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Description

Technical Field

[0001] The invention relates to a method of producing a composite wafer. More specifically, the invention relates to a
method of producing a composite wafer having an oxide single-crystal film on a support wafer.

Background Art

[0002] In the field of mobile communication devices typified by smartphones, a drastic increase in communication
traffic and multi-functionality have recently progressed. In order to meet the increase in communication traffic, the number
of bands has been increased, while the mobile communication devices are required to have various functions without
enlarging the shape of them. Various parts to be used for these mobile communication devices must therefore be smaller
and have higher performance.
[0003] An oxide single crystal such as lithium tantalate (LT) and lithium niobate (LN) is a typical piezoelectric material
and has been used widely as a material of surface acoustic wave (SAW) devices. The oxide single crystal used as a
piezoelectric material enables band broadening because an electromechanical coupling factor, which indicates the
conversion efficiency of electromagnetic energy into dynamic energy, is large. However, it has low stability against a
temperature change, and the frequency to which it can respond varies with the temperature change. The low stability
against the temperature change owes to the thermal expansion coefficient of the oxide single crystal.
[0004] For improving the temperature stability in the case where the oxide single crystal is used as a piezoelectric
material, there is provided, for example, a method comprising steps of: laminating, with an oxide single-crystal wafer, a
material having a thermal expansion coefficient smaller than that of the oxide single crystal, more specifically, a sapphire
wafer; and thinning (e.g. grinding) the oxide single-crystal wafer side of the resulting laminate to a thickness of from
several to tens of mm to suppress the influence of thermal expansion of the oxide single crystal (Non-Patent Document
1). In this method, however, the oxide single-crystal wafer is ground after lamination, so that a large portion of the oxide
single-crystal wafer is wasted. Thus, it is inferior in terms of efficient use of the material. In addition, lithium tantalate or
lithium niobate used as the oxide single crystal is an expensive material so that there is a demand for a method involving
highly efficient use of the material and being capable of reducing the waste so as to reduce a production cost.
[0005] As an example of the method of producing a SOI wafer, the Small-Cut method, in short, comprises steps of:
laminating a silicon wafer having a hydrogen ion-implanted layer with a support wafer, and heat-treating the resulting
laminate around 500°C to thermally split the laminate along the ion-implanted layer (Patent Document 1). In order to
enhance the efficient use of an oxide single-crystal wafer, an attempt has been made to use the oxide single-crystal
wafer instead of the silicon wafer used in the Small-Cut method to form an oxide single-crystal film on the support wafer
(Non-Patent Documents 2 and 3).
[0006] Non-Patent Document 2 reports a method of producing a LTMOI (lithium-tantalate-metal-on-insulator) structure
comprising steps of: forming a 121-nm thick Cr metal layer on a surface of a lithium tantalate wafer having an ion-
implanted layer; laminating the wafer with a SiO2 substrate having a thickness of hundreds of nm, while keeping the
metal layer therebetween; heat-treating the resulting laminate at a temperature of from 200 to 500°C to split the laminate
along the ion-implanted layer, thereby transferring a lithium tantalate film onto the SiO2 substrate via the metal layer;
and laminating the lithium tantalate wafer with the surface of the SiO2 substrate on the side opposite to the surface to
which the lithium tantalate film has been transferred. Non-Patent Document 3 reports a method of thermally transferring
a lithium tantalate film onto the silicon wafer comprising steps of: laminating a silicon wafer with a lithium tantalate wafer
having an ion-implanted layer; and heat-treating the resulting laminate at 200°C to split the laminate along the ion-
implanted layer. US 2010/088868 A1 discloses a prior art method of forming a composite wafer comprising a lithium
tantalate film or a lithium niobate film. WO 2014/017369 A1 and US 2012/247686 A1 disclose prior art methods of
applying ultrasonic vibration to split a laminate.

Prior Art document

Patent Document

[0007] [Patent Document 1] Japanese Patent No. 3048201

Non-Patent Documents

[0008]
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[Non-Patent Document 1] Taiyo Yuden Co., Ltd., "Temperature compensation technology for SAW-Duplexer used
in RF front end of smartphone", [online], November 8, 2012, Dempa Shimbun High Technology, [searched on March
20, 2015], internet (URL:http://www.yuden.cojp/jp/product/tech/column/20121108.html)
[Non-Patent Document 2] A Tauzin et al., "3-inch single-crystal LiTaO3 films onto metallic electrode using Smart
Cut™ technology", Electric Letters, 19th June 2008, Vol. 44, No. 13, p. 822
[Non-Patent Document 3] Weill Liu et al., "Fabrication of single-crystalline LiTaO3 film on silicon substrate using
thin film transfer technology", J. Vac. Sci. Technol. B26(1), Jan/Feb 2008, p. 206

Summary of the Invention

Problem to be Solved by the Invention

[0009] An oxide single crystal such as lithium tantalate (LT) and lithium niobate (LN) is hard and very fragile. In addition,
it has a markedly large thermal expansion coefficient compared with those of silicon, glass and sapphire as shown in
FIG. 2. The oxide single crystal therefore has such a drawback that heat-treating at a high temperature after lamination
with a different kind of wafer such as a silicon, glass or sapphire wafer may cause peeling or cracking between the
wafers thus laminated due to a difference in thermal expansion coefficient. For example, a difference in thermal expansion
coefficient between lithium tantalate and sapphire, which is typically used as a support wafer and has a particularly large
thermal expansion coefficient, is as large as 7310-6/K (=7 ppm/K) or more, as can be confirmed from FIG. 2.
[0010] According to the Non-Patent Document 2, by selecting the structure of interposing the metal layer and the SiO2
substrate between the lithium tantalate wafer and the lithium tantalate film, the lithium tantalate film can be transferred,
while suppressing peeling or cracking of the wafer attributable to the difference in thermal expansion during the heat
treatment. In this method, however, an underlying substrate is made of lithium tantalite, which is a material also used
for the film, so that poor temperature stability, which is the above-described problem of a piezoelectric material, cannot
be improved. In addition, the film cannot be transferred unless heat-treated at 200°C or higher. Further, the structure of
interposing the metal layer narrows the range of applications. Still further, expensive lithium tantalate must be used
excessively for suppressing cracking of the wafer, leading to an increase in a production cost.
[0011] Non-Patent Document 3 describes heat treatment at a temperature of from 200 to 800°C. However, heat
treatment only at 200°C was carried out in an example of transferring the lithium tantalate film onto the silicon wafer by
the Smart-Cut method. In this example, there is no description on whether or not the lithium tantalate film was transferred
onto the entire surface of the silicon wafer. The present inventors have carried out a verification test on splitting during
the heat treatment at 200°C by using a method similar to that used in Non-Patent Document 3, and found that the lithium
tantalate film was transferred onto not the entire surface of the silicon wafer but a small area of the surface. In particular,
the lithium tantalate film was not transferred at all at the peripheral area of the silicon wafer. This is presumed to occur
because the wafers formed into the laminate were warped due to a difference in thermal expansion during the heat
treatment, and peeling occurred along the lamination interface with the lithium tantalate wafer at the peripheral area of
the silicon wafer. Even if the heat treatment is done at 200°C or higher, it is impossible to prevent the warp of the wafers
formed into the laminate due to the difference in thermal expansion and to stably transfer the lithium tantalate film onto
the entire surface of the silicon wafer, as described above.

Solution to the Problem

[0012] The inventors have carried out an extensive investigation and have found a method of producing a low-cost
composite wafer, comprising an oxide single-crystal film on a support wafer and being unlikely to peel or crack at the
lamination interface, unexpectedly by selecting a support wafer material having a thermal expansion coefficient largely
different from that of the oxide single crystal, specifically, by selecting a support wafer material having a thermal expansion
coefficient of 7 ppm/K or more smaller than that of an oxide single crystal. This approach is different from the conventional
approach of suppressing generation of a stress by using materials having thermal expansion coefficients close to each
other. More specifically, the inventors have found a method in which an oxide single-crystal wafer having an ion-implanted
layer formed using a predetermined hydrogen ion implantation dose and a support wafer having a thermal expansion
coefficient smaller than that of the oxide single crystal are laminated together, taking advantage of a bonding force
between the wafers generated by surface activation treatment or the like; the resulting laminate is heat-treated at a
temperature low enough not to cause thermal splitting, the ion-implanted layer of the laminate is exposed to ultrasonic
vibration to accelerate embrittlement of the ion-implanted layer for splitting, while maintaining the connection with the
lamination interface.
[0013] In an aspect of the invention, there is provided a method of producing a composite wafer having an oxide single-
crystal film on a support wafer, comprising steps of:
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implanting hydrogen atom ions or hydrogen molecule ions into an oxide single-crystal wafer through a surface
thereof, which wafer is a lithium tantalate or lithium niobate wafer, to form an ion-implanted layer inside the oxide
single-crystal wafer;
subjecting at least one of the surface of the oxide single-crystal wafer and a surface of a support wafer to be laminated
with the oxide single-crystal wafer to surface activation treatment;
after the surface activation treatment, bonding the surface of the oxide single-crystal wafer to the surface of the
support wafer to obtain a laminate;
heat-treating the laminate at a temperature of 90°C or higher at which cracking is not caused; and
a step of applying ultrasonic vibration to the heat-treated laminate to split the laminate along the ion-implanted layer
to obtain an oxide single-crystal film transferred onto the support wafer;

wherein an implantation does of the hydrogen atom ions is from 5.031016 atom/cm2 to 2.7531017 atom/cm2 and an
implantation dose of the hydrogen molecule ions is from 2.531016 atoms/cm2 to 1.3731017 atoms/cm2.

Effect of the Invention

[0014] According to the invention, by using the production method, there can be provided a composite wafer having
high adhesion at the lamination interface between the support wafer and the oxide single-crystal film, being unlikely to
cause peeling or cracking, and having the oxide single-crystal film with a uniform thickness transferred onto the entire
surface of the support wafer. The oxide single-crystal wafer separated through the transfer of the oxide single-crystal
film onto the support wafer can be used again for the production of a composite wafer so that use of the production
method can bring cost reduction.

Brief Description of the Drawings

[0015]

[FIG. 1] FIG. 1 is a schematic view of the method of producing a composite wafer in one of the embodiments of the
invention.
[FIG. 2] FIG. 2 is a conceptual diagram of another embodiment in the step of applying ultrasonic vibration to the
laminate.
[FIG. 3] FIG. 3 shows comparison in thermal expansion coefficient among various materials.

Mode for Carrying out the Invention

[0016] Embodiments for carrying out the invention will hereinafter be described in detail, but the scope of the invention
is not limited by them.
[0017] In one of the embodiments of the invention, there is provided a method of producing a composite wafer having
an oxide single-crystal film on a support wafer.
[0018] The support wafer may be, for example, a wafer made of a material having a thermal expansion coefficient of
at least 7 ppm/K smaller than that of the oxide single-crystal wafer to be laminated. Examples of the support wafer
include a sapphire wafer, a silicon wafer, a silicon wafer with an oxide film, and a glass wafer. The size of the support
wafer is not particular limited, and may be, for example, a wafer having a diameter of from 75 to 150 mm and a thickness
of from 0.2 to 0.8 mm. The support wafer is not particularly limited, and a commercially available wafer may be used.
For example, the silicon wafer with an oxide film is a silicon wafer having an oxide film formed at least on the surface to
be laminated, wherein the oxide film may be formed on the surface of a silicon wafer by heat-treating the silicon wafer
at 700 to 1200°C in an air atmosphere. The thickness of the oxide film of the silicon wafer with an oxide film is not
particularly limited, and is preferably from 10 to 500 nm.
[0019] The oxide single crystal is a compound made from lithium, a metal element such as tantalum or niobium, and
oxygen. Examples of the oxide single crystal include lithium tantalate (LiTaO3) and lithium niobate (LiNbO3). The oxide
single crystal is preferably a lithium tantalate single crystal or a lithium niobate single crystal particularly when it is used
for a laser element, a piezoelectric element, a surface acoustic wave element or the like. The oxide single crystal is
typically used in the form of a wafer. The size of the oxide single-crystal wafer is not particularly limited, and may have,
for example, a diameter of from 75 to 150 mm and a thickness of from 0.2 to 0.8 mm. The oxide single-crystal wafer
may be selected from commercially available wafers, or may be produced by using one of known methods (for example,
JP 2003-165795A, and JP 2004-079061T which is the national phase publication of PCT application) including the
Czochralski process, or may be produced in combination of the steps contained by the known methods.
[0020] Each of the support wafer and the oxide single-crystal wafer preferably has a surface roughness RMS of 1.0
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nm or less at the surface to be bonded together. The surface roughness RMS of more than 1.0 nm may generate a gap
at the lamination interface and the gap may cause peeling. A wafer having a surface roughness RMS of more than 1.0
nm may be subjected to chemical mechanical polishing (CMP) to have the desired surface roughness. The surface
roughness RMS may be evaluated, for example, by atomic force microscopy (AFM).
[0021] Hydrogen ions are implanted into the oxide single-crystal wafer through a surface thereof to form an ion-
implanted layer inside the oxide single-crystal wafer. The ion-implanted layer is formed by implanting a predetermined
dose of hydrogen atom ions (H+) or hydrogen molecule ions (H2

+) with an implantation energy enough to form an ion-
implanted layer at a desired depth from the surface of the oxide single-crystal wafer. The implantation energy may be,
for example, from 50 to 200 keV in this implantation. The implantation dose of hydrogen atom ions (H+) is from 5.031016

atom/cm2 to 2.7531017 atom/cm2. The implantation dose of less than 5.031016 atom/cm2 does not cause embrittlement
of the ion-implanted layer in a later step. The implantation dose of more than 2.7531017 atom/cm2 generates microcavities
in the surface from which the ions have been implanted, so that the wafer having a desired surface roughness cannot
be obtained because of the unevenness in the wafer surface. The implantation dose of hydrogen molecule ions (H2

+)
is from 2.531016 atoms/cm2 to 1.3731017 atoms/cm2. The implantation dose of less than 2.531016 atoms/cm2 does
not cause embrittlement of the ion-implanted layer in a later step. The implantation dose of more than 1.3731017

atoms/cm2 generates microcavities in the surface from which the ions have been implanted, so that the wafer from
having a desired surface roughness cannot be obtained because of the unevenness in the wafer surface. The implantation
dose of hydrogen atom ions may be twice the dose of hydrogen molecule ions.
[0022] Next, at least one of the surface of the oxide single-crystal wafer from which the ions have been implanted and
the surface of the support wafer to be laminated with the oxide single-crystal wafer is subjected to surface activation
treatment. Both of the surface of the oxide single-crystal wafer from which the ions have been implanted and the surface
of the support wafer to be laminated with the oxide single-crystal wafer may be subjected to surface activation treatment.
At least one of the surfaces is required to be subjected to surface activation treatment. As a result of the surface activation
treatment, the desired degree of a bond strength can be obtained even at relatively low temperature of the heat treatment
after the step of bonding (i.e. laminating) without requiring high temperature heat treatment to enhance a bond strength.
Particularly when a hard and fragile oxide single-crystal wafer such as a lithium tantalate or lithium niobate wafer and a
support wafer having a thermal expansion coefficient of much smaller than that of the oxide single-crystal wafer are
laminated together after the surface activation treatment as described above, a large shear stress generated in parallel
with the lamination interface due to a difference in thermal expansion coefficient between the oxide single-crystal wafer
and the support wafer at a relatively low temperature in the later step may accelerate fracture not at the lamination
interface provided with a bond strength enough to compete with the shear stress by the surface activation treatment but
at the ion-implanted layer to the degree of not causing splitting.
[0023] Examples of the surface activation treatment include ozone water treatment, UV ozone treatment, ion beam
treatment, and plasma treatment. When the ozone water treatment is selected, the surface can be activated with active
ozone, for example, by introducing an ozone gas into pure water to obtain ozone water, and immersing the wafer in the
resulting ozone water. When UV ozone treatment is selected, the surface can be activated, for example, by retaining
the wafer in an atmosphere in which active ozone has been generated by irradiating the air or an oxygen gas with short-
wavelength UV light (having, for example, a wavelength of about 195 nm). When ion beam treatment is selected, the
surface can be activated, for example, by applying an ion beam such as Ar to the wafer surface in high vacuum (e.g.
less than 1310-5 Pa) to allow highly active dangling bonds to be exposed on the surface. When plasma treatment is
selected, the surface is treated with plasma, for example, by exposing the wafer placed in a vacuum chamber to a plasma
gas under reduced pressure (for example, from 0.2 to 1,0 mTorr) for about 5 to 60 seconds. As the plasma gas, an
oxygen gas is used for oxidizing the surface, while a hydrogen gas, a nitrogen gas, an argon gas, or a mixture thereof
may be used for not oxidizing the surface. When the wafer surface is treated with plasma, organic matters thereon are
removed by oxidation and further, the wafer surface is activated because of the increased number of OH groups on the
surface.
[0024] After the surface activation treatment, the surface of the oxide single-crystal wafer from which the ions have
been implanted is bonded to the surface of the support wafer to obtain a laminate. The oxide single-crystal wafer and
the support wafer are laminated together at a temperature of from 10 to 50°C. The composite wafer as a product is often
used around room temperature so that the temperature at the bonding (i.e. laminating) is desirably based on this tem-
perature range. The temperature at the bonding may be a temperature of the location where the step of bonding takes
place, that is, an ambient temperature or an atmospheric temperature in an apparatus. The temperature at the bonding
(i.e. laminating) may be controlled, for example, by selecting the atmospheric temperature in a lamination apparatus.
The term "room temperature" means an ambient temperature measured without heating or cooling an object. The room
temperature is not particularly limited, and is, for example, from 10 to 30°C, preferably around 25°C.
[0025] Next, the laminate is heat-treated at a temperature of 90°C or higher and, for example, at the temperature of
not causing cracks at the lamination interface. The heat treatment at a temperature of lower than 90°C may cause peeling
at the lamination interface because the bond strength at the lamination interface between the oxide single-crystal wafer
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and the support wafer is insufficient. The temperature of the heat treatment may be changed in accordance with the
support wafer to be used. For example, when the support wafer is a sapphire wafer, the temperature in the step of heat-
treating is preferably from 90 to 225°C, more preferably from 90 to 200°C. When the support wafer is a silicon wafer or
a silicon wafer with an oxide film, the temperature is preferably from 90 to 200°C, more preferably from 90 to 175°C.
When the support wafer is a glass wafer, the temperature is preferably from 90 to 110°C, more preferably from 90 to
100°C. Heat-treating the laminate at a temperature of 90°C or higher and of not causing a crack makes it possible not
only to improve a bonding force at the lamination interface between the support wafer and the oxide single-crystal wafer
but also to facilitate embrittlement of the ion-implanted layer in a later step. Examples of a heater include, but not
particularly limited to, a heat treatment furnace and an oven. As the temperature of the laminate, the atmospheric
temperature in the furnace or oven, which is measured, for example, by using a thermocouple placed therein, may be
used. The heat treatment time at the above-described temperature is not particularly limited unless cracking or peeling
takes place. The heat treatment time may be from 10 minutes to tens of hours, for example, up to 100 hours. For example,
when the heat treatment temperature is 90°C or more and less than 110°C, the heat treatment time of from 10 minutes
to 100 hours is preferred. When the heat treatment temperature is 110°C or more and less than 175°C, the heat treatment
time of from 10 minutes to 60 hours is preferred. When the heat treatment temperature is 175°C or more and less than
200°C, the heat treatment time of from 10 minutes to 24 hours is preferred. When the heat treatment temperature is
200°C or more and less than 225°C, the heat treatment time of from 10 minutes to 12 hours is preferred. In the invention,
the step of heat-treating can be simplified because the laminate can be heat-treated without providing the laminate with
a protection wafer.
[0026] The heat-treated laminate is preferably controlled to a temperature in the vicinity of room temperature (including
the room temperature), for example, from 10 to 50°C. It is preferably allowed to stand, or cooled with a cooler such as
an air blower, until it reaches the temperature. For example, the heat-treated laminate may be allowed to stand in a
room controlled to 25°C to obtain the laminate of a desired temperature. Cooling the laminate to a temperature in the
vicinity of room temperature similar to the temperature at the bonding (i.e. laminating) to obtain the laminate can reduce
a stress to be applied to the laminate so that a crack or defect is not likely to be generated in the laminate in the later
step of applying ultrasonic vibration to the laminate to split the laminate.
[0027] Next, ultrasonic vibration is applied to the heat-treated laminate to split the laminate along the ion-implanted
layer to obtain an oxide single-crystal film transferred onto the support wafer. The ultrasonic wave is an elastic vibration
wave (sonic wave) having a high vibration frequency. A method of applying ultrasonic vibration to the laminate is not
particularly limited, and the ultrasonic vibration may be applied, for example, by using a vibrator or by bringing a wedge-
like blade to which a ultrasonic wave has been applied, such as a ultrasonic cutter, into contact with a side surface of
the laminate, for example, an end portion of the ion-implanted layer. The frequency of the ultrasonic wave is not particularly
limited insofar as it can embrittle the ion-implanted layer without affecting the lamination interface, and is preferably from
20 to 40 kHz. As another method of applying ultrasonic vibration to the laminate, the ultrasonic vibration may be applied
via a liquid by using a water tank equipped with a vibrator, such as ultrasonic washer, and immersing the laminate in
the water tank to which ultrasonic waves have been applied. When the ultrasonic vibration is applied to the laminate via
the liquid, the laminate can be split along the ion-implanted layer more reliably by immersing the laminate for from 1 to
60 minutes in the water tank to which ultrasonic vibration has been applied. The frequency in this case is preferably
from 26 kHz to 1.6 MHz, The above-described two methods may be used in combination.
[0028] When ultrasonic wave is applied, an optional reinforcement such as vacuum chuck or electrostatic chuck may
be preferably fixed on one or both surfaces of the laminate. For example, the reinforcement may be attached to a support
wafer-side surface of the laminate or an oxide single-crystal wafer-side surface of the laminate, or both surfaces of the
laminate. The vacuum chuck is not particularly limited, and examples thereof include a vacuum chuck made of porous
polyethylene, alumina or the like. The electrostatic chuck is not particularly limited, and examples thereof include an
electrostatic chuck made of ceramics such as silicon carbide or aluminum nitride. The shape of the vacuum chuck or
electrostatic chuck is not particularly limited, and is preferably greater than the diameter of the laminate. The reinforcement
allows the laminate to split reliably along the ion-implanted layer without splitting at a place other than the ion-implanted
layer or cracking of the laminate, when the ultrasonic vibration is applied to the laminate.
[0029] The temperature of the laminate during the application of ultrasonic vibration is a temperature in the vicinity of
room temperature (including room temperature) without heating or cooling or by heating or cooling, for example, from
10 to 50°C, more preferably from 25 to 30°C. As the temperature of the laminate during the application of ultrasonic
vibration, an atmospheric temperature around the laminate may be used. For example, it may be a temperature deter-
mined by measuring the atmospheric temperature in a furnace or oven with a thermocouple placed therein, it may be a
temperature in the room of a workshop, or it may be the temperature of water in the water tank. The temperature of the
laminate during the application of ultrasonic vibration to the laminate has a predetermined preferable range with respect
to the temperature at the bonding (i.e. laminating) to obtain a laminate. For example, a difference in the temperature at
the bonding to obtain a laminate and the temperature of the laminate during the application of ultrasonic application is
preferably in a range of from 0 to 40°C. As the difference becomes closer to 0°C, the result becomes more preferable.
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When the difference is beyond the predetermined preferable range, peeling or cracking may be caused at the lamination
interface of the laminate. By adjusting the difference between the temperature at the bonding and the temperature during
the application of ultrasonic vibration to fall within a predetermined range, a warp stress resulting from thermal expansion
can be reduced to the minimum and generation of defects and the like can be minimized. The step of bonding (i.e.
laminating) to obtain a laminate is commonly carried out at an atmospheric temperature (from 25 to 30°C) under an
environment such as a clean room so that the step of applying ultrasonic vibration is also carried out desirably at the
same atmospheric temperature of from about 25 to 30°C.
[0030] By using the above-described method, a composite wafer comprising a support wafer, and an oxide single-
crystal film, which is a lithium tantalate or lithium niobate film, on the support wafer can be obtained, The thickness of
the oxide single-crystal film of the resulting composite wafer corresponds to the implantation depth of hydrogen ions
during the hydrogen ion implantation and is preferably from 100 to 1000 nm. The surface of the oxide single-crystal film
may be optionally ground.
[0031] According to the invention, the method of producing a composite wafer is not particularly limited, and one of
the embodiments is shown in FIG, 1. Hydrogen ions 12 are implanted into an oxide single-crystal wafer 11 through a
surface thereof to form an ion-implanted layer 13 inside the oxide single-crystal wafer 11 (in step a). The surface 11s of
the oxide single-crystal wafer 11 from which the ions have been implanted and the surface 14s of a support wafer 14 to
be laminated with the oxide single-crystal wafer are both subjected to surface activation treatment by exposing them to
an ion beam 15 (in step b). After the surface activation treatment, the surface 11s of the oxide single-crystal wafer from
which the ions have been implanted is bonded to the surface 14s of the support wafer to obtain a laminate 16 (in step
c). The laminate 16 thus obtained is heat-treated at a temperature of 90°C or higher (in step d). By bringing a wedge-
like blade 19 of a ultrasonic cutter into contact with a side surface of the heat treated laminate 16, that is, an end portion
of the ion-implanted layer 13, and applying ultrasonic vibration to the laminate 16, the oxide single-crystal wafer can be
split along the ion-implanted layer 13 to remove a portion 11b of the oxide single-crystal wafer and obtain a composite
wafer 18 having an oxide single-crystal film 11a transferred onto the support wafer 14 (in step e). Another embodiment
of the step e is shown in FIG. 2. In this step e, the heat-treated laminate 16 is immersed in a water tank 31 equipped
with a vibrator 33, ultrasonic waves are applied to the water tank 31 so that the ultrasonic vibration is applied to the
laminate 16 via a liquid 32 to split the oxide single-crystal wafer along the ion-implanted layer 13 to remove a portion
11b of the oxide single-crystal wafer and obtain a composite wafer 18 having an oxide single-crystal film 11a transferred
onto a support wafer 14.

Examples

<Experiment 1>

[0032] As a support wafer, a sapphire wafer having a diameter of 100 mm and a thickness of 0.35 mm was used. As
an oxide single-crystal wafer, a lithium tantalate wafer having a diameter of 100 mm and a thickness of 0.35 mm was
used. The surface roughness RMS of each surface of the sapphire wafer and the lithium tantalate wafer to be bonded
together was determined using an atomic force microscope to be 1.0 nm or less.
[0033] The respective surfaces of the sapphire wafer and the lithium tantalate wafer to be bonded together were
subjected to surface activation by plasma treatment with a plasma activation apparatus in a nitrogen atmosphere. Next,
the surface-activated surfaces of the sapphire wafer and the lithium tantalate wafer were bonded together at room
temperature (25°C) to obtain a laminate. Each of the laminates thus obtained was heated to a temperature of 70, 80,
90, 100, 110, 125, 150, 175, 200, 225, 250, or 275°C and heat-treated at the temperature for 24 hours. A heat treatment
oven was used as a heat-treating unit, and the atmospheric temperature in the oven measured with a thermocouple
was used as the temperature of the laminate. The result of appearance inspection of each laminate thus obtained is
shown in Table 1. The appearance inspection was performed visually. The laminate without cracking or chipping was
evaluated as "A", the laminate having fine cracking was evaluated as "B", and broken laminate was evaluated as "F". It
is confirmed that the laminate samples obtained using a sapphire substrate as the support wafer and the heat treatment
at 70 to 225°C had neither cracking nor chipping.

<Experiment 2>

[0034] Laminates were obtained and heat-treated in the same manner as in Experiment 1 except that a silicon wafer
having a diameter of 100 mm and a thickness of 0.35 mm was used as the support wafer, and each laminate thus
obtained was heated to a temperature of 70, 80, 90, 100, 110, 125, 150, 175, 200, or 225°C and heat-treated at the
temperature for 24 hours. Each of the surface of the silicon wafer and the surface of the lithium tantalate wafer to be
bonded together had a surface roughness RMS of 1.0 nm or less. The result of the appearance inspection of each
laminate thus obtained is shown in Table 1. It is confirmed that the laminate samples obtained using a silicon wafer as
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the support wafer and the heat treatment at 0 to 200°C had neither cracking nor chipping.

< Experiment 3>

[0035] Laminates were obtained and heat-treated in the same manner as in Experiment 1 except that a silicon wafer
with an oxide film containing a silicon wafer having a diameter of 100 mm and a thickness of 0.35 mm and a 100-nm
oxide film on the silicon wafer was used as the support wafer, and each laminate thus obtained was heated to a temperature
of 70, 80, 90, 100, 110, 125, 150, 175, 200, or 225°C, and heat-treated at the temperature for 24 hours. Each of the
surface of the silicon wafer with an oxide film and the surface of the lithium tantalate wafer to be bonded together had
a surface roughness RMS of 1.0 nm or less. The result of the appearance inspection of each laminate thus obtained is
shown in Table 1. The silicon wafer with an oxide film was obtained by heat-treating a silicon wafer at 1100° C for about
one hour to allow a 100-nm thermal oxide film to grow on the silicon wafer. It is confirmed that the laminate samples
obtained using the silicon wafer with an oxide film as the support wafer and the heat treatment at 70 to 200°C had neither
cracking nor chipping..

< Experiment 4>

[0036] Laminates were obtained and heat-treated in the same manner as in Experiment 1 except that a glass wafer
having a diameter of 100 mm and a thickness of 0.35 mm was used as the support wafer, and each laminate thus
obtained was heated to a temperature of 70, 80, 90, 100, 110, or 125°C, and heat-treated at the temperature for 24
hours, Each of the surface of the glass wafer and the surface of the lithium tantalate wafer to be bonded together had
a surface roughness RMS of 1.0 nm or less. The result of the appearance inspection of each laminate thus obtained is
shown in Table 1. It is confirmed that the laminate samples obtained using a glass wafer as the support wafer and the
heat treatment at 70 to 110°C had neither cracking nor chipping.

[0037] A lithium tantalate wafer was used in Experiments 1 to 4. When experiments were carried out in the same
manner as in Experiments 1 to 4 except that a lithium niobate wafer was used as the oxide single-crystal wafer, the
same results as those in Table 1 were obtained. When experiments were carried out in the same manner as in Experiments
1 to 4 except that ozone water treatment, UV ozone treatment, or vacuum ion beam treatment was used instead of the
plasma treatment as the surface activation treatment, exactly same results were obtained. It is evident from those results
that any of the above-described activation methods is effective, and there is no difference in the results between lithium
tantalate and lithium niobate.

<Example 1>

[0038] A sapphire wafer having a diameter of 100 mm and a thickness of 0.35 mm was used as the support wafer,
while a lithium tantalate wafer having a diameter of 100 mm and a thickness of 0.35 mm was used as the oxide single-
crystal wafer. Each of the surface of the sapphire wafer and the surface of the lithium tantalate wafer to be bonded
together had a surface roughness RMS of 1.0 nm or less.
[0039] First, an ion-implanted layer was formed inside the lithium tantalate wafer by implanting hydrogen atom ions
from the surface of the lithium tantalate wafer under the following conditions: an implantation dose of 7.031016 atom/cm2

and an accelerating voltage of 100 KeV. Next, the surface of the lithium tantalate wafer from which the ions had been
implanted and the surface of the sapphire wafer to be laminated with the lithium tantalate wafer were activated by vacuum
ion beam treatment with a vacuum ion beam apparatus under 7310-6 Pa, while using Ar as an ion source. Next, the
activated surfaces of the sapphire wafer and the lithium tantalate wafer were bonded together at room temperature
(25°C) to obtain each laminate. Next, each laminate thus obtained was heated to a temperature of 90, 100, 110, 125,

Table 1

kind of support wafer temperature (°C) of laminate during heat treatment

70 80 90 100 110 125 150 175 200 225 250 275

sapphire (Experiment 1) A A A A A A A A A A B F

silicon (Experiment 2) A A A A A A A A A B - -

silicon with oxide film (Experiment 3) A A A A A A A A A B - -

glass (Experiment 4) A A A A A B - - - - - -
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150, 175, 200, or 225°C, and heat-treated at the temperature for 24 hours. A heat treatment oven was used as a heater,
and the atmospheric temperature in the oven was measured as the temperature of each laminate by using a thermocouple.
The heat-treated laminate was allowed to stand until the temperature decreased to room temperature. Then, each
laminate was split along the ion-implanted layer by applying ultrasonic waves (30Hz) in the state of keeping a wedge-
like blade of an ultrasonic cutter in contact with an end portion of the ion-implanted layer of the laminate at room
temperature (25°C) to obtain a composite wafer having a lithium tantalate film transferred onto the sapphire wafer. The
result of the appearance inspection of each composite wafer thus obtained is shown in Table 2. This appearance
inspection was performed visually. A composite wafer having a film transferred onto the entire surface of the support
wafer was evaluated as "A", a composite wafer having a film partially transferred onto the surface of the support wafer
was evaluated as "B", and a composite wafer not formed due to failure of film transfer was evaluated as "F".

<Comparative Example 1>

[0040] A composite wafer was obtained in the same manner as in Example 1 except that the laminate was heat-treated
at 70°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 2.

<Comparative Example 2>

[0041] A composite wafer was obtained in the same manner as in Example 1 except that the laminate was heat-treated
at 80°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 2.

<Example 2>

[0042] Each composite wafer was obtained in the same manner as in Example 1 except that a silicon wafer having a
diameter of 100 mm and a thickness of 0.35 mm was used as the support wafer, and each laminate thus obtained was
heated to a temperature of 90, 100, 110, 125, 150, 175, or 200°C, and heat-treated at the temperature for 24 hours.
Each of the surface of the silicon wafer and the surface of the lithium tantalate wafer to be bonded together had a surface
roughness RMS of 1.0 nm or less. The result of the appearance inspection of each composite wafer thus obtained is
shown in Table 2.

<Comparative Example 3>

[0043] A composite wafer was obtained in the same manner as in Example 2 except that the laminate was heat-treated
at 70°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 2.

<Comparative Example 4>

[0044] A composite wafer was obtained in the same manner as in Example 2 except that the laminate was heat-treated
at 80°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 2.

<Example 3>

[0045] Each composite wafer was obtained in the same manner as in Example 1 except that a silicon wafer with an
oxide film containing a silicon wafer having a diameter of 100 mm and a thickness of 0.35 mm and a 100-nm oxide film
on the silicon wafer was used as the support wafer, and each laminate thus obtained was heated to a temperature of
90, 100, 110, 125, 150, 175, or 200°C, and heat-treated a the temperature for 24 hours, Each of the surface of the silicon
wafer with an oxide film and the surface of the lithium tantalate wafer to be bonded together had a surface roughness
RMS of 1.0 nm or less. The result of the appearance inspection of each composite wafer thus obtained is shown in Table
2. The silicon wafer with an oxide film was obtained by heat-treating a silicon wafer at 1100°C for about one hour to
allow a 100-nm thermal oxide film to grow on the silicon wafer.

<Comparative Example 5>

[0046] A composite wafer was obtained in the same manner as in Example 3 except that the laminate was heat-treated
at 70°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 2.
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<Comparative Example 6>

[0047] A composite wafer was obtained in the same manner as in Example 3 except that the laminate was heat-treated
at 80°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 2.

<Example 4>

[0048] Each composite wafer was obtained in the same manner as in Example 1 except that a glass wafer having a
diameter of 100 mm and a thickness of 0.35 mm was used as the support wafer, each laminate thus obtained was heated
to a temperature of 90, 100, or 110°C, and heat-treated at the temperature for 24 hours. Each of the surface of the glass
wafer and the surface of the lithium tantalate wafer to be bonded together had a surface roughness RMS of 1.0 nm or
less. The result of the appearance inspection of each composite wafer thus obtained is shown in Table 2.

<Comparative Example 7>

[0049] A composite wafer was obtained in the same manner as in Example 4 except that the laminate was heat-treated
at 70°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 2.

<Comparative Example 8>

[0050] A composite wafer was obtained in the same manner as in Example 4 except that the laminate was heat-treated
at 80°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 2.

[0051] Regarding the composite wafer samples obtained by using a sapphire wafer as the support wafer and the heat
treatment at 90 to 225°C, the composite wafer samples obtained by using a silicon wafer as the support wafer and the
heat treatment at 90 to 200°C, the composite wafer samples obtained by using a silicon wafer with an oxide film as the
support wafer and the heat treatment temperature at from 90 to 200°C, and the composite wafer samples obtained by
using a glass wafer as the support wafer and the heat treatment at 90 to 110°C, it is confirmed that each lithium tantalate
film was transferred onto the entire surface of each support wafer as shown in Table 2.
[0052] In any of the support wafers, when the heat treatment temperature was 70°C, there was no split along the ion-
implanted layer and peeling occurred at the interface between the two wafers laminated together. When the heat treatment
temperature was 80°C, there appeared two regions on the support wafer, that is, an area where a lithium tantalate film
was transferred and an area where the film was not transferred. It is considered that the film was not transferred onto
the entire surface because at 70°C and 80°C, embrittlement at the ion implantation interface was not sufficient and a
lamination force between the two wafers was not enough.
[0053] When experiments were carried out in the same manner as in Examples 1 to 4 except that a lithium niobate
wafer was used as the oxide single-crystal wafer, the same results as those shown in Table 2 were obtained. When
experiments were carried out in the same manner as in Examples 1 to 4 except that ozone water treatment, UV ozone
treatment, or plasma treatment was used instead of the vacuum ion beam treatment as the surface activation treatment,
the same results were obtained.

<Example 5>

[0054] Each composite wafer was obtained in the same manner as in Example 1 except that an ion-implanted layer
was formed inside the lithium tantalate wafer by implanting hydrogen atom ions from the surface of the lithium tantalate
wafer under the following conditions: an implantation dose of 5.031016 7.531016, 1031016, 12.531016, 1531016,

Table 2

kind of support wafer temperature (°C) of laminate during heat treatment

70 80 90 100 110 125 150 175 200 225 250

sapphire (Example1 and Comp.Exs.1-2) F B A A A A A A A A -

silicon (Example2 and Comp.Exs.3-4) F B A A A A A A A - -

silicon with oxide film (Example3 and Comp.Exs.5-6) F B A A A A A A A - -

glass (Example4 and Comp.Exs.7-8) F B A A A - - - - - -
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17.531016, 2031016, 22.531016, 2531016, or 27.531016 atom/cm2, and an accelerating voltage of 100 KeV, and each
laminate thus obtained was heat-treated at 90°C for 24 hours,.

<Comparative Example 9>

[0055] A composite wafer was obtained in the same manner as in Example 5 except that an ion-implanted layer was
formed inside the lithium tantalate wafer by implanting hydrogen atom ions from the surface of the lithium tantalate wafer
under the following conditions: an implantation dose of 4.031016 atom/cm2 and an accelerating voltage of 100 KeV.

<Reference Example 1>

[0056] A lithium tantalate wafer having a diameter of 100 mm and a thickness of 0.35 mm was used as the oxide
single-crystal wafer. The surface of the lithium tantalate wafer to be bonded had a surface roughness RMS of 1.0 nm
or less. An ion-implanted layer was formed inside the lithium tantalate wafer by implanting hydrogen atom ions from the
surface of the lithium tantalate wafer under the following conditions: an implantation dose of 3031016 atom/cm2 and an
accelerating voltage of 100 KeV. As a result, a surface of the lithium tantalate wafer before lamination was found to have
unevenness, which was not a surface roughness required for the lamination so that it was not laminated. The unevenness
on the surface of the lithium tantalate wafer is presumed to occur because the implanted hydrogen failed to become
dissolved and foamed inside the wafer.

<Example 6>

[0057] Each composite wafer was obtained in the same manner as in Example 2 except that an ion-implanted layer
was formed inside the lithium tantalate wafer by implanting hydrogen atom ions from the surface of the lithium tantalate
wafer under the following conditions: an implantation dose of 5.03 1016, 7.531016, 1031016, 12.531016, 1531016,
17.531016, 2031016, 22.531016, 2531016, or 27.531016 atom/cm2, and an accelerating voltage of 100 KeV, and each
laminate thus obtained was heat-treated at 90°C for 24 hours,.

<Comparative Example 10>

[0058] A composite wafer was obtained in the same manner as in Example 6 except that an ion-implanted layer was
formed inside the lithium tantalate wafer by implanting hydrogen atom ions from the surface of the lithium tantalate wafer
under the following conditions: an implantation dose of 4.031016 atom/cm2 and an accelerating voltage of 100 KeV.

<Example 7>

[0059] Each composite wafer was obtained in the same manner as in Example 3 except that an ion-implanted layer
was formed inside the lithium tantalate wafer by implanting hydrogen atom ions from the surface of the lithium tantalate
wafer under the following conditions: an implantation dose of 5.031016, 7.531016 1031016, 12.531016, 1531016,
17.531016, 2031016, 22.531016, 2531016, or 27.531016 atom/cm2, and an accelerating voltage of 100 KeV, and each
laminate thus obtained was heat-treated at 90°C for 24 hours.

<Comparative Example 11>

[0060] A composite wafer was obtained in the same manner as in Example 7 except that an ion-implanted layer was
formed inside the lithium tantalate wafer by implanting hydrogen atom ions from the surface of the lithium tantalate wafer
under the following conditions: an implantation dose of 4.031016 atom/cm2 and an accelerating voltage of 100 KeV.

<Example 8>

[0061] Each composite wafer was obtained in the same manner as in Example 4 except that an ion-implanted layer
was formed inside the lithium tantalate wafer by implanting hydrogen atom ions from the surface of the lithium tantalate
wafer under the following conditions: an implantation dose of 5.031016, 7.531016, 1031016, 12.531016, 1531016,
17.531016, 2031016, 22.531016, 2531016, or 27.531016 atom/cm2, and an accelerating voltage of 100 KeV, and each
laminate thus obtained was heat-treated at 90°C for 24 hours,,
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<Comparative Example 12>

[0062] A composite wafer was obtained in the same manner as in Example 8 except that an ion-implanted layer was
formed inside the lithium tantalate wafer by implanting hydrogen atom ions from the surface of the lithium tantalate wafer
under the following conditions: an implantation dose of 4.031016 atom/cm2 and an accelerating voltage of 100 KeV.
[0063] It is confirmed that in Examples 5 to 8 in which hydrogen atom ions were implanted at an implantation dose of
from 5.031016 to 27.531016 atom/cm2, a lithium tantalate film was transferred onto the entire surface of the support
wafer irrespective of the kind of the support wafer. On the other hand, in Comparative Examples 9 to 12 in which hydrogen
atom ions were implanted at an implantation dose of 4.031016 atom/cm2, there was no split along the ion-implanted
layer of the lithium tantalate wafer irrespective of the kind of the support wafer. It is presumed that the ion implantation
dose was insufficient so that sufficient embrittlement was not caused in the later step.
[0064] Hydrogen atom ions were used in Examples 5 to 8. The similar results were obtained when hydrogen molecule
ions were used and the implantation dose of the hydrogen molecule ions was reduced to half of that of the hydrogen
atom ions. Further, the results similar to those of Examples 5 to 8 were obtained when a lithium niobate wafer was used
as the oxide single-crystal wafer.

<Example 9>

[0065] Each composite wafer having a lithium tantalate film transferred onto the sapphire wafer was obtained in the
same manner as in Example 1 except that each heat-treated laminate was allowed to stand until it was cooled to room
temperature, and then immersed in a water tank of 25°C, and ultrasonic waves (26 kHz) were applied to the water tank
for 120 seconds by using a ultrasonic washing machine so that ultrasonic vibration was applied to the laminate via water
to split the laminate along the ion-implanted layer. The result of the appearance inspection of each composite wafer
thus obtained is shown in Table 3. The appearance inspection was performed visually. A composite wafer having a film
transferred onto the entire surface of the support wafer was evaluated as "A", a composite wafer having a film partially
transferred onto the surface of the support wafer was evaluated as "B", and a composite wafer not formed due to failure
of film transfer was evaluated as "F".

<Comparative Example 13>

[0066] A composite wafer was obtained in the same manner as in Example 9 except that the laminate was heat-treated
at 70°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 3.

<Comparative Example 14>

[0067] A composite wafer was obtained in the same manner as in Example 9 except that the laminate was heat-treated
at 80°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in Table 3.

<Example 10>

[0068] Each composite wafer having a lithium tantalate film transferred onto the silicon wafer was obtained in the
same manner as in Example 2 except that the heat-treated laminate was allowed to stand until it was cooled to room
temperature, and then immersed in a water tank of 25°C, and ultrasonic waves (26 kHz) were applied to the water tank
for 120 seconds by using a ultrasonic washing machine so that ultrasonic vibration was applied to the laminate via water
to split the laminate along the ion-implanted layer. The result of the appearance inspection of each composite wafer
thus obtained is shown in Table 3.

<Comparative Example 15>

[0069] A composite wafer was obtained in the same manner as in Example 10 except that the laminate was heat-
treated at 70°C for 24 hours, The result of the appearance inspection of the composite wafer thus obtained is shown in
Table 3.

<Comparative Example 16>

[0070] A composite wafer was obtained in the same manner as in Example 10 except that the laminate was heat-
treated at 80°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in
Table 3.
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<Example 11>

[0071] Each composite wafer having a lithium tantalate film transferred onto the silicon wafer with an oxide film was
obtained in the same manner as in Example 3 except that each heat-treated laminate was allowed to stand until it was
cooled to room temperature, and then immersed in a water tank of 25°C, and ultrasonic waves (26 kHz) were applied
to the water tank for 120 seconds by using a ultrasonic washing machine so that ultrasonic vibration was applied to the
laminate via water to split the laminate along the ion-implanted layer. The result of the appearance inspection of each
composite wafer thus obtained is shown in Table 3.

<Comparative Example 17>

[0072] A composite wafer was obtained in the same manner as in Example 11 except that the laminate was heat-
treated at 70°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in
Table 3.

<Comparative Example 18>

[0073] A composite wafer was obtained in the same manner as in Example 11 except that the laminate was heat-
treated at 80°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in
Table 3.

<Example 12>

[0074] Each composite wafer having a lithium tantalate film transferred onto the glass wafer was obtained in the same
manner as in Example 4 except that each heat-treated laminate was allowed to stand until it was cooled to room
temperature, and then immersed in a water tank of 25°C, and ultrasonic waves (26 kHz) were applied to the water tank
for 120 seconds by using a ultrasonic washing machine so that ultrasonic vibration was applied to the laminate via water
to split the laminate along the ion-implanted layer. The result of the appearance inspection of each composite wafer
thus obtained is shown in Table 3.

<Comparative Example 19>

[0075] A composite wafer was obtained in the same manner as in Example 12 except that the laminate was heat-
treated at 70°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in
Table 3.

<Comparative Example 20>

[0076] A composite wafer was obtained in the same manner as in Example 12 except that the laminate was heat-
treated at 80°C for 24 hours. The result of the appearance inspection of the composite wafer thus obtained is shown in
Table 3.

Table 3

kind of support wafer temperature (°C) of laminate during heat treatment

70 80 90 100 110 125 150 175 200 225 250

sapphire (Example9 and Comp.Exs.
13-14)

F B A A A A A A A A -

silicon (Example10 and Comp.Exs.
15-16)

F B A A A A A A A - -

silicon with oxide film (Example11 
and Comp.Exs.17-18)

F B A A A A A A A - -

glass (Example12 and Comp.Exs.
19-20)

F B A A A - - - - - -
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[0077] Regarding the composite wafer samples obtained by using a sapphire wafer as the support wafer and the heat
treatment at 90 to 225°C, the composite wafer samples obtained by using a silicon wafer as the support wafer and the
heat treatment at from 90 to 200°C, the composite wafer samples obtained by using a silicon wafer with an oxide film
as the support wafer and the heat treatment at 90 to 200°C, and the composite wafer samples obtained by using a glass
wafer as the support wafer and the heat treatment at 90 to 110°C, it was confirmed that as shown in Table 3, a lithium
tantalate film had been transferred onto the entire surface of each support wafer.
[0078] When the heat treatment temperature was 70°C, splitting did not occur at the ion-implanted layer but occurred
at the interface of the two wafers laminated together. When the heat treatment temperature was 80°C, the support wafer
had two areas, that is, an area onto which a lithium tantalate film was transferred and an area onto which a lithium
tantalate film was not transferred. It is presumed that insufficient embrittlement at the ion implantation interface and lack
of a bonding force between the two wafers at 70°C and 80°C result in failure in transfer to the entire surface.
[0079] Each experiment was carried out in the same manner as in any of Examples 9 to 12 using a lithium niobate
wafer as the oxide single-crystal wafer. The results are the same as those shown in Table 3. The results are also exactly
the same when the surface activation treatment was carried out by using ozone water treatment, UV ozone treatment,
or plasma treatment in place of the vacuum ion beam treatment.

Explanation of Symbols

[0080]

11: oxide single-crystal wafer
11s: surface of oxide single-crystal wafer
11a: oxide single-crystal film
11b: a portion of oxide single-crystal wafer after split
12: hydrogen ion
13: ion-implanted layer
14: support wafer
14s: surface of support wafer
15: ion beam for exposition
16: laminate
18: composite wafer
19: wedge-like blade of ultrasonic cutter
31: water tank
32: liquid in water tank
33: vibrator

Claims

1. A method of producing a composite wafer having an oxide single-crystal film on a support wafer, comprising steps of:

implanting hydrogen atom ions or hydrogen molecule ions into an oxide single-crystal wafer through a surface
thereof, which wafer is a lithium tantalate or lithium niobate wafer, to form an ion-implanted layer inside the
oxide single-crystal wafer;
subjecting at least one of the surface of the oxide single-crystal wafer and a surface of a support wafer to be
laminated with the oxide single-crystal wafer to surface activation treatment;
after the surface activation treatment, bonding the surface of the oxide single-crystal wafer to the surface of the
support wafer at a temperature of from 10 to 50°C to obtain a laminate; and
heat-treating the laminate at a temperature of 90°C or higher at which cracking is not caused;
wherein an implantation dose of the hydrogen atom ions is from 5.031016 atom/cm2 to 2.7531017 atom/cm2

and an implantation dose of the hydrogen molecule ions is from 2.531016 atoms/cm2 to 1.3731017 atoms/cm2,
characterised in that the method further comprises:

the step of applying ultrasonic vibration to the heat-treated laminate to split the laminate along the ion-
implanted layer to obtain an oxide single-crystal film transferred onto the support wafer; and
further characterised in that:

the step of heat-treating the laminate is performed at a temperature at which cracking is not caused and
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a difference between a temperature at the bonding to obtain the laminate and a temperature of the
laminate during the application of the ultrasonic vibration is from 0 to 40°C.

2. The method of producing a composite wafer according to claim 1, wherein the support wafer is selected from the
group consisting of a sapphire wafer, a silicon wafer, a silicon wafer with an oxide film and a glass wafer, and the
temperature in the step of heat-treating is from 90 to 225°C in a case where the support wafer is the sapphire wafer;
from 90°C to 200°C in a case where the support wafer is the silicon wafer or the silicon wafer with an oxide film;
and from 90 to 110°C in a case where the support wafer is the glass wafer.

3. The method of producing a composite wafer according to any one of claims 1 to 2, wherein the surface activation
treatment is selected from the group consisting of ozone water treatment, UV ozone treatment, ion beam treatment,
and plasma treatment.

4. The method of producing a composite wafer according to any one of claims 1 to 3, wherein the step of applying
ultrasonic vibration comprises bringing a vibrator into contact with a side surface of the laminate.

5. The method of producing a composite wafer according to any one of claims 1 to 3, wherein the step of applying
ultrasonic vibration includes applying the ultrasonic vibration to the laminate via a liquid.

Patentansprüche

1. Verfahren zur Herstellung eines Verbundwafers mit einer Oxideinkristallschicht auf einem Stützwafer, umfassend
die Schritte:

Implantieren von Wasserstoffatomionen oder Wasserstoffmolekülionen in einen Oxideinkristallwafer durch eine
Oberfläche davon, wobei der Wafer ein Lithiumtantalat- oder Lithiumniobat-Wafer ist, um eine ionenimplantierte
Schicht innerhalb des Oxideinkristallwafers zu bilden;
Aussetzen mindestens einer der Oberfläche des Oxideinkristallwafers und einer Oberfläche eines mit dem
Oxideinkristallwafer zu laminierenden Stützwafers an Oberflächenaktivierungsbehandlung;
nach der Oberflächenaktivierungsbehandlung, Bonden der Oberfläche des Oxideinkristallwafers an die Ober-
fläche des Stützwafers bei einer Temperatur von 10 bis 50 °C, um ein Laminat zu erhalten; und
Wärmebehandeln des Laminats bei einer Temperatur von 90 °C oder höher, bei der keine Rissbildung verursacht
wird;
wobei eine Implantationsdosis der Wasserstoffatomionen von 5,031016 Atom/cm2 bis 2,7531017 Atom/cm2

beträgt und eine Implantationsdosis der Wasserstoffmolekülionen von 2,531016 Atome/cm2 bis 1,3731017

Atome/cm2 beträgt, dadurch gekennzeichnet, dass das Verfahren ferner umfasst:
den Schritt des Anwendens von Ultraschallvibration auf das wärmebehandelte Laminat, um das Laminat entlang
der ionenimplantierten Schicht aufzuspalten, um eine Oxideinkristallschicht zu erhalten, die auf den Stützwafer
übertragen wird; und ferner dadurch gekennzeichnet, dass:

der Schritt des Wärmebehandelns des Laminats bei einer Temperatur durchgeführt wird, bei der keine
Rissbildung verursacht wird; und
eine Differenz zwischen einer Temperatur an der Bondverbindung, um das Laminat zu erhalten, und einer
Temperatur des Laminats während der Anwendung der Ultraschallvibration von 0 bis 40 °C beträgt.

2. Verfahren zur Herstellung eines Verbundwafers nach Anspruch 1, wobei der Stützwafer ausgewählt ist aus der
Gruppe bestehend aus einem Saphirwafer, einem Siliziumwafer, einem Siliziumwafer mit einer Oxidschicht und
einem Glaswafer und die Temperatur bei dem Wärmebehandlungsschritt von 90 bis 225 °C, falls der Stützwafer
der Saphirwafer ist; von 90 °C bis 200 °C, falls der Stützwafer der Siliziumwafer oder der Siliziumwafer mit einer
Oxidschicht ist; und von 90 bis 110 °C, falls der Stützwafer der Glaswafer ist, beträgt.

3. Verfahren zur Herstellung eines Verbundwafers nach einem der Ansprüche 1 bis 2, wobei die Oberflächenaktivie-
rungsbehandlung ausgewählt ist aus der Gruppe bestehend aus Ozonwasserbehandlung, UV-Ozonbehandlung,
Ionenstrahlbehandlung und Plasmabehandlung.

4. Verfahren zur Herstellung eines Verbundwafers nach einem der Ansprüche 1 bis 3, wobei der Schritt des Anwendens
von Ultraschallvibration das Inkontaktbringen eines Vibrators mit einer Seitenfläche des Laminats umfasst.
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5. Verfahren zur Herstellung eines Verbundwafers nach einem der Ansprüche 1 bis 3, wobei der Schritt des Anwendens
von Ultraschallvibration das Anwenden der Ultraschallvibration auf das Laminat über eine Flüssigkeit beinhaltet.

Revendications

1. Procédé de production d’une tranche composite comportant un film monocristallin d’oxyde sur une tranche support,
comprenant les étapes de :

implantation d’ions d’atomes d’hydrogène ou d’ions de molécules d’hydrogène dans une tranche monocristalline
d’oxyde à travers une surface de celle-ci, laquelle tranche est une tranche de tantalate de lithium ou de niobate
de lithium, pour former une couche à implantation ionique à l’intérieur de la tranche monocristalline d’oxyde ;
soumission d’au moins l’une parmi la surface de la tranche monocristalline d’oxyde et une surface d’une tranche
support devant être stratifiée avec la tranche monocristalline d’oxyde à un traitement d’activation de surface ;
après le traitement d’activation de surface, le collage de la surface de la tranche monocristalline d’oxyde à la
surface de la tranche support à une température allant de 10 à 50°C pour obtenir un stratifié ; et
traitement thermique du stratifié à une température de 90°C ou supérieure à laquelle des fissurations ne sont
pas provoquées ;
ladite dose d’implantation des ions d’atomes d’hydrogène allant de 5,0 3 1016 atomes/cm2 à 2,75 3 1017

atomes/cm2 et ladite dose d’implantation des ions de molécules d’hydrogène allant de 2,5 3 1016 atomes/cm2

à 1,37 3 1017 atomes/cm2,
caractérisé en ce que le procédé comprend en outre :

l’étape d’application de vibrations ultrasonores sur le stratifié traité thermiquement pour séparer le stratifié
le long de la couche à implantation ionique pour obtenir un film monocristallin d’oxyde transféré sur la
tranche support ; et
caractérisé en outre en ce que :

l’étape de traitement thermique du stratifié est effectuée à une température à laquelle des fissurations
ne sont pas provoquées ; et
la différence entre la température de collage pour obtenir le stratifié et la température du stratifié pendant
l’application des vibrations ultrasonores va de 0 à 40°C.

2. Procédé de production d’une tranche composite selon la revendication 1, ladite tranche support étant choisie dans
le groupe constitué par une tranche de saphir, une tranche de silicium, une tranche de silicium dotée d’un film
d’oxyde et une tranche de verre, et la température dans l’étape de traitement thermique va de 90 à 225°C dans le
cas où la tranche support est la tranche de saphir ; de 90°C à 200°C dans le cas où la tranche support est la tranche
de silicium ou la tranche de silicium dotée d’un film d’oxyde ; et de 90 à 110°C dans le cas où la tranche support
est la tranche de verre.

3. Procédé de production d’une tranche composite selon l’une quelconque des revendications 1 à 2, ledit traitement
d’activation de surface étant choisi dans le groupe constitué par un traitement à l’eau et à l’ozone, un traitement à
l’ozone et aux UV, un traitement par faisceau ionique et un traitement au plasma.

4. Procédé de production d’une tranche composite selon l’une quelconque des revendications 1 à 3, ladite étape
d’application de vibrations ultrasonores comprenant la mise en contact d’un vibreur avec une surface latérale du
stratifié.

5. Procédé de production d’une tranche composite selon l’une quelconque des revendications 1 à 3, ladite étape
d’application de vibrations ultrasonores comprenant l’application des vibrations ultrasonores sur le stratifié par
l’intermédiaire d’un liquide.
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