; VW\e3eQNl (67 T69TI TLE OF THE. | NVENTI ON SURFACE ACOUSTI C DEVI CE BACKGROUND OF
THE INVENTION 5 1. Field of the Invention This invention generally relates
to a surface acoustic wave device that enploys a piezoelectric material,
and nore particularly, to a surface acoustic wave device having nultiple
interdigital transducers 10 (hereinafter sinply referred to as IDT) on a
pi ezoelectric_material substrate (hereinafter sinply referred to as
plezoelectrldzgﬁkétggtgg——éﬁzﬁﬂgééﬂpt|on of the Related Art In these years,
t he above-nmenti onedSURPCDfAABUSTICeDEVRAECh IS conposed of surface
acoustic wave (hereinafter referred to as SAW device having nultiple |IDTs
on the plezoelectrlc substrate has been enpl oyed for a bandpass filter in
a tel evi si on BAEKEROINE QFf FERUANFENTARNe of 30MHz to 400MHz and an RF

filter in520 a nobile tehgpﬂppexmawm@gz@véﬁ@g@@ncy range of 800MHz to
several GHz. An | D[ i.ncl.udes ,a trodes. Each comb-1i ke

a e
el ectrode is conpod@ds OFQ¥QQE54iﬂg%ﬂﬁF% t?%ﬁ%t??négrg RAVIAGSFirst edges
connect ed t o atmudsc beavandesiéconthatigespilbats ar @iZEagpemt A pair of
comb-like m‘%ﬁfé%@@l'SaﬁﬁrQBQ@dP§9tEEaﬁaEhg elkecty g fddwelSoedc{he

comb-li ke el ectrodes are alterna ¥ crosse i nterl| eaved at requl ar
intervals. | Hafheieibrashayhedi fre PBét?ednéleéé‘tlrg&&é‘Jt iTpsreduger
<+al ter nat ey condesi ediftort wompug baférrAdSQOSA%/E$Igemﬁrated by applying an

al ternating vol{ age ot 0ps hhecPRL( ofycaulsl gﬁe@eq e o e pAW has 2

frequency response avin e5|re Frequen
characterlst|%ef%rﬁ%@aF%a@ﬁePlF?991§C§ﬁéWsS&bﬁtﬁﬁéﬁ wi th the SAW Japanese

35 Pat ent Appli catizqn Pmﬂégaﬁlgah$ﬁ)oﬂikﬂé7§§1§h@aengafter referred to as
Docunment 1) discloses this lter. Refer g O&, there are -

De of fi i N
T anged o firdt TISPA0ISar G o EPREE I BRB SRRt s RS 8fona 1 DT 30 on
a pi ezoelléct ritl sebstwlatehlisThemppsst POT s facke aponatdl @lwaye ode 20, and

the second | 1hé¥bf%£%@9£a£§9ék¥earEénQ%dshﬁ a gdiviied iy iy tﬁﬁi@&ﬁ%@“
propagation. The ground electroi i S abran ed bg@yeiﬁﬁghe f| EW 10

and the seconPTHPBOhEPIEAGS ?CﬁréﬁléP s&rater Wl?@H
serves as an fopus ehedpasdeff{dtenutiput ekédetrieden st tHwviserond IDT 30

serves as anéfHé§yéngleE£ @QGOQOPOMHQU% 1QO%Pg%tr8Q§%HI}ﬂ§ frpuhd gl ectrode

20 prevents ona neti ¢ cou | DT 30. Al so,
the grourf eladtelobke 2be1§pla@nangéalaa 8 frrPaUeRcor demd® P KRAHIHE he SAW
that travel s.f4 omtétﬁal DAui0 (o tihe 1A913@3sf aopubei ag E:@fnlbeﬂlleﬂa by the

70" ncl udes. & B5 TR Bontl Tk AEct Bt TBA-ARASLOB, CHABOROM A e

el ectrode 1Oabm$1dl>mle@n@ bhgcbaod¢2£lag@rﬁuhtawpm dligstty @jtgefs ngers 1l4a.

The 20 conb- Ié&en@&@@areéetﬁebbagsgaknghad%%c@n@%d%s Wn @ngheanul tiple
eleciro

3 i ngers 14b es o i e glgctro eaf|g§¢%§ 14a face
t hose of “Che %%tr&ﬂé“ﬁﬂﬁd%? T R AT EEPEFEr F8dAFE RISV & appi ng
parts or crostshaty plostéebastrdde 6magbapppﬁgtparm©mmihﬂka electrodes
are alternately crossed or interleaved at regular
intervals. In other words, the interleaved electrode
fingers are alternately connected to two bus bars. A
30 SAW is generated by applying an alternating voltage
across the pair of comb-like electrodes. The SAW has a
frequency response by which a filter having a desired
frequency characteristic is obtainable.
Fig. 1 shows a filter with the SAW. Japanese
35 Patent Application Publication No. 10-41778
{hereinafter referred to as Document 1) discloses this
t%pe of filter. Referring to Fig. 1, there are



25 interleaved el ectrode fingers that face each other are involved in
excitation of SAW As shown in Fig. IA an electrode finger pattern is

wei ghted. The el ectrode finger pattern is defined as a pattern forned by
the el ectrode fingers. The el ectrode finger pattern nay be 30 wei ghted by,
for exanple, apodization. By this apodization, |engths of the el ectrode
fingers in theroyegeédppi hgrpar L8T( h8r eangtbeandr efleatethde s, apedttare

| engt h) vary pagatj. o e it leng are
ol atively Srplions FREPRIchhrR, BRBEEREErr s SRR, SIS ki ch i

defined as snkt¥SovErT apPr nfh EaBFgun%etlﬁé?téf)ﬁi@r 2Rand@nd HO QWL | engt hs
are relativel JpT ap@eane odifatbrtignbetraatyetihen a2 dlredtD'bnl(bf Thiee apert ure

length is spr E)%PQS%%QQ-‘LS%CI tAt O@ﬂ&@%%q_é%gtrg grgBor Rl Png SAWS

are generate e cénfer 0 an V\eak gener at ed
in the vici mkveg/tmerbotheeﬁdssbf IPKelS BDR tbe 15I¢é30ﬂ“1decﬁ§1hc35p:ch%$@c3elegl stic

rr:ay Pe gl t]gereéisbé/ %ﬁ@%nteléteerbs@bghtm?adegegtzggwomto Ee@tvE%Ba%héw@ Sn

el ectrode finger ern that ,is wei ed by apo i.zati n_apodi ze

el ectrode or g’ﬁ?“‘ge‘ﬁ ?%Erﬁiq el BEt PBH uf SlEFLEAG aé’r‘fpeqi}eectsr% f nger 10
pattern that IBTwedghtedebyaapedi zatpan. eReterrmdmg tor HimgputdB, there is
provi ded 8 A EELEpde | NORC RALOGHA DAULEGoLE! Qb'é%%eh%g over | appi ng

“ engt hs (‘aperture eng hs e_el ectrode around the_center of
the IDT 10 (vieBtFenagne %6dCPBP&§nﬁaP§ tHEe)D o%olefb‘btqfh%.%%% ¥ the
main | obe, ti®Ieoarenprgrodrd glktitpbaeebectisode famger qratd etist hwing the

aperture Ien%h&ethtat are _sh rigr than+t, %setr%fv 1@9 %npé %Deliﬁ.]\:l\:hi his

referred to as side ?o%r Y hhe aperture 'engths cone shorter as
el ectrode fi ngex stfgetIQ'D aﬂbséromob?hegeﬁé§ @fCtteh‘]ehYD'IU@ grfrdri ng to

Fig. 2, a5rralé11é@@§oaé pochydesetiraenhokes + nBwa rgeaand; dobase 22par e
provi ded on (ﬁh sides of the main |obe 21. Small el ectrode finger

over | appi ng p ks 23 are provi ded between the three nain | obes 21 and
bet ween 25 t he mai MhebEDR1l@ninthedsecangdalicbef22zomBerdrks |adeqthieodsml |

el ectrode finges QyerigRDI NghPassin 281 RECUPYBPoli8 8BaPEHeaMasd 4 he entire

el ectrode finger pattern. It 1s_general _.in design .to have suff|C|ent

i mpul se respons® }??ﬁel%ﬁdaadhm% oPd8r eéLie&érloélﬁe EiRosF or tdain a
favorabl eof i | ¢@fbehakacteecsrbdeoflObhaelSAWidedinces Refrers il bb:blk amd Fi g.

| A, the I1DT n C i e r %Oﬁﬂrﬂt er, the
I DT 30 is no 39‘1?{’3‘%%& gi%’??ﬁaepﬁhﬁgéﬁeg{mﬁo%ﬁ?héE%BT%%é%fo hat is, all
the el ect rodec¥¢abEedehinaansi ddat Fase sheskamdi idd SHRIETIM s el ect r ode
pattern is refergefst 04aBS dhNErMBLEkzedrereetr ade patdwitl.agiithg Bartst he

| DT having the alorenenti oned;Bakt e il Sob &l Lp8inb0pdsed 1Y Ml ! DT-

25 interleaved electrode fingers that face each other are
involved in excitation of SAW. As shown in Fig. 1A, an
electrode finger pattern is weighted. The electrode
finger pattern is defined as a pattern formed by the
electrode fingers. The electrode finger pattern may be

30 weighted by, for example, apodization. By this
apodization, lengths of the electrode fingers in the
overlépping parts (hereinafter referred to as aperture
length) vary in the propagation direction. The
aperture lengths are relatively small in the vicinity

35 of both sides of the IDT 10, which is defined as small
overlapping parts. On the other hand, the aperture
lengths are relatively large around the center of the



The bus bar 12a of the IDT 10 is connected to an el ectrode pad 15. The bus
bar 12b is connected to an 5 el ectrode pad 16. The bus bars of the IDT 30
are respectively connected to electrode pads 17 and 18. A filter with the
above-nentioned configuration serves as a bandpass filter. However, there
is the problemin that the abovelO nentioned conventional SAW device does
not have a sufBT cl@nt|Thd srgrer St opbbengtlt t eauRL DAL tSOMRARYOOF THE

| NVENTI ON The, s pegeiloh NYEBLLORLWaS Boere Fade, Iehw ew:8hBafie ahove

ci rcunst ances and provi des the devi ce havi n Irﬁ)e
attenuation. IRRSFeTRY #HCURdatpecEeBFeLne plté@er;t ntd W‘Tahlére is
provi ded a swz&meaﬁ@ogéﬁecamadelﬁs;&h\k d’&‘d:ll@l&tlyﬂ@lﬂ.ld:ldtgl 33rﬂi£2@ﬁ|ﬂcél’l c

substrates anthp fh15tn20 LUGIAID) Ao Lansduges c(hBD) pand 2 esond, | DT

provi ded on the plezoe ectric su rate I'rs I'nc es nmultiple
tracks that de%n%lm@et@ﬁtW@i@hﬁeh&ya@ﬁdﬂééﬁépmst|cs and are connected in

par fé:? : glﬂ Ola\tlnd t he ndlr_k @%&@? #n NO1 8B} 384 @%ﬁ@teﬁ:ogatm@tﬂnertm}tatZS@Rl EF
re rre Nnts resen ention

1 bo one T BT O BY Aot A Bhor cAB e PAaE FEAT B E R R Ea P

wherein: 30 Rigsoté¢# andelEcshodeaocodP@nhiacialy sAlededtomddi fingers a

vi ew desqpi bigg, gl nkgbes sbdgtabeny apdoimals Al ookeads.tingeto

“over| appi ng parts; iIs. a bi ng rel at | onshi bet ween an
aperture | engﬂlgan%iBant]é%?t afi Bﬁovhtj@ﬁ‘srapy,e 1gstioge £inger W88l of a
SAW devi ce i maeing dwt&twémyalbngsbveme@pmrgt lefngthes prgsentuiavention;

) Fig.5 f{r?gf s a81§5t¥1"e' Qgéégr?&eaﬂﬁgﬁ“ W0 fhnd N5, Spé’é’rﬂ?{i C&el N

accordance W |rst enbo sent 1 nvention 1g. 6is a
top view of atlsaAWEEBvi@e(whishatsoradresen ttl@ ass@ednd kaRfodi Mt of t he

present il!SVerE&»iQﬁ\;sfdiQs d£sbp¥sSmaifi Mebat i eheciresdrie ¢ravfdeguency
CharaCterlStlﬁhfgiglérgféc%g%dgs ERSQQ bgtEE%ns having the aperture
lengths that are shorter than those of the main lobe
(which 1s referred to as side lobe). The aperture
lengths become shorter as the electrode fingers get
20 closer to the ends of the IDT 10. Referring to Fig. 2,
a main lobe 21 includes three lobes. Two second lobes
22 are provided on both sides of the main lobe 21.
Small electrode finger overlapping parts 23 are
provided between the three main lobes 21 and between
25 the main lobe 21 and the second lobe 22. Generally,
the small electrode finger overlapping parts 23 occupy
50 to 60 percent of the entire electrode finger
pattern. It is general in design to have a sufficient
impulse response time and a high-order side lobe in
30 order to gain a favorable filter characteristic of the
SAW device.
”Referring back to Fig. 1A, the IDT 30 also
includes a pair of comb-like electrodes. However, the
IDT 30 is not weighted, which is different from the IDT
35 10. That is, all the electrode fingers have an
identical overlapping length. This electrode pattern
is referred to as a normalized electrode pattern, and



Fig. 8 shows a sinmulation result of the frequency 10 characteristic of a
track 102 as shown in Fig. 6; Fig. 9 shows a sinulation result of the
frequency characteristic of the SAWdevice as showmn in Fig. 6; Fig. 10Ais
a graph show ng a nmeasurenent result of the frequency characteristic of the
conventional SAW 15 device shown in Fig. 1; Fig. 10B is a graph showi ng a
measur enent rtdsul IDDfhdhiend relgeieatyrehanatoeeidspattefrnt e sedmrrahbodi nent
of the prese [ tion i hg. 6; Fig. 11 shows another simulation result
of the 20 freryqouealr?c/)e/yc tg%}géc?eﬁlbgiic of atrack 101 as shown in Fig. 6; Fig.
12 shows anot her sif &UDPatesida f e DT r bYubfcFORASFEEFePsB of a
track 10Z as slawrdde had 65. amh?Sold had3iBhoins aonhbetedi ol ati on
result of _.the frequency characteri st e evice-as own in Fig.
6. DESCR PTI GY W5 04° PReteH EDE%\?’B&HM 3?)§ zy}é‘gejsyrjufp? iﬁoﬁ‘]%\%i Il now be
given, wth refspericevebyt henaecbapahyi adeatandagpadst ldntsed ghts of the

present invention. aThs jyventons Slaidiesy donehPeorBBl boflFeglrada dn nger
overl apping parts 23 of the | DT 10 _affect the 35 degree of "attenuation in

the stopband.SefEes O7S 10 PRNYRAFHt E41b§Tapodi zati on as shown in Fig. 2.
Fig. 3 is a graph stwawiwgr a theasurisngthesptobdbém- 18 thathé&heelkbtovenshi p

betveen Lhe aRSILILL.L C00L PoRRLAT CXRY! BLLOR! BbeRsik. nEiR hPr! zont al
.axis defines the aperture [ eng R “The verti cal axi s defines the normalized
excitation imwhsi¢ientthe hpegeupEoPBAREhabtRPEUSRdRR -by t he wavel ength of
the SAWthat corresponds to the central frequency of the SAWdevice. A
dotted line s @e eli.ca As shown in Fig. 3, the inventors
fount out th th is A4 or less, the excitation
intensity did not gdte foresmit eknventkenthestheerempdgl ipavdes’ ofnd bi gger

excitati @ i niinsigées afecohtehAeds hAdagdbiiiars ke igaveriorscd ound out
t hat even when the aperture ero, .the excitation intensity is not

length is z
zero so that HHELRA i’%1%%n%Fana‘f’dTﬁEtteﬁyé‘ﬁf'SPs t hought that this 15
phenonmenon may be dausexdiygtte deakepdeetectribef pekdegéndmateed iyt he

smal | e'ECtrc%ﬁééénﬂgrp939£&38p5ngu9§5E§'acoustic wave (SAW) device
including a piezoelectric substrate, and a first ‘
20 interdigital transducer (IDT) and a second IDT provided
on the piezoelectric substrate. The first IDT includes
multiple tracks that have different frequency
characteristids and are connected in parallel, and the
second IDT has a normalized electrode pattern.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the present invention
will be described in detail with reference to the

following drawings, wherein:
30 Figs. 1A and 1B show a conventional SAW device;
Fig. 2 is a view describing a main lobe, side
lobeé; and small electrode finger overlapping parts;
Fig. 3 is a graph describing a relationship
between an aperture length and an excitation intensity;
35 Fig. 4 is a top view of a SAW device in
accordance with a first embodiment of the present

invention;



Then, the inventors divided the electrodes of. the IDT into tracks. Each
track included a small nunber of 20 the snmall el ectrode finger overl apping
parts as conpared to the conventional technique so as to decrease the

| eaked el ectric field. (First Enbodi ment) A description will now be given
of a first 25 enbodi ment of the present invention. Fig. 4 is a top view of

a SAWdevice in ac rgeargpes%‘{;u @r;é@tw@g@gégeg oa@galgrl%%e%tf

i nvention. The SAW i ce 1 ncludes a piezoelectri bstrate a first IDT
100 and a seddid F4% %Y)lcﬁ\h’r%ha‘FW§d§F1€eai"’|15Hg§8‘et ﬁérrédh erwfiw@% nd

el ectrode 20 o5 i« angeskhet weeant benk DT 100 and the |1 DT 300. The I DT 100

i ncludes multiple L acks6 11051 é[QC(_L OnV h&}f/lg@ Q %Aﬁrgnglcéeg ency
characteristics, whi'chi af e ‘connedt ed in par al ereé n-denotes a natural
nunber eqbal at@@lrd@m@%\t‘eltlnh@nsemndEthdﬁmsattI@é thac ey et o | On
includes a paigveftcomb-1ike el ectrodes. Adjacent tracks share a single bus
bar. One of the bus bars7 cqonnected p he. track 1? ig - connected to
an el ectrode pad 15.*%nd i 1erS Y dhEOR ohGRRLEdChy 2 EREFIEIK 10~ i s
connected to camaedcetcérnsiel@adf 18. tt\acal Lef nas i sigowol Lag€igs &pplied to one

of the electrode p asg{:g i f %@}:}g t he
gr ound potent| al |§qu§i]p led to tah rﬁaﬂﬂl lgc?t?%gm gg tislee(%co -1 k)E

el ectrodé®in Cé?s&‘:lha%’ffel%%t%@a@isal e¥acs 18m asi %h@dﬁnéﬁt Ed9to%he el ectrode
pad 15 and the ot herigomnp- éﬂdﬁrﬂs&i%irﬁ@ﬁ@tiéncﬁﬁﬁﬁmtedft eheh& releeinode pad

16 through int &r onnectloln(ljéé)F %(Lﬁéeéﬂﬁ dev:L erns%tk" stl%wrt_.élhg%lracks 101

to 10~ incl uace eren?te I'nger are ted by
di fferent apodi zat iforgs. 1MAy.ip @@@M@@law;mgh@meaﬁér@m@@ttr agsUYlithger

patterns thato@r&ld\ew@é@@néy ghitscentiapedi a2t ik@Rs cobvdd dortdl egawr acks
wei ght ed dcgfer ent. apodj zagtions_are shown to sinplify the view

Referri né Y%, SRAEH 1P akkIr st iwei ghted by a different apodization to
decr ease the smal | FElectirtiel § imgerapveshappnagapasasufementte nersosldi ng part

of the interleavgd. et g %ﬁ@ﬂlg}é@hgEFggéﬂsggccg@%@d SR die conventi onal

techni que. As an exanp fera he el ectrode finger pattern is
wei ght ed by FRAIHIeRH 26 ’Glhﬁtp¥ﬁ§elﬂ§ HBVEBARE °8r Pedd Df &'he total ;n each
track i s occupied g hellels&cdvfaodamdtmgfbrsmﬂlhaﬁ)anngepaﬂtsorfa\uhmg t he

2. doscr Phed S &0 st RarFOROPRE P, B ek RodthoRaa st e "

el ectrode fi r@e} o@erlappl ng parts having the width of Al 4 or Iess
Therefore, the presenf, |1fB/G§chvp§1 Mﬁsettspmgsa’@hsnt ecgbliai Bfa tgfecat 30

stopband attenuation as cor‘t% o) the con ent Ikog% techF‘ % s even if the
el ectrode fi MgetISATY appih %‘?ﬂ:@ S PEsg thAN BePZeft'O8f tHe total .
When the fredquiencyéchamacteri stics of the tracks 101 to 10n overlap, it is
desi gnedyt0 form a g l!%bStlaé‘tér?évL JA@Ehéé @ﬁﬁé@éesion/%%e@m%xwlt@lethe

frequency characteristics of e . tracks 10 | On, are as tric o the
cent er frequeﬁﬁ%ﬂ‘b&?n‘t‘%ec?‘i'?%%?er%\/ﬁ%ﬁ 23 FH@ é@f’i’t é‘tevflﬁ?q m;{)‘own in
Fig. 6.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
30 A description will now be given, with reference

to the accompanying draw1ngs, of embodiments of the
present invention.
The inventors studied how the small electrode
finger overlapping parts 23 of the IDT 10 affect the
35 degree of attenuation in the stopband. The IDT 10 is
weighted by apodization as shown in Fig. 2.
Fig. 3 is a graph showing a measuring result of



of the passband. Referring back to Fig. 4, the IDT 300 includes multiple
tracks 301 to 30n, which correspond to the nmultiple tricks 101 to 10n of
the 1DT | 00. Each of the 5 tracks 301 to 30n has a nornmalized electrode
One bus bar of the track 301 is connected to an el ectrode pad 17, and the
ot her bus bartHes woECseshi® kﬁi@tx@é@ﬁttﬁdEapadtﬂlBe Aenattheramat iaxg vol t age

is applied ggﬁpn %ﬁﬂthgpﬁéqgtrode 5ké§ﬁ Q?gsad%ggﬁﬁgn%%elo

potential, dﬁ%d po en | isa Ied e ot her of
t he el ectrod@gmd:sule? enptls. Ghe c,\mm‘—made @Fle%tqi% ened EBEh of the tracks

30z to 30_1 i, GanneadedetO; the; shechtedg:ipad 1z7h@n@lpébeu@bh%n@@mab li ke
el ectrode_is connected to the ele trodg EﬁdRﬁS %gw gh the

i nt er conndct iich PR, thki ¥V a %nﬁB |99%5%fp%?d§he | DT
300 may be capaded ointarphi frefuenah- bfkehel B8ANr detesc@O Ahdols tiest

different fromiheuliiphgotsaks | 031h0sl Ominciben! BT 200, 20 ki

accordance w odi ment I'S COnMpos
mul tipl e tradksermiors ﬁ@%ﬂte%%% BhafinvbAn| ABPUABELENES %ﬂqgﬁq(ﬁﬁaflnger
over | appi ng par4 osi&9aparied doctbaseonf ihheneamrverdtiidomalt Adtechni que.

Thus, it s pos | e to, decrease, the | ake 25 eI ctrli e ener at ed by
the 1DT 1 %ﬁé?#%ﬁw%ﬂﬁ*%% opr BUeCTREL gpbgngegftengﬁtﬁéﬁg Second
rEnbodlnent) Rixpiteatisom topensehios arSAMbuévh@é i nLacadddanea withie a

second embodi Rt 0f -4 NEoRRESERE @Qatnéegh'gﬂenTﬂﬁelg Qo tdh$eh
enmbodi nent i ncludes two tracks 101 and 10Z, .the | DT 300 |ncludes one

track. The sdﬁa%ﬂ??wr%ﬁ?n%XQbF?Eb%nlénﬁﬁBFFgH £6 B6th Z8%&ct5ddd Pads 15
and 16. A shated $nis bargesesstedt tTies giowemtpos enhoaghtThaaltartdest

apertur e1benghfl iond S8 %Qggeftgggédogr tABPLAd KeeNGhiafid e d1ack 101

is |arger hows a frequency,
charact eri st igengratrd b@ the gsmatk Qéﬁc FP&e BLENEKs O ¥ cy
characteristiga®fsthe t. rack' 10z. The above- nenti oned frequency

Pori ont al axis deriiaY rsquehey chre) L bPled Phe' SlepfaBfRsiof e o
attenuati on (U8 .imBoe htraekks HErchndraok hagbudedadi vapylsmamberadios of
the el echbpodeHd nﬁ%l}?véié@f)?bﬂg eﬁaﬁgér wbecghapg;lal@prpwt@taeéy 10 percent,
and the Trequency. Charactenlstisviie{Bgpasebaldde Y d s The
decrease the leaked electric field.
(First EmbodiQent)
A description will now be given of a first
25 embodiment of the present invention. Fig. 4 is a top
view of a SAW device in accordance with a first
embodiment of the present invention. The SAW device
includes a piezoelectric substrate 1, a first IDT 100
and a second IDT 300, which IDTs are arranged thereon.
30 A ground electrode 20 is arranged between the IDT 100
and the IDT 300. The IDT 100 includes multiple tracks
10, to 10, having different frequency characteristics,
which are connected in parallel where n denotes a
natural number equal to or greater than two. Each of
35 the tracks 10; to 10, includes a pair of comb-like
electrodes. BAdjacent tracks share a single bus bar.
One of the bus bars connected by the track 10, is



10 frequency characteristic of the track 101 and that of the track 102 are
conpl enentary. The frequency characteristic in Fig. 7 has peaks on both

si des of the passband, which are ripples. On the contrary, the frequency
characteristic in Fig. 8 has bottons on both 15 sides of the passband,
which are also ripple I tL@n A .t of .qverl i t he
frequency charadte &E’ e? E %1e3t?93 g Il% éﬁvt eewocé;rl as&gg B
substantlalIyc¢m%@0b@@sbhnﬂhenﬁrackaﬁge i$e99@h@9t@ﬁaﬁ§cﬁ@rﬁ§QQ§ﬁQQQlua

S]EOItolﬁan]gi at t gouiatien. pﬁ?ﬁ&irﬁ@ﬁﬁ @ogf §§0ﬂbﬁgléﬁ”@@51@h%”%ﬁl: IrisulFt
o] e frequ aracteristic vice as shown _in Fi ig
10B is a grapﬂbgh%g?ﬂbr ﬁeﬁgﬂﬁeﬁ%n?npei fIEhE r?PE&u?ﬁE?ﬂgﬁégacterlstlc
of the SmwvdeﬂmneemamphemhtEegngundnpateomdadcesmammﬂnhsiZEOSEM©nd

embodi ment ofo e, PLESERL ohVERKI Oond NEoRENS Ele! bRAUERSN Ny i diassband
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departing fromthe scope of the present invention. The present invention is
based on Japanese Patent 5 Application No. 2003-388576 fil ed on Novenber
18, 2003, the entire disclosure of which is hereby incorporated by
reference. -ofilthe p##FbaSICLAIMED I'S: 1. A surface acoustic wave (SAW
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t ransducer (Itﬂi and a seco provi ded 6n the piezoelectric substrate,
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SAW devi ce. t 4 T e %@Wﬁﬁé@éﬁ%@fnglgé ggénls apniled to one of
the electrode pads 17 and 18, and a reference
10 potential, for example, the ground potential, is
applied to the other of the electrode pads 17 and 18.
One comb-like electrode in each of the tracks 30; to
304-1 is connected to the electrode pad 17 and the other
comb-like electrode is connected to the electrode pad
15 18 through the interconnection patterns, which are not
shown. As shown in Fig. 5, the IDT 300 may be composed
of a pair of comb-like electrodes 30, which is
different from the multiple tracks 10; to 10, in the
IDT 100.
20 In accordance with the first embodiment, the IDT
100 is composed of the multiple tracks 10; to 10,, each
of which includes small electrode finger overlapping
parts as compared to those of the conventional
technique. Tﬁhs, it is possible to decrease the leaked
25 electric field generated by the IDT 100, and thereby to
improve the stopband attenuation.
(Second Embodiment}
Fig. 6 is a top view of a SAW device in
accordance with a second embodiment of the present
30 invention. The IDT 100 of this embodiment includes two
tracks 10; and 10,, and the IDT 300 includes one track.
The same alternating voltage is applied to both
‘electrode pads 15 and 16. A shared bus bar is set at
the ground potential. The largest aperture length
35 (electrode finger overlapping length) of the track 10;
is larger than that of the track 10,.
Fig. 7 shows a frequency characteristic of the



wherein the frequency characteristics of the nultiple 25 tracks forma
substantially flat passband, when the frequency characteristics are

overl apped. 5. The SAWdevice as clainmed in claim1, wherein the first 1DT
has two tracks, and the two 30 tracks are supplenentary in a passband of

t he SAW devi ce 6. The SAWdeV| ce as clainmed in claim1, wherein: 35 the
first |DT hast%3®Ktcks FR&vi By SBIoNE tdde FHafaN PateRA FACEREESELE wei ght ed
by gpodl zati ot sl Btatkaso, ona’r}:@‘ aﬂ:hﬁret—\h(ertﬂ:alﬁi@dlﬁrwmgm:gd by - 12 )
apodi zation. s ve apert | engt hs
equal to or &g{@é %ﬁigtggg QJEQ 5?13_2?8@8 %5:%% FC')LR‘ hl’3ir§1 1 eﬁ H‘H 95 "2 mai n
| obe. 5 7. Thet &Sxivllevike h@rw@nhﬁél pHisl dﬁlf}llles\Mf@r%iiqertfhe WH%L | DT has

$IhectS rAS\c/igsfl ngred milst@éﬁﬁléaﬁt aRi8 a@fghb\?\gawe@huzafﬁqr&m &Qodl é%tﬂrpnst 8.
e evice as ¢ erein e seco S a

| east one traci@cks . q 4\149/ %Flﬂlel\léﬂe/ LNEA N, TG I\ﬂaﬂxﬁﬁvﬂé‘[l\ﬁ\ﬁﬁ
CL~##% %-) ) Z, &l exfrddsnt dndék ca]rea].ag]:d:a]gcg]acra]sca}dm]oc{‘a]sca] ca] ca] ca] ca] cMa

] ca] ca] c™a] ca] LLNN@%%& Cl%fééﬁ@]v calgalgal %r%lq%%]n%f j,>3@B4" 44488/ ; 8;

BBEEJJ. K/K9K
QA Q wr nhenY] e Tt ehehf chp chpeapeapbareaiéares] ddpdal CEP@a] ca] ca] ca] ca]
ca] ca] cajloa] cardQuacp] clod cadcareatcal ed! £REQUr44488/0;8and that of
+“BBEEJJ. K/ K9K UK LNW%% ‘ The £

Q Q w nhc”Y] calta] ca] Cfc%]acraﬁ CHR TR T4 ca) it T FATRE ca] ca] ca] ca] ca]
ca] ca] ca] ca] cayracieni sl calwakca] cd) basKg8rY¥s! Hn' b6 & ides 14 the

passband, which are ripples. On the contrary, the

frequency characteristic in Fig. 8 has bottoms on both

15 sides of the passband, which are also ripples. Fig. 9
is a simulation result of overlapping the frequency
characteristics of Figs. 7 and 8. The SAW device has a
substantially flat passband and a large frequency ‘
characteristic in the stopband attenuation.

20 Fig. 10A is a graph showing a measurement result
of the frequency characteristic of the SAW device as
shown in Fig. 1A. Fig. 10B is a graph showing a
measurement rdsult of the frequency characteristic of
the SAW device as shown Fig. 6, in accordance with the

25 second embodiment of the present invention. The center
frequency in the passband of each SAW device is 36.125
MHz. In the second embodiment of the present
invention, an optimal design of the tracks 10; and 10;
that were weighted by apodization has been done, under

30 the condition that the aperture lengths in the left and
right second side lobes are equal to or greater than 40
percent of the largest aperture length of the main
lobe. In contrast, the SAW device shown in Fig. 1A is
weighted by apodization under the condition that the

35 aperture lengths in the left and right second side
lobes are equal to or greater than 10 percent of the
largest aperture length of the main lobe. As compared



"100& ()--!-H "10% & ()--!H "10%8&& ()-- "10%& ()--! mlO%& ()-$. Wb+ 10z;
10%& ()-!'H "10%YzY& ()--!H "10% ()--!H "10% & ()--!H "10% ()--!H
"10%z& ()-- ~ a?

102!y "109& ()-!xH' 109 ()-ClrH 10%Y& () - Cl yH 109%& ()-Cl "10% ()- C 10z

10z~ CIJKLWXNB?OZ 10 10 1 L
109% & ()-! xH’ %)@ L¥SINQREY 0GR2 T REFPHLFEHE ) -ANLRABMBT702!

yH 109%& () - Dﬂﬁé]ﬂEéqdbddyléwktaﬁﬁwﬁﬁst1€1hy¥H%a®%&t@bﬂﬂIﬁdﬂB@Md)-l!y"lO@@
)&f()'13;WXM%Q%%néiqapp;oximately 0.3 dB}) in the passband in
accordance with the second embodiment of the present
5 invention, it has been found that the stopband
attenuation has been improved on the low and high
frequency sides in the passband. Generally, frequency
variations of about 1.0 dB are allowable. Therefore,
0.3 dB of the frequency characteristic does not
10 practically pose a problem.

The complementary frequency characteristics of
the tracks 10; and 10; shown in Fig. 6 are not limited
to Figs. 7 and 8. The frequency characteristics of
Figs. 7 and 8 are almost symmetric to‘the center

15 frequency. However, they are allowed to be asymmetric.
An example is shown in figs. 11 and 12. Fig. 11 is a
simulation result of the frequency characteristic of
the track 10;. Fig. 12 is a simulation result of the
frequency characteristic of the track 10;. The

20 frequency characteristic in Fig. 11 has peaks on both
sides of the passband, which are ripples. On the
contrary, the frequency characteristic in Fig. 12 has
bottoms on both sides of the passband. The frequency
characteristics of Fig. 11 and that of Fig. 12 are

25 complementary. By overlapping the above-mentioned
frequency characteristics, the flat passband
characteristic is obtainable as shown in Fig. 13.

As described, in accordance with the second
embodiment of the present invention, the IDT 100

30 includes two tracks 10; and 10, each of which includes
the electrode finger overlapping parts smaller than the
conventional technique. This makes it possible to
decrease the leaked electric field generated on IDT
100, and thereby to make the stopband attenuation

35 1larger.

The present invention is not limited to the
above-mentioned first embodiment, and other
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the first IDT includes multiple tracks that have

10 different frequency characteristics and are connected
in parallel; and
the second IDT has a normalized electrode
pattern. )

15 2. The SAW device as claimed in claim 1,
wherein the first IDT has two tracks.

3. The SAW device as claimed in claim 1,
wherein the frequency characteristics of the multiple
20 tracks are asymmetric to a center frequency of a
frequency characteristic of the SAW device.
X
4. The SAW device as claimed in claim 1,
wherein the frequency characteristics of the multiple
25 tracks form a substantially flat passband, when the
frequency characteristics are overlapped.

5. The SAW device as claimed in claim 1,
wherein the first IDT has two tracks, and the two

30 tracks are supplementary in a passband of the SAW

device.
6. The SAW device as claimed in claim 1,
wherein: _
35 the first IDT has two tracks having electrode

finger patterns that are weighted by apodization; and
’ at least one of the two tracks is weighted by
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percent of a largest aperture length in a main lobe.

5 7. The SAW device as claimed in claim 1,
wherein the first IDT has electrode finger patterns
that are weighted by different apodizations.

8. The SAW device as claimed in claim 1,

10 wherein the second IDT has at least one track.

s
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