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Process for thinning the active silicon layer of a

substrate of “silicon on insulator” (SOI) type

FIELD OF THE INVENTION

The invention lies in the field of the manufacture of
substrates for applications in  the fields of

electronics, optics and/or optoelectronics.

The nregcant i on relates more naec
L0e presenc O rerates more specCl

process for thinning the active silicon layer of a
substrate intended for applications in the

aforementioned fields.

BACKGROUND OF THE INVENTION

among the aforementioned substrates, there is in
particular a substrate known under the acronym “SOI”
(which stands for “Silicon On Insulator”), in which an
insulator layer, generally an oxide layer, is inserted

and buried between a surface silicon active layer and a

support substrate.

=

The expression “Yactive laye
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denotes a layer of

emiconductor material (of silicon 1in the case of an
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501, in which and/or on which components for
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subsequently manufactured.

Such substrates are generally obtained by molecular
bonding of a donor substrate made of silicon to a
support substrate, one and/or the:  other of these two
substrates being covered, prior to the bonding, with an
insulator layer, then bby detachment of the active
silicon layer, from the donor substrate,‘ along a

weakened zone.

This weakened zone 1is, for example, obtained by

implantation of atomic species, for example acbording
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to the process known under the trademark Smart Cut™.

The SOI = substrates thus obtained ~are generally
subjected to finishing steps that aim to thin the

~thickness of - the active silicon layer which was

transferred to the support substrate.

Already known from the prior art is & thinning process
known under the name  “sacrificial oxidation/
deoxidation”, which consists. in carrying out a thermal

oxidation of the surface portion of said active silicon

“layer, so as to form a layer of silicon oxide (SiO;),

then 1in carrying out a deoxidation (removal) of this

sacrificed oxide layer.

This thermal oxidation 1is generally carried out by
subjecting the active silicon layer to a temperature
between 700°C and 1100°C for a duration of a few
minutes to a‘few hours, depending on the aesifed oxide
thickness, in a- conventional furnace for dry' or wet
oxidation. .

The thickness of the thermal silicon oxidev(SiOz) thus
formed is unfortunately not‘unifdrm. This uniformity is
also extremely difficult to control during the
sacrificial oxidation step itself.

Consequently, after the removal of this thermal oxide
layer (deoxidation), the residual thickness of the
active silicon layer is no longer uniform. There 1is
therefore a sizeable degradation of the active silicon
layer between its step of transfer to the support and
its finished state.

It would therefore be desirable to improve this

thinning process. \

This problem is faced even more during the production

of a substrate known under the acronym “FDSOI”, (which
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stands for “Fully Depleted Silicon On Insulator”), in
which the surface active silicon layer has a thickness
between 5 and 30 nanometres approximately, typiCally

between 5 and 12 nm.-

It is easily understood that a thickness irregularity
in an extremely thin layer may be particularly
problematic, since if the silicon layer obtained after

the oxidation/deoxidation step is too thin or too thick

at certain pnwh“kc] the clectrical operties of the

components which will be subsequently manufactured

thereon risk being greatly degraded.

This problem is also faced whether the FDSOI substrate
is of the type in which the thickness of the buried
oxide layer-is close to 150 nanometres or is of the
type in which the thickness of this layer is less than
or equal to 30 nanometres, as in the substrates known
under the acronym “FDSOI UTBOX”, (which stands for
“Fully Depleted Silicon On Insulator Ultra Thin Buried
Oxide™) . '

Among the electrical characteristics that may be

greatly affected by variations of the thickness of the

A Y VAl

active silicon layer, is the threshold voltage of FD-

SOI transistors, that is to say the voltage below which
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is said. to be “ON”. The sensiti#ity of the threshold
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voltage-to the thickness variations of the active layer

is of the order of 25 mV/nm.

‘The continuous miniaturization of transistors leads to

narrowing of the tolerance interval in which the
threshold voltage of all the transistors of a single
component must be found, and  therefore in reducing the
tolerated variations of the thickness of the active-

layer.

The objective of the invention is therefore to provide
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a process for thinning the surface layer of silicon of

“an SOI substrate, which makes it possible to obtain a

silicon layer that is thinned by a thickness that is as

uniform as p0531ble.

For this purpose, the invention relates to a process,
|
for thinning the active silicon layer of a “silicon on

insulator” (SOI) substrate, intended for applications

in the field of electronics, optics and/or
Antaalacrt rAanice and which ~Aamnmricec an incililatar 1oaver
UtJL.u\/.L\/\/LaJ—ULJ._L\/Q, CAlind ¥Wlld 11 AR PN IS Y [ Ny W CAlL P S A R I O R SR & B W WOV W vLu_Y\/_L

buried between said active silicon layer and a support,
this process comprising rat least one step of
sacrificial thinning' of said active silicon layer by
formation of a sacrificial silicon oxide layer by
sacrificial thermal oxidation and deoxidation of this

layer.

In accordance with the invention, this process also

comprises:

- a step of forming an oxide layer, referred to as a
' “complementary” ' oxide . layer, on said active
ilicon layer, using an oxidizing plasma, this

kne

S
compl
gy

D

mentar oxide layer having a thi
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Y, or substantially

r
mentary, to that of said sacrificial silicon

OX

the complementary oxide layer = and of the
sacrificial silicon oxide layer are constant, or
substantially constant, over the entire surface of
the treated substrate,

~ a step of deoxidation of this complementary oxide

layer,

so as to thin said active silicon layer by a
uniform thickness, at the end of all of these

steps.
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Owing to these features of the invention, the overall

.thinning obtained 1is uniform, since- - it combines the

removal of the non-uniform oxide layer formed during
the sacrificial oxidation with the removal of the
complementary oxide which compensates for the profile

of the sacrificial oxide 1layer.

According to other advantageous and non-limiting

features of the = invention, taken alone or in

- the step of forming the complementary oxide using
an oxidizing plasma 1s carried out in a reactive-
ion etching type reactor with Capacitive coupling
and adjustable magnétron effect, at a pressure of -
the order of 10 to 200 mTorr (i.e. from 1 to
30 Pa) of pure oxygen, for a duration of 10 to
90 s, with an RF power density between 0.3 and
3 W/cm?, |

- the formation of the sacrificial silicon oxide
layer 1is carried out by wet oxidation at. a
temperature between 750°C and 1200°C,

- the formation of the sacrificial silicon oxide
layer 1is carried out by dry oxidation at a

M amAl 19NN
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temperature between 750 C,

- the sacrificial silicon oxide layer has a
thickness that is larger in its central portion
and progressively smaller going towards its
annular periphery, and in that the Complementary
oxi@e layer is produced so as to have a thickness
that 1is smaller 'in its central portion and
pfogressively. larger going towards 1ts annular

periphery,

- the sacrificial silicon oxide layer has a

thickness that is smaller in its central portion
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and progressively larger going towards iﬁs annular
periphery, and in that the complementary oxide
layer is produced so as to have a thickness that
is larger in its central portion and progressively

smaller going towards its annular periphery,

a density gradient of the ionized species and/or
of the radicals of the oxidizing plasma is created
between the central portion and the annular
periphery of the substrate, by injecting less gas
into the portion where it is desired to obtain a
lesser thickness and progressivély more gas on
going towards the portion where it is desired to

obtain a larger thickness,

a density gradient of the lonized species and/or
of the radicals of the oxidizing plasma is creaﬁed
between the central portion and the annular
periphery "of the substrate, by defocusing these
ionized species and/or these radicals in the
portion where it 1is desired to obtain a lesser
thickness and by progressively concentrating the
latter on golng towards the portion where it is
desired to obtain a larger thickness, by virtue of

magnets surrounding the plasma chamber,

a densitv daoradient of the ionized species and/or
a gensitc Yy gracaient cr Th sp /

of the radicals of the oxidizing plasma is created
between the central portion and the annular
periphery of the substrate, by placing said
substrate on a base comprising several independent
heating zonés and by maintaining a temperature
that is lower in the portion where it is desired
to obtain a lesser thickness and that is gradually
higher on going towards the‘portidn where it 1is

desired to obtain a larger thickness,

a density gradient of the ionized species and/or

of the radicals of the oxidizing plasma is created
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between the central portion and the annular
periphery of the sﬁbstrate, . by placing the
substrate on an electrode composed‘of several sub-
electrodes that are powered independently of one
another and by powéring the‘sub—electrodés located
at the portion where it is. desired_ to obtain a
lesser thickness at a given power and by
progressively powering those located going towards
the portion where it is desired to obtain a larger

thickness, at a higher power,

the deoxidation of the sacrificial silicon oxide
layer and/or of the complementary oxide layer is
carried out by treatmentvvwith hydrofluoric acid
(HF) , \

the steps of forming the complementary oxide layer

and of removing the latter are carried out before

the sacrificial thinning step,

the steps of forming the complementary oxide layer
and of removing the latter are carried out after

the sacrificial thinning step,

the steps of forming the complementary oxide layer

and the sacrificial silicon oxide 1layer are

carried out before a sinagale  ste

n of a sacrificial
VVVVVVV Qurt perlcre a single- s p oL

deoxidation of these two layers,

the active silicon layer of the SOI substrate was
obtained by detachment along a weakened interface
formed in a “donor” substrate, and transfer to
said support, in that the process comprises two
Steps of smoothiﬁg by rapid thermal annealing
(RTA), and in that the sacrificial thinning step
is carried out between the first and the second
rapid thermal annealing (RTA) step, and the steps
of forming the complementary oxide layer and of

the deoxidation thereof are carried out after the
)
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second rapid thermal annealing (RTA) step,
- the rapid thermal annealing (RTA) xteatment
consists in subjecting said substrate to a

temperature between 950°C and 1350°C for 10 to 90

seconds approximately.

BRIEF DESCRIPTION OF THE DRAWINGS

Otlier features and adv

ac nf +he i nvantian w1
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the inven n 1
appear from the description which will now be given,
with  reference to the appended drawings, which
represent, by way of indication but non-limitingly,

various possiblé embodiments.
In these drawings:

- Figures 1A to 1C are diagrams representing the
various steps of thinning the active‘layer of an
SOT substrate Dby the sacrificial oxidation/
deoxidation technique in accordance with the prior
art, |

- Figures 2A to 2C

Ju £ ~ i 4

32 to 3D and 4A to 4D are

diagrams representing " the various steps,
respectively, of a first, second and thizrd
Pl S Tt ok o —~ = 4= 1 o~ T T Y TN O o AR P P (A
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with the invention, and
- Figures 5A to 5E are figures representing
measurement results obtained using an

ellipsometre.

DETAILED DESCRIPTION OF ONE EMBODIMENT

The process in accordance with the invention applies to
a “silicon on insulator” (S0I) substrate 1, such as

that represented, for example, in Figure 1A.
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It comprises an insulator layer 4, generally a layer of
silicon oxide (S1i0;), buried between a surface active

silicon layer 2 and a support substrate 3.

Figures 1B and 1C illustrate the thinning process in
accordance with the prior art, according to which a
sacrificial thermal oxidation of the surface silicon

layer 2 is carried out.
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It is a surface treatment which aims to create a thin
oxide layer 20 on the surface and in the upper portion
of the silicon layer 2, by exposing the substrate 1 to
an oxidizing agent at high temperature. The oxidation
of the silicon is thus generally carried out between
750°C and 1200°C. This layer is referred to as

“sacrificial silicon oxide layer 20”.

‘'This process may 1in particular use steam (it is then-

referred to as wet oxidation), or else dioxygen (it is
then referred to as dry oxidation). The corresponding

reactions are:

wn

i+ 2 H,O - Si0, + 2H; (wet oxidation)
( )

Wet oxidation is faster but allows an oxide having a
guality inferior to that obtained by dry oxidation to

be obtained.

The oxidizing gas may also contain a few percent of
hydrochloric acid (HCl) in order to eliminate the metal

ions that may be found therein.

The sacrificial silicon oxide layer 20 is formed both
by a consumption of the silicon of the layer 2 and by

the oxygen provided by the ambient gas. Thus, the
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sacrificial silicon oxide layer 20 increases Dboth
towards the inside of the substrate (numerical

reference 20a) and towards 'ﬁhe outside (numerical

reference 20b) of the substrate.

It is considered that approXimately 46% of the silicon
oxide layer 20 extends below the original surface 22
(also known as the front face of the substrate) and 54%

extends above. In other words, the portion 20b

mately to these

54

o\©

Depending on the desired thickness of the oxide layer
and the oxidation temperature, the oxidation time is

generally between a few minutes and a few hours.

The overall thickness of the formed sacrificial oxide
layer 1s generally between . 50 - and 500 nm, typically
between 100 and 300 nm.

The thermal oxidation of the silicon is often carried .
out wusing furnaces that comprise one or more tubes,
into which the substrates to be treated are charged.
For SOI substrates of large diaméter,ﬁthe oxidation is

more uniform since it is carried out 1in vertical tube

furnaces, in which the substrates are placed

horizontally, one underneath the other.

It 1is however observed that the thickness of the

sacrificial silicon oxide layer 20 1is not uniform over

the whole of the surface of the substrate 1.

Generally, and as 1s represented schematically in
Figure 1B, the fo:mation of the . oxide 1leads to a |

greater consumption of silicon in the central portion

-of the layer 2 and therefore the formation of a convex

silicon oxide layer 20 (which is thicker at its

centre).

Thus, by way of example, a sacrificial silicoh oxide



b
S

15

20

25

30

35

- 11 -

layer 20, the thickness of which in its central portion
is of the order of 50 nm, will have a thickness in its
peripheral annular portion of the order of 49;5 nm and
'such a layer, the thickness of which in its central
portion is of the order of 500 nm, will have a
thickness in its péripheral annular portion of the
order of 497 nm.

Such thickness variations may be observed for example

neino an a 1 a an ant i roal
using al c 1S all opLtllad

-

technique for surface characterization and analysis,
based on the change of state of polarization of light,

by reflection of light on the surface observed.

The removal of the sacrificial silicon oxide layer 20
or “sacrificial deoxidation” 1is an etching operation

generally carried out by wet etching.

in the case of the removal of a silicon oxide layer,.
the ageht ensuring the chemical etching is based on
hydrofluoric acid (HF) . Depending on the concentration
of the HF acid, the etchihg speed 1is typically of the
order of 6 nm per minute with hydrofluoric acid (HF) at

, \
a weight concentration of 1%, or 60 nm per minute with

hydrofluoric acid (HF) having a weight concentration of
10%.

Thus, by ﬁsing a solution of HF with the latter
concentration, by way of example, for an oxide having a
thickness close to 50 nm, the actuél deoxidation lasts
around 1 minute and for an‘oxide of 500 nm, it lasts

around 10 minutes.’

The step of wet etching of the oxide with hydrofluoric
acid (HF) 4is generally integrated into a cleaning
sequence carried out in a cleaning bench, known as “wet

bench”w

Such a cleaning step is for example carried out by
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immersing the substrate 1, in a bath of a cleaning
solution known under the terminology “SC-1”, which
stands for “Standard Cleaﬁing,l” and which contains a
mixture of ammonium hydroxide (NH40H) , . hydrogen
peroxide (H202) and water. The typical weight
concentrations of NH4OH and H;0, are respectively of the
order of 1 to 6% and 2 to 6%.

After -the removal vpf the sacrificial silicon oxide
layer 20, the thickness of which is not uniform, a
thinned silicon surface. layer 21 is obtained that is
fhinnervat its centre than at its edgés, that is to say
of concave shape, as can be seen in Figure 1C. The

substrate thus obtained bears the reference 1'.

It Will be ‘noted that under certain conditions, it is

also possible to obtain the reverse, that is to say a
sacrificial = oxide layer that 1s thicker at its
periphery than at its centre (i.e. <concave) and
therefore conversely' a convex thinned silicon layer.
However, this case  is much less frequent than the

previous one.

Among the parameters capable of resulting in a thicker

oxidation at the centre, or conversely at the edge, are

for example the partial pressure and the flow rate of

the wvaricus gases .injected dur the oxidation, the

(0]

possible temperature ramp during the oxidation (the
cause of a possible temperature gradient between the

edge and the centre of the wafers).

The thinning prdcess in accordance with the invention
makes it possible to overcome these drawbacks. A first
embodiment thereof will now be described with reference
to Figures 2A to 2C. )

This thinning process applies to an SOI substrate 1,

such as that represented in Figure 1A and comprises a

| step of sacrificial oxidation then a step of
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sacrificial deo$idation which are identical tq..those
described in connectioh'with Figures 1B and 1C. These
steps will not therefore be described again for the
purposes of simplification. '

The procesé in accordance with the invention continues
on the thinned SOI substrate 1’, (it will be noted that
Figures 1C and 2A are identical).

‘This thinned substrate 1’ is subjected to a step of

- forming a “complementary” oxide layer 5.

The term “complementary” denotes . a layer whose

thickness profile complements. that of the sacrificial

"silicon oxide layer 20 formed previously, so that the

sum of the thicknesses of the complementary oxide layer
5 and of the sacrificial oxide layer 20 over the entire
surface of the treated substrate (referenced 1 then 17)
is constant or subStantially constant. In other words,
the thickness of the complementary oxide layér‘ 5 1is

smaller at the locations where the sacrificial oxide

.layer 20 is thicker, and vice versa, so as to

compehsate for the thickness non-uniformity of said

sacrificial oxide layer 20.

Thus, in the example represented in Figure 2B, the
complementary oxide layer 5 is thinner at its centre

‘and gradually thicker going towards its annular

periphery.

As described previously for the sacrificial oxide layer
20, the complementary oxide ‘layer 5 increases both
towards the inside (numerical reference 5a) by -
consuming silicon and towards the outside (numerical
reference 5b) of the substrate. Following the example
of what‘is described for the complementary oxide 5, the
contributions Sa and 5b are both thicker at the annular

- periphery of the substrate than at its centre.
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The ©processing parameters for this complementary

oxidation are described below.

This complementary oxidation  1is carried out . by
subjecting the thinned silicon layer 21 of ' the

substrate 1’ to an oxidizing plasma.

This oxidizing plasma may be formed with the aid of

equipment used in the field of microelectronics, for

equipment, or else for carrying out dry’
S

“stripping” operations.

The substrate to be treated is placed on an electrode
(anode or cathode) inside the chamber of a plasma¥
generating reactor. A counter electrode (cathode or
anode) is also placed in the chamber in addition to a
(radio-frequency) power generatér. The reactive \gases
are introduced into the chamber. The application of an
electric discharge between the two electrodes leads to
the 1ionization of a portidn of the gas. The species
presenEb in this plasma, namely ionized and/or
electrically neutral atoms and/or moleéules, and

radicals the substrate.

Lallriealoy

by the type o )

operating pressure (atmospheric or low pressure), the
type of coupling between the power generator and the
chamber iﬁ which the plasma is generated (capacitive or
inductive), and the electrode on which the substrate to

be treated is placed (anode or cathode).

The oxidizing plasma makes it possible to generate a
very thin complementary silicon oxide layer, the
average thickness on the substrate is between 3 and

20 nm, typically between 5 and 10 nm.

In the case of equipment of the' aforementioned RIE
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type, for example, an exposure of the silicon surface
for around 30 seconds, to a pure oxygen plasma, makes
it possible to form 5 to 10 nm of silicon oxide (SiOﬂ
according to pressures typically Dbetween 10 and
200 mTorr, (i.e. approximately between 1 and 30 Pa) and

a power typically from 0.3 to 3 W/cm?.

Depending on the operating principle of the equipment
used, the growth of -the complementary oxide may be
governed by the ionized species physically bombarding
the surface of the treated layer (here the. silicon
layer 21) and/or the radicals chemically reacting with
this surface (e.g.: the positive ions that have

captured an electron before reacting chemically with

’the substrate).

For each of the plasma technologies available for
producing a-complementary thin oxide, there are one or
more parameters on which it is possible to act in order
to obtain an oxide having a thickness that can be
voluntarily larger‘atvthe edge than at the centre (or
vice versa 1f the silicon léyer 21 has a profile that

is thicker at the centre and thinner at the edge).

It is for example possible to create a density gradient
of ionized species and/or of radicals between the‘edge

TN MOore
A S -
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( ga
at the centre than at the edge or vice versa, or else
by concentrating or by defocusing these species owing
to an adjustable system of magnets surrounding the

'plasmé chamber (magnetron effect).

It is also possible to grow an oxide that is larger at

the edge than at the centre by maintaining a higher
temperature at the edge than at the centre, or vice
versa, owing to a base comprising several independent

heating zones.

It is also possible to place the substrate to be plasma
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oxidized on an .electrode composed of  several sub-
electrodes powered independently of one another, and by
powering the sub-electrodes of the edge with a greater
power than those of the centre, or vice versa, so as to

oxidize the edge more than the centre, or vice versa.

It will be noted that according to a simplified
embodiment variant of the invention, it .is chosen to
produce a complementary oxide layer 5, the thickness of
which will be overall thinner (or conversely- thicker)
at the «centre and gradually thicker (respectively
thinner) going towards its annular _periphery, but
without‘ carrying .out a., precise measurement of the
actual profile of the thinned silicon layer 21, such as
that . whiCh could be obtained for example by

ellipsometry.

However, according to an improved embodiment variant of
the invention, it would be possible to make a precise
plot of the - profiie (mapping) for example by
ellipsometry and to then refine the parameters for
adjusting the thickness of the complementary. oxide
layer as a function of the values of the thicknesses of
the thinned silicon layer 21 measured at various points
thereotf.

The removal of h
lne removadl OorL

[

0]
Q
@]

3

lementarvy ovide g a +han .
J—VlllvllvuJ—] N/ L do AN ~ ~2 oli i1

carried out, as represented in Figure 2C, so that an
SOI substrate 1’’ 1is obtained that has an even thinner
silicon layer, referenced 23 and the thickness of which
is constant or virtualiy constant ‘over the entire

surface of the substrate.

This removal of the complementary oxide 5 1is carried
out 1in the same manner as the  removal of the

sacrificial oxide 20, namely by deoxidation.

Reference will Dbe made regarding this subject to the

deoxidation techniques described previously.
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Since the complementary oxide 5 obtained by-plasma is
thinner, the deoxidation time and/or the concentration

of hydrofluoric acid (HF) may. be reduced in preportion.

Typically, in order to remove around © nm of ~

complementary oxide 5 using a 1% by volume solution of
hydrofluoric acid, ei deoxidation of the order of one
minute - is sufficient.

A second embodiment of the process in accordance with
the invention will now be described with reference to
Figures 3A to 3D. The elements identical to those
described in connection with the first embodiment bear
the same numerical references for the purposes‘ of
simplification and will not be described again in
detail.

This embodiment differs from the preceding one in that

the step of forming the complementary oxide 5 1is

‘carried. out before the formation of the sacrificial

silicon oxide layer 20 and not after.

The complementary oxide 5 is formed on the SOOI

substrate 1 by one of the aforementioned techniques, so
that the oxidized substrate represented in Figure 3A is

obtained.

This complementary oxide is formed by anticipating the

~thickness difference that the sacrificial silicon oxide

layer 20 will subsequently have. Thus, 1if it is known
that the technigque which will be used for the formation -
of the sacrificial oxide layer 20 . will result in a
layef being formed having a thickness that is larger in
the centre than at the edges, it will be anticipated by
forming a complementary oxide layer 5 haﬁing a
thicknees that 1is 1larger at the edges than at the-

centre. The reverse also applies.

The deoxidation of the complementary oxide layer 5 ‘is
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then carried out by one of the aforementioned
jeoxidation techniques and the substrate referenced 1’
ls obtained that has a thinned surface silicon'layer
21. In the example represented in Figure 3B, this
thinned layer 21 is thicker at its centre than at its

edges and has a convex shape. ‘

The next step, represented in Figure 3C, corresponds to
the formation of the sacrificiai oxide layer 20 and the
ure 3D, to the
that which was described for the first embodiment. The
SO0 substrate 177 is obtained, the silicon layer 23 of
which 1is even thinneﬁ than the layer 21; but above ail
the thickness ~of which is constant or virtually
constant over the entire surface of the substrate. The
thickness uniformity ‘of the SOI layer 23 ‘is thus
maintained, or even improved after the overall

finishing sequence.

A third embodiment of the invention is represented in
Figures 4A to 4D. It differs from the first and second
embodiments in that not only is the step of forming the

oxide 5 carried out before the formation

comp
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of the sacrificial silicon oxide layer 20, but also in
that these two steps are carried out successively,
~step of the
complementary oxide layer 5 and with a single common
deoxidation step of the complementary oxide layer 5 and
of the sacrificial oxide layer 20. At the end of these
two -oxidation steps and the deoxidation step, the final

SOI éubstrate 177 is obtained.

According to yet another variant, not represented. in
the figures, it 1is possible to proceed as in the third
empbodiment, but by reversing the steps represented in
Figures 4B and 4C, that is to say by firstly forming
the sacrificial oxide layer 20, then the complementary

oxide layer 5, before the overall deoxidation.
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The process in accordance with the invention finds a

. particular application in" the following process applied

to an SOI substrate obtained immediately after the
detachment from the rest of the Eilicon donor substrate

(i.e. obtained post-splitting).
This process comprises the following successive steps:

- a) first smoothing treatment of the surface of
the silicon oxide layer 2 by rapid thermal

annealing (RTA),

- b) formation of a sacrificial oxide layer then

sacrificial deoxidation,

- C) secohd smoothing treatment of the surface of
the thinned silicon oxide surface layer 21 by

rapid thermal'anﬁealing (RTA),

- d) formation of a new sacrificial oxide layer

then sacrificial deoxidatioﬁ,

T — a)Y formation of +he comn ]l ementary noxwide Taver
\4/ B —x 195 Gy DU S N A A NS oA L A \/\JllltJ-l—\zllell\‘uJ_ A/ LA -Lu_y\/.l_
followed by a deoxidation of this

complementary oxide.
Steps d) and e) may be inverted.

As a reminder, rapid thermal - annealing (RTA) 1is a
process which typically lasts from a few milliseconds
to a‘few seconds, or even one to two minutes. Unlike
conventional furnaces (cf. oxidation furhaces), the RTA
equipment enables the treatment of.a wafer both with
temperature increase and decrease ramps that are'very
rapid (typically 50°C/s to 500°C/s, or even 1000°C/s).

In the present case, the maximum temperature is between
950°C and 1350°C, typically of the order of 1200°C; the
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annealing time iév between 10 and - 90 seconds
approximately. The purpose of the RTA héreviS‘to cure
crystalline defects optionally present in the active
layer after the detachment carried out by implantation
of atomic species in accordance with the process known

under the trademark Smart Cut™.

EXAMPLE

The result of a test carried out with an SOI substr

=

-

subjected to the aforementioned process, including the
two RTA steps, will be given below with reference to

Figures 5A to 5E.

Following the second smcothing RTA step, and therefore
the first sacrificial oxidation/deoxidation step, a
substrate 1is obtainéd, the surface silicon layer of
which 1is represented in Figure 5A. The difference
between the zones of greater thickness and those of
iesser thickness of silicon is 0.71 nm. However, as can
be seen in the figure, there are significant thickness
disparities between the centre and the annular

periphery which is thicker.

After formation of the complementary oxide layer on the

silicon, the oxide layer represented in Figure 5B is
obtained, the silicon layer located below  bein

represented in Figure 5C. As can be seen in Figure 5B,
the oxide layer 1s thicker at the edge and its
thickness‘decreases fairly evenly towards the centre.
This complementary oxidation pfofile waé obtainedﬁ by
exposing the surface of the SOI to an oxygen-based
plasma for 30 s at a pressure of the order of 50 mTorr
and with a magnetron effect maximizing the oxidation at
the edge compared to(ﬁhe centre of the substrate.

Figure 5D 1illustrates the silicon consumed by the

complementary oxidation.

1g .
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Finally, Figure 5E shows the silicon obtained after the
deoxidation of the complementary oxide. The difference
between the zones of greéter thickness and those of
lesser thickness of silicon is no more than 0.55 nm.
There is therefore a Dbetter uniformity of the

thickness.
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CLAIMS

1. A method for thinning an active silicon layer of a
silicon-on-insulator (SOI) substrate having an insulator layer
buried between the active silicon layer and a support, the
method comprising:

forming a sacrificial silicon oxide layer by sacrificial
thermal oxidation of a portion of the active silicon layer;

forming a complementary oxide layer on the active silicon
layer using an oxidizing plasma, the complementary oxide layer
having a thickness profile at least substantially complementary
to a thickness profile of the sacrificial silicon oxide layer
such that a sum of the thicknesses of the complementary oxide
layer and the sacrificial silicon oxide layer are at least
substantially constant over the entire surface of the SOI
substrate; and

removing the sacrificial silicon oxide layer; and

removing the complementary oxide layer;

wherein the thinned active silicon layer has an at least
substantially uniform thickness after forming and removing each
of the sacrificial silicon oxide layer and the complementary

oxide layer.

2. The method of claim 1, wherein forming the complementary
oxide layer using the oxidizing plasma is carried out in a
reactive-ion etching reactor with capacitive coupling and
adjustable magnetron effect, at a pressure on the order of 10 to
200 mTorr (from 1 to 30 Pa) of pure oxygen, for a duration of 10

to 90 seconds, with an RF power density between 0.3 and 3 W/ cm?.
B The method of claim 1, wherein forming the sacrificial
silicon oxide layer is carried out by wet oxidation at a

temperature between 750°C. and 1200°C.

4. The method of claim 1, wherein forming the sacrificial
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silicon oxide layer is carried out by dry oxidation at a

temperature between 750°C. and 1200°C.

5. The method of claim 1, wherein the sacrificial silicon
oxide layer is relatively thicker in a central portion thereof
and progressively relatively thinner towards an annular
periphery thereof, and wherein the complementary oxide layer is
thinner in a central portion thereof and progressively

relatively thicker toward an annular periphery thereof.

6. The method of claim 5, further comprising creating a
density gradient of at least one of ionized species and radicals
of the oxidizing plasma between a central portion and an annular
periphery of the SOI substrate by injecting less gas into a
region where it is desired to obtain a lesser thickness of the
complementary oxide layer and progressively more gas toward a
region where it is desired to obtain a larger thickness of the

complementary oxide layer.

s The method of claim 5, further comprising creating a
density gradient of at least one of ionized species and radicals
of the oxidizing plasma between a central portion and an annular
periphery of the SOI substrate by defocusing the at least one of
the ionized species and the radicals in a region where it is
desired to obtain a lesser thickness of the complementary oxide
layer and by progressively concentrating the at least one of
ionized species and radicals toward a region where it is desired
to obtain a larger thickness of the complementary oxide layer

using magnets surrounding the plasma chamber.

8. The method of claim 5, further comprising creating a

density gradient of at least one of ionized species and radicals
of the oxidizing plasma between a central portion and an annular
periphery of the SOI substrate by placing the SOI substrate on a

base having two or more independent heating zones and
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maintaining a relatively lower temperature in a region where it
is desired to obtain a lesser thickness of the complementary
oxide layer and a relatively higher temperature in a region
where it is desired to obtain a larger thickness of the

complementary oxide layer.

9. The method of claim 5, further comprising creating a
density gradient of at least one of ionized species and radicals
of the oxidizing plasma between a central portion and an annular
periphery of the SOI substrate by placing the SOI substrate on
an electrode having two or more independently powered sub-
electrodes, and powering at least one of the sub-electrodes
located in a region where it is desired to obtain a lesser
thickness of the complementary oxide layer at a relatively lower
power and powering at least one of the sub-electrodes located in
a region where it is desired to obtain a larger thickness of the

complementary oxide layer at a relatively higher power.

10. The method of claim 1, wherein the sacrificial silicon
oxide layer is thinner in a central portion thereof and
progressively thicker toward an annular periphery thereof, and
wherein the complementary oxide layer is thicker in a central
portion thereof and progressively thinner toward an annular

periphery thereof.

11. The method of claim 1, wherein at least one of removing
the sacrificial silicon oxide layer and removing the
complementary oxide layer comprises treating with hydrofluoric

acid (HF).

12. The method of claim 1, wherein the forming of the
complementary oxide layer and the removing of the complementary
oxide layer are carried out prior to the forming of the
sacrificial silicon oxide layer and the removing of the

sacrificial silicon oxide layer.
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13. The method of claim 1, wherein the forming of the
sacrificial silicon oxide layer and the removing of the
sacrificial silicon oxide layer are carried out prior to the
forming of the complementary oxide layer and the removing of the

complementary oxide layer.

14. The method of claim 1, wherein the forming of the
sacrificial silicon oxide layer and the forming of the
complementary oxide layer are carried out prior to the removing
of the sacrificial silicon oxide layer and the removing of the

complementary oxide layer.

15. The method of claim 1, wherein the removing of the
sacrificial silicon oxide layer and the removing of the
complementary oxide layer are carried out in a single removal

process.

16. The method of claim 1, further comprising forming the SOI
substrate, forming the SOI substrate including transferring the
active silicon layer to the support from a donor substrate by
fracture of the donor substrate along a weakened interface
formed in the donor substrate, and wherein the method further
comprises smoothing a surface of the active silicon layer by
first and second rapid thermal annealing (RTA) treatments, and
wherein the forming of the sacrificial silicon oxide layer and
the removing of the sacrificial silicon oxide layer are carried
out between the first and the second RTA treatments, and wherein
the fainting of the complementary oxide layer and the removing
of the complementary oxide layer are carried out after the

second RTA treatment.

17. The method of claim 16, wherein each of the first and the
second RTA treatments comprises subjecting the SOI substrate to
a temperature between 950°C. and 1350°C. for approximately 10 to

90 seconds.



