METHOD TO THIN A SILICON-ON-INSULATOR 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 SOVOtra2a0gdmprises a silicon oxide Si02 5 layer, buried betweRGTEERTONTd Aer
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 fot applications in the areas of electronics,
optics, optoelectronics or 10 microelectronics. The present invention more specifically concerns a
method to thin an initial substrate of SOI type, making it possible to obtain a SOT 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 less, may lead to requiring the use of SOT substrates known to those
skilled in the art as "fully depleted” substrates. 2 In said substrates, the silicon surface layer forms
a so-called "depletion” layer in which the concentration of mobile charges is much lower than the
equilibrium concentration. 5The fabrication of a "fully depleted" transistor requires a reduction in the
thickness of the active silicon surface layer, which on this account must be equal to or less than 50
nanometres, preferably in the order of 10 to 30 nanometres. 10It is also to be noted that the thickness
of the buried oxide layer can also be reduced i.e. to less than 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. 15The thinner the desired active silicon surface

METHOD TO THIN A SILICON-ON-INSULATOR 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.



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
ascertainedW & 1898s of the wafers are fragile, that they may break anIbiER204005r88vhich are
redeposited on said active layer, thereby polluting this layer. Also, with state of the art methods to
fabricate 25 SOI substrates, it is known to conduct treatthent called Rapid Thermal Annealing (RTA). It
is 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 Qe gffegt of guerlapping and encapsulatingthe peripheral edge of the buried

oxide layer of the SOT substrate, and that this encapsulation can prevent chemical attack and
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order of 10 to 30 nanometres.

10 It is also to be noted that the thickness of the
buried oxide layer can also be reduced i.e. to less than
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 S0OI 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.



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 appli®em20ifoitlR263ught to further thin the active silicon layer CA of a RUBEP0&0DEH 9sing a
thermal oxidation process followed by an etching step, it is found that the bridges PT are either broken
or have disappeared. 25In this case, after said treatment, since the encapsulation layer is strongly
damaged or has disappeared, the chemical product used for etching infiltrates the interface between
the buried oxide layer and the surface silicon. The edge of the substrate lifts 30 up and patrticles of

silicon, and silicon together with.gxide remnants, may hreak upand redenositon the agtive syrface

layer of the SOI substrate. Therefore substantial pollution of the substrate is observed, making it unfit

for subsequent use4f tofpoent 38 Tabrdtion Ak Gitidharly, Ihe polittig farficles may scratch the
surface of the 501 substiateicter, Thehpersaprskillethin theast isfthensfors dissuadedrfrornhgsing

etching to thin a SQIsubstraie; whethen arat said substratedaghindergone-REA tregtiment, SThe
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10 encapsulating the edge of a substrate SOI whose active
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.



For this purpose, the invention concerns a method 20 to thin a silicon-on-insulator substrate SOT
called the "initial substrate" comprising a silicon oxide layer Si02 buried between a silicon carrier
substrate a8l B ®drface layer. According to the invention, this nREIRMIRHIMHIELES 25 the
following successive steps, consisting of conducting: thermal oxidation treatment of said initial
substrate to cause oxidation of part of said silicon surfade 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 lift off all the 35

unstable parts from the egge of said.ipjtial subsirate, the, gtchipg of the,second cygle being performed

to 5 remove from the surface of said thinned substrate, the polluting particles formed during said first

etching cycle and WHISHASVE depodited et @upoh©Bd a2 td-Gbtdifid'so?caf@d "fitaPSiiicohen
insulator- 5 substratee 80Trwhaose thimped sadace lagebformstan actizd layender @oeerdimyéo other
advantageous buthanslimiting characteristics of the invention, take alone or in combination:

5 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 method allowing thinning of the active surface
layer of an initial substrate of SOOI type, whilst

10 eliminating the 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



10- the initial SOT substrate, before said thermal oxidation treatment, has undergone overlapping and
encapsulation treatment of the peripheral edge of said buried silicon oxide layer Si02, with a so-called
"encapsulathr2paa®dved from said surface layer, 15 and the oxidation HeEFER3MIISENE 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 Si0O2 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 800C and 1150C; - the different oxidation and etching steps are

conducted so as to.obtajn afinalsilican-ansinsylator 25 substyate whose;sascallad "extra-thine active
silicon layer has a thickness of 50 nm or |less. - the different oxidation and etching steps are

conducted so as t8Bblaih HfhaPdiicorcdf s ligiorStbstrate Whose S calfed Extr& it Ative
silicon 30 layer hassecthickrrasd ofi30.nn ohkess; depsaid timitial Silicoreondnsulator susstrate 501

comprises a silicogisusfage layer whese thickness 1sc40Q nm or dess; ~ the-stching @& thesfirst-and/or
second cycle is 35 performed usi pure hydrofluoric acid HF splution diluted in water to a
concentration ?)f b%ﬁ/%éé%nr %‘% aré:(? 12 58%%%% vglﬁ%nner}%%a t%%rp%?gt%re%?%gﬁveg%Bé arid '30C for
a time of betweena3t-$&tonb3¥%R1d-500 seconds;

According to other advantageous but non-limiting
characteristics of the invention, take alone or in
combination:

10 - 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 cycle is performed using a pure hydrofluoric acid solution HF diluted in water to
5 a concentration of 10'25 by volume, it is applied at a temperature of between 20C and 30C for a time
of between WID29WAGBRY s, to remove 100 nm of silicon oxide; - the cleaniPgTOERRRLGHOSSHEI/or
second cycle is 10 performed by immersing in water, then in a first bath of solution containing a
mixture of ammonium hydroxide (N1-10H), hydrogen peroxide H202) and deionized water, then in a
second bath of solution containing a mixture of hydrochloric acid (HC1), hydrogen peroxide (H202)
and 15 deionized water. Other characteristics and advantages of the invention will become

apparent from theg@lio%lgg\q?lsgﬂgtlo%glvgn%%@%@Qgg Q F”%@EH%@?%@W&V'%%'%‘W'@“ in

addition to figures 1 and 2 20 alread! y described and depicting photos of observations under scanning

electron microscopy bf dn& Blige f 56V §Gbstrate S&HE figire™ LA which RSESO&Matic illustration of
the SOI substrate in figure Théigeresi3 and diderive ffom obsemations maderZs under scarming

electron microscopy gfithe surfaceraftbe silicon syrfase davesof @rthinned2Q1 sybgiaterespectively
at an interme%z:;lte stm&ﬁe of th ?hod con%f O{T@Fg othei r}Lventlon and at the fin all st%ge and

figures 5A to 5F are st emarflcs il us?ratlng 3 eren sltleps of%he meth6d Con ormlng t'the
invention.  ThelméRrrcactbrdingto Pretingemtior WilFnowise dedcfibedOFigute SAMustrafes a SOI
substrate 1 comprising 35ra canterssubsteates? (n sijiconp coadechbwith a dayetrs of siliconiaxide, Si02

and a surface layef 4-lIC[11 silicon. 7

- the cleaning of the first and/or second cycle is
10 performed by immersing in water, then in a first bath of
solution containing a mixture of ammonium hydroxide
(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.



The oxide layer 3 is therefore burled between the two layers 2 and 4. Preferably, the thickness of the
silicon surface layer is 400 nm or less. This SOT substrate may have been obtained, for 5
example, usivig 20184t@202dnsfer process using the following chief steps: PEIBERAM1 8/ 0AEQRened
region in the thickness of a donor substrate, forming an oxide layer on this donor substrate 10
(preferably before creating the weakened region), or on“a receiver substrate, bonding the
donorsubstrateand receiver substrate, detaching along said weakened region. 15An example of
said transfer process is the SmartCut 0 process of which a description can be found in the work:

“Silicon On Insulatgy Teghnojagy; ;Materials 1o VL §L+ 2% Editiqn’; by Jean:Rigue Colinge, pyplished
by "Kluwer Academic Publisher" Cga%es 50 and 51. 201t will be noted that durln%the detachment step,
o

: , h
it is possible that [A§&FFanstePR%AcEompanist BY the crelfiof bt &'StbStantially 3findhr pefifheral
shoulder around the shbsteatéaliatrhassbdén farmedr Thissshoulder shall be called a "ring" and carries

reference 10. 25 According @ a first embgadiment af thesipvention, the-8QI sybstiate-lis sybjected to
rapid thermal gmnealinngﬁ TA, conducted at a temggrat%re cr)lfst%et\éveen 1000C and 1230C, ftog a short
a

time, generally less th Iieeri minates in ghy&r%ﬁen and/for arg%n atr%ggﬁweesr%. THlSslﬁ?procegs is
carried out in a suftablesverd ChPrsferBhR Stis conducted at a temperature in the order of 1200C,
for a time of less than threegnsuwites,.g a As€arde-seendgfigure bB the effectahihissRTA tegatment
is to cause the ovg@q&q}n%%gtepgggz:‘,ulation 35 of the peripheral edge 30 of the buried oxide layer 3,
- forming an oxide layer on this donor substrate
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,



by a lateral layer called an "encapsulation” layer and referenced 40. It will also be noted that this
encapsulation treatment can also be carried out by long annealing, for 5 example annealing at
between 1003281122038 C, for a time of between 5 minutes and a few houPE TiFRHAG GBUHIng RTA.
This encapsulated substrate 1 forms the initial SOI substrate to which the thinning method of the
invention 10 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 800C and 1150C. 15 This thermal oxidation is conducted under conditions permitting full

oxidation of the lajeral engapsulatiomlayer,40... oxidatign extending quer its,entife, depth a3 far as the

peripheral edge 30 of the buried oxide layer 3. 20The oxidized encapsulation layer carries reference
number 40'.  AKS! Hi§ Bkidization treatment additionally has the effect of oxidizing the upper part of
the silicon surface layer 4.tThigiokidized part dzgries egfefencg125 41t h1sBy ¢ontpging oixidization of
the eTca?suIationﬂ@@ﬂ%@g faras thsl%urg_%rj] @glgg (}@@?:?J%t i@po?jg@ ’%Lgﬂl}ngaqqtg?gusagst%ps
completely to gemove and to expose. the peripheral edge yer 3. rated_in figure 5D, a
first chemical é?ches}igg%gﬁeﬁ %%?r?el 8§ pae%o?hr)ﬁet(}q wsﬂy t%%r@ngd\’/e ‘%ﬁleg thgérr\%ﬁrfl1 g(idefiff and
thereby thin the sifiéatesutface fyer A ad Becotdiy toecoinpletdl§ Hift Anayall the ahs@aBleParts of
the edge of said substrated®a the 35 oxidized encapsulation layer 40'. The thinned surface 9 layer 4

carries reference 4. Thefhinped 3O ssirals caies teference o, s It nofed 1@l pxigation of
the silicon surface layer 4 is only conducted over a certain thickness . .
substrate to which the thinning method of the invention

10 1is 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.

15 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.

20 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

25 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.

30 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

35 oxidized encapsulation layer 40'. The thinned surface



5 (layer 41), so that after the removal of this layer 41, the thinned layer 4' has the thickness it is
desired to obtain. Persons skilled in the art can therefore adapt oxidation parameters taking into
account theWizl1MigRM3ss of layer 4 and the desired thickness of the 10 tRah&®281E945198  In 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 4'), ev&n of 30 nm or less. 15The etch step is
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 10'25 t0, 50%hy, volume jn water. praferably;ata.concantratign of 10%

by volume in water. This solution is applied at a temperature of between 20C and 30C, preferably in
the region of 25C.CPHiS HeatmEAEETaRAudted for a time of between 30 seconds 25 and 500 seconds,
preferably between 100 séconds and 500 skednds: fukther preferablyifer 30 secondsur faPypically a

hydrofluoric acid spiyfion HE isjused,atia, copeertratianof 19%, by yolurae . water; @ppliedfor
between 100 nga%go secoqqa ;.t betw gg tZOCf%nd 3% e30 to remove 1 Otnhmi Sof ?dee. The time

spent in the H ¢ Bviden prso%or ional o the thic nesrsecI)UfothlglOX|O e generate?j%e)/rthé]thermal

oxidation treatmert ¥ hishirhd &5s|ight§ hctéaseathdvisy ek tbErsese fulltreirfovaPbefithe dxide 35
according to the innendion.. 18ersdhis fisstiatch dathnis followed by @dfirstcleaning stepadsing

treatment known %Qge& e[ gg\m% RCA Qgsglgrstttﬁait%ntlcgggistg gé 8H%CceSS£Yle<ely imec@gp the 501
substrate in: 5- a first bath of water, preferably deionized . .
thickness of layer 4 and the desired thickness of the

10 thinned layer 4°'.

In 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.



water, a second bath in a solution known as "SC1" (Standard Clean 1) which contains a mixture of
ammonium  hydroxide (NH40H), hydrogen peroxide (H202) and deionized 10 water, then a third
bath in a soN@oWIMBRRAS "SC2" (Standard Clean 2)which contains a mix®R€d/EPPRANOTHIRSric acid
(MC), hydrogen peroxide (H202) and deionized water. 15Preferably the SC1 bath is applied at a
temperature of 70C for a time of 3 minutes, whereas thé0SC2 bath is applied at a temperature of 30C
for a time of 3 minutes. After this cleaning step, it is 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 5fiprf'g_gyre QE-AN qg@.@pplg of thgfg)Lirj[%%gf thgjop layer 4 ot a 25

SO1 substrate obtained at this stage in the method of the invention is illustrated in figure 3. The

substrate 1' emer§es BT {RisSHER in's t13tivaly S6TEd Stald Ven VRRF SoiledSindd he teolished
bridges of the latefaliehcapsulatiorrlagemsd arecdepasited iv thesform<3G:ofvgdrticlesioe debrig.

Next a second etchrsiep i perderamed, @lsa preferably with hydrofluoric acid HF solution under the
conditions described above. £ .Th% efftgt%t ?%f this eco%g etch stegé%éorg%?yaygs the.debcrlls 5

. 1k¥s th . O e elonlize
which has accumulated on the surface ofthe thinded 501 substrate
water,

- a second bath in a solution known as "SC1"
(Standard Clean 1) which contains a mixture of ammonium
hydroxide (NH4OH), hydrogen peroxide (H;0;) and deionized

10 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°'.



11 The first cleaning step and second etch step are successive steps i.e. they follow after each
other. Finally RCA cleaning is carried out such as described previously, to obtain the final
substrate I' V2818223 figure 5F, in which the silicon surface layer 4' is tRGHER 210/ 4198
subsequently form the layer on which components are to be fabricated. An example of the result
obtained after this cleaning step is illustrated in figure 41in which it 10 can be ascertained that a large
guantity of polluting 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 splely $9 as to formthe pxideJayer 41 sThe-suhsequentSteps are identical to

those described for the first embodiment..  With the method conforming to the invention, it is

therefore possibleS FFEFR TreimEmtias Bedir us&§ Yo 20 mathidih the benehcii-&ifidothing effects of
this treatment. Additionaly, teylrhganf6fthe ditsteaxtendedietch staprit isdpossible teeak allthe
:Jridggs or Weake%tsg%@&ogﬁ%em@@@qh%ti%daée%tﬁm'&@h {%@ogi@pﬁsy Smstgfgs@lgomdoxmﬁ. )
ayer is very thin, s that subsequently the se etch step does not have. any bridge.to demolis
and therefore?joeéqn%f1 aiérr]‘g?ca?é% a(r%?1 m%#eq B5ﬁut%05n’paﬁl%levéthogr%lebﬁg%uts allﬁolV\?sOﬁ]egégﬁggrﬂth?es to be
lifted off the surfadegfthethinhedSubsitate. 0T hislattesadraaGE BlsH aGsts ebBA iflthESHitial SOI
substrate has not genisubjectethitsarynprevious encapsuladioni d2-CLAIMS

An example of the result obtained after this

cleaning step 1is illustrated in figure 4, in which it
10 can be ascertained that a large quantity of polluting
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.



1.Method to thin a silicon-on-insulator substrate SCI(1)called the "initial substrate” comprising a silicon
oxide layer Si02 (3) buried between a silicon carrier substrate (2) and a silicon surface 5 layer (4), this
method being characterized in that it comprises the following successive steps consisting of conducting:
- thermal oxidation treatment of said initial substrate (1) tp cause oxidation of part (41) of said 10 silicon
surface layer (4), - a first cycle of etching then applying a RCA treatment, - a second cycle of
etching then applying a RCA treatment, 15these RCA treatments consisting in successively immersing
said initial SOI substrate (1) ina first batch of water, then in a second bath of a solution containing a
mMﬂneofmnmomumrwdeMe(NH4OHLfwdmgenpe&&&@ﬁHZanmddemnuedwamnﬂ%minaZO
third bath of solution containing a mixture of hydrochloric acid (HC1), hydrogen peroxide (H202) and
deionized water, the etching of the first cycle being conducted so as fully to remove the formed

thermal oxide(41), to 25 thin said silicgnsisface {ayer @and tq lift off pil 1hs_Wistahle Rals pf the edge of

said initial substrate (1), the etching %Bjthe second %c!%(%einfaconducted to remove from the surface of

t
said thinned substraté e Pétitiing paticids ¢s) 16 uriffSaid A3l El@hng Substrate

comprising a silicon oxide layer Si0; (3) buried between
a silicon carrier substrate (2) and a silicon surface
5 Hlayer (4), this method being characterized in that it
comprises the following successive steps consisting of
conducting:
— thermal oxidation treatment of said initial
substrate (1) to cause oxidation of part (41) of said
10 silicon surface layer (4),
— a Tirst cycle of etching then applying a RCA

treatment,

— a second cycle of etching then applying a RCA
treatment,

15 these RCA treatments consisting 1in successively

immersing said initial SOl substrate (1) in a Tirst
batch of water, then in a second bath of a solution
containing a mixture of ammonium hydroxide (NH40H),
hydrogen peroxide (H202) and deionized water, then in a
20 third bath of solution containing a mixture of
hydrochloric acid (HCI), hydrogen peroxide (H20;) and
deionized water,
the etching of the first cycle being conducted so
as fully to remove the formed thermal oxide (41), to
25 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 Ffirst etching
30 cycle and which have deposited thereupon, so as to
obtain a so-called *“final” silicon-on—-insulator SOI
substrate (1"), whose thinned surface layer (47) forms
an active layer.



30 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. 13 2. Thinning method
according to claim 1, characterized in that the initial SOI substrate (1), before said thermal oxidation
treatment, has undergone overlappingandencapsuIationt{§atmentofthe 5 peripheral edge (30) of said
buried silicon oxide Si02 layer (3), with a so-called "encapsulation” layer (40) derived from said surface
layer (4), and in that the oxidation treatment of said initial substrate (1) is conducted so as to cause
oxidation of said lateral 10 encapsulation layer (40) over its entire depth as far as said buried silicon oxide

Si02 layer (3). 3. Thinnifig method ¥ty tBRIATL oReCeRdMeriZR inGhad Baid bverlapping
and encapsulation treciv@eackeecdaedctanbytizgtd theema rarbealinSRITAsub st riienind nethod

according to any of theafi@eedisgielaitse ehalacticRa vthatierthesngl okiglkation deajoesat is

conduc_ted ata tempe(gggﬁzé)grpﬁg%eenaqgoc %ﬁ%%qaﬁigﬂnningr@m%ccorgpg tqpay of the 20

preceding claims characterized in that the different oxidation and._etching steps are condugcted so as to

obtain a final silico%n-d?]e-ﬁkﬁﬁ%?lut? pﬁe%g(s%h%ﬁe%%'- aII%l('J“' %ia?t "%%finéflf%%n%dﬁ%r (4) has a

thickness of 50 nm orli@¥e 2363 ¥ hinkg matheer&cdkamhg tengairs sl akapicierltaein tkaPhe different

oxidation and etchingdepsade dontducted do as tFabtaird ayienal gHiYgon-andnsiatahstbstiage (1'), whose
so-called "extra-thin" geljyRglisAn Eyeathehas afhigdres PRiEf 30 Nyl desete Thinying gnethod
aCCOrdmgtoanyonh&onducted so as to cause oxidation of said lateral

10 encapsulation layer (40) over its entire depth as far as
said buried silicon oxide SiO;, layer (3).

3. Thinning method according to claim 1 or 2,
characterized in that said overlapping and encapsulation
treatment is conducted by rapid thermal annealing RTA.

15 4. Thinning method according to any of the
preceding claims, characterized in that the thermal
oxidation treatment is conducted at a temperature of
between 800°C and 1150°C.

5. Thinning method according to any of the

20 preceding claims 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 “extra—thin” active silicon layer (47) has a
thickness of 50 nm or less.

25 6. Thinning method according to claim 5,
characterized 1in 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 thickness

30 of 30 nm or less.

7. Thinning method according to any of the
preceding claims, characterized in that said initial
silicon-on—insulator SOl substrate (1) comprises a
silicon surface layer (4) having a thickness of 400 nm

35 or less.



preceding claims, characterized in that said initial silicon-on-insulator SOI substrate(1) comprises a silicon
surface layer (4) having a thickness of 400 nm 35 or less. 14 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 hydrofluoric acid HF solution diluted in water to a 4c:oncentration of between 10% and 50% by
volume, at a temperature of between 20C and 30C for a time of between 30 seconds and 500 seconds.
9. Thinning method according to claim 8, characterized in that the etching of the first cycle is 10
performed using a pure hydrofluoric acid HF solution diluted in water to a concentration of 10% by

volume, in that it is applied &-a tempdraliyalfG%efiFddP20eRa St %or ERim@df b&tlvedh900 s and
500 s, to remove 100precddilignabddegdl)characterized in that the etching of

the first and/or second cycle is performed using a pure
hydrofluoric acid HF solution diluted in water to a
5 concentration of between 10% and 50% by volume, 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 claim 8,
characterized in that the etching of the first cycle is
10 performed using a pure hydrofluoric acid HF solution
diluted in water to a concentration of 10% by volume, iIn
that 1t is applied at a temperature of between 20°C and
30°C for a time of between 100 s and 500 s, to remove
100 nm of silicon oxide (41).



