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1 PROCESS FOR OBTAINING A THIN LAYER OF INCREASED
QUALITY BY CO-IMPLANTATION AND THERMAL ANNEALING The
present invention relates to a process for producing a structure
comprising a thin layer of semiconductor material on a substrate,
‘comprising the following stages: 5 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 in close 10 contact with
a support substrate after it has undergone implantation, detaching the
donor substrate at the embrittlement zone, to transfer a part of the donor
substrate onto the support substrate and form the thin layer on the 15
latter. And the invention also concerns structures obtained by using such
a process. Implantation of species is understood to mean any
bombardment of atomic or ionic species, likely to 20 introduce these
species onto the material of the 2 implanted substrate, with a maximum
concentration of the implanted species situated at a preset depth from the
substrate relative to the bombarded surface. Processes of the type
mentioned hereinabove are 5 already known. The processes of
SMARTCUT(r) type are an example of a

PROCESS FOR OBTAINING A THIN LAYER OF INCREASED QUALITY

BY CO-IMPLANTATION AND THERMAIL ANNEALING

The present invention relates to a process for
producing a structure comprising a thin 1ayer of
semiconductor material on a substrate, comprising the
following stages:
¢ carrying out implantation of species under a face of

a donor substrate from which the thin layer must be
made, S0 as to cCcreate an embrittlement zone in the

thickness of the donor substrate,

¢ placing the face of the donor substrate in close
contact with a support substrate after 1t has

undergone implantation,

¢ detaching the donor substrate at the embrittlement
zone, to transfer a part of the donor substrate onto
the support substrate and form the thin layer on the
latter.
And the invention also concerns structures obtained
by using such a process.
Implantatiocn of species 1s understood to mean any:
bombardment of atomic or ionic specieg, likely to

introduce these species ontc the material of the
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process of this type. These processes correspond to a preferred
embodiment of the invention. More ample details concerning the
SMARTCUT process 10 are to be found in the document "Silicon-On-
Insulator Technology: Materials to ¥LSI, 2nd Edition’, by Jean- Pierre
Colinge from Kluwer Academic Publishers, pp. 50 and 51. Such
processes advantageously produce structures 15 comprising a thin layer
impl serhedndubter material w Thbse stastirescartbe of SOr tyisa)(Silicdphe

im%‘a‘ﬂ%"&“%&%ﬂiéor‘si‘ﬁd%@éﬁt’ %%Coédinlgﬁr%&é@e%&%ﬁptﬁﬁﬁ‘g'éﬁb

minology). The resulting structures from such processes are 20 used

sulgrtapplicationsaf ivefisld oflisichradarshies, BPIEs@md/or optronics.
Novg. fhe speeificatigns pfthe suriace Siate GHREQSIHEMESSUSRAN are

these fields are generally very strict. 25 The roughness of the thin layer is
alxpaffect’apdrameter which to a certain extent conditions the quality of |

the epropgnents which Wil beaieatesren thg, structure. ,Thelonghnessis,
generally expressed either by an 30 average quadratic value known as

DY RIS PREVE Meh SqhiaRe acCOrGiRG (FRISTICR aGoRyAIPoELY £° 2

prépecital 3 pRwshdrRsily khovwhas Paf:fRower Spectral Density
according to the English acronym). By way of example, it is current to find

roudieRs 28R cARGAS WhICH AN BEERI &P s froHs inProcess

are to be found in the document ‘S8ilicon-On-Insulator
Technology: Materials to VLSI, 2nd Edition’, by Jean-
Pierre Colinge from Kluwer Academic Publishers, pp. 50
and 51.

Such processes advantageously produce structures
comprising a thin layer of semiconductor material.

These structures can be of S80I type (Silicon On
Insulator, for Silicon sur lsolant, according to widely-
accepted English terminology).

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

Now, the specifications of the surface state of the
structures used 1in th@ée fields are generally very
strict. 7 ) -

The roughness of the thin layer is in effect a
parameter which to a certain extent conditions the

quality of the components which will be created on the

structure,

The roughness is generally expressed either by an

'average quadratic value known as RMS (Root Mean Sqguare

according to the English acronym), or by a spectral
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5 RMS value. The roughness measures can be done by means of an
atomic force microscope AFM (Atomic Force Microscope, according to
the English acronym). With this type of instrument, the roughness is 10
measured on surfaces swept by the3point of the AFM microscope,
ranging from 1 x 1 pmt to 10 x 10 pmt, and more rarely 50 x 50 pmt, or
100 x 100 pmt. The roughness can be characterised, in particular,
powecorditigrte tivp mbdalities. 85 Ade8kling Eowre of thesetmedalitiesn ey
r ; is said to igh,fre nd corresponds to small- sized
acs(?vﬁ%/légggff%?a%%s gethé:%r égrlél (})flf 1§I )&(;’ %8%2 ), According to the other of these
modalitiesa thed ForgkaeBs ¢ said tolse fowfredpieney ahdedrrespaids:ss
=pRRPeswent surfaces larger in-size (ofthe order.all) x; 1G,pmtorApare).n
The abovementioned "high frequencies" and "low frequencies"
RMgorvespome therefore to spatial frequencies associated with the
roughness measuring. 25 The\s?ecificatior]gof S(fn%stroms RMSsgiveP
here oﬁ%@?ﬁgf f iIffe&INE Exafiile Rindteidre BYoWSrdtiieRcies™
atanpbneisreerrespondingdspa swept sixfasaof 10FpA8gm2i towscope,
rou gmess gt hi fl’%(.;lrll.le cieﬁ is in particular 30 desired to obtain good
acﬁgte oXides: 2 tow roua eSS At16wW treguencies (or waviness) is of
interest particuiazly wiree the imis o bone another hsubstatgbntosthe is

free sugace of the thin layer.
Measuxre on SuUurraces

agwept by the point of the AFM

microscope, ranging from 1 x 1 pm? to 10 x 10 pm®, and

‘more rarely 50 x 50 um®, oxr 100 x 100 pm? .

The roughness can be characterised, in particular,
according to two modalities.

According to one of these modalities, the roughness
is said to be high frequency and corresponds to small-
sized swept surfaces (of the order of 1 x 1 pum?)

Aécording to the other of these modalities, the
roughness is said to be low freguency and corresponds
to swept surfaces larger in size (of the order of 10 x
10 pm®, or more) . '

The abovementioned “high frequencies” and “low
frequencies” correspond therefore to spatial frequencies
associated with the roughness measuring.

The specification of 5 Angstrdms RMS given
hereinabove by way of indicative example is therefore a
low-frequencies roughness, corresponding to a swept
surface of 10 x 10 um°.

Low roughness at high frequencies is in particular

desired to obtain good gate oxides.
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The thin layers which are obtained by the known 5 transfer processes (for
example of SMARTCUT type) have surface roughnesses with values
generally greater than Specifications such as mefifioned hereinabove, in
the absence of application to the suiface of the thin layer of a specific
treatment. 10 Finishing steps are therefore generally utilised on the
structure following the detachment stage, so as to improve the quality of
the thiswtransferted:kayera Moieopredisely: #iscaspecibtly awabject ebthese
finishing steps to_gum out all the roughnesses, that is, , 15 including both
O e e B g b LL o T2 o Febe e b e ™
suPkdsefirmsking stépsegdnarallymakeasecdt operatibas sliglyas -

hemical- [ ishi CMP. ' h ish t
Choea Mothantaal 30 PoleHiag). if amaalig. epid Sneaiing o

t rexigdiion/demxidatinsseqliencesyefisl type bf RNOWA Biiess yare) have
sudlgelRasing, siAce Laughness, camprises chemicalmechanical. polishing,

the free surface of the thin layer. 25 This type of process etfectively
spreguEés e epEghREsdIof fe frEe’hfapedf thetrfin RaeP By  dedidasiits

ababwayingss, anchespecially thosedidhe, lowestdregpenties. ifgwevely e
chemical-mechanical polishing causes 30 defects (for example by col
ofwarigmpan the thingaFéreBtin addition, it compromises the uniformity of

the free suHaceokihedbindayerdinnarticyar Yafamily1y utilised on
the structure following the detachment stage, so as to
improve the gquality of the thin transferred layer.

More precisely, it is especially an object of these
finishing steps to gum out all the roughnesses, that is,
inciluding both the high-frequencies roughnesses and the
low-frequencies roughnesses.

These finishing steps generally make use of

operations such as chemical-mechanical polishing (or CMP

“according to the English term Chemical-Mechanical

Polishing), kiln annealing, rapid annealing,
oxidation/deoxidation sequence.

A first type of known process for decreasing
suxface roughness comprises chemical -mechanical
polishing the free surface of the thin layer.

Thig type of process effectively reduces the
roughness of the free surface of the thin layer by
decreasing all waviness, and especially those at the
lowest frequencies.

However, chemical-mechanical polishing  causes

defects (for example by cold working} in the thin layer.
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an important way. As an alternative to such CMP polishing, it has been
proposed to treat the surface of the3tructure by annealing in
hydrogenated atmosphere. 10 The document EP 954 014 proposes a
finishing process enabling the roughness of a thin layer, transferred
accdrling 46 AtSIMAR TEU TRP BEEtEERSS, t'Be WobicasBd taaipt the

£ rflishing precesscomprising, foliowing thedetachmentisien. athespali cy
annealing in reducing 15 atmosphere containing hydrogen. Thermal
acgRrEHifng iR PeddtSng atifodtterd EBRLEAIRG SFdrogen enables gumming

out thechigh-fraguensias: selighnesses by sutiace recopstiviction. Byt thise
treatment does not allow total elimination 20 of the lowest-frequencies |
dekPaR 5

CaRsgHEL S s B R0 L6% hAGBnRters ft Has firthérden'frops
an’9hgd3tagombipe two different types of surface treatment, each of
these two types of treatment acting on distinct 25 roughness frequency
ranges. A step bt rapic thermaltamnenling ind88uchey bsndspherel s Walb
begaa}?e %fs“él?@%a'i{'}%%{@”'r?ﬂé pg%g@\é@)a{%gﬁuggg[{%% by
said steps being distinguished by their effects on different frequency 30
anrgrigesnm the dugdsigtnh bedtraéMeanhealihg in reducing atmosphere

benefifs smpothing,{he high 954 014 proposes a finishing

process enabling the roughness of a thin layer,
transferred according to a SMARTCUT® type process, to be
decreased, said finishing process comprising, following
the detachment step, a thermal annealing in reducing
atmosphere containing hydrogen.

Thermal annealing in reducing atmosphere containing
hydrogen enables gumming out the high-frequencies
roughnesses by surface reconstruction.

But this treatment does not allow total elimination
of the lowest-frequencies  roughnesses (5 to 10
micrometers) .

It has further been proposed in FR 2 797 713 to
cohbine two different types of surface treatment, each
of these two types of treatment acting on distinct
roughness frequency ranges.

A step of rapid thermal annealing in reducing
atmosphere as well as a step of chemical-mechanical
polishing (CMP)are thus carried out, said steps being
distinguished by their effects on different frequency
ranges.

| In the case of such treatment, annealing in

reducing atmosphere  benefits smoothing the  high-



6 frequencies roughnesses (spatial period of less than 3 Angstroms) ,
but is less efficient for reducing waviness, which are more of low
frequency. The chemical-mechanical polishing is efficacious per se for
decreasing the low-frequency waviness. But as it has already been seen,
chemical-mechanical polishing is intrinsically associated with certain
disadvantages. It (Fk1[§refore appears that the processes known for

i

EreaiSRouing thé GRERT BT IRE thin Biyer ofa stré&hrésf the™  ~ss  than 3
Angsabevementioneditype arss asgoCiated withdimitations o ndrambacks.ss, which
Example_embodiments of the invention seek to effectively eliminate these

21 fiitations g]ﬁd“’ dishaVantages. More specifically, example embodiments of
theniavertion i segk-tosenable effective treatment of soughness,diathdovper se
for ggguencgl“and ggg-fiequ_eggg%%f% structures, without recourse to CMP

yperﬁ@oefisﬁfﬁ%. amp?é”] embodimenté of the invention also seek to

inproveathe qualitizof the thinsuperficiallayers where impravementsohanical

polig}?.%uallty IS undergtggd as.; ;deq[%ase of the surface roughness and

mﬁ"ro%emer%ﬁn the“"uni%rrrﬁti/cc?f & thin %§S€ Qs Well'as rg&utd%on inct?ljétazLn

disadensityaafadefects present in the thin layer. In accordance with a first

et e DI e B O P O o o
impreubstrate,eoraprding theofolloWwingtdtagestayver of a structure of the
abovementioned type are associated with limitations or
drawbacks.

Example embodiments c¢f the invention seek to effectively
eliminate these limitations and disadvantages.

More specifically, example embodiments of the invention
seek to enable effective treatment of roughness, both low-
frequency and high~frequency, of structures, without recourse
to CMP type polishing.

Example embodiments of the invention also seek to improve
the guality of the thin superficial laver, where improvement
of the quality ils understcod as:

* decrease of the surface roughness and improvement in the

uniformity of the thin layer, as well as

* reduction in the density of defects present in the thin
laver.

In accordance with a first aspect of the invention, there
is provided a process for producing a structure comprising a
thin layer of semiconductcr material on a  substrate,
comprising the following stages:

« implantation of species, under a face of a donor substxat@,

from which the thin laver must be made, so



implantation of species, under a face of a donor substrate, from which the
thin layer must be made, so 7 as to create an embrittlement zone in the
thickness of the donor substrate; placing the face of the donor substrate
in close contact with a support substrate, after it has undergone
implantation; detaching the donor substrate at the embrittlement zone, for

as *L—;Ba“%ﬁ%%'gt%a .%?{t %%B%;-F'ﬁot [ substrate onto the supporf, subsirate and. .y,
orming the thin layer on the Tatter; characterised inthat: the implantation
donostepuibnpteragnts a co-implantation of at least two different atomic species

. pt0aslo mipimisethe low-frequengies toughpesses.at the level otthe o, o ¢
structure obtained after detachment; and the process further comprises a
w finishing step wamprising satieastone rapid: therrmal ahhealihg dperaticie rgone
i iré%dﬁgldgigr%n atmosphere of pure argon, of pure hydrogen or
comprising a mixture of argon and hydrogen so as to minimise the

+ dehighifiequenbiestoughnessestatane level éﬁﬁeegﬂmcitmel@mam“ed%r for
+ rdgtachment Preferred aspects, thoygh non-imiting aspects, of the,e  sypport

process according to the first aspect of the invention are as follows: the
suhydrogen antchdlivhmnépecies ard edlimptarted €rifd Saie? ihplantation

rStage; said hydrogen,and.helium species may be implanted sequentially;
the helium may be implanted prior to the hydrogen;
» the implantation step implements a co-implantation of at

least two different atomic species so as to minimise the
low-frequencies roughnesses at the level of the structure
obtalined after detachment;

e and the process further comprises a finishing step
comprising at least one rapid thermal annealing operation
carried cut in an atmosphere of pure argen, of pure hydrogen
or comprising a mixture of argon and hydrogen so as to
minimise the high-frequencies roughnesses at the level of
the structure obtained after detachment.

Preferred aspects, though non-limiting aspects, of the
process according to the first aspect of the invention are as
follows:

+ the hydrogen and helium species are co-implanted during said
implantation stages;

* said hydrogen and helium species may be implanted

sequantially;

* the helium may be ilmplanted prior to the hydrogen;

* the dose of implanted helium may be substantially between
0.7. 10*%.cm™ and 1.2.10".cm™® and the dese of implanted
hydrogen may be substantially between 0.7.10°°.cm™ and

2.10%, em™?;



the dose of implanted helium may be substantially between 0.7.
1016.cm2 and 1.2.1016.cm2 and the dose of implanted hydrogen may be
substantially between 0.7.1016.cm2 and 2. 1016. CM-2 ; 8 the rapid
thermal annealing (RTA) is preferably carried out at a temperature of
between 900C and 1300C during 1 to 60 seconds; the RTA annealing is

cxBreferably caied out in an atmosphete, comprising a.mixtyre of hychogen .

and argon, or In an “atmosphere of pure arfgon; orinan atmos\f)here 0

at paret hydrogen) saidfihishing stageah’als@ocomprisd dCledstrdmey 1 to 60

Seoger@tign of stabilized oxidation StabOx of the structure obtained after
8e€alcﬁfnent; said StabOx operation successively may implement an

thexidatiorroperationcan anpea ingregeratiorr and addeoxidatioreoperatiosphere
said.annealing operation is preferably carried out during_ two hours at a .
o e & v L180C, Gurty TS Eainig ep“tilAtA o8 Cin &
atansealingeoperationican bewarried out pridrto e StabOxsgperationet  pure
hyg@ig réi{gﬂs{hing step can comprise a plurality of RTA/StabOx sequences;
uring the finishing step, the StabOx operation can likewise be carried out
saprdor t6thé RTA dnnedlingoperation; shidfinishing stepecanccomprisesa one
opRltality, of SIAbQXRTA sequenges;; the SIabQX operation(s)an bey ot yre

replaced by a simple oxidation operation, said simple oxidation operation
obtained after detachment;

said StabOx operation successively may implement an
oxidation operation, an annealing operaticn and a
deoxidation operation;

sald annealing operation is preferabkly carried cut during
two hours at a temperature of around 1100°C;

during the finishing step, the RTA annealing operation can
be carried out pricr to the StabOx operation;

said finishing step can comprise a plurality of RTA/StabOx
seqguences;

during the finishing step, the StabOx operation can likewisze
be carried cut prior to the RTA annealing operation;

gsaid finishing step can comprise a plurality of StabOx/RTA

sequences;
tha StakblOx operation(s) can be replaced bky a simple
oxidation operation, said simple oxidation operation

comprising an oxidation operation of the structure obtained

after detachment followed by a deoxidation operatiocon.



comprising an oxidation operation of the structure obtained after
detachment followed by a deoxidation operation. 9 Example
embodiments of the invention also relate to the structures created by
implementing the process according to the first aspect of the invention,
characterised in that the thin layer exhibits a small low-frequencies

roughness, particularly a roughness measured by sweeping a surface of

467506 L2 BB SRR cotprised batween 48R § RFgstoms RMES ©7°
struOther«characteristics, ayns andladvantages ot the ipventionswikhemergeng to

from the following detailed description, and with respect to the attached ,
he (o R Wi of S RIS I T ST Figrett oS ©ne
thinPSD4#ype roughhessessmeasurements madein-the: gentte 0 yariottsughness,

structur and illustrates the reduction .in. low-frequencies rou%rllggsses
h

partv:\L/ﬁi% “Carrbe carried oﬁ?%ﬁ urﬁﬁgi%ﬁﬁg p]%f:egg a%gé“r%%gato e p‘F‘eCseeni3 £ 40

% 4Gnvention, srefathertoithaf whictviscobtamgd by simple thermak tréatheptt roms
of the RTA type; Figure 2 shows RMS roughness measurements and
‘illustrates the reduction in low-frequencies roughnesses which can be
cditied out by thesproeess ddcording dd the preseht imventiohzgnd thisof  the

| nveithoyt recourse fo a GMP step:. Figuges 33 and 3b.are similar ipti
lnverepresentaﬁonsgar%a$g§ue§rfé%th%$% I%Ei%u?e% 1& gﬁ% iﬂ%gt?ate tﬁe ?ee Lfc}ilo%tlon'
and in¥dhgheesss obtdimed-by thetinventioh, Féspectivelyait tie centrerafact non-

lj_mi%tilfﬁj”@x%ﬂ%%@,e %%%%fitgﬁ same structure. As it has already been

explained, the invention relates to the production of structures comprising
. Fyggﬁﬁkweg@@ws PSD-type roughnesses measurements made in the

centre of wvarious structures, and illustrates the reduction
in low-frequencies roughnesses which can be carried out by
utilising the process according to the present invention,
relative to that which 1s obtained by simple thermal
treatment of the RTA type;

» Figure 2 shows RMS roughness measurements and 1llustrates
the reduction in low-freguencies roughnesses which can be
carried out by the ©process according to the present
invention, and this without recourse to a CMP step;

* Figures 3a and 3b are similar representations analogues to
that in Figure 1, and illustrate the reduction in roughness
obtained by the invention, respectively at the centre of a
structure and at the edge of the same structure.

As 1t has already been explained, the invention relates
te the production of structures comprising a thin layer of
semiconductor material on a support substrate, the thin layer
being obtained by detachment at the level of a donor substrate
previously embrittled by implantation of species.

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

comprising & thin layer of a semiconductor
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semiconductor material on a support substrate, the thin layer being
obtained by detachment at the level of a donor substrate previously
embrittled by implantation of species. Thé structure can, in general, be
any type of structure comprising atffin layer of a semiconductor 10
material on a surface exposed to the external environment (free surface).

In a non restriction way, the thin layer of semiconductor material can be
magikaokadi, sifébn % carlsité Sicegermgpnfitde, sititon-géfhanit Siesdt

ergalliim.aEsanic AsGa, elg, Fhg sybstrate support can be made of silicon
Si, quartz, etc. A layer of oxide can also be intercalated in 10 between

the sUppoit sil¥fratd & thethiByel e strbBire Hetsford foffled ©F

sehBIRg ABemisenduEereen-4nsulaton struetureqaiSesdstrustuye ageardingn
to the English acronym Semi-Conductor-On Insulator), and in particular a

cagBifucttife: for SERHE 18 ThESnveritibh taRAFR T RProvIRY tHeCe

gaqqaii{ynofammmglap@g@f a steueture obtained by utilising a transfer
process of the SMARTCUT(r) type. Within the scope of such a transfer _ .
proct8€ tiBREribR cEBe ihpleAtentia b‘@ﬁgﬁcia‘ﬂ td® Lb fedread

qutheteyghnass of one or the other of the two surfaces of semiconductor
material orlé?lnatlngéfrom detachment at Ehe Iev%leof the embélgkegg:%rg in

zoneP,‘ or-ftéffithe tw8}§ﬁ?f(§ce§.a\f\17ithﬁ1 he scope of T 5rocess

beageoedingtostheupport substrate and the thin layer, the

structure therefore formed being a semiconductor-on-

insulator structure (a Se0I structure according to the

English acronym Semi-Conductor-0On Insulator), and in

particular a SOI structure, for example) .

The invention can aid in improving the guality of
the thin layer of a structure obtained by utilising a
transfer process of the SMARTCUT® type.

Within the scope of such a transfer process, the
invention could be implemented beneficially to
decrease the roughness of one or the other of the two
surfaces of semiconductor material originating £from
detachment at the level of the embrittlement zone, or
from these two surfaces.

Within the scope of the process according to the
present invention:

e the implantation step of species with the aim of
creating an embrittlement zone is carried out by co-
implantation of at least two different species under
a face of the donor substrate,

¢ also, after detachment at the embrittlement =zone, a
finishing step by rapid thermal annealing is

implemented.
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least two different species under a face of the donor substrate, 30 also,
after detachment at the embrittlemént zone, a finishing step by rapid
thermal annealing is implemented. 11 In accordance with an
embodiment of the invention, the hydrogen and helium species are
co-ikiplaHIE® GRAEIC thefaEd ofthesTbpof dtilsstiateth drier thrTsrn e

th8MBiKlemRN, 2ang; Rreferablydhaughnatexclusively, s mplantalion,
is carried out by sequentially implanting helium then hydrogen. By

th%xpfe?ﬁﬁerfﬁﬁg Witk c@%ﬁ%ntﬁﬁ&ﬁ?ﬁé‘%pﬁd&n%sé@edﬁ e thehe

em§e-inplantatien o448 helium and hydrogen resulted in transfer of the thin
layers with a reduced level of roughness relative to the transfer following

impRREtth Wdrogen=d16m& More pratisely, BReCappiitdftnas co-
impbserved 1hat the: freqguencies alwrhigh thissimpeemenant 0 HghaesSs: ng
eems 15 the most pronounced correspond to the frequencies of the
he t §p&fal %%E@ﬁ&flrt)ughness, that is, the frequencies generally well
treaggd by theeMPndVithimdhe scopelof thedpsodesasiageordingto the the
esent invel%ion, the face of the donor substrate which 20 has

ap 68&56% co-ﬁnplg At iesdtheﬁ fcedin ClosE°Eanis a\ﬁl'ﬁ'ﬂh pn ot

heBipporsubsttgtérogen resulted in transfer of the thin
layers with a reduced level of roughness relative to the
transfer fellowing implantation of hydrogen alone.

More precisely, the applicant has observed that the
frequencies at which this improvement in roughness seems
the most pronounced correspond to the frequencieg of the
lowest spatial frequency roughness, that is, the
frequencies generally well treated by the CMP.

Within the scope of the process according to the
present inveﬂtion, the face of the donor substrate which
hag undergone co-implantation iz then placed in close
contact with the support substrate.

The donor substrate is then detached at the level
of the embrittlement zone, for transferring a part of

the donor substrate to the support substrate and form

the thin layer on the latter.

These stages of close contact and detachment are
known to the expert and are used conventionally in the
transfer procegses mentioned above.

Detachment can therefore be carried out by thermal
power supply, optiocnally by a mechanical action at the

level of the embrittlement zone.
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The donor substrate is then detached at the level of the embrittlement
~_zone, for transferring a part of the donor substrate to the support
substrate and form 25 the thin layer on the latter. These stages of close
contact and detachment are knowh?o the expert and are used
conventionally in the transfer processes mentioned above. Detachment
can therefore be carried out by thermal 30 power supply, optionally by a

mechaficaPadioR st the? VRFBRRE eniffittlendfit zohev 2 R procdsy’
coRpeargiyg todhe inverndnm dso coreprisesunfinishing step: whergefdhe is
object is_ especially to minimise the high-frequencies roughnesses at the

eSRKRE 8Rthe structre obtBhBARHEF 5 defddfiment 'SR alfhRAIRG Seps
roGgMpEises at leastbre 1stagd ofyapitHbeynakanneabing Rapichderagt e r
3 anné%aling Is understood to mean rapid annealing, (that is, performed over
e%apc 8% Bt several 10 seconds or several tens of seconds), in a
conBalled atmosgphere.rSuch annealing doegmmendydesignatethyttheone
term RTA annpeali correlspondin the English acronym Rapid
StAE3rA Iﬁﬁ%ain% 5 caarirry}%ﬁ f&%ﬁnealing of the structure, the
strurtupe ¢s anreated abahghltémpeiaturedduch-cand bedormexamplerafd

anrt'z%%,grlgneé!of %%%%éo J]Zr%gocp’gg'f]ézt:?ne%p Soe&g gdsai RpTée\:?.‘rc])@ieacu PI&veral
carrie t in'a controlled

seconds or geveral tens of seconds} ., in a
controlled atmosphere.

Such annealing is commonly designated by the term
RTA annealing ({(corresponding to the English acronym
Rapid Thermal Annealing).

To carry out RTA annealing of the structure, the
structure is annealed at a high temperature, which can
be for example of the order of 900°C to 1300°C, for 1 to
60 seconds.

RTA annealing is carried out 1n a controllied
atmosphere. This atmosphere can be an atmosphere
comprising a mixture of hydrogen and argon, or an
atmosphere of pure argon, or even an atmosphere of pure
hydrogen.

The RTA annealing stage in particular reduces the
surface roughness of the thin layer, essentially by
surface-reconstxuction and smoothing.

And, as mentioned earlier, RTA annealing especially
benefits reduction of the roughness at high frequencies.

In addition, the crystalline defects present in the
thin layer, and generated in particular during
implantation and detachment, are at least in part cured

by thig RTA annealing.
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20 atmosphere. This atmosphere can be an atmosphere comprising a
mixture of hydrogen and argon, or an atmosphere of pure argon, or even
an atmosphere of pure hydrogen. The RTA annealing stage in particular
reduces the 25 surface roughness}”&f the thin layer, essentially by surface
reconstruction and smoothing. And, as mentioned earlier, RTA annealing
especially benefits reduction of the roughness at high frequencies. In
additioR, tRE RREAIIMRCFTECE Hiesent ihtfe 30T yer BhaYeheratdd
obtepatticular during implagtatian anddeiachment areat leasbi paiality
cured by this RTA annealing. 13 The process according to the present
AORfventdh t&B6ER Fstulthre witf a ﬂ‘u‘?ﬁ lay& Si4580d h%alfﬂ;?%e§ figtce
botherefore utilisghC iR dhelghi i doesdeduee: hodlks the highWfeaquengiest he
roughnesses, as well as the 5 low-frequencies roughnesses.
Loyn Iﬁﬁ%ﬁﬁﬂﬁ e pFo%%% %%%8Wn’g to the present invention thus results
in a Biptkre cadyssinga thindayeravhereeithd nyalityis eldequate aadt
. comgatibletv}/’&th usingt ig thin layer in micr%- or optoelectronic 10 fhin
LY BiichbnS, At ofding to & vatarit embodiment. said Tnishing Stage can
1laptso cempriseat ledst onpastabitised iexidafienstap=(likewise ceferedibl e

i SEPOX, herelnbelow), 18 A StabOx stepis dlassicallyyseding: . o
ranster p?ocess,sfoIFowmg & Jetachmen stage, partiCLﬁ)ar?y
applications.

According to a variant embodiment, said finishing
stage can also comprise at least one stabilised
oxidation  step (likewise  referred to as StabOx
hereinbelow) .

A StabOx step is classically used in a transfer
process, following the detachment stage, particularly
for:

s regulating the thickness of the thin layer and

reducing the density of defects;

‘s reinforcing the interface between the thin layer and

the support substrate.
Consequently, a StabOx stage will be similar to the
succegsion of following operations:
¢ thermal treatment comprising successively:
» oxidation of the structure.

v such oxidation, c¢lassically known to the
expert, can for example be carried out by
heatiﬁg said structure to around 900°C in
gaseous OXydgen.

v following this oxidation, a layer of oxide is

then formed on the thin layer.
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for: regulating the thickness of the thin layer and reducing the density of
defects; 20 reinforcing the interface between the thin layer and the

support substrate. Consequently, a StabOx stage will be similar to the
succession of following operations:lﬁ1ermal treatment comprising

successively: 25 > oxidation of the structure. / such oxidation, classically
known to the expert, can for examEIe be carried out by heat:g?é said

struéitie dBen® 50685n s§deeptis By dén. oTBRoiihgifs ditation®

a layesofgxideis thep formeden thedthindayeird4 >gnngaling,abthes ng
structure at around 1100C for two hours, in an argon atmosphere. This

ann&AIRg L SRRFRNEOYSH JHBWE:/ reinforcing the interface between the
supports5 suhistiate-anddheciace ohthe:dnoE suhstiate nwhielk hasipport
undergone implantation, and, / cyring certain defects generated during the
implantatioFir‘[%lli'%%ltd%—z"?l‘géanrﬁl SF;b%S.f AFeoRitla 'g}?o fion, SRE e e
carried outwhd followdng thedeabtseaimentlsonas toi wihdrandthe layer of

oxide formed during the o>t<idation<%) ;Iaration. Such deogic%atig known Et%r
se, can be Pefioftaed By" mmersi é)ﬁg §fucRTE TSR Braliindies inthe
a solution ofrfiucrhydric acidzatd O%e on20ihefor examypes .

*» a deoxidation operation, which is carried out
following thermal treatment, so as to withdraw the
.layerrof oxide formed during the oxidation operation.

Such deoxidation, known per se, can be performed by
immersing the gtructure for several minutes into a
solution of fluorhydric acid at 10% or 20%, for example.

Tt will be noted that the oxide layer formed during
oxidation helps to protect the underlying thin layer
during annealing.

Tt will also be noted that a part of the thin
layer, in the vicinity of its free surface, is therefore
consured during such a StabOx operation. |

By implementing a StabOx step, during the finishing
step, in addition to the RTA step, the process according
to the present invention in particular permits:
¢ the concentration of defects in the thin layer to be

reduced even more, and

s the structure to be brought to the planned thickness
for the finished product.

In effect, as mentioned already, the RTA annealing
aids in reconstructing the surface of the thin layer,
and in rectifying certain defects in the thickness of

the latter.
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15 It will be noted that the oxide layer formed during oxidation helps to
protect the underlying thin layer during annealing. It will also be noted that
a part of the thin layer, in the vicinity Of TS frege surface; is therefore 20
consumed during such a StabOx opération. By implementing a StabOx
step, during the finishing step, in addition to the RTA step, the process
according to the present invention in particular permits: the concentration
of défectsi the Thinidger 5 Be 25tedifReb®iRn ARFESandPtheltikiie
onfg/be breught to the-planned thicknesss forthe finishgd produetieffgets

as mentioned already, the RTA annealing aids in reconstructing the
enadfifsce of fife tﬁ‘i‘ﬁ%ﬁ?é%,a%o SRR reEtififhg Berthitr d&fe i it the T the

de thickness gt dhe latten 16n K this SUHREG can, N eertaint casesshe parial o £
only, then _carrying out a supplementary StabOx step enables the material

theomBiBing BY&TGe T Ifths e lbBs IERREF i the VNSRS 68 D

refrfaege, of 5 the thin layer and in the thickness of the latter to be removed.
This corresponds still to an improvement in the quality of the structure,

ThistErfantSHIRE PRIVALE adotdihg hhe®Fo prERERNAVERtoN, iR whith
quilieifirisking siep eappdsas-@.RTA step and at least one StabOx step, is

therefore particularly advantageous when there is a grad
T {s pvaéﬁa t é¥] %%e process ac ordggépfto the

present invention, in which the finishing step comprises
a RTA step and at least one StabOx step, is therefore
particularly advantageous when there is a gradient of
concentration for the defects increasing in the
difection of the free surface of the thin laver, and a
gignificant concentration of defects in the wvicinity of
this surface.

It will be noted that the total thickness consumed
by one or more StabOx/deoxidation sequences can be
advantageously controlled in order to eliminate all the
defects and to bring the structure to the desired
thickness.

According to a particularly advantageous embodiment
of the invention, a StabOx step is carried out during
the finishing stage and prioxr to the RTA step.

This RTA/StabOx sequence results in  better
oxidation uniformity when the StabOx step is carried out
directly after detachment, without implementing it
before the smoothing RTA step.

In effect, when a RTA step is implemented prior to
a StabOx step, the surface roughness is less and the

surface of the thin layer is more uniform.
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concentration for the defects increasing in the direction of the free surface
of the thin layer, and a 15 significant concentration of defects in the vicinity
of this surface. Tt will be noted that the total thickness consumed by one
or more StabOx/deoxidation seque]n%es can be advantageously
controlled in order to eliminate all the 20 defects and to bring the structure
to the desired thickness. According to a particularly advantageous

embbRinhERtS of'ihé ifentBRe a5tahoREHSHAS taridF ot Ffgt the-hat
oblinishing stagerand priel tosthe R TA stap: 2bd hissR TASIBRQY sequance o
results in better oxidation uniformity when the StabOx step is carried out
fugfroar it debserifaif, Rithattinkiftemently tHieréletne Sidothing
RTA step dacffectiwhenia RTAStep isdmplemented prigsto 8@ the
StabQx step, the surface roughness js less and the surface of the thin
CTERER s hBre (RifoTm” 6Ptk hay the'Speed B BxidaitiTis LRssE® ©°
RTHIat oljainedavhenarpalished struaidre is-pXidiseedand is(duthemore: he
Stg}gosa e at agégoint in the structyre. In addition, it can be useful to cure
¥/ GryStaming detects PREERT i the thin layer (owing to RTA) before
conguming isthigkriess tduringothe Stab©xklepxigationtsequeriee). Thisn
1033 e more interectinguunen the tin layers paniculaty e, and
when congumptlon ofits 10 thickness 19 like y?or exampr[1 t5 punc% holes
thhaokness is 1likely for example to punch holes not

previously cured and restopped by RTA annealing.

In accordance with other embodiments of the
invention, the finishing stage comprisgses at leasgt one
RTA operation, and can consist of one of the following
sequernces:
¢ RTA/StabOx {(as just discussed);

e repetition of several RTA/StabOx sequerices {the
embodiment example discussed hereinafter comprising,
in succession, two of these RTA/StabOx sequences);

¢ StabOx/RTA;

e StabOx/RTA/StabOx/RTA.

When the finishing stage comprises at least one
additional RTA treatment (as can be the case when
RTA/StabOx or StabOx/RTA sequences are repeated several
times), the additional RTA treatment allows continued
polishing of the free surface of the thin layer.

Said additional RTA treatment can also be carried
out at a lower temperature (for example 1000 to 1100°C)
than initial RTA treatment.

It is therefore possible to reduce the thermal

budget of the repetition of the seguences mentioned
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previously cured and restopped by RTA annealing. In accordance with
other embodiments of the_invention, the finishing stage comprises at least
one RTA operation, and can cons's; of one of the following 15
sequences: RTA/StabOx (as just discussed); repetition of several
RTA/StabOx sequences (the embodiment example discussed hereinafter

comprising, in succession, two,of the TA/StabOx sequences); 20
he’é‘?&fi‘@?ﬁﬁe& &%bo?/ﬁrr%%{%?%mﬁg thnrﬁ% Fﬁ?srﬁ:lng s?t%ge Lower
t efipayyisesal least one additional RTA treatment (as can be the case

when RTA/StabOx or StabOx/RTA sequences are re several 2

tim@sﬁ?ﬁwﬁ)ﬂé&oﬁtiongﬁTf treﬁrahre% gf?oyv?ig con%nugépji%%%%ing (gﬁheﬁhe
infreetsistace of thecdthirplajerd Said mdditionakRIAZiemmerpenn tisgbel s

carried out at.a lower temperature, (f ample 10 11Q0
oA R Tk e SO nbrelore oo b redise the themar e

ini efore poss reduce the thermal
abdwuedget of the repetition of the sequences mentioned 17 hereinabove by

et et SHUE ot & s e lod Apmale aaon anershon o &7

comamiggesutan placedeftaiStabehestep 30eh as rshtibRel Lasove: I8
simple-oXdalion pperAaR sLOGsVeloFOMPYISSS B8 OXidalier diagence
and a 860XI ation stage.

the second StabOx operation (thermal annealing over two

hours approximately) is not utilised.

The reduction in the thermal budget is
advantageous, in that it allows the constraints applied
to the structure to be limited, reducing the probability
of generating defects of dislocation type or slip lines
in the crystallographic arrangement of the structure.

The oxidation stage followed by the deoxidation
stage can therefore replacé the StabOx step in all the
chain formations mentioned hereinabove. |

An embodiment of the process according to 'the-
present invention will now be described in detail
hereinbelow, by way of non-limiting example.

This embodiment relates to the production of 81,
S2, 83 structures comprising a thin layer on a support
gsubstrate.

The thickneés of the thin layer of these respective
structures is between 50 and 2000 Angstrdéms, the total
thickness of these structures being around 700 um.

These 81, s2, S3 structures are produced by
carrying out, during the implantation of species step,
a co-implantation. of helium then of hydrogen, with

respective doses of:
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The thermal budget can then also be reduced since 10 the second Stabox
operation (thermal annealing over two hours approximately) is not
utilised. The reduction in the thermagbudget is advantageous, in that it
allows the constraints applied to the structure to be limited, reducing the
probability 15 of generating defects of dislocation type or slip lines in the
rystallographi¢ atrapngemeat of the structure, The gxidatippistage--

¢ ?B%Z\-AL/@H‘ by t(fqé%de%?(idaﬁgln sta%%lésasrﬁl}/r%?gf%reenl’epgée th%BStébOx stefpOr
intedl the chtamdformations mentioned hereinabove. 20 An embodiment of
the process according,to the, present invention will now_be described i

* 8&dit Wereinbefow! by wa of n%ﬁ%imﬂ%(grgﬁ%ﬂdle. I?hl%‘gLnabo'ol(frrrqent tor
retates to therpreduetion of S1, S2, S3 structures comprising a thin layer
on a support 25 substrate. The thickness of the thin layer of these _,

* RRpéive strudtutds isDBiwedHS0 S SUBD Agstioms, the totdl T
thickness gt these structures being around 700 pm. These SI, S2, S3
structures are produced by 30 carrying out, durin l@e implantation 9
spebiés Y%, 8To-FRPRAGBARDS hdium thé s iydidgen Witk =

visespegiivertoses 6fi 1& rheliyar@get0lmtrodand hydragen, dose of
0.9.1011.cm;2 for, the Sl structyre; helium, 0,8.1016.cm2 and hydrogen

5.0 éplgi))%t.(@g/lba &' de &2 st%c%?r%;% aﬁﬂe (G O%&f(?f&c‘z‘mlz&egnogrgatér

£ hapdragent: 8:9:10kbere-2ifapl anted during co-implantation.

&ced

A common advantage of the co-implantation technique
is disclosed here, with reduction by a factor of 3
approximately of the iwmplanted dose relative to
implantation of a single type of species.

This reduction translates by reduction in the
implantation time, and finally in costs associated with
production of structures comprising a thin-layer on a
support substrate, in particular by wmeans of a transfer
process of the SMARTCUT® type. '

This known advantage, for example disclosed in the
document by Aditya Agarwal, T. E. Haynes, V. C. Venezia,
O. u. Holland, and D. J. Eaglesham, vmfficient
production of silicon-on-insulator films by co--
implantation of He+ with H+", Applied Physics Letters,
vol. 72 (1998), - pp- 1086-1088, in which it is
established that the co-implantation of hydrogen and
helium aids in decreasing the doses that have to be
implanted.

It has to be noted that it is also stated in this
document that the supefficial 501 layer obtained by co-

implantation of hydrogen and helium exhibits roughness
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the S3 structure. By way of comparison, a S4 structure is produced via
implantation of hydrogen alone, with a dose of 5.5.1016.cm2, that is a
dose almost three times greater 10;than the total dose implanted during
co-implantation. A common advantage of the co-implantation technique is
disclosed here, with reduction by a factor of 3 approximately of the

colRR0iel oS reRlYe (g IPARNR(AR 98 sgle YRSl SBRFST N by
This reduction translates by reduction in the implantation time, and finally
iminleosts hgsoriabd vt prodlctigrdf structures comprising a thin layer

on ansuPpogSHRRLALe, inpatticulag by meansof a fiangier PERGESS Ofor
the SMARTCUT type. 20 This known advantage, for example disclosed in

thehee BosemebyiadityalZyHiwal TYE. HEIRES VY TENVeneria, Gunface
rotioland; and o). EgoleshamyElfigient; prpdyetion of sikean-gpiinsulatel

films by co-- implantation of He+ with H+", Applied Physics Letters, 25 vol.
no2 $ESYBYNER Y1 CEELOSE i WhichHE it Eetabhshad tiat ffe effect) .

co-igaplantatiansef.hydregenand  heliumeaids ingdecreasing the deses that
have to be implanted. It has to be noted that it is also stated in this -30

inys&inhentthattRd Sapemidial SOPlayiobtiMetrBFEs-implantitith of - &8

a1 bydregenwand helian exhibits reyghness 19reqmpasable-tndbat afthe act
surface SOI Iadj?r obtained by implantation of just hydrogen. The . _ .
Pla6ditdeAdsCREAEMRaUboYE YoEe bt ed out, "then a finishing

step comprising at least a RTA, so as to obtain the
final 51, S22, 83. S4 structures.

PSD roughness measurements of each of these
gstructures were done with the aid of an AFM microscope.

Figure 1 shows the power of the different spectral
constituents of the roughness of each of the 81, 52, 83,
S4 structures.

The abscissae axis shown in the diagram in Figure 1
is therefore the spatial period (in ym), which describes
the roughriess fregquencies ‘observed, from high
frequencies (to the left of this axis) to low
frequencies (to the right of this axis).

These measurements have more precisely been done at
the edge of the structure, that is, at the level of the
zone, where detachment ig triggered during the‘
detachment step, with this zone consequently having a
generally relatively severe roughness.

Figure 1 shows the result of such measurements on a
swept surface of 40%40 um® (this surface of 40%40 um’
therefore corresponding to the maximum frequency

according to which the roughness can be observed).
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therefore bring about any improvement in surface 5 roughness, due to
co-implantation (and a fortiori does not seemingly propose exploitation of

such an effect). With reference noyyto the description of the invention,
following the co-implantation step, as already mentioned, the classic
steps of close contact 10 placing and detachment are carried out, then a

finisping, sieb compyising atleast a §16,80 asgobiain e, fngl 1. 2,
S3. S47structures. PSD roughness measurements of each of these
rogghoterss Wwerevwistie Withethe hid éfan AR niidrosdopectisrigurefter

r nahowsthe power.of the different,spectral gonsfitugnts of the,roughness, 9f;

each of the S1, S2, S3, S4 structures. The abscissae axis shown in the
st gigramaA Figure 1 is therefore the spatial period (in pm), which

desgribes,-20 the roughness freaygpciss obseryed, friomyhighdeayencies

(to the left of this axis) to low frequencies (to the right of this axis). These

S4 meaSUieRTaRS have mord prebisely BratedonBat tHeBdge bpthern  of
nydlrHglire dhatis. at the level of the 25 zone, where detachment is
triggered during the detachment step, with this zone consequently having

a gEh&Rfy relbtvdly sEVEr¥FSugliness. Figure £ 3hows tHe f Sueh

roRAANRMeRts o arswentasface 0f 40540 pardi(thissuriacerd 40740 1y
pm2 30 therefore corresponding to the maximum frequency according to

Profidethe rB¥ghridd® caRBRGHERvedS S HdtFe 1%HerefdtE shBRETRET
i noifferense incombining co-implantation and RTA annealing.

These three curves C(C1, cz2, C3 correspond toO

different doses of co-implanted species.

Figure 1 characterises the fracture facies via
analysis of the frequencies comprising roughness, and
demonstrates the advantage gained by the association,
according to the present invention, of co-implantation
with RTA. |

Figuré 1 effectively confirms that low-frequencies
roughness of the 81, 82 and S$3 structures produced
according to the present invention is substantially
lower than that . of the 54 structure produced
conventionally. ]

A net decrease in roughness for spatial periods of
subsﬁantially between 3 and 15 um 1is observed in
particular.

Co-implantation therefore enables low-frequencies
roughness to be limited, while high-frequencies
roughness is equivalent, or slightly less, in the case
of implantation of hydrogen alone.

The succession according to the present invention

of the co-implantation/contact /detachment /RTA steps
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roughness between the Si, S2, S3, S4 structures, after the RTA treatment
of the finishing step of said structures. 5 A first curve C4 illustrates the
roughness of the S4 structure classically made by implantation of
hydrogen alone. Three other curves C1, C2, C3 illustrate the roughness
of structures S1, S2 and S3 respectively 10 produced by the process
according to the present inyention, combjning co-implantation and RT,
BTG Thbct tred Caes 0, 688 corfecbatb AR Hoke™
inoftdezimpiaated Spedies. Higuwe lscharactelises the frdoturefadies viat 16n
analysis of the frequencies comprising roughne nd, .demonstrates the
£ANgY _ T P LArgnesn ;
©F aivaniagk gainbd by the Asseciion, aceordiig 13 e préseht ivenion
of cé-imglantafisw vwiths RITA d-idure daeffectivaly dcopfirenstthtion doses
loyvfrequenci h fthe 5i, S - ructures pr ed
£lOPEfrequengies 120,1Qughness o %Q‘ﬁ%ﬁé{@ [esprgduced, ¢
© according to tkﬁ% present invEenS(t:lore]'?s sﬁJb'%ta %al y lower than ﬁ1at of &eo
he S4wtrudtaretdroduedmpdnyentienallyt Adheh deerbasdhinloughiressfoing
109P3tial padads ot 2D substantally Between 3,and 18P is.ohserveshit 1,
particular. Co-implantation therefore enables low-frequencies roughness
notgePe limited, while high-frequencies roughness is equivalent, or slightly
lesspinthe £858 30:Qf implatatiogafbiygrpaen alane. The,sliccessiQl. s
according to the present invention :
according to the present invention detailed here, the

finishing step comprises, apart from the RTA step,
successive StabOx, RTA and StabOx steps (or a finishing
stage comprising repetition of two RTA/StabCx
sequences) .
As 1t has already been shown, such a finishing
stage allows:
e consuming the thickness o©f the thin layer and
reducing the residual implantation defects under the

surface after detachment;

s consolidating = the thin layer/support substrate
adhesion interface wvia annealing carried out during

the StabOx stages;

¢ bring the structure to the desired thickness for the
finished product;

¢« continuing to smooth the surface by way of additional
RTA treatment.

Figure 2 makes cowmparison of RMS surface roughnessl
of the structure cof type 83 obtained by the embodiment
according to the present invention to that of the surface
of the structure of S4 type obtained by a conventional

process,
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of the co-implantation/contact/detachment/RTA steps 21 therefore allows

succession of the implantation of Bydrogen
alone/contact/detachment/RTA steps. It is also possible to vary the
implantation doses 5 of the co-implanted species (in particular the dose of

el ine xample preseied el ihiig PLesesng IauIiRAugnCiRsy
roughness lower than that conventionally noted. According to the
mi ennReBent DR EROpRte SSTITRacEdrdifg athé hresent Avéntd détairsd

bo PAre the finishing step comprises. apart fromdthe RTA step, Suceessive »
StabOx, RTA and StabOx steps (or a finishing stage comprising repetition

edgPwRT A/StaBOXe sefiGsicedy. (F A8 i Has Hrehdy B8ER Sfown, such a
finishingxstage allows; .consupingtha thickness of themhin Aayes @pgns) |

reducing the residual implantation defects under the surface after
theetaekeht: 20N gorfsbligtinyl tHethitiayer/sippdiPsabitfas driibhed

fointerfage g anpealing gapied autduring: dhe-Stab@x stages: Pring the ne
structure to the desired thickness for the finished product; 25 continuin

SeRPERodA HESUHEES B Wy of SHARBRAS RIS HERTNt. Fifure™>© 54
£ yPkes semparison of RMS surface roughness  of the structure of type S3

obtained by the embodiment _

In Figure 2, a net decrease in roughness for the S3
structure is observed, especially for low spatial
freguencies.

Figures 3a and 3b are representations similar to
that of Figure 1, and illustrate the reduction in
roughness obtained according to the present invention,
respectively in the centre of a structure and at the
edge of this structure.

Figures 3a and 3b allow comparison of the PSD
roughness of a structure of the 853 type obtained by
implementing the invention to that of a structure of the
S4 type obtained by a classic process both at the centre
of séid structures (Figure 3a), as well as at their edge
(Figure 3b).

The swept surfaces had dimensions of 40*%40 um® .

It can be observed in each of Figures 3a and 3b
that the roughness of the structure 83 is less than that
of the structure 84, especially at low spatial
frequencies (in particular when the spatial pericd is
between 3 and 15 pm).

Roughness uniformity which is better for the 83

structure than for the 84 structure is also noted (the



according to the present invention to that of the surface 30 of the structure
of S4 type obtained by a conventional process. 22 Roughness
measurements have been done usiyg an AFM microscope sweeping
surfaces of 10*10 pm2 and 40*40 pm2 both at the centre of the structures
as well as at their edge (i.e. a zone where detachment is triggered). 5 In
a1 Flame adayis of prdinatesdpRMS Angstroms), the,barsdpdhe fiLstplang,
show the roughness measured for the S3 type structure, whereas the

cephmsindfie R ofid pHdrialepresenictghRESSintEsdredFb - eieiss agpe

strugtyre.; 10 |@15¥9&&e 2y gdiet d@ﬁ@ﬁ?ﬂ@é@%*‘”%&@&ﬁ‘ﬁn% slouchfe
is observed, especially for low spatial frequencies. Figures 3a and 3b are

PTEsiBSet RS diffaF fF 8ot bt FRtirén, atd fiiBRdtetRRFEGG oW o
allswaughaess obtaingd-acceklinghiothe prasgnt ipwentignJespectively {An
the centre of a structure and at the edge of this structure. Figures 3a and

pashHgwACoriTarisoh F IR BB Ydughness of a structure of the S3 type

obtained:-by 20dmplemeniing the inyerten-to thatel astaisiure of hanS4r
type obtained by a classic-process both at the centre  of said structures

WhEBure®3a) “HE Well'4s at thi&ir e FETRE 35) The Swelt SGIESERad©

* t ditaengionsvaf40*40pima 2 Sbcamhe ©bserved in each of Figures 3a
and 3b that the roughness of the structure S3 is less than that
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of the structure S4, especially at low spatial frequencies (in particular
when the spatial period is between 3 and 15 pm). 30 Roughness
uniformity which is better for the S3,, gtructure than for the S4 structure is
also noted (the 23 differences in uniformity between the edge and the
centre of the S3 structure are effectively attenuated). It is noted that the
process according to the preserELrR/leIQEon constitutes an original
approach which 5 allows significanttotughness to be prevented (in
particular at low-frequency). In this the invention differs from known
neaient AN CUANSY BINAGKEILIG! LINERENES 101k Wing

with a’'given réughness. 24 IMS 1. A process for producing a

a dulytturd eomprisidg acthindapsiusiisamicondacstor naderiakowabstrate,
conPsirate, (CQnRrsing ihcgﬂfﬂllgwg@aﬁbggqs: carrying out implantation of

species under a face of 5 a donor substrate from which the thin layer

¢ nuustbel madepso dsnol@ratetdroambiittiementizeneundke thickiress ob £

the donor substrate, placing the fage, of th%@f”%ﬁ“ﬁ“&a&%”rc'%%?s_t be
contact with a support substrate, a‘ﬂer it has und]érgone implantation,
detabhing tkre donoltsubstrate ¢ therembrittiehidnt erend; toztramsféma the

paqlqjﬁg% ggngrfs%ga&eoggtg g'{%%qplpg{tesubstrate and form the thin
the )

layer on
placing the face of the donor substrate in close

contact with a support substrate, after it Thas

undergone implantation,

detaching the donoxr substrate at the embrittlement
zone, to transfer a part of the donor substrate onto
the support gubstrate and form the thin layer on the

latter,

charactericsed in that:

e the implantation stage' carries out a co-
impiantation of at least two different atomic
specieg g0 as to wminimise the low-frequencies
roughnesses at the level of the structure obtained

after detachment;

® and the process further comprises a finishing step
comprising at least one. rapid thermal annealing
operation carried out 1in an atmosphere of pure
argon, of pure hydrogen or comprising a mixture of
argon and hydrogen so as to minimise the high-
frequencies roughnesses at the level of the

structure obtained after detachment.
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latter, 15 characterised in that: the implantation stage carries out a co-
implantation of at least two different atomic species so as to minimise the
low-frequencies roughnesses at theevel of the structure obtained 20
after detachment; and the process%urther comprises a finishing step
comprising at least one rapid thermal annealing operation carried out in

an atmosphere of pure argon, of pure hydrogen or comprising a mixture
of 2 argonT%’r?d ﬁ?&r%ﬁgﬁ s%gas(ig?ﬁ‘i{ﬁﬁésé“ ett%ShPf?eedi?e%i cLaim

cheotghnessesdt thenlevélaf thehstructuie obtainedradtetadetacment<25 es

The process gscfl%lmed in the Qg:c%gll cl mglcggractensed in that the

2.
arﬁycﬁgé Aand heflium gp%%:rllé BFe Complanted uring Eﬁg?mplantation

step. 5 3. The process as claimed in the preceding claim, characterised in

that said hydrogen an liym speci re.implanted sequentially. 4, T
Procias oo amEh I 118 prabodies Jlo. 1b (A aPer e pac L
chhelam ésribssidntéd béfoed-theatiytirdyah: 83 Ehe progedseds. chainseEinies

ar@N ‘ergﬁei g{lgéqimge?qﬁ%étggqrf}gtprised in that the dose of implanted
helium 15 is substantially between 0.7. 1016. cm'2 and 1.2 . 1016. cm 2,

and in that the dose of implanted hydrogen is substantially between
0.7.3016.cip g2, LALG U2 61 TG BLPCERS RAEIARELJnanY °0e Lln,
e
characteriged in that the helium is implanted before the

hydrogen.

5. The process as claimed in any one of Claims 2
to 4, characterised in that the dose of implanted helium

2 and 1.2.10%.cm’?,

is substantially between 0.7.10°.cm
and in that the dose of implanted hydrogen is

substantially between 0.7.10¥.cm™® and 2.10*.cm™,

6. The process as claimed in any one of the
preceding c¢laimg, characterised in that the rapid
thermal annealing (RTA) 1is carried out at a temperéture

of between 900°C and 1300°C for 1 to 60 seconds.

7. The process as claimed 1in any one of the
preceding claims, characterised in that said finishing
stage further comprises at least one operaticn of
stabilised oxidation StabOx of the structure obtained

after detachment.

8. The process as claimed in the preceding claim,

characterised in that said StabOx operation
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20 preceding claims, characterised in. that the rapid thermal annealing
(RTA) is carried out at a temperature of between 900C and-1300C for 1

to 60 seconds. 7. The process as clgimed in any one of The— 25 preceding
claims, characterised in that said finishing stage further comprises at

least one operation of stabilised oxidation StabOx of the structure

sugliained, aftes delachment, 30.8. The progess.as gaimed Inlhe preceding
claim, characterised in that said StabOx operation 26 successively
animspiérireatsome bridaton epératiodearx iakmiealing operativhand a
deoxidation operation. 9. The process as claimed in the preceding claim,
5 characterised in that said annealing operation is carried out during two

houf-at a MperarFe o arotind LELOBT! 10N TREPravessSiEidinflbinT.
ch@%09¢ pf Slams i, 10 { 9 chazagtgrised n hat; during the.fiyshing - 5

stage, the RTA annealing operation is carried out prior to the StabOx
cappérafionUtl. FhBigtecdsénsitrainRdan the prefeding e, b around
1 1 §haracterised in that said finishing stage comprises a plurality of
RTA/StabOx sequences. 12. The process as claimed in any one of Claims
7 to 9, characterised in that during the finishing stage, 20 the StabOx

operg§ion iggarrigdaut pHorLte the Rilke@nnealingpperations 131t 7
process as claimed in the preceding claim, characterised in_that said
toﬁﬁBhﬁB%ﬁ%ﬁ?&ﬁ%ﬁﬁQe&E—that' during the finishing stage,

the RTA annealing operation is carried out prior to the

StabOx operation.

11. The process as claimed in the preceding claim,
characterised in that said finishing stage comprises a

plurality of RTA/StabOx sequences.

12. The process as claimed in any one of Claims 7
to 9, characterised in that during the finishing stage,
the StabOx operation isg carried out prior‘ to the RTA

annealing operation.

13. The process as c¢laimed in the preceding claim,
characterised in that said finishing stage comprises a

plurality of StabOx/RTA sequences.

14. The process as claimed in any one of Claims 1
to 6, characterised in that said finishing stage also

comprises at least one simple oxidation operation, said

simple oxidation operation comprising an oxidation

operation of the structure obtained after detachment

followed by a deoxidation operation.
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25 plurality of StabOx/RTA sequences. 14. The process as claimed in any
one of Claims 1 to 6, characterised in that said finishing stage also
comprises at least one Simple oxidatioh operation, said 30 simple
oxidation operation comprising an oxidation operation of the structure
obtained after detachment followed by a deoxidation operation. 15. The
process as claimed in the preceding claim, characterised in that during
the finjshing e, the. RTA gperation is carried out prior to said simple .| 5
oxidartl‘it?n'. 16§¥$§e%%g§s%€sg§ai(f#eadl .‘Fﬁ%e Jprrleé%qd:fnéj clajm, *hg ctatm
cétraractefizdd friithatsaidtfinishigrstage ¢ormprises ssipiurglitgofige, the
Alsi idation seq 0 17..The process as claimed in Clai
RJ%% cﬁg]rg%(gr)iﬁé%% inqt%at, %%%(%%ﬁ%e fiRis ingpgrt}éag, séﬁa si?napjlé'EJI oxf’alaxﬂgn%e
O taelPaut prior to the RTA annealing operation. 15 18. The process as
claimed in the preceding claim, characterised in that said finishing stage
comprises a plurality of simple oxidation/RTA sequences. 19. A structure
produt@d byTHE precessss dainfeti P06 ahy ohkecof e pestisdingzlaim,
celaims charadterised in hat the thin layes exhipits asmall .o rises a
low-frequencies roughness, particularly a roughness m asuregl%y
PdwEedingYa ehriBlé opaonlap prs dadtiseantidiyeonssised between 4
and 5 Angstroms RMS. 25 ABSTRACT PROCESS FOR OBTAINING A

THIN.LAYER,OF INCREASED QUALITY
ﬂﬁ% %he process CQas claimed in Claim 14,

characterised in that, during the finishing stage, said
simple oxidation is carried out priocr to the RTA

annealing operation.

18. The process as claimed in the preceding claim,
characterised in that said finishing stage comprises a

pluraiity of simple oxidation/RTA seguences.

19. A structure produced by the process as claimed
in any one of the preceding claimsa characterised in
that the thin layer exhibits a small low-frequencies
roughness, particularly a roughness measured by sweeping
a surface of 40 x 40 pm?, substantially comprised

between 4 and 5 Angstrdms RMS.
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FeTates to a process for producing a structure comprising a thin layer of
semiconductor material on a substrate, comprising the following stages:
carrying out implantation of species under a face of a donor substrate
from which the thin layer must he, ;magdey so as to create an embrittlement
zone in the thickness of the donor substrate, placing the face of the
donor substrate in close contact with a support substrate, after it has
PEAGEIGEN E QR plARTRIGH, NdetAcHIHGNhé YRS SUbSIIRBRAGIED QUALITY
embrittler gie Qato the
support 0 erised in
Apthlat.c méilm[ﬂaﬁta‘iloﬁ%@adééé&@@bbl@ﬁ d’d\T ﬁﬁﬁb&ﬁl@ﬂoﬁ%@i%&ﬁl@ﬁ)
different atomic species so as to minimise the low-frequencies
roughnesses at the level of the structure obtained after detachment; and
the ploeessiitethiet eomprises agfinishing sepecofprising ableaduepayg a
st 3R thetmal.apy % ling;, gperatiop;$e,as tpngipimisg the highsfreguencies:
roughnesses at the level of the structure obtained after detachment.
mafFggral on substrate, comprising the following

stages:

e carrying out implantation of sgpecies under a face of
a donor subgtrate from which the thin layer must be
made, s0o as to create an embrittlement =zone in the

thickness of the donor substrate,

¢ placing the face of the donor substrate in clcse
contact with a support substrate, after it has

undergone implantation,

e detaching the donor substrate at the embrittlement
zone, to transfer a part of the donor substrate onto
the support substrate and fofm the thin layer on the
latter,

characterised in that:

e the implantation stage carries out a co-implantation
of at least two different atomic species so as to
minimise the low-freguencies roughnesses at the level

of the structure obtained after detachment;

e and the process further comprises a finishing step
comprising at least one rapid thermal annealing
operation so as to minimise the high—frequencies
roughnesses at the level of the structure obtained
after detachment.

Figure 1



