DESCRIPTION
METHOD OF MANUFACTURING BONDED WAFER

TECHNICAL FIELD
[0001]

The present invention relates to a method of
manufacturing a bonded wafer by an ion implantation

separation method.

BACKGROUND ART
[0002] _

A method of separating ions-implanted wafers after
bonding to manufacture SOI wafers, i.e., an ion
implantation separation method (a technique also
referred to as the Smart Cut method (registered
trademark)), has attracted attentioh as a method of
manufacturing silicon on insulator (SOI) wafers,
particularly a method of manufacturing thin-SOI wafers
that enable improvement in performance of advanced
integrated circuits.

[0003]

This ion implantation separation method is a
technique to form an SOI wafer (See Patent Literature 1)
in the following manner: an oxide film (an insulator
film) is formed on at least one of two silicon wafers;
gas ions such as hydrogen ions or rare gas ions are
implanted from a front surface of one of the silicon
wafers (a bond wafer) to form a micro bubble layer (an
enclosed layer) in the interior of the wafer; the
surface from which the ions are implanted is then
brought into close contact with the other silicon wafer

(a base wafer) through the oxide film; a heat treatment



(a delamination heat treatment) is then performed to
cleave one of the wafers (the bond wafer) along the
micro bubble layer so that the bond wafer is separated
into a thin film; and another heat treatment (a bonding
heat treatment) is then performed to strengthen a bond
between the wafers. At this point, the cleavage plane
(the separation surface) is a surface of an SOI layer
and an SOI wafer having a thin SOT wiﬁh high uniformity
is relatively readily obtained. The ion implantation
separation method can manufacture a bonded wafer by
bonding the bond wafer and the base wafer directly
without the insulator film.

[0004]

The SOI wafer after the separation, however, has a
damage layer on its surface due to the ion implantation.
This surface is rougher than a surface of a normal
mirror-polished silicon wafer. The ion implantation
separation method accordingly needs to eliminate such a
damage layer and surface roughness.

[0005]

Conventionally, mirror polishing with extremely
small polishing stock removal (a stock removal of about
100 nm), referred to as touch polishing, i1s performed to
remove the damaged layer and so on in the final step
after the bonding heat treatment. Even though the
implantation of ions such as hydrogen ions and the
separation can achieve the uniformity of the thickness
of the S0I layer to a certain extent, a polishing
process including such a mechanical factor performed on
the SOI layer degrades this uniformity because of
nonuniform polishing stock removal.

[0006]

To solve this problem, a flattening process



including a high-temperature heat treatment is recently
performed to improve the surface roughness, instead of
the touch polishing.

[0007]

Patent Literature 2, for example, proposes
performing rapid thermal annealing (RTA) of a heat
treatment under a reducing atmosphere containing
hydrogen without polishing a surface of an SOI layer
after the delamination héat treatmenf or the bonding
heat treatment. Patent Literature 3 in claim 2 etc.,
proposes forming an oxide film on an SOI layer by a heat
treatment under an oxidizing atmosphere after the
delamination heat treatment or the bonding heat
treatment, then removing the oxide film (a sacrificial
oxidation process), and then performing a heat treatment
(the RTA process) under a reducing atmosphere.

[0008]

In Patent Literature 4, oxidation induced stacking
faults (OSFs), which are easy to occur when the
separation surface is directly oxidized, are avoided by
performing a sacrificial oxidation process after a
flattening heat treatment is performed under an
atmosphere of inert gas, hydrogen gas, or mixed gas
thereof. 1In this way, the separation surface can be
flattened and the O0SFs can be avoided.

[0009]

Patent Literature 5 discloses a bonding heat
treatment performed by an oxidation heat treatment at a
temperature of less than 950°C and a subsequent heat
treatment at a temperature of 1000°C or more under an
inert gas atmosphere containing oxygen of not more than
5%, in order to reliably prevent OSFs from occurring on

the separation surface when the bonding heat treatment



is performed under an oxidizing atmosphere to enhance
the bonding strength of a bonded wafer after the
separation.

[0010]

Patent Literature 6 discloses a method of
manufacturing a bonded wafer, including a first RTA
process performed under an atmosphere containing
hydrogen on a bonded wafer after the separation of a
bond wafer, a sacrificial oxidation process performed to
reduce the thickness of a thin film, and a subsequent
second RTA process performed at a higher temperature
than that in the first RTA process under an atmosphere
containing hydrogen, for the purpose of providing a
method of manufacturing a bonded wafer that can inhibit
an increase in BMD density and flatten the surface of
the thin film sufficiently when the thin film of the
bonded wafer is flattened and thinned by the combination

of the RTA and sacrificial oxidation processes.

CITATION LIST

PATENT LITERATURE

[0011]

Patent Literature 1l:Japanese Unexamined Patent
publication (Kokai) No.H05-211128

Patent Literature 2:Japanese Unexamined Patent
publication (Kokai) No.H11-307472

Patent Literature 3:Japanese Unexamined Patent
publication (Kokai) No.2000-124092

Patent Literature 4:International Publication No.
Wo02003/009386

Patent Literature 5:Japanese Unexamined Patent
publication (Kokai) No.2010-98167

Patent Literature 6:Japanese Unexamined Patent



publication (Kokai) No.2012-222294

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0012]

According to the above literatures, RTA is
performed at a high temperature under a reducing
atmosphere containing hydrogen and the sacrificial
oxidation process is performed before or after the RTA,
in order to remove the damage layer due to ion
implantation and flatten the surface (which is the
separation surface: the surface of an SOI layer in the
case of an SOI wafer) of the thin film right after the
separation, when a bonded wafer such as an SOI wafer is
manufactured by the ion implantation separation method.
[0013]

It has been revealed that when the thin film is
flattened and thinned (i.e., removal of the damage and
adjustment of the thickness) by the combination of the
RTA and sacrificial oxidation processes, the density of
oxide precipitates, bulk micro defects (BMDs), in the
base wafer may be increased. In general, since BMDs are
melted by the RTA, the BMD density decreases. However,
it has been revealed that even though the RTA briefly
reduces large BMDs, new small BMD nuclei are created at
a high density; these nuclei grow in size into BMDs by
the subsequent sacrificial oxidation process; this
rather increases the BMD density. It has been also
revealed that as the RTA is performed at a higher
temperature, the BMD density further increases by the
subsequent sacrificial oxidation process.

[0014]
Tt is known that a high BMD density may cause



large deformations of a bonded wafer (such as an SOI
wafer) when the wafer is subjected to a heat treatment
in a device process, thereby arising the problem in that
a failure of misalignment of patterns occurs in
photolithography. It is understood that the inhibition
of an increase in BMD density is an important factor in
quality of a bonded wafer for use in fabrication of an
advanced integrated circuit with high performance, which
needs particularly fine photolithography.

[0015]

The present invention was accomplished in view of
the above-described problems. It is an object of the
present invention to provide a method of manufacturing a
bonded wafer that can inhibit the BMD density from
increasing and sufficiently flatten the surface of the
thin film when the thin film of the bonded wafer is
flattened and thinned by the combination of the RTA and

sacrificial oxidation processes.

SOLUTION TO PROBLEM
[0016]

To achieve this object, the present invention
provides a method of manufacturing a bonded wafer,
comprising: implanting at least one gas ion selected
from a hydrogen ion and a rare gas ion into a bond wafer
from a surface of the bond wafer to form a layer of the
implanted ion; bonding the surface from which the ion is
implanted into the bond wafer and a surface of a base
wafer directly or through an insulator film;
subsequently separating the bond wafer along the layer
of the implanted ion to form a bonded wafer having a
thin film on the base wafer; performing rapid thermal

annealing (RTA) under an atmosphere containing hydrogen



on the bonded wafer after separating the bond wafer; and
subsequently performing a sacrificial oxidation process
to reduce a thickness of the thin film; wherein the RTA
is performed under conditions of a retention start
temperature of more than 1150°C and a retention end
temperature of 1150°C or less.

[0017]

These ranges of retention start temperature and
retention end temperature enable the surface of the thin
film to be sufficiently flattened. This range of
retention end temperature also enables sufficient
inhibition of the formation of new small BMD nuclei in
the bonded wafer. The BMD density can consequently be
inhibited from increasing even when the sacrificial
oxidation process is performed to reduce the thickness
of the thin film after the RTA.

[0018]

The temperature fall preferably occurs without a
temperature rise during a retention period of transition
between the retention start temperature and the
retention end temperature.

[0019] ,

Such adjustment of the temperature during the
retention period enables the temperature to be more
reliably 1150°C or less in the final phase of the RTA
even when the initial phase of the RTA starts at a high
temperature that allows for sufficient flattening of the
surface of the thin film, thereby also reducing the
processing time.

[0020]

The retention start temperature preferably ranges
from 1175°C to 1250°C, and the retention end temperature
preferably ranges from 1100°C to 1150°C.



[0021]

These ranges of retention start temperature and
retention end temperature enable the surface of the thin
film to be more electively flattened. In addition, this
range of retention end temperature enables sufficient

inhibition of the formation of new small BMD nuclei.

ADVANTAGEOUS EFFECTS OF INVENTION
[0022]

According to the inventive method of manufacturing
a bonded wafer, the RTA is performed such that the
retention temperature is higher at the beginning and
lower at the end, and the sacrificial oxidation process
is subsequently performed. The invention can thereby
produce a bonded wafer having a low BMD density and
smoothed surface roughness. This bonded wafer having a
low BMD density is prevented from severely deforming
even when being subjected to a heat treatment in a
device process, and hardly causes a failure of

misalignment of patterns in photolithography.

BRIEF DESCRIPTION OF DRAWINGS
[0023]

FIG. 1 is a graph showing a temperature profile of
RTA in manufacture of a bonded wafer in example 1;

FIG. 2 is a graph showing a temperature profile of
RTA in manufacture of a bonded wafer in example 2;

FIG. 3 is a graph showing a temperature profile of
RTA in manufacture of a bonded wafer in example 3;

FIG. 4 is a graph showing a temperature profile of
RTA in manufacture of a bonded wafer in example 4;

FIG. 5 is a graph showing a temperature profile of

RTA in manufacture of a bonded wafer in comparative



example 1;

FIG. 6 is a graph showing a temperature profile of
RTA in manufacture of a bonded wafer in comparative
example 2; and

FIG. 7 is a flowchart showing an exemplary
embodiment of the inventive method of manufacturing a

bonded wafer.

DESCRIPTION OF EMBODIMENTS
[0024]

An embodiment of the inventive method of
manufacturing a bonded wafer will hereinafter be
described with reference to the drawings, but the
present invention is not limited to this embodiment.
[0025]

The following description mainly includes an
embodiment of manufacture of an SOI wafer. The
inventive method of manufacturing a bonded wafer,
however, is applicable to manufacture of a direct
binding wafer obtained by directly bonding two wafers
without forming an insulator film.

[0026]

FIG. 7 is a flowchart of a method of manufacturing
a bonded wafer according to the present invention.
[0027]

As shown in FIG. 7 at the step (a), first, a bond
wafer 10 and a base wafer 11, which is a support wafer,
are prepared. The bond wafer 10 and the base wafer 11
can be mirror-polished silicon single crystal wafers.
[0028]

In the step (a), the base wafer 11, which is used
as a support wafer for the bonded wafer, may be selected

from substrates having a comparatively high oxygen



concentration so as to exhibit the ability to avoid slip
dislocations in subsequent heat treatments.
Alternatively, a substrate having a high concentration
of oxygen, nitrogen, or boron may be selected as the
base wafer 11 to reduce the effect of impurities from a
device active layer due to gettering. Circumstances in
which the BMD density of the bonded wafer is potentially
easy to increase may be thus selected depending on the
type of the substrate used in the bonded wafer. The
preset invention, in contrast, can effectively inhibit
the increase in BMD density even when such a substrate
is used.

[0029]

As shown in FIG. 7 at the step (b), an oxide film
12, which will be a buried oxide film, is then formed on
the bond wafer 10, for example, by thermal oxidation or
CVD oxidation. Any known insulator film such as a
nitride film or an oxynitriding film may be formed
instead of the oxide film. This oxide film (insulator
film) 12 may be formed only in the base wafer 11 or in
both the wafers. If the direct bonding wafer is
produced, then the formation of the oxide film is not
necessarily needed.

[0030]

As shown in FIG. 7 at the step (c), at least one
type of gas ions selected from a group including
hydrogen ions and rare gas ilons are then implanted into
the bond wafer 10 from the surface of the bond wafer 10
to form a layer 13 of the implanted ions. For example,
at least one type of gas ilons selected from a group
including hydrogen ions and rare gas ilons are implanted
from the surface of the oxide film 12 formed on the

surface of the bond wafer 10 to form the layer 13 of the
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implanted ions in the interior of the bond wafer 10 with
an ion implantation apparatus. In this step (c), an
accelerating‘voltage of the ion implantation can be
selected such that a thin film having a target thickness
can be obtained.
[0031]

As shown in FIG. 7 at the step (d), the surface
from which the ions are implanted into the bond wafer 10
and a surface of the base wafer 11 are then bonded
directly or through the insulator film 12. It is to be
noted that a pre-cleaning to remove particles or organic
substances attached on the wafer surface may be
performed on both the wafers before the bonding process;
a plasma treatment to enhance the bonding strength at a
binding interface may be performed on the wafer surface.
[0032]

As shown in FIG. 7 at the step (e), the bond wafer
10 is then separated along the layer 13 of the implanted
ions. A bonded wafer 15 having a thin film 16 on the
base wafer 11 is consequently formed. This step (e)
performs heat treatment including a heat treatment to
retain the bonded wafer, for example, at temperatures
from 350°C to 500°C under an inert gas atmosphere and
thereby to form a micro bubble layer at the layer 13 of
the implanted ions, and separates the bond wafer 10
along the implanted-ions layer (the micro bubble layer)
13 serving as a boundary, thereby obtaining the bonded
wafer 15 having the thin film 16 and a buried oxide film
(a buried insulator film) 14 on the base wafer 11.
[0033]

As shown in FIG. 7 at the step (f) after the steps
(a) to (e), a rapid thermal annealing (RTA) process 1is

performed under an atmosphere containing hydrogen to
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flatten the separation surface of the thin film 16 on
the bonded wafer 15 after separating the bond wafer 10.
The retention start temperature of this RTA is more than
1150°C. The retention end temperature of this RTA is
1150°C or less. The RTA may use a single-wafer-
processing type of heat treatment furnace with a ramp
for heating, or an epitaxial growth furnace that allows
for processes up to epitaxial growth.

[0034]

When the retention start temperature and retention
end temperature are within these ranges, the average
temperature can be kept high during the high temperature
retention, and the surface of the thin film can be
sufficiently flattened. Besides, when the retention end
temperature is reduced to that temperature, the bonded
wafer can be sufficiently inhibited from forming new BMD
nuclei with small size.

[0035]

It is dsually understood that RTA melts and
reduces BMDs temporarily but forms high density of small
BMD nuclei. The RTA in the inventive method of
manufacturing a bonded wafer, in contrast, enables
sufficient inhibition of new formation of small BMD
nuclei, as described previously.

[0036]

In the invention, the RTA includes a period at
which the temperature is rapidly increased (10°C/second
or more, normally 50°C/second or less), a period at
which a high temperature is retained, and a period at
which the temperature is rapidly decreased (10°C/second
or more, normally 50°C/second or less); the retention
start temperature and retention end temperature

represent the initial temperature and the last
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temperature in this high-temperature retention between
this rapid temperature increase and this rapid
temperature decrease, respectively.

[0037]

The retention start temperature in the invention
is the temperature at which the rapid temperature
increase is finished. In other words, the retention
start temperature in the invention i1s the temperature at
which the increase rate of the temperature is rapidly
decreased when the temperature is rapidly increased up
to the retention temperature in the RTA. In particular,
the temperature becomes constant or decreases after it
reaches the retention start temperature, which is a high
temperature.

[0038]

The retention end temperature in the invention is
the temperature at which the rapid temperature decrease
is started and the decrease rate of the temperature is
rapidly increased. When the temperature becomes 1150°C
or less, for example, this decrease rate of the
temperature is rapidly increases; the retention end
temperature can be determined to be a temperature at
which the decrease rate becomes, for example,
10°C/second or more.

[0039]

Morecover, the RTA 1s preferably performed such
that a temperature fall occurs without a temperature
rise during the retention period of transition between
the retention start temperature and the retention end
temperature. Such adjustment of the temperature during
the retention period enables the temperature to be moie
reliably 1150°C or less in the final phase of the RTA
even when the initial phase of the RTA starts at a high

13



temperature that allows for sufficient flattening of the
surface of the thin film. In addition, the retention
period at a high temperature can be reduced. The
temperature fall in the high-temperature retention
period is not particularly limited. For example,
patterns shown in FIG. 1 to FIG. 4 are acceptable. The
temperature may fall at a constant rate or after the
retention start temperature is maintained for a
prescribed time. The rate of the temperature‘fall may
be, for example, 0.1 to 5°C/second.

[0040]

Moreover, in the RTA, the retention start
temperature preferably ranges from 1175°C to 1250°C, and
the retention end temperature preferably ranges from
1100°C to 1150°C. The retention start temperature is
preferably as a higher temperature as possible, such as
1200°C or more, to further improve the surface roughness
by the RTA.

[0041]

These ranges of retention start temperature and
retention end temperature enable the average temperature
in the high-temperature retention to be increased,
thereby more effectively flatting the surface of the
thin film. In addition, this range of retention end
temperature also enables new formation of small BMD
nuclei to be sufficiently inhibited.

[0042]

As shown in FIG. 7 at the step (g) after the RTA
in the step (f), a sacrificial oxidation process is
performed to reduce the thickness of the thin film 16.
For example, the surface of the thin film 16 is
thermally oxidized to form an oxide film by an oxidation

heat treatment with a batch type of vertical furnace and
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this oxide film is removed with a solution containing HF
to reduce the thickness of the thin film 16.
[0043]

When the sacrificial oxidation process is
performed, the thickness of the oxide film 1s selected
depending on the target thickness. In order to reliably
prevent OSFs, which are easy to occur on the separation
surface, the bonding heat treatment to enhance the
bonding strength between the bond wafer 10 and the base
wafer 11 may be performed by an oxidation heat treatment
at temperatures less than 950°C and a subsequent heat
treatment at 1000°C or more under an inert gas
atmosphere containing oxygen of not more than 5%; then a
grown oxide film is removed.

[0044]

The RTA in the step (f) and the sacrificial
oxidation process in the step (g) may be performed
multiple times. Under conventional conditions, RTA
removes BMDs but creates small BMD nuclei and
sacrificial oxidation grows the size of the BMDs every
time the RTA and the sacrificial oxidation process are
repeated. The RTA according to the invention, however,
can sufficiently inhibit new formation of small BMD
nuclei, thereby enabling the inhibition of an increase
in BMD density due to the sacrificial oxidation process,
as described previously.

[0045]

When the RTA is performed under an atmosphere
containing hydrogen on the bonded wafer after the bond
wafer is separated, the invention can perform this RTA
by a heat treatment having a temperature retention
profile including the initial processing phase of

flattening the thin film surface by increasing the
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temperature to a high level permitting sufficient
flattening of this surface and the final processing
phase of decreasing the temperature to a level equal to
or lower than the maximum of a temperature range in
which new small BMD nuclei are hardly formed. Since
there are nearly no newly formed BMD nuclei in the RTA,
the increase in BMD density can be inhibited even when
the thickness of the thin film 16 is reduced by the

sacrificial oxidation process after the RTA.

EXAMPLES
[0046]

The present invention will be more specifically
described below with reference to examples and
comparative examples, but the invention is not limited
to these examples.

[0047]
(Example 1)

A silicon single crystal wafer (having a diameter
of 300 mm and a crystal orientation of <100>) with no
crystal originated particle (COP) was prepared as a bond
wafer. After a 190-nm oxide film was grown on this bond
wafer, 5x10%® atoms/cm? of H+ioné were implanted at an
acceleration energy of 50keV with an ion implantatién
apparatus to form a layer of the implanted ions.

[0048]

A siliceon single crystal wafer (having no oxide
film, a diameter of 300 mm, and a crystal orientation of
<100>) with an oxygen concentration of 22.4 ppma
(ASTM’ 79) was prepared as a base wafer, and brought into
close contact with the bonding surface of the
implantation surface of the bond wafer. A heat

treatment was then performed on these contacting wafers
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at temperatures ranging from a start temperature of
200°C to a maximum temperature of 500°C with a batch
type of horizontal heat treatment furnace so that the
bond wafer was separated along the layer of the
implanted ions. An SOI layer was thereby formed on the
base wafer. |

[0049]

With a single-wafer-processing type of RTA
apparatus, a surface of this SOI layer was subjected to
RTA under a mixed gas atmosphere of 50% hydrogen and 50%
argon; this RTA included rapid temperature increase
(30°C/second), rapid temperature decrease (30°C/second),
and temperature retention period interposed
therebetween; the temperature at the beginning of this
retention was 1175°C; the retention period was continued
for 30 seconds while the temperature was monotonously
decreased; and the temperature at the end of this
retention was 1150°C. FIG. 1 shows the temperature
profile of this heat treatment. An oxide film was then
grown on the SOI surface (the surface of the SOI layer)
by pyrogenic oxidation at 900°C and a heat treatment at
1050°C under an argon gas containing 1% oxygen in a
batch type of vertical heat treatment furnace. The
oxide film was then removed by HF cleaning to adjust the
SOI thickness to 90 nm.

[0050]

An infrared tomograph was used to measure the
density of BMDs of this SOI wafer that were in a region
up to 200 um away from the back surface of the base
wafer. The density was 1.1x10’ count/cm’. The surface
roughness of this wafer was also measured at a region of
30-um squares‘with an atomic force microscope (AFM).

The value of root mean square (RMS) was 0.38 nm.
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[0051]
(Example 2)

The bond wafer was separated along the layer of
implanted ions under the same conditions as example 1 so
that the SOI layer was formed on the base wafer. With a
single-wafer-processing type of RTA apparatus, a surface
of this SOI layer was subjected to RTA under a mixed gas
atmosphere of 50% hydrogen and 50% argon; this RTA
included rapid temperature increase (30°C/second), rapid
temperature decrease (30°C/second), and temperature
retention period interposed therebetween; the
temperature at the beginning of this retention was
1175°C; the retention period was first continued for 10
second at 1175°C and then for 20 seconds while the
temperature was monotonously decreased; and the
temperature at the end of this retention was 1150°C.

FIG. 2 shows the temperature profile of this heat
treatment. An oxide film was then grown on the SOI
surface by pyrogenic oxidation at 900°C and a heat
treatment at 1050°C under an argon gas containing 1%
oxygen in a batch type of vertical heat treatment
furnace. The oxide film was then removed by HF cleaning
to adjust the S0I thickness to 90 nm.

[0052]

The infrared tomograph was used to measure the
density of BMDs of this SOI wafer that were in a region
up to 200 pm away from the back surface of the base
wafer. The density was 1.2x107 count/cm®. The surface
roughness of this wafer was also measured at a region of
30-um squares with AFM. The value of RMS was 0.36 nm.
[0053]

(Example 3)

The bond wafer was separated along the layer of

18



implanted ions under the same conditions as example 1 so
that the SOI layer was formed on the base wafer. With a
single-wafer-processing type of RTA apparatus, a surface
of this SOI layer was subjected to RTA under a mixed gas
atmosphere of 50% hydrogen and 50% argon; this RTA
included rapid temperature increase (30°C/second), rapid
temperature decrease‘(30°C/second), and temperature
retention period interposed therebetween; the
temperature at the beginning of this retention was
1200°C; the retention period was continued for 30
seconds while the temperature was monotonously
decreased; and the temperature at the end of this
retention was 1100°C. FIG. 3 shows the temperature
profile of this heat treatment. An oxide film was then
grown on the SOI surface by pyrogenic oxidation at 900°C
and a heat treatment at 1050°C under an argon gas
containing 1% oxygen in a batch type of vertical heat
treatment furnace. The oxide film was then removed by
HF cleaning to adjust the SOI thickness to 90 nm.

[0054]

The infrared tomograph was used to measure the
density of BMDs of this SOI wafer that were in a region
up to 200 um away from the back surface of the base
wafer. The density was 9.0x10° count/cm®. The surface
roughness of this wafer was also measured at a region of
30-um squares with AFM. The value of RMS was 0.35 nm.
[0055]

(Example 4)

The bond wafer was separated along the layer of
implanted ions under the same conditions as example 1 so
that the SOI layer was formed on the base wafer. With a
single-wafer-processing type of RTA apparatus, a surface

of this SOI layer was subjected to RTA under a mixed gas
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atmosphere of 50% hydrogen and 50% argon; this RTA
included rapid temperature increase (30°C/second), rapid

temperature decrease (30°C/second), and temperature

retention period interposed therebetween; the
temperature at the beginning of this retention was
1160°C; the retention period was continued for 30
seconds while the temperature was monotonously
decreased; and the temperature at the end of this
retention was 1100°C. FIG. 4 shows the temperature
profile of this heat treatment. An oxide film was then
grown on the SOI surface by pyrogenic oxidation at 900°C
and a heat treatment at 1050°C under an argon gas
containing 1% oxygen in a batch type of vertical heat
treatment furnace. The oxide film was then removed by
HF cleaning to adjust the SOI thickness to 90 nm.
[0056]

The infrared tomograph was used to measure the
density of BMDs of this SOI wafer that were in a region
up to 200 pum away from the back surface of the base
wafer. The density was 8.0x10° count/cm®. The surface
roughness of this wafer was also measured at a region of
30-um squares with AFM. The value of RMS was 0.42 nm.
[0057]

(Comparative Example 1)

The bond wafer was separated along the layer of
implanted ions under the same conditions as example 1 so
that the SOI layer was formed on the base wafer. With a
single-wafer-processing type of RTA apparatus, a surface
of this SOI layer was subjected to RTA under a mixed gas
atmosphere of 50% hydrogen and 50% argon; this RTA
included rapid temperature increase (30°C/second), rapid

temperature decrease (30°C/second), and temperature

retention period interposed therebetween; the
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temperature at the beginning of this retention was
1175°C; the retention period was continued for 30
seconds while the same temperature was maintained; and
the temperature at the end of this retention was 1175°C.
FIG. 5 shows the temperature profile of this heat
treatment. An oxide film was then grown on the SOI
surface by pyrogenic oxidation at 900°C and a heat

treatment at 1050°C under an argon gas containing 1%

oxygen in a batch type of vertical heat treatment
furnace. The oxide film was removed by HF cleaning to
adjust the SOI thickness to 90 nm.

[0058]

The infrared tomograph was used to measure the
density of BMDs of this SOI wafer that were in a region
up to 200 um away from the back surface of the base
wafer. The density was 3.0x10" count/cm®. The surface
roughness of this wafer was also measured at a region of
30-um squares with AFM. The value of RMS was 0.37 nm.
[0059]

(Comparative Example 2)

The bond wafer was separated along the layer of
implanted ions under the same conditions as example 1 so
that the SOI layer was formed on the base wafer. With a
single-wafer-processing type of RTA apparatus, a surface
of this SOI layer was subjected to RTA under a mixed gas
atmosphere of 50% hydrogen and 50% argon; this RTA
included rapid temperature increase (30°C/second), rapid
temperature decrease (30°C/second), and temperature
retention period interposed therebetween; the
temperature at the beginning of this retention was
1100°C; the retention period was continued for 30
seconds while the same temperature was maintained; and

the temperature at the end of this retention was 1100°C.
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FIG. 6 shows the temperature profile of this heat
treatment. An oxide film was then grown on the SOI
surface by pyrogenic oxidation at 900°C and a heat
treatment at 1050°C under an argon gas containing 1%
oxygen in a batch type of vertical heat treatment
furnace. The oxide film was then removed by HF cleaning
to adjust the SOI thickness to 90 nm.

[0060]

The infrared tomograph was used to measure the
density of BMDs of this SOI wafer that were in a region
up to 200 pm away from the back surface of the base
wafer. The density was 8.0x10° count/cm®. The surface
roughness of this wafer was also measured at a region of
30~pum squares with AFM. The value of RMS was 0.55 nm.
[0061]

Table 1 summarizes the conditions and the results
of examples 1 to 4 and comparative examples 1 and 2.

[0062]

[Table 1]

Retention start Retention end - Surface roughness

tem;zgé%ture temp(oeéf;ture B(g/égn%?é}ilggy RMS) (nm)g
EXAMPLE 1 1175 1180 1.1x 107 0.38
EXAMPLE 2 1175 1150 1.2X 107 0.36
EXAMPLE 3 1200 1100 9.0Xx 106 0.36
EXAMPLE 4 1180 1100 8.0x 106 0.42
COMEARATIVE 1175 1175 3.0 107 0.37
gggﬁ%ﬁggVE 1100 1100 8.0x 108 0.b5
[0063]

As shown in Table 1, it can be understood that the
surface roughness mainly depends on the average
temperature during the high-temperature retention, and
the BMD density mainly depends on the retention end
temperature in the high-temperature retention.

Comparing examples 1 and 2 with comparative example 1,
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there was no large difference in the surface roughness,
but the BMD density in examples 1 and 2, which used a
lower retention end temperature, was reduced to about
one third of the BMD density in comparative example 1.
[0064]

In example 3, the BMD density was further reduced
by using a lower retention end temperature. In addition,
although the retention end temperature was further
decreased, the degradation of the surface roughness was
prevented by using a higher retention start temperature
to increase the average temperature during the high-
temperature retention.

[0065]

In example 4, the BMD density was reduced by using
a lower retention end temperature of 1100°C. 1In
addition, although the retention start temperature was
comparatively low, because this temperature was higher
than 1150°C, the degradation of the surface roughness
was prevented compared with comparative example 2, which
continued the retention at a constant temperature of
1100°C.

[0066]

It is to be noted that the present invention is
not limited to the foregoing embodiment. The embodiment
is just an exemplification, and any examples that have
substantially the same feature and demonstrate the same
functions and effects as those in the technical concept
described in claims of the present invention are

included in the technical scope of the present invention.
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CLAIMS

1. A method of manufacturing a bonded wafer,
comprising:

implanting at least one gas ion selected from a
hydrogen ion and a rare gas ion into a bond wafer from a
surface of the bond wafer to form a layer of the
implanted ion;

bonding the surface from which the ion is
implanted into the bond wafer and a surface of a base
wafer directly or through an insulator film;
subsequently

separating the bond wafer along the layer of the
implanted ion to form a bonded wafer having a thin film
on the base wafer;

performing rapid thermal annealing (RTA) under an
atmosphere containing hydrogen on the bonded wafer after
separating the bond wafer; and subsequently

performing a sacrificial oxidation process to
reduce a thickness of the thin film, wherein

the RTA is performed under conditions of a
retention start temperature of more than 1150°C and a

retention end temperature of 1150°C or less.

2. The method according to claim 1, wherein a
temperature fall occurs without a temperature rise
during a retention period of transition between the
retention start temperature and the retention end

temperature.

3. The method according to claim 1 or claim 2,
wherein the retention start temperature ranges from

1175°C to 1250°C, and the retention end temperature
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ranges from 1100°C to 1150°C.
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