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(57) Abstract: The invention relates
100 ‘ S to an optimized method of transfer of
/ 4 a thin layer (100} of monocrystalline

: /"" silicon carbide, derived from a source

S substrate (1), to a receiving substrate
(\ {4), comprising the steps consisting of;
( > 12 - bombarding the front face of the said

source substrate (1) with a majority
of H* ions to form an embrittlement
l\, 11 zone (5), - detaching the said thin layer
- (100) from the remainder {10) of the

S 10 said source substrate (1) along the said
\ embrittiement zone (5).characterized

RO

in that the implantation of H* jons is

performed according to the following

inequality, in which the implantation
dose D is expressed in number of H* mnsn’cm2 and the implantation energy B, expressed in keV, is greater than or equal to 95
keV: [(EEL10* + 5.10'5¢/1.1] < D < [(E(E1, 10" + 5.10*)/0.9] and in that after the step of bonding, a thermal bedget is applied
sufficient to exfoliate completely or almost completely the zone (12) of the said thin layer (100) of the source substrate (1) which
has not been transferred to the said receiving substrate (4).
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(100) fromthe renainder (10) of the said source substrat ‘&ﬁ) glong t he
said enbrittlenent zone (5),characterized in that the in%% 28 on of W

ions is performed according to the following inequality, in which the
i npl antation dose Dis expressed in nunber of Herr] ions/cnferr] and the

i mpl ant at | rgy E, expressed in keV, is greater than or equal to 95 O
keV: [(E(E%ET@PQPr] + 5.10[err])/1.1] < D5 [(E(E1l. 107‘@fP§30469% 10[ err])/ 0. 9]

and in that after the step of bonding, a thermal budget is applied
sufficient to exfoliate conpletely or alnost conpletely 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/ EPO3/ 00692 1 OPTI M ZED METHOD OF TRANSFER OF A THI N LAYER OF SI LI CON
CARBI DE TO A RECEI VI NG SUBSTRATE Di scl osed is an optim zed method of

transfer of opriMiizRp! A¥RiopObr RAR | 1, 1] rbide (SIC) derived
froma source sd@g?Pate g? 6I’Ehls gﬁﬁgkﬁﬁ éﬁ?ﬁf&%gﬁgQFegﬁp6pﬁg or stiffening
substrate, this methodpBIOECTP & RECBEYING SURgTRATECYCl i ng of the said
substrate after the transfer of this thin |ayer. The net hod known under
the trademark "Smart Cut" enables a thin layer to be transferred froma
source substrate to a receiving substrate of the type of oxidized silicon
or polycrystalline silicon carbide, for exanple. This nmethod Iikew se
enabl es the source substrate fromwhich the thin |ayer has been taken to
be reused. Howdliscloséd eis eahopymi zedansdidodperatirams idie  upper

surface of the source su?;trate has a certain _nunber of surface
irregul ari {9fhg @ in ayer 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 surface 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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The formation of these surface irregularities will be described with
reference to the acconpanying Figures 1-5, which show a 5189181 YePeo exanpl e
of inplenentation of the "Smart Cut" nethod. This nmethod is known to those
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 "front face", on

whi ch a Y@¥A6R213CONFI RVATI ON COPY 13 July 2006 WO 0BLUBD/108922

PCT/ EPO3/ 00692 i npl antation of gas species has been performed. This
inplantation is carried out by ion BPonbardnent, for exanple with H ions
(reference B on Figure 1) using an inplanter. This inplantation is
performed at a specific energy, inplantation dose, and tenperature, so as
to create AMPlERRATLER| OfeARSzGRECIGRIRA%Reed Perfartae neflifbor hood of t he

nean i npl a%@&amt%ﬁt heb Ofrtika iQns. thu%nerHHwnoaHarﬁamnt gshe 3 delinmts
two portions’in the said source substrate 1, i.e., on the one hand, an

upper t hi n s¥ayele MiGhekt eifhisnd *BERXRES Bhanf F%ﬁﬂref 3eeusing i t he said
enbrittl emagpizene .3, and on the other hand, the renainder of the
substrate, referenced 10. As shown in Fi qure 2, a stiffener or receiving

substrate 4 is THENIERIANERIRD EhBEFIUMES: Ak & SPEFititeSPe T ce substrate 1.
This stiffapplattatebpsassdy dlwosenpkidded,i Bot Be a8bt crésed dnunction of the

exanpl 6. by ELNGPATT oAFbos PG e B Ul G aBBISHHGREEHY i or can b
bonded usi ngeame=adhgslateattoh\depthes vl ghe Ddns'.bondi ng

This embrittlement zone 3 delimits two portions in
the =aid source substrate 1, i.e., on the one hand, an
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 S, 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




by nol ecul ar adhesi on” known in English termnology as "wafer bonding". As
shown in Figure 3, a step is then carried out of detachnenTS‘HWZP% thin

| ayer 100 fromthe remainder 10 of the substrate 1. This detachnent step,
synbolized by the arrows S, is perfornmed either by application of

mechani cal stresses to the stiffener 4, or by the application of thernal
energy t ovOPRRExenbly of -stiffener 4 and subst r atPeT/EPIDIR2 Waf er s
constituting the source substrate 1 _used for nolecul ar adhesi on possess
subsi ded edges due to 13 July 2006 %0 03/ 063213 3 PCT/ EPO3/ 00692 chanf er i ng
operations perfornmed, for exanple, during their manufacture. As a result,
the adhesion forces between the stiffener 4 and the front face 2 are
weaker i nchaeferdgdorPreFat Hes uBSE AR | yEnBFaP Y Ser | BWEYA8 of the said

source subghiat endnurGRBsRAUENtakY ,a dEdd1g, t RBeStauhpPisy Bbrdddi s stiffener
4, only the central portion of the thin |layer 100, strongly adhering to

the stiffeh8Fvwepn jtheqgtifdisngr dnrnd thendrethstesst Palry “efftitar peri phery of

this thin ayere AdQohesRi fise | AilteghatiViyhahhe drepRirigidryl Gfof the source
substrate 1. This source substrate 1 thus sinultaneously presents, inits
central poFPf oiridaSNReateP$YiRgfintss 11 due to the rupture in the region

~of the enbrittlerBsiueade, Hurdnd ehe dthrSpPRid phethis anieraess thi ckness 12
or surface topo&ogy in the _ormrgf ab iztheretg_iizorﬁg corrleosoprondi ng to zones
‘not transf&tr &8 o Thie FEEERVI RGT5UHEt Pat &°6r SYTf feWEF 4'°°The depth of
this zone ptrenglgssdiiddimlgnesstte? dtiffener 4, is detached, while
the substantially annular periphery of this thin 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.




equal to the thickness of the transferred thin layer 100. it typically
varies fromseveral tens of nanoneters to nore than a nid?bﬁ@?é&? Thi s
depth is determined by the inplantation energy of the hydrogen ions. In
the Figures, the zone 12 of excess thickness has been intentionally shown,
for the sake of sinplification and schematization, with a cross section

W th righWoi¥egiiles and with a nmarked thickness w t h PcespBott o t he

remai nder 10 of the source substrate. In reality, it has a much nore

i rregul ar shape and a proportional % smaller thickness. Before proceeding
to the transfer of the followng thin layer, it is inperative to recycle
the remai nder 10 of the source substrate. 13 July 2006 WO 03/063213

PCT/ EP03/ 00692 ThiFhrecycddyg| FonrFicbhsi @t $heofng HtGnechahdBtedf a step of

pl anari zat p@NpDinatria st aFe thar 5 R) (atPRle ir§, ©hat €ld, mgration of the
excess thickness 12 and of the subsided zones, and on the other hand, of a

specific PRHMIRERG stEp FBF r SHCRTS pdharkisssy &Fi AEat PBn t¥@ the surface
roughness &ibdi@edt tzah8sp SHOSbhALBe haVhéld BaBW of r@Nkpé@ag c21. These
recycling steps . are generally perforned b nmechani cal and/ or

mechano- ch&ht 1“90??%}?“ I‘l@r’f%"cﬁ“ﬁi RFSLELIY (AL OTcddE where the
sour ce substirmice loughriigsi aonteasbixla, aavussdraedehyvhiay & mmeri al, these
pol i shi ng §%ﬁﬁ§ are found to be extrenely long and costly. The prior art
docunent , &FF2&'s of dammge on hydrogen-inpl ant-i nduced thin-film
separati on-fromhésd kresydlicgn t@pbi dee, denBraldegpsnforhaiebyal Research

Soci ety ng&ahiggi ‘an 7%1‘ n:'ls'egc%gaho§c Oevr\lg.cgfaptoltiggir?gh%ie% 9<§uetshe
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,




conditions of hydrogen inplantation into the silicon carbide permts
varying the percentage of the zone exfoliated, that is, tReuyePeentage of
the free surface of silicon carbide which is spont aneous!| y elimnated
during the thermal annealing of the substrate. In this article, the curve
of results showing the H+ ion inplantation dose as a function of the
percentage of the zone exfoliated possesses a bell shape at an

i npl antation energy of 60 keV, with a nmaxi nrum val ue of 33% of the
exfoliated zone, for an inplantation dose of 5.5.1016 H*/cn2. On departing
fromthis ¥APle, shavst that lbnisy massablegtorpatéoreasi eeurtleéei mpl ant at i on

dose, thi sexgeaflcaltuaﬁIdzntp@rs%@s@@%fdgcgﬂ%% caﬂafded%ym%e Conpl et e
surface e%ollatlon of 4HSi C by and S+ co-inplantation", J.A

Bennett, APPlF & UBHREFRdoRet &r §"nd\/§)]| i%6. No. 22, pp. 3265-3267, May 29,
13 July 2006 5 M@0 spsbbDisat hat tdHis siolaaﬁéﬂtbl@esfcelwfmmg conpl ete

exfoliation of the surfac f silicon carbi de substrate, by a

co-i npl ant B?f%‘?{”&? ﬁd§3§lp sﬁ&ﬁ@? rljewl§p ¢i FPREYN9t RiE document
descri bes tienala: vpetd&xm e de O rardiHa Si £ Salnletrgpl’bﬁ:&@bl e by:herrpl anting Si+
lons at vai qus.dases A AtADCOSLO% Ok 100 Koy Lhen, He ons at an

i npl antati on ose of 6 ey and at an ‘enhergy of 68" keV.
| npl ant at i ekexiyses o ksV+ Imrdantatichadoses ofqbibt dreaBerl@Basi' /cnR permitted

extol i at i 05 afquh9096 of 10t he" ol o GRADLARISHEIACE: theypr. Lhe Si ion

i npl antati on dose necessary for the total ex |at|on of the SiC | ayer is
al so hi gh MeficdghcarocrEtgersWiacss | i con carbi-de anmorphous. This method is

therefore incompatidd,etibtdi tibe inpaRsteriddfl ddse tRiBsdddymeef silicon carbide
of good crgﬁta l%gfaé¥¥%lla¥10n 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




since it is unimaginable to recover this thin filmfor the |ater formation
of devices used in mcroelectronics or opto-electronics. Byd¥ents of
the invention seek to renedy the said disadvantages and particularly to
optimze the inplantation conditions to facilitate the recycling of a
silicon carbide source substrate. According to a first aspect of the
invention, there 1is provided a thod of transfer of a thin |ayer of
nonocrystalline silicon carbide, derived froma source substrate of the
sanme material, to a receiving substrate, this nethod, intended to
facilitate the recycling of the renmainder of this source substrate,
conpri si Agrtdndasiepdleptng ofi P chid-idenrberidi agna folraivag & ace, terned
"front f@%@:{miﬁtioﬁhebegﬁ’e@nsogﬂge SUbst eaie V!atﬁra OB OrdHey of H ions to
forman enbrittl enent zone at a depth near the 'nean 13 July 2006 6
i mpl ant atPBH"GEPt Bf pFhef Sehe S%SHrEhs the hpabggdeettomithgthe delimitation
bet ween theidai Beidy ek dy@iedaRtel hdr igIBdaEEsn Qdnekhe Badkh substrate, the
bonbar dnent . vvilth tthe d%)( i.ons being performed with an inplantation energy E
and an Phplantar6h”d888 . - bonding the said receiving substrate to the
said front face, -bdetiaghithg tshédsaedeiding |sapetrateomot hiehe remai nder of the
-source subssgiﬁa%&nta%ﬁtégg the said enbrittlenment zone, characterized in that
the inplantation of ions is perfornmed according to the follow ng
i nequal i ty, im whi@dracheng i gicantsgifontifese IBYEs expessdd in a nunber of
H ions pemachderangst hgei Mabtatd aee8eL 9Y aFonfXREESSEAd N keV,

' embrittlement zone, characterized in that

the dimplantation of H*

ions 1s 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;




is greater than or equal to 95 keV: [(Exl1014+ 5.1016)/1.1] <- D5

[ (ExI 1014 + 5.1016)/0.9] so as to enbrittle the said enbri s zone in
an optimzed nmanner, and in that after the step of bonding, during or
after the detaching step a thermal budget is applied sufficient to
conpletely or alnobst conpletely exfoliate the annul ar peripheral zone of
the sai d"QHB213ayer of the source substrate whi ch BEFEMSH0692heen
transferred to the said receiving substrate. According to other

advant ageous but non-limting charfacteristics of enbodiments of the
invention, taken alone or in conbination: - the inplanted ions are
exclusively H ions; - the inplantation of H ions is performed w thout

i ntentional heatintgfef ER&Sour EEPLIBEEr at’® duPf ng diFerientsdsure to the ion

beam 13 Jybnbc20062 MOHR3EPHI2E3 BEH/ERP03/ 00692 7 - the source substrate is
of disoriented nonocrystalline silicon carbide.; - the detachnent is first

perfornmed al ong t RB® SHFRBRRY nisz EdrehRerErresk iorgntdFaifAe application

of externgimeban &dristiasses, zamel tHye sHéfigimnkatiwr mak budget is

. then applied for_co Iet_eIJ\f| or alnpbst conpletely exfoliating the zone of
0

the thin | SR BHFNARAE2hot - 1588RS t rAis £8P BUEHIFIERE FR]MERYI ng substrat e,
or el'se: buddee detachhremt abaigdt h€opptidiprede®ypbrott lLnmet zone and the

conplete - or .alnpst ¢ lete - .exfoliatio .the_zone qof the thin | ayer
whi ch has %od‘lplﬁggfy ‘?’?f?i’ﬂgf"@r‘?geothf"o “Phe ?%ec'%?eviq:%‘dnsgﬁ‘s’?rra “Pare perforned
si mul t aneoisd yholay bebe Bppidfeatednoftiehe&eappriogr isabstrate, or

else:

- 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




t hermal budget; - the application of the thermal budget necesst%}qgfiB for
S

conpletely or alnost conpletely exfoliating the said zond3dply aid thin
| ayer zone takes place above 700C, - the ion bonbardnment is effected in a
random fashion; - the source substrate is covered with a | ayer of

anor phous material of a thickness |ess than or equal to about 50
nanonmet e @GBG2KHM) , before the step of ion bonbar dREkERN6he bondi ng of
the receiving substrate to the front face of the source substrate is
perforned by nolecul ar adhesion; -® at |east one of the faces, among the
front face and the contact face of the receiving substrate, is covered
w th an internedi ate bonding |ayer; - the said |ayer of anorphous materi al
and/ or 't hechaesgind fram canaagi atelSBneFite (81 aFesocRBI B ¥ mat eri al 13
July 2006 Y\ @3/,063213 PCT/ EP03/ 00692 8 chosen from anong silicon oxide
(Si02) or silicon nitride (Si 3% - - the receiving substrate is chosen
from anong si I\ cofihe sFEFeBR "gardy 8‘%’;’3‘?& 19 ufPeRETY | ™ AMPEnum nitri de,
sapphire, Lpdiddm phespiige, cgabideym géB8Rindeni OFideger ARmihim - t he
receiving substrate is silicon obtained by zone fusion growh, with a |ow
oxygen conbdptide. F?@%ﬁho@%?‘tﬂb?sﬁ’ﬂ?%eC(ﬂ‘?ﬁgi’"é‘%s'f‘ra?eg’f 6f finishing the

front faceg&fmdni@mpource substrate obtained after detachnent;

- the receiving substrate is silicon obtained by
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 invention wll now be described with reference to an enbodi nent of the
invention, given as a purely. illustrative exanple, this Bes¥2P8tion being
based on the acconpanying drawi ngs, in which: - figures 1-5 are diagrans
showing the different steps of a nethod of transfer of a thin silicon
carbide Ilayer according to the state of the art, - figures 6-18. are
di agr ans V¥heE3REE t he different steps of the net hod PABERBMER to t he
invention and its alternatives, - figure 19 is a graph show ng the
exfoliated zone percentage as a fuhction of the H ion inplantation dose
D, at various inplantation energies, and - figure 20 is a graph show ng the
values of H ion inplantation energy E as a function of the H ion
i mpl ant ati on dd$e @1t Beolseann ia Fdg% Exitbpt athonckieathef ithgl ant ed | ayer.

The met hod; ge&ardhngs te@ Bg@ 1iBeePhé %p%héaﬂ%w B6naide3ks ide¢ W th reference
to Figures 6-18. Figures 18 are closely simlar to Figures 1-5, and

i dentical BFeRrent SSH?é’&F-‘St h#¥ishhe raf e FERER® nufErsdirate 131Julof 2006 WO

03/ 063213 RGI4ERABADOBR2 591k torc AhBeaSLESb idb ol crBatdaty th@ Obj ect of the
invention is to OE'[I mze the i Iantatl on conditigons B of atom c species

within a sBEtEwoshnd oft &he 'B?ansrrﬁlﬁBEli‘ y&tofl FPReiEnE Bk ar Bi de, so as to

create in k&ge d1ei@ihed hosst iafi zbheemmans 18anlh Zonef, | € idmkantation, a
zone 5, "optlmé? errbrl tIe nt zon to Later _ be able to

exfoliate, £’%f? *Re F 'b‘?r gy arhniepso o8 niheyf ¥ Thavi ng appl i ed
an appropried e ahlierarakr budgﬁg, abp0%edr aaboipprdpolatef thamhi stered excess

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




t hi ckness zone 12 which remained integral with the remainder 10 of the
substrate in the prior art method (see Figure 3). The tertJuypPhi zed
enbrittlement” means that atomc species are introduced into the crystal
in a precise and controlled manner in order to activate in an opti num
manner the enbrittl enent nmechani sns which are used. Wthin the scope of the
i nvent i oYO8¥832i3p| ant ati on of atoni c speci es consPETEPBAGEN | on
bonbardnent of the front face 2 of the substrate 1 with H* ions, and

possi bly joint bonbardnment with H+'Pons and heliumor boron ions, the H*
ions nevertheless remaining in the majority. The inplantation of these
ions in the surface of the nonocrystalline silicon carbide source
substrat e Rerrenderkaslyedusiity RIFPREN SBESAAY bl &ht Bre SRHYSSus trails of

i npl ant ati gwddiakbe; surface of a silicon carbide source substrate 1 were
performed in order to ‘determine the best operating conditions. As

i lustrated i nlPhé&bacEdihahiivssr®iglrids FA9HAY B, CRFRERCEHES t he

crystal | i ngoShhUstibiR el s8i1dkDNGaEBE dexystizhe (kiRhaniatd@seB of ions is

al ways performed 13 July 2006 WO 03/ 0?3213 PCT/ EP03/ 00692 10

per pendi cuP%atiipdt d0t fBe pREh Y Sther 40815501t e e "9BuPELS lsudsErate 1. In the

case il usktadi@egkNofi gilliRoR, afOréRONdLAE: 4re aataidedntiédasi | i con carbi de
crystal (knﬁm to tﬁoslg sk'hlled in Ehe art % t he Engllbtl _s%cterm"on axi s"),
the stackPHy¥ FPTEH1S SR GRT EHBoR BB T A E°SiFudt 8y I8  pl ane
paral | el tp.therhsppasngpl ey Sanecagee opafaxiel ftacethe crystal
growth axis C of the said crystal.
Oon 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




““and do not*

2. The ions then penetrate parallel to the crystal growh axis C of the
said crystal. On the contrary, in the case illustrated i n BEly08&,
corresponding to a disoriented silicon carbide crystal (known to those
skilled in the art by the English term "off axis"), the stackings of
silicon and carbon atons are situated in a plane which is not parallel to
the froMO®AERI32 but which forns an angle a with tkerkepsrwy2z The ions
then penetrate along an axis perpendicular to the said front face 2 but
angularly offset fromthe said cr¥ystal growh 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 can have different
val ues. | twitd zespecy tgrthe pliage cof rtdigt ﬁ?o%rﬁ?éﬁc? a®1g dﬁ'vaP‘F abl e crystals
of sili cogbrqagbcgcgl@muéhg hqngv\o sai d cases, the m crocavities 50 resulting
fromion inplantation are mainly formed in | ane perpendicular to the
crystal line gr bFEaRE CLSeEN (ﬁﬂ‘@ﬁf+‘§/ent?ﬁl¥ H’é‘aﬁr fehtedi¥eYstal , the

m crocavi tingSahbthaka @edalD ahatéendrae £ anyréacs 2mBRd cikpbAt an opt i ni zed
enbrlttlerp.}gt zone 5 parallel to the plane of the said front face 2 and

occurring 8¢ 7% Or c ANt yLaksit Pnﬂ%’ﬂ%erf PRERLAAE IPRNRETSRRERSE i n a
~.di sori ent esf hgSterkess hEIS:Eblme@EOQaﬂét ies DO awenineal ivAed 48 July 2006 WO
03/ 063213 PC;{ El}ﬁal 00692 1 resp ct to tgn gl ane of the front face 2
onti I ed experinental ly
Pr3P A a “Boht BT 8§“‘€F 8.2 Sﬁﬁée’bree petved i | |

that for a g| VEN an npdesitaigeons deasndy ,anth etiss gylelhodd §f esher enbrittl enment
of the zong 2ne Ald LAIS A PRM Sl 0L O RELCEN 298 ngom
fashion, 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




of the excess thickness zone 12, is obtained when the inplantation is
performed on a disoriented crystal. In an advantageous manietly 2P t he

met hod of the invention, this ion inplantation is perforned in a random
fashion, to avoid the phenonenon terned "channeling”. The channeling
phenonenon occurs when ions are inplanted al ong specific channels or
crystal | O¥R&Mi283 axes. The ions thus introduced en®OTERMOGI2EWer at ons oOnN
their trajectories, resulting in fewer interactions and |ess braking of.
the said ions. These ions will thetféfore be inplanted nore deeply. In the
process according to the invention, it is on the contrary sought to avoid
this channel i ng phenomenon for industrial reasons, because channel ed

i mpl ant at | BREYY Hotndnthedielentgd yd9seash bpe wéthnbejuéefimgdt hernore, in
order to i pp¥Qve the percentage of exfoliation finally obtained during
detachnent, and to _operate in a randominplantation node, it is preferable
(but not obli gdtBrIAYt Fhetrdrls iRsFIPFANEOVESnthal oty 18n| ayer of

anor phous gmdehcat i fhoted QiretrBeadiOntbef apferAmb thansybstrate 1. This
alternative enboglnent i s .shown |n-Flgure 9. This layer of anorphous

material 2BFGENRLDEH: FEBGES yEhAY dFer b 2sPRFHBIN SRMBRFALBEER) or of
SLIiCon\niéfidﬁﬁu€5m5@¢ar.thbvﬁﬁﬁﬂéntéﬁid&hﬁﬁﬁﬁbrHHlee%SGEE&ﬁ§ thBi ckness of
about 50 nm (.5

| 5.10-9 . at the risk of nodifyi the rel ationship
“connect i ng®t é’of‘rrpl'%?{%’éfi?on ngsﬁ’iﬁty‘- 20@@%“6%?@332180 PCFPEP03/ 00692 12
ener gy E atehpelretwrgl anted dose :D as will be defined later. Finally, the
trials perforngg éﬁgng%%skgggetfy Eegégh during implantation, for
~example to temperatures 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




i npl antation should preferably be preforned without external heat supply,
that is, at a maxi mumtenperature of about 200C, the inpl@W§ZP%h being
able to bring the silicon carbide substrate substantially to this
tenperature. If the substrate is heated during inplantation, for exanple
to tenperatures markedly greater than 650C, degradation or suppression of
t he macr d¥R®WEB1exfol i ati on phenonenon i s obser vedPCERgO®EN be expl ai ned
by the activation during inplantation of diffusion and recrystallization
mechani sms which participate in thé3 process. This activation in situ,
which is not controlled, degrades the control of the desired exfoliation
effect. Qther, conplenentary trials were perforned in order to determ ne
the best parPEIafe| hfcahbatientdbaes B ghd-hg #pPEFR sbshratitergy E to be

used. Thesg;¢Hhdrales rabtly !s%teerm%ﬁrée&@ri&edb;i nuddgisaids. oHae Jrecei vi ng
substrate 4 is then bonded to the front face 2 of the source substrate 1.
The bondi nBP%F LRI TEHRREG alenAing AaVRNf afesiFBP§itast f 8Bt édeby nol ecul ar

~adhesi on, sbieRtt Khgei 80 tée tRAG®ErHANd NGsbRBLWS UL eBliduaee! ectronic
appl i cations, Qarti cularly due to the honogeneity of the bonding forces.
used and t btth&FpBR S FF‘P’%} FRBoh AIngPE RRERE SHRAFERERIS Pdterial s of

di fferent omtuhees.twdowayes, it could I|ikew se be perforned by other known

‘]E)ri or art t_ecn&hgéjes. tThee‘?oq:dil %%&%?n bf 3perfo_r meg b}g E}o l.yi ng one of the
aces 40, {or mBISSEOHSEPoRite: ORTPRal PEREI Vi AGCLSPIE9F 9806 WO 03/ 063213
- PCT/ EPO3/ 00658251 3 Estbatamplie, 4of 0sihieechr eridd a(E o2) 0bxr t 81 igoudr ce substrate
1, nitride (Si3N,}, or on the other hand, conductive layers.

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)}.




either directly (see Figure 10) or by neans of one or nore internediate
bonding layers 6 deposited on the contact face 40 of the 'SB¥PP%e 4 (as
shown in Figure 11), or on the front face 2 of the source substrate 1, or
on these two faces. These internedi ate bonding |ayers 6 are insulating

| ayers, for exanple, of :silicon oxide (SiQ2) or silicon nitride (Si3MN),
or on th&QOBRES213hand, conductive layers. It wll beP@BERSHIERat when t he
inplantation B is perforned through a |layer of anorphous nmaterial 20, the
| atter can then play the part of t er nedi ate bonding layer 6. The
assenbly of |ayers respectively illustrated in Figures 12 and 13 is

obtai ned. The receiving substrate is advanta eously (but not obligatory)
chosen from sif? cénfa§g’r‘i’f&:o]ﬁ“‘?¥§’r Hidethagsl |qk&8nleql" iR gee(@sN), al um num

nitride (Adhse aﬁwﬁauemebﬂglﬁwm @heémsd%aﬁl BE) . £&#l é;ealrhguar seni de (GaAs),
or 'germani um é : Other materials can |ikew se be used. This receiving
substrate T¥naP tien Rf SheprEgiTact Libs OF afPregERomELoEPEFcon obt ai ned by

zone fusi ar gheWdhlicetlidn doff QVLOXYEREA, COAtENtan hattisstaBbaoCrystal line
silicon obtai Eed b% t he zone f sion nmethod starting from polycrystalline
si li con. a?%‘?‘?’tﬂ/\glgi of the receiving substrate 4 and of the
thin | ayer 10ﬂfftl®d§n theacimmtnder 140 pebféhRed sedihge sutkshante 1 is then
per formed. hment S can be rfor deit plication of

ta a
" ext er nal r'r“r?é: %rﬁllcc?g gf?sessfafesa’(‘a?m?ﬁg) ﬁeggredl?ré ‘ﬂ)é)c’)ﬂéf’wgy a t her nal
t r eat ment asicbhdiany appammppabprlatd&etmauuﬁg@get( seecdmguwtelt,7). 13 July 2006

VO 03/ 06320%.‘3a5%4£%%%]p'9ete v, exfoliate the zone 12 of the thin
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




14 In a fashion known to those skilled in the art, these external
mechani cal stresses can be, for exanple, the application GrUYRE%
traction, or conpression forces, or the application of ultrasound, or of
an electrostatic or electromagnetic field. If the detachment S is
performed using external mechanical stresses, an annealing treatnent then
fol |l ows, WQB#6¥H ng to an appropriate thernmal budge®CI/BPRHIEA etely, or
al nost conpletely, exfoliate the zone 12 of the thin |ayer 100 fromthe
source substrate 1 which has not béé€n bonded to the receiving substrate 4
- (see Figure 15). The thermal budget corresponds to the product of the
anneal ing treatnent tenperature by the duratiqgn of this treatnent. This

treat ment WaighyEPPRRTRSs tegetdiedr BRI IGuiR I CleRBAIR @IERRRYhe pol i shi ng

used in the,st@erefaidiy 8ht sdiQr opf QGeedi sighrties Sefdhtanompey.ati on. There
then only remains a possible finishing step F. of the sgéjrce Substrate 1

(see Figure 16)TheTRPssitle SAphEPidgester s 15t CBPY PHAOFRG 1 RS sur f ace

roughness 1iiuddrakcedganerighiy jerformed by a nmechano- chem cal polishing. A
step of finishing the free surface of the thin, layer 100 can |ikew se be

“perfornmed. |f tHHE BEISchienfeTHIENERE HSFE REETS B0 YAHORT (He remai nder 10
of the sourggl&ithsioatdsk DS aper fmplamdation enthey malofamherdnsng t r eat nent

(see Figure ,1l7), the conplet or al nost conplete exfoliation of the zone
12 is then“’lbr wtgﬁe‘g‘?fgll%gf)&oduced (see Figure 18). In practice, this

application of dpeasitiaaysesditiendef ects or mcrocavities 50 to grow until
they formm Cr?ﬁc£§g”§%ﬁi%ng§%igﬂf%agogé%formed on the front face

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




WO 03/063213 PCT/ EP03/ 00692 15 whi ch, connected together, result in
cleavage plane and in rupture along the said optim zed en‘&r"i“iytzp‘?-ﬁrrent zone
5. The possible finishing step Fis then perforned, as illustrated in
Figure 16. The trials to determ ne the best pairs of val ues of

i npl antati on dose D and inplantation energy E of H ions wll now be
descri bed"0OBWERBt i ng conditions: H ion inplantati oRCTERF006% f or ned on t he
front face of a nonocrystalline si I i con carbide Si C4H substrate

di soriented by 8 (known to those skfiled in the art as "SiC4H 8

of f-axis"), covered with an anorphous |ayer of silicon oxide about 50
nanoneters (50 nm thick. The inplantation tenperature was bel ow 200C. Four
series of H‘%%I ©NRerld FEMRLRTENREFRL YHYY difeatiesaindesr ite SLE of

respecti vekye SibkeMat93 . 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/cn2. A receiving substrate 4 constituted by silicon was then applied to
the source substrate 1, and annealing was then perforned at 900C for 1
hour. The perecentage—exfoliation—of theperipheral zone 12, which in the
prior artjremained integral with the remainder 10 of the|substrate, was

t hen nmeasfired. The results JdBRlartrééirragesel V&Y Eriethe fol I pwing Table. A

val ue of [00% nemis- ffhat ft heJwhol[é of tHe zone[IZ Whi¢h |s not in intimte
contact (fhat ils, hag not| aghered) W th the receiVing|supstrate 4 is
exfoliated. A V%’lm Qf,s 0% | C9L | X3Pl G JIHaNY L 1AL, oflyy| 30% of the
Energy ;
E
{kev)
Exfol- 50 5 11) 15 .
iated 95 10 : 100 | &0 30
Zone ™340 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,




excess thickness zone 12 is exfoliated, and that 70% of 13_Ju| W§006 WO

03/ 063213 PCT/ EP03/ 00692 16 this zone 12 renmins integral

remai nder 10 of the substrate 1. Inplantation dose D (1016 E'/cm) I npl-

anta- tionb.255.55. 7566. 56. 7577. 257. 58 Energy E (keV) Exfol-5055015

I at ed95101006030 Zonel4040801006040 (6)18030901008040 Trials carried out
wi t h i nplVee3dei2n energies | ess than 50 keV di d noPCHERS/ O@E0Od results for

exfoliation. The results obtai ned have been transferred to the graph
Figure 19. It can be seen that forlédach inplantation energy E val ue
greater than or equal to 95 keV, there is an inplantation dose val ue
whi ch enabl es 100% of exfoliation to be obtained (bell-shaped curves
obt ai ned). Fi gdine Woichs Bheyr dbh HowilAglaHetipn | sherapl dht 46i on  dose

a function.gf-ddagqi B! Ry abh@NtROE{BPLReofiod NBSR $ABE i@Rset 0 Obtain
of exfoliated zone. The straight |ine obtained corresponds to the
fol | owi ng éa@ﬁitj{soﬁz_cpressed in H' ions/cm®.

Taking account of the fluctuations of 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

of
D

D as
100%




D=Ex 1.1014 + 5.1016 (1) with E a 95 keV, 13 July 2006 WD 03/ 063213

PCT/ EP03100692 17 in which the H ion inplantation energy'3Buly3008xpressed
in keV and the inplantation 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 experinental variations and to the tol erances
of manuf a¥@ewoes2eind control of the inplantation appacaEpg/oused, it is
considered that the pairs of values of D and E should obey the foll ow ng
inequality: -e x Ds D- (E x 1.10#8 + 5.1016) s e x D (2) where D and E
have the aforenenti oned neanings and where e x D represents the absolute
tol erance for a given value of E between the theoretical value of D

obt ai ned ateertdiavgrlets hexfsBéoeiayRft itds ePicahd ah tredptiabl e val ue of
D, and whefg,a n@RrASRM fakeor ghat ictank8bafcdnes. cif ebe RGN I MENtation, it
was considered that this relative tolerance e was equal to 10% The

fol | owi ng PHetFaFft4- (3) results fromthis: - 0.1 x Ds D-(E x 1.1014 +
5.1016) s 0.1 éu&M&mag?n hs be RXFY esersh aspbhdelil owong inequality
(4): [(Exl 1014+5.1016)/1.1] s D s [EEX11014 + 5.1016)/(0.9)] The pairs of
“val ues of BPUSTRLESWHICRPBEEE ¥ate 1 ality (4) permt an optinzed
enbrittlement @bréherooenhrind hRBRAMiskRNSE AilfFubeowirahpg@ebgeand af ter having
applied a sufficient thernal budget Qermtst.conpl ete or 13 July 2006 WO

03/ 063213 BEFHEPHRY (Hfgare practically inoperative.

It was thus possible to determine that the thermal
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.




18 al nost conplete exfoliation of the zone 12 of the thin Iayer 100 whi ch
has not been transferred to the receiving substrate 4. SUggH¥ReH% ary
trials were then perforned to determ ne the appropriate thermal budget.
Bel ow 700C, the nechani sns of diffusion of hydrogen wthin the SiC are
practically inoperative. It was thus possible to determ ne that the thernmal
budget necessary for conplete or al nost conplete exfoliation of the zone
12 has to be above 700C and preféPany above 800C. There was thus
obt ai ned, on the one hand, a thin layer 100 of SiC, of good crystalline
quallty, %ﬁ gn the other hand, a source substrate 1, the front face of
whi ch fromsurface topol ogies 12. 13 July 2006 19 CLAIMS 1. Met hod
of transfer of a thin layer of nonocrystalline silicon carbide, derived

froma source ;sub te of th erial,, 1o eiying substrate,
t hi s met hod, |ntenggg%% aC|I??§%e the% recyc ?%gqugfhe %enalnder of this

source submmestaléen@rsslmnt herksideps deohgidstineg of :sourgponbar di ng a

planar facg,,daried ofrofe faghs. RftediRg, satd spurce spbgfratewith a
mejority of H ions to forman enbrittl enent zone at a depth near the nean

i npl ant at | BPTEPER p st Methadd iBhRendachi §o zdeeitbratiengtha delinitation

bet ween t hges@iitng hbh kayekeafithdehe or eBENdRLr&f bthsstsatd substrate, the
bonmbardnent with, the H+ ions bein ggperforned with an inplantation energy E

and an i np?%?ﬂréf'}%ta%s‘%ebs consisti

~ bombarding a planar face, termed "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:
[(Ex1-10%+ 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




- bonding the said receiving substrate to the said front face, - detaching
the said thin layer fromthe remainder of the said sourcd3JU$28%ate, al ong
the said enbrittlement zone, characterized in that the inplantation of H
ions is performed according to the followi ng inequality, in which the

i npl antation dose Dis expressed in nunber of Hions/cnz and the

i npl antation energy E, expressed in KkeV, is greater than or equal to 95
keV: [(Exl 1019+ 5.1016)/1.1] <_ D5 [ (ExI 1014 + 5.1016)/0.9] so as to
enbrittle the said enbrittlement zone in an optimzed fashion, and in that
after the step of bonding, during or after the detaching step a thernal

budget 15 ABRIEEC UL LELETE Lonioluly 200020 eRIPLELAl o al most

conpl et el he annu Zoné of € thin | ayer of the
sour ce subanigheralwiionh ¢fa§hﬁd1hlbebafvetrr aflstfhér s@yce osubhera®i d recei vi ng

subst r at e.yZonMehbodoCE 0l dnbeepld Mol pharagt gkbzeddn that the

i npl anted ions are exclusively H i1ons. 3. t hod accordlng to claim1 or
2, charact®S2&¥tein that the |nplantat|on of H ions is perfornmed w thout

i ntenti onal heatné@hdg dd@@rapy@cgbsgp§ﬁiaﬂecgﬁ&hagbﬁfyéd epposure to the ion
beam 4. h%g acc .to any on ofé%he for oing clains,

char act er 284 Wi 1 l%%h?é SR ¥sio%sori ent ed monocrystal | i ne
sil'i con- car bi de. M&hdﬂéhbo«ﬂrcamgotdi atpino Ichai M 4hachatectzd zed in that the

f;g;ce subgtrate g ﬂ'!\psl%m:g o%dogoﬁm(i st Al lpieg%ormse'dl Lo, gar bi de of Si G 4H
intentional heating of the source substrate during the

exposure to the ion 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




6. Method according to any one of the foregoing clains, characterized in
that detachment is first performed along the said optinm Z8duy@a¥rittl enent
zone by the application of external nmechanical stresses and in that the
sufficient thermal budget is then applied for conpletely or al nost
conpletely exfoliating said annul ar peripheral zone of the thin |ayer

whi ch has not been transferred to the receiving substrate 7. Method
according to any one of clains 1-5i characterized in that the detachnent
al ong the optim zed enbrittl ement'zone and the conpl ete - or al nost
conplete - exfoliation of said annul ar peripheral zone of the thin |ayer

are sinultanequsly perfarmed by the application of the appropriate thermnal
budget . 8.C%%ﬁﬁgﬁ%%08%£ “%SlP% §h§ SﬁéBOFOPﬁe 8r 4§ ng™ A ai ns,
char act eri kaeriis ehbdcteieaboappldoéati on of the thermal budget necessary for

conpletely or Al 3 0 2 onpl.et el xtol ] at. the said zone
fromthe thinEﬂlE&Z%Oﬁsaé?¢%%%ggqé é& 588c;%9¥h§@% 0 é%lording to any one
of the fordgdimAg chirzdareriehdr aot ehatzedheg rionhhpmbardhent benbar dnent is

per for med JoRe@eandem fasihopasni8yMet hod according to any one of the
foregoing  clains, characterized 1n that the source substrate is covered

with a layer of-¥ebPphotccoididyd 410 ¢nyY PREcRAERe | B_%eIHAY or equal to

about 50 nanofigt eftsrachefiese the tahepted ban-deonhpsermat .isl1l. Method
according to any on of thF foreggln%1 cLalns, chanaﬁterléed in that the
bondi ng of°VREE with a ayer almorphous materia o)

thickness less than or 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.




receiving substrate to the front face of the source substrate is perforned
by nol ecul ar adhesion. 12. Method according to claim1l, c Y%K i zed in
that at |east one of the faces between the front face and the contact face
of the receiving substrate is covered wth an internedi ate bondi ng | ayer.
13. Method according to claim10 or 12, characterized in that the said

| ayer of anorphous material and/or the said internmedi ate bonding | ayer are
formed of a material chosen fromanong silicon oxide (Si02) or silicon
nitride (Si3N4). 14. Method according to any one of the foregoing clains,
characterized in that the receiv#hg substrate is chosen from anong
silicon, silicon carbide, gallium nitride, alumnumnitride, sapphire,

i ndi um phosphi de, gallium arsenide, or germanium 15. Method according to
any one of thééf Medwidngcceidiings to chiar awterdizethel forhatinde recei ving
substrate digins! lchePlt@bi Aled By ZonesIRhliNdIEM eI h a | ow oxygen
content. 13 July 2006 22 16. Method according to any one of the foregoing
clai ns, cHdPraghtieni s&rP Fnof HAe Feorfufadfersfor @scorfeisdsr #f finishing step F
gf thﬁ frame tagecofsitefeeBopdeindd adthe setHERsUDStrate obtained after
et achnent .




