Met hod for detaching a silicon thin filmby nmeans of splitting, using
triple inplamtacino®239dee i nvention relates to a processTfrerouptoatTiang
athinfilmfroma substrate, inplenenting inplantation of several
species and having a controlled sensitivity to high-tenperature heat
treatnments. The techni que of detaching a thin filmfroma
10 substrate MMathpd Msimretaahing aa ssidiitady el dida thy means of

weakened | ayer is espegimaldpimdes diBRA AL UIRN MR o34 564
(Bruel) and docunents that relate to I nprovenent's thereto, such as
docunent US 6 020 252 (Aspar). This process is w dely enpl oyed

under thes name 15rhSnBidertidi MeldkéOrtdrh process Fhe SeRBELGHG( M)
process all ows, h'ﬂ]@ fz‘Jofl mto be detached and transferre

a dtoa _.
carrier by Tbf %11 Fh F oG Eedss: TP HBAbR Y ndmé’bré‘naa&éo&f
an initial subsseetealtygpecakbyameidénzofirsy | a4 coahtwbl begasenus tipacives

(H, or nobl & 93se _scue%ibea&sa huegei LH‘Q tl ol %:[(ergtos i npl ant these ions in
a sufficient concentra |ontto crea enc(aafer an 25 optional heat
treatnent) a | aydihef teichindgaei t pés et cinenref er ethineakekhred dxgyer a
2. bringipg s side 96;ihHe 1Hpshiaks ot Qe | Qt's'@t%bcl%nt?éc%"ééht%
carrier (1 n(ﬁpractl ce anot her supstrate,for exanpl eal so made o _
silicon), 30F%¥3pecd alTSAERN M r ebRYRF ndFecBFRFCBBAYY ngdeERELREEt 1n

treat nent meyddued iU S8 eprd ey berachpabndir gatoRehtsathhedretubte
after this intimte cont

cti in_order to _strengthen the di t
bond ng) . arkf TECTEET G o TEHEC S oF Behy Ay SRy S GppEfcZ52on
of an anneal (Agpadat Trieatpmnte sndiorwiadeky achphgystir esdetf oheexanpl e
insertion of“sqn%ta%@exy\een the two substrates and/or application of
tensil e "and/ or exural and/or shear stresses and/or application of
ul trasound or m crowaves of judiciously chosen power and frequency);
in this way a thigyifdd Mg he initial substrate | ayer under which the
m crocavities werg created) angd, a remmant substrate are obtained (in
view of the thindéss F2theCthin BFPrgsthellows a thin film to Dbe

detached and transferred to a carrier by way of the
20 following steps:

- 1. bombarding one side of an initial substrate
(typically made of silicon) with gaseous species (H, or
noble gases such as helium} in order to implant these
ions in a sufficient concentration to create (after an

25 optional heat treatment) a layer of microcavities and
therefore a weakened layer;

- 2. bringing this side of the substrate into
intimate contact with a carrier (in practice another
substrate, for example also made of silicon},

30 especially by direct or molecular bonding (the heat
treatment mentioned in step 1 may be a heat treatment
carried out after this intimate contacting in order to
strengthen the direct bonding): and

- 3. <cleaving at the microcavity layer Dby

35 application of an annealing heat treatment and/or a
detaching stress (for example insertion of a blade
between the two substrates and/or application of
tensile and/or flexural and/or shear stresses and/or

application of ultrasound or microwaves cof judiciously



5 thickness of this remant substrate is |ittle decreased in
practice); and - 4. recycling the substrate (nanely the remmant
of step 3) for a new inplanting, contacting and cl eaving cycle, and
so on. 10St ngrakly LRNSESLSLER P! anting; hydrog i held.
typically aﬁ#%ﬁe?éﬁpf 10 to %{%&E%wng at{}gl%osé%%na%:égv e
1016/ cn2 to E-few 1OLHEHe. SEPRatthe dIF@A ng WiGGs, nmdylidhen the
correispong Qﬁﬁ@fS 6¢a3xlriﬁ/ié§ x@ﬂ@réféaﬁéﬁpn%n?faa?@hhéhtz %UE}[Seranée:a&)é
may al so be use 0 an, anneal i n eat treatnent at a erature
rangi ng frorﬁ%lq 7%30'6 ‘(fije?)‘?én?ignbh%nt}f‘ﬁ‘én%ﬁﬁsQEEFhﬁl SRt 8t %& i, the
condi ti ons (teneflgyesdose, theapesmatane, shibatthux, iet ¢iktlEheekir@dsed
taken for thiis heaac'gt .tre)a,t nent to obtain the cl eave depends on the

t enperature ot RS 27 ‘annea ing treatnent (and on the inplantation
condi tions and omr whet ercyd ngpttionakubehdaser etrgiteeni nghanmeainaort
any other h tLey ”Pﬁ‘)lt V‘fﬁzécaé“ﬁgwouﬁm @BBEE‘BQDO') coﬁ%a‘éft%g%taﬁg'

ot her things being equa hi gher the anneal i ng tenperatur
shorter the 2BaViRg rafiisedy he€anneal to obtain the cleave (see

especi ally: Kinetdicsp of pIndrtding i Bokbes Syl %;ﬁléﬂtﬁﬁ@cﬁaﬂroééﬁar
et al., Proceedings 1998 | EEE | nternational SO CorbLeren%ﬁ {/
1998, pp. 137 1788)1Vher tAPHCH Jp>(i 25t PBn&neLG¢h s tthe? randt &FVof S0
het er ost r uctatr es (iGecorSia ofe@N 00V @alppin r &) feaquid'é/the cbeayi By
anneal to be.carri Y I e tur o) it the
mechani cal s hreeséieggglﬁlgét %’ttte ] 3’,&# e?ﬁlﬁée%?%ﬁ%%%hdzr%% e%ﬁh%inis} orsgof
the joi ned mEtderdadies. ameunt hef @mwitihcat i bmen béf enerulye 85 ckbavi hg,

conponentss NAefle 84 heasinRalig] | NedOF iBdaPRehie Sty echBLRAL LD
even though these conponents cannot_wi {hstand high tenperatures. In

this respecttaRgEMDud 498di £i0fat £8ns’ HEke 4R3I e Fo FEEr e5885ERe
t ﬁ_rrper i’it ure i@fpltdiﬁaezlieﬁvidlgadirtﬁaimnt?ﬂ@:itww?da@é\pveémpéeauh_félng ibhat
thi s cl eavi t r eat nent unaccept a n rom.an | ndustri a

o andoor ot LR | DEUNBoREPt AReh o L flag "OERAERGhe o
1998; and 5-odii®im 8THe 0tl caBresatperds albn) timat teopepbantat i@h ohis
boron a h j Sj r -

Phe ol oo ns Rl PSR dun O S UE 08 CFE ERDERhDE  LapeRatuLEas
obt ai ned i na?%h $or veeimsire. thOLPREWCEE]L (RONd Koo Glenting anneal

coi npl ant atigan ofnRel i yghand hysdsogen: rodasedt PesS bl ear@idecr egge
the cleaving tenperature, whilst at the sanme tine requiring an

i ndustriall EPER e dEFRET oY sedldspRthief | YRirgs| K gPgHEhar d
et al., Proceedimpsheon the kmrSeymiiconduehpsriafies, Bahdi nghdftder the

Vay 20037 ENadtr oolEH o BhcirOry. BB et oRPERE 3063, cleve (s8e
PV2003- 19, Espé48.aldy:P. KhNgayeasetofal SplPtédegdi hys tdfe t ABa200 X WEEE
L e agecBs oo giplie, papogl D DeaghscGhugdd SeabgTEetsss2
International SOTI Conference, Oct. 1998, pp. 137-138).

Certain applications, such as the transfer of

30 heterostructures (Ge on Si or GaN on sapphire) regquire

the cleaving anneal to be carried out at a very low

temperature so as tc limit the mechanical stresses due

to the difference in the thermal expansion of the

joined materials. In other applications, before the

35 <c¢leaving, components may be at least partially formed

on the Zfuture thin film, even though these components

cannot withstand high temperatures. In this respect,

various modifications make it possible to decrease the

temperature of the cleaving treatment without however



The reader may al so refer to docunents US 6 600
173(Tiwari), W2004/ 042779( SO TEC- CEA) , WD 2004/ 044976( CEA), WO
2005/ 013318(SA TEC), or WD 25 2004/ 043615(SO TEC- CEA)or the article

titled "Ef t f -0N- ] t fil
co- 1t ant att S el HHEL el N O SR8, B an1y
Letters, Vollome, fxoem ¢n Nandhsm@s; Stargdrpulrg: -beThosed tt has, kinpwn

this cont eXtﬁrérﬁ’lecﬁ'@I&bégn@A{g of inplanting boron or heliumin
conmbi nation wth hydrogTen i's to make the cleaving easier (or to

i nprove the surface*tfual? usly decreasing the total

i npl ant at3 on dose- aml/praiheoime(g@éséjl@g@& ;_uaq)ui red for the cl eave.
35In contrast, for_ certai pllcatlo s _necessary to inplenent
steps i nvol ViTlRF a 9 a@#ﬁ%&ﬁh gf’@?ea?%n&%%f%?g? hé“akg% 1t

i npl ant at i orpdaaﬂlﬂnm orte tdhee:zoému mgeort@wgmfrdoteim ectfhetlbondilegviTke
contributio | eqv fs theeel i t n a en
be signifi C%rir? n]l tg ?hggt%e%per%teouge%gl r{%}%ec %%vﬁgggéﬂ%a{" § [Eh%%
treat nent i @%lﬁbﬁ@lr@ﬂ |30 M4h fat @jamoleo t hose of the previous

steps. Ifgshould Lb&éﬁ% ! edlﬁ n {hi Skﬁ@ﬁﬂ&)ec{shé{?at chﬁp@aH'té%%n of
bondi ng of step 2 Wil be all the better (higher _bon mg@forces for

havi ng been "l 8hiyt FeRedYSTOgeRi it kSshptt aPGPellRf Wy SFCES@MP| Ehe
tlhe hi gher tﬂ%éﬂﬁﬂer@&ﬂﬁ&rﬁ&) g}fhim?emtum@ shmagt&mag)rethﬁ:ﬂag
cl eavi ng annea at i ication considere

tronger tnETboHU e Her tr et e IF cabF At ha FRer EFBPGLEhATI gher
t he qual ity Igfgatee-Blreandfaard ed £kl m (@b part Pcokardasgsegaras t héehe

bondi ng thergof, é&&%&%{&l@é)ﬁ R LR &e@lgpplﬁ&fg{a@@s, T@chfglogy,

hi gh-t enperature oxi eposi t, or exa
t hi ckness ar@dldprpdtﬁﬂclétﬁfaltorﬁ)od’a@ﬁn nﬁc‘mﬂ%d f%@él%andztﬂéye%pér

especi al |y onddie-chstirate fgd?ﬁléw ch P'e'fnn'l%g(%%%' re(ﬁlIJ’f 0 Q@b@Ch ﬁo'@Lh' n
film, may be necessary to%l%gabl e bond |g}g, he wafers. Howe

appl i cat i on foF WyH rerfper 3t bir eSSty NERY S0 %r sho??%?%‘%?ﬁ@ 96
times which tare 2003 NUBEET | Bt ¢rappl dreabl esoﬂzurctohﬁrermle;e i t Negport

necessary, tq gu rgnt th% tgegrﬁ‘ gw{ng doezs not. gecur 6§ngIEFEeat

treat menft” prior € step pro or obtai nihg” thi s c eave
shoul d be spesidatedishor @d,ha00geor di3d),- at 25 the present tinme, it

|5 sought to detacl thlgali! Byl hatodmycberof renyethihes s 6 6p

t hi cknesses, especially t ver ness, |ess than

T B e e A 0s <" hard b/ 412 THot hi ChACEECGRR] o~ WO
guar ant eei ng giohigto atahvey ssur fcaxre f i nish 21505)"@15_?5@5 8Qowm§¢d 8Y the

Finshi g sCObR /et LolrTEG CBAL it B Eb: cih it Sol GEF hLEH
the i nventi OmffA3xieantt v@:tc}l:cidgfwxa%meelﬁ lsrjdaﬁ@me@gl—mmatuhattdxsliimisa by
necessary t%cg‘h{g\ﬁﬁ%tﬁ’t 1t € £2 H&get»?{'{@ i [‘o§rp @g%@@. ieal

steps invol vin Her nal especi al enpera ures
above 450C t(@P3AGEd wihtsodetdgursi-nyodandge No -t Ife $iarfcaicd 0% a

formation of It should be noted that, in this context, the main

30 aim of implanting boron or helium in combkination with
hydreogen 1is to make the cleaving easier (or teo improve
the surface quality) by advantageously decreasing the
total implantation dose and/or the thermal budget
required for the cleave.

35 In contrast, for certain applications, it 1is
necessary to implement steps involving a high-
temperature heat treatment after the implantation but
before the cleaving or even before the bonding. The

contribution to the cleaving of the cleaving heat



blisters or via exfoliation) while allowi ng a thermal cleave
(possibly at a high tenperature, applied for an industrially
conpatible tinme) or a well-controll ed subsequent nechani cal cl eave,

i ncl udi ng V\/n‘teﬁ i.s. 5 es to,det i ar| in filns.
This is why eé%%%rgtct (()qf?lﬁt hzalizé/n?/en ?on%ggrgjgf%%ﬂ deoély:ocleés E'glre
det achi ng, wWienpeidtantati of, whkeh | Slegpad bl segit h treatment  is

hi gh- t enper afyr 6 hgadc 1y ealigBnt se1hyPVEald Y 8ho8ROVEFSU3e previous

i npl enented 10 duri ng t'echnal ogi cal steps (typically formation of

epi taxi al fifiRPOr EbnpPdREALs PetEesableduiPng e @ HRFhgteekpthe

i nrr)C| udi ngs V\/ftﬁl’\:etd(’jﬂ rbcﬁﬂdlmgl, obf VQtlrE]yp jszradvn;hb@k_a@&smérrabltetdert Em%@@

nn) are concerned. neral |y, t invention ains to retard the

1 bavi g 90 HH L itheETHE i) Fabr BEHMER, HERD e IS St *he 2a G
t enper at ur e @mpdmatwersuf By cvent by lexragnp(land therefgher i hbastthiealnay
conpati bl e) .tj Thy h nt t i\nvers .
approach théjt{dc{géntsi Is?%%ghi ﬁtr%r%%%ntﬁﬁé& h)’s}abgggérﬁ}a%n)d g%r gtrﬁ%rk gfaivﬁrrﬁgso
20 as to makemgeadet eehipagllel @avetpoddieplarpti¢ai arenperatdeesd, the

For this purass,gdhe dhwentd,an PEOMhESS BePbPEESEREON cdebaghngdag
thin filmof sili'con froma donor substrate by cleaving, conprising:
25- a step JMSHRAR i ~ESspRtPR_eT withf nIRE148NoPE s r £8P SERFEEEN
a free surfagam Wih pavicewularf &9n aggaraeakhkayeindirde teadeof to

substrate bﬁ:'hge[g at least in lgts par%hl ocat ed biel chgthe free s#nf%ge,
over a dept | SR&F1&640al t 6°Fhe THiCknePRF-THe THim 38 i 'Y
made of sil itcoperdadhe detiadheTORt depasi.tonéoirnteetamedicate st ep nm

i nvol vi a she b t ratu I : a
Steop of et AT G ERP Hnd oo %ﬁggt FEUNEOR, aon, BRRLAMPOG WBREne

in that the {iafsl aFtaE?BArSt E5PEEAPAIYeLT nphantsing teten, Themni whiahd
hydrogen in iany; Orglesi wed hebmpkaptat ia0n HARer&i 8§ ,Sukdly t Pat necessary
hel i um and boron concentrati on r’gamga are obtained at” substanti all
the sane depth,® g aPeRBYY AL nblF YIS -aniiPWeVer, - 2RPhYHRG4E

concentrati @f nekghumenpeattairesd iy a ldept htat veegstsizir hncgeeaat ey

than thaj, of i hel fumand Boron Goncentyatian, fBxj . Lop1scaple.

Furthermore, it 1is necessary to guarantee that the
cleaving does not occur during a heat treatment prior

to the step provided for obtaining this cleave.
It should ke specified here that, generally, at
25 the present time, 1t is sought to detach thin films
that may be of very different thicknesses, especially
thin films of wvery small thickness, less than 2 um in
thickness or even less than 300 nm in thickness, while
guaranteeing that the surface finish of the sides
30 exposed by the detachment is sufficiently good that
long and costly surface finishing steps are not

reguired.

Technical problem and solution of the invention

35 It will have been understood that it is thus
necessary to carry out, after an implantation step,
technological steps involving a high thermal budget
(especially at temperatures above 450°C to 500°C)

without causing damage to the surface (via formation of



5and with inplantation doses such that: the boron dose is at | east
equal to 5x1013 B/cnR; and the total dose of helium and hydrogen is
at least equal to 1016 atons/cn2 and at nost equal to 4x1016 10

at ons/ cne, V %9501&6‘&%5/ &Q&h? on h%m’ﬂéeflatjﬁocﬂal'égoa@p'eh% eul
to any type i'coni single-crys a} bolycrysta I'ne or anor phous
silicon, V\hE‘Il‘%EFVQiOﬁ)l@@IS@Itht atle mqh bectprier st od eppiicdspecsi anl y

for 15 detacf h&qﬂgt&faiwg 4 %I‘Eﬁé (fyRegal by Wgrewrehqac%nmr%rﬂ%%

thick) thin f it ma e necessary to provide a step of
bondi ng (vi SURR A cd‘iﬁcd'tacr)“?taol a PeEFVor . INcliKbnd pe ot d t Hat

this processassamialdy &&mngﬁrﬁi@wrﬁumaﬁlmws of the
process currently known by t

ane T exce or
This i s because st&p 1:€o PYS f3a8géﬁﬁlng % e THV 8H i8h, SR o
i npl anti ng tﬁmoﬂﬂd&%aé(ﬂpﬂmmaqyl drirc sﬁmﬁaqﬂangbor@ua hetmplenamad ion,
hydr ogen, nunher ite Lse it nin
t hese inpl an “{Hz}tciqlons@s Qjo&ﬁjsatqﬁl “%b(?r on(?ﬂgI tte%%%r%%\(ﬁl Aeat
di fferent ndtngatmentshat bfphyéibgenamuj¢Q¢V®n]5ﬂﬁl@h afardgvestelde

atoms of; ghiglyare st@blfdiodfcdndisaded al@eyﬁlcm*s 2bigadyoknows

to inmplant 30 hellumin conbination w dr ogen is al so al ready
known to i nfiRart3Hctlon |1r3rnk§onﬁlrnaFP@H°RFf1EShyd?%‘@eh PowsHring hése

Cﬁ' rrgl ant ﬁt IS ARy essen] | ahbyuﬁm@osjalénwmlhna 1Vl 1oV t(gfde@r_»gzalsmagl
t he det ac t.enper at ur or the t rrpantatlon es relative
Lo 35 1 ol antHG GGt (i oson (™ FE1] aH) AShe oRe e i veyer
surprisingly, it Gﬁneﬂmddnnobsemaed1hhanploala@uvs t cco npkahtrdg the
hydr oge I r i tian
docunsnt: U B esyi e T o TaF ) HE, CHATRA (bl R bR BRrriea
ener gi es of oWetakeen b@%ﬁuﬁqmmﬁri@wr%néndnﬁﬁrafih%@ﬁﬁ}ctﬁ@ébé long
obt ai ned aboyg 500G, At td onﬁlldwstfrpé@ml ngoﬁgatymapd bomen, uwnder

t he condltlons of the invention, has the advantage t he t her pal

cl eave reqw?@§¥%¥Qﬁ%ﬂﬁﬁo%P¥%eFﬁaﬂjﬁhdb%Yer?%ePgbﬁjﬁ%k?R%r??c%o§§PEIe
to include higgh-itsargeeriat uing Taching agy Eedgst egsd ibd howt ori BEILAGm so

prematurg, cleaving. pfertiori.jipasbegnobseryed alsosiple at  low
temperatures.

For this purpose, the invention provides a process
for detaching a thin film c¢f silicon from a dcnor
substrate by cleaving, comprising:

25 - a step of implanting species within the donor
substrate, through a free surface, with a wview to
forming a weak layer, the donor substrate being, at
least in its part located belcow the free surface, over
a depth at 1least equal to the thickness c¢f the thin

30 film, made of silicon, to ke detached;

- at least cne intermediate step inveolving a heat
treatment at a temperature of at least 450°C; and

- a step of detachment by cleaving along the wezak
layer,

35 characterized in that the implantation step comprises
implanting boron, helium and hydrogen in any order with
implantation energies such that:

— helium and boron concentration maxima are

obtained at substantially the same depth, separated by



surprisingly, that, relative to inplanting hydrogen in 10 conbi nation
wi th boron, as described for exanple in the aforenenti oned docunent
US 5 877 070 (CGoesele), with a hydrogen dose of 1017 Hcn2 with an
energy of 60 %)29 Y RN boron dose representing between 0.1%
and 1% of thaePhy ogiééna osgaf%xlom B/cn2 with an energy of 180 15
key) and a sensitTz&ngyHsapenr sanmemt rat 1250 Qamnidiuthehs chbagiingdatta

tenperature atyopst £guabake bhe enpiddZd Mo R EIPERAL UL8, the helium
addi ti onal | y i rrp anting helium under the conditions of the

i nventi on, B AVt e BTt Rt he thermal cleave (or even
20 preverg i ng i t,aﬂcn Mrcm@ﬂ_s;mw@dﬂ s e£nNal@y tAst: be supplied in

hani cal f I kK | ati
The il ant at | oh fHy i Bgeh 000t hor b LRORBI FONELGEoageaP! bt Tbr

exanpl e i n tdred af or ementi oned docunent WO 25 2004/ 04279 with, for

exanpl e, a hydr og.ean%set(%i_g ﬁeolyéelogj(é H S8, At a o eﬂi@%g% 3% key

and a helium dose o nB8 at_an energ
det achment dlesste equalysg 1HE ﬁ‘a@mséﬁmad@mdl@hah%/t|¢|W%1htt®|g4bb®on

under they copdintd o okvkhe 3kAventd: Qs Nas .t he 30 advant age of
retarding the ther mal cl eave (or even preventing it, in which case

addition energy mi& bENVERPIORd R nBERARCERILSf ortd . ATV f ab¥Pet het
i dea of a trdipliexdipl anhgteonriyBvalyi ngohyer pgeallhed i Wr aaaokphols

has al ready been 35 t ed op . in docu nt EP 1 798 765 (Corning),

but only in® %vla é%%q}?pﬁ éJgo ‘ce the exanpl es descri bed
relate only to trie: doubl &- | iy anmlademt@a@e thatf,actesiwecia Il of he
mul ti pl t Qs OpPaSﬁgs C ty

whi ch aeipgr w&e?e%rcg%ds cogﬁt er t bff):h ret EY; d| n tlr%ati%go I:h(gg%hgcg asi s
of the techmiicsions o’%illw)adﬂhéésédlmﬁrthietlﬁ§énﬂpc§n ben nogesorRTyY this
docurment neidhpsidl s£l e86p RET UAGEsd s (Vg iimplhiantat iQhendi tigng

reconmended by the 5 invention or thelr advantages.
Advant ageousI3FFigdove al | when detaching thin filnms of particularly
smal | thickness (Tat simstla bew roywt edhaanm:rhﬁtser;m)oc@s§tepséﬁtbamdyng

to a carz[dh %Ia i tel n’gégvé:o tgg; vm h thefjaéteﬁglzﬁ, i_[)ov dren%g
bet ween antati o~ an € cC eaV| ﬁg det at ((:Pﬁe Y
i nt er medi at écrmhghixyerma aamee SoEeys, Canéh, térecetet ammemtegtbp, may

then consist of aiiealdlealdoung thecoandl ags] nie éfl&fmgotéethe
strengt hened). Mre generally, the I'nter ate ste It need not be
a invention, implanting the three ollowing ionic

species: boron, helium and hydrogen, with a number of
25 quite precise conditions governing these implantations.
As 1s known, boron 1is a speclies of different
nature to that of hydrogen and helium, which are gases
the atoms of which are smaller.
As indicated above, it is already known to implant
30 helium in combination with hydrogen. It is also already
known to implant boron in combination with hydrogen.
However, these coimplantations are essentially proposed
with a view to decreasing the detachment temperatures
or the total implantation doses relative to
35 implantation of hydrogen (or helium) alone.
However, surprisingly, it has been observed that,
relative to implanting hydrogen alone, as described for
example in the aforementiocned deccument US 5 374 564

(Bruel), at doses of a few 10'%/cm® with energies of



15 single step) is advantageously a high-thernal - budget technol ogi cal
step, typically involving a tenperature at |east equal to 450C, even
500C, such as a st rengt heni ng treat rrent but also a fil mdeposition

t reat nent, it i.tjo tc, di t
advant ageous ée)%?ur esz)if BI n@eeﬂ%?l on, r)iOfoanl}lll 33 in (2:;9%0' nat i or(]%ea%e
t he boron i mptamined orakdb@e 2§ 08€ , Ie@@dlmmllm ligprgfarttiena othall idose

of helium and, hygdregrn andicat ¢mst c8AHaL158s1Q% Ofhd hivEREabndose.s
i.e. the boron dose 25 represents a significant but small proportion

of the total %s%d‘an%w u‘hlil%dtmdF‘a@élﬁal cleavepggRUAreFhe KeIgheH
and hydr ogernclonsesl i bupget er abletedly | R@singqual gdssi®ie atONMEheIRde

i.e. each of. these s eC|es is present at Si nlflcan Ie el and 30
there is actl W‘gﬁ) etrp’? %—Hbogleo%lﬁe% “H%he "Rl akd Sking
hydr ogen domm’cmmlwa]rﬁag]ewsly inaratio of betweenand 2, i.e.

t hey are advant agfous%yﬁgio}pe sane orggg of bgggnl tBﬂEervEﬁe di %tl%%ce

bet ween the helium an oron 35 concentration nmaxim, on t
hand, and t He11BIdrBigenl Yoontleat r ateda tAERI ragm Lraml amel rox hleydhsagan iig

at most gRualord 00 dMMwich bordde &% e§<¥§c£§b9@t§bf‘egx¥fn§l@ ¢heawkng
heat treatnent that is at | east partla ly carried out

t enper at ur e SCYETERTIRftRd doF BVen &00C07¢ héG%‘F%%Jﬁhg Fith a
i nduced vi a rapdgat ldws@foﬂemh%?nlkr/a:lmzemn:@y drareridmyll sef og0sbeck29
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of the drawi ngls £4°% %\? REEN quersﬁéngavanngé’?e& Qﬁ]e i AV@nti°on
will becone af edre fhmqqu fadse@w Trgl @fésericpt | ehth gineanbygwap fofl 80
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cleaving at a temperature at most equal to the

sensitizing temperature, additionally implanting
helium, under the conditions of the invention, has the
advantage of retarding the thermal cleave (or even

20 preventing it, in which case additional energy must be
supplied in mechanical form).

Likewise, 1in relation to a process involving the
implantation of hydrogen together with helium, as
described for example in the aforementioned document WO

25 2004/04279 with, for example, a hydrogen dose of 4.5 x
10'® H/cm® at an energy of 30 keV and a helium dose of 2
x 10'® He/cm® at an energy of 45 keV and a detachment
cleave at 275°C, the fact of additionally implanting
boron, under the conditions of the invention, has the

30 advantage of retarding the thermal cleave {or even
preventing it, in which case addition energy must be
supplied in mechanical form}.

In fact, the idea of a triple implantation
involving hydrcgen, helium and boron has already been

35 touched on in document EP 1 798 765 (Corning), but only
in a vague and 1imprecise way since the examples
described relate only to the double-implantation case.
In fact the aim cf the multiple implantations proposed

by this document is to reduce cost, which a priori runs



figure 1 is a schematic cross-sectional view of a substrate that has
been subjected to an inplantation step of the process of the
i nventi on; figure 2 is a simlar view after a step of 15

bri ngi ng t he coupsiy atg %FT ir%“craefgjiny“é)irh “%Q@t%scq{}{e?a%ag‘i N2 the
second substrate i gure isasimlar view after a c eaV| ng
step; and technicg} gupsoklem a agldndsged/i ey shdlieng 11m§61i1hi®lilal Z0

substrate ready: {oF; a pEsCYekamehti fHéﬁc'H%&“cﬂ‘ﬂséﬁ&s@é 0ﬁ8§5 g%@%s
i nventi on. Figure 1 shows an initial substrate 10, here rra e of

si ngl e-cr ystdle si Ill%b]rﬁn%tlémvar iSO TS suBKGATETRR espci althy
consist of ardwyetiod it rlg{@neracafaa{ta?geg i con borne by a carrier

bstrate, f | d | t al | N .
oot onal O R S AT, O POLAYR S L M OuRED POt a BRI RG Shiige
llayer 11 obtfailmed bfi prdrictlepsly ssoalan tdxidedssyefaayose a few
om ted) . - SQThig 4o LabnSBSLIAL & as dheoge subl ealed 19 & tEbplee,

inplantation,i.e.inplantation bor on ant at hydr ogen and
i mpl ant at i on(wifa hdintdmate COHTﬁétorﬂéthofthﬁ?rpIJeﬁmfeﬁﬁ on igf PhHegaded

t hree spgei %Q&mokh@ppﬁﬁléz@tﬁ{&@t ane QHEC%§J1A§1ed%E%%%m@&t35
det achnment process Iant aﬂjeon ener ies are chosen so

that the helS%%R ahﬁh%oFB’ﬁeﬁﬁlﬁ% highsdempeas Lﬁ&q TP hyBY Bgehe
peak by a didkitangeneait | easép,equﬁadywtﬁ@n nmtoﬁdyaﬂt ageousl y taktafmsht
equal to 20

| ocated a sr?g1]1mudmsq aies 0%8“?%8.% ti\lggg%#u%eg(u; tg’%ggﬁegﬁ%ghe% :
practice). BHer=uidentsmtlgchnivpielftorrmedd aige ssicép dépt hneedsnoenbat s
oD 1D AERNARLY) | 00, AN SRS QS L U HRLGh, DbHESe:
si mul at i on, HeshredsEe@ lusFhGP CTRIMAICE st aknvPAHSPET t2 1@emperéﬁ§rpn
matter) softaar€east equal to 450°C, even 500°C, such as a
strengthening treatment but also a film deposition
treatment, especially an epitaxial deposition, etc.
20 BRccording to advantageous features of the
invention, opticnally in combination:

- the boron implantation dose is at least egqual to
1% of the total dose of helium and hydrogen and at most
egual to 10% of this total dose, i.e. the boron dose

25 represents a significant but small proportion of the
total dose of helium and hydrogen;

- each of the helium and hydrogen doses is
preferably at least equal to 10*° atoms/cm®, i.e. each
of these species is present at a significant level and

30 there is actual synergy between these species;

- the helium and hydrogen doses are advantageously
in a ratio of between % and 2, 1i.e. they are
advantageously o¢f the same order of magnitude;

- the distance Dbetween the helium and boron

35 concentration maxima, on the one hand, and the hydrogen
concentration maximum, on the other hand, is at most
equal to 200 nm;

- the cleave 1is obtained via a cleaving heat

treatment that is at least partially carried out at a



The i npl antati on doses are chosen such that: t he boron dose is
at | east equal to 5x1013 B/cnR, preferably at |east equal to 1014
B/cn2 and it is preferably below 1016 B/cn2 so as to avoid

anor phi zat i % g S this
boron dose 3&(}% %%a{ttég%azggﬁ érmr eq'%tlgnrwlrg{;ego t%grteglo%@:énéeé dose of
hydr ogen and hel iumthd cleaving hd & otldidugsse ofl ehy dibvdesadi@nhelifum
(H dose + Hendas)idS1 aénéﬁ&;?t Qﬂuétnths%OJeﬁ:/Qﬁ'@ckprfﬁ%ﬁ@ié’nabﬂ(&

nost equal to 4x1016 /cn® dvant ageously at nost equal to 3x1016
/ cng. PR 1 HeP T8N LEJI]d's‘?3~'=‘~°lCslréfttvatert:t%ujet)usIy between 1 and 100
times | ower than the cunul ative H+tHe dose. The future thin filmis

| ocat ed between t 16 urfac thro whi ¢ch the i npl antations are
carried out and t zéé qu:h dra BE t he damage caused
by the inplantatiimss, s feertyn e gehyl C@dcentageed ¢f hltshedamgenrtrapn
alter betwe t-hi I I

30Similarl y%{iollt h%eind(l)%l)mg ég{fP kﬁ&rgggééntn 8@% %)gtlgnioglven
then (see f mw‘@sz)omm&agew ylmlb@@mom n@@d| wtthat:egeéﬁt set thiet h

a carrierg 15 ha{fed Sthstdad e pfyHihe, .same nature as the initial
substrate 10, narrelé‘m ngl?e crystal silicon (it may al so be 35
a

covered, over its sth9uke fadfng tHELAIHT atE°1D; SHFtHoRm! o‘x’iLﬁE of

| ayer (not showiy 9t rJthe strandt aets wé\eanntsagejntsﬁed oescua Yhpldnretton
bondi ng and ad heat treatnent may f s ecd to reinforce this

bondi ng, befdr® tHe Wit &HeHt® i ¢ e tJh] 1M’ In figure 2, the
reference 13 denot e$igumeakeneds | ayessxle:sb&zrl ngfevomatheaf ox erdrem onéd
triple ”qo' HUsald 00y and, Oséth?éééf t éfeaffgt%é upder gppe nt;ﬁl‘é%b“g
t hese i antat i ons or afterwar or exanp for strengt henl ng t
bond to the ceartcEr with a sesand sskstragisie 3), the cleaving is

i nduced at the Weakemgdrbay?r 153, asubist a4 akliywat afherberon1anding
hel i um i npl ant ati on y applying thermal energy possibly suppl enented
by anot her 5r/ohergy 10 (schematized by an arrow), for exanple
by applying a det—acf\igtgret heds (4 osiekdapl eiensatidwicha thadénbhet aken
the two substpales andiar,ppalyl ng tensi ke and/gF Hlexuraleand otpe
shear férces “And y apptfyi'ng ul'trasoun m cro i

j udi ci ousl yp(mm@@ﬁs powerh el 5 narech fioequency) . Thus athinfilm1l5

consi sting of the;i g@ixte' al - shbgt T ahe iRatt sthal,yammins At acbed hoqkhe

second substrate 1 a leftover of the initial substrate, here
denoted 10' © Tarsa qﬂqﬁﬁptal silicon. As a variant, this substrate

may especially consist of a layer of single-crystal
25 silicon borne by a carrier substrate, for example made
of polycrystalline silicon. As 1is conventional, this
substrate 10 is here covered with a thermal oxide layer

11 obtained in prior steps (such an oxide layer meay be

omitted).
30 This initial substrate has been subjected to a
triple implantation, i.e. implantation of boron,

implantation of hydrogen and implantation of helium.
The order of dimplantation of these three species
did not appear to affect the outcome of the cleaving
35 detachment process.
The dimplantation energies are chosen sc that the
helium and boron peaks are:
- less deep than the hydrogen peak by a distance

at least equal to 20 nm, advantageously at most egqual



This |l eftover may then be used for another 20

I npl ant ati on- bondi ng-cl eave cycle (figure 4) after optional

recycling, for exanple using a suitable polish and/or heat treatnent.
Experimental, resid t5,. 237he recommended operating conditions for the
triple inplantation are based on the following results. Effect of the
i npl ant ati on order koth localizegplaint &li¢ ofaBperd@nity condlerarsdwer e

set, by way 3fh0f welkewenee o8 foldwWehe DOFERBr (8AyKe¥oandolGly in
/cnR2), helium (34, keV and 1.2x1016 /cn®), hydrogen (27 keV and
1.2x1016 /cri®3ctice) .anneals were then carried out at 500C for 10 min

or 700C for 10 mzm i Budtdplet 0 tasgeSSUhe ebfecmadfindd tHesle depth
operating conditions. I _mpl %gt atjions were gar ried oqut in the

The
fol |l owi ng oFFEHECB Y Ron BERRET H ~"B then HTHEK H Kt heffeB°
t hen He; Hadertidesddmen B{SINE t hemhith hemiBes andestétshenhBtt hemeH.

SThese vari qys: £qmyat ilQug 1 nej gplantgldon grder.pe  optained by
simulation, for example using CTRIM (crystal transport

10 of ions in matter) software.

The implantation doses are chosen such that:

- the boron dose is at least equal to 5x10% B/cm?,
preferably at least equal to 10 B/cm® and it is
preferably below 10%® B/cm® so as to avoid amorphization

15 of the substrate, even more advantageously this boron
dose does not represent more than 10% of the combined
dose of hydrogen and helium; and

- the total dose of hydrogen and helivm (H dose +
He dose) 1is at least equal to 10%% /cm?, preferably at

20 most equal to 4x10% /cm? and advantageously at most
equal to 3x10'¢ /cm?.

Thus the boron dose 1is advantageously between 1
and 100 times lower than the cumulative H+He dose.

The future thin fiim 1is located between the

25 surface through which the implantations are carried out
and the helium and boron peaks (where the damage caused
by the implantations is very largely concentrated (this
damage may alter between this triple implantation and
the cleaving)).

30 Similarly to the known Smart cut™ process, the
substrate 10 is then (see figure 2) advantageously
brought into intimate contact with a carrier 12, here a
substrate of the same nature as the initial substrate
10, namely single-crystal silicon (it may also be

35 covered, over its surface facing the substrate 10, with
an oxide layer {not shown) ). This contact
advantageously occurs via direct bonding and a heat
treatment may then be used to reinforce this bonding,

before the detachment of the thin f£ilm.



all other things being equal, both for the heat treatnment at 500C (10
mn) and for that at 700C (10 mn), led to identical results, i.e.

t he absence of blistering at the end of the anneal, neaning that
there 10 had beennoryptinely cleaving.befare heyend of the dgat,eq
treatnment, that %ese ?nﬁfznt'aﬁ on cona?t |Bons d.jihd not _‘?eaé to a ©
thermal cl ea@Y¥ t erra® i@t 5000 or Ykewiss@ramergdeneshd P lico

obtain a cl egyslditdeSoeVethdseidl s 119 ApHea et raid ofurRei@e
especi ally 15 nechani cal ener owever worth mentioning

) , It 1s
that, in theédbsehcéd esu%IHPgXPF?E’r%nFnﬁ%n?gF%H?rﬁhe PeaviigP -
woul d occur fr esttagrigihyeniiitysthdybovay ©f tExamdersidemn. t he case of
hydrogen impl antagign aigne. ko oimiaL 20 40560 dheayced ae
af orement i oned total‘hel' Tam ané’uhydr gen dose, or Y the case®s
i mpl ant ati ortlof tgdkeged drmgehel iim aibbhbantbat by, ad purel Horber pak

cl eave (i.e. addi t:i I : i cal,,ene o] ']?ng af ter
about 10 m nhu{%sﬁgt 510 C%rlltﬁ%t r&Z’ncasltca)yof f{%%%%@ti 2%11%0 25 h)t?glfegggn
and boron wiRdfotkPhel | GHPPASBERERY t ket mafneteave @bt af ne@naroer
appr oxi neg el ¥sclerse0Ciorts By ROCarWbirh thert réphRpl 8pIANt abpOPing a
recorrrrendedd{%/ tcﬁf‘ i nvention, ﬁ t hermal _ cl eave was obsg&vg nl Y,

after two hSTEHIHBOOETSOA t hoUgh*FIPTE hBESkhoWA foPlEEft &Rt ert
seens that, titeer easo | nphlant attesn okndydrogeppalkdng | eadsifle dehedis

that may be approxi.mat to_el q te cavities qf m.cr ocr. .ype
havi ng a Ienfgit%uogalabogﬁdégrtoS?%%lrnm ?%r{:%e p%&rﬁité%%f V\%%kngggiyéﬁg
triple 35 i mpltamstinsh of theciewanes ot f pudicsopaty, dhextn i powead

to defects tha Elf@ql‘y?é'né;b‘]?, whalhe sphericak;and 1@bouly 1O d 0,20 LRM
in dianmeter. Effect of heliuminplantati on energy and hydrogen

i mpl ant at i ot TEredgy SubstratergPaddes§nphe EFFREES of2tHEAGRRA to the
i W}Jl antati Orseftﬁﬁff ldlly shb%t@@ftléat MP coidli tﬁi ons rwekerses £ Eihé/\/aiancial
rererence, as WS, ,anal ogous t ,t ose ti.oned above: 5 -
boron (80 kggfbf%d:a%ﬁ’S We&?e)ogeﬂ?eﬁﬁy%rﬁ%(varﬁ%@q&m%ﬂ and 1.2x1016
/cnR), hydrogen (Ridiskeylafidode2x 28%6 kbteR). be usedThéoeffeabtbkr
t he i nplant at | -1y e, . ed an f nea a C
for 10 At g Rt oS PRy, BIERRET QYGIERI o, ARICR S 2heell
i mpl ant at i oPREAEIRL i G5 Kby for 2axamyle t uneRYI obsépyédbiraprolish

when the enei@y WasLecrgasad,.dfom 55 key to 34 key, the blistering
t hat was observed at the highest 15 energy tended to reduce;

when the energy was 34 key, there was no blistering; when the energy
“was then decreas@kpehrimonihl aedhiday, the blistering increased.

25 The recommended operating conditions for the

triple implantation are based on the following results.

Effect of the implantation crder

Implantation operating conditions were set, by way
30 of reference, as follows:
- boron (80 keV and 10% /cm?), helium (34 keV and
1.2x10* /cm?), hydrogen (27 kev and 1.2x10*® /cm®).
Anneals were then carried out at 500°C for 10 min
or 700°C for 10 min in order to assess the effect of
35 these operating conditions.
The implantations were carried out in the
follcwing orders:
- B then He then H;
- B then H then He;



20Thus, inplantation of heliumat 34 key corresponds to a nmaxi num
retardation of the thermal effect contributing to the detachnent
cleave, and this retardation is less and |less effective the further
. the energy is fromgthis,optimpl,value, whether above O 25 below it.
In other words, there appears to be an optimal inplantation depth
(about 200 nm actoidieptiéeteenadbl e below, in the case of silicon
covered with a therpal+pxh de {Ry¥erg 1090, 4min thickness, i.e. 100 nm
bel ow this | ayer) which corresponds to the inplantation 30 depth of
t he boron. T s B he'et fléct of hydrogen inplantation
energy, the oper ahdge condibusnsomyieatdlonsbyi maymplanebeiencerdas,

foll ows (analpgously to those defined above): 35- borgon (80Q,key. an
1015 1cn®), e iu%‘%%ﬁ KeVI ARG 1°9%1916°59E ) E%Boggﬁr(vgrhleablh@a%
energy and ILreeigdnt caR) 5087d (lénnemts abd5@0E fudratlOani 706°C7000
for 10 mn. ydecigasing thediaml aplehi o enerdy Lrama0.ckey Lo
20 key (i.e. substantially the same variatioh range as for the
helium) it vRlsliseim@edt hdie end of. thpeannhalenBrgyings tdecr éasae

from50 t® Zadkepechhei® vasine1hl iéI@éxirﬂQ% 88¢o2e Wheh the ener gne
was t hen deﬁ{eased from27 to 20 kti‘?/? the blisterjing increased.

Thus, inpl antS&h ol 7 VAT og&R a4t SEhel R Pt T Reycppdarigay did
corresgonds jgleva alef]mcxidtmmar eftes ohad 1 Fﬁl@évéh&éﬁ:herrmi re:{fﬁgﬁt 500°C Ior
contributing it.,o t.he detachi.ng 10 ve, an is retardation,js |ess
and |ess ef fedtiie h‘#fﬁbph(g? f"ﬁé gﬁ“ea?tgytci’ soégéf’%ageacjbeeﬁ%%v 27 R&y.
I n ot her worddzsn tumafBilappearsprly deobhar niaum pApkantrgli orsgeptiplly
(about 230 %Cﬁﬁ%ﬂ régjetlgge);_he table below, in the case of silicon

covered wth a thernmal oxli l ayer 15 100 nmin thickness, i.e. 130
nm beneath this |Hdyer)s howevehe Yesult smobtapheds bythapl anttngthe

hel i um wi t h gneMdesorar yhdgy aboveipn cbeli o 3d: keVon hydHrger1vhiAng
ener gi es abovelgi bel ow 27 key, ar orowt t{]e aforerEentl oneij ,
opti mal val (@Y PG VenMPRE HEPIG Y0l | B Srg PAbMEYE &T deRapple, i
substrat es made @fssioglieydrysdal implacoat toves bondy aitheamaimaibde
aver . LoqmddLd NLokNeRs. aTBEAUAREbhLaCTRR LOTLESPARTS Lo HOG RRLN
o) ensity is a e

at which the Tnplantation maXxi mim ('sinul ated using
CTRI M sof t wioseandopreasurtde ushag 26 Sims}antation of hydrogen and

helium without boron, a purely thermal cleave (i.e. no
additional mechanical energy) was obtained after about
10 minutes at 500°C. In the case of implantation of

25 hydrogen and boron without helium, a purely thermal
cleave was obtained after approximately 11 seconds at
500°C. With the triple implantation recommended by the
invention, a thermal cleave was observed only after two
hours at 500°C.

30 Although it 1is not known for certain, it seems
that, whereas implantation of hydrogen alcone leads to
defects that may be approximated to elongate cavities
of the microcrack type having a length of about 50 to
100 nm in the plane o¢of weakness, the triple

35 implantation of the invention, for its part, leads
instead to defects that are on the whole spherical and

about 10 nm to 20 nm in diameter.

Effect of helium implantation energy and hydrogen




| on/ Energy Crax dept h(SIM5) Crax depth (CTRIM Boron 80 key 195 nm
190 nm Hydrogen 20 key 190 nm 200 nm Hydrogen 27 key 230 nm
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implantation energy

To assess the effect of helium implantation energy
the operating conditions were set, by way of reference,
as follows, analogously to those mentioned above:

- boron (80 keV and 10%° hxf), helium (variable
energy and 1.2x10'°® /cm?), hydrogen (27 keV and 1.2x10%°
/cm?) .

The effect of the implantation was, as above,
assessed by means of anneals at 500°C for 10 min or
700°C for 10 min.

On decreasing the He implantation energy from 55
keV to 24 keV it was observed that:

- when the energy was decreased from 55 keV to 34
keV, the blistering that was observed at the highest
energy tended toc reduce;

- when the energy was 34 keV, there was no
blistering;

— when the energy was then decreased, from 34 to
24 keV, the blistering increased.

Thus, implantation of helium at 34 keV corresponds
to a maximum retardation of the thermal effect
contributing to the detachment <cleave, and this
retardation is less and less effective the further the
energy 1is from this optimal wvalue, whether above or
below it. In other words, there appears to be an
cptimal dimplantation depth (about 200 nm, according to
the table below, in the case of silicon covered with a
thermal oxide layer 100 nm in thickness, i1.e. 100 nm
below this layer) which corresponds to the implantation
depth of the boron.

To assess the effect of hydrogen implantation
enerqgy, the operating conditions were set, by way of
reference, as fcollows (analogously to those defined
above) :

- boron (80 kev and 10 /cm?), helium (34 keV and
1.2x10% /cm?), hydrogen (variable energy and 1.2x10'®
/cm?) ; and

- anneals at 500°C for 10 min or 700°C for 10 min.

Cn decreasing the H implantation energy from 50



253 nm Hydrogen 40 key 346 nm 370 nm Hydrogen 50 key 400 nm 447 nm
Hel ium 25 key 134 nm 185
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keV to 20 keV (i.e. substantially the same wvariation
range as for the helium) it was observed that:

- when the enerqgy was decreased from 50 to 27 keV,
there was no blistering; and

- when the enerqgy was then decreased from 27 to 20
keV, the blistering increased.

Thus, implantation of hydrogen at an energy of 50
kev to 27 keV corresponds to a maximum retardation of
the thermal effect <contributing +to the detaching
cleave, and this retardation is less and less effective
the further the energy is decreased below 27 keV. In
other words, there appears to be a minimum implantation
depth (ébout 230 nm, according tc the table below, in
the case of silicon covered with a thermal oxide layer
100 nm in thickness, i.e. 130 nm beneath this layer).

The results obtained by implanting helium with
energies varying above or below 34 keV, hydrogen with
energies above or below 27 keV, or boron at the
aforementioned optimal value, are given in the
following table for donor substrates made of single-
crystal silicon covered by a thermal oxide layer 10 nm
in thickness. The quantity Cmax corresponds to the
depth at which the implantation density is a maximum
(simulated using the CTRIM software and measured using
SIMS) .

Ton/Energy Cmax depth (SIMS) | Cmax depth (CTRIM)
Boron 80 keV 195 nm 190 nm
Hydrogen 20 keV 180 nm 200 nm
Hydrogen 27 keV 230 nm 253 nm
Hydrogen 40 keV 346 nm 370 nm
Hydrogen 50 keV 400 nm 447 nm
Helium 25 keV 134 nm 185 nm
Helium 34 keV 200 nm 265 nm
Helium 45 keV 280 nm 340 nm
Helium 55 keV 334 nm 400 nm

The constraints on the relative positions of the




nm Hel i um 34 key 200 nm 265 nm Hel i um 45 key 280 nm 340 nm Hel i um 55
key 334 nm 400 nm

various peaks were defined on the basis of the SIMS
measurements. It seems that it is the position of the
boron peak that determines the thickness of the future

thin film.

Effect of boron, helium and hydrogen implantation

doses

To assess the effect of the boron implantation
dose the operating conditions were set as follows

10 (analogously to those defined above):

- boron {80 keV with a wvariable dose), helium (34
keV and 1.2x10'® /cm®), hydrogen (27 keV and 1.2x10%°
/cm?) ; and

- anneals at 500°C for 10 min or 700°C for 10 min.

15 With a boron concentration between 6x10* at/cm®
and 10x10'* at/cm®, corresponding to a dose per unit
area of barely 10%¢ at/cn@, i.e. a wvery low dose, a
conventional cleave was observed, such as 1is especially
cbserved with a simple hydrogen implantation invelving

20 microcrack-type defects.

If the boron dose (and therefore concentration)
was increased by an order of magnitude (by multiplying
by about a factor of 10), it was observed that the
‘cleaving was accelerated.

25 Increasing once more, by implantation, the dose
(concentration) of boron by an order of magnitude to
the order of 10'%® at/cm® (about 6x10%7 at/cm®) led to
cleave retardation, meaning that the cleaving time was
increased by a factor of 3 or that it was possible to

30 increase the cleaving anneal temperature by about 25°C
while preserving the same length of time before the
cleaving occurred. It wili be understood that the
effect of the invention begins to appear from this
order of magnitude; however, it was observed that there

35 was still a risk of untimely cleaving during
application of certain high-temperature technological
steps, so that it seems preferable to locate the dose
above this threshold.

Increasing the boron dose once more by an order of



vari ous peaks were defined on the basis of the SIMS neasurenents. It
seens that it is the position of the boron peak that determ nes the
t hi ckness of the future thin film 5 Effect of boron, helium and

hydrogen i nphadqit ot ks, desesthe order Tof asg&ssathem®f feet oV dhecn’)

10 (anal ogoutdy PBSFRSSE der i Motk abBheytloct oF BrGHer 80" Ro) Y °“i§
anal ogou above)® e

va(rjl ziblzelgcis@])eawahq unsp8di kega ahg, 1t]2%1616aﬂtn:nﬁ) afhydr ageran]gnéélkey:

an . 2X ]ﬁ%@} a n, o
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especially observed with a sinple hydrogen inplantation i nvoI ving 20

mi crocrack-type detett Ehermal-cleayRe PEEVERTEOSe Bhd2LRer OPSEE VES,
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t he,
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itsel f @ ingugedde e¢heavbBgonandokt WRASCHEGASSA Y this range, on
account of other effects that the boron may have,
especially in terms of amorphization).

To assess the effect of the hydrogen implantation
dose the operating conditions were set, by way of

25 reference, as follows (analogously to those defined
above) :

- boron (80 keV and 10" at/cm®), helium (34 kev
and 1x10%® at/cnﬁ), hydrogen (27 keV with a variable
dose); and

30 - anneals at 500°C for 10 min oxr 700°C for 10 min.

It was observed that, as the dose was decreased
from 4x10*® at/cm® to 1x10'® at/cm?® the blistering
reduced until becoming imperceptible at 10'° at/cm?.

Thus, all conditions being otherwise similar, a

35 hydrogen dose of about 10 at/cm® (of course

0'® at/cm® mentioned in

encompassing the wvalue of 1.2x1
the reference conditions given above) appears to be an
optimum dose (below this dose the dose is no longer

high enough to produce a layer of microcavities that is



to add another form of energy (by inserting a bl ade). Thi s
t hermal - cl eave prevention was al so observed, even w thout blistering,
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condi ti ons were erence, as | ows “(ana ogous
to those dequli?éiitatmwe)glven abovigdr o’mﬁ(@mketﬁahé EO 50t 1nwR) | dose
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More generally, it will Dbe understood that a
25 particularly advantageous operating range for the
triple implantation, in any order, 1is defined as
follows:
the implantation energies are such that:
- helium and boron concentration maxima are
30 obtained at substantially the same depth, separated by
at most 10 nm; and
- these maxima are less deep than the hydrogen
concentration maximum,
and the implantation doses are such that:
35 e the boron dose is at least equal to 10%° B/cm?
(typically at least equal to 5x10*% B/cm?); and
e the total dose of helium and hydrogen is between
10'% atoms/cm® and 4x10'°® atoms/cm?, preferably at most

3x10'® atoms/cm®



15 longer really perceptible at |1x1016 at/cn®. Thus, al
conditions being otherwise simlar, a heliumdose of about 1016
at/cnR2 (of course enconpassing the value of 1.2x1016 at/cn2 nenti oned
in the reference conditions given above) appears to be an opti nmum
dose 20 (below thjs _dose the Pose I, S o Iogg gh en Egh.to roduce
a layer of nicrodavitiesStHR %%YS&PP E"eR glPEBm obtHstLon
finally, a sate sdastorlyedurd boe, ffon sthafdese obfavi higcatet achrrent).
More generally, it will be understood that a 25 particularly

advant ageous operating range for the triple inplantation, in any
order, is>definedsaiktlbws: the inplantation energies are such

that: hed i urg angh harapsconcent ragd on Jdum @ e 3% obt@igpgd
at substantially the sane dept’h, separated by at nost 10 nm and

these maxi rreF—*’a)f%t%sera%%bthaﬂ t Keahedr SR cOhcAPe at PBANARX KIS
and the inplianiati aromoses ane Sﬂﬁlftklrfb'gs a%tna@q@rmcﬁomde& atthe

| | 1013 B/ cn? i cal t | 1013 Bhenp
and M SRR 08 bYBRST whrana Hhr el ang DT nedn Fo16 ¢
at ors/ cri) arice Uni0163 &t Grb/ G br@*b@’ébla;t/amznms{ wdfa@emt QBB/ Gl
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for the case i con
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with an Si02harmle %ﬂ?glgﬁ/@ﬁdalﬁ@ R wﬁmb%n%geb% b%h@ﬂbeqﬁp

under the follow ng conditions. horon
deoggda ion then HF-last eanlng that BRHF was applled

15 at 1% for 30 seconds before drying under nitrogen)).
Since the Dbonding energy is then low at room
temperature (20 mJ/m?), this bond next has to be
reinforced at 700 to B800°C s0 as to withstand the
subsequent film transfer, the bonding energy then

20 reaching about 1.5 to 2 J/m’. The cleaving heat
treatment (which simultaneously strengthens the bonding
interface) then consists for example of a long anneal:
from room temperature to 800°C with a ramp-up of 0.25
to 5°C/min, optionally with 2 to € hour long plateaus

25 every 100°C and then a slow temperature ramp-down at a
rate of 0.25 to 3°C/min. This heat treatment does not
induce the cleaving by itself - the latter is induced
mechanically by inserting a blade into the bonding
interface. A (100) Si film of about 225 nm (~225 nm) in

30 thickness joined to a (110) Si substrate is obtained,
which film may be used to produce advanced
microelectronic components.

It will be noted that the implantation conditions
correspond, at least approximately, to the optimum

35 conditions indicated above.

It will be appreciated that, despite the great
length of time of the high-temperature treatment
(several hours above 600°C), the timing of the

detachment cleave is well controlled, the cleave only



10 helium (34 key and 1.2x1016 at/cnR) + hydrogen (27 key and
1.2x1015 at/cnR). The inplanted substrate is then deoxidized and
then, bonded to a (110) single-crystal Si substrate using standard

hydr ophobi ¢ s¢eet i MPNdinngi A sErdeexi dat bspadtehemrHFcba%&aeeeanmg tiHat
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t hi cknesls) | dimext flaxcea a(rﬂle‘)heSICEﬁlsi rate i s obtained, which filmmy

be used to produce advanced m croel ectroni c conponents. It
wll be noted that the inplantation conditions correspond, at |east
approxi matel y, td&x3mleptd mum 35 conditions indicated above. | t
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and 5x1014 &5° e S uRP B2 TRl k¥y 9ZRE M G 9 n®YuS RyarsgeRd
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thin | ayer) podymeal cegyd ERewilelavieayl Heivndedeto merddudeaddlvaratteths,
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t hen bonded to a thin netal num or st eel
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nmechani cal | mts they 25 isTplartedyzena byi apRbybhglpechariaal fayces
(peeling, torasound tensile forcgi: shear forces, etc.). In this

way a si ngl €PcPPstB & CEREESY dift &PE3d8RE- 10 to 50 pmin thi ckness
i s obtai ned. I t irtroul ghbeldot dde t hatottdwe | rtpiaaﬂt athen 30mpdadtatoos

correspand, f ex Q har.on Iant tion
of hi ghgr6 er?e)?lgy %gsofc%aﬁ %e ’do’geg?a 1ve %el %tl}rcﬁslerrp fan%)a I ofrjl1e o?
the sane dose butbaikoh nemhagpt@d:umre oﬁeheméuegy eraty ¥ obathydr ogeihf
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However, the inplantati on de stant| e sane for t
hel i um and Bé&8n P&BELY 5O0URAF, FBSs ER&AIYRe aest ht@f @hehhgia%gen

i npl ant at i oAmBY adtditsbancRivhi Ch 1SoNOSHAN Y 2ROy 7@hBM are both
35 nearly doubled. However, the implantation depths are
substantially the same for the helium and boron (about

500 nm), less than the depth of the hydrogen
implantation by a distance which i1s possibly about 70

nm.



It will be appreciated that, despite the existence of
hi gh-tenperature treatnents, for epitaxial growh and for the
formation of useful components, the timng of the detaching cleave is

wel | controlled, theycleaye 5?99%&1@@@@1{&@@ Fﬂeb@&@ét e @fx@t@na;@e
In contrast, sence o0 | e .rnp ntatlo rd

e oottt M S e CBPRERER e or o T L AL oo D
substrates\MnmdfhaVEhbeémmnb$emme¢d(mmemﬁﬁlngmp@nents thheq&&hﬂng

of the epitayialy % bgg s 42 .¢xfal Egﬁytéflég |9 e%g%he

i npl anted zone an ecrease ness ton ro
cl eavi ng %DrQﬁlquEﬁ@rrEm®n®mel@senﬁﬁmnsmfsabbﬂﬁéﬁe Es coptaaséd in

under the foldowng. conditi ons: + POE 0B QﬁBlEﬂa@Ein%éo%&ﬁ?ﬂko the
hel ium (34 key and 1.2x1016 at/cn®) + and 2x10

at/cnR). TheTHplatftied Subs®r@estasnt F@ﬁtshgjlééﬁéango%n@xéplﬁ@utéon
t echnol ogi cadf stieps slz]%@lr)it@g auadnedvatbedh SOBsetoeda (batialrengt h

ft f 1h30., Th hn | st t f le i
deposi 1 on O VT i Msondi M ey e {502 SPANETi0t y St abPrness )
fol | oned @ ore»e‘ica]mﬁtexday aesl*eh’ssfynnglcwmeaf athe500G 1 artteed n’pd)a@t edd
and process%deﬁ%g ceréasset e%%[% t?r\afkl p%%g’%%f“%%”%%

by direct bon cave 15 then er ma nduce

i sot herm ¢ ahrfealing MRKﬁSﬁaﬂdqm)ln n. It wll be not ed that relative
to the optimal conditions given above, the boron dose is ten times 30
| ess. However, despite the various heat treatnents undergone, the
tining of the detZdM® %l eave is well controlled, here only
thermal I35 at at Imassi 6606stiiaweyvels methﬁtabseﬁmroftts@lcIﬂoalbmiiat;e

35 boen obsiVEH. 48 Ve Hebhr | bR 't A"Pedar d £ o Bl cropirt 134°
2011/ 023905-ke¥1 arw:"ltme 0/ @5¥e®d) + hydrogen (27 keV and 1.2x10%°
at/cm®). The implanted substrate is then subjected to
one or more technological steps involving an anneal at
20 500°C for a total 1length of +time of 1h30. These
technolegical steps may consist for example in
deposition o¢of a thick bonding layer (SiC,, SisNg,
polycrystalline  Si) followed for example Dby a
densifying anneal at 500°C. The implanted and processed
25 substrate 1is then bonded to a supporting substrate by
direct bonding. The cleave is then thermally induced by
an isothermic anneal at 600°C for 10 min.
It will be noted that, relative to the optimal
conditions given above, the boron dose is ten times
30 less. However, despite the various heat treatments
undergone, the timing of the detachment cleave is well
controlled, here only thermally at at least 600°C.
However, in the absence of such a triple implantation
it is certain that blistering or exfoliation would have
35 been observed, as was described with regard to example
2.



CLAI M5 1. A process for detaching a thin film(15) froma
5 donor substrate (10) by cleaving, conprising: a step of

i npl anti ng be Ltbd n the donor sub ;L;Qte, t hr oug

surface, wt gbv?/eo\;v%%é(;gform ng a weak I$2 er (13), thIe%cg/o};rrﬁ%r%‘?o/051T“1
substrate being, at least in its part |ocated below the free surface,
10 over a depth at |east equal to the thickness of the thin film

made of silicon, to be detached; cradig | east one internediate
step involving a heat treatnent at a-—tenperature of at |east 450C;
and a step of detachnent by cl eaving along the weak 15

!ayler,tphar gct eriﬂﬁdzlx!ﬁréc@@%s}] hgria@weh%'goa %tgl@a %Qlt?[ﬁr!(%lfy ftro%n_ a
I mplanti n ron, I um an rogen In any oraer w | I Mpl antati on
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energi es Rpesubstrate botOn TYHEt Y1 on maxi ma
are 20 obtained at aubstent bal limglhevtSane dppthessepamairedchy aorast
10 nm and SaUlbhgdro en tct(h%ncentrati on_maxi rrur%i s obtaiped at a depgcrcl)

res oLt “of “FRE harf GRCENd Bbron & View

at | east 20 nm'greater
concentrati diryrekigrag 2&adndlayeth (Pl antthel cedosesuksathatbabeinghe

boron dose is a&eggestineqf?éea %r@xalg:ﬂ%%%g%glaad th}{'ﬁs}:gé alsudr%%%etgf

hel i um and hydrogen is at e atons/c and at nos
equal t ot Ux191%r 36 HAGHEY cap. lzea'ﬁq}ap?@é@%sézsibl"éh@reéihﬁ@k@i%@, of the

characteri zethim £i184, iaddirdhes Mres Loy iresga RHuling step to
bring the free side |n§E§ intimte 35 contact with a carrier (12).

: . WO
2011/ 023905- 22 -PCTt FREBIB/ G577 HFTE G 9 te 'Rt 1R¥uaring foeat
the total dassafmdrel iatmandernpabragere afl &t sttt et anti0% of
this total dose. 54 pr.gc as_clained in any one,of clains 1 .to
3, characterized i nat%ggpeggh%%%atc & el irHLaYm%n%a‘ﬁyrbgr‘ o%]e%n%loggg f’“'seala(t
| east eduml lttayelol5 at ons/ cn?.

chearacterized in that the implantation step comprises
implanting boron, helium and hydrogen in any order with
implantation energies such that:
- helium and boron concentration maxima are
20 obtained at substantially the same depth, separated by
at most 10 nm; and
— a hydrogen concentration maximum is obtained at
a depth at least 20 nm greater than that of the helium
and beoron concentration maxima,
25 and with implantation doses such that:
e the boron dose is at least equal to 5x10'° B/cm?;
and
¢ the total dose of helium and hydrogen is at
least equal to 10'® atoms/cm? and at most equal to 4x10'°

30 atoms/cm?.

2. The process as claimed in claim 1,
characterized in that it furthermore comprises a
bonding step to bring the free side into intimate

35 contact with a carrier (12).

3. The process as claimed in either of claims 1

and 2, characterized in that the boron implantation



5. Theprocessascl ai medi ncl ai m, 10 characterized in that the helium
and hydrogen doses are in a ratio of between ;,1 and 2. 6. The

process as Cstoabgﬂj/obggfsney one of clai m;tgéron 5, char ag&@}ﬁﬁgpo/ogl;ﬂat

t he di stance between t 15 hel i um and concentrati'on naxi ng,
t he one hand, and the hydrogen concentrati on nmaxi rum on the other
hand, is at dwst dguakttd <X nagual to 1%7.oFTh&lpr otesslasdesai wed

in any one c acter at ot heycl gavey
obt ai ned vi aﬁeﬁc eants‘?fl%lg Cf’;'ttt('?)(':Jt@“jrnea%t;&?ratentgrtt ﬁr{acfsec,d é(guéFetatgt h%]artrsg Friss

carried out &tal t¥erature at | east equal to 450C. 8. The
process as clainmed in any one of claims 1 25 to 7, characterized in

that the §I eave | obt ai ned via a cleavjng. heat treat ment th? %t
| east partially chrri®8 Bac&fsa atsen‘f)]e?JaTt et8t EP¥ast"%e 61’860
9. The process ads cthanedteniasy ane ehacl aém@hloEO tbe8 helium and

characteri zehd yQtehnatdctshees ¢ eayi [IHh S, | n‘guacle 1ang8 ﬁg} on of
nmechani cal erg e proc §5 as c ai ne any one of

clains 1 to 9, characterized |n that the total dose of heI ium 35 and
hydrogen is at nost equal tQ, IS atQms/ ined in  claim 4,
10 characterized in that the helium and hydrogen doses are

in a ratio of between ¥ and 2.

6. The process as claimed in any cne of claims 1

toe 5, characterized in that the distance between the

15 helium and boron concentration maxima, on the one hand,
and the hydrogen concentration maximum, on the other

hand, is at most equal to 200 nm.

7. The precess as c¢laimed in any one of claims 1
20 to 6, characterized in that the cleave is obtained via
a cleaving heat treatment that is at least partially

carried out at a temperature at least equal to 450°C.

8. The process as claimed in any cne of claims 1
25 to 7, characterized in that the cleave 1s cbtained via
a cleaving heat treatment that i1is at least partially

carried out at a temperature at least equal to 600°C.

9. The process zs claimed in any one of claims 1
30 to 8, characterized in that the cleaving is induced via

application of mechanical enesrgy.

10. The process as claimed in any one of claims 1
to 9, characterized in that the total dose of helium

35 and hydrogen is at most equal to 3x10'°® atoms/cm?.



