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ACOUSTIC WAVE ELEMENT AND
ACOUSTIC WAVE DEVICE USING SAMLEL

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The present mnvention relates to an acoustic wave element
such as a surface acoustic wave (SAW) element and an
acoustic wave device using the same.

BACKGROUND ART

Known 1n the art 1s an acoustic wave element having a
piezoelectric substrate and an IDT (InterDagital Transducer)
clectrode (excitation electrode) provided on a major surface
of the piezoelectric substrate. The IDT electrode has a pair
of comb-shaped electrodes. Each comb-shaped electrode has
for example a bus bar extending in the propagation direction
of the acoustic wave and a plurality of electrode fingers
extending from the bus bar 1 a direction perpendicular to
the propagation direction of the acoustic wave. The pair of
comb-shaped electrodes are arranged so that their plurality
of electrode fingers mesh with each other (so that they
intersect with each other). Further, there 1s also known an
IDT electrode which further has dummy electrodes each
extending from one of the bus bars to the other bus bar side,
wherein the tips face the tips of the plurality of electrode
fingers extending from the other bus bar through gaps.

Further, 1t 1s also known that a so-called transverse mode
spurious wave sometimes occurs in the impedance charac-
teristic 1 an acoustic wave eclement utilizing a quartz
substrate, LiINbQO, substrate, or the like as the piezoelectric
substrate.

Patent Literature 1 discloses that a transverse mode spu-
rious wave can be suppressed by obliquely inclining an
intersection part (range where a plurality of electrode fingers
of a pair of comb-shaped electrodes intersect with each
other) relative to the propagation direction of the SAW 1n an
IDT electrode having dummy electrodes.

Patent Literature 2 discloses that an IDT electrode having
dummy electrodes wherein a transverse mode spurious wave
can be suppressed by making mutually facing edge parts of
two bus bars incline relative to the propagation direction.
Further, in Patent Literature 2, a plurality of acoustic wave
clements are experimentally produced by changing their
inclination angles. The preferred inclination angles are
regarded to be 18° to 72° based on the evaluation results.
Further, Patent Literature 2 also disclose an IDT electrode in
its FIG. 11 wherein the intersection part 1s formed obliquely
relative to the propagation direction 1n the same way as
Patent Literature 1.

When the intersection part 1s inclined relative to the
propagation direction as in Patent Literature 1 and Patent
Literature 2, the gaps between the tips of the plurality of
clectrode fingers and the tips of the dummy electrodes are
arranged with a slant relative to the propagation direction of
the acoustic wave as well, therefore the gaps end up entering,
into the range where the acoustic wave 1s originally going to
propagate. Accordingly, the acoustic wave 1s apt to be
scattered across the gaps, and consequently propagation loss
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2

1s apt to occur. In both of Patent Literature 1 and Patent
Literature 2, attention 1s paid to suppression of a spurious
wave though no attention is paid to such propagation loss.

Further, in Patent Literature 2, nothing at all 1s mentioned
about the shape of the intersection part (inclination angle of
arrangement of the plurality of gaps) in trial manufacture
and evaluation while changing the inclination angle of the
edge part of the bus bar. Further, as deduced from a
comparison of FIG. 3 and FIG. 5 i Patent Literature 2, 1n
trial manufactures, the shape of the intersection part 1s a
square as 1t 1s. That 1s, Patent Literature 2 shows no finding
about the preferred range of numerical values for the incli-
nation angle of the arrangement of the plurality of gaps.

Accordingly, provision ol an acoustic wave element and
acoustic wave device capable of suppressing propagation
loss 1s desired.

CITATIONS LIST
Patent Literature

Patent Literature 1: Japanese Patent Publication No.
58-143620A

Patent Literature 2: Japanese Patent Publication No.
2000-286663A

SUMMARY OF INVENTION

An acoustic wave element of one aspect of the present
invention has a piezoelectric substrate and an IDT electrode
located on an upper surface of the piezoelectric substrate.
The IDT electrode has a first bus bar and a second bus bar
which face each other 1n a direction which intersects with the
propagation direction of the acoustic wave, a plurality of
first electrode fingers which extend from the first bus bar to
the second bus bar side, a plurality of second electrode
fingers which extend from the second bus bar to the first bus
bar side and have a portion adjacent to the plurality of first
clectrode fingers in the propagation direction, a plurality of
first dummy electrodes which extend from the first bus bar
to the second bus bar side and have tips which face the tips
of the plurality of second electrode fingers through a plu-
rality of first gaps, and a plurality of second dummy elec-
trodes which extend from the second bus bar to the first bus
bar side and have tips which face the tips of the plurality of
first electrode fingers through a plurality of second gaps. In
a certain range of the propagation direction of the IDT
clectrode, when the arrangement direction of the first gaps
among the plurality of first gaps which are adjacent to each
other 1s the first direction, the first direction 1s inclined
relative to the propagation direction, when the arrangement
direction of the second gaps among the plurality of second
gaps which are adjacent to each other 1s the second direction,
the second direction 1s inclined to the side the same as the
side to which the first direction 1s 1inclined relative to the
propagation direction, and when the inclination angle of the
first direction relative to the propagation direction 1s a first
angle OA and the inclination angle of the second direction
relative to the propagation direction 1s a second angle 0B,
the first angle OA and the second angle 0B are within the
following ranges.
10°=0A<26°
10°=0B=<26°

An acoustic wave element of one aspect of the present
invention has a piezoelectric substrate and an IDT electrode
located on an upper surface of the piezoelectric substrate.
The IDT electrode has a first bus bar and a second bus bar
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which face each other 1n a direction intersecting with the
propagation direction of the acoustic wave, a plurality of

first electrode fingers which extend from the first bus bar to
the second bus bar side, a plurality of second electrode
fingers which extend from the second bus bar to the first bus
bar side and have a portion adjacent to the plurality of first
clectrode fingers 1n the propagation direction, a plurality of
first dummy electrodes which extend from the first bus bar
to the second bus bar side and have tips which face the tips
of the plurality of second electrode fingers through a plu-
rality of first gaps, a plurality of second dummy electrodes
which extend from the second bus bar to the first bus bar side
and have tips which face the tips of the plurality of first
clectrode fingers through a plurality of second gaps, a {first
additional electrode which 1s located between a first elec-
trode finger and a first dummy electrode which are adjacent
to each other and at a position which it closes at least a
portion ol a first gap when viewed in the propagation
direction and which 1s connected to at least one of the first
clectrode finger or the first dummy electrode, and a second
additional electrode which 1s located between a second
clectrode finger and a second dummy electrode which are
adjacent to each other and at a position which 1t closes at
least a portion of the second gaps when viewed i1n the
propagation direction and which 1s connected to at least one
of the second electrode finger or the second dummy elec-
trode. In a certain range of the propagation direction of the
IDT electrode, when the arrangement direction of the first
gaps among the plurality of first gaps which are adjacent to
each other 1s a third direction, the third direction 1s inclined
relative to the propagation direction, when the arrangement
direction of the second gaps among the plurality of second
gaps which are adjacent to each other i1s a fourth direction,
the fourth direction i1s inclined to the side the same as the
side to which the third direction 1s inclined relative to the
propagation direction, and when the inclination angle of the
third direction relative to the propagation direction is a third
angle OC and the inclination angle of the fourth direction
relative to the propagation direction 1s a fourth angle 0D, the
third angle 0C and the fourth angle 0D are within the
following ranges.

6°<0C=26°

6°<0D=<26°

An acoustic wave device according to one aspect of the
present invention has either of the above acoustic wave
clements and a circuit board on which the acoustic wave
clement 1s mounted.

According to the above configurations, in the certain
range 1n the propagation direction of SAW 1n the IDT
clectrode, by giving a certain angle relative to the propaga-
tion direction to the arrangement direction of the gaps
constituted by intervals between the electrode fingers and
the dummy electrodes, the propagation loss of the acoustic
wave element can be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s a plan view of a SAW element according to a
first embodiment of the present invention, and FIG. 1B 1s an
enlarged view of a region Ib 1n FIG. 1A and FIG. 1C 15 a
cross-sectional view taken along an Ic-Ic line mn FIG. 1A.

FIG. 2A to FIG. 2E are cross-sectional views correspond-
ing to FIG. 1C for explaining a manufacturing method of the
SAW element 1n FIG. 1.

FI1G. 3 A cross-sectional view which shows an example of
a SAW device to which the SAW element 1n FIG. 1 1s
applied.
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FIG. 4A to FIG. 4D are views which show the elfects
according to suppression ol a transverse mode spurious

wave.

FIG. § A view which shows the maximum phases 1n
comparative examples and examples.

FIG. 6 A diagram which shows the maximum phase ratio
for each gap length G 1 the examples.

FIG. 7A to FIG. 7C are views which show the configu-
rations of comparative examples and the maximum phase
ratios.

FIG. 8 A plan view which shows principal parts of a SAW
clement according to a second embodiment.

FIG. 9 A plan view which shows principal parts of a SAW
clement according to a third embodiment.

FIG. 10A plan view which shows principal parts of a
SAW element according to a fourth embodiment.

FIG. 11 A plan view which schematically shows principal
parts of a duplexer according to a fiith embodiment.

FIG. 12A to FIG. 12C are views for explaining the mode
of operation of the duplexer 1n FIG. 11.

FIG. 13 A plan view which schematically shows principal
parts of a duplexer according to a sixth embodiment.

FIG. 14A to FIG. 14C are views for explaining a SAW
clement according to a seventh embodiment.

FIG. 15A plan view which shows principal parts of a
SAW element according to an eighth embodiment.

FIG. 16 A to FIG. 16C are views for explaining a method
of setting electrode fingers in retlectors.

DESCRIPTION OF EMBODIMENTS

Below, SAW eclements and SAW devices according to
embodiments of the present mvention are explaimned with
reference to the drawings. Note that, the drawings used in
the following explanation are schematic ones. Dimensions,
ratios, etc. on the drawings do not always coincide with the
actual ones.

In the second and following embodiments, the same
notations as those for the already explained embodiments
are attached to the configurations which are same as or
similar to the configurations of the already explained
embodiments, and explanations are sometimes omitted.

<First Embodiment>
(Configuration and Method of Production of SAW Element)

FIG. 1A 1s a plan view of principal parts of a SAW
clement 1 according to a first embodiment of the present
invention. FIG. 1B 1s an enlarged view of a region Ib 1n FIG.
1A. FIG. 1C 1s a cross-sectional view taken along an Ic-Ic
line in FIG. 1A.

Note that, in the SAW element 1, any direction may be
made upward or downward. However, in the following
description, conveniently an orthogonal coordinate system
xyz 1s defined, and use 1s made of an “upper surface”, “lower
surface”, and other terms where the positive side of the
z-direction 1s the upper part.

The SAW element 1, as shown in FIG. 1A, has a substrate
3 and an IDT electrode 5 and reflectors 7 which are provided
on an upper surtace 3a of the substrate 3. Further, the SAW
element 1, as shown 1n FIG. 1C, has added films 9 which are
provided on the IDT electrode 5 and reflectors 7 and a
protective layer 11 which covers the upper surface 3a from
the top of the added films 9. Note that, other than these, the
SAW element 1 may have lines for inputting and outputting,
signals to and from the IDT electrode 5 and so on.

The substrate 3 1s configured by a piezoelectric substrate.
For example, the substrate 3 1s configured by a substrate of
a single crystal having piezoelectricity such as a lithium
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niobate (LiNbQO;) single crystal. More preferably, the sub-
strate 3 1s configured by an 128°+10° Y-X cut LiNbO,

substrate or 0°£10° Y-X cut LiNbQO,; substrate. Other than
this, use can be made of a lithium tantalate (L1Ta0O,) single
crystal and so on. The planar shape and various dimensions 5
of the substrate 3 may be suitably set. As an example, the
thickness of the substrate 3 (z-direction) 1s 0.2 mm to 0.5
mm.

The IDT electrode 5 has a first comb-shaped electrode
13A and a second comb-shaped electrode 13B as shown imn 10
FIG. 1A. Note that, in the following description, sometimes
the first comb-shaped electrode 13A and second comb-
shaped electrode 13B are simply referred to as the “comb-
shaped electrodes 13 and are not distinguished. Further, for
configurations etc. according to the first comb-shaped elec- 15
trode 13 A, sometimes the terms “first” and “A” are attached
for example like the “first bus bar 21 A”. For configurations
ctc. according to the second comb-shaped electrode 13B,
sometimes the terms “‘second” and “B” are attached for
example like the “second bus bar 21B”. And “first”, “sec- 20
ond”, “A”, and “B” are sometimes omitted.

Each comb-shaped electrode 13, as shown in FIG. 1A, has
two bus bars 21 facing each other, a plurality of electrode
fingers 23 which extend from each of the bus bars 21 to the
other bus bar 21 side and a plurality of dummy electrodes 25 25
which extend from each of the bus bars 21 to the other bus
bar 21 side among the plurality of electrode fingers 23.
Further, the pair of comb-shaped electrodes 13 are arranged
so that their plurality of electrode fingers 23 mesh each other
(so that they intersect each other). 30

The SAW propagates 1n a direction perpendicular to the
plurality of electrode fingers 23. Accordingly, after taking
the crystal ortentation of the substrate 3 into account, the two
bus bars 21 are arranged so that they face each other in a
direction intersecting with the direction in which the SAW 35
1s desired to be propagated, and the plurality of electrode
fingers 23 are formed so as to extend in the direction
perpendicular to the direction in which the SAW 1s desired
to be propagated.

Note that, the propagation direction of a SAW 1s defined 40
by the orientation etc. of the plurality of electrode fingers 23.

In the present embodiment, however, conveniently the ori-
entation of the plurality of electrode fingers 23 etc. are
sometimes explained using the propagation direction of
SAW as the standard. 45

Further, the orthogonal coordinate system xyz 1s defined
so that the x-axis 1s perpendicular to the electrode fingers 23
(parallel to the propagation direction of SAW), the y-axis 1s
parallel to the electrode fingers 23, and the z-axis 1s per-
pendicular to the IDT electrode 5. That 1s, the orthogonal 50
coordinate system xyz 1s defined not using the outer shape
of the substrate 3, but using the outer shape of the IDT
clectrode 5 (propagation direction of SAW) as the standard
(see FIG. 10).

The bus bars 21 are for example formed 1n a long state so 55
as to extend with roughly a constant width and are inclined
relative to the propagation direction of SAW (x-direction).
Accordingly, the edge parts 21a of the bus bars 21 on the
mutually facing sides exhibit linear states and are inclined to
the propagation direction. The inclination angles of the bus 60
bars 21 (edge parts 21a) are for example the same as each
other between the two bus bars 21. The plurality of electrode
fingers 23 are formed in the long state so as to linearly
extend with roughly a constant width and are arranged 1n the
propagation direction of SAW at roughly a constant interval. 65
The plurality of electrode fingers 23 of the pair of comb-
shaped electrodes 13 are provided so that their pitch (rep-

6

ctition interval) p (FIG. 1C. For example a distance between
the centers of the electrode fingers 23) becomes equivalent
to for example a half wavelength of the wavelength A of the
SAW at a frequency to be resonated. The wavelength A(2p)
1s for example 1.5 um to 6 um. The width w1 (FIG. 1C) of
cach electrode finger 23 (FIG. 1C) 1s suitably set 1n accor-
dance with the electrical characteristics etc. requested to the
SAW clement 1 and 1s for example 0.4p to 0.6p with respect
to the pitch “p”.

The lengths of the plurality of electrode fingers 23 (posi-
tions of the tips) are made the same as each other. Further,
as explained above, the edge parts 21a of the two bus bars
21 (root positions of the electrode fingers 23) exhibit a linear
state where they are inclined to the propagation direction
and are parallel to each other. Accordingly, a line connecting
the tips of the plurality of first electrode fingers 23A and a
line connecting the tips of the plurality of second electrode
fingers 23B exhibit a linear state where they are inclined to
the propagation direction and are parallel to each other, and
consequently the intersection range of the plurality of elec-
trode fingers 23 (the range of the intersection width W (FIG.
1A)) 1s formed 1n a parallelogram. Due to this, occurrence of
a so-called transverse mode spurious wave 1s suppressed.

The plurality of dummy electrodes 25 are for example
formed 1n a long state where they extend in a linear state
with roughly a constant width and are arranged at the center
among the plurality of electrode fingers 23 (arranged with
the same pitch as that of the plurality of electrode fingers
23). Further, the tips of the dummy electrodes 25 of one
comb-shaped electrode 13 face the tips of the electrode
fingers 23 of the other comb-shaped electrode 13 through
gaps 24. The width (x-direction) of a dummy electrode 25 1s
for example equal to that of the electrode finger 23. The
lengths (x-direction) of the plurality of dummy electrodes 235
x are for example the same as each other.

The array of the plurality of gaps 24 1s inclined relative to
the propagation direction. When the direction of arrange-
ment of the first gaps 24 A 1s defined as the first direction, the
inclination angle of the first direction relative to the propa-
gation direction (the first angle 0A) 1s made a certain range
of angle. Further, when the direction of arrangement of the
second gaps 24B 1s defined as the second direction, the
inclination angle of the second direction relative to the
propagation direction (the second angle OB) i1s made a
certain range of angle as well. The first angle OA and the
second angle OB are for example the same as each other and
are the same as the inclination angle of the bus bar 21 (the
array ol the gaps 24 and the edge parts 21a are parallel). The
preferred range of the angle 0 1s explained later.

The gap lengths G (lengths of the gaps 24 1n the y-direc-
tion) are for example the same as each other among the
plurality of gap lengths G. The gap length G 1s for example
0.10 um to 0.52 um. Further, where the wavelength of the
acoustic wave 1s A, the gap length G 1s for example 0.1A to
0.6A. Note that, a more preferred range of the gap length G
1s explained later.

Note that, the angle 0 1s defined or measured for each
adjacent two gaps 24 using for example the center positions
of the gaps 24 as the standard as shown in FIG. 1B. Note,
in the case where the plurality of gap lengths G are the same
as each other as in the present embodiment, suitable posi-
tions may be used as the standard, for example, the tips of
the electrode fingers 23 or the tips of the dummy electrodes
25. This 1s because when the plurality of gap lengths G are
the same as each other, the measurement result of the angle
0 does not change even when the tips of the electrode fingers
23 or the like are used as a standard. Further, in the case
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where the plurality of gaps 24 are arranged 1n the linear state
as 1n the present embodiment, as shown in FIG. 1A, the
angle 0 may be defined or measured according to the angle
formed by the line L connecting the plurality of gaps 24 and
by the propagation direction of SAW. In this case, 1n general,
the gap length G 1s small compared with the size of the IDT
clectrode 5 1n the x-direction, therefore a suitable position
may be determined as a standard. That 1s, vanation of the
gap lengths G 1s negligible.

The IDT electrode 3 1s formed by for example a metal. As
this metal, there can be mentioned for example Al or an alloy
contaiming Al as the major component (Al alloy). The Al
alloy 1s for example an Al-—Cu alloy. Note that, the IDT
clectrode 5 may be configured by a plurality of metallic
layers as well. Various dimensions of the IDT electrode § are
suitably set 1n accordance with the electrical characteristics
etc. requested to the SAW eclement 1. As an example, the
thickness “e” (FIG. 1C) of the IDT electrode 5 1s 50 nm to
400 nm.

Note that, the IDT electrode 5 may be directly arranged on
the upper surface 3a of the substrate 3 or may be arranged
on the upper surface 3a of the substrate 3 through another
member. The other member 1s made of for example Ti, Cr,
or an alloy of them. When the IDT electrode 5 1s arranged
on the upper surface 3a of the substrate 3 through another
member 1n this way, the thickness of the other member 1s set
to an extent where almost no influence 1s exerted upon the
clectrical characteristics of the IDT electrode 5 (Tor example
a thickness of 5% based on the thickness of the IDT
clectrode 5 1n the case of T1).

When voltage 1s applied to the substrate 3 by the IDT
clectrode 5, a SAW which propagates 1 the x-direction
along the upper surface 3a i1s induced near the upper surface
3a of the substrate 3. Further, the SAW 1s reflected at a
boundary between the electrode finger 23 and a region in
which the electrode finger 23 1s not arranged (the region in
a long state between the adjacent electrode fingers 23). Then,
a standing wave defining the pitch “p” of the electrode
fingers 23 as the half wavelength 1s formed. The standing
wave 1s converted to an electrical signal having the same
frequency as that of the standing wave and 1s extracted by
the electrode fingers 23. In this way, the SAW element 1
functions as a resonator or {filter.

The reflectors 7 are formed 1n a lattice state. That 1s, the
reflector 7 has a third bus bar 27C and fourth bus bar 27D
(heremaftter, simply referred to as the “bus bars 27, some-
times the two are not distinguished) which face each other
in the direction intersecting with the propagation direction of
SAW and a plurality of third electrode fingers 29 extending
between these bus bars 27 in the direction perpendicular to
the propagation direction of the SAW.

The bus bars 27 are for example formed 1n a long state
where they extend 1n a linear state with roughly a constant
width and are arranged parallel to the propagation direction
of the SAW. The distance between the two bus bars 27 1s for
example roughly the same as the distance between the two
bus bars 21 of the IDT electrode 5.

Further, the plurality of third electrode fingers 29 are
formed 1n a long state where they extend in a linear state
with roughly a constant width and are arranged at roughly
the same pitch as that for the electrode fingers 23 of the IDT
clectrode 5. The width of a third electrode finger 29 1s for
example roughly equal to the width of the electrode finger
23.

The reflectors 7 are for example formed by the same
material as that for the IDT electrode 5 and are formed to a
thickness equivalent to that of the IDT electrode 5.
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The protective layer 11 1s for example provided over
roughly the entire surface of the upper surface 3a of the
substrate 3, covers the IDT electrode 9 and reflectors 7
which are provided with the added films 9, and covers the
portion of the upper surface 3a which 1s exposed from the
IDT electrode 5 and the reflectors 7. The thickness T (FIG
1C) of the protective layer 11 from the upper surface 3a 1s
set larger than the thickness “e” of the IDT electrode 5 and
reflectors 7. For example, the thickness T 1s thicker than the
thickness “€” by 100 nm or more and 1s 200 nm to 1500 nm.
Further, for example, the thickness T 1s 0.2A to 0.5A relative
to the wavelength A of the SAW from another viewpoint.

The protective layer 11 1s made of a material having an
insulation property. Preferably, the protective layer 11 1is
formed by material by which the propagation velocity of the
acoustic wave becomes fast when the temperature rises such
as S10,. The change of the electrical characteristics of the
SAW element 1 according to the change of the temperature
can be kept small by this. Specifically, this 1s as follows.

When the temperature of the substrate 3 rises, the propa-
gation velocity of the SAW on the substrate 3 becomes
slower and the pitch “p” becomes larger due to a thermal
expansion ol the substrate 3. As a result, the resonant
frequency becomes lower, so the desired characteristics are
liable to not be obtained. However, when the protective layer
11 1s provided, the SAW propagates not only on the sub-
strate, but also i1n the protective layer 11. Further, the
protective layer 11 1s formed by a material (S10,) by which
the propagation velocity of the acoustic wave becomes faster
when the temperature rises, therefore the change of the
velocity due to the temperature rise i1s suppressed in the
SAW propagating through the substrate 3 and protective
layer 11 as a whole. Note that, the protective layer 11
contributes to the protection of the IDT electrode 5 from
corrosion etc. as well.

The surface of the protective layer 11 1s desirably made
free from large relief shapes. The propagation velocity of the
SAW propagating on the substrate 3 changes when influ-
enced by relietf shapes of the surface of the protective layer
11. Therefore, if large reliet shapes exist on the surface of the
protective layer 11, a large vanation arises in the resonant
frequencies of produced SAW elements 1. Accordingly,
when making the surface of the protective layer 11 flat, the
resonant frequency of each SAW element 1s stabilized.
Specifically, desirably the flatness of the surface of the
protective layer 11 1s made 1% or less based on the wave-
length of the SAW propagating on the substrate 3.

The added films 9 are for improving the electrical char-
acteristics of the IDT electrode 5 and reflectors 7. The added
films 9 are for example provided over the entire surfaces of
the upper surtaces of the IDT electrode 3 and retlectors 7. In
the added films 9, the cross-sectional shape perpendicular to
the longitudinal direction (y-direction) of the electrode fin-
gers 23 1s made for example approximately rectangular.
Note, the cross-sectional shape of the added film 9 may be
trapezoid or dome-state. The thickness “t” of the added films
9 (FIG. 1C) may be suitably set within the range where the
added films 9 do not expose the protective layer 11. For
example, the thickness of the added films 9 1s 0.01A to 0.4A
based on the wavelength A of the SAW.

The material configuring the added films 9 1s a material
having a different acoustic impedance from those of the
materials configuring the IDT electrode 5, reflectors 7, and
protective layer 11. The difference of the acoustic impedance
1s prelerably a certain extent or more. For example, it 1s
preferably 15 MRayl or more, more preferably 20 MRayl or
more.
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As such materials, for example, when the IDT electrode
5 1s configured by Al (acoustlc impedance: 13.5 MRayl), and
the protective layer 11 1s configured by S10, (12.2 MRayl),
there can be mentioned WC (102.5 MRayl), TiN (56.0
MRayl), TaS10, (40.6 MRayl), Ta,O. (33.8 MRayl), and
W.S1, (67.4 MRayl).

When the IDT electrode 5 1s comprised by Al and the
protective layer 11 1s comprised by S10,, these acoustic
impedances are close, therefore the boundary between the
clectrode finger 23 and the region in which the electrode
finger 23 1s not arranged (the long-state region between the
adjacent electrode fingers 23) becomes acoustically vague,
so the reflection coeflicient at the boundary falls. As a result,
the reflection wave of SAW 1s liable to not be sufliciently
obtained, so desired characteristics are not obtained. How-
ever, by provision of the added film 9 formed by a material
having a diflerent acoustic impedance from those of the IDT
clectrode 5 and the protective layers 11 on the upper surface
of the IDT electrode 5, the reflection coethicient becomes
high at the boundary between the electrode finger 23 and the
region 1n which the electrode finger 23 1s not arranged, so 1t
becomes easy to obtain the desired characteristics.

Note that, the material of the added films 9 preferably has
a slower propagation velocity of acoustic wave than those by
the materials of the IDT electrode 5, reflectors 7, and
protective layer 11. Due to the slow propagation velocity, the
vibration distribution 1s apt to be concentrated at the added
films 9, therefore the reflection coeflicient practically
becomes high at the boundary between the electrode finger
23 and the region 1n which the electrode finger 23 1s not
arranged.

As such materials, for example, when the IDT electrode
5 1s comprised by Al (propagatlon velocity: 5020 m/s) and

the protective layer 11 1s comprised by S10, (53560 m/s),
there can be mentioned TaS10, (4438 m/s), Ta,O, (4352

m/s), and W.S1, (4465 m/s). Note that, among the materials
having slower propagation velocities of acoustic waves than
those of the materials of the IDT electrode 5 etc., the degree
of freedom 1n selection 1s thought to be higher 1n a material
having a larger acoustic impedance than a material having a
smaller acoustic impedance than those of the IDT electrode
> etc.

FIG. 2A to FIG. 2E are cross-sectional views correspond-
ing to FIG. 1C for each manufacture process and summarize
of the manufacturing method of the SAW element 1. The
manufacturing process advances from FI1G. 2A to FIG. 2E in
that order. Note that, the various types of layers change in
shapes etc. along with the advance of the process. However,
common notations are sometimes used before and after the
change.

As shown 1n FIG. 2A, first, on the upper surface 3a of the
substrate 3, a conductive layer 15 which becomes the IDT
clectrode 5 and retlectors 7 and an added layer 17 which
becomes the added films 9 are formed. Spec1ﬁcallyj first, by
a thin film forming method such as a sputtering process,
vapor deposition process, or CVD (chemical vapor deposi-
tion) process, the conductive layer 15 1s formed on the upper

surface 3a. Next, by the same thin film forming method, the
added layer 17 1s formed.

When the added layer 17 1s formed, as shown in FI1G. 2B,
a resist layer 19 1s formed as a mask for etching the added
layer 17 and conductive layer 15. Specifically, a thin film of
a negative type or positive type photosensitive resin 1s
formed by a suitable thin film forming method. A portion of
the thin {ilm 1s removed by a photolithography process or the
like at a position where the IDT electrode § and retlectors 7
etc. are not arranged.
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Next, as shown 1 FIG. 2C, a suitable etching method
such as RIE (reactive 1on etching) 1s used to etch the added
layer 17 and conductive layer 15. Due to this, the IDT
clectrode 5 and reflectors 7 which are provided with the
added films 9 are formed. After that, as shown 1n FIG. 2D,

a suitable chemical solution 1s used to remove the resist layer
19.

Further, as shown 1n FIG. 2E, a suitable thin film forming
method such as the sputtering process or CVD process 1s
used to form a thin film which becomes the protective layer
11. At this point of time, relief shapes due to thicknesses of
the IDT electrode 5 etc. are formed on the surface of the thin
film which becomes the protective layer 11. Further, accord-
ing to need, the surface 1s flattened by chemical mechanical
polishing or the like whereby the protective layer 11 1s
formed as shown in FIG. 1C. Note that, in the protective
layer 11, before or after the flattening, portions may be
removed by the photolithography process or the like in order
to expose a pad 39 (FIG. 3) etc. which are explained later.

The above-explained processes are carried out on a
mother board which 1s diced to form the substrates 3.
Further, after the formation of the protective layer 11,
another member (for example a later explained cover 33) 1s
formed according to need. After that, the mother board is
diced to prepare the SAW elements 1.

(Configuration of SAW Device)

FIG. 3 1s a cross-sectional view showing an example of a
SAW device 51 to which the SAW element 1 explained
above 1s applied.

The SAW device 51 forms for example a filter or
duplexer. The SAW device 51 has a SAW element 31 and a
circuit board 53 on which the SAW element 31 1s mounted.

The SAW element 31 1s for example configured as a SAW
clement of a so-called waler level package. The SAW
clement 31 has the SAW element 1 explained above, a cover
33 coverning the SAW element 1 side of the substrate 3, a
terminal 35 passing through the cover 33, and a back surface
portion 37 covering the substrate 3 on the opposite side to
the SAW element 1.

The cover 33 1s configured by a resin or the like and forms
a vibration space 33a above the IDT electrode 5 and retlec-
tors 7 (positive side of the z-direction) for facilitating the
propagation of the SAW. On the upper surface 3a of the
substrate 3, lines 38 connected to the IDT electrode 5 and
pads 39 connected to the lines 38 are formed. The terminals
35 are formed on the pads 39 and are electrically connected
to the IDT electrode 5. Though not particularly shown, the
back surface portion 37 for example has a back surface
clectrode for discharging an electrical charge built up in the
surface of the substrate 3 due to temperature variation eftc.
and a protective layer covering the back surface electrode.

The circuit board 33 1s configured by for example a
so-called rnigid type printed circuit board. On a mount
surface 53a of the circuit board 53, mount-use pads 55 are
formed.

The SAW clement 31 1s arranged so that the cover 33 side
1s made to face the mount surface 53a. Further, the terminals
35 and the mount-use pads 35 are bonded by solders 57.
After that, the SAW element 31 1s sealed by a seal resin 59.

FIG. 4A to FIG. 4D are views for explaining the etlects
regarding suppression of the transverse mode spurious wave
in the SAW element 1. Specifically, FIG. 4A and FIG. 4B
show the impedance characteristics of the SAW elements 1n
comparative examples, and FIG. 4C and FIG. 4D show the
impedance characteristics of the SAW element 1. The com-
parative examples show SAW elements where the angle 0 1s

0°.
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Note that, FIG. 4 are based on experiments according to
comparative examples and examples which are explained

later. Specifically, FIG. 4A and FIG. 4B 1llustrate the imped-

ance characteristics of comparative examples) (0=0°) at the
time when the gap length G 1s 0.36 um, and FIG. 4C and
FIG. 4D illustrate the impedance characteristics of examples

where the gap length G 1s 0.36 um and the angle 0 1s 10°.
In FIG. 4A to FIG. 4D, the abscissas show the frequencies

“. In FIG. 4A and FIG. 4C, the ordinates show absolute

values |Z| of impedance, while the ordinates show phases a
of the impedances “7Z” i FIG. 4B and FIG. 4D.

As shown 1n FIG. 4A and FIG. 4C, 1n the SAW element

1, there are a resonance point at which the absolute value |Z|
of impedance becomes the local minimum and an anti-
resonance point at which the absolute value |Z| of 1imped-
ance becomes the local maximum. Further, as shown 1n FIG.
4B and FIG. 4D, between the resonance point and the
anti-resonance point, the phase o of the impedance becomes

the maximum phase cmax.

Further, 1n comparative examples (FIG. 4A and FIG. 4B),
between the resonance point and the anti-resonance point,
the lines showing the absolute values |Z| and the phases of
impedances undulate. That 1s, a ligher order transverse
mode spurious wave occurs. On the other hand, in the
examples, occurrence of a higher order transverse mode
spurious wave 1s suppressed.

In this way, by inclination of the array of the gaps 24 by
the angle 0 relative to the propagation direction of SAW,
occurrence ol a spurious wave 1s suppressed. This 15 con-
sidered to be due to mutual deviation of positions in the
y-direction (phases) of waves in the higher order transverse
mode 1n accordance with the positions 1n the x-direction.

(Preferred Ranges of Angle 0 and Gap Length G)

In the SAW element 1, when suitably setting the angle 0
etc., not only an eflect of suppression of a spurious wave, but
also an eflect of suppression of propagation loss are exerted.
In the following description, the eflects are shown 1n the
examples. The preferred ranges of the angle 0 etc. are
explained mainly from the viewpoint of suppression of the
propagation loss.

A plurality of SAW elements (SAW elements ol compara-
tive examples and examples) 1n which the angles 0 and gap
lengths G were made different from each other were pre-
pared and measured for their impedances eftc.

The settings of the plurality of comparative examples and
plurality of examples were as follows.

Angle 0: Change from 0° up to 30° 1n increments of 2° (16
types)

Gap length G: 0.25 um, 0.36 um, 0.45 um, and 0.58 um
(four types)

Note that, no SAW eclement was prepared for the four
types where the gap lengths G are 0.25 um or 0.36 um and
the angles 0 are 28° or 30°. However, as understood from the
contents of study which are explained later, there 1s no
influence upon the study of the preferred ranges of the angle
0 and gap length G.

Further, in the prepared SAW elements, the first angles OA
formed by the adjacent first gaps 24 A were made equal to
cach other 1n the entire range of the IDT electrodes 5. The
second angles 0B formed by the adjacent second gaps 24B
were made equal to each other 1n the entire range of the IDT
clectrodes 5 as well, and the second angles 0B were made
equal to the first angles OA.

As described above, SAW elements were prepared and the
impedance characteristics were measured for four types of
comparative examples (0=0°) and 56 types of examples.
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The conditions common to the comparative examples and
examples are shown below.
Substrate 3: 126° YX—LiNbQO, substrate
Conductive layer 15 (IDT electrode/reflector):
Matenal: Al—Cu alloy
Note, there 1s an underlying layer made of Ti of 6 nm
between the substrate 3 and the conductive layer 15.

Thickness “e” (Al-—Cu alloy layer): 141 nm
Added films:

Matenal: Ta,O.

Thickness “t”: 90 nm
Protective layer:

Matenal: S10,

Thickness T: 600 nm
Electrode fingers of IDT electrode:

Pitch “p”: 0.92 um
Duty (wl/p): 0.5
Number: 250
Intersection width W: 46 um

Dummy electrode length: 4 um

Number of electrode fingers of retlector: 30

The propagation loss 1n the comparative examples and
examples was evaluated based on the maximum phase cmax
(see FI1G. 4D). There 1s a correlation between the propaga-
tion loss and the maximum phase amax. The smaller the
propagation loss, the larger the maximum phase amax. In an
ideal state where the loss 1s 0, the maximum phase cmax
becomes) 90(°).

FIG. § 1s a diagram which shows the maximum phases
cmax in the comparative examples and examples. The
abscissa shows the angles (0), and the ordinate shows the
maximum phases cmax (°). The plotted points show the
angles 0 and maximum phases amax in the comparative
examples and examples and are connected by a line for each
gap length G.

(Preferred Range of Angle 0)

It 1s seen that, for all of the four types of gap lengths G,
when 0 1s made larger from 0=0° up to 0=6°, the maximum
phase amax becomes smaller, and the propagation loss
becomes larger. However, 1t 1s seen that, when 0 1s made
further larger from 0=6°, the maximum phase ocmax
becomes larger and the propagation loss conversely
becomes smaller.

When 0 becomes equal to 10°, the maximum phase amax
can be made larger than that at the time when 0=0°. On the
other hand, as shown 1n FIG. 4A to FIG. 4D, by changing
0=0° to 0=10°, suppression of a transverse mode spurious
wave 1s enabled. That 1s, suppression of propagation loss and
suppression of the higher order transverse mode suppression
wave are both achieved.

When 0 1s made further larger from 0=10°, the maximum
phase amax further becomes larger. The maximum phase
cmax become the maximum near 0=12° to 16°. Accord-
ingly, near 0=12° to 16°, suppression of propagation loss and
suppression of the spurious wave are both achieved the
most.

When 0 1s further made larger, the maximum phase amax
falls. Note, up to when 0=26°, the maximum phase cmax
can be made larger than that when 0=0°.

As described above, for the angle 0, the suppression of
propagation loss and the suppression of the spurious wave
can both be achieved when 10°<0<26°, so this 1s preferred.
Further, as a more preferred range, there can be mentioned
12°=0=<16°.

(Preferred Range of Gap Length G)

As shown 1n FIG. 5, even when the gap length G becomes
larger such as 0.25 um, 0.36 um, and 0.45 um, no large
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difference 1s seen in the maximum phase cmax. In particu-
lar, within the preferred range of the angle 0 explained
above, no large difference i1s seen 1n the maximum phase
camax according to the gap length G. On the other hand,
when the gap length G becomes 0.58 um, the maximum
phase amax largely falls compared with the time when the
gap length G has another value.

FIG. 6 1s a diagram which shows the maximum phase
ratio for each gap length G 1n the examples. In FIG. 6, the
abscissa shows the gap length G 1n terms of the ratio relative
to the wavelength A, and the ordinate shows the maximum
phase ratio.

The maximum phase ratio 1s calculated according to
cmax/c0 assuming the maximum phase cmax in the
example wherein the gap length G 1s the minimum (0.25 pum)
as the standard maximum phase ¢0 (the maximum phase
ratio 1s 1 when the gap length G 1s 0.25 um). Note that, FIG.
6 cxemplifies a case where 0=12°.

As shown 1n this diagram, at the boundary where the gap
length G 1s near 0.28A, the ratios are divided into a region
in which the maximum phase ratio 1s high and the eflect of
suppression ol the propagation loss 1s good and a region 1n
which, compared with the former region, the maximum
phase ratio 1s low and the eflect of suppression of the
propagation loss falls.

Here, a diagram the same as FIG. 6 1n apodize resonators
which change in the intersection width (SAW elements in
other comparative examples) which are shown in FIG. 7B
and FIG. 7C 1s shown 1in FIG. 7A. The SAW eclements 1n
these comparative examples are aimed at suppression of the
transverse mode spurious wave.

In the SAW clements 1n the comparative examples shown
in FIG. 7B and FIG. 7C, the number of the electrode fingers
1s determined to 300 so that their electrostatic capacity
becomes roughly equal to that of the SAW elements 1n the
examples. The other conditions are the same as the condi-
tions 1n the examples except for the length of the electrode
fingers. Note that, in the SAW elements 1n FIG. 7B and FIG.
7C, the maximum intersection width 1s 55 um, and the
mimmum intersection width 1s 11 pum.

In FIG. 7A, a rectangular point P1 shows the maximum
phase ratio in the comparative example in FIG. 7B, and a
triangular point P2 shows the maximum phase ratio in the
comparative example in FIG. 7C. Note that, at the time when
the gap length G 1s 0.25 um, the points P1 and P2 are
super-imposed on each other.

As shown in FIG. 7A, in these comparative examples,
along with the increase of the gap length G, the maximum
phase ratio gradually (linearly) falls. That 1s, in these com-
parative examples, there occurs no phenomenon as in the
examples in which the maximum phase ratio rapidly falls
from a certain length of the gap length G.

Accordingly, 1t 1s seen that the examples and comparative
examples all suppress the transverse mode spurious wave,
but differ in the influences of the gap lengths G exerted upon
the propagation loss.

As described above, pretferably the gap length G 1s 0.28A
or less. Further, a critical significance 1s recognized in the
upper limit value. As low as possible a lower limit value of
the gap length G 1s preferred from the viewpoint of the
suppression of the propagation loss, but 1n practice, the
clectrode fingers 23 and the dummy electrodes 25 are liable
to short-circuit due to manufacturing error etc. when the gap
length G 1s too small. And the gap length G 1s preferably 0.1
um or more. Accordingly, the gap length G (um) 1s prefer-
ably 0.1=G=0.28A.
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As explained above, the propagation loss can be sup-
pressed while suppressing the transverse mode spurious
wave by arranging the plurality of first gaps 24A 1 a
direction inclined relative to the propagation direction,
arranging the plurality of second gaps 24B 1n a direction
inclined to the side the same as the side to which the array
of first gaps 24A 1s inclined relative to the propagation
direction, and controlling the angle 0 to the preferred range
(10°=0=26°).

Further, by control of the gap length G (um) to the
preferred range (0.1=(G=0.28)), the mnfluence of the change
of the gap length G exerted upon the maximum phase cmax
becomes small. As a result, the occurrence of variation 1n
impedance characteristics according to manufacturing error
etc. 1s suppressed as well.

Further, in the first embodiment, the plurality of first
angles 0OA relating to the plurality of first gaps 24 A are the
same as each other, the plurality of second angles 0B relating
to the plurality of second gaps 24B are the same as each
other, and the plurality of first angles 0 and the plurality of
second angles 0 are the same as each other.

Accordingly, the configuration 1s simple, therefore it 1s
casy to predict the influences of the angle 0 and gap length

G explained above. As a result, design 1s facilitated. Further,
the 1intersection widths W become constant. Therefore, com-
pared with the comparative examples which are exemplified
in FIG. 7, the maximum intersection width for obtaining the
same electrostatic capacity can be made shorter. That 1s, the
aspect ratio can be made smaller. As a result, concentration
of power at the center of the IDT electrode can be eased,
therefore the power ratio 1s improved.

The edge part 21a of the first bus bar 21 A which 1s on the
second bus bar 21B side extends with an inclination to the
same side as the side of inclination of the plurality of first
gaps 24A relative to the propagation direction so that 1t
becomes parallel to the array of the first gaps 24 A rather than
extension 1n the propagation direction. The same 1s true for
the edge part 21a of the second bus bar 21B which is on the
first bus bar 21A side.

Accordingly, compared with the third embodiment (FIG.
9) etc. which are explaimned later, the distance between the
bus bars 21 and the intersection range of electrode fingers 23
can be made uniform and shorter. As a result, voltage can be
equally applied to the intersection range while making the
resistance smaller. Note that, the edge part 21a 1s preferably
parallel to the array of the plurality of gaps 24, but may not
be exactly parallel. Compared with the case where the edge
part 21a extends 1n the propagation direction of the SAW, so
long as the edge part 21a has become parallel to the array of
the gaps 24, the above-described eflects are somewhat
exerted.

Further, 1n the first embodiment, the setting of the angle
0, the setting of the gap length G, the setting of the shape of
the bus bar 21, and so on explained above are performed
over the entire propagation direction of the SAW of the IDT
clectrode 5. Accordingly, in comparison with the second
embodiment (FIG. 8) etc. which 1s explained later, the
above-explained eflects are exerted to the maximum.

<Second Embodiment>

FIG. 8 1s a plan view showing principal parts of a SAW
clement 201 according to a second embodiment.

In an IDT electrode 205 of the SAW element 201, the
preferred conditions explained above relating to the angle O
of the gaps 24, gap length G, or the shape of the bus bars etc.
are satisfied in only a partial range (range R1) of the
propagation direction of the SAW (x-direction).
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For example, 1n the range R1, the plurality of first gaps
24A are arranged in a direction inclined relative to the
propagation direction, and the plurality of second gaps 24B
are arranged 1n a direction inclined to the side the same as
the side to which the array of the first gaps 24 A 1s inclined
relative to the propagation direction. Further, the inclination
angle 0 of the direction of arrangement of the first gaps 24A
which are adjacent to each other relative to the propagation
direction and the inclination angle 0 of the direction of
arrangement ol the second gaps 24B which are adjacent to
cach other relative to the propagation direction, defined as

exemplified 1n FIG. 1C, are 10°=0<26°.

Further, the conditions of the angle 0 described above are
not satisfied in the ranges (R2 and R3) other than the range
R1, for example. FIG. 8 exemplifies a case where the array
of the first gaps 24 A and the array of the second gaps 24B
are mclined to the reverse sides to each other relative to the
propagation direction.

In the second embodiment as well, 1n the same way as the
first embodiment, the eflect of suppression of the spurious
wave and the eflect of suppression of propagation loss are
obtained. Further, in the second embodiment, the IDT elec-

—

trode 1n the first embodiment 1s combined with an ID1

—

clectrode having a varying intersection width or an IDT
clectrode 1n which the angle 0 1s not within the preferred
range explained above or another IDT electrode, therefore it
1s expected to realize a more preferred IDT electrode by
balancing the embodiments so that the desired characteris-

tics are obtained as a whole while adopting the advantages

of each IDT electrode.

Note that, as shown m FIG. 1B, for specilying the
direction of arrangement of the plurality of gaps 24, at least
two gaps 24 are necessary. Further, the first gap 24 and the
second gap 24 are deviated from each other in the position
of the propagation direction (they become alternate).
Accordingly, for judgment of whether the direction of
arrangement ol the plurality of first gaps 24A and the
direction of arrangement of the plurality of second gaps 24B
are inclined to the same side relative to the propagation
direction within the same range of the propagation direction,

at least two first gaps 24 A and one second gap 24B located
between these two first gaps 24A and one second gap 24B
which 1s adjacent to that are necessary. In other words, the
smallest size of the range R1 15 a range extending over four
clectrode fingers 23.

<Third Embodiment>

FIG. 9 1s a plan view showing principal parts of a SAW
clement 301 according to a third embodiment.

In an IDT electrode 305 of the SAW element 301, the bus
bars 321 (edge part 321a) do not become parallel relative to
the array of the plurality of gaps 24. More specifically, they
become parallel to the propagation direction of SAW (x-di-
rection). Note that, along with this, the plurality of dummy
clectrodes 325 differ 1n length from each other.

In the third embodiment as well, 1n the same way as the
first embodiment, the eflect of suppression of a spurious
wave and the eflect of suppression of propagation loss are
obtained. Further, the third embodiment has bus bars 321 the
same as those of the conventional IDT electrode, theretfore
it 1s expected that the design changes can be kept small.

Note that, 1n the SAW element 1 according to the first
embodiment, compared with the SAW element 301 accord-
ing to the third embodiment, the resistance of the SAW
clement can be made smaller by the amount of shortening of
the dummy electrodes 25.
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<Fourth Embodiment>
FIG. 10 1s a plan view showing principal parts of a SAW

clement 401 according to a fourth embodiment.
The SAW element 401 1s different from the first embodi-

ment first of all 1n the shape of the reflectors. That 1s, the
retlectors 407 of the SAW element 401 have bus bars 427

which are parallel to the array of the gaps 24. More
specifically, the bus bars 427 are positioned on roughly the

same straight lines as the bus bars 21 of the IDT electrode
5. Further, edge parts (21a, 21b, 427a, and 427b) of these bus

bars 21 and 427 on the electrode finger side and the side
opposite to the former are positioned on roughly the same

straight lines parallel to the array of the plurality of gaps 24
as well.

In this way, by inclination of the edge part 427a on the
other bus bar 427 side of each bus bar 427 of the reflector

407 relative to the propagation direction, occurrence of the
transverse mode spurious wave 1n the reflector 407 1s
suppressed. Further, by the edge parts 427a becoming par-
allel to the array of the plurality of gaps 24, the continuity
between the IDT electrode 5 and the retlector 407 1s secured

in the effect of deviation of the higher order transverse mode
wave, therefore 1t 1s expected that prediction of the effect of
suppression of a spurious wave will become easy, excessive
change of the vibration mode will be suppressed, and the
propagation loss will be suppressed

Further, in the SAW element 401, a substrate 403 has an
outer edge (dicing line) extending parallel to the edge parts
21a and 427a on inner sides of the bus bar 21 and bus bar
427. Accordingly, the substrate 3 1s small 1n size.

Note that, the edge parts 427a and 427b of the bus bar 427
do not have to be exactly parallel to the array of the gaps 24.
So long as the parts become parallel to the array of the gaps
24 compared with the case where they extend 1n the propa-
gation direction, the above eflects are somewhat exerted. In
the same way, the outer edge of the substrate 403 does not
have to be exactly parallel to the edge part 21b of the bus bar
21 or the edge part 427a of the bus bar 427 and may be
parallel to these edge parts compared with the case where
they extend in the propagation direction.

<Fiith Embodiment>

FIG. 11 1s a plan view which schematically shows prin-
cipal parts of a duplexer 500 according to a fifth embodi-
ment. Note that, FIG. 11 shows only a portion of a trans-
mission side element between the transmission side element
and reception side element of the duplexer 500 for conve-
nience.

The duplexer 500 has a substrate 5303 (corresponding to
the substrate 3 1n the first embodiment) having an outer edge
formed by a dicing line DL indicated by broken lines.
Further, 1n the substrate 503, by provision of a plurality of
IDT electrodes 5 and reflectors 7 etc. which are not shown
in FIG. 11, a plurality of SAW elements 501 are provided.
The plurality of SAW elements 301 (IDT electrodes 5) are
connected by lines 38 by a method of serial connection or
parallel connection or the like, and configure a ladder type
SAW filter. The circles located at the edge parts of the lines
38 are outer connection pads 39.

Note that, the duplexer 500 may be grasped as one SAW
clement as a whole, or partial SAW elements 501 which are
included i the duplexer 500 (for example three SAW
clements 501) may be grasped as one SAW element.

FIG. 12A 1s a schematic diagram which shows a region
Xlla 1n FIG. 11 enlarged.

The SAW element 501 of the duplexer 500 has the IDT

electrode 5 and reflectors 407 1n the fourth embodiment.
That 1s, the IDT electrode 5 and reflectors 407 are formed as
a parallelogram as a whole. Further, in the range shown 1n
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FIG. 12A, the plurality of (three) SAW elements 501 are
arranged 1n a line 1n a direction perpendicular to the propa-
gation direction of the SAW so as to make the edge parts 21b
and 427b of the bus bar 21 and bus bar 427 (see FIG. 10)
adjacent parallel to each other. Further, these SAW elements
501 are connected 1n series to each other. Note that, three
SAW elements 501 may be grasped as elements obtained by
dividing one SAW element into three so that 1ts electrostatic
capacity 1s maintained. Further, the bus bars of the SAW
clements 501 which are adjacent to each other may be shared
between two SAW eclements 501 as well. In this case, by
making the arrangement direction of the first gaps 24A and
the arrangement direction of the second gaps 24B parallel
and by making the first gaps 24A of the adjacent SAW
clements 501 parallel to each other, useless space between
the adjacent SAW elements 501 can be reduced to almost
zero, therefore the duplexer 500 can be reduced 1n size.

Referring to FIG. 12B and FIG. 12C, the mode of
operation of the duplexer 500 1s explamned. FIG. 12B 1s a
plan view corresponding to FIG. 12A of the SAW element
according to a comparative example.

The SAW elements according to the comparative example
shown 1n FIG. 12B change 1n intersection width 1in the same
way as the comparative example shown 1n FIG. 7B. The
intersection range 1s formed in a rhombus shape 1n which the
propagation direction of the SAW and the direction perpen-
dicular to the propagation direction are the diagonal direc-
tions. Further, in the same way as the SAW elements 501 in
FIG. 12A, the SAW elements 1n the comparative example
are arranged 1n a line 1 a direction perpendicular to the
propagation direction of the SAW.

As understood from the comparison of FIG. 12A and FIG.
12B, 1n the comparative example 1n FIG. 12B, useless space
SP 1s formed between the SAW elements.

FI1G. 12C 15 a plan view shown by superimposing a dotted
line RLL1 surrounding the three SAW elements 501 1n FIG.
12A and a dotted line RL2 surrounding the three SAW
clements of the comparative example 1n FIG. 12B on each
other. Note that, the three SAW elements in FIG. 12A and
the three SAW elements in FIG. 12B are the same as each
other 1n electrostatic capacity.

As shown 1n FIG. 12C, the area of the region surrounded
by the dotted line RL1 1n the present embodiment 1s smaller
than the area of the region surrounded by the dotted line R1.2
in the comparative example. This 1s due to the influence of
the formation of useless space SP in the comparative
example as explained above. Note that, the SAW element 1n
the comparative example 1s influenced also by the necessity
of increase of the number of electrode fingers and so on 1n
order to secure the capacity since the intersection width
varies (since there are regions where the intersection width
becomes narrow).

As described above, in the duplexer of the present
embodiment, the edge part 21a of the first bus bar 21 A which
1s on the opposite side to the second bus bar 21B extends
with an inclination relative to the propagation direction to
the side the same as the side to which the plurality of first
gaps 21 A are inclined so that it becomes parallel with respect
to the array of the first gaps 24 A rather than extension 1n the
propagation direction (x-direction). This 1s the same for the
second bus bar 21B as well. Further, the plurality of IDT
clectrodes 5 are arranged in the direction (y-direction)
perpendicular to the propagation direction.

Accordingly, as explained with reference to FIG. 12, the
duplexer 500 can be reduced in size by suppressing the
formation of useless space SP. Note that, even when the first
IDT electrode 5 and reflectors 7 1n the first embodiment are
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arranged 1n the direction perpendicular to the propagation
direction 1n place of the IDT electrode 5 and reflectors 407
in the fourth embodiment, the formation of useless space SP
1s suppressed. That 1s, the reflector need not be a parallelo-
gram.

<Si1xth Embodiment>

FIG. 13 1s a plan view schematically showing principal
parts of a duplexer 600 according to a sixth embodiment.

The duplexer 600 diflers from the duplexer 500 in the fifth
embodiment only 1n the position of the dicing line DL.
Specifically, in the duplexer 600, a portion of the dicing line
DL extends parallel to the direction of arrangement of the
plurality of gaps 24 which are not shown 1n FIG. 13 and to
the edge parts 21a and 21b of the bus bar 21 and so on 1n the
same way as the fourth embodiment (FIG. 10).

Accordingly, the duplexer 600 can be further reduced 1n
s1ize more than the fifth embodiment. Note that, the dicing
line DL does not have to become exactly parallel to the array
of the gaps 24. So long as 1t 1s parallel to the array of the gaps
24 compared with the case where 1t extends 1n the propa-
gation direction, the above eflects are somewhat exerted.

<Seventh Embodiment>

FIG. 14A 1s a partially enlarged plan view showing
principal parts of a SAW element 701 according to a seventh
embodiment.

In the SAW element 701, first additional electrodes 726 A
projecting from the lateral sides of the tip portions of the first
dummy electrodes 25A to the first gap 24A side are pro-
vided. The first additional electrodes 726 A are connected to
the first electrode fingers 23 A adjacent to the first dummy
clectrodes 25A as well. Note that, though not particularly
shown, additional electrodes 726 are provided in the same
way also on the second gap 24B side.

Further, as shown in a range R24, when viewed in the
propagation direction of SAW, at least portions of the gaps
24 are closed by the additional electrodes 726. Accordingly,
scattering of the SAW 1n the gaps 24 1s suppressed.

FIG. 14B 1s a diagram the same as FIG. 5 which shows the
maximum phase amax ol an example according to the
present embodiment, 1n which a dotted line Ln0 shows the
maximum phase camax i a case where there are no addi-
tional electrodes 726, and a solid line Lnl shows the
maximum phase amax where there are additional electrodes
726.

Note that, the dotted line Ln0 1s for the case having a gap
length G of 0.25 um and 1s based on data the same as that
shown 1n FIG. 5. Further, the solid line Lnl 1s for the case
having a gap length G of 0.30 um. Conditions other than the
additional electrodes 726 are the same as those for the
examples 1 FIG. §.

As shown 1n this diagram, 1n the example of the present
embodiment indicated by the solid line Lnl, 1rrespective of
the gap length G becoming larger compared with the
example of the first embodiment indicated by the dotted line
L.n0, the maximum phase amax generally becomes larger.
That 1s, by provision of the additional electrodes 726,
propagation loss 1s suitably suppressed.

By the same technique as that for deriving the preferred
range of the angle 0 based on FIG. 5, the preferred range of
the angle 0 was derived based on FIG. 14. Note that, in a
prepared SAW eclement 701, third angles 0C formed by the
first gaps 24 A being adjacent to each other were made equal
to each other 1n the entire range of the IDT electrode 5.
fourth angles 0D formed by the second gaps 24B being
adjacent to each other were made equal to each other in the
entire range of the IDT electrode § as well, and the fourth
angles 0D were made equal to the third angles 0C. The




US RE47,991 E

19

preferred range of the angle 0 (the third angles 0C and fourth
angles 0D) 1s 6°=0=<26°, more preferably 8°=0<20°.

Note that, the additional electrodes 726 close the gap
length G and suppress the propagation loss, 1n other words,
the additional electrodes 726 make it possible to raise the
upper limit value of the gap length G. Therefore, the
preferred range of the gap length G based on FIG. 5 and FIG.
6 1s the preferred range in the present embodiment as well.
Further, in the present embodiment, it 1s possible to set a
turther broader range as the preferred range of the gap length
G.

(Modification of Seventh Embodiment)

FIG. 14C 1s a partially enlarged plan view showing
principal parts of a modification of the seventh embodiment.

In this modification, additional electrodes 728 project
from the lateral sides of the electrode fingers 23. Also 1n this
case, when viewed 1n the propagation direction of SAW, at
least portions of the gaps 24 are closed, therefore the
propagation loss 1s suppressed.

In this way, so long as the additional electrodes are
located between the electrode fingers 23 and the dummy
clectrodes 25 which are adjacent to each other in the
propagation direction of SAW and at positions which they
close at least portions of the gaps 24 when viewed 1n the
propagation direction of SAW and are connected to at least
one of the electrode fingers 23 or dummy electrodes 25, their
shapes etc. may be suitably set.

<Eighth Embodiment>

FIG. 15 1s a plan view showing principal parts of a SAW
clement 801 according to an eighth embodiment.

In the SAW element 801, a plurality of IDT electrodes 5
are arranged 1n a direction inclined to the side the same as
the side to which the array of the plurality of gaps 24 1s
inclined relative to the propagation direction of the SAW.
Preferably, the angles 0 of the gaps 24 of the plurality of IDT
clectrodes 5 are the same as each other, and the plurality of
IDT electrodes 5 are arranged with an inclination relative to
the propagation direction by that angle 0. Further preferably,
among the plurality of IDT electrodes 5, the intersection
widths are the same as each other. Further, the plurality of
IDT electrodes 5 and reflectors 7 configure a so-called
double mode type SAW filter.

In such a double mode type SAW filter as well, by the
arrangement ol the plurality of gaps 24 in the direction
inclined relative to the propagation direction, occurrence of
the transverse mode spurious wave 1s suppressed.

<Setting ol Number of Electrode Fingers of Retlectors>

The above-explained embodiments proposed configura-
tions 1 which the intersection range of the plurality of
clectrode fingers 23 obliquely extended relative to the propa-
gation direction of the SAW by paying attention to the
spurious wave near the resonance point and anti-resonance
point. In the following description, a method of 1mprove-
ment 1s explained paying attention to a spurious wave at a
position further to a higher frequency side than the reso-
nance point and anti-resonance point.

FIG. 16 A and FIG. 16B are diagrams the same as FIG. 4C
and FIG. 4D, which show impedance characteristics 1n a
SAW element provided with a protective layer 11 thicker
than the IDT electrodes (5 etc.) and reflectors (7 etc.) as in
the examples and comparative example. Note, 1n FIG. 16A
and FIG. 16B, the ranges of abscissas are made broader than
those 1 FI1G. 4C and FIG. 4D.

Region M are region (region of primary resonance) in
which the appearance of resonance point and anti-resonance
point 1s intended. On the other hand, the region S are region
(region of spurious wave) in which resonance point and
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anti-resonance point which were not intended appeared. The
spurious wave occurred at a frequency further to a higher
frequency side relative to the frequency of the primary
resonance.

When such a spurious wave occurs, various 1nconve-
niences occur. For example, in a case where the SAW
clement 1s utilized for filtering signals for wireless commu-
nication in a mobile phone, the communication frequency of
the wireless LAN ends up coinciding with the frequency of
the spurious wave, therefore wireless communication of a
mobile phone 1s liable to be obstructed.

Note that, the possibility of occurrence of such a spurious
wave 1s high at the time when a protective layer 11 thicker
than the IDT electrodes and reflectors 1s provided, while the
possibility of occurrence 1s extremely low 1n a case where a
protective layer 11 1s not provided.

The present inventor engaged 1n 1n-depth studies and as a
result discovered that such a spurious wave could be sup-
pressed by suitably setting the number of electrode fingers
(29) 1n the reflectors (7 etc.). Specifically, this 1s as follows.

A plurality of SAW elements having diflerent numbers of
clectrode fingers of reflectors were experimentally manu-
factured and measured for their impedance characteristics.
The conditions of the SAW elements were as follows. Note
that, 1n the following description, for reference, notations in
the first embodiment etc. are attached.

Substrate 3: 0° YX—LiNO, substrate

Conductive layer 15 (IDT electrode/retlector):

Matenal: Al—Cu alloy
Note, there 1s an underlying layer made of Ti1 of 6 nm
between the substrate 3 and the conductive layer 15.
Thickness “e” (Al-—Cu alloy layer): 149 nm
Added films 9:
Matenal: Ta,O.
Thickness “t”: 91 nm
Protective layer 11:
Matenal: S10,
Thickness T: 760 nm
Electrode fingers of IDT electrode:
Pitch “p”: 1.01 um
Duty (wl/p): 0.5
Number: 300
Dummy electrode length: 4.4 um
Number “n” of electrode fingers 1n retlector: 2, 4, 6, 8, 10,
12, 14, 16, 18 or 20
Note that, the number “n” of electrode fingers in the
reflectors 1s the number 1n one reflector. The SAW
clement has reflectors on the two sides of the propa-
gation direction of SAW, so has 2n electrode fingers 1n
total.

FIG. 16C 1s a diagram showing the measurement results.
The abscissa shows the number “n” of the electrode fingers
of the reflectors, while the ordinate shows the maximum
phase max (see FIG. 4D). The scale of the ordinate on the
left side on the drawing shows the value of the maximum
phase max of the primary resonance (region M), while the
scale of the ordinate on the right side on the drawing shows
the value of the maximum phase max of the spurious wave
(region S). A solid line LS shows the measurement results of
the maximum phase max of the spurious wave, while a
dotted line LM shows the measurement results of the
maximum phase max of the primary resonance. Note that,
the primary resonance means a resonance among resonances
occurring 1n the SAW element at which the impedance of the
resonance point has become the smallest.

The maximum phase amax of the spurious wave roughly
becomes smaller as the number of electrode fingers of the
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reflectors becomes smaller (the characteristics of the SAW
clement relating to the spurious wave are improved). On the
other hand, the maximum phase amax of the primary
resonance does not change very much even when the
number of electrode fingers of the reflectors becomes
smaller. Note, when the number of electrode fingers of the
reflectors becomes smaller than six, the maximum phase
cmax of the primary resonance becomes smaller (the char-
acteristics of the SAW element relating to the primary
resonance fall).

It 1s seen from this result that preferably the number of
clectrode fingers of the reflectors are made as small as
possible within such range that the maximum phase cmax of
the primary resonance does not fall.

The present inventor examined the reasons why such a
result occurred 1n the following way. In the SAW element,
there 1s an acoustic wave 1 of a vibration mode generating
the primary resonance and an acoustic wave Il of a vibration
mode generating a spurious wave. Further, the acoustic wave
IT has a lower retlectivity at the electrode fingers of the
reflectors compared with the acoustic wave 1. Accordingly,
when the number of electrode fingers of the reflectors 1s six,
the acoustic wave I 1s wholly reflected by the reflectors, but
the acoustic wave II 1s not wholly reflected by the retlectors
and 1s partially leaked to the outside of the reflectors.
Further, when the number of electrode fingers 1s made larger
than six, the acoustic wave I 1s wholly retlected by the
reflectors 1n the same way as the case of six, therefore the
maximum phase amax does not change. On the other hand,
for the acoustic wave II, the quantity of reflection becomes
larger than that 1n the case of six, therefore the maximum
phase amax becomes larger.

When calculating the reflectivities F of the acoustic wave
I and acoustic wave II with respect to one electrode finger
according to the finite element method, the reflectivity was
about 14% 1n the acoustic wave I and was less than 1% 1n
the acoustic wave II. Further, it 1s seen from these compu-
tation results that the smallest number of electrode fingers
tor wholly reflecting the acoustic wave I 1s seven (=100%/
14%) which roughly coincides with the six of the experi-
mental result. Accordingly, 1t 1s considered that this conclu-
s10n 1s roughly correct. Note that, the difference between the
computed value of seven and the experimental value of six
1s one. The reason for this 1s considered to be the nfluence
of the calculation accuracy, machining accuracy, etc.

From the above results of study, from the viewpoint of
making the spurious wave small while securing a large
maximum phase cmax of primary resonance, most prefer-
ably the number of electrode fingers of the reflectors is
[{100(%)/(reflectivity I of acoustic wave 1)(%)} (round off
alter the decimal point)x1]. Note that, in general, 1t is
considered that preferably the number “n” of reflectors 1s as
large as possible, for example, the number 1s 30 to 40 1n the
one port resonator as shown 1n FIGS. 1 and 50 to 100 1n a
vertically coupled double mode type SAW filter.

It 1s considered that the eflect of setting the number of
clectrode fingers of the reflectors as described above 1is
exerted not only 1n a SAW element having the intersection
range obliquely formed as in the embodiments, but also in
a SAW element having a square intersection range parallel
to the propagation direction of SAW and 1 a SAW element
which 1s apodized as exemplified 1n FIG. 7.

The present invention is not limited to the above embodi-
ments and may be executed 1n various ways.

The above embodiments may be suitably combined. For
example, the additional electrodes 1n the seventh embodi-
ment may be provided not only 1n the first embodiment, but
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also 1n the second to sixth and eighth embodiments. Further,
for example, the IDT electrodes configuring the double
mode type SAW filter in the eighth embodiment are not
limited to the IDT electrodes in the first embodiment and
may be the IDT electrodes 1n the second or third embodi-
ment (FI1G. 8, FIG. 9). Further, for example, the reflectors of
the double mode type SAW filter 1n the eighth embodiment
may be the reflectors 1in the first embodiment as well.
Further, for example, a plurality of IDT electrodes arranged
in the direction perpendicular to the propagation direction of
the acoustic wave as 1n the fifth embodiment (FIG. 11) may
be two or more double mode type SAW filters cascade-
connected or may be a double mode type SAW filter and a
resonator connected to 1ts 1nput side.

The acoustic wave element 1s not limited to a SAW
clement (in a narrow sense). For example, it may be a
so-called elastic boundary wave element (note, included 1n
the SAW element 1in a broad sense) in which the thickness of
the protective layer (11) 1s relatively large (Tor example 0.5A
to 2A) as well. Note that, in the elastic boundary wave
clement, the formation of the vibration space (33a) is
unnecessary, and accordingly the cover 33 etc. are unnec-
essary 100.

The acoustic wave element 1s not limited to a water level

packaged one. For example, 1n the SAW element, the cover
33 and terminal 35 etc. need not be provided, and the pad 39
on the upper surface 3a of the substrate 3 and the mount-use
pad 55 of the circuit board 53 may be directly bonded by
solder 57 as well. And then, the vibration space may be
formed by a clearance between the SAW element 1 (pro-
tective layer 11) and the mount surface 53a of the circuit
board 53. Further, the water level packaged acoustic wave
clement may be given a variety of configurations such as a
configuration in which a terminal 1s not provided, and the
pad 39 abuts against a solder ball arranged on the mount-use
pad 53.
The plurality of gaps may differ in size from each other.
Further, the inclination angles 0 of the line directions of the
adjacent two gaps relative to the propagation direction need
not be the same as each other. That 1s, the plurality of gaps
may be arranged a bit zigzagged as well. Further, the angles
need not be the same as each other between the first gap and
the second gap either.

In the acoustic wave element, the protective layer 11 and
the added films 9 are not essential factors. Further, the
protective layer may be provided for only the purpose of
preventing corrosion and may be made thinner than the
thickness of the electrode fingers.

The maternial of the electrodes (electrode fingers) 1s not
limited to Al and an alloy contaiming Al as the major
component and may be for example Cu, Ag, Au, Pt, W, Ta,
Mo, N1, Co, Cr, Fe, Mn, Zn, or Ti. The material of the
protective layer 1s not limited to S10, and may be for
example a silicon oxide other than S10,.

It 1s not necessary to arrange the added electrodes on the
two sides of the propagation direction with respect to the
gaps, but may be arranged on only one side. Further, the
added electrodes projecting from the lateral sides of the
dummy electrodes need not be connected to the electrode
fingers either. The shapes of the added electrodes can be
modified 1n various ways. For example, the added electrodes
may be shaped so that the edge parts on the gap sides are

recessed.

REFERENCE SIGNS LIST

1 ... SAW element (acoustic wave element), 3 . . .
substrate (piezoelectric substrate), 3a . . . upper surface,
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5 ... IDT electrode (electrode), 21 . . . bus bar, 23 . . .
clectrode finger, 25 . . . dummy electrode, and 27 . . .
auxiliary electrode.

The 1nvention claimed 1s:

1. An acoustic wave element, comprising;

a piezoelectric substrate; and

an IDT electrode located on an upper surface of the
piezoelectric substrate, wherein the IDT electrode com-
prises

first bus bar and a second bus bar which face each other
in a direction which intersects with a propagation
direction of [the] an acoustic wave,

a plurality of first electrode fingers which extend from the
first bus bar to the second bus bar side,

a plurality of second electrode fingers which extend from
the second bus bar to the first bus bar side and have a
portion adjacent to the plurality of first electrode fingers
in alternating fashion in the propagation direction,

a plurality of first dummy electrodes which extend from
the first bus bar to the second bus bar side and have tips
which face [the] tips of the plurality of second electrode
fingers through a plurality of first gaps, and

a plurality of second dummy electrodes which extend

from the second bus bar to the first bus bar side and
have tips which face [the] tips of the plurality of first
electrode fingers through a plurality of second gaps,
wherein, 1n a certain range of the propagation direction of
the IDT electrode,
when [the] ar arrangement direction of [the] a first
group of lirst gaps among the plurality of first gaps
which are adjacent to each other is [the] a first
direction, the first direction 1s inclined relative to the
propagation direction,
when [the] ar arrangement direction of [the] a first
group of second gaps among the plurality of second
gaps which are adjacent to each other is [the] a
second direction, the second direction is inclined [to
the side the same as the side to which the first
direction is inclined] relative to the propagation
direction, and

[when the inclination angle of the first direction relative to
the propagation direction 1s a first angle OA and the
inclination angle of the second direction relative to the
propagation direction 1s a second angle 0B, the first
angle OA and the second angle 0B are within a follow-
Ing ranges:
10°=0A=<26°
10°<0B=26°, and]

wherein, when [the] a wavelength of the acoustic wave is
Mum), within the certain range, [the] a gap lengths G
(um) of the plurality of first gaps and the plurality of
second gaps 1n the direction perpendicular to the propa-
gation direction are within the following range:
[0.1=G=0.28A] 0.1 um=G=0.28\, and a direction of all
of the plurality of first gaps and a divection of all of the
plurality of second gaps being inclined in a same
dirvection.

2. The acoustic wave element according to claim 1,

wherein

when an inclination angle of the first divection relative to
the propagation direction is a first angle 0A and an
inclination angle of the second divection velative to the
propagation divection is a second angle 0B, the first
angles OA are the same for all the adjacent first gaps,
the second angles OB are the same for all the adjacent
second gaps, and the first angles 0A and the seconds
angle OB are the same.
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3. The acoustic wave element according to claim 1,
wherein within the certain range,

[the] ar edge part of the first bus bar which is on the
second bus bar side 1s inclined relative to the propa-
gation direction so as to become parallel relative to the
arrangement direction of the first gaps, and

[the] an edge part of the second bus bar which is on the
first bus bar side 1s inclined relative to the propagation
direction so as to become parallel relative to the
arrangement direction of the second gaps.

4. The acoustic wave element according to claim 1,
wherein the certain range 1s the whole of the propagation
direction of the IDT electrode.

5. The acoustic wave element according to claim 4,

wherein [the] a first outer side edge part of the first bus bar
which is on [the] a side opposite to the second bus bar
1s 1inclined relative to the propagation direction so as to
become parallel to the arrangement direction of the first
gaps,

[the] a second outer edge part of the second bus bar which
is on [the] a side opposite to the first bus bar is inclined
relative to the propagation direction so as to become
parallel to the arrangement direction of the second
gaps, and

the plurality of IDT electrodes are arranged 1n the direc-
tion perpendicular to the propagation direction.

6. The acoustic wave element according to claim 1,

further comprising
a reflector which 1s adjacent to the IDT electrode 1n the
propagation direction, wherein the reflector comprises
a third bus bar on the first bus bar side and a fourth bus
bar on the second bus bar side which face each other in
the direction perpendicular to the propagation direc-
tion, and
a plurality of third electrode fingers extending so as to
connect the third bus bar and the fourth bus bar,
[the] an edge part of the third bus bar which is on the
fourth bus bar side 1s inclined relative to the propaga-
tion direction so as to become parallel to the arrange-
ment direction of the first gaps, and
[the] ar edge part of the fourth bus bar which is on the
third bus bar side 1s inclined relative to the propagation
direction so as to become parallel to the arrangement
direction of the second gaps.
7. The acoustic wave element according to claim 1, which
1s a double mode type SAW f{ilter in which a plurality of the
above IDT electrodes are arranged 1n a direction which 1s
inclined relative to the propagation direction to [the] a side
the same as [the] a side to which the arrays of the plurality
of first gaps and the plurality of second gaps are inclined.
8. An acoustic wave device having an acoustic wave
clement according to claim 1 and a circuit board on which
the acoustic wave element 1s mounted.
9. An acoustic wave element, comprising:
a piezoelectric substrate and
an IDT electrode located on an upper surface of the
piezoelectric substrate,
wherein the IDT electrode comprises
a first bus bar and a second bus bar which face each
other in a direction intersecting with a propagation
direction of the acoustic wave,

a plurality of first electrode fingers which extend from
the first bus bar to the second bus bar side,

a plurality of second electrode fingers which extend
from the second bus bar to the first bus bar side and
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have a portion adjacent to the plurality of first
clectrode fingers in alternating fashion 1n the propa-
gation direction,

a plurality of first dummy electrodes which extend from
the first bus bar to the second bus bar side and have
tips which face the tips of the plurality of second
clectrode fingers through a plurality of first gaps,

a plurality of second dummy electrodes which extend
from the second bus bar to the first bus bar side and
have tips which face the tips of the plurality of first
clectrode fingers through a plurality of second gaps,

a first additional electrode which 1s located between a
first electrode finger and a first dummy electrode
which are adjacent to each other and at a position
which 1t closes at least a portion of a first gap when
viewed 1n the propagation direction and 1s connected
to at least one of the first electrode finger or the first
dummy electrode, and

a second additional electrode which 1s located between
a second electrode finger and a second dummy
clectrode which are adjacent to each other and at a
position which 1t closes at least a portion of the
second gaps when viewed 1n the propagation direc-
tion and 1s connected to at least one of the second
clectrode finger or the second dummy electrode, and,
in a certain range of the propagation direction of the

IDT electrode,

when [the] ar arrangement direction of [the] a first
group of first gaps among the plurality of first
gaps which are adjacent to each other is a [third]
first direction, the third direction i1s inclined
relative to the propagation direction,

when [the] ar arrangement direction of [the] a first
group of second gaps among the plurality of
second gaps which are adjacent to each other 1s
a [fourth] second direction, the [fourth] second
direction is inclined to [the] a side the same as
[the] @ side to which the third direction is
inclined relative to the propagation direction,
and

when [the] an inclination angle of the [third] first
direction relative to the propagation direction 1s
a [third] first angle [6C] 64 and [the] ar incli-
nation angle of the [fourth] secornd direction
relative to the propagation direction is a [fourth]

second angle [0D]0B, the third angle [6C] 064
and the [fourth] second angle [06D] 0B are

within a following ranges:
[6°<0C=26°] 6°<0A4<26
[6°<0D=26°] 6°<0B=<26, and
a divection of all of the plurality of first gaps and a
dirvection of all of the plurality of second gaps being
inclined in a same direction.
10. The acoustic wave element according to claim 9,
wherein the [third angles 6C are] first angle 6A4 is the same
for all the adjacent first gaps, the [fourth angles 6D are}
second angle OB is the same for all the adjacent second
gaps, and the [third angles 0C] first angle 64 and the
[fourth angles 6D] second angle 6B are the same.
11. An acoustic wave element comprising:
a piezoelectric substrate;
an IDT electrode located on an upper surface of the
piezoelectric substrate, wherein the IDT electrode com-
prises
a first bus bar and a second bus bar which face each other
in a direction which intersects with a propagation
direction of the acoustic wave,
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a plurality of first electrode fingers which extend from the
first bus bar to the second bus bar side,

a plurality of second electrode fingers which extend from
the second bus bar to the first bus bar side and have a
portion adjacent to the plurality of first electrode fingers
in the propagation direction,

a plurality of first dummy electrodes which extend from
the first bus bar to the second bus bar side and have tips
which face the tips of the plurality of second electrode
fingers through a plurality of first gaps, and

a plurality of second dummy electrodes which extend

from the second bus bar to the first bus bar side and

have tips which face the tips of the plurality of first
clectrode fingers through a plurality of second gaps;
a reflector which 1s adjacent to the IDT electrode 1n the
propagation direction; and
a protective layer which 1s located on the upper surface of
the piezoelectric substrate so as to cover the IDT
clectrode and the reflector, and which has a larger
thickness than those of the IDT electrode and the
reflector,
wherein, 1n a certain range of the propagation direction of
the IDT electrode,
when [the] an arrangement direction of [the] a first
group of lirst gaps among the plurality of first gaps
which are adjacent to each other 1s the first direction,
the first direction 1s inclined relative to the propaga-
tion direction,

when [the] an arrangement direction of [the] a first
group of second gaps among the plurality of second
gaps which are adjacent to each other 1s the second
direction, the second direction is inclined [to the side
the same as the side to which the first direction 1s
inclined] relative to the propagation direction, and

when [the] ar inclination angle of the first direction
relative to the propagation direction 1s a first angle
OA and [the] an inclination angle of the second
direction relative to the propagation direction 1s a
second angle 0B, the first angle OA and the second
angle OB are within a following ranges:
10°<0A<26°
10°<0B=26°,

wherein the reflector comprises

a third bus bar on the first bus bar side and a fourth bus
bar on the second bus bar side which face each other
in the direction perpendicular to the propagation
direction, and
a plurality of third electrode fingers which extend so as
to connect the third bus bar and the fourth bus bar,
and
wherein,
when the reflectivity of the acoustic wave generating,
a primary resonance in the IDT electrode 1s 1'(%),
the number of the third electrode fingers 1s within
a following range: {100(%)/T'(%)=x1}.

12. The acoustic wave element according to claim 1,

wherein

when an inclination angle of the first dirvection relative to
the propagation direction is a first angle 0A and an
inclination angle of the second divection relative to the
propagation direction is a second angle OB, the first
angle 0A and the second angle OB arve within a follow-
Ing ranges:

10°=0A4=<26

10°=0B=<26.
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13. The acoustic wave element according to claim 1;
wherein

the piezoelectric substrate; and

the first divection forms a first angle with respect to the
first outer edge, and a perpendicular direction to the
plurality of the first electrode fingers forms a second
angle with respect to the outer edge, the first angle
being equal to or smaller than a second angle.

14. An acoustic wave element, comprising:

a piezoelectric substrate having a first outer edge and a
second outer edge; and

an IDT electrode located on an upper surface of the
piezoelectric substrate,

wherein the IDT electrode comprises
a first bus bar

a plurality of first electrode fingers which extend from
the first bus bar,

a second bus bar,

a plurality of second electrode fingers which extend
from the second bus bar to the first bus bar side and
have a portion adjacent to the plurality of first
electrode fingers in alternating fashion in the propa-
gation dirvection,

a plurality of first dummy electrodes which extend from
the first bus bar and face the second electrode fingers
through a plurality of first gaps, and

a plurality of second dummy electrodes which extend
from the second bus bar and face the first electrode
fingers through a plurality of second gaps, and

wherein, when the wavelength of the acoustic wave is
MNum), within a certain rvange of the propagation
dirvection of the IDT electrode, the gap lengths G
(um) of the plurality of first gaps and the plurality of
second gaps in the direction perpendicular to the
propagation direction are within the following

range: 0.1 um=G=0.28\,

wherein a divection connecting tips of the plurality of
first electrode fingers forms a first angle with respect
to a perpendicular divection to the plurality of the
first electrode fingers and a second angle with
respect to the first outer edge, the second angle being
equal to or smaller than the first angle, a divection of
all the plurality of first gaps being oriented in a same
dirvection, and a perpendicular divection to the plu-
rality of first electrode fingers and the second outer
edge are not orthogonal to each other.

13. The acoustic wave element accovding to claim 14,
wherein the second angle is approximately 0°.

16. The acoustic wave element accovding to claim 14,
wherein the piezoelectric substrate is formed by a lithium
tantalite.

17. The acoustic wave element according to claim 14,

wherein a divection comnecting tips of the plurality of

second electrode fingers forms a third angle with

respect to a perpendicular divection to the plurality of 0

the first electrode fingers,

whevrein the first angle is approximately equal to the thivd
angle.

18. The acoustic wave element accovding to claim 14,

wherein the IDT electrode is formed by a plurality of 65

metallic layers, each of the plurality of metallic layers being
[aminated.
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19. The acoustic wave element according to claim 14,
COmprising

a plurality of the IDT electrodes,

wherein the first bas bar electrode in one of the IDT
electrodes is aligned in parallel with the second bas bar
in another the IDT electrode adjacent to the one of the
IDT electrodes.

20. The acoustic wave element according to claim 14,

COMPFrISInG

a plurality of the IDT electrodes, which constitutes a
ladder type filter.

21. The acoustic wave element according to claim 13,

COmprising

a cover covering the IDT electrode side of the substrate,
and

a terminal passing through the cover.

22. The acoustic wave element according to claim 14,

COmMprising

a plurality of the IDT electrodes, and

a line connecting each of neighboring IDT electrodes of
the plurality of the IDT electrodes,

wherein a divection of the line is inclined velevant to the
plurality of first electrode fingers of each of the plu-
rality of the IDT electrodes.

23. The acoustic wave element accovding to claim 14,

wherein a gap between the first bus bar and the second
bus bar in a direction of the plurality of the first
electrode fingers is shorter than a length of the first bus
bar or the second bus bar in a divection of the first outer
edge.

24. An acoustic wave element, comprising.

a piezoelectric substrate having a rectangular shape
having two outer edges, a first outer edge and a second
outer edge; and

an IDT electrode located on an upper surface of the
piezoelectric substrate,

wherein the IDT electrode comprises
a first bus bar and a second bus bar which face each

other in a divection which intersects with a propa-
gation direction of the acoustic wave,

a plurality of first electrode fingers which extend from
the first bus bar to the second bus bar side,

a plurality of second electrode fingers which extend
from the second bus bar to the first bus bar side and
have a portion adjacent to the plurality of first
electrode fingers in alternating fashion in the propa-
gation direction,

a plurality of first dummy electrodes which extend from
the first bus bar to the second bus bar side and have
tips which face the tips of the plurality of second
electrode fingers through a plurality of first gaps,
and

a plurality of second dummy electrodes which extend
from the second bus bar to the first bus bar side and
have tips which face the tips of the plurality of first
electrode fingers through a plurality of second gaps,

wherein, an area where the plurality of first electrode
fingers and the plurality of second electrode fingers are
crossing each other shapes a parallelogram,

wherein, when the wavelength of the acoustic wave is
MNum), within the certain range, the gap lengths G (um)
of the plurality of first gaps and the plurality of second
gaps in the direction perpendicular to the propagation
divection ave within the following range: 0.1
um=G=0.28\

wherein the plurality of first electrode fingers and the
plurality of second electrode fingers are inclined rela-
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tive to the two outer edges, a direction of all the
plurality of first gaps being oviented in a same direc-
tion, and a perpendicular divection to the plurality of
first electrode fingers and the second outer edge are not
orthogonal to each other. 5
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