METHOD FOR MANUFACTURI NG COVPONENTS. The present invention
relates to a nethod for manufacturing conponents for electronics, optics
and/ or optQ- ics on a so-called "m xed" substrat i bstrate
whi ch ei thg?g%g%#%es a layer of insulating 5 materi al F%Téi\a/lrzﬁbw@r]@gs of

di fferent thicknesses, or distinct |layer portions in an insulating
material, buried mﬁthin a substrate in sem conducting material. M xed
substrates today are of increasing interest. 10By alternating bul k areas
and insul ati ng areas which may have variabl e insulator thicknesses, within

a sane substrate, d|ffe@gﬂhxﬁp@QgpQ@&%FQE*URQNgaggMgaNnggne and S|ngle

substrate plate, such as for exanple: - areas: conponents having an
el ectric 15 connection between the front and rear faces of the substrate,
for exanple so-called "vertical"” conponents, - on areas of the

"SeOl" ("Sem conductor On Insulator"”) type or further of the "SOr"
("Silicon On Insulator") type, conmponents totally isolated fromeach 20
other and isolated fromtheir substrate, for exanple conponents of the
"MOS" type or systens of the "MEMS' or "MOEMS' type, 2 - and
on SeOl areas having a very thin insulator |ayer, with a thickness of |ess
than 10 nm other types of |ogic MOS conponents, which have, under the

i nsul ator layer, a ground plane or a rear gate, for 5 exanple.

The acronym "MOS" corresponds to "Metal Oxide Sem conductor”. The acronyns
"MEMS' and "MOEMS' respectively correspond to "M cro El ectro-Mechani cal
Systens”, and "M cro- Qpto- El ectro- Mechani cal Systens”

The present invention relates to a method for
manufacturing components for electronics, optics and/or
opto-electronics on a so-called "mixed" substrate, i.e.
a substrate which either comprises a layer of insulating

5 material having areas of different thicknesses, or
distinct layer portions in an insulating material,
buried within a substrate in semiconducting material.

Mixed substrates today are of increasing
interest.

10 By alternating bulk areas and insulating areas
which may have variable insulator thicknesses, within a
same substrate, different components may be made on a
same and single substrate plate, such as for example:

- on bulk areas: components having an electric

15 connection between the front and rear faces of the
substrate, for example so-called "vertical" components,

- on areas of the "SeOI" ("Semiconductor On
Insulator") type or further of the "SOI" ("Silicon On
Insulator") type, components totally isolated from each

20 other and isolated from their substrate, for example
components of the "MOS" type or systems of the "MEMS" or
"MOEMS" type,



10Many techni ques manufacturing m xed substrates al ready exist.
Anmong the latter, nention may be nade of the technique of total or partial

sel ective (] lized) dissolution of the oxide of
sem condué’%%‘ﬁgﬂ%ﬁ%@ul ator 15 (SeOl) type structure. SU%BT%PZ&O/%&O&%

successively conprises fromits base towards its surface: a supporting
substrate in a sem conducting materi al, ah oxi de | ayer and a thin

sem conducting layer. This selective dissolution nethod is described 20
briefly below It conprises the follow ng steps: (a) form ng a mask on the

thin sem conducting |ayer, §0 as t%ecégfi ne At th{aﬁ(ﬁq{&r ace of.the latter,
so-cal | ed "exposed" areas, not covered by the mask, distributed according
to a desired pHiIErH.C251¢BFT appliyiing athedtnaseabrenesin Eadont ¢ diled
(rjedUC! ng or g_emm@ @ifﬂ%@pbﬁrng@_@dMmg%’onﬁﬂﬂiern@sl,edﬂﬁi@}?%é\?&reu@ﬂf@rI
uration conditions, so as to incite the oxygen present in the oxide |ayer
of the exposedtkéﬁejalgsqjoato‘?]?f][Fs%e]i’hraou%OW% ‘?]rﬁr}é)s%l?ﬁ%oﬂ%]&tc?%bes °Y ayer,

| eadi ng to par¢xatplor. t ot al di sappearance of the oxide buried in these

areas, according to the qu%siarcgg)rgéntet. dhn Tgbeugé(}goq]b%%d H 9"M%-%éf @}ég&ggr am

illustrating a thereby obtain nplary m x substrate, ter '
sel ective and $otEFOHIEE Bt onTHF t haCoHxiges and M5éfor e 2839 endN@FMdt t he

mask havi ng al towed-thisl ) ocairzedodidssebut i'0Acro Electro-MebRahhisi

figure, an S_ea%%s bstrate ,Way be seen gonEri S| ng a s%ggo%ti ngnssu.bstrate

11in a 5 sen cohducti ng el 741" 0 AR Tox P& T Afer© 127 4h i

semnm conducfldng | ayer 13MaTlye tradk ibeassmeefiérenceiy mixed substrates
already exist.

Among the latter, mention may be made of the
technique of total or partial selective (i.e. localized)
dissolution of the oxide of a semiconductor-on-insulator

15 (Se0I) type structure. Such a structure successively

comprises from its base towards its surface: a
supporting substrate in a semiconducting material, an
oxide layer and a thin semiconducting layer.

This selective dissolution method is described

20 briefly below. It comprises the following steps:

(a) forming a mask on the thin semiconducting layer, so
as to define at the surface of the latter, so-called
"exposed" areas, not covered by the mask,
distributed according to a desired pattern,

25 (b) applying a heat treatment in a controlled reducing
or neutral atmosphere, and under controlled
temperature and duration conditions, so as to incite
the oxygen present in the oxide layer of the exposed
areas to diffuse through the thin semiconducting

30 layer, leading to partial or total disappearance of
the oxide buried in these areas, according to the
desired pattern.

The enclosed Fig. 1 is a diagram illustrating
a thereby obtained exemplary mixed substrate, after

35 selective and total dissolution of the oxide and before



Taking into account the shape of the mask M after dissolution,a m xed
substrat eshoul d be theoreticallyobtained, conprisi ngabul karea 10 referenced

as 10 and ea referenced as 100 with the patt Ol area
100 essent‘f‘gfﬁ@%%ﬁ esponding to the pattern of the mas Wltﬁ%olv}\?%ﬂﬁ?

practice, between theactually obtained bulk area 10'and the Seal area 100, a
15 transition area 120 nmuch nore extended as expected is observed, in which

the oxide is only partly dissolved. This transition area 120 results from
the fact that at the vertical of the edge of the mask Mextending in the

vicinity of the gxposed,area,of n%a@% S%%'vﬁ%b“a'i%@e& 2Q; di S%Q&éﬂﬂ é‘dOf the

oxide 12 is less well carrie he case (not shown)
when di ssol ut i &hsoFl4theroxi de | s onI y partial, a tranS| tion area is al so

observed between the SeQ@h aﬂQﬂs arfqgﬁﬂ@ ar £a \g@@qe & hes oxd e 1ha§1apeef5b partly
di ssol ved. 25Nbreover in.the surface |aye o‘a%% ed in _the VI ci n|ty of
é§FéP9|ne

this transitionarea  fRe 5re8ence of VEP TR slt}
di sl ocati on§ iscmotdrgb:tifleseadef ect,s ane axeldat ethtar the aeqwar etihin

crystalline re@érﬁﬁlﬂml lnduced by tﬁﬁedﬁggfin@éé]@%sr@fe%&?c gyers, 30 for

exanpl e by the collapse of the exposed thin layer urther by the
real i gnment of crystal | iTR&IPat tidés BFCVHE stp¢ agBePayef dnd ofethels

under |l yi ng substtat e Hﬂs%ﬂ@u@@-éﬁ when thexburi e@b@%ﬁﬂ@cé ayehousdentidg el y
di ssol ved. The_col | portl on of the 35 | aye ars re{erence 14 (see

3 be
Fig. 1). 4 cheore e Thes & déreEfs ar 8oﬁ8¥ 8é§9r abfe aRd' the dbject of
the inventildn isf¢efiant = ridmedyl feor Sehémeard trefpreteed agal Mdtwitre

formation of this ar&@ctcgrrf:ry%fal I |tr11% defslgg:ﬁs i éggelgbm nLiy.of; 511

transition 5 area. desirable to mnlmze
as much as pos%PHIERHE W 61het Iﬁ’étF?éHSPiflEﬁeaIP@%lklbiO, in order to

obtain bulk areas 10 antic®R€0l aneasrtRQ iQk,el sgeSeadn ar eas 109-ang) By eas
wWth a partly qgsSO|(fd bulk area 107 and the Se0I area 100, a

15 transition area 120 much more extended as expected is
observed, in which the oxide is only partly dissolved.
This transition area 120 results from the fact that at
the vertical of the edge of the mask M extending in the
vicinity of the exposed area of the Se0OI substrate 1,

20 dissolution of the oxide 12 is less well carried out.

In the case (not shown) when dissolution of
the oxide is only partial, a transition area is also
observed between the Se0OI area and the area where the
oxide has been partly dissolved.

25 Moreover, in the surface layer 13, located in
the vicinity of this transition area, the presence of
crystalline defects such as dislocations 1s noticed.
These defects are related to the required crystalline
rearrangement induced by the deformations of the layers,

30 for example by the collapse of the exposed thin
layer 13, or further by the realignment of crystalline
lattices of the surface layer and of the underlying
substrate in the case when the buried oxide layer is
entirely dissolved. The collapsed portion of the

35 layer 13 bears reference 14 (see Fig. 1).



10 oxide |l ayer, clearly distinct fromeach other, i.e. with a sharp
transition between these areas. For this purpose, the

i nventi ona&(g%ﬁgﬁf%go a nmethod for manufacturing conpone]géle%zggo{Ogtl_ﬁﬁt ronics,
i 1 ups

optics an el ectronics on a so-called "m xed" e, which
conprises first sem conductor-oninsul ator areas, in which an oxide layer is
buri ed between two | ayers of seniconducti%g material, and either areas in a
sem conducting material, so-called "bul k" areas, or second

sem conductor-on-insul ator areas 20 in which the buried oxide layer is |ess

thick than that of saidrhilst @Feass L bSnBEC’%S%%&BI‘éi§ﬁ&”~9hé’fok9j'é’é/1i ding a

substrate of the sem conductor-on-insal at or ge conprising a
supporting subdtrabe ﬂ@V§n§éﬁﬂcdnﬁuE@|ﬁgnﬁaﬁ%rﬁ%ﬂedxa PF nt86RI Eerdukt i ng

layer and 25 gofuded oxpdenkayercrket weenmsai h Supgor timngs substrat eoand

d thi | di to th , t
Soror | oee the 16(75d T SuLE8ST Ve 5t apt: B LY eBE e PSR TRHE &

plurality of 30r¢aenches, so-called "prinmary trenches opening out at the

free surface of said th@@rkgﬁgr,l%agg nggq@é Cf ﬁ¥h1<§ra§ depth

such that it passes through sai'd thi ayer an sal oxli | ayer,
these primary W?%mcﬁ%spﬁéﬁnél?oﬁﬁﬁd“@@@ﬁsQﬁ)Ekﬁlﬁ?@n%&EP%%rﬁéﬁndl%Q 35

Ieait one so- Ic;i'_arll lj@ﬂd_rst?n@bta&aab@ﬁksgn@aa%ealo siestdai®, ardas flqmnc_ng a -

mas a so-ca "di ssol ution OSI n ter m ng sa

sk i nst de. e & r PRATy SLFERCRAL 8 1 3ETHE Porth f B Tehier SEOURITHO t he

areas of the f@x&ﬁ$LdeEﬂ3(ﬁleaﬂhyIdmsmlﬁctayepmleaahedtbﬁrthe outwide of

sai d isl ands, Bhngp%%n%gggeng dissgol ving the buried oxide
of the

| ayer present at sald I strate, so as to reduce the
t hi ckness t hereof . 10Acé@ﬂdﬁﬂ}%cP%ﬁ?@ﬁeedQQ%té@@@UElaﬁdrﬁéﬁieﬁIﬁQ|%g

characteristicse@fod hedmveahu@acteriRgr dakemalene rtor asiacepshiaation:
optics and/or opto-electronics on a so-called "mixed"
15 substrate, which comprises first semiconductor-on-
insulator areas, in which an oxide layer is Dburied
between two layers of semiconducting material, and
either areas in a semiconducting material, so-called
"bulk" areas, or second semiconductor-on-insulator areas
20 in which the buried oxide layer is less thick than that
of said first areas, this process consisting of
providing a substrate of the semiconductor-on-insulator
(Se0I) type comprising a supporting substrate in a
semiconducting material, a thin semiconducting layer and
25 a buried oxide layer between said supporting substrate
and said thin layer.
According to the invention, this method
comprises the following successive steps:
- forming in this substrate a plurality of
30 trenches, so-called "primary trenches", opening out at
the free surface of said thin layer, each primary trench
extending over a depth such that it passes through said
thin layer and said buried oxide layer, these primary
trenches being formed so as to delimit and surround at
35 least one so-called "island" area of said SeOI

substrate,



- after said dissolution heat treatnent, the totality of the dissolution
mask is renoved; 15- after renoval of the dissolution mask, an insulating

mat eri al §a?g§3@?%%fd in said primary trenches during tﬂgggﬁﬂﬂﬂ%g%gring of

conponent ronics, optics and/or opto-electronic

- the dissolution heat treatnment is continued 20 until total dissolution of
the oxide at the islands; each primary ttench is formed so as to pass

t hrough said thin sem conducting |ayer and said burled oxide |layer and to
extend over a portion of the thickness of said supporting substrate in

sem conducting 25 ”aterLan|%ﬁnégdauﬂ%é&,sagdEQEQESQe%Kid&iéé&?ﬁﬁion"_

- said dissolution mask is for so as to al so conprise a portion which

covers the out®Sher?Ppheepooftie 3 sharfsidh fnenexd erai®dmatk t hes Hea

| ocat ed above d¢dhes promaiayt r erehcsdEr ogngi nth saird | Sloand; 080-at hgayer

di ssol uti on mask is.nadf in silicon_ni ridgﬁSixN or.in silicon carbide SlIC,
ar

t hepri mar yt r enchesarst of REdiS Sivot 8F i t Ry aid TéCchi tg; S21fhetin
di ssol uti onShekyear eatamrdd icsy chwedocteddd5o0fnsade amlaven i n which a

neutral or reducing atnnsgq%%geggg ai | s;;and whgre t he .oxygen contept .is
less than 6 10 ppm and at a tenperature conprised between 1, 100C and
1, 300C; dissolving the Dburied oxide ayer ©present at said

islands of the Se0OI substrate, so as to reduce the
thickness thereof.

10 According to other advantageous and non-
limiting characteristics of the invention, either taken
alone or as a combination:

- after said dissolution heat treatment, the
totality of the dissolution mask is removed;

15 - after removal of the dissolution mask, an
insulating material is deposited in said primary
trenches during the manufacturing of components for
electronics, optics and/or opto-electronics;

- the dissolution heat treatment is continued

20 until total dissolution of the oxide at the islands;

- each primary trench is formed so as to pass
through said thin semiconducting layer and said buried
oxide layer and to extend over a portion of the
thickness of said supporting substrate in semiconducting

25 material located under said buried oxide layer;

- said dissolution mask 1is formed so as to
also comprise a portion which covers the outer periphery
of the islands in the extension of the area located
above the primary trench surrounding said island;

30 - the dissolution mask 1s made in silicon
nitride SiyNy or in silicon carbide SiC;

- the primary trenches are formed by
photolithography and etching;

- the dissolution heat treatment is conducted

35 1inside an oven in which a neutral or reducing atmosphere

prevails and where the oxygen content 1is 1less than



- the sem conducting material is silicon; - after said dissolution heat
treatnent, only 5 the portion of the mask present as a |l ayer covering the

areas of urface of said thin |ayer |ocated o i id i sl ands,

IS remveygéé%yﬁ%ﬁe portion of the mask present in sai glg(g'l/]gﬁr%g?(j%sgménches IS
retained; - said islands have a surface area conprised 10 between 4 and 100
unt. Ot her characteristics ani advant ages of the invention wll

beconme apparent fromthe description which will now be nade of it, with
reference to the appended drawi ngs which illustrate as an indi cati on but 15

not as a limtaligy, S%‘{&r%'t %Oséé eefaeem%d'@gﬁst rk%‘{dﬂeér{‘ 1 hesg-c

dr awi ngs: e aforementi oned I's a diagr am
i|lustrating 22%A xedd&Ustrate, covered with a mask, 20 obtai ned according

to a nethod of the state thet B@m@bbnductlng material AiPYsildang 3 are

diagramsillustratingina vie ernative enbodi nents of t he
step for formng trenches rraq‘salﬁ\gngéjasssﬂﬁ]sttlrogt &Gt t e HetHbd of'the

i nvention, 25-the ggsortzljﬁerAFoiarTehedlra@a;]anfsrestetmstacata ngaaer endvodi iment tioé
different steps Of teB? 'E‘?ltehoﬁ'réécgg%gget QA hesj V%Hﬁhoqba! tra' 1g-10:.4 he

formation of trenches in a seniconductor-on- |nsu tor su - "Fi gs.
5A- 5Far edi agr atsi $1ds5t%td g 13006 f fler eRMO¥EEpsaBf AhEi P@%tb%o‘dfn@?ﬁ of

the nethod accesslt ngrdsedhe d pvent p@rjmbegdt@gn&@eé hes f esteation of a m xed
substrate with viewto its use .int nuf act urii of conponents aC?d -
Fi gs. 6A-6Caredi agramsi Il 3§t atﬁﬁ“ﬁ% ? t¥erént™" & § Gt sedBnd °C
enbodi ment 16f hdeverst Hodiratddrddinimg.t o the invention leading to the
formation of a Other characteristics and advantages of the
invention will become apparent from the description
which will now be made of it, with reference to the
appended drawings which illustrate as an indication but
15 not as a limitation, several ©possible embodiments
thereof.

In these drawings:

- The aforementioned Fig. 1 is a diagram
illustrating a mixed substrate, covered with a mask,

20 obtained according to a method of the state of the art,

- Figs. 2 and 3 are diagrams illustrating in a
top view, two alternative embodiments of the step for
forming trenches and masking a substrate of the method
of the invention,

25 - Figs. 4A-4F are diagrams illustrating an
embodiment of different steps of the method according to
the invention leading to the formation of trenches in a
semiconductor-on—-insulator substrate,

- Figs. 5A-5F are diagrams illustrating

30 different steps of a first embodiment of the method
according to the invention leading to the formation of a
mixed substrate with view to its use in the
manufacturing of components, and

- Figs. 6A-6C are diagrams illustrating

35 different steps of a second embodiment of the method

according to the invention leading to the formation of a



7 m xed substrate with viewto its use in the manufacturing of conponents.
A first portion of the method according to the invention consists of naking

car lod 1 n Nae P8R ng of the description. a - Se01 subkeh EEBURS, o

proceeding with the steps for selective, partial, or total dissolution of
the insulator |ayer which is buried thereln. The purpose is thus to
crystall ographically 10 isolate the areas of the substrate in which the
buried oxide will be dissolved, fromthe areas in which the oxide will be

preserved. Tthle}gécens%gg ‘BEaEQe tvhad‘hSI tlvggwar ea, anqtghe gener ati on,0f
e

crystalline defects in t e vicinity of I's transition area are thereby
limted. 15 Ter@o aHiw, 1% dfs wEpessaiEy -t o nake a mask at the surface of

the SeOl substrate, a ”&S&ar@ﬂepﬁﬁkﬁﬁhno@ftﬂﬁlﬁbtﬁ@ﬁrgea@ﬂﬂﬁnéotéh@HeOf t he
trenches to be. forned. The dlffer%n 1{1 §s of a EOSS enbolerrent 20 of
Ag

this mask, cal I'eEFHE *Hasi¥or Fo n&Eh&ERCH éréﬁﬂ’ Show be
descri bed wht hof efterencenitapiEigs.ordAndbnsulator type, |loaFigd 4A, @me SeOr

substrate 1 may, pe, SEen.  SUGeessiyel; %tgggpr Lskagolr 9Hbé£§a9@'$e £Ord LS

surface a 25 sem conducting supporting substrate 11, an oxide |ayer 12, and
a thin sem corﬁf&&q%ﬂ%ywt@3 thFheSF?Eé dpper SEheet bret h@alré}éll 1% s

referenced as 4361 dissolution o-Eth@Xllfii@u'l@Y@!’r 13_\/435 buibedi betwessy t he
supporting substrate 11 ?nd t he sem conductin 3;.30 it refore

general |y desi ghated' i nffie Yantdge '6f thesart® WF%QI%\%?BW%?
(Buried Oxilde 1ayer)e the areas ofAshan seﬂo&rirprlaee tlhne Wpﬂnrthmgb@ub@irate

11 essential ly, a §t|bff L. dal& for 1laet %g)é ateyl..;,35F0r this
pur pose, it ypﬁlmc%lly Pl1 [ﬂ ness ‘of tr%ue or er 0 ?ew hur%lrg@&)
mcronmeters. ©Oxide will be preserved The extension of the transition

area and the generation of crystalline defects in the
vicinity of this transition area are thereby limited.

15 To do this, it is necessary to make a mask at
the surface of the Se0OI substrate, a mask, the pattern
of which corresponds to that of the trenches to be
formed.

The different steps of a possible embodiment

20 of this mask, called a "mask for forming trenches"
hereafter, will now be described with reference to
Figs. 4A-4D.

In Fig. 4A, an SeOI substrate 1 may be seen,
successively comprising from its base to its surface a

25 semiconducting supporting substrate 11, an oxide
layer 12, and a thin semiconducting layer 13. The free
upper face of the layer 13 is referenced as 130.

The oxide layer 12 is Dburied Dbetween the
supporting substrate 11 and the semiconducting layer 13;

30 it is therefore generally designated in the language of
the art, by the acronym of BOX (Buried OXide layer).

As an example, the supporting substrate 11
essentially plays a stiffener role for the SeOI
substrate 1.

35 For this purpose, it typically has a thickness

of the order of a few hundred micrometers.



The supporting substrate 11 nay be a bul k substrate or else a conposite
substrate, i.e. consisting of a stack of at |east two |ayers of different

materi al s anpl e, the supporting substrate 11 nprise
one of thévégqslpﬁ%zgé materials: silicon (Si), gallium nlfw}z%gﬁioéiﬁ)l
sapphire, in their nonocrystalline or pol glcr ystalline forns.

The thin sem conducting |layer 13 may possibly 10 be conposite, i.e.

consisting of a stack of |ayers of sem conducting materials.
The material of the sem conducting |ayer nay be nonocrystalline,

pol ycrystalline, or amrﬁgoughlgﬁ)ﬁgg?{%eiégggtp&eoquou%ag Pgt , €t her doped

or not. 15 The thin sem con yer 13 conpri ses east one

sem conduct i ngSWatlerdtE | OF Grl s anplogrSisiliteoRUPSEY 2t §er fraft uRP TSIt B9
silicon-germanieim{ Si Eedck | tormyabe fosged byoa rglexed oF siressesht
material. According to a preferred alternative of the 20 invention, the
Se0l substrat €A% ‘SO substrate in which the seniconducting materi al
of the suppbrt 11 and ofAst ke thiampllayerh&3sibppsirtiggnsubstrate 11 mayn

order to allow fESthEEé( 2R dolﬁi %EgSif%’h%fw_i%ygx%{‘céraﬁ ars .0Ng 5 1 he,t hin
sem conducting layer 13 25 preferably has a thickness of aIes,s t han 500 nm
still preferabl$ilessIBhanvR50 Mmrdehet {&@NevenSpeBEithan 720 nnth$Hdeed,

the thicker thegoseneonducticngd ayekcidsthheisbonermés the dissolution rate

of the oxide 12. Thus, diffusi anof oxygent hr gugha 30 seniconducti ng. |ayer 13

with a thickness of nor gthtehatﬁh%bos qosmglecrqﬁ}qﬁ oV A1Td @oﬁ%ae%u%ﬁ?%/bﬁ%t very

advant ageol8 ilmdusbmpakiye, | m.er deontsaskiimgt dfthea datatkorfoflavwes of

di ssol uti on trg%{%%uéﬁqhgo%q%rligggr. 12 of the Seal 35 support preferably
inthic

has a thin or ultra-t ness, . ,
The material of the semiconducting layer may

be monocrystalline, polycrystalline, or amorphous. It
may either be porous or not, either doped or not.

15 The thin semiconducting layer 13 comprises at
least one semiconducting material, for example silicon
(Si), germanium (Ge) or silicon-germanium (SiGe). It may
be formed by a relaxed or stressed material.

According to a preferred alternative of the

20 invention, the SeOI substrate 1 is an SOI substrate in
which the semiconducting material of the support 11 and
of the thin layer 13 is silicon.

In order to allow sufficiently rapid diffusion
of oxygen later on, the thin semiconducting layer 13

25 preferably has a thickness of less than 500 nm, still
preferably less than 250 nm or better even less than
70 nm. Indeed, the thicker the semiconducting layer 13,
the slower is the dissolution rate of the oxide 12.

Thus, diffusion of oxygen through a

30 semiconducting layer 13 with a thickness of more than
500 nm is very slow and consequently not very
advantageous industrially.

In order to limit the duration of the
dissolution treatment, the oxide layer 12 of the SeOI

35 support preferably has a thin or ultra-thin thickness,



9 i.e. conprised between 5 nmand 100 nm preferably between 10 nm and 25

nm The Seal substrate 1 used in the nethod according to the
i nvention any technique for 5 transferring t s known
to one ski"i’ﬁ?é@gﬁﬁz?%e art, involving adhesive bondi ng. M/E%%‘%”()?Amng

t hese techni ques, nention may be made of the Smart Cut TM net hod which, as a
rem nder, mainly conprises the foll ow ng %teps: 10i) form ng an oxi de |ayer
on the supporting substrate or on a donor substrate conprising the

sem conducti ng | ayer, ii) formng an enbrittlenment area in
the donor subsirate, enby i nt area defjyni pgpt thj 1
sem conductin I%’yerc% e tratr?tse:‘tgﬂrgr%ed, E sht 90i ?Lﬁj gf():lﬁ%%%/aelfyy

bondi ng t he doF"atibstd dt%e 26K Re"8upporting substrate, the oxide |ayer

being located at the adhesi vedoand dJudenface, used in thel Wefr@gturing
t he donor substrate, al onftg t%ﬁa 20 enbrittlenent area in order to trPnsfer
the thin sem conductity Tayer® oM Gt He s uppdPting SubsY r At ntdue tor

Thi s met hod5i st kavoswretoi ronettskild ek d,n ashekrardn and awd | sinotldcherrefore be
described in detail -ml%in%efag@l%gq@err%nggngor exanpl e made to "Silicon-On-
25 Insul ator Technol ogy: Materials to VLSI, “2'j Edition" of Jean-Pierre

Col i nge, Kl uwer Academ &TPgH| itéReFs fephBoduss, mention may e ppdfpd hay

al so be used, gensissidng oficadhesivel y wbordi ngaon 4 hecguppert i nga subgt rat e,
a donor 30 substrate conprisi gg\yt he seg:ri conducting |ayer, either one or
both of the sub3that®s b enfo éréd ®i-th°an oxi de | ayer, and of then

reduci ng the thickness of) tfhemdoporarsubst dat elaywmough itths reappdace;g so as
to only |leave gn the suppprting subsyrate the,thin 35 é&%gp%tiﬁgel ayer.
semiconducting layer,

ii) forming an embrittlement area in the donor
substrate, the embrittlement area defining the thin

15 semiconducting layer to be transferred,

iii) adhesively bonding the donor substrate on
the supporting substrate, the oxide layer being located
at the adhesive bond interface,

iv) fracturing the donor substrate along the

20 embrittlement area in order to transfer the thin
semiconducting layer onto the supporting substrate.

This method is known to one skilled in the art
and will not therefore be described in detail here.
Reference may be for example made to “Silicon-On-

25 Insulator Technology: Materials to VLSI, 2"% Edition” of
Jean-Pierre Colinge, Kluwer Academic Publishers, p.50-
51.
A method may also be wused, consisting of
adhesively bonding on the supporting substrate, a donor
30 substrate comprising the semiconducting layer, either
one or both of the substrates being covered with an
oxide layer, and of then reducing the thickness of the
donor substrate through its rear face, so as to only
leave on the supporting substrate the thin

35 semiconducting layer.



10 The thereby obtai ned SeOl substrate may then be subject to
standard finishing treatnents (polishing, planarization, In these nethods

for form %E@ﬁ/of‘ﬁﬂ 5 substrate, the oxide |ayer is folgééﬁg?zﬁlnh/%_ﬁ&donor

substrate € supporting substrate by heat oxidatl h case

the oxide is an oxide of the material of the substrate having been subject
to oxidation) or else by a deposit, for é)QarrpI e of silicon 10 oxide (Si02).
The oxide |ayer may al so be a | ayer of native oxide, resulting from natural
oxi dation of the donor substrate and/or of the supporting substrate in

contact with the atnos re. IS ifie a r i ith
w Phere. tkaldy, o%gzﬁjrﬁéd §eé]'q tsuB%fc%‘Eegg%ﬁﬁgﬂk%lﬂeW

adhesive bonding, it is possible to apg on either one or h o
surfaces in cofftattPIstepsof Faefeani ngnofprasiacactevat i OROWet T ikhrown to
one skilled i npthesardatidgh,ordeantiagsyr.engt hen the adhesi ve bondi ng energy.

20 As this may be seen_in Fig. 4B, a _|ayer of mat eri al_, capabl e of
formng a hard mask is Opti oﬁkg?ﬁf?/ pfn&thpéﬁl yszloorr rregoﬁﬂr}“a%po& ioﬁ‘%)e(fe)% t he
Se0l substrat esdbsthhitse mattérel abxiidecapapte ofs wifidhsteandiong the sddyseguent
condi tions of ing e n 25 . exa iddc (o)d! is a
&Pofé]fz—héé" df eatrenty, s‘ééén%ﬁ%r?@‘_ MpiSa S d cafy, oxide

preferred material for formng this har "since it 1s easy to apply,
i.e. easy to depbsiticdnd(i® vhéRhr easte.tiFurthiete in BRe c&asle viHentithe

sem conduct i ngndederdial of thest himpdayete 13hdsisd | i theuse oft S 02 is
W se since it 30.£Ioe.s ot contamonate it and is_selectively Etch d wth

regard to sil i%%ln.atlghoerﬂl aer T Has & {HPLkhiesst f THEMOrde?” of 20" Hin
A phot osendftiweidesifid.ayer 22 is then 35 deposited over the whol e surface

of the layer 21 if the |l@tter, ex st 0 S ' t h rate
1. 11 A phot otei '?{%(olgj;éapai (:errrilfr{sél(i/r \égB%%t gjeer Sagtt%}féripo% \j%?%ﬁéé

corresponds t o°%Hit: of SEHETERENCHEE WAR ERT Bhe OWiishés oo ¢or mhsubderfient | y
on the Sel0l substdweterd,and/ omppt i €tk opupher assemdhystitdrothercaywrgdss; the 5

apertures 2300J7£thnepthhoet oa!gn'ltohs%%rear%hi cmask 23

15 It is specified that before proceeding with
adhesive bonding, it is possible to apply on either one
or both of the surfaces in contact, steps for cleaning
or plasma activation well-known to one skilled in the
art, in order to strengthen the adhesive bonding energy.

20 As this may be seen in Fig. 4B, a layer 21 of
a material capable of forming a hard mask is optionally
preferably formed by deposition, on the Se0I
substrate 1. This material 1is capable of withstanding
the subsequent conditions of an etching treatment.

25 As an example, silicon oxide 1is a preferred
material for forming this hard mask, since it is easy to
apply, i.e. easy to deposit and to then remove. Further,
in the case when the semiconducting material of the thin
layer 13 is silicon, the use of Si0O; is wise since it

30 does not contaminate it and is selectively etched with
regard to silicon.

The layer 21 has a thickness of the order of
20 nm.
A photosensitive resin layer 22 is then

35 deposited over the whole surface of the layer 21 if the

latter exists, otherwise directly on the substrate 1.



correspond to the location of the future trenches. It is
proceeded with | ocal insolation of the resin 22, through the nask 23. As

illustrat 0%‘{19/5&72%? 4C, the insolated areas 10 of the rﬂ?(gs,‘léﬁlfl%?%%ﬁ'ﬁ’l
envved, , as to

sel ectivel for exanple by dissolution in a so

obtain a resin layer 22' having apertures 220', the patterns of which
correspond to those of the apertures 230 'bf the mask 23. Asillustrated in
Fig. 4D,it is then 15 proceeded with etching, through the apertures 220
formed in the resin layer 22', of the exposed areas of the hard mask | ayer

21, if the latter was faqr Typ lys thiss e i is. dry
etching, carried out w %hn%ﬁggﬁia?&?o ik%: Cyt h%glg(eg?h Pﬂa@eerb%g'l.tglgg Z%P
resi stant. The"?esh dGaIF'eeBPRAFay et 22ati 0% héher ehpvedd ST ofhéganp?ee by

Lreansfof a jsuixbiﬁ&{@sbsw \t/)ﬁ@i__em %m%é@%tzﬂg ,orf)ailﬁe?dsé(’ﬁlﬁ ;%iﬁm%r@skir"s
ereafter, 1s there obt al ned. ternatively, In rticul ar en the step
for 25 form ng™% Eh%rdOﬁasktﬁl%yerasffwﬁ)&éf'beeﬁnon‘i{)ﬁbedr, t H8'FEsin 9% may
be preservell amekeitumnmy 23 direft |y tpreoceeded: wmi tthddeubsequeatk steps for
forming trenches,, hedeanigue descsbhed-abpuer)s, cure anicid, 30 the field
of mcroelectronics and is only indicated as an exanple. Cenerally, any
met hod with which the etl¢hily Ha’skeeded naythe lP6rAed "R WaittR Wi fcht tfeep
trenches may be-4of ned raypenused atskhps.stage of the nmethod. As this may
be seen in Fig. 4E, it is tiﬁgn %5 pr ceed?(il WIEQ ef,Chi ngstgrgg(%g th
apertures 210° made in tte ‘mask 21 Endiof *Phe” aper tur £85920 S Autic"Th t he
12 resin 220, of the exposell aneassoiethevSell raubstdatéod, eson@se tloy f or m
trenches thereifscolution in a WSSRL enchesare §orgped by dry.gtching,
for exanple in particular, accor |n% to the known technique 5 of "Deep
Reactive |on Bt&fhg'2' having aperpeeef di vy t othef PesteenBodiimemtich he
t Lenchhl shet C[}k@cﬂrllt@’épdnd ttce&g@@%s OEO\ﬂ/ﬁeEjQp@rg@pfeQ 280 Wh cihd tIT]arsa@szeﬁ.
through the thin layer 13 an e ri oXi layer 12..1n this case, it
bears the nuneri cal :}Xs 1l{ustra ecF in q?lg. %D, 1t 1s ‘ghen
15 proceeded with etching, through the apertures 2207
formed in the resin layer 22’, of the exposed areas of
the hard mask layer 21, if the latter was formed
beforehand. Typically, this etching is dry etching,
carried out with plasma, to which the resin layer 22’ is
20 resistant. The residual resin layer 22’ is then removed,
for example by means of a suitable solvent. The
mask 217, called the "etching mask" Thereafter, is
thereby obtained.
Alternatively, in particular when the step for
25 forming the hard mask layer 21 has been omitted, the
resin 22’ may be preserved and it may be directly
proceeded with the subsequent steps for forming
trenches.
The technique described above is current in
30 the field of microelectronics and 1is only indicated as
an example. Generally, any method with which the etching
mask 21’ may be formed or with which deep trenches may
be formed may be used at this stage of the method.
As this may be seen in Fig. 4E, it 1is then
35 proceeded with etching through the apertures 210’ made

in the mask 21’ and/or the apertures 220’ made in the



10 reference 3. According to a second alternative enbodi nent,
this trench is etched a little deeper, so that it extends over a portion of

t he thick%§§$%ﬁé%# supporting substrate 11, for exanp&enﬁﬁﬁhm%e%eral 15

m cronet er enchthenbearsnunerlcal ref erence 3'

In the

figures, these trenches are illustrated with a flared shape; they may

however have parallel vertical walls. 20The width of the
typically of the order of a few hundred nanoneters.
and following figures and for purposes of sinplification,

trench 3 and 3chayeheend lhusiakedon a,3a8e %HQ%%@EG

residue 21' (if it exists) is then renove for exanple

trenches 3, 3' is
In Fig. 4E
both types of

subSl P baf d mask

dry or wet

etching, so asS® dbtaifPHhe 'SECHeSUBSEEEER- 1 provi ded mnth its trenches 3
or 3', as illustrated imnEisg. t‘Hénc_ﬁlé% etirepmn@efd ftgfrafgg éi@sﬁqgrembes i's

it wth at st one area, of

to 30 delinit b rroundi n sa

substrate Mhléﬁngﬁb |%%sp%.t}%ﬂ%ﬁrknﬁ§?ﬁﬁ i%h Bt the FRPECI g?%?nﬁ%P%nd one

portion of $heoDXikked Reerctlie done¥éenhong”porti on of t he supporting

substrate 11, so as to sepaLd gglgofgo ge @&ggdhﬁgg{edt@éoypghéﬁ.L§uch 35
te anda 1t 1sin

an area i s hereafter desi gna IS

etched until it extends down. to a depth at which it

passes through the thin layer 13 and the buried oxide

layer 12. In this case, it bears the numerical

10 reference 3.

According to a second alternative embodiment,

this trench is etched a 1little deeper,

so that it

extends over a portion of the thickness of the

supporting substrate 11, for example over several

15 micrometers. This trench then bears

reference 3'.

numerical

In the figures, these trenches are illustrated

with a flared shape; they may however have parallel

vertical walls.
20 The width of the trenches 3, 3’

of the order of a few hundred nanometers.

is typically

In Fig. 4E and following figures and for

purposes of simplification, both types of trench 3 and

3’7 have been illustrated on a same substrate.

25 The hard mask residue 21’ (if it exists) 1is

then removed, for example by dry or wet etching, so as
to obtain the Se0OI substrate 1 provided with its

trenches 3 or 3’7, as illustrated in Fig. 4F.

The purpose of forming these trenches is to

30 delimit by surrounding it with at least one area of said

35

SeOI substrate which comprises at least one portion of
the thin layer 13 and one portion of the oxide layer 12,
or even one portion of the supporting substrate 11, so
as to separate it from the area located around it. Such
an area is hereafter designated as "island”™ and it is in

this area that the total or partial dissolution of the



this area that the total or partial dissolution of the 13 oxide wll take
pl ace subsequently. The islands bear reference 30. ByreferringtoFig

2, anexenp odi nent may be seen of these |slan
shape. I\’9(%010/097%%though such a shape or any ot her |r(f12 ﬁ%!aotrm%woﬁland

shape is possible, the islands w | preferably be defi ned by a first series
of parallel trenches and a second series 18f trenches perpendi cul ar to the
first, as 10 illustrated in Fig. 3. Agrid of the SeOl substrate 1 is

t her eby obtai ned. The islands nmay have a surface area corrpri sed between 4

and 100 pn2. T&‘?l&‘ér%”%ma{ﬁ glélﬂﬁ d%%u%@l}l f}ﬂg %'s%%%fg £

dictated by the conponents plate I rst
alternative enbdbiffette of! the step for dissolving the oxide will now be
described with referenC@yto Flegerr6Ag6C. to Fig. 2, Asaﬁhlsegam bergeen in

Fig. 6A, a nmask 4 f or med alled a "dissolution sk" reafter by 20
depositing the® %?Ae]ﬂe&it mBRY ngPq t Sﬁﬁnl n° hz%ieﬁ& djesg‘?n he grlﬁhﬁ/ t#enches
3, 3" on the oseagrand, and as a | ayer extending over the portions of the
free surface 130 of theAtlhyh%u @lyesru%g Aogggﬁg gg tar;% o };:é'ldelpé c%ﬁ‘?af sl ands

30 defined earlier on the oth emati ca only
the mask 4 is i$1ard rdtaf o s siétle, hélhme éﬁlﬁﬁésswbéirﬁ¥%fqra%yﬁ% be

feen Lhat 3lt CQVETsed h@tyLraeefﬁmi a@@riaet ofr thersubst r@"r@néhéﬁd a'hEle a |
rencnes , exce or e e carrie
bt 3. subseaniRiz Serits 'O Ay B MR A R LSRR e P R e

the trenché8 arklusctdtiddhear Fanmd |3ntérsead att ahei ghoTangbetrate hask 4 may

for exanple betﬁéjrx aQ}EQ&'% ddeggglt a% alﬁ‘a@ecg% bgar&r%@gheaf@é erial

used for nmakin e nmas pre era y be sinu taneous easy to

deposit, and t@@mprlsed between 4 and 100 um~. The arrangement and the
dimensions of the islands 30 are dictated by the
components which will be formed on the plate.

15 A first alternative embodiment of the step for
dissolving the oxide will now be described with
reference to Figs. 6A-6C.

As this may be seen in Fig. 6A, a mask 4 1is
formed, called a "dissolution mask" hereafter, by

20 depositing the material making it up in the inside of
the primary trenches 3, 3’ on the one hand, and as a
layer extending over the portions of the free
surface 130 of the thin layer 13 located on the outside
of the islands 30 defined earlier on the other hand.

25 In Fig. 2, schematically, only the mask 4 1is
illustrated on the left half of the substrate 1. It may
be seen that it covers the free surface 130 of the
substrate 1 and the trenches 3, except for the
islands 30, at which dissolution will be carried out

30 subsequently.

In the case illustrated in Fig. 3 where the
trenches are rectilinear and intersect at a right angle,
the mask 4 may for example be advantageously deposited
as a checker-board.

35 The material used for making the mask 4 should

preferably be simultaneously: easy to deposit, and then



14 possibly easy to renove after the dissolution treatnent, and be capable
of withstanding the dissolution treatnment conditions and finally formng a

barrier t i ffusion of oxygen atons. 5Silicon nitrj f ner a
formul a S&Wkgﬁ&ﬂ%&%‘the pair of stoichionetric coeffici%ﬁfgﬁ§“§§a%§ may
assune different values, is particularly well suited. SINL wll notably be
used. It is also possible to use silicon '¢arbide SIC. 10The formation of
this mask 4 is applied by using conventional photolithographic techniques,
for exanple the one described in connection wth Figs. 434D.

The mask 4 is ;B(%/@éﬁ%ﬁ:%yeafcgy g 4 hig ’%z%sf%f%c%rc%er b§§909§£¥‘8ﬁnt}e§&9e§ér’,
nanoneters, prefera of the order o ) nanonet ers. . he
treatment for 3ot dPd P 19y "HitSSEIvidAg ot Recokit 86012 WP | Ehomk Bt
described withedeference tandi gri831120Thbsdisgol uti ontireat-mertconsist sof
applying a heq%%%feainent to the sgbstrate 1, 1n a neutral or reducing

at mospher e, under! ' Hetet Mnéd ¥ eEMperaliire and duration conditions which

not abl y dep&nd on the tRBiidkress ndftrtibe toHi mesemadorfductilag diajerwhidre 25

The applicati f diss N - : -39p§§r t il | t aken
as an exanpleoﬂgge %?gf,b?ngﬁ#%Cﬁqfﬁ%%?%?ﬁqggﬁﬁggﬁ'ucting ﬁg§%¥®i§m%§ in
silicon, i.e. #%%1%icedaloAcCThstledlers” (ISOTPagubsttarey Tie Ineehari&ns for
di ssol ving thespxi,deiiln ant3®190bstisd urecane deser igeediin edetaihsd n the
article of 0. Kononchuk et al, .“Internal Dissolution of Buried Oxide in SO
Vafers", Solid®Stat® SO ol s, 131. 133 (2008) pp 113-118, which may
be referred0to. During tthe tfeataeintn thHe SOs suobskrdt eid ieepp35epl doed in

an oven in which d 9as, )W % geneiated iikogrdehito fOrm A neut rak, or
reduci ng at nosphere. 15 , _ . . .
example the one described in connection with Figs. 4B-
4D.

The mask 4 is typically of a thickness

15 comprised between 1 and 50 nanometers, preferably of the
order of 20 nanometers.

The treatment for totally or partly dissolving
the oxide 12 will now be described with reference to
Fig. oB.

20 This dissolution treatment consists of
applying a heat treatment to the substrate 1, in a
neutral or reducing atmosphere, under determined
temperature and duration conditions which notably depend
on the thickness of the thin semiconducting layer 13.

25 The application of the dissolution treatment
to a substrate 1 will be taken as an example hereafter,
in which the thin semiconducting layer 13 is in silicon,
i.e. a “silicon-on-insulator” (SOI) substrate.

The mechanisms for dissolving the oxide in an

30 SOI structure are described in detail in the article of
0. Kononchuk et al, “Internal Dissolution of Buried
Oxide in SOI Wafers”, Solid State Phenomena Vols. 131-
133 (2008) pp 113-118, which may be referred to.

During the treatment, the SOOI substrate 1 1is

35 placed in an oven in which a gas flow is generated in

order to form a neutral or reducing atmosphere.



The gas flow may thus conprise argon, hydrogen and/or a m xture thereof.
It is inportant to note that the dissolution phenonenon only occurs when

there is g,v(zggc}[)){)ﬁégpt 5 gradi ent between the oxygen conlg@%%zg}dgﬁ?ﬁiénl gggr-

at nospher oxygen concentration at the surface 0o

Thus, it is considered that the oxygen content of the atnosphere in the
oven shoul d be | ess then 10 10 ppm whi cH? when taking into account | eaks,
i nposes an oxygen content in the gas flow of |less than 1 ppb.

In this respect reference may be made to the article of Ludsteck et al,

"Gowh nodel for thin gxid and ,oxi. ptkm-zations, Jour nal  of lied
Physics, 15 Vol. 95, No. 5, e chOZOO%S} RRLEMEEADLCBe 229 'con%l(?t?%é%g
cannot be obt a#HEPY i Aicdnveéntiteérslfoven, which generates too nmany | eaks

for being able to attainmtsuch amssBtdnt€ondenbiet he0Veihshauso be: special |y

designed for an opti mum seal,, 20 notably. by reducing.the nunber. of parts in
order to avoi oqu W BnP By usiShg Bul %lﬁe\éarﬂgg.ere s @ Sug%i’]cﬁfgt
contrary, ah oxygererconceatwatinontha thbeyaenosphercendlyeveob0 ppm stiops

di ssol ution angd pr 5 OX4 d%bOQX?EeEh%o?{&Bﬁg‘%gt%k' cen 3, 29lp.lhe case

of an SOT, the dissolution treatnent “is applied at tenperatures conprised
bet ween 1, 100C&andq, BO0E lsvéffer ably of the order of 1,200C.

| ndeed, the higher the tremperature, cbheibegbar thstt be dbssgbnit boM&@t e of
the oxide. The te eratgrére of 30 the treatnent s oullddthereiore remai n
bel ow the el 17ng CSmpaFSPGPRSEE st dgl. oven ehould e SaghE ek |

order to dil8sol Veoram oxhdeht hwpkpe$skd>hg2 immourderouatt hier K00 nmpssds con
| ayer, the heal, {geataeniocondi LioRgeages 113R0GE! L2 foMtrsy 3 1. 200C for

10 m nutes,or 1,25 ,
In this respect reference may be made to the

article of Ludsteck et al, “Growth model for thin oxides
and oxide optimization”, Journal of Applied Physics,

15 Vol. 95, No. 5, March 2004.

These conditions cannot be obtained in a
conventional oven, which generates too many leaks for
being able to attain such a small content; the oven
should be specially designed for an optimum seal,

20 notably by reducing the number of parts in order to
avoid gaskets and by using bulky parts.

On the contrary, an oxygen concentration in
the atmosphere above 10 ppm stops dissolution and
promotes oxidation of the exposed silicon 13.

25 In the case of an SOOI, the dissolution
treatment is applied at temperatures comprised between
1,100°C and 1,300°C, preferably of the order of 1,200°C.

Indeed, the higher the temperature, the higher
is the dissolution rate of the oxide. The temperature of

30 the treatment should therefore remain below the melting
temperature of silicon.

For example, 1in order to dissolve an oxide
thickness of 2 nm under a thin 100 nm silicon layer, the
heat treatment conditions are: 1,100°C for 2 hours,

35 1,200°C for 10 minutes, or 1,250°C for 4 minutes.

However, it is emphasized that these wvalues in



However,it is enphasized that these values in 16 particul ar depend on the
resi dual oxygen concentration in the dissolution oven. Thus, |arger

di ssol ved‘{](? Iﬁ SES have al so been observed. l case,
t he di ssol i eat ment is 5 applied so as to totally © CT/EPzg y enove
the burled insul ator. For purposes of sinplification, the

result obtained after partial dissoluti onfof the oxide is Il ustrated on

the left half of Figs. 6B and 6C, and on 10 the right half, the one
obt ai ned after total dissolution of the oxide; however, during application

of the nethod, aftl\%dleirbed&%r%i bhat: et fe%ﬁ%rugﬁsgagﬁal ecbcl rﬁéacg;g a

same substrate, part di ssol ution or tot ion 0 e oxi
15After total of pabfi aldidisdsititiion ofethe Skibde 12 at9%he qisrs%mh%e@o not

protected by theidmaskdbs trﬂﬁfe”&&léo4ble§nr enwededfor exanpl e by dry Or Wet
etching, and the m xed substrate 1' is |é{1 ?\L Ilusgrated 'Q :

201t is observed that by"t h&8"greséhte 011‘ e 3eatipRt s ar eas
100 are cl earlayprdlmd net eist her toomlike cbulﬂiaatbiasrémo(fmhermedrls@DiM| on is
total), or fro £as 15 with a thinned oxide |ayer (when dissolution
is partial). ere are no longer any 25 transition areas, as this was the
case with the technr ques’o6f PHEPPPROr @t Sl idryadrieas halPngr eXeessive

d:jsl ocations lcﬁbt{a'ﬁqhéchl hraf't@)terfpartlal dls%olLF&t[drhero,f l r&ge pakiaﬁulggél y
advant ageous the t or y use
subsequent | y \(,i\fr]ﬁ%sg e Cirhotcﬁef ollr'm%a Pjafg ‘fff Egjggsd e@ra&ﬁfcg@ fpShett s, for
deposi ti nglan imsutiagtor Heher,edrhe lomdeethtatinedchésear eOo&iLedlaadbutdmm ng the
steps for mnufachyling ddie RamRAnents, far ,exa Er%h bhose knowpelgogne

skilled in the art unde acronym 35 of™ owTlr enc

| sol ation). Thel et holl & dBitdichghed tifte lisnpeali Bﬁsﬁh@r%f BP eCbRE Ot 3 nvol ve

same substrate, partial dissolution or total dissolution
of the oxide.

15 After total or partial dissolution of the
oxide 12 at the islands 30 not protected by the mask 4,
the mask 4 1is removed, for example by dry or wet
etching, and the mixed substrate 1’ is obtained as
illustrated in Fig. 6C.

20 It is observed that by the presence of the
trenches 3, 37, the Se0OI areas 100 are clearly distinct
either from the bulk areas 10 (when dissolution 1is
total), or from the areas 15 with a thinned oxide layer
(when dissolution is partial). There are no longer any

25 transition areas, as this was the case with the
techniques of the prior art, nor any areas having
excessive dislocations in the thin layer.

Further, in a particularly advantageous way,
the thereby formed trenches 3, 37 may be reused

30 subsequently during the method for manufacturing
electronic components, for depositing an insulator
thereon. 1Indeed, trenches are often made during the
steps for manufacturing the components, for example
those known to one skilled in the art under the acronym

35 of "STI" (Shallow Trench Isolation). The method

according to the invention therefore does not involve



17 any additional operation for the manufacturer of conponents but the fact
of form ng these trenches earlier in the manufacturing nethod all ows the

of "o di SCORIOPAR T S0 nent w1 now be descri bed wit DR ERSER o i go.

5A- 5F. El ements identical with those of the previous figures
bear the same nunmerical references. 10A t'in film5 of nitride is deposi ted
on the upper face 130 of a substrate 1 such as the one illustrated in Fig.

4F, as well as in the bottom and on the flanks of the trenches 3, 3'. This

nitrideis forad:g%a”%&iﬁg’ﬁ\gl 1@5%%9?89“ LN itsh,gf/aryﬁzi UL Y a of

techni que for ositing a vapor ase, known as "Vapor Phase Deposition".
As illustrated?PPFIPESBLE t Hibck Ifayér 6f ahrCrhstPat BRe8S sUEPARESi 02,

is then deposiéee o then20 midri denhayerusisg asmdendd || atthewkr enghes 3,

3" and to cover_the totality of the surfacg of ghe substrate 1.

It is then protEEdel Wi tHBolANAGISE tReSuPPhee" ot  the i nsul ating | ayer
6. The obtabned result iAs ibéastdat ed ternkitgve5C. eWadindre t hom | ayles of 25

nitride 5, it is %ﬁ:-tg to.sel gctid vely; stoprempyal of Si.Q2 at t
surface during t%e polls inr, %nce thélqs mat eﬂ;}al (S rrucshé!hlar er than Si02.
The thin nitri®eieEETe 5present S&r >fhe surface of the layer 13 is then

renoved. This is 30 typiraahkytachidevedckn thencamdsauidy e theeprQvd ous
pol i shing step,, b%/ chg%i%én% t he _con%i tions 9f t?i S I[:I)OI i :shi ng, for exanple
by i ntroduci ngt B 51t S Shifrg "sTarFry2 - ASStAf S" W8y be seen in Fig.
5D, t he 10 A thin film 5 of nitride is deposited on the
upper face 130 of a substrate 1 such as the one
illustrated in Fig. 4F, as well as in the bottom and on
the flanks of the trenches 3, 3’. This nitride 1is for
example SisNg.
15 The deposition is carried out by a technique
for depositing a vapor phase, known as "Vapor Phase
Deposition".

As illustrated in Fig. 5B, a thick layer of an

insulator 6, such as Si0;, 1is then deposited on the
20 nitride layer 5 so as to fill the trenches 3, 3’ and to
cover the totality of the surface of the substrate 1.

It is then proceeded with polishing of the
surface of the insulating layer 6. The obtained result
is illustrated in Fig. 5C. With the thin layer of

25 nitride 5, it is possible to selectively stop removal of
Si0, at the surface during the polishing, since this
material is much harder than SiO,.

The thin nitride layer 5 present at the
surface of the layer 13 is then removed. This 1is

30 typically achieved in the continuity of the previous
polishing step, by changing the conditions of this
polishing, for example Dby introducing a suitable
polishing slurry.

As this may be seen in Fig. 5D, the

35 dissolution mask 4 is deposited at the surface of the

substrate, according to what has been described earlier



35 dissolution mask 4 is deposited at the surface of the substrate,
according to what has been described earlier |Is for the enbodi nent

descri bed with Figs. 6A-6C. The nature of this he
SIS L0 1 O

t echni que eposition will therefore not be descr ai
again. 5However, it will be noted that in this case, the mask 4 may
advant ageousl y be deposited so as to al sd®cover the outer peri phery of an
island 30, over a width L and this, in the extension of the nask |ayer 4
| ocat ed above the primary trench 3 or 3 which surrounds this 10 island.

This excess Mgk, DOLLI Oftodqlfetef 6EDCRML ASc A0 LA Fi g1 1Dri oo

. ) 6A-6C.
Fig. SEillustrates the oxide dissolution treatnent at the slaﬁ%s.30 not

covered by thelMasRa4urehi 8fdissbt utiesrk t pedt neit it dordilictedoas delscri bed

15 earlier. deposition WOL1PWHROSESRf sbAPHLS i gastomed henr esatdi
obtained after_ partial dissolution of the oxide (see the SeOl area with a
t hi nned oxi de &Y€t  referenced as 15) is illustrated on the left half of
Figs. 5E an8l 5F and 20 dloweler;i ght vial f ,b¢ heooneé ¢bbai ned @Efitercdot al

di ssol utfon of . ihe, o) de (3 e ykk.an 62,10k oboMeer oo dut 09 Lhe,

application of the netho e noted that 1t 1s only possible to

obtain on a saMVSUbsIF ateieHarti B Bsof 1T ohs bin@l e tof i $sdtut i on
25 a;]_tﬂe ﬁXi de.ap&}i]t@ﬁg@,mwértgiéﬁ@i}g;_%:ﬁlsélohh@mhwdl subst %ayf@réa 31@c@@éeaLned,
in which the trenche or .3' ar illed with a /e of Si 3N, an the
wal 15 and on SUP7S. Sk G BBER. TN i reul et AR R GO e 041 att er
may be predérvedlauti nfhiheesabsequenk perfopmaAce sofrafreesicepls d0r40
manufacturing fhe;compgnents on this substrate. This substrate is
illustrated in Fig.”5F. It will be noted that with the presence of the 35
portion 40 of the mask 419t °Fs pddsiBIétes ensif e 0xide dissolution

treatment at the islands 30 not covered by the mask 4.
This dissolution treatment is conducted as described
15 earlier.

For purposes of simplification, the result
obtained after partial dissolution of the oxide (see the
Se0OI area with a thinned oxide layer referenced as 15)
is illustrated on the left half of Figs. 5E and 5F and

20 on the right half, the one obtained after total
dissolution of the oxide (see the bulk area 10).
However, during the application of the method, it will
be noted that it is only possible to obtain on a same
substrate, partial dissolution or else total dissolution

25 of the oxide.

After removing the mask 4, the mixed
substrate 1’ is obtained, in which the trenches 3 or 37
are filled with a layer 5 of SisN; on the walls and on
Si0;, 6, which Dboth form an insulating material, the

30 latter may be preserved during the subsequent
performance of the steps for manufacturing the
components on this substrate. This substrate 1is
illustrated in Fig. 5F.

It will be noted that with the presence of the

35 portion 40 of the mask 4, it 1is possible to ensure

complete encapsulation of the oxide 6 of the trenches,



conpl ete encapsul ation of the oxide 6 of the trenches, 19 in order to
prevent this oxide from being exposed to the atnosphere of the dissolution
t r eat ment ossible detrinmental reaction with thi re.
Final I y, ﬁ%"&y&% isis not illustrated in 5 the figu%@?ﬁut“m%g%il so
possible to formagain other series of trenches, so-called "secondary”
trenches, inside the bulk areas 10 and tH& SeOl areas 15 and 100 for med
earlier, and this, within the scope of the subsequent nanufacturing of
el ectroni c components. 10 After dissolution and removal of the mask 4, the
standard met hog, Torq RN aGLd NG GAUPRASALS (1BY BE;FONLLOYELs {hene
conponents being forned a their performances adjusted accordi ng to needs,
on the bul k ora®Segiergr eadt onthi cK1EKEYyUaF 8N posSitEsHedr 20 CLAT B!
1.Arret|hodf0rrrafmé_ @mwldaﬁcrqmlI&agutﬁtegbgebac?@m@ﬁis%m@wh or
opto-electronics on a sqQ:. ¢ ed "m xed" substrate "). whic onpri ses
first seniconductor-on-in8arater %ﬁgﬁﬂ¥9(io 5 nlﬁhpg% éﬁmp 355% & 1 dyer
(12) is burbedtiet ieenrewp liayers efissemcsendlet itng fater isalas n( 1dthd3) and
either areas (J0);dn Qx?eqhﬁﬁﬂﬁﬁﬁii”% matenial , nsQ-cakledn"bulk’ areas, or
second senicondudior-on-insu ator'areé% 15) in mhfcﬁ tﬁg bur%e%coxgbe
layer is |less thitde flgethankt RaE26f LSarddf ithst mEas{CE00)L° t3iS het hod
fgnS: fti ng of psevédi ng.aisulhst kate Eﬂ)sgf ﬁik@li&emtgl@nd@@bgé-omi S@m;at or
eal ) type, conprising a_ supporting substrate (11) in a sem conducting

tmtorial e t o A o drT s Ay eF Olay BRt R TEhTH TR S e T ayer (12)
bet ween saild supportingAfter dissolution and removal of the mask 4,

the standard method for manufacturing components may be

continued, the components Dbeing formed and their

performances adjusted according to needs, on the bulk or

"SeOI" areas on which they are positioned.



substrate (11) and said thin [ayer (13), and bei ng
characterized in that it conprises the foll ow ng successive steps: -

formng i ﬁ%?@@g}iﬁ rate (1) a plurality of 20 trenche;béﬁ%]%ﬁg%qsaﬁ)?h_cal | ed

"primary opening out at the free surface (1 in

| ayer, each primary trench (3, 3') extending over a depth such that it
passes through said thin |ayer (13) and $8id buried oxide | ayer (12), these
primary trenches (3, 3') being 25 formed so as to delimt and surround at

| east one so- called "Island" area (30), of said SeOl substrate (1),

- formng a so-called "dissolution" magkaGfhs 5, 6), by depositing a
material formng said mask inside said=—prrmary trenches (3, 3') and as a

| ayer covering 30 the areas of the free surface (130) of said thin |ayer
(13) located on the outside of said Islands (30),

proceedingmﬁthﬂegﬁtreagg$q{for di ssolving the burled oxide |ayer p{esent at
said 21 islahdd (30)°01°9 he S8& sdbStTarE " ¢8%s (G FEATEE™t he tHi ckness
t hereof. 2. Theedethodnacspr dbhgctoackddiom bptoharactepnzed iom 5t hat— aft er

sai d dissolution_heatstr g&;yﬂ,sﬁgg%gégéﬂ kiy)o%hgﬁﬁ di jgkﬁppf (4)

is renoved. 3. The nethod according to claim2, characterized in that
after renoving t HETAFSEEPEEPBNCIRSKS (M)t O%n arerhsul at P hg 'rat ERital (®) is
deposited ip sai dxpaemeryyd+ enahes(3s 3'udurddngbtbResBNUfACT UBKBESsOfot
semiconducting materials (11, 13) and either areas
(10) in a semiconducting material, so-called "bulk"
areas, or second semiconductor-on-insulator areas
(15) in which the buried oxide layer is less thick
10 than that of said first areas (100), this method
consisting of ©providing a substrate (1) of the
semiconductor-on-insulator (Se0OI) type, comprising a
supporting substrate (11) in a semiconducting
material, a thin semiconducting layer (13) and a
15 buried oxide layer (12) Dbetween said supporting
substrate (11) and said thin layer (13),
and being characterized in that it comprises
the following successive steps:
- forming in the substrate (1) a plurality of
20 trenches (3, 3'), so-called "primary trenches", opening
out at the free surface (130) of said thin layer, each
primary trench (3, 3’) extending over a depth such that
it passes through said thin layer (13) and said buried
oxide layer (12), these primary trenches (3, 3’) being
25 formed so as to delimit and surround at least one so-
called "island" area (30), of said SeOI substrate (1),
- forming a so-called "dissolution" mask (4,
5, 6), by depositing a material forming said mask inside
said primary trenches (3, 3’) and as a layer covering
30 the areas of the free surface (130) of said thin layer
(13) located on the outside of said islands (30),
- proceeding with heat treatment for

dissolving the buried oxide layer present at said



conponents for electronics,optics and/or opto- electronics. 15 4. The
nmet hod according to any of the preceding clains, characterized in that the

dissolutlgﬂ%gﬁg@,% eatnent is continued until tota! diséggﬁé%gﬂﬁgﬁéthe

oxi de at t s (30). 20 5. The nethod according t

precedi ng clains, characterized in that each primary trench (3') is forned
in order to passthrough said thin senicoﬁ&ucting | ayer (13) and said buried
oxi de layer (12) and to extend over a portion of the thickness of 25said
supporting substrate (11) in seniconducting material |ocated under said

buried oxide 'Pé’fa( C(S:LZ 1%9 to claiml 05, % the

characterized I n sal dgsso utlon nas is formed so as to 30 al so
conprise a por¥¢%ﬁk¥qﬁﬁ SR fcovers the outer periphery of the islands
(30) in the extension of the area | ocated above the prlnary trench (3 3")

surroundi ng sajid sland 22 made in siJico n|t

silicon carblg% gk té%%eéﬁﬁFﬁﬁﬁjﬁkc%Pdi% 1% rﬁﬁ eﬁyéﬁgd

cl ai ns, 5chér act éhbzedaifhetrhatat He pnsaaﬁytioenchest(3tr6aﬁm®me,foﬂmed by
phot ol 1 hogr aphy 3ad ¢t ghb B0y 2. oThe, Rt hod .Acoordhng ot geamyal the

precedi ng cl ains ara terlzed in t at t I ssol ution heat treatnent 10
is conducted inside an oven in which a neutral or reducing atnosphere

prevails and whereet ga%m@erac@mmm@ i 8ol esBatihan 1Qhﬁﬁﬁbtéﬂﬁiﬁ@g an i
tenperature conpris tween 1,100C and 1, 300C.. 15 10. The. net according
to any of the pr b g ? reénloving tge ngSOlU ion " mask 9
1nsulat1ng material (6) is deposited in said primary
trenches (3, 3") during the manufacturing of
components for electronics, optics and/or opto-

electronics.

15 4. The method according to any of the preceding claims,
characterized in that the dissolution heat treatment
is continued until total dissolution of the oxide at
the islands (30).

20 5. The method according to any of the preceding claims,
characterized in that each primary trench (3’) 1is
formed in order to pass through said thin
semiconducting layer (13) and said buried oxide layer
(12) and to extend over a portion of the thickness of

25 said supporting substrate (11) in semiconducting

material located under said buried oxide layer (12).

6. The method according to claim 1 or 2, characterized

in that said dissolution mask (4) is formed so as to

30 also comprise a portion (40) which covers the outer
periphery of the islands (30) in the extension of the

area located above the primary trench (3, 37)

surrounding said island (30).

35 7. The method according to any of the preceding claims,

characterized 1in that the dissolution mask (4) 1is



clainms, characterized in that the sem conducting material is silicon. 11.

The met hod according to any of the precedi ng 20cl ai s,

that afte i i.ssol ution heat treatnment, only the p
%Bfgggﬂ?hgé a layer covering the areas of the

(4, 5, 6)

characterized in

kPl (T30

of said thin layer (13) located outside said islands (30) is renoved, and
the portion of the 25mask present in sai&zprinary trenches (3, 3') is
preserved. 12. The nethod according to any of the preceding cl ains,
characterized in that said islands (30) have 30a surface area conprised

between 4 and 10Q.BAR.i silicon nitride SiyNy or 1in silicon carbide

SicC.

8. The method according to any of the preceding claims,

5 characterized in that the primary trenches (3, 3')

are formed by photolithography and etching.

9. The method according to any of the preceding claims,

characterized in that the dissolution

heat treatment

10 is conducted inside an oven 1in which a neutral or

reducing atmosphere prevails and where the oxygen

content is less than 10 ppm, and at a temperature

comprised between 1,100°C and 1,300°C.

15 10. The method according to any of the preceding
claims, characterized in that the semiconducting
material is silicon.

11. The method according to any of the preceding

20 claims, characterized in that after said dissolution

heat treatment, only the portion of the mask (4, 5,

6) present as a layer covering the areas of the free

surface (130) of said thin layer (13)

said islands (30) is removed, and the

located outside

portion of the

25 mask present in said primary trenches (3, 3’) 1is
preserved.
12. The method according to any of the preceding

claims, characterized in that said islands (30) have

30 a surface area comprised between 4 and 100 pm?2.



