LADDER FI LTER HAVI NG EDGE- REFLECTI ON TY. §f§em@RE§SpWTCRS BACKGROUND
sOF THE INVENTION 5 1. Fiel d of thé&]kwemson ™ The present

invention relates to a | adder filter, a 8&f{gﬁg re panthgokagty A9 gk ddder
filter having a plurality of edge-refb%&@ﬁdn typejsurf ageLacepsti c wave
resonat ors. 10 2. Descri ption of Rel at egJ&m A-surface

acoustic wave filter .SAM%Pin which a 8Iur&H¥ﬁ%;ﬁ SAW resonator are
arranged to FILTERBAVING EPGEGREFLECRERMT SAN RESONATORSs a

| adder filter. Fig. 1A shows a conventional |adder filter 201 discl osed
I n Japanese 15 Lai d-open patent application No. 5-183380, and Fig. 1B is an
equi val e BACKGROUND oOFerebfINVENTIGNIder filter 201 includes a

pi ezoel ectric substrate 201 and series one-port SAW resonat ors 203 and
204 and parallel one-port SAWresonators 205 to 207 di sposed on the

pi ezogl egtric ? g trat Zgé. The. 20 series one-port SAWresonators 203 and
204 age gbnneF g1d. bF €ne erL & ween an I nput termnal IN and an out put

termnal OUT The ppesleht NEnverReideSellaBesatd Ranakbbelr @ﬂ@t@?ftalﬂ\w

resonat ors 205 éﬂ gﬁg are respectively connected in parallel between
the TOFReBALF AT LY @ ihdassiean iiditero haydRader pheral pey #fel 25 arm
As showneldgeFrgfldécidmer SRS Wcvudi ol Rag8/réd6hators | NCl udes a
respective pair of interdigital transducers (IDTs) 203a to 207a and a
respective pair of grating reflectors 203b to 207b di sposed on opposite

sidefoth rEOerLQr{hF’SAyvgg ﬁeaoggzors 203 to 207, surface acoustic waves
excited By th e confined between the grating
reflectors A203Pf e 2AbBustd Avalve franmest aBAWNIiNay¥Esch Bach of the

resonatori ZOf,to ég7 has a resonance characteristic in which t he
i npedancB-BFALHEY 15 il Fesnater iax e RETangedi t9 define a ladder

circuit is known and referred to as a ladder filter. Fig. 1A

shows a conventional ladder filter 201 disclosed in Japanese
15 Laid-open patent application No. 5-183380, and Fig. 1B is an
equivalent circuit thereof. The ladder filter 201 includes a
piezoelectric substrate 201 and series one-port SAW
resonators 203 and 204 and parallel one-port SAW resonators
205 to 207 disposed on the piezoelectric substrate 201. The
20 series one-port SAW resonators 203 and 204 are connected in
series betw%en an input terminal IN and an outpuf terminal OUT
to define a series arm, and parallel one-port SAW resonators
205 to 207 are respectively connected in parallel between the
series arm and a ground potential to each define a parallel
25 arm. )

As shown in Fig. 1A, the SAW resonators 203 to 207 each
includes a respective pair of interdigital transducers (IDTs)
203a to 207a and a respective pair of grating reflectors 203b
to 207b disposed on opposite sides thereof. 1In the SAW

30 resonators 203 to 207, surface acoustic waves excited by the
IDTs 203a to 207a are confined between the grating reflectors
203b to 207b so as to form standing waves. Each of the
resonators 203 to 207 has a resonance characteristic in which

the impedance of the resonator is low in the vicinity of a
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resonant frequency and the I Mpega i s, high in the vicinity of an
antiresonant frequency. o %eﬁfﬁmﬁﬂ filter mb
| 3
n

frequency of series one- por'ﬂuggﬂ and 204 are ,O‘ o]

be 5 coincident with the antir cy of the paralt

one-port resonators 205 to 207. Thus, the ladder filter 201 I s provrided
series

wi thin a passband defined by the antiresonant, , f.requency of .th
one- port rreéé’@ﬁé’ttorfé-'eﬂ‘)‘:?n&ﬁfda?é4t5ﬁdlmpe§?ﬂ‘éer’e%orh’aﬁﬂ ’3} g:al%eN&ﬁle"%Yhe

paral |l el OnemPQrt iresenane’ $réghedby.to 207. _ The conventi onal
| adder filter 201, and the la filter of thlsd%%Pe has bEen w del y

d
applied to a T¥hsdie \edder fiégrﬁﬁu%%at?}% FRRAMAP S JHFRWEDSYC8F| ul ar phone

or the likgies orddRMA reBaneoRasabgeana sontdrelsnstanmed @b beproving
the 15 performance of such a |adder filter and mniaturizing sych a

| addeb fi¢aigicident wighvihryaok iFREORANENTFERiIency of therRargdefd, red
ebodi Mo ve Ho i d¥ciRRalrs! BYGNLL0D00. PERNE flocke | il fdillkar pbRCh

over comes th problens wth conventional devices descri bed above and
achi eves is pmiwjided seithlip anpassbangedebinedcey e AliFESPRMEvi ng a
signific ZQeri —poft! EYSEattd &0 RGER DioRdaha One
preferreSE%%%g%ﬁﬁé%ﬁgg?mégeFﬁgspnge ?éane%ti%n I ncl udes a plurality. of
series arthe reswsoratforeguendyacfl thel payablebapng+RIrtamascaadREcor8> The
seri§§zﬂrgrf§Pnators are connected in series to define a series arm of
a ladder ¥ relit located in a first I nt egr at ed regi on. Each series arm
resonat or pref asblopnventideslahadderdfilter | 221 i omnd hifead@dgdesusti c wave

(SAW res to [ i_ngl ud I I | [ rti with a
pair of eﬁ’rgﬁ%elr OVPtt%’re}‘rsegfypaen a%t ??l‘egeg&gégﬁegﬁﬁ %%(rgcll %%Iﬂsﬁ a{cge géoustic
wave ¢ emrinen Boeti dicar dmv itclee spichz asl ectel tubar ephene g tihen 1ikgeh

parallel 3L I&s oAl hs BURE Lodohe 1 RALAL! Skl VESP fifroving the
15 performance of such a ladder filter and miniaturizing such a
ladder filter.

SUMMARY OF THE INVENTION
The preferred embodiments of the present invention
20 provide a ladder filter which overcomes the problems with
conventional devices described above and achieves
significantly improved performance while also achieving a
significantly reduced size.
A ladder filter according to one preferred embodiment of
25 the present invention includes a plurality.of series arm
resonators and a plurality of parallel arm resonators. The
series arm resonators are connected in series to define a
series arm of a ladder circuit located in a first integrated
region. Each series arm resonator preferably includes an
30 edge-reflection surface acoustic wave (SAW) resonator which
includes a piezoelectric material portion with a pair of edges
thereof and utilizes a shear horizontal surface acoustic wave
to be excited on the piezoelectric material portion. Each
parallel arm resonator is connected in parallel between the
35 series arm and a ground potential to define a parallel arm of
a ladder circuit and includes an edge reflection SAW resonator

2



35 series armand a gr ound RYQHRE L@Beeh
|1 adder circuit and includes i
3 whi ch includes a pi ezoegﬂ m

A eT AT rg;w\a-—}
s ST HAS BEEN
gmt I on SAW r esgnat OF REPLACE |

gfd ne a parall

ik al portion w-~
edges thereof and utilizes al 1M ce acoustic wave to be excited
on the piezoelectric material portion. The parall el armresonators

| ocat ea Gp-ch oindLEHEs %, Hed erntt Martiidy' Borfidh) ERPIA RDIRAA 1 o

| ocated at a secon regi on from
the firsedges theregefitant retyilozesu@h SHrdlypehsuslieae hoousgoit avate/pm surface
acoustic kt the pi lectric naterial portiop in t he
first i n?éggg?gggéri e‘%?o%gl% se%ﬁﬁzel%%[rg'r%f &ag:e\f/il? Pﬁgtgﬂ%ar hori zont al
type surpacaliebustmcresmveatexs tiedliudet e figeangroup 6Ht£Orbépsk na@ on.

The urali ries armresonators ar r ef erabl | pcated in the
fi rsltCg i nﬁéﬁ%%%%% s%gji]g‘?is%’lﬁ: I &1 355 ic%?%eg aEdée§e%?n ach series arm
resonat ointegratedhragidn tiatlais ehysdsaangdi Rgotdees Pfok hendtfigrstseries
arm resonators |l east two _parallel armresonators_of the

d . th
first grob egrét%‘?er%qlroéigsg’d’i@ﬁtt KBE EhEapabPriFoRbRbstHRe S ASH al | el

arm aesosaiorvafe tdi fidd ondtbed pliezbeUsht Wi & hnd H&r COI ESRAH 16
edges of the_other, parallel armresqgnators of the first group. 20

The par aFP8ITLr 3k FBEGIERARS FEFicn 6REF PRE| ARESRIQER GRLER theyshearof at

| easti0 t vikopiecht £l /g8 IREFIRIOESca8keet QEvEr 8Rtited L1NE ¥1EBIdUdHy Paral | el
armresopators. The at, | east two parall el armresonators of the second

group ar B 3L e H®HON- third integrated region which is physically
i sol ated formite PARraliityt o2Ndese68NErnNFE66 R4 €SS e&&gﬁ&&%ﬂﬂ}at the

shear hori zontal type surface acoustic waves excited on the
pi ezoel ek?F3tetratferiha %é’rstti dategraged: RPgdon nsegh akkat rtdg @eir ofdo not

Interfergdgde oheaich ¥dra@at armt ¥BEoRHLEACEraCoUSLN Gyith es excited in
the first and second integrated regions. 30 e at least two

par 4P eIC%IFIFﬁﬁ*E&IM%re@%F PhetBecehlier sepies prEm eregasfatiosl,y aadr anged
such thaghd her PRidstOtRIGRTa%M el arfcBsBREAOL |o§r1§1é eﬁq%act ?i{ro‘i’x% the
ush with th t e oth

second group are fl e correspondi ng edges o er
par al | el 2%f AT Sush thapf threpadronf edeed.of each parallel arm

resonator of the first group is flush with the corresponding
edges of the other parallel arm resonators of the first group.

20 The parallel arm resonators may further include a second
group of at least two parallel arm resonators selected from
the remaining parallel arm resonators. The at least two
parallel arm resonators of the second group are located at a
third integrated region which is physically isolated form the

25 first and second integrated regions such that the shear
horizontal type surface acoustic waves excited on the
piezoelectric material portion in the third integrated region
do not interfere the shear horizontal type surface acoustic
waves excited in the first and second integrated regionms.

30 The at least two parallel arm resonators of the second
group are preferably arranged such that the pair of edges of
each parallel arm resonator of the second group are flush with
the corresponding edges of the other parallel arm resonators
of the second group.

35 The ladder filter may include first and second single

substrates made of piezoelectric material, and the first and



35 The | adder filter may include first and second single
substrates made of piezoelectric material, and the firstang~——___
second integrated regions are located on the filrst and Féﬁ%hﬁﬁaﬂ”ﬁﬁj§§£@7

substrates, respectively. Alternatively, the | ad REPLATEDRY ]

I nclude first, second and third single substrates nmade of piezo kC
5 material, and the firgt, second and third,inteqrated regians are
Cocated GRPRE APEEBrabelohaSLRte 1 dartiat Tidls sasst 4 Bespner vel v,

and the fdinylesisnpseraubs)raéspest avéppged bet ween the second single
substrate and the third sing substrate. 10 ternatively, the

| e , Al
| adder filter A&yeFREFUBRLY sthgrdder Shsn M iinchude figator

pi ezoel eddddnd @l kakirangdihgfe subst LHOSY tnfdd Wi WikzdeakeeRiko divide the
single substrate intao two main regions | ocated on opposite sides of the

groov@ matarigdyuped the first. aFRCAREARA ithids dndeFagedngegienss
located igyd Recdivukded t4e FRES: | CSEaNS Ond N SIdWidgle sauBELRRLS,

respectively. . Al'ternatively, the ladder filter may include a
single Trespgsively,nand bhepfivoelngie sphsmaie dfd arzenggdt wo

subst ant il Rk Akl §bc8hQ0Y f:??ié‘ QMY L0 i aﬁi"j EH 130 !s‘inl%ﬁles ubstrate

into three main regions. The rst 1ntegrate region i1s I'ocated in one
of the n@iupstagitens of the single substrate | ocated between the two

grooygs struct Wi erdleively Sea0%h Ak M1t diheGr 3neduheohopsngie | ocated
in the remai ning two naf n regions of the singlé& substrat e,
respectiwgibgtrate which fermade olrpszoafedtiniasmedeniglt hadi haenai on,
there is h ' e | se i C I S y
preferr e(?,roiotva bgﬁgbgﬁ%grggég%%&%%\)@%ér C?% hgalfer {%en\qir?vle%ﬁl fgﬁglrtg %%not
limted ttorot maipr zegienar locgeednms ppbsditst raindast alfi tthes ggo0ovehown.

BRI EF DE%Q@LQ{hQQ.CFTKEEEE¥?QV£§§Ssecond integrated regions are
15 located in the divided two main regions of the single
substrate, respectively.

Alternatively, the ladder filter may include a single
substrate made of piezoelectric material and having two
substantially parallel grooves thereon to divide the single

20 substrate into three main regions. The first integrated
region is located in one of the main regions of the single
substrate located between the two grooves structure. The
second and third integrated regions are located in the
remaining two main regions of the single substrate,

25 respectively. )

For the purpose of illustrating the invention, there is
shown in the drawings several forms which are presently
preferred, it being understood, however, that the invention is
not limited to the precise arrangements and instrumentalities

30 shown.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A is a perspective view showing a conventional
ladder filter.
35 Fig, 1B is an equivalent circuit of the ladder filter

shown in Fig. 1A.

o]
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pepR@h | adder filter. 35

Fig. 1A is a perspective view show '

‘Fig, 1B is an equivalent circuit onﬁ she i er —% Eig. 1A
Fig. 2 is a perspective view of an eﬂ Em Lacous;‘t T BIS\WaiES T Fes oo
used in the ladder filter accor di enbadi nent&igiCEDhe

present invention. Fig. 3Ais a plan view of a |adder fiTTer
according to a5 fjrst _e f..a fi.rst preferred e dinment of the
present i ﬁf‘vl it izlor%'.%t a é%%k)%cgll—‘ivs. V3BYi ggaﬁne %??/é’f% *HIMIYYRE the

| adder féurgace acatsdvic iwavie gesdAator used inFthe Badderafrplwer vi ew of a

| adder f} di.n a .10 second exanple of the first preferred

enbodi rregﬁ%é&(;]?d%qo px%rftfgé:ﬁtd Fﬂ@gﬁf@SHgs oY Ene prﬁﬁpt4§“f£"%ﬂ?ré‘qui val ent

c: rcuit of ]Ehef‘i{ga.gd@r J.]tSI :at elan vie{gpmlﬁ énlEdig%r 4ﬁir.1]_.t%r accorldiﬁic?-toﬁfé }_S a
an vi ew a_ | adder ter, according tqQ a .third exanple of the first

Bref grreﬁ%%o%%&ﬂte (?ff tah%rlﬁﬁ sBﬁFfegregn%h‘P?’b‘ﬁ‘?nt of the prgsentp s an

equi val eidventtioarit of the |ladder filter shown in Fig. 8A

Fig. 6Ais a plan view of a |adder filter aqcording to a 20 first exanple

of a second pr&t@er r¥l Fhifdhismvadentneigrudénpt thej hadder ofilter

Fig. 6B glsow 'ﬁqmi\gal gat, circuit of the |adder filter shown in Fig. 6A

Fig. 7Ais a plan view of a_ladder filter_ according to a 25 second exanpl e
of a second prefer A8diEnBoBLABNYi6Y @hea pladder filtemagaqumsiing to a

Fi 9.107B décoiy tinpalecdi €hbC il brsef pibgel pddeimbdd ifdnt of SN in Fig. 7A
Fig. 8Ais %ﬁflan vi ew of a | adder ?llter according to a 30 third exanple

of a sedRF§IFefldVedd 18/bodi nent - of the present i nventi on.
Fig. 4B is an equivalent circuit of the ladder filter

shown in Fig. 4A.
Fig. 5A is a plan view of a ladder filter according to a
15 third example of the first preferred embodiment of the present
invention.
Fig. 5B is an equivalent circuit of the ladder filter
shown in Fig. 5A.
Fig. 6A is a plan view of a ladder filter according to a
20 first example of a second preferred embodiment of the present
invention.
Fig. 6B is an equivalent circuit of the laéder filter
shown in Fig. 6A.
Fig. 7A is a plan view of a ladder filter according to a
25 second example of a second preferred embodiment of the present
invention. -
Fig. 7B is an equivalent circuit of the ladder filter
shown in Fig. 7A.
Fig. 8A is a plan view of a ladder filter according to a
30 third example of a second preferred embodiment of the present
invention.
Fig. 8B is an equivalent circuit of the ladder filter
shown in Fig. B8A.
Fig. 9 is a perspective view of a ladder filter
35 according to a first example of a third preferred embodiment

of the present invention.



Fig. 8B is an equivalent circuit Oﬁht e I er f||ter shown in Fig. 8A

Fig. 9 is a perspective view of a | daccor ¢f: s .
exanple of a third preferred enbodi present ﬁﬁk%gﬂtkg gﬁh
Fig. 10 is a cross sectional view of Ie of t+he—greoe
structure used in certain preferred enbodlnents of t he present

aceording to a Ehiontd Rl ¥ SRRREYY, fied: 8 Dhafefunfinele oF 1o

pr esent |nhengrouve structurthgpdjih|c£ntaamhpm&fetrddagmhmdxmemts of

connunlca&b ratus, according to another preferred enbodi nent of

t he §eR{‘eFﬁ9 nt’i“éﬁn 198 DETAI LED DESCRI PTI ON OF PREFERRED
El(;/BODI l\/ENTSfI Fig. 11 Tmsa eEarspct idle WQWSBES?nlangnfiIS)EEfIaVG studi ed
edge refle tlon type SAWresonators as disclosed_in U Pa ent hb

5. 184,5 042CGRAIIREEES AnSSCaRbrRx AP Ol Ra b8 FoBF L aRAS] som

Vol . 44, N&. the, piggéntaﬂgbéﬁ@gbﬂuscovered that edge reflectron type
SAW r esonators can be applied to a | adder The present

i nventors di scofafed!? ht 3 RERSHRMG ddAgram °flédﬁ%mm?W}?%ﬁl%%ffers from

the probl QPEaQﬁ%QQ' at8eratdd 'éch%r?&.he&r YricFerrel! enbod smeht FWVERsonat ors.

More specitically, the grating reflectors are relatively | arge conpared

to the srfeesentanVEHElo%hlch may prevent miniaturization of the | adder

filte In addition, the grating reflectors have poor reflectivity,

whi ch may cause a narrow pass band mndth and 25 large insertion |oss.
TALLEDQ] R &1 RREDSEMBODIMENTSr has no grating

o actors, sncotsf| rLlon s S (ol SRERUELLE VP lpdli ARS
i n accor dgettewvtion3bypé eawivsymitorened désetdsby ﬂﬁlrmgsanpmbgﬁt No.
reflectioglagge gfgvand IEEE Transactions on Microwave Theory and
15 Technique, Vol. 44, No. 12, 1996, and have discovered that
edge reflection type SAW resonators can be applied to a ladder
filter.

The present inventors discovered that the conventional
ladder filter suffers from the problems associated with the

20 grating reflectors of SAW resonators. More specifically, the
grating reflectors are relatively large compared to the size
of IDTs, which may prevent miniaturization of the ladder
filter. 1In addition, the grating reflectors have poor
reflectivity, which may cause a narrow pass band width and

25 large insertion loss. .

On the contrary, an edge reflection type SAW resonator
has no grating reflectors, and reflection of a surface
acoustic wave at the edges thereof is almost perfect.
Therefore, a ladder filter can be improved in accordance with

30 the aforementioned demand by using an edge reflection type SAW
filter.

An edge-reflection type SAW resonator uses end surfaces
of a piezoelectric substrate to reflect a surface acoustic
wave, and the distance between the end surfaces is set at a

35 specific value which is determined by a frequency
characteristic of the edge-reflection SAW resonator. This



filter. An edge-reflection type SAWresonator.uses end surfaces

'of a piezoelectric substrate to reflect a surface acougfhﬁoaﬂLs _EE“

the di stance between the end surfaces is set at a 35 $peC|f1@qx ékvﬁlph
Is determ ned by a frequency characteristic of the éﬁge*r ISAW
resonator. This means only

The of Jandds Ml Mgt 080 S PEEBER carf nc%ﬂ EREROREL, fot ¢
of the edge- -gwfd tgmtieon @Awthfe ségenafothe Thulss teaps rschrfeﬁurAW ot :dbatsgrdgbnfl)_ﬁ; m t

: Et/gg'[ g£ S aveé% #ﬂ% tﬂr?ltr)séc%re gg‘ggﬁh %cggé %@‘i’éfy}ge ]ee)?ﬁllémngg‘% bel ow i n
detail . resonator]I*mhmsngEQaaxemeatedoed ﬁ@bopbrm&ﬁSiﬁ?égtheéhgeaent
Ve AP N Bl ot Liptel g Begi e e ros

edge- refimu&ntnrﬂ;hxwesubﬂ&@d &h@usprﬁbMBMesﬁéH%ﬁsﬂﬂ%ﬁ@nahobxplalﬁeuhlCh is a
one- port %fsonat%g! g is used as a parallel arm resonator and a series
armres 4 er filter 15 according to preferred enbodi ments of

the present i memiinafter, pfe€eede- embdeiheddl toPenaAPreqsnnat or 1
preferably utilizes a shear  horizontal , (SH) surface wave. In this

speci fi cHtYSHH 104, are e§H1§&PF90éna€85§%}CWM%Nérqg?Rﬁﬂqehéﬁ %8e3 surface
acougt i cdmdithgs. Which experiences displacement in a direction that is 20

substantialIprerpﬁndlcular to the propagating direction of t he surface
acoustic wave Fad ¥s 1§uBsPEREPEFTVRaT Y el iustiading agupramelefof

subst r atgh @ugMlrelF1cke iSH %ybEa§§r§§@éséé&uéﬂ?i/ce wave '(%A zckéﬁena@f
exanpl e,, such SH surface waves i ncl udes | eak Love waves and

BGS (Bl duhdich ds ?aQPeSEPﬁFzH?SQBaV\BVe%nd is used aSTﬁepéagélebf ABBL | Oon SAW

resonat Gfesbridt@rUded & seriBsCZPR! pESSALLSHDH TALG GRS 12BNt €rdi gi tal
traggducer (1pn 5. The piezoel ectric substrate 2 has a pair of

sub anﬂ?ﬂq%ﬂmg tRaPzrLerreddenhed Hrert 9P hidhe Prasents ipryentiant y made of
The edge-reflection type SAW resonator 1 preferably utilizes a

shear horizontal (SH) surface wave. In this specification, an
SH surface acoustic wave is defined as a surface acoustic wave
which experiences displacement in a direction that is

20 substantially perpendicular to the propagating direction of
the surface acoustic wave and is substantially parallel to the
surface of a substrate on which the SH surface aéoustic wave
is excited. For example, such SH surface waves includes SH
leaky waves, Love waves and BGS (Bleustein-Gulyaev-Shimizu)

25 waves. '

The edge-reflection SAW resonator 1 ihcludes a

piezoelectric substrate 2 and an interdigital transducer (IDT)
5. The piezoelectric substrate 2 has a pair of substantially
parallel end surfaces 2b and 2c and is preferably made of a

30 piezoelectric material, such as a lead titanate zirconate
piezoelectric ceramic, a LiNbO, piezoelectric single crystal, a
LiTa0, piezoelectric single crystal, or quartz single crystal.
In the case where the substrate 2 is made of piezoelectric
ceramics, the substrate 2 is polarized in the direction

35 indicated by the arrow P shown in Fig. 2. -
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30 piezoelectric material, such a%ﬁshéﬁ@ashéehggﬁ&&i zirconate

Ppi ezoel ectric ceramc, a L|NbC{err] si ngl g7
Li Tag err] piezoelectric single cr%/rtmn'“ mEEHmz Si ngl;e‘IE: ?ﬁ@a’l‘ HAS BEL}\n
the case where the substrate 2 is ectrlc IaﬁkCB th

substrate 2 is polarized in the direction 35 indi cated by the arrow P8

in Fig. 2. I .S qqg? a | ectrodes
3 and 4 d?ggogle)a onh?ﬁe u%%gF é)%-r a@g slfaé)%de SStTa Ss? B?lg 1
|nterd|ghﬁﬁm@@dwpnhthachppehesuriheec@ﬁbtbhammhbEﬁ&ﬁﬂerknd:3 and 4

I ncl ude f e ers

respecti \?&@f&’ﬁk‘t&%ﬂﬁ gglto fgérgﬁms{:hggect?%%ecg&'%a aée&rjse acq%r? c are

fl ush wiamd t4henedddeunf ptagallitpndf 2e1ectrod@smngémlisa, Alit,hdaeghndone

el ectro er, of the ¢ - haped el ectrode e el ectrode

fi ngg q}f‘-"’t cér% §ﬁ§88891"e1%rec{§r85¥4°€ %“‘f%%%‘%se q'ﬁ 4S5yt er nost

posi t i orfigfgetrdse 4laD7a‘na B&Oaaepﬁlﬂsnfwiﬂe ehe%m@oa:ﬁﬂam gfandhec,

conb- sha ed elec ? é f at the q ternD t position
The spadé€ hEhaRg tr%ﬁ% ¢ ‘?1‘@%’?% % LA9RF Rt & el ectrode
fingers s@a@aan eueeteuaer poshdebrét eDdet fodgef inder ¥ tie Q:rdﬁlb—sha ed

ref er abl et at about_[err]/4, where[er wavel engt h f the SH 15
pre wanQF rpdes A&yl %ﬁaP%@ §Eb§??a%%¢%}mqqﬁaRﬂ%ﬁQ+Qﬁ he IDZuPer nost

el eq0r ode galintgerstha andcBeols PiRgeraldy s @mb—shap’é@@lek@.&'bhéBs
Upon appl i catlon of an alternating current voltage from t he conb-shaped

el ect r o®s 3™ P, 1pRated akvEhE SORKRIRRIS iRPSF1GMhe dde SPECPect i on SAW

resonat Qfet%e%ﬂdtﬂéoéﬁﬁé£§§dénfiﬁ? rs afd '€ed Wi dne ellkeicaBheal Iy
perpendi cul ar to the end surfaces_ 2b and 2¢, as indicated by the arrow

X in Fi f1ngers exeRptsiNGaoRteEmeet | eEe@rad? etk sppdsi 8§ %8 surfaces

t pLez t t I t
above dgg%%%%agﬁgdggtré lgg%@f X} Vﬁ%%%%%gtg? i gével?%%FQég%na%? #%equency
det 86m mq_bebwatrhethel exmatedmednt'ohé heubstrd{tteeQien@hedaticitiy oEdthg t he

d|stanc% %&%% Eecgggg Pgngers 4a and 3c is preferably set at

about A/8.

Upon application of an alternating current voltage from
the comb-shaped electrodes 3 and 4, the SH wave is excited in

20 the edge-reflection SAW resonator 1 and propagates in the
direction which is substantially perpendicular to the end
surfaces 2b and 2c, as indicated by the arrow X in Fig. 2.
The SH wave is reflected between two opposing end surfaces 2b
and 2c of the piezoelectric substrate 2.

25 In the above-described edge-reflection SAW resonator 1,
the resonant frequency determined by the IDT is matched to the
frequency determined by the distance between the opposing two
end surfaces 2b and 2c, thereby achieving effective resonance
characteristics having a resonant frequency and an

30 antiresonant frequency.

Fig. 3A is a schematic plan view illustrating a ladder
filter 11 according to a first example of a first preferred
embodiment and Fig. 3B is an equivalent circuit of the ladder
filter 11.

35 As shown in Fig. 3A, the ladder filter 11 includes a
first piezoelectric substrate 13 having a pair of end surfaces
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end surfaces 2b and 2c, thereby achleV|ng effective resonance
characteristics having a resonant 5Bt reas &ephcain 30—antiresonant

esonant |

f requency. Fig. 3Ais a p vi ey TH!} §8Ermup gy jJadder

filter 11 according to a first exa t pr ferrdﬁ@LACEDenbodinent
filter IT.

and Fig. 3B is an equivalent circuit of tie H

As shomn he | adder .filter. I nclu a I r
pi ezoel ec?rl c sujbi?r é%ﬁf%ea\ﬁwtf%‘a‘laﬁ%ﬁ P@ﬁéqgﬁr]f geegacg SEher and
9 13a aedod@bpiduadl erter submibaEtrad 314pauaavllhql at gaQQbeoéH@f and a
second pj l.ect at haV|n pai.r, urfaces 14a and
14b whi c%sg?g"%%bg%n?’?‘gsﬁt{?’ ﬁ&f’aﬁzh are & ntla(i&ﬁ'hBPra#PaéifF? sgach
pi ezoel eothér. suhbérfﬁxsﬂibiﬁvbéﬂﬁttﬁﬁﬁo%@b@trﬁt@zQ@'Sﬁartﬁesgéééﬁ@Ie 14 are
disp%§ed on_a ase Al t hqugh Fi 3A shows that the substrates 13

i}

and aP&sZoe %ﬁﬁﬁ%ﬁi%ﬂﬁﬁﬁraﬁﬁbﬁﬂeéﬁﬁ HiF@eser; onsappager kB e the space

bet ween Ahemsml@lstn'fg.esml%lﬂmis Thats ty@lsubskiralds B8€Ang 14CQPEIrmed by the
i nventors that the égg; fllter 11 can 10 operate correctly even if the
subst r at 8B29' a%RPﬁPl i§2Ch othegiadit %ﬁt@r858ﬁabﬂﬁthe gpeCPase 12

usual | y petwesEstife rmistraté%f 13 Rackage isnswhhgh the ﬁéﬁsﬁe&&ezoe' ectric
substrate 13, and he second piezoelectric substrate 14 are encased.

The | addePrfirned tmtfllﬁ tipgentedisyddats sheed addar16iltesobht @@’ S1, S2, S3
and qmar abp&lafeé NdBEIALO ey Rl afp%hepéubstrﬁegg i Vhﬂ& %eraﬁ% ture shown

in Fig. 2. The series arm resonators Si, ave the
sane st reeRAGt dEh eachy ekhercy Thar haser 12t ﬂ§§3&$Yea@InP@$¢Qra pant

par al | el ofiran packd kS AMRLAiE Pt 41 rE3 %@ESE?QH&?@V&%Q@I%?H&&” ure

and 20 frequency characteristics as ea e serres arm
r esonat otRe Sfecasd pdpzpplecirisssukstrateqlénayewhncased. preferably is

substant! al ) RN ReAN raNter 3120k chbINRfYdes sOF LD 0! all el arm

resonators P1, P2 e series arn1resonators S1, S2,
S3 9 ar?%ﬁ&ﬁﬁiqg§zﬁlrasﬁorﬁﬁoﬁndfpﬁWéllElrgrmpreaoeaEQrs|Elsum$xn%ie 13

along a each |Gty dneeshrAR ket BRokh $h PLEZ08! eFRLI SeSpDStLA e 13- IN

resonators 81, S2, S3 preferably have the same structure and
frequency characteristics as each other, and parallel arm
resonators Pl, P2, P3 preferably have the same structure and
20 frequency characteristics as each other. The series arm
resonators S1, S2, S3 have a resonant frequency which
preferably is substantially same as an antiresonént frequency
of the parallel arm resonators Pl, P2, P3.
Each of the series arm resonators S1, S2, S3 is arranged
25 at a portion of the first piezoelectric substrate 13 along a
length direction of the first piezoelectrié substrate 13. 1In
addition, a pair of outermost electrode fingers 5a and 5b of
the IDT 5 of each series arm resonator are flush with end
surfaces 13a and 13b of the first piezoelectric substrate 13,
30 respectively. The parallel arm resonators P1l, P2, P3 are
connected in series via conductive patterns 15a and 15b
disposed on the first piezoelectric substrate 13, thereby
defining a series arm of a ladder circuit.
In the same manner, each of the parallel arm resonators
35 Pl, P2, P3 is arranged at a portion of the second
piezoelectric substrate 14 along a length direction of the



addition, a pair of outernost electrode fingers 5a and 5b_of the IDT 5
.of each series armresonator are flush with end sur flaves si3arand gid
the first piezoelectric substrate 13, 30 respectively. {The paealdcgh arm
resonators Pl1, P2, P3 are connected in series via conducCctive patrterns
15a and 15b di sposed on the first piezoelectric substrate 13, thereby
def | ni NGebohel piesBeMbetrdc! 840844 CHL - 1n additiod"al BR1SABE MANNer,
each of the parallel armresonators 35 Pl1, P2, P3 is arranged at a portlon
of the sageF@ost eppersefecfingessbda rane 3 of @arh pagadlieldardcti on of

t he t 1 £ d el ectric
subst ratreeslzila o gdlft }13% wi % end ?urfac%%Ole4rama§x?FgQ2>C€lr%O§§QfI ngers ba
and 5b cfeasush pp@zalenectamm substzezsmalbr respddhistelyi.t Fhengasadliades 14a
and 54 gl {8 onat 0380890 RiCECLEE Lofin SRS AL ol bordiRRGH vel v, The
par all el arn1resona ors 2 an 3 are connec via a conductive

patt er n geBedinsi6sedisposhe spcone sedond sdwbdtx dter moa fiormsta firsgroup. The

par al | el re a be fo d o su eparated from

t he sec&%‘ﬁ ezgfglllz:‘l g?‘%ﬁgigggé¥lpaféesﬁﬂ§tor sfr{%aey t%e tkF%))gf“aldl 8?‘ rmresonat or
Pl does sulisthrate sepheat8d ﬁnme’cmeobécmmdlepmcaﬂaitrak:rmmbsmater15’2 or P3
via a ..condquct i wn i.n. Fi the base 12 is
provi dedswct%q;glﬁ paraﬁﬁﬁ]taf’&rﬁ?%%rllaﬁ%’é lﬁ;rﬁ%‘?ﬁ d}.ﬂt th@rv% ﬁgl bbe ground

t er tonalconnectkdc tandhébgarfhbe Enalrmf rédensiest @2 loes@latvda &1 and one end
15 of th eri.es re%gnator S3 are respectively connected to the I nput
t er mi nal® Chide R&EGFPut terminal 16b via bonding wires 14a and 14d,
wher eby the sasi ehornninfride e/ itdse ddBe 12 rlﬁﬁmfvﬁ.ﬁ%dsﬂutSZanS3 i's

connected between.the |pput_term nal t he output termnal 16b.

Al LV G A ARt £ o B 8 LT

connect akd fand 16Q3r abhel eRd shechonskiesiresonktor FACanideneléhd 149

betgge °§a the series armand the ground termnals 16c¢c, 16d so bhat each
| el r

ther §8ZHEF oF SFRDRBPNERE AF G F FIRETEISIRI iop@nectedyfflethfon poi nt

bet ween itnpits eleir®Snal M 68SM@t fie Abtput termihding epaddar thHﬁ.ﬁg t he
as a

I DT 5 of the parallel arm resonators Pl1, P2, P3 %referabl | ar ger
ar ea théﬂlﬁﬁe14a and 14d, whereby the series arm of the series’ arm

resonators S1, 82, 83 is connected between the input terminal
16a and the output terminal 16b. On the other hand, each of

20 the parallel arm resonators Pl, P2, P3 is connected in
parallel by the bonding wires 14b, 1l4c, l4e, 14f, l4g between
the series arm and the ground terminals 16c, 16d so that each
parallel arm resonator is connected to the respective
connection point between the series arm resonator.

25 In the ladder filter 11, the IDT 5 of the parallel arm
resonators Pl, P2, P3 preferably has a laréer area than the
area of the series arm resonators $1, S2, S3 so that parallel
arm resonators Pl, P2, P3 have a greater capacitance than that
of the series arm resonators S1, S2, S3. This makes the

30 attenuation of the stop band great. However, such a structure
also makes the length of the group of series arm resonators S1,
S2, S3 shorter than that of the parallel arm resonators P1l, P2,
P3 and requires the wires 1l4a and 14d to be long. Accordingly,
the conductive pattern 15a is made long in the direction of

35 the group of series arm resonators S1, S2, S3 so that the

wires l4a and 14d can be made short.
This Sheet Has Been Replac
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area of the series arm resonators Shis sp2 so that parallel arm

Tesonators P1, P2, P3 have a greater ﬁmmﬁan th tT: ﬂbgggﬁr-

series armresonators S1, S2, S3. T 0 att nuath@ﬁ,g i

stop band great. However, such a st so mak s the—

the group of series arnrresonators Sl 82 83 shorter than that of the
paral | el arn1rR&éHEHIHqSﬂ%lthZJadderpglﬁﬂgrr@ﬂ féfé%éya‘@dﬂ%% %%ﬁ +gnd 14d
to be Iong Accordrngly t he conductive pat ern ais nad ong in the

di recti ofifof hesP¥eReny chRy et ioay,i €achr afr thenpamrklell argp res®msdorsat t he
rqres 14&n§”§e§ﬂ@%Cé%ht¥bé3ﬁ¥%oigoﬁhcl?de an e?g flec on SA

According to the | adder I'ter pre srTed ehbodi ment s of
t he presERECPAVRAtBHALNGE th gafating pafirtbdrsy mAssommsorls, ttmnd series

arm reesopghges fﬂﬂl.éideczﬁ{' b@ﬁﬁnlsihﬁigé8ng§@¥l¥ resPnalor hav' ﬁl%&@url sed

grating reflectors. ilter can
greatly. th@nlwféele:afslelmm@s a qulaetlzaddhstfateertﬂmsamaqum ttzlesubst rate,

t he area er fi .gap_b dt e fifth of t he size
of St pe” 188debCeLyter AP b rebfbeAtPo Shl ELAGE 0 HHE 5 s, Sitadibe:
filter ha@n‘aelktﬂzaqbrkqddaxbfnﬂaEe, the theacade tvhﬁer}eadﬂﬁ lfaddeer 10 can be

reduced rd t f_t.hat ,of the |ona adder
filte E1E8F el 4 éﬁf dﬁbéE?ﬁ;?eﬁ CPFSR 8Ff ﬁeéd%¥ tKge
r ef I1&:t i oan j lse attmiucéki 29 meE$hasdgtea¢bneshahfattha‘t tdfewreat I ng

reflecto ony tional devices. Thus, the |adder 15 filter of the
preferre%Oﬁﬁgﬁgféﬁf 9‘ efhglesgent I nvention achi eves excel | ent
attenuation | dgs aaid thangwtHehreflédreion efmissi . of the edgeFurthernore,

since th €S, 81;M resonat o t he paral arm

resonatdféff%.tﬁg? 1§3a%§9§ bhégsaﬁ@e§0é§tgﬁﬁﬁ§u4§sth@@sﬁ@éﬁh@eﬁyatFﬂgrs

possi bl erefleattargnatedl dndconveAt LONGE déicdy . eThals) rdeonakges S1, S2, S3
m_r eso s.Pl, P2, P3.in the respective

d .=h || el
gpez eFe€€i¢§F(%f §5§b§EF§F€§ Hatogﬁd%wiﬁﬁ§ G dfd PEgEeRte dNYRNERORY e

substantacatiewqmreaddeauem egacbnobbesn TdBIS ddte pawaRaatel oithendd conponents
to be mount a base can be reduced, thereby reduci ng the
manuf actRft éhf%focess and cost. This al so nmakes

Furthermore, since the series arm resonators S1, S2, S3

and the parallel arm resonators P1l, P2, P3 have the same

20 structures, respectively, it is possible to integrate and
arrange the series arm resonators S1, S2, S3 and the parallel
arm resonators Pl, P2, P3 in the respective piezeelectric
substrates having a pair of end surfaces which are
substantially parallel to each other. Thus the number of the

25 components to be mounted on a base can be reduced, thereby
reducing the manufacturing process and cost. This also makes
it possible to use substrates made of different materials for
the series arm resonators and the parallel arm resonators.
For example, it is possible to use a substrate made of

30 material having a larger dielectric constant for the parallel
arm resonators and a substrate made of material having a small
dielectric constant for the series arm resonators, thereby
enabling reduction of the difference in area between the
parallel arm resonators and the series arm resonators.

35 It is noted that, although the series arm resonators S1,
52, 83 and the parallel arm resonators Pl1, P2, P3 preferably
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it‘possible to use substrates made of different ombarials for t he
i a r For exanpl e,

S. It
is possible to use a substrate nmade o - tﬁ%‘ﬁhav. MYIDSHEFHIELs pron
dielectric constant for the parall el tor andR@péMﬁﬁirgfb
made of material having a small dielectric constant for ' rm

resonat of $ye thes %%Ynﬁ lséﬁm'aeegoggggggkgg%ﬁ,ht@ﬁe didfEIENGE I n area

bet ween t he par a armre e series armresonators. 35
It is notesPnatars Sli,h&2gh SBherstehecparnahl ebsamt resoritors PI1S2P233 and t he

para"e'p§”ﬂagfﬁavﬁﬂé¥§ié%£ntpétrﬁétBESLe£82$§yet ifferent frequency,. ... e

12 have t'he sane structures, respectrv
S1, S2, Emractdwigidics. elFoar exampheat bt siPlpodRible 3 amndeataedi f f er ent

Strugtur \Yi i f f t. frequenc character.istics. Ear ampl e, it
i s pg)ssiﬁeellt?lo cr?gfng:gl G ﬁgﬁg maﬁggt g?EXS? FHR FERCRH N Sgefr isgs gémgg

r esonat oidrs $ilg B*all32loarm reisgnh?erpaPBL | B2, ﬁ@mdﬁamlqiwﬁd@a P2, P3 or
to provi i .ectrode fipgers in the series armresonators Sl
5o POV qredtiods, TiReESaim FRYcRSrbrs B SAohaE a0 A

di st anceshedmeian tihee padial 1efl adfieresohacbesger, ipp f e sayilesth@ arm

resonators S1, S2, S3 or .in the parallel armresonators Pl, P2, P3.
Fig. 4A 4?%% CEMHILAR PREW PEI 8497 al$ igRchangRferin the serdeso)

accdodi ngrnt resciRee1é 813nBhe 68 bheihi thé pRiErdedrm reddhadoranpiand
Fi g. 45‘9&4% aﬂageqw valent circuit of the ladder 15 filter 21. In Fig. 4A
the sa éments or correspondi ng el ements as those in Fig. 3A are

denoted with m§.samemral islsﬁematiég@ﬁa{@ﬂﬁfémlﬂeﬂu%'t%;ating a laddée shown in

Fig. 4A,_the ladder filter 21 includes a first piezoelectric substrate
g 3

23, a sdcdi®Tpiddz FECOLLAN 0 asEBSPRAexample af ddiey fhrsds pratersed], S2,
S3 and pab¥diflent andl MigeSQBaisr &nFdquifaldrn é%%d%&&ho&a%haggséaeﬁtructure
y

in Fig. 2. The series armresonators S1, S2, S3 preferab

sho .

havwga et lf-r edBeBdg - shBst BRei 8ATS SIRRINGSs qtheorxespeading an

ant i r es@dientiseagerarsal ihhpigar ghl gle %éﬂ%@é?%tt@{ %n%lsaﬁlg oF21ika: P4
i s n

Each of the series armresonators S1, S2, S arranged in a portion
of the fHSLATSHCE, HEMEEALPe substrate 23

As shown in Fig. 4A, the ladder filter 21 includes a
first piezoelectric substrate 23, a second piezoelectric
20 substrate 24, series arm resonators S1, S2, S3 and parallel
arm resonators Pl, P2, P3, P4 each having the structure shown
in Fig. 2. The series arm resonators S1, S2, S3'preferably
have a resonant frequency substantially which is the same as
an antiresonant frequency of the parallel arm resonators Pl,
25 P2, P3, P4. Each of the series arm resonators S1, S2, S3 is
arranged in a portion of the first piezoeléctric substrate 23
in a length direction of the first piezoelectric substrate 23
in the same way as explained in connection with the first °
example. The parallel arm resonators P1, P2, P3 are connected
30 in series by conductive patterns 25b and 25c disposed on the
first piezoelectric substrate 23. Conductive patterns 25a and
25d also located at both end of the series connection of the
parallel arm resonators Pl, P2, P3. It is noted that the
conductive patterns 25a to 25d are arranged to extend in the
35 direction of the group of the series arm resonators S1, S2, S3
so that the wires 22a and 22d can be made short.
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———

inalength direction of the first pjegoelectric substrate 23 in the
sane way as expl ained in connection et Replaced BN RRET 1 -
parall el armresonators P1, P2, P3 a # ﬂFmI in seri L%ggg mdlct i ve
patterns 25b and 25c di sposed on the zoel ectTTt—substr 3.
Conductive patterns 25a and 25d al so | ocated at both end of the series
connection of fphe ar sgratQLs ' ' ed t hat

t he conducﬁrvgebgfﬁgiﬁ%hgég'tgh%§degrgﬁgr?§%%%§§%5B§§fg%gqaﬁggﬁe 35

di rect i it nfP4h@yr dp i6f arwanged 8¢ ar prrédonaddrshsisesmd S3 so t hat
the W r s 2510049 s oLt - . :

13 %%' I n thg%ggne né%%gg?qgazﬁ éfl?ﬁgtga?éf?%ﬁl%ﬁrﬁ%éggﬁgFﬁpgd P1,
P2, P3, Hezeelagtarigesubstaager 2don Bhet haradtehdarm méswodicast Bilc

subsgr at ' I lr ect i,o e | ezpe| ectri c _substrate
24. ?he %lacfgpljl aﬁar%%%ggg%gt g&s EP§°§E‘1%ESV%ZS§€€€E%nfn)éeect(glds pc?ys eéi EBnduct i ve
patt er n U8 sHagsksgbstrate the foemoadfsubst gadept arierpam lflielstargr oup. The
paral | el ,.ar 0 0 and P4 _are alsg connecte ..a conductive
pattern 5%fdﬁcﬁts?|§()srs%§ %%ht %2 gg’goﬁgsguﬁgflpg?{ée‘?obY of i & group. 10
The par gldtdlerar R5feddisposed BA ahd Pdcony Hebstsposeath Aorm a degvhdtirate
separat%ﬁ:ﬂ{on1the second piezoelectric substrate 24 since the parallel
armresonator P1 or P2 does not have to be connected to the parall el

ar mtPesonat or THe parBAlb% grm reﬁﬁﬂdﬂ@févgﬁFuﬁdfﬂdtmay5ﬁe dispoBng%ﬂg Wi res
22a and 2 ar, onnect e t ween e | pput term nal, 16a and t he
conduct ia{/é bgtt?&%ﬁ fggaﬁﬁaeﬁe%@@n{:ge S?ﬁ%m&ﬁ’p%ﬁoﬁl(ﬁqﬁ% spgstEAGet he
conduct i2de siaicieethe2pdraDhel arinhgesbh&tohapD, orach dfed MR tPARwE! €b arm
resonat2&§ P1, P%,dPg N P4 ii cgnnected in_8$ralleln3y t he bonding wires
22b, 228 FrAnesged,tp ths passflel GEBALEHRIIERT & AmPAndYt Re gr ound

t er m nalconductibe, phédegn.t hat each parallel armresonator is connected to
the1§espectiv§ cgnnectLon pg%gt bet ween the series arm . resonat or.

Fi g'°5A i s a SCREMBTi ¥LhPEN? 47 e | 4R t3%R iSRPRPAU S detysens theer 31

accor di igpue erhindlexaaphfdothé heohdist i v fdeash 25a anBogespaEnand Fig.

5B is an.equivalent circujt_ of the |adder
%hegou¥pu% %ermlnai leb and the conductive pattern 25d. On

the other hand, each of the parallel arm resonators Pl, P2, P3,
P4 is connected in parallel by the bonding wires 22b, 22c, 22e,
20 22f, 22g, 22h between the series arm and the ground terminals
16c, 164 so that each parallel arm resonator is connected to
the respective connection point between the series arm
resonator.
Fig. 5A is a schematic plan view illustrating a ladder
25 filter 31 according to a third example of the first preferred
embodiment and Fig. 5B is an equivalent circuit of the ladder
filter 31.
As shown in Fig. 5A, the ladder filter 31 includes a
first piezoelectric substrate 33, a second piezoelectric
30 substrate 34, series arm resonators Ss1, s2, S3, sS4 and
parallel arm resonators Pl, P2, P3, P4 each having the
structure shown in Fig. 2. The series arm resonators S1, S2,
S3, S4 have a resonant frequency which is substantially same
as an antiresonant frequency of the parallel arm resonators P1,
35 P2, P3, P4. Each of the series arm resonators S1, S2, S3 is

arranged at a portion of the first piezoelectric substrate 33
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fiI'ter 31. As shown in F| }heladder filter 31 includes a

first piezoelectric substrate 33, a s Ple:cdric. S ubstrate 34,
series armresonators S1, S2, S3, I el a PASE
P2, P3, P4 each having the struct |g 2. __TheRspri@s, ar

resonat or s S1, S2, S3, $4 have a resonant frequency whi ch T3
subst ant a} a q;ma e Lhe arm
resonat o!ras}1 ,§3g@%1:'h£?r€’é4}ff@aé{fo t%xfssretrgggggfg’%g%té $ sgtzéitesz’ S3

i s adB abgethatsameoray s céxg]fae‘.nfeid sin pioeneelteonr with ublse rédest33

o he s SREnBLL eI U LRA] Yl IR B PEOR B TEF RO S e

I n the sane y as expl ained exanple. The
series acmnesbn@tm&@d;es’%ué&orﬁ&me’e patttnemﬁstﬁﬁlat N3ISBrams 35@

conduct i erns . B and 35c ocated.on. the_first, pi ezoe|l ectric
substLgr: at ggggé&? 5Estk§é50t ]Ggsa‘ Pjt%élteieﬁgr&(?nﬁﬂ thgtﬁa rntS“S% ds in
t he direthabnthé condudtmmrpaasteczfn erse ee:rueeasaﬁ.m tneonﬁi@étsl&it,otsz S3, A4
so t hat and 32e can In the sane

manner , telz':ﬁ%hé%’fl‘?%e %a Gflseqr]eﬁsmarr&5ﬁ§96‘fa§°f6 152 £3, $8 $h 92 Wdtanged

at a porthenvifes lB2senaNd2e cap ezoakeet khersybstrate 34 along a |ength
direction of the second pi ezoel ectric substrate 34. The parallel arm

resonat ors P2 HhdI®3 SAMe JGRRESre8261a08 EBRIDRFRVEEhATRFRSONAtTTS

di spusedpDp phe BRLEy isbsiraied atf ar EEb%tfithbfgfﬁ)é‘pseé&xd The
parall el _arm resonators P1 and/qor P4 may be di sposed on a substrate

whi ch i sSPHRERTLETHLAS st ter o eﬂeneeeoﬁangt %%E%Q%t‘?ﬁ chabstrate 34

si nce t hee@ondlpadzaIBItaSN & u®stPhte 340r Phedpgsaipé] NP t0 be connected
to the parall eI arm resonator P3 or P4 by a conductive pattern. 20

Bondi ng TfFURAYES Firg afsk Py é‘r@oﬁﬁéﬁﬁﬁﬂeﬁet’%eﬁ ¢orductiveypattesmi nal 16a

and one =54l Pfspded ¥ thedHBLAN08ALRErSle to AHEM DI MEAN c}Fo it put
termnal 16b and one end of the series arm r esonat or On the ot her

hand?® each of Hife Bdadilied| azpnresonaEasnalbbrandior 4 mey hmdl§P@§|¢dect ed
in paraldela diibdtiatdd WhaRe 18 Wh&@§c§§?¥e§g§ar§gg £ e Gecomly 32

| ocat ed bet ween the series arm and ound term nal s 16c 16d so
piezoelectric substrate 34 since the parallel arm resonator Pl

or P4 does not have to be connected to the parallel arm
resonator P3 or P4 by a conductive pattern.

20 Bonding wires 32a and 32e are connected between the
input terminal 16a and one end of the series arm resonator Si
and between the output terminal 16b and one end of the series
arm resonator S4. On the other hand, each of the parallel arm
resonators P1, P2, P3, P4 is connected in parallel via the

25 bonding wires 32b, 32c, 32d, 32f, 32g, 32h, 32i located
between the series arm and the ground terminals 16c, 16d so
that each parallel arm resonator is connected to the
respective connection point between the series arm resonator.

Fig. 6A is a echematic plan view illustrating a ladder

30 filter 61 according to a first example of a second preferred
embodiment, and Fig. 6B is an equivalent circuit of the ladder
filter 61.

As shown in Fig. 6A, the ladder filter 61 includes a
first piezoelectric substrate 66, a second piezoelectric

35 substrate 67 and a third piezoelectric substrate 68. The

first piezoelectric substrate 66, the second piezoelectric
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circuit of the | adder filter shown in Fig. 6A, the
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6 I b f d by th
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subst r at &8déer fﬁltﬂniaiBSmailln denhast beehhcenthrméd ey the The
| adder f ser., armresonators 2 S3 and
parallelig%%§r%é%ﬁg or s 1H%§§er §l?g§F OB OPeriﬁﬁﬂFQEﬁﬁ % fyen

st rulfd uraf stﬂmevrsubsﬂ-‘naj:es2 66Th67sand668aaﬂ‘e in cesoaet aFsciSlead® otherhave a
resonant frequgne ant i al t he sane as an antiresonant
frequency of '?ﬁ{‘é }ia\gaﬁ gﬂﬁ& i§%nh?%i‘§d?ﬁ SQPLeHALMpFeSeRateEFS Each
of the S1,s%2) 83 @mmi Ipesrcaﬂaem arﬁlre§8naf58rs SPBJ rEmgeEB atp4s, ¥yt ipgn of
the firs | ect.ricC ubs rate 66 along_a |lepngth directjon of the
first pléez!eﬂeﬁ% ‘? REES té’lfb?t %uég Sg\ﬂwPD’FHSF?ﬂ eir;th e KR IRS AT r esonat or
i s di sposesbmatdrw Sli rsa,psezh&becwrésonanﬁubﬁéq@éxﬁ:ﬁﬁmﬂzﬂ hg same way as
rred enbodi nent. The series arm resonators

I f
S & et Al ne paRer RSCER, RSE P ER CRARA T SBITIRY e PROn and 70b

di sposedparallel fammstregonaeckechl| crsybss| ape, 665, ther eadid ofefhei Nng a
series armof a ladder circuit The conducti ve patterns 7la and 71b are

d|sposed?%ﬁﬁ?ﬁu??ﬂuf%&PnPﬁ8r§e?ie + S3 1s arranged at a portion of

the first piezoelectric substrate 66 along a length direction
of the first piezoelectric substrate 66. An IDT 5 of each

20 series arm resonator is disposed on the first piezoelectric
substrate 66 in the same way as explained in the first
preferred embodiment. The series arm resonators.81, s2, 83
are connected in series via conductive patterns 70a and 70b
disposed on the first piezoelectric substrate 66, thereby

25 defining a series arm of a ladder circuit. The conductive
patterns 7la and 71b are disposed on one end of the series
resonator S1 and one end of the series resonator S3. Bonding
wires 65a and 65b are connected to an input terminal 62 and an
output terminal 63, respectively so that the series arm of the

30 series arm resonators S1, S2, S3 are connected between the
input terminal 62 and the output terminal 63.

One of the features of the ladder filter 61 is that the
parallel arm resonators Pl to P6 are disposed on two different
substrates. Specifically, the parallel arm resonators Pl, P4,

35 P5 and the parallel arm resonators P2, P3, P6 form first and

second groups, respectively and are arranged on the second
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resonator Sl and one end of the series FgIPNALOL S3. Bonding W res 65a
and 65b are connected to an input termn "l I ;ﬁed output._term nal

63, respectively so that the series arm es af MHLSOFEL OKS 35N
S2, S3 are connected between the in and; t he oWPputED
term nal 63. One of the features of the |ladder filter 61 15 tiat

t he PRERbS PACEH IB RIS slilahal PRe2ERigYS i?éﬁge%rbé di f ferent
e )

substrates. Specifically, the parall arm resonators 4, 35 P5 and the
par al | el SEPFFFE R PR oEESPECtpyelys f AAMIPLr §t ofingach pawaldkrl gr oups,
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65, respeEtiRe|thind, pigposlectaichsphstrate 65 incthmagame iwaydiasposed on
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substrateQ%S In the sane1§g§%a§§%?eg§8Faﬁﬁgédiﬁg? e first preferred

enbodi ment.  The paraljled pamakkebnatorseBbpapdy PPlarePLonecard tannect ed

in SeLi V| Is an ocated on . the second
piezoele%%#?%sét stragg&%§¥%aﬁgkgggggc%$§eaﬁ ti@?nto%%kgéjon 71le are
connect eslecondrpiaantlefctirtie pabakketeasm, 18nd esonddoy v patdrase 7¢ad of

t he par I e t R5 Bondi n I res_65c, .65 65e and 65h are
respect i v}é y7€éorrlgr#éect%%3ﬁe%rtege:ttﬁegﬁet ﬁggi ﬂgu%? S Frat® I’q::irhd t he conductive
pat t1ér n Fesgnatorstlwead bhe enddoftthe patiaEIe¢l 74 arskdraodr egnd

pot ent i . t ween_ t he condugtive.p ern 70b on the first

pi ezoel %??q%n%g'%sr\(%s{% P §fe6§8' angt ﬂ’édcg%%u%’f? VESSRAG e 1H0 FORRE b8 e en

t he b:@mbmihimfe p‘m}p}uelr reXhénabhdél hendr ohe depod et il -paE;stﬁtrlheSQc, g

connections, t aral lel armresonators Pl, P4, P5 are eac . .connecte

in paraj?%ﬁh?ﬁﬂ n°PH§“§§FV8593§E?EBd5ﬁﬁe@%ﬂcﬁﬂﬁi9r°“ﬂﬂnﬂ9%ﬁ@§#?lvn

addi ti orbetweempanal kehdacrivespasters Poo &b 2k afHr0pieGbed between the

conn ' resonators S2, S3 and the ground
r )

ctio oi nt %f th gLi €3
pot e%t i aﬁur}? 0 ’:fag:rem n? pi e copdpghive pattern 704 and,between ihfe
par al | elcanrduatasenpatterf27183and th&6gPéend Piraaitehli.n Y ik@sski a

conducti ve patt.erns e and f.25 |l ocated on the second piezoelectric
substreu?99§%cgﬁﬂfs' zg@oﬁﬁﬁéi?@% PER L EFFRNAHIT S ff 7 Fd raPe @ERnBRERD to one

end of connected in parallel between the series arm and the ground

t he

potential. 1In addition, the parallel arm resonators P4, P5
20 are connected between the connection point of the series

resonators S2, S3 and the ground potential to form a=m-type
circuit. |
In the same manner, the parallel arm resonators P2, P3,

P6 are connected in series via conductive patterns 70e and 70f

25 located on the second piezoelectric substrate 68, and
conductive patterns 71f and 71d are connected to one end of
the parallel arm resonators P2 and one end of the parallel arm
resonator P6. Bonding wires 65i, 65f, 65j, 65d are
respectively connected between the ground potential and the

30 conductive pattern 71f, between the conductive pattern 70a on
the first piezoelectric substrate 66 and the conductive
pattern 70e, between the conductive pattern 70f and the ground
potential and between the conductive pattern 71d and the
ground potential. By these connections, the parallel arm

35 resonators P2, P3, P6 are each connected in parallel between

the series arm and the ground potential. In addition, the
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the parall el armresonators P2 and qpesen: of the paraIIeI arm

fesonator P6. Bonding wires 65i, 65f, ced respee%+¥eL¥~_§
connect ed between the ground potentl ﬁm ﬁﬁﬁ; onductlv*e“ ﬁé‘ﬁ"’éﬂh&?ﬂg‘g,\v
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and the Siealifel ar@OiédAloddhePCanel Benfiodfusbet,ot tafd 7! d and the
ground potential. By these connect’ions, the para arm resonators P2,
P3, P6 aFenRecHIeR PRI PT thmsanies sesaaators StheS2eandsthe m and t he

ground p ?l][‘]ﬁ#aé? érp%a]s%ﬁ tloligdrls‘tzgewyé)ree Ahdtted bet ween t he

connect | on pOImcdﬁdid'ge teerdhes 1haderatol sePlel S2tR@pidigal ity @round
pote lal to nlan:%¥ e circuit. According to the | adder filter

e PRIA ? AT} EFSqnatansearg: Arrasgadt BRSLUP SeP3TATRd on two
separ at esubst Batisd e WYL 1 i3pRs@uS BASBHpOS: LEPOSILE & dafe Of the
substrate provided for, the seriés armresonators. Thus, al t hough t he
nunber o?f%%%ﬂ#%m@%qeé%m 3he SEELEAsAEM resonatqes posBiusi.e to prevent
the | ongitusbugh dengidieRic toffepmaﬁu@samtfeé?m f@rmé&e it In
addition, since the |adder filter 61 1ncl err circuits, the

capaci t aHt PUTS e Jir Amevendr whei dongirudipal 1en9ﬂ’fhe?fef‘td¥83 t he

attqmpalé&ggggag4Mfggﬁuiﬁyyggsqh t he | adder filter is increased even
nor e. Consequent |y, ? I's possible to provide a | adder filter

whi ch | s m ni altmradzhd:mlmd ls&acexthél taddeespibtex 61 inlaidestertiyld Cs.
Fig. 7TAis a schegg c plan view il lustrating a | adder filter 81

accor di i P& Fe CARArpitense PhetRechBarRbbel pEte rkednsnssdiedent, and
Fig. 7B Tl’ﬁexaeffcﬁ.fw,l \tHee it ten@itibnobf thet €op WUIEd Jf Ity 18kder As
shown in_Fig. the ladder filter 81 includes a first piezoelectric
substrai%?%é? %ﬂ%ﬂﬁﬁ?aﬁﬁﬁzégﬁécﬂPFé substrate 67 and a third

pi eaGel ectri c comslguen®199. ithes possible to provide a ladder filter
which is miniaturized and has excellent resonator
characteristics.

Fig. 7A is a schematic plan view illustrating a ladder
filter 81 according to a second example of the second

20 preferred embodiment, and Fig. 7B is an equivalent circuit of
the ladder filter 61.

As shown in Fig. 7A, the ladder filter 81 includes a
first piezoelectric substrate 66, a second piezoelectric
substrate 67 and a third piezoelectric substrate 68. The

25 first piezoelectric substrate 66, the second piezoelectric
substrate 67 and the third piezoelectric substrate 68 are
disposed on a base 64, and the first piezoelectric substrate
66 is disposed between the second piezoelectric substrate 67
and the third piezoelectric substrate 68.

30 The ladder filter 81 further includes series arm
resonators S1, S2, S3, S4 and parallel arm resonators P1l, P2,
P3, P4, P5, P6, P7, P8 each having the structure shown in Fig.
2. An IDT 5 of each series arm resonator is disposed on the
first piezoelectric substrate 66 in the same way as explained

35 in the first preferred embodiment. The series arm resonators

S§1, S2, 83, sS4 are connected in series by conductive patterns
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25 first piezoelectric substrate 66 the second plezoelectrlc
.substrate 67 and the third plezoelec ° 288 are Lsposed on a
base 64, and the first plezoelectrlc l 66 is d|§§d§Q¢T
t he second piezoel ectric substrate 67 h|rd | oekeumkgg
substrate 68. 30 The | adder f||ter 81 further includes séi
LESORA! Offa Shors2 703 1 oShctl AALAL! 21 E T LEP00AAS Phuidtrare B2 P2,
€ach *having the struc ure shown in of
each sertkﬁi&hynﬁommmng<a'seglesspcmedfoa 1adder cixqumt4m QZUeIectrlc
substr at S n 3 f t f ed
enbodi mec'e é&% gja%g:rsg%él\rg??rlgsgﬁél%?% §9e C‘J’l%ié Q‘%ﬁ d@ eé’rwe%gg%?]]ect ed in
series byemxﬁﬁhnﬂaonaqmnisiraad one end of the series resonator S4. 18-
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and 71b 2 earddcat emtqmtomemlidamf therespeeeiveBy regs artedtore hel serdegne end

of the serles r.esonat ar 65b are connected to
an i nput®% G e serlbef A0 §ﬁS8BFtﬁgst mﬁgi a%g dsr4e e &9 |’\?@C§' o t hat
the serilstween a8 qrngufteteemlmalasm 508 0BRé 06t it t%?&:mﬁ:&,l ¥4.i s connected
bet ween the i nput teg&gg& 62 and the ouhgft term The
parallel arm 12IP4TeERNARRTS ]t ¢ A n arPaﬁ Iaé‘ld &M% resonat or s
P2, 183, féﬁsalﬁ?elf Qiri fidsdinadBgsSeeONH3, P6grPYPSorn esipen iaml wezdndar e
arranged on the second pleéoelectrlc su strate 67 and the third

pi ezoel FHYYRS, Trespachively g8d REEHREFRDERY. OMFhHFESFP each paral | el

resonat 0fié ol erasied s@'bsﬁ:&ﬁt%eGOndnalﬁﬁée{:lﬁfﬁfdlﬁl@éﬁlﬂlé@éﬁ&7 15 or the
third piezoelectric substrate 68 in the_sane way as expl.ained in the

first praftvareodinfepectively. AnTF’éTp%r%fl%?thrEﬁ%tors P1, P4,

PS5, P8 af&sdaimctied disposedseni efet SEEHRA ﬁ%&éd&ﬂa@ws&&a&cmmd
70i | ocated on t he second piezoel ectric substrate 67, and conductive

pat t1&r nso@d:hﬂd:hdrﬁﬂi Piezoed eCRAEcFRESEBbRAE Rnkh JFha HaMsa Ayl & ar m

resonat %:@91‘%11@?11 J_an‘?:h‘éthfstt Bﬁeﬁéi'ﬁéheémﬁé@hﬁ@r?@”at or P8. Bondi ng
W res 65c, 65 65e, 65 65h are respecti vel %; P751connected bet ween t he
n

i nput term nal h@ZPéﬁéltlﬁg ééﬁdﬁé??%@tors Bht t P& @rge SANPRETEd
conduct i M R FnilugdnedohR8c8iPENFdatterns 70¢, 70d, 70i located on

the second piezoelectric substrate 67, and conductive patterns

20 71c and 7le are connected to one end of the parallel arm
resonators Pl and one end of the parallel arm resonator P8.
Bonding wires 65c, 65g, 65e, 651, 65h are respecfively
connected between the input terminal 62 and the conductive
pattern 71c, between the conductive pattern 70c and the ground

25 potential, between the conductive pattern 70b on the first
piezoelectric substrate 66 and the conductive pattern 70d,
between the conductive pattern 70i and the ground potential
and between the conductive pattern 7le and the ground
potential. By these connections, the parallel arm resonators

30 P1, P4, P5, P8 are each connected in parallel between the
sires arm and the ground potential. 1In addition, the parallel
arm resonators P4, P5 are connected between the connection

point of the series resonators S2, S3 and the ground potential
to form amn-type circuit.

35 In the same manner, the parallel arm resonators P2, P3,

P6, P7 are connected in series through conductive patterns 70e,
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25 botential, bet ween the conducti veppatd.phNe/0R on the first
pi ezoel ectric substrate 66 and the co ?Wcm 4 70
i

bet ween t he

conductive pattern 70i and the ground BNRA
conductive pattern 71le and the ground By hesem@m\ﬁﬁi
the parallel armresonators 30 P1, P4, P5, P8 are each connéected

paral | el petwepsy t iJe5 nar t entyi dition,
the parall el a%%%oesse(flgno?g%P% gggdap gegéﬁggg‘fggé be 1é/\%l'erﬁmjt‘%:eé%?,’onnect i on
poi nt of &nd eerduatives paditernssSI1fSandndldhargrcomueqodtia aine end to form
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esonat of SF pohé Btal IR am reskRatle 83 2nHTERE end 3t UL meag BT i ve
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subst rat e . %?9 i_we rns, 71f _and.71d are conne, ted to one

end & o¥g$%%c%%ra | € glté% e gs%’%g%’%gnéhﬁnar%?ﬁd e?n%lt%rft]t#eaﬁ’grgl el

ar m r esoneendudZiveBpaditegmwi7a€s betwebhf thé5¢ondidt i vd Patern 70RSpact i vel y

connect ed t t he _arqund potential and_ihe conductive pattern 71f,

bet ween t%@gc%§ cﬂﬁ*ﬁ?ﬁ? a ﬁc763£8ﬁra€e ?%ea?qrgﬁerﬁQﬁﬂﬂﬂqﬁﬁﬁﬂ c substrate

66 and t hgatwoerhicile/e betwepat thencéfaucbetuesat t&en crEugid WP atrbana 70f
bet ween, t he conductive pattern 70g on the

and the ground . otenti al

first 10 ?té%q@raé]c’t %e(!:wsel?ﬂsfzpﬁt 8°§§uaﬁa"f= hRatbeiRIct 9y L dthee EirFdh and

bet weldn t e paeichitiv ice spdkteate’d and the e6eaNek DR §¥dtdrn 70n Bugt hese
connectians, the arall%%ggtn1resonators P2, are each connected

P3, P6
in paral | RFCURSWSEE CRE ¥ BARFSRR {He and thedrPyist aateatial,

addi ti on, By heneay @dntlecaibneesenat pasaPlel 1or3radshRorS P23 @31 epgectivel y
connect ed between the COHHECti££§£Oint of the series resonators S1, S2

and the 2are€ FoRBesHERatnaRATH chetvrer dhr deuies Gt asd the

series regeRRidHtSAriss.andnt adgt ooR] 09 il 1410 £ Pedlptbrs p2,tyPe
schematic plan view

circyit, respectively. 20 Fig. 8Ais a
il ugtsr at?"hgéj Ffad&Y are rpEpertyiehy corrmerted ketvwaand tdeanpl e of a
second predrifdciion podRodiEMeRE. s@Pdedi SesSutsra5EIW N AngNthel rcui t of

t he | adder .
ground potential and between the connection point of the

series resonators S3, S4 and the ground potential to form amn-
type circuit, respectively.

20 Fig. 8A is a schematic plan view illustrating a ladder
filter 91 according to a third example of a second preferred
embodiment, and Fig. 8B is an equivalent circuit of the ladder
filter 91.

As shown in Fig. 8A, the ladder filter 91 includes a

25 first piezoelectric substrate 66, a second piezoelectric
substrate 67, a third piezoelectric substrate 68 and fourth
piezoelectric substrate 69. The first piezoelectric substrate
66, the second piezoelectric substrate 67, the third
piezoelectric substrate 68 and the fourth piezoelectric

30 substrate 69 are disposed on a base 64. The second
piezoelectric substrate 67 is located on the side of one
longitudinal side surface of the first piezoelectric substrate
66, and the third piezoelectric substrate 68 and the fourth
piezoelectric substrate 69 are located on the side of the

35 opposing longitudinal side surfaces of the first piezoelectric
substrate 66. In addition, the third piezoelectric substrate
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filter 91. As shown in Fig. 8A, the |adder fil 91 includes a
25 first piezoelectric substrate 66, 1giSaerHcBgh B fdec riHEs SHERS]

67, a third piezoelectric substrate 68 i1 pLg;gghﬂmiAgﬁsbﬁEN“
substrate 69. The first piezoelectric H | 1 66, the'§§cnndwm~Wij
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| ongi t udiallonigdeudimfbdcdiakctheonf thetepfezoel ectric substrate 66, and

the third piezgpel ectric su ra t Eip . aplezoel ectric
substrate 69 g&f ﬁgggggd%égé%ﬁeggiggrgggfhgg %ﬁ#ﬁ%ﬁﬁﬁfslgﬁgitudinal si de
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i s arrangpeedtiich RAE then firstOFibEGellééﬁi‘i@i szioet extie 166 Sulaat I@Te 566 al ong

a length direction of the Tirst gieéoelect ic s bst.at%l66. An | DT 5
of each @krgash f5R1E5s GFt SE5PRAGPEpoEe lﬁﬁo?‘ﬁ‘i % 15t P05 ezoel ectri c

substy at g S dTedtie S ¥ WK tas 66XRhatRedshiietWgy as dipldinmdefier the
enmbodi nrent. The series armresonators S3 are .conn teggin
'Ir [4

S1, S2,
seri es Vi HoRiRTaEed SMPodiRens ahBe78BTIeS FHL R Tive

pi ezoel eg] ri e YhldAeR 66 skhaesbyia coh@ust ge dpSetdans aroa ainda 7loedder
circuit. The conductive 15 patterns 7la,and 71b are égsp sed.on one end of
€

the serikecated uxdhg First Ri@zoRdeEhyior STRRELRTE 201 & 8r S3. Bondi ng

Wi res 65g, AthP P 18 <HORIACHE al QadBekNBYEch et N e GomIutwEve  out put
term nal 63, respectively so that the series arm series arm

of the .
r esdfat opattgarnssy lasang d 1oafec HdgPpEPdeeR PRE %@di‘i‘r'prﬁheE ST 62 and
the out ppls42{¢B A1 &3d one end ofTRBeP8E2ibe! réssnd€SHOEE Or Botindd, the

parallelwigég 65a and 65b are connected to an input terminal 62 and an
output terminal 63, respectively so that the series arm of the
series arm resonators Sl1, S2, S3 are connected between the
20 input terminal 62 and the output terminal 63.

The parallel arm resonators P2, P5, the parallel arm
resonators P4, P6 and the parallel arm resonators Pl, P3 form
first, second and third groups, respectively and are arranged
on the second piezoelectric substrate 67, the third

25 piezoelectric substrate 68 and the fourth piezoelectric
substrate 69, respectively. An IDT 5 of each parallel
resonator is located on the second piezoelectric substrate 67,
the third piezoelectric substrate 68 or the fourth
piezoelectric substrate 69 in the same way as explained in

30 the first preferred embodiment.

The parallel arm resonators P2, P5 are connected in
series by connecting one end of the IDTs 5 of the parallel arm
resonators P2, P5 with each other, and conductive patterns 71g
and 71h are connected to the other end of IDTs 5 of the

35 parallel arm resonators P2, P5, respectively. Bonding wires

650, 65p, 65r are respectively connected between the
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conductive ttern arallel arm

71h In_the sa way, the
resonat ¥ f%P@rErgesonaE8ﬁﬁeg?EdP§Hwégqiigﬁbgsgﬁﬁ%eépgn§g838c h&€of the
| DT405 datiterns 71kakadl el laaper esonetosd 14, tHH ovhdr eadhodt Ibrs Hnd
conducti v 0 patterns 71k and 711 are, connected tq .the other _end of |DTs
50 o 10% 1S, FARA AR LA T BEORBFBPSS it/ e » CRRASHIVELY - BRRBRNGT
Wi res 63irdbW5vG5%5ar, € 668Saeet reShIcEDVEBE teshmieitee belth@en theonductive
pattern 70b, on the first pgﬁ oelectri%*substrate 66 ng t he conguctive

. a
pat t er n SPAAUN IR BAtERENCARCRR| BRe pbi TRt Bieze ket TisTSUBSEEatRe® Dar al | el

arm resqiyd ahe Rénddetaned phAttern Ik} Bepaianttipl conheeetivaepoife out put
tergiLnal 63 and_t he conductive pattern 711. The g rallel arm
resdRat (s BF 1PTsareoll tBecBaRRtiel ¢ IesQAtUES B rcBfndat 8eone end of

the | DTgrouwdd Poreptialll ghdapat«wler espad WiputPerdnaan@3canduehkve
patterns 71j and 71j are connected to the other end of IDTs 5 of the
paraIIeFQQqHCtlve pattern 711.
The parallel arm resonators Pl, P3 are also connected in
series by connecting one end of the IDTs 5 of the parallel arm
20 resonators Pl1, P3, and conductive patterns 71i and 71j are
connected to the other end of IDTs 5 of the parallel arm‘
resonators P1l, P3, respectively. Bonding wires SSq, 65t, 65u
are respectively connected between the input terminal 62 and
the conductive pattern 71i, between the connection point of
25 the IDTs 5 of the parallel arm resonators Pl, P3 and the
ground potential and between the conductive pattern 713 and
the conductive pattern 70a on the first piezoelectric
substrate 66.
By these connections, the parallel arm resonators Pl to
30 P6 are each connected in parallel between the sires arm and
the ground potential. In addition, the parallel arm
resonators P2, P3 and P4, P5 are connected between the
connection point of the series resonators S1, S2 and the

ground potential and between the connection point of the

35 series resonators S2, S3 and the ground potential to form an-

type circuit.
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resbnators P1, P3, respectively. Ww.res 65q, 65t, 65u

Bonadi are
respectively connected between the | b iRaplhce62 and THICATES ductive
pattern 71i, between the connection[Wﬂ /r he | DTs [5 OTS'Iﬁgﬁg’fmj
armresonators P1, P3 and the g | and bétvw&uLJﬁiégﬁD )
conductive pattern 71 and t he conductive pattern 70a on the fiF§r“-J

pi ezoel ectric pig.Sbskrat geBlpective view 1 1S GHYECHARG, t he
parall el armresdnators Pl to 30 P6 are each connected in paraFIeI bet ween

the sirestidifrad@0 accogdiggotindapbisetiexamplke aftlia itvird peeferaktiel arm
resonaic"émﬁgaiﬂ%%t@ndmﬁé,1Eéd@£ef§gﬂéﬁci@@ £§tdf¥§kéé§i ronC @gect i on point
anda the groun potenti a

of the series resonators S1, SZ ] r and bet ween
t he connel@ddsir fdiliterofl 1t BRowB5insBig es3A ebrichaly 182 pl83adrdyt bé ground

pot engi al f e_Cj 1. Fig, 9.is a
perspgctiii;%ﬂ%gﬁ&F?FEEF#gFPﬁa éxﬁa%%%éfi%i ?FWtEﬁSQRﬂTQEECSFEiﬂdsgSSﬁdfirst
exanpl e ¢ & siingdepsebetrate. Thubpdimentleméretd adderh fairket ehelf8mes
different,Jr h . | add filte 1 sho in Fig. 3Ain that the
plural i tyaSI) sg‘rni gslgérg% g Eo%%?%{%&a%”bga%q eﬁa’%r ﬁeégﬁﬁﬁﬁor s are

di sposed numeradsa silChgl daddbst falter ThAe, id hel =) epiesselli B 8he shmesane
as shown jn.Fi_g. e _depoted using. ihe me reference nuneral s. The

L RS S G R R S

| adder fi isTa e sane equi val ent circuit
showtOi n Fig. 3B.sh6wn in Fids Shoshe iladder fA1tlehre 1baddae1fibbses 100

I ncl udes I,ngle,piezoelectric substrate 101 having a pair of end
surf aces S%f%eag’&e?&f%gﬁﬁf&ﬁ %‘%lésg{ﬁ)%? a]n(ﬁ jﬁ‘?"&a@alﬁaélr P& end each ot her.
The pi ezselrfaresc 18lbsanat 010 Iwlibsh aags s tant ig01yChura1182 et endi ng

substantial |y rallel.to the ir of 15 end surfaces |Oa and 101b. The
gr oove sFPﬁbtﬁE €102 hg% E%%Epéfgc§ﬁﬁ95§ﬂ§§§Hﬁ2§ dfd Pespa BReP¥By defi ning

a first sairnctegeodo2 exfiéddied vaaistidif ond s\pahrade 1043 8Rd pherséfle
4 pbet ween the end surface 101b

and The o8 gfilacee DoBS 190 TR STHhy @rsicumsanetneoctid: hat coadn i s
surfaces 102a and 102b, thereby defining a first main region
103 between the end surface 10la and the side surface 102a and
a second main region 104 between the end surface 101b and the
side surface 102b. The single piezoelectric substrate 101 is
20 provided on a base 12.

The depth of the groove structure 102 is preferably
about twice as great as a wavelength of the surface acoustic
wave excited on the piezoelectric substrate 101 or more, and
it is more preferable that the depth is about 2.5 times as

25 great as a wavelength of the surface acoustic wave excited on
the piezoelectric substrate 101 or more so as to prevent the
surface acoustic wave excited on the first main region 103
from interfering with the surface acoustic wave on the second
main region 104. On the other hand, the width of the groove

30 structure 102 can be set at an arbitrary value.

The groove structure 102 shown in Fig. 9 has a single
groove, but may be formed in a different shape as long as the
groove structure provides two side surfaces at the
piezoelectric substrate 101. Specifically, a groove structure

35 110 shown in Fig. 10 may be formed in the piezoelectric
substrate 101. The groove structure 110 includes grooves 111,
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20 provided on a base 12. THSShebleHal Buekepllg 97 OOVE structure 102
rs preferably about tw ce as great th of—the face

acoustic wave excited on the piez ﬂg&ﬂu]ﬂ’m mrratd Tois SHIEETIAG, g o)
it is nore preferable that the depth i nes las 25REMmesb as a

wavel ength of the surface acoustic wave excited on t he pi ezéEF‘é‘t‘t‘r‘rﬁ

subst r at 214 0dndra IRy A 185 ﬂr&e%%\é%at t‘h@%ebetwéaﬁf acfhéc&'é%& %‘ﬁ’
excited gntheflrst mai n region rom|nterfer|ngvv| surface

acoust i cIGRAREDHP thidle sugiface 11r9&| ﬁnﬂeéhéngmqveohn hdebimes aamitet he

w dt h of shhEads opMsp, 30 structure 102 can be set at an arbitrary val ue.

The groove structure 102 shown in Fig. 9 has a single groove, but nay
be forned i n dMittfedaddeshfidter 16Ag eachhef thegﬁm sdrmict ure provi des
t wo de PSS t € S e:flcally, a
groof?e s]t:fttcs:éure 3?111{%9%3\/%&%%2%%8%8 A gbéfg?-g#’(ﬁ% tlf% %oel ectric
subst r at®aim regian grlicoad osigr acﬂ.angthldlractudesogrﬁweslﬁéﬂ maJ.n

i d rpQs h ween. ve 111
defl nes a i de lgou:{faggl %ﬁlltq}) Sg%%o% %‘iée%??aeé% % surf ace
110b. flngers Jan anide Shaddethei [[DErSlGﬁ eacl hsof i é¢dea e rt o610

resonat o ar.r ed ortion of the first mai n regi on
103 al ongglsa iy éj[2 i'l recdl 8H%§chhgb?’?r§Pdn§ﬂ‘ ¢ surtags P43, 1n addition,
a pdior olfemcanmajly.el ect rode fingers 5a and 5b of the IDT 5 of each

series armresQn r re flush th e surf e 101a and si de surface
102a, 10 respec ?&(%I §ame flafiner, ?ﬂ\,\fi‘ t&r‘% el arih I§SaNALEosEr al | el

armres®iat @% P3 iBlarPAngBd as arpengton adf atrp@rgéwhd)fmgihﬁ REeHd main

' | a l th djirect f th d in, 104 A
parr of 104 erisl LheRarBdifeRbift of s serend aimin Facianil ofs

r esonat graiar @ff louslermosh émecsrdaesﬂixﬁ@éﬁs 1902 ba i G 18 1 eaclﬁlﬂeﬁz‘%ﬂﬂelow
resp ctlv filter, 100 preferably incl'udes only one
subs r at® %fsoﬁatfﬁeaﬁfeu%\l?ﬁ #h BIF%I@eq} aﬁjrg'-' é’rrﬂn endesonat or s
are i nt egrrfiaee Adi0lbherespetctavel0l. Thus, it is
The ladder filter 100 preferably includes only one
substrate 101 and the plurality of parallel and series arm
resonators are integrated on the substrate 101. Thus, it is
20 not necessary to mount a plurality of piezoelectric substrates
on a base separately, and therefore, the mounting of the
piezoelectric substrate on the base 12 can be siﬁplified. In
addition, the ladder filter 100 can be miniaturized even more.
Fig. 11 is a perspective view illustrating a ladder
25 filter 120 according to a second example of the third
preferred embodiment. The ladder filter 120 is different from
the ladder filter 61 shown in Fig. 6A in that the plurality of
series arm resonators and parallel arm resonators are located
on a single substrate. Thus, the elements which are the same
30 as shown in Fig.6A are denoted with the same reference
numerals. The ladder filter 120 is also expressed .by the same
equivalent circuit shown in Fig. 6B.
As shown in Fig. 11, the ladder filter 120 includes a
single piezoelectric substrate 120 having a pair of end
35 surfaces 12la and 121b substantially parallel with each other.
The piezoelectric substrate 121 has thereon a first groove
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20 not necessary to nount a p|Ura|'%Ms§£thﬁ£ thi C sﬁbstrates on a
-base separately, and therefore, the prqgggree LLQ*““~
substrate on the base 12 can be sinpl u&"mml Il r ‘ehokiey,

t.
addltlon,PL e HA N

filter 100 can be mniaturized even qﬁg&g\“‘tvn
perspective view illustrating a | adder- 25 filter 120 accordlng to a se

exanpl e hiqr r '%@HI I I3 120 S

dlffereﬁﬁkﬁkgﬁf% lzqhgnfa§d§%8§£§t%f8%€gs own |}lejyj ﬁ%?% t

pl ur al i tSphgtantiaddyi paralkeletonbherpatndphamnl ISelrf@tQﬁSr és?dﬁata@)ds ar e

| ocat ed 121b O“ﬂx eIk gygé%éaé‘é‘;{%gﬁf ihe r?é RS s‘Myf%*&e%reiztzPe Sa”e 30

as shomn I'n A are denote € sane re erence numer a

| adder fandei22$20am§ &hsosegpndsgedohy stencame 123 dqus \sdident CIrCUIt

sho | B. 1 d f.i |t 20
ncr%dersglgf%ce% ugfaeaﬂfle%%?é éct$ \(I:\qu%s‘%jr at & jlgd}%a % %eﬁg’h g?%nd 35

sur f acesisl 2lf iaved b2tlwesnbthanside| supfacd | ¥ 2widnd a&cBla .ot Ter the The

pi ezoel ectric substrate 121 _has.therepn a%iiJSt g{qgé? . .

24 stYU JPEREEs Angde5CRECBRYD of SotRn A & 23T maln L66dP ntial |y

paral | el1260 airi‘éﬁd{ﬁllhgdf beﬂdeéurfn@eend%mrﬁmbd 1211b2hl§xd the fsilﬂ&t groove

structure 2 side s aces and_122 n seco groove

struct ur® en 28, QdSEe HFFAc el?%% %W%%ZI%A? ?@?ulsll €a first

mai N0r egurfak4il23b, rasgeétmedlpetmeen the side surface 122b and 123a. In

t he same nanner econd. mal egion 125 and a third nmain region

126 are defineéd Bgﬁﬂzgﬂg?ﬁef%?’éuﬁoacéeﬂllé’faﬁ@% FETdFFe@I™  syrface 102a

and bet wegsvrahtorengd1s usfzacss 124 bappshgde £t de t&ld:rd‘ aFe thed3irst
respectivel the | adder filter each of the series arm

resonat&F§ﬁéf893?n é§4|éna?r%ﬁﬁ%ﬁhaﬁl%FﬁﬁﬁQQ(ﬂf(ﬂhQI%érFFrgﬁln IeEAPR regi on

124 in gdxngthpdiireeki 8teimbde éléé%rdﬂ%ffiﬁg?ﬁEWSa anH03b Afpéhe Of
outgﬁnost el ectrode flngers 5a and 5b of the | DT 5 of each series arm

r esdnat dPTa%e Off §8RMWEER1SF dRTR LFPERRATOT aEe|f Ieh Hifd Sdfe 8urfass,

respect i@y and side surficéhersaerddp@iveadeh of the parallel arm
resonators P1, P4, P5 is arranged at a portion of the second nmain

r egi on 1230 khg FaRgIRARRSECISIN AL (e facdid elnpATy E§FBRAEODS A

Pl, P4, P5 is arranged at a portion of the second main region

ot |

et

125 in a length direction of the second main region 125. A

20 pair of outermost electrode fingers 5a and 5b of each parallel
arm resonator are flush with the end surface 121a and the side
surface 122a, respectively. Each of the parallellarm
resonators P2, P3, P6 is arranged in a portion of the second
main region 126 in a length direction of the second main

25 region 126. A pair of outermost electrode fingers 5a and 5b
of each parallel arm resonator are flush with the side surface
123b and the end surface 121b, respectively.

The ladder filter of preferred embodiments of the

present invention can be suitably applied to various kinds of

30 communication apparatuses which receive and/or transmit
signals within two different frequency bands. Fig. 12 shows a
diagram of one example of such a communication apparatus
according to another preferred embodiment of the present
invention.

35 A communication apparatus 150 shown in Fig. 12 includes
an antenna 151, a first ladder filter 152, a second ladder
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20 pair of outernost electrode fingers =& sfl gﬁ ~haral | el arm

resonator are flush with the end surface délnsgn )

122a, respectively. Each of the parallel ators P&E%giggggéﬁgﬁ
arranged in a portion of the second 6 ina ﬁ¥{-a~j
direction of the second main 25 region 126. A palr of outernost el ectrode
fingers 33,3ad 593 £8C8i PAY 5 QTR 85 YRbal digchitshysth the

si de sur?"i thelendfgue%ace 12%i respectively. The

| adder fmh@eﬁl@ﬁtpiéﬁéﬁreﬂlbﬁﬁbdl%%wﬂ% qsinnagted acgpesehhej AVEMRBDN can be
sul tably 133kl cha mgeum%ﬁ'ﬁé e P4 3nd UHRIYEBh02AR0R" FLEES Whi ch

recei ve and/ or.transm rent requency bands.
Fi g. 12 slﬁdmsaconnedtagrwrmS otiee @mmma df515@(mld &heoseoend acipmit

appar §5535 according to another preferred enbodi nent of the present

I nven A communi cation apparatus 150 shown in Fig. 12
|ncIudes amhanfenﬂa dand secdndsﬂaddahkﬁilktheﬂSIS&ndal&&omnd | adder

25 filter a firs ui t 154 u 155 The
first Ia&ﬁ@FtFPF 39 i§§°F§l§ %c?%ﬁi%ﬁn %ﬁéw§g£g bk €and t he
first cipnasientS4nvendidhe second | adder f||ter 153 i s connected acr oss

he anveins Toiyand; e segend el J@o?igeﬁﬁawsdsg%%l%ffn'gﬁfé fhe

pref ¢0r e asbadidnelit shef fihst 1adcpé:esetntte'm\/16mt icorresponds to dhe first
| adder filter 152 b 8e5| gned such that the s%?ssband oi&%he first | adder
Ag S

filter 153FSQ9FREYD p§ gignals, &g CdrGHAF ich the first
ci rcui td%cescsieﬁr Oﬁﬁsﬁﬁé s%ﬂetrﬁ@nﬁéﬂ‘lﬁd ﬁl?mfﬂ’conﬁh&aﬂdé@nﬂllﬁdﬂeﬁj iid er 123
S esi gned such_that the pass of _the secon a ter 15
cor r esporigS1igged FPEHUE 2y BREPRS %ﬁ%aﬂ% R%r‘ﬁ @I‘?CPHg iggg‘éco%ﬁi‘cﬁ cuit 155
processegs3Therirekpbnandes eg ontehdnay t]:&md oﬂ&éig@edslaﬁlahetleet her a
receiver circuit or a transmtter cuit. In th cass wher e, bot h of

e

the 1PrsesR@dssdsrgit 15%.?5%%%5%4 él‘rﬁﬁ st and F888P PLESYERS t or a
transm t 184 and ¢55CHtE, el fiRe £ CAMREL £iRfd 101t iaRRARALYES albPahsSmat €kwnl band

circuit. 1In the case where both of the first and second
circuits 154 and 155 are a receiver circuit or a transmitter
circuit, the communication apparatus 150 is a dual band
20 receiver or transmitter. In the case where one of the first
and second circuit 154 and 155 is a transmitter circuit and
the other is a receiver circuit, the communication apparatus
150 is a transceiver.
Although in the above-described preferred embodiments,
25 the ladder filter including a particular number of the
parallel arm resonators and the series arm resonators is
illustrated. However, the numbers of the parallel arm
resonators and the series arm resonators may be varied in
accordance with the performance or specifications required of
30 the ladder filter. Further, the ladder filter shown in Fig.
4A, 57, 7A or 8A can be incorporated with the third preferred
embodiment.
While preferred embodiments of the invention have been
disclosed, various modes of carrying out the principles
35 disclosed herein are contemplated as being within the scope of
the following claims. Therefore, it is understood that the
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20 receiver or transmtter. In the case where one of the first and
second circuit 154 and 155 is a transmtter circuit and the other is a
receiver circuit; the conmuni cation apparatus 150 is ] e,
Al t hough in the above-described preferred enbodi nents, 25/the I ﬁf$ﬁﬁﬁ®r’
including a particular nunber of the parallel armres A=
seri es ar BdopeoRAt ¥he iinvent ibhl 48! hateflo pEOVEYAed t%)&ersﬂ)%m&%rs of the
paral l el ar , resonators _and the series armresonators may be varied in
accor danc® %Ay iSfe S§&r forhinda shesgdaimscati ons required of 30 the |adder
filter. Further, the ladder filter .shown in Fig. 4A, 5A, 7A or 8A can
be incorporated with the third preferred enbodi nent . Wi | e
preferred enbodi nents of the invention have been di scl osed, various
nodes of carrying out the principles 35 disclosed herein are contenpl at ed
as being within the scope of the followng clainms. Therefore, it is
under st ood that the 26 scope of the
invention is not to be limted except as otherwise set forth in the clains.
27 What is clained is: 1. Aladder filter conprising:

a plurality of series armresonators connected in series to define a
series armof a ladder circuit and |ocated at a first integrated
region, each series armresonator including 5 an edge-reflection surface
acoustic wave (SAW resonator which includes a first piezoelectric
material portion having a pair
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of'edges and utilizes a shear horizaontal surface acoustic wave excited

-on the first piezoelectric material portion; and a plurality of
paral l el armresonators each conne&me&mmﬂh&mmnn@h&hleI bet ween the series
armand a ground potential to I of a | adder circuit
and including an edge reflectlo mh|§t§quﬁﬁET?§A “§%ee d
plezoel%%%%lgsnggg&hgh peLtion haV|ng a ges Lbereomqugééﬁisegf
utilizes a shear horizontal surface acoustlc wave excited I5 o ond
pi ezoel ectric materi al portlon the plurality of paral l el arm
resonators inilu |Egd§ % %tgrou of . at Ieast two parallel arm

resonat ors whi¢h GLaf &4t 6 GOMRELHPI: i ntegrated region which is

physical ly isal pladafiiom dbesérisd arm red@giwded dagiertealdh seatieshe
shear harizont.al surface 20 ac ustL%%%?ve BXCIIed the iezoelectric

mat er i altpGETiiGS BnSeriepnarp eEa Lt TR At & fere the

shear  fjrger llmerg@htéarfageoas:OUééw y@ﬁﬁe@@tﬁ qebddhatﬂb@c SeQding
i ntegrated regi on 2. Aladder filter according to claim1,

wher €i n 3h&dge- rﬁﬁ&ﬁﬁltilpy wrgé??e%c‘awm%%‘é& ok SAWRr refanat@ad whichhe
first jndinigesr at QQré%%QEzéé‘f@céf‘f& hiCe PRAT SSredaehAfi RAGh pagk! es

armresonator are flush th the correspondi ng-'edges of the ot her
series é’rmeldé%néﬂér §t1&hae§ he 2ReIBRTiZRN PRt AYefacs MCPRstigsya¥eors of

the firgxcdr@dPodr enar Eﬁegedpwﬁ@eié@érw%&@flal pd&ftﬁﬁge%naf each
paral |l el armresonator of first group Is fl'ush wth the

correspondlngaeBéB§ab+tYh@fdﬁ¢%#1¥ﬁ%zﬁqmﬂrQ§Qﬁat°rﬁeﬁﬁﬁﬂa@@m§e§ﬁeﬁhénf|rst

groyg. parallel between the smﬁles arm and a ?réﬁhd potential t® | adder
filter according to claiml erein urality of the parallel arm

r esonat stef ingr ghparphdeldarm of %ek%d@?@r@kﬁpuﬁtaﬁnd<§nﬂ1QdM®9pémalIeI arm
resonat %rd%ea&'éﬁ%@lon 3hwarLOoAL S OLAN M eﬂuéﬁﬂ?%‘ s{& s a third
cally 1solated

pi ezoel ectric 5 terial portion and I's physi fromthe first
and p@@@@@depﬁregr méelrmgu post tore Hla\rmg thepasieat msidesofhgireot

surface OuslihG,Wave SXELECHo PN T N Ar U EZRRIBALID Gave excited

15 on the second piezoelectric material portion, the plurality of
parallel arm resonators including a first group of at least
two parallel arm resonators which are located at a second
integrated region which is physically isolated from the first
integrated region such that the shear horizontal surface

20 acoustic wave excited on the piezoelectric material portion in
the first integrated region does not interfere the shear
horizontal surface acoustic wave excited in the second
integrated region.

25 2. A ladder filter according to claim 1, wherein the
plurality of series arm resonators are arranged in the first
. integrated region such that the pair of edges of each series
arm resonator are flush with the corresponding edges of the
other series arm resonators, and the at least two parallel arm
30 resonators of the first group are arranged such that the pair
of edges of each parallel arm resonator of the first group is
flush with the corresponding edges of the other parallel arm

L

resonators of the first group.
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nat eri al portion in the third integrated rggip ﬁ% interfere with
.the shear horizontal surface acoustic mave ° PYf&he flrst and

second integrated regions. ceesrding to

claim3, wherein the at | east tWmea oﬁyﬁTM\&, nd
group are I ntegrated such that the pair of edges of each®§ éﬂebbéT“§
15 resonator 30f pf E%d&%%%ﬁlﬂé?“&cé&fdiﬁ{?‘%W:i{lhxﬁWe %FH ASRPNG

edges of the other parall arm resonator s of e secon group.
5. A | adrlrrFliittyeofaddber pamglielchamnresonateoner furthenmdlsidey afi rst and

second s dé&ieco %tfe%t”'igﬁsgf t%Q.géEZx?féfcéﬁhceé}aé t%%e AYEE dy the

first an I'nttegrated regi ons are | ocat nd second
single at asdtis:tndatisv&egn:e&péctegeby which has a tigird\ pmmaflefqﬁme:r

2000k gt 8o etk oFUGhA%T ¢ 2By E9URE 151 000 £ oLNOh St YIRS FA et | S

made ~of ezoel et c groove ure &on to
di vi de tdwrond xnta@natedbségab33|auohtmnanntMerm@émmShdxxzﬂnﬂhlan opp05|te
h of.the first, and second

d f th t. t wh [ .
it cor st BiF A GREhstikh HhlEGext IR B °BRE Bhitdcaietr BN RS, oot ons of
t he sij_ngi@t&libﬂtl rpaimio?xeifxﬁchévehyrd 1ntegrated ﬂ?gﬁ)d md rfd;ﬂ tﬁr . |
accordin ai m r n rst, secaond an ird single
subst r at ?ﬁi%? itn tgﬁefggFch? gﬁﬁtﬁi ngkﬁﬂ%r%ﬁ9P§§ﬁ?fW§%ﬁ secondg

and 1ohi re:k@ﬁtedwtlegrtaxbecﬁtegl and se€ohdcohtdgpatéderddisis. second and third
single substrates, respectively, and the first single
29 substrate is arranged between the second single substrate and t he

third single subgt nadder filter according to claim 3, wherein the at
least two parallel arm resonators of the second group are
integrated such that the pair of edges of each parallel arm
15 resonator of the second group are flush with the corresponding
edges of the other parallel arm resonators of the second group.

5. A ladder filter according to claim 1, further
comprising first and second single substrates made of
20 piezoelectric material, wherein the first and second
integrated regions are located on the first and second single

substrates, respectively.

6. A ladder filter according to claim 1, further
25 comprising a single substrate which is made of piezoelectric
material and has a groove structure thereon to divide the
single substrate into two main regions located on opposite
sides of the groove structure, wherein each of the first and
second integrated regions is located at one of the divided two

30 main regions of the single substrate, respectively.

7. A ladder filter according to claim 4, further
comprising first, second and third single substrates made of
piezoelectric material, wherein the first, second and third

35 1integrated regions are located on the first, second and third
s1ng¥EMfEEEEEEE§§L_resg_ptlvely, and the first single
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8. A ladder filter according to claim4, furt r|s|n a single
substrate nade of piezoelectric materi al stantially
paral | el grooves thereon to di vi de the S|ng nto;tL 2
regi ons, wherein the first integrated reglo t ome; ,3§ﬁémvf
mai n regions of the single substrate | ocated betmeen the t WOt~ |

07 00ves, i <> 8R0S A oliNoE bbbk SRS SR MY Gupse bASAEY 21 Lhe

remai ni n maln regions o respective
g’é’re f

9. Alad higer sdiggdei shhgtrase. a first plezoelectrlc substrate
having a pair of end surfaces which are substantially parallel with
each ot her; a second piezoelectric substrate having a pair of end
surfaces whichsgara dalddeanfibtéy pesatdilg Wd lt1edah 49t Bakther a

pIura§|t of _ser.i es arntrison ors connected in series 20 to define a

seried artiier & " 9a8ePLRA-EufPSEER e e Lh BRezoelegsgagt BRteREALdi ng a

edge- refl&ndIHMV1m@rE&QesﬂBQﬁ&htﬁaM@yGparalIé%“ﬁﬁ@d%é@NQhGBebﬁctHdeS an
t ransducer plurality of electrode fingers and

interdigita
utilizes ‘{.% slﬁ’éarthﬁoﬁlf\aﬂr?aﬁubgtrstﬁflafb@ deiRst M@ iRa¥egione , pVhenteiny of

seri es argng e39@at Qh@eﬁ%at@@' Plq 61 a{&%&%é&ﬁ%tf bhe! o EEQ%SEM I C
ength direction of the first piezoelectric substrate

substrate al.on
such n% B§|Fhﬁfséﬂge?n%%?s%ﬁ%ﬁﬁrkﬁﬁ?qﬁdnéﬁﬁyeéﬂ thehtweries arm
r esonegt or, :@roeefsl ughdwmhB s88oR&1 An@ft ik %letfe@'i%%eaf rEB?PBér

plezoelectrlc substrate respectively; and ura
paraIIeI]éFﬁFF@séﬁaFBPsre%%b%A%%ﬂﬁe&mﬁﬂﬁ-requ@nﬁapéltée benueen the series

arm and %ug@Qu@qepo}ggﬁé@{ltéu define a parallel armof the | adder

circuit and including an edge refl ection surface acoustic wave
resonat or whi ch includes an interdigital transducer having a plurality
of electrode 3 i ut|||z=s.a.shear hori zontal surface acoustic
wave, theépléraggé qbareuqquﬁﬁsﬁpﬁesonators including a first

30 15 group o# ﬁir$Ea§iezmmiquﬁnﬂd @lubstrateshaaingsa phichof ene
surfaces which are substantially parallel with each other;
a second piezoelectric substrate having a pair of end
surfaces which are substantially parallel with each other;
a plurality of series arm resonators connected in series
20 to define a series arm of a ladder circuit, each series arm
resonator including a edge-reflection surface acoustic wave
resonator which includes an interdigital transducer having a
plurality of electrode fingers and utilizes a shear horizontal
surface acoustic wave, the plurality of series arm resonators
25 Dbeing arranged on the first piezoelectric substrate along a
length direction of the first piezoelectric substrate such
that a pair of outermost electrode fingers of each series arm
resonator are flush with the pair of end surfaces of the first
piezoelectric substrate, respectively; and
30 a plurality of parallel arm resonators, each connected
in parallel between the series arm and a ground potential to
define a parallel arm of the ladder circuit and including an
edge-reflection surface acoustic wave resonator which includes
an interdigital transducer having a plurality of electrode
35 fingers and utilizes a shear horizontal surface acoustic wave,
the plurality of parallel arm resonators including a first
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arranged on the second piezoelectric substrate along a | enght
-of the second piezoelectric substrate such that a pair
el ectrode fingers of each parallel arm5 resonator of the fji
flush with the pair of end surfaces of the second piezo

accor di ngr&@p Cofi Mt Neast fuwl tﬂ?ﬁ;]a&q(é'ipralrﬁli ResBnhPbES vﬂh%ﬁ%ﬁé’t r

substrate having a 10 pair of e surfaces substanti al

direction
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substrate, respectively. 10. A |l adder filter conprising

i C

paral |l e

to each

other, arrapgediontkke piegaend mpiagoedecikicl subatretonateng 3 nkengds a
second QHQEEcﬁioﬁtofe@ﬁ ML RP, 'éz%'eléf:'i%esggﬂ&e{étéré@&g at a

second piezoelectric substrate dalong a length

on the

Irection of the third

pi ezoel epaircofuputenmests wleatiraden fagersf of5eaghepamallel eotm ode fingers
f h h f ith th
of [eah PALBhably NI {ES¥AL fYoup 2rbNIALHOPILOTOHR BLE Idpisht th the

pair of end surfaces 0 pi €zoe I c Su rate,

respect i saryaces of the seckind Ailezdddectiritesubstoatie ngrespedtaivello,
wherein the 20 first piezoelectric substrate is disposed between the
second and third piezoelectric substrates. 12. A | adder

filter according. t® rd@idr ¥31tehecemprabing at&ssdipecdaraif 9,he parallel
armresonators are connected in 25 parallel between a connection point of

a pair oquEE§§e??@EFlsln9r%%ﬁh%£QOPéeéﬁﬁlﬁﬁéré?QﬁﬁBSEERQ#nn§HiQQ)qcnrn
a[erfd't?ﬁﬁrcbfcéﬁ&-surfaces substhdt iA11§degralibl efo a64EH deHeA, 0 claim9,

wherein e I nterdigital transducer 0f at |east one of the

par

allel arm

30 reson¥ReFeinakhe PHHA ItyyOf PRFAldRdt asN EaEANaEeTRsinghides & esonat or .

14. A |agé@énai&féﬁpf%%“Hﬂ”ﬂH&S%Qt%babﬁkgllé@eéﬁhnré§6hator§iéﬁ%aﬁﬁfd

pi ezoel ectric substrate is made of a material different 35 from

at of the

second pPBzbRecte¢eRd RipAqelieetric substrate along a length direction

of the third piezoelectric substrate such that a pair of

15 outermost electrode fingers of each parallel arm resonator of

the second group are flush with the pair of end surfaces of

the third piezoelectric substrate, respectively.

11. A ladder filter according to claim 10, wherein the

20 first piezoelectric substrate is disposed between the second

and third piezoelectric substrates.

12. A ladder filter according to claim 10, wherein at

least one pair of the parallel arm resonators are connected in

25 parallel between a connection point of a pair of the series

resonators and the ground potential to form a=x-type circuit.

13. A ladder filter according to claim 9, wherein the

interdigital transducer of at least one of the parallel arm

30 resonators has an area lager than that of each series arm
resonator.

14. A ladder filter according to claim 9, wherein the

first piezoelectric substrate is made of a material different

35 from that of the second piezoelectric substrate.
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31 15. A ladder filter conprising: a prezoetectric

substrate with a pair of end surfaces whi ch are substantlally %&+€4~7
to each other and, the pi ezoel ectric substrd h@@v 1AS BER
structure extending 5 substantially parallel to t 2&@5~§*J
as to define first and second mai n regions b of end

surfaces of thg?plﬁngéggirfflégpgkhaﬁagyﬁﬁcorresponQ|ng S|de surfaces

of the groove ruct ty of series armresonators
connected i n s&rpiezdélectuid i swbstisere esith  gfaix lofdeéad surfacées each

series a S in r ef ectlon sur.fa acousti c wave
resonat or \M(‘|:I cﬁkgngpgéggn{:gﬁg?e?%rﬁ‘j[&g? 9 (‘l Peﬁa\ﬁ“ﬁg gﬁ plurality
of eIectpa@eohlagérscaadbﬂtrateeBawunﬂm&ugﬂunveusﬁxﬂcture entkeadéngcousti c
wave, -t h I rallt of ser rmr.esonafors_ 15 i n arran ed on the first
mai n ?eg%&% antﬁg YeQ%E?Lﬁ?}aEO the pid ok & 5W§%3°I§n§ h ﬁiggction of
the firsdefdne EQgsenand sécehd tidin argufi dnOfbetncRnmie h&@tbﬁdenaingers
of each series are fl with one of the d sur gces of

1
Che” " SRErEReacof TERe pterat Dl ikt dhne ATE reapeBasns; fads

groove SihuEhdes; oﬁnﬁhe groove strydtiirdjty of parallel armresonators,
each connected araIIeI bet ween the series armand a ground,

potential to @ PHE??% LY (hrSRT S AT JleSanetioxddEPPREFERAL LANnBeF RS udi ng

an 10 edgedeghihechi o8rses f AR € QISIdddeB\E FRSd)aldchWBkegliesNglrdes 25 an
interdigital transducer having a_plurality of el ect rode fingers and

utilizesFSSORBAPThORTEBAIRY 2% redder srRbpdionspgface acRUSHLG WAYRy of

paral | el rasBhae6eNRhOER iﬁ@i&@éé‘@hrﬁ fivedtdigital ¥Han@buekr! RAOIngVW
parallel armresonators which are arranqﬁg at the second naln %@?IOH of

the pi ezBenEaLitE 86 electrede BingRrs anchgttildizescwi shesr RAréroR¥RL second

mai n sheghen aasasth@twév@alﬁh@fplwﬂlrﬂgﬁfofels%&tﬂe%d%rfn' 9365ﬁa9$r§30h
paral l el armresonator of the first group are flush w t he ot her end

surfite BEiRAcapranged cen rihe stiatl Madimmeding @@héﬁe Pleépﬁée§B¥¥%ce of
the grooxgpsteHEEUsPongd®a length direction of the first main region

such that a pair of outermost electrode fingers of each series
arm resonator are flush with one of the end surfaces of the
piezoelectric substrate and one of the side surfaces of the

20 groove structure; and

a plurality of parallel arm resonators, each connected

in parallel between the series arm and a ground ﬁotential to
define a parallel arm of the ladder circuit and including an
edge-reflection surface acoustic wave resonator which includes

25 an interdigital transducer having a plurality of electrode
fingers and utilizes a shear horizontal surface acoustic wave,
the plurality of parallel arm resonators including a first
group of at least two parallel arm resonators which are
arranged at the second main region of the piezoelectric

30 substrate along a length direction of which the second main
region such that a pair of outermost electrode fingers of each
parallel arm resonator of the first group are flush with the
other end surface of the piezoelectric substrate and the other

side surface of the groove structure.
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32 16. A ladder filter according to claim15, whergin the
dinterdigital transducer of at |east one of the parallel ar 'ﬁﬂsﬁéggﬁﬁﬁg%EEQT

has an area | ager than that of each series arm resonat of . REPLACED
17. A ladder filter according to claim 15, wherein the gr oov ct-ure—!
conprises two grooves and a ridge between the two grooves. 10

18. A ladder fgltRri1aa8erdinprép sédbrailhg tdhefRiih as, whéertih ehet he
groove structuyre is at |least twice as_great as a wavel ength of a
sur f ace 26T pdtRAvETAREARERT 0RT t Ak leasﬁi%ﬂﬁmﬂﬁxﬁnq(P%ﬁﬂiéﬁaa?6m 15

19. A | 3d@ehatblrs€haS§0HRr hbAJlager than tRa®PiSZ AL IddrGesUlgh ate having.
a pair of end surfaces whi ch“are substantially parallel to each ot her

and, th&esonagp&zoel ectric substrate having first and second groove
strugtures each of which has a pair of side surfaces, 20 respectively and
extend substantially parallel to the pair of end surfaces so as to
define a firsil7eahnlaédeonfbrterecactdweding tovalgrimous ,swhetktineshea second
mai n regi_on_ bet en.one end . surface of the pjezoelectri subs%gate and
the 111 H-09Y BoPETuCtULE  CORRT LSGR (T4 (FHAY i 4G dy o FeBREERSPREEL her
end 25 swof geeovkst.he piezoelectric substrate and the second groove
structure; a plurality of series armresonators connected in
series to define a series armof a |ladder circuit, each series arm

resqpator | nohydi RO1 84S0 T 6L} oL OR B AP LRGSO yRYE 10T CsOnat o

whi ch includes an interdigital transducer™ havi ng ality of

el ect r odeptingér $hanaraevei sesuatereats hak i Raftaltwice agr gxeataasuatic
wave, tQ%v@h%h@kht¥¥°%h§€ff§§ea RESEPIAL LS ifciégﬁ'§§ peanged on the

first main regi'on o e plezoelectric substrate ong a length
directi @iegpellpetriessubstnategi on 35 such that a pair of outernost
el ectrode fingers of each series

15 19. A ladder filter comprising:

a piezoelectric substrate having a pair of end surfaces
which are substantially parallel to each other and, the
piezoelectric substrate having first and second groove
structures each of which has a pair of side surfaces,

20 respectively and extend substantially parallel to the pair of
end surfaces so as to define a first main region between the
two groove structures, a second main region between one end
surface of the piezoelectric substrate and the first groove
structure and a third main region between the other end

25 surface of the piezoelectric substrate and the second groove
structure;

a plurality of series arm resonators connected in series
to define a series arm of a ladder circuit, each series arm
resonator including an edge-reflection surface acoustic wave

30 resonator which includes an interdigital transducer having a
plurality of electrode fingers and utilizes a shear horizontal
surface acoustic wave, the plurality of series arm resonators
being arranged on the first main region of the piezoelectric
substrate along a length direction of the first main region

35 such that a pair of outermost electrode fingers of each series

“\\\_
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33 armresonator are flush with the respective side surfaces of t he

first and second groove structures; and a pluralify afr-ed--ed
armresonators, each connected in parallel between theliL arﬁwéﬁ@5§
ground potential to 5 define a parallel armof the | adder cu P LAHED

i ncluding an edge-refl ection surface acoustic wave resonator which

i ncl udesarm rédbrdicy dr@ tfahsh asduene Bé&?@@tﬂv@'é&&é idur e @t rode
fingers and ut|I|zes a shear horizontal surface acoustic wave, t he

pluralityReffpettaland sacande g8RVEr STERELHALRHY 2Pdirst 10 group of at | east

two parallel a rp:rxﬁsemaéy%s pRdaR18ECAPH resofdtis Ofedth I@asledry parall el
armresonators, the first group of the parallel armresonators are

ar r angedipnPaFRl kek hRE%agt the segdpsnash apg %l%%cﬁqtr@tsm}sttroate such
that 2 pabfiRé a %aﬁﬂl@l”%%n %'fe%héoggdﬁéﬂgéié eﬁgﬂ lﬁ.{dfﬂg

resonator of 15 t first group are respectrve one of the end
sur f acesedgetref Inatdoy ssrfacesapoustiie mﬂethosmzﬁmr swlwe:h incdwdesce of

the firsg,of00¥es é:ﬁg%lef%nshﬁge%eﬁgggngrngl&;aiiEy éﬁ?- prezoarm

resonators are arranged on'the t electric
subst r at 8isgers tard tetlriarzresofa eheermgrlzonmbwunmé |arrgarsstlof weyEh

paraIIeI o?ﬂgp f C 4\ | ush with
t he other eﬂ%;sur ace gpr%Q§1§§ g?gzﬁgfgg§€§€52% { #gyz &%f%g;other si de
sur fHte gfotherf at Slemetd tyooparadfelicammereso@ftors and 20.sekdmadder filter
accordin cl ai 9 | S arm

r esonat 0?55‘23 eé‘goa[r?ntjaic asﬁf”%(,,% Ba%‘llelll Lfﬁ £?§£§anip&§oo%1he%{fl ﬁiqlljr?t% of a
pair of ofhetberpasalliel arrmscmabnasoaadarbeagrmlgmﬁ rml erite adecand aamn

wher oi n TRESH SF s miftosnerrriCannlrties sean el E HENGL0 al el arm

resonatoostémmnsnremeutﬁdﬂ@eflhbeMStbﬁteaéhepmhabbale&rmunnsonatoasoﬂator.

15 the first group are respectively flush with one of the end
surfaces of the piezoelectric substrate and the other side
surface of the first groove structure, the second group of the
parallel arm resonators are arranged on the third main region
of the piezoelectric substrate such that a pair of outermost

20 electrode fingers of each parallel arm resonator of the second
group are respectively flush with the other end surface of the
piezoelectric substrate and the other side surface of the

second groove structure.

25 20. A ladder filter according to claim 19, wherein at
least one pair of the parallel arm resonators are connected in
parallel between a connection point of a pair of the series

resonators and the ground potential to form aw-type circuit.

30 21. A ladder filter according to claim 19, wherein the
interdigital transducer of at least one of the parallel arm
resonators has an area lager than that of each series arm

resonator.
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34 22. A ladder filter according to claim19, wh{F
.groove structure conprises two grooves and a ridge between/t
gr ooves. 5 23. A ladder filter according to clai
depth of the groove structure is at |east twice as great as a
wavel ength of a surface acoustic wave excited on the pi ezoel ectric
substrate. — 1f5. a laddi £iAtROTEUBLEALHONSROPE B USy COMRNSHGhe

an ant enna; first and secon cuits each belng one
rece|V|ngroovec$?%HﬁﬁuﬁﬁuPQ¥Hﬂl§@§n¢WP|ﬁgOQVﬁéu@Bd angidge betweer jthet and
second | agdegrrbbydgers according to claim1, 15 the first and second | adder
filters belng connect ed between the antenna and the first circuit, and
bet ween the antenna and the second circuit, respectlvely, wherein the
first. and seco | adder_.filters have pa ds c onding to
frequBncy bandgg‘ A lg Eﬂﬂﬁ%§eﬁhP8ﬁ°Fﬁén$i€ ag CiS%ui* process,

20 respedep¥R! yf the groove structure is at least tw1ce as great as a

wavelength of a surface acoustic wave excited on the

piezoelectric substrate.

10 24. A communication apparatus comprising:
an antenna;
first and second circuits each being one of a receiving
circuit and a transmitting circuit; and
first and second ladder filters according to claim 1,

15 the first and second ladder filters being connected between
the antenna and the first circuit, and between the antenna and
the second circuit, respectively, wherein the first and second
ladder filters have passbands corresponding to frequency bands
of signals which the first and second circuit process,

20 respectively.
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