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ELASTIC WAVE DEVICE , DUPLEXER A ladder filter is used in a duplexer connected to an 
USING THE SAME , AND COMMUNICATION antenna of a communication apparatus . Accordingly , par 

APPARATUS USING THE DUPLEXER ticularly in the case of a transmission ladder filter , there is 
demand for power durability due to being directly subjected 

5 to the power transmitted to the antenna . In a ladder filter , a Matter enclosed in heavy brackets [ ] appears in the first method of raising the power durability by design original patent but forms no part of this reissue specifica involves suppressing the occurrence of migration by raising tion ; matter printed in italics indicates the additions the ability of the device to exhaust heat and lowering the made by reissue ; a claim printed with strikethrough temperature of the device . indicates that the claim was canceled , disclaimed , or held 10 Heat is exhausted from the piezoelectric substrate by invalid by a prior post - patent action or proceeding . allowing the heat to escape to a connection substrate mainly 
via a package or the like . In a conventional configuration , as CROSS - REFERENCE TO RELATED illustrated in the top view of FIG . 16A and the cross APPLICATION sectional diagram of FIG . 16B , a piezoelectric substrate 121 
configuring a filter is bonded to a package 123 via a die This application is based upon and claims the benefit of 

priority of the prior International Patent Application No. bonding material 122 , and heat is exhausted from the entire 
PCT / JP2007 / 072161 , filed on Nov. 15 , 2007 the entire back face of the piezoelectric substrate 121 to the package 
contents of which are incorporated herein by reference . 123. Furthermore , heat is allowed to escape from the pack 

20 age 123 to the connection substrate ( not illustrated ) . Elec 
FIELD trodes on the piezoelectric substrate 121 are connected to 

electrodes 124 of the package 123 via wires 125 . 
The present invention relates to an elastic wave device Also , a reduced - size package has , as illustrated in the top 

having an elastic wave resonator , and for example an elastic view of FIG . 17A and the cross - sectional diagram of FIG . 
wave device having a high power durability , a duplexer 25 17B , a flip chip bonding ( FCB ) configuration in which gold 
using the same , and a communication apparatus using the bumps 132 formed on a piezoelectric substrate 131 on which 
duplexer . a filter is formed are connected to a package 133 using a 

face - down method in order to achieve a small size and low 
BACKGROUND profile , and heat is exhausted to the package 133 via the gold 

30 bumps 132 . 
An elastic wave resonator has comb - shaped electrodes Also , a second method of improving the power durability 

that have been formed from an aluminum alloy , a Cu alloy , involves increasing the number of pairs ( number of comb 
or the like on a piezoelectric substrate , a piezoelectric thin shaped lectrodes ) per resonator . FIG . 18 is a top view 
film , or the like and that have a period corresponding to a illustrating a structure of a 1 port resonator . The 1 port 
predetermined frequency , and the elastic wave resonator 35 resonator has a piezoelectric substrate 141 , a resonation unit 
makes use of elastic waves excited by the comb - shaped 143 , and reflectors 142. The resonation unit 143 has two 
electrodes . The comb - shaped electrode is called IDT ( Inter opposing excitation electrodes 144 and 145. An electrostatic 
digital transducer ) . Examples of elastic waves excited by capacitance C0 of the resonator is determined according to 
comb - shaped electrodes are surface acoustic waves and the number of pairs in the excitation electrodes 144 and 145 , 
elastic boundary waves . For example , in the case of a 1 port 40 and the impedance of the filter is determined according to 
resonator , a dual resonance characteristic of having a reso the electrostatic capacitance . Raising the number of pairs 
nance frequency and an antiresonance frequency is exhib more than necessary therefore changes the impedance of the 
ited . An example of a circuit employing this characteristic is filter . In view of this , as illustrated in the top view illustrated 
a ladder filter in which 1 port resonators that have different in FIG . 19 , two resonators , each having a resonation unit 146 
comb - shaped electrode periods are disposed in series arms 45 having excitation electrodes 147 and 148 having a doubled 
and parallel arms to form a ladder shape ( e.g. , see Patent number of pairs , are connected in series , and therefore there 
Document 1 ) . Other examples include a DMS ( Double mode is no change in the capacitance with respect to the two 
SAW ( Surface Acoustic Wave ) ) filter in which a resonator is resonators , the number of pairs in each of the resonators is 
formed by a plurality of comb - shaped electrodes , and an doubled , and the power durability is improved . 
IIDT ( Interdigitated IDT ) filter that has excitation comb- 50 Patent document 1 : Japanese Laid - open Patent Publication 
shaped electrodes and reception comb - shaped electrodes . 7-122961 

FIG . 15A is a circuit diagram illustrating a basic configu However , problems such as the following exist in the 
ration of a ladder filter , and FIG . 15B is a top view of the conventional filters described above . With the first method 
ladder filter in FIG . 15A . In the ladder filter , series resona for raising the power durability , the heat conductivi 
tors 102 , 103 , and 104 connected in series arms and parallel 55 bump is good since gold is used , but the number of heat 
resonators 105 , 106 , and 107 connected in parallel are exhaust paths is reduced , and the temperature of the filter 
formed between an input terminal 101 and an output termi rises . For this reason , in order to efficiently exhaust heat , it 
nal 108. The series resonator 102 and the parallel resonator is important to dispose the bumps beside the heat generating 
105 , the series resonator 103 and the parallel resonator 106 , elements ( comb - shaped electrodes ) . FIG . 20 is a top view of 
and the series resonator 104 and the parallel resonator 107 60 a 1 port resonator . Wiring ( not illustrated ) for supplying 
respectively configure one - stage filters , and the one - stage power to the electrodes is drawn around in regions 149 
filters are connected in multiple stages ( three stages ) . The where a bump cannot be disposed . Regions 150 where a 
input terminal 101 and the output terminal 108 in FIG . 15A bump can be disposed are regions on sides of reflectors 142 
are configured by an input bump 112 and an output bump that are outward with respect to a resonation unit 143 , and 
113 in FIG . 15B , and the grounds in FIG . 15A are configured 65 since such regions are separated from the center ( the circle 
by ground bumps 114 , 115 , and 116 that are grounded in in the figure ) of the heat generating elements , it is difficult 
FIG . 15B . for heat to be exhausted efficiently . 
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Also , with the second method for raising the power FIG . 7B is a diagram in which a temperature distribution 
durability , the size of the resonator itself increases , thus of a piezoelectric substrate surface during driving of the 
having the problem that the device size increases . Also , resonator illustrated in FIG . 7A has been obtained by simu 
since the regions where a bump can be disposed are sepa lation . 
rated from the center of the heat generating elements , there 5 FIG . 8 is a top view illustrating an exemplary configura 
are problems such as a weakening of the effect of exhausting tion of a combined parallel resonator according to an 
heat via the bumps . embodiment of the present invention . 

FIG . 9 is a top view illustrating an exemplary configura 
SUMMARY tion of another combined parallel resonator according to an 

10 embodiment of the present invention . 
An elastic wave device disclosed in this application FIG . 10 is a top view illustrating an exemplary configu 

includes : a resonator having a piezoelectric substrate , a ration of a combined series resonator according to an 
embodiment of the resonation unit formed on the piezoelectric substrate , and sent invention . 

reflectors formed on respective sides of the resonation unit FIG . 11 is a top view illustrating an exemplary configu 
15 ration of another combined series resonator according to an on the piezoelectric substrate ; and a bump formed on the embodiment of the present invention . piezoelectric substrate . The resonator is configured such that FIG . 12 is a top view illustrating an exemplary configu two or more split resonators are connected in parallel , and ration of another combined series resonator according to an the bump is formed in a region sandwiched between reflec embodiment of the present invention . tors of the split resonators . FIG . 13 is a top view illustrating an exemplary configu The object and advantages of the invention will be ration of another combined series resonator according to an 

realized and attained by means of the elements and combi embodiment of the present invention . nations particularly pointed out in the appended claims . It is FIG . 14 is a block diagram illustrating a configuration of 
to be understood that both the foregoing general description a communication apparatus according to Embodiment 2 of 
and the following detailed description are exemplary and 25 the present invention . 
explanatory only and are not restrictive of the invention , as FIG . 15A is a circuit diagram illustrating a configuration 
claimed . of a conventional ladder filter . 

FIG . 15B is a top view of the ladder filter illustrated in 
BRIEF DESCRIPTION OF DRAWINGS FIG . 15A . 

FIG . 16A is a top view illustrating a conventional filter 
FIG . 1A is a circuit diagram illustrating a configuration of package . 

a ladder filter according to Embodiment 1 of the present FIG . 16B is a cross - sectional view illustrating the con 
invention . ventional filter package . 

FIG . 1B is a top view illustrating the configuration of the FIG . 17A is a top view illustrating another filter package . 
ladder filter according to Embodiment 1 of the present FIG . 17B is a cross - sectional view illustrating the other 
invention . filter package . 

FIG . 2A is a top view illustrating a configuration of a FIG . 18 is a top view illustrating a structure of a 1 port 
resonator . second series resonator in a ladder filter according to an 

embodiment of the present invention . FIG . 19 is a top view illustrating a configuration in which 
FIG . 2B is a cross - sectional diagram illustrating a cross 40 resonators having a doubled number of comb - shaped elec 

trodes have been connected in series . section taken along a line A - A in FIG . 2A . FIG . 20 is a top view illustrating a structure of a 1 port FIG . 3 is a top view illustrating a configuration of a resonator . 
combined series resonator in a ladder filter according to an 
embodiment of the present invention . REFERENCE SIGNS LIST 

FIG . 4A is a top view illustrating a configuration of a 
conventional resonator . 1 ladder filter 

FIG . 4B is a diagram in which a temperature distribution 2 input terminal 
of a piezoelectric substrate surface during driving of the 3 output terminal 
resonator illustrated in FIG . 4A has been obtained by simu- 50 4 first - stage filter 
lation . 5 second - stage filter 

FIG . 5A is a top view illustrating a configuration of 6 third - stage filter 
another conventional resonator . 11 , 21 , 31 , 51 piezoelectric substrate 

FIG . 5B is a diagram in which a temperature distribution 12 input bump 
of a piezoelectric substrate surface during driving of the 55 13 output bump 
resonator illustrated in FIG . 5A has been obtained by simu 14 , 15 , 16 ground bump 
lation . 22 , 32 , 33 , 52 resonation unit 

FIG . 6A is a top view illustrating a configuration of a 23a , 34a , 34b first bus bar 
resonator according to an embodiment of the present inven 23b , 37a , 37b second bus bar 
tion . 24a , 35a , 35b first comb - shaped electrode 

FIG . 6B is a diagram in which a temperature distribution 24b , 382 , 38b second comb - shaped electrode 
of a piezoelectric substrate surface during driving of the 25a , 363 , 36b first excitation electrode 
resonator illustrated in FIG . 6A has been obtained by simu 25b , 39a , 39b second excitation electrode 
lation . 26a , 26b reflector 

FIG . 7A is a top view illustrating a configuration of a 65 27a , 27b , 44 , 47a , 47b , 64 metal film 
resonator that is the resonator illustrated in FIG . 6A from 28a , 28b , 55 , 56 , 57 , 65 bump 
which an internal bump has been removed . 40a , 61 first signal wiring 

35 

45 

60 
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40b , 63 second signal wiring This configuration enables raising the power durability . 
41a , 41b outer reflector The filter can include the elastic wave device that has the 
42a , 42b inner reflector plurality of resonators . At least one of the plurality of 
43 inner region where a bump can be formed resonators includes at least two split resonators that are 
45 inner bump 5 connected in parallel , and the bump is formed in a region 
462 , 46b outer region where a bump can be formed sandwiched between the split resonators . 
48a , 48b outer bump Also , a duplexer of the present embodiment includes : a 
53 , 54 leader wiring transmission filter , and a reception filter having a pass 
62 ground bump frequency band different from that of the transmission filter , 

10 wherein at least one of the transmission filter and the 66 signal wiring bump 
71 antenna reception filter is configured using the filter described above . 

This configuration enables improving the power durability 72 duplexer of the filter , and at the same time improving the power 73 transmission - side signal processing unit durability of the duplexer as well . 74 reception - side signal processing unit Also , a communication apparatus of the present embodi 75 microphone ment can have a configuration including : an antenna ; the 76 speaker above - described duplexer that is connected to the antenna ; 77 transmission filter and a signal processing unit connected to the duplexer . This 78 reception filter configuration enables improving the power durability of the 
S1 combined series resonator 20 duplexer , and at the same time improving the power dura 
S11 , P11 first split resonator bility of the communication apparatus as well . 
S12 , P12 second split resonator According to the preferred embodiment of present inven 
S2 , S3 series resonator tion , resonator in the elastic wave device is split into at least 
P1 , P2 , P3 parallel resonator two split resonators each having a halved number of pairs 

25 and a bump is provided between the split resonators of a 
DESCRIPTION OF EMBODIMENTS resonator in which two split resonators are connected in 

parallel , thus enabling providing an elastic wave device 
The elastic wave device disclosed in this application is having a high power durability in which the heat dissipation 

connected to a package or a connection substrate with use of efficiency is increased without a change in capacitance , a 
a bump in order to receive a supply of power during use and 30 duplexer using the same , and a communication apparatus 
in order for the position of the elastic wave device to be using the duplexer . 
fixed . Since the bump is formed in a region sandwiched 
between the reflectors of the split resonators , heat generated Embodiment 1 
by the split resonators is efficiently exhausted , and the power 
durability is improved over that in the case of using a 35 FIG . 1A is a circuit diagram illustrating a configuration of 
non - split resonator . a ladder filter 1 according to Embodiment 1 of the present 

Also , a configuration is possible in which the elastic wave invention . In the ladder filter 1 , a first - stage filter 4 , a 
device has signal wiring connected to the resonation unit , second - stage filter 5 , and a third - stage filter 6 are connected 
and the bump is surrounded by the signal wiring and the in a cascade between an input terminal 2 and an output 
reflectors . 40 terminal 3 

Also , a configuration is possible in which the bump is The first - stage filter 4 has a combined series resonator S1 
connected to a ground . Also , a configuration is possible in disposed in a series arm and a parallel resonator P1 disposed 
which the bump is connected to external wiring . in a parallel arm . The second - stage filter 5 has a series 

Also , a configuration is possible in which the split reso resonator S2 disposed in a series arm and a parallel resonator 
nators each have the same number of pairs of comb - shaped 45 P2 disposed in a parallel arm . The third - stage filter 6 has a 
electrodes . Due to forming the same number of pairs , the series resonator S3 disposed in a series arm and a parallel 
same amount of heat is generated by the split resonators , resonator P3 disposed in a parallel arm . The combined series 
thus improving the efficiency with which heat is exhausted resonator S1 is formed by connecting a first split resonator 
from the bump sandwiched between the reflectors of the S11 and a second split resonator S12 in parallel . The 
split resonators . 50 combined series resonator S1 includes the first split resona 

Also , a configuration is possible in which , in each of the tor S11 and the second split resonator S12 . That is to say , 
split resonators , comb - shaped electrodes are formed using combined series resonator S1 is split into two split resonator 
the same design . According to this configuration , the split S11 , S12 . 
resonators each have the same resonance frequency and The resonance frequency of the combined series resonator 
antiresonance frequency . Also , it is possible to prevent 55 S1 , the second series resonator S2 and the third series 
signals from becoming attenuated due to signal reflection resonator S3 is frs , and the antiresonance frequency thereof 
and the like . Examples of the same design ” include the is fas . The resonance frequency of the first parallel resonator 
material , width , aperture length ( length along which a comb P1 , the second parallel resonator P2 , and the third parallel 
shaped electrode opposes another comb - shaped electrode ) , resonator P3 is frp , and the antiresonance frequency thereof 
and number of the comb - shaped electrodes all being the 60 is fap . The resonance frequency frs of the series resonators 
same , with the exception of manufacturing error . and the antiresonance frequency fap of the parallel resona 

Also , a configuration is possible in which a material of the tors are set so as to be substantially the same frequency , and 
bump is Au . Using highly conductive Au enables improving the ladder filter 1 operates as a bandpass filter . 
the heat - exhaust efficiency . FIG . 1B is a top view illustrating a configuration of the 

A filter of the present embodiment has a plurality of 65 ladder filter 1. In the ladder filter 1 , elements are formed on 
resonators as the elastic wave device described above , and a piezoelectric substrate 11. The ladder filter 1 is configured 
the plurality of resonators are connected . such that bumps are connected to a connection substrate or 
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a package ( not illustrated ) using a face - down method . An tion electrode 39b . The resonation unit 32 and the resonation 
input bump 12 specifically configures the input terminal 2 in unit 33 are each connected to first signal wiring 40a , and 
FIG . 1A , and the input bump 12 is electrically connected to furthermore are each connected to second signal wiring 40b . 
external wiring ( not illustrated ) of the connection substrate . The first excitation electrode 36a and the second excita 
An output bump 13 specifically configures the output ter- 5 tion electrode 39a are disposed in opposition , and the first 
minal 3 in FIG . 1A , and the output bump 13 is electrically excitation electrode 36b and the second excitation electrode 
connected to external wiring of the connection substrate . 39b are disposed in opposition , such that first comb - shaped 
Ground bumps 15 to 17 are electrically connected to electrodes 35a and second comb - shaped electrodes 38a 
grounds ( not illustrated ) of the connection substrate on alternate in a row , and first comb - shaped electrodes 35b and 
which the ladder filter 1 is mounted . An internal bump 14 is 10 second comb - shaped electrodes 38b alternate in a row . In the 
formed in a region sandwiched between the first split first excitation electrode 36a , the first comb - shaped elec 
resonator S11 and the second split resonator S12 ( on a line trodes 35a are each connected to a first bus bar 34a . 
segment connecting the first split resonator S11 and the Likewise , in the second excitation electrode 39a , the second 
second split resonator S12 ) . comb - shaped electrodes 38a are each connected to a second 

FIG . 2A is a top view illustrating a configuration of the 15 bus bar 37a . In the first excitation electrode 36b , the first 
second series resonator S2 , and FIG . 2B is a cross - sectional comb - shaped electrodes 35b are each connected to a first bus 
diagram illustrating a cross section taken along a line A - A ' bar 34b . Likewise , in the second excitation electrode 39b , 
in FIG . 2A . The third series resonator S3 , the first parallel the second comb - shaped electrodes 38b are each connected 
resonator P1 , the second parallel resonator P2 , and the third to a second bus bar 37b . 
parallel resonator P3 have the same configuration as the 20 An inner region 43 where a bump can be formed is 
second series resonator S2 . The second series resonator S2 provided so as to be sandwiched between the inner reflectors 
illustrated in FIG . 2A is a SAW 1 port resonator . The second 42a and 42b . A metal film 44 is formed in the inner region 
series resonator P2 has a resonation unit 22 and reflectors 43 where a bump can be formed , and an inner bump 45 is 
26a and 26b . The resonation unit 22 has a piezoelectric formed on the metal film 44. Also , outer regions 46a and 46b 
substrate 21 , and a first excitation electrode 25a and a second 25 where a bump can be formed are provided on outer sides of 
excitation electrode 25b formed on the piezoelectric sub the outer reflectors 41a and 41b . Metal films 47a and 47b are 
strate 21 . respectively formed in the outer regions 46a and 46b where 

The first excitation electrode 25a is formed by connecting a bump can be formed , and outer bumps 48a and 48b are 
a plurality of first comb - shaped electrodes 24a to a first bus respectively formed on the metal films 47a and 47b . 
bar 23a . Likewise , the second excitation electrode 25b is 30 The inner bump 45 and the outer bumps 48a and 48b are 
formed by connecting a plurality of second comb - shaped connected to the package . Accordingly , heat generated by 
electrodes 24b to a second bus bar 23b . The first excitation the first split resonator S11 and the second split resonator 
electrode 25a and the second excitation electrode 25b are S12 is exhausted to the package via the inner bump 45 and 
disposed in opposition such that the first comb - shaped the outer bumps 48a and 48b . The inner bump 45 and the 
electrodes 24a and the second comb - shaped electrodes 24b 35 outer bumps 48a and 48b are connected to a circuit ( reso 
alternate in a row . The reflectors 26a and 26b are formed on nator ) . However , connection to a circuit is not necessary , and 
respective sides of the resonation unit 22 in a direction a configuration in which such bumps are electrically set - off 
perpendicular to the lengthwise direction of the first comb from a circuit is also possible . Also , in the case in which the 
shaped electrodes 24a . inner bump 45 and the outer bumps 48a and 48b are 
Metal films 27a and 27b are formed on sides of the 40 connected to a circuit , the inner bump 45 and the outer 

reflectors 26a and 26b opposite from where the resonation bumps 48a and 48b may be connected to external wiring or 
unit 22 is formed . Bumps 28a and 28b are formed on the grounded . Also , there is no need for the formation positions 
metal films 27a and 2'7b . The bumps 28a and 28b discharge of the outer bumps 48a and 48b to be on the sides of the 
heat generated in the resonation unit 22. In order to be used outer reflectors 41a and 41b opposite from the resonation 
as heat conduction paths for such a purpose , such bumps are 45 units 32 and 33. Also , the outer bumps 48a and 48b do not 
preferably provided close to the resonation unit 22 , more need to be provided if they are unnecessary . 
specifically beside the reflectors 26a and 26b where dispo FIGS . 4A and 5A are top views schematically illustrating 
sition is possible . The bumps 28a and 28b are connected to configurations of conventional resonators , and FIGS . 4B and 
the package , and are electrically connected to the resonation 5B are diagrams in which temperature distributions of a 
unit 22. However , a configuration in which the bumps 28a 50 piezoelectric substrate surface ( the side on which excitation 
and 28b are not connected to the resonation unit 22 is also electrodes are formed ) during driving of the resonators 
possible . Also , there is no need for the formation positions illustrated in FIGS . 4A and 5A have been obtained by 
of the bumps 28a and 28b to be on the sides of the reflectors simulation . The conventional resonator illustrated in FIG . 
26a and 26b opposite from the resonation unit 22 , and the 4A has a resonation unit 52 ( including reflectors ) provided 
bumps 28a and 28b do not need to be provided if they are 55 on a piezoelectric substrate 51 , leader wiring 53 and 54 
unnecessary . connected to the resonation unit 52 , and bumps 55 and 56 . 

FIG . 3 is a top view illustrating a configuration of the The bumps 55 and 56 are formed on respective sides of the 
combined series resonator S1 . The combined series resona resonation unit 52 in directions where the leader wiring 53 
tor S1 is configured by the first split resonator S11 and the and 54 is not formed . The temperature distribution illus 
second split resonator S12 provided on a piezoelectric 60 trated in FIG . 4B is a result in the case of performing a 
substrate 31. The first split resonator S11 has a resonation temperature distribution simulation in a state in which the 
unit 32 , an outer reflector 41a , and an inner reflector 42a . resonation unit 52 was provided with a 1 W heat generation 
The resonation unit 32 has a first excitation electrode 36a source to simulate a thermally stable state in which the 
and a second excitation electrode 39a . Likewise , the second resonation unit 52 was driven . The simulation was per 
split resonator S12 has a resonation unit 33 , an outer 65 formed using LiTaOz for the piezoelectric substrate 51 , and 
reflector 41b , and an inner reflector 42b . The resonation unit using Al for the excitation electrodes and reflectors of the 
33 has a first excitation electrode 36b and a second excita resonator . The sides of the bumps 55 and 56 opposite from 
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the piezoelectric substrate 51 were connected to Cu elec and the first and second wirings 61 and 63 on the surface of 
trodes of a ceramic substrate , and the conditions of the the piezoelectric substrate , as in the case of bump 45 in FIG . 
simulation were set such that the electrode portions were 25 ° 3 . 
C. The result of the simulation was the temperature distri FIGS . 10 to 13 are diagrams illustrating exemplary con 
bution illustrated in FIG . 4B , and the maximum temperature 5 figurations of a combined series resonator in which a com 
of the piezoelectric substrate 51 was 119 ° C. bined resonator , in which two split resonator are connected 

The resonator illustrated in FIG . 5A has the configuration in parallel , is connected in a series arm . In the combined 
of the resonator illustrated in FIG . 4A , with another bump 57 series resonator illustrated in FIG . 10 , the first split resonator 
disposed adjacent to the bump 56. A temperature distribution S11 and the second split resonator S12 are connected to the 

10 first signal wiring 40a , and furthermore are connected to the simulation was performed on this resonator using the con 
ditions described above . As a result , since the number of heat second signal wiring 40b . The first signal wiring 40a is 

connected to another resonator . A signal wiring bump 66 conduction paths to the package was raised to three , the electrically connected to external wiring of a connection temperature decreased more than in the case of the resonator substrate is formed on the second signal wiring 40b . The illustrated in FIG . 4B , and the maximum temperature was 15 second signal wiring 40b is connected to the metal film 44 
102 ° C. , as illustrated in FIG . 5B . on which the internal bump 45 is formed . The internal bump 

FIG . 6A is a top view of the combined resonator S1 45 is electrically connected to external wiring of the con according to the present embodiment illustrated in FIG . 3 , nection substrate , or is connected to an electrically set - off 
which has been simplified to facilitate a comparison with place . 
FIGS . 4A and 5A . FIG . 6B is a diagram in which a 20 A combined series resonator illustrated in FIG . 11 differs 
temperature distribution of the combined resonator Si has from the combined series resonator illustrated in FIG . 10 in 
been obtained by simulation likewise to the conventional that the signal wiring bump 66 is not formed on the second 
resonators illustrated in FIGS . 4B and 5B . Compared to the signal wiring 40b . The internal bump 45 is electrically 
resonator illustrated in FIG . 5B in which three bumps are connected to external wiring of the connection substrate . 
formed , the temperature of the combined resonator S1 was 25 The other aspects of the configuration are the same as the 
lower , and the maximum temperature was 81 ° C. combined series resonator illustrated in FIG . 10 . 

FIG . 7A is a top view that is a simplified view of a A combined series resonator illustrated in FIG . 12 differs 
resonator that is the combined resonator of FIG . 6A from from the combined series resonator illustrated in FIG . 10 in 
which the inner bump 45 has been removed , for comparison . that the second signal wiring 40b is not connected to the 
As illustrated in the simulation result illustrated in FIG . 7B , 30 metal film 44 on which the internal bump 45 is formed . The 
the temperature of this resonator was higher than even the other aspects of the configuration are the same as the 

combined series resonator illustrated in FIG . 10 . resonator illustrated in FIG . 4B , and the maximum tempera A combined series resonator illustrated in FIG . 13 differs ture was 122 ° C. This is because compared to the resonator from the combined series resonator illustrated in FIG . 12 in in FIG . 4A , this resonator is larger , and the positions of the 35 that the inner reflectors 42a and 42b are connected to the first bumps are relatively farther from the heat generation source . signal wiring 40a . The other aspects of the configuration are In contrast , the internal bump is provided in the structure in the same as the combined series resonator illustrated in FIG . 
FIG . 6A , and therefore the distance from the heat generation 10 . 
centers of the split resonators S11 and S12 , which are the The combined resonators illustrated in FIGS . 8 to 13 have 
heat generation sources , to the bump is shorter than with the 40 a superior power durability since heat is exhausted from the 
structure illustrated in FIG . 4A , thus improving the heat internal bump 45 that is close to the comb - shaped electrodes 
dissipation efficiency . that are the heat generation centers of the two split resona 

As described above , splitting the resonator and providing tors . 
an internal bump enables efficiently allowing heat generated As described above , unlike conventional resonators , in the 
by the resonators to escape to the package . As a result , the 45 filter according to the present embodiment , resonators ( split 
power durability rises without an increase in the temperature resonators ) having a halved number of comb - shaped elec 
of the resonators . trodes are connected in parallel , and a bump is formed at a 
FIGS . 8 and 9 are diagrams illustrating exemplary con position sandwiched between the reflectors of the split 

figurations of a combined parallel resonator in the case in resonators , thus raising the heat dissipation efficiency and 
which a combined resonator , in which two split resonators 50 raising the power durability . 
are connected in parallel , is connected in a parallel arm . In Note that although exemplary configurations of combined 
the combined parallel resonator illustrated in FIG . 8 , a first resonators are described in the present embodiment , the 
split resonator P11 and a second split resonator P12 are configuration of the combined resonator is not limited to 
connected to first signal wiring 61 , and furthermore are such exemplary configurations , and any configuration is 
connected to second signal wiring 63. A ground bump 62 55 possible as long as an internal bump is formed so as to be 
electrically connected to a ground of a connection substrate sandwiched between split resonators . Also , a plurality of 
( not illustrated ) is formed on the first signal wiring 61. Also , combined resonators may be disposed in the filter . Further 
the first signal wiring 61 is connected to a metal film 64 on more , although examples of configuring the combined reso 
which an internal bump 65 is formed . The second signal nator by two split resonators are described in the present 
wiring 63 is connected to another resonator . 60 embodiment , the combined resonator may be formed from 

In the combined parallel resonator illustrated in FIG . 9 , three or more split resonators . 
the metal film 64 is not connected to the first signal wiring Also , in the ladder filter illustrated in FIG . 1 , the first 
61. The other aspects of the configuration are the same as the stage filter 4 , the second - stage filter 5 , and the third stage 
combined resonator illustrated in FIG . 8. Thus , the bump 65 filter 6 may be formed so as to have the same impedance . 
is not only acoustically separated ( via reflectors ) from the 65 Causing the impedance to be the same among the stages of 
adjacent two split resonators shown in FIG . 9 , but also filters enables preventing signals from being reflected 
electrically separated from the adjacent two split resonators between the stages of filters . Accordingly , the value of the 
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impedance of the combined series resonator is uniquely performing processing such as wave detection and amplifi 
determined according to the value of the impedance of the cation on the reception signal . The speaker 76 converts the 
parallel resonator P1 . audio signal into audio , and outputs the audio . 

Also , although the split resonators may each have a The transmission filter 77 and the reception filter 78 use 
different number of ( number of pairs of ) comb - shaped 5 a ladder filter 5 having the configuration illustrated in FIG . 
electrodes , the number of comb - shaped electrodes is pref 1 , and therefore a rise in the temperature of the filter due to 
erably the same . As a result of causing the number of the generation of heat can be suppressed . Accordingly , the 
comb - shaped electrodes to be same , the same amount of heat power durability rises , and stable use of the communication 
is generated by the resonators . Accordingly , the position at apparatus is possible . 
which the internal bump is formed is a position enabling heat 10 Note that although the communication apparatus has been 
from the split resonators to be exhausted most efficiently . described as having a configuration including the micro 
Also , the comb - shaped electrodes are preferably configured phone 75 and the speaker 76 , there is no limitation to such 
using the same design . Here , as one example of the same configuration , and the communication apparatus may be an 
design ” , the material , width , aperture length ( length along apparatus that does not necessarily need the microphone 75 
which a comb - shaped electrode opposes another comb- 15 or the speaker 76 , or an apparatus that transmits and receives 
shaped electrode ) , and number of the comb - shaped elec data other than audio data , such as a personal computer . 
trodes are all the same between the split resonators . As a Although embodiments of the present invention have 
result of using the same design , the split resonators each been described above , the present invention is not limited to 
have the same resonance frequency and antiresonance fre the such specific embodiments , and various modifications 
quency . Also , using the same design enables preventing 20 and variations can be made within the scope of the gist of the 
signals from being attenuated due to signal reflection and the present invention disclosed in the claims . 
like . 

Also , although the filter has been described taking the INDUSTRIAL APPLICABILITY 
example of a ladder filter in the present embodiment , the 
same effects can be obtained when a lattice filter is used . A filter of the present invention has a superior power 
Note that the combined resonator is not limited to being durability , and is applicable to , for example , a duplexer in a 

applied to a filter , and may be used as an elastic wave device communication apparatus . 
in other applications . Examples and conditional language recited herein are 

Also , although exemplary configurations in which the intended for pedagogical purposes to aid the reader in 
filter is connected to the package using a face - down method 30 understanding the principles of the invention and the con 
have been described , there is no limitation to using a cepts contributed by the inventor to furthering the art , and 
face - down method . The same heat - exhaust effect can be are to be construed as being without limitation to such 
obtained in any configuration in which heat is exhausted by specifically recited examples and conditions , nor does the 
a bump . organization of such examples in the specification relate to 

35 a showing of the superiority and inferiority of the invention . 
Embodiment 2 Although the embodiment of the present invention has been 

described in detail , it should be understood that the various 
FIG . 14 is a configuration diagram illustrating a commu changes , substitutions , and alterations could be made hereto 

nication apparatus according to Embodiment 2 of the present without departing from the spirit and scope of the invention . 
invention . The communication apparatus has an antenna 71 , 40 The invention claimed is : 
a duplexer 72 , a transmission - side signal processing unit 73 , 1. An elastic wave device comprising : 
a reception - side signal processing unit 74 , a microphone 75 , a resonator having a piezoelectric substrate , a resonation 
and a speaker 76. The duplexer 72 has a transmission filter unit formed on the piezoelectric substrate , and reflec 
77 and a reception filter 78 that employ a filter of the tors formed on respective sides of the resonation unit 
embodiment . The reception filter 78 has a different passband 45 on the piezoelectric substrate ; and 
( reception band ) from the passband of the transmission filter a bump formed on the piezoelectric substrate , 
77 . wherein the resonator is configured such that two or more 

The microphone 75 converts audio into an audio signal , split resonators are connected in parallel , and the bump 
and inputs the audio signal to the transmission - side signal is formed in a region sandwiched between reflectors of 
processing unit 73. The transmission - side signal processing 50 the split resonators and is electrically and acoustically 
unit 73 generates a transmission signal by modulating the separated from the resonator . 
audio signal . The duplexer 72 inputs the transmission signal 2. The elastic wave device according to claim 1 , having 
generated by the transmission - side signal processing unit 73 signal wiring connected to the resonation unit , 
to the antenna 71 . wherein the bump is surrounded by the signal wiring and 

The antenna 71 converts the transmission signal into radio 55 the reflectors . 
waves , and outputs the radio waves . Also , the antenna 71 3. The elastic wave device according to claim 1 , wherein 
converts radio waves into a reception signal , which is an the bump is connected to a ground . 
electrical signal , and inputs the reception signal to the 4. The elastic wave device according to claim 1 , wherein 
duplexer 72. In the duplexer 72 , the reception filter 78 allows the bump is connected to external wiring . 
a reception band portion of the reception signal to pass , and 60 5. The elastic wave device according to claim 1 , wherein 
inputs the resulting reception signal to the reception - side the split resonators each have the same number of pairs of 
signal processing unit 74. On the other hand , the transmis comb - shaped electrodes . 
sion filter 77 does not allow the reception signal to pass since 6. The elastic wave device according to claim 1 , wherein 
the passband thereof is different from the reception band . in each of the split resonators , comb - shaped electrodes are 
Accordingly , the reception signal is not input to the trans- 65 formed using the same design . 
mission - side signal processing unit 73. The reception - side 7. The elastic wave device according to claim 1 , wherein 
signal processing unit 74 generates an audio signal by a material of the bump is Au . 
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8. A filter comprising the elastic wave device according to 21. The elastic wave device according to claim 17 , 
claim 1 , wherein the elastic wave device includes a plurality wherein there is no bump other than said bump in said 
of resonators [ , and the plurality of resonators are ] connected region sandwiched between the reflectors of the split reso 
to each other . nators . 

9. A duplexer comprising : 22. An elastic wave device comprising : 
a transmission filter ; and a plurality of resonators on a piezoelectric substrate , the 
a reception filter having a pass frequency band different plurality of resonators including two or more split 

from that of the transmission filter , resonators each having a pair of comb - shaped elec 
wherein at least one of the transmission filter and the trodes ; and 

reception filter is [ configured using ] the filter according a bump formed on the piezoelectric substrate , 
to claim 8 . wherein said two or more split resonators are connected 

10. A communication apparatus comprising : in parallel , and the bump is formed in a region sand 
an antenna ; wiched between the split resonators and is electrically 
the duplexer according to claim 9 that is connected to the and acoustically separated from said comb - shaped 

antenna ; and a signal processing unit connected to the electrodes of the split resonators . 
duplexer . 23. The elastic wave device according to claim 22 , 

11. The elastic wave device according to claim 1 , wherein wherein the bump is connected to a ground . 
there is no bump other than said bump in said region 24. A filter comprising the elastic wave device according 
sandwiched between the reflectors of the split resonators . 20 to claim 22 , wherein the elastic wave device includes a 

12. An elastic wave device comprising : plurality of resonators connected to each other . 
a resonator configured to have two or more split resona 25. A duplexer comprising : 

tors formed on piezoelectric substrate ; and a transmission filter ; and 
a bump formed on the piezoelectric substrate , a reception filter having a pass frequency band different 
wherein said two or more split resonators are connected 25 from that of the transmission filter , 

in parallel , and the bump is formed in a region sand wherein at least one of the transmission filter and the 
wiched between the split resonators and is electrically reception filter is the filter according to claim 24 . 
and acoustically separated from the split resonators . 26. The elastic wave device according to claim 22 , 

13. The elastic wave device according to claim 12 , wherein there is no bump other than said bump in said 
wherein the bump is connected to a ground . 30 region sandwiched between the split resonators . 

27. An elastic wave device comprising : 14. A filter comprising the elastic wave device according 
to claim 12 , wherein the elastic wave device includes a a plurality of resonators on a piezoelectric substrate , the 

plurality of resonators each having a pair of comb plurality of resonators connected to each other . shaped electrodes , the plurality of resonators including 15. A duplexer comprising : two or more split resonators each having a pair of a transmission filter ; and comb - shaped electrodes ; and a reception filter having a pass frequency band different a bump formed on the piezoelectric substrate , 
from that of the transmission filter , wherein said two or more split resonators are connected 

wherein at least one of the transmission filter and the in parallel , and the bump is formed in a region sand 
reception filter is the filter according to claim 14 . wiched between the split resonators and is electrically 

16. The elastic wave device according to claim 12 , and acoustically separated from said comb - shaped 
wherein there is no bump other than said bump in said electrodes of any of the resonators that are adjacent to 
region sandwiched between the split resonators . the bump . 

17. An elastic wave device comprising : 28. The elastic wave device according to claim 27 , 
a resonator configured to have two or more split resona- 45 wherein the bump is connected to a ground . 

tors , the split resonators each having a resonation unit 29. A filter comprising the elastic wave device according 
formed on a piezoelectric substrate and reflectors to claim 27 , wherein the elastic wave device includes a 
formed on respective sides of the resonation unit on the plurality of resonators connected to each other . 
piezoelectric substrate ; and 30. A duplexer comprising : 

a bump formed on the piezoelectric substrate , a transmission filter ; and 
wherein said two or more split resonators are connected a reception filter having a pass frequency band different 

in parallel , and the bump is formed in a region sand from that of the transmission filter , 
wherein at least one of the transmission filter and the wiched between reflectors of the split resonators and is 

electrically and acoustically separated from the reso reception filter is the filter according to claim 29 . 
31. The elastic wave device according to claim 27 , nation unit of the respective split resonators . wherein there is no bump other than said bump in said 18. The elastic wave device according to claim 17 , region sandwiched between the split resonators . wherein the bump is connected to a ground . 32. An elastic wave device comprising : 

19. A filter comprising the elastic wave device according a resonator having first and second signal wiring patterns 
to claim 17 , wherein the elastic wave device includes a on a surface of a piezoelectric substrate , the resonator 
plurality of resonators connected to each other . having two split resonators arranged side - by - side with 

20. A duplexer comprising : each other on the surface of the piezoelectric substrate , 
a transmission filter ; and the two split resonators being disposed between , and 
a reception filter having a pass frequency band different each connected to , the first and second signal wiring 

from that of the transmission filter , patterns so as to be connected in parallel with each 
wherein at least one of the transmission filter and the other between the first and second signal wiring pat 

reception filter is the filter according to claim 19 . terns ; and 
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a bump formed on a metal island on the surface of the 

piezoelectric substrate , 
wherein the metal island having the bump thereon is 

disposed in a region on the surface of the piezoelectric 
substrate sandwiched between the two split resonators 5 
and surrounded by the first and second signal wiring 
patterns and the two split resonators , and is not con 
nected to , and therefore is separated from , any of the 
two split resonators and the first and second signal 
wiring patterns on the surface of the piezoelectric 10 
substrate so that the bump on the metal island is 
electrically and acoustically separated from the two 
split resonators on the surface of the piezoelectric 
substrate . 

ui 


