PROCESS FOR LOCALLY DISSOLVING THE OXIDE LAYER IN A
SEMICONDUCTOR-ON-INSULATOR TYPE STRUCTURE Field of the invention This invention
relates to a process for treating a semiconductor-oninsulator (Se01) type structure successively
comprising awoppanskistrate, an oxide layer and a thin semiconductortayeprramwibicty a heat
treatment is applied in a neutral or controlled reducing atmosphere, and under controlled 5 conditions
of temperature and time, so as to induce at least a portion of the oxygen of the oxide layer to diffuse
through the thin semiconductor layer, which results in the complete or partial dissolution of the oxide
layer. Background of the invention 10The above-mentioned treatment can advantageously be applied
locally, i.e., in order topyauizHg ® FORMtAl YSBIdSOhvIGIEHEYOXID EpetfiE Radidas of the Se01

structure, which corres ving the oxide layer in
the other regions of the%?@?ggjg%%alaﬁé %%%%%Eiﬁ ?hré]a igoﬁgf%?aﬁ dissolution” of the

oxide layer.  An SeOl1 structure can thus be obtained having an oxide layer with varying thicknesses
(in the case of partigtgdissQiiieNhWwingish a hybrid structure, i.e., comprising both "Se01" areas, in
which the oxide Iaye?ﬁz‘a‘s‘%een‘b‘r‘é‘s‘éﬁé‘d and "bulk" layers, in WhICh the oxide layer has been
20completely dissolVéts INVEHENarelpiRtui® BaR BEss %’Wo‘f@ﬁ@%aﬁ‘ﬁ%ﬂﬁ%@f ffeRBnt types of

electronic compenesis: (S86 ML &QF@D&I&@@%@@@ Iw&mgweaﬁbwbmwormaﬂy
manufactured on different supports. As a matter E the man urE ro rocessors have
8 ﬁ/ ﬁiaponen

each 25 develo%’ét?’f&%%fl%r f8rt ARG t gyaeﬁd 'Hu‘gl {n However these two
types of compoagriiscire @eaetmlyommnfdtﬁdrmiﬂmngfmmwbsmcanm wuprartsficdgdh bulk or else
an Se0ls strg 0Q9/ 0 iggfrem one type of
support to L%Eu)e ot erlfhvgv%gg%%&%faggg c%gniﬁé |%8mg§n%§ﬁ?§ﬁ%géggﬁa% BOR@H‘IBﬁerg“ore, the
desirability of Id@&lgﬂgs@mﬁ@nqwﬁ%ﬁvﬁ@ﬁ@%&%@?%é@%ﬁ*ﬁaﬁﬂ@m SfathiayBlate comprising

"bulk” and "SeQ}7igrg@sults in the complete or partial dissolution of the oxide layer.

Background of the invention

10 The above-mentioned treatment can advantageously be applied locally,
i.e., in order to partially or completely dissolve the oxide layer in specific
regions of the SeOl structure, which correspond to a desired pattern, while at
the same time preserving the oxide layer in the other regions of the initial
oxide layer.

15 Reference is then made to a “local dissolution” of the oxide layer.

An SeOl structure can thus be obtained having an oxide layer with
varying thicknesses (in the case of partial dissolution), or else a hybrid
structure, i.e., comprising both “SeOl" areas, in which the oxide layer has
been preserved, and “bulk” layers, in which the oxide layer has been

20 completely dissolved.

Such a structure can be used for the manufacture of different types of
electronic components (e.g., “memory” components and logic components},
which are normally manufactured on different supports.

As a matter of fact, the manufacturers of microprocessors have each

25 developed technologies for manufacturing logic and memory components,
however these two types of components are generally manufactured on

different respective supports (i.e., a bulk or else an SeOl substrate).



5 on which they will be able to manufacture both "logic" and "memory" components, while at the same
maintaining the technologies in which they are skilled. = The precision of the local dissolution
technique does indeed enable the "bulk" and "Se01" areas of the components to be controlled.
10Local disselgtioneamdae implemented by forming a mask at the surfagenkiheasthiszaemiconductor
layer, and by applying the heat treatment promoting oxygen diffusion.  Since the mask is made in a
material forming an oxygen diffusion barrier, the oxygen can only diffuse through the exposed areas of
the thin 15semiconductor layer, i.e., the areas that are not covered by the mask. = However, the
disappearance of the oxygen atoms beneath the semiconductor layer results in a subsiding of the

surface of the semiganggigitainayertiihuson thecCagsewbe s fiethin seeicansuaiosiiayer is made of
silicon, 20 the folloxgin%tv%o henomena are obse{ved during the dissolution treatment: - on the one
SAECHP

hand, the disaﬁﬁ%ﬂ %ﬁ?yﬂ@r@ 8%%\%‘3&%@? ?/% , which is due to the diffusion of the atoms
through the thin senficemduetorttay eietistiiienomermeh chstabtites tiea subsigsitadfapproximately

half the thickn jﬁ%ﬂﬁ%%%&?&%ffalmyw? m%ﬁgsq%wm gh gr@dgtg@gwgp{gagf 0.46 between

the volume of the Si'and the volume of the 5102;" - on the other hand, the disappearance of silicon
from the strfaceot¥hisithtieseitloRguSRIe 1d9e AMIERCIYGuOM thHEOPBYatiBIFBPRIghly volatile SiO

complexes intochigdissplstignileeatrarnsatROERINERN hGiSHh eRPMEDGIRSAC Y IHBULRS O a

subsidence of the%@ess of the oxide layer. As a matter of fact, a pair of 02 atoms causes the
disappearanceac’f? -atoms. WO 2010/034696PCT/EP2009/062219 3  In all, the combination of
these two phenomefag gsettisionastitesideaictssbthtoor terhofidub toessitidedtiekabistokthe oxide layer.

“bulk” and “SeQl” areas of the componenis to be controlled.

10 Local dissolution can be implemented by forming a mask at the surface
of the thin semiconducior layer, and by applying the heat treatment
promoting oxygen diffusion.

Since the mask is made in a material forming an oxygen diffusion
barrier, the oxygen can only diffuse through the exposed areas of the thin

15 semiconductor layer, i.e., the areas that are not covered by the mask.

However, the disappearance of the oxygen atoms beneath the
semiconductor layer results in a subsiding of the surface of the
semiconductor layer.

Thus, in the case where the thin semiconductor layer is made of silicon,

20  the following two phenomena are observed during the dissolution treatment:

- on the one hand, the disappearance of the oxygen from the oxide
layer, which is due to the diffusion of the atoms through the thin
semiconductor layer; this phenomenon contributes to a subsidence of
approximately half the thickness of the oxide layer. This value is associated

25 with the existing ratio of 0.46 between the volume of the Si and the volume of
the SiOg;

- on the other hand, the disappearance of silicon from the surface of the
thin semiconductor layer, which is due to the incorporation of highly volatiie
SiO complexes into the dissolution treatment atmosphere. This phenomenon

30  contributes to a subsidence of the thickness of the oxide layer. As a matter of
fact, a pair of O; atoms causes the disappearance of two Si atoms.



The non-planarity of the surface of the semiconductor layer is detrimental to the subsequent formation
of components. 5This topography can be observed in figure 1, which shows a structure resulting from
a local dissolution treatment.  This structure includes a substrate 1, an oxide layer 2, which has
been dissolveghingonesagion 2a, and a thin semiconductor layer 3, whick¢g 6@Ygiastigsplaces by a
mask 4. 10In the exposed area 3a of the semiconductor layer, the free surface has a difference in level
in relation to the upper surface of the areas covered by the mask 4.  These topographical defects
are detrimental to the manufacture of components on the thin semiconductor layer 3. 15To that end,
after deposition of the mask, document JP 2006-49725 anticipates carrying out a step for silicon

epitaxy on the silicomsgirfase aahemeiad dviBssMRslonendhisraddisionalhidnasseatailicon in the
exposed areas é:ﬁggaensate for the subsidence due to the dissolution of the oxide. 20However, this

step proves to QYL AR e R R S YR OISRt process.  In addition, it is
difficult to anticipate Thechamigakchdmicsl tipe palighingaiming tseptaoatizetthe lsygace in order to

prevent the diffgg@%%ﬁtié] {S%L%%%ggé%gévgé%%ﬁoﬁ%q%grgﬁ%% eor{tghe semiconductor layer, because

this 25 would remove a considera ckness e semiconductor layer, the initial
thickness df this laydiniselAgagissty eamhéehabaevaibindgactithiavblithusionss ehetroxjiden.

Furthermore, ppéiéﬁ,]m%t@&qsatg,gﬁragggmgwgg{mgmpf thickness of the semiconductor layer. 4
is ' '

In addition, such polishing would risk polluting the surface of the thin layer, which is sought to be

avoided when manuf¥RUFTHG eREIRGHEE S mpRRiFate 1, an oxide layer 2, which has been

dissolved in one region 2a, and a thin semiconductor layer 3, which is
covered in places by a mask 4.

10 in the exposed area 3a of the semiconductor layer, the free surface has
a difference in ievel in relation to the upper surface of the areas covered by
the mask 4.

These topographical defects are detrimental to the manufacture of
components on the thin semiconductor layer 3.

15 To that end, after deposition of the mask, document JP 2006-49725
anticipates carrying out a step for silicon epitaxy on the silicon surface not
covered by the mask.

This additional thickness of silicon in the exposed areas compensates
for the subsidence due to the dissolution of the oxide.

20 However, this step proves fo be costly and has a negative impact on the
freatment process.

In aadition, it is difficult to anticipate mechanical-chemical type polishing
aiming to planarize the surface in order to prevent the differences in lavel
associated with the subsidence of the semiconductor layer, because this

25  would remove a considerable degree of thickness of the semiconductor layer,
the initial thickness of this layer being chosen to be thin in order to facilitate
diffusion of the oxygen.

Furthermore, polishing tends to damage the uniformity of thickness of
the semiconductor layer.



Therefore, embodiments of the invention seek to define a more economical and easy to implement
process, thereby making it possible to minimize the subsidence of the surface of the semiconductor
layer, so that, upon conclusion of the treatment, the smoothest possible surface may be obtained. Brief
description of the invention According to an agpect of the invention, there is provided a process for
treating a semiconductor-on-insulator type structure, successively comprising a support substrate, an
oxide layer and a thin semiconductor layer, said process comprising the following steps: a)
formation OFnaa%Bgﬁ&w?'Hb%ﬁ ORLGEY WIS N BSH AR S FRIBIC ARSI MR e SQR define
so-called exposed areas at the surfaCe of said layer, which are not covered by the mask, and which
are ar@agedhhta Besiaidssttehen may)pplidine $eCHIRISIAPEARPRARIB: a neutral or controlled
reducing atfisRRGTE, BRMUBARCAY UPIRY ARG ELIeRPEAIHE ATAJIE ScAMARCalndHae !
least a portion of the oxygen of the oxide layer to diffuse through the thin semiconductor layer, thereby
resulti@@sn theropreroget peacesanthieie v Rkingkneassihip daraiywizadixiguhaipanssesponding
to Sa"ﬁh e3liRd Ratethe s %@ﬁ&(&&ﬂ%&@%&tﬁ&ﬁ? (Bbihemaskihiamead seagiem! srst

y

partially bury same in the thickness of the thin semiconductor layer.  In this text, "at least partially
bury" BmeribesbpaasibirarfagetiEmbsioRiaiNREst partially formed in the thickness of the
semiconductor layer. For any layer comprising the structure, the face of the layer closest to the support
substrate is defined as the "base”, and the face opposite the base is defined as the "upper face". WO
2010/0346 Byiefpescription oithe inventisheral, in step (a) the formation of the mask involves the
Consumpt'%c%?ae'ﬁ@%aan%%@e f dpenbitknanmnl SRdeRTICORIMELY BRI thG ¥eahga

complementary to the exposed areas. By "consumption”'is meant in the present text ei

disapseaignnds gigrechngiai e R IBY FttHE (USSR RILEVCOMBRISIRG rhfatanall srbsies: a
portion of 1ha SqAYEP AL OTHAKCE ARG CANKISETEHkA aGid pRAGNEIRHbAJIRY %@bﬁﬂmﬁﬂﬁ;m the

invention, the mask is formed by nitriding the material of the semiconductor layer, which results in a
portiostePsie thickness of the semiconductor layer being consumed. 10In this case, the thickness of

the portion of fGmask AR LEINRRNIPSIRASE SlifieidasiadRbHhEsRiRUERGR ShdbeBXPOosed

areas of the semiconductor layer is chosen to be substantially equal to 1.5 times the thickness of the
oxide layer siugs sdefine. so-calfer rerped Arpasahihesd ReRPASHIH &R VDIGRREDNPH, and

the  covered by the mask, and which are arranged in a desired pattern,

b) application of a heat treatment in a neutral or controlied reducing atmosphere,
and under controlled conditions of temperature and time, so as to induce at least a
portion of the oxygen of the oxide layer to diffuse through the thin semiconductor layer,
thereby resulting in the controlled reduction in the oxide thickness in the areas of the
oxide layer corresponding to said desired pattern.

characterized in that, in step (a), the mask is formed so as to at least partially bury
same in the thickness of the thin semiconductor layer.

In this text, “at least partially bury” is understood to mean that the mask is at least
partially formed in the thickness of the semiconductor fayer. For any layer comprising
the structure, the face of the layer closest to the support substrate is defined as the

“base”, and the face opposite the base is defined as the “upper face”.



15nitriding step is carried out by annealing the structure in a nitrogen atmosphere at a temperature of

between 700 and 1,000C.

As an alternative to nitriding, the mask is formed by implanting nitrogen

at the surface of the semiconductor layer. According to a second embodiment, step (a) includes
the following @@stepaizscedi) etching of the thin semiconductor layer so agda/fenmdingnehes at the
locations anticipated for the mask; (H) formation ofthe mask in said trenches. The trenches formed in
step (i) preferably have a depth substantially 25equal to 1.5 times the thickness of the oxide layer of
the structure. In a particularly advantageously manner, the mask is formed such that the upper
surface thereof is flush with the upper surface of the exposed areas of the semiconductor layer.

The thickness of thelmaginisrgirefaraibpbeayegie Liantdbiomnas amd siepskO(invgickiesditriding of the

trenches or implantatio
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includes the followingetapsompledepusitidn biestligmsattatimon the structure obtained in step (i), over

a thickness greater tgandhedepibr’ IDeEERCRERe present text either the disappearance
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{by stching for example) or the transformation (in another material) of at least
a portion of the semiconductor layer in the considered area.

According to a first embodiment of the invention, the mask is formed by
nitriding the material of the semiconductor layer, which results in a portion of
the thickness of the semiconductor layer being consumed.

in this case, the thickness of the portion of the mask contained between
the base of the mask and the free surface of the exposed areas of the
semiconducior layer is chosen to be substantially equal fo 1.5 times the
thickness of the oxide layer of the structure.

The thickness of the mask is preferably between 1 and 50 nm, and the
nitriding step is carried out by annealing the structure in a nitrogen
atmosphere at a temperature of between 700 and 1,000°C.

As an alternative to nitriding, the mask is formed by implanting nitrogen
at the surface of the semiconductor iayer.

According to a second embodiment, step (a) includes the following
steps:

(i) etching of the thin semiconductor tayer so as to form trenches at the
locations anticipated for the mask;

(i} formation of the mask in said trenches.

The trenches formed in step (i) preferably have a depth substantially
equal to 1.5 times the thickness of the oxide layer of the structure.

In a particularly advantageously manner, the mask is formed such that
the upper surface thereof is flush with the upper surface of the exposed
areas of the semiconductor layer.

The thickness of the mask is preferably between 1 and 50 nm, and step
(i} includes nitriding of the trenches or implantation of nitrogen at the surface
of the semiconductor material of the trenches.



5- planarization of the silicon nitride deposited in the preceding step, until reaching the exposed areas
of the semiconductor layer.  In a particularly advantageous manner, the semiconductor layer is
made of silicon and has a thickness smaller than 5,000 A, and preferably smaller than 2,500 A. 10
Brief descripticnzofdhiigures Other effects and advantages of the iBZaRR3ANIBE better
understood upon reading the following detailed description, with reference to the appended figures, in
which: 15- figure 1 shows a semiconductor-on-insulator type structure following a localized oxide
dissolution treatment in accordance with the prior art; - figures 2A to 2D show the steps of a first
embodiment of the invention; - figures 3A to 3D show the steps of a second embodiment of the
invention; 20- figuresbdidingBts hmwaie@istineative ohtsk-feomiterstepdifjent! Dusaikbé description of
the invention fo E-Q\}ﬁ Iog?é dsissolution treatment is applied to a semiconductor-oninsulator (Se01) type
structure which, #rom e gs’e to the surface thereof, 25comprises a support substrate, an oxide layer
and a semiconductor dgpesition Pheitreandlifebathn et Sctaief i etor (hey8s&ibed in detail

below. The locg}gigsalutipnppeassichiins Hheolewingsteps: a) formation of a mask on the
thin semiconductor layer, so as to define 30so-called exposed areas at the surface of S?id layer, which

are not covered by thB#RaSkatxy ifieslicrarirge dsHeiRdi i pAarrding step. unt

reaching the exposed areas of the semiconductor layer.

In a particularly advantageous manner, the semiconductor layer is
made of silicon and has a thickness smaller than 5,000 A, and preferably
smaller than 2,500 A.

10
Brief description of the figures

Other effects and advantages of the invention will be better understood
upon reading the foliowing detailed description, with reference to the
appended figures, in which:

15 - figure 1 shows a semiconductor-on-insulator type structure following a
localized oxide dissolution treatment in accordance with the prior art;

- figures 2A to 2D show the steps of a first embodiment of the invention;

- figures 3A to 3D show the steps of a second embodiment of the
invention;

20 - figures 4A io 4B show an alternative of the second embodiment.

Detailed description of the invention

The local dissolution treatment is applied to a semiconductor-on-
insulator (SeOl) type structure which, from the base 1o the surface thereof,
25  comprises a support substrate, an oxide layer and a semiconductor layer.
The means of obtaining said SeOl structure will be described in detall
below.
The Iocal dissolution process includes the following steps:
a) formation of a mask on the thin semiconductor layer, so as to define
30  so-called exposed areas at the surface of said layer, which are not covered
by the mask, and which are arranged in a desired pattern,



b) application of a heat treatment in a neutral or controlled reducing atmosphere, and under controlled
conditions of temperature and time, so as to induce at least a portion of the oxygen of the oxide layer
to diffuse through the thin semiconductor layer, thereby resulting in the controlled reduction in 5the
oxide thickness mthvesssmas of the oxide layer corresponding to said degifSudgpantes2HBdrmation of the
initial Se01 structure The dissolution treatment’is applied to a semiconductor-on-insulator (Se01)
structure which, from the base to the support substrate thereof, 10successively comprises an oxide
layer and a semiconductor layer.  The support substrate acts substantially as stiffener for the Seal
structure.  To that end, it typically has a thickness of the order of a few hundreds of micrometres.
15The support substypipicabenaddkierelseapmposicesnbstrateri eoptolisitiagunirgystack of at
least two layers _of different materials. The s rt a inc the followin
materials: Si, aP R sﬁgﬁ%h?r@, Pnnar% ?nog%rgg%f; ﬁﬁ?\%@ﬁgpé y%?ﬁgta I?Lljé% f(i%hrcéitlt g’r((agct))f.gS Theg
semiconductor layedinelaties sitdamstionefsbmporaiced iasidel [DEs e HiEls s weudSiGe.  The
semiconductor jayehmay AREABANL PR FOMPRE ISy | @s IARS iFline lastack eheasisponsductor material

layers. The material of the semiconductor layer can be monocrystalline, polycrystalline or

amorphous. It (R BEIRBIRBRTOR JhRoaESO M1 SX(5ifulRyEq. Cormesponding to said

desired pattern.
Formation of the initial SeQ! structure

The dissolution treatment is applied to a semiconductor-on-insulator
{SeOl) structure which, from the base to the support substrate thereof,
10  successively comprises an oxide layer and a semiconductor layer.
The support substrate acts substantially as stiffener for the SeOi
structure.,
To that end, it typically has a thickness of the order of a few hundreds of
micrometres.
15 The support substrate can be a bulk or else composite substrate, i.e.,
consisting of a stack of at least two layers of different materials.
The support substrate can thus include one of the following materiais: Si,
GaN or sapphire, in the monocrystalline or polycrystalline forms thereof.
The semiconductor layer includes at least one semiconductor material,
20  such as Si, Ge or SiGe.
The semiconductor layer may optionally be composite, i.e., consisting of
a stack of semiconductor material layers.
The material of the semiconductor fayer can be monocrystalline,
polycrystaliine or amorphous. It can be porous or non-porous, doped or
25  undoped.
in a particularly advantageous manner, the semiconductor layer is
designed io receive eiectronic components.
The thin semiconductor layer has a thickness of less than 5,000 A, and
preferably less than 2,500 A, in order to enable sufficiently rapid diffusion of
30 the oxygen. As a matter of fact, the slower the dissolution rate of the oxide,
the thicker the semiconductor layer.



In a particularly advantageous manner, the semiconductor layer is designed to receive electronic
components.  The thin semiconductor layer has a thickness of less than 5,000 A, and preferably
less than 2,500 A, in order to enable sufficiently rapid diffusion of 30the oxygen. As a matter of fact,
the slower thwa@sotstion rate of the oxide, the thicker the semiconduct®UEFEEICHNEE219
2010/034696PCT/EP2009/062219 8  In this wayg the diffusion of oxygen through a semiconductor
layer having a thickness greater than 5,000 A is very slow and, for this reason, industrially
disadvantageous.  The oxide layer is buried in the structure, between the support substrate and the
semiconductor layer; therefore, in the language of the art, it is generally designated by the acronym
BOX ("Buried Oxidelt.ap@ar yway, The S#ltistrustuseyigematiuéacturedseynaondayésrtrkaysfer technique
known to those skilled_in,the art which.invel i h iques, reference
may be made ?qoat\ﬂrégs?nq;r't utrm %}gﬁ’ﬁé}cg’s%ﬁ%m;ﬁﬁﬁa‘ﬁﬁ? inc ud(aggct}thﬁgltlk})%vsi?%%%gbs: 0]
formation of anrskidisitdyelisatuasiegspast substrate or on a donor substrate comprising the

semiconductor layefe oUidasmationaianiemaritiamen Maadethadengssvbeiaiaidhe

embrittlement area defining the thin semiconductor layer to be transferred, 15(iii) bonding of the donor
substrate to th@RApHErSSIHEAARCIRE BYitle MREFBEMJ LIS SHARe b nﬁ?ég%ﬁteﬁa‘ée, (iv)
fracturing of thgslesranpubsigataalvygibeembyitiBOEt BueedrOxdel tytripsfer the thin

semiconductor materel 1 5 PRI SO AlENiRATaSPSh P K)eM PP REAllge in the artand

therefore will not
known to those skilled in the art which involves bonding.

Among these techniques, reference may be made to the SmartCut™
10  process, which primarily includes the following steps:
(i) formation of an oxide layer on the support subsirate or on a donor
substrate comprising the semiconductor layer,
(i) formation of an embritflement area in the donor substrate, the
embrittiement area defining the thin semiconductor layer o be transferred,
15 (iii} bonding of the donor substrate to the support substrate, the oxide
fayer being situated at the bonding interface,
(iv) fracturing of the donor substrate along the embrittlement area in
order to transfer the thin semiconductor material to the support substrate.
This process is known by those skilled in the art and therefore will not
20  be described in detail here. For example, reference may be made to “Silicon-
On-Insulator Technology: Materials to VLSI, 2" Edition” by Jean-Pierre
Colinge, Kluwer Academic Publishers, pages 50-51.
It is likewise possible to use a process which consists in bonding a
donor substrate comprising the semiconductor layer onto the support
25  substrate, one or both of the substrates being covered with an oxide layer,
and in then reducing the thickness of the donor substrate via the rear face
thereof, so as o leave only the thin semiconductor layer on the support
substrate.
The resulting SeQl structure can next be subjected to conventional

30 finishing treatments (polishing, planarization, cleaning...).



20 be described in detail here. For example, reference may be made to "SiliconOn-Insulator
Technology: Materials to VLSI, 2nd Edition" by Jean-Pierre Colinge, Kluwer Academic Publishers,
pages 50-51. ltis likewise possible to use a process which consists in bonding a donor substrate
comprising theosemicasgiuctor layer onto the support 25 substrate, one gChatProfotiredabstrates being
covered with an oxide layer, and in then reducing the thickness of the donor substrate via the rear face
thereof, so as to leave only the thin semiconductor layer on the support substrate. The resulting
Se01 structure can next be subjected to conventional 30finishing treatments (polishing, planarization,
cleaning...). WO 2010/034696PCT/EP2009/062219 9 In these processes for forming the Se01
structure, the oxide laygreis:fomes s tie domangubstratsOd ratmutheesuthpoaxgieh srete iwia thermal

oxidation (in which case the oxide is an oxide of th r the e hawvi ergone
oxidation) or elioé@%gdggo{s?}é)oﬁ*%&é gil%%%éég(%egfs%gﬁ% @&Oﬁpgﬁgﬁﬁe@;ﬂ%&%ﬁ can likewise
be a layer of natidebaidénradiitihgaperinaaxies sxidaicactiecddataralipstRasdrrirsicsupport
substrate in coptagt Mithdbe AEeRRRGEN) GPdhe QihRhasmotests RS endle R structures

obtained via 10 the g\I,MOX process did not enable observation of oxide dissolution, which was
attributed to a I%Wé?%%-ality oxide, due to the method of obtainment thereof. In this regard, reference
may be made to theTadicleidy layéheag akelisdnpliedBysidsnketiers i 33dittkPabin Prior to
bonding, itis S%%f&fr'efj&% ta%«'aenaBPﬁé” %@&%%&%fh‘é%“&ﬁq?&?%%;3;5’0‘9(%'55&%8 iR %'é%%gc?k".'ed in the art
can be implemented on"one or both of the contacting surfaces, 'so as to Increase the bonding energy.
In order to limitwite therationssigre dissolution treatment, the oxide layer of the Se01 structure generally

has a fine or ultrafingy fiGknass i PARRCRERAIELADHA SRCBIRICFRBIAEMERED 00 and 250 A.

20Dissolution treatment Throughout the remainder of the description, the example taken shall be

that of thé BppliB&tIBHVE ¥herares HignebhABIS RPSESRHATrefiR¥fRcHtRe RN s&hiEBnductor layer
is made of silicaasi.attribliRHCaN-O rtasudatary (5Rdk siuetute 125 Thetme cbhbisaiarfandissolving the

o SOl e R AR e s O o bk s s
113-118, to whigippétetr&ingsiosdyebera@ade3951 (1995).
Prior to bonding, it is specified that cleaning or plasma activation steps
15  well-known to those skilled in the art can be implemented on one or both of
the contacting surfaces, so as to increase the bonding energy.
In order to limit the duration of the dissolution treatment, the oxide layer
of the SeOl structure generally has a fine or ultrafine thickness, i.e., between
50 and 1,000 A, and preferably between 100 and 250 A.

20 Dissolution treatment

Throughout the remainder of the description, the example taken shall be
that of the application of the dissolution treatment to a structure in which the
thin semiconductor layer is made of silicon, i.e., a “Silicon-On-Insulator” (SOI)
structure.

25 The mechanisms for dissolving the oxide in an SOI structure are
described in detail in the article by O. Kononchuk et al, « Internal Dissolution
of Buried Oxide in SOl Wafers », Solid State Phenomena Vols. 131-133
(2008) pp. 113-118, to which reference may be made.
During the treatment, the SO! structure is placed in an oven in which a
30 gas stream is generated in order fo form a neutral or reducing atmosphere.



During the treatment, the 501 structure is placed in an oven in which a 30gas stream is generated in
order to form a neutral or reducing atmosphere. WO 2010/034696PCT/EP2009/062219 10  The
gas stream can thus include argon, hydrogen and/or a mixture thereof. It is important to note that
the dissolutionghenomeaon only occurs when a sufficient gradient existsdzatreensthergoncentration of
oxygen in the 5atmosphere and the concentrationof oxygen at the surface of the oxide layer.  Thus,
it is determined that the oxygen content of the atmosphere in the oven should be less than 10 ppm,
which, taking account of leaks, requires an oxygen content in the gas stream of less than 1 ppm.

In this regard, reference may be made to the article by Ludsteck et al, 10" Growth model for thin

oxides and oxide opfindizgéiorstiedonreah afdppied2hysies, ValdpadNoahd/MaschmBded  These
conditions cannot befobtained in a conventional oven, which generates too many leaks to enable such

a low content téhﬁéegchieved; the oven should be specially designed for optimal sealing (reduction in

the 15number of paitsiin iondertaotaimidgEnizattlibeuskssblsdiin mEarenonenc@pnhe athgishand, an

oxygen conceryyalan o el gsRheie 4iee!SE e L ALRBsaRR A Pal San R aramotes oxidaton

of the exposed silicon.  In the™case of SOI, the dissolution treatment is a d at a temperature of

between 1100HMPALEOFCEHH P IBEEHRAHPTHE! Sregenrat Dsostiriage A Beatids Biveict, the higher
the temperature, therhigher hacwiderdissnbitinn s diRURET drerseatmephispetsure should

inl than th lting t t f the sil| . F le, in order to dissol
{hickness of oxiUE bF JBUICGEHERt SethTL B EH oF Lo 419 AT e Tt (RAMer bondltions are:
1,100C for 25 ﬁﬂyga@dnmmlﬁbuemsmmwa,cdﬂas@m fbppnnninutes. H_owever, itis er_nphasized
that these values arg, i pafligular diegrndlen upan.ipaesigyakcancrnialionaloxgen in the
nt ed thic

dissolution oven. Thus, more’significant disso nesses have also been observed. Formation of
the mask1t  « 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 conventional oven, which
generates too many leaks to enable such a low content fo be achieved; the
oven should be specially designed for optimal sealing (reduction in the

15  number of parts in order to avoid joints, the use of solid parts...).

On the other hand, an oxygen concentration in the atmosphere greater
than 10 ppm stops dissolution and promotes oxidation of the exposed silicon.

in the case of SOI, the dissolution treatment is applied at a temperature
of between 1,100 and 1,300°C, and preferably of the order of 1,200°C.

20 As a matter of fact, the higher the temperature, the higher the oxide
dissoiution rate. However, the treatment temperature should remain lower
than the melting temperature of the silicon.

For example, in order to dissolve a thickness of oxide of 20 A beneath a
thin tayer of silicon of 1,000 A, the heat treatment conditions are: 1,100°C for

25 2 hours, 1,200°C for 10 minutes, or 1,250°C for 4 minutes. However, it is
emphasized that these values are in particular dependent upon the residual
concentration of oxygen in the dissoiution oven. Thus, more significant
dissolved thicknesses have also been observed.

Formation of the mask

30 As mentioned above, the mask is selectively formed on the

semiconductor layer so as to leave exposed those areas of the



30As mentioned above, the mask is selectively formed on the semiconductor layer so as to leave
exposed those areas of the WO 2010/034696PCT/EP2009/062219 11 semiconductor layer which
correspond to the areas of the oxide layer in which it is desired to reduce the oxide thickness. In this
case, by "corvespanaigst is understood to mean that the pattern defineadi/edtabirse2exposed areas of
the semiconductor layer is identical to 5 the desired: pattern in which are arranged those areas of the
oxide layer wherein it is desired to reduce the oxide thickness.  In other words, the mask covers only
those areas of the semiconductor layer that are complementary to said desired pattern. To that end,
the mask is generally formed selectively, by using 10conventional photolithographic techniques which
make it possiblediidefingcibe lareasafitheseraigondutiohayaras whith tbeideaklys tmbe deposited.
The mask-formag%p1 prac esslrt ticar‘g?ﬁd@gl deegxtlge @II Wing successive steps: - Formation, via
deposition, of 2'SHIiEon Ritide x‘i{ly ayer (e.g., i3 ﬁ% TSWihich is capable of comprising the mask,
over the entire surfaltetoistbesgemicontiaspomidingr’ iDepdsisiond ghotesenaahiegdsingayer over the

entire surface Qfdhe.3iNXIINaHe expob@falidad SHPRSYERRINR ISR IIREH BOAtRIthographic
mask; 20- Selective elimination of the exposed areas, via dilution in a solvent, for
5 the desired pattern in which are arranged those areas of the oxide layer
wherein it is desired to reduce the oxide thickness.

in other words, the mask covers only those areas of the semiconductor
layer that are complementary to said desired pattern.

To that end, the mask is generally formed selectively, by using

10 conventional photolithographic techniques which make it possible to define
the areas of the semiconductor layer on which the mask is {o be deposited.

The mask-formation process typically includes the following successive
steps:

- Formation, via deposition, of a silicon nitride Si,Ny layer (e.g., SisNa},

15 which is capable of comprising the mask, over the entire surface of the
semiconductor iayer;

- Deposit of a photosensitive resin layer over the entire surface of the
SixNy layer;

- Localized exposure of the resin through a photolithographic mask;

20 - Selective elimination of the exposed areas, via dilution in a soivent, for
example;

- Next, etching, through the openings formed in the resin, of the areas of
the SiN, layer then exposed. The etching is typically a dry etching (plasma)
process to which the resin is resistant. On the other hand, the SiyN, is etched

25 by this plasma.

The mask is made of material forming a barrier to the diffusion of
oxygen atoms.

it is also of a type which withstands the treatment conditions.

Thus, silicon nitride (having the generic formula SixNy wherein the pair

30  of stoichiometric coefficients (x, y) can assume various values) is a preferred

material for forming the mask, because it is easy to implement (i.e., to



example; - Next, etching, through the openings formed in the resin, of the areas of the Si"Ny layer
then exposed. The etching is typically a dry etching (plasma) process to which the resin is resistant.
On the other hand, the Si"Ny is etched 25by this plasma. = The mask is made of material forming a
barrier to thewdiffrsior@doxygen atoms. It is also of a type which withstar@sER®sgataient conditions.
Thus, silicon nitride (having the generic formula SixNy wherein the pair 300f stoichiometric coefficients
(x, y) can assume various values) is a preferred material for forming the mask, because it is easy to
implement (i.e., to WO 20101034696PCT/EP2009/062219 12 deposit, and to then remove after the
dissolution treatment), and does not contaminate the silicon.  However, any other material forming a
barrier to oxygeseplifisiamiandivethstamslio gatie theaivsol dord eaisnesh) benaséddemtbie mask. 5The

mask typically has,.a thickness gf between 1 and 50 nm, and preferably of the order of 20 nm.  After
the dissolution ?r%rg?rrr?énna[fetk%eerﬁ%a{g 'tan be removed by dry or wet etching. Generally speaking,

the invention proposdenevgecesasetiee differadernong leveriss to SuMSRIHERSH) &ast partially
burying the magliRtheiing the treatment conditions can be used for the mask.

5 The mask fypically has a thickness of between 1 and 50 nm, and
preferably of the order of 20 nm.

After the dissolution treatment, the mask can be removed by dry or wet
etching.

Generally speaking, the invention proposes to decrease the difference

10 in level due to subsistence, by at least partially burying the mask in the
thickness of the semiconductor layer.

in this case, the term “bury” is understood to mean that the base of the
mask (i.e., the face opposite the free surface, which is in contact with the
material of the semiconductor layer) is situated in the thickness of the

15 material of the semiconductor layer. in other words, the level of the base of
the mask is lower than the level of the surface of the exposed areas of the
semiconductor layer.

The invention considers the case wherein the mask is partially buried,
i.e., the free surface (or upper surface) thereof is at a higher level than that of

20 the exposed surface of the semiconductor layer, as well as the case wherein
the upper surface of the mask is at the same level as the exposed surface of
the semiconductor layer, the mask then being referred to as “buried"”.

According to a first embodiment of the invention, which is shown in
figures 2A to 2D, the SiN, mask is formed via a process of selectively

25  nitriding the areas of the silicon layer intended to be covered by the mask.

To that end, and with reference to figure 2A, the areas 3a of the silicon
layer 3 intended to be exposed to the atmosphere are protected from the
dissolution heat treatment.

In this regard, photolithographic steps well-known 1o those skilled in the

30 art are implemented, which comprise deposition of a photosensitive resin,

exposure of the resin through a mask in order to polymerize the desired



thickness of the semiconductor layer.  In this case, the term "bury" is understood to mean that the
base of the mask (i.e., the face opposite the free surface, which is in contact with the material of the
semiconductor layer) is situated in the thickness of the 15 material of the semiconductor layer. In
other words,whiezlavebabéhe base of the mask is lower than the level of theTsiRise2tle exposed
areas of the semiconductor layer.  The inventionxonsiders the case wherein the mask is partially
buried, i.e., the free surface (or upper surface) thereof is at a higher level than that of 20 the exposed
surface of the semiconductor layer, as well as the case wherein the upper surface of the mask is at the
same level as the exposed surface of the semiconductor layer, the mask then being referred to as
"buried".  Acsistingrio tofinstteibgdineddrabtheniovetionunpbiginésizbbvasim Bguagso2A to 20, the

Si"Ny mask is formed via a progess,of selectivel nitrding the areas of the silicon layer intended to
be covered by ﬁ?é’%%@ﬁx aes 0 %%tgnad,sagrf é/\sﬁt% %gsfqéréhce_to figure 2A, the areas 3a of the silicon
layer 3 intended to Héeuiposiitinatieaimeypidhe Slephote dicenffiom oHE iBeBIAIRRAS MBat treatment.

In this regard, photolthearanliciepsivaliknewn to Bippeskiisadr s 8ot asrteyuemented, which

comprise deposition of a photosensitive resin, exposure of the resin through a mask in order to
polymerizeithe }88f 0TS 308 O/BSIDEREFR2000/062219 13 areas, and then etching in order to

remove the unpolynesiaashyesinneosanie ceeeribaly ereasnfensitmagi-dtectivg restess, Next, a

nitriding treatment aof the strycture is carried out: since areas e o Ct t rotective resin 5,
only the complgméﬂrtlgrys% pﬁfl]rgtgc?ez% %&%algggss %ﬂg}grgo%ei%?tr%?}}@étpgé%nﬁﬁn%q %gﬁ%{% to the
above-describddyeor/entibriiaintisk fasm ey pirdve sasiitdding. hke tlesefleetesf ¢dreunsing a portion of

the material of (i SURPMEHEL 3uSED Iallie Rash Al e 18aRk bleeinthaiaesthiprect which is
u

opposite the fr ace of same) Is situated at a lower level than that of the 10free surface of the
exposed afea JeeBrRMERSHCHINRGEPOSEL RGN SighresHison layer, as shown in figure 2B.

Thus, the more a thick layer 4 of SiiN, is formed, the more the base 4a
of this layer is driven into the thickness of the silicon layer 3.
In a particularly advantageous manner, the parameters of the nitriding
process are adjusted such that the thickness of the buried portion of the
15 mask is substantially equal to 1.5 times the thickness of the oxide layer 2.
Thus, a lower (buried) portion of the thickness of the mask 4 is situated
below the level of the free surface of the exposed area 3a, whereas an upper
portion is situated above.
in reference to figure 2C, after forming the mask 4, the protective resin
20  5is removed so as to expose areas 3a.
Next, the dissolution is carried out under the above-described
conditions.
Upon completion of the dissolution treatment, the levei of the free
surface of the exposed area 3a has decreased of the order of 1.5 times the
25 initial thickness of the oxide layer 2. The resulting structure is shown in figure
2D.
The free surface of the exposed area 3a is therefore situated at
substantially the same level as that of the areas covered by the mask.
Therefore, no subsistence of the surface of the semiconductor layer is

30 observed.



Thus, the more a thick layer 4 of Si,Ny is formed, the more the base 4a of this layer is driven into the
thickness of the silicon layer 3.  In a particularly advantageous manner, the parameters of the
nitriding process are adjusted such that the thickness of the buried portion of the 15mask is
substantiallywgualioikdéstimes the thickness of the oxide layer 2.  ThasT&kmeniuitied) portion of
the thickness of the mask 4 is situated below the level of the free surface of the exposed area 3a,
whereas an upper portion is situated above. In reference to figure 2C, after forming the mask 4,
the protective resin 20 5 is removed so as to expose areas 3a.  Next, the dissolution is carried out
under the above-described conditions.  Upon completion of the dissolution treatment, the level of
the free surface of tihexiosedagndabas deopesined, oftish dederood Tdviumasiehio 26nitial thickness

of the oxide layger 2. The resulting structure is shown in, fi % ree, surface of the exposed
area 3a is therf?é%agﬂﬂa?zdc 3t é%)@trgﬁtieﬁgct%eﬂ]s%rﬁ%%e\gg £§§? t ag gf Sé%réggé?scg\%?e& by the mask.
Therefore, no guibsistendeast the surface of the semiconductor layer is 30 observed. WO

2010/034696PCT/ER20A9IG2249ddh 5 aTAIRERIAEG 02 IORA 2RI s QR 1RIBSS cutishmigmore

favourable to the formation of components, since the final silicon layer has a substantially planar
surface. © ALRARRIVESR R SHNERNIHR SR CRETRALY AR BIE VR E8P8LY applying to
the semicondugtry ssiovgiwe Eigvereckhyittbgaprolestiveriesiméantas shown on Fig. 2A) a nitrogen plasma

treatment. Such a plasma treatment results in the formation, when the structure is
brought back to ambient atmosphere, of a mask made of silicon oxinitride (of
general formula SION, wherein stoichiometric coefficients can vary).

10 This plasma treatment has two main effects.

The first one is to etch the surface of the semiconductor layer, thereby
forming a trench in this layer. According to the duration and the intensity of
the plasma treatment, it is thus possible to form a trench having a depth of 5
to 20 nm.

15 The second effect of the plasma treatment is to modify the nature of the
upper region of the semiconductor layer in the exposed areas on a thickness
of about 5 to 10 nm, thereby forming the SION mask.

This treatment thus constitutes a very simple way of forming the mask.

Before said nitrogen plasma fireatment, one can perform a more

20  aggressive plasma (by adjusting intensity and duration) treatment in order to
etch deeper trenches if required.

in addition to its easy implementing, the nifrogen plasma treatment
allows forming thin (i.e. a few nanomefres, e.g. 5 nm) buried masks which
result in favourable topographies after dissolution.

25

Example associated with this first embodiment

The starting point is an SOl structure which, from the base to the
surface thereof, comprises a substrate, a 10-nm thick oxide layer and a thin
70-nm thick silicon layer.



Such a plasma treatment results in the formation, when the structure is brought back to ambient
atmosphere, of a mask made of silicon oxinitride (of general formula SION, wherein stoichiometric
coefficients can vary). 10This plasma treatment has two main effects.  The first one is to etch the
surface of theveexmieasductor layer, thereby forming a trench in this layerAdsurdimgizi¢he duration
and the intensity of the plasma treatment, it is thus. possible to form a trench having a depth of 5 to 20
nm. 15The second effect of the plasma treatment is to modify the nature of the upper region of the
semiconductor layer in the exposed areas on a thickness of about 5 to 10 nm, thereby forming the
SiON mask. This treatment thus constitutes a very simple way of forming the mask. Before said
nitrogen plasma treagwnipaie eanrpatdonecaomaoie 2iagdiessiayplasnas (oypaolestitng intensity and

duration) treatriegt n gidertp B ecpe IPUeTES IRAUIEL . oadlonials pasy
implementing, theé nitrogén plasma tréatment allows forming thin @e. a few nanometres, e.g. 5 nm)
buried masks \itsigtmesult in favourable topographies after dissolution. 25 Example associated with

this first embodimene,: The sHARMNGSPOIRE PR SUERIHERHC b Ty E bags dpdhe surface

thereof, comprises a substrate, a 10-nm thick oxide layer and a thin 70-nm thick silicon layer. WO

2010/034696P¢ PSS 0HOIEE 2 A%E" ANRSRNReFRES PIRILHB I IRASSIRDL I Bayer so as to
protect the areagdatented énibshexpasest bikesatmosrhersf the dissolution heat treatment.

e T ke L L R T
a total thickness of 30 nm, which is partially buried in the silicon.
Otherwise, a nitrogen plasma treatment is carried out in order to form
16 the SiON mask of a thickness of about 5 nm on the areas of the silicon layer
not covered by the resin.

The above-described dissolution treatment is then applied, at 1,200°C
for 1 hour, in order to dissolve the entire thickness of the oxide layer in the
areas corresponding to the exposed areas of the silicon layer.

15 According to a second embodiment, which is shown in figures 3A to 3D,
the areas 3a intended to be exposed during the local dissolution treatment
are protected by means of a protective resin 5. To that end, a
photolithographic technique weli-known to those skilled in the art is
implemented, as described above.

20 Referring to figure 3A, the unprotected regions of the surface of the
silicon iayer 3 are next etched so as to form trenches 3b of a specific depth.
To that end, for example, dry etching is carried out, such as plasma etching.

Referring to figure 3B, a nitriding treatment similar to that described in
the first embodiment is carried out.

25 The effect of the nitriding is to form an SiN, mask in the trenches 3b,
while likewise consuming a portion of the silicon of layer 3.

By adapting the depth of the trenches 3b and the thickness of the mask
4b thus formed, it can be ensured that the upper surface 4b of the mask is
flush with that of the areas 3a intended {0 be exposed during the dissolution

30 freatment.



areas of the silicon layer not covered by the resin.  After removing the protective resin, a mask of
Sixlly is obtained, having a total thickness of 30 nm, which is partially buried in the silicon.

Otherwise, a nitrogen plasma treatment is carried out in order to form 10the SiON mask of a thickness
of about 5 nnworndnesareas of the silicon layer not covered by the resin. pcTiitembosedescribed
dissolution treatment is then applied, at 1,200C for. } hour, in order to dissolve the entire thickness of
the oxide layer in the areas corresponding to the exposed areas of the silicon layer. 15According to a
second embodiment, which is shown in figures 3A to 3D, the areas 3a intended to be exposed during
the local dissolution treatment are protected by means of a protective resin 5. To that end, a

photolithographic techriggiebrg e itadans skiieskl) the asbis BTpRMMakasKescribed atr)IO\C/ie-
20Referring to figure 3A, the unprotected. regions of the surface of the silicon layer 3 are next etche
So as to form tré%%cleﬁg‘éh%[ gl s%géﬁi? %%Bgﬁ.eﬁ) ?ﬁg}ee%&ﬁf'%i%%fﬁﬂ#b?é?‘&‘?ﬁ@éﬁﬁg‘??st Qrried out, such
as plasma etchingder of Reféimes) ttefigoka B, &f Hitridirdptt@gniznt similar to that described in the first

embodiment is carriqqilglgxggs'laaeﬁﬁgfgt%% t@?tﬁgri%lﬁ%ﬁs !%Qrm&@fggéﬂp{m%&ei%t%ﬁenches 3b,

while likewise consuming a portio e silicon of layer 3. ° By adapting the he trenches

3b and the thickiWekaasetRbthsRidanahis freihsttbigirseRbthePrins Retugpéeiatiace 4b of the

mask is flush wihwhbadrebtheraseas SaHaensiadito be exposed during the dissolution 30treatment. WO

2010/034696PCT/ER20091062219 16
/ / it can be note t!11at the steps of forming the trenches and forming the

mask can be performed simuitaneously by carrying out the nitrogen plasma
treatment described above. In this case, the mask is made of silicon
10  oxinitride.

Referring to figure 3C, the protective resin 5 is removed prior to the
dissolution treatment, so as to expose areas 3a.

This initial added thickness thus compensates for the subsistence of the
exposed areas following the local dissoiution treatment, as can be seen in

15 figure 3D.

According to an alternative of the second embodiment, which is shown
in figures 4A and 4B, the following steps can be implemented successively.

As in the second embodiment, trenches 3b are formed after having
protected the areas 3a of the semiconductor layer 3 intended to be exposed

20 to the dissolution treatment (cf. figure 3A) with a protective resin.

Referring to figure 4A, said protective resin is next removed, and then
silicon nitride is deposited over the entire surface of the SO/, Le., both in the
trenches 3b and on the areas 3a intended {o be exposed: a structure is then
obtained in which the profile of the surface of the silicon nitride deposited is

25 parallel to that of the surface of the etched silicon layer 3. In particular, the
trenches 3b are therefore filled with silicon nitride 4.

In a foliowing step, which is shown in figure 4B, the surface of the
siticon nitride is planarized by CMP (Chemical Mechanical Planarization) until
reaching the upper surface of the areas 3a of the silicon layer intended to be

30 exposed to the dissoiution treatment.
The dissolution treatment can then be applied to the resulting structure.



In a particularly advantageous manner, the depth of the trenches 3b is determined such that the
thickness of the buried portion of the mask is of the order of 1.5 times the thickness of the oxide layer
2. The exposed areas 3a of the silicon layer therefore have an added 5thickness of the order of
1.5 times thevthiekinasssaf the oxide layer, in relation to the areas covereeCmrtheywiasksl. It can be
noted that the steps of forming the trenches and fgrming the mask can be performed simultaneously
by carrying out the nitrogen plasma treatment described above. In this case, the mask is made of
silicon 10oxinitride. ~ Referring to figure 30, the protective resin 5 is removed prior to the dissolution
treatment, so as to expose areas 3a. This initial added thickness thus compensates for the

subsistence of the egpgspet agasitalawing iie ieahgliseolution treatment, as can be seen in 15figure
3D.  According to_an al efr:ﬁatlve of the sec%%ci ert‘nbcgdlme t \ﬁ1h|gf:h IS ﬁpov%n in f{gutrﬁa 4A and 4B,

the following steps calf bEdmpermahte StcR%SIEYS, which. _Trom

AL the S&Cond emaBodimen , trenches 3b
are formed aftesuntavieghpretéctedniirisesens Bsivd theastinicontigstoxidy da\@irmaddeth to be exposed
20to the dissol%g%rﬁ;ﬁémﬁ&éﬁfra@gwe 3A) with a protective resin.  Referring to figure 4A, said
protective resin is next removed, and then silicon nitride is deposited over the entire surface of the

SOl, i.e., bbth in theRasitRadepaA Jarhedpedb s inRteiigan tBvse $xEssoP &L Ere is then

obtained in whighstheiprafie fitheswinesf taetsicambiprsrdepositediissahparalleldo that of the
surface of the etched silicon layer 3. In particular, the trenches 3b are therefore filled with silicon nitride

4. Ina foIIOV\tﬁﬁat@t%fH; which is shown in figure 4B, the surface of the silicon nitride is planarized by
CMP (Chemical MedhanibasPiaviag zatiepihuritil Seachang fitrenep inr vedas@biithetardss 3a of the

silicon layer intsndeg 16 e 0 BRtElg By HesRHMLREARRNHT g lssTRfeRment can then

be applied to the resulting structure.
10 removed.

SiNy is then deposited over the entire surface of the resulting structure,
over a thickness greater than the depth of the trench.

Next, planarization of the silicon nitride is carried out via CMP.

The above-described dissolution treatment is then applied at 1,200°C

15 for 1 hour, in order to dissolve the entire thickness of the oxide layer in the
areas corresponding to the exposed areas of the silicon layer.

According to an alternative to the nitriding treatment carried out in the
first and second embodiment, the SiiN, mask can be formed by means of
low-energy nitrogen implantation in the silicon semiconductor layer.

20 Prior to implantation, the surface of the semiconductor layer is covered
with a mask which is sufficiently thick to form an obstacle to the implantation
of the nitrogen ions in the areas of the semiconductor layer where the mask
ts not intended fo be formed.

The nitrogen ions implanted in the silicon matrix form SiNy at the

25  surface of the semiconductor layer.

A person skilled in the art would be able to determine the implantation
parameters (dosage, energy) in order to form the silicon nitride over the
desired thickness for the mask.



WO 2010/034696PCT/P2009/062219 17 Example associated with this alternative: The starting
point is an SO1 structure which, from the base to the surface thereof, comprises a substrate, a 10-nm
thick oxide layer and a thin 70-nm thick silicon layer. 5Resin patterns are formed on the thin silicon
layer so as to protect the areas intended to be expoggd to the atmosphere of the dissolution heat
treatment. Trenches having a depth of 15 nm are formed by means of dry etching, in the areas
not protected by the resin, and then the protective resin is 10 removed.  Si"Ny is then deposited
over the entire surface of the resulting structure,@yg\r"aéhickness greater than the depth of the trench.
Next, planarization of the silicon nitride is carriedout via CMP. The above-described dissolution
treatment is then applied at 1,200C 15for 1 hour, in order to dissolve the entire thickness of the oxide

I in th ng.to t f. il '
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can bedorprésing meangwt lsubsiiatgy anroyéeinmiantatidnantitie sgicoerssiidondrictsr Bgier. 20
Prior tQ.| ion,. tk [ d iconductor layer is covered with a mask which is
AR RO FE

sufficiently t n obsta implantation of the nitrogen ions in the areas of the
semicondudarfyrationert aniicesikidednsitiet asipiy deneask on theriuimaesgieandnstianplanted

in the Sllepraaicfaun S I 10 ZRouiare A0S SHOTGARYEBF oo REISRRAIE I the

art would be able to determine the implantation parameters (dosage, energy) in order to form the
silicorcanaeddve thRardiskiranthivRisdsg b athenge@in a desired pattern,

(b) application of a heat treatment in a neutral or controlied reducing atmosphere,
and under controlled conditions of temperature and time, so as to induce at least a
portion of the oxygen of the oxide layer to diffuse through the thin semiconductor layer,
thereby resulting in the conirolled reduction in the oxide thickness in the areas of the
oxide layer corresponding to said desired patiern,

characterised in that, in step (a), the mask is formed so as to be at least partially

buried in the thickness of the thin semiconductor layer.

2. Process according to claim 1, characterised in that in step (a) the formation of
the mask involves the consumption of at least a portion of the thickness of said

semiconductor layer.

3. Process according to claim 1 or claim 2, characterised in that the mask is

formed by a nitrogen plasma treatment of the semiconductor layer.

4. Process according to claim 1 or claim 2, characterised in that the mask is
formed by nitriding the material of the semiconductor layer, thereby resulting in

cansumption of a portion of the thickness of the semiconductor layer.



18 CLAIMS 1. A process for treating a semiconductor-on-insulator type structure, successively
comprising a support substrate, an oxide layer and a thin semiconductor layer, said process
comprising the following steps: (@) formation of a silicon nitride or silicon oxinitride mask on the thin
semiconductor layer, so as to define so-called expgsed areas at the surface of said layer, which are
not covered by the mask, and which are arranged in a desired pattern,  (b) application of a heat
treatment in a neutral or controlled reducing atmosphere, and under controlled conditions of
temperature: apd i I S 106 Qftk : ide daver to diffuse
rough the i Sem o e ety e I iR e e e

thickn@§§fn$tm3§i%@§01faﬁh@d»@@év@m doerdmmmhdihdhe snrblesiredthatteas, surtheeaofetised in
that, SRR NSRBI B8 6 ihinALIGAShBAl Y MR Ihe iEkIRSs ey
Ing to claim 1, characterised In t

semiconductor layer. . Process accor at in step (a) the formation
of the Ptk lavenaddhrestioptiungption of at least a portion of the thickness of said semiconductor layer.
3. Process according to claim 1 or claim 2, characterised in that the mask is formed by a nitrogen

plasma treatment of the semiconductor layer. 4. Process according to claim 1 or claim 2,
characteris&d ffienasshacerising ferae Wyclairting ehd neheivatemised dethiabitr thitkages, ehereby
resultigg,incans I O the thi sipLthe semy yer Rrocess
accoré}iglag to claiqmyf%:%%geﬁiiéﬁngg)hzﬁmmcﬁnetgé{o tée@g&%g%ﬁ%ar%ag F{:?ggta%édg etween
the basensralanieiclHatuie frea silrgenchthesrpostatarcesipatadeen ab hretwabstditanpdqual to
15 timg@@bat{hickness of the oxide layer of the structure. 6. Process according to one of claims 4
or 5, characterised in that the thickness of the mask is between 1 and 50 nm and in that the nitriding
step is carried out by annealing the structure in a nitrogen atmosphere at a temperature of between
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formed by implanting nitrogen at'the surface of the semiconductor layer. 8. Process according to
claim fogperiny Zﬁ@%@?ﬁ@ﬁeﬂgﬁwﬁﬂﬁéﬂh@eﬁi@%&ﬁ@@% HRNEOWHE XML (i) etching of the thin
semiconductor layer so as to form trenches at the locations anticipated for the mask; (ii) formation

of the mask in said trenches.
8. Process according to claim 1 or claim 2, characterised in that step (a) includes

the following steps:
(i) etching of the thin semiconductor layer so as to form trenches at the locations
anticipated for the mask;

(i) formation of the mask in said trenches.

9. Process according to claim 8, characterised in that the trenches formed in step
(i) have a depth substantially equal to 1.5 times the thickness of the oxide layer of the

sfructure.

10. Process according to one of claims 8 or 9, characterised in that the mask is
formed such that the surface thereof is flush with the surface of the exposed areas of

the semiconductor layer.

11. Process according to one of claims 8 to 10, characterised in that the thickness of the

mask is between 1 and 50 nm and in that step (ii) includes



9. Process according to claim 8, characterised in that the trenches formed in step (i) have a depth
substantially equal to 1.5 times the thickness of the oxide layer of the structure.  10. Process
according to one of claims 8 or 9, characterised in that the mask is formed such that the surface
thereof is flush with the surface of the exposed atggs of the semiconductor layer. 11. Process
according to one of claims 8 to 10, characterised in that the thickness of the mask is between 1 and 50
nm and in that step (ii) includes 20  nitrogen plasma treatment or nitriding of the trenches or

nitrogen implagiaion Adha IULIARRAl e SEIFRNONBIY RAIEHBLOLRHEIANBholanidfoR BCess

according to oné of claims 8 to 10, characterised’in that the mask-forming Step (ii) includes the
followthg stefrce of themamisandupiedmateiirl o thrtsaneiie® obtained in step (i), over a thickness
greater than the depth of the trenches; - planarization of the silicon nitride deposited in the
preceding step, until reaching the exposed areas of the semiconductor layer. 13. Process

according tddnBrecersnisaoising, khanetefistamsifatanterhreidedesddpeinat Hpiedsiticon and
has ag&jﬁhﬂgs&g,ﬁrﬁﬁ%mg,Q@g&;&ﬂﬂ@@%@bly smaller than 2,500 A.

- deposition of silicon nitride on the structure obtained in step (i), over a thickness
greater than the depth of the trenches;
- ptanarization of the silicon nitride deposited in the preceding step, until reaching

the exposed areas of the semiconductor layer.

13. Process according to one of claims 1 to 12, characterised in that the
semiconductor layer is made of silicon and has a thickness smaller than 5,000 A, and

. preferably smaller than 2,500 A.



