WD 2006/ 032948 PCT/ | B2004/ 003301 1 METHOD FOR OBTAI NI NG A THI N LAYER BY
| MPLEMENTI NG CO- | MPLANTATI ON AN D SUBSEQUENT | MPLANTATI ON The present

I nvent i onwieloaé/e8e4s0 a net hod for producing a structurepchrsRiRidasding a
thin | ayer of sem conductor nmaterial n a substrate, conprising the steps

of . carrying out inplantation of species under a face of a donor substrate
fromwhich the thin |ayer nust be nmade, so as to create an enbrittlenent
zone in the thickness of the donor substrate, 10 placing the face of the
donor substrate into close contact wwth a support substrate, after it has

under gone i npl anyTROD FOR OSTAINING ATPHIN LAVER BY ¢MPLEMENTING! of the

enbrittlenment zone, so as to transfer a part of the donor substrate onto
t he support substr &Q-IMRPAANBDATIONAN R SUBSEQUENT IMPLANTBATION The

i nvention relates nore precisely to the above-nentioned inplantation step.
SMARTCUTTM type processes, for which nore anple details can be found in

the docunent ' SitHe @fedant|iRgehttiroroidReSIn6! 8anetid €61 dheduoing/laSkiructire
Edition', by Jean-Pierre Colinge from Kl uwer Academ c Publishers, pp. 20 50

and 51, are L9mising a thin lagenr@aenyconductofseatesial PB RtHsRE. FARSIBSINGNd
correspond tq 8 ?E(g red enbodi nent of the invention Such processes
advant ageouslp 3 36uCe structures conprising a thin [|ayer of sem conductor

mat eri al', such.ascapgfihg oGeIMplanthiioh T SPeciéasmdat ar facetof e tomassiudmstiatdie
i ke. 25 The resulting structures from such processes are used@%ﬂé‘@ﬁﬂ&
S.

appl i cations frAM WhIGH tBedhist laype rust &8 Mades 0 apiq ealmansm
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onto the mmt er b alplafing hihei fadeainf etie ddiooor ssulistrade eintoviddsen contdchusith a
support substrate, after it has undergone implantation,
+ detaching the donor substrate at the level of the embrittiement zone,
so as to fransfer 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.

SMARTC.UTTM type processes, for which more ample details can be
found in the document ‘Silicon-On-Insulator Technology: Materials to VLS,
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 emnbodiment 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 from 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 infroduce 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 bombarded surface.



30 concentration of the inplanted species situated at a preset depth from
the substrate relative to the bonbarded surface. WO 2006/ 032948

PCT/ 1B200WDshaabshogg2 But as it will be stated hereafter popisivosrodsba cont ext
of the invention, inplantation of species is not limted to the here above

menti oned conventional bonbardnent inplantation nethod but al so extends to
any nethod suitable for introducing species into the donor substrate, and
in 5 particular extends to the exposure of the donor substrate to a plasna
containing the inplantation species. The above nentioned inplantation step

can be inpl enentBad &y it Willvbar stafe@l hbeafienowitBinbiiy absteRNf ke iiNradN] Ng
wthinits thi cg]ess two different atom c species. A commopn advant age of

this co-inpl dMp@ENialiPn of sprEieguds i rott limiteddde t then heye aabaxg oneptioned o 3

appr oxi mat el ; [ B%gﬁ o V. t L.l | a
single type %Pﬂg%%@easl.s%r I'ns rﬁn@ﬁ),lé'?[%a{)@ 'ﬁ%{"%& P@hggBl %ﬁ{eﬁék;’c@t?@e by
Adi t ya Agar wahethdd suitabi@yfoe introducihg ¥peeizs aintd thaNdokiol [suhdiratndarid in.
Eagl esham_ "Effjcient , production of silicon-on-insulator filns

by
co- i npl anf at iRGRIGHargXtaRdsh i the eposyr iaf dhenganeis substiaipsto @oplasma
(1998), pp. s de sank Pl @ant ati on of hydrogen H and helium
He enabl es tﬁﬁ%lé@é?h%i@@@%}%ﬂcﬁed?wch | ower total inplantation dose
than that requi riée @heneeintdrdionely dnplpateton rstep ucaral baecimEemaptexht®d. Thi s
reduction translates by reductign.in the inplantation tipe, .and 20 finally
in costs assg)emgmﬂ/i %ﬁ_ Wt SUQP%P”St%%ﬁ?%@"QJW i &3 #Ejg]ﬁ"ef%i WO | ayer
ONn a support gerdshi émid LpBafs W'(%mﬁ%n”_%ﬁ@énﬁgeaof rtﬁi'%SESﬁmPfa‘?ﬁ of
the SMARTCUTT"' type. However co-inplantation présents the major drawback
t hat bl i 40 er $eakjque ds rthet redustioonbly ray fasioerdfaleth & wpproximatehaoef dfe t he

![ gl ?gzgd O?Oﬂﬁélag@gﬁgﬁezﬁﬂgtﬂg {o tﬁ@iir%rﬁla{n@tko%nctna f:tl is%%te“@%e%‘?%%e&i%rsf 'ed out and
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 ot helium alone is implanted.
This reduction translates 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,



Certain operations (such as thermal treatnent) carried out, for instance
during a transfer process of the SMARTCUTTM type, may effectively lead to

t he degr askas 20afyobsgt he bonding interface, this degradat ipeiygaigy/agsdr om t he
30 appearance of blisters at the bondisng interface. WD 2006/ 032948

PCT/ 1 B2004/ 003301 3 Hence, when a SMARTCUTTM type process is carried out,
blisters at the bonding interface may disturb the structural properties of
the thin layer which has been detached. Blisters may even cause a
detachnent at the Ilevel of the blisters sites, that is at the |level of the

bondi ng i nt erfaq&eﬁd&vﬂﬁnéSMARF@UWQyp@brdd@%swbéﬂriealcﬁmﬁmste@ra@thé hus
creating "non transferred" zones and introducing roughness and structural

defects to tHwndinghdnlerfaee may rdisiugy dhe $tfuqtgrairmrppeﬂ@a okthe thiatlaypen a

Sed structur b on its
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i npl ant ati on lsvelf the bilsterosiess; dndtds tat W fevichef meptmmdmg iHefdcd gndaobs to
formthe buried oxide | ayer of the final Sed structure, In this case
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yield. In addaygron, blisters and voi ds have al so been observed to sone

extent 'in the g¢ase of  an tlon step carrled out by inplanting a

single atonic @Cmggtlwci,ﬂg M‘m amqQl gpyct P?%tsa’fﬁctég Bﬁgﬁﬁaeﬂ@j when

producing a  f3br %%Bﬁﬁ%térrﬁ%%gﬂﬁﬁhéé%n% 0B MsBbertieial okidkayetfiichs 1 1 ed
el ow e er

oxi de (thickness angstrons; I nstance to th
appl i cantivs [Beeplkibegatiet thea'pp]bl'anmtlbnrlstém Etllocnioshmentaﬁt Emﬁahensiﬁ:rpmlt 03
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when direct $hisasBYNdicrs rﬁé}kﬁﬁm%ﬁﬁé bo(qﬂi?fg nfsRRCStWReR he o&k‘ﬁéelé{(élc' al
oxi de layer is present for acting a
and the support substrate.
Structures presenting non-iransferred 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 fo 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 acling as a
25 - bonding layer between the Si donor and support substrates).
~ Let's consider a donor subsfrate 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 fo avoid

blisters formation.



25 bondi ng | ayer between the Si donor and support substrates). Let's
consi der a donor substrate made of silicon Si which has undergone

co- i npl aniyad 2006)02bsgHe and H atonms. As He atons nmay di ff e bihesbidgerS
matrix nore easily than H atons, it ig believed that the risk of blisters
formation increases if He is inplanted close to the bonding interface. 30
The followi ng nethods are thus usually carried out in order to avoid
blisters formati on. WO 2006/ 032948 PCT/ 1B2004/ 003301 4 A first nethod
consists in inplanting He atons deeper than H atons w thin the donor

substrate (starty fgstf hefRddBosSer inSHIpFaMiMeHe ARdA% HBESEr thehl Fihatoms
i nplantation is carried). A second nethod consists in increasing the H dose

to be inpl anwéiihin the tdpmot subgtrate startingl froraftheodmnan substreia’srfaceoundenr se
bot h these nethads can age i.opl erreéjnt ed jointly. The effect of these nethods
is illustrat M' y"f"?l@nt nds Tal% )'I here bel ow which represents the

average nunber of sBbord ehstheat ®Hshsls a8 ilﬂ:réﬁsin%;nmbalﬂt(ﬁiéepfb Bé inpigmtedH at oms
has been carried out accordi nfg e 1o follow ng co-inplantation

| to th
condi ti on§: iy:dcﬁbfsw@fcougl%@owgbta@msim /cn2; - a He inplantation energy

as indicated al ' [ oo A : ms i nplanted as

I ndi cat ed al on_g%é)tu?geagf’w?ﬁé %ﬁ@%m Pgi@%fe?ggﬂeaﬁ@b@ﬁt ation energy of

27 keV. Table Thébeffe 6f théséOmbtbds isSAlugtraled b§ihe Bble? Teble X here
below which represents the average number of blisters detected as a co-
implantation of He and H atoms has been carried out according to the

10 following co-implantation conditions:

15

25

" a dose 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%%/em?);
~ a H implantation energy of 27 keV.
Table 1
1 46 1 0 0
Y 40 1 0 0
34 0.67 0.67 0
g 12 15

X

e
.

In the lowest row, cqrresponding to the smallest He implantation energy

“and thus to the shallowest He implantation depth, blisters formation is
observed. However as He implantation energy increases (He being thus
‘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,

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



In the |l owest row, corresponding to the smallest He inplantation energy and
thus to the shallowest He inplantation depth, blisters formation is

obser ved. widoxweweofs He i nplantation energy increases (lpeTheivogodsbes 20

i mpl ant ed deeper), less blisters formgtion 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 formati on decreases. In other words, 25 the

hi gher the H dogg bath mbthddesIhé!H Strplantb@rr@BionoR idyapiiseasesetingCas a _
2006/ 032948 PCT/ 1 B2004/ 003301 5 In both nmethods, the Hinplanted region is
regarded as dstieR§gaegion getesiengaking gnpessitiartei Ripckiine @fu&lorpmsh'len eto

bl ock the dif ':%n,i f : t he bonding interface. As nentioned
above, the dgé%&?}suhgtbrd;@éné@%%med at the level of the s enbrittl ement
zone created i nAd mehtibaédabdvd)ihetorionsubstrate igRictdchadsat ths Iéwe] of tiensfer a
part of the donor substrate onto the support substrate and to form the

thin layef ofmidtiemenbronerecaied its thichnnss b thermpiantatensiepacasio t he
structures ohtal @Q@e’bﬁhe angrt %qqgfﬁi@on% &%egt@oeo%‘ﬂféhtﬁ?rawsﬁgﬁ“ﬁw( r)

process are general he surf roughness an

t hi ckness unithethintayerfortthe lafhém | ayer are i ndeed paraneters which to a
certain extent nditigQn the lity of the conmponents which wi |l be
created on the JPRRAGHTICations OF the stfase stae ol tenpiiatias RjainediaRkes
possi bl e the r i out
Phe 1 mpl ant ats o arae PR e s e S AT T8 prof B Bl B eIk P e
roughnesdg¢ Tisirctnébel salface ertigmussst and rifpd dnicknessnumiforohity i afrthe tthiat lager ow
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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 exiends 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 o 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%em?),
The surface roughness has more precisely been measured on a surface
_ _of 10 x 10 ym? swept by the point of an atomic force microscope AFM and is
h 3'0 - expressed by an average quadratic value known as RMS (Root Mean
Square). | ..



20 The table Table 2 here bel ow shows the surface roughness neasured after

the detachnment step has been carried out and the resulting structure
Anneal i ng) adapt eg¢rfiisos/003880 Ng out

been subj e adsb208 RTA (Rapi d Ther nmal

certain roughnesses by surface reconsgruction.

conditions are the same as those exposed in

as for Table 1,
and the X axis represents the H dose (in
has nore precisely been neasured on a surface

the Y axis represents the He
1015/ cnR) .

The co-inplantation

has

25 relation with Table 1, and

poi nt of an atomc force m croscope AFM and is

quadratic value known as RV5S (Root Mean

the left hand side colum. However thesf¥gpitions result, as shown in
Table 1, in blisters farnation n the ofher hand conditions.resuylting to
zero blisters forngtifon ar48 1o fondid2®ns whi crﬁ @des not | 848 rofighness.
Hence, as the co | [ser—ef—TFabt—t—and—Tabire es—Ht—etepr——ceftain
i npl antati on condftj dns t resglt he best $§2ghness r&Kﬁﬁ eadjto the
bl ster s formation fay 100t 1h podtos oughnesen® |- 't VOl ¢
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 resuliing to zero blisters formation are

10 condltlons 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 fo be made
betwéen the best conditions (implantation energies and doses) for avoiding
blisters formation and the best conditions for both limiting the resu}‘ung

| | 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 quaiity structure
Comprising a thin layer of semiconductor material on a substrate withbut a
25

Square).

WO 2006/ 032948
PCT/ | B2004/ 003301 6 Table 2 46 4,28 5, 01 8,48 Y 40 3,59 5,62 10,5 34
4,63 5,76 7,12 9 12 15 X 5 It
conditions limting the roughness are those underlined on the upper part of

I npl antation energy (in keV)
The surface roughness
of 10 x 10 junR swept by the
30 expressed by an average

is apparent fromthis table that the two

compromise being made in particular between the implantation conditions



15 It thus appears that surface roughness, uniformty and blisters
formation cannot be controlled separately. Hence a conprom se has to be

made bet weeioé/boelzest conditions (inplantation energi epcangd9ss01 f or
avoiding blisters formation and the hest conditions for both limting the

resulting surface roughness and obtaining a suitable thickness uniformty.
20 But by carrying out such a conprom se, one understands that it is then

i npossi ble to produce a structure having an optinmal surface roughness and
uniformty for which at the same tine blisters formation is optimally

avoi ded. Ther o avbiditty lReRE foPmalioRehAE dtheCImBlaRGEeHh NGorRditibred feiti Foth Y
structure corrprl sing a thin layer of sem conductor material on a substrate

without a 25liRding the sesuiingguiface roHghRess aud gbtaeinger Suitakie; thiskapsait i on
condi tions V\D ﬁﬁgﬁﬁﬂgw% PCT/ 1 B2004/ 003301 7 for avoiding blisters
formati on and | antation conditions for both limting the resulting

surface roughnesi afiseroRbais)ithgrerissslirical r tshirekrbfor prodheingid 35trud:t0r@t her
words, there is a need for a nmethod for producing a structure conpri sing

a thin | ayer e®MpERINGAdthinJayemosrsamiconducte hatedaleonn? ¥ sﬁrat%@vh@ at
the same ti rrep?eéen?% tgd H%It'sﬁh‘?é i Qrﬁphni’éh KiiSte é’%r‘?@étud;fwaxg S(?tftn"i"%leio ove

roughness and™an op hi'ckness unitormty

ment i oned neeshrfadferougrﬂmswndoamppﬁmj th;(amsdmi‘fgrmltya first aspect, a
met hod for producing a striﬁcture conpri si ng g lilto thin |ayer of
S

seni conduct or n#t &gl Bnfill they aboyeemendinped sneryl.¢ Hie davgidions ProROsesyi ng
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the thin | ayer made, create an e enent one”in the
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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 embriitlement zone, so
as to transfer a part of the donor substrate onto the support subsirate and
form the thin layer on the [atier, |

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 1o 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 s carried out, thus limiting blisters formation.



formthe thin layer on the latter, characterised in that the inplantation
step conprises : 20 a first inplantation operation consisting in carrying
out an i npleberbizeys of species so as to create said enpeirtiBioesenteizone at
a first depth in the thickness of the donor substrate, a second

I npl antation operation consisting in carrying out an inplantation of
speci es according to second inplantation conditions 25 chosen to create: -
at a second depth different fromsaid first depth so as not to affect the
detachnment that has to take place at the level of the enbrittlenent zone
at said first defrbferredh byttt hem i regtrictige oforps sk e npethve dctdrdingoto ahe
speci es inplanted during éﬁ) said first inplantation operation towards said
face of the d¥mORAEas©loWsSder which inplantation is carried out, thus

limting blisge f ' 1 rred
but non restri cFlﬁ%emémg%atpﬁ]e%?é@?%é@oﬁ%ré%ﬁﬁg%%ggﬁﬁ%v%%@ﬁége as
follows. theskcosd impiandatiat camditiprer at i on can be performed before or after

the second inpl.antation condition; the first ipplantation ration can
bo carri o out " 41 01 AUPIGiph.garalion gaabe sariad BUPACEPRITID BB isan
order to lim ?&?d Egst% ' | i SS
uni formty of ‘?E%ﬁgﬁﬁ]ﬁ ayelp&?%e e oir%ggégm @H?%@s@jﬁ%?@@suegtgﬁggg,s

i ndependent | yobfaig @nstithbla thiokisesuritarmityta thephiarayen torbe twndid ontothe

allowing to limt blisters formtion: io, the second ipplantatiqgn , ..
condi ¢ ans caRUBROGIRESHER B ERPRTEiOLPRRHFRYONs daFlndae arantatiend
depth differ epénditions aflowirld toSimBRsRrsRramtoal to affect the roughness
limtation sought by said first inplantation conditions; the second

i npl ant ati%on opteageemdismplaatgionteondisionsicandre plyosdrolieteredtenspid lgettdingr
substrate wi th, Gl $RER il B&pth AR Hol sBY 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 siep adapted for removing a
20 part of the thin layer comprising the gettering re'gion and for an annealing
step adapted for curing the gettering region;
- the first implantation operation can comprise the co-implantation of at
least two different species, such as the Hydrogen and Helium species;
= 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; ' | | .



15 exposi ng the donor substrate to a plasma containing said species. the
shift between said first and second depths can advant ageously be conprised
bet ween 5@ gymeosledb0 nm.  the second depth may be | owepcithesosaissoif 1 r st
depth; the nethod nmay further conprigse a thinning step adapted for
renoving a 20 part of the thin layer conprising the gettering region and
for an annealing step adapted for curing the gettering region; the first

i npl antati on operation can conprise the co-inplantation of at |east two

di fferent species, such as the Hydrogen and Helium species; Heliumcan be

i mpl ant ed bef or @fislirege thd uhvditiorebof reliés,| Adondihglib A secsndagiatt @1, the
first inplantation operatlon can conprise the | npl antation of a single

speci es, suclihasinusbiresdasgein padiculas to Sefal gfé@@tutes, l‘d’hpamh%o'@tﬁéﬁﬁi i on

T oo AR FRRB RIS aBo Rl BRSNS ERED A o PesLes)
according to a @ﬁ@ﬂ@h@ﬁr@@tﬁnsﬂb@ pnhﬁmtsr aﬁ@ widbaintayed bh tiaribvantioar wilo Sed
structures, which can be obtained to the rnethod according to the

first aspéct apPERR the diwadig Oflth‘érfO]Mﬁﬁcdegahl%ﬁ descrintionp ydl@sregpget to
advant ages Ofy, 4 Qﬁné@oeatr%ﬁﬁhrigg glive[nS?QRBﬁ%sthetn}é@( @1@5”9. Whichhe follow ng

det ai |l ed description he annexe W ngs, given as non

restrictive exanfigas 1n mbreslents megwomcéntralﬂmmsmphmtbhe c;fotheerﬁpea:teson
repartition of the species

lanted in, t t hi ckness of the donor
substrate accordirﬁB]aPBe‘a 'f‘lﬂ'@t icknees of éﬂeéﬁ%’!‘iﬁ SHDstratsy aﬁwgmgvf@n@.ftsﬁ 10 -
figures 2 and 3 ng the inprovement brought by
the first preferPFﬁghr%gjo%'fhb%?ﬂg#'ﬁ?fhﬂeqb:{ﬁ%/éelﬁﬁnbn As it has already been
exposed, 1bhe i nvéguiesn 2 edrad €3 provides an rqxbmﬂlatlllmtrahfgpthmnmpmmmentdurl ng

the production OB oughﬁa h%sfn%?npeferreggembodlment 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™ {ype.

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, eic.

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 Insuiator) structure, and in partlcular a SOl (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 io



a thin layer of sem conductor material on a support substrate, the thin

| ayer 15 bei ng obtained by detachnent at the | evel of a donor substrate
previ ousl wo susbtihid ed by inplantation of species. The ipgyggido@ose@n aid in
improving the quality of a structure fptained by utilising a transfer
process of the SMARTCUTTM type. The structure can, in general, be any type
of structure conprising a 20 thin |layer of a sem conductor material on a
surface exposed to the external environment (free surface). In a non
restrictive way, the thin layer of sem conductor material can be silicon
Si, silicon GRedbdfe rftbrif8HTEAR SN Rt afirst BBBHOR FRNMIURNSLERT thaydbhokm
arseni de AsQxa, , etc. 25 The su

strate support can be nmade of silicon
Si, quartz, eubstrate. ayer of oxide can also be intercalated in between the

G (o sonciebolbit e e, S S AR LG A
(Silicon On qifebabeies o?b?lt‘étiﬁfﬁlanﬁﬂgﬂweéém\lmﬁ!ﬂiﬁéﬂeﬁﬂsﬁé@@s.acpordi ng to

the invention conprises a first "~ operation consisting in carrying out an
i npl ant at on of spéei frst yoplastatiomopeoaitynsan4s perrened sooveimallydyr eat e

the enbrittlenent,.zone at _a first th jn th LG SS..0 h

Substrate. | TRubRIoG fepbafehicn S5 dde cSibellRs et B dbatnfr B i ng
a single speghfisar@meby, Gioby Bhp! 8ilidrnaieahs |R@abld e idirbfedingtspepiesiiato S
The first inplantation operation can be perfornmed conventionally by

submi tting t Hee dpper syhst@i®f the donor substrate to an ionic or atomc
bonmbardnent, or b S, Sgl | [¢N | |t o
t he donor substra?%. RP%%rmeawﬂska@Jefeﬁ% %‘ﬁgégﬁ%& gfn%@%ﬁﬁr?%mddgf t he
met hod 10 aeeesdiimy tbotHehénventien,i the Hyrrobkdr egenHalivwm Hepedies sgrectes 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 [ayer (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.



i nplanted in order to formthe enbrittlenent zone. Preferably, though not
exclusively, co-inplantation is carried out by sequentially inplanting

Hel i um t hatp dJowglérgRNn. | n accordance with a second pref epeegpRihadsgent of
the method 15 according to the inveniion, only the Hydrogen species is
implanted in order to formthe enbrittlenent zone. During the first

I npl antati on operation, the inplantation conditions (called first
co-inplantation conditions) are adapted for optimally obtaining a good
quality thin layer (that is notably by limting the surface roughness and

20 obtaining a Héwellre dshinek eBffproMided Has! Yodtin thifdé MoR 1hey fhbidratish
formed onto the support substrate (for instance as indicated in Table 2
here above), condiiepenabihisy fist goplaniaiion iapreratienatthagg tis, iagpmentenash

wth the i v SrovipustEy Bk dfistie Tk dol. Jop hftece AR B8 aqiRrift 2c: "
exposed i n t koraBRfdraastange M& RESMBRHFRISINRD Plhd&t tHefmbl befivatibn] YbWards29
2003 under n 0309304, according to which co-inplantation of (a | ow dose

- of) Hel i ubn alee sypedigehregien pf he impdanteddenaravalern a fini shing step

conprising a rapié,ther | 4 t t. al.n ost -
detachnent, in thgﬂ'té@ﬁgﬂ& ad(;\}#ﬁfhtbn&gllé@é% ﬁ'ﬁrhgﬁo'ﬁe uce'ﬁﬁ@%@%}nshf %ﬂapo

roughness 3oaceb@ing® the ihVentionestshprisdsod bewond impldriation operation(a hi gher
dose of) hydrogen_ al one. WO 2006/ 032948 PCT/|B2004/003301 11 However, as

no conpromi se has THEEIPGRRAIMPENTRTRN PRATAARNaMEYPE BEiemed Ry CaIMNg aut i r st
| mpl antati onzo0 Q,%rn%%’éha}t Lgﬁgﬁnteftionastﬂ@ NAdiRSe %afgre‘ﬂeg?gs) L%u?j?glﬁeﬂ.s kol Bt

blisters may form nce under the action of i nStance He
at ons) dild f ubonpardmeeat ot dpescied. activation, towards 5 the superficial

formation, the | mTEnGeEPEh CRMBMAIEEOPRRIBIAT TR PIFper RETEORS B a
second i npl aphA{ihgIRRE pRishRimplantation wherein the donor subsirate 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 implaniation conditions) chosen to create, at a
second depth different from said first depth, a gettering region prevehtihg
the diffusion of species implanted during the first implantation operation
towards said face of the donor substrate Linder 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.
'c_:Iose to said embritilement zone at said first depth.



This second inplantation operation may be perforned by carrying out a
conventional inplantation, the donor wafer being subjected to a 1o

bonmbar dnegio mbssess €s. This second inpl antati on oper at ipgi/R4/adz961 be
performed by carrying out a plasma ifplantation wherein the donor

substrate is exposed to a plasma containing the species. This exposure may
al so inprove and facilitate bonding. 15 The second inplantation operation
is realized under inplantation conditions (called second inplantation
conditions) chosen to create, at a second depth different fromsaid first

depth, a getteri ng‘hée%F@ntﬁti%\ﬁembis@gpftﬂh% ddcbHg | rhphintatieei eseratiphait ed
during the first inplantation operation towards sald face of the donor
substrate unadvaniagenushipralnwt tfose i fordnsiange bwically lowes Han di-1§

blisters formation. h . ' 3

et sel cot dpmalprior CiEBeEs blyeFurgh i SRialing oSty Hiegonde
enbri ttl emenguBsigtedh aSatifficiehi déisigent Blidsgetiirhy ceidionm taadt b esgéttaring
expected surface roughness and thickness uniformty of the thipan!t%ﬁé are
not affectedsitg fari $he edifnging2spegissaimplanied ogeingi e firstoime ,
this second |§Bl,%(6 ation operation does not affect the roughness
limtation aR kness uniformty sought by the inplantation conditions

of the first inpl Fhest implapfeiont carditidies(érmepty dose oihueralogy thed bidekigsecond
i mpl ant ati on oPer ation is 3o advant ag&gusl y adapted for said gettering
regi on at saPlthscblistersdepnativespreies ddlSiany” said enbrittl ement zone at said

first depth. Vn\gllrﬁgga‘lx Q?t.%%‘ﬁgu%%hl @éﬁ%ﬁﬁ%ior@ga NGe lsEBhaY é&ﬂir&{‘?g(rése of

this second i ntation operation i ntageously a | ow dose
i nst ance 14 y pbaridryprevssiing trendiffusioh6of speniad towarder they dupgdicjal repiosnollgh
for generati%}gefdef ects Wwthin the donor substrate in a sufficient density

for said get {8 impjaptedidanor Subgrates 5 gettering

In accordance with a preferred embodiment of the method according {o
the invention, only Hydrogen is implanted during said second implantation
operation. Preferably, Hydrogen is implanted at a dose lower than

15 5.10"%cm>

It 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 gettering 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 embritifement

25 zone.

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 camied out during said second

30 implantation operation.



5 site for the diffusing species inplanted during the first inplantation
operation. These inplantation conditions (energy, dose) thus allowthe

bl ocki ng wad 2do0byes2ods st ers-formati ve speci es di ffusion. |paTaES04/803301
configuration, the gettering region can be seen as acting as a 1o barrier
preventing the diffusion of species towards the superficial region of the
I npl ant ed donor substrate. In accordance with a preferred enbodi nent of the
nmet hod according to the invention, only Hydrogen is inplanted during said
second inplantation operation. Preferably, Hydrogen is inplanted at a dose

| ower than 1s Mérwé@m H-bnllyamdmm rég?orb@t mosasbrichedledtrd deptinis on i s

not limted to t he npl ant ati on en; ot her species such as, Argon

may indeed bé osen@mwfba: the eﬁ@nﬁkﬁnap@@@aﬁd anﬂﬁheawm{arw bhdpapi Grates
Lo o feT38 A 8 syl hEfnd of aBRP a8 AifeViof HBPHS gbrie! ween

1.104/cn? an ccordi 0 art a va ta eous enbodi nent of
t he inventi onistbetiesed that H@Iaﬁn.islorstoa@hmﬂmjfate di¢hé dmor stsstratecufiderst

depth so that the gettering region, K is Jocated,ip the thickness of the
donor sub§tré(‘t"§gh rirrtpiar%@wt!ﬁ HHEd At Bhereved ?ﬁ slafs, 1 OfhlSch

i npl antation *’rﬁ tggarried and the embrittliement 25 zone. Returning to the
description of the first preferred enbodi ment of the method according to
the invention, daemmetdionech aboves thenti-onlydgsttarimgr nedion aist adva ntageously

di ffuse. Tho e He At at the defect si.tes aused the

Hydr ogen i npl %ﬁt%qq @?ﬁ%&& F% ee:)tﬁfe“rbg’&hr?@tszoﬂr@ 98 hrside ®fiths | Teeah e
operation. W3,280P&(,83#S ke \Jvﬁi%ﬂqmp@é}?t% ial Bz RAC &oathat @Qld*géﬂéhn

i npl.antation region at a second selected depth is ¢lose enough to t
enbri t t | apentegioneffegtively ets aphdarder. H dose creates

Returning to the description of the method according o the invention,
once the thin layer has been formed onio 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 fo classical
techniques such as a chemical-mechanical polishing (CMP), & sacrificial
oxidation, a (dry or wet) chemical eiching, 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. .



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 the donor
subst r at ewnghes/oRewhi ch inplantation is carried out is pe4sttogessand
blisters formation is |imted. As nmepiioned above, the Honly gettering

region is advantageously located, relatively to the enbrittlenent zone, on
the side of the face of the donor substrate under which inplantation is
carried, so that said gettering io0 region effectively. acts as a barrier.
Returning to the description of the nmethod according to the invention,

once the thin | ®referbatiallyedhef shiftefiviicih antipebe Uppdnstanubsdefiricd, akhthe
gettering re ' | onor substrate if said second depth is

gii_(%n renai ns Whhi}qtheiqsg (

| arger than S4aNeg genttRedn peaksyhatwgeni thei first mod: Aeeendagepihsoismed on
the 15 supp t I ' e | ; sali 4 St
depth. The rrgtb gggggc%%ﬁg St(f)ﬁ'?ﬁaeﬁfﬁl\glgmrﬁ’oﬁé rr%a%;rctp %%@Phggﬁ%@ﬁs@ﬁ%ﬂer
transfer, a doeamotgagvaniageaynthe dvedap rihedayeg regiparthabiwill lsertdias thayer
conpri sing sai d@'? ttftill ng region, so that the quality of the final
structure’i s YSHOE "NAFNILEYEH by said gettering region. 20 Such a thinning

step may be car W’h@q”@tv\f)e?(ﬁféﬂ ' I | dqwe ) :

chem cal - mechani cal ! po rl shi ngg?%%/ggrﬁerg %Z@%l Itg?g?%{i}ﬁ‘xi a{t%i %%qn\éé?g?’y or
wet) cheni cals schgmaticalyt ifusirated yoFigure iewhichwaypresdnts théicancergratioap may
be applied after,..detachmept t he tr ferred | aye r to.the . donor
substrate as RAHEYY \?}@pm itﬁigt‘%‘?ﬁ,se O?Et?'ﬁagg'ﬁ?r F\’{r@?ﬁ iognthGSggFe?‘%t 640.
The net hod apgglafidiDspariédle i nvention may further conprise an annealing
step performng a SinEl e annealing (in a furnace or by performng a RTA at

a tenperd@ure abewnt I o0 argdepineplanied duingathifigsiimplamiations bpgration
CLYeha! e AEhesle HREHEER B haSHEERIE AR e R aRth el e %0
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 S80I 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 _ a subsequent implantation operation of H only.



Preferentially, the shift (which nmay be for instance defined as the
di stance between the H peaks) between the first and second depths is
conpr i sedwlelowgenofsO nm and 150 nm so that the getteri pgragghgoesprofile
does not advantageously overlap the |myer region that will serve as the s
useful final thin layer. The first preferred enbodi nent of the nethod
according to the invention 1is schematically illustrated by Figure 1 which
represents the concentration repartition within the thickness of the donor
substrate of the different inplanted species. 10 He and H atons are
co-inplanted durhegfdlib@ird tablel TaRbiang attapiidaesatheo implanthtion ecalidiffarisout ed
in the thickness of the donor substrate according respectively to curve Cl
and curve C2usedforprogusingsitaiciies #jrand Pénent  zone represented by
reference Ez at depth z. H atons are then inplanted during the second

i mpl antation operation 1s and are distributed in the thickness of the
donor substrate according to curb C3. Arrow A represents the diffusion of
He atons, under thermal treatnent, the gettering site constituted
by the 3econd Honly inplantation op%[ﬁ—g so that diffusion of He atons
towards the zero depth region is 20 avoi dgd, bf I$fers 1qrmati og,berng hus
prevented. The description hereafter ains jat providi ng eXanpl es
illustfating the irrproverrent brought by the nmethod acdg@rkdwng to the
inventfon. In a first exanpl e Heiniplastati@dl | structure S1 was produced wi ¢h

an |WpFﬁ$&'mﬁ|@ﬂag@@}9p@6ﬁf§ir‘stl ng only of al co-inpl antélﬁnf%ﬁ‘ He and H

under rmovﬁa—rwmfrm—ng—cﬂ*)f
blistef eco@%@fdtﬁﬁ? tu}tl‘?m?l?an‘fﬁfo pduced accordingly to the first
prefer red enbodi nent of the | nvention i npl ant ati or0'%¥teP consi stinglin:

- a coploplantation operatiaon under. the aln:e conditions—3s the co
I npl ant ation operation of the first SO stpucture and of |30 - 2% ksel&)sequent

el ant bl oty ORGIRAERoS" SHBidh M only None
implantation)

0,5.10"%/cm?

Structures S1 and S2 were furthermore subjected to a classical finishing
step comprising an annealing freatment, 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 afier 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 81, the
mean number of observed blisters is 4,4 only for structure 32 produced

“according to a possible embodiment of the invention.
Figure 3 represents roughness RMS values measured for structures S1
| .and S2 by a 100 ym? 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. |



WD 2006/ 032948 PCT/ | B2004/ 003301 15 The follow ng table Table 3
recapitul ates the inplantation conditions wused for producing structures Sl

and S2. Swbadsbgosdefsl S2 49 keV First inplantation oper atir200€003301

i nplantation 1,5.106/cnz (He/H co-ing antation) 32 key H inplantation
1016/ cn2 20 keV Second inplantation operation (H only None 0,5.1016/cn?
I npl antation) Structures S1 and S2 were furthernore subjected to a
classical finishing step corrpri sing an annealing treatnent, for instance
as described in the applicant's patent application FR 0309304 al ready

mentioned above.|t i OtHtisObpSarént FROHE UGB first BRamMpID Eiat(iAEORAGhREsY eahi sl
axis) of blisters (represented as circles) observed after structures Sl

and S2 were sfimizecby the inmplantationcanditionssofithg fisstdmplasigtionssteg (hthis

Dl oter o ar o CospgnHe/ b TpRRBRIBEY Witk himhbg S D 2ha, B8 JHIRREL O
S1. Indeed, tfAankd1eseme sBEomEampiataton %te?b&ﬁfréeﬂbtbblysb?r BlocRinglthe? f or
structure S1, the nean nunber of observed blisters_is 4, y for

st r uct ur e 552 diffusier 6f Hearidbe siesgnd & inplastachragiampdbe m{w@facpﬁ@m%%nt i on.

Figure 3 repr, e a nea C and S2
by a 10*10 pr’fﬁgiakﬁgt@ih% %ﬁg‘ﬁgﬁb&ér h#ﬁﬁg mB ?ﬁﬁgla{r%we {l‘h@é@%tsﬁ’é: I20
roughness of cahiproiigee Sétween dimplantdiioho tdraditicais savmdingr eblBters| natekd t he
mean roughness of structure S2 is 50.7 angstronms RVS while that of

structure S1imglantationrepiiditinns AvRifingothd o mylEu sSUStEEs) BOBEANERS3 RN
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 1010 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



16 It is thus apparent fromthis first exanple that the roughness can be
optim zed by the inplantation conditions of the first inplantation step (in
this casegroigditmo-i npl antation) while the nunber of blchakahsodsBy be
limted thanks to the second inplantgtion step (here notably by bl ocking
the 5 diffusion of He at the second H inplanted region). The nethod
according to the invention thus allows not having in particular to make
the classical conpronm se between inplantation conditions avoiding blisters
and inplantation conditions limting the resulting surface roughness and
obtaining a 3@l W sRaRSraBbIcRr B folighhesd BsAoweagnd few amystronts SO
structure having thin layer of buried oXide was produced according to a
met hod conpriRMBg a step of oxidizing a Si substrate for formng a 200

angstrons thick,superficial oxide |layver. This S I re

precisely pr odu&@ﬁgw_ﬂﬁmépﬁagﬁgp ﬁlﬁe s&rgeﬂﬁés,p ePiﬁpo%@,ﬁ%ﬁ%ﬁ@ﬁ@ro the
i nvention, the,diRkaifrthras S2athd 53).Ccop@irdd Hanks:to-the Abote deptrtsédat i on
operation of "H only and of - a subsequent second inplantation operation of
argon Ar ®nl ynetirat exiibihe smalt wugheespiand parbsulery airapohness feyga tions

used for prodygi stru _ . ] 4 . Fl | i
operation 37’%3@ menﬁ{igﬁq %PS%T\)S%@SE%%& r@ﬁ@é@%?ﬁ“"&%ﬁ? Iléra]:%'ga?% %cﬁ%o
operation 20@nkstvomeAr. i npl antation) 5.1014/cnR After detachnment, very few
blisters were observed and a 10*10 pn2 AFM scan reveal ed a roughness of
approximately 60 angstrons RVMS. Structure S3 was furthernore subjected to

a classical finishing step 25 conprising an annealing treatnent, for
i nstance as described in the




applicant's patent application FR 0309304 al ready nenti oned above. A WO
2006/ 032948 PCT/ 1 B2004/003301 17 10*10 pnz AFM scan reveal ed a roughness

as | ow aswa foegwangstrons RMS. More general |y speaki ngpctrhgaoed/ndsgsur es, in
particular Sed structures (such as gructures S2 and S3), obtained thanks

to the above described 5 nethod, exhibit a small roughness, and
particularly a roughness reveal ed by a 10*10 pnz AFM scan, substantially
conpri sed between 35 and 60 angstrons. WO 2006/ 032948 PCT/ |1 B2004/ 003301
18 THE CLAIMS 1. Method for producing a structure conprising a thin |ayer
of s sem conductor material on a substrate, conprising the steps of:
carrying out inplantation of species under a face of a donor substrate
fromwhich the thin layer nust be neHBE GlAIMS to create an enbrittl ement
zone in the thickness of the donor substrate, placing the face of the
donor substrate into close contact wwth a support 10 substrate, after it

has under goney,i rpétaBHAtfoP N prodigirks hangstiueturdoneympiiding r at ethit  tdyer | efel of
the enbrittlenment zone, so as to transfer a part of the dgnor substrate
onto the $Suppsémicenduntenmatelial onfshstiate1arPItNg oalepROT at ter,

characterised | r&a?&ﬁ'}gnbnleHﬁfﬁbﬁi%ﬁ.téfoécbe%fe%ouﬁ@gp{iifﬁ@é of aldondt dubskat

i npl ant ati on opera consisting in carrying out an inplantation o
speci es so as ftom et thesthin I mudtibenmatiez soasdo aedieran aripitiement he
t hi ckness of the donor substrate, .a secqnd inplantation operation

consi sting i nzé’afa_r'w”?fbtm%hneéﬁ of ith aRPRYRSY a8 speci es according to second
I mpl antati on qonghl it Of%s f% GRS YbroP sGbSRAR 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 fo create said embrittlement zone at a first depth in the
thickness of the donor subsirate,

-+« 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 fo affect the
detachment that has fo 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.



- at a second depth different fromsaid first depth so as not to affect the
detachnent that has to take place at the level of the enbrittlenent zone

at sai d fwsiooslepbds, - a gettering region preventing thecgiiiodsb@beof
species inplanted 25 during said first inplantation operation towards said
face of the donor substrate under which inplantation is carried out, thus
limting blisters formation. 2. Method according to claim1l, characterised
in that the first inplantation 30 operation is performed before the second
i mpl ant ati on operation. WO 2006/ 032948 PCT/|1B2004/003301 19 3. Met hod

accordi ng to 3| aisthbd sdvarding @b ickmsh 1,rcHdradtetided in it thenfitstrinplamation
operation is perforned after the second inplantation operation. 4. Mthod

accor di ng t o ahgyaiinreisgrerfanaegrafics dhegeeond implantatipacperat®®d in s that the
first inplantation operation is carried out according to first
I mpl antation conditions chosen in order to limt the surface roughness and

to obtain aguiNethbe ddroedingss amgi dray of the plecktingt dlaimd, agharadteribed fror ned
onto the support substrate, independently of caqnsiderations rel at]j_ ntg to
i npl ant at Pon thalthet fitshsinplpalating eperationt i ¢aItie® sopbr#REOTYRY 1@ WSt vet hod
according o ;ehal Mdon §$}?diﬁ&{seéﬁo%%ﬂ cjh %ng%ﬁb.m fheSaeg rohgﬁgé’ég ahd )
conditions are chosen to create sald gettering region at sal second depth
di f ferent fr abtainizdshitabde thiekridssamifasmitpiof the Hif épter i derforgbd @sdo trand

uniformty limtation sought by said first inplantation conditions. 15 6
Vet hod acuor SURBOH UASHAH Sndehanday oredensdbTaiats solftind & dmaentation
I npl ant ati on Cgﬂgﬁ@hg%rnoh@d;@qrm@gﬁé{g,tsbfgyrpg yardi ng the surface of the

donor substrate wth 't species to nplanted. 20 7. Method according
to clai mib, characterised in that said second inplantation is carried out

by exposing tgj © nﬁ’é’tﬂ% %gcl:)c')srtdfn%t %t gla?mpléi?sgl‘?aracterised in that said second
implantation conditions are chosen to create said geitering region at said
second depth different from said first depth so as not fo 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

subsirate 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 coniprised 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



containing the species to be inplanted. 8. Method according to any one of
the preceding clains, characterised in 25 that the shift between said

first andwaemoees2dgpt hs is conprised between 50 nm and ptpaBigaei3ze1Met hod
according to any one of the precedingacl ainms, characterised in that said
first and second inplantation conditions are chosen so that said 30 second
depth is lower than said first depth, the gettering region being thus

| ocated in the thickness of the donor substrate in between the face of the
WO 2006/ 032948 PCT/ 1B2004/ 003301 20 donor substrate under which

i npl ant at i on dbRof albststeanttdrwhigRbifplantati®nts caanrel add thd/eniinitiement di ng
to claim9, characterised in that it further conprises a 5 thinning step

adapted for E@R®ving a part of the thin layer conprising the gettering
region. 11. Method according to any one of clains 9 or 10, characterised in
that it further conprises an annealing step adapted for curing the

gettering red0oMethdd atordids trodiaim @) icharsgtérineariy thalst fufthicheoppeisediang
clainms, characterised in that said first inplant 2‘};"i og oEerat i op conprises
the co-inpl afliaRingrstep adapted ek rempving g prEMT WgdeineBye] SOTPrisyig

accordi ng togéﬁérirﬁ’é gri'ng claim characterised in that said first

i npl ant ati on¥opéerat i conprises the co-inplantation of the Hydrogen and
Hel i um species. 14. Method according to the preceding claim characterised

i that Heli i 20 i | ted bef d duri id fi \
: Prpl aﬁt at | oh%g]p&ﬁ%ilﬁ?‘gﬁhgg@?ﬁ _ ﬁBg_Og{,eg r ?{Fggggoramlﬁ}%ég%%r'ﬁ%ﬁré‘ﬁt it o 11
characterizeg, Héartcgfﬁr{) 13%@'@pﬁhrﬁéé!in'g%éﬁ%ﬁbie‘arfop@@i@ Hey&RMRG regont he

. . fl
i npl antation o g eci es.
10

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 implaniation operation comprises the implantation of a 'sing[e
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 fo 16, characterised in that
30 . said second implantation operation comprises the implantation of only the
Hydrogen or only the Argon species. o



16. Method according to the preceding claim characterized in that said
first inplantation operation conprises the inplantation of Hydrogen only.
17. Met hoghoammegesdodag to any one of clainms 12 to 16, chapegigidsedsdin t hat
30 said second inplantation operati omiconprises the inplantation of only
the Hydrogen or only the Argon species. WO 2006/ 032948 PCT/ |1 B2004/ 003301
21 18. Method according to claim 17, characterised in that Hydrogen is

i npl anted during said second inplantation operation at a dose | ower than
5.1016/cn2 or Argon is inplanted during said second inplantation operation
5 at a dose substantially conprised between 1.1014/cn? and 1.1016/cnR2. 19.
Structure, in particular Sem conductor On Insulator (SeQl) structure,

obt ai ned t hafBs Matheteacaarding e coaim nd7? + sharacteiredofint Hat pHydwgieng is

e <P LAl S s R R P W oo 1
substanti al | B.@%h‘i%ﬂd&l’@@h%@rﬂﬁ%t@@duﬁ% aibsecorr] MBanbionloperaticedi at e

Structure obtained just after the jnplantation ep_of t met hod
accor di ngst o ahAylosacubstantialivsomprised wvvm'fdr@?/@mﬂﬂngiﬁmf@f@% 19. 15

19. Structure, in particular Semiconductor On Insulator (SeOl) siructure,
‘obtained thanks to the method according to any one of the preceding
claims, characterized in that the thin layer exhibits 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



