1 PROCESS FOR TRANSFER OF A THIN LAYER FORMED IN A
SUBSTRATE WITH VACANCY CLUSTERS The invention relates to a
process for making a substrate by transfer of a thin layer of
semiconducting material from a donor substrate to a support substrate.
One field of application of the invention is for 5 processes for making
semiconductor on insulator (SeOl) structures, for example silicon on
insulator (SOI) structures, these SeOl structures acting as substrates for
electronics, optics and optoelectronics. SeOl structures thus comprise an
insulating layer 10 inserted between a thin layer made of a
semiconducting material and a support substrate. SMARTCUT type

processes are an example of a ?rocess of this r%pe. These Rrocesses
e

correspoRGeGE°pretefed dReRF ofthEHiertfohE 8 sTEHe? dttaifs
about the SMARTCl4l;psagessiarg 1giMen arthec Siknoms@nrssulator
Technology: Materials to VLSI, 2nd Edition” document by Jean-Pierre
Colinge published by "Kluwer Academic Publishers", p. 50 and 51. 20
Production of an SeOl structure using the SMARTCUT process and
particularly an SeOl structure in which the thin layer is particularly thin
(typically less than 400 nm) requires the use of an initial donor 2
substrate without any growth defects in the form of vacancy clusters
(known-as Crystal Originated Particles or COPS). '

The invention relates to a procesg for making a
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substrate by transfer of a thin layer of semiconducting
material from a donor substrate to a support Substrate.

one field of application of the invention is for

'processes for making semiconductor on insulator (3e0I}

styuctures, for example silicon on insulator (S0I)
structures, these Se0l structures acting as substrates
for electronics, optics and opteoelectronics.

cenI structures thus comprise an insulating layer
inserted between a thin layer made of a semiconducting
material and a support substrate.

SMARTCUT® type processes are an example of a
process of this type. These processes corregpond to a
preferred embodiment of the invention.

Further details about the SMARTCUT® process are
givenn  in the "gilicon-On-Insulator Technology:
Marerials to VLSI, 2™ Edition" document by Jean-Pierre
Colinge published by "Kluwer Academic Publishers”™, D.
50 and 51. .

production of an  S8e0l  structure using the
SMARTCUT® process and pafticularly an 8e0I structure in
which the thin layer is particularly thin (typically

less than 400 nm) reguires the use of an initial donor
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The presence of these vacancy clusters in the 5 volume of the donor
substrate may generate defects for which the size is larger than the
thickness of the thin layer of the final SeOl structure. These said through
defects are said to be fatal defects; a component formed on one of these
defects 10 will not work. The presencg of these through defects is
therefore a parameter that controls the quality of components that will be
created on the final structure. Therefore, it is essential to minimise the
presence of these through defects. 15 Obviously, it will be understood

thatthe prahleny,sofiihrough defectsdspartigdady importantdfthe rorn  of

thickness of the thin layer is thin. One solution for limiting the number of
tHfBGGR TefEeidTh BRSdbPaubstdte @RGthath4S bedm T drdtiidntiy L es
used grihe)past is to use an initial substrate with a very high
crystallographic quality, having a low density of COPs. Initial substrates
are typicaly foRRBEBY-QIttiRG intYePEing6REBRTIed BY #5¢ €8prddesshe

(Gzachralskir 25 pullingh&oniiboven the pidling,sprechard teriBget rox
cooling rate provides a means. of reducing the quantity of vacancy cluster
tyﬂ?eltf%TeE%%?Tﬁ&&earf-ﬁ]itﬂa?rﬁﬁi’str%lﬂé’K}Vi miost AEeR5Ss %ty‘ﬁ}b‘én‘&hm

farmeskby, 80 enttingian ngot obtained by ihe CZ (Czochralski pulling)
process using very specific pulling conditions 3 and particularly very slow
pumng(EHmﬁSaﬁﬁld through™ defects are said to” be’ fatal
defects; a component formed on one of these defects
will not work. The presence of these through defects is
therefore a parameter that .controls the quality of
components that will be created on the final structure.
Therefore, it is essential to minimise the presence of
these through defects.

Obviously, it wili_be understood that the problem
Qf through defects is particularly important ~if the
thickness of the thin layer is thin.

One solution for limiting the number of through

defects 1in an Se0I substrate  and that has been

freguently used 1in the past is to use an initial

- substrate with a very high crystalliographic quality,

having a low density of COPs.

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

Control over the pulling speed and the ingot
cooling rate provides a méans of reducing the quantity
of wvacancy cluster type defects. Thus, an initial
substrate with almost no COPs is typically formed by

cutting an ingot obtained vby‘ the CZ (Czochralski

pulling) process using very specific pulling conditions
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designated by the name "Very Slow Pull" to obtain what those skilled in
the art call a Near Perfect Crystal due to the very low number of defects).
5 Substrates formed by cutting in an ingot obtained by simpler and / or
faster pulling processes have comparatively more vacancy clusters and
are therefore considered to be incompatible with the constraints imposed
in target application fields (such as optics, 10 electronics or
optoelectronics). For example, a substrate formed by cutting a Near
Perfect Crystal obtained by a "Very Slow Pull" type pulling at a rate of

less than 0.5 mm/min will typically haye a density of COP g{ rger than
0.3%) 16 Bokisah 6045 ant G 675 COPS/chL (chitalek t 3013 56--=°
CoOPsilgrgerddang. 1tidn 2360 Mvie diansStermwiet Wit a svrfagéraredat
of 660 cm2 allowing for a 5 mm _exclusion.area around the wafer).
SRt B o BBrar o o st 2Oy & gl

1.aue ltstibtes fastey thawtheatiWery SowiBak ctype pulling, will have a
density cgugOPs I%rger than %{ékgn t?:%t\éveglq 1.5 an%4.5.COPS/cr]ggained

(equivalent % tﬁ)% to 3686“&? siargert an0.Lmin a %6%Or%mo
diameteriwafer). 25 avill bearotedalsdtethe ipydticontingpate-akuwing have

pulling.i ther, fac at will.influence, it allographic_quali
O e it oLt Eraloin o haEr S M GHGRATEe
GROWNI4NDEFEC T SAND SIMULATIONOFTHEIRIFORMATHIN 2y t S

W, ;[QB_QQdA'EH‘OE!,@?PQe%- '%%’B??E%?{’i%ge%é”@laél Indnen"Piaperties at,
Crystalline Silicon" document published
electronics or opteoelectronics) .

For example, a substrate formed by curting a Near
Perfect Crystal obtained by a “Very Slow Pull” type
pulling at a rate of less than 0.5 mm/min will
typically 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 pm in a 300 mm diameter wafer
with a surface area of 660 cm? allowing for a 5 mm
exclusion area arcund the wafer).

Comparatively, a substrate obtained using standard
pulling at a rate 1.2 to 1.5 times Ffaster than the
“Wery Slow Pull” type pulling, will have a density of
COPs. (larger than 0.1 pm} 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 crystailographic quality. Information about this
subject is given in chapter 1.6 "Si MELT GROWTH: GROWN-
IN DEFECTS AND SIMULATION OF THEIR FORMATION" by W. von
Ammon and E. Domberger, pages 39 - 51 in the

"Properties of Crystalline Silicon" document published
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4 by Robert Hull in INSPEC publications (January 1998) that

demonstrates that a high cooling rate (pulling designated as "Fast Cool")

is accompanied by an increase in the density of defects. Therefore a 5
substrate obtained by cutting an ingot obtained by "Fast Cool" type

pulling is also incompatible with imposgd constraints in the application
fields of the invention. The production efficiency for a quality substrate 10
(Near Perfect Crystal with almost no COPs by means of a CZ "Very Slow
Pull" type pulling) is significantly lower than the production efficiency of

supstrates, disingssimpler and{erfaster,puliing progesses. Thetsfore fag, o)
production of a near perfect substrate by 15 "Very Slow Pull" type pulling

is phftieulddynaxpensives itstdust is #hub ighicaiy 304 grearet ¢shadpthkl ing
costafisibatrates gained by stapdard GZ pylling |t will be-noted thag it o,
has also been proposed to use a previously heat treated standard
subsfFERABE 20 taducdthe. qlEREALOT COPs, a¢if iital subsgaslipe 2
pracesscfen making an; SOk stiysture, ELsther 'a@rﬂa&?&abewt@&ed by
subject is given for example in the article "A NOVEL METHOD FOR

 ACHBEINGYERY [FORECORSLINEZ WAFERS? by Bepmyasaddf Twith

Toragl Rublished25-1n thedMargh 2003 isshe ottheiSelidStateis of the
Technology journal. However, the use of such a previous heat treatment
is HBY&atist&ttory. This treatment modifies the surface properties of the

initial subgtiate(atlifc ion efficiency for a quality substrate
(Near Perfect Crystal with alwmost no COPs by means of a
CZ “Very ©Slow Pull” type pulling} is significantly
lower than the production efficiency of substrates
using simpler and / or faster pulling processes.
Therefore the production of a near perfect substrate by
“Very Slow Pull” type pulling 1is particularily
expenéive; its cost 1is 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
reduce the quantity of COPs, as an initial substrate in
a process for making an S0l structure. Further
information about this subject is given for example in
the article "A NOVEL METHOD FOR ACEIEVING VERY LOW COPS
IN CZ WAFERS" by J. L. Vasat and T. Torack, published
in the March 2003 issue 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
particular:increases its surface roughness) such that

problems can occur during bonding of the initial



30 particular increases its surface roughness) such that problems can
occur during bonding of the initial 5 substrate to a support substrate (and
particularly degradation of the bonding quality) Furthermore, this
previous heat treatment can generate "slip line" type defects or oxygen
precipitates that could compromise reéycling 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 layer of semiconducting material from a donor substrate to a support
sulsabstegte, aridparticulariyriherdost privessfr Se6| substrateso Morécularly

geSpEGHcall, the invention js.aimeg to %ﬂ%ti'ft}'?_?.US%BEM@ﬁBQEtEat%i 5
ormed by cutting an ingot obtainéd by CZ pulling which is more cost

pr@ﬁé@ﬁ@ thege the UVeRL Siow: Pmawp@pamﬁ@t@obfgiﬁ iapn_eérﬂ}zp@'r'fec’t: ype

cefyStal, '”o%s%%g#”@&é%% Lrapsfet progess. while maintaining.a,; se
crystalline quality of the thin layer compatible with the envisaged

regppiidations, withotit enésdrmerir &R bonding-defecyding fypel Ly used

1 n Problemscaused- bgs%%&e\s@rgvious heat treatment technique
mentioned above. To achieve this, according to a first aspect, there is

provideéd $pirceess forimakiny a s&micotiuctdf ort institABCSubkiratecost

preeaprising:ap insulating layer: inserted-hetween athindayer of 1ayer of
semiconducting material and a support substrate, the thin layer resulting
Seftofr B ransfer ofifo-thie'suppott$iibstriate B8R part grepstrate to  a

support substrate, and particularly the cost price of
S5e0l substrates.

More specifically, the invention i1s aimed to enable
the use of initial substrates formed by cutting an ingot
obtained by CZ pulling which is more cost effective than
the "Very Slow Pull" type pulling to obtain a near
perfect crystal, in a SMARTCUT® type transfer process,
while maintaining a crystalline guality of the thin laver
compatible with the envisaged applications, without
encountering any hkonding or recyciing Type problems
caused by use .of the previous heat treatmsnt technigue
menticned above.

Tc achieve this, according to a first aspect, there
is provided a process Ior making & semiconductor on
insulator substrate comprising an insulating laver
inserted between a thin layer of semiconducting material
and a support substrate, the thin layer resulting from
the transfer ontce the support substrate of a part of a
donor substrate with wvacancy clusters being present with
the support substrate at a first density, characterised in
that it comprises:

* before transfer of said part from the donor

substrate onto the support substrate, a forming



donor substrate with vacancy clusters being present with the support
substrate at a first density, characterised in that it comprises: before
transfer of said part from the donor substrate onto the support substrate,
a forming 6 step of the insulating layer adapted not to increase the size
of the vacancy clusters present in saif part of the donor substrate at said
first densitys -apd after thedransfer; Beuring stepefthezvagancy clysterseo
present in the part of the _donor substrate transferred onto the support
substrate t& Pédicethe firStdeniity fo aos’*ecomeden‘éw.&ﬂ%’follﬁ\if Fers
gives a list pf- semerpreterred hut dimitative aspectsiohthis precess:atthe at
forming step aof the jnsulatipg layer is performed by thermal oxidation of
the suppor té%éf;s-tthg?g%ﬁé’step of the insulating layer is
performed ydeposiion ahan axide: layer on the donornsubstraie amd /tore
the support substrate; - the curing ste isgerformed immediately after
transfer; - thE €Bng S8R 16 pEHSImEA B Abplying a M AAncaiing 152
the structurgcohiained aftertransfer; =dhe thermal anneatingtis earregbputr ¢
under a nor oising atmosphere;.; the thermal annepling is carred out.
under an a%mospﬁere containing pure fydrogen, puré argon or'a

second density.

The following gives a list of some preferred but

limitative aspects of this process:

the forming step of the insulating layer 1s performed
by thermal oxidation of the suppcert substrate;

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 1is performed immediately after
transfer;

the curing step 1s performed by eapplyving a thermal
annealing to the structure obtained after transfer;
the thermal annealing 1s carried out under a non-
cxidising atmosphere;

the thermal annealing 1s carried out under an
atmosphere containing pure hydrogen, pure argon or a
hydrogen / argon mix;

the thermal annealing 1s a rapid thermal processing
(RTP) ;

the thermal annealing is done in a furnace;
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hydrogen / argon mix; - the thermal annealing is a rapid thermal
processing (RTP); - the thermal annealing is done in a furnace; 7 - the
thermal annealing is a smoothing annealing performed under an
atmosphere containing hydrogen and hydrochloric acid; - the donor
substrate is a substrate formed by 5 cutting an ingot from the 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 10 pulling;

- the donorigybstrate;is farmed Ry eutag ar ingotabtainathlY GARIMING. g

such that the density of clusters of created vacancies larger than 0.14

pm is less PRALGDTRM2; MdREompiRes afremTRiEty Step fFpYeparst nd
the donor gybstraje including,Jhe Jeloming -operagons; - making an ingot

of the said semiconducting material by pulling creating vacancy clusters
20 with an BP6ragloBRE 1e38RRART A sizeSof 8lusts ’bRtitaTRat by

perfect substiate [farmed by cy8ing apdpgot pbtaingdDy slaw qulings+ i ng

and cutting the donor substrate in this ingot; 25 - the donor substrate is
fOHnedbyE@ﬁﬁﬁ%ﬁ# obtained by pulling creating wvacancy

clusters with an average size less than the size

of clusters present in a near perfect substrate

fdrmed by cuttiﬁg an ingot obtained by slow
pulling;

- 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 pm is less than 0.01/cm?;

- it comprises a preliminary step to prepare the
donor substrate including the following
operations;

- making an ingct 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 créated clusters of vacancies smaller
than 0.2 um is gfeater than 1.5/cm?;

- the donor substiate is formed by cutting an

ingot obtained by CZ pulling such that the



ingot obtained by CZ pulling such that the density of created clusters of
vacancies smaller than 0.2 pm is greater than 1.5/cm2; the donor

substrate is formed by cutting an 30 ingot obtained by CZ pulling such

that the 8 density of created clusters of vacancies smaller than 0.12 m is
greater than 3/cm2; the donor substraté is formed by cutting an ingot
obtained by a CZ process by pulling at a rate at least 1.2 times greater
than the rate of the said slow pulling to obtain a near perfect crystal; the
donor substrate is formed by cutting an ingot subjected to fast cooling;
théedoridrsubsdtrate & stbstiate fermsedady cuttirgan sifgotsubjected-ioan

nigrogen _ ping; 'E%%rgggsec%ggt%o/g%mg,isting of creating a weakness

zone within the thickness of the donpr substrate without the said o!onor
- slifistratedsaviriyg be&rbgreviously sabmittédiong leadiny tredtmehny  an

before the.slep 10 create aeaknsss zoas, ibipclydes ;a step.copsisting ¢

of depositing an oxide layer on the donor substrate surface to forma
pratédtionllayert e Saisrotectioplayerpussibicbeifd réhvetkofces 1ow
. weakness, zone has been created, rthe donay substrate is made of

t
silicon; the support substrate is obtained in the same way as the donor
- sUbstrateCARESTding WP E&RGthEF aspéét, théreiEpovided a cutting  an

semif@fldgg@ﬁ @@ﬂ@gﬂ@t@r%ggr@t@&%@r}sing an insulating

- the donor substrate i1s a substrate formed by cutting an
ingot subjected 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 cleaning treatment;

- before the step Lo create a2 weakness zone, it includes
a step consisting of depeositing an oxide layer on the
denor substrate surface to form a protection layer, the
sald protection layer possibly being removed once the
weakness zone has been created;

- the denor substrate is made of silicon;

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

According to another aspect, there 1is provided a
semiconductor on insulator substrate comprising an insulating
layer inserted Dbetween a thin layer co¢f semiconducting
material and a support substrate, obtained by the process
disclcesed herein, starting from a donor substrate with a
density of wvacancy clusters equal to approximately 3/cm?,
characterised in that the thin layer has a density of

vacancy clusters less than or equal to approximately

0.075/cm?.



layer inserted between a thin layer of semiconducting material and a
support substrate, obtained by the process disclosed herein, starting from
a donor substrate with a density of vacancy clusters equal to
approximately 3/cm2, characterised in that the thin layer has a density of
vacancy clusters less than or equalto approximately 0.075/cm2. 8a
According to one embodiment, there is provided a semiconductor on
insulator substrate including an insulating layer inserted between a thin
layex of semiconducting meatesiaband a«support-suhstrate obtainedidsitg a
. the process disclosed herein,laq:d Earticulalt)l an %eOI 9, sukistrcﬁt% an
SemlSB%?ﬁlé:ot ftdbm a G6nor stibEttate with a densi Y of v%cancjyn&ugters gqual
insufcapproximatghg 3/cmn ebharacterised: imdlat thezhin tayen finallgyyer  of
. comprises a density of . vacancy clusters equal to or less, tha .
et R RAY 0075/cnin. AGLLIding 16 AMpUBr acpasy the iverton e
usinrelateés:=to @rproeess forimaking=aisubstratercomprisingeae thin tayet oy  an
SeOIsemiconducting material and a support substrate, the thin layer resulting
from the transfer onto the support substrate of a part of a donor substrate,
vacancy clusters being present with the support substrate at a first
density, characterised in that it comprises: after transfer of said part of the
donor substrate onto the support substrate, 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, and before said curing step,
one or several steps adapted so as not to increase the size of the
vacancy clusters present in said part of the donor substrate at said first
density. According to yet another aspe@t, there is provided 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 one or several steps

subsjgapted oasiAco iiciBase e siZze sfthelvaeancy ClistérsPreseritin of
vacaliesaid substrate. 10 -@thes aspects, prposes and agvantages.ofthis; seq

' invention will become clear after reading the following detailed description
in  hptefefretl erhPoimemEDf thé lifdention, GiVEH as fdn-linitafves 1ty of

vaca@@mples.andwith S.reference ip theattached drawings, iByhichimately
Fizurg 1 shows the variation of the size and density of COPs as a
V. 07fuhickion of the pulling rate of an ingot; - Figure 2 shows curing of cops

during A0-implementation-ofa-passikleembodiment ebthec proeesstes «o
according to the.invention. The invention relates to a process for making a
& Pr&istatd EompRSing S tirtlafertsrdémicoRdicting thaterfal Bhd w# s> °©F
semiSUPROLSURSIrate; the-thin layerl Sresulting frem dhe transfes of a part ehin

layé%doqgsulting from the transfer onto the support
substrate of a part of a donor substrate, vacancy clusters
being present with the support substrate at a first
density, characterised in that it comprises:

+ after transfer of said part of the donor
substrate onto the support substrate, a curing
step of the wvacancy clusters present in the
part of the donor substrate transferred onto
the support substrate to reduce the first
density to a second density,

« and before said curing step, ong or several
steps adapted sc as not to increase the size of
the vacancy clusters present in said part of
the donor substrate at said first density.

According to yet ancother aspect, there is provided 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 one or several steps
adapted sc as not to increase the size of the vacancy

clusters present in the saild substrate.
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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 main steps are mentioned below. 20 A
donor substrate made. of a semiconducting material from which the thin
layer is formed is exposed to implantgtjpn 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.is then detached_at the level of the weakngss zone, part of the .
donor sz%%r%]fe tRUS %8%’189 ’traﬁ’é?i%rprc@ﬁeosntoatlﬁ((-elesuc—ipc{éaa}fl %é%%g raté to f(%?lr% °
the thviaidyieronvthelsupporm80 slbstrate ddr Wiserdl inakirgian 8eQbwing
styclure, an insulating laver s inseried hetyeen the, fnavera0d e e
support substrate. In the context of the invention, the dorior 5 substrate is
notmeeessarily fopmee by esttingpan Ingutt with venearperféetcrystdl with

i%@’é’%%é Ped e%&%@l&'&ﬁ@@"&%‘%@% g1y slow Rullytype CZ

q
pulling. On the contrary, in the context of one “advantageous embodiment
of the processapeerding shaws 10 Irevenionifor tramsfefring ethia igger and

from a dongy subsirate 1¢ a sgpportsubsiraje, the doporsubstate 155 1 ; g
formed by cutting an ingot of semiconducting material obtained by pulling
creating va&iicy ciisters Withodt average size less than the average size

of - Figure 2 shows curing of COPs during

implementation of a possible embodiment of the
process according to the invention.

The invention relates to a process for making a
gubgtrate comprising a thin layer of semiconducting
material and a support substrate, the thin layer
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 main steps are mentioned below.

K donor substrate made . of a gemiconducting
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
made 1is then brcocught into intimate contact with the
support substrate. The donor substrate is then detached
at the level of the weakness zoné, ?art of the donor
substrate thug being transferred onto the support
subastrate to form the thin layer on the support

substrate.
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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 crgating vacancy clusters with an
average size less than the average size of clusters presentin 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

advantagg, that Lis Not very expensive-geppared with the,Yew: oW ayer

Pull" type pulling. For éxample, this type of pulling mode includes a fast

CZ pullinessrfasteobhiy aebbtdiia chRIA 3DFeBHMGHN cafiB8 a SU&ROTt
Defeelrystal’ or a crystal called a "Standard Crystal”. 12 According to
one advantageous embodiment of the process according to the invention,

nitrogen ddpinglean EEPERSEMe®iheRifIlingtHEH ST rom Wiich Hanor
dongr, subsirate is;oRtained Hhus twpeiof nitseger Siloning eandaciifatmgot

the curing step (which will be described in detail later) so as to remove

COPSHom tHREFENSRIEREN |5/8Y SEdlexStple: fiforhaiBATabBEF RSt

Su@f%%gﬁyvgnBB@E%%@@kb¥3RG@¥§4§héMEE%@I$|E&pe CZ pulling.
NITROGEN-DOPED CZROCHRALSKI SILICON" by X. 10 YU, D. YANG,
X.MA, J.PBNG HREI an8 T EIE ublishBd in Eitfly 2082dihe 92F  one

number e effhs v dounsh af virnlied Physicspjeuraak inwbichiit dgsedbeshe

th?hvention for transferring a thin layer from a donor
substrate to a support substrate, the donor substrate
is formed by cutting an ingot of semiconducting
material obtained by pulling creating wvacancy c¢lusters
with an average size less than the average size of
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
operation to make an ingot of semiconducting material
by pulling éreating vacancy clusters with an average
size less than the average size of clusters present in
a near perfect crystal obtained by slow pulling, and 2
step to cut out the donor substrate in this ingot.

The pulling mode mentioned above has the advantage
that it isg not very expensive compared with the "“Very
Slow Pull” type pulling. _

For example, this type of pulling mode includes a
fast CZ pulling or fast cooling to obtain a crystal
commonly called a "Low Defect Crystal”™ or a crystal

called a "Standard Crystal".
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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 1014 and 5 x 1015 atoms of
nitrogen/cm3. 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 doping, 25 With reference to Figure 1, the Figure,shows the
Variation 7 2 785t CoPSind H SR ARACHE dSHty o ems 2 a
fupetien:etthedudliag ratetof arhingotoésemiconduttimgaratedalping can
according to the C ocess. 30.Data about the number of COPs a

thBFF siPE 8§@ﬁf§d ﬁ#’ is F%lug%lvl\}gre %%t%\in%(rj1 %%?%g #nreofé gﬁﬁcscanthe
SRbteal madedyrthe LATentarsGompany Tari sasenipspection of t rogen
wafers, and particularly for counting COPs larger than 0,1 @m ithin
th%?ﬁé?gofgﬁﬁ toggﬁg& %\trhag%ﬁor%g%ngéirrtﬁg uﬁ;:gé) of 5300 }gnmw 1 be
didmeter ikafér. s isetsat In Bigueerl, the density of CORsvincEaRes from
with the pulling rate, whilg their size reducgs with the pulling rate. ‘l;lmgo
su %?rateg%%?gﬁgax\ﬁ% ag\l}é”r?? S?L)Wi]é ‘pu iﬁgr rate %ﬂge%é ‘than 0.8 "
maitmirchashd gemsityjefct is given in the article "GROWN-IN

DEFECTS 1IN NITROGEN-DOPED CZROCHRALSKI SILICON" by X.

the

YU, D. YANG, X.MA, J.YANG, L.LI and D.QUE published in
July 2002 wvolume 92, number 1 of the “Journal of
Applied Physics" journal, in which it describes that
nitrogen doping of the ingot provides a wmeans of
generating smaller <COPs (admittedly with a greater
density), more susceptible to heat treatment.

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

According to one advantageocus embodiment of the
invention, the support substrate is also prepared in
the manner described above for the donor substrate,
particularly by cutting an ingot formed by standaxrd CZ
pulling. The support substrate may also be subjected to
nitrogen dopihg.

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 C2Z
process.

Data aboﬁt the number of COPs and their size

presented in this Figure were obtained wusing the
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cops with a size between 0.1 m . and 0.3 pm approximately between
0.045 and 0.075 COPS/cm2 (equivalent to 30 to 50 COPs with a size
between 0.1 m and 0.3 m for a 300 mm diameter wafer). 15 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(r) type process. The density of COPs with a size between
0.1 mand 20 0.3 m in a substrate obtained by a "Slew Pull" type pulling
speed 1 to 1.2 times greater than the "Very Slow pull" type pulling speed,

is ximately.bet nd.1.5 P 12 (E0Lival t
1(%%lp é%) s wit ga s\%gegge&éér% O(.i#pm%%d %{%H]m%}or a g%oeén%rﬁ% %gg or
dikereter wafegpFho densitp 6f COPEayith a siechetweth Ot haBhY 0.20T

mae&%&%g%& fa fg}@@a %%mder.di' pylling; speed A 1o 42 imess of
greater thar the "Very Slow Pull" type pulling speed, is approximately
betwedrol.5 808 3G-4B:COPS/crzdequivalent ©IC00°H 3060 eOPS0 mm
with & 14 size hetween 0.1 pm and 0.2 m for a 300 mm diameter wafer).
Finally, the density of COPS with a size between 0.1 }cm and 0.12 min a
substratéebtdifeddtyea tFase 5 Pulugpe pullingspecltnBitb:? tiffes COFS

oreaierdnan the (Very Slow.Pull type pulling.speed.js, ;significaatly  size
greater than 3 COPS/cm2 (equivalent to more than 2000 COPs with a
sizedeveen’d thmtdre PUZ APfr 52300 mm diameter wafer).

Thus, a substrate obtained with a very slow
pulling rate of less than 0.5 mm/min has a density of
COPs with a size between 0.1 pum . and 0.3 pm
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 COPs with a size between 0.1 um and
0.3 um in a substrate obtained by a “Slaw Pull” type
pulling speed 1 to 1.2 times greater than the “Very
Slow pull” type pulling speed, is approximately between
0.75 and 1.5 COPs/cm? (eguivalent to 500 to 1000 COPs
with a size between 0.1 pm and 0.3 um..for a 300 mm
diameter wafer).

The density of COPs with a size between 0.1 pm 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 COPs/cm? (equivalent to 1000 to 3000 COPs with a
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10 Thus diagrammatically, a substrate cut out in an ingot obtained by
standard or fast pulling has a high density of small COPs, while a
substrate cut out in an ingot obtained by a slow pulling or a very slow
pulling has a low density of large COPs. Thus, controlling the 15 pulling
speed provides a means of controllin%he size and density 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. 20 Thus, and as described in the document "Si MELT GROWTH:

GROWN-IN DEFECTS AND SIMULATION OE THEIR FORMATION"
aﬁiégﬁ’y%gﬁﬁ’&%ﬂ, Past cBBiingSt ah ifgbftediiles the> $i2e VR d&tiE bGE

incsgases.the density of the defects. Typically, fast cooling relates to

cooling of. 25 the ingot during which th cg%i time between 110Q and
800C is%é‘ l?c‘t@cpf' |ntr}éere£%rllns(fetr}6f(ﬂife es%%pﬁvoln%%veawiﬁﬁég ggneatween
eramplenofaanpulingt ereating nacansyicitstersawithb aniavedadeysize oFast

less.than the size of.clusters 30 present.in a near perfect crystal qor
T ot GRCATEd VAl B At Pty e palG). Tl 18 pEnen
understodd ¢t theSavwentiorPislidt limitgw¢o thisudullinmggmodepdred can is

be exisnded pingude.ang quling mods. ncdaguaniadeoslya A co
pUﬁI g moade resaﬁtln% ina SLfbstrate with an important nu ero
QORs, bubdat i€ ffthe E68HMIG tHan pulkirigzto obetiveeneas plefeot and

cysial spsteate: ThysoPaRAEAUAReLIG spRoft substrate by a CZ

Thus diagrammatically, a substrate cut out in an
ingot obtained by standard or fast pulling has a high
density of small CCPs, while a gubsgtrate cut out in an
ingot obtained by a slow pulling or a very slow pulling
has a low density of large COPs. Thus, controlling the
pulling speed provides a means of controlling the size
and density 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 ag described in the document "Si MELT GROWTH:
GROWI\E-_EN 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 wvacancy clusters with
an average size of less than the size of clusters
Present in a near perfect crystal (for example 1like

that obtained with a “Fast Pull” type pulling). It will
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"Fast Pull" type pulling, which is significantly less expensive than a "Very
Slow Pull" type pulling, 10 provides an initial substrate with a high density
of 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 15 has not beenlgubjected 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. 20 Due to fast

pulling.type, the dgnot substrate will_only have small COPS. (admiftedly, .
VA NS DLFE) SHAL i oL o BLbe bl i C© this
thiekinessof thefanpsféred thintaydre Howvevendsaine operdtioniside  any

conventionall rforme 258duri a SMARTCUT type transfer.proc 4
PR a e st GOPE T S oot i ghoe
defestsl Fongxample . exibiation, Hrasicidléaniny, jpalishingrdct onwbps of
and increase thejr size, particularly by etching of w. II%E) Ehe ngs in.alls

3%%1%&%5% 1%@3he}wsthg(§\ﬁAﬁ%' jpcr:ogelgg?saﬁ)se cgﬁventioﬁal y H
teamake an-Sede tpecsubstate, shbwlonat substrate is typically subjected

lo therma Y afon helore bsing. exppsed (g mplanalon af ECiEs @ cz
form the 5 Insulating'layer inserted after transfer between the thin layer
afidalsg suppblt' subgrater(this iayer isvhich is significantly less
expensive than a “Very Slow Pull” type pulling,
provides an initial substrate with a high density of
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 COPg before transfer of the thin laver,
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 mnot 1likely to pass through the entire
thickness of the transferred 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
dafects. For example oxidation, basic cleaning,
polishing act on COPs and increase their size,
particularly by etching of walls of the COPs in all

directions.
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usually referred to as the buried oxide layer). The donor substrate
oxidation step consumes material on the surface of the donor substrate,
but 10 also on the walls of COPs. The size of COPs is then increased, by
the same order of magnitude as the thickness of oxide produced.
Moreover, in its material consumptionJE he 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 SeOl substrate, the size of
COPs could increase due to the thermal oxidation before transfer of the

donor substrate, thus causin tgrough defects after thfg 20 transfer. On11
the othel RERd AEh AR bedMaRtone it hetsstpuimy: Y
that onlreeneratessmallo@Psulesirane=preciselydguehithatthet rate is

gener,ateqLdensity of COPs larger than ahout 0.1 rgjs les tt}an in
03 28 WhIERJIE Bh altégt {6 BHIV'A feu? S fac?lg}er%ﬁar? 61 gm =
fergp3@@mm wafer)ip thanlask diwxidation shheidenorsubstfaterbeforbe
transfer%or,morel[ggfnerall_ the usecﬁ)f any o%er%&i%n t Eg—rco%d ti:r&:céeﬁsethe
tHe'§%6 B EPs Betbte thd'fiahster) , e COPSs Will 30 Usually not be
large endughsto farmia thireughaefeot timmediatebtafter thelsankfaret7 is
et Sl s st lorenion nd
layer is matformbkehoenvestidrdilyasedesoriietiibove step consumes
material on the surface of the donor substrate, but
also on the walls of COPz. The size of COPs 1is then
increased, by the same order of magnitude' as the
thickness of oxide produced.

Moreover, in its material consumption, the effect
of the thermal oxi&ation ig to integrate wvolume COPs
that are then transferred to the surfaée. &

Thus, for a conventional embodiment of an 8SeOI
substrate, the gize of COPs could increase due to the
thermal oxidation before transfer of the donor
substrate, thus causing through defects after the

transfer.

On the other hand, as has already been mentioned,
due to the fast pulling that only generates small COPsg
(or more precisely such that the generated density of
COPs larger than about 0.14 um is less than 0.01/cm?,
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 (br more
generally the use of any operation that could increase
the size of (COPs before the ﬁransfer), the CCOPs will

usually not be large  enough to form a through defect

immediately after the transfer.
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- For example, this typ%‘gf eposition

5 by submitting the donor substrate to thermal oxidation. Thus, before the
transfer, the process according to the invention includes a step for
formation of the insulating layer adapted so as to not increase the size of
vacancy clusters present in the said thin layer. 10 In other words, the

donor substrate has vacancy clusters at a first density and the step for
formation of the insulating layer carried out before transfer of a part of

the donor substrate onto the support substrate for forming the thin layer
thereto is adapted 15 so as not to increase the size of vacancy clusters
present in the part of the donor substrate at said first density. Accordin

to a firstpossitié embouidh, th%t% buR&E Hlaty Ia;%e‘?%lgs? forfe Sb%llgate
submiting Hae 28 suppori subsitdier athendhatrihe déaor substrateitd athe

thermal oxidation (conventionally known in itself). According ta a second
pglé’é?ﬁ‘l%té'rﬂﬁoaﬂﬁen&fﬁé) YR ARLASYEr is f%{f‘r%e%yr"aeef%siﬁgﬁ %?a@ 3
oxigeelayeromthe dovemsdbstiater-and iotahlthe suppbrs 26isubdtratecve
ould he made, using .the Low,_. .
PRYssERE BHemiBEl \FA5or D85 3sitioh S(LEE’?: )tt%cﬁr%:llaﬁgl? or%%%% cat
low temperatyre lapdouwader laa atmasplifiere,containipg thesEEO8 @0ording

(tetraethylorthosilicate Si(QC2HS5)4) precursor, qQr at 18 high.t eratur,
(Hiigh T8 perere b%ﬂe]ﬁfﬁ) Gnder ansg?t%o?&rereg %grr%glcnglr%p sif)szneghe

ane exygen.nEhis ayperofdepositibrscould atso bemadeauzinge the size
of vacancy clusters present in the said thin layer. '
in other words, the donor substrate has vacancy
‘clusters at a first density and the step for formation
of the insulating lavyer carried out before transfer of
a part of the donor 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 insulaﬁing layer is formed by submitting the
support substrate rather than the donor subatrate 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
substrate.

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

{tetraéthylorthosilicate 81 (OC3Hs) 4} precursor, or at
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the Plasma Enhanced Chemical Vapor Deposition (PECVD) S technique,
that can be-used at a lower temperature than the LPCVD technique. Now
returning to the general description of the SMARTCUT type transfer
process according to the preferred embodiment of the invention, the
support 10 substrate is exposed to implantation of species adapted to
create a weakness zone within its volutie. Note that in the case in which
an oxide layer is deposited on the donor substrate to form the insulating
layer of the final structure, this implantation of 15 species is made through
the said oxide layer deposited on the donor substrate. Furthermore, this

type SRobEEREEF Hepbsildl o (RESRRRRE BF thedidits SUbStatdtbifd 22

act apds Prigetionlayer o peptectitha susfase okihesdonor 20 substrate
on which the implantation is made. According to on%;:%)ssible

embodinteit SubKRR 8hdERBRF IR depbsittd®orf thetfonBpde using
substrate befase implamation et asaa protgetion fayessdnd ds thepecvD)
withdrawn after implantation before putting the 25 donor and the sup oré]f1
subRERIEE TR cditact (Rthid Tal8 SheBurd iRYaht G TR e Aray then =™
foraxamplevbe feimed guoxidation of the support substrate, or by
deposition of a new layer of oxide %51 the donor fub(ftrate . 30 .I?}rgfegatblythe

la
the donolStbsh e HALubj8ctéd o TanTg St befds™
implantatmre As webave i 9aalsdady seen(aaddsn thecsamdivgy asfor athe

th%@@%erred embodiment of the invention, the sﬁpport
substrate is exposed to implantation of species adapted
to create a weakness zone within its volume.

Note that in the case in which an oxide layer 1is
deposited on the donor substrate to form the insulating
léyer of the final structure, this implantation of
species 1s made through the said éxide 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 ewmbodiment, 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 exampié
be formed by oxidation of the support substrate, or 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
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oxida_tion step of a donor substrate formed by fast pulling, this type of
cleaning could increase the size of COPs and thus generate through
defects. 5 As a variant to the possible embodiment of the invention
described above, other implantation techniques (for example like that
presented in the PCT patent application filed by this applicant on
21/99/2004 under number 182002003300 and not yet 10 published,
cq-lmplantation of several species, implantation by plasma) and / or other
thin layer transfer techniques may be used. Furthermore, the

q_uas_i-absence of large COPs (typically larger than about 0.14 m)
pRoVIgEsIY mBGRE! 1g%$ciraﬁ§’ferﬁﬁ& dStEE ety ePSthaf dre Thinfar ™ ™2

L*g%sgli;@rgg% &*Pf@t %&bﬁ}a@pnaﬂy @@r}@ﬁth%ﬁﬁb@ﬁwaeﬁ thederadr sbipstratest
je defects). The presence of "t irough” defects in the thin , iR
oitiel Wirdls Hod<Sree¥hfgthe %ﬁ@&%&%quﬂgisl directy>o r%%ya(%e(-gﬁI riaoze

thersize,pE CORS inhe dpnes substrater dibwis, inethectontext of this
invention, implantation parameters may be aqggsted S0 as jf% tr%nsgef the

layers witf a thickREEBF aldcut G268 MRS firbre S25 Retuming to the
desgription ©f a possibler embindimentotthe investioarthe dompt andation

support substrates are then brought,into infimate contact, and. the. dono
stAsEhid @En HERICHERRRAE 1evil 6t E#éa\%/eglgr%’s%nzgn% JF}:'ﬁrttg}ét.'he{D .

dg&q&g@stra&g,ﬁtb@@ta%ﬁansma@dontht-pe suppiort subpratectarform on
the thin layer on the support substrate. '
21/09/2004 under number 1B2002003300 and not vet
published, co-implantation of geveral gpecies,
implantation by plasma) and / or other thin layer
transfer techniques may be used.

Furthermore, the quasi-absence of large COPs
(typically larger than about 0.14 um) provides a means
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
nthrough® defects in the thin 1éyer, in other words
holes reaching the buried oxide layer, 1is directly
related to the size of COPs in the donor substrate.

Thus, in the context of this invention,
implantation parameters may be adjusted so0 as to
transfer layers with a thickness of about 0.15 pum or
more .

Returning to the description of a possible
embodiment of the invention, the donoxr and sgupport
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

transferred onto the support substrate to form the thin

layer on the support substrate.
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20 Bonding can be facilitated by applying a plasma activation treatment to
either one or both the faces of the substrates brought into contact. Thisis
particularly advantageous if the fracture zone is 5 obtained by
co-implantation, which in some cases can make the bonding step more
sensitive. Note that a treatment intended to clean the faces' of the donor
and the support substrates may be ué8d before bringing into intimate
contact so as to 10 reinforce the bonding energy. However, such a
cleaning treatment is suitable within the context of the invention only for
reduced etching of treated faces, and therefore only having a limited

impact GPEOPE 158 edfinglmay betddiPbyy RERRI¥II8aringRyGEBR

chemical suHace featment The aggnessiveneswef this IRCAdrepiment of
may be controlled so that only a small amount of etchin%is done, for

eiBfple BYRAGHRGRT theTABHICal bath tpelitied the expbBdid timd®
the: 20.predust consaitatignolnsparticulac Heis wedle franiioningbat is
the etchi%% rate of faces subjected to a cleaning treatment is limited (a

&R EHEREOME Pe i ie) 3G T #7E redHREE e Be &Y r&itRient <20

crRalke adaptedi only 2bgausersmalkamount ef etching. The process
according to the invention also comprises a steg after tqe transfer for,

. f
curing o tHe vaBahcy el iSRRI toPS) tktHre present i'the® faces
trapsfered thimlayerdadediice thefirsidensityiistarates may be used

before bringing into intimate contact so as to
reinforce the bonding energy.

However, such a c¢leaning treatment is suitable
within the context of the invention only for reduced
étching 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 concentration.

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

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

second density.
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30 second density. 21 This curing step is preferably done immediately
after the transfer, and in any case preferably before any operation that
could increase the size of COPS (for example such as sacrificial oxidation
of. the thin 5 layer). According to one possible embodiment, this curing
step is performed by carrying out a thermal annealing -of the structure
obtained after the transfer. This step €an 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 ym can be cured by
annealing, for example under a non-oxidising atmosphere. The high
mobility Biriifterstfiaizgonss presént irptelimnahdwf terlgyeimBahaptely

enghles regonstyyctionafthe crystal at the CQBS WhICh A& IS, perore
eliminated. For example, this annealing under a non-oxidising
aftRds[ieed Hot exaimphd uAEL 8 néDfarase/ 6PeedddRg afmeSpiseréfor

apd pagicilary upderan 20-A1mOspheLe copaining aigen 8Rd /Ofe  thin
hydrogen) of the structure obtained after detachment may be a high
tehip@ature RTP (Rapid Thermal Processing) annealing according to

which the StUcHra pbIRINGd, afteyJbe ; BapsterisieahdigatedRdyidually ng
or a thermal 25 anneallncg performed in a furnace in which 'different .
stilGBresar@fEaREMADakch. R ARACAIAY ndy DS RTA @apdling

Teatment Annealing e iannealing deneninder apAtmpsphere

This step can cure the thin layer transferred from
the donor substrate to the support substrate of the
small COPs. COPs present in a layer with a thickness of
up to 5 um can be cured by amnealing, for example under
a non-oxidising atmosphere. The high wobility of
interstitial atoms present in the volume of the léyer
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
atmosphere containing argon and / or hydrogen) of the
structure obtained after detachment may be a high
temperature RTP (Rapid Thermal Processing) annealiﬁg
according to which the structure obtained_.after the
transfer is heat treated individually, or a thermal
annealing performed in a furnace in which ‘different
structures are treated in batch.

RTP annealing may be an RTA (Raplid .Treatment
Annealing) type of annealing done under an atmosphere
containing pure hydrogen, pure argon or a hydrogen /

argon mix. The annealing temperature 18 typically
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containing pure hydrogen, pure argon or a hydrogen / 30 argon mix. The
annealing temperature is typically 22 between 1050 and 1250C, and the
annealing duration is typically less than 60 seconds. Annealing in the
furnace may be done at a temperature between 900C and 1200C for
several hours, 5 under an atmosphe£% containing pure hydrogen, pure
argon or hydrogen / argon mix. Yet another example of thermal annealing
is smoothing annealing done under an atmosphere containing hydrogen
and hydrochloric acid, for example like that 10 presented in document
US2002090818. This type of §moothing annealing may be a RTA.tg e,
RSt ARG SBr 6Pt BpRAkY qBfndrE Ty pR TG et BaR B Fovi
sg%a@@gmgr arfewaniiuies)s thesstrueiase, obtained -after detachment

then being treated individually. 15 Smoothirlé% annealin% maycpe don%i:n a,
furnace tBFERL bRfEr of B felvfourd) ERTENt sHiturdS being then

treaigskinhaicl. Tea thesmad bodgetofthisomning Micthesmak aahehlbing s,

(in other words particularly the annealin%. 20 . duration %nﬁlc(ijtemperature

L8355 edHs a TR Bthe SEEGRA ANl fpe, the Size of the® <

- CGORs (Whichgsiwedaave/alseadyisedxabove depends particularly on

the pulling rate and %Ee cooling rate), the thickness of.the thin layer.and .
Whethech%rtnot B 8§en 8(})(%%8?% doﬁ}é It v%m%%mr?&[ed fhat t e:i"clzﬁjring:LS
aprealing.isamateneffitieny whendherCiePs are smallgphere containing

hydrogen and hydrochloric acid, for example like that
presented in document US2002050818. This type of

. smoothing annealihg may be an RTA type fast annealing,

or of the epitaxy eguipment type (duration between a
few seconds and a few minutes), the structure obtained
after detachment then being treated individually.
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 c¢uring by thermal

annealing (in other words particularly the annealing

. 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

- nitrogen doping is done. It will be noted that the

curing annealing is more efficient when the COPs are

Cgmaller.

Note also that these annealing operations also

have a smoothing effect on the surface of the thin

‘layer (by reconstruction of the crystal on a smooth,

non-oxidised surface}.



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). 23 Therefore according to this thermal
annealing step, the density of COPs in the thin layer is strongly reduced.
Figure 2 shows a thin layer transferred to a donor 5 substrate at the left,
from an initial substrate of the type oBtained by fast pulling and containing
about 2000 COPs ("first density"). After the curing step, the thin layer
(shown at the right) only contains about fifty defects ("second density"),
that is 40 times 10 less. Following the COPs curing step, the oxidation, .
etching EPEIPITY tyeSERE 2en thén bEdbhe 448 E6rverfBRgAy- 119
thgcase inReSMARTIGCYTdypetapsiar plosess kb Nete-alsodhatthengly
thermal annealing step adapted to cure COPs has a thermal budget such
thaEHeEsd step is also suitable for reinforcing the bonding interface
betweenshgdhia layenangthe support spbstratea20 ne-etaghiseddonor
advantage of a SMARTCUT type_transfer process ig the possibility of

reBARGIRESdBhor- st eiffe?To Fohnt B HebPdobPSibstiate Hont e

- whigha newractivedayerwilkbe forped Bhdgtransterredrardomake aaiewt
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support substrate. 25 In the context of this invention, the process ma
5%50 CCPs (“first gens%ty”). Aéter the cuglng step, the

thin layer (shown at the right}) only contains about
fifty defects (“second density”), that 1is 40 times
less.

Following the COPs curing step, the oxidation,
etching and polisghing type steps can then be done as is
conventionally the case 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 1s also sguitable for reinforcing the bonding
interface between the thin layer 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, aftar
transfer of the thin layer onto the support gubstrate,
adapted to enable recycling of the substrate (in other
words reusing it in the transfer process).

According to a first embodiment, this treatment

step 1s adapted to enable recycling of the donor
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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). 30 According
to a first embodiment, this treatment step is adapted to enable recycling
of the donor 24 substrate so that it can, be used again as a donor
substrate. This treatment step restores a surface condition compatible
with a new taking off of a thin layer and is done without implementing
operations that. 5 could increase the size of vacancy clusters present in
this substrate. For example, this treatment step may include adapted

IR GBS atPs (ORIP) arid / OFcldXRing 5B 8rafieis:tn £8imitar W2§°F

assTasdhe pres bonging cleaning-treatmenivegntionedtabeyve, sa asfadfhce
only have a limited impact on COPs, for example by, Iimiti%gfthefctiont%
theEHERT R hr SRTRE tERYS AELSING 185 Cesbit BhbSdimeRt, the ~

treatinent step is adapied teerteble: retyplingmefitberdonopestiisiratessa-hat.
that it can be used as a support substrate 15 in makin & new

n .
SEMIOAIIRGE SR TTsutatEr Sistatd. INIMR 8% \’égreealfrsneﬁf §@pis 7
desigreddamesiom «a swrtace sanditior compatiblecwithtmeleculartep may-

bO.ndiﬁO Whic%tg%é ly re u,irS sia}}sur.fgceé%%hgesssl éﬁ]}f’r)]ana%d / or
ar?g"s‘f RN )9/ urf‘ﬁg this rec?cllng?reatmerrft steg, e amount. “of
malefiah ieryovgtkwithinthe thitkness of thiel aecyeted substrate rhbst here -
iitec i Jess, than,, 19 microng sedhat the tickness ol g inal 860Ls o
only have a limited impact on COPs, for example by
limiting the action of the chemical products used.

According to a second embodiment, the treatment
step is adapted to enable recycling of the donor
substrate so that it can be used as a support substrate
in making & 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 wust 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 gquality of the final 8eOl
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wafer (after recycling) remains within the imposed 25 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 30
and density of COPs in the support sufystrate only has a limited impact on
the quality of the final SeOl 25 substrate. Therefore, it is possible to use
substrates with a COP density equivalent to or even greater than the
density of COPs in the initial substrate (for example more than 1.5
COP/cm2 or even more than 5 3 COP/cm2; which for a 300 mm \%%fteg1 es
Ohvieusly, thispnvantionts incam vayllimaitedtto thererbedingerster than
described and represented, but those  skilled. in.the art would be capab

of Ffdlin %“‘Xo \9§ria %%f m%&ific%%%ns.lfﬁlp?alr?%uIasr?l#%sr’%gi%% akr(:for
SQksuhsteate ribeedordrsubstrate is@hidously formed-byrcuttingre  than

silicon ingot. Furthermore, the invention is not limited to the 1 pulling,
procésE goﬁ%an B’Zlﬁ%ed \]/Etvci)tﬁ any %/%O%ncr)?mingv"oatereulflinésprc%%%%?én%y, it "
withdreaundessiond thabthedmeentioro ¢s FORes waydipsiaditoed glven wafer

diameter,,and is, applicable to all wafer, diameters, 26, bW imited o
the embodiments described and represented, but those
skilled in the art would be capable of adding many
variants or modifications.

In particular, for making an SOI substrate, the
donor substrate is obviocusly formed by cutting a
gilicon ingot.

Furthermore, the invention is not limited to the
¢z pulling pfocess, 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.
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1. A process for making a semiconductor on insulator substrate
comprising an insulating layer inserted between a thin layer made of a
semiconducting material and a support substrate, 'the thin layer resulting
from 5 the transfer onto the support spibstrate of a part of a donor
substrate, vacancy clusters being present within the support substrate at
a first density, characterized in that it comprises before transfer of said
part of the donor substrate onto the support substrate, a forming 10 step
of the insulating layer adapted not ¢ ingggase the size of the vacancy
clusters present in said part of thedoror-substrate at said first density,
and after the transfer, a curing step of the 15 vacancy clusters present in

said gart of the donor %%lzstﬁ%t%ﬁsger%@@@n@s&moz&nw@g@g&r

reduce the first density to a second density. 2. A process according to

clalhs L retiaractenseeiia s2@that #e formig 8t of thé 2irédlating REEER3a
perfoymed by thgrmal pxidation, of the suppodt. subsirate -8 1APreCaSsy s a1

according to claim 1, characterised in that the forming step of the

insdlatnElayerist 25 pbismicd by Heposifién of aly oxideaayertdmehet Tom

donor substrate.and L or the sUpREH SHPSUAIE. 4-AJU06§SSAGcoding, fo
gggfgovnesofbtsrlgrggecedkpg Claims, characterised in that the curing step Js
per drmed imme iately afer transfer. 9 present mwithin

support substrate at a first density, characterized in that it

comprises

a

th

e before transfer of said part of the donor

substrate onto the support substrate, a‘forming

step of the insulating layer adapted not to

increase the =size of the wvacancy clusters

present in said part of the donor substrate at

said firxst density,

e and after the transfer, a curing step cof the

vacancy clusters present in said part of the

donér substrate transferred onto the support

substrate to reduce 'the first density to

second densgity.

a

2. A process according to claim 1, characterised in

that the forming step of the  insulating layer 1is

performed Dby thermal oxidation of the support

substrate.

3. A process according to claim 1, characterisad

that the forming step of the insulating layer

in

is

performed by deposition of an oxide layer on the donor

substrate and / or the support substrate.

4. A process according to any one of the preceding

claims, characterised in that the curing step

performed immediately after transfer.

is
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27 5. A process according to any one of the preceding claims,
characterised in that the curing step of vacancy clusters is performed by
applying a thermal annealing to the structure obtained after transfer. 5 6.
A process according to claim 5, characterised in that the thermal
annealing is performed under a non-é)?idising atmosphere. 7. A process
according to claim 6, characterised in” that the thermal annealing is a
rapid thermal 10 processing (RTP). 8. A process according to claim 6,
characterised in that the thermal annealing is performed in a furnace. 9. A
process according to any one of claims 6 to 8, characterised in that

annelingiPaF5ed UHsH Al 1% athésPh&re dontainiRg a9

hyteogen, pussakgamnena dugrogen / argon mixnd0. Aproeess aceasdings

to any one of claims 6 to 8, characterised in that annealing is a srn_oothing1

AV EANY perfoR eader anARAGUBHErR cBNtaiAiG 26 T5drdgerPaid =

hydrectidieracid. theA prasessiaceonting imany aneof claimsslito- 10,

characterised in that the donc?r substrate is a gubstrate formed by cutting
cti

an ingot &t SHiG CEEMICTHTRIGHY matefiafdBtaitred by pulling creating 25

vacaney thkistersdiith an average sizeless tharctheasize ahelgsteiag  is

presefnt in a hear perfect substrate .formed b cuttin%{an ingot obtained by

oW p%ﬁm%. 137 %lfogesr%oélc_c%)f %ﬁ%nc%i Cehardcterised in that

the donor supstratesis formeddiynoutting alaim 6, characterised in
that the thermal annealing is a rapid thermal
processiﬁg (RTP) .

8. A process according to claim 6, characterised in
that the thermal 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 cdntaining pure hydrogen, pure argon or a
hydrogen / argon mix.

10,.A process according to any one of claims 6 to 8,
characterised in that annealing is a swmoothing
annealing performed under an atmosphere 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
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30 ingot obtained by CZ pulling such that the density of 28 clusters of
created vacancies larger than 0.14 mis less than 0.01/cm2. 13. A
process according to any one of claims 1 to 10, characterised in that it
comprises a prior step for 5 preparation of the donor substrate including
the following operations: - a step to %alke an ingot of semiconducting
material by pulling creating vacancy clusters with an average size less
than the average size of clusters 10 present in a near perfect substrate
obtained by slow pulling, - and a step to cut out the donor substrate in
this ingot. 14. A process according to any one of claimg 11 to .15 13 .
haPECtERSed M thﬁfﬁ‘?etﬁgnoygﬁ%&%t%g’ls %?rﬁgg rby%b?ﬁlngodr?‘ f%ld%rtn e
ohtaiped pyrC2 pollipgsuch that the density of created clusters of

vacancies smaller than 0.2 m i% qieat r thaq}l.S/gr%Z. %% %E)hg%g S1 to
accordifnty td*aRy Bre* st A&fmS 11 14 CRaracterised in that the
domor shkstsateds foymidi hywutting an dagab obtssedbp COpulingsuthr
that the density of created clusters of vacancies smaller .than 12 bm is,,
JrESRF NS, mzﬁ’ﬁea. ?b(?oce{%nfc%ordgiﬁ%t% gﬁ?%ne (Ji%gg}lms Hto
25015, «shanactepsachnitbatthe donor substrate is formed by cutting an

P e SAALCE P Pl A speptel e Lt o
arystalrial by pulling creating vacancy clusters with an
average size less than the average size of clusters
present in a near perfect substrate obtained by slow
pulling,

- and a step to cut out the donor substrate in
thig ingot.

14. A process according to any one of claims 11 to
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 ¢.2 pm is greater than 1.5/cm?.

15. A process according to any one of claims 11 to
14, chéracterised 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 un is.greater than 3/cm?.

16. A process according to any one of claims 11 to
15, characterised inr 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
16, characterised in that the donor substrate is formed

by cutting an ingot subjected to fast cooling.
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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 claims 11 to 17,
characterised in that the donor substrage is formed by cutting an ingot
subjected to nitrogen doping. 19. A process according to any one of the
preceding S claims, characterised in that it comprises a step consisting of
creating a weakness zone within the thickness of the donor substrate
without the gaid,donar, substrateihayingbeen preyjaushrsubmitted taa o
cleaning treatment. 10 20. A process according to claim 19, characterised

ih thatBersreahesteref deafifigh WRakACE Zond R dI6EEs astdprmed
¢apsisting of deppsiting-an axide dayer onthe gonergubstialg iskyface to

form a protection layer, the said protection 15 layer possibly being
removed ot PHERBAKAESS 7618 has® bdH (tBated. 2o Procssting

%qcc@ﬂ#de% to apy-one:Qf the greceding (ghaims, charactatiseddndhatthescep
donor substrate is made of silicon. 20 22. A process according to any one
STtRE pRéceing ainf eRarERerised MR RESUPPORSUbSatets =he

ebiained dn the.samg way-as-thedonor sybsirater 234 PFegessdol donor

making for making a substrate comprising a thin layer of semiconducting

miakfiarang 25 @ sdpsort ebsitatePIHEhPMAYST reSWRRY Fbffthet® ~ 2
transfer; onpfo the SURRGHE substrate of a part of a

20. A process according to claim 19,
characterised in that before the step of creating a
weakness zone, 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 precedihg

claimsg, characterised in that the donor substrate is

made of silicon.

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

. '23. A process for making for making a substrate
comprisingia'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, vacancy clusters being present within the

support substrate at a first density, characterized in that it

comprises
e after transfer of said part of the donor

substrate onto the support substrate, a_curing

step of the vacancy c¢lusters present said part
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donor substrate, vacancy clusters being present within the support
substrate at a first density, characterized in that it comprises . after
transfer of said part of the donor 30 substrate onto the support substrate,
a curing step of the vacancy clusters present said part 30 of the donor
substrate transferred onto the S suppgrt substrate to reduce the first
density to a second density. and beforé said curing step, one or several
5 steps adapted so as not to increase 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 bet\%en%indf@?&yer%fléﬁﬁﬁé&ﬁuc hgRAteRarshd gte  the

support substipiesebtainaskRy the=precesgageridinglie amiere ofthesity
previous claims, starting from a donor substrate with a density of vacancy
clusters equifto? aPRRHA et 872, characterised in that the thin 15

layer has,a dgpsityefevacancy-clusters jessthanipequali or several
approximately 0.075/cm2. 25. A substrate according to claim 24, '
characterise8lifBfatafeRupPor ubstratethat@a HeR¥BRERVddaRcyize of

clusters greqige.thanoneqpal 9,20 approximately3/cm?. 2BeA PEACESSart
for recycling a substrate with vacancy clusters and having been used as a
donor substfafe flafn donor substrate at the first density.

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

25, A substrate according to claim 24,
characterised in that the support substrate has a
density of wvacancy 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
gupport substrate, characterised in that it consists in
orie or several steps adapted so as not to increase the

gsize of the vacancy clusters present in said substrate.
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which a thin layer 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 vacancy clusters present in said substrate.
PROCESS FOR TRANSFER OF A THIN LAYER FORMED IN A
SUBSTRATE WITH VACANCY CLUSTERS ABSTRACT OF THE
DISCLOSURE According to a firsgqxspect the invention relates to a
process for making a substrate comprising a thin layer of semiconducting
material and a suport substrate he thrn layer resultrn from te tranpsfer

clusters at a flrst geggmhgraqmamm |t@gn'mn§§® after transfer
of said part of the donor substrate to the support substrate, a curing step

of the vacancy clusters present in the part of the donor substrate
transferred onto therssppercubstrataie rdecedwfist density to a
second density; and before the said curing step, one or several steps
adapted so as not to increase the size of the vacancy. clusters present in
said pantcefotheisipped substiateat saicdirst dansity nisinventiarealsees
relates to a SeOl substrate optained b hrs rocess, and a process for
Jety dindy 5 Straté ith VAR ey ol B el ot BGar 028 8 44
denarisubsifate fsem wichiadbindayer Mrsasetakea anchrieansferredsomtodr t

r r Figu
Su é%&%betmﬁb g gln layer resulting from the transfer

to the support substrate of a part of a donor substrate
with vacancy clusters at a first density, characterised
in that it comprises:

s after transfer of said part of the donor
substrate to the support substrate, a curing
step of the wvacancy clusters present in the
part of the donor substrate transferred onto
the supporﬁ substrate to reduce the first

density to a second density;

e and before the said curing step, one or several
steps adapted so as not to increase the size of
the wvacancy clusters present in sgaid part of

the support substrate at said first density.

The invention also relates to a SeOI substrate
obtained by this process, and 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.

Figure 1



