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BACKGROUND OF THE INVENTION
1. Field of the £

The present invention relates to an edge reflection type
surface acoustic wave device which utilizes an SH (shear
horizontal) type surface acoustic wave.

2. T ipti f the Related Art
"Edge reflection type surface acoustic wave devices which
utilize an SH-type surface acoustic wave are well known. The
SH-type surface acoustic wave refers to surface acoustic waves
such as a BGS (Bleustein-Gulyaev-Shimizu) wave or a Love_wa%e
which have a displacement that is perpendicular to the
direction of propagation of the surface acoustic wave and
include a main component which is pérallél to the surface of
the substrate. Of these edge reflection type surface acoustic
wave devices, in order to suppress bulk waves or to allow for '
easy production, some have structures in which a step is
provided at the edge of the substrate or a groove is provided
on the substrate, and the upper portion of the substrate edgé
. or the inside surface of the groove defines the reflection edge,
(refer to Japanese Unexamined Patent Application Publication No.
4-82315'ana No. 7-263998). In Japanese Unexamined Patent
Application No. 4-82315, fof‘example, it is explained that
influences of the bulk wave resonance on the SH wave resonance
can be prevented and unwanted spurious responses caused by bulk
wave resonance can be efficiently suppressed by providing, at
the substrate edge, a step having a greater vertical dimension
than the surface of the substrate such that the step is spaced
away from the substrate surface resulting in at least 80% of



the SH wave energy being concentrated at the step.

However, even if the veftical dimension of the reflection
edge is greater than the predetermined value as described above;
in some cases, desired resonance characteristics or pass-band
characteristics could not be obtained. That is, in a
conventional surface acoustic wave device having a reflection
edge that is a step or a groove as described above, even if the
height of the reflection edge is set to a suitable value, there
~has been a problem that when the distance between the substrate
edge and the reflection edge was larger, ripples occurred in
the pass-bands. Moreover, there has been a problem that
ripples also occurred as the vertical dimension of the

reflection edge became larger.

SUMMARY OF THE INVENTION

In order to overcome the problems described above,
preferted embodiments of the present invention provide a
surface acoustic wavé device in which desired resonance
characteristics and pass-band characteristics are reliably
obtained by reducing the ripples caused by bulk waves.

According to a preferred embodiment 6f the pxeseﬂf
invention, a surface acoustic wave device includes a
piezoelectric substrate having a pair of substrate edgés énd an
upper surface therebetween. The piezoelectric substrate has at
least one inner edge arranged to contact the main region and
extending from the upper surface toward a bottom surface of the
piezoelectric substrate inside one of the substrate edges. An
interdigital transducer is provided on the main region of the
piezoelectric substrate such that a SH type surface acoustic

wave excited by the interdigital transducer and having a - -
wavelength of A are reflected by the at least one inner edge.

A distance L between the at least one inner edge and the.

corresponding one of the substrate edges is preferably



substantially equal to about 8A or less.

It is preferable that the at. least one inner edge has a

helght H in the range of about 2\ to about 6A.

The surface acoustic wave device is constructed and
function-to be included in a communication device.

As explained above, in the surface acoustic wave device
according to various preferred embodiments of the present
invention, by setting the distance between the substrate end-

surface and the reflection end-surface to less than about 8A,
- ripples in the pass-band caused by bulk waves are minimized,
and excellent resonance characteristics and pass-band
characteristics are obtained. Furthermore, by setting the

height of the reflection edge within the range of about 2\ to

about 6\, ripples in the pass-band are minimized, and excellent
resonance characteristics and pass-band characteristics are
obtained. |

Moreover, by mounting the surface acoustic wave dev1ce in
a communication device according to another preferred
embodiment of the present invention, a communication device
with excellent characteristics can be obtained. ’

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

For the purpose of i11ustrating 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 instrumeﬁtalities

shown.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a surface acoustic wave



device according to a first preferred embodiment of the present
invention.

Fig. 2 is a sectional view of the surface acoustic wave
device according to the first preferred embodiment of the
present invention.

Fig. 3 is a sectional view of a surface acoustic wave
device according to a second preferred embodiment of the
present invention. _

Fig. 4 is a graph showing the relationship between the
distance between a substrate edge and a reflection edge, and
the amount of variation of in-band GDT deviation.

Fig. 5 is a graph showing the relationship between the
height of the reflection end-surface and the in-band
characteristiés (GDT deviation, minimum insertion loss).

Fig. 6 is a block diagram of a communication device
according to a third preferred embodiment of the present

invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As will be clear from the results of an experiment
described later, the inventors of the present inventioﬂ have
discovered that ripples in the pass-band can be minimized By
providing a reflection edge inside of the substrate edée such
that the distance between the refleétion edge and the
corresponding substrate edge is set - at a predetermined amount
or less and a height of the réflection edge is set at a value
in a predetermined range. Thus, it is possible to obtain the
desired excellent resonance characteristics and pass-bana
characteristics. '

If the distance between the substrate edge and the
reflection edge is not suitable, the bulk waves reflected at
the substrate edge strongly affect the pass-band
characteristics, and if the height.of the reflection edge is



more than a certain value, the bulk waves are also reflected by
the reflection end-surface and these reflected bulk waves
strongly affect the pass-band characteristics.

The surface acoustic wave device according to preferred
embodiments of the present invention include devices in general
which utilize an SH-type surface acoustic wave such as a
surface acoustic wave resonator, a longitudinally coupled
resonator fllter, a transversely coupled resonator filter, a
ladder type filter or other suitable devices. These devices
include at least one interdigital transducer (IDT) on a
piezoelectric substrate, and a reflection edge for reflecting
the surface acoustic wave is located at least one side of the
IDT. '

Furtherﬁore, a communication device according to one
preferred embodiment of the present invention includes at léast:
one of the surface acoustic wave devices according to other
preferred embodiments of the present invention. Thereby, a
communication device with excellent characteristics can be
obtained. _

Referring to Fig. 1 and 2, a surface acoustic wave device
according to a first preferred embodiment of the preseﬁt
invention is explained. Although the widths of electrode
fingers are illustrated as being wide in the following figures,
the eleétrqde fingers of an actual device preferably have very
fine widths.

- The surface acoustic wave device according to this
preferred embodiment is an edge reflection type longitudinally
coupled resonator filter, and is provided with a substantlally
rectangular planar plezoelectrlc substrate 2. The
piezoelectric substrate 2 preferably includes, for example,.
piezoelectric ceramics such as lead titanate zirconate ceramics
or piezoelectric single crystals such as LiNbO, and LiTaoO,.

The piezoelectric substrate 2 has substrate edges 21 and 22



‘which are opposed to each other, and grooves 23 and 24 arranged
substantially parailel to the corresponding substrate edges 21
and 22 and extending from the upper surface toward the boftom
surface are disposed on the upper surface (one main surface)
inside of both of the edges 21 .and 22. 1Inside surfaces 23a and
24a of the gréoves 23 and 24 are in contact with of a maim
region of the uppef'surface and become new inner edges for the
main region. As will be explained next, SH fype surface
acoustic waves are excited on the main region, and therefore,
the inside surface 23a and 24a function as reflection edges 23a
and 24a. |

Two IDTs 3 and 4 are disposed between the grooves 23 and
24 on the upper surface of the piezoelectric substrate 2. The
IDT 3 preferably includes a pair of comb-shaped electrodes 3a
and 3b, the comb-shaped electrodes 3a,and 3b each have a
plurality of electrode fingers; and the electrode fingers of
the comb-shaped electrodes 3a and 3b are arranged so as to be
interleaved with each other.- Similarly, the IDT 4 preferably
includes.a pair of comb-shaped electrodes 4a and 4b, the comb-
shaped electrodes 4a and 4b being constituted in the same
manner as the comb-shaped electrodes 3a and 3b. Each electrode
finger is arranged substantially parallel to the grooves 23 and
24, outermost electrode fingers 3c and 4c of the IDTs 3 and 4
being arranged so that the outer edges thereof may contact with
the inside surface 23a and 24a. If the wavelength of the

surface acoustic wave is represented by A, the widths of the

outermost electrode fingers of the IDTs 3 and 4 are
approiimately A/8 and the widths of all of the other electrode

fingers are approximately A/4.

Although most common edge reflection surface acoustic
ﬁave devices include at least one IDT in which thé outermost
electrode fingers are flush with the respective edges of a
piezoelectric substrate, the outermost electrode fingers may be



spaced apart from the edges in various preferred embodiments of
the present invention.

In this unique construction of preferred embodiments of
the present invention, wheh an input voltage is applied to one
IDT, SH-type surface acoustic waves are excited. The excited
surface acoustic waves propagate in the direction between the
reflection edge 23a with 24a and reflected at the edges 23a and
24a, so that fundamental waves and higher mode waves are
generated. As a result, the fundamental waves and the higher
mode -waves are combined, and standing waves occur between the
edges 23a and 24a. Outputs based on the standing waves are
extracted by the other IDT, thus operating as longitudinally
coupled resonator type filter.

In this surface acoustic wave device, the distances
between the reflection edges 23a and 24a and the substrate ’
edges 21 and 22 are respectively about 8A or less. Morgovér,
the heights of the reflection edges 23a and 24a, i.e. the
depths of the grooves 23 and 24, are within the range of about
2\ to about 6A.

Next, the constitution of the surface acoustic wave
device according to a second preferred embodiment of the
present invention is shown in Fig. 3. In_the surface acoustic
wave device of this preferred embodiment, a step is provided on
the substrate edges to define the reflection edges.- That is,
in this surface acoustic wave device, steps 25 and 26 are
respectively provided on two opposing edges.zl and 22 of a
piezoelectric substrate 2. The steps 25 and 26 are arranged so
as to cut the upper surface of the piezoelectric substrate 2 to
form a substantially rectangular shape, with edges 2la and 22a
above the steps 25 and 26 defining opposing edges as reflection
edges. The elements other than those constituting the
reflection edgés 21a and 22a are the same as the constitution

of the first preferred embodiment, and thus an explanation



thereof is omitted.
In this surface acoustic wave device, the distances
between the reflection edges 2l1a and 22a and the substrate

edges 21 and 22 are respectively about 8\ or less, and the
heights of the reflection edges 2la and 22a, i.e. the distances
H of the steps 25 and 26 from the top surface of the

piezoelectric substrate 2, are within the range of about 2\ to

about 6A. '

The surface acoustic wave devices of the first and second
preferred embodiments are preferably manufactured by the
following manner. First, many IDTs constituting the surface
acoustic wave devices are fotmed on a piezoélectric substrate.
Next, grooves (23'and 24 in Fig. 1 ahd 2) for forming '
reflection edées are formed on the top surface of the )
piezoelectric plate by using a dicer or other suitable-cutting'
device or method. The grooves are precisely formed so that
chipping or.other problems never occur in order that the
outermost electrode fingers 3c and 4c have predetermined widths.
One side of thé side surfaces of the grooves are the reflection
_edges 2la, 22a, 23a and 24a, and_the'depths of the grooves (the
heights of the reflection edges) are preferébly within the
range of about 2A to about 6A. Next, the outside or inside of
the groove is cut by a dicer or othér suitable cutting device
or method to separate each surface acoustic wave device.
Sections at this time form end-surfaces 21 and 22 of the -
piezoeléctric substrate 2, and the sections are set to about BX
or lower from the insides of the respective gréoves. If the
outsides of the grooves are cut, the surface acoustic wave
device of the first preferred embodiment is produced, and if
the inside of the grooves is cut, the surface acoustic wave
device of the second preferred embodiment is produced and steps
are formed on the substrate edges. As described above, edges



having high accuracy and without chipping or other problems are
formed by cutting the piezoelectric substrate 2 at a different
position from the reflection edge after forming the grooves to
define the reflection edges. .

Subsequently, reasons to limit the distance L between the
substrate edges and the reflection edges and the height H of
the reflection edges is explained based on experimental results.
If such a surface acoustic wave device is in a state before
being cut and separated, or if the distance is virtually
infinite (in practice, if the distance L is about 500\ or more),
reflection of bulk waves at the substrate edge does not occur,
and ripples or insertion loss are minimized. In addition, the
ripples in the pass-band of insertion loss-frequency
characteristics correspond to GDT (group delay time) .deviation
in the pass-band. Accordingly, the in-band ripples were '
evaluated with the GDT deviation. _

Fig. 4 shows the relationship between the distance.L and
the amount of variation of the GDT deviation in the pass-band
after the piezoelectric substrate was cut, using the
piezoelectric substrate before being cut as a-refefencg
criterion, in the surface acoustic wave device of the first and
second preferred embodiments. This is a 1lst IF filter for a
mobile phone with a center frequency of 190 MHz and a pass—band
width of 5 MHz, constituted by 34 pairs of electrode fingeré on

the IDTs 3 and 4, a wavelength A of 20 pm and a height of the
reflection edge of 3A. . As shown in Fig. 4, in-band GDT
deviation drastically varies when the distance L between the

substrate edge and the reflection edge exceeds about 8A, the

variation amount of GDT deviation is small when the distance L

is about 8A or lower, and the amount of variation of the GDT
deviation is large when the distance L exceeds about 8A. That

is, setting the distance L to less than about 8\ can reduce the



ripples in the pass-band.
Furthermore, the steps are constructed to prevent
. chipping or other defects on the reflection edges, so as to
form reflection edges with high accuracy. Preférably, the
distance L is about A/10 or more. _
Fig. 5 shows the relationship between the height H of the
reflection edge and in-band GDT deviation and minimum insertion
loss in the surface acoustic wave device according to various
preferred embodiments of the present invention. The data is
for when the distance L between the substrate edge and the
reflection edge is set to A. As shown in Fig. 5, in-band GDT

deviation becomes lower within the range of a height H of the
reflection edge by about 2A to about 6A, this is a practical
level of about 0.125 ps or lower. If the height H of the

reflection edge is lower than about 2A, it cannot reflect the
surface acoustic wave  energy, and the minimum insertion loss
‘becomes high. That is, 'if the height H of the reflection edge
is set within the range of about 23 to about 6A, ripples in the
pass-band and insertion loss are minimized to obtain excellent
pass-band characteristics. Moreover, as can be undersfood form
Fig. 5, when the height H of the reflection edge is set withih
the range of about 2A to about 4A, the in-band GDT.deviation

becomes 0.10puS or less, thereby obtaining more excellent pass-
band characteristics.

Although‘the preferred embodiments are explained by using
an example of the structure of a longitudinally coupled
resonator filter that includes a pair of reflection edges, it
is not limited to a constitution having the edges on both sides
of the IDTs. Alternatively, a device having the reflection
edge on one side of the IDT constituting the surface acoustic
wave device and the reflector on the other side may be used.

For exampie, when a plurality of surface acoustic wave
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resonators are arranged on the same piezoelectric substrate to
constitute a ladder type filter, a constitution utilizing edge
reflections of a reflection edge and reflections of a reflector 
is preferably used. '

Further, the surface acoustic wave dévice of the present
invention may applied to a transversely coupled resonator
filter, a ladder type filter or the like.

Next, Fig. 6 shows the structure of a communication
device according to a third preferred embodiment of the pre%ent
invention. This communication device is constructed by
connecting an antenna ANT to an antenna terminal of a duplexer
DPX comprising a transmission filter TX and a reception.filter
RX, connecting a transmission circuit to an input terminal of
the transmission filter TX, and connecting a reception circuit
to an output terminal of the reception filter RX. Transmission
signals from the transmission circuit are transmitted .from the
antenna ANT through the transmission filter TX. ‘'Further,
received signals received by the antenna ANT are inputted to
the reception circuit through the reception filter RX.

Here, the surface acoustic wave device according to the
present preferred éembodiment of the present invention can
function as the reception filter RX, the 1st IF filter of the
reception circuit, and various kinds of interstage filters of a
communication device or resonance element. By using the
surface acoustic wave device according to various preferred
embodiments of the present invention, a communication device
having excellent characteristics can be obtained.

While preferred embodiments of the invention have been
described above, 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 i laimed is:

1. A surface acoustic wave device comprising:

a piezoelectric substrate having a pair of substrate
edges and an upper surface therebetween and including a main
region and a bottoﬁ surface, the piezoelectric substrate having
at least one inner edge arranged fq contact the main region. and
to extend from the upper surface toward the bottom surface of
the piezZoelectric substrate inside one of the substrate edges;

an interdigital transducer provided on the main region of
the piezoelectric substrate such that a shear horizontal type
surface acoustic wave excited by the interdigital transducer

and having a wavelength of A are reflected by the at least one
inner edge; .

wherein a distance L between the at least one inner edge
and the corresponding one of the substrate edges is ‘

substantially equal to about 8A or less.

2. A surface acoustic wave device according to claim 1,-

wherein the at least one inner edge has a height H in the range

of about 2\ to about 6A.

3. A surface acoustic wave device according to claim 1,
wherein the surface acoustic wave device comprises one of a
surface acoustic wave resonator, a longitudinally coupled
resonator_filtér, a transversely coupled resonator filter, and
a ladder type filter. |

4. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate is made of at least one of

pPiezoelectric ceramics and piezoelectric single crystals.

5. A surface acoustic wave device according to claim 1,

‘wherein the upper surface of the piezoelectric substrate has a

I
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pair of grooves arranged substantially parallel to the
substrate edges and extending from the upper surface toward the
bottom surface.

6. A surface acoustic wave device according to claim 5,
wherein the pair of grooves have inside surfaces arrangéd to
contact the maim region of the upper surface and defining.inner
edges for the main region. '

7. A surface acoustic wave device according to claim 1,
wherein the inside surfaces define reflection edges for

reflecting the shear horizontal type surface acoustic wave.

8. A éurface acoustic wave device according to claim 5,
wherein at least two IDTs are disposed between the grooves on

the upper surface of the piezoelectric substrate.

9. A surface acoustic wave device according to claim 8,
wherein the at least two IDTs include a plurality of electrode
fingers, and if the wavelength of the surface acoustic wave is
represented by A, the widths of the outermost electrode fingers

of the at least two IDTs are approximately A/8 and the widths

of all of the other electrode fingers are approximately A4,

10. A communication device comprising:

at least one surface acoustic wave device iﬁcluding:
a piezoelectric substrate having a pair of substrate edges and
an upper surface therebetween and inciuding a main region and a
bottom surface, the piezoelectric substrate having at least one
- inner edge arranged to contact the main region and to extend‘
from the upper surface toward the bottom surface of the
piezoelectric substrate inside one of the substrate edges;

an interdigital transducer provided on the main region of

* ¢ L M s *
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the piezoelectric substrate such that a shear horizontal type
- surface acoustic wave excited by the intefdigital transducer

and having a wavelength of A are reflected by the at least one
inner edge; |

wherein a distance L between the at least one inner edge
and the corresponding one of the substrate edges is

subétantially equal to about 8\ or less.

11. A communication device according to claim 10, wherein
the at least one innér edge has a height H in the range of

about 2\ to about 6A.

12. A communication device according to claim 10,
wherein the surface acoustic wave device comprises one of a
surface acoustic wave resonator, a longitudinally coupled
resonator filter, a transversely coupled resonator filter, and.
a ladder type filter.

13. A communication device according to claim 10,
wherein the plezoelectrlc substrate is made of at least.one of
piezoelectric ceramics and piezoelectric 51ngle crystals.

14. A communication device according to clalm 10,
whereln the upper surface of the piezoelectric substrate has a
pair of grooves arranged substantially parallel to the
substrate edges and extending from the upper surface toward the
bottom surface.

15. A communication device according to claim 14,
wherein the pair of grooves have inside surfaces arranged to .

contact the maim region of the upper surface and defining inner

edges for the main region.
[T
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16. A communication device according to claim 15,
wherein the inside surfaces define reflection edges for

reflecting the shear horizontal type surface acoustic wave.

17. A communication device according to claim 14,
wherein at least two IDTs are disposed between the grooves on
~the upper surface of the piezoelectric substrate.

18. A communication device according to claim 17,
wherein the at least two IDTs include a plurality of electrode

fingers, and if the wavelength of the surface acoustic wave is
represented by A, the widths of the outermost electrode fingers
of the at least two IDTs are approximately A/8 and the widths

of all of the other electrode fingers are approximatel& A4,

T

- 15 -



