
SPECIFICATION 

TITLE OF THE INVENTION 

ACOUSTIC WAVE DEVICE AND METHOD FOR MANUFACTURING THE SAME 

Field 

[0001] A certain aspect of the present invention relates to an acoustic wave device and a 

method for manufacturing the same. 

Background 

[0002] There is known an acoustic wave device configured so that an electrode such as an 

interdigital transducer IDT is formed on a piezoelectric substrate. A typical example of such a 

device is a surface acoustic wave (SAW) device. The electromechanical coupling coefficient, 

which is one of the characteristics of the acoustic wave device, depends on the material and 

orientation of the crystal of the piezoelectric substrate, and has a relationship with the fractional 

bandwidth of the acoustic wave device. There is known an art of adjusting the 

electromechanical coupling coefficient by changing the thickness of a dielectric layer such as a 

silicon oxide layer or aluminum oxide layer formed below the IDT electrode (see Japanese 

Patent Application Publication No. 2008-67289: Document 1). 

SUMMARY OF THE INVENTION 

[0003] According to an aspect of the present invention, there is provided an acoustic wave 

device including: a piezoelectric substrate; a dielectric layer formed on the piezoelectric 

substrate; and first and second comb-tooth electrodes formed on the dielectric layer, the 
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dielectric layer having a first thickness between the first comb-tooth electrodes and the 

piezoelectric substrate and a second thickness between the second comb-tooth electrodes and the 

piezoelectric substrate, the first and second thicknesses being different from each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIGs. 1A through 1C are schematic cross-sectional views of an acoustic wave device 

in accordance with a comparative example; 

FIG. 2 is a block diagram of an acoustic wave device In accordance with a first 

embodiment; 

FIG. 3 illustrates frequency bands used in an acoustic wave device in accordance with a 

first embodiment; 

FIG 4 is a plan view of the acoustic wave device of the first embodiment; 

FIGs. 5A through 5E are schematic cross-sectional views of a series of steps of a 

method for manufacturing the acoustic wave device in accordance with the first embodiment; 

FIGs. 6A through 6D are schematic cross-sectional views of a series of steps that 

follows the series of steps in FIGs. 5A through 5E; 

FIG. 7 is a schematic cross-sectional view of another acoustic wave device in 

accordance with the first embodiment; 

FIG. 8 is a schematic cross-sectional view of an acoustic wave device in accordance 

with a variation of the first embodiment; 

FIGs. 9 A through 9D are schematic cross-sectional views of a series of steps of a 

method for manufacturing the acoustic wave device in accordance with the second embodiment; 

FIGs. 10A through 10D are schematic cross-sectional views of a series of steps that 
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follows the series of steps illustrated in FIGs. 9A through 9D; 

FIGs. 11A and 1 IB are schematic cross-sectional views of a series of steps that follows 

the series of steps illustrated in FIGs. 10A through 10D; 

FIG. 12 is a schematic cross-sectional view of the acoustic wave device of the second 

embodiment; and 

FIG. 13 is a schematic cross-sectional view of an acoustic wave device in accordance 

with a variation of the second embodiment. 

DETAILED DESCRIPTION 

[0005] In the art disclosed in Document 1, the thickness of the dielectric layer formed on the 

piezoelectric substrate is uniform over one wafer. Thus, the electromechanical coupling 

coefficients of acoustic wave devices produced from the same wafer have almost the same values. 

It is therefore difficult to produce, from the same wafer, acoustic wave devices having different 

electromechanical coupling coefficients such as resonators or filters having different fractional 

bandwidths. There is a similar problem in devices that do not use the dielectric layer. 

[0006] According to an aspect of embodiments described below, a plurality of acoustic wave 

devices having different electromechanical coupling coefficients are formed on a single 

piezoelectric substrate. 

[0007] Before embodiments are described, a comparative example is now described. FIGs. 

1A through 1C are schematic cross-sectional views of an acoustic wave device in accordance 

with a comparative example. FIG. 1A illustrates an acoustic wave device that transmits a signal 

by a surface acoustic wave (SAW). Comb-tooth electrodes 120 that form an IDT are formed 

directly on a surface of a piezoelectric substrate 110. FIG. IB illustrates an acoustic wave 
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device in which a thick dielectric layer is formed on an IDT. For example, the dielectric layer 

may have a thickness equal to a few times the thickness of the IDT. In FIG. IB, the upper 

surface of the piezoelectric substrate 110 and the upper surface of the comb-tooth electrodes 120 

are covered with an insulative layer 130. FIG. 1C illustrates an acoustic wave device in which a 

dielectric layer 140 is added to the structure illustrated in FIG. IB so that the dielectric layer 140 

is interposed between the piezoelectric substrate 110 and the comb-tooth electrodes 120. 

[0008] The electromechanical coupling coefficients of the acoustic wave devices having the 

structures illustrated in FIGs. 1A and IB depend on the crystal material of the piezoelectric 

substrate 110 and the crystal orientation thereof. In the structure illustrated in Fig. 1C, the 

electromechanical coupling coefficient depends on the thickness of the dielectric layer 140 in 

addition to the above-described factors. In each of the structures, the electromechanical 

coupling coefficient is almost constant in the whole area of the piezoelectric substrate 110. 

Thus, the structures illustrated in FIGs. 1A through 1C have a difficulty in forming acoustic 

wave devices having different electromechanical coupling coefficients (for example, at least two 

resonators or filters having different fractional bandwidths) on a single piezoelectric substrate. 

First Embodiment 

[0009] FIG. 2 is a block diagram of a structure of an acoustic wave device in accordance 

with a first embodiment. Referring to FIG. 2, the acoustic wave device of the first embodiment 

includes a transmission filter part 50 and a reception filter part 60. The transmission filter part 

50 includes two transmission filters having different frequency characteristics, namely, a first 

transmission filter 52 and a second transmission filter 54. The reception filter part 60 includes 

two reception filters having different frequency characteristics, namely, a first reception filter 62 

and a second reception filter 64. 
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[0010] FIG. 3 illustrates frequency bands used in the acoustic wave device of the first 

embodiment. In this example, there are 10 frequency bands Bandl ~ BandlO, which have 

mutually different transmission frequencies Tx, reception frequencies, bandwidths (MHz), and 

fractional bandwidths (Rx). The fractional bandwidth is the ratio of the band width respect to 

the center frequency. Each of the bands has the respective fractional bandwidth. It is 

desirable that the electromechanical coupling coefficient of the acoustic wave device is 

optimized in terms of the fractional bandwidth. 

[0011] In the acoustic wave device illustrated in FIG 2, the first transmission filter 52 and 

the first reception filter 62 may be filters of Band2, and the second transmission filter 54 and the 

second reception filter 64 may be filters of Band3. These filters are provided on an identical 

(common) piezoelectric substrate 70. The first transmission filter 52 is connected to a 

transmission terminal Tx(Band2) of Band2, and the second transmission filter 54 is connected to 

a transmission terminal Tx(Band3) of Band3. The first reception filter 62 is connected to a 

reception terminal Rx(Band2) of Band2, an the second reception filter 64 is connected to a 

reception terminal Rx(Band3) of Band3. The first transmission filter 52 and the first reception 

filter 62 are connected to an antenna terminal Ant(Band2) of Band2. The second transmission 

filter 54 and the second reception filter 64 are connected to an antenna terminal Ant(Band3) of 

Band3. 

[0012] FIG. 4 is a schematic plan view of the acoustic wave device in accordance with the 

first embodiment. The first transmission filter 52 and the second transmission filter 54 having 

different fractional bandwidths are formed on the common piezoelectric substrate 70. Mutually 

different input/output systems are respectively connected to the two transmission filters 52 and 
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[00131 The first transmission filter 52 is a ladder filter composed of three series resonators 

80, 82 and 86 connected in series and two parallel resonators 84 and 88 connected in parallel. 

Each of the resonators 80-88 is composed of a pair of comb-tooth electrodes and two reflection 

electrodes at both sides of the pair of comb-tooth electrodes. One end of the series resonator 82 

is connected to the antenna terminal Ant(Band2), and one end of the series resonator 86 is 

connected to the terminal Tx(Band2) of the transmission circuit. One end of the parallel 

resonator 84 is connected to the ground potential (GND), and one end of the parallel resonator 88 

is connected to the ground potential (GND). 

[0014] The second transmission filter 54 is a ladder filter like the first transmission filter 52 

and is composed of three series resonators 90, 92 and 96 connected in series, and two parallel 

resonators 94 and 98 connected in parallel. Each of the resonators 90 ~ 98 is composed of a 

pair of comb-like electrodes and two reflection electrodes at both sides of the pair Of comb-tooth 

electrodes. One end of the series resonator 92 is connected to the antenna terminal Ant(Band3), 

and one end of the series resonator 96 is connected to the antenna terminal Ant(Band3) of the 

transmission circuit. One end of the parallel resonator 94 is connected to the ground potential 

(GND), and one end of the parallel resonator 98 is connected to the ground potential (GND). 

[0015] A method for manufacturing the acoustic wave device of the first embodiment is now 

described with reference to FIGs. 5A through 6D. 

[0016] Referring to FIG. 5A, a dielectric layer 12 is formed on a piezoelectric substrate 10. 

The piezoelectric substrate 10 may be lithium niobate (LiNbOs), for example. The dielectric 

layer 12 may be aluminum oxide (AI2O3), for example. The thickness of the piezoelectric 

substrate 10 may be 200 ~ 350 (am, for example. The dielectric layer 12 may be 3 ~ 20 nm 

thick, for example. The dielectric layer 12 may be formed by a sputtering method, a chemical 
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vapor deposition (CVD) method, an atomic layer deposition (ALD) method or the like. 

[0017] Next, referring to FIG. 5B, a mask pattern formed by a photoresist layer 14 is formed 

on the dielectric layer 12. 

[0018] Then, referring to FIG. 5C, the dielectric layer 12 is selectively etched with the 

photoresist layer 14 being used as a mask, whereby the thickness of the dielectric layer 12 is 

selectively reduced. After the etching process, the photoresist layer 14 is removed by ashing. 

The selective etching of the dielectric layer 12 results in a portion 12a having no reduction in the 

thickness and a portion 12b having a reduced thickness. 

[0019] Thereafter, referring to FIG. 5D, a first insulative layer 16 is formed on the dielectric 

layer 12. For example, the first insulative layer 16 may be silicon oxide (SiC^) and may be 80 

~ 400 nm thick. 

[0020] Then, referring to FIG. 5E, a mask pattern formed by a photoresist layer 18 is formed 

on the first insulative layer 16. 

[0021] Referring to FIG 6A, the first insulative layer 16 is selectively etched with the 

photoresist layer 18 being used as a mask, whereby the dielectric layer 12 is selectively exposed. 

In the exposed areas of the dielectric layer 12, electrode fingers of comb-tooth electrodes and 

reflection electrodes, which form a resonator are formed by the following process. It is to be 

noted that only some electrode fingers are illustrated for the sake of simplicity in the drawings. 

Preferably, the above etching process has a high selection ratio of the first insulative layer 16 to 

the dielectric layer 12 in order to the dielectric layer 12 from being overetched. In the present 

embodiment, the dielectric layer 12 is made of aluminum oxide and the first insulative layer 16 is 

made of silicon oxide. 

[0022] Then, referring to FIG 6B, a metal layer 20 is formed on the photoresist layer 18 and 
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the dielectric layer 12. The metal layer 20 may be made of copper (Cu), and may be 80 nm ~ 

400 nm thick, for example. For example, the metal layer 20 has a thickness close to that of the 

first insulative layer 16. The metal layer 20 may be formed by sputtering, for example. 

[0023] Then, a liftoff process is carried out in order to remove the photoresist layer 18 and 

the metal layer 20 on the photoresist layer 18. Thus, first comb-tooth electrodes 22a are formed 

by the metal layer 20 remaining in the first portion 12a of the dielectric layer 12, and second 

comb-tooth electrodes 22b are formed by the metal layer 20 remaining in the second portion 12b 

of the dielectric layer 12, as illustrated in FIG. 6C. The first insulative layer 16 is arranged 

around the first comb-tooth electrodes 22a and the second comb-tooth electrodes 22b. 

[0024] After that, a second insulative layer 24 is formed so as to cover the comb-tooth 

electrodes 22 and the first insulative layer 16. The second insulative layer 24 may be made of 

silicon oxide (Si02), and may be 300 nm ~ 1500 nm thick, for example. 

[0025] FIG. 7 is a schematic cross-sectional view of an acoustic wave device manufactured 

by the above-described method in accordance with the first embodiment. The two dielectric 

layers having the different thicknesses are formed on the piezoelectric substrate 10. More 

particularly, the first portion 12a and the second portion 12b that is thinner than the first portion 

12a are formed on the piezoelectric substrate 10. The first comb-tooth electrodes 22a are 

formed on the comparatively thick first portion 12a of the dielectric layer 12, and the second 

comb-tooth electrodes 22b are formed on the comparatively thin second portion 12b thereof. 

The side and top surfaces of the first and second comb-tooth electrodes 22a and 22b are covered 

with the first insulative layer 16 and the second insulative layer 24. Vibrations excited by the 

first and second comb-tooth electrodes 22a and 22b are propagated through the second insulative 

layer 24, the first insulative layer 16 and the dielectric layer 12 and are further propagated on the 
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surface of the piezoelectric substrate 10. 

[0026] The acoustic wave device having the first portion 12a and that having the second 

portion 12b have different electromechanical coupling coefficients because the first portion 12a 

and the second portion 12b have different thicknesses. It is thus possible to easily form a 

plurality of acoustic wave devices having different electromechanical coupling coefficients on 

the same or common piezoelectric substrate. For example, filters having different fractional 

bandwidths may be formed on the common piezoelectric substrate easily. 

[0027] FIG. 8 is a schematic cross-sectional view of an acoustic wave device in accordance 

with a variation of the first embodiment. The acoustic wave device in FIG. 8 is the same as that 

in FIG 7 except that the device of FIG. 8 does not have the first insulative layer 16 and the 

second insulative layer 24 on the side and top surfaces of the first and second comb-tooth 

electrodes 22a and 22b. The acoustic wave device in FIG. 8 is a SAW device in which vibration 

excited by the first and second comb-tooth electrodes 22a and 22b are propagated on the surface 

of the dielectric layer 12, more particularly, on the first portion 12a and the second portion 12b. 

As described above, the structure of the first embodiment may be applied to any acoustic wave 

device configured so that the comb-tooth electrodes are formed on the dielectric layer 12 on the 

piezoelectric substrate 10. 

Second Embodiment 

[0028] A second embodiment has another structure of a dielectric layer having different 

thickness portions. 

[0029] FIGs. 9A through 1 IB are diagrams that illustrate a method for manufacturing an 

acoustic wave device in accordance with the second embodiment. 

[0030] Referring to FIG. 9A, the dielectric layer 12 is formed on the piezoelectric substrate 
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10, and the first insulative layer 16 is formed on the dielectric layer 12. Like the first 

embodiment, the piezoelectric substrate 10 may be made of lithium niobate, and the second 

dielectric layer 12 may be made of aluminum oxide. The first insulative layer may be made of 

silicon oxide. 

[0031] Referring to FIG. 9B, a mask pattern formed by a photoresist layer 30 is formed on 

the first insulative layer 16. 

[0032] Referring to FIG. 9C, the first insulative layer 16 and the dielectric layer 12 are 

selectively etched in the thickness direction continuously with the photoresist layer 30 being 

used as a mask. Thus, the thickness of the dielectric layer 12 is selectively reduced. Portions 

of the dielectric layer 12 having a reduced thickness form grooves (recess portions) in which 

comb-tooth electrodes are arranged, as will be described later. 

[0033] Then, referring to FIG 9D, a metal layer 31 is formed on the photoresist layer 30 and 

exposed surface portions of the dielectric layer 12 from which the first insulative layer 16 has 

been removed. The metal layer 31 may be made of copper, and may have a thickness close to 

that of the first insulative layer 16. The metal layer 31 may be formed by sputtering, for 

example. 

[0034] Thereafter, the photoresist layer 30 and the metal layer 31 on the photoresist layer 30 

are removed by liftoff. Thus, as illustrated in FIG 10A, the second comb-tooth electrodes 22b 

are formed in the grooves in the dielectric layer 12 so as to have a thickness almost equal to the 

depth of the grooves. The top surfaces of the second comb-tooth electrodes 22b are flush with 

the top surface of the first insulative layer 16. The second comb-tooth electrodes 22b are 

surrounded by the first insulative layer 16. 

[0035] Referring to FIG. 10B, a mask pattern formed by a photoresist layer 34 is formed on 
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the first insulative layer 16. The photoresist layer 34 does not have openings above the second 

comb-tooth electrodes 22b. 

[0036] Referring to FIG. 10C, the first insulative layer 16 is selectively etched with the 

photoresist layer 34 being used as a mask, whereby openings that reach the surface of the 

dielectric layer 12 are formed in the first insulative layer 16. Preferably, the above etching 

process has a high selection ratio of the first insulative layer 16 to the dielectric layer 12 in order 

to the dielectric layer 12 from being overetched. In the present embodiment, the dielectric layer 

12 is made of aluminum oxide and the first insulative layer 16 is made of silicon oxide. The 

removed portions of the first insulative layer 16 form grooves (recess portions) in which the first 

comb-tooth electrodes 22a are formed. 

[0037] Referring to FIG. 10D, a metal layer 36 is formed on the photoresist layer 34 and the 

exposed surface portions of the dielectric layer 12 from which the first insulative layer 16 has 

been removed. The metal layer 36 may be made of copper, and may have a thickness close to 

the depth of the grooves. The top surfaces of the second comb-tooth electrodes 22b are flush 

with the top surface of the first insulative layer 16. The metal layer 36 may be formed by 

sputtering, for example. 

[0038] Then, the photoresist layer 34 and the metal layer 36 on the photoresist layer 34 are 

removed by liftoff. Thus, as illustrated in FIG. 11 A, the first comb-tooth electrodes 22a having 

a thickness close to that of the first insulative layer 16 are formed on the dielectric layer 12. 

The first comb-tooth electrodes 22a are surrounded by the first insulative layer 16. 

[0039] Then, referring to FIG. 11B, the second insulative layer 24 is formed so as to cover 

the first and second comb-tooth electrodes 22a and 22b and the first insulative layer 16. The 

second insulative layer 24 may be made of silicon oxide (Si02) and may be 300 nm ~ 1500 nm 
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thick, for example. Before forming the second insulative layer 24, an insulative layer serving as 

an underlying layer is formed, and the silicon oxide layer may be formed thereof. The use of 

the underlying layer is capable of preventing or suppressing scattering of the electrode material. 

The underlying layer may be made of silicon nitride (SiN) or silicon carbide (SiC). 

[0040] FIG. 12 is a schematic cross-sectional view of an acoustic wave device that is 

manufactured by the above-mentioned method of the second embodiment. Referring to FIG. 12, 

the second comb-tooth electrodes 22b are formed in recess portions 32 in the dielectric layer 12, 

and the first comb-tooth electrodes 22a are formed on the dielectric layer 12 and located in an 

area other than the area in which the second comb-tooth electrodes 22b are formed. The first 

insulative layer 16 surrounds the side surfaces of the first and second comb-tooth electrodes 22a 

and 22b, and the second insulative layer 24 surrounds the top surfaces of the first and second 

comb-tooth electrodes 22a and 22b. Vibrations excited by the first and second comb-tooth 

electrodes 22a and 22b are propagated through the second insulative layer 24, the first insulative 

layer 16 and the dielectric layer 12 and are further propagated on the surface of the piezoelectric 

substrate 10. 

[0041] In the acoustic wave device of the second embodiment, the thickness of the dielectric 

layer 12 between the first comb-tooth electrodes 22a and the piezoelectric substrate 10 is larger 

than that between the second comb-tooth electrodes 22 and the piezoelectric substrate 10. 

Therefore, the acoustic wave device including the first comb-tooth electrodes 22a and that 

including the second comb-tooth electrodes 22b have mutually different electromechanical 

coupling coefficients. According to the second embodiment, a plurality of acoustic wave 

devices having different electromechanical coupling coefficients can be formed on a single chip 

or a single piezoelectric substrate. For example, filters having different fractional bandwidths 
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can be formed on the single chip. 

[0042] FIG. 13 is a schematic cross-sectional view of an acoustic wave device in accordance 

with a variation of the second embodiment. This variation is the same as the structure 

illustrated in FIG. 12 except that the insulative layers are not formed on the side and top surfaces 

of the first and second comb-tooth electrodes 22a and 22b. Vibrations excited by the first and 

second comb-tooth electrodes 22a and 22b are propagated on the surface of the dielectric layer 

12. The structure of the second embodiment can be applied to any acoustic wave devices 

configured so that the comb-tooth electrodes are formed on the dielectric layer 12 on the 

piezoelectric substrate 10. 

[0043] In the acoustic wave device of the first embodiment, the dielectric layer 12 on the 

piezoelectric substrate 10 has the first portion 12a on which the first comb-tooth electrodes 22a 

are formed and the second portion 12b on which the second comb-tooth electrodes 22b are 

formed, the first portion 12a and the second portion 12b having the different thicknesses. The 

second portion 12b of the dielectric layer 12 on which the second comb-tooth electrodes 22b are 

formed has the uniform thickness. Further, the electrode fingers of the second comb-tooth 

electrodes 22b and spaces between the electrode fingers are on the second portion 12b. 

[0044] In the acoustic wave device of the second embodiment, the portion of the dielectric 

layer 12 on which the second comb-tooth electrodes 22b are formed has the recess portions or 

grooves 32 having the selectively reduced thickness in which the second comb-tooth electrodes 

22b are formed. The width of the recess portions or grooves 32 corresponds to the width of the 

electrode fingers. The bottoms of the electrode fingers 22b are located on the bottoms of the 

recess portions or grooves 32. 

[0045] In the first and second embodiments, the thickness of the first portion 12a between 
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the first comb-tooth electrodes 22a and the piezoelectric substrate 10 and the thickness of the 

second portion 12b between the second comb-tooth electrodes 22b and the piezoelectric substrate 

10 are different from each other. This difference in the thickness results in acoustic wave 

devices having different electromechanical coupling coefficients on the single piezoelectric 

substrate 10. 

[0046] It is thus possible to easily optimize the electromechanical coupling coefficients on 

the acoustic wave devices on the single piezoelectric substrate by taking into consideration the 

fractional bandwidths of the filters formed on the piezoelectric substrate. Thus, it is possible to 

realize the acoustic wave device having the multiple filters having the respective fractional 

bandwidths on the single piezoelectric substrate. The first comb-tooth electrodes 22a on the 

first portion 12a of the dielectric layer and the second comb-tooth electrodes 22b on the second 

portion 12b thereof are connected to input/output terminals of different signal systems. For 

example, the first comb-tooth electrodes 22a are connected to the first input terminal or the first 

output terminal, and the second comb-tooth electrodes 22b are connected to the second input 

terminal or the second output terminals. 

[0047] The first and second embodiments are not limited to the acoustic wave devices in 

which the comb-tooth electrodes are formed on the dielectric layer 12. The first and second 

embodiments include an acoustic wave device in which electrodes are formed on the dielectric 

layer 12 having the different thickness portions capable of realizing the different 

electromechanical coupling coefficients. 

[0048] The first and second embodiments are not limited to the structure that uses the 

relatively thick dielectric or insulative layer provided on the SAW propagation area, particularly, 

IDT. The first and second embodiments include acoustic wave devices using boundary acoustic 
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waves. For example, in FIG. 7, yet another insulative layer may be provided on the second 

insulative layer 24, whereby the acoustic wave is propagated on the interface between the two 

insulative layers. 

[0049] The first and second embodiments are not limited to the ladder filters (FIG 4) but 

includes other types of filters such as multimode filters. 

[0050] The present invention is not limited to the specifically disclosed embodiments but 

other variations and embodiments may be made without departing from the scope of the present 

invention. 
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CLAIMS 

1. An acoustic wave device comprising: 

a piezoelectric substrate; 

a dielectric layer formed on the piezoelectric substrate; 

a first transmission filter that is connected between a first transmission terminal and 

a first antenna terminal and has first comb-tooth electrodes formed on the dielectric layer; 

a second transmission filter that is connected between a second transmission 

terminal and a second antenna terminal and has second comb-tooth electrodes formed on the 

dielectric layer; 

a first reception filter that is connected between a first reception terminal and the 

first antenna terminal; and 

a second reception filter that is connected between a second reception terminal and 

the second antenna terminal, 

the dielectric layer having a first thickness between the first comb-tooth electrodes 

and the piezoelectric substrate and a second thickness between the second comb-tooth 

electrodes and the piezoelectric substrate, the first and second thicknesses being different 

from each other. 

2. The acoustic wave device according to claim 1, 

wherein each of the first transmission filter and the second transmission filter is a 

transmission filter for one of Band 1 to Band 10, and the first transmission filter and the 

second transmission filter have different fractional bandwidths. 

3. The acoustic wave device according to claim 1 or 2, wherein the dielectric 
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layer has a first portion on which the first comb-tooth electrodes are formed, and a second 

portion on which the second comb-tooth electrodes are formed, wherein: 

the second portion having a thickness smaller than that of the first portion; and 

electrode fingers of the second comb-tooth electrodes and spaces between the 

electrode fingers are located on the second portion of the dielectric layer. 

4. The acoustic wave device according to claim 1 or 2, wherein the dielectric 

layer has recess portions having a width corresponding to that of electrode fingers of the 

second comb-tooth electrodes, and the electrode fingers of the second comb-tooth electrodes 

are formed on the dielectric layer in the recess portions, 

wherein the first comb-tooth electrodes are formed on the dielectric layer in a 

region in which the recess portions are not formed, 

wherein the first comb-tooth electrodes and the second comb-tooth electrodes do 

not contact with the piezoelectric substrate. 

5. The acoustic wave device according to any one of claims 1 through 4, wherein 

the dielectric layer includes aluminum oxide. 

6. The acoustic wave device according to any one of claims 1 through 5, further 

comprising an insulati ve layer provided so as to cover the dielectric layer, the first 

comb-tooth electrodes and the second comb-tooth electrodes. 

7. The acoustic wave device according to claim 6, wherein the insulative layer 

includes silicon oxide. 
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8. A method for manufacturing an acoustic wave device comprising: 

forming a dielectric layer on a piezoelectric substrate; 

reducing a thickness of the dielectric layer in a second portion and not reducing the 

thickness of the dielectric layer in a first portion; 

forming first comb-tooth electrodes on the dielectric layer in the first portion and 

forming second comb-tooth electrodes on the dielectric layer in the second portion, 

simultaneously. 

9. A method for manufacturing an acoustic wave device comprising: 

forming a dielectric layer on a piezoelectric substrate; 

forming an insulative layer on the dielectric layer; 

forming first recess portions in the insulative layer in a first portion, the first recces 

portions reaching to an upper surface of the dielectric layer; 

forming first comb-tooth electrodes on the dielectric layer in the first recess 

portions, a width of electrode fingers of the first comb-tooth electrodes being corresponding 

to a width of the first recess portions; 

forming second recess portions in the insulative layer in a second portion, the 

second recess portions reaching to an inside of the dielectric layer; and 

forming second comb-tooth electrodes on the dielectric layer in the second recess 

portions, a width of electrode fingers of the second comb-tooth electrodes being 

corresponding to a width of the second recess portions. 
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ABSTRACT 

ACOUSTIC WAVE DEVICE AND METHOD FOR MANUFACTURING THE SAME 

An acoustic wave device includes: a piezoelectric substrate; a dielectric layer 

formed on the piezoelectric substrate; and first and second comb-tooth electrodes formed 

on the dielectric layer, the dielectric layer having a first thickness between the first 

comb-tooth electrodes and the piezoelectric substrate and a second thickness between the 

second comb-tooth electrodes and the piezoelectric substrate, the first and second 

thicknesses being different from each other. 

Figure 7 
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