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WO 2005/014895 PCT/EP2004/007577 A METHOD OF FABRICATING

AN EPITAXIALLY GROWN LAYER The present invention relates to a

WORMRAH B Fabricating an epitaxially grown layer, i.e. a layer omﬁlrvm‘}inw/()()%??

epitaxy, intended in particular for applications in the fields of optics,
optoelectronics, 5 or electronics. Certaify materials, for example silicon,
having properties that are particularly interesting in the fields mentioned
above, can be obtained in large quantities and with excellent quality using
|ﬁb&ﬂ@@%ﬂm@ﬁe@%&&@%@r&%elﬂﬁﬁ%@é Bkiledwpersanszthe
ingots obtained are then readily sliced into wafers which, after a large
number ro ing step ecome substrates that are used to produce
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.~ catbide,rare alsbwf intgréstakpyever,motisliof those maerialseanbe  for

obtained:hy pulling ingotsQf 26 high.crystalling qchallt Furthe st IS?Egonl cs,

alwayir gossmle to fabricate substrates from St mgbts ecaus
CO5ts are 166 Righ-6rthe method is too difficult to implement. Thus, for
examplé;sotmethodredrrantlylexists o625 tabsigating gaihllrmffu;ﬂde having

(sabhdngots on an, industrial s h lk and,.
? epitaxial GalN é?gwgl&%and%%gc?e%g# HI? Po%l(l)éws e“é J:JogrnaJI the
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rﬁé@@ﬁlcﬁ‘-Jg%mngiainomdrystamﬂe:@thgot inythes figuid phese gt aingot:
pessureef 120,20 kbars (1210 20 xJ0 Rasqals(Pa)).and at -%1 skilled
Egrr}pgratgre in the range 1400C to 1700C. However, those conditions are

The ingots obtained are then readily sliced into
wafers which, after a large number of processing steps,
become substrates that are used to produce integrated
circuits, for example.

Other materials such as gallium arsenide, gallium
nitride, indium phosphide, germanium, or silicon
carbide, are also of interest. Howsver, not all of
those materials can be obtained by pulling ingots of
high crystalline guality. | Farther, it is not always
possible to fabricate substrates from  such ingots
because the costs are too high or the method is *oo
difficult to implement.

Thus, for example, no method currently exists for
fabricating gallium nitride (GaN} ingots on  an
industrial scale.

The document “Bulk and homoepitaxial GaN growth
and characterization”, Porowski-3, Journal of Crystal
Growth, wvol 189-180, June 1998, pp. 153-15%8, describes
a method of growing a monocrystalline GaN ingot in the
liguid phase at a pressure of 12 to 20 kbars (12 to
20 x 10° Pascals (Pa)) and ar a temperature in the range
1400°C to 1700°C. However, those conditions are
difficult Lo implement under nass production



difficult to implement under mass production WO 2005/014895
PCT/EP20041007577 2 conditions. Further, they can only produce
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teams have also worked on a method of growing an ingot in the liquid
phase at reduced 5 pressure (less than 2 bars (2 x 105 Pa)) and at a

temperature of 1000C. The diameter of the crystals obtained is larger,
Is not as good as with

to 50 mm, but the crystalline, quality obtaine
t!??ig%g\%eqﬁéntiong& fe%%%f‘ﬁdue.tﬂ% I%na%??the?&géﬁm%]ﬁp “Eioithdnd® -2 3
Ehhracterization Bt CENSRgREcrystals®, Balka etaltposnalmst) Grystal
Growthy viek208; January 20009 400:406, disclesesdhegmowih of method
n ine GaN hy limation. [T he fabrication conditions employed

Cg%g 6(18] %%é g?eyéggrga%f I(?sgiﬁgn 1lBarn&-ﬁ%5 P?aiq;rl\ ga Eé)r%lgesr%tufe% ofre%ﬁlced
2HHBEEA200ESTFhe cristalling qliaiigfobtaned isWeryidgh, battde at 2
‘orygtalsizenis 8 mud, whicloisC clearly insuftidientforthe envisaged crystals
abplicafigns. Thus, ihemarket gurrently offers,no 30, mongerystalling ., g5,
gallium nitride in the bulk form, of high quality, of a sui‘hc;ent diameter,

Y reR&GrablEFricd. 5The PFior aft dige®Ses huibeiof Bitemps ey e-

rzﬁalur&décbexsrﬁbstmhygepitaxy or hetgrpepitaxy in 25 prder to overcome
the prabiesn of obtaining eestai.specite patedals, Fpitaxy, can compne. ; o,

materials with different natures in the form of thin films and combine their

Drop&ils to°prodtiGe compBhants, for ekarpie higlh 30%lectrofrivebilily ©f
Gransistdrs (HEMTS), diodes, orZlasers. Heteraepitaxy ¢odsistgof 100-106,
depositingthe degited yrowth  of  monocrystalline  Gan by
sublimation. The fabrication conditions employed are a
pressure of less than 1 bar ((10° Pa) and a temperature
of 1000°C to 1200°C. The crystalline guality obtained
is very high, but the crystal size is 3 mm, which is
clearly insufficient for the envisaged applications.

Thus, the market currentliy offers no
monocrystalline gallium nitride 4in the bulk form, of
high  guality, of a sufficient diameter, and at a
reascnable price.

The prior art discloses a number of attempts to
fabricate substrates by epitaxy or heteroepitaxy in
order to overcome the pxoblem of obtaining certain
specific materials.

Epitaxy can combine materials with different
natures in the form of thin films and combine their
properties to produce components, for example high
electron mobility transistors (HEMTs), diodes, or
lasers. - |

Heteroepitaxy consists of depositing the desired
material onto a support of different crystallographic
nature by epitaxy, and then eliminating the support, if
possible and necessary for the remainder of the

Process.

I



material onto a support of different crystallographic nature by epitaxy, and
then eliminating the support, if 35 possible and necessary for the

WOreMaiHd&?%f the process. WO 2005/014845 PCT/EP2004/00 FRTITEBIFh007577
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main drawback of that technique is that the material constituting the
support and that deposited by epitaxy génerally have dif_ferent Iattu_:e
parameters and thermal expansion coefficients. 5 The differences in
lattice parameters between the support and the epitaxial layer create a

large nurhBér BEcHstalimsGarekts W\ﬁhé@ﬁféxiélﬁﬁ@mumatéﬁsiglﬁm the
asidistocations-onstacking defects; for sexample. J&;@dhdgglat@ t@?};jg Mheeg by
factt itaxd s r r ut at temperatures,

o BOUC Artlousibly i 15 J000E 16 T100C Tof cNarmpie afghe =7 anc!
growing galliGAPRtHE iRy by hétaForganic chemical vapor
depositigihMOE Y Dy.Eorthat reasohzas 15 thepstrusture shichis formed +he

ceelste ambienty terperatyre, he gpitaxial layer obtaiped developsa .
r of residual stresses and strains connected with dif ere.ncegln

ng@be cr s%aﬂ?hn ﬁe@ ; : W

thermal expansion betweeR It &fd s sdpport B6°To Gretdsiié ety  grown

drdiisackathe atehiakselebted asathe supportpreferablyhasdaystatise  for
struetira and thermal expansion coefficient very close to those of the

[ ' itaxi example, gallium and
indium Srachide o8 galla and 2 R GBS AR gHonF OvEh s
epftasany o a Galitie Arseridesuppbeiwitheaystakigrapiic quality ¢hato0°C
isusdffiiens ioprpduge eampanents: Howevergother materials denet. | nen
ARYSiRRYe 4 5aRATble:UPPQLt thatisin the form of a substrate. |  nic
chemical wvapor deposition {(MOCVD) . For that reason, as
the structure which is formed cools to amblent
temperature, the epitaxial layer obtained develops a
number of residual stresses and strains connected with
differences in thermal expansion between it and its
support.

To overcome that drawback, the material selected
as the support preferably has crystalline structure and
thermal expahsion coefficient very close to those of
the materials which are to be grbwn epitaxially. As an
example, gallium and indium arsenide or gallium and
aluminum arsenide can be grown epitaxially on a gallium
arsenide support with crystallographic gquality that is
sufficient to produce components.

' Howeﬁer, other materials do not always have a
compatible support that is in the form of a’ substrate.
This is particularly the case with materials such as
gallium nitride or cubic silicon carbide.

Until now, components having one of ~those two
materials as the active layer have been grown Dby
heterocepitaxy.

Thus, for gallium nitride, light~emitting diodes
(LEDs) and lasers emitting in the blue, violet and



30 This is particularly the case with materials such as gallium nitride or
cubic silicon carbide. Until now, components having one of those two

WO 2fvéiitieSas the active layer have been grown by heteroepit@gGL/BB2Fhug) 7577
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for gallium nitride, light-emitting diodes (LEDs) and lasers emitting in the
blue, violet and WO 2005/014895 PCT/AEP2004/007577 4 ultraviolet as

well as high frequency power components have been produced using
sapphire, hexagonal silicon carbide, or silicon as the support. For silicon
earbiefeY whichlis @favafiable #pthb 15 orhnt asubsFatedwits cabimponents

erystalline-structyre; dmicra electroryechanieal omponents: (MEMS) af 1 : con
pawer. Hgnsggor% ve.been g_loc%uced by de ggsmng silicon carbide onto

a S|I|con sUbstrate by epitaxy. However, | er'to further improve the
quality Fiorof ﬁﬁ‘eléé‘fﬁﬁon"éﬂﬁsbé&@med”ﬂl\ﬁ&ldl% desivaplel @b fabriéate the

balkgatitimenitsideor cabie silicontcarbide, subsirates of thersame patk@ re,
as &%ep'@f@¥95%%ﬂa§q&ef08'§& o%%gtemrekf%@@aﬁe inthe pg%er

have all resulted in 15 ucts with a c taln number o vanFa e

AS AN, oﬁ@?fﬁerrﬁ@@r%te PO CBRSIStSN USRI S %écﬁh‘ﬂqu@ ilicon
texmiedThighrgrowth raté epitaxys i redice aryepitaxially,grown film that

|s as thigk.as, the substrate supporting &I@ﬁ@ip%ﬁ&%%ﬂa&%@ 2&%‘6 atity

minated and only the thick epﬂamal%grown m is retained

urF‘lLb%co(?ﬁ@?S%%BEﬁaté%tra Siventiohal ety Methodg ot tidele to
é@i@l@mﬁ@r prodicingglallium nitrideiaiad siliconudathide,iutdbe gatityi de

shthesubslrates pbainedds generally,2s mediogte.because of ey o oy

te of different crystallogra hIC
inaﬂélag]r}ce 8];) tctlselogleg Cpaévse ]pport substrate of diffe y grap

Attempts made in the past have all resulted in
products with a certain number of disadvantages.

As an example, one intermediate route consists in
using a technigue termed “high growth rate epitaxy” to
produce an epitaxially grown film that is as thick as
the substrate supporting it. That support substrate is
then eliminated and only the thick epitaxially grown
film is retained, which in turn becomes a substrate for
conventional epitaxy. Methods of that type exist for
producing gallium nitride and silicon carbide, but the
quality of the substrates obtained is generally
mediocre because of the influence of the original
support substrate of different crystallographic nature.

Thus, typically, large residual stresses are
observed in the case of the epitaxial grdwth of cubic
silicon carbide on silicon. Such stresses generally
result in very substantial curvature of the epitaxially
grown silicon carbide once the original silicon support
substrate has been removed, That curvature renders it
unusable for all subsequent forming steps.

Similarly, for the gallium nitride obtained, the
influence of the support substrate is illustrated by
the appearance of a very large number of dislocations

i
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Thus, typically, large residual stresses are observed in the case of the

: : P TIER2004/007577
generally 30 result in very substantial curvature of the epﬂaxﬁW&%%Nﬂ >

silicon carbide once the original silicon support d substrate has beer_1
removed. That curvature renders it unusable for all subsequent forming
steps. Similarly, for the gallium nitride obtained, the 35 influence of the

suRporksubsizalols Hiystiateddy, the appearance of g yenrarge Ymer ;¢
0 dislocatigns WO_29(15/014895 PCT/EP2004/007577 5 and by cracking
o% the epitaxially grfo%vn fiitn &< its” fniperatRe faliS G pattictlaPRhdr*1ally
thetepitakialyy GomaSie exceeds a tertainicriticalthickniessa &nited
States patentdNp. G:146 457 %%E@Q%S R furthﬁmf%tﬁl@@ﬁhatd@t@&%%%%% a
0 tresses that appear as the temperature falls following epitaxy a
tr%és%eﬁ\%%ﬁ fo%%pf%?geta%%ﬁ}%g aﬁ‘%}?@ﬁ'ual Sdppoft suti&%'ge%ii&ﬁso\stﬁrﬁk that
epiaRially grewn-Bger. tRId et isoblaiidd:byinderting adayeptetmeg as
a'weeakirH0/layer betvieen thecsuppost-substrate apd the ﬁ&(@&rﬁ%@ta%@{pmt
u t when,the system, stresses increase (as happens i
) The bk Toyhe Pt EIBs Hatir iy ardr RIS endfes - That
cortiofiéd detathhfeht Bfthe s uppBR ot thelthibR epitatial 1B:fayer. “weak”
Hawyexver, that detachmenttechnispiers dificulis to-eanirol with ah@&&le thick .
' . her, itinvolves j tin articular. layer, as epitaxia
?gﬁﬁ%ﬁgncegs%ogr%%rin%ée%gxia%ggrco%vth%v%ﬁgh rﬁdalllyetgle c]%fﬁgteri8375S tem

{6 thé TRTallbGrEpRRSGUaliBFof tRaE 20 & pRasialAgreRA tdyer) Further, weak
the Wocunment tRhysicalpropetiesof butki GaNwotystalssgrowan by HMPE' 124

Melik-atRl MRS INteeL  support from the thick epitaxial
layer. However, that detachment technigue is difficult
to coptrol with a large specimen. Further, it involves
inserting a particular layer as epitaxial growth
commences or during epitaxial growth, which may be
deleterious to the crystallegraphic quality of that
epitaxially grown lavyer.

Further, the document “Physical properties of bulk
GaN crystals grown by EVPE”, Melnik et al, MRS Internet
Journal of Nitride Semiconductor Research, vol 2, art
38, describes a method of growing gallium nitride (GaN)
monocrystals by HVPE on a monocrystalline silicon
carbide (3iC) substrate, and removing that substrate
using a reactive donic etching (RIE) technique.
However, that 8iC substrate takes a long time to remove
since it is highly inert chemically.

Finally, the document “Large free~-standing GaNl
substrates by hydride vapor phase epitaxy and laser
induced lift-off”, Kelly et al, Jpn J Appl Phys, vol
38, 1988, describes a method of growing GaN by hydride
vapor phase epitaxy (HVPE) on a sapphire substrate,
then removing that substrate by laser—induced 1ift—off.

That technigue is bhased on using a laser of a



WO dibeitate

Journal of Nitride Semiconductor Research, vol 2, art 39, describes a

method of growing gallium nitride (GaN) 25 monocrystals by HVPE on a

monocrystalline silicon carbide (SiC) substrate, and removing that .
t%/* using a reactive ionic etching (RIE) technique. Ho%,g;;g}?%ﬁgwo T

SiC substrate takes a long time to remove since it is highly inert |

chemically. 30 Finally, the document "ltarge free-standing GaN substrates

by hydride vapor phase epitaxy and laser induced lift-off", Kelly et al, Jpn

J Appl Phys, vol 38, 1999, describes a method of growing GaN by _

hyditde:vapor phase epitaxy TAVPEForP& sapphireXEubstrate, B5 thefie and

removing thaisubstrate bydaset-induced ift-ofs That tegheigqueds basedv: th

on using alaser of.a WQ 2005/014895 PCT/ERZO0M/QOTSIT 6 1 -  1ocome

WO hRlmTezlial
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vyavelengt?l that is absorbed iny_ oy amum nitride and not by sapphire.
SearmRgIhe Yestltry stiifefire wWith “the Tasef ensiireS it the biio © =hs
metterials becomes detachéd by docat medification of the properties the

GaN after passage of the laser- Howeyer, that lft-gff techaique isdifficult
to implement when treating large areas, since lasér beam scanning takes

affondgtifte~ it 1574150 possibie tt renfove thesSapphire Substiate iy == &
meghanical podishing, 2but that method is alsd@ engthy aidd furthemsare & o

tuns-the risk of hreaking.the gaflium,nitride layer when lifting.off the- 5 sps 15
substrate, by releasing the existing stresses, Embodiments of the present |
iSclosts i Veiconte (0 WadvaRBaR of 115 priot B gk Sbove
anchto piovide aahethdd of fabricating atiepitagially grownrlayerigk layer
expsllent erystaliographie quality thatcanreadily be detached fromits. e

epitaxy,support. oregarticularly, the present disclosure is applicable
eX1s8Ting strezses.

Embodiments of the present disclosure alm to overcome
the disadvantages of the prior art cited above and ToO
provide.a method of fabricating an epitaxially grown layer
of excellent crystallographic gquality that can readily be
detached from its epitaxy support.

More particularly, the present disclosure is applicable
ro all materials which have previously been obtainable only
by heteroepitaxy, in particular wide band gap materials.

The présent disclosure alsc aims to provide an epitaxzy

support substrate and a method for i1ts fabrication.

In a first aspect, there 1is provided a method of
fabricating an epifaxially grown layer in particular Zfor
applications in the filelds of optics, optoelectronics, or
electronics, characterized in that it comprises the
following successive steps consisting in:

) implanting atomic speclies within a first

ubstrate termed the “support substrate” to define
therein a zons o0f weakness which demarcates a <hin
a

yver fermed the Ythin support layer” from the



to all materials which have previously been obtainable only by
) teroepitaxy, in particular wide band gap materials. The present
wo z&%}g cl)é%%a also aims to provide an epitaxy support substrate Bnf’aF2004/00
method for its fabrication. In a first aspect, there is provided a method of
fabricating an epitaxially grown layer in particular for applications in the
fields of optics, optoelectronics, or electronics, characterized in that it
comprjses the following successive steps consisting in: a) implanting
atomic-SpECieY witHin 35St Shbtrate Rfrhid BHe'SlpPcty Sabshate® 56 taxy
wefinéetherein acZzonef wweakness whichidemascates athin: layer termed
the "thin suppart.layer; from the remainder of said subsfrate; WO_ . .
_2005/0?48‘9%2%%?%5 20%2%00‘“75@?@? %“gro%’ﬁnag%%d %élr‘fgﬁany grown—~ =~
1AyE} by Bpitaxy-Cariea it directlyoh satPhih supPorE kiyer;@j weaknes
wdétaching the rgmainder sfithetsuppert substrate? froavthedhin SuUppert v: »
dayer:alang the.zone.of weakness of said support substrate by
deliber tell s,un%gllylrlgﬁ. external energy; d) eliminating sqid thin support
layer t0 ‘obtain” tHe"epitaXialfAgrownfayér. Advdntageousty, Said stipport-a 2
Substateta :rucléation sulstratesaf m .nature which is suitable for
subsegquent-epitaxial,growth of&i@pitag@?*yo@gcordgr&%ggm other ., _
embodiment of this method, step b) consists i ' [

7577

(D

2

_embodiment nethiod, ste NSists in growing said epitaxially”~
grown" lay&F by Epitaxy Tarried ot on'an iterptsed-fayers rénsiéred r £oT
Sdeposited ohtcthe thinisupportdayen. That seethoe pyereatesthe
problem-etelimipating the supporksubstrate  sych a step-can he. diffigult, | ;-
Stgaglplgr)nenéb%s mgggoned above in the analysis of the prior a]rt. As an
example! elimifiating hard ffatefais™+n¢ S&ic  epitazially grown
laver by epitaxy carried out on an interposad layer
transferred or deposited ontc the thin support layer.
That method overcomes thz problasm of eliminating
the support substrate; such az step can be difficult +to

, as meénticned above in the analysis of the

prior art. As an exampls, eliminating hard ma

1)

such =as sapphire or silicon carbide is lengthy and
difficult using conventional lapping or chemical or
lonic etching technigues.

Advantageously, said interposed laysr 1is & thin

nucleation laver of a naturs which is suitable for

subsequent epitaxial growth of said epitaxially grown



such as sapphire or silicon carbide is lengthy and difficult using
conventional lapping or chemical or ionic etching techniques.
Advantageously, said interposed layer is _. thin nucleation layer of a
nature which is suitable for subsequent epitaxial growth of said epitaxially
grown layer. 7a In a second aspect, there is provided a method of
fabricating an epitaxially grown layer in particular for applications in the
fields of optics, optoelectronics, or electronics, characterized in that it

compﬂﬁe%t@ee@g.ﬁ]wi% suc ess.jii e steps consisting in: a) implanting
s

atomic species within & first substrate termedP e sdpplort sibstrae" ¢

Taefine tiereh aroreistweaknessowhich demarcates g thindayertermed

=#he thin-support Jayer: from the remainder. of said substrate; b) growing
said epitaxially grown I%lyer by epitggy 8§r€rllé%s but’Bn AR ifferposedbyef -

© transferred 6r depaditseormbz said thintduppoitlayerc) detachingthes 11 owing
stemainder of ﬁ@@@pm{ggti@%@g%frgmz the thin support layer along the
alione o{ weakness of said support substrate by deliberately supplying

xterhareneryy. PaTHird a85t: Shere i providetiarsépitayssuppost termad
tsabstraterntendea-tohe; used for the ﬁ@f@a@ﬁ?@fg ain gpg@g%”% rov}rl.é% kness

wll@ rin gr%gt!:cgéar for apg}i}cations in the fields off optics, optoelectronics,
or electronics, “charatterized i Bt corRpress atieasteha firstupbstrate

1 germetl Suppottsubstiate! reomprising & zonefineakness which

nydemarcates athin | he 'thin support layer" from the ,
r eE{rrr?ainder%f),f sa?igl S%%%%ﬁ%{‘%%é 7 athin huciEation layer B hetdd grarried

°'Which is*Suitdbié f8t° Stbseldtiéht epitdaaigfewteef said epitaxialtygrowno
S3ayert Isaid augteation layes being bonded to said support film either

c) detaching the remainder of the support substrate from
the thin support lavyer along the zone of weakness of said

support substrate by deliberately supplying external energy.

In a third aspect, there is provided an epitaxy support
substrate intended to be used for the fabrication of an
epitaxially grown laver in particular for applications in
the fields of optics, coptoelectronics, or electronics,
characterized in that it comprises at least:

- a first substrate termed "support substrate" comprising a
zone of weakness which demarcates a thin layver termed the
"thin support layer" from the remainder of said substrate
and

- a thin nucleation laver the nature of which is suitable for
subksequent epitaxial growth of saild epltaxially grown layer,
said nucleation layer being bonded to saild support film either
directly cor by means of at least one laver of intermediate

bonding material, such as a dielectric material.



directly or by means of at least one layer of intermediate bonding

material, such as a dielectric material. 7b In a fourth aspect, there is

provided an epitaxy support substrate intended to be used for the

fabrication of an epitaxially grown layer in particular for applications in

the fields of optics, optoelectronics, okelectronics, characterized in that it

comprises at least a first substrate termed "support substrate” comprising

a zone of weakness which demarcates a thin layer termed the "thin

support layer" from the remainder of said substrate, the nature of said

substﬁéte&aeﬁtggsﬂﬂrgtﬁ%fwcsypsgglé@rg e_p'gaéiglo ‘g{%Vé/EQ of said epitaxially
s @hpWRtayar,said thin SI&&Q&O& la gré)elng possibly coveréd with
~fugleation ,Iaﬁeer. According fo a first ebBUiMERE sad tHihendeleationt ion of

1 X1 _}_ ha : . .- e

IayeE? IS trangferred T By imiiaifting dtontie species aithina SB6OMdcations in

tisubShratelternfechibiel nacleationsubsirate; o define tgﬁrei a zone of
. X ; Sy SCrronics

cheeakness whigh demaycates said thin. nucleation layer from ﬁ1e ’
+ Jemainder of said substrate, then - by bonding the* i sibdtiates efthiest rate

girectly oné against the bitiereor GEMRFatieast ene anWQ 20054014395
"IPER/EPD66H807577 8 termediate bending dayer sohat meiru@%ﬁr%
lamgpéctﬁmxmhmﬂaygr@@gﬂ%@tedg%cigg each ather, and - by de in
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materials constituting said two substrates, the energy budget to be
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AkhEES is greater than the cumulative energy budget supph&d GEAHE/007377
all of the steps preceding detachment. Advantageously, the parameters
for implantation into the support substrite and into the nucleation 15
substrate are selected so that, when combined with the nature of the

ma erials constituting said. two bstrates, the tF rmal hudget to be .
su%%ﬁécgl ﬁlﬁﬁl%c %etag&nrrc%ﬁltgof ?ft:g}fgn%ain%gr a oPrlfa Lthebtzlf%%é%f V\%eea%%(s:éc Ve

i§ lgtehtd AR theé EEMURETE e rfiFblidg et 3GPpled 207 dudigiall of the
steps preceging saidadetachmentandr thessteps:for defaching thadwdeation
"emainders are,carrigd (ut by eating. buriher said methad gan produce. , ;
an epitaxially grownlayer of excellent crystallographic quality by 25 using
the nucleafiorHayérMfaviig lathitd parifmefid §hd thermalikpdionsupport
cogfficierst valueahat aremwell stited to lsubé_enmenbapita-xybﬁina_&y;ethisbe:i_ng
methodican combipg ASURPOH subsirateauth.a thermal expansion. o tne

coefficient close to 30, that of the epita iall‘yfgrown Ia¥er with a nucleation

BG&ESF Py stallifid Stuchife thdt i§ 2bSe (otHat b7 SaTd 8pitadalll Groier Iy
layeig Fhis istivot pbssible ifpa Simple substratesis usied-msteaeldf a hybrid the
subsiratesas-in thesinyention. Sucha "Rybridi3acsubstrateCal reater than
imultaneously improve the cry%tall'n% \t/vo _200&%9148%? ,
PETEPI00RII07577 5 gty SRt TescTiT apakiany bHin fybr 8fa £
Garelmit pasidiial strasskstinaaiayer. The method also presents the
followingqadvaniageousiand nemr-dimiting characteristics daken iy Pantation
if%@§°“£%£‘c%@85@¥%”'substzate and inte the nucleation
substrate are sslected so that, when combined with the
nature of the materials constituting said  two
substrates, the thermal budget to be supplied during
detachment of the remainder azlong the zone of weakness
is greater than the cumulative thermal budget supplied
during all of the steps preceding said detachment, and
the steps for detaching the two remainders are carried
out by heating.

Further, said method can produce an epitaxially
grown layer of excellent crystallographic guality by
using the nucleation layer having lattice parameters
and thermal expansion coefficient wvalue that are well
suited to subseguent epitaxy.

Finally, this method can combine a support
substrate with a thermal expansion coefficient close to
that of the epitaxially grown layer with a nucleétion
layer of crystalline structure that is close to that of
sald epitaxially grown layer. This is not possible if
a simple substrate d1s used instead of a hybrid
substrate as 1in the i1nvention. Such a “hybrid”

substrate can simultaneously improve the crystalline



Advantageously, the remainder of the nucleation substrate or the

' i db lication of
w 6‘2@%}39%5? the support substrate is detached by app
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nal énergy of mechanical, optical, and/or chemical origif CEEF2004/007577

According to a second embodiment said thin nucleation layer is _
transferred: - by bonding a second substfate, termed the "r_lucleatlon
substrate" either directly onto said thin support layer,-or using at least one

in diate 15 banding layer, - by reducing the,thickness of said

su s%}g%elcﬁomo%ts%%ﬁ( farcée/st’ély} E\Jp){bﬁ]g %ﬁ&%?éﬁé‘r”@él eldifiigtantfger  and
ioRftretehifid fo &birseid thikTrRefeation fayes Rreferably, said

intermediate bonding-tayer is az3Q layer %g@gﬁgg%p\rgater%glesud} A5 1 owing
sili ide,silicon niride, and silicon oxynitrides. Advantageously,
o e e ol LT E ShiRey aiects Gne ausmatihe dken in
orinthe tireBerite dfat et bh@idermediate bonding layer is 25

molecularbendingy Saigkintgrposed Iammﬁ%@ filr@ﬂjuq[g@ioqﬂ@ieéati on
f |d th ort layer or on said thin _nucleation layer ) ;
F%g}ggtg“lr&%t?\ée (te(?c#t]a%ijrg y lrgcel)%v%:anlI%yeerj‘is Qd’% pi?g&ucsefd?‘%%g WiiEBhhgte is
gaF SBMTGEhductst materal L Treiepiaxially gr(ﬂ/ﬂﬁirafyérﬁﬁ@%/ beohergy of
su@cﬂeanﬂmess;totdmli;utsraﬁeﬁxsuﬂp@ﬂgdia,y&s@;gmglﬂflc;elrt to be
self-supporti n this last case, a ethad comprises the fo lowing . .
additiong{aé%gg':~:C!C§>]!§E %arrﬁats'csD out%etw%e%?é?ergps b?g%é)r%?grelél Consfitihg in; -2
WS 2bB8/612895 BEYEDPS 0047 S 77 % - applying a first layer of metal
onto saie thilvyepitaxiatiayer and a secansiayer.of setakento arthittbs  the

sugggygg%qngqﬂyaﬁg@gg@gﬁUQ§H§g§g directly onto said thin
support layer, or using at least one intermediate
bonding laver,

- by reducing the thickness of said substrate from
its back face by lapping and/or chemical etching and/or
ionic etching to obtain said thin nucleation layer.

Preferably, said intermediate bonding layer is a
layer of dielectric material, such as silicon oxide,
silicon nitride, and silicon oxynitrides.

Advantageously, bonding Dbetween the two thin
ilayers either directly one against the other or in the
presence of at Ileast one intermediate bonding layer is
melecular bonding.

Said interposed layer may be a fine nucleation
layer formed on said thin support layer or on said thin
nucleation laver. _

Preferably, the epitaxially grown laver is
produced from a wide band gap semiconductor material.

The epitaxially grown layer may be of sufficient
thickness to constitute a self-supperted laver or
insufficient to be self-supporting. In this last case,
and the method comprises the following additional steps

carried out between steps b) and c} and consisting in;



- placing the two layers of metal in contact with each other and bonding
them together; to obtain the thin epitaxial layer transferred onto said

WO 2gl%;)@i)_ggl)’gsubstrate. According to an other embodiment, the sygg&rlﬁ'zéoswomsw

raté comprises an upper template layer and the .atomic Spec
implantation is carried out either witmrbsaid support substrate through

said upper template layer or inside said upper template layer, the
parameters for implantation carried out in the support. substrate or in the
template Igglgggé%@i@g selected such gggwhgrf combined with the_natyre.of , .,
the materials consfituting said substrate and said template layer, the
Bhergy Birdget B suppiied Aurifg deRRhMEREDT the feniBider albhg®
the zone of weaknesstis greater ithart the ceimulative eénergy badget

supplied Lirgl;gi%'& of the steps preceding said detachment. Eipally, the . ; +1,

present disclosure relates to an epitaxy support substrate which
EBRprises &k I8t -2Pfirt Sebstitd termed “Sipport substrate”

comprising aizoaérof weakness whichegermarcates a thirchayel termetiethead
Sthin support layer'from the,yemainder of said substrate, and - a thin
nucleation layer thé nature of which is suitable f or subsequent epitaxial

growtt>of Said*efiitaxially grown9ayer said Racléalion fayer béing >"FFor*
bended #d saic-supporsiim eiter dirgetly origmneans oflatveast gl the
- daysy of intermediate bonding-material, -such as adielectic majgrial. Ihener
present disclosure also relates to_!akr)neitwh_o“d of fapricating such a. g ba
Stbstrate, Which coMpHSEs the following steps cd‘hns“'is%rﬁgnm: Wwors  uppe
2605/014895 PGIEP2004100757 75 21 9) itipikiting SSmit Specrisaaithiny 1

Bdifdlneters for implantation carried out in the support

=

substrats or in the tamplats layer being selected such
that when combined with the naturse of the materials

constituting said substrate and said template

the energy buddst to be supplied during detachment o

the ramainder =azlong the zone of weakness 1s greater

-

than the cumulative energy budgst supplied during all
cf the stsps preceding sald destachment.
Finally, the present disclosure relates to an epitaxy

support substrate which comprises at least:

|

3]
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1
]
n
o
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termed Ysupport substrate
comprising a zons of wsakness which demarcates a thin
layer termed the "thin support layer" from the
remainder of said substrate, and

ation laysr the nature of which is
suitable for subssguent  epitaxial growth of o said
epitaxially grown layer, sald nucleation layer besing
bonded to said support film either directly or by means

of at least ons layer of intermediate bonding materlal,

The pressent disclosure also relates to a method of

1]
1
e
£

abricasting such a substrate, which comprise
&}

llowing steps consisting in:
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‘provide non-limiting indications ot pos

substrate (1, 1') termed the "support substrate” to define therein a zone of

W (335@{9&3_(12, 12" which demarcates a thin layer (13, 13') termed the

support layer" from the remainder (11, 11') of said subgtfaté-hat0+007577
implanting atomic species within a second substrate (2) termed the
"support substrate” to define therein alZone of weakness (22) which
demarcates said 10 thin nucleation layer (23) from the remainder (21) of
said substrate, iji) bonding the two substrates (1, 2) either directly one .
again&ﬁhelo%eir%&%&é?ﬁg at Tex&t bhe irﬁ?rﬁée]d? e bohbimy fayer§a, f1rst
) sotthattheirl1s redgectiveahindayerst(@3, 23)aredadated fhcingsae to
@t@@ﬁ;@h@d ivh@%t}ggmnlgéhe f%@g@infd% (M%%@g)legg?ﬁ sup§trrf;1t? @ich

ong the zone of weakness of said substrate,(2); 20 the parameters . .

%eri?lr%p]ﬁ%ﬁt%a%sén into '}%élsrhpp%ar Slibst at:g’(l) g%d Rntolttﬁénﬁ%(g?eaﬁ%ﬁ \(thl "
SUBIRAE (2) PEiYG seléeted sd-tHat ilserrddralsified With the haturexdf said
thermatesials;constituting said two substrates, the energy budget to be

supplied later for detaching the 25.remainder (11) along the.zone of
weal%nge?ss éﬁp f‘fuizélageateﬁﬁginlﬁe cﬁ?%%%(ﬁ\ef)g ene‘"%;h%ﬁaget%uppﬁi%a?nd
ditgtalRofthd Step$ preRAing tetachRiSHR Cthérdhakaciensticsande f ine

admr}éagesa)f tﬂaen@verﬁiom@gmr@e apparent fﬁ@mﬂﬂe f@ltgtwﬁ@g:a%s said
descripton.made with refe e-g%%esaigﬁ%mpa&wgﬁéﬁvg gahich, 1) o

e implementations. In the
drainGIR EiG#ES 1 to 8 are diagrams representing the 35 different
sudcessivelstepsiofa firstimplementationiof tthe heethod(df,the yentionther

directly one against the other, or using at least one
intermediate bonding layer (31, 32} so that their
respective thin layers (13, 23} are located facing each
other; and

. 1v) detaching the remainder (21} of the nucleation
substrate (2) along the =zone of weakness (22) of said
substrate (2); '

the parameters for implantation into the support
substrate (1) and into the nucleation substrate (2)
being selected so that when combined with the nature of
the materials constituting saild two substrates, the
energy budget to be supplied later for detaching the
remainder (11} along the zone of weakness (12, 12') is
greater than the cumulative energy budget supplied
during all of the steps preceding detachment.

Other characteristics and advantages of the
invention become apparent from the following
description made with reference to the accompanying
drawings which provide non-limiting indicaticns of
possible implementations.

In the drawings:

- Figures 1 to 8 are diagrams representing the
different successive steps of a first implementation of

the method of the invention:
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WO 2005/014895 PCT/EP20041007577 12 - Figures 9 to 13 are
diagrams representing the different successive steps of a second

WO M8 H&Rtation of the method:; and - Figures 14 to 17 and 18 for g #es/007577

diagrams 5 representing the different successive steps of a third and

fourth implementation of the method.1t2should be noted that for
simplification, the different layers shown in the figures are not drawn to
scale particularly as regards their relative 10 thicknesses. The method of
the inventibn Gisesa fifst Substiate ArternibcRtie2BEpporSUb3RRie! 2hd A<

seeend-substrate-2esned thet'nyeleation substeatenh d hespgppadintation
s#bg&ate 1 has a _fa%% 30 termed the 15 "front face" intended to come

Snto enté%?%uﬁséquen y with the nucleation substrate 2 or to serve

directly as FtheHuiekeatioh ldyer for'subsedueht epitaxy?as is iesdibegramns

Helow insa further mplementatioanandan-oppesite-fase 430 termed thenird

£

"back_face"..20.Similarly, the nucleatignsz strate, 2 Qfas a front face 230
aa{%wgd la%noggg&ité r;ic?ﬂ%/géc 3%6.Oﬂ1eomat"erfgal Igéer?sk%i?uti'n the support

substrafe 15RXelébtdefto Raveeqood Fideharfidal stidhth ev6R bt Migh the
demperatures Whieh maylieach 1300€He 1400C -t 25 isralsa.seledtedvas to

Ayngtion of fhe napire of the material consing theelgalion so1 44 ve
substrate 2, as will be described below. Advantageously, currently
tdohfhBl§ Bvailable bulk substrates are used. Purely by way of
illustratibg, iistpossibieftotB6 mention silicon, sapphire, fpolydrystalling rate
silicon, cagbide.6H gr 4kt monaerystalline silicon garbide, -gajlium AifHde a e
AGelD; ZEminm ninde () and G, pxide zno).

The support substrate 1 has a face 130 termed the
“front face” intended to come into contact subsequently
with the nucleation substrate 2 or to serve directly as
the nucleation layer for subseguent epitaxy, as 1is
described below in a further implementation} and an
opposite face 110 termed the “back face”.

Similarly, the nucleation substrate 2 has a front
face 230 and an opposite back face 210.

The material cénstituting the support substrate 1
is selected to have good mechanical strength even at
high temperatures which may reach 1300°C to 1400°C. It
is also selected as a function of the nature of the
material constituting the nucleation substrate 2, as
will be described below. Advantageously, currently
commercially available bulk substrates are used.

Purely by way of illustration, it is possible to
mention silicon, sapphire, polycrystalline silicon
carbide, 6H or 4H monocrystalline silicon carbide,
gallium nitride (GaN), aluminum nitride (Z1IN), and zinc
oxide (Zn0O).

The nucleation substrate 2 1s selected so that its
nature and its lattice parameters allow subsegquent

epitaxial growth of the future laver of epitaxially
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The nucleation substrate 2 is selected so that its 35 nature and its lattice

arameters allow subsequent epitaxial growth of the future layer of.
&ﬁﬂ%@lﬂ?f\ﬁlo 2005/014895 PCT/EP2004/007577 13 grown meterigb2004/007577
which is to be obtained and which has the reference numeral 6 or 6' (see
Figures 7 to 9 and 10 to 14). As an example, the nucleation substra_tt_a 2
can be a 5 semiconductor material such as gallium nitride ((_SdaN()A,\ sG|I|c)on

Si), silicon carbide (SiC), sapphire, diamond, gallium arsenide (As a), or

gu i r’ﬂﬁ‘fi*a%%( ). ‘)r% : erthis St i®Rot Akfitg: §¥heant which has
epitaxiaegrovatiagerofigatism ditride 167is todeesformedasald 7 to 9 ang
nucleationisypstrate 2 is preferably selgcte(c;i ero)m (1jl)hsn|ctohn, sﬂg_:t%r)\( "

' ' hire,.or gallium nitride (GaN), and when the epi

oris g%lc‘;‘ﬁfogr%%%?ces'ﬁic’éﬁeca%f&é@(fh*\élr%e%%ﬁ SGB&tate 2980 be a

layer is forme |
pref&raBIy 0oL siicomal5:Sii ek silivonttarbide JEhe twonsubstratead apdar) |

2 san bewf identical os i different patures AN p@f@ti,onggggg}mrgiﬁgdi amond,
i ies | rt sybstrate 1 and in the nucleation substrate
alomic $ C'egz':r%g]ei%%ppo s% o ¢ on St (A1N)
2750'is tﬁ%n carried out. preferably on their re3pBtive Rrontfdcesdz0 (ALN) .

af®93Fethe tern="atorfic sbécié@ﬁmél'am‘t_ﬂalibngmeans. any :
bombardment of atospic -malesuley, afionie, species. which.camintiodyce, ., ;.

said spegies into a material with a 25 maximum concentration of said _
s%gciesﬁ%cat%% at Jgggreﬁpet that'}s ﬁeterrﬁfﬁ%g% Repedibffeate 2 is

bBHBaRiet Stirface]l artHisicaseote $dffadess1B80ior®s0. $hé imotecatarbide
or BiniL) gtosugapeicies, aredntieducedinte ithe featerjal with angRergy e +ne
t@gf%g§ggfﬂﬁyygk393“%%&5@@“?%@m cubic silicon carbide,
the nucleation substrate 2 is preferably {(001) silicon
Si, or silicon carbide.

The two substrates 1 and 2 can be of identical or
different natures.

An operation for implanting atomic species in the
support substrate 1 and in the nucleation substrate 2
is then carried out, referably on their respective
front faces 130 and 230.

The term “atomic species implantation” means any
bombardment of atomic, molecular, or  ionic species
which can introduce said species into a material with a
maximum concentration of said species located at a
depth that is determined with respect to the bombarded
surface, in this case the surfaces 130 or 230C. The
molecular or ionic atomic species are introduced into
the material with an energy that is also distributed
about a maximum.

tomic species implantation can be carried out,
for example, using an ion beam implanter or a plasma
immersion implanter.

Preferably, said implantation is carried out by
ionic bombardment. Preferably, the implanted ionic

species is  hydrogen. Cther ionic species can
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Atomic species implantation can be carried out, for example, using an ion
beam implanter or a plasma immersion implanter. Preferably, said

WO Ippleetietion is carried out by 35 ionic bombardment. PreferdiSif/ERet04/007577

implanted ionic species is hydrogen. Other ionic species can WO

2005/011895 PCT/EP2004/007577 14 advantageously be used alone or

in combination with hydrogen, such as rare gases (for example helium).

Reference should be made in this regard to the literature concerning the
antethocskowrsdndeithe Begistereanrademark "Snearehis Sarn with
h@‘aé%}%@t?ﬂ%n %[?@ﬁesa% zone of @/@@5@3@@?%%@@ ohteiseurce

Substrate 1 at a mean.ion .penetration th, It divides the s ate 1 iniq .,

two portions: Hamely? %(%Hi%qeay%?”lﬁgﬁ%gd ]b%\lov%%ﬁg "th%;r? é)%%pgto%t Hhe
1iayer zindithe reraingeniTef safd\Subsiatelorhe thinaier 1376kénds e

reetween the zone gk Weakressd2 anddtsiront face 130. In similar
manner, followin lantation, the _nucleation sybstrate 2 has a zane ef ;

weakiTess 22; 4 gln 1"iﬁl1l|:ﬂ:lLJCc§ir(}:'atlon ‘Iaayer 23, and a remainder 21.
toptiohallyk andfot ShewrsatFigare EU4bis tpasstble to f6im dlayBFeR  1o0
cRrotactive Mmateralonithe frantdayer 4@ of the subistratent and/ot nhthewo
pfcg?:r’g:ti]:.%gg ZBIQa%éI'ie .Sléb.s%r %21%%@/P9%§UEQH}@ﬁcﬁg@ﬂ@%er@@ée “thin

present, afomic” species implantation can be carried out through them, in
spariealar By iRslantmien Buer HiFresEctive Lréd upfertatds Bdid - -

layersimay b@ﬁa@rifigi@yé_aye_r_samhi@hmh&s masksmmtathu‘stmot_ecfbmﬂ@e of
BRI 290 g planiton ey can s be st

Tn similar manner, feollowing imp aﬁ¥g¥¥%n, the
nucleation substrate 2 has a zone of weakness 22, a
thin nucleation layer 23, and a remainder 21.

Optionally, and not shown in Figure 1, it is
possible to form a layer of protective material on the
front layer 130 of the substrate 1 and/or on the front
face 230 of the substrate 2.

When such protective layers are present, atomic
species implantation can be carried out through them,
in particular by im@lantation over their respective
free upper Ifaces. Said layers may be sacrificial
layers which act as masks and thus protect the
substrates 1 and 2 during implantation. They can thus
he eliminated after said implantation.

The  parameters for the two atomic species
implantations, i1.e. the dose and tae implantation
enerqgy, are selected as a function of the detailed
criteria given below.

As shown in Figure 2, the support substrate 1 is
+hen bonded onto the nucleation substrate 2 such that
their respective thin layers 13 and 23 are located
facing each other.

Advantageously, bonding is carried out by

molecular bonding. Such bonding techniques are known €O
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such that their respective thin layers 13 %nd 23 are located facing each
other. 35 Advantageously, bonding is cgr led out by molecular bonding.
Such bonding techniques are known to WO 2005/014895

POTLER200MAAI57 7 A3 6 skiled persan 90d higye been deseribed for ¢y
example, in the work by Gosele, "Semiconductor wafer boh ing", !

SRIEHER Bnd TethridiGgy "0 Ty, €1 Tokete, WileTimersgiencer wafer
pbblications’ 5 The bohdingdnterface hatweerr thehfiiantfage 130 of.the Tong,

syppesksubstrate;] and the frantface 220 %lufﬁﬁ SURRQTL substrate 2

carries reference numeral 4. However, it is also possible to carry out
bondingTél W%&Pl%entﬂin TaVerE $3GRd 28 byReans brat et oigies 130
imérmediateshoreling-layerfermedten the front layee 130 ofithe Sulastrafsd of

apdior onthe Fentiase +230-of the substrate 2 Said layers canmiora; 4
example} be the abov%-m.entlo ed layers fquliﬁrotectlon during .
implanta%%vhf%‘?%ﬁécif}c layéts fermed P55iing t5 bBosting Tayefd angending
cafyifngerefdraacetidmeraisydirand: 32 2Tk Bohding imerfase 4fis thenleast
theminterface- batweendhe uppariacy 310:0fthe layerpfmatgrial 34, andey o

UL o 320 o1 L el e SIS
poRrystallifresiliegh sorfron® aliminaAldod) Kavantageousho saidxample,
headingaoosiing Jayers 3t iand:32 can pedayersof digleetrismaterial guring
seigetedh ot example, from sllicon exide (Si02), Slicon pide. | o naing
boosting layers” and carrying reference numerals 31 and
32. The bonding dinterface 4 is then the interface
between the upper face 310 of the layer of material 31
and the upper face 320 of the layer of material 32.

As an example, sald layers of material 31 and 32
can be formed from amorphous or polycrystalline silicon
or from aiumina (A1,03).

Advantageously, said bonding boosting layers 31
and 3Z can be layers of dielectric material selected,
for example, from silicon oxide {510,), Silicon nitride
(SisNg), or silicon oxynitrides (51:0,N) . They may be
identical in nature or different, and they have
thickness in the range from a few tens of nanometers to
about 1 micrometer (1 pm).

Said layers 31 and 32 can, for example, be
obtained by plasma enhanced chemical vapor deposition,
(PECVD) or by oxidation of the substrate when it 1is
formed from silicon or monocrystalline silicon carbide.

The two contacting surfaces = are bonded after
suitable surface preparation, for example and as is
well known to the skilled person, by cleaning in known

5C1  oxr SCZ type chemicals, by chemico~mechan}cal



25 (Si3N4), or silicon oxynitrides (SiIKOyN). They may be identical in
nature or different, and they have thickness in the range from a few tens

WO Hioidhtiteters to about 1 micrometer (I pm). Said layers 31 &&d/EPHAH007577

10

15

20

25

30

35

for example, be 30 obtained by plasma enhanced chemical vapor
deposition, (PECVD) or by oxidationidf the substrate when it is formed

from silicon or monocrystalline silicon carbide. The two contacting

surfaces are bonded after suitable surface preparation, for example and
rslis S35 Well khswk Yo theeskiliedpersoht by Cleahfy i d@own Sdiigiation
SC2type ghemisals, by-ghemicormechanicatb W) 2003141489501 et ~ozone
DSTErR0n0TST L8 paisting or by sl ouiorsleiorony

g surfaces. Ultraviolet-ozone "activation

9§ Bxp&¥ve TP UMaviblet Yadiatidiin a Bas entitdnmahitebahat thediation
Ultravialet radiatiornt5 interactsanith therervdironmentland gesetates:ozanesne

S ﬁthﬁéﬁévggééﬁ%ggggce-gﬁgse v cénethodsg?ge sobe ;s

combine reviation "SC" corresponds to "standar an".
e BAMY Predud St REEX@E VI ighid 10 ammonia, hydrogen
peroxitie zanch wateryand S&2 issed avhydroghlarie acidphydregemdard

Pergxide, and w%egn@]%d?ngfsa@ése beyrginforced hy.thermal 14 i

annealing. This annealing is’adapted so that it has no influence on the
JHFRR I0f weBKASKRIED dnifPPanE dodd fs Wt &luse Hethchment dloAg=sd
dhosgzd@matdhiscgtagngha@ﬁn@saidgee:gbmiedeis_tazmhtaimswmng
bonding at the bonding, interface, 4 ancLto provide:a ~stiffening effegh,c a3

which maintains the growth of defects formed at the zones of weakness

3 5fid 225 a %%én@%%rbﬂbgthat%f%%?@s&%ﬁgin*fé}?a‘fce%? The® m°

iremamrder21 of thefmucleation sulfstratedness 12 and 22 and does
not cause detachment along those zones at this stage.

The aim of said treatment is to obtain strong
bonding at the bonding interface 4 and to provide a
“stiffening” effect which maintains the growth of
defects formed at the zones of weakness 12 and 22 in a
plane parallel to that of said bonding interface 4.

The remainder 21 of the nucleation substrate 2
shown in Figure 3 can then be detached by supplying
energy of mechanical, thermal, optical, and/or chemical
origin.

In this regard, it should be noted that the two

above-mentioned atomic species dimplantation steps are

carried out  with dose and implantation  energy

parameters selected such that, combined with the nature
of the pair of materials constituting the support
substrate 1 and the nucleation substrate 2, the energy
budget to be supplied to carry out subseguent
detachment of the remainder 131 along the zons of
weakness 12 i1s greater +than the cumulative energy
budget supplied during all of +the steps preceding

detachmeant.
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implantation steps are carried out with dose and implantation energy
parameters selected such that, combingd;with the nature of the pair of
materials constituting the support 30 substrate 1 and the nucleation
substrate 2, the energy budget to be supplied to carry out subsequent
detachniet afthregemainder 11saloag t@egz_ﬁﬁ\@(%fegvgaka@@snlgf%%ec{wd So
r th ec Ve en budget suppli uring a steps .
Eroeecing 35 detachiment WO Sb08 1408 bCTERZOBMOTBTA 17 T ing
AUvARGEGHY, Said phfietsfdiare MRttediso tHARE thefmal badget o
to'belsupplied daring sdetachmentof the remaipger 11:@kﬁmgath§x2é|{n%&{grma 1
waakpess 12 r the c lative therma get.supplie .
kg aiof 1 St prasading S dtichmant s o GG 1o said
o% ac%%‘gmt%%?el%ﬁ%d E:”ils&ﬁ?ﬂ?le torhaifa&rsharacdried seERinder 11
heagingEuriRiRat shisutd b moted that-thiecsfrength @fyth@amﬁdix@g
-intzrfacgéﬂ%ﬁ@fﬂpieatﬁo gq{%lr@&%%’e 1%&%%;;%%62&% 'itrl;gjt':g}ength of
ending. Energy. of thermal origin can ‘ . .
&Jr}i‘t%ble ?ﬁgg%%?gé&é%?}’%? %?arf?pl& By Hehfing trithdtadiCot 18/ 8hwraid

infRguie Darshaagien wWineh 28 Energycofdnechanical origin can be
supplied:.for-gxample, by exeding bee@ﬂaﬁrﬂdl%g‘%{lsﬂ%étfe%%g?ﬂ&é*a?

b
| [ ' introducing a blade or a
PRI ot of Sac Kb exariple G the oM bf weakibes 35°8kea 7
ofgating the stack of layers shown in Figure 2 for a

given time.

Energy of mechanical origin can be supplied, for
example, by exerting bending and/or tensile stresses on
the remainder 21 of the nucleation substrate 2, or by
introducing a blade or a Jet of fluid (ligquid or gas),
for example, at the zone of weakness 22. Shear or
ultrascund forces may also be applied.

Mechanical stresses can also result from supplying
energy of electrical origin (application of an
electrostatic or electromagnetic field). They can also
originate from thermal energy derived from applying an
electromagnetic field, an electron beam, thermoelectric
heating, a cryogenic fluid, a supercooled liguid, etc.
They can also be of optical origin, consisting in
applying a laser beam to the =zone of weakness, light
absorption by the material then providing sufficient
eénergy to generate detachment along the zone of
weakness.

Energy of chemical origin may be supplied by
étching in a chemical product. '

- Advantageocusly, and as shown in Figure 4, it is
possible to improve the surface gquality of the free
surface 231 of the layer 23 to limit its residual



20 ultrasound forces may also be applied. Mechanical stresses can also
result from supplying energy of electrical origin (application of an
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thermal energy derived from applying an 25 electromagnetic field, an
electron beam, thermoelectric heating;% cryogenic fluid, a supercooled
liquid, etc. They can also be of optical origin, consisting in applying a

laser beam to the zone of weakness, light absorption by the material then

§W§@ffic@?ﬁ%é‘é%‘érg)‘?f%tﬁéneﬂ?%@deiﬁ%%edft%on&%%ﬁé@f the

weaknesse Enérg)y of cliermicalorigingmay be supplied by retchinginiang the

ghemicalprogict. Advantageousiy. and a§1§@§wn iR Figuredd itjs+82q, in
r

possible to improve the surface ualitéof the free surface 231 of the I% er

R3S MR Te SIARAS WO 2008/013895 BET/EB26641007577 18-
roughngss doser@dcifterthe step fordetaching thearemainderdil ahisd by

ey RIove, Usefulin easuring-the -sucegss.otthe subseqiient steps of e ng,
method, jn partic

;N ular depositio Ofl layer by_e itaxial(9rov}y{th(.jgtSaci)gl in
FeMfeicta T in roﬁéﬁr%stél 4h be }c%gv%%atﬁjy diffetent nfothods Sich ds |
blyemicd Imeshamicalpelishifey themal bridation follewet by deoxidation ion
i hydsefluasic acid; der-example)s iplasma etching, or ion beam or ion
23 i sitton Db wHE U Slcon SApd . 18 Bbdeposted by Saay. o™
it 3578150 Péssible 26 Ipreparethé fredlsuffice 21 Gsing ﬁ@%tﬁ@df%ﬁid? is
fasming "metifsS deserbed in Burapeanatent 15 EP-A1k288:346: Thee to
g@%g@?§51%%2d2§fE%Of§E%%§8é°f%%1 using the method of
forming ‘motifs” described in  BEuropean patent
EP-A-1 288 346.

The thin layers 13 and 23 are of the order of 10
nanometers (10 nm) to about 10 micrometers (10 1am)
thick, and preferably are in the range from a few tens
of nanometers to 1.5 micromsters (1.5 um).

The stack of layers shown on figure 4 constitutes
an epltaxy support substrate referenced 9.

The step shown in Figure 5 is optional.

It consists of forming a fine nucleation layer 5
on the thin nucleation layer 23 by epitaxy, in order to
obtain an eplitaxy support substrate referenced 9'.

The two above-mentioned epitaxy support substrates
9 and 9' are advantageous in that the implantation made
in substrate 1 is realized before the transfer of the
nucleation layer 23 so that the thin support Ilayer 13
may be thicker as if it was done after said transfer.

Said layer &5 can be produced from the same
material as that subseguently used to produce the
epitaxially grown layer. It then serves as a seed for
homoepitaxy, which improves the crystallographic

quality of this layer.



nanometers (10 nm) to about 10 micrometers (10 um) thick, and
preferably are in the range from a few tens of nanometers to 1.5
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constitutes an epitaxy support substrate referenced 9. The step shown in
Figure 5 is optional. It consists of formillra a fine nucleation layer 5 on the
thin nucleation layer 23 by epitaxy, in order to 25 obtain an epitaxy

support §gb§{ra%e referfnced 9'.5The two a ove-mentione%ﬁ%itaxy ‘
support 3TbStratds’ D ahd 6" are advantageotis inthatthe impiantadiF e nsate
nade irfsdstiatatesrealized béfore theransferdf theorddéationriayer and
ZBaspttt}%@thegtE'tﬁasw@@s : @Iﬁffﬁayeééﬁs%gﬂﬁ@ydb%&ﬁ@é@i ifdt\was dene _ealltion
ter sai nsfer., Said layer 5 can be produced from the same materi
asatﬁ§trsug§eqﬁgrﬁly%g§d tg%Br/gdruce@(ethg%elptﬁgxiabfr%/r%]fowsn aﬁgﬁﬁ‘%ﬁéﬁ y be
seprasas 8 Se b farChdMBEpitaxy, which improves the crystallographic
35 qualigzetithisiayer. M(=2005/014895-P GHEP2004Q076¥ 41 %8aid+ 200
fine Jayer 5. can alsg beyyoed o compensate for dfferencesdnine ops oy,
expansion coefficients and lattice parameters existing b ween the
nucleati®fi |ajer Z3aMPtherlay@ie whith Wit stiBsagtrehtlylser 5 GaN,  said
depositet:lyepitaxy: Saidhnestayend isdn thedpaye fromyabeut 200 organic
eters ( ) iGrome pm)_ thi xample
AT for CAR Caid e oy LN bl s ol Gy Dea
fiétal6rganid®®6 khemical vapor deposition (MOCVD), or by molecular
beam epitaxyf(MBE)nThd fine hueledtiopdayet 5 camalsd be obtainedthyined

hygride vapqsphase epitaxy, (HVPE), ariby,cathede ssputtering dgposition, ...
sputtering deposition. '

It is also possible to use epitaxial lateral over
growth techniques, ELOG, or a technigue known as
“pendecepitaxy” in which motifs are etched into the
thin nucleation layer 23 before depositing the fine
layer 5. Reference should be made to the article by
Morgan et al, “Evaluation of GalN growth improvement
techniques”, Materials Science and HEngineering RS0
(2002), 201-205, for a description of these techniqgues.

The 1igt of said technigues 1s not exhaustive.

The material used to produce the fine nucleation
layer 5 can also be different from that used for the
nucleation layer 23 and for the future epitaxially
grown laver 6.

Regardless of the wvariant selected, i.e. whther
or not the fine nucleation layer has been deposited,
the material intended to form the future epitaxially
grown layer 6 to be obtained is then deposited by
epitaxy, either on the free surface 231 of the
nucleation layer 23, or on the upper free face 50 of
the fine nucleation layer 5, 1f present. This step is

shown in Figure 6.



15 It is also possible to use epitaxial lateral over growth techniques,
ELOG, or a technique known as "pendeoepitaxy" in which motifs are
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Reference should be made to the article by 20 Morgan et al, "Evaluation

- of GaN growth improvement techniqu”, Materials Science and

Engineering B90 (2002), 201-205, for a description of these techniques.
The list of said techniques is not exhaustive. The material used to produce

the find hacIEatibR2 25 FaheY 5 AAIs0 be Wifferent fFm tR ussd fok a1 ted
mpcleajonrayer23-andifasthe futnrelepitadallys grown layerépitaxy, for

%%ﬁlgssa%f&hz%m;g'fgwd &iaezféﬂg‘e_@fﬁg‘: ogtggheém oucleation o |

;
erhas beend goslted, 30the matefial inten o form the future

Lpasiafy growirtayerBtd b bbtiinetis thatPdépasited By efitdky << -
either an the frée saface=231=0ftthe pacldatibadayeri23;or drsthewppénued

frgesface 50 of; thefine pucleation. layer Sy if present sThis-step is1 33+ 100
shown in Figure 6. WO 2005%)14893 F%EEEPZOO4/007577 20 The | 1¢
ekl gréWitlayerd carrbetonstifuted BykHy matetial tidttan b& €

clepesitediby: epitaxy os xabiplerand preferablyflargebampdap be used
semicendugtors, espediallygallium nitride-and, cubic silicon carbide. 5 In a
fir_st variant, said de os'tion_is (a:lorginued.l ug}tglith ia erg r%%ch S& . 5 is
thickn V@ﬁ??@é%&i@éymlc?onjs NG P et s ﬁ-gpgor%ng a§ &8l
Eohstithted Psubstiate Whithoear; for Exanmpihe, berisede fyhaas a
substrate fof gpitaxy 0 Adyantageously, saidepitaxally growatayenfiisrly
Sbiained by & g growth rate enitany feehnidug, n.he case 0L gAINgY s
Deposition is carried out at a temperature in the range
700°C to 1100°C.

In the <case of cubic silicon carbide, one
particularly suitable method is chemical vapor
deposition (CVD) carried out in a ccld wall CVD
reactor.

For clarification, a multilayered structure can be
defined with the general reference numeral 7' as
comprising the thin support layer 13, the thin
nucleation layver 23, the fine nucleation layer 5 and,
if present, the layers of bonding boosting materi@l 31
and 32.

When the fine nucleation layer 5 is not present,
the multilayered structure has general reference
numeral 7.

Az shown in Figure 7, energy is supplied to the
stack of layers shown in Figure 7, which is sufficient
to cause detachment of the remainder 11 Ffrom the thin
nucleation layer 13 along the zone of weakness 12.

This supplied energy is greater than that supplied
to carry out detachment along the zone cf weakness 22

of the nucleation substrate 2.



suitable method is hydride vapor phase epitaxy (HYPE). Deposition is
carried out at a temperature in the range 15 700C to 1100C. In the case
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vapor deposition (CVD) carried out in a cold wall CVD reactor. 20 For
clarification, a multilayered structure car be defined with the general
reference numeral 7' as comprising the thin support layer 13, the thin
nucleation Iaﬁer 23, the fine nucleation layer 5 and, if present, the layers

of bondirig Bodstinghatérial 31 25 hhé 32. WHekAE fineGRitiatiohng  the
lapeics. frictpresenty cthe riyltilaveied strugiule has generadieferencereater
nymesal 7.:As showminEigyre./, e@ﬁ&i‘d@”%&%e&%theaﬁ%iﬁg of Juring
'a}é%réas own in Figure 7, which is sufficient to cause detachiment of the

remainder 11 from the thilSnud@ition 18yer 1£3I6RE e z6me ofd  during
weakriess el Thissupplied Enetgyeis dieater than tkatisupplied ocams  and

ouidetachmentaleng the-zoneQf w esg;22,3% of the nupleation_
substrate 2. WO 2005/014895 PCT/EP2004/007577_21 Particularly in the

variant c%%p\ﬁ%%g TRe rileation AYEE5, tHIS shppieafenerdy is @Fédterd. it

thiah tHedumalativg erfergy birlyet apphed dedngedetaghment atithe zanester

LN S sl L UEIUELS .
a8 oy 8 T T8 SufiCnr saEFeuBBHENChergto BB gréakaice  =nd

tinithatsuspliedts chrry@ut Getachmbnt along the 10 zone of weakness

22 of thesaucleation stbstrteand i s  carried  out using = the
techniques described for detachment along the zoée of
weakness 22.

Finally, as shown in Figure 8, and advantageously,
the multilayered structures 7 or 7 are eliminated from
the epitaxially grown layer 6, for example by chemical
eﬁching, reactive ion  etching (RIE) or . chemico-
mechanical polishing or a combination of said
technigues. This results in the epltaxially grown layer
6 alone or with the fine nucleation layer 5.

in the implementation described above, the
nucleation layer 23 was obtained by forming a zone of
weakness in the nucleation substrate 2. However, in a
further wvariant, not shown in the figures, the thin
nucleation layer 23 can be obtazined in a different
manner, by bonding a substrate 2 which does not have a
zone of weakness onto the support substrate 1 with or
without a “bonding boosting” layer 31 and 32, then by
attacking the back face 210 of said substrate 2.
Attack can be carried out either by chemical etching
alone or by grinding followed by chemical attack and/or
ionic etching. That method is known to the skilled
person as BESOL, which means "bond and etch back

silicon on insulator".



epitaxy of the layer 6 or 6'. Said detachment is carried out using the
techniques described for detachment along the zone of weakness 22. 15
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structures 7 or 7' are eliminated from the epitaxially grown layer 6, for
example by chemical etching, reactive fon etching (RIE) or chemico-
mechanical polishing or a combination of said 20 techniques. This results
in the epitaxially grown layer 6 alone or with the fine nucleation layer 5. In

the implerfiémaich deseribad aldvetie REdEstidn ldyeregwakbed below
abitainedda:forming & zomg gi: weakpess:inihe nucleation substrate 2.

However, in a 25 fyrther yaiant, ot shown i g fgures. the 1
_ : 0

in ..
. Qen ical t
nucleation layer 23 can be obtained in a different manner, by boncﬁng a ©

Stistrate” 2 Wich'doed hethave d zéfe df vidhkidys onid-fhie sippbrd and
sulsstraté 1dsitivaeri wdthoatia Ibonding boosting” layer 31 and 32, then by

30 attagking, the,bagk face 210 of said, supstrate-2. Attack caghe.carrigd ;¢
§ut either by chemical etching alone or by grlndlng followed Z{Fchemlcal

FRECANGOr fofic Bchinig  That Hiéthdd 1§ kAt fithe Lkilldd Yefsor= ©F
2 BESQL which mears *hohdanuvetch back BEsilicbn on insulator”.

WO 2005/014895 PLHEPQO4ORTST 71 23 xsesond ¥alAK AL g using
ethod is described beIé)W with reference to Figyres 9 to, 1 .The,fgst ‘

Ps of tHid MEtHGd ard' fUahtical TS| thos8 Sifowr Wil 1 4 of thie? L 1Y
firspyivethoelvid Bare hotdesérbed hgahnadayer 6f matedal withn  about

1efergngesnimerak6'is deposited by epitaxy-gnie thg,aucleation layer 23
oftheﬁgggég%@g%s95ﬁgwn£%Fk%g%§ied out by one of the
technigues described in the first implementation or by
metal organic chemical vapor deposition (MOCVD) or by
molecular beam epitaxy (MBE).

Such a thin layer can constitute the active
portion of a component and it must then be transferred
to a third substrate or acceptor substrate which then
becomes the mechanical support for the final component.

Cne example of a technique for transferring said
epitaxially grown thin layver ¢’ is shown in Figure 10.

This is the mnetal bonding technigue. Reference
should be made, for example, to US-A-6 335 263 for a
description of this technigue.

Said technique consists of depositing a first
layer of metal 81 on the thin epitaxially grown layer
6’ and a second layer of metal 82 onto an acceptor
substrate B.

The metal layers 81 and 82 can also be replaced by
multiple superimposed layers of metals and/or metal
alloys.

Said metals are selected in order to obtain good
bonding and/or good electrical conduction and/or to

refiect light.



Said epitaxially grown layer 6' is deposited using 10 the te(_:hniques:
described above for the epitaxially grown layer 6, but its thickness is less

WOREH A 100 pm so that it is not self-supporting. Depositionran ke 004/007577
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carried out by one of the techniques described in the first implementation
or by 15 metal organic chemical vapor déposition (MOCVD_) or by _
molecular beam epitaxy (MBE). Such a thin layer can constitute the active

portion of a component and it must then be transferred to a third .
substraté BPacB&HBr subsAEhieh theR @0 Becomes the mechanicated  in

supportfor the final componentc@nesexasiie;af ari]wcmigté%éorlllo gli_rﬁ_d the
tr ripg -said-gpiaxially gr ayer 6,1 shown In Figure 10. This
is%%sg@r%eﬁlalﬁndin%%hniq%e% e%édrllcéeyshggleaabemren% e,$§r kampie-able

to-GEER BRI L6 0N o 55 tedéftption of this technique. Said technique
consists G &lepositrig:adirst llayer=of tiefal %gﬁhm@eﬂainmEQX@ﬂ)ég@%gbort

layep 6 and & secopd layer of metal 8&%‘%9{3 ceplor ;e stare 8- 39 Lire

a
metal layers 81 and 82 can also be aced by “multi

T [
sggérimp%g i fayer8df MR ArASH met@ CRIbYI S Eid Fietdld ared  above
sélettedhia ofderad obtaih goed thaniding and/or good electrical

conductiofrandigr to 35 rgfmlqghi.ryvcgg%%/glél%% thhe mxlli ‘Clalayere a
PGT/EP2004/00/577 23.The.metal layers 81 and 82 are then placed'in
contactwith each otffer a5 SHORA IR Bighfetit arld the ShteFRta fored ds-own

bbftEd byfeativent @t asiitable tempenaturecand pressuseifpbhe 8 and
rempinsies 14 s thengletachedfrom the, suppart sybstrate 1 of the thin
SUpmeEyegl%§¥¥%§ wenot shown in Figures 9 to 13, it is
also possible to deposit the thin cepitaxially grown
layer 6’ on a fine nucleation layer 5 deposited on the
nucleation layer 23 wusing the procedures described
above for the first implementatiocn.

A third variant is shown in Figures 14 to 17, in
which the support substrate carries fhe reference
numeral 1" and acts both as a mechanical support and as
a nucleation substrate of a nature which is suitable
for subsequent epitaxial growth of the epitaxially
grown layer 6 or 6'. No additional nucleation substrate
2 1s used.

Atomic specles dimplantation into said support
substrate 1’ 1is carried out to create a zone of
weakness 127, Layers which are the same as those in
support substrate 1 carry the same reference numerals
together with a prime.

Advantagecusly, the parameters for implantation
are selected so that the energy budget to be supplied
during detachment of the remainder 11° aicng the gzone
of weakness 12' is greater than the cumulative enargy
budget supplied during all of the steps preceding said
detachment, in particular during the step of



12), using the detachment techniques mentioned above for the first
implementation. Finally, as shown in Figure 13, the multilayered 10
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resting on the support 8 and capable of constituting a conducting
structure. In a variant, not shown in Figdres 9 to 13, it is also possible to
deposit the thin epitaxially grown 15 layer 6' on a fine nucleation layer 5
deposited on the nucleation layer 23 using the procedures described

abdvetol e firsPhmplémentatibn. 1RHRE vari&ht isSshowitin Bigurés¥sto ©

17" inrwhiehtthe support substrate carries the reference 20 numeral 1'

and actg hoth.as;a %ﬁghagiggbg%npofts%%_gwc'%@ subsiratefd 5

nature which js suitable for subsequent epitaxial growth of the epitamallg )
GRVATRERE or’. N &UdiIBRAI nGclebtion substraf® i uset 35T > 15
Atamierspecies implantation-idta@salid support substrate 1' is carried out to

create g;zone of sweaknesgs 12" Layers whicharg the:saime asdhose i the
support substrate 1 carry the same reference numerals togea|ther with a

BEFREBEAdVANETESUSR the'pafametdls et imphtatith areselected 5°°
80 ¢hat¢hd energy budget to be supplied during detachment of the

remainger 11;along the,zane ofweakpgssiZisgreater thanthe a2  thin

|lati bud [ ' || of the st ding.said
SE et ent, 1 AL defing fhe S1op ST WO Z00BI0LAugR. Lo che

POT/ERRE0/G07S ¥3u24 epitaxiallylgfewing the layer 6 or 6' and the
layer 5gdfipresenteThe epitaxy suppostsubstate dhus-ebtainedds these of

teferenged 20 and when a/fing pucleation Jayersls sre not described
again.

The remainder 11’ 1s then detached alcong the zone
of weakness 12 and the layer 13’ 1is eliminated as
described above, sse Figures 16 and 17.

Said method  can readily detach the epitaxial
support from the epitaxial layer 6 or 6'.

A fourth implementation is shown in Figures 18 to
22, in which the support substrate 1’ is covered with
an upper template layer 10'. BSaid template layer is
obtained Dby the techniques described above for
producing the nucleation layer 5, such as MOCVD, MBE,
HVPE.

Atomic species implantation is carried out within
said upper template layer 10’. The zone of weakness is
shown as 103’. While mnot ~ shown in the figures,
implantation could also be carried out into the support
substrate 1/ through said template laver 107,

Epitaxial growth of the thick & or thin &' layer
is then carried out (see Figure 20).

As shown in Figure 21, detachment is carried out
within the template layer 10’ alcng the zone of
weakness 1037 te form two layers 1017 and 1027, The



5 present, is referenced 90'. The thick layer 6 is then deposited in the
presence or absence of a fine nucleation layer 5, see Figure 15. It would

WORB 4888 sible to form a thin 10 epitaxially grown layer 6' asB{BHE2004/007577
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explained, with the embodiment of figures 9 to 13. Said layers 5, 6 and 6'
are identical to those of the above-deséribed embodiments and are not
described again. 15 The remainder 11'is then detached along the zone
of weakness 12' and the layer 13' is eliminated as described above, see

Figires 18 %hd 17. S Methidtcan rédtflly detabs iredsitaxial suppeieries
front thesepitaxialtayer6 of 84 20 A fourth implementation is shown in

Figures 434923, In whieh e sppod suB(rgle. LIp CUgred IR AL ecreq
ug%er_l;cem late | _gr 10'. Said template layer is o taine y the L
t&chniques destribed SHOVETSr protiiRfg the AuctetiorSiayers Sshichdisr ing

MOEYDIMBE, 261HYPES Atomicspeties iniglditation ds:qarriggeoutzone  of
wiincsaisbuppersemplate layer 1Q':: The,zone pfweakness is.shoawnas, ..
103, Vghilesrglot show indthg .f;gures implantation could also be cagggd said
out o the SUPPOH 30 SibstrAte T-trotigh SAIE tehpiRR IBF&aAAing 52
Eptaxialgronth of-thehick 6orlthin 6llayénds thea calrigd ditsepitaxial
Figuret20) o&s showsr insFigures21, detachment is carri?d out within the
e o 2 AUV o
reffaineRE fgsr1 o2t substrate 1')\Rafkes referehte homeratdgard can
be made to the finishing steps illustrated in Figures 8
and 13, |

Three examples of the method of the invention are
given below.

EXaMPLE 1: Production of a thick epitaxially grown
gallium nitride layer

Hydrogen was implanted into a 1111 silicon
nucleation substrate 2 through a silicon oxide layer 32
obtained by thermal oxidation.

Hydrocgen was also implanted onto a support
substrate 1 formed from polvcrystalline silicon carbide
{SiC) through a laver of silicon oxide 31 obtained by
deposition.

The implantation conditions for the silicon
nucleation substrate 2 were an energy of 120 kilo
electron-volts (keV) and a dose of 5 x 10'H'/cm® and for
the SiC support substrate 1, the energy was 95 keV and
the = dose was in the range 1 x 10%H'/c®  to
4.5 x 10%°H*/cm?, preferably 3 x 10%%H"/cm?.

The silicon oxide layers 31 and 32 underwent
chemico-mechanical polishing (CMP), to activate them
and encourage their bonding by molecular bonding.

The remainder 21 of the [111] silicon layer was
then detached by annealing at a temperature of 500°C
for two hours. It should be noted that the thermal



Clearly, the implantation parameters are selected so that the energy
budget to be supplied during 5 detachment of the remainder 104" along
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supplied during all of the steps preceding said detachment, in particular
during the step for epitaxial growth efdayer 6 or 6'. 10 Finally, Figure 22
shows the step for eliminating the residual layer 101'. Reference in this
regard can be made to the finishing steps illustrated in Figures 8 and 13.

phRge-examplasaf the methadref the inventiemarei 45 given beloicon was
EXAME%E L. Bro C“HB@%Q&QF%W@"@Q&% QW%@@%%QW@GW%M

@h{ rogen was implanted into a [111] silicon nucleation substrate 2
oGghta sﬂ%éﬁ%e Riyer 82230 o@?ﬂ?ﬁ@@ﬁ’?ﬂ%mﬁé@%ﬂaﬂ@ﬁt occur
aHydrpgenavasalso dfiplantédchents alsupport substrate 1 formed from

polycrystallipe silicon carbigs. (SiC) through a jayer of silicon oxide 31 yypr

obtained by deposmon 25 The implantation conditions for the silicon

rAagkafonWiBstate B weke diéfidrgy of 120 Kitd etél@roRvbiid geevy GRd
wasloskpis x 1946H+/chi2 aviddoil dhel&iC suppait substratefigthdhermal

L EAGIY Was 95 keM and, the dosgwas |n-lhe rangel X 10%EH/CMR0,cen
304.5 x 1016H+/cm2 &pre erably 3 x 1016H+/cm2. The silicon oxide

7¥4Yers 33 4rd 32 ARddrivent hentiGs fnedtikmital %ﬁshlﬁﬁ?é%f’) fgrdget
nactisate them tand encourage tHeit dondiegtby malecylar b@@dlngom of
weemainder 23 of the [111] silicon layer was 35 then detached by

anneha%Jthr:% %3@%% erature fE?tc,ng Eﬁ% ours. It should becpoted that
the t %ﬁ)’hé’dqs JEPS00 410077 5 77" seve
hundred microns.

The residue 11 was then detached by annealing at a
temperature of 1300°C for 2 hours carried out in situ
in the epitaxy reactor, which caused said detachment
after epitaxy proper but befcre cooling. This avoided
problems with the appearance of stresses.

Finally, the multilayered structure 7 was
eliminated by chemical etching.

The resulting thick layer of GaN was of very good
crystallographic guality and also had the advantage of
being detached from its original substrate. Detachment
was perfectly controlled and occurred only after
epitaxy.

EXAMPLE 2: Production of a thick epitaxially grown
layer of monocrystalline cubic silicon carbide

Hydrogen was Implanted into a monocrystalline
[001] silicon nucleation substrate 2 through a silicon
oxide layer 32 obtained by thermal oxidation.

Hydrogen was also implanted onte a support
substrate 1 formed from polycrystalline silicon carbide
{(SiC) through a layer of silicon oxide 31 obtained by
deposition.

The dimplantation conditions for the silicon

nucleation substrate 2 were an energy of 120 keV and a



26 budget applied to ensure detachment in the silicon was less than that
necessary to cause detachment in the silicon carbide so that detachment

wo sesgngbpccur along the zone of weakness 12. 5 The structywieabtaingdy 7577
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was then placed in a HVPE reactor and a thick layer 6 of gallium nitride
(GaN) was deposited. It should be nogag that the thermal budget for
epitaxy (in this case several hours between 700C and 1100C) was less
than the energy budget 10 necessary to ensure detachment along the

zmeeofowe&nesyﬂlﬂﬂh@rﬁﬁiClﬁﬁ@ﬁsﬁﬁh%ﬁéNéy&efb&h%ﬂﬁy@ %%g@ﬁ%!l%ate
un mi The_ residue 11 was then detached by annealin a
?ehgge?r%gérégéq’fg%%gg or g léoj{r%\\ga?ﬁle% gcu 'QGSIEEISIEH t‘ﬂ%sepﬁgxy%ﬁgctﬁﬁnge
whith'dauSed S&id detachifient aftér-épitaxy Propef Bt before coslingerably
This avolded/ préhlems with the appearance of stresses. Finally, the
multilaygred strugtyre. 7 Wagxggglirrﬂg ggspy cglje_mi%aégtchgbg. Thz?der ont
resulting thick layer of GaN was of very'good crystallographic quaLhty and
5@‘8%%%@%%5%58& b&hd Heidihed oM its orlgihalaobatvatee  them
Betachméntomas benﬁ@dtkygcdm@_raﬂed@ndb@@urmdudﬁlm@ter 25 epitaxy.
EXAMRLE 2:Brodugtien.of-a thiek apitaxially grewn layarof, 1 ver yas

onocrystalline cubic silicon carbide. Hydrogen was implanted into .
‘r%a cré&gﬁ’iﬁgeﬂo %iliEOH Rice&tbn 2hbstrats PR Silicoh 3P0 °C
bride fiyer 32cotitained byithestmat:dxidation.Hydeogenwas aldoe thermal
mg@@t@da?%sq asyPRYt sHbstrate dfouped fam polycpystallingsilicon .- -
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I ili i btained by deposition.
fg_rsbsldet San tr%rﬁggh a Iaé/er of silicon oxide 31 obtaine p

siliceon carbide, so that detachment could not occur

ecessary to cause detachment in the

along the zone of weakness 12.

The upper surface 231 of the {[001) silicon was
then prepared by chemico-mechanical polishing and by
sacrificial oxidation type heat treatment or by the
method of forming “motifs” described in document
EP-A-1 288 346,

The structure obtained was then placed in a cold
wall CVD reactor and a thick layer of cubic silicon
carbide was grown epitaxially. A thick layer 6 of cubic
silicon carbide several hundred microns thick was thus
deposited. It should be noted that the thermal budget
for epitaxy was Iless than the energy budget necessary
to ensure detachment along the zone of weakness 12.

The remainder 11 was detached from the SiC support
substrate by supplying mechanical energy after epitaxy
and cooling. To this end, a blade was inserted or the
structure was flexed, or a combination of the two
techniques was employed. '

Finally, the nultilayered structure = 7 was
eliminated by chemical etching.

The resulting thick layer of SiC was of very geod
crystallographic quality. It also had the advantage of
being detached from its original substrate. Detachment



35 The implantation conditions for the silicon nucleation substrate 2 were
an energy of 120 keV and a WO 2005/014895 PCT/EP2004/007577 27

wo 20056:98dz X 1016H+/cm2 and for the SIC support substrate dctheeneligns77
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was 95 keV and the dose was in the range 1 x 1016H+/cm2 to 4.5 x

1016H+/cm2, preferably 2 x 1016H+/2f2. 5 The silicon oxide layers 31

and 32 underwent chemico-mechanical polishing (CMP), to activate them

and to boost bonding by molecular bonding. The remainder 21 from the

o0 sReontagértWas Be8H-détaelist byaashealmyara tshperatlve o fter

5pQCa %@ for twahohes: )t s:hnaldmmteg ihatl@@/&er@@hbuﬁgﬁt RRplet v
ur t nt lic Ies han tha necessary {a caus

rh%?a% meé%{%l? ggfsmégng?asr%é e, $0 that defach m%nitgouﬁ %é&lﬂe Sic

SHHRE zorm B Wédiiess 12515 the upp"e?fé@rfac‘él%f@flthe fepgnsion

shison wasrtheniprepared by shemico-mechapicalpolishing agddyn cubic

sagrificial oxidation type heat treatment or by the method of forming

"motifs" described in document EP-A-1 288 346. 20 The structure

BtiRetFwas thef prea it arol®@fvaf ViR st torsmida tHigk ier ¥ own
gabicisiiconitarbitte Wwasggrown epitaxially. A thick layer 6 of cubic silicon

Carb'dﬁﬁﬁﬁﬁéﬁunqﬁg% m'%ﬁgﬁ%@@ﬁas &W§ode@5'tﬁ%ﬂgmq D81ine

noted that the"thermal budget 25 for epitaxy was less than the energy
BogEyRécessaly to Elﬁgﬁr%q@é}ﬁéﬂmen?él%ﬁfj‘ﬂ?e zoRE P hdGkne8s POt
Shesrenindet 11 wWaswdegdched franmth€iSiCslppart isubstrateible layer
Supphlying-nechanical %g%gyag@%xy and cooling. To this end, a
e

O structu e was flexed, or a combination of the

o (eHIRIQUE (B ERipiGJbdo ol CLohe. WeES = SRSTEY in tne

range 50 to 200 kev preferabliy 95 keV, and a dcse in
the range 1 x 10™H'/cm® to 4.5 x 10'°H'/cm®, preferably
3 x 10"E"/cm®.

A thin layer 6' of GaN was then grown epitaxially
by MCOCVD, said layer comprising an active zone for a
light-emitting diode (LED). It should be noted that
the thermal budget for said epitaxial growthl(several
hours of annealing between 700°C and 1100°C) was less
than the - energy budget necessary for subsequent
detachment along the zone of weakness 127,

The metal bonding technique described above was
then used to transfer said epitaxially grown layer to
an acceptor substrate 8 which can be silicon or copper.

After the bonding step, additional mechanical
energy was supplied (for example by inserting a blade)
to carry out detachment at the zZone of weakness 12' of
the support substrate 17.

The thin support layer 13’ was eliminated by
chemical etching.

The SiC substrate used for epitaxial growth of an
LED structure could then be removed.  Detachment was
perfectly controlied and occurred only after epitaxy

and metal bonding.



Finally, the multilayered structure 7 was eliminated by chemical etching.
The resulting thick layer of SiC was of very good 35 crystallographic
quality. It also had the advantage of being detached from its original
substrate. Detachment WO 2005/014895 PCT/EP2004/007577 28 was
perfectly controlled and occurred only after epitaxy. Further, the thick SiC
layer did not have any major residuap stresses since the polycrystalline
SIC_support substrate has the same thermal expansion 5 characteristics
CLRIMNA of the epitaxially grown cubic SiC. EXAMPLE 3. Production of a

1 thick gpitaxially grawn: .galljum.nitride layer Hydrogemwas implanted,into &,

monocrystalline 10 polytype 6H (hexagonal) silicon carbide support
Pagbsraert thriughPR sacaficiarsilideh 6xitle Tdyerdelimated afier

opfpBlaniation, Thedmplantaiien cepditions were.an-eaergydn the range 50
to 200 keV, preferabl{ 95 keV, and a dose in 15 the range 1 x 10'6H'/cm2

CtTa5 R ID18RG /A2 preterabRF 3SEFTIEW /EHOPA thit 1ayEr-6"6F GaN

i wasdbheargrowg epitaxiallys by MOEC VD - said layer comprising an-active

« Zone for Iight-emitti? diade %I:_ED%,/Jt shogd e noted that, 20 the -
?ﬁé[‘r?nal%u%geﬂl&ps%lif e%ﬁ i aF’o th'(SeVél }rlh%utf’g%?fgﬁﬁeglir?gone ©

whekneers 700Ciand 1200Crwasdess than thegnergytludged neicessarnyin

for subsequent detachment along the zone of weakness 12'. The metal
e e S S e
1 Bpitaxiaty grown layeritd tax aedeptoy sabstrate & whidhycapbé silicon or

c&£oppey After the popding step-additional meghanical energy was
supplied (for example by inserting a blade)
iii) detaching the remainder of the support substrate

from the thin support layver along the zone of weakness of
sald support substrate by deliberately supplying external
enerqgy,

iv) eliminating said thin support layer to obtain the

epitaxially grown laver,

2. A methed according to claim 1, characterized in that
said support substrate 1s a nucleation substrate of a
nature which is suitable for subseguent epitaxial growth of

said epitaxially grown laver.

3. A method of fabricating an epitaxially grown laver in
particular for applications in the fields of optics,
optoelectronics, or electronics, characterized in that it
comprises the following successive steps consisting in:

a) implanting atomic species within a first substrate
termed the "support substrate" to define therein a zone of

weakness which demarcates a thin layer termed the "thin



to carry out detachment at the zone of weakness 12' of 30 the support
substrate 1'. The thin support layer 13" was eliminated by chemical
etching. The SiC substrate used for epitaxial growth of an LED structure
could then be removed. Detachment was 35 perfectly controlled and
occurred only after epitaxy and metal bonding. 29 CLAIMS 1. A method
of fabricating an epitaxially grown lay&in particular for applications in the
fields of optics, optoelectronics, or electronics, characterized in that it
comprises the following successive steps consisting in: i) implanting

HIGRR Speciesdkithin & first 8abstrate Liefmed the "Siipidrestisirdd <o
deflneﬁher@m zane of \weaknesswhich ﬁeqmeﬁteﬁ aibin layer termed
dpe i, suppodtayers fropy the remainder.of said subsirates i) arewing. .
sald epitaxially grown layer by epitaxy ca rled out tly on sa :
%p‘ﬁ%ﬁC?%eﬁ]l) getathitythe retraifdétst tke SaPFST substrate from
the thiri supposrtdayergalongdhe zene dhweakngss:ofe saidrsupport

sSubstrate by deliberately SHPBW'%%%EP@' FIPLgY, a@&!w&a@n% sald of
thin support Iaéer to, obtain the epitaxially grown layer method

"EECOTEING to wﬁall%h%?&é@ﬁ%edsmﬁgf Shfd ?G’pﬁ%‘?%%@%‘fﬁé?&%sﬁ’a
smygheationos dstrater of a ehattre which is suitable for subsequent epitaxial
growth of said epitaxially grown layer. 3. A method of fabricating an

eplta jally grow Iayer in partlc lar for rap lications in th f|eldso optlc
Xf& %ech ¢ tronlcg Léh i n t# o CI That

optoe ectronics, OI’ e ec ara eI’IZG a?lf comprlsest

S@H@\Nm@tﬁm@@%@e Stepsreorsistinglidna)impladingcatomic speciés a
rwithina first substrate uitable for subseguent epitaxial growth

cof said epitaxially grown layer.

. A method according to claim 4, characterized in that
said thin nucleation layer is transferred:

- by implanting atomic species within a second
substrate termed the “nucleation substrate" to define
therein a zone of weakness which demarcates said thin
nucleation layer from the remainder of said substrate,
then

- by bonding the two substrates either directly
one against the other, or using at least one
intermediate bonding layer so that their respective
thin layers are located facing each other; and

- by detaching the remainder of the nucleation
substrate along the zone of weakness of said
substrate;

the parameters for implantation into the support
substrate and into the nucleation substrate being

selected so that when combined with the nature of



termed the "support substrate” to define therein a zone of weakness
which demarcates a thin layer termed the "thin 30 support layer" from the
remainder of said substrate; b) growing said epitaxially grown layer by
epitaxy carried out on an interposed layer transferred or deposited onto
said thin support layer; c) detaching the remainder of the support
substrate from the thin support layer aldhg the zone of weakness of said
support substrate by deliberately supplying external energy. 4. A method
according to claim 3, characterized in that said interposed layer is a thin
RiEIARGR Tayer Bf SORafUrE WHIEH isSsdithble for Subsegaéftepitaxial eneray
growtht of salcke pitagdliyegramr layerdbrAahethod acCordingderclamidy
characterized inthat ssaid thinJaucleation layer is transfarrede- BYimuiative
implanting atomic specie ,Wla‘llg a second substrate termed the ,
Ao SR hatit5 wieTe HierEh & tbng bof WeakHSE WhigR-eding
derrgoaristsaid thin nucleation layer from the remainder of said
substrate, then - by bonding the two substrates either directly one
against,ihe other, of eing,atleast one Intermediate ponding ayer sg that
heir respective ?hin?ayersiarg locaté 5?acmg each other; and y ©
detdcHifg the Femairmies of the Hueleationt Sapstrafecalbhy thezensttof
weaknessof saidh substratextheparameters forHimplantation ato the

suggog aubstr tﬁ:- nd iqqto the nn%:leati ns stra}'ge being selected so
B il b S e e i

96 SUb3trate e ehefdy butdyet té e suppliedadithg deRchiranto

theiremaindebe supplied during detachment of the remainder

aicng the zone of weakness 1s greater than the cumulative
thermal budget supplied during all of the steps preceding
said detachment and in that the steps for detaching the

remainder and the remainder are carried out by heating.

7. A method according to claim 5, characterized in that
the remainder of the nucleation substrate or the remainder
of the suppcrt substrate 1s detached by application of
additional energy of mechanical, optical, and/or chemical

origin.

8. A method according to claim 4, characterized in that
sald thin nucleation layer 1s transferred:

~ by bonding a second substrate termed the
“nucleation substrate" either directly onto said thin
support layer, or using at least one intermediate bonding
layer;

- by reducing the thickness of said substrate from
its back face by lapping and/or chemical etching and/or

ionic etching to obtain said thin nucleation layer.



along the zone of weakness is greater than the cumulative energy budget
supplied during all of the steps preceding detachment. 6. A method
according to claim 5, characterized in that the parameters for implantation
into the support substrate and into the nucleation substrate are selected
so that, when combined with the nature of the materials constituting said
two substrates, the thermal budget to be supplied during detachment of
the remainder along the zone of Wealé ess is greater than the cumulative
thermal budget supplied during all of th& steps preceding said
detachment and in that the steps for detaching the remainder and the

9r_emairl\d ag.s rri%% 1"5'5?}{ ea ing. 1. Agn t Q ccording to claim 5,
characte%l{gzaed ?n thaat tﬁe remainder gfe th% niﬂ%ﬁ%ﬂ s%gs?ra%é or the

FentaiRder of fie stipport Substiate is tetaPRdDCappIiRalisn ot aver

iadditioagkenemyokbmechbanicalopticall and/or chemical origin. 8. A
method according to claim 4, characterized in that said thin nucleation
layer is transferred: - by bqndin% a second substrate termed the

LihuclehtiBh SuBeraes e dire Gy Rt satd it e Siportager of tishigt
tatdedstore intermediate bahding lapdr e tbydeducngsthé thicknessiofe ,
=3aid syhstrate,from  its, backface by lapping and/er.chemical etching

and/or ionic etching to obtain said thin nucleation layer. 32 9. A method
according to one of claims 5 to 8, characterized in that said intermediate

1Bondidg tayehcid salayer of dieldctriemyaterial. 40. Almetisod ateortling to

¢laim 9+ eharaeterized im thatpthediglectiicrmatarial issselected from 1 avers
silé%on Oéide siIiLcon nitride, and sﬂéli an ogr&i}trides. 11. A method .

either. rectly ong adgaing (ﬁfe tner or in the presence cf-
accorélngjto any dné of clafms 510 1 , :

at least one intermediate bonding layer 1s molecular

konding.

12, A method according to any one of the claims 3 to 11,
characterized in that said interposed layer is a fine
nucleation layer formed on said thin support layer or on

said thin nucleation laver.

13. A method according to c¢laim 12, characterized in that
sald fine nucleation layer is produced by metal organic
chemical wvapor deposition (MOCVD), by hydride vapor phase
epitaxy (HVPE), by mclecular beam epitaxy (MBE), by cathcde
sputtering deposition, or by epitaxial lateral over growth

{ELOG) or pendeo-epitaxy.

14. A method according to any one of the claims 3 tc 13,
Ccharacterized in that 1t comprises the additional step of
eliminating the thin support layer and the thin nucleation
layer, the fine nucleation layer or the intermediate
bonding layer or layers remaining integral with the

epitaxially grown layer, if present.



characterized in that bonding between the two thin layers either directly
one against the other or in the presence of at least one intermediate
bonding layer is molecular bonding. 12. A method according to any one of
the claims 3 to 11, characterized in that said interposed layer is a fine
nucleation layer formed on said thin support layer or on said thin
nucleation layer. 13. A method according to claim 12, characterized in that
said fine nucleation layer is produced by metal organic chemical vapor

tepositionéMQQCVBY,dyrhydridecvaporphase epitatye(hbYRERdyng

molegular beam.epitaxy {MBE), by cathqde. sputtering depgsitign,,ff by, ye
ggltamaflateral over growth (ELOG) or fendeo-e_pltaxy. 14. A method
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comprises the additional step of eliminating the thin support layer and the

géi.”;_Uﬁ'?@éi@z@o@y&&c@&fi’}%ﬂ%@?%ﬂ%@ﬂ!@%?ré%%{%@l@@@& ili} that
onding, layer or Jayers remajning integral wi e epitaxially. grown layer,
HR BB 03 ToL R 00 LeHeAing o SRS GF b Srabaqing ooirice.
claims, characterized in that the epitaxially grown layer is produced from

@wide@mg%@sgm%ortma&q@m 165A @Eﬁl%dc%%%@ 0n that
claim 15, characterized in that the epijtaxiall rgwg layer is formed from
LR Pt 1 A eatHou BEEbraitg tb AR L8 Raradrerized i that”

the bpitaxially grown layer is formed from cubic silicon carbide. 18. A
method according to any one of the preceding claims, characterized in

at the epitaxially grown layer is of sufficient thickpess to constitute a
subnRah TavEr 10 K o Sckord (6 a oné o SEArLd o

1y2 ‘eharacteized Fhat fe thickneas ot e epitddalydrbwrprown layer

is of sufficient thickness to constitute a self-supported

layer.

19. A method acccording to any one of claims 1 to 17,
characterized in that the thickness of the epitaxially‘grown
layer obtained at the end of step b) i1s insufficient to ke
self-supporting and in that tThe method comprises the
following additional steps carried out between steps b) and
e} énd consisting in:

- applying a first layer of metal onto said thin
epitaxially grown layer and a second layer of metal onto a
third substrate termed the “acceptor substrate”;

- placing the two layers of metal in contact with
each other and bonding them together;

to obtain the thin epitaxially grown layer

transferred onto said acceptor substrate.

20. A method according to any one of the preceding
claims, characterized in that the support substrate

comprises an upper template layer and in



layer obtained at the end of step b) is insufficient to be self-supporting

and in that the method comprises the following additional steps carried

out between steps b) and c¢) and consisting in: - applying a first layer of
metal onto said thin epitaxially grown layer and a second layer of metal
onto a third substrate termed the "acceptor substrate"; - placing the two
layers of metal in contact with each otffer and bonding them together; to
obtain the thin epitaxially grown layer transferred onto said acceptor
substrate. 20. A method according to any one of the preceding claims,
haFadtBfizéd T tat the Stffort Bhbatatet é8ﬁ1p%i§e§%ﬁrdﬁﬁgr%ﬁ1p%%h9f
Wayeriand in 84 sthat the: atarnictspecies implantaticreisccarriee out eitherate
within- said. support,substrate thrgugh saidupper templaje layeror inside
said upper template layer , the parameters for the implantation carried out
TR AR50t SUbshrate PG @it ayar 5ing Seldcied RHcAUBRRE"
svivert cofrbined with thiesnatere b tive heateralsbednstitetihgsaid such

qubstiate and said templateclayer, the, .energy budgettohe-supplied

during. etgchment of the rerpainder alo thedzone of w%ak ess IS
congsPitiz lﬂ%esald substrate a%él ad tﬁygla = a¥ﬁ¥ the
greater than cumulative energy budget supplied during all of the' steps

PrEESHING KHIE HetatHifetRR LARBpHakY St ppofEstbEHate feded to
henaseditor the fabrication ofarcepitaxialykgroyen layerdn padicularfan the
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characterized in that it comprises at least: - a first substrate termed
PSEpRoM ¥ubYirkte S ChATMERY a zone of weakness which demarcates a

thin layer termed the "thin support layer" from the remainder of said
osubstrate aRdcaxy support substrate intended to

be used for the fabricaticn of an epitaxially grown
layer in particular for applications in the

fields of optics, coptoelectronics, or electronics,
characterized in that it comprises at least:

- a first substrate termed "support substrate”
comprising a zone of weakness which demarcates a
thin layer termed the "thin support layver"™ from
the remainder of said substrate and

~ & thin nucleation layer the nature of which is
suitable for subsequent epitaxial growth of said
epitaxially grown layer, said nucleation layer

being bonded to said support film aither

directly or by means of at least one layer of
intermediate bonding material, such as a dielectric

material.

s An epitaxy support substrate according to
claim 21, characterized in that said nucleation laver

is covered with a fine nucleation lavyer.



- a thin nucleation layer the nature of which is suitable for subsequent
epitaxial growth of said epitaxially grown layer, said nucleation layer
being bonded to said support film either directly or by means of at least
one layer of intermediate bonding material, such as a dielectric material.
22. An epitaxy support substrate according to claim 21, characterized in
that said nucleation layer is coveredith a fine nucleation layer. 35 23.

2N epitaxySURPOst sklstrate a@@@@h@e%clagee&d Ong2ccharagterized;

in g]zat thel gport substéate is rgcaa B?é]c a material selected from i silicon, B
“sapphire, P HAffiRE stitoh Earbidd® 6BP6FAE Mt siline $icBRoe
okatbidet gailuarfn mitridec(@GaN ¥ raluminemlditde (AN R @Endezine oxide
pdZDO)-24.-An epitaxy suppert sHbstrate aceerding g anyone.-of %'91@_%1%&

to 23, characterized in that the nucleation Iayer is made of a material

S SeféctEd Frdny gefiund hitritldGaNY: Siieon {31)) silicomBarbite (SiE)Ce
(Bapphire;rdiamond, gallide ardenide (AsGa), and aluminum nitride (AIN).
25. An epitaxy support substrate intended to be used for the fabrication of
an epitaxially grown layer in particular for applications in the fields of

2 Oplicsn oemeie@ipor@jg@wrejeetuw@% saharagledzed imthatd samprises
t least a first substrate te med ort ubstr r|S|n a zone of
€ve§kness W ljic% de%]%ldrca ey sﬁi%p ayer err%e%hﬁg " r? st Gr‘?fl‘a%fe?m
1 dpomr the. remmainderfofesaid sabsirates theenatere 6f saidosublstrate being

nSuitable for subsequent.epitaxial growth of-said gpitaxially grown layer
said thin support layer beln?ahpossmly covered with a fine nucleatlon layer.

SN fiethod OF ibiicatiRg an Bpitahaaily-stppofiscal  and aluminin

nitride (A1IN).

25. An epitaxy suppecrt substrate intended to be used for
the fabrication of an epitaxially grown layer in
particular for applications in the fields of optics,
optoelectronics, or electronics, characterized in that it
comprises at least a first substrate termed "support
substrate" comprising a zone of weakness which demarcates a
thin layer termed the “thin support. layer” from the
remainder of said substrate, the nature of said substrate
being suitable for subseguent epitaxial growth of said
epitaxially grown layer , said thin support layer being

posgsibly covered with a fine nucleation laver.

26. A method of fabricating an epitaxially‘support
substrate according to anyone of claims 21 to 24,
characterized in that it comprises the following steps
consisting in:

i) implanting atomic species within a first substrate
termed the "support substrate” to define therein a zone.of

weakness which demarcates a thin layer termed the "thin



substrate according to anyone of claims 21 to 24, characterized in that it
comprises the following steps consisting in: i) implanting atomic species
within a first substrate termed the "support substrate” to define therein a
zone of weakness which demarcates a thin layer termed the "thin 36
support layer” from the remainder of said substrate; ii) implanting atomic
species within a second substrate termed the "support substrate” to
define therein a zone of weakness whjch demarcates said thin nucleation
layer from the remainder of said substrate, iii) bonding the two substrates
either directly one against the other, or using at least one intermediate

QB@B%'aXEEgéQJh%}@n;@?@pfgﬂgﬁMgﬁayerso%fes_&%tsb%%@9%f@?h

other; and iv) detaching the remainder of the nucleation substrate along

the Zdrle oAk oI SGbstRRE e Pharablerd f6FifPIantation
intb the suppott: substratecaiid intocthe nucleation-stbstratédieing therein

selecied se thatwhen compined with,the-natute of the \materials.1 earion

constituting said two substrates, the energy budget to be supplied later
torGetachingthe enfaifder &dng ﬁi 761 of WESKTédsSs greater than

thel dumulative iererggdutget supypliedaduring alicfithe stepspieceding
detagiypente other, or using at least one intermediate
bonding layer so that theilr respective thin layers are
located facing each other; and

iv) detaching the remainder of the nucleation substrate
along the zone of weakness of said substrate;

the parameters for implantation into the support

substrate and into the nucleation substrate being
selected sc that when combined with the nature of the
materials constituting said two substrates, The energy
budget to be supplied later for detaching the remainder
along the zone ©f weakness 1s greater than the cumulative
energy budget supplied during all of the steps preceding
detachment. |



