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[(57] ABSTRACT

A high frequency narrow-band pass multi-mode filter in
constructed in such manner that SAW of SSBW resona-
tors are closely disposed to each other on a single piezo-
electric substrate to generate different vibration modes
of different resonance frequencies, conditions that the
resonators are acoustically coupled to each other to
cause these vibration modes, are experimentally found,
and the above conditions are satisfied by the filter,

In order to reduce the ohmic loss of a very narrow
common bus bar, the number of strip pairs of electrode
in both interdigital transducers (hereinafter referred to
as IDT) is minimized and instead reflectors are pro-
vided on the both sides TDTs to compensate for the
reduction of its Q value. A part of the bus bar for the
IDT electrodes is formed integral with some or all of
gratings of the reflectors, whereby the connecting posi-
tions of the grating electrodes with respect to lead ter-
minals can be positioned with a high freedom.

“Recent Advances in SAW De-
1977, pp.

26 Claims, 7 Drawing Sheets
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HIGH FREQUENCY NARROW-BAND
MULTI-MODE FILTER

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a high frequency
narrow-band multi-mode filter which comprises surface
acoustic wave (hereinafter, referred to as SAW) resona-
tors or surface skimming bulk wave (hereinafter, re-
ferred to as SSBW) resonators and which exhibits a
narrow band pass characteristic of between several tens
of megahertz and one gigahertz.

2. Description of the Prior Art

Band pass filters for frequencies above 50 MHz in-
clude an LC filter, a spiral filter, a SAW filter or a band
pass filter in which resonance elements or inductors in a
basic circuit are replaced with SAW resonators.

However, such band pass filters have the following
defects.

In the case of the LC and spiral filters, they both have
a low Q value. In particular, the spiral filter is large in
size. In the case of the SAW filter, on the other hand, it
has a relatively wide band and a large insertion loss. In
addition, there occur ripples in its pass band due to
triple transit echo (TTE).

Finally, in the case of the band pass filter of the type
where resonance elements are replaced with SAW reso-
nators, this type of filter is the same as a conventional
crystal filter in principle. However, when 1t 1s to be
operated for high frequencies above 100 MHz, it has
been very difficult to set or fix the resonance frequen-
cies of the elements and differences therebetween with

high accuracy.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a narrow band pass filter with a high Q value
and stability which can be suitably used for a high fre-
quency range between several tens of megahertz and
one gigahertz and which can be manufactured highly
compactedly and inexpensively.

According to a first feature of the present invention,
since the band width of the filter can be designed with
a considerable flexibility, an intermediate stage filter
and associated local oscillator in a mobile radio equip-
ment, which tends to operate on higher frequencies
with crowded frequency allocation, can be replaced
with the filter of the present invention, whereby the
equipment can be effectively made compact, light in
weight and inexpensive.

According to a second feature of the invention, a
common bus bar for SAW or SSBW resonators used in
a multi-mode filter is made very narrow and corre-
spondingly the loss of the filter is increased, but the
employment of such a structure, as will be disclosed
later for the bus bar, enables the minimization of the
ohmic loss of the bus bar and thus of the filter loss and
also enables the easy connection of the bar to the lead
terminals of resonator electrodes.

According to one aspect of the present invention,
there is provided a high frequency narrow-band pass
multi-mode filter wherein SAW or SSBW resonators
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are closely disposed to each other on a single piezoelec-
tric substrate to generate different vibration modes of
different resonance frequencies, conditions such that
the resonators are acoustically coupled to each other to
cause these vibration modes, are experimentally found,
and these conditions are satisfied by said filter.

According to another apsect of the invention, there 1s
provided a so-called reflector type multi-mode filter
wherein, in order to reduce the ohmuic loss of the very
narrow common bus bar, the number of strip pairs of
electrodes in both interdigital transducers (hereinafter
referred to as IDTs) is minimized and instead reflectors
are provided on both sides of the IDTs to compensate
for the reduction of its Q value. A part of the bus bar for
the IDT electrodes is formed integral with some or all
of the gratings of the reflectors, whereby the connect-
ing positions of the grating electrodes with respect to
lead terminals can be positioned with great freedom.

According to a further aspect of the invention, there
is provided a reflector type multi-mode filter based on
SAW or SSBW resonators, wherein the common bus
bar is extended across gratings of the reflectors so that
the width of the bus bar is increased gradually toward
both edges of the piezo-electric substrate while the bus
bar is connected or not connected to the reflector grat-
Ings.

According to yet another aspect of the invention,
there is provided a reflector type multi-mode filter
based on SAW or SSBW resonators, wherein electrode
lead patterns are provided in place between the 1DTs
and reflectors, one end of the lead pattern being con-
nected to the common bus bar and the other end being
extended to a peripheral edge of the piezo-electric sub-
strate.

According to a still further aspect of the mvention,
there is provided a reflector type multi-mode filter
based on SAW or SSBW resonators, wherein the com-
mon bus bar is extended across grooves of the reflectors
up to both edges of the substrate while not connected to
the grooves, and the width of the bus bar 1s increased
gradually toward both edges of the piezo-electric sub-
strate.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the pres-
ent invention will become clear from the following
description with refernece to the accompanying draw-
ings, in which:

FIG. 1 parts (a) to (c) show a basic electrode struc-
ture of a SAW double mode filter according to the
invention and two vibration mode patterns generated
by the same filter, respectively;

FIG. 2 is a diagram explaining the distnibution of
vibration energy (displacement) caused by the SAW
generated in the adjacent two resonators;

FIGS. 3(a) and (b) are diagrams explaining a relation-
ship between the two vibration modes shown in FI1G. 1
and the width of an acoustic aperture (overlapped
length of IDT fingers) w and gap between acoustic
apertures of both resonators g of the resonators;

FIG. 4 is an equivalent circuit of the SAW double
mode filter;

FIG. § shows the relation between the attenuation
characteristics of the filter and the resonance frequen-
cies of the two vibration modes;

FIGS. 6 and 7 are experimental data showing the
dependence of acoustic coupling intensity on parame-
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ters g and w when the width w 1s fixed and when the
gap g is fixed, respectively;

FIG. 8 shows experimental data when the data of
FIGS. 6 and 7 are combined;

FIG. 9 is a table showing experimenta] data as to
whether or not the acoustic coupling has actually oc-
curred when the parameters g and w are both varied;
and

FIGS. 10 to 17 are different embodiments of the filter

embodying the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be detailed on the basis of
a theory of estimating parameters by determining the
acoustic coupling intensity between resonators and of
the results of experiments conducted in accordance
with the theory.

Several types of filters based on the acoustic coupling
between SAW resonators are already proposed, but
they are still at a conceptional stage and there does not
actually exist, so far, such a filter that the acoustic cou-
pling is provided on the basis of particular conditions on
the electrode structure of the SAW resonators.

The inventors, in examinting the conditions in which
the acoustic coupling occurs, have estimated the condi-
tions as follows on the basts of the study results of con-
ventional SAW and SSBW resonators.

Explanation will be made for the case where two
SAW resonators are used, for the sake of brevity. That
is, as shown in FIGS. 1(a) to /(c), two SAW resonators
2 and 3 are disposed on a piezo-electric substrate 1 1n a
parallel and closely opposed relation so that, when the
resonators 2 and 3 are excited and the resultant SAWs
are acoustically coupled to each other, the resonators 2
and 3 generate two vibration modes as shown 1n FIGS.
1(b) and 7(c), that is, the symmetrical mode (s-mode)
and the anti-symmetrical mode (a-mode).

Now, consideration will be given to the acoustic
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coupling conditions. FIG. 2 shows a vibration mode of 40

a single SAW resonator. It is known that the vibration
energy leaks beyond the acoustic aperture of the resona-
tors as illustrated in FIG, 2 and the vibration mode
depends on the width w, and thus it will be obvious that
the width w is one of the factors determining the acous-
tic coupling intensity between the both resonators.

On the other hand, fact that there exists the acoustic
coupling between the adjacent resonators means that
the vibration energy of one of the resonators is affected
by that of the other. Therefore, it is obviously necessary
to dispose the resonators in a sufficiently close relation-
ship to each other.

Referring now to FIGS. 3(a) and 3(b). there is quali-
tatively illustrated a relationship between the vibration
mode and the acoustic coupling intensity for larger and
smaller values of g. It is clear from the drawing that the
gap g is a parameter indicative of the proximity of the
resonators. More specifically, it is considered that, so
long as the value g is greater than a [certin] certain
value, any acoustic couphing will not take place be-
tween the resonators 2 and 3 as exaggeratedly depicted
in FIG. 3(b), even if the other parameters are in their
coupling generation ranges.

From the above consideration, the inventors have
concluded that the width w and the gap g will deter-
mine the acoustic coupling conditions.

In other words, when the parameters w and g are
selected to be below certain values respectively, the
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acoustic coupling will take place between resonators 2
and 3 and the coupling intensity will depend largely
upon the parameters w and g. Therefore, when the two
SAW resonators are designed so that the two parame-
ters satisfy the above conditions, acoustic coupling will
take place, whereby two modes (s-mode and a-mode) of
vibration will be generated, as has been mentioned
above.

The double mode SAW filter arranged as described
above can be expressed by way of an equivalent circuit
as shown in FIG. 4 wherein the resonance frequencies
f; and f; of branch circuits respectively including ele-
ments [L1} L;and C, and elements L; and C; corre-
spond to anti-symmetrical and symmetrical vibration
mode resonance frequencies respectively, and the rela-
tion {y>f; is always satisfied, providing a frequency
difference Af={,—f;. Further, two times the frequency
difference Af, i.e., 2Af, is nearly equal to the band width
of the filter. C,in FIG. 4 represents an equivalent paralle!
capacitance of the resonators which constitute the filter of
the present invention. F1G. § shows the relationship be-
tween the attenuation characteristic and the frequencies
[F.]} /;and {.

On the basis of the above logical consideration and
several experiments, the way in which the frequency
difference Af varies with the parameters w and g will
now be described.

First, an ST cut quartz crystal substrate having a cut
angle 37° and a good frequency-temperature character-
1stic, has been employed as the piezo-electric substrate
of a filter to be used in the experiments and aluminum
electrodes have been formed on a polished main surface
of the substrate by photolithography. The film thick-
nesses of the electrodes have been selected to be 1.5, 2.2
and 3.0% of the wavelength A of a surface wave to be
excited and the electrode fingers of the upper and lower
resonators have been arranged to be equal in phase (that
is, to be symmetrical with respect to the common bus
bar 6 as shown in FIG. 1). Of course, the electrode
fingers may be arranged to be asymmetrical.

The number of such electrode finger pairs of IDTs
has been selected to be 400, 500, 600 and BOO and a
center frequency has been selected to be 280 MHz,

Under the above conditions, experiments have been
conducted for several different values of the parameters
w and g. The results are as shown in FIGS. 6 and 7.

More specifically, FIG. 6 is a graph showing the
acoustic coupling intensity when the parameter w is
fixed and the parameter g is varied, while FIG. 7 is a
graph showing the acoustic coupling intensity when the
parameter g is fixed and the parameter w 1s vaned.

It has been found from FIGS. 6 and 7 that the acous-
tic coupling between the resonators is more strongly
affected by the gap g of the common bus bar than by the
width w.

When a new parameter D=0.3(w/A)+0.7(g/A), 1n-
dicative of the intensity of the acoustic coupling af-
fected by the parameters w and g, is assumed, an expen-
mental equation [af]Af/f=K.exp(—D) can be ob-
tained, where f=f; is the center frequency of the filter,
Af is a frequency difference between the a-mode and
s-mode, and K is a proportional constant and was deter-
mined to be 2.2X10-2 in the above experiment. The
experimental results are given in FIG. 8. It will be easily
understood that, at the time of designing an actual filter,
the values w and g are properly selected to meet the
specifications of the filter.
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Examination has been made in the above experiment
as to the case where the electrode thickness h and the
number of electrode finger pairs N are varied in addi-
tion to the parameters w and g, and it has been found
that the curve given in FIG. 8 is slightly shifted paral-
lelly and variations in both parameters will not have a
significant effect on the acoustic coupling. Therefore,
the detailed explanation thereabout i1s omtted, and it
will be sufficient to say that the proportional constant K
is varied slightly in response to the variation of the
parameters h and/or N, and that, for example, when the
electrode thickness was between 0.59% and 4% with
respect to the wavelength of the surface wave and the
number was between 400 and 800, the constant K was
varied between 1.5x 10—2and 3x 10-2.

Next, examination was made as to the limit values of
the parameters w and g and the results shown in FIG. 9
were obtained.

That is, it has been found that the limits of the param-
eters g and w are about 6A and 20A respectively when
the presence or absence of the acoustic coupling s de-
termined on the basis of an impedance characteristic of
the filter in which values of w and g were varied.

In an actual filter design, when the parameter w 1s
below SA, the Q value of the resonator becomes very
low, which may make it difficult to put the filter to
practical use. On the other hand, when the parameter w
is close to 20A, the vibration energy is substantially
trapped in the acoustic aperture. Accordingly, even if
the value g is selected to be small to its manufacturable
limit level, the acoustic coupling becomes very weak,
which results in a filter having a very narrow pass band
width and being of no practical use.

As a result, the inventors have concluded from the
above experimental results that the value w must be
selected to be below 20A and the value g must be se-
lected to below 6A, preferably below 3A.

In other words, the band width of this type of filter
depends on the parameter
[D=(z£0.3w/A)])D=03(w/A)}+0.7(g/A), and 1t 15
clear that the parameter g has an effect on the acoustic
coupling which is about 2.5 times stronger than that of
the parameter w. Thus, it is found the value g must be
made extraordinarily small when compared with that in
the prior art tn order that the filter can exhibit its filter-
ing function.

For example, it is assumed that a narrow band pass
filter has a specific band width of between 10—4 and
10— 3 and thus, if the filter has a center frequency of 280
MHz and a band width of 280 MHz and the parameter
w is set to be 10A, then the parameter g has a value of
about 10 um and the width of the common bus bar 6 is
5 wm at the largest.

This bus bar width of 5 um is equal to slightly less
than two times the width (about 2.8 um) of an IDT
electrode finger in a resonator and thus, this means that
the common bus bar must be made very narrow, unlike
a conventional prior art bus bar in which it has been
unnecessary to take the ohmic loss of the bus bar into
consideration. Since such a narrow bus bar is essential
requirement if the SAW double mode filter 1s to func-
tion as a filter, it is necessary to minimize the ochmic loss
of the common bus bar to prevent reduction of the Q
value, as will be described later.

Attention will be directed again to the above-men-
tioned experimental conditions. In the above experi-
ment, the ST cut quartz crystal substrate having a cut
angle of 37° has been used as the piezo-electric sub-
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strate. The reason why a cut angle of 37" has been
chosen is, as is well known, for compensating for a shift
in the peak temperature of the quartz crystal frequency-
temperature characteristic caused by mass loading of
the electrode.

Bowever, since the electrode film thickness will not
have a significant effect on the acoustic coupling as has
been mentioned already, a quartz crystal substrate hav-
ing a cut angle of between about 30° and about 43" 1n
the rotated Y-cut system can be used. Incidentally, the
cut angle of 30° is an angle for shifting the peak temper-
ature of quartz crystal to room temperature when the
aluminum electrode thickness is 5-6% with respect to
the wavelength of the SAW (spurious will be increased
if the electrode thickness exceeds 5-69), while the cut
angle of 43° is an angle at which the peak temperature of
the non-electrode ST cut quartz coincides with room
temperature.

When the cut angle of the quartz crystal substrate is
in the above range, the substrate exhibits the most fa-
vorable frequency-temperature characteristic, but in
manufacturing a filter, the cut angle is not limited to the
above range and other cut angles may be employed
according to the specifications of the filter.

Although the above explanation has been made with
reference to the multiple mode filter based on a SAW
resonator, the present invention can be similarly apphed
to a multiple mode filter based on a SSBW resonator.

As well known, a SSBW is a wave which propagates
immediately below the surface of a piezo-electric sub-
strate and is generated when a rotated Y cut quartz
crystal substrate has a cut angle of minus 50° or so and
the IDT electrode is attached on the main surface of the
substrate to propagate a wave in the Z' direction. In this
connection, the IDT must be attached on the surface of the

piezoelectric substrate in the Z' direction in order 10 excile

the SSBW. By disposing the IDT in this manner, the ex-
cited SSBW propagates along the IDT. Incidentally, the
SAW propagates in the X direction of the ST cur quariz
substrate.

The pattern of vibration energy trapped in the ITD
electrode of the SSBW filter, especially, the energy
distribution in the wave propagating direction, 1s ex-
actly the same as that of the SAW resonator.

Therefore, it will be easily appreciated that, if the
SSBW resonators are positioned to meet the require-
ments obtained from the above experiment, sumlar
acoustic coupling can be obtained.

Finally, explanation will be directed to problems
involved when the SAW or SSBW double mode filter 1s
to be put to practical use in accordance with the present
invention.

In the above explanation, the resonator in the filter of
the present invention has been of the so-called comb or
muitiple pair electrode type where multiple pairs of
ETDTY] IDT electrodes are employed to obtain a high
Q value of the resonator, but for the same purpose, the
resonator may be of a so-called reflector type where
reflectors are disposed on the both sides of the IDT
electrodes.

Since this reflector type resonator can have a sufh-
ciently high Q value even if the IDT comprises a rela-
tively small number of electrode fingers pairs, the com-
mon bus bar of the IDT can be made short and corre-
spondingly the ohmic loss of the bus bar can be de-
creased and in addition, the characteristic impedance
can be designed freely. For these reasons, 1t 1s consid-
ered, from the standpoint of arranging a filter according
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to the present invention, that the employment of the
reflector type resonator is more preferable than the
multiple pair electrode type resonator.

More specifically, even in the case when reflectors 7
and 8 are disposed on both sides of the IDTs 2 and 3 and
the number of IDT electrode fingers is set to be approx-
imately 209 of that of the multiple pair electrode type
resonator as shown in FIG. 10, the reflector type reso-
nator can have a Q value equal to or higher than that of

the multiple pair electrode type resonator having elec- 10

trode fingers corresponding in number to the total num-
ber of electrode fingers of IDTs 2 and 3 and the elec-
trode fingers of reflectors 7 and 8.

In this connection, if the pitch of the grating of the
reflectors 7 and 8 is designed to be slightly wider (by
several hundredths), than that of the IDT, the excited
wave can be efficiently reflected. When a filter is con-
structed with the reflector type filter reflectors, as men-
tioned above, the width of the common bus bar 6 must
be about 5 um at the largest, as mentioned earlier, and
thus it is practically impossible to bond leading wires
onto such a narrow bus bar. For this reason, the com-
mon bus bar 6 is formed integral with the reflectors 7
and 8 and the IDTs are grounded through the bus bar of
the reflectors 7 and 8.

Such an arrangement enables the reduction of the
ohmic loss of the common bus bar 6, whereby the filter
loss can be reduced.

Although the above explanation has been made with
respect to the basic arrangement in which the present
invention is applied to a practical filter, the invention
can be modified and developed as follows on the basis
of the basic arrangement.

FI1G. 11 shows the electrode pattern of a muln-sec-
tioned double mode filter wherein two of the above-
mentioned double mode filters are electrically con-
nected in a tandem manner. More specifically, in the
drawing, reflectors 11, 12, 13, and 14 are formed on
both sides of respective double mode resonator filters 9
and 10 on the single substrate 1, and the IDT electrodes
and reflectors are formed i one shot by photohithogra-
phy.

Referring further to FIG. 12, there 1s shown yet an-
other embodiment wherein plural pairs of reflectors 16
and 17 are positioned on both sides of respective IDTs
15 in 2 multi-staged and adjacent relation.

The filter arranged as above can provide a high-order
shape factor and highly guaranteed attenuations due to
the resonance frequency of each mode generated by the
acoustic coupling of the vibration energy, and can also
provide odd-order shape factor. On the other hand, the
above double mode filter or the filter comprising multi-
ple stages of the double mode filters can provide only an
even-order shape factor.

The above-mentioned filters can be designed with the
exact design method in which each resonator 1s repre-
sented by respective equivalent constants through the
Chebyshev characteristic with attenuation peaks.

There is shown in FIG. 13 a still further embodiment &0

intended to reduce the above-mentioned ohmic loss of
the common bus bar, wherein the common bus bar 6 for
a relatively small number of electrode finger pairs in the
IDTs 2 and 3 is not connected to the gratings of the
reflectors 7 and 8 provided on the both sides of said
IDTs 2 and 3 and extends across the gratings, the width
of the common bus bar being gradually increased as the
bus bar enters the reflectors, ground wires being bonded
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to the widest ends of the bus bar around the edges of the
substrate 1, these wires being connected to ground.

Since the length of the narrowest portion of the com-
mon bus bar 6 corresponds to that of the IDTs 2 and 3
and the other portions of the bus bar are made wide, the
ohmic loss of the bus bar can be minimized and corre-
spondingly the filter loss can be minimized.

In this case, with respect 1o the shape of the gratings
in each reflector 7 or 8, the length of the strips of the
gratings is gradually decreased toward the outer side of
the reflector. Such a grating structure might have an
adverse effect on the propagation and reflection of the
excited SAW and thus on the characteristic of the filter,
but it has been confirmed from our experiments that
such a structure will have no effect on the filter charac-
teristics. |

This is presumably because the reflection of the SAW
propagating toward the reflectors 7 and 8 weakens
gradually as the wave nears the outer side of the reflec-
tors so that the decrease in strip length of the grating
corresponds substantially to the energy attenuation of
the SAW.

With respect to the shape of the common bus bar 6
across the reflector gratings, it has been confirmed that
a triangle or a part of an ellipse having a major axis
corresponding to the width of the electrodes including
the reflector electrodes in the SAW-wave propagating
direction and a minor axis corresponding to the width
of the electrodes perpendicular to the SAW direction
can be employed as the bus bar shape. while the filter
characteristic is substantially the same as that obtained
in the above embodiments.

FI1G. 14 shows a modification of the embodiment of
FIG. 13, providing the same effect as the embodiment
of FIG. 13. In FIG. 14, bus bars 20 and 21 on both sides
of the respective gratings in reflectors 7 and 8 in FIG.
13 are removed and the above-mentioned tapered com-
mon bus bar 6 is extended across the gratings of reflec-
tors 7 and 8 and connected to the gratings.

For example, if the common bus bar of the electrodes
of the IDTs 2 and 3 is symmetricallv extended to the
ends of the reflectors on the piezo-electric substrate 1,
then the positions of lead terminals 22, passing through
a package (not shown) in an air-tight and electrically
insulated manner are rotation-symmetrical with respect
to the center of the substrate 1, and thus the package can
be mounted on a printed circuit board with great free-
dom with respect to its mounting direction. Further,
since the hot terminals of the electrodes of the IDTs 2
and 3 are separated by the maximum distance, this ena-
bles the minimization of the effect on the filter charac-
teristic due to the feedthrough signal.

Referring to FIG. 18, there is shown another embod;i-
ment of the present invention, in which lead patterns 23
and 24 are provided between the IDTs 2 or 3 and the
reflectors 7 and 8, one end of each of the lead patterns
23 and 24 1s connected to the common bus bar 6 and the
other and is guided to a peripheral edge of the piezo-
electric substrate 1, and the lead patterns 23 and 24 are
connected through the guided portions to lead termi-
nals passed through a package of the filter in an electri-
cally 1solated manner therefrom.

In another embodiment of the invention shown in
FIG. 16, bus bars other than the common bus bar 6 are
connected to some or all of the gratings of the reflectors
7 or 8, whereby the connecting portions of the strips of
the grating connected to lead terminals can be arranged
along one side of the substrate 1 and the wire bonding
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process can be simplified, whereby a filter with high
reliability can be obtaned.

FI1G. 17 is another embodiment of the present inven-
tion. In this case, the common bus bar 6 for a relauvely
small number of electrode pairs of the IDTs 2 and 3
extends across the reflectors 7 and 8 provided on both
sides of the IDTs 2 and 3 on the piezo-electnic substrate
1, and the width of the common bus bar 6 is gradually
increased toward the outer side ends of the reflectors 7
and 8. The reflectors 7 and 8 are formed by etching a
number of mutually separated grooves 25 and 26 on the
substrate 1.

With such a structure, when grounding wires are
bonded to the widest end portions of the common bus
bar 6, the other bus bar of the IDTs can be connected to
the lead terminals with ease. At the same time, the
ohmic loss of the common bus bar 6 can be minimized
and thereby the loss of the filter can be minimized.

It goes without saying that, if the reflectors 7 and 8
each comprise metal strips instead of the grooves 25 and
26, the filter can exhibit a similar effect.

We claim:

1. A high-frequency narrow-band pass [multi-
mode] double-mode filter comprising first and second
resonators arranged adjacent to each other, each of said
resonators having the same resonance frequency and
comprising a pair of comb-type interdigital transducer
electrode arrays, the electrodes of said arrays being
interleaved with each other, and a common bus bar
provided between and connected to said first and second
resonators, said first and second resonators being ar-
ranged in directions perpendicular to [the} a propaga-
tion [directions] direction of waves excited by said
resonators and in close proximity to each other on a
piezoelectric substrate so that acoustic coupling occurs
between said first and second resonators [is attained},
thereby causing first and second resonance frequencies
of different vibrating modes, the overlap of the elec-
trodes of said respective pairs of electrode arrays of said
first and second resonators defining respective first and
second acoustic [aperatures] aperrures of width W and
the distance between said first and second acoustic aper-
atures defining a gap g, said filter utilizing said first and
second resonance frequencies of different vibration
modes generated by the acoustic coupling, wherein said
width w and gap g satisfies the relanon w=20A and
g = 6\, where A is the wavelength of [the wave excited
by said resonators] a wave corresponding to said same
resonance frequency of each of said resonalors,

wherein reflectors comprising a multiplicity of gratings

made of metal strips are provided on both sides of said
resonators to reflect waves corresponding to said first
and second resonance frequencies of different vibrat-
ing modes resulting from said acoustic coupling, and
wherein said common bus bar is formed integrally with
and connected to at least one of the gratings of the
reflectors, and said common bus bar is grounded

through at least one grating such that the ohmic loss of

said bus bar and the loss of said filter is reduced.

2. A filter as set forth in claim 1, wherein a wave 60

excited by said resonators is a surface skimming bulk
wave (SSBW).

3. A high frequency narrow-band pass [multi-
mode) double mode filter of multi-section type, wherein
said filter set forth in claim 1 forms a unit section and a
plurality of said unit sections are connected in a tandem
manner so as to provide filter characteristics of a de-
sired shape factor and relative attenuation.

10

15

20

235

30

33

40

45

30

33

65

10

F4. A filter as set forth in claim 3. wherein reflectors
comprising a multiplicity of gratings made of grooves in
said substrate are provided on both sides of said resona-
tors to reflect a wave excited by said resonators. }

[5. A filter as set forth in claim 3, wherein reflectors
comprising a multiplicity of gratings made of metal
strips are provided on both sides of said resonators 1o
reflect a wave excited by said resonators.}

6. A [filter as set forth in claim 1] high-frequency
narrow-band pass double-mode filter comprising first and
second resonators arranged adjacent to each other, each of
said resonators having the same resonance frequency and
comprising a pair of comb-type interdigital transducer
electrode arrays, the electrodes of said arrays being inter-
leaved with each other, and a common bus bar provided
between and connected to said first and second resonators,
said first and second resonators being arranged in direc-
tions perpendicular to a propagation direction of waves
excited by said resonators and in close proximity to each
other on a piezoelectric substrate so that acoustic coupling
occurs between said first and second resonators, thereby
causing first and second resonance frequencies of different
vibrating modes, the overlap of the electrodes of said respec-
tive pairs of electrode arrays of said first and second resona-
tors defining respective first and second acoustic apertures
of width w and the distance berween said first and second
acoustic apertures defining a gap g, said filter utilizing said

first and second resonance frequencies of different vibra-

tion modes generated by the acoustic coupling, wherein
said width w and gap g satisfies the relation w= 20X and
g = 6\, where X is the wavelength of a wave corresponding
to said same resonance frequency of each of said resona-
fors,

wherein reflectors comprising a multiplicity of grat-

ings made of grooves in said substrate are provided
on both sides of said resonators to reflect [a wave
excited by said resonators] waves corresponding 1o
said first and second resonance frequencies of differ-
ent vibrating modes resulting from said acoustic cou-
pling.

[7. A filter as set forth in claim 6, wherein said com-
mon bus bar is formed integrally with at least some of
said gratings of the reflectors, whereby the connecting
points of said interdigital transducer electrodes with
lead terminals can be positioned with a high degree of
freedom. }

B. A filter as set forth in claim [7] 6, wherein waves
excited by said resonators [are] include different types
of waves other than [SAW excitable by said resona-
tors } @ surface acoustic wave.

[9. A filter as set forth in claim 6, wherein said com-
mon bus bar is formed integrally with the gratings of
said reflectors and is connected to the gratings, and said
common bus bar is grounded, whereby connecting
points of said common bus bar with the lead terminals
are positioned with a high degree of freedom and the
ohmic loss of said common bus bar and the loss of the
filter is reduced.}

10. A filter as set forth in claim 6, wherein the reflec-
tors each have an inner side adjacent the resonators and an
outer side opposite the inner sides and wherein said com-
mon bus bar is extended across the gratings of said
reflectors and is not connected to the gratings, [and the
width of ] said common bus bar [in the gratings} hav-
ing a width which is gradually increased from the inner
side of a reflector toward the outer side thereof.

11. A filter as set forth in claim [6] I, wherein the
reflectors each have an inner side adjacent the resonators
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and an outer side opposite the inner side and wherein said
common bus bar is extended across the gratings of said
reflectors and is connected to the gratings, [and the
width of]] said common bus bar [in the gratings] hav-

12

second electrode array of the second resonator of the
other filter section, thereby interconnecting an outpu!l
of one filter section to an input of the other filter
section, and

ing a width which 1s gradually increased from the inner 5  a connection bus for the second electrode array of said
side of a reflector toward the outer [sides] side thereof. second resonator of said one filter section and a like

[12. A filter as set forth in claim 6, wherein said connection bus for the second electrode array of said
common bus bar is connected to lead patterns, said second resonator of the other filter section, the connec-
patterns are provided in place between said resonators tion buses having a width wider than widths of said
and said reflectors, are extended from a point to which 10 common bus bars and being disposed to facilitate

said common bus bar 1s connected 10 a peripheral edge
of said piezo-electric substrate.}

13. A filter as set forth 1n claim 1, wherein preferably
E=3A.

14. A filter as set forth in claim 1, wherein a wave
excited by said resonators 1s a surface acoustic wave
(SAW).

[ 15. A filter as set forth in claim 1, wherein reflectors
comprising a multiplicity of gratings made of metal
strips are provided on both sides of said resonators to
reflect a wave excited by said resonators. ]

16. A filter as set forth in claim 1 wherein said common
bus bar has a width on the order of g/2, and is connected
to substantially all of said multiplicity of gratings.

17. A filter as set forth in claim 1 wherein said common
bus bar has a width, said width is slightly less than rwice a
width associated with an individual interdigital transducer
electrode.

18. A filter as set forth in claim I wherein said common
bus bar is connected to substantially all of said gratings.

19. A 1andem connected multi-sectioned double-mode
surface acoustic wave (SAW) filter formed on a single
piezoelectric substrate, comprising.

a pair of double mode filter sections formed in spaced
parallel alignment on a surface of said single piezo-
electric substrate, each of said double mode filter
sections itself comprising:
first and second SAW resonators, having the same

resonant frequency, arranged 1n parallel, closely
opposed relationship so as to be acoustically
coupled to each other and thereby generate two
different vibration modes of first and second
resonance frequencies, each of said resonators
comprising an interchgitated transducer (/D7)
having first and second comb type electrode arrays
that are interleaved with each other, there being a
central common bus bar disposed between said first
and second resonators and extending in a direction
parallel to a propagation direction of surface acous-
tic waves excited by each of said resonators, the first
electrode array of each resonator extending from
and being electrically connected to said common
bus bar,

a reflector at each end of said interdigitated transducer,
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each of said reflectors comprising a grating made of 55

metal strips,

said common bus bar extending beyond both ends of

said interdigitated transducers and being connected to
substantially all of the metal strips of said reflectors,

input and output connection to said tandem connected
filter.

20. A surface acoustic wave transducer according to
claim 19 wherein in each SAW resonator, the first and
second electrode arrays define respective first and second
acoustic apertures of width w and the distance between said
first and second acoustic apertures defines a gap g said
filter utilizing said first and second resonance frequencies
of different vibration modes resulting from said acoustic
coupling between said pair of resonators, wherein said
width w and gap g satisfy the relation w=20A and g = 6A,
where A is a wavelength of a wave corresponding to said
same resonance frequency of each of said resonators.

21, A surface acoustic wave transducer according to
claim 20 wherein said common bus bar has a width on the
order of g/2.

22. A surface acoustic wave transducer according 1o
claim 2] wherein each common bus bar has a widrth, said
width Is slightly less than twice a width associated with an
individual array electrode.

23. A high-frequency narrow-band pass multi-mode
filter comprising at least two resonators arranged adjacent
10 one another, each of said resonators having the same
resonance frequency and comprising a pair of comb-type
interdigital transducer electrode arrays, the electrodes of
said arrays being interleaved with each other, and wherein
a common bus bar ts provided between and connected to
two of said adjacent resonators, each of said resonators
being arranged in directions perpendicular 10 a propaga-
tion direction of waves excited by said resonators on a
piezoelectric substrate so that acoustic coupling occurs
between said resonators, thereby causing multiple reso-
nance frequencies of different vibrating modes, the overlap
of the electrodes of respective pairs of electrode arrays of
said resonators defining respective first and second acoustic
apertures of width w and the distance between said first
and second acoustic apertures defining a gap g. said filter
utilizing said multiple resonance frequencies of different
vibration modes generated by the acoustic coupling,
wherein said width w and gap g satisfies the relation
w=20A and g=06A, where A is the wavelength of a wave
corresponding to said same resonance frequency of each of
said resonators,

wherein reflectors comprising a multiplicity of gratings

made of metal strips are provided on both sides of said
resonators to reflect waves corresponding to said mul-
ti-mode vibrations resulting from said acoustic cou-
pling, and

wherein said common bus bar is formed integrally with

and connected to at least one of the gratings of the
reflectors, and said common bus bar is grounded
through at least one grating such that the ohmic loss of

so that said transducers are grounded through said 60
common bus bar and said reflectors,
said pair of double mode filter sections being separated
by sufficient distance so that acoustic coupling there- said bus bar and the loss of said filter is reduced
between does not take place, 24. A high frequency narrow-band multi-mode filter of
an interconnection bus, having a width wider than 65 multi-section type as set forth in claim 23, wherein the
widths of said common bus bars of the pair of filter gratings have an outer side and the common bus bar has a
sections, interconnecting the second electrode array of  width, wherein said common bus bar is extended across the
the first resonator of one of said filter sections 1o the  gratings of said reflectors, and the width of said bus bar in
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the gratings is gradually increased toward the outer side
thereof

25. A high frequency narrow-band multi-mode filter of
multi-section type, wherein said filter set forth in claim 23
forms a unit section and a plurality of said unit sections are
connected in a tandem manner so as to provide filter char-
acteristics of a desired shape factor and relative atlenua-
tion.

26. A high-frequency narrow-band pass multi-mode
filter comprising at least two resonators arranged adjacent
t0 one another. each of said resonators having the same
resonance frequency and comprising a pair of comb-type
interdigital transducer electrode arrays, the electrodes of
said arrays being interleaved with each other, and wherein
a common bus bar is provided between and connected !0
rwo of said adjacent resonators, each of said resonators
being arranged in directions perpendicular to a propaga-
tion direction of waves excited by said resonators on a
piezoelectric substrate so that acoustic coupling occurs
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berween said resonators, thereby causing multiple reso-
nance frequencies of different vibrating modes, the overlap
of the electrodes of respective pairs of electrode arrays of
said resonators defining respective first and second acoustic
apertures of width w and the distance between said first
and second acoustic apertures defining a gap g, said filter
utilizing said multiple resonance frequencies of different
vibration modes generated by the acoustic coupling.
wherein said width w and gap g satisfies the relation
w=20A and g =6\, where A\ is the wavelength of a wave
corresponding to said same resonance frequency of each of
said resonators,
wherein reflectors comprising a multiplicity of gratings
made of grooves in said substrate are provided on both
sides of said resonators to reflect waves corresponding
to said vibrations of different modes resulting from

said acoustic coupling.
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