SPECIFICATION
TITLE OF THE INVENTION

ACOUSTIC WAVE DEVICE AND METHOD OF FABRICATING THE SAME

Field
[0001] A certain aspect of the present invention relates to an acoustic wave device and a

method of fabricating the same.

Background

[0002] There has been known acoustic wave devices using a piezoelectric substrate such as a
lithium tantalate (LiTaOs3) substrate. In such acoustic wave devices, a comb-shaped electrode is
formed on the piezoelectric substrate. The comb-shaped electrode excites an acoustic wave on
the surface of the piezoelectric substrate.

[0003] Japanese Patent Application Publication No. 3-3514 (Patent Document 1) discloses
that the longitudinal direction of an acoustic wave device chip is made to be almost the cleaved
surface of a lithium tantalate single crystal by using a lithium tantalate substrate with an X-plane.
[0004] The technique disclosed in Patent Document 1 can easily separate the substrate into
individual chips because the longitudinal direction of the acoustic wave device chip is the
cleaved surface. However, the plane direction of the disclosed technique is not suitable for
mobile communication, and thus insertion loss of the acoustic wave device increases. On the
other hand, problems may occur in separating the substrate into individual chips when a scribe
line direction is determined in favor of characteristics of the acoustic wave device. For example,

when the substrate is separated into individual chips by scribe and break, a cut surface meanders



or inclines if the cleavage direction do not coincide with the scribe line direction. When the
substrate is separated by dicing, production cost increases because supplies such as water and

blades are used.

SUMMARY OF THE INVENTION
[0005] According to an aspect of the present invention, there is provided an acoustic wave
device including: a piezoelectric substrate of which four sides of an upper surface are
approximate cleavage directions; and an electrode that is formed on the upper surface of the
piezoelectric substrate and excites an acoustic wave propagating in a direction different from the
approximate cleavage directions.
[0006] According to another aspect of the present invention, there is provided a method of
fabricating an acoustic wave device, the method comprising: forming an electrode exciting an
acoustic wave on an upper surface of a piezoelectric substrate; forming grooves or modified
regions that extend in two approximate cleavage directions that differ from a propagation
direction of the acoustic wave and intersect with each other in the piezoelectric substrate; and

breaking the piezoelectric substrate along the grooves or the modified regions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 is a plan view of an acoustic wave device in accordance with a comparative
example;
FIG. 2A and FIG. 2B are diagrams illustrating an acoustic wave device chip in the
comparative example;

FIG. 3A through FIG. 3C are cross-sectional views illustrating a method of fabricating



an acoustic wave device in accordance with a first embodiment;

FIG. 4 is a plan view illustrating the method of fabricating the acoustic wave device in
accordance with the first embodiment (No. 1);

FIG. 5 is a plan view illustrating the method of fabricating the acoustic wave device in
accordance with the first embodiment (No. 2);

FIG. 6 is a plan view of the acoustic wave device chip in accordance with the first
embodiment;

FIG. 7A and FIG. 7B are cross-sectional views illustrating a method of fabricating an
acoustic wave device in accordance with a first variation of the first embodiment;

FIG. 8A and FIG. 8B are cross-sectional views illustrating a method of fabricating an
acoustic wave device in accordance with a second variation of the first embodiment;

FIG. 9A and FIG. 9B are cross-sectional views illustrating a method of fabricating an
acoustic wave device in accordance with a third variation of the first embodiment;

FIG. 10A and FIG. 10B are plan views of a part of the acoustic wave device chip in
accordance with the comparative example; and

FIG. 11 is a plan view of an acoustic wave device chip in accordance with a fourth

variation of the first embodiment.

DETAILED DESCRIPTION
[0008] A description will first be given of a comparative example that separates an acoustic
wave device into individual chips by breaking. TFIG. 1 is a plan view of an acoustic wave device
before separation in accordance with the comparative example.  As illustrated in FIG. 1,

clectrodes 12 are formed on a piczoelectric substrate 10 that is a lithium tantalate substrate.
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Pads 14 coupled to the electrodes 12 are formed on the piezoelectric substrate 10.  The
electrodes 12 are comb-shaped electrodes exciting a surface acoustic wave.  Scribe lines 22 and
24 used to cut the piezoelectric substrate 10 are formed on the piezoelectric substrate 10. The
scribe lines 22 become the shorter sides of acoustic wave device chips 20, and the scribe lines 24
become the longer sides. Two or more comb-shaped electrodes 12 and the electrode pads 14
coupled to the comb-shaped electrodes 12 are formed in each region of individual acoustic wave
device chips 20.

[0009] In the surface acoustic wave device with the above described configuration, the
propagation direction of the acoustic wave is made to be the X direction of a lithium tantalate
single crystal to obtain good characteristics. In this case, angles between cleavage directions
Dcl and Dc2 of the lithium tantalate single crystal and the X direction are 61 and 62 respectively.
The extending directions of the scribe lines 22 and 24 that divide regions of individual acoustic
wave device chips 20 in the piezoelectric substrate 10 differ from the cleavage directions Dcl
and Dc2.

[0010] As described above, to separate the acoustic wave device into individual chips in the
piezoelectric substrate 10 including the acoustic wave device chips 20 formed thereon, grooves
are formed on the surface of the piezoelectric substrate 10 by irradiating dicing regions along the
scribe lines 22 and 24 in the piezoelectric substrate 10 with a laser beam to reduce the thickness
of the piezoelectric substrate 10. Or, modified regions are formed inside the piezoelectric
substrate 10 by irradiating the piezoelectric substrate 10 along the scribe lines 22 and 24 with a
laser beam. Then, the piezoelectric substrate 10 is broken along the scribe lines 22 and 24 with
a break blade and/or expander, and thereby individual acoustic wave device chips 20 are

separated.



[0011] FFIG. 2A and FIG. 2B are diagrams illustrating the acoustic wave device chip in the
comparative example.  FIG. 2A is a plan view, and FIG. 2B is a cross-sectional view taken along
line A-A in FIG. 2A.  The cut surface meanders as with a cut surface 30 illustrated in FIG. 2A.
The piczoclectric substrate 10 is cut in an oblique direction as with a cut surface 32 illustrated in
IF1G. 2B. As described above, in the comparative example, the cutting direction greatly differs
from the cleavage direction of the piczoelectric substrate 10.  Thus, the cleavage direction of
the piezoclectric substrate 10 greatly differs from the extending directions of the scribe lines 22
and 24 when separating the substrate into individual chips, and thereby cut surfaces along the
scribe lines 22 and 24 illustrated in FIG. 2B meander and/or incline. However, when the cutting
direction for separation is made to be the cleavage direction, the propagation direction of the
acoustic wave differs from a favorable direction, and characteristics of the acoustic wave device
degrade. limbodiments described hereinafter allow favorable characteristics of the acoustic
wave device and makes the separation into individual chips easy.

First Embodiment

[0012] FIG. 3A through FIG. 3C are cross-sectional views illustrating a method of
fabricating an acoustic wave device in accordance with a first embodiment. FIG. 4 and FIG. 5
are plan views illustrating the method of fabricating the acoustic wave device in accordance with
the first embodiment. FIG. 6 is a plan view of the acoustic wave device in accordance with the
first embodiment.  As illustrated in FIG. 3A, the electrodes 12 and the pads 14 are formed on
the piczoelectric substrate 10 using a metal film. The piezoelectric substrate 10 is a lithium
tantalate substrate, and has a film thickness of, for example, 200 to 300 um. The metal film
mainly includes aluminum (Al), and has a film thickness of, for example, 200 to 400 nm. As

illustrated in FIG. 4, the piezoclectric substrate 10 is in a state of a wafer 50.  Regions to be the




acoustic wave device chips 20 are formed in the wafer 50 in a matrix shape. The regions to be
the acoustic wave device chips 20 have a size of a few hundred micrometers to a few
millimeters.

{0013] As illustrated in FIG. 5, the electrodes 12 and the pads 14 are formed in each of the
regions to be the acoustic wave device chips 20. The electrode 12 is a comb-shaped electrode
exciting an acoustic wave (e.g. surface acoustic wave) or an IDT (Interdigital Transducer)
including two comb-shaped electrodes. The electrodes 12 and the pads 14 are electrically
coupled to each other by wiring or the like, which is not illustrated. The propagation direction
of the acoustic wave excited by the electrode 12 is the X direction for example. On the other
hand, the extending directions of the scribe lines 22 and 24 are approximate cleavage directions
Dcl and Dc2. The propagation direction of the acoustic wave is, for example, a direction
perpendicular to electrode fingers of the comb-shaped electrode.

[0014] The extending directions of the scribe lines 22 and the scribe lines 24 almost coincide
with the cleavage directions Dc1 and the cleavage direction Dc2 of a lithium tantalate single
crystal at angles of 01 and 62 to the X direction of the single crystal substrate, respectively.
Thus, the comb-shaped electrodes or IDTs 12 in the region to be the acoustic wave device chip
20 are located on the upper surface of the piezoelectric substrate 10, which is a lithium tantalate
single crystal substrate, so as not to be parallel to the scribe line 22 or the scribe line 24.

[0015] As illustrated in FIG. 3B, the upper surface of the piezoelectric substrate 10 is
irradiated with a laser beam 52. The laser beam 52 may be a second harmonic with a
wavelength of 532 nm, for example. This process forms grooves 40 along the scribe lines 22
and 24 on the upper surface of the piezoelectric substrate 10.  As illustrated in FIG. 3C, a break

blade 54 is pressed against the piezoelectric substrate 10 to form a crack 42.  As described



above, the piezoelectric substrate 10 is separated into individual chips by breaking. A roller or
the like may be used for the breaking instead of the break blade. The above described process
forms the acoustic wave device chip 20 illustrated in FIG. 6. Four sides 26 and 28 of the
acoustic wave device chip 20 become approximate cleavage directions. The approximate
cleavage direction represents a cleavage direction to the extent that cut surfaces do not meander
or incline unlike the cut surfaces illustrated in FIG. 2A or FIG. 2B.

[0016] A 42° Y-cut X-propagation lithium tantalate substrate is used as the piezoelectric
substrate 10, for example. When the Y-cut angle is, for example, 42°, both angles 61 and 62
formed by the X direction and the cleavage directions Dc1 and Dc2 are 46.7°, and when the
Y-cut angle is, for example, 46 °, both angles 61 and 62 formed by the X direction and the
cleavage directions Dcl and Dc2 are 46.75°. Thus, the electrodes 12 are formed so that angles
between the propagation direction of the acoustic wave and the shorter side 26 and longer side 28
of the acoustic wave device chip 20 are approximately 45°.  This allows the scribe lines 22 and
24, which are to be the shorter side 26 and the longer side 28 respectively, to extend in almost the
cleavage directions. Therefore, the meandering and inclination of the cut surfaces illustrated in
FIG. 2A and FIG. 2B can be suppressed. Thus, as illustrated in FIG. 5, the extending directions
of the scribe line 22 and the scribe line 24 used to form the shorter side 26 and the longer side 28
of the acoustic wave device chip 20 can be made to coincide with the cleavage directions of the
piezoelectric substrate 10, which is a lithium tantalate single crystal substrate, by forming the
comb-shaped electrodes or IDTs 12 so that angles between the propagation direction of the
acoustic wave and the shorter side 26 and longer side 28 of the acoustic wave device chip 20 are
approximately 45°. The comb-shaped electrodes or IDTs are located parallel to each other.

[0017] As described above, the first embodiment forms the grooves 40 extending in two




approximate cleavage directions Dcl and Dc2, which differ from the propagation direction X of
the acoustic wave and intersect with each other, in the piezoelectric substrate 10 as illustrated in
FIG. 3B and FIG. 5. As illustrated in FIG. 3C, the piezoelectric substrate 10 is broken along the
grooves 40. This causes the four sides of the acoustic wave device chip 20 to be in approximate
cleavage directions. Thus, the piezoelectric substrate 10 can be cut in almost the cleavage
directions, and therefore meandering and inclination of cut surfaces can be suppressed. In
addition, compared to dicing, use of supplies such as water and blades can be reduced, and thus
cost can be reduced. As described above, separating a substrate into individual chips becomes
easy. The propagation direction of the acoustic wave is made to be a direction in which
characteristics of the acoustic wave device are good. For example, the propagation direction of
the acoustic wave is made to be a direction different from the extending directions of the scribe
lines 22 and 24 for example. This allows the characteristics of the acoustic wave device to be
good.

[0018] A lithium tantalate substrate is used as the piezoelectric substrate 10, but a lithium
niobate substrate or the like may be used instead. When a lithium tantalate substrate is used,
the propagation direction of the acoustic wave is preferably the X direction. This enables to
improve characteristics of the acoustic wave device. Further, the piezoelectric substrate 10 is
preferably a greater than or equal to 39° and less than or equal to 48° Y-cut X-propagation
lithium tantalate substrate. This makes the angle between the cleavage directions D¢l and Dc2
approximately 90°. Therefore, even when the scribe lines 22 and 24 perpendicularly intersect
with each other, the scribe lines 22 and 24 can be made to extend in almost the cleavage
directions. In addition, characteristics of the acoustic wave device can be made good by

configuring the Y-cut angle to be from 39° to 48°. The Y-cut angle is more preferably from 40°



to 46°.

[0019] FIG. 7A and F1G. 7B are cross-sectional views illustrating a method of fabricating an
acoustic wave device in accordance with a first variation of the first embodiment. ~As with the
first embodiment, the electrodes 12 and the pads 14 are formed on the piezoelectric substrate 10.
As illustrated in FIG. 7A, a modified region 44 is formed in the piezoelectric substrate 10 with
the laser beam 52. The modified region 44 is a region formed by melting of the piezoelectric
substrate 10 on which the laser beam 52 is focused. As illustrated in FIG. 7B, the piezoelectric
substrate 10 is broken as described in the first embodiment. This process separates the
piezoelectric substrate 10 into individual chips.

[0020] As described in the first variation of the embodiment, the modified region 44 may be
formed in the piezoelectric substrate 10 instead of the groove 40. The groove 40 or the
modified region 44 can be formed by irradiating the piezoelectric substrate 10 with the laser
beam 52. Use of the laser beam 52 allows the groove 40 or the modified region 44 to be easily
formed without using supplies.

[0021] FIG. 8A and FIG. 8B are cross-sectional views illustrating a method of fabricating an
acoustic wave device in accordance with a second variation of the first embodiment. The lower
surface of the piezoelectric substrate 10 is bonded to a support substrate 11.  The support
substrate 11 is a sapphire substrate for example. As with the first embodiment, the electrodes
12 and the pads 14 are formed on the piezoelectric substrate 10.  As illustrated in FIG. 8A, the
groove 40 is formed on the lower surface of the support substrate 11 with the laser beam 52. As
illustrated in FIG. 8B, as with the first embodiment, the piezoelectric substrate 10 and the support
substrate 11 are broken by forming the crack 42 in the piezoelectric substrate 10 and the support

substrate 11.  This process separates the piezoelectric substrate 10 and the support substrate 11



into individual chips.

[0022] FIG. 9A and FIG. 9B are cross-sectional views illustrating a method of fabricating an
acoustic wave device in accordance with a third variation of the first embodiment. As
illustrated in FIG. 9A, the modified region 44 is formed in the piezoelectric substrate 10 with the
laser beam 52. The modified region 44 is a region of the support substrate 11 formed by
focusing the laser beam 52 to heat the region locally and melting selectively. As illustrated in
FIG. 9B, as with the second variation, the piczoelectric substrate 10 and the support substrate 11
are broken. This process separates the piezoelectric substrate 10 and the support substrate 11
into individual chips.

[0023] Even in the second and third variations, which include the support substrate 11 to
which the piezoelectric substrate 10 is bonded, the acoustic wave device chip 20 can be formed
in the same manner as the first embodiment and the first variation thereof. Even when the
piezoelectric substrate 10 is bonded to the support substrate 11, the meandering and inclination
of the cut surfaces of the piezoelectric substrate 10 illustrated in FIG. 2A and FIG. 2B also occur.
Therefore, even when the support substrate 11 is included, meandering and inclination of the cut
surface are suppressed, and separating the substrates into individual chips becomes easy. As
described above, even in the piezoelectric substrate 10 including the support substrate 11,
meandering and/or inclination of the separated and cut surfaces along its scribe line 24 can be
greatly suppressed, the separation into individual chips becomes easy, and the fabrication yield
of the acoustic wave device can be increased.

[0024] FIG. 10A and FIG. 10B are plan view of a part of the acoustic wave device chip in
accordance with the comparative example. FIG. 11 is a plan view illustrating an acoustic wave

device chip in accordance with a fourth variation of the first embodiment. As illustrated in FIG.
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10A, the input or output pad 14 is formed on the upper surface of the piezoelectric substrate 10,
The input or output pad 14 is coupled to an IDT 36. The IDT 36 corresponds to the electrode

12.  The propagation direction of the acoustic wave in the IDT 36 is parallel to the scribe line

22 of the acoustic wave device chip 20. Reflectors 38 are located at both sides of the IDT 36 in
the propagation direction of the acoustic wave. The IDT 36 includes a pair of comb-shaped
electrodes 35. The comb-shaped electrode 35 includes electrode fingers 33 and a bus bar 34 to
which the electrode fingers 33 are coupled. The electrode fingers 33 of the pair of the
comb-shaped electrodes 35 are alternately arranged.

[0025] In FIG. 10A, the input or output pad 14 is located at the scribe line 22 side of the IDT
36. In this case, a region 60 becomes a dead space in which the pad 14 and the electrode 12 are
not formed. As illustrated in FIG. 10B, the dead space can be reduced by arranging the input or
output pad 14 at the scribe line 24 side of the IDT 36 . However, a trace pattern is laid from the
bus bar 34 of the IDT 36 to an input or output pad 14a. Therefore, a resistance from the IDT 36
to the input or output pad 14a increases.

[0026] Assume that IDTs 36a through 36¢ are provided, and the propagation directions of
the acoustic waves in the IDTs 36a through 36b are made to differ from the extending directions
of the scribe lines 22 and 24 as illustrated in FIG. 11.  The bus bar 34 located closest to the input
or output pad 14 in the bus bars 34 is electrically coupled to the input or output pad 14. The bus
bar 34 is electrically coupled to the electrode fingers 33, and forms the comb-shaped electrode 35.
The comb-shaped electrode 35 is arranged in a direction approximately parallel to the X

direction in order to excite the acoustic wave in the X direction as at minimum loss. Therefore,
the IDT 36b longer than the shorter side can be arranged in accordance with requirements in

designing,.
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[0027] The fourth variation of the embodiment configures four sides of the piezoelectric
substrate included in the acoustic wave device chip 20 to be in approximate cleavage directions,
and thus can provide the acoustic wave device capable of being easily cut, low loss, and
downsized by using a space efficiently without increasing a resistance.

[0028] The first embodiment and its variations can be applied to acoustic wave devices
using a piezoelectric substrate such as surface acoustic wave devices, boundary acoustic wave
devices, and Love wave devices.

[0029] Although the embodiments of the present invention have been described in detail, it
is to be understood that the various change, substitutions, and alterations could be made hereto

without departing from the spirit and scope of the invention.
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CLAIMS

What is claimed is:

1. An acoustic wave device comprising:

a piezoelectric substrate of which four sides of an upper surface are approximate
cleavage directions; and

an electrode that is formed on the upper surface of the piezoelectric substrate and

excites an acoustic wave propagating in a direction different from the approximate cleavage

directions.

2 The acoustic wave device according to claim 1, wherein

the piezoelectric substrate is a lithium tantalate substrate.

3. The acoustic wave device according to claim 2, wherein

the propagation direction is an X direction.

4. The acoustic wave device according to claim 3, wherein
the piezoelectric substrate is a greater than or equal to 39° and less than or equal to 48°

Y-cut X-propagation lithium tantalate substrate.

5 The acoustic wave device according to any one of claims 1 through 4, further

comprising:
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a support substrate to which the piezoelectric substrate is bonded.

6. The acoustic wave device according to any one of claims 1 through 5, further
comprising:

an input or output pad formed on the upper surface of the piezoelectric substrate,
wherein

the electrode includes electrode fingers, and bus bars to which the electrode fingers are
coupled, and

a bus bar, out of the bus bars, that is located closest to the input or output pad is

electrically coupled to the input or output pad.

7. A method of fabricating an acoustic wave device, the method comprising:
forming an electrode exciting an acoustic wave on an upper surface of a piezoelectric

substrate;

forming grooves or modified regions that extend in two approximate cleavage directions
that differ from a propagation direction of the acoustic wave and intersect with each other in the

piezoelectric substrate; and

breaking the piezoelectric substrate along the grooves or the modified regions.

8. The method according to claim 7, wherein

the piezoelectric substrate is a lithium tantalate substrate.

Q. The method according to claim 7 or 8, wherein
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the forming of the grooves or the modified regions includes irradiating the piezoelectric

substrate with a laser beam.
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