(”TU\N&SEJ déTjti ~, _y~r ' r ~n/m- A METHOD OF FABRI CATI NG A SUBSTRATE, IN
PARTI CULAR FOR OPTI CS) ELECTRONICS) OR OPTCELECTRONI CS) AR A SUBSTRATE

OBTAI NED BY THE METHOD The invention relates to the f hods of
fabricating substrates, 5 in particul ar for optics, \E‘M@Hmm@mmn or
opt oel ectroni cs, and aI SO to substrates obtained by S. Mre
particularly, the substrates can be intended for making m crosystemns)

sensors) | i gk METHODTOF FABRISATING ASBBSARA TIDARUPERRTICTR AR G&IR 72

di scl oses a nethod of fabricating substrates in which a thin |ayer of a

mat eri al i sSOPT¥GST LE6dRONIGS QR QRIOEUEETRONICSHANID A SUBSHRATE  Under
such circunstances) the ope ' ' thin | ayer to the support
is often achi eved by nol ecupﬁﬁgﬁﬁg?g%w}tﬁégrder to obtain a good
adhesi ve i nter f Fpe inventiofUelatss tthesheld f SFethbdd of fabricatilg sabstedtes 0get her
to be prepared speC|aIIy prior to being brought into contact. Such

pr epar & i o géﬂ@u@n 9r eRligsy Elestyopiss, ot o@tﬁgie@ ropiss, ang ﬁ@p tp|$d4b§ﬁra£38ng

physi co 15 bﬁﬁ% [ ﬁp can be
relatively P eng iy an corrp‘?H '@Eé. Q%Bg‘%ﬁggﬁ?r@%&% ?en e
supporti ngfaﬁnakmgmcnosyaemscsewwkIllgahe-errmltmgl@r esler dfodbbeetnnvent ionis to
provi de a net hod of fabrlcatln%l_ia substrate conprising a thin I\aﬁiler on a

support, which Pecumgnt ERs2 §al 86ﬁ1§¢'93343 8 'B@WﬁﬂquﬁéB"QﬂWr\ﬂaﬁ@ftf &h prior
art et nodg QRCE Tyl o ARREEREPRIIEroATEN AL AR RN | o7

this object 1's achieve catl rate conprising a
t hi n hayer acsupposd Under émh@lrcumsme&tmeg)p@ratmwfrbmﬁlmgswmhm layen

o d o B ety Sl et a5 SO
conpr|3|ng or
formng the th rﬁé‘%‘ivJ uﬁH?éQcé‘?l“ u%%bﬁ{e’ %hﬁac@é“ihéthﬁﬁ] lklbé‘%té‘c hi ck

| ayer on the™t epositing nmaterial to form ayer i ch
constitut eskogdibembcharprepﬁredlqnmraﬂy pFioe tuﬂielmgjbcdughhmtommtﬂctonSud\ sinple

L e it SRS Sonrsh A o7 SBETRhe SuBl P kRSt ¢
g't gggrl'csg hngg?ﬁ?ﬁéﬁ&ftmgﬁg gfgglél@g%ﬁbrhgﬂ%te 3é§«e‘ergt .8%"89%‘??%?“ P rélb!wé?} whi ch
lengthy and complex. This applies in particular when the supporting substrate
is polycrystalline.
An object of the invention is to provide a method of fabricating a
substrate comprising a thin layer on a support, which method is significantly
20  simplified compared with prior art methods and can be much less expensive.
According to the invention, this object is achieved by a method of
fabricating a substrate comprising a thin layer carried by a layer constituting a
mechanical support, in particular for optics, electronics, or optoelectronics, the
method comprising the following steps:
25 - detaching a layer of material for forming the thin layer from a source
substrate; and then
- making a thick layer on the thin layer by depositing material to form
the layer which constitutes the mechanical support.
The method of the invention is simple to implement and it enables
30 lengthy and expensive preparation of the surfaces that are to be brought into
contact, such as polishing, planarizing, making intermediate layers, etc. to be

omitted, all of which steps can optionally be replaced merely by etching prior
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)y 2 to formng the thick layer, which formation can advant ageously be
acconpanled by high tenperature treatnent. In particular, in existing
techni ques of transferring a thin layer onto a thick support (and
regardl ess of whether the thin layer is nonocrystalline, 5 polycrystalline)
anor phous) etc.), a thin layer is transferred as a single piece onto a
previously-prepared thick support, |ikew se constituted by a single piece,

whereas in fohegorhdgenthe wanth?@rtmtém'fbkrngﬁmoeanl adisntaBsowtly eeel y on
the thin layer. Thus, inplenen t he met hod of the invention gives rise

to substant&i@qonwm%by beba*am@eratummmetnt possible to onit the | engthy and

nvent on. 1 he et 3R &P WM TRES ol IAREEEREE bl e Bifuec 1y on

the thin | apedk sepgbrt Pand hegaralebs \GIPWhetheP ®5é tthiNlaGéVid mdddea/stallied)
ci rcunst ances, the interface that is obtained between the thin |ayer and

t he support P¢|¥C'M$taﬁ'ﬁ§eﬁﬁ@mh%aﬁtq )y a thin tayeuisalransfered @sna sigle pieseect ri cal

and/ or ther g I rior art
ot hods. | TraMPy s eyl rdoartl bk Subn SRS donblifitdl by 1 fikaB" O 2
el ectrol yti mede,mbereaeﬁn treppresent-nvention thbahtchlsab bryeforged dhapetylon wel | be
formed froma nmaterial that 20 is nolten and/ or viscous or sintered. The

met hod of t#e tiviayer.odhys, implementingthe pethesd ehthe byertion aivrsdisestobst r at es
in which t h&ﬁé?élﬂ{él B4Vin Qeéahu%etlj‘t] rﬁ?ké?i\tﬁ@r&%@ecﬁnﬁﬁh# et gerg)’r(h gy | al's

possessi ng respective C Icients o expansi on an crystal

|att|CQOparexmrrstvestepsoaprepatu@g:euwacesdentical 2 5 The nethod of the
i nvention is al s&’ part i cul Ft adyvant age&gs in the context of naking

conposi te substr Ysith heainyghtien. the dnateral eonstitytingthe %Jnj’or'of a
sem conduct iV ge AEdiRg! kectfghoﬁ‘ tﬁé‘%ﬁt q?%??%fg;ﬁ%‘g é:h@ﬁﬁcdlsvdh%lr I adb'éltﬁ‘}nl I ne,

anor phous) ceram c, ase) etc. nigques, ‘1 n cul ar
certain dep(ﬁsV[D) oldndercmmh circamishariceshthiegintsfacerthbl is dbainéd between the 3 o be
formed at w ost. orm.ng a,thic Ia er. of am)r oys

ol yor yet al AT aud e g & 6 ealint S oin o amewav, a  egms of

monocr yst al élleﬂt?ucél 'ah&/?ﬁ' tﬁéﬁnﬁ‘élf’@ondﬂ% nﬂg ) 3{6@ netélg tHeV8add Aithakes it
possible to form on car bi substrates at a cost that
is | ower thlampnartmmﬂSbe i f the substrate were to be nade conpl etely out

oo ah auall vy SROSEICHIkE 196 oL Sate SRR IR BURINGL IR, dc AT nel o
mat eri al coslatirdlytic dgpddicofsopper.t -

However the thick layer can equally well be formed from a material that

20  is molten and/or viscous or sintered.

The method of the invention is advantageously implemented for
making substrates in which the thin layer and the thick layer are constituted
by materials possessing respective coefficients of thermal expansion and/or
crystal lattice parameters that are close or identical.

25 The method of the invention is also particularly advantageous in the
context of making composite substrates comprising a monocrystalline thin
layer, e.g. of a semiconductive material, on a support substrate that is
polycrystalline, amorphous, ceramic, multiphase, etc. Certain techniques, in
particular certain deposition and/or growth techniques, enable thick layers to

30 be formed at low cost. Thus, forming a thick layer of amorphous or
polycrystaliine silicon carbide, for example, on a thin layer of monocrystalline

silicon carbide, using the method of the invention makes it possible to form



Thus,* when it is desired to nmake substrates at |lower cost, it is possible
in prior art nethods to transfer a thin nonocrystalline |layer onto an

i nexpensi ve support such as a support nade of polycrystalline or anorphous
material. Wen the same idea is transpgsed to the nmethod of the invention,
a thick 10 [ayer of inexpensive material is made on the thin layer of a
mat eri al havi ng hi gh added val ue, however if the thin layer is itself
nonocr yst al §jiigsh chiide tstBstriteskat ayedstvihat i®aowér Biedr @r waurll beyif tthan it
woul d have been if a one-piece |layer of the same material as said thick

| ayer had beuhstratesmerertpele dnade complpiely euleof high nuglily menoarystallingpor t )
i.e. the th'ﬁ$%4&¥§hethat is formed by the nethod of 15 the invention) is a
polycrystal% eh better cohesion and better orientation of the various
grains are obt ai Fgrthesiviohe,nthdahethadebf ahe iventioriew thefadvantadee gsfd
phases. However this advantaﬁg can be dimnished if the nethod of the

i nventi én i AREQIRGING Qs AYAlTY narewth ffiheg matenial: canstititing ctheaseppPort g, an
anor phous i ; i ; er
certain congﬁ#'%ﬁg& Mmkgdrlélé(tﬁﬁg t%)%ﬁ%d&f@@yﬁa%%%ﬁﬁrﬁﬁsmbﬁﬁa er by
usi ng the neithmdthotst tre transfenta dhin monotiyistallingy éayes aonte sarasnexpeesivef or

seedi ng nonocrystalline or quasi-mnocrystallipne growh in the thjck |ayer.
These condi 84 gueh &SRy S”t'ﬁgg? mfdﬁfﬁv%w%tﬁmaem{gafgpmMUépﬁ"?ﬁla; ly or
guasi - epi t aw 0 F : WAV QN

i ncl udes ad%’%da%hgoﬁas gﬁd%ut@é@?g{r’\%ﬁfﬁtﬁg\ﬁwg\?\jtﬁ% "ﬁ: artlg@t grﬂtlh ‘scikl Cs

t aken gépar kyet pf ovexpansiverionatetialois: made conihel thirs layer op ar mbterial haniigst i ng i n

Aop0St 110 Bkl N P S BRI B b S bl e e,
| arge band gk lagércinde siietier 'Ei'uﬁﬁlgrihéﬁ itdfould h0: BEEN Wi d bhélBlec@1agarot her
such material, e’g. a conpound of at least two elenents taken fromthe |i st
conpri si ng ef neisammg niatelialms saidithick layenhad bean fansfeaed direstly ootathe ayer is
deposi t od aliEIveRe Tt heciibpafie; b biidaver inehls 6B S By dPelnhg ot ni ci
llayer ame eg@hindems, i@ d,smy@tyétiai,ftﬁéﬁrvett%aféeh@éioﬁ hpdt Betier| chéptation of t he
thin |ayer ighs constituted by a .ngquloc;ur;ys;thaaltl i ne.gate(i alo&@ﬁp}fhe' ﬁ%%k | ayer
is formed biheagsiosistgraigs arewbiained withivethat matetialeas issgr iPsIviRaE

nonocr yst al '&ee rraﬁ_&,r'eq) )t -goé A eaI g NS @%%' alyS; Sof Heer i al' s,
mat eri al s cé’r‘rprlsSi ng Wa Srutr“al |(¥y n\(ﬁé pﬁaées, and gnhn e'F it%?@% Ar e ess
expensi ve tingentidre imzades ah operatioh usfi fgmie anhinternaediate laQer, €. iarcl udes
T P
anor phoys mat er i ghde2BEtAR! SHARIA! it TR efibidlisyetnd drBhvAl bh GhaBthAH i al s
such as tungsten or tungsten silicide; 1t being understood that these
properties layer beusiogtthemethed gf theoinyentjon, dhe ithio layed septesl as 8 )seedifer bondi ng

15 | ayer can_be formed before the thin |aver i.s detached, framith ource
substrate. fesiing Mdfderyafné o fuarkofondiiiEialife GraREY B e STk Bt n | ayer
onto an i nt ghe&slicahgitisnP rilespbhdrtot thel itk Myyelr Nseihdi grswhaysitaxidliyt 6 t hin

| ayer; - it includes an operation consisting in elimnating the

i nt er nedi at @uasi-epitaxally on the Hén layeer medi at e support is elininated by

separ atkng the t-hi PraJagh i Nt L ,Nn i rin
ordor €8 be. abl o1 MG ol BT ihv¥nioR IBLEEE b BeBbusl"bEE PRSI,

oper ati on otheffollowing chalaotehistigs takesy separatedy & ib combdnatih: at e support before
transferring the .Lhi n I.gger t her egn sai d..bondi Iﬁ\éer bei constituted
of & material taKbROMPERSS B PPEAtC, SSING I slrpesHbds Hapll iayal on

pol ycryst al bhd @niRr &hé Bifer @m\er@caéldé%aﬁhw b BBy BT daRgss Shi®r
tungsten silicide; it being understood that thése propéerties can be

combi ned (euspfulplayge cppt bé (4 meatarial having |2 dyrge3oand gap, sbich asgeHiung
constityted.. a erial .t.gken fromthe |i rising.. silico ilicon
carbi 080" satier S i ga Ry i Sy, MatSAIEE!G & ConHouna e af
least two elements taken from the list comprising aluminum, indium, and

gallium;



Jalum*numnitride, and a conbination or a superposition of at |east two of
these materials; the thick layer is fornmed of a material taken fromthe
list conprising: silicon, silicon carbide, dianond) sapphire, graphite,
galliumnitride) alumnum5 nitride, bgron nitride, and a conbination or a
superposition of at least two of these materials; the thin layer is
detached fromthe source substrate via a zone of weakness; the zone of

weakness is nadeableasﬂah@ngefnglagépmdép@smd B@formtwehauck(vamug fenridbstrate in
the vicinity of a determned depth; the thin Iager is detached fromthe

source subst rat ¢ ablgast pag Hé@fpheyerelsgiepwt%aﬂerd ¢ thick kayggis fé?"‘z"@ﬁe that is
t d bet Eeng%
Issbg'[ Pgts: aﬁdwteﬁgé %gn('i'i {Hyonéﬁxﬂﬁﬁe %H&Er% ﬂ{jﬁép?é.teg:‘&@ ep03| ted are

opti m zed ¥aceof theahirntlager, hi ck | ayer has a particul ar qual ity taken from

the list of qualiti onprisin ocrystal line, polycrystalline)

i nsul at?ng, and’ &faﬁ]&!&f% 18 qqnsg@it%gg ?'%Q%de&ﬁ%%ﬁ‘qt%@ gf these qualities

can optionally b i i ctive
‘Fhé‘ ek I%%?% fo?Hﬁas 7 gtgﬁﬁ%ﬂi:?d‘ﬁtcrhéﬁéi ididéﬁ RO hanky

qualities. Above) ow I n ' term™atomc
i npl ant at i mmmsmg:onenecrastralllhermateﬁals;)opdimrybmlﬁne whateriatsp rantorphoii®ni ¢

SBoC Yool Rl AR, AP T SCabekpend el b e o
the maxi w%@é%"%‘mg‘ﬁ%@h‘ﬁe’%%mm@troﬁm lhgerat i ve to the bonbarded

surface. The at C Oor 1onic species are uced into the material with
ener gyl@i st ri but édnglubesanuopkratiomof m:mlng\admndmg:)layeeendhe tbie layer, ant ed

into th t i.al i | t t t
oper at es. bysainGsn T3vetS bafgs AansEiEd Piea! welaral kel BPM o R peci es-
i's used to GPMRsiny? aﬂh@mhbnslrﬁmeﬁa& af WohAlystalind PAREHAR arfnidhalle any

nol ecule in ionic or neutral or indeed a conbination of different
atoms or nohalernlsssuch as)hmcsf@n Qfetuvg%tenﬁdncwe Bbemgwnderstooditbat ibepect s, and

Gesari pti o oaniSe A Ao shhtihed PR" TR RB BRY pBY hRRulS: bBIBARIAG. D' hei o

of thejmccaapangambelrfamhéd hefore e ahin layep i€ ditached front tHeags@waeshow ng
the steps in an inplenentation of the method in accordance with the

i nventi on; SHbglipte, foriexampieiagr am of the steps in another inplenentation of
the method in acqo | 4 thah T ram of
the steps in yet &ahgﬁlﬁgg %ﬁ%#esmbﬁ?h%ﬁmdo% Wi’n Fraé)té h%&iﬁ?r?ﬁa'bgegﬁ\(?%ﬁég wth

t he |nvent|smppoﬁlpgmeoibrnmgattﬂth@kaalyarfomthe tsindpgeri n yet anot her

i npl ementation of, th hod in ccordanevmth'theln I’ltJ? dr%ureSis
a di agram of thets! els ah PPELRABPHLONS P%n’ﬁn?ﬁ?'i“@“”%f wtermediaglehod i n
accor dagce gippBrtt he invention; Figure 6 is a diagram of the steps in yet
anot her i nplementation of the method in accordance with the invention;

Figure 7 is a di %p ntermediafeesyuppert iy elimiaaled by sepatatingethieathin daydsort with

{nvent i on; T (e JfeRRRRE WiRgy ir Pafielill A 10 BE b 180eRiab ey ng

exanpl es ofinterthediats yegbt ai ned in a variant of the nethod of the
i nvention. The nethod of the invention i s descri bed below in detajl ed
manner with ref eftedR@udes 1 AR e OparatiopuIohr fMing oA - PPRANGNdayefpI®heABat i ons

thereojs 2 tbﬁ'gédlﬁié ShipbTR befBra tAdrsfElring The TRiNaydt thefidre shid Bohding!

substrate
layer being constituted of a material taken from the list comprising:

amorphous materials, polycrystalline materials, and metallic materials such as
tungsten or tungsten silicide; it being understood that these properties can be
combined (e.g. polycrystalline and metallic);

30 -the thin layer is constituted by a material taken from the list

comprising: silicon, silicon carbide, sapphire, diamond, gallium nitride,



,frade,'conprising a thin layer 2 on a thick layer 4 form ng a nmechani cal
support for the thin layer, by performng the follow ng steps: formng a

| ayer of anorphous material to nake a bonding |ayer 10 on a surface of a
source substrate 6 that is to be subjested to the inplantation of 2 5
atom c species, formng a |ayer of anorphous material on a surface of an

I ntermedi ate support 12 to nake another bonding |ayer 11; inplanting atomc
speci es at alugdnwnnmitviske, gk & ¢ambinaticroor ce superpositioe & atoleast twa ofone of
weakness 8;,.100, ut.tli ng the bonding layers 10 and 11 into contact; 30 ~
200, det achm‘:r'ﬁe @ef'ﬂﬁn | ayer 2 fromthe source substrate 6 via the zone of

weakness 8; | 7h3QRickdgpass fomeed beatrhatelial RKEA fronPthd figt omprgifg:of t he
thin layer 2 that corresponds to the zone of weakness 8; and 400)

el i m nat i ngsilieen, sdicanegrvidg cdismopdasrpphire; grapbiiar galbumimitrida; alumigem 2 from
the internediate,l aver.1l JThe .of formng t bondi,ng .l.ayer. 10 and
of i npl §nti '6’?“&%&%?%" gBE&?'e%dcgr?ogibq'S%F o?rn€(§uPﬁ'%t°ﬁE%8rogeag I% cq'%i %fd above)
or in anot hiffeserfgteriaithe step of inplanting atom c species and the step 200
of detaching the thin layer 2 are described in French patent FR 2 681 472,

for exanmpl e. The' Secthin dver ds sefaphedefremniienspures substrateavia a zopgrefespond

tolo fornnggkﬁe% ayer of anorphous material using one of the nmethods known

to the person sKi Sed in the art. It should be observed that the thin | ayer

2 can be subj ect efhet 2ormd 6f Weakndss Bcimadedsy inaplantirep atontici species inethag

subj ected to the step 300 of _d,epositirégqthe thick layer 4, in order to form
al | or 18oneseursgsubsiratein theVigioiy of 3)delprmineddepthave additional fil ms

deposi ted unifor] ; | ' QT | ing table
sunmar i zes. oxanpl 5 SHFIGREs SpldcREL Ao nglscRlafs thafate W ety h.

first inpl esrnbgtchemickl stchibgca admeythat is interpedddehédtwEenrthé dyiarayer and

21 nt er medi at,.eSupporting thickBonding | ayerssupport 12l ayer 410, 11Mono

Si CPoly Sl Cth?rreﬁ‘fﬁ‘\%‘&‘?ﬂ‘ﬁt@? @,O'éﬁce&b'b?%?@zgﬁ‘i’ Si 3N4Si CAIN or di anmond or nono
SiC ofquality infghi ; | ik AY) : @g It noPol y
Si C or polySi02 O@%S@Mgn%qgnro%i %’%ﬁ‘. E@Aﬁ@o@p%ﬂegj Ng?(lj é{gmﬁﬁzﬁmno SiC
of qual ity i addhatdhettbickdayerf hasha panticularygudlityl tdken{ ft@d}thetlist Bblqualiesor
nonoPoly Si _or nono or,Si_of qual i.ttym)no

Si 02 or Si 3Ndnonp Si Si..or poly .SiC |
S G nfeli or CPBPIRAG: CPoMEVRRINE apaveR I Doy PanPBd senqyctife
o iy PO 0 nEsuSEAe, EA B Sk, on (e
exanpl e cor seeipanthe meneprstalinerandensiuctivnealities.
Above, and below in this document, the term "atomic implantation”
20  covers all kinds of bombardment with atomic or ionic species suitable for
causing said species to be introduced into a material so as to obtain a
concentration maximum of said species in the material, the maximum being
situated at a determined depth relative to the bombarded surface. The
atomic or ionic species are introduced into the material with energy distributed
25 around a maximum. Atomic species can be implanted into the material by
using an ion beam implanter, an implanter that operates by immersion in a
plasma, etc. The term "atomic or ionic species” is used to cover an atom in
ionized, neutral, or molecular form, or any molecule in ionic or neutral form, or
indeed a combination of different atoms or molecules in ionic or neutral form.
30 Other aspects, objects, and advantages of the invention will appear on
reading the following detailed description, and the invention will also be better

understood with the help of the accompanying drawings, in which:



,The first inplenentation is particularly advantageous for formng a 10
substrate conprising a thin layer 2 of nonocrystalline silicon carbide on a
thick layer 4 of polycrystalline silicon carbide. Silicon carbide is
difficult to obtain in single crystal ®orm even with dianeters that are
much smal |l er than those which are commonly obtained for 9 silicon single
crystals. This is due in particular to the crystal-draw ng techni ques which
are nore conpl ex Fgureck jsem siagsamoshavwing they stepss| in e implementatianikfdbet han f or

nonocrystal line silicon nd.is,also due to the substrate form ng steps
bei ng nore @Fﬂﬂ@ﬂﬁ%gﬁ?@@ew@h%w&ﬂﬁ?%g, and nore 5 expensive, given the
unfavorabl e rat '-q=i§@ﬁeV@G§1atdI@gﬂaﬂf anass seipd ihghdihert iManeAtalibn dfl theon

carbi de. The nmethod of the invention is thus particularly advantageous for
meki ng subsmethaskingccardance Withytbe dnvenlienisi | i con car bi de since it enables

multiple thin | ay . 0_Db 0 sour.ge t egch of
those thin |0 Iaﬁéére% Esoabdga@%ﬁs%{ i‘ﬁ% g%?%tso'f@'#hq@?%a@ﬁg%ggéﬂgg cost.
Fur t her nor ethethiethadih aeesrdanse Kithdhé inventiergr bi de Iie mainly in high power
sem conductor devices. Unfortunately, in such applications, certain very

restrictive specifigem4 &ha dingiam ohdhe siansrin watonotherenplementationsefi t abl e
to be sel ecfheeqngf%driﬁ%%c&{rjd?ﬂcépﬁhttné ﬂwtami'&{' 2 of silicon carbide. In sone
15 circunstances, such applications require the support to have good

el ectrical and tiEgom 5 toaddiagiam iof théatapsr insyet! drotikersimplementaiohi ofe
satisfies these re%u,i rements. In sone of its properties, it is very close
t o nona8rysthe metheddn aceeydapgg withdhe inveptionii des a good match in terns of

t her mal expansi ong; i C1.E et i.b i :

t enper at ures tha?F |§g|‘r°]ef%é§'gsﬁiéggarﬁﬂioghh%éte%%g@?&égré@%ﬁgﬁ?é%@%h@@ hr‘gﬁs t hat
ar e requi r ethefraethoedh actondgnse Withdhe irsehtiole epi t axy and for annealing after
atom c speci es have been inplanted). Furthernpre, . the use

. of .
pol ycrystal |'i ne sT'ft&o I8 afbARgranag\alic cRerspeetive ﬁ’iﬁﬂf‘?fcéf‘i HHSWQ'W@ _
technol ogi esyior AR foulRINIATEIRNGY cHi Be RS Latdrt oF P nBthdd Bpiear bi de.
Finally) po rystalline silTcon carbide presents good properties of
wi t hst aadi nipvehtion;@ald att ack. When making a thin | ayer 2 of nonocrystalline

silicon carbide a thick er 4.of polycrystalline sili.con carbpide, the
bondi ng | ayer s 10 GHIFSER o8 BB ers AiAbe G SEF AR NG HAWiRg BHaTRIRTe. ' The
thick |ayerofisifiafrabss smdnedin ahRifaRtbf thaResthdgRAtd indBnfioi ch has the maj or
advant age of bei ng capable of being perforned at relatively low J , 1 10
deposi tion tenpefke matkod pf ihe inventionus desgihedskelowiin detalled manneswithby vapor
phase epita i el i : y high

t enper at ur e@éﬁ@rﬁg%g? ﬂ%%g%&ircgggg\é?ﬁ ?’E)HHIE} Wé,&‘gﬁ%géh%ﬁ%?ogqui val ent

t echni gaes. The Inha dikstlimpEamedntation,adss shdven imégursiing fired lsnbsinate this ved 5

f th |1y .i.npl ted f ki.ng, si ngl tals, h.
subl i mi ng tdef cRBETIR Gt {BR ek onca 'BEkdRuF § (Gobind A frechiBRisal or
drawi ng bal §gppoHRr Uit ||a§gp,rb lﬁé;mmbeﬁ,eifg"mhg% s good fromthe point

of view of deposition quality ow tenperatures, “non- uni form condi tions,
hi gh rates of grdaminge tayer obamorphatsmmbteriatitcamiakg eohbending tayend O nt  of

11 et or 55 GRS Bha SeHI G EER §Tha35 bR TRt Pulmeiiofl Sy
thi ck. 28he atoiriés spaxies, forfingid Iyen ofamibRous matenal a8 eoeatcamtcary

chem cal vapor deposition with growh taking place at a rate of about 100

Nm per hourintermediate suppenit d2 tasnake anafher berdinglayes ddndi ng to the
nmonocrystalline . ' e Lk | gyear : it 1:00 t hi ck

[ ayer 4, deposi tir‘(H;.':?(E’:E)dzii?1 n§§°§‘@ 8&%&%% %pt%i %%tzéégﬁ%%g%ﬁ% 'gr B%S%ghgt?e

nonocr yst al $ubstrateif o fernsalzene aif eveakhesy 8under t hese circunstances, the
thin |layer 2 serv as a seed for grow ng a nocrystal line thick [ayer 4.
Dependi ng on the @P&Q’W@%O&ﬁtﬂﬁ?!%{ﬁi&@’éﬁﬂ Hgod’QB%’sﬁt’ti on paraneters and
dependgpg on the jqi, eldsshiA® thé 48| Bfer & NrémRBADUYE Lbssatet Bivik tHayer 4
can be of poor or of mediumquality, but the resulting substrate wll
nevert hel eszoner efoveakness 8advant age of being of relatively | ow cost.

However, it is also possible for the nonocrystalline thick |ayer 4 to be of
good or of very good quality if the 2 5 application intended for the
substrate requires that. The thick |layer 4 can be grown in such a manner as
to forma substrate with a layer 4 that is very thick, i.e. that is a great
deal thicker than a few hundreds of mcroneters, depending on the
application. In variants of the inplenentation described above) the thick

| ayer 4 can be nade not only of silicon carbide) but of 30 polycrystalline
alumnumnitride, of dianond, or of other materials. The internediate
support 12 nust be capable of w thstanding the conditions in which the

T o o



11 be’.capabl e of being elimnated. The techni que sel ected for renoving the
i nternmedi ate support 12 can determne the material selected for nmaking it.
If it is desired to sacrifice it by etching or by nechanical or chem cal
removal , then the steps of etching and7renoval, and also the internedi ate
support 12 5 itself must be of I ow cost. Under such circunstances, it is
advant ageous to use alumnumnitride. Low cost silicon can also be used,

but it is nore di¥00, depesiting thextbickdayeit4 bhdhesuriacipibibetthingayere2 thati con
car bi de of hi er 4. Jdn nt.r as if the intermedi ate support 12
is renoved écﬁﬁesbgbégg @%,zqr%eq{vy%ai?\ggigsép%l e to use materials that are

nore expensive. -YnderelifitatingOthel bendThg 35 .10 bnd S PRS §&paitd the iRCt

pol ycrystal line silicon carbide or even, possibly, nonocrystalline silicon
car bi de si nlagen 2 frpa thetintepnediatalayet12an be reused. Advant ageously, an

cover oa°i i a bonTthgtaray e rolbAey R BoRdnBdayer Y8 EBeEFantis B on“C.i e

makes it eaﬁ)e&:iestdart bk peifbrenddhintthe dydér shdcified dbpvesoninemothdrdrdet.e 6.
Pl anari zed deposjtion of silicon oxide makes it possible to elinm nate

surface irregul athe step ahinRiantng: atomic spepies Andothe; stap 290 of detachingng,

cl eani ng, 1 J | teh } J uLicon oxide
by techni qﬁﬂ@g%ﬁg@%ﬁﬂ%}%@%ﬂgﬁ%ﬁggg’ﬁﬁ gjé?%ﬁtﬁjedng(rﬁm %'?ﬁe&éﬂl%bn oxi de of
the bondi ng | ayerle btepsndf ¥ormeing theslording dayers etD lands direcoptdspondetoer i al )
for exanple si|ico ide (Si3N4). This material can w thstand hi gher

nit .
t enper &Pur OMNGA &YPF ebamamhaus matedabusing cagOf the metheds knagwntasthet abl e
for optim zi je k1 a thick layer 4 for the purpose of formng a
hi gh qualit@aggﬁggﬁégpg fﬁg or polycrystalline |ayer, or indeed 2 5 when
it is desired tdtishoukhde obsevatethat thepthintiaper. 2Tbas be rsubjectedpoe of an

i npl enentati on.of the thod of the .inyention then conprises t fol |l ow ng

steps: naki %@:%P'Laﬂ rtﬁﬁl?’gﬂﬁ%g'egn?ﬂ:‘?up@ﬁr g?/ b&"l?_l &EEJeEt@ﬁ’p{apg?%éted) Bﬁprpfjl ayer 2

of monocrysdéidsititg thé ! ik 9&J 4€)int Wpddond! fifim AMeo? %&né“@le%iroﬁfc silicon
oxi de, 30 and an intermediate support 12 of polycrystalline or

monocr ¥5t al ¢amponsrits,con it gabi kiave addidiopal fitrasirdepositedidmifoymly thereent r ansf er

met hod known .; 0. t.he 2 person skilled in the art (e.g. an application of
a Snart-Cuﬂgﬂ%&ﬁ@&’%ﬁo%ﬁ@ﬁﬁ?hd described in French patent No. FR 2 681

472); 300) deposfrd l‘ﬂélloﬁviﬁ?ﬂﬁl@lét sBnidiizes dariled o¥f matdriathftacdh @, e. 9.
by CVD at 1350C onto the free surface of the thin layer 2; 5 ~ 400,

el i m nat i ngusaskfopnpiementing dhes firsh inaplementationcdrseribad abo¥di ng in a bath of
hydrof l uoric acid and recovering the internediate support 12; the silicon
carbi de which can be in polycrystalline or nonocrystalline formis inert in
hydr of l uoric acid, whereas silicon oxide etches very easily in this
substance; and 10 - final rough polishing of the surface of the thick |ayer
4 of polycrystalline silicon carbide; rough polishing being sufficient
since it constitutes the rear support face of the final substrate 14; when
the thick layer 4 is deposited under good control, it is even possible to
omt this polishing step. 15 If necessary, the geonetrical shape of the
final substrate 14 is retouched, e.g. to ensure that the final substrate 14
has the desired dianmeter) to shape the way its sides drop) to elimnate
nodul es fromthe edge of the substrate, etc. Al so advantageously, the front
face of the silicon carbide single crystal 20 of the final substrate 14,
i.e. the free surface of the thin layer 2) can be protected during
finishing operations) in particular the optional operation of polishing the
rear face of the final substrate 14. It can be observed that during the
initial steps of the nmethod of the invention, the thin layer 2 is naturally
protected by the internmedi ate support 12. 25 The final substrate 14
obt ai ned by the above-described inplenentation of the invention presents an
interface between the thin layer 2 and the thick layer 4 which is highly
conductive both electrically and thermally since firstly depositing the
material of the thick layer 4 directly onto the thin layer 2 by the nethod
of the invention makes it possible to avoid the voids 30 that would

ot herwi se be fornmed during bonding as occurs when using prior art nethods;
and secondly, unlike prior art techniques, there are no internediate | ayers
of silicon oxide or other material of the kind that are generally used in

1 13 adhesive techniques. The nethod of the invention also nmakes it
possible to omt the steps of planarizing and polishing the silicon carbide
which is very hard and chemically very inert. This is particularly
advant ageous since problens of polishing are nade worse when using
polycrystalline silicon 5 carbide since the rates of attack during



,2'5 sypport 12 fromthe thin layer 2 by techni ques known to the person

skilled in the art,

11, etc. |

t

such as form ng channels in the bonding |ayers 10 and
is also possible to inplenent the nethod of the invention as

descri bed above wi thout using an interfediate support 12. This applies in
particular if the transferred thin layer 2 is sufficiently thick and is

made of a

3 0o materi al
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In the above table, as in the following tables, the term "mono” is used

to mean

"polycrystalline”.

EXAMPLE 1

"monocrystalline”

and the term

n p Oly"

is used to mean

The first example corresponds to the first row of Table 1.

The first implementation is particularly advantageous for forming a

substrate comprising a thin layer 2 of monocrystalline silicon carbide on a

thick layer 4 of polycrystalline silicon carbide.

Silicon carbide is difficult to obtain in single crystal form, even with

diameters that are much smaller than those which are commonly obtained for



15 example, by inplanting atonic species in the nonocrystalline silicon
carbide of the source substrate 6 or in the galliumnitride of the thin

| ayer 2; 300, depositing a thick |ayer 4 of polycrystalline silicon carbide
by CVD onto the free surface of the thigm layer 2; and 5 ~ 400, separating
the internedi ate support by elimnating the bonding |ayers 10 and 11, e.gqg.
in a bath of hydrofluoric acid or nerely by renoving material (by
elimnati ngstllbmlmnglene[ysmlsa sUppons die almdpartieulbondl the Ic%mlsdrmnugld 11
using the sop-called "Etch-back” techni or in eed b racturi the
bondi ng | ay &EONEYES TG Ay Hoke 5P he or monhepifing of

using any Oghfidd Qﬁ&?'f&ﬂﬂ\dﬂ&\%tél%é RticBRT 8RB i8kalkd &flid o HhE fbstratd
enabling a substrate to be separated into two portions in a predeterm ned
zoned by apfdmping atepeclbamgcahgwret retiffigult,, rncbremtme caiseimingstand ano c.

stress. Other variants o an envi saged t he .operation
300°of " dopobtReivo Ry LR, MTnordp e (SR X, naeiiiss: 4bda B
chem cal 15pyflefess opsiitdr €arbRfe. pol ycrystal line alum numnitride or

pol ycrystal line %al liumnitride or by formng a dianond |ayer in order to

form the thick | dhermgthad ofribehiavention dsithus martialariy advantagaeugdori um

Var  ant, -t nEI SR il i B 2Xor et S3rRAE IR § ffables Bl "' !

support 12 kSin&yraceeo by takomifrininansdurcd &ubbtraRPe indeeach bhtitded thier 4 of
polycrystalline alum numnitride is then deposited 300 by CVD prior to

el i mi natG ng layees 2 e bedransfairedhipea thidolayext ol low eosfet anot her variant, the

nmethod is the sa at a
B - e N L LR e S e e
nitride, bukemicohdactoryéévieds.t hgnfondaately, nig sud:h capplicatidnisg ecepfain heryour ce
substrate 6. This can be done by formng a weak |layer at a certain depth in

The source Eeuetiua: spesilicaligns it i SHEPOT SuPsites dhat Ak Sulabler ocbe

ci rcunst anc r t toopty t ndi rs 10
and 11 eli mgﬁgt {eegj Wgtt%{&%fvhﬁ)rthéoﬁﬁﬂf quﬁg %hIBiI:’l ST"S‘{/OZ‘r c%‘?? ﬁ@ [ [5}9 4 egof
silicons3 ocireurhsidaces, suchoapplications esuiref theveuppoantef lkave goed pladiicated on
thethlnlayer an, extra t sfe before lacing it op th

nter medi ar 9ndufissmel 1shauciighi',' BaRRyRIauine, SRt itk 'Saudlied Oesa 1 i um
nitride CO”?éc;Ju‘éHélﬂst ha 4dhe dfawepropetifes, ‘?Plsa&é‘rg s ke hHYEthRihge or
sone ot her erial or indeed by a stack of fferent materi aI S) possibly

t oget her wi shicon hearbidet dt peelidese acgopdumatch $ Aemts rod theempl expansioe fir st

i npl enent at i t ho h ventiQ descri be el.o XAMPLE 3
T s exampl SRBPER ABATC S itk Wb el e RrtrEA et et et 10 of
| arge dicamehigsh a$ht60°EUSt 1ZI02E dempexaarns mtsarecaeqdaen ﬁ:rrersktérimgult to
make. As for nonocr st alline silicon carpide _substrates, IS advant ageous
to make a t AlROD FAEPIdE: eRtIYCARA Al AnAEakng @Iﬂﬁélat%'ﬁ'casﬁﬁ‘ﬂﬁﬁr'ia"@f bE8Br er
quality, foy r?ﬁléﬂlgﬂpe of a material that is polycrystalline, anorphous, or

ot herw se. hin |l ayer is bonded directly onto a support, then there
wi || be poli shi njutbemindre dheé tuses of plolmwstallmr@ silicbhi carbtdeeeequwes little

phsyi co-chem ¢ i ffi t .the esive interface, degassin
G111 cul t1 codgicationth e ieiolioien 6 FiRTB i RORIIN He ety HaRee;
possi blog t ogifiven dafbise difficulties, the support being made by directly

depositing a thick |ayer 4 that forms a support on one of the faces of the
thin layer 2. 20Finallyempolysrystaling ailiconh garhide opresentshgopdvprapestieseies it

possible to r of very good quality. Advantageously,

doping is pﬁb%@@@%@%@l%&gryi ng as a function of depth while the

tEi ck :ayer 4 isvwm'mmamny)h altmdl?ﬁera@ d;qnendserpﬁtellihbﬁm%cﬁcbarmcl@é omnd ]

thermal trapsparency of the interface nthis third exanple whic

correspondsq\@‘ @rﬂh?'{ polyerys ""Paﬁ"‘”é)rhca%@ ftB?It!SWdH@ ?Vé& dp\?vgﬂfor med:

a thi n3|anegreza&fargﬂ%w.fsy%%%'d?%lligbh'o‘iﬁ'i'é is made on insul ati on (bondi ng
on an

| ayer 10 and/or 11 I nter late support 12; a thick |ayer 4 of
pol ycrystal | i ne $héitbick lagerf 4rcamdb&00ade tlyh@etmlcal Vagm'rdadslm)rs()wh@ht o have

t hi ck f.af least 72 400, th 12
Cepar ot ea afiee IR SHIvARTaDS O K0P GoRARIR L BP PG Tt T2 AP UG by

sel ective etching of S|I|conIS|I|con oxi de (e.g. using hydrofluoric acid)
and/ or mechani cal renova



operaticons are performed so as to ensure that the surface zone of the
silicon in the thin layer 2 is of good quality; and 5 ~ form ng operations
are perforned on the planeness, the thickness) the edges, etc. (polishing,

| appi ng) shaping the edges, chem cal tr¥atnent of the final substrate 14 in
order to make it conply wth standards such as SEM or JEIDA, for exanple).
As al ready descri bed above, the step of nakigﬁ{a substrate of silicon 10 on

i nsul ati on cdgpasitiopetenmparaiyres, ijemst Aborhd380dEnifer sijean earbide)a by ompopf

" 8 i L Tt . beh d
bondi ng | aydl a5 SHERE @BICE JBENS bos, Pie e RS ) B ner
si | icon oxi deniperature dhaydcal liapor dépsositivne (HEGVE) e ot Upp atherl 2qafvatniti con
whi ch can be polycrystalline or even nonocrystalline, and then in putting
100 the 15 biskBRIgYEs-aykesthiek kaygr f1camealsocktmade yiggpiesbniayes esvedget her
[ t ocdet [ L, | Thi t
o mmki 13 o Dofsroseo dspeidhy; BREmentd L ThE Halhl SRl SAALT shop BhS Step

Smart - Cut t esublinting)tetimiqeesap| ethés dechriquesh geaériily Oéed iR rAethdds4fbe, for
exanple). 2o After hi ck Igyer 4 has been formed, the silicon on

the
i nsul at i on s@!@g\ﬂn%lpé"]%@ee H&e ok ruch ipchpiques dx Robhaways goedi frin 2hg PRRBWN
t echni que suj f | ' r Oof s " the
source subs'tjdr)g\?gwg?f nggg E@@ﬂa@@hﬂ%ﬁ%g@‘g’égt Plén t?j &gﬁllrlnll' &ﬁgaﬁ'ﬁl’éﬁﬁ“gﬂ t he
"lift-of f' traidmdfgegwihhetohbut litecdnibe exivaintageous deanel¢hé powitiofiviewedf (e. g.
t he bongéng Ia%ers 10 and 25 11). Another techni que can nmake use of
nechani ¢8l st®®¥ss. Instead of usi ng the above-nentioned lift-off technique)

it is also possibtg Bfﬂcbﬁ%a‘?’ﬁﬂ@%ﬂtfs%’ates‘ haU! a Biaﬁgi éP%tf%('?]Fnilliﬁ\te rs

stresses in order to separate the two parts Situate ton ei ther side of
adhesi ve i nt@madbe thick dayerak isaadviantageonsly, 300 miorons (apthicka ghe-thiekkened
zone, etc. 30 The, i terl.medi at 8 su%orc{ 1t2 can be separated via,the first
adhesi ve i ntBYfade By SUPA LRPRe 1 radvaBtaggRusly  made by SReRIGH: VRRAY ¢ he
bondi ng | ayedépokftiohWith droWiH tikheg b8 IFBYRR! & SDHRPA0D gh?ﬁepﬁothrf. an
additional step of 187i npl anting atom c species (e.d. hydrogen) is
perfornkd, in theuthesmess, usiegsa 1surfase darrespending taithe Imgrocrgstatiinei n t he

w11 bo GBRLTEREY 16 Mhraba2 TR HehpRng SoPCR Rtk BeL & HrbBRIRR. " oo
be i npl ementgatantetear tarpbel optimizéd o as tooprodnas af imehddngstalling duppert 2 from

the internedi ate support 12. It should al so be observed that prior to the
step 300 of Ysale. dhushandar theseagiegunstansas, the itbin [@yRT Sxpefves A Ai de,

di anond, - et GsdedRP ghiihG 2 TREnSLyLtfine thick layer 4. Depending on the degree of
20  optimization of the deposition parameters and depending on the intended

application, this monocrystalline thick layer 4 can be of poor or of medium
quality, but the resulting substrate will nevertheless present the advantage of
being of relatively low cost. However, it is also possible for the
monocrystalline thick layer 4 to be of good or of very good quality if the
25  application intended for the substrate requires that. The thick layer 4 can be
grown in such a manner as to form a substrate with a layer 4 that is very thick,
i.e. that is a great deal thicker than a few hundreds of micrometers,
depending on the application. In variants of the implementation described
above, the thick layer 4 can be made not only of silicon carbide, but of

30  polycrystalline aluminum nitride, of diamond, or of other materials.
The intermediate support 12 must be capable of withstanding the

conditions in which the thick layer 4 of silicon carbide is grown, and must also



Jt.hin,llayer 2 so that the final substrate 14 has the structure of silicon on
10 insulation. In a variant of the exanple described above, a thick |ayer 4
of diamond is formed on the thin layer 2. The resulting final substrate 14
is particularly advantageous when it ikl necessary to have good renoval of
heat generated in the thin layer 2. 15 In a second inplenentation of the
met hod of the invention, as shown in _Figure 3, a thin layer 2 is formed on
a thick |ayke cappble; plebaingrelimigeledr i Hhe teplnique seladted forr eamoving dhent at i on

the free f apriieddlf siGRi2Ten SRebBEInE iRhY il o duaBnd il s "o
thi s secondit ¢grdesiredty sadrifidedt byetdmrigied b9fméditanicl @rtchemidal revapnt ext  of
maki ng substrates of interest in the fields of electronics) optics) or

opt oel ect r offiedthe staps atgiching anderemovalyandralsa theyetermediater surnost 43hi ck
| 4 di | ! . i | C
ronoPol 351 150 BRYDBEIdE g BHE" Bnddh s PRt bl v ahiddBolis 8 5. T

orrecycl ed) bse aluminuni aitdddier e cost Ailibordahlalsh b Reled, BuCitois morePoly Si C

orSi 02 or Si,3N4AI.GaN orSi C (in particular ifdi anpnd or Gal nN .
orrecycl ed) $HIHH @i W?@W'@@\I"VBP danQssingafhsnsilieass carbidecob thedhiskol y si C

orSi02 or § I I i £di r

orrecycl ed;:‘!t")ﬂgrélglrilSt ﬁ?%ﬁdae%é&(er{rééé\‘%?@treh%f%\lggpkéﬂ32?%§%@{%0(\)’reren%noPoI y
Al'N or Si 02 thenSt 3Npaksible ty 134 ThatSrialsr thiaC aré mevar exparisive. | Uihdermudhor Gal nN
or sapphirerecycl ed)borgon nitrjdeotherGN or AIN oripno SiC orPoly SiC or
TonoPoly CaostaReesy Hs hosablae SeipauRYVEYSIIGRIGH GHPIARLN Ye T oi arond
orGl nN ors M har. [P TE - r i Caor Poly
A NALN o R TBRAE RANREiRof ol ite PR cosbineidtitpeah be

or ot her sappteusedi anond orboron nitride EXAMPLE 4 In this exanple (1lst row

of Table 2) a thin |ayer 2 of nonqcrystalline 5 silicon catrbide is made on
an inter mezji ate é%‘f?ﬁ@%e_ol'?'yof APof %’F@'gﬁel i SHPPert i1(,20_dsc'al§ dmage; Pfhondi ng
layers 10 yérilstﬁfli_né'éillcﬁﬁ%aFBgIH@'EO\F&BW Hdhaifg |§y%r§11g;vl$fsnic%91 bayer 4 of

polycrystalline’silicon carbide is then deposite D. The resulting
struct 3fe i s thehhaubgaftsditon oxidemakestit sasientd takiecthedbinalayengd frére

structure cgnst.i ed ,b he, t hi,n | aye on.the thi.ck |ayer 4 fromthe
*ht or o at e pb LR o (PRafl BrBSibR cat Blifen (S siakdh et o ng
5 the bondi pgssilsiy eo 2liffinats dulfhck Nnréydlatids and o perfdrmvétéps of polisHimgt
nmechani cal stress, or merel renmoving the material of the internediate

b
support 12 RIABaR7RG, Sﬂeﬁ‘“ﬁgséhé%/“i‘fﬂeofﬁﬁﬁfﬂfﬁ@» |ade Pendipg ositicom oxdengnl y, a
ful | i : i Y i i : f f th
usef ul | ayegiddy &l?é’ggltééﬁmglleggh%lfarb%ngﬁﬂoﬂcf g%ﬁjﬁﬁgfprﬁ% e race o €

nonocrystal l'1 ne si n car the thin D. The useful
| ayer 26 of gal | Thawsilican oxide iof theObgrading tayess 19 andi 1atdrealsorbeorgplasiedct r oni c

lications. EXAVPLE 5 |n.thi le. . f_th t abl
PP uct ur & AShAPTSGieL ekt Yap eRABPB SO S (ks IS podn )
i nter medi at WitktAROT highdr Abmber&tQtesC iy abilital Stidé CONMMIGAT Rivkhthde t i3e manner

descri bed above and havi ngoa | ayer of silicon oxide between them A thick
| ayer 4 of RATtigdaKhssuitableforantimigng deppsiieniof adbjskdayardt fon therputpase | ayer 2

Crestment 5 a8 o R HERLYSEMNER DL RO SRt B R ot ess
or any2bt hewhén itds desitedstaiiherebse thw ratephdepogigori.ne 2 o thin layer 2 with

the thick | ayer fh,ﬁ;romthe i nternedi ate support 12. Thereafter MOCVD i s
used to deposit Sestpxample abagdnplemaniation akthenmethods efdbedayention of t he

{111 } sil itﬁggg%ﬁge%ﬁ? 7 orﬂg@vﬁ{gi?é?%nom for enabling good epitaxy of

galliumnitri e ness o e (111} silicon is preferably
advant ageousl| y |-imakiegl atsirictgs donatituicaDby A staclasomprisingld thin layeo 2015

acconmodat e_w_ t hout ,.bregki ng t.a .t he therpal expansi on that .can occur during
the var: udmBhestitplRe St Ratle dha asdibe el 85 ahd 1176 sifsh S6dé,
30 and an intermediate support 12 of polycrystalline or monocrystalline silicon

carbide; this structure is made by a layer transfer method known to the



Jdh tHis element (third row of the above table) a thin |layer 2 of sapphire 3
o is made on a polycrystalline silicon carbide internedi ate support 12
together with bonding layers 10 and 11 of silicon oxide between them after
which a thick layer 4 of silicon carbit2 is deposited 300 on the thin |ayer
2. The 21 bonding layers 10 and 11 are elimnated to enable the

i nternmedi ate support 12 to be recovered. Finally, a useful | ayer 16 of
gal | i um ni tperaems&lll@dpoéheaﬂt (ﬁhgt h@ a@@b@aﬂqneof &aﬁ;partwt method léthemat er i al

that is known,.for [ 00 iumnitride. 5 EXAVPLE 7 In
this sevent fNgd5RE: d? (fng'ﬂ‘ﬂ‘ Eé fé%?g%g)move) one of the structures
described in any. SUlﬁ o&.hﬁgtd156@p&f'ﬁ§¢mbvama;@famf Sffichi® caRsifa bl be t hi ck

| ayer 4 of poly stalline silicon carbide is replaced by a l'ayér of 10

pol ycryst al CVﬁ)ea 307 @ omtonther freresunfocrnei the dhindayei2s exanpl e (fifth row of

Exanpl 68 4 1o o dusb ettt he HERdpeaybissp 4R8 18 SRPCACal QefRIARTT, P
carbi de i s sdpiteefhydyofluolieaid ahdpecyvdriiry the inwidtewppottrmethéepom ted
by HVPE. EXAI\/PLE 9 In this exanple (sixth row of the above table) a
structure i silicryearhiderghigh sapihsstn leqwawné asimenpcrystaling feree i ingrt

exanpl es, byt [YS n | C h

i nt er nedi atg‘ sH [r)atl)ﬂrytOHEZE@g Bg*ﬁ ac)ég'drsgi%%o%@%ysfcg‘?ﬁ %R} Iqj'ﬁ":‘r?lﬁ u;rrﬁ ﬁpltsri de. In
the | ast si 5ul§§:amd @pdabove, the nonocrystalline silicon carbide, the 25

{111} silicon) or the sapphire is used as a_substrate for qal i um n|tr| de
epi t axy0 The advamaég@qﬂlh faliships ©fr hejesurtacenf thes thicks davaredt of

t her nal exF’g@@p&gta;ll SisfichR" chibidd2to h ¢ "%'g“?h [{Il %‘Effcké{\tsgf?\ dutbe

observed th cRhess propertie ayer can
i mpor t ant, tmstmnasﬁieereaheappmrt faﬁced@fsthee”ndat substiate ¥4 whercthe thidk Iawsm act 30

with the rear e of th f| nal substrate 14 or en evacuat i ngi Feat
gener ated b$ '%&a?ﬁ sited under geed icontrak ituiscevAn passible tg orait AhigRAliGNING f act or
or indeed p 22 when it is desired to extract and control light emtted

by a diode or a laser nade in the useful layer 16. It should al so be
observad that iflft hecassary, | thpegeamietrical shapei okribesfinald substtate Matisri al
constitutin

it is, of stiff t are syffi hen structuresS
cqui val ent | (eouansde S o Pa iakie hak Siffala diasba destpagiamste
intermedi at g shaRPtHe WAy iNUSBES Wiop! ftreliMMatetRbaulas ffdih 3he *yRdof the
i npl enentation of the rret hod of the invention are also possible. Thus, the

step of for%ﬂlbﬁéfaﬁ%eet@hl ck layer 4 of pol ycrystal line SiC, of alum num

nitride, or of g ag t f..f ng a
thick | ayer 4 ofR ﬁiaéﬁbggybg‘%oﬁ&ﬁlf%? § 8e meI %[rﬁéfa}rﬁ{?%rsﬁa g cryﬁél(;" nat ur e
of the2iont eofrétb ahal swsmmté 14 iies thibafnge durfabasof thenthin Ysyerl 2,i can diel i con

car bi de can ar.ticul ar v\/nen it can be rec cle to. rep) ace the
pol ycryst al P'iog"e&@‘i?lq”& ’B'i‘%lé)p@l’a Jans. i IRREYGIArthe; ﬂﬁpﬁ[ﬁﬂoﬁl 2ri de.

polishing the rear face of the final substrate 14. It can be observed that
during the initial steps of the method of the invention, the thin layer 2 is
naturally protected by the intermediate support 12,

25 The final substrate 14 obtained by the above-described
implementation of the invention presents an interface between the thin layer 2
and the thick layer 4 which is highly conductive both electrically and thermally
since firstly depositing the material of the thick layer 4 directly onto the thin
layer 2 by the method of fhe invention makes it possible to avoid the voids

30 that would otherwise be formed during bonding as occurs when using prior art
methods; and secondly, unlike prior art techniques, there are no intermediate

layers of silicon oxide or other material of the kind that are generally used in



.15 Si'mlarly, these exanples can be transposed to the situation in which a
useful layer 16 of alum numnitride, of an alloy of alum numand gallium

or of an alloy of galliumand indium etc. is forned in accordance with the
invention instead of the useful layer 1% of galliumnitride as described
above. The useful layer 16 of galliumnitride can also be a nultilayer
structure conprising 2 0 a stack of layers of the galliumnitride) alum num
nitride, etadhesivedechpigrenalling methedpfithe irventian aso Bbkestipassitdeé e 1n a

third inple [ 0 Q | pvent i on s, .Sh in Figure 4,
a structur eo"r‘ﬁ{bfttﬁ%rsg%)ds {)Bb%ﬁlaﬂﬁhaha%d?{%?lgﬁﬁ]ga{}%rgﬁfsq%sc%@lﬁi&ﬂvﬁ)@lﬁ 3 YLt y on
the useful hadeand Gchepsiallyangnt idrhe TisisCiki partiomady \Rivapkeoub osinkde second
2 5 inplenentation of the method of the invention. The useful |ayer 16 is

i tsel f depadoblemsiof ralishingnateaadg warss evhen gsingr pelerysiallingr siigen been
df h : i i nol iaomn of th
separat g (F]é?mdte ﬁnﬁé’%gfaraf o {a?%éﬁ%ugﬁgﬁpé&ﬂmn%rg GOtk tbﬁlhé; é)rt €

met hod of the 1 nvention i s desc rence to

exanpl es. daﬁbtWhen :yiaiasi&ricbgl(aﬁedohndaﬂusbiandtm afsfaI tdlmeﬁw bﬂltlwlirﬁﬁmipl es are
sumari zed i n, Table 3. . .., 23 Table 3 Usefu ayerThin | ayer
21 nt er nedi a@'&’rh'iﬁglgwséﬁjéwahﬁcﬂfdh%@ﬁ%%pport 12l ayers10, 11GaN or Al N or Mbno

Si C orPoly (or éc]gr{hk] r GRS i : e itfenOr poly
Al Nor poly SiC :)}? n 'l\éos(rgéépphl r'g?ré)gP%ﬁ@%@%&éﬁh%%{'ﬁéﬁrpﬁh@&G{aﬁ t(ﬁ):? Al N
or Mono Si C methudyof(the invertdiofl ¢drobe @apléntshted tfahddtiGeklayef Blibjwhkick or Si C

or of hek Bt holne: RdleR B HaTeL A PTG GIRISTERBRGN cb tharshethashefdhe cans: 02

or Si 3N4por it iSi " naralh r I i @ﬁﬂ;!or

ot her sapphi'?“el@@g)(rPl %élrgﬁg%ﬁar@t e@{eeﬁﬁ%ie(r}grg? ﬁéér/a@%ﬁfﬁaﬂ%oﬁhp?%{cs é anpl e
(first row afhéedpd.g. By usingt anuintemediatefaybr of insulatingngaterial bétweendher 2 of
nonocrystal line si#i can cg;a% e on an internedi ate support 12 of

pol ycryst al himiayes ¢ ppg the i et h bonding | ayers 10 and 11 of silicon

oxi de between t hpB fiist ibpforiBtagsn e nRQAoRRP IR frWen%iBﬁ’ ds! d&dcr@d second
i npl ementati ons of the nethod of the invention. Thereafter, a useful |ayer

16 of #bnocaliaveatan he el subjestrofi nurderdus Vasiantsy inrparticaldr; dee matedale of t he

thin 10 | ayer of, silicaon @] D. thick | ayer 4 of,.

ol yor yst al TERGorEd Aboye o BRcHlfrd KV o, Mecdihes malisiis, Fodttiones
layer 16. Thewapgsfibxarplesinithe fikst eow of Thbe ubj ected to a step 700 of
treatnment suitable for separating the structure constituted by the thin

|l ayer 2, the usdpuhis Hiphimpiementation of the drethad af therinventiane it i aleRedi at e
support 12. i i : : HSES1AL L€ ing in
hydr of | uori%%é%xgmgpﬁgfg?{gv)\}ﬁgup t?roeq:Eg%b@g{%g%?g;ﬁ?ﬁg?\b@ygﬁsﬁ(%%' n? enovi ng
mat t er 20 Thi 1 gyoehemical i etshing, dysanuopenation oofs separating Hhe ainterawddiatenpr i si ng

in succession a thick er,.4 acti as a.support for usef.ul . .. 24
| ayer 16 of SRR manct feSknin 8 2 olrus Briier odrafial &F Miptanting
monocryst al dtorfic §p&diedh U MteMedia® SQGMhY, foP@xhpRs, Ed/&t Spslyingor t 12
ready for recycling. In this case, and unlike the second inplenentation of

t he met hod echanicalnsleessasn all iBelaa ogsiblsoe, faciidataothec rsfep o490 ef gal i um

nitride is 5 | hed . j 41 . E 11 In
ot her  excSIpARAE (R LBFHIRG Tafde 1oL 1 RIor sqrbuo i RS, byl
i nvent2®n, duppost 12ifronr theothirElagepl yliechsiqguasiknawn to e peisont dkilled imyer 2 of

10 nmonocrystalljine silicon carbide is withdrawn, e.g. by a step 800 of
etching in tﬁe@%w as fernng © anegls vhmeeb@)qu\g%xm&) and 11, stc:

It is also possible to implement the method of the invention as
described above without using an intermediate support 12. This applies in
particular if the transferred thin layer 2 is sufficiently thick and is made of a

30 material that is sufficiently strong. Thus, a thin layer 2 of silicon carbide
having a thickness of a few tens of microns can have sufficient mechanical
strength.



fn yet *another exanple of this third inplementation of the method of 15 the
invention (third row of Table 3), a structure of the kind described in
Exanple 11 is made) except that not only is the layer 2 of nonocrystalline
silicon carbide renoved, but so also is*a portion of the useful |ayer of
galliumnitride. It can be observed that the thin Iayer 2 of

nmonocrystal line sil

bi d 16 -
monocrystal | i ne b%hqlﬁﬁﬂsﬁt be P éerl(\{g ”Pfg é gg&eﬂ W&%E{'ﬁ%@&%&at“?%nm
technol ogi rbﬁeelﬁﬁerﬁ”ﬂ'o% tﬁé’s@@t‘c@gsl.ﬁiéﬁhfecbedént@e deRefd 59 Rinclidf dfhi ck

layer 4, with these steps seeking to produce electronic conponents, in full
or in part ,therpaldrity of dme witigd isovecensilistrgtaii fhenpaeptysofia siitondarhidenal
films whet her, gttam al houI d,al so _be qghserved that

her wi )
Lhe polnt tibsfiate &t dnohiS o MO8 Mcaor Brpe G R R I 3 2onCeitl *and

that of 5t hgs yafifkowrPtsathe berstn Salldd inhaiart | Rssisl the thiatisfennesh by
selecting the polarity of the initial source substrate 6. Optionally, the

met hod of ttaken fesmth@souene sukstiate 6aby lapRlyingotvo Hrensless thusBrakingeiabl i ng
polarity tq CCESSI on. 30 Simlarly, these exanples
can be trar%‘%%@i%wgﬁ%fie%?i&&% “in which the invention is used to forma
useful layer 16 |pfis alldoTpBysibRi {0 pfRIde® anaBpévatioy dbfnsisltm@ mumrmn@ gal 1 ium

or of an alloy of galliumand indium etc. instead o the gallium
ni tride usdni@mediate lagerse gesdt iipsulating Jayerrran ghenhnnlavferr 2dbefaref ul

cthck b 1 et rcRER vl £ 6% whe B bl bl Bt BRE 3oy ©

possi bl'y wiHéadipei d)ide {500 drigstreonis M{ nnt&k) eTlsis pBo\hdes)tfbueéxampleaah SiCt he
nature of the intermediate support 12 is changed. Thus, nonocrystalline

silicon carpibglates QJ“se%ﬁUd@tW"pa‘FQﬂsﬂt&lt%d %éhtlt'ﬁelah/ﬁt & REdPKi ONs @ HBet i s
recycl ed)) IH{erﬁt E%té'?é‘;férsofr@l%noéxﬁéatmﬂﬁ'%oﬂt fa@%F?ttFEH‘S@nﬁQBEéde' i} §_replace
t he pol ycrystal |nes I con carblde or the aldmnum nrirrde. ocrnafourth

enbodi ment thfcktlmrrzbbmmiymstamae|sm¢entflooe)(ampleshown in Figure 5 a useful
layer 16 is deposited | yer 2 itself | ocated on an internedi ate
support>12, pri db seeog&%aatmwftt & firat gnwémeait%mupﬁmq method g thee
structure r nd

pr oceedi ng‘iﬁg@:ﬁ@%ﬁ%ﬁ&?ﬁbé&ﬁ ck’ Ia¥/er90f%x§ﬁﬁﬂéh fs?&nd's g‘ﬁa%ﬁgtﬁhe
useful 15 |supstraticof galium mitridecfos bptetactiohie annheatlcm‘s mhmrtntutalct ure
constituted by the thin layer 2 and the useful layer 16. This fourth

i npl enentation of the nethod of the invention is illustrated by two

exanpl es. ZEXAMPANERE 13 In this exanple) the followi ng steps are
perfornmed: form.ng firstly a structure constituted by a thin |ayer 2 of
nonocr$@t al | i ne K% iseeend gxpmple earrespandsce t!aatsse@padéme of Table z&nd of
weakness 8, w th bonding | ayers 10
25 and 11 SR PR AowAsteBb UBTL R AP RN " Pk

i npl enent ati on; -digpasiting@ thirelaybr 2 of momocR/stalimg gdlkumaiitride gudsburee 6 Vi a
a zone of we kness 8 Ee.g. obt a| ned E%lﬂﬂ npl anti ng perforned Ir}}ﬁ'&e source
substrate GYosirate £oohdnagegvstalling osi &I0Ide (hy mrtal organie chanaicalyppor t
12); deposi b@m; f iumnitride on the
30 free sur ‘lagggdg?b@ﬁéﬁk% nla %&%o@é@ﬁ?lbggﬁgtdg?éWE) 26 detaching the
assent?y consti tmbedslbygtﬁiwndﬂgﬂayayé@ of sitiooh pxide wpethelthindgyer 26 fromt he

i nternedi ate supp 2 ( at i.h_a bath of drof l uari c acid);
and depos t i ng- 5 eeRpeiiie g aibng WyBR £ 0t siftoR 8066, 5 ab BifimetEtst The
free 5 surfsappori12 depdhpdysthlihagficod @arbidVPLE 14 In this exanple) the
procedure is the sane as in the preceding exanpl e, except that the step of
deposi ting the tHOBkpHtipgrthe twa handingslayars 10 andykk inte coptackpithceachby a
step of de r 2. As nentioned
above, if ﬁ]‘?ﬁért Lﬁ’ﬁglytr?gg's anglboﬁa}hglag gtﬁh&%\fdwlt@%tﬁ%'el ayer 2 together with
t he usaful | ayer 200, metacHig thedhini lyer 2 bémalliven lmnDHerrﬁomathe)rseurbescrl bed

? ib(r)r;ei ﬁa? hgﬁh{;{lﬁ{ggé*‘&@ﬁtﬁ%ﬁ’tﬁ&g?é‘ E@M@SI r}gwaeqh%ﬁa;(grtzer ng%éa ggur%g%% stra e2 at any

6 (e.g. by applying mechanical stresses) or via a zone of weakness made, for



Jinternedi ate support 12 while depositing the thick layer 4, but then using
a tenporary support which serves as a stiffener during the step of
separating the thin layer 2 fromthe source substrate 6, the tenporary
support being renoved before depositing the thick layer 4. 20 The fifth

i npl ement ation corresponds to nethods of the invention during which no use

I's made either of an internedi ate support 12 or of a tenpgrary support of
the kind de@mmiedbwiBrianting atomie.sprpiradn dhe menocyataling slisen sarkide « he

met hod  of tzcgeﬂﬁ%w ?f&te's% QfUltmalHe ﬁlﬁﬁﬂ’ﬁﬂic%ts ra{é%@rléyejr%ﬂare shown in

Fi gure 6. StArE roma urce ich a zone of

weakness 8 has bex0, rarepdsmagl d ¢higk ldyeri4mpif grlydrgstallingisilicopecarbide, byt i s
possi ble either to the thin layer 2 directly, or else to deposit a

t
useful |ayepV @@'\t%mggf; g'r' e eithedydaardgande thin layer 2 fromits
b h
source gubstrate egﬁgztﬁé"?n@%rnl ngﬁ;gﬁﬁp@ P?%h'rrﬂnéthﬁ gier Bbndifige.  the

thick layer 4 is pos n the yer hus re ucing the final
substrat e ldyers E)<anﬂl1e| k.9fior a dathnpf dydroflnbec tasiwhor enerelyay ogrnovingl |y be

Cover 5 an At Er Dy sirBuRg o8 it iat epdil 32, AL P00 Gin0 JAYek | Byer 4
(thus repr OPbiﬁhagnt lb@né 'tﬁhako 2uhed “%&ﬁ-b%kogedglﬁlﬁ{%Z%rﬁdé‘éar%fﬁﬁMrl In the

second case hi ck™layer 4 I's deposite sane side as the thin
| ayer 2 (tHbe bmqnimgjlayeragwrm\df 1 hadia aybsiwedkentd zo:fneEmacrtbieamé)e orbyn 5 the

' .th f I th d f I frate 14
o Exahil e U9 by erAtape e kape 16 erphieoh Bl i e i G1AING " cee
Step, 800) . & lsubSriaB, BOSahBl:fed 6B Roribis hiflaploARirindd EHﬁed @ oduci ng

the final substrate of Exanple 11) for ‘exanple urrerous vari ants of the
i npl enent atam\wn@eme¢maubemabqhah@al Bdedﬁ@smm stegeliesd.t hout goi ng

beyond t he anblt thelnv exanmple. t I’IOSO erations
described in th 5l¥ﬁf'3§tsl rvéé 'PB‘F. ﬁ%engmﬁlﬁa% t at1Sn emo h’%‘%t hod of
the inventizgp éﬁﬂeé@slw@blpaﬁ}staTméSsm@ﬁ &diBie ¢dh bé Geplaced borshevdicalant
consists in batch processi e thin Iayers 2 as obtained prior to

deposi 1 ng \aperdepegitipa s rpog/crm@l&me alupninuny pitrida Qﬁ@@@?%@'ﬂ%ﬂﬁ"m@yer s 2
o e Piee3 I8 bt ABfl PHsrR e bl U Bachifra e heve o
rectangul ar, et dn)anoliserWadant, the polycrystaiicagaliom ritridetdfithe kisiyletaye? 4can be
| dent i cal or forméld by high pressure VPE.
In yet another variant, the polycrystalline silicon carbide of the
20  intermediate support 12 is replaced by aluminum nitride or sapphire; a thick
layer 4 of polycrystalline aluminum nitride is then deposited 300 by CVD prior
to eliminating 400 the bonding layers 10 and 11.
In yet another variant, the method is the same as in one of the variants
of Example 2, except that a thin layer 2 is taken which comprises not only the
25  layer of gallium nitride, but also a layer of the underlying silicon carbide of the
source substrate 6. This can be done by forming a weak layer at a certain
depth in the source substrate 6, e.g. by implanting atomic species. Under
such circumstances, in yet another variant, not only are the bonding layers 10
and 11 eliminated, but the portion of the thin layer 2 that is made of silicon
30 carbide is also eliminated, if two transfers are performed on the thin layer 2,

i.e. an extra transfer before placing it on the intermediate support 12.



can be 'di fferent. Each of the thin layers 2 can be subjected to a separate
operation of detaching the thin layer fromthe internedi ate support 12. By
way of exanple, the single intermedi ate support 12 can be a plate of

pol ycrystalline silicon carbide covered6in a silicon oxide. 25 After the
thick | ayer 4 has been deposited, the assenbly conprising the single

internmedi ate support. 12 and the associated thin | ayers 2 and thick |ayers 4
is subjected to & VBt Pé‘&f f"aBﬁ'étrsattl‘%??’Meﬁ of galliym gtride Hopstitulipg d ﬁéht’j‘. Each

i ndi vi dual j : s : ; i,ant of
t he i npl erre!\a{vgt? ?gﬁgé@ég%(??gggf@[%@e '&g{ {ﬁﬁﬁ%gtdé&%@%ﬂéﬁ”@ﬁﬂ@%}%@s’lﬁygg on a
surface thastack loér differantamatéralsurgassiblye otogetheondithg otteert irdemaediateaces of
the thin layer 2. This variant is shown in Figure 8. 28 In this variant,

a structure®P@PRHBESconstituted by a thin layer 2 on an internediate

support g2 with hoﬂqic{‘%xbu%éﬁ of Ifeafitt ]ii‘npﬁ\;‘}fhé‘ﬁl%ﬂoﬁ *‘t?f”lheﬁnétﬁ@%'%f”%ermde in

the first inplenentation described above. I's structure is then placed in
a sanpl e caimvestion @ descsibed balowanner that the free surface of the 5 thin

|l ayer 2 is flush with the surface of the sanple carrier 20 (see Figure 8a).
A thick layer 4 is then fornmed on said free surface and overflows onto the
sanpl e carripXAMPLE™e substrate formed in this way can optionally be
subjected to treatnment suitable for elimnating the projecting edges of the

thin layer 2. Théhis example souespondispognaking morecrystalineasiligorpsustiates

i lariti def ect di tc. Th ent . var i ant '
bosst bILY 1 o OLHIAF RATEeRl i TR, Lbsafs A8 o BRTSHE s AR alituble ¢ o
form ng a syhsie RS R mHRRtaNing sHidbR Cattidd stibstfated, itiBadvAhtagkadsto 2 and

adapted to a line for processing substrates of a given dianetéer, even
t hough t he make adfisrlagercefrimenotiystaliinggnatesialion ecsuppast ohpeered qwalilyet er .

e '3 ool SR % AL AP R SR 4B008 A REREMToP bR, b
plurality othd Ein laystes bondad diictlyoitolla sappors thén tissre Will e pofdhing Thi s
vari ant can also _be inplemented by formng a thick |ayer 4 on each of the

assenblli%s gifficyliess planargimadiffigulties: rhsvica-ehamisalbditliculties af the adhesivayi n

| ayer 2 and; ney rie T pck .l r.4 dr ops
back ont o1 MeRSEE WoBeRhd RifiaEE 6!, CThe T HiothBl© b, BE! pbahlish (L7
i nvention i advanthgemaesly atakes itpussible tmaveitl those difficuities| thg SUppoptdreimet er s

Singl o orys e B dher arosiinaia Hicbpveratnal hems &t onene il RS | ayer 4
i's not goodfadds of the thin layer 2.
20 As mentioned above, the method of the invention makes it possible to
provide an interface of very good quality.

Advantageously, doping is performed, possibly varying as a function of
depth while the thick layer 4 is being deposited so as to enhance the electrical
and thermal transparency of the interface.

25 In this third example which corresponds to the third row of Table 1, the
following steps are performed:

-a thin layer 2 of monocrystalline silicon is made on insulation
(bonding layer 10 and/or 11), on an intermediate support 12;

- a thick layer 4 of polycrystalline silicon is formed 300 on the thin layer

30 2 so as to have a thickness of at least 725 pm;

- 400, the intermediate support 12 is separated and recovered;



.can be' good enough for numerous applications) for which crystal quality
needs to be very high only in the surface |ayer 2 or 16. Such variants of
the nethod of the invention are particularly 3 0 advantageous when it is
not possible to grow single crystals (4% is the case for galliumnitride)
or when it is expensive to grow single crystals (as is the case for
nonocrystalline silicon carbide). . - 1L ~a 29 It is possible to

per f or m cheni cal - REYG0-ehaspisak ?’gﬁt'ﬂ?"ta is mestermgd cby sselgctive RIINE £hi de on
a surface | gedn/2iigdn bQdehes] s hidibudt: AcidPaRdbP medaflicas rdigvalr owt h of
the thick | ayer 4, V\?‘li F'ewsj(titqql ngl]ng&very hla%h)erat es o growtﬁ (several
tens to sevepeiatihondreepsrfoimerd so ando pasutecthia) thessurfacei 2dnebef thbsstlicoad t hat

in prior art techniques,.thin layers 2 are often grown on a support by
epi t axy. Unﬂbﬁ‘eéﬂ'é‘ﬂg)ﬁ‘?&c'ﬁrétg&ﬂgéﬁs/'?['t_b'h%n@ubstrate nust be of very good
qualitysso as to. f%ﬁ%ﬁfgeob%‘lﬁgioﬁili%réé therfohm¥8 orf i VPlap_hb S k! thidkhesgon i s

| i kewi se of very good quality, i.e. so as to ensure that defects are not
t r ansf er r edtheledges; ettdpalishing) fapping.eshapirenthieoedgash sheminab treptment oft he

qual ity cants PG SRR B BuBimaks b YR wih st Redg SR e BERET,
used for restIEDAFoekdmplenr! growth. In other variants, the above
description is transposed to other sem conductors such as indi um phosphi de

and gal | i um ar seApdready deseéke aboves the istep phmaking & substratgsof| giliganum

ni obate.. I n_ye r,d ant n,i,nt late, laver, e.0. n insyl atin
| ayer ﬁso maaé 'b%@éﬁ@] %ﬁeﬁqaﬂpﬁbpﬁs%lbyzﬁgfﬂ%&g}g ?Wﬁéss@%‘eslg'gyérzofg, (wand tge
thi ck | ayer wéaRheds1deiada tsiiRohhédurtasabstatang édmeimﬁﬁfrﬁthdg laayiiéorl @xiddy way of
exanple) this internediate | ayer can be nmade of dianond or of fine oxide

(500 A t hi cRpndiggclayer 10 gy ting movese substraterddard alstin defiming anaiefst r at e
cupport,  Pnoued) BeEMnd B PondnRSmESER ool B PRECFINGAL)
met hod conpeasibegpdlgerybtalinenomgveat egoriocrystalline, and then in putting 100 the
15 bonding layers 10 and 11 into contact and bonding them together prior to
. detaching the thin layer 2 from the source substrate 6.
This step of making a substrate of silicon on insulation can be
performed by a Smart-Cut® technique, for example (see French patent
No. FR 2 681 472, for example).
20 After the thick layer 4 has been formed, the silicon on insulation
substrate must be removed; this can be done using any known technique
suitable for detaching the thin layer 2 of silicon from the source substrate 6.
One such technique can be the technique known as the "lift-off" technique,
whereby the buried silicon oxide is eliminated (e.g. the bonding layers 10 and
25 11). Another technique can make use of mechanical stress. Instead of using
the above-mentioned lift-off technique, it is also possible to use mechanical,
thermal, electrostatic, etc. stresses in order to separate the two parts situated
on either side of an adhesive interface, an epitaxial interface, a porous zone,
a pre-weakened zone, etc.
30 The intermediate support 12 can be separated via the first adhesive
interface or via any one of the adhesive interfaces between the bonding

layers 10 and 11 and the intermediate support 12, or if an additional step of



.detachi'ng a layer of material for forming the thin layer (2) froma source
substrate (6); and then nmaking a thick layer (4) on the thin layer (2) by
depositing material to formthe | ayer which constitutes the nechani cal
support. 10 2/ A method according to ciim 1, characterized by the fact
that the thick layer (4) is deposited progresswely, on the thin | ayer, by

h f he | |
i qu " depdBPia SO SPiscsHenoc et YRS FoRSTaEeh mIFEBoRdfE B g o
any precedifm@afd aHMn HeARE l§EF 266r Wthbhﬁtérmea|a&é1ahppén HDGJidl 4% z8Re

operation consisting in depositing a useful layer (16) on one of the faces
of the t hi rihatigaveakened bysuah implastation. according to claim 3) characteri zed

Chyer (16) on ¢ bWt REFOGEREAheTREE Aok ricilingd B SeRaiots BRor ding
to claisn 3 460 béamme%embdrﬁ‘ébﬂrérziﬁcfulblziném ée%féfraﬂri@;aﬁ\eﬁhmzla%i 23rdmone

useful layer (16) is dep05|ted before the thick |ayer is formed. 6/ A
met hod accdhgﬂntgrm@dlatwsmp@rto? cI aims 3 to 5) char acterl zed by the fact

e ot o e s e bR 4 B g BB bR 15 (9
characteri zthmktbaydrmeuﬁmmnohr(ah dxme u&ﬁdelldnémma ét6.) ean del forthed ohythe
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t aken {6°m|ﬁ§\ﬂaﬂudr?t conprising alum num indium and gallium 5 8/ A method
according to any one of clains 3 to 7) characterized by the fact that each

of the useful | dyervdriant ofithe émmbld@kcditm&ébdvé) altﬁlcﬁmmcﬁ(ﬂlmmd
different face of the thin layer (2). 91 A nethod according a

precedi ng dp dPimyed pArthethin layer By Thferqsaﬂmgtﬁiml subgtrateel4 f§ na'rtl&y%rlw 2) is
titut le
or ecedi ng. I uenRoERIee f1: hBEeSREG Raye HRbo FeBlattr A YhePtgh®, S
fornmed by deposthin fayea2nat er i aI taken fromthe Ilst const i tut ed by:
tall t I tall I 15
matori Ls) mat off B SRpIMBRREN BN B 4he eBed gt T neannat SRONS ¢ hat
are | ess eXxpeRfirds, b rbp&seuscfaambutdﬁé fHicK iageml.mtﬂe% F\nerlg?\%]scﬁb@ﬁt hod

according to any preceding claim characteriz act that it
i ncl udes a ahoyp for the st inplementation ofhe methed c(fztheomuemtlan and éheredi at e

121 "A et notrebllidie e b AebBridioh Wendlacs e binyel R et that the

internedi ate suppdid 2(pblow SuRPsdriZsaiPExtmaplet bf tis sBEdnd axdodirhént of25 131 A

met hod_accoy di ngl 03 claim1l1l or claim 12, characterized by the fact that
20  the method of the invention in the context of making substrates of interest in

the fields of electronics, optics, or optoelectronics.
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support (12).
i ntermedi ate 30 support (12)
fromthe intermedi ate support (12),
i nternedi ate support to be recycled.
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preceding claim_ characterized by the fact that

forming ab

It

I mcludes an operation which consists in elimnating the internediate
A net hod according to claim 13,

characterized in that the
is elimnated by separating the thin |ayer (2)
inlparticular to enable the

A nmet hod according to any
I ncl udes an operation of
bakle 2y Iayer (10) on the thin Iayer (2) before it is detached

fromthe s S 1 hrod—ac
clains 11 géélr@ Liég d]; ??63’{952 h’ﬁ ﬁ%ﬁe t hat Vﬁ"ﬁ@ﬁbgs gor@'ggq ation of
formng a pesadi ng |aygr (11 ) on shpporatier medi atfe support ( 12aydref1or ¢1
transferrihg the thinll ayer (9\ thereon. 10 171 mnthqd acqording to cliaim
15 or cl ai p>all ordMbirerdiMene §C by | Pely SiGtor mana HRolgorfiCnPr1 |80 of SiN411)
I s made of eri taken fromftg: | 4 Si-nQ: anor phjous materi alfs,
pol ycrysta F\ mat :4 als, and ?ﬂﬁ(}’{caﬁ!&@@@éﬁ s&'g%n%/ cﬁ nmet hod
accordi ng fGamN preasddi ng clai n)| rediricdgt eri zed Phyoroharitfiget |t hat the thiln
| ayer (2) |Js constitutled by a matlerial taken fromthe list qonprising:
silicon, s|®hebn carbilde, sapphire) dlanDnd) gal iumnitridg, alum num
nitride, ahg orq19 ] T a9 IUI -
mat eri al s. §a§‘ %LI“NA& EC(1‘f'1 accof ?ﬂﬂgﬁf@ g cle§'yn§igl aqrmg@gé)ﬁ agﬁ gri zed
by the faclAlGu t heprtfhi ck | ayer {(SiQ (ins paﬁmmﬁf pdigRiond alortlaken fromt e
l'ist conpr]sing: silidon, silicon carbide, sapphjre, dianond, graphite,
gal Ii um ni | & al Wi jnum ni tri d¢ re@etedd conbi natb@ﬁndﬂtﬂdesuperposi tion |of
at least t these materials. |2 5 201 A method according |[to any
preceding glarm chargcterized by the fact that fhe thin layler (2) is
det ached f[ GAN drAINSI [CBa t ratl Pdp)Si€! &r andrNEPEly VEIEKN&S|SSiOB)or SIN, A
met hod accprding to clfaim20, characterized by the fact that| the zone off 3
0 weakness| pjaN's nmeRfg by i npl ant|iSig G Dﬁﬂ@utﬁﬁeﬁ digmand; heOlsour ce subst rlat e
(6) close fpaffetergpined depth. | o loyedyl 33 boron nitride

other

GaN or AIN or | Mono SiC or | Poly SiC or mono | Poly AIN or | SiO, or Si3N,

AlGaN or | {111} Si or| SiC (in particular if | diamond or

GalnN or | sapphire recycled) boron nitride

other

GaN or AIN or | Mono SiC or | Poly SiC or mono | Poly GaN or | SiO, or SizN,

AlGaN or | {111} Si or | SiC (in particular if | diamond or

GalnN or | sapphire recycled) boron nitride

other

GaN or AIN or | Mono SiC or | Poly AIN AIN or GaN or | SiO, or Si;N,

AlGaN or| {111} Si or poly SiC or

other sapphire diamond or

boron nitride
EXAMPLE 4
In this example (1st row of Table 2) a thin layer 2 of monocrystalline
5  silicon carbide is made on an intermediate support 12 of polycrystalline silicon

carbide with bonding layers 10 and 11 of silicon oxide between them. A thick



221 A hethod according to any one of claims 1 to 19, characterized by the
tact that the thin layer (2) is detached fromthe source substrate (6) by
elimnating a zone interposed between the thin |ayer (2) and the renai nder
of the source substrate (6), for exanpt@ by chemical etching. 5 231 A
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the thick layer 4 of polycrystalline silicon carbide is replaced by a layer of
10  polycrystalline aluminum nitride.

EXAMPLE 8
In this example (fifth row of the above table) a structure is made of the
type described in any one of Examples 4 to 6 above, but the thick layer 4 of
15  polycrystalline silicon carbide is replaced by a layer of polycrystalline gallium
nitride deposited by HVPE.

EXAMPLE 9
In this example (sixth row of the above table) a structure is made as
20 described in any one of the five preceding examples, but in which the
polycrystalline silicon carbide of the intermediate support 12 is replaced by
polycrystalline aluminum nitride.

In the last six examples above, the monocrystalline silicon carbide, the

25 {111} silicon, or the sapphire is used as a substrate for gallium nitride epitaxy.

The advantage of silicon carbide is that its coefficient of thermal expansion is
similar to that of gallium nitride.

It should be observed that the thickness properties of the thick layer 4

can be important, for example when it is desired to make an electrical contact

30  with the rear face of the final substrate 14 or when evacuating heat generated

by components formed in the useful layer 16 is a deciding factor, or indeed
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intermediate support 12.

Numerous other variants of this second implementation of the method

of the invention are also possible. Thus, the step of forming the thick layer 4

of polycrystalline SiC, of aluminum nitride, or of gallium nitride, can be

10 replaced by a step of forming a thick layer 4 of diamond or of boron nitride.

In other variants, the nature of the intermediate support 12 is changed.
Thus, monocrystalline silicon carbide can be used (in particular when it can
be recycled), to replace the polycrystalline silicon carbide or the
polycrystalline aluminum nitride.

15 Similarly, these examples can be transposed to the situation in which a
useful layer 16 of aluminum nitride, of an alloy of aluminum and gallium, or of
an alloy of gallium and indium, etc. is formed in accordance with the invention
instead of the useful layer 16 of gallium nitride as described above. The
useful layer 16 of gallium nitride can also be a multilayer structure comprising

20  a stack of layers of the gallium nitride, aluminum nitride, etc. type, optionally
with different kinds of doping, etc.

In a third implementation of the method of the invention, as shown in
Figure 4, a structure is formed in which the thick layer 4 is deposited directly
on the useful layer 16, contrary to the description given above for the second

25  implementation of the method of the invention. The useful layer 16 is itself
deposited directly on the thin layer 2 after this layer has been separated from
the source substrate 6.

The third implementation of the method of the invention is described
below with reference to three examples.

30 The materials used in the context of these three examples are

summarized in Table 3.
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EXAMPLE 10

In this example (first row of Table 3) a structure is made comprising a
thin layer 2 of monocrystalline silicon carbide on an intermediate support 12
of polycrystalline silicon carbide with bonding layers 10 and 11 of silicon oxide
between them, in the manner described above for the first and second
implementations of the method of the invention. Thereafter, a useful layer 16
of monocrystalline gallium nitride is formed on the free surface of the thin
10 layer 2 of silicon carbide by MOCVD. A thick layer 4 of polycrystalline silicon
carbide is then deposited by CVD on the useful layer 16. The resulting
structure is then subjected to a step 700 of treatment suitable for separating
the structure constituted by the thin layer 2, the useful layer 16, and the thick
layer 4 from the intermediate support 12. By way of example, this treatment
15  consists in etching in hydrofluoric acid with or without mechanical stress, or
merely by removing matter. This provides firstly a structure constituted by a

stack comprising in succession a thick layer 4 acting as a support for a useful
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the invention as described above, the monocrystalline gallium nitride is
5  deposited before the thick layer 4 is formed.

EXAMPLE 11
In another example of this third implementation of the method of the
invention, the structure of Example 10 is made and then the thin layer 2 of
10  monocrystalline silicon carbide is withdrawn, e.g. by a step 800 of etching in a
plasma (second row of Table 3).

EXAMPLE 12
In yet another example of this third implementation of the method of

15 the invention (third row of Table 3), a structure of the kind described in
Example 11 is made, except that not only is the layer 2 of monocrystalline
silicon carbide removed, but so also is a portion of the useful layer of gallium
nitride.

It can be observed that the thin layer 2 of monocrystalline silicon

20  carbide or the useful layer 16 of monocrystalline gallium nitride can be
subjected to various additional technological steps prior to being subjected to
deposition of the thick layer 4, with these steps seeking to produce electronic
components, in full or in part, or they can comprise making uniform deposits
of additional films whether epitaxially or otherwise.

25 It should also be observed that the polarity of the thin layer 2 of
monocrystalline silicon carbide and that of the useful layer 16 of gallium
nitride can be determined by selecting the polarity of the initial source
substrate 6. Optionally, the method of the invention can include at least one
double transfer enabling polarity to be changed twice in succession.

30 Similarly, these examples can be transposed to circumstances in which
the invention is used to form a useful layer 16 of aluminum nitride, or an alloy

of aluminum and gallium, or of an alloy of gallium and indium, etc. instead of
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monocrystalline silicon carbide on a source substrate 6 with a zone of
weakness 8, and secondly, an intermediate support 12 with bonding layers 10
25  and 11 between them, e.g. as described above for the first implementation;
- detaching the thin layer 2 from the source substrate 6 via a zone of
weakness 8 (e.g. obtained by implanting performed in the source substrate 6
prior to being put into contact with the intermediate support 12);
- depositing a useful layer 16 of monocrystalline gallium nitride on the

30 free surface of the thin layer 2 of silicon carbide;
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thin layer 2 which is opposite from its face that has received the thick layer 4
(thus reproducing the final substrate 14 of Example 4, for example).

In the second case, the thick layer 4 is deposited on the same side as

the thin layer 2 (thus reproducing the final substrate 14 of Example 4) or on

5 the same side as the useful layer 16 (thus reproducing the final substrate 14
of Example 10). Optionally, as described with reference to Figure 4 (see step
800), it is then possible to remove the thin layer 2 (thus reproducing the final
substrate of Example 11, for example).

Numerous variants of the implementations described above can also

10  be envisaged without going beyond the ambit of the invention.

For example, the various operations described in the examples
illustrating the implementations of the method of the invention can be
combined.

Thus, as shown in Figure 7, one variant consists in batch processing

15  the thin layers 2 as obtained prior to depositing the thick layer 4. Under such
circumstances, the thin layers 2 are fixed on a single intermediate support 12
of large size.

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

20 Under such circumstances, the thin layers 2 can be identical or they
can be different. Each of the thin layers 2 can be subjected to a separate
operation of detaching the thin layer from the intermediate support 12. By
way of example, the single intermediate support 12 can be a plate of
polycrystalline silicon carbide covered in a silicon oxide.

25 After the thick layer 4 has been deposited, the assembly comprising
the single intermediate support 12 and the associated thin layers 2 and thick
layers 4 is subjected to a lift-off operation in a bath of hydrofluoric acid. Each
individual intermediate support 12 is recycled.

In yet another variant of the implementations described above, a thick

30 layer 4 is deposited on a surface that is larger than the surface corresponding

to the main faces of the thin layer 2. This variant is shown in Figure 8.
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In this variant, a structure is made constituted by a thin layer 2 on an
intermediate support 12 with bonding layers 10 and 11 between them, of the
kind made in the first implementation described above. This structure is then
placed in a sample carrier 20 in such a manner that the free surface of the

5  thin layer 2 is flush with the surface of the sample carrier 20 (see Figure 8a).
A thick layer 4 is then formed on said free surface and overflows onto the
sample carrier 20.

The substrate formed in this way can optionally be subjected to

treatment suitable for eliminating the projecting edges of the thin layer 2. The
10  edges of a deposited layer generally present irregularities, defects, beading,
etc. The present variant makes it possible to eliminate such edges.

This variant is also advantageous for forming a substrate of diameter
greater than that of the thin layer 2 and adapted to a line for processing
substrates of a given diameter, even though the thin layer 2 cannot be formed

15  directly with said diameter.

This variant is also advantageous when, during formation of a single
thick layer 4 on a plurality of thin layers 2, a single support is made for a
plurality of thin layers 2 and/or useful layers 16 (see Figure 8b). This variant
can also be implemented by forming a thick layer 4 on each of the assemblies

20  constituted by an intermediate support 12 and by a thin layer 2 and placed on
a plane sample carrier. The thick layer 4 then drops back onto the edges of
the thin layer 2.

A variant of the method of the invention is mentioned above which

consists in optimizing the parameters for depositing the thick layer 4 so as to
25  make a thick layer 4 as a single crystal.

Even if the quality of such a monocrystalline thick layer 4 is not good, it
can be good enough for numerous applications, for which crystal quality
needs to be very high only in the surface layer 2 or 16.

Such variants of the method of the invention are particularly

30 advantageous when it is not possible to grow single crystals (as is the case
for gallium nitride) or when it is expensive to grow single crystals (as is the

case for monocrystalline silicon carbide).
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It is possible to perform chemical vapor deposition of a thick layer 4 of
silicon carbide on a surface layer 2 or 16 which then acts as a seed for
seeding the growth of the thick layer 4, while still using very high rates of
growth (several tens to several hundreds of microns per hour).

5 It will be observed that in prior art techniques, thin layers 2 are often
grown on a support by epitaxy. Under such circumstances, the substrate
must be of very good quality so as to ensure that the thin layer grown
epitaxially thereon is likewise of very good quality, i.e. so as to ensure that
defects are not transferred.

10 In the method of the invention, the support, i.e. the thick layer 4, can
be made at lower cost since it is a support whose quality can often be inferior,
particularly since it is not necessarily used for restarting epitaxial growth.

In other variants, the above description is transposed to other
semiconductors such as indium phosphide and gallium arsenide, or indeed to

15  other materials such as lithium niobate.

In yet other variants, an intermediate layer, e.g. an insulating layer is
made between the thin layer 2 and/or the useful layer 16, and the thick layer 4
or indeed the thin layer 2 and the useful layer 16. By way of example, this

intermediate layer can be made of diamond or of fine oxide (500 A thick), etc.
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CLAIMS

1/ A method of fabricating a substrate comprising a thin layer carried by a
layer constituting a mechanical support, in particular for optics, electronics, or
5  optoelectronics, the method comprising the following steps:
- detaching a layer of material for forming the thin layer (2) from a
source substrate (6); and then
- making a thick layer (4) on the thin layer (2) by depositing material to
form the layer which constitutes the mechanical support.

10
2/ A method according to claim 1, characterized by the fact that the thick layer
(4) is deposited progressively, on the thin layer, by a technique taken from the
list comprising: chemical vapor deposition, liquid deposition, molecular beam
deposition.

15

3/ A method according to any preceding claim, characterized by the fact that it
includes an operation consisting in depositing a useful layer (16) on one of

the faces of the thin layer (2).

20 4/ A method according to claim 3, characterized by the fact that it includes an
operation consisting in depositing a useful layer (16) on the other face of the
thin layer (2).

5/ A method according to claim 3 or claim 4, characterized by the fact that at
25  least one useful layer (16) is deposited before the thick layer (4) is formed.

8/ A method according to any one of claims 3 to 5, characterized by the fact
that at least one useful layer (16) is deposited after the thick layer (4) has
been formed.

30
7/ A method according to any one of claims 3 to 6, characterized by the fact

that the useful layer is constituted by a material having a large band gap,
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that each of the useful layer (16) and the thick layer (4) is deposited on a

different face of the thin layer (2).

9/ A method according to any preceding claim, characterized by the fact that

10 the thin layer (2) is constituted by a monocrystalline material.

10/ A method according to any preceding claim, characterized by the fact that
the thick layer (4) is formed by depositing a material taken from the list
constituted by: monocrystalline materials, polycrystalline materials,
15 amorphous materials, materials comprising a plurality of phases, and

materials that are less expensive than those constituting the thin layer.

11/ A method according to any preceding claim, characterized by the fact that
it includes a step of transferring the thin layer (2) onto an intermediate support
20  (12) prior to forming the thick layer (4) on the thin layer (2).

12/ A method according to claim 11, characterized by the fact that the
intermediate support (12) supports a plurality of thin layers (2).

25 13/ A method according to claim 11 or claim 12, characterized by the fact that
it includes an operation which consists in eliminating the intermediate support
(12).

14/ A method according to claim 13, characterized in that the intermediate

30 support (12) is eliminated by separating the thin layer (2) from the
intermediate support (12), in particular to enable the intermediate support to
be recycled.
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15 18/ A method according to any preceding claim, characterized by the fact that
the thin layer (2) is constituted by a material taken from the list comprising:
silicon, silicon carbide, sapphire, diamond, gallium nitride, aluminum nitride,

and a combination or a superposition of at least two of these materials.

20 19/ A method according to any preceding claim, characterized by the fact that
the thick layer (4) is made of a material taken from the list comprising: silicon,
silicon carbide, sapphire, diamond, graphite, gallium nitride, aluminum nitride,

and a combination or a superposition of at least two of these materials.

25 20/ A method according to any preceding claim, characterized by the fact that
the thin layer (2) is detached from the source substrate (6) via a zone of

weakness (8).

21/ A method according to claim 20, characterized by the fact that the zone of
30 weakness (8) is made by implanting atomic species in the source substrate

(6) close to a determined depth.
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following qualities: monocrystalline, polycrystalline, insulating, and conductive.

15 25/ A method according to any preceding claim, characterized by the fact that
the thick layer (4) is formed by using the thin layer (2) as a seed layer for
forming said thick layer (4).



