METHOD TO THIN A SI LI CON- ON- | NSULATOR SUBSTRATE The invention lies in the
area of the fabrication of silicon-on-insulator substrates known to persons
skil | ed iwotbm/pd23under the acronym"SO". A SO subst prerEPeOPFIISES a
silicon oxide Siqg2 |layer, buried between a silicon carrier substrate and a
silicon surface layer called the "active |ayer" since it is on or in this

| ayer that conponents will subsequently be fabricated intended for
applications in the areas of electronics, optics, optoel ectronics or

m croel ectronics. The present invention nore specifically concerns a nethod
tothin an initial substrate of SO type, nmaking it possible to obtain a
SO substrate having a silicon surface layer that is thin, even extra-thin,
and whose surface is free or alnost free of polluting particles. The
integration of transistors in mcroelectronics is made with increasingly
smal  er dinmensions, since it is desired to increase the nunber of

transi stors packed on a wafer (or substrate) . Breaking the "technol ogi cal
barrier of 22 nanonetres", i.e. fabricating transistors having a w dth of
22 nanonetres or less, my lead to requiring the use of SO substrates
known to those skilled in the art as "fully depleted" substrates.ln said
substrates, the silicon surface |ayer forns a so-called "depletion" |ayer
in which the concentration of nobile charges is much | ower than the

equi li brium concentration. The fabrication of a "fully depl eted" transistor
requires a reduction in the thickness of the active silicon surface |ayer,
whi ch on this account nust be equal to or |ess than 50 nanonetres,

preferably in the @faesp ofo 10510 B0 NANEIRLEESINSULATOR SUBSTRATE

The invention lies in the area of the fabrication
of silicon-on-insulator substrates known to persons
skilled in the art under the acronym "SOI".

A SOI substrate comprises a silicon oxide SiOQ;

5 layer, buried between a silicon carrier substrate and a
silicon surface layer called the “active layer” since it
is on or in this layer that components will subsequently
be fabricated intended for applications in the areas of
electronics, optics, optoelectronics or

10 microelectronics.

The present invention more gpecifically concerns a
method to thin an initial substrate of SOI type, making
it possible to obtain a SOI substrate having a silicon
surface layer that is thin, even extra-thin, and whose

15 surface is free or almost free of polluting particles.

The integration of transistors in microelectronics
is made with increasingly smaller dimensions, since it
is desired to increase the number of transistors packed
on a wafer (or substrate). Breaking the “technological

20 barrier of 22 nanometres”, i.e. fabricating transistors
having a width of 22 nanometres or 1less, may lead to
requiring the wuse of SOOI substrates known to those
skilled in the art as “fully depleted” substrates.



It is also to be noted that the thickness of the buried oxide |ayer can

al so be reduced i.e. to less than 15 nanonetres, if it is desired to use

t hi s typewofofid22eabstrate for the fabrication of conpomemter20mioended for
applications of "low power"” or "nenory" type. The thinner the desired
active silicon surface layer, the nore ityis required to renove a
substantial quantity of material fromthe initial SO substrate. Wen it is
desired to thin the active silicon surface |ayer of the substrate, notably
by etching, it is ascertained that the edges of the wafers are fragile,

that they may breaknandifiosnbparticekes tiki chlarenr edegoeskt édyvenr Sairchsacti ve

| ayer, thereb Lyt t\his-l P Y .state of r hods
to fabricate éc?gsﬁéégggteg?g%ﬁ%¥§gkn%%k%?olﬁ%h@ﬁ%& %ggafﬁ%%%ngé%FggkRapid
Ther mal AnneabifngnqiRTy) chetrges khownuchatlewer etheot ©iet kicwitlidatiment i s
to reduce the.rgughness ef,.the silicon surface |ayer to achi eve snoot hing
thereof. It is also known fromdocunent FR-2 852 143 by the applicant, that
RTA treatment can hafe §HEF €36 oPfover 'dppilng &eril ®FRAps tiraricrg tofke

peripheral edgeqofirthe Hurdeethaxicdde hayethof thhekbdsssubst riaie, aamd vihat
this encapsul ation can prevent .chem cal, at.tack ggg.delanina i on_of %ge edge
r

of the buried®sxi-d8™1 ayer it i ngYa subSegdent et CSHES 't he
substrat e. Sai dgRFA trceatmehesEs thher eflomerramettinesl y wontecdledy duni niget he

finishing steps £S bstrate er, the applicant has found that
when t he acti@ed§%I?co%blgge§bisgcgﬁ§?£§%éblg t hi nned, the socall ed
A

"encapsul dli on" | ayér iis ealshetpaysr Fakihgthhe pés pHerdinedyeosdf thike

buried oxide, phecanes xdarrgadeand no-hangee fublicks iits pret eekivental e.
15 nanometres, if it is desired to use this type of SOI
substrate for the fabrication of components intended for
applications of ”“low power” or “memory” type.

15 The thinner the desired active silicon surface
layer, the more it is required to remove a substantial
quantity of material from the initial SOI substrate.

When it is desired to thin the active silicon
surface layer of the substrate, notably by etching, it

20 is ascertained that the edges of the wafers are fragile,
that they may break and form particles which are re-
deposited on said active layer, thereby polluting this
layer.

Also, with state of the art methods to fabricate

25 SOOI substrates, it 1s known to conduct treatment called
Rapid Thermal Annealing (RTA). It 1is known that the
effect of this treatment is to reduce the roughness of
the silicon surface layer to achieve smoothing thereof.

It is also known from document FR-2 852 143 by the

30 applicant, that RTA treatment can have the effect of
overlapping and encapsulating the peripheral edge of the
buried oxide layer of the S0I substrate, and that this
encapsulation can prevent chemical attack and
delamination of the edge of the buried oxide layer

35 during a subsequent treatment step of the substrate.



Appended figure 1 , showing the state of the art, illustrates an

encapsul ation |l ayer CE partly encapsul ating the edge of a substrate SO
whose actwoeosii2e@2en | ayer CA has a thickness of at | eagtTAPOwARINEL I eES.
This encapsul ation | ayer is consolidated by the onset of silicon bridges PT
generated during RTA treatnent . The perspective diagramin figure I A also
shows the bridges PT and the oxide | ayer OX which can be seen at certain
poi nts between the bridges PT. On the other hand, and as can be seen in
appended figure 2 which illustrates a test result obtained by the
applicant, if it iSaﬁduamA t@ebmmbheriEhkheﬁbéoaetkmetihbﬂgonob@mete@A of a

substrate SO g n_prQqc I by an etching
step, it is foﬁ%ghghgﬁ E§Eg?¥égésgg%b§reeegt ﬁ% g%%g? have
di sappeared. In thH@W@H@é, aﬁh%w %ﬂnkﬂqmé@t@@ﬁt f@uﬁde tivet endegsultaei on

llayer is stronghy,danaged o hé?e?'%%PD@@B@Q@eEQEl§h%%h%%FdPrOQMgt ssed for
et chi ng |nf|Itrates the interface between t buried oxi de I'ayer and t he

surface si P c6a11FHe éﬂ&@ﬂﬂ“%@ﬁ%%ﬂkw%%%ﬁ% Fl?tSﬁﬂ?éﬁﬁV%%rf?EF%g ofe

silicon, and skkiigaarbogeter ow theoxigecesRanks, baaymdikeakmdgeandnd
re- dep05|t on_th i er of the SO substrate. Therefore

E actlvg iﬁtﬁace Iaé af
substantial p8Fl atfdfi of "t he Substr REQFE*oBServel; nmaking it unfit for
subsequent use in épppodent ffighriecal i oshoAddict i dmal byatehe pothat iamg,

partlcles nayl§%ﬁggggtgge sq&{ace Ea%$§l§¥{o§“bsﬁfg;§rTh Cﬁers%%f%ﬁblled

in the art is therefore di ssuaded using etching to thin a
substrat e,l0whenrepsol anonIsding sadEe r af e ahadhfridertgontO RThpEeaEREAT S,

silicon layer CA  has a thickness of at least
100 nanometres. This encapsulation layer is consolidated
by the onset of silicon bridges PT generated during RTA
treatment.

15 The perspective diagram in figure 1A also shows the
bridges PT and the oxide layer OX which can be seen at
certain points between the bridges PT.

On the other hand, and as can be seen in appended
figure 2 which illustrates a test result obtained by the

20 applicant, if it is sought to further thin the active
silicon layer CA of a substrate SOI, using a thermal
oxidation process followed by an etching step, it 1is
found that the bridges PT are either broken or have
disappeared.

25 In this case, after said treatment, since the
encapsulation layer is strongly damaged or has
disappeared, the chemical product wused for etching
infiltrates the interface between the buried oxide layer
and the surface silicon. The edge of the substrate 1lifts

30 up and particles of silicon, and silicon together with
oxide remnants, may break up and re-deposit on the
active surface layer of the S0I substrate. Therefore
substantial pollution of the substrate is observed,
making it unfit for subsequent use in component

35 fabrication. Additionally, the polluting particles may

scratch the surface of the SOOI substrate.



The objective of the invention is to solve the above-cited drawbacks of the
prior art. One particular objective of the invention is to provide a nethod
al | owi ng wbi2orimgo2ef the active surface |ayer of an ini calepsabsssiag e of

SO type, whilst elimnating the particles generated by this thinning,

whet her or not this SO substrate has beep previously subjected to

encapsul ation treatnent and/or to rapid thermal annealing of RTA type. One

particul ar objective of the invention is to provide said nmethod with which

it is possible to obtain a SO substrate whose active silicon surface |ayer
has a thi ckness of Thess pgchan50 sianbhed r esnandhies ofrtsui tabl ehgualfiotry f or

t he subsequent,.fabri.cati f o] . For this purp , i ntion
concerns a nethlﬂllggefag%{ahitﬁ%ﬁs}l§?§§ng§%ﬁﬁl ulg orrehzabér%?g § %é:arlg?%d t he
"initial subswhaté&ercorpri sitlg assiifli combotirdad ayerd Si grdbugped bé&lween a
silicon carrier-gsyhstrate and a silicon surface |ayer. According to the

i nvention, this nethod conprises the foll ow ng successive steps, consisting

of conductiPng: - tRBEMEPLLXFERIT o ft r BRENEHt VTt 5 d liSni £PalsSubst tafe to

cause oxi dati epook-pattdotirsabecsikl beorhsupf-ace kayer, - a first cycle of
etching then cleaning, -4 sec nd cycl e of etcgiqgﬁ{hen cl eaning, the
etching of the firSECcyRde beiny p&rrP&Fed Sso s | y"Vo"Fébve T he®
t her mal oxi deplrayedef ar medhotioatthomisgi dhsnhicgnoguthacecltayer samdatce |i ft

off all the qugggle Eargﬁef£gf%£§§ Q%%%ﬁ%%”§@‘%fr“§¢fﬂ strgﬁﬁiskhe

etching of the second cyc el ng per forenmove fromthé s ace of
said thi nldd sdbsfipaténdt Hghe particles generated by this thinning,

whether or not this SOI substrate has been previously
subjected to encapsulation treatment and/or to rapid
thermal annealing of RTA type.

One particular objective of the invention is to

15 provide said method with which it is possible to obtain
a SOI substrate whose active silicon surface layer has a
thickness of less than 50 nanometres and is of suitable
quality for the subsequent fabrication of components.

For this purpose, the invention concerns a method

20 to thin a silicon-on-insulator substrate SOI called the
“initial substrate” comprising a silicon oxide layer
Si0, buried between a silicon carrier substrate and a
silicon surface layer.

According to the invention, this method comprises

25 the following successive steps, consisting of
conducting:

- thermal oxidation treatment of said initial
substrate to cause oxidation of part of said silicon
surface layer,

30 - a first cycle of etching then cleaning,

- a second cycle of etching then cleaning,

the etching of the first cycle being performed so
as fully to remove the thermal oxide layer formed, to
thin said silicon surface layer and to 1lift off all the

35 unstable parts from the edge of said initial substrate,

the etching of the second c¢ycle being performed to



polluting particles formed during said first etching cycle and which have
deposited thereupon, so as to obtain a so-called "final" silicon-on

i nsul at onsobstw@e@3SO whose thinned surface | ayer fornpcaEraemiosaos ayer
Accordi ng to ot her advantageous but non-limting characteristics of the
invention, take alone or in conbination :5- the initial SO substrate,
before said thermal oxidation treatnent, has undergone overl appi ng and
encapsul ation treatnent of the peripheral edge of said buried silicon oxide
| ayer Sig2 , wwth a so-called "encapsul ation” |ayer derived fromsaid
surface | ayer reandet Ifercoxidat | surfaeat pEntsaofd sah thiad t abssubsty atéel s

conducted so t se n d ral aps. i r over
its entire de%gﬁlgtggg g%%g?%é%urﬁéf %ﬁl d%%%%8X|S§9§ d%H#%;e%@Ck%égid
over | appi ng andcéacapsdl athorh t reatarederos icedduthedeuspng rapi dis héonal

anneal i ng, RTAL+xithhe 5heﬂﬁgﬂcé¥9é$at'Gﬁlhéﬁatnﬁﬁﬁl1ébﬁﬂ¥ﬂgucﬁ%@u§%t%r—
t enperature of between 800 OC and 1150 the different oxidation and

et chi ng st éps SHPEtEGHBuUCPEE s%h%§etotQ&ﬁ%ﬁ¢1e??qﬁ%995|qQXﬁﬁ1 FrLTs ulP&t or
substrate whosetseoe=cakked."extra-thin" active silicon |ayer has a thickness

f 50 | the different oxidat d_etching st duct ed
S0 a5 10 obtai n a FPRAFOSPI coh. G0t HeuP dTOF SHBGLT alb whOeh doTedired

"extra-thin" attirvetsiristons| agér blas ainheckihess ofalB3) remare | ess; in sai d
initial silicons:, Egn5@§gkator substrate SO conprises a silicon surface

| ayer mhose t hickness i's 400 nmor |ess;
- the initial SOI substrate, before said thermal

oxidation treatment, has undergone overlapping and
encapsulation treatment of the peripheral edge of said
buried silicon oxide layer Si0O,;, with a so-called
“encapsulation” layer derived from said surface layer,

15 and the oxidation treatment of said initial substrate is
conducted so as to cause oxidation of said lateral
encapsulation layer over its entire depth as far as said
buried silicon oxide S5i0, layer;

- said overlapping and encapsulation treatment is

20 conducted using rapid thermal annealing, RTA;

- the thermal oxidation treatment is conducted at a
temperature of between 800°C and 1150°C;

- the different oxidation and etching steps are
conducted so as to obtain a final silicon-on-insulator

25 substrate whose so-called “extra-thin” active silicon
layer has a thickness of 50 nm or less.

- the different oxidation and etching steps are
conducted so as to obtain a final silicon-on-insulator
substrate whose so-called “extra-thin” active silicon

30 layer has a thickness of 30 nm or less;

- said initial silicon-on-insulator substrate SOI
comprises a gilicon surface layer whose thickness is
400 nm or less;

- the etching of the first and/or second cycle is

35 performed using a pure hydrofluoric acid HF solution

diluted in water to a concentration of between 10% and



- the etching of the first and/or second cycle is perforned using a pure
hydrofl uoric acid HF solution diluted in water to a concentration of

bet ween MWoo2ani0f4sb y vol unme, at a tenperature of betweemr220008185d 30 0C
for a tine of between 30 seconds and 500 seconds; - the etching of the
first cycle is perfornmed using a pure hydgofluoric acid solution HF diluted
in water to a concentration of 10%b y volune, it is applied at a
tenperature of between 2 0 OC and 30 OC for a tine of between 100 s and 500
s, torenmove 100 nmof silicon oxide; - the cleaning of the first and/or
second cycl e bosperfoviedeh wti aeesiorgaitnreaber beﬂ:lweenl R 04 Cf ensit 3b&th of

sol ut i on” cont gl 99, a1 xtuLe, ol AMIBNLUM,Adr Xl deENHOH) . hydr ogen

per oxi de H2Q2 el oni zed thén i'h a Second sol ution
containing a mi xt uretbf Rydhoohl @ifl thacifd reHCEY clehydr ogen opaedx ivge nEH2O2)

and dei oni zed Wal,@E. 1 Q%ﬁfl%%%ma%&bﬁ%b%t%ﬁ advantages aof, L,Aecinyention
w Il becone apparent fromthe foll ow ng description given with reference to

t he appended éreﬁ/ﬁr}ﬁfsrl‘il?ﬁwrbhojfl A2ddPY i §R1EESHi gur edS1 2aid 12k Feady
descri bed andtdepkehi-ngephot opafwaisepyati omsd ursterc scf@mnl @g telnect pen

' f d Sa trate, d f
chemat1 & i | BEEFEEont B 4 na 80 Bubtr Gbe THM TG0 o1 GPeEo8 and 4

derive from obseédeati ons nade under scanning el ectron mcroscopy of the

surface of the sili cgﬂesgrlggﬁgnlga%%r tCH pé{m ﬁdﬁg S Qéﬁéat&cle 1s

respectively at an intermediate stage od con of m ng
i nvent i on 18ndrat foraeti Ral l§1tT1§Q§lng aﬁdwﬁltgﬁrr e§h§A i) 5Ffa|f§ts@ﬁéﬁlaplfcs

illustrating theudibher ephrat gPagOfat hei peiod confemPNGint OnkRg oxide
(NH;,OH), hydrogen peroxide H;0,) and deionized water,
then in a second bath of solution containing a mixture
of hydrochloric acid (HCl), hydrogen peroxide (H;0,) and
15 deionized water.

Other characteristics and advantages of the
invention will become apparent from the following
description given with reference to the appended
drawings in which, in addition to figures 1 and 2

20 already described and depicting photos of observations
under scanning electron microscopy of one edge of a SOI
substrate, and figure 1A which is a schematic
illustration of the SOI substrate in figure 1:

- figures 3 and 4 derive from observations made

25 under scanning electron microscopy of the surface of the
silicon surface layer of a thinned S0OI substrate
respectively at an intermediate stage of the method
conforming to the invention and at the final stage;

- and figures 5A to 5F are schematics illustrating

30 the different steps of the method conforming to the
invention.

The method according to the invention will now be
described.

Figure 5A illustrates a SOI substrate 1 comprising

35 a carrier substrate 2 in silicon, coated with a layer 3

of silicon oxide Si0O; and a surface layer 4 in silicon.



invention . The nethod according to the invention wll now be descri bed.
Figure S5A illustrates a SO substrate 1 conprising a carrier substrate 2 in
silicon, woavmdizpe26h a | ayer 3 of silicon oxide Siq2 andgcarpeshasacs ayer 4
in silicon.The oxide layer 3 is therefore buried between the two |ayers 2
and 4 . Preferably, the thickness of the silicon surface layer is 400 nm or
| ess. This SO substrate may have been obtained, for exanple, using a |ayer
transfer process using the follow ng chief steps: - creating a weakened
region in the thickness of a donor substrate, - form ng an oxide |ayer on
thi s donor sumhérabexkprbﬁpeabByjbefbherefeaéibgrﬁbé.wgﬂkenﬁd tiegi amp , or

0N 2, recel ver | SyBsLr ol e aDoRdLag Lhs dongr Subsirate and fecelgLop

substrat e, sal n-exa
transfer proc@ggfﬁ§etﬁ@YSWaﬁﬁcﬂﬂo(ﬂW-pﬁoé@§§ of which a descrlptlon can be

found in the work: o},3LIigon %Hé&%ﬁ@é OEnal}eCHQ%O%/een Mafiard @yt o FYkSI -
2nd Edltlon" by Jean Pierre Colin published by "Kl uwer Academnic

Publ i sher" ? p&GEEPE6, andS519 | PWGBe ﬁé@@éfﬁﬁatpéﬁﬁﬁﬁé t He 186t achfent
step, it is pessiblkenthathikayerepgansfer is acconpanied by the creation of
a substantially annul ar gerlphera shoul der _.around t he Eﬁa? rate that has

been formed. This shouFa&r ghal I"BERLEA eFH i ny  Hand '88°5r 8f eflence
10. Accordi ngdbooa bubstrembedi ment of the invention, the SO substrate 1

|s subjected to rapi d,thengel,pnpgaklng RIA. sondugted;al, A temperature of

bet ween
10 (preferably before creating the weakened region), or on

a receiver substrate,

- bonding the donor substrate and receiver
substrate,

- detaching along said weakened region.

15 An example of said transfer process is the SmartCut
® process of which a description can be found in the
work: "Silicon On Insulator Technology : Materials to
VLSI - 2" Edition" by Jean-Pierre Colinge, published by
"Kluwer Academic Publisher", pages 50 and 51.

20 It will be noted that during the detachment step,
it is possible that layer transfer is accompanied by the
creation of a substantially annular peripheral shoulder
around the substrate that has been formed. This shoulder
shall be called a “ring” and carries reference 10.

25 According to a first embodiment of the invention,
the SOI substrate 1 1s subjected to rapid thermal
annealing RTA, conducted at a temperature of between
1000°C and 1230°C, for a short time, generally less than
ten minutes, in a hydrogen and/or argon atmosphere. This

30 process is carried out in a suitable oven.

Preferably, it is conducted at a temperature in the
order of 1200°C, for a time of less than three minutes.

As can be seen in figure 5B, the effect of this RTA
treatment is to cause the overlapping and encapsulation

35 of the peripheral edge 30 of the buried oxide layer 3,



1000 0C and 1230 0C ,

a hydrogen and/or argon atnosphere. This process is carried out in a
sui t abl e woeno/Pe@Berably, it is conducted at a tenperatrurapeonoibaor der of
atinme of less than three mnutes. As can be seen in figure

5B, the effect of this RTAtreatnent is t9 cause the overl appi ng and

1200 oC, for

encapsul ati on of the peri pheral

| ateral |ayer

call ed an "encapsul ation"” |layer and referenced 40. It wl

for a short time, generally less than ten m nutes,

in

edge 30 of the buried oxide layer 3 ,by a

al so be noted that this encapsul ation treatnent can also be carried out by
| ong anneal i npy feorlexanpl elanpaeakicngedt det WweermdO0DO0aNd14250 GCd

a tinme of bet@%
encapsul ated su

rate 1 forns the initial SO substrate to which the

%gggngbau s and a few hours, instead of using RTA. This

for

thi nning method of IthevwihVention ilsc applict. tAstshdvisi nehicgmsalsCliorhi s
thi nni ng net h%@e%%ﬂi@h‘ts%énaafl'sBSE)egQ%&%Egoéb@atb'yoﬂo%beBnn%%'IQ‘rﬁ%t edqin a

hori zontal _oven (eqU|pnent mar ket

bet ween 808 0EXaHK@ fl?U”@@-lnﬂnéttﬁ@ﬁM%eqnéQﬁﬁl%n apg é&ﬁﬁhé%ed thdér

condi tions petAnkt idy hetheoOxi dabiantek tdiel | at eeal rencapsul astond! ayer 40
i.e. oxidation exteggkng over its entire depth as far as the peripheral

edge 30 of th&°BUF

oxide layer 3 . The oxidi zed encapsul ati on | ayer

carries reference munbeerndBpr'sul afkdogubkitsanxi di fatrmsn theeathnentl SOT

additional ly
surface I%%er

15
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30

35

Qg%sk$ﬁx%fﬁ%cgwﬁf oxiydl zing, the, up ? oRaLE ?Retﬁﬁv%h%l%%”
. 1'S OXI part carrles rererence
is applied.

As shown in figure 5C, this thinning method
comprises a first thermal oxidation step, conducted in a
horizontal oven (equipment marketed by TEL), over
temperature ranges of between 800°C and 1150°C.

This thermal oxidation is conducted under
conditions permitting full oxidation of the lateral
encapsulation layer 40 i.e. oxidation extending over its
entire depth as far as the peripheral edge 30 of the
buried oxide layer 3.

The oxidized encapsulation layer carries reference
number 40°'.

Also, this oxidization treatment additionally has
the effect of oxidizing the upper part of the silicon
surface layer 4. This oxidized part carries reference
41,

By continuing oxidization of the encapsulation
layer 40' as far as the buried oxide layer 3, it 1is
possible during subsequent steps completely to remove
and to expose the peripheral edge 30 of layer 3.

As illustrated in figure 5D, a first chemical etch
step is then carried out performed firstly to remove the
thermal oxide 41 and thereby thin the silicon surface
layer 4, and secondly to completely lift away all the
unstable parts of the edge of said substrate i.e. the

oxidized encapsulation layer 40'. The thinned surface

over tenperature ranges of



By continuing oxidization of the encapsul ation |ayer 40' as far as the
buried oxide layer 3, it is possible during subsequent steps conpletely to
renove amwloto10enepmse t he peri pheral edge 30 of |ayer 3 pchxpeédiomosiwat ed in
figure 5D, a first chem cal etch step is then carried out perfornmed firstly
to renove the thermal oxide 41 and thereby thin the silicon surface |ayer 4
, and secondly to conpletely Iift away all the unstable parts of the edge
of said substrate i.e. the oxidized encapsul ation |layer 40'. The thinned
surfacel ayer 4 carries reference 4'. The thinned SO substrate carries
reference 1 ' lakbri g m&h&ddﬁuﬂeﬁpdamméOM’ofTh@etBﬁhhednsgmr%a@ethayer 4 is

only conducte a r ihckness (layer 41), so that after the
renoval of thgg?¥a errgﬁeEgh Eihned | ayer 4 ' has the thickness it is

desired to obtain. IPeﬂ§bﬁ§?@%ilt@@tiﬂXﬂﬁ@tépn cdn theer et brecadapt foxiedat i on

paraneters takipg,i Njo Aaccont, t%%nﬁﬂb%b@l &Oé?kﬂ§5$x£ﬁuiqyekhﬁc%%% slshe
desired thickneSs of the thlnned layer 4 '. In one_particular appllcatlon

of the inventiléayed & s istiimte 3 t%ﬁn%ﬁ%eﬁaﬁ%ﬁ%é ?ﬁlﬁﬁéé aé¥FVe %l i con
| ayer 4 ' haStaetmhq&m%@s1@&di)4wnugsItﬁ@ (lextk@et i pel ayerediledeven of

30 nm or Iess he et ste rably. cond cted usin hydr of | yori c
aci d HF bat h. °Rofeter, %S%ﬁﬁn%ﬁgiﬁ%gbéncéPF ?a%sfhaggﬁBF%e %gpﬁong
acid such as suhﬁh&npu apadamQteexannﬂéJmPrehepabhycohydrdﬂkuodmdtaaﬂd HF

solution is U%ﬁ?c@%e@sCQﬂgefé§%# %Oéﬁ%i tg@ég%%QYT%gdﬁﬁ%s SO utlon is

preferably at a concentration une in water
appl i ed atlla teapeerdt degest 4Det ween 2 0 OC and 30 OC, preferably in the

region of 25C. Thi$n one particular application of the invention, a
SOI substrate is obtained whose thinned active silicon
layer 4' has a thickness of 50 nm or less (extra-thin
layer 47), even of 30 nm or less.

15 The etch step 1is preferably conducted using a
hydrofluoric acid HF bath. However, it could also be
carried out using another strong acid such as sulphuric
acid for example.

Preferably, hydrofluoric acid HF solution is used

20 at a concentration of 10% to 50% by volume in water,
preferably at a concentration of 10% by volume in water.
This solution is applied at a temperature of between
20°C and 30°C, preferably in the region of 25°C. This
treatment is conducted for a time of between 30 seconds

25 and 500 seconds, preferably between 100 seconds and
500 seconds, further preferably for 100 seconds.

Typically a hydrofluoric acid solution HF is used
at a concentration of 10% by volume in water, applied
for between 100 and 500 seconds at between 20°C and 30°C

30 to remove 100 nm of oxide.

The time spent in the HF Dbath is evidently
proportional to the thickness of the oxide generated by
the thermal oxidation treatment. This time is slightly
increased however, to ensure full removal of the oxide

35 according to the invention.



treatnment is conducted for a tine of between 30 seconds and 500 seconds,
preferably between 100 seconds and 500 seconds, further preferably for 100
seconds. wyphmal2koesa hydrofluoric acid solution HF i s upel/EpR018/055198
concentration of 10% by volunme in water, applied for between 100 and 500
seconds at between 2 0 OC and 30C to renmpye 100 nm of oxide. The tine spent
in the HF bath is evidently proportional to the thickness of the oxide
generated by the thermal oxidation treatnment. This time is slightly

i ncreased however, to ensure full renoval of the oxide according to the

i nvention. This fir§hietchibath bscholbamhd B sy éoﬂﬂbﬁéchEaniag §ﬁeatusing

treat ment knomegﬁqw g”%@ %%S % ﬂﬁ?ﬁioM eﬁ%é?? heMha %ES

successi vely mTersi i rate 1 n: -

preferably deinmﬁzefdr\ﬁé;t grreatsationeobat $it$ nod §cbaes@mVRhammal§fS$@q
(Standard O eapclghrwWaiebregrtains a mxture of ammoni um hydroxi de (NHAOH)
, hydrogen peroxide (H2Q2) and deionized water, then - a_third bath in a
sol ution kfown as "SE2" LESPANdRAANA 84n Py Sdhi cRIEOREAPRY aSRilRpdFedof
hydrochl oric aeikdr(HA ) |, hydrogen per oxi de (H2Q2) and dei oni zed wat er.

Preferably the SO bath is a at .a tenperature of. 70 OC for i,me of
3 minutes, whereas thd SQ(,QZC%%? kiagE Tppli ed afog U EARerUPE 6F° 3 %6 for a
time of 3 m nutésndaAflt €leihi s )clveammgecstepins tai sivbseeved thaniwmer ous

ggﬁéisf't gz ggn?ikgEEdiQOt(ﬁHgéH§i 14,680,300 SLLLEOR. OXh 48 )Pant ¢lg3havg been
water, then

- a third bath 1in a solution known as "3C2"
(Standard Clean 2) which contains a mixture of
hydrochloric acid (HCl), hydrogen peroxide (H;0;) and
deionized water.

15 Preferably the SCl bath is applied at a temperature
of 70°C for a time of 3 minutes, whereas the SC2 bath is
applied at a temperature of 30°C for a time of 3
minutes.

After this cleaning step, it 1is observed that

20 numerous ©particles consisting both of silicon and
silicon oxide particles have been deposited on the
surface of the thinned layer 4’. These particles carry
reference 5 in figure 5E.

An example of the surface of the top layer 4’ of a

25 SOI substrate obtained at this stage in the method of
the invention is illustrated in figure 3. The substrate
1" emerges from this step in a relatively soiled state,
even very soiled since the demolished bridges of the
lateral encapsulation layer 40 are deposited in the form

30 of particles or debris.

Next a second etch step 1s ©performed, also
preferably with hydrofluoric acid HF solution under the
conditions described above.

The effect of this second etch step is to lift away

35 the debris 5 which has accumulated on the surface of the
thinned SOI substrate 1°'.



surface of the thinned layer 4 ' . These particles carry reference 5 in
figure 5E . An exanple of the surface of the top layer 4 ' of a SO

subst r at ewvolvaimedsat this stage in the nethod of the i peempr2eow/05598
illustrated in figure 3 . The substrate 1 ' energes fromthis step in a
relatively soiled state, even very soil ed;since the denolished bridges of
the | ateral encapsulation |ayer 40 are deposited in the formof particles
or debris. Next a second etch step is perfornmed, also preferably with
hydrof l uoric acid HF sol ution under the conditions described above. The
effect of this secOhd etictststepeasitho Isitkto away theodebrdtsstb whegh ahas

accumil ated on Lhe syctace gt Lhe thhoged o, subsiratech ouhe fivst

cl eani ng step an §econd et are-successive y follow
after each other. Fiihally R@ﬂAclédman}ﬂq;(%ﬂr|@§Kt&@dsu@hta58dé§crB@ed

previously, tg.obtaiaqt fgﬁrefdlrzﬁjslzubswagstém icheustt 1,88 edsipsfguee 15F, in
which the silicon surface |ayer hi nned and w || subsequently form

the | ayer on &ﬁﬁ@ﬁtééﬁﬁénéﬁksf%ﬁ%g%o55e ﬂ&bﬁﬂEé#bdth@mSé%éﬁﬁPeS&F ehe
result obtai nedvyafter thi shcéhead agdstepli subkkdsktnatled fiolnf itgur @ a4er 1 N

which it can be ascertained that a | arge, quantit f polluting debris has
di sappear ed. RECHE&F%QC98p8n§838n8r$aFgaﬁg gﬁhgﬁ%8gﬁﬁgnt of tge i nventi on,
the initial substrahe ¢xhaplrot ofindehgoneecany tencapsuhati orfseep. tThe

oxi dati on treatment \Ls eigr§1§9egegksg_%ﬂleky §00a38 1 0. fopm Le ;gxi de

| ayer 41. The su seq ent e $ are identical to those déscribed for th
first embd@ meat. hﬁtﬁsmétm@ﬁ@d e or mlagIeo aure tiivend f oo liltitiigg

debris has disappeared.

According to a second variant of embodiment of the
invention, the initial substrate 1 has not undergone any
encapsulation step. The oxidation treatment is therefore

15 conducted solely so as to form the oxide layer 41. The
subsequent steps are identical to those described for
the first embodiment.

With the method conforming to the invention, it is
therefore possible, if RTA treatment has been used, to

20 maintain the beneficial smoothing effects of this
treatment. Additionally, by means of the first extended
etch step it is possible to break all the bridges or
weakened regions of the encapsulation layer, which is
most easy since the silicon oxide layer is very thin, so

25 that subsequently the second etch step does not have any
bridge to demolish and therefore does not generate any
more polluting particles or debris but allows these
particles to be lifted off the surface of the thinned
substrate.

30 This latter advantage also exists even 1if the
initial SOI substrate has not been subjected to any

previous encapsulation.



therefore possible, if RTA treatnent has been used, to maintain the
beneficial snmoothing effects of this treatnent. Additionally, by neans of
the firstwoxomndesdsetch step it is possible to break al lpcrthr2iwiosiges or
weakened regi ons of the encapsul ation |layer, which is nost easy since the
silicon oxide layer is very thin, so thatjsubsequently the second etch step
does not have any bridge to denolish and therefore does not generate any
nore polluting particles or debris but allows these particles to be lifted
off the surface of the thinned substrate . This latter advantage al so
exists even if the initial SO substrate ¢iasIM®t been subjected to any
previ ous encapsul ation. CLAIMS 1 . Method to thin a silicon-on-insul ator
substrate SO (1) called the "initial substrate" conprising a silicon oxide
| ayer Sig2 (3) buried between a silicon carrier substrate (2) and a silicon

surface layer (4),1this myhagd being chgﬁggtegizegqucggagnlEn%gqg&b§es t he
foll ow ng successi ve steps consisting_of conducting: - thermal oxidation

treat ment of §§P§tFﬁF?|aﬁ“@hbsf%htecéiﬂeﬁo ddifse o%PHE%?%n SHPFATR te41) of

sai d si ljl conI %Uﬁl}?@@@l&@y@r s(ﬁﬁcoln @xflldreStlaG_,h/)éGJ eslcra]j‘g QB@hb@%ﬂeF{e@e&k@@m ng, -
a second cycle of. etching then cleaning, t etchi.n e first cyc

et g conduct 8d ok ST IR {67 r GHEVE THE f of red" Pt it L bef de “CAEFee

thin said §|Iﬂegarsu@TacethayemeﬁﬁbdaﬂdeimglchﬁretteahhedhejunBMabletparts

of the edge of gaid iaitial pubsLiate Chhccthe gt chidig, of the.segond cyc e

bei ng conducted to renove fromt ace of sai ned substr te, the
conducting:

- thermal oxidation treatment of said initial
substrate (1) to cause oxidation of part (41) of said
10 silicon surface layer (4),
- a first cycle of etching then cleaning,
- a second cycle of etching then cleaning,
the etching of the first cycle being conducted so
as fully to remove the formed thermal oxide (41), to
15 thin said silicon surface layer (4) and to lift off all
the unstable parts of the edge of said initial substrate
(1), the etching of the second cycle being conducted to
remove from the surface of said thinned substrate, the
polluting particles (5) formed during said first etching
20 cycle and which have deposited thereupon, so as to
obtain a so-called “final” silicon-on-insulator SOI
substrate (1'), whose thinned surface layer (4') forms
an active layer.
2. Thinning method according to claim 1,
25 characterized in that the 1initial SOI substrate (1),
before said thermal oxidation treatment, has undergone
overlapping and encapsulation Lreatment of the
peripheral edge (30) of said buried silicon oxide S5iOQ;
layer (3), with a so-called “encapsulation” layer (40)
30 derived from said surface layer (4), and in that the
oxidation treatment of said initial substrate (1) 1is

conducted so as to cause oxidation of said lateral



polluting particles (5) forned during said first etching cycle and which
have deposited thereupon, so as to obtain a so-called "final"

si | i con- onoi2oeui2ai2er SO substrate (I 1) , whose thi nnedcsmrb@omsiiayer (4')
forns an active layer. 2 . Thinning nethod according to claim1l ,
characterized in that the initial SO subgstrate (1), before said therma

oxi dation treatnent, has undergone overl appi ng and encapsul ati on treat nent
of the peripheral edge (30) of said buried silicon oxide Siqg2 |ayer (3),
with a so-called "encapsul ation" |ayer (40) derived fromsaid surface |ayer
(4), and in tkatathelexidat ilagetr ddbnentreaf isai dniciirel depshbstr dbe @F) i s

conducted so as; g %ﬁggg EXEQQEBOQXEEES e Iﬁéf&glﬁgfapsulatlon | ayer (40)
uried si

over its entire as sai icon oxide Siqg2 |ayer (3) .
3 . Thinning nethoé accor ditngntinae | e phad opceordehdr ot erliazed 1 norhat sai d

over | appi ng aega@ae%@ﬂwlz@bl on theat gEAY Io%eciqra%%%d al% re%@a@shh%ﬁ;%h
anneal i ng RTA. Thi nni ng nmet hod accord %_to any of the_preceding
[

cl ai s, chéraé?@@F?@Btlﬁstﬁépdﬁﬁéeghéﬁnﬁﬁpé 8&?F8ﬁlt@€§?ﬁéﬁpgl§Téonducted
at a tenperature oft. betweemi8Q0iC arRAhbE50a0C0orddng Thbnmimg et hede

according to any of .the ecedi ng_cl ai characterized .in hat
di ff erent OXI8£¥F8%18ﬁd g@%h?ﬁg s?%%gagf%r%%ﬁ%ud?édaggnés % %4 i nal
silicon-on-i nsulidatriosubsteatecr{tdl’ )i swhosedsotedl laed éextewemwracmfve

silicon Iayerbgéwbega§0@ thigkness et 50 nmor less. 6 . Thinning nmethod
according to cla , Characterized in that the different oxidation and

et chi ng stléps are éonductéHU§UUd§It@QM@Q% nagcpirdandsi ke carvn-dinsdihgt or
substrate (I Llecewhose §P3¢abl &@haracterized in that the different

oxidation and etching steps are conducted so as to

obtain a final silicon-on-insulator substrate (1°) whose

so-called “extra-thin” active silicon layer (4') has a
15 thickness of 50 nm or less.

6. Thinning method according to c¢laim 5,
characterized in that the different oxidation and
etching steps are conducted so as to obtain a final
silicon-on—-insulator substrate (1'), whose so-called

20 “extra-thin” active silicon layer (4') has a thickness
of 30 nm or less.

7. Thinning method according to any of the
preceding claims, characterized in that said initial
silicon-on-insulator SOOI substrate (1) comprises a

25 silicon surface layer (4) having a thickness of 400 nm
or less.

8. Thinning method according to any of the
preceding claims, characterized in that the etching of
the first and/or second cycle is performed using a pure

30 hydrofluoric acid HF solution diluted in water to a
concentration of between 10% and 50% by wvolume, at a
temperature of between 20°C and 30°C for a time of
between 30 seconds and 500 seconds.

9. Thinning method according to c¢laim 8,

35 characterized in that the etching of the first cycle is

performed using a pure hydrofluoric acid HF solution



"extra-thin" active silicon layer (4') has a thickness of 30 nmor less. 7
Thi nni ng nmet hod according to any of the preceding clainms, characterized
in that swodoioni2ko2al silicon-on-insulator SO substrat epPCI)EPc@OPFIISES a
silicon surface |ayer (4) having a thickness of 400 nmor |less. 8 .
Thi nni ng nmet hod according to any of the pyeceding clains, characterized in
that the etching of the first and/or second cycle is perforned using a pure
hydrof luoric acid HF solution diluted in water to a concentration of
bet ween 10% and 50% by vol une, at a tenperature of between 2 0 0C and 30 0C
for a tinme of dhiétweenid0wseeands andobh@G@nsecands. oF 10“Ehib|ynivngumet,ha¢h
according to m. C cterized i e h cycle
is perforned gélglr%g g lusrte:ljapﬁ381 I%torl cpecﬁg]%ﬁsol {?l?l 2%| n vvaltaer to
a concentrati A °6f fm%@ y'lm@I @rfe bgtwedrat 1PP Bs a@@plﬁﬁéﬁ %,t éOté@p@N@t ure
of between 2 9,0C,and£3Q:0C-far Ogﬂgbman) bet ween 100 s and 500 s , to
remove 100 nm of silicon oxide (41) 10. Thi nni ng nmet hod accordi n% to any
of the preceding clinms, cHEMEETS i FedhioR tﬁéFOFﬁéngl ebfi mPof tthe Her st
and/ or secondpw@balhg @Qrafl(ﬁfsr}'ectkbar}édﬂ’@mrzfdd’lglﬂ ntl\!\@{t ethet heBahAng fifr st

Py ogen: per okfde (CREGR) "AHA Tl B Foc i r 1ot HoR- P ARG 6 Bgorir BACH Bt
sol uti on cont anniwagea , mtkteur e rofa hiydrochbarh coacsd1(HCb), chyderdgengper oxi de

(H2Q2) and dehﬁ@ké?g %%t%%monium hydroxide (NH4;0H), hydrogen peroxide

10  (H,;0,) and deionized water, then 1n a second bath of

solution containing a mixture of hydrochloric acid

(HC1l), hydrogen peroxide (H»0,) and deionized water.



