WO 20061032948PCT/1B2004/003301 1 METHOD FOR OBTAINING A THIN LAYER BY
IMPLEMENTING CO-IMPLANTATION AND SUBSEQUENT IMPLANTATION The present
invention reNf230$/833%8hod for producing a structure 5 comprising a thin [BGEAB2&EPRSSNductor
material on a substrate, comprising the steps of: darrying out implantation of species under a face of a
donor substrate from which the thin layer must be made, so as to create an embrittlement zone in the
thickness of the donor substrate, 10 placing the face of the donor substrate into close contact with a
support substrate, after it has undergone implantation, detaching the donor substrate at the level of

the embrittlement zongESARSIPEEREBRANIRENE I SAYERIBYIMFEMERTINGDStrate and

form the thin layer on the latter. 15The invention relates more precisely to the above-mentioned
implantation step. SM@MR&M%@'QUC@%&%%M@ DEARTATION be found in the
document 'Silicon-On-Insulator Technology: Materials to VLSI, 2nd Edition', by Jean-Pierre Colinge
from Kluwer Academic Publishers, pp. 20 50 and 51, are an example of methods of the type

" \ p
mentioned hereinaboleeafiessinéJpyaation e dembominest &ierpdesnena slikRtEiBcesses
advantageoysly pradHReiRUFHIRIARPBiSEaiBdNa RIS RiteRiF My Eap shairtidofisisafy SeOl

(Semiconductor On Insulator) structures and the like. 25The resulting structures from such processes
are used for applibatEapsPlhe field of microelectronics, optics and/or optronics.  Implantation of

species is conventionaly HIRGTSIRFIAAHEAR AV SRR LRGP R IRECH datbhapedisiriely t

introduce these species onto the material of the implanted donor substrate, with a maximum 30

concentration of thé&arblhich trtin ayeiEwst Ppreedacpmhamnln fiealgninambsitiRmnedtne

bombarded surface,gng in the thickness of the do nor substrate,

10 « placing the face of the donor substrate into close contact with a
support substrate, after it has undergone implantation,
« detaching the donor substrate at the level of the embrittlement zone,
so as to transfer a part of the donor substrate onto the support substrate
and form the thin layer on the latter.

15 The invention relates more precisely to the above-mentioned

implantation step.

SMARTCUT™ type processes, for which more ample details can be
found in the document ‘Silicon-On-Insulator Technology: Materials to VLSI,
2nd Edition’, by Jean-Pierre Colinge from Kluwer Academic Publishers, pp.

20 50 and 51, are an example of methods of the type mentioned hereinabove
and correspond to a preferred embodiment of the invention

Such processes advantageously produce structures comprising a thin
layer of semiconductor material, such as SeOl (Semiconductor On
Insulator) structures and the like.

25 The resulting structures fronn such processes are used for applications
in the field of microelectronics, optics and/or optronics.

Implantation of species is conventionally understood to mean any
bombardment of atomic or ionic species, likely to introduce these species
onto the material of the implanted donor substrate, with a maximum

30 concentration of the implanted species situated at a preset depth from the

substrate relative to the bombard ed surface.



WO 2006/032948PCT/IB2004/003301 2  But as it will be stated hereafter, within the context of the
invention, implantation of species is not limited to the here above mentioned conventional
bombardmeWOA9EM48n method but also extends to any method suitablePfoV/ 1RG0 1species
into the donor substrate, and in 5 particular extend to the exposure of the donor substrate to a plasma
containing the implantation species. = The above mentioned implantation step can be implemented by
bombarding the donor substrate and co-implanting within its thickness two different atomic species. A
common advantage of this co-implantation to technique is the reduction by a factor of 2 to 3

approximately of the Bplagtad\ginSBd ciaiia|h Ere ARG NAHRN B SHPMUSLYDR AESRRMARoN, FOr
instance, it is established in the article by Aditya Agarwal, T. E. Haynes, V. C. Venezia, 0. W. Holland,

and D. J. EaglesiapianigtiernPhrsassiem ¢ sintbn tniteduiotembeie cahormnmsatianede + with
H+", is Applied PépisientisHEr b RIbARIMERBInANaReMoA0RBIHRY thetcardRbxmalNtef Aygrogen H

and helium He enables thin |layer detachment at a much lower total implantation dose than that
required when eifRgtheghSigtarls feridnirafiieing iskesirsdnieithe Hrmeh it Bprddction in
the implantagion Batacanrg 2kiErdly i casis é)‘é§6§l?f{§do\ﬁ/i§hé)reglvléﬁOﬁfbfsﬁtéﬁl’étliée%cer[ﬁ@ﬁfé\ng a thin

layer on a support substrate, in particular by means of a transfer process of the SMARTCUT (tm) type.
However co-imp@ﬂ@i@Wﬂrﬂ&Mﬁ@tﬁﬁﬂr%%ck that blisters may form at the bonding interface

between the face of thedmptved eRabhade ik IiMisfioyhiGidpPkifatien fiapleafsheadriag,out and

the face of the support wafer. ~Certain operations (such as thermal treatment) carried out, for
instance during 2RAR&EIRgthe denaiesahptite-and 0-1gpRlantingenibin g fhickasssctWegradation

_Of the bonding ingmsest thitoeier asliga<comind b i1eadlanrasape etRiPidarmmbtathanding _
interface. WO 2006/032948PCT/IB2004/003301 3 Hence, when a SMARTCUT(tm) type process is
carried out,'BlistéRSBR M R iR iFRAHSERMEY dstifbitie Yirdcd®aP prRIEREBIale Hidh8yer which

has been detachipsh|BHeser dcaa-eMRNE 20 SRAIFIRFNEIRN 8t Heingrekphdher Riiersssites, that is at

the level of the bonding interface and not ) _ ) )
For instance, it is established in the article by Aditya Agarwal, T. E.

Haynes, V. C. Venezia, O. W. Holland, and D. J. Eaglesham, "Efficient
production of silicon-on-insulator films by co-implantation of He+ with H+",
15 Applied Physics Letters, vol. 72 (1998), pp. 1086-1088, that the co-
implantation of hydrogen H and helium He enables thin layer detachment at
a much lower total implantation dose than that required when -either
hydrogen or helium alone is implanted.
This reduction franslates by reduction in the implantation time, and
20 finally in costs associated with production of structures comprising a thin
layer on a support substrate, in particular by means of a transfer process of
the SMARTCUT™ type.
However co-implantation presents the major drawback that blisters may
form at the bonding interface between the face of the implanted donor wafer
25 under which implantation has been carried out and the face of the support
wafer.
Certain operations (such as thermal treatment) carried out, for instance
during a transfer process of the SMARTCUT™ type, may effectively lead to
the degradation of the bonding interface, this degradation coming from the

30 appearance of blisters at the bonding interface.



5 at the level of the embrittlement zone, thus creating "non transferred" zones and introducing
roughness and structural defects to the transferred thin layer. It is mentioned here that when a SeOl
structure is Wh0peddR4Ed, the donor substrate may comprise on its top a $EJeBz8+8%de! layer which
isto to be placed, after the implantation step, into tlose contact with the support substrate so as to
form the buried oxide layer of the final Seal structure. In this case blisters may form at the bonding
interface between the oxide layer and the support substrate. Structures presenting
non-transferred zones are usually rejected from 15 the production line, and hens decrease the

production yield.  InjadiiopnBlisiespaR TOIdT enpalprdess rbssrved SuEdiaerdetipthe case

of an implantation step carried out by impla_mtlng a single atomic species only. This problem is for

instance encounRIBEINGRtBFERRSIMEY Sistuipu s Stdipiniaingrarsiies vinthgidMyeyeburied

oxide (thickness ¢Ribrlow s> Beanariiaeked e Bl s el ihe AR ddeehPatetie
application filed on June, 6 2003 under n 03 06843 which identifies this problem in relation to a H only

implantation and!pYebeédaebiistaissieteibat oat the: leveloptbsdrnira dote Gk s dRict Si-Si
bonding takes PlageiokStaReIRBASHBRETRM IS 2185 fhEraRaN RIS 3G bonding

layer between the Si donor and support substrates). —Let's consider a donor substrate made of
silicon Si which RUHHEREHREG GRS oANSt IEUGIHMAl AshestadHErgdrasiRireftRiB in the Si

matrix more easijyjgan H atoms, it is believed that the risk of blisters formation increases if He is
implanted close to the bonding interface. 30The following methods are thus usually carried out in order

to avoid blisters formitisrneniepeddiere thaiphesaopadbstosture s drsbe arstiesdsiths in
implanting He atggisofefpaith@mibiesmspMiaindesdencs Suplfém(IRidetlerWhRE a5

substrate's face under which implantation is carried). A second method consists in increasing the

H dose to b¥impeniiacedy gitanhsy ineapiation steprintensigss zaiadurdth Jo® BRORethods
can be implementggdqiiyso 8%RHRR BidhesRa RS iyl s aieckhu s BPiriakleL iere below

which represents the average number of blisters detected as a co-implantation of He and H atoms has

been carried out ¥ SREBPIIS B 108 UM FESRRradingointesRegIRIVE )b faeopXidealRyRs of
12.1015/cm2;  gnd the support substrate.

Structures presenting non-transferred zones are usually rejected from
15  the production line, and hens decrease the production yield.

In addition, blisters and voids have also been observed to some extent
in the case of an implantation step carried out by implanting a single atomic
species only. This problem is for instance encountered when producing a
SOl structure comprising a thin or very thin layer of buried oxide (thickness

20 below 500 angstroms; refer for instance to the applicant’s French patent
application filed on June, 6 2003 under n° 03 06843 which identifies this
problem in relation to a H only implantation and proposes a solution different
from that of the present invention) or when direct Si-Si bonding takes place
(for instance when no superficial oxide layer is present for acting as a

25  bonding layer between the Si donor and support substrates).

Let's consider a donor substrate made of silicon Si which has
undergone co-implantation of He and H atoms. As He atoms may diffuse in
the Si matrix more easily than H atoms, it is believed that the risk of blisters
formation increases if He is implanted close to the bonding interface.

30 The following methods are thus usually carried out in order to avoid

blisters formation.



a He implantation energy as indicated along the Y axis (in key); a dose of H atoms implanted as
indicated along the X axis (in 1015/CM2), 15- a H implantation energy of 27 keV. Table 1 46 100 40

1 00 34 0.6W0.Bpq32948 PCT/IB2004/003301
4

A first method consists in implanting He atoms deeper than H atoms
within the donor substrate (starting from the donor substrate’s face under
which implantation is carried).

A second method consists in increasing the H dose to be implanted,

5 typically by a couple of 10" H atoms/cm?.

Of course both these methods can be implemented jointly.

The effect of these methods is illustrated by the table Table 1 here
below which represents the average number of blisters detected as a co-
implantation of He and H atoms has been carried out according to the

10 following co-implantation conditions:

- adose of He atoms of 12.10"%/cm?;

- a He implantation energy as indicated along the Y axis (in keV);

- a dose of H atoms implanted as indicated along the X axis (in

10"%/cm?2);
15 - a Himplantation energy of 27 keV.
Table 1
* 46 1 0 0
Y 40 1 0 0
34 0.67 0.67 0
9 12 15

X

-
»

In the lowest row, corresponding to the smallest He implantation energy
and thus to the shaIIoWest He implantation depth, blisters formation is
observed. However as He implantation energy increases (He being thus

20 implanted deeper), less blisters formation is observed. In other words, the
deeper He is implanted, the less blisters formation is observed.

In the left-hand side column, corresponding to the lowest H dose,
blisters formation is observed. However, as H dose increases (see centre
and right hand side columns), blisters formation decreases. In other words,

25  the higher the H dose is, the less blisters formation is observed.



91215 X Inthe lowest row, corresponding to the smallest He implantation energy and thus to the
shallowest He implantation depth, blisters formation is observed. However as He implantation energy
increases (NECOWRMOERAP20 implanted deeper), less blisters formation is oBSEARXI4AGHEr words,
the deeper He is implanted, the less blisters formafion is observed.  In the left-hand side column,
corresponding to the lowest H dose, blisters formation is observed. However, as H dose increases
(see centre and right hand side columns), blisters formation decreases. In other words, 25 the higher
the H dose is, the less blisters formation is observed. WO 2006/032948PCT/IB2004/0033015 In

both methods, the H imBiaeAsameR ISeIprdRbRHALINRGD R BEHEHRRIERD'RS achagiasmaking it

possible to block the diffusion of He towards the bonding interface. As mentioned above, the donor
substrate is deta8RE8HIghEeR0RI 6f thamenipaltiemdnPessbladaiarkiihaidifusiopyahéle

implantation stesgfadarEpsidiadriepf488. donor substrate onto the support substrate and to form
the thin layer on the latter.  The specifications of the surface state of the structures obtained thanks

to a transfer processAtitheignes paveciedonersibat@taisefstochad rt dhatevakodihace
roughness and thigkrgiBRRS Y HNEReatdnaiHtS RIKRISIBIGRE RAFIRMRISHIG 48 aSestain

extent condition the quality of the components which will be created on the structure.
transfer a part of the donor substrate onto the support substrate and to form
the thin layer on the latter.

The specifications of the surface state of the structures obtained thanks
to a transfer process such as the SMARTCUT® process are generally very

10  strict. The surface roughness and the thickness uniformity of the thin layer
are indeed parameters which to a certain extent condition the quality of the
components which will be created on the structure.

There is thus a need for limiting as much as possible the surface
roughness of the thin layer, and thus to carry out the implantation step

15 under conditions making it possible to limit the roughness.

This need also extends to implantation conditions that allow obtaining a
thin layer which thickness uniformity is suitable for the aimed applications,
that is to conditions that allow making the thickness of the thin layer as
much uniform as possible.

20 The table Table 2 here below shows the surface roughness measured
after the detachment step has been carried out and the resulting structure
has been subjected to a RTA (Rapid Thermal Annealing) adapted for
gumming out certain roughnesses by surface reconstruction.

The co-implantation conditions are the same as those exposed in

25 relation with Table 1, and as for Table 1, the Y axis represents the He
implantation energy (in keV) and the X axis represents the H dose (in
10"%/cm?).

The surface roughness has more precisely been measured on a surface
of 10 x 10 yum? swept by the point of an atomic force microscope AFM and is

30 expressed by an average quadratic value known as RMS (Root Mean

Square).



There is thus a need for limiting as much as possible the surface roughness of the thin layer, and thus
to carry out the implantation step 15under conditions making it possible to limit the roughness.  This
need also eX¥O#8x83MHantation conditions that allow obtaining a thin laye?G¥HBHHIBF8ES
uniformity is suitable for the aimed applications, tht is to conditions that allow making the thickness of
the thin layer as much uniform as possible. 20The table Table 2 here below shows the surface
roughness measured after the detachment step has been carried out and the resulting structure has
been subjected to a RTA (Rapid Thermal Annealing) adapted for gumming out certain roughnesses by
surface reconstruction. The co-implantation conditions are the same as those exposed in 25 relation
with Table 1, and as for Table 1, the Y axis represents the He implantation energy (in key) and the X
axis represents the H dose (in 1 0"/cm2).  The surface roughness has more precisely been
measured on a surface of 10 x 10 pm2 swept by the point of an atomic force microscope AFM and is
30 expressed by an average quadratic value known as RMS (Root Mean Square). WO
2006/032948PCT/IB2004/003301 6 Table 2 46 4 28 J ableazg

+ 46 4,28 5, 01 8,48
Y 40 3,59 5,62 10,5
34 4,63 5,76 7,12
9 12 15
X | .
5 It is apparent from this table that the two conditions limiting the

roughness are those underlined on the upper part of the left hand side
column. However these conditions result, as shown in Table 1, in blisters
formation.

On the other hand, conditions resulting to zero blisters formation are

10  conditions which does not limit roughness.

Hence, as the comparison of Table 1 and Table 2 makes it clear, certain
implantation conditions that result in the best roughness may lead to the
undesired blisters formation, and reciprocally conditions that avoid blisters
formation may result in poor roughness.

15 It thus appears that surface roughness, uniformity and blisters formation
cannot be controlled separately. Hence a compromise has to be made
between the best conditions (implantation energies and doses) for avoiding
blisters formation and the best conditions for both limiting the resulting
surface roughness and obtaining a suitable thickness uniformity.

20 But by carrying out such a compromise, one understands that it is then
impossible to produce a structure having an optimal surface roughness and
uniformity for which at the same time blisters formation is optimally avoided.

There is thus a need for a method for producing a high quality structure
comprising a thin layer of semiconductor material on a substrate without a

25 compromise being made in particular between the implantation conditions



40 3,59 5,62 10,5 344,635,767,12 91215

WO 2006/032948 PCT/1IB2004/003301
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for avoiding blisters formation and the implantation conditions for both
limiting the resulting surface roughness and obtaining a suitable thickness
uniformity.
In other words, there is a need for a method for producing a structure
comprising a thin layer of semiconductor material on a substrate which
presents at the same time a limited blisters formation, an optimal low
surface roughness and an optimal thickness uniformity.
In order to fill the above mentioned need, the invention proposes,
according to a first aspect, a method for producing a structure comprising a
thin layer of semiconductor material on a substrate, comprising the steps of:
« carrying out implantation of species under a face of a donor substrate
from which the thin layer must be made, so as to create an embrittlement
zone in the thickness of the donor substrate,
« placing the face of the donor substrate into close contact with a support
substrate, after it has undergone implantation,
» detaching the donor substrate at the level of the embrittiement zone, so
as to transfer a part of the donor substrate onto the support substrate and
form the thin layer on the latter,

characterised in that the implantation step comprises :
+ a first implantation operation consisting in carrying out an implantation
of species so as to create said embrittlement zone at a first depth in the
thickness of the donor substrate,
« a second implantation operation consisting in carrying out an
implantation of species according to second implantation conditions
chosen to create:

- at a second depth different from said first depth so as not to affect the

detachment that has to take place at the level of the embrittlement zone

at said first depth,

- a gettering region preventing the diffusion of species implanted during

said first implantation operation towards said face of the donor substrate

under which implantation is carried out, thus limiting blisters formation.



X 5lt is apparent from this table that the two conditions limiting the roughness are those underlined on
the upper part of the left hand side column. However these conditions result, as shown in Table 1, in
blisters form¥fci06/032949n the other hand, conditions resulting to zero blist¢IABANHRIIAIle io
conditions which does not limit roughness.  Hend, as the comparison of Table 1 and Table 2 makes
it clear, certain implantation conditions that result in the best roughness may lead to the undesired
blisters formation, and reciprocally conditions that avoid blisters formation may result in poor
roughness. 15It thus appears that surface roughness, uniformity and blisters formation cannot be

controlled separately. pRAEFSC VUL ABISTLARIAVRE ORAS RIFIUSEHHEHRRPt SQRsHiPRS (miplantation

energies and doses) for avoiding blisters formation and the best conditions for both limiting the
resulting surface MYGRHOESHRASIRIANG a suitable thickness uniformity. 20 But by carrying out such

a compromise, one YRgetriantpiiatibin h ShERARSS RIS OB OPE R it BLfSrBaYIn G ABrofpfimal
surface roughness and uniformity for which at the same time blisters formation is optimally avoided.

There is thus a n@RFRIMAIMBIABLRHRHROMSEIRN A high quality structure comprising a thin layer of

semiconducter matefiab qirst SHRIHAISHEINEPEAIr ABR BRISSRBN DTS diRdias airsiebyeen the
implantation conditions WO 2006/032948PCT/IB2004/003301 7 for avoiding blisters formation and the

implantation condifRle R IRACRRAIHGNACROSANHR arieide IBnliResudrge reaaimpassandie
thickness uniformiyt4i-PHSLMEB RS tHSK RS PUMRIH TR PoMBIE QHiF!: B B FHEGERPthe

comprising a thin layer of semiconductor material on a substrate which presents at the same time a

limited blisters foAHRRAT B8R, Id0dersadentMheessidarativsirairtingkie dvplanrtatiog. In
order to fill the abeyadrfsHio BEEWRRFISNRIR RIRESR RbARRSRH; according to a first aspect, a method

for producing a structure comprising a lo thin layer of semiconductor material on a substrate,
comprising tie stéps“&% second implantation conditions can be chosen to create said gettering
region at said second depth different from said first depth so as not to affect
the roughness limitation sought by said first implantation conditions;
- the second implantation operation can be performed either by
bombarding the donor substrate with the species to be implanted or by
15  exposing the donor substrate to a plasma containing said species.
- the shift between said first and second depths can advantageously be
comprised between 50 nm and 150 nm;
- the second depth may be lower than said first depth;
= the method may further comprise a thinning step adapted for removing a
20 part of the thin layer comprising the gettering region and /or an annealing
step adapted for curing the gettering region;
- the first implantation operation can comprise the co-implantation of at
least two different species, such as the Hydrogen and Helium species;
= Helium can be implanted before Hydrogen during said first implantation
25 Operation;
= the first implantation operation can comprise the implantation of a single
species, such as the Hydrogen species.
= the second implantation operation may comprise the implantation of only

the Hydrogen or the Argon species;



carrying out implantation of species under a face of a donor substrate from which the thin layer must
be made, so as to create an embrittlement zone in the thickness of the donor substrate, placing
the face of tWOJ8HBPBAM.trate into close contact with a support 15substrat@ CIAB290HES38Hdergone
implantation, detaching the donor substrate at the?evel of the embrittlement zone, so as to transfer a
part of the donor substrate onto the support substrate and form the thin layer on the latter,
characterised in that the implantation step comprises : 20 a first implantation operation consisting in
carrying out an implantation of species so as to create said embrittlement zone at a first depth in the

thickness of the donessubisiate 13 36SRAGH UM FRIRB OPSERLRIIP RS 18188 B EKHELOUAN

implantation of species according to second implantation conditions 25chosen to create: at a second

depth different fr Shdaisege AR dnPAticdlarie el SlieatHEa: MR santirReghtRIBad the
level of the embrillament 1084 ALARY HSEIRRHY to RORKSIpERBIOMRESYRRTRBANE diffusion of

species implanted during 30said first implantation operation towards said face of the donor substrate
under which implant&ihieischaiagteristinss PWDA§eRistaE RAvanlesesvel the invention will

2006/032943PCLIB2O0HORRSHb Bin§ STAECONS IRy B EiRke JosaAihe mahegRsqoRgling to

the invention are as follows. the first implantation operation can be performed before or after the
second implantatiis anereshalsandn@s: giyaamatReNosstEcIMeaxasBRIaH: & Whiccording to first

co- implantation condifigng.chpser ipdrdo {HBit EshebrBatsRUSBPSARiBAD BF Offginspetiéable

thickness uniformity of the thin layer to be formed onto the support substrate, independently of

considerations relatindi@ipmtR@ titidhe dhiskpasamivie donanivbkstaieoaseaiing dar tetond
implantation conditionﬁmwgﬁg&%ﬁ@gﬁ gq;éd”g@é;@ﬁmg region at said second depth different

from said first depth so as not to affect the roughness limitation sought by said first implantation
conditions; 10 - figures 2 and 3 provide an example illustrating the improvement
brought by the first preferred embodiment of the invention.

As it has already been exposed, the invention relates to the
implantation step carried out during the production of structures comprising
a thin layer of semiconductor material on a support substrate, the thin layer

15 being obtained by detachment at the level of a donor substrate previously
embrittled by implantation of species.

The invention can aid in improving the quality of a structure obtained
by utilising a transfer process of the SMARTCUT™ type.

The structure can, in general, be any type of structure comprising a

20 thin layer of a semiconductor material on a surface exposed to the external
environment (free surface).

In a non restrictive way, the thin layer of semiconductor material can
be silicon Si, silicon carbide SiC, germanium Ge, silicon-germanium SiGe,
gallium arsenide AsGa, GaN, etc.

25 The substrate support can be made of silicon Si, quartz, etc.

A layer of oxide can also be intercalated in between the support
substrate and the thin layer, the structure therefore formed being a SeOl
(Semiconductor On Insulator) structure, and in particular a SOI (Silicon On
Insulator) structure.

30 The implantation step according to the invention comprises a first

operation consisting in carrying out an implantation of species so as to



- the second implantation operation can be performed either by bombarding the donor substrate with
the species to be implanted or by 15 exposing the donor substrate to a plasma containing said
species. th&Vehifilb@BA8n said first and second depths can advantageousBIeIBaHAEBEIbetween 50
nm and 150 nm; - the second depth may be lowerlthan said first depth; - the method may further
comprise a thinning step adapted for removing a 20 part of the thin layer comprising the gettering
region and for an annealing step adapted for curing the gettering region; the first implantation
operation can comprise the co-implantation of at least two different species, such as the Hydrogen and

Helium species;  Heliump, cag e imalagied Refarai-y dragen siring sridritstawdanatietidhor

operation; the first iImplantation operation can comprise the implantation of a single species, such as
the Hydrogen spedisiratehe second implantation operation may comprise the implantation of only the

Hydrogen or the Argon-fRecifs; W\ARAHSR2SABRETHBRIAHRIBENHy Snod bFOHABRalRdNenion

also relates, acco_rding to a second aspect, to the structures, and in particular to Se01 structures,
which can be obgingiel shasiestorhy ertrvplastingialleashdvipsdblgsept spafaBvention. Other

characterisis, purposqg,arfliaRiacetiel s BaRd o Bangss ndie dsasagOfang ojowing

detailed description, with respect to nnexed drawings, given as non restrictive examples, in
which: figure 1 replrsétingtHbe ovieretr @ioe réathito donaiessiicdantplaAite iPMEnBrHERFYSS of the

donor substrate geaarding e TRt SIRY eGRBIPALRSS LR ithsId e ifoducing species into
the donor substrate.
In accordance with a first preferred embodiment of the method
10 according to the invention, the Hydrogen and Helium species are co-
implanted in order to form the embrittlement zone.
Preferably, though not exclusively, co-implantation is carried out by
sequentially implanting Helium then Hydrogen.
In accordance with a second preferred embodiment of the method
15 according to the invention, only the Hydrogen species is implanted in order
to form the embrittlement zone.
During the first implantation operation, the implantation conditions
(called first co-implantation conditions) are adapted for optimally obtaining a
good quality thin layer (that is notably by limiting the surface roughness and
20  obtaining a suitable thickness uniformity of the thin layer) to be formed onto
the support substrate (for instance as indicated in Table 2 here above),
independently of considerations relating to implantation conditions which
help lowering or avoiding blisters formation.
In relation with the first preferred embodiment, one thus profits from
25 the effect exposed in the applicant’'s French patent application filed on July,
29 2003 under n° 0309304, according to which co-implantation of (a low
dose of) Helium and Hydrogen results, when combined with a finishing step
comprising a rapid thermal annealing (RTA) of the structure obtained post-
detachment, in the transfer of thin layers with a reduced level of roughness
30 relative to the transfer following implantation of (a higher dose of) hydrogen

alone.



10figures 2 and 3 provide an example illustrating the improvement brought by the first preferred
embodiment of the invention. As it has already been exposed, the invention relates to the
implantatiorM@etEtsrddout during the production of structures comprisingRC I e840g501
semiconductor material on a support substrate, th&lthin layer 15 being obtained by detachment at the
level of a donor substrate previously embrittled by implantation of species. The invention can aid in
improving the quality of a structure obtained by utilising a transfer process of the SMARTCUTTm type.
The structure can, in general, be any type of structure comprising a 20 thin layer of a semiconductor

material on a surfacq gxRosed tadhREXBRERYKENMEN ERMSYHAGE) for tHba RRARBIEIBHE Way,

the thin layer of semiconductor material can be silicon Si, silicon carbide SIC, germanium Ge,
silicon-germaniufPBiitiengalffinthissdiikte indiantation < ostiensulgrateisuppdrieantiangthde of

silicon Si, quanzpglgioysiy 13YREIOTRXIEIERErEI RV N CHGHER PR GRTEICR-P Rt BFtrate

and the thin layer, the structure therefore formed being a Se01 (Semiconductor On Insulator) structure,

and in particular alems (Ercthstonce dimmigres) eififesiBoTHEBes dheine aeivatientdiayvadse

invention COmpriges Q,Wétﬁ&p‘ﬂr } grpgpﬁgingd[éﬁgéyg&wﬁgfgppIantation of species so as to WO
2006/032948PCT/IB2004/003301 10 create the embrittlement zone at a first depth in the thickness of

the donor substrate.  INTHerdest i@ pRYRidiohisphlisticafioseptiedrmide bymplaalatiena stagle
species or by codmpIAHRAR theaRVIIRGH E6RRb SEES S SeedtE iR ARRIDIRBRR RRRIALION can be

performed conventionally by submitting the upper face of the donor substrate to an ionic or atomic
bombardment, or by anyithee¢aBd {nBlaRIBHOR CPGEIOAING 3y &fcRaH @ Medi By astsg ALt In

accordance with 2 figshesfasies emipasinaRo! e Medieskioasrardingify thedpjeatan. ea
Hydrogen and Helium species are co-implanted in order to form the embritflement zone.
Preferably, ¥houdPRasdenent/efysreciffblantation is carried out by sequentially implanting Helium

then Hydrogen. This second implantation operation may also be performed by
carrying out a plasma implantation wherein the donor substrate is exposed
to a plasma containing the species. This exposure may also improve and
facilitate bonding.

15 The second implantation operation is realized under implantation
conditions (called second implantation conditions) chosen to create, at a
second depth different from said first depth, a gettering region preventing
the diffusion of species implanted during the first implantation operation
towards said face of the donor substrate under which implantation is carried

20 out, thus avoiding blisters formation.

As the second selected depth is different from the first selected
depth, the desired detachment (at the level of the embrittlement zone at said
first depth) specification and thus the expected surface roughness and
thickness uniformity of the thin layer are not affected by this second

25 implantation operation.

In other words, this second implantation operation does not affect the
roughness limitation and thickness uniformity sought by the implantation
conditions of the first implantation operation.

The implantation energy of this second implantation operation is

30 advantageously adapted for said gettering region at said second depth to be

close to said embrittlement zone at said first depth.



In accordance with a second preferred embodiment of the method 15 according to the invention, only
the Hydrogen species is implanted in order to form the embrittlement zone. During the first
implantatiorMépaaitE2otse implantation conditions (called first co-implantatRfATd&3HM @330 re adapted
for optimally obtaining a good quality thin layer (th& is notably by limiting the surface roughness and
20 obtaining a suitable thickness uniformity of the thin layer) to be formed onto the support substrate
(for instance as indicated in Table 2 here above), independently of considerations relating to
implantation conditions which help lowering or avoiding blisters formation. In relation with the first

preferred embodiment Age (s areSin ToBb28 Y Bifeckerarred AdhmpRUasRiansh ANt
application filed on July, 29 2003 under n 0309304, according to which co-implantation of (a low dose

of) Helium and Hagvagiagessishs, @hipveorasnedfnitinstanesinly Bl bnipMghg Bafhid thermal
annealing (RTA)a%mg/aﬁﬁu?afrﬁW BOBLHB IR RP e HeAES RRIRS QS RV B8 WBRet

reduced level of roughness 30 relative to the transfer following implantation of (a higher dose of)

hydrogen alone.svbstizdednassilirent tersiy fremd gettelisgdreion fadAse @RS ibeen
made for the im@ﬁ?taﬂ'ﬁn ﬁ@dgiﬁngi%thgpg@égnw\qa@t}% ORRFAEN. thersitstasrAitaHRRh

previously, a risk that blisters may form, for instance under the action of atoms (for instance He atoms)
diffusing, under @RefEPActivation, towards 5 the superficial region of the implanted donor wafer. In

order to avoid this blistqfﬁégénmgn{gﬁoimemm FEREAGFOHYEE JRNTS IANGRIHESIBEKIRES 2

second implantation operation. This second implantation operation may be performed by carrying
out a convention@i thepkligtersriomeaéivasinrRaies BEfH§I8Objected to a 10 bombardment of species.

This second implantgtion, oper AN RIAC the RRIRHRETEYISREAIKY s aRamadRipasEOoN

where in the donor substrate is exposed to a plasma containing the species. This exposure may also

improve anthfacliemeparanentingrtesdébisiomplaspasipsciwraits hrsuraliiciabresioRhtion
conditions (calle%ggmgﬁ%@%ﬁgpgdmpg@@_ns) chosen to create, at a second depth different from
said first depth, a gettering region preventing the diffusion of species implanted during the first

implantation operatidh WQ@@@%W@&E%P@@%‘@%?QM?H@M&F%féﬁﬁhﬂﬂaﬁ?&ﬁ’(ﬁﬂiwé&ried
20out, thus avoidipg RIRBACT8MAydrogen is implanted during said second implantation

operation. Preferably, Hydrogen is implanted at a dose lower than
15 5.10"%cmz

[t has however to be noted that the invention is not limited to the
implantation of Hydrogen; other species such as Argon may indeed be
implanted during said second implantation operation (preferably, Argon is
implanted at a dose substantially comprised between 1.10"/cm? and

20 1.10'"%cm?).

According to an advantageous embodiment of the invention, the second
depth is selected to be lower than the first depth so that the geitering region
is located in the thickness of the donor substrate in between the face of the
donor substrate under which implantation is carried and the embrittlement

25  zZone.

Returning to the description of the first preferred embodiment of the
method according to the invention, some Helium atoms tend, under thermal
activation, to diffuse. Those He Atoms are gettered at the defect sites
caused by the Hydrogen implantation carried out during said second

30 implantation operation.



As the second selected depth is different from the first selected depth, the desired detachment (at the
level of the embrittlement zone at said first depth) specification and thus the expected surface
roughness ana WeKIRE&PB uniformity of the thin layer are not affected by thisP§ECERABEIMHMANtation

operation. In other words, this second implantdfion operation does not affect the roughness
limitation and thickness uniformity sought by the implantation conditions of the first implantation
operation. The implantation energy of this second implantation operation is 30 advantageously

adapted for said gettering region at said second depth to be close to said embrittlennent zone at said

first depth. WO Zooﬂgﬁééﬁﬁy'ﬁ@%@ﬁ&%%%n regioh IEIRAABERIRTY dasehElbiziepaons

implantation operation is advantageously a low dose (for instance typically lower than 1.1016

atoms/cm' for HydesgepnougliallR RINGEHaRRTY dens:a0ditne taridRisdkibePse rredlRicient
density for said gRiEARGREYIQFiRiaR! ATASSTRINE R RO HedHg Rashacths IMRl2agAguring

the first implantation operation. These implantation conditions (energy, dose) thus allow the

blocking of the bildekelievadiihatplecdifusinnsionards the fasa ebitipydriRns e Jake MY Rfgion can
be seen as gcting a3 i BUARIHRSVRNEBGEE dfftFiorprivaaegsiawabistEis Tenerttiahragion of

the implanted donor substrate.  In accordance with a preferred embodiment of the method according
to the invention, bMiedydrogen is implanted during said second implantation operation. Preferably,

Hydrogen is implantegsat,adashdavshiian ;,5@.mg,,qur%]gﬂerm@%g@wetéeramm@@mthe

invention is not limited to the implantation of Hydrogen; other species such as Argon may indeed be

implanted duringleemiiesk dshativebiadherespitipneptearenss pratee sidesbithrefeseadobe
substantially compjizedbeuiesn Liddd{eRigeitdotditdiion 6CiPed, Aecaidingiicgatsmagageous

embodiment of the invention, the second depth is selected to be lower than the first depth so that the
gettering retflon iegienteliestivelyacknessaPaiE®onor substrate in between the face of the donor

substrate under whigg dpplantation s cRIESTHEBR b BB RHEIRBE RHced NG to Resurmieatio e

description of the first preferred embodiment of the method according to the invention, some Helium

atoms tend, und@nerrihg dbivaeer dagreeTHosmeR Aimsthfe gureadt sHPstRiRcBfes
caused by the Hydiggeny PRBIHAHINSRY IRAHH! (e 188 FH G EBERBEE if said second depth is

larger than said first depth or is located within the thin layer forrmed on the

15 support substrate if said second depth is lower than said first depth.

The method according to the invention may further comprise, after
transfer, a thinning step adapted for removing a part of the thin layer
comprising said gettering region, so that the quality of the final structure is
not influenced by said gettering region.

20 Such a thinning step may be carried out according to classical
techniques such as a chemical-mechanical polishing (CMP), a sacrificial
oxidation, a (dry or wet) chemical etching, etc.

In a more general way, this thinning step may be applied after
detachment to the transferred layer or to the donor substrate as exposed for

25 instance in patent application US 6 720 640.

The method according to the invention may further comprise an
annealing step performing a simple annealing (in a furnace or by performing
a RTA at a temperature around 1,000°C) adapted for annealing out the
slight crystalline defects induced by the second implantation condition, thus

30 curing the gettering region.



30implantation operation. WO 2006/032948PCT/IB2004/003301 13 Hence as the H-only
implantation region at a second selected depth is close enough to the embrittlement zone, and the
implanted HY@3806/3388 defects in a sufficient manner for acting as a gettBARgBAM4893HE He atoms,
it is believed that He diffusion towards the face of e donor substrate under 5 which implantation is
carried out is prevented and blisters formation is limited. = As mentioned above, the H-only gettering
region is advantageously located, relatively to the embrittlement zone, on the side of the face of the
donor substrate under which implantation is carried, so that said gettering ioregion effectively acts as a

barrier.  Returning podha &iagaptieneoishif rgﬁmew /A9 BRI for thedRRiIATeE e thia layer

has been formed onto the support substrate, t e%)?ettering region remains within the donor substrate if

said second deptisianggPensreitherJd RpakSr Reekby Rnfiishandnigsertdcatisnithe
15support substedgmjriaid IREAREATV M langrbamariddirgistapd geﬁ@ﬁﬁ@ﬁ%@%%@ﬂ@ing to the

invention may further corn prise, after transfer, a thinnin% step adapted for removing a part of the thin
layer comprising968 §tertiaiggrousvnaveriar  hay ayend aaiandhatuldllssesvaRRAbEd by said
gettering region.iRuathalttiiniagesiep may be carried out according to classical techniques such as
a chemical-mechanical polishing (CMP), a sacrificial oxidation, a (dry or wet) chemical etching, etc.

In a more general wgﬁqmﬁkﬁﬁﬁfﬁﬂ%ﬁrﬂw&eﬁﬁﬂféﬁ%ﬂﬁfae BRAREAING tRdhRINMER R Mayer or to
the donor substrgtedsepraasam,/MuSaaNse FMaHEt abRasésa s 28588ncertrgtiaethod

according to the invention may further comprise an annealing step performing a simple annealing (in a
furnace or by peffRATHIPR AHRIG: thentbickiess L5uhe 1E) sabpiaisoPhihearifiesabine slight

crystalline defecfggHesd $pelessecond implantation condition, thus 30curing the gettering region.

WO 2006/032948PCT/IB2004/003301 14 _ o _ _
10 He and H atoms are co-implanted during the first implantation operation

and are distributed in the thickness of the donor substrate according
respectively to curve C1 and curve C2, so as to create an embrittlement
zone represented by reference Ez at depth z.
H atoms are then implanted during the second implantation operation
15 and are distributed in the thickness of the donor substrate according to curb
C3.

Arrow A represents the diffusion of He atoms, under thermal treatment,
towards the gettering site constituted by the second H-only implantation
operation, so that diffusion of He atoms towards the zero depth region is

20 avoided, blisters formation being thus prevented.

The description hereafter aims at providing examples illustrating the
improvement brought by the method according to the invention.

In a first example, a first SOl structure S1 was produced with an
implantation step consisting only of a co-implantation of He and H under

25 implantation conditions known for resulting in the formation of blisters.

A second SOI structure S2 was produced accordingly to the first
preferred embodiment of the invention, the implantation step consisting in:

- a co-implantation operation under the same conditions as the co-

implantation operation of the first SOI structure and of

30 - asubsequent implantation operation of H only.



Preferentially, the shift (which may be for instance defined as the distance between the H peaks)

between the first and second depths is comprised between 50 nm and 150 nm, so that the gettering
region profil& @g8esigeHdvantageously overlap the layer region that will serReTAEBRYB4HG334| final thin

layer.

The first preferred embodiment of the meffiod according to the invention is schematically

illustrated by Figure 1 which represents the concentration repartition within the thickness of the donor

substrate of the different implanted species. 10He and H atoms are co-implanted during the first

implantation operation and are distributed in the thickness of the donor substrate according

respectively (o curverkarsigiiy GAoRo FABRCEHSARRIBRSAGTRE RerAfdRore soRgdnsreference

H atoms are then implanted during the second implantation operation 15and are

Ez at depth z.
distributed in theugfekinsdared uengosior e St akdording to curb 03.

Arrow A represents the

diffusion of He atoms, under thermal treatment, towards the gettering site constituted by the second

H-only implantation operation, so that diffusion of He atoms towards the zero depth region is 20
avoided, blisters formation being thus prevented.

The description hereafter aims at providing

examplessillustrating the improvement brought by thggreghod according to the invention.  In a first
example, a first 501 structure S1 was produced with an impplantation step consistingonly of.a
co-implantation of He and H under 25implantation conditipns knowitfor resultlng in th§f%rmat|on Df
blisters. 'WHS'p'I’O'd'D'CE'd'a'CgTrmngly o the nrsz}g) grred empodime of
the inveption, the implantation step congidifggRintagierinplantation operation under the same
conditio 1§h{sttlﬁaptaﬁtammlﬁﬂaﬂm@ratlon of the flrst SCI structure and &.%0" é?mﬁ)sequent
implantgtio ag) ‘ bteTable
3 recapijula elqsgt n@a{ﬁgr?/ocn nditiong yﬁg@,ﬁ@émﬁducmg structures Slzai?ld S2.
10"%/cm?
20 keV
Second implantation operation (H only None

implantation)

0,5.10"%/cm?

10

15

20

Structures S1 and S2 were furthermore subjected to a classical finishing
step comprising an annealing treatment, for instance as described in the
applicant's patent application FR 0309304 already mentioned above.

Figure 2 represents the number (along the vertical axis) of blisters
(represented as circles) observed after structures S1 and S2 were subjected
to a classical finishing step comprising an annealing treatment.

It is apparent from this figure 2 that the number of blisters are
significantly lowered for structure S2 compared to structure S1. Indeed,
whereas the mean number of observed blisters is 11, 2 for structure S1, the
mean number of observed blisters is 4,4 only for structure S2 produced
according to a possible embodiment of the invention.

Figure 3 represents roughness RMS values measured for structures S1
and S2 by a 10*10 um? AFM scan. It is apparent from this figure 3 that the
roughness of structure S2 is identical to that of structure S1. Indeed the
mean roughness of structure S2 is 50.7 angstroms RMS while that of

structure S1 is 49.8 angstroms RMS.



5 Table 3 Structures Si and S2 were furthermore subjected to a classical finishing step comprising
an annealing treatment, for instance as described in the applicant's patent application FR 0309304
already meOR800A8A8. to Figure 2 represents the number (along the vePGdATERRILY WBHlisters
(represented as circles) observed after structures i and S2 were subjected to a classical finishing
step comprising an annealing treatment. It is apparent from this figure 2 that the number of blisters
are significantly lowered for structure S2 compared to structure Si. Indeed, 15 whereas the mean
number of observed blisters is 11, 2 for structure Si, the mean number of observed blisters is 4,4 only

forstructure S2 prodycRdiAELOLBaNR RARSIHIRCHEOLIRTIET Ingte fitighndde uarBuebresents

roughness RMS values measured for structures Si and S2 by a 10*10 pm2 AFM scan. |t is apparent

from this figure 3opkimirecdbyrheyimplantation eanditons ofidnadisidmripotadinnaiee 8N thiked the

mean roughness alsliualA 29,0 AARSHPWAIRMS/REEH of BHUGH il frgpiroms
RMS. WO 2006ﬁ) 2948PCT/1B2004/003301 16 It is thus apparent from this first example that the

roughness can bthapkmiiedthg tsecanslaimpientesieaitsiepof fessirsoiablunbutidiogkipginthfs case a
He/H co-impgant%tiiﬁggi}?/ﬁ]i ihe Q{’fﬂgeéégot?ﬂﬂqrﬁﬁﬁ%\h@d'@S%Lh%ﬁ%ﬁhééﬁ%ﬂﬁbiﬁ@l@‘taﬁon

step (here notably by blocking the 5 diffusion of He at the second H implanted recgaion). The method
according to the theeinnantian thesvaliwranrig hayagidoipadimERE tRe PRK-IRECGRABRTAIse

between Implantglgr,FnAlions SRing hSiErmARHmBBRAISRCOBNUIANTIMBISBISe Rulting
e

surface roughness and obtaining a suitable thickness uniformity. toln a second example, a 501

structure having inplantafiaros eendtiensddimiingrothr e desttingin§ wiacm e FRIEBBRSSsAYa step of
oxidizing a Si su%%t@ﬁ'{ récggﬁgg@t%%kﬁgggtmmﬁ}g superficial oxide layer.  This SOI structure

53 was more precisely produced accordingly to the second preferred embodiment of the invention, the
implantatioi&tep  In a second example, a SOI structure having a thin layer of buried oxide

was produced according to a method comprising a step of oxidizing a Si
substrate for forming a 200 angstroms thick superficial oxide layer.

This SOI structure S3 was more precisely produced accordingly to the
second preferred embodiment of the invention, the implantation step

15  consisting in:

_ afist implantation operation of H only and of

- a subsequent second implantation operation of argon Ar only.

Table 4 hereafter recapitulates the implantation conditions used for

producing structure S3.

20 Table 4
S3
First implantation operation 37 keV
(H implantation) 5.10"%/cm?
Second implantation operation 200 keV
(Ar implantation) 5.10"/cm?

After detachment, very few blisters were observed and a 10*10 ym?

AFM scan revealed a roughness of approximately 60 angstroms RMS.
Structure S3 was furthermore subjected to a classical finishing step
25 comprising an annealing treatment, for instance as described in the
applicant'’s patent application FR 0309304 already mentioned above. A



iscons?sting in: a fist implantation operation of H only and of a subsequent second implantation
operation of argon Ar only.  Table 4 hereafter recapitulates the implantation conditions used for

producing si§t0pe/BR#Table 4 53 PCT/IB2004/003301
17

10*10 ym? AFM scan revealed a roughness as low as a few angstroms
RMS.

More generally speaking, the structures, in particular SeOl structures

(such as structures S2 and S3), obtained thanks to the above described

5 method, exhibit a small roughness, and particularly a roughness revealed by

a 10*10 uym? AFM scan, substantially comprised between 35 and 60

angstroms.



First implantation operation (H implantation) 37 keV 5.1016/cm2 Second implantation operation (Ar

implantation) 200 keV 5.1 014/cm2 18

THE CLAIMS

1. Method for producing a structure comprising a thin layer of semiconductor
material on a substrate, comprising the steps of:
* carrying out implantation of species under a face of a donor substrate from
which the thin layer must be made, so as to create an embrittlement zone in the
thickness of the donor substrate,
wherein the implantation step comprises :
* a first implantation operation consisting in carrying out an implantation
of species according to a first implantation conditions so as to create said
embrittlement zone at a first depth in the thickness of the donor substrate,
* a second implantation operation consisting in carrying out an
implantation of species according to second implantation conditions
chosen to create at a second depth lower than said first depth a gettering
region, the gettering region being thus located in the thickness of the
donor substrate in between the face of the donor substrate under which
implantation is carried and the embrittlement zone so as not to affect a
detachment that has to take place at the level of the embrittlement zone at
said first depth and to prevent the diffusion of species implanted during
said first implantation operation towards said face of the donor substrate
under which implantation is carried out, thus limiting blisters formation,
* placing the face of the donor substrate into close contact with a support substrate,
after it has undergone implantation,
* detaching the donor substrate at the level of the embrittlement zone to form a
detached portion including the gettering region, so as to transfer a part of the
donor substrate onto the support substrate and form the thin layer on the latter,
and
» subjecting the detached portion to a material removal treatment after the
detachment, the material removal treatment removing substantially all of the

gettering region.



After detachment, very few blisters were observed and a 10*10 pm2 AFM scan revealed a roughness of
approximately 60 angstroms RMS. Structure 53 was furthermore subjected to a classical finishing step
25comprising an annealing treatment, for instance as described in the applicant's patent application FR
0309304 already mentioned above. A WO 2006/032948PCT/IB2004/003301 17 10*10 prn2 AFM scan
revealed a roughness as low as a few angstroms RMS.  More generally speaking, the structures, in
particular Se01 structures (such as structures S2 and S3), obtained thanks to the above described 5

method, exhibit a sMAIMASLAITAESEEAAE BHRIEUTRAT S TEMghie et ERreHIs 0 B A ef o) BRESAARM scan,

substantiallycgepsised betweenR-3ond GRAndstIoMsek8di1E CLAIMS Method for producing a
structure comprising a thin layer of semiconductor material on a substrate, comprising the steps of:

carrying out implantation of species under a face of a donor substrate from which the thin layer must be

made, so as30 crealR@dERbsURPeNtzone inthe thickeess ohihadenenspbsitate. wheateionthe

implantation step comprises : _ . _
is performed after the second implantation operation.

4. Method according to any one of the preceding claims, characterised in that the
first implantation operation is carried out according to first implantation conditions
chosen in order to limit the surface roughness and to obtain a suitable thickness
uniformity of the thin layer to be formed onto the support substrate, independently of

considerations relating to implantation conditions allowing to limit blisters formation.

5. Method according to claim 4, characterised in that said second implantation
conditions are chosen to create said gettering region at said second depth different from
said first depth so as not to affect the roughness and uniformity limitation sought by said

first implantation conditions.

6. Method according to claim 5, characterised in that said second implantation
operation is carried out by bombarding the surface of the donor substrate with the species

to be implanted.

7. Method according to claim 5, characterised in that said second implantation is
carried out by exposing the donor substrate to a plasma containing the species to be

implanted.

8. Method according to any one of the preceding claims, characterised in that the

shift between said first and second depths is comprised between 50 nm and 150 nm.



a first implantation operation consisting 311 carrying out an implantation of species according to a first
implantation conditions so as to create said embrittlenent zone at a first depth in the thickness of the
donor substrate, a second implantation operation consisting in carrying out an implantation of species
according to second implantation conditions chosen to create at a second depth lower than said first
depth a gettering region, the gettering region being thus located in the thickness of the donor substrate in
between the thee of the donor substrate under which implantation is carried and the embrittlement zone
so as not to affect A'HERAEhATSAEHE: HasH8 Tk prAcE alctHE fevRl Bfthd eMibtieiNBIRt 6he At said first
depth and to,preYBRE thepdiffysianef shesies inpplanted durdng said first implantation operation towards
said face of the donor substrate under which implantation is carried out, thus limiting blisters formation,
placing the face of the donor substrate into close contact with a support substrate, after it has undergone

implantation, (detacfiingdfe donohsubsiraief tredrveletdie.embritlemant zenedtonform sdetached
portion includin etter* region, so as to transfer a part of the donor substrate onto the support

th !
substrate an@ngrhm%{g%nfﬁWﬁy@BEﬂﬁlﬂ?e TRHEEISESd R R @Bt ih el [53iioed diFfEial removal

treatment aftgethe detachment, the material removal treatment removing substantially all of the getterin,
region. 19 Method according to claim 1, characterised in that the first mplantaton operation performed
before the second implantation operation. Method according to claim 1, characterised in that the first

ipiantation11; On is petfeimedatienthasegenegirplianiationnpeaiationdMethodracardingiigany one of
the pg claims, characterised in that the first imﬁlantation operation js carried out according to first

imphmtation EBHHHEHE cABSEHTA SrIBPS Timit th&SURRRE PRGN AESE GAd Y SttaiA ™S stREAHI thickness

uniformity ofsthe;ithin layer to be formed onto the support substrate independently of considerations
relating to implantation conditions allowing to limit blisters formation. 5. Method according to claim 4.
characterised in that said second implantation conditions are chosen to create said gettering region at
said second gepth different {cootdaid tisstislepiresalas nokimafteckiberotghine ssaand dinifermity limitation

sought by said fjrst i% I ntagﬁln condigons. 6..¥§tho.d ai:cording to claim 5, characterised in that said
second impldHEAELS E A QRS 1) bBMYAPAIAY IHE SRRFARR 5K the donor substrate with the

species to be implanted. 7. Method according to claim 5, charactmised in that said second implantation is
carried out by exposjng the donoy, substrate to a plasma containing ih species to be implanted. 8. Method
econding to Hny on e BrBLLE A el S SRS I SR BERELATs et et e second
depths is coinpisedtbetwpanta ionpadcbS0eBMplantation of a single species.

14. Method according to the preceding claim, characterized in that said first

implantation operation comprises the implantation of Hydrogen only.

15. Method according to any one of claims 10 to 14, characterised in that said second
implantation operation comprises the implantation of only the Hydrogen or only the

Argon species.

16.  Method according to claim 15, characterised in that Hydrogen is implanted during
said second implantation operation at a dose lower than 5.10'°/cm” or Argon is implanted
during said second implantation operation at a dose substantially comprised between

1.10"%/cm? and 1.10'%/cm?.



20 C)Method according to claim 1, characterised in that it further comprises an annealing step adapted for
curing the gettering region. Method according to any_one of the preceding claims, characterisedthat said
first implantation operation comprises the co-implantation of at least two different species. 11. Method
according to the preceding claim, characterised in that said first implantation operation comprises the

co-implantation of thedydrogenand Heliwmseesigsot HMethodacegrding e haRregadingiclaim,

characterised in that Helium is implanted before Hydrogen duri%gasaid first impla3"n_operation. 13.

Method accdldiHg {6 Sy BHEUF RtSRTENEH dn¥Htta Qe lirelf At AL ARt st IRIBRIFIAGS o Petation
comprises thgdmplantation b assingla Speciese st 4pMetind pecordingete theapircesing rlaimo

characterized in that said first implantation operation comprises the implantation of Hydrogen only. 15.
Method accatting /st oratst EIHi 167 H5E ChefuctBrisetl ththar g4ia8e &old implantation operation
comprises the impianthtion of only the Hydrogen or only the Argon species. 16. Method according to
claim 15, characterised in that Itidrogen is implanted during said second implantation operation at a dose

lower than 517016/ BEARDR L A RRAG S Aide s B i BB prr die st B dose

substantially.cesnprisad hefwaenlcldRddcm? angnl.d:R187emds 20 14 1.7Structure, in particular
Semiconductor On Insulator (SeOl) structure, obtained thanks to the method according to any one of the

preceding claims, characterized in that the thin layer exhibits a small roughness, particularly a roughness
measured by a 10 x 10 m2 AFM scan, substantially comprised between 35 and 60 angstroms RMS. 18.
Intermediate Structure obtained just after the implantation step of the method according to any one of
claims 1 to 8 or any one of claims 10 to 17.



