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ACOUSTIC WAVE DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is based upon and claims the benefit of 
priority of the prior Japanese Patent Application No. 2015-
055403, filed on Mar. 18, 2015, and the prior Japanese 
PatentApplicationNo. 2015-157577, filed onAug. 7,2015, 
the entire contents of which are incorporated herein by 
reference. 

FIELD 

A certain aspect of the present invention relates to an 
acoustic wave device. 

BACKGROUND 

Acoustic wave devices are used in filters for mobile 
communications. There has been known an art that forms 
wiring lines that interconnect acoustic wave resonators 
formed on a substrate or connect the acoustic wave resonator 
to an external terminal so that the wiring lines intersect each 
other across an air gap as disclosed in Japanese Patent 
Application Publication No. 2012-9989. There has been 
known an art that forms an inductor above a substrate across 
an air gap as disclosed in Japanese Patent Application 
Publication Nos. 7-321425 and 2012-80016. There has been 
known an art that connects an inductor to a filter using an 
acoustic wave resonator as disclosed in Japanese Patent 
Application Publication Nos. 2001-285025 and 2004-
112277. 

To reduce the size of the acoustic wave device, the 
distance between the wiring lines interconnecting the acous-
tic wave resonators needs to be reduced. However, when the 
distance between the wiring lines interconnecting the acous-
tic wave resonators is reduced, the capacitance between the 
wiring lines increases. Thus, the downsizing of the acoustic 
wave device is not easy. 

SUMMARY OF THE INVENTION 

According to an aspect of the present invention, there is 
provided an acoustic wave device including: a substrate; an 
acoustic wave resonator that is formed on the substrate; a 
first wiring line that is formed on the substrate and is 
electrically coupled to the acoustic wave resonator; and a 
second wiring line that is electrically coupled to the first 
wiring line, at least a part of the second wiring line being 
formed immediately above the acoustic wave resonator 
across an air gap. 

According to another aspect of the present invention, 
there is provided an acoustic wave device including: a 
substrate; acoustic wave resonators that are formed to be 
arranged in a first direction on the substrate; a first wiring 
line that is formed between the acoustic wave resonators on 
the substrate, and connects adjacent acoustic wave resona-
tors of the acoustic wave resonators; and a second wiring 
line that is formed immediately above at least one of at least 
one of the acoustic wave resonators and the first wiring line 
across an air gap so as to connect both sides outside the 
acoustic wave resonators in a second direction intersecting 
the first direction. 

2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a circuit diagram of an acoustic wave device 
in accordance with a comparative example, and FIG. lB is 

5 a plan view of the acoustic wave device in accordance with 
the comparative example; 

FIG. 2A is a circuit diagram of an acoustic wave device 
in accordance with a first embodiment, FIG. 2B is a plan 
view of the acoustic wave device of the first embodiment, 

10 FIG. 2C is a cross-sectional view taken along line A-A in 
FIG. 2B, and FIG. 2D is a plan view of an acoustic wave 
resonator; 

FIG. 3 is a plan view of an acoustic wave device in 

15 
accordance with a variation of the first embodiment; 

FIG. 4 is a circuit diagram of an acoustic wave device in 
accordance with a second embodiment; 

FIG. SA is a plan view of the acoustic wave device of the 
second embodiment, and FIG. SB is a cross-sectional view 

20 taken along line A-A in FIG. SA; 
FIG. 6 is a circuit diagram of an acoustic wave device in 

accordance with a third embodiment; 
FIG. 7A is a plan view of the acoustic wave device of the 

third embodiment, and FIG. 7B is a cross-sectional view 
25 taken along line A-A in FIG. 7A; 

FIG. 8A and FIG. 8B are circuit diagrams of acoustic 
wave devices in accordance with a fourth embodiment; 

FIG. 9A through FIG. 9D are cross-sectional views illus-
trating a method of fabricating an acoustic wave device in 

30 accordance with a fifth embodiment (No. 1); and 
FIG. 10A and FIG. lOB are cross-sectional views illus-

trating the method of fabricating the acoustic wave device of 
the fifth embodiment (No. 2). 

35 DETAILED DESCRIPTION 

A description will first be given of a comparative 
example. FIG. 1A is a circuit diagram of an acoustic wave 
device in accordance with the comparative example. As 

40 illustrated in FIG. 1A, in an acoustic wave device 110, series 
acoustic wave resonators 51 through S3 are connected in 
series between an input terminal TIN and an output terminal 
TOUT. Parallel acoustic wave resonators P1 through P4 are 
connected in parallel between the input terminal TIN and the 

45 output terminal TOUT. FIG. lB is a plan view of the 
acoustic wave device in accordance with the comparative 
example. As illustrated in FIG. 1B, the acoustic wave device 
110 includes acoustic wave resonators 12 formed on a 
substrate 10. The acoustic wave resonators 12 are the series 

50 acoustic wave resonators 51 through S3 and the parallel 
acoustic wave resonators P1 through P4 of a ladder-type 
filter. On the substrate 10, formed are first wiring lines 14 
and pad electrodes 18. The pad electrodes 18 form an input 
electrode IN, an output electrode OUT, and ground dcc-

55 trodes GND. The first wiring line 14 electrically intercon-
nects the acoustic wave resonators 12. Additionally, the first 
wiring line 14 electrically connects the acoustic wave reso-
nator 12 and the pad electrode 18. The series acoustic wave 
resonators 51 through S3 are connected in series through the 

60 first wiring lines 14 between the input electrode IN and the 
output electrode OUT. The series acoustic wave resonators 
51 through S3 are arranged in the X direction on the upper 
surface of the substrate 10. The parallel acoustic wave 
resonators P1 through P4 are connected in parallel through 

65 the first wiring lines 14 between the input electrode IN and 
the output electrode OUT. The parallel acoustic wave reso-
nators P1 through P4 are formed outside the series acoustic 
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wave resonators Si through S3 in the ±Y direction, i.e., in 
the horizontal direction in FIG. iB. 

In the comparative example, when the distance between 
the first wiring line i4 and an adjacent conductor (for 
example, the acoustic wave resonators Si through S3, Pi 
through P4, and the pad electrode i8) is reduced, the 
acoustic wave device can be reduced in size. However, the 
parasitic capacitance increases. Especially when the first 
wiring line i4 and the adjacent conductor have different 
electric potentials, the parasitic capacitance increases, and 
the characteristics of the acoustic wave device degrade. 
Thus, the downsizing of the acoustic wave device is difficult. 
First Embodiment 

FIG. 2A is a circuit diagram of an acoustic wave device 
in accordance with a first embodiment. As illustrated in FIG. 
2A, the circuit of an acoustic wave device i00 of the first 
embodiment is the same as that of the comparative example. 
FIG. 2B is a plan view of the acoustic wave device of the 
first embodiment, and FIG. 2C is a cross-sectional view 
taken along line A-A in FIG. 2B. As illustrated in FIG. 2B 
and FIG. 2C, the acoustic wave device i00 includes acoustic 
wave resonators 22 formed on the substrate i0 as acoustic 
wave elements. The substrate i0 is, for example, a piezo-
electric substrate such as a lithium tantalate substrate (e.g., 
a 36° to 48° Y-cut X-propagation substrate) or a lithium 
niobate substrate. The acoustic wave resonator 22 is, for 
example, a surface acoustic wave element. On the substrate 
i0, formed are first wiring lines 24 and pad electrodes 28. 
The first wiring line 24 and the pad electrode 28 are formed 
of a metal layer such as, for example, an aluminum layer. 
Second wiring lines 26a and 26b are located above the 
acoustic wave resonators 22 and the first wiring line 24 
across an air gap 32. The second wiring line 26a connects a 
first wiring line 24b between the series acoustic wave 
resonators S2 and S3 to a first wiring line 24c connected to 
the parallel acoustic wave resonator P3. The second wiring 
line 26b connects a first wiring line 24a between the series 
acoustic wave resonators Si and S2 to a first wiring line 24d 
connected to the parallel acoustic wave resonator P2. The 
second wiring lines 26a and 26b are connected to the first 
wiring lines 24 by supporting posts 20 at both ends thereof. 
The second wiring line 26 and the supporting post 20 are 
formed of a metal layer such as, for example, a copper layer. 
Other configurations are the same as those of the compara-
tive example, and thus the description thereof is omitted. 

FIG. 2D is a plan view of an acoustic wave resonator. The 
acoustic wave resonator 22 includes an IDT (Interdigital 
Transducer) 60 and reflectors 66. The reflectors 66 are 
formed at both sides of the IDT 60 in the propagation 
direction of the acoustic wave. The IDT 60 includes a pair 
of comb-shaped electrodes 64 facing each other. The comb-
shaped electrode 64 includes electrode fingers 6i and a bus 
bar 62. The electrode fingers 6i are connected to the bus bar 
62. The first wiring line 24 is connected to the bus bar 62. 

In the first embodiment, at least a part of the second 
wiring line 26a and at least a part of the second wiring line 
26b are formed immediately above the acoustic wave reso-
nator 22 across the air gap 32. Since the air gaps 32 are 
located between the second wiring lines 26a and 26b and the 
acoustic wave resonator 22 and between the second wiring 
lines 26a and 26b and the first wiring line 24, the parasitic 
capacitances between the second wiring lines 26a and 26b 
and the acoustic wave resonator 22 and the parasitic capaci-
tances between the second wiring lines 26a and 26b and the 
first wiring lines 24a and 24b can be reduced. Moreover, the 
second wiring lines 26a and 26b are formed above the series 
acoustic wave resonators Si through S3. Thus, the wiring 

region in the Y direction can be reduced compared to that of 
the comparative example, and the size of the acoustic wave 
device can be reduced. 

Moreover, the first wiring lines 24a and 24b are formed 
5 between two of the series acoustic wave resonators Si 

through S3. The first wiring lines 24a electrically connects 
the adjacent series acoustic wave resonators Si and S2. The 
first wiring line 24b electrically connects the series acoustic 
wave resonators S2 and S3. The second wiring lines 26a and 

10 26b are connected to at least one first wiring line 24 of the 
first wiring lines 24a and 24b. The second wiring lines 26a 
and 26b are formed immediately above at least one series 
acoustic wave resonator of the series acoustic wave resona-
tors Si through S3 across the air gap 32. For example, the 

15 second wiring line 26a connects to the first wiring line 24b, 
and is formed immediately above the series acoustic wave 
resonators Si and S2 across the air gap 32. In such an
arrangement, the first wiring line i4, which occupies a 
region on the substrate i0 in the comparative example (see 

20 FIG. iB), is formed above the series acoustic wave resona-
tors Si and S2. Thus, the size of the acoustic wave device 
including the series acoustic wave resonators Si through S3 
connected in series can be reduced. The series acoustic wave 
resonators Si through S3 are used as examples of acoustic 

25 wave resonators, but the second wiring lines 26a and 26b 
may not be formed immediately above the series acoustic 
wave resonators Si through S3, and may be formed imme-
diately above the parallel acoustic wave resonators Pi 
through P4, other first wiring lines 24, and/or the pad 

30 electrode 28 across the air gap 32. 
One or more parallel acoustic wave resonators Pi through 

P4 are formed outside the series acoustic wave resonators Si 
through S3 in the Y direction (the direction intersecting the 
X direction). The second wiring lines 26a and 26b connect 

35 the first wiring line 24a or 24b to at least one of the parallel 
acoustic wave resonators Pi through P4. For example, the 
second wiring line 26a connects the first wiring line 24b to 
the first wiring line 24c connected to the parallel acoustic 
wave resonator P3. In such an arrangement, the second 

40 wiring lines 26a and 26b are formed immediately above the 
series acoustic wave resonators Si through S3. Thus, the 
wiring region can be reduced, and the size of the acoustic 
wave device including a ladder-type filter can be reduced. 

FIG. 3 is a plan view of an acoustic wave device in 
45 accordance with a variation of the first embodiment. As 

illustrated in FIG. 3, in an acoustic wave device i02, the 
second wiring lines 26a and 26b are formed to be inclined 
with respect to the X direction and the Y direction. A first 
end of the second wiring line 26a connects to the mid-

50 position of the first wiring line 24b in theY direction, and a 
first end of the second wiring line 26b connects to the 
mid-position of the first wiring line 24a in the Y direction. 
A second end of the second wiring line 26a connects to the 
wiring line 24c connected to the parallel acoustic wave 

55 resonator P3 located outside the resonators Si through S3 in 
the +Y direction. A second end of the second wiring line 26b 
connects to the wiring line 24d connected to the parallel 
acoustic wave resonator P2. Other configurations are the 
same as those of the first embodiment, and the description 

60 thereof is omitted. 
The variation of the first embodiment can reduce the 

substantive transmission distance of signals in a wiring line 
that transmits the signal between the series acoustic wave 
resonators Si and S2 to the parallel acoustic wave resonators 

65 P2, and/or a wiring ling that transmits the signal between the 
series acoustic wave resonators S2 and S3 to the parallel 
acoustic wave resonator P3. Thus, the substantive resistance 
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component to these signals can be reduced. The term "mid-
position" does not mean the "middle" in the narrow sense, 
and means a position between ends in the broad sense. 
Second Embodiment 

FIG. 4 is a circuit diagram of an acoustic wave device in 
accordance with a second embodiment. As illustrated in 
FIG. 4, in an acoustic wave device 104, the series acoustic 
wave resonators Si through S3 are connected in series 
between the input terminal TIN and the output terminal 
TOUT. The parallel acoustic wave resonators P1 through P4 
are connected in parallel between the input terminal TIN and 
the output terminal TOUT. An inductor Li is connected 
between the parallel acoustic wave resonator P2 and a 
ground, and an inductor L2 is connected between the parallel 
acoustic wave resonator P3 and a ground. The inductors Li 
and L2 widen the band of a ladder-type filter and decrease 
the loss of the ladder-type filter. 

FIG. SA is a plan view of the acoustic wave device of the 
second embodiment, and FIG. SB is a cross-sectional view 
taken along line A-A in FIG. SA. As illustrated in FIG. SA 
and FIG. SB, the inductor Li is formed of the second wiring 
line 26a, and the inductor L2 is formed of the second wiring 
line 26b. The second wiring line 26a connects the first 
wiring line 24c that is connected to a ground side end of the 
parallel acoustic wave resonator P3 to a ground electrode 
GNDi. The second wiring line 26b connects the first wiring 
line 24d that is connected to a ground side end of the parallel 
acoustic wave resonator P2 to a ground electrode GND2. 
The second wiring line 26a is located immediately above the 
first wiring line 24a across the air gap 32, and the second 
wiring line 26b is located immediately above the first wiring 
line 24b across the air gap 32. The supporting posts 20 that 
support the second wiring lines 26a and 26b are located at 
mid-positions other than both ends of the second wiring 
lines 26a and 26b. The supporting posts 20 are formed in 
apertures 25 of the first wiring lines 24a and 24b. This 
structure electrically separates the supporting posts 20 from 
the first wiring lines 24a and 24b. Other configurations are 
the same as those of the first embodiment, and thus the 
description thereof s omitted. 

As described in the second embodiment, the second 
wiring lines 26a and 26b can be used as the inductors Li and 
L2. When the second wiring lines 26a and 26b are long, the 
supporting posts 20 that support the second wiring lines 26a 
and 26b are located at mid-positions other than both ends of 
the second wiring lines 26a and 26b. That is to say, provided 
are the supporting posts 20 (first supporting posts) that 
support the second wiring lines 26a and 26b at both ends of 
the second wiring lines 26a and 26b and the supporting posts 
20 (second supporting posts) that support the second wiring 
line 26a and 26b at other than both ends of the second wiring 
lines 26a and 26b. This structure increases the mechanical 
strengths of the second wiring lines 26a and 26b. The 
supporting posts 20 located at both ends of the second wiring 
lines 26a and 26b aim to electrically connect the second 
wiring lines 26a and 26b to the first wiring line 24 and/or the 
pad 28. The supporting posts 20 located at mid-positions 
other than both ends of the second wiring lines 26a and 26b 
do not aim the electrical connection. Thus, the supporting 
post 20 located at a mid-position does not connect to the first 
wiring line 24 or the pad 28, and connects to the substrate 
10 or to the insulating film formed on the substrate 10. 

The second wiring line 26a is formed to connect the first 
wiring line 24c at the ground side of the parallel acoustic 
wave resonator P3 that is located in the +Y direction with 
respect to the region where the series acoustic wave reso-
nators Si through S3 are formed to the ground electrode 

GNDi that is located in the —Y direction with respect to the 
region in FIG. SA. The second wiring line 26b is formed to 
connect the ground electrode GND2 that is located in the +Y 
direction with respect to the region where the series acoustic 

5 wave resonators Si through S3 are arranged to the first 
wiring line 24d at the ground side of the resonator P2 that is 
located in the —Y direction with respect to the region in FIG. 
SA. As described above, the second wiring lines 26a and 26b 
are formed immediately above the first wiring lines 24a and 

10 24b across the air gaps 32 so as to connect both sides outside 
the region where the series acoustic wave resonators Si 
through S3 are formed in the ±Y direction. This structure 
allows the long second wiring lines 26a and 26b such as the 
inductors Li and L2 to be arranged without using the region 

15 making contact with the substrate. Thus, the size of the 
acoustic wave device can be reduced. The second wiring 
lines 26a and 26b may be formed immediately above the 
series acoustic wave resonators Si through S3 across the air 
gap 32. 

20 Third Embodiment 
FIG. 6 is a circuit diagram of an acoustic wave device in 

accordance with a third embodiment. As illustrated in FIG. 
6, in an acoustic wave device 106, the series acoustic wave 
resonators Si through S3 are connected in series between 

25 the input terminal TIN and the output terminal TOUT. The 
parallel acoustic wave resonators P1 and P2 are connected in 
parallel between the input terminal TIN and the output 
terminal TOUT. The inductor L is connected between the 
parallel acoustic wave resonator P1 and a ground, and the 

30 inductor L2 is connected between the parallel acoustic wave 
resonator P2 and a ground. An inductor L3 is connected 
between a node between the series acoustic wave resonators 
Si and S2 and a ground. 

FIG. 7A is a plan view of the acoustic wave device of the 
35 third embodiment, and FIG. 7B is a cross-sectional view 

taken along line A-A in FIG. 7A. As illustrated in FIG. 7A 
and FIG. 7B, the inductors Li through L3 are formed of the 
second wiring lines 26a through 26c, respectively. The 
second wiring line 26a connects the first wiring line 24c that 

40 is connected to a ground side end of the parallel acoustic 
wave resonator P1 to the ground electrode GND1. The 
second wiring line 26a is located immediately above the first 
wiring line 24a across the air gap 32. The second wiring line 
26b connects the first wiring line 24d that is connected to a 

45 ground side end of the parallel acoustic wave resonator P2 
to the ground electrode GND1. The second wiring line 26b 
is in a meander shape. The second wiring line 26c connects 
the first wiring line 24a to the ground terminal GND2. The 
second wiring line 26c is in a coiled shape (a spiral shape), 

50 and a part thereof is located immediately above the series 
acoustic wave resonators S2 and S3 and the first wiring line 
24b across the air gap 32. Other configurations are the same 
as those of the first embodiment, and the description thereof 
is omitted. 

55 As described in the third embodiment, the second wiring 
lines 26b and 26c can be in a meander shape or in a coiled 
shape. This configuration enables to form an inductor with 
large inductance. 
Fourth Embodiment 

60 FIG. 8A through FIG. 8B are circuit diagrams of acoustic 
wave devices in accordance with a fourth embodiment. As 
illustrated in FIG. 8A, an acoustic wave device 108 is a 
ladder-type filter. The series acoustic wave resonators Si 
through S4 are connected in series between the input ter-

65 minal TIN and the output terminal TOUT. The parallel 
acoustic wave resonators P1 through P4 are connected in 
parallel between the input terminal TIN and the output 
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terminal TOUT. The inductor Li is connected between the 
parallel acoustic wave resonator Pi and a ground, and the 
inductor L3 is connected between the parallel acoustic wave 
resonator P4 and a ground. The inductor L2 is connected 
between a node between the series acoustic wave resonators 
Si and S2 and a ground. The wiring line between a node 
between the series acoustic wave resonators Si and S2 and 
the parallel acoustic wave resonator P2, the wiring line 
between a node between the series acoustic wave resonators 
S2 and S3 and the parallel acoustic wave resonator P3, and 
the inductors Li through L3 are formed of the second wiring 
line 26. 

As illustrated in FIG. 8B, an acoustic wave device i09 is 
a filter including a ladder-type filter and a DMS (double 
mode surface acoustic wave) filter. The series acoustic wave 
resonators Si and S2 are connected in series between the 
input terminal TIN and the output terminal TOUT. The 
parallel acoustic wave resonators Pi and P2 are connected in 
parallel between the input terminal TIN and the output 
terminal TOUT. A DMS filter 40 is connected between the 
series acoustic wave resonators Si and S2. The inductor Li 
is connected between the parallel acoustic wave resonator 
Pi and a ground. The wiring line between a node between 
the series acoustic wave resonator Si and the DMS filter 40 
and the parallel acoustic wave resonator P2, and the inductor 
Li are formed of the second wiring line 26. 

As described in the fourth embodiment, at least one or 
more of the inductors Li through L3 can be formed with use 
of the second wiring line 26. The wiring line interconnecting 
the acoustic wave resonators can be formed with use of the 
second wiring line 26. The second wiring line 26 can be 
applied to a filter including the DMS filter 40. In the fourth 
embodiment, a part of the path of the parallel arm of the 
ladder-type filter is formed by using the second wiring line 
26. The second wiring line 26 may form the path of the 
series arm of the ladder-type filter. For example, a wiring 
line interconnecting the series acoustic wave resonators may 
be the second wiring line 26. An inductor connected in 
parallel to a series acoustic wave resonator may be the 
second wiring line 26. The second wiring line 26 may be 
formed immediately above a resonator so as to overpass a 
series acoustic wave resonator and/or a parallel acoustic 
wave resonator. 
Fifth Embodiment 

A fifth embodiment is an exemplary fabrication method of 
the acoustic wave devices of the first through fourth embodi-
ments and the variation thereof FIG. 9A through FIG. i0B 
are cross-sectional views illustrating a method of fabricating 
an acoustic wave device in accordance with the fifth 
embodiment. The circuit diagram and the plan view of the 
acoustic wave device fabricated by the fifth embodiment are 
not illustrated, but the fifth embodiment is an acoustic wave 
device in which the second wiring line 26 is formed so as to 
overpass two acoustic wave resonators 22 by using the 
supporting posts 20 located at both ends and the supporting 
post 20 located at other than both ends. The acoustic wave 
devices of the first through fourth embodiments and the 
variations thereof can be fabricated by the same or similar 
method. As illustrated in FIG. 9A, a metal film 42 is formed 
on the substrate i0. The substrate i0 is, for example, a 
piezoelectric substrate such as a lithium tantalate substrate 
or a lithium niobate substrate. The metal film 42 is, for 
example, an aluminum film. The metal film 42 is formed by, 
for example, sputtering and etching. The metal film 42 forms 
the acoustic wave resonators 22 and the first wiring lines 24. 
The metal film 42 has a film thickness of, for example, 150 
to 400 nm. The metal film 42 may be a copper film or the 
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like. A protective film 34 is formed on the acoustic wave 
resonators 22. The protective film 34 is, for example, a 
silicon oxide film with a film thickness of 20 nm. The 
protective film 34 is formed by, for example, sputtering and 

5 etching. 
As illustrated in FIG. 9B, a mask layer 50 is formed on the 

substrate i0 so that apertures 52 are formed in regions where 
the supporting posts 20 are formed. The apertures 52 are 
formed in a part on the substrate i0, and in a part of the first 

10 wiring line 24. The mask layer 50 has heat resistance 
satisfactory for baking performed later, and is, for example, 
a photoresist film with a film thickness of 2 im or greater. 
The mask layer 50 is formed by, for example, photolithog-
raphy. 

15 As illustrated in FIG. 9C, a seed layer 36 is formed across 
the entire surface on the substrate i0 so as to cover the mask 
layer 50. The seed layer 36 is, for example, a titanium film 
with a film thickness of 0.2 im and a gold film with a film 
thickness of 0.15 tm stacked in this order from the substrate 

20 i0 side. The seed layer 36 is formed by, for example, 
evaporation. The seed layer 36 may be a titanium film with 
a film thickness of 0.1 im and a copper film with a film 
thickness of 0.3 tm stacked in this order from the substrate 
i0 side. The seed layer 36 may be formed by sputtering, but 

25 is preferably formed by evaporation because liftoff is per-
formed later. The substrate i0 side film of the seed layer 36 
is an adhesion film that improves the adhesiveness with the 
metal film 42. When the metal film 42 is an aluminum film, 
the adhesion film is, for example, a titanium film. The upper 

30 side film of the seed layer 36 functions as a seed for plating, 
and is preferably made of the same material as the plated 
layer. 

As illustrated in FIG. 9D, a mask layer 54 is formed on the 
seed layer 36 so that an aperture 56 is formed in a region 

35 where the second wiring line 26 is formed. The mask layer 
54 is, for example, a photoresist film with a film thickness 
of 7 tim. The mask layer 54 is formed by, for example, 
photolithography. 

As illustrated in FIG. i0A, a plated layer 30 is formed in 
40 the aperture 56. The plated layer 30 includes a lower layer 

38, a barrier layer (not illustrated), and an upper layer 39 in 
this order from the substrate i0 side. The lower layer 38 is, 
for example, a copper layer with a film thickness of 3 tm. 
The barrier layer is, for example, a palladium layer with a 

45 film thickness of 0.3 tm. The upper layer 39 is, for example, 
a gold layer with a film thickness of 1 tm. The plated layer 
30 is formed by electrolytic plating by supplying electrical 
current from the seed layer 36. The lower layer 38 is 
preferably made of a non-magnetic material of low electrical 

50 resistivity capable of being thickened. Thus, the lower layer 
38 is preferably a copper layer or a gold layer. The film 
thickness of the lower layer 38 is preferably, for example, 1 
tm or greater to reduce the resistance of the second wiring 
line 26. When a stud bump is formed on the plated layer 30, 

55 the upper layer 39 is preferably a gold layer. The barrier 
layer reduces the interdiffusion between the lower layer 38 
and the upper layer 39 due to the heating or the temporal 
change. When the lower layer 38 is a copper layer, and the 
upper layer 39 is a gold layer, the barrier layer is preferably 

60 a palladium layer or a nickel layer with a film thickness of 
approximate 0.2 tim. The upper layer 39 may be formed by 
electroless plating. In this case, the film thickness of the 
upper layer 39 is, for example, 0.4 tim. The barrier layer and 
the upper layer 39 may be formed by evaporation. In this 

65 case, the barrier layer is, for example, a titanium layer with 
a film thickness of 0.2 tim, and the upper layer 39 is a gold 
layer with a film thickness of 0.4 tm. 
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As illustrated in FIG. lOB, the mask layers 50 and 54 are 
removed by using, for example, an organic solvent. At this 
time, the seed layer 36 formed between the mask layers 50 
and 54 is liftoff. To liftoff the seed layer 36, the organic 
solvent may be injected at high pressure. Alternatively, 
ultrasonic cleaning in the organic solvent may be performed. 
The seed layer 36 and the plated layer form the second 
wiring line 26 and the supporting posts 20. 

As described in the fifth embodiment, as illustrated in 
FIG. 9A, the metal film 42 is formed in regions to become 
the acoustic wave resonator 22 and the first wiring line 24 on 
the substrate 10. As illustrated in FIG. 9B, the mask layer 50 
having the apertures 52 above the regions to become the 
supporting posts 20 is formed. As illustrated in FIG. 9C, the 
seed layer 36 is formed so as to make contact with the metal 
film 42 in the apertures 52 and to cover the mask layer 50. 
As illustrated in FIG. 9D, on the seed layer 36, formed is the 
mask layer 54 having the aperture 56 in the region to become 
the second wiring line 26. As illustrated in FIG. bA, the 
plated layer 30 is formed on the seed layer 36 in the aperture 
56 by supplying electrical current from the seed layer 36. As 
illustrated in FIG. lOB, the mask layer 50 and the mask layer 
54 are removed to liftoff the seed layer 36 other than the seed 
layer 36 in the apertures 52. This process forms the second 
wiring line 26 above the acoustic wave resonator 22 and the 
first wiring line 24 across the air gap 32. 

The first wiring line 24 includes the metal film 42, and 
does not include the seed layer 36 or the plated layer 30. The 
second wiring line 26 does not include the metal layer, and 
includes the seed layer 36 and the plated layer 30. The first 
wiring line 24 in a region other than the region intersecting 
the second wiring line 26 may include the seed layer 36 and 
the plated layer 30. The second wiring line 26 can be 
thickened by including the plated layer 30. For example, the 
film thickness of the second wiring line 26 can be thickened 
to 3 tm or greater. This enables to reduce the resistance of 
the second wiring line 26. Thereby, the loss of the acoustic 
wave device can be reduced. 

The first through fifth embodiments and the variations 
thereof use a surface acoustic wave device as the example of 
the acoustic wave resonator 22, but the acoustic wave 
resonator 22 may be a boundary acoustic wave resonator, a 
Love wave resonator, or a piezoelectric thin film resonator. 

Although the embodiments of the present invention have 
been described in detail, it is to be understood that the 
various change, substitutions, and alterations could be made 
hereto without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. An acoustic wave device comprising: 
a substrate; 
a plurality of acoustic wave resonators that are formed on 

an upper surface of the substrate; 
a first wiring line that is formed on the upper surface of 

the substrate and is electrically coupled to at least one 
of the plurality of acoustic wave resonators; and 

one or more second wiring lines that are electrically 
coupled to the first wiring line and connects regions 
located on the upper surface of the substrate, at least a 
part of the one or more second wiring lines being 
formed immediately above one or more of the plurality 
of acoustic wave resonators across an air gap, 

wherein the one or more second wiring lines are not 
supported by any other substrate other than the sub-
strate, and 

each of the one or more of the plurality of acoustic wave 
resonators includes a first region overlapping with the 
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one or more second wiring lines in a plan view and a 
second region not overlapping with the one or more 
second wiring lines in the plan view. 

2. The acoustic wave device according to claim 1, further 
5 comprising: 

a pair of first supporting posts that is formed on the 
substrate, and supports at least one of the one or more 
second wiring lines at both ends of the at least one of 
the one or more second wiring lines; and 

10 a second supporting post that supports the at least one of 
the one or more second wiring lines at other than the 
both ends of the at least one of the one or more second 
wiring lines. 

3. The acoustic wave device according to claim 1, wherein 
15 at least one of the one or more second wiring lines is in 

a coiled shape or in a meander shape. 
4. The acoustic wave device according to claim 1, wherein 
the plurality of the acoustic wave resonators are arranged 

in a first direction on the substrate, 
20 the first wiring line is formed between adjacent acoustic 

wave resonators of the plurality of the acoustic wave 
resonators, and electrically connects the adjacent 
acoustic wave resonators, and 

at least one of the one or more second wiring lines is 
25 formed immediately above at least one acoustic wave 

resonator of the plurality of acoustic wave resonators 
across the air gap. 

5. The acoustic wave device according to claim 4, wherein 
a first end of the at least one of the one or more second 

30 wiring lines is coupled to a mid-position of the first 
wiring line in a second direction intersecting the first 
direction. 

6. The acoustic wave device according to claim 4, further 
comprising another acoustic wave resonator that is formed 

35 on the upper surface of the substrate, said another acoustic 
wave resonator being arranged outside the plurality of 
acoustic wave resonators in a second direction intersecting 
with the first direction, 

wherein 
40 a second end of the at least one of the one or more second 

wiring lines is coupled to said another acoustic wave 
resonator. 

7. The acoustic wave device according to claim 4, further 
comprising: 

45 one or more parallel acoustic wave resonators that are 
connected in parallel between an input electrode and an
output electrode and are formed outside the plurality of 
acoustic wave resonators in a second direction inter-
secting the first direction on the substrate, 

50 wherein the plurality of acoustic wave resonators are 
series acoustic wave resonators connected in series 
between the input electrode and the output electrode, 
and 

the at least one of the one or more second wiring lines 
55 connects the first wiring line to at least one of the one 

or more parallel acoustic wave resonators. 
8. The acoustic wave device according to claim 4, wherein 

the at least one of the one or more second wiring lines 
connects the first wiring line to a region located outside the 

60 plurality of acoustic wave resonators in a second direction 
intersecting the first direction. 

9. The acoustic wave device according to claim 1, further 
comprising: 

a supporting post that is formed on the upper face of the 
65 substrate and supports at least one of the one or more 

second wiring lines at both ends of the at least one of 
the one or more second wiring lines, 
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wherein the at least one of the one or more second wiring 
lines is supported by only the supporting post. 

10. An acoustic wave device comprising: 
a substrate; 
a plurality of acoustic wave resonators that are formed to 

be arranged in a first direction on the substrate; 
a first wiring line that is formed between the plurality of 

acoustic wave resonators on the substrate, and connects 
adjacent acoustic wave resonators of the plurality of 
acoustic wave resonators; and 

one or more second wiring lines that are formed imme-
diately above the first wiring line or above a part of one 
or more of the plurality of acoustic wave resonators, or 
are formed immediately above both the first wiring line 
and one or more of the plurality of acoustic wave 
resonators, across an air gap so as to connect both sides 
outside the plurality of acoustic wave resonators in a 
second direction intersecting the first direction 

wherein the one or more second wiring lines are not 
supported by any other substrate other than the sub-
strate, and 

each of the one or more of the plurality of acoustic wave 
resonators includes a first region overlapping with the 
one or more second wiring lines in a plan view and a 
second region not overlapping with the one or more 
second wiring lines in the plan view when the one or 
more second wiring lines are formed immediately 
above the part of the one or more of the plurality of 
acoustic wave resonators. 

12 
11. An acoustic wave device comprising: 
a substrate; 
series acoustic wave resonators formed on an upper 

surface of the substrate, the series acoustic wave reso-
5 nators being connected in series between an input 

electrode and an output electrode and being arranged in 
a first direction on the substrate; 

one or more parallel acoustic wave resonators that are 
formed on the upper surface of the substrate outside the 

10 series acoustic wave resonators in a second direction 
intersecting the first direction, the one or more parallel 
acoustic wave resonators being connected in parallel 
between the input electrode and the output electrode; 

a first wiring line that is formed on the upper surface of 
15 the substrate between adjacent series acoustic wave 

resonators of the series acoustic wave resonators, the 
first wiring line electrically connecting the adjacent 
series acoustic wave resonators; 

a ground electrode that is formed on the upper surface of 
20 the substrate; and 

a second wiring line that connects at least one of the one 
or more parallel acoustic wave resonators to the ground 
electrode, at least a part of the second wiring line being 
formed immediately above the first wiring line or above 

25 one or more of the series acoustic wave resonators, or 
being formed immediately above both the first wiring 
line and one or more of the series acoustic wave 
resonators, across an air gap. 

* * * * * 
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