METHOD FOR OBTAINING A THI N LAYER BY | MPLEMENTI NG CO- | MPLANTATI ONAMD
SUBSEQUENT | MPLANTATI ON The present invention relates to a nethod for

pr oduci ngwve 284wased48r e conprising a thin |ayer of sem comdwaBmw4/nwseri al on
a substrate, conprising the steps of:1 carrying out inplantation of species
under a face of a donor substrate fromwhich the thin |ayer nust be nade,
SO as to create an enbrittlenent 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 inplantation, detaching the
donor substrat e METHED RORIOBTAINING A THIN bAMERBYVMPLEMENTINGr ansfer a

Payer “on the ©att £ O-MECANERTRM AP BOBSEOUEVE BB ANTATIG " " "

above-nentioned inplantation step. SMARTCUT(tn) type processes, for which
nore anple details can be found in the docunent 'Silicon-On-1nsulator
Technol ogy: Mat Sihieapresent & ntiobn tel@s itona  meihark dor predyaingCd istigeture om

the type aentPORERLs SnRImeT et shinicarbefs BoBsRlof Lol bR, o

t he inventiomhé:?g@bsmfpcesses advant ageously produce structures conprising a
thin layer of sem conductor material, such as Sed (Sem conductor On
| nsul ator) st ructeareéngadt inplaniatien ofhspeciesundesg asiaceciid 89ner swhsitain

Atpe el N S R e
under st ood to p&E@irAthe 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.



bonmbar dnent of atomic or ionic species, likely to introduce these species
onto the material of the inplanted donor substrate, with a nmaxi num
concent r avpanocaf32448e i npl ant ed speci es situated at a presetuBzopdds3dr om t he
substrate relative to the bonbarded sarface.But as it will be stated
hereafter, within the context of the invention, inplantation of species is
not limted to the here above nentioned conventional bonbardnent

i npl antati on nethod but al so extends to any net hod suitable for introducing
species into the donor substrate, and in particular extends to the exposure
of the donor subBktras 8§ wil be sitatednhersaitar,nwithint the coplexhwohttheringgriires. The

above nentioned inplantation ste ca e .l npl engnt ed by bonbardin

donor substrﬁpglagii%m@o ﬁr’rﬁP%‘??n h:i)ﬂ'"tlegpt?nﬁ@(ﬁg & 8 V%Ii'fnfaé‘?gﬂ?gatomc
species. A ca@aﬁ%htaﬁwm%raﬁqéﬁﬂnmp}&wtaﬂ@h aﬂéﬂfoUOButt Qfdénbﬁiéﬁd*sstot BRy
reduction by a factor of 2 to 3 approximately of the inplanted dose

relative to Mrthpdpsuilable ifominfodsickioh gpecies pbtapthe sissos ssubsiate, nandiige, |t

Venezi o, & BPrfAraREntinclon Ry Spebifh IR odt st RTa Moy

silicon-on-i @auiamlmlg the tmplahtatm dpaeieant ati on of He+ with H+", Applied
Physics Letters 72 (1998), pp. 1086-1088, that the coj rrpl ant ati on of

hydrogen H and e Pl @boMe ERiBioasdt inplanigtian dencBagnbeaimplemeantied otir
total inpl an?)@f'ri Stﬂet %Eﬁ:tg’r[]rraf@léhﬁ %)t i %nﬁﬁigﬁfhlm}‘[grtﬂﬂﬁﬁ%% gt T um

alone is inpla hIS re ansl tionin
i npl ant ati on dtfferent aitonfd m@bbmst nt\cmhmoaswwaata@ wftthlsoro@eimnlarmtiorh
structures c I.sin er on suppor t substrate i n 9ar%icu|ar by

thin |
means of 1& t e s LR WS BT (o g pe. anmsoEnat
co-i npl ant at irﬁﬁlaﬂf&ﬁ@é‘éé rdl AR e iffpiRatdn bhakilld g & dPties.

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.



format the bonding interface between the face of the inplanted donor wafer
under which inplantation has been carried out and the face of the support
waf er. Cewoanes/opasati ons (such as thernmal treatnent) cacmiiBzhoewd33o1f or

i nstance during a transfer process of3the SMARTCUT(tm type, may
effectively lead to the degradation of the bonding interface, this
degradation com ng fromthe appearance of blisters at the bonding

i nterface. Hence, when a SMARTCUT(tm type process is carried out, blisters
at the bonding interface nmay disturb the structural properties of the thin
| ayer whi ch has Heree, dbeach@MARTICUTEY sypeaproeees iccarnsied oulchlstérsatihat t he

| evel of the,blister ites, that i.s.at the. |l eyel of .the ndi,ng j nterface
and ot at ¢ RENRGINERach ST e Arirel Aradkrteeat ey tHoRYeT

transferred” wipae hadsed NHERRASHN BIERYE HSY TvRRdcsidalat dstabhifieheat shé o the
transferred thin layer. It is nentioned here that when a SeO structure is

to 3e Ipr Oduc\%hy’d ﬁhéﬁejbﬁﬂiﬁrsﬁjm ﬂ?’tés fﬁthﬂﬁe:@rr‘v]/ﬁ@fs@edmﬂdi@g inderfacesapémpot ci al
contact st ot 1o LEbBPInecerBbffiEerd sofe. IS GFRIRhcRbL FRadeERreBhEs or o

the final Se@hdsintréelubing: rdughnBss &b etridkturhiedefdty tb oth@ BanéfBfrelofhin ng
I nterface between the oxide |ayer and the support substrate. Structures

presenting nddyerransferred zones are usually rejected fromthe production

| i ne, and hens ¢gegr . 0 i [ ' ftd O ' r nd

voi ds have al soﬂb'ge'ﬁgﬁﬁosi%g%ret @]léggNrrh%% eét%én(?I ?ﬂﬁ@?tg%dlcsafgeg%f) p(gdn"?(’fe?'pﬁ%%t ation
step carri eddonbr bybstratk andy ogmprisé ol its @paarsapeifiell egiderlhyer Which ipt@bl em
is for instance encountered when Produci ng.a SO structure conpri sFi?(g%Ba

thin or Verybenplacedyattethesimplaptationqgetep: Mte riess cpaiash vdbothen §4p

refer for ing{gofsetS hE% M HrPBlrisd BBy 8~ALFHe final SeO! 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.

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.



application filed on June,
problemin relation to a Honly inplantati on and proposes a sol ution
di f f er entwbnoowaskas of the present

t akes place (for

6 2003 under

n 03 06843 which identifies this

i nvention) or when dipceaB208i6@30ibondi ng

i nstance when no supeérficial

oxi de | ayer

is present for

acting as a bonding | ayer between the Si donor and support substrates).
Let's consider a donor substrate nade of silicon Si which has undergone
co-inplantation of He and H atons. As He atons nay diffuse in the Si nmatrix
nore easily than H atons, it is believed that the risk of blisters

f ormati on i ncr eAsfist iMfietHedi sonisigis dntiegblantimgeHeoatohes Heaepémthamtleatosee. The
follow ng nethods are thus usually, carried t in order . tp,ayoid bl,jsters
fornation. A er']tﬁﬁl thﬁesﬁﬁer SHRsYR s()éﬁ{%f‘grﬂf%ﬁr{ﬁgdwra‘? agee%\é%c,:e HAGRT H
atoms wi thi nyihie, f59htaBHRT E;gltr%dg_starti ng fromthe donor substrate's face
under which inplantation 1s carried). A second nethod consists in

i ncreasi ng the A sesend method monsiste i) ingrpasingltheblyl dossotmpibe iviplactes, H
atonms/ cnR, CO rsqey bat h Ith SR th[ods can be inplenented jointly. The

ef fect of” t hBPE R o?lgopgeiQIS)st AR Mt-he table Table 1 here bel ow

whi ch 1epr esent &ficharsayS6idhese F@ho® cah belitipferfighiealGtips a
coi npl antation of He and H atons has been carried out according to the

fol | owi ng co-i nphenef@ctorl tmsei medheds is HlusbatecbbyHdeatable Tabla Z. heilss/ cne;

of “H atome. iR PR Ek Rl 85 &fRe THBRG- I oIB SoteibeBy’a oo-2 17°°

i mpl ant at i onjraplahestiod§ o Hkevid Fabtend 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?);
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.



X 1In the I owest row, corresponding to the snallest He inplantation energy
and thus to the shallowest He inplantation depth, blisters formation is
obser ved.wblawevses4as He i npl antati on energy increases (ReThB200god3R0S

i mpl ant ed deeper), less blisters formation is observed. In other words, the
deeper He is inplanted, the less blisters formation is observed. In the

| eft-hand side colum, corresponding to the | owest H dose, blisters
formation is observed. However, as H dose increases (see centre and right
hand side colums), blisters formation decreases. In other words, the

hi gher the H dodm both rhékholdss shélH smetastéd megionois reganthsd rasedctimg last &

met hods, the H,i Ianted region is arded ctin et.t er| re I on
or barrier m3ettRY 9tf69'8§s%%é"f% rma% qﬁ?ﬂgllyﬂgl&?ﬁ‘ﬂéjl e °
bondi ng i nt efd\R8@Is the Uggﬁamgom%i-feﬁgove the donor substrate is det ached at

the level of the enbrittlenent zone created in its thickness by the
i mpl ant ati on st &s men’a@wed)abwmstherdmopaubstnatet|a@le¢uarrimd aluthetleveleofdheo t he

support substr and to formthe. | ayer on.the |atter. The
apoeiti cad i orgRugEnt S E el i i riefeG Bk dbian sl snamde (o a
transfer progepsfericharddf thedShSBSlite oRIPERSSUPHRL SERFAS landuefyrmat ri ct .
The surface roug{;ness and the thickness uniformty of the thin |layer are

i ndeed par andh@tin idieconitbedattesi t ai n extent condition the qual ity of the

PPt o muo N oreeBaRbAE b the Suirate, e o W€ strd Bl b P oRE S "
thus to carryo @uraridier provesstsachas meeswmwmutr@mdces@&r@@lehagallytvmssl bl e
tolimt the roughness. This need al so extends to inplantation conditions

that al | d% olstrigt: nTh@ syrfeRe foraleess\and he fnigkhrsss uulmrmﬂyn«i)ft the thins [avespl e
for the ai med appldcabd@fteters 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).



that is to conditions that allow making the thickness of the thin |layer as
much uni form as possi ble. The table Table 2 here bel ow shows the surface
roughnesswoeasumsedsaft er t he detachnent step has been cacriiBzhoeodsdand t he
resulting structure has been subjected to a RTA (Rapid Thernmal Annealing)
adapted for gunm ng out certain roughnesses by surface reconstruction. The
co-inplantation conditions are the sane as those exposed in relation with
Table 1, and as for Table 1, the Y axis represents the He inplantation
energy (in keV) and the X axis represents the H dose (in 1015/cnR) . The
surface roughness has nore precisely been nmeasured on a surface of 10 x 10
mrcf swept by the point of an atomc force m croscope AFM and i s expressed
by an average quadratic val ue known as RVS (Root Mean Square).Table 2 Y X
It is apparent fromthis table that the two conditions limting the
roughness are those underlined on the upper part of the left hand side
col uim. However these conditions result, Tableshown in Table 1 in blisters
formati on. On the Qqt her—hanre; copdi-t-oRS—F-egti--rg—te —3+-e+9
5%3Hness ﬁc

formati on are condiltijons vﬂﬁch dpes &&—Ilm . as |t he
conpari son of Tab\lg armd be— | ear ertal n i gglantati on
condi tions that regulft 4fqi|le bept gﬁ%mey 5Pgad tio tthuESrE]ldeS| red
blisters formation, and regq prochl |y gcemdi tijons 5,I73t avpi d hlisters
formation may resullt lin poor rouphness

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



It thus appears that surface roughness, uniformty and blisters formation
cannot be controll ed separately. Hence a conprom se has to be nade between
t he best wondeddazens (i npl antation energi es and doses) fecTrasmodbosgoibl i sters
formati on and the best conditions for7both |imting the resulting surface
roughness and obtaining a suitable thickness uniformty. But by carrying
out such a conprom se, one understands that it is then inpossible to
produce a structure having an optiml surface roughness and uniformty for
which at the sane tinme blisters formation is optinmally avoided. There is
thus a need ffor avoigingodlisiers plootatomgarad ithghinjplaniatipnsconditions: foorhwth si ng

a thin layer of semniconductor terial on a su ate w rom se
bei ng made i n"PENG; tha %ﬁs%%!é a?q’léoﬁ‘gﬁﬂ%%ﬂquh{ad%'Hgl?|Sb'ﬁ§¢’l881h%§§ ng
blisters forn@ﬁ,fd}pm@,nd the inplantation conditions for both limting the

u

resulting surface roughness and obtaining a suitable thickness uniformty.
I n ot her words, lnhetheriwordsnéeerefisra acsdtfhoa methgst faruwodyciagsa sirociure

conprising a thin.layer of sem copnduct.or erial, on a subst I.ch

o ecents St GRNBHRBS: i, TR BE 4B PRRdRIST SFtafflofn°d SR WHET,
surface rougfm%%én@éﬁ%tameogbmaalturﬁén@Hmﬂﬁeﬂ wisfeps MofrMatid andeptichal fdw! the
above nentioned need, the invention proposes, according to a first aspect,

a nethod for wnfﬁmmt@m%sm@tan eptimab l@iﬂﬁ’gsaln!fﬁfmlwayer of sem conduct or

material on a sybs u

I mpl ant ati on ost g@%fe uﬁ@ %ng‘é E%nigﬁgioﬁésub raﬁvg‘?[r glmtp X% he
thin |ayer m@cd@amgat@ea fisst apelct, & hehed for motuting! £ B8R 0EUE® BOMIpRisingea

t hi ckness of the donor substrate, placing the face of the donor substrate

into close cdhimlayerof Remierrphisior @at%tal aﬂ@ sufistiate. gomprisie ihe gtens of:
| mpl ant ati on, gér‘?ﬁﬂg%tt 19306 BT CuRer 892l E¥Fla 8bndEubstrate

enbrittlement zohe
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

15 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 :

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 donor substrate,

« a second implantation operation consisting in carrying out an
implantation of species according to second implantation conditions

25 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

30 said first implantation operation towards said face of the donor substrate

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



as to transfer a part of the donor substrate onto the support substrate and
formthe thin layer on the latter, characterised in that the inplantation
step conpwD2es/a3294a first inplantation operation consi sSPCmgB2004/0@8301yi Ng out
an inplantation of species so as to cBeate said enbrittlenent zone at a
first depth in the thickness of the donor substrate, a second inplantation
operation consisting in carrying out an inplantation of species according
to second inplantation conditions chosen to create: - at a second depth
different fromsaid first depth so as not to affect the detachnment that has
to take place at Préfertesl délut ofion hrestrictivé tformseat the rmeetitods aicdordingstto dibyet h, -

a gettering regio reventd the diffusion of species inplanted during
said first i z?rqﬂgﬁia&ﬁ a(?pfgﬂ&(\’?on towards said face of the donor substrate

under whi ch iaphtiét fAplantSfs igpration chRube! hérfdrnit MefSieebs after the
formation. Preferred but non restrictive fornms of the method according to
t he i nvent i onsaeendimplentafign conditien;fi rst i npl antati on operation can be

perforned beforg ot af. e A plant at i or ition. - . the first

I mpl ant at i°on opg}ea? 'rsgn'hﬁgﬁﬁ%goéa‘?@%}gﬂégpd?ﬁa%%&aﬁ]i?%g%pg app&@i[un%éé Rﬁta?ﬂ'at i on
condi ti ons chigagantation ewiditiond thodert icorder i@t DFASS réiighricsdaon a
suitable thickness uniformty of the thin |layer to be fornmed onto the

support subst®@Btadn g sitatie deisknsgssoenifaylyfitbeitbindayer i bedoreed apicatheat i on

conditions al ] Lt ' QA4 E T i on
condi tions Ca%ﬂig%&ghstg;bg#ai% 'E‘rB%Q?Fe‘&és'if%ngﬁ {‘%ﬁlgkaé”°ﬁ“§gﬁe§aﬁﬁ‘§fg’sgl ag{ebttcrcamd
dept h di f f er eobdnditions aHlodirfg toslimid eflisters foramtion to affect the roughness

limtation sought by sajd first. inplantati on conditions; ) i
10 e g{he secon mplantaﬂon%n%ltlons 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;



- the second inplantation operation can be perforned either by bonbardi ng

t he donor substrate with the species to be inplanted or by exposing the
donor subsOrat3t@sa pl asna contai ni ng said species. - wPrhe/Boi/Ho3BE Wween
said first and second depths can advant ageously be conpri sed between 50 nm
and 150 nm - the second depth may be |ower than said first depth; the

met hod may further conprise a thinning step adapted for renoving a part of
the thin layer conprising the gettering region and /or an annealing step
adapted for curing the gettering region; the first inplantation operation
can conprise thOfaopursg) e atiembioaf alad rekdes, acgordingfteraesecepkaspsct, kuch as

the Hyd d Hel i ies; . Heli be .i mpl ant.ed bef d
dur i ng. sar'd 19 STURHETam AR 1By DHENEE (8 560T HeUHHFS THIgH &ADAY SR ot i on
can conpri Setﬁé?ﬁ(s'tggh@%éiﬂdwa&orair@ fo%the freesdRet oftHehindéntidie Hydr ogen

species. the seco I npl antation operation may conprise the inplantation
of only the HydQigencbaratieristiganpspresiessad est bé thevievention ailso

rel ates, according,tg a second ect, t.o t tructures, and in particular
to Sed sfru@f’B?@gTo cRAEEN Bﬁ@%&%ﬂ%ﬂgtﬁﬂ@ ﬂssrt;r. 'O,QetVH@’UF &%8&9 ng to
the first aspRehn@éxdd@rawiRpt P%né?sh@h rEéSIAEEMGS 8XarhbiesSin WHIcRoses and
advant ages of the invention w [l appear to the reading of the follow ng

detai | ed descripfigeie, Wi repiesepisttheo aomsentiatiar drapesilionysof §he esPe@iesion
et e o RSB it B b S ST BER AR e
substrat e accor dppsfefrecieinbodimenedetheddventurgi ment of the invention; -
figures 2 and 3 provide an exanple illustrating the inprovenent
10 - Tigures 2 and 3 provide an examplé 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



brought by the first preferred enbodi nent of the invention. As it has

al ready been exposed, the invention relates to the inplantation step
carried owmD2dewi3zegyst he production of structures conpri siPog/aB20kDeB3b1ayer of
sem conductor material on a support sWbstrate, the thin | ayer being

obt ai ned by detachnent at the | evel of a donor substrate previously
enbrittled by inplantation of species. The invention can aid in inproving
the quality of a structure obtained by utilising a transfer process of the
SMARTCUT(tm type. The structure can, in general, be any type of structure
conpri si ng actdaite thagerbritflermeskemonenaiuatiivst daptr inatheothicknees fofidlee eloposed t o
the external environnent (free surface). In a non restrictive way, the thin
| ayer of senPeRHtAIBtor material can be silicon Si, silicon carbide SiC
germani um Ge, sili E ' | [ ' i i The
substrate support ngﬁrgg .rﬁngggk%qég icﬁ%r%ﬂbgi éﬁﬂqﬁ{f??ﬁé@{]ﬁé Ilrﬁglgptlgg Caoxi de
f:an al sohbe singkr specesedr by chémnplanting at seggidwo diffiérent apeciasd t he thin
ayer, the structyre therefore fornmed being a ,Sed [ Sem conductor

| naal ators ot ruct LR, IranRIRNEHAN BREIn Se RSPPTBRCGE Sl by
structure. ThEhnfihGtha! ioerS fRfe a6 Bl ddhdr Osiistralt8 VieN bh Ol nkO BPT tbRfic &
first operation conSisting Iin carrying out an inplantation of species so as
t ocreat e t hebembardmestrmitby eny athex meass sidlpble far intredueing leResiesonte he

donor substrgte., The first inplantation operation can be perforned by
i npl anti ng aﬁkﬁq@rl’ %“;S’&Erlateg or by co-inplanting at |east two different

speci es. The firsiy ijmebRiHrRll WKIPPET filst Opreféried cemBbEMemd of cheenidtioodl | y
by submitting the upper face of the donor substrate to an ionic or atomc
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.



bonbardnment, or by any other neans suitable for introducing species into
the donor substrate. In accordance with a first preferred enbodi nent of the
met hod acwordeeng2448 t he i nvention, the Hydrogen and Hel PamIBmeeCH@soiar e
coinplanted in order to formthe enbriittl ement zone. Preferably, though not
exclusively, co-inplantation is carried out by sequentially inplanting

Hel i um t hen Hydrogen. In accordance with a second preferred enbodi nent of

t he net hod according to the invention, only the Hydrogen species is
inmplanted in order to formthe enbrittlenent zone. During the first

i mpl ant ati on opétoateéven, asheoi opinpromaiseomasotmben anadé¢ cdrl &w fimpdantation
co-inplantatio ondi t are, adapt ed for mal obtaining a, oo

qual ity thin PQQ'g’Pnft gﬂ'ﬁs firRlt %P?Riﬁj'qnl lﬂpter"%éof‘hethé[ﬁf'écea§ o'%&HHg and
obtaining a %)\%\h&%lg éhﬁ&k@%lgwr"s%ﬁytf&rﬁf be"t‘nétBhEe'lﬂ%/&ér)tHeOaéﬁorf ®f med
onto the support strate I nstance as indicated in Table 2 here
above), i ndep\kﬂder\ifdrynstfancarﬂa atmas ) diftusing, aundey thermablastivatiormntovands t i ons

whi ch hel | Nols av0|d| ormation. In relation with the
first pr e?erﬂé ‘é‘?f%gﬁia‘l&ﬁ&' a'gtﬁaﬂfoﬂ"?rf"r"% "the effect exposed in the
applicant’s Frencly p@m@ﬂttoara%iopathlsorblfstérgdf@ﬁnd%.y tRE FRPRNEI/Y dlep
0309304, according to which co-inplantation of (a | ow dose of) Helium and

Hydr ogen resacegrdingitorihedmygniion canoprises a seeandgdmplapiabiomepesatian.a r api d

Lranster of thi n Taperectf e RaiTbHERLOR b e BERREREE T Bttt 1T

transfer fol howopgehtignaanirapladtativ, ( thehi ghedr dasterofPeihy dsabpitted to a
al one. However, as no conProm se has been nade for the i npl antation
?

condi ti oné obombasdmenter spAgiemt ati on operation, there is, as mentioned
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.



previously, a risk that blisters may form for instance under the action of
atons (for instance He atons) diffusing, under thermal activation, towards
t he superwoeb@lo3ewgi on of the inplanted donor wafer. | nprPardszoot/eo3amoi d this
blisters formation, the inplantation Btep according to the invention
conprises a second inplantation operation. This second inplantation
operation nmay be perforned by carrying out a conventional inplantation, the
donor wafer being subjected to a bonbardnent of species. This second

i npl antation operation may al so be performed by carrying out a plasm

i npl ant ati on wherhe hgladiation slobst ohtthis seerpdsisviptantatiopn agperationt é ni ng

t he species. This I ' . d facili bondi ng.
cecond I ARSI a6 B Q05 dESaRAR: RIBPbht BN TEGhdT1105ns
cal l ed seco I i
%méreﬂrﬁﬁrﬁgy&gggﬁﬂﬁui éﬁgtglti%h fRYERRrdthcg defd@s wathil tisedengr dept h

different fromsaid a ering region preventing the
di f f usi on of ssipstratesn ampifficieriddensityrfor said datiesingi r;giom taeich as sheetdgrinth

towards said facg of the _donor substrate under which nplkantati |
carried out, st oraths SRS, sPapesr armiaten, aldhEnshEE Ity Mokt dept n
is differentoppeiphhe first selected depth, the desired detachnment (at the

| evel of the enbrittlement zone at said first depth) specification and thus
the expected surfZbese duglantaiioraeenditions enesgyirdase hihup afow Hae Pipgkingy er

thi s second PHEPAERIATDRLrae et Bk aIt "af Foct the roughness I m tati on
and thi ckness ufy Egshrataonsiguedtionbihd bettériny eegien icarn bersdien ansctifg tlsea f i r st
i npl ant ati on operation.
10  barrier preventing the diffusion of species towards the superficial region of
the implanted donor substrate.

In accordance with a preferred embodiment of the method according to
the invention, only Hydrogen 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.



The inplantation energy of this second inplantation operation is

advant ageousl y adapted for said gettering region at said second depth to be
cl ose to weai2dosskwstt| enent zone at said first depth. Thecrmpleanv@soion dose
of this second inplantation operation3is advantageously a |ow dose (for

I nstance typically |Iower than 1.1016 atons/cn2 for Hydrogen) but enough for
generating defects within the donor substrate in a sufficient density for
said gettering region to act as a gettering site for the diffusing species
inplanted during the first inplantation operation. These inplantation

condi tions (eneHgncedssthe Hrrdy ahplantation tdgiorkiahg sfcondesdiestaddepthvismat i ve

L1 ons {enehenc 4 . . :
sben o act | AGSRSIPUHID e RBUWRTIAN, ZPRE: ad Tue ronEnoL HodBe8 Ealts « ne
super fi ci al H%%c‘?é“inoé s%nﬁ%iédi%a?rﬂ%#foﬁi@aﬁfcﬂ %gaséét@riﬁg_diﬂé R G deeeeomist h a

preferred enbodinent of the method accor to the invention, only
Hydr ogen is itipbehewat that Hegdifasiondewards theplagatadthe doppesules tate under

novever 15 bt daplardtah i tritad o FCPRYERRY, Al Bty dErifton: k5 16y

of Hydrogen; |igfifegr speci es such as Argon may indeed be inplanted during
said second inplantation operation (Elreferabl y, Argon is inplanted at a
dose subst ant i alsy msasiipned eabas; vibenHionlp 19etistinda feoian 1189 vapiadeorsor di ng

L0, a0, a0Vant pReRus UARA R el by gL A o] B, ZOEnEoRich bEme
| ocated in tlenbhicaksese @iddrhehidariamplanthton & earred)adomben solid detberingf t he
donor substrate under which inplantation is carried and the enbrittlenment

10  region effectively acts as a barrier.

Returning to the description of the method according to the invention,
once the thin layer has been formed onto the support substrate, the
gettering region remains within the donor substrate 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.



zone. Returning to the description of the first preferred enbodi nent of the
met hod according to the invention, sone Heliumatons tend, under thernal
activati onp 20@/ded48use. Those He Atons are gettered at trhe/TEB0@0I336I t €S
caused by the Hydrogen inplantation ceérried out during said second

I npl antati on operation. Hence as the Honly inplantation region at a second
sel ected depth is close enough to the enbrittlenent zone, and the inplanted
H dose creates defects in a sufficient manner for acting as a gettering
site for the He atons, it is believed that He diffusion towards the face of

t he donor subst Pegferamigdly, ine c3hift niwhicit amayrbe Jot dnstapde odefinesl @msethent ed

d blist f t is ljmted. tjoned abpve,, th | tteri
Fegion i s adtiBeBaRYe S rideakel Her G FRE Brorrcert S Bhe: on
the side of gbeptised betwb&e SA0MArarkl P50 Mg esd i ithehjetteringegivirapiotire 1 s

carried, so that said getteriur;? region effectively acts as a barrier.
Ret ur ni ng t odees npésagvantagaousty onerlartthe dayeic raiPndheb wihserye @s then, once

the thin Jay d onto the support substrate, the gettering
regi on regmai ﬁéef@fﬁ#ﬂﬁﬁ{ﬁ”é?%or substrate if said second depth is |arger

than sai d firstTHefirst prefareed embbéditnentidiitiie iisthddiagcd@iiey td thienadestivrt he
support substrate if said second depth is lower than said first depth. The
met hod accor i $arsaticadly; ilsirated byneiguradt weichcigpresenie thacoaeetraliit er, a

Lot T "t CRATRE R PRIV, REheDlhobe SBETalf Xy Bifgpho <ol
i nfl uenced byn;slaﬁtdadgmjacfmsi.ng region. Such a thinning step may be carried
out. accordi g & 0 S PRRlERla S SR R AP FLETSEh B S
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.



oxidation, a (dry or wet) chem cal etching, etc. In a nore general way,
this thinning step may be applied after detachnent to the transferred | ayer
or to thewdanawo3zuBstrate as exposed for instance in paremtiBzpopbissat i on US
6 720 640. The method according to the invention may further conprise an
anneal ing step performng a sinple annealing (in a furnace or by performng
a RTA at a tenperature around 1, 0000C) adapted for annealing out the slight
crystalline defects induced by the second inplantation condition, thus
curing the gettering region.Preferentially, the shift (which may be for

i nst ance defi nefihasfollbwindj sdldecEaliiet vreoapihidataspinek implastatioancomditiéng st and
second depths is_conprised between _50 n nd 150 nm so that the gettering
regi on profiP§§%8%§” 69058&§HP Eﬁégl@“£$2rlap the layer region that will
serve as the useful final thin layer. The first preferred enbodi nent of the
met hod according to the invention is schematically illustrated by Figure 1
whi ch represents the concentration repartition wthin the thickness of the
donor substrate of the different inpl bﬁpsspecies. He and H atons are
co-inplanted during the first inplantigron—operation and are distributed in
t he thickness of the donor substrate accorfling respectively to gprve C 1
and curve C2. so as to create an enbriftlehent zone represented by
referepce Ez at depth z. H atons are then | npl anted durdiSkeM he second

i mpl anf atian operation and ar &lefinrplantsiead|in the thig of the donor
substr a?ESHHPig@?ﬁa“PBGE%W C3. Arrow A rebpresents tﬂeg'gﬁﬁ%@i on of He
at ons, | ungleyHtdRemhniztieal "eNt, towards the gettering gXjg\eonstituted By
the sefond H-only i nplantationH implantation 10"/om?
cm

20 keV

Second implantation operation (H onl None
P P ( Y 0,5.10"%cm?

implantation)

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.

10 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,

15 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

20 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.



operation, so that diffusion of He atons towards the zero depth region is
avoi ded, blisters formation being thus prevented. The description hereafter
ai s at pwowoah/osgo4exanpl es illustrating the inprovenent PoraBziot/0d@got he

met hod according to the invention. Inéa first exanple, a first SO
structure S 1 was produced with an inplantation step consisting only of a
co-inplantation of He and H under inplantation conditions known for
resulting in the formation of blisters. A second SO structure S2 was
produced accordingly to the first preferred embodi ment of the invention,

t he i npl g_nt ati ot 'tstﬂrﬁuscapmrehi frgm this dirsbbekamplen treti the opghaes®caonber t he
sane conditions as the cojnplantation eration _of .the first SO, structure
angI of - a sQRYBREhPY the mpiaatatign Q%‘Qﬁgln?cﬂf tg? f'ﬁtdefﬁ“Fﬂ{éOfquPo(m Stabl e
Tabl e 3 recapityl the:d At i di i f Ul

struct ures. sor g G SFipRneRoR) YARGREChiBRE o LRSIeS may e hIed

i npl ant at i on tisareksate chel sécdridll Amplentatien Htep- (hepe anotablyoby Blodking tthe

B 10161 ciie CHBISAT 8 Bt 188 SRE00H b rablen R g hloy Bor P PREAHSP AP cct e

to a classicghe fihftfinnthus allows not having in particular to make the classical
compromise between implantation conditions avoiding blisters and
implantation conditions limiting the resulting surface roughness and
obtaining a suitable thickness uniformity.

10 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



step conprising an annealing treatnent, for instance as described in the
applicant's patent application FR 0309304 al ready nentioned above io Figure
2 represandtdms2938nber (al ong the vertical axis) of bliperaBmofn@peiesent ed
as circles) observed after structurest’S 1 and S2 were subjected to a
classical finishing step conprising an annealing treatnent. It is apparent
fromthis figure 2 that the nunber of blisters are significantly | owered
for structure S2 conpared to structure S 1. |Indeed, 15 whereas the nean
nunber of observed blisters is 11, 2 for structure S 1, the nmean nunber of
observed bl i $0&10s uin® AFM eohly rbvealstr acbugen&® psddwcas aafewraigsiones a
possi bl e enbodi ment of the invention. Figure 3 represents roughness RMS
val ues measuRPfor structures S 1 and S2 by a 10*10 n2 AFM scan. It is
apparent from t ke [deidraiy3 sbBaking the? JuieHBBE RS pitictilar LSEON streturss
identical to that of” structute S I. |Indeed the nean roughness of structure
S2 is 50.7 atmstrasstiviirahi $2 andaB3pf olteinadt thanks to the 20w degetibets

RVS. It is thus arent. fromthis first exanple_that ugh n be
opti i zed® by HEHBoT BT ANEHH TBBaNET SRsCarrEraay ArpuPiphet EHRRRR 67C, (i n
this case a Hehpap-iiP! APiaitan) stBsiatibie dufipRsebdivesh ess amy 66
limted thanks to the second inplantation step (here notably by bl ocking

t he di ffusi oang$trédsat t he second H inplanted region). The met hod according
to the invention thus allows not having in particular to make the cl assi cal
conprom se between inplantation conditions avoiding blisters and
inplantation conditions limting the resulting surface roughness and
obtaining a suitable thickness uniformty. In a second exanple, a SO
structure having a thin layer of buried oxide was produced according to a
met hod conprising a step of oxidizing a Si substrate for formng a 200
angstrons thick superficial oxide |ayer.



This SO structure S3 was nore precisely produced accordingly to the second
preferred enbodi nent of the invention, the inplantation step consisting in:
- a fist wopbewisag4son operation of H only and of - a sulpseEqamwot/o®aciond

i npl antati on operation of argon Ar oni8y. Table 4 hereafter recapitul ates
the inplantation conditions used for producing structure S3. Table 4 After
detachnent, very few blisters were observed and a 10*10 nm2 AFM scan

reveal ed a roughness of approximately 60 angstrons RMS. Structure S3 was
furthernore subjected to a classical finishing step conprising an annealing
treatnment, for instance as described in the applicant's patent application

FR 0309304 al ready nentioned above. W AFM scan reveal ed a
roughness as | ow as a few angstrons C general |y speaking, the

structures, in particular Sed structures (such as structures S2 and S3),
obt ai ned thanks to the above described nethod, exhibit a small roughness,
and parti cul dr| Methodudbneprodusingal ad shyciureo*camprising ARV thiran layer — of

substantially conprised befween 35 an 0 angstr. T IMS 1. Met hod
for produdi néea"é?'?‘i}tf_??f_r'@at%ﬁﬁf’ﬂa ﬂ&sgra?%ﬁ? %%ﬁgg?e EEIQI conductor materi al
on a substrate, cafYiNg 6liNEnplARtaSibRRST YPeciesCandyi 8Facs lof iaTabAG subsiratef

speci es under a facCe of a donor substrate fromwhich the thin | ayer nust be

made, so as t &roon adiich the thimlayver neuside made, pa asHe eraatecar sambrittiemedonor

substrate, plagin hg .f,ac trate into close contact with
a support sub&PP&t Fﬁ%ﬁ'g&e:%?%&é@&gﬂg@?g bnszrléll?iéfpl antation,

« placing the face of the donor substrate into close contact with a support

10 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,

characterised in that the implantation step comprises :

15 . 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

20 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

25 during said first implantation operation towards said face of the donor

substrate under which implantation is carried out, thus limiting blisters

formation.

2. Method according to claim 1, characterised in that the first implantation

30 operation is performed before the second implantation operation.



detaching the donor substrate at the level of the enbrittlenent zone, so as
to transfer a part of the donor substrate onto the support substrate and
form t he wbiznoday®s on the latter, characterised in thatctrhs2uomwpi3act ati on
step conprises : a first inplantati ol operation consisting in carrying out
an inplantation of species so as to create said enbrittlenent zone at a
first depth in the thickness of the donor substrate, a second inplantation
operation consisting in carrying out an inplantation of species according
to second inplantation conditions chosen to create: - at a second depth
different fr@&m datHodiacsordieptdicleimat oharacteriséd ércthat tibe dicstdotpleratiomat has

to take place at the |level of the enbritt]enent zone at said first depth, -
a gettering P@&f%f?np'ﬁé\%fr%fmﬁa a&tﬁéﬂ?ﬁ ??%Jo'mrﬁ?méﬁ%ioé’?rqtm'ant ed during

said first inplantation operation towards said face of the donor substrate
under which inplantation is carried out, thus limting blisters formation.

2. Met hod acdor dllethod mocbeding 19 ackamecokthes prgcedinchelainagiectiaragterised in
i npl ant ation

operatipn . is perfarmed before.the o] [ dat i, ong
operation?3. t ﬁ@%l_ ﬁr(,s&_o ﬂ@taﬁB”cPB?Fﬂ“i’,” d%a?%@?ér .ggédg?‘#??@'@t t‘?hgrsili rst
i mpl ant at i on BRIt corfditRsHsf HoxeR iafor@sr folnis BosEHAdEloughAats®aNd to
operation. 4. thod according to any one of the preceding clains,

char act eri se®btaintehstitabie thigknassi unioamityof dhe Spedaxarda hesfosmed; ao doe

Sur tace roughedt PRy R AhuSReARRly LRI dRfne 2 BRAGe e ation o, 1
| ayer to be feeharidnemilowirtetosinmpblidtersfostatibe, | ndependent |y of

considerations relating to inplantation conditions allowing to limt
bl i sters Pornation.

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.

15
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.

20 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
25  that the shift between said first and second depths is comprised between 50

nm and 150 nm.

9. Method according to any one of the preceding claims, characterised in
that said first and second implantation conditions are chosen so that said
30 second depth is lower than said first depth, the gettering region being thus
located in the thickness of the donor substrate in between the face of the



5. Method according to claim4, characterised in that said second

i npl antation conditions are chosen to create said gettering region at said
second depOhoaidtasent fromsaid first depth so as not traTaBioewbossBéie
roughness and uniformty limtation s®ught by said first inplantation
conditions. 6. Method according to claim5, characterised in that said
second inplantation operation is carried out by bonbardi ng the surface of
t he donor substrate with the species to be inplanted. 7. Method according
to claimb5b, characterised in that said second inplantation is carried out
by exposi ng tibeordsulsstrate hsideatvehitio impldraatien ¢oonasicdi and the espyiilexment be

i npl anted. 8. Method according to any one of the precedi ng clains,
characterise®i$ that the shift between said first and second depths is
conpri sed between 50 nmand 150 nm 9. Method according to any one of the
precedi ng clains, characterised in that said first and second inplantation
condi tions af@. Metisehascortding tosclaiin Se chathctrrjsiend indhatghburthaiomprisgsta r st

onor subst - guany Beb Rt o1 Bracfo B B U AL SRR e
i mpl ant at i ongkfie®®y Fdgigh.and the enbrittliement zone. 10. Method according to

claim9, characterised in that it further conprises a thinning step adapted
for renoving a part of the thin |ayer conprising the gettering region. 11.

o o accor 6 O S0 3 B0, 0 LSRG T e
region. 12. }piedoatedidttarimeding w6 adhptdiefop cadegltheggetterimpregion.

characterised in that said first inplantation operation conprises the
co-inplaMation of at |least two different species.

12. Method according to any one of the preceding claims, characterised in
that said first implantation operation comprises the co-implantation of at

least two different species.

15 13. Method according to the preceding claim, characterised in that said first
implantation operation comprises the co-implantation of the Hydrogen and

Helium species.

14. Method according to the preceding claim, characterised in that Helium is

20  implanted before Hydrogen during said first implantation operation.

15. Method according to any one of claims 1 to 11, characterized in that
said first implantation operation comprises the implantation of a single
species.

25
16. Method according to the preceding claim, characterized in that said first

implantation operation comprises the implantation of Hydrogen only.

17. Method according to any one of claims 12 to 16, characterised in that
30 said second implantation operation comprises the implantation of only the

Hydrogen or only the Argon species.



13. Method according to the preceding claim characterised in that said
first inplantation operation conprises the co-inplantation of the Hydrogen
and Hel i vwop@unizests 14. Met hod according to the precedi RgTABZI0WDP03301
characterised in that Heliumis inpl aited before Hydrogen during said first
i npl antation operation. 15. Method according to any one of clains 1 to 11,
characterized in that said first inplantation operation conprises the

i npl antation of a single species. 16. Method according to the preceding
claim characterized in that said first inplantation operation conprises
the inplantation of Hydrogen only. 17. Method according to any one of

clainse 12 to 16, characterised in that said second jnpl antafjqn operation
conpri ses thd8i Maithed a@‘?‘%?_r'id‘GQ th‘i}améi!y(?ﬂ@ er(ﬁedpﬁﬁyﬂ}ahe )@Eﬁﬂ?% IS _
speci es. 18. l\%lgﬂfédagﬁfs?rg@gﬁgi 58 @'irgpl%tat@hab@&ﬂa‘ﬂ_ bhsé?cda'dgsbha%/ewm@gen I's

i npl anted during sal I nplantation operation at a dose |ower than
5.1016/ cn? ob.14'Yomzics Argphastimplanded dyrisgisaidsecont Impleatationi eperafien at i on

at a dose_substanti al conpri sed bet n 1.10144cn2 a b cn2. 19.
Structure® | ﬁ%%?cﬁ&‘k’é‘a'ﬁgﬁﬂ 88%'8‘?6%@49?@1}3%#8?‘ @ggﬁos&}ﬁlct ure,

obt ai ned thanks to the nethod according to any one of the preceding clains,
characterized in that the thin [ayer exhibits a small roughness,

particul arl y18. Btugtures é rpsaticilad Sgmigonducton Omripswletars&aO!) st i al |y
conpri sed between adﬁg ngst r. % 2Q. . | r i Str
obt ai ned j usP '?ee(f%pﬂ'gk? Itz’ﬁt ﬁﬁtﬁéﬁs r%'ﬁatlﬁ)eghgt gﬁ% (g‘t:?'oer (tﬂrllr%(gé(#@)&any
one of cl ai mg|gimt0 cRafctéibedne thht ehaithith 1&/droext@ibits a small roughness,
10 particularly a roughness measured by a 10 x 10 um? AFM scan,
substantially comprised between 35 and 60 angstroms RMS.

20. Intermediate Structure obtained just after the implantation step of the
method according to any one of claims 1 to 9 or any one of claims 12 to 19.

15



