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(54) COMPOSITE SUBSTRATE AND METHOD OF MANUFACTURING COMPOSITE SUBSTRATE

(57) An object of the present invention is to provide
a method of manufacturing a composite substrate includ-
ing a piezoelectric layer with less Li amount variation and
a support substrate. A method of manufacturing a com-
posite substrate of the present invention includes a step
of performing ion implantation into a piezoelectric sub-
strate, a step of bonding the piezoelectric substrate and
the support substrate, a step of separating the bonded
substrate, at an ion-implanted portion of the piezoelectric
substrate, into the piezoelectric layer bonded to the sup-
port substrate and the remaining piezoelectric substrate
after the step of bonding the piezoelectric substrate and
the support substrate, and a step of diffusing Li into the
piezoelectric layer after the separating step.
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Description

Technical Field

[0001] The present invention relates to a composite substrate including a piezoelectric layer containing lithium tantalate
and the like and a support substrate and a method of manufacturing a composite substrate.

Background Art

[0002] A surface acoustic wave (SAW) device having a piezoelectric substrate on which a comb electrode (IDT) for
exciting a surface acoustic wave is formed is used as a component for frequency adjustment and selection in mobile
phones and the like.
[0003] The surface acoustic wave device is required to have a small size, a low insertion loss, and unnecessary wave
impermeability, and a piezoelectric material such as lithium tantalate (LiTaO3; LT) or lithium niobate (LiNbO3; LN) is used.
[0004] Meanwhile, communication standards for mobile phones of or after the fourth generation have narrower fre-
quency band intervals in transmission and reception and wider bandwidth. Under such communication standards, the
piezoelectric material used for the surface acoustic wave device is required to have a sufficiently small characteristic
variation due to temperature. Further, shoulder characteristics of filters and duplexers need to be extremely steep so
that extra noise does not occur between bands, and a high Q value is required.
[0005] With respect to the material used for such a surface acoustic wave device, composite substrates containing a
piezoelectric material and another material have been investigated. For example, Patent Document 1 discloses a com-
posite substrate having a high speed sound film in which the sound speed of a propagating bulk wave is higher than the
sound speed of an acoustic wave propagating in a piezoelectric film, a low sound speed film in which the sound speed
of a propagating bulk wave is lower than the sound speed of an acoustic wave propagating in the piezoelectric film, and
the piezoelectric film stacked in order on a support substrate, and an acoustic wave device using the composite substrate
can increase the Q value.
[0006] Furthermore, Patent Document 1 describes that the piezoelectric film is formed by ion implantation as a method
of manufacturing this composite substrate.
[0007] Further, Non Patent Document 1 discloses a method of bonding a lithium tantalate substrate implanted with
H+ ions to a support substrate via a SiN film or an SiO2 film, and then separating the lithium tantalate substrate into two.

Prior Art References

Patent Document

[0008] Patent Document 1: WO 2012/086639 A

Non Patent Document

[0009] Non Patent Document 1: H. Kando, et al., "IMPROVEMENT IN TEMPERATURE CHARACTERISTICS OF
PLATE WAVE RESONATOR USING ROTATED Y-CUT LiTaO3/SIN STRUCTURE", Micro Electro Mechanical Systems
(MEMS), 2011 IEEE 24th International Conference on, 2011, pp. 768-771

Summary of the Invention

Problems to be solved by the Invention

[0010] In the method of manufacturing a composite substrate with ion implantation, while a composite substrate having
a piezoelectric film with thin film thickness and excellent film thickness uniformity can be obtained, the inventors of the
present invention have found that there are some problems as a result of detailed investigation of the method of man-
ufacturing a composite substrate with ion implantation.
[0011] That is, in the case of applying ion implantation to the LiTaO3 substrate as used in Patent Document 1 or Non
Patent Document 1 and separating the LiTaO3 substrate, implanted ions such as H+ flick out a part of Li ions in the
LiTaO3 substrate. Therefore, it has been found that the Li amount varies in a formed LiTaO3 layer. Such variation in the
Li amount becomes apparent as characteristic variation of a sound speed of a surface acoustic wave and an electro-
mechanical coupling coefficient, which becomes a serious problem in manufacturing the surface acoustic wave device.
[0012] Furthermore, in this case, since the Li amount in the LiTaO3 layer decreases, the performance of LiTaO3 as a
piezoelectric material is deteriorated. For example, in a case of fabricating a composite substrate with ion implantation
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using a LiTaO3 substrate having a congruent melting (congruent) composition (Li/Li + Ta = 48.5 mol%) as a piezoelectric
substrate, the Li amount decreases to 48.5 mol% or less.
[0013] Further, even in a case of using a LiTaO3 substrate having a stoichiometric composition (Li/Li + Ta = 49.95 to
50.0 mol%) prepared by a double crucible method or the like as the piezoelectric substrate, the Li amount decreases,
by at least about 0.1%, to 49.9 mol% or less.
[0014] For this reason, conventionally, a composite substrate having a LiTaO3 layer having a stoichiometric composition
with thin film thickness and excellent film thickness uniformity, which is difficult to obtain by a fabrication method by
polishing and grinding, cannot be obtained.
[0015] Therefore, an object of the present invention is to provide a composite substrate including a piezoelectric layer
with less Li amount variation and a support substrate, and a method of manufacturing a composite substrate.

Means for solving the Problems

[0016] As a result of intensive studies to achieve the above object, the present inventors have found that variation in
the Li amount in a piezoelectric layer can be suppressed by application of Li diffusion to the piezoelectric layer, and have
reached the present invention.
[0017] That is, the present invention is a method of manufacturing a composite substrate including a piezoelectric
layer and a support substrate, the method including: a step of performing ion implantation into a piezoelectric substrate;
a step of bonding the piezoelectric substrate and the support substrate; a step of separating the bonded substrate, at
an ion-implanted portion of the piezoelectric substrate, into the piezoelectric layer bonded to the support substrate and
the remaining piezoelectric substrate after the step of bonding the piezoelectric substrate and the support substrate;
and a step of diffusing Li into the piezoelectric layer after the separating step.
[0018] Further, in the present invention, it is preferable to include a step of increasing a temperature of the piezoelectric
substrate to a temperature equal to or higher than a Curie temperature and decreasing the temperature of the piezoelectric
substrate to a temperature equal to or lower than the Curie temperature while an electric field is applied, after the step
of bonding the piezoelectric substrate and the support substrate, and a step of increasing a temperature of the piezoelectric
substrate to recover a piezoelectric property, after the step of bonding the piezoelectric substrate and the support
substrate, can also be included.
[0019] In the present invention, the step of bonding the piezoelectric substrate and the support substrate is preferably
performed by a surface activation normal temperature bonding method, and an intervening layer can be provided between
the piezoelectric layer and the support substrate.
[0020] The piezoelectric layer is preferably set to have a quasi-stoichiometric composition in the step of diffusing Li
into the piezoelectric layer of the present invention, and further, the ion species in the step of performing ion implantation
into a piezoelectric substrate is preferably at least one type of ion selected from a hydrogen ion, a hydrogen molecular
ion, and a helium ion.
[0021] The piezoelectric substrate of the present invention preferably has a range in which Li concentration differs in
a thickness direction, and the piezoelectric substrate preferably contains lithium tantalate or lithium niobate. Further, the
support substrate preferably contains at least one material selected from silicon, sapphire, silicon carbide, and spinel.
[0022] The present invention is a method of manufacturing a composite substrate including a piezoelectric layer and
a support substrate, the method including: a step of performing ion implantation into a piezoelectric substrate; a step of
bonding the piezoelectric substrate and the support substrate; and a step of separating the bonded substrate, at an ion-
implanted portion of the piezoelectric substrate, into the piezoelectric layer bonded to the support substrate and the
remaining piezoelectric substrate after the step of bonding the piezoelectric substrate and the support substrate, wherein
the piezoelectric substrate is lithium tantalate, has a portion in which Li concentration is 48.5 6 0.5% and a portion in
which the Li concentration is 50.0 6 0.5%, and has a range in which the Li concentration becomes higher on a substrate
surface side in a thickness direction.
[0023] The present invention is a method of manufacturing a composite substrate including a piezoelectric layer and
a support substrate, the method including: a step of performing ion implantation into a piezoelectric substrate; a step of
bonding the piezoelectric substrate and the support substrate; and a step of separating the bonded substrate, at an ion-
implanted portion of the piezoelectric substrate, into the piezoelectric layer bonded to the support substrate and the
remaining piezoelectric substrate after the step of bonding the piezoelectric substrate and the support substrate, wherein
the piezoelectric substrate is lithium tantalate or lithium niobate, and Li concentration at a depth position of the piezoelectric
substrate implanted with ions is greater than 50.0%.
[0024] The present invention is a method of manufacturing a composite substrate including a piezoelectric layer and
a support substrate, the method including: a step of performing ion implantation into a piezoelectric substrate; a step of
bonding the piezoelectric substrate and the support substrate; and a step of separating the bonded substrate, at an ion-
implanted portion of the piezoelectric substrate, into the piezoelectric layer bonded to the support substrate and the
remaining piezoelectric substrate after the step of bonding the piezoelectric substrate and the support substrate, wherein
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the piezoelectric substrate is lithium tantalate, has a portion in which Li concentration is 48.5 6 0.5% and a portion in
which the Li concentration is 50.0 6 0.5%, has a range in which the Li concentration becomes higher on a substrate
surface side in a thickness direction, and the Li concentration at a depth position of the piezoelectric substrate implanted
with ions is greater than 50.0%.
[0025] In the present invention, the Li concentration, at a range from a surface of the piezoelectric substrate on a side
bonded to the support substrate to a depth position implanted with ions, is preferably from 49.0% to 52.5%, both inclusive.
Further, an intervening layer is preferably provided between the piezoelectric layer and the support substrate.
[0026] The present invention is a composite substrate including: a piezoelectric layer and a support substrate, wherein
the piezoelectric layer is lithium tantalate or lithium niobate, Li concentration of a surface of the piezoelectric layer is
greater than 49.9%, a thickness of the piezoelectric layer is equal to or lower than 1.0 mm, and a maximum height Rz
value of surface roughness of the piezoelectric layer is equal to or lower than 10% of the thickness of the piezoelectric layer.
[0027] In the present invention, an intervening layer is preferably present between the piezoelectric layer and the
support substrate.

Advantageous Effects of Invention

[0028] According to the present invention, a composite substrate with less Li amount variation in a piezoelectric layer
can be manufactured. Further, a surface acoustic wave device having excellent characteristics can be stably manufac-
tured by use of the composite substrate manufactured according to the present invention.
[0029] Further, according to the present invention, a composite substrate having a LiTaO3 layer having a stoichiometric
composition and having a piezoelectric layer with thin film thickness and excellent film thickness uniformity can be
manufactured.

Brief Description of the Drawings

[0030]

Fig. 1 is an input impedance waveform of a SAW resonator using a composite substrate of Example 1.
Fig. 2 is a graph illustrating Q values of the SAW resonator using the composite substrate of Example 1.
Fig. 3 is a graph illustrating a profile, in a depth direction, of a Li amount in an LT substrate of Example 3.
Fig. 4 is a diagram illustrating an example of a production flow of a composite substrate of the present application.
Fig. 5 is a graph illustrating a profile, in a depth direction, of a Li amount in an LT substrate of Example 5.

Description of Embodiments

[0031] The present invention is a method of manufacturing a composite substrate including a piezoelectric layer and
a support substrate. Here, the material used for the piezoelectric layer and the support substrate is not particularly limited,
but lithium tantalate or lithium niobate containing Li in the composition is preferable as a piezoelectric material, and these
single crystals can be used. In the case where the piezoelectric material is a lithium tantalate single crystal, its crystal
orientation is preferably rotated 36° to 49° Y-cut.
[0032] Further, the material for the support substrate can be selected from silicon, sapphire, silicon carbide, spinel,
or the like, or a laminated substrate containing the aforementioned materials may be used.
[0033] The present invention includes a step of performing ion implantation into a piezoelectric substrate. In this step,
ions are implanted into an arbitrary depth of the piezoelectric substrate, and in a subsequent step of separating the
piezoelectric substrate, the piezoelectric substrate is separated at an ion-implanted portion. Therefore, the depth of ion
implantation in this step determines the thickness of a piezoelectric layer after separation of the piezoelectric substrate.
Therefore, the depth of ion implantation is preferably equal to the thickness of the target piezoelectric layer of the
composite substrate or slightly larger in consideration of a polishing margin and the like. The depth of ion implantation
varies depending on the material, ion species, and the like but can be adjusted by an ion acceleration voltage.
[0034] The ion species used in the ion implantation step is not particularly limited as long as the ion species disturbs
crystallinity of the piezoelectric substrate material. However, the ion species is preferably a light element such as a
hydrogen ion, a hydrogen molecular ion, or a helium ion. By use of these ion species, the ion implantation can be
performed with a small acceleration voltage, and there are advantages such as few restrictions on the device, small
damage to the piezoelectric substrate, and good distribution in the depth direction.
[0035] Here, in a case where the ion species used in the ion implantation step is hydrogen ions, the dose amount of
the hydrogen ions is preferably 1 3 1016 to 1 3 1018 atm/cm2. In a case where the ion species is hydrogen molecular
ions, the dose amount of the hydrogen molecular ions is preferably 1 3 1016 to 2 3 1018 atm/cm2. Further, in a case
where the ion species is helium ions, the dose amount of the helium ions is preferably 2 3 1016 to 2 3 1018 atm/cm2.
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[0036] Further, the present invention includes a step of bonding the piezoelectric substrate and the support substrate.
The bonding method in this step is not particularly limited, and the substrates may be bonded via an adhesive or the
like, or a direct bonding method such as a diffusion bonding method, a room temperature bonding method, a plasma
activation bonding method, or a surface activation normal temperature bonding method can be used. At this time, an
intervening layer may be provided between the piezoelectric substrate and the support substrate.
[0037] The piezoelectric substrate, such as a lithium tantalate single crystal substrate or a lithium niobate single crystal
substrate, and the support substrate, such as silicon or sapphire, have a large difference in thermal expansion coefficient.
Therefore, use of a room temperature bonding method is preferable to suppress peeling and defects; meanwhile, a
system to be bonded is restricted in the room temperature bonding method. In addition, heat treatment may be required
to restore the crystallinity of the piezoelectric layer.
[0038] A surface activation treatment method in the surface activation bonding method is not particularly limited, but
ozone water treatment, UV ozone treatment, ion beam treatment, plasma treatment, or the like can be used.
[0039] In the present invention, after the piezoelectric substrate and the support substrate are bonded, the bonded
substrate, at an ion-implanted portion of the piezoelectric substrate, is separated into the piezoelectric layer bonded to
the support substrate and the remaining piezoelectric substrate. At this time, the separation method is not particularly
limited, but the bonded substrate can be separated by heating the substrate to the temperature of 200°C or less and
applying mechanical stress by wedge or the like to one end of the ion-implanted portion.
[0040] Surface roughness and thickness of the piezoelectric layer bonded to the support substrate can be adjusted
by polishing a surface of the piezoelectric layer. The surface roughness and the thickness of the piezoelectric layer may
be arbitrarily set as required, but the surface roughness is preferably 0.4 nm or less in RMS value and the thickness is
preferably about 0.5 to 5 mm. Further, the remaining piezoelectric substrate is re-polished and can be reused as a
piezoelectric substrate.
[0041] In the method of manufacturing a composite substrate with ion implantation, the thickness of the piezoelectric
layer can be controlled to 1.0 mm or less, and the surface roughness can be controlled to 10 % or less of the thickness
in maximum height Rz value. Preferably, the thickness is controlled to 0.8 mm or less and the surface roughness is
controlled to 5% or less of the thickness in maximum height Rz value. Control of the film thickness and uniformity at this
level is difficult by the method of polishing and grinding the bonded piezoelectric substrate.
[0042] Further, the present invention includes a step of diffusing Li into the piezoelectric layer bonded to the support
substrate after the separation step. The Li deficiency of the piezoelectric layer caused in the ion implantation step can
be compensated by the step. A method of diffusing Li into the piezoelectric layer is not particularly limited, and Li can
be diffused by bringing an Li diffusion source into contact with the piezoelectric layer. At this time, the state of the Li
diffusion source may be any of solid, liquid, and gas.
[0043] As a specific technique of the Li diffusion step, in the case where the piezoelectric material is LiTaO3, a com-
position containing Li, Ta, and O as constituent elements is used. For example, Li can be diffused into the piezoelectric
layer by embedding the piezoelectric layer bonded to the support substrate in powder containing Li3TaO4 as a main
component, and heating the piezoelectric layer. Further, Li can also be diffused into the piezoelectric layer by impregnating
the piezoelectric layer bonded to the support substrate into a melt in which LiNO3, NaNO3, KNO3, and the like are mixed
at an equimolar ratio.
[0044] In the Li diffusion step, Li diffusion is preferably applied to cause the piezoelectric layer to have a quasi-
stoichiometric composition. This can improve characteristics such as the electromechanical coupling coefficient, the
temperature characteristic, and the Q value, as compared with a case where the piezoelectric layer has an ordinary
congruent melting (congruent) composition.
[0045] Here, the quasi-stoichiometric composition is determined on the basis of common technical knowledge accord-
ing to the piezoelectric material, but in the case where the piezoelectric material is LiTaO3, the quasi-stoichiometric
composition refers to a composition in which the ratio of Li to Ta is Li : Ta = 50-α : 50+α, and α is in a range of -1.0 < α
< 2.5. Further, in the case where the piezoelectric material is LiNbO3, the ratio of Li to Nb is Li : Nb = 50-α : 50+α, and
α is in a range of -1.0 < α < 2.5.
[0046] The Li concentration of the lithium tantalate single crystal substrate and the lithium niobate single crystal
substrate may be measured by a known method. For example, the Li concentration can be evaluated by Raman spec-
troscopy. As for the lithium tantalate single crystal substrate, a roughly linear relationship is known between a full width
at half maximum of Raman shift peak and the Li concentration (Li/(Li+Ta) value). Therefore, by use of an expression
representing such a relationship, the composition of an oxide single crystal substrate at an arbitrary position can be
evaluated.
[0047] The relational expression between the full width at half maximum of the Raman shift peak and the Li concentration
is obtained by measuring the Raman full width at half maximum of some samples having known composition and different
Li concentration. However, in a case where Raman measurement conditions are the same, a relational expression which
has already been clarified in documents or the like may be used.
[0048] For example, for lithium tantalate single crystal, the following numerical expression 1 may be used (see 2012
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IEEE International Ultrasonics Symposium Proceedings, pages 1252-1255).

Here, "FWHM 1" is the full width at half maximum of the Raman shift peak around 600 cm-1. Please refer to the document
for details of measurement conditions.
[0049] In the case of using the lithium tantalate single crystal substrate or the lithium niobate single crystal substrate
as the piezoelectric substrate, one having roughly uniform Li concentration in the thickness direction can be used, and
the Li concentration can be set to have the congruent composition or the quasi-stoichiometric composition.
[0050] A piezoelectric single crystal substrate having the congruent composition is preferable because the substrate
can be relatively easily produced by a Czochralski method or the like. Meanwhile, in the case of using the piezoelectric
single crystal substrate having the quasi-stoichiometric composition, the step of diffusing Li into the piezoelectric layer
bonded to the support substrate can be performed in a short time.
[0051] The piezoelectric single crystal substrate having the quasi-stoichiometric composition can be obtained by a
known double crucible method, but the cost increases if this substrate is used. Therefore, the lithium tantalate single
crystal substrate or the lithium niobate single crystal substrate having a range in which the Li concentration varies in the
thickness direction can be used. That is, a piezoelectric substrate having the quasi-stoichiometric composition at a
portion serving as a piezoelectric layer when the substrate is bonded to the support substrate to form a composite
substrate can be used.
[0052] Such a piezoelectric substrate is obtained by diffusing Li from a surface of the piezoelectric single crystal
substrate having the congruent composition into an interior of the substrate. At this time, the piezoelectric substrate
having the quasi-stoichiometric composition in the surface and the congruent composition in the interior can be obtained
by adjusting reaction time, reaction temperature, and the like. Further, the piezoelectric substrate preferably has the
quasi-stoichiometric composition in at least up to the depth equivalent to a targeted thickness of the piezoelectric layer
from the surface of the substrate.
[0053] Specifically, in the case of using the lithium tantalate substrate as the piezoelectric substrate, the lithium tantalate
substrate preferably has a portion where the Li concentration is 48.5 6 0.5 mol% and a portion where the Li concentration
is 50.0 6 0.5 mol%, and has a range in which the Li concentration becomes higher on the surface side of the substrate
in the thickness direction.
[0054] Further, in the case of using the lithium tantalate substrate or the lithium niobate substrate as the piezoelectric
substrate, the Li concentration at the depth position implanted with ions, of the piezoelectric substrate, is preferably
greater than 50.0 mol%, more preferably 50.05 mol% or more, and even more preferably 50.1 mol% or more. In this
way, even if the Li concentration decreases due to ion implantation, the Li concentration of the piezoelectric layer can
be set to greater than 49.9 mol%, and excellent characteristics can be obtained.
[0055] The Li concentration at the depth position implanted with ions, of the piezoelectric substrate, is preferably 52.5
mol% or less, more preferably 51.0 mol% or less, and even more preferably 50.5 mol% or less.
[0056] Further, the Li concentration, at a range from the surface of the piezoelectric substrate on the side bonded to
the support substrate to the depth position implanted with ions, is preferably from 49.0 mol% to 52.5 mol%, both inclusive.
The Li concentration is more preferably 49.5 mol% or more, still more preferably greater than 50.0 mol%, and even more
preferably 50.1 mol% or more.
[0057] The present inventors have found that the Li concentration of the piezoelectric substrate correlates with the
decrease in the Li concentration due to ion implantation. That is, the amount of decrease in the Li concentration when
ions are implanted into the piezoelectric substrate having the quasi-stoichiometric composition is smaller than the amount
of decrease in the Li concentration when ions are implanted into the piezoelectric substrate having the congruent com-
position. That is, in the case of the piezoelectric substrate having the congruent composition, a decrease of about 0.4
mol% is observed, but in the case of the piezoelectric substrate having the quasi-stoichiometric composition, the decrease
is about 0.1 mol% and the variation is small.
[0058] Therefore, if the Li concentration, at a range from the surface of the piezoelectric substrate on the side bonded
to the support substrate to the depth position implanted with ions, particularly, the Li concentration at the depth position
implanted with ions is set to greater than 50.0 mol%, the step of diffusing Li into the piezoelectric layer may be omitted
after the step of separating the piezoelectric substrate.
[0059] As will be described below, ion implantation into the piezoelectric substrate sometimes impairs piezoelectric
properties of the portion where the ions have passed. However, by the above step, the piezoelectric properties are less
likely to be impaired and the piezoelectric properties are exerted without recovery treatment.
[0060] According to the present invention, by use of the Li diffusion, the composite substrate in which the Li concentration
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of the surface of the piezoelectric layer is greater than 49.9 mol%, the thickness of the piezoelectric layer is 1.0 mm or
less, and the maximum height Rz value of the surface roughness of the piezoelectric layer is 10% or less of the thickness
of the piezoelectric layer, which cannot be conventionally obtained, can be produced.
[0061] The Li concentration of the surface of the piezoelectric layer is preferably 49.95 mol% or more, and is preferably
52.0 mol% or less.
[0062] Further, the thickness of the piezoelectric layer is preferably 0.8 mm or less, and is preferably 0.6 mm or less.
The maximum height Rz value of the surface roughness of the piezoelectric layer is preferably 5% or less of the thickness
of the piezoelectric layer, and more preferably 1% or less.
[0063] Note that the maximum height Rz is a parameter defined in JIS B 0601:2013 (ISO 4287:1997), and can be
measured on the basis of these standards.
[0064] Further, in the manufacturing method of the present invention, an intervening layer may be provided between
the piezoelectric layer and the support substrate of the composite substrate. The material of the intervening layer is not
particularly limited, but an inorganic material is preferable and may contain, for example SiO2, SiO260.5, SiO2 doped
with Ti, a-Si, p-Si, a-SiC, or Al2O3 as main components. Further, in the intervening layer, a layer composed of a plurality
of materials may be stacked.
[0065] By the way, the piezoelectric properties in the portion where the ions have passed may be impaired by the ion
implantation into the piezoelectric substrate. Therefore, a step of increasing a temperature of the piezoelectric substrate
to a temperature equal to or higher than a Curie temperature and decreasing the temperature of the piezoelectric
substrate to a temperature equal to or lower than the Curie temperature while an electric field is applied, after bonding
the piezoelectric substrate and the support substrate, is preferably performed. By the above step, the piezoelectric
properties of the piezoelectric layer can be restored. Further, this step may be simultaneously performed with the step
of diffusing Li into the piezoelectric layer.
[0066] In the above step, application of an electric field is sometimes difficult depending on the type of the support
substrate, and the piezoelectric properties can be restored by increasing the temperature of the piezoelectric substrate.
The temperature at this time is preferably equal to or lower than the Curie temperature and is about 500°C to 700°C.

Examples

[0067] Hereinafter, the present invention will be specifically described with reference to examples, but the present
invention is not limited to the following examples.

<Example 1>

[0068] In Example 1, first, a 4-inch diameter lithium tantalate (Li : Ta = 48.3 : 51.7) single crystal ingot having the
congruent composition to which single polarization treatment has been applied was sliced, lapped, and polished, and a
42° rotated Y-cut lithium tantalate substrate with the thickness of 250 mm and a single side mirror surface was prepared.
[0069] Next, a sapphire substrate with the thickness of 500 mm and a single side mirror surface was prepared as the
support substrate. Then, it was confirmed that the surface roughness of the mirror surface of the LT substrate and the
sapphire substrate was 1.0 nm or less in RMS value. Subsequently, hydrogen molecular ions were implanted from the
mirror surface side of the LT substrate. The dose amount at this time was 931016 atm/cm2 and the acceleration voltage
was 160 KeV.
[0070] The ion-implanted LT substrate and sapphire substrate were bonded using a room temperature bonding method
described in "Takagi H. et al, "Room-temperature wafer bonding using argonbeam activation" From Proceedings-Elec-
trochemical Society (2001), 99-35 (Semiconductor Wafer Bonding: Science, Technology, and Applications V), 265-274.".
[0071] Specifically, the cleaned LT substrate and sapphire substrate were set in a high vacuum chamber, and activation
treatment was performed by irradiating the substrate surface to be bonded with a fast-atomic beam of neutralized argon.
Thereafter, the LT substrate and the sapphire substrate were bonded to each other.
[0072] Thereafter, the bonded substrate was heated to 110°C, and a wedge was applied to one end of the ion-implanted
portion of the piezoelectric substrate to separate the bonded substrate into the piezoelectric layer bonded to the support
substrate and the remaining piezoelectric substrate.
[0073] The thickness of the piezoelectric layer at this time was 900 nm, but the surface of the piezoelectric layer was
polished by 200 nm to make the thickness of the piezoelectric layer be 700 nm. Further, the maximum height Rz of the
surface roughness was measured using an atomic force microscope (AFM), and the value was 1 nm.
[0074] Regarding the bonded substrate composed of the piezoelectric layer and the sapphire support substrate, a
voltage waveform induced by applying vertical vibration in the thickness direction to a main surface and a back surface
was observed using a piezo d33/d15 meter (model ZJ-3BN) manufactured by Voice Research Institute of the Chinese
Academy of Sciences. The piezoelectric response was not able to be observed in the bonded substrate and the piezo-
electric properties were not able to be confirmed.
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[0075] Next, the temperature of the bonded substrate was increased to 650°C that is equal to or higher than the Curie
temperature of lithium tantalate, and is gradually decreased to the room temperature while an electric field of 4000 V/m
was applied roughly in a +Z direction of the LT substrate.
[0076] After this polarization treatment, the voltage waveform induced by applying vertical vibration in the thickness
direction to the main surface and the back surface was observed again using a piezo d33/d15 meter (model ZJ-3BN)
manufactured by Voice Research Institute of the Chinese Academy of Sciences. The piezoelectric response was ob-
served at all portions of the bonded substrate and the piezoelectric properties were able to be confirmed.
[0077] Next, with respect to several portions of the surface of the piezoelectric layer, the full width at half maximum
(FWHM1) of the Raman shift peak around 600 cm-1, which serves as an index of the Li amount, was measured using
a laser Raman spectrometer (LabRam HR series manufactured by HORIBA Scientific Inc., Ar ion laser, spot size 1 mm,
room temperature), and the Li amount was calculated from the measured full width at half maximum using the above-
mentioned numerical expression 1.
[0078] As a result, the Li amount of the surface of the piezoelectric layer had variation of 47.9 to 48.2 mol%. Note that
the Li amount was similarly calculated for the surface of the LT substrate before the ion implantation, and the Li amount
at that time was uniform at 48.3 mol%.
[0079] Therefore, in this LT substrate, the Li amount decreases by up to 0.4 mol% due to ion implantation.
[0080] Therefore, Li liquid dispersion described in "Appl. Pysic. Lett, Vol. 62, 2468 (1993)" was applied to this bonded
substrate having variation. Specifically, LiNO3, NaNO3, and KNO3 were mixed at an equimolar ratio in an alumina
container, heated to 300°C, and the bonded substrate to which the polarization treatment has been applied was impreg-
nated in this melt for 12 hours.
[0081] After such Li diffusion treatment, the bonded substrate was cleaned to complete a composite substrate com-
posed of the LT piezoelectric layer and the sapphire support substrate. Subsequently, Raman spectroscopic measure-
ment was performed for the prepared composite substrate in a similar manner to the above, and the Li amount of the
surface of the piezoelectric layer was calculated. As a result, the Li amount was uniform at 48.3 mol% in all the measured
portions.
[0082] Next, the surface of the piezoelectric layer of the composite substrate was sputtered to form an Al film having
the thickness of 0.4 mm. Subsequently, a resist was applied, an electrode pattern of a resonator was exposed and
developed using a stepper, and an electrode of a SAW device was formed by reactive ion etching (RIE). Here, one
wavelength of the resonator was 5 mm.
[0083] With respect to the resonator prepared in this manner, an input impedance waveform of the SAW was confirmed
using an RF prober, and the result illustrated in Fig. 1 was obtained. Fig. 1 also illustrates, for comparison, an input
impedance waveform of a resonator (Comparative Example 1) using a composite substrate similarly prepared to Example
1 except that the Li diffusion treatment is not applied.
[0084] Further, Fig. 2 illustrates Q values of the resonators of Example 1 and Comparative Example 1. Note that the
Q value was obtained by the following numerical expression 2 (see 2010 IEEE International Ultrasonics Symposium
Proceedings, pages 861 to 863).

Here ω is an angular frequency, τ (f) is a group delay time, and Γ is a reflection coefficient measured by a network analyzer.
[0085] Further, Table 1 below illustrates values of an electromechanical coupling coefficient (K2) of the resonator of
Example 1, a maximum value of the Q value, and frequency temperature coefficients (TCF) of resonance frequency
and antiresonance frequency in a temperature range of 20°C to 85°C. Here, the electromechanical coupling coefficient
(K2) was obtained by the following numerical expression 3.

fr: the resonance frequency
fa: the antiresonance frequency

[0086] Furthermore, Table 1 below further illustrates values of a resonance load Qso and antiresonance load Qpo
calculated by the following numerical expression 4 by an MBVD model (see John D. et al., "Modified Butterworth-Van
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Dyke Circuit for FBAR Resonators and Automated Measurement System", IEEE ULTRASONICS SYMPOSIUM, 2000,
pp. 863-868).

[0087] Table 1 below further illustrates, for comparison, results of Comparative Example 1 and a resonator (Compar-
ative Example 2) using a 42° Y-cut LT single crystal substrate having the Li amount of 48.3 mol% (congruent composition).

<Example 2>

[0088] In Example 2, ion implantation was performed into the LT substrate to bond the LT substrate and the sapphire
substrate in a similar manner to Example 1. Further, the LT substrate was separated at the ion-implanted portion, and
the surface of the piezoelectric layer was polished to obtain a bonded substrate composed of the LT piezoelectric layer
and the sapphire support substrate.
[0089] Subsequently, the bonded substrate was embedded in powder containing Li3TaO4 as a main component and
spread in a small container. At this time, the powder containing Li3TaO4 as a main component was prepared by firing
powder mixed at the molar ratio of Li2CO3 : Ta2O5 = 7 : 3 at 1300°C for 12 hours.
[0090] Next, this small container was set in an electric furnace, and the interior of the furnace was set to an N2
atmosphere and heated at 750°C for 100 hours. Subsequently, an electric field of 4000 V/m was applied roughly in the
+Z axis direction of the LT substrate, and then the temperature gradually fell to the room temperature, between 750°C
and 500°C in the temperature fall process.
[0091] After such Li diffusion treatment, the surface of the piezoelectric layer was polished by about 10 nm to complete
a composite substrate composed of the LT piezoelectric layer and the sapphire support substrate. No cracks and splits
occurred in the composite substrate. Further, the maximum height Rz of the surface roughness was measured using
an atomic force microscope (AFM), and the value was 1 nm.
[0092] Then, regarding the composite substrate fabricated in this manner, the voltage waveform induced by applying
vertical vibration in the thickness direction to the main surface and the back surface was observed as in Example 1. The
piezoelectric response was observed at all portions of the bonded substrate and the piezoelectric properties were able
to be confirmed.
[0093] Further, laser Raman spectroscopy measurement was performed on several portions of the surface of the
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piezoelectric layer and the Li amount was calculated as in Example 1. As a result, all the measured portions had the Li
amount of 50.2 mol% and had the uniform quasi-stoichiometric composition.
[0094] Further, with respect to the composite substrate of Example 2, an electrode was formed to produce a resonator
similarly to Example 1. This SAW resonator was evaluated similarly to Example 1, and a result of the evaluation is
illustrated in Table 1 below.

<Example 3>

[0095] In Example 3, first, a 42° rotated Y-cut lithium tantalate substrate with the thickness of 300 mm was cut from a
4-inch diameter lithium tantalate (Li : Ta = 48.3 : 51.7) single crystal ingot having a congruent composition to which
single polarization treatment has been applied. Next, the surface roughness of the cut LT substrate was made to be
0.15 mm in the arithmetic average roughness Ra value by a lapping step, and the thickness of the LT substrate was set
to 250 mm.
[0096] Further, both surfaces of the LT substrate were polished and finished to a quasi-mirror surface having the
surface roughness of 0.01 mm in the Ra value. Subsequently, the LT substrate was embedded in powder containing
Li3TaO4 as a main component and spread in a small container. At this time, the powder containing Li3TaO4 as a main
component was prepared by firing powder mixed at the molar ratio of Li2CO3 : Ta2O5 = 7 : 3 at 1300°C for 12 hours.
[0097] Next, this small container was set in an electric furnace, and the interior of the furnace was set to an N2
atmosphere and heated at 975°C for 24 hours, and Li was diffused into the LT substrate. After this treatment, mirror
polishing was applied to one side of the LT substrate.
[0098] Then, regarding the LT substrate to which the Li diffusion treatment has been applied, the full width at half
maximum (FWHM1) of the Raman shift peak around 600 cm-1 was measured in the depth direction from the surface
using a laser Raman spectrometer similar to Example 1, and the Li amount was calculated from the measured full width
at half maximum using the above-mentioned numerical expression 1. The profile, in the depth direction, of the Li amount
illustrated in Fig. 3 was obtained.
[0099] Next, a sapphire substrate with the thickness of 500 mm and a single side mirror surface was prepared as the
support substrate. Then, it was confirmed that the surface roughness of the mirror surface of the LT substrate and the
sapphire substrate to which the Li diffusion treatment has been applied was 1.0 nm or less in RMS value.
[0100] Subsequently, hydrogen molecular ions were implanted from the mirror surface side of the LT substrate. The
dose amount at this time was 9 3 1016 atm/cm2 and the acceleration voltage was 160 KeV.
[0101] Next, the ion-implanted LT substrate and the sapphire substrate were bonded using the surface activation
normal temperature bonding method as in Example 1. Further, the LT substrate was separated at the ion-implanted
portion, and the surface of the piezoelectric layer was polished to obtain a bonded substrate composed of the LT
piezoelectric layer and the sapphire support substrate by a method similar to Example 1.
[0102] The thickness of the piezoelectric layer at this time was 900 nm, but the surface of the piezoelectric layer was
polished by 200 nm to make the thickness of the piezoelectric layer be 700 nm.
[0103] Further, laser Raman spectroscopy measurement was performed on several portions of the surface of the
piezoelectric layer and the Li amount was calculated as in Example 1. As a result, the surface of the piezoelectric layer
had variation in the Li amount of 49.5 to 49.6 mol% Note that the Li amount was similarly calculated for the surface of
the LT substrate before the ion implantation, and the Li amount at that time was uniform at 49.7 mol%.
[0104] Therefore, in this LT substrate, the Li amount decreases by up to 0.2 mol% due to ion implantation.
[0105] Subsequently, the bonded substrate was embedded in powder containing Li3TaO4 as a main component and
spread in a small container. At this time, the powder containing Li3TaO4 as a main component was prepared by firing
powder mixed at the molar ratio of Li2CO3 : Ta2O5 = 7 : 3 at 1300°C for 12 hours.
[0106] Then, this small container was set in an electric furnace, and the interior of the furnace was set to an N2
atmosphere and heated at 750°C for 20 hours. Subsequently, an electric field of 4000 V/m was applied roughly in the
+Z axis direction of the LT substrate, and then the temperature gradually fell to the room temperature, between 750°C
and 500°C in the temperature fall process.
[0107] After such Li diffusion treatment, the surface of the piezoelectric layer was polished by about 10 nm to complete
a composite substrate composed of the LT piezoelectric layer and the sapphire support substrate. No cracks and splits
occurred in the composite substrate. Further, the maximum height Rz of the surface roughness was measured using
an atomic force microscope (AFM), and the value was 1 nm.
[0108] Regarding the composite substrate fabricated in this manner, the voltage waveform induced by applying vertical
vibration in the thickness direction to the main surface and the back surface was observed as in Example 1. The
piezoelectric response was observed at all portions of the bonded substrate and the piezoelectric properties were able
to be confirmed.
[0109] Further, laser Raman spectroscopy measurement was performed on several portions of the surface of the
piezoelectric layer and the Li amount was calculated as in Example 1. As a result, all the measured portions had the Li
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amount of 50.2 mol% and had the uniform quasi-stoichiometric composition.
[0110] Further, with respect to the composite substrate of Example 3, an electrode was formed to produce a resonator
similarly to Example 1. This SAW resonator was evaluated similarly to Example 1, and a result broadly similar to Example
2 was obtained.

<Example 4>

[0111] In Example 4, an LT substrate to which the Li diffusion treatment was prepared was prepared by a similar
method to Example 3. The profile of the Li amount of the LT substrate in the depth direction is similar to that of Example
3 illustrated in Fig. 3.
[0112] Next, hydrogen molecular ions were implanted from the mirror surface side of the LT substrate. The dose
amount at this time was 9 3 1016 atm/cm2 and the acceleration voltage was 160 KeV.
[0113] Subsequently, an SiO2 film having the thickness of 5 mm was deposited on the mirror surface side of the ion-
implanted LT substrate by a room temperature CVD method. The LT/SiO2 substrate was heated at 350°C for 48 hours
to degas, and then the SiO2 film was polished to have the thickness of 2.7 mm.
[0114] Next, a Si(SiO2/Si) substrate having a mirror surface on one side and having an oxidized (SiO2) film formed
on a surface was prepared as the support substrate. The thickness of this support substrate was 400 mm, and the
thickness of the oxide film was 0.3 mm.
[0115] Further, an a-Si film having the thickness of 50 nm was formed on the mirror surface side of the SiO2/Si substrate
by a room temperature CVD method. It was confirmed that the surface roughness of the mirror surface of the LT/SiO2
substrate and the a-Si/SiO2/Si substrate was 1.0 nm or less in RMS value.
[0116] Subsequently, these substrates were bonded by the surface activation normal temperature bonding method
by plasma activation treatment. Further, the LT substrate was separated at the ion-implanted portion, and the surface
of the piezoelectric layer was polished to obtain a bonded substrate composed of the LT piezoelectric layer and the Si
support substrate by a method similar to Example 1.
[0117] The thickness of the piezoelectric layer at this time was 900 nm, but the surface of the piezoelectric layer was
polished by 200 nm to make the thickness of the piezoelectric layer be 700 nm. Here, an intervening layer exists between
the LT piezoelectric layer and the Si support substrate, and the intervening layer has an SiO2/a-Si/SiO2 laminated
structure.
[0118] Further, laser Raman spectroscopy measurement was performed on several portions of the surface of the
piezoelectric layer and the Li amount was calculated as in Example 1. As a result, the surface of the piezoelectric layer
had variation in the Li amount of 49.5 to 49.6 mol% Note that the Li amount was similarly calculated for the surface of
the LT substrate before the ion implantation, and the Li amount at that time was uniform at 49.7 mol%.
[0119] Therefore, in this LT substrate, the Li amount decreases by up to 0.2 mol% due to ion implantation.
[0120] Next, the bonded substrate was embedded in powder containing Li3TaO4 as a main component and spread in
a small container. At this time, the powder containing Li3TaO4 as a main component was prepared by firing powder
mixed at the molar ratio of Li2CO3 : Ta2O5 = 7 : 3 at 1300°C for 12 hours.
[0121] Then, this small container was set in an electric furnace, and the interior of the furnace was set to an N2
atmosphere and heated at 750°C for 20 hours. Subsequently, an electric field of 4000 V/m was applied roughly in the
+Z axis direction of the LT substrate, and then the temperature gradually fell to the room temperature, between 750°C
and 500°C in the temperature fall process.
[0122] After such Li diffusion treatment, the surface of the piezoelectric layer was polished by about 10 nm to complete
a composite substrate composed of the LT piezoelectric layer and the Si support substrate. No cracks and splits occurred
in the composite substrate. Further, the maximum height Rz of the surface roughness was measured using an atomic
force microscope (AFM), and the value was 1 nm.
[0123] Regarding the composite substrate fabricated in this manner, the voltage waveform induced by applying vertical
vibration in the thickness direction to the main surface and the back surface was observed as in Example 1. The
piezoelectric response was observed at all portions of the bonded substrate and the piezoelectric properties were able
to be confirmed.
[0124] Further, laser Raman spectroscopy was performed on several portions of the surface of the piezoelectric layer
and the Li amount was calculated as in Example 1. As a result, all the measured portions had the Li amount of 50.2
mol% and had the uniform quasi-stoichiometric composition.
[0125] Further, with respect to the composite substrate of Example 4, an electrode was formed to produce a resonator
similarly to Example 1. This SAW resonator was evaluated similarly to Example 1, and a result of the evaluation is
illustrated in Table 1 below.
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<Example 5>

[0126] In Example 5, first, a 42° rotated Y-cut lithium tantalate substrate with the thickness of 300 mm was cut from a
4-inch diameter lithium tantalate (Li : Ta = 48.3 : 51.7) single crystal ingot having a congruent composition to which
single polarization treatment has been applied. Next, the surface roughness of the cut LT substrate was made to be
0.15 mm in the arithmetic average roughness Ra value by a lapping step, and the thickness of the LT substrate was set
to 250 mm.
[0127] Further, both surfaces of the LT substrate were polished and finished to a quasi-mirror surface having the
surface roughness of 0.01 mm in the Ra value. Subsequently, the LT substrate was embedded in powder containing
Li3TaO4 as a main component and spread in a small container. At this time, the powder containing Li3TaO4 as a main
component was prepared by firing powder mixed at the molar ratio of Li2CO3 : Ta2O5 = 7 : 3 at 1300°C for 12 hours.
[0128] Next, this small container was set in an electric furnace, and the interior of the furnace was set to an N2
atmosphere and heated at 990°C for 50 hours, and Li was diffused into the LT substrate. After this treatment, mirror
polishing was applied to one side of the LT substrate.
[0129] Then, regarding the LT substrate to which the Li diffusion treatment has been applied, the full width at half
maximum (FWHM1) of the Raman shift peak around 600 cm-1 was measured in the depth direction from the surface
using a laser Raman spectrometer similar to Example 1, and the Li amount was calculated from the measured full width
at half maximum using the above-mentioned numerical expression 1. The profile, in the depth direction, of the Li amount
illustrated in Fig. 5 was obtained.
[0130] Next, a sapphire substrate with the thickness of 500 mm and a single side mirror surface was prepared as the
support substrate. Then, it was confirmed that the surface roughness of the mirror surface of the LT substrate and the
sapphire substrate to which the Li diffusion treatment has been applied was 1.0 nm or less in RMS value.
[0131] Subsequently, hydrogen molecular ions were implanted from the mirror surface side of the LT substrate. The
dose amount at this time was 9 3 1016 atm/cm2 and the acceleration voltage was 160 KeV. At this time, the position at
which ions are implanted is a position at the depth of 900 nm from the surface, and the Li amount at that position is 50.1
mol%.
[0132] Next, the ion-implanted LT substrate and the sapphire substrate were bonded using the surface activation
normal temperature bonding method as in Example 1. Further, the LT substrate was separated at the ion-implanted
portion, and the surface of the piezoelectric layer was polished to obtain a bonded substrate composed of the LT
piezoelectric layer and the sapphire support substrate by a method similar to Example 1.
[0133] The thickness of the piezoelectric layer at this time was 900 nm, but the surface of the piezoelectric layer was
polished by 200 nm to make the thickness of the piezoelectric layer be 700 nm. Further, the maximum height Rz of the
surface roughness was measured using an atomic force microscope (AFM), and the value was 1 nm. No cracks and
splits occurred in the composite substrate.
[0134] Regarding the composite substrate fabricated in this manner, the voltage waveform induced by applying vertical
vibration in the thickness direction to the main surface and the back surface was observed as in Example 1. The
piezoelectric response was observed at all portions of the bonded substrate and the piezoelectric properties were able
to be confirmed.
[0135] Further, laser Raman spectroscopy was performed on several portions of the surface of the piezoelectric layer
and the Li amount was calculated as in Example 1. As a result, all the measured portions had the Li amount of 50.0
mol% and had the uniform quasi-stoichiometric composition.
[0136] In this LT substrate, the Li amount decreases by up to 0.1 mol% by the ion implantation.
[0137] Further, with respect to the composite substrate of Example 5, an electrode was formed to produce a resonator
similarly to Example 1. This SAW resonator was evaluated similarly to Example 1, and a result broadly similar to Example
2 was obtained.

<Example 6>

[0138] In Example 6, first, a 42° rotated Y-cut lithium tantalate substrate with the thickness of 300 mm was cut from a
4-inch diameter lithium tantalate (Li : Ta = 48.3 : 51.7) single crystal ingot having a congruent composition to which
single polarization treatment has been applied. Next, the surface roughness of the cut LT substrate was made to be
0.15 mm in the arithmetic average roughness Ra value by a lapping step, and the thickness of the LT substrate was set
to 250 mm.
[0139] Further, both surfaces of the LT substrate were polished and finished to a quasi-mirror surface having the
surface roughness of 0.01 mm in the Ra value. Subsequently, the LT substrate was embedded in powder containing
Li3TaO4 as a main component and spread in a small container. At this time, the powder containing Li3TaO4 as a main
component was prepared by firing powder mixed at the molar ratio of Li2CO3 : Ta2O5 = 7 : 3 at 1300°C for 12 hours.
[0140] Next, this small container was set in an electric furnace, and the interior of the furnace was set to an N2
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atmosphere and heated at 990°C for 50 hours, and Li was diffused into the LT substrate.
[0141] Then, regarding the LT substrate to which the Li diffusion treatment has been applied, the full width at half
maximum (FWHM1) of the Raman shift peak around 600 cm-1 was measured in the depth direction from the surface
using a laser Raman spectrometer similar to Example 1, and the Li amount was calculated from the measured full width
at half maximum using the above-mentioned numerical expression 1. The profile, in the depth direction, of the Li amount
substantially similar to Example 5 illustrated in Fig. 5 was obtained.
[0142] Subsequently, hydrogen molecular ions were implanted from the mirror surface side of the LT substrate. The
dose amount at this time was 9 3 1016 atm/cm2 and the acceleration voltage was 160 KeV. At this time, the position at
which ions are implanted is a position at the depth of 900 nm from the surface, and the Li amount at that position is 50.1
mol%.
[0143] SiO2 was deposited on the surface of the side implanted with ions of the LT substrate by about 10 mm at 35°C
by a plasma CVD method, and mirror surface polishing was applied to the surface deposited with the SiO2.
[0144] Next, an Si(SiO2/Si) substrate with the thickness of 500 mm and a thermal oxide film was prepared as a support
substrate. It was confirmed that the surface roughness of the mirror surface of the SiO2/LT substrate and the SiO2/Si
substrate was 1.0 nm or less in RMS value.
[0145] Next, the SiO2/LT substrate and the SiO2/Si substrate were bonded using the surface activation normal tem-
perature bonding method as in Example 1. Further, the LT substrate was separated at the ion-implanted portion, and
the surface of the piezoelectric layer was polished to obtain a bonded substrate composed of the LT piezoelectric layer
and the Si support substrate by a method similar to Example 1. In this bonded substrate, an SiO2 layer is present as
the intervening layer between the piezoelectric layer and the support substrate.
[0146] The thickness of the piezoelectric layer at this time was 900 nm, but the surface of the piezoelectric layer was
polished by 200 nm to make the thickness of the piezoelectric layer be 700 nm. Further, the maximum height Rz of the
surface roughness was measured using an atomic force microscope (AFM), and the value was 1 nm. No cracks and
splits occurred in the composite substrate.
[0147] Regarding the composite substrate fabricated in this manner, the voltage waveform induced by applying vertical
vibration in the thickness direction to the main surface and the back surface was observed as in Example 1. The
piezoelectric response was observed at all portions of the bonded substrate and the piezoelectric properties were able
to be confirmed.
[0148] Further, laser Raman spectroscopy was performed on several portions of the surface of the piezoelectric layer
and the Li amount was calculated as in Example 1. As a result, all the measured portions had the Li amount of 50.0
mol% and had the uniform quasi-stoichiometric composition.
[0149] In this LT substrate, the Li amount decreases by up to 0.1 mol% by the ion implantation.
[0150] Further, with respect to the composite substrate of Example 6, an electrode was formed to produce a resonator
similarly to Example 1. This SAW resonator was evaluated similarly to Example 1, and a result broadly similar to Example
2 was obtained.

<Comparative Example 3>

[0151] In Comparative Example 3, first, a lithium tantalate single crystal substrate (4 inch diameter, the thickness of
300 mm, and 42° rotated Y-cut) having the quasi-stoichiometric composition (Li : Ta = 49.95 : 50.05) was prepared. This
LT substrate is composed of a single crystal obtained by a double crucible method, and the whole has the quasi-
stoichiometric composition. Mirror polishing was applied to one side of the LT substrate.
[0152] Next, a sapphire substrate with the thickness of 500 mm and a single side mirror surface was prepared as the
support substrate. Then, it was confirmed that the surface roughness of the mirror surface of the LT substrate and the
sapphire substrate to which the Li diffusion treatment has been applied was 1.0 nm or less in RMS value.
[0153] Subsequently, hydrogen molecular ions were implanted from the mirror surface side of the LT substrate. The
dose amount at this time was 9 3 1016 atm/cm2 and the acceleration voltage was 160 KeV. At this time, the position at
which ions are implanted is a position at the depth of 900 nm from the surface, and the Li amount at that position is
49.95 mol%.
[0154] Next, the ion-implanted LT substrate and the sapphire substrate were bonded using the surface activation
normal temperature bonding method as in Example 1. Further, the LT substrate was separated at the ion-implanted
portion, and the surface of the piezoelectric layer was polished to obtain a bonded substrate composed of the LT
piezoelectric layer and the sapphire support substrate by a method similar to Example 1.
[0155] The thickness of the piezoelectric layer at this time was 900 nm, but the surface of the piezoelectric layer was
polished by 200 nm to make the thickness of the piezoelectric layer be 700 nm. Further, the maximum height Rz of the
surface roughness was measured using an atomic force microscope (AFM), and the value was 1 nm. No cracks and
splits occurred in the composite substrate.
[0156] Regarding the composite substrate fabricated in this manner, the voltage waveform induced by applying vertical
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vibration in the thickness direction to the main surface and the back surface was observed as in Example 1. The
piezoelectric response was observed at all portions of the bonded substrate and the piezoelectric properties were able
to be confirmed.
[0157] Further, laser Raman spectroscopy was performed on several portions of the surface of the piezoelectric layer
and the Li amount was calculated as in Example 1. As a result, all the measured portions had the Li amount of 49.8
mol% and had the uniform quasi-stoichiometric composition.
[0158] In this LT substrate, the Li amount decreases by up to 0.15 mol% due to ion implantation.
[0159] Further, with respect to the composite substrate of Comparative Example 3, an electrode was formed to produce
a resonator similarly to Example 1. This SAW resonator was evaluated similarly to Example 1, and a result was slightly
inferior to Examples 2, 5, 6.

Claims

1. A method of manufacturing a composite substrate including a piezoelectric layer and a support substrate, the method
comprising: a step of performing ion implantation into a piezoelectric substrate; a step of bonding the piezoelectric
substrate and the support substrate; a step of separating the bonded substrate, at an ion-implanted portion of the
piezoelectric substrate, into the piezoelectric layer bonded to the support substrate and the remaining piezoelectric
substrate after the step of bonding the piezoelectric substrate and the support substrate; and a step of diffusing Li
into the piezoelectric layer after the separating step.

2. The method of manufacturing a composite substrate according to claim 1, the method further comprising: a step of
increasing a temperature of the piezoelectric substrate to a temperature equal to or higher than a Curie temperature
and decreasing the temperature of the piezoelectric substrate to a temperature equal to or lower than the Curie
temperature while an electric field is applied after the step of bonding the piezoelectric substrate and the support
substrate.

3. The method of manufacturing a composite substrate according to claim 1 or 2, the method further comprising: a
step of increasing a temperature of the piezoelectric substrate to recover a piezoelectric property, after the step of
bonding the piezoelectric substrate and the support substrate.

4. The method of manufacturing a composite substrate according to any one of claims 1 to 3, wherein the piezoelectric
layer is set to have a quasi-stoichiometric composition in the step of diffusing Li into the piezoelectric layer.

5. The method of manufacturing a composite substrate according to any one of claims 1 to 4, wherein the piezoelectric
substrate has a range in which Li concentration differs in a thickness direction.

6. The method of manufacturing a composite substrate according to any one of claims 1 to 5, wherein the piezoelectric
substrate is lithium tantalate or lithium niobate.

7. The method of manufacturing a composite substrate according to any one of claims 1 to 6, wherein an intervening
layer is provided between the piezoelectric layer and the support substrate.

8. The method of manufacturing a composite substrate according to any one of claims 1 to 7, wherein the support
substrate contains at least one material selected from silicon, sapphire, silicon carbide, and spinel.

9. The method of manufacturing a composite substrate according to any one of claims 1 to 8, wherein the step of
bonding the piezoelectric substrate and the support substrate is performed by a surface activation normal temperature
bonding method.

10. The method of manufacturing a composite substrate according to any one of claims 1 to 9, wherein ion species is
at least one type of ion selected from a hydrogen ion, a hydrogen molecular ion, and a helium ion, in the step of
performing ion implantation into a piezoelectric substrate.

11. A method of manufacturing a composite substrate including a piezoelectric layer and a support substrate, the method
comprising: a step of performing ion implantation into a piezoelectric substrate; a step of bonding the piezoelectric
substrate and the support substrate; and a step of separating the bonded substrate, at an ion-implanted portion of
the piezoelectric substrate, into the piezoelectric layer bonded to the support substrate and the remaining piezoe-
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lectric substrate after the step of bonding the piezoelectric substrate and the support substrate, wherein the piezo-
electric substrate is lithium tantalate, has a portion in which Li concentration is 48.5 6 0.5% and a portion in which
the Li concentration is 50.0 6 0.5%, and has a range in which the Li concentration becomes higher on a substrate
surface side in a thickness direction.

12. A method of manufacturing a composite substrate including a piezoelectric layer and a support substrate, the method
comprising: a step of performing ion implantation into a piezoelectric substrate; a step of bonding the piezoelectric
substrate and the support substrate; and a step of separating the bonded substrate, at an ion-implanted portion of
the piezoelectric substrate, into the piezoelectric layer bonded to the support substrate and the remaining piezoe-
lectric substrate after the step of bonding the piezoelectric substrate and the support substrate, wherein the piezo-
electric substrate is lithium tantalate or lithium niobate, and Li concentration at a depth position of the piezoelectric
substrate implanted with ions is greater than 50.0%.

13. A method of manufacturing a composite substrate including a piezoelectric layer and a support substrate, the method
comprising: a step of performing ion implantation into a piezoelectric substrate; a step of bonding the piezoelectric
substrate and the support substrate; and a step of separating the bonded substrate, at an ion-implanted portion of
the piezoelectric substrate, into the piezoelectric layer bonded to the support substrate and the remaining piezoe-
lectric substrate after the step of bonding the piezoelectric substrate and the support substrate, wherein the piezo-
electric substrate is lithium tantalate, has a portion in which Li concentration is 48.5 6 0.5% and a portion in which
the Li concentration is 50.0 6 0.5%, has a range in which the Li concentration becomes higher on a substrate surface
side in a thickness direction, and the Li concentration at a depth position of the piezoelectric substrate implanted
with ions is greater than 50.0%.

14. The method of manufacturing a composite substrate according to any one of claims 11 to 13, wherein the Li con-
centration, at a range from a surface of the piezoelectric substrate on a side bonded to the support substrate to a
depth position implanted with ions, is from 49.0% to 52.5%, both inclusive.

15. The method of manufacturing a composite substrate according to any one of claims 11 to 14, wherein an intervening
layer is provided between the piezoelectric layer and the support substrate.

16. A composite substrate comprising: a piezoelectric layer and a support substrate, wherein the piezoelectric layer is
lithium tantalate or lithium niobate, Li concentration of a surface of the piezoelectric layer is greater than 49.9%, a
thickness of the piezoelectric layer is equal to or lower than 1.0 mm, and a maximum height Rz value of surface
roughness of the piezoelectric layer is equal to or lower than 10% of the thickness of the piezoelectric layer.

17. The composite substrate according to claim 16, wherein an intervening layer exists between the piezoelectric layer
and the support substrate.
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