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BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
generally relates to a surface acoustic wave resonator, a |adder-type
surface 15 acoustic wave filter having surface acoustic wave resonators
arranged in a series armand a parallel arm and a conposite type surface
acoustic wave filter in which a surface acoustic resonator is conbi ned
with a doubl e TAde OFp@HEYLREBET E@Mustic filter or the like. 20 2.
Description of the RebaredeAi¢ovsTrddewEet ypeosyrdRCRIBCOHStACE Wave ( SAW

filter having gRjMrdl i yEogIﬁfyMresonators is known as a band- pass
filter (see Transaction of the Institute of Electronics, Information and

Communi cation Engi neers, 25 Vol. J 76-A, No.2, 1993, pp. 245-252). Fig. 1
shows a convent3isissl-REABEENCE Y@ FFAWTHD IAPELICARECKE| ter includes a

pi ezoel ectric substrehes dfbo-aiceh iSAWAEE§0NR! Oy Sh AL $2idkety
respectively grra egngneserléﬁ%egrnai%%Emegnnan 'prﬁoffgéﬂJH# Ti 30 and
an out put termndl anad® SAWT'Es SiTat 61 @T ahgmet 2% respecti vel y
arranged i n parfdilieg| cgr Rgcerhrr otl.t FEOlpaitl feParr mnd st RAtdé@ bet ween
the input termdialcldsurandf gulolntd 5 iardrpbeadtlehe paiml bel rafendrcepr ovi ded
bet ween t hggnode between the SAWresonators SI and S2 35 are connected and

ground G Each gof e ) i, S2, P1 and P2 is called one-port
ground G Each gf b8, FAVE T CRANARY:er Bl

1. Field of the Invention

The present invention generally relates to a

surface acoustic wave resonator, a ladder-type surface
15 acoustic wave filter having surface acoustic wave
resonators arranged in a series arm and a parallel arm,
and a composite type surface acoustic wave filter in
which a surface acoustic resonator is combined with a
double mode type surface acoustic filter or the like.
20 2. Description of the Related Art
A ladder-type surface accustic wave (SAW) filter
having a plurality of SAW resonators is known as a
band-pass filter (see Transaction A of the Institute of
Electronics, Information and Communication Engineers,
25 Vol. J 76-A, No.2, 1993, pp. 245-252).
Fig. 1 shows a conventional ladder-type SAW
filter. The filter includes a piezoelectric substrate
10 on which SAW rescnators S1 and 52 are respectively
arranged in series arms between an input terminal Ti
30 and an output terminal To and SAW resonators Pl and P2
are respectively arranged in parallel arms. OCne of the
parallel arms is provided between the input terminal Ti
and ground G, and the other parallel arm is provided
between the node between the SAW resonators S1 and S2
35 are connected and ground G. Each of the SAW resonators
$1, S2, Pl and P2 is called one-port SAW resonator.

Fig. 2 illustrates a structure of the one-port



Fig. 2 illustrates a structure of the one-port - 1 21 Jugg, gggg%&ﬁw

resonator. The one-port SAWresonator includes,an interd ducer
(hereinafter sinply referred to as IDT) 11 and two reflectors 12 and 13,
all of which are forned on the piezoelectric substrate 10. The IDT 5 11
electrically excites a SAW The reflectors 12 and 13 are positioned on SAW
propagati on paths and act as confine the SAW excited by the IDT 11. In
case where a desired resonance characteristic is obtained by wutilizing
internal reflection of SAWby the IDT 11 10 alone, the reflectors 12 and 13
may be omtted. The IDT 11 has a pair of conmb el ectrodes, each of which
has a nunber of electrode fingers arranged with a fixed d Pi. Each of
the reflectors 32 gftf o tRAs g%f‘%ﬁﬁf‘erpotﬁt grat Fﬁ@o‘é"l“é?:’f rb‘g%g ‘g 5% afged with
a fixed 15 peri odtegrdicindli srenbdedegr ¢ minaditlescsomplf paferogdad) acent

el ectrode fingess ﬂﬂﬁpQQIbH@|oneféfi@EEEkéﬂmma%@& aad QQmﬂw@rdﬁléwrnE a

unit for excitation of nelectr ry in | ectrod
thadlesiaoh the BAFfeti et AL UISTraLe B, "o o ®

fingers within dhe € or_single
el ectrode ary antergfictniga 1Mn@X‘é%*é%~‘f rode % ngae ’t’)?f]tefﬁt%’ifng]IQe a%ct r ode
arrangenment hasii Wi swribhed ehesiw qusdfagagéonhpsths padtechn ag dt h of

2w pi x 100(0. éé&?gr%eh%h%' §8$a£09§c11‘§éé‘%¥ SMedtidTWih S eiialadO esRace width

s between the acent el ectrode hown |n Fig. 2, the

f1 ngers. )
pattern width i% h" SAn TEVBPALES patd %’lcfgtﬁc %’réaﬁgg?hlé °d\ef age of the
pattern w dt hs wfildldinghéntereel roelel 44 thigay ©ft BAW Por e h&PT D General ly,
the el ectrode fangfarStmba&et@ém&h@ 18 Al 31 ha@f bt hemboeegort SAW

resonator are designeg,t or NAYe, A RAGLSTN, yggmbozlé&@mst%d@luwose of

reducing the resjstance o el ec ers and rTgunt

frequency shif t¥ifgeRd@ent BHTRSF | O 1 ohe 7F i T ingers arranged with

fixed period Pi. Each of the reflectors 12 and 13 has
a number of grating electrodes arranged with a fixed
15 period pr, and is called grating reflector.

A pair of adjacent electrode fingers respectively
extending upwards and downwards forms a unit for
excitation of SAW. An electrode arrangement having two
electrode fingers within one period pi is called single

20 electrode or single electrocde arrangement.

When one electrode finger of the single electrode
arrangement has a width w, this electrode finger has a
pattern width of 2w/pi x 100(%). When the electrode
finger width w is equal to a space width s between the

25 adjacent electrode fingers (w=s) as shown in Fig. 2,
the pattern width is 50%. An average pattern width
means the average of the pattern widths of all the
electrode fingers that form the IDT.

Generally, the electrode fingers that form the

30 IDT 11 of the one-port SAW resonator are designed to
have a pattern width of 50% for the purpose of reducing
the resistance of the electrode fingers and the amount
of frequency shift dependent on variation in the
pattern width introduced during the production process.

35 Fig. 3A shows a frequency characteristic of the
conventional SAW resonator mentioned above. Generally,
the SAW resonator has properties of dual resonance that



pattern width introduced during the production process. S%JFEE. 3€p§§0m5 a
frequency characteristic of the conventional SAWresonat

above. Generally, the SAWresonator has properties of dual resonance that

- 2 21 June, 2006 has a resonance frequency fr and an anti-resonance
frequency fa. An arrangenent having SAWresonators connected in series

acts as a lowpass filter, as showmn by a solid line in Fig. 3A In series
connection, 5 insertion loss is mninmzed at a resonance frequency frs and
is maximzed at an anti-resonance frequency fas. An arrangenent havi ng SAW
resonators connected in parallel acts as a high-pass filter, as shown by a
broken line in Fig. 3A. In parallel connection, the 10 insertion loss is
maxi m zed at a PBSohaIRIPFANEGUERETUCTED BRPTd af mnfilzEgSapaafe
anti-resonance frequencgy flaap. An Therdragdemnt y/peiSAVAN| tesonstamsdle up of SAW

resonat grs Si aegmiﬁl?c@écrqag%@rh938ﬁ5t§8a§r5ml aéé\é\éflnggenaggr.sbhgﬁn and P2
arranged |1 n par e ererore, a ban pass

filter having %§§%ﬁgﬁ&l£§ éﬂoah éﬁginséeféeiv%ﬁT%ﬁﬁ%‘%y desi gni ng
the | DTs of &helwwersbrl@tsér sSS@lmha;mChe‘it antiespagpranécefreytenci es fap
of the SAWresopas cdirsd Bk mardmPZear et appr Oxi irbt e gh a@@ealf requeheyr esonance
20 frequencies Aﬂsaxogar#g}%ﬁhﬁévﬁggfr? %ﬁésr on%’%%r@zcoﬁhgﬁtéfsﬂ?ws required

band characteristics Q ass such dder-type SAW
filter. The chBf%Rtid SEtEs3Ean gQﬁ%ﬁﬁq qif’dé§|?%ﬂ”“b%ﬁdﬁndths (BWL,
BW2), the degreesolgfn siier éssFoa- (FTT1 In25aaT 28l atorfnetfuanci édiedefi ned in
the specifigati ofsedNihn iBesWi 8t hgx Ohi e SURPRSSRENEANGESqUdMAE |,

A T e
the bandwi dth BW2 at 186 éﬁ%@%@rt%ﬁﬁuﬁ$waﬁﬂéﬁﬁétFBan@ﬁMHHﬂHS Aﬁhe filter

resonators 381 and 82 arranged in series arms and SAW
resonators Pl and P2 arranged in parallel arms, as

15 shown in Fig. 1. Therefore, a band-pass filter having
a pass band as shown in Fig. 3B is available by
designing the IDTs of the SAW resonators so that the
anti-rescnance frequencies fap of the SAW resonators Pl
and P2 are approximately equal to the resonance

20 frequencies frs of the SAW resonators S1 and S32.

Fig. 4 shows required band characteristics of the

band-pass filter such as the ladder-type SAW filter.
The characteristics can be described by desired
bandwidths (BW1l, BW2), the degrees of suppression (ATT1,

25 ATT2) at frequencies defined in the specification, and
the widths of the suppressed ranges (BWattl, BWatt2).
Further, the characteristics can be evaluated by a
shape factor that describes the ratio of the bandwidth
BW1 at a given attenuation to the bandwidth BW2 at

30 another given attenuation (BW1/BW2). The filter
characteristics become better as the shape factor
becomes closer to 1.

The shape factor of the ladder-type SAW filter

may be improved by sharpening the transition slopes

35 that connect the attenuation ranges and the pass-band
range. The sharpness of the transition slopes is

almost determined by a difference Af between the



characteristics beconme better as the shape factor becones, closer 1. The
shape factor of the | adder-type SAWfilter may be inprov@@4§§9§h%§§3ning
the transition slopes 35 that connect the attenuation ranges and the

pass- band range. The sharpness of the transition slopes is al nost

determ ned by a difference Af between the - 3 21 June, 2006 resonance
frequency fr and the anti-resonance frequency fa of the SAWfilter.
Decreasing the frequency difference at sharpens the transition slopes.
Various nethods for decreasing the frequency difference Af have 5 been
proposed (for exanple, Japanese Unexam ned Patent Publication No.

11-163664). As §QQ¥\Qaﬂ<ﬂe Eﬂr%quéncyhfr §ah 1409 HQPe GARaREeS RREREESS, bY
reduci ng the d| ffere en t he resonagér§ gm nt and anti -

we
resonance point t®f° éégﬁﬁfor ResreRe 1 8dr FRf“18°%0 that the
shape factor caﬁlb@eiernﬂﬁo\ﬁéd.shﬁémevewm Heranstifdes Sédepeeduciaid atse
frequency diffgeensss Alort decherebyg shind pBredue dyr angifkirencs| apasave educe

the pass-band uhdil ol SN.P338008 T DEL Sl RliGne NBEE, LR, Aol Adlaal

relationship betvve roverre e factor and expansion of

the pass-band WPtk cafi®n Herelisief$84)cul 5 FROYRNRVEHY conddfr ent

i nprovenents. SEAMARY GHopeEchhMVENTSIN ed biys redgensgathebj ect of the
present i nventl@ﬂffé&rﬁfeo‘élfgebét@@é/i{ eSO NRlseh apied @o%Wéhditﬁ{tﬂ-n whi ch
the above pr oblleggoxggnec el |Orln at gd %}ereressp%%ltfl Ob#ﬁ s rlE,t hearpnzesent
invention is to provi o PSLBAG | es¥hator Tand s eAW i aving 5 an

i nproved shdbpe facttit &r‘i‘& &haeR phrdietr Fads PEaRBP IRV EEh. The above objects
of the present inventiceavarg tlechiearedisbfoa sadbateg adousticgusave resonat or

difference Af to thereby sharpen the transition slopes

reduce the pass-band width of SAW passage. Therefore,
there is a tradeoff relationship between improvement in

15 the shape factor and expansion of the pass-band width
and there is difficulty in achieving concurrent

improvements.

SUMMARY OF THE INVENTION
20 It is a general object of the present invention
to provide a SAW resonator and a SAW filter in which

the above problems are eliminated.

A more specific object of the present invention

is to provide a SAW resonator and a SAW filter having
25 an improved shape factor and an expanded pass-band
width.

The above objects of the present invention are
achieved by a surface acoustic wave resonator
comprising: a piezoelectric substrate; and an acoustic

30 wave (SAW) resonator having at least one interdigital
transducer, wherein said at least one interdigital
transducer satisfies:

0.15L £ W £ 0.45L
where W is the total of widths of all electrode fingers

35 that form said at least one interdigital transducer,
and L is a length of said at least one interdigital

transducer in a direction of SAW propagation.



conprising: a piezoelectric substrate; and an acoustic 30 giée $S§¥l5
resonator having at |least one interdigital transducer, at

| east one interdigital transducer satisfies: 0.15L S W5 O 45L where Wis
the total of widths of all electrode fingers 35 that formsaid at |east
one interdigital transducer, and L is a length of said at |east one
interdigital transducer in a direction of SAW propagation. - 4 21 June,
2006 The above objects of the present invention are also achieved by A
surface acoustic wave filter conprising: a piezoelectric substrate; and
surface acoustic wave (SAW resonators that are fornmed on the 5

pi ezoel ectric substrate and are electrlcally connected in series, each of

the SAWresonators haifgParel 8R4Ectdnet i e mhisHisnd HPF§H§688e?rEonf|gured
as described abdve.adheewdsb\y dbjsectfscef attesipresente imManrtri on are 10

al so_achi eved bwoapsygmq:e AGAUSS WY Ec LU O- AU Nir faci ozoel ectric

substrate; and ggr gg ngﬂ§u% W res V% oqgtorsfégﬁg a%ethéorned on
t he piezoelectric su e an gl'dc rlca % EShnéded °h Series, the

SAW r esonat of s ESEF%}%EW éuSAWPégoﬁa‘# otrh R4t drcaldyscopracted
interdigital transdecess,cenrichgofedhassaentsored caldowavinghatabesst obj ects

of the present bH¥e{'ﬂiﬂé¥H1 1€ a8l $043CHLEYLA NV 123 a%ed@;ge%é& wave
filter conprisi e node type surface "acoustic wave 20 ( SAW

filter and a SA ge%onator el ectrically connected thereto, sald SAW
resonat or conprisi ng TAepirbzvel ekiettes Sulbder aresenndinnencbestdre wave ( SAW
resonat or hayi nglsatadigastedobg hnter th@e tadodstarsadeer £60Bkirgured as

ment i oned abovecoﬁé&ising: a piezoelectric substrate; and
surface acoustic wave (SAW) resonators that are
formed on the piezoelectric substrate and are
electrically connected in series, the SAW resonators
15 including a SAW resonator having at least one
interdigital transducer configured as mentioned above.
The above objects of the present invention are
also achieved by a surface acoustic wave filter
comprising: a double mode type surface acoustic wave
20 (SAW) filter and a SAW resonator electrically connected
thereto, said SAW resonator comprising a piezoelectric
substrate, and an acoustic wave (SAW) resonator'having
at least one interdigital transducer configured as
mentioned above.
25
BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, features and advantages of the

present invention will become mcre apparent from the
following detailed description when read in conjunction
30 with the accompanying drawings, in which:
Fig. 1 is a plan view of a conventional ladder
type SAW filter; '
Fig. 2 is a view of a one-port SAW resonator;
Fig. 3A is a graph of a frequency characteristic
35 of the one-port SAW resonator;
Fig. 3B is a graph of a frequency characteristic
of a ladder type SAW filter;



BRI EF DESCRI PTI ON OF THE DRAW NGS O her objects, features fﬁg advzﬁégges of
the present invention wll becone nore apparent fromthe

detail ed description when read in conjunction 30 with the acconpanyi ng
drawi ngs, in which: Fig..1is a plan view of a conventional |adder type
SAWfilter; Fig. 2 is a view of a one-port SAWresonator; Fig. 3Ais a
graph of a frequency characteristic 35 of the one-port SAWresonator; Fig.
3B is a graph of a frequency characteristic of a |adder type SAWfilter; -
5 21 June, 2006 Fig. 4 is a graph of required band characteristics of a
band- pass filter; Fig 5is a graph illustrating an inprovenent of the

shape factor due to guc;llgg of :% Weguency . reg'bané ence Af between the
resonance frequency and’t he 9% rpesonancéI Tlre gquency; Fig. 6 is a graph of

a frequency cha?‘é%‘faé?‘iesrtllsc’flcéforﬁ,oﬁﬁ\iéarﬁq s dAdEpEFt SAWresonators
connected in seriesFig0 Fipgs & dreapee grapbtirhtisg rat i imgreardrednitors i n t he

resonance frequensysna-pat icabesenance: d rzee%%%naeg SUPre R8N § requency as a
function ofgh P&ternvvl IIustratlng

t raph
an i nprovenent TH SR ® gh%%?‘ﬁeeern qﬁbe ereﬁf’“f“ﬂgep%%qlb%{g (51 shift of
the sub peak; EF‘?@ I@Slo@aacgré{#ﬂltﬁmahfrequency characteri stl c of a | adder
type SAWfilter in weigh SAW reesepghobs ahavédgericpaiean teirdshief 35% are

applied o Seriss ofQeAtibnl Sdiedddd iy ELUSna oA AhIRR A 401 aphs

illustrating varl%tlons n the frequency c aracterlstlc served
series;

10 Fig. 7 is a graph illustrating variations in the
resonance frequency, anti-resonance frequency and sub
peak frequency as a function of the pattern width of
the IDT:

Fig. 8 is a graph illustrating an improvement in

15 the shoulder shape of the pass band due to shift of the
sub peak;

Fig. 9 is a graph of a frequency characteristic
of a ladder type SAW filter in which S$SAW resonators
having a pattern width of 35% are applied tc series

20 arms of the filter;

Figs. 10A and 10B are graphs illustrating
variations in the frequency characteristics observed
when the pattern width is changed:;

Fig. 11 is a graph of a -2dB frequency as a

25 function of the pattern width in Figs. 10A and 10B;

Fig. 12 is a graph of frequency characteristics
of two SAW resonators that have pattern widths of 15%
and 10%, respectively;

Fig. 13 illustrates a structure of a one-port SAW

30 resonator according to an embodiment of the present
invention;

Fig. 14 illustrates a SAW resonator equipped with
electrode fingers having different pattern widths
according to ancther embodiment of the present

35 invention;

Fig. 15A is a plan view of a SAW resonator in
which bus bars of an IDT formed by a metal film are



when the pattern width is changed; Fig. 11 is a graph of g .;dB fég@sency

as a 25 function of the pattern wdth in Figs. 10A and 1 is a
graph of frequency characteristics of two SAWresonators that have pattern
wi dt hs of 15% and 10% respectively; Fig. 13 illustrates a structure of a
one-port SAW 30 resonator according to an enbodi nent of the present
invention; Fig. 14 illustrates a SAWresonator equi pped with electrode
fingers having different pattern widths according to another enbodi nent of
the present 35 invention; Fig. 15A is a plan view of a SAWresonator in
which bus bars of an IDT forned by a netal filmare - 6 21 June, 2006

thi cker than exggﬁgggefglﬁggig ééh fﬁﬁ%lf% .a cross-sectional view taken

along a line . 16A is a plan view of a SAW
resonator in 5 whi cﬁla d?%%ﬂcftré} é’rﬂslsms%tb%éﬂd‘éﬁe"()nt%‘t%n o9 B g. 16B
is a cross-sectlomalXW ewxvakemowat oing Fag.l ilsd:;XVIb - XVIb shown in Fig.

16A; Fig. 17Ais a pkag.view of A 3AW KesqQnakosn &iy M&{htaszdiieﬂ ectric film

provi ded on bus i t han. that rOVI electrode
fingers; Flg %% N %éégggggﬁ%tlghal PENt s 5?%% "9ine XVilb -

XVI b shown in F| g. EW\ By isg |C|rpﬁ§rﬁatzésmaﬁbtmw sqarlﬁfé‘t @rAengf at he one-
port SAW r esonaltiore Z¥Gor di XQIh cstarwrertodiigentient the 15 present invention;

Flg 19 11lustrates pfurifer; SLrushir610f shes op-RAhaB8Y gsonator

il r
?Ff?;?lpg ;ﬁlgﬂ ngPdIQE iectrlc é%l%!%%%g&degvggtégg]baréJls %hlckUSt ates a

than that provided on electrode fingers;

Fig. 17B is a cross-sectional view taken along a
line XVIIb - XVIIbk shown in Fig. 17A;

Fig. 18 illustrates another structure of the one-
port SAW resonator according to an embodiment of the

15 present invention;

Fig. 19 illustrates a further structure of the
ocne-port SAW resonator according to an embodiment of
the present invention;

Fig. 20 illustrates a filter in which the one-

20 port SAW resonator configured according to the present
invention is connected to a dual mode SAW filter;

Figs. 21A and 21B are graphs of frequency
characteristics of two filters that are configured as
shown in Fig. 20 and have different pattern widths;

25 Fig. 22 illustrates a ladder type SAW filter
according to a first example of the present invention:;

Fig. 23 is a graph of frequency characteristics
of the ladder type SAW filter shown in Fig. 22 and the
cenventional ladder type SAW filter;

30 Fig. 24 illustrates a ladder type SAW filter
according to a second example of the present invention;
and

Fig. 25 is a graph of frequency characteristics
of the ladder type SAW filter shown in Fig. 24 and the

35 conventional ladder type SAW filter.

DESCRIPTION OF THE PREFERRED EMBQDIMENTS




20 port SAWresonator configured according to the present ventl2 6
connected to a dual node SAWfilter; Figs. 21A and 21B ar&%—&&#ﬁﬁ—&&
frequency characteristics of two filters that are configured as shown in
Fig. 20 and have different pattern widths; 25 Fig. 22 illustrates a |adder
type SAWfilter according to a first exanple of the present invention;

Fig. 23 is a graph of frequency characteristics of the |adder type SAW
filter shown in Fig. 22 and the conventional |adder type SAWfilter; 30

Fig. 24 illustrates a | adder type SAWfilter according to a second exanple
of the present inventi on and Fig. 25 is a graph of frequency i h c
characteristics of th I I Ve SAW Tl shown |n Fi 24 an the 3
conventi onal | adder t %g‘%%n tenrvenl5|]—_'§&RFf>

EMBODI MENTS - af‘zf“&‘uﬁ‘é thp 0B ThePre sdne ﬁﬁweﬁwéﬂrr@au@@% krwe;r tdfon | oss
in an end of traenparsé baedpointa EAWfidedebetnwl heobasas e sharavel

vi ewpoi nt descr 'MOQGEQW béolrﬁMvédqulw%ﬂ@H@ rga’ﬁ:ﬂr] C@‘trlle éMa%\ﬁed

wi t hout redugin S resent | nvention
reduces the %I ng'er ﬁ% ?) gjeﬁ%ren %H% ?’é%% %Gé‘vﬁd'itrﬁonaﬁ(%défﬁfaﬁ ®sonance
poi nt of the SAW*I’SleFfFéP“ F‘P@S k8> totesms taepassohande ahakaetard stritd -of a SAW
filter having camsenthoaaboie-qOItheSARNr esonators that 10 have a pattern

% and :
wi dth of 50% and are ggynﬁts%%ﬁsnasgéggsbamf S %ée‘ﬂ%tﬁ@o%?a%l sk 9-

shows an experinental res oken on result.
The sinmul ation ?&éaefh AP I VER TSP AY - BRE n%%l"e"s SR ggspnate rehEhrhvent or s
conpar ed t hélsolhiageaadratoken widids ofwiSOh aadhaot heennaarided cundseouite st.hat

the experinmental sbesdliigoamaet igoiragi de yWdds the Sigadialdn@ayresul t
result, and a broken line shows a simulation result.
The simulation used the general coupling-of-modes
theory.

15 The inventors compared the solid and broken lines
with each other, and found out that the experimental
result does not coincide with the simulation result
very well in a section located between the resonance
point and the anti-resonance point. More particularly,

20 there is a second peak different from the peak due to
resonance between the resonance point and the anti-
rescnance point. Hereinafter, such a second peak is
referred to as sub peak. The inventors found out that
the pass band has a reduced insertion loss in the sub

25 peak position.

The simulation that uses the coupling-of-modes
theory cannot reproduce the sub peak. This suggests
that the coupling-of-modes theory is a one-dimensional
analysis method for the direction of SAW propagation

30 and the sub peak could not be explained without
considering two-dimensional or three-dimensional
behaviors of SAW.

The inventors paid attention to the sub peak and
considered a way of improving the shape factor of the

35 SAW filter due to the sub peak. The inventors
attempted to reduce insertion loss in an end portion of

the pass band. In the conventional resonator structure,



very well in a section |ocated between the resonance point and t S
anti-resonance point. Mre particularly, 20 there is a seggngﬂ%%ag—gg
different fromthe peak due to resonance between the resonance point and
the anti- resonance point. Hereinafter, such a second peak is referred to
as sub peak. The inventors found out that the pass band has a reduced
insertion loss in the sub 25 peak position. The sinmulation that uses the
coupl i ng-of -nodes theory cannot reproduce the sub peak. This suggests

that the coupling-of-nbdes theory is a one-dinensional analysis nethod for
the direction of SAW propagati on 30 and the sub peak could not be expl ai ned
W thout consi detlidgubwpedk Me8SiOnA e PIf I E@@mdL ABNSE 64 ncdafiavor s of

SAW The inventofs; Ral dpattg £1%§|§ H%:ﬁﬁggfgggg gﬁ con§J ered a way of
A

i nproving the shape factor of F 1 hé "Sub peak. The
i nventors attenpt d”EGrFeﬁEE%m??ﬁﬁﬁﬁq(ﬂ?Weo§§elﬁ“%np%ﬁﬁ PG P dhe the pass
band. I n the comeswniaoneal peesonat crhestayctinpepve She 2dhahmelac2@@6 t he sub

{Jeak its | ocatsed farT hf Tﬁénirhﬁ‘etr{t%'i%n%??l@uggjsatexé"éﬂrﬂe%ttshli% megdofpﬂ thte
ransition rang e,.lnven np u close to
the resonance gblnf E65F Rt ehy! ﬁ%tﬁvbgﬁﬂ w?ﬁdﬁinﬁﬁ§fﬁalq§P$ﬁg i nvent ors
conduct ed exper iISHEFESOHA @wﬁﬁﬁfcﬂﬂ%}OQIﬁ§ phet EPR wi ttherdf aomstRDF- was
changed while thte ekscltoder fimgexppeinedt Odré hehdWl MAFikept . corsd ant .
The results of tﬁg,t;l%gggl grsTat il q;@t%go%abg 133 g%i 7Tt31%n %I‘I qatal axis of

t he graph of Fi denot t ern W vertlcal axi s
thergofpden&tes%Fﬁé FPeﬁﬂg ngv ﬁﬁF ﬁ En&eEb” zﬂ?ﬁs §§P ed. The

i nventors founddﬁﬁptﬁﬁoh¢¢kﬁ¥%ﬂQﬂﬂ¢nl@ﬁ:thahgthg $He pdFk gat toserwedt h
vari es the resomaeceniesepencibunanduth@rant t hé apIpNeR il eguagchy but does

not vary the the IDT pattern width varies the resonance frequency
and the anti-resonance frequency, but does not vary the

15 sub-peak frequency.

More particularly, the inventors found out from
the experiments that the resonance point and the sub
peak relatively come close to each other by narrowing
the pattern width so as to be lower than 50%, so that

20 the resonance frequency can be raised. The inventors
found out from the experimental results that an IDT
pattern width of 35% is most suitable for bringing the
position of the sub peak into line with a right
shoulder portion of the filter characteristic.

25 As has been described with reference to Fig. 2,
the pattern width is defined as 2w/pi x 100(%), and is
the sum of the widths of two electrode fingers included
in one period pi. Thus, narrowing the pattern width so
as to be lower than 50% in the SAW resonator means that

30 the pattern width for each pair of electrode fingers
within one period is narrower than 50%. 1In this case,
even when the pattern widths for the pairs of electrode
fingers may be identical to or different from one
another, the resonance point and the sub peak

35 relatively come close to each other. Further, the
inventors found out that, when the average pattern
width of the entire IDT is lower than 50%, the



15 sub-peak frequency. More particularly, the inventors foynd_out t he
experinents that the resonance point and the sub peak rel M

cl ose to each other by narrowing the pattern width so as to be | ower than
50% so that 20 the resonance frequency can be raised. The inventors found
out fromthe experinental results that an IDT pattern width of 35%is nobst
suitable for bringing the position of the sub peak into line with a right
shoul der portion of the filter characteristic. 25 As has been descri bed
with reference to Fig. 2, the pattern width is defined as 2w pi x 100(9%,
and is the sumof the widths of two el ectrode fingers included in one

period pi. Thus, narrow ng the tern width so s to be | ower han 50%in
the SAW resonat of® Sr?élﬁ‘r?§e fn'éog?c?} e'batstu@r & dt R va‘:ég%hc?)‘%ﬁ rCJD?

el ectrode fingers® sidthicthere pévitodsi-sthar FesRrandmPB@% ang thes case,
even when the patirergean debst {osl ¢ heompaidissef tel esthogliche f ivtger WATRY be

identical to or J]q fiferent gﬁo%p%&%ot(g{ﬁqr, th etgﬁggngpc&éathgtrgnq,ft he sub

peak 35 relative comne ose %o eac urt ventors found

Dot hat | when (1Y Ve BYBCRERIGr i i (FTGE HEmORES (5T OFY & dver t han
50% the - 9 2XhRuAdeng2b06fregsondiitd pdihet dandct hen seb Jfdbk rel atively
come close to q:a&:lg)a@talaebn Thadom $het Bsowwr&@ nthangatBernsub peak

relatively cone cI ?j’tﬁ ]fqaggr%ehr}eth 1nv%rf';t\f(”i mg néomg at‘%arr‘]j 0% where Wis

the total of the W é'electrode 1 I ngers ormthe IDT
and L is the | SGUR8f "LARD |1 95F (el EPTBAN B FANI PieFpagh®fon. From
t he above viléwpaiomditibhe Hat tertring dhle obhttaen priedEntnamvertti dhameans t he

average pattermoa dthiupkesssspedall sgapments are given. The 10 conditions
for setting the patteg,ggyviéjtct}mré%rrgg%gl;hs Owéopé)svg Ibla ge descri bed | ater.
characteristics of two SAW resonators that have pattern
widths of 50% and 35%, respectively. The graph of Fig.

15 8 is depicted so that the resonance points of the SAW
resonators coincide with each other. The SAW resonator
with a pattern width of 35% has an improved shoulder
shape and a sharper falling end because the sub peak
thereof is made close to the resonance point.

20 Fig. 9 shows a band pass characteristic of a
ladder type SAW filter in which SAW resonators in
series arms have a pattern width of 35%. As has been
pointed out previously, the conventional ladder type
SAW filter equipped with SAW resonators having a

25 pattern width of 50% has the sub peak far from the
resonance point and is buried in the transition range.
In contrast, the ladder type SAW filter equipped with
the series—arm SAW resonators having the pattern width
equal to 35% has the sub peak close to the resonance

30 point so that the right shoulder portion of the filter
characteristic has a less insertion loss, this
resulting in a brecader pass band. Further, the falling
end of the filter characteristic is sharpened as
compared to the conventional filter, so that the shape

35 factor can be improved drastically.

For a pattern width in the range of 25% to 45%,

improvements in the shoulder shape due to the shift of

- 10 -



Fig. 8 conparatively shows pass band characteristics of two SAW nat or s
that have pattern w dths of 50% and 35% respectively. Téé—@—%%lﬁé‘giﬁ g.

15 8 is depicted so that the resonance points of the SAW resonators
coincide with each other. The SAWresonator wth a pattern width of 35%
has an i nproved shoul der shape and a sharper falling end because the sub
peak thereof is made close to the resonance point. 20 Fig. 9 shows a band
pass characteristic of a |adder type SAWfilter in which SAWresonators in
series arnms have a pattern width of 35% As has been pointed out

previ ously, the conventional |adder type SAWfilter equipped with SAW

resonat or s havi fige 8,25 @it 66A Bk dkbndf i B0% hasdde asubppeak; § ar from the
resonance point_and j.s buried in _the trjﬁrﬁ‘lgetl on range. In_contrast, the
€ se

| adder type SAWTiTter %eqli PPEd*RPER" ¢ PEES SR 8RN F E8Bnat’sF s havi ng

the pattern wi ditlagual copddbishabs t9ntiaifidegeak cl ose to the resonance 30
point so that the righesshoubderopmition of the filter characteristic has

a less inserdiQhdass, sUhiRe E68M] LA AN ARHAANG JpRSErDADLe ST he

falling end of_the fllger haracteristic IS S rge conparedato t he
conventional filt¥erSsgPehal Rt ihadd 399% &et6r thEn BRI Fip?ovidte
drastical |l y. FofPTa ipather dipgedthon mf F&W amgeaght2686 t dmM5¥%heri npr ovenent s

in tBe shoul gerwc&mgeiﬁlp@ob@mérh@s S| fttheofshog_laerZQ.héy@eduQQQﬁ tth][ée ﬁUb peak
can be remar kahl,y r : s,...according.to one ect of the
present invent ibger{\L,th %g ¥$glf%€ﬁ§1€g&kcocr% Foﬁr?‘srgcsja i"é*f‘?‘é}:s‘?‘*’o. 25L S W<-

0.45L 5 whéle WA1doMABIt 8taM9DF the widths of all the electrode fingers
that formthe | DT and5% ¥ svd Ife 458ngth of the |IDT in the direction of SAW

propagation. |nRmtkena YWordse ddMvaveneats b the shouwdefe shaperdue to the
that form the IDT of the single electrode arrangement.
If the pattern width is lower than 25%, the frequency

15 of the sub peak is lower than the resonance frequency,
and sufficient improvement in the shape factor due to
the shift of the sub peak will not be obtained. The
reason why the pattern width is set equal to or lower
than 45% is as follows.

20 Figs. 10A and 10B show band pass characteristics
of SAW resonators respectively having different pattern
widths. The graphs of Figs. 10A and 10B are
illustrated so that the anti-resonance fregquencies of
the SAW resonators coincide with each other. The graph

25 of Fig. 10B is an enlarged view of a portion surrounded
with a cycle shown in Fig. 10A. As shown in Figs. 10A
and 10B, the sub peak comes closer to the resonance
point and the shoulder shape is much more improved as
the pattern width becomes narrower.

30 Fig. 11 is a graph showing the frequency at which
an insertion loss of -2 dB is obtained as a function of
the pattern width in the pass bands shown in Figs. 10A
and 10B. 1In practice, the value of insertion loss for
defining the bandwidth is about -2 dB. Fig. 11 is

35 obtained by plotting the frequencies for an insertion
loss of -2 dB as a function of the pattern width in the
graph of Figs. 10A and 10B. A broader pass band range

- 11 -



shift of the sub peak can be provi ded when the 10 fol | ow tanda' 25% <-
wa <- 45%where wa is the pattern width of the el ectrode ;&Mt form

the IDT of the single electrode arrangenent. |f the pattern width is |ower
than 25% the frequency 15 of the sub peak is | ower than the resonance
frequency, and sufficient inprovenent in the shape factor due to the
shift of the sub peak will not be obtained. The reason why the pattern
width is set equal to or lower than 45%is as follows. 20 Figs. | 0OA and
10B show band pass characteristics of SAWresonators respectively having
different pattern wdths. The graphs of Figs. |I0A and 10B are illustrated
so that the ant lcaheﬁ@nﬁﬂ@ﬁrﬁé’c?%%%n@ R8gREr §%§M&t@0@no}b% COI nC' de with
each other. The 5 1 s_an enl arged vi ew of a

sur r ounded wthrggggg dz% 8Cwn |%d|l—3 Qre%%\nc r]q BIE iR, VLS 2 ‘Ld 10B,
the sub peak cof®sScPbsdle 1% aphe ieebbnhnte IﬁoFﬁP BRdsehe Aol Bt shape is
much nore inprovédtiast thee {2aibt €requedth betonesbraptoywekvhedOtkeg. 11 is a

graph showi ng t stiéﬁqu% alfs which %lwéflse&ftl @Blh9é§ 9{3 at 2B éA%:

obt ai ned asafgiggtlo;h atternvm C{1 ass ands shown in
Figs. 10A and 108 a‘?lé‘@u cE OpHET \RF3R Qﬁn 2306, BRI 8BS LFBFOVEfbS | ni ng
t he bandwi dth i §h%11b%uffa<1t2>rdBaang. rgdlizeddwlseditned brepbatteény t he
frequenci es forwadch negrdli @@ okbosswef tiamlBsas a function of the pattern

width in the graph ‘%rﬁ&ﬂ% £ dOA @nd; | QB Qggagf l?&'?é r%f JAanee - 11
2 200 b d and’a h ‘ actor € Al i zed as
t ﬁe‘]ijggB f r%@ugﬁgybeg%ﬁ:?alépgnﬁggﬂ‘ég%% %ﬁ%“e“ﬂl ang tf‘ﬁea’g’phph i ;eﬁl Igrz1er

It can be seen fewrndriqe freguehay ihecouBaftieglencmat di siesn abtraipt | y when
the 5 pattern wpaiderdrs vA9%n0k s| 0¥REr dHad AsloWsot BBLLT PEe SAVYnsition

slope of the filter can be sharpened. Therefore, it
can be said that the shape factor can be improved for a

15 pattern width lower than 25%. When the pattern width
is set lower than 15%, the resistance of the electrode
fingers may increase and the insertion loss of the
filter may also increase.

This is illustrated in Fig. 12, which show pass

20 band characteristics of SAW resonators respectively
having pattern widths of 15% and 10%. As the pattern
width is narrowed, the resistance of the electrode
fingers increases and the insertion loss at the
resonance frequency increases. For a pattern width of

25 10%, the insertion loss is as large as 1.3 dB. Further,
the stop-band width formed by the IDT is extremely
narrow, which greatly degrades the Q value at the anti-
resonance frequency. Consequently, the lower limit of
the pattern width at which the shape factor can still

30 be improved is 15%.

As a result of the above consideration, the
pattern width of the IDT that contributes to improving
the shape factor sheould satisfy the following
condition:

35 0.15L £ W £ 0.45L.

In short, when the pattern width wa of the

electrode fingers that form the IDT of the single
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filter having a broader pass band range and an i nproved shape fact Er can
be realized by setting the pattern wdth equal to or |Io 1 6

Turning to Fig. 7 again, the frequency difference 10 Af between the
resonance frequency and the anti- resonance frequency is conparatively
smal|l when the pattern width is |ower than 25% so that the transition
slope of the filter can be sharpened. Therefore, it can be said that the
shape factor can be inproved for a 15 pattern width |ower than 25% Wen
the pattern width is set |lower than 15% the resistance of the el ectrode
fingers may increase and the insertion loss of the filter may al so

i ncrease. This e3ettitusd raatredigemehicgsat2sfivs cibisHowapasd5%20 band

cigoa/r acgI e Ioos/tl Cslfa&rwte{rﬁc@'l%t ehs Leapectiyvely adiavi nghga{sgggg lﬁf%d: EZ of
6 an 0 attern narr resj s

el ectrode fi ng&r% |p%rpeeaaske§a8ng tﬂégf‘hg%?tr@g’ef’ogg cadrathern r‘%]scg nce
frequency incred3eB8eeirorlsd Farfefn2@f dt HNRfoEmen(sh inh&hiensbePRon | oss is
as large as 4. 3fdBcofunteher, thbheeahe@dbﬁf@hw;ﬂiﬁﬁd&@mﬁdnby hhe IDT is
extremely narrgw Wy Ghon %@Bh%ngggﬁﬁg anV%HeaQEﬁt Pgséﬂéhce

resonance freque Consequent attern width at
whi ch the shapef f%%‘f%”fcyczfﬁ sPPI Pgl%@l‘b%d nﬁPSv@EieFEr‘i%%fﬂ%g $&ult of the

above consi der athenlDE ey paveean iiethiofl thaeteDn whdthcontai butes to
i nproving the §bﬁf&érﬁctp@&t§bﬂuhﬂd§1@.ti sfy the following condition: 35

0.1SL :< WJ 0.45L. Id% 8!&#@%"‘&6%}1 er%%t Eﬁgr Bﬂegtgfvga%f the electrode

flngers t hat formthe e sin )06 el ect rode
arrangenent sat FSFRESIESYRE. thg @“‘2’15’5/830'?%&10\‘7‘@&@59%“9 nt® ha" shEE act or
due to the shifofofhe present invention.

Fig. 13 shows a structure of the SAW resonator
according to an embodiment of the present invention.

15 The resonater shown in Fig. 13 has an IDT 21 of a
single electrode arrangement. All the electrode
fingers of the IDT 21 may have an identical pattern
width or a different pattern width. The average
pattern width of the IDT 21 falls within the range of

20 15% to 45%. The IDT 21 shown in Fig. 13 has the
electrode fingers, all of which have an identical
pattern width. Grating reflectors 22 and 23 may be
arranged at both sides of the IDT 21 so as to be spaced
apart therefrom.

25 Fig. 14 shows another structure of the SAW
resonator according to another embodiment of the
present invention. The SAW resonator in Fig. 14 has an
IDT 31 and resonators 32 and 33 arranged at both sides
of the IDT 31. The IDT 31 has different pattern widths.

30 It is not required that all the electrode fingers have
an identical pattern width but is required that the
average pattern width of the IDT 31 falls within the
range of 15% to 45%. It is to be noted that the
characteristics of the SAW resconator do not depend on

35 the ratio of the minimum pattern width fo the maximum
pattern width but the average pattern width.

Some variations of the above-mentioned SAW
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t he sub peak can be obtained. Wien the pattern width wa neets 15% S wa 5

25%

di fference Af
frequency can be obtained. The el ectrode fingers of

i nprovenents in the shape 5 factor due to the reduced

06

bet ween the resonance frequency and the anti-resonance
the 1 DT may have an

identical pattern width or a different pattern width. 10 A description

wi |

now be given of sone structures of the SAWresonat or

according to an

aspect of the present invention. Fig. 13 shows a structure of the SAW
resonator according to an enbodi ment of the present invention. 15 The

resonator shown in Fig.

Al |

13 has an IDT 21 of a single el ectrode arrangenent.
the el ectrodesdharge:sapt ddrdiBE2LanBYy.have an identical pattern

width or a different pattern w dth. Th ver ag pat.tern .wdth_of .the I DT
21 falls within the rgsngsé*f%“f“ 740} }‘E%Sfo‘fi%wg“%%%%% Bigeohe D
el ectrode fiatgdr §OTRINT o B HifthadPetBALI d8nPrEaIof gda AT ildt h.

Grating refl ectofay B2 ahtlcR8r mearbehaar bdngkd alebotddesiflesyeafs e | DT 21
so as to be spaged.napant LHErAf nle 2% Rbda:ldsShoyscanotfigr structure of

t he SAW resonator, according-to another epbodi pent. of th resent
i nvention. The §E\}\PFé§8n8’%o§m§ PHERG I3t % % §“5ﬂg§ﬁh%lblbsn§’aﬁ£§§?\at ors 32 and
33 arranged at blschiespdes Isfr eheitpTebdct e JubptIRtikabadingerent pattern

t he

wi dt hs.

g- 13 has

30 It irschek reqdised dibalitgl buthece] estupdeyfidegebseha¥e an

i denti cal pattersgwwi%} Eoﬁ%di&ghqgu%bggg%%agg& I@‘tge_gaggsgﬁgeg%w dt h of

the IDT 31 falls wt . [
char act8r i StPcdPofPe her BRHATESoAAEEF 4™ N E GG lory

t he

rang

Is.to be noted that

°036Mfhe ratio of

t he m ni num pat tdérrchidb hof cSAMhe nveribAtAPnpat $ eronfiirdich mMoge t he aver age

pattern w dth.

Serecvaviafyj ons ofart hacabaver Pest | BRI SAWFurtBer be

improved between the resonance point and the anti-

resonance point.

15 As shown in Figs. 16A and 16B, dielectric films
27 may be formed on the bus bars 26. The waveguide
mode can be formed in the same principle as that for
the arrangement shown in Figs. 15A and 15B, so that the

insertion loss can further be improved between the

20 resonance point and the anti-resonance point.

As shown in Figs. 17A and 17B, a dielectric film

28 may be formed on the IDT 21 so as to cover the bus
bars 26 and the electrode fingers 25, wherein the

dielectric film 28 on the bas bars 26 is thicker than

25 that on the electrode fingers 25. This results in the

waveguide mode for the same reason as that for the

arrangements shown in Figs. 15A -~ 15B and 16A - 16B.

Thus, the insertion loss can Eurther be improved

between the resonance point and the anti-resonance

30 point.

The arrangements shown in Figs. 15A - 15B, 16A -
16B and 17A - 17B may be applied to the bus bars of the
reflectors 22 and 23. This application decreases the
SAW velocity beneath the bus bars of the reflectors 22

35 and 23, and results in the waveguide mode on the
reflectors 22 and 23. Thus, the insertion loss can

further be improved between the resonance point and the

- 14 -



21 June, 2006 resonators are described below. As shown in_Figs. nd
15B, the thickness of a netal formng a bus bar 26 that gg#ﬁﬁ¥¥§gﬁgghe | DT
21 may be thicker than that of the electrode fingers 25. 5 As the bus bar
26 made of netal is thicker, the velocity of SAW propagated beneath the
bus bar 26 decreases. For a piezoelectric substrate having a recess

reverse velocity surface, a wavegui de .node of SAWis forned within the
resonator. As a result, the 10 SAWin the transverse direction (orthogonal

to the direction ofan§§\[‘vrgr8 %?ciation) is confined nore effectively, so
that the insertion 105s can $h&°*BE- i nproved between the resonance

poi nt and the anti- resonhddoyei an. Fid. AS,sknyi 8)&ttgodel GAngads 168,
dielectric films 2havdyghe ferghddoRaf NSe BUH LY 28 2 NS RKRIYHAe node

the arrangement shown in

can be fornmed in th |.hcl,ple _as that for
Figs. 15A and 15B, gé’af’ﬁfp%eg%l{gﬁgé?ﬁ? IGES dan e REmeBee ! s iRAEd
between the 20 r&8sofdREBIHAh@rgnaCt hinvakved dsoSaN cexqidiattionds Birown i n

Figs. 17A and 17B, dudieledatiredti fingedSs MY foen’ OREBH QYRR hEe 2df SO as
t the bus b t t fi 5, in th
el cotric fi1m 28 gt ra b harsFbEt I e kBHELfed o SRRLFeBRM T TR

dielectric film 28 on._t hefstbaz_ba[s
el ectrode fingers 25°FTHIYGCELURL%- | Thithe thavehpuldernshert cran Hurdhee
reason as that for P®elmpnovadgerfivet dushpwaléct fodss fih§érs HB snd 16A -

168. Thus, thel0 nsepgliea kosehearpy Wit Bebwhei) PiHvad . between the
' s . shown in

Frgs. 15A L 168, 1oA . 166 SoLFULTA & BYECRED TAACh N 66 CEOUeREh e o of
the reflectors 22% ) teda findre 4 isorfige c rides doldpeingAW vel ocity
beneath the bus bars of ¥aes nefISe@b®rs 22 35 and 23, and results in the
wavegui-de- mpde- on there wa is the pattern width ofaeeiecixuﬂeﬁxgxcf the

15 electrode fingers 25 for 9 excitabion. For wi(w, it is difficult to.
develop the waveguide mode of SAW in the IDT 21.
Further, some SAW may leak to the outside of the IDT 21
and the insertion loss may increase. For 70% < wd, the
space between the dummy electrode fingers 24 and the

20 excitation electrode fingers 25 is too narrow to
produce these electrode fingers lithographically.

It is preferable that the length d of the dummy
electrode fingers 24 meets the following condition:
, lxpi £d<4xpi .

25 where pi is the period of the IDT 21. For d < 1 x pi,
the SAW confining effect is weakened and the advantages
resulting from the dummy electrode fingers 24 are not
provided. For 4 x pi < d, the electrode fingers 25
have an increased resistance and the insertion loss

30 increases,

As shown in Fig. 19, the pattern width of the
excitation electrode fingers 25 may be made equal to
the pattern width wd of the dummy electrode fingers 25
at connecting portions in which the electrode fingers

35 25 are connected to the bus bars 26. The pattern width
of the dummy electrode fingers 24 is equal to that of
the root portion of the electrode fingexrs 25. This

- 15 -



reflectors 22 and 23. Thgs, the insertion loss can furth r_Re i ed
%ﬂk—ﬂ@%ggéﬁée

bet ween the resonance point and the - 14 21 June, 2006 a

point. As shown in Fig. 18, dummy el ectrode fingers 24 having a length d
may be provided so as to face the ends of the electrode fingers 25. The
dummy el ectrode 5 fingers 24 are not involved in SAWexcitation. The dumy
el ectrode fingers 24 formthe wavegui de node of SAW and the excited SAW
is confined in the resonator nore effectively. Thus, the shoul der shape
can further be inproved. The dummy el ectrode fingers may be 10 applied to
the IDT 31 shown in Fig. 14. Preferably, a pattern wdth wd of one

el ectrode finger erRgéhéHB’de%QUbnghE'&QFe&&uk@%bh%e%ft@%Wfﬂbkgmﬁng wa S
wd 5' 70% mhere i S, th_]f pat terg g one electro % Eg % of the 15
el ectrode fingef §C5%V BrEWFE EFFﬁtF R. E€ ot L £hPsSHFFEFRUTL to
devel op the mavégBQGESdﬁﬂef@ftSﬁWVFhEtﬁb0¢hwﬂ2Fhapﬁupﬁhefpr§bﬁé SAW may

| eak to the outsingdeowédthe IDT 21 and the insertion | oss may increase. For

70% < wd, th space‘z?_In esg égg gy §§5§§rgd§lggngf§sagé fgd 1?@ 20

excitation el ectrode oo narrow t duce these electrode

fingers I|thogr55ﬁi%%ﬁqﬁﬁ 4% apd 5?e¥%¥a§ﬁ qqﬁﬁ? FﬁetP@HgFHed of the durmy
el ectrode fingeepde2drometisngkesf bbvowrngt gondiinenthickgrpth8ndtiBd x pi 25

wher e pi i's the pesiRthPldrhechBT Zl‘l'xls':erarda‘El&nxd@\Peloﬁi]etf&A\W confini ng
effect is meakenedeaggmggpdadvgn egve£Q§ungn%,fion%tpg qug¥jqifctrode
fingers 24 are not - Jprovi-ded. For X 51& & eFectr dde fingers 25
have an |nc%%asﬁhl$e%qr§tr&ﬁ@éeanact%fépm‘é%?emtoﬁm 688 3@0%‘\%%%&%% shown
in Fig. 19, the patt érefeirdbhy ofthidieiezoelectric substrates of the

SAW resonators shown in Fig. 13 through 19 are made of
a piezoelectric single crystal such as 42° Y-cut X-
propagation LiTaOj.

15 Particularly, when the SAW resonators of the
present invention are connected in series, drastic
improvements in the shape factor can be provided. When
the SAW resonator of the present invention is applied
to a filter equipped with the SAW resonators such as

20 the ladder-type SAW filter, it is possible to easily
provide the filter with a higher shape factor and a
broader pass-band width.

The SAW resonator of the present invention is
suitably applied to not only the ladder type SAW filter

25 but also the composite type SAW filter in which a one-
pert SAW resonator is combined with the double mode
type SAW filter or a multi-electrode type SAW filter.
In such applications, improvements in the shape factor
as described before can be cbtained similarly. The SAW

30 resonator of the present invention can be applied to
resonators of a wave separator such as an antenna
duplexer.

Fig. 20 shows a SAW fiiter in which a SAW
resonator configured according to the present invention

35 and a double mode type SAW filter are combined. More
particularly, the SAW filter is a composite SAW filter
that has a SAW filter 30 as shown in Fig. 13 and a
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excitation el ectrode fingers 25 may be nmade equal to thezqaiter n?ﬂ gth wd
of the dummy el ectrode fingers 25 at connecting portions# e

el ectrode fingers 35 25 are connected to the bus bars 26. The pattern w dth
of the dummy electrode fingers 24 is equal to that of the root portion of
the el ectrode fingers 25. This - 15 21 June, 2006 arrangenent devel ops the
wavegui de node of SAWnore effectively and reduces the resistance of the
el ectrode fingers 25, so that the shoul der shape can further be inproved.
5 Although not illustrated in Figs. 18 and 19, the reflectors 22 and 23
may be varied so that the electrode fingers have root portions thicker

than the remai nidiglROMbHEONSAW TmM?s)V%Jl%taerBSdeNﬁi&PSth;@eré"’aaV:%gUi de node
of SAWeven on t e 2. an hi ri tes tq i nprovenent
ocaBth ﬁ* Sriefy SMng Sond e Tiker B bLs i Es mbde

in the shoul der ape era pi ezoe Sof the
SAW r esonat ors SHEWH Vi ntEP gDrli‘B“tﬁfhWG’@h and hpe e afy @hginsdoaldetric
singl e crystal suchhas 4zhMglcutegfeepodpagabrefsidnla@B.chkb 1Rar-ticul arly,

when the SA\/\lsresfqré@heﬁéy051341e TRECSER! r & NI OR0ALE g\QQQe egf'ﬁesegA\eAf

drastic i nprovemen e e factor_can, be prov

resonat or of the%%résen QVéﬁF' ﬁCtgrﬁpB? Ff %33 aThel PEF Etidpeth with
t he SMNVresonatGﬁsm§ﬁéwﬂa§ﬁ26hﬁﬁ@ Taddepot ype BANWISE,| eerd, twb is possible to
easily providereliesttbter3miand aohi ghes shape bactosrandma broader

-band w dt h, r N t i irSs t abl
gg;fiegntom% t O%EEQ AT QH%BQ& 9%3M?$Tp£?%§Qé§ %vg@ kgg bR he cd%p35|¥e

type SAWfTi erCPngﬁp%ﬁléK%ﬁb b@?t fempy e bl 68 P§QCSHBPH§HEQA¥% t he
doubl e node typaeSAVEY tteriropfacambt ¢lediextdesdehbypéoBAWhel TRT .31 I n such

applications, impeoyesBiHal i1Ainkheoshapg fAGLOr comb electrode of the
IDT 31 is connected to a terminal 48 for making an
external connection. The terminal 48 may serve as an
15 input terminal. The other comb electrodes of the IDTs
37 and 38 are grounded. One of the pair of comb
electrodes that form the IDT 36 is connected to a
terminal for making an external connection, and the
other comb electrode is grounded. The terminal 49 may
20 serve as an output terminal.
Figs. 21A and 21B show filter characteristics of
two SAW filters, each being configured as shown in Fig.
20. More particularly, Fig. 21B is an enlarged view of
a portion surrounded with a circle shown in Fig. 21A.
25 The IDTs 31 of the SAW resonators in the first and
second SAW filters have pattern widths of 50% and 30%,
respectively. The second SAW filter with the pattern
width of the IDT 31 equal to 30% has a filter
characteristic such that the sub peak is close to the
30  resonance point and the high-frequency side of the pass
band has a low insertion loss, as compared to the first
SAW filter. That is, both the bass band characteristic
and the shape factor are improved in the second SAW
filter.
35 The way of connecting the SAW resonator 30 and
the DMS filter 35 is not limited to that shown in Fig.
20. For instance, the comb electrode of the IDT 36
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as described before can be obtained simlarly. The SAW 30 resonat or o{ t he
present invention can be applied to resonators of a wave ch as
an antenna duplexer. Fig. 20 shows a SAWfilter in which a SAW resonat or
configured according to the present invention 35 and a double node type
SAWTfilter are conbined. Mdre particularly, the SAWfilter is a conposite
SAWfilter that has a SAWfilter 30 as shown in Fig. 13 and a - 16 21
June, 2006 doubl e node SAW (DM5) filter 35, which filters are cascaded in
series. The DM5S filter 35 has two nodes, nanely, the primary node and the
tertiary (third) node, and has a high degree of suppression on the low 5

f id W 0 |DT 1 th
o loctors 32 and e Reep oA TRIRAN O WPripDlz ﬂf?@d%% “37
and 38, and two SYIBHE LIS §§eaﬁBT4@)l ofe GPth‘éa?)%u rth? SRl diidet r odes

that formthe | D035 aipdngnéedf to hehpad rgrafl Y@ rodnblel@éctrbbles that form
tﬂe :g 3813 are cetm@enm? 3t70an@ngs of ﬁmesmal Ee%n&@é@s %@C@H@C{ﬁ%sfe%t fTogrln
t he v a e .ot her ectro

i s connected to ‘?éer%%%nahg% o<t Ef(‘ftnecpzcn EF’ gﬁﬁﬁ“ ) ﬁe%%l%hne DF#D
termnal 48 may g%%Rﬁé as - an“%%?qrﬁﬂm? f8KnraaPnatpes citHanasshtinel ect r odes of
the |1 DTs 37 andp3&ldard grosndey.béineldad tthe apgi 6f of he ombovet ect r odes t hat

formthe |IDT 36 m&&%@acgggu&x@u@este&ﬁbngkwfpéscr@%a&g AN X 8kNghy
connecti on, andt ot he onb el trodefjélgia gég . The, “term nal 49 may
2

20 serve as an ou p&F Féfﬁf 4F S YD 34 S LR

characteri sti%s of tﬁ\od@ﬁlvlfﬂtllt@r &ildashvbes ngi eonfafywrase &xagkd®m in Fig.
20. More particubfardng, skWgfiPddr iscarddnbargedhyipye oint ai padition .
surrounded w th ghgggcbgaﬁppgp in Fig. 21A. 25 The IDTs 31 of the SAW

r nators in the first a
€so %h Ehrst example is a ladder type SAW filter of

800 MHz band in which only the SAW resonators arranged

15 in the series arms are configured as shown in Fig. 13.

Referring to Fig. 22, the first sample has the
42° Y-cut X-propagation LiTaO; substrate 10 on which
three SAW resonators 41, 42 and 43 are arranged in
series arms and three SAW resonators 44, 45 and 46 are

20 arranged in parallel arms.

The SAW resonators 41 and 42 (symbol S° is added
to for the conveniences’ sake) are configured as shown
in Fig. 13 and have the following specification: the
period pi of IDT = 4.670 pm, the aperture length of IDT

25 = 62 um, the number of pairs of IDT fingers = 94, the
pattern width of IDT = 30%, the period pr of each
reflector = 2.825 um, the number of fingers of each
reflector = 40, and the pattern width of each reflector
= 60%.

30 The SAW resonator 43 (symbol S is added thereto)
in the series arm is configured as shown in Fig. 13 and
has the following specification: the period pi of IDT =
4.670 um, the aperture length of IDT = 78 um, the
number of pairs of IDT fingers = 151, the pattern width

35 of IDT = 30%, the period pr of each reflector = 2.825
pm, the number of fingers of each reflector = 20, and
the pattern width of each reflector = 60%.
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second SAWfilters have pattern wi dths of 50% and 30% resgectivelé. The
second SAWfilter with the pattern wdth of the IDT 31 eq as a
filter characteristic such that the sub peak is close to the 30 resonance
poi nt and the high-frequency side of the pass band has a |ow insertion

| oss, as conpared to the first SAWTfilter. That is, both the bass band
characteristic and the shape factor are inproved in the second SAW
filter. 35 The way of connecting the SAWresonator 30 and the DVS filter
35 is not limted to that shown in Fig. 20. For instance, the conb

el ectrode of the IDT 36 - 17 21 June, 2006 that is connected to the
terminal 49 in Fig. 20hmagAberecaneatedst antthes| SHr3dged nid Kike case, the

signal line 50 %%?é%%@ﬁe%Eﬁg quﬁgﬁifﬁéﬂyg a%%%gi?ﬁ réd.la pgraér%yﬁgnthe

| DTs 37 and 38. resqnat ors resen Lnvention na e

eF.SAW of the p f

connected to botH' t'edn RaPBooPfaYhet BRE O FioMiap SBECAFL6At ke AW
resonators arrangediddipipafalPel=at m2hrayn,béhaddedrtoraniemitht ke dbdve-
mﬁnti oned st raucturgs. p-lﬁhetﬁé\vvllﬁwo giprpa?l(}snay b@rlp?flyng@fbs tilngt,rlg?gures
shown in Figs. 14 .througk : le i pLi,on_w now iyen of some
exanpl es of thépastl,bt\%/t?i P?cei}lga%%o%% ne Sf’t%rc?'t tﬁégp?eegle%. ?%v%‘ﬁtelqac?\r%’. (First
Exanpl €) The firttIecaRpl & 3% IHddihe pyBPsARE | Firgert oBEGSHz band in
whi ch only the SARfleetonatof8, aandinged patbern thétisest emar mefaeetor
configured as showpsin Fig. 13. Referring to Fig. 22, the first sanple has

the 42 Y-c X- prop ti Li TaQB substrate 1 which three SAW
resonat ors Z{? 42 and 3 AL CARGE ?%\ ?%}ér?l?ogs%gﬁ?s G ﬁﬁs&%ﬁ/\/
resonators 44, 4% iR8 BeratEel Frmarisasgedipnredras |€iowr s Fike BAW

resonators 41 armhddBagsymbofo S owisigadgedifioafdin i hehe prtdridepiest sake)
are configured a$mshown790 ym, the aperture length of IDT = 80 um, the
number of pairs of IDT fingers = 75, the pattern width
15 of IDT = 60%, the period pr of each reflector = 2.395
um, the number of fingers of each reflector = 60, and
the pattern width of each reflector = 60%.
The SAW resonators 41 - 43 connected in series
{arranged in the series arms) and the SAW resonators 44
20 - 46 connected in parallel (arranged in the parallel
arms) are arranged in a zigzag formation. The SAW
resonators 44 - 46 are arranged so as to avoid
positions on imaginary lines continuous to the SAW
propagation paths of the SAW resonators 41 - 43.
25 Similarly, the SAW resonators 41 — 43 are arranged so
as to avoid positions on imaginary lines continuous to
the SAW propagation paths of the SAW resonators 44 - 46.
Fig. 23 shows frequency characteristics of the
SAW filter of the first example and the conventional
30 SAW filter equipped with only the conventional SAW
filters as shown in Fig. 2. A solid line shows the
frequency characteristic of the first example (shown as
“Invention” in Fig. 23), and a broken line shows that
of the conventional filter. It can be seen from the
35 graph of Fig. 23 that the sub peak comes close to the
resonance point in each series-arm SAW resonator and
the right shoulder portion of the pass band has a lower
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in Fig. 13 and

have the foll owi ng specification: the perkgd E (&ngﬂ':
4.670 pm the aperture length of IDT 25 = 62 pm the nunb 1 of I1DT

fingers = 94,

the pattern width of IDT = 30% the period pr of eac

reflector = 2.825 pm the nunber of fingers of each reflector = 40
the pattern width of each reflector 60% 30 The SAWresonator 43 (
is added thereto) in the series armis configured as shown in Fig.
has the follow ng specification: the period pi of IDI = 4.670 pm the
aperture length of IDT = 78 pm the nunber of pairs of IDT fingers
the pattern wwdth 35 of IDT = 30% the period pr of each reflector
pm the nunber nisditiger o6k vacketeideadher pat2@rnakddtkher patd erorsm dt h of

each refl ector
arranged in th

e

P' i s adde

aral lel arns_ (sypbo her et o r
in Fig. 2 and HavgPPﬁé—EBPgoV}ﬂéhstﬁxﬁ?Q%ﬂfPﬁgnénghﬁgep%??%% {%cQﬁrl
4.790 pm the aperdrgséirehngyhimpreB S5 = 100 pm the nunber of pair
fingers = 131, {dwonpaktkemnplay dth of I DT = 60% the period pr of each

reflector = 2395 piyLhe. DUTPSL 811 g0 o) 2 sachypd SldPeiigi ey 49

the pattern width of eac ,
i s added theret®)® GHZ PARApuhared? EyamSPY E6APRALPEE ABTIPHHh 4™

resonat or.

h

, and

synbol
13 and

= 151,
= 2.82

5t 6 s’er}tgs—g}m‘]ygs n CQ& %a A\é/é; egnat ﬁgsa4§e§1@f’t 46

e as shown

DT =

S

5

s of IDT

, and
synbol

Yheg. 2,

and has the foldequiengaspecsfe catnOigurtele ageshodnpinofig) OB = 4.790 pm the

aﬁerture Ieng_tg of gmfa%%dorﬂ&yl@{h@unb@ﬁe giemc]g ssmphlleDEfa}‘sl @tﬁers

the pattern w of LDI = ) periaod. pr of e refl ector
g T FPRBk A Rronttn iy Laleh: o Shate  ph

pm the nu
each refl ector

ffngers reflecto (f'
thrgeys M hEe SAW t @S rdt-oPg a1d- SA3REPmeedrdPd dlseri e

(arranged in thersesi esmaransd g AW r8AVhaesonal Drandlds6 are

15

20

25

30

35

arranged in parallel arms. _

The SAW resonators 51 - 54 in the series arms
(symbol S is added thereto) are configured as shown in
Fig. 18, and have the following specification: the
period pi of IDT = 2.1il15 pm, the aperture length of IDT
= 44 pm, the number of pairs of IDT fingers = 161, the
pattern width of IDT = 35%, the period pr of each
1.0575 pm, the number of fingers of each
reflector 160, the pattern width of each reflector =
50%, the length of the dummy electrode fingers 24 (Fig.
18y = 2.115 pm, and the pattern width of the dummy
electrode fingers 24 = 35%.

The SAW rescnators 55 and 56 (symbel P’ is added
thereto) are configured as shown in Fig. 2 and have the

It

reflector

following specification: the period pi of IDT = 2.160
pm, the aperture length of IDT = 60 um, the number of .
pairs of IDT fingers = 75, the pattern width of IDT =
50%, the period pr of each reflector = 1.080 um, the
number of fingers of each reflector = 160, and the
pattern width of each reflector = 50%.

Fig. 25 shows frequency characteristics of the
SAW filter of the second example and the conventional
SAW filter equipped with only the conventional SAW
filters as shown in Fig. 2. A dotted line indicated by

@ shows the frequency characteristic of the second
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20 - 46 connected in parallel (arranged in the parallel argi) arei?ﬁrfnged

in a zigzag formation. The SAW resonators 44 - 46 are arr to
avoid positions on imaginary |lines continuous to the SAW propagation
pat hs of the SAWresonators 41 - 43. 25 Simlarly, the SAWresonators 41 -
43 are arranged so as to avoid positions on imaginary |lines continuous to
t he SAW propagati on paths of the SAWresonators 44 - 46. Fig. 23 shows
frequency characteristics of the SAWfilter of the first exanple and the
conventional 30 SAWfilter equipped with only the conventional SAWfilters
as shown in Fig. 2. Asolid line shows the frequency characteristic of the
first exanpl e (shamplaswithnvestpatt'edm wEidgh 23kalatd 35Hrokemidi s, shows
that of the COnYRNLI gBBkehl |18l 1ddiLaRPBySELUNGLAMALE 5P &E%ph of Fig.

23 that the sub peak gones close to t $ onance poirnt in e serles-arm

SAW r esonat or ad®™"ER& PRYht T 5hoi def ﬁﬁ}f ot AN GESS Ban® FROVE | ower
- 19 21 June, 2066 frpageer¢vrchassterissici a§ the patent rexsingtile dgthathe | DTs

of the series- amnsr espaators woual do 33@‘V<anASt1aer@&Mﬁ§,e1écftemQﬁSS band
WOt L broadenad @nd sieashapsd ARLoGay rggﬁ%cgﬁ%'% T LY epe (Second

Exanpl e) The second exa I's a | adde ter of band
wherei n the SAWSEELBAat % arranged in the series arns are conflgured as
shown in Fig. 18. Ref¥®rrdang beo skeg. f24n tie gegindsaipl.e 2bashbhethd0 42

Y-cut X-pr opagatsh;@npgaiaganéybﬁt&s@t RolOneNn- b edhcd fgcﬁ%tS&W gggnators 51,
52 and 53 ang arr? ? d.ih g rles arns ggg {wo qy qtors 55 and 56 are
arranged in pararlel - aris. ~Ahé F8SoRAT ofF &% 5T M5 AN AH7é B8F &8 arns 15
(synbol S is ad@édtPRepatd)bairh h@énﬁl 4ored BeseHoWwm ilesseiby. se8timgd have
the foll ow ng spéei pattirommidtie of the IDTs of the series-arm

resonators equal to 35%. Further, the dummy electrode
fingers 24 added to the SAW resonators 51 — 54 in the
15 series arms further improve the insertion loss of the
right shoulder portion. As a result, the pass-band
width is broadened and the shape factor is drastically
improved.
The present invention is not limited to the
20 specifically disclosed embodiments and variations, and
other embodiments, variations and modifications may be
made without departing from the scope of the present

invention.
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period pi of IDT = 2.115 pm the aperture length of IDT =4 m

nunber of pairs of IDT fingers = 161, the pattern width 1 €, t he
period pr of each 20 reflector = 1.0575 pm the nunber of fingers of each
reflector = 160, the pattern width of each reflector = 50% the |ength of

the dummy el ectrode fingers 24 (Fig. 18) = 2.115 pm and the pattern width
of the dunfipatigckémedide fingers 24 = 35% 25 The SAWresonators 55 and 56
(synbol P is added thereto) are configured as shown in Fig. 2 and have
the follow ng specification: the period pi of IDT = 2.160 pm the
aperture llengt hA ddddeBlype sbfaqemcotdtie wavelfidter obmpripag:r s of | DT fingers = 75,
the pattern width of |1DT = 30 50% "lfaz}ea %&riod pr of each reflector = 1.080
pm the nunber?® BFZqelsslis whgirategq T‘f‘ i or = 160, and the pattern w dth

of each refl ector,5ud¥avei(SAWPrSSRNG Ha{rﬁg%riﬁ%rcﬁél?arl?r%ﬁful:&tﬂoﬁﬁec%nt he
SAWTfilter of the second exanple and the c I

nventi ona 35 SAWfilter

equi pped wh¢ hicoodlscttih eulstateewheremethe SMendigitat earsdaersitisfiesi n Fig. 2. A
dotted line indicated by 0 shows the frequency characteristic of the
second - 20 21 June, 2006 exanple with the pattern width equal to 35%in
Fig. 25, and & bspkew LpnagLi ndicated by 1Q shows that of the conventional
filter. Asolid line indicated by 30 shows the frequency characteristic of

the second exanple that 5 has a pattern width of 35% and the dunmy

. 1t can pevided? RSyl ARG RO8L Bb gy b i R s BeiRET - C°

close to th@sdiReHNAACE iPQI Rhethnofetehink@digRill @snsaider SAW desaivat of Samd t he
ri ght shoul der portion _ of the pass band has a |lower insertion |oss by
setting tMHeragatien vheRidt h of the I DTs of the series-arm resonators equal

to 35% Furt herthe Erﬂ&dWaﬁhﬁg&ﬁQQE single electrode arrangement; and

a pattern width wa of the electrode fingers that form the interdigital transducer

satisfies:
15% <wa <25%
2. The surface acoustic wave resonator as claimed in claim 1, wherein the

interdigital transducer is formed by a metal film and has bus bars thicker than other

portions of the interdigital transducer.

3. The ladder-type surface acoustic wave filter as claimed in claim 1, further
comprising a dielectric film provided on bus bars of the interdigital transducer,
wherein the interdigital transducer has a surface portion in the absence of the
dielectric film,

4. The surface acoustic wave resonator as claimed in claim 1, further comprising
a dielectric film provided on the interdigital transducer, wherein the dielectric film
comprises a first portion that is provided on bus bars of the interdigital transducer bad

is thicker than a second portion provided on the electrode fingers.

5. The ladder-type surface acoustic wave filter according to claim 1, wherein the

electrode fingers that form the interdigital transducer have an identical pattern width.
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fingers 24 added to the SAWresonators 51 - 54 in the 15 series aEﬂ?
g%#ﬁﬁﬁhfﬁggza

further inprove the insertion loss of the right shoul der

result, the pass-band w dth is broadened and the shape factor is
drastically inproved. The present invention is not limted to the 20
specifically disclosed enbodi mrents and vari ations, and other enbodi nents,
variations and nodifications nay be mnade w thout departing fromthe scope
of Lhe pregent AlSMER!iRlsticiartBinafd3mMiahgl o claimed 1s: 1. A

| adder-type surface acoustic wave fﬁ ter onp§|3|ng: a piezoelectric
substrate of LidpBpelentde substeteustd c wave (SAW resonator having an
interdigital transducer forﬁggpﬁn t he %jezoelectrlc.ﬁubst ate, wherein the
i nterdigital trahaccls ekt (SARddesqpatos Beying ay terdigisgl R ECWTAERe. ¢ of al
of wi dths @f idbldigleahfideefshfigriss that formthe interdigital transducer
and L is a length of the interdigital transducer in a direction of SAW
propagation, wherein: the interdigital transducer has a single el ectrode
arrangenent; an p rn,wi dth wa of the electrode fingers that formthe
interdigital tr@ﬁg&ﬁg r§0§§ﬁ15fies: 15% <wa < 25% 2. The surface acoustic
wave resonator as clained in claim1l, wherein the interdigital transducer
is formed by a netal filmand has bus bars thicker than other portions of

t he i nterdigi t avheteaWs suthertotad of Thidthsaelfall elsgireds dimgearscthalc Busy the Weve
filter as gl ai ' | ai furthe - i S a. di [ | L
provi teo o Rt fgt ek AT e of Boichs ofPIPIAS R By Wl
i nterdi gitdirectionns §AGe prdpagationsur f ace portion in the absence of the

dielectric film 4. The surface acoustic wave resonator as clained in claim
1, further conpPheiehy the, elgepds dingerst thapnfpimyhe datesheita elranstlesedi 13Vl

transducerdfﬁﬂﬁq it beggiel ectric film conprises a first portion that is
provi ded on bus Ears (t)l? tlfie interdigital transducer bad is thicker than a

second portion provided on the electrode fingers. 5. The | adder-type
surface acgustig¢c wave filter, according to claim1, erein the .
9. %he surface acoustic wave resonator accorging to cla\{\r@l 6r ?ur%ler comprising

reflectors arranged at both sides of the interdigital transducer.

8. The surface acoustic wave resonator according to claim 6, wherein the

piezoelectric substrate is made of 42°C Y-cut X-propagation LiTaOs.

9. The surface acoustic wave resonator as claimed in claim 6, wherein the
interdigital transducer is formed by a metal film and has bus bars thicker than other

portions of the interdigital transducer.

10.  The surface acoustic wave resonator as claimed in claim 6, further comprising
a dielectric film provided on bus bars of the interdigital transducer;
wherein the interdigital transducer has a surface portion in the absence of the

dielectric film.

11, The surface acoustic wave resonator as claimed is claim 6, further
comprising a dielectric film provided on the interdigital transducer, wherein the
dielectric film comprises a first portion that is provided on bus bars of the interdigital
transducer and is thicker than a second portion provided on the electrode finger.
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el ectrode fingers that formthe interdigital transducer haég Eni:ﬁaﬁgcal
pattern width. 22 21 June, 2006 6. A surface acoustic wav

conprising: a piezoelectric substrate; and an acoustic wave (SAW
resonator having an interdigital transducer, wherein the interdigital
transducer satisfies: 0.15 L < W< 0.45L where Wis the total of w dths of
all electrode fingers that formthe inter digital transducer, and L is &
length of spid atglgasiconst \i\rmeetﬁgdrgi&%l)mgﬁﬁﬂ ducer in a direction of SAW
propagation, wherein the electrode tingers that formthe interdigital
transducer haveapezddlerteasutpabteeamd Wi dt hs. 7. The surface acoustic wave

resonat or according to cl ai further conprising. reflectors arranged at
both sides of tHEATWSES Hays A L T S N A R

resonat or @cGAEREi AR han&ludiitafisfidgherein the piezoelectric substrate is
made of 42C Y-cut X-propagation Li TaO3. 9. The surface acoustic wave

resonator as clainmed in claim®6, wherein the interdigital transducer is
formed by a netgl Eh%SQQQP as bus bars thicker than other portions of the
interdigital tr he — 107 The surface acoustic wave resonator as cl ained
inclaim6, further conprising a dielectric filmprovided on bus bars of
the interdigital transducer; wherein the interdigital transducer has a

surface portionwheretWds tigdetatel widthse! allgleqtiode fingemsithanform theTpisrdigital ace
o | b D A . e
el ect ri cOVBAESOAR! 1158 1L BF fhe Bl HandlEdr o RETRA 51 S

di el ectri cpifophgatieanpri ses a first portion that is provided on bus bars of
the interdigital transducer and is thicker than a second portion provided
on the el ect r oder $uskpes . acoustiz wayp desopgins fpthern camprigipg Huwn¥  slectipdee

resonat or ﬁﬁ’%ﬁg%i bilfed s8 R "r‘&%&cfe%ﬁésj 6f SHO S AbRe fﬁ%%rsan QEQEE{eehﬁgi‘f\ﬁve

(SAW resona aving an interdigital transducer, erein
i nt erdi gi tahnstingens svhessin ght | g : el@trbib igeryd hhvevae pattod | widtthevd obal of

wi dths of all .electrode fingers that formthe interdigital
satisfies:

wa <wd < 70%

where wa is a pattern width of the electrode fingers involved in SAW

excitation.

13. A surface acoustic wave resonator comprising:
a piezoelectric substrate; and
an acoustic wave (SAW) resonator having an interdigital transducer, wherein

the interdigital transducer satisfies:
0.15L<W<045L

where W is the total of widths of all electrode fingers that form the
interdigital transducer, and L is a length of the interdigital transducer in a direction of
SAW propagation,

the surface acoustic wave resonator further comprising dummy

electrode fingers provided so as to face cods of the electrode fingers of the interdigital
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transducer, and L is a length of the interdigital transducer in a direction
of SAW propagation, the surface acoustic wave resonator f@ﬁ@g’%i si ng
dummy el ectrode fingers provided so as to face ends of the el ectrode
fingers of the interdigital transducer, wherein the dunmy el ectrode
fingers have a pattern wdth wd that @ satisfies: wa<wd<70%.where wa is a
pattern wi Badagers whergindbe dupmyrelergeds finggrs hawe lenetAhacseliliesii on. 13. A
surface acoustic wave resonator conprising: a piezoelectric substrate; and
an acoustic wave (SAW resonator having an interdigital transducer, wherein
the interdigital xtpi gnsddogpi sati sfies: 0.15L<W0. 45L where Wis the total

of widths of all el ectrode fi ag?rs 1 ha({. i1(‘11;ﬁrm %&g interdigital transducer,
and L is a | engt’Remsd! iieinstigd of Hiedaterdip B n a direction of SAW
propagation, the surface acoustic wave resonator further conprising dummy
el ectrode fingers provided so as to face cods of the el ectrode fingers of
the interdi4ital lagder2ipeluniage 2006t wavesiliereompwbiegei n t he dummy el ect r ode
fingers have a | engt .that satisfies:. 1,xpi<d<4xpi where pi is one period
of the interdig??5%°$?cﬂgaﬂ§8F@({ }Tﬁj*ﬁ er-type surface acoustic wave

filter conprisi AgacoustiPwaEOE WY FdsenRoDEdvira & @ferdietaA@insdndr AfmagoHSt i C
wave (SAW resonator having an interdigital transducer fornmed on the
pi ezoel ect thediezgplsetrigrbbstigfier ei n the interdigital transducer satisfies:

0.15 L < WK 0'@?&%\4@5%%}1&@& Hgtastd%eq‘lsat‘{‘éf% hs of all electrode fingers
i Igrta

that formthe inter ransducer, and L is a length of the
interdigital transducer in a direction of SAW propagation, further
conprising du el ectrode fingers provided so as to face ends of the

el ectrode fingggé5éffyﬁé(vﬁﬂerdigital transducer. 15. A | adder-type surface
acoustic wave filter conprising: a piezoelectric substrata of LiTaG3; and

where W is the total widths of all electrode fingers that form the interdigital
transducer, and L is a length of the interdigital transducer in a direction of SAW
propagation, further comprising dummy electrode fingers provided so as to face ends

of the electrode fingers of the interdigital transducer.

15. A ladder-type surface acoustic wave filter comprising:

a piezoelectric substrata of LiTaOs, and

surface acoustic wave (SAW) resonators that are formed on the piezoelectric
substrates and are electrically connected in series,

each of the SAW resonators having an interdigital transducer that satisfies:
0.15 L<W<045L

where W is the total of widths of all electrode fingers that form the interdigital
transducer, and L is a length of the interdigital transducer in a direction of SAW

propagation.

16. A ladder-type surface acoustic wave filter comprising:
a piezoelectric substrate of LiTaOs; and

surface acoustic wave (SAW) resonators that are formed on the piezoelectric
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surface acoustic wave (SAW resonators that are fornmed on the Ei ezoel gctri C
substrates and are electrically connected in series, each e
resonators having an interdigital transducer that satisfies: 0.15 L<WO0. 45L
where Wis the total of widths of all electrode fingers that formthe
interdigital transducer, and L is a length of the interdigital transducer
in a directibiresiecamally spansatpdtin serics16. A | adder-type surface acoustic wave
filter conprisipg.: pi Ct.Ik Gy Staradise L TaCB: and - .

acoustic wave ( Ara‘gs%)eﬁéﬁ%rng Erﬁg@l%% ?éfvyreﬂgé%&t{)%eehg&ngz%gllgﬁél fci§125 21
June, 2006tramddluadrehatiseddffescal |y connected in series, the SAWresonators

i ncluding a SAWresonator having an interdigital transducer that

satisfies: 0.15L<Wk0.45L where Wis the total of widths of all electrode
fingers that fogpmstihey teg4i gital transducer, and L is a length of the
interdigital transducer in a direction of SAW propagation. 17. A surface
acoustic wave filter conprising: a double node type surface acoustic wave

(SAW filter and.,a |adder-type. SAWTfilter electrically.connected thereto,
sai d | adder -t yp&’hgs&v@’%? Breot ghpidt ?ﬂ%algg]ﬁ?%%‘gé%”ééfsﬁhﬁgfgmi]@%%#eé 4L Tacs;
and an acgysdduSerad® 1( 2 WWlel RS @FahO Ent@@\ilfé%&g t@fsdudbe i h Gifedlion barsxdycer

formed on the piezoelectric substrate, erein said at |east one

i nt erdi gi t atopagatmeducer satisfies: 0.15 L < W< 0.45L wherein Wis the
total of wdths of all electrode fingers that formthe interdigital
transducer, and L is a length of the interdigital transducer in a direction

of  SAW pr opagatal QifaceBeoustic wave filter comprising:
a double mode type surface acoustic wave (SAW) filter and a ladder-type
SAW filter electrically connected thereto,
said ladder-type SAW filter comprising a piezoelectric substrate of LiTaO;;
and
an acoustic wave (SAW) resonator having an interdigital transducer formed on the

piezoelectric substrate, wherein said at least one interdigital transducer satisfies:
0.15 L <W<045L
wherein W is the total of widths of all electrode fingers that form the

interdigital transducer, and L is a length of the interdigital transducer in a direction of

SAW propagation.
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