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BACKGROUND OF THE INVENTION
1. Field of the invention

The present invention relates to edge reflection type surface acoustic wave
devices and edge reflection type surface acoustic wave filters using a Shear Horizontal
type surface acoustic wave, and more specifically, to edge reflection type surface
acoustic wave devices and edge reflection type surface acoustic wave filters including a
divided i;zfterdigital transducer (IDT). |

2, Description of the Related Art

Recently, edge reflection type surface acoustic wave devices using a Shear
Horizontal (SH) type surface acoustic wave, such as the Bleustein-Gulyaev-Shimizu
(BGS) wave or the Love wave, have attracted attention. Such edge reflection type
surface acoustic wave devices include an IDT provided on a surface acoustic wave
substrate and an SH-type surface acoustic wave is refiected between two opposing
edges of the surface acoustic wave substrate. Accordingly, since it is not necessary to
provide a reflector outside of the IDT in a surface acoustic wave-propagating direction,
the dimensions of the surface acoustic wave devices can be reduced.

In Japanese Unexamined Patent Publication No. 5-291869, an edge reflection
type surface acoustic wave device in which an IDT is disposed on a surface acoustic
wave substrate and the IDT is divided into a plurality of sub-IDT portions is provided. In
this device, since the IDT is divided such that the plurality of sub-IDT portions are
arranged along a surface acoustic wave-propagating direction, impedance can be
enhanced and capacitance can be.

However, in the edge reflection type surface acoustic wave device described in
Japanese Unexamined Patent Publication No. 5-291869, when the DT is divided into
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the plurality of sub-IDT portions, undesired ripples {spurious response) ¢can occur in
frequency characteristics. Thus, it is necessary to select the number of the pairs of
electrode fingers of the IDT in order to prevent such ripples.

In other words, since the number of the pairs of the electrode fingers of the IDT is
limited, it is very difficult to obtain various frequency characteristics without generating
undesired ripples.

SUMMARY OF THE INVENTION

In order to overcome the problems described above, preferred embodiments of
the present invention provide an edge reflection type surface acoustic'wave device and
an edge reflection type surface acoustic wave filter using an SH-&pe surface acoustic
wave, in which an IDT is divided into a plurality of sub-IDT portions, and undesired
ripples occurring in frequency characteristics are minimized even when the number of
the pairs of electrode fingers of the IDT is changed to obtain various frequency
characteristics, so that excellent resonant characteristics and filter characteristics are
achieved.

In the edge reflection type surface acoustic wave device according to a preferred
embodiment of the present invention, the IDT is divided into a plurality of sub-IDT
portions and electrode fingers located closest to each other between adjacent sub-1DT
portions are at the same potential so that excitation does not occur between these
electrode fingers. When itis assumed that the oufermost widths of the IDT in the
surface acoustic wave-propagating direction is substantially equal to the widths of the
remaining electrode fingers, the opposing two edges of the surface acoustic wave
substrate are arranged such that a distance between the opposed two edges is not an
integral multiple of A,/2, which is achieved by cutting the edges at locations inside of the
center of the outermost electrode finger in the surface acoustic wave-propagating
direction. Thus, the frequency of the (2N —2) mode in the frequency spectrum of the
IDT obtained due to the dividing of the IDT is in proximity to the frequency of a mode



determined by the distance between the opposing two edges, with the result that
unnecessary ripples are effectively minimized.

Therefore, with the divided IDT, it is possible to provide an edge reflection type
surface acoustic wave device having excellent resonant characteristics, in which
impedance and capacitance are increased, but also there is almost no influence due to
limitations on the number of the pairs of electrode fingers.

In the edge reflection type surface acoustic wave device according to another
preferred embodiment of the present invention, there is provided a structure in which the
|DT is divided into a plurality of sub-1DT portions and electrode fingers located closest to
each other between adjacent sub-1DT portions are connected to differént potentials so
that double excitation is generated between the electrode fi ngers;. When it is assumed
that the outermost widths of the IDT in the surface acoustic wave-propagating direction
are equal to the widths of the remaining electrode fingers before the substrate is cut, the
opposing two edges of the surface acoustic wave substrate are arranged such that the
edges are cut at locations outside of the center of the outermost electrode finger in the
surface acoustic wave-propagating direction so that a distance between the opposite
edges of the substrate is not an integral multiple of A,/2. As a result, the frequency of
the (2N —2) mode on the frequency spectrum of the IDT obtained due to the dividing of
the 1DT is in proximity to the frequency of a mode determined by the distance between
the opposing two edges, with the result that unnecessary ripples are effectively
minimized.

Therefore, with the divided IDT, it is possible to provide an edge reflection type
surface acoustic wave device having excellent resonant characteristics, in which
impedance and capacitance are increased, and there is almost no influence due to
limitations on the number of the pairs of electrode fingers.

In addition, in each of the edge reflection type surface acoustic wave devices in
accordance with preferred embodiments of the present invention, when the positions a of

the edges are within a range of about + 0.036)\;.satisfying the equation (1), unnecessary
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ripples are suppressed to be about 0.5 dB or lower, with the result that even more
improved resonant characteristics are achieved.

Furthermore, when the positions a of the edges are within a range of about

+ 0.018), satisfying the equation (1), the magnitudes of the above ripples is about
0.2 dB or lower, so that even more improved resonant characteristics are achieved.

Furthermore, similar advantages can be obtained if the outermost electrode
fingers in the surface acoustic wave-propagating direction are arranged such that the
outermost electrode fingers extend to the edges defined by the edges and the upper
surface of the surface acoustic wave substrate.

As described abové, preferred embodiments of the present invéntion provide the
edge reflection type surface acoustic wave device in which the divided IDT having a
plurality of sub-IDT portions is disposed on a surface acoustic wave substrate.
However, when a plurality of edge reflection type surface acoustic wave devices in
accordance with preferred embodiments of the present invention are prepared and
arranged to define a filter by coupling the plurality of edge reflection type surface -
acoustic wave devices, impedance and capacitance are greatly increased by dividing the
IDT. As aresult, edge reflection type surface acoustic wave devices having different
impedance and capacitance are easily formed. Therefore, for example, when a ladder-
type filter is constructed, an appropriate structure including series-arm resonators and’
paraltel-arm resonators is produced by using the edge reflection type surface acoustic
wave device in accordance with preferred embodiments of the present invention, with
the resuit that excellent filter characteristics are easily obtained.

The edge refiection type surface acoustic wave device in accordance with
preferred embodiments of the present invention can be used as a band filter. In this
case, unnecessary ripples are minimized and excellent filter characteristics are thereby
be obtained.

For the purpose of illustrating the invention, there is shown in the drawings
several forms which are presently preferred, it being understood, however, that the
invention is not limited to the precise arrangements and instrumentalities shown.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a plan view of an edge reflection type surface acoustic wave device
according to a preferred embodiment of the present invention.

Fig. 1B is a cut-away plan view of the edge reflection type surface acoustic wave
device shown in Fig. 1A.

Fig. 2 shows the insertion loss — frequency characteristics of an edge reflection
type surface acoustic wave device 1 obtained when the positions a of edges are set to

be 0 um (a conventional position).

Fig.'3 shows the insertion loss — frequency characteristics of thé edge reflection
type surface acoustic wave device 1 obtained when the positions é of the edge are set to
be about —1.2 um (- 0.0232,). |

Fig. 4 shows the insertion loss — frequency characteristics of the edge reflection
type surface acoustic wave device 1 obtained when the positions a of the edges are set
to be about —1.5 um (- 0.0281,).

Fig. 5 shows the insertion loss — frequency characteristics of the edge reflection
type surface acoustic wave device 1 obtained when the positions a of the edges are set
to be about —2.0 um (- 0.038)).

Fig. 6 shows the insertion loss — frequency characteristics of the edge reflection
type surface acoustic wave device 1 obtained when the positions a of the edges are set
to be about —2.7 um (- 0.0512).

Fig. 7 shows the insertion loss — frequency characteristics of the edge reflection
type surface acoustic wave device 1 obtained when the positions a of the edges are set
to be about 3.4 um (- 0.064)).

Fig. 8 shows the insertion loss — frequency characteristics of the edge reflection
type surface acoustic wave device 1 obtained when the positions a of the edges are set
to be about —3.9 um (- 0.073%,).



Fig. 9 shows a plan view illustrating an edge reflection type surface acoustic wave
device according to another preferred embodiment of the present invention, which has
an IDT that is a three-part divided, 0-excitation type.

Fig. 10 shows a plan view illustrating an edge reflection type surface acoustic
wave device according to another preferred embodiment of the present invention, which
has an IDT that is four-part divided, 0-excitation type.

Fig. 11 shows a plan view illustrating an edge reflection type surface acoustic
wave device according to another preferred embodiment of the present invention, which
has an IDT that is a two-part divided, double-excitation type.

Fig. 12 shows a plan view illustrating an edge reflection type surface acoustic
wave device according to another preferred embodiment of the présent invention, which
has an IDT that is a three-part divided, double-excitation type.

Fig. 13 shows a plan view illustrating an edge reflection type surface acoustic
wave device according to another preferred embodiment of the present invention, which
has an IDT that is a four-part divided, double-excitation type.

Fig. 14 shows a graph illustrating the relationships between the positions of the
edges and the resonant frequencies in the edge reflection type surface acoustic wave
device in accordance with preferred embodiments of the present invention.

Fig. 15 shows a graph illustrating the relationships between the positions of the
edges and the positions where a ripple appears in the edge reflection type surface
acoustic wave device in accordance with preferred embodiments of the present
invention.

Fig. 16 shows a graph illustrating frequency spectra of an IDT having a divided
structure and an IDT having a non-divided structure.

Fig. 17 shows a plan view for illustrating a conventional edge reflection type
surface acoustic wave device having a non-divided iDT.

Fig. 18 shows a graph illustrating the relationship between the number of the pairs
of electrode fingers and the positions of edges capable of suppressing a ripple.



Fig. 19 shows a graph illustrating the relationship between the positions of the
edges and the magnitude of a ripple obtained when an IDT of two-part divided, 0-
excitation type is used and the number of the pairs of the electrode fingers is 9.5.

Fig. 20 shows a graph illustrating the relationship between the positions of edges
and the magnitude of a ripple obtained when an IDT of two-part divided, double-
excitation type is used and the number of the pairs of electrode fingers is 9.5.

Fig. 21 shows a graph illuétrating the relationship between the positions of edges
and the magnitude of a ripple obtained when an IDT of two-part divided, O-excitation type
is used and the number of the pairs of the electrode fingers is 15.5.

Fig. 22 shows a graph illuétrating the relationship between the- positions of edges
and the magnitude of a ripple obtained when an IDT of two-part di;)ided double-excitation
type is used and the number of the pairs of the electrode fingers is 15.5.

Fig. 23 shows a graph illustrating the relationship between the positions of edges
and the magnitude of a ripple obtained when an IDT of two-part divided, 0-excitation type
is used and the number of the pairs of the electrode fingers is 21.5.

Fig. 24 shows a graph illustrating the relationship between the positions of edges
and the magnitude of a ripple obtained when an IDT of two-part divided, double-
excitation type is used and the number of the pairs of the electrode fingers is 21.5.

Fig. 25 éhows a graph illustrating the relationship between the magnitude of a
ripple appearing in the phase characteristics of reflection characteristics and the
magnitude of a ripple appearing in the insertion loss — frequency characteristics of
transmission characteristics in the edge reflection type surface acoustic wave device of
preferréd embodiments of the present invention.

Fig. 26 shows a view illustrating the positions of the edges obtained when the
magnitude of a ripple is in the ranges of about 0.5 dB or lower and about 0.2 dB or lower
in the edge reflection type surface acoustic wave device of preferred embodiments of the
present invention having the IDT that is a two-part divided, 0-excitation type.

Fig. 27 shows a view illustrating the positions of the edges obtained when the
magnitude of a ripple is in the ranges of about 0.5 dB or lower and about 0.2 dB or lower



in the edge reflection type surface acoustic wave device of preferred embodiments
having the IDT that is a two-part divided, double-excitation type.

Fig. 28 is a circuit diagram for illustrating a ladder-type filter as a surface acoustic
wave filter according to a preferred embodiment of the present invention.

Fig. 29 is a plan view illustrating an edge reflection type surface acoustic wave
filter according to a preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments of the present invention are explained in
detail with reference to the drawings. Pt

Figs. 1A and 1B show a plan view and a partially enlarged'plan view of an edge
refiection type surface acoustic wave device in accordance with a preferred embodiment
of the present invention. ' '

An edge reflection type surface acoustic wave device 1 according to this preferred
embodiment preferably includes a substantially rectangular surface acoustic wave
substrate 2. The surface acoustic wave substrate 2 is preferably formed by laminating
a piezoelectric thin film on a piezoelectric substrate or an insulating substrate. A
piezoelectric substrate may be made of a piezoelectric single crystal of quartz, LiNbO,,
LiTaO,, or a piezoelectric ceramic such as a lead titanate zirconate ceramic. When the
piezoelectric thin film is disposed on the insulating substrate, a substrate made of an
insulating material such as alumina defining an insulating substrate can be used as the
substrate, and a ZnO thin film or a Ta,0O, thin film can be used as the piezoelectric thin
film.

When the surface acoustic wave substrate is constructed by using a piezoelectric
ceramic material, the surface acoustic wave substrate 2 is polarity-processed in a
direction substantially parallel to a direction in which the electrode fingers of an IDT
extend, which will be described below.



In addition, when the surface acoustic wave substrate is produced by laminating a
piezoelectric thin film on an insulating substrate, the IDT can be disposed either on the
upper surface or lower surface of the piezoelectric thin film.

In the present preferred embodiment, an IDT 3 is disposed on an upper surface
2a of the surface acoustic wave substrate 2. The IDT 3 is preferably formed by
faminating a film of metal such as aluminum on the surface acoustic wave substrate 2
and performing patterning by an appropriate method such as photolithography.

The IDT 3 is divided into two sub-IDT portions 4 and 5 connected in series along a
surface acoustic wave-propagating direction. The sub-IDT portion 4 preferably includes
a pair of comb-shaped electrodes 4a and 4b, and the sub-IDT portion-5 preferably
includes a pair of comb-shaped electrodes 5a and 5b. The comb-shaped electrode 4a
has a plurality of electrode fingers 6 and 6a, and the comb-shaped electrode 4b has a
plurality of electrode fingers 7 and 7a. The plurality of the electrode fingers 6 and 6a
and the plurality of electrode fingers 7 and 7a are arranged to interdigitate with each
other.

The sub-IDT portion 5 preferably has substantially the same structure and
arrangement as that of the IDT 4, in which the comb-shaped electrode 5a has a plurality
of electrode fingers 8 and 8a, and the comb-shaped electrode 5b has a plurality of
electrode fingers 9 and 9a. |

In order not to produce excitation between the sub-1DT portions 4 and 5, the
electrode finger 6a of the sub-IDT portion 4 and the electrode finger 8a of the sub-IDT
portion 5, which are closest to each other, are connected to a bus bar 10. [n other
words, the electrode fingers 6a and 8a are arranged in such a manner that they are
connected to the same potential,

The outermost electrode fingers of the IDT 3 in the surface acoustic wave-
propagating direction are electrode fingers 7a and 9a. The surface acoustic wave
substrate 2 has a pair of edges 2b and 2c¢ disposed at opposite ends of the substrate 2.
The outermost electrode fingers 7a and 9a are each located on the edge 2b and the
upper surface 2a, and the edge 2c and the upper surface 2a, respectively.
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The edge reflection type surface acoustic wave device 1 is driven, as
schematically shown in Fig. 1A, by applying an AC voltage between the comb-shaped
electrodes 4b and &b, by which an SH-type surface acoustic wave is excited. As SH-
type surface acoustic waves, for example, the BGS wave, the Love wave, and the Leaky
wave may be generated. ltis to be noted that in the edge reflection type surface
acoustic wave device 1, the AC voltage is preferably applied across the series
connection of the sub-IDT portions 4 and 5. This is the reason the edge reflection type
surface acoustic wave device has a low capacitance and a high impedance.

Since the excited SH-type surface acoustic wave is propagated in a direction that
is substan'tially perpendicular to the electrode fingers of the IDT 3 to pe reflected
between the edges 2b and 2c¢, resonant characteristics based on the SH-type surface
acoustic wave can be extracted.

Usually, in a conventional edge reflection type surface acoustic wave device,
when the wavelength of an excited SH-type surface acoustic wave is A, the widths of the
outermost electrbde fingers in a surface acoustic wave-propagating direction are A,/8,
the widths of the remaining electrode fingers are A,/4, and the widths of gaps between
the electrode fingers are also A/4. Therefore, in the production of a surface acoustic
wave device, a pair of edges opposing each other is defined by cutting a surface
acoustic wave substrate so that the widths of the outermost electrode fingers are A/8
after the formation of electrode fingers having equal widths.

As is well known in conventional edge reflection type SAW devices, the distance
between opposing edges of the piezoelectric substrate must be an integral muitiple of
/2 in order to produce standing waves needed for resonation.

In contrast to the conventional structural requirement, in the surface acoustic
wave device 1 of the present preferred embodiment, the distances D between the
opposing pair of edges of the surface acoustic wave substrate and respective second
outermost electrode fingers of the IDT are set to a value that is different from 3/2, and
that is not an integral multiple of A,/2, where A, is a wavelength of the shear horizontal

surface acoustic waves. The inventors of the preferred embodiments of the present
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invention discovered that if the integral multiple of A2 arrangement of the prior art was
used with divided IDTs, undesired spurious components are produced in the frequency
characteristic.

More specifically, in preferred embodiments of the present invention, if we
assume that the widths of the outermost electrode fingers are substantially equal to the
widths of the remaining electrode fingers before the substrate 2 is cut to define the end
edges 2a, 2c¢, the substrate is cut such that the edges 2a and 2c are positioned inside of
the center of the outermost electrode fingers in the surface acoustic wave-propagating
direction. This will be illustrated by referring to Fig. 1B. In the production of the
surface acoustic wave device 1, the IDT 3 is arranged on a surface acoustic wave
substrate such that the IDT 3 has electrode fingers having equal Widths. After this, the
surface acoustic wave substrate is cut to define the edges 2b and 2c in such a manner
that the edges 2b and 2c are positioned as described above. That is, the substrate 2 is

" cut such that the distance between the edges 2a, 2c is not an integral multiple of A,/2.

In other words, when the edge 2b is taken as an example, as shown in Fig. 1B, an
electrode finger 7A having the same width as that of the other electrode fingers 6 and 7
before cutting of the substrate defines an outermost electrode finger. In this situation,
the surface acoustic wave substrate 2 is cut along a dash-single-dot line B which is
inside of a dash-single-dot line A which is a center line of the electrode finger 7A in the
surface acoustic wave propagating direction. In this way, the edge 2b is formed. The
edge 2c is also formed in the same way.

The position of the edges 2b and 2¢c may be expressed in terms of the distance
from a second outermost electrode finger of the IDT. More specifically, in the edge
reflection type surface acoustic wave device 1, the distance D between the edge 2b and
a center line of the second outermost electrode finger 6a and the distance between the
edge 2c and a center line of the second outermost electrode finger 8a are set at a value
less than Ay/2.

Since the IDT 3 is divided to produce the two sub-IDT portions 3 and 4 as
described above in the edge reflection type surface acoustic wave device 1 of the

-11-
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present preferred embodiment, impedance is greatly increased and capacitance is
greatly decreased, as in the case of the conventional art described in Japanese
Unexamined Patent Publication No. 5-291869.

Furthermore, although there is a possibility that undesired ripples occur in the
frequency characteristics in the conventional art described in Japanese Unexamined
Patent Publication No. 5-291869, the edges 2b and 2c¢ in this preferred embodiment of
the present invention are positioned as described above. As a result, undesired ripples
appearing in the frequency characteristics are effectively minimized and excellent
resonant characteristics are achieved. This reason will be illustrated based on a
detailed empirical example. e

The inventors of the present invention measured insertion loss-frequency
characteristics in transmission characteristics by variously changing the positions of the
edges 2b and 2c in the edge reflection type surface acoustic wave device 1 where the
IDT is divided to provide a plurality of sub-IDT portions. The result is shown in Figs. 2 to
8. In this case, the characteristics shown in Figs. 2 to 8 are equivalent to the
characteristics of an edge reflection type surface acoustic wave device, in which the
wavelength of an excited BGS wave A, is about 53.08 wm, the number of the pairs of the
overall electrode fingers of the IDT 3 is 21.5, and the width in which electrode fingers
intersect is about 6.0 A,

The positions of the edges 2b and 2¢ are made different by variously changing the
distance a between the dash-single-dot lines A and B shown in Fig. 1B. In other words,
the dash-single-dot line A is equivalent to the central position of the outermost electrode
finger in the surface acoustic wave-propagating direction, obtained when the width of the
outermost electrode finger is equal to the widths of the remaining electrode fingers as
described above (before cutting the substrate 2), and the dash-single-dotline B is
equivalent to a position at which the edge is produced by cutting. Therefore, the
position a indicates the positions at which the edges 2b and 2c¢ are actually formed,
namely, the positions of the edges in terms of a distance from the edge of the
conventional edge reflection type surface acoustic wave device. Note that when the

-12-
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edges 2b or 2c are positioned outside from the assumed central position of the
outermost electrode finger, the values of a are positive.

As a result, the characteristics shown in Fig. 2 indicate a case in which the
positions a of the edges are set to be 0, as in the case of the conventional art. In
addition, the characteristics shown in Fig. 3 indicate a case in which the positions a of
the edges are about —1.2 um (-0.023),), and the characteristics shown in Fig. 4 indicate
a case in which the positions a of the edges are about —1.5 um (-0.028%;). The
characteristics shown in Fig. 5 indicate a case in which the positions a of the edges are
about —2.0 um (-0.038},), and the characteristics shown in Fig. 6 indicate a case in
which the positions a of the edges are about —2.7 um (-0.051%), the‘CHaracterisﬁcs
shown in Fig. 7 indicate a case in which the positions a of the edges are about
—3.4 um (-0.064)), and the characteristics shown in Fig. 8 indicate a case in which the
positions a of the edges are about -3.9 ~ {-0.073\).

As shown in Fig. 2, in the edge reflection type surface acoustic wave device
having a resonant frequency of about 47.65 MHz, a large ripple indicated by an arrow C
appears near a frequency of about 45.9 MHz. In contrast, in the characteristics shown
in Figs. 3 to 8, itis shown that the ripples C, to C, appearing near the resonant frequency
are much smaller. As a result, in the edge reflection type surface acoustic wave device
1 of preferred embodiments of the present invention, it was confirmed that, when the
widths of the outermost electrode fingers are substantially equal to the widths of the
remaining electrode fingers before cutting of the substrate, the positions of the edges 2b
and 2c are cut at locations inside of the center in the width direction, so that a distance
between opposite ends of the substrate is not an integral multiple of A,/2 and thereby,
excellent resonant characteristics are achieved.

Accordingly, as an alternative to the edge reflection type surface acoustic wave
device 1, the inventors of preferred embodiments of the present invention produced
edge reflection type surface acoustic wave devices shown in Figs. 9 to 13, in which the
number of divisions in the IDT and the manner of dividing are variously changed, so that
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the relationships between the positions of the edges and the resonant characteristics in
the edge reflection type surface acoustic wave devices could be examined.

in the edge reflection type surface acoustic wave device 1, a structure in which
the two sub-IDT portions 4 and 5 are provided and the electrode fingers closest to each
other in the sub-IDT portions 4 and § are connected to the same potential is provided.
In order to simplify the illustration, as a method for dividing the edge reflection type
surface acoustic wave device 1, a two-part divided 0-excitation type is used.

In an edge refiection type surface acoustic wave device 21 shown in Fig. 9, an
IDT 23 is disposed on a surface acoustic wave substrate 2. The IDT 23 is divided into
three portions to define three sub-IDT portions 24 to 26. In addition, electrode fingers
24a and 25a, which are closest to each other between the sub—lDﬁ; portions 24 and 25,
are both connected to a bus bar 27, As a result, no surface acoustic wave is excited
between the electrode fingers 24a and 25a. Similarly, electrode fingers 25b and 26a,
wﬁich are closest to each other between the lDTs 25 and 26, are both connected to a
bus bar 28, so that they are also connected at the same potential. As a result, no
surface acoustic wave is excited between the electrode fingers 25b and 26a. Therefore,
the method for dividing the IDT 23 in the edge reflection type surface acoustic wave
device 21 is a three-part divided, O-excitation type.

In an edge reflection type surface acoustic wave device 31 shown in Fig. 10, an
IDT 33 is divided into four parts to define four sub-IDT portions 34 to 37.  Similarly to the
above case, electrode fingers closest to each other between adjacent sub-IDT portions
are connected to the same potential, so that the IDT 33 is a four-part-divided, 0-
excitation type.

In an edge reflection type surface acoustic wave device 41 shown in Fig. 11, an
IDT 43 is disposed on a surface acoustic wave substrate 2. The IDT 43 has two sub-
IDT portions 44 and 45 along a surface acoustic wave-propagating direction. As a
resuit, as in the case of the surface acoustic wave device 1, the IDT 43 is a two-part
divided type. However, electrode fingers 44a and 45a closest to each other between
the sub-IDT portions 44 and 45 are connected to different potentials. In other words,
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the electrode finger 44a is connected to a bus bar 46, and the electrode finger 45a is
connected to a bus bar 47. As schematically shown, the bus bars 46 and 47 arranged
to receive an AC voltage to drive the edge reflection type surface acoustic wave device
41.

In addition, a common bus bar 48 is located along the edge opposite to the bus
bars 46 and 47. Thus, a voltage applied between the electrode fingers 44a and 45a is
twice as much as a voltage applied between the other adjacent electrode fingers. Such
a dividing structure is a double excitation type. Thus, the method for dividing the IDT 43
in the edge reflection type surface acoustic wave device 41 shown in Fig. 11 is a two-part
divided, double-excitation type. T

In an edge reflection type surface acoustic wave device 51' shown in Fig. 12, an
IDT 53 is divided into three parts to define a plurality of sub-IDT portions 54 to 56.
Similarly in this case, since a voltage twice as much as a voltage applied between the
remaining electrode fingers is applied to the outermost electrode fingers closest to each
other between adjacent sub-IDT portions, the edge reflection type surface acoustic wave
device 61 has a divided structure that is a three-part divided, double-excitation type.

An edge reflection type surface acoustic wave device 61 shown in Fig. 13 has an
IDT 63 having a divided structure that is a four-part-divided, double-excitation type. In
other words, the IDT 63 is divided into four parts to define sub-IDT portions 64 to 67. In
addition, as in the case of the two-part divided, double-excitation type shown in Fig. 11, a
voltage that is twice as much as a voltége applied between the remaining electrode
fingers is applied to the outermost electrode fingers closest to each other between
adjacent sub-{DT portions.

In Figs. 11 to 13, although the edges 2b and 2c¢ of the surface acoustic wave
substrate 2 are positioned outside of the outer edges of the outermost electrode fingers,
the outermost electrode fingers may extend to the edges defined by both the edges 2b
and 2¢ and the upper surface 2a.

Figs. 14 and 15 show changes in the resonant frequency obtained when the
positions a of the edges are changed in the edge reflection type surface acoustic wave
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device 1. Fig. 15 shows a graph indicating the changes in the frequency position at
which large ripples closest to resonant frequencies obtained when the positions of the
edges are changed appear. As is evident from Figs. 14 and 15, in the edge reflection
type surface acoustic wave device 1, the more the positions of the edges are deviated
toward a minus direction, the higher the resonant frequency and the frequency position
at which the ripples appear. This is because, the more the positions of the edges are
deviated toward a minus direction, the shorter the distance between the edges 2b and 2c,
by which the resonant frequency is increased. Thus, it is considered that, with the
increase in the resonant frequency, the position of the ripple appearing in proximity to the
lower-frequency side of the resonant frequency is also moved to a higher frequency
position. ‘

As described above, in the edge reflection type surface acoustic wave device 1,
when the positions of the edges are set inside of the position indicated by the dash-
single-dot line A shown in Fig. 1B, a large ripple in proximity to the low-frequency side of
the resonant frequency is minimized. This reason for this result will be explained.

In the edge reflection type surface acoustic wave device 71 (Fig. 17) having the
conventional non-divided 1DT, no large ripple appears in proximity to the above-
described resonant frequency. This is because a mode determined by the distance
between two opposed edges of the surface acoustic wave substrate does not appear as
a ripple, since the frequency position of an attenuation pole nearest to a main lobe in the
frequency spectrum of the IDT substantially coincides with the resonant frequency of a
mode determined by the distance between the two opposed edges of the surface
acoustic wave substrate.

Fig. 16 shows a graph illustrating the frequency spectrum {with the central
frequency of 50 MHz and 11.5 pairs in each case) of an IDT obtained, when the IDT is
not divided and the edge reflection type surface acoustic wave device 1is used. More
specifically, the IDT 3 is a two-part divided, 0-excitation type, and each of the edge
reflection type surface acoustic wave devices shown in Figs. 9to 13is used. in Fig. 16,
a solid line D indicates the frequency spectrum of the IDT of the edge reflection type
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surface acoustic wave device 71 where the IDT is not divided. In addition, in the case
of the two-part divided, 0-excitation type, a broken line E indicates the frequency
spectrum of the IDT of the edge reflection type surface acoustic wave device 1 shown in
Fig. 1. A dash-double-dot line F, in the case of three-part divided, 0-excitation type,
indicates the frequency spectrum of the IDT of the edge reflection type surface acoustic
wave device 21 shown in Fig. 9. In the edge reflection type surface acoustic wave
device 31 having an IDT of four-part-divided, 0-excitation type shown in Fig. 10, a dash-
triple-dot line G indicates the frequency spectrum of the IDT.

A broken line H indicates the frequency spectrum of the IDT (Fig. 11) which is
two-part divided, double-excitation type. A dash-single-dotted line Lindicates the
frequency spectrum of the IDT (Fig. 12) which is a three-part divitied, double-excitation
type. In addition, a broken line J indicates the frequency spectrum of the IDT 63 (Fig. 13)
which is a four-part-divided, double-excitation type.

In addition, in Fig. 16, a portion surrounded by the circle K indicates an
attenuation pole nearest to a main lobe in the lower-frequency side of the main lobe.

As is evident from Fig. 16, regardiess of the number of divideds, in the IDT which
is the O-excitation type, it is shown that the attenuation pole on the low-frequency side
nearest to the main lobe is moved to the high-frequency side by dividing, in contrast to
the case in which the IDT is not divided. Regardless of the number of divisions, in the
case in which the IDT that is the double-excitation type is provided, when compared to
the case in which no division is made, it is discovered that the position of the attenuation
pole above described is deviated onto the low-frequency side.

In other words, when the distance between the two opposing edges is set to be
equal to that in the case where no division is made, due to the deviation of the above
attenuation pole in the frequency spectrum of the IDT caused bydividing, it is
considerable that oscillation of the mode determined by the distance between the two
opposing edges appears as the aforementioned ripple C.

In contrast, as in the case of the edge reflection type surface acoustic wave
device 1, in which the IDT 3 is a two-part divided 0-excitation type, when the positions of
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the edges 2b and 2c are deviated inwardly to the position indicated by the dash-single-
dot line B from the position indicated by the dash-single-dot A shown in Fig. 1(a}, the
frequency of the mode determined by the distance between the two opposing edges is
moved onto the high-frequency side, by which the frequency of the mode determined by
the distance between the two opposing edges coincides with the attenuation pole on the
frequency spectrum of the IDT or comes close thereto, which leads to reduction of the
above ripple C.

Regardless of the number of divisions, when an IDT having a dividing structure
which is a double-excitation type is used, when compared to a case in which the IDT is
not divided, the attenuation pole above on the frequency spectrum of the IDT is moved
onto the low-frequency side. Thus, when the positions of the edaes are determined in
such a manner that the distance between the two opposing edges is widened, it is
considerable that the resonant frequency of the mode determined by the distance
between the two opposing edges coincides with the attenuation pole on the frequency
spectrum of the IDT or comes close thereto, as in the case described above, by which
the above ripple is greatly suppressed and minimized.

That is, as shown in Fig. 1A, when the IDT has a dividing structure that is the
double-excitation type, it is preferable that the distance between the opposing edges of
the piezoelectric substrate 2 is determined such that the distance D from the edge 2b' to
the center of the second outermost electrode finger 6a and is set at a value more than
A/2. In the same way, the distance between the other edge {(not shown) and the center
of the second outermost electrode finger 8a is set at a value more than Ay/2.

In view of the foregoing, the inventors of preferred embodiments of the present
invention produced various edge reflection type surface acoustic wave devices, each of
which has an IDT that is a two-part divided, 0-excitation type, an IDT that is a three-part
divided 0-excitation type, an IDT that is a four-part divided 0-excitation type, an IDT that
is a two-part divided double-excitation type, an IDT that is a three-part divided double-
excitation type, and an IDT that is a four-part divided double-excitation type, in which the
positions of the edges are variously changed based on the above described
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consideration to measure resonant characteristics. As a result, when the IDT thatis a
O-excitation type is provided, as compared to the case in which the IDT is not divided, the
positions of the edges are located inside, and when the IDT of double-excitation type is
provided, as compared to the case in which the IDT is not divided, the positions of the
opposing edges are located outside, by which it is certain that the aforementioned ripple
C can be suppressed.

Furthermore, the inventors of preferred embodiments of the present invention
examined how the magnitude of the above ripple changes according to the number of
the pairs of electrode fingers in each of the edge reflection type surface acoustic wave
devices having the IDTs divided in various manners described above.” The results will
be illustrated by referring to Figs. 18 to 27.

Fig. 18 shows a graph illustrating the relationship between the positions of the
edges capable of suppressing a ripple C and the number of the pairs of electrode fingers
in each of the edge reflection type surface acoustic wave devices. In Fig. 18, a solid
line K indicates results obtained when the two-part divided 0-excitation type, the three-
part divided O-excitation type, and the four-part-divided O-excitation type are used. In
other words, among the dividing structures of 0-excitation types, regardless of the
number of divisions, the relationships between the numbers of the pairs of the electrode
fingers and the positions of the edges capable of suppressing the ripple C are the same.

In contrast, when the divided structures of double-excitation types are used, the
relationships are different according to the number ofdivisions. In the case of a two-part
divided double-excitation type, a result indicated by a broken line L is obtained. In the
case of a three-part divided double-excitation type, a result indicated by a broken line M
is obtained, and in the case of a four-part-divided double-excitation type, a result
indicated by a broken line N is obtained.

However, it is discovered that, in the cases of double-excitation types, regardless
of the number of divisions, as the number of electrode fingers increases, the positions of
the edges capable of suppressing the ripple are closer to each other than in the case in

which no division is made. In other words, it is discovered that, as the number of the
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pairs of the electrode fingers decreases, the more outwardly the positions of the edges
need to be located than in the case in which no division is made.

In contrast, in the cases of 0-excitation types, it is discovered that regardless of
the number ofdivisions, as the number of the pairs of the electrode fingers decreases,
the pasitions of the edges 2b and 2¢ needs to be located more inwardly.

The positions at which the ripple can be suppressed in Fig. 18 are the positions
obtained by the results shown in Figs. 19 to 24. In other words, Fig. 19 shows a graph
illustrating the relationship between the positions of the edges and the magnitude of a
ripple in the case where the number of pairs of the electrode fingers is setto be 9.5, in
the edge reflection type surface acoustic wave device 1 that is a two-part divided 0-
excitation type. In this situation, it is discovered that the ripple ié’the smallest when the
positions a of the edges are in proximity to —-0.03%,. In other words, regarding the solid
line K shown in Fig. 18, in order to effectively suppress a ripple near the region where the
number of pairs of the electrode fingers is 9.5, it is discovered that the positions of the
édges need to be set to be in proximity to —0.033, according to Fig. 19.

_ In addition, Fig. 20 shows a graph illustrating the relationship between the
positions of the edges and the magnitude of a ripple in the case where the number of
pairs of the electrode fingers is set to be 9.5, in the edge reflection type surface acoustic
wave device 1 that is a two-part divided double-excitation type. According to Fig. 20, it
is discovered that the ripple can be effectively suppressed by locating the positions of the
edges in proximity to 0.032,.

Further;nore, Fig. 21 shows a result in a case where the number of the pairs of the
electrode fingers is set to be 15.5, in the edge reflection type surface acoustic wave
device 1 having an IDT that is a two-part divided 0-excitation type, and Fig. 22 shows a
result in a case where the number of the pairs of the electrode fingers is set to be 15.5, in
the edge reflection type surface acoustic wave device 41 having an IDT that is a two-part
divided double-excitation type. Additionally, Fig. 23 shows a result in a case where the
number of the pairs of the electrode fingers is set to be 21 .5, in the edge reflection type
surface acoustic wave device 1 having an IDT that is a two-part divided D-excitation type,
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and Fig. 24 shows a result in a case where the number of the pairs of the electrode
fingers is set to be 21.5, in the edge reflection type surface acoustic wave device 41
having an IDT that is a two-part divided double-excitation type.

Although the magnitude of the ripple is shown by the phase frequency
characteristics in reflection characteristics in Figs. 19 to 24, there is a correlation
between the magnitude of the ripple appearing in the phase frequency characteristics
and the magnitude of a ripple appearing in the insertion loss — frequency characteristics
in transmission characteristics, as shown in Fig. 25.

Therefore, as described above, it is discovered that the rippie C in the insertion
loss — frequency characteristics as shown in Fig. 2 can be similarly suppressed by the
positions of the edges at which the ripple appearing in the phase i‘requency
characteristics can be suppressed.

Furthermore, the inventors of preferred embodiments of the present invention
obtained a range in which the magnitude of the ripple is about 0.5 dB or lower in the
insertion loss—frequency characteristics based on the result shown in Fig. 18, and also
obtained a range in which the magnitude of the ripple C is 0.2 dB or lower. The resultis
shown in Figs. 26 and 27.

Fig. 26 shows a graph illustrating the positions of the edges for obtaining the
magnitude of the ripple C in the ranges of about 0.5 dB or lower and about 0.2 dB or
lower, when the number of the pairs of the electrode fingers are changed in the edge
reflection type surface acoustic wave device 1 having the IDT that is the two-divided 0-
excitation type.

In other words, in Fig. 26, when the positions of the edges are determined in such
a manner that the edges are in the region located between broken lines O and P, the
magnitude of the rippte C can be set to be about 0.5 dB or lower, and when the edges
are located in a region between broken lines Q and R, the magnitude of the ripple can be
set to be about 0.2 dB or lower.

Therefore, it is discovered that, preferably, in the case of the edge reflection
surface acoustic wave device having the |DT that is a two-part divided 0-excitation type,
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preferably, the positions between the broken lines O and P shown in Fig. 26 are used as
the positions of the edges, and more preferably, the positions between the broken lines
Q and R are used as the positions of the edges, the above ripple can be effectively
suppressed.

Although Fig. 26 illustrates the case in which the IDT is a two-part divided
O-excitation type, the same result can be obtained in the cases of the IDTs of three-part
divided O-excitation type and four-part divided O-excitation type.

The range encompassed by the broken lines O and P and the range
encompassed by the broken lines Q and R in Fig. 26 can be described based on the
following equation (1). BRle

a fM-1) ¥

Ao 2, 2

e (1)
In other words, the frequency spectrum S(f) of a non-divided IDT is obtained by
the following equation (2), when a delta function model is used.

. 2N -jZ!\'ix—i:')
Sf) = [Ape™dt = Y Ade .

< N 3 DR S
= ’Z (A(l){cos(m fo) 3 51n(1:t fn)})
..(2)

In this case, f, is equal to v/A,, v is the sound velocity of a substrate, Ay is a
wavelength determined by an 1DT, A(j) is equal to cos (ix), and N is the number of the
pairs of electrode fingers.

The frequency of 2N mode appearing due to the distance between the opposing
two edges of the substrate is determined by the following equation (3).
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. (3}
In the equation (3), A,y is equal to the wavelength of 2N mode, and L is the
distance between the opposing two edges.
Thus, the frequency of 2N — 2 mode as a ripple is obtained by the following
equation (4}, and it coincides with the frequency f, of an attenuation pole of the spectrum
of a non-divided IDT.

v
f 2¥-2 =
A'z;v--?. -

v
L
N-1

=V(N‘1)=fo(N"1)=f Lo
N N ° N

. (4)

However, when an IDT is divided, A() of the equation (2) is not equal to cos (in).
As a result, the spectrum of the IDT changes. Therefore, as described above, the
frequency of 2N — 2 mode does not coincide with the frequency {, of the attenuation pole
and appears as aripple. In order to suppress this ripple, as described above, itis
considered that the distance between the opposin.g two edges needs to be changed to
make the frequency of the (2N — 2) mode coincide with the frequency f, of the
attenuation pole. When the amount in which the aforementioned substrate-edges are
deviated, in other words, the distance between the dash-single-dot lines A and B shown
in Fig. 1{b) is set o be a, the distance between the edges of the substrate is indicated by
aformula L + 2a.

Therefore, in the equation (4), when L is replaced with L + 2a, and f,y, is equal to
f,, the equation (4} is solved to obtain the value of a, as follows.

VN - 1) E 7\'ofu(N -1 J\'oN
26, 2 2o, 2

a =

... (5)
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Therefore, when the result obtained in the equation (5) is standardized by the
wavelength A, of the IDT, the following equation (1} is obtained.

a fN-1) N

(1)

In the equation (1), the amount in which the position of the edges changes is
obtained by the number N of pairs of the IDT and a function of folf;,.

In the equation (2), the spectrum S(f) of the IDT is a function of f and, at the same
time, itis a function of f/f,. In other words, when the method of dividing and the number
of the pairs of the electrode fingers are fixed, the frequency axis of the spectrum of the
IDT can be standardized by f,, by which the value of f/f, as the ratio of f; and f, is fixed.
Thus, it is discovered that the solution to the equation (1) is a fixed value when the
number of the pairs of the electrode fingers is fixed.

Thus, it is shown that, when the distance between the edges is changed by the
value obtained the equation (1), in other words, when the aforementioned positions a of
the edges are changed, the ripple of the (2N — 2) mode is effectively suppressed.

Since’a solid line W shown in Fig. 26 satisfies the equation (1), in Fig. 26, itis
discovered that, preferably, in a range of + 0.036}, as the value indicated by the
equation (1), a large ripple appearing on the lower-frequency side than the main lobe can
be set to be about 0.5 dB or lower. Furthermore, it is discovered that more preferably,
in arange of =+ 0.018) as the value indicated by the equation (1), the magnitude of the
ripple can be set to be about 0.2 dB or lower, by which even more excellent resonant
characteristics are achieved.
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That s, it is preferable that the edge position a is so set as to satisfy the

inequalities (6), and it is more preferable that the edge position a is so set as to satisfy
the inequalities (7).

LW-D) N -0.036< f;’ W-h_ ¥ +0.036
2f, 2 Ao 2f, 2
. (6)
sz 2 A‘D zfy 2
-7 .-

These inequalities may be expressed as inequalities (8) and (9) in terms of the
distance D from the center line of the second outermost electrode finger 6a or 8a.

BED X roasa <2 LD X556
21, hW 2, 2
- (®
LU0 X voas< 2 LOD K51
2fp J 2f,

. (9)

Fig. 27 shows the relationship between the number of the pairs of electrode
fingers and the positions of the edges capable of suppressing a ripple in an edge
reflection type surface acoustic wave device having an IDT of two-part divided double-
excitation type. The range located between the broken lines S and T is a region where
the magnitude of a ripple is 0.6 dB or lower, and the range located between the broken
lines U and V is a region where the magnitude of a ripple is 0.2 dB or lower. In this case,
similarly, since a solid line X satisfies the equation (1), as in the case of the IDT of 0-
excitation type, when the positions of the edges are determined in such a manner that
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they are in the range of + 0,036, as the value of the equation (1), more preferably, =

0.018), as a value satisfying the equation (1), satisfactory resonant characteristics can
be obtained.

Although the value satisfying the equation (1) depends on the number of divisions,
in forming |DTs that are the three-part divided double-excitation type and four-part
divided double-excitation type, similarly, with the value satisfying the equation (1) as the
center, when the positions of the edges are set to be in the range of + 0.036x,, and more
preferably, in the range of + 0.018), as the value satisfying the equation (1), even more
excellent resonant characteristics are achieved.

In addition, the edge reflection type surface acoustic wave _dev‘lée in accordance
with preferred embodiments of the present invention can be applied not only to the
above-described surface acoustic wave resonator but also to a surface acoustic wave
filter.

For example, when a ladder-type filter indicated by a circuit diagram shown in Fig.
28 is constructed, series-arm resonators S1 to S3 and parallel-arm resonators P1 to P3
can be defined by using the edge reflection type surface acoustic wave device in |
accordance with preferred embodiments of the present invention. In this case, itis
necessary to make the capacitance between the series-arm resonators and the parallel-
arm resonators different. According to preferred embodiments of the present invention,
the capacitance can be easily made different by making the number of divisions of the
IDT different.

In addition, as the edge reflection type surface acoustic wave device in
accordance with preferred embodiments of the present invention, a plurality of edge
reflection type surface acoustic wave resonators may be provided on a single surface
acoustic wave substrate to define a surface acoustic wave filter by longitudinally coupling
or transversally coupling the plurality of edge reflection type surface acoustic wave
resonators. Fig. 29 shows an example of such a surface acoustic wave filter.

In an edge reflection type surface acoustic wave filter 81 shown in Fig. 29, edge
reflection type surface acoustic wave resonators 83 and 84 are disposed on a surface
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acoustic wave substrate 82. The edge reflection type surface acoustic wave resonators
83 and 84 are arranged in proximity to each other in a direction that is substantially
perpendicular to a surface acoustic wave-propagating direction, by which the edge
reflection type surface acoustic wave filter of a transversally coupled type is defined.

In the edge reflection type surface acoustic wave filter 81, similarly, satisfactory
characteristics with fewer ripples can be obtained by determining the positions of the
opposing two edges 82b and 82c according to preferred embodiments of the present
invention,

Furthermore, in the above preferred embodiment, although only the example in
which the [DT is evenly divided is shown, this is not the only applicable case to the
invention. The number of the pairs of each divided sub-1DT portibn may be different.

While preferred embodiments of the invention have been disclosed, various
modes of carrying out the principles disclosed herein are contemplated as being within
the scope of the following claims. Therefore, it is understood that the scope of the

invention is not to be limited except as otherwise set forth in the claims.
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What is claimed is:

1. An edge reflection type surface acoustic wave device comprising:

a surface acoustic wave substrate having a pair of opposed edges; and

at least one interdigital transducer disposed on the surface acoustic wave
substrate and arranged to generate a Shear Horizontal type surface acoustic wave such
that the Shear Horizontal type surface acoustic wave is reflected between the pair of
opposed edges;

wherein the interdigital transducer includes electrode fingers and is divided into a
plurality of sub-IDT portions along a surface acoustic wave-propagating direction, the
electrode fingers closest to each other between adjacent sub-IDT portions being at the
same potential so as not to be excited between the adjacent sub'-'l‘l'DT portions; and

wherein, the pair of opposed edges are defined by cut surfaces and when it is
assumed that the widths of the outermost electrode fingers in the surface acoustic
wave-propagating direction of the interdigital transducer are equal to the widths of the
remaining electrode fingers, the pair of opposed edges are defined by the cut surfaces
which are located inside of the center of the outermost electrode fingers in the surface
acoustic waile-propagating direction.

2. An edge reflection type surface acoustic wave device comprising:

a surface acoustic wave substrate having a pair of opposed edges; and

at least one interdigital transducer disposed on the surface acoustic wave
substrate and arranged to generate a Shear Horizontal type surface acoustic wave
which is reflected between the pair of opposed edges;

wherein the interdigital transducer includes electrode fingers and is divided into a
plurality of sub-1DT portions along a surface acoustic wave-propagating direction, the
electrode fingers closest to each other between adjacent sub-IDT portions being
connected to different potentials so as to be excited between the adjacent sub-IDT
portions; and
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wherein, the pair of opposed edges are defined by cut surfaces and when it is
assumed that the widths of the outermost electrode fingers in the surface acoustic
wave-propagating direction of the interdigital transducer are equal to the widths of the
remaining electrode fingers, the pair of opposed edges are defined by the cut surfaces
which are located outside of the center of the outermost electrode fingers in the surface
acoustic wave-propagating direction.

3. An edge reflection type surface acoustic wave device according to Claim 1,
wherein, when the positions of the cut surfaces defining the pair of opposed edges with
respect to the central position of the outermost electrode fingers in the surface acoustic
wave-propagating direction are set to be a, a central frequency arfd its wavelength
obtained by a frequency spectrum of the IDT is settobe f, énd Mo, respectively, the
position of an attenuation pole in the frequency spectrum of the IDT is set to be f,, and
the number of the pairs of the overall electrode fingers of the interdigital transducer is set
to be N, the positions a of the edges are in the range of about

+ 0.036),, which is a value satisfying the following equation (1).

a fN-1) W

—_—

o 2, 2
- (1)

4, An edge reflection type surface acoustic wave device according to Claim 3,
wherein the positions a of the edges are in the range of + 0.018%,, which is a value
satisfying the equation (1).

a £M-1) N

—_—

Ao A, 2
- (1)
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5. An edge reflection type surface acoustic wave device according to Claim 4,
wherein the positions a of the pair of opposed edges are set to be a value satisfying the
equation {1).

6. An edge reflection type surface acoustic wave device according to Claim 1,
wherein the outermost electrode fingers in the surface acoustic wave-propagating
direction are arranged such the electrode fingers extend to edges defined by the edges
and upper surface of the surface acoustic wave substrate.

7. An edge reflection type surface acoustic wave filter Eomprising a plurality of
the edge refiection type surface acoustic wave devices according to Claim 1, wherein the

plurality of the edge reflection type surface acoustic wave devices are coupled to each
other to define a filter.

8. An edge reflection type surface acoustic wave filter according to Claim 7,
wherein the filter is a band filter.

9. An edge refiection type surface acoustic wave device according to Claim 2,
wherein, when the positions of the cut surfaces defining the pair of opposed edges with
respect to the central position of the outermost electrode fingers in the surface acoustic
wave-propagating direction are set to be a, the wavelength of the SH-type surface
acoustic wave is set to be A, a central frequency obtained by a frequency spectrum of
the IDT is set to be f,, the position of an attenuation pole in the frequency spectrum of the
IDT is set to be f,, and the number of the pairs of the overall electrode fingers of the
interdigital transducer is set to be N, the positions a of the pair of opposed edges are in
the range of about + 0.036),, which is a value satisfying the following equation (1).
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10.  An edge reflection type surface acoustic wave device according to Claim 9,
wherein the positions a of the pair of opposed edges are in the range of about

+ 0.0184,, which is a value satisfying the equation (1).

a _fN-1) X

Ao 2, 2 e
(1)

11.  An edge reflection type surface acoustic wave device according to Claim
10, wherein the positions a of the pair of opposed edges are set to be a value satisfying
the equation (1).

12.  An edge reflection type surface acoustic wave device according to Claim 2,
wherein the outermost electrode fingers in the surface acoustic wave-propagating
direction are arranged such that the electrode fingers extend to edges defined by the

edges and upper surface of the surface acoustic wave substrate.

13.  An edge reflection type surface acoustic wave filter comprising a plurality of
the edge reflection type surface acoustic wave devices according to Claim 2, wherein the
plurality of the edge reflection type surface acoustic wave devices are coupled to each
other to define a filter.

14. An edge reflection type surface acoustic wave filter according to Claim 13,

wherein the filter is a band filter.
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15.  An edge reflection type surface acoustic wave device comprising:

a surface acoustic wave substrate having a pair of opposed edges; and

at least one interdigital transducer (IDT) having a plurality of electrode fingers and
arranged on the surface acoustic wave substrate such that shear horizontal surface
acoustic waves excited by the 1DT propagate in a diréction that is substantially
perpendicular to the pair of opposed edges of the surface acoustic wave substrate and
are reflected by the edges, the interdigital transducer being divided into a plurality of
sub-IDT portions which are connected in series and are arranged along the direction that
is substantially perpendicular to the pair of opposed edges,

wherein the distances D between the pair of opposed edges of the surface
acoustic wave substrate and respective second outermost electro&e fingers of the IDT
are set at a value that is different from Ay/2, where 3, is a wavelength of the shear

horizontal surface acoustic waves.

18.  An edge reflection type surface acoustic wave device according to claim 15,
wherein the electrode fingers located closest to each other between adjacent sub-IDT
portions are electrically connected with each other, and the distances D are set ata

value less than Ay/2.

17.  An edge reflection type surface acoustic wave device according to claim 15,
wherein the distances D satisfy the following inequalities:

LN -1 —§—+0.464<2<M—:9“%+0'536

2fs 2 Ay 2fp

where, a central frequency and its wavelength obtained by a frequency spectrum of the
IDT are set to be f, and A, respectively, the position of an attenuation pole in the
frequency spectrum of the IDT is set to be f,, and the number of the pairs of the overall
electrode fi_ngers of the interdigital transducer is set to be N.

-32 -



G e ———

B R A

18.  An edge reflection type surface acoustic wave device according to claim 17,
wherein the distances D satisfy the following inequalities.

LD N 04522 HW-D N, 5
2f, 2 )m 2fp
19.  An edge reflection type surface acoustic wave device according to claim 16,
wherein the distances D satisfy the following inequalities:

LON-D N o D _fN-D N
2f 2 &2, 2

+0.536
where, a central frequency and its wavelength obtained by a frequency spectrum of the
IDT are set to be f, and A, respectively, the position of an attenuation pole in the

frequency spectrum of the IDT is set to be f,, and the number of the pairs of the overall
electrode fingers of the interdigital transducer is set to be N.

20. An edge reflection type surface acoustic wave device according to claim 19,
wherein the distances D satisfy the following inequalities.

LN-D N o0 D _LWN-1) N

+0.518
2f, 2 & 2y
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