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ABSTRACT

(57)

A surface acoustic wave {ilter has pairs of interdigital
transducers and reflectors formed on a 36° Y-X LiTaO,
substrate, the reflectors sandwiching the interdigital trans-

ducers 1n between. The film thickness h of the electrode
fingers of the interdigital transducers and the reflectors is
such that 0.06=h/AL=[0.01]0.10 where A is the wavelength

of the surface acoustic wave adapted to be generated by the
filter. The width-to-pitch ratio M/P of these electrode fingers
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SAW FILTER WITH SPECIFIED
ELECTRODE DIMENSIONS

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

This a continuation of application Ser. No. 08/414,205
filed Mar. 31, 1995, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a surface acoustic wave (SAW)
filter having interdigital transducers (IDTs) and reflectors
formed on a piezoelectric substrate.

SAW filters are coming to be used 1n communication
equipment of different types for providing compact appara-
tus. For use 1n a portable telephone, however, filters having
a wide passband of over 25 MHz and a low level of insertion
loss are required. Examples of prior art SAW filter satisfying
such requirements, and 1n particular the requirement of a
wide passband, include those using a 36° rotation Y cut X
propagation (Y-X) LiTaO, substrate or a 64° Y-X LiNbO,
substrate (referred to, for example, in U.S. Pat. No. 5,300,
902) with a large electro-mechanical coefficient.

Among SAW filters using a 36° Y-X LiTaO, substrate,

designs such as the ladder type and the mterdigitated inter-
digital transducer (IIDT) type are actually being used. With
SAW filters of an ordimnary type using mode coupling,
however, a band width of only about 2% of the frequency at
the center can be obtained. Since a ratio of at least 3% 1s
required between the band width and the center frequency
for a portable telephone, these filters are not useful for
practical application.

SAW filters using a 64° Y-X LiNbO, substrate, on the
other band, have been 1n use for portable telephones because
a ratio of about 4% 1s obtainable with them between the band
width and the center frequency. Neither are these filters
practical, however, because they are not easy to manufacture
and their production cost 1s high.

Explained more in detail, SAW filters used 1n a portable
telephone have a stop band at least on one side of its
passband, that 1s, at least either on 1ts low frequency side or
on 1ts high frequency side, and a certain level of attenuation
must be provided within such a stop band or bands (usually
over 20 dB). In other words, filters which have a good shape
factor (defined as the ratio between the passband width and
the attenuation band width) and are easy to manufacture are
those having a narrow band width at attenuation of 20 dB.

FIG. 8 1s a frequency characteristic of a prior art SAW
filter using a 64° Y-X LiNbOQO, substrate designed for use in
a mobile communication system requiring a SAW filter with
central frequency f, of 9475 MHz on the side of the
reception circuit for its portable unit. In order to prevent
interference from waves of reception frequencies within 45
MHz of the central frequency t _ on its lower frequency side,
this filter should preferably have attenuation of over 20 dB
within a stop band of 902.5£12.5 MHz (hereinafter referred
to as the lower-frequency side stop band C). For image
suppression on the higher frequency side, furthermore, this
filter should preferably also have attenuation of over 20 dB

within another stop band of 992.5+12.5 MHz (hereinafter
referred to as the higher-frequency side stop band C).

Since the central frequencies of SAW filters are not
exactly the same but fluctuate due to variations in their
production conditions, their attenuation characteristics also
vary from one product to another. In order to maintain
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attenuation levels greater than 20 dB on both the lower and
higher frequency sides, therefore, a control with correspond-
ingly high level of accuracy is required regarding frequency.

Although it may be 1deal to have the central frequency of
a SAW filter approximately 1n the middle between 1its
lower-frequency and higher-frequency side stop bands C
and C', as shown 1n FIG. 8, in order to obtain high attenu-
ation on both the lower and high frequency sides, attenuation
over 20 dB can be obtained even when changes at the central
frequency may be big 1f the band width A at attenuation level
of 20 dB 1s narrow. In other words, the band width at
attenuation of 20 dB plays an important role 1n obtaining
attenuation of over 20 dB on both the lower-frequency and
high-frequency sides of the central frequency.

In the example shown in FIG. 8, the allowance for
production errors (width of allowed frequency variations) on
the lower-frequency side i1s represented by the frequency
difference between Points X and Y, and its magnitude 1is
obtained by subtracting the half width at attenuation level of
20 dB (28 MHz) and the half width of the lower- frequency
side stop band C (12.5 MHz) from the frequency difference
B (=45 MHz) between the centers of the stop band and the
passband. In the example shown 1n FIG. 8, this 1s calculated
to be 4.5 MHz but, since the frequencies of SAW filters
normally fluctuate by about 3 MHz from normal-
temperature value as temperature changes within a range of,
say, =25 to 75° C., this i1s usually subtracted from the
calculated value and 4.5-3=1.5 MHz 1s regarded as the
allowance for production errors on the lower-frequency side.
The production error allowance on the higher-frequency side

1s stmilarly calculated to be 1.5 MHz.

Since the central frequency of a filter depends heavily on
the thickness of its film electrodes and the width of its
clectrode lines, however, a productlon error allowance of 1.5
MHz on each Slde 1s not suilicient, and 1t becomes necessary
to strictly control the thickness of the film electrodes and the
width of the electrode lines for each production lot. This
makes the production difficult and has the adverse effect of
increasing the production cost.

SUMMARY OF THE INVENTION

It 1s therefore an object of this invention to provide a SAW
filter which can be manufactured easily such that its pro-
duction cost can be reduced.

A SAW filter according to this invention, with which the
above and other objects can be accomplished, may be
characterized not only as having a plurality of pairs of IDTs
closely disposed on a 36° Y-X LiTaO, substrate and reflec-
tors on both sides of the IDTs, but also wherein the thickness
h of the electrode films for the IDTs and the reflectors and
the wavelength A of the surface wave generated by this filter
are such that 0.06=h/A=0.10. If the width of the fingers

belonging to these IDTs and the reflectors 1s M and their
pitch is P, it is preferred that 0.6 =M/P.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and form a part of this specification, illustrate embodiments
of the mnvention and, together with the description, serve to
explamn the principles of the invention. In the drawings:

FIG. 1 1s a plan view showing the general structure of a
SAW filter according to this invention;

FIG. 2 1s an enlarged sectional view of a portion of IDT
or reflector part of a SAW filter according to the first and
second embodiments of this invention;
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FIG. 3 1s a graph which shows the relationship between
the ratio h/h and the passband width-to-center frequency
ratio of a SAW filter;

FIG. 4 1s a graph which shows a characteristic curve of a
SAW filter according to the first embodiment of this 1nven-
tion;

FIG. 5 1s a graph which shows the relationship between

the width-to-pitch ratio of the electrode fingers and the band
width at attenuation of 20 dB of a SAW filter;

FIG. 6 1s a plan view of another SAW filter according to
this mnvention having two filter sections;

FIG. 7 1s a graph which shows a characteristic curve of a
SAW filter according to a second embodiment of this
mvention; and

FIG. 8 1s a graph which shows a characteristic curve of a
prior art SAW filter.

Throughout herein, components which are substantially
alike are indicated by the same numerals, as between FIGS.
1 and 6, and are not necessarily described repetitively.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1 and 2 show some common structural character-

istics of SAW filters 1 according to this invention. Reflectors
3A and 3B are formed on a surface of a 36° Y-X LiTaO,

substrate 2 with three IDTs 4A, 4B and 4C of a known type
formed sequentially arranged therebetween. The reflectors
3A and 3B and the IDTs 4A, 4B and 4C are each comprised
of a plurality of what will hereinafter be referred to as
clectrode fingers § which are elongated electrodes arranged
mutually parallel, as disclosed, for example, in U.S. Pat. No.
5,223,762. The two IDTs 4A and 4C at both ends are
clectrically connected to each other in parallel and con-
nected to an input/output terminal 6, while the IDT 4B 1n the
middle therebetween 1s connected to a separate input/output
terminal 7. Each of these reflectors 3A and 3B and IDTs 4A,
4B and 4C may be formed by first forming a thin Al film on
the 36° Y-X LiTaO, substrate 2 and then photo-etching the
formed film. They may alternatively be formed by selective
deposition, for example, by a so-called “lift-off” method.

A SAW filter 1 thus formed according to this invention 1s
characterized as having the thickness of the electrode film
for the IDTs 4A, 4B and 4C and the reflectors 3A and 3B
determined according to the wavelength of the SAW gen-
crated thereby. Explained more 1n detail, if the film thickness
of the electrode fingers 5 of the IDTs 4A, 4B and 4C and the
reflectors 3A and 3B 1s h and the wavelength of the SAW
ogenerated by the filter 1 1s A, the thickness-to-wavelength
ratio h/i according to this mnvention i1s equal to or greater
than 0.06 but not greater than 0.10, that 1s, 0.06=h/A=0.10.
According to this invention, the production error allowance
1s thereby increased such that the production becomes easier
and the production cost can be reduced.

In summary, SAW filters using a 36° Y-X LiTaO,
substrate, instead of a 64° Y-X LiNbQ, substrate, have been
known to have an improved Q value for their resonators and
an 1mproved shape factor, although prior art SAW filters of
this type could not provide a sufficiently large passband
width for use 1n a portable telephone, as explained above.
For portable telephones operating in a 900 MHz band, for
example, a passband with width of at least 30 MHz is
required 1f effects of temperature variations are to be taken
into consideration. In other words, a passband width-to-
central frequency ratio of about 3.3% 1s required. The
present 1mvention 1s based on the discovery that the stop
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band of the reflectors 3A and 3B becomes wider and the
width of the passband can be increased if the thickness h of
the electrode film of the IDTs 4A, 4B and 4C and the
reflectors 3A and 3B 1s increased. FIG. 3 shows results of an
experiment measuring the passband width-to-center fre-
quency ratio as the thickness-to-wavelength ratio h/A of a
similar SAW filter was changed.

With prior art SAW filters of this type, the thickness-to-
wavelength ratio h/A was usually about 0.03. FIG. 3 shows
that the thickness-to-wavelength ratio h/A of a SAW filter
using a 36° Y-X LiTaO, substrate must be increased by a

factor of at least 2, or h/A =0.06, 1n order to increase 1ts
passband width-to-center frequency ratio to 3.3% such that
it can be used 1n a portable telephone.

FIG. 3 also shows that the passband width-to-center
frequency ratio keeps increasing correspondingly as the
thickness-to-wavelength ratio h/A 1s increased. If the
thickness-to-wavelength ratio h/A 1s increased excessively,
however, the passband may overlap with the stop band on
the lower-frequency side and/or the higher-frequency side,
causing 1nsuificient attenuation. Since separation between
the stop bands on the lower-frequency and higher-frequency
sides 1s about 65 MHz according to FIG. 8, it 1s not desirable
to allow the passband width-to-center frequency ratio to be
oreater than 6.9%. In other words, the thickness-to-
wavelength ratio h/A must be no larger than 0.10 according
to the experimental result shown in FIG. 3.

A SAW filter according to a first embodiment of this
invention was manufactured with the thickness-to-
wavelength ratio h/i equal to 0.6 and 1ts attenuation char-
acteristic was measured. As shown 1n FIG. 4, the band width
at the attenuation level of 20 dB was 48 MHz, which 1s an
improvement by 8 MHz from the prior art example shown
in FIG. 8. The production error allowance, calculated simi-
larly as explained above, 1s 5.5 MHz on each side, which 1s
larger than the prior art value by a factor of about 3.6 FIG.
4 also shows that the attenuation of nearly 30 dB 1s achieved.

Although the passband width can be increased by increas-
ing the thickness h of the electrode film for the IDTs 4A, 4B

and 4C and the reflectors 3A and 3B, the shape factor
becomes bad 1if the retlectivity of the reflectors 3A and 3B
increases and the stop bands become too wide. In view of the
above, a SAW filter according to a second embodiment of
this mvention 1s characterized wherein the width of the
clectrode fingers 5 of 1ts IDTs 4A, 4B and 4C and reflectors
3A and 3B 1s determined such that the shape factor of the
filter will be 1mproved. In all other respects, SAW filters
according to the second embodiment of the mvention are
identical to one according to the first embodiment of the
invention described above with reference to FIGS. 1 and 2,
that is, they comprise a 36° Y-X LiTaO, substrate 2 on which
are formed reflectors 3 and IDTs 4 each having a plurality of
clectrode fingers 5. The film thickness h of these electrode
fingers § 1s again required to satisty the condition 0.06=h/
7»=0.10 where A indicates the wavelength of the SAW
ogenerated by the filter.

As shown 1n FIG. 2, let P and M respectively indicate the
pitch and width of the electrode fingers 5 of the IDTs 4A, 4B
and 4C and reflectors 3A and 3B. Then, a SAW filter
according to the second embodiment of this invention 1s
additionally characterized wherein their ratio M/P (that is,
the width-to-pitch ratio which may also be referred to as “the
electrode finger duty”) is equal to or greater than 0.6, that is
0.6 =M/P. With the width-to-pitch ratio M/P thus selected,
SAW filters according to the second embodiment of this
invention can be produced more easily and at a reduced
production cost.
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FIG. 5 shows results of another experiment carried out to
measure the changes 1n band width at the attenuation level
of 20 dB for a SAW filter according to this invention as the
width-to-pitch ratio M/P of the electrode fingers was varied.
FIG. § shows clearly that the band width at the attenuation
level of 20 dB decreases and hence the shape factor
improves as the width-to-pitch ratio M/P of the electrode
fingers 1s 1ncreased. One can conclude from a further analy-
sis that best results can be obtained 1f M/P=0.6.

FIG. 5§ indicates that some improvement 1s obtainable
even 1 the ratio M/P 1s below 0.4, but the 1improvement in
this case 1s very small. Moreover, since the resistance of the
clectrode fingers becomes large and the insertion loss
becomes worse 1f their width 1s reduced, 1t 1s not desirable
to make the electrode fingers too narrow. Since the upper
limit of the ratio M/P depends on the manufacturing tech-
nology of the electrode fingers (or the technology of forming
gaps between electrode fingers), this invention does not set
any value as the upper limit of this ratio.

Although the mvention has been described above with
reference to only a small number of examples, these
examples are intended to be 1llustrative, and not as limiting
the scope of the invention. Many modifications and varia-
fions are possible within the scope of the invention. For
example, FIG. 6 shows another filter 10 also embodying this
invention and having two filter sections arranged parallel to
cach other and cascaded, each section being structured as
explained above with reference to FIG. 1 and the two
sections sharing a single input/output terminal 6. FIG. 7
shows an experimentally obtained characteristic curve of a
filter having two filter sections connected to each other as
shown 1n FIG. 6, each filter section being structured accord-
ing to the second embodiment of this invention described
above with the thickness-to-wavelength ratio h/A of the
clectrode film equal to 0.6 and being like prior art filters in
other respects. FIG. 7 shows that the band width A at the
attenuation level of 20 dB 1s 40 MHz, indicating an improve-
ment by 16 MHz over the prior art example. The production
error allowance, calculated similarly as explained above, 1s
9.5 MHz and this 1s about 6.3 times the value obtained for
the prior art filter described above. FIG. 7 also shows that
attenuation greater than 30 dB was obtained.

SAW filters having three or more filter sections connected
together are also within the scope of this invention. Although
examples with three sets of IDTs formed on a 36° Y-X
L1TaO, substrate were shown above, there may be only two
sets of IDTs or four sets on the substrate. In summary, the
present 1nvention teaches firstly that the thickness-to-
wavelength ratio h/A of the electrode film should be between
0.06 and 0.1 for the electrode fingers of the retflectors and
IDTs of a SAW filter of a prior art type, and secondly that
the width-to-pitch ratio M/P of their electrode fingers be
increased such that M/P=0.6. SAW filters thus designed
have an improved shape factor and since the production
error allowance 1s 1ncreased, they are easier to manufacture
and their production cost 1s reduced.

What 1s claimed 1s:

1. A surface acoustic wave filter comprising:

a 36° Y-X LiTaO, substrate;

a plurality of interdigital transducers formed on said
substrate; and

reflectors formed on said substrate and sandwiching said
interdigital transducers therebetween, said interdigital
transducers and said reflectors comprising elongated
clectrode fingers, thickness h of said fingers being such

that 0.06=h/A=0.10 where A 1s the wavelength of
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surface acoustic wave adapted to be generated by said
filter, the fingers of said interdigital transducers having,
width M and being arranged at a constant pitch of P,
M/P being a constant equal to or greater than 0.6, the
ratio of passband width to center frequency of said filter
being greater than 0.03.

2. The surface acoustic wave filter of claim 1 wherein the
fingers of said reflectors are arranged at a constant pitch and
have a constant width-to-pitch ratio.

3. A surface acoustic wave filter comprising:

a 36° Y-X LiTaO, substrate; and

a plurality of filter sections formed parallel and cascaded
to one another on said substrate, each of said filter
sections comprising a plurality of interdigital transduc-
ers formed on said substrate and reflectors which are
formed on said substrate and sandwich said interdigital
transducers therebetween, said interdigital transducers
and said reflectors comprising elongated electrode
fingers, thickness h of said fingers being such that
0.06=h/AL=0.10 where A 1s the wavelength of surface
acoustic wave adapted to be generated by said {ilter, the
fingers of said interdigital transducers having width M
and being arranged at a constant pitch of P, M/P being,
a constant equal to or greater than 0.6, the ratio of
passband width to center frequency of said filter being
oreater than 0.03.

4. The surface acoustic wave filter of claim 3 wherein the
fingers of said reflectors are arranged at a constant pitch and
have a constant width-to-pitch ratio.

5. A surface acoustic wave filter comprising:

a piezoelectric subsirate;

a plurality of interdigital transducers formed on said
substrate; and

reflectors formed on said substrate and sandwiching said
interdigital transducers therebetween, said interdigital
transducers and said reflectors comprising elongated
electrode fingers, a thickness h of said fingers being
such that 0.06=h/0.=0.10 where ) is the wavelength of
surface acoustic wave adapted to be generated by said
filter, the fingers of said interdigital transducers having
width M and being arranged at a constant piich of P,
M/P being a constant equal to or greater than about
0.0, the ratio of passband width to center frequency of
said filter being greater than about 0.03.

0. The surface acoustic wave filter of claim 5, wherein the

fingers of said reflectors are arranged at a constant pitch

and have a constant width-to-pitch ratio.

7. The surface acoustic wave filter of claim 5, wherein the
substrate 1s a LilaQ, substrate.

8. The surface acoustic wave filter of claim 5, wherein the
substrate is a 36° Y-X substrate.

9. The surface acoustic wave filter of claim 5, wherein the
substrate is a 36° Y-X LilaO, substrate.

10. A surface acoustic wave filter comprising.

a piezoelectric substrate; and

a plurality of filter sections formed parallel and cascaded
lo one another on said substrate, each of said filter
sections comprising a plurality of interdigital trans-
ducers formed on said substrate and reflectors which
are formed on said substrate and reflectors which are
formed on said substrate and sandwich said interdigital
transducers therebetween, said interdigital transducers
and said reflectors comprising elongated electrode
fingers, thickness h of said fingers being such that
0.06=h/0L=0.10 where A\ is the wavelength of surface

acoustic wave adapted to be generated by said filter, the
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fingers of said interdigital transducers having width M
and being arranged at a constant pitch of P, M/P being
a constant equal to or greater than about 0.6, the ratio
of passband width to center frequency of said filter
being greater than about 0.03.

11. The surface acoustic wave filter of claim 10, wherein
the fingers of said reflectors are arranged at a constant pitch
and have a constant width-to-pitch ratio.

12. The surface acoustic wave filter of claim 10, wherein
the substrate is a LilaQ substrate.

13. The surface acoustic wave filter of claim 10, wherein
the substrate is a 36° Y-X substrate.

14. The surface acoustic wave filter of claim 10, wherein
the substrate is a 36° Y-X LiTaO, substrate.

15. A surface acoustic wave filter comprising:

a LilaQ; substrate;

a plurality of interdigital transducers formed on said
substrate; and

reflectors formed on said substrate and sandwiching said
interdigital transducers therebetween, said interdigital
transducers and said reflectors comprising elongated
electrode fingers, a thickness h of said fingers being

such that 0.06=h/L=0.10 where ) is the wavelength of

surface acoustic wave adapted to be generated by said
filter, the fingers of said interdigital transducers having
width M and being arranged at a constant piich of P,
M/P being a constant equal to or greater than about

0.0, the ratio of passband width to center frequency of

said filter being greater than about 0.03.

3

16. The surface acoustic wave filter of claim 15, wherein
the fingers of said reflectors are arranged at a constant piich
and have a constant width-to-pitch ratio.

17. The surface acoustic wave filter of claim 15, wherein

s the substrate is a 36° Y-X substrate.
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18. A surface acoustic wave filter comprising.:
a LiTaQ, substrate;
a plurality of filter sections formed parallel and cascaded

lo one another on said substrate, each of said filter
sections comprising a plurality of interdigital trans-
ducers formed on said substrate and reflectors which
are formed on said substrate and reflectors which are
formed on said substrate and sandwich said interdigital

transducers therebetween, said interdigital transducers
and said reflectors comprising elongated electrode
fingers, thickness h of said fingers being such that
0.06=h/h=0.10 where h is the wavelength of surface
acoustic wave adapted to be generated by said filter, the
fingers of said interdigital transducers having width M
and being arranged at a constant piich of P, M/P being
a constant equal to or greater than about 0.0, the ratio
of passband width to center frequency of said filter
being greater than about 0.03.

19. The surface acoustic wave filter of claim 18, wherein
the fingers of said reflectors are arranged at a constant piich
and have a constant width-to-pitch rafio.

20. The surface acoustic wave filter of claim 19, wherein
the substrate is a 36° Y-X substrate.
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