;e3eNsSNp  !'$". "r\ $6$T$LS=i Aeai ~nn Th a present invcn~ion relates in

- general to the fabrication of sem conductor substrates, especially for the
el ectroni cs, optoel PCaroni c:s or opfii r5 in~3ltstriP.

particularly, the invention relc~Ces to the production ”m”lmmmmmm y of
two wafers, at |east one of which is a sem conductor. Typi wisosd«l | Yy, such an
assenbly is effected by noleculr,~r 10 adhP.,:ton or. wafer, binding and,
after this assenbl Ing operation, undergoes a certlin nunber of

t echnol ogi cal, . p Ci o] ts int

oLt CP) £ Rppr; BPRSORE  PRGEALIG, LQPAI{%IW}& r?é)’%ef;‘lsubtrs%’trt}tq’ee
fabrlcatlonf69€¥§ab$omh%fSﬁ%ﬁ%CQRﬁ”%?Qﬁy%ﬂHﬁﬁéét€Favvﬁh?ﬁaa%%ﬁxﬁoﬁ nvol vi ng
the i npl ant ahkoB16tt BFSEOYS ERRGBlefsont cd 6. opficd ihdRldrdepkh in a bul k
donor wafer in order to create a ~reg~.on of meaknPSS anti the application
oP stresses to cause at 20 the enc3 ~~ separ.'ati_on ~1t this region of
weaknc~shb, Mheewabertigsiaghger géheaf tigwvenkiionsepalaticon, t@ nutser of
operations aged%@@@ﬁabkyan SRR CE ShemL@lrsTechanidast-Jouner ot her
pol ,istia, ng egs carrled OUtdE{S t he donor wafer in o.cv~er 25 to

recyc. ~. | e Phe¥Pattets 2 THEHEHE8ani ng steps; - steps invol ving
rglatively hi gh tenperatures | :ypie;ally 300 to 90UC, .~11G-'1 e~. ~ (~Xi

O & T -PPOB b Oy 8 PP shiey Orar§ul?st@ﬂ£1 "}; fuﬁa%rteaemer@yég padypically

1150C, 30 fo oxi dat1on espec al In the ca |con
carblde1%|Cﬂﬂﬁfe%?H LIstEPSe T oPOPHPIANENAY &miﬁﬁ'?ﬁﬁ% @%%%%%E”Ebe0|es - a
waf er bondi Bgeshepon Andndbrgods Sepakathon ﬁhﬁiﬁernof\htﬁbhﬁfbl@@&&ﬁl (t her nal

and/ or nechaglcal gnd/or St her: s%&gssen% are ap |egntRec¥§I| r~ of L~~e
donor waf er reauz res tiHe SticcSssive “rampval - fronltﬁe FAtte? of 1hin

| ayers, therébyernauRignedyEiields. progressively deczeasing the Chi.ckne~s of
the paid water. \Wen this donor waPPr becomes excessively thin, or else 5
it the.,si:arting _waf before | is already re tlvely thin
for et verhr BRCERCUERS: g8 Por BaEaeRLERPr ehbil 'R T ond i vos f1 se
to the fol 7SoairngCdt af(regdkteied: tratihemaik)~ typdngﬁnvukMQmm ﬁmacture

eittring 10;predophAadl by Whsebusnifalciskens, asupmprmsaa heayiaf i ous
transfer operatiaqns necessary for recycling, bond |n% planari zation
of the surféEeaoiTﬂﬁi %@Qpr wafer in order to create & region o

weakness, and the application of stresses to cause at

20 the end & separation at this region of weakness, the
wafer musltl undergo, after this separation, a number of
operations and especially:

- mechanical, chemical~mechanical or other
polishing steps carried oul on the donor wafer in order

25 fo recycle the latter;

- chemical cleaning steps;

- steps involving relatively high temperatures,
Lypically 300 to 900°C, such as oxide deposition steps,
or substantially higher temperatures, typically 1150°C,

30 for thermal oxidation (especially in the case of a
silicon carbide SiC wafer);

- steps for implanting one or more gaseous
species;

- a wafer bonding step; and

35 - a separation step in which stresses (thermal
and/or mechanical and/or other stresses) are applied.

Recycling of Lhe donor wafer reguires the successive
removal from the latter of thin layers, thereby
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- Lhere is also a high risk of fracture curing high-tenperature heat
. treatnment9, especiallJ.y because of 15 non-uniformtc.nprratures in the
wafer; - sznp7,y handling the wafer key an operator also induces a risk of
fracture; - the. thinned wafer beconkE~s particular) y Sensitive to rPrta.in
i .er;hnoloc3ical seeps inducing a 20 Layge strain in the w—~fcr., such as
the step of inplanting ga~eotls ~pec,ies or. certain dc-:poa~,tton

. Fps; typealdepsivelyhedeaseaDidg thne | PRlaiads 3N Qhegasgoys
s ~PG-- PJ, the thi nned wafer sans significantly, taking on a convex profile;
such ca sag g ecFust conp r.om.ses 25 the nouJ.ding operation w:lich
rPquire.~ the contacting surfaces to be of sati~, factory flatness. Thus,
there is a m n F i an oger be
used, or whi vﬁ’lerﬂl‘l\r?gggr ?28% $56££u%§]&?r ac ur\et\(ss\ﬁy%c‘ip h}é 1get?l rren‘frpof t he
fabricati8n prioddss StRATRREt Veteas e Hervesomemprasdt ahdpaineady | n

particul ar, lreflatt'h@eQ setpina ﬂ@ﬁorww@t@rcm%a%nsl Cits@ hgbatryely
expensi ve anc; | fra e materi it 35.turns out that a wafer th| nned down

to about 2Q0 p s (llr‘mov cé’é’@r&ft "GAST ~ALVEFt h *d 56t aridar d°1f aneter of
2 inches, i. iolébwm%dehﬁwﬂismﬁ ‘e ei _Lher because fractures duri ng t he

process becorre t Qo U@ggent t,orabeq:lqaﬁe Ehgksagggg?ggggurggl gﬁ)\é\%

i mpl anta |on %P 8 LudEs roper _bondi ng,

exanpl e, herﬁrér BHOFY WSO ; Pters. t HECBt a7, t @ce%é%?‘t'i/ are of
smal | 5 thi ckressfeFhoperhhieses art@c@etqatﬂye ﬂme&@ayclthﬁe, OBohdendasket ~aN
donor wafers 4p %ﬁagggyg$Lp& &or_tq_\oo utrt%gcgzﬁ%%eggc\éﬁltgned problenms . ~rhe

current practice’is uc:c s usi ng the thick
epi taxy techni que-calNede HPYE q44ybra dhvapourdskhade Bpictaxyd danind an

epitaxially gurqnewamgubgtuﬁa %éé@e@résf’é{r%rn)t Vm'e@Beb%aiPW@Qa@st e the
epi t axy l§|ovvever tmttQ rawbacks: firstly it only

makes it “posdBIE tooﬁ%tg&hp it urs‘alfpd'é“r?ﬁﬁ j(?\g?re’rs havi ner a thic.:knPSS of
at npst around 200 t&1BPhY dbAndEingethef walfer| byenti ovpe R ik taldmve

greater thickmnasges, athestast dhadedhg lattice matching with the SFed :;
tthbstratP i s |rrperfe t gen rateiﬁ exce?swe trains; further% , and
above all, the rate 6fgrowfh"i&tng FAFETt ecRRFRNER i sPRREFEMEAY Y ow

(typic;dlly Fenedotive Eiam gexthéor)lechivilogicsla smpoudnZ0chagdicap as

reqatrdszuanulﬁ,rig(a ~stHEinN0i € 0Sthe RS, ”E;ru}‘hObh@CttlQef: th@qpreosgent
invention is.to.al gew ate these drawbacks and t r UVI ~a~ pr.ocess for

removi ng sucdB8EdPIEIRRAFRF RS SRT OGS O&oﬁﬁFt%PeF@EB*%t?i’h ¢fPDe enpl oyed
even when théywareilnl iEn whiechkaste d@yethal impidrstzcaton rehoyasgpdsayers from

t he donor Wafn?(acfiagt,% tﬁ):.' Ct’thn%J Nifesd | By PXL s £ A0 a2l s ling

t hi cknesses hus, accord to a first aspecC, the present 30 |nvent| on
provi des a pFOcessSHBeH r%lh ot rFHY sticEREsFERPRTTY | SPRPER T a
senmi condé&gt othpaterilaingf epetorfokorwafikich o raqnéces viung wadetgcichey act eri zed

in that it ceuprhees b1 Jtolslacrﬁea.%c%taﬁpsflée)esaesenb' ing a bulk slice,
consi sting of 35 sem conductor material, and a support in order to forma

mechani cal |y stabl e assenbly constituting the donor wafer and conprising a
donor | ayer fThuthe td@ir¢ sieni gomdundhom nwheri alafard tehistiEarst bheler ;

which it can no longer be used, or which gives rise to
30 such fractures, to the detriment of the fabrication
process, in particular from the economic standpoint.

In particular, in the case of a donor wafer made of
S§iC, a relatively wexpensive and fragile material, it
35 turns oul that a wafer thinned down to about 200 um
becomes (in the case of wafers with a standard diameter
of 2 inches, i.e. about 5 em) unusable either because
fractures during the process become too freguent ox
because the sag adopted following implantation



(b) creating a region of weakness in the donor - 4 layer at a controlled
- depth; (c) hcsnciitic~ the donor wafer to the receiving wafer via the free
side of |:he donor |ayer of the: said donor wafer; 5 (d) effecting a
separation in the region of weakness of the donor layer, a |, hici |ayer
o.f. the ;~om condoctor material thus bei,nq transJ=errad fromthe donor
wdJ: Pr to the recei.ving wafer; and {e& +~pe~7t~ng opcr~il.ic~n: (b) to (d)
wi t hout the 10 support |ayer of the donor wafer 1-Ping breached. Preferred,
but 11U 1-1 lpdekilbdgs peapér, easiiofy.t he proce~s as defined ahwe are the 1J.1
~W ng - step (a) is carried out by waf, Pr bondi ng 1 ~, between pol i shed
J=aces of the bulk slice and of the su port - step S carrled out by
hi gh- t enpez DGICQFERBI dioncan YEtsieeh*pBP thHh?ﬁ%e;‘?""ﬁf ‘ikl’f%,"”ou‘r"?( SM9r_e and ~f
the support whikpy - as:teptlﬁ@) lssaearrl Qﬁéc@utatlyyl makant idly gesenUs speci es;

- step (¢) arrie u waf er n ; ) s currigd out by
appl yi nggst F@éé%g br:iSprerg“‘lSI'l %llFﬁSr &l ?%d?%e e&g:nl R r{egnses 25 -
steps (a) toagiptaraN, rdégeat edafexchoskhckhaghough | hPE| fﬂ0b~90‘590 the ti mes

dependi ng ondberkhi¢kREss lodifamedongk | %me_»rrenencprwtue deptin of the
regi on of weakness; - t he sEm conductor materi al ngl e- )h%stal

seni conduct A%~ 'eP tﬂe"%‘ﬂ’p‘poH]eF‘% CREEER SRSt H%‘ def% ri~ing the
sanme sem COT@tmmdquaScawpdgHeVEr yEiyalkidf vapderi BhaqeuaEpiyaxy)heomane

sem ~~ngyet qr, 5%994%%@ alLing Eegﬁteweﬂaee@errqasyem)cmw ~s a

different poly sem conductor material i's chosen fromthe 35
group conpr Fﬂqﬁ’g’jegl IHEEG, té%el iePdh oy ~BeEVer p BRHS| APGRP AR mbtonet al li ¢
or pol ymet aIthIoC i flor—. di%S.vbacktshe rdeselyl ayebnbasmakehi cknesssbblear ound 100

to 300 Eun; JB%&%%PpO 1£- s%%% rg?ﬁg wggeggnﬁgélgb Qr?HngAegE of
at most around 200 to 300 um, since if the intention is
1% to have greater thicknesses, the facl that the latticce
matching with the seed substrate is imperfect generates
eXcessive strains; furthermore, and above all, the rate
of growth using this technique 1is extremely low
(typically 10 bto 100 pm pex hour). This is a serious
20 handicap as regards manufacturing cost.

The primary object of the present dinvention 1is to
alleviate these drawbacks and to provide a process for
removing successive thin layers from a donor wafer

25 which can be employed even when the material in which
the operalions of removing layers from the donor wafer
take place reaches exfremely small thicknesses,

Thus, according to a first aspect, the present
30 invention provides a process for transferring
successive thin layers from a semiconductor material of
a donor wafer to a receiving wafer, characterized in
that it comprises the following steps:
(a) assembling a bulk slice, consisting of
35 semiconductor material, and a support in order to form
a mechanically stable assembly constituting the donor
wafer and comprising a donor layer of the said
semiconductor material and a support layer;
(b) creating a region of weakness in the donor



-5 to 300 ~~rn;-the sem conductor material is al arge-gapnononetallic or
- polyrnetallic nitride, inparticulargZlJ.:iumitride;5 ~l.hP support |ayer
is a bulk layer acrd pxoducedfrom amaterial taken fromtire
c~rc: npconprisingsl],icon,galliumnitride, silir_on
carbir)c~, al um niumitri deand sapphire. 10 Mreover, the conventi onal
t PC. -, hni qup of produci ng bal k donor- wafers froman ingot typically
,requires (in the ease of single-crystal SiC) the follow ng operating
stc. p~ - cutlbiyeg btl e cogotolld nigpahSaw, into ~; 11 CeS 15 having a
thickness of aroynd LomisqcaarselinBal ishiag aach ok thectapesyof the
sJ.ice, in order to renove %rystal anaged by saw ng dnd to ohtaln good
planarity: adder vdacébsesitveepsine: pLi kDg gPneRelfVEtrel . Borfeitace 20
(the renovalichaeeyararprder to ~lir~r:~nate work~harriened crystal and 'Lo
obt ai n appropriate, surfac; P. roughncSS, r.us, this o] : QCes starting
.fron1.rglativel§89hi8£?§?%%9%s,diﬁ%gfﬁégléﬁbségntfgﬁ rgggégﬁ o?fnateria
25 during theaksgesessfvehsol dohphg Fa¥s. Fhi shabvilbtEy &ff eBBQ the
manuf act uri ngreshduAnet haktaspsct tRhis t BeihgverhhoPet Badi FBG ather o~i ~i ci ng
donor wafers, with rgdqced {osse§4.and therefore with 30 nore protitabJe use
of the startdWGINERERFaFC (TR tHIECARS &PAGrFé- 8P¥stal SiC). According Lo
this second aspede) theppatsent cpnventéon théer gfoor elproiilteet athe~we: ess
for progyci ng, R Ghongleddowafied ddHANGRd LO0RenYSEHeddhd Process for
transferring ccessive thin [ayexs of a given Sem conductor rnatez:i al
fromthe said donor wafer to a receiving wafer, charaea.erj.~Pd in that it
conpri ses t hedfelrdrew, ngust aps~1initing préximineg abuhk sirocesef asthe said
sem conduct o ~4erial ;. (11)..asseEGnblj.nc~ the said bulk slice and a
support in 6%ﬁgbcﬁoa‘8y %ﬁ% tdﬁdﬁﬁaé?éﬁg'ChP latter c;onprisinu 5 a donor
| ayer of the senmicomdest ofahmt &fi aFaBied SUHporaY | WpfeTr, PPEJLiBFred, but
non- I i mhtsi ngyehRaturgs) ofnddrer aboyeqpr agrssbare shece: andowng:ha0 - the
hulk Slice is producaC by sawing an ingot or else by thick-filmepitaxy on
a seed | ayeri"FF°/t’the latter case, a step o.f. renmpving the seed layer is
provi ded; - the prosts® f(at hésnorerZied udey, Py~dilghetSmsrabUERi), the
fol I owi ng st,epq iy %eﬁﬁgehsﬁbmgslﬁédtﬂﬂse@%ﬁ( gld el ier mha bace

intended to cone i'nto _contact wil.h tl-~e support; - the process
furt her nor e THeHWEEOSf‘before step (ii) , the following ~;|:Cp:
20 - step (b) is carried out by implanting gaseous
species;

- step (¢) is carried out by wafer bonding;
- step (d) is carried out by applying strcsses,
especially thermal and/or mechanical stresses;

25 - steps (a) to (d) are repeated a chosen maximum
number of times depending on the thickness of the donor
layer and on the depth of the region of weakness;

- the semiconductor material is a single-crystal
semiconductor and the support is chosen from the group

30 comprising the same semiconductor as a single crystal
of inferior quality, the same semiconductor in
polycrystalline form and the same semiconductor as a
different polytype; .

- the semiconductor material is chesen from the

35 group comprising silicon, silicon carbide and large-gap
monometallic or polymetallic nitrides;

~ the donor layer has a thickness of around 100
to 300 um;
- the support layer has a thickness of around 100



2Q (i") polishing, to a defined dcc~ree, that face of the bulk sli.c:P an~1
-l :hat face of the support which are intended to cone into contact with each
other. and step (ii) is carried out zit a tenperature and for a time such
that wafer bonding or welding is achieved 25 between the bulk slice and the
support; - the sem conductor material i,s a single-crystal sem conductor
and tho support is ohose:n fromthe gropup conprising the sane sem conduct or
as a single crystal of inferior quality, the sane sem conductor in 30

pol ycryst a7.4a 3€0f omm and the sane serniconductor as a di.,fferent

pol yl . ype; - the_seqhcondufl QbnadBLSE | ahad Sr Lhosens from theqgroyp
conprising silicon, _silicon carbide and |arge-gap iqnonetallic, of

pol yret al || @MOeEraddicaser M WBIRLOAET Lot oF 9t erPal PASEECY He~e- gap
nononet al | i @yadX ipel yisrekadiéi c nitride, in paxticulai ga7.liumnitride; and -
t he suppert |ayer i y d. prod a.Jmt eri ken from

t he grouﬁ conprising'hg g##?%%ﬁ,9£§€?iﬁ%1%iPgﬁgd%égg%lf§?o§%$€glﬁ?c.ie,
aluin:i.n~ qumtlﬂ(kﬂ&%ﬁiiééppﬁﬁaéﬂ Fdremer theaCuresP oBBRELS Hifl

adv, ant ac~P$ igfi doRe pg£BENim SniiBY€as | O iil-bnhr ef pyoiR nearfhninihe~arly
apparent ~n r.. gad%:m t he flol | ow ng detail ed description of preferred

met hods of iiGIE-2REUEPRIN BT the i nvention, the description beincr given
by way of non-limting exanple and with reference to the appended

COrvwi ngs, ivh el Fitgldr €50l nth ofah erkbhshué abe peber@insablykthe steps
of a process for transferring chi n |:~yors cordi hc~ tovjjfe " invention.

"rhe proces@UCToI¥ LTy TP hah pfageht YRRt 1 HntSET T Sow 5 S descri bed

in its generase ease.soidgfericdvatallarsid)y ddeor fablesirics upedatinn@ process
for r.Pmoving~ 9.~CCeSSIVC thin layers, this donor wafer is formed by

assenbling a d6i6r ;.1 i r.P and a nPChani cal 20 support . 'This as:

enbl a, ng operation icgtfiget exdebl §neakri agingt by st erl'BencFHgES bei ny
per formed WhelrampRr @phtahesONut herdanon shi;ce and/ or on the nechani cal
Support for the appropriate interface bondingq.layers. 25 T ani cal
support ;i,S c,hosor,iw%bgixs qu&sfll)“én@orr%%cg} bPE \?\J‘nxwﬁ Fﬂ%e?tggt ,m?l?l%ri l,s
| r(1jJUS(: Cisldfe,hanSloirdesSspvremys : 5 tigl rdamgesy PyheAvEaY e#BAf rom t he

donor slice,.especiial honpl @r&BLOf; temeratures. 30 In this reg7rd, crnP

i mpnxt.anl _ far_.tor i%egggvrelahggggaéfosﬁﬁ_ugnféhe thFr ]I §§ansion

coefficient of the matrertar sf °f i'ce and 1hat he“Fateri al of

t he mecB&ni cdihessummeval Facst)| yin "dwhwradsendl st teaypask=hgrdenagui shed,

that is to sayddi10964 83 ¥Whih:MBd &l A8 her shibeadenpsudidss.and for the
support |ayer that have simlar chem cal and nechani cal properties. ThCSe

will be, for exanple, layers of the followng materials: - single--crystal
Si C (donor) Trud,owthual i kyown sipupeeseryssabrorngol fmamystralbihgcSy. C

(support); thick slices, involves substantial losses of material
25 during the successive polishing steps. This obviously
affects the manulacturing cost.

Another aspect of the invention is aimed at producing
donor wafers with reduced losses, and therefore with

30 more profitable use of the starting material (in this
case single-crystal 5iC).

According to this second aspect, the present invention
therefore provides a process for producing a donor

35 wafer intended to be used in a process for transferring
successive thin layers of a given semiconductor
material from the said donor wafer to a receiving
wafer, characterized in that it comprises the following
steps:



- sa.ngle-crystal GN (donor) on lowquality sitlgle-crystal c~x
- po7,ycrystalline GaN (support) ; and - 5inc~le-crystal Si (donor) on
| ow-quality 5 single-crystal or polycrysrdlline Si (support). In thiscase,

there i.sp~~actic~tlly nol ~.m.tatior~ ~Zsregardsthernmal budc~c~tl_hat ran
hepr ovi ded for px' oduci ngt he donor wafer, siit~.c: the twomateri~I|ls arelO
~hct ~mal | ywel | mat chedand the dotl ol ayer. wi |l beundi sturbed by
diffusionor tree |.i kP. Next, "hetero-as~enblics" may hP di stingui shed,

those with materifl s gorduciegdonar |bulMer sddckor ehe sdispor 6218 | ayer Lhdt

have differ ; P salnatbdirx: c_ihem .cal properties. '"They will be,
for Pxanpl e,g%:’éggrs%(;ef tﬁneﬂ f.ol | ow cat SiC

I , ng materials. - 5imsle--~rys
(donor) on Si (slppbragsenbling Gﬂ%%ﬁ%ﬁhﬁ&éﬁTﬁa’lSﬁ gnd 50 "-UPéél{ILon Si:
etc, |nthisigasedéhets hesimalt Houdgeb rowkiiet enples alsturer tcampwiiiséhtihe,
assembl y, My Dg. LXPOS8YI925% 0L | ULheloRREAIEOhat besalerdfR gl smat ch
t hat . canresul t "i'ndef ormati onor fracture. For exanpfe, I nt hecase of adonor
waf er made ofuppprt falwtor | ayer) onSi (supportlayer), difficulties arise
wi th tenperaturesof aroucld900 |:0 950Cbei ng exceeded. 30 Anot her inportant
factor is the Lhickness of the donor.slice/suppart se y _produced, which
nust be conEﬁFk‘BFEe%t ‘{then§Pég§‘“b£H’?heeg§rd§§l5§§ aﬁ% ntaele ia'lt%oggssi bl e
after aJ.| pooceasumee ashd grolaswpogsi bl e all or 35 nost of the donor slice.

Once theybondi ng_hagpbegpgatiied QYL 2Bdukéqnggesaaing-thengmiiened by
suitable treatnents, thi s asse econes a fu -fl edged donor wald:er,,

s assembl y b
wh7.ch i s h8RdPiae LY ghickyfd Fhﬁ{’t‘hé"‘}éu%e%ssle\féil PdE&és operations of
renovi ng thin | ayersnashé fldtttereromsa,canvenpi ofiar ot inaldier sofgf er,
hom)geneousltaggguggowog,i&ecﬁ;t hi ckness. The nunb~z~ of thin |ayex': renoved
is r_hosen essentially according 5 to the thickness of fire dqnor |ayer and
the depth of the~refi®n PéPCﬁéﬁk%é%y‘@émf’ﬁ%t ipeipdes galet@rbval®Ps ef f ect ed
W t hout 18 he (Suppothel ByBIowirigistepPac; hed and w t hout any regions of
defects, likely to,exist. at, the trapsi, ti0on . hetwcct e .ql.c | ayer and
the stl~~port lo(fLage’?(,’ 'Jb%?lnn roeftac%éd.blfllg( tsil%:cce: eoglslél. Irbgl’ l%wnmﬁ[@@tchee assenbl a
ng oper at i odnhasdbdehe ccomhligtted configctob oD Werf PP k~e thinned at its
rear .face (on the syep@ibckayez wcd@)mbhe Orden utiesadjgesbrehestkip t hi ckness
of the wafer  and kel [.t conpatible with the r3ownstrpam technol ogi cal
steps ~irl rj(lﬂm)fhggﬁefﬁ%ls%‘flﬁi% "gt“gridar ds. t:'or exanple, when the support
| ayer i80macae ol(id{')ipohishinis the mnidefinstepgeonne bethak yLa&2Si9Yy carri ed
oul.". by nmeghanjgal sh-iePiantg.t il Bamler khe Sdpraae WMicH iadehe donor
slice consists of singly-crystal SIC_ it is assgnbled on a support
preferably ¢Bh§BAEH; ﬁg %‘Pm%Slrbt(ﬂ FOREESI Y’?‘E% T Gfﬁ‘gl

dssenbl i ng operation
mdy be carriaad etepbyid) r éstchombdpwr ol se tiopppratvuce nigid ofPX Ife faces to

be assenbl ed; JenCRIARdigle Lavers ylde £f s:lieonipyl de Sitkidwid exanpl e.
30 In terns of polax i,ty, the SiC sj n%Ie crystal is, for exanple, bonded
to the $Bpp&REVERN hePulhcett Ghhéread he REPESTHCe of the said si ngl e
cx'ystal is the expoaedstateohdonmtahi shtehial | byessswhblesabssplent |y be
removed, the reversg shl- zLhat LRaNsBELAB: PPSSLRL S NOVEMR the group
comprising the same semiconductor as a single crystal
of inferior quality, the same semiconductor in

30 polycrystalline form and the same semiconductor as a
different polylype;

- the semiconductor material is chosen from the
group comprising silicon, silicon carbide and large-gap
monometallic or polymetallic nitrides;

35 — the semiconductor material 1s a large-gap
monometallic or polymetallic nitride, in particular
gallium nitride; and

- Lhe support layer is a bulk layer and produced

from a material taken from the group comprising



351t will..be seen.here that this f317t'Sl:ion of polarity occurs with <711
- materials having a hexagonal crystal Sl:.LIITCUe sl 7Ch as CaN and 111N. An
initial polishing step on this face as well as - 10 - inLerroedaate
pol i shing steps between two successive renoval operations are prefyrably
rarrieci out. RPC3LISL-~. U the J=act that the Single-cryutzZl SiC of the 5
donor slice and the: polycrystalline § C of the ntc: hanical support both

h~l vo expansion cceffir;ients clo~;e to 4.5xJ.0 ~/ K, the assenbly ttl~ts

formed may wideicge, Wyéhwtm ZRiyredSamaged cahl dheideccysl g ehe3mic: al
c; 7, eani ng, dec pasition and heat. treatnment :steps 10 associated wth the

mart C ut proc de ® Tap?’?Jalhsf~~r r.ing th| n 1 ayPrs . According to
avariant., the mechanl cal s~t p~~ort i s madeof silJ.c.:on. Inthis case,
cor npat i bi | zifnRgt WeeR tbel-on O dn Al ahR8geR0kE £ Sihéeﬁ:fé%ﬂ he

t hermal . st andpoi nt ma tohe inferior, btti: nPVPrthe

r enai nssaLi élf’ip(?f‘&%)?n %BQIJ'[I (‘f‘ﬁf’ﬁ? PPTE: Fni *HbY MR BT Ep df?ﬁ‘%ﬁ’g{ o whi ch
t heassenbl y tire didjlestied datiainged hitseatoreohs odr pkefet eekt anelf hods e
particularly, | ﬁm%oﬂ@r%&éﬂﬂ{ be P QU%VEH&Q%' dgHayges i yelyged in

t hebondi ng of t he er rermve to its support, theoxide z,s formed by
deposi tion a&fd ot IHYET hBY maladki Hfat NER- l?@%&b‘%n?ﬁ@@%ﬁ%l #nck H&t¥abri cat i on
slic:c:/tnexdtantiepak supponsé aﬁﬁeﬁhé& tcitmslﬁganplm, wmﬁﬁ~tl&;msng st eps:

of the QG”OHa 1@V fﬁﬁir%?% ﬁchemat cglfhe%gel§rgghlcfoqggg¥ [, with a

t hi ckness 30 'st.ths ess t usua Knes ul k

si ngl e- crystfgr. stéanﬁﬁﬁml%ferbmtydmm‘y wiheepd it ckiess HTe around
5003zm i nst egfre@fc iapound | nm conventionally; - a poJd.i.shi,ng operation is
carried out Ul only 35 one of the faces of the slice; - this pol i shed face
is brought into intimate contact with a face of suitably ~~ldrtari.ty of a
pol ycryst al |Thee pSicCesgpporbriafiert sotles fmessata inkantiogevhsl My waf er

bondi ngj st hg,SURRALL LWWAT 8R 185 gehkrd1YRacally produced by thick-film
deposition of the CVD type and L11as a thic.knPSS, for exanple, of. 20U to

300 Eltn; 7.t should be: notec-,i that a lowquality (aiid therefore
i nexpensi Ve)Bg feireglae -straptstiaky abﬁﬁrowcxaarsm 0s&d 5im popydypes didf erent from

that of the Aaneshaviicddar examle. 19%“381%% bhRoSURRAN, apd OH Si C
l'ayer) ro 0 S

for they donor , ulci ed for the support; - e assenbly
i s then expdsedad by saiseapPéitherneloudgel 1 ¢4 i ﬁ“@xa“rrpT"@‘“hZ“L%]C fox 2
hours) ko 1Guppder .t o =i Nasserieley bossk gy ifopr celss bepweearilbkey sl i ce and

[ he suppor - afely Lhe dsorgecal BRhLER)NIxRLnbNGSaRAEK gy Lages shoul d

al so be taken’into accoun andln IS obtained
under |: he #AFBrOPEARLCENED Ebﬁdﬂ@n@hsbl%%ﬁ@/ért ﬁrlckhgliﬂ?ghé”lcal

support for the appropriate interface bonding layers.

25 The mechanical support is chosen so as Lo be compatible
with the trvealmenls imposcd by the successive cycles ol
remaving thin layers from the donor slice, especially

in terms of temperatures.

30 In this regard, one importank  factor is  the
relationship between the thermal expansion coefficient
of the matecrial of the donor slice and that of the
material of the mechanical support. Firstly, "homo-
assemblies” may be distinguished, that is to say those

35 with materials for the donor layer and for the support
layer that have similar <chemical and mechanical
properties, These will be, for example, layexs of the
following materials:

- single-~crystal SicC (donor) on low-quality



1 5 crystal :~ic: (donor layer) /polycrystal7.ine SiC, (mechanir_:al
goppor~: layc;r ) conbinztion wafe r is thus obtained; as a variant, it
woul d al so be ~~c>saible sinply to lay the wafc,r, s on top of one another
and 1:nd them|:ogethex by weldir~c~ (typically at tenpex'ature:s of 20
2000"C or higher); however, this is nope denmanding; - 'this conbination
water is then polished on the ~Cr, ~e face of the single-crystal SiC, wth
the standard Ciegree of polishiuc~, j,n order to end up with z

singl e-crystan 'eCclr@r)é%élh@:\!lIBJJPycﬂﬁ‘*ttahtl'lheegln woykrdpzdgned region 25 and
havi ng a suitable surface roug,ga ess.. ' This PsS thu€ YB)rodu :gt? donor

waters with very TuSH"FEéE3CTY f gi}ﬁensﬁ\%‘o terfal (& ngre-tr¥sl.al SiQ
t han t he tec‘imlc_cﬂwe-qmlsﬂ.aﬁmed pol ydwystafldiodacEadn(ofp@tusi Agdbul k sl | ces,

W th furthermore the 9&@ gedl an%lt he (S4PROr ! Rei ng18ssgadl g, very
upstr~~ain in the wa abrication line, d therefore with no offer, on

the process ﬁnqlrear%ff-‘r'e‘ﬁlr:‘lln@rla?/%lf"sryfsrt@r%ltlﬁé qi:lohb‘rpf\’/%rfté . 35 The sav~, ngs
achieved are all the ~~rPatcr the nore diffi cuIt and/ or the nore expensive

LIS Lo proguegyle Ak I Nald Ci ggn?gpew '%’n thamsf sl ating Si C

i ngot of very hi'gh purity a| ne enperature
Cheni cal . Valpmnrdyepctsl’l@trlﬂ@ri) prdgess rAtf can 1126~ HEQVSﬁ@l ng®t hav~.ng a

V% y low Cortgﬁdﬁﬂc,aitrigortmef doidr Reirer¢rushat dréeeds muedrasldi &]té)cﬁt' ons
aw3 micr the ca t he
Srn~irr- lte}é‘)cﬂ'FﬂJqld’e ﬁ‘?@g \mat%ﬁ%ﬁdGacho%? v@ &, C?a%?r var ?g[ugb 51 : eps
enpl oyed i nvmhduesttte:m@r awudegfgenm atd yheedykeuch | ower. ttlar~ those 10

enc.:ountered in the case of as”i.C Thus, the probl em of the respective
t her mal PxpanS| on ~~oefficients of the suplﬁo and the doc[‘uor waFer is |ess

cruci al . 7. ¥e%tgi vBEtRRP P IILCE i PY . BF t AESERRFEE I UsupBoTE naterial,
15 Tn t he pifPSktePaanpler &h@aNOSbh:C&dQéraahhl ctknesseofuppouind 100 to

200 ~m I Z[ﬁ)éerbongeg tthv% r{')[e %ﬂ% %mr?&ﬁ?a Hpoﬁﬁdmdenﬂfa]m cal

pol ycrys]1 al | or ‘st nglée-cr he case of SiC,
t he pol ari t yPE#PeHEtesf. aobheaf ‘t’hbl Gafr WAPES Wﬁ“@lﬁrwlif‘lycﬁé AF t he®support 20
side dlld, cmsegﬂlu@qmayerﬁgesfeverse polariey of that facie of the wafer

on the free si de, that ) op, h i o] y&ers are rencwed,

are deternined in adV e‘fn’&'e Lég Eé}’ (t~§1|°§‘° ?heﬁsnlwg Psbkrla%&;rer/GaN donor

| ayer assenbly becorsliamf ghpyphidelget? Waf €d/used unt|I t he donor | ayer,

has beernpcconpl et el y qamn ahmest conpletely r,.onsunt:d in the various cycles

of a Smart - Cut proceﬁ:h 30 The inventa.on is illustrated schemat i cally in
€

Figures la to le of & drawings. Illustrated in Figi~rP la are a slice 10,
of , the sem conductor material that will formthe successively 3 i

tran3ferred thin 4, ayems . aGed | HHWOr EHNARLT 2@udgéa rdwgur enkb, the
slice and the su ort waf er gLe assenbl ed descrlgﬁ in or er to form
t

the donor waf PP Cipr i Qi H§1EPad Fondt S 3B and tFHES pport’

25 more limited because of the thermal mismatch thal can
result in deformation or fracture. For example, in the
case of a donor wafer made of SiC (donor layer) on Si
(support layer), difficulties arise with temperatures
of around 900 Lo 950°C being exceeded.

30
Another important factor is the Lhickness of the donor
slice/support assembly produced, which must Dbe
compatible with the steps of the process and make it
possible after all to consume as far as possible all or

35 most of the donor slice.

Once the bonding has been carried out and 1f necessary
strengthened by suitable treatments, this assembly
becomes a fully-fledged donor wafer, which is handled



- 13 layer 20. :Ln Figure 1c, a buried re~~ion of weakness 12 is farned at
a certain depth .fzomlho tree surface of the donor 5 layer U this region
12 defining a thin layer 101 Wth respect to the remainder. ,1,0l of the
donor layer. Tn Fi.guro 'ld, water bonding is c,~rri ed out between the
free.- fac;c; tit the donor |~iy~"r 10 (if necessary, with prior oxidari~p
~n this face) and one f~lce of a 7,0-receiving wafer 40 (it necessary, also
with prior oxidation on this face). In Figure |lc, a separation is
perforned, ehpsoig afhd, gpubyethtvenprandsor apechanboal ot ressqviatg the regi on
o, TP eaknans 2 Lo of gL g obl al0yc0n [0Gane aand, dudesided - ~ssentily

4U, U typrca1 ormng a snbst:ratP for %élcatlons In ectronics,
opt oel ect rorﬁft:jsblor IWPQ@WOHﬁdthb‘PIUQTHé“ot]ﬁér FENCES doRB® WRRRHT 30' whose
donor |ayer 46, treﬁsemyéﬂd yreﬁﬂﬁﬂ’eﬁsﬁ.@’ldjmg:eh @'etabﬁtliﬂglpnaaﬁnﬂdﬂﬂ‘rg has been
substantrall thi nne wn, by _the, thickness of .t t | ay

transferred é/ 1Fhese %‘rg S O%bgr?edejgfjediﬁyfh Fﬁg (g%ordac'pet 30" until
t he donor Ia‘ﬁ/fefr 1eghers béer\v%ﬂmﬁ emr*r’ezw QBLcdnsleﬁecFemvtaﬁomq however

broachi ng t her SURREY twi@YAlr 28ne TAy bM?‘ral%Qeg' G neX ard dhed Nen@teps in
Figures la and 1b may be carried ou %f] ses of the donor 30 water

fabricator, el ¥Ys ‘t“FYe LESOBR 7 §F§6§Lﬁha§7ﬂ ¥n PRr 2 bt flseii at e
process car riethutionn bemmxemmﬁs obhndhe lbgbri catdr thfe conposit e

substratgs f e, elsectr S+ Optoel ectronics and optics industries. 35
O co~ |r§e J?ﬁ(?éé%]n\yen %ongglf)grfles to the production of wafers conprising

donor |l ayers nade of other materi.aJ.s, such as alumniumnitride and nore
general |y seni candustery, esaeﬁi alnloy éf%e@ﬁﬂg&ﬁ, JpteiEbal IHas obeen

pol ymet al J~i ¢_ni tpxcr cges,tldér ‘F;h fdor%oy geLﬁil%géonFiolgéua%yst al

silicon of verr§/l gh qua |t W
si ngl e- cr yst &dcar (Polther WPP@FCIH LREeE| $ige) df f%frdeghéosﬂﬁbﬁr% thel 15
Chl 11 M515 thickness of the wafer and make it compatible with the

downstream technological steps and with the possible
standards. For example, when the support layer is made
of silicon, this thinning step can be very easily
carried oul by mechanical lapplng.

20
Example 1 - SiC case

When Lhe donor slice consists of single-crystal SiC, it
is assembled on a support preferably consisting of

25 polycrystalline SiC. The assembling operation may be
carried out by dircct bonding or else by producing, on
the faces to be assembled, intermediate layers made of
silicon oxide S$i0; for example.

30 In terms of polarity, the SiC single crystal is, for
example, bonded to the support on its S1 face, whereas
the C face of the said single crystal is the exposed
face from which thin layers will subsequently be
removed, the reverse silualion being possible however.

35 It will be seen here that this «question of polarity
occurs with all materials having a hexagonal crystal
structure such as GaN and AlN.

An initial polishing step on this face as well as



1. Process for transferring successive thin |ayers froma sem conduct or
-material of a donor wafer '"tip a 5 receiving we~let~, charae.terized in
that it conprises the follow ng steps: (a) as.~enbling a bulk slice,
Cc:~nsi.sting o~ sem conductor rnatc.r~.aJ., and a support in order to Corm
r311l1E,"" Chall7.Cillly stable assenbly constituting the donor 10 waf~.r_
and c:onpri sine a donor |ayer of thejpsaid sem cor~duc:tor~ rnat~rial and
a support layer; (b) c:reatinc7 a region oP weakness in the donor |ayer at
a control | ed:depibdfa)rebonsl Nthitrlie dopps Viedterecno the racMiedzigel5 waf er

via the T.1R8,8Lde ghathesdonol,d axal0bnti .2l doner waler: (d)

effectlngaseparatl n"Irn the region o ness of the donor layer, a thin
| ayer of 1-he c~rni cc>nducaor materlal thus being trans.Cex'red fromthe 20

dUI | U wal Exgezah@el Wer Et@%®£‘é'dt' @hwef ehe amggigécfmﬂtnl@c?@fomer arions (h)
20 (d) glthout the]slép "fl yer of r%lrlwafer n%fbr ched 2.

Process ccdidi®lg to 1Héfrac?% ¥3ﬁ¥f e i%ethgf st ep (qﬁ is carried

out by vvafermdscdma@unglbe‘émpom pdldtbhetatacempeinstihe bedpkfEldiantagrid of the

support. 3. Hr0cess,acQoedi g /k0 Gide Mlssdparacihel! zeskddd tofigt step (a)
is carried out by high- terrperatf~rP 0 wel di ng _bet ween ollshed faces of

the bul k sl i¥¥® ﬁ’éP'of WS SppdtY . @M cesS taccoidi ngttW A Wm J.
characterlzedmmﬂcmhakﬂsmapn@b)dEpsamalomedn®uhemW'Trmn&anﬂingwgaseous 35

S-PA1" 34 5 a@o%&%%gf_ia%%%dhﬂg t'?na(l:ltaﬁg\: 8r8g@‘§°af<5ﬁr+r§1qbfff}rrt1hﬁqt Step (c)

is carried out by wa bon Process according tc Caim1,
~har acaeri zdd im 1tabiatfsstep (d) is carried O.tt by applying stresses,
espc:c:ially I _~ntnn~:1 ~trW-~r nnt.-:hars.cal streSSos. 5 7. Process

according t ch~3x'.ac erl E~d | t hat ste a) t are
repeated a (éh Cogﬁflﬁ‘&m Surf AUHEF 61 E‘ “depehtt ng mthe ctﬁl}?é"fpnes 5 of
| . he donor |&fyesiahtdn on Inhethfept kasgk, Ch@rtmgllbhu)ty \WeAkaess thelp g

Proc~e: 355 ~A{HSH™ an'dn‘ihle-oclBh@l”Eﬂqc@hﬂcﬁn tt‘htz" iLBsehal Nstadpdihe
sem c: onduotor nmateri ~ ~cmc nduct or and t he

~. uppor. t i"®¥%hBSBRET r’b?n S'ﬁ'e g B{J?Jr’coi?{vj?l n‘@’“ﬁ#‘@ §3fte ¥ €6ncj uc: Cor

as a singl e mryistfalctokyi i gartdruduoal ity, Lhtehmaxam;mStemmlzawm:mcr or. in
15 pol ycrystal I pg; fer meaRd tg.580% Sel condiectc@r amAng ffefent
pol ytype. treatments are limited and, more particularly, if, in
20 oxder to produce the oxide Jayers involved in the
bonding of the thin layer removed to its support, the
oxide 1s formed by deposition aund not by thermal

oxidation.

25 Advantageously, the fabrication of the donor
slice/mechanical support assembly involves, again in
this example, the following steps:

- a slice is cut from an ingot, with a thickness
30 substantially less than the usual thickness for bulk
single-crystal sSiC donor wafers, typically with a
thickness of around 500um instead of around lmm
conventionally;
- a polishing operation is carried out on only
35 one of the faces of the slice;
- this polished face is brought into intimate
contact with a face of suitable planarity of a
polycrystalline SiC support wafer so as to bond them
together by wafer bonding; the support wafer 1s



t3. ProCeaa ar_-corr:9ing t~ ClaimB, c;haractc:ri2ed In that the

sem conductor rnaLc:rial is chosen fromthe 20 group conprisinc silicon,
silicon c:arbi.de and | arge-~~ap nononetal lic ox polynetallic nitrides. 10.
. Procca;~ a~_cordinc~ to C.aim9, character~. ~ed in that the donor |ayer
has a ttlic~kness of around 100 to 25 300 Etm 11. Process according to
either of clains 9 and 10, characterd z2ad-in that the support |ayer has a

t hi ckness of around 100 to 300 dun. 30 12. Process according to Caiml,
charact eri zetypiralHat rhedwemd donducicsr fidmedieapsisien | af gebgapVP

mononet al | i Ct)géo ps)]harnﬁfaal Lr Crrrrrtkrrred% i) rpanidnpulkar ogalddoumai sgdde. 35 13.
Process according to , characterbﬁpd i n_that tgaanpEoré | ayer is
u

a bul k | ayer*nd pﬁodﬁ%%ﬁlquMHa Mttt i dMatakén HPEmPReT Y o onpri si ng
silicon, galtm¢mnﬁnﬁa|uhpxp§dslwom sandlaesryaduali MiiGm or-an78ini¢fi de and
sapphire f or, far 4 ngzyd-t@ehp: u;3ed in
a process for égggiérrgqfﬂggg%P 3ét?%@ ofwﬁgseﬁoﬂkﬁ.gadér X
senlconducto¢x¢ﬁﬁk?4aﬁHfﬁpﬁatﬁ@rséPG dowePrThaf B | 4% lee ‘Equhﬁc ~ wafer,

~ haracteri zgéhdh Thair)it @I hses hoeudal oM ngestepsorii) producrng a
bul k slice of the sai,d senm _copnduca or e i), 2S ng tho said
a(dre 20.eapgyCa Or paLelaglaodtf £bl)a 233ghhh

bul k slice and a support orm onor mafer the latter
conpri si ng atlermrl | dyepes. Clfox hexsepleodddét 6r Fadt efi drowrid aiBupport

layer. 1% 15,-K50C88S SceL4 @9\1&%@alb%thqchrarﬁe,tberb@tarbem that the bul k
sIrce IS prodgced Q{ %pnn art |n t. 16. Process cor. Bq a|n114
. har act eri 3e8°¢ rP1hat"§ Eé |§h%r8ﬁ%€¥ﬁ‘%§ppﬁﬂ€ PrJ nreprtaxy
20 on a seecthd tayeactihg EmpefsSuanmtqusqgha)ﬁahgmnlﬂie acharast eri zcci
in that it 'le%%gﬁi%é%fg¥éﬁtJ %FK} tr}&fﬁ? L@y%Btdgﬁeé8unaﬁecess
n

according to alm 14, characterize ﬁrt ernpre |n§ udes,
before step Eh?)a PﬁémFBFPBﬂF%gchéptl?WS') pSEPERT ngNEFXt FdPEIER sl ce
only on id5 Eapgtanten@ad to cdy¥x ntorsy&ﬁxunohmctbsthbrsmpp rﬁlLSO 19.

PrCCE.' SS dC,C. 4, ri ing £ hag it
furthernore |ncLL lp;%efg ggLste }- C%Hbf%f%ggﬁ v%pmfng st egus
obtained; as a varxant it ‘would also be possible

simply to lay the wafers on top of one another and hond
them Logether by welding (typically at temperatures of
20 2000°C or higher); however, this is more demanding;

- this combination wafer is then polished on the
free face of the single-crystal SiC, with the standard
degree of polishing, in order to end up with a single-
crystal SiC layer having no buried work-hardened region

25 and having a suitable surface roughness.

This process thus produces donor wafers with very much
less loss of expensive material (single-cryslal 8iC)
than the technique mentioned in the introduction of
30 wusing bulk slices, with furthermore the donor layer and
the support being assembled very upstream in the wafer
fabrication line, and therefore with no effect on the
process of transferring layers from the donor wafer.

35 The savings achieved are all the greater the more
difficult and/or the more expensive it is to produce
the $iC ingot (case especially of a semi-insulating SiC
ingoet of very high purity obtained by the HTCVD (High
Temperature Chemical Vapour Deposition) process or of



i " ) polishing, to a defined degree, that face of 35 1-hP but k sl i~P

" -and that fare ~f the support: Wich are intended to cone into contact with

each other, and in that step (li) i5 c:atrried out: at a tenperature: and
for a tinme such that wafer bonding or welding i.s achieved between the bul k
slice and the support. - 18 20, Prooass a.ccordlrig to Caim 14,
character.>,zPd in that the sem conductior..material is a single-c:ryatal

sem conc~uetor and in that the support is chosen from5 the gxoup

conpri sing t hen sl semgeandieatongasaa sengl elu}r yshalkentranieri orf quality,
the carne se t or ycC { - m ar,

sem c: on~ Ilrcr%gér)ﬂg%%é: dFFPe?g%t %%feC?Jype h% % Igﬁogc%ggéggg%gr dann(gg to
f.l.aim-~U, JdHs@2iEEsded i.n that the sem corldllctox' material is chosen
frdmthe group C: orrcpr| sing silicon, si~icon ciarbicle and |~rgc-g, ap
mononPt al Li c FTE Zi I |§ ay |tr| des. 15 2~. Process according to Claim
1~1, char dct Zonductor neterial is a |.arge-gap

nonor nct al | ~ c or polynmetalJ.ic) nitride, in parLic~ular galliumnitride.

20 23. ~~rocegs @c&oesméﬂgofOtﬁ@aémsft&c@#p%%n&au@ruem H1N & GARRL erl al
taken silicon, galll~Imnitrido, r~i,tride and sa Clei[ll I

characteri zed'9# & bUf k=T, ayF”F‘" aNaT pPefucElEPF on ‘P&a%ypdfoubn%% Ypri, SI nc~
silicon carbitdepetatimisumgencrally very much lower than those

 ALEY. AL oA € Sodhe A% A% SBA7CAY- ArLE A0 AR A iYL AP0 A A & ALD
k~xr mhc”Y] ca]'ees ca]eéa}se*éw%aw]h@a:UJ]aéa]ee@]a@ﬁépea]%ﬁféé]céapta] ©ka] €% ca] ca] cau
1 cal] ca] ca] cad o] Gl alealseabeals Rar " 83 01&@ c%{blal. This gives

- d Z .
son et Al el ol it o

el " A 4SN%p% &&' ' ' d() k™. .~:00012133356] w mhc”Y] ca] ca] ca] ca] ca] ca] ca

] ]caU% ca} cé%]Rgailég% gél @¥5%£a¥§§ﬂxﬁﬂ cal cadicalcalsalcahcaheaksad£abeal calcalc

a] ca] cal i

J=MeY=[ =b=>? @ ’%ﬁo%ﬁﬁwéoﬁv\#“‘tﬁfcﬂj‘%ﬁ PP AT c&F cd) B&FLAY 3] ca] ca] ca

ca] ca] ca] ca] cajrrdda] vajeapfalpeigheaptad] vag cal cajloal e“af yefxla] 85f ca] ca] ca]
Nal HKJi KKLL OR7RIATUU = Z \ p\ 8

cMal HKJi ONW%J UL MVz X\%ng‘ Mild, P\ v plicdGal 681 cal ca] ca

caj Ca| cal Ccal ca caj Cal Ccal cal Ca cajcalCca cMa] calca] calca]cal]c
]a] C]a] C]a] C]a] c!'ﬂ? ]] th]e (:JaN ]waflr wh1 T]J be] on] Lhe] £ l’ ] ] ]

4° 7" > c20daj abbdbbhaddeafongggubrbhiy Fi fhek | neveherY|od]xad]cyalefa] thta] ca] cal ¢
a f%}(ﬁg} lca] Ca&ﬁé catcphcalgalralgalcal ealeal eal) calsal £alcal €8 calcal cal cal
ca
ppgVvr r sl\lscvde’%*fe oS REPE TRRR) whaRosy)aEs] caearda) 3Ec SREEFRATRR]] ca] ca] ca

] ca] ca] ca] ca] ua] adxtaradd.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca77PxV4!t
s 10%& ()-!'k Ff 109%& ()-:!'kFf 10% & ()-: 139y10% ; & ()-'9y10% 1 & () -
,‘&10%&'%} PmwJ3!'t s 109 ()-!'y s 10% & ()-! s 10%' ()-'@s 109 ()-!D's
109% & (P! t Reaoogsiin £} Het = ¥PRETvEl 39or Fgl' gynor layer assembly

10" #=10% & ()betordd®0 & (¥ully-Blekfel (Fakfers JML (heDl the donor

layer has been completely or almost completely consumed

O

in the various cycles of a Smart-Cut process.

30 The invention is illustrated schematically in Figures
la to le of the drawings.

Illustrated in Figure 1la are a slice 10, of the
semiconductor material that will form the successively
35 tranaferred thin layers, and a support wafer 20,

In Frigure lb, the slice and the support wafer are
assembled as described, in order to form the donor
wafer 30 comprising lhe donor layer 10 and the support
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5 layer 10, this region 12 defining a thin layer 101 with
respect to the remainder J02Z of the donor layer.
Tn Flgure 1d, wafer bonding is carvied ouf. between the
free face of the donor layer 10 (if necessary, with
prior oxidation on this face) and one face of a
10 receiving wafer 40 (if necessary, also with prior

oxidation on this face).

In Figure le¢, a separation is performed, especially by
thermal and/or mechanical stress, at the region of

15 weakness 12 in order to obtain, on the one hand, a
desired assembly 40, 101, typically forming a subshtrate
for applications 1in electronics, optoelectronics or
optics, and, on the other hand, a donor wafer 30' whose
donor layer 10, essentially corresponding to the region

20 102, has Dbeen substantially thinned down by the
thickness of the thin layer 101 transferred.

These steps may be repeated with the donor wafer 30°'
until the donor layer 10 has been almost entirely

25 consumed, without however broaching the support layer
20.

To give a specific example, the steps in Figures la and
1b may be carried out on the premises of the donor
30 wafer fabricator, whereas the following steps may form
part of a separate process carried out on the premises
of the fabricator of composite sgubstrates for the

electronics, optoelectronics and optics industries.

35 Of course, the invention applies to the production of
wafers comprising donor layers made of other materials,
such as aluminium nitride and more generally
semiconductor, especially large—-gap, monometallic or
polymetallic nitrxides, diamond, etc., or else single-
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crystal silicon of very high quality for the donor
layer and low-quality single-crystal or polycrystalline
silicon for Lthe support.
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(¢) repcating operations (h) to (d) without the

support layer of the donor wafer being breached.

2. Process according to Claim 1, chavacterized 1in
25 that step (a) is carried out by wafer bonding between
polished faces of the bulk slicc and of the support.

3. Process according to Claim 1, characlerized in
that step (a) 1s carried out by high-temperature

30 welding between polished faces of the bulk slice and of
the support.

4. Process according to Claim 1, characterized in
that step (b) is carried out by implanting gaseous
35  species.

5. Process according to Claim 1, characterized in
that step (¢) 1s carried out by wafer bonding.
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8. Process according Lo Claim 1, characterized 1in
that the semiconductor material 1s a single-crystal
semiconductor and the support is chosen from the group
comprising the same semiconducbtor as a single crystal
of inferior quality, the same scmiconductor in
polycrystalline form and the same semiconductor as 2
different polytype.

9. Process according to Claim 8, characterized in
that the semiconductor matcrial is chosen from Cthe
group comprising silicon, silicon carbide and large-gap
monometallic or polymetallic nitrides.

10. Procecss according to Claim 9, characterized in
that the donor layer has a thickness of around 100 to
300 pm.

11. Process according to either of Claims 9 and 10,
characterized in that the support layer has a thickness
of around 100 to 300 um.

12. Process according to Claim 1, characterized in
that the semiconductor material 1is a large-gap
monometallic or polymetallic nitride, in particular
gallium nitride.

13. Process according to Claim 12, characterized in
that the support layer is a bulk layer and produced
from a material taken from the group comprising
silicon, gallium nitride, silicon carbide, alwninium
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donor wafer Lo a receiving wafer, characterized in that
it comprises the following steps:
(1) producing a bulk slice of the said
semiconductor matevial;
10 (ii1) assembling the said bulk slice and a support
in order to form the donor wafer, the latter comprising
a donor layer of Lthe semiconductor material and a
support layer.

15 15. Process according to Claim 14, chavacterized in

that the bulk slice is produced by sawing an ingot.

16. Process according to Claim 14, characterized in
that the bulk slice is produced by thick~film epitaxy

20  on a seed layer.

1/. Process according to Claim 16, characterized in
that it includes a step of removing the seed layer.

25 18, Process according to Claim 14, characterized in
that it furthermorce includes, before step (ii), the
following step:

(1') polishing of the bulk slice only on its [ace
intended to come into contact with the support.

30
19. Process according Lo Claim 14, characterized in
that it furthermore includes, before step (il), the
following step:

(i'') polishing, to a defined degree, that face of

35 the bulk slice and that face of the support which are
intended to come into contact with each other,
and in that step (1i) is carried ouL at a temperature
and for a time such that wafer bonding or welding is
achieved between the bulk slice and the support.
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crystal of inferior quality, the same semiconducter in

polycrystalline form and the same semiconductor as a

different polytype.

10 21. Process according to Claim 20, characterized in

that the semiconductor material is chosen from the

group comprising silicon, silicon carbide and largce-gap

monometallic or polymetallic nitrides.

15 22. Process according to Claim 14, characterized in

that the semiconductor material is a
monometallic or polymetallic nitride, in
gallium nitride.

large—-gap

parlicular

20 23. TProcess according to Claim 22, characterized in

that the support layer is a bulk layer and produced

from a material taken from the group
silicon, yallium nitride, silicon carbide,
nitride and sapphire.

comprising
aluminium



