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EDGE REFLECTION TYPE SURFACE ACQUSTIC WAVE DEVICE

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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surface acoustic wave devices include an I DT provided on a surface acoustic
wave substrate and an SH type surface acoustic wave is reflected between
two opposi ng 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 dinensions of the surface
acoustic wave devices can be reduced. |In Japanese Unexam ned Patent
Publ i cati on 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-I1DT portions is provided. In
this dedhepluralityoésubrDT pertionsqunderredJippies: (FRUMNPYRIeSPARSs)i 4ap QFCUE - | DT
portion r Qg u i : R, ' L.rection,
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ref | ect isbecttodedirgers efihedDTus brdervapesvien isaeh dpplesi bed i n Japanese
Unexam ned Patent Publication No. 5-291869, when the IDT is divided_ into

n 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



the plurality of sub-1DT portions, undesired ripples (spurious response)
can occur in frequency characteristics. Thus, it is necessary to select the
nunber of the pairs of electrode fingers of the IDT in order to prevent
such ripptes. In other words, since the nunber of the pairs of the

el ectrode fingers of the IDT is limted, it is very difficult to obtain
various frequency characteristics wthout generating undesired ripples.
SUMVARY OF THE | NVENTION In order to overcone the problens described above,
preferred enbodi nents of the present invention provide an edge reflection
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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



wave, in which an IDT is divided into a plurality of sub-IDT portions, and
undesired ripples occurring in frequency characteristics are mninized even
when the nunber 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
enbodi ment of the present invention, the IDT is divided into a plurality of
sub-1 DT portions and el ectrode fingers |ocated closest to each other
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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.



bntegral nmultiple of [err] which is achieved by cutting the edges at

| ocations inside of the center of the outernost electrode finger in the
surface acoustic wave-propagating direction. Thus, the frequency of the (2N
- 2) node in the frequency spectrum of the |IDT obtained due to the dividing
of the IDT is in proximty to the frequency of a node -2 - determ ned by
t he di stance between the opposing two edges, with the result that
unnecessary ripples are effectively mnimzed. Therefore, with the divided
DT, it is possible to provide an edge reflection type surface acoustic
wave- devi ce having excel |l ent resonant characteristics, in which inpedance
and capacitance are increased, but also there is alnost no influence due to

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%,).



bimtations on the nunber of the pairs of electrode fingers. In the edge
reflection type surface acoustic wave devi ce. according to another preferred
enbodi ment of the present invention, there is provided a structure in which
the IDT is divided into a plurality of sub-1DT portions and el ectrode
fingers |ocated cl osest to each other between adjacent sub-IDT portions are
connected to different potentials so that double excitation is generated
between the el ectrode fingers. Wien it is assuned that the outernost w dths
of the IDT in the surface acoustic wave-propagating direction are equal to
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of 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.



the IDT is in proximty to the frequency of a node determ ned by the

di stance between the opposing two edges, with the result that unnecessary
ripples are effectively minimzed. Therefore, with the divided IDT, it is
possi ble to provide an edge reflection type surface acoustic wave device
havi ng excel | ent resonant characteristics, in which inpedance and
capacitance are increased, and there is alnost no influence due to
limtations on the nunber of the pairs of electrode fingers. In addition,
in each of the edge reflection type surface acoustic wave devices in
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t he equaidges dr@memagfﬁmslemm rigple 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



ripples are suppressed to be about 0.5 dB or lower, with the result that
even nore inproved resonant characteristics are achieved. Furthernore, when
the positions a of the edges are within a range of about [err] 0.01 8[err]
satisfying the equation (1), the magnitudes of the above ripples is about
0.2 dB or lower, so that even nore inproved resonant characteristics are
achieved. Furthernore, simlar advantages can be obtained if the outernost
el ectrode fingers in the surface acoustic wave-propagating direction are
arranged such that the outernost el ectrode fingers extend to the edges
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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.



However, when a plurality of edge reflection type surface acoustic wave
devices in accordance with preferred enbodi nents of the present invention
are prepared and arranged to define a filter by coupling the plurality of
edge reflection type surface acoustic wave devi ces, inpedance and
capacitance are greatly increased by dividing the IDT. As a result, edge
reflection type surface acoustic wave devi ces having different inpedance
and capacitance are easily forned. Therefore, for exanple, when a | adder-
type filter is constructed, an appropriate structure including series-arm
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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.



be obtained. For the purpose of illustrating the invention, there is shown
I n the drawi ngs several forns which are presently preferred, it being
under st ood, however, that the invention is not limted to the precise
arrangenents and instrunentalities shown. - 4- BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1A is a plan view of an edge reflection type surface acoustic
wave device according to a preferred enbodi nent of the present invention.
Fig. 1 Bis a cut-away plan view of the edge reflection type surface
acousti c wave device shown in Fig. 1A

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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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 O [err]m (a conventional position). Fig. 3 shows
the insertion |l oss - frequency characteristics of the edge reflection type
surface acoustic wave device 1 obtained when the positions a of the edge
are set to be about -1.2 [err]m (- 0.023[err]). Fig. 4 shows the insertion
| oss - frequency characteristics of the edge reflection type surface
acoustic wave device 1 obtained when the positions a of the edges are set
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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
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type surface acoustic wave device 1 obtained when the positions a of the
edges are set to be about -2.7 [err]m (- 0.051[err]). 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 [err]m (- 0.064[err]). Fig. 8 shows the insertion
| oss - 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 [err]m (- 0.073[err]). -5- Fig. 9 shows a plan view
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= 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
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device according to another preferred enbodi nent of the present invention,
which has an IDT that is a three-part divided, O-excitation type. Fig. 10
shows a plan view illustrating an edge refl ection type surface acoustic
wave devi ce according to another preferred enbodi nent of the present

I nvention, which has an IDT that is four-part divided, O-excitation type.
Fig. 11 shows a plan viewillustrating an edge reflection type surface
acoustic wave device according to another preferred enbodi nent of the
present invention, which has an IDT that is a two-part divided,

doub e- f‘@&# %aéﬂ &od %(r%iposﬁog:edjo%tﬁc{ig hBIagguMESWeh rélgbsc{ tn%in &QRgn edge

refl ect ype sur acoust1cC eV|ce accor preferred

enhodi nmniterofiost leteqiode dinget, tve valles of a\/are:boﬁm an I DT that is a three-part
di vi ded, doub| e-excitation t 3 shows plan view il |lustrating an

edge refl ect iAaTgHE, e thas tﬁﬂﬂlﬁﬁ%EWMOé:‘Qi@v'ﬂa’@a?c%S?%ﬁ ingvhish et her
preferr e AHned SRRk el Bfe BLES BRl0, 23R Md 84e dfthE Ronventional 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 (-0.0381,), 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

-13-



has an IDT that is a four-part divided, double-excitation type. Fig. 14
shows a graph illustrating the relationshi ps between the positions of the
edges and the resonant frequencies in the edge reflection type surface
acoustic wave device in accordance with preferred enbodi nents of the
present invention. Fig. 15 shows a graph illustrating the rel ationships

bet ween 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 enbodi nents of the present invention. Fig. 16 shows a graph

e TR Rt ool B e i hiplgttest o

| DT havi ng a non-

i | l.ust r ahiergiga reflectionttypsnalriactyacoustit ecdveaevicgpeoald heexamipedst i ¢ wave
devi ce havi nq &]no -divjded IDI. Fig. 18 shows a gr,a h illustrating, the
rel ati onshi p 1BdiGEE8e fefiechanbame Yiraceaceysicwave 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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of electrode fingers and the positions of edges capable of suppressing a
ripple. -6 - Fig. 19 shows a graph illustrating the relationship between
the positions of the edges and the magnitude of a ripple obtained when an

| DT of two-part divided, O- excitation type is used and the nunber of the
pairs of the electrode fingers is 9.5. Fig. 20 shows a graph illustrating
the rel ationship between the positions of edges and the nagnitude of a

ri ppl e obtai ned when an I DT of two-part divided, double- excitation type is
used and the nunber of the pairs of electrode fingers is 9.5. Fig. 21 shows
a graph illustrating the relationship between thetgositions of edges and

t he magniheriecttdedingepdta inernnestad iprehusihar 46, ard thaelgsiiodedingedor is

O- exci t ad o 1olAR 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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s used and the nunber of the pairs of the electrode fingers is 15.5. Fig.
22 shows a graph illustrating the relationship between the positions of
edges and the nagnitude of a ripple obtained when an | DT of two-part

di vi ded doubl e-excitation type is used and the nunber of the pairs of the
el ectrode fingers is 15.5. Fig. 23 shows a graph illustrating the

rel ati onship between the positions of edges and the magnitude of a ripple
obt ai ned when an | DT of two-part divided, O-excitation type is used and the
nunber of the pairs of the electrode fingers is 21.5. Fig. 24 shows a graph

mont ¢ udB 1 r o8 ShEME A daPiticdine e RERh i MnP reGiER LA it B -
exci t at ighich Yé}geir%rplé%%ﬂos’é%@' té RBoREAPREqUAncid3otREhEed whlentthe lp@bi;ﬁ@hé 6fiPe

fingers is 21. g. 25 shows a graph illustrating the relationshi

bet ween €dgesraigehanded appeary | hslis exisleahiromd ios thendha.de theadae reflecien cs of
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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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transm ssion characteristics in the edge reflection type surface acoustic
wave device of preferred enbodi nents of the present invention. Fig. 26
shows a view illustrating the positions of the edges obtai ned when the
magni tude of a ripple is in the ranges of about 0.5 dB or |ower and about
0.2 dB or lower in the edge reflection type surface acoustic wave devi ce of
preferred enbodi nents of the present invention having the IDT that is a
two-part divided, O-excitation type. Fig. 27 shows a viewillustrating the
positions of the edges obtained when the magnitude of a ripple is in the
ranges

edge r e%i‘g%?g g‘tﬁc"%@é"c’i&?ﬁcﬁ%‘h@e\ﬂgi 8‘{1@? @‘%eiga‘é‘} gg‘é"%{% | E'FAB@;’Q'P;BUF neth‘lc’) gaé?hrg nts
: 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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havi hg the IDT that is a two-part divided, double-excitation type. Fig. 28

Is acircuit diagramfor illustrating a |adder-type filter as a surface
acoustic wave filter according to a preferred enbodi nent of the present
invention. Fig. 29 is a plan view illustrating an edge reflection type

surface acoustic wave filter according to a preferred enbodi nent of the
present invention. DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS

Herei nafter, preferred enbodi nents of the present invention are explained
in detail with reference to the drawings. Figs. 1A and 1B show a plan view

Couet | g shgel 2wl HE SR Bt BNl I SRR BfeaaBy HEF oSt =i
Do ASReL Fom 98 dten i s e Sulone ASRURRICEREIRIEN S
r ect anguirequengyfaite modea sietermigadby 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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substrate 2. The surface acoustic wave substrate 2 is preferably fornmed by
| am nating a piezoelectric thin filmon a piezoelectric substrate or an

i nsul ating substrate. A piezoelectric substrate nay be nade of a

pi ezoel ectric single crystal of quartz, LiNoJerr], LiTa(Qerr], or a

pi ezoel ectric ceramc such as a |lead titanate zirconate ceram c. Wen the
pi ezoel ectric thin filmis disposed on the insulating substrate, a
substrate nade of an insulating material such as alum na defining an

i nsul ating substrate can be used as the substrate, and a ZnOthin filmor a

{he sur FERE daratar ILmAAv S aBeRa e et e r At BUSTYL Wbengha InT isds det v o
ot art ¢ TSEHRD O SURBCCEMBULR UERERILT IS OF B ot e e |
whi ch t heosifienst ofdte edgeg eraslooateshingid®, and when thvehiZhofMidubléexdtadionitysalis
bel ow. -gfovided, 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 0-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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[n addition, when the surface acoustic wave substrate is produced by

| am nating a piezoelectric thin filmon an insulating substrate, the |IDT
can be di sposed either on the upper surface or |ower surface of the

pi ezoel ectric thin film In the present preferred enbodinment, an IDT 3 is
di sposed on an upper surface 2a of the surface acoustic wave substrate 2.
The IDT 3 is preferably formed by lamnating a filmof nmetal such as

al um num on the surface acoustic wave substrate 2 and perfornm ng patterning
by an appropriate nethod such as photolithography. The IDT 3 is divided
into two sub-| ortions 4 and 5 connected in seriﬁéaalong a surface

acoust i oo%?v@‘_-t ;—8 qde figgensrdacreanes, theangiarytwardivthe Resitions Aitie sdgss
i ncl Ude%)séaed%'tfe Bﬁffﬁ@éﬁfﬁﬂ%‘%@é%%ﬁ% 4Risfds Hagernd the sub-1DT

portion prefera
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 positions 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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kncludes a pair of conb-shaped el ectrodes 5a and 5b. The conb-shaped

el ectrode 4a has a plurality of electrode fingers 6 and 6a, and the

conb- shaped el ectrode 4b has a plurality of electrode fingers 7 and 7a. The
plurality of the electrode fingers 6 and 6a and the plurality of el ectrode
fingers 7 and 7a are arranged to interdigitate with-each other. The sub-IDT
portion 5 preferably has substantially the sanme structure and arrangenent
as that of the IDT 4, in which the conb-shaped el ectrode 5a has a plurality
of electrode fingers 8 and 8a, and the conb-shaped electrode 5b has a

pIurallt of el ectrode f| ers 9 and 9a. In order not to ce eXC|tat|on
bet veen ANFLrig 8e § ér"?ﬁ @axcmw ere the numbher b e P@'Fﬁg@fot[‘

sub- 1 DT ¢ m%fggrse%téagzﬁfﬁl@l ddg¥RnbeniiPlpEayRacd B8 ‘E"‘Na% ({én i er

whi ch are™cl osest to eac are c to a us bar 1

wor ds, thHaving aciDDdeatfis agao-spaﬁadlwdeld ﬂaulalleee)a:rtammqpej n such a'manner that
they are 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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connected to the sanme potential. The outernost el ectrode fingers of the IDT
3 in the surface acoustic wave- propagating direction are el ectrode fingers
7a and 9a. The surface acoustic wave substrate 2 has a pair of edges 2b and
2c di sposed at opposite ends of the substrate 2. The outernost el ectrode
fingers 7a and 9a are each | ocated on the edge 2b and the upper surface 2a,
- and the edge 2c and the upper surface 2a, respectively. -9- The edge
reflection type surface acoustic wave device 1 is driven, as schematically
shown in Fig. 1A by applying an AC vol tage between the comb-shaped

ilsegtH[ Oder%ferably, t‘f'iae po’smoXs %wgenatﬂe%%ﬁé/rp Fnesuéfa%%eP &WA t|r'\ Etg\'\@%%r'e Used &8 gsted.
- 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). e

a _fN-1) ¥
A 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.

Sf) = f Attt = 2 Al 12-rfx——,

< 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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type'surface acoustic waves, for exanple, the BGS wave, the Love wave, and
the Leaky wave may be generated. It is 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-1DT portions 4
and 5. This is the reason the edge reflection type surface acoustic wave
devi ce has a | ow capacitance and a hi gh i npedance. Since the excited
SH-type surface acoustic wave is propagated in a direction that is
substantially perpendicular to the electrode fingers of the IDT 3 to be
refl ected between the edges 2b and 2c, resonant characteristics based on
the SHtype zérface acbust iv¥ wave can be extracted. Usually, in a
conventional "etge ref ctiof type surface acoustic wave device, when the
wavel engt h of an EXCqu;j SHtype surface acoustic wave is [err], the w dths
of the outernost electrode fingers in a surface acoustic wave- propagating
direction are [err], the widths of the renaining eleckgode fingers are
[err], and the wi dt hs of gaps between

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 YD _FNY_,
foyea f N

v

e L N N

N-1

. (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
T2 T2 22 T 2

... (5)
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the electrode fingers are also [err]. 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 w dths of
the outernost electrode fingers are [err] after the formation of el ectrode
fingers having equal wdths. As is well known in conventional edge
reflection type SAWdevi ces, the distance between opposi ng edges of the

pi ezoel ectric substrate nmust be an integral nmultiple of [err] in order to
produce standi ng waves needed for resonation. In contrast to the

conventional _structural requir t., in the surface acqustic. e device 1
of the prese eﬁ?@f*’er"% t@%ﬁgaﬁﬂ&ﬂginepﬁgtﬂaq Eﬂ%@@ﬁﬁsﬁ%@%ﬁ'z\éﬁbﬁsosi ng
pai r of \edesen t ' and respective second
out er nost el ecqlﬁ‘g” gﬁﬁg@??%@?@%?@?@ @gtg%{b?g@%al ue that is different
from([err], and that is not an integral nultiple of [err], where [err] is a

wavel ength of the shear horizontal surface acoustic waves. The inventors of
the preferred enbodi ments of the present

2 _L&KN-1) N
A 26 2

. (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.

-24 -



invention discovered that if the integral nmultiple of [err] arrangenment of
the prior art was used with divided [err], undesired spurious conponents
are produced in the frequency characteristic. Mre specifically, in
preferred enbodi nents of the present invention, if we assune that the

wi dt hs of the outernost electrode fingers are substantially equal to the
w dths 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 outernost electrode

fingers int surface stic ve propagatin irection, This will be
i1l ustrated %6%'@1"&3&?@ rabjethat the eggesztﬂ%g %'F%l?t&ett?éﬁo seliser s ur f ace

acoust i faMRURLEEN) Condlit is' M6rd pbfetabl® tRaf MRS Pbshtiond IsAPsERUS shisfpave
the inequalities (7).

LW-D) N -0.036< f;’(N H ¥ +0.036
2f, 2 Ao 2f, 2
. (6)
2fp 2 /10 2fy
-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
25, %W 2 2
. )
Lo WD) N ioagp <2 So®=D N o516
2fe 2 X 2fy
.. ()

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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substrate such that the IDT 3 has el ectrode fingers having equal wi dths.
After this,-the surface acoustic wave substrate is cut to define the edges
2b and 2c in such a nmanner that the edges 2b and 2c are positioned as
descri bed above. That is, the substrate 2 is cut such that the distance
bet ween the edges 2a, 2c is not an integral nultiple of [err]. In other
wor ds, when the edge 2b is taken as an exanple, as shown in Fig. 1B, an

el ectrode finger 7A having the same width as that of the other el ectrode
fingers 6 and 7 before cutting of the substrate defines an outernost

el ectrode finger, In this situation, the surface acoustic wave substrate 2
is cut éh%h@f%‘ndhgﬁa@%@fl%oﬁéﬁ)‘d antheryalyg @ﬁthﬁ@quﬁg%l@ ofMose gEefRtalihgl e- dot

acoust | O 050 B SxAGAERl nB S babafori Ty By Pt ch bR s T AL
The edgeye?sbtemedl so fornmed in the sane way. The position of the edges 2b
and 2c nmay be expressed in terns of the distance froma second outernost

el ectrode fi Myéough thewalupsatisfyng thpreauationdl) dependstorethedqumber 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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reflection type surface acoustic wave device 1, the distance D between the
edge 2b and-a center line of the second outernost electrode finger 6a and
t he di stance between the edge 2c and a center line of the second outernost
el ectrode finger 8a are set at a value less than [err]. Since the IDT 3 is
di vided to produce the two sub-1DT portions 3 and 4 as descri bed above in
the edge reflection type surface acoustic wave device 1 of the pr esent
preferred enbodi nent, inpedance is greatly increased and capacitance is
greatly decreased, as in the case of the conventional art described in

Chore | ScSURtRBRES FHESRGR. Litie & oI BB BATACe FFRLRRS wave féscfalors 7"
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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frequency characteristics in the conventional art described in Japanese
Unexam ned Patent Publication No. 5-291869, the edges 2b and 2c in this
preferred enbodi nent of the present invention are positioned as described

above. As a result, undesired ripples appearing in the fp
characteristics are effectively mnimzed and excel |l ent rigﬂﬁaﬂﬂ!mwlwm!
characteristics are achieved. This reason will be illustr

detailed enpirical exanple. The inventors of the present invention neasured

insertion | oss-frequency characteristics in transm ssion characteristics by
variously changi.ng the positions of the edges 2b and 2c in the edge
reflect iﬁMMce acoust ic wave device 1 where the IDT is divided to

provide a plupalit {4hsbih 86 SRESs abiercSild ddiesbiBrdg 0. 2 to

8. In this case, tecarac I'CS shown I n -qualent
to the charac surfads arousfic wavedgbstra&élrmtrigcmpauypéoppnfs‘ea!cmd@spasd| C wave

d whi th th of t ' bout 53.08
[Z\r“rf (ran ![Re rﬁlgiﬁeﬁt ogp\f\ﬁ\é tgjg?;@ngcﬁu%g?s)b%lse on the sV\ﬁ ace gcgd iclvgav% ou

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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overall electrode fingers of the IDT 3 is 21.5, and the width in which-

el ectrode fingers intersect is about 6.0 [err]. The positj _ S
2b and 2c are nmade different by variously changing the dleﬁmaLﬂnﬂmﬂgm
t he dash-single-dot Iines A and B showmn in Fig. 1 B. In S, st he
dash-single-dot Iine Ais equivalent to the central position of the
outernost electrode finger in the surface acoustic wave-propagati ng

di rection, obtained when the width of the outernost el ectrode finger is

equal to the widths of the remaining electrode fingers as descri bed above
(before cutting the substrate 2), and the dash-single-dot |lipe B (s
Caui val ent  t STRTIDSEIRAT o OPRRSEH eRes BIRLeT SN AR RS Fid Wheg s
Ther.ef opgg hi kil Sdb ot at ' es 2b and
2c ar e SSpURRIRAGE WIRNE of Y G o e R B L ded AR o1 o
di st ancwaveeprophgatingpdirestion loé theointerdigitalrtednseldger arefdquiat fodthe wyjgitas fitfeace
acoustl ?er\agi\f\?ngd electiode ’ﬁ\lr?égrs,t trl]\%tpa\f\ﬂ%noptp%gea %e%gés 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

—_—

Ay 2f, 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 fN-1) N

—_—

Mo 2, 2
- (1)
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edges 2b or 2c are positioned outside fromthe assumed central position of
the outernost electrode finger, the values of a are positive. As a result,

the characteristics shown in Fig. 2 indicate a case in |chthe oS TTOns
a of the edges are set to be 0, as in the case of the co "Hmﬁ“ml[”m'
addition, the characteristics showmn in Fig. 3 indicate a

positions a of the edges are about -1.2 [err]m (-0.023[err]), and"th& *
characteristics shown in Fig. 4 indicate a case in which the positions a of
the edges are about -1.5 [err]m(-0.028[err]). The characteristics shown in
Fig. S5 indicate a case in which the positions a of the edges are about -2.0
[err]m (-0.038[err]), and the characteristics shown in Fig. 6 indicate a

whi chy th
(cag eolﬂ[ o Ir ]C) t ﬁ ﬁgﬁdééa%ﬂgsﬁgﬁ&gb%rﬁgg%%o%& WA evide dcdling 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).

-30 -



shown in Fig. 7 indicate a case in which the positions a of the edges are
about -3.4 [err]m(-0.064[err]), and the characteristics shown in Fig. 8
indicate a case in which the positions a of the edges a -

(-0.073[err]). As shown in Fig. 2, in the edge reflection lmuﬂlﬂﬂ‘u“ﬁﬂﬁll”“l
acoustic wave device having a resonant frequency of about |4l '
large ripple indicated by an arrow C appears near a frequerfcy of *abbut® 45. 9
MHz. In contrast, in the characteristics shown in Figs. 3 to 8, it is shown
that the ripples CJerr] to CJerr] appearing near the resonant frequency are
much smaller. As a result, in the edge reflection type surface acoustic
wave device 1_31f=pﬁ(éf_€tﬁeg Enbodi ments of the present invention, it was
confirmed thak, when2fhe wiziths of the outernost electrode fingers are
substantially equal to the widths of the remaining el ectrode fingers before
cutting of the substrate, the positions of the edges..2b) and 2c are cut at

| ocations inside of the center in the width direction, so that a distance
bet ween opposite ends of the substrate is not an integral nultiple of [err]

and thereby, 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

A, pr 2 -
(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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excel | ent resonant characteristics are achieved. Accordingly, as_an '
alternative-to the edge reflection type surface acoustic | e
i nventors of preferred enbodi nents of the present inventi%@ﬂ@ﬂiﬁ@”ﬂﬁm
reflection type surface acoustic wave devices shown in Fig%. i« s e e
whi ch the nunber of divisions in the IDI and the manner of dividing are
variously changed, so that -13- the rel ationshi ps between the positions
of the edges and the resonant characteristics in the edge reflection type

surface acoustic wave devices could be exam ned. In the edge reflection

type surface acoustic wave device 1, a structure in which the tw sub-IDT
portions 4 an®-5 d¥eefgeraligetomygevEage acousiitavaye gRiee ePrREYRd: 0 each

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.
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other in the sub-IDT portions 4 and 5 are connected to t he sane potenti al

is provided: In order to sinplify the illustration
dividing the edge reflection type surface acoustic vvave dwqmmwu"m.u I'I"I“l
two-part divided O-excitation type is used. In an edge refl

surface acoustic wave device 21 shown in Fig. 9, an IDT 23 is |sposed *on *a
surface acoustic wave substrate 2. The IDT 23 is divided into three
portions to define three sub-1DT portions 24 to 26. In addition, electrode
fingers 24a and 25a, which are closest to each other between the sub-1 DT

portions 24 and 25, are both connected to a bus bar 27. As a result, no
surface acoustic wave is excited between the el ectrode fingers 24a and 25a.

Simlarly, elygctrageedd él%éét\&ﬁ@gé@dﬁé’@acdﬁéhéWa@é%e@ﬂc@%%&brdhg) nﬁiﬂer

between the I DIs 25 and 26, are both connected to a bus

they ar avharein therfiatancas Risatishy teafaliopinginenualiieds a result, no surface
acoustic wave is excited between the el ectrode fingers 25b and 26a.
Therefore, the nethod for dividing the IDT 23 in the edge reflection type

surface acousyl(p{m W+0482<D fN-1) N +0.518
2fp 2 b 26 2

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.

LD N o B SOD N,

+0.518
2f, 2 & 2y
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devite 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-1DT portions 34 to 37. & to the
above case, electrode fingers closest to each other bet wee?lngrs e&ﬁas\ﬁ%emmpﬁced
sub-1 DT portions are connected to the same potential, so thal HE m{HHMMS
a four-part-divided, O- excitation type. In an edge reflecti e
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- | DT portions 44

and 45 along a surface aco ' Rga)s | ection. As a result, as
in the case of the surface@é%m&ﬁgaﬁg??%Qg?ﬂ#ﬁe I DT 43 is a two-part
di vi ded type.AfBugY Péflectbl Gige0slffdcentdUstdwave BEvidd hchldesessurfatetmsdusaé her

between the sub-1DT portions 44 and 45 are connected to different
pot ent i Wave sybsitate haviog @, opppsing pair of edges and at least one interdigital transducer

located on the surface acoustic wave substrate. A Shear Horizontal type surface

acoustic wave is generated by the interdigital transducer and reflected between the
opposing pair of edges. The interdigital transducer is divided into a plurality of sub-IDT
portions along a surface acoustic wave-propagating direction. Electrode fingers of the
interdigital transducer which are closest to each other between adjacent sub-IDT
portions are at the same potential so as not to be excited between the adjacent sub-IDT
portions. In addition, when it is assumed that the widths of the outermost electrode
fingers in the surface acoustic wave-propagating direction of the ihierdigital transducer
are equal to the widths of the remaining electrode fingers before cutting of the substrate,
the edges are arranged such that the edges are cut at a location inside of the center of
the outermost electrode fingers in the surface acoustic wave-propagating direction such
that a distance between the opposite edges of the substrate is not an integral multiple of
/2.
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the el ectrode finger 44a is connected to a bus bar 46, _and the el ectraode
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 dri VvepkRgefHdBeen Replaced

reflection type surface acoustic wave device 41. In additi ) _ us
bar 48 is lo chi il ong the edge opposite to the bus bars BHEWMH S,
a vol tage apg?i ‘\meen the el ectrode fingers 44a and 45
much as a vol tage applied between the other adjacent electrode fingers.
Such a dividing structure is a double excitation type. Thus, the nethod for
dividing the IDT 43 inj[he %gge reflection type murface acoustic wave
device 41 shown in Fig. I3 ajtwo- parg . dRad oubl e- exci jation type.
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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-1DT
portions 54 to 56. Simlarly in this case, since a voltage twi ce as nuch as

a vol tage applied between the remaining el ectrode fingers 4 SARPHds BonRRplhde€
outernost el ectrode fingers closest to each other between ag Dml MBT&ﬁT
' L AN

portions, the edge reflection type surface acoustic wave de
di vided structure that is a three-part divided, double-exci
edge reflection t¥pSsPface acoustic wave device 61 shown in Fig. 13 has
an | DT 63 having a divided structure that is a four-part-divided,

doubl e-excitation type. In @fyer words, the IDT 63 is divided into four
parts to define sub-1DT porgixns 64 to 67. In addition, as in the case of
the two-part divided, double-¢gX $ e shown in Fig. 11, a vqltage
that is twice as nuch as a voljtage applied en the remai ning el ectrode
fingers is applied to the duedr nost el ectrode fINjgers closest to each other
bet ween adj acent sub-I1DT portijons.
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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—ef-theouternpst
el ectrode fingers, the outernost electrode fingers may extend to the edges
defined by both the edges 2b and 2c and the upper surface 2&hisBhegtHas Bkn REMh

15 show changes in the resonant frequency obtai ned when the

the edges are chané.féi éSt he edge reflection type surface ac mﬂgmlﬁ",

- 15- devi ce 1. shows a graph indicating the change

frequency position at which large ripples closest to resonant frequencies
the edges are changed appear. As is evident

obt ai ned when the positions @
fromFigs. 14 and 15, in th@.gdge reflection
6}
)
T 1.0fF
s _ Ct
o
= 1.4
Z
o
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w
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£ 22+
26} |
3.0 L 3 i
90 42 44 46 a8
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type surface acoustic wave device 1, the nore the positions of the edges
are deviated toward a mnus direction, the higher the resonant frequency

and the frequency position at which the ripples appear. This is because,
the nore the positions of the edges are deviated toward a %Léﬁﬁ ction,

the shorter the distance between the edges 2b and 2c, by whi
frequency is increased. Thus, it is considered that, with th
t he resonant frequeﬁﬂﬁa_ﬂhe position of the ripple appearing
to the | ower-frequency side of the resonant frequency is also noved to a

hi gher frequency position. @dgpdescribed above, in the edge reflection type

surface acoustic wave devicg when the positions of the edges are set
dash- single-dot line A shown in

i nside of the position indi
Fig. 1B, a large ripple in prgximty to w-frequency side of the
resonant frequency is mnimgadd. This reason folNthis result will be
expl ained. In the edge Qgilection type surface a stic wave device 71
(Fig. 17) having the k)
_ 1.0
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|
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=
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285}
3.0 L -

1 g1
40 42 44 46 a8
FREQUENCY (MHz)



conventional non-divided IDT, no large ripple appears in proximty to the
above- described resonant frequency. This is because a node determ ned by
the di stance between two opposed edges of the surface acoustyjgg

substrate does not appear as a ripple, since the frequency p _ laced
attenuation pole nearest to a main | obe in the frequency speqm ' , H "’

| DT substantially ?L@I Ses with the resonant frequency of a

determ ned by the di nt¥e between the two opposed edges of the surface
acoustic wave substrate. Fi 9.%16 shows a graph illustrating the frequency

f

spectrum (with the central fluency of 50 Mz and 11.5 pairs in each case)
of an I DT obtained, when th@-&pPT is not divided and the edge reflection
type surface acoustic wave devjcC 7 ed. More specifically, the IDT 3
is a two-part divided, 0-ex ié ation type, ¥n ch of the edge reflection
type surface acoustic wave devjces shown in Figs\9 to 13 is used. In Fig.
16, a solid line D indidates the frequency spectr of the IDT of the edge
reflection type c% 1.0}
8 _
~ 1.4
<
o
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L
2
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-16- surface acoustic wave device 71 where the IDT is not divided. In

addition, in the case of the two-part divided, O0-excitatiopntype—abroken

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- mahdeﬁiadbﬁcnwd

F, in the case of three-part divided, O- excitation type, indi 'a m‘

frequency spectrunkﬁf the I1DT of the edge reflection type sur
wave device 21 sho |g 9. In the edge reflection type s
dg-an | DT of four-part-divided, O- eXC|tat|on

acousti c wave device 31 hag
type shown in Fig. 10, a dgig- triple-dot line Gindicates the frequency
spectrumof the IDT. A bro di cates the frequency spectrum of
the IDT (Fig. 11) which is
06+
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tmo-pért di vi ded, doubl e-excitation type. A dash-single-dotted |ine
i ndi cates the frequency spectrumof the IDT (Fig. 12) which is a three-part
di vi ded, doubl e-excitation type. In addition, a broken line J indicates t he

frequency spectrumof the IDT 63 (Fig. 13) mhlch is a four- hmd
doubl e-excitation type. In addition, in Fig. 16, a portion
the circle Kindic am, attenuati on pole nearest to a main [II“

E1G 7 s evi

e nain | obe. As is evident froan
videds, in the IDIT which is the O- eXC|tat|on

Enuati on pole on the | owfrequency side

red to the high-frequency side by dividing,
in contrast to the case in whi¢ T is not divided. Regardless of the
nunber of divisions, in the ggse in whic | DT that is the

doubl e-excitation type is pp "ded, when .conpar to the case in which no
division is nade, it is @ scovkred that the positlon of the attenuation

pol e above described is vqgsad onto the | owfredgyency side.

| ower - f requency si

regardl ess of the nunber of db
type, it is shown that the at
nearest to the main | obe i sO@

NN
T

INSERTION LOSSgd
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3.0 1 ] ]
40 42 44 46 4,8

FREQUENCY (MHz)




I n of her words

to-that in the case where no division is nade, dueto-the

be equal
devi ation of the above attenuation pole in the frequency spectrum of the

when the di stance between the two opposing edges is set to

determ ned by the di stance bet ween the two opposi ng edges a

af or enent’i oned

| DT caused bydividing, it is considerable that oscillati onTgéShde.iMmder. ﬁaeed

type surface a

(F[@Ol C. In contrast, as in the case of thezw ’lﬁﬂ
0 wave device 1, in which the IDT 3 is

di vided O-excitation type, when the positions of - 17 - t he edges 2b and
2c are deviated inwardly t(ﬁ(ﬁ he position indicated by the dash-single- dot

line Bfromthe position i
t he

(a),

ﬁat ed by the dash-single-dot A shown in Fig. 1
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frequency of the node determ ned by the distance between the twd opposing
‘edges is noved onto the high-frequency side, by which the frequency of the

node determ ned by the distance between the two opposi ng edge el

with the attenuation pole on the frequency spectrum of theq' e&%@&&kﬂﬁéﬂma&

cl ose thereto, which | eads to reduction of the above ripple %GHHBHH

of the nuFp&k. 4fQdi visions, when an IDT having a dividing st

is a doubl e-excitation type is used, when conpared to a case in which the

| DT i s not diviggg, the attenuation pole above on the frequency spectrum of
t

the IDT is nove o the lowfrequency side. Thus, when the positions of
the edges are determined in such a nmanner that the distance between the two

opposi ng edges is w de t ig onsi der abjes we resonant frequency
of the node determ e.;h;élunx; %

;o
0_opposi ng edges
coincides with the 6 DT vy u%(ﬁ the | DT or
cones cl ose there ' h C

L-2C




the above ripple is greatly suppressed and m nimzed. That is, as shown in
Fig. 1A, when the IDT has a dividing structure that is the
doubl e-excitation type, it is preferable that the distance between the

opposi ng edges of the piezoelectric substrate 2 is deternlnedibu6hwuh@3whh laced

distance D fromthe edge 2b' to the center of .the second outer
el ectrode finger 6a and is set at a val ue mor e 't han [err]. Int
t he di stance t he other edge (not shown) and the center

second outerJgﬁéﬂgﬁgitrode finger 8a is set at a value nore than [err]. In
view of the foregoing, t.he inventors of preferred enbodi nents of the
present invention pgz?uced various edge reflection type surface acoustic
wave devi ces,” each ich has an IDT that is a two-part divided,
O-excitation type, an IDT that is a three-part divided 0-excitation type,

an IDT that is a four-pariydi vided 0-exc tion type, IDT that is a
two-part divided doubl e-exgitation type, fan IDT that isya three-part
di vi ded doubl e- exci tgd< i [t ,.divided
doubl e-excitation tydeNTN —2C
]
2blINL
A
A
ZZ
—_— T v 7 Y
64 65 6 67



positions of the edges are variously changed based on theabove described
- 18- consi deration to nmeasure resonant characteristics. As a result
when the IDT that is a O-excitation type is provided, as!'&¥ppars

case in which the IDT i's not divided, the positions of th
| ocat ed i nside, and when the I DT of doubl e-excitation typd/ sl ®E

conpared to the case in which the IDT is not divided, the positions of the
opposi ng edges are | ocated outside, by which it is certain that the

af orenenti oned ripple C can be suppressed. Furthernore, the inventors of
preferred enbodi ments of the present invention exam ned hOM/the magni t ude

of the above ripple changes %HAN?ﬁﬁEb%Wﬁhsz
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T

e

the pairs of electrode fingers in each of the edge reflection type surface -
acoustic wave devices having the IDIs divided in various. manners described
18 shows a graph illustrating the relationship between the ;

edges capabl e of suppressing a ripple C and the number of tamu&mm

el ectrode fingers in each of the edge reflection type surfa

two-part divided O-excitation type, the three- part divided 0-excitation
type, and the four-part-divided O-excitation type are used. In other words,
number of divisions, the reFREQUENCYObRIRELE mbers of the pairs of
the el ectraode fi ngers and the positions of the edges capabl e of supqr essi ng

above. The results will be illustrated by referring to Fi g$y. &8.:Hek pids Rebladbd

devices. In Fig. 18, a solid line Kindicates results obtained when the

anong the dividing structures of O-excitation t regardl ess of the
(K’B&)nu

the ripple C are me. & n ntrast, en IVI ruc re g~of

doubl e-excitati aré‘;use , relati Shl e d| fer cordi ng

to the number % ISI ns. In the cas
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di vi ded doubl e-excitation type, a result indicated by a br oken TThe t—s— _

obtained. In the case of a three-part divided double-excitaﬁ}on type,
result indicated by a broken line Mis obtained, and in the aag
four-part-divided doubl e-excitation type, a result indicated

line Nis obtained. However, it is discovered that, in the claik|§
doubl e-excitation types, regardl ess of the nunber of divisions, as the
nunber of el ectrode 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
nunber of the -19- pairs of the electrode fingers decreases, the nore

outwardly the positions of the elﬂ@ﬁ%TION LOSS (dB)
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need to be located than in the case in which no division is made. In
contrast, in the cases of O-excitation types, it is discoveredthat——_
regardless of the nunber ofdivisions, as the nunber of the pairs of the

el ectrode fingers decreases, the positions of the edges 2b dJhdSkket HaeBels Réiphiced

be | ocated nore inwardly. The positions at which the ripple mB IL”mm

suppressed in Fig. 18 are the positions obt ai ned by the resu
Fi gs. Hu*é% &Q other words, Fig. 19 shows a graph illustrating
relatlons L en the positions of the edges and the nagnitude of a
ripple in the case where the nunber 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-partfldivided 0- excitation type. In this situation, it is -

di scovered that the g pple is the smallegy when the positions a of t he
edges are in proximty to -0. 03[err] I n {ot her words, regarding the solid
line K shown in Fig. &8 7 ri pple near the
regi on where the nu T i 9.5, it is
di scovered that the Qo




edges need to be set to be in proximty to -0.03[err] according to Fig. 19.
In addition, Fig. 20 shows a graph illustrating the rel ationship between

the positions of the edges and the magnitude of a ripple in the case where
t he nunber of pairs of the electrode fingers is set to be 9.5, I n the edge
reflection type surface acoustic wave device 1 that is a't _ﬁﬁ?rt di vi ded

doubl e-excitation type. According to Fig. 20, it is discov gt HasBegnReplaced
ri pple can be effectively suppressed by locating the positit " L R es
in proximty to 0.03[err]. Furthernore, Fig. 21 shows a resul i

where the nunber 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 |DT
that is a two-part divided O-excitation type, and Fig. 22 shows a result in
a case where the nunber of t i lLlectrode fingers is set to be
15.5, in the edge refIectionp§§g@cgEFﬁg€@E§%§ﬂstic wave device 41 having an
DT that is a two-part divided doyble-excitation type. Additionally Fig.

23 shows a resuler i c®e reQhe® © © O g o. o)
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nunber 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 | DT that is a

two-part divided 0-excitation type, -20 - and Fig. 24 shpwe, | n
a case where the nunber of the pairs of the electrode fi nge ed
21.5, in the ﬁi% | ection type surface acoustic wave devim n
| DT that is & t divided doubl e-excitation type. Alth

magni tude of the ripple is shown by the phase frequency characterlstlcs in
reflection charactefdstics in Figs. 19 to 24, there is a correl ation

bet ween t he magrg’ Ff!the ni ppl € afdpear| g!i ThEe ghase frequency
characteristics®nd t udb ppl e :gbpeatj.ng. kn the idsertion
| oss - frequencxuchar ctgri 9t8 PAIRS ; :

380 0-EXCITATION

o
S
o
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o
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in transm ssion characteristics, as shown in Fig. 25. Therefore, as
described above, it is di scovered that the ripple Cin the insertion | oss

-frequency characteristics as shown in Fig. 2 can be sim l@fkyeSHPRL ed 4
by the positions of the edges at which the ripple appeari ng ﬁi,@ﬁ

frequency characteristics can be suppressed. Furthernore,

preferred enﬁt@m@t‘[s of the present invention obtained a r

t he magni tude o he ripple is about 0.5 dB or lower in the insertion

| oss-frequency charact erl stics based on the result showmn in Fig. 18, and
al so obtained a gan } 072 dB or
| ower. The resul$ is shown|i qsig sFig. a :gr dph
illustrating the posit Wian ) gﬁl"tuﬁe of the
ripple Cin the Han .P dB 4r | ower,
when the nunber mf the anged Ji n t he
edge .
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refl ection type surface acoustic wave device 1 having W

two-di vided-0- excitation type. In other words, in Figt 26, when the

positions of the edges are determ ned in such a manner’ tl}ﬁ\ltssﬁh edges are

in the region | ocated between broken Iines O and P, the rr]m
n

oFl s Bee heed
ripple C can be set to be about 0.5 dB or |ower, and whe :,:
| ocated in aFFqS ogZ)etween broken l-ines Q and R, the mag :
ri pple can be sé&t" To be about 0.2 dB or lower. Therefore, it is discovered
that, preferably.~in the case of the edge reflection surface acoustic wave

devi ce havi ng thelmmL S b ‘ . ’ ° p-ﬁ—f-y-pe -21 -
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preferably, the positions between the broken Iines O and P_shown in Fig. 26
are used as the positions of the edges, and nore preferably, the positions
between the broken lines Q and R are used as the positions g e eggen

the above ripple can be effectively suppressed. A though Fig ced
Il lustrates tf‘El@sg 4n which the IDT is a two-part divided ”"H””mm
type, the sane resu can be obtained in the cases of the | D1k

three-part divided O-excitation type and f-our-part divided 0-excitation
type. The range enconpassed by the broken lines O and P and the range
enconpassed by th b meSt Ay I Fgs T 29 canr peHeyerTef based
on the follow ng g]uatl DN (1 words} the fréquency
spectrum S(f) of g non-Hi Vi d¢fl 205 FAIRSDt ai ned b
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[err] (2)

i's used.

when a.delta function node

the foll owi ng equation (2),
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to [err],

I s equal

is a wavel engt h determ ned by an | DT,
and N is the nunber of the pairs of electrode fi nEusSheet Hisdeen Replaced

frequency of 2N node appearing due to the di stance between t
edges of the substrate is determned. by the follow ng equati
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In the equation (3), [err] is equal to the wavel ength of 2N node, and L is
t he di stance between the opposing two edges. Thus, the frequency of 2N—2
node as a ripple is obtained by the follow ng equation (4),. and
coincides with the frequency f[err] of an attenuation pol hegtHa e Beptaceth
of a non-divided IDT. [err] (4) However, when an IDT is di v’i ?_ ,,m
the equation (2) is not equal to cos (i[err]). As a result, Hld of
the I DT changes. Therefore, as described above, the frequency of 2N -

node does not coincide with the frequency flerr] of the attenuation pole
and appears as a ripple. In order to suppress this ripple, as described
above, it is considered that the distance between the opposing two edges

needs to be changed to nmake the frequency of the (2N - 2) nopde coi ncide
with the frequency f[err] of the
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[Lerr] In the equation (1), the ampunt in which the position of the edges
changes is obtained by the nunber N of pairs of the IDT nd, a fu ction of
flerr]/f[err]. In the equation (2), the spectrum S(f) of e aced
function of f and, at the sane tinme, it is a function of , f ,

wor ds, when FhEGER®d of dividing and the number of the

el ectrode fingers are fixed, the frequency axis of the spectrumof the IDT
can be standardized by f[err], by which the value of f[err]/f[err] as the
ratio of flerr] and f[err] is fixed. Thus, it is discovered that the
solution to the equation (1) i tixed va : .3ber of the pairs
of the electrode fingers is d. Thus,jf)i nat, when the

di stance between t ' , '

(1), in other words, whe t he edges are
changed, the ripple of (2N - ressed. Since a

solid lineWshown in g. R6 sati §T1 the e on (1), [T ig. 26, it is
AT e s (0
P1. I - P2 | P3 '| P4 l

FIG. 29 ‘
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di scovered that, preferably, in a range of 0.036[err] as the val ue

i ngi cated by the equation (1), a large ripple appearing on the .

| ower - frequency side than the main | obe can be set to be about 0.5 dB or
| ower. Furthernore, it is discovered that nore preferably, in a range of
0.01 8[err] as the value indicated by the equation (1), the nagnitude of
the ripple can be set to be about 0.2 dB or | ower, by which even nore
excel l ent resonant characteristics are achieved. -24 - That is, it is

preferabl e t haEDGEREFIEGHON THPESURFACE ACQUSTIC WA YEREVICE

inequalities (6), and it is nore preferable that the edge position a is so

set as to satisfy the inequalities (7).
ABSTRACT OF THE DISCLOSURE

An edge reflection type surface acoustic wave device includes a surface acoustic
wave substrate having an opposing pair of edges and at least one interdigital transducer
Iocaféd on the surface acoustic wave substrate. A Shear Horizontal type surface
acoustic wave is generated by the interdigital transducer and reflected between the
opposing pair of edges. The interdigital transducer is divided into a plurality of sub-IDT
portions along a surface acoustic wave-propagating direction. Etectrode fingers of the
interdigital transducer which are closest to each other between adjacent sub-1DT
portions are at the same potential so as not to be excited between the adjacent sub-IDT
portions. In addition, 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 before cutting of the substrate,
the edges are arranged such that the edges are cut at a location inside of the center of
the outermost electrode fingers in the surface acoustic wave-propagating direction such
that a distance between the opposite edges of the substrate is not an integral muitiple of

Aof2.
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[err] (7) These inequalities may be expressed as inequalities (8) and (9)
in terns of the distance D fromthe center |line of the second outernost
el"ectrode finger 6a or 8a. [err] [err] (9) Fig. 27 shows the rel ationship
bet ween the nunber of the pairs of electrode fingers and the positions of

t he edges capabl e of suppressing a ripple_in an edge reflection type
surface acoustic wave device having an | of two-part divided double-
excitation type. The range located between the broken lines Sand T is a
regi on where }@,nﬁ@itude of aripple is 0.5 dB or |ower, and the range

| ocat ed between the broken lines Uand Vis a region where the nmagnitude of
arippleis 0.2 dB or lower. In this case,

1 '3 .

"N\ B2 43 5282 438 8
N BRFMES s
2b

., N. \
‘25/299‘]’%

e
1 23
=l [
i
TA =iy f
:\'l\

S
5 :
]

=
Rt
3

REPLACEMENT SHEET
15 JUN 2000

L




simlarly, since a solid |ine X satisfies the equation (1), as in the case
of the IDT of O- excitation type, when the positions of the edges are
determned in such a manner that -25 - they are in the range of
0.036[err] as the value of the equation (1), nore preferably, [err] 0.01
8[err] as a value satisfying the equation (1), satisfactory resonant
characteristics can be obtai ned. AILhEugh t he val ue satisfying the equation
(1) depends on the nunber of divisions, in formng IDIs that are the

t hree-part divided doubl e-excitation type and four-part divided

doubl e-excitation type, simlarly, wth the value satisfying the equation
(1) as the center, when the positions of the edges are set to be in the

range of 0.036[erF]|GaQ1 nor e
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preferably, in the range of 0.018[err] as the value satisfying the
equation (1), even nore excellent resonant characteristics are achieved. In
addition, the edge reflection type surface acoustic wave device in
accordance with preferred enbodi nents of the present invention can be
applied not only to the above-descri bed_surface acoustic wave resonator but
also to a surface acoustic wave filter. 3For exanpl e, when a | adder-type
filter indicated by a circuit diagramshown in Fig. 28 is constructed,
series-armresonators S1 to S3 and parallel-armresonators P1 to P3 can be
defined by using th? Qg&reflecti on type surface acoustic wave device in
accordance with pre 4 e®’ enbodi nents of the present invention. In this
case, it is necessary to nake_the capacitance between the series-arm
resonators and the parallel- é&fresonators different. According to
preferred enbodi nents of the @@ysent invention, the capacitance can be
easily nmade different by making di visions of the
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I DT different. In addition, as the edge reflection type surface acoustic
wave device in accordance with preferred enbodi nents of the present

i Avention, 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 bX | ongi tudi nally coupling or
transversally coupling the plurality of~edge reflection type surface
acoustic wave resonators. Fig. 29 shows an exanple of such a surface
acoustic wave filter. In an edge reflection type surface acoustic wave
filter 81 shown in 'gﬁézaz edge reflection type surface acoustic wave
resonators 83 and 8 I sposed on a surface -26 -
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acoustic wave substrate 82. The edge reflection type surface acoustic wave
resonators 83 and 84 are arranged in proximty 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, siniLaEfyTvsatisfactory characteristics
with fewer ripples can be obtained by determ ning the positions of the
opposi ng two edges 82b and 82c according to preferred enbodi nents of the
present invention. Furthernore, in the above preferred enbodi nent, although
only the exanple in gh!g? e IDT is evenly divided is shown, this is not
the only applicable cas&€®™ ¥ the invention. The nunber of the pairs of each
di vi ded sub-I1DT portion may bQLSLjferent. Wil e preferred enbodi nents of

the invention have been disclﬁieb, vari ous nodes of carrying out the
principles disclosed herein a 2Gbntenplated as being within
0.6F
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the scope of the following clains. Therefore, it is understood that the
scope of the invention is not to be limted except as otherwi se set forth
ifn the clains. -27 - VWhat is clained is: 1. An edge reflection type
surface acoustic wave device conprising: a surface acoustic wave substrate
having a pair of opposed edges; and at |east one interdigital transducer

di sposed on the surface acoustic wave substfrate and arranged to generate a
Shear Horizontal type surface acoustic wave such that the Shear Horizonta
type surface -acoustic wave is reflected between the pair of opposed edges;

FIG. 6
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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 ot her
bet ween adj acent sub-I1DT portions being at the sane potential so as not to
be excited between the adjacent sub-IEﬂ]Portions; and wherein, the pair of
opposed edges are defined by cut surfaces and when it is assuned that the

wi dt hs of the outernpst electrode fingers in the surface acoustic
the interdigital transducer are equal to the

wave- propagating dir ecgilg
wi dt hs of the remainin eftrode fingers, the pair of opposed edges are
are located inside of the center of the

defined by the cut surfaces whbc
outernost el ectrode fingers in_t surface acoustic wave-propagati ng
direction. 2. An edge ref | ecPidy type surface acoustic wave device
conprising: a surface acoustic way e having a pair of opposed
edges; and at |east one interdggtal transduder~gisposed on the surface

acousti c wave:
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substrate and arranged to generate a Shear Horizontal type surface acoustic
wave which is reflected between the pair of opposed edges; wherein the

i iterdigital transducer includes electrode fingers and is divided into a
plurality of sub-1DT portions along a surface acoustic wave-propagati ng
direction, the electrode fingers closest to each other between adjacent

sub-1 DT portions being connected to diffgrent potenti alj v
excited between the adjacent sub-IDT portions; and - RE?’T_ACEME&H. SHEEﬂe

pai r of opposed edges are defined by cut surfaces and hdén 11 T35 dassUu
that the w dths of F|(g§, @ternost electrode fingers in th% s!ugfmgg%oustic
| R
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wave- propagating direction of the interdigital transducer are equal to the
wi dths of the remaining electrode fingers, the pair of opposed edges are
defined by the cut surfaces which are |ocated outside of the center of the
outernost el ectrode fingers in the surface acoustic wave-propagating

direction. 3. An edge reflection typg surface acoustic :
according to Caim1l, wherein, when —t—hg—-pom tions of th W@P@iﬁ
e
nd

defining the pair of opposed edges with respect to the ntral p05|t|on
the outermost electrode fingers in the surface acoustic wavel pr dbEE08 n a
direction ar et ,to be a, a central frequency and its viel engt h obt ai pe
by a frequeng} paarumof the IDT is set to be f[err] [err]
respectively, the position of an attenuation pole in thafrequency spectrjm
of the IDT is set tmbe f[err], and the nunber of the pairs of the overall ,
el ectrode fingers e |nterd| gital transducer is set to be N, the
positions a of the edgesegre int range of _gbout [%r?r] 0.036[err], which
is a value satisfying th 4ol I OWI eguatlon:’;g

| 2¢

FIG. 11
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[err] 4. An edge reflection type surface acoustic wave devi ce accordi ng
to daim3, wherein the positions a of the edges are in the range of
[*.err]0.018[err] which is a value satisfying the equation (1). [err] - 29-
5. An edge reflection type surface acoustic wave device according to
Claim4, wherein the positions a of the pair of opposed edges are set to be
a value satisfying the equation (1). 616 An edge reflection type surface
acoustic wave device according to Claim1,

FIG. 13
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wherein the outernost electrode fingers in the surface acoustic

wave- propagating direction are arranged such the el ectrode fingers extend
t 0 edges defined by the edges and upper surface of the surface acoustic
wave substrate. 7. An edge reflection type surface acoystd e fi
conprising a plurality of the edge reflection type surfa¢cBLiakg
devi ces according to Caim1, wherein the_pMrality of thele
type surface acoustic wave devices are coupled to each of her ﬁo ﬁﬁ&%@g
filter. 8. An edge reflection type surface acoustic wg fT té r
to daim7, wherein the filter is a band filter. 9. lectio
type surface acoustic wave device according to Claim2, jwherein, when t
positions of the cut surfaces defining the pair of opposed e Stf-t-1
respect to the central pqgsition. of the outernost electrode fingers in the
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[err] 11. An edge reflection type surface acoustic wave device according
to Caim110, wherein the positions a of the pair of opposet

0 be a value satisfying the equation (1). 12. An edge rc’E%héCEﬁFm7Q91ET
surface acoustic wave device according to Claim2, wherei “hé out er
el ectrode fingers in the surface acoustic_wave-propagati ng

) b QN e
arranged such that the el ectrode fingerajéxlend to edges fe 13§J§® &%@
edges and upper surface of the surface acoustic wave substr fﬂ

the edge reflection type surface acoustic wave devi ces acCol

2, wherein the plurality of the edge reflection type surface acoustlc wave
devi ces are coupled to each other to define a filter. 14. An edge

reflection type surface acoustic wave filter according to Caim 13,
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wherein the filter is a band filter. -31 - 15. An edge reflection type
surface acoustic wave device conprising: a surface acoustic wave substrate
;having a pair of opposed edges; and at |east one interdigital transducer
(1DT) having a plurality of electrode fingers and arranged on the surface
acoustic wave substrate such that shear Eorizontal surface acoustic waves
excited by the I DT propagate in a dir n that is substantially

perpendi cular 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-1DT portions which are connected in series
and are arranﬁsd al ong the direction that )

A

n :
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I's substantially perpendicular to the pair of opposed e
di stances D between the pair of opposed edges of-the su
stbstrate and respective second outernost electrode fin
set at a value that is different from[err], where [err
the shear horizontal surface acoustic waygs. 16. An edge
surface acoustic wave devi ce accordi ng—+e—etai m 15, wher
fingers | ocated closest to each other between adjacent

electrically connected with each other, and the distanc

dges, wherei
Pyt

n the

lSHEEi e

| 98?4'

hé eI

S a wavetemngth

S bukDLqmmugquL;

es D are set at a

typ
r od

value less than [err]. 17. An edge reflection type surface acoustte

devi ce according to claim 15, wherein the distances D satisfy the follow ng
inequalities: [err] where, a central frequency and its mavelengthcgbtained

by .a frequency spectruprpfTtireT 7 ; <
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|DT are set to be f[err] and [err], respectively, the position of an

attenuation pole in the frequency spectrun1of the |1DT
and the nunber of the pairs of the overall el ectrode
interdigital transducer is set to be N. -32 - 18.

type surface acoustic wave device according to claim
di stances D satisfy the follow ng inequal}éi es. [err]
reflection type surface acoustic wave devi ce accordin

n

Mﬁm ISHiE g‘rm
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g e <halm16. herein

st tohe (lerr].

the distances D satisfy the follow ng inequalities: [ferr]
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where, a central frequency and its wavel ength obtained by a frequency
spectrumof the IDT are set to be f[err] and [err], respectively, the
position of an attenuation pole in the frequency spectrumof the IDT is set
to be flerr], and the nunber of the pairs of the overall electrode fingers
of the interdigital transducer is set to_he N. 20. An edge reflection type
surface acoustic wave devi ce accordi ng L&_cLa|n119, wherein the di stances D
satisfy the following inequalities. [err] -33 -
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