TitIe:ICPTINIZED METHOD OF TRANSFER OF A TH N LAYER OF SIL%QE&%%@?B!DE TO A
RECEI VI NG SUB- STRATE Abstract: The invention rel ates tp:% ptT m zed
met hod of transfer of a thin layer (100) of nonocrystalline silicon

carbide, derived froma source substrate (1), to a receiving substrate

ISl I sti L. [ face of
4), co he steps consisting of: - bonbarding the front
ghé saigpﬁ@@a@%ggsubstrate (1) with a majority of HCIEHI®H form an

. : ; . t he
enbodi nent  zone (5), - detaching thg said thin layer (100) from
remai nder (10) of the said source substrate (1) along the said

OPTIMIZED METHOD OF TRANSFER OF A THIN LAYER OF SILICON
CARBIDE TO A RECEIVING SUBSTRATE

Disclosed is an optimized method of transfer
of a thin layer of monocrystalline silicon
carbide (SIC) derived from a source_substrate of
this same material to a receiving or stiffening
substrate, this method particularly permitting
recycling of the said substrate after the

transfexr of this thin layer.

The method known under the trademark "Smart Cut®
enables a thin layer to be transferred Ffrom a source
substrate to a receiving substrate of the type of
oxidized silicon or polycrystalline =ilicon carbide, for
example. This method 1likewise enables the source
substrate from which the thin layer has been taken to be
reused.

However, after each layer transfer operation, the
upper surfacer of the source substrate has a certain
number of surface irregularities,

The formation of these surface irregularities will
be described with reférence to the accompanying Figures
1-5, which show a specific example of implementation of
the "Smart Cut" method, This method is known to those
skilled in the art and will not be described in detail.

Figure 1 shows a source gubstrate 1 which has a

planar face 2, termed "front face", on which a step of
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enbrittl ement zone (5), characterized in that the inpl antat| on of Wions is
performed according to the following inequality, in which 3t"|‘|‘1¥299ppl antation
dose D is expressed in nunber of Herr] ions/cnf err] and the inplantation
energy E, expressed in keV, is greater than or equal to 95 0 keV:

[(E(El. 10[err] + 5.10[err])/1.1] < D5 [(E(E1.10[err] + 5.10[err])/0.9] and
in that HYHOXKe step of bonding, a thernmal budget PCBERSPPIsI2ed sufficient
to exfoliate conpletely or al nost corrpl etely the zone (12) of the said thin
| ayer (100) of the source substrate?(1) which has not been transferred to
the said receiving substrate (4). 13 July 2006 WO 03/ 063213 PCT/ EP03/ 00692
1 OPTIM ZED METHOD OF TRANSFER OF A THIN LAYER OF SILICON CARBIDE TO A
RECEI VI NG SUBLTRALEOD €| §38d sPeciaf oS rherdd neefaverdbf tFifsfer of a thin

layer of mopperysiabhi ng skdiGea &Qarbbgle bl Gontlgransd frem a source
substrate of ° this sane nmaterial to a receiving or stiffening substrate,

this met ho@xﬁﬁﬂq ciitsy By jr0eni (keferpnceeBy P RIFWHE thevs3Y dlUbstrate after
the transfigpi@feddis thin layer. The nethod known under the tradenark
"Smart Cut" enables a thin layer to be transferred froma source

substrate to a TEEefPRIRItEnbS? r‘a”‘t gepforse 2y fe SBECIGG 8PSEWH si i con or

pol ycryst alimphgntsithibf OBosar birde tehpératuanplse. aEhn:s peédtad 4 kewi se enabl es
t he source\ﬁ@gubstrate fromwhich the_ thin | ayer bega%éaqlﬁn to be

reused. HoRBVEICCISFERE 200Eh FEYHEFAnis et 8r3’?’r per surface of

t he source tﬁubﬁéarrﬁhﬁpm'c‘taalsﬁrde@ltn p rafivlRe nfnssurface irregularities. The
formation of thgse su |rregular|t| be described with reference
to the acconpall:?& E#”éﬂ:rtgl?me’it 52°fhi cﬁ‘eiﬁw Vﬁ’ecg’off?’c Wditpl e of
|rrpl ement atthensaid édlﬁ*c't'aSB’absttx@tué" 1petihed. ohhithenmenboband, lkemown to t hose
upper thin layer 100 extending between the front face 2
and the said embrittlement zone 3, and on the other hand,
the remainder of the substrate, referenced 10.
As shown in Figure 2, a stiffener or receiving
substrate 4 is then applied to the front face 2 of the
source substrate 1.
This stiffener is chosen by those skilled in the art
as a function of the final application envisaged. 1In a
known manner, it c¢an be applied, for example, by
evaporation, spraying, chemical vapor deposition, or can
be bonded using an adhesive or by a technique of "bonding -
by molecular adhesion" known in English texrminology as
"wafer bonding”.
As shown in Figure 3, a step is then carried out of
detachment of the thin layer 100 from the remainder 10 of
the substrate 1. This detachment step, symbolized by the
arrows 8, 1is performed either by application of
mechanical stresses to the stiffemer 4, or by the
application of thermal energy to the assembly of
-stiffener 4 and substrate 1.
.The wafers constituting the source substrate 1 used

for molecular adhesion possess subsided edges due to




skilled in the art and will not be described in detail. Figure 1 shows a
source substrate 1 which has a planar face 2, terned "fro Juy 2886 on

whi ch a step of CONFI RVATI ON COPY 13 July 2006 WD 03/063213 2

PCT/ EPO3/ 00692 i npl antati on of gas species has been performed. This
inplantation is carried out by ion bonmbardnent, for exanple with H ions
(referenc¥OB/RIFi gure 1) using an inplanter. This PCHEP@M@LI on iS
performed at a specific energy, inplantation dose, and tenperature, so as
to create an enbrittlement zone, referenced 3, in the neighborhood of the
mean i nplantation depth p of the ions. This enbrittlerrent zone 3 delimts
two portions in the said source substrate 1, i ,. on the one hand, an
upper t hi nchaykarizgo <perahitty Betivdied hefa oﬁ’t‘a‘ﬂ%il(?e 29UBHW t he said

enbri ttl engpéiZORSmaceiek ON e @th@gulmanqhe ates o peieFes0f the
substrate, referenced 10. As shown_ in Figure 2, a stiffener or receiving

substrate Beféeamahe aphififeger ol tﬁ%dftrh(?ntfrf’%‘befafeofz PRe weYtfifce substrate 1.

This stiffenetnd srefionenr bynd hagseskiidiag bAndle @ekripéryd Jeunction of the
final applicatiaon envi sag ed. In a  known manner, it can be applied, for

exanpl e, b§ he RA4HoFHFGN ”%iﬁr%‘?f*nb cheni cal vapor deposition, or can be

- bonded USI ng ara:oadé@ﬁan\teyprdmng tmm&qmr@f ot bernick Iﬂ;g1ff)$hem)| ecular .
adhesi on" known mg%g ish t waf er blgndl ng/ As shown in
he

0
Figure 3, &rsto8pY n&ﬁ?fl é’&rgh?'gof’gdé:tl"SCI"'r%Ht #erhe!%in 1ayer 100
fromthe reordmder adfexdhg tdetlsubstifaser] 4, Ths dateichaelpewtiilst ep, synbol i zed

. by the arEﬁ&sséﬁséaﬁtﬁﬁhkpﬁﬂﬁﬁlgktnglp I”ngk eRLd O g layer

1100 remains integral with the remainder 10 of the source

substrate 1.

This séurce substrate 1 thus simultaneously presents,
in its central portion, a suxface roughness 11 due to the
rupture in the region of the embrittlement zone 3, and at
its periphery, an excess thickness 12 or surface topology
in the form of a blistered zone corresponding to zones
not transferred to the receiving substrate or stiffener 4.

The depth of this zZone of excess thickness 12 is
equal to the thickness of the transferred thin layer 100.
It typically wvaries from several tens of nanometers to
more than a micrometer. This depth is determined by the
imblantation energy of the hydrogen ions.

In the Figures, the zone 12 of excess thickness has
been intentionally shown, for the sake of simplification
and schematization, . with a cross section with =right
angles and with a marked thickness with respect to the
remainder 10 of the scurce substrate. 1In reality, it has
a much more irregular shape and a proportionally smaller
thickness.

Before proceeding to the transfer of the following
thin layer, it is imperative to recycle the remainder 10

of the source substrate.




mechani cal stresses to the stiffener 4, or by the application of thernal
energy to the assenbly of -stiffener 4 and substrate 1. TheUWgP% s
constituting the source substrate 1 used for nolecul ar adhesi on possess
subsi ded edges due to 13 July 2006 WO 03/063213 3 PCT/ EP03/ 00692 chanfering
operations perfornmed, for exanple, during their manufacture. As a result,
t he adhesWomEBies between the stiffener 4 and theciEpiishace 2 are
weaker in the region of the substantially annul ar periphery of the said
source substrate 1. Consequently, dhring the stripping of this stiffener

4, only the central portion of the thin layer 100, strongly adhering to
the stiffener 4, is detached, while the substantially annular periphery of
this thin | ayefhigorqyEHARGsCIMRIEHF al OfWithR PP WodKmi Atled SEPof the source

substrate 3 Jhirsr3om i Ytbeheaterihckhuarsdwilishanepus! ¥ prgsents, in its
central portion, a surface roughness 11 due to the rupture in the region
of the enbPPitinshdt Mnethe S¥gest HhickyRss pher #ndancExd®€s t hi ckness 12

or surfaceshop@eadonks, t Boaf 6aMcat achdd shaigd FONg gpssgsRondi ng to zones
not transferred to the receiving substrate or stiffener 4. The depth of

this zone S1PERABEsSERR chESY 17 iRETMLAY 15 1 hRa e e dd®of the
transf erreguifice kaysineb8011 tb atpiicabl yubsdrats haoimeseveral tens of
nanoneters_to re than a mcronmeter. This depth is determ ned by the

i mpl ant at i Sﬁorbtnggﬁ?/ %f the hydrogen ions. In the Figures, the zone 12 of
excess thi ckneShebasrebganngntarbsorakl yeaboally f pericdiacgake of

sirrpl!ficatt“i n_.and s ematei‘%%tig ev.\,it{]%(ir SS ee%;uil{)nevgi.thright angl es
and wi th a KPR T APELRBSISTRPR TisTREet R0 iphene technidh

- In the specific case where the source 'substrate 1 is

silicon carbide, an extremely hard wmaterial, these

polishing steps are found to be extremely long and costly.

The prior art document, "The effects of damage on
hydrogen-implant-induced thin-film separation from bulk
silicon carbide", R.B. Gregory, Material Research Society
Symp., Vol. 572, 1999, shows that the choice of the
conditions of hydrogen implantation into the silicon
carbide permits varying the percentage of the zone
exfoliated, that is, the percentage of the free surface
of silicon carbide which is spontaneously eliminated
during the thermal annealing of the substrate.

In this article, the curve of results showing the H+
ion implantation dose as a function of the percentage of
the =zone exfoliated possesses a bell shape at an
implantation energy of 60 keV, with a maximum value of
33% of the exfoliated zone, for an implantation dose of
5.5-10" H'/cm®. On departing from this value, that isg,
on increasing or decreasing the implantation dose, this
exfoliation percentage decreases.

The document "Complete surface exfoliation of 4H-SiC
by H' and Si+ co-implantation", J.A. Bennett, Applied
Physics Letters, Vol. 76, No. 22, pp. 3265-3267, May 29,




remai nder 10 of the source substrate. In reality, it has a nuch nore
irregul ar shape and a proportionally smaller thickness. B@f"dﬂW@o?ﬁ oceedi ng
to the transfer of the following thin layer, it is inperative to recycle
the remai nder 10 of the source substrate. 13 July 2006 WO 03/ 063213

PCT/ EPO3/ 00692 4 This recycling consists, on the one hand, of a step of
planarization of the surface (arraws P), that is, of elimnation of the
excess thickness 12 and of the subsided zones, and on the other hand, of a
specific finishing step (arrow F) permtting eI imnation of the surface
roughness 28000 ghavai ihat sibsts snasshbie nep dparéwrnf 2 opemiflate 21. These

recycling skepsiadien ggnenaldutrpes ber ged 1BYon r@%% G@bs1aagL or
mechano-chem cal polishing techpiques. . In the specific case where the

source subS¥rat@ IMGlanEativpRf daBfidel’ HMSextremely hard material, these
pol i shi ng st ep3tcaee sb@tlmictaplﬁe helsr mhﬁ[eﬂtor@s@@gb@g)sﬁﬂmjm The prior art

docunent, "Th ef fects mage on hydr.ogen nt-indyced thin-film
separ at i onPFFBIRISH K0 gﬁl ?chgrﬁlgéfﬁ?dﬁg& % n@@ﬁ?vm%t‘;é?l al Research
Society Syops atVohri&iE2 do&@@?e,ndslabv\m telmtcgyhﬂ? dl90| kev,ofthehe conditions of
hydr ogen | gpll%%agé aj) Ilﬁéﬁf‘ttgﬁa Pto%f %a{[psq_ﬁ n& rs]attvar ying the

per cent age of e zone hat e pe ce a@% of the free
surface ofngidyi €6ndE dieli dEﬂBMantd!tJJOSl dpwet afiedirslgreatémithaced during the

ther mal - angealduag 88 4.05° SUBRH aken: didgt DrnaLticl 6e 1g gurve of results

showi ng the H+ _ion inplantation dose as a function o the per cent age of
the zone ekpdISidten 56%@8@3%@}?30%“ shape at an inplantation energy of 60
keV, with a mxowswerakhe af io83Abntde exhedd leedsFResof or an

|nplantat|gn dggéélfexfollatlon of the SiC layer is also high
enough to render the silicon carbide amorphous. This
method is therefore incompatible with the transfer of a
thin film of silicon carbide of good crystalline quality,
since it is unimaginable to recover this thin film for
the later formation of devices used in microelectronics
or opto-electronics.

Embodiments of the invention seek to remedy the
said disadvantages and particularly to opﬁimize the
implantation conditions to facilitate the recycling of a
silicon carbide source substrate.

According to a first aspect of the invention, there
is provided a method of transfer of a thin layer of
monocrystalline silicon carbide, derived from a source
substrate of the same material, to a receiving
substrate, this method, intended to facilitate the
recycling of the remainder of this source substrate,
comprising the steps consisting of:

- bombarding a planar face, termed "front face", of
the said source substrate with a majority of H' ions to

form an embrittlement zone at a depth near the mean




5.5.1016 H/cn2. On departing fromthis value, that is, on increasing or
decreasing the inplantation dose, this exfoliation percentady¥28¥cr eases.
The docunent "Conplete surface exfoliation of 4H S C by H* and Si +
co-inplantation”, J.A Bennett, Applied Physics Letters, Vol. 76, No. 22,
pp. 3265-3267, May 29, 13 July 2006 5 2000, shows that it is possible to
performa conplete exfoliation of. the surface of a silicon carbide
substrate by a co-inplantation of H+ and Si~ ions. Mre specifically, this
docunent describes trials performed on 4H SiC silicon carbide by
inplanting Si+ ions at various doses and at an energy of 190 keV, then H+
ions at danrisnflasheatdephh dooé tie 621018 nd+/ tinis ande dlorming ener gy of 60 keV.

| pl ant aig0fn 4888, Of Lk edr eater dan tHLnGQ&%%rtoaéhjf¥%é§ ‘/cnR permitted

exfoliation of 100% of the silicon carbide surface. However, the Si ion

i mpl ant atFBH Y65 eChedes$atY THPtratfe theaPorderdnendt Wékh ot he SiC layer is

al so hi g emeugbiip geepshetedt RetiSidd GaP1&RRife &iEPhoUshd This method is

t herefore incqnﬁatLble with the transfer of a thin filmof silicon carbide
of good EPyEFAFTTI& Y8RPy, since it is unimaginable to recover this thin
filmfor the + at epordfdingatthen seid deecevsnysetbstratecrmwel €t roni cs  or

-opt o- el ectrgni 5., EhQdi ments of the invention seek to renedy the said

di sadvant ages and particularly to optimze the inplantation conditions to

facilitate the rec§iechipof e siskiidontlely bildgesoufr® sulhst rate. Accordi ng

to a firstrcaspetdr Ofstheel NMRALLONuYRGLE:, | S105PVicEEd B et hod of transfer
of a thin %ﬁ%er of nonocrystalline silicon carbide, derived froma source
thelTs

substrate FE fRPerParactegzed fBCREVi ng substrate, this nethod,
intended to fatd i tiadp@ abhli@tion of H* ions is performed

according to the following inequality, in which the
implantation dose D is expressed in a number of H' ions
.per cmZ2 and the implantation energy E, expressed in keV,

is greater than or equal to 95 keV:
[(Ex1-10™+ 5-10%)/1.1] € D € [(Ex1-10* + 5-10'%)/0.9]

S0 as to embrittle the said embrittlement zone in an
optimized manner, and in that after the step of
bonding, during or after the detaching step a thermal
budget is applied sufficient to completely or almost
completely exfoliate the annular peripheral zone of the
said thin layer of the source substrate which has not
been transferred to the said receiving substrate.

According to other advantageous but non—limiting
characteristics of embodiments of the invention, taken
alone or in combination:

~- the implanted ions are exclusively H' ions;

- the implantation of H  ions is performed without
intentional heating of the source substrate during the

exposure to the ion beam;




recycling of the remainder of this source substrate, conprisi ng t he steps
consisting of: - bonbarding a planar face, terned "front el 206t he
said source substrate with a majority of H ions to forman enbrittlenent
zone at a depth near the nean 13 July 2006 6 inplantation depth p of the
said ions, this zone formng a delimtation between the said thin |ayer
and the WYQW&FABer of the said substrate, the bonbaPEREMBAM2Ah the H ions
being performed with an inplantation energy E and an inplantation dose D.
- bonding the said receiving substrate to the said front face, - detachi ng
the said thin layer fromthe remainder of the source substrate, along the
said enbrittlement zone, characterized in that the inplantation of H ions
is performed accoti ngSeerehe FWPGRERg idfequafi t Bisprisatieeh t he
i mpl ant at | g@ehRe$eL ) 1iSieC¥PI RYREatBiga; nunber of H ions per cn? and the
i npl antati on energ%/ E exgresse_d in keV, is greater than or equal to 95
keV: [(Exl 1014+ 5PH®1dpteehaentc ispfarst merformed, ajorg 1839 ¢29F so as to
enbrittle $hansabd espditt]anmit zeme ivy aBhe Opidglizedidmneer, and in that
~after the step of bagndin during or after the detaching step a thernal
budget is SFSEY @%ﬁ%ﬁn&Fg%ts'i’?fségﬂpla& [5peofutfirgspt étely exfoliate
the annul abudeeti pher akhaoneagylithe feai deddplackmyeropf dli@sgsource substrate

whi ch has not een transferred.to the said receiving suhbstrate. According
to ot her amﬁﬁgﬁgbu%"%ﬂt‘aﬁﬁ?ﬂl "% #PRY °%h a?"é?i é??%l‘s “?S‘r‘c nbodi ment s of
t he i nventhan notakesn stafdEedred e afal watéDring- sibetiarel, anked i ons are
excl usi velé(lslg'_ ions; - the inplantation of H ions is performed w thout

- the detachment along the optimized embrittlement
zone and the complete - or almost complete - exfoliation
of the =zone of the thin layer which has not been
transferred to the receiving substrate, are performed
simultaneously by the application of the -appropriate
thermal budget;

- the application of the thermal budget necessary
for completely or almost completely exfoliating the said
zone of the said thin layer zone takes place above 700°C;

- the ion bombardment is effected in a random
fashion;

- the source substrate is covered with a layer of
amorphous material of a thickneses less than or equal to
about 50 nanometers (50 nm), before the step of ion
bombardment ;

- the bonding of the receiving substrate to the

front face of the source substrate is performed by

melecular adhesion;

- at least one of the faces, among the front face
and the contact face of the receiving substrate, is
covered with an intermediate bonding layer;

- the said layer of amorphous material and/or the

said intermediate bonding layer are formed of a material




intentional heating of the source substrate during the exposure to the ion
beam 13 July 2006 WD 03/063213 PCT/ EP03/ 00692 7 - the sddre¥2&thstrate is
of disoriented nonocrystalline silicon carbide.; - the detachnent is first
performed along the said optimzed enbrittlenment zone by the application
of external nechanical stresses, and the sufficient thermal budget is

t hen appM®y/0¢3d1 conpletely or alnost conpletely eREUEHIHIYIg t he zone of
the thin layer which has not been transferred to the receiving substrate,
or else: - the detachment along tHe optinized enbrittlenent zone and the
conplete - or alnost conplete - exfoliation of the zone of the thin |ayer
whi ch has not been transferred to the receiving substrate, are perfornmed
si mul t aneooltsenhfreneangsgl Frhitqegnowtde Hei%pPEpFidcen »H& 8l budget; - the
applicati or(lsﬂ{mt;he t hermal budget necessary for conpletely or al nost
conpletely exfoliating the said zone of the said thin |ayer zone takes

pl ace above 700C, fheh&ereoiBgnSyParEdie | &° efPRaTedtE9T £M°%fdom f ashi on;

the sourcegsilshr at 811 SOV eaRsE A4, t hga 1:amer nof ridnor phvwiswamt eri al of a
t hi ckness | ess than or equal to about 50 nanoneters §‘5 nrr%, before the
step of i oRitHSRbaFdRRIIEE - IRHEMRIAFPRGIDT FBe B &S ’ncge'sﬁ strate to the
front faceg&fmdni@mgource substrate is performed by nolecular adhesion; -

at | east one of the faces, anmong.the front face and the.contact face of
“the receiving sSubst t@ceilgmgbo%‘é’rsgﬁa?ﬁ 1 o TPRr Prg%allé’teg §5ndi ng | ayer;

zone fusion growth, with a low oxygen content;

- the method furthermore comprises a step of

finishing the front face of the source substrate obtained
- after detachment;

The invention will now be described with reference
to an embodiment of the invention, given as a purely’
illustrative example, this description being based on the
accompanying drawings, in which:

- figures 1-5 are diagrams showing the different
steps of a method of transfer of a thin silicon carbide
layer according to the state of the art,

- figures 6-18 are diagrams showing the different
steps of the method according to the invention and its
alternatives,

- figure 19 is a graph showing the exfoliated zone
percentage as a function of the H' ion implantation dose
D, at various implantation energiles, and

- figure 20 is a graph showing the values of H' ion-
implantation energy E as a function of the H' iom-
implantation dose D to obtain a 100% exfoliation of the
implanted layer.

The method according to the invention will now be

. described with reference to Figures 6-18.
Figures 6-18 are closely similar to Figures 1-5, and

identical elements bear the same reference numerals.




- the said |ayer of anorphous material and/or the said internediate
bonding layer are formed of a material 13 July 2006 WD 03/3¢/sly 2806

PCT/ EPO3/ 00692 8 chosen from anmong silicon oxide (Si02) or silicon nitride
(Si3N4) ; - the receiving substrate is chosen fromanong silicon, silicon
carbide, galliumnitride, alumnum nitride, sapphire, indium phosphide,
gal | i um ¥SEMHEE or germanium - the receiving suBSTERBBISHES silicon
obtained by zone fusion growh, with a | ow oxygen content; - the mnethod
furthernore conprises a step of fifishing the front face of the source
substrate obtained after detachnment; The invention will now be described
with reference to an enbodi nent of the invention, given as a purely.
illustrative eX&nsea, behisg¢ededar iFpei of Bbphgthaiselient tdfe thgcconpanyi ng
drawi ngs, ifvadbieh: is do ggﬁﬁﬁz%_- ehé bR AR shawicRend e ofi fferent  steps
of a nethod of transfer of a thin silicon carbide |ayer according to the
state of tREOBYY  SPYGi§Br e¥1BDAB. &r e SAPECR anBERERg Etheodi fferent steps

of the methegbageesti NG Q1186 iAM@ALE ONsANG idoS crahterfptinees, - figure 19
is a graph show ng the exfoliated zone percentage as a function of the H

i on i npl anPetFHRTHER ofpthgt means G6BtR ByIofndaRi HPlemErids, and - figure 20
is a graphzeh®ve ng-driedVvebpramiebd Hembrar t1émetaoakh OnceNeftgy E as a

function of t H ion_ jnplantation dose Dtb obtain a 100% exfoliation of
the inpla ?e%gileafé’r .exﬁ‘ﬁjel% hBH Sk COEdiRGRTE e OF nE-ht38HE™W | | now be

100 and after having applied an appropriate thermal

budget, 100% or about 100% of the Dblistered excess

thickness zone . 12 which remained integral with the

remainder 10 of the substrate in the prior art method

{see Figure 3).

The term "optimized embrittlement" means that atomic
species are introduced into the crystal in a precise and
controlled manner in order to activate in an optimum
manner the embrittlement mechanisms which are used.

Within the scope of the invention, the implantation
of atomic species congists of an ion bombardment of the
front face 2 of the substrate 1 with H' ions, and
possibly joint bombardment with H+ ions and helium or
boron ions, the H* ions nevertheless remaining in the
majority.

The implantation of these ions in the surface of the
monocrystalline silicon carbide source substrate 1 is
performed using an ion beam implanter.

Various trails of implantation in the surface of a
silicon carbide source substrate 1 were performed in
order to determine the best operating conditions.

Ag illustrated in the accompanying Figures 7 and 8,
which show the crystalline structure of silicon carbide,

the implantation B of ions is always performed




described with reference to Figures 6-18. Figures 6-18 are closely simlar
to Figures 1-5, and identical elenments bear the same ref e%ﬁ@o?%neral S.
13 July 2006 WD 03/063213 PCT/ EP03/00692 9 It can be seen in Fig. 6 that
the object of the invention is to optimze the inplantation conditions B
of atomc species wthin a source substrate 1 of nonocrystalline silicon
car bi de, ¥@U34§32% create in the neighborhood of th@CHERNAKLsERpth p of ion
inplantation, a zone 5, termed "optim zed enbrittlenment zone", to later
be able to exfoliate, after the det8chment of the layer 100 and after
havi ng applied an appropriate thermal budget, 100% or about 100% of the
blistered excess thickness zone 12 which remained integral wth the

renai nder Rermmdgpelaiysttcattdd PlEpar psisfacs t2 ngt hble $XBESFi gure 3). The
term"optiggadeabyittlenent” neans that atomc species are introduced

into the crystal in a precise and controlled manner in order to activate
in an opti num IRafher citre Erimsttiteheit FieERanT s nteueeerE™e used. Wthin

the scope pf Lheotiumahi aniiddie damphiast ety Qknaldnic wpeei es consists of
an i on bonbardnment of the front face_2 of the substrate 1. with H* ions,

and possi BFyLYeS AR EBRLAFUMSAhtERG tHROMESR oHETan @ h 8K M or*®bor on i ons, the
H* i ons neyegddiegesss I &MRicBhNgnd Ncddton BBbY idne. sIbeatedpliantati on of these
ions in the surface of the m)no%]rysg)al | i ne ?i | i con car biaéje source
substrate B4R BRERHHIMER GBF nPPEE POR He s APt Sft &FO™VdArASus trails of
i npl ant ati on i nTHehei@iy fEed Opertrate | panadanbitde sourceysabstrate 1 were

t he bfst operating conditions. As

performed in rde:[ tcp eter_ns‘i ng
i |l ustrat e&THY AB Sacc_:(?grplélﬁ% R4CFFg8s 7 and 8,
: : On the contrary, in the case illustrated in Figure 8,

corresponding to a disoriented silicon carbide crystal
(known to those skilled in the art by the English term
"off axig"}, the stackings of silicon and carbon atoms
are situated in a plane which is not parallel to the
front face 2 but which forms an angle a with the latter.
The ions then penetrate along an axis perpendicular to
the said front face 2 but angularly offset from the said
crystal growth axis C by.the value of this angle a.

The disorientation of the crystal is obtained in an
artificial fashion, generally by cutting the crystal.
The angle o can have different values. It is 3.5°, 8°, or
15° in currently commercially available crystals of
silicon carbide.

In the two said cases, the microcavities 50
resulting from ion implantation are wainly formed in a
plane perpendicular to the crystalline growth axis C.

Consequently, in the oriented crystal, the
microcavities 50 are parallel to the front face 2 and
form an optimized embrittlement zone 5 parallel to the
plane of the said front face 2 and occurring as a
practically continuous fracture line, while in a

disoriented crystal, these microcavities 50 are inclined




whi ch show the crystalline structure of silicon carbide, the |§$I antation

B of ions is always performed 13 July 2006 WO 03/ 063213 PCH4P#800692 10
perpendicularly to the planar surface 2 of the source substrate 1. 1In the
case illustrated in Figure 7, corresponding to an oriented silicon carbide

crystal (known to those skilled in the art by the English term"on axis"),
the stadk®B@s2Bf silicon and carbon atons are situ&Cedrisme®e pl ane
parallel to the upper planar surface or front face 2. The ions then
penetrate parallel to the crystal *jyrowth axis C of the said crystal. On
the contrary, in the case illustrated in Figure 8,  corresponding to a
disoriented silicon carbide crystal (known to those skilled in the art by
the Engli sHYieFAFPecss Foakie plane het stheckfiys GFes? | ardbrloanet car bon at ons
are situatmegdn B @mRhansusiigh. is not parallel to the front face 2 but
which forms an_angle a with the latter. The ions then penetrate along an
axi s per pendi ch¥ dst Been (pbsenyed rerBREITeRcaL by heta gt RoiyeRf f set from t he

sai d - crysimglagt4iiol axdes 0Cahi dhggyatle ghedtiss «aBOl & 12medhe
di sorlenta%gyon of the cr tal is obtal ned in, an_ artificial fashion,

general | y Yy *€6t 191y > t’h@ rJAEE) & PeHETARYFRLISEEAR RERRETERYS erent val ues.

It i's 3.5,0f8,ther extbss NtiEidkneBE| Yof®MEBY Cidl bitaavatl abbe ehystals of

~_silicon carbide. t t sai d case the mcrocavities 50 resulting
“fromion |’1‘H§’I13’P|‘iaeﬁ1f°8nlsarp€\%%8f'ﬁ? ot °Fherét6dpf:5ﬁ§ Her pendi cul ar to the

crystalline grmmaxdsar(ﬁageoﬁsequamﬂ,y id ntmehemeusmcﬁnt@ml thy/stal, the

m crocavi ties Oar aral | el e fr.ont gand forman optim zed
enbrlttlenéﬁFn Ehgaf§¥ﬂé?p Q?tﬁ fon is per orme in a random

fasha.on, to avoid the phenomenon termed "channeling".

The ' channeling phenomenon occurs when ions are
- implanted along specific channels or c¢rystallographic
axes. The ions thus introduced encounter fewer atoms on
their trajectories, resulting in fewer interactions and
-less braking of the said ions. These ions will therefore
be implanted more deeply.

In the process according to the invention, it is on .
the contrary sought to avoid this channeling phenomenon
for industrial reasons, because channeled implantation is
not an industrially feasible technique.

Furthermore, in order to improve the percentage of
exfoliation finally obtained during detachment, and to
operate in a random implantation mode, it ig preferable
(but not obligatory) to perform ion implantation through
-a layer of amorphous material 20 formed on the front face
2 of the substrate 1. This alternative embodiment is
shown in-Pigure 2.

This layer of amorphous material 20 is
advantageously a layer of gilicon oxide (8i0;) or of
silicon nitride (SisN,). However, it should not exceed a
thickness of about 50 nm (5-10" m), at the risk of

modifying the relationship connecting the implantation




pl ane of the said front face 2 and occurring as a practically continuous
fracture line, while in a disoriented crystal, these n‘icr@c'ae‘;izf“?fes 50 are
inclined 13 July 2006 WO 03/ 063213 PCT/ EP03/ 00692 11 with respect to the

pl ane of the front face 2 and do not forma continuous line. It has been
observed experinentally that for a given inplantation dose D and energy E,
a great e’ | enent of the zone 5, and | at er aPP®ERMO6EXT Ol | ati on
percentage of the excess thickness zone 12, is obtained when the
inplantation is performed on a disédfiented crystal. In an advantageous
manner, in the nmethod of the invention, this ion inplantation is performnmed
in a random fashion, to avoid the phenonenon terned "channeling". The
channel i ngeRi&orfendit oetur modRBred ofsear ag npibhtleel dfomgdspecific
channel s of ¢dpystal | ographic axes. The ions thus introduced encounter
fewer atons on_their trajectories, resulting in fewer interactions and

1l ess braking ofinghe sditg itshals meadermshsShaver thef eflvse 1oBe i npl ant ed

mor e deepl YmpllathbEorPdr AHBESd AGHRELFAKIVE O bkhepierdeiONyi thbuk S 0N the
contrary sou‘%}t 50 avoid this channeli ng phenomenon for industrial
reasons, bPLETEE! chSHNTERLY npthatt di oAti & MABIMMY, HeRBRIAtHEEl | y f easi bl e

techni que. ofWHoher pore:, . iche OLfiant StidiOLRYAg t A PRbCBALROenef exfoliation
finally obtajned duri %? det acgmant, and to oEe{ﬂate in a random
ipl ant at i oHW8He, FAOFECpr SFEFEATE  (BIRSSRGELILYY gaF®r y)FPE® performion

i npl ant at | osnplelraowgh  a | ayer of: anorphous material 20 forned on the front
- face 2 of the uéﬁ%ra e 1. This, al te%raat i,ve gﬁgdi ment ’i% rshown i n-Figure
9. This layer 8? rsﬁ’%gﬁgatrﬁatlgr PERtesh quringy RH_BY y F9¥ | ayer of

silicon oxexepl&S GR) oemmratures. markedly greater than 650°C,
degradation or suppression of the macroscopic exfoliation
phenomenon is observed. ' This can be explained by the
activation during implantation of diffusion and
recrystallization mechanisms which participate in the
process. This activation in situ, which is not
controlled, degrades the control of the desired
exfoliation effect.

Other, complementary: trials were performed in order
to determine the best pairs of implantation dose D and
implantation energy E to be used. These trials will
later be described in detail.

The receiving substrate 4 is then bonded to the
front face 2 of the source substrate 1.
_ The bonding of this substrate 4 is advantageously
effected by molecular adhesion, since this is the mode of
‘bonding  best suited to electronic applications,
particularly due to thé homogeneity of the bonding forces
used and to the possibility of bonding together numerous
materials of different natures. However, it could
likewise be performed by other known prior art techniques.

The bonding can be performed by applying one of the

faces 40, te:med "contact face", of the receiving




silicon nitride (Si3N4). However, it should not exceed a thickness of
about 50 nm (5.10-9 n), at the risk of nodifying the rel at3i4ueA%H
connecting the inplantation 13 July 2006 WD 03/ 063213 PCT/ EP03/ 00692 12
energy E and the inplanted dose D as will be defined later. Finally, the
trials performed showed that this ion inplantation should preferably be
pr ef or redVaW{0hBLX = external heat supply, that is, aPCEERIGYUM t enperature
of about 200C, the inplantation being able to bring the silicon carbide
substrate substantially to this téAperature. If the substrate is heated
during inplantation, for exanple to tenperatures markedly greater than
650C, degradation or suppression of the macroscopic exfoliation
phenonenonstRstdBserd &, tgﬁi%’-’"@&nffb‘éﬁ éx P atlife §oBYCq Wabsaratesdti on during

i mpl ant at i ppciRfyr dikbusipnird ribgeeyssal bi 28¢ | A 1NN, Whi ch
participate in the process. This activation in situ, which is not
cont r ol | ed™XfReglRERIThate oRPRGINGT LeverieSi degositad Pat itde ef fect. O her,

- conpl enent agitdoti #hse Wes CoPHOTBAL L Oralefas hofet 8F NiNfiLhe best pairs
of inplantatjion dose D and inplantation ener to be used. These trials

y E
will I atefthe°FeSRriBed tH $a8c4i? .°fTﬁ€er%ng FPeBEeriat ¥4 is then
bonded t o bthehekeotitc ffa6es2 of the source substrate 1. The bonding of this

substrate 4 is _advant eou‘ilay q{fact ed byy nmol ecul ar,_adhesi on, since this
is the node of I*BThdPHT BESIERELINCBH RS BIEEEr SnifteafpFitaiigns,
~particul arlyyetae fort&aeanpdBpgenesilicen bheddorsiiony $Ore€eSicodsed and to the

Elg\fvglglr l, i f%ﬁtﬁr&ﬁ?ﬁ?ﬁﬁﬂ ,t 89e<§nh%51e-ng€l'?erro gnd,n%toggﬁgfveoaagégg.er ent natures.

It will be noted that when the implantation B is
performed through a layer of amorphous material 20, the
latter can then play the part of intermediate bonding.
layer 6. :

The assembly of layers respectively illustrated in
Figures 12 and 13 is obtained.

The receiving substrate is advantagecusly {(but not
obligatory) chosen from silicon, silicon carbide, gallium
nitride {GalN), aluminum ﬁitride (31N), sapphire, indium
phosphide (InP), gallium arsenide (GaAs), or germanium
(Ge). Other materials can likewise be used.

This receiving substrate can likewige be a fragile
substrate, such as silicon obtained by zone fusion growth,
with a low oxygen -conEent, that 1is, monocrystalline
silicon obtained by the zone fusion method starting from
polycrystalline silicon.

Detachment (arrows 8) of the receiving substrate 4
and of the thin layer’ 100 from the remainder 10 of the
source substrate 1 is then performed,

This detachment S can be performed either by
application of external mechanical stresses {as shown in
Figure 14}, or by a thermal treatment with an appropriate

thermal budget (see Figure 17)}.




| i kew se be perfornmed by other known prior art techniques. The bondi ng can
be performed by applying one of the faces 40, terned "conadtW 26%ce", ~of
the receiving 13 July 2006 WD 03/063213 PCT/ EP03/ 00692 13 substrate 4 to
the front face 2 of the source substrate 1, either directly (see Figure
10) or by means of one or nore internedi ate bonding | ayers 6 deposited on
the cont¥t®346338e 40 of the substrate 4 (as shown i RCTER§EP92 11), or on the
front face 2 of the source substrate 1, or on these two faces. These

i ntermedi ate bonding layers 6 are thsulating layers, for exanple, of
:silicon oxide (SI2) or silicon nitride (Si3N4), or on the other hand,
conductive layers. It will be noted that when the inplantation B is
perforned t hr otiyh2a IRERET ok rishothessatsdiilded 26n the arhtter can then

play the pafedseObxidtirl Medicahei RANGkPEssdsakah Be, TS, asghphly of layers
respectively illustrated in_ Figures 12 and 13 1s obtai ned. The receiving
substrate 'i}{e AR REGRR RT PheBhit STEFEIYbI PgatIIRFPSERSR P TFEBM Si | i con,
silicon canbitde, agsllilcbydn bt nildeaddaad) , odl simidpuRnBEEFd#QL{ALN) , sapphire,

i ndi um phosp?ide Inﬁ%gwgngién1arsenide (GaAs), or 'germanium (Ge).

O her mat €15 §FECEEHPR é%h®- used. This receiving substrate can |ikewi se
be a fragile =Blubshs atierachmedhtass siki pentahied nedrby &@renilsi on growt h,

with a | ow oxygen.coptent, that_is,. nmonocrystalline i.l.i con obt ai ned by
MR, RbEC A% | PR T8 h SR YRt al FPRIPTRon, Dot achment

the zone fHSHER Rt R
(arrows S)acebrdigy tecer \dppgopuisisr ahermbtl aadyeaf tbheotglienel@yer' 100 from

e e S el R ST 08 s 1% BRI I T
: : layer 100 from the source substrate 1 which has not been
bonded to the receiving substrate 4 (see Figure 15). The
thermal budget corresponds to the product of the
annealing treatment tempéiature'by the duration of this
treatment.

This treatment is nevertheless simpler and quicker
to use than the polishing used in the state of the art
for proceeding to such an operation.

There then only remains a possible finishing step F
of the source substrate 1.(see Figure 16),

This finishing step aims at eliminating the surface
roughness 11. It is generally performed by a mechano-
chemical polishing.

A step of finishindrthe free surface of the thin

- layer 100 can likewise be performed.

If the detachment S of the thin layer 100 from the
remainder 10 of the source substrate 1 is performed by a
thermal annealing treatment (see Figure 17), the complete
or almost complete exfoliation of the zone 12 is then
simultaneously produced (see Figure 18}. In practice,

. this application of heat causes the defects or

microcavities 50 to grow until they form micro-cracks 51




application of external nmechanical stresses (as shown in Figure 14), or by
a thermal treatnent with an appropriate thermal budget (s’éé%'liiza‘lﬁe 17). 13
July 2006 WD 03/063213 PCT/ EP03100692 14 In a fashion known to those
skilled in the art, these external nechanical stresses can be, for
exanple, the application of shear, traction, or conpression forces, or

t he appl i¥@#¥9631%f ul trasound, or of an el ectrost at PETEMSNEI2ect r omagneti c
field. If the detachnment S is performed using external nechanical

stresses, an annealing treatnent tHén follows, according to an appropriate
- thermal budget to conpletely, or alnost conpletely, exfoliate the zone 12

of the thin |layer 100 fromthe source substrate 1 which has not been
bonded to Whéchecenveripds Gpettiiare Begudellidil62Y29¢ PERE® &er mal budget

corr espondg nt 8,dchiee PARMILC tnofsdilie op@iieali aigbriikepémait zbgamer at ure by the
duration of this treatnment. This treatnent nevert helsss si mpl er and

i
qui cker to uséhenaRstHEepSinrsthing gEeR b s FEsR iR et hédSart  for

proceedi ng it pus4GRe@niOPegats ok, There then only remains a possible
finishing step F of the source substrate 1 (see Fifgur 16)._ This finishing

. )
‘step ains at elT I3 toh e EEERe RRFINBRY L P I"’F?F%S §éneral I 'y
perfornmed BypBarracbhanoioszhemaaal ingllanshi v eAesde[E aff i nicwlsi ng the free
surface of the thig ayer. %{?0 can likew se be perfornmed. If the detachnent
S of the t Kt IYeP® 1I5FF B8R the remainder 10 of the source substrate 1 is
perfornmed by aopehetiml candealdngg treatnment (see Figure 17), the conplete

or al nost conpl gte exfal %%{;iél% % tsheerzf%r}%e&zoﬁ stﬁeh%gonéifgget aneously
produced (see B ghte &Y H-pPactt B
of a monocrystalline silicon carbide SiC4H substrate
disoriented by 8° (known to those skilled in the art as
"SiC4H 8° off-axis"), covered with an amorphous layer of
silicon oxide about 50 nanometers (50 nm) thick.

The implantation temperature was below 200°C.

Four series of trials were performed with
implantation energies E of respectively 50 keV, 95 keV,
140 keV and 180 keV.

For each value of energy E, the implantation dose D
was varied between 5.25-10% H'/cm® and 8-10% H'/cm®.

A receiving substrate 4 constituted by silicon was
‘then applied to the source substrate 1, and annealing was
then performed at 900°C for 1 hour.

The percentage exfoliation of the peripheral zone 12,
which in the prior art remained integral with the
remainder 10 of the substrate, was then measured.

The results obtained are given in the following
Table.

A value of 100% means that the whole of the zone 12
which is not in intimate contact (that is, has not
adhered) with the receiving substrate 4 is exfoliated. A
value of 30%, for example, means that only 30% of the

excess thickness zone 12 is exfoliated, and that 70% of




this application of heat causes the defects or mcrocavities 50 to grow
until they form micro-cracks 51 13 July 2006 WD 03/ 063213 ScWe#3/ 00692 15
whi ch, connected together, result in a cleavage plane and in rupture along
the said optimzed enbrittlenment zone 5. The possible finishing step Fis

then perfornmed, as illustrated in Figure 16. The trials to determ ne the
best pai MO B06RH ues of inplantation dose D and i nPCBERNOUEN ener gy E of
H ions wll now be described. Operating conditions: H ion

i npl ant ati on--was performed on thelfront face of a nonocrystalline silicon
carbide Si C4H substrate disoriented by 8 (known to those skilled in the
art as "SiC4H 8 off-axis"), covered with an anorphous |ayer of silicon
oxi de aboufh5® FHFonet ELFITD HIPIrat crithride msmainderi 38 ©&nper at ure was
bel ow 200Ceh&EQ@Hbsseateey ,0of trials were perforned with inplantation
energies E of respectively 50 keV, 95 keV, 140 keV and 180 keV. For each
val ue of energy E, the inplantation dose D was varied between 5.25.1016
H/cm and 8.1016 H /cnR. A receiving substrate 4 constituted by silicon
was thenrapplied-to-the source substrate-1- and. annealing was then
performediat 900C forl 1 hour. The percentage exfoliation pf the peripheral
zone 12, |[which in the priof"glretacapafate (Helyed® with the renmi nder 10

of the supstratlermpaad then nEasufed. | The resjul {[S obt ai ned| are given in the
[t Low 19l Tebl et Yal U of [1001% opas |t hat] e wiol o) of | he zone 12
rei:gi v: ﬁgqgublstrléf%‘ z[@i% gsx%])?%tfa%. %615 s 27 0% | 26N PD
Energy '
E
{kev)
Exfol- 50 5 11) 15 .
jated 85 10 : 100 | &0 30
Zone ™10 40 | 80 | 100 |60 20
(%) 180 30 90| 100 | 80 | 40

Trials carried out with implantation energies less
than 50 keV did not give good results for exfoliation.

The results obtaine:d have been transferred to the
graph of Figure 19. It can be seen that for each
implantation energy E value greater than or equal to 95
keV, there is an implantation dose value D which enables
100% of exfoliation to be obtained (bell-shaped curves
obtained) .

Figure 20 is a graph showing the H+ ion implantation
dose D as a function of the implantation energy E of
these same ions to obtain 100% of exfoliated zone.

The straight 1line obtained corresponds to. the

following eguation:
D = E x 1-10" 4+ 5-10% (1)

with E = 95 kev,




val ue of 30% for exanple, neans that only 30% of the excess thickness
zone “12 is exfoliated, and that 70%of 13 July 2006 WO 03130%%24%

PCT/ EPO3/ 00692 16 this zone 12 renmins integral with the renmai nder 10 of
the substrate 1. Inplantation dose D (1016 E/cm) Inpl- anta-

tion5. 255. 55. 7566. 56. 7577. 257. 58 Energy E (keV) Exfol-5055015

i at ed95101QG®EBB Zoneld040801006040 (6)1803090100801EPGFH462d s carri ed out
with inplantation energies less than 50 keV did not give good results for
exfoliation. The results obtained Rdve been transferred to the graph of
Figure 19. It can be seen that for each inplantation energy E val ue
greater than or equal to 95 keV, there is an inplantation dose value D
whi ch enabl es inooshish ekl®| iHit i 71 t dTREENMBLAPHe® EBEY | -Khdfed curves

obt ai ned) . o iea20ni Red GH@PENSNAMINGLhbEHadsan U 1B alicdei On | dose D as
a function of the inplantation energy, E of these sane ions to obtain 100%

of exfoliafews z'iﬁn%’.‘PrFﬁée%tjrfhiHérﬂorﬁ/ﬁBz-obt ai ned corresponds to the
fol I ow ng equaltaRihg Retofn df kPb4 frudub@lébnd E the values of

D and E connected to ©possible slight experimental
variations and to the tolerances of manufacture and
control of the implantation apparatus used, it is
considered that the pairs of wvalues of D and E should

obey the following inequality:
-e x DsD- (E x 1-10™ + 5:10*) < e x D {2)

where D and E have :the aforementioned meanings and
where € x D represents the absolute tolerance for a given
value of E between the theorxetical value of D obtained
- according to the above Eguation (1) and an acceptable
value of D, and where e represents the relative tolerance.

After experimentation, it was considered that this
relative tolerance e was ‘equal to 10%.

The following inequality (3} results from this:
- 0.1 xD =D -{Eix 1-10" + 5-10*) s 0.1 x D

which can ‘alsoc be expressed as the following

inequality (4):
[(Ex)-10%+5-10%)/1.1] s D s [(Ex1-10% + 5-10%)/(0.9)]

The pairs of values of D and E which obey the above
- inequality (4) permit an optimized embrittlement of the
. embrittlement =zone 5 to be obtained, and after having

applied a sufficient thermal budget, permits complete or




with E a 95 keV, 13 July 2006 WO 03/063213 PCT/ EP03100692 17 in which the
H ion inplantation energy E is expressed in keV and the BnpvaPReati on dose
D of these ions is expressed in H ions/cm. Taking account of the
fluctuations of the values of D and E connected to possible slight
experinmental variations and to the tol erances of manufacture and control
of the i npdexwrti on apparatus used, it is consider @dT/Ebanosdhe pairs of
values of D and E should obey the following inequality: -e x Ds D- (E X
1.1019 + 5.1016) s e x D (2) wherelP and E have the aforenentioned neani ngs
and where e x D represents the absolute tolerance for a given value of E
between the theoretical value of D obtained according to the above

Equati on ( 2}meaid cenpdeleeptaisléaticn & &feDzoBAdIhef ethe rd¥esent s t he
relative t gLes,ange. witfdeha8 XN bEBNt@hhRerddd ¥BScKOReLARrF6E that this
relative tolerance e was equal to 10% The following inequality (3) results
fromthis: SubgEret® 9 s D - (E x 1.1014 + 5.1016) s 0.1 x D which can al so be
expressed as thg %Pénléh\ﬂia icRegual i fyrd 4) endd EXpdPdARmaa1018)/ 1. 1] s D s

[ (Ex11014 + 5. 1(_)? )/ (0. 9)?13 The pairs of values of D and E which obey the
~above i nefgtgEEpe (e FEPRPRTIATC oS ITRZ NS ri tt | enent of the
enbrittlenent zensw S7dodchetibmaRgismands afilt&usbay idinyd@iened a suffici ent
t her mal budg@t},{,111 ermts conpl ete o]rel*,lis July 2006 WD 03/063213

PCT/ EP03/ 08 he | H15s ATE MRACEL 83 B OPPRTEGAVEf the zone 12 of the thin
| ayer. 100 whi chthaas netud aezst bbnsferdeedriiing hthateeae vigmal

budget necessary for :complete or almost complete
exfoliation of the zone 12 has to be above 700°C and
preferably above 800°C, '

There was thus obtained, on the one hand, a thin
layer 100 of SiC, of good crystalline quality, and on the
other hand, a source substrate 1, the front face of which

is free from surface topologies 12.




substrate 4. Supplenentary trials were then perfornmed to determ ne the
appropriate thermal budget. Bel ow 700C, the nechani sms of dipl¥é%i%n of
hydrogen w thin the SiC are practically inoperative. It was thus possible
to determine that the thermal budget necessary for conplete or al nost
complete exfoliation of the zone 12 has to be above 700C and preferably
above 800C. There was thus obtained, on the one hand, a thin |ayer 100 of
Si C, of good crystalline quality, and on the other hand, a source
substrate 1, the front face of which is free fromsurface topol ogies 12.
13 July 20&6 lg CLAIM5S 1. Method of transfer of a thin'|ayer of

nonocr yst i silicon carbide, derived froma source substrate of the
same nmaterial, to a receiving substrate, this nethod, intended to
facilitate the, regygling of the remainder of this source substrate,
conprising the steps consisting of: - Bonbardlng a pfanar Tace, ternmed
"front facednocgfstgliengapdliconr cerlsiglest darevddt Eamma eeitse of H ions to
forman enpriditl.eeentszong at.godepidr Ngar the nepan.Laplaptation depth p
of the said ions, this zone fornming a delimtation between the said thin
| ayer and THRSTIPAERmI AdéF OrthRd sargerdmsst Fat dacihetaiénblitinent with the
H+ ions beisgend obredndi thnaihdeRPlbantalik0Roahed gyudstrafdl, an i npl antati on
dose D, - bonding the said recejving substrate to the said front face, -
det achi ng THETSH Fﬂ?ﬁ“?ﬁ?é?n?¥%ﬁP8ﬁg‘renainder of the said source
substrate, al orgbtdiardoigd a erbddrt tthesreder@@ne front face™, of

the said source substratewith a majority of H' ions to
form an embrittlement =zone at a depth near the mean
“implantation depth p of the said ions, this zone forming
a delimitation between the said thin layer and the
remainder of the said substrate, the bombardment with
the H" ions being performed with an implantation energy E
and an implantation dose D,

- bonding the said receiving substrate to the said
front face,

- detaching the said thin layér from the remainder
of the sald source isubstrate, along the said
embrittlement zone,
characterized in that the implantation of H' ions is
performed according to the following inequality, in which
the implantation dose é is expressed in number of
H'ions/cm’ and the implantation energy E, expressed in

keV, is greater than or equal to 95 keV:

C[(Bx1-10%+ 5-10%)/1.11 € D £ [(Ex1+10* + 5-10'%)/0.9]

so as to embrittle the said embrittlement zone in

an optimized fashion, and in that after the step of
bonding,during or after the detaching step a-
thermal budget is applied sufficient to




characterized in that the inplantation of H ions is perforned according
to the following inequality, in which the inplantation ddsduh2P® expressed
in nunber of Hions/cnz and the inplantation energy E, expressed in keV,
is greater than or equal to 95 keV: [(Exl 1019+ 5.1016)/1.1] < D <_

[ (ExI 1014 + 5.1016)/0.9] so as to enbrittle the said enbrittlenent zone in
an optim zed fashion, and in that after the step of bonding, during or
after the detaching step a thern?é budget is applied sufficient to 13 July
2006 20 conpletely or alnost conpletely exfoliate the annular peripheral
zone of the thin layer of the source substrate which has not been

t ransf erre(gorr}pcieggﬁns&% ﬂaa]{m%gﬁieggjﬁ%eé%ggs%&%ﬁ.atg. t{ygt Frgrqll%cicordi ng to claim

1, characterrze r d’ions"are ‘exclusively H ions. 3.
Met hod acciardiPhgralo zehai of therthin bdwsraef dhiezewrrce psubkbratiehe i npl ant ati on

of H 10nS,ignPghE OhaBdpdd ] N s FEALRNTIPNBle NeAL! NG-ofvillye source

substrate during the exposure to the ion beam 4. Method according to any
one of theS¥EtEgRng clains, characterized in that the source substrate is

di soriented menogsyedRlddcbedshd | €9Nc xamdiide charabdhiotdageor ding to claim
4, charac%ﬁri ﬁ:Bd inlt hat, .t he sourc? subitr te is disoriented
monocr yst &' 78° YIRLARGH Larhidhe TrElerteAM By b¥1S:6. Met hod according to any

one of the faxegoilngl abadrdingcharatdierilzed 2n diwatctetiohiment s first
per o red 608 Ui, SIS PRLLT g STRLL 4L SRl bonE Ryt e oppl oalion,
is then apptéwdonel bempingt efythe sdunrst subshpdtet duyimxfidlel ating said
annul ar pggiphetalo £R08 R beam.
4. Method according to any one of the foregoing
claims, characterized in that the source substrate is
disoriented monocrystalline silicon carbide.
5. Method according to claim 4, characterized in that
the source substrate 1is disoriented monocrystalline
silicon carbide of SiC-4H type.
6. Method according to any one of the
foregoing claims, characterized in that detachment
is first performed ~ along the said optimized
embrittlement zone by the application of external
mechanical stresses and in that the sufficient thermal
budget is then applied for completely or almost
completely exfoliating said annular peripheral zone of
the  thin layer which has not been transferred to the
receiving substrate _
7. Method according to any one of claims 1-5,
.characterized in that the detachment along the optimized
embrittlement =zone and the complete - or almost
complete - exfoliation of said annular peripheral zone of
the thin layer are simultaneously performed by the
application of the appropriate thermal budget.
B. Method according to any one of the
foregoing claims, characterized in  that — the
application of the thermal budget necessary for

completely or almost




the thin layer which has not been transferred to the receiving substrate
7. Method according to any one of claims 1-5, characteri Z@duWr0hat the
det achnent along the optim zed enbrittlenent zone and the conplete - or

al nrost conplete - exfoliation of said annul ar peripheral zone of the thin
| ayer are sinultaneously perforned by the application of the appropriate
thermal budget. 8. Method according to any one of the foregoing clains,
characterized in that the appllcatlon of the thermal budget necessary for
conpletely or alnbst 13 July 2006 251 conpletely exfoliating the said zone
fromthe thin layer is effected above 700C. 9. Method according to any one
of the foregoin claips, characterizeq in th t he .i on_bonbardnent is

per f or ned ‘f‘%‘ %Wdoﬁ?#@s‘ﬁigbﬂg %gel\/éslaﬁ d ZRR8ordiPlg ™ aMyi™ne of the

f or egoi ng Lq&alnsefﬁhaedaﬂ@whiﬁw cn that t he source substrate is covered

with a layer of %@QEBQOE? 1&% stgny |ck§e§ﬁ% g%%é%¥ﬁﬂﬁor equal to

about 50 nanoneters I"on 1. Met hod
accor di ng aleiafy @hﬁi&ﬁtthGEﬂonegbhm@ thel dioms povhardesmr iigzed in that the

bondi ng ofeghgmwgeﬁp%ykggkﬁpgggﬁghe to the front face of the source
substrate |s per ormed by nol ecular adhesion. 12. Method according to claim

11, charact er iPedefhodt aggordindedst agnecnf phethackereEainden the front face
and the coatmst dracecfritbe ﬁﬁCQhé{t NghsuUbsirat &ubstfvergd wth an
internmedi ate bondi ng. |l aye thod according tqg c¢laim210 or 12,
characterf?gﬁrﬁﬁ ‘H&P %elfgﬁﬁ | & e@mSFpgﬂB?p Iiggteri®dl and/or the said
i nt er nedi athdchoagk nigedsaydlnabe equal to about 50 nanometers,
before the step of ion bombardment.
11. Method according to any one of the foregoing
claims, characterized in that the bonding of the
receiving substrate to the front face of the source
substrate is performed by molecular adhesion.
12. Method according to claim 11, characterized in
that at least one of the faces between the front face and
the contact face of the receiving substrate is covered
with an intermediate bonding layer.
13. Method according to claim 10 or 12,
characterized in that the said layer of amorphous
material and/or the said intermediate bonding layer are
formed of a material chosen from among silicon oxide
{Si0;) or silicon nitride (SiaN;}.
14. Method according to any one of the foregoing
claims, characterized in that the receiving substrate is
chosen from among silicon, silicon carbide, gallium
nitride, aluminum nitride, sapphire, indium phosphide,
gallium arsenide, or germanium.
15. Methed according to any one of the foregoing
claims, characterized in that the receiving substrate is
silicon obtained by zone melting growth, with a low

oxygen content.




formed of a material chosen fromanong silicon oxide (Si02) or silicon
nitride (Si3N4). 14. Method according to any one of the fo BFH@S cl ai ns,
characterized in that the receiving substrate is chosen from anong
silicon, silicon carbide, gallium nitride, alum numnitride, sapphire,

i ndi um phosphi de, gallium arsenide, or germanium 15. Method according to
any one of the foregoing clainms, characterized in that the receiving
substrate is silicon obtained by zone nelting growth, with a | ow oxygen
content. 13 July 2006 22 16. Method according to any one of the foregoing
clainms, characterized in that it2furthernore conprises a finishing step F
of the front face of the remainder of the source substrate obtained after

det achment .
16. Method according to any one of the foregoing

claims, characterized in that it furthermore comprises a
finishing step F of the front face of the remainder of

the source substrate obtained after detachment.






