1 A METHOD OF FABRICATING EPITAXIALLY GROWN LAYERS OF MATERIAL Technical field and
prior art The present invention relates to the fabrication of 5 layers grown epitaxially on a composite

structure ancwg %&Qgﬁ@ﬁhment of such a layer from the structure. More g&g}ﬁg%emgﬂ%)ention

relates to the detachment of the support from the remainder of the composite structure atter epitaxy,
thereby enabling the support to be 10 recycled, and the,epitaxially grown layer to be released or to be
transferred onto a final support if it is not self-supporting. Group I1I/N materials are endowed with
particular electronic properties, such as a wide band-gap, which 15 renders them highly advantageous
for use in optics, opteetegtronics, andetectmnics. Htoweawan sueharaterials.arergotavailable in bulk
form, in quantities,jp.digmeters, or at prices that mean that they can be used on a large industrial
scale. They are fabric%tggctg/lz he}f%roe(g axy on substrates or structures that are adapted to produce
2

crystalline growth With & miRimal detectasndt y’?%s%ﬁ)tre structures for heteroepitaxial growth are

composites provided witiFaghiprssa film IVarHasa |afiée pararmetdéithaf fladapteds thé parameter
25 of the material te:be grownepitaxially-n ordeytaominimizethe ioranatiornuefcrystal tlefeeis. The

support substrate fqr sugb:Sfrugtures is selected sojthat its thermahexnansiqn coefficient js.close to

hat of the material rown epitaxially, ther voidin
that o the aKEapggggéégy,%Bﬁgj%g%ééiggyfg é%e to the detachment of the

support from the remainder of the composite structure
after epitaxy, thereby enabling the support to be

10 recyeled, and the epitaxially grown laver to be released
or to be transferred onto a final support if it is not
gelf-supporting.

Group ITI/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 electronics. However, such
materials are not available in bulk form, in guantities,
in diameters, or at prices that mean that they can be
used on a large industrial scale. They are fabricated by

20  Theteroepitaxy on substrates or structures that are
adapted to produce crystalline growth with a minimzl
defect density. Possible structures for heteroepitaxial
growth are compositeg provided with a thin seed f£ilm that
has a lattice parameter that is adapted to the parameter

25 of the material to be grown epitaxially in crder to
minimize the formation of crystal defects. The support
substrate for such structures ls selected so that 1its
thermal expansion coefficient is close to that of the
material 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, optics, or electronics. It is thus
necessary toe transfer the layer of epitaxially grown

35 marerial to a target support with more appropriate
properties {thermal and electrical conductivity, optical
properties, etc) or to detach the epitaxially grown layver



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, optics, or electronics.

It is thus nec&&;%%;@%%psfer the layer of epitaxially grown 35 material tq,a target Sippgrt with more
t

appropriate properties (thermal and electrical conductivity, optical properties, etc) or to detach the
epitaxially grown layer 2 from the support when it is 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 texinboad authin nafeteaverediwitlz iniégrated cirguits bohded tba support

substrate that prowides the rigidity;necessary. tothe waferfQr eagigrnanipulation-duying the 10

treatments that hage to be carried qut ?Pn the;intt:%%rat(]e:% ‘(ﬂ:]'rﬁuiésc. The document describes unbonding at

= -
the bonding interface Petween the warer and the‘sugport y USE ofan 5§iﬂel§or?dirﬁarfgfé:r formed by

PECVD. That oxideids e pesulfiftity 61 habifR GPFspEGes tRRCHS diffusetiothe Boriidg hterface
under the actidn of a heatitreatment (6d0C to 1350C) carried out after bonding stabilization annealing

and the desired treatments £arded oyt on-thefategratedoircyits. Said-species deyelop until a gas is

formed and constitut%s I%Q %ut% les th%tf(gguse and that gg%con%%ntratgd Aoc%lllyc%tit@se bonding

interface, i.e. the interface located bétween the substraté and the gﬁ&e %on%llng layer deposited on the
wafer. That phenofiélitleREodratEeRREEkERAG 'of #5E bbREI PSS uRtithe Siport'substrate
unbonds 25 completely=atdtsyinterfadeswith the bording kyer, manipulation during the

10  treatments that have to be carried out on the integrated
circuits. The document describes unbonding at the
bonding interface between the wafier and the support by
use of an oxide bonding laver formed by PECVD. That
oxide has the peculiarity of having OH species that

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

20 bubbles that diffuse and that are concentrated locally at
the bonding interface, i1.e. the interface located between
the substrate and the oxide bonding laver deposited on
the wafer. That phenomencn 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
ponding laver from the support so that the integrated
circuits can be used.

International patent document WO-2-02/084722

30 describes the fabrication of a substrate that can be
released via a specific interface, or intermediate layer,
having mechanical strength that i1s kept to a controlled
level, compatible with subsequent release. Said release
may take place after forming the components on the

35 gubstrate 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



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 30 describes the
fabrication Ofv??‘os% gﬁzt& Jhat can be released via a specific interface, or ipiefpediaieslayer. having
mechanical strength that Is kept to a controlled level, compatible with subsequent release. Said
release may take place after forming the components of the 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 that is sufficient to
carry out the subseguent stepsrijel thatfiis Compatie withesubseduent Felease t8aid refease may be
a]gct?mplisf;ed by %g&tﬁéa%ld’aegb?&iﬁakﬁh@ungc%@ngmfs%@h@miq;lagw pthe m@baﬂiﬁl strehngth
of the interface may_be reinfarced if nece eaf tre nts r ing comp tible wit
subsequent detaci%lr%%llaﬂ?.%\7?/?(;L %\%85/0%%?% eé#ibééﬁb%]%%g a%%bgstr%%a%%gga 10 su%éerstrate of

silicon, each of wHidHF %8 hiFRFHaPExife ISFEFTT e d Herédn. An intehTRARRE layet of Yxide of
silicon is formed ontenecofithean i isxdop &t witheshesphords sindfrdicronio forn a PSG
(phosphor-silicate glass) o1 RBS&(beso-phosphecsiicate glass)dype-t5Sonatesiat that can be deformed

plastically. Appying-2.healifeament(o hesteycilte aLadc.{0.d A0k fausen g reversivle

formation of micro-bubbles of microcavities in the bonding layer. Said micro-bubbles may be used for
a variety of appliczﬂﬁﬁ%%ﬂftzo particular to weaken the bonding interface to allow the structure to
be dismantled.  WO-A*2085074D223describésths fapAcatioions "RberabsileaSgustife Bince the
two principahlayersmay-bediberated framieach, otherby-am exterhataction, 2hdonexamplea

mechanical action, Bonding i achieved viga reversiple copnegtion.obtained by formiag g layer of a

silicon is formed on one of them. It ig doped with

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

15 material that can be deformed plastically. Applying a
heat treatment to the structure at 900°C to 1100°C causes
the irreversible forymation of micro-bubbles or
microcavities in the bonding layer. 8Said micro-bubbles
nay 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 acticn,

25 for example a mechanical action. Bonding is achieved via
& reversible connection obtained by forming a laver of a
first material comprising within it a second material
such ag silicon or germanium that is capable, following a
heat freatment, of generating nanc-particles that are

30 different from the first material. The layer of first
material may be formed from deposited or thermally formed
$i0,. The bonding force procured by that type of
connection is not modified during subseguent heat
treatments. The connection may then be used fo liberate

35 the two substrates by the action o0f a mechanical fozxce.

The detachment solutions described in those

documernits cannct be used with structures that are



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 30 different from the first material. The
layer of first material may be formed from depositéd or thermally formed 5i02. The bonding force
procured byttkartyge dloconaaetion dsifot epodifed ddringrsuwisequend hddiateatpesns iFiee

C%nngctiq%r@éﬂmi% be,used i@iblaqer%tﬁﬁ?a_én@g twQsahstiates @agzlﬂg ﬁ@dﬁ@ﬁaga mechasigal force.
The detachment.solutions described in e, documents cannat with stryctur atare 4
intended Foaggr?rlyl out ep?téggﬁg%wgwagr%fﬁaa%%bmp?r?sce' mate‘?%ls %ﬁﬁteﬁigh{:ttﬂgrml%i%gp?ggsion
coefficient®¥Geh asCRipbHed lithidit fantaldte, et&SRRES theBtiding oTce otaindd RAtf the
methods desarisadiin thesecdacumentsds toe leWwle bedabte rduringpltedt teatmentss to withstand the
thermal expansien siessgs inducadRy the materalsised; p&Aring hetereapitaxyy, towithstand the
stresses induced bX the crggtalline Iatgtce aranﬁat r di_ﬁereq:ces. Witpbsuch g}lat%riala, tg low a

S = o Wl g =Nl %

bonding frg?‘c%erﬁ:é%ns that & gooarqua &rs fieture (?rré)pef%%(y%}é%hot e formed, nor can fie moment

of detachffere8fafe subpdRCSbstrate bé BEntrolEdSRrapriyifg abfdpprEpriate IHéMTAHudget. In
fact, wheg bondingris 4ea weak, the supportnsitstradd siskscbecoming aefached fromttbecseed film at
any time guring.theepitaxy RBEESSSHMRY 9f the-invention,,  Embodiments,ofthe igyention aim
to overcome the (gbove-'mentlone dlsadvanta%es agd g Droposes %sol%tlorégllowm egg%xml growth,
in particul%?%‘fl% teriﬁ%ﬁroﬁ?aro 6‘ ﬁl/lﬂfoghegomp%site str&&u%esncom%rising & thin film and a support
substrate prbetcar Wit fats s thet $AVEHigRRREM@ABXpan TGP ESEHERR® (PBEBWHmore over
the temperatige tange undef gonsiderméan (2083OnH200€)) and Wherain bandingsheiween the thin film

and the suppart sybsirate is capahle of withgiapdingthe siregses, and hestempgratyres,gmployed for

at least a predetermiped period of ,zpltaxy, while allowing detachment of the support substrate by
rupture of thBhordhg fRyEPat §RtedetErmihdtHiSment, i.e. before or after the end of epitaxy, or at

the same time as the end of epitaxy. According to an aspect of the present invention, there is
provided gunsthee of falricatingwaalietials by epitaxy, the method comprising a step of epitaxial growth

of at least one laygr gfa,maferal oy a GOMPOS]ig. ACINE, the, GoMpasite, Slryciuge.compgsing at least
one thin film 5 bonded to a support substrate, a borgi{igg layer bein%formed by deposition between

the suppGtOSISSHRRS BhaRRE thit MR YRE- iR Biftn he- 5upBbRRUBEFaté habifig & hdhn thermal
expansior téefficiamt ¢bZ kRa0i6K-19wontie, clarasterzéd inlthat the bondigilayer dioxide is formed
by low pregssisg chemjadl vapordspesiiond L BEMEDafalayetaiaxide afsiicomen theibending face
of the support substr nd/or. h ndi fihe thin film, i f-the thin fil a thickness
that is Iesg?éangorélgé%ﬁzo%hes ﬁﬁéﬁ%%geof %gi{)i%g%gg Ia%gr)?%n met%%%glegm%g rirrllrcl:%%es a heat

treatmenttffed it 81& tenfpErafd tat S thaR the tdhpérattffe 1&r deptsitifg TR layer of

oxide of silicen arichfor & prggietermined perivge  uildes, byusiiglavemposite SHAfturecwith a layer
~ of oxide of siligog formadbysREYDansbwith adhickressthatisgreatenthanes egual terthat of the
thin film, it is possible to control the phenomenon of the formation of microcavities,huried. ip the
bonding Ias)}J1 rpo?roiidg%a%ﬁg 1fc()a dejlgmiﬁgﬁgrg %ﬁd %Pde‘%(g}?négr?tnéltﬁ supp%rt su st_rat@e in order,

initially, t&bid-88fofrRBIRST BEMESRINSIIA SHFdetdOfméEt of B3¢ SughoR bR HEid g limited
period ang¢heotd adtivatel thexformaticrlef mictoeavitie e ttrdemeprovdke-tietacmpent 6f the

support sg%gaggzpyeruptqg? of tpgl:;@(@ré)f oxige of @ﬂig_on adhe desiredaoment, ig; befgre or after
the end Ofp%%éa}axgé%rn%l@g S%lncg%élx%e, as{h%?ndbogggggxybr after the end of
epitaxy, or at the same time as the end of epitaxy.
According to an aspect of the present invention, there
is provided 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, the
composite structure comprising at least one thin film



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 deposi%d bonding layer of oxide of silicon does not lead to
delaminatiamdtthetthinsfilmupgradoe sstlsckie tree, suafdoerot thg filbayeuenidhiing eattedtments at a
temperatye that i3 Righer thap he, oxide dgposiigndsmperaiwe. Follawing, g siudy, defailed below, 6

concerning the temperature behavior of layers of oxide of silicon as a function of the de%l)osition

technique™arhBroy &8 Sthe BRIt anTh 8 HeteNFinEdRRIE de podtior By EPEYD 8% Brdfitiak oxides with
a temperatarers@bilitettzrisdlose totwl bf okt obtdined by:therfal Bxidation. Fuether, to

withstand.sirasses duetadhe large difference hehuaen; thedownthermal gxgansien eeafficignt of the
bonding layer qf oxide of silicon an the.hcijgtj ex\E_)angign 8%effi%ie 'r:,LsO%]c th L@?%iﬁlsg th%composite
structure, the t %anegg%?ﬁwuer%ye? oF oxide of sﬁ&aon is gre%?erjt anor egua to that of the thin film.
This meahg¥i#it thebtrewsédapphied & thé BeRdirglayerdurigigheempertureépit®lal growth can
be reducegidsovell asubetiskeaf plastic defosnations oeeiidngdn thisdeonding tayer. chiin order to
detach the systratg at. g predejermined moment (dludng,or after. epitaxdal grawth), it is pegessary to

apply a heat treatment at a temperature that Is at least higher than the temperature at which the oxide
of silicon {&'d&bosite & Biftihg HPprebeterRirfdtnssifodthatie HuREidf oftR¥EEE mpErature? The
composite stiauctuiezacoatding ta enlbodkments béthte inventtonecamprisesiadepasited thoading layer
of oxide of siligan hapig designed neLto creep,readily atthe temperatilies and siresses ig-which it is

subjected during.epitaxy. Since creep of the oxide results in the foimation of microcavities, it is
possible {35RAgEtHeSormidfon dFftrocafties Bt HhredBermited-fridthert @tring ®pitasdy or

thereafterdyedgpigngabdateaadtatent at a temperature that is above the oxide deposition
temperature. Thisfheat trggtment ggn gbtain:giesr ©f thehanding-tayer efoxide hyinereaging both the
temperature of the %xide ?nd that fof thee %o §o§i§?ec§)]51rjcéurg, caus ingdthg ecq?raetiosn (%f strtesses due to
difference¥’in the fherma é)‘(zf)jaxhsm%rcr:noe icients. herbondlng ayer of oxide f%rmec}f%y low
pressure éffersitgRigpor H8positiin HeE @ thickpedshihat iofreaier thdan thétmickridss ¥ the thin film
and is preferabhbinghegangedramapproxinaisheddngmdmicrometerldo 3o and ngre
preferably {1 1he a0ge aoRroxmaely 44 A SdrdMy 1 dpe.Colialarguth siep may partially or
completely contribute to the heat treatment to obtain cree o]ft e oxide of silicon and the development
of microc&iticS TR tBmperatufFduririy SHEREIGRRTth REthERigHEr B the Uxite 8&fosition
temperatura. Kaowing thisitedyeiatures i iwpodsiblé4d determine: theffinthafterhihictt déwelopment of
the microcayifies I suahithat it yificiently 98 dheoxide layer to gllaw it to ruptiire. Epitaxy may
be carried out to provide only a part of the heat treatment necessary for rupture of the oxide layer.
However,%ep’fthgzé) nflyhIddRE chitied Out B9EFa pEfod RaFehn Prodiice Taisthns 87 the'$ide layer; in
similar veiin iteaddie dcontipyed aker Wphaetoheng lagér $digs B produte thecddgirstethieckness of
epitaxiallygrownipateral t ne Theheat trgatragntatepsnay:alse bsrcagied eHtaftes dhe-gpitaxial
growth St?{P' Thi% applieés in a£tcijc#éar v%henf%%itax% isé caerrrligd ggt at atem eragurre bglo%tge oxide
deposition ?mrﬁf)leratulré. * i oneentbodiment of He invention, th& fieat tréatment is cafried out for a
period tha@ @8 ofifgelf provdke etdchrheRPatEBUpport substrate. Under such circumstances, the
heat treatment thaf caplitaladbe fosbationief mierogavitiesus cagied otidodamperiacthat can
develop the, micracayities,syfficignily 1o obiain slitipalfraciug atthe banding;layenafgdde.  Ina
further emhodiment, the detachment methaod further comprises, after the heat treatment step, a
complemdrtaRy t85 bf &ipIyifG a techahical saFarXioHT Str&s PR the béﬁﬁiﬁ%‘fﬁﬁegrl&ﬁogﬁlde to
provoke désdohmnentioinise sappom stibstraterrhiscomiEientabistep nideal§0EOASBEBf a chemical

attack of the hendingdayerekexide tapwvake detachmeantof iheysuppastsubstraieidB of
silicen 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,



Eitherway,becauseofthepriorformationof microcavities, the heat treatment can weaken the bonding
layer of oxide so that fracture /splitting is then readily obtained by mechanical or chemical action.

The material of the bonding layer formed by low p@essure chemical vapor deposition is an oxide of
silicon formed-fsomiprecurkers iselgsted fronesilanbadichiorosfanteard-$EOS. oxidacedrdance with

one embodiment,af the invention hig-mgodfurtheiLomprsas, PHERIC; Bending, & sieppf
densification heat treatment of the layer of axide_of silicon de§osned bé low pressure chemical vapor

depositiofr 0 thPBOAGRAY Fade™st tiE SGIBbrEGhstrate-arftisr s s Borfding tase df thé%hin film.
This dengificaiioncheattidatnent Siep zark Amtrer dicreasesthaliepeyatiiealiehagiocdithe deposited

oxide of sfliconis-a-vis the fermatignaf misrpcpvities,chhis steg.cad i nagessaryreduge the ratio of
the thicknesses.%fhtgg thin film and of the.deposited Iﬁger of oxidec?f gi&gn. The, densification heat

) 1 t o
treatmenttsf%eﬁv iscarred %utsa l:31etse9r’r(1e|oseracljtlﬁre that |§’ |ghef—’1 than the empgr%fuere ]Po@r d"é%%rslltlon of the

bonding I&}ér of @Rideltitbvér £TRRERSSHotef pefidd tHarthabWhiERDrévskéstaptlfe’6tthe layer of
- oxide of s#licoBxiddn accadaneswithone pesticuiasrembasimentef thesdethed ©fi the ingention, the

thin film may. b i sing-t mar ech et t f [.CO ises: a
step of imtb gntgrﬁgopn%a%l%glogm t?é%dhﬁg%t (%‘%%gfg?éé egf g%ﬁgr{g% égtral%gl %;;%@%&H%s%rmt a

y : e | .
predeterntii@d d@ithtin Bfe Sibstate® h 18yer St Weakie FEtirfity theathin®¥m FEtRLupdRr portion of
the substrdiet oa step®f bonting, fylplacing theidonarssutistrat&atintimate contactswith the

support sggﬁtﬁtga 9 .t asigp ofgtachmentioffhe- thifilm ip,confachwith the suppart-gubstrate, by

splitting at the layer of weakness formed in the donor substrate. In accordance with arEnarticuIar

embodimERtGAFie Ve AN tHe FtHilTmay e biotuc@Pwit Ld siBF of hnding® by Bringing a

donor sulpstesté imto detimatesdoinmact withethersuppoltisulistatéondiew ol #ivning the donor substrate
to form the thin filg). Afterthe bending step astep ofbovdiite at a predetermined

moment (during or after epitaxial growth), 1t is necessary
to apply a heat treatment at a temperature that is at least
higher than the temperature at which the oxide of silicon
ig deposited, during a predetermined period that 1is a
function of thaﬁ temperature. The composite sgtructure
according to embodiments of the invention comprises a
deposited bonding layer of oxide of silicon that is
designed not to c¢reep readily at the temperatures and
stresses to which 1t 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



stabilization annealing may be carried out at a temperature that is higher than that at which the oxide
of silicon is deposited without microcavities appearing in the deposited layer of oxide. In particular,
embodiments of the invention relates to the produ7ction of at least one layer of binary, ternary, or
guaternaryitype [t andh fl/krmaterialfsuchas Galy AfGAN, |InGaN ier IpAkFaNablyn agcordance

with one embodiment,af the inygntion, the.epjtaxiahgrowth is capried pyt fargnpredefermined period
corresponding to the formation of a thickness of semiconductor material or a cumulative ihickness of a

layer of sémicontlictorMateris ahd #i fiffh ® %i%’ least 10-MTerohieters. THIPHTERHERS Ts Lufficient for

the layer 6f Gonductive ¢ndtbrialalone or with the thin film, to have a sufficient mechanical strength
-and flatness, if itigHotmanipuiated Jowithstanethe wanpditiens fos epitaxy: ThuaA rewepitaxial
growth step of th same matetial or angfher /N material may g cartied aut In the same, gpitaxy
equmen?. I Accordance With another mbodiment of the mvenﬁon, epﬁa?lal growth'is carried out
for a predetérfifin&f p&ridd E6ie SPBhMEEtARESS RRATEH of L tHIEKFHEIS DY $EAfFEonduétor material or
a cumulatienihickness ©f adayerof spiniaaridicterroatesiak and: thim filni ghatdeast=tO0tmicrometers.

Such a thigknass Feans.oatbisassinls oa1m a layey, o sericonduaiapIALeALOY 2,10

nself-supporte layer/thin film assembly, i.e, that issufficiently rigid and strong to be

manipulated vRPBBLIENnEed St tppsie tReTHE MEe &dfsde ot Thy ST FRIRAMNG grown 5
semiconduttor hmateniat may=be bdrdedite astarget smmnrtﬂiefofeﬁéiadmwme SuppPBETstibstrate.

Brief description,of; the figytes, Figyreg 1A .tp 1L.are diagrammalic sectignal yiews10,shgwing the
production of a composite structure, epitaxt\gn d detachment of the support substrate in accordance

with one infpi&rh&ftafilit ofthe REBHHOH: igite PIE & fiSichartor 158 Sted EarriBa Bt in Figures
IA to 1L; ¥3:Ergeres 3A foBGratdiagrapimatic sectivhal vieWwsshowiwyesarodeastiorpstya composite

structure,@pjtaxyail detackment akthegupperisHbsiratguing epidxy incaecomianggvdth another

implementation of the lavengion: and 20 Haure 4 is a,flowchart gt the steps carfied out 1o
continued after rupture of the layer so as to produce the
desired 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
is 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 microcavities sufficiently to obtain
splitting/fracture at the bonding layer of oxide.

In a further embodiment, 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 support
substrate. Thig complementary step may also consist of a
chemical attack of the bonding layer of oxide to provcke
detachment of the support substrate.



in Fictures 3A to 3G. Detailed description of implementations of the invention The present invention
proposes the production of a 25 composite structure allowing both the foLmation by epitaxy of layers
of type IlI/N materials of good quality and detachifent of the support substrate from the composition
structure befdre:or afteathe endetepitaxy, opsubstaritially apthieosame fimanas tlwnend of epitaxy.

30To this,and, dhe inventian propesesasRovekeancept of a-coMmpQsiie siuctye comprsing a bonding
layer of oxide located between the s%%ggr substrate and the 1‘[:r11:|n film and jn which th%fcirmation of
microcavitit Tanbe Ghtofied The d%)%ﬁg%%%turés’ B the inVéntion 35 means that microcavities

in the borditg layed dbpxivecdmrie edntallathisathasslrer@idspreventing their appearance during
heat treatments-applied e the: 41 stecturerkefors-aird dyring at/least aperiéen obiae guitaxy and
encouraging their formation.or even their development during epitaxy_or thereafter wi iew to
detachm n}?%??ﬁlér %upcgberfn S rat‘é?%cf‘ﬁe%cig %%%i & %?rucjtl%re %%m%}r{léeég at%%as% Jz)\é‘_l%]?%% film of
semicondiRIGITRateFiaM GHRIBIP S T STt fatd Vilh FArdRG lay@t 6l oxEeof siidn between
the supperhsubsirate and the thin film, the thin film and the support substrate having a mean thermal

expansion 10 cogfficieal ot AL AR Kh MR VL IABRRIAIISANGS,8f 20 ALLAAE In order to
be able to reach a certain level of stress in the structure by application of a heat treatment. When

bonding thdFsuBstraRe of WidtsRls dffeFarSes, priof to bonding, a step of

densification heat treatment of the layer of oxide of
gsilicon 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. Thisg densification heat
treatment step <¢an further increase the temperature
behavior of the depogited oxide of silicon vis-&-vis the
formation of microcavities. This step can, if necessary,
reduce the ratio of the thicknesses of the thin f£ilm and of
the deposited layer of oxide of silicon.

The densification heat treatment step is 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 tChe
layver of oxide of silicon.

In accordance with one particular embodiment of the
methed of the invention, the thin film 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 film in the upper portion of the substrate;

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

intimate contact with the support substrate;



15 from silicon or silicon carbide (SiC), such as sapphire in particular, it is not possible to form a layer
of oxide of silicon by consumption of silicon from the substrate by thermal oxidation. It is thus
necessary to form the oxide of silicon by depositic?n using a technique 20 such as plasma enhanced

chemical vapor deposRiefP (abBreiatiedabEECV Mfor e préssidte EHdriical Waptt Hep®sition
(abbreviated:to LRV Dufhisrs theukss Wdepositedogxided Mihich rig centrastito althgemala@Xide, is not
stqichi_orr\,ggggqﬁgg oxidedepositgedhas qigacggnmg@fg@féhe type SixOyIiz). Further, this deposited
oxide s less derye agd coeatnLpave g sale panerien as heMstmphaxide. byenalter

densification annealing, thi gosne gmde of i{écon IS Iatill temperature-unstable, in particular during

high 30 temB&ERth ¥ redthientd E800 ' TAHen £E8Mposie Ydidtiate, formed by a sapphire
support substraté éh wHi€Pa Bifn 18RSI BEpphis istaith BiRchted (e prepareTtior BNt epitaxy, for
“example, imicrocavitissseppearexelusivelat thedomndimng3s layepof depesited oxide of silicon once
the oxide deposition teypppratire isrexceedgd,chBeydaieowisiplamt the surfags of Hienthihim of
sapphire by {he farmation 12 of irreversible blisters which "buckle” its surface and render it unsuitable
for epitaxy becau?e the surf%ce is no Iog$er smog%h and the Iatticseraramet%r_ is dti)%t%fgg' _ The
n e hig

microcavities aré eﬁagr wh&RThe thetma 1Fé%panslorel%beﬁ‘imaents o the materials USed a h,

compared#ith thazefthenepBaitet oxitde B Xilie6n, S HRe fmpatattés feachBRSR ARG TS brication of
the compbbite stisctireradurindgits stbsdguent weul(@pitdny. Inxtfederabfihe idrataion Bhd
developmesb 6t 1048icrocavitias within:tbe geposied layerafdxide afsilicna hasbeenabserved at
any temperafure exceeding.the oxide of silicon deposition temperature.  The appearance of

microcavities in fhe gxide of Siigon maybe.explained by the aNSHRAIIN A 1aces to

the production of at least one layer of binary, ternary, or
gquaternary type III/V and III/N material such as GaN,
A1GaN, InGaN, or InAlGaN.

In accordance with one embodiment 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 £ilm of at least 10
micrometers. This thickness is sufficient for the layer of
conductive material, alone or with the thin f£ilm, to have a
sufficient mechanical strength and flatness, 1f 1t 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 1in the same
epitaxy equipment.

In accordance with ancther  embodiment of the
invention, epitaxial growth is <carried out for a
predetermined period corresponding to the formation of a
thickness of semicoaductor material or a cumulative
thickness of a layer of semiconductor material and thin
£ilm of at least 100 micrometers. Such a thickness means
rhat it is posgsible to form a layer of semiconductor
material or a



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 meahamiwadzstress, and its return to the initial 20 state once thepstrasségvuitigdsawn. 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 oxide of silicon and to the stress applied by the difference in the expansion
of the bonded matef&SHRFBPIE-Gride " thETtEep tETperdttré of theoRiBe BF3brsilidort is one of the
characteristics of th&oxidesthat fridicatestthe tempetamurd beyoodavhichitkergxiderchanges from an
elastic deformation,mode to a plastis.deferpatior mede-when it is not subjected to a stress.

Temperature increases the amount of creep of the }gigelTh s, the 35 level of stress to be applied to
provoke the formation pfqn%crocae\a/ﬁiesslglﬁ t%e deposglgté la agr%f o%xfdé?' 1:Ijs}'Pﬁ)cf\ilacelrav%(3.(n e SXide has an

intrinsic capacity t& B BASIRE T3 B_pEE Ty dﬂ%&oﬁﬁeﬁ@ﬂ%ﬁaﬁﬁe Appied$is-24nE Mtcreep
temperature. Asef resulti 6 zohtrotthd formationof rmickscavties in the bonding layer of oxide so
that they 5 only actually appear at the desired time (during or after epitaxy), it is necessary to use both

a deposited oxide gtﬁiggor&g\gggpqgggpl is, difficult @iwgge and to reduce the stresses applied to

the oxide of silicon during 2%1 temperature treatmentS applied prior to or 10 during epitaxy. The

Applicant has studied the"temFeratire Betiiorofoxadas SHTANEa hy difsrdrt sitidit’&echniques
and has discbVeredhithatag oxide ofsifioort deposifed bydowgsréssurecchiernicat vappl depgsition, also

termed LPCVD, and detachment of the support substrate in accordance
with one implementation of the invention;
s+ Figure 2 is a flowchart of the steps carried out
in Figures 1A to 1L;

15 » Figures 324 to 3G are diagrammatic secticonal views
showing the production ¢of a composite structure, epitaxy
and detachment of the support substrate during epitaxy in
accordance with ancother implementation of the invention;
and

20 « Figure 4 is a flowchart of the steps carried out

in Figures 34 to 3G.

Detailed description of implementations of the invention
The present invention proposes the production of a

25 compesite structure allowing both the formation by
epitaxy of layers of type III/N materials of good qguality
and detachment of the support substrate from the
composition structure before or after the end of epitaxy,
or substantially at the same Lime as the end of epitaxy.

30 To this end, the invention proposes a novel concept
of a composite structure comprising a bonding laver of
oxide located between the support substrate and the thin
£ilm and in which the formation of microcavities can be
controllaed. The compesite structure of the invention

35 means that microcavities in the bonding laver of oxide
can be controlled beth as regards preventing theilr
appearance during heat treatments applied to the



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 thagthess psapgrties can be influenced by the deposition 20 tecppigps, aiMangd and by the
precursor used. The following three types of oxides of silicon were tested for bonding of a thin film of
sapphire onto a sapphire support substrate: oxide pf silicon produced from a silane precursor, 25
deposited at 300C by plasma enhanced chemical vapor deposition or PECVD; oxide of silicon
produced from a silane precursor deposited at 800C by LPCVD (also termed HTO silane, HTO
meaning high temperaturs:oxide} (b the exideds 30ndepasiteekisy: PEGVD tand tlus abe lower
temperatre, it is ngtfermed HEO silape) and, oxide.of siicen produced:-framea dighloresilane (DOS)
precursor deposited at 900C by LPOVD (also termed HTQ.DQOS). -35Microcavity formation is less
significant with H Saie Iﬁﬁgﬁiﬂﬂrﬁ h %%%ﬁsﬁ“m%?gga%%ty 8?:mg€ic%%isgm%?ggiggn?ficant with
the oxide of silicorf GEFEERRI 1 4By PEC BRI Isitiorr tthisSappears that creep of the deposited
oxides is moré difficult toTprevokewven:theytarecdeposiedripyr theskPEV DL techinigque: |haddition, the

temperature behavio Qf e semiconductor material bonded to a support
substrate via a bonding layver of oxide of silicon between
the support substrate and the thin £ilm, the thin film
and the support substrate having a mean thermal expansion
10 coefficient of 7 x 107% K™
range of 20°C to 1200°C in order to be able to reach a

or more over a temperature

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 ({SiC}, such as sapphire
in particular, it is not possible to form a layver of
oxide of silicon by consumption of silicon from the
substrate by thermal oxidation. It is thus necessary to
form the oxide of silicon 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,
ig not stoichiometric (the oxide deposited has a

25 composition of the type S$1,0,H.). Further, this deposited
oxide is less dense and does not have the same properties
as the thermal oxide. Bven after densification
annealing, this deposited oxide of silicon is still
temperature-unstable, in particular during high

30 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

35  layer of deposited oxide of silicon once the oxide
deposition temperature 1s exceeded,. They are visible at
the surface of the thin film of sapphire by the formation



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 %@Qﬂgﬁgﬁ%he oxide of silicon deposited by LPCVD prior 1Q l@g%@&ﬂ}%th a
composite structure comprising a 0.5 um thick thin film of sapphire on a sapphire support substrate

with a 0.2 um thick bonding layer of HTO DOS oxide of silicon, a bonding stabilization anneal carried
out at 15 900C for 1 hour provokes complete delamination of the sapphire film. In contrast, when the
HTO DOS oxide of silicon with the same composite structure is annealed for 30 minutes at 1200C in a

nitrogen atmosphere (N2} befere: earsying it beading, @bonding stabilizaticruatineal 26:earried out at
1050C for 1 hour dﬁoe%%d%%t lead fo delamination. of the thin fim, . .Eudhermorg, sincethe formation of
nke i

microcavities is linked to the stress due to high thermal ex(gansmn coefficients 81; the mgt%rials of the

structure, the 25 ifRntiBR%igo %Wgﬁ’ﬁ]eﬁé%ugheg tHat SheSs BYIRING (b transtar br By mechanical
or chemical thinning) a tHi¥iim\eitle adhickhess #at is dessethaiicie i t6 HFaT6Tthe deposited layer
of oxide of silison. Lhyisn s1echanieal stressrs sderivethronetherdifferencesin 3G expansion during heat

treatments carried qut on the sfruciurg befare orgluring part ofihe.gRitaxy, May be disited,so that they

do not exceed the plastic defoLnatlonécree %thr shold, of thg xide of silicon at the temperature under
consideration. 3545 %5n EXERIBIE THES pﬁlf&% 't Ras CAMIEY ot tasts Which sRowedThat when a film of
sapphire with a thickessét@ Sstrrwas Fansferfaty 6hed a b33 TP ifekers: use

(epitaxy). In general, the formation and development of

10 microcavities within the deposited layer of oxide of
silicon has been observed at any temperature exceeding
the oxide of silicon deposition temperature.

The appearance of microcavities in the oxide of
silicon may be explained by the transition from an

1% elastic mode of deformation to a plastic mode of
deformation, which is thus not reversible. Elastic
deformation is characterized by a modification cof 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
tinked to the temperature, to the creep characteristics
of the oxide of silicon and £o the stress applied by the
difference in the expansion of the bonded materials and
of the oxide. The creep rtemperature of the oxide of

30 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
mnode when it is not subiected to a stress. Temperatures
increases the amount of creep of the oxide. Thus, the

35 level of stress te 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,



bonding layer of HTO silane oxide of silicon deposited by LPCVD, delamination of the film occurred
after a heat treatment carried out at 1100C for 1 hour. In contrast, when a 0.3 um thick film of sapphire

was transferied ot asponding layer that was also 0.3 um thick of HTOgitppe-RxidR@ESIlicon
deposited by LPCVD, no delamination occurred after a heat treatment carried out at 1100C for 3

hours. In general and in accordance with the invention; the higher the thermal expansion coefficient 10
of the material of the thin film, the thinner it must be relative 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 bessigaificantly rediscecbrelative: tarthat of thes 1 5teposited dayer-ofioxide of silicon
when the thin film js-formed.-from lithjurg tantalate (LiTa03) that has a thermal expansion coefficient of
16 x10-6at ambient temperature. In q.ccorgance Withot!getiﬂver%%orqu [he thickness of 20 the bonding

o s

layer of oxide formed by ‘ﬁ’c,avﬁedse%b%itionoiscpﬁ%f:é ly inthe rangejfrom approximately 0.2 um to

0.75 um and moreBreeabRi Fithe rihge T ForRAphIBRin&ERF0 2 idT45 ant e fSiRvation and
development f mienaca\dties: . 25 thebeading:layerofiexiteddrmeddy (depositorrresuft-feom

applying a thermalbudget, The temperatreipesiod couple sogespondsip the thermat badget of a heat
treatment. In addition, when the epitaxial growth is c rr}gid.BO ut at a temperature that is higher than
the temperature af)v%/jhfé%qth%qugrg of gxia%%?%ilﬁ:%nca% ejp%%%)ie:dﬁ%i%o pgs§ le, as a function of the

temperature of the’EptsGal-growth- REdaR - tHfpéfod BftePitich the &aéé‘ﬁ%r is sufficiently

weakened to be brbkeinforhigh temperature treatments applied priocr to cr

10 during epitaxy. '

The Applicant has studied the temperature behavior
of oxides obtained by different deposition technicues 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 employved and by the precursor used.

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

o« oxide of gilicon produced from a silane precursor,

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

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

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

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

35 Microcavity formation is less significant with HTO
gilane and HTO DCS. In contrast, microcavity formation
ig more significant with the oxide of silicon deposited



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 depgsifipn.igmpgrature of the oxide layer, to allow detachment ofpthgSuppAtHyPstrate after
epitaxy, it is necessary to apply an 5 additional heat treatment step with a thermal budget that can at
least initiate the formation of microcavities in the bonding layer of oxide in order to weaken the bond
between the support substrate and the thin film; detachment of the support substrate is obtained by 10
rupture of the thus weakened bonding layer of oxide. Fracture may be obtained by developing the
microcavities formed mpextending-the:heat. treatmentfer mitiatingsforhmation:afthe Micideavities.

_"r'l(t)rwceivef’ fraC&"g&%@%%@éﬁ ohtaingd by g&&lzéina:@ %Em&@?ﬁ@@m& for-exaraple/by
chear foroes to eSS M B, THe Tion BasuBle (o Dhtal Macture more eadly, more procisely
and in a more localized MBNAEL2E &N withta hEHEFEakerTed BERaMYIay8fofG%ide, i.e. not
comprising microcawitiesi t edDetachmeatyoftheisupporesuistrate may alswobe @btaified by means of
a chemical attack of the-wgakened gxide layenionexampla using adiluteRydreflyerie acid

that ig as close as possible to that of the thermal

oxide. To this end, a dengification amnmeal may be

applied to the oxide of silicon depeosited by LPCVD prior

10 o bonding.

With a composite structure comprising a 0.5 um thick
thin film of sapphire on z sapphire support substrate
with a 0.2 um thick bonding layer of HTC DCS oxide of
silicon, a bonding stabilization anneal carried out at

15 900°C for 1 hour proveckes complete delamination of the
sapphire film. In contrast, when the HTO DCS oxide of
ailicon with the same compeosite structure isg annealed Ifor
210 minutes at 1200°C in a nitrogen atmosphere (N;) before
carrying out bonding, a bonding stabilization anneal

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

Furthermore, since the formaticn of microcavities is
linked to the stress due to high thermal expansion
coefficients of the materials of the structure, the

25 invention also proposes reducing that stress by forming
(by transfer or by mechanical or chemical thinning} a
rhin film with a thickness that is less than or equal to
that of the deposited laver of oxide of silicon. Thus,
mechanical stresses, derived from the difference in

30 expansion during heat treatments carried cut 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 film of sapphire with a
thickness of 0.5 ym was transferred onto a 0.3 um thick



25 (HF) solution or DOE (buffered oxide etch, which includes concentrated HP). Without the
microcavities, the oxide of silicon takes several hours to dissolve, while in the presence of
microcavitieg, sepasation petween the thin film and the support substrate ig-gghisMR#4H8few 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 depositegl but with a thermal budget that is insufficient
to achieve the necessary development of the 35 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 17 oftiis ndcroeavitiesindhe depbsited oxidielayér ean beosostresitsil rijture
occurs. This thermatdbudgetis abudget thatds complementarydathatiokthesepitaxyeinparticular as

regards the tempeyglute {nalmust be Doy han thahgt heenitaxybihe rate of development of the

microcavities is to be enhanced. The ;gwrlod of the heat treatment thus degend on th tem erature

used. The temper4tiF&/peridd-cdipl& Whith defhed thethermarbliddet to BE appiied fof Microcavity
formation, ha$ to lse LOmAsdylaled a5 atfumetionofahe atréss brsudhtiaboutbyife difféfsie in
thermal expansion-gfithe materials eonstiuting the compasitesiruciureiand-the.deposited layer of

oxide of sicon dugog hesL reaiment anlne 20,0 e, ickness.of e inim gy layer of 15

oxide of silicon. Take as an example a stru tureé)f a SapoS % %phlre on sa&ghlre) type that has a thin
layer of 0.4 pm bondedhya lay8r of Bxithe of &ftcor Wifh- RASSs BF0 2 pid “Ueposited at 800C

using the LPCVD tetheiguewith Sitane g8 gk ﬁ?e%u%@rr@@slaﬁélél@ﬁ@ﬁi‘é@ Z5 &t £166€46r 2 hours in
nitrogen. The structare issused ta-epitaxially geowrdN0 dinief GaNerequiring:a thermakhbutlget of 1100C

for 2 hours. The complenentary, bugdget in abtain fraciures thus be 1209C for2-hayrs.if:the

temperature is lower, the period must b mcreased to 25 accom lish the forma&gn and development

Ofnﬂuocavmesto?huﬁﬁ&fcon in or to reduce € resses in
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 *antalate {(LiTa0s;} that has a thermal
expansion coefficient of 16 x107% X at ambient
temperature.
In accordance with the invention, the thickness of
20 the bonding layer of oxide formed by LPCVD deposition is
preferably in the range from approximately 0.2 pm to
.75 um 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 laver 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 layver 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.



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 llI/N igedudingdeall and other ternary or quaternary alloys. The copgpgibegirssise of the
present invention is particularly suitable for materials with high thermal expansion coefficients (TEC),

i.e. a mean of 7 x 10-6 35 or more over the temperaturegange to which the structure is to be
subjected, typically 20C to 1200C. In particular, the structure may comprise a thin film and/or 18 the
support substrate formed from sapphire (Al203) (TEC of 7.5 x 10-6 K-1), lithium tantalate (LiTa03)
(TEC of 16 x 10-6K-1), Lifs08 EFEECeofilblx 406K ) shd-Haynes@-230@ Allay (TEC of 11.8 x
10-6K-1), which isa-gommmercial allay & primagily-corppased BENiLhHMe ; Wh (Hayres@:-230e Alloy is
not used for the th%filphghgnitﬁg fklgg/igg’nt deghfor use as.a seed layer fgﬁgpgaé%) [MgO. As
is well known, as a function of the natdre of the crystalline seed layer for growth (ﬁn ?i m), various 10
binary, ternary, or GaaterhanRIIY C8F 1R <&ifitontbictdt m&terakemayBe foted. 4 particular, the
composite strécturedidr epitagy oh g inveationdgst step with a thermal budget that

can at least initiate the formation of microcavities in
the bonding laver of oxide in order to weaken the bond
between the support substrate and the thin f£ilm;
detachment of the support substrate is obtained by

10  rupture of the thus weakened bonding laver of oxide.
Fracture may be obtained by developing the microcavities
formed by extending the heat tCreatment 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
applying tensile forces or shear forces to these two
elements. It is then possible to obtain fracture more
esasily, more precisely and in a more localized manner

20 than with a non-weakened bonding laver of oxide, i.e. not
comprising microcavities.

Detachment of the support substrate may also be
obtained by meang of a chemical attack of the weakened
oxide laver, for example using a dilute hydroflucric acid

25 (HF} solution or BOE (buffered coxide etch, which includes
concentrated HF). Without the microcavities, the oxide
of gilicon takes several hours to disseclve, while in the
presence of microcavities, 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 with a thermal budget that is
insufficient to achieve the necessary development of the

35 microcavities and obtain rupture of the bonding layer of
oxide, the heat treatment nust be extended beyond the
epltaxy with a thermal budget which means that formation



intended for the epitaxial growth of GaN, AIN, InGaN, AlGaN, AlGalnN, BGaN, and indium nitride
(InN). The 15 epitaxially grown layer may also be composed of a stack of these various materials, in

particular to %9339‘59@% active layers of an LED. A method of fabricating aays9f,sgmiconductor
material by epitaxy comprising prior production 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 1A to 1L and 2. Before carrying out epitaxy proper, a composite 25 structure is
produced that can allow both the formation by epitaxy of at least one layer of material and the
detachment of thesfippost suhstrate-after enitaxy -he Brasuctiondf the doniposite steuctire for enitaxy

commences by depgsiting a.bonding;laygr,£3.00 onpe-face of 30 asupport-subsirate O (step Si, Figure
1A). In the examplgu scrlbﬁahtereéthe supporé 1§‘[E|bstratte01%is formed hire (AI203). The
: ! L

at 13 Comp.& r i Q f@pn2§%ﬂp;; in
bonding layer 12 iS'a gyer of Gxidé ‘of Silicon (ﬁneposalte%l by &% With sifane as ?heygr.ecursor gas
(HTO silane) at a #&36siffon 35 tefperaftire df BHOC APRSIGRE 8f 1161 dieFfor2epericdiallowing the
deposition of & layer:afioxidetapproximateh, 0 Zaymithiok: & headepasitedsoxadenfictd siicon is then

densified by applying.a densification appeak caied-out-a1-1200€ forgQmiautesdn @nitregen

atmosphere (step $2). A layer,of oxide of silicon 1345 algo IoImed.ONa o ture used. The
temperature/period couple, which defines the thermal
budget to be applied for microcavity formation, has to be

10 modulated as a function of the stress brought about by

the difference in thermal expansion of the materials

constituring 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 a
SapoS {sapphire on sapphire} type that has a thin laver
of 0.4 um bonded by a layver of oxide of silicon with a
thickness of 0.4 pm deposited at 800°C using the LPCVD
technigue with silane as the precursor gas and densified

20 at 1100°C for 2 hours in nitrogen. The structure is used
to epitaxially grow 100 um of GaN, requiring a thermal
pudget of 11060°C for 2 hours. The complementary budget
to obtain fracture is thus be 1200°C for 2 hours. If the
temperature 1s lower, the period must be increased to

25 accomplish the formation and development of microcavities
to fracture.

Thus, a compesite 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 cother éernary or guaternary 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



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 (ETC silane) at a deposition temperature of 800C, at a pressure of 1 torr

and for a per{gg gdégw}l%&/ghe deposition of a thickness of oxide of silicon of 10.anpsoxigately 0.5 um

(step 83, Figure e deposited oxide of silicon is then densified by application of a densification
anneal carried out at 1200C for 30 minutes in a nitrogeyzatmosphere at atmospheric pressure (step
S4). 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 heliuheionsppatriedsoabit=at-arn inglantatio nf dose frthehrange (B x:09017 @tdmstdm2 20
[atoms/square cenfimeter} to-4 x-1012-atoms/em2 andwith animplantationrenergy inghe range 30 key
[kilo-electron volt] g 200 key. 4% tation. js carri ? t.ata perature in t%e 0C to 400C,
preferably in the ra‘ILE\bge go ’to&T %g%r&;%ser?% 5 lq#nﬁhqatjte to 10 3@%0%} . ﬁé@erﬁ%ﬁ%antation

conditions can crebie:%af al PRStetérmihed depth thit is les&thah the GInTGRlGE Thitknéds 8¥ the oxide
layers 12 andsl3, imthesdonor subsirased 1o theétlayet of defect® of Wweakne®s B défiding Jirstly a thin

film 4 in the upper sggion-of the B0:-substrate 1] and serondlya pRRion: 54n the loweriegion of the
substrate corresponding to the remainder fthgs% strate.11. . Th Is%f e of the bonding layers of
oxide 12 and 13 is%lén%ﬁ%& %yachseeran%cga ﬁ'%é%hamgcral E)%ﬁicﬁalﬁigf)(Cl\?P) to%S’ obtain a surface

roughness of less than 5% [Afig&tfdm] i€ oot Hiedn SGare] Fher b SHfackidaofs xB%Em2 to -
thereby facilitate the sabséduent interate. spatact stew20v(stepsis5:afid 86, Figaresa© and 1D).

Thus, after pplishing -the curaulative thickness, o layess-1t2and/ 43 i$0.46rpmy 0.05 pm. Next, bonding
iSCaNEd(nﬂbybgggmggggigg%gfmatexials may be formed. In particular,
the composite structure for epitaxy of the invention is
intended for the epitaxial growth of GalN, AlN, InGaN,
21GaN, AlGaInN, BGaN, and indium nitride (InN}. The
15 epitaxially grown laver may also be compesed of a stack
of these various materials, in particular to constitute
the active lavers of an LED.
A method of fabricating a layver of semiconductor
material by epitaxy comprising prior production of a
20 composite structure and detachment from the support
substrate after eplitaxy in accordance with an
implementation of the invention is described with
reference to Figures 1A to 1L and 2.
Before carrying out epitaxy proper, & composite
25 structure is produced that can allow both the formation
by epitaxy of at least one layer cof material and the
detachment of the support subsirate after epitaxy.
Production of the composite structure for epitazxy
commences by depositing a bonding layer 12 on one face of
30 a support substrate 10 (step S1, Figure 1A). 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 of



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 S7, Figure 1E). Bonding
is carried outhy Wafes.Ronding. The principle of bonding by wafer bondingdfig@lhkmpyn 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. withoutjthe 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 waals
forces) of electroniciinteraction betweedatomsiemojecules pf the tvalstfddes-bebonded). 20The
assembly of the twg, substrates then ungdergees spliting anneating ta.prevokefracture af e donor
substrate 11 at the glage glf wga@%sés 3.and transfer proper of the 0.4 um thick thin film 4 onto the
support substrate 1 T‘(s?e% §§, Figure%F%léplitting annealing 25 is carried out by ramping up the
temperature from ambiert th2ProRim&ieh606€. ALSE TBH KnbwrT, fetemiperatife %Ff)ﬁdgduration of
the splitting afneatare defined asza furictionfofsthermplantatiGheohditionslahdiim partietiz¥ as a
function of the implantation dase. 30in additigapadonding stabiization:anneal is:carried euat 1050C

in nitrogen for 1 hour without deformations ring e f the.thin film 4 p-29). The
surface of the film%r%%%ﬁgﬁ b%agre?o%%gd %Egg@ & @ dselg&clecqotg T’Igﬁbé‘% bdﬂ? 2
800°C, at a pressure of 1 torr and for a period allowing

the deposition of a thickness of oxide of silicon of
10 approximately 0.5 um (step 83, Figure 1B). The deposited
oxide of silicon is then densified by application of a
dengification anneal carried out at 1200°C for 30 minutes
in a nitrogen atmosphere at atmospheric pressure (step
S4).

The donor substrate 11 also comprises a laver of

bt
[

defects or weakness 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 10Y atoms/cm?

20 [atoms/square centimeter] to 4 X 10%7 atoms/cm® and with
an implantation 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

25  hours. These impiantation 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 £ilm 4 in the upper region of the

30 substrate 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 bonding lavers of oxide 12 and 13
is planarized by chemical mechanical polishing (CMP) to

35 obtain a surface roughness of legg than b A [Aangstrom]
rms [root mean square} over a surface area of 5 X 5 e o

thereby facilitate the subseguent intimate contact step



35 epitaxy, for example by polishing to obtain a surface roughness of less than 5 A rms over a surface
area of 5 X 5 umz2 (step S10, Figure 1G). 21 As can be seen in Figure 1G, a composite structure

14 is obtained, gomRrisiag,the support substrate 10, an oxide bonding layeg2p,9f,Hi LA sjiane deposited
by LPCVD and a thin film 4 of sapphire that may act as a 5 crystalline seed layer for growth. In the

example described here, epitaxial growth of a layer of gallium nitride (GaN) 15 is carried out on the
thin film 4 (step SlI, Figure 1H). Epitaxial growth is carried out at 1050C for 2 to 3 hours in order to
obtain 10 a layer of approximately 10 um or more of GaN, for example using hydride vapor phase

epitaxy, HVPE. No delaminationwas;gbsenved-after said epitaxy. Since:the Galt epitaxy is carried out

2t a temperature thatis gher tnap natieldanasitian. etz pdes of sligen: 19 i ihartnal budget
or [

supplied by the eprft%xysco'h{lr%ute to the budget necessary for the development ot microcavities.
However, the microgaviti&s dﬂé‘at%&)ar%BnGF%ufficiently developed to accomplish the weakening of the
oxide layer that is necesserytfor etathmgerits Thar20. egitaxisllyoyréwn feyerd Sonay Hse have a more
complex struciure cteimgddhe electeolumipgscent diede layeinahichds.constituted by several materials

such as Ga, InGal\, ot AlGallfprmes. nsupgessioniby epiiaxy. Qnse.theayenof Gall 15 s formed,

its free face is 25 bonded to a final support 16 of sjlicon via a metal bonding jnterface 17 (step S12,

Figure 11). Next, cERipRtietheriFent of ti8upport SUBSHHe™ 0B e ta¥fed Sit. Said
detachment is achievistehére by applyirly afhechaniédl stresdoredtinelizédetaghmedt 6130 ke

structure at the cayities forned im ¢he oxige during-thel epitexialgrowil step batthatasedisufficient to
provoke spoptanequs separafion, of the,banding layer of 9xide.2a.intgdwo; portions 2o, 25b (step 513,
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
enough 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
gplitting 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
substrare 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
remperature and duration of the splitting amnneal are
defined as a function of the implantation conditions and
in particular as a function of the implantation dose.

30 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 f£ilm 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 rms over a surface aryea of 5 X

5 um® (step S10, Figure 1G}.



Figure 1J). 35The remainder 25a of the bonding layer of oxide and 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 remaindgf2aRRftig,bonding layer of oxide is also removed from theggupppyisikgisate 10 that
can then 5 be recycled, for example to form a new composite structure for epitaxy as described above

(step 515, Figure 1L). The partial development of micrgcavities 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 generatida afstréssesdhat are oochigh iA the stractupe tiktingstheukB-splitting heat

treatment, said stregsesspessinhresulinginishatieringofdhghondes sieuctdres 10 Angther
implementation of the method of fabricating 3 kayer of semigenductar material:by epitaxy i

accordance with the invention and comprising the prior 20 production of a composite structure and
dmachmentofmeand g thin film 4 of "sapphire that may act ag a

5 crystalline seed layer for growth.

In the example described here, epitaxial growth of a
laver of gallium nitride (GaN) 15 is carried out on the
thin film 4 {(step S11, Figure 1H). Epitaxial growth is
carried out at 1050°C for 2 to 3 hours in order to obtain

10 a laver of approximarely 10 um or more of GaN, for
example using hydride wvapor phase epitaxy, 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 silicon,

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 necessary for detachment. The

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

Once the layer of GaN 15 1igs formed, its frese face is

25 bonded to a final support 16 of silicon via a metal
bonding interface 17 (step 512, Figure 1iI}. Next,
complete detachment of tfhe support substrate 10 could be
carried out. Said detachment l1s achieved here hy
applying a mechanical stress to finalize detachment of

30 the structure at the cavities formed in the coxide 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 513,

Figure 1J).

35 The remainder 25a of the bonding layver of oxide and

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



support substrate during epitaxy is described below. Production of the composite structure for
epitaxy commences by bringing a support substrate 20 formed from sapphire (Al203) into intimate

contact with @8%&,&§G§ybstrate 21 foLmed from sapphire each coveredppithh-3.lapaknkpxide of
silicon deposited by LPCVD using a silane precursor gas and wherein the surface has a roughness of

5 Arms over a surface area of 5 x 5 1dm2 (step 520, Figure 3A). These layers of oxide of silicon 30
are not densified, their combination forming a bonding layer 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 impleatisg 35siopic speciesamndet ennditionsdhatcan readilrbe detesmined by the
skilled person (im@q@@ygnﬁgﬁg and 23 energy) in order to obtain a thickness of the film 24 of 0.5
um. Bonding is carried ou wafer bonding. The assembly of the two substrates then undergoes a 5

b )
o T
splitting anneal to provokeL‘? a&ﬁ?éaﬁf'lﬁw%rdgr? of the Donding layer of oxide is
also removed from the support substrate 10 that can then

5 be recycled, for example to form a new composite
structure for epitaxy as described above (step §15,
Figure 1L).

The partial development of microcavities during
epitaxy of the laver 15 prior to bhonding bketween 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
stresges that are too high in the structure during the
15  sgplitting heat treatment, said stresses possibly
regulting in shattering of the bonded structure.
Another implementation of the methed of fabricating
a layer of semiconductor material by epitaxy in
accordance with the invention and comprising the prior
20 production of a composite structure and detachment of the
support substrate during epitaxy is described below.
Production of the composite structure for epitaxy
commences by bringing a support substrate 20 formed from
sapphire (Al1:0;) into intimate contact with a donor
25 substrate Z1 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 820, Figure 3A4). These lavers of oxide of silicon
30 are not densified, their combination forming a bonding
laver cf oxide 30 with a cumulative thickness of
approximately 0.5 pm.
The donor subkstrate 21 alse comprises a laver of
defects or weakness 23 that is obtained by implanting
35 ionic species under condilitions that can readily be

determined by the skilled person {implantation dose and



substrate 21 at the plane of weakness 23 and transfer proper of the thin film 24 onto the support
substrate 20 (step S21, Figure 3B). The splitting anneal is carried out using a temperature ramp-up

from ambientig I3 ARREQxIMately 600C. No bonding stabilization anngglngpis@Ealigskout. The
surface of the film 24 is thus prepared to act as a crystalline seed for growth for epitaxy, for example

by polishing to obtain a surface roughness of less than,§ A 15 rms over a surface area of 5 x 5 um2
(step S22, Figure 3C). 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 thigksthat could astrs-a csystalimerseedlayekfosgrowth che Irf tHeneg@mple described
here, epitaxial gro @ O&I@_Iayer 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 GgN f approximately 100 um and
rupture of the layer of oxRFEGEEfcAT 367ETep S 23" Eigure %0) " The Spiit Stfucture is left in place (the
support is not removed fiSms the remainterfofthe stivetirel andepiaxy s ontiRGEF t58btain a layer
30 of GaN 35:0f appnoximately dnmex{step S24rkigures tB): thheerenairider 3@acof the bonding layer of

oxide and the thin film 24 ate.removed from the surface ok the layer of Gall 35-ay.chemical etching
and/or polishing (step S25, Figure 15). 35The reg}

inder 30b of the bonding_layer of oxide is also
removed from the S0P Stbstafe 26 that &6t %eﬁrbteoré%c%le%l,l?groé:iarﬁ}%st%rf%?r% aS rélew

composite (step S21, Figure 3B). The splitting anneal is 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 is thus prepared Lo act as a
crystalline seed for growth for epitaxy, for example by
polishing to obtain a surface roughness of less than 5 A

1%  rms over a surface area of 5 %X 5 um® {(step S22,
Figure 3C).

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

20 24 of sapphire 0.5pm thick that could act as a
crvstalline seed laver 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

95  hours that could produce a layer of GaN of approximately
100 pm and rupture of the layer of oxide of silicon 390
(step S23, 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

20  of GaN 35 of approximately 1 mm (step 524, Figure 1lE}.

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 S§25, Figure 3F).

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

then be recvcled, for example to form a new composite



24 structure for ep taxy as described above (step S26, Figure 3G). 25 CLAIMS 1. A method of
fabricating materials by epitaxy, comprising a step of epitaxial growth of at least one layer of a material
ona compos&%%% =y said 5 composite structure comprising at least gpe ipinfilndagpded to a
support substrate, a onging layer being formed by deposition between the support substrate and the
thin film, the thin film and the support substrate having §;mean thermal expansion coefficient of 7 x
10-6 K-6 10 or more, characterized in that the bonding layer of oxide is foLmed by low pressure
chemical vapor deposition (LPCVD) of a layer of oxide of silicon on the bonding face of the support
substrate and/or os the boadingtacesafithe-thinsiimide thattbe thinfilen has athickpess 15 that is less
than or equal 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 predetermined period. 20



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 carried out at a temperature that is higher
than the 25 temperature at which the layer of oxide 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 carrigga@yfzafter the epitaxial growth step, said epitaxial growth step being carried out at a

temperature thatisTOWer tharclithe tefmger,ature for de;;t):ositin%th layer of oxide of silicon. 35 4. A
method accordinﬁ'topaﬁnf Bﬂg of%ﬁairﬁis fjt(%%lc?%rgca:‘te?ﬁjé% iR tR&t the'fred Surface of the layer of 26

material formed @QHERE & epiRaxrE GroRth SRIF FHEAdEd o BhtafdettSupstit 5. B nethod according
to any one of claimgdrtox4, 5 chatactesized:in shatthedseattreatnentstep iszatried out for a period

that can progoke&ﬁ@ggwtgm@@p@%@m@ﬁg%g methed ggeording te any one of claims 1 to
4, 10 characterized I hat 1 fyrther comprises. aflet the heglusalment step. a.step of applying a
mechanical separation stress at the'hondir ayer of dxide 10 provoke détachmentof the support
substrate. 15 7. ,&?ﬁ@ﬁf})doé{c@&%ﬂ?gifoiaﬂy%ﬁﬁwﬁfaaaﬁﬁg PPigpport substrate and
the thin film, the thin film and the support substrate
having a mean thermal expansion coefficient of 7 x 10° K*
10 or more, characterized in that the bonding layer of oxide
ig formed by low pressure chemical vapor deposition
(LPCVD) of a layer of oxide cf 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
15 that is less than or equal to the thicknegs of said coxide
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 coxide of silicon
and for a predetermined period.
20 | .
2. A method according to claim 1, characterized in that
the heat treatment ig initiated at the same time as the
epitaxial growth step, said epitaxial growth step being

S pm i

carried out at a temperatbt

ure that is higher than the
25 temperature at which the layer of oxide of siiicon is
deposited and contributing at least in part to said heat

Lreatment .

3. A method accerding teo 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 is lower than the temperature for

depositing the layer of oxide of sgilicon.

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



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_gtipport substrate. 20 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 silicon formed from precursors selected from at 25 least

silane, dichlorosilane, .and TEQS-8. AJnethpd accerding o any Qng.ofclaims 1ito 8, characterized in

that it comprises ri%r g) Qondingéa stgp of d%nrstification heat treatment of the layer of 30 oxide of
silicon depositedbo);1 oW prgssaure cﬁaemicsawgpor 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 characterizednirtthat itfurthved comprisesy onea stepdfimmpantationd by bombardment of

one face of & donoy-substrateusingions ta-formy alan 2% pradeterminad-depth inthe:supstrate, a layer
of weakness defining the thin filrpdit%gwt %h%irrp I%lg%q{gacge%gg%%ﬁyegfoft\%gakness; a step of
the don [ '

bonding, by placing the imaaﬁ?e ace o r substrate in intimate contact with a face of the

* support substraté&RE 7 sfefPF datachment of the thin film in contact with the support substrate, by

splitting at the layer of weakness formed in the donor substrate. 10- -
&. A method according to any one of ciaims 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 bonding laver 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 attéck of the
bending layer of oxide to provoke detachment of the
support substrate.

20
8. A method according to any cne of claims 1 to 7,
characterized in that the material of the bonding laver
formed by low pressure chemical vapor deposition is an
oxide of silicon fozx rom precursors selected from at

i
25 least gilane, dichloresilane, and TECS.

9. A method aceording to any one of claims 1 teo 8,
characterized in that i1t comprises, prior to bonding, a
step of dengification 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 f£ilm.

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

of a donor substrate using ions to form, at a



11. A method according to any one of claims 1 to 9, characterized in that it further comprises: a step
of bonding, by bringing one face of a donor substrateinto intimate contact with one face of the 15
support 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, 20 characterized in that the bonding layer of oxide formed by
low pressure chemical vapgr degositionhas adhickaessdndhe range fram approximatels0.2
micrometers 10 (L2 INEIaMERrs, 2243 A MELOIACCUANG G 310008 I LAIMS.E 102
characterized in ﬂwat the s%pport substrate is constituted by a material selected from at least one of the
following materiat€Y&pHird’95F3655EiNb03, MgO, and Haynes(r) 230 Alloy. 30 14. A method
according to any one of chiimisebte I 3behdiatterikad il #vatrthe thin filny isesestithrecby 35 28 a
material selected-frognhat least oneolthefolowing matesials: sapphve, kikaO3, Mge, artd LINDOS. 15.
A method according tg@o%e of glaims,1.to 14,5 characterized in that the semiconductor material

layer is one or more hinary, ternary, or quaternary llI/N materials. . ,
y ormo fi!’step %f é%tachme t é tge é%%n film in contact

with the support substrate, by splitting at the layer of
weakness formed in the doncr substrate.
10
11. A method according to any one of claims 1 to 9,
characterized in that it further comprises:
= g step of bonding, by bringing one face of a donor
gubstrate into intimate contact with one face of the
15 support 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,

20 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.

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

30
14. A method according to any one of claims 1 to 13,

characterized in that the thin film is constituted by

35



28

a material gelected from at least one of the following

materials: sapphire, LiTa®;, Mg0O, and LiNDOs;.

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

materials.



