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 duringcoglina.thergof, Such growth structures,dg not havethe properties

required for optimal Léf%e In d%wcesgor useino toele(f‘tronL_f:s, ogtlcs or.%lectronlcs. It is thus necessary
OF rangferr onvo. in =3 orc ifL It 1g no .

to transfer the layeér o epfamal?y grown% material toa flarge{rl El)pport with more appropriate

properties (thern®f ahtPeleefical €8nductivity, optical properties, etc) or to detach the epitaxially grown

layer 2 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



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 orget $a.adlgy it to be recycled. European patent EP-A-0 §98-3@7,des5/ibes 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 during the 10 treatments that have to be carried
out on the integrated circuits. The document describes unbonding at the bonding interface between
the wafer and the support by use of an oxide bonding layer formed by PECVD. That oxide has the
peculiarity of having-GH speciesthat-15 diftuseito the bonding irtetfage tndek the abtion of a heat
treatment (600C tq 1390C) caHied gut aftesbordingstabilization appealing.and thewlesired treatments

carried out on the prtgglra,rt%d circuits. Said species develop.until a gas is formed and constitutes 20

bubbles that diffuse and thaef are concentra ed I%c‘?ill;%I at the bonding mterfacaé i.2. the interface located
between the substrétatarid theBxidedntiig Yﬁyeﬁ%p@%ﬁeﬁ%ﬂﬁ%%éfér@?ﬁﬁ? plrEnémeRBn

encourages weakeningmfitke bendimigemterface until the support substrate unbonds 25 completely at
its interface with the bongingdayer therebydibesating they waterthatisintegral with the bonding layer
from the support so_that the infegrated circuits can b u§q9. International patent document
WO-A-02/084722 %}ég er}s%]rl%e?%eg fggr%ceartioénog a %ﬁbstj?ate tlhaltgeé n be éléaé:ec G(i;étj%a specific

interface, or internr&daIaler, ShaVimp Aidc RS en gt fatis REpEfSa CoRtrbhdd feve,
compatible with subsegseatrieleaseSaidatieastomayaake placeafer forming the compohents on the
35 substrateiqr an-epitaxyster. thatdnterface-is geated-by teating one efibeiswtacesitecde bonded
to control its roughcnfs uolregs_hngghg:lilg %}ger cteristics %g Jo u%g '8%’1%%5%@“%{1604 th(_a substrates

. with a force that is sufficient to carry out the subsequent steps but that Is Compatible with subsequent

release. Said rele&E Hia5%e 2ECIMPRgn T by iTextefaithethamtal- theMEaCaRd/f 5 photonic
action. The mecharical sfremgtlv et the edace maybe réinforeedifn&ees8ary byteat treatments
while remaining compatibleawith subsequent-detachment.WO:4-200%/034248 dasgribes bonding a
substrate ana 10,syperstajs, of sicgn. each,of which s aheupal exide gy fogped thereon. An
intermediate layer Gf oxide of Silicon is formed on one of them. 1t is ,doged withP osphorus and/or

boron to form a PSEAphbEFRETENREat?NESS) 6PPBEE (HdroSiH -Sifitafd™§igSs) type

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



15 material that can be deformed plastically. Applying a heat treatment to the structure at 900C to
1100C causes the irreversible formation of micro-bubbles or microcavities in the bonding layer. Said
micro-bubbleg fnay.hedsed for a variety of applications and in 20 particulg¢{oMaRkas ke 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 isschbable fokowihyg & heat Feathent df geneidtihginane-particlés thgt are 30
different from the first matedak The layerof first materialmayhesformedfremaepasited ardhermally
formed Si02. The bopding;force pragured by dhat type,of connection s ot modified during subsequent

heat treatments. The connection may then be used to liberate 35 the two substrates by the action of a
mechanical force. THe gEtachfiEnt 2 Iﬁ%n@%e%%%ﬂﬁ?ﬁ@&el 86cum %?é“ cafnot l?é%%léga with
structures that arepAdntentedatotcarry: oulBsitdeangrevRE andtharesmprisetméaterials with high
thermal expansion:egefficients such Bs sapphiter lithiuntantalates ete, Infacistite bonding force
obtained with the methads.descriped in those documentsis tag low i be able, duringheat treatments,
to withstand the thermal expansion stresses induced by the materials used, or, during heteroepitaxy,
to withstand the st SHhdtced by the crystalline lattice parameter differences. With such materials,
too low a bonding force Meafs 4 §odd LRialiBeEsFacfe fsirepitikyicafittot Bexbfmaanér can the
moment of detachgientof the suppart substraie beantrofedthycapplyingsan appropriate tiermal

budget. In fact, when hondipg s foo. weak,the support subsfratesrisks;hecaming detaghed from the

- seed film at any time_during the epitaxy jprocess. Surprré%r% of th%tin\zentg)n a %r{\t odiments of the
" invention aim to oVercome the ab Ve e ritfondd diSadvantages ahd'if propoees & solution allowing
epitaxial growth, irrparilEr 6T Ratkfials ReEPErotd FPNTofA cBRfodeSRtEres eoifipfiSing a thin
film and a supportgubst ate-prahwed with sratedatsihas have digh therawal expaasion coefficients (7 x
10-6K-1 or mare qyey the lemperature.ange ypdesconsideration 206,00 1200G)) and wherein

bonding between the thin film and the support substrate is capalg)lg of withst igg C];hg stresses and

the temperatures &fiployetTorAtitast @ pradetarningd perivd of e%it%x??w%%e allowiiig detachment
of the support subsiratelby fiystare b thel ARG Iay S alfd predete e MBment, i.e. before or after
the end of epitaxyrar-atibesame sinie: asiibe lenddifrepitaxyer . Asedrdling ta-araspettef the present
invention, there is provided asmgthqd of fahricating matesials by gpitaxy, thednethod comprising a step
of epitaxial g%rowth of at ,Iegﬁ%}one layer of a ma%anall)on 4. com ogite tructyre, ghelc%m site structure
comprising at feasPBRE 1AM B heidetto S8 Upport substrate, a bonding layer Baing formed by
deposition betweefthe stippdrtstbadraté snethedRin film, the thin film and the support substrate
having a mean thermal expansipnpefficientofizxk3-6K=1 orandrehehatracterized insthat the bonding

layer of oxide is foumed hy_low pressurs-chemical yanot denesitin (LPGVD).aha fayen,of oxide of

silicon on the bonding face of the supporLsubstratehanqC/ogonlatheaplgngir%ge:f:acaelofﬂtggitggl film, in that
_ the thin film has a%éﬁ’kﬁ’@sslﬂ%ﬁﬂéﬁg thgﬁ%r%%%al To the thickiiess 6t said oxide layer, ‘and in that

. the method iRBluddsa Hestbtmenteahicd6atafy iémpberatBre thetds Ay P A& e terfiperature
for depositing the layeeotoxideiaf silicen-and for apredetesminedrpetidcg a ThussbyasSieg a

composite structurg;with alayer.ot.oxide,of silicon formed:hy LRCYD. and.withya thickpess that is
greater than or equal to that of the thin film, it is pos&blegt?bcontrol the ggﬁnomgr:]? of the formation of

microcavities burietiith&hditing tay et of Sxide ferldlihg 6 deramination ahd to detachn

' i stachment of the
support substrate ieerdet rintiztigrio. avdid HRISHAAHGY oRHHEtHNT fil GheSd&ta@Rnent of the support
substrate ovena limitedpesiod andthemto activaiethe farmaation ahmicragayities irf order to provoke

detachment of the sUppOFt substtate by upire of the layer of xide of silicon,at the desized moment,

i.e. before or after the end of epifaxy, or at the same time as_the en%of egitax .
5i0;. 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 socluticons described in those

documents cannoct be used with structures that are



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 deposit%d bonding layer of oxide of silicon does not lead to
delaminatiart efifedhit filmcaorgoesittbuekie tiae safaceofitid filmnéventtiuring bepttreatments at a

temperatyigdatiis THohet thanthgoxidedepositientamperaiurecEglowing asfudy; detailed below, 6
concerningathe t(:aLrP erawrctg‘lline{l\f'%llvichaolfl Ia%/leé%gf oxidce of silic](_)n a gf nct\i%\qgf ttg%l_dlgggsition
technique er%BE)ye . the %\ppﬁcant has determined that deposfilon y(i_ CVD can'pro e oxides with
a temperdttfE&abifty tRati8 Clos¥ ¢ that 5F6xideReBtamed by arsiareRidatich. FGRREE to
withstanddstresses dae i@ theclardeodifference beitween therlomothbemal expansiosrcoefficient of the
bonding |%M‘¥}Ps§t%fﬁ? ot silicorgediihe h'%@cﬁéﬁ_%&%!ﬁn coefficients of theymalgrials,of T&%CO_mPOS'te
structure, th thlckrlesss gé i Iager of X|d£3 of s.élllggn Js greater than or e%ual to tha f@{e thin film.
This meahs that the stresses’appfféd atthsbon |ng€7ayerpdlur%}éyhigh f:'emp:%e%ftﬁ‘r;eaL epitaxial growth can
be reducet; B85FEIFas tHeriskest pl&sfic defermatiB s TrEdiing in H#35 BoRBIngRayErretem order to
detach the sobstratecsd 2. predetermined inomertdaiing oratteriepitaxialgradingit Soregessary to
apply a heat freatent.at a tepyparagrg fhatjs atleast.higherdhan thestemperature afwhich the oxide
of S|I|con(|§ d%Poglted, dunn{g a predeterminéd 1E)eréoqfd that is aﬁunctlon of that temperature. The
composité SHlisHre 48%brdifgto &MBodiRBRE of tHe iIMtErtioR M priSds a"déposititPhaiiding layer
of oxide oPsliesH #Hiat iPGesipicd Rothe Erésp rarBily Al e M BERIPES HAY StréSsEs®lwhich it is
subjectedidngrepitaxynSifiee: ereepbiihe wxitiresulisdn thedormeadion okmicrasapitiesit is
possible tg jpitiate the formation of (pirecaviies atapredetgrmined @8@&”&%‘1‘}{‘%@;%? or

thereafter by applying a heat treatment at"a temperature that is above the oxide deposi
 temperatr&®Fhig FehftfiePcarrsBtahtt Ge8F%f 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
differencesufidae-thesmat ¥pansien epeicients. The bonding layer of oxide formed by low

pressure chemicg| yapar deno itioggwasc%éhicli?ﬁ%&g%' greater ¢ angpgg@ig{l&gessc%the thin film
' [ A

and is preferably in the range from approximately 0.2 Am [micrometer] to Am, and more

preferabPRKE TRAGE APPRkinfAtsl§ VP RRAEFES 458, 1T TRFEREEED gRwiRStES ey partially or
completelycbntribuge grthesheat regmeeritho obtairpereep of tlveroxide ofdikooledrd theadevelopment
of microcawities, Thedempesaiureaiing epitaxiaharewinis thempighet thanthepxiderdaposition
temperatua[%dKréowén thci>s %em&l%%tg{% ite is ggggglg ) d%ecr{?in{g the ltir%%gﬁecrr\l/gr,lcic%%e\éelopment of
the microcavities is s ¢hthat it su |C|enﬁy weakens t%_e oxide Tayer to allow It to rupture. Epitaxy may
be carried’d@to pro%ideidnlySiBaf ot e heattédtrisiteceséary fdrduptiire oPthe BRicfe layer.
However,apitaxythay atsmbe catnedeoutraverea peridd thatcars prostuee Topturé ot tiie oxide layer; in
similar veiry i cam) be comtinyed afterruptiig afdhelayge 8o as e produge the desired thigkness of
epitaxialIys%rowgr@ateﬂﬁls tra‘é'ge gesat ggagg rét sge}p may. Ig,g t%}ed%arriedcglét a;tgr thsesepitaxial ‘
growth step.pﬁls appsfies In particular whén epitaxy is carfie out at a?gnperature Below the oxide
depositioF T fetgtuFEMP e 1 bHE @ bIRMENESt theTvehtiohc#7-heat RERHFERES Eafted out for a
period thateahaf itsélf provoke-detadhirient o1 Thevsumppodiesustrada 4 neer sheh sitpywmstances, the
‘heat treatmgnt thatcan injiate tlg%ﬁgq{gpéion Qfsmicrogavitieg ix,carigd outfora period that can

develop the rgcitcrocavities aufficient to obtain spliging/fracture at thj? bondin%layer of oxide. Ina
Fcom freafifient § p, a

further en%bro’e.2 w%%ﬁmﬁél %etaéﬁ?ﬁneer%?nethjoqefmther c8m%ri58§, after thé hea
complemémafpatep Papplying & nsédtanical Separation stedsef tCh&AdIHg layer of oxide to
provoke detachmgﬁd}fdh&gumppr&summtﬂﬁﬁ camplepieniaty:stemnayralsa consist-ef a chemical
attack of the bB?@‘@Qcﬁ@ﬁer_Qf de foyprgyoke getachmen Ofrﬁ}%%é%%qrésl%tr%ﬁitgaxy

Eitherway,%ecauseofth priorformationof microcavities, the heat treatment can weaken the bonding
layer of oXid& s&“ﬁ’\%?ﬁgctﬁrﬁqgﬁlﬁﬁﬁ@% tfen Padlly Sbtaified b§réchafEa Brithéticat bction.

The matefigbstihenendngaay«r fomnathbE Iove brexRufe cliatmiealivapos deposition is aioxide of
silicon forameadten mreewsats-setected-irom silare zdichlernsianaandTiE0%4i 1m In accordance with
one embodiment of the invention, the method further comprises, prior to bond ing, a step of
densification heat treatment of the layer of oxide of silicon deposited by low pressure chemical vapor
deposition on the bonding face of the support substrate and/or on the bonding face of the thin film.
This densification heat treatment step can further increase the temperature behavior of the deposited
oxide of silicon vis-a-vis the formation of microcavities. This step can, if necessary, reduce the ratio of
the thicknesses of the thin film 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 the layer of
oxide of silicon.



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 dofior substrate using ions to form, at a predetermined
depth in thesdbstrate, a layeppbweaknesstdefining thekibimdilngin Theappérahororf of thegisubstrate;

2 step of honing, by placina Yedanas suhsyate ajnflate gorlcouith e pupeart subsirate; 9

step of detachment of the thin film in contact with the support substrate, %gplitting at the layer of
weaknes<fotfed i the-tioRorsubBraid T S8RSiceSHT AR i ermfodinBRe 8 the
invention the thiaXilmenay beiwoducetewithc i eng steyfof Bonding, 1 Biinginga domorsubstrate into

intimate copiact with.the shpRert suastraeie nahsteRsf thinaing He denaisubstrate tenform the thin
film. After the honding step,a step o%bondi%g[stabilizatlon annealing may P%Pc&yﬁgd ou% ata
Wit

temperat(Pé thaPié high&P AT that ATWhICH the GHAE of SiTRSR TS dSposite ut Microcavities

appearinglitithe depbsitedidyer offoxidé11ican particulbhemboditietts of areinvehtiohttelates to the

productiog @hbleastansdayaref binaty dernary, enguateinanmtyper Hh ard |1 enateriak such as
Gan, AlCel icaly OLIAGER, ol focriance e erapodimiont.olibe Inyentiop, the
epitaxial grow?‘H is carried out for a predetermined period corresponding to the formation Q?a thickness
of semicoRBagtoPmakshisd br &uitfative HERFES Gt 187 bf LehHonttlf matBHaldhd thin film
of at leastcihmictametesshbhis thieknessds sufficiant forthetlayerof condtetivecnatesial, alone or with

the thin filgérﬁg Qgg@&@uffic&%@gﬂeq@nic_ﬁﬁtﬁe&gth @ﬂglqatngﬁ% if iq:'@[ﬁpéﬁqmgglategop withstand

the conditions for epitaxy. Thus, a new epitaxial growth step of the same material or another 11I/N
material iEAPBE L5 ot thet8AHE epftaxy Bfditfent® T 4¢E5Ban@ With SAbthe?
~-embodimentsaidie imvieméidn pepitaxdal growth is carried out for a predetermined period corresponding

to the formation ek thickness, gf sgmigondugior materialora-eurpulativecthickness.of a layer of
semi_conduct,or material a{']d thip film of a lrﬁt 100 \ngzi)crom&ters.t%uc&rl] atgi%@eg%éneﬁlas thgt it' is
possible t5¥F a gyeﬁ) $&Micondtidts erfAl o' 4 10" sé‘if‘-supporte Ahatensl Iayer?thln film
assemblyiie. gvsas sufficieaty Wgid agdstongtotBeihasipulaieel wWithbat thelieed ¥&r alsupport.
The free sysfaserof dhe dayer-efapiax aly@grovwhe semieriducier materialspaybeikondesrto a target
support before detaching the,sypport substate; Briel deseripfion of teNAWSSe 1eading

to delamination and to detachment of the support subgtrate

in order, initially, to avoid deformation of the thin film

and detachment of the support substrate over a limited

period and then to activate the formation of microcavities

in order to provoke detachment of the support substrate by

rupture of the layer of oxide of silicon at the desired

moment, i.e. before or after the end of epitaxy, or at the

same time as the end of epitaxy.

Az explained below in detail, wusing a bonding layer

formed by LPCVD deposition with a thickness that 1s greater

than that of the thin film prevents plastic (irreversible)

deformationg within the bonding layer. Thus, the formation

of microcavities 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,



Figures IA to 1L are diagrammatic sectional views 10 showing the production of a composite structure,
epitaxy and detachment of the support substrate in accordance with one implementation of the
invention; Figure 2 is a flowchart of the steps carfled out in Figures IA to IL; 15 Figures 3A to 3G are
diagrammaticcsectiong vigves shewpeg geipmd betivmvaferconfposits stractore, epitaky and

detachmeny of the,suppogt spibstrate-during epitaxydpassardance with angther implemerntation of the
invention; and 20 Figure 4 is a flowchart of thegi&ﬁpshcarneéi outin Fi ureSbSA E) %%DDetalled
descriptio‘hhcﬁ’ irﬁ‘é’l@ FRAtonS BF thaSneamtion etpr%Een ?@%%%i%ﬁ%pn ﬁjqe pro&?crﬁon of a 25

foposes
composit@srdotute alloiweg bothtthe forrhatimreby Bpitaxy Tt ddyeks of typaall/N Iraternals f good

quality angkdetachment obihessuppersitbstatedton the-sempesiticn stiueiure helererengfter the end
of epitaxy, or substantialy aLthe samotige.as fhe end.of epitaxy. 30%0 this.end. thepyention
proposes a hovel concept of a composite structure colmprlsmgqa bonding Tayer of oxide Tocated
between fHessuppbirt ElBsTHRE aRURAEHIAMINT ARE i GAfEH the forRfiRioR DR FHiEDcaAti€E can be
controlleds Thegoawposite struciureofthea inviestion 35 meapsibaomicrecaitiesiiethe bafding layer

pied bothasspgardssuaninadiel apgearance duiing Bealleptpents appled

of oxide can é)en?g@%
to the 11 structure betore and during at least a portion of the epitaxy and encouraglnithglr formation
support

or even tHeicdebRIHMeNt dGrig8pitky BF HHeTeRter ithiE fibfiFto iRt hifent ek
substrate thBlte cofmpasite sttuciure ¢arhprises arleast anedhin filbhetsemicondeictor saaterial bonded

to a suppgit substrate yia a pondingJavarnef oxpgyglsiliq@gm%ee@l{%su%@i@g@% and the

thin film, the thin film_and the support supstrate avin% a meant ;gnal expapsion 10 coefficient of 7 x
106 K-1 OFiorEovet a Brip&faurEangs o & T200Cin Bfdet td*Fe able toreith & tertain level
- of stress iplthesiractied byepplicatorret-a heargedtmartis bonding layer.

In order to detach the substrate at a predetermined
moment (during or after epitaxial growth), 1t 1is necessary
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



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 I?/er 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 techniqeia20 stdteastplasimassrthantedtétrentidal vagor bepesitont éabbrefatcghd PESVD) or low

pressure ghemicaluaper depesition fabhreyiated toLPCVD): This is then-a-Brlepesied oxige” which,
in contrast to7 a thermal oxéde, iS_not stoic?iom%tliic (the oxiglg deposited has a 25 com%osition of the
type Sixongzi_’.- Fyﬂfher‘ﬁf‘ﬁus drtla?:)ro(i%it(—:‘%ro%(l&éC $eds dehise and does AGt have the- é&ﬂr%eeprgperties as
the therm@l éxidd. Egerlaftér déhsification annealing, this deposited oxide of silicon is still
temperature-unstakle, 4 pagticidar dyripgtighs3@ temperatyeeriteatmentsi> 88H1ecdiken a
composite g%gsitgw%%tfom{ed bi;_/hae sal%)hicre %l{pepc_grtm%%tr%tg o%%@ﬁq}a tg@inel er &g sa@ﬁgire is laid,
is heated Yo prepare it for GaN epitaxy, for examptfe, microcavities appear exclusively at the bonding

35 layer cPEEPEsIRE dddé BPEIliEGH oMt tHEETFICBBEESGH tehiseraiA it égceded T hey are
visible at thersigtacenfdshelthn fith o sappiisa by thefionmatort Heroftirieversibiehblistersavhich

"buckle” its, surfac andrendarit unsuitable forepitagy beqanse the surfage is,ng longer spooth and

the lattice parameter’is distorted. The microcavities are larger when the thermal 5 expansion

. : 9
coefficient<Sof B fidtermald GsedHr& Mghtcomparet With a6 th&d&hGsitea BxidBiicon, at the
temperaturés teaehed duxog fatiricationof tkecbmpdsite striuctare 6 duirng-ity subsaiaest use

(epitaxy). im gengrals the fgrmatiop.and dexgloprent of 1Q.pucrpeavitiegpithindhe deposiied layer of
oxide of silicon has been observed at.aﬁ:p temperature ex%eedin tEhe o>§|1de gf sgicontdeé)osition
temperatid: * *SfheAhpearanés S ricroAv ties h RE oxid8 ‘of Sficon'tiay be EXSIaHed by the

~ transition frereasasieldstic muis ofdefofmbhien &3 PrastisTivgde offtfemeationtWhicHIE thus not
- reversibleg&{astic deformationsisehasactanizedoye 2 moditicationdf theditial stategaidhe exide, for

example ynder, ihe action of.a mechanical sess, andts JGHM QNG IRl 5¢ 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.



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 trangitigmésrinkeway the tepgseratge, todfie creégpecharasterstics of sakiterof siliedn and to the

stress applied-py-ihs difference inthe expansionafiihe bonded matenials anchef the:axdagThe creep
temperatgre of the gxide ocfiBO silic%@listong of t@e charé':lcte[[iistigs gf thesoxgje@tha% iggi 18{315 the
temperat %Yﬁé&oﬁ which the Bxide &anggg?ro%rgn [Bstic Ee%or%aﬁon mode to a plastic
deformatiohtRede Whey imsHorsiprebiet t- Shéss ITerser@fure increases the amount of creep of
the oxide. Thus,the 35revelef siress to betapplisdtel prayoke dhe formmitoneaf mistocavities in the

deposited. ByeL af.@ids,isauer Wiehlle oridsas 2RINtIASIC.RPREINGID Clgeraapi s
espemall)llD dus to the temperature applied vis-a-vis its creep temperature, =~ As a result, to control the
formationfGFiRFo chifBs R e BTNy BEe6E65dd $6That %I%’/"@ onfA&E P ISE St the

desired timedduEOg or after epitaxy), it is necessary to use both a deposited oxide of silicon where

creep is difficult to,prayoke, and, i reducs,the, sessgs aaRligehio the-oxide.of silican, duripg high

temperature treatments %Eéﬁ‘)clli‘ed prior to or 10 during epjtaxy, The Applicant has studied the
temperat(reheR&iPof SiiddL5btanelRy GiftErenPdedsitioR EX/M rand h&5HscBvered that an

oxide of silenaidepositedhy lbwagressureschesmical vaportdepositione alsotérmey 1dCVDE 15 can

reduce its;Gapacity t%ﬁ“&@i@@@ expermgn ded-ouththeAnplicapthave-shoyn that the
properties of the o>§9e ve a %ubstanti I ;%luence on the forrga iq:n gf micrggc Ovritiegnin é[:t%le bonding
layer and Wat tREsepopeRs Ehhednfld necealﬁ?/}gtﬁg de585| fon 2 efeé'”hnl({ﬁe employeg and by the
. precursoragsedi e foilowing thréd1gpédidfoxitesmof silicBh wereestebifbE dbaging bEA thin film of

- sapphire epto-a sapphire sypport substrateyrt he roxiderefisiices pradused frenpa silang-precursor,
25 deposited at 300C by plasma enhanced chemi apord it] or PECVD. o id%}% silicon
produced ?g‘lr% %lﬁféng%regagor%dﬁe%%gfég at SOdbcgéé/y féc%%g)%ermé% HTE‘)I Jéﬁ<ane, HTO
meaning RighMamberatae okie) AFfieloxige is 30TdepdsifeEty FEEYDIandRTS 2t a¥wer
temperaturegitdienaeiHiermed HI @ silantey; and cknexde of siicarhprodhded froima dichlasdsilane

(DOS) preguuserdenasited af 00¢ by L BCVEX (als0 termedddTo DOS).

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;



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 that creep of the deposited oxides is more difficult to provoke when they are deposited by the

LPCVD techniqUe.dn &ddiBonthe fshpsiatcbeRdvidrof thE Bidepbditdt okfdle RRBBE fmproved by
using an wxide ofdiiconuttained BybPCVT depdsitionphdttHasrw dersity it isaisstosefas possible
to that of theythesmal exidaeFo this end, aslansificatien aaneal may be applied to the oxide of silicon

deposited by LPLYD prign, 1840 bondipg. With a %@E%%ﬁ?z%t@dlé%%ﬂ%%eg 2.5 ymdhick thin
film of sa %hlre g_n asap hlre %JPBO% bstrate |th ao. %9 |ck nd|ng layer of HTO DOS oxide

of silicon,”a’boriding Rtabi zatlon annesl carried ?a?]ig C for 1 our provokes complete

delamination of thefsafike fifth. I#@Bﬂﬁﬁ&'wr@ﬁ t@llﬁ*@)lﬁ@s BxiGEBPEilicBHRAH-RESame
composité stractimé isnatimeated fer30 midteShe 120009y B rivdgdiratisasphere (N2) before
carrying out bonding, atbepdiog stahilizatior anneal Adcatriedwn at-d4080Q for idwour dbes not lead
to delamipgtion ef thg thin film.  Furthermore, since the formation of microcavities is linked to the

stress due to hlg@ %ermal %@%nsq\ C%Ef'fl ients Q%ft e matgrlals &E the str%]%ture 1%ﬁ&?ﬂrgventlon also

proposes reducing fat stress forming transfer or by mechanical or chemical thinning) a thin film

with a thiSRRS tRZAS 1688 tﬁﬁﬁ%?%hﬂﬁl 183AKat6t tré GepeSitetihy ot Huide Bt Siroht Thus,
mechanidahatresses Nderived flopgthetdifiéreate W@xp@lﬁgloﬁ?@h@mg PEariddifRRtsiGrried out
on the straetuse beéate ot durng part ok thesepitakgsmapbedimiter sorthdtitheydgpastiexcked the
plastic defenationscrgepythreshold of the oxide of silicon at the temperature under consideration.

3571 an examplen NS ARAICATLHCS GRS QHLigsls wRichRoNeodhrkwhen aime sggphire with a

. thickness of 0.5 um.was trans %re hick
f he production o east one ayer of binary, ternary, or

guaternary type III/V and III/N material such as GaN,
21GaN, InGaN, or InAlGaN.

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



15 bonding layer of HTO silane oxide of silicon deposited by PCVD, 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 transferrew atitw@B2a2bonding layer that was also 0.3 um thick of HTO silamemaécis@ésilicon
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,ithe 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 be StgrificaMRPRdRRd AfREe B that8Fihe 15 Yepbsited FaEF b bxide 6f silicon
when the thin film E¥etmed feorh fittibantatakaie (I3 Ta08) tatdes & thérmaladgansiorecoefficient of
16 X10-6 K-1 at ambignttempeeatusdnagcosdanes-with the invention, the thickness of 20 the

bonding layer of oxide formed pyéggypfgggoggo@%p@%@bly} in the range fro %Q%r‘grﬁmately 0.2
[ 5Um. T

um to 0.75 pm and more preferably in the range from approximately 0.2 pm to O. e formation

and developrment SERicToRAIGES n B8 & bondiig Idyer PRIt foPmd By 88poSitiER 7&Sult from
applying a thermalisudges. TRhé asmmpesattié/ perpdcoupierbsirespends 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 atgyphich tgggm%@i@gdgpf siligorjgdepgsited, it is possible, as a function of the

temperature of the epitaxial growth, to_ determine the Q;})%lod after which the oxide layer is sufficiently

weakened to be broken, for 35 8% &Mpld dlifing 2pRaRy OF B eXIBRdING tRE Hemt TRat LRt Sfter

epitaxy, or by @& cofipterientadyameskanicalonclidmitar aetes.1 16 \WhencapitaXialepdwehis carried

out at a temperatuge: thatds dowersthandthewdepasitigrtempeiagiresafitheroxide dayeimta-allow

.deEmhwmntloe&ypﬂogne 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



substrate 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 Rond Behwgsn the support substrate and the thin film; detachrpepfehiigshpgort substrate
is obtained by 10 rupture of the thus weakened bonding layer of oxide. Fracture may be obtained by

developing the microcavities formed by extending the heat treatment for initiating formation of the
microcavities. However, fracture may also be obtained by applying 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 foreesda these twd elements. dtis then possiiesto ebtainr fracture nateseasily, more

precisely and in a more Jocalized manper-201han with a nep-weakened bondiag layer of oxide, i.e. not
comprising microcgvitigf.o " Qgta Qggnt (g '[J.l:l suppg?[t %pesgggg% ma %Istghb% o@&aégﬁec%gy means of
a chemical attack of the weakere omd‘eglay%r, o?:gxar‘np e using a ai utelhydrofluorlc acid 25 (HF)
solution or BOE (tffeiéddRitle Eteh HihicHrrRRidesSEotiderftiated HF). Without the microcavities, the
oxide of silicon takes several haursde disschve;uahile-in therpresence of nicroravities, separation

between the thin film-apd,the-suppasthsubstratels achievedinastew 80 minutes.er-a few tens of

minutes. When epitaxy is carried out at a.temperature that is.higher.than-the t erature at which
rthan g EMPeratile

the oxide of siIiconsi%Bdge%pr(;/&s|tt%d‘E>luatL V\ﬁtﬁ)g% armal atﬁ/gg}:etct) at) %li%s%ufﬁcie% o agﬁevg%he%ecessary

development of thé 35 HRTBEAALES AREGHI&IrFRptHEofthé bortiy 18yeF of Bxitel & heat
treatment must bezexientied beyond the epitaxy nthhathermal busget Whichneneatsthneformation 17
of the microcayities i the depasited oxide layet gan be Gaptinued shtibrupitge-eeaurs«This thermal
budget is a budget that is ¢ entar f th itaxy, in,particylar as regar e
temperature that rﬁt?%jt%ee. %Eg!r)%athgﬁ t%gcté%g épi?é%% t#eoraft%ao %lie%e%%mé%r%t%?t%e

" microcavities is to BE%ErHancedlY ThePeriod 6Fthe fredt treatiiaHt S dee A bhIRE 18Fperature
used. The temperatiire/perad coupke;wehich defines the thermal budget to be applied for microcavity

formation, has to be When bonding two substrates of materials different

15 from silicon or silicon carbide (SiC), 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 technigque

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



10 modulated as a function of the stress brought about by the difference in thermal expansion of the
materials constituting the composite structure and the deposited layer of oxide of silicon during heat

treatment anqv@%@ggzgﬂhe thickness of the thin film to the layer of 15 04%%8%&196}9&0&“3 as an
example a structure of a 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 0.4 um depgsited at 800C using the LPCVD technique
with silane as the precursor gas and densified 20 at 1100C for 2 hours in nitrogen. The structure is
used to epitaxially grow 100 um of GaN, requiring a thermal budget of 1100C for 2 hours. The
complementary buglget to ebtaia fractunglis dhus berd200C fanzhours. if-thedemperatuseds lower, the

period must be increased ta 25 accomplish the formation and developmentofmickqeavities to fracture.
Thus, a composite structure fabricated in accordance with the invention can witégstapd ter‘gperatures

greater than that f6F°deosifion fﬁﬂ%%xiﬁ%‘?of%ﬁ?conaf%? 7S 388 PHa%y Of matefiars Stch as materials
of type IlI/N including GaRbana: otetraeriany o qilateang 8Hoys:eFrhe86mposit@atructure of the
present invention is-pastieularly soitable-fosmaterialscwith thighstherinal expansioa aosfficients (TEC),

i.e. a mean of 7 x 10:6-1{-1 35 gr-more gvep the, tempgraturerangs,tohigh the strugture is to be

subjected, typically 20C to 1200% In garticul , tlélre |g.?;ructure%%ag comprise a %hitthgm and/or 18 the
support substrate formedTFBm-Sapphite @ﬁ@%e ot 75 BN, fithidm tantalate (LiTa03) (TEC

of 16 X 10-6 K-I), IGRBOIITEL of 155105 RH) aHd My ricsia LI00EHG ETEE Df 11.8 X 10-6 K-1),
which is a commergiad iadleyb primadilyeampoted GidNif Crslol ¥ (Haynes@=23@Ee#Adloyis not used
for the thin filrg when the film.is infended for.use, as aseed laver far epitay) o MgQ, s As is well

known, as a function of the n]e?ature of the stalllng seed Ig er_for row@lghm fllmgég%ﬁ%us 10 binary,

n opserved at a tempera e exc
~ternary, or quaterraty Hiv ofFiTNGES _
: the oxide of silicon deposition temperature.

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,



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). JJae,dn,spiiaxially grown layer may also be composed of a stagh ghihgsgyagious
materials, in particular to constitute the active layers of an LED. A method of fabricating a layer of

semiconductor material by epitaxy comprising prior progiiction 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 struetgte:isiproduceddhat.cam allew-hoththe fernaticon by epitaxy of atleass one layer of
material and the dg&agqu{gﬂgéggéypgort substrate after epitaxy. Production of the composite
structure for epitaxy commences b%/ deposmn a bondln%%%eg 12 on pne fa%e of 30 a support
substrate 10 (step Si, Figtite 1A) Tt the exampfe 'déscribed herd: fie stipport substrate 10 is formed
from sapphire (AI203¥rPivé bohdiTy layef 12 i®aayecof GrigeE &%ll%h%p‘ﬁ%lté&% [SPEYD with
silane as the grecursorrgas{Hd Q) gilane)ata depasitoridsitemperature h800Q; acpressSuee of 1 torr

and for a period allging fhe depes@@%%@agwf 05 deapRIOKInatebLD duumdhick The deposited
oxide of 19 silicon | then den3|f|eJz 5%% a de sg§at|o a neal carrlgﬁ out %t JtZOOC for 30

minutes in a nltrog% ﬁmjosp%%r &r G OXi Ilcon M35 A1S0 formed on a 5 donor
substrate 11 of sapifirEer Wélf%yfé?li%%%Ia‘?@?éﬁ@ﬁd%%f@ﬂ%d?ﬁ&@ﬁoﬁt%os&}EP@WD with silane as
the precursor gas (LkTQgilane)at artepositiondtemperature tof 8O0C, iatd pressure-of dtorr and for a
period allowing the;depositia J1_)9;§Xt§uckness of oxide of silicon of 10 approximately 0.5 um (step 53,
Figure 13). The deposited OXIde oflsnlcon |sﬁthen %er}islfu(aﬁd P% apé)llcatlon Qf a deglsljlcatlgn anneal

. carried out at 1200C for 30 mifbRstina nltrogen atmosp ere at atm}gsphenc pressure (step 54).

~ 15The donor subsBateCTL o ebiFpiaes ddyei 6f erent deposition techniques 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



defects or weakness 3 that has been obtained, in known manner, by implanting ionic species such as
hydrogen ions or co-implanting hydrogen and helium ions, carried out at an implantation dose in the

range 1 X 1044 34gnshem2 20 [atoms/square centimeter] to 4 X 1017 atomsierpoasekywiid an
implantation energy in the range 30 key [kilo-electron volt] to 200 key. Implantation is carried out at a

temperature in the range 20C to 400C, preferably in the fange 50C to 150C, 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 layers 12 and 13, in the donor substrate 11, the layer of defects or
weakness 3 defining firstly/a thiacfilat 4 ivthe upperiegiorpbtver 80 Substratee:D apd seétondly a

portion 5 in the lower region.ef the sulstrate-coreesponging.to-theremaingreofthensubsitate 11.
The surface of the bonding layers of oxi 12@5]%,]33 Is_planarized by chemical mechanical polishing
= A?gos\étecﬁn%}gsdtg}?e ée@ﬁu&ég

(CMP) to 35 obtaiff a surface rou ss than 5 ATAngstrom' rms [root mean square] over a

surface area of 5 x 5 .41F12 36 thereby fatiitats tHE SHBSET FerRTRAMATS cOhtactStep 20 (steps 55
and S6, Figures 1Geand:1D3dT hus, cafterapolishingrthrevamulativestiick iasswofidpersfl2 and 13 is
0.45 um 0.05 pin. Next.bandingis.cauried- oubbybringingthe: face:off theaH T aitaneilayer 12 into

intimate contact with the layer of HTO silane 13 of the dppoy gubstrate 11, the comhbined layers 12
and 13 forming a Btglnadﬁnglfafesr o?liég(?éee% (%toep 517, I%i%re 15%. Bonding is carried out by wafer

bonding. The prinGESst bording by Sw AT bohdifFE6 T Rk KioviH BEF se BRd iSTot described in
further detail. It sheptdl bedecalledrthat boddingthy whiercorting is baSe&onBiGing ¥weBurfaces
into intimate,gpntagt, i, Mitheut the use of a specific material (adhesive, wax, low melting point metal,

etc), the 15 attractive forces between the S ing.high.er to proyoke mejecylar
- bonding (bonding induce%e‘g?gthae ense r%%\%‘ t%géa%%rsggt?\;%g%&cgs (r\%%%lder Wrg‘als!%‘orces) of electronic

interaction betweeRtEBMs orinfofe&HESBE e b EufatRdtd Be BT, & 585&mbly of the two

substrates then ungetgoes 0.2 um 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



splitting annealing to provoke fracture of the donor substrate 11 at the plane of weakness 3 and
transfer proper of the 0.4 lam thick thin film 4 onto the support substrate 10 (step 58, Figure 1F).

Splitting anngal geg,ggi%fprried out by ramping up the temperature from agphignt o, apRkeximately
600C. As is well known, the temperature and duration of the splitting anneal are defined as a function

of the implantation conditions and in particular as a function of the implantation dose. 30In addition, a
bonding stabilization anneal is carried out at 1050C in nitrogen for 1 hour without deformations
appearing on the surface of the thin film 4 (step S9). The surface of the film 4 may then be prepared
for 35 epitaxy, for exadpiarby aotishing BIsbtan.asarfesé Fsughnéss éflessdkMr Sk anasdver a
surface area of 5 x b2 (stepbdidhfigure K3). t2k £ :AsCan berseen infrigure:168a composite

structure 14 is obtained,comprising fhe support subsiraie A0:ap oxide, honding Jayer. 28 of HTO silane

C
deposited by LPCVE antdga thin film 4 of sapphire that maé?ct as a 5 crystalline seed Iagéer for growth.
In the example de&&HBedPhre’ epftakiat Gfowth Bf & tay et St gafiftin{Htri Ea(lésa%ﬁrf? & CAiidd out on

the thin film 4 {step. 5t¢nEiguwe e Epitaxial grewtht secdiriéd wut B 1050C o PaoB-hels in order to
obtain 10 a layer ofapgreoximately b umiermore of GaN rferexample dsinghydridesvapor phase

epitaxy, HVPE. Noo%%'égggati%wg? abserved after said epitaxy. Sigce the GaN epitaxy isgarried out
at a temperature that is higher than that for de§§§ltlpn of the (%qdes of SI|I1(;lOn,rl5 the thermal budget’

supplied by the epitay’2ontributed ¥ 158 BadGEndcesary 1S EUeVelopment of microcavities.
However, the microcavitiés ereatblcara iStufficientha6vs|bpetReateomplish fhe Gredikening of the
oxide layer that is pecessarydergetachafenthEhe2bnepitaxially-grovwn: fayesd Simayadso bave a more

complex structure fgimed.fhe slectglumigescent dioge layer duhiohis consiituted by seyeral materials

~such as GaN, InGaN, or AlGaN formed In successign bé/ eteitax%/. Once the.layetr of GaN 15 is formed,
"its free face is of silicon in order to reduc e stresseg 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.



25 bonded to a final support 16 of silicon via a metal bonding interface 17 (step 512, Figure 11). Next,
complete detachment of the support substrate 10 could be carried out. Said detachment is achieved

here by applyiRg.g.agshanical stress to finalize detachment of 30 the strugpuyrg g4 togGayities 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 porigns 25a, 25b (step 513, 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 remainder 25b of
the bonding layer of oxideis:alserremaciied. frompthiehsupportsubistfater 0 tiatzan then 5 be recycled,
fTOr: exaT_plledto f?rm&n@%wfégﬁw %&?%ﬁtrqg.tux%&@x_emm ?:%%e%{é&%@i%ﬁ%\fﬁ E%%%_&étﬁwre ;LhL)-

e partial development of microcayities during epitax e layer or to bonding hetween the
two 10 materials w?t% vgelt})e/ d?f}féir(g%t \t(haé”reraﬁ:ail e?(ga%%it%)%%ge?%g%&t%e&j%p%%ir%ﬁé%ndg_ éllﬁgc%nbtmeans that

the thermal budgeftPse sappliéd i Fe SRt irPddtachineht cRR HRSRULEeHC TRIZah &R0 prevent the
generation of stresséd thavareltdochightinthestuctureduringthezl 5 sglitting heatitreatrhbat, said
stresses possibly regylting inshattering.ofihe bondedsstructuren o ARathesimplementation of the
method of fabricati&gea Joaégé :9;1 seTaic%rIl:dLé)c;}ogj }rplaé%ri@ nbyo%%iéag(ytin %}:E&%%g%n%%\évit Jhg invention
and comprising the prior proguctl n of a composite structure and detachment of the support

substrate during epiEEXFEtESRbEAERIGN. SUBTbHRERoRBf tHe*EorrptRité Stlicture for epitaxy
commences by bridgirgcasapport Substrate20dommed honr sapphite ¢AI203)4atotimtimate contact with

a donor 25 substratg2d.feemed from sapphire-eacheaveredyvifyalayer 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



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 grg naLAdenrsified, their combination forming a bonding layer af@xiee 390xiiga 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 55splittingrannealao jprovcke fracturedsfthe dondr subsiatea2®at trenplade of
We)aknﬁss 2|3 and H@ﬂ@&ﬁ{ﬁ@p@%@fﬂbeﬁ@wm 24 entedhe suppert:substiate Odstep 321 zFigure
3B). The splitting anneal is carried.qut using a te tyrer -up fr [ 10 approximately
600C. No bon |ﬁggs?§biﬁgaaﬁ’onl§nﬁga w% %[éeﬁ%%g ;Elrﬁ ?ﬁ&u?fé(ﬂ%?%g %?n%%’is%ﬁus prepared

to act as a crystallffe-Sd&iH et grafth fePepitnd/ for ERBHIR BY Folidiifg T6-0btdif dsiifsde
roughness of fess tlham57/d56 rofs oVver asufasy arda Ofs X8 um2 {step 32 migite 3C). A
composite structure:A4 is; ebtaingd earmprising-thersuppotksuksirate2Q; askendiagdayernef oxide of
silicon 30 (LPCVD, siiane. 9 tmicfometsihieig and.2 thin fi 20 24 of sanphire, 0.5um taic that
could act as a crystal?me seed layer for growth. In the example described here, epitaxial growth of

a layer of gallium FiffERIEENT SRS EAATEE BHPOR thé tHif fil i 4. Eitay 5s TAREF dut at 1100C for

2 budget to be applied for microcavity formation, has to be

10 modulated as a functiomn of the stress brought about by
the difference 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



25 hours that could produce a layer of GaN of approximately 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 remainde‘g,sfzgag/@%ﬁture) and epitaxy is continued to obtain a layer 30-9fiGahb32n&s
approximately 1 mm (step 324, Figure 1E). The remainder 30a of the bonding layer of oxide and the

thin film 24 are removed from the surface of the layer af¢<GaN 35 by chemical etching and/or polishing
(step 325, Figure 3F). 35The remainder 30b of the bonding layer of oxide is also removed from the
support substrate 20 that could then be recycled, for example to form a new composite 24 structure
for epitaxy as destiitedsabove {Step826;aRigue 8834 25rCANNSHIE. & méthat: of fabEicatifg

materials by epitaxy, comprising-a;sten of epitaxiakgrawthvef atleastane layer ofa material on a
composite structu%aa{(d coglﬂﬁggje j%ﬁgugefcg@p)gisi@ﬁge?staqgf ﬁgwgg@o%igg to a support
ing formed by S

substrate, a bonding layer bein deposition between the support substrate and._the thin film,
the thin film and tHelSdBhort EhbstFate halirg 2°meén theitiiat €XpafsnEOeIf&entor 7% 186 K-1 10
or more, characterized:arthiay thebpnding lajelof okide i¥forned BglowgRessii® éhemical vapor

deposition (LPCVDR)};of,a daygref oxide ef.silicanonthedending fage of the support subsisate and/or

on the_ bonding facjéa (%f @eethénsfllgn,slnégatltg etpirkglﬁn gﬁ§%&k&i}qk'ne§§ ]ﬁsg@_at is less than or equal to
the thickness of said oxide layer, and in that the method inc udés a heat treatment
As is well known, as a function ¢f the nature of the

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 structure is produced that can allow both the formation
by epitaxy of at least one layer of material and the
detachment of the support substrate after epitaxy.
production of the composite structure for epitaxy
commences by depositing a bonding layer 12 on one face of
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



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 treatmepijs dpyliaigs at the same time as the epitaxial growth step, saigranitaxdakasawvth 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 gaid 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 is lower than the temperature for
depositing the layer:6fioxide of silicen. 8514 i ifethbnt axepiding %o angsreisfidams? to 3,
characterized in thatthe free.surface ef theslayer ob 26 material fermed during theepitaxiabgrowth
step is bonded to a target.support, 5, A hod according to any one of claims 1 to 4, 5 characterized
in that the heat tre%%cgﬁytﬂgfae%%s !cgégrﬁgdr%%gt for a period that can provoke detachment of the support

substrate. 6. A method afcofifg t& &n§ oriéSofdalind 196%, 10 cifardcttizedtih that Etdrther
comprises, affer thivheat reltmenttsteplasfepabapplying a Thechanical Sebatation sBESS at the
bonding layer of oxided:proveke detachrentgiibesuppost siostate:i th 7s Almethedsaceerding to

any one of claims 1.t0 4, ch \ra ized.in. that-i her.compyi ep, a step
of chemical attackpoﬁﬁg%%ﬁdi%g%yzgio@ o%(?"dle%%éérs%/gkg %%%srr%g% g; f%lgeﬁsjﬁ %_r gﬁgg%gtgfate. 20 8.
A method accordiff {6 ny DhePofi&TTE 1 %0 % char&&tEriZ8din that thé ‘ﬁ%t@ﬁja%f{ A& B6hding layer

formed by low presseredehieraical vaporfdepssitichisan oxidest Siicor fermedfBnPprecursors
selected fromat 25 eastsilanecdichtoresilane,ang TEOS Figure 1B). 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



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 vapgidgpositigy) on the bonding face of the support substrate angl/QrLeR:thehasding 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 bombardmepj 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 of bonding, by placing the implanted

face 5 of the donor, gubsfkatesinintimate contact witha fagesofithe supperksubsieaie; and a step of
detachment of the_thin.film in_co twitit({ pott.substrate, hy-splitting at the layer of weakness
formed in the don .rosl‘,{l] ssj%}ar%g.’ 1%?% iumé%%o%ygccor%?ng to any one ofgg%e%ms 1to 9, characterized in
that it further comprfses: 45 PTalstlp Bt bdfding, by bringing one face of a donor substrate into
intimate contact with onefase ofthedssupportsabstestecandby ba sieptofthinring ds€ dohor

substrate to form thedhimfiims 112, A-methed acgordirg ta apyeneofclaims 1 talds 20reharacterized
in that the bonding, iyt of exidg Joumed i low piessie gheical yapor degosition has a thickness in

the range from approximately 0.2 micrometers_ to Q.75 micrometers. 25.13. A method Pccording to any

one of claims 1 to 12 ERERIEIeAET  that B sappdft SlihEHafe RESstIted by a Raterial selected

from at least one of:thé4olfdwingraatetials: Bepphirel EiTa0FemiBog, MgOsamdady fes(rP230(r)

Alloy. 30 14. A methad-aceerding:tp. anyeaenf chaims ¢ to 4 3poharasietizeddntthat thenthindiim is

ConSﬂunedl%@BS 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).



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 claims 1 to 14, 5 characterized in that the

semiconductgrimatsiigddayer is one or more binary, ternary, or quaternarygdiN. e taiss 1/7
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As can be seen in Figure 1G, a composite structure
14 is obtained comprising the support substrate 10, an
oxide bonding layver 25 of HTC silane deposited by LPCVD
and a thin film 4 of sapphire that may act as a
crystalline seed laver 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 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,
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
epitaxially grown layer 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
bended 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
rhe structure at the cavities formed in the oxide during
the epitaxial growth step but that are insufficient to
provoke spontaneous separation of the bonding layer of
oxide 25 into two portions 2b5a, 25k (step 513,

Figure 1J).

The remainder 25a of the bonding laver of oxide zand

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

,C5-
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layer 15 by chemical etching and/or polishing (step S14,
Figure 1X).

The remainder 2Z5b of the bonding laver of oxide is
also removed from the support substrate 10 that can then
be recycled, for example to form a new compogite
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
materials with very different thermal sexpansion
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
splitting heat treatment, sald 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
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
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
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
ionic species under conditions that can readily be

determined by the skilled person {(implantation dose and



4/7 DEPOSIT BONDING OXIDE LAYER ON SUPPORT SUBSTRATE DENSIFICATION ANNEAL
PLANARIZE BONDING OXIDE LAYER DEPOSIT PROTECTIV XIDE LAYER ON DONOR

SUBSTRATE,/BENSIGIEATION ANNEAL PLANARIZE BONDING OXIDES§144¥%& BOND
DONOR $7SUBSTRATE TO SUPPORT Bosooss

10

15

20

25

30

23

energy) in order to obtain a thickness of the £ilm 24 of
0.5 um.

Bonding is carried out by wafer bonding.

The asgembly of the two substrates then undergoes a
splitting anneal to provoke fracture of the donor
substrate 21 at the plane of weakness 23 and transtfer
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 ambient to
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
rms over a surface area of 5 X & pﬂ@ {(step S22,

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
24 of sapphire 0.5um thick that could act as a
crystalline seed layer for growth.

In the example described here, epitaxial growth of a
layer of gallium nitride (GaN) 35 is carried out on the
thin film 24. Epitaxy is carried out at 1100°C for 2
hours that could produce a layer of GaN of approximately
100 um and rupture of the layer of oxide of silicon 30
{step $§23, 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
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).

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
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structure for epitaxy as described above {step 852§,

Figure 3G).
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CLAIMS

1. A method of fabricating materials by epitaxy,
compriging a step of epitaxial growth of at least one
layer of a material on a composite structure, said
composite structuré comprising at least one thin film
bonded to a support substrate, a bonding laver being
formed by deposition between the support substrate and
the thin film, the thin film and the support substrate
having a mean thermal expansion ccefficient of 7 x 107° K™*
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
that 1s lese 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.

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
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
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.

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

10 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.

13 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.

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 gelected from at

25 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

30 oxide of silicon deposited by low pressure chemical wvapor
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,
35 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
5 of the donor substrate in intimate contact 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.
i0
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
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 9.2 micrometers to 0.75

micrometers.

25 13. A method according to any one of c¢laimg 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.

30
14. A method according to any one of claims 1 to 13,
characterized in that the thin film is constituted by

35
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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,
characterized in that the semiconductor material layer is
one or more binary, ternary, or guaternary III/N

materials.



