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Description

[0001] This invention relates to a surface acoustic
wave (SAW) filter that can excite a surface acoustic
wave on a substrate of a piezoelectric material and se-
lectively extract a desired frequency band. This inven-
tion especially relates to a resonator surface acoustic
wave (SAW) filter which is suitable for a high-frequency
filter of a portable communication apparatus.
[0002] Surface acoustic wave (SAW) filters are often
used as high-frequency filters for portable communica-
tion apparatuses. Among such SAW filters, resonator
ladder SAW filters have been useful since they have cer-
tain advantages, including lower insertion loss and a su-
perior 50Ω matching characteristic.
[0003] A conventional resonator ladder SAW filter is
explained below. The principle of such a resonator lad-
der SAW filter is the same as the conventional ceramic
ladder filter, except that the resonator is replaced by a
SAW resonator. In this case, the resonant frequency of
a SAW resonator connected in series to the input-output
terminals (hereinafter, serial arm SAW resonator) and
the anti-resonant frequency of another SAW resonator
connected in parallel to the input-output terminals (here-
inafter, parallel arm SAW resonator) are almost matched
to each other. As a result, a filter characteristic can be
obtained, namely, the vicinity of this frequency becomes
the pass band while the frequency higher than the anti-
resonant frequency of the serial arm SAW resonator and
the frequency lower than the resonant frequency of the
parallel arm SAW resonator are rejection bands.
[0004] The width of the pass band in a resonator lad-
der SAW filter is related to the electromechanical cou-
pling coefficient of a piezoelectric substrate. Namely,
when the electromechanical coupling coefficient is larg-
er, the difference between the resonant frequency and
the anti-resonant frequency of the SAW resonator be-
comes larger, and the pass band becomes wider. A 36°
-rotated Y-cut X-propagation lithium tantalate substrate
has a comparatively large electromechanical coupling
coefficient (about 5%). This substrate meets the stand-
ards of 800MHz band portable communication appara-
tuses adopted by NTT in Japan, AMPS in the North
America, and GSM in Europe, whose pass band width
ratios (pass band/center frequency) are about 3%.
Therefore, such a substrate generally can be used to
obtain a good filter characteristic.
[0005] Recently, filters having an extremely wide pass
band have been required so that a plurality of standards
can be used with a single portable communication ap-
paratus. An NTT analog standard and an NTT digital
standard can be taken as an example. In order to utilize
them together, a receiving filter which has a pass band
including NTT digital standard (810MHz to 830MHz)
and NTT analog standard (860MHz to 885MHz) is nec-
essary. In this case, the pass band width ratio is about
9%. The conventional 36° -rotated Y-cut X-propagation
lithium tantalate substrate cannot correspond to such a

band. FIG. 17 shows an example of the frequency char-
acteristics of a receiving filter for the NTT analog stand-
ard, which is formed on the conventional 36° -rotated Y-
cut X-propagation lithium tantalate substrate.
[0006] 64° -rotated Y-cut X-propagation lithium nio-
bate substrate and 41° -rotated Y-cut X-propagation lith-
ium niobate substrate are known as piezoelectric sub-
strates that have electromechanical coupling coeffi-
cients larger than that of the 36° -rotated Y-cut X-prop-
agation lithium tantalate substrate. The electromechan-
ical coupling coefficient of the piezoelectric substrate of
the former substrate is about 11%, and that of the latter
substrate is about 17%. At present, only the 41° -rotated
Y-cut X-propagation lithium niobate substrate may pro-
vide the ratio pass band width of 9%.
[0007] However, an article collection by the Institute
of Electronics and Communication Engineers of Japan
(84/1, Vol. J67-C No.1, p158-165) teaches the following
problem. A pseudo surface acoustic wave (hereinafter
a leaky SAW) as the main wave is propagated on to the
41° -rotated Y-cut X-propagation lithium niobate sub-
strate, while coupling with a bulk wave due to the exci-
tation of the interdigital transducer (IDT) and radiating
the energy into the substrate. A surface skimming bulk
wave (SSBW) which is radiated almost in parallel to the
substrate surface also is propagated. In addition, a
strong piezoelectric characteristic also complicates
these SAW excitation characteristics. The metal surface
on the 41° -rotated Y-cut X-propagation lithium niobate
substrate is electrically short-circuited. The velocity of
the SAW propagation on the metal surface is about
4790m/s (SSBW), and about 4370m/s (leaky SAW). Ac-
cordingly, in the case of a conventional SAW resonator
which has IDT and a resonator using this substrate, the
resonant characteristics of the leaky SAW and of the SS-
BW have different frequencies (cf. FIG. 15). If a resona-
tor ladder SAW filter is composed of this SAW resonator,
spurious signals corresponding to the anti-resonant
point on the leaky SAW in the serial arm SAW resonator
are at the center of the filter's pass band, and thus rip-
ples appear in the pass band. As a result, the pass band
becomes narrow. As mentioned in Published Unexam-
ined (Kokai) Japanese Patent Application No. Hei
6-291600, the SAW resonator can be constructed with
only IDT, without providing reflectors on the both sides
of the IDTs along the SAW's propagation direction.
Then, the propagation of the leaky SAW is controlled as
shown in FIG. 16, and spurious signals can be avoided.
[0008] Surface acoustic wave resonators using 41°
-rotated Y-cut X-propagation lithium niobate substrate
have already been proposed. However, there has not
been an example in which a resonator ladder SAW filter
is formed on the 41° -rotated Y-cut X-propagation lithium
niobate substrate. When such a 41° -rotated Y-cut X-
propagation lithium niobate substrate is used, the re-
flecting coefficient of the SAW at the electrode finger
ends of the IDT is larger. Thus, lots of fine spurious sig-
nals appear in the resonant characteristic due to the in-
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ternal reflection of the SAW in the IDT.
[0009] This invention aims to provide a resonator lad-
der surface acoustic wave (SAW) filter having a wide
and flat pass band without spurious signals therein, and
having a good frequency characteristic.
[0010] In order to achieve such purposes, a first res-
onator ladder SAW filter of this invention comprises at
least one serial arm SAW resonator and at least one
parallel arm SAW resonator on a 41° - rotated Y-cut X-
propagation lithium niobate substrate. Both arm SAW
resonators comprise interdigital transducers (IDTs) to
excite SAW. The IDT is made of a metal film of Al or Al-
based alloy. The thickness of the metal film ranges from
2.5% to 7.5% of the electrode cycle of the IDT of the
parallel arm SAW resonator, so that the spurious signals
practically do not cause problems, and a good frequen-
cy characteristic is obtained.
[0011] According to the first embodiment, it is prefer-
able that the thickness of the metal film ranges from 4%
to 7% of the electrode cycle of the IDT of the parallel
arm SAW resonator, so that the spurious signals can be
controlled completely, and a better frequency character-
istic is obtained.
[0012] A second resonator ladder SAW filter of this
invention comprises at least one serial arm SAW reso-
nator and at least one parallel arm SAW resonator on a
41° -rotated Y-cut X-propagation lithium niobate sub-
strate. Both arm SAW resonators comprise interdigital
transducers (IDTs) to excite SAW. The IDT is made of a
metal film of any electrode material except for Al. When
the density of Al is ρ Al and the density of the electrode
material is ρ Me, the thickness of the metal film ranges
from 2.5 • ρ Al/ρ Me% to 7.5 • ρ Al/ρ Me% of the electrode
cycle of the IDT of the parallel arm SAW resonator, so
that the spurious signals practically do not cause prob-
lems, and a good frequency characteristic is obtained.
[0013] According to the second embodiment, it is pref-
erable that the thickness of the metal film ranges from
4 • ρ Al/ρ Me% to 7 • ρ Al/ ρ Me% of the electrode cycle of
the IDT of the parallel arm SAW resonator, so that the
spurious signals can be controlled completely, and a
better frequency characteristic is obtained.
[0014] It is preferable that reflectors are provided on
both sides of the IDT of the parallel arm SAW resonator
along the SAW propagation direction. According to this
embodiment, the difference between the resonant fre-
quency and anti-resonant frequency becomes larger
and the pass band becomes wider. As a result, a good
frequency characteristic is obtained. Here, d is the cent-
er distance between the closest electrode fingers of the
reflector and of the IDT of the parallel SAW resonator,
n is zero or an integer larger than zero, α is one or a real
number smaller than one, and L is the electrode cycle
of the IDT of the parallel SAW resonator. According to
this preferable example, α ranges from 0.8 to 1.0 where
d = (α + n) • L/2 . In this case, the difference between
the resonant frequency and the anti-resonant frequency
becomes larger and the pass band becomes wider. As

a result, a good frequency characteristic is obtained.
[0015] It is preferable that reflectors are further pro-
vided on both sides of the IDT of the serial arm SAW
resonator along the SAW propagation direction. Accord-
ing to this embodiment, the difference between the res-
onant frequency and anti-resonant frequency becomes
larger and the pass band becomes wider. As a result, a
good frequency characteristic is obtained. Here, Pr is
the center distance between the adjacent electrode fin-
gers in a reflector of the serial arm SAW resonator, p is
a real number, and Pi is the center distance between the
adjacent electrode fingers in the IDT of the serial arm
SAW resonator. According to a preferable example in
which p ranges from 0.96 to 1.96 when Pr = p • Pi, , the
difference between the resonant frequency and the anti-
resonant frequency becomes larger and the pass band
becomes wider. As a result, a good frequency charac-
teristic is obtained.
[0016] It is preferable in this embodiment that the
number of pairs (N) of the opposing electrode fingers in
the IDT is at least 50. According to this embodiment, the
SAW is not leaked in the SAW propagating direction of
the IDT. As a result, the loss can be controlled without
a reflector.
[0017] It is preferable that W is at least 8 when W is
a value standardized by eliminating the aperture (WD)
of the opposing electrode fingers in the IDT with the
electrode cycle L of the IDT (W= WD/L). According to
this embodiment, a spurious signal does not appear in
the pass band, and the inside of the pass band is flat.
As a result, a good frequency characteristic can be ob-
tained.
[0018] It is preferable that η ranges from 0.2 to 0.5
when Lm is the width of the electrode finger of the IDT,
Lg is the gap width of the electrode fingers, and η = Lm/
(Lm + Lg). According to this embodiment, the ripples in
the pass band become smaller, and the pass band be-
comes wider. As a result, a good frequency character-
istic can be obtained.
[0019] It is preferable that the opposing electrode fin-
gers in at least one IDT of a resonator selected from the
group consisting of the serial arm SAW resonator and
the parallel arm SAW resonator have varying apertures.
According to this embodiment, the internal reflecting ef-
ficiency in the IDT is improved, while the loss and the
ripples of the resonator ladder SAW filter are controlled.
As a result, a better frequency characteristic can be ob-
tained.
[0020] In this invention, both the leaky SAW (a kind of
bulk wave) and the SSBW (surface skimming bulk
wave) are called surface acoustic waves.
[0021] FIG. 1(a) is a schematic view showing the sur-
face of the substrate of a resonator ladder SAW filter of
the first embodiment of this invention, and FIG. 1(b) is
a cross-sectional view along line I - I of FIG. 1(a).
[0022] FIG. 2 is a graph showing the experimental re-
sult of the frequency characteristic of the imaginary-
number part of the impedance, where the thickness of
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the electrode film is a variable in the SAW resonator of
the first embodiment.
[0023] FIG. 3 is a graph showing the experimental re-
sult of the frequency characteristic of the Al-containing
resonator ladder SAW filter of the first embodiment.
[0024] FIG. 4 is a circuit diagram of the resonator lad-
der SAW filter which has the T-type two-step structure
of the first embodiment.
[0025] FIG. 5 is a graph showing the experimental re-
sult of the relation between the lowest insertion loss and
the number of pairs of the electrode fingers of the IDT
in the resonator ladder SAW filter of the first embodi-
ment.
[0026] FIG. 6 is a graph showing the experimental re-
sult of the relation between the number of spurious sig-
nals in the pass band and the aperture of the opposing
electrode fingers in the IDT in the resonator ladder SAW
filter of the first embodiment.
[0027] FIG. 7 is a graph showing the experimental re-
sult of the relation between the IDT metallization ratio
and the ripple in the pass band of the IDT in the reso-
nator ladder SAW filter of the first embodiment.
[0028] FIG. 8 is a schematic view showing another ex-
ample of the resonator ladder SAW filter of the first em-
bodiment.
[0029] FIG. 9 is a schematic view showing the reso-
nator ladder SAW filter of the second embodiment of this
invention.
[0030] FIG. 10 is a graph showing the experimental
result of the frequency characteristic of the resonator
ladder SAW filter of the second embodiment.
[0031] FIG. 11 is a graph showing the experimental
result of the relation between the center distance of the
electrode fingers of the IDT and the resonator, and the
pass band width according to the resonator ladder SAW
filter of the second embodiment.
[0032] FIG. 12 is a schematic view showing the reso-
nator ladder SAW filter of the third embodiment of this
invention.
[0033] FIG. 13 is a graph showing the experimental
result of the frequency characteristic of the resonator
ladder SAW filter of the third embodiment.
[0034] FIG. 14 is a graph showing the experimental
result of the relation between p (of the resonator) and
VSWR, and between p and pass band width according
to the resonator ladder SAW filter of the third embodi-
ment.
[0035] FIG. 15 is a graph showing the frequency char-
acteristic of a conventional SAW resonator having a re-
flector.
[0036] FIG. 16 is a graph showing the frequency char-
acteristic of a conventional SAW resonator without a re-
flector.
[0037] FIG. 17 is a graph showing the frequency char-
acteristic of a conventional resonator ladder SAW filter.

The First Embodiment

[0038] FIG. 1(a) is a schematic view showing the sur-
face of the substrate of a resonator ladder SAW filter of
the first embodiment of this invention, and FIG. 1(b) is
a portion of the cross-sectional view along line I - I of
FIG. 1(a).
[0039] As shown in FIG. 1 (a) and FIG. 1 (b), an input
electrode 2, a serial arm SAW resonator 5, an output
electrode 3, a parallel arm SAW resonator 6 and a
ground electrode 4 are formed on a 41° -rotated Y-cut
X-propagation lithium niobate substrate 1, so that a res-
onator ladder SAW filter is formed. The serial arm elastic
wave resonator 5 comprises a pair of interdigital trans-
ducers (IDTs) to excite a surface acoustic wave, and one
of the IDTs is connected to the input electrode 2. The
output electrode 3 is connected to the other IDT of the
resonator 5. The parallel arm SAW resonator 6 compris-
es a pair of IDTs to excite SAW. One of the IDTs is con-
nected to the output electrode 3, and the ground elec-
trode 4 is connected to the other IDT of the parallel res-
onator 6. Reflectors are not provided on either side of
the IDTs of the resonators 5 and 6 along the direction of
the SAW propagation. The electrode film thickness H
(the metal film thickness of IDT) in FIG. 1(b) is an im-
portant variable to determine the characteristics of the
resonator. A resonator should have a good frequency
characteristic without spurious signals. Therefore, an
examination was carried out to find which value is the
best for the electrode film thickness H.
[0040] FIG. 2 is a graph showing the experimental re-
sult of the frequency characteristic of the imaginary-
number part of the impedance, where the thickness of
the electrode film is a variable in the SAW resonator.
The structure of the SAW resonator is explained below.
The electrode material is Al, the number of pairs of the
IDT's electrode fingers is 100, and the aperture WD of
the opposing electrode fingers in the IDT (cf. FIG. 1(a))
is 15 times the electrode cycle L (cf. FIG. 1(b) -- the elec-
trode cycle is equal to the wavelength of the SAW which
is substantially excited) of the IDT. The electrode film
thickness is standardized by dividing the actual elec-
trode film thickness H by the IDT's electrode cycle L. As
shown in FIG. 2, the resonator does not sufficiently res-
onate when the relative electrode film thickness (H/L) is
as thin as about 2%, and spurious signal A appears.
However, as the electrode film is thicker, the spurious
signal A becomes smaller and vanishes. When the rel-
ative electrode film thickness (H/L) is up to about 8%,
another spurious signal B appears because of other
waves like a bulk wave other than SSBW. The reso-
nance characteristics of the SAW resonator were further
examined when the relative electrode film thickness (H/
L) ranges from 2% to 8%. When the thickness (H/L)
ranges from 2.5% to 7.5%, the spurious signals do not
cause problems for practical use. When the relative
thickness (H/L) ranges from 4% to 7%, the spurious sig-
nals were completely controlled and the best frequency
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characteristic was obtained.
[0041] In this embodiment, Al is used for the electrode
material. A metal film of Al alloy, or a laminated layer of
plural Al or Al alloy metal films were also used for several
purposes like improvement of the electric power resist-
ance characteristic. The Al alloy was prepared by mixing
several weight % of different metals like Cu, Ti, Si and
Sc. The range of the preferable thickness was almost
the same as this embodiment. It is preferable in this em-
bodiment that the quantity of Al contained in the Al alloy
is at least 70%.
[0042] The dependence of the frequency characteris-
tic on the relative electrode film thickness of the SAW
resonator depends on the weight of the metal film. In
other words, when the electrode material is not Al, the
best relative electrode thickness can be obtained by
multiplying the above-mentioned relative electrode
thickness by the ratio between the density of Al and the
density of the other electrode material. Therefore, when
the Al density is ρ Al and the density of the optional elec-
trode material is ρ Me, the relative electrode film thick-
ness should be from 2.5 • ρ Al/ρ Me% to 7.5 • ρ Al/ ρ Me%
so that the spurious signals do not cause problems for
a practical use. If the electric material is Au, ρ Au is 18.9
and ρ Al is 2.7. Thus the relative electrode film thickness
should be from 0.36% to 1.07% to control the spurious
signals and to avoid practical problems. The spurious
signals are completely controlled and the best frequen-
cy characteristic can be obtained when the relative
thickness ranges from 0.57% to 1.0%.
[0043] FIG. 3 is a graph showing the experimental re-
sult of the frequency characteristic of the Al-containing
resonator ladder SAW filter. The electrode film thickness
of the filter is 6% of the IDT's electrode cycle of the par-
allel arm SAW resonator. As shown in FIG. 4, the reso-
nator ladder SAW filter has a T-type two-step structure.
In other words, this filter has four serial arm SAW reso-
nators (14a, 14b, 14c, 14d) and two parallel arm SAW
resonators (15a, 15b). The serial arm SAW resonators
are disposed in series between an input electrode ter-
minal 11 and an output electrode terminal 12. The par-
allel arm SAW resonator 15a is disposed between a
ground electrode terminal 13 and a connecting wire,
which connects to the resonator 14a connected to the
input electrode terminal 11 and the adjacent resonator
14b. The parallel arm SAW resonator 15b is disposed
between a ground electrode terminal 13 and a connect-
ing wire, which connects to the resonator 14d connected
to the output electrode terminal 12 and the adjacent res-
onator 14c. Regarding the serial arm SAW resonators,
the width of the IDT's electrode fingers is 1.190 µm, the
IDT's electrode cycle is 4.760 µm, the number of pairs
of the opposing electrode fingers in the IDT is 120.5
pairs and the aperture of the electrode fingers opposed
in the IDT is 40 µm. As for the parallel arm SAW reso-
nators (15a, 15b), the electrode fingers of the IDT are
1.340 µm wide, the IDT's electrode cycle is 5.360 µm,
the number of pairs of the opposing electrode fingers in

the IDT is 150.5 pairs, and the aperture of the electrode
fingers opposed in the IDT is 70 µm. As shown in FIG.
3, this resonator ladder SAW filter comprises serial and
parallel SAW resonators, and has a good frequency
characteristic without spurious signals. As a result, a su-
perior frequency characteristic can be obtained over a
wide band (the pass band 1.5dB below from the lowest
insertion loss is 85MHz) which has no spurious signals
and a small ripple of 1.5dB.
[0044] The frequency characteristic of a resonator
ladder SAW filter is influenced by the number of pairs of
the IDT's electrode fingers, the aperture of the opposing
electrode fingers in the IDT, and the IDT metallization
ratio. These factors were examined by manufacturing a
resonator ladder SAW filter of the T-type two-step struc-
ture as shown in FIG. 4. SAW resonators are used for
serial and parallel arms, so that an equation N • W = 150
holds true, where N is the number of pairs of the IDT's
electrode fingers, and W is the value which is standard-
ized by dividing the aperture (WD) of the opposing elec-
trode fingers in the IDT by the electrode cycle L. Thus,
W = WD/L. The electrode cycles of the serial and parallel
SAW resonators (14a-14d, 15a, and 15b) are the same
as that of the resonator ladder SAW filter shown in FIG.
3. It means that the electrode cycle of the IDT of the
serial arm SAW resonators is 4.760 µm and the elec-
trode cycle of the IDT of the parallel arm SAW resona-
tors is 5.360 µm. And the electrode thickness (Al) is 6%
of the IDT's electrode cycle of the parallel SAW resona-
tors (15a, 15b).
[0045] The frequency characteristic of the resonator
ladder SAW filter is influenced by the number of pairs of
the IDT's electrode fingers. Since this SAW resonator
does not have reflectors, the surface acoustic wave is
somewhat leaked in the direction of the IDT's SAW prop-
agation. Thus the loss is greater compared to a resona-
tor having reflectors. This problem, however, may be
solved if the number of pairs of the IDT's electrode fin-
gers is increased. FIG. 5 shows the experimental result
of the relation between the lowest insertion loss and the
number of pairs N of the IDT's electrode fingers when
N • W = 150. It is clear from the graph that the lowest
insertion loss of the resonator ladder SAW filter rapidly
increases when the number of pairs N of the IDT's elec-
trode fingers is smaller than 50 pairs. Therefore, the
SAW leakeage does not cause a problem if the number
of pairs N is at least 50 pairs.
[0046] The frequency characteristics of the resonator
ladder SAW filter are influenced by the aperture of the
opposing electrode fingers in the IDT. FIG. 6 shows the
experimental result of the relation between the stand-
ardized electrode finger's aperture W and the number
of the spurious signals in the pass band. As shown in
this graph, spurious signals do not exist in the pass band
when the aperture is at least ten. However, spurious sig-
nals appear when the aperture is smaller than ten, since
diffraction of SAW at the tip of the IDT increases and the
resonant frequency deviates when the aperture of the
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opposing electrode fingers becomes narrow. When the
spurious signals number in the pass band is limited to
two, the aperture W may be at least eight.
[0047] The frequency characteristic of a resonator
ladder SAW filter is influenced by the IDT metallization
ratio. Here, Lm is the width of the IDT's electrode fingers,
Lg is the gap width of the electrode fingers(cf. FIG. 1
(b)), and η = Lm/(Lm + Lg). FIG. 7 shows the experi-
mental result of the relation between η and the ripple in
the pass band. Here, a ripple is the difference between
the lowest insertion loss and an insertion loss which can
keep a pass band of 85MHz (cf. FIG. 3). As shown in
FIG. 7, when η is more than 0.5, the ripple in the pass
band becomes bigger and when η is less than 0.5, the
ripple in the pass band becomes smaller. However, if η
is about 0.3 or smaller than 0.3, the electric resistance
of the IDT increases. As a result, the insertion loss rap-
idly increases. In addition, the ripple in the pass band
rapidly grows since the frequency characteristic of the
filter becomes inactive. Therefore, η should be from 0.2
to 0.5 so that the ripple in the pass band is kept smaller
than the value of ripple where η = 0.5. When η ranges
from 0.2 to 0.5, the ripple in the pass band becomes
smaller and the pass band becomes wider. As a result,
a good frequency characteristic can be obtained.
[0048] It is also possible to change at least one aper-
ture of the opposing electrode fingers in the IDTs of the
resonator 5 or 6 as shown in FIG. 8, so that the internal
reflecting efficiency of the SAW in the IDT is improved,
and the loss and ripple of the resonator ladder SAW filter
can be lowered. As a result, a better frequency charac-
teristic will be obtained.
[0049] Accordingly, the resonator ladder SAW filter of
this invention realizes a better resonant frequency char-
acteristic compared to conventional resonator ladder
SAW filters, namely a frequency characteristic having a
wide pass band without spurious signals and with a
small ripple therein.

The Second Embodiment

[0050] FIG. 9 is a schematic view showing the reso-
nator ladder SAW filter of the second embodiment of this
invention. As shown in FIG. 9, an input electrode 2, a
serial arm SAW resonator 5, an output electrode 3, a
parallel SAW resonator 6, and a ground electrode 4 are
provided on a 41° -rotated Y-cut X-propagation lithium
niobate substrate 1. The serial arm SAW resonator 5
comprises a pair of IDTs to excite SAW, and one of the
IDTs is connected to the input electrode 2. The output
electrode 3 is connected to the other IDT of the serial
arm SAW resonator 5. The parallel arm SAW resonator
6 comprises a pair of IDTs to excite SAW. One of the
IDTs is connected to the output electrode 3 and the
ground electrode 4 is connected to the other IDT of the
resonator 6. Reflectors 7 are formed on both sides of
the IDTs of the resonator 6 along the prepagation direc-
tion of the surface acoustic wave. When the reflectors

are provided for the resonator 6, spurious signals due
to the leaky SAW appear in the frequency characteristic
(cf. FIG. 15). However, the pass band becomes wider
for the filter since the difference between the resonant
frequency and the anti-resonant frequency become
larger. As a result, a good frequency characteristic can
be obtained.
[0051] FIG. 10 shows the experimental result of the
frequency characteristic of the resonator ladder SAW fil-
ter shown in FIG. 9. Both parallel arm SAW resonators
(15a, 15b) have reflectors that are provided on both
sides of the IDT of the parallel arm SAW resonator along
the SAW propagating direction. This filter has a T-type
two-step structure as shown in FIG. 4. In FIG. 10, the
broken line shows the frequency characteristic of the
resonator SAW filter shown in FIG. 3. According to the
serial arm SAW resonators in FIG. 4 (14a, 14b, 14c, and
14d), the width of the electrode fingers of the IDT is
1.190 µm, the electrode cycle of the IDT is 4.760 µm,
the number of pairs of the opposing electrode fingers in
the IDT is 120.5 pairs, the aperture of the opposing elec-
trode fingers in the IDT is 40 µm. As for the parallel arm
SAW resonators 15a and 15b (cf. FIG. 4), the width of
the electrode fingers of the IDT is 1.340 µm, the elec-
trode cycle of the IDT is 5.360 µm, the number of pairs
of the opposing electrode fingers in the IDT is 120.5
pairs, and the aperture of the opposing electrode fingers
in the IDT is 70 µm. The width of the reflector's electrode
fingers is 1.340 µm, the electrode cycle of the reflector
is 4.760 µm, the numbers of the electrode fingers
aligned in the reflector is 50, and the aperture of the ad-
jacent electrode fingers in the reflector is 45 µm. Here,
d is the center distance between the closest electrode
fingers of the reflectors and of the IDTs of the parallel
arm SAW resonators (15a, 15b) which are opposing
each other. When d = (α + n) • L/2, α = 0.9 and n = 0.
As shown in FIG. 10, the resonator ladder SAW filter of
this invention has a wide pass band, though the rising
edge into the pass band is less steep than the resonator
ladder SAW filter shown in FIG. 3. In other words,
90MHz is kept as a pass band at the point lower by
1.5dB from the lowest insertion loss.
[0052] Regarding the resonator ladder SAW filter of
this embodiment, d is the center distance of the closest
electrode finger of a reflector and that of the IDT of the
parallel arm SAW resonator, which are opposing each
other. When d = (α + n) • L/2, , α = 0.9 and n = 0 where
α is one or a real number smaller than one. The reason
is as follows. Spurious signals by the leaky SAW shown
in FIG. 15 occur since reflectors are provided on both
sides of the IDT of the parallel arm SAW resonator along
the propagating direction of the surface acoustic wave.
When the center distance d is equal to the center dis-
tance of the opposing electrode fingers in the IDT, these
spurious signals exist in the pass band of the resonator
ladder SAW filter, and cause ripples. When the distance
d is wider, the spurious signals move to the low-frequen-
cy side, and are extracted to the outside of the pass
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band when α is about 0.5. When α = 1, the value is as
the same as when α = 0. In other words, these spurious
signals move according to the cycle of L/2. FIG. 11
shows the experimental result of the relation between α
and the pass band. The pass band is determined 1.5dB
lower from lowest insertion loss. As shown in FIG. 11,
the pass band is the widest when α = 0.9. The pass band
is wider when α ranges from 0.8 to 1.0, compared to the
case where α = 0. When α is about 0.2 to 0.5, however,
the ripples in the pass band are 1.5dB or more because
of the spurious signals in the pass band. As a result,
determination of the pass band is impossible.
[0053] As mentioned in the first embodiment, the fre-
quency characteristic of the resonator ladder SAW filter
is influenced by the number of pairs of the IDT's elec-
trode fingers, the aperture of the opposing electrode fin-
ger in the IDT, and the IDT metallization ratio.
[0054] The frequency characteristic of the resonator
ladder SAW filter is influenced by the changed aperture
of the IDT, as mentioned in the first embodiment.
[0055] In this embodiment, it is possible to change at
least one part of the aperture of the electrode fingers in
the IDT of the serial arm SAW resonator 5 or of the par-
allel arm SAW resonator 6 (cf. FIG. 8), so that the inter-
nal reflecting efficiency of the SAW in the IDT is im-
proved while the loss and ripples of the resonator ladder
SAW filter can be controlled. As a result, a better fre-
quency characteristic is obtained.
[0056] As mentioned above, the resonator ladder
SAW filter of this embodiment provides a better frequen-
cy characteristic with a wide pass band, compared to
that of the conventional resonator ladder SAW filter.

The Third Embodiment

[0057] FIG. 12 is a schematic view showing the reso-
nator ladder SAW filter of the third embodiment of this
invention. As shown in FIG. 12, an input electrode 2, a
serial arm SAW resonator 5, an output electrode 3, a
parallel arm SAW resonator 6, and a ground electrode
4 are respectively formed on a 41° -rotated Y-cut X-
propagation lithium niobate substrate 1. The serial arm
SAW resonator 5 comprises a pair of IDTs to excite
SAW, and one of the IDTs is connected to the input elec-
trode 2. The output electrode 3 is connected to the other
IDT of the resonator 5. The parallel arm SAW resonator
6 comprises a pair of IDT to excite SAW, and one of the
IDTs is connected to the output electrode 4. And the
ground electrode 4 is connected to the other IDT of the
resonator 6. In addition, reflectors 7 are formed on the
41° -rotated Y-cut X-propagation lithium niobate sub-
strate 1 along the propagating direction of the surface
acoustic wave of the IDT of the serial arm SAW resona-
tor 5. When reflectors 7 are provided for the resonator
5, spurious signals caused by the leaky SAW appear in
the frequency characteristic as in the case of the second
embodiment (cf. FIG. 15). However, the difference be-
tween the resonance frequency and the anti-resonance

frequency becomes larger, and the pass band becomes
wider for the filter. Thus, the frequency characteristic is
improved. However, the spurious signals by the leaky
SAW of the resonator 5 are shown around the middle of
the filter's pass band. Therefore, the spurious signals by
the leaky SAW in the pass band become ripples if there
are too many electrode fingers in the reflectors 7. To
solve this problem, the number of the electrode fingers
of the reflectors should be controlled to permit ripples.
The range depends on the requirements of the filter, and
generally, should be 50 at most.
[0058] FIG. 13 is a graph showing the experimental
result of the frequency characteristic of the T-type two-
step resonator ladder SAW filter made of Al. The elec-
trode film thickness of the filter is 6% of the IDT's elec-
trode cycle of the parallel arm SAW resonator, The per-
centage is the same as the case of the resonator ladder
SAW filter shown in FIG. 3. As for the serial arm SAW
resonator 5, the width of the IDT's electrode fingers is
1.185 µm, the IDT's electrode cycle is 4.740 µm, the
number of pairs of the opposing electrode fingers in the
IDT is 120.5 pairs, and the aperture of the opposing
electrode fingers in the IDT is 40 µm. With respect to
the resonators 7, the number of the electrode fingers is
50, and the aperture of the adjacent electrode fingers is
45 µm. When Pr is the center distance between the ad-
jacent electrode fingers in the reflector 7 of the serial
arm SAW resonator 5 (cf. FIG. 12) and Pr = p · Pi, , p =
0.98. In this equation, p is a real number, and Pi is the
center distance between the adjacent eletrode fingers
in the IDT of the serial arm SAW filter 5 shown in FIG.
12. As for the parallel arm SAW resonator 6, the width
of the IDT' s electrode finger is 1.340 µm, the IDT's elec-
trode cycle is 5.360 µm, the number of pairs of the op-
posing electrode fingers in the IDT is 150.5 pairs, and
the aperture of the opposing electrode fingers in the IDT
is 70 µm.
[0059] In this embodiment, the value of p of the reflec-
tor of the serial arm SAW resonator is predetermined to
be 0.98. The reason is explained below. FIG. 14 is a
graph showing the experimental result of the relation be-
tween p and voltage standing wave ratio (VSWR) and
also between p and pass band. The pass band is deter-
mined at the point 1.5dB lower than the lowest insertion
loss. VSWR is the ratio relating to the incident wave and
the reflected wave of the SAW filter, and the value is at
least one. As VSWR is closer to one, the reflected wave
is smaller and matching with the external circuit is im-
proved. As shown in FIG. 14, VSWR is maximum when
p of the reflector 7 is one, and becomes smaller as p is
far from one. On the other hand, the pass band is widest
when p is one, and becomes narrow when p of the re-
flectors 7 is far from one. Accordingly, p of the reflectors
7 should be from 0.96 to 1.06, where the permissible
decrease of the pass band is 0.5%.
[0060] If reflectors 7 are provided for the serial arm
SAW resonator 5 as mentioned in this embodiment, the
resonant frequency moves to the lower frequency side.
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In order to obtain the VSWR in the band like the reso-
nator ladder SAW filter of FIG. 3, the electrode cycle of
the IDT of the resonator 5 is decreased to move the res-
onant frequency and the anti-resonant frequency to the
high frequency side. Then, the difference between the
resonant frequency of the serial arm SAW resonator 5
and the anti-resonant frequency of the parallel arm SAW
resonator 6 is similar to that of the resonator ladder SAW
filter of FIG. 3. In this way, the pass band becomes wider
compared to the resonator ladder SAW filter of FIG. 3,
and 88MHz is kept as the pass band at the point lower
than 1.5 dB from the lowest insertion loss (cf. FIG. 13).
[0061] As mentioned in the first embodiment, the fre-
quency characteristic of the resonator ladder SAW filter
is influenced by the number of pairs of the IDT's elec-
trode fingers, the aperture of the opposing electrode fin-
ger in the IDT, and the IDT metallization ratio.
[0062] The frequency characteristic of the resonator
ladder SAW filter is influenced by the changed aperture
of the IDT, as mentioned in the first embodiment.
[0063] In this embodiment, it is possible to change at
least one part of the aperture of the electrode fingers in
the IDT of the serial arm SAW resonator 5 or of the par-
allel arm SAW resonator 6 (cf. FIG. 8), so that the inter-
nal reflecting efficiency of the SAW in the IDT is im-
proved while the loss and ripples of the resonator ladder
SAW filter can be controlled. As a result, a better fre-
quency characteristic is obtained.
[0064] As mentioned above, the resonator ladder
SAW filter of this embodiment provides a better frequen-
cy characteristic with a wide pass band, compared to
that of the conventional resonator ladder SAW filter.
[0065] As mentioned in the three embodiments, this
invention provides a resonator ladder surface acoustic
wave (SAW) filter which has wide and flat pass band
without spurious signals, and a good frequency charac-
teristic.

Claims

1. A resonator ladder surface acoustic wave filter,
comprising:

a 41° -rotated Y-cut X-propagation lithium nio-
bate substrate (1);
a serial arm surface acoustic wave resonator
(5) on the substrate, having interdigital trans-
ducers for exciting a surface acoustic wave;
a parallel arm surface acoustic wave resonator
(6) on the substrate, having interdigital trans-
ducers for exciting a surface acoustic wave, the
interdigital transducers having an electrode cy-
cle;
the interdigital transducers of both the serial
arm surface acoustic wave resonator and the
parallel arm surface acoustic wave resonator
being formed from films of a metal selected

from the group consisting of aluminum and alu-
minum alloy, the films having a thickness rang-
ing from 2.5% to 7.5% of the electrode cycle of
the interdigital transducers of the parallel arm
surface acoustic wave resonator.

2. The resonator ladder surface acoustic wave filter
according to claim 1, wherein the thickness of the
metal films ranges from 4% to 7% of the electrode
cycle.

3. A resonator ladder surface acoustic wave filter,
comprising:

a 41° -rotated Y-cut X-propagation lithium nio-
bate substrate (1);
a serial arm surface acoustic wave resonator
(5) on the substrate, having interdigital trans-
ducers for exciting a surface acoustic wave;
a parallel arm surface acoustic wave resonator
(6) on the substrate, having interdigital trans-
ducers for exciting a surface acoustic wave, the
interdigital transducers having an electrode cy-
cle;
the interdigital transducers of both the serial
arm surface acoustic wave resonator and the
parallel arm surface acoustic wave resonator
being formed from films of a metal other than
aluminum, the films having a thickness ranging
from 2.5 • ρ Al/ρ Me% to 7.5 • ρ Al/ρ Me% of the
electrode cycle of the interdigital transducers of
the parallel arm surface acoustic wave resona-
tor, where ρ Al is the density of Al and ρ Me is
the density of the metal as an electrode mate-
rial.

4. The resonator ladder surface acoustic wave filter
according to claim 3, wherein the thickness of the
metal films ranges from 4 • ρ Al/ρ Me% to 7 • ρ Al/
ρ Me% of the electrode cycle of the interdigital trans-
ducers of the parallel arm surface acoustic wave
resonator.

5. The resonator ladder surface acoustic wave filter
according to any of claims 1 to 4, wherein reflectors
are provided on both sides of the interdigital trans-
ducers of the parallel arm surface acoustic wave
resonator along the direction of the surface acoustic
wave propagation.

6. The resonator ladder surface acoustic wave filter
according to claim 5, wherein a ranges from 0.8 to
1.0 if an equation of d =(α + n) • L/2 holds true when
d is a center distance between closest electrode fin-
gers of the reflector and of the opposing interdigital
transducers of the parallel arm surface acoustic
wave resonator, n is zero or an integer bigger than
zero, α is one or a real number smaller than one,
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and L is the electrode cycle of the interdigital trans-
ducers of said parallel arm surface acoustic wave
resonator.

7. The resonator ladder surface acoustic wave filter
according to any of claims 1 to 4, wherein reflectors
are provided on both sides of the interdigital trans-
ducers of the serial arm surface acoustic wave res-
onator along a direction of a surface acoustic wave
propagation.

8. The resonator ladder surface acoustic wave filter
according to claim 7, wherein p ranges from 0.96 to
1.06 if an equation of Pr = p • Pi holds true when Pr
is a center distance between adjacent electrode fin-
gers in the reflector of the serial arm surface acous-
tic wave resonator, p is a real number and Pi is a
center distance between adjacent electrode fingers
in the interdigital transducers of said serial arm sur-
face acoustic wave resonator.

9. The resonator ladder surface acoustic wave filter
according to any of claims 1 to 8, wherein the
number of pairs (N) of the opposing electrode fin-
gers in the interdigital transducers is at least 50.

10. The resonator ladder surface acoustic wave filter
according to any of claims 1 to 8, wherein W is at
least 8 when W is a standardized value obtained by
dividing an aperture of opposing electrode fingers
in the interdigital transducers with the electrode cy-
cle of the interdigital transducers.

11. The resonator ladder surface acoustic wave filter
according to any of claims 1 to 8, wherein η ranges
from 0.2 to 0.5 when Lm is a width of electrode fin-
gers of the interdigital transducers, Lg is a gap width
of the electrode fingers, and an equation of η = Lm/
(Lm + Lg) holds true.

12. The resonator ladder surface acoustic wave filter
according to any of claims 1 to 11, wherein opposing
electrode fingers in at least one interdigital trans-
ducer of the resonator selected from the group con-
sisting of a serial arm surface acoustic wave reso-
nator and a parallel arm surface acoustic wave res-
onator have varying apertures.

Patentansprüche

1. Resonatorleiter-Oberflächenwellenfilter, das fol-
gendes umfaßt:

ein bei Ausbreitungsrichtung X und Y-Schnitt
um 41° gedrehtes Lithiumniobatsubstrat (1);
einen Reihenzweig-Oberflächenwellenresona-
tor (5) auf dem Substrat mit Interdigitalwand-

lern zum Erregen einer Oberflächenwelle;
einen Parallelzweig-Oberflächenwellenreso-
nator (6) auf dem Substrat mit Interdigitalwand-
lern zum Erregen einer Oberflächenwelle, wo-
bei die Interdigitalwandler einen Elektrodenzy-
klus aufweisen;
wobei die Interdigitalwandler sowohl des Rei-
henzweig-Oberflächenwellenresonators als
auch des Parallelzweig-Oberflächenwellenre-
sonators aus Filmen aus einem Metall ausge-
wählt aus der Gruppe enthaltend Aluminium
und Aluminiumlegierung ausgebildet sind, wo-
bei die Filme eine Dicke im Bereich von 2,5%
bis 7,5% des Elektrodenzyklus der Interdigital-
wandler des Parallelzweig-Oberflächenwellen-
resonators aufweisen.

2. Resonatorleiter-Oberflächenwellenfilter nach An-
spruch 1, wobei die Dicke der Metallfilme von 4%
bis 7% des Elektrodenzyklus reicht.

3. Resonatorleiter-Oberflächenwellenfilter, der fol-
gendes umfaßt:

ein bei Ausbreitungsrichtung X und Y-Schnitt
um 41° gedrehtes Lithiumniobatsubstrat (1);
einen Reihenzweig-Oberflächenwellenresona-
tor (5) auf dem Substrat mit Interdigitalwand-
lern zum Erregen einer Oberflächenwelle;
einen Parallelzweig-Oberflächenwellenreso-
nator (6) auf dem Substrat mit Interdigitalwand-
lern zum Erregen einer Oberflächenwelle, wo-
bei die Interdigitalwandler einen Elektrodenzy-
klus aufweisen;
wobei die Interdigitalwandler sowohl des Rei-
henzweig-Oberflächenwellenresonators als
auch des Parallelzweig-Oberflächenwellenre-
sonators aus Filmen aus einem nicht aus Alu-
minium bestehenden Metall ausgebildet sind,
wobei die Filme eine Dicke im Bereich von
2,5*ρAl/ρMe% bis 7,5*ρAl/ρMe% des Elektroden-
zyklus der Interdigitalwandler des Parallel-
zweig-Oberflächenwellenresonators aufwei-
sen, wobei ρAl die Dichte von Al und ρMe die
Dichte des Metalls als ein Elektrodenmaterial
ist.

4. Resonatorleiter-Oberflächenwellenfilter nach An-
spruch 3, wobei die Dicke der Metallfilme im Be-
reich von 4*ρAl/ρMe% bis 7*ρAl/ρMe% des Elektro-
denzyklus der Interdigitalwandler des Parallel-
zweig-Oberflächenwellenresonators liegt.

5. Resonatorleiter-Oberflächenwellenfilter nach ei-
nem der Ansprüche 1 bis 4, wobei auf beiden Seiten
der Interdigitalwandler des Parallelzweig-Oberflä-
chenwellenresonators entlang der Richtung der
Oberflächenwellenausbreitung Reflektoren vorge-
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sehen sind.

6. Resonatorleiter-Oberflächenwellenfilter nach An-
spruch 5, wobei α im Bereich von 0,8 bis 1,0 liegt,
wenn eine Gleichung d = (α + n) * L/2 erfüllt ist, wenn
d eine Mittenentfernung zwischen nächsten Elek-
trodenfingern des Reflektors und der gegenüberlie-
genden Interdigitalwandler des Parallelzweig-
Oberflächenwellenresonators, n Null oder eine
ganze Zahl über Null, α Eins oder eine reelle Zahl
kleiner als Eins und L der Elektrodenzyklus der In-
terdigitalwandler des Parallelzweig-Oberflächen-
wellenresonators ist.

7. Resonatorleiter-Oberflächenwellenfilter nach ei-
nem der Ansprüche 1 bis 4, wobei auf beiden Seiten
der Interdigitalwandler des Reihenzweig-Oberflä-
chenwellenresonators entlang einer Richtung einer
Oberflächenwellenausbreitung Reflektoren vorge-
sehen sind.

8. Resonatorleiter-Oberflächenwellenfilter nach An-
spruch 7, wobei p im Bereich von 0,96 bis 1,06 liegt,
wenn eine Gleichung Pr = p * Pi erfüllt ist, wenn Pr
eine Mittenentfernung zwischen benachbarten
Elektrodenfingern im Reflektor des Reihenzweig-
Oberflächenwellenresonators, p eine reelle Zahl
und Pi eine Mittenentfernung zwischen benachbar-
ten Elektrodenfingern in den Interdigitalwandlern
des Reihenzweig-Oberflächenwellenresonators
ist.

9. Resonatorleiter-Oberflächenwellenfilter nach ei-
nem der Ansprüche 1 bis 8, wobei die Anzahl an
Paaren (N) der gegenüberliegenden Elektrodenfin-
ger in den Interdigitalwandlern mindestens 50 be-
trägt.

10. Resonatorleiter-Oberflächenwellenfilter nach ei-
nem der Ansprüche 1 bis 8, wobei W mindestens 8
beträgt, wenn W ein standardisierter Wert ist, der
durch Dividieren einer Apertur von gegenüberlie-
genden Elektrodenfingern in den Interdigitalwand-
lern durch den Elektrodenzyklus der Interdigital-
wandler erhalten wird.

11. Resonatorleiter-Oberflächenwellenfilter nach ei-
nem der Ansprüche 1 bis 8, wobei η im Bereich von
0,2 bis 0,5 liegt, wenn Lm eine Breite von Elektro-
denfingern der Interdigitalwandler, Lg eine Spalt-
breite der Elektrodenfinger ist und eine Gleichung
η = Lm/(Lm + Lg) erfüllt ist.

12. Resonatorleiter-Oberflächenwellenfilter nach ei-
nem der Ansprüche 1 bis 11, wobei gegenüberlie-
gende Elektrodenfinger in mindestens einem Inter-
digitalwandler des Resonators ausgewählt aus der
Gruppe bestehend aus einem Reihenzweig-Ober-

flächenwellenresonator und einem Parallelzweig-
Oberflächenwellenresonator unterschiedliche
Aperturen aufweisen.

Revendications

1. Filtre d'onde acoustique de surface en échelle à ré-
sonateur comprenant :

un substrat (1) de niobate de lithium pivoté de
41° coupé en Y avec propagation en X ;
un résonateur (5) d'onde acoustique de surface
à bras en série sur le substrat, comportant des
transducteurs interdigités destinés à exciter
une onde acoustique de surface ;
un résonateur (6) d'onde acoustique de surface
à bras en parallèle sur le substrat, comportant
des transducteurs interdigités destinés à exci-
ter une onde acoustique de surface, les trans-
ducteurs interdigités ayant un cycle
d'électrode ;
les transducteurs interdigités d'à la fois le réso-
nateur d'onde acoustique de surface à bras en
série et le résonateur d'onde acoustique de sur-
face à bras en parallèle étant formés à partir de
films constitués d'un métal sélectionné parmi le
groupe constitué d'aluminium et d'alliage d'alu-
minium, les films présentant une épaisseur
comprise entre 2,5% et 7,5% du cycle d'élec-
trode des transducteurs interdigités du résona-
teur d'onde acoustique de surface à bras en pa-
rallèle.

2. Filtre d'onde acoustique de surface en échelle à ré-
sonateur selon la revendication 1, dans lequel
l'épaisseur des films métalliques est comprise entre
4% et 7% du cycle d'électrode.

3. Filtre d'onde acoustique de surface en échelle à ré-
sonateur comprenant :

un substrat (1) de niobate de lithium pivoté de
41° coupé en Y avec propagation en X ;
un résonateur (5) d'onde acoustique de surface
à bras en série sur le substrat, comportant des
transducteurs interdigités destinés à exciter
une onde acoustique de surface ;
un résonateur (6) d'onde acoustique de surface
à bras en parallèle sur le substrat, comportant
des transducteurs interdigités destinés à exci-
ter une onde acoustique de surface, les trans-
ducteurs interdigités ayant un cycle
d'électrode ;
les transducteurs interdigités d'à la fois le réso-
nateur d'onde acoustique de surface à bras en
série et le résonateur d'onde acoustique de sur-
face à bras en parallèle étant formés à partir de
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films constitués d'un métal autre que l'alumi-
nium, les films présentant une épaisseur com-
prise entre 2,5∗ρAl/ρMe% et 7,5∗ρAl/ρMe% du
cycle d'électrode des transducteurs interdigités
du résonateur d'onde acoustique de surface à
bras en parallèle, où ρAl est la densité de Al et
ρ Me est la densité du métal en tant qu'un ma-
tériau d'électrode.

4. Filtre d'onde acoustique de surface en échelle à ré-
sonateur selon la revendication 3, dans lequel
l'épaisseur des films métalliques est comprise entre
4∗ρAl/ρMe% et 7∗ρAl/ρMe% du cycle d'électrode des
transducteurs interdigités du résonateur d'onde
acoustique de surface à bras en parallèle.

5. Filtre d'onde acoustique de surface en échelle à ré-
sonateur selon l'une quelconque des revendica-
tions 1 à 4, dans lequel des réflecteurs sont prévus
sur les deux côtés des transducteurs interdigités du
résonateur d'onde acoustique de surface à bras en
parallèle le long de la direction de propagation d'on-
de acoustique de surface.

6. Filtre d'onde acoustique de surface en échelle à ré-
sonateur selon la revendication 5, dans lequel α est
compris entre 0,8 et 1,0 si une équation de d = (α+n)
∗L/2 reste vraie lorsque d est une distance centrale
entre les doigts d'électrode les plus proches du ré-
flecteur et des transducteurs interdigités opposés
du résonateur d'onde acoustique de surface à bras
en parallèle, n est zéro ou un nombre entier plus
grand que zéro, α est zéro ou un nombre réel plus
petit que un, et L est le cycle d'électrode des trans-
ducteurs interdigités dudit résonateur d'onde
acoustique de surface à bras en parallèle.

7. Filtre d'onde acoustique de surface en échelle à ré-
sonateur selon l'une quelconque des revendica-
tions 1 à 4, dans lequel des réflecteurs sont prévus
sur les deux côtés des transducteurs interdigités du
résonateur d'onde acoustique de surface à bras en
série le long d'une direction d'une propagation d'on-
de acoustique de surface.

8. Filtre d'onde acoustique de surface en échelle à ré-
sonateur selon la revendication 7, dans lequel p est
compris entre 0,96 et 1,06 si une équation de Pr =
p∗Pi reste vraie lorsque Pr est une distance centrale
entre des doigts d'électrode adjacents dans le ré-
flecteur du résonateur d'onde acoustique de surfa-
ce à bras en série, p est un nombre réel Pi est une
distance centrale entre des doigts d'électrode adja-
cents dans les transducteurs interdigités dudit ré-
sonateur d'onde acoustique de surface à bras en
série.

9. Filtre d'onde acoustique de surface en échelle à ré-

sonateur selon l'une quelconque des revendica-
tions 1 à 8, dans lequel le nombre de paires (N) des
doigts d'électrode opposés dans les transducteurs
interdigités est à au moins 50.

10. Filtre d'onde acoustique de surface en échelle à ré-
sonateur selon l'une quelconque des revendica-
tions 1 à 8, dans lequel W est au moins 8 lorsque
W est une valeur standardisée obtenue en divisant
une ouverture des doigts d'électrode opposés dans
les transducteurs interdigités par le cycle d'électro-
de des transducteurs interdigités.

11. Filtre d'onde acoustique de surface en échelle à ré-
sonateur selon l'une quelconque des revendica-
tions 1 à 8, dans lequel η est compris entre 0,2 et
0,5 lorsque Lm est une largeur de doigts d'électrode
des transducteurs interdigités, Lg est une largeur
d'entrefer des doigts d'électrode, et une équation
de η = Lm/(Lm+Lg) reste vraie.

12. Filtre d'onde acoustique de surface en échelle à ré-
sonateur selon l'une quelconque des revendica-
tions 1 à 11, dans lequel des doigts d'électrode op-
posés dans au moins un transducteur interdigité du
résonateur sélectionné à partir du groupe constitué
d'un résonateur d'onde acoustique de surface à
bras en série et d'un résonateur d'onde acoustique
de surface à bras en parallèle comportent des
ouvertures variées.
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