;» e3enL4d6Tnpx(, A METHOD OF FABRI CATI NG A SUBSTRATE, | N PARTI CULAR FOR
OPTICS, ELECTRONICS, OR OPTOELECTRONI CS, AND A SUBSTRATE OBTAI NED BY THE

METHOD The invention relates to the field of neﬂmmmﬁmmm mmm bricating
Substrates, in particular for optics, ellectroni U ectronics, and
al so to substrates obtained by such nethods. Mre pasddsul arly the

substrates can be suitable for use in fabricating lightemtting and | aser
di odes. 10 EOMEmHeDiOFopABR$CAeEHGtAoSUBsTRBTEopINePERTIOHLAB FOR is often

desired to BALE SHPRLTALGTCEN3be AEUAERATRANRCHOT KiH0n | SYSETaTvR DI 0dC

famlies of str es for such purposes.
These fam | PBFAZNEDt REs@HEoMBIHEPNng nethods in mhlch a 15 thin layer taken

froma source subgtrahgehsibhapalgregdegndnp! aeedaons anstinpast oBUbSt rate,
and methods .in which the thin layer s deposited on a support substrate by

a depo§|t|oﬁap§éﬁﬁFaB€ §H@ﬁt§§tﬁﬁbeéﬂlﬁﬁr e 8pi FaXkyCPWBEF: netal organic
chemi cal va@mécd@@ﬁibbloar(N§M5Enec290ﬁi@s heﬂarahgbe§5 stibet eagxs st

material s thg% are t avab abLg ar t ﬁt are_very g i t to obtain in

the form of © @6&?9 ¥u8§9 alE PP whi 2hSaPRRFhCYa9ErY c5i®be t aken, and/ or

whose gromﬁhubytdepaS|tannbansaiSabberfosubseranefabrmoatyag $aghsfactory.

Thi s applieFm&Etg? DQFHIEHE%E Hgoﬁggocrystalline galliumnitride which is
€ At He

not avail ab ormof a So single crystal of quality and/or
di amel8r that ar EosatiPsf 4Bt 6Py 16Rd/ 6LeaErPBASBNaBY eOPEPEEECHAENESS A resul t

it can be g&ew@soetzehydasm%éare@pbbeéhﬁlshsghﬂaeeg tﬁQtFyﬁ&meaavae Wi th
known technlques for .grow ng a work | ayer on, a seed er itself carried

by a suppor £P1PhEPEKIEIoR PERT A n@@ﬂ Pﬁoﬁénﬁé@llhﬁssﬂﬁpﬁ?F PASgBESti on in

order to ObkﬁbﬂntherfmaﬁhngerUhtsuEBEfatQEEfMaFBQUB peebasques that are
known for 3% doing thgs. Thus, ﬁ cunment E% desca ﬁ

el imnating gﬁgﬁ aly %FFa?Eeb§ 88ﬁ98833518h8ﬁ1@3 ?ﬂ?nﬁpnﬁ %S hﬁlque
Never thel es§hiallaverhhafees fobml 4%@durce Bubbktmahat iagtthesSeppedt by
etching or SARPpPAULMALANL LEERBLAUS.BLEUBASSLAAPhE:AAC: ANGK  LRAd to

si gni fi cant es of materia at can Sonetines be eernS|ve
Docunent UStbelih1¥8éaKe§eéérﬂBE@Sat?écﬁﬁlauéuPBPIB separapFAgPYE 2onpl ex

transition aebable%ﬂetéeﬁmlu&l LicAeds R¥1€envsitbedm & 1iﬂﬁk9h a speci al
tr eat nent formed_on the natjve, substrate from wphic mis to be

|
oo and THBE ¢ PEOEGRoBrbaa P, FhETACHL: KoReE ALSTELPuSHAMGEEhl but Tat o
hbveereIesstcthaNeV@@hhemHeslStﬁ@rdndﬂ$statheSLEES thatuaset hetri sk of

compr om 1 g B 9B -Sbar th0g 9T LLmonowhoang of Leading gl ther to a loss

of yield or 4 osite oor esent ‘1 nvention
seeks to n]ﬁpgatgfthogguupambabggrate from whlch a th1n layer can be

taken, and/or whose growth by deposition on a support
substrate is not yet satisfactory. This applies in

25 particular to monocrystalline gallium nitride which is
not available in the form of a solid single crystal of
quality and/or diameter that are satisfactory and/or at
reasonable price, and as a result it can be grown only by
a heterocepitaxial technique.

30 Furthermore, with known techniques for growing a
working layer on a seed layer itself carried by a
support, there is often a need to remove the support in
question in order to obtain the final product.

There are various techniques that are known for

35 doing this. Thus, document FR 2 787 919 A describes
eliminating such a substrate by a mechano-chemical
thinning technique. Nevertheless, all techniques of

12107
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15 To this end, the invention provides a nmethod of fabricating substrates,
i.n particular for optics, electronics, or optoelectronics, the nmethod being
characterized by the fact that it conprises the foll ow ng steps: 20 ~
transferring a seed |layer onto a supporty by nol ecul ar adhesion in an
adhesion interface; growing a working layer epitaxially on the seed |ayer;
and applying stresses to cause the assenbly 25 constituted by the seed

| ayer and theiwenking |€M@rshﬁpQ§E0 ée&aghgdoireahéhe ﬁypapéﬁtat t he
adhesion interface. A vantaaeo usl g he streﬁ ses agﬁE Egrform
separation 5PENPARBR AFENPRAESiFBRpCCBAPFESFRGY 36 Eﬂaﬁ?@ﬁ $FPBEses,
thernmal stressees eEemhtes&aulanatthaseeanaldméa$meslbeadxpehsmvetresses

Furt her nore, and in ord g g%g gﬁétAgg%%Eug%ggtglgg Bsghg %89““ t hat

sapphire and SI|I88H 83 Itua s€e rates for
heteroépltasypﬁ@atBEgthlsomaﬂexlatanbbmeoermeSabphkLéeléCaMOélémimlcal

I nsul ator, E%hbys Bbiﬂﬁéﬁ”t§ﬂe Ecﬁeétégecﬁgﬁ' m%tﬂ ﬁt
nDnocrystaI Ine s n car bi de present belng
expensi ve aﬁeréprmﬁéupn FbeoﬁﬁéﬂﬁelﬁubaFéétél5ﬁ@ﬁeW§lCFth@aﬁFﬂmniﬁ|tr|de

an i deal SUEétbétgrEQh hehar eapht axy ﬂ@ﬂbglbéd{iiimshbl@@Bacﬂ@dsfﬁaﬁStrate
IS considere

d t d d
(and thus. SCFPaBRETFE: SHRRLFBGS -suBEVPREBhEaRes bRl EYePBREPnLAni ch {hi s

mat er i@l i suateeddybile siepe it rsnsotheeryskxpénsomproatding psopeai | abl e

in | d d t
gal | um it P CaRo16e T o eREn bR BEr 1ERYE R BT REC EEPAUEBER Moo a
1000C t o 110dCyappdorirntitehydepheythdvéagatonht pretd gupldblem of

di sl ocati ons for&h@gpkgsghg Eﬂb@nké%ﬁrsgékgakb'Hﬁkﬂbhﬁbdﬁhékea

concentration in excess of 8 per square centineter (cnR), and even of
said thin Ié?éWbESkéracklng Another object of the invention is to provide

a met hed that en@B|eﬁlboéhdngthE|ﬂnbéﬁ@ﬁ&ntQrbelabbabnﬂéthbdto@re of
quality tha% és .better thgn thﬁ% of ,t he i %alned in prior art
met hods, i ntR&FEFRGEEP FBPS562 FerﬁBlBaF P h8E 8P5iFEble or that are
very difficaﬂbctmonbtabnoknopheeﬂecurohlassouheemeuhsdrhEQngron1mhlch it is

possible to hﬁ?gc@eEgEgggﬁﬁgEggoEaﬁﬁtgﬁgﬁl§tt98% Eﬁgggtt EtfgﬁlgﬁQngallty

sati sfactory nanner posited on a supp Bri ~substrat
25 of the mﬁﬁﬁpﬁg thin layers in question is assessed in particular and

abovezgll in ternsiehnekacking andesgcongakri byicbnat 8uppoet gissl ocation
concentration
molecular adhesion in an adhesion interface;

- growing a working layer epitaxially on the seed
layer; and

- applying stresses to cause the assembly

25 constituted by the seed layer and the working layer to
become detached from the support at the adhesion
interface.

Advantageously, the stressesgs applied to perform
separation are taken from the group comprisgsing:

30 mechanical stresses, thermal stresses, electrostatic
stresses, and laser irradiation stresses.

Furthermore, and in order to return to gallium
nitride, it is known that sapphire and silicon carbide
can constitute good seed substrateg for heteroepitaxy for

35 this material. However, sapphire is an electrical
insulator, which is a disadvantage in certain
applications, and monocrystalline silicon carbide



This other object is achieved by an optional characteristic of the
i-nvention in which the support is 30 constituted by a materi al whose
coefficient of thermal expansion is 0.7 to 3 tines the coefficient of the
wor ki ng | ayer, and the seed |layer is suilable fox accommodating the thernal
expansi on of the support and of the working layer. 35 Preferably, the

val ues of the thermal expansion coefficients considered in this docunent
relate to thassdnts giaaig pdvadideloft Geliey @x@g&s(ifvfet Iaeldv\/ﬁlrilfifﬁguuayer. 4
By neans of .this feature, the terial selecte form.the suppart
presents thei %t&ﬁ’aﬁﬁ IR EES RIS TS -t hdP T g@é@é‘u& né&é:r}dzél’i finat e

si gni fi cant itderdi ubet redep fegs het estoepssescyofwoudd biend 1fiAgt sddiisenduri ng
the 5 vari aifns dubdidTRe AdIcRrdide AL dNBE §aal0 rRW 0g. e anor king

| ayer, or that occur on returning the substrate forned in this way to

anbi ent® t enPEtAtIAd. i VeryUuMd dseriesst Ve (amdp dbhvisc §udit ahileh £Pat erence to
probl ens of RiRGKHUM suditirdte! grareadielade e 16 dinfiler @mges between the
t hermal expansi on coefficients of the respective materials of .t he working

| ayer and of™% Pt taﬁ'ir adds Wafdn 24 d S teVEtde FREHS VS

conpr essi on ami tile iworakianig dikdyerirad sogeosHGnet emrzen Howesads twrest r et chi ng
of said | ayer. i.n_c ression, 1 .t h |, I ef ficient
of the supp(;%‘rttte 'tt Zsr ihgl%ec%%e%zae&v%erta e&’%%éttggréig? er ﬁ?ﬁ%r%%l%%t %o t he

wor ki Ad | aydrllHowedcon msdxige dicostandanchserdinicxeans MOCYefrtti ci ent of

the support JRfRId @lo 15 gRf &Ik iRl d1§5S tifeaN Have iRurcReccoef fici ent

of the working layer. 20 It should be obsServed®that the seed |ayer is
sui tabl e foPTRRAS Rf 96 e atienalf carassiion S hemfdded Iy erh@tsupport

and/ or the wWerkiiAgh lnAyerideFet EhicenddnRese.i dnhe rsead dsay Jf i1980ped
thickness that is small, eno;gh( tg,enable it to_be dgfg r.rabhe so as to
fol |l ow t he PSURATRe SIS Er | &1 dns 2BBeSY 5™t REr AL e béﬂs' Buebf the

supports and/coraakinghe wor ki ng | ayer. This thickness depends on the nateri al

constituting the | . and the ;LR8I ter].al f the support
and of the worki r?gﬁecglferf?&{?fgﬁcﬁ f,&f or a g_%tdlncgr%ngcé)r tg%rg)é’%é%pgort 30

havi ng t hi cRieedwbitIaF0 encdrless waFkincdia daysnsmte fe ¢dtadiiechg | ayer

havi ng t hi cleRss Qfe $AVRFAILIMCRIRS: & PR Hiald ithatsidf ¢er carbi de seed
| ayer shoul q@g’ave t hi ckness that is |less than 0.5 um and that 1S
preferably HEYEThAPLAIEEhAG BFGRE CAC Ms5RAPan iy &GdS iy late fitk eri al
const i2out | nenalthker isded dhayenral stpresaniadbllealidd echapamaretersy such that the

wor ki ng | ayey. ro epi t axi al,l n_the seed | ayer wi.t h
di sl ocati on?llfcnﬂt%ﬁteﬁv\%ﬂ(i r?d:allélyéfl aheyafg) Rcemt Fati o of %uéos,ss%liaﬁéan 107/ cn®.
The person dkian edrijoh tite imr pdasdlsle to take a thin layer, or

materials that cannot yet be grown in satisfactory manner
by being deposited on a support substrate. The quality
25 of the working thin layers in question is assessed in
particular and above all in terms of cracking and
gecondarily in terms of dislocation concentration.
This other object is achieved by an optional
characteristic of the invention in which the support is
30 congtituted by a material whose coefficient of thermal
expansion is 0.7 to 3 times the coefficient of the
working layer, and the seed layer is suitable for
accommodating the thermal expansion of the support and of
the working layer.
35 Preferably, the values of the thermal expansion
coefficients considered in this document relate to those

in a plane parallel to the plane of the working layer.



how t-:0 perform such epitaxial growh by selecting paraneters and
orientations both for the seed |ayer and 5 for the working |ayer. By way of
exanpl e, Table 1 bel ow sunmarizes the lattice paranmeters and the thernal
expansi on coefficients of various materi4als that are suitable for use in

i npl ementing the nmethod of the invention, either as a 10 material for the
working layer or as a material for the seed layer or as a material for the

support substrat &y manife thi@NLQMA ENAKRZ(iH1SIselected to

i i = 3. = 3. = 4.7 = 5.4 =
(:0)56?;32: C(:W cg:gzzat : é:%feale_];ggg?’ 18£%res?’enltlszetlzherma158egcpan58io%o%o f3 if i%%%%rt%mt ersc

15. 12( ~. )Theﬁhm] Tk el ok BAreid . A0edpantsd aigirlifacast Serficeefdd ci ent sal ong
a or c_(x10-6K-1)Thermal 1. 32 50,5 . 9canductivity(Wc .

K) Maxi mum48 Jt (ﬁlﬁg#eet erlcotrflra r%t n% sysaevsaici]fagﬁéhee( icicnlc%&eﬂsi-‘)ha\.l{:al%{él)\/g < @urlng the

of Exceld ent Bessla taremida riira i essperstruntee Sdhvadi laads elRddeatente 1@ 28wHinges

f or 2-i nchsuhStd AIESRIPITALY Uit Dndthe, JBENe, Afe i1y sy @iHd On i s
particul arly advant ageous en it Is desired to forma Wworking |ayer 5 out
of gal lium riuastd@terFganachiin HHE paYort arAMPrdo SEFRAHFAOHL ¢ echni ques

iﬁffer! ng from drlad/\/caz?:fdiﬂh d had dﬁﬁ%ﬂ\@tﬁb ,ntiirprpafiﬂﬂﬁ'%lifr méis;&i ?}e&éﬂarﬁi@r c?lrre
us, 1n prior ar t echnl gues, .a substrate S use e .0 nocrysta I he
Si 17 con car BRSSPI RS Rd, Say & DRI 7R Fhd as a

gr owt N seed didif eremams Kigtydeay erhe Howenner]l, estpemdileen werddi figrileaytesr afs used
to formlight-em{t] d] 0 , J |_j i) i or
sapphire suB:gloer ?erﬁfr%%%heasﬁﬁé#ﬁ%t?%%&;eg&%é 1?3{%%1%(%%@ t:Cinqgn‘nner to
control the ppppiantoriiafeadas twharnlsaishtdidiferanne éaadscttion of the |ight

emtted by theads ofrid e dISRA Ry NelYSCHd NGB dRE &0 Sltfen |3t the
present case, a first support can be selected that is suitable for the
deposi tion d5&%# itéh, sStEtEEEth &L S iy e r ddBer ddt CRIPESRTH A second

supporis can i $9eadiad eMpalbich fddd i afdy dihetd reippBipaidt disibeen
renoved that is suitable far, achieving better control qver the
bove. ment 1 6N SRS R I TR R Pt ‘01 IRt al 1 ne
silicon carBiader.andicietar a dressererexient tfe sappmale exgranseipensi ve and
O b o SRS SO T SoEe GRS £ SRR, 5, Lo o
from a singlless ydiaat 0 thusinaskithe iqogfdsigiagnt f ddiee worsingptliaiens a
20 It should be observed that the seed layer is
suitable for adapting to the thermal expansions imposed
by the support and/or the working layer. For this
purpose, the seed layer is of a thickness that is small
enough to enable it to be deformable so as to follow the
25 dimensional variations due to thermal expansion of the
support and/or of the working layer. This thickness
depends on the material constituting the seed layer and
on the respective materials of the support and of the
working layer. Typically, for a silicon carbide support
30 having thickness of 300 microns (um) and a gallium
nitride working layer having thickness of several
microns, a monocrystalline silicon carbide seed layer
should have thickness that is less than 0.5 um, and that
is preferably less than 1000 angstroms (A).
35 Advantageously, the material constituting the seed
layer also presents lattice parameters such that the
working layer can be grown epitaxially on the seed layer



20 material that can be expensive. Furthernore, the invention nakes it
possitble to use a seed |ayer which is constituted by a material that is
easier to obtain in large dianeters than is nonocrystalline silicon
carbide, for exanple. 25 Furthernore, sapphire is an electrical insulator,
so if it is retained in the formof a solid support, then it becones
necessary for any el ectrodes needed for the intended application of the

wor ki ng | agg«ittrp &%bJ{Qfda/did:]gds siaf leinél %mqlg/\%[ésie&g dta)éfrcd%c&?{tfrat}/ﬂﬁrfh_ caln
give rise rohl.ens of, avai e space (for.ex e wo el ectrica
contacts aréﬁ%§4%§rﬁﬁﬁpdﬁﬂécﬁgont ?%d%,r?Q%.S%hlfﬁgng?e%h§u?¥5cﬁn%Ysthe
wor ki ng | ayédrgw thhedrficami i sorchedeas d®i glosetdatah thy dedaratelrsg e t he
properties j : m e r ki ng

| ayer and th%%%’%{o% I Zélsr.{cf(rz‘)a'{lo"zlglr}Lje"&rdlergsl{l!39ebgD tg{)?/égt{ea%ugs%eﬁ ,lsag'a%]{]ieacﬁt?arl y
when t e sudpsr tthies warkiinmtlayer8 with the possibility of being recycled,
thus meking it pagsilye 40 didnpdal e 8 drawkacks Jthidangd apve. | n ot her
prior art techniques, "attenpts have been nmade to deposit galliumnitride
directly on SiFY AT TR USRS Ghfddd SFRmsthAR Lﬁ%egéﬁ%%‘teé“b‘% on

i ndihu_m gal | aiﬁ.vdﬂmsérmaﬁé}flrjiadlsgﬁiﬂaiwrﬁ_ﬁ tsrdidfa]dl%ha?ﬁlert&'e/ena_nd tgosg

t echni ques are .not ture.. In qgthe i.qr art techni ques ,mentioned above, a
wor ki ng | ay@fnp(}fe“beé}rﬁaiir}ﬂnetrﬁei r"i‘egté“ﬁ%scp etg'}‘? &é'bvoeé] &t orr J%d.‘?rlfls st1icon.
Howevelr0, if raltletrisil ifcon titee usedkiasy dasepaort ,as .ae mdternidlckidwruhe t hen
cracking is Qhserv I rKi | _ay G ing in termns
of thernal expanslla%latf %ylt ga:sc\(l)gr)r e trz}?fllnagi ?(rﬁlgct I o%&{%&o%\uvﬁ%n&mkes it
possible firstly to select a seed 15 layer that is suitable for nucleation
and that is sufficiently thin to deformunder the effect of thermnal
stresses, and secondly to select a thick layer that is matched in terns of
thermal expansion to the working |layer which is caused to grow on the seed
| ayer. 20 Advant ageously, the method of the invention includes the

foll owi ng characteristics taken separately or in conbination: at |east one
bondi ng layer is interposed between the seed | ayer and the support, the
adhesion interface 25 involving the or each bonding | ayer; the working

| ayer is constituted by a material taken fromthe list conprising: gallium
nitride, alumnumnitride, and galliumand aluminumnitride (and in genera
manner, sem conductive nitrides having a | arge band gap); 30 ~ the seed

| ayer conprises a nmaterial taken fromthe |ist conprising: sapphire,
silicon carbide, zinc oxide, and {111 silicon; the seed | ayer is selected
to obtain a precise crystal structure and orientation, for exanple to
obtain 35 hexagonal or cubic galliumnitride, or if an Si face or a C face
is selected to deposit the working |layer on a seed |ayer of silicon
car bi de;



9 the 'seed layer is nade of galliumnitride of'very hi gh quality,
having fewer than 106 dislocations per square centineter
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The method of the invention is particularly

advantageous when it is desired to form a working layer

out of gallium nitride.

To do this,

the prior art

proposes various techniques suffering from drawbacks that

the invention makes it possible to overcome.

Thus,

in prior art techniques,

a substrate was used

made of monocrystalline silicon carbide or of sapphire to



under.stood with the help of the acconpanying draw ngs, in which: Figure 1
i.s a diagram showing the steps in an inplenentation of the nmethod in
accordance with the 20 invention; Figure 2 is a diagramof the steps in
anot her inplenentation of the nmethod in accordance with the invention;
Figure 3 is a diagramof the steps in yet another 25 inplenentation of the
nmet hod of the invention; and Figure 4 is a diagrammatic perspective view

of an interm@div@taoa:ummyta wfd;ipd‘murarﬁie@d; |aakgefd$vt1'pfsefeh¥3 fidimndhehat can be
usedlnavarlz( of, the od _of % t|on he msthoq‘i’I fdfthe
our

i nvention i< de l}@geﬁel oW |wt$vt?§:t ai'l Orkl SFEen
particul ar et fregm Ihwfm-@g\utlmlr@r@ﬂoeiesodiﬂﬂwne@ﬂsnﬂgnaamlm

i mpl ement at 'sqri,lcﬁap%fmd@ W‘(;éafg?rﬁrfé %@Jg iRl Hha S 1&‘5&(1% GRPr i Si ng

a working layer 16 35 on see yer per orm ng t foll om ng steps:

fornming a | W&Sl& Caridy ;ﬂ%&@fr%té’rﬁYalmat@%l’é@ EBEHS ndjneap@ﬁlfe%ﬁ a
surface of afseulete skt IR ts 13;Hehfétxt|r%.dtQ.ot?ﬁoTUQll’ﬁCtlQ@l’f[t0 havi ng

t t t f h t I

2 ourface of T ESIpaRt EPE e o Borth iy T ERERS SUE TR ant  ng
atom c speciegs.at Im (téieelpmamhtdemde i @ tﬂi&*stommoenrbsiamm 6 so as to
forma ZO”e %flfggaegf‘eft% 833 ol QR t'en%otrh%h%r%%' %1 A%G! %gjeb gLl into

cont act ; actl ng a see ayer a source raté 6
300, dé@osu t |am)g1 &hatr Idamy ala@ebelamwax@dsurafn@céhe@f at Iveoseed suppert2

correspondi RGrf @ Q%l%%%d’fwh"i%@i‘ri%ssfﬁttedl%f-%% HHPS 1¥stf QuPRgtt he

bondi ng layer 10 and of inplanting the atomc speC|es can be performed in
the order sPéS PEER ISHAYSS thRtarddt et teider fopx aphieyisH dedtetep of

i mpl enent | n@oﬁllttQ‘laSlC SRacites @%ﬁdl@esitq@n%@a@f edetachimgtHegnieed | ayer 2
are 20 descrl in Fren ent No. FR 142, f or__exanpl e._. The steps
of form ng tgllil &ler?grqaé{%ero? fl?né’r?dfyffa& Sy d,c%’yqﬂxy;’l ‘e le, to
form A a | &yerm dfesmmr [ehxines: trratfe riagdphlisien g aaney exdpetntsd vieetamad© fknown to t he
person skil llq.qniitrédt r&qaﬁ{etl:'er, whereas in the present case a seed
layer is used which can be thin and taken from a
substrate which is optionally recyclable or from a single
crystal, thus making it possible to save consumption of a
20 material that can be expensive. Furthermore, the
invention makes it possible to use a seed layer which is
constituted by a material that is easier to obtain in
large diameters than is monocrystalline silicon carbide,
for example.
25 Furthermore, sapphire is an electrical insulator, so
if it is retained in the form of a solid support, then it
becomes necessary for any electrodes needed for the
intended application of the working layer to be provided
solely on the working layer itself, which can give rise
30 to problems of available space (for example if two
electrical contacts are to be made on a front face, i.e.
on the free surface of the working layer).
The invention makes it possible to decorrelate the
properties that are desired for forming a growth seed for
35 the working layer and the properties that are desired for
the support, particularly when the support is eliminated



25 Between steps 200 and 300, the nethod of the invention optionally

i.ncl udes operations of preparing the surface of the seed layer 2 that is to
receive the working | ayer 16. The preparation operations conprise, for
exanpl e, polishing operations, annealinggoperations, 30 snoothing annealing
operations (e. g. under hydrogen), annealing operations for reinforcing the
adhesi ve interface between the bonding |layers 10 and 11, sacrificial

oxi dat i f);' omrtﬁﬁ ithé; o igatliiey fod | e _dl@d"!attir{@i% afaiifey @t ]gi Zﬁd
material), etchin operations, etc is first inplenentation of the

met hod of " t OSSP tsh THE Yk e GnaWRACKS MEntH FERLARYE 10 five | 12
particul ar but nam lduherd myiexamgytes ddhati cares desteanped belvewleen af t er

anot her, w h i N, .whi det achi | S fQr. at_ t.he i.ve
interface p&%\ﬁedgzﬁm%g%el\gg a)@ealr%%me(siuﬁzerl%ﬁiée é‘s?rcﬁzt}gg%élf tsé)rlq&?rr%eléué 5
Tabl e 2 bel ovirtsuidieardr; gsidsesingire siagfdymetvar igalld atieatorace simidiaid e for use in

i npl ement i ng R fd 1 SFHvaHQ}eex’TE'!stdit:ﬂ&”%ﬂQ_?&Irﬂ bed Akrve o A WOTHING
| ayer Seed | ayer 2Bondi ngSupport 1216(typicallylayers 10, I1(typicallyl000 A
t hi ck) (t ypi CRISEBEE RIS P RTHIMIOUEEN or Al N or Mono Si CSi Oz or

Si 3N|4Po| y SiC or ,@Nrﬁaj‘ﬂmﬂ@mdii Gy %d}hﬁi@’ue@i GRAANeRl ivedt ker poly ALN
or poly GaNGaN or, or{111 Si Si.02 or .Si 3NAP i C orAl GaN . orymono Si C

or CaThN of SORIISh AT S SRt IR B fey HESRGAG SR o

or Sapphii r eSi{02 1gr =Sil3NtRol y Heivewardl GaN {arirone iSiiCcor G nideat & Gsapphire
oror otherp or.pql y . r i : | y. . Si C
or Al GaN orrmr%bﬁélj%’quGa 'nﬁggrm%%&oéfpp 1'r gﬂﬁgﬁérﬁ%ﬂ%% ,&w};eo ylrbaN

13 &N or Al'-!heom orasted? hsycalisENGQHo IpP R @akcAli@eN oy [HezasBmio Si C

or Gal nN or SiHeSaRANILG M lorP! hehPAHae AN 101y fAaNdiiddie ahpuve table, as

in the tables belaow, the term"nono" is used _to nmean "nonocrystalline" and
the term " pdiyentd s MpKEE idaPoSsoiRAG szt ivhde spleeiviEerd n t he
exanplies cor rnesgandimng tie tdig ddbls foawmic1EYion? arl Wordd nigs | ayer 16 is

11 con 10 GG rSerian 1 St s ne s siest o Broe Bpport 12,
wi t h bondi ngtrasees , 1G@ehderbrofl ysida cmlecdr b ddnilodd Ngryien erlEdseds bet ween
the SUpportn%%dﬂgatfHBE§¥H§l&ﬁ“ﬁhé%mal expansion to the working

layer which is caused to grow on the seed layer.

20 Advantageously, the method of the invention includes
the following characteristics taken separately or in
combination:

- at least one bonding layer is interposed between
the seed layer and the support, the adhesion interface

25 involving the or each bonding layer;

the working layer is constituted by a material
taken from the list comprising: gallium nitride, aluminum
nitride, and gallium and aluminum nitride (and in general
manner, semiconductive nitrides having a large band gap) ;

30 - the seed layer comprises a material taken from the
list comprising: sapphire, silicon carbide, zinc oxide,
and {111} silicon;

- the seed layer is selected to obtain a precise
crystal structure and orientation, for example to obtain

35 hexagonal or cubic gallium nitride, or if an Si face or a
C face is selected to deposit the working layer on a seed

layer of silicon carbide;



By way' of exanple, the seed layer 2 is 1000 A thick. 15 The support 12 is
300 ~.mthick, for exanple. The structure constituted by the stack of the
seed | ayer 2 of nonocrystalline silicon carbide, the two bonding |ayers 10
and 11 of silicon oxide, and the supporte 12 of polycrystalline silicon
carbide is made by 20 a layer transfer nethod known to the person skilled
inthe art (e. g. see an application of the Smart-Cut nmethod in French
patent No. FR 2 68thé72pedTRiaywar Hisngalkdeyef galddmmbeinadeeby fclvemycal

vapor deposition b i g er, re m, cal 3 pasi.tion
(HTCVD) , by%ﬁ?‘g\é?t%éi'%r‘ E@;?tvﬁgig’r if%g%€a6%? %p%iﬁ’sedﬁé%??%?g?‘(’ﬂépé% see
for exanpl e sQN@rg¢ocemsimeteGaNebdl k gadBdumands ritgle G@Nabal%%bWED@eand LDs",

by O Oda ekrilaxiBlyIatrehdl: ovelrgrib@tn N@ro&§0t Rhnauez000), or ot her
equi val ent techniques. 30 The use™of silicon oxide for the bonding |ayer 10

makes Pt easier tothekEUPROTSe SPTPHIEL S 3 FEFeEHE s faied LIPS tie 6. The
pl anari zed QQ@QSicbn\@fri%iih?QOT&n@ﬂp(ﬂ@us rhteaked d,t peaseirlst alla ield mi nate

surface irrequl arities and to performa polishing step, a planarizing step,
a cl eani ng g’%gﬁ,rlzi‘tl@he i S IREEFSAaMP5F 445 and a step of bonding said
silicon oxi de ont-o tihee ssippicatn coxipate sefs Bheab erdradi tgkeay droiil ther med on

t he support 112 .uUs] ti I S r to inplenent. By
way of exan&%é} ?%ﬂggg%a%gﬂbEﬁﬁ?ﬁﬁaﬁgeg%g%%bsgﬁg%f% ?gﬁgaﬁeﬁicron thick. 10
EXAMPLR 2 | monigicy yekanpliae sdddwerr owrdidehore lysayerald isyer wdtgiauns

provided thafi ti§ RIUipBhRA, R 10NMe Shibidmha thideXceplg that the seed
| ayer 2 of silicon carhide’is _replacéd by a_ seed Iayenﬁﬁkof {111} silicon.

15 The t hi cRRBOSTYE tedd 1ne1 SR ldilume 5 tird Gy deeridd W Mii8 ed to I ess than
3000 A so agdnzeditalltd onl difo ddddplcaniioheut(gHeatdmngHan tilve /they mal
expansion that wll_,take Iace dur.i n?)tftr% vari ous %ﬁner atii ons_nent.i.one

hi

I .oned
above. 20 EXAMPLE 3%h 6§ 1&¥shorie § PN RE AoV R )
structlér e | ssmide tshigipors ;equi val ent to that of Exanples 1 and 2, except

that the seed | ayer, [ f htle. pRYY j ”gﬁc&rj_}é r, materi al
that is known for ;):élr%mst%te:aﬁ%i oéds%g%é‘rf? cgf%%ggl%l !%?rh{r%étr%] e. E;'%AewPLE 4

by dissociating e seed layer from the source substrate
at a pre-weakened zone;
the seed layer is taken from a source substrate

20 assembled to the support and then eroded via its free
face so as to obtain a seed layer of desired thickness
(for this purpose it is pogsible to use a technique taken
from the technique used for obtaining substrates and of
the type known in the art as bond and etch back silicon

25 on insulator (BESOI));

the pre-weakened zone is made by implanting atomic

species in the source substrate at a depth which
corresponds to the thickness of the seed layer (ignoring
finishing steps); and

30 - the seed layer is dissociated from the source
substrate at least in part by an operation taken from the
list comprising: heat treatment, applying mechanical
stresses, and chemical etching, or a combination of at
least two of these operations.

35 Above and in the remainder of this document, "atomic
implantation" is used to cover any bombardment using

atomic or ionic species and suitable for introducing



I'n thi's exanple (fourth row of the above table) a 30 structure is nade that
i.s equivalent to that of Exanples 1 to 3, except that the seed layer 2 is
made of nonocrystalline galliumnitride. EXAMPLE 5 35 I n this exanple
(fifth row of the above table), a structore is made that is equivalent to

t hat of 15 Exanples 1 to 4, except that the seed |layer 2 is nmade of
neodym um gal l ate or of lithiumgallate. Nunmerous variants of the above

exanpl es caahbgeSspawhéageﬂtoTaumatbbeagibbca@ exi dehiievena of the bonding
| ayers 10 and_11, or the silicon oxi ggFgg goth.bondrngHga%Frs 10.,and 11 can
X

be replaced089c§gﬁ§a8fﬂgrmﬁﬁf@PWaP RAF&<8i e FEddalsi 3ng) .
Thi s mat eri ahidamak@muint hetiagdslitghéedt enpar deteeminkdn depitiicon oxrde Thi s

advant age | $eRaELLEULR! LieadXARLagEAUR.RLRE CORLeXL R cOBL MLing

deposition o € wor | ayer Inorder to forma nonocrystalline |ayer
of goo8 quaPregige ﬁﬁéeédtﬁﬁéﬁcﬁﬂ ioteesheemateriindr wish energate of

deposi tion. dlét§hbh€@8 akbﬁhdeaahﬁﬁlﬂﬁﬁ thﬁt@ﬁ!é”%@@%léh ks eng or even
|un1|nto he support 12. not her vari ant

avoi di ng diffusion %e g L

of this firsPPLAPFEReAtal SntFeFHé nBFHB& 8P iRa Pﬁ@@hﬂﬂ@ anERE wlr ki ng

| ayer 16 of pgakhmhautimheikida umpnantaaedebw a whekicegm apeomic ofr 20

aluntnuntnrtrrde of srlhcon ca r g an_allo of alumnuman%%jl raqallrum
r

and al | oy of gaFllﬁ “and i ndi um- o s@eanoFHer gonpouﬁg?lfhe Ki'ng | ayer
16 of 1§al | i am mpileicdéarafioaimsoolempdpladed by aomikt iolrayentgiadudtoome

constituting,a éﬁh@%ﬁ 9f ¢ éﬁﬁ?hét?kntB? QQEEEQEEE'%EbQE o dF??%%bﬂ%@‘”'tr'de

galliumand ndiumnitri ypes, poss havi ng erent ki nds of
dopi ng, etclnlhoyéﬁ @rh@euraaﬂaﬁp§m t he polycrystalllne silicon carbide

support 12 is re@tﬁéﬂdasﬁefmgoc&ﬁb@lﬂsl NGngl ba@artt@@talal de e particul ar

when the support 12 can_be 30 recycl ed i 0 sapphi re,
et vt ol EPREnL] Gae RO A e REPEGE. B8 ToarIER. the Foqdeyint Grtandidie A ter

grow ng thedeerkipgibayeandbrhthénsveppabh W21ﬂ5aﬂemohedbemm&&1bly after
el nf orci ngubhe, SLERA! Hierakia R9Le, CMIBLE JREERIAN L0t BURRLEONS 0

strength, by reans o sore o support rect a hésron or
by form ng whiidhet her support by depositing |t on the wor ki ng | ayer, etc.

- Figure 1 is a diagram showing the steps in an
implementation of the method in accordance with the

20 invention;

- Figure 2 is a diagram of the steps in another
implementation of the method in accordance with the
invention;

- Figure 3 is a diagram of the steps in yet another

25 implementation of the method of the invention; and

- Figure 4 is a diagrammatic perspective view of an
intermediate support with four seed layers, of the kind
that can be used in a variant of the method of the
invention.

30 The method of the invention is described below in
detailed manner with reference to four particular but
non-limiting implementations thereof.

In a first implementation, shown in Figure 1, a
final substrate 14 is made comprising a working layer 16

35 on a seed layer 2, by performing the following steps:

forming a layer of amorphous material to make a
bonding layer 10 on a surface of a source substrate 6



16 The support 12 nust then be capable not only of w thstanding the
condi ti ons under which the working |layer 16 is grown, but is advantaged by
bei ng suitable for renoval. The techni que selected for withdrawing the 5

i nternedi ate support 12 can determne the naterial selected for
constituting it. If it is to be sacrificed by etching or by mechanical or
chem cal renoval, then the etching and renoval steps and al so the
internediatehaupﬁ@rtolbeibabbbcnuattbeha$1hgwac0mhca3ppaaebble Under 10

‘such C|rcunsta por 12 sho ma r LI,

al umi num ni tfP E %Bgt @ﬁfﬁd I'n %Pﬁ@lpﬁvengagﬁr O?resse su%hxéégﬁég ani cal ,
15 t hermal , oelecsu@§aaelof Basgppprtadﬁatpomaket@noaherub@@duagcause t he
assenbl y tolggg&tlhnto two portions situated on either side of the adhesion
interface er Such circumstances, the support 12 can be nmade of

monocr $stal | i ne $i EMESANGAFSi a6C8iLRcEPREIRS At 220eksnaRed SFBtEaf e

reused. In @net Belrvar saBktrakke @r s0HB @b fhemcampenentg @akheswor ki ng
| ayer 16 are nade either before or after renoving the support 12. In a

second i npl &fent ati on of the nethod of the 25 invention, as shown in Figure
2, a structure i s made @&ttnnghehbibshdﬁmgléayetatﬂ@nanﬁ tthe imebhod of the
|nvent|on as gggg%lbed above, the structure conprising a working | ayer 16
on a seed Iay i"tself on a support 12 with bonding layers 10 and Z1

i nter p@sed bet ween20Re detdcddngapersezdandyelie2sdppdr 8 BRUrTRen, in

accordance wibBtt-heePkes8at thapkepenbat LRRknaskhisCk shayer 4 is dep05|ted on
the free surface of the working |ayer 16 and_the support 12 is rennved

possi bl y toget her #0n CRECS&EANTafeOrkinge laNrek Loapsr the B¥FE8C ves in

particul ar b@ themsaeddlayepont chetebhondahli fe kayezohe, oFf Wekkikessupport
12 has been_renoved. 17 Table 3 bel ow summari zes exanpl es of materials
that can be“used in the context of this second inplenentation of the nethod
of thasinventi onThe Bakbpe 3fWivkmigg a&yer bb68sag [layer 10 and of

implanting the atomic species can be performed in the
order specified above or in another order.

Examples of the step of implementing atomic species
and the step 200 of detaching the seed layer 2 are

20 described in French patent No. FR 2 681 472, for example.

The steps of forming the bonding layers 10 and 11
correspond, by way of example, to forming a layer of
amorphous material using any of the methods known to the
person skilled in the art.

25 Between steps 200 and 300, the method of the
invention optionally includes operations of preparing the
surface of the seed layer 2 that is to receive the
working layer 16. The preparation operations comprise,
for example, polishing operations, annealing operations,

30 smoothing annealing operations (e.g. under hydrogen),
annealing operations for reinforcing the adhesive
interface between the bonding layers 10 and 11,
sacrificial oxidation operations (oxidation followed by
elimination of the oxidized material), etching

35 operations, etc.

This first implementation of the method of the

invention is described in detail with reference to five



2Bondi'ng | ayers 10, 11Support 12Thick |ayer 4GaN or ALN{111} Si Si Oz or Poly
Si CDi anond oror Al GaNor nmonoSi 3Ndor pol ypoly Si Cor Gal nNSi C or GaNA1N or or
GaN oror Si C ororsapphireAlN or ot her sapphi reor nonoboronor NdGa02Si C
ornitride oror LiGa3poly GaNnetal (copperf EXAMPLE 6 In this exanple, a seed
| ayer 2 of nonocrystalline {111} silicon is nmade on a pol ycrystalline
silicon 10 carbide support 12 with silicon oxide bonding |ayers 10 and 11
bet ween t hemparFhisngdaln druta neor-Kiing tiage expdpdfeantinedr yetealdsawrided i um
nitride is denosted O AM.a LA %dr@/um A iof Ivgiﬁﬁp%ﬂa% gRpsi ted

on the free face of the monocrystal’line of the worKing 15
| ayer 16. THér @amiarmack atedha ﬁﬁ’@essclrvlfctmt@nfe%mr@aeé&q 1 rtasfent

sui tabl e forexdeiAdy n@ i RseHaA eFtsd tHxegh1RY o, he wor ki ng | ayer 16

fromthe assenbl nstj ted b the su ort and e seed Iay 2 Thi s
Lroat neht 20 compARass 145 o Brarhd? e dRISTA L At
stresses tomwmmmamnsd arbem@ri@nmnrang adheorf igigther si de of the
adhesi on i nty t he advantage of naking it
possible to uéjelaeg[%glt}-gml%n ose suﬁbé%e that is to 25 receive the seed

llayer 2 is poorly finished, but once the working layer 16 of GaN has been
formed by V|r1fa¢51% of the 18 seed Iayer 2 of {111} silicon, it is possible

to make a fiomat—support—(ithethrcktayer14)—for—tte wurkTﬂngaYET—Tﬁ_Tfat
has proper t]i ¥Rt B eH |uSerd 4averwer ki ng BeRdInd 6 (ijn BNPPOEAsd?2 wilt h
di armnd_, it ihs thesgé)Od_ 5 ththllc;égug-uct i VAerainch el ect{r i qagyp'l@%gllgrti ng
properties(that are desiré or .m gr ve .appli catfi it ils
al so possihle to ensure a djr%(ﬁo %}Jatrl?ﬁ)( \Q?"XP@! ggh f(ﬂi ‘f‘ﬁqinliil?]é&/er 4
and the wonking | ayer 16, to obtain be1 tem tﬁerad:k)co duction. 10 Thi|s
exanpl e can [l u ous e S. the se lfaygr, 2 (111
silicon caﬁ %%?P%pflglcl\gaon%y 8cry§ tzgi'l i reg5| Bi con§c§\rﬂb| delg s}ép% i re],C
neodym um dal | &l&aNopzxl it hi um gal l ate; the bondi ng | ayerls monandi@lonf
silicon oxildg.6aRn Re gg@l gced by silicon |15 nitride; thé pé’é ﬁyféaéii rJ
silicon canbide support 12 can be repl aced by nnnocrysti Ine silicon
carbi de or |by S&pPRFFE, and the thick layer 4 of dianond RAHAEPECHd by

pol ycrystal{l i ne silicon carbide, by poI ycrysLaI l'ine gel I}i ump@iltyr e (el g.

deposi ted by HVP 0 Dor n_nitride, [or .0y a nertal guch per etc.
(e. g, depcsci"all‘eoo’gis?"é‘I ver toytel edt FdPysP¥)SiaNe | Po y §i€'s

e

AlGaN or mono SiC or
GaInN or SiC sapphire or
or other poly AlN or
poly GaN
GaN or AIN or Sapphire 8i0, or Si;N, Poly S8iC or
AlGaN or mono SiC or
GaInN or SiC sapphire or
or other poly AlIN or
poly GaN
GaN or AlN or Mono GaN 8i0, or Si;N, Poly 8iC or
AlGaN or mono SiC or
GaInN or SiC sapphire or
or other poly AlN or

poly GaN




It should be observed that the thickness properties of the thick |ayer 4
can be of inportance, for exanple when it is desired to make el ectri cal
contact with the 25 rear face of the final substrate 14 or when it is
éssential to be able to evacuate the heaB generated by conponents made on
t he working layer 16, or indeed when it is desired to inprove extraction
and control—of light enill£mLigL4L4ﬂ4nhL{u_£L44ﬁmu_JmuhLiJLii&LJMu¢4Jgh
| ayer 30 16.cdn &dlALN hen |be Madeostcrod thgtiol her psopgr fi eBobel S0 este f gr
the thick llayer 1% &r%vi de |a deg{}‘;eoof freedomin substrate Ofabrélc?tci)ron
met hods t hgt i &L58M Péul arfly a r‘?tégeoui when maki ng sgbs‘?rr}ﬁes or
optics, el dcGedmNcor Sptodl ectronics, et¢. It is also 35 pozsphieeteradd a
degree of flreedgm.psubstirate fabricati¢n nmethods by pmm%§&?gAﬂmqﬁgr?tion
steps (knowyn in thenselveg to the person|skilled in thefar n order 19
to enable tlhe thick layer |4 to be subsequently separated fr@&¥h&3Nor kilng

| ayer 16. Simlarly, these variants can be transposed to situations in

whi ch a working layer 16 is nade of 5 alum numnitride, of silicon carbide,
an alloy of al urrilﬁﬁrﬁk?ndihj%’lq iWRRlr & ot & CGRIGH RS st id T ™hraki ng

t he wor ki ng "ngyes* 1is aifedft galddrlMmidinddg&tas 1desor idhed taleovernThe gal | i um
nitride morKjQ%_ha%?r 16(fqp al so he qtn%ltkjgteksﬂerture stacking | ayers
of the 10 galq Pm mi® e S IRAUmES ST dE e etype, possibly with

dopi ng Sof different kinds, etc. In a third inplenentation of the nethod of

t he inventiwﬁgg\/\n in Figure 3, a structure is made in which the thick

| ayer 4 is deposited after the working 15 |ayer 16 and the seed | ayer 2
have been separ atléd theom¥ampl e samraspmiding $dde idaptassive afi t h

reference _tOEatkhL% SﬁC%%dﬁMr@r&@y@ﬂ an afg Fntaaei 'Bfe@élqri;umThﬁttﬂ.idé( drayer 4
can then either be deposited on the sane side as the free face of the

wor ki ng | ayér SB8brlaSe 3 CFE iftas Ryp syt aldd nea i G as t he
seed llayer Zamitdeer iarsesldl rseedlayayst aArl joe thid e esgxbidleng face of
t he wor ki ng er ~ 1T the.seed |layer 2 i9 re eit her, together with
t he support Ej'11§§i30(3rm:a}1f 2e‘r “flhtgl sﬁ?ﬁ%ﬂf K %@er?%%re'r%véb. sf&llc‘ﬁ%'thi rd

i npl enent at icrhyfde Heeimst Howt eofoadedl ibereearotties sdpitbd® Faldbvwhe t h
reference tqddy egwxanpl es. The materials used in the context of these
three exanples are sunmarized in Table 4, and they correspond, 3Q tq the
materials of TablBY ay ofp epsmid &4 the seed layer 2 is 1000 A thick.

15 The support 12 is 300 um thick, for example.

The structure constituted by the stack of the seed
layer 2 of monocrystalline silicon carbide, the two
bonding layers 10 and 11 of silicon oxide, and the
support 12 of polycrystalline silicon carbide is made by

20 a layer transfer method known to the person skilled in
the art (e.g. see an application of the Smart-cut® method
in French patent No. FR 2 681 472).

The working layer 16 can be made by chemical vapor

deposition (CVD), by high temperature chemical vapor

25 deposition (HTCVD), by MOCVD, by MBE, or by hydride vapor
phase epitaxy (HVPE), see for example the documents "GaN
bulk substrates for GaN-based LEDs and LDs", by O. Oda
et al., Phys. Stat. Sol. (a), No. 180, p. 51 (2000), or
other equivalent techniques.

30 The use of gilicon oxide for the bonding layer 10
makes it easier to take the seed layer 2 from the source
substrate 6. The planarized deposit of silicon oxide



Wor ki.ngSeed | ayer Bondi ngSupport 12Thi ckl ayer 162l ayersl ayer 410, 11GaN or
ALNVbno Si CSi 02 or Mono Si CAIN or GaNor Al GaNor {111Si 3Ndor pol yor pol yor
Gal nNSi or Si C or Si C oror Si Csapphirepoly ALNdi anond oror GaN

or or bor onNdGa02 orsapphirenitride orLi Gi83or pol ynet al GaGNGaN or A1NVbno

Si CSi 02 orMono Si CAIN or GaNor Al GaNor {111} Si 3N~or pol yor polyor Gal nNS
orSi C orSi C oror Si Csapphire +poly ALNdi anond or et chi ngor bor onGaN

or sapphi r enimakiege i¢r Kd@sG»ler o pdliyimeskel isCxbask+ iereiulgving eS8 @8id02
orMono Si CPaley el Fa ROGE IAAQIs G hil kPledNAQr HRakKO: z%@rr%@%f, khe GaNSi orSi C
oror boronor tﬁ%,AlhBapp ire +polly ALNnitride oror theetchingornetal Al GaN
or GaN or sap[SHieeEimg GAEPNNGGED2TECErl PorparathenSEEEPGa GRENERAMPLLL | n
this exanpl @drfdimngt 20w @fi1TaRine okhided coitbUehie @i iiconTReE deOF itsieng a
nmonocr staIIin%fsiIicon car.bide seed I%&%r 2. 0n nocr.ystalline silicon
carbi de suppSirg vk Tsilli £5FT6d G2 bORdEREPCATerd HA% 11 bet ween
them in thesammtimmndr tashniamedesbitbedecalkasy ftor ibpdeplemtl.. Byereafter
a working | ocr.yst al i | 4 iLtride d n the
free surfac§%§{c%ﬁEQ%WEﬁ%Bnt%EZ%e%agﬁi%%Egéegl%% eF%21%y .qfﬁe
structure olorg migriom thiiskway is then subjected to treatment suitable for
separating the structure constituted by the seed | ayer 2 and the worKking

| ayer 16 from.the support 12. This 5 provides firstly a structure

const it%t ed BRI i um nitri de working | ayer 16 covered in a seed |ayer 2
of rmln_ocr ys;\al |hl rIEl lS:jHiig:@Z{a(ﬁ?ﬂ@ Fk@;,eo@ii\ﬂ l&lo_'i\UmIO!‘a}b_oifé ttjmg)z ra_eadyhf or
recycling. t hi ay.er of. ryst.al line_silicon carhideds then
deposi ted bftﬁ\yﬁ%@ﬁet He ?Eé’dlﬁ% 28 ?ﬁ@lmg&%ysttoaﬁ:ﬂahte Osﬁ: licon

car bi de suppbrampl2 ils excaptvdhatexpensioed, loyern 2 tife gildsm exanple it

is recycled iJml.e fi f i t sequent
occasi gn. 1%@88?%%13%%2& erggtg%%ﬁeqf egg_r%d%\rfg\r;{vl()lﬁr}T%lgL%}pof qt hi s
t hi r d Z5pl enment atliben téfi ckmessecfodher {1Hd }i middcosn 1s meef@mabdt ucture is

made as in BXaRe o Rdsd Rea3£8B 020 Al aeas? tof SHRIME Yt &ld idapd | i con
carbide is wthdrawn, ek%glby pl asma _etching, priaor to form ng the thick
%i49 ﬁr”;igt

layer 4 of POHSFYsIHAS CRBT. CERAMSLETY RY her
exanpl e of tHiaxd Riurd ngmhenerirdicduen opfe raltd omet fethtdforidie abowent i on (third
row of Table 4), a structure is made as in Exanple 8, except that not only
is the seed | ayer 2 of nonocrystalline silicon carbide renoved, but so al so
is a PEérti oEXMMALEe 3nor king | ayer 16 30 of galliumnitride so as to

conserve a wor ki ng, lgyes el{%n‘%h%t RHRFRNowA D @HLRIRRLS tabRSsidl e. |t
can be observed that the seed | ayer, 2 of nonocrystalline silicon carbide or

t he wor ki ng St&P&GEURS dff MRese Bidttallls feugaialiamh i bGhé¢ & be subjected to
35 various aHdiniglewll eehngl egicedt IS thid Gedd 1R8id1g 5 Ul eridd dfo
deposition of the thick layer 4, these steps seeking to provide sonme or all
of the el ectPERETe:

25 Sapphire is another material that is known for

permitting good epitaxy of gallium nitride.

EXAMPLE 4
In this example (fourth row of the above table) a
30 gstructure is made that is equivalent to that of
Examples 1 to 3, except that the seed layer 2 is made of
monocrystalline gallium nitride.

EXAMPLE 5
35 In this example (fifth row of the above table), a
structure is made that is equivalent to that of



22 conponents, or conprising making uniformdeposits of additional fil ns,
either epitaxially or otherwise. It should al so be observed that the
polarity of the seed layer 2 of nonocrystalline silicon carbide (Si face 5
or Cface) and the polarity of the workilmg | ayer 16 of galliumnitride can
be determined by the polarity selected for the initial source substrate 6.
The nmet hod of the invention optionally includes at |east one double
transfer enBRhmpyepollatot ¥, t exbepthiohgedthei seedvibayeid (2 Signithade yof t hese
“exanpl es caﬂeggyﬁgags$8§fgt%ooéi5§aiigg uh ey . 1 n accordance with the
invention, a working Fayer 16 1s nade 0O al%n1nun1hitride, of silicon
carbide, of alum numand galliumalloy, of indiumand galliumalloy, or of

sone ot her conpoifiderbist $afi 2ht 450 FBKhBJabHFe OR&hPTes a¥ySH BE out of
galliumnitride as descri bed above. The galliumnitride working |ayer 16

can al So be®BVHEREPFayer structure conprising a stack of |ayers of the
galliumnitride, TRLEM BHE BilitdR, oriGe iNpPESe ©Pttlaaabdydinhghlayéier ent

ki nds of dopjn etc. 20 The seed |ayer.2 can be de of {1 iljcon or
5t "anponi  o2brdna®hE, (5 ThE SFFLebR Ehide PR oS rdind ket L0 %
bei ng made efidnmbhocaysbel kepbasedi bpnscme boteer Thetsuppbrt£d2 can be nade
of po'ycryséﬁh&gpgié?l%FBhPHBtQ?&Q'Q§iﬁ%)Qf &ﬂ&£0ﬁ§%g§hgun%a§!"con nitride

or of polycryst ne alum numnitride of of sapphire or of polycrystalline
gal | i 4k ni tVigBstppdt Bagher B@mﬁ@rﬁﬁﬂée%fth@ﬁo%%gs@%ml@%édgiIi@ #Scar bi de.

The t hi ck |éM@énéagéniBepaﬁéchia?P§YQaV§ﬁ@é &H8s af HMEREMEBht &kt Of
di anond, 30 or .of boron nitride stead of

i r ;o eing made of,gol¥gr%stalline
silicon carBPEEMPANEHEEPEET ERORNBF ehBRt WPF P9 12¥RT nkbhdld BFdeheto
i nvention, 8osinrdcinoheckgstalitine layéheofbgyed exaapieg, oextr@gedihat no
internedi ate, Layers. 10 and 1 re.mde. 35 _ For e ayer 2 1is
t aken fron1gh§§u§éelgu g??ﬁ é goo%nfi%ifgsF ?c%%?ggﬁg ?%8%§§§%%+éd wth a
pol yci§st al Bihécenl hébnidar blde bappbhe advantageeef limBtad@eston (e. g.

as describerEH_&OéiﬁﬁﬁgeQEEQuEﬂBh gEn éii?ﬂﬁ)inE@eﬁﬁéféﬁbpoPBelﬁf the

e
t echni ques nmentioned above Is used to deposit a working layer 16 of gallium
nitride on the s&BdYPhydrobher WakipBhsO6t Hatsvhitaht sMpseppptation

above- descrppedhknpkeReat aki ens taRent s6nhecraVisAMEAgW Sheyt 1gobRg beyond
the anbit OéaiTﬁuh”XEQEESQ'is replaced by a working layer 16 of
20 aluminum nitride, of silicon carbide, an alloy of
aluminum and of gallium, and alloy of gallium and indium,
or some other compound. The working layer 16 of gallium
nitride can also be replaced by a multilayer structure
constituting a stack of layers of the gallium nitride,
25 aluminum nitride, gallium and indium nitride, etc. types,
possibly having different kinds of doping, etc.

In yet other variants, the polycrystalline silicon
carbide support 12 is replaced by monocrystalline silicon
carbide (in particular when the support 12 can be

30 recycled as mentioned below), sapphire, polycrystalline
aluminum nitride, or polycrystalline gallium nitride.

After growing the working layer 16, the support 12
is removed, possibly after reinforcing the structure as a
whole, where necessary for questions of strength, by

35 means of some other support either by direct adhesion, or
by forming said other support by depositing it on the

working layer, etc.



For exanpl e, the operations described in different exanples of the
i.npl'ementati ons of the nethod of the 10 invention can be conbined wth one
anot her. As shown in Figure 4, one variant consists in perform ng batch
treatnment on the seed layers 2 prior tojgepositing the working |ayer 16.
Under such circunstances, the seed |ayers 2 are fixed on a comnmon 15
support 12 of large size. The shape of this commobn support 12 can be

arbitrary (circulmje s{uﬁﬁcﬁ:!%gliba?nus@:t &hen YademphBaee nohl eWNBt @Fces, the
seed | ayers g‘é%lan be identical ar they can be |,ffer%g}. EaGh of the seed
20 layers 2 “&dra&ndifite dhed cogdd tdamisr ApdegpatdCitoh N WeEtdoR HgYeke seed

| ayer from tige isuppemn,ldutByY sveyivehtexadp s, beitigceminabiepgert 12 can be

a plate of palycrystalline sili.con carhide cavered. in_an.oxi of silicon.
25" Advant agBaTE o aHe Farny i SR aeE Bl B s e AR g | ayer 16
of eaclh of timtermeidded cassepgirites 2pidaar deg etrivd nepéihat imaiesdeli ng to det ach
Lhe wor ki ng Jeael 25 S0 IoontR ey Seed 113V aRs 12 HRomel Rechupiery 12, 30
Each common support 12 is recycled. 7In another variant of _the nmethod of the
invention, e S¥&ERS & RyoRachiang c@dpesi Chemisrlt Femeadl [Capsy theare
optim zed setahily FRIE r@dndiia0K drayRy ohd Ralsd thEPNSEEYSledilitRe. 35 Even if
t he nonocrystalline thick Hﬂyer 4 i s not _of best uall%y“ i.ts qg@*ﬁ%y can
nevert hel esSURRCHS ficithfel T WSt BeuRs Je¥ 0515 &5t POFSiBiTene ery

hi gh aroyst alsuginalditryunes traeepgisr, e ¢ henlsyipairtt he whokilidg beayarkdel @£ The net hod
of the inve%toilg;&gj};éﬁ%%rltiinceul rdn&nlqlqlv%qt&q«a%us when single crystals cannot
I t I

be grown (a € case of galltummnitride) or when they are difficult
to grow (as is the case for silicon carbide). In other variants, the
descripti on@%\éq,_iq@n be transposed to growing a working | ayer out of other
sem conductor materials, such as indium phosphide, 10 gallium arseni de,

ger mani um siIicdﬁ¥§@ﬁm%MWﬂﬁt%9ﬂ1,SQﬁeﬁﬁﬁﬁeéﬁq@tﬁérmﬁéiﬁﬁ%ﬂaéfsuch as

l'i thi um ni olkdeamaln Qle ARyt atdld, anaserbandiazdg sltayer,s et@ .0mrkl e not

used: o O g ouell axer s vaed L her on Lie Sumnort, 12 oo Lhe
e.g. an i nsumtdinddraydde et when adhesiorkiing drdper .16 and/ or the seed
(o Enee ! bt RIS S B2 e Sl L 50 o
of monocrystalline silicon carbide since it is not
20 consumed and can be reused.
In another wvariant, all or some of the components on
the working layer 16 are made either before or after
removing the support 12.
In a second implementation of the method of the
25 invention, as shown in Figure 2, a structure is made as
in the first implementation of the method of the
invention as described above, the structure comprising a
working layer 16 on a seed layer 2 itself on a support 12
with bonding layers 10 and 11 interposed between the seed
30 layer 2 and the support 12. Then, in accordance with the
present implementation, a thick layer 4 is deposited on
the free surface of the working layer 16 and the support
12 ig removed, possibly together with the seed layer 2.
The thick layer 4 then serves in particular to form a
35 support for the working layer 16, after the support 12
has been removed.
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EXAMPLE 6

In this example, a sgseed layer 2 of monocrystalline

{111} silicon is made on a polycrystalline silicon

carbide support 12 with silicon oxide bonding layers 10

and 11 between them.

Thereafter a working layer 16 of

monocrystalline gallium nitride is deposited by MOCVD and

a thick layer 4 of diamond is deposited on the free face

of the monocrystalline gallium nitride of the working

layer 16.

Thereafter the resulting structure is subjected to

treatment suitable for detaching the assembly constituted

by the working layer 16 from the assembly constituted by

the support 12 and the seed layer 2.

comprises using mechanical,

thermal,

electrostatic,

This treatment

etc.

stresses to cause two portions to become separated on

either side of the adhesion interface.

This example presents the advantage of making it

possible to use a support 12 whose surface that is to

receive the seed layer 2 is poorly finished, but once the

working layer 16 of GaN has been formed by virtue of the



26 (10, 11) is interposed between the seed layer (2) and the support (12),
t.he adhesi on interface involving the or each bonding layer. 5 6/ A nethod
according to any preceding claim characterized by the fact that the

Wwor king layer (16) is nade of galliumnil8ride. 7/ A method according to any
preceding claim 10 characterized by the fact that the seed | ayer (2)
conprises a material taken fromthe list conprising: sapphire, silicon
carbide, zi meaXildgred 21bsi{lliiddn,sidalddnymini tirsi gdessidddy roumagal lkat e, and
l'ithium gall . thod.,acgordi t cedi [

characteri zefg‘tx%yl t]%é)%oaﬁt n&hhg‘t clt@éﬁ{s&%l ort 4?1 rzl%:cél'):r}rrlger ?’gggqggrr%ta?reiral t aken
fromthe |isté ddwdr ilsisn@rapegissusdantad dlos usisicy Gayist alorkdadnat eri al s,
and sintered Jiaheri@l sin 31y AdEt Rad rpetehiiRg tie GlaitRe’ godlaar acteri zed
by the fact that the support (12) conprises a_material taken fromthe |ist
conpri § ng: HRRERAY SRAUGTE ity caie Crasitdd Cato GGG BE oPIete 6T

car bi de, poluety drdd |dd R aldig N intildi@av@n dppaapritiensQ/ afdet hod

Tayer (25 had e M RIGHELA R0 oh Taem FE Yot AR50 11/ A
nmet hod accor]:t:h'mgadm tdrey tpriedediaygrcldaiand der actriirzed ayert e ,f &cig.t hat the
seed |ayer (2) 4% 4:8KeRframa oW $ffate (6) by separating the seed

|l ayer (2) fromthe source substrate “Via a pre 35 weakened zone (8).
27 12/10A net hod &d@tdt dix¥arle dadl MoMPridemamegioufe Vasiake -f act t hat t he

pre-weakened zonerHi ), ichdrededydygy @Uﬂ“@{ﬂtlc}ms%lﬁﬁ‘%ﬁi Qar bd he source
substrate (6) at a depth corresponding to _the thickness of the source

substrate 5 {elacers/Oya MaRAey teddridith §itld cOaicat iy I SRRRRIFE,
char act er i zefedayniiign forQil ddeat drhea isegdind apan ate); ithes eaidned lfayems he

pour e subelyet el G D o cperetian 10 Rken Leandle ) st comprt o 1ot

conbi N&t i on miftwitdd ;eddte tpwd yafrydtedd ioperstliiams) carbide support 12
can be replaced by monocrystalline silicon carbide or by
sapphire; and the thick layer 4 of diamond can be
replaced by polycrystalline silicon carbide, by
polycrystalline gallium nitride (e.g. deposited by HVPE),

20 by boron nitride, or by a metal such as copper, etc.

(e.g. deposited as a thick layer by electrolysis).

It should be observed that the thickness properties
of the thick layer 4 can be of importance, for example
when it is desired to make electrical contact with the

25 rear face of the final substrate 14 or when it is
essential to be able to evacuate the heat generated by
components made on the working layer 16, or indeed when
it is desired to improve extraction and control of light
emitted by a diode or a laser made in the working layer

30 16. It will then be understood that the properties
gelected for the thick layer 4 provide a degree of
freedom in substrate fabrication methods that is
particularly advantageous when making substrates for
optics, electronics, optoelectronics, etc. It is also

35 possible to add a degree of freedom in substrate
fabrication methods by providing preparation steps (known

in themselves to the person skilled in the art) in order



14/ A‘'method according to any preceding claim 15 characterized by the fact
that the working layer (16) is deposited with a thickness of | ess than 10
m crons, and preferably less than 5 mcrons. .AaY.AfNY. A ;E A ;
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] ca] ca] ca] caJca 0%& % () 3 30&10%]& ()-3
[39&109&2&.() 3 YHOER thirdynrpl@mentation PZMEBE0 MetBod0GEIOER' () - 3
+ 30810%N AN g vlehtd R 3G hin3 FY R921Q7& 5 bt 3uct3G1 A% nble in
which the thick layer 4 is deposited after the working
15 layer 16 and the seed layer 2 have been separated,
contrary to that which is described above with reference
to the second implementation of the invention. The thick
layer 4 can then either be deposited on the same side as
the free face of the working layer 16 or else it can be
20 deposited on the same side as the seed layer 2, either on
gaid seed layer 2 or on the corresgponding face of the
working layer 16, if the seed layer 2 is removed either
together with the support 12 or after the support 12 has
been removed.
25 The third implementation of the method of the
invention is described below with reference to three
examples.
The materials used in the context of these three
examples are summarized in Table 4, and they correspond
30 to the materials of Table 3.
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or AlGaN or {111} Si,N, or poly or poly
or GaInN Si or SiC or SiC or
or 8iC sapphire poly AIN diamond or
or GaN or or boron
NdGaO, or sapphire | nitride or
LiGaO, or poly metal
GaN
GaN or AIN | Mono SiC 8io, or Mono SiC | AIN or GaN
or AlGaN or {111} Si,N, or poly or poly
or GaInN Si or S8iC or SiC or
or SicC sapphire + poly AIN diamond or
etching or boron
GaN or sapphire nitride or
NdGaO, or or poly metal
LiGao, GaN
+ etching Monc SiC 8iQ, or Mono SiC Poly SiC
a portion or {111} Si,N, or poly or diamond
of the GaN Si or SiC or or boron
or the AIN | sapphire + poly AIN nitride or
or the etching oxr metal
AlGaN or GaN or sapphire
the GaInN | NdGaO, or or poly
or the SiC LiGao, GaN
EXAMPLE 7
In this example (first row of Table 4), a structure
is made comprising a monocrystalline silicon carbide seed
layer 2 on a monocrystalline silicon carbide support 12
with silicon oxide bonding layers 10 and 11 between them,
in the same manner as that described above for Example 1.
Thereafter, a working layer 16 of monocrystalline gallium
nitride is made on the free surface of the silicon

10
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components, or comprising making uniform deposits of
additional films, either epitaxially or otherwise.

It should also be observed that the polarity of the
seed layer 2 of monocrystalline silicon carbide (Si face
or C face) and the polarity of the working layer 16 of
gallium nitride can be determined by the polarity
selected for the initial source substrate 6. The method
of the invention optionally includes at least one double
transfer enabling polarity to be changed twice over.

Similarly, these examples can be transposed to
situations in which, in accordance with the invention, a
working layer 16 is made of aluminum nitride, of silicon
carbide, of aluminum and gallium alloy, of indium and
gallium alloy, or of some other compound, instead of
making the working layer 16 out of gallium nitride as
described above. The gallium nitride working layer 16
can also be a multilayer structure comprising a stack of
layergs of the gallium nitride, aluminum nitride, etc.
types, optionally with different kinds of doping, etc.

The seed layer 2 can be made of {111} silicon or of
sapphire or of neodymium gallate, or of indium gallate,
etc. instead of being made of monocrystalline silicon
carbide.

The support 12 can be made of polycrystalline
silicon carbide or of polycrystalline silicon nitride or
of polycrystalline aluminum nitride or of sapphire or of
polycrystalline gallium nitride, instead of being made of
monocrystalline silicon carbide. The thick layer 4 can
be made of polycrystalline aluminum nitride, of diamond,
or of boron nitride, instead of being made of
polycrystalline silicon carbide.

In the fourth implementation of the method of the
invention, a structure is made as in the above examples,
except that no intermediate layers 10 and 11 are made.
For example, a seed layer 2 is taken from a source
gubstrate 6 of {111} gilicon, and is assembled with a
polycrystalline silicon carbide support 12 by direct
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adhesion (e.g. as described in the preceding
implementations). Thereafter, one of the techniques
mentioned above is used to deposit a working layer 16 of
gallium nitride on the seed layer 2.

Numerous other variants to the above-described
implementations can also be envisaged without going
beyond the ambit of the invention.

For example, the operations described in different
examples of the implementations of the method of the
invention can be combined with one another.

As shown in Figure 4, one variant consists in
performing batch treatment on the seed layers 2 prior to
depositing the working layer 16. Under such
circumstances, the seed layers 2 are fixed on a common
support 12 of large size.

The shape of this common support 12 can be arbitrary
(circular, rectangular, etc.).

Under these circumstances, the seed layers 2 can be
identical or they can be different. Each of the seed
layers 2 can be subjected to a separate operation of
detaching the sgeed layer from the support 12. By way of
example, the common support 12 can be a plate of
polycrystalline silicon carbide covered in an oxide of
gsilicon,

Advantageously, a stiffening substrate is bonded to
the working layer 16 of each of the various assemblies
prior to the operation seeking to detach the working
layer assembly 16 on the seed layers 2 from the support
12,

Each common support 12 is recycled.

In another variant of the method of the invention,
the parameters governing deposition of the thick layer 4
are optimized so as to make a thick layer 4 that is
monocrystalline.

Even if the monocrystalline thick layer 4 is not of
best quality, its quality can nevertheless be sufficient
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in numerous applications, whenever very high crystal
quality is required only for the working layer 16.

The method of the invention is particularly

advantageous when single crystals cannot be grown (as is
5 the case of gallium nitride) or when they are difficult
to grow (as is the case for silicon carbide) .

In other variants, the description above can be
transposed to growing a working layer out of other
gemiconductor materials, such as indium phosphide,

10 gallium arsenide, germanium, gilicon-germanium, etc., or
indeed other materials such as lithium niobate.

In yet other variants, bonding layers 10 or 11 are
not used, or only one such layer is used (either on the
support 12 or on the seed layer 2).

15 In yet other variants, an intermediate layer is
made, e.g. an insulating layer, between the working layer
16 and/or the seed layer 2 (if it is conserved) and the
support 12 or the thick layer 4 so as to form a substrate
comprising a semiconductor on insulation. By way of

20 example the intermediate layer can be made of diamond, of
fine oxide (500 A thick), etc.
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the working layer.

4/ A method according to claim 3, characterized by the

30 fact that the seed layer (2) possesses crystal lattice
parameters such that the working layer (16) is grown
epitaxially on the seed layer (2) with dislocations in
the working layer (16) being at a concentration of less
than 107/cm?2.

35
5/ A method according to any preceding claim,
characterized by the fact that at least one bonding layer
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9/ A method according to claim 7, characterized by the
fact that the support (12) comprises a material taken
from the list comprising: polycrystalline silicon
carbide, monocrystalline silicon carbide, polycrystalline

25 aluminum nitride, and sapphire.

10/ A method according to any preceding claim,
characterized by the fact that the seed layer (2) has the
same chemical composition as the support (12).

30
11/ A method according to any preceding claim,
characterized by the fact that the seed layer (2) is
taken from a source substrate (6) by separating the seed
layer (2) from the source substrate (6) via a pre-

35 weakened zone (8).
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combination of at 1east two of these operations.

14/ A method according to any preceding claim,
15 characterized by the fact that the working layer (16) is
deposited with a thickness of less than 10 microns, and

preferably less than 5 microns.



