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Process for fabricating a semiconductor-on-insulator substrate:

FIELD OF THE INVENTION _

The present invention relates to the field of the fabrication of
semiconductor-on-insulator structures. '

BACKGROUND OF THE INVENTION

A known prior-art fabrication process, illustrated in Figures 1A and 1B,
is a process for fabricating a plurality of semiconductor-on-insulator
structures 20, said insulator being a layer 22 of silicon dioxide of thickness
smaller than 50 nm, said fabrication process comprising a step of heat
treating the plurality of structures 20" which heat treatment step is designed
to partially dissolve the silicon- d|0X|de layer 22.

In this regard, a person skilled in the art will f|nd a technical descnpt|on

- of the dissolution of a silicon-dioxide layer in the following articles by

Kononchuk: Kononchuck et al., Novel trends in SOI technology for CMOS

- applications, Solid state Phenomena, Vols 156-158 (2010) pp 69-76, and

Konochuck et al., lnternal Dlssolutlon of Buried Oxide in SOl Wafers, Solid
State Phenomena, Vols. 131-133 (2008) pp 113-118. ‘
Each structure 20 comprises a semiconductor layer 23 placed on the

silicon-dioxide layer 22, the semiconductor layer 23 having a free surface

The silicon-dioxide layer 22 rests on a carrier substrate 21.
The carrier substrate 21 has a free side S4.
The heat treatment is designed to partially dissolve the buried silicon-

dioxide layer 22. It is generally carried out in an oven 10 containing a

~ plurality of structures 20. As shown in Figure 2, the structures 20 intended to

be heat-treated are stacked in the oven 10 so that the free surface S1 of the
semiconductor layer 23 of each structure 20 faces the free side S4 of the

* carrier substrate 21 of the structure 20 above.
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A non-oxidising atmosphere is ensured by a flow of non-oxidising gas

injected into the oven via an inlet. 11 and pumped from the oven 10 via an

~outlet 12.

The main drawback of this heat treatment is that it degrades the
thickness uniformity of the silicon-dioxide layer 22 and of the semiconductor
layer 23, as illustrated in Figure 1B.

" This drawback is not observed in an oven 10 containing a single
structure 20. However, given the relatively long heat treatment times and for
economic reasons, it'is‘not envisageable from an industrial point of view to
carry out such a process in an oven 10 containing only a single structure 20.

As shown in Figure 1B, after the heat treatment, the thickness of the
silicon-dioxide layer 22 and the thickness of the semiconductor layer 23 are
greater at the centre of the structure 20 than at its edge. When the silicon-
di‘o>'<ide layer 22 and the serhiconductor layer 23 have a thicknéss greater
than 50 nm and 80 nm, respectively, any degradation in the thickness of said
layers does not pose a major problem '

However, certam applications require the- SI|ICOﬂ d|0X|de Iayer 22 to
have a thickness smaller than 50 nm, in order to aIIow,/for example, an
electrical voltage to be applied to devices produced in or on the
semiconductor layer 23. It is then necessary for the thickness of said silicon-
'dioxide layer 22 to be very precisely controlled. |

Moreover, fully depleted silicon-on-insulator (FDSOI) ‘structures are

“particularly advantageous for the production of electronic components such

as fully depleted metal oxide semiconductor (FDMOS) transistors, the
channels of which are formed in or on the semiconductbr layer 23.

Because of the extreme smallness of the thickness of the
semlconductor layer 23, the threshold voltage of the transistor (usually
denoted Vt), which depends on this thickness, is very sensitive to variations
in the thickness of the semiconductor layer 23. |

One aim of the invention is therefore to provide a process for fabricating

semiconductor-on-insulator  structures ‘allowing the thicknesses of the
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semiconductor and silicon-dioxide layers 23, 22 to be controlled with

precision.

SUMMARY

The present disclosure aims to completely or partially remedy the
aforementioned drawbacks, and relates to a process for fabricating a
plurality of semiconductor~on-insuiator structures, said insulator being a
layer of silicon dioxide of thickness smaller than 50 nm, said structures
comprising a semiconductor layer placed on the silicon-dioxide layer, said
process comprising a step of heat treating the plurality of structures, which
heat treatment step is designed to partially dissolve the silicon-dioxide
layer, said process being noteworthy in that the pressure of the non-
oxidising atmosphere is lower than 0.1 bar.

In one aspect, there is provided a fabrication process for fabricating
a plurality of semiconductor-on-insulator structures, comprising: providing
a plurality of semiconductor-on-insulator structures each including a carrier
substrate, a semiconductor layer, and an insulator layer between the
carrier substrate and the semiconductor layer, the insulator being a layer
of silicon dioxide having a thickness smaller than 50 nm; and after
providing the plurality of semiconductor-on-insulator structures, heat
treating the plurality of semiconductor-on-insulator structures and partially
dissalving the silicon dioxide layer of each of the semiconductor-on-
insulator structures in a non-oxidizing atmosphere so as to reduce the
thickness of the silicon dioxide layer of each of the semiconductor-on-
insulator structures, wherein a pressure of the non-oxidizing atmosphere is
lower than 0.1 bar.

The structures intended to be heat-treated are placed in an oven
containing a plurality of structures, so that one side of each structure faces
a side of another structure.

Thus, during the heat treatment, the silicon-dioxide layer partially
dissolves, part of the semiconductor fayer is consumed, and a
semiconductor monoxide is released. In the case of a semiconductor layer

made of silicon, silicon monoxide is released during the heat treatment.
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Furthermore, the rate at which the silicon-dioxide layer dissolves
depends on the concentration of semiconductor monoxide in the vicinity of
the free surface of the semiconductor layer.

The Applicant has observed that the arrangement of the structures
in the oven generates a nonuniform semiconductor-monoxide
concentration in the oven. Said concentration is higher at the centre of the
free surface of a semiconductor layer than at its edge. The dissolution
reaction is then slower at the centre of the structure than at its edge. The
nonuniformity in the semiconductor-monoxide concentration in turn leads
to nonuniformity in the thickness of the silicon-dioxide layer and in the

thickness of the semiconductor layer.
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Decreasing the pressure of the non-oxidising atmosphere in the oven to
a value lower than 0.1 bar allows the uniformity of the semiconductor-
monoxide concentration in the oven to be increased. ’Thé,: nonuniformity in

the thickness of the ’silicon-dioxidé layer and in the thickness of the
semiconductor layer is {hen decreased. |

Moreover, the dissolving heat treatment allows the surface roughness

of the semiconductor layer to be decreased. | _ ,

In one embodiment, the non—oxidisin'g atmosphere is an inert
atmosphere. |

The expression ‘inert atmosphere” ‘is understood to meén an
atmosphere that does not react chemically with the semiconductor layer.

Thus, the use of an inert atmosphere allows additional consumption of
the semiconductor layer to be prevented.

Moreover, an atmosphere that is not inert with respect to the
semiconductor layer could reveal or enlarge defects already present in the -
semiconductor layer. This is especially the case for a hydrogen-comprising
atmosphere and a semiconductor layer comprising at least one material
selected from the following group: silicon and germanium.

In another embodiment, the pressure of the atmosphere in the oven is
higher than 0.01 bar and preferably higher than 0.05 bar.

In another émbodiment, the semicdnductdr layer has a thickness
greater than 230 nm, preferably greater than 250 nm, and even more '
preferably greater than 280 nm. |

The choice of such a thickness for the semiconductor layer allows the
rate at which the silicon-dioxide layer dissolves to be slowed. This
embodiment is particularly advantageous when it is desired to control the

“thickness of the silicon-didxide layer to within 1 A.

Furthermore, the decrease in the dissolution reaction rate makes it

possible to considef longer heat treatment times and thus decrease the

surface roughness of the semiconductor layer.
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In another embodiment, the dissolving heat treatment is followed by a
step of thinning the semiconductor layer, for example a sacrificial oxidation
step. Said sacrificial oxidation comprises forming a thermal oxide layer by
thermally oxidising the semiconductor layer, and then removing the thermal
oxide layer in an etching step.

In another embodiment, the semiconductor iayer is made of silicon.

This embodiment is advantageous for producing silicon-on-insulator
substrates comprising a buried silicon-dioxide layer having a thickness
smaller than 50 nm.

In another embodiment, the non-oxidising atmosphere contains argon
and/or nitrogen.

In another embodiment, the non-oxidising atmosphere is controlled so
that it contains less than 1 ppm oxygen.

The small amount of oxygen in the atmosphere ofbthe oven allows
oxidation and roughening of the surface of the semiconductor layer to be
prevented. ‘ /

In another embodiment, the heat treatment is carried out at a
temperature between 900°C and 1350°C and preferably between 1150°C
and 1350°C. |

In anothef embodiment, the heat treatment is carried out for a time
between 10 mihutes and 8 hours and preferably between 10 minutes and 5
hours. ' | |

In another embodiment, the silicon-dioxide layer has a thickness

. smaller than 50 nm, preferably sméller than 25 nm, and even more

preferably smaller than 15 nm.

'BRIEF DESCRIPTION OF THE DRAWINGS -

Other features and advantages will become apparent from the following
description of embodiments of a fabrication proces’s according to the
invehtion, given by way of nonlimiting example and with reference to the

appended drawings in which:
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- Figures 1A and 1B are schematic representations of a structure
treated by a process for fabricating a semiconductor-on-insulator
structure according to known prior-art techniques;

- Figure 2 is a schematic representation of an oven intended for
carrying out a heat treatment for dissolving a buried silicon-dioxide
layer according to known prior-art techniques;

- Figures 3A and 3B are schematic representations of a structure
treated according to the invention;

- Figure 4A shows, for non-oxidising-atmosphere pressures of 1, 0.1
and 0.01 bar, plots of the semiconductor-monoxide concentration in
the vicinity of the free surface of the semiconductor layer along the
radius of the structure; and

- Figure 4B shows, for non-oxidising-atmosphere pressures of 1, 0.1
and 0.01 bar, the variation in the thickness of the silicon-dioxide layer

along the radius of the surface of the structure.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

In the various embodiments the same reference numbers have been
used for elements that are identical or have the same function in order to
simplify the description.

The fabrication process illustrated in Figures 3A and 3B is a process for
fabricating a plurality of semiconductor-on-insulator structures 200, said
insulator being a layer 202 of silicon dioxide of a thickness smaller than 50
nm, each structure 200 comprising a semiconductor layer 203 placed on the
silicon-dioxide layer 202, said process comprising a step of heat treating the
plurality of structures 200, which heat treatment step is designed to partially
dissolve the silicon-dioxide layer 202, the pressure of said non-oxidising
atmosphere being lower than 0.1 bar.

The silicon-dioxide layer 202 generally rests on a carrier substrate 201.

The carrier substrate 201 may be made of any material conventionally

used in the microelectronics, optics, optoelectronics and photovoltaic
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industries. In particular, the carrier substrate 201 comprises at least one
material selected from the following group: silicon, silicon carbide, silicon-
germanium, glass, a ceramic, and a metal alloy.

The semiconductor layer 203 comprises at least one material selected
from the following group: silicon, g'ermanium-, and a silicon-germanium alloy.

It is particularly advantageous for the semiconductor layer 203 to be
made of silicon. '

During the heat treatment of the semiconductor-on-insulator structures
200 varioué processes come into play:

- decomposition of the silicon dioxide at the interface S2 formed by said
silicon-dioxide layer 202 and the semiconductor layer 203 into atomic
oxygen O and silicon Si; ‘ B '

- diffusion of oxygen atoms O through the semiconductor layer 203;
and

- reaction of oxygen atoms O with the atoms of the free surféce S1 of
the semiconductor layer 203 to form a volatile semiconductor-
monoxide speéies. In the case where the semiconductor layer 203 is
made of silicon, the reaction of oxygen atoms O with the silicon
produces silicon monoxide SiO, which is volatile.

The semiconductor monoxide then affects the chemical equilibrium of
the dissolution of the silicon-dioxide layer 202.
However, the Applicant has observéd that the arrangement of the

‘plurality of semiconductor-on-insulator structures 200 in the heat treatment

oven limits evacuation of the semiconductor monoxide from the centre of
the surface of the semiconductor layer 203 relative to its edge.

Figure 4A shows, for non-oxidising-atmosphere pressures equal to 1,
0.1 and 0.01 bar, the semiconductor-monoxide concentration in the vicinity

of the free surface S’1 of the semiconductor layer 203 as a function of

- distance from the centre of said surfa(':e.S’1. The x-axis 0-corresponds to

the centre of the surface S'1, the distance is expressed in mm, and the

structure 200 in question has a diameter of 300 mm.
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Figure 4B shows, fqr non-oxidising-atmosphere pressures equal to 1,
0.1 and 0.01 bar, the thickness of the silicon-dioxide layer 202 as a function
of distance from the centre of the free surface S1. The x-axis 0 corresponds
to the centre of the surface S1, the distance is expréssed in .mm,‘ and the
sfructure 200 in question has a diameter of 300 mm.

When the pressure of the non-oxidising atmosphere is equal to 1 bar, a

_clear' semiconductor-monoxide-concentration difference is observed

between the centre and the edge of the free surface S1. As a result the
silicon-dioxide Iayer‘ 202 dissolves more rapidly at the edge of the
semiconductor-on-insulator structure 200 than at its centre, as shown in
Figure 3B. ‘

Decreasing the pressure of the non-oxidising atmosphere in the oven,
in the step of heat treating the silicon-on-insulator structures 200, to values
lower than 0.1 bar allows the semiconductor-monoxide-concentration
difference at the free surface S1 of the semiconductor layer 203 to be
decreased. It is thus possible to reduce the nonuniformity of the
semfconductor layer 203. |

It is. also advéntageous for the pressure of the non-oxidising
atmosphere in the oven to be kept above 0.01 bar and preferably above
0.05 bar. » ' ‘

Thé heat treatn\jent oven is, for example, a dissolution oven designed to
treat a plurality of sfructu‘res 200. The heat treatment ovén is for example a
QUIXACE® oven as sold by Kokusai. o

The heat treatment oven is designed to maintain a non-oxidising
atmosphere. ' )

Advantageously, dvuring the heat t’reétment step f the non-oxidising
atmosphere in the oven is controlled so that it contains less than 1 ppm
oxygen. o

It is also advantageous fdr the non-oxidising atmosphere in the oven to
be an inert atmosphere. An inert atmosphere is an atmosphere that does

not react chemicaliy with the semiconductor layer 203. Hydrogéh is not
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considered to be an inert atmosphere with respect to a semiconduCtor layer
203 compnsmg a material chosen from the following group silicon,
germanium, and a silicon-germanium alloy. A heat treatment in a hydrogen
atmosphere could reveal or enlarge defects in a semiconductor layer 203
comprising silicon, germanium or a silicon-germanium alloy.

It is particularly advantageous for thé non-oxidising atmosphere to
contain an element chosen from the following group: argon and nitrogen.

Advantageously, the heat treatment is carried out at a temperature
between 900°C and 1350°C and preferably between 1150°C and 1350°C.

Advantageously, the heat treatment is carried out at a 'temperature
above 1150°C.

The silicon-dioxide layer »202 has a thickness smaller than 50 nm,

| preferably smaller than 25 nm, and even more preferably smaller than 15

nm.

It is particularly advantageoué for the semiconductor layer 203 to have
a thickness greater than 230 nm, preferably greater than 250 nm, and even
more preferably greater than 280 nm.

Using semiconductor layers 203 of such thicknesses allows the rate of
dissolution of the siAIicon—dio_xide 'Iayer 202 during t‘he heat treatment to be
decreased and therefore the decrease in the thickness of the silicon-dioxide -
layer 202 to be controlled with greater precision.

Moreover, combination with a pressure lower than 0.1 .bar allows the
chemical equilibrium of the dissolutioh to be limited essentially by the
diffus'ion of oxygen atoms through the semiconductor layer 203 rather than
by thé diffusion of the semiconductor monoxide.

Example 1. | _ ,

A heat treatment according to the invention is carried out on silicon-on-
insulator structures 200 comprising a silicon-dioxide layer of 30 to 40 hm
thickness and a semiconductor layer made of silicon of 100 nm thickness. -

The heat treatment is carried out at a temperature of 1200°C for 5 to 10

min in a non-oxidising atmosphere comprising only argon or nitrogen. The
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heat treatment allows the thickness of the silicon-dioxide layer. to be
decreased to between 10 and 20 nm. | |

After the heat treatment, the structures 200 aré subjected to a ét’ep of
thinning the silicon layer, i.e. to an oxidation followed by an oxide removal,
in order to obtain a 12 nm-thick silicon layer. '

If the pressure of the non-oxidising atmosphere is equal to 1 bar during
the heat treatment, this results in a silicon-dioxide layer with ‘a thickness
nonuniformity of 3 nm and a silicon layer with a thickness nonuniformity of
1.5 nm. _ |

"Decreasing the pressure of the non-oxidising atmosphere to a pressure
below 0.1 bar allows the nonuniformity in the silicon-dioxide and silicon
layers to be decreased to values below 0.5 nm and 0.2 nm, respectively. |

Example 2: _

A heat treatment according to the invention is carried out on silicon-on-
insulator structures 200 comprising a silicon-dioxide layer of 30 to 40 nm
thickness and a semiconductor layer made of silicon of 300 nm thickness.

The heat treatment is carried out at a temperature of 1200°C for about
ten hours in a non-oxidising atmosphere comprising only argon or nitrogen.
The heat treatment allows the thickness of the silicon-dioxide layer to be
decreased to between 10 and 20 nm.

After the heat treatment, the structures 200 are subjected to a step of
thinning the silicon layer, i.e. to an oxidation followed by an oxide removal,
in order to obtain a 12 nm-thick silicon layer.

If the pressure of the non-oxidising atrriospher_é is equal to 1 bar during
the heat treatment, this results in a silicon-dioxide layer with a thickness
nonuniformity of 1 to 1.5 -nm and a silicon layer with a thickness
nonuniformity of 0.5 to 1 nm. o , ,

Decreasing the pressure of the non-oxidising atmosphere to a pressure
below 0.1 bar allows the nonuniformity in the silicon-dioxide and silicon

layers to be decreased to values below 0.13 nm and 0.07 nm, respectively.
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The process according to the invention therefore allows a
semiconductor-on-insulator structure 200 to be obtained, the silicon-dioxide
layer of which has a thickness controlled to within less than +/- 1 A and a
thickness nonuniformity smaller than 2 A.

In addition, the heat treatment allows the surface roughness of the
semiconductor layer to be decreased.

‘Thus, silicon-on-insulator structures 200 that are of excellent quality
and that are particularly suitable for electronic-component-fabrication

applications for which they are intended are obtained.
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CLAIMS

1. A fabrication process for fabricating a plurality of semiconductor-on-insulator
structures, comprising:

providing a plurality of semiconductor-on-insulator structures each including a carrier
substrate, a semiconductor layer, and an insulator layer between the carrier substrate and the
semiconductor layer, the insulator being a layer of silicon dioxide having a thickness smaller
than 50 nm; and

after providing the plurality of semiconductor-on-insulator structures, heat treating the
plurality of semiconductor-on-insulator structures and partially dissolving the silicon dioxide
layer of each of the semiconductor-on-insulator structures in a non-oxidizing atmosphere so as to
reduce the thickness of the silicon dioxide layer of each of the semiconductor-on-insulator

structures, wherein a pressure of the non-oxidizing atmosphere is lower than 0.1 bar.

2. The fabrication process according to Claim 1, wherein the non-oxidizing

atmosphere is an inert atmosphere.

3. The fabrication process according to Claim 2, wherein the non-oxidizing

atmosphere contains argon and/or nitrogen.

4. The fabrication process according to Claim 3, wherein the non-oxidizing

atmosphere is controlled so that it contains less than 1 ppm oxygen.

5. The fabrication process according to Claim 4, wherein the pressure of the

non-oxidizing atmosphere is higher than 0.01 bar.

6. The fabrication process according to Claim 5, wherein the semiconductor layer of
each of the semiconductor-on-insulator structures has a thickness greater than 230 nm prior to

heat treating the plurality of semiconductor-on-insulator structures.



7. The fabrication process according to Claim 6, wherein the semiconductor layer of

each of the semiconductor-on-insulator structures is made of silicon.

8. The fabrication process according to Claim 7, wherein the heat treating of the
plurality of semiconductor-on-insulator structures is carried out at a temperature between 900°C
and 1350°C.

9. The fabrication process according to Claim 8, wherein the heat treating of the
plurality of semiconductor-on-insulator structures is carried out for a time between 10 minutes

and 8 hours.

10.  The fabrication process according to Claim 9, wherein the thickness of the silicon
dioxide layer of each of the semiconductor-on-insulator structures is smaller than 25 nm prior to

heat treating the plurality of semiconductor-on-insulator structures.

11.  The fabrication process according to Claim 10, wherein the thickness of the
silicon dioxide layer of each of the semiconductor-on-insulator structures is smaller than 15 nm

prior to heat treating the plurality of semiconductor-on-insulator structures.

12. The fabrication process according to Claim 1, wherein the non-oxidizing

atmosphere is controlled so that it contains less than 1 ppm oxygen.

13.  The fabrication process according to Claim 1, wherein the pressure of the

non-oxidizing atmosphere is higher than 0.01 bar.

14.  The fabrication process according to Claim 1, wherein the semiconductor layer of
each of the semiconductor-on-insulator structures has a thickness greater than 230 nm prior to

heat treating the plurality of semiconductor-on-insulator structures.
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15.  The fabrication process according to Claim 14, wherein the semiconductor layer
of each of the semiconductor-on-insulator structures has a thickness greater than 250 nm prior to

heat treating the plurality of semiconductor-on-insulator structures.

16.  The fabrication process according to Claim 15, wherein the semiconductor layer
of each of the semiconductor-on-insulator structures has a thickness greater than 280 nm prior to

heat treating the plurality of semiconductor-on-insulator structures.

17.  The fabrication process according to Claim 1, wherein the semiconductor layer of

each of the semiconductor-on-insulator structures is made of silicon.

18.  The fabrication process according to Claim 1, wherein the heat treating of the
plurality of semiconductor-on-insulator structures is carried out at a temperature between 900°C

and 1350°C.

19.  The fabrication process according to Claim 1, wherein the heat treating of the
plurality of semiconductor-on-insulator structures is carried out for a time between 10 minutes

and 8 hours.

20.  The fabrication process according to Claim 1, further comprising controlling the
thickness of the silicon dioxide layer of each of the semiconductor-on-insulator structures to

within less than +/- 1 A and a non-uniformity smaller than 2 A.



