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SURFACE ACOUSTIC WAVE DEVICE AND
COMMUNICATION DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

The present application is the parent application of U.S.
patent application Ser. No. 10/531,108, filed Apr. 26, 2004,

which is curvently pending and is also a Reissue Application

of U.S. Pat. No 6,366,002, issued Aug. 31, 2000.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a surface acoustic wave
device such as a surface acoustic wave resonator, a surface
acoustic wave filter, a sharing device, or other suitable
device, and more particularly, to a surface acoustic wave
device which uses a Shear Horizontal wave (“SH wave”).

2. Description of the Related Art

Conventionally, surface acoustic wave devices have been
widely used as band-pass filters for use 1n mobile commu-
nication equipment. One such conventional surface acoustic
wave devices include a surface acoustic wave resonator
having an IDT (interdigital transducer) composed of inter-
digital electrodes having electrode fingers interdigitated
with each other, the IDT being disposed on a piezoelectric
substrate, and a surface acoustic wave filter using the surface
acoustic wave resonator.

In such a surface acoustic wave device, a techmique 1s
known 1n which a leaky surface acoustic wave having a large
attenuation which propagates 1n a Y-X L1TaO, substrate with
Euler angles (0°, —90°, 0°) as a piezoelectric substrate is
converted to a Love wave type surface acoustic wave having
no propagation loss by providing an IDT having a prede-
termined thickness and made of a metal having a large mass
load such as Au, Ta, W, or other suitable metal.

FIG. 11 1s a graph showing the variation of the electro-
mechanical coupling coeflicient k with the film thickness
H/A of Au electrodes (electrode film thickness/wavelength
ol excited surface acoustic wave), when the Au electrodes
are provided on an L1TaO, substrate ol Y cut X propagation
type, that 1s, having Fuler angles of (0°, —90°, 0°).

As shown 1n FIG. 11, a leaky surface acoustic wave 1s
produced when the film thickness H/A of the Au electrodes
0.03 or less. In the range of H/A of at least 0.004, a Love
wave 1s produced. FIG. 12 1s a characteristic graph showing
the propagation loss (attenuation constant) of the leaky
surtace acoustic wave under the same conditions as those of
FIG. 11. The solid line represents the propagation loss when
the electrodes are 1n the electrical short-circuiting state, and
the dotted line represents the propagation loss when the
clectrodes are in the open-circuiting state. As shown 1n FIG.
12, 1n the electrical short-circuiting state, the propagation
loss 1s zero 1n the range of H/A of about at least 0.033, and
in the electrical open-circuiting state, the propagation loss 1s
zero 1n the range of H/A of about at least 0.044. Accordingly,
to use an SH type surface acoustic wave having no propa-
gation loss, the thickness H/A of the Au electrodes 1n the
clectrical short-circuiting state 1s required to be at least
0.033, depending on the metalization ratio of the IDT.
Further, for material such as Ta, W or other suitable material

having a lower density than Au, the thickness H/A must be
more than 0.033.

However, as the thickness of IDT 1ncreases, the produc-
tion accuracy decreases. Accordingly, a sufhiciently large
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thickness cannot be achieved. Unless the film thickness 1s
adequately large, for example, the thickness H/A 1s at least
0.033 for the Au electrodes, a propagation loss of zero
cannot be achieved.

On the other hand, the film thickness H/A (electrode
thickness/excited SH wavelength) at which the electrode
fingers of an IDT can be made with general accuracy 1s up
to 0.05.When the propagation loss 1s desired to be zero, the
f1lm thickness H/A 1s required to be at least 0.033. Thus, the
range of the film thickness where the electrode fingers of
IDT can be formed with high accuracy 1s very narrow.

Further, 1if an IDT 1s formed of an electrode material
having a slightly lower density than Au, such as Ta or W, the
thickness of the electrodes must be further increased as
compared with that of the Au electrodes. Thus, the propa-
gation loss cannot be reduced to zero in the range of film
thickness in which the film can be accurately formed.

Regarding materials such as Au having a considerably
higher density as compared with electrodes materials gen-
erally used in the IDTs of surface acoustic wave devices
such as Al, the frequencies difler with even slight vanations
in film thickness, electrode finger width, and electrode finger
pitch of the IDTs. Thus, after the IDTs are formed, the
frequencies are conditioned by trimming the IDTs. However,
when an IDT 1s formed from Au so as to have H/A of about
0.034, as an example, but the frequency 1s less than a desired
value, such a frequency conditioming 1s carried out, causing
the film thickness H/A to be less than 0.033. That i1s, the

propagation loss cannot be set at zero.

SUMMARY OF THE INVENTION

To overcome the above-described problems, preferred
embodiments of the present invention provide a surface
acoustic wave device in which the IDT are produced with
high accuracy, the propagation losses 1n the IDT and the
piezoelectric substrate are approximately zero, and the con-
ditioning range for frequency trimming i1s substantially
wider than the surface acoustic wave devices ol the prior art.

According to one preferred embodiment of the present
invention, a surface acoustic wave device includes a L1TaO,
substrate and an interdigital transducer provided on the
L1TaO, substrate. The interdigital transducer includes at
least one of Au, Ag, Ta, Mo, Cu, N1, Cr, Zn, and W, and the
interdigital transducer has a normalized film thickness H/A
of about 0.05 or less so as to excite a shear horizontal wave.

If the mterdigital transducer includes Au as a major
component, the substrate preferably has Euler angles of
approximately (0°, 125°-146°, 0°£5°), and the standardized

film thickness H/A 1s preferably within the range of about
0.001 to about 0.05.

If the mterdigital transducer includes Ag as a major
component, the substrate preferably has Euler angles of
approximately (0°, 125°-146°, 0°£5°), and the standardized

film thickness H/A 1s preferably within the range of about
0.002 to about 0.03.

If the nterdigital transducer includes Ta as a major
component, the substrate preferably has Euler angles of
approximately (0°, 125°-140°, 0°£5°), and the standardized

film thickness H/A 1s preferably within the range of about
0.002 to about 0.05.

If the interdigital transducer includes Mo as a major
component, the substrate preferably has Euler angles of
approximately (0°, 125°-134°, 0°£5°), and the standardized
film thickness H/A 1s preferably within the range of about
0.005 to about 0.05.
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If the interdigital transducer includes Cu as a major
component, the substrate preferably has Euler angles of
approximately (0°, 125°-137°, 0°£5°), and the standardized
film thickness H/A 1s preferably within the range of about
0.003 to about 0.05.

If the interdigital transducer includes Ni as a major
component, the substrate preferably has Euler angles of
approximately (0°, 125°-133°, 0°£5°), and the standardized
film thickness H/A 1s preferably within the range of about
0.006 to about 0.05.

If the interdigital transducer includes Cr as a major
component, the substrate preferably has Euler angles of
approximately (0°, 125°-147°, 0°£5°), and the standardized
film thickness H/A 1s preferably within the range of about
0.003 to about 0.05.

If the interdigital transducer includes Zn as a major
component, the substrate preferably has Fuler angles of
approximately (0°, 125°-137°, 0°£5°), and the standardized
film thickness H/A 1s preferably within the range of about
0.003 to about 0.03.

If the interdigital transducer includes W as a major
component, the substrate preferably has Fuler angles of
approximately (0°, 125°-138°, 0°+5°), and the standardized
film thickness H/A 1s preferably within the range of about
0.002 to about 0.05.

The above-explained surface acoustic wave device 1s
suitable for use 1n a communication device.

According to preferred embodiments of the present
invention, on a Li1TaO, substrate having adequate Euler
angles, an IDT 1s formed from an electrode material having
a large specific gravity such as Au, Ag, Ta, Mo, Cu, Ni, Cr,
/n, Pt, W, or other suitable material, at an adequate film
thickness, whereby an SH wave having a low propagation
loss 1s excited. Thus, the leaky surface acoustic wave
component 1s significantly reduced. A surface acoustic wave
device having a very low propagation loss 1s produced.

Further, the propagation loss becomes substantially zero
even where the film thickness 1s extremely small.
Accordingly, even where the film thickness 1s altered by
trimming IDT to control the frequency, the propagation loss
1s prevented from deteriorating, in contrast to the conven-
tional surface acoustic wave devices. Thus, the conditioning
range of the frequency trimming 1s much wider than the
conventional surface acoustic wave devices.

Other features, characteristics, elements and advantages
of the present invention will become apparent from the
following description of preferred embodiments thereof
with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of a surface acoustic wave resonator
according to a first preferred embodiment of the present
invention.

FIG. 2 1s a plan view of a longitudinally coupled type
surface acoustic wave resonator filter according to a second
preferred embodiment of the present invention.

FIG. 3 1s a plan view of a transversely coupled type
surface acoustic wave resonator filter according to a third
preferred embodiment of the present invention.

FIG. 4 1s a plan view of a ladder type surface acoustic
wave filter according to a fourth preferred embodiment of
the present imvention.

FIG. 5 1s a block diagram of a commumnication device
according to fifth and sixth preferred embodiments of the
present mvention.
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FIG. 6 1s a characteristic graph showing the relationship
between the normalized film thickness of IDT and the
propagation loss when the electrodes of a surface acoustic
wave device of preferred embodiments of the present inven-
tion are in the electrically short-circuiting state.

FIG. 7 1s a characteristic graph showing the relationship
between the normalized film thickness of IDT and the
propagation loss when the electrodes of the surface acoustic
wave device of preferred embodiments of the present inven-
tion are in the electrically open-circuiting state.

FIG. 8 1s a characteristic graph showing the relationship
between the normalized film thickness H/A of IDT of a
surface acoustic wave device of preferred embodiments of
the present invention and the electromechanical coupling
coellicient.

FIG. 9 1s a characteristic graph showing the relationship
between the normalized film thickness H/A of IDT and the
cut angle at which the propagation loss 1s zero when the
clectrodes of a surface acoustic wave device of preferred
embodiments of the present invention are in the shortcir-
cuiting state.

FIG. 10 1s a characteristic graph showing the relationship
between the normalized film thickness H/A of IDT and the
clectromechanical coupling coeflicient when the electrodes
ol a surface acoustic wave device of preferred embodiments
of the present invention are in the open-circuiting state.

FIG. 11 1s a characteristic graph showing the relationship
between the normalized film thickness H/A of IDT and the
clectromechanical coupling coeflicient k on a Y-cut
X-propagation L1Ta0;,.

FIG. 12 1s a characteristic graph showing the relationship
between the normalized film thickness H/A of IDT of the

conventional surface acoustic wave device and the propa-
gation loss on a Y-cut X-propagation Li1TaO,.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Heremnaftter, preferred embodiments of the present mnven-
tion are explained in detail with reference to the drawings.

FIG. 1 1s a plan view of a surface acoustic wave resonator
in the form of a surface acoustic wave device according to
a first preferred embodiment of the present imnvention.

As seen 1 FIG. 1, a surface acoustic wave resonator 1
includes at least one IDT 3 and reflectors 4 on both sides of
the IDT 3, which are provided on a piezoelectric substrate 2,
made of an LiTaO; single crystal having Euler angles of
approximately (0°, 126°, 0°), as an example.

The IDT 3 1s configured such that one set of interdigital
clectrodes including as a major component at least one of
Au, Ag, Ta, Mo, Cu, N1, Cr, Zn, and W are arranged such that
the interdigital tooth portions of the respective interdigital
clectrodes are opposed to each other.

The electrode fingers constituting the interdigital tooth
portions of the IDT 3 preferably have a normalized film
thickness H/A of about 5% or less, and particularly, have a
normalized film thickness H/A (electrode thickness/excited
SH wavelength)=0.05. In this range, the electrode fingers
are arranged with high accuracy.

FIG. 2 1s a plan view of a longitudinally coupled type
surface acoustic wave resonator filter of a surface acoustic
wave device according to the second preferred embodiment
of the present invention.

As seen 1 FIG. 2, the longitudinally coupled type surface
acoustic wave resonator filter 11 includes at least two IDTs
13a and 13b and reflectors 14 on both sides of the IDTs 13a,
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13b, which are provided on a piezoelectric substrate 12
made of an LiTaO, single crystal having Euler angles of
approximately (0°, 126°, 0°), as an example.

The IDTs 13a and 13b are preferably made of an electrode
material including as a major component, at least one of Au,
Ag, Ta, Mo, Cu, N1, Cr, Zn, and W, and are configured such
that a set of interdigital electrodes are arranged such that the
interdigital tooth portions of the respective iterdigital elec-
trodes are opposed to each other. Further, the IDTs 13a, 13b
are arranged substantially parallel to each other at a desired
distance 1n the surface acoustic wave propagation direction.
Also 1 this preferred embodiment, the electrode fingers
constituting the interdigital tooth portion of each of the IDTs
13a and 13b preferably have a normalized film thickness
H/A of approximately 5% or less, and particularly, prefer-
ably have a normalized film thickness H/A (electrode
thickness/excited SH wavelength)=0.05. In this range, the
clectrode fingers are formed with high accuracy.

FIG. 3 1s a plan view of a transversely coupled type
surface acoustic wave filter as a surface acoustic wave
device according to the third preferred embodiment of the
present mvention.

As seen 1 FIG. 3, the transversely coupled type surface
acoustic wave resonator filter 21 includes at least two 1DTs
23a, 23b and reflectors 24a, 24b on each side of the IDTs
23a, 23b, which are provided on a piezoelectric substrate 22
made of an L1TaO, single crystal having Euler angles of
approximately (0°, 126°, 0°), as an example.

The IDTs 23a, 23b are preferably made of an electrode
maternal including as a major component at least one of Au,
Ag, Ta, Mo, Cu, N1, Cr, Zn, and W, and are configured with
a set ol interdigital electrodes which are provided such that
the interdigital tooth portions of the respective interdigital
clectrodes 23a, 23b are opposed to each other. The IDTs 23a
and 23b are arranged 1n a substantially perpendicular direc-
tion relative to the surface acoustic wave propagation direc-
tion. In this preferred embodiment, as 1n the first and second
preferred embodiments, the electrode fingers constituting,
the interdigital tooth portions of each of the IDTs 23a, 23b
preferably have a normalized film thickness H/A of approxi-
mately 3% or less, and particularly, preferably have a
normalized film thickness H/A (electrode thickness/excited
SH wavelength)=0.05. In this range, the electrode fingers
are formed with high accuracy.

FIG. 4 1s a plan view of a ladder type surface acoustic
wave filter as a surface acoustic wave device according to
the fourth preferred embodiment of the present invention.

As seen 1n FIG. 4, the ladder type surface acoustic wave
filter 31 1ncludes IDTs 33a, 33b and reflectors 34a, 34b on
cach side of the IDTs 33a, 33b, which are provided on a
piezoelectric substrate 32 made of an Li1TaO; single crystal
having Fuler angles of approximately (0°, 126°, 0°), as an
example.

The IDTs 33a, 33b each are preferably made of an
clectrode material including as a major component at least
one of Au, Ag, Ta, Mo, Cu, N1, Cr, Zn, and W, and have the
configuration 1n which a set of interdigital electrodes are
provided such that the interdigital tooth portions of the
respective mterdigital electrodes are opposed to each other.
The IDTs 33a are arranged 1n the series arm, and the 1DTs
33b are arranged in the parallel arm so as to provide a ladder
configuration. In this preferred embodiment, as well as 1n the
first, second, and third preferred embodiments, the electrode
fingers constituting the interdigital tooth portions of each of
the IDTs 33a and 33b preferably have a normalized film
thickness H/A of approximately 5% or less, and preferably
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have a normalized film thickness H/A (electrode thickness/
excited SH wavelength) =0.05. In this range, the electrode
fingers are formed with high accuracy.

Next, fifth and sixth preferred embodiments of the present
invention will be described. FIG. 5 1s a block diagram
showing a sharing device according to a fourth preferred
embodiment of the present invention and a communication
device according to a fifth preferred embodiment of the
present 1nvention.

As seen 1 FIG. 5, a communication device 41 1s config-
ured such that the antenna terminal of a sharing device 44
including a surface acoustic wave filter 42 for reception and
a surface acoustic wave filter 43 for transmission 1S con-
nected to an antenna 45, the output terminal of the sharing
device 44 1s connected to a reception circuit 46, and the input
terminal 1s connected to a transmission circuit 47. In the
sharing device 44, as the reception surface acoustic wave
filter 42 and the transmission surface acoustic wave filter 43,
any one or a combination of the surface acoustic wave filter
11 to 21 according to the first to fourth preferred embodi-
ments of the present mvention 1s included.

Next, the normalized film thickness H/A (electrode
thickness/excited SH wavelength) will be described with
reference to an example.

FIG. 6 1s a graph showing the variation of the propagation
loss occurring when the normalized film thickness H/A
(electrode thickness/excited SH wavelength) of the film
provided on an Li1TaO, single crystal having Euler angles of
approximately (0°, 126°, 0°) 1s varied between about 0.00
and about 0.05 including the case where not electrode 1s
provided on the piezoelectric substrate (H/A=0). The elec-
trodes are 1n the electrical short-circuiting state.

As seen 1n FIG. 6, for any of the matenals, the propaga-
tion loss increases gradually as the thickness increases.
However, the propagation loss 1s substantially less than that
of the conventional Love wave filter indicated by the dotted
line 1n FIG. 12. As shown in FIG. 6, regarding Au, the
propagation loss 1s greatest at H/A=0.025. In this case, the
propagation loss 1s about 0.04 dB/A. Accordingly, the propa-
gation loss 1s substantially improved as compared with the
propagation loss of 0.32 dB/k at H/A=0.025 and the maxi-
mum propagation loss of 0.7 dB of the conventional Love
wave filter indicated by the solid line 1n FIG. 12.

FIG. 7 1s a graph showing the variation of the propagation
loss occurring when the normalized film thickness H/A
(electrode thickness/excited SH wavelength) of the film
provided on an Li1Ta0; single crystal having Euler angles of
approximately (0°, 126°, 0°) 1s varied between about 0.00
and about 0.05 including the case where no electrode 1s
provided on the piezoelectric substrate. The electrodes are 1in
the electrical open-circuiting state.

As seen 1n FIG. 7, for any of the matenals, the propaga-
tion loss increases gradually as the thickness increases.
However, the propagation loss 1s substantially less than that
of the conventional Love wave filter indicated by the dotted
line 1n FIG. 12. As shown in FIG. 7, regarding Au, the
propagation loss 1s greatest at H/A=0.029. In this case, the
propagation loss 1s about 0.142 dB/A. Accordingly, the
propagation loss 1s substantially improved as compared with
the propagation loss of 0.8 dB/A at H/A=0.029 and the

maximum propagation loss of 1.18 dB of the conventional
Love wave filter indicated by the solid line in FIG. 12.

This 1s because in the conventional Li1TaO3 substrate
having Euler angles of (0°, —90°, 0°), the Love wave 1s
excited, while 1n the surface acoustic wave device of pre-
terred embodiments of the present invention, an SH wave
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having a very low propagation loss 1s used. Here, Au has
been described. The present invention 1s not restricted to Au.
In the case of other materials such as Ag, Ta, Mo, Cu, Ni, Cr,
/n, Pt, W, or other suitable materials, an SH wave 1s
similarly used. Thus, the propagation loss 1s substantially
improved similarly to when Au 1s used.

The film thickness at which an SH wave can be sufli-
ciently used 1n the surface acoustic wave device of various
preferred embodiments of the present invention varies
depending on electrode matenials. For example, the H/A
values are at least about 0.001 for Au, at least about 0.002
for Ag, at least about 0.002 for Ta, at least about 0.005 for
Mo, at least about 0.003 for Cu, at least about 0.006 for Ni,
at least about 0.003 for Cr, at least about 0.003 for Zn, and
at least about 0.002 for W. Considering the propagation loss
and the electromechanical coupling coetlicient, it 1s suitable
that the H/A values are higher than these values.

FIG. 8 1s a characteristic graph showing the variation of
the electromechanical coupling coetlicient of each of the
clectrode materials with various film thicknesses. The sub-
strate materials, the cut angles, and the propagation direc-
tions are the same as those of FIGS. 6 and 7. As shown in
FIG. 8, for any of the metallic materials, a relatively large
clectromechanical coupling coeflicient 1s obtained. Further,
as seen 1 FIG. 8, as compared with the electromechanical
coupling coetlicient of a metallic material having a lower
specific density such as Al, that of each of the other metallic
materials having a higher specific density 1s increased.

FIGS. 9 and 10 are characteristic graphs each showing the
f1lm thickness and the cut angles 0 at which the propagation
losses are zero. FIGS. 9 and 10 show the cut angles at which
the propagation losses are zero while the electrode are 1n the
clectrically short-circuiting state and 1n the electrically open-
circuiting state, respectively. In a practically used IDT, there
are areas where an electrode finger 1s present and where an
clectrode finger 1s absent. The IDT has a characteristic,
which 1s between those of shown in FIG. 9 and FIG. 10,
depending on the metallization ratio. The cut angle 1s set (0°,
0, 0°+£5°) according to the Euler angle indication system of
(¢, O, P) where 0 15 varied, and ¢ represents a propagation
direction, and the error of about £5° 1s of such a degree as
1s within the tolerance of propagation loss.

In FIGS. 9 and 10, 1t 1s seen that 1n the case of Au used
as the electrodes of IDT, the cut angle at which the propa-
gation loss of 0 1s attained 1s approximately (0°, 125°-146°,
0°+5°) according to the Fuler angle indication system of (¢,
0, ).

Further, 1t 1s seen that in the case of Ag used as the
clectrodes of IDT, the cut angle at which the propagation
loss 01 0 1s attained 1s approximately (0°, 125°-140°, 0°+5°)
according to the Euler angle 1indication system of (¢, 0, ).

It 1s seen that 1n the case of Ta used as the electrodes of
IDT, the cut angle at which the propagation loss of O 1s
attained 1s approximately (0, 125°-140°, 0°£5°) according
to the Euler angle indication system of (¢, O, ).

It 1s seen that 1n the case of Mo used as the electrodes of
IDT, the cut angle at which the propagation loss of O 1s
attained 1s approximately (0°, 125°-134°, 0°+5°) according
to the FEuler angle indication system of (¢, 0, ).

It 1s seen that 1n the case of Cu used as the electrodes of
IDT, the cut angle at which the propagation loss of O 1s
attained 1s approximately (0°, 125°-137°, 0°£5°) according
to the Fuler angle indication system of (¢, 0, ).

It 1s seen that 1in the case of Ni used as the electrodes of
IDT, the cut angle at which the propagation loss of O 1s
attained 1s approximately (0°, 125°-133°, 0°+5°) according
to the Euler angle indication system of (¢, 0, ).
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It 1s seen that 1n the case of Cr used as the electrodes of
IDT, the cut angle at which the propagation loss of O 1s
attained 1s approximately (0°, 125°-1477°, 0°£5°) according
to the Euler angle indication system of (¢, 0, ).

It 1s seen that 1n the case of Zn used as the electrodes of
IDT, the cut angle at which the propagation loss of O 1s
attained 1s approximately (0°, 125°-137°, 0°£5°) according
to the Euler angle indication system of (¢, 0, ).

It 1s seen that in the case of W used as the electrodes of
IDT, the cut angle at which the propagation loss of O 1s
attained 1s approximately (0°, 125°-138°, 0°£5°) according
to the Euler angle indication system of (¢, 0, ).

Accordingly, by using a Li1TaO, substrate having a cut
angle shown 1n FIGS. 9 and 10 and an electrode material
having the above-described film thickness, a surface acous-
tic wave device having a propagation loss of substantially
zero 1s produced.

Furthermore, electromechanical coupling factors greater
than that of Al are obtained, which can realize surface
acoustic wave filters having a smaller insertion loss.

In the first to sixth preferred embodiments of the present
invention, the surface acoustic wave device having reflectors
1s described. The present invention 1s not restricted to such
a device, and 1s applicable to a surface acoustic wave device
having no retlectors.

While preferred embodiments of the invention have been
disclosed, various modes of carrying out the principles
disclosed herein are contemplated as being within the scope
of the following claims. Therefore, it 1s understood that the
scope of the invention 1s not to be limited except as
otherwise set forth in the claims.

What 1s claimed 1s:

[1. A surface acoustic wave device comprising:

a L1TaO; substrate; and

an 1nterdigital transducer provided on the LiTaO,
substrate, said interdigital transducer containing as a
major component at least one of Au, Ag, Ta, Mo, Cu,
N1, Cr, Zn, and W; wherein
said 1nterdigital transducer has a normalized film thick-
ness H/A within a range of approximately 0.001 to
approximately 0.05 so as to excite a shear horizontal
wave.]
2. [A surface acoustic wave device according to claim 1,
wherein said interdigital transducer includes Au as a major
component,]| A surface acoustic wave device comprising:

a LilaO, substrate; and

an intevdigital transducer provided on the LilaO,
substrate, said interdigital transducer containing Au as
a major component; wherein

said intevdigital transducer has a normalized film thick-
ness H/N within a range of approximately 0.001 to
approximately 0.05 so as to excite a shear horizontal
wave; and

said substrate has Fuler angles of approximately (0°,
125°-146°, 0°£5°).
3. [A surface acoustic wave device according to claim 1,
wherein] 4 surface acoustic wave device comprising:

a LilaO, substrate; and

an interdigital transducer provided on the LilaQO, sub-
strate; wherein

said interdigital transducer has a normalized film thick-
ness H/h within a range of approximately 0.002 to
approximately 0.05 so as to excite a shear horvizontal
wave;
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said 1nterdigital transducer includes Ag as a major
component[.]; and

said substrate has Euler angles of approximately (0°,

125°-140°, 0°£5°)[, and said normalized film thickness

H/A is within the range of approximately 0.002 to 0.05].

4. [A surface acoustic wave device according to claim 1,
wherein] 4 surface acoustic wave device comprising:

a LilaO, substrate; and

an interdigital transducer provided on the LilaO, sub-
strate; wherein

said intevdigital transducer has a novmalized film thick-
ness H/h within a range of approximately 0.002 to
approximately 0.05 so as to excite a shear horizontal
wave;

said 1nterdigital transducer includes Ta as a major
component[.]; and

said substrate has Euler angles of approximately (0°,
125°-140°, 0°£5°)[, and said normalized film thickness

H/M is within the range of approximately 0.002 to 0.05].
5. [A surface acoustic wave device according to claim 1,
wherein] A surface acoustic wave device comprising:

a LilaO, substrate; and

an interdigital transducer provided on the LilaQO; sub-
strate; wherein

said intevdigital transducer has a novmalized film thick-
ness H/h within a range of approximately 0.005 to
approximately 0.05 so as to excite a shear horizontal
wave;

said 1nterdigital transducer includes Mo as a major
component|.]; and

said substrate has Euler angles of approximately (0°,
125°-134°, 0°£5°)[, and said normalized film thickness

H/A is within the range of approximately 0.005 to 0.05].
6. [A surface acoustic wave device according to claim 1,
wherein] A surface acoustic wave device comprising:

a LilaO, substrate; and

an interdigital transducer provided on the LilaO; sub-
strate; wherein

said intevdigital transducer has a novmalized film thick-
ness H/h within a range of approximately 0.003 to
approximately 0.05 so as to excite a shear horizontal
wave;

said 1nterdigital transducer includes Cu as a major
component|.]; and

said substrate has Euler angles of approximately (0°,

125°-137°, 0°£5°)[, and said normalized film thickness

H/A 1s within the range of approximately 0.003 to 0.05].

7. [A surface acoustic wave device according to claim 1,
wherein] A surface acoustic wave device comprising:

a LilaO, substrate; and

an interdigital transducer provided on the LilaO; sub-
strate; wherein

said interdigital transducer has a normalized film thick-
ness H/h within a range of approximately 0.006 to
approximately 0.05 so as to excite a shear horizontal
wave;

said 1nterdigital transducer includes Ni as a major
component|.]; and

said substrate has Euler angles of approximately (0°,

125°-133°, 0°£5°)[, and said normalized film thickness

H/A is within the range of approximately 0.006 to 0.05].

8. [A surface acoustic wave device according to claim 1,
wherein] A surface acoustic wave device comprising:
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a LiTaO, substrate; and

an interdigital transducer provided on the LilaQO, sub-
strate; wherein

said interdigital transducer has a normalized film thick-
ness H/h within a range of approximately 0.003 to
approximately 0.05 so as to excite a shear horizontal
wave;

said 1nterdigital transducer includes Cr as a major
component|.]; and

said substrate has Fuler angles of approximately (0°,

125°-147°, 0°£5°)[, and said normalized film thickness

H/A is within the range of approximately 0.003 to 0.05].

9. [A surface acoustic wave device according to claim 1,
wherein] 4 surface acoustic wave device comprising:

a LilaQ, substrate; and

an interdigital transducer provided on the LilaQ, sub-
strate; wherein

said interdigital transducer has a normalized film thick-
ness H/h within a range of approximately 0.003 to
approximately 0.05 so as to excite a shear horizontal
wave;

said 1nterdigital transducer includes Zn as a major
component|,]; ard

said substrate has Fuler angles of approximately (0°,

125°-138°, 0°£5°)[, and said normalized film thickness

H/A is within the range of approximately 0.003 to 0.05].

10. JA surface acoustic wave device according to claim 1,
wherein]4 surface acoustic wave device comprising:

a LilaO, substrate; and

an interdigital transducer provided on the LilaQO; sub-
strate; wherein

said interdigital transducer has a normalized film thick-
ness H/h within a range of approximately 0.002 to
approximately 0.05 so as to excite a shear horvizontal
wave;

said 1nterdigital transducer includes W as a major
componentl.]; arnd

said substrate has Euler angles of approximately (0°,
125°-138°, 0°£5°)[, and said normalized film thickness
H/A 1s within the range of approximately 0.002 to 0.05].

[11. A communication device including the surface acous-
tic wave device according to claim 1.}

12. A communication device including the surface acous-
tic wave device according to claim 2.

13. A communication device including the surface acous-
tic wave device according to claim 3.

14. A communication device including the surface acous-
tic wave device according to claim 4.

15. A communication device including the surface acous-
tic wave device according to claim 3.

16. A communication device including the surface acous-
tic wave device according to claim 6.

17. A communication device including the surface acous-
tic wave device according to claim 7.

18. A communication device including the surface acous-
tic wave device according to claim 8.

19. A communication device including the surface acous-
tic wave device according to claim 9.

20. A communication device including the surface acous-
tic wave device according to claim 10.

21. A surface acoustic wave device comprising:

a LilaO, substrate; and

an interdigital transducer provided on the LilaO,
substrate, said intevdigital transducer containing as a
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major component at least one of Au, Ag, 1a, Mo, Cu, Ni,
Cr. Zn, and W: wherein

said intevdigital transducer has a novmalized film thick-
ness H/h within a range of approximately 0.001 to
approximately 0.05;

the substrvate has Fuler angles of approximately (0°, 136°

to 147°, 0°£5°).

22. A surface acoustic wave device according to claim 21,
wherein the substrate has Fuler angles of approximately (0°,
136° to 137°, 0°£5°).

23. A surface acoustic wave device according to claim 21,
wherein the substrate has Euler angles of approximately (0°,
136.5°, 0°£5°).

24. A surface acoustic wave device according to claim 21,

wherein the normalized thickness H/M is within a range of 15

approximately 0.03 to approximately 0.05.
25. A surface acoustic wave device according to claim 21,
wherein the novmalized thickness H/\ is approximately 0.04.
26. A surface acoustic wave device according to claim 21,
wherein the major component is Cu;

the normalized thickness H/N is within a range of approxi-
mately 0.03 to approximately 0.05; and

the substrate has Fuler angles of approximately (0°, 136°
to 137°, 0°£5°).
27. A surface acoustic wave device accorvding to claim 21,
wherein the major component is Cu;

12
the normalized thickness H/N is approximately 0.04; and

the substrate has Euler angles of approximately (0°, 136°
to 137°, 0°£5°).
28. A surface acoustic wave device according to claim 21,
wherein the major component is Cu;

the normalized thickness H/M is within a range of approxi-
mately 0.03 to approximately 0.05; and

the substrate has FEuler angles of approximately (0°,
136.5°, 0°£5°).
29. A surface acoustic wave device according to claim 21,
wherein the major component is Cu;

the novmalized thickness H/\ is approximately 0.04; and

the substrate has FEuler angles of approximately (0°,
136.5°, 0°£5°).
30. A surface acoustic wave device according to claim 21,
wherein the major component is Cu; and

the substrate has Fuler angles of approximately (0°, 136°
to 137°, 0°£5°).
31. A surface acoustic wave device according to claim 21,
wherein the major component is Cu; and

the substrate has FEuler angles of approximately (0°,
136.5°, 0°£5°).
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