1 PROCESS FOR TRANSFER OF A THIN LAYER FORMED IN A

- SUBSTRATE W TH VACANCY CLUSTERS The invention rel ates

to a process for naking a substrate by transfer of a
thin | ayer of sem conducting material froma donor

~substrate to a support substrate. One field of

application of the invention is for 5 processes for
maki ng sem conductor on insulator (Sed) structures,
for exanple silicon on insulator (SO) structures,
these Sed structures acting as substrates for

el ectronics, optics and optoel gctronics. Sed
structures thus conprise an insulating |ayer 10
inserted between a thin | ayer made of a sem conducti ng

mat er i alprOEESs FORPORANSEAR! Oft 8. THMARTGLAK rpoRMHS IN A
processes are an exanple of a process of this type.

These processes THTEATThHNEE YACGHNEYe CLUSTERBodI nent

of the invention. 15 Further details about the
SMARTCUT(r) process are given in the

"Silicon-On-Insul ator Technol ogy: Materials to VLSI,

2nd Edition" docunent by Jean-Pierre Colinge

publ i shed by "KIuwer Academ c Publishers”, p. 50 and

51. 20 Production of an Sed structure using the
SMARTCUT(r) process and particularly an Sed structure

in h y ar,t i cul [
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in the form of vacanc sters (known as
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vacancy ghdsEeEsdi Bt R@p13 cuelivee Af dhe dePehtion is for
substrate may generate gef ects for

5 processes for making semiconductor on insulator (Se0I)

structures, for example silicon on insulator (SOI)
structures, these Se0I structures acting as substrates
for electronics, optics and optoelectronics.

SeQI structures thus comprise an insulating layer

10 inserted between a thin layer made of a semiconducting

15

20

material and a support substrate.

SMARTCUT® type processes are an. example of a

process of this type. These processes correspond to a
preferred embodiment of the inven;ion.
' Further details about the SMARTCUT® process are
given in the "Silicon-On-Insulator Technology:
Materials to VLSI, 2" Edition" document by Jean-Pierre
Colinge published by "Kluwer Academic Publishers", p.
50 and 51.

Production of an Se0l structure wusing the
SMARTCUT® process and particularly an SeCI structure in
which the thin layer is particularly thin (typically

less than 400 nm) reguires the use of an initial donor



which the size is larger than the thickness of the

thin layer of the final Sed structure.. These said

t hrough defects are said to be fatal defects; a

conmponent formed on one of these defects 10 will not

wor k. The presence of these through defects is

therefore a paraneter that confrols the quality of

conmponents that will be created on the fina

structure. Therefore, it is essential to mnimse the

presence of these through defects. 15 Coviously, it -
e_underst,ood that the problem_of throu
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t ha®r ha8Pd®keen 20 'frequently used in the past is to
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COPs is typically formed by 30_cutting an i ngot
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particularly very slow pulling (pulling a _
dedihgratfedepy at hpanamet éVerthall opoPutrdl st clobt gualwhat of
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these through defects.

15 Obviously, it will be understood that the problem

qf through defects is particulafly important if the
thickness of the thin layer is thin.
One solution for limiting the number of through

defects in an Se0I substrate and that has been

20 frequently used in the past is to use an initial
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- substrate with a very high crystallographic quality,
~having a low density of COPs.

Initial substrates ére typically formed by cutting
into an ingot obtained by the CZ process (Czochralski
pulling) .

Control over the pulling speed and the ingot
cQoling rate provides a meéns of reducing the quantity
of wvacancy cluster type defects. Thus, an initial
substrate with almost no COPg is typically formed by
cutting an ingot obtained :by the CZ (Czochralski

pulling) process using very specific pulling conditions
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by sinpler and / or faster pulling processes have
conparatively nore vacancy clusters and are therefore
consi dered to be inconpatible with the constraints

i mposed in target application fields (such as opti cs,
10 el ectronics or optoelectronics). For exanple, a
substrate formed by cutting aBNear Perfect Crystal
obtained by a "Very Slow Pull"™ type pulling at a rate
of less than 0.5 mMmimn will typically have a density
of COPs (larger than 0.1 nm) 15 between 0.045 and 0. 075
COPS/ cn?2 (equivalent to 30 to 50 COPs larger than 0.1
m i and 3perbhrdlantyer vemyer slewt hpalidnfacdpatddngf also
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st aiBlQ@ééi smm@al i He daf@l all2 4 Qida® beABScE astphtal
than the "Very Slow Pull" type pulling, will have a
dendie ytof theopsry | kevwyaruntiegh of. Bedpchétween 1.5 and

4.5 COP 300 a

than 0. %Mtra(@g% rﬁ&%I %“?re%lgggv\ﬁ(? errgB QEC?F%OL’ F’Egélned
notley tdiaipldre iangbt /coel | Agstat e pulilrinmg pHddeRgesS have
anot her factor_that will influence its

cr ySUHPIOR Pt BOEPi VRCAPAY ORISR Saliil @R s therefore

sulj geds desSr L Ve, | BeChaptsh &t@beg' MR %@Mgonstralnts
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rate (pulling esignated as "Fast Cool "
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g{fl;lgl 2 substyate opfai ped by fULt! §9sapn /Bt will
typlcally have a density of COPs (larger than 0.1 um)
between 0.045 and 0.075 COPs/cm? (equivalent to 30 to
50 COPs larger than 0.1 pgm in a 300 mm diameter wafer
with a . surface area of 660 cm? alldwing' for a 5 mm
exclusion area around the wafer).

Comparatively, a substrate obtained using standard
pulling at a rate 1.2 to 1.5 times faster than the
“Very Slow Pull” type pulling, will have é density of
COPs (larger than 0.1 um) between 1.5 and 4.5 COPs/cm?
(equivalent to 1000 to 3000 COPs larger than 0.1 um in
a 300 mm diameter wafer).

It will be noted that the ingot cooling rate
during pulling is another factor that will influence
its crystallographic gquality. Information about this
subject is giyen in chapter 1.6 "Si MELT GROWTH: GROWN-
IN DEFECTS AND SIMULATION OF THEIR FORMATION" by W. wvon
Ammon and E. Domberger, pages 39 - 51 in the

"Properties of Crystalline Silicon" document published



"Fast Cool" type pulling is also inconpatible with
i nposed constraints in the application fields of the

i nvention. The production efficiency for a quality
substrate 10 (Near Perfect Crystal with al nbst no
COPs by neans of a CZ "Very Slow Pull" type pulling)
is significantly |ower than the production efficiency
of substrates using sinpler and / or faster pulling
processes. Therefore the production of a near perfect
substrate by 15 "Very Slow Pull" type pulling is
particul arly expensive; its cost is thus typically 30%

gr eR¥erRebRit {{Hélcé@t O RithsPyiat £33 ohRRT nédapyary 1998)
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al so been proposed to use a previously heat treate
st adgarndnsubst r ase 'Bas20 Cedlé¢e the guanbinpyndédCOBy, an

as an initial ,substrate in, a process for naki a

SO LBEFGEEET e LPrurRer SoTGE mPlon SREGEESt hi SIEELEEE
5SS gLyenrhee eXEdifed Nbyl heudfing! &n AiNGMEL MWREHXa by
FOR ACHI EVI NG VERY LOW S IN WAFERS™ by J. L. .
VasdFagihd JooXor doee ppblithed 25 RAspheimegrpptZgpl: with

i ss f. _t.he, Sol.id.State Technol ogy . journal.. ver,
t hotfie8tsh SRR e Gl oar e caltoR RS ehe

sat iafranteoey. This treatnent nodifies the surface
properties of the initial substrate (and in_30" _
parti cul Arei REPERskLoR t 8T ELFiarey r baghRe Sy plitivh sikgtrate

10PT OPkERT BBRrQLELUF, allng%f)ﬁpda{l%sq; éf&%df%' ‘b.b(alrr\egns of a
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substrate to a support substrate (and particu
degtadatVeary ofSliolwe Bohili ng-yqeal bt} ) ingur tier popei ftilvently

preyi ous heat treatnent can,generaie "slip line" type
e LRPeTor SR girtepr BEPPHEALEs + Rat L CHOPE) cSifpr GHPEEFates
using simpler and / or faster pulling processes.
Therefore the production of a near perfect substrate by
15 “Very Slow Pull” type pulling 1s particularly
expensive; its cost is thus typically 30% greater than
the cost of substrates obtained by standard CZ pulling.

It will be noted that it has also been proposed to
use a previously heat treated standard substrate to

20 reduce the guantity of COPg, as an initial substrate in
a process for making an SOI structure. Further
information about this subject is given for example in
the arficle "A NOVEL METHCD FOR ACﬁIEVING VERY LOW COPS
IN CZ WAFERS" by J. L. Vasat and T. Torack, published

25 in the March72003 issue o©of the Solid State Technology
journal.

However, the use of such a previous heat treatment
is not satisfactory. This tréatment modifies the
surface properties of the initial substrate (and in

30 particular increases its sufface roughness) such that

problems can occur during bonding of the initial



5 recycling of the initial substrate that is usually
used in a SMARTCUT(r) type process. One purpose of
the invention is to reduce the cost price of '
substrates made by transfer of a thin [ayer of

sem conducting material froma donor substrate to a 10
support substrate, and particuarly the cost price of
Sed substrates. Mire specifically, the invention is
aimed to enable the use of initial substrates forned
by cutting an ingot obtained by CZ pulling which is
nore cost 15 effective than the "Very Sl ow Pul ™ tyBE
pul EPREtEBteobERI @ a SNEROTHer PEPBLER|R afand ppgrticularly
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any _bandi ng or 20 recycling type praqhlens c ed b .
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aspect, the™ invention proposes a process for naking a
senipoRdEMRARTCUBR ymel prozesubstrate conprising an,

i nsul ati | ayer 25 inserted between . in | r.of
seni cond@g?i PR e??aﬁl%nﬂnée%tulpogloﬁ% ;taéfterdg%é g t?l ﬁe?OSt
thi priayesr seosttaigs frode tihe transfear cdnto thie layer of

support substrate of a part _of a dopor substrate with
vacafeycengaeeing amatgriadst faensia yIondar SEPsFrats itP 2
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not to increase the size of the vacancy clusters,

present Yoreai wettic i the ddtfor SOBSTSTe 46 &4Mge t°

firgha@e8sth¥ use of initial substrates formed by cutting

an ingot obtained by CZ pulling which is more cost
15 effective than the “Very Slow Pull” type pulling to
obtain a near perfect crystal, in a SMARTCUT® type
transfer process, while maintaining a crystalline
quality of the thin layer compatible with the envisaged
applications, without encountering any bonding or
20 recycling type problems caused by use .of the previous
heat treatment technique mentioned above.

To achieve this, according to a first aspect, the
invention proposes a process for making a semiconductor
on insulator substrate comprising an  insulating layer
25 inserted between a thin layer of- semiconducting
material and a support substrate, the thin layer
resulting from the transfer ontc the support substrate
of a part of a donor substrate with vacancy clusters at

a first density, characterised in that it comprises:
30 » before transferring said part from the donor

substrate to the support substrate, a forming



5 and after the transfer, a curing step of the
vacancy clusters present in the part of the donor
.substrate transferred onto the support substrate to
reduce the first density to a second density. 10 The
following gives a list of some preferred but not
limtative aspects of this progess: - the formng step
of the insulating |ayer is perfornmed by thernmal

oxi dation of the support substrate; 15 - the form ng
step of the insulating |ayer is, . perforned by

deposition of an OXIde Iq¥gg%on t donot substrate
and / or tKESSuportheubRtriating ?%?%u? et epoi g8 not

per formed 't‘Hregx'l@f@éé’e afth%r sfi@néfert’hezovacéﬁ@yclérl'urég:ers
.step is perforned by applying a thermal annealing to
t he structmw@S@DﬁmumﬂFaxﬁtEﬁrtr@&mtb& donthe subhetmake at

anneal i ng |s %rleg a der a non-oxidising
atnosphere Rl ﬁEF ¥rannealing is carried out

ginder an, atjpsphere }EHBt %x@ﬂé&e&ureah)éﬁkgﬂgﬂaslu%ﬁeof the

argon or a hydrogen argon mx; - thet
anneal i ng Wscanngpid&ﬂ@@enmlgmmme@5551ngtﬂEHPparBO of the
t he thermal, anneal i n one in f ur.nace;

thernmal an Eiolrngs?lgg’ér%‘?r%ottiﬁaﬁ’@fgﬁﬁéﬁ |ﬂ’@t°petrlf%r r?é’é"port

under an aiRPaRREEe CEHt aldid: RYAr0geps@Nddensity to a
hydrochl oric acid; - the donor substrate is a

substrate Beceed ﬁ§n55tyutt|ng an ingot fromthe said
]1§en1conQH%§|Pgllowing gives a list of some preferred but

not limitative asgpects of this procesgs:

- the forming step of the insulating layer is
performed by thermal oxidation of the support
substrate;

15 - the forming step of the insulating layer is.
performed by deposition of an oxide layer on the
donor substrate and / or the support substrate;

- the curing step is performed immediately after
trangfer;

20 - the curing step  is performed by applying a
thermal annealing to the structure obtained
after transfer;

- the thermal annealing is carried out under a

- non-oxidising atmosphere;

25 - the thermal annealing is carried out under an

| atmosphere containing pure hydrogen, pure argon
or a hydrogen / argon mix;

- the thermal annealing is a ©rapid thermal
processing (RTP); '

30 - the thermal annealing is done in a furnace;



materi al obtained by pulling creating vacancy

-clusters with an average size less than the size of

clusters present in a near perfect substrate forned

by cutting an ingot obtained by slow 10 pulling; -

the donor substrate is forned by cutting an i ngot

obtai ned by CZ pulling such that the density of

clusters of created vacancies larger than 0.14 Amis

| ess than 0.01/CM2; 15 - it conprises a prelimnary

step to prepare the 20 donor substrate including the
follow ng operations; - making an ingot of the said _ .
sem conductihgthrarali anospling i1y r ewPPhVacaresaling
clusters j verage.,si z es Si ‘4
clusters h?%%Q%?ﬂF% a neaﬁspe%¥gct%§ﬁg% P%?% fggﬁg%lnlng
by cutti nghadrogmgoetambtigicedByrslcoweipul |ing; - and
cutting the donor substrate in this ingot; 25 - the

donor | Substiay SRS IR AP Cutel y SABSFRGEE fobmed by

bt ai ned byyGZ Ryl bindgigith Fhah e 82081 tén@bonducting

created clusters of vacancies smaller than 0.2 Amis
greater theatarm) CoRtainefie kionouldabst rageat s ovaeancy
by cuttin n., 30 i ngqgt aobtajned by.. L u :
that the & BBHETS B AR e rare Of Uathnl Ghe size
smal l er  td@ncDudPera i Srefeat eint AanedrcpBrfectheubstrate
donor substrate is formed by cutting an i ngot

. g
obt ai ned BYPHEEY BocE4BtHYI pdiTt | A§Ioht @PtEined ebyp slow

10l east 1.2 Lipgs,greater than the rate of
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- the donor substrate is formed by cutting an
ingot obtained by 'CZ pulling such that the
density of clusters of created vacancies larger

than 0.14 um is less than 0.01/cm?;

- it compriges a preliminary step to prepare the
donor subgtrate including the following
operations;

- making an ingot of the said semiconducting
material by pulling creating vacancy clusters
with an average size less than the size of
clusters present in a near perfect'substrate

= formed by cutting an ingot obtained by slow
pulling;

- and cutting the donor substrate in this ingot;

- the donor substrate is formed by cutting an
ingot obtained by CZ pulling such that  the
density of created clusters of vacancies smaller
than 0.2 um is gfeater than 1.5/cm2;

- the donor substrate is formed by cutting an

ingot obtained by CzZ pulling such  that the




the said slowpulling to obtain a near perfect

crystal.; - the donor substrate is forned by cutting

an ingot subjected to fast cooling; 10 - the donor
substrate is a substrate forned by cutting an ingot
subjected to nitrogen doping; - it conprises a step
consisting of creating a weakpness zone within the

t hi.ckness of the donor substrate w thout the said

donor substrate 15 having been previously submtted to

a cleaning treatnent; - before the step to create a
weakness zogne, it includes a step consisting of

deposi t i ngPereioxidfe upAtreb eyt egonof yalssncies smaller
surface t for I ' , at/ne,said

protecti ogt%y(g'rﬂp?ggi% ;ég{)ééalc&%é! ?é%véégglnée t he
weakness- tZome doasrbesubsteated;is themdanosy suhsidiaie an
is made of, silicaon; ,-netzge suppart substrate is

obt ai ned iTF9He Rt Ray 2a&Z REWsTsr ot hing- at a

sAccor di ng - anat hela Aspect o+ e iﬁ\é%%&ogpégl 2heSratQ of
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a sem conductor on insulator subsfrate in ing an

i nsul at i ng-heaysaid nsbpvegubétingerroa aiifiain ayencaf perfect
sem conducct }ILQ; T;_teri al and a support substrate 30

obt ai ned USi ngat ie process according to the first

aspect of tiee dowept i Sibsewrskdarild cabamnkd afy SeQttdng an
substrate obtained froma donor substrate with a

density oftNEgtaftypiectstets Egahl ceelapsr oxi mately

103/ cn2, chagact gLl sed %gﬂ)sttt}%ttet hf?hgait nsﬁﬁ‘g@%a{tiepgjolg)r{ne% by

conprises a density of vacancy ¢ er s equa
| ess t hancapprioxi aat éhyo. 8@bfiedPed to nitrogen doping;

- it comprises a step consisting of creating a
weakness zone within the thickness of the donor
substrate without the said donor substrate
having been previously submitted to a cléaning
treatment;

- before the step to create a weakness zone, it
includes a step consisting of depositing an
oxide layer on the donor substrate surface to
form a protection layer, the sgaid protection
layer possibly being removed once the weakness
zone has been created;

- the donor substrate is made of silicoh;

- the support substrate is obtained in the same
way as the donor substrate.

According to another aspect, the invention relates
to a semiconductor on insulator substrate including an
insulating layer inserted between a thin layer of
semiconducting material and a support substrate
obtained using the process according to the first

aspect of the invention, and particularly an SeOI



According to another aspect, the invention relates to
a process for naking a substrate conprising a thin
layer of sem conducting material and a support
substrate, the thin layer resulting fromthe transfer
10 onto the support substrate of a part of a donor
substrate with vacancy clusters at a first density,
characterised in that it conprises: after transfer of
said part of the donor substrate onto the support
substrate, a curing 15 step of the vacancy clusters
present in the part of the donor substrate transferred
ont é*ubﬁﬁ@a%pp@gttas{a%@t rhremt od r HNGE t alFsttte with  a

dengityitg aoﬁe%“tdar&%gSictlhste%d Q@féagi € sS4 darggatﬁd'tﬁggnate_ly

step, one“or Severa 0 steps adap S0 as
i ncBdage, t hdhesiareeofi e vacaniey cthust ehdrpréspat iffinally

said part of the dopor substrate at said first
den§P .rlﬁ%%oradi%@n?btljeto anW?%?CYas'ﬁi‘&?FeFﬁe equal to or

: nvgeggoehaﬁehﬁgaféxma@epy0@%[&52 recycling a

substrate wt 25 vacancy clusters and havi ng been

used as acdordingubstameehdéry caspwtitch the hinvdrayjeon wed ates

.takgn andr transfferred onto a su]?%g)rttsubstrate : chi

chal8cfemrSEFSEn T Phate k11 ohsPEPE T3 DnEOBPTaavRFaf Chin
st epayadapigd s@emScom@ict thd NCheeseidhe Singe 04 thReipport
vacancy clusters 30 present in the said substrate. 10

O hEHPaEHREeE s, thEr fodes katrradieaitldgey ofremi he transfer
10 NVERLLONp | | af.ter pead € of d
f ol ?OWI ng detaie desgg?)%%trlg%% o?fp?agf ;I:?ar:é% ob & donox
enbadbserdise ofvithe vacvenyi elusgeyen S AONEL+Hi t aened ty,
exanpl es and,%vééh, 5 reference to the attached
dr AW AGES T S e ERG g £OTRIHGRE 't he vari ation of
the size, aggter transfer of said part of the donor
substrate onto the support substrate, a curing
15 : step of the vacancy clusters present in the
part of the donor sgubstrate transferred onto
the support substrate to reduce the first

density to a second density,

¢ and before said curing step, one or several
20 o steps.adapted S0 as not to increase the size of
the wvacancy clusters present 1in gaid part of

the donor substrate at gaid first density.
- According to vyet another aspect, the invention
relates to a process for recycling a substrate with
25 wvacancy clusters and having been used as a donor
substrate from which a thin layer was taken and
transferred onto a support substrate, characterised in
that it consists in one or several steps adapted so as‘
not to increase the size of the wvacancy clusters

30 present in the said substrate.



density of COPs as a function of the pulling rate of
an ingot; - Figure 2 shows curing of COPS during 10

i mpl enent ati on of -a possi bl e enbodi nent of the

process according to the.invention. The invention
relates to a process for making a substrate
conprising a thin layer of segpconducting .nmaterial
and a support substrate, the thin layer 15 resulting
fromthe transfer of a part of a donor substrate with
vacancy clusters at a first density. One preferred
enbodi nrent of the invention relates particularly to a
SMARTCUTPERery pesngciitsf epuppogess aridr adwanthgere afai Ahis

R O T A Y e T

| ayaetksléar mekdrS pxpRes edf b@ehf&'ﬁhcéﬂt admbmimfem—_@emﬁesme
to create a weakness zone wthin the thickness of the
dondRVenbiPRat 1 VEFe fAc&CNof iphEaléner XAFRIes 24¢ with

i chethe LopLantaLi op: eg%m%pqpss the hqrc%ught

Into intimate contact wt ort su strate The
donor subsFiguEeiS.t@h@wdetaemahrzﬁtmme bévdhaﬁsih@ and
weakness zqne, .part of the donor _substrate hﬁﬁ |ng.
transferredBrtty  RE sTRPdr 8 @bftPaticro fheuLting
thin layerp-gp=the suppRyde; 30 substrate. 11 Wen

maki ng an Sed structure, an insulating layer is

i nsert ed- béigwen t he tthW%yerCLemtdlg he ofuppéidPs  during

substrate In, t he cont ext f t he |n nt|o h on
103 e o PSR Rk Lot o Mot Sihed{feftorSE ene

i ngot Wi t hpBoness mcﬁmi_ngprtyﬁttaie qudleinttyt ofy”. Near

Perfect Crystal") obtained by "Very Slow Pull" type,

CZ pul | iiﬁlge invention relates to a  process for making a
‘substrate comprising a thin layer of semiconducting
material and a support substrate, the thin layer

15 resulting from the transfer of a part of a donor

substrate with vacancy clusters at a first density.

One preferred embodiment of the invention relates
particularly to a SMARTCUT® type transfer process, for
which the maiﬁ steps are mentioned below,.

20 A donor substrate made. of a semiconducting

material from which the thin layer is formed is exposed

to implantation of species to create a weakness zone
within the thickness of the donor substrate. The face
of the donor substrate in which the implantation was

25 made is then brought into intimate contact with the

support substrate. The donor substrate ig then detached

at the level of the weakness zone, part of the donor
substrate thus being transferred onto the support
substrate to form the thin layer on the support

30 substrate.



On the contrary, in the context of one advantageous
enbodi nent of the process according to the 10
invention for transferring a thin layer froma donor
substrate to a support substrate, the donor substrate
is formed by cutting an ingot of sem conducting
material obtained by pulling greating vacancy clusters
with an average size |l ess than'the average size of 15
clusters present in a near perfect substrate formed by
cutting an ingot obtained by a slow pulling. According
to one possible enbodi nent, the process according to
t he i nveWhennmekipgi sesSe0préoructee f gn rapgatatdodayer

of the donor substrate includi an, 20 operation t
Tk S a ROt Dr PEGHEEBNGULE | 1 Fat BTST | B9 put | APPOT
cregt;bngryasancy clusters wth an average size |less

than the average size of clusters present in a near
perfect Enysthe olsoarast bpfs| GRepuliiviegtisnd athst egonor

he d . T . '
ool FiRaBhbie fenfrbradterbi ! fucfomld phierste R8P ingot
it wStROtaveidarexpensive conpared wubhithe (Mezar Sleawect

Pull" type pulling. For exanple, this type of pulli .
TDETYAERAAESORtATASE K MURTY b Bk’ codls bg PyL1ing.

obtain ry 3Aqncemmonly gal | ed 2 "LowePefector one
CTystaI?O%r Zh%%ystgp gggred a " Standard Crystalﬁ? 12
Accaddangageonsecadvainagecut Emquiomess ofcadmling to the
process according to t i nvention, .nitrogen dopin :

1Ocanln15§n5é??1o%|ﬁ’§d W?éﬁs TNy ?h%hilﬁgo]ta on&@ﬁﬁ? c% donox
t hegHoRPELsURS! At SuhSoobt 3iP8Eradd] sSthyp@icdbr substrate
nitrogen 5 doping can facilitate the curing step

(whigh fpkmehe byesctithbaad n adet dingdtat @ ~ stpmicangucting

;igﬁ%gggggif%%ﬁngéﬁebgr%%ﬁﬁ%%%e%fggelﬂdnggbaﬁéy'clusters

with an average size less than the average size of

15 «clusters present in a near perfect substrate formed by
cutting an ingot obtained by a slow pulling.

According to one possible embodiment, the process
according to the invention comprises a prior step for
preparation of the donor substrate including an

20 operation to make an ingot of semiconducting material
by pulling creating vacancy clusters with an average
size less than the average size of clusters present in
a near perfect crystal obtained by slow pulling, and a

step to cut out the donor substrate in this ingot.

25. The pulling mode mentioned above has the advantage

§ | that it is not very expensive compared with the “VWery
: Slow Pull” type pulling. _

For example, this type of pulling mode includes a

fast CZ pulling or fast cooling to obtain a crystal

30 commonly called a "Low Defect Crystal" or a crystal

called a "Standard Crystal".



about this subject is given in the article "GROAWN-IN
DEFECTS | N- Nl TROGEN- DOPED CZROCHRALSKI- SI LI CON' by X
10 YU, D. YANG X MA, J.YANG L.LI and D. QUE published
in July 2002 volune 92, nunber 1 of the "Journal of
Appl i ed Physics" journal, in which it describes that

ni trogen dopi ng of the ingot f ovi des a neans of
generating smaller COPs (adnmttedly with a greater 15
density), nore susceptible to heat treatnent.
Preferably, the nitrogen doping carried out during

pul ling of the ingot is adapted to introduce between
1014 anda&cordidith @b omsieof advim tgeedwsrBembodbmeinhg ¢4fo the

one advant ageous_ enbodi nent of the 20 i,nventio t he
supPEPEeSTNRTrAXE NS ta) grglepﬁé’a%&% D%HEOﬂﬁHnaPpmg can

desgs i hed-rahave f@ed Npudaney subst flfﬁg%,t f’ﬁﬁrﬁl GHiddH Ythe
by cutting an ingot fornmed by standard CZ pulling.

Thedsupporsubsibeteat &s neybta sede Thbpectwre t ©f nitrogen

“Fi giTe: ShoRBn AECIAFPEEI G o LREIS| 9581 GRSGHL ALl e

thedé@cftmé@nlﬁf dedgnsi thatefr)CGRS as acof ureidven ©bpé hérom
pulling rate of an ingot_of sem conducting materi al
accorli hyangfersedz throckarer 30 Foat £¥BMKS ¢ hanharBeF ton

of GBS a h e s pr | i € e WRHRAN- TN
obtalﬁga Eg%% %hkég%g §ﬁff§can SgT ?g% ér{%é%%’ &@

KL ASHRETTS mnﬂamyoﬁﬂm -DOREBr ozmaﬁmmsm ofSIme@N; by X.
and particularly for countin COPSI

h
Looy e ChiEnre ot S OUNG Teckt avedt Vot LamelipRgt in
SurCfLW %o 30010 Sod a'ﬁfw@'er\’\’aﬁer@fA%Heg QLJ%@LH:Iﬂa'l of

Figure 1, the density of COPs increases with the
pulAnpigiacht Bhywhist theirnadizein which it describes that

nitrogen doping of the ingot provides a means of
generating smaller COPs (admittedly with a greater

15 density), more susceptible to heat treatment.

Preferably, the nitrogen doping carried out during
pulling of the ingot is adapted to introduce between
10™ and 5 x 10* atoms of nitrogen/cm’.

According to one advantageous embodiment of the

20 invention, the support substrate is also prepared in
the manner described above for the donor substrate,
particularly by cutting an ingot formed by standard CZ
pulling. The support substrate may also be subjected to
nitrogen dopihg.

25 With reference to Figure 1, the Figure shows the
variation in the size of COPs and the wvariation of
density of COPs as a function of the pulling rate of an
ingot of semiconducting material according to the Ciz
process.

30 Data about the number of COPs and their size

presented in this Figure were obtained using the



reduces with the pulling rate. Thus, a substrate

"obtained with a very slow 10 pulling rate of |.ess
than 0.5 mimn has a density of cops with a size

between 0.1 m. and 0.3 m approxi mately between 0. 045
and 0.075 COPS/cn2 (equivalent to 30 to 50 COPs with
a size between 0.1 m and 0.3 for a 300 mm di anet er

wafer). 15 This is the substrate with a near perfect

crystal |l ographic quality (Near Perfect Crystal) that

is conventionally used to act as a donor substrate in

a SMARTCUT(r) type process. The density of COPS with

a sbzefbeame€R10.tbah anade 20y0.them Kk -Tendyst r Gompany for

obtained by a "Slaw Pul |." type ul Li speed 1.t0,1.2
Ui nh3S6F eal BEPEREATTheOtve Y L oEF by BURT » BBS FaCHARFIhy T
spegdunt Sn@PBELX| MBL-ELY PREWEON1 fm7Ri€REn1a5teOPRheRE of

(equivalent to 500 to 1000 COPs with a size between
0. 1Tum drd B0 B0 mAnestar o0 whaseRs thicaniieracf ef) .2 TRE0 mm

Eiden Lt% gf COPS with a size between 0.1 mand 0.2 m
Bstt ale

-3 Bt ai ned by a "Standard" pulling speed

1 to 1.2a¢ines greaterid hanguhre "Mer ¢hsl odeRsity dfypeops
pul ling speed, is approximately between 1.5 and_30-4.5,
COPSPeRpageyuividitenttheo PYddirg 3vdbe cOPdiniG h thsiy size

si zg e ]tﬁgﬂﬂg,-. mf.r a 300 nm di anet er
mafe??gﬁ&ginéﬁ?y, t he &gﬁéftyig% COPS with a size

bet ween THud, maandubdiX-ahd n cbtsuilvsdr awe tbbt ai negrhy glow
" Fast Pul | " t
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i's copgni fijgant | » or eaber tBapwdePOPY oy equinal eot 3 um
to nore than 2000 COPS with a size between 0.1 m and
- approximately between 0.045 and 0.075 COPs/cm?
(equivalent to 30 to 50 COPs with a size between 0.1 pm
and 0.3 um for a 300 mm diameter wafer).

This is the substrate with a near perfect
crystallographic quality (Near Perfect Crystal) that is
conventionally used to act as a donor substrate in a
SMARTCUT® type process.

The density of COPg with a size between 0.1 pm and
0.3 um in a substrate obtained by a “Slaqw Pull” type
pulling speed 1 to 1.2 times greater than the “Wery
Slow pull” type pulling speed, is approximately between
0.75 and 1.5 COPs/cm2? (equivalent to‘500 to 1000 COPs
with a size between 0.1 pwm and 0.3 um for a 300 mm
diameter wafer).

The density of COPs with a size between 0.1 um and
0.2 um in a substrate obtained by a “Standard” pulling
speed 1 to 1.2 times greater than the “Very Slow Pull”
type pulling speed, is approximately between 1.5 and
4.5 COPg/cm? (equivalent to 1000 to 3000 COPs with a



0.12 mfor a 300 nmm di aneter wafer). 10 Thus
di agrammatically, a substrate cut out in an ingot
obt ai ned by standard or fast pulling has a high
density of small COPS, while a substrate cut out in an
i ngot obtained by a slow pulling or a very slow
pulling has a |ow density of.|arge COPS. Thus,
controlling the 15 pulling speed provides a nmeans of
controlling the size - and density of COPS. In the sane
way as the control over the pulling speed, control
over the ingot cooling rate provides a neans of _
condind | bagwthe i.ze pancardensi2 yumf FEOPS 200 Thusdiandter
as described in the docunment "Si MELT GROMH:

%N DEFECTS AND SI MULATI ON OF THEI R FORMATI ON'

al ready pg{digped,nd aginepO) i 88 ebpan WiRgPt, I b €Between
the size of defects but iIncreases the density of the

. def@ct sum Tgpdicl L9, phash eociubsgregleatadyaigiasbdby ny dFast

25 J ngot duri whi ch the cooling ti.ne between
51200 o SBBE BLlAdnde e T o Fengi Addres ST peter than
- desgid pt ivorye Bibl usei1lan exappl e PhlBidyl | idiged, is

10

creating vacancy clusters with an average size of

| eskiqTHaN Gt ly zerepterusiiers 30CpPeéent | rpatifedent to
per. t 0 anpl.e | Lke, a [ n W
DO BRER QML BORE R | ¢ e Thep Rt Bha Rk and
t hat. Zheun Meentd @00 sonatialmenketredaterthis pul ling
node, bﬁfg” can_pe extended to include ul lin
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COPs,” but that i1s nore econonm c than pulling™to obtain
a mwensignefattsmalstEPsubsdiila e Skt ragrepanat pon of an
t he _suppoart s.ubs(irate by a “Fast Pull"

cz .
puRTiTh, A B gniicraRtiy aegr o very'Blow pulling

has a low density of large COPs. Thus, controlling the
pulling gpeed provides a means of controlling the size
and dengity of COPs.

In the same way as the control over the pulling
speed, control over the ingot cooling rate provides a
means ©of controlling the size and density of COPs.
Thus, and as described in the document "Si MELT GROWTH:
GROWN-IN DEFECTS AND SIMULATION OF THEIR FORMATION"

'already mentioned, fast cooling of an ingot reduces the
size of defects but increases the density of the
defects.ﬁTypically, fast cooling relates to cooling of
the ingot during which the cooling time between 1100
and 800°C is reduced.

In the remainder of the description, we will use
an example of a pulling creating vacancy clusters with
an average size of less than the sgize of clusters
present 1in a near perfect crystal (for example like

that obtained with a “Fast Pull” type pulling). It will
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expensive than a "Very Slow Pull" type pulling, 10
provides an initial substrate with a high density of
smal | COPs. Wen the donor substrate is made by a fast
pulling type CZ process (in opposition to the very
slow pulling), and provided that the said donor
substrate 15 has not been subjected to a step that
could increase the size of the COPs before transfer
of the thin layer, the thin layer will not have any
COPs that could generate through defects imediately
after transfer onto the support substrate. 20 Due to
f aste putdérast dype; hathedonovesghistr asenagk| Liohtgd thathis

have 1 COP adm_ttedl i th | a ensi t are
no;/P‘F ﬂ%ﬁ/ % gs%f“ﬁr oﬁaﬂyt%\% e‘?ﬁq'ierné{ﬁqﬁi gfi’n:%gg%lfld?heany
trgnsf eI i@ dmbRED laReradiayeufiousiGNec&Pehgt il ing mode

conventional |y performed 25 during a SMARTCUT type
t r aresfekt PrdceBs ac oHptinedee aget  hansjiFpogtapbpsumtgys of

ca t f t] f .t . . d t :
ox T ot OhaSh P Emfrg . EaPg Rl foL [ tig B B e
i Nt agser thed fecd 28,ystRdr bubdghaaky . by etching of walls

of the COPs in all 30 directions. 16 Wen the
SMARTCUE Btoc ddenagahden ebnlent PYRRPEY StBShekEe &y & CZ

SeQlpdytpepsipst Lahe, pLg; Agnon,SulpStial £:14:8; £ {04Ha3 |
subjected to the?ﬁalpox?éa foﬁrbefoﬂé be%%g é&pose toeSS
i meararativen dfhapec es“Veaxy orfdowe PBL1'hsutyre ngoulling,

RERE R LCRIE LS U .
small COPs.

When the donor substrate is made by a fast pulling
type CZ process (in opposition to the very slow
pulling), and provided that the said donor substrate
has not been subjected to a step that could increase
the size of the COPs before transfer of the thin layer,
the thin layer will not have any COPs that could
generate through defects immediately after transfer
onto the support substrate. |

Due to fast pulling ,type, the donor substrate will
only have small COPs (admittedly with a large density)
that are not 1likely to pass through the entire
thickness of the trénsferred.thin layer. '

However, some operations conventionally performed
'during a SMARTCUT® type transfer process could increase
the size of COPs, thus causing the formation of through
defects. For example _ oxidation, basic cleaning,
polishing act on COPs and increase their size,
particularly by etching of walls of the COPs in all

directions.



usually referred to as the buried oxide |ayer). The
donor substrate oxidation step consunes nmaterial on
‘the surface of the donor substrate, but 10 also on

- "the walls of COPs. The size of COPs is then increased,
by the sane order of magnitude as the thickness of
oxi de produced. Moreover, in %‘és mat eri al consunpti on,
the effect of the thermal oxfdation is to integrate
volune COPs 15 that are then transferred to the
surface. Thus, for a conventional enbodi nent of an
SeO substrate, the size of COPs could increase due
to the wher nele osMARTCWIP beforess r anstieed obohtientddooally
substrate, thus causing through defects_after tﬂe 20 .
t r dri3feRke Rt BEObt FEPS haRBSTR3CRasT AP r SQWYT pBERStrate 18

| 1y dUEh St NGt QM Ybefore bein

geanrat es lsyrm%%i%%%m(%ra #Dk%gdgrleg?}gslgil%tl?aich that the J
gerexpae detsi t ymplantoPsohar gér tdp@eigiboutt . 1Zowm| sthe

| ess t 0.01/cn?, 25 which, is_equival ent. to,onl
5t eol AP i el ST RN LNSeEE Gl 1 SFEeE sEdefi ks diledh che
thechackialeoxigdat i eRe Qfugdia-tdog@bsiedrsd r dataibefloager - is
transfer (or nore generally the use of an?{ oper ation
8

t hatsweplhd Nefareese ta 186 dilige by iedPexpefor8YBRE -
transfer, th %fs L] sualJ; be laLge

enough tfohef or(?noa hr\g‘déﬁtggg:gct 68}JTJ")réri%’?:lj\:}"g"ltozfllteI y a@t e(r:o{lﬁlelmeS
tr ansfeefiall7ohn tee sonfext aff malké ngoaprSellbstrate, but
substrate according to_the_invention, and_in_order t

10avGtPe hen foemitalde oftt AP8Egh 06 ett%S Phe i etf Ehen
doser TEen SHovsTs By auBartt i n6 The onar Ruberrat S0
t hermimdkred datfi exideThpuoduneiore the transfer, the
processM%¥gg¢ggF;in ite material consumption, the effect
of the thermal oxidation is to integrate volume COPs
15 that are then transferred to the surface. '
Thus, for a conventional embodiment of an S5eOI
gubstrate, the sgize of (COPs could increase due to the
thermal oxidation before transfer of the donor
gubstrate, thus causing through defects after the
20 transfer.
On the other hand, as has already been mentioned,

due to the fast pulling that only generates small COPs

(or more precisely such that the generated density of
§ COPs larger than about 0.14 um is less than 0.01/cm?,

25 which is equivalent to only a few COPs larger than

0.14 pum for a 300 mm wafer), in the lack of oxidation
of the donor substrate before transfer (6r more
generally the use of any operation that could increase
the size of COPs before the transfer), the COPs will
30 usually not be large enough to form a through defégt

immediately after the transfer.



to the invention includes a step for formation of the
i nsul ating |ayer adapted so as to not increase the
size .of vacancy clusters present in the said thin

| ayer. 10 In other words, the donor substrate has
vacancy clusters at a first density and the step for
formation of the insulating fﬁyer carried out before
transfer of a part of the donor substrate onto the
support substrate for formng the thin |layer thereto
is adapted 15 so as not to increase the size of
vacancy clusters present in the part of the donor
substr atle: attlsai ccortiasst densinakindccoami nge®b asppkrate

possi bl e. enmbodi nent, .the buried iLnsul ati l.ayer. is
fcw?ﬁRPq%FQﬂnﬁﬁtF?ﬁglPﬁﬁnt%%nsuﬁB%r?nsﬁﬁgggéﬁé rRGiG the

er

t hagy the deNop £Supst&adie H@féc?)ﬁ,er Ble OB@aAlddONinsulating

(conventionally known in itself). According to a
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exanpl e, 7HJY,S bypsrof tHepesahksoarsowhd beromeles astogding
,the Low Pressure Chemical Vapor Deposition (LPCVD h
t ecimi e, invenexaRplaCANdPBWAL EFFBr &N AR 1Pt Ehe

an at nps e tai_n he T 0 . th ;
B L et R
18 & ghdeermperdiugtesHpyestatpénatbe es@kddehHECl avgder

an atnosphere containing.silane and oxygen. This t

of depoéF%i%ﬁh%%uwgrgﬁsoqﬁgangﬁ%pﬂsFH§S¥?ﬁ§ePHE§ﬁaV¥QSHCY
Enr@r{fsq{érg‘eaﬁe cal £ Mapor abepos) tden (IEQYRYp Bor formation
t echni que, at can be used at a | ower tenperature

thanf the LREV:tBuhnlaper Nowwied il ngeferghgransfer of

genaer a;')axdtescc% pt'l:ﬁg oéo}qgg substrate onto the support

substrate for forming the thin layer thereto is adapted
so as not to increase the size of vacancy clusters
present in the part of the donor substrate at said
first density.

According to a first possible embodiment, the
buried insulating layer is formed by submitting the
support substrate rather than the donor substrate to a
thermal oxidation (conventionally known in itself).

According to a second possible embodiment, the
iﬁsulating layer is formed by deposition of an oxide
layer on the doﬁor substrate and / or on the support
gsubstrate.

For example, this type of deposition could be made
using _the Low Pressure Chemical Vapor Deposition
(LPCVD) technigue, for example ét low temperature and
under an atmosphere containing the TEOS

(tetraéthylorthosilicate 81 (0C,Hs) 4) precursor, or at

kv .



SMARTCUT(r) type transfer process according to the
preferred enbodi nent of the invention, the support 10
substrate is exposed to inplantation of species

"adapted to create a weakness zone within its vol une.

Note that in the case in which an oxide |ayer is
deposited on the donor substr?ge to formthe
insulating |layer of the final®structure, this

i npl antation of 15 species is made through the said
oxi de | ayer deposited on the donor substrate.

Furthernore, this type of oxide |ayer deposited on

t hen s f aegpet-athee denoghsvbsbeateugoUbRiast HBS) aunder an
protection Fayer to protect the surface of the donor

20 atpespheEe RO BRI A% i ifgiamigt (B IS -nade.

Accor di PQgsi i Rty Uk, B Qshdeusin
| ayer is %%segggog?tg%kgﬁggﬁg donor substrate befo?e J
i npthat @liaemat Ercings] Charotect | apbray Bepoahtiions (PECVD)

55 HRHSP LR | FBRS FHOrEe G 14k o6 1T COBREATPR than

t hi gheCApByDt PECBN{d&M. i nsul ating | ayer may then for
exanpl e be formed by oxidation of the support

subst r at¥ow orefpurndepodia | vhe ogemeraw |dRAGTIGioH def the

on § substrate). P rahly or th
sub%ﬁg%fgﬁfs ngypgubﬁgg%ggggtoﬁgggFggniﬁgggﬁggﬂﬁefg?e ©
| NppBatati-en. Asbakidwame ¥ aktheadynseenidmnd the t bepport
same way as for a thermal oxidation step of a_.dono '
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cl eani I d | |8, 1 0f; {QORS, 13R& .t hus
R o e R e |
possi bl enemdodhaentinoftheheacismy eint i wini cdesani beddabdager 1s

ot her | | antati on techni es (for ex le |i ke that .
pré@@ﬁ?ggt?ﬁ pﬂethgjdonor substrate toe¥g%m the 1nsuﬁat1ng

layer of the final structure, this implantation of
species is made through the said oxide layer deposited
on the donor substrate.

Furthermore, this type of oxide layer deposited on
the surface of the donor substrate could act as a
protection layer to protect the surface of the donor
substrate on which the implantation is made.

According to one possible embodiment, such an
oxide layer is thus deposited on the donor substrate
before implantation to act aé a protection layer, and
is then withdrawn after implantation before putting the
donor and the support substrates into contact ({(in this
case, the buried insulating layer may then for example
be formed by oxidation of the support substrate, ox by
deposition of a new layer of oxide on the donor
substrate) .

Preferably, the donor substrate is not subjected

to a cleaning step before implantation. As we have



patent application filed by this applicant on
21/ 09/ 2004 under nunber |B2002003300 and not yet 10
publ i shed, co-inplantation of several species,
“inplantation by plasma) and / or other thin |ayer
transfer techni ques may be used. Furthernore, the
guasi - absence of | arge COPs égypically | arger than
about 0.14 m) provides a nean 15 of transferring
defect free |layers that are thinner than those that
can traditionally be transferred (when the donor
substrate has | arge defects). The presence of
"t hy prghdy debeat S(dry t ha tdten kayer wayn @ héprwar dshermal

hol es reachi ng the buri ed oxide |ayer, is glree% é’ Fast
rel%e@etwm hetePzeobf CORRNPR (HPHIRGE shBETed &Y Fas

par PREL éhetﬁf tefhe Ohe ! BLSahMNENELANG ihiPLaRL athens;ze

justed so as"to transfer |ayers
mnt@fac@hec&m@s&huﬁ cpheattat® huoough dedeets25

Returning to the description of a si bl enbo t

5of the iA%eRtiGHEidHe Hg %nE%ﬁSBi?t mgl%l {ﬂ?gg srr(’%?tn the
ar e; Aheh PEOUghgelkBl oAt | MR woNt ackenand theldasation
substrate is then detached at the |level of the

weakaassiqore. (Far tepdinphe Hoker thabsprasentedt henthe PCT

transferred ontaq the pp ubstr at ty

t hiRAE$Ayer Hﬁﬁ§t§88por$ iﬂ%s SI)z;t’te gE%gBon ﬁgQ%gﬁ' o
be jachdjieded Bydappl yimgea ptegnazoamwatam not yet
treatnment to either one or both the faces of

1osuh®¢bbﬁ%@@%rougﬁ@ impbagiortier . TREs I§eV$5?%|chBFFﬁeS
adv t f e o od
réf%‘ﬁ? 19n, %ﬁ g{;laa ZORE ) Sr Wtfﬁ'e% t!PD!,n layer

CO-1 n SOﬁE cases can
bortdrattgsﬁé:ep:émﬁetcgﬁfmsnrtawe:e Nategl t hat a treat rrent
i ntended to clean the faces ,
Furthermore, the quasi-absence of large COPs
(typically largef than about 0.14 pm) provides a means
15 of transferring defect free layers that are thinner
than those that can traditionally be transferred (when
the donor substrate has large defects). The presence of
"through" defects in the thin layer, in other words
holes reaching the buried oxide layer, is directly
20 related to the size of COPs in the donor substrate.
Thus, in the context of this invention,
implantation parameters may -be adjusted so as to
transfer layers with a thickness of abQut 0.15 pm or
more.
25 Returning to the description of a possible
embodiment of the invention, the donor and support
substrates are then brought into intimate contact, and
the donor substrate is then detached at the level of
the weakness zone. Part of the donor substrate is then

30 transferred onto the support substrate to form the thin

layerron the support substrate.



of the donor and the support substrates nmay be used
before bringing into intimate contact so as to 10
reinforce the bondi ng energy. However, such a cl eaning
treatnment is suitable wthin the context of the
invention only for reduced etching of treated faces,
and therefore only having a _4jn1ted i npact on COPS.
is Cleaning may be done by a wet cl eaning type of
chem cal surface treatnment. The aggressiveness of this
RCA treatnment may be controlled so that only a smal

- ampunt of etching is done, for exanple by nonitoring
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t he chemgrinkatdan epperfaidindathd éxposppkyingeaorplasma
the 20 product concentration, In particulq&, It %s £
woraH- IEtiohitAGAHEN t he SEBRFngRTat® RBPth ddes faces ©
SUQQ§§te%u%%t@aﬁggan'ﬂgogﬁﬁgtneﬁﬁx)'ScbhﬁhEﬁd (arhew is
Angstronms per mnute) and in this respect, the .
cl ganitngtlregdtynme pidvean agecadapti €d the onfyacBreausene 18

smal | amount, of etching. K The process.according to _the
irnRQHQﬁﬂ? 1 2% C%BﬁBP5§8§aElggepW FBrjﬁheS??§n§F&P can
f O it Bloridi®g “RepNG¥rel Heheicitor COPs) that are
present in the transferred thin [ayer to reduce the

first délesietyrhed & Boafgwoid dumsideg t21 clifan dihe nhpoes
st eCEfslféngr %Eegl%bla}/ncgo{!ﬁel %&F@Eel%ﬁb%ert q:reé hrﬁ% be used

tra an n any case eérably ore a
opeyeEidren theinging d imes easacihecsi zeonta®OPs spf oras  to
exanpl e such as sacrjficial oxidation of.the thin 5

| ayREipLoxEEo Fien§orG 196 °PEEEY bl e enbodi nent, this
CUTiNg. iRl PELERT MR BYARRGYI Yk LiMert tREM NBhitable

anneal i ng of the structure obtained after the

tr arishem the context of the invention only for reduced
etching of treated faces, and therefore only having a
limited impact on COPs.

Cleaning may be done by a RCA wet cleaning type of
chemical surface treatment. The aggressiveness of this
RCA.treatment may be controlled so that only a small
amount of etching is done, for example by monitoring
the chemical bath temperature, the exposure time or the
product concentrafion.

" In particular, it is worth mentioning that the
etching rate of faces subjected to a cleaning treatment
is limited fa few Angstroms per minute) and in this
respect, the cleaning treatment can be adapted to only
cause small amount of etching.

The process according to the invention also
comprises a step after the transfer for curing of the
vacancy clusters (or COPg) that are present in the
transferred thin layér to reduce the first density to a

second density.



This step can cure the thin layer transferred from 10
the donor substrate to the support substrate of the
small COPs. COPs present in a layer with a thickness
“of up to 5 mcan be cured by annealing, for exanple
under a non-oxidising atnosphere. The high nobility
of interstitial atons present_in the volunme of the
| ayer 15 then enabl es reconst Liction of the crystal at
the COPs which are thus elimnated. For exanple, this
anneal i ng under a non-oxidising atnosphere (for
exanpl e under a neutral and / or reducing atnosphere,
and par tildd achyitgdestepn 29 prenephble el himgdiately
argon and / or hydrogen) of the structure obtaine

af 1ot STt BRANERENREGT be2BhGh ANVe Rt R & TP (MRapF tPTe
They, laﬂ%f%?%ﬁﬂ'%?aéﬂygﬁibkﬁﬁcrégggrgh@gsﬁge“@fC@OﬁQG(for
ture obt

stru alned after the transfer is heat treated

i ndizangua | wuodr ast heaoml £ 25iahneatided iger f ofnethén whin
furnace .in which "different structures are treated in
Shat' @Y SMRFP anneal i ng may be an RTA (Rapid Treat ment

Anneal i B@-drRePftAMeal hogs done amsiediddh@l Msphesering
‘containing pure hydrogen, pure argon or a hydrogen /
30 sdregori v RerThemadnbyl icagrvéngecatture Fleexypl canpgaling

22 tween,1050 and 50C, .and,the, ann i uration
i's Ot}fte)}:pleca qr)}lci%é‘g:se t éz‘ﬁllél&dsgcgﬁast}ﬁ%\nﬁgéﬁggagi n the

furnace Thay kecgorR@nattuge tBEPEhahuleybet veens DOLLeANErom
1200C for several hours, 5 under an atnnsghere

10 cofbs mMioRPPURBIRFdRsGerto phiRe  SHRRATTor SHYBFBYER PL the
ar ganR 17l roplet Y @%s%m heaoﬁagegw{%haansﬁié%éé of

snmoot hi ng anneal 1 ng ne under an at nosphere
comipaitim g prhyeino geen camedhpgr echkeilingacfdy épample under
eX%rT'pIneOI{_iolg{ei ihsaitng atmo'sphere. The high mobility of
interstitial-atoms present in the wvolume of the layer
15 then enables reconstruction of the crystal at the COPs

which are thus eliminated.

For example, this annealing under a non-oxidising
atmosphere (for example under a neutral and / or
- reducing atmosphere, and particularly under an
20 atmosphere containing argon and / or hydrogen) of the
structure obtained after detachment may be a high
temperature RTP (Rapid Thermal Processing) annealing
according to which the structure obtained.lafter the
transfer is heat treated individually, or a thermal

25 annealing performed in a furnace in which ‘different

structures are treated in batch.

RTP annealing may be an RTA (Rapid . Treatment

Annealing) type of annealing done under an atmosphere
containing pure hydrogen, pure argon or a hydrogen /[

30 argon mix. The annealing temperature 1is -typically



10 presented in docunent US2002090818. This type of
snoot hi ng anneal i ng nay be an RTA type fast anneali ng,
or of the "epitaxy equi pnent type (duration between a

- few seconds and a few m nutes), the structure obtained
after detachnment then being treated individually. 15
Snoot hi ng anneal i ng may be do in a furnace (of the
order of a few hours), different structures being then
treated in batch. The thermal budget of this curing by
thermal annealing (in other words particularly the
annealing 20 . duration and tenperature) is adapted
as Wetwet | o0sof atdel 380 €Ct eshdnokal bngedypeg dheasice is
of the COPs (mhlch as we have al ready seen above

deperiscaloly (1@t &M 67 FREPER i ng rate and the
cooling Z{rﬁ{é;‘)llnzqtsh%,ﬂ h't‘i@eziﬁuq{aé@e Hdy N bayesoddd at  a

whet her or not nitrogen doping is done. It wll be
not testpbduzd t it bahiwdemy %@ﬁ@alamldg li2® Ot goaf Bewpeal hours,

he COP t hat t
anﬁ‘é"é‘ﬁ‘?’ﬁeg adb:ra%lr“ﬁogﬁ eﬁFsoCOIP]'é?Ijen:én%ig%'fl?ﬁan %?) onP" e
t he, suf age }{J)ltdﬁc{g%ﬂ i Brg3@ kawker (by r econst ructi on

of the crystal on a snooth, non-oxidised surface 23
Ther ef orY@tacchﬁfr@r t eXanmle heofml thARBal| ngnnegtpng  is

t he_de er, . g
r edﬂ%oog:%]ﬁy%ur eg%ﬁlg;sdl at hPlr?%IIJa%r t rrrgjr? %?r%e }Sntalmng

dongfdrdgsubshd ahgdabchherief boitl,orfican exauplad 11ke that

substrate of the type obtained b fast_ pul ling apd
1Ocorﬁ%~°ﬁﬁlﬁif bo’urt1 T EEPs I(TS?W 9%@%”)/?]5113 EEP of

RSS! el ) gl (A0R1BL Kt el oo
thahrlef4&hﬁrﬁﬁntaxy equipment type (duration between a
few seconds and a few minutés), the gtructure obtained
after detachment then being treated individually.
15  Smoothing annealing may be done in a furnace (of the
order of a few hours), different structures being then

treated in batch.
The thermal budget of this curing by thermal
annealing (in other words particularly the annealing
20 . duration and temperature) is adapted as a function‘of
the selected annealing type, the size of the COPs
(which as we have already seen above depends
particularly on the pulling rate and the cooling rate),
the thickness of the thin layer and whether or not
25 - nitrogen doping is done. It will be noted that the
curing annealing is more efficient when the COPs are

. smaller.

Note also that these annealing operations also
have a smoothing effect on the surface of the thin
30 'layer (by reconstruction of the crystal on a smooth,

non-oxidised surface}.



10 less. Following the COPs curing step, the
oxi dation, etching and polishing type steps can then
be done as is conventionally the case in a

_SMARTCUT(r) type transfer process. 15 Note al so that
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the thermal annealing step adapted to cure COPs has a
thermal budget such that the % step is also

suitable for reinforcing the Bonding interface

between the thin | ayer and the support substrate. 20

One recogni sed advantage of a SMARTCUT(r) type

transfer process is the possibility of recycling the
donor subistrefere eiatdwrdimgf otm athéw dohermslibsannesling

from whic ew activ yer W formed _and
tr SRETRr TG SOt e SO S orT EUDSY PR, 4 85ZPROLY
t hercgntext of this invention, the process may

include a treatnment step of the donor substrate, after
tr ansf erFigfutse? tafiawd ay dhigntlayetre txapgéerredbser at donor

SSSBSLLS SO0 O | N8B TS SHISHT 81081 e

Ac cioysk ng)HtQt:L&xe‘d r sty erdadi pRNN.inghi $ndr eadme@ithingt epbout
Is adapted to enable recycling of the donor 24

sub3PQt@RD thetrst densify Usedfagai fhgs CHrdBrAoptep, the
t t a
co@{ﬁ? §a ng S él{)cﬁ«é}& \';‘MEP t%teepriﬁif)r %ﬁl?rf St {aek s about

ion onpa [ h a new taking o of at
| ayki fiand defedtme W tboothd i rfdren#miing bpetahuon@o times
hgt. 5 could increase the size of vacancy clusters
in this substrate. For exanple, this

tr eat rrerrtolqtcﬁﬁﬂ@aythbn%m aeaphed polhshivhe oxidation,

operations (CWP) d / or cleaning operations, in a
si rdichingyarad Ef@rlﬂﬂl@lqorte’@eb@tmmg cetlneahengbﬁr danfgent 1is

nenct'cln%neenqzl%br{)a\ﬁely SPh&5 t8e in a SMARTCUT® type transfer

process.

Note also that the thermal annealing step adapted
to cure COPs has a thermal budget such that the said
step 1sg also suitable for reinforcing the bonding
interface between the thin 1layer and the support
substrate.

One recognised advantagé of a SMARTCUT® type
transfer process is the possibility of recycling the
donor substrate, either to form a new donor substrate
from which a new active layer will be formed and
transferred, or to make a new support substrate.

In the context of this invéntion, the process may
include a treatment step of the donor substrate, after
transfer of the thin layer onto the support substrate,
adapted to enable recycling of the substrate (in other
words reusing it in the transfer process).

According to a firstl'embodiment, this treatment

step 1is adapted ¢to enable recycling of the donor



10 only have a limted inpact on COPs, for exanple by
limting the action of the chem cal products used.
According to a second enbodi nent, the treatnent step

"is adapted to enable recycling of the donor substrate

so that it can be used as a support substrate 15 in
meki ng a new sen conductor on,jnsul ator substrate. In
this case, the treatnment step’is designed to restore

a surface condition conpatible with nolecul ar bondi ng
(which typically requires a surface roughness |ess

than 5 angstrons RMS). 20 During this recycling

t r eatl@tasé epgo t heawnoiint canofbematisedalagainoved a donor
within the thickness of the recycled substrate nust

be PIASEER/L o | BRS¢ HarF2 W ¢ sderQrefhed Surface

thigknesei Of tbepht IBLeSeOkn waf ety (@hkehgr @#¥CldM0d thin
remains wthin tﬁe i nposed 25 thickness ranges
(tybreet | gnd/ 16 dooeomd thouta itpdemensios wakspfiopg that,

S G0N S BF69F el abB0E t Ao SRSNEEYof TSREFAF: BRgeent in
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t hathigagubgtdame . dudmgekapTecyehigy dreaimmnt . sfde may-
size 30 and density of COPs 1 n the support substrate

onl n®sda Fdantedd Prbachies REITRIGNSy 6FMPhe dihal ©F
Se%l@aﬁuﬁﬁs%tétggi%r etare, ditihs.P ble £9rUBRe pre-

substrates density equival ent to or even
gr eadmtindnanlebhendensidatmehtCOsnt iondke shoveal so as to

subst.r at for xanpl mpre than 1.5 COP/cn2 or even
o R BAes BORATIE ARG or OF 300 S RaFerSfaTbie by

equi M@l ety tiohe MFE dhaIE 3000 Plerfiven 2000uEEES used.
respectlvéfy). Qoviously, this invention is in no way

| i mtedAacardinnbbdi rrentscded c erbodimedts epes epregment

ggzﬁ%egg)ig]%sgdaﬂp%%d nttoheeralgf)igou}gclpglfr?gabcl)fe (?:fhe donor
substrate so that it can be used as a support substrate
in making a new semiconductor on insulator substrate.
In this case, the treatment step is designed to restore
a surface condition compatible with molecular bonding
(which typically requires a surface roughness less than
5 angstroms RMS).

During this recycling treatment step, the amount,
of material removed within the thickness of the
recycled substrate must be limited to less than
10 microns so that the thickness of the final -SeOI
wafer (after recycling) remains within the imposed
thickness ranges (typically +/10 microns for a 775
micron wafer) .

In the context of this second embodiment, greater
freedom is provided about the choice of operations that
can be done during the recycling treatment. The size

and density of COPs in the support substrate only has a

limited impact on the quality of the final SeOI



10 variants or nodifications. In particular, for

meki ng an SO substrate, the donor substrate is
obviously formed by cutting a silicon ingot.

" Furthernore, the invention is not limted to the 15

CZ pulling process, but can be used wth any type of

i ngot pulling process. Finall it wll be understood
that the invention is in no way limted to a given

waf er dianmeter, and is applicable to all wafer

di anmeters. 26 CLAIM5S 1. A process for making a

sem conduct or on insulator substrate conprising an

i sobabsngatayefhemséptred ibetiwegessibiien tcaywe radstegltes
a senicond [ ng material . and support substrat
Che"ihin A dydr FRMAY g% neSt PANSFER SHESCERe Chan
Suppaket guRsift &ff capparinofcie deReH asubstbatand t fox
vacancy clusters at a first density, characterised in

t haBXpmpéenprcses: theaf ofe 5t FAREEB? oPrsaic¥<par floge than

he.,d I, ..Subskr.ate o_t sypp bstr .

Tor 5ot/ 20" b S5 R PacdPer ML e "Rha Sy tens v
to moeeecanent heosi ae ofei ROVREIRY xddisd@risrelgnesent

in said 8art of _the donor substrate at said first

densi ty, Obghauatyer thhe {PUAREEPD ASchPi RE ¥Pep LdfPitRe to

15 Eﬁéa%cfdi%%&rss %é&éfﬂ%e' Nasal dré{:?fés tddl® p¥ONRhose
substrate transferred onto the suppor substrate to
redekelibé fimr sthdernsitt ywbold bksecoadadeasidfy. addirg many

process according.tpo,claiml1, characterised in '20
]i%haYaFﬁ@nFﬁrﬂ?n@gg}éhF?ﬁl?qﬁyi nsul ating | ayer is

In particular, for making an SOI substrate, the
donor substrate 1is obviously formed by cutting a
gilicon ingot. ‘
Furthermore, the invention is not limited to the
15 CZ pulling process, but can be used with any type of
ingot pulling process.
Finally, iﬁ will be understood that the invention
is in no wéy limited to a given wafer diameter, and is

applicable to all wafer diameters.



performed by thermal oxidation of the support
substrate. 3. A process according to claim1,
.characterised in that the form ng step of the
insulating |ayer is 25 perforned by deposition of an
oxi de | ayer on the donor substrate and / or the
support substrate. 4. A procesgg according to any one
of the preceding clains, characterised in that the
curing step is perforned i medi ately after transfer
27 5. A process according to any one of the preceding
clains, characterised in that the curing step of
vacancy clusters is perforn€&rB¥Sappl ying a thernal
annealing to the structure obtained after transfer. 5
6. A process according to claim5, characterised in

that the Uh%&%@és@ﬂﬂﬁﬂddkhﬂéSaFgﬁﬁﬂ&ﬁﬁﬁc@@ﬁebna1nsulator
non- oxi di si ng at nosphere. 7. A process accordi ng t
dzﬁﬁbﬁﬁr%M%ra€P@PFééaan Qﬂuﬂl$¢ﬁﬁ¥¥ﬁ9nalaﬁ%ﬁeaPPﬁ&rted

s ﬁ%gﬁg) éhgﬂfgl%a§g phﬁggs%Tn% %5%P%Dnﬁ§0§1né materlal

pr ocess” accor characterise
thenhheanﬁhp@@ﬁeabuhgtratpertbenedlnnlayéurmaeelt@ngAfrom
process according to any one of clajns

5ché?1"§tt‘é’?§‘%%%elf PRHat t]aﬁné‘dPPﬁﬁt §UB§F¥%‘F%B§ ufdBRTEnCF 2

at NsRher & 0Nta 1l NG, U € YA RERN . IRIMER 13 J8R Ok afirst
hydr ogen / argon m x. 10. A procéss according to any

onalegfsidlyai mhafraaked;isachamadtterti déd cdomprhgesanneal i ng

i s a snoot hing anneallng performed, under an atnniphere
cont ai ni*ngPedOray dF68BAIGRd Rl drerit orkartaciod. Fie adonor

process acgﬁﬂgtggtéooﬂ95 eRe %Epﬁb?%n§uﬁsE9ate, a forming
10 step of the insulating layer adapted not to
increase the size of the vacancy clusters

present in said part of the donor substrate at

said first density,

¢ and after the transfer, a curing step of the
15 vacancy clusters present in said part of the
donor substrate transferred onto the support
substrate to reduce the first density to a
second density. |
2. A process according to claim 1, characterised in
20 that the forming step of the insulating layer is
performed by  thermal oxidation of the  support
substrate. '
;3. A process according to claim 1, characterised in
thét the forming step of the insulating layer is
25 performed by deposition oé an oxide layer on the donor
substrate and / or the support substrate.
4. A process-according to any one of the preceding
claimg, characterised in that the curing step is

performed immediately after transfer.



10, characterised in that the donor substrate is a
substrate fornmed by cutting an ingot of said

sem conducting material obtained by pulling creating
25 vacancy clusters with an average size |ess than the
size of clusters present in a near perfect substrate
formed by cutting an ingot ob£§ined by sl ow pulling.
12. A process according to claim1ll, characterised in
that the donor substrate is forned by cutting an 30

- ingot obtained by CZ pulling such that the density of
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28 clusters of created vacancies larger than 0.14 mis

| ess thark @retkerRacdBdiAgprocass cmecolfdiing nrecadynane

of %:ains 1 to 10, characteris%d in éhat it .conprises £
a pridormSst e RFACHE IS ar 4T ofiPBF t FBSdof8ri8Hbsfr&Pe ©
| nGldinRg tBeustebEOWNgHepPesahe@NTy - a§p§}7§ﬁgt & MBkE8rmal
an ingot of sem conducting material by pulling

cr edtriasd ivgc e he gdrarcs uget hbapingdepigersizanpéss.-

t han %hezgv%%% essézqngﬁn Iggtg%%ﬁ}g present in a near
per f ect Substrare optaine y 8low “pulling, - and a

St eharactétrieed t hendon®atsubsid at eheftmallhi Sanmgoling is
14. A process according to any one of clains 11 to 15

13 PeERaraete MPEed ion PoRat*tAéSdBHoR BOFBTPEPe i S

formed, by gutiing 2ngnga f e by, ZnpiblioBised in

such that e density reate
vatcaati esxisral teermbhan shneahingy great ea t haapild 5/ eh@rmal
rocess acc?rding to any one of clainms 11 to 20
i*n that the donor substrate is

formed by CUWdddadaakok@gal @bl &ngeh by, (GnphétdBised in
such that 'the density of Created clusters of _
vaéhﬁéiébeshhérmﬁl annealing is performed in a furnace.

9. A process according to any one of claims 6 to 8,
characterised in that annealing is performed under an
atmosphere containing pure hydrogen, pure argon or a
hydrogen / argon mix.

10,7A process according to any one of claims 6 to 8,
characterised in that annealing is a smoothing
annealing performed under an ratmOSPhere containing
hydrogen and hydrochloric acid.

11. A process according to any one of claims 1 to
10, characterised in that the donor substrate is a
substrate formed by «cutting an ingot of said
semiconducting material obtained by pulling creating
vacancy clusters with an average size less than the
size of clusters present in a near perfect substrate
formed by cutting an ingot obtained by slow pulling.

12. A process according to claim 11, characterised
in that the donor substrate is formed by cutting an

ingot obtained by CZ pulling such that the density of



than 0.12 mis greater than 3/cnR. 16. A process
according to any one of clainms 11 to 25 15,
characterised in that the donor substrate is forned

by cutting an ingot obtained by a CZ process by

pulling at a speed at least 1.2 tines greater than

the speed of the said slow pwlling to obtain a near
perfect crystal. 17. A process according to any one of
claims 11 to 30 16, characterised in that the donor
substrate is formed by cutting an ingot subjected to
fast cooling. 29 18. A process according to any one of
cl atlnstklrd oofl Frechi@dactararsacds nlahgert Kdiadondrlsd pm 1S

substrate is forned by cutting an ingot subjected to
nit ‘?ﬁefrﬁbi%g‘?lﬁﬁﬂ“ ‘A process according to any one of

the pr eﬁ??fjizﬂq;r%cggéi ABcofiHACE ST b9gd diet BEL dltaims 1 to
conprises a step consisting of creating a weakness

zorld wittractrriadd cinddetofi tt FOTEEAGESs ghPrigrestep for
wi t hout_ the said donor_ s at ' be - th
5pr SABTI T SUbni ??ed ? agg%%amg%ggt’qug?rre%tg.chllgl%%. ©

A Cess idf et aigidrs :.cl ai m 19, characterised in that
before the step of creating a weakness zone, it
i

i ncl udes aast E5ePonsPst TRIEE ofan degeiitt i i afedRcgaducting
| a h . i :
a%&%‘gl ebgZP,SE%EHBSE&gEElnégE{a?%%Cpr d0iM&s with an

pro on | a e"said pro 5 | ayer
possidiagehesnger dumedtbace thiee avcskaess sAgse blisc2osters

been created. 21. A process according,to .one, of
10 L EHSAGHII 1 %ol e, PERLTGlot SRPEBASER (T RS dohoPLo"
substinatgyis made of silicon. 22. A process according

to-any one of the preceding claims, characterised in
that the sapport shidrsttat guics out the donor substrate in

this ingot.
14. A process according to any one of claims 11 to
15 13, characterised in that the donor substrate is formed
by cutting an ingot obtained by CZ pulling such that
the density of created clusters of vacancies smaller
than 0.2 um is greater than 1.5/cm?.
15. A process according to any one of claims 11 to
20 14, characterised in that the donor substrate is formed
by cutting an ingot obtained by CZ pulling such that
the density of created clusters of vacancies smaller
than 0.12 gm isr greater than 3/cmz.
16. A process according to any one of claims 11 to
25 15, characterised im that the donor substrate is formed
by cutting an ingot obtained by a CZ process by pulling
at a speed at least 1.2 times greater than the speed of
the said slow pulling to obtain a near perfeét crystal.
17. A process according to any one of claims 11 to
30 16, characterised :Ln that the donor substrate is formed

by cutting an ingot éubjected to fast cooling.



obtained in the sane way as the donor substrate. 23. A
process for making for making a substrate conprising
~athin layer of seniconducting naterial and 25 a
support substrate, the thin layer resulting fromthe
transfer onto the support substrate of a part of a
donor substrate with vacancy c¢lausters at a. first
density, characterised in that it conprises: after
transfer of said part of the donor 30 substrate onto
the support substrate, a curing step of the vacancy
clusters iﬂesent said part 30 of the donor subztrate

transfert

PoREBCE TR 2CEOFAPPEr O AIE rak® Pb FeddBE 11 to

ggség'r§haggg§bEXseﬁolﬁ §ﬁ§9ngh?e§§h5¥ suﬁ@@r§@$05§ formed

¢uring step, one or several 5 steps adapted so

as bgtcuotungreasenghe sub@eotedth@ nhcaresn clerste S

present .in the said part  of the donor substrate at

the firdt dBnBTYGESS24CCATSH dohaunet BFC it itheuPaEording
sSUDSY K3k, CORRALSEAGr BBl NStk atdH | aver cbhpehiked a step

between a'thin 10 |ayer of sem conducting nmateri al
andcansmpp@ng slibstreawindbtaai wegknpsehe Zpreceysthbin  the

t f th t
Frophachisb? BRYcBRoetty) PoR BEhe By EhPLETene &lid Monor
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in that the thin 15 | ayer has a density of vacancy
cl ustepsingssrepdmeBE- equal to apprOX|nater

100; 075/ cggy. %SPI@C%S%Q%%@&M%C@J del%q 9qcCl ai m 24,

characterlsed t the support su strate has a

denshéyaotevasadcyirc| tisder befoeat ethé hatepr efualrebbing a

20 apprOX|nater 3/lcn2. . _
weakness gzohe, it dincludes a step consisting of
depositing an oxide layer on the donor substrate
surface to form a protection layer, the said protection
layer possibly being removed once the weakness zone has
been created.

21. A process according to any one of the preceding
claimg, characterised in that the donor.substrate is
made of silicon. |

‘22. A process according to any one of the preceding
claimg, characterised in that the support substrate is
obtained in the same way as the donor éubst:ate.

23. A process Lor making for making a substrate
comprisingla thin layer of semiconducting material and
a support substrate, the thin layer resulting from the

" transfer onto the support substrate of a part of a
donor substrate with vdcancy clusters at a first
density, characterised in that it comprises:

e after transfer of said part of the donor

substrate onto the support substrate, a curing

step of the vacancy clusters present said part



26. A process for recycling a substrate with vacancy
clusters and having been used as a donor substrate
from which a thin |ayer was taken and transferred
onto a support substrate, characterised in that it
consists in 25 one or several steps adapted so as not -
to increase the size of the yacancy clusters present

10
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in said substrate.

of the donor substrate transferred onto the
support subsérate to reduce the first density
to a second density.

e and before said curing step, one or several
steps adapted so as not to increasé the size of
the vacancy clusters present in the said part
of the donor substrate at the first density.

24. A semiconductor on insulator substrate
comprising an insulating layer inserted between a thin
layer of semiconducting material and a support
gsubstrate, obtained by the process according to any one
of thé previous claims, étarting from a donor substrate
with a density of wvacancy clusters equal to
approximately 3/cm2, characterised in that the thin
léyer has a density of vacancy clusters less than or
equal to approximately 0.075/cm?2.

25. A substrate according to claim 24,
characterised in that the support substrate has a
density of vacancy clusters greater than or equal to
approximately 3/cm?.

26. A process for recycling a substrate with vacancy
clusters and having been used as a donor substrate from
which a thin layer was taken and transferred onto a
support substrate, characterised in that it consists in
orie or several steps adapted so as not to increase the

size of the vacancy clusters present in said substrate.



