DESCRIPTION

METHOD FOR PRODUCING BONDED SOI WAFER

TECHNICAL FIELD
[0001]
The present invention relates to methods for

producing a bonded SOOI wafer.

BACKGROUND ART
[0002]

Due to the development of portable terminals,
Internet communication, and so forth, demand for the
amount of information and the communication speed of the
exchange of information by radio keeps on growing
without limit. In recent years, the technology for doing
miniaturization and integration by replacing a single
device fabricated by using, for example, a silicon on
sapphire (S0S) or GaAs substrate as a radio-frequency
device such as a radio frequency (RF) switch with a
device integrated on a Si substrate has been actively
adopted. In particular, the method for fabricating a
radio-frequency device by using a silicon on insulator
(SOI) wafer 1is rapidly penetrating the marketplace.
[0003]

A main performance item required of a radio-
frequency device is to suppress a second-order harmonic
and a third-order harmonic in order to prevent
communication crosstalk. To satisfy this requirement, a
substrate has to be an insulator. In an SOI wafer,
increasing the thickness of a buried oxide film (BOX
layer) is considered to be one method, but an oxide film

has low thermal conductivity, which undesirably makes it



impossible to remove heat which is generated when the
radio-frequency device is operated. For this reason, a
method using a Si substrate (a high resistivity
substrate) having high resistivity as a support
substrate (a base wafer) of an SOI wafer has been
conceived. This makes it possible to suppress electrical
conduction below the BOX layer and suppress harmonics of
the radio-~frequency device.

[0004]

In this case, in order to reduce the influence of
a reduction in resistivity caused by an oxygen donor to
maintain high resistivity of the high resistivity
substrate which is the base wafer, a low oxygen
substrate is used. The use of such a high resistivity
low oxygen substrate results in a Si crystal of high
purity with less boron or oxygen in Si, which ends up
causing a slip dislocation to be easily generated.
[0005]

On the other hand, in order to improve an
insulating property, an SOI wafer for a radio-frequency
device is required to have a thick (for example, 500 nm
or more) buried oxide film. In that case, in place of
normal bond oxidation (forming an oxide film on the bond
wafer’s side), base oxidation (forming an oxide film on
the base wafer’s side) is used. The reason therefor is
that, when a bonded SOI wafer is fabricated by using,
for example, an ion implantation delamination method,
high energy is needed to implant hydrogen on the bond
wafer’s side through a thick oxide film, and SOI film
thickness uniformity, an increase in the number of
particles, or the like becomes a problem. These are the
main reasons why a base oxidation process is used. In

doing so, long oxidation treatment is required because



of large oxide film thickness.
[0006]

In Patent Literature 1, as one of high resistivity
silicon wafers that maintain high resistivity even after
being subjected to heat treatment in a device production
process, the wafers whose mechanical strength and
gettering capability are high, a wafer doped with
nitrogen is described, and using the wafer doped with
nitrogen as a base wafer of an SOI wafer is described.
Moreover, in paragraph (0032) of Patent Literature 1, a
reduction in substrate resistivity of a wafer doped with
nitrogen due to the influence of an oxygen/nitrogen
donor (NO donor) is disclosed.

[0007]

On the other hand, in paragraph (0038) and FIG. 1
of Patent Literature 2, annihilation of NO donors as a
result of heat treatment being performed at 900°C or
higher is described. Moreover, in paragraph (0038) and
paragraph (0039) of Patent Literature 3, annihilation of
NO donors as a result of heat treatment being performed
at 900°C or higher, for example, 1000°C for 16 hours is

deécribed.
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DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0009]

As described above, in an SOI wafer for a radio-
frequency device, since a thick oxide film 1is formed to
improve an insulating property, long oxidation treatment
is required. Moreover, if the above heat treatment for
annihilating donors is performed to suppress resistivity
fluctuations, longer hours are spent, which undesirably
impairs production efficiency. Furthermore, as described
earlier, 1if a high resistivity low oxygen substrate is
used, a slip dislocation is easily generated.

[0010]

The present invention has been made in view of the
above problems and an object thereof is to provide a
method for producing a bonded SOI wafer, the method that
can efficiently perform donor annihilation for
suppression of fluctuations in resistivity while
suppressing generation of a slip dislocation in a base

wafer in an SOI wafer production process.

MEANS FOR SOLVING PROBLEM
[0011]

To attain the object, the present invention
provides a method for producing a bonded SOI wafer by
bonding a bond wafer and a base wafer, each being formed
of a silicon single crystal, together with a silicon
oxide film placed therebetween, comprising:

preparing, as the base wafer, a silicon single
crystal wafer whose resistivity is 100 Q-cm or more and
initial interstitial oxygen concentration is 10 ppma or

less:;

forming, on a front surface of the base wafer, a



silicon oxide film by performing, on the base wafer,
heat treatment in an oxidizing atmosphere at a
temperature of 700°C or higher and 1000°C or lower for 5
hours or more;

bonding the base wafer and the bond wafer together
with the silicon oxide film placed therebetween; and

thinning the bonded bond wafer to form an SOI
layer.

10012]

By doing so, since it is possible to perform heat
treatment for annihilating donors which doubles as long
oxidation heat treatment at the time of the formation of
a silicon oxide film on the base wafer front surface, it
is possible to produce efficiently a bonded SOI wafer
subjected to donor annihilation for suppressing
fluctuations in resistivity while suppressing generation
of a slip dislocation in a base wafer in an SOI wafer
production process (hereinafter also referred to simply
as an SOI process).

[0013]

At this time, it is preferable that, as the base
wafer, the silicon single crystal wafer whose nitrogen
concentration is 1 x 1013 to 1 x 10!% atoms/cm3 is used.
[0014]

By using a base wafer doped with nitrogen in such
a way that a concentration of nitrogen falls within such
a range, it is possible to suppress generation of a slip
dislocation in a device production process more reliably
while suppressing generation of a dislocation when a
silicon single crystal is being pulled upwardly.

[0015]
Moreover, at this time, it is preferable that, in

the forming the silicon oxide film, a thickness of the



silicon oxide film which is formed on the front surface
of the base wafer i1is 1 pm or more.
[0016]

If such a thick oxide film which is 1 pum or more
is formed for a buried oxide film (a BOX film), a slip
dislocation is easily generated in the existing method;
however, in the present invention, even when an oxide
film whose thickness is 1 pum or more is formed, it is
possible to suppress generation of a slip more

effectively.

EFFECT OF THE INVENTION
[0017]

With the method for producing a bonded SOI wafer
of the présent invention, it 1is possible to perform heat
treatment that annihilates donors, which doubles as long
oxidation heat treatment at the time of the formation of
a silicon oxide film on a base wafer front surface, and
efficiently produce a bonded SOI wafer subjected to
donor annihilation for suppressing fluctuations in
resistivity while suppressing generation of a slip

dislocation in a base wafer in an SOI process.

BRIEEF DESCRIPTION OF DRAWINGS
[0018]

FIG. 1 is a process diagram showing an example of
a method for producing a bonded SOI wafer of the present
invention; and

FIG. 2 is an explanatory diagram depicting an
example of processes of the method for producing a

bonded SOI wafer of the present invention.

BEST MODE (S) FOR CARRYING OUT THE INVENTION



[0019]

Hereinafter, an embodiment of the present
invention will be described, but the present invention
is not limited thereto.

As described earlier, if a high resistivity low
oxygen substrate 1s used, a slip dislocation is easily
generated, and long heat treatment for annihilating
donors is required to suppress fluctuations in
resistivity, which undesirably results in low production
efficiency.

[0020]

Thus, the inventors of the present invention have
conducted intensive studies to solve such a problem. As
a result, the inventors of the present invention have
found performing, on a base wafer, heat treatment at a
temperature of 700°C or higher and 1000°C or lower for 5
hours or more in an oxidizing atmosphere in a process of
forming a silicon oxide film on a base wafer front
surface at the time of production of a bonded SOOI wafer.
The inventors of the present invention have found that
this makes it possible to perform heat treatment that
annihilates donors, which doubles as long oxidation heat
treatment at the time of the formation of a silicon
oxide film on a base wafer front surface, and
efficiently produce a bonded SOI wafer subjected to
donor annihilation for suppressing fluctuations in
resistivity while suppressing generation of a slip
dislocation in a base wafer in an SOI process. Then, the
inventors of the present invention have closely examined
the best mode for carrying out these processing and
completed the present invention.

[0021]

Hereinafter, a method for producing a bonded SOI



watfer of the present invention will be described with
reference to FIGS. 1 and 2 showing an example of
processes. Moreover, as the method for producing a
bonded SOI wafer, a production method using an ion
implantation delamination method will be taken up as an
example, but the present invention is not limited
thereto.

[0022]

First, as depicted in FIG. 2, as a base wafer 1, a
silicon single crystal wafer whose resistivity is 100
Q.cm or more and initial interstitial oxygen
concentration is 10 ppma or less is prepared (SP1 of
FIGS. 1 and 2). '

[0023]

The base wafer 1 can be formed as a silicon single
crystal wafer grown by the Czochralski method (the CZ
method) and cut out from a silicon single crystal ingot,
for example.

[0024]

The resistivity of the base wafer 1 only has to be
100 Q-cm or more and, more preferably, a silicon single
crystal wafer whose resistivity is 1000 Q-cm or more can
be used. Depending on the requirement of second-order
harmonic characteristics, a resistivity of 3000 Q:cm or

more or a resistivity of 7500 Q.cm or more is designated

in scme cases.
[0025]

Moreover, a target value of the oxygen
concentration of the base wafer 1 is set at 10 ppma or
less (ASTM’'79) to prevent a change in resistivity caused
by oxygen donors. Since it is difficult to fabricate a
silicon single crystal whose oxygen concentration is

lower than 1 ppma by the Czochralski method, it is



preferable to set the oxygen concentration at 1 ppma or
more.
[0026]

In doing so, it is preferable that the base wafer
1 is a base wafer doped with nitrogen when a silicon
single crystal is pulled upwardly. Also when a silicon
single crystal is pulled upwardly in a common manner,
the silicon single crystal 1s sometimes pulled upwardly
in such a way as to achieve high resistivity and low
oxygen; however, in this case, usually, nitrogen doping
is not performed. If the base wafer 1 is a base wafer
doped with nitrogen, it is possible to suppress
generation of a slip in base oxidation heat treatment,
bonding stabilization heat treatment, surface roughness
improvement heat treatment, and film thickness
adjustment heat treatment, which will be described later.
[0027]

It is preferable to set a target value of a
nitrogen concentration at a nitrogen content of 1 x 1013
to 1 x 101% atoms/cm?®. In particular, 8 x 10!3 atoms/cm3
or more 1s more preferable. If a nitrogen concentration
is 1 x 10'® atoms/cm?® or more, it is possible to obtain
more reliably the effect of improving a slip-resistant
property achieved by nitrogen doping. It is possible to
suppress more effectively generation of a slip in an SOI
process and, in addition thereto, in a device process.
Moreover, 1f a nitrogen concentration is 1 x 101°
atoms/cm?® or less, it is possible to suppress, for
example, generation of a dislocation due to excessive
precipitation when a silicon single crystal is being
pulled upwardly and prevent degradation of the
crystallinity of a silicon single crystal more reliably.

[0028]



Furthermore, as a bond wafer 3, a silicon single
crystal wafer is prepared.
[0029]

Next, by performing heat treatment on the base
wafer 1 in an oxidizing atmosphere at a temperature of
700°C or higher and 1000°C or lower for 5 hours or more,
a silicon oxide film 2 is formed on the front surface of
the base wafer 1 (SP2).

[0030]

As described above, by making the temperature at
which the silicon oxide film 2 is formed on the front
surface of the base wafer 1 lower than that of the
existing example, even when heat treatment (for example,
bonding stabilization heat treatment, surface roughness
improvement heat treatment, and film thickness
adjustment heat treatment) in the subsequent SOI wafer
production process is performed at high temperatures, it
is possible to suppress generation of a slip dislocation.
Moreover, also in a case in which the base wafer 1 doped
with nitrogen is used, the oxidation time 1s made longer
due to a lowered oxidation temperature, which also makes
it possible to suppress generation of NO donors
associated with nitrogen doping at the same time.

[0031]

For instance, when an oxide film for a BOX film
having a thickness of 1 um or more is formed on the base
wafer front surface, oxidation is usually performed at a
temperature exceeding 1000°C in order to enhance
productivity. However, at a temperature exceeding 1000°C,
a slip dislocation is more easily generated by heat
treatment in the SOI wafer production process and, in
addition thereto, by heat treatment in a device

production process.
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[0032]

In the present invention, since base oxidation is
performed at a low base oxidation temperature which is
lower than or equal to 1000°C, even in such a case where
a BOX film thickness is 1 um or more (that is, the
thickness of an oxide film which is formed on the base
wafer front surface is 1 um or more) in which a slip
dislocation 1s easily generated in the existing method,
it is possible to suppress generation of a slip
dislocation effectively.

[0033]

On the other hand, i1f an oxidation temperature at
which the silicon oxide film 2 is formed on the front
surface of the base wafer 1 is lower than 700°C, this is
not efficient because extremely long heat treatment is
required to obtain a relatively large oxide film
thickness required for an SOI wafer for a radio-
frequency device.

[0034]

Moreover, in the present invention, since the base
oxidation time is 5 hours or more, it is possible to
annihilate donors sufficiently. On the other hand, if
the base oxidation time is less than 5 hours,
annihilation of donors becomes insufficient, which
results in a change in resistivity. Therefore, with the
present invention, it 1s possible to suppress
resistivity fluctuations caused by the influence of
donors.

[0035]

On the other hand, the bond wafer 3 to be bonded
can be formed as the bond wafer 3 having an ion
implanted layer 4 by performing ion implantation thereon.

As ionic species of ion implantation, there are hydrogen

11



ions and helium ions. The ion implantation conditions
such as a dose amount and an acceleration voltage can be
appropriately determined based on a required thickness
of a final SOI layer, an SOI film thickness processing
stock removal thickness in the SOI production process,
and the like.

[0036]

Next, the base wafer 1 and the bond wafer 3 are
bonded together with the silicon oxide film 2 placed
therebetween (SP3).

[0037]

Next, the bond wafer 3 bonded to the base wafer 1
is thinned, whereby an S0I layer 5 is formed (SP4).
[0038]

At this time, by performing heat treatment at
about 500°C on the wafers bonded together, it is
possible to delaminate the bond wafer 3 at the ion
implanted layer 4 and fabricate a bonded SOI wafer 7 in
which the silicon oxide film 2 and the SOI layer 5 are
formed on the base wafer 1. Incidentally, at this time,
a delamination wafer 6 is obtained.

[0039]

Moreover, by further performing, on the bonded S0I
wafer 7 fabricated in this manner, bonding stabilization
heat treatment which is performed at 900°C or higher for
about 0.5 to 2 hours, surface roughness improvement heat
treatment which is performed at 1100°C or higher for
about 1 to 4 hours, and sacrificial oxidation treatment
for film thickness adjustment which is performed at
900°C or higher for about 1 to 2 hours for SOI film
thickness adjustment by using a resistance-heating heat
treatment furnace or the like, the bonded SOOI wafer 7

having a final target thickness can be obtained.
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[0040]

Here, 1f a wafer doped with nitrogen is used as
the base wafer 1, NO donors are reduced to some extent
only by these types of heat treatment in the SOI
production process after delamination of the bond wafer
3, but only these types of heat treatment are not
sufficient to annihilate donors, and the resistivity of
the base wafer sometimes changes by NO donors as a
result of low-temperature heat treatment in the device
production process, for example. However, in the present
invention, before these types of heat treatment are
performed, long heat treatment, which is performed for 5
hours or more and doubles as base oxidation, ié
performéd. Therefore, NO donors are sufficiently
annihilated, and, even when low-temperature heat
treatment, which is performed at 600°C or 450°C, in
which NO donors would be formed is then performed in the
device production process or the like, it is possible to
suppress a change in resistivity. This makes it possible
to obtain a bonded SOI wafer which can stably maintain
initial high resistivity.

[0041]

It is to be noted that the heat treatment in the
SOI production process after delamination of the bond
wafer also includes, in addition to the resistance-
heating heat treatment déscribed above, a case in which
short-time rapid heating/rapid cooling heat treatment
such as rapid thermal anneal (RTA) is performed.

[0042]

If the resistivity of a base wafer of a bonded SOI
wafer which is used for a radio-frequency device is high,
the second-order harmonic characteristics are improved.

By using a Si device as an RF switch, for example, which

13



has been implemented by using GaAs in the past, it is
possible to fabricate a smaller device having more
functions.

[0043]

As described above, by making heat treatment for
annihilating donors double as a base oxidation process,
it is possible to annihilate the need to add heat
treatment for annihilating donors as a separate process.
This makes it possible to efficiently produce a
stabilized bonded SOI wafer for RF which maintains
initial high resistivity while suppressing generation of
a slip dislocation of a base wafer in the SOI process.
[0044]

Incidentally, the above description deals with an
example in which the bond wafer 3 is thinned by the
formation of the ion implanted layer 4 and delamination
at the ion implanted layer 4, but the present invention
is not limited thereto. For example, the bond wafer 3
can be turned into a thin film by combining grinding,

polishing, etching, and so forth.

EXAMPLES
[0045]

Hereinafter, the present invention will be
described more specifically with Examples and
Comparative Examples of the present invention, but the
present invention is not limited to these examples.
[0046]

(Example 1)

As a base wafer, a CZ silicon single crystal wafer
(not doped with nitrogen) having an oxygen concentration
of 6.8 ppma (ASTM’79), a resistivity of 2000 Q-cm, and a

diameter of 300 mm, the CZ silicon single crystal wafer
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which was p-type and whose crystal orientation was <100>,
was prepared.
[0047]

On this base wafer, pyrogenic oxidation whose
oxidation temperature was 950°C and oxidation time was
9.5 hours was performed, and a l-um silicon oxide film
was grown on the base wafer front surface.

[0048]

On this base wafer, heat treatment was performed

at 650°C for 1 hour and then the resistivity thereof was

measured, which revealed that no change from 2000 Q-.-cm

was observed.
[0049]

The base wafer and a bond wafer (p-type, <100>, 10
Q-cm) in which hydrogen ions whose acceleration voltage
was 50 keV and dose amount was 5.0 x 1016 atoms/cm? were
implanted were bonded together with the grown silicon
oxide film on the base wafer front surface placed
therebetween.

[0050]

Then, by performing heat treatment on the wafers,
which were bonded together, at 500°C for 20 minutes, the
bond wafer was delaminated at the ion implanted layer,
and a bonded SOI wafer in which the silicon oxide film
and the SOI layer were formed on the base wafer was
fabricated.

[0051]

By further performing, on the fabricated bonded
SOI wafer, oxidation at 950°C (bonding stabilization
heat treatment), removal of the oxide film, inert gas
(Ar) atmosphere annealing at 1200°C (surface roughness

improvement heat treatment), and oxidation at 950°C

(film thickness adjustment heat treatment), the SOI

15



layer thickness was adjusted to 150 nm.
[0052]

On this SOI wafer, heat treatment was performed at
650°C for 1 hour. Then, the resistivity of the base
wafer shortly after the completion of the SOI wafer was
measured, which revealed that no change from 2000 Q-cm
was observed. Moreover, a slip dislocation in this SOI
wafer was observed in an X-ray topography, which
revealed that generation of a slip was not observed.
[0053]

In Table 1, the implementation results in Example
1 are shown. It is to be noted that, in Table 1, the
results of Examples 2 and 3 and Comparative Examples 1

to 3, which will be described later, are also shown.
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[ 0054]

[ Tabl e 1]
Exanpl e | Exanpl e Exanpl e | Conpara | Conpara | Conpara
1 2 3 -tive -tive -tive
Exanpl e Exanpl e Exanpl e
1 2 3
Ni trogen concentration No 8.9 1.4 No 8.9 8.9
(at onms/ cnd) nitro- x1013 x1014 nitro- x1013 x1013
gen gen
Base Tenperature 950°C 950°C 1000°C | 1050°C | 1100°C 950°C
oxi dation
Ti me 9.5 h 9.5 h 5 h 4 h 3 h 2 h
Film 1 um 1 pum 1 um 1 um 1 um 0.4 pum
t hi ckness
Shortly Change in No No No No No Chan-
after base |resistivity change | change | change | change change ged
oxi dati on
Heat Bondi ng 950°C 950°C 950°C 950°C 950°C -
treat ment stabili- oxi da- | oxida- | oxida- | oxida- | oxida-
in SO zation tion tion tion tion tion
production Roughness 1200°C | 1200°C | 1200°C | 1200°C | 1200°C -
process i mprovement Ar Ar Ar Ar Ar
Film 950°C 950°C 950°C 950°C 950°C -
t hi ckness oxi da- | oxida- | oxida- | oxida- | oxida-
adj ust ment tion tion tion tion tion
Shortly Change in No No No No No Chan-
after resistivity change | change | change | change change ged
c?ngkftlon Slip No No No Slip Slip -
0 £ slip slip slip gene- gene-
water rated rated
After Change in - No No No No Chan-
devi ce resistivity change | change | change change ged
producti on
heat - - -
Slip - No No Slip Slip -
treatment slip slip gene- gene-
rated rated
[ 0055]
(Exanpl e 2)
As a base wafer, a CZ silicon single crystal wafer

havi ng an oxygen concentration of 6.8 ppma (ASTM 79), a

resistivity of 2000 Q.-cm and a nitrogen concentration
of 8.9 x 1013 atons/ cn?,

waf er

crystal

[ 0056]

Then,

orientati on was <100>,

the CZ silicon single crysta

whi ch was 300 mmin di aneter

in the sane manner

filmwas formed on the base wafer.

[ 0057]
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On this base wafer, heat treatment was performed
at 650°C for 1 hour and then the resistivity thereof was

measured, which revealed that no change from 2000 Q-cm

was observed.
[0058]

In the same manner as in Example 1, after the base
wafer and a bond wafer were bonded together with the
grown silicon oxide film on the base wafer front surface
placed therebetween and delamination was performed, by
performing bonding stabilization heat treatment, removal
of the oxide film, surface roughness improvement heat
treatment, and film thickness adjustment heat treatment,
the SOI layer thickness was adjusted to 150 nm.

[0059]

On this SOI wafer, heat treatment was performed at
650°C for 1 hour. Then, the resistivity of the base
wafer shortly after the completion of the SOI wafer was
measured, which revealed that no change from 2000 Q-cm
was observed. Moreover, a slip dislocation in this SOI
wafer was observed in an X-ray topography, which
revealed that generation of a slip was not observed as
shown in Table 1.

[0060]
(Example 3)

As a base wafer, a CZ silicon single crystal wafer
having an oxygen concentration of 6.8 ppma (ASTM’'79), a
resistivity of 2000 Q.cm, and a nitrogen concentration
of 1.4 x 10 atoms/cm3, the CZ silicon single crystal
wafer which was 300 mm in diameter and p-type and whose
crystal orientation was <100>, was prepared.

[0061]

On this wafer, a l-um oxide film was grown by

pyrogenic oxidation whose oxidation temperature was
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1000°C and oxidation time was 5 hours.
[0062]

On this base wafer, heat treatment was performed
at 650°C for 1 hour and then the resistivity thereof was
measured, which revealed that no change from 2000 Q-cm
was observed.

[0063]

In the same manner as in Example 1, after the base
wafer and a bond wafer were bonded together with the
grown silicon oxide film on the base wafer front surface
placed therebetween and delamination was performed, by
performing bonding stabilization heat treatment, removal
of the oxide film, surface roughness improvement heat
treatment, and film thickness adjustment heat treatment,
the SOI layer thickness was adjusted to 150 nm.

[0064]

On this SOI wafer, heat treatment was performed at
650°C for 1 hour. Then, the resistivity of the base
wafer shortly after the completion of the SOI wafer was
measured, which revealed that no change from 2000 Q-cm
was observed. Moreover, a slip dislocation in this SOI
wafer was observed in an X-ray topography, which
revealed that generation of a slip was not observed as
shown in Table 1.

[0065]

On the SOI wafers with no slip dislocation which
were fabricated in Examples 2 and 3, after heat
treatment (a maximum temperature 1100°C) was performed
on the supposition of heat treatment in the device
production process, a slip dislocation was observed
again in an X-ray topography, which revealed that
generation of a slip dislocation was not observed in

Examples 2 and 3. Moreover, the resistivity of the base
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wafers at this time was measured, which revealed that no
change from 2000 Q-cm was observed.
[0066]

As described above, in Examples 2 and 3 using the
base wafers doped with nitrogen, it was possible to
prevent generation of a slip dislocation and a change in
resistivity in the device production process in addition
to the SOI production process.

[0067]
(Comparative Example 1)

As a base wafer, the same CZ silicon single
crystal wafer as that in Example 1 was prepared.
[0068]

On this base wafer, a l-um oxide film was grown by
pyrogenic oxidation whose oxidation temperature was
1050°C and oxidation time was 4 hours.

[0069]

On this base wafer, heat treatment was performed
at 650°C for 1 hour and then the resistivity thereof was
measured, which revealed that no change from 2000 Q-cm
was observed.

[0070]

In the same manner as in Example 1, after the base
wafer and a bond wafer were bonded together with the
grown silicon oxide film on the base wafer front surface
placed therebetween and delamination was performed, by
performing bonding stabilization heat treatment, removal
of the oxide film, surface roughness improvement heat
treatment, and film thickness adjustment heat treatment,
the SOI layer thickness was adjusted to 150 nm.

[0071]
On this SOI wafer, heat treatment was performed at

650°C for 1 hour. Then, the resistivity of the base

20



wafer shortly after the completion of the SOOI wafer was
measured, which revealed that no change from 2000 Q-cm
was observed. However, a slip dislocation in this wafer
was observed in an X-ray topography, which revealed that
generation of a slip was observed.

[0072]

(Comparative Example 2)

As a base wafer, the same CZ silicon single
crystal wafer as that in Example 2 was prepared. Then,
on this base wafer, a 1l-um oxide film was grown by
pyrogenic oxidation whose oxidation temperature was
1100°C and oxidation time was 3 hours.

[0073]

On this base wafer, heat treatment was performed
at 650°C for 1 hour and then the resistivity thereof was
measured, which revealed that no change from 2000 Q-cm
was observed.

[0074]

In the same manner as in Example 1, after the base
wafer and a bond wafer were bonded together with the
grown silicon oxide film on the base wafer front surface
placed therebetween and delamination was performed, by
performing bonding stabilization heat treatment, removal
of the oxide film, surface roughness improvement heat
treatment, and film thickness adjustment heat treatment,
the SOI layer thickness was adjusted to 150 nm.

[0075]

On this SOI wafer, heat treatment was performed at
650°C for 1 hour. Then, the resistivity of the base
wafer shortly after the completion of the SOI wafer was
measured, which revealed that no change from 2000 Q-cm
was observed. However, a slip dislocation in this wafer

was observed in an X-ray topography, which revealed that
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generation of a slip was observed.
[0076]

On the SOI wafers, in which a slip dislocation was
generated, which were fabricated in Comparative Examples
1 and 2, after heat treatment (a maximum temperature
1100°C) was performed on the supposition of heat
treatment in the device production process, a slip
dislocation was observed again in an X-ray topography,
which revealed that the number of slip dislocations
greatly increased in both cases. Moreover, the
resistivity of the base wafers at this time was measured,
which revealed that no change from 2000 Q-cm was
observed.

[0077]

As described above, it is thought that, in
Comparative Examples 1 and 2, since heat treatment at
the time of the formation of a silicon oxide film on the
base wafer front surface was performed at higher
temperatures in shorter amounts of time than those in
Examples, a slip dislocation was generated.

[0078]
(Comparative Example 3)

As a base wafer, the same CZ silicon single
crystal wafer as that in Example 2 was prepared. Then,
on this base wafer, a 0.4-um oxide film was grown by
pyrogenic oxidation whose oxidation temperature was
950°C and oxidation time was 2 hours.

[0079]

On this base wafer, heat treatment was performed
at 650°C for 1 hour and then the resistivity thereof was
measured, which revealed that the resistivity value was

greatly changed to be 4000 Q.cm. As described above, in

Comparative Example 3, heat treatment at the time of the
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formation of a silicon oxide film on the base wafer
front surface was performed at a low temperature in a
short amount of time. As a result, it is thought that
heat treatment for annihilating donors was insufficient
and, when heat treatment by which NO donors would be
generated was performed, a change in resistivity which
was presumably caused by NO donors occurred.

[0080]

On the other hand, it is thought that, in Examples
1 to 3, since heat treatment for annihilating donors,
which doubles as long oxidation heat treatment at the
time of the formation of a silicon oxide film on the
base wafer front surface, was sufficiently performed,
even when heat treatment at 650°C for 1 hour, by which
donors would be generated, was performed after base
oxidation, donors were not generated and a change in
resistivity did not occur.

[0081]

Moreover, it is thought that, if, by using the
base wafer as that in Comparative Example 3, the
subsequent SOI wafer production process is performed and
the device production heat treatment described above is
performed, since NO donors are not sufficiently
annihilated, a change in resistivity will occur. For
this reason, the subsequent SOI wafer production process
was not performed on the wafer of Comparative Example 3.
[0082]

It is to be understood that the present invention
is not limited in any way by the embodiment thereof
described above. The above embodiment is merely an
example, and anything that has substantially the same
structure as the technical idea recited in the claims of

the present invention and that offers similar workings
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and benefits falls within the technical scope of the

present invention.

24



CLAIMS

1. A method for producing a bonded SOI wafer by
bonding a bond wafer and a base wafer, each being formed
of a silicon single crystal, together with a silicon
oxide film placed therebetween, comprising:

preparing, as the base wafer, a silicon single
crystal wafer whose resistivity is 100 Q.cm or more and
initial interstitial oxygen concentration is 10 ppma or
less;

forming, on a front surface of the base wafer, a
silicon oxide film by performing, on the base wafer,
heat treatment in an oxidizing atmosphere at a
temperature of 700°C or higher and 1000°C or lower for 5
hours or more;

bonding the base wafer and the bond wafer together
with the silicon oxide film placed therebetween; and

thinning the bonded bond wafer to form an SOI

layer.

2. The method for producing a bonded SOI wafer
according to claim 1, wherein
as the base wafer, the silicon single crystal

wafer whose nitrogen concentration is 1 x 1013 to 1 x

101 atoms/cm3® i1s used.

3. The method for producing a bonded SOI wafer
according to claim 1 or 2, wherein

in the forming the silicon oxide film, a thickness
of the silicon oxide film which is formed on the front

surface of the base wafer is 1 um or more.
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