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WD 2007/ 104767PCT/ EP2007/ 052372 1 Met hod for making a
structure conprising at |least one thin layer in an

wanw7abeiss nateri al obtai ned by epitaxy on a seppaprkengs23T2

substrate and structure obtained according to said

met hod The present invention relates to a nethod

for making a structure conprising at | east one thin

| ayer in an anorphous naterial4 obtained by so-called

solid phase epitaxy (SPE), on a supporting substrate.

The | icoferanaking=a stracture gomprisingad leastomethin layer in
W th such nethaod.. 5. A.non-limting application of

t et apgrRiolls mitarial SbipifiRd by, Ria<Y PHEA sURPotie supstrate
substrate, gritPstibetire bRIinéd avbbFdingtodsidméfiod

exanple for formng CMOS ( Conpl enmentary Metal Oxide

Sem Conduct or) conponents, such as transistors for

exa . [ nect o it i peci.fjed:th .n the

el d e Arbeerd BB Fotald, i3 RETRGRET 1" Hakitly, g cstructure
tdoen@ished ratc Rast asties thinc fayet inhan! ayershdds ahatehsl bbtsined by
i ntended for making el ectronic conponents. This

rdeRiadbtPlidPhiase eniiaxy dSiky). o fRNPPOBINGBHRERS by
| ncr &%) iRfehtith &I@?‘?@E&ésafd é’@trﬁ{:tuh—iJ Sbfazi'ﬁéd &AtR such Amethod.

This increase 1 n the concentration of carriers,
mai n As treypsiinitinghapplicationsch dmatinesntion rélbtest tattkd making of a

Fig.. 1, .is obtained in a conventiopal .way by dqpjn

sefiigahdutior suPsITate, ithe (Peatieren A Mich fe, cgpgd Tor example for
| e o bt B

TS0, OB oy bl B A Saf QoI5 componens

isyshaas ansistorsfarygp@onléy performed with dopant

speci .syuch a hosphor o r_Qhor for. exa e.. The
s0bstf T8 PEtR Rt R SRRt g iy W e PR BlFBlrRial e mey
wh b FsdiRiceiheeclbeirichb redistantd 6% tKE NJdrs @F sASuBIRRE intended for
doped zone 3 and a |l ower 20crystalline zone 4

HpAking r lecanigoprnpoRgssi dbishaedugtiont Nntpsivianes Imay notably be

[+ G . I tion of the
RO BY ITRRARIE b dohEC AR AT B HRGERRE 71, P
substlihég increase in the cdricentration oh garrizes atieantimgstops of which are
be abl e t oloeth_s pbstrate beyond 25 standard .
s%ah@mqtmﬁv Musireiecoin Fige Toitiebtagied kpg convefional way by doping

T8, SOOSAULRO SRR 3 63 Ghaoh] Suphese, sion. by
dmplargingnatdapsint yspieclessE r witbdreferehceg.toXig. WD The implantation is
%9&?:5&39 Ab?e%?rge_é E@%Qogépoasn 357p290|2es 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 120 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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The solid phase epitaxy is illustrated in Fig. 2 for
treating a supporting substrate 10 which is typically

wOnRoEilbiwon. During a first step (Fig. 2bpcTareminns23zz

species 11 such as silicon are inplanted fromthe

upper face of the supporting substrate in order to

create an Supper anorphous layer 12 in the supporting
substrate 10, as illustrated in Fig. 2c. Thus,

after inplantation of atom c species, the substrate

i ncl Udessalid phase cepitapl isi lHlestr@tydrm1@gaadoaﬁramlpgra supporting

b dth h
A0 et soeicply Mot "gener a os 10
I mTeanuﬂrg ¥ YinslesRgAal(Pigl 28),aBrsrRicodpetia¥ el 1 1suck? as silicon are

regi on whi ch contains a few atom c species (such as
stHl%”ﬁﬁ()I fiom the gpeer facel of gbeistippaging substiate mm@r te |¢éeate an

S ol 186 920, 0 8 A GRS 16, st

riefRig.efce to Figs. 2d and 2e, a doping species 14 such
as phosphorous or boron is inplanted in the anorphous
15l aﬁé}usmﬂer implaggation of; atamjie ppedrscthessubsfatejncludes a lower

Y SEB PO 88 ARIHRR Bl AR Bfvel TB) a1 N0 @

ant specl es, e rec yst allization
annedl iwily bes mxﬁeﬂothﬁdthls Hmplargaiien sqfespe&es411 also generates

d&?’ll ant e Iggd%r&%@ g%gpﬁoalép@gé%g ,ﬁ rg@oBlﬁS WRich contains a

%ﬂsétbh'ﬁé sp8abs Q§¥§¢H !a@ %lllen)?f?lt iRRers @ pobkiohs viitHok B8wever the

proportion. %/ ow tenperature recrystallization
aﬁﬁﬂ:@anrertg‘ thisgegoantd belngaiesc:rlbablﬁm « amagphewsper at ure

of 1 2 SRR P AL P e fEnds 180614, 3R A8 @ doping

Jsf"pe@fest l’lﬂ Sudts tasapRodfhorbhs SOI‘I ByRIN 183 ikbRted iA thel 8morphous
seed layer. 25Wth such a technique, it is thereby

e to activate the dopants beyond their I|mt|ng

SO' UlNé ternﬂ'P rbfkﬁeﬁm‘;‘é’pt%r i OfS UBRL T ﬂ{eﬁ eﬂrgwo'uts WB ibndl€step for

not ed t e case O SIIICOI’]
smptlmmnlgtg dbpamtst;pemesetﬂw depmetstuvarreewstnﬂhzmlen behealing is

a at/c Qr eratures from 800C t )

PoiBRwstuie ORPE! RS THPeHETaDI B AMeRProLS dRger 12 being
Glﬁéﬁ%ﬁ:ﬁvatbﬂ%ocmﬁﬁﬁ{@ Hé\&érﬁ%p‘é&é&aﬂf IsShit ih B MR titudBnal position in
supporting substrate 10 may be increased, this causi %g
athecbamnﬁgn@flarg@mmrb@ﬁ dra| n resistances of the

igﬁggﬁl@w eSC/rr?p ¥ %’%&%&B{%ﬁ Wb?g?rgf?a@%tg;%%egﬂp a heat treatment
AP ee@PbRaturd GRS 58476 HrdT 65620 WHiw 2hés 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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3 However, this technique is also associated with
a drawback. Indeed, end of range ( EOR) type defects

waren7(jesmr at ed at the end of the recrystalli zaPCDEP2007/052372

annealing, in the region 15 i medi ately | ocated under
the recrystallized | ayer 12. 5These ECR defects are
caused by crystalline defects which appear during the
anmor phi zation step and whi ch dgvel op during the
recrystallization step. These ECR defects

consiHwvensrythis teghnitua is alse@sspeiatedwith@ deawdeackatedeed, end

RRirErBaiCE a8 Hpq nblEis Bl ehietva b dnd R f el gt iTatization
ferineaiikg ndn elhectregibhc 160 MmeeRitsly Idthkas uridee BRE reyetallized

met hods, if they actually allow the limting
dayel4.ity of dopants to be increased in a substrate,

. . D Liritati . _
fhe MBESIEOR U £61caRsHd by T AANE RO WP AP &Er during
rthd anfiorphizaéioh ir?tép and a;mch develop tdEdggtlhﬁe Secmmabiﬁai%ioraetép.

t he i nventi on, od i s praoposed, for
S Rge £ OR dtet R CersidatbRn detatioraia aEGREAk Refprances and
| Ay ggﬂicﬁla?f#ptﬁ@rﬁwbﬁﬁtﬁ BP&d @%ﬁier% %’F‘?ﬁé%ﬁp@trét'é ‘i@gb thbt these

i ncl udes at east the 'steps o ormng trom sal
substratasnaredurissitabledfon meakingaelestionictcammpeaticont &

t i,Sing: h I . 200 . o
Sy TP, bt FIRAP A Bl S bufg o o
| JopRMt iy il PEA RN S8hstFerb Jard BN sRBRIST Wath&dertafh Amitations.
second crystalline layer | ocated in the | ower portion

of t Héei eRjeehelihgt iBventiartisuioegive the possibility oh@efipgarid of these
r [;Mi.ng substrate on the upper face of said
ilﬁéﬁgﬂ?t?rééjgi ate 25structure,

For this purpose, and according to the invention, a method is proposed for
making a structure comprising at least one thin layer on a supporting substrate,
remarkable in that it includes at least the steps of:

- forming from said supporting substrate a so-called intermediate

structure comprising:
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.



10

15

20

25

30

removing the layer of the internediate structure in
whi ch point defects have fornmed so that said anorphous

woagweriofer ns t he upper | ayer of the internedi aPeT/EP2007/052372

structure. The structure obtained follow ng the
nmet hod according to the invention 30allows the
substrate to be doped beyond the limting solubility
of the dopants. Further, the gopable substrate does

not i nclude any point def ects. WO
2007/ThesappAdUER29er I0EABRR dither atTihie surfagsholithe nryteimed:ate

Sk S e B A csane
f@;ﬁb lbWed By mlt@rxfbaﬁﬂapémafmhiatm oRYSH 1hpdd emegerdiurther by

partial anorphization of said | ayer or even

fdf:msémgtgn QQQ@QU$QYth@rﬁ%W@s Iayer for exfarrpl e.
oAt ALY D BrRMIBRARS UavAP Ky THRY rPRd 8 Sk irtEinediate

e upper
| seturetdoethabit WM@ﬂwe&B{Frférd@ye&nﬂfaoémuallécﬁs@fa@‘ atnbephous layer
i ntermedi ate structure. Accordi ng to anot her

a{?fttl'é?l‘fﬁﬁm%d'a?en@r%?ephous | ayer is made in the
i nt erqdi gt Bt f:g&dﬁw%tﬁlhe%@%t!}% the éﬁb%cﬁjsb}ﬁye?qs made in the

| ayer, a so-cal ror phous
linfeentiediadé ystrostatee dou thikdr it efotrmsa at buridd clayet abl smealled buried

Si¥Siohabs.tever. ImpsgialeiclosBid, sPiisthomibue TS ARRLaIIce layer
9BEAELA S Y ubpdY ﬁ’éﬁlbﬂ @f %E@ﬁ]'t@rﬁwéd?at%%tﬂlowrﬂpor ting

substrate. Prior to the step for bonding the
r eceuRrefegaislubmer attn@rphqua Inyeuiseabtaineddyy foplanting peeigs in said

yer by inplanting species through the
@%@Pﬁfrﬁ%&oﬁragg d internedi ate structure. After
the FHRpgoftive sty fﬁrfm)ridl? HEP FdURMIRG IsBlSiratentt inelimys Iéigstep for
the layer of the inte late structure in whi ch poi nt

disning shey amorpbeuedayedry prplanting speesiest dpouaht tfnﬁaﬁapﬂ@face of
aﬁqeﬁ(?ﬁﬁé%&ﬂat%u&ﬁﬂét&te, it includes a step for doping
the

After the steps for forming the amorphous layer and removing the layer of
the intermediate structure in which point defects have formed, and prior to the
step for bonding a receiving substrate, it includes a step for doping the
amorphous 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 siructure 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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20 anor phous | ayer by inplanting species. The
dopants inplanted in the anorphous |ayer are activated

WOREPMNTng a heat treatnment which recrystal |l peespsmizas2372

anor phous | ayer. Sai d heat treatnent is perforned

bet ween 550 and 650C for one to two hours. 25The step

for renoving the layer of the internediate structure

in which point defects have faogmed is preferably

obt ai ned by creating a weakened zone in the

i nt er neiEi@RING rigps uble gawl spesiesb\thegyghyithg sppersdager of the

st uot dhier el BB S AU Sl b B RoITheructure, a

the forpmiddweskeridtbzam@®r phous | ayer is perforned
30according to the steps of: WD

2007 10RRUSHRCTTAEZE 37/the 2893kened apneiieading itoristaghngent of the
speci esy b Arqual #fgﬁ? Hﬁ@ﬁﬁeéi?%eeétrt? tyfd)€ i ntermediate

structure so -as ormin e intermedi ate structure,

a buMcﬂéoveaalaeﬂmttame,propatu@d,rtgm%l’s&'ﬂ? Un @ substhee comprising at
weakened on? | eadi ng to detachnment of the 5Supper,
I"aa@fér O ¥Hi'e i AMOrRRoUR tiplerial on ansuRRRIERg substrate,

ggﬁiﬁ‘?kéﬁlé ih %&{i%&?ﬁﬂseé: 9 ri%béi‘ifingjgs}d H5tdte U?%éﬁ%%lgcurgstalline layer

nprising at least one thinla I'n an anor
randean amaspheus layeor sdid geseivingraitbstrate rthe lcaystalline layeatand the

Ay SRHBIs R BpbFasing 4t ER hRBront sk ol o
r eceiAvidng shubRire 3 @isd pRposka!l abhdiftnd #Y 8'subthatd €otBrising at
fects.

a
anor phous | ayer not having any EOR type point defects
Apaptons rageiving SinS’faﬁlt@cﬁl'p? apagper dopadiaystatinerayer which does

i Si . I | Vi ubst r at .
SRS R R R, R BBRE Py st
hayer brasya ESHtdntriopaifiopanateietger themwer kgbhkrtol Te20n@ycm?®.
said _doped crystalline |ayer has a concentration of

dopafiBen Adysptagesn apdl &effdres @f1Hmp iayentips. will become better
apparent from the description which follows of several alternative

embodiments, given as non-limiting examples, of the method according to the
invention, with reference to the appended drawings wherein, in addition
to Figs. 1 and 2 on which comments have already been made with reference to
the state 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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15 O her advantages and features of the invention wll
becone better apparent fromthe description which

WO ab7aes76df several alternative enbodi nents, QPCEEP2#7/052372

non-limting exanples, of the nethod according to the
invention, with reference to the appended draw ngs

wherein, in addition to Figs. 1 and 2 on which

comments have already been magg with reference to

20t he state of the art: ) Fig. 3 is a schematic _

i |1 ust rhigi 8nisof gmreebnilusiratingy shefconpeninatioto @f figiplanted species

ing to the invention,
%él@th%sggﬁﬁﬁ%?@%ﬁ%{tgumrati on of the main steps
of aViershalkldescrites | &/ refeprd BRiBodihehhofnitleh@fiehfibn in which
maki n egq?thUbS”ate according to the invention, 25 -

seyer rmatyerRmRedimgnts U’étyrl%ﬁ romeptPlated. mai n st eps
of a second alternative enbodi nent of the nethod for
maki ng a substrate according to the invention,
Fi g. Adteraative @mbediment witlt adiurbed aindriphous layer el removal
of a t||’:llr Ite.rnatl e errbd|me t of .the nmethod for
200 X LA LSLUL ELLL aptation ot on, 30-
Fi g. with %efér@ﬁé@/tgepghSd'aQﬂbﬁﬂhé’fto V%Gﬁre?éﬁé(?'@mﬁ&ﬂlment of the
different | [ antati On enerqgl es
2A00stions ey nmth&@m@ud@@aa@tep dor implantifg g;peBnassB‘a(Flg 3b) from

dh&lbeer e of' b n Y FEnaoL B i o 3Bu{gel amorphous
Shvdr 33 e¥ET idpsrefcBteFRy.rRd enbodi nent of the invention
in which several alternative enbodi nents may be

cont &bleked 3250r exampgle diasad i genesalibdiar bepevivhichaextends in a

j r. ecls
B TR T P, RN o b HELCELS o top of
Fhe. substrate G2diimgneaniathy ﬁc% wwbrem@@@iva@nhe dfrst Bplantation of
i nvention, the nmethod includes a step for inplanting
$PeciessB1 (Fig. 3b) from 10 the upper face of a
subst Ik
ror ShbSEafaL S 4 se oy hacrl e A8,

And species 31 may for example be Si.

In order to obtain a buried layer 33, the implantation parameters are
controlled in order to retain at the surface of the substrate 32, a region 34, the
crystallinity of which is not changed by the implanted species 31.

After forming the buried amorphous layer 33, the supporting substrate 31
has a so-called intermediate structure 32', with reference to Fig. 3¢, 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 locaily implanted or in the full plate in the amorphous
layer 33 through the upper face of the intermediate structure 32"
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Substrate 32 for exanple has a general disc shape
whi ch extends in a horizontal direction. Further, in

woOheofio416dwi ng text, by upper face, i.e., the wrom/EPR007/052372

the substrate 32, is nmeant the face which receives the
first inplantation of 15species 31. Substrate 32 is a

sem conductor material such as silicon. And species 31

may for exanple be Si. 4An order to obtain a

buried layer 33, the inplantation paraneters are

cont dens afdion gasdepedes B8t ther implanted throvgbithe hpper face of

SNSRI o, B B, o PR 5 e kg zono 5,

Allistraté@imidogtetiNindaLini Fid. 3eDipbording &Y e Smakt BUt™ method as
supporting substrate 31 has_a so-called internediate

daseEbaf elnzdhe piblicatienereniisopminsulaior Teehiaegny Materials
er 34 _ahi I i ne, ,
3 VA PRSY, EdNBh 3ot i PAget SEUMRGE Y L K(LWEP: Academic

uri'ed anorphous | ayer
druytsishiets nepadgreeeB0 8dd 5df a central crystalline 25

| ayer 35 caontaining crystallinpe geint defects
[

|
mredi £08Ey i5daeaid e thr R ciedeass of Hi laysF SReofrymed during

| BMSfohihtidRd a | ower crystalline layer 36. These point
defecPts are interstitial Si atons, they correspond to

def edthis wleakared appe 3tbisoforified.in 2bhe 2ayermdb, triear the daydre35, and
cause. def ect

f i f.th
T GiiCbe S8liath Bk e tprio of ¥ Taysp 36 to besigtached.
37 suws deakening iRPHIAR6N BRYS PRIEMDIAESPIEACah iiplantation (with

i npl anted or inthe full PI ate in the anorphous | ayer
Jwdregeiugclusivelyppeliurm suglusiveihe . ). atasr-imeelpaiadion with at least two

Rtk Fioe  srdedy 8 SRR TR e iy giin are
tsegiuentilly ingsantet!, hbkurs Weiig picfersdhaisnlantearsafbre hftogen.

substrate, a buried weakened zone 39, illustrated In

dot t ldWiH R aber(ey. U, inadlolsr axagPles paremsiars obutaitl species
ST co%%]%ﬁ§ E'egfégjr b@e%%%o%g{yhsﬁ%%%daﬁn% StQOUW_EgI t’he point

Ziefeddidd afrintermetiiale atrufiuee B2'.Col i nge by " Kl uwer
c_Publ i sher

Acadej . _page 0.and 51. I n zone )
36 1 SRt s akaring dMmerai it etaineisrs mayeposselected in
fRichesl Wiy ithat BRDWeBkEREH UdneTBY SsIBakRACH ARNR3Y diSthe point
formed in the |layer 36, near the layer 35, and 1l0as it

wiafects@5seen | ater on, allows the portion of the |ayer
36 t (NGB(?, \Hﬁﬁ ?é:fg?eq'ice 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
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Thi s weakening inplantation step preferably applies an
inplantation (with hydrogen excl usively, helium

wexzal7igédely ...), a co-inplantation with at | @eTEPR§UG/052372

different atom c species, for exanple hydrogen and

hel i um which are sequentially inplanted, helium being
preferably inplanted before hydrogen. 15 It will be
observed that in this exanple,g paranmeters of said

species inplantation are selected so as to forma
vieakingasuhsivate 40 Lﬁi‘@eff-orttﬁ@tlf]ﬂ)ihfbt suftercestaf thg regpective connecting

BT e ot i s cnpion i Yoo stBarers 40

such -éfor\rﬁlvl%tahbbnt! mﬁmedn Ztﬁé@s@%cesoﬂ SCRIagH td irtBBnediate
| evel of t oi nt 20 defects 35. Next, with

rdfustlgRcR’ epdfar dhe seceidng sebsiratetGubstrate 40 is
bonde%oﬁ{ﬁél?inbrb%tﬁ’Bfﬁfeelﬁgéfh@tﬁédbe | ayer 34 of the

i nterne e~struc any appropriate neans.

In t h!e:cbsdew wheh exdndiri ek m@%emagssubstratmﬂelhqn the face of the
cont act| ng the rec ing 25 substrate 40 {he . .
'me@mﬁgmt%tsén@twac% %énetuhﬁ ARarding fé’s&@rﬂ'l"@”f'ﬁ%rﬂ‘c'Udes a
ﬂéﬁng%&\/&@oﬁ@kgbﬁ &Qbﬁ%é‘%ﬂh@ﬁ@é’ﬂ% BSn&ﬂ]gdérfJ QQ&Vttransfer at a

rectly contacting a surface o
rlewermnmgemuhstnthE%eryn a seni conductor material,
such with .a urfacghof t he .i nt er med;

strudfith detoshtad® Pl pBnghronmiinky (o at Taihg Jytgpmediate

iginRfier 320 BRlgRtacHRIN HC thé dwkak&fed Nzéhe UBY ag6cdiliing to the
t he |nterrmed| ate structure 32' and/or form ng an

AHDRPKALS” matbed .2y hegldreatment eed/qr@nﬁak@g atreseemd

conn ur, f h

2007 ierbt Py it 559578, wkcBopdlosufage o heggemeining
angstafinedayemgf theeinterniadiee studtbe B8RS ni@céxmaple by means of a
connectlng | ayers of the internediate structure

dmgnyeal W@CPEE'@?{/ |D||1’:§18§|§§§9fﬁ dEMBh type metho@opmlin@eaamorphous
qQ\%@F R8 kLR fiRE ey r@f?uéif gﬁg |ﬂf fleditBSkirh8fire 32" thereby
i nter ur e an

medi ate struc Tor the recei vi ng
s&jihsnnaszthmor&BEoinbunncn,gstaibmmdefectme | atter net hods.
Acce

r onin he _receiving substrate 40 . .
on t %? 8*%?09( ?‘ r%eﬁrsgf Eaﬁ%‘ﬂ*aﬁifﬁ(i? é’i‘ttam?ﬁ’ecompf's'”g a
MBivBP fo RGHAG %UBgtrét‘é Ates caneat ¢r9§ta']lih%| [HYES34 aﬁﬁbaeﬁrﬂﬁpper doped
activation St e:f in or der t o enhance the” bondi ng and

Amewhoraieyaesrddat a | ower tenperature if necessary.

10W t oﬁ}aﬁ{(,ﬁ’;gg']eea{kgpiﬁb %te;? Has tn%? ygf Eféér?blehgﬁnég%% ifgt%e goal is

of th
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 recrysiallize 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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structure 32' is detached at the weakened zone 39
according to the Smart Cut TM net hod, by heat treatnent

wanaaes@ppl yi ng stresses. One then proceegdgptbiPos2z72

abradi ng the upper surface of the remaining
crystalline |ayer of the internediate structure 32',
for exanple, by means of a 15 chem cal mechani cal

pl anari zation (CVP) type net hcgzl until the anorphous
| ayer 33 fornms the upper |ayer of the internediate

#NdBINCe fB20ne I’(ertwbyhadmsmlhwill bg dhreereeh ¢hA5thel rdmryslalllzatton
cr st Illne reference to Fi

allba f naﬁocm%@w@pet pay 8?{{‘3%‘t %15179?@19@9(5%)'?) type point
|
et eSO UL TB LA Phddh cireiba S5 BRGES CMP type
@iragpaisigp. i f the dopi ng step has not yet been

Goped DS dnaeE RReLe Aol R i coomiieds a lower

Feceioingn sabsttgte pDOosH NPlcUBnar RahdPlaAlt af hﬁpérh%‘ioh)ed crystalline
armrphous | ayer 33. By neans of recrystallizati

A@Nﬁs’é i pry theyeihes hand lesbrdqeﬁélowepefamy E@Ronype mgintiuefect and

r f 3
HGPRALS odEhirtion SEHBEEnS b Lo BIABY ehlupith PP
f i nalSush kaswtmtmte W ditlenofrecsing @I\EIOSF(tcgnp&hent& Rech as transistors
s layer 33 will recrystallize fromthe
y@? AMPiPne | ayer 34 which plays a role of seed |ayer.
Dur i [ [
specy aaS FREfEY At LAbAER, B8 reelifgEbbgte 40 s
\monﬂedmnémme':rumrﬁeaenfm imtermediate Bthgthwerg®) i ng for
recrystallizing and activating the dopant species
conprises | ow tenperature heat treatnent perforned

bet WAtterhaP¥e e%@&ﬂ?érﬁ%]ﬁ%ogﬂ—ﬁggg(}?ﬂé%lﬁeﬂ%ﬂd removal
650C or one to our s |
at-defects hwied YV iir o1t or red wi t hout

any formation of end- of-range (E(P)type poi nt
defects, the point defects having been elimnated

dur i Agcoringpr teviamashdEVR rbGnpE asi aResirRntidANewith reference
i% reby obtained substrate, as illustrated in Fig
E‘b?r ifs die Metheeringludes \a ﬁ@pstnsgmpéaralrmosmmw@o@g 4b) from

I
R o a8 b e RRIp 06 20, (Pl oied 1 SR BT Sy ffhee Minormhous
thyes 68, with referehcentsFig. doncentrati on of dopants | arger
t han_or ual 1le20 at/cnB. Such a substrate is able
Lo r DBGsHBSERSDR B Boite s4Te W dS Y BTs PoteamiGonguFiaF material
euetivak &ilicon.
And species 51 may for example be Si.

In order to obtain a surface amorphous layer 53, the implantation
parameters are controiled 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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In this particular exenplary enbodi nent, the receiving
substrate 40 is bonded onto the upper face of the

wonogrwedirat e structure 32'. Al t er nalrCY&EP2007/052372

enmbodi mnent with a surface anorphous |ayer and renoval

15 of point defects with weakening by inplantation

Accordi ng to anot her enbodi nent of the invention, with
reference to Fig. 4, the nethgg includes a step for

i mpl anting species 51 (Fig. 4b) from t he upper

frodiet dﬁfeatsamlsa tewer Qmst(artin@ lavier) 56. M hesgqoiniddiectmare interstitial

"d%8; B HsDOR D G 1S RBathof ByCEIS P RS 2846 9

ear | Vith @fér@ﬁbé oftAl UFG§.04d, nabsémalspéeiéb 53 SiidH GRN bofRdl and/or
species 51 may for exanple be In order to

dasbhorss @re decallyrioiaiied qragxéhe §3l plakein st awifage emorphous

I inin
SRR PGl Mo 28s of e AR bRk, o
changes biternediarpbaotiecs S2chas coinprises am tuppier Iddped surface
noted that the_ anorphous |ayer 53 may_ al so be directl

o%B‘é"sHhPéfé |3yert e %ﬁ%‘%tffl“aﬁ"lés'@&me layer 55 gprigining paink glefects, and

%;% | ayer 53, the supporting
su@stratrzﬁglgﬁ as%aﬁsso called internedi ate structure
52' , By tderystélbizatioreanoedling, wiih, retﬁempcestmﬁgg a, ingpadeped surface
surface anorphous J ayer a_cen stall .
Aoy S TReTae il T s e HO e GBSOy BE 58 Mhich plays
LHePRIIS! ol RkeA! Fay@Fdiﬁlrin%W?(ﬁe %ﬁﬁﬁs@élhi&(’t%n' %ﬁﬁéaﬁfb the dopant
These point defeCts are interstitial S atons;
cpecespipiially dnplanted frethes suface garorpious Iayueg§3 mll mreover be
V%Cltiih [&f erence to Fig. 4d, dopant species 57 such as

S hd/ or phosphorus, are locally inplanted or in

the fiHig @dalingn foh eesystalin@na@id "@dtivating the dopant species
consists in a low temperature heat treatment performed between 550°C
and 650°C for one to two hours.

The thereby obtained substrate, as illustrated in Fig. 4g, comprises an
upper doped crystalline layer 57, a central crystalline layer 55 containing point
defects and a lower crystalline layer 56.

lons and/or gas species 58 are then implanted through the upper 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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5 layer 53 through the upper face of the atomc
structure 52'. The internedi ate structure 52' then

waemirns®s an upper doped surface anorphous | aper/EP2007852372

central crystalline |ayer 55 containing point defects,

and a |lower crystalline layer 56. By recrystallization
annealing, with reference to Fig. 4f, the doped

surface 10 anorphous |ayer 534w Il recrystallize from

t he cr¥st alline layer 56 which plays the role of seed
|difjesent Datontig  shecieecrfpst example ikydrogereagncighelivre which are

. ' initially tnoplanted. in the rf.ac
AroPshuab  FisjnteshefimibentT uflBbyLaieRgiisiore hycrogen.
Thi s lta@ileBe i dlel@sd HeR!iMStha bkéﬂnPEa, and pErhméBrsner $418 species
dopant species 15 consists in a [ ow tenperature heat _
tirplaniation gee selesiad patagelonfosmoa werkessgaans 58rebove the point
t S . ihed substrate, as
iq%?%%?:ggtg&h?ﬁn%ﬁg?&@g%S@%‘r‘"}%g §%S an upper doped

cr ysWith ireferéageto FHg. 4h,caneceiviryy $abstratenso liginded onto the
cont ai ni ng, poi nt _defects and a | ower crystalline Iﬁge'rb
Yy any

3Pes of shstaling daven&di of the intermearliate; sisettre

t er face of the substrate so as to form

idryt e sfﬁz‘i??@?e, a buri ed weakened zone 59 in the

dopedVith yrefarehceetd &jgr4isthei tiystllirat deyem S8otanddthe layer 55

lé:igrﬁgazgf.ggi tglggaqlﬁpgﬁ%%&(jrg :tlgeggr%tfgﬁrf?ggiatseng{rbct%é -ggl g?é rc]ict)agtjlach»s:c! at
Thé welikeRBd 208858 SdcolirBRe g BmarlBLEM mgﬁqdo? b\h/m%lat treatment
2nd Edition " of Jean-Pierre Colinge by 2 Kl awer
Adgfuranplypogisirerees " pages 50 and 51. The zone

59 i 0 e r..the poin fects.of .the |ayer 55,

7 or meN QAT BralERis i B e Rcabenbl Sositives Ree of the
fdopeddrystatiine layyes7.57, near the layer 55, and, as it

wll be seen |ater on, allows the portion of the |ayer
56 t 8V refereniaect®. Figothias finplaxdistiade icapsighinaucf enlowesgeceiving

BUELSERRLY SAARD) S DoRPRALBN ol R

at | dasdll theo nod&d 20a7, 104HE7 ROEBHERRRO Bhitaitim2ni lof the method
according to the invention, which allows a substrate to be formed by direct
silicon bonding (DSB) including a highly doped zone without any 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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different atom c species, for exanple hydrogen and
hel i um whi ch are sequentially inplanted, helium being

woraef7aoaisyy i npl ant ed before hydrogen. | t POTIEP20D2/052372

observed that in this exanple, the paraneters of said
species inplantation are selected so as to forma
weakened zone 59 above the point 5 defects 55 of the
intermedi ate structure 52'. 42 Wth reference to
Fig. 4h, a receiving substrate 60 is bonded onto the
uppeAligtpative gmbeadimant wi rried amerphous layer sane removal
S r ' QR n Wth reference

O $ibt cBretts it Foin@iBh 84 BORIEBNEL " 1 | 2yer 55

10 containing the point defects of the internediate
structure 52' are detached at the weakened zone 59

acco¥calfing te aehisghanpbagirent gk thetnveptjomedith refeeanesnto Fig. 5,

/ ' SES. . r i t .
A REE R As 3 SRPSER fpming X PdealSRe N EES Iyl TFio. sb)
ary & sLbstrstel 89 efFi@ Ba)loMidined & e aradcordudter: nfdterial such as
final substrate consisting of a | ower receiving
SO at e 60 and an upper doped crystalline |ayer 57
is o j tEs v | nate [ ' :
al tewgﬁl ir}%gergrqg%dﬁ&rrelzrll 'oq‘ct g %{éjt gao%lh'? cecgrg]}y%g "?oe tli%er 64 is
ideposited by apliiiazh 63| drothe weskdrsd pareus daysr &2or ned by

di il bondi i ncl udj hi_ghl ed

Sone e RIS 5 Her) B B o8 et 175 se) o
GHE PRI Fat@Y 'the Tristalime! 1BYEE 8408] aketo! forMiSh Surf 8morphous
the receiving substrate 60, "unli ke the previous

dayerrGfatwithen genefid.igl. which recrystallization of

t he [ ' r red after the transfer
Mer%gék%?%&‘?@a%fﬁf?g%mg’% IE’% I'he_at treat nents was

needédl drdeprdesbibin avbubdedaay@r BoNIhdaaiplditaBdMBRiramdters are
too high tenperatures before SPE for activating 25the

Jopitiged so agHagelgin afithe petanssef kel suhsiraten & Fraom&q which
%%%Ed?ﬂi*ah%@o%?%?&é[\f@gn a,LoRsHzoh heat bal ance shoul d
['Ted, pre K 9 a ﬁ

not be ap er abl eat bal ance | ess than
400- 20R€fdrevag ske bhdedenorpheds kyes G6athe sudsliats haa asso-called

net ast ghl. e state. reover, in thi ternative
JRiGGaEAEIE STURLF.68) HOINTGTaraDEs WrElD. A< rBanUBE AHARSS drver 67
f\PHicRORES N@mained 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. bi, 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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WO 2007/ 104767PCT/ EP2007/ 052372 12 Al ternative
enbodi nent with a buried anorphous | ayer and renoval

WoR0FAN4M67 def ects with formati on of a porous | BUBEP2007/052372

According to a third enbodi nent of the invention, with
reference to Fig. 5, 5 the nethod includes a step for

form ng a weakened porous |ayer 61 (Fig. 5b) on a

substrate 62 (Fig. 5a) obtaingg in a sem conductor

material such as silicon. . Wth reference to Figs. o
Sc aftnssdherpragerds wilhs ebrading theydppasasidact gisheetemaining

Sy RBBTE S oD Br WeEmIERIERSE AU 07 AR o2mel ) Gishomical

(recharfiedl plraparizbtor OMPJ agpe omethioad amtis t ikl dﬁpedi ay®iorphous
4 o) a&gto forma burleg anpr phous Ifa%er 66, Wth
@r%% medheiuppesayesg meégt%'mq%@ﬁe rucaursrﬁa gFigedi).

5 Oy 850 5 el LB epSindfand o o

rte_tcmtamaa fi nblehl_ghlyf @m;mcbﬁnﬁtz&hrmjbm;ctntez dapant gipenie8 771" such as
ReGh SRR Bloshbotis bbbl o e BReepvane ver 66, wit
%H’Fé‘-‘réﬁ@é £ PRS 58 tﬁé&eﬁ?'éhﬁﬁnéﬁﬁgeﬂ'ﬂé%n%t% fER Hﬁ:bb'ihfv‘dé?ects

reference to Fi Q. , conprising a upper |ayer
V\,hl clBW&’@CW@f&lﬁlzwé@nc @ﬁgeahmg navitha refgrende atmﬂf:igoﬁs the doped

SRR AR N sechys iR B o TS THE o7 apch piavs

chat Ril@i 6fd seed Naydef Bating id ireslystaigitiop BRh&alld gnethe dopant
| ayer 69, a weakened porous |ayer 61 and a secon

|S<m@leSdi§thalmpiﬁ@tqdalyéhe Amorphougysvies §81 Wil meyiepmer be activated
ref eﬁ%@gnﬁé’al For @cr&&l}éﬁ ?@0 ﬁﬂ%ﬁinﬁéﬁlo}]ﬂﬁfgﬁgmg consists in

bor on and/ or osp or
tehlowl ienhperbatre hieat trbatmerntmﬂr@meﬂ%etmm%wmm%mmfor one

upper face of the internmediate structure 62’
éﬁomo%%urﬁayér“@ebﬁs Shrere y tefp s recrwtﬁwzafé%r%me@lmg is
L rforghedd vithdut ‘fbﬁﬂaﬁé’rpséfr ah8- cﬁ%ahﬁetfg%@ benfedefects, the
onto the upper crystalline |ayer

ianysieliedi poiet stefectsuceusdag the BOR apafedsr haviegnkeers . eliminated

Cgﬁirpﬂgh{e%bgéﬁgﬁs tpgpgrfgrmed prewousﬁ:ryst alline layer 69

The thereby obtained substrate, illustrated in Fig. 5j, comprising a lower
receiving substrate 72 and an upper doped crystalline layer 73, is able to
receive CMOS components such as transistors for 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.6c¢c and 6d, an upper crystalline layer 84 is
deposited by epitaxy 83 on the weakened porous layer 81.
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structure 62' is detached at the zone of the porous
| ayer 61, by applying stresses. WO

WQewW7/1004767PCT/ EP2007/ 052372 13 One t hen PCOERZNF 052372

wi th abradi ng the upper surface of the renaining
crystalline layer 69 of the internedi ate structure 62
for exanple by a chem cal nechanical planarization
(CWP) type nethod until the deped anorphous | ayer 66
fornms_the upper layer of the internediate structure

62' (Thegnetiod theg ingludesa siep for implantibgispgcissedp ag. 6e) from

A BBy B o AV SRR Ry ot A7 R tp d5rmh 3 AT afhorphous

Siyari 865 with referehcaso Biy.®9. and/ or phosphorus are
i mpl anted in the armrphous | ayer 66, with reference to
Fi g. SBecias®} B3y fer examale bRy Si.ne zone 68 rich in point

def eql Sordy foecd’b\féigaﬁl 'sﬁﬁhg i %dé‘%)ﬁ‘#&% the_ imglantation

reference to anor us’ | ayer
aaramessrs ese abhtrzkhed mmdyewelr ksowh td nae Is&illed tﬁ‘fhevlartc h

| f
Fecr vl Sbsardie Tiftdae BHIErobAUS Suiiace 126 Epdsay also be made
1y ikl Bl A BritEgeRhious | aver 66 wi |

nor eover be activated Thi's anneal ing for
r ecr Yéteal forming thadswidaces aamophddpalayes pBGi 8w cabsirates has a

olenr R §udiRs a2 "B TRIarPEEL R6 i, B iBtising an
Qﬁﬁﬁ?\/ﬁﬁfabbaémbh&l%dsefeyéﬁg : :-!(1) ﬁ:@?;rﬁg rt]:gfyg&ﬁhe NgyérS87 containing

performed W t hout an range ty

[ﬂﬂ"ﬁt defeetse asfirst ﬁ@{S&EﬂU@Q aver §s8, ﬁoﬁwaﬂ%‘# S '§dc,(5m%tﬁﬁ|§e layer, a
\:Eé‘%léqg d9BbRGIS lgf%ﬂr i3 dkb%%ﬁlaﬁlehnpﬂ%ﬁ%awréé}ﬁeb{]ﬁ%crle vstallme

rasion tep per previ ous
dayeri and atseicoat erystalline fayurad, ersoFcajiedﬂpwec crgsta’:lsrh@ tayer.

a lower, 20 recgeivin subst at 72 and an doped

or ystont tiorghy witbrrefesenge taprig 8. AePan BbesipR 90 Subl as boron
t | .

Ao ngﬁf)?@eﬁgﬁn%ogfenég?ﬁ% tﬁﬁ&éﬁté‘oo r G aRB! fil plate in the surface

a sur ace anor phous | ayer
andompboys dayerodt rbbnqmghdtéwﬁemmervﬁace df dhednieomegdiata structure 82'.

rous.| aver Acc, rth enbodl ment
PR Shefhouslale R RuPEr fradly. "o the. et hod
i ncI Bia®chy ﬁélﬁihtfdhfarfr%drhggwﬂh\f@félﬁ@ﬂﬂ%jtoopigoﬁﬁ i@y@ép&ﬂsuﬁace
(Fig. 6b) on a substrate 82 (Fig. obt ai ned in

SERPIPHALE dayer $fhnal |r%@ry§iaﬂizeaf§or§| uhedwstaﬂi@wlﬁmer 88 Wwhich plays
(EHSEAESS, 8o Bsor S50, By SR BB B SHELIRE e dopan
mpeeiss hitdy iBplanted 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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WO 2007/ 104767PCT/ EP2007/ 052372 14 The net hod t hen

includes a step for inplanting species 85 (Fig. 6e)
woretwoms7upper face of the crystalline | ayer $¢ériEP2007/052372

order to forma surface anorphous | ayer 86, wth

reference to Fig. 6f. Species 85 may for exanple be

Si. 5In order to obtain a surface anorphous | ayer 86,

the inplantation paraneters aqﬁ controlled in a way

wel | -known to one skilled in the art. It will be

obseMdl referene doanigr fh o seseivingc substyete B6 isrehonalesioonto the

AR oty oy tind FREPe. o8 PofoESTguRs s ¥Ree 82 by any
sambpmt@ hésn®a 10 so-called internediate structure

82' vvlth reference to Fig. 6f, conprising an upper
surf JVigh sefsrencsute Figy 6i. the lower evystalline layer &9 isrietached at the

\erh PO LB R el ayer . &

weak el tlpm qroceese withl abagiing AReduppsies aéd ciahd remaining
burl eﬁtg % ge | ayer 88 and a second crystalline

ihedtarapsiate sjaickireigs foagsamplelby a chemical
Q@éd:r?d?ﬂéély éNahEaﬁc?rf e{gﬂ\'ﬂpﬁ @lgﬁ':'ngethgg’ uﬂﬁgfﬂ?{: §88&1 &rystalline

0 such as or on and/ orus, are
|Iauﬂra&& fodmesrthe upplee ldyelr Iof thatrdemmedibie steudtaee82' (Fig. 6j) thereby

ous,, | t hrough the up face of the
%ﬁDFBE%Hkﬂ %‘Pzééh‘i%?ﬁwf 8 nt V‘I"H@%ﬁ‘? ¥3é/@é 84por phous
| aye e
| 2 STHBnere b SUs e @Y JLARESS B it 8! Binorising a ower
$aeeiMng Sulpiraien O hand ahawper&ﬁ)md Crysaailur)esi@du&:e i$ capable of

PeU A BppB e Sl e ralidths bk Rl ne.

dopaiptispakly,asnd prddeasYwithRl estesbritTof RARishiH éf ﬁfeeupper face of
%ﬁgghous | ayer 86 will noreover be activate

BAtEBISt#ENS Bver 86rystal | i zi ng and acti vati ng

dopapt p%?ﬁ‘&l
consiﬂsts In Igrslﬂol{/iv bgﬁryﬁgtg %ﬁéaﬂ? gﬁ'?)égﬁﬁgrb rqfol"’néHbStrate
lobtainec as50diramn do 6% @ viemtionngilltle tescritad Bereafter Wigh reference
ih re%\é obt ai ned substrate, illustrated in Fig. 6h,
Eﬂﬂ" es an upper doped crystalline |layer, capable of
recei ving CMOS conponents such as transistors for
exanple, a central crystalline layer 87 containing EOR
t ypeExaingle: 30 defects, a first crystalline |ayer 88,
a so-called buried crystalline |ayer, a weakened
porous | ayer 81 positioned underneath said buried

cr ysyaihl refisrehay &6 FRB 32 PciR6@RsH rﬁéh(ﬁ?aé $trilGutirBludes a step
gﬂb a so-called | ower crystalline |

retaiieg perecire 0001 053, (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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15 Wth reference to Fig. 6i, a receiving
substrate 91 is bonded onto the upper doped

wonryEraddine | ayer 86 of the intermedi ate stru®CUmEP282/052372

by any appropriate neans Wth reference to
Fig. 6i, the lower crystalline layer 89 is detached at
the 5 weakened porous |ayer 81 by applying stresses.
One then proceeds with abradigg the upper surface of

the remaining crystalline |layer 88 of the internediate
saalemdzrd-lm is fibe exciopotle vith avibnthese eberagiedstics may be

ntl) f@“ on (CWP) type nethod until the doped
@% he | ayer 86 forns the upper |ayer of the

i nt emedividst U Bioded i82haf Iof Ghebintidah edrrfpyy den3|ty as initially
10elimnating the EOR defects present within the |la

groposed i egt@lﬁle&"é(by%bt‘alfr%cﬁ%@ﬁ@’ﬁ, dneestiaatios (qfder dmplentation
Héina é' wi §'»”9§>qu "l‘@?rmfe&% '69 I3 %@‘t&uo‘ﬁl &8on and

an upper g erys ine | ayér is ca

r&@@bhj ngndM)Sﬂ:c(rmbﬂ)er\Nhema:I&nﬁealt CorEntiation dfopoint defects is
i onal | one E}f‘gceeds wth a

TPaaRaRs he cavstpl sparibeOSte tapEEs @ HIGSBIMREPUS Stetk ke defect
Ccfdﬁ%ﬁ{rbh&‘? id ?@iﬁfeqaﬁl the n c@ap%rnb'r @hs@gﬁ'ecewed by the target.

non-T'imting exenpla
thhlthe@nhcaicuodncagtratnon bfethmd@bctsota agisbtiabed dasiticabealue of the

\Fl?ﬁ{ eafttggm i %ﬁé%&;é‘érgsltgfﬁﬂgt%&qg&pﬁ ﬁqnﬁgc}rd\%a result, if the
Shfté&ck%ﬁchémtldé %‘Fys%aﬁ%rﬂ@rﬁﬁ?fus' tFﬁHsTﬁBﬁ BQCLﬁf@thﬁﬁ tHi8nodel, it is
l'icon, (Fi g. 3b) fromthe upper face of a substrate

ms@e @o irder) thetdepth ecati whigh de O@&ﬁjﬂtﬂ orystadtasrarahous interface
f b d h
e B 2 g o RIREERR 7 o B ™ T order 1o

obtain a buried anor phousDbgyerEdl(Qg,.Egd]e i npl ant ati on
paraneters are controlled in order to retain _at the
sur f dd€ 6fitieaccnersy: dgpsitudrc i reew@ﬂ!ymwesmed experimental

BRSO ek B S0y SPHBAME SH0/GE (484 fons. For
dosenpladin thel catcaol gerneareugy thisfvetue alie\yat dirent sichulations by
frﬂ%ar‘a%%g%‘oﬁ%ﬁérh‘f@léﬁe‘” STt % b i ad PN frpgisigred trade
%87/3 Olz%[?é%gll?%ggg%l%gbét{%g%a%géé eﬂé?g'ﬂl dif8outld per incident ion
at depth x (Ed(x)). For a given implantation energy, it is then possible to
localize in depth the amorphous zone by plotting the curve [Dose*Ed(x)] versus
the depth x.

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)ina 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 €) in Si, the
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selected. Here is the protocol with which these
characteristics nay be established. The nost used

woneglioizs7t hat of the critical energy density aeT/EP2007/052372

initially proposed by Stein and Vook " E.P. EerN sse;

I nvestigation of lon Inplantation 5 Damage with Stress

, Proc. 1st INT. Conf. On lon Inplantation, Gordon

and Breach, London, 17 (1971)47Wen a critical
concentration of point defects is reached t he crystal
smiﬁrﬁmmwoge neads ta be lesst thanfed St sbdhat thaHayer is buried.

t lated to th |
s bR LB B R ot & L Sl el RS hfch stars
eRnasUt I M40 A0 uplief fee deFRCESan® huBOSt at@ﬂotﬂ & HDOGA, ie., an
val ue of the 10 deposited damage energy nsity in

AePpReUS dAvar dhiskressalahod 959 A B crystalhmmetru@tureets therefore

I£§to i) 9&' th hfﬁ'sF Wﬁ tﬂdg@@?ﬁ% blj-}f% 8”5@3%1(\&@1 %e(é'ﬁg ﬁasxa seed for

&Ubﬂbﬁ@éntlrebbﬂma?@ﬁtﬁdﬁemrw&lé rphous interface by
means .of the follow ng relationship: Dose * Ed(Xx

=Edc! ftes TRTRINg: j R @f@%yaﬂwﬁh@% Edayars 3 déey supporting
SPUEFAISNZ RO TEAI BHATNETE. SEIQPIR i erronco
ito Hi@e?mamenmisnmramnppm Iayurs1mhlwmch $1a28 aihed Fcrryﬁnallme a

I t|on nmeans..of conmer Ci onputers such as
BB BOhOBE (S L esi e HnderiedsIe qysigiine fayer 104, a
F&@ﬁﬁbpbﬂfs‘téﬂlﬁ’@tlé‘yé‘r ihs dﬂﬁl‘@ﬁﬁlg ?Sh@l)ﬁeié&yérwtd RiwdtCErystalline
i nci dent” i on at depth x or a give
||awﬂram@t Tbasesmr@ydefepta are heﬂerspttt@tusm atotms; | thewl carsespond to

B B RTS8 T oo 5.

9' vegvign r@feﬁléiﬁ?d:@ tef Frgueme% géht tdpRciRs q09f sach*as boron and/or
mpl antation at 15 key 5 keg—m( b) 50 keV (c), 80

;p@rqspaayruslq:;g Iq@syly(lg)plameg ogjin the ugateaméhemorphous layer 103
. dard
Hichhdhe SRRRPBCEIAY MBrh el $0.AGrd 12 PO e

possidiiseatdiopgay |s¢ec;ehelaﬂmeambarm¢ﬂamed Qlﬁrduba the upper face of
m)rggous layers. At a given energé1 for exanpl
t

BERiedinnerdes t ey de dhe supsfsteh e Budad 3 Whakensd zone 100,
Al UBHED Mo 1P ALY |, 1RO SER oo e
ideserbedrin Hte t publicativantaBilioon-rsmaudatds Techlmmm Materials
LEYEIL 120 ESA ot el Bar S Ee T, F Kiier  Academic
endligvers », 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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For exanple, in the case of inplantation of Ge+ at 150
keV (curve e) in Si, the WO

WQQ7/18474767PCT/ EP2007/ 052372 17 i npl ant ati on #OT&EP2007/052372

needs to be less than 5el3 at/cm2 so that the |ayer

IS buried. Thus, with a dose of 3el3 at/cm2, an

anor phous | ayer is obtained which starts at about 140

A under the surface and ends g a depth of 1090 A,

i.e., an anorphous |ayer thickness of about 950 A. The

cr yst@planttian ofibydiagensamthdeduny is adjusiedainneles\ie rposition the

Bhcbbitor Rk R PR T NP bl HyRBIAER may be
limptanted for exdmple 4025KBY Wite abdodecor 2896 BRPUEhIohyBdsitions the

103, the supporting substrate 102 has a.so-call ed
iGoneeRisation aaximyst gt abebbe depthpfr2500 Ande.t 118 § beyond the

LS e [ i ged; . .
SroaraRRlsRR ErRialtess 194 8 50 508 PP BSictum i
desimplanied atrateouidicka\ppad terigstrallitiieh lpayitions @de cancentration
central crystallin [

| 5 cont aj nj defects . .
TR S copit 2 12HRUE 2P0, AL b8 2otk AcbBYRTH this copesration
DTS [k 15 TRpRHCROFFASORTSL 1, BBIER Sl occur

of the layer ef erence
tip fheg .« fBagiuto zaners lestretedl (7 daltdd dinebooonthengfaph of Fig. 8

15 phaspharu re locally inplanted qr in the full

SPaP ety 2t 45 EpnetTratlon. P oAU Af QgkOISIL T About 2500 A
flarer e bligadd1t er nedi ate structure 102'. | ons

and/ or gas species 108 are then inplanted through the
uppeWity ¢efesenaento Eim sy atreceiningr sbsteate fiohOnisi #henhleonded onto

et ol Ty B IBE SR RIS nte SRLFEIEIAGA) by any
regiphotizte m@hglescribed in the publication, "

Silicon-On-1nsulator, Technology : Mterials to VLS|, )

ond WHth Tgierencs 16 Jzia. 9o e CHtENRS layem 106 Rlethe intermediate
LC1B90ld shgkbehe T

BERTYT 1087 1 \htneq RO WapRlied oo, 1109 3SRy to the

fSmasCwllf meghadonpheatdteaimen? sitiios apphlienstlessese 109

ear, . the | ayer 105 ?

is f in the | .10 .
5 W Bb siriCead fiy: SBeadiiianb ndonsy St o g Temaining
|rysbllin@bGay s bethdettshitdiate structiveS182akeRXBhple by means of a
i mpl ant ation steE pr ef er abl ies an i nplantation

(hienticaly eestanicak plangrizetion y(ﬁg\ﬁi%riym(@emodeuwl,thg amorphous
SRR R SheClpt, LRt ARebRARIE RS o2 ereoy
stinlsatingtbeyzorngt @B tield in peint defdesd.ng preferably

i npl ant ed before hydrogen., ] o

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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WO 2007/ 104767PCT/ EP2007/ 052372 18 I mpl ant ati on
of hydrogen and heliumis adjusted in order to

wasi7rioge7t he concentrati on naxi na beyond 1090PAT/ER240M052372

above exanpl e. Hydrogen may be inplanted for exanple

at 25 keV with a dose of 1el6 cm 2 which positions the
concentration maxi nrum at about a depth of 2500 A,

i.e., 1410 A beyond the 5 secqgd anorphous/crystal

interface as this may be seen 1n Fig. 8 Heliumwl|

Hbei rale aoh sgedt !aaebuéuniogkt&}s daeg Bzatien2 annealing, the dopant
R

NP B iFBRAREL ' JO8 SRR agfrcih quith moreover be

retivatgg. of the first hydrogen inplantation. Fracture

(4 3)

of the material wll occur_ in the " fracture zone’" .
il usﬁttsﬂ@aealmgdf@we@wta!l@mg;ﬁnd ﬁ@tltgatmmﬁarmsgecesmnmsts in
2R Pl Ehfoicet R BEERATGHAIMEE3rPD and 650°C forone

Mbtivortefues.ence to Fig. 3f, a rece| VI ng substrate 110

ist ed onto th er cr stallin er 104 of

t he F'ﬁ'teet?’ﬁé%? a?létagt‘%dtﬂettﬁ“% Qs il ?/tf%ttﬁQ *%g:ﬂﬁ %f ?%H"@”SGS a lower
ehape AT a

e BNingy SHEbPateC DL AR AT ey, Hohod MEvEBHRESIeyeR©111 with 2

cthtdohsstEtMtOh’e weakened zone 109 accor ding to the

Smar t_, Cut, TM thod b eat a nd/ or .ap
ot e b ST 8N Bt sbsERd BRobiaRts PRt Tmoval of
URBaEy&bf ﬂrféelr@émﬁétﬁateegtauém@ it Wﬁérﬁbbmeiéf@oterh@fe formed, is
the internedi ate structure 102' for exarrB I'( means

6

drerforpedeby sietaghmerdain swakgned @ongavh e yoyened in the
anor phous | ayer 103 forns the upper

l'a %ﬁ%c?%ﬁ ruER?er medi ate structure 102" thereby

el i mMHeweve, tHeseznaenpleS ard abt Iirﬁltlri?lain‘d itlef 166 possible to perform

The abrasi on step consists in a we

af 0" SEHAMA! B%'l'”%tﬁﬂﬁ’@ Rofiding t@ﬁprquffapﬁeofptt@s@ﬁermedlate

fot
SRR i S 4o SRl TREAISD b ol oo o
reitbingnarepolistiig . ofdévera blyi arst offieraknaswbdonnatod mechanical and/or

oht ai.ned conprising a | ower receiving substrate 110, a
CSWW '%tPﬁ@Sm line |ayer 104 with a thickness of 140

A andrmaI PR es v@ﬂp%@v@mrﬂ%@%ﬂ théylﬁﬁferl%nWeWbaﬁ‘ameters may be
t hi ckness” of 610 ‘A, By recrystallization anneali ng

mﬁemﬁbdeenpably Hependipgfasy theopatue ﬂh@eamtda@eﬁmwsles of the

| r..| t. {

g o, s L TR S ilar Bht G sy sl BRadpres which
fhandl jsstbbeent @esombel bed ebenee rhdafd dimilhg, tReto the fields of
anor phous |ayer 103 will recrystallize fromthe
cRpdicafion pbthedpuentiary which plays WO
2007/ 104767PCT/ EP2007/ 052372



19 the role of seed layer. During this

recrystallization annealing,.,.the dopant species

initially inplanted in the &WDrphous | ayer 103 wil |

nor eover be activated. Thi s annealing for

recrystallizing and activating dopant species consists

in 5 alowtenperature heat treatnent perforned

bet ween 550C and 650C for Qggékg two hours. The

t her eby obt ai ned substratg, | lustrated in Fig. 3i,

CONPI iAS ARt RWEHalifE &l Mhd) GieRied cainPridihl ANEhsBRNHARRY on a

doped crystalline layer 111 with a thickness of 140 A
re¢€i Ving substrid @6, & d3pyBs vdbdveorprisgst r at e enbodi nent s

in whi.ch.removal of.the | aver.,qf it Lat.er nedi at e,.

o o FaREts A YroR s iR af o2k 2T SR REE ShiticFing substrae
perfo FJE g2 42, 4ey, amlkren thedhtefmy@ats SRECuZANE anhippdt thas

been fornmed i he i nternedi ate structure, However

t 1
t hesealémmhégs tver @3153490:8@iabtpingecP) eontrsllad gppcies implantation
poSS! HLs%ici S 8&{ "Mhtehre ﬁ%ﬁh@}tﬁ}%ﬁ‘gﬁ’c@ by et ching

af t er “bondi ) e rear face o I'ht er redi at e
st ructuimet cirysailter layer (3SENES,87)canitining gebihihdefkete Immediately
for exanple by etching or ' of even

t her eof, ol.ishi ng
by aniopca&eﬁemd%ﬁ Fhmrahouﬁém;ﬁ%%ﬁéﬁé)a 8rd cheni cal
et chi Q%ec&idnéelj?rlstﬁlﬂinbtlaﬂ{e? (‘SG,"%,?@%D QukSutdd AL 11! 1|0wteﬂ Portion of the

| ayer transf paraneters may be 20 contenplate

not abinterdedatdstngture 3N62'¢,82% of the inplanted

speci es, ..of the inplantation ener of .t he

R aoiinG rotlo seseRift it JAGRL2 30 4R avibyepdpce of the
been dgsaiddRedstalcturby3 Ng2mRags) | imting, as to the

fields of application of the invention. 20 CLAI M5

1. -A meedioee f e dakli regda se¢avdl layerscelurtbe c onpmiesiiatg  siructure
| east .opne,l ayedh Qn receiving supstr 6 72
o7y (it ehoeai e dl PR aR BRHL Pt A0 ol pper

st r uctayeeof $e%imRiMEHEB2 siruftufT32’, SAR BOY, 33NhdSddes nbatehtain end
(32, 52, 62, 82), wherein the internediate structure
has affgePoinbddectan anor phous | ayer (33,53, 66, 86)

obtAi fed xﬁé‘th&g%éﬁjdln di 5 RES! ?e%e&igglﬁ@ggééh%a&&ﬁ&i G that the

supporting substrate~fromthe up
amorphous layer (33,53,66,86) is formed at 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
(33,53,606,86) 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 2, characterized in that the amorphous layer
(33,53,66,86) is made in the intermediate structure (32, 52", 62', 82") so that it forms the
upper layer, a so-called surface amorphous layer (53,86) of the intermediate structure
(32', 52', 62', 82").

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

(33,53,66,86) is made in the intermediate structure (32', 52, 62', 82") so that it forms a



a first crystalline layer (35,55,68,87) containing
poi nt defects imedi ately | ocated underneath the
anor phous | ayer (33,53,66,8é¥, and a second
crystalline | ayer (36,56,70,89) located in the | ower
portion of the internediate structure
(32',52',62',82'), bonding said receiving substrate
t he upper face of the intermnedi

72 91
bérm%u@m 2 Sl s B R S LS Pt ety
IATEA t

be?g\g%n%gh% &ﬁlé.lgé %a‘j/glg(3tf-lha7? I(?Eﬁitgédgimﬁéhg #gts%nr of the intermediate
stiBBr6 B 2B65286), BY).ns an upper | ayer of the |nterned|ate

strycture 2., 52", 62',82 nd does_not contain.en

of ﬁaﬁﬁ ' %ﬁ?ﬂ afording Jo dny 01)2"1%*1% it ﬁoshaereefar'aﬁfhgnttbat the
ath®¥@h z

bt ‘8‘%"55"2@'" P 0 AR by SR LRing Bhelb e seid supportng
Substrath@ziﬁéz, |ate structure (32',52',62',82").

Th acc l.ai m h racterJ
B RS S BT o TS EEED i, bt
the RieprfopBoratige ﬂierrué‘diﬂh% sﬁl?s@raﬁﬂ#i@%ﬂsﬁ 91), it incldtes FReep for dopmg
nmet hod accordlng to claim3, characterlzed in th a€

the gEiopous layay 63,3339, 80 tygnminnting spegiks thipugh ﬁ@smnnen@ca nf said
| lhn r (53,64) followed by total
lnﬁy&&ﬁékﬁgwaﬁﬁ§3§h?%aﬁzbﬁygf said |l ayer (53, 84). 5.
Thé) nEhé nﬁbtkaﬁcmcoiﬂngg tbang lofichiids 1 ohal dniracterieed inthhf)atter the

the_a hous | ayer (33,53,66,86) is made in the
StERR B TR T t-:lS (layer (63§2‘53)6668é) argb fgr snqvieg the layer
(33 GjisTER 372%f YRP RlierhRUBEe stfuchBe g?ﬁ 56068 %Et o eél?gaéfﬁlt] ‘ag%pts have

layer 86) of the Internediate’stru
fogped a@be)fore the stgp foftendimghodcaciogsdbstigte @0O0A2A12, it includes a

t. d t hat
s 8Pk oD er T3 REOP RO Lo H IIESPPEL ur o
(320, Th metholl acddédihg 6 dnfadf LhihOLN® B chakalbdfiz&€8 in that the

| ayer, a so-called buried anorphous | ayer
- dcnaaets SgpbEiEen thecameshowmientratisl s tel@vara attivatetl by applying a
portion
S HREL 0B BUAE P00 RGNS 020808 B
7 IThEheretettod wecoding) togeliien d0YchakadbriétBinSthef sl heat treatment

. ract |zed E at ¢ he anor phous | ayer
Ispgrogﬁy 4%@49 @Qpﬁé§"@§eﬂhﬁwahﬂFﬁg species in
saig, ?H@H‘Q:'tﬂ éln&c%lﬂ?gt 1o féiiﬁa%ecgémgfalaéms, chiactbPGed in that

met hod accordi ng to any
the kigp dort remiozig the layha(35 m&;%’e dfiee siteemefiate domodirn (B2, 15", 62,

ecel Lng supst 40, 60, |t i ncludes a step
20 @%ﬁ@e{& e‘a& et 34 Otlj 14 30% 67BHYE [y Weakened zone
303p! @rm g gReGtemdilioughchie (IPPeref 39e i d
( | nterms?jl ate structure (32C ( Bg " 82‘).d Bt By applying
SUTERRES-met hod accordlng to any of clalns 1 or 2,

ch er| |n t , e for. for

angﬁp ous™ cFﬁguﬁét thﬁﬁ Eﬁ:?aﬁﬂvPhdﬁ%hﬂm siép. for
remayiek thd Eiyéﬁ(ﬁ}&i% SDfoﬂtH@ 1Iité1hﬁﬂrd[@@ kidd@ur (BUGHLUEE 82"in which

(32! ,52",62',82")in which point defects have for med

pogfigleftohe o %mtgdhe frsmating o4 theeanephony leyayd83.58.66.86)is
In&ﬁgmﬁﬁﬂﬁéﬂﬁ}ﬂemﬁéégncludes a step for doping the
ou

anor ayer 53, 66, 86) by inplanting species.



10. The nmethod according to any of clainms 2 to 7,
characterized in that the dopants inplanted in the

anor phous | ayer (33,53, 66,8 are activated by

appl ying a heat treatnent which recrystallizes said

anor phous | ayer (33,53, 66, 86). 11. The nmet hod

accor di ng to claim 10, characterized in that said heat
treatne erfor nmed bet ween éggqand 650C f one to

twe: hitpantite S0 SRenigeh PPRFTUBYSE ) BF Thigemediate

pr eCGgﬂrﬁt&u&' B35 52 Clgar 3@2?6%6 zR0d BorkN@h thBEnRLBRIiART structure
removing the | ayer (35,55, 68,87) of the internediate

st r uc(i¥,82' (@282) sbm;edbweqkesezd zonef3MBPh poi nt defects

(59 s b Miekfindr (025 BBFE 1 tehfifent of e
(32", 9pporayer 82ihe iRREndIRB sRictaRABYINg6BRLgSSes.

13. The method accor di ng to claim12, characterized in
t hat4. lhe @medgdf ascordinmvip napyt 196 glaignsr 13,3shmesgized) inothat the

pz[r ete &t&{ f? ﬁ?es%ﬁ%aﬂir & c?&g %eleg’[%% guchsgv)a %M% Qreakened

defe ave Forned duf i rrmtl
zcam(B?J,liQ)uls lbcayedrat ﬂﬁ:i’iaﬁéi (55,58)6@dn9am&g cheamiintrddfaes. L ot hﬁ
ste 22 inplanting ions or gas_species throu
eID X Bﬁsrmp%wéracaprfk% 0 ey ﬁécﬁlap@ $3r Gharpcterized: in that the
r
egf%}latg?sﬁ?fesa% é)ecﬁg leﬁglah%tlgﬂ a[“@aﬁéGc:ucIrt‘%lg aﬂ ﬁ%?%gﬁgégﬁélgeﬁi zone (59) is
logaed EE)f)vedhmbwmg(Sﬁb acmtmnmglthe phiet defadkened zone (39, 59)

achnment of the upper layer of the .
it A8 Se5U fegorhe Yo 8 o8 dlgts, 5 phiracterfogy inghat the
pdTBhBREL SCHRd éiie@ﬂ:st'u%pﬁﬂﬁén@fl afd Rldedl thﬁhﬂl'éaﬁéaﬁéﬁeﬁ%nb 39) is
that the paraneters of said species inplantation are
loseted undangath thedayes (Impontaiting peiniwedesshed zone (39, 59)
IS at e the | ay 35, ont a| ni t he
def eﬁ?‘ %S{iate 15°™PH migrego Hod%}a\)écqay& nd t%lg Iér‘?mus material,

clelratsizd® in ﬂﬂﬁft&@h@hbé’seﬁrelcélvtdgaehbﬁtl’&e Pﬁﬂ))aaTBérﬁlraS c@ﬁtallme layer
sai d _speci es | n‘ggant ation are selected so that th

Gite ardpamomhauy Byt (33), sy Jesdving @%tr@ﬁé‘i@)agk@rcrm@sme layer (34)
[ t shod
0L Ryt D P @sFholiEh i dhy ond of bl pdBEalfECO, o,
t heloar afnstretesconfprsmgohtsimc oRs reumhmmrﬁisnm (d060,72,91) and an

sel ected so that the zon 39) ocat ed
e et 1o (E37 TSR STHER 128 o RORC R Boint defect,
chafac®RriZbl@Si 3k SAAPHbRIANGrRRRlAd 1BydrayA 57, 78.86) has a doped
anor phous material, characterized in that it conpri ses

Cqmm@mﬁkmﬂmgmghmsvrGB@P@AG¥0admnentraI crystalline
| ayer (34) and an anorphous |ayer (33), said receiving
substrate (40), the crystalline |ayer (34) and the
anor phous | ayer (33) not having any end of range point
def ect . 18. A substrate conprising at |east one
recei ving substrate (40, 60, 72,91) and an upper doped
crystalline |ayer (41,57,73,86) which has no EOR type
poi nt defect, characterized in that said doped
crystalline layer (41,57,73,86) has a doped
concentration |arger than or equal to | e20 at/cnB.



