate contact with one face of the
gsupport substrate; and

* a step of thinning the donor substrate to form the
thin film.

12. A method according to any one of claims 1 to 11,
characterized in that the bonding layer of oxide formed
by low pressure chemical vapor deposition has a thickness
in the range from approximately 9.2 micrometers to 0.75

micrometers.

13. A method according to any one of claims 1 to 12,
characterized in that the support substrate is
constituted by a material selected from at least one of
the following materials: sapphire, LiTaO;, LiNbC;, Mg,
and Haynes® 2309 Alloy.

14. A method according to any one of claims 1 to 13,
characterized in that the thin film is constituted by
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a material selected from at least one of the following

materials: sapphire, LiTa0,;, MgO, and LiNbO;.

15. A method according to any one of claims 1 to 14,
5 characterized in that the semiconductor material layer is
one or more binary, ternary, or guaternary III/N

materials.
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