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Met hod for making a structure conprising at | east one
thin layer in an anorphous material obtained by

we@piorasyredn a supporting substrate and struct UPEI/EP2007/052372

obt ai ned according to said nethod The present

invention relates to a nethod for making a structure
conprising at |least one thin layer in an anorphous

mat eri al obtained by so-calledq solid phase epitaxy

(SPE), on a supporting substrate. The invention al so

r el at Metheddos makingrastbcturecapmprising atleastwnedin fayer in

¢ nan AR Bt At S8 Ats PYSRIRLPL ¥ v Gy Sbstrate
| ayer of wainehstraciressbthiiedcacedtrding @6 shid MetbodVOS (

Conpl enentary Metal Oxide Sem conductor) conponents,
such as transistors for exanple. In this respect, it

| S Sppgl Ipir&%rﬁhﬁﬁghﬂoﬁ h Iét%ﬁ' ﬂ%oé fﬁe?ﬁc% %fCHangg%} structure
one may try to reduce the elfectrical resistance he
lcaygnrisingf a4 leabsionat ehinnfhgadda droramalphogs elmatdriainolstained by

co nents. This reduct] in resistance may notably
%%@Qi%ﬁ’i‘g %@Sﬁm@é& ﬁ%égi,m@ %éH@@%&t'Paﬁu&ﬁYfa@-t he
car r mgegnveition 4186 FE888% tbonaf &t tG%&ﬁﬁFﬁe@tWﬂ?sﬁéh ialrr)]/ethod.

carriers, the main steps I ch are schematica
i |1 uét nanduniting Rigplication sofotiteaimetion eelateavienthemadking of a

BT S L Bt TARRLE BT W e
JoRsihgSCRIO® ¢ Dofplanamneasy Methl ©xidd- SRR ITIRICESH alonfbnents,

is typically perforned with dopant species such as
[SHeB @sdrangistors fopesampieor exanpl e. The substrate

ror ol e PEGRE 4T trefidndy KREdSIE ohRilgsh ape. one may

29N® educd thel slvetricalr iesisthndenef #RNRyérs ofaveNgiratd tended for
dopant species has limting solubility which

Foriiag (Rleeionie conpPanetsrumisoiaskstientin Jesistanagemay notably be
.' whi-ch: d.dipthe.: supporting
SRR 2] By iMteanTte REnBE AR o Re AP e Al e 1o
dope Thixinstdzseriatthe weyoautrsticandbcatrierd, he Imdiy steps diswhich are
n8. For this purpos

SpeyaHgaly YuSkaietan a1 T aoatasinedinia Bom &eel way typdoping
(GOSN, SORS: S, P 9 SEREIBY 9okl in sicon, by
inplestingt & dlopanfFisgecigs fArwith eeferencen ta dnighditt. i He implantation is
typically performed with dopant species such as phosphorous or boron, for
example. The substrate obtained according to such a known method, with
reference to Fig. 1c, thus comprises an upper doped zone 3 and a lower
crystalline zone 4.

However, the dopant species has limiting solubility which corresponds to
the maximum concentration of the carriers, which may be produced in the
supporting substrate.

It would thus be advantageous to be able to dope the substrate beyond
standard solubility limits of the order of 1€20 at/cm?®.

For this purpose, applying a so-called solid phase epitaxy (SPE) is also

known, the main steps of which are schematically illustrated in Fig. 2.
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substrate 10 which is typically in silicon. During a
first step (Fig. 2b), atom c species 11 such as

waedoraettieare i npl anted fromthe upper face of PEEEP2007/052372

supporting substrate in order to create an upper

anor phous |l ayer 12 in the supporting substrate 10, as
illustrated in Fig. 2c. Thus, after inplantation of

atom c species, the substratesi ncludes a | ower

crystalline layer 13 and an upper anorphous |ayer 12.

It wlhe salidnphese wepiexy hs dlustigtetimifiion? der §petings supporting

BB Bhiehys PG Ridictiont atns o feow acom o
speciDegingsuchirsasstepl (Rign2b), natoniier spddiesil 1Pasichi @8Ssilicon are

wi t hout however the structure of this regl on, 15 bei ng
daplanteshBre Hie upRardrphOfishe suppering subatatepn; QJASS to Create an

Er %%&)Ho%%efag)e?eﬁomﬁtl% sﬁ)g)r"f‘tgggr%bs aﬂ?p‘d‘g?s illustrated

C|es such ds phosphorous
imnFig]@carmrphous l ayer 12. Next, with reference to
after the Prew ous optl onal étep

i rrpl Jﬁ{dﬁn@ ter Iggggrp,tla gg@é,aé@mq %qeqlee?m; egygetgate includes a lower
g:?ﬁtamﬁ@h j&qt3'% aR0pBL ﬁ&o\ﬁw&%ﬂ%%rﬂ?ﬁ the dopant

ecies 1 'anted i n the anorphous | ayer 12 being
t henltamll \oeet embted; thlatatthtshgnnlamattorspéwmleﬂ 11s glen denerates

a subst.i tut osition in t |l ayer 12.in | arge .

I ind el P At bus VL o (60 1B e Sontains
a'éwe%mngsépééegr@waq & §ifddn tin fiepRitibl pbsidohs WRAbAE N6 Wever the
bet ween 550 C and 650 C which allows recrystallization

@trupheemfrﬂmnemgn|15;mmgges¢rdhﬁttlﬁesc<r@@pmhqu%» I ayer
13 Of tﬁ%g%gmtc{@%)ﬁaﬂgt tgﬂn ?encje?’toot:@/s 5? &hd %e a doping

of see suc |que hereby

Bpesick| e4twohcesvm@pﬂmoa@mnb@rohebsonﬂpltahwd in ItﬁetamGrphous
sol ub| ity in the supporting substrate 10. It will be
&dZhat, in the case of silicon, the liniting

sol umgxgt gve@f IRFEnGHITb CRlg BPDIRES ¥R IFSBELYBSILILE step for

18 an 0 at f'or tenperatures rom
1mfb&iht|ﬁ:g &V ddparti speaies, elase tempetaieumolred:ry*shallbzabtbntehmeallng is

nt he concentration .of carri.er
AT A R %ym@@ntﬁeheﬁeamqrﬁhemﬁygr 1@ being

héPWBlivA18d 2b tﬁé‘leth%-%p%% @b@(‘:les nask %@ﬂ?&%uﬁ&ﬂhh@nal position in
el ectroni c conponents made on the substrat
the layer 12 in a large proportion.

By low temperature recrystallization annealing, is meant a heat treatment
at a temperature between 550°C and 650°C which allows recrystallization of
the amorphous layer 12 from the crystalline layer 13 of the substrate 10, this
layer 13 playing a role of seed layer.

With such a technique, it is thereby possible to activate the dopants
beyond their limiting solubility in the supporting substrate 10. It will be noted
that, in the case of silicon, the limiting solubility of most current dopants varies
between 1e18 and 1.5e20 at/cm® for temperatures from 800°C to 1,150°C. With
this increase in the solubility of the dopants, the concentration of carriers in the
supporting substrate 10 may be increased, this causing a lowering of the
source/drain resistances of the electronic components made on the substrate

and, consequently, low power consumption of said components.
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and, consequently, |ow power consunption of said
conponent s. However, this technique is also associ ated

wowdo/1es76r awback. | ndeed, end of range ( EOR) PGPEP2007/052372

defects are generated at the end of the

recrystallization annealing, in the region 15

i mredi ately | ocated under the recrystallized | ayer 12.
These EOR defects are caused By crystalline defects

whi ch appear during the anorphization step and which
deveHoweayer.i thgs tasbniquer igAlee Pesetinied witkeg. dramdnskElReed, end

%ZJ?@@%A%‘&S e TebetSaf bt ARG Ffls RBfiaritns rspoptpyization

cahebit@ of thbere‘gi@ﬁti@t ienrh@diaeely hl@t:atdmemd%ubmbr aé@Ystallized
are unsuitabl e for making el ectronic conponents. Thus,

faxerddE type methods, if they actually allow the

lim tI"h@?e EORRYerddry a?é cgﬁé’@d‘ﬁ cb%rt?ﬁné Bﬁf&ﬁﬁlﬂldhnasﬁpear during

substra are associ ated w ain
Tlh\@an’@rphwatubn step anmd/ehichadevietop dudngy thet teerystsitizdtidn $tep.

of g t|n f thes imtations t hi
o Thess FOR deehdansinsrep e e avate Sleatia) apbggantes and
fn%re”ﬁéﬁ‘h@@laﬁ $hé YROMIE &fot'ﬁ%réeﬁ'h@% 8t tHeeéglf)stPeﬁ@ ‘Fd“'sB that these

ayer on a supportlng substrate, remarkable in that It
isnbbuiaies axe unsuiableter miaking ejectronié @ompo)gneﬁtsom sai d

ti t,rat d te
ot PoahlcfecsibE kst 5rétndds, TElnsT st Ay Hetinpiting, squbiity of
Hoyahty fol BeincAsERedGR 2 Qb Rtk Rssdebesd \ﬁltﬁ'&,@rtam I|m|tat|ons
i mredi ately | ocated under sai 'd anor phous | ayer,

secoﬂ'bec(rty%@a?fl thadnyeption isdedtiel the) peasibilinet Q@@HQ [ l’tﬁhOf these
FTblIalﬂﬁ nternedi ate structure, - bonding a receiving
e on the upper face of said internedi ate

st r ufbrttes puRIBRe, BEdtdreofdiy@to tHe inkenticH, & Methadd & proposed for
structure in which point defects have formed so that

W‘ﬂ”%ﬁoﬁtf&%‘”§ qo&?@l's"ﬂg) ehieasheng perlayefyt asuppaging substrate,
Qh%ﬂfﬁﬁé G ﬁ1aﬂt |Hﬁﬁ&éseat I-gggt ngrét{gﬁ%‘hﬁ obt ai ned

["fow ng t accor e invention all ows
the sulfetmirige ftcom beaidopegpbeingndublstrata na t sevgalled intermediate
sol ubi lsltltl.}é:tl?rfe éoﬁpr?s? ants.
o an amorphous layer,
o a first crystalline layer containing point defects and immediately
located under said amorphous layer,
o a second crystalline layer located in the lower portion of the
intermediate structure,

- bonding a receiving substrate on the upper face of said intermediate
structure,

- removing the layer of the intermediate structure in which point defects
have formed so that said amorphous layer forms the upper layer of the
intermediate structure.

The structure obtained following the method according to the invention

allows the substrate to be doped beyond the limiting solubility of the dopants.

Further, the dopable substrate does not include any point defects.
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Further, the dopable substrate does not include any
poi nt defects. The anorphous | ayer is forned either at

wo bm7am76ace of the intermedi ate structure, orPONEPING7/052372

i nternedi ate structure by depositing an epitaxied
crystalline layer followed by total or partial

anor phi zati on of said | ayer or even further by

deposi ting an anorphous | ayer 4 for exanple.

Al'ternatively, the anmorphous | ayer may be made in the

i nt ed hedarapphousayerr s %@mﬁﬁa@theﬁ Eftdhﬁsﬁttl’fﬁ@e@p@le intermediate

LBl et Bl P st SRR AR ISR Eh cPitakidE crystatine

iR ITOROWEE byt tbeal DY aptiglusmbiefatiop drestid ilaydri® even further by

intermedi ate structure so that it forns a buried
[dgpesiting a@oaraarnf@éusd@wretprem@frmﬂ%us | ayer, imediately

| ocah Qrﬁéﬁggfweﬁ@haﬁloﬁ'@ﬁ% ?5))/e?t dy' B8 hiave' id CEﬁélt fAtbrmediate

portion o ht er vediat & structu
Btrelf:turaisb)thait |h&)rmmmap@rlla5eerthessoe¢mmdrmdfdm amorphous layer
antl n ecies in said supporting substrate. Prior
eh@t f‘gﬁﬁfg SrStGHYeng t he receiving substrate, it

i ncl %@@éro‘ﬂwg“tSParf&ﬁerd%ﬁbﬁ%tﬁ/Be tI?éTDJrﬁJ?l?)‘g’g)uEal%é%r BY made in the

i npl ant1 ng Species through the u said
umteeménétatﬁnsiummm that Af tferms ha bturm;ds layer, frsa-aglled buried

tPHBUY dnkos, FBeeRlEly HofReEh SpbFfeet o idn dystaline layer
iesa1Bdin tedupdrPorfiéh bhtheShePmicdiatdftdicigea recei ving
substrate, it includes a step for doping the anorphous

I ayePr@?l’ab‘rﬁl thetamerpheusilexer l$t@d§>t®lﬁgdrlﬂyslmmmtm $REdies in said
t Qayer are activated by applying a heat
pégﬁmﬁ %ﬁgk ‘recrystallizes said anorphous | ayer.

Sal dPhieato theestepefor boadiper therreedivires sessirdtolit atudesda Step for
for one to two hours. The step. for renoving the | ayer

@Pptrlﬁeth%%}qﬁ%'aﬁ’t!ﬁ E‘Y§f MYC'(“Lm@”ti'WQ AREERS ﬁB"%’th@?e%l@%er face of
cﬁmfté} tb%tMcﬁLSr ably obtained by creating a
we

akened zone € internedi ate structure and then
by amftle_ythegsmpsdesﬁxmlﬁ'gwmesamp_r;ﬁhnusrIemalvan@ retnevingytae layer of

Rl dntpBrAUAa Y @ RevGT e nbHees HeVaBsiora brior to the
SRl Bendgaadoate dL0arie, [0aahesy @ ep oy doping e
@marpbous layer by implanting species.

The dopants implanted in the amorphous layer are activated by applying a
heat treatment which recrystallizes said amorphous layer.

Said heat treatment is performed between 550 and 650°C for one to two
hours.

The step for removing the layer of the intermediate structure in which point
defects have formed is preferably obtained by creating a weakened zone in the
intermediate structure and then by applying stresses.

The step for removing the layer of the intermediate structure in which point
defects have formed during the formation of the amorphous layer is performed

according to the steps of:
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internmedi ate structure so as to formin the
i ntermedi ate structure, a buried weakened zone, -

weamsitget racture in the weakened zone | eadi ngP€DEP2007/052372

det achnment of the upper layer of the internedi ate
structure. Moreover, a structure i s proposed,

consisting in a substrate conprising at | east one thin

| ayer in an anorphous materials on a supporting

substrate, remarkable in that it conprises a receiving
subst r dmplaniingenens| orc (gast SPeries thrpeghake awpper layer of the

oD ek, SR eSS a8 PR 1L oy st o

any E%arma,v@@kéﬁedjﬁr@ts And a structure is al so
proposed, consisting in a substrate conprising at
| east d?r?élsf"egc@'?@‘iuﬁ@ I3 (b8 yeakengd zae lﬂﬂgﬁig Hbﬁ@FPChme”t of the

cryst aé&%ﬁt'@%%@@%rﬁ&ﬁéteﬁmﬂ\ée any EOR type

poi nt e Tnt sai d doped

cr ysividreover, bagtrrctiras's gproposss) tcoasisting af adsybatrate comprising at

Iar%er thﬁ r equal to 1e2hﬂpt/cm3 O her advant ages
RPL Q3] UPISs Iayert e 3N ndRMRIAYSHMFIe Rl B pBYRRATING substrate,

@QMP%IefH R{Qttlth@orﬂgﬁé‘éé Qtréé’élvmg éﬂﬁ)sfrﬁ d, %erﬂgal%‘?)yﬁémhe layer

alternative enbodi nents, given as non-|
exdnt esiorpiiowshEyeet daid recsivngisulpstrate, Hiree crystaltine layer and the

W t h efe ence dr awi,n V\,hereln

ArtatphiiS e figt Raling AP AER Tins ot obedl e e

al r eagyd PR Widohpropose8NEsndistiridm &tsabstrafe EMRprising at
art: - Fig. 3 is a schematic illustration of the main

deagionef recaiying: suosiraterandern ngpar sapet carsialiine daysirmghich does

tnﬁ?)tb%% #&y%@ﬁqgge ;g)foﬁtgqelfécg%s aq?n %g{@%'tﬁaf n%é gsot m?%b c??stalllne
umrrnatsrmdorﬁwntrrmbhrm depanizsibrgyrehas op édU@lQﬁOU@ZO"Hilcm
invention, - Fig. 5is a schematic illustration of th

mai n@'ﬂ%"p@ddﬁ”?%écé‘ﬁg &qtﬁﬁ%ﬂfvweeﬁ%\fﬁﬂt'ﬁﬁnwnbquwe better
%E)b Rcht foﬁ'orgf‘gfh'ég Iacsa§é+ at WhithCo (ﬂl'owg t tg@v?ral alternative

vention enratlc | ustra
reenbodinepss, @iven akirnon- |HhI|tIBg rmdalnvpdesarmfdtiienaethomif actdmdlng to the
a substrate acco

TRER ot TEfgenge & heicesndidsih, dpdisisdmliereingdn addition
SYFIRET AR 2 Gl WBICRHomMBhBMH Al é]l‘baﬁﬂ%éér?ﬁwa‘de':\kn% ré?erence to
is a graph illustrating the concentration of inplante
dinesiade of the art:

- Fig. 3 is a schematic illustration of the main steps of the method for
making a substrate according to the invention,

- Fig. 4 is a schematic illustration of the main steps of a first alternative
embodiment of the method for making a substrate according to the invention,

- Fig. 5 is a schematic illustration of the main steps of a second
alternative embodiment of the method for making a substrate according to the
invention,

- Fig. 6 is a schematic illustration of the main steps of a third alternative
embodiment of the method for making a substrate according to the invention,

- Fig.7 is a dose/depth diagram of SiGe systems for different

implantation energies,
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versus the depth in the substrate. W shall describe a
preferred enbodi nent of the invention in which several

wa@bkdoenoasi ve enbodi ments may be cont enpl at ed. PCT/EP2007/052372

Al ternative enbodiment with a buried anorphous | ayer

and renoval of point defects with weakeni ng by

inplantation Wth reference to Fig. 3, according to a

preferred enbodi nent of the igvention, the net hod

includes a step for inplantin pemesBl(Fl . 3b)

f ronr t Hdgupéra fgiseh dﬂuﬁr%lmlgsg@fi@n@t(ailo@ Oﬁa)“p@@t%ds species
us layer 33, with reference to

&gﬁgu%@e%m r]rg}eaﬂg)fwfgg exanpl e has a general disc

shapgvawdtedl gss@iists o préfehedi émbbaim@hhtr efttheninvention in which

Further, in the follow ng text, er face, i.e.

tsﬁéeﬁ%ﬁlt@'f”att'l%@ empadimgpts may hesCQﬂé%WP {8 face which
receives the first inplantation of species 3 1.

Substrate 32 is a sem conductor material such as

si | i pdternétide epsisoditnéntiwithya fbmm@bm@rghb&sﬂ'ayet and removal
the i npl antation

: : QAN ot ain at the
Surf‘?\‘h‘ﬁh ‘?Efe‘i'&“r‘ceg"ﬂgslflgaﬁeaégoro% QS'é’g)réfgerréd“%mbodlment of the
crystallinity of IS not change he i npl ant ed
spusrition, Bel mettiocdindwaes agsteméorbmplanitlmpmeaﬁﬂ &y@r3b) from

i wiinen TARE oLt D 5717, 39) 7€ RerarlBE  berlgd aorphous
RT3 With referaAce! RPEIg. I3@yer 34 whi ch has remai ned

crystalline, of a buried anorphous |ayer 33 |ocated
undeSUbﬁEa@p%rfobleyétT@ﬂQ hae a @;aeeraézrilswshap@erm'@lalextends in a

Sl RSl e AN Bt B IR IR . o oo

alﬁ@rsmib@tratd 3gelis 314e@ri’tdth@ fapeewhivhy Bé@ivdsnehd diystrindfantation of
These poi nt defects are interstitial Si atons, they

SOPEESpYnd to defects of the layer 15 of Fig. 2c-2e

and [ EOR
0SB 6 catfeniteRR Al imasgytas Sor

specAasi siib'éc&as;cm asaytfor emaraptda/hms Sphosphor us are I ocal |y

nt e inthe full plate ho
33 t g tt?]lé)rhﬁi‘)'ﬁe? 'il:lé{ (l_,qye(rhég,l h}ee,lrﬁlg n tg)%s pare}/meters are
Tohttblidd fh SrleriOnetaanat e Q%a@SFth%si@&tl%rt@ 3bhane glon 34, the

i mpl anted through the upper face of e substrate
asystallinity of whichhie netibsamgadeby thebionplantedesplesiesd3 one
39,

After forming the buried amorphous layer 33, the supporting substrate 31
has a so-called intermediate structure 32', with reference to Fig. 3c, consisting
of an upper layer 34 which has remained crystalline, of a buried amorphous
layer 33 located under the upper crystalline layer 34, of a central crystalline
layer 35 containing crystalline point defects immediately located underneath the
buried amorphous layer 34 and a lower crystalline layer 36. These point defects
are interstitial Si atoms, they correspond to defects of the layer 15 of Fig. 2¢c-2e
and they are the cause of point defects of the EOR type.

Optionally, with reference to Fig. 3d, dopant species 37 such as boron
and/or phosphorus are locally implanted or in the full plate in the amorphous
layer 33 through the upper face of the intermediate structure 32'.
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illustrated in dotted lines in Fig. 3e, according to
the Smart Cut(tn) nethod as described in the

w@ebiiedasi on, " Silicon-On-I|nsul at or Technol ogRCT/EP2007/052372

Materials to VLSI, 2nd Edition " of Jean-Pierre

Colinge by " Kluwer Acadenic Publishers ", pages 50

and 5 1. In zone 39 is |located near the point defects

of the layer 35, forned during anorphization. This

weakened zone 39 is forned in the |ayer 36, near the

| ayeforgsanc{at gas specifisl 38 pee Swminmplasiedoihrough dwesupper face of

i isufudle, nOces 38 douricit e SupEhAE. Lol ukFRTR] 28ne 3o,

(wistriatdy s doged eixebUsirig! $e, hetardm 3evocthessw¢drv cut™ meghod as

co-inplantation with at | east two fferent atomc

sisserilead 'ﬂoﬂh%x@rhilcét'%@dﬁ‘o%@ﬁow suiaien Wﬁh@ﬁbeﬂ’/e Materials
it gddl y nt e eter

T B B B A P P PO PR, SEkNpyer, Agaemic

ﬂutﬂnsl&mnrplmgepaﬁoamm Bls of said species inplantation

are sel ect o forma we ned ne 39 der ,
The Tersne a9 fadled Pghr MR BoiRbarTeD of Padaiss agormed during
lé(mﬁ‘r Rizatibhe weakening inplantation paranmeters nay be

selected 1n such a way that the weakened zone 39 is
| ocailbis weakéreed zord B@flstfbﬁn@@urmtthejla‘mﬁ@ BBar N!Badayer 35, and

iRl R RER e eftond foe Boritol b daiaist b geacha.
i nt emARGWabRerfihg Weblingativh st'@)b @f@fbré@l?fé}imlbéteﬁw fRsiaRtation (with

In the follow ng text, bond |n? nmeans intimtely
tyAregar @gﬂlﬂfbﬂée'b/eh@lum ﬁgclyawg Y at)ed £0-igwplamation with at least two

P nietiescfor el BtoRGn 3 Melpby Which are

@@hh@ﬁ*ﬁally-lrrqblér&éw ryelmmb@mgl preferablyrimplented befte hydrogen.
recel Vi n% substrate 40 in senm conductor nmateri al,
|

such tawilsbe @PAEdsiatdBelhis PRINPIR: aREERTE Of said species
%blé fo% §|7e sefocledf 8 28 t%“fo?rﬁoé%ié BBt &g rr the point
to WHE

in or a connecting |ayer on a surface
tdeéeotsnBérofmiieahedmte sictictuee 32". and/ or form ng an

connBOMEgT bk eRIg, imREBIEon: RFATERs 3oy bg selected in
SHBRS A& Mhromd weBkérdd RBnkNso b aes AfthkMRvel of the point
respective connecting

defects 35.

Next, with reference to Fig. 3f, a receiving substrate 40 is bonded onto the
upper crystalline layer 34 of the intermediate structure 32' by any appropriate
means.

In the following text, bonding means intimately contacting the receiving
substrate 40 on the intermediate structure 32' in order to assemble them. This
bonding may be obtained according to different methods:

- directly contacting a surface of the receiving substrate 40 in a
semiconductor material, such as Si, with a surface of the intermediate
structure 32',

- forming an amorphous material layer in order to make a connecting layer
on a surface of the intermediate structure 32' and/or forming an amorphous
material layer in order to make a second connecting layer on a surface of the



10

15

20

25

30

| ayers of the internmediate structure 32' and of the
recei ving substrate 40, - form ng a bonding interface

womorhet7sur f ace of at | east the internedi ate SPCUEP20TE052372

32" and/or the receiving substrate 40, - conbi ning

both of the latter methods. Accessorily, when bondi ng

the receiving substrate 40 on the face of the

internediate structure 32', the method according to

the invention includes a plasnma activation step in _
decrivingsubshiatec40 end denitriting the susircesvof thenktspectite gonnecting

VY L BIPRLALN o SIPRRSE dpo U FEERAEIS G
strucfarhinga bosdidgtiamhRdeadn the suHake g itZeast B8 intermediate

accor di %%'to the Smart Cut(tn) nethod, by heat

stragtue 2 andobthaameeMing substeaiedd, oOne then proceeds

with_ [ of the renaining

cryst gp@ﬂ*éﬂgg)bgfogﬁeﬁﬁ%%%@%m ate structure 32',

for Acaeparily,byherdosdivly thechezmivirg sobstnatel 4&lon the face of the

pl.anarization (CMP)_ type nethod, until the anorphous
rifanedsts sHEtRe il Telyen dseordg i Be Bt Moludes a
?ééﬁﬁé Wchvation %t@?riﬁ R¥d&! {07 RREAROthENSo iR afa dilb@NtriRsfer at a
rystalline defects. Wth reference to Fig. 3h, a
flowert tehmpeabtusa ifstacaseaiys obt ai ned, conprising a | ower
recej,Vin ubstrate_40, a central .crystalljne layer 34 .
and MtI3RETHh A ERoPendie Gristaling3RYpde,RL g, ntgrmediate
Sheclpel B2 Stedehrheloht Yole ResskaRU Gomed 3anthdcbrdiRg to the
oal is to obtain a final highly doped crystalline

mard Gute, medhethtby Rgsd diegdment ard(en apRlyingr $resesd/ or
phoseﬂ]%r H’?er?:pygéégqsawit dab%ﬁ}rﬁgﬁ?ﬁd’ ?u@r]fa@éeéf gﬁ?elr%}’naining

means of Tréc I zati on pertorire

tchgstaltiep Ay sfopengtdrieditergheusel 3 efor Bkangple hBYy means of a
st rai_ght avva% after form ng said anorphous | ayer 33 or
sheencalpingr @W@alt plangrizaions (GMP)stypst mgthod, Wintih the amorphous

VSI6 S9SFyh 10,y 08, I Srhstet Fghdle 02 tnorey
elimysating thleezovie 3eacdh iragrystallber defgetshi s _

o VRl op BT hoM b 5085l 8PS56%R comprising -
ISREANRE NS, 364V LR ATRRRUNIG R 34 an upper doped
amorphous layer 33.

Optionally, if the doping step has not yet been performed and if the goal is
to obtain a final highly doped crystalline structure, dopants species 37' such as
boron and/or phosphorus are implanted in the amorphous layer 33.

By means of recrystallization annealing, performed after the step for
doping the amorphous layer 33, either straightaway after forming said
amorphous layer 33 or after obtaining the first final substrate, with reference
to Fig. 3i, the amorphous layer 33 will recrystallize from the crystalline layer 34
which plays a role of seed layer. During this recrystallization annealing, the
dopant species initially implanted in the amorphous layer 33 will moreover be
activated.

This annealing for recrystallizing and activating the dopant species

comprises low temperature heat treatment performed between 550°C
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conprises |ow tenperature heat treatnent perforned
bet ween 550 Cand 650 C for one to two hours. It wll

wheooochessved that the recrystallizati on anneal POOEP®07/052372

performed wi thout any formation of end-of-range (EOR)
type point defects, the point defects having been

el imnated during the previous CVP type abrasion step.
The thereby obtained substrate, as illustrated in Fig.

3i, conprises a |ower receiving substrate 40 on the
@nd GRNE, faireneato dypdrourspdavidrie olserves thay dhe gegrystallization

aedlE o PR, S SOCT Bl PBF R bR IERR pe point

tdefertorthe ot defedte Haviry Isedh elidimated aulsg tHad gravioldbCRIP type
to receive CMOS conponents such as transistors for

SR5P§IPR StAM this particul ar exenpl ary enbodi ment, the
rece
e T e e e p
eabaidingestbstrdt QOSomf&eeoaenhmhnuandaa@rummﬂ depey adrystalline
f poj nt efe W th weakenin i mpl tion
Texdiidi o e, STt e etido dore At BEve ABY ERB i Roinkefect and
KA 3
B RS BB atdh, of B IS R o RS 0By s
of aSsigbst sulistrap®ig #lg to 4egeiven C(M@Srcotnapdrtﬂnts auslups dra@sistors
3 %)F u]s | ayer 53, with reference to Fig. 4c. The
ApStFH'E 52 is in the same way as earlier, a
sen wmﬁt@%@mcm? eéxewép@.&gﬁen%dﬁhémcqne r’é@@nﬁrng?vsluaétréte 40 is
1 may for exanple In order to obtain surface
S pH G0 th@@pp@s‘ace ﬁéthmteim%tatgﬁtw&ﬂﬁﬁéi%r s are
controlled in order to retain in depth a regi on 56,
the crystallinity of which is not changed by the
i mpl Aeedatipe entisodindent! withid kuﬁ&cé@hﬁ&% kayer and removal
annrp ous ayer 53 my al so be Irectly deposited on

ple : implantation  ace anor phous
Iayer 53 t he supporting substrate 52 has a so-called
internmedi ate structure 52', with reference to Fig. 4c,
corrpAicsblmijﬁgantwmmrthesrurefmla@Iiiamt pobubel aypentibB, with reference

iﬁ%ﬁﬂ Shiteiog BERE d siRh TEOMPIRE Sorcies adr E4g 4b) from
gbpélefa%b' 6f'eﬁ§u!§>tra%f§ QEFid. h%ycj Jrggi‘dé?sc@%ﬁ'n BOsdrfe amorphous

cts of |ayer Fi gs.
Iayer 53, with reference to Fig. 4c.

The substrate 52 is in the same way as earlier, a semiconductor material
such as silicon.

And species 51 may for example be Si.

In order to obtain a surface amorphous layer 53, the implantation
parameters are controlled in order to retain in depth a region 56, the crystallinity
of which is not changed by the implanted species 51.

It will be noted that the amorphous layer 53 may also be directly deposited
on the substrate 52.

After forming the surface amorphous layer 53, the supporting substrate 52
has a so-called intermediate structure 52', with reference to Fig. 4c, comprising
an upper surface amorphous layer 53, a central crystalline layer 55 containing
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Wth reference to Fig. 4d, dopant species 57 such as
boron and/ or phosphorus, are locally inplanted or in

wo b@7fied767 pl ate in the surface anorphous | ayer PGBEP2007/052372

t hrough the upper face of the atom c structure 52'.
The internmediate structure 52' then conprises an upper
doped surface anorphous |ayer 53, a central
crystalline |ayer 55 containifig point defects, and a

| oner crystalline |ayer 56. By recrystallization

foidalafegs anidtehlower ersialiine dayer $§6. 4hese peing dpéarts are interstitial

H ;? i@ﬁ% Y rg{%ﬂ—%ﬁoé@\/% eS%ef‘é”Figigﬁ ?ﬁ%yﬁ) ?{eﬂ_— iig : _e%é_ Hgm t he

| ayewvittDuefarenédraor Eay. st adidparat spavies erlduat, ashboron and/or
dopant species initiall ¥ inplanted in the surface
Rhesphoys. pES Kcaly implantedief ébihe fulelale: inviheexfargi amorphous

. T . ing the
BN Sl L riasyant Sebut 199 |1e

t r eaThe nintegrarddiateestrinttnec6p’ tHeh Compds€d@nCupper doped Gurface
t wo hgurs therebly obt ai ped sub%%r at e,

ANYLNPER @}’Q%%?g‘?enfigﬂ,' CBSRIINS ey L&%E?inﬁlzlp%”t defects, and
& perkhstRlih@¥skr 86. @ central crystalline layer 55

contai ni'ng pol nt defects and a |lower crystalline |ayer
56. Byrreceystillizatigasarssadingswil rafesendeeio FigpHhrihedoped surface

QB BV RE ML PG Tt B TBh e e SR i
doPedicrofstabd i [Bgel. apaFing Tthel kddt§btafiz88on Nakkddlipg, the dopant
lines in Fig. 4g, according to the Smart Cut

tm
Beehied iakiathe yoplaptad innthersuriags arvatnhews layer §3, will moreover be
%ic't'{./%gﬂ' On- | nsul at or Technology : Materials to VLSI,
i5d rtion " of Jean-Pierre Colinge by " Kluwer

Acadghisc drmehlingefos fecrpstaliging0 amad atitatinthehgodepa® species
is located near the point defects of the |ayer 55, .
COPRSES dir AnlPWarkBPpeTaite dicatTHeatMRRK PrREATREAcDEVgen 550°C

hﬂp;‘@%)ébqopBﬁﬁg?)é&ég%ars_near the |l ayer 55, and, as it

seen n, allows the portion of the |ayer
56 t dhbethéedtac bbthinddhissibsratee s dlustrptehiratfiggst @mprises an
i.es an inpl ant

BBl aP0et P VRlnG MBI s G ChestEling Ve B9 EpBiginipg point
Hofdd8ahdlaBWeh Lpfealindi/er sespeci es, for exanpl e
hydrogen and hel 1'um whi ch are sequentially inplanted,
hel i lonsbendigr gpeefspesalsisy58 arg drereunplahiadethhgugtothenupper face of
the substrate so as to form in the substrate, a buried weakened zone 59 in the
doped crystalline layer 57, illustrated in dotted lines in Fig. 4g, according to the
Smart Cut™ method as described in the publication, « Silicon-On-Insulator
Technology : Materials to VLS|, 2" Edition » of Jean-Pierre Colinge by
« Kluwer Academic Publishers », pages 50 and 51.

The zone 59 is located near the point defects of the layer 55, formed
during amorphization.

This weakened zone 59 is formed in the layer 57, near the layer 55, and,
as it will be seen later on, allows the portion of the layer 56 to be detached.

This weakening implantation step preferably applies an implantation (with

hydrogen exclusively, helium exclusively), a co-implantation of at least two
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It wll be observed that in this exanple, the
paraneters of said species inplantation are sel ected

W@ 003404767 f orm a weakened zone 59 above t he pOPEIL/EP2007/052372

defects 55 of the internediate structure 52'. Wth
reference to Fig. 4h, a receiving substrate 60 is

bonded onto the upper doped crystalline |ayer 57 of

the intermedi ate structure 5214 by any appropriate

nmeans. Wth reference to Fig. 4i, the crystalline

different catamic t srediesieforsexeonplai Mydtpaame aisl nhelwet ewhich are

Reak el Fin e Fo B SRl SelitaoGifeleFtF BBy 8y thSen.

et hdwillblye RBRENIgE atantthidneXarhplap phey ipagarsbteds S said species
One then proceeds with a treatnment for finishing the
ippENtatigieatss selretegope @sdpyierm) a we@kpa96r205l¢ 5QI\»GPHV9 the point

ro%ff&ftE%?seofttI‘?e ﬁit@rmédlgteastf%&éﬂéa spibstrate consisting of

ower receivin and an upper doped
cr ystMtH |rerﬁeréra;eeto Fig 14h, odotraceieithg substrdtée 61)3|snd»baded onto the
nthis aI ativ di nent of the netho

t hat
WPB6E dlahed SPTaliTa aren 57 ohne HRETMaMats STt E2 by any
ta‘bﬁpﬁ%rfaq’é'ﬂﬁ‘@a direct silicon bonding (DSB) including

doped zone without any EOR recrystallization
of tM‘étmrrequhocs toaydg. 463 the pystadineedayssf O6eand athef dayer 55

AP0 ineD: DF L ARl Of B reRnocitle SFuftife, BoFHie Hptachea at

ttl'i’@ WRERERE@HENE %%cdoﬁduﬁgrté SidBthar Ca™trhethotans heat treatment
where accurate control the heat treatnents was

eedduRnplying gEesses.avoi d perforning heat treatnents at

t oo Ejn%htltt%nB%ct%teHEe\Pltlﬁg g,r gtn%ﬁ fo?rflr}‘?‘éﬁ{lhéf Qhé rlﬁarpepeface of the

dopi BELTvVed

ajobeﬁroaystgmn@rm@lment a too high heat bal ance shoul d
not be appl ied, preferably a heat bal ance | ess than

400- Bth cTpeangese kige4h fivali sl erasisting pharigwen receiving
errgéﬁét%bé@aﬁ& ah& rPSPMP H%ﬁléﬁrqyété‘lhﬁ@ 'Ia;/e?l5t7q§ RtdiMEd.

ment, an al'so be provi ded
for Homdl rge Addted nidotait, v én dhtsodaltematlvm embodimenedf the method

R URE SR, SR B s kS B oo by v
aiReA! BBRYINGT (DBB)! MERRIAPL™ Mk tBHEH eRsHe tWithd & aRy EOR,
recrystallization of the amorphous layer 53 is performed before transfer onto
the receiving substrate 60, unlike the previous alternative embodiment in which
recrystallization of the amorphous layer is performed after the transfer where
accurate control of the heat treatments was needed in order to avoid
performing heat treatments at too high temperatures before SPE for activating
the doping.

Thus, it will be observed that in this new alternative embodiment, a too
high heat balance should not be applied, preferably a heat balance less than
400-500°C because the activated substrate remains in a metastable state.

Moreover, in this alternative embodiment, an insulating layer may also be

provided for bonding.
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the nethod includes a step for form ng a weakened
porous layer 6 1 (Fig. 5b) on a substrate 62 (Fig. 5a)

wobigitmged7 i n a senm conductor materi al such as BCT/ERIIN7/052372

Wth reference to Figs. 5c and 5d, an upper
crystalline |layer 64 is deposited by epitaxy 63 on the
weakened porous |ayer 62. The nethod then includes a
step for inplanting species 6ﬁ2(Fig 5e) fromthe
upper face of the crystalllne ayer 64 SO as to forma

o B 6 vithya o : S layer apgl removal
) oFder to obtain a
t—T-ay e Te—nprantat o pataneters are
controlled so as to retaln at the surface of the
substrate, a reglon 67 whi ch substantially do not

r ecePEORIRD higd egrhodinest of hennMgn e With reference to Fig. 5,
6
P e S B BRI e o0

mnpr ssbstcata 6P EIg. 5@y esbt@inedhircla Bemicordmicttrdmaterial such as
stalline, a buried anorphous | ayer 66 positioned

@H @Pneath the upper crystalline layer 67, a centra

crysutd ir8forbA¥E tob&igBLabRlNgd PANupHef &5V StaliRe’ et 64 is

| ower cheté ﬁ?’lneO a&%? 69, a weak e]neg6 o?ggsa 5 yé !

Hepndited by epitaxy 63@n tbeymadelnedqodrayelayewzom i onal | y

ith f t Fi t
s baPEaRRdneRBLfHes SestolTer PRANIGH BhsFas A%y 5°) from
itie tUppet Yhte BF AHE dristhiiBe 38D hatsrfofh & IB)fuﬁ'ﬁikéghamorphous
t he l&ger face of the internediate structure 62

wdthirgjesenes ta Eig: 8ér eby doped Wt h ref erence to

the ShesFSAEBYBTBAHESHERE OF (he interncdiate

strug Lﬁr@e:ﬁio dbtaignyg lMEd Pyett 66 nmsmpwrnétudrefpermeters are
to Fi 5i, the crystalline layer 69 or th

icRnEpHedisst as §@ radined te: sqr@cge@fag}eegugqtrqtﬁeazr@gg)rbﬁ7 which
tsGBsi%ﬂdeand{) rcgéd\}enawﬁggaggggg stresses. One then

proceeds upper surface of the
r erraiAnfteng)rrmryg;tnd buned lampephtﬁ&‘ lalyet 6@, thetsebstdtcahas a so-called

struct X a a chem nmechani cal
SRR R SEvot BT B SSTtnGR Qe PhoRR RIS bper layer 67
WHREPNRMS remained crystalline, a buried amorphous layer 66 positioned

underneath the upper crystalline layer 67, a central crystalline layer 68
containing point defects, a first lower crystalline layer 69, a weakened porous
layer 61 and a second lower crystalline layer 70.

Optionally, with reference to Fig. 5g, the dopant species 71 such as boron
and/or phosphorus, are locally implanted or in the full plate in the amorphous
layer 66 through the upper face of the intermediate structure 62'. The
amorphous layer 66 is thereby doped

With reference to Fig. 5h, a receiving substrate 72 is then bonded onto the
upper crystalline layer 67 of the intermediate structure 62' by any appropriate
means.

With reference to Fig. 5i, the crystalline layer 69 or the intermediate
structure 62' is detached at the zone of the porous layer 61, by applying
stresses.
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| ayer 66 fornms the upper |layer of the internedi ate
structure 62' (Fig. 5i). Optionally, if the doping

wGet@p/1vas7 not yet been perforned and if the goBdT/ER200D052372

obtain a final highly doped crystalline structure,

dopant species 71' such as boron and/or phosphorus,

are inplanted in the anorphous | ayer 66, with

reference to Fig. 5i, therebyqglimnating the zone 68

rich in point defects By recrystallization annealing,

wi t hOnef é?&ih@éOQQﬁd‘él githsabradig d'@@etpwtﬁfﬁﬂ@s of gtl;@rremalnlng

s\éf%lll b? é@? (l;le ﬁgerrh%giegg 5@8&%% lf(ﬂe %aﬁ?@ t§5y7a chemical

nesdhedlice | pléabrlﬂéitloﬁIﬂF(GMPﬁgypé heethoRaintis ARSI 6§ped amorphous
initially inplanted in the anorphous |ayer 66 \

hdres Shciorme t'&%tJPDQE leyerraf fé‘edﬁi‘?é@leﬁf?éefSHHCture 62 (F|g 5i).

recr

o P hpl e bIRE Ll oot A e PR B LR TS goal i
%@b@lar’edﬂﬁ@(h@WOHopEdecrlyetallm i;towtare Idopant kpéeies 71' such as

bserved t ha s recrystallization anneal
FraneonPhasBRoy AT, FaPBEdoIn A, Smoritys Byse 66, with
PR AlEIcPE S5, Witob T LAl inBanBaloR Ak pALE Bl
t he ECR def ec

tS having been €l ninated during
abr aByomesnysiallzatibor madealmu ol yefeTerrce hior erg 5| the doped

S GRBRts TERADYTL raseys B 1 fle Siviinlibe 1GGHRE/ WHich plays
ey Stofd | dfnSed@V8Yer! 3Dufisg aBise résryseMpatien Mdealing, the dopant

conponents such as transistors for exanple.
Abeeiesanitigly enpaatesdnthaammoraheus leyeetamill prasaeverdyeactivated

por ouc 2g1sethadet Hort e BehSdld foh BB ohRR? Safties gonsists i

ianvantehfperatré hebefres@emsae peefobingd Batwbee 588tO ethd 650°C for one
i ncludes a step for form ng a weakened porous | ayer 8

o (). hass. dh \w"saespb%@@eéztf@t. His 6"&)‘3"36?6@'!#51‘{@51 ,qﬁmgalmg is
u [ S I r
i R R R TR R i
depstsliibedpdiyt ejefecs ycaBimn thbeE@Ealdefieds pim\olmgs H)@rerellﬁunated
1. The t en includes a step for inplanting
Qa@egégeggr?%t@f@ste@ese#qrmﬁdtW@Vwﬁafr face of the
Crysﬁ'ﬁb'th@?edyabf@tralr% 'sﬂ‘ ? |Ilh§tr§l‘érd”inaF§““51;3&ﬁn rising a lower
anmor phous | ayer 86, reference to pe0|es
8ecmlgngfaubsémema aml an upperodaeed taysibline nlages Uidf ageable to

FET&i0E WO%‘%’ errﬁpc?r?éntg gﬁcﬁ ngltraarﬁts?ttors'}or example.

Alternative embodiment with a surface amorphous layer and removal

of point defects with formation of a porous layer

According to a fourth embodiment of the invention, with reference
to Fig. 6, the method includes a step for forming a weakened porous layer 81
(Fig. 6b) on a substrate 82 (Fig. 6a) obtained in a semiconductor material such
as silicon.

With reference to Figs.6¢c and 6d, an upper crystalline layer 84 is
deposited by epitaxy 83 on the weakened porous layer 81.



10

15

20

25

30

paraneters are controlled in a way well-known to one
skilled in the art. It will be observed that the

waewrpoes surface |ayer 86 may al so be nade bRCT/EP2007/052372

directly depositing an anorphous |ayer. After form ng

the surface anorphous | ayer 86, the substrate has a
so-called internediate structure 82', with reference

to Fig. 6f, conprising an uppgf surface anorphous

|l ayer 86, a central crystalline |ayer 87 containi an

poi nilheghetod, thenfinelyges eysienifor eplpaijeg seeciea 85 (Fig. 6e) from

76 EPa” oot B RS A8 A A s s PR A SRR Uforphous

Capestied, Witherefetgace 88FrRp@fa second crystal line |ayer
89, a so-called | ower cr stalllne | ayer. Optionally,
wthSPQﬁ@S&%@aVJO'F?@mB b&i8pant species 90 such as

bOfO;hu?(F]ﬂéf’app%‘B%ﬁgéu%rf & élﬂ%@iﬂ Ouiﬁl{e‘?négd gé Ifplantation

t he ein e sur ace a ayer
tpla:ramgters laee ?ppteolldoamea why twel- Ikmttvm tr,edmaslenleu firu theuar.
surface rp ous | ayer 86_is therehy doped.
By + bob] SRptsesind B BRI oS PYTFACRRY P B N3 Ep e made
leé&ﬂy%ngltlﬁ HrasRofIAYURNANKS | ayer 86 will

crystallize fromthe crystalline |ayer 88 which
pl ayéftehedforming dlfie sagthdeayemorpbaus nlgyehi86, the substrate has a

t I t I d t ' -
A B et SR B S £ e, D 150 183y epmpgising an
Wpkr MRIFfBeY eimB /s ?bﬁ‘% 'a“'cénﬁlﬁn@ﬁ})stml%é Pdyer 87 containing
recrystallizing and activating dopant 'species in the

mﬁ defgctas adirst/ crygtalline leyrsidst @ scallemhutiedsersdaliine layer, a
Uk ktehéﬁwégﬁ A5 Sgyéfhgqeﬁgg?éﬂgg Bg?égmgaﬁpdsa?c? gli)l.ﬁ‘ Joo rcrystalllne

al hed subs

ildyerBy @icd sedofd grysdlline fuyRr 89¢es sarcalled eowdpmétallme layer.
crystalline | ayer, capable of receiving

conp&irdignallys ywih d’@fqr?ﬁ@% ita tfje s69. o?joléadHnﬁfPQé“e% 9PepiiGhyps boron
e t; |
SEER Lo L o P PEITERILIRE 1!k o suece
amorptous ya;yeil 36 ma'obgbldhe usppmefkeem@tﬂ thoe imte e Edipésr s&ud:ture 82'.
uried crystalline |ayer 88

Siti ned un ne th s
gﬁ‘@ é‘fs FY§r 6%']9%29 oPgdso- cal | ed | ower
crysggl rbbﬂ)%tdll?z}é%bn\émﬂéahﬁée\hﬂﬁ‘?&eF&c@tB Flg 6h,2he d ped surface

receil ving 'substrate bonded onto thé upper ope
@nyarphbus teydraBewilBeaystatizeifrane rthedjryntalllse laygrud® waich plays

B TR P98 8T ot ng aisss* Y ShEEAERRcA B HIRG. the dopant
species initially implanted in the surface amorphous layer 86 will moreover be
activated.

This annealing for recrystallizing and activating dopant species in the
same way as previously, consists in a low temperature heat treatment
performed between 550°C and 650°C for one to two hours.

The thereby obtained substrate, illustrated in Fig. 6h, comprises an upper
doped crystalline layer, capable of receiving CMOS components such as
transistors for example, a central crystalline layer 87 containing EOR type point
defects, a first crystalline layer 88, a so-called buried crystalline layer, a
weakened porous layer 81 positioned underneath said buried crystalline
layer 88 and a second crystalline layer 89, a so-called lower crystalline layer.
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weakened porous layer 8 1 by applying stresses. One
then proceeds with abrading the upper surface of the

WO eovaited76my crystalline | ayer 88 of the intermeRCHER2007/052372

structure 82', for exanple by a chem cal nechani cal

pl anarization (CWP) type nethod until the doped

crystalline |layer 86 forns the upper |ayer of the
internediate structure 82' (Fig. 6j) thereby

elimnating the ECR defects present within the |ayer

87 Yyith trﬁéf%mﬁﬁ ttFdg rdid as teesiviag eSUbSItﬂat%t%atSe@Ohﬁed onto the

stter s FRARURE Ry ¥ of IFF PIPEIB SR B2 by any

ra@@ﬁcbpﬂdﬂgn@% conmponents such as transistors for
exan‘gw Opt i onal | one proceeds with a treatnent for
fini Fhwbef?\‘?éw@ptﬁ Fig @béh%iOWWecrdéfﬁ@tH]echg't &f lis detached at the

I f i ng exenpl ar
é/\%a?&nnen;?@rgﬁg‘ Ié}éelq;blgsfl? ?gblg[;r@;}l ne gccgr di ngpto %/he

i nveireothex lprodeedde authi ﬁbldadgn&g ¢lad tugppen $unrfacef ef éhe aemaining
to Fig. 3. Wth reference t

exialing Giverdl yhs ialrmeeiae STHOIER B, dopiaipls by a chemical
'nﬁ%f?&?ﬁéd?g BRSALSHont MPfllgBSOFhetﬁgd guntAbihd r@cgﬂéd;ecgystallme

upper face of a substrate 3a) obtal
i@ﬁrcﬁ@f@mtsdhe mgpper Iaafler slitte mersmedlaterstruqturer%r(ﬂgo 6j) thereby

bur i us | ayer.,,10 ith eference to
e aing e EORTERAS thes St B YRl choue | ayer
103, ThBetthﬁﬁyaﬁbt%idé@ﬁs@@ét?df@t RIUStrafe® #OPig. Gj |<ﬁﬁnpr"‘smg a lower
order to retain at the surface of the substrate 102

wggelm'ﬁglwstmtfe 9dnendencunpsar depesk crystalling laygr 86, is capable of

SRRSO bR sPPH B e BBl

ener g)ptuoﬁén;eroﬁmprd@esielwm edtrédtendrit doe firighingcthepespersface of
of the silicon to be inplanted in the Si substrate to

dnorpRed erystallinglaysp86r si itself, the energy and dose
houl,d h
fhggé é%iﬁ&ll CUsH: n rlﬁmhﬁ%ggg%rﬁg%]?fcﬁﬂn(?%ﬁbﬂw'o‘? a substrate

rac er1stics may
wbéainew éecording hathefinudméionrwilli lea descrivegly heeradtier withsreference
|n| t| a31I |y proposed by Stein and Vook " EP. EerN sse;
&t3-gation of lon Inplantation Danmage with Stress
Proc. 1st INT. Conf. On lon Inplantation, Gordon
and

Example:

With reference to Fig. 3, the method for making a structure includes a step
for implanting species 101, silicon, (Fig.3b) from the upper face of a
substrate 102 (Fig. 3a) obtained in a semiconductor material such as silicon, in
order to form a buried amorphous layer 103, with reference to Fig. 3c.

In order to obtain a buried amorphous layer 103, the implantation
parameters are controlled in order to retain at the surface of the substrate 102,
a region 104.

The characteristics of the buried amorphous layer (depth and width) are
totally adjustable according to the dose and implantation energy. After having
selected the iso-electric species of the silicon to be implanted in the Si
substrate to amorphize it: Ge, Sn or Si itself, the energy and dose should be
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Breach, London, 17 (1971 ) . Wen a critical
concentration of point defects is reached, the crystal

w@epontiattepusl y transits to the anorphous st at ePCTTRR2007/052372

defect concentration is related to the nucl ear energy
density received by the target. Wth the critical
concentration of the defects is associated a critical
val ue of the deposited damageignergy density in
nucl ear collisions (EdC). As a result, if the latter
iS§|QCé%(thét@l’et ise the yprodogal nvitbhsdndch rthase t charastasistiess may be

?r—\%lﬂ %8 nodel, it is possible to infer the depth x

is located the crystal / anor phous interface by

msanshef mioBe usel! maidep is ehatt bﬂmﬁé‘lldhtlcéb%ﬂei*gyEdéNélty—EéC|n|t|aIIy
The critical energy density Edc is a wid

iﬂﬁqug%}' steinxaiet Vaghtadr-Fp hisser |H\@St'aﬁmfpﬁf boqt irpplantation
+
%aﬁ%@Wlfh@{r% L,N%Prg: flstﬁﬂ:lf Eon O thsgn@ /gt?éﬁg?ulgﬁgion and

case 0 et mani um s value I's
Sreatht Lomdorhyl 7e¢tdis! )oWtenmaeciitical coospotration ®6Eoirdsdefects is

5B 2he EristRl AR e RGeS Reogb e pHRNGUB sSptep The defect
'cBﬁbQﬁtPétldrPfé Allaté8PbMthe ﬁ&:éiéﬁr) dnefg gg éiﬂyvl%'&elved by the target.

[ antati on ener gy, It is le’to |l ocali1ze
|VM|trdém britided cancemphation ofdhe dnajeqztlscn as:s@cuaﬂed a aritieal value of the

o BB Bk 8, o . 1
'Ié’fﬁérﬂé“i’é&éf@ﬂi Hie &B/skRMnt@bhdls a¥sttibh tlulks ErbM) thiBfhodel, it is

keV (d), 150 keV (e) in a Si substrate. The critical
tenisfefythe slepik ¥t whigke ist Ineatedahe arvstabiamernious interface

(P ET
BY Braur A TR R BB SR S e e amorphous

Iayers At a given ener gyDoée)f Ea(@grqﬁde 15 keV,
according to the dose ofWI répl ant e , the anorphous

| ayedh@i Fritigad eRATO¥densi dC JpeR Wistedy t'ﬂ%e%tlglaf%@)(ppﬁmental
?ﬁg&ﬁﬁ,ﬁr‘aﬁor émﬁﬁﬂ’#ﬁloﬂeo{o t?‘)ﬂ éldn"ﬁnﬁ‘e‘SPl Bl +jons. For

antati o ose nee mal n~l ower t han t
feixeatple/,aihubeajasab:a‘cgesmnm thiis valeedsr/eViahr Fmsnduiag'ons by

At et ST iatp L b mPRiss shceas HeopEs pe DURTR, Gaoisred trade
'nﬁ‘arﬁ's it E%d@l&@ttﬁtdb%n%é%é?%eh@r@ﬁd&ﬁ%hbﬁ%r%@ent ion

at/cm’2 so that e layer is buried dose
@t il at(Ed)2, Fan aagivephbuplantation esexgyt di iedhemimdssible to

Hodiin® 4F veBBoie owhol fna i pBting 5 v faRse By versus
Q@@dbpﬂﬁ)@ A. The crystalline structure is therefore
The graph of Fig. 7 gives an example of curves for the case of a Ge
implantation at 15 keV (a) 25 keV (b) 50 keV (c), 80 keV (d), 150 keV (e) in a Si
substrate. The critical damage energy is taken to be the standard value
of 2 eV/at. By means of these curves, it is then possible to provide the
characteristics of the amorphous layers. At a given energy, for example 15 keV,
according to the dose of implanted Ge, the amorphous layer will be buried or
will open onto the surface. In order that it should be buried as in said invention,
the implantation dose needs to remain lower than the first value at
abscissa x=0 of the curve corresponding to the selected implantation energy.
For example, in the case of implantation of Ge+ at 150 keV (curve e) in Si, the
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retai ned over the first 140 Angstronms. This crystal
filmw Il serve as a seed for subsequent rebuilding of

wo b@7aemosphous | ayer. After form ng the buri edPCT/EP2007/052372

anor phous | ayer 103, the supporting substrate 102 has

a so-called internmediate structure 102', with

reference to Fig. 3c, conprising an upper |ayer 104

whi ch has remained crystallingz a buried anorphous

| ayer 103 positioned under the upper crystalline |ayer
implaniaticsndese neegsstodre lase thalyémg@&/cabn&athﬁt tige pofenis buried.

dEhEChRn I odt b B HUERT Sier AateER gt Jp PREIRE St stans

defaius ©f0 Bhandewy e éﬁrf@te Fir@gs ends-atea d4pth gfef@®Acd.c., an
to Fi %@HBd dopant speci es 107 such as boron and/ or

SR éh'P@%%‘ﬁ of qt}%qt 8804y The erysiaflimes ﬂqutWedﬁ dherefore

rﬁtaﬁrﬂa‘?{ 3 nedlgzwét S?(?%\C gst em%ogﬂﬂgpa/% ﬁ@p sef\?eeag a seed for
spbseqwerilt@ébaﬂc&ng béthe ambmhoeﬁ layerough t he upper face

of t gstrate er toformln}hes traﬁe, a )
bur ShiBg - Abfe BT | AEGtioN BT gd0bed 1 negpporting
gﬂbE!rSte A9 BECY ‘Qo”?elfe@l ‘irﬁ’t@rn‘%’@ﬁ%e Qtdare r’@ZhO\Qntﬁsreference

escribed in the publication, " | i con- On- 1 nsul at or
T@H@(ﬁ%g}pmprmgaranaulsperola\yesn042md1ncEEdhas oentaingd crystalline, a

ea.nPerr Col i nge " Klu rAc em ¢ Publishers ",
58 aibiang 8 vt el nes oSS Tirbsr Rt lTRE aver 104, o
Rehfibl dpf<eflfise q)é_lyérhﬁ% BRtaidifg pOhfRIGfelss idhd a lower crystalline
anor phi Zzati on. This weakened zone 109 is forned in the

I@jﬁérﬁ@GThﬁ%%\rpOﬂﬂiedﬂiféy@r ang tgrrditiak Si tatams] they sesiespond to
0 n of the layer 106 to be
Bl SR8 o B Bidn gt d

ng I'mpl antation step preferably

appl Veigh aréferGMéinbalFHgOBd( \@Iobbnhm@@emexcwm el Moron and/or
hel i um excl usi vel y npl ant ati on of at | east

cnhpﬁeh@rms aaﬁd%a!lygrr@éarggd o df tf@(fawmlétenydh@@gpprghgus S er 103
el uBPeF" a%escﬁgHgﬂitéﬁhéqgagemmaar%d giel i um bei ng
ore ro

pr er ant e gen. | ant ation of
hydr trgmmran‘idr bes ispeties 148 a:ettbdn |mmptami@ui througl $he upper face of
ncentration

3 FEPRTSR, By ieh iy b (16 RUREEA: o b eckgnegazone 109
SENUALL o OB058 e 15 ol Bl Syt 09 method s
idescribadilio thegydiigatioe,  « Silicon-On-Insulator Technology Materials
to VLSI, 2" Edition » of Jean-Pierre Colinge by « Kluwer Academic
Publishers », pages 50 and 51.

The zone 109 is located near the point defects of the layer 105 formed
during amorphization.

This weakened zone 109 is formed in the layer 106, near the layer 105
and as it will be seen later on, allows the portion of the layer 106 to be
detached.

This weakening implantation step preferably applies an implantation (with
hydrogen exclusively, helium exclusively), a co-implantation of at least two
different atomic species, for example hydrogen and helium which are

sequentially implanted, helium being preferably implanted before hydrogen.
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second anor phous/crystal interface as this nay be seen
in Fig. 8. Heliumw Il be inplanted at about 40 keV

w@em7Ae®67 cm 2 whi ch positions the concentrati BET/EP2007/052372

maxi mum at a depth of about 2750 A, i.e., 250 A beyond

t he concentration maxi mnum of the first hydrogen
inplantation. Fracture of the material wll occur in

the " fracture zone" illustrajgd in dotted lines on

the graph of Fifg. 8 approximately at the concentration

maxi ﬁmfa@tatwyldo obedrogeneancahelivus axfegied inmider thgosition the

f . \\ re i 9., 3f r [ Mln
2oeEi ot g BRERTT shdaR Brind anelelgiBiete Fyarogen may be
GipRinedd foreeizaysie dt@b kéViwith Brdadensidi @tecst’rwisichgositions the
102' by any appropriate neans. Wth reference to Fig.
sgncemEatian, sladmumeal aheyt asiepéih of #e00met-prediddfer beyond the

v t: ] Z: 189 . .
Sebdfid e forp Bops gt (AREEEe S HE iR REEnaR o 18 Helium wil
theciaipiamtd andbout 4pKe) agd Jer 6sses white positons thee eerttsentration

wi th abrading the er ace, of e.remainin :
SR Bhe fapl ob PBoHE 27D dhnkts 250 Apiorh B pgncentration
fr®dixi SATBE ﬁwebﬂrs'(t"j\?}g?ﬁ)tg%fn it A8sE6R! FAREIRWARE material will occur

planarization ( ype method until the anorphous
imytbe ¥0edtaienzonbe ilppieatedajrerdadiedt live$ norerthedgestpd of Fig. 8

structure  102', thereb limnatin he ,zone 105 rich
Aepimet of the Coh e alondh AR LM o BEAERER, 1 nabadut 2500 A
Welder wovmfdmehano- chem cal polishing called CW, of

t he %esent state of the art, in order to renove 1750

A of With referengecier Higngf.ta reerivigoappsteteildo ig thepyhanded onto
I r e i [ i.nal r ' '

o I el e PR bng dPGBUBIR el 192 by any
epptdprate hysdral. | i ne ayer 104 with a thickness of 140

A an

an utpper doped anor phous Iae(er 103 with a ) )
t hi ckYihs ge @fef@}?@t%ﬁwgae@\eﬁ'ﬁﬁﬁ' I daysh bQﬁ]eqmthﬁgl’ntermedlate
fter ' t h .
RELERIEI02 I ddathetl S IR \EeBdl pBn@TP0d Meetbrding to the
{Sreari@ut Phoeshdd\barhe 3remtmaht and/obapplyinugsttdssesi r st
final, substrate, 't\%itheference to

ammor GGUAa T PEoe BB ¢  Joitrsustadengr the remaining
Crystaifthe IAger! SVBE iHRAMMAIAE RUFEMOZ 9bCeRIMmPREBY means of a
layer. During this recrystallization annealing, the

dbpeamical spechasicaiptararizgtiomyCait e tiy pien metroc mmtib Hbesamorphous
IIaa e?”d‘f?%o%lslthg%&%/reraygle % ievlar‘1 grgﬁediate structure 102" thereby
eliminating the zone 105 rich in point defects.

The abrasion step consists in a well-known mechano-chemical polishing
called CMP, of the present state of the art, in order to remove 1750 A of silicon
according to the graph of Fig. 8.

With reference to Fig. 3h, a first final substrate is obtained comprising a
lower receiving substrate 110, a central crystalline layer 104 with a thickness
of 140 A and an upper doped amorphous layer 103 with a thickness of 610 A.

By recrystallization annealing, performed after the step for doping the
amorphous layer 103, either immediately after the formation of the amorphous
layer 103 or after obtaining the first final substrate, with reference to Fig. 3i, the

amorphous layer 103 will recrystallize from the crystalline layer 104 which plays
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This annealing for recrystallizing and activating
dopant species consists in a |ow tenperature heat

wo e@atioent performed between 550 C and 650 C fpeT/BP®01/052372

two hours. The thereby obtai ned substrate, as

illustrated in Fig. 3i, conprises a |ower receivVing
substrate 110 and an upper doped crystalline |layer 111

with a thickness of 140 A Th%det ai |l ed exanpl es above

i Ilustrate enbodi nents in which renoval of the |ayer

die tnete iaft eeerbdayere Burngtthise reerygiallzation annerlingcttee dopant

SBkGehn RN AP BEICS (P the o RBCIRT Bel G R FifEover be

sictivugtedr e. However, these exanples are not limting
and it is also possible to performsuch a renoval by
et ChITh!f %ﬁ@'”gdﬁﬂrwys’f?mémﬂe@d aclivatipg dopant species consists in

u k‘%@ﬂ*ﬁ%ﬁg? ?Pfr?ét?nérﬁ gﬁcbert\gglgﬁ g>5gr(§ AR E8d€%or one

o exar

m@ltwmrniougs of even by any ot her knovvn f or m of

mech nd/ or. chem cal etchjng. Finally,. it is,

Doy B herdy abringd supraaics anlustiaiad B Fish sk fongises a lower
'i'ﬁé’ e cea&&rmbaﬁ%* A aAfH Xjﬁg}%Pe&&Bé&Q cPsthiliSe ngwqu with a

| ant ed speci es, I mpl'ant at’i on energy and
dithlemSS cnfpﬂéatﬁatl on dose and t he exanpl es which have

j ust ri bed, ar 0 _eans iting, as.to

ho. 7B SRIABE BB PSR Vel Lo R, SrUBRE TGS rerpoval of
Eé rbrf & theBiktdteheRli RN StAlCHIrR IBOWRIChShAIA beéc@@ﬁbv@ﬁ@rmed is
thin Tayer on a supporting substrate (32,52,

desfosvedrhy; detachmena@et ia weakeneibgone Whé@%ﬂ“aﬁm@eﬂ pered in the

fom sai d supporting substrate a
%te(r:rg{i oéTLth?CtnL medi at e substrate (32',52',62',82")

CONMPHoWEVer, thesd eREMIPIHYOMS rh(ﬂmemtuﬁ§an5& |§@ls‘3ﬁbossiblé to perform
first crystall|ne | ayer (35,55,68,87) containing point

SEEB R Jelwyal byagtehinanaten Qpéﬂwguﬁh%rrﬁ@étfﬁc%élfd e intermediate
%g@ggﬂ%g@ é@%%o(%)%@%cat c I}c?]lle?ih%?l{?fé‘%gdth%f'é@ft 351 bR&mple by
etching or polishing, of even by any other known form of mechanical and/or
chemical etching.

Finally, it is very obvious that all the layer transfer parameters may be
contemplated notably depending on the nature of the implanted species, of the
implantation energy and of the implantation dose, and the examples which
have just been described are by no means limiting, as to the fields of
application of the invention.
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portion of the internediate structure
(32',52',62',82"), - bonding a receiving substrate

W@ 207604762, 91 ) on the upper face of said intePCEEPADB052372

structure (32',52',62',82"), - renoving the |ayer
(35,55,68,87) of the internmedi ate structure
(32',52',62',82") in which point defects have forned
so that said anorphous |ayer £®3, 53,66,86) forms the
upper |l ayer of the internmedi ate structure (32', 52
62',82'). 2 . The nethod aceeAtM$g to the preceding

oL T, BUEGHTY FERp ML E BIBSRIA LR i averon

isopponipgi substraty (82 52,62(823, claracterizdtin) thaBit inclindes at least the
rret hod according to claim2, characterized in that the

SeAMous | ayer (33, 53, 66, 86) is made on the

i nt er med}af ?FJMCEHl"de s@ﬁﬁgﬂﬁ@h's@%s Bfe )a $oca (—%g  infermediate

met hod accordi to cla arac erlzed I n
anor phcmfbstrayee(ﬂ( 33, 62826)(:8ﬁr)pm$ngrade by depositing an

epi t axi edpcr S%%:Q?érgnqu'ol% (éﬁ%gég)@gm | owed by total
or partia (53,84). 5.
The et hod 3é3cﬁ‘P§tdb tdlthes IA)dp (g&s ﬁ]gé,ﬁg:ddg\;&ﬂiﬂg” pbitdidefects

t he anor phous | aye (33, 53,66,
deposi ting aamhr’mmibduHmh’@ylatelyBBnéecr@@ﬂSGS)aid 6amotpleous layer

met hod accor aim2, characterized in that the

anor phous |a(§§%(§§8§g 66,86) is made in the

i nter nedi 3t & secoRE Wrostdlline Rder (8856 ﬂ?S@)) %bété‘@tm'ﬁhe lower
forms the upper layer, a so-called surface armr§2ous

| ayer (53, 8@oréen phthe intesmasintatsirusiurad82ra’ 68282').52"
char acfbe%f}dz"g%a r;%%gwaﬂfg‘ Fﬁtgstga‘in% ﬁg@?#g gbﬁ”tﬂé %pper face of said

(33, 53, ifterdeNidts stf&dt@re B2 62182')Tedl at e structure
(32", 52', 62 so that it forms a buried | ayer,
a so- cd]eini“rtQthh@d |§M%"r plFou0. B8Py EB3thss, '@Cﬁ"gﬁd'ate 'structure

I b
(gzag;ﬂ@?g@%@gg%? Yino ?Nrﬁ&ﬁ apé Hfo {c{%f&ét}ésbéb%'f&?mbéy% that said

inter I’Tm:l’halt[}hOSIBr Uayerre(3(3§ﬂ3 668_8) f@s B2 )up@er. 1ape of the
Char actBREd(E STHSEN he2 ity PAGYE) | ayer
gg?d§§u'€r%o?ﬁtﬂgésé§§§ﬁlg‘§go ?g%'éfﬁbéﬂlhgr&alﬁpe&hﬁ%cté}'lzed in that
the amorphous layer (33,53,66,86) is formed that the surface of the
intermediate structure (32',52',62',82").

3. The method according to claim 2, characterized in that the
amorphous layer (33,53,66,86) is made on the intermediate structure
(32',52',62',82").

4. The method according to claim 3, characterized in that the
amorphous layer (33,53,66,86) is made by depositing an epitaxied crystalline
layer (53,64) followed by total or partial amorphization of said layer (53,84).

5. The method according to claim 3, characterized in that the
amorphous layer (33,53,66,86) is made by depositing an amorphous layer
(33,53,66,86).

6. The method according to claim 2, characterized in that the

amorphous layer (33,53,66,86) is made in the intermediate structure
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9 . The nethod according to any of clainms 1 or 2,
characterized in that, before the step for bonding the

WO e@eilvd7ey substrate (40,60,72,91 ) , it incl UBEBER2007/052372

step for doping the anorphous | ayer (33,53, 66, 86) by

i mpl anting species through the upper face of said
internmedi ate structure (32', 52', 62', 82'). 10. The
met hod according to any of clgns 1 or 2,

characterized in that, after the steps for formng the

é%r%@as82 agerthatiBiaBIsebesmpeiiayaron soepalladryirase amorphous

(e33R 3P bR s GRS B2 or med

and pefThee ieehad epcdardingondi ripim r2Ceathdragteridest riat ehat the
(40,60,72,91 ) , it includes a step for doping the
mﬁrpheug ||Ea4¢ér (333363%.80), 86) Mgde n aile nijteypediate. structure

i% 5?6@8@2%0‘"@8?&& ﬂ?ﬁe ﬁﬂ?éd Qhy&! %]' g"?; tcécliéd) b%{r ed amorphous

aracteri z pant's’ 1 hp
WQBGL& 6B36) Idc%%&ﬁnﬁ@cwélyabaowca ithiad edystglline Iayer (34,67)
nt which recrystalli

TR B0 s ROSSoTaT B BBIMERItS P CREe ka5 02°62),
ACCORIT: FRbAIRLAING RSRTISTUEHS B PebnsdicohEsd i tha

treatnment 1s perfornmed betweén 550 and 650 C for one
ttloe tanaorpbous . Iaﬁer (3Bh@3,661360ds abxtaindd iy iroplaniingfspesies in said

prece n | ai C rized in that the step for
rsé‘HBQ %@gﬁ?%@z %55%368 87) of the internediate
strugt urie trethed %%cordﬁﬂ(?? to Ry JofidkiMyl ¢ lor0idHardefediZed in that,

have fornmed is obtain by creating a weakened zone
(tetore7thg 1steg for bending dhe neegivivgi wbstrete (41.60.€2,91), it includes a

B 19 shg e e OIS 186r 165 44 80 480 B B species

thaughhie sibppr faee dfesraim/inwnﬁécﬁatleastmctlﬂr35(355528%2882 ) of
t he | nterrredl ate structure (32',52',62',82")in whic

poi ntl OBt Fratheg recorsing: &0 éUVIq{QjQ'HkS 1&rr’?at9hﬂfaﬁfertz|%’ in that,
AiRr W%’t%_p%%?forﬁfﬁ e S 52@’@%%5@ %@ fEP?emovmg
Steps of Pl RN AN I g | Ong or gas roug

tthe laygre(39,85,66,87) dfhdhel imtemmastiatet etrsd:tum:t(&? G52C 62' ,82")in which

52", 62', 82') so as to formjn i nt eredi a

ﬁoffl}&eﬁ‘?gs%ﬂ% f%rénecgéngé’??%reéh%ﬁ Re rR@HQl@He%r%?h\é”g substrate
[

(0B P LE R RS G B Brl P A Bna o B Ter (39.59.60.80)

tolyemiptardingesfiesias. st ruct ure (32',52',62',82'). 15. The

tmﬁ;hch .ﬂgcoreqhgg ac%ong mg'] rt% %Arﬁy gfhaéﬁ‘ﬁ:st Er Z§dcharatc|@3|1‘|zed in that

the dopants implanted in the amorphous layer (33,53,66,86) are activated by
applying a heat treatment which recrystallizes said amorphous layer
(33,53,66,86).

12.The method according to claim 11, characterized in that said heat
treatment is performed between 550 and 650°C for one to two hours.

13.The method according to any of the preceding claims, characterized
in that the step for removing the layer (35,55,68,87) of the intermediate
structure (32',52',62',82') in which point defects have formed is obtained by
creating a weakened zone (39,57,61,81) in the intermediate structure
(32',52',62',82') and then by applying stresses.
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i npl antation step applies hydrogen inplantation. 16.
The nmet hod according to claim 14, characterized in

wo bav/104167 | npl ant ation step applies helium PCT/EP2007/052372

i mpl antation. 17. The nmethod according to claim 14,
characterized in that the inplantation step applies
co-inplantation of at least two different atomc
species. 18. The nethod accorghng to claim17,
characterized in that hydr %%en and helium species are

co- i Al Hie Bethed iaegorsingito slsimnt it eharastarjzedim thatéhe step for

EheRyafeare s ufe 8r oblie ERAREFE FERLE 02%2.62.820in
seicte poiral defectd havehfermiet adingcher fdirmatide of lthé mridphous layer
characterized in that heliumis inplanted before

KPS ERSO Jis maderRCcrEding o thecsiear ™t o any of cl ai ns

14 to 2 ac i N t a [ f j.d
spect ed PIEIHRIGE ok G bels] spiffos!, MfoBBNEITE Sighdh 1R dof the
t he wedkisneedteetr8Rre932'|52',62482"pdo @t to fiernh &y e intermediate
o cor aisigehy ez 52 o 8B Te BurfeteaRensibaons G959k i n

h . . . ! . | ..
that _t gk%tgg{fffﬁ&t% iPthe Ycdkenss 'z%ﬁ?gg)@,S?)QtIﬁdéQQé%H%tachment

sel ect hat the weakened zone
above tdféh¢ apper [@y8) otihetintanmedliath stpioiune (32152,68,82B.

The th accarding to,any, of clai 14 to 20. .
char 18t efhe cietiod rhcorsidy it st o hetfetetipeg; iny that the
iirﬁglaﬁlﬂtﬁtﬂiﬂ Q@?@p@lié@h?@ﬂo@@nﬁﬁp‘léﬁétiéme\/\ﬁakened zone
(39) is located underneath the |layer (35) containin

. . . ng

poi nfl6defleet method auserginghtry ceivvr th.nghasactesized in that the

. ch ] 0. 1e step for renoving
ﬁ\ﬂglﬁ}%}@?‘ %é@%g@h%%ﬂgwrﬂd%nlﬂ net‘Ij"‘:?n ‘ernmedi ate structure
(32" 1752The 6@iethdiR' acdondingi & ¢lainnt 14leicharactedized in that the
formed is performed at a weakened porous |ayer (61 ,81 )
)'mﬁlaé‘i@lﬂn SeR h@@@ﬁpé@t'ﬁ“ﬁ&‘@@?ﬂ’ft rt at ('@@3,’[8%9’0 bdiffgfent atomic
%E)ge%%ti ng the epitaxied crystalline | ayer (64, 84).

. e nethod according to any of the preceding
cl ai 18, thamaethedi amdrdingttbatlaindd?| shardetebiaediinghaf hydrogen
h i Vi 4 72 h

tan% helium \s/pl)gcqess glpes E:(g-?rtnSIa%tgd ggﬁng ’sagi%i)im%TaﬁtaﬁonugPe%r.

19. The method according to claim 18, characterized in that said
hydrogen and helium species are implanted sequentially.

20. The method according to claim 19, characterized in that helium is
implanted before hydrogen.

21. The method according to any of claims 14 to 20, characterized in
that the parameters of said species implantation are selected in such a way
that the weakened zone (39,59) is located at the layer (35,55) containing the
point defects.

22. The method according to any of claims 14 to 20, characterized in
that the parameters of said species implantation are selected so that the
weakened zone (59) is located above the layer (55) containing the point
defects.

23. The method according to any of claims 14 to 20, characterized in

that the parameters of said species implantation are selected so that the
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face of the internediate structure (32", 52', 62',
82'), it includes a plasma activation step. 26. A

waeamstiodas®e conprising at | east one thin | ayer PEI/AP2007/052372

anor phous material on a supporting substrate,

characterized in that it conprises a receiving

substrate (40), a central crystalline |ayer (34) and

an anor phous | ayer (33), saidgeceiving substrate

(40), the crystalline layer (34) and the anorphous _

I\/%@Béﬂen@QS;OﬁﬁJt@ﬂh\ﬁ d@caﬁgl l’ﬂ?@ﬂ_ﬂ pi hayate(3ot corggining point
%&% ate conprising at | east one receiving substrate

?% 72,91 ) and an upper doped crystalline |ayer

(41 287, TRe &@thmﬁiabboi‘tﬁﬁg t® cl@Rs t4y ped AG| ehapedterized m that the
characterized in that said éﬁped crystalline |ayer

step 7ior sEMAWS a they payerc dreearm: 6&8Y bnof éh@efﬂt@ﬂﬁ%?ﬂ'é‘ie structure
29532 69" 497 RhichPdint defects have formed is performed at a weakened

porous layer (61,81) present on the supporting substrate (62,82) before
depositing the epitaxied crystalline layer (64,84).

25. The method according to any of the preceding claims, characterized
in that, during the bonding of the receiving substrate (40,60,72,91) on the upper
face of the intermediate structure (32'52',62',82'), it includes a plasma
activation step.

26. A substrate comprising at least one thin layer in an amorphous
material on a supporting substrate, characterized in that it comprises a
receiving substrate (40), a central crystalline layer (34) and an amorphous
layer (33), said receiving substrate (40), the crystalline layer (34) and the
amorphous layer (33) not having any EOR type point defect.

27. A substrate comprising at least one receiving substrate (40,60,72,91)
and an upper doped crystalline layer (41,57,73,86) which has no EOR type
point defect, characterized in that said doped crystalline layer (41,57,73,86)

has a doped concentration larger than or equal to 120 at/cm®.



