, @\BCe3e~vvwzzv2~6h~T~ DE S CR 1 P T 1 0 N SURFACE ACOUSTI C WAVE
APPARATUS Technical Field The present invention relates to a surafk 2004
agousti cjwave apparatus having an interdigital transducer forned on a

pi ezoel ectric substrate.. Background Art 10 A surface acoustic wave ~
apparatus is mainly used as an internediate frequency filter fﬁﬂNﬂMﬂﬁWWﬂMﬂk
devi ces. These devices include television sets, communi cati on )

cel lul ar phones (of, for exanple, the CDVA System), etc. The surf acwgsiee
acoustic 15 wave apparatus is characterized in that it is conpact and

| i ghtwei ght, and thus can be utiljzed_t h ul | ep utilized in a

cel lul ar phone. Low | oss, a narrongaﬁd§ﬁgtﬁ %nh émgtgep cut-of f frequency
are demanded by the internedi ate frequency 20 filter for use in a cellular
phone. As a filter serving as an internediate frequency filter of this
type, a surface acoustic wav a N i gt al transducer
(IDT) as a main structural e g%@%?%h§§6ggg§bdg€é oég%.ﬁ%E®Fn this surface
acoustic wave apparatus, to neet the demands of narrow bandw dth and steep
cut-of f frequency characteristics, a piezoelectric substrate is . 30
JuL 2004 used which is fornmed of aqmherical];, FSeals as crystal, having
characteristics of low fluctuation in oscillation irrespective of
tenperature changes. IRet Beesdnfagavaseush elatesappaatsu fadeis 5 10 15
20 25 known that an internal reflected wave (a refl ected acoustic wave, a
reflected el ectrhgowd¥er Qe¢dr appafetushtagipar ahudnieiddigdsad mechani cal

vi bration such as a surface acoustic wave (SAW. The internal reflected
wave adversely i gihdedcesrt ferieddaneat piermed eoft rtilre ssupsftadeacoust i ¢
wave, thereby causing its anplitude attenuation or phase distortion, etc.
To reduce the influence of the refl ecBadkaaeundpdstt he fundamental wave and
to adjust the direction of transm ssion of the fundanental wave to a

predet ermiBed directi én SurfasehAcRS Tict WRAHQISARRARF B0 rif At he S8 At h of

an electrode finger in the IDI section of the surface. acousti.c Jave

apparatus has be@§ @& édnssEmediate fEOMRRY i ik B¥eFIFE D Exanypl e,
Jpn. Pat. Appln. KOKAI Publication No. 54-17647. 1n the disc d

appar atus, the ad@¥iSesnf Th&F& Vﬁqﬁfi%ﬂ%ﬁqé% ?%%%i&ﬁéﬁﬁwé%@ghpon t he
fundanental wave is not, cqnpl etely. repoy, Vi NSphSSsi on
function charact @ﬂ“‘gt‘ﬁ’%cﬁf%lé’r%idger%cep%’gsaﬁﬂdg clbeglnl ]I%#t %orgét}ff %g' af:rac))usti c

wave apparatus. UG AANST Shd Mhenakaapeara.as anfbanast &Eé shésnsuLye

asynmetric withr to uency at the center of the curve,

or as a digtorted, 3 splalilaxﬁpao“l@ O AL EF i 544 CLEUENE: P dBscebppaoh Wil |
e rel at :

now be gi Vvén of the ph ionship between the exited wave and the
reflected vwave i pddie sanaegicpusid ctiney ecappise antis] i abd chot he5full

inventors of this invention have especially focused on. FIGS. 1(A) and FIG
1(C) show cross sggdn ansibizedsimta atebhuiar ophohe. surface acoustic wave
appar at us. .
Low loss, a narrow bandwidth and a steep cut-off
frequency are demanded by the intermediate frequency
20 filter for use in a cellular phone. As a filter
serving as an intermediate  freguency filter of this
type, a surface acoustic wave apparatus having an
interdigital transducer (IDT) as a main structural
element has been developed.
25 In this surface acoustic wave apparatus, to meet

the demands of narrow bandwidth and steep cut-off

frequency characteristics, a piezoelectric substrate 1s
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The el.ectrode fingers of the surface acoustic wave apparatus include pairs
of electrode fingers of a 10 narrow wdth of i,/16, and pairs of 3el €0t r2ithe
fihgers of a wide width of 3./16. Further, a plurality of pairs of

el ectrode fingers projecting.froma first cormmon el ectrode and a plurality
of pairs of electrode fingers projecting froma second common el ectrode are
15 alternately arranged. The interval betme%g each pair of adjacent

el ectrode fingers is set at ~, /8. FIG 1(B) “shows the phase relationship
bet ween the excited wave and the internal reflected wave that advances to

the left in the figure, .whil,e EIG 1(D). 20 shows the phase rel ati onship
bet ween t he exciPégHmHOéggn&StEQrmﬁ ePhal FPateEitdd RAFE @faCry¥®iddoes to

th ight in th i ) .that th h f the, ited i

ot er ence val e, PR ar SRR R E A Fe Ot DR MELNCEEEAah (B the phase of
or 1 boted vave. REPSHEREIOR 1 ERUEREReEle G SoiRt e d RASGSR Yoon 4
the rel ati onshi p bet V\qgn_tthlge sﬁ‘%ffla%%t %1%"\@%’\&3‘82% ea%\ﬁ)%%cr%scéssg E:ﬁ:gtj!s‘eazt in

the figures, and the excited wave W cribe Uppo

t | ggt i tad i toahi ol f
representssany rapdeal ¥nael g6t edra-a4§i Latdh o202l é\a?gghe%gcﬁ” ace

acoustic wave is excited, A represents a reflecte ect rom one

EA of the edges atoasteteghvegeal rageectbdd eWedlhici wal®) JR3aS! sithdene
excitation point, and B represents a reflected wave reflected fromthe

other 10 edge EBtbé thpaeheatradelfizegen medhibhekalsSwRpRSe ildetsyeh as
represents a wave fromthe excitation point as a reference point, which is

passed t hrough thesekéateodeofishger wakes¢Shaw)Q t Maeextitieatnadn red lricteand
refl ected fromone EC of the edges of an el ectrode finger of 15 a wi dth of
3a/ 16 adj acent tWavAeafvesseapnthfhsencescthedduhidagentadndade efr adents a
refl ected wave reflected fromthe other edge ED of the second nentioned
el ectrodel{ i nger SUEEACEr AFAYSLHE VWaVPectBETREYe CAUSANGhAds @dipdyit2@lee| enent

equal to a distance of 0,12y, with respect to the phase of the excited wave
at the excitatioﬁtbﬁPHF#688UP§,Pgﬁaehgﬁ§§°§tﬁ9§seeagkayT@fr@@“@@b&@@ with
Goi by = % x = wsiEudhot 8rCEss! FRe BEReq Mageotaal Ghe CLOURTSRL 2) .
. X =~ . 360 LpgGl ks hj ' L.ndi .S 3 p JUL 2004 5
a coefficient fg%égﬁtéﬁﬁiﬁgegdégﬁ%|Eﬁﬁfgggﬁégg bﬂgkﬁg%%%égﬁ%Sﬁﬁﬁnﬁgthe

STbE L e Sene Peatpnaax ShgETel sOpBbaiRetailegsacoith 2y
poi nt Pl YEcurs,aapdcRhaghei B¥Er §H90sting or trimming the width of
an electrode finger in the IDT section of the surface
acoustic wave apparatus has been developed. This
technique is disclosed in, for example, Jpn. Pat.
Appln. KOKAI Publication No. 54-17647.

20 In the disclosed apparatus, the adverse influence
of the internal reflected wave upon £he fundamentél
wave is not completely removed. In view of the
transmission function characteristic of a signal
passing band in the surface acoustic wave apparatus,

25 | the adverse influence appears as a characteristic |

curve asymmetric with respect to the basic frequency

at the center of the curve, or as a distorted
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((1/2)i,) occurs at the edge EB. Accordingly, a phase delay of 270 occurs
with respect to the phase of the excited wave. In other words, suppodilngilt
that a délay = X, X = 360 X (0.125 + (1/8) + (1/2)) - 270 10 is given by
{((0.125/2) X 2) + ((1/16) X 2) + ( /2 ) } ~, X=~ . 360 (X 2) included
in this equation indicates a coefficient for obtaining a double distance,
and (1/2) 15 indicates the anmobunt of phase inversion at the edge EB.
Concerning the reflected wave C, a phase depay el enent equal to a distance
of (0.125 + (1/8) + (1/4)) with respect to the phase of the excited wave at
the excitation paint_ Pl occurs, and hence a phase delay 20 of 180 occurs
with respect to %m%r%%5§51%?1?h%uﬁ%%rted wave. |n other words, supposing

h del = X = +.(1/ +, (1/ - [ [ b
s 2
i u i
di st ance. Cbnceﬁalng %§§¥%$?%% e%gﬁaﬁggténgﬁﬁaégvgeﬁgg %hﬁ 6gféﬁggég4 6

el ement equal tp %g%iﬁﬁa?ﬁg Q&rﬁgc%2§c$u£%€§%Hgvglé§%g¥a£§é8)%hgcgwkhg

respect to the e excited wave a e exc ron poini P1 0ccurs,

and phase g nver sj ©fe RESHSE Soft i he fﬁgénggbnAﬁSQédEEBEXiaQlPh§§@Hg@ha$n0f >

135 occurs with respect to the phase of the excit wave. n other words,

supposing that a del ayigsX 1¥ay 8R4 %Ié(1&@%%+sﬁé&8krbs@1%@httoﬁ%/%k +
(1/2)) 495 - 135 is given by 1((0.125/2) X 2) + ((1/16) X 2) + ((1/8) X 2)

10 + (3/16) X 2 &s4dh®)dl partX 6f2the S6PFfaXe2hcblskudedava b?}:&raqu@t.i on

i ndi cates a coefficient for obtaining a double distance, and (1/2)

i ndi cat es t he arhmtebécphode fingessoofathéhsuefigeeERcolbeitestlte of

synt hesi zing the vectors of the 15 reflected waves A, B, C and D

corresponds to t3ePahates diteiudevpairsfofheleateopdel fietkeest off wave

relative to the excited wave. As shown in FIG 1(B), the phase of the

vect or obthi ned BRFEOWt Wkt 0f A Vednst Pafrs het | etesrnode cfivgers waves

A B, Cand Dis This 20 valggvﬁndicates t hat the phase is deviated
|

by 22.5 froma g%‘?jl%%)wi'ﬁ’mt%_ Af rdéeilhr i FHRTRIE « R RAeFREHEVR® s
oS e, IR £l o0 g LAV 0Ed Bronunlissl ing heutieand |
S T onouen S e A 000 DRREAOLE, e 1A d 1B

' fingers projecting from a second common electrode are

15 alternately arranged. The interval between each pair
‘of adjacent electrode fingers is set at A /8.

FIG. 1(B) shows the phase relationship between the
excited wave and the internal reflected wave that
advances to the left in the figure, while FIG. 1(D)

20 shows the phase relationship between the excited wave
and the internal reflected wave that advances to the
right in the figure. Suppose that the phase of the
excited wave is a reference value, and the clockwise
direction with respect to the phase of the vector of

25 the excited wave is the direction of a phase delay in

the reflected wave.

Referring first to FIGS. 1(A) and 1(B),



7 to the right in the figures and the excited wave will be expl ai ned.
Suppose that P2 represents any random y-sel ected excitation point 3t JuhiZH
t ie surface acoustic wave is 5 excited, E represents a reflected wave

refl ected fromone EE of the edges of an electrode finger of a width
(3a/16) closest to the excitation point, and F represents a refl ected wave
reflected fromthe other edge EF of the eleﬁprode finger. Further, suppose
that 10 G represents a wave fromthe excitation point as a reference point,
whi ch is passed through the el ectrode finger closest to the excitation

oint, and reflected fromone EG of the edges of _an el ectrode finger of a
3ﬁdth of i,/16 aﬁ?%cﬁﬁiaggoPﬁglPig?FwﬁﬁﬁtggﬁeaefgegFgétVBHQ FPﬁ@e?, and H

represents a ref e flected.fr t he other edge, EH of the .second
ment i oned electr%§g£€$ﬁ§§¥9 %ﬁﬁcg?%?néntﬁggrgﬁﬁgfféd etE? §*XGHAEE del ay
el enent equal ta, Qiﬁiﬁ?cﬁeoéeQCEEFe with respect to 20 the phase of the
excited wave at the excitation poin 82 occurs, and hence a phase del ay of

45 occurs with reSpeCéubgogaetBQ%S@10E§§Q§s %Et%9R$@%%doﬁH LR8N ected

concerning the reflected " wave F, a pha el ay el erment equal to a distance

of (0.125 5 (3/83xc2Bavibh pBSREChtt QnibR RRBSQuefallRe sevokied waye at the
excitation point P2 occurs, and phase inversion occurs at the edge EF.

Accordingly, a phasexdetey,oh Qepresdn@slbl r3@04ceaCGake Welthetgsapect to
t he phase of the excited wave. Concerning the reflected wave G a phase

del ay el enent eqfiabmtona BAsbéntheokdgBsld% an( 318ktrode2%)ngeirhofespect to
the phase of the excited wave at the 5 excitation point P2 occurs, and
hence a phase debayidth27Q OL&lrcloséest respebe ércihetpbaspobfit} hanéxpited
wave. Concerning the reflected wave H, a phase delay elenment equal to a

di stance of (0.1p€pxe¢§gngy & Qelleected wave) reflewted feopethet othlee phase
of the excited wave at_the excitation point P2 occurs, and phase inversion
occurs atl@he edfBIEHEBAREOEARNGLeCtEOPRaSdNgEray FUrth@rocSUPPOREL h
respect to the phgse of the excited wave. 15 The above-descri bed phase

del ays can be gi ¥BAt0§ FRBTESRBLEqAaIPYRs fEOMUSEE RFSH tEAPR RPAH EFRGS2
1(A d 1(B). T | f. t hesi zi th flected
weves B F G antCEPEelvRsBoiaE  URIRE Babeoss aePay hotie BLoprEoRs
internal reflect e j t h I As o] I I

h([», t he phase ggn%ﬁg S%g%g%kgg?a?ﬁ%d8§§§§$%gggs'%ﬁ%&’tﬁégvggéggggg t he
internal reflectedonayge Ec br Gh@n@dﬁegsogzaﬁtg}gkﬁrpﬁhuﬁibgggcékes t hat

the phase is deviated by 22.5 25 from'a phase e sa irection as
that of tie exciiedideMeosf! B A planse]stone £60anEhei pbovgedessnéled results
electrodé finger, and D represents a reflected wave
reflected from the other edge ED of the second-
mentioned electrode finger.
Concerning the reflected wave A, a phase delay
20 element equal to a distance of 0.1251 with respect to
the phase of the excited wave at the excitation point
occurs, and hence a phase delay of 45° occurs with
respect to the phase of the excited wave. 1In other
words, supposing that a delay = X, X = 45° is given by
25 the following equation:
((0.125/2) X 2y A : X = 1 : 360°

(X 2) included in this equation indicates



3 0 JUL 2004 9 that the excited wave (fundanental wave) is not transnitteg

in a desired direction with a sufficiently high coefficient becau$d Sl 2

i nfluencée of the reflected wave. 5 It is the object of the invention to

provi de a surface acoustic wave apparatus that shows a nmuch better

transm ssion function characteristic in its signal passing band, and a | ow

insertion | oss. Disclosure of Invention 10 To attain the object, the

foll ow ng apparatus is provided: (A) A surfdce acoustic wave appar at us

equi pped with an interdigital transducer that includes first and second

common el ectrodes forped in parallel on 15 piezoel ectric substrate,.
Bte1es

a
a--first split &% pEebrPRERLALRY BhEORPLE: Aé8kABR®el ect r ode and

t endi t dth d | ect , d it trod
G oup connect od Lot HESCBRGRA CORBA"ChBCErBAE CaAACERtoRA g B OBl e

first 20 : I LB . I kLt i f
el cotrode 11 ngeree fhnrESnefFr LRI FLESrT, Fstaftbe Broclldae & oapPTand a
I lit f [ f j h LL t d lit
Gl ectrode group are el ey aooPhist B CARTEkRyLEL hELETRANC P!
el ectrode i ngergngomed staioR PEIALVEW géfsu%?Caggdghageggﬁv%g&ewer than

~, 18 3 0 JUL 200 '. 10 indicates a wavel ength surface acoustic wave
serving as an ope{alipp cCedits fAtequanddqge angl, a Abserai sy Dy el gchhage
finger wder than ~,/8; and a synthesi zed vector, obtained by synthesizing
5 vectors of waveslagfdeceeofoosuesewithdeekpager sot Rak phaseneolfuded
within a distance of ~,/2 fromany random y-sel ected excitation point in a
surface wave propagaexoiteidreatreon, Ihasthephaseds,exppessedgbyhat~ - 5 ¢ ~
cn-~+5¢(n anatural nunber) 10 with respect to a phase of a wave
excited by the iatdelidyitaX,tXansdateX (B 1Zhets(ifdpetatbld))c=wave’
apparatus of the present invention described in item (A) has a structure in
which a di%tancel$tg3veRtPEen centers of a randonly 15 sel ected el ectrode
finger and one of the electrode fingers |ocated at the opposite sides of
the randoni ysel ect ed €féBtL88é29i ryet) HifffE69rdm%) distance (t2) between
centers of the rando y-g9égct d electrode fugfer and the other of the

el ectrode fingers |oc té ta théxdbp site des of the random y- sel ect ed

| ectrode fi . (O tic, . Qf t
Cvent ton descri bed |+t IR T L U GuRE R AP iS s R oeh par T o
| ectrode 25 fi | st 1 i.d ) I h
wath of i 716 CoorSfOeht dr BuPRLhHy i hLELETHIRNENELIIShA I °
0.146y, asv s 0.i168¥zates 3tReJbhodRP of phase inversion at the edge EB.

Concerning the reflected wave C, a phase delay
element equal to a distance of (0.125 + (1/8) + (1/4))
A with respect to the phase of the excited wave at
the excitation point Pl occurs, and hence a phase deléy
20 of 180° occurs with respect to the phase of the excited
wave. In other words, supposing that a delay = X}
X =360 X (0.125 + (1/8) + (1/4)) ='180° is given by
{((0.125/2) X 2) + ((1/16) X 2)
+ ((1/8) X 2)} A : X = 1 : 360
25 (X 2) included in this equation indicates a
coefficient for obtaining a double distance.

Concerning the reflected wave D, a phase delay



]
11 (D) A surface acoustic wave apparatus according to anot her aspect of tpe
present invention is characterized in that: a plurality of pairs d0 JUL 200
el*ectrodée fingers that constitute the first split 5 el ectrode group, and a
plurality of pairs of electrode fingers that constitute the second split
el ectrode group are interleaved; each pair of electrode fingers consist of
a narroww dth el ectrode finger narrower thgn ~ 18 ( ~, indicates a
wavel ength of a surface 10 acoustic wave sefving as an operation central
frequency), and a wide-width el ectrode finger wider than ~,/8; a sumof the

i dt hs of the narro i dth e] ectrode, finger and the w de-wi dth el ectrode
¥V: nger is | ower %m"‘éﬂ I s NN %u‘ﬁ)r%*lfa TR %dfé}sl%y‘fhé\l,mﬁ%? rbwk &?ﬁw 8t h

I de fi h i.de-w dt h el de fi di s, b
Saf acent edgoe. TR ot MITE BeR ol H T P o e RS Rt
Dr awi FIGS 1At i |4 i nj 0, i
angmgﬂgfacterisfﬁ%ggg%q%ﬂéﬁﬁ¥%§§§§%%ﬁi i%iaﬁségg Lgégﬁuéag?% ﬁﬁ?%%ggégns

inventors of theduesendt ig}yéerg&% gEve 19@‘5&@““5 [ ogn;]%g%gé 3ei$%ao¥i ew

illustrating a surface acoustic ve appar at us  atcof di 0 an enbodi nment

of the 25s5present3s N, wiliCS e Hed© 3P ALE Yha¥S yeefnb égcf%@aai hi ng
the principle of the operation of the surface acoustic wave 0 Ju. 200

12 apparatus shavvé n FiGoheFrdrddA ansbdBingetnhews aélagtLaging the
frequency characteristics of the surface acoustic wave apparatus shown in

FIG 2; 5 FIG Xi=s 36W¥iBw (iUt Hat(in® )a s yrf/ace ac@yd) 6 Wave pppar at us
accordi ng to anot her enbodi nent of the present invention; FIGS 6A to 6D
are views useful495° expl3 hiig gieemprbyci pl e of the operation of the
surface acoustic wave 10 apparatus shown in FIG 5; and FIG 7 is a graph
illustrating the frequeh@ylehé? hcerd st cls( bf LG heXs@nf acd (ddBUstX c2have
apparatus shown in FIG 5. Best Mdde for Carrying Qut of the Invention 15
The embodi%vents of tht pPeseht X RentioMi |4 BeXd&scki bed6Rith reference
to the acconpanying drawings. In FIG,K 2, reference nuneral] 1 denotes a
pi ezoel ectric substra{% ﬁ@déQﬁ1Q4%gn¥ﬁ,thﬁ§(ﬁﬂ¥%ﬁ&9%u%9dlcates a
coefficient for obtaining a double distance, and (1/2)
indicates the amount of phase inversion at the edge ED.
The result of synthesizing the vectors of the
15 . reflected waves A, B, C and D corresponds to the phase
delay amount of the internal reflected wave relative to
the excited wave. As shown in FIG. 1(B), the phase of
the vector obtained by synthesizing the vectors of the
internal reflected waves A, B, C and D is 157.5°. This
20 value indicates that the phase is deviated by 22.5°
from a phase (180°) in a direction in which the excited
wave is offset.
The synthesized vector is obtained by synthesizing
the x- and y-components of the vectors of the reflected
25 - waves A, B, C and D in the orthogonal coordinates.

Referring then to FIGS. 1(C) and 1(D), the

relationship between the reflected wave that advances



Tw

of which an interdigital transducer section 12 is 20 fornmed. In the
interdigital transducer section 12, a first commmon el ectrode 13 arddd all 2004
sécond common el ectrode 14 are arranged parallel to each other with a space
i nterposed therebetween. The first conmon el ectrode 13 25 is connected to a
first split electrode group (el ectrode fingers 5al, 5bl, 5a2, 5b2, ‘5a3,

5b3, extending toward the second conmopn el ectrode 14. ~30JuU. 2004 13
Further, the second conmon el ectrode 14 is connected to a second split
el ectrode group (el ectrode fingers 6al, 6bl, 6a2, 6b2, 6a3, 6b3, ~~~)

extending toward the first ca n electrode 13 In the first split

el ectrode gr oup,gopﬁﬁes a3 arlrno%-t\ﬁ (ftlt‘?uéfle@ct%éi‘fq r?dﬁ:rlste(%/vi"ﬁvestﬁlf]i]x a)
and wi de-w dth glectr %g fingers (with suffix b) are arranged repeatedly
with a certain Pt &fval 5§¥Veen adj acent pairs. Also in the second split

el ectrode 10 group, i i r i 1 fix a
and wi de-w dt% el gct %?(ﬁﬂ%\gﬂe}gs{ %g}ed%%%rgg )%e}%% %ig\érie%%g edly :
with a certain i ls be j j i : el

i nger's (bai | soRCTCARLoRCMREN, B S50 Rld Surdid o aliClaRla e

split el estrodecgo¥Rdand: it iajdntOfa elatldRd)) ffigerfe £ fddsefbom (622,
6b2), (6a3, 6b3), ~~~ includéd in the second split el ectrode group are

interleaved. WieneVvEEWOT] the eitidd @Stal@ W ctrddee Maidem-of i hvidlkh
el ectrode fingers and the wde-wdth electrode fingers are alternately

arranged. The cqanbrlelecloedes 13 &he #4cdmndttiba pplint elaset Fode groups
are fornmed of electrode filns containing alum num (Al) or an alum num (Al)
all oy as 25 a nuwiepresepdrse® .rdiiradiayd wave hief leroxt nibrn eaehopagr of

el ectrode fingers consist of an el ectrode finger 5bl, .3 p JUL 2004 14
5b2, 5b3, ~~~, Gdue G2 ofoddie electndsh Harger wi U ther overppeRdm thag (-~
i ndi cates the wavel ength of a surface acoustic wave serving as the

oper ati ohOcent r § EREQFERGH 2 YAt EhoRXFitReobR0IBE2AS 2533, w
6bl, 6b2, 6b3, w, which has a w dth wi der than_or, equal to ~,48. NQ;e
specifically, iFefRrEENGRRAIIM YR i RARIEHTHEIRER IR $199EF Chave a

idth of i,/16, wmhile t i de-wi dt,h el ect,rode fi h j dt h_ of
wdth of 1 k0. e Uin e il shelradee Linets Nave peditnel
f adj t el de. fi j ~. 14 i i . I
of ad) acent el equraradd me'ds Uld Maddome. I difielle Asglergnce val e
devi ation from thgtheldar engeevakiyachitl kot tndl ekt RRmditmdef erence

val ue), while
15 electrode finger, and H represents a reflected wave
reflected from the other edge EH of the second-
mentioned electrode finger.
Concerning the reflected wave E, a phase delay
element equal to a distance of 0.1251 with respect to
20 the phase of the excited wave at the excitation point
P2 occurs, and hence a phase delay of 45° occurs with
respect to the phase of the excited wave.
Further, concerning the reflected wave F, a phase
delay element equal to a distance of (0.125 + (3/8)) A
25 with respect to the phase of the excited wave at the

excitation point P2 occurs, and phase inversion occurs

at the edge EF. Accordingly, a phase delay of 0°



4

the distance t2 between the centers is a negative deviation fromthe
reference value (i.e. lower than the reference value). The distaddedUt 1 0¥nd
t2 are al'ternately arranged. 20 Specifically, the centers of adjacent

el ectrode fingers are arranged with alternate distances interposed

t her ebet ween, whi ch have positive and negative deviations fromthe

ref erence value of ~,/4. These devi ations a%lust t he phase del ays of the 25
reflected wave in the IDT with respect to the excited wave. As will be
described later, this adjustnment enables the direction of advance of the

i | f] b ed
opt i mal for the 3GH bﬁﬁ%g a’&?e%%eﬁ%?g?“%%?r% AREnPA! SV E G CERe "EPT ace
i |
actablishea: 11 = ((o 2EReRHiHRgkne BBsABrBY BRI ot Ay, - )
where 0.152a a”dePex{?@ﬁé‘mﬁ%fsfz‘?t adlsLRRRES B?t X’Be@z%‘)# R%/?Bst%dzgt gges of

the el ectrode fingers 8 represents sum-of the wdt'h of

each el ectrode fpnggrey nedguiad: i, eaed cordi pgkye &h\‘fy‘ gbshance
bet ween the centers of the ‘el ectrode flngers f%cated at t e o%pos%te s?des

of any rarglon y-soteei€dodSpelifet pod8cELIREST ah8 hehe ésgaa@esebua 9f otghe
research nade by the inventors, the distances t| and t2 tween thée centers

of the el ect rode210‘hg@d&éu:\t\erﬁlﬁﬁuﬁdsb@cbetbahﬂésphb@te ofakhe ekeited
fundanmental wave of the surface acoustic wave to 20 be guided in an optima
direction. The meavwd of determ ning the values of tl and t2 can be
expressed by the follow ng general equations. Supposing that the width of
one of each pair of efenecesdanti nher sefdewtedhwamedth & pheseotdedry25
el ectrode finger is ((~/4) - w, and the distance between the centers of
these two electr%h%m?$ﬁg%€§aistha Ristaneet o4t (4-v¥a3bue ﬁﬁd@)sdbgtaﬁtﬁally
satisfie ﬁ}% 4 16 the follomﬁng equatlon tan ~ é é~ /18))}
1/ cos ~kS](03~ / 4)¢ (er‘etbrrees%ﬁﬁ% tF Wéﬁ'rb%tﬂ $F QbvERe Xeipe W"j“’?\hen
x1 satisfies the e atlon he. f undanent wave of the, surface acqustic
wave can have an %qu xéx% glon p01ng 95 occurs, and phase i1nversion
occurs at the edge EH. Accordingly, a phase delay of
190° occurs with respect to the phase of the excited
wave.
15 The above-described phase delays can be given by
the same equations as used When explaining FIGS. 1(A)
and 1(B).
The result of synthesizing the vectors of the
- reflected waves E, F, G and H corresponds to the phase
20 delay amount of the internal reflected wave relative to
the excited wave. As shown in FIG. 1(D), the phase of
the vector obtained by synthesizing the vectors of the
internal reflected waves E, F, G and H is 22.5°. This
value indicates that the phase is deviated by 22.5°
25 from a phase (0°) in the same direction as that of the

excited wave.

It is understood from the above-described results



| B

di rectional property. Wiere one electrode finger has a wdth of i,/16, and
the other .electrode finger has a width of 3a/16, it is suff|C|enﬂ G pU D
di'stance /x2 between the centers 10 of these el ectrode fingers is set at a
val ue that substantially satisfies the follow ng equation: t an ~ k ( x 2 -
~ [ 8) 1} _,/-2 Referring nowto FIGS. 3(A) to 3(D), a description wll
be given of the phase relationship between the 15 internal reflected waves
and the excited wave (fundanental wave) in the surface acoustic wave
apparatus of this enbodinent. FIGS. 3(A) and 3(C) are sectional views
illustrating ess ntlal arts,of the surface acoustic 20 wave apparatus of
FIG 2. FIG 3(I§) 3% g‘%l%\?%??‘as‘t’?‘éﬂ hEug %m‘f)WéQL Y&v&di dRsRPp bet ween t he
excited wave anq:the internal reflected ve tﬂét adv fces t t he

the 1 gure.  Fl o SO EEat iR FROLErt RHEST RLoPHELERr 8] BFShSAPPEDE: voen
the excited 25 vw@a:;}si theciohergalarell oot e vexs Lbateadyapges 1o Lhe

right in the figur |gures, Suppose §s8%o he excited
wave is a reference y, 3 0 JUL 2004 mthe cIockmnse direction
wWith respect to the p ase o the vector of the excited wave is the

directionsof a phase gl ay tHetBBjé§E|89t@HemﬁﬂeenBQBErEbnﬁrEbiab kO FI GS.
3 (A and 3(B), a 5 description will be given of the relationship between

the excited vvavesmc&@eawﬁée@éedavaveppaeatasvenaesSh@wghe heEh in the
figures. Suppose that Pl represents any randonl y-sel ected excitation point

at which the surdetteencousismivaieni Suddtesni trRdraéteepsesentis atsefl ected
wave reflected fromone EA of the edges of an electrode finger of a width
(i,/16) closest siognhk paxssiagibangei and antloB ippeeséonslassefl ected wave
reflected fromthe other edge EB of the el ectrode finger. Further, suppose
15 that C represents a wave fronPiseleggireavifodnyentioas a ref er ence poi nt,
whi ch is passed through the electrode finger closest to the excitation
point, ardd reflected FPoAtbAENEENSf OPHECEdgEEeofodACHILAG PERATRtH§er Sof a
wi dth of 3./16 adjacent .to the first-nmentioned 20 el ectrode finger, and D
represents a refBeRYEPNave refl ected fromthe other edge ED of the second

ment i oned el ectrode flg Con ernln th ﬁ refl ected mav% a phas% del ay
el ement equal to a di§ ncé o] o a6§83 Phife¥pdE: apparatus’ equippe

with an lnterdlgltal transducer that includes first and
second common electrodes formed in parallel on a
15 piezoelectric substrate, a-first split electrode group
connected to the first common electrode and extending
toward the second common electrode, and a second split
electrode group connected to the second common
electrode and extending toward the first common
20 electrode; characterized in that:
a plurality of pairs of electrode fingers that
constitute the first split electrode group, and a
plurality of pairs of electrode fingers that constitute
the second split electrode group are interleaved at a
25 cycle of A/2;
each pair of electrode fingers consist of a

narrow-width electrode finger narrower than A/8



25 the phase of the excited wave at the excitation point occurs, and hence
a_phase delay of 35.28 occurs with respect to the phase of the excytjed 200
wave. |n’other i 3 QJUL 2004 18 words, supposing that a delay = X, X =
35.28 is given by the follow ng equation: ((0.098/2) X2) ~. . X=~, . 360
(X 2) included in this equation indicates a 5 coefficient for obtaining a
doubl e di stance. Further, concerning the ref]| ected wave B, a phase del ay

el enent equal to a distance of (0.098 + (1/8)) with respect to the phase of
the excited wave at the excitation point P1 occurs, and phase inversion 10
((1/2)i,) occurs Zt,the edge EB. Accordingly, a phase delay of 260.28
occurs with respett WEHGRE A erafe kangtdk @t &l SRARCE AR LGV aee
supposing that a delay = X, X = 360 X 80.098 + (1/8) + g1/2)) - 260.28 is
given by 15 {((OCU9BIY 36 251 +0peEaEEPn xCoptEal 1f5equency)x and a: wigg-(x

dl stance, and | %v?%tfﬂ%f%é?%gé%‘ﬂ' CEhEE 0P hagh” f Tath a It e Sdge EB.
20 Co i ' .t

Gi'stance of (0,008 + 17bycndg ey, vBePRP; Contrfel B ShnERHR R R
excited wave at \Félecc?ﬁ@i$f‘t§bé’9e%g{'§£l§&tggcg?ém andcbenge 2iphasg deay of

189. 72 occurs with respect to t ase the excite ot her

ds, i e d W XeFi60 & / 304) -
186,72 15 6 ven B 2o 0T e IS8, S8TT O F AT YY) . (o

152 X 2) } *uran&bﬁly%selé@@e&Xéﬁéi£ﬂ€i@ﬂegoiﬂttEhsaegﬁékheﬂ i ndicates a
coefficient for obtaining a double distance. Concerning the reflected

wave D, a phase wielaypebpagatiequalréotiofli shasce phatl. P%ApfdéSed+ 3/ 8y
with respect to the phase of the excited wave at the excitation point P1
occurs, and phassy imxersisoh Bcour & atnt ke 5édga :ER. nAdearadi myimhers) phase
delay of 10 144.72 occurs with respect to the phase of the excited wave. In
ot her worlds, suppdsh mespeet atdehaphasg, ok & Bevexeg¢Otedsby thes) + 0.304
+ (3/8) + (1/2)), 504.72 - 144.72 is given by i((0.098/2) X 2) + ((1/16) X
2) + (0.152 X 2)inerdigsral franpducery/2 )} ~ . X = ~ . 360 (X 2)
included in this equation igdicat coefficgient for obtaining a double

di stance, and (1/2) iﬁ%?ca? S ?HEggﬁguﬁFOBthﬁayéVPn9BP§Féﬁu§toﬁhéhédge ED.
2nd D corr espondl S5 et DRaSe 81 S5°GRONRR oF CHEN khor RAF PeRREEFER Rave
et e Bt 5030010y DB B, B R R e
A B, C and D isdiidhOdd electrode finger and one of the electrode
fingers located at the opposite sides of the randomly-
selected electrode finger, differs from a distance (t2)
between centers of the randomly-selected electrode
finger and the other of the electrode fingers located
20 at the opposite sides of the randomly-selected
electrode finger.
(C) The surface acoustic wave apparatus of
the present invention described in item (A) is
characterized in that said each pair of electrode
25 fingers consist of a narrow-width electrode finger
having a width of A1/16, and a wide-width electrode

finger having a width w of 0.146514 = w = 0.16054.



25 Thi.s value indicates that the phase is substantially an opposition to

t he phase of the excited wave. The synthesized vector is obtaing@t@¥ 2

synt hesi zi ng 3 0 JUL 2~4 20 the x- and y-conponents of the v % g¥
the reflected waves A, B, C and D in the orthogonal coordinates. Referring
then to FIGS. 3(C) and 3(D), the relationship between the refl ected wave
that advances 5 to the right in the figures_and the excited wave wll be
descri bed. Suppose that P2 represents any réﬂdon1y-selected excitation
poi nt at which the surface acoustic wave is excited, E represents a
reflected wave reflected from 10 one EE of the edges of an el ectrode finger
of a width (3a/16) cl dPdst & FUIHECE ECONSTT P&VR 2PRAF AL YSe HETA NG

refl ected wave rgflectgﬁ fron1th$ otha&ﬁe%&e EF of the el ect,rode finger.
Further, suppose PhaPOGIFEpAERENTS OF e PEPSRPEN S NYLLH RN &% point as a 15

ref erence point, CHQ%‘?QEiﬁ igg@sgg chgglrgg% tgﬁglrtéléggyrt% gp]éic.}gggro | osest to

the excitation poin | éct € o] an

el ectrode fingero9fca, Whdt B;akels/ d QT figr st ment.i.qned
el ectrode finger? aﬁng rep%g g%?s%ga?e??gggééh%gvgﬁfofﬁé Fg% é&' romthe

other edges EH of elaet%a@”gr%ﬁt,i angd aeb%%‘?qﬁgf i;ﬂg- %'irgo%e?li?% ga with

refl ected wave E, a phase del ay el enent “equa stance o

respect to the ppasgeek thatexehbedrweketdk kBeoB¥CiskAlioR1RRitYog> P2
occurs, and hence a phase delay of 35.28 occurs with respect to the phase

of the excited wagreupFakbhehteeQoa®ediNgathe pagl! 8¢t @d vavede A RfEase 3
0 JUL 2~4 21 delay elenent equal to a distance of (0.098 + (3/8)) with

respect to the pbaseiet blieaexairtred-wadehakleberede fdnigetr meidHowdk occurs,
and phase inversion occurs at the edge EF. Accordingly, a phase delay of
350.28 5 occurs ®wheh redpett timdivatsmse wvalenghitid®d veavef ad@oncer ni ng
the reflected wave G a phase del ay el enent equal to a distance of (0.098 +
(3/8) + 0:304) wWREAUPEIPeWAVEOSERY1PHagS 6h pheratdone¢emdralat t he
excitation point P2 occurs, and hence a phase delay of 10 279.72 occurs
with respect to fREIPRRSE) of 2PAe 2e¥dRecHifdtbe eleshzods fdngee Miideat ed
wave H, a phase gslayggkgnent equal to a di stance of .098 + (3/8) + 0.304
C

0
+(1/8)) ~, with“P88p ioat%%mpﬂ%sgh%fw%ﬁEh%x%ftEﬁe&ﬁ9Er0W‘Wldth

electrode finger and the wide-width electrode finger is
lower than 4/4; and a sum of the widths of the narrow-
15 width electrode finger and the wide-width electrode
finger and a distance between adjacent edges of these
electrode fingers is 31/8.
Brief Description of Drawings
FIGS. 1A to 1D are views useful in explaining the
20 operations and characteristics of a surface acoustic
wave apparatus, to which the inventors of the present
invention have paid attention;
FIG. 2 is a view illustrating a surface acoustic
wave apparatus according to an embodiment of the
25 present invention;
FIGS. 3A to 3D are views useful in explaining the

principle of the operation of the surface acoustic wave



-

15 at .the excitation point P2 occurs, and phase inversion occurs at th

edge EH. Accordingly, a phase del ay of 144.72 occurs with respecﬁ ¢ Ju ttﬂmk
phase of 't he excited wave. The above-descri bed phase del ays can be given by
20 the sane equations as used when explaining FIGS. 3(A) and 3(B). The
result of synthesizing the vectors of the reflected waves E, F, G and H
corresponds to the phase del ay anobunt of t internal reflected wave
relative to 25 the excited wave. As shown i FIG 3(D), the phase of the
vect or obtai ned by synthesizing the vectors of the internal reflected waves
E, F, Gand His_+ %UL 2004 22 This val ue indicates that
the phase is suB%?%ﬁﬁ?Eﬁ?yS%ﬁ%%Il?oFt at2of the excited wave. In t he

above-descri bed inven irs,of electrode fi, each consi sting
of an electrode 5 f.n%£§50fgg drde A3 nﬁFFoﬁé?W?héﬂ ;§a§ﬁagaﬁ 8Iectrode

el oet 1 odes 13 St’*}%ggﬁr%%hpatt%égtrf‘% SIS SRR

comon electrodea ﬁéghén hanGflﬁst group, while the pairs of 10
el ectrode fingers prOV|ded or t e comon’ el ectrode 14 are included in a

second graup. The pai F§G9f5€i§cér9ﬂ§§ i neliHdedsi Agt Qes{;k'f%ea'a@o%%%d
groups are interleaved. As a result, when view ng'the entire structure, 15

the el ectrode fiwwes Sapgﬁaﬁamsttéw@famertéhaﬂofhéﬁ afdotinfefkeblkr eHe
fingers of a width wider than ~,/8 are alternately arranged. Mre

speC|f|caIIy,||pn¢Eemboymvde£¢mbed invention, an electrode finger with a
width of i,/16 and an electrode finger with a mﬁdth of 3a/16 20 constitute
each pair. The vect orFEB3r aGhetdséDcarehvnawsnubeESl InBexpldild(iny ahe
obt ai ned by selecting the interval between each pair of electrode fingers.
As under st ood f RGP lRceDHrthesoperationi e thewaukfiafeGsco8EB)icandva(D),
in the above enbodi ment, 25 the direction of the synthesized vector falls
within thé rangeaRﬂalnatus oSl im FEGpe?t @8dthe ideal direction of

propagati on of the surface acousti c wave
. 7 1s a graph 111ustratlng the frequency

characteristics of the surface acoustic wave apparatus
shown in FIG. 5.
Best Mode for Carrying Out of the Invention
15 The embodiments of the present invention will be
described with reference to the accompanying drawings.
In FIG. 2, reference numeral 1 denotes a
piezoelectric substrate made of crystal, on one surface
of which an interdigital transducer section 12 is
20 formed.
In the interdigital transducer section 12, a first
common electrode 13 and a second common electrode 14
are arranged parallel to each other with a sbace
interposed therebetween. The first common electrode 13
25 is connected to a first split electrode group |
(electrode fingers 5al, 5bl, 5a2, 5b2, 5a3, 5b3, ')

extendihg toward the second common electrode 14.



3 0 JW2po4 23 where n is a natural nunber, and is an even nunber

(i ncluding 0) when the excited wave and the reflected wave have i3hge Jeene04
phase, and an odd nunber when they have opposite phases. 5 This invention,
however, is not limted to the above-nentioned values. In the above
enbodinent, the position of one of each pair of electrode fingers with
widths of i,/16 and 3a/ 16 is selected (by, {%r exanpl e, shifting the 10

el ectrode finger with the width of 3./16), ereby finally selecting the

el ectrode intervals of 0.098. and 0.152a. As a result, the direction of the
synt hesi zed vectfr of the reflecteqd waves fails Wi thi n t he range of 0,03

with respect to thekal A2 §PFRRE| SAMBPRpE SS§£PPSn16fl?h€°§ ecied to

acoustic wave. Fbmever % #en£ eéfect can ﬁ Q neg even |% h

direction of the®syRrHRSi iBg eTtBY “bPEnEEPRP| LELEH TR g8s TLBEPLSWhRHin t he
f 5 th t {

Gt Tace acousti cubhete?h ohee kaZe 6Ppr ot L I PendlRd HoyAER fhe  F5ee?

intervals are se gﬁ% h each of the ranges of 0 . 152 ~, 0. 007
~, and 0. 098 ~ é~ §90%ge9€r¥ﬁ% hgland + signs indicate that when the

forner assunes +, the:35that§s%sesggm% eﬂ.eé‘ﬂgo\ﬂ'e(:%r\bﬁrpsa ysShysf ting the
position of one of each pair of electrode fingers wwth w dths of ~, / 16

and 3 ~, / 16 . nadrOwLdeR04134tEb&e 4(A)esBOWiRRABUFEARNG ) @Bl t S
concerning the transfer characteristic and the group delay characteristic

of the above-deseiddedidthfatectarodst finyaye appahatusfiabbyi aeed by

mat ching the surface 5 acoustic wave apparatus with an external circuit. As
i s understood franmrahgedchapastedigtwithi gucertbonhinhervaanpeemween

characteristic and the group delay characteristic are substantially

symet ri cal mnthad3@%®@ttpﬂer$he Aladaidnthe Feequdnspliit. eleckiredes(B)

shows a state in which a surface acoustic wave apparatus, to which the

i nventiontQs app??%ﬁ@r|Bahﬁ$cﬁédnﬁFFﬁWanékhePﬁéptépﬁéuﬁﬂnGFﬁé éWﬂthe
surface acoustic wave ag aratus FA actual | nprises a transducer,

shown in FIG 2, S¥EFL458 hoRBe aViAB-HIGHAT SLECHEHS: FANGRVS, (Hrd DabERaK

t d f th ted f t
converting its L*Ei?H%??ﬂaﬁaﬁﬂ?é"gﬁgéﬁﬁeﬁi?éyﬁ‘%ﬁ. GnaPEeaia HEEENA. mat chi ng

circuit conpris C e ts connected to the input and out put
sides of the su??%%gggﬁoég ?%gaﬁv pparatus. At the input side, there are

provided an i nductor @g% gggggcggde&ggﬁfgagnghnggggt (B8 B3, round

connection term nal, capaci t or havi ng “one t'érmni'nal )Here 25
connected, 30 thesgsp gna 548pUsps er m. naincﬂidécﬁlel@%ﬂ@éltfﬂ—éie sphege are

provi ded an i nduct or 2 connect ed
electrode group and the pairs of electrode fingers
(6al, 6bl), (6a2, 6b2), (6a3, 6b3), ' inclﬁded in the
second split electrode group are interleaved. When
viewing the entire structure, the narrow-width
20 electrode fingers and the wide-width electrode fingers
are alternately arranged.

The common electrodes 13 and 14 and the split
electrode groups are formed of electrode films
containing aluminum (Al) or an aluminum (Al) alloy as

25 a main component.

Further, in this embodiment, each pair of

electrode fingers consist of an electrode finger 5bl,



a signal output term nal and the ground connection 3 0 JUL 2004 25
termnal, and a capacitor C21 having one term nal thereof connect®l JUb 2He
si-gnal output term nal. Al though this exanple enploys a matching circuit
formed of L and C, another neans may be used in which matching 5 is
performed by adjusting the inpedance of the surface acoustic wave
apparatus. In 'the above-described enbodi ne %, the distances tl and t2

bet ween the centers of adjacent el ectrode fingers are accurately determ ned
in order to inmpart 10 an optinmal transfer directional property to the
fundanmental wave qof the surface _acqustic wave. However, the present
invention is no%Q%qﬁéh%?fG'tﬁﬁél 0@2rs 623mat t er WBECBoNRSe 2t HAEtE devi ation
inmparted to tl or_t2 may ke ingr asgﬁ or reduced [n accordance wi_ith 15 the
properties denadfdd BFL H %ﬁwié'e( obgﬁFEaﬁﬁ§ethﬁp¥P¥?é§ng Pfe

bove-d i bed | he i | Db I de. fi ith
The i dih of | A6 SHEE B HteYE R e o e (AR TRTOA e ¢ her eot

in 20 the figured t h r finger with
the widih of i FEaeg ar MR lo ol phRIBRa RS HE o8
thereof ig the fggure.. Hgpaver,ot hgdanventi gRiER A9k Li fiked §Qqkbi s. Wen
using a pi ezoel ectriic substrate Having a 25 propagati on characferistic

different from tdiain ofr tdifubone- Aoscr i bra DisgrRalmE G Sulstymte, it is
possi bl e that the positional relationship between the narrower 3 0,JtJL

2~4 26 interval exbdineed dethd Mervab-widih bl Oppesds ef i dher Prieseat
invention is not limted to the above described enbodinent. FIG 5

il lustrates anoteheridaitbaxli nkntl 69f whhid eb tihree seimte -vi\dadit iedrectRefdy ence
nuneral 11 denotes a piezoelectric substrate nmade of crystal, on one
surface of whicifigygens dratigyia afidtlanstiuzér/I$ection 12 is forned. In the
interdigital transducer section 12, a first 10 common el ectrode 23 and a
second céfnon el ect r RSN Bk rabdedtbarbll el terEadL ISR Whe h a space
i nt erposed t herebetween. The first, common_electrode 23 is connected to a
first split el eGFURF YrIuFIt R3YoRE 13PRTANBA1eGEI0A8,5INZEDS 3433,
3b3, 15 extendin ward t he,second .comon el ectrode 24. Further, the
second comon elqgéfeord 5om i & /dod 150 % % RSV AL it U group

E1 e Seon PSSR s A f ool SOOGS0
o oo ol Hdd L Stee s Slest oy pakRag BB g0
suf fix bhsafe (i.e. higher than the reference value), while

the distance t2 between the centers is a negative

deviation from the reference value (i.e. lower than

the reference value). The distances tl and t2 are

alternately arranged.

20 Specifically, the centers of adjacent eléctrcde
fingers are arranged with alternate distances |
interposed therebetween, which have positive and
negative deviations from the reference value of 4/4.
These deviations adjust the phase delays of the

25 reflected wave in the IDT with respect to the excited

wave. As will be described later, this adjustment

enables the direction of advance of the internal




arranged repeatedly with a certain interval between 25 adjacent pairs. The
cycle of the repetition is Also in the second split electrode grouB,JUba?ids
of* narrowwi dth electrode fingers (with suffix a) and 3 0 JUL 200 27
wi de-width el ectrode fingers (with suffix b) are arranged repeatedly with a
certain interval between adjacent pairs. The cycle of the repetitionis ~..
The pairs of electrode fingers (3al, 3bl), (3a2, 5 5b2), (3a3, 3b3), ~~~
included in the first split el ectrode grouh“%nd the pairs of electrode
fingers (4al,' 4bl), (4a2, 4b2), (4a3, 4b3), ~~~ included in the second
split electrode group are inter|eaved. Wen viewing the entire structure,
the narrow wi dt FFabledeRq rdriee f Fagee schaadedetqi dedivachioreeptonalf fager s
are aIternaterf&&;an ed. The, conmpn el ectrodes 13 and 14 and the split

S

el ectrode group IR SHrRFELPROBE FhEnEURSATENERAgWANENPAUKDEAI ) or

an al um num (Al) ah%%% as_a_15.main _conponent. Further, in this enbodinent,
each pair of el ettrotfe® (1FYRTEICAH_Y8t of an el ectrode finger 3bl, 3b2,

S corss (0 T A AR b

i ndi cates the wavel en Surtacé acous

operationscentrglgd H?rﬂ& ), and an electrode finger 3al, 3a2, 3a3, w,
4bl, 4b2, 4b3, ~:iy %ﬁlc %as a wwdth wider than ~, /8. Mre specifically,

in this enbodiment, tpe widih, W0l thegpanrow width el ectrode fingers is
i./16, 25 while the width g& of the &Ade?aﬁdth el ectrode fingers is 0 .
1535 ~, . Supposing, t» £higoeppgdingnyg)yhat the width of ~ 3 0 JUL 2004
28 the electrode fingers, which have a wdth narrower than a reference
value (~,/8), is W, and+tbat=ofi the el ectrode fingers, which have a width
wi der than a reference value (~,/8), is W, the widths WL and W2 are 5 set
at val ues that substeandibb2 ) satd HFyWIhe freplresieng edisaianmes tegewdeV2) +
sin (k2W2) - 2 - cos (k2W) - sin (k2W) (k represents the nunber of waves;
k = 2~/~10 10 TH&¢ merperd edgehecobrebeneleavrodeoiifgand,avhaleesul8 of
research that when this equation is satisfied, the fundamental wave of the
surface acousti cepresents the sum of half the width of each electrode

finger included in each pair. Accordingly, the

distance between the centers of the electrodé fingers

located at the opposite sides of any randomly-selected

15 electrode finger is 1 /2.

As a result of the research made by the inventors,
the distances tl and t2 between the centers of the
electrode fingers were found to be values that enable
the fundamental wave of the surface acoustic wave to

20 be guided in an optimal direction. The method of
determining the values of tl and t2 can be expressed by
the following general equations.

Supposing that the width of one of each pair of
electrode fingers is w, the width of the other

25 electrode finger is ((A/4) - w), and the distance

between the centers of these two electrode fingers is

xl, x1 is set at a value that substantially satisfies



wave can have an optimal directional property. In the previous enbodi nent,
the I1DT is designed 15 such that each pair of electrode fingers BdveUL 2004
réspective widths of° ~, / 16 and 3 ~, / 16 . In this enbodi ment, however,
the sum of the wi dths of each pair of electrode fingers differs from~,/4,
and the width of the wider electrode fingers is 20 determ ned on the basis
of the above equation. Referring nowto FI 6(A) to 6(D), a description
will be given of the phase relationship betwween the internal reflected
waves and the excited wave (fundanental wave) in the surface acoustic wave

25 apparatus of this efgodinent. F|GS. 6(A) and 6(C) are sectional views
i |lustrating esseMtiBPIpAVL8IoPIPAEIH i face acoustic 3 0 JUG 2004 29 wave

erat onahi p between PRG SRCFEen dduls S T b 0E ckREIS AHoct @ Mave that

advances to the left kﬂ EQSFEEQHEE:tﬁgchuggg%né§t%a¥£ w2 leg§ ﬁg}ing t he

phase rel ati onshi p between exci ted wave €' rnternal “refl'ected wave

that advances to the gihght xinshbeobhaur enel Boble;bhguiss supRaseLhat the

phase of the excited wave Is a reference va and 't he cl'ockw se direction

W th respest to féee pbasenef sdPrhbe ¥e6hoeief whhe %6l hegea¥eobs ille
direction of a phase delay in the reflected wave. Referring first to FIGS.

6(A) and 6(B), adilesctiphabnpwbpbérbg.given of the relationship between the
excited wave and the reflected wave that advances 15 to the left in the
figures. Suppose thatWRéreepnesehestangder ahdgekyhael actddtéxeift at ¥ 08, poi nt
at which the surface acoustic wave is excited, A represents a reflected
wave reflected fardn ohe Epher ehectdgds bingaerehest nowédthngdr 30f /R6w dt h
20 (i,/16) closest to the excitation point, and B represents a reflected
wave refl ected f*%n#%h%uﬁfhéieéégéfEngfdihéaececKﬁobetWEQQemhngﬁDM@rﬁ
suppose that C represents a wave fromthe excitation point as a reference
point, whi%h is %gs%%%s‘? hebBERIPAR ELBEEFBJES28eki AjeP ¥RYESENES t he
excitation point, and refl fted fromone EC of the edges of ,an el ectrode
finger of a wi dt%ul%?t%)’?*i’s%;Yaﬁ?ﬁe%ﬁ%eﬁotPﬁefPHQW-lﬁﬁn?HHﬁEaOH=3 0 JUL 200

thé other edge ED of A SB6BAI merifbhed ikectrode finger. oo T
’ Referring now to FIGS. 3(A) to 3(D), a description
will be given of the phase relationship between the
15 internal reflected waves and the excited wave
(fundamental wave) in the surface acoustic wave
apparatus of this embodiment.
FIGS. 3(A) and 3(C) are sectional views
illustrating essential parts of the surface acoustic
20 wave apparatus of FIG. 2. FIG. 3(B) is a view
illustrating the phase relationship between the excited
wave and the internal reflected wave that advances
to the left in the figure. FIG. 3(D) is a view
illustrating the phase relationship between the excited
25 wave and the internal reflected wave that advances to
the'right in the figure. 1In the figures, suppose that

the phase of the excited wave is a reference value, and



Concerning the reflected wave A, a phase delay 5 elenent equal to & JuL 2004
di stance of (i./16) X 2 with respect to the phase of the excited aave at

t he excit'ati on point occurs, and hence a phase delay of 45 occurs with
respect to the phase of the excited wave. Further, concerning the reflected
wave B, 10 a phase del ay el enent equal to a distance of ~(~,/16) X 2 +
(i,/16) X 2} with respect to the phase of t excited wave at the
excitation point Pl occurs, and phase inversion occurs at the edge EB.
Accordingly, a phase delay of 270, i.e. (-90), occurs with respect 15 to

t he phase of the excite wave. Concerning,the reflected wave C, a phase

del ay el enent eqthf THOGKUISEafitEeoripP1Vith %espectiresfhg phasg o9 X 2)
~, With respect to the phase o% the excited wave at_ the, excitation point Pl
occurs, and 20 hHeMte’8CpRaset dehaye¥Fis8 .ﬂgvﬁc&ﬁr§hﬁd§HrF8§ﬁ88t° o the

h f th ited : ' fl d ) h d
phase of the, exch o MRYEe) Sones! IL00. (b Lellegied have D a phase delay
respect to the phase nggpgig Ck&9§tm@¥ﬁg%§aat3EE§)2§§§§ Rb n poi nt P1

occurs, and phase inversron occurs at de ngl'y,” a phase

del ay of 135 occasci bbibeswesi Ha %E@eﬂh8§etﬁg %Q?ﬁ@&gh%ﬁggtggtgeé¥V2004

31 wave. The result of” synthesi zing e vectors o ere waves A,
B. C and D corresponsgcifed habbaghadehay rafuptedf Véhbg Eﬂta%r Bakahekkect ed

wave relative to 5 the excited wave. As shown in FI (B), the phase of
the vector obtaited:ly Sypthesi ghegriferesctors of the internal reflected
waves A, B, Cand Dis 179.99. This value indicates that the phase is
substantial |y an oppoSupposet ehhhePphaspretenhe exg traddsaig-skeleetleer 10
words, oscillation propagates to the right inthe f figure . Referring then
to FIGS. 6(C) amk®lithtiohepothht abnshiphbeheeenrfheer etbestéd wave tikat
advances to the right in the figures and the excited wave will 15 be

descri bed.0 Supp¥Cited, F2 represents anyefinasptlywerketeédeskert £4roon
poi nt at which the surface acoustic wave is_excited, E represents a

refl ected wave ret¢ et et f Floth A8 EECEf abheledgesdst fangereOfr 8dWifthger of

a width 20 (3a/16¥’plose%$ to the excitation point, and F rgpresents a
reflected wave refl’/d@leFIGRt HL dilterexer BoR PR HRE el 28%rBde fi nger.

FurLer SUPPOSe, el Gy EPL OTER! BeR e, b O UE SHOLLEL PR @
edge EB of the electrode finger. Further, suppose'

15 that C represents a wave from the excitation point as a
reference point, which is passed through the electrode
finger closest to the excitation point,vand reflected
from one EC of the edges of an electrode finger of
a width of 31/16 adjacent to the first-mentioned

20 . electrode finger, and D represents a reflected wave
reflected from the other edge ED of the second-
mentioned electrode finger.

Concerning the reflected wave A, a phase delay
element equal to a distance of 0.0981 with respect to

25 the‘phase of the excited wave at the excitation point
occurs, and hence a phase delay of 35.28° occurs with

respect to the phase of the excited wave. In other



25 finger closest to the excitation point, and reflected fromone EG of %B
edges of an electrode finger of a wdth of i,/16 adjacent to the 3 0 JUL 2004
fi*rst- menti oned ~ 0 JUL 2004 a~ 32 electrode finger, and H represents a
reflected wave reflected fromthe other edge EH of the second nentioned

el ectrode finger. Concerning the reflected wave E, a phase delay 5 el enent
equal to a distance of (i,/16) X 2 with re5ﬂﬁct to the phase of the excited
wave at the excitation point P2 occurs, and ‘hence a phase delay of 45
occurs with respect to the phase of the excited wave. Further, concerning
the reflected wave hase, 10 del ay el ement eqgual to_a dlgtance of
((1/16) X 2 + (0% )@ §yOSing; thatedplelaY o=t he $hEsd of 8t hdSeRéVeRd
wave at the excitatjon P %gt P2 occurfg‘,L and phase inversion occurs at the
edge EF. Accor dingl {7t Y R\ §§5 52 occurs with respect to the

ol ay ol enent oqual b8 Y Ahce ot (18 K% 1 600885 x 2 + 0 150 X 2)
~, With respect to th %)Zglrg%&wde 7%&\95@ S“aﬂ?%hfngfgéﬁg% gn poi nt P2

occurs, and 20 hence p ay of occu respec o the phase

caual 1o & di st et HOLTIT 1650303 B EcR RoBLe L (1116 X2

~, With respect to th@uzéhebaseoﬁéekhenexehteeéemgetaa BoeC%G hah@Repoi Nt
P2 occurs, and phase inversion occurs af the edge EH Accordlngly, a phase

del ay of 135 ocCcdsBan éheiespessual €8 3 Widbhndedoko(bhegphase19B)thhe
excited wave. The result of synthesizing the vectors of the reflected waves

E, F, G and H coiresipindedpedthecphadse pledsy afoting etcitbed i waee nat

refl ected wave relative to 5 the excited wave. As shown in FIG 6(D), the
phase of the vecthe @b@étaeﬂODypeynthEéi@CQQrsheanécpbaseoﬁnVBeSﬁnnernal
reflected waves E, F, Gand His 0.001. This value indicates that the phase
i s substartial | y( h(R) ) aamirsofat Hhexedde ERay AcaOr ding Ly undepkasvd
fromthe vector characterlstlcs shown in FIGS. 6(B) and g , the direction
of the syntheS|Z@%1%%c?%r 6% £8° WPERVRSt NéthaRgEPEFLtOLAOE ﬁdpﬁaﬁ§sﬁéct to

t he i deal propag ion dlreétlon of the erface coustic wave g%he rig
direction in the"1% $¥GHFee)Wa¥hr s fRAVERPPENYORBRevEFPPPSLIRG: ?ﬁlﬁed to

the above-nentiogefl, yalues.y _ 350 x (0.098 + (1/8) + (1/2)) = 260.28°
is given by
15 {((0.098/2) X 2) + ((1/16) X 2) + (1/2)} A : X
= A1 : 360
(X 2) included in this equation indicates a
coefficient for obtaining a double distance, and (1/2)
indicates the amount of phase inversion at the edge EB.
20 Concerning the reflected wave C, a phase delay
‘element equal to a distance of (0.098 + (1/8) + 0.304)
A with respect to the phase of the excited wave at
the excitation point Pl occurs, and hence a phase
delay of 189.72° occurs with respect to the phase
25 of the excited wave. 1In other words, supposing that a
delay = X, X = 360 X (0.098 + (1/8) + 0.304) = 189.72°

is given by



In the above enbodi nent, the position of that one of each pair of ?Igﬁfﬁﬁﬂe
fingers, which has a wwdth of 20 i,/16, is fixed, the other el ect F dd

fi'nger is set to have a width of 0.153y,, and the interval between these

el ectrode fingers is set at 0.159a. As a result, the direction of the

synt hesi zed vector of the reflected waves falls within the range of 0.001
wth 25 respect to the ideal direction of p{gpagation of the surface
acoustic wave. However, a sufficient effect~tan be obtained even 3 0 JU
2004 34 if the direction of the synthesized vector of the reflected waves

falls within the range of 5 with respect to the i deal direction of
propagation of the suff48e08844dt i vE. (61{ }o ?h?%:%hse it is sufficient

f th | ectrode f th f /1 d, dth dt h of
{he mfdgreﬁjB?hee|22?§o&§‘§98 é§ X& ztoaﬁla % IUe3P§TF|ngaanth|ﬁ rLe raﬁge
f 0. 1535 ~, 0.007 ~ f h

Focated 10 outside thé palr ﬁgf?éé noﬁ t??%ge gg?§ %|Xe§£éé$%§ %Igﬂgaz
measur ement resulhseeOrehDl Bd.l Bp:LiARSEEE ARALIE! Aikghheeand the group

del ay characteristic o ove- escrl sur ace acoustrc¢ wave

appar at us, 5 obt ai ned byo,HBEER:RG Lhe %‘é“fflé%%elﬁw%%‘éu%t' G WRUE ARRALJL US W th

an external circuit as in the previous enbodi ment. AS is-understood from
this characterisgléméhguegualloth thLEEaﬁéEebeQ@rGQBeﬂl%ﬁVG)amdBVB$ Qr oup
del ay characteristic are substantially symretrical with respect to the
fundanent al frequedryr@8péOt Abt BREgbhake e@&chhef ekbeétabowaveniaedi nents,

the wide-width electrode fingers and the narroww dth el ectrode fingers are
al ternately arrahiedexthtatioangerinnt Phiapcbershangddphasa paxtrsfionhe
transducer 25 (for exanple, wi de-width electrode fingers may be adjacent to
each other). Thigceursiceétr tchenadoesEPhe agecprddn@dye anphese deflycréd wave

to be melfhted in gS 3 0 JUL 2004 accordance with the required
charact er}®ti cs. 1¢ﬁe7% 09ECHESCHibBIT§6PPEEe tac 508t PBaRAY 8 fajsPar &¥GI6R the
invention shows a_nuch betteg transm ssion functio chara herlgtlc inits
signal 5 passing ﬁ&ﬁd aRd°% PSMWPH évt?BHPP§§§g t bsfr F&H-3Xppl Keabi lity

25 an i ntor modi abe™{ PERuehay 01 908+ 1ot/ BEcFi B Shboty bart) abyl 2edP) Ty 1=

el ectronic 10 deg?ge§ bnclgggnzﬁkelgxli %E %S; a communi cati on devi ce, and

a cellul ar phone for sten), etc. The surface

acousti c wave appar at l{gégf otglggzl)n\é@n? on gl‘/\ﬁ‘@'}a% o} Z-ﬁd(ed nléiﬂi‘g tzhe ful |

conpact , and |ightwei and this can'be util dto
if it is jmstalled inyaieghlyl 3t phenes/2y3 Q JUx 2004 363G AT MS 1. A

surface acoustic wave apparatus equi pped with an interdigital transducer
that includes first agpk 2) included in this equation indicates a
coefficient for obtaining a double distance, and (1/2)
indicates the amount of phase inversion at the edge ED.
The result of synthesizing the vectors of the
20 reflected waves A, B, C and D corresponds to the phase
delay amount of the internal reflected wave relative to
the excited wave. As shown in FIG. 3(B), the phase of
the vector obtained by synthesizing the vectors of the
internal reflected waves A, B, C and D is 179.97°.
25 This value indicates that the phase is substantially an

opposition to the phase of the excited wave.

The synthesized vector is obtained by synthesizing



second common el ectrodes fornmed parallel on a 5 piezoelectric substrate, a
first split electrode group connected to the first common el ectrodegand 2004
ext endi nd toward the second conmon el ectrode, and a second split el ectrode
group connected to the second common el ectrode and extendi ng toward the
first common 10 el ectrode; characterized in that: a plurality of pairs of
el ectrode fingers that constitute the first.§plit el ectrode group, and a
plurality of pairs of electrode fingers that constitute the second split

el ectrode group are interleaved at a 15 cycle of 7~/2; each pair of

el ectrode fingers consist_of a narroww dth el ectrode finger narrower than
~, 18 (7~ i ndi cat'd¥® 1Rt gt PBPRantEr PhcEhachaSEPES WAl tBRr TRRdea N
operation central_frequency), and a wide 20 width el ectrode,finger w der
than 7~/8; a synfhest dn%EC ot? oBté?nEBeb9r§9ﬂ9ﬂ8§$zFﬂar§é8FBg§'of waves

7512 rom any T andont §° S8 SELACRRE ERL FoRSpoPAE )i AV 6P acE Save 25
ti di | 20 o 0S4 DASEer Y N5 o = = +h (n:
Patoral nunber) w 1h s aessy Pacaceq, EH8 FRRElebanyae hay pligafisel™

interdigitsal 30 Jhd 2DDKe 3j?ntE%S?Egﬁfésaaﬂdatﬁé%%% &t hévg%%%”
centers of a randomy selected el ectrode finger and one o? the el ectrode
fingers |located 4 ddecPPpasite sides of the randomy 5 sel ected el ectrode

finger, differs froma distance (t2) between centers of the

randonl y-sel ected el estppdsef thger randepbesehhier anly rhademegtsedeckiedoer s
| ocated at the opposite sides of the randonl y-sel ected el ectrode finger. 10

2. The surface amoustatciowmvieohppasttwsiancehdi sgrfacel atsubktichaaget eési zed
in that said each pair of electrode fingers consist of a narroww dth

el ectrode fingere¥mivied, aE welpheoénts/ d6yefhdchedi dwevei defilebeetr ddemf i nger
having a wwdth w of 0.146y, ~ w 15 0. 160y,. 3. The surface acoustic wave
appar at us-laccor Ry BH @f atine eduepaefernzederhrodat fingerapfon Width

el ectrode fingers_and the wi de-wi dth el ectrode fingers are arranged
alternately, thel jSf/flér)eﬁtl"tﬁ%?ttaﬁc%stri% S LEREIDN B Ar@rhately, t1is

20051t ve Sevt ot on L0 o TELET SheB aLve ok dhy 8RR LBl nRazt e
SO SLus SCCOr ha g CLELIRL QSUBLAGET ERGGLD {HabeReR LBl BRtl 20
' G represents a wave from the excitation point as a

15 reference point, which is passed through the electrode
finger closest to the excitation point, and reflected
from one EGvof the edges of an electrode finger of a
width of A1 /16 adjacent to the first-mentioned
electrode finger, and H represents a reflected wave

20 reflected from the other edge EH of the second-
mentioned electrode finger.

Concerning the reflected wave.E, a phase delay
element equal to a distance of 0.0981 with respect to
the phase of the excited wave at the excitation point

25 P2 occurs, and hence a phase delay of 35.28° occurs

with respect to the phase of the excited wave.

Further, concerning the reflected wave F, a phase



5. The surface acoustic wave apparatus according to claim4, char éterized
in that one of said each pair 3~ 0 JUL 2004 38 of electrode fiﬁg rdLn g4 o
wirdth of ’i, /16, and the other of said each pair of electrode fingers has a
wi dth of 3p/16. 6. The surface acoustic wave apparatus according 5 to claim
4, characterized in that supposing that the width of one of said each pair
of electrode fingers is w, the width of the_other of said each pair of

el ectrode fingers is (~,/4) - w, and a dis dnce between centers of these

el ectrode fingers is x1, x|l is set at 10 a value that substantially
satisfies the foll ow ng equation: tan {k(x] - (~ /8 } - 1/ (cos_{k(
(3~,/4) + 2w) } e 5 e é %smﬁi @203&,7 637 5hy. 2
surface acoustic ,wave apparatus agccording 15 to claim4, characterjzed in
that the width OF Tohd SPac ¢ bddte i3S f°€|fé},ft e FEhJEFEe i’ theg, the

i dth of the other .of .sajd jr_of electrode fi i s, 3p/ 16, and
G st ance xo bt agE kel S b ol e i S deadiof odewR L™
that substantialy] jsfhes t 1 ow j ON; dekad 2,50~ 18
) B A uracs SDLSHAT HE BEeREHE SRE e st e

transduces, that gneludies i Heglth Sep%ite Sk e04& ogles; {04 pd,par al | el

on 25 a piezoelectric substrate, It electrode group connected to

the first common el e@dr%@:x%ﬂ%%@“f@f‘ﬂeé@é@rﬂa\;@ecseg aS8Ho Ny

el ectrode, and 3 0 JUL 2004 39 a second split el ect rode group connect ed
to the second censxer] eduadeaind ExdEeMbdbmt OQ/W@béh\e {3/@} €00 )

el ectrode; characterized in that: a plurality of pairs of electrode fingers
that 5 constitut®e whehf respespl itb ehecphade @fowhe axdiagd waald tat athgpairs
of electrode fingers that constitute the second split electrode group are
interl eaved; eadxqidiatisin aeioty Rk déques s aohdiencefa phase ode vyt df

el ectrode finger narrower than ~ /8 (~, 10 indicates a wavelength of a
surface afousti @ Mave sQSGHE asltdh ARt dir cdit rehase «of chity ) exahted

wi dewi dt h el ectrode finger wider than ~,/8; a sumof the wi dths of the
narrow w dth el ®ode finger and the w de-wi dth el ectrode finger is |ower
15 than ~,/4; and a sum of the w . dths t he. narrow w dt elecér de finger
and the wide-width el STHTTRRT Nt TR SR iave Bet hekP2sq; %gﬂY edges
of these electrode fingers i.s 3~,/8,,20 9. Th r e a tic

appar at us accor (?lcineénetno cﬂqa‘ﬂar;i éfo cahaqlaﬁ: aerﬁeze%tei ﬁdl'té%f i h&?ﬂi} rBW@% ht

el ectrode finger a w dt.h,of . 10 h r f 0 J s

appar at us accoréil@t)o )((:MI g’?’%]hS?:egﬁlgg:gcttér it%{egd%lh%%teh%t%eggl%p;égdr%}etvéﬁéfavoene of
25 sai d egch paidi AhelBad 11008 i NUSLSe 152 Woc @, tigs hi b Of nb &8s pbher of
said each pair of electrode fingers is w2, wl and w2 are set at va?ues t hat
3 0 JUL 2004 40 ceithiisandd alHey sidd Hy. t cd b d OV DN, efUsh 498 d6D8y (ok  2W2
) +sin( k 2w2 ) - 2 - cos (k2wl) - sin (k2wl) (k represents the nunber
of waves; k = 23/44.)75 Tkculle witti acespeotiste ctivavishappas fit tise asgoiteédg to
claim9, characterized in that one of said each pair of electrode fingers
has a wdth of WaveES, and the other of said each pair of electrode fingers
has a wwdth of 0 . 153y,. .A%Au,r.A . A . A(r. A

A A A L AuL. A@IL. AsTheyaboyerdeser foed\ piaasal daland. agn . heAgiyenyly. A L. A
r.A, . Ar_AfFF_. Ar. Af r. AfL. Ar. AyY. AL A A{. Au. Ah(8Hsy z{ fsu68; :
>AD+, Hz} #9ni d_Z]t%) SRR 3 5% ek f5R) 2 H £Y cBF €8] cA{®4] ca] ca

] ca] ca] ca] ca] ca]a%ad] %a(]Bc)a.] cal] ca] ca] c: a] ca!

The result of synthesizing the vectors of the
reflected waves E, F, G and H corresponds to the phase
delay amount of the internal reflected wave relative to

25 the excited wave. As shown in FIG. 3(D), the phase of
the vector obtained by synthesizing the vectors of the

internal reflected waves E, F, G and H is + 0.03°.
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where n i1s a natural number, and is an even number
(including 0) when the excited wave and the reflected
wave have the same phase, and an odd number when they
have opposite phases.

This invention, however, is not limited to the
above-mentioned values.

In the above embodiment, the position of one of
each pair of electrode fingers with widths of A/16 and
31/16 is selected (by, for example, shifting the
electrode finger with the width of 31/16), thereby
finally selecting the electrode intervals of 0.0981%
and 0.1521. As a result, the direction of the
synthesized vector of the reflected waves falls within
the range of *0.03° with respect to the ideal
direction of propagation of the surface acoustic wave.

However, a sufficient effect can be obtained even
if the direction of the synthesized vector of the
reflected waves falls within the range of =*5° wiﬁh
respect to the ideal direction of propagation of the
surface acoustic wave.

In this case, it is sufficient if the electrode
intervals are selected to be within each of the ranges
of 0.15242*0.0072 and 0.098AF 0.007A (the £ and ¥
signs indicate that when the former assumes +, the
latter assumes -, and vice versa) by shifting the
position of one of each pair of electrode fingers with

widths of A1/16 and 31/16.

I
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the transfer characteristic and the group delay
characteristic of the above-described surface acoustic
wave apparatus, obtained by matching the surface

5 acoustic wave apparatus with an external circuit.
As is understood from this characteristic figure, both
the transfer characteristic and the group delay
characteristic are substantially symmetrical with
respect to the fundamental frequency £0.

10 FIG. 4(B) shows a state in which a surface
acoustic wave apparatus, to which the invention is
applied, is matched with an external circuit. The
entire surface acoustic wave apparatus FA actually
comprises a transducer, as shown in FIG. 2, for

15 generating a surface acoustic wave, and another
transducer for receiving the propagated surface
acoustic wave and converting its oscillation into an
electrical signal.

The external matching circuit comprises respective

20 elements connected to the input ana output sides of the
surface acoustic wave apparatus. At the input side,
there are provided an inductor L12 connected to a
signal input terminal and a ground connection terminal,
and a capacitor Cll having one terminal thereof

25 connected to the signal input terminal. At the output
side, there are providéd an inductor L22 connected to

a signal output terminal and the ground connection
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thereof connected to the signal output terminal.
Although this example employs a matching circuit formed
of L and C, another means may be used in which matching

5 is performed by adjusting the impedance of the surface
acoustic wave apparatus.

In the above-described embodiment, the distances
tl and t2 between the centers of adjacent electrode
fingers are accurately determined in order to impart

10 an optimal transfer directional property to the
fundamental wave of the surface acoustic wave.

However, the present invention is not limited to this.
It is a matter of course that a deviation imparted to
tl or t2 may be increased or reduced in accordance with

15 the properties demanded by the surface acoustic wave
apparatus.

In the above-described embodiment, the interval
between an electrode finger with the width of A /16 and
an electrode finger located at the left side thereof in

20 the figure is set narrower than that between an
electrode finger with the width of A1/16 and an

~electrode finger located at the right side thereof in

the figure. However, the invention is not limited to

this. When using a piezoelectric substrate having a

25 propagation characteristic different from that of the

above~described piezoelectric substrate, it is possible

that the positional relationship between the narrower
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described embodiment.
FIG. 5 illustrates another embodiment of the
5 present invention.

Reference numeral 11 denotes a piezoelectric
substrate made of crystal, on one surface of which an
interdigital transducer section 12 is formed.

In the interdigital transducer section 12, a first

10 common electrode 23 and a second common electrode 24
are arranged parallel to each other with a space
interposed therebetween. The first common electrode 23
is connected to a first split electrode group
(electrode fingers 3al, 3bl, 3a2, 3b2, 3a3, 3b3, ')

15 extending toward the second common electrode 24.
Further, the second common electrode 14 is connected to
a second split electrode group (electrode fingers 4al,
4bl, 4a2, 4b2, 4a3, 4b3, '**) extending toward the first
common electrode 13. The electrode fingers 4a2, 4b2,

20 4a3, 4b3, ‘- are not shown.

In the first split electrode group, pairs of
narrow-width electrode fingers (with suffix a) and
wide-width electrode fingers (with suffix b) are
arranged repeatedly with a certain interval between

25 ~adjacent pairs. The cycle of the repetition is 2.
Also in the second split electrode group, pairs of

narrow-width electrode fingers (with suffix a) and
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arranged repeatedly with a certain interval between
adjacent pairs. The cycle of the repetition is 4.

The pairs of electrode fingers (3al, 3bl), (3a2,

5 5b2), (3a3, 3b3), ' included in the first split
electrode group and the pairs of electrode fingers
(4al, 4bl), (4a2, 4b2), (4a3, 4b3), ' included in the
second split electrode group are interleaved. When
viewing the entire structure, the narrow-width

10 electrode fingers and the wide-width electrode fingers
are alternately arranged.

The common electrodes 13 and 14 and the split
electrode groups are formed of electrode films
containing aluminum (Al) or an aluminum (Al) alloy as a

15 main component. |

Further, in this embodiment, each pair of
electrode fingers consist of an electrode finger 3bl,
3b2, 3b3, ', 4al, 4a2, 4a3, ‘-, which has a width
narrower than A/8 (1 indicates the wavelength of a

20 surface acoustic wave serving as the operation central
frequency), and an electrode finger 3al, 3a2, 3a3, ',
4bl, 4b2, 4b3, ', which has a width wider than A /8.

More specifically, in this embodiment, the width
Wl of the narrow-width electrode fingers is A/16,

25 | while the width W2 of the wide-width electrode fingers
| is 0.15354.

Supposing, in this embodiment, that the width of
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electrode fingers, which have a width wider than a
reference value (A1/8), is W2, the widths Wl and W2 are
5 set at values that substantially satisfy the following
equation:
cos (k+2W2) + sin (k+2W2)
= 2 - cos (k*2Wl) - sin (k-*2W1l)
(k represents the number of waves; k = 2n /1)

10 The inventors of the present invention found as a
result of research that when this equation is
satisfied, the fundamental wave of the surface acoustic
wave can have an optimal directional property.

In the previous embodimént, the IDT is designed

15 such that each pair of electrode fingers have
respective widths of A/16 and 31/16.

In this embodiment, however, the sum of the widths
of each pair of electrode fingers differs from A /4,
and the width of the wider electrode fingers is

20 determined on the basis of the above equation.

Referring now to FIGS. 6(A) to 6(D), a description
will be given of the phase relationship between the
internal reflected waves and the excited wave
(fundamental wave) in the surface acoustic wave

25 apparatus of this embodiment.

FIGS; 6(A) and 6(C) are sectional views

illustrating essential parts of the surface acoustic
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wave and the internal reflected wave that advances to
the left in the figure. FIG. 6(D) is a view

5 illustrating the phase relationship between the excited
wave and the internal reflected wave that advances to
the right in the figure. 1In the figures, suppose that
the phase of the excited wave is a reference value, and
the clockwise direction with respect to the phase of

10 the vector of the excited wave is the direction of a
phase delay in the reflected wave.

Referring first to FIGS. 6(A) and 6(B), a
description will be given of the relationship between
the excited wave and the reflected wave that advances

15 to the left in the figures.

Suppose that Pl represents any randomly-selected
excitation point at which the surface acoustic wave is
excited, A represents a reflected wave reflected from
one EA of the edges of an electrode finger of a width

20 (2/16) closest to the excitation point, and B
represents a reflected wave reflected from the other
edge EB of the electrode finger. Further, supposé that
C represents a wave from the excitation point as a
reference point, which is passed through the electrode

25 finger closest to the excitation point, and reflected
from one EC of the edges of an electrode finger of a

width of 0.15351 adjacent to the first-mentioned
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Concerning the reflected wave A, a phase delay
5 element equal to a distance of (A/16) X 2 with respect
to the phase of the excited wave at the excitation
point occurs, and hence a phase delay of 45° occurs
with respect to the phase of the excited wave.
| Further, concerning the reflected wave B,

10 a phase delay element equal to a distance of {(A4/16) X
2 + (A/16) X 2} with respect to the phase of the |
excited wave at the excitation point Pl occurs, and
phase inversion occurs at the edge EB. Accordingly, a
phase delay of 27b°, i.e. (-90°), occurs with respect

15 to the phase of the excited wave.

Concerning the reflected wave C, a phase delay
element equal to a distance of ((1/16) X 2 + (1/16) X
2 + 0.159 X 2) A with respect to the phase of the
excited wave at the excitation point Pl occurs, and

20 hence a phase delay of 204.48° occurs with respect to
the phase of the excited wave.

Concerning the reflected wave D, a phase delay
element equal to a distance of ((1/8) + (1/8) + 0.318 +
0.307) A with respect to the phase of the excited wave

25 at the excitation point Pl occurs, and phase inversion
occurs at the edge ED. Accordingly, a'phase delay of

135° occurs with respect to the phase of the excited
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10t reflected waves A, B, C and D corresponds to the phase

delay amount of the internal reflected wave relative to

5 the excited wave. As shown in FIG.'G(B),‘the phase of
the vector obtained by synthesizing the vectors of the
internal reflected waves A, B, C and D is 179.99°.
This value indicates that the phase is substantially an
opposition to the phase of the excited wave. In other

10 words, oscillation propagates to'the right in the
figure.

Referring then to FIGS. 6(C) and 6(D), the
relationship between the reflected wave that advances
to the right in the figures and the excited wave will

15 be described.

Suppose that P2 represents any randomly-selected
excitation point at which the surface acoustic wave is
excited, E represents a reflected wave reflected from
one EE of the edges of an electrode finger of a width

20 (31/16) closest to the excitation point, and F
represents a reflected wave reflected from the other
edge EF of the electrode finger. Further, su?pose that
G represents a wa&e from the excitation point as a
reference point, which is passed through the electrode

25 finger closest to the excitation point, and reflected
from one EG of the edges of an electrode finger of a

width of A/16 adjacent to the first-mentioned
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reflected from the other edge EH of the second-
mentioned electrode finger.

Concerning the reflected wave E, a phase delay
element equal to a distance of (A/16) X 2 with respect
to the phase of the excited wave at the excitation
point P2 occurs, and hence a phase delay of 45° occurs
with respect to the phase of the excited wave.

Further, concerning the reflected wave F, a phase
delay element equal to a distance of ((1/16) X 2 +
(0.1535 X 2)) A with respect to the phase of the
excited wave at the excitation point P2 occurs, and
phase inversion occurs at the edge EF. Accordingly, a

phase delay of 335.52° occurs with respect to the phase

of the excited wave.

Concerning the reflected wave G, a phase delay
element equal to a distance of ((1/16) X 2 + 0.1535 X
2 + 0.159 X 2) A with respect to the phase of the
excited wave at the excitation point P2 occurs, and
hence a phase delay of 270° occurs with respect to the
phase of the excited wave.

Concerning the reflected wave H, a phase delay
element equal to a distance of ((1/16) X 2 + 0.1535 X
2 + 0.159 X 2 + (1/16) X 2) A with respect to the
phase of the excited wave at the excitation point P2
occurs, and phase inversion occurs at the edge EH.

Accordingly, a phase delay of 135° occurs with respect

10
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to the phase of the excited wave.

The result of synthesizing the vectors of the
reflected waves E, F, G and H corresponds to the phase
delay amount of the internal reflected wave relative to

5 the excited wave. As shown in FIG. 6(D), the phase of
the vector obtained by synthesizing the vectors of the
internal reflected waves E, F, G and H is 0.001°. This
value indicates that the phase is substantially equal
to that of the excited wave.

10 As is understood from the vector characteristics
shown in FIGS. 6(B) and 6(D), the direction of the
synthesized vector falls within the range of +0.001°
with respect to the ideal propagation direction of the
surface acoustic wave (the right direction in the

15 figures).

This invention, however, is not limited to the
above-mentioned values.

In the above embodiment, the position of that one
of each pair of electrode fingers, which has a width of

20 A/16, is fixed, the other electrode finger is set to
have a width of 0.15351, and the interval between
these electrode fingers is set at 0.159A. As a
result, the direction of the synthesized vector of the
reflected waves falls within the range of £0.001° with

25 respect to the ideal direction of propagation of the

surface acoustic wave.

However, a sufficient effect can be obtained even
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reflected waves falls within the range of *5° with
respect to the ideal direction of propagation of the
surface acoustic wave.

5 In this case, it is sufficient if the electrode
finger with the width of A/16 is fixed, and the width
of the wider-width electrode finger is set at a value
falling within the range of 0.15351+0.0071. The
position of each edge of electrode fingers located

10 outside the pair of electrode fingers is fixed.

FIG. 7 shows measurement results concerning the
transfer characteristic and the group delay
characteristic of the above-described surface acoustic
wave apparatus, obtained by matching the surface

15 acoustic wave apparatus with an external circuit as in
the previous embodiment. As is understood from this
characteristic figure, both the transfer characteristic
and the group delay characteristic are substantially
symmetrical with respect to the fundamental frequency

20 f0.

Although, in each of the above embodiments, the
wide-width electrode fingers and the narrow-width
electrode fingers are alternately arranged, the
arrangement may be changed in a part of the transducer

25 (for examplé, wide-width electrode fingers may be

adjacent to each other). This structure enables the

excited wave and the reflected wave to be weighted in
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The above-described surface acoustic wave
apparatus of the invention shows a much better
transmission function characteristic in its signal

5 passing band, and a low insertion loss.
Industrial Applicability

The surface acoustic wave apparatus of the present
invention is mainly used as an intermediate frequency
filter for use in electronic devices. The electronic

10 devices include a teievision set, a communication
device, and a cellular phone (of, for'example, the CDMA
system), etc. The surface acoustic wave apparatus of
the invention is characterized in that it is compact
and lightweight, and this feature can be utilized to

15 the full if it is installed in a cellular phone.
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CLAIMS

1. A surface acoustic wave apparatus equipped
with an interdigital transducer that includes first and
second common electrodes formed parallel on a

5 piezoelectric substrate, a first split electrode group
connected to the first common electrode and extending
toward the second common electrode, and a second split
electrode group connected to the second common
electrode and extending toward the first common

10 electrode; characterized in that:

a plurality of pairs of electrode fingers that
constitute the first split electrode group, and a
plurality of pairs of electrode fingers that constitute
the second split electrode group are interleaved at a

15 cycle of A/2;

each pair of electrode fingers consist of a
narrow-width electrode finger narrower than A/8 (A
indicates a wavelength of a surface acoustic wave
serving as an operation central frequency), and a wide-

20 width electrode finger wider than A/8;

a synthesized vector, obtained by synthesizing
vectors of waves reflected from electrode fingers that
are included within a distance of A/2 from any
randomly-selected excitation point in a surface wave

25 propagation direction, has a phase ¢ expressed by n=n
-5° < ¢ < nm +5° (n: a natural number) with respect to

a phase of a wave excited by the interdigital
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transducer; and

a distance (tl) between centers of a randomly-
selected electrode finger and one of the electrode
fingers located at the opposite sides of the randomly-

5 selected electrode finger, differs from a distance (t2)
between centers of the randomly-selected electrode
finger and the other of the electrode fingers located
at the opposite sides of the randomly-selected
electrode finger.

10 2. The surface acoustic wave apparatus according
to claim 1, characterized in that said each pair of
electrode fingers consist of a narrow-width electrode
finger having a width of A/16, and a wide-width
electrode finger having a width w of 0.14650 < w <

15 0.1605A.

3. The surface acoustic wave apparatus according
to claiml, characterized in that the narrow-width
electrode fingers and the wide-width electrode fingers
are arranged alternately, the different distances t1l

20 and t2 appear alternately, tl is a positive deviation
from a reference value (A/4), and t2 is a negative
deviation from the reference value (A/4).

4. The surface acoustic wave apparatus according
to claim 1, characterized in that a sum of widths of

25 said each pair of electrode fingers is A/4.

5. The surface acoustic wave apparatus according

to claim 4, characterized in that one of said each pair
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6. The surface acoustic wave apparatus according
5 to claim 4, characterized in that supposing that the
width of one of said each pair of electrode fingers is
W, the width of the other of said each pair of
electrode fingers is (A/4) - w, and a distance between
centers of these electrode fingers is x1, x1 is set at
10 a value that substantially satisfies the following
equation:
tan {k(xl - (A/8))} = 1/(cos {k((3A/4) + 2w)}
(k represents the number of waves; k = 2n/\)
7. The surface acoustic wave apparatus according
15 to claim 4, characterized in that the width of one of
said each pair of electrode fingers is A/16, the width
of the other of said each pair of electrode fingers is

3A/16, and a distance x2 between centers of these

electrode fingers is set at a value that substantially

20 satisfies the following equation:
tan {k(x2 - A/8)} = 42
8. A surface acoustic wave apparatus equipped

with an interdigital transducer that includes first
and second common electrodes formed parallel on

25 a piezoelectric substrate, a first split electrode
group connected to the first common electrode and

extending toward the second common electrode, and
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5 constitute the first split electrode group, and a
plurality of pairs of electrode fingers that constitute
the second split electrode group are interleaved;
each pair of electrode fingers consist of a
narrow-width electrode finger narrower than A/8 (A
10 indicates a wavelength of a surface acoustic wave
serving as an operation central frequency), and a wide-
width electrode finger wider than A/S8;
a sum of the widths of the narrow-width electrode
finger and the wide-width electrode finger is lower
15 than A/4; and
a sum of the widths of the narrow-width electrode
finger and the wide-width electrode finger and a
distance between adjacent edges of these electrode
fingers is 3A/8.
20 9. The surface acoustic wave apparatus according
to claim 8, characterized in that the narrow-width
electrode finger has a width of A/16.
10. The surface acoustic wave apparatus according
to claim 8, characterized in that supposing that one of
25 said each pair of electrode fingers is wl, and the
width of the other of said each pair of electrode

fingers is w2, wl and w2 are set at values that
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5 11. The surface acoustic wave apparatus according

to claim 9, characterized in that one of said each pair
of electrode fingers has a width of A/16, and the other

of said each pair of electrode fingers has a width of

0.1535A.



