1 Process For Transferring Thin Sem conductor Layers and Process for

bt ai ning A Donor Wafer for Such A Transfer Process The present invention
relates in general to the fabrication of sem conductor substrates,
especially for the electronics, optodl ectronics or optics industries. 5
More particularly, the invention relates to the production of an assenbly

of two wafers, ‘Q’@AJE ] t AVAe]| such an
assenbly is ef frg%gée E??“no e u ot fob ghdh %ﬁgﬁgﬁ%& f&r%bt;%"g%é@r? after

this assenbling operation, under goes a certaln nunber of technol ogical
steps for producing circuits or conponents in the aforementioned fields. 15
In particular, in a substrate fabrication cycle of the Smart-Cut

(registered t rEke REPKINT yFEVERHAAR vitRdatHe  FPnpfEREti ofiCof tHaseous speci es
at a control | ethpdepation wfaséuldondonber wabetratesor depedimléyeéfive a regi on of

weakness, and, r{]hélél@@an‘iésl %tetﬂé&{&m% &oogeyése iabudfride end a _
separation at this region of weakness, the must undergo, after this

separation, a nunber of operations angj especially: - mechanical,
cheni cal - meschatireal pertttlerlypol Fehi nipvenspen caraliagéds outoontlide donor.
wafer in order ro%ﬁctzﬁ.brr ebcfycalne asBembBf t& two whesmsalatclieaBt ngnst eps; - steps
i nvol ving rel a vg é h| ga ggmqper Lures, typically 300 to 900C, such as
oxi de depositi t l'f) BRTT Al | y higher tenperatures, typically
1150C, 30 for thermal oxi dat| on (espeC| ally in the case of a silicon :
carbi de Si C wafyhifally,Steps far dsgembdyi 1y eRfeddedniiye ngpdeeqlsr Species; - a
waf er bo”did"g a%h%gloﬁngr wafer bondlng and, after this assembling

operatlon, undergoes a certain number of technological

steps for producing circuits or components in the

aforementioned fields.

15 1In particular, in a substrate fabrication cycle of the
Smart-Cut (registered trade mark) type, involving the
implantation of gasedus species at a controlled depth
in a bulk donqr wafer in order to create a region of
weakness, and. the application of stresses to cause at

20 the end a separation at this region of wéakness, the

' wafer must undergo, after this separation, a number "of
operations and especially:

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

25 to récycle the latter;

- chemical cleaning steps;

- steps involving relatively high temperatures,
typically 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 the donor wafer requires the successive

removal from the latter of thin layers, thereby



35 - a separation step in which stresses (thermal and/or nechanical and/or
ot her stresses) are applied. Recycling of the donor wafer requires the
successive renoval fromthe latter of thin |ayers, thereby -2-
progressively decreasing the thickness of the said water. Wen this donor
waf er becomes excessively thin, or el sé 257if the starti ng wafer, before

| ayer renoval, is alread relatively thin for, whatever reason, its use for
subsequent rerfb’if%ﬂr%qp'se"rva%/]iyon eﬁf%%%“%/‘? sé¥o Fﬁég\@?%‘ﬁ ovﬁ%g Lg'effl?'ﬁb ties: -
there is a higmfdsk of fracture during 10 predom nantly nechanical steps,
such as the various transfer operations necessary for recycling, bonding by
CWP pl anari zation of the surface oxide, etc.; - there is also a high. risk
of fracture dilieny tiHiglaeiperdedr behenes t¢xeryrdivesdy abpaci aFl §lbecause of

15 non-uni fsprm ¢ efmper Aldn8hd watrbe, WBEebre -15)dWlknldandl i Rg theewafer by an
operator also induces a risk of fracture; - ‘the thinned wafer becones
particul arly %eIidY&% ¢ Fd8r ¢ &PR  BRARSY VI 8P S&Peps LitAdulPhg gorzo Jar ge
strain in the sferquestch asndvrd step:wft jiompl anrtiveg gasienus spectks or

certain deposition. steps;. .ALypically, in the case of the inplantation of
gaseous specife%l?l'%vﬁlen‘frﬁlr%ﬁtéée\!}\gﬂé%' sags significantly, taking on a convex

profile; such a sag sémedngs| yscompr dviiddes rd5kt hefnodlcdictigreperldatring whi ch

requires tfye COM AN, LISUr hasesn i besobpsat isstact g5y fdat Rgssoudhus,
there is a mni mum donor wafer thickness below which it can no |onger be

used, or whi chtfRAILT | RMEFAFL08E BRERSFRRLt IR L oG 1Y RE dBLPAABRLPYHf t he
fabrication praesslanaripattiboubar the aonifwececeqnad) cesé andpoi nt .
' -~ Lhere is also a high riék ol fracture during
high-temperature heat treatments, especially because of
15 non-uniform temperatures in the wafer;
- simply handling the wafer by an operator also
induces a risk of fracture;
- the thinned water becomes particularly
sensitive to certain technological steps inducing a
20 large strain in the wafer, such as the step of
implanting gaseous species or certain deposition steps;
typically, in the case of the implantation of gaseous
species, the thinned wafer sags significantly, taking
on a convex profile; such a sag seriously compromises
25 the moulding operation which requires the contacting
surfaces to be of satisfactory flatness.

Thus, there 1is a minimum donor wafer thickness below

which it cam 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
SiCC, a relatively expensive and fragile material, it
35 turns out 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 cm) unusable either because
fractures during the process become too freguent or
because the sag adopted following implantation



In particular, in the case of a donor wafer made of Sic:, a relatively

expensive and fragile material, it 35 turns out that a wafer thinned down
to about 200 Fun becones (in the case of wafers with a standard di aneter of
2 inches, i.e. about 5 cm unusabl e ei thér-because fractures during the

process becone too frequent or because the sag adopted foll ow ng

i npl ant ati on pr8clugeecpudpsrpbopéinpondi ng. According to anot her exanple,
there are donor wafers which, at the start, necessarily are of small 5

t hi ckness. Thus, there are at the present tine on the market GaN donor

waf ers thick BREAEAIABt &1 pBeENEKe XM EnentRBRRd 33 0bHeRBT i &&iF r ent

pr aﬁt! ceis :PhdiEﬁ(lé'{/Eta{(t pr @ﬁgcs gﬂmep\r/]vaﬁ@téEsy&mg th%ﬂﬁﬁ)i cKfepidnaiyl .

t echni que ca ri our ase t ax on an epitaxially
LT oun Subet r at BIPEBEES! mIBP it TETS <8 ofby EHeartia o At oR). Tisacvor
this techni queahast tGaN napoor dwadkacsksthifdk séhyugh ooty tekpsset tessi bl e
to obtain sel gf%ggﬁfghék?’ﬁ?gﬂf &?bf&?( ng ﬁ%hl&%@gﬁ% o{)r?ﬁ%%g%stigrci nd 200

to 300 m since’i ention 15 15 t'o have greate _ esses, the fact
that the |attifeet e chraguaet Khese seabiessbssiage e i kpéckespigaxer at es

excessive straipngn; ULt henAeree, ahaye @l vapdh qoLs h 44si ng
this techni qugbiegné Prée,%%l?%ldgvl\}ﬁ?jtjy |calﬁ'ldfjl 1%p%%glgggﬁqepgl 1%33 ) .(.)lhsl'hi sis
a seri ousl0 20aRarrkepiasl Fegar@ynneidisdctais ngseedt . Lanee )pr VRAED JiF ect of

the present iRpuRBLEaN drE O tid | Vi@l t hesRede AnbaRks aREHNG ROV a
process for renoving successive thin ﬁers froma donor wafer 25 which can

be enpl oyed eV¥R WRERTt HEF IMRETE S §rsthientt t ARl BpBREerodd dOTHHRM ng
| ayers fromthe dmtennwafelf-dadliare wepeheshexingmal ¥ hsmnlestshigxtknesses.

Thus, accordigg %%s% E&%%%dai%%Ctb %%% %&?S%Q%ce if the intention is
15 to have greater thicknesses, the fact that the lattice
matching with the seed substrate is imperfect generates
excessive\strains; furthermore, and above all, the rate

of growth using this technique is extremely 1low

(typically 10 to 100 pm per hour). This is a serious

20 handicap as regards manufacturing cost.

The primary object of the present invention 1is to
alleviate these drawbacks and to provide a process for
removing successive thin 1layers from a donor wafer
25 which can be employed even when the material in which
the operations of removing layers from the donor wafer

take place reaches extremely 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



30 invention provides a process for transferring successive thin |ayers

froma semc
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bul k slice,
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20 - step (b) is carried out by inplanting gaseous spe
CHREYE oYy Maftdle HRIRhJa e s RGP 5es ied out

esses, especially thermal and/ or nechanical stresses;
Preferred, but non-limiting, features of the process as
defined above are the following:

- step (a) 1is carried out by wafer bonding
between polished faces of the bulk slice and of the
support;

- step (a) 1s <carried out by high-temperature
welding between polished faces of the bulk slice and of
the support;

- step (b) is carried out by implanting gaseous
species;

~ step (c) is carried out by wafer bonding;

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

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

- the donor‘layer has a thickness of around 100
to 300 pm;

- the support layer has a thickness of around 100
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25 - steps (a) to (d) are repeated a chosen maxi mum nunber of tines
dependi ng on the thickness of the donor |ayer and on the depth of the
regi on of weakness; - the sem conductor nmaterial is a single-crystal

senmi conductor and the support is chosem fromthe group 30 conprising the
sanme sem conductor as a single crystal of inferior quality, the sane

sem conduct ortPn30pokyerystal line form and the same sem conductor as a

di fferent pol _ytyloe_;I -thhe %@ﬁi@@&@@%&%& n&xae{jéxjaﬂali s ghosgn flraQ@[et—{@l%_p 35
group conprising silicon, silicon carbide, an arge-gap _nmononetallic or
o yretal i ¢ Roferabal e, phr uomorasal Thae i i mans cBaloiaderoo” t o
300 m - the gappouih héayetdbas a thickness of around 100 - 5 - to 300 m -

t he sem caonductor materijal_ i | ar.ge- gap tallli polynetallic
nitride, ?ﬂ particul a Begﬁﬁ?%ﬁ%Fnﬁfgﬁﬁg?“% $D$§2Es§8g%¥t%ﬁgy F#&?é%%mﬂ Kk
| ayer and profiuced af r oratemmstler i tdkemkehrémonthhe group coprirsisigg

silicon, gall[t LEri jlic rhi de:al upini ELri : phire.
10 Moreover, %Eglgghveﬂf?%%%Ihtect%?a%% oflgégghcié%F?{ﬁi' gﬁﬁﬁgqﬁgﬁgrs from
an ingot typigatrydeeqoilr eaPPharehe case of single-crystal SiC) the
foll owi ng operating steps: - cutting the ingot, using a saw, into slices

15 having a thickness of around 1 nm -_ coarsely polishing each of the faces
of the si{ceMorfoBrder e remiRN trrstial tachiab@e b9t sBRPAYCaRg U kobt ai n

good pl anari t donaRd wa fRUGEC eSS €aR0lingfiitn a1 dd1El f Utelgei F&ontihaae
case of single-crystal SiC) the following operating
steps:

- cutting the 1ingot, wusing a saw, into slices

15 having a thickness of around 1 mm;

- coarsely polishing each of the faces of the
slice, in order to remove crystal damaged by sawing and
to obtain good planarity; and

- successive polishing of the future front face

20 (the removal face) in order to eliminate work-hardened

crystal and to obtain appropriate surface roughness.

Thus, this known process, starting from relatively
thick slices, involves substantial losses of material
25 during the successive polishing steps. This obviously

affects the manufacturing 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 SiC).

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:



20 (the renoval face) in order to elimnate work-hardened crystal and to
obt ai n appropriate surface roughness. Thus, this known process, starting
fromrelatively thick slices, involves substantial |osses of material 25
during the successive polishing steps. “-THi s obvi ousl y affects the

manuf acturing cost. Another aspect of the invention is ainmed at producing
donor wafers with rféducegorgsieg, andd thetkforeligeh S0 ndife prdfaidabl e use

of the startiggpiBbaHuakoki RatBik$ai1gase single-crystal SiC). According to
this second aspect, .the prese i nvention  therefore %row des a rocess for

produci ng a donor (35) V\éfséﬁmpﬂtlﬁﬂdg & FPe Rtk i HliCpr8bdsé fBPPort
transferring suceeservect Horm ayer sicfora wgifiean serd Cl(m:d:lm:t mrommfaitse]mgal from

t he said nor vvafer toarecelfnr% vv%er onB c'g:erlz lnt at
conprises the  of PORF ng a%efeps gill(e) Sr gt 8 bulf‘% |ce of (ilhe sai d
sem conduct or smgperitallayeii.) assenbl ing the sai d bul k slice and a support
in order to formthe donor wafer, the latter conprising 5 a donor |ayer of
the sem conductor material and a support layer. Preferred, but

non-liniting, Predeared, of buhe abovéimprdeess Geatunesfobf ovﬁmﬁg atgove t he

bul k slice i spggggggegrgytg@wfgglgglhggot or else by thick-filmepitaxy on
a seed |l a er - he latter case, a step of renoving the seed |ayer is

provi ded:1Q t he pr Gce§§ef rtHer bt ee i pél W@éjuoﬁé*f dt¥e §aEPNI18TY( |iNgot he
fol I owi ng ste@r el'sk B9 icshicng rofimt Beikukl shi geseahy18pekts face intended

to come into ContaCt mnth th%a%%%gozase, a step of removing the seed
layer is provided;

- the process furthermore includes, before step

15 (ii), the following step:

(i) polishing of the bulk slice only on its face
intended to come into contact with the support;

- the process furthermore includes, before step
(ii), the following step:

20 (i'') polishing, to a defined degree, that face of
the bulk slice and that face of the support which are
intended to come into contact with each other,
and step (ii) is carried out at a temperature and for a
time such that wafer bonding or welding is achieved

25 between the bulk slice and the support;

-~ the semiconductor material is a single-crystal
semiconductor and the support is chosen from 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 polytype;

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

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

- the support layer is a bulk layer and produced

from a material taken from the group comprising



- the process furthernore includes, before step (ii), the follow ng step:
20 (i"") polishing, to a defined degree, that face of the bulk slice and
that face of the support which are intended to cone into contact with each
other, and step (ii) is carried out at-a7tenperature and for a time such
that wafer bonding or welding is achieved 25 between the bulk slice and the
support; - theiseapuondirt bfumatértirdldel,s aisinghe-cantsidd, sdmirdovddict or and

the support iﬁiEP?één gao%ﬁggigépup conprising the sanme semiconductor as a
single crystal o nferior gua Ity, the sane sem conductor in 30
pol ycrystalline formand the sane sem conductor as a different polytype; -

the sem condugtietnhant eehdlires, chosentkr anmit Aava@tadesCofphihel RgeSidnitcon,
silicon carbide and.|ar S-lqagj nononetal li ¢ or net al %I c nitrides; 35 -
F

pol
the seni cohdudP8F halRri & Par & gap© %ﬁ]o}‘ref‘éPf‘F%n r OPolFREtRY i ¢
nitride, in pahti colaowigal detminietr déecrapdiont e $upgerirddayerthcisa bul k
| ayer and produced rom teri ken.fromthe grgoup c ri.si,ng - 7
silicon, gall P mW?i?%?g%ga?%onoa%catrtglfede,lmé?ﬁ]rcnlﬁf]UmJafﬁpt rd?e e al &lsélpphi re.
Furt her featubesngobjiecirs ayd weayanctfagesnof inhel pyg esermple | anéntwidi wil |

becone nore c p n n ﬁ@eq] oW, | i ption
of preferred %?%%gégo?f{fn&lgmgtat é)l% o?ptgﬁ?égéhvenﬁq}gogﬁtéhe%g s?fel%rpti on
bei ng gi vih byawag ofl lnei-dats t$elgerexahgt blanthai tt epsef @f eAc@nIFastte
appended drawipgs, {pPaMbFEhr Fhgur 6 40 !%:y%r'sl lugteatgisghengdi cally the
steps of a process _for transferring thin lNayers according to the

i nventi on. invention.

The process according to the present invention will now

15 be described in its general case.

Before a starting donor wafer is used in a process for
removing successive thin layers, this donor wafer is
formed by assembling a donor slice and a mechanical
20  support. This assembling operation 1is ©preferably
carried out by wafer bonding, being performed where
appropriate on the donor slice and/or on the mechanical

support for the appropriate interface bonding layers.

25 The mechanical support is chosen so as to be compatible
with the treatments imposed by the successive cycles of
removing thin layers from the donor slice, especially

in terms of temperatures.

30 In this regard, one important factor is the
relationship between the thermal expansion coefficient
of the material 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, layers of the
following materials:

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



The process according to the present invention will now 15 be described in
its general case. Before a starting donor wafer is used in a process for
removi ng successive thin layers, this donor wafer is fornmed by assenbling a
donor slice and a nechani cal 20 support. 8This assenbling operation is
preferably carried out by wafer bonding, being perforned where appropriate
on the donor sﬂhgéeaﬂdﬁatabnorhEOhEChaﬁt@hlin%u%p@rtsmmporhbrappropriate

interface bonding Laygkg lgSCngtggcthnpal gggggr |5hchQ§%ndﬂgr¥%gc)be
compatible with the treatnents i nposed ¥1t e succeSS|ve cgcles of

renovi ng th|nSFﬁgé?sC¥Y6H?%h@rdEﬁéycéyﬁE% E8pet il (§UPPATt bf ndnof
tenperatures. 30 A thifglegardstane igportedindAct orord s tlkav-duellattyonshi p
bet ween th thern? exeﬁg éon coeﬁficieﬂé of tg material . of the donor
slice and t hat1B¥LERETYheer PAI POLYERESHRLIAAF cal SopBRett) Firstly, "hono-
assenbl i es” may be distinguished, that is to say those 35 with materials for

t he donor Iay§r q:qd§oga%gzssuQ£$%tlsla ggc{hgélrgvec§lf1$§{?g?ﬁg1 %J and

mechani cal properti’es. or ~exa Nayers o iﬁollomnng
materials: - spggkéscrybeamadi CHudtyedr) thﬁﬂomﬁqmalb&y pr®visledgl €ar yst al

or pol ycrystaé%%aﬁg g@gpl%rrwr waéér.ng' I?({gSEH%I ?@B‘ Qn‘i‘%%%)al%” are

| ow- qual it stal or pol ycryst i ne port);
si ngl e-cr tthSFmeééMorWekﬁlImiMQhﬁﬂ i pd Hﬂ§$ng¥émﬁ?y ﬁﬁ?rorWlll be

pol ycrystal | i paqSst($BRAOKY) dikRruthbe 6asenetheke.is practically no
limtation as regards thefmal budget that can be provided for producing

the donor wafer, since the two materials are 10 thermally well matched and
t he donor Iayﬁéxwi,l | " Haer e vl sdatiieick Py dblf usd oaietihheikhk8, those

with materials for the donor layer and for the support
15 layer that have different mechanical and/or chemical
properties. They will be, for example, layers of the
following materials:
- single-crystal SiC (donor) on Si (support);
- 1indium phosphide InP on Si;
20 - GaN on Si;

- etc.

In this case, the thermal budget or the
temperature to which the assembly may be exposed is
25 more limited because of the thermal mismatch that 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 to 950°C being exceeded.
30
Another important factor is the thickness of the donor
slice/support assembly produced, which must be
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 if necessary
strengthened by suitable treatments, this assembly

becomes a fully-fledged donor wafer, which is handled



hbxt, "het er o- assenbl i es” may be distinguished, those wth materials for

t he donor | ayer and for the support
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35

necessary, w he "assembling 'operation has

completed, the donor wafer may be thinned at its rear
face (on the support layer side) in order to adjust the
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 out by mechanical lapping.

Example 1 - SiC case

When the donor slice consists of single-crystal SiC, it
is assembled on a support preferably consisting of
polycrystalline SiC. The assembling operation may be
carried out by direct bonding or else by producing, on
the faces to be assembled, intermediate layers made of

silicon oxide Si0O; for example.

In terms of polarity, the SiC single crystal is, for
example, bonded to the support on its Si face, whereas
the C face of the said single crystal is the exposed
face from which thin layers will subsequently be
removed, the reverse situation being possible however.
It will be seen here that this question of polarity
occurs with all materials having a hexagonal crystal

structure such as GaN and AIN.

An 1initial polishing step on this face as well as

its

regi on
| ayer

exi %tee%t t he



transition between the donor |layer and the support 10 |ayer, being reached.
I f necessary, when the assenbling operation has been conpleted, the donor
wafer nmay be thinned at its rear face (on the support |ayer side) in order
to adjust the 15 thickness of the wafer Bhd-nmake it conpatible with the
downstream t echnol ogi cal steps and wth the possible standards. For

exanpl e, wheninherseppare |pgkishingmdeteps Shétivean tthics tshiqudssgvst ep can

be very easilyonGahii 60 PUL i BYsBEBAPLERL LBPDI By 2OgEX@PPI € 1 - Si C case
When the donor slice consists of single-crystal SIC, 1t 1s assenbled on a

support preferably consisting of 25 polycrystalline SiC. The assenbling
]g)per ation rrabe@?T%?é(rj bed et @@ﬁiﬁeels:& b@@dgmgg@éf—@wglt&y s&gdy)gi @eognf the
aces to he assenbl ed, .i nternediat ayers made . Siligcon oxide Si or
exanpl e. % | AORBF s S+ ol % y,tgﬁe §%Y§Wgﬁt€%tlﬁ§é?t a|§}£, Pér tj‘i?arrpl e,
bonded to themsupppitadn stspSrtf aserh wieseas etgwnG draceff fiing esadsd si ngl e
crystal is the,exposed fage,freom which thin |ayvers w]|]l bhsequently be
renmoved, the Fé@%gseggitéa f%é reﬂei'ngtg)oessiabﬁseen%kfevet\rﬂuss;ﬁﬁrmvﬁ | "§e" seen
here that thisndaegoion wifthgoitariayy odemegewi t halhl | itheer imeydlaviqng a
hexagonal cry : rugl uchy &nd iknitial poldshing step
on this face gf;slglln\/\éfﬁiag -%Tgn%i’nte medi at e p%ﬁ}'s\lﬁfeng s{}gtglst Set weet%BtV\o
successi vid refBoalabpar atlitdns-he eSpretefabl preaepped csutt raBefRIFE S t he
fact that thergipghgyerystal SiC of the 5 donor slice and the
polycrystalline SiC of the nmechanical support both have expansion
coefficients close to 4.5x10-6/K, the assenbly thus forned may

According to a variant, the mechanical support is made
of silicon. In this case, compatibility between the
15 support and the donor slice from the thermal standpoint
may prove to be inferior, but nevertheless remains
satisfactory in particular if the maximum temperatures
to which the assembly 1is subjected during the
treatments are limited and, more particularly, if, in
20 order to produce the oxide layers involved in the
bonding of the thin layer removed to its support, the
oxide 1is formed by deposition and not by thermal

oxlidation.

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 SiC donor wafers, typically with a
thickness of around 500pm instead of around 1mm
conventionally;
- a polishing operation is carried out on only
35 one of the faces of the slice;
- this polished face 1is brought into intimate
contact with a face of suitable planarity of a
polycrystalline SiC support wafer so as to bond them

together by wafer Dbonding; the support wafer 1is



undergo, wi thout any damage, all the recycling, chemcal cleaning,
deposition and heat treatnent steps 10 associated with the Smart-Cut process
for transferring thin layers. According to a variant, the nechani cal
support is made of silicon. In this casg, conpatibility between the 15
support and the donor slice fromthe thermal standpoint may prove to be

inferior, buttpevesthel ﬁﬁ@dﬁ@@ﬁl Ry tIaAldisfaakordedds Rardd lefathéf ct/ipe

naxi rrumterrperatures thgﬁ i ch the assenb IS sub ect eg %rLbrcﬁ ng I%
treatnents are’®§ nfPgd @, amBPéc artteul ,X‘?Lf‘p fn 2 er-?o grooduce
the oxi de | ayens iivol shduﬂd t bbee bondicg tdfaﬁ heathianl—qyeitltgrm\,(achdto its

support, the p n t t her nml xi gation.
25 Advant ageous }9%%/$ﬁ1és {8%?%15?%’8%?0??{1%18 gtggl Tc’g(él mgghgﬁl ca sggport
assenbl y idnvoh veslyhgee ndiifferking émmpltélau tﬁ foh¢ odpngrstepsr -(farslice is

cut from an |é‘|}gg,f&,)<lg\n t k@ gptcg)gﬁs gh%odé#g;gracnt Lakl Yad eggct h@tprt Qqeleusual

t hi ckness for single-cry waf ers, typi cal
t hi ckness of @PRRMAJIENDPM | FREEAd2bFO dpdunted mer c‘dFﬁ/e?ﬂPth y - a

pol i shing operatian igh&ardd Lo} QL% oRh¥n 36xpBH8caf tdhe 4 aces tabithe
slice; - thi s%lgollshe face i's brou |nto |nt|omate contact with a face of

sui tabl e pl an@r¢1%2 b Bd95d ydyst a 1‘?5‘1@ S é]sqppﬂbrt Ofaf er P t d"bond
them toget heér@@/rwetfoerobeadhngsuih@bselpwridm@f efokBes Idetuemm ca;lhley
produced by thj ck fi gl osi tion, of A e CVD t eeand has .a i ckn or
a6, of Z0BLTD 355 Chf FEPORGLI B8 Totas EHIECR Pwradarrepd 2id
t heref ore i nekipensonedcsingl gacrepstsdloSidc,aloyo ame Stekefi into account

so that satisfactory wafer bonding is obtained under

the aforementioned conditions; a single thick single-

15 crystal Sic (donor layer) /polycrystalline SicC
(mechanical support layer) combination wafer is thus
obtained; as a wvariant, it would also be possible
simply to lay the wafers on top of one another and bond
them together 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-crystal SiC)
than the technique mentioned in the introduction of
30 using 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 1is to produce
the SiC ingot (case especially of a semi-insulating SiC
ingot of very high purity obtained by the HTCVD (High

Temperature Chemical Vapour Deposition) process or of



5 a polytype different fromthat of the donor layer (for exanple, 6H Sic
for the support and 4H Sic for the donor |ayer), could also be used for the
support; - the assenbly is then exposed to a suitable thermal budget (for
exanpl e 1100C for 2 hours) in 10 order 1t2o -obtain suitable bonding forces
bet ween the slice and the support wafer; the degree of polishing of the
contacting f&nes 3SHhoul thadso heviagenainVeraccbuwt ceocthatrasabnsf act ory

waf er bondi ng; fﬁ%f%ru%%%?%%ﬁnun tigned ngg; §9%%S a_signgl e

thick single 1 crystal yer)/po ycryst artine mechani ca
support | ayemMicgeeiipRtlon wafer is thus obtained; as a varlant it would
al so be possible sinply to lay the wafers on top of one anot her and bond
t hem t oget her_ by wel di ng (typlcally at tenperatures of 20 2000C or hi gher);
however, Phi S3%%i s conbination wafer is then polished
on the free face of the single-crystal Sic, with the standard degree of

olishin inorder to end up.wth a si stal Sic |aye no
Eurled mgrk EH?dER%dCF§§|85 %f§ éﬁﬁuﬁééﬂﬁb'%.éhﬁ%%ﬂﬁey§?ﬁfgzgﬁr8uéﬁ gss
Thi s process ddwsr pr adifiees dortor wabheisuwi t lstegry nemeployesds lioys lok

expensi ve nater | ngl e- iC t ha hni q n din the
i ntroduction %%ﬁé%){é¢%gébu$é%§%$%%§ %e¥ fﬁ?%ﬁer%%gegthgﬁagﬁoﬁhﬁgéer and
t he suppadpt mm¢@pm@@ew®led\nhw apser @dm $1C t h&hwaf erthe aprooaemnowtl i ne,

and t herefor t t | ayers fromthe
donor wafer. q%%éTﬁéﬂgﬁg%h%% eﬁ?%@% arg ii(ﬂL EB?EZ?%EEh@Q ﬁ%?et% ifficult
and/ or the mwmﬁénéweth@ flenpp ppéatcés tlﬁéSSICéulchQét fodse ddggeci al |y

of ‘a sem -inspdadi Pdes5i16111{0@0In Of h¥ &Eio O PUShEY. Pt RANed; by, the HTCVD
(Hi gh Tenperature Chem cal Vapour Deposition) process or of 12

15 1In the present example, a GaN slice of a thickness of
around 100 to 200 pm is wafer bonded to a mechanical
support made of polycrystalline or single-crystal SiC
for example. As in the case of SiC, the polarity of
that face of the GaN wafer which will be on the support

20 side and, consequently, the reverse polarity of that
face of the wafer on the free side, that is to say on
the side from which layers are removed, are determined

in adwvance.

25 Here again, the support layer/GaN donor layer assembly
becomes a fully-fledged wafer used until the donor
layer has been completely or almost completely consumed

in the various cycles of a Smart-Cut process.

30 The invention is illustrated schematically in Figures

la to le of the drawings.

ITllustrated in Figure 1la are a slice 10, of the
semiconductor material that will form the successively

35 transferred thin layers, and a support wafer 20.

In Figure 1lb, the slice and the support wafer are
assembled as described, in order to form the donor

wafer 30 comprising the donor layer 10 and the support



an SiC ingot having a very |ow concentration of intrinsic crystal defects

such as dislocations and m cropipes).
case of the Smart-Cut technique used with a GaN donor wafer,
steps enpl oyed invol ve

5 Exanple 2 - the GaN case In the
t he vari ous
tenperatures gemdrally very nmuch | ower than those 10

encountered in the case of SiC. Thus, the problemof the respective thernal
expansi on coéfdfviegi @ft.s of the support and the donor wafer is |ess crucial.
nore flexibility in the choice of support material. 15 In the
present exanple, a GaN slice of a thickness of around 100 to 200 mis wafer
bonded to a MEtHEMWE luppoPtri@dersfipsl pér yidingsfe ¢ 1% nfPeredyst al

Thi s
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al most conpl eteley Cansumed thae Kh&muarl@usrcw¢1e$lﬁfnfdﬁﬁﬁaIKJHWptbcess. 30

Her e

fully-fledge

The inventio

dr awi

again,

ngs. IIIustrate gure

i o tcfaact %(iil S%*ﬁlem%‘n'l%a' lf)éc'eQeF%\gHr e?mel agh el €opf

a are a sli

naterlal1@harfﬁqqﬂvﬂn9'WM@H@ISUé@eséﬂﬁel?6035Sﬁﬁdnsféﬁ§@d vhth | Byées,

support waf ery 2045t Figung id .48 slice and the support wafer are
assenbl ed as descrlbed in order to formthe donor wafer 30 conprising the

donor

| ayer

15

20

25

30

35

10 and the support - 13 - layer 20.
In Figure le, a separation is performed, especially by

thermal and/or mechanical stress, at the region of
weakness 12 in order to obtain, on the one hand, a
desired assembly 40, 101, typically forming a substrate
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
102, has been 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 1layer 10 has been almost entirely
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
wafer fabricator, whereas the following steps may form
part of a separate process carried out on the premises
of the fabricator of composite substrates for the

electronics, optoelectronics and optics industries.

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 nitrides, diamond, etc., or else single-

ghe
t he senlconductor

25

and a



In Figure Ic, a buried region of weakness 12 is fornmed at a certain depth
fromthe free surface of the donor 5 layer 10, this region 12 defining a
thin layer 101 with respect to the remai nder 102 of the donor |ayer. In
Figure |d, wafer bonding is carried out 1hetween the free face of the donor
| ayer 10 (if necessary, with prior oxidation on this face) and one face of
a 10 recei vi myyedadr 30lirpnnerbesymny, ARLgb wiradlpryorforoxicligt i d@noA thi s
face). In Figuyr Ileandaﬁgpaf{ QN | $; PRLs 2 ESPEC) I

and/ or nechanngi stress,za&%%£¥¥e§§é§?%§g 15 %ﬁaﬁﬁe%gi %r?%t%%ggég?o
obtain, on teidremdird, RedSsiPPeFtassenbly 40, 101, typically forming a
substrate for applications in 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 been 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 |ayer 10 has been al nost
entirely 25 consuned, w thout however broaching the support layer 20. To
give a specific exanple, the steps in Figures la and |b may be carried out
on the prem ses of the donor 30 wafer fabricator, whereas the follow ng
steps may formpart of a separate process carried out on the prem ses of
the fabricator of conposite substrates for the electronics, optoelectronics
and optics industries. 35 O course, the invention applies to the production
of wafers conprising donor |ayers made of other materials, such as
alumniumnitride and nore generally sem conductor, especially |arge-gap,
nononetallic or polynetallic nitrides, dianond, etc., or else single - 14



crystal silicon of very high quality for the donor |ayer and lowquality
single-crystal or polycrystalline silicon for the support. - 15 - CLAIMS

1. Process for transferring successive thin |ayers froma sem conduct or

mat erial of a donor wafer to a 5 receivifng wafer, characterized in that it
conprises the followng steps: (a) assenbling a bulk slice, consisting of
sem conductor material, and a support ¢grrder to form a mechanically

stabl e assenbly constituting the donor 10 wafer and conprising a donor |ayer
of the said sem conductor material and a support layer; (b) creating a

regi on of weaknessProcede donor trlaal)ﬁéleratin@ coutcossededeptin (@yerendi ng

the donor vl efoho . heofpeeL 0o L1 alar Vi B¢ L he Gog6, Skieedf {pe donor

| ayer of the sal donor wa &ftectl ng a separa Tondm the regl on of
weakness of th@cgb‘ﬁmglwéer,actlﬁirﬁctaye?edf iphéhaseitc ooowatice snather i al

thus being trapsisf{gd &¢ the 20 donor wafer to the receiving wafer; and
(e) repeating operatlons (b) to (d) without the support |ayer of the donor
waf er being breachéd) 22s$pBREERIacor dPREKt o SEiigiem 1, Cehatskiedizéd in 25

that step (a)sésicandh€topuhabyrwafier apandi ngudimeenn a@héghed fraggs of the
bul k slice and of the .ségﬁgort 3?15Process ccordl n

to CI ai E?P
charact eri zed?®i f€ ¢ (%S € cAPFFRRLEUC B &t Je&or3g
wel di ng het vveeaf@ﬁl i ahdd fecaoes icfinighe dul dkorsd i cela;mlr of oft hehsaupmrltd 4.
Process accordl ng ucgor matgp%?cgrel&l zeglul nOrt fa és}ep (b) is carried out
by i npl anti ng®gas€s % 29 Y

(b) creating a region of weakness in the donor
layer at a controlled depth;

(c) bonding the donor wafer to the receiving

15 wafer via the free side of the donor layer of the said
donor wafer;

(d) effecting a separation 1in the region of
weakness of the donor layer, a thin 1layer of the
semiconductor material thus being transferred from the

20 donor wafer to the receiving wafer; and
(e) repeating operations (b) to (d) without the

support layer of the donor wafer being breached.

2. Process according to Claim 1, characterized in
25 that step (a) 1is carried out by wafer bonding between

polished faces of the bulk slice and of the support.

3. Process according to Claim 1, characterized 1in
that step (a) 1is 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 (c¢) is carried out by wafer bonding.



35 species. 5. Process according to Caim1, characterized in that step (c)
is carried out by wafer bonding. - 16 6. Process according to Claiml,
characterized in that step (d) is carried out by applying stresses,
especially thermal and/or nechanical stregses. 5 7. Process according to
Claim1, characterized in that steps (a) to (d) are repeated a chosen

maxi mum nunbeér. of Prpressdeperadragnon ttche Clhilgknéss ofatheteonoed |ayer and

on the depth ehathe,{&gi om)of ;weakneseeq 1:f Byocess preer ding.do.oaim 1,
characterlzed In t e ‘'sem conductor nater si ngle-crystd
sen1conductoreéﬁécﬂﬁé1§uﬁb@ﬁmaﬂsaéﬁé§énm€¢bﬁﬂ%ﬁélg?éﬁ@sséénpr|S|ng t he same

sem conductor as a single crystal of inferior quality, the sane

sem conductor _in 15 polycrystalline formand the_sane sem conductor, as a

di fferent Dol ytypePT9CCPFocRSSOBLLR ditRy 03¢ ai hr 8, CRABRGLTEIFERd iTh  that
t_h:a_ semni congyghelt r@ﬁ@rs alcah s whogan farllﬁul,rn ﬁ:hgeazedgranuplhl@e@nr lnsaxtgnml i con,
silicon carbide rge-gap , nononet al | i metal li itrides
Process accor 4i'fi gefo %Igﬁ %§,d8ﬁ§P36P8r|£e§ﬁe t Hﬁ%pQFﬁe oﬁg} %&9 has a
t hi ckness of amgemdah@0ohoth25dd8pOhnmpfltheProegéss afcwedkngsso elther of
Claims 9 and 10, characterized in that the support |ayer has a thickness

of around 100 to 300 m 30 12. Process according to Claiml, characterized
in that 1he 8eni cBmdgeter amterdangi st@ ICdreger gap obavastarizedorin

polymetal lic RiLki dgpei NN dd M A or IR tEkde, %ﬁngle—crystal
semiconductor and the support is chosen from the group

comprising the same semiconductor as a single crystal

of inferior quality, the same semiconductor in

15 polycrystalline form and the same semiconductor as a

different polytype.

9. Process according to Claim 8, characterized in
that the semiconductor material 1is chosen from the
20 group comprising silicon, silicon carbide and large-gap

monometallic or polymetallic nitrides.

10. Process according to Claim 9, characterized in
that the donor layer has a thickness of around 100 to
25 300 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 pm.

30
12. Process according to Claim 1, characterized 1in
that the semiconductor material is a large-gap
monometallic or polymetallic nitride, 1in particular
gallium nitride.

35

13. Process according to Claim 12, characterized 1in
that the support layer is a bulk layer and produced
from a material taken from the group comprising

silicon, gallium nitride, silicon carbide, aluminium



13. Process according to Claim12, characterized in that the support |ayer
is a bulk layer and produced froma naterial taken fromthe group
conprising silicon, galliumnitride, silicon carbide, alumnium- 17 -
nitride and sapphire. 14. Process for producing a donor wafer intended to be
used in a process for transferring successive thin 5 layers of a given

sem conduct or nfatrediealantr eapphe reai d donor wafer to a receiving wafer,
characterized in that it conprises the followi ng steps: (i) producing a
bul k slice of the said sem conductor material; 10 (ii) assenbling the said
bul k slice and4a s&ppeetss ifwrordeduad ndormddie movedre mafrerenddre tather

conprising a,dapor jhaver ofoddies sey,conduater FRhE i 8l c88dsdve SUPROS
| ayer. 15 15. Process according to Claim 14, characterized in_ that the bulk
slice is p?odde&drsy avt nglad i ABLCORBUCPPEcBScaddr ity tidh < e 14,

characteri zeddohort Ratfetrhe P kredd G i Wl RAUCathda dtd €kzdd | Th ephdaxy 20
on a seed layer. 17. Proces% accqrding to C aim 16, characterized in that

it includes alft §FTBEISESoVIg {HEO¥eDd BAFES: 25 18. Process according to
A ai m 14, charact er(iized piriddutdialy i t af ur bheknor elinsel udes, behere saep (ii),
the follow ng step: oIisthq_of the bulk slice only on its face

i)
intended to c ﬁ@lfﬁngégﬁfg@Pgﬁrﬁﬁ the support. 30 19. Process according to
Cl ai m 14, 1¢har act er(iized aissentidng ttHeurddied noueki néivdesndef osepséep (ii),

the following stepic,(icg o dill dishod Ule el 168 feoree. cohatLags of
a donor layer of the semiconductor material and a

support layer.

15 15. Process according to Claim 14, characterized 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.

17. 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 furthermore includes, before step (ii), the
following step:

(i') polishing of the bulk slice only on its face
intended to come into contact with the support.

30
19. Process according to Claim 14, characterized in
that it furthermore includes, before step (ii), 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 (ii) is carried out at a temperature
and for a time such that wafer bonding or welding is

achieved between the bulk slice and the support.



35 the bulk slice and that face of the support which are intended to cone
into contact with each other, and in that step (ii) is carried out at a
tenperature and for a time such that wafer bonding or welding is achieved
bet ween the bulk slice and the supports 1818 20. Process according to Claim
14, characterized in that the sem conductor material is a single-crystal
sem conductor and in that the support is chosen from5 the group conprising

the same sem andest:e&e@g &t fhg ChySt@ath haf eréRirguediiyeqt he same
sem conductor |n po %cr stalllne forn1and t he sane sem conductor as a

di fferent pol Jf§pe.t PBEE U cBrEPRgeto EFain 20 Lifardotddlzed in
t hat the senleemduchdncﬂatemnﬂ is amesentHd osubbertgridipchosphi Sirtgh
silicon, 'Iig n carbi de and. %etggp nmononet.al | i ¢ Qr poI nmetal |i.c

nitrides. A5 5F888s§°5.‘85&?& EPAP ST CORGRS toéru ed i %t the
seniconductorcngBéalabﬂ:anfdnmqgequqﬂltmwmwmﬁabhme @emp@bwmutabklaxnltrlde

0 particul ar po9gki LUt ihbdero AP 2ia RIHACCSInBCaalil dithdilid

characteri zed® e support layer Is a k ayer an rogéced from
a materi al taweﬁfﬁrentth@lgtmas-conprising S|I|con, galliun1n|tr|de,
silicon carbide, alumnium nitride and sapphire.

10 21. Process according to Claim 20, characterized in
that the semiconductor material is chosen from the
group comprising silicon, silicon carbide and large-gap

monometallic or polymetallic nitrides.

15 22. Process according to Claim 14, characterized in
that the  semiconductor material is a large-gap
monometallic or polymetallic nitride, in particular

gallium nitride.

20 23. Process according to Claim 22, 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, aluminium

nitride and sapphire.





