PROCESS FOR LOCALLY DI SSOLVI NG THE OXI DE LAYER IN A

SEM CONDUCTOR- ON- | NSULATOR TYPE STRUCTURE Field of the invention This

i nvent i onwoebavmsseoso a process for treating a sem condueCwerepesvionsizhat or
(Sed) type structure successively conprising a support substrate, an oxide
| ayer and a thin sem conductor |ayer, in which a heat treatnent is applied
in a neutral or controlled reduci ng at nosphere, and under controlled
conditions of tenperature and tine, so as to induce at |east a portion of

t he oxygen of the oxide |layer to diffuse through the thin sem conductor
| ayer, which resRROCESS FIRQR t QALY ISSQIVING THE ONIDE IAYER A oxi de
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conpl etely dissolve the oxide |layer in specific regions of the SeQ

structure, which correspond to a desired pattern, while at the same tine
preservi ng t he Figldff thejinventionhe ot her regi ons of the initial oxide |ayer.
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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).



different respective supports (i.e., a bulk or else an Sed substrate).In
addition, shifting fromone type of support to the other involves

signifi cand2etvasg®s i n manuf acturing technol ogy. Ther ef @ceEPRIVS/062219
desirability of |ocal dissolution liesdn providing a m croprocessor

manuf acturer with a plate conprising "bulk” and "Sed " areas on which they
wll be able to manufacture both "logic" and "nmenory" conponents, while at
the sane maintaining the technologies in which they are skilled. The

preci sion of the |ocal dissolution technique does indeed enabl e the "bul k"
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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 SiOy;

- on the other hand, the disappearance of silicon from the surface of the
thin semiconductor layer, which is due to the incorporation of highly volatile
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.



Si O conpl exes into the dissolution treatnent atnosphere. This phenonenon
contributes to a subsidence of the thickness of the oxide layer. As a
mat t er ofwbaoto/3as9pai r of O atons causes the di sappear arce/EPR000NS22D)
atons. In all, the conbination of these 4wo phenonena results in a

subsi dence of the order of 1.5 tinmes the thickness of the oxide |ayer. The
non-planarity of the surface of the sem conductor |ayer is detrinmental to
t he subsequent formation of conponents. This topography can be observed in
figure 1, which shows a structure resulting froma |ocal dissolution
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docunent JP 20 I Cl'pates carrying or siTicon epitaxy

on the siliresuitisgfrbace low desokitiod tisatineat.mask. This additional thickness
of silicon in the exposed areas conpensates for the subsidence due to the
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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 to be costly and has a negative impact on the
treatment process.

In addition, it is difficult to anticipate mechanical-chemical type polishing
aiming to planarize the surface in order to prevent the differences in level
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.



di ffusion of the oxygen. Furthernore, polishing tends to damage the
uniformty of thickness of the sem conductor |ayer.Iln addition, such

pol i shi ngweuioh3adesk polluting the surface of the thin lpay@pooshsneis
sought to be avoi ded when manufacturing el ectronic conponents. Therefore,
one of the objectives of the invention is to define a nore econoni cal and
easy to inplenent process, thereby making it possible to mnimze the
subsi dence of the surface of the sem conductor |ayer, so that, upon
conclusion of the treatnent, the snoothest possible surface is obtained.
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to a process f or ﬁ.r ating a,se 'ct())nduct. r-on-hi nsul at qr type sﬁ]rttlcture,
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tenperature and tinme, so as to induce at |east a portion of the oxygen of
the oxi de IURPBrCONglugian abetiaaingnt tthe smaothest Rossikifigytace igyriaineter eby
resulting in the controlled reduction in the oxide thickness in the areas
of the oxide layer corresponding to said desired pattern. This process is

remar kabl e i n Brigf descrigitign 6hihe inventiemk is forned so as to at | east
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substrate, an oxide layer and a thin semiconductor layer, said process
comprising the following steps:

a) formation of a silicon nitride or silicon oxinitride mask on the thin
15  semiconductor layer, so as to define 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
20 toinduce 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.
This process is remarkable in that, in step (a), the mask is formed so as
25  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 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

30 as the “upper face”.



| ayer conmprising the structure, the face of the |ayer closest to the
support substrate is defined as the "base", and the face opposite the base
i s defi newloasioidzesosupper face".In general, in step (a) wrohe/Erosiomsizon of the
mask involves the consunption of at |east a portion of the thickness of
said sem conductor layer in the areas conplenentary to the exposed areas.
By "consunption” is nmeant in the present text either the di sappearance (by
etching for exanple) or the transformation (in another material) of at

| east a portion of the sem conductor |ayer in the considered area.

Accordi ng to alfigenerahbditli stept (af thaefarmationi oh, thenemasiskinvelvesr el by
nitriding the material t he sem copdu a |chreuItS|na

por t1 on ot cpnsuTRTeR RLellesp Bt PLBRdnEapSY &) spdRa g SOOI T ¢ hi s
case, the iMifKaRSS @mpleMeperyit@hobxpded@melscont ai ned bet ween the base
of the mask and the free surface of the exposed areas of the sem conductor

layer i s chosefmyt' ¢opsumigban aﬁtmaamylnetaaapreswtltest eitherstheisapneskaRes of t he

oxi de | ayer, hﬁn r lﬁp% '

bet weeng1 bﬁ%g&; ﬁ;&é}%}ﬁ}@ {H aanSg steﬁ)nl (sn %Q&tp;@ﬁﬁﬁg%ﬁm@%éﬁ%@% ing the
structure larpcmuonblfmswemtomapbt@r@;@rmtrteed:mfsr@éred@reé bet ween 700 and
1,0000C. As an alternative to nitriding, the mask is formed by inplanting

nitrogen at thé\C§QAFIRG & 6ff'r§h%ﬂ§e%na%ﬂm§éb%ﬂnwe&yeﬂ th&c’@@?ﬁl'%@rmdabkecond
cTod, ot PR 0 B oMok S ok 8 2810 e 1
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advant ageouss Yod§eNBEhe rASsKTBRK e f‘r@é”ﬁﬂféd@'&f tth@texposed areas of the
semiconductor layer is chosen to be substantially equal to 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
15 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 layer.
According to a second embodiment, step (a) includes the following
20  steps:
(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.
The trenches formed in step (i) preferably have a depth substantially
25 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
30 (i) includes nitriding of the trenches or implantation of nitrogen at the surface

of the semiconductor material of the trenches.



t he upper surface thereof is flush with the upper surface of the exposed

areas of the sem conductor layer. The thickness of the mask is preferably
bet ween IwendioiB469n and step (ii) includes nitriding ofcrhrimesnies or

inplantation of nitrogen at the surfaceg of the sem conductor material of

the trenches. According to an alternative, the mask-formation step (ii)

i ncludes the follow ng steps; - deposition of silicon nitride on the
structure obtained in step (i), over a thickness greater than the depth of
the trenches; - planarization of the silicon nitride deposited in the

precedi ng st epAcgarding teaarhialigmedivee o seabkaiosaation stee (§kimatudetutieor

| ayer. In a Ianr.ti cgé arly advant ageous manner, the sem conductor |ayer is
made of si IPEIH'AFFHas” a t hi ckness smaller than 5,000 A and preferably
smal | er than 2, %obitioRrdfellicdastitridetarPtheodtriidigrd oI tdiep (i8f drsts and
advantages of the invention will be better understood upon reading the

fol | owi ng drRicknessagreatartham itmdenintof thetreéneRe® to the appended figures, in
which: - figure | G - Qn-J t St
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prior art; readhigg treseXdoded aBas dithd bemidorpsactlr Iaydri rst enbodi ment of the
invention; - figures 3A to 3D show the steps of a second enbodi nent of the
i nvention: - fillyuR Arieulagdy 29\eniRgeaysamaiinesa: ithe FIMicArdY&ehlay@ntsodi nent .
Det ai | ed dessdd BF iR ﬂfaﬁcﬁ‘%a‘sf‘é(?ﬂitckr?@ss-r?@ag@f%arﬂ%?@(ﬂj W10y bﬁ tis
applied to a sem conduct or - oni nsul at or e type’structure rch,” from

t he base tsmdiler tharf 2660ther eof , conprises a support substrate, an oxide

| ayer and a sem conductor |ayer. The nmeans of obtaining said Sed structure
wi II b&’described in detail

Brief description of the fiqures

Other effects and advantages of the invention will be 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 - figures 4A to 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 to 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 detail
below.
The local 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,



bel ow. The | ocal dissolution process includes the follow ng steps: a)
formation of a mask on the thin sem conductor |ayer, so as to define

so- cal | edvexpomsdar eas at the surface of said | ayer, wecchErasos/oom9 cover ed
by the mask, and which are arranged in-a desired pattern,b) application of
a heat treatnent in a neutral or controlled reducing atnosphere, and under
controlled conditions of tenperature and tinme, so as to induce at |east a
portion of the oxygen of the oxide layer to diffuse through the thin

sem conductor |ayer, thereby resulting in the controlled reduction in 5 the
oxi de t hi cknes®)iappibeticr ©hs beat reabredlein ayeeutsalrorespotnelietgreducing d
desired pattern., Formation of the initig@ﬂSeCl struc%ure Th? di ssol ution
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conprises an oxide |ayer and a sem conductor |ayer. The support substrate
acts subst dng thin|senaisordygtee pyer f ipereMeresattingsinr ihet eardrolied redaetiehd it
typically s AiddhakRESS B rd 805k B didé afunesreobidl §8 OBRf res- S
The support sSubsttate can be a bu Oor else conposite substrate, 1.¢€.,
consi st i ng dekired pagtekn.of at |east two |layers of different materials. The
support substrate can thus jnclude one of the followng materials: Si, GaN
or sapphire, iaMaUGRRHEIS/K tial Sefd s§ Chi€ycrystalline fornms thereof. The
sem conduct of HetissBRliBHcTeAnd R AS! aGhRd &4 BB IRaGh Such as
Si, G or SiCGe. The sem conductor |ayer may optionally be conposite, i.e.,
consi sti ng (8€04) strackirefwkieh] damdutbeobasatter tred suppertssubidimtestheréat] of t he
sem conductor |a

It can'be SHFE '@’:‘yﬁgﬁlpgig?ggg?oc%%gleh%ﬁg’a Lo bShaSHa! 'aiygre. oramor phous.

The support substrate acts substantially as stiffener for the SeOl

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 materials: 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 layer can be monocrystalline,
polycrystalline or amorphous. It can be porous or non-porous, doped or
25  undoped.
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
30 the oxygen. As a matter of fact, the slower the dissolution rate of the oxide,
the thicker the semiconductor layer.



5 undoped. In a particularly advantageous manner, the sem conductor |ayer
is designed to receive electronic conponents. The thin sem conductor |ayer
has a t hiwbness3efosl ess than 5,000 A and preferably | epeTtHPANIDRAD A, in
order to enable sufficiently rapid diffausion of 0 the oxygen. As a matter
of fact, the slower the dissolution rate of the oxide, the thicker the

sem conductor layer.In this way, the diffusion of oxygen through a

sem conductor | ayer having a thickness greater than 5,000 Ais very slow
and, for this reason, industrially disadvantageous. The oxide |l ayer is
buried in the d$nrthist way, thetdiffesionhel supgen ttheaugt raasemdeun@r Iayer
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manuf act ur %ng{r|§4[yyd|§@d'\gntégm er techni que known to those skilled in the
art which involves bondi ng. Anrong these techni ques, reference be made
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enbri ttl emgehepdligaldsigridied doniee astdryim BOX (“Bhnﬁeermndéu_b?mépt area defl ni ng
the thin sem conductor |ayer to be transferred, (iii) bondi ng of the donor

substrate to tﬂ_@es§6[§)ér9ttru§@ﬂf§t BafManufadured By @ra@é?ryeaetrmff@r et t he
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enbrittlement area rn order to transier t hi'n s€m conductor material to
the support subghorg ¢hesehtechpiquess sefesetcowaybhetinade tokinkel 8chartCutie art
and therefore will not be described in detail here. For exanple, reference
may bel frad @reeessswhicuprimerilyinelufas ge frllewi 9/§Ps: Materials to VLSI, 2nd

Edition® by JegftEikhtidh 6PhhWede fytidn ARALEHHG BuBbr&feE6S on PAGEROP0- 51 -

substrate comprising the semiconductor layer,
(i) formation of an embrittlement area in the donor substrate, the
embrittlement area defining the thin semiconductor layer to be transferred,
15 (iif) bonding of the donor substrate to the support substrate, the oxide
layer 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 to leave only the thin semiconductor layer on the support
substrate.
The resulting SeOl structure can next be subjected to conventional

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



It is |ikew se possible to use a process which consists in bonding a donor
substrate conprising the sem conductor |ayer onto the support substrate,
one or bowb 20fo/ish@esubstrates bei ng covered with an oxi edeTiEey@w/osrng in
then reducing the thickness of the donay substrate via the rear face
thereof, so as to leave only the thin sem conductor |ayer on the support
substrate. The resulting Sed structure can next be subjected to
conventional finishing treatnments (polishing, planarization, cleaning.
..).In these processes for formng the SeO structure, the oxide layer is
formed on the doibese phecassee for famingdheupeOl straaluse r Hieeoxide layer iml
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native oxide resulting fromnatural oxidation of the donor substrate and/or

support sulhévingt endeigenaoxisiatian) ar else \de feepaitipe of SHICOROXHANEFIOahda! tests
conductgd Q%4 eSC] structures obtained via the SIMOX process did not
enabl e Observation of oxide dissolution, which was attributed to a
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cl eani ng or, tﬂ%’%n%%bhét%t.i on steps well-known to those skilled in the art
can be inplenmented on one or both of the contacting surfaces, so as to
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di ssolution tr nt, the oxide |ayer of the Se struycture generally has
2 finelbr e SIFMOR Rrapestngll nof eaddi obsaruslion o2 muice dsonTofnd ATt or abl y
bet ween 10QyzndttABGted- thGSWé#Iq(L%'"t)I bReTRIVe 10'7t8e' Hetodt B obeiiRmBAer  of
the description, the exanple taken shall be
thereof. In this regard, reference may be made to the article by L. Zhong et al,
“Applied Physics Letters 677 3951 (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 SOl 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 SOI structure is placed in an oven in which a

30 gas stream is generated in order to form a neutral or reducing atmosphere.



that of the application of the dissolution treatnent to a structure in

whi ch the thin sem conductor |layer is nmade of silicon, i.e., a
"Silicon-Wwo2brgushka@sor” (SO ) structure. The nechani sns fPon/EPRE®EOb22ING t he
oxide in an SO structure are describedyin detail in the article by O
Kononchuk et al, " Internal Dissolution of Buried Oxide in SO Wafers ",
Solid State Phenonena Vols. 131 - 133 (2008) pp. 113-1 18, to which
reference may be made. During the treatnment, the SO structure is placed in
an oven in which a gas streamis generated in order to forma neutral or
reduci ng at nosgiher gagiairegas canr s whidehasgdmchydfegan cand/ompdmixfere and/ or
a mxture irperreﬁf. t is inportant to note that the dissolution phenonenon
only occur WhEh a sufficient gradi ent exists between the concentration of

oxygen in the at fpsRPStEntaRd nble tha RN diszblRidnophérdreRodtordieceurd ace of
the oxide layer. Thus, it is determ ned that the oxygen content of the

at nospher e When asufficientgiadieat ssistsebetwaamtheocansentrator ©f oxygem fcount  of
| eaks, ' ! |
ceke, SO 530D SR DB 55 s PLUSA e PR BN

G owt h nodel fdhushitns dstetesneththatxihelexpgpén cba@ht onthe athoosprere of thippl | ed
Physi cs, Vol . 2004. These conditi ons cannot be obtained in

95, No. 5, March , ,
a convent i &N sHeeld beassHhge & rRRMsWHISH. FHEFE PecRUNt) leiShrRAWESAk | ow
content to ' : V, .al |y designed for optinmal
seal i ng (rggggt&?ggﬁﬁéﬁg%@g%%ogrbagﬁ%ggé}tsgﬁ?ﬁH rder to avoid joints, the use
of solid partsin thiy.re@arc mefeoeinas ntegnite neadenioy thenaxtiche bytlualistenk étralf he

he. exposed ST BomOdRn o faPRaes prdaos RBNETELER R | Ao ca RERLS 5
appl i ed at piGREPYHATN RIOE, RRI¥EO004, 100 and 1,3000C, and preferably of
the order of '1,2000C. As a matter of fact, the higher the tenperature, the
hi gher the oxi déiese conditions cannot be obtained in a conventional oven, which
generates too many leaks to enable such a low content to 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
dissolution 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 layer 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 dissolution 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
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conpl enent avherein |ledbsﬂealtb¢éd@@ ther oxidd thitkhadssend, the mask | s general ly
formed sel ectively, by using conventional photolithographic techniques

whi ch nake it ;%9 §51\0rds, Hisr Mask ouers @aly taesq ﬁ@@e‘ﬁﬁ@@rﬁﬁﬁ&*@@?@%@’ér on
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i ncludes t OW ng successive steps: - Fornation, via deposition, of a
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th K, t he f f th dugct t of
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the areas of the semiconductor layer on which the mask is to be deposited.

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

- Formation, via deposition, of a silicon nitride SixNy layer (e.g., SizN4),

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

- 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 solvent, for
example;

- Next, etching, through the openings formed in the resin, of the areas of
the SixNy 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 SixN, 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



- Local i zed exposure of the resin through a photolithographic nmask; -

Sel ective elimnation of the exposed areas, via dilution in a solvent, for
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formng a barrier to the diffusion of oxygen atons. It is also of a type
whi ch withstands the treatnent conditions. Thus, silicon nitride (having
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dry or wet peéfemmgof%\@fd@kbflzemkl ng, the |nvent|on proposes t o decrease
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the mask in t héfienitlk Aisselusiontirpatgient, éBﬁdné%Pam KedemMquedt by drycaiswet t he
term"bury's rﬁ%nderstood to mean that the base of the mask (i.e., the face
opposite the e surface, which is in contact wwth the material of the
sem conduct or |Gegrerally speakim@,tm inmention propdeesde ddcrease the difiesénad t he
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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 Si\N, 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 to 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



sem conductor |ayer. The invention considers the case wherein the mask is
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layer 4 of SixMhusStienBRsla thRR 1B bNS|RGSE (GHed tﬁ@'rr%rbamsrbdsé@!ar'ven
into the thickness of the silicon’ [ayer In a particularly advant ageous

manner, thofpus tayerds driggn tnte the thickiesg opﬁmmetbsoralae'eaa} usted such that the

thi ckness of tt|1ne abblét!tlgglaplortdv%%té)geous 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  5isremoved 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 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.



mask is substantially equal to 1.5 tinmes the thickness of the oxide |ayer 2
. Thus, a lower (buried) portion of the thickness of the mask 4 is situated
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upper portion is situated above. In refgrence to figure 2C, after formng
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t hi ckness of tH'@emifbcﬁa a 49reography Thebtaisedt whighsisr onoreirfavowableotnthen figure
2D. The fr rfacg of the xposediﬁreﬁ.% s therefore SltBa%Fgﬂﬁé

subst ant i al ‘Prm o0 9L, FOMRRNGN T s SPRG L NGt 9] eSTUFUL Y RS SYOPRETIANG K

Ther ef or e, pnguﬁ@@ﬁggéence of the surface of the sem conductor |ayer is

observed. Therefore, a topography is obtained, which is nore favourable to
the formation & %@) RpyaRiggeoUs iafeenative tpinitaiding, Ithe sRaskag &ianhag fermed

b I di ng,
The mask 4 WPENGde TG SBffeortioR SRUARLIEGRIS BRI S 0h Covered

by the protasthownioskig. 2AJ anitsdysmplasnia taeatddht.a nitrogen plasma
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| ayer. Accordi to the duratl n and the i S|ty of the plasma treatnent,
it is thus posgl%l!ﬁ 8|a§6‘aft6$'?ﬂ”’};? N8R AWOFERN eé’sclepth of 5

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 treatment, 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 nitrogen plasma treatment
allows forming thin (i.e. a few nanometres, 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 SOI 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.



to 20 nm The second effect of the plasma treatnment is to nodify the nature
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treatnment thus constitutes a very sinple way of formng the mask. Before
said nitrogen plasma treatnent, one can performa nore aggressive plasma
(by adjusting intensity and duration) treatnent in order to etch deeper
trenches if required. In addition to its easy inplenmenting, the nitrogen
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the areas eireddef el dilicon Ibayerotruivecsy by ¢tk hysii.he resin. After renoving the
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30 nm whi ch i &Migaremaring thgreretediive raains AIMeghof BiNeiswbiaingd, havingyen

pl asma treat i i Uty Hi r.aer At i mask of a
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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 well-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 layer 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 SixNy 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 to be exposed during the dissolution

30 treatment.



According to a second enbodi nent, which is shown in figures 3A to 3D, the
areas 3a intended to be exposed during the |ocal dissolution treatnent are
pr ot ect edwbyormmBm®sof a protective resin 5 . To that en@CTAEP2009/062219

phot ol i t hographi c technique well-known;to those skilled in the art is

I npl ement ed, as descri bed above. Referring to figure 3A, the unprotected
regions of the surface of the silicon |layer 3 are next etched so as to form
trenches 3b of a specific depth. To that end, for exanple, dry etching is
carried out, such as plasma etching. Referring to figure 3B, a nithding
treatment sinllme partichlatly dsiyanidgesous maieert ithe tdepirboldineetnenghescd ig ed out .

The effect the nitr,di is to for n.Six sk i.n the trenches 3b,
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the order b tHe ardasneswetdeby thekizegst.of the oxide |ayer 2 . The exposed
areas 3a of the silicon |ayer therefore have an added thickness of the

order of 1.5 tilhga PRGIEH dRallhe Fers b forming thayeanches and farmag the the
areas coverec by, g ane%simun%%o%y’l@i Eﬁr%gtm{thﬁe%ﬁ (Phidsfidn ng the
the mas formed’ sfnmu y

trenches and formng can be pe t aneous y carrying
out the ni treatreenpldescebed ealbowent Inddkisr chee, #twveask nist hisglec af esilicdre nask
is made of silicon oxinitride. Referring to figure 3C, the protective resin
5is refovOfid6r to the dissolution treatnent, so as to expose areas 3a.

This initial a¢gagring RKN§s® BBUIhE PFBRIEHE §8sh0b i NenfiRdl shieneetRf 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 dissolution 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 SOlI, i.e., both in the
trenches 3b and on the areas 3a intended to 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 following step, which is shown in figure 4B, the surface of the
silicon 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 dissolution treatment.
The dissolution treatment can then be applied to the resulting structure.



exposed areas followi ng the local dissolution treatnment, as can be seen in
figure 3D. According to an alternative of the second enbodi nent, which is
shown i n WwogQuroas46bd and 4B, the foll owi ng steps can be ipapirrowoezr19
successively. As in the second enbodi nent, trenches 3b are forned after
havi ng protected the areas 3a of the sem conductor |ayer 3 intended to be
exposed to the dissolution treatnent (cf. figure 3A) with a protective
resin. Referring to figure 4A, said protective resin is next renoved, and
then silicon nitride |s dep05|ted over the entire surface of the SO, i.e.,
both in the tré&xehuse 38 gaaye] nt ended to be exposed a
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treatnment. Trenches having a depth of 15 nmare fornmed by nmeans of dry
etching) i fCTREE dreas not protected by the resin, and then the protective
resin is rermveiiN 9 ¥ bEpS4IRR 1RBIAE ERErO¥aTaddIT BRtieBaIRYShRRaE the

resul ting 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 SixNy, 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
is not intended to be formed.

The nitrogen ions implanted in the silicon matrix form SiyN, 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.



over a thickness greater than the depth of the trench. Next, planarization
of the silicon nitride is carried out via CW. The above-descri bed

di ssol ut iwo 201ea8tevent i s then applied at 1,2000C for 1 rowEP2009/06120€r tO

di ssolve the entire thickness of the oxigde layer in the areas correspondi ng
to the exposed areas of the silicon layer. According to an alternative to
the nithding treatnent carried out in the first and second enbodi nent, the
Si xNy mask can be fornmed by nmeans of | owenergy nitrogen inplantation in
the silicon sem conductor layer. Prior to inplantation, the surface of the
senmi conductor layer is covered with a @hAMShich is sufficiently thick to
forman obstacle to the inplantation of the nitrogen ions in the areas of

t he sem conductor |ayer where the mask is not intended to be fornmed. The

ni trogen ions i1npl F}fﬁc@@slf@rtth%tmglacséme@hduetoif -Bh sl | 4 t@petsm@cwéf ace of
t he sem conductor |ayer. A person skilled in the art would be able to

det er mi ne tsnécesm\r%y]pamp@ﬁlr}gaa éH@I@@ﬁt §Ubﬂf6%t§g(é ahexige)ayet (8) ged a6t orm t he
silicon ni I 1. A process
for treati tﬁghﬂg%@rﬁ%ﬂag r?@ﬁ §a‘5r'6‘ nsu a{l:(;%r?rﬁgrs(?ﬁeg r{ér ugwh@%%%fes& vel y

conprising a su(l@)ofmrmaaufmsf raaémacdn ditride omsilicon arinitege sk (43reh et thim
sem conduct or | ayer , said process conpri Sj c??t he foll ow ng steps:

formatien éﬁ”ﬁc%riqtlc&’n'aﬁ?rt (3)d8o @ 19i 4TS %alifd pxRRsasaaleasdpadat e th| n

sem conduc a %%q(s at
t he surfactesgoﬁlsgggafoapag&?ss) i |%%fgé}gcan%tré%c‘?%gﬁeed @gaérr@@ﬁvhé ), and
whi ch are aalrean@egedmadesgedmtqeaﬂern (b) appli cat| on of a heat
treatment in a neutrala&pn %fontrolled reduc

t

ng atm)s re, nd under
control l'ed condPk FBRAL A ikttt 1 renBuBREe ol e dicTiaast a
portion of a&m@sﬁw@e%nefuﬁd& cPNtrefed %Mﬁdiltlbﬁé of @erﬂbéﬁdﬂ&r‘é ér'it!l ﬂHﬂah sbhgs thin
sem conduct or layer (3), thereby resulting in the control
10 to induce at least a portion of the oxygen of the oxide Iayer (2) to diffuse
through the thin semiconductor layer (3), thereby resulting in the controlled
reduction in the oxide thickness in the areas (2a) of the oxide layer
corresponding to said desired pattern,
characterised in that, in step (a), the mask (4) is formed so as to be at

15 least partially buried in the thickness of the thin semiconductor layer (3).

2. Process according to claim 1, characterised in that in step (a) the
formation of the mask (4) involves the consumption of at least a portion of the
thickness of said semiconductor layer (3).

20
3. Process according to claim 1 or claim 2, characterised in that the
mask (4) is formed by a nitrogen plasma treatment of the semiconductor
layer (3).
25 4. Process according to claim 1 or claim 2, characterised in that the

mask (4) is formed by nitriding the material of the semiconductor layer (3),
thereby resulting in consumption of a portion of the thickness of the

semiconductor layer.



reduction in the oxide thickness in the areas (2a) of the oxide |ayer
corresponding to said desired pattern, characterised in that, in step (a),
t he mask wéroismsfidsned so as to be at |east partially becirak2e00/06i2¢9

thi ckness of the thin sem conductor laygr (3). 2 . Process according to
claim1, characterised in that in step (a) the formation of the mask (4)

i nvol ves the consunption of at |east a portion of the thickness of said
sem conductor layer (3). 3 . Process according to claiml or claim2,
characterised in that the mask (4) is formed by a nitrogen plasma treatnent
of the sen condudtrocedsagecordBdip. toaclainPro ciesaciedsadimpat dhelthicknassoof cl ai m

2, ch teri i hat th kK.(4) jis.f itridi th i al
of the cemidsratiaroe! PByarSE YTeTHaREr SouBER T nosR @ahel ik eRkdP 2 | ©
portion of ghaehehtedBegacebf tHeegsiEctradet(Gh) IP¥Rdsen to s @EBs@anaamer di ng
to claim4, characterised in that the thickness of the portion of the mask

(4) cont ai ®edabler Wedimenhtenhickneas pf e exide fayek (24of thagtiuelirer ee surface of
t he expé)sed areas (3a) is chosen to be substantially equal to 1.5 tines the
t hi ckness of the oxide layer (2) of the structure. 6 . Process according to

one of clains 4. Brobesschedordingrtiosertk of cldivat 4 be 5t khakartsrseaf int that sk (4)
is between 1 and 50 nmand in that the nithding step is carried out by

anneal i ng tHekress et theemaskd4hiis PeREeemt NP RErAIMANG In iaidpatniireing

bet ween 70 i - i [ :
characteri gé%i]%n&?rﬂ%tg Octgﬁegyrrgg ké%ﬁ'@s &gaﬁggég@q@yé %Hrtg(%ién%é\g&érﬁ Htrérr%geg]nazat t he
surface of tempesduiccoitkioeen 7A08yard {BV0°G. . Process according to claim1l or

claimZO characterised in that step (a) includes the follow ng steps: (i)
et chi nb of the thin sem conductor layer (3) so as to formtrenches (3b) at

the locations gntppedsd adchdriing b8 TBFK1(dh) elaim 2, characterised in that the
mask (4) is formed by implanting nitrogen at the surface of the semiconductor

layer (3).

15 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 (3) so as to form trenches (3b)
at the locations anticipated for the mask (4);
(ii) formation of the mask (4) in said trenches (3b).

20
9. Process according to claim 8, characterised in that the trenches (3b)
formed in step (i) have a depth substantially equal to 1.5 times the thickness
of the oxide layer (2) of the structure.
25 10. Process according to one of claims 8 or 9, characterised in that the

mask is formed such that the surface thereof (4b) is flush with the surface of

the exposed areas (3a) of the semiconductor layer.

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

30 thickness of the mask is between 1 and 50 nm and in that step (ii) includes



(ii) formation of the mask (4) in said trenches (3b). 9 . Process according
to claim8, characterised in that the trenches (3b) fornmed in step (i) have
a depth swb2bvenmiBi@bl y equal to 1.5 tinmes the thickness eCTiHPR000061e9 | ayer
(2) of the structure. 10 . Process accgfding to one of clains 8 or 9,
characterised in that the mask is fornmed such that the surface thereof (4b)
is flush with the surface of the exposed areas (3a) of the sem conductor

| ayer. 11. Process according to one of clainms 8 to 10, characterised in
that the thickness of the mask is between 1 and 50 nmand in that step (ii)
i ncl udesni nitcegan pllagma treatmendnor dritriing iafi g dfenches t (S core Nittadyn or

m o | RLANAIARD B A DBcEHIRE SeRled DR ARIERS B Big g (e

characterised in that the mask-formng step (ii) includes the follow ng
steps: - deposition of silicon nitride on the structure obtained in step

(i), over a thilekReacesgraceoeding aene e C&ﬂé@ﬁfﬁ@ﬂ@ Heharaetpases in e the
| anahzat i nthe recedi ng step, until
Peachl ng t%@as‘e?{(fgté@e(?s%reégﬁﬂpgf%d%b?ﬁ?ﬁ@%g@ré co Uct or Ioayer. 1% . PPocess

according to on@e@bsmubalmulibohmutlﬁle arhieasthwstueobtamedhiatstép i) sevarconduct or
| ayer (3) is made of siljcon and has a thickness smaller than 5,000 A and
pr ef er abl y tRIGENGSS IreRtas tham gre depth of the trenches (3b);

- planarization of the silicon nitride deposited in the preceding step, until
reaching the exposed areas (3a) of the semiconductor layer.
10
13. Process according to one of claims 1 to 12, characterised in that the
semiconductor layer (3) is made of silicon and has a thickness smaller than
5,000 A, and preferably smaller than 2,500 A.



