WO 2006/ 032947 PCT/ | B2004/ 003300 1 THI N LAYER TRANSFER METHOD WHEREI N A
CO | MPLANTATI ON  STEP | S PERFORMED ACCORDI NG TO CONDI TI ONS AVA DI NG

BLI STERS {#R_hsidiaN7AND LI M TI NG ROUGHNESS s The present pipipxgiabd/enisdoc! at es
to a method for producing a structure conprising a thin |ayer of

sem conductor material on a substrate, conprising the steps consisting in:
carrying out inplantation of species' under a face of a donor substrate
fromwhich the thin layer nust be nade, so as to create an enbrittlenent
to zone in the thickness of the donor substrate, placing the face of the
donor subst r at THIN hAYER TRANSEER METHOD VVHEREIN A CO-MBLANTATION it has

ertor £t cment o oRdEP IPEEFORRMERRALCORBING T8 EonBlfighls ARIDINE < ont o

the support subst rat gy |3YERaIFORMATION ANDLIMITAG RODGHNESS! ter . The

invention relates nore precisely to e above-nentioned 1 np ant ation step.
SMARTCUT( r) type processes, for which nore anpl e det alls can be found in

the d t On- t Tech t VLSI 20 2nd
O A S Sl TR g S oW e e L
and 51, are a&lﬁﬁﬁ%g”e JI %F@fi%rﬂfcoh?ﬂciby%t@ﬁé‘tdrpa%ﬁbgﬁ‘é@' @ﬁ’@)’gln and

correspond to a pref odi ment of the invention Such processes
advant ageouslt}flemfeﬂﬁucen@wmg:mres conpri si ng a thin |ayer of sem conductor

material, such as_SeQ ctor On. .25 | nsul tor st nd the
ke The resul't: AP AT BENAGN ot ot ubdehe Tard o 8 lgnph BLBSHAS
applications ifforh Rghiéh ettt [dfef hagdt &l madkCse a8Rbiwsatanst embeRlcnaemics.

| npl antation of species is understood to nmean any technique (such as

bonbar dmett , dizonedn éhe trickness afithefosen susitiate.or i nt roduci ng atonic or
oni ¢ S0 speci.es o, the iBL & e AonbPSuUbTHLAAG BB coHBSE ithea i th

a maxi mum
support substrate, after it has undergone implantation,

« detaching the donor substrate at the level of the embritilement zone,
so as to transier a part of the donor substrate onto the support substrate
15 and to form the thin layer on the latter.
The invention relales 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 V1.Si,
20 2nd Edition’, by Jean-Pierre Colinge from Kluwer Academic Publishers, pp.
50 and 51, are an example of methods of the type mentioned hereinabove
and correspond fo a preferred embodiment of the invention
~ Such processes advantageously produce structures comprising a thin
”Iayer of semiconductor material, such as SeOl (Semiconductor On
~25. Insulator) structures and the like.
The resulting structures from such processes are used for applications
in the field of microelectronics, optics and/or optronics.
Implantation of species is undersiood to mean any technique (such as
- bombardment, diffusion and the like) suitable for introducing atomic or ionic
30  species onto the material of the implanted donor substrate, with a maximum



WO 2006/ 032947 PCT/ |1 B2004/ 003300 2 concentration of the inplanted species
situated at a preset depth fromthe substrate relative to the surface of

sai d i npl @) s/t rate. The inplantation step can be peqigtuiBehsio
co-inplanting at |least two different spegcies. A common advantage of the

co-inplantation technique is 5 the reduction by a factor of 3
approximately of the inplanted dose relative to the inplantation of a
single type of species. For instance, it is established in the article by
Adi tya Agarwal T. E£ Haynes, V. C. Venezia, 0. W Holland, and D. J.
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co-inplantation o I'1ed Physics Letters,
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in costs associated with production of structures CON‘%@I si ng hin |ayer
P
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the SMARTCUT(t) .t i his article, the essential

rol e of hydrglgj%ﬁnﬂ%ﬁ?tpg oflqé ﬁ?‘gﬁ} hcgerﬁ%cegpef with the inplantation danage
and to create Hrgfghstahegdit idledthiatished ihitke dnfcm:tby Amtyamganuan,dls Ein the
i mpl ant ed donor substrate, In the other hand, helium He
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hydrogen or helium alone is implanted.
This reduction translates by reduction in the implantation time, and
15 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.
As it is mentioned in this article, the essential role of hydrogen H is to
interact chemically with the implantation damage and fo create H-stabilized

20 platelet-like defects, or microvoids, in the implanted donor substrate. In the
other hand, helium He plays a predominantly physical role and acts as a
source of internal pressure in the implanted donor substrate for providing
stress in said defects. Thus He drives growth and eventual intersection of

‘the microvoids so that two continuous separable surfaces may thereafter
25 form on each side of the embrittlement zone.

: The face of the donor substrate under which imp!a'ntation is carried out
is thereafter placed into close contact with the face of the support substrate,
in order for bounds o create in between said faces at their interface called
bonding interface.

30 However, if particles or organic substances are present on the surfaces
to be bonded, they may prevent the _bonding o efficiently take place at



30 However, if particles or organic substances are present on the surfaces
to be bonded, they may prevent the bonding to efficiently take place at WD
2006/ 032940 Td6d/03282004/ 003300 3 certain sites at the bepgipmodanizedsfl ace and
voi ds may thus appear between the bonded substrates. The inplanted species
can thus easily diffuse into these voids, thus formng blisters at the
bonding interface. This is in particular the case when 5 the structure
obtai ned after the donor and support substrates have been placed into cl ose
contact is subjected to a thermal treatnment intended in particular to
strengt hen t her20nites A 1thé BoRdingcintdrrcdan@rvaide Thaptisusapbbar bevgén of
the enbrittl enment zone. Mbreover the presence of voids can [ead to the

est abl i shnentthePondgdisupeiraiest | y bonded areas where the bonding strength
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support substrate. In addition, has be noted that the inpl antatlon
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ri sk that bl |pmrm33ra‘roestfengtbeh #ie boadingardordetauhetheadenamslibishate abtes are
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order to avoid
the thin layer may not be transferred onio the support substrate.

In addition, it has to be noted that the implantation step degrades the
15 quality of the surface of the face of the donor substrate under which
implantation is carried out and which is t¢ be placed into close contact with
the donor substrate, thus increasing the risk that blisters are formed at the
bonding interface and that zones are not trahsferred onto the support
substrate.
20 Blisters are not desired since they decrease the effective usable wafer
- surface area and hens decrease the produciion yield. Wafers presenting
blisters are even rejected from the production fine.
Let's consider a donor substrate made of silicon Si (and which may
comprise a superficial SiO, layer) which has undergone co-implantation of
25 He and H atoms. It is believed that the risk of blisters formation inc}'easés if
He is implanted close to the bonding interface.
- The following methods are thus usually carried out in order to avoid
blisters formation.
| A first method consists in implanting He atoms deeper than H atoms
30 . within the donor substrate (starting from the donor substrate’s face under



blisters formation. A first nmethod consists in inplanting He atons deeper
than Hatons 30 within the donor substrate (starting fromthe donor

subst r at ew® doagres2ouvder WO 2006/ 032947 PCT/ | B2004/ 003300 pot/midabs6h3300
inplantation is carried), that is by proyi ding an adequate He inplantation
energy which can be calibrated thanks to S I M5 analysis. A second net hod
consists in increasing the H dose to be inplanted, typically by a couple
of 1015 H atons/cnR2. 5 O course both these nmethods can be inplenented
jointly. The effect of these nethods is illustrated by Table 1 here bel ow
whi ch represgiéls imislantstiear iPfchptied) emat drt o5t efodding Ch | Aad@Ritat iHw of
He and H atons has been performed under the follow ng co-inplantation
condi tions: -implardaiioroengrgywhial can bexalibned tpanksdo S Wﬂ@ﬁ%lﬁnt ation

energy as indicg Y. axl.S, t ' 0] s dose
of H atons inpl gggagé@qﬁ%%gga?oé%ﬁg6'?\6'1‘]%%@'?393@856 q%ggqu@%ﬁﬁﬁl?tgﬁd

15. 1015/ cn?; typisally byalcoupis 6010 '@ beaonsdém27 keV. 15 Table 1 46 1 0 0 Y
40 1 0 0 34 0.67 0.67 0 9 12 15 X 01 In the lowest row corresponding to

the smal | 6st He Qfigausse hothiinesn angfhods aan bedmpiemerieddammtlynest He

i npl antation de 14S I ' r :

I npl ant ati on eng{rﬂgéryeﬁ%“gr(%fgéégé ﬁlﬂ%ﬁ%&ﬁnﬁgmp ﬁtlﬂs ai%r%ﬁggltesﬁvﬁdgeep%é;‘?w_ﬁglscsh
bl i sters for mapresentsstheaanbedof blistars khetecied ds .a ¢drimpl2hidimpef Heeand H

[ | anted, the less bhlisters forpmatjon is observed. |n the | eft-hand side
Cg|p urm, Corrggqjaﬁi]aﬁgaqe@@ rmesndan the {ovﬁng cogmplanta?lon condrtu%ns:

- adose of He atoms of 12.10"%cm?,
10 - a He implantation energy as indicated along the Y axis, that is 34, 40
and 46 keV;
- adose of H atoms implanted as indicated along the X axis, that is 9,
12 and 15.10"%/cm?,
- a Himplantation energy of 27 keV.

15 Table1
4 46 1 0 0
Y 40 1 0
34 0.67 0.67 0
9 12 15

X

i
'

In the lowest row, corresponding to the smallest He impfantation 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

20 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. '



blisters formation is observed. However, as H dose increases (see centre
and right hand side colums), blisters formation decreases. In other words,
the hi ghegyd Wgsta8pse is, the less blisters formation i $cohgROYGF300V0

2006/ 032947 PCT/| B2004/ 003300 5 In bot hsnet hods, the Hinplanted region is
regarded as acting as a gettering region or barrier making it possible to
bl ock the diffusion of He towards the bonding interface. As nentioned
above, the donor substrate is detached at the |level of the 5 enbrittlenent
zone created in its thickness by the inplantation step so as to transfer a

part of the dongg tﬁﬂaﬁ%éﬂfb%lso'ﬂﬁé’l-i %P%ﬁl?étprrég[%bi%tﬁe@bﬁiéﬁ‘ﬂstébtﬁ@r Bs Bhe

thin |l ayer on the tter. The specifications of the surface state of the
structures otgeﬁeneg regiomksr baoiar makingf & rposside de Mok thes diffusicBviarTideT(r)

process are ver trict. Indeed, the roughness of the thin
| ayer is a p ﬂ@fset% QBPQJFG@Qrtal n extent conditions the quality of

the conponents W@s‘n%@nﬂbhéd BBoté, GRb dnoP Bubsifatelis detdshed aThﬁé@evédﬁthé a
need for limting as nmuch as p055|ble t he surface rouc}; ness of the thin

| ayer, and t iemnbritdeinept eonmeraated imits thickneiss hysthegmplemtationestepsediasitons

surfage 1 ougNRESE s aaleBite p0fer UENAEE Butor e Dol eRBIs AT B Bub e
and the resulfé fHin $dyatonthe [dtes. been subjected to a RTA (Rapid Thernal
Anneal i ng) adapt ed for T_gum‘n ng out certain roughnesses by surface

reconst ructi on. The spestiicetipppPhthsiéarecelatn of Biesstaidueroialed doanksse
exposed i n Or?hat}ér?ﬁ?e Ha:egéil%*:&i%xs tﬁ%?ﬁlnz Smp@%@@%{iﬁr&" néFB [39 \R:,(rgc' sely

been neasured on a su ace tomc
force m ggosehiet Wddedndhe SOU@mwssssfedqé)ymariawnemgepm‘aamtalt Mmmalineaknomn
as RVE (Root ccl-\a/:?tgfrr]l exztgntscondltlgns thebqlualzty 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 implement the implantation step

15 under conditions making it possible 1o limit the roughness.

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

20 The co-implantation conditions are the same as those exposed in
relation with Table 1.

The surface roughness has more precisely been measured on a suerface

.of 10 x 10 ym? swept by the point of an atomic force microscope AFM and is

expressed by an avefage quadratic value known as RMS (Root Mean

- 25 Square).
| Table 2
4 26 4,28 5, 01 8,48
Y 40 359 5,62 105
34 4,63 5,76 712
9 12 15




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 WO

2006/ 032947 PCT/1B2004/003300 6 X It is apparent fromthis table that the
two best g@n@oginsy for limting the roughness are thosergpsesbissgd on the
upper part of the left hand side columg However these conditions result,
as shown in Table 1, in blisters formation. s On the other hand,
conditions resulting to zero blisters formation are conditions which does
not limt roughness. Hence, as the conparison of Table |I and Table 2 makes
it clear, certain inplantation conditions that result in the best
roughness may lead to the wundeSited DITsters rornation, and reciprocally
conditions that avoid blisters 10 fornmation may ¥esult in poor roughness.
It thus appears that surface roughness and blisters formation cannot be
controll ed separately. Hence a conpronm se has to be made between tEﬁé best

condi tions (i nplitistarnasantsihamdghisstablthed dhe fwe beshoendtions farilgribng
formati on an S 111 | gLt i : 15
roughness. 1 1opETES bre e \BRBIRE on The ' dibdr i5art 374kl 18 Fdhd 3R
conducted f @plumant Holeveg thiwde ocohgitions gdsudts aisbshioverh $o Tablerl, paublisiersr s
such as the _thickness honogeneity of the transferred thin |layer, the

t hi ckness of T®MRatiManage zone, the splitting tenperature, etc. 20 There is
thus a negd for sk r ki ' kd Wi SR Srior apPri si ng
athinl ager of @eﬁondu’iﬁé?@’ngwp% g%éuéﬂiqﬁbbsjt%%g ?I@f(ﬁr&'\(fmﬁ‘hﬁhlo t he

co- i npl ant at iconditiond wthicindoas ecblimnitmalghynassnt rol 1 ed, in particular in order

both t id bljsters fornmati d i it |t face.
oughnese. _ I'n GIEe: 76 te FPRBSaRot Sanient PoRdAOIE akaraE P RYE 2 Bl

proposes, implantation conditions that resulf in the best roughness may lead to the

undesired blisters formation, and reciprocally conditions that avoid blisters
10 formation may result in poor roughness.

It thus appears that surface roughness 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 limiting the resulting surface

15 roughness.

It is mentioned here that such a compromise may have to be conducted
for controlling not only roughness but also other parameters such as the
thickness homogeneity of the transferred thin layer, the thickness of the

_ damage zone, the splitting temperature, etc.

- 20 There is thus a need for a method for producing a high quality structure
| comprising a thin layer of semiconductor material on a substrate for which
the co-implantation conditions are optimally controlled, in particular in order

both to avoid blisters formation and to limit the resulting surface roughness.
In order fo fill the above mentioned need, the invention proposes,
és - according to a first aspect, a method for producing a structure comprising a
| thin layer of_ semicond_uctqr_ material on a substrate, compr_ising the steps

consisting in:



25 according to a first aspect, a nethod for producing a structure
conprising a thin layer of sem conductor material on a substrate,

conpri si ngwg 486632683 consisting in: WO 2006/ 032947 PCTetBap564/6830300 7
performng a co-inplantation of at |eaststwo different species under a
face of a donor substrate fromwhich the thin |layer nust be nmade, so as to
create an enbrittlenment zone in the thickness of the donor substrate,

pl acing the face of the donor substrate into close contact with a support
s substrate, after it has undergone inplantation, detaching the donor

substrate at theydrRyglingh édmsrRtdtioh! §MBNlcatP MR differedd shecickailsdegra a part
of the donor substrate onto the support substrate and to formthe thin

| ayer on the |faceef a donor substraterfrons whighe thectiinlayry mushbermede o3 anép
essentially chem.cal l f I, | et-kike e .0, t he donor
substrate, at eSS ¥@&ﬁ@ﬁ@§§&§b%@%ﬁ%ﬂiﬁé&e§%P{t{m(eeggli%rﬁcl{%tﬂgg%em lally
physical ly as «a gigslng thefadendethsalonopcabstiie intd ¢bse conlarbvith #lenwort
substrate for providing stress in said defects, each of said first and

second spdci essupsiratp, eeps bepsidgrgnns implagtationi n t he t hi ckness of the

Corond ng. vonc RGN Ti.bGn0. SARYS LLAR DUGL & FeluBiRRhi 202.5s .
maxi mum concendy @t transf@ealpartt dfeheriomed shbsingieadris died supped substraiat andhe

co-inplantatiaon st eP is perfornmed according to co-inplantation conditions
accor di ng to WAffemm tha thin laysr anthe ladierener gi es of said first and second

i L T e e e

the thickness o subs I'n"sard e | ement zone and
mor e i n- dept Hotrhiag phatalet-filkes tdefagie cine thes ploeedi substrates, atiddast sheecond

Subst ant i al | PEFIesI NG Frdapie-S polRe RS PRNE R RoR AOSETEo BRIt r om
25 42%10, S0t Blad] Sl gt o ot i Ssk <t v
defects, each of said first and second species being respectively distributed
in the thickness of the donor substrate according to a repartition profile
15  presenting a spreading zone wherein the species is mainly distributed and
presents a maximum concentration peak,
the method being characterised in that the co-implantation step is performed
according to co-implantation conditions according to which
- the implantation energies of said first and second species are selected
20 such that said second species peak is located in the thickness of the donor
substrate within said embritlement zone and more in-depth than said first
species spreading zone, and
- the implantation doses of said first and second species are selected to
be substantially similar, the first species implantation dose counting from
25 40% to 60% of the total implantation dose.
Preferred but non restrictive forms of the method according fo the
invention are as follows.
- the donor substrate being a silicon substrate (eventually comprising a
| superficial SiO; layer), the implantation doses of said first and second
30 . . species can be selecied for the fotal implanted dose o be a dose lower

than substantially 3,2.10"%cm?;



i nvention are as follows. the donor substrate being a silicon substrate
(eventually conprising a superficial Si02 |ayer), the inplantation doses

of said fiyigegisdesecond 30 species can be sel ected fopcihgbfinasoo
i npl ant ed dose to be a dose |lower than gubstantially 3,2.1016/cn2; WO

2006/ 032947 PCT/1B2004/003300 8 - the total inplantation dose can be | ower
than 2,2.1016/cnR2; - the inplantation dose of each species can be conprised
between 0, 9.1076/cn2 and 1, 5.1016/cnR; - the offset between the first
speci es maxi mum concentration peak and 5 the second speci es maxi num

concent rat i on_peak idtBYinfSaiafiBh d58s caf WeIbak itdin 228 9er 500 and 1000

angstrons. - the co-inplantation step can be performed by co-inplanting
Hel i um and Hydtleydmplanibtion dess 0§ eactespeaiebycamyis camprisad dbefpwesgen

acting essentially, chenm léb iep. the donor substrate; 10 - the
co-inplantati bn&gbe C’ﬂa@“‘gg’ i‘?f&%d by co-inplanting sequentially Helium
then Hydrogen, +ihd laffset BBRIdert tHSTifskispee Paxiwh! doreantafiai babk.andnd nmay
eventually conprise on its top a superficial oxide |layer; - the nethod may

further chnpritke, sdsendr species f mexinyimt peneigtiosupeak ahay B Gompisgded i nto

ot Teact one. Shbbpulinfl BERRR a0 830 190G apBefOMBIT SUbetrates which are to
be placed into ¢hese-imphiniston Jlep danvies pedormés by oekiaiptenting iHbkum and

internedi ate structure obtained just arter the co-inplepentation step of
the method ac&tydiparp.t blelie factisg gsprnttally 2physicallye ang dfidregen  acking t he

I nvention al nggﬁtgatnﬁ%htemiI&%ﬁ iﬁﬁﬂ% Egﬁ%}rgug)&faté;he nmet hod according to th(cah

first aspect o nve oduct1 on of Sed (Sem conductor
| nsul at ond st ruéhiar es-impldratiohastss emast | be, grufororees byd cadiphardings of

the invent] Onsémqtlnlantialiy Helium then Hydrogen;
- the support substrate can be a silicon substrate, and may eventually
comprise on its top a superficial oxide layer;
- the method may further comprise, before the face of the donor substrate
15 is placed into close contact with the support substrate, a plasma activation
treatment of at least one of the faces of the donor and support substrates
which are to be placed into close contact.
The invention also relates fo the intermediate structure obtained just
after the co-implementation step of the method according to the first aspect
20 of the invention. '
. And the invention aiso relates fo the application of the method according
to the first aspect of the invention to the production of SeOl (Semiconductor
“On Insulator) structures.
- Other characteristics, purposes and advantages of the invention will
- 25 appear to the reading of the following detailed description, with respect fo
the annexed drawing, given as non restrictive example, in which figure 1
shows for different deltas between Helium and Hydrogen implantation
_energies, the distribution of Helium which is to be compared both with the
distribution of Hydrogen and with the position of the embrittlement zone.
R As it has already been exposed, the invention relates to the co-

: implantation step performed during the production of structures comprising



25 appear to the reading of the follow ng detail ed description, with
respect to the annexed drawi ng, given as non restrictive exanple, in which

figure 1 wehweedhoy7 different deltas between Hel i um andpbygBH986h3300
i npl antation energies, the distributiongf Heliumwhich is to be conpared

both with the distribution of Hydrogen and with the position of the
enbrittlenent zone. 30 As it has already been exposed, the invention
relates to the co- inplantation step performed during the production of
structures conprising WO 2006/ 032947 PCT/|1B2004/003300 9 a thin |ayer of

sem conduct ory Ffth Gyt o%nﬁcéhﬂmﬁéﬁ matHE rcﬂé’subﬁ@rsﬂsﬂbé‘trété}’ﬁ{e thlilﬂali/ér

obt ai ned by detach nt at the level of a donor trate previously
enbrittled bybdinglchhained dy détashmentat thehéeviehwdat domorcsubsdiate ipreviogsiyvi ng

the quality of tr ctur d 5 by utilising a transfer process of
t he SI\/ARTCUT(‘?'?%@' Q %'IQ‘?{RQ %DGE%?F I n general, be any type of

structure conpri siTug ?hvehﬁtbrﬁ‘ chRRS lrpfmﬁ'o‘a‘rﬁ@ tﬁ@"tﬂjmh%f FBHOEIRE oBfiAed UT f ace
exposed to the external environnent. 1n non restrictive way, the thi

| ayer of §emb)blﬂidl$trtg)ﬁ trmsanpmcasamfﬂn@abMBTQLbfﬁtme silicon carbide S| C,

germani um Ge, sili | i h
substrate support s@@étﬁﬁé&gg%f 'ﬁs‘qe‘??eéaﬁ%ﬁ aH)dlﬁie[ §PS§Y@6%C‘P'§§7g?m§fEOX| de
can al so be iiRinelagel 8f aGenilchriuttsmbieisp oY GLirfacd Bsposdeioathe dtterrdni n

| ayer, the structure therefore fornmed being a Sed 15 (Sem conductor On

| nsul at or) staYdeomentand in particular a SJ (Silicon On |Insul ator)
Th
structure. The i mphanhal i00isheAas PEdh0 e bPSkRUSLERD FARREPLSN |

carrying out a co- imp specres SO as to

create the dubsilitdh Siesiticoreparbide SIC agpaadiuntBes dilicbaaanmgnpinarBiGen t he
t hi ckness of 0 the dqng substrate. During the inplantation step, each
speci es di st GAHWR AF$ENHASER; Bleness  of the inpl anted donor substrate

according to a reRgd it sYdrEct BE FRAILBF 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 SeQl
15  (Semiconductor On Insulator) structure, and in particular a SOI (Silicon On
Insulator) structure.

The implantation step according to the invention consists in carrying
out a co-implantation of at least two different species so as fo create the
embrittlement zone along a plane called cleaving plane in the thickness of

20 the donor substrate.

During the implantation step, each species distribute in the thickness

~ of the implanted donor substrate according to a repartition profile presenting

"_a spreading zone wherein the species is mainly distributed and presenis iis

“maximum cohcentration peak. More précisely, the repartition has a quasi

- 25- Gaussian profile presenting a standard deviation {defining said spreading

zone wherein the implanted species is mainly distributed, for instance

wherein 70% of the implanted species is concentrated) and a maximum

concentration peak which depend in particular on the implantation energy.

_ | Among the co-implanted species, at least a first implanted species

30 acts essentially chemically for forming platelet-like defects in the donor
substrate, and at least a second implanted species acts essentially_ _



a spreadi ng zone wherein the species is mainly distributed and presents its
maxi mum concentrati on peak. Myre precisely, the repartition has a quasi 25

Gaussi an wigddobd/esap7esenting a standard deviation (defi npagmsabgdessipeadi ng
zone wherein the inplanted species is maijply distributed, for instance

wherein 70% of the inplanted species is concentrated) and a maxi mum
concentration peak which depend in particular on the inplantation energy.
Anong the co-inplanted species, at least a first inplanted species 30 acts
essentially chemcally for formng platelet-1ike defects in the donor

substrate, an :
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pressure in tfoe proyitig scksdinsaidsddiscisat e for providing stress in said
defects. In accordance with a preferred enbqd t he ho rdi ng
to the invention, Fh@ W@?%‘E&Wﬁéﬁdp'ﬁgﬁm (ﬁ@ 'ang&fthce,c{n?ﬁ%h gﬁ?ﬁﬁ or der
> to form thes lh%ﬂltﬁi??'ﬂ’ie Fl?&a%g‘eﬂ driteHBMAlpRERS Yre @oSiripldiRed ¥ oftErOr

substrate. As al ready mentionéd above in relation to Argawal 's article, in
such a case, toHfomogibe pmbrittiensgriczere vini Hie dlicknesss ehta allicpnc Bédangar y
wher eas FE|IU %s t he species which acts essentially physically. 10
Furt her nore onePStfe: profits fromthe effect exposed in the applicant's

French pat ent app'A§%‘lﬁe@ﬂyﬂﬂerﬂ@ﬂ%%ovbhh@dlaﬁ@ni’mlﬂ\Yga\ﬂﬁ s24Hidle, irasgehieing to
whi ch co- i npl antation of (a | ow dose of) Helium and rogen results, when

conmbi ned wi t hcasd,iydmoag istee spesias whith actﬁa@ﬁsentiﬁlé'r ﬁmmlcaﬂhéﬂé!F@rﬁgS( RTA)
Thyers ot b PRI BB iSO ceple o 1o o 1
fol I owi ngig npl ant aan'u@lﬁlemioréaohégmﬂs dorefitf frorhy i@ geffect! exposddt einerthbl y,
ol ant1 ng_ HeRRRIFRPREIFTRDh GURRT FelaAoRgY: BoUdtkct P 1 €5 49 met nod
agc?;rg: gﬁ . ;?I %(%%Crgﬂ\ﬁetptdﬁ% codthpidiRafiéh bRl R 8bs@BHFI&RIh SnBYIYROEBA W th
results, when combined with a finishing step comprising a rapid thermal
annealing (RTA) of the structure obtained post-detachment, in the transfer
15 of thin layers with a reduced level of roughness relative fo the transfer
following implantation of {a higher dose of) hydrogen alone.
Preferably, though not exclusively, co-implantation is carried out by
sequentially implanting Helium then Hydrogen.
Returning to the description of the method according fo the invention,
20 the co-implantation step is performed with co-implantation conditions
according to which the first and second species implantation energies are
such that the second species (the physically acting one; for instance He)
" peak is substantially located in the thickness of the donor substrate within
'the embrittlement zone and more in-depth than the first species (the
25 chemically acting one; for instance H) spreading zone.
The co-implantation conditions are moreover selected for the
implantation doses of the implanted species to be substantially similar, the
first species implantation dose counting from 40% to 60% of the total
| ”.'implantaﬁon dose.
'-.30_ : Indeed, the applicant has conducted several experiments and

" concluded that controlling the implantation energies such that the second



according to which the first and second species inplantation energies are
such that the second species (the physically acting one; for instance He)

peak is swepipaghizadd y | ocated in the thickness of the depeipmubsizimt €
within the enbrittlement zone and nore ifprdepth than the first species

(thee 25 chemcally acting one; for instance H) spreading zone. The
co-inplantation conditions are noreover selected for the inplantation
doses of the inplanted species to be substantially simlar, the first
species inplantation dose counting from40%to 60% of the total

i mpl ant ati on ¢peeies3Pehi 38 esatédanAPB! thickRbs F thENdbidresibsRYRy More in-
experinments and concluded that controlling the inplantation energies such

that the secofi@pitDthandheFirsuspeciss spromting oesogould] algye aveiding Sisiess

| ocated in th? %tgéé,pess of the donor substrate nore in- depth than the
first species 2 I'ng zone woul d all ow avoiding blisters formation.

Moreover the appli didrecbs the appliciittidd edhtlngsd fRMehesR BkSerimsahts that
controlling the i HEJ antation energi es such that the second species peak is
| ocat ed i n° t h€OPEPERASS. impylantation eneroississch dhat the seeenchepedies peak dsrent

zone woul d ajsoubehPuld Fiddiads LPUAIAGRS, subifrafERAhi Pk niRiERAEhF Zone
_ preci sely ese experinents as well as a discussiron of the

mechani sms i mplduddi aiso hdlp limdlinproudeesdi ng to to the invention. Firstly,
different SO (Sil :I on.On Insulator) structures were_ produced, the
co-inplantation st E*eéiﬁ%aﬂ@tf@rh@er@a SOBERISINPER PragHehhingse SXPEFMaaLs hen
H.  The i npl antat q ' ' t; /. 3 15
e and 0.5, 1075 welpaf aERCNEich b HREmcRaRRALY Hiikd R e Sl AEEE Y ,
keV) wher gas tdthe iivehBorent experi ments were conducted for different He

: gg: :2% :t : 82 energi,:?rgﬂy’ Jiﬁgre%?@(.ﬁlc tgco%t ﬁ g&lgtgr?sﬁ'ggﬂ%sewtepeeprdoi ufcg(ri,e nt
the co-implantation step consisting in the sequential implantation of He then
H.
The implantation doses were fixed, respectively to 1,2.10'%cm? for
15 He and 0,9.10"%cm?for H,
The H implantation energy was also fixed (27 keV) whereas the
different experiments were conducted for different He implantation energies.
The applicant attempted to compare the different implantation
conditions upon the SOl surface quality according o quality parameters
20  such as the number of blisters and the roughness after the detachment
step, as well as the roughness after several final classical treatment steps
(which will be detailed hereafter) were conducted.
o Secondary lon Mass Spectroscopy (SIMS) analysis were operated
* (post implantation, after the implantation step was performed) to investigate
25 the concentration distribution profile of the implanted species in the silicon
- donor substrate, and more particularly to determinate the position of their
maximum concentration peak and spreading zone.
| By taking into account the positions of He and H maximum
| concentration peaks, as well as the possible overlapping of their spreadihg
30 zones, the position of the Helium peak can be qualified of either “less in-
depth”, *within”, or “more in depth” than the Hydrogen spreading zone.



conditions upon the SO surface quality according to quality paraneters 20
such as the nunber of blisters and the roughness after the detachnent

step, as we)doo@gs2ddie roughness after several final classpeghobd/@Bidgent
steps (which will be detailed hereafter)gvere conducted. Secondary |on
Mass Spectroscopy (SIMS) analysis were operated (post inplantation, after
the inplantation step was perforned) to investigate 25 the concentration
distribution profile of the inplanted species in the silicon donor
substrate, and nore particularly to determ nate the position of their
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embrittiement zone.

15 Table 3 here below shows, for different investigated deltas AE
between He implantation energy and H implantation energy, the results of
the above mentioned analysis while Table 4 qualifies the positions of the
Helium peak relatively to the embritflement zone and to the Hydrogen
spreading zone.

20 Figure 1 schematically shows, for the different investigated deltas AE
between He implantation energy and H implantation energy, the positions

(along the X axis representing the depth in angstroms from the face of the
" donor substrate under which implantation has been performed) of the He
peak and spreading zone fo be compared both with the position of the H
25 - -peak and spreading zone, and with the position of the cleaving plane and
‘embrittlement zone in order to obtain the nomenclature mentioned in Table
4,
Table 3

Reference SIMS post-
Clsaving plane (A) Offset (A)
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t he above nentioned analysis while Table 4 qualifies the positions of the
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It can be noted that the cleaving plane is always “more in-depth” than

the Hydrogen peak, even when the He peak is “less in-depth” than the H

spreading zone (see reference 1). In addition, the cleaving plane is always

5 in the vicinity of the Hydrogen peak (for a few tens of Angstréms), even
when the He peak is “more in-depth” than the H spreading zone (see
references 4, 5 and 6).

Table 4
delta AE
between He He peak position He peak position
Reference and H relatively to the relatively to the H
implantation embrittlement zone spreading zone
energies
1 +7 less in-depth less in-depth
2 +13 within _within
3 +16 within within
4 +19 within more in-depth
5 +25 more in-depth more in-depth
6 + 31 more in-depth more in-depth
10 After the detachment step, the eventual presence of blisters was

'investigated for each of the above mentioned structures. Moreover, surface

. roughness measurements were also carried out after detachment both by



t he Hydrogen peak, even when the He peak is "less in-depth" than the H
spreadi ng zone (see reference 1). In addition, the cleaving plane is always
S in the wioGohd/dsge@f the Hydrogen peak (for a few tens pEfE@si/dasse) . even
when the He peak is "nore in-depth" thanyhe H spreading zone (see
references 4, 5 and 6). Table 4 delta AE between He He peak position He
peak position Reference and Hrelatively to the relatively to the H

i npl antation enbrittl enent zone spreading zone energies 1 +7 less in-depth
|l ess in-depth 2 + 13 within within 3 +16 within within 4 +19 within nore
in-depth 5 ' [ i yMadapideen®fe in
depth to Aftg‘rwétéﬁgﬂélg}éac ﬁnﬁﬁm%%mt(hﬁg&g\%gﬁﬁ Mé%égﬂﬁ d())r][‘abl I sters was

i nvest i gat ed 10810 ga@ovet thiedhinblayer serface (encssit hasthaeadtranabersed epto Bir f ace

roughness nmeasur epgents e al,so carri ut after achnment both by WO
2006/ 032947 w%%éav%ésaedE&%m&ﬁﬂ%@%%ﬂ&%&gbf an AFM (At om ¢
Force M croscope) Gé’he@a!ﬁ}”@g?@aléﬁﬁg, 10PN PH2aRURSMéME t BharabRyee sHighace
(once it has been transferred onto the support substrate), and by using a

Dekt ak pr®fi frequeneges Geughaesses pwdidendlelialk msallar dneier s measuERMeniSze
high 5 frequencies.rou esses whi | profile nmeter neasurenents
characteriz ecﬁ%wc?qr&ﬁjolgﬂ&[} Sgugﬁﬁ'aﬁ r{g@gl&ﬁ&&%

le 5 hereafter recapitul ates

these observationyaprd Sreagerestst s redaptidafes these observations and
measurements.
Table 5
He peak He peak
Percentage position position AFM Profile meter
Reference of wafers | relatively to the | relatively to the | RMS (+/-5 RMS (+/-1
with blisters | embrittlement | H spreading A A
Zone Zone
H only 4] 52 27
1 (AE = +7) 87 less in-depth less in-depth 61 13
2 (AE = +13) 50 within within 53 12
3 (AE = +16) 50 within within 54 11
4 (AE = +19) 0-50 within more in-depth 54 11
5 (AE = +25) 0 more in-depth | more in-depth 61 11
6 (AE = +31) O more in-depth more in-depth 71 13
10
[t can thus be observed that the numbers of formed blisters is all the
more important as He implantation energy is weak (that is when energies
offset between He and H is, in the experiments conditions, lower than 20
keV). However, when He is implanted so that its peak is “more in-depth”
15 than the H reparition profile (that is when energies offset between He and H
is higher than 20 keV), no blisters are formed.
It can also be observed that the roughness is with the lowest when
He is implanted so that iis peak is located “within” the embrittlement zone,
‘and that at the same time for high and low frequencies roughnesses.
20 On the contrary, roughness gets higher when the implantation

~ conditions are such that He is implanted so that its peak is “less in-depth” or




He peak He peak Percentage position position AFM Profile neter Reference
of wafers relatively to the relatively to the RVM5 (+1-5 RVM5 (+/-1 wth

bl i sters @wibéddheent H spreading A) A) zone zone H onbyr@sasedssonl (AE =
+7) 67 less in-depth Iess in-depth 61 13 ;52 (AE = +13) 50 within within 53
12 3 (AE = +16) 50 within wthin 54 11 4 (AE = +19) 0-50 within nore

i n-depth 54 11 5 (AE = +25) O nore in-depth nore in-depth 61 11 6 (AE =

+31) O nore in-depth nore in-depth 71 13 10 It can thus be observed that

the nunbers of fornmed blisters is all the nobre inportant as He

i npl antati on "pRREgN-depth@Rin (@B mtlshrmt Qaﬁé,%ﬁsthapﬁfo?@fesbééiWQS tige and H
I's, in the experinents conditions, |lower than 20 keV). However, when He is

i npl ant ed so & aepartiioppark movessway frome salsh embrittiementizens: reparl tion

Rev) | o bl st ers (orgs Agregoted i higfCheGEEtRsto0abbradel VLR (ARRLL: o

with the | onafeasdrement®s aré relm{/@m«t §iﬁhl@@ \tvhéﬂnertaScdlmblanfaﬂoﬂQﬁt}e@IanWH hi n"
the enbrittl ement zone, that at the sanme_tine hi gh and | ow

frequenci és- M@hmaa@ﬂoa@f@omml&mﬁ@r&n@d @aabwéla%r Rands uegmser\mﬁan t he

ese i o deptPet B eI Osduibast a5 tpisERaRpl s (ieR T EBRR- ' ©
than the enbrfot &l evdmpiantatinn conditidas contparaiivety talnhplaatatihef Helone.
repartition peak noves away fromsaid enbrittl enent, zon

noted that high fréqueniord bl ToesEEGiIasabt @Wp%?ﬂ@tﬁ%ﬁ%ﬁsctﬁ%ﬁ
bt on <P 15 DR REETRRB AT lptngfft nfesingrlira
10 . adapted for gumming out certain roughnesses by surface reconstruction,
- and especially the high frequencies roughnesses as it is mentioned in the
applicant’s French patent application n° 0309304 already mentioned before.

The finishing step of the structure obtained post detachment can in
addition to this RTA (RTA1) furthermore comprise the following combination

15 of treatment operations: a stabilised oxidation (StabBox), a second RTA
(RTA2) and a thinning operation.

An important profit can be obtained after RTA1 with regard to
roughness when co-implantation is used instead of implantation of a single
species only.

20 Furthermore RMS values as low as 2,5 A (10*10 um? scan) can be
~ reached after said final thinning operation when co-implantation is
~ performed.
Hence when the He peak is located within the embrittlement zone,
the final structure presents a low roughness whereas said roughness
25 increases as said He peak profile shifts away (either less in-depth or more
| in-depth) from the embrittlement zone.
_ The blisters formation tendency can be described of the following
manner.,

The closest He is implanted from the face under which implaniation

30 has been carried, the more blisters will generate at this interface, possibly
" because of diffusion. |



that | ow frequenci es roughnesses are significantly | owered (nore than half)
for all co-inplantation conditions conparatively to inplantation of H

al one. Ayyompébnngd above, the structures obtai ned pospcegsaelio@pdeo can be
subjected to a finishing step conprisingi@ rapid thermal annealing (RTA)

10 adapted for gumm ng out certain roughnesses by surface reconstruction,
and especially the high frequencies roughnesses as it is nentioned in the
applicant's French patent application no 0309304 already nentioned before.
The finishing step of the structure obtained post detachnment can in

addition to this Rfthd BiHrhahd! WhehPd & P tRE rhde fhcﬂlééﬂ tharcididtimat i on

w
15 of treatnent operations: a stabilised oxidation (StabBox), a second RTA
(RTA2) and a danonrsubgtretserdei will. findy ungesr aane alne iraatghthen ot SIRESINGS t er

mpl ant at i on HEfoPBIeIbRAIPE ETeHe Rrida SPHEIRlariRiod HREMMEF S o, o
2,5 A (10*10 |peeted ¢athe donomsubstets Mtirefhiead disirbutionrofilel and vehictpadlat i on

when co-inplantation is . Be_rformad._ Hence when the He peak is |ocated
within thé et keasedimit pligier formadion; nal structure presents a low
roughness wher eas i S i SRF ' rafi
shifts away (eit h(;r?'%l @s@gﬁﬁﬁggp@dﬁrﬁmﬁg@i [ ﬁ-ﬁgg?ﬂ%?é%rcom ?ﬁgkdeérirbfreifwﬂeleenent
‘zone. The bl i{et rfose fgenerdllyaspdakirtetheyplomsicdlly dethwy shecies) ta be disiiibutedng
manner. The closest He is inplanted fromthe face ynder which_ inplantation
30 has been MR ghe thigknass tgeidgngr§u tﬁtegéﬁ:&P'ﬁfﬁg qumpgri;ﬂm?@prpﬁ ,
possi bly beﬁﬁé% i ' i / AB33QAai In
t he ot her hand, t@?‘? %gg%wﬁg'ié%&%@qﬁoﬁaﬁﬁﬁgﬁé t%ﬁﬁﬂﬁéjn thea;.n onor
substrat ap Hepvedd (ér more wederalynspsdking the eaneewherethé tchedii¢aliysacighg pat h,
pl atel ets-type defects .forned (By H i npl antati on and which are thus
species is mainly spread).
It has to be noted here that for the He dose (1,2.10"%cm?) used in the

context of the experiment, no blisters formation was observed when He is

implanted in such manner that its peak is more in-depth than H spreading
15 zone. However, if He were to be implanted with a much higher dose, all of
the He may not be trapped by the H-stabilized platelet-like defects and
could thus diffuse and form blisters.
As exposed in the applicant’'s French patent application n° 0309304,
already mentionned, the co-implantation of (a low dose of) Helium and
20 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 relative to the
transfer following implantation of (a higher dose of) hydrogen alone.
However it has been shown here above that the roughness depends
25 in particular on the relative positon of He peak relatively to the
embrittlement zone.
| Indeed when the He peak is either “less in-depth” or “more in-depth”
than the embritilement zone, roughness is more important than when the He
peak is located “within” the embrittlement zone, thus close to the Qleavi_ng

30 plane. .



| ocated in the donor substrate within the H distribution profile, and which
will 5 trap He and Iimt blister formation. The inplantation conditions
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physically acting species) to be distribuyted, wthin the thickness of the
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which is nore in-depth than the zone where His nmainly to spread (or nore
general ly speaking the zone where the chemcally acting species is mainly
spread). It has to be noted here that for the He dose (1,2.1016/cnR) used
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i npl ant at i on lefs, Grdhbghenesordnataséy.dr ogen al one. However it has been
shown here above that, the rqughness, depend 25 |n particular.on th

rel ati ve positi ontr@ﬁ impl@RigHOR £08 ﬁ'QB??F‘PHEWHS bﬁtéi?’? tsfegﬁ%?fi 'QBFF&?r%Pﬁdeed
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For these purposes, the difference between the second species
implantation energy and the first species implantation energy can for
15 instance selected for the offset between the first species maximum
concentration peak and the second species maximum concentration peak
(as determined for instance by SIMS analysis) to be substantially comprised
between 500 and 1000 angstroms.
Implantation conditions that were investigated here above only
20 concem the implantation energies. However implantation doses were also
~ investigated during a second set of experiments in order to optimally control
the whole of the co-implantation conditions ne cessary for producing a high
quality structure comprising a thin layer of semiconductor material on a
substrate.

_ 25 Typically the implanfation doses of co-implanted species can be
selected for the fotal implantation dose to be lower than substantially
3,2.10"%/cm?, and preferably less than 2,2.0"%cm?, that is a lower total
implantation dose than when a only single species is implanted.

o The implantation energies used for producing the structure
30 . referenced 3 here above (and leading to the minimal 2,5 A RMS final
roughness value) were kept identical in this second set of experiments, that



profile. He concentration at the level of the enbrittlenment zone is in that
case maxi num and results in reduced roughness. s Conversely, when He

I mpl ant at w@mobGopesf ormed either far "less in depth” opcihag0dss00 N
depth"” than the enbrittl enent zone, He cenitributes |ess, and roughness is

I ncreased. The inplantation conditions should thus be also selected in
order for He (or nore generally speaking the physically acting species) to
be to distributed, within the thickness of the donor substrate, according
to a repartition profile which present a peak which is |located within the

enbri ttl ementis298eirfPimplapie Muapenery dfits keV faideHaseipgt ingantcbeatsagond
species inplantation_energy and the first species inplantation energy can

for 15 inst PRYYST @It @Y -for the of fset between the first species nmaxi num
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determ ned for insta ySI'S be " substan y conpri sed

bet ween 500 appldfiBlondosts wese madiieant ati on conditions that were
i nvesti gated here above only 20 concern the inpl agt gt ion e ebggi es., However
i mpl ant at i%n dosesHWigr ©f apllo the nfbdasgatias dosreases demnd 240 dem? to

experinments i ! L f 18R e 42 ation
condi tions ne’l;’gg[sd;%"#zg\r’m%rfg UCéI ﬁagg%%g%ptggg?’%aztﬁrgu%?aﬁqugingﬂag?%g a
thin | ayer oflowenithamduringr theafirst isat obexperirmabist fartvehickbthey bl dbobg whse

i npl antation ﬂgsz}qa of ,co-inplanted species can be selected for the total

I mpl ant ati on SO /6ML | ower than substantiall y 3,2.1016/cn2, and

preferably Iess tW&n@o?trQalﬁ(v%ﬁﬁqaté@%-w?la@né%&oﬁ&ﬁé'ns (hiERdimal #f 488 dose
s 1s I nplanted I

t han when a only single §$e0| e np . The inplantation energies
used for rodmqiahdothd.16x Vawtuleads 3o hlistfers dorrmaticn. Howexbowae thend deseli ng

to the mnimal 2,5 A RVB final ¢ r.og_iqhness val ue) were kept identical in
this second SBEEGPCRIPLONAETT detofREeho 2006/ 032947 PCT/ | B2004/ 003300 18

Then, the He dose was varied while the H dose was kept fixed (equal
to 1,1.10"%cm?) and the energies were also fixed (He energy of 49 keV; H
energy of 32 keV).

15 As the He dose increases, blisters formation occurs. However the
roughness is low for all the investigated structures (ihe final roughness
being as low as 2,3 A RMS on a 10*10 um? scan when the He dose reaches
1,5.10"%cm?).

Finally, it can be derived from this second set of experiments that the

20  best result can be reached as for a low roughness and the avoidance of
blisters when the implantation doses of the fwo species are substantially
similar, the first species implantation dose counting typically from 40% to
60% of the total implantation dose.

_ Advantageously, the implantation dose of each species is comprised

25  between 0,9.10"%cm? and 1,5.10"%cm?>

. A surface activation freatment, such as a plasma activation, may
further be performed which may help (in particular when the implantation
doses are such that a repartition close to 60%/40% is achieved) to reduce
residual blisters and achieve good roughness. This plasma activation is

© 30 performed, before the face ofwthe donor éubstrate is placed into close



is He being inplanted at an energy of 43 keV and H being inplanted at an
energy of 27 keV. Roughness and blisters formations were observed as He and
H i npl anyaf igego3eses were nodified. 5 First of all, thecimgesgssm

i ncreased fromO0,9.1016/cn?2 to 1,3.10164en2 while the He dose was kept
fixed, equal to O 9.1016/cn2 (that is |ower than during the first set of
experinents for which the He dose was 1,2.1016/cnR). None of the

i nvestigated co-inplantation conditions (maxi mal H dose 1o equal to
1,3.1016/cnR) leads to blisters formati on. However as the H dose

i ncreases, r @upestssititHecsuspot ssbostEienon kb kedde oflest thefacesrdetheroher t he H
dose was kept fixed (equal . 1016/ cnR) and the energies were al so

1.1

fixed (He ena@swpmbswatégwéi@rw tgbegplaged/into elospLonfadiie dose
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the investigated structures ( roughness l'ow as 2, 3A R\VS
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can be derive romthis second set of, experinents at the 20 best result
can be reécheﬁfcﬁﬁ‘ﬂf‘%lto H‘qgﬁﬁt?ﬁ%ﬁé&e W&”E'%eémedfa}ﬁﬁ)@ aRoVep| | sters when
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first species inplantation dose counting typic to 60% of the
total i npl antzplicaticosftheAdethudaarouding to tihe firshaispattafitbe inkesetiart taetieh

i i i sed 0,9.1016/ .5.1076/cn2. A f
spec oc 1 COTENL SPO A%, APLESR. O 010 I8 AU SACTS ore. A surface
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such that a repartition cllose to 60% 40% i s achi eved) to redlce residual
bl i st er s 1and cadhipdartation.d Theuysnesdiledrin shelait vl aodetsiand thag seimilar

perfor med, _befgre the face of Lhe donorSHRSki Al aub RhasAS ¢ Aich G458 VO

instance Ge, SiGe, GaN, SiC) or other type of co-implantation



19 contact with the support substrate, on at |east one of the faces of the
donor and support substrates which are to be placed into close contact.

Under anoilipisnasnest . the invention also rel ates to theprpigiopehzaioe
structure obtained just after the co-inplkgnmentation step of the method 5
according to the first aspect of the invention exposed here above And
under anot her aspect the invention furthernore relates to the application
of the method according to the first aspect of the invention to the
production of Sed (Sem conductor On Insulator) structures. The description
here above dealt with SO manufacturTHE @pdiMie-H 10 co-inplantation. The
man skilled in the art will understand that a similar approach could be
carried out for other sem conductor nateri al (such as for instance GCe,

Si Ge, GaN, Si ty 0 7906/ 032947
PCT/ | B2004/ 00 BOWet%PTfQé (ﬁﬁ?ﬁféﬂﬁ 4\/2%@63& Q&P@g 8 34 ﬁﬁ'? Jayer cof
conprising a $émiconduetor afatedalircg sdbstrate, dmhpmiﬂg tea siepswist r at e,
conprising the steps of 5 performng a co-inplantation of at |east two

di fferent Spect eRENRIAERY R C@‘d’@@'%ﬁa@m@ﬁéﬁ leagh Jwpadierard mpReiash Unsertani n
| ayer nust be prde ascﬁbrﬁ?r S’crﬁfeeﬁ(?]t‘ﬁ \/?@ @F‘P%'ﬂilﬁ b %u&gébm%aaet e él_?{é:kness

of the donor substrate, nor su rate into cl ose
contact with acreafspan Bmimﬂitmﬁeﬁimneaﬁttbe thlbkﬂm oirﬂldedgnmesmquaal]et ation, 10
detaching the do or, s Bstrate e enbri nt zone,. sO

h
as to transfer® aOﬁQPE ¢ T @‘F?eofj&'ﬁ 0@5 ?H@@ ‘Biﬂﬁloﬁﬁé‘oé‘ B‘F 2UBRRE e and
to formthe tt’gdbslt@y@raf@p |ttl’|?h% drﬁfetr nef ﬁﬁql ? na first species being

i npl anted acting essentially chem ormng platelet-like defects
in the doifor subdataching the danot salsstrade awmbvebetﬂmembrmlgmamImnaadsmct| ng

B Ol Fhhatet B e SPGB o BB B Bor bk o
to form the thin layer on the latter,
at least a first species being implanted acting essentially chemically for
forming platelet-like defects in the donor substrate,

15  at least a second species being implanted acting essentially physically as a
source of internal pressure in the ifnplanted donor substrate for providing
stress in said defects,
each of said first and second species being respectively distributed in the
thickness of the donor substrate according to a repartition profile presenting

20 a spreading zone wherein the species is mainly distributed and presents a
maximum concentration peak, |
the method being characterised in that the co-implantation step is performed
according to co-implantation conditions according to which:

- the implantation energies of said first and second species are selected
25 such that said second species peak is located in the thickness of the
- donor substrate within said embrittlement zone and more in-de pth than
said first species spreading zone,
- the implantation doses of said first and second species are selected to
. be substantially similar, the first species implantation dose counting from
0 40% to 60% of the total implantation dose. - |



each of said first and second species being respectively distributed in the
t hi ckness of the donor substrate according to a repartition profile

pr esent i ngyo R0s/e8264 eadi ng zone wherein the species i s perakofo@sdl but ed
and presents a nmaxi mum concentration peak, the nmethod being characterised
in that the co-inplantation step is perfornmed according to co-inplantation
conditions according to which: - the inplantation energies of said first
and second species are selected 25 such that said second species peak is

| ocated in the thickness of the donor substrate within said enbrittl enent

zone and nor ez nvidiRridaddurdingsaitbe brécidirpelain® sciepactadzad irzpaethe offdet
i npl antation doses of said first and second species are selected to

b
subst anti al | yoatwgenathe fird species sppdmed icepramratiano peak sand: dug tseagdr gm
30 40%to 60%0f.; i i . . :

PCT/ | B2004/ oo%‘%béé"?ﬁ’@?‘%'tcﬁ’é%@@@épﬁ %%9?% CPﬁgr%ggc%@%ﬁ%%@’&ibﬁmee”

char act er i zedb00anthd000meefrbast.  bet ween the first species maximum
concentration peak and the second species nmaxi num concentration peak is
conpri sedsubstantially between 500 and 1000 angstrons. 5 3. Method

according to ®@n doh&inB" i I [y ENMal: [theiENSs at e
is asilicon %ug\g?f?g:{ig%c chapgc,ttse%?ﬁz(g% ?ﬂntﬂ%a@?a%tﬁég:c%rﬁgm%?@nthgoses r of
sai d first arsibstratnis 3 gdicopsubstraize|chatanterfized inHbat tieaimplapiation edsesse t o

be a dose lower than,substantially.3,2.1016/cnR. 10 4. Metho cording to
ol m 3. chatlal MLt ratond Satietaia sdlased forfhesitel doaintad igseto, Ran
2, 2. 1016/ cn?.peby (8L WerheRr fibdtariRlg 3 Mo Wienghar acteri zed in that the

i mpl antati on dose 15 of each species 15 conprised between 0,9.1016/cnRand

1,5.1016/®nR2. 6. Method according to any one of the preceding clains,

g g?ir ﬁglt :L't IZ ﬁgl L@{I?tﬁ}%%taq{;t&%?diﬁg [ %'?e{ir%né,aéﬂa?gctghzegd I tHaE Ecr];eQ{cg}e?lc%mtﬁfan@t.a’cic:)n

dose is lower than 2,2.10"%/cmz2

5. Method according to claim 4, characterized in that the implantation dose
15 of each species is comprised between 0,9.10"/cm? and 1,5.10'%cm>2.

6. Method according to any one of the preceding claims, characterized in

that the co-implantation step is performed by co-implanting Helium and

Hydrogen, Helium acting essentially physically and Hydrogen acting
20  essentially chemically in the donor substrate.

7. Method according to the preceding claim, characterized in that the co-
implantation step is performed by co-implanting sequentially Helium then
Hydrogen.
25
8. Method according to any of the preceding claims, characterized in th at
the support substrate is made of silicon.

‘9. Method according to the preceding claim, characterized in that the
- 30 silicon donor substrate comprise on its top a superficial oxide layer.



Hydr ogen, Helium acting essentially physically and Hydrogen acting 20
essentially chemcally in the donor substrate. 7. Method according to the
pr ecedi ngwe fbénz2odyar acteri zed in that the co- inplant apcensmbetozse
performed by co-inplanting sequentially peliumthen Hydrogen. 25 8. Mt hod
according to any of the preceding clains, characterized in that the
support substrate is made of silicon. 9. Method according to the preceding
claim characterized in that the 30 silicon donor substrate conprise on
its top a superficial oxide |layer. WO 2006/ 032947 PCT/|B2004/003300 22 10.
Met hod accor digygdvigthodnacoondingftotaity mine o€ the dradeding clairher eledracicrizddiin  t hat
it further conprises, before the face of the donor substrate is placed
into close cdhehitfuthencemprisaspbeiore iinr faeg of the sioasmsulsiralgaisi Biaced

treat ment . Ofin gbeaBhn0iaeuth HACROEa HnlhE, A BN Bl MBSty 1 20 €5

which are to o Clo contact. ernedl ate Stir ur e

obt ai ned | ustofadt ieastiome ofdhé fdeneithatdomor sihdBupporttdubsiratdsoshieharedo ng to
any one of the preg{&di ng.clains. io 12. Application-of the nethod according
to any oné ofP&Plared INMoCQPsecata¢the production of Sed (Sem conductor On

| nsul ator) structures.

11. Intermediate structure obtained just after the co-implementation step of

| the method according to any one of the preceding claims.

10 12. Application of the method according to any one of claims 1 io 10 io the

production of SeOl (Semiconductor On Insulator) structures.
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