PROCESS FOR TREATING A SEMICONDUCTOR-ON-INSULATOR STRUCTURE 5FIELD OF THE
INVENTION  The present invention relates to a process for treating a semiconductor-on-insulator
(SeOl) structure comprising in succession a support substrate, a layer of the oxide or oxynitride of a
semiconductor, and a 10 thin semiconductor layer of said semiconductor, in which a heat treatment is
applied in a reduced oxygen atmosphere, and under controlled temperature and time conditions, so as
to cause at least some of the oxygen in the oxide or oxynitride layer to diffuse through the 15 thin

semiconductor layer, thereby leading tg%ﬁ@gppéi%ﬂﬁgﬂmﬁs_sglution (i.e. disappearance) of the
buried oxide or oxynitride layer. BACKGROUND OF THE INVENTION 20The treatment mentioned

above may advantageously beFEHHINTEARR QN NS Y- AEeBIVE TRIK 8 REor completely - the oxide

or oxynitride layer in defined regions of the SeOl structure, corresponding to a desired pattern, while

preserving the initial ogde 2 YPXYREdeAART ¥bipe other regions. This is then referred to as "local
dissolution” of the oxide or oxynitride layer. It is specified that the expression "oxynitride" is

understood to mean a C8MpdURT FaVing 1R Gehérlt 30-fotMuRE (SEfOXRY WARERSSE is #fF symbol of
the semiconductoreconsidered (forrexample: sitican)cand. whelerx and Y 2¢€ the rronezerousg/gen and

nitrogen CQ”E”%&@%P&S?M%IY;iﬁhe%%%r{%%loqadss@glﬁg%5%%5&%%-,3553/ yituerof such a
treatment, it is pogsi %e eto 8?}95‘(':: as |rllu%t>r<ate9 in ]l_:l ure % an SeeOI .sé%ucéurg hoagnngaan 4 a
variable-thickness oxide or qunitriéae Iayery in Fhe case of a parﬁafnd’lssc?luﬁoﬁ) or'even,as llustrated in
Figure 2, ahybridistuctgrni.eonPiceermprisingBoth ©SeOFezchess ainwhiththe toXide o dxynitride
layer has been preserved, anskzonesdn which thisdayasdmsdepen:totally-disselved. dx the-ease of an
oxymHMelawaﬁﬂ%B%%%g§g, and under controlled temperature and time
conditions, so as to cause at least some of the oxygen
in the oxide or oxynitride layer to diffuse through the
15 thin semiconductor layer, thereby leading to the

complete or partial dissolution (i.e. disappearance) of

the buried oxide or oxynitride layer.

BACKGROUND OF THE INVENTION

20 The treatment mentioned above may advantageously
be applied locally, i.e. so as to dissolve - partially
or completely - the oxide or oxynitride layer in
defined regions of the SeOI structure, corresponding to
a desired pattern, while preserving the initial oxide

25 or oxynitride layer in the other regions. This is then
referred to as “local dissolution” of the oxide or
oxynitride layer.

It is specified that the expression “oxynitride”
is understood to mean a compound having the general

30 formula (Se) OkN, where Se is the symbol of the
semiconductor considered (for example silicon) and
where x and y are the non-zero oxygen and nitrogen
contents, respectively. The oxide corresponds to the
case where y=0.

35 By wvirtue of such a treatment, it is possible to
obtain, as illustrated in Figure 1, an SeOI structure
having a variable-thickness oxide or oxynitride layer
(in the case of a partial dissolution) or even, as

illustrated in Figure 2, a hybrid structure, i.e.



5 diffuses through the thin layer of semiconductor, so that after the dissolution treatment, the oxide or
oxynitride is transformed into the semiconductor considered. The SeOl structure of Figure 1 comprises
a support 10 substrate 1, an oxide or oxynitride layer 2 the thickness of which has been locally
reduced by the dissolution treatment, and a thin semicpnductor layer 3. The hybrid structure of Figure
2 comprises a 15 support substrate 1 and a thin semiconductor layer 3, between which the oxide or

oxynitride layer 2 has been,preserved in egrain regigns (allqwing,iSeQ!” zones o bg formed), and
completely dissolved jn ot,hersog%l!gwin bulk semiconductor zones referenced B to be 20formed).

Such a structur€ FAY e &fiploy2dTd r%’ﬁﬁufgﬁﬁfb BleCH Rt COmpBHentS 15 exdmBig *fiemory"
components and fogic temponeats) tsatrequite differeritsubbtrates on one and the same wafer. 25In

other words, it enablesthe €gentegeation of gircuitsfhatrespectivelyeperate-an, 60! suksirate and on
bulk substrgte V\étp%rkgg% andthhre same (;kag. Ihe %vaen}agg f Igggl.digso Htci%n IS thergfore to
provide a manufacturer ofsintegracfeg circuits Wlttﬁ a 30 wafer comprisingj"BuIIk and “Se0l" Zones on
which they will Be"able ®FaBricatel #hilé T sening theirttiied dhatested-teehnerpEHss, both
components recguing a butkezone and cemponentsaequiring an Se@zoneemiconductor
Specifically,thepregisionofthglocal 35 dissolution technique makes it possible to define bulk zones and
SeOll zones at the com&onent scale. Local dissolution is generally implemented by forming a

mask on the surface of the tRRSenTiEoHRIdor- 8T 147 aRa therFBYRPpRfiTy the HEdE tEatment that
promotes e difusieh o the oxygenarom dhe dxideor oxyritnide: layeetowards the gurfade=of the

semiconductor layer. pinge thermagkiisin generalypade of amaigrial equced by the
dissolution treatment, and a thin semiconductor layer
3.

The hybrid structure of Figure 2 comprises a

15 support substrate 1 and a thin semiconductor layer 3,
between which the oxide or oxynitride layer 2 has been
preserved in certain regions (allowing %“SeOI” =zones to
be formed), and completely dissolved in others
(allowing bulk semiconductor zones referenced B to be

20 formed) .

Such a structure may be employed to manufacture
electronic components (for example “memory” components
and logic components) that require different substrates
on one and the same wafer.

25 In other words, it enables the co-integration of
circuits that respectively operate on SeOI substrate
and on bulk substrate within one and the same chip.

The advantage of local dissolution is therefore to
provide a manufacturer of integrated circuits with a

30 wafer comprising “bulk” and “SeOI” =zones on which they
will be able to fabricate, while preserving their tried
and tested technologies, both components requiring a
bulk zone and components requiring an SeOI zone.

Specifically, the precision of the local

35 dissolution technique makes it possible to define bulk
zones and SeOI zones at the component scale.

Local dissolution is generally implemented by

forming a mask on the surface of the thin semiconductor



that forms a total or partial barrier to oxygen diffusion, the oxygen can diffuse easily only through the
exposed zones of the thin semiconductor layer, i.e. those zones not covered by the mask. In the case

where 10 the mask allows partial diffusion of the oxygen, it nevertheless ensures a much lower

dissolution rate than that of the exposed (mask-free) zgnes in which the dissolution is easier because
of the absence of mask. Document WO 2008/114099 describes such a process, 15 in which the mask

is obtained by oxidation angdicompletely blocks diffusion. +, Howeyer, yse.afisuch.a mask may have

certain drawbacks Including the appearance, in the thin semiconductor layer, of trenches at the mask

edge. 20 Thesé freRGHEEMEY have SEVEAPBrigifs: Wittt PR niaskioy the seiicdndiictor,

reaction betweep:tiie askiand thessemicondwator, &tc.

mobility of the sgmigonsiugtoratemsthatis responsible for the 25 creation of these trenches.

surface mopility depeng§ on the%lempera ure.and the reducin lorI\T{v(‘je(%\ekly 0 idizin%(actrggfgttﬂﬁre of the
e

treatment. These topogra?)ﬁ%al

e?ecIPsaﬁ e &espthlgf which 3 may feach the Thickness ©

thdn evenrdase: it is ¢fe highlstirface

Said

semiconductor [a)ér are @sttinerital tbthe fabritatioR dF Edmponerisorthe thin setfitgRductor layer.
In particular, maskfedgei defects lamnplifysthesurface tapagrapby vardtion. only through

35Thisvariation@ﬁlge%§$)§ggHer%tggg,lojt ?Prig@ft'éonﬁgggs gggﬁ@%@dq%%(}utl%rpay Jead to

dewetting of the semiconductor, i.e. to a loss of cohesion in the thin semiconductor fayer, which - 4 -

dissociates so dst896rmt arsitett On the SEMacte BY thelbxidero oxyhitride fayEFSe  ¥8%éMove or
minimize these tdpographical defects, awhemiedl-mgchanicabpolisting; ndth theygiemof it
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nevertheless ensures a much lower dissolution rate than
that of the exposed (mask-free) =zones 1in which the
dissolution is easier because of the absence of mask.

Document WO 2008/114099 describes such a process,
in which the mask 1is obtained by oxidation and
completely blocks diffusion.

However, wuse of such a mask may have certain
drawbacks including the appearance, in the thin
semiconductor layer, of trenches at the mask edge.

These trenches may have several origins: wetting
of the mask by the semiconductor, reaction between the
mask and the semiconductor, etc.

In every case, 1t is the high surface mobility of
the semiconductor atoms that 1s responsible for the
creation of these trenches.

Said surface mobility depends on the temperature
and the reducing or weakly oxidizing atmosphere of the
treatment.

These topographical defects, the depth of which
may reach the thickness of the semiconductor layer, are
detrimental to the fabrication of components on the
thin semiconductor layer.

In particular, mask—-edge defects amplify the
surface topography variation.

This variation makes subsequent circuit
fabrication steps difficult to carry out and may lead
to dewetting of the semiconductor, i.e. to a loss of

cohesion in the thin semiconductor layer, which



5 planarizing the surface (so as to prevent level differences related to the sagging of the
semiconductor layer), is difficult to envisage because it would remove too great a thickness of the
semiconductor layer, the initial thickness of this layer being chosen 10 to be small so as to facilitate the
oxygen diffusion. Furthermore, the polishing tends4o-+educe the thickness uniformity of the
semiconductor layer. A process for locally dissolving the oxide or

oxynitridelayer,whichdegsnathavethe 15 afoyeragptioned drawpacks, is thereforg squght. ¢ One aim

of the invention is thus to£rovide a local-dissolution process after which the surface topography of the
thin semiconduct8fiay&r Sniproved, 20BRIER DEESRIPTION OF THE INVENTION  In
accordance with the inVentioctn® process list provides! fohtreatingasenfsdnductordsrtmsuiator structure

comprising in successien asuppedgubstrate, a layeriofthe @xidepr oxynitride of a;sgmiegnductor, 25
and a thin %emicolnaductor Ia%er ofgﬁlid segnui%(%nductor, said pracess com risin ntj%e fq{llg\\;veirig steps:
e

i) forming, on the Surface of the thln?ayer, 4 mask so (assoto define regio S of the thin ayer called
g

exposed regions§iHat&fe mee eovetéd bythé padke 36 Aidribgted BetbRint v s first pattern, and
regions coveredlby, the) mask sdistiiboitectaceording toemsecongepatteradhats complementary to the

first; and (i) applying g eat yeatment in a@ﬂ']%ffzﬁlé (educing a@%slohseéﬁvi%qaHﬂ@%ro‘iontro"ed

temperature 35 and time conditions, so as to cause at least some of the oxygen in the oxide or

oxynitride layer G dffise Hidugh the 8xpdsEuTeyfons dtithe tHif semicondiictdtdayerCRabing to a
reduction Irb the thickressreflthe so5 a oxide dragxyhittide én tégionsghbthe akide osdxynitride layer

arranged according to saigfirst-paftern, saidprogess beingcharagtetized n thayhelore one
thickness uniformity of the semiconductor layer.
A process for locally dissolving the oxide or
oxynitride layer, which does not have the
15 aforementioned drawbacks, 1is therefore sought.
One aim of the invention 1is thus to provide a
local-dissolution process after which the surface

topography of the thin semiconductor layer is improved.

20 BRIEF DESCRIPTION OF THE INVENTION

In accordance with the invention a process 1is
provided for treating a semiconductor-on-insulator
structure comprising in succession a support substrate,
a layer of the oxide or oxynitride of a semiconductor,

25 and a thin semiconductor layer of said semiconductor,
said process comprising the following steps:

(1) forming, on the surface of the thin layer, a
mask so as to define regions of the thin layer called
exposed regions that are not covered by the mask,

30 distributed according to a first pattern, and regions
covered by the mask, distributed according to a second
pattern that is complementary to the first; and

(ii) applying a heat treatment 1in an inert or
reducing atmosphere, and under controlled temperature

35 and time conditions, so as to cause at least some of
the oxygen in the oxide or oxynitride layer to diffuse
through the exposed regions of the thin semiconductor

layer, leading to a reduction in the thickness of the



5 during step (ii) a layer of the nitride or oxynitride of the semiconductor of the thin layer is formed on
the exposed regions, the thickness of said nitride or oxynitride layer being such that the ratio of the
rate of oxygen diffusion though the exposed regions of the 10 thin layer to the rate of oxygen diffusion
through the regions covered with the mask is greater than or equal to 2. According to a first
implementation of the invention, the step of forming the layer of nitride or 15 oxynitride of the

semiconductor of,thg thin layer is cartied out befpre theheal freatrgent afistep () isppligd.

Alternatively, the step of forming_the layer of nitride or oxynitride of the semiconductor of the thin 20
layer is carried Gutdtting atTeast Partof the haRefrEatnfint of Stapi).t° TR&1&yer of v nitride or

oxynitride of thersemieonductor of the thin layer may be formed in one of the following ways: 25- by
exposing the expgsed regigns of the thin layernia Anitregen-cantaining-atmosphere,-by applying a
nitrogen plasma to _said thin layer; or by annealing in a nitrogen-containing atmosphere. 30 According
toa variant%ihe%%r%%gghesr%el thglﬁgat ?reaﬂt?ﬁ/eenl?of) §en5l 6 08ﬁt%a?ﬁsare\itrgé:en?éﬁ%ﬁe%ﬁeﬁgﬁjring step
(i) a layer of thePitrideCorsexyhitAae of e sérhicbhaudtor 8f thexthin layeris f6ipteddn tiesurface of
the exposed regiens 35d husethediegtmert ©f stapi [k maysbe edrriegaut fona timielef between 5 and

500 minutes, at g femperqye ofbetwesn 1100 and, 1300C, in.an aymosphers: -6 thatgontains
nitrogen in a concentration preferably lying between 0.1 and 1%. .
of oxygen diffusion though the exposed regions of the
10 thin layer to the rate of oxygen diffusion through the
regions covered with the mask is greater than or equal
to 2.

According to a first implementation of the

invention, the step of forming the layer of nitride or

15 oxynitride of the semiconductor of the thin layer is
carried out before the heat treatment of step (ii) 1is
applied.

Alternatively, the step of forming the layer of
nitride or oxynitride of the semiconductor of the thin

20 layer 1s carried out during at least part of the heat
treatment of step (ii).

The layer of the nitride or oxynitride of the
semiconductor of the thin layer may be formed in one of
the following ways:

25 — by exposing the exposed regions of the thin layer
to a nitrogen-containing atmosphere;
— by applying a nitrogen plasma to said thin layer;
or
— by annealing in a nitrogen-containing atmosphere.
30 According to a variant, the atmosphere of the heat
treatment of step (ii) contains nitrogen, such that
during step (ii) a layer of the nitride or oxynitride
of the semiconductor of the thin layer is formed on the
surface of the exposed regions.
35 Thus, the treatment of step (ii) may be carried
out for a time of between 5 and 500 minutes, at a

temperature of between 1100 and 1300°C, in an atmosphere



BRIEF DESCRIPTION OF THE DRAWINGS 50ther features and advantages of the invention will
become clear from the detailed description that follows, with reference to the annexed drawings in

which: - Figure 1 is a cross-sectional view of a first 10 type of structure obtained by the
invention; - Figure 2 is a cross-sectional view of-a second type of structure obtained by the
invention; - Figure 3 illustrates a first embodiment of the mask on the thin semiconductor layer

according to a 15defined,pattergs  , ; HQlye 4 illustrates he farmation;of A @PQ%&E%X%“MG layer

on the exposed zones of the thin semiconductoy layer of the structure in Figure 3; - Figure 5 illustrates
a second embodi¥ight of tHe'56 Mask ot the thitt semiconductor layer according to a defined pattern:
and - Figure 6 illustrates the formation of a nitride or oxynitride layer on the exposed zones of the

thin semiconductor laygrekiengigeitent dtgwe Srie brigeiiate illustration of the embodiments,
the differenEI) layers havg noet necggg%ﬂl%/ been %h wgé% saﬁ}%ﬁDETAlle[%QESCRIPTION OF THE
I 0

INVENTION SOSemicon%c or-on-msulator structuré " ° TSference Eigulrgvf?ﬁé%%solution

treatment is appfied to & 3eRTcConGdEdontifRllafol Strittiirei(5e01) e6mphsingL isutéedsion from its
base to its surface1a supportwsitbstrate fra Shsemiconduator axide-araxynittigeilayer 2;iand a
semiconductor Igyer.3 which has been covered beforehand with a localized mask. -7 - The

support substrate 1 essentially provides rigidity to the SeOl structure. .
— Figure 1 1s a cross—sectional view of a first

10 type of structure obtained by the invention;

— Figure 2 is a cross-sectional view of a second
type of structure obtained by the invention;

— Figure 3 illustrates a first embodiment of the
mask on the thin semiconductor layer according to a

15 defined pattern;

— Figure 4 illustrates the formation of a nitride
or oxynitride layer on the exposed =zones of the thin
semiconductor layer of the structure in Figure 3;

— Figure 5 illustrates a second embodiment of the

20 mask on the thin semiconductor layer according to a
defined pattern; and

— Figure 6 illustrates the formation of a nitride
or oxynitride layer on the exposed =zones of the thin
semiconductor layer of the structure in Figure 5.

25 To facilitate illustration of the embodiments, the
different layers have not necessarily been shown to

scale.

DETAILED DESCRIPTION OF THE INVENTION

30 Semiconductor—-on—-insulator structure

With reference to Figure 3, the dissolution
treatment 1s applied to a semiconductor-on-insulator
structure (SeOI) comprising, 1in succession from its
base to its surface: a support substrate 1; a

35 semiconductor oxide or oxynitride layer 2; and a
semiconductor layer 3 which has been covered beforehand

with a localized mask.



For this purpose, it typically has a thickness of about a few hundred microns. 5The support substrate
may be a bulk substrate or else a composite substrate, i.e. consisting of a multilayer of at least two
layers of different materials. The support substrate may thus comprise one of the 10 following
materials: Si, GaN or sapphire, in their single-crystal or polycrystalline forms. The semiconductor
layer 3 comprises at least one semiconductor, such as Si, Ge or SiGe. The semiconductor layer 3

may optionally be a 151qpénpo§ggpioefﬂ't m@ﬁggt@gtt%f a r@ultil@ggregftqeﬂi@nd%gﬁ desThe

material of the semiconductor layer mag be single-crystal, or polycrystalline amorphous. It may be

porous or non-pbréUs. tobed br Uhdop&d T20itigpartibdiarlyadvantageousforthe semiconductor layer to

be suitable for receiving®tectiohic comporrents.1t The thialsemiterrduetor fayek asa thickness of

between 5 and 20Q,nM, preferably between3@ apasL00 nm, 25 so as to enable sufficiently rapid
diffusion of the oxygen The oxide or oxynitride layer 2 is buried.in I}((I-:' structyre, between the
support subgstrate 1 angl%ﬁe ssélr%%%ﬁ%ucig)r@(%g? ;e it i@%ﬁe%%reagebn%‘t}a Iy%‘fl){orsel#err?e% to?lrn the
parlance of the &rtSBy the actORRABOX (bieFoXide],  The layet2is6imed froffthedoxide or
oxynitride of thexsemicoaguctor that foems thedhindayet o So thay dlecompasitioniaffsaid nitride or
oxynitride in the 33 thin layer can take place. In order to limit the duration of the dissolution
treatment, the oxide or oxynitride layer of the Se0l structure is in general thin or ultrathin, i.ee. its - 8 -

thickness is between 5%aid FOFRAT, brefekably befivdety1G-aHg 25 +se one of th

10 following materials: Si, GaN or sapphire, 1in their
single-crystal or polycrystalline forms.

The semiconductor layer 3 comprises at least one
semiconductor, such as Si, Ge or SiGe.

The semiconductor layer 3 may optionally be a

15 composite, 1.e. it may consist of a multilayer of
semiconductors.

The material of the semiconductor layer may be
single-crystal, or polycrystalline amorphous. It may be
porous or non-porous, doped or undoped.

20 It is particularly advantageous for the
semiconductor layer to Dbe suitable for —receiving
electronic components.

The thin semiconductor layer has a thickness of
between 5 and 200 nm, preferably between 30 and 100 nm,

25 so as to enable sufficiently rapid diffusion of the
oxygen.

The oxide or oxynitride layer 2 1is buried in the
structure, between the support substrate 1 and the
semiconductor layer 3; it is therefore generally

30 referred to, in the parlance of the art, by the acronym
BOX (buried oxide).

The layer 2 is formed from the oxide or oxynitride
of the semiconductor that forms the thin layer 3, so
that decomposition of said nitride or oxynitride in the

35 thin layer can take place.

In order to limit the duration of the dissolution
treatment, the oxide or oxynitride layer of the SeOI

structure 1is 1n general thin or ultrathin, 1i.e. its



The SeOl structure is fabricated by any layer transfer technique known to a person skilled in the art 5
that involves bonding. Among these techniques, mention may be made of the SmartcutTM
process, which mainly comprises the following steps: i) forming an oxide or oxynitride layer on
the 10 support substrate or on a donor substrate comgrising the semiconductor layer; ii) forming
a weakened zone in the donor substrate,the weakened zone defining the thin semiconductor layer to

be transferred; 15jij) honding the dgpeg,substrate g ihe suppOrt supsiate, the oxide. or,axynitride layer

being located at '[Ele bonding interface; and iv) fracturing the donor substrate along the
weakened zone'sd 48b frandF8r the thin semiconductor 20 layer to the support substrate. The
process is known to thése skile@In tise artcandrwill therefoedonotcle ddschived imsletailehere. The

reader is referredy forxample don ' Siiconx@pkpsulator T eshnalogy sMaterials to,VESE, 2nd Edition 25
by Jean-Pi%rre % I(jjr)cgeiIg(\lflé\ygreéc%%%rgilcfublishers, pages. 50-51. It is also possible to employ a
process that involves bonding a donor subﬁr’ate, comprising the semiconductor layer, to the support
substrate, one 30 and/BR&HeotheFEFtheXtbsiratEsheiRg Boveradith &¢ oXidedr okyhifide layer,
and then reducisgdhe thiekfiess ot-thesjonat substratenvig its dagck sidessa as taleavewan the support
substrate, only the thin.semiconductor layer. 35The Se0l structure thus obtained may then be

subjectedtoconventionalfinishingtreatments (polishing, planarizing, cleanin%, etc.). In these processes
fmﬁownMgtheSeOlﬂﬂkﬂHeformlng an oxide or oxynlitride Iayer on the

10 support substrate or on a donor substrate comprising
the semiconductor layer;

ii) forming a weakened zone in the donor
substrate, the weakened zone defining the thin
semiconductor layer to be transferred;

15 iii) bonding the donor substrate to the support
substrate, the oxide or oxynitride layer being located
at the bonding interface; and

iv) fracturing the donor substrate along the
weakened zone so as to transfer the thin semiconductor

20 layer to the support substrate.

The process 1is known to those skilled in the art
and will therefore not be described in detail here. The
reader is referred, for example, to “Silicon-On-
Insulator Technology: Materials to VLSI”, 2nd Edition

25 by Jean-Pierre Colinge, Kluwer Academic Publishers,
pages. 50-51.

It is also possible to employ a process that
involves bonding a donor substrate, comprising the
semiconductor layer, to the support substrate, one

30 and/or the other of the substrates being covered with
an oxide or oxynitride layer, and then reducing the
thickness of the donor substrate via its back side so
as to leave, on the support substrate, only the thin
semiconductor layer.

35 The SeOI structure thus obtained may then be
subjected to conventional finishing treatments
(polishing, planarizing, cleaning, etc.).

In these processes for forming the Se0OI structure,



- 9 - the oxide layer is formed on the donor substrate or on the support substrate by thermal oxidation
(in which case the oxide is an oxide of the substrate material that has undergone the oxidation) or else
by 5 deposition, for example deposition of silicon oxide (Si09). The oxide layer may also be a
native oxide layer, resulting from natural oxidation of tise donor substrate and/or of the support
substrate in contact with the 10 atmosphere.  Any suitable process may be used to form an

oxynitride layer .such as:fqr.exaple oxynitride.depositiony, oxidation- followed by:nitriding,, gr else
exposing an oxide to a nitrogen plasma. 15In contrast, tests carried, out on SOI structures obtained by

the SIMOX proce’§ did it alibw 8iss5iutidh of the okilE BB oBEHTEH s béiry aftibtfed to a
lower oxide quatitysduettb ¢heowaylin witichait was obtainet. THeereadesimag refemimtthisir@Spect to the

20 article by L. Zheng et ak sAppliediPhysics Lettars 67, 3954 {1999)) dtds specified that before the

bonding is garrl%deout it is ggs&b%e to wgg(lemelnet, o] é)ngsancdlor the qther of the contgg_l%uerfaces,

cleaning or pIasmé?%%lg&lvation s?é:ps well known fo those skilled iR the &r ,%cc)oans to'increase the
bonding energy.(S1An the rest of the description, the application of the dissolution treatment to a
structure in which the thinesemmicaaducigrdayeta3 isanade pesiliconate.va 30 siicen-basiasylator (SOD

structure, will be takenas.an %%r}&plf‘?a’é’l?éﬁo@%f&?é‘ciorﬁ%@“%tﬁ%tegé%g lgure 3.2 sk 4 is

formed on the surface of the thin layer 3 so as to cover regions 35 3b of the surface through which the
oxygen must notUfURE, o? it E4§ mUSPRAvE a diffdsiohtrafe vERy MGEH Rwer #ahithat Bfthe
exposed regions BaoTheaeegions 3a of the surface of the thin layer 3 - 10 -

Any suitable process may be used to form an
oxynitride layer, such as for example oxynitride
deposition, oxidation followed by nitriding, or else
exposing an oxide to a nitrogen plasma.

15 In contrast, tests carried out on SOI structures
obtained by the SIMOX process did not allow dissolution
of the oxide to be observed, this being attributed to a
lower oxide quality due to the way in which it was
obtained. The reader may refer in this respect to the

20 article by L. Zhong et al., Applied Physics Letters 67,
3951 (1995).

It is specified that before the bonding is carried
out, it 1s possible to implement, on one and/or the
other of the contact surfaces, c¢leaning or plasma-

25 activation steps well known to those skilled in the
art, so as to increase the bonding energy.

In the rest of the description, the application of
the dissolution treatment to a structure in which the
thin semiconductor layer 3 1is made of silicon, i.e. a

30 silicon-on—-insulator (SOI) structure, will be taken as
an example.

Mask formation

As illustrated in Figure 3, a mask 4 is formed on

the surface of the thin layer 3 so as to cover regions

35 3b of the surface through which the oxygen must not

diffuse, or at least must have a diffusion rate very
much lower than that of the exposed regions 3a.

The regions 3a of the surface of the thin layer 3



not covered by the mask 4 are called "exposed” regions. Said regions 3a - which must allow easy
diffusion of oxygen and, if required, nitrogen - of the oxide or oxynitride layer 2 are distributed
according to the 5 pattern in which it is desired to dissolve all or part of the thickness of the oxide or
oxynitride layer. In other words, the mask 4 is distributed over the thin layer 3 according to a
pattern complementary to the pattern in which it is desired to dissolve all or 10 part of the thickness of

the oxide or oxypitride Jayer.. 4 b-EP this.epd,the /nask.ismade of ag%@giggtha;gg%% barrier to the

oxygen coming from the substrate, The mask may be formed, for example but not 15

f
exclusively, according 15 0fe bFfietdceses dBScritediH Hocmehts Wer200si T 14098°And Wo
2010/034696. of Thusgyaccerdihg tofa firstembediment tthednask-is pfoduted dyildeal @eposition of
eltlnitride gr oxid%Q@rzi%ﬁhmr&qcé%/@mheztglia]r_l]@/erd%-strﬁﬁg@&ingée@oﬁﬂ@ el%rkboeﬁgi@n:;
illustrated in Figur the mask is formed by. thermal. oxidatjon of zones of t in layer 3b, the zones
3a intende§ to ?B?rercl %ﬁer Iéxplonse ﬁz%%%s d%irxl%sprgft%%f‘erc?%or%osuéﬁ SZ’?SO;xY&at%}lTRgi%)t/iegtjat%
thepreceding erfibodififent tHeformation of shieh a@mask mvoRes e sraflthieREss-of the thin layer 3
being consumed, leading to the:maskbeing parkiaths Sariedt i thedbinilbyer3, 30Accotdiag to a third

embodiment (noctﬂlgq,?t@tgg&ereg, tg% 5@@5&9@5@@ og re Q@éeqﬁhect&%|?¥ﬁ%§é"§]i§}‘ arg thicker

than the regions through which the oxygen, and if required nitrogen, atoms must diffuse from the
buried oxide or GXynitHaé t&/er. 35T r&Stirfeht ofthé %xﬁ@ﬁdﬁ%ﬁioﬁ% d13ffH Yéterehte 9 Figure 4,
or if apprapriateteFigure 6,rafter the hraskst bhds been forimed, artreatment isiappliehterthe exposed

regions 3a of the thin 18Yernis end, the mask is made of a material that
forms a Dbarrier to the oxygen coming from the
substrate.

The mask may be formed, for example Dbut not

15 exclusively, according to one of the processes
described in documents WO 2008/114099 and WO
2010/034696.

Thus, according to a first embodiment, the mask is
produced by local deposition of a nitride or oxide on

20 the surface of the thin layer 3.

According to a second embodiment, illustrated in
Figure 5, the mask 1s formed by thermal oxidation of
zones of the thin layer 3b, the zones 3a intended to
form the exposed zones being protected from such

25 oxidation.

Relative to the preceding embodiment, the
formation of such a mask involves a small thickness of
the thin layer 3 being consumed, leading to the mask
being partially “buried” in the thin layer 3.

30 According to a third embodiment (not illustrated
here), the mask consists of regions of the thin layer 3
which are thicker than the regions through which the
oxygen, and 1if required nitrogen, atoms must diffuse
from the buried oxide or oxynitride layer.

35 Treatment of the exposed regions

With reference to Figqgure 4, or if appropriate to
Figure 6, after the mask 4 has been formed, a treatment

is applied to the exposed regions 3a of the thin layer



3, the treatment aiming to form, on the surface of said regions 3a, a thin layer 5 of the nitride or
oxynitride of the semiconductor of the layer 3. According to a first embodiment, said treatment is
5 carried out before the dissolution heat treatment is implemented. The treatment may comprise
applying a nitrogen plasma. By way of example, an N9 RIE (reactive ion etching) 10 plasma is
applied for 30 seconds at 500 W and a pressure of 50 mTorr. Alternatively, the treatment may

comprise a nitrogenanneal.  , - EQE eXample, said niregen ganealds carried qut 1p at 10QOC in an

atmosphere containing 99% argon and 1% nitrogen, for 1/2 an hour., = According to a second

embodiment, thé TERIMENC6FthE exBoSed 28ies i iMbleniéntBd duriflg the diséshutibn Heat
treatment. 20Fop this parpese! aitrotjentis inteddudesd intovthie idert or reducing atmosphere of the

dissolution treatment durRg 24 :f partofihe heat treatmaemme nt The AitrogenLcongentration typically
: A . . . Al
lies betweeg 0.1and 1% ZgF%r %(a%n le, thc%%lssglutlon qleg érgat{;neng |stcarr|%c%ln in %n alrgon

atmosphere corﬁSﬁsriﬁS?{rom 1% T0 E%enitrogen, flosriohlour and a gafemperr%?ure%? etween 1100

and 1300C. 1mpHERRRGRA concentration varies as a function of 30 the temperature: the higher the
temperature, the highertle coneentration. mayThe dhigkness ofdthp njttide oroxymittidedayer 5 thus
formed on the sykface of the exposed regions 3a is typically between 1 and 10 nm. 35This makes it
possible to obtain a ratio of the oxygen diffusion rate through the exposed regions 3a to the oxygen

diffusion rate through th& r&Givns 3bCRBRE by e ra glggterthanoréguatt¢a1ng)

10 plasma 1is applied for 30 seconds at 500 W and a
pressure of 50 mTorr.

Alternatively, the treatment may comprise a
nitrogen anneal.

For example, said nitrogen anneal 1is carried out

15 at 1000°C in an atmosphere containing 99% argon and 1%
nitrogen, for ¥» an hour.

According to a second embodiment, the treatment of
the exposed zones is implemented during the dissolution
heat treatment.

20 For this purpose, nitrogen is introduced into the
inert or reducing atmosphere of the dissolution
treatment during all or part of the heat treatment.

The nitrogen concentration typically lies between
0.1 and 1%.

25 For example, the dissolution heat treatment 1is
carried in an argon atmosphere comprising from 0.1% to
1% nitrogen, for 1 hour and at a temperature of between
1100 and 1300°C.

The nitrogen concentration varies as a function of

30 the temperature: the higher the temperature, the higher
the concentration.

The thickness of the nitride or oxynitride layer 5
thus formed on the surface of the exposed regions 3a is
typically between 1 and 10 nm.

35 This makes it possible to obtain a ratio of the
oxygen diffusion rate through the exposed regions 3a to
the oxygen diffusion rate through the regions 3b

covered by the mask 4 greater than or equal to 2.



- 12 - Dissolution heat treatment For the heat treatment, the SOT structure is placed in a furnace
in which a gas flow is generated so as to form an inert or reducing atmosphere. 5The gas flow may
thus comprise argon, hydrogen and/or a mixture of these gases, and if required, nitrogen. Itis
important to note that the buried layer only dissolves when there is a sufficient gradient between 10 the
oxygen concentration in the atmosphere and the oxygen concentration at the surface of the oxide or

oxynitride layer, i.e. whenthe Qxygen coptant of the atmg@sphere is sufficiently low. Thus, it is
considered that the oxygen content of 15 the atmosphere in the furnace must be lower than a certain

suitable threshold, for 8xdmple sbout 18 pprh - wAIHS When 168Ks art thkef iftd @ctbiint, iMiplies that
the gas flow must havelan oxypgehcontent lowertharhl ppb20If i respegtiefercned may be made

to the article by Lydsteck stal. 2Growth-model far thin oxides-andsexide optimization”, Journal of
Applied Phgsics, Vol. 91% No. 5, March 2004. Thegg%onditions cannot be obtaineg ir&a 25 conventional

furnace, which generatesetoo%%gny eaks t0 aifow such a?gvv%gql/sgn c%]?l?é)nl}’to b aqrﬁ]lg\%d - the
furnace must be2§sE@ally desighd féroptithal leBRARYhtIESECFeductivh intthe AffBeér6darts so as
to avoid joins, use of sxegral parts, etc.) 30In contrast, too high an oxygen concentration in the

atmosphere, above the; @fo[%m%g%r}ecda@{esgwoolq,} Jor.example,gbout 10 ppm, fé%sfthgndli?olution
. . W

and promotes oxidation of the exposed silicon. The mechanisms of the dissolution of the oxide in 35

an SOT structurd’are HesefAbet i etdiiGh thelartide Y 6T KBAGAChURER AF S htehfat Bigeblution of
Buried Oxide intSGT Wafeys'h SatidrState PhenomenanVothd 3121832068 prebiB3-118eto which

the reader may fgfefen concentration at the surface of the oxide or
oxynitride layer, 1i.e. when the oxygen content of the

atmosphere is sufficiently low.
Thus, it 1s considered that the oxygen content of

15 the atmosphere in the furnace must be lower than a
certain suitable threshold, for example about 10 ppm,
which, when leaks are taken into account, implies that
the gas flow must have an oxygen content lower than 1
ppb.

20 In this respect reference may be made to the
article by Ludsteck et al. “Growth model for thin
oxides and oxide optimization”, Journal of Applied
Physics, Vol. 95, No. 5, March 2004.

These conditions cannot be obtained in a

25 conventional furnace, which generates too many leaks to
allow such a low oxygen content to be achieved - the
furnace must be specially designed for optimal leak-
tightness (reduction in the number of parts so as to
avoid Jjoins, use of integral parts, etc.)

30 In contrast, too high an oxygen concentration in
the atmosphere, above the aforementioned threshold, for
example about 10 ppm, stops the dissolution and
promotes oxidation of the exposed silicon.

The mechanisms of the dissolution of the oxide in

35 an SOI structure are described in detail in the article
by O. Kononchuk et al., “Internal Dissolution of Buried
Oxide in SOI Wafers”, Solid State Phenomena, Vols. 131-
133 (2008), pp 113-118, to which the reader may refer.



-13- Under the effect of the heat treatment, the oxygen atoms - and, if appropriate, the nitrogen
atoms - of the oxide or oxynitride layer diffuse through the thin layer 3 into the regions covered by the
nitride or 5 oxynitride layer 5. The layer 5 is sufficiently thin that, even if it slows the diffusion, it
allows a faster diffusion than is possible through the mask-4. It is considered that, for the dissolution to
be 10 satisfactory, the ratio of the diffusion rate through the regions covered by the layer 5 to the rate

through the regions coygred by ihe mask4must begregier than-abeyt2, In the,expasedzones, the

reduction in the 15 dissolution rate due to the presence of the layer 5 in particular depends_on the

material of the I&(t&7%hd Tts Hickness. 2PPTRE TAR GHoxydeh difiidioN titodgiPtie surfate layer is
calculated from thes disssldtiorrrated sf/thet20. Bariedhoseynitrdé fayes. Therdisgblutidre modehis known

and calibrated. 14yWhemna peisen skilled indhesrtmodifies-the chemicalhatyre of the syrface, he is
able to det rminoexthg .ecﬁelcéof Ehails I&fyegon the oxygen diffusion by 25 measuring the difference
between the obsérved dissolution rate and that expected in the absence of any modification.
Moreover, the layer 5 rédficésitfreisurfaéé niobility: 6f B silicor dtbms!bt fof tHe’§&miténdtictor of the

30 thin layer 3. s1chiwst the tapagraphica) defects ] thefornationsafdrenches anddhe dawetting
mentioned abovgsin]ig% introductign &E%Qret\{g@t%%g[(aglgast greatly reduced. Thus, to dissolve an

oxide of 2 nm in thickness 35 under a thin layer of silicon of 100 nm in thickness, the conditions of the
heat treatment are: 1160C fot 2HIUrS, fol 38 midtes, ‘ot 256€ F6r 4 miiftiteS° - P4 -

10 satisfactory, the ratio of the diffusion rate through
the regions covered by the layer 5 to the rate through
the regions covered by the mask 4 must be greater than
about 2.

In the exposed zones, the reduction in the

15 dissolution rate due to the presence of the layer 5 in
particular depends on the material of the latter and
its thickness.

The rate of oxygen diffusion through the surface
layer 1is calculated from the dissolution rate of the

20  buried oxynitride layer.

The dissolution model is known and calibrated.

When a person skilled in the art modifies the
chemical nature of the surface, he is able to determine
the effect of this layer on the oxygen diffusion by

25 measuring the difference between the observed
dissolution rate and that expected in the absence of
any modification.

Moreover, the layer 5 reduces the surface mobility
of the silicon atoms or of the semiconductor of the

30 thin layer 3.

Thus, the topographical defects, the formation of
trenches and the dewetting mentioned above 1in the
introduction are prevented or at least greatly reduced.

Thus, to dissolve an oxide of 2 nm in thickness

35 under a thin layer of silicon of 100 nm in thickness,
the conditions of the heat treatment are: 1100°C for 2

hours, 1200°C for 10 minutes, or 1250°C for 4 minutes.



It will be noted however that these values depend in particular on the residual oxygen concentration in
the dissolution furnace and on the nature of the layer 5. Thus, larger dissolved thicknesses have also
been 5 observed.  After the dissolution treatment, the mask 4 and the nitride or oxynitride layer 5
are removed by any appropriate means, such as etching.-Thus, even through forming the layer 5 may
10 increase the surface roughness of the semiconductor layer 3, it is possible to remedy this

roughness via a chemigal efeh, for.example Finaliy.3 planagizationstenis generally necessary to
provide the thin |layer 3 with a planar 15 surface and satisfactory roughness. For this purpose any

appropriate methBd Ry b 8mploy8d (polihidg theiidal tRiNAiRG, eie) 1B CLAMS ™ 1.
Process for treatihg acseswiconductor-dn-13 isalatardstrecturé eomprising i Suddessionyesupport

substrate (1), a kyerr(2) of the oxigde-or gxynityide-ef arsemigerductar, anda thin sgmiganrductor layer
(3) of said %emic%nsdeurc\tfor said process comprising the following steps: 10(i) forming, on the surface of

the thin layer (33, a masid('df) so as to define regions (3a) of the thin layer called exposed regions that

are not covered by theM&sK distibuted=teordingfo & firkt patet, ard'feg®ns{3b} cavgfed by the
mask, distributedhlb accotding toca sesend paitear thatisgccomplementarg tothedfirgtyancthy (i)

applying a heat gggyg ntin.an ilgggnosr,regﬂggg ggmg&%elrggqnd under controlled temperature and

time conditions, SO as 1o cause at least some of 20 the oxygen in the oxide or oxynitride layer (2) to
diffuse through the exposedTegitis§3a) ‘of He*tHin sémidbnbbctor liyer, 165ty to°a rébiétion in the
thickness 1 the ioxideeasexyritrele imuefons (2b)oftheeexideaT oxymitridedayerq2)larranged
according to layer 3, it is possible to remedy this roughness via a
chemical etch, for example.
Finally, a planarization step is generally
necessary to provide the thin layer 3 with a planar
15 surface and satisfactory roughness. For this purpose
any appropriate method may be employed (polishing,

chemical thinning, etc.).



25 said first pattern, said process being characterized in that before or during step (ii) a layer (5) of the
nitride or oxynitride of the semiconductor of the thin layer (3) is formed on the exposed regions (3a),
the thickness of 30 said nitride or oxynitride layer (5) being such that the ratio of the rate of oxygen
diffusion though the exposed regions (3a) of the thin layer-(3) to the rate of oxygen diffusion through
the regions (3b) covered with the mask (4) is greater than or equal to 2. 35 2. Process according
to Claim 1, characterized in that the step of forming the layer (5) of the nitride or oxynitride of the
semiconductor of the thin layer - 16 - (3) is carried out before the heat treatment of step (ii) is applied.
3. Process according to Claim 1, characterized in %Itﬁgpae step of forming the layer (5) of the nitride
or oxynitride of the semiconductor of the thin layer (3) is carried out during at least part of the heat

treatment of step (ii). 104. Progessaccording-to Glaim, 2 eharacierized in that the-layer (3)-of the
nitride or O?nitride oflthe semi%onducctor of the thin ISa%/er (32 IS formedftgi%xgogin% 1tlhe eégosed

regions (3a) of the thin 1é_ii?err (§) foa nHFo%eﬁ%%f&inlna%tmgsp %?g.e 5. Prog8§)§ according to
Claim 4, charactetzetlia teat tHe layér (5pofthe hittideér SHiMitrdel 8Fthe SemitondtEitdf the thin
layer (3) is formed by applying-a aittagen, plasraa &0 3aid this dayes 3120t or 6.Rreeesgsgccording to

Claim 4, characgefizegam (Eha_tstgﬁ J%)éef{ égkgfo@g nit@rggfaor wgggg% of &%E%Ecgggucpﬁ gf the thin

layer (3) is formed bg annealing In a nitrogen-containing atmosphere. 25 7. ProcCess according to
Claim 3, characfetizea"lh tatth&REmosphere of the heat treatment of step (ii) contains nitrogen, such
that during Gtep (ii) a layer (5)fofrthé mitridecor oxyratridenofithessemitonduetoithin  layer

(3), a mask (4) so as to define regions (3a) of the
thin layer called exposed regions that are not covered
by the mask, distributed according to a first pattern,
and regions (3b) covered by the mask, distributed
15 according to a second pattern that is complementary to
the first; and
(ii) applying a heat treatment 1in an inert or
reducing atmosphere, and under controlled temperature
and time conditions, so as to cause at least some of
20 the oxygen in the oxide or oxynitride layer (2) to
diffuse through the exposed regions (3a) of the thin
semiconductor layer, leading to a reduction 1in the
thickness of the oxide or oxynitride in regions (2b) of
the oxide or oxynitride layer (2) arranged according to
25 said first pattern,
said process being characterized 1in that before or
during step (ii) a layer (5) of the nitride or
oxynitride of the semiconductor of the thin layer (3)
is formed on the exposed regions (3a), the thickness of
30 said nitride or oxynitride layer (5) being such that
the ratio of the rate of oxygen diffusion though the
exposed regions (3a) of the thin layer (3) to the rate
of oxygen diffusion through the regions (3b) covered
with the mask (4) is greater than or equal to 2.
35
2. Process according to Claim 1, characterized in
that the step of forming the layer (5) of the nitride

or oxynitride of the semiconductor of the thin layer



30 of the thin layer (3) is formed on the surface of the exposed regions (3a).

8. Process according

to Claim 7, characterized in that the treatment of step (ii) is carried out for a 35 time of between 5 and
500 minutes, at a temperature of between 1100 and 1300C, and in that the atmosphere contains

nitrogen in a concentration preferably lying between 0.% and 1%.

(3) is carried out before the heat treatment of step

(ii) is applied.

3. Process according to Claim 1, characterized in

5 that the step of forming the layer (5) of the nitride

or oxynitride of the semiconductor of the thin layer

(3) 1s carried out during at 1least part of the heat

treatment of step (ii).

10 4. Process according to Claim 2, characterized in

that the layer (5) of the nitride or oxynitride of the

semiconductor of the thin layer (3) 1is

formed by

exposing the exposed regions (3a) of the thin layer (3)

to a nitrogen-containing atmosphere.

15
5. Process according to Claim 4, characterized in
that the layer (5) of the nitride or oxynitride of the
semiconductor of the thin layer (3) 1is formed by
applying a nitrogen plasma to said thin layer (3).
20
6. Process according to Claim 4, characterized in
that the layer (5) of the nitride or oxynitride of the
semiconductor of the thin layer (3) 1is formed by
annealing in a nitrogen-containing atmosphere.
25

7. Process according to Claim 3, characterized in

that the atmosphere of the heat treatment of step (ii)

contains nitrogen, such that during step (ii)

a layer

(5) of the nitride or oxynitride of the semiconductor

30 of the thin layer (3) is formed on the surface of the

exposed regions (3a).

8. Process according to Claim 7, characterized in

that the treatment of step (ii) 1is carried out for a

35 time of between 5 and 500 minutes, at a temperature of
between 1100 and 1300°C, and in that the atmosphere

contains nitrogen 1in a concentration preferably lying

between 0.1 and 1%.



